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Abstract. The 14th Five-Year Plan for the Protection of Cultural Relics and Scientific
and Technological Innovation proposes to complete the practical transformation from the
rescue protection of ancient buildings to the preventive protection. Therefore, risk
assessment is an important prerequisite for the protection of ancient buildings. In order to
grasp the research status, hotspots and trends of safety risk of ancient building in China, this
paper uses CiteSpace for visual analysis 323 relevant articles of safety risk of ancient
building in China National Knowledge Network (CNKI) database before 2020.The results
show that research hotspots in this field are safety risk assessment method, fire risk
assessment, seismic risk assessment, fire safety, protection and restoration of ancient
building. The frontier of research focuses on damage monitoring technique, model building
means, artificial intelligence algorithm of safety risk of ancient building. The research
results are of great significance for strengthening the heritage of historical and cultural
value of ancient architecture and reducing the economic cost of ancient architecture
protection.
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Àííîòàöèÿ. Ñîãëàñíî 14-ìó ïÿòèëåòíåìó ïëàíó ïî îõðàíå êóëüòóðíûõ ðåëèê-
âèé è íàó÷íî-òåõíè÷åñêèì èííîâàöèÿì, ïðåäëàãàåòñÿ çàâåðøèòü ïðàêòè÷åñêèé ïå-
ðåõîä îò ýêñòðåííîé çàùèòû äðåâíèõ çäàíèé ê ïðåâåíòèâíîé çàùèòå. Òàêèì îáðà-
çîì, îöåíêà ðèñêîâ ÿâëÿåòñÿ âàæíûì ïðåäâàðèòåëüíûì óñëîâèåì äëÿ îñóùåñòâëå-
íèÿ ñîîòâåòñòâóþùèõ ðàáîò. ×òîáû ïîëó÷èòü ïðåäñòàâëåíèå î ñîñòîÿíèè
èññëåäîâàíèé, «ãîðÿ÷èõ òî÷êàõ» è òåíäåíöèÿõ, ñâÿçàííûõ ñ ðèñêàìè äëÿ áåçîïàñíî-
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ñòè ñòàðèííûõ çäàíèé â Êèòàå, ïðè íàïèñàíèè ýòîé ñòàòüè èñïîëüçîâàëàñü ïðîãðàì-
ìà CiteSpace äëÿ âèçóàëüíîãî àíàëèçà 323 ñîîòâåòñòâóþùèõ ñòàòåé, ïîñâÿùåííûõ
ðèñêàì äëÿ áåçîïàñíîñòè ñîñòîÿíèÿ ñòàðèííûõ çäàíèé, íàõîäÿùèõñÿ â áàçå äàííûõ
Íàöèîíàëüíîé èíôðàñòðóêòóðû çíàíèé Êèòàÿ (CNKI) äî 2020 ã. Ðåçóëüòàòû ïîêà-
çûâàþò, ÷òî «ãîðÿ÷èìè òî÷êàìè» èññëåäîâàíèé â ýòîé îáëàñòè ÿâëÿþòñÿ ìåòîä
îöåíêè ðèñêîâ áåçîïàñíîñòè, îöåíêà ïîæàðíîãî è ñåéñìè÷åñêîãî ðèñêà, ïîæàðíàÿ
áåçîïàñíîñòü, çàùèòà è ðåñòàâðàöèÿ ñòàðèííûõ çäàíèé. Ãëàâíàÿ îáëàñòü èññëåäîâà-
íèé ñîñðåäîòî÷åíà íà ìåòîäèêå ìîíèòîðèíãà ïîâðåæäåíèé, ñðåäñòâàõ ïîñòðîåíèÿ
ìîäåëåé, àëãîðèòìå èñêóññòâåííîãî èíòåëëåêòà îöåíêè ðèñêà áåçîïàñíîñòè äðåâíå-
ãî çäàíèÿ. Ðåçóëüòàòû èññëåäîâàíèÿ èìåþò áîëüøîå çíà÷åíèå äëÿ ïîääåðæêè öåí-
íîñòè èñòîðèêî-êóëüòóðíîãî íàñëåäèÿ ñòàðèííîé àðõèòåêòóðû è ñíèæåíèÿ ýêîíî-
ìè÷åñêèõ çàòðàò íà åå îõðàíó.

Êëþ÷åâûå ñëîâà: ðèñê äëÿ áåçîïàñíîñòè, îöåíèâàòü, ñòàðèííîå çäàíèå,
CiteSpace, îãîíü
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Ââåäåíèå. ßâëÿÿñü âàæíîé ÷àñòüþ
èñòîðè÷åñêèõ ðåëèêâèé, äðåâíèå çäàíèÿ
íåñóò â ñåáå áîãàòóþ èíôîðìàöèþ î êóëü-
òóðíîì çíà÷åíèè öèâèëèçàöèè, ÷òî ïðåä-
ñòàâëÿåò áîëüøóþ öåííîñòü â àñïåêòå èñ-
òîðè÷åñêîãî è êóëüòóðíîãî íàñëåäèÿ. Ïðè
ýòîì ñòàðèííûå çäàíèÿ îáëàäàþò õàðàêòå-
ðèñòèêàìè ñëîæíîé ñòðóêòóðû, íå âîçîá-
íîâëÿåìîé è íå ïîääàþùåéñÿ âîññòàíîâ-
ëåíèþ. Â ïîñëåäíèå ãîäû èç-çà çåìëåòðÿ-
ñåíèé, ïîæàðîâ è äðóãèõ ñòèõèéíûõ
áåäñòâèé áûëî ðàçðóøåíî ìíîæåñòâî
äðåâíèõ çäàíèé, â ðåçóëüòàòå ÷åãî Êèòàé
ïîíåñ ñåðüåçíûå ýêîíîìè÷åñêèå ïîòåðè.
Îäíàêî çíà÷èòåëüíàÿ ÷àñòü èññëåäîâàíèÿ,
ïîñâÿùåííîãî îöåíêå ðèñêîâ äëÿ ñîñòîÿ-
íèÿ ñòàðèííûõ çäàíèé, ðàññìàòðèâàåò
óùåðá, ïðè÷èíÿåìûé ïîæàðàìè è çåìëå-
òðÿñåíèÿìè, ÷òî íå îòâå÷àåò òðåáîâàíèÿì,
ïðåäúÿâëÿåìûì ê ìåðàì ïî ïðåâåíòèâíîé
çàùèòå. Òàêèì îáðàçîì, â êîíòåêñòå ïðè-
ìåíåíèÿ èñêóññòâåííîãî èíòåëëåêòà è
äàííûõ, ïîíèìàíèå òîãî, íà êàêîì ýòàïå
íàõîäÿòñÿ â íàñòîÿùèé ìîìåíò èññëåäî-
âàíèÿ, ïîñâÿùåííûå ðèñêàì äëÿ ñîñòîÿ-
íèÿ ñòàðèííûõ çäàíèé â Êèòàå, ïðåäñòàâ-
ëÿåò òåîðåòè÷åñêóþ è ýêîíîìè÷åñêóþ
çíà÷èìîñòü äëÿ íàó÷íîé îöåíêè è óñòðà-
íåíèÿ ðèñêîâ áåçîïàñíîñòè ñòàðèííûõ
çäàíèé, à òàêæå äëÿ ñîäåéñòâèÿ â èíòåë-
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Introduction. As an impor-
tant part of historical relics, ancient
buildings contain rich information
and cultural connotation of civi-
lization, which is of great value
in historical and cultural inheri-
tance. However, ancient buildings
have the characteristics of comp-
lex structure, non-regenerative and
non-recovable. In recent years, due
to earthquake, fire and other disas-
ters, many ancient buildings have
been destroyed, which has caused
irreversible major economic losses
to China. However, most of the
current study on risk assessment of
ancient building in our country was
the damage of ancient building ca-
used by fire and earthquake, which
can't meet the realistic need of an-
cient building preventative protec-
tion. Therefore, in the context of
AI and big data, it is of great theo-
retical and economic value for the
scientific evaluation and preventi-
on of the safety risks of ancient bu-
ildings and promote intelligent
operation, maintenance and health
management of ancient buildings
to fully grasp the research status



ëåêòóàëüíîé ýêñïëóàòàöèè, òåõíè÷å-
ñêîì îáñëóæèâàíèè è óïðàâëåíèè ñî-
ñòîÿíèåì ñòàðèííûõ ïîñòðîåê.

Ìåòîäû è äàííûå. Îáúåêòàìè àíà-
ëèçà äàííîé ñòàòüè ÿâëÿþòñÿ 323 íàèìå-
íîâàíèÿ ëèòåðàòóðû, îïóáëèêîâàííûå
â áàçå äàííûõ Íàöèîíàëüíîé èíôðà-
ñòðóêòóðû çíàíèé Êèòàÿ (CNKI). ×òîáû
ïîâûñèòü ñâîåâðåìåííîñòü è âñåñòîðîí-
íîñòü èññëåäîâàíèÿ, äëÿ ïðîâåäåíèÿ
ïðåäìåòíîãî ïîèñêà àâòîð âûáðàë ñðîê
äî 2020 ã. â êà÷åñòâå ïðåäåëüíîãî. Â áàçå
äàííûõ CNKI, ñîãëàñíî «òåìà» = «äðåâ-
íåå çäàíèå» èëè «èñòîðè÷åñêîå çäàíèå»
è «ðèñê áåçîïàñíîñòè» è «îöåíêà» è
«òåìà» = «äðåâíåå çäàíèå» èëè «èñòî-
ðè÷åñêîå çäàíèå» è «ïîæàð», «ïðåäîò-
âðàùåíèå ïîæàðà», «çåìëåòðÿñåíèå»,
«ñåéñìè÷íîñòü», «çàùèòà îò ïîïàäàíèÿ
ìîëíèè» è «ïîèñê è ñáîðêà», áûëî èç-
âëå÷åíî 329 åäèíèö ëèòåðàòóðû.

Ýòî èññëåäîâàíèå, ïðîâåäåííîå ñ
èñïîëüçîâàíèåì ïðîãðàììíîãî îáåñïå-
÷åíèÿ CiteSpace äëÿ âèçóàëüíîãî àíàëè-
çà 323 åäèíèö ëèòåðàòóðû, âêëþ÷àåò â
ñåáÿ òðè ýòàïà. Âî-ïåðâûõ, ñóììèðóþò-
ñÿ âðåìÿ ïóáëèêàöèè è êîëè÷åñòâî ëè-
òåðàòóðû, à òàêæå àíàëèçèðóåòñÿ òåí-
äåíöèÿ ðàçâèòèÿ îáëàñòè ðèñêîâ äëÿ
áåçîïàñíîñòè äðåâíèõ çäàíèé. Âî-âòî-
ðûõ, ïðîâîäèòñÿ ïîñëîâíûé è êëàñòåð-
íûé àíàëèç ñ èñïîëüçîâàíèåì èñòî÷íè-
êîâ, íà îñíîâå ðåçóëüòàòîâ îïðåäåëÿåò-
ñÿ ðåïðåçåíòàòèâíàÿ ëèòåðàòóðà äëÿ
èçó÷åíèÿ, ñ öåëüþ óñòàíîâëåíèÿ àêòó-
àëüíûõ òåì, ãðàíèö èññëåäîâàíèé è íà-
ëè÷èÿ íåäîñòàòêîâ â áîðüáå ñ ðèñêàìè,
óãðîæàþùèìè áåçîïàñíîñòè äðåâíèõ
çäàíèé.

Âèçóàëüíûé àíàëèç ëèòåðàòóðû
ïî èññëåäîâàíèþ «Óãðîçû áåçîïàñíî-
ñòè äðåâíèõ çäàíèé». Àíàëèç åæåãîä-
íûõ ïóáëèêàöèé. Áûëî ïðîàíàëèçèðîâà-
íî ðàñïðåäåëåíèå êîëè÷åñòâà ñîîòâåò-
ñòâóþùèõ èññëåäîâàòåëüñêèõ ðàáîò â
Êèòàå ïî ãîäàì (ðèñ. 1). Îòå÷åñòâåííûå
èññëåäîâàíèÿ ðèñêîâ, íåñóùèõ óãðîçó
áåçîïàñíîñòè äðåâíèõ çäàíèé, íà÷à-
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of the safety risks of ancient buil-
dings in China.

Methods and data. The analysis
objects of this paper are 323 items of
literature published in the database of
China National Knowledge Network
(CNKI). In order to enhance the time-
liness and comprehensiveness of the
research, the author took before 2020
as the time limit to carry out subject
retrieval. In the CNKI database, ac-
cording to “theme” = “ancient buil-
ding” or “historical building” and
“safety risk” and “assessment” and
“theme” = “ancient building” or “his-
torical building” and “fire”, “fire pre-
vention”, “earthquake”, “seismic”,
“lightning protection” and “searching
and assembly”, 329 items of literatu-
re were retrieved. After the weighting
of books, newspapers, conferences,
yearbooks, and notices, 323 articles
were quoted from domestic journals.

This research, using CiteSpace sof-
tware for visual analysis of 323 items of
literature, includes three steps. Firstly,
the publication time and quantity of the
literature are summarized, and the deve-
lopment trend of the safety risk field
of ancient buildings is analyzed. Secon-
dly, the co-word analysis and cluster
analysis are carried out on the literature,
and based on the results, the representa-
tive literature is targeted to study, to
obtain the hot research topics, research
frontiers and deficiencies in the field
of safety risk of ancient buildings. Fi-
nally, the future research direction in
the field of safety risk of ancient buil-
dings is proposed.

Visual analysis of literature on
the study of “security risk of anci-
ent buildings”. Analysis of annual
publications. The publication year
and quantity distribution of relevant
research papers in China were analy-
zed, as shown in Fig. 1. Domestic
research on the safety risk of ancient



ëèñü â 1972 ã. Çäåñü ìîæíî âûäåëèòü
òðè ýòàïà:

– ïåðâûé (1972–2003 ãã.) – íà çà÷à-
òî÷íîé ñòàäèè çà 32 ãîäà áûëî îïóáëè-
êîâàíî âñåãî øåñòü ñòàòåé;

– âòîðîé (2004–2012 ãã.) – íà íà-
÷àëüíîì ýòàïå êîëè÷åñòâî ïóáëèêàöèé
ïîñòåïåííî óâåëè÷èâàëîñü, ñîñòàâèâ 95
ñòàòåé çà äåâÿòü ëåò;

– òðåòèé (2013–2020 ãã.) – íà ñòàäèè
ðàçðàáîòêè, çà èñêëþ÷åíèåì ðåçêîãî ñíè-
æåíèÿ è óâåëè÷åíèÿ â 2015 è 2018 ãã. ñî-
îòâåòñòâåííî îáùåå êîëè÷åñòâî ñòàòåé
äåìîíñòðèðîâàëî óñòîé÷èâóþ òåíäåí-
öèþ ê ðîñòó, è çà 10 ëåò áûëî îïóáëèêî-
âàíî 222 íàèìåíîâàíèÿ ëèòåðàòóðû.

Àíàëèç öåëåâîãî èññëåäîâàíèÿ.
Êëþ÷åâûå ñëîâà ìîãóò îòðàæàòü îñíîâ-
íîå ñîäåðæàíèå ëèòåðàòóðíîãî èññëå-
äîâàíèÿ, à íàèáîëåå ñôîêóñèðîâàííûå
è àêòóàëüíûå èññëåäîâàòåëüñêèå ïðî-
áëåìû â îïðåäåëåííîé äèñöèïëèíå ìî-
ãóò ðåøàòüñÿ ïóòåì àíàëèçà ñî÷åòàíèé
êëþ÷åâûõ ñëîâ. Ïðè èñïîëüçîâàíèè
ïðîãðàììíîãî îáåñïå÷åíèÿ CiteSpace
áûë óñòàíîâëåí âðåìåííîé èíòåðâàë â
îäèí ãîä è îòðåçîê âðåìåíè âçÿò âïëîòü
äî 2020 ã. Êëþ÷åâûå ñëîâà áûëè âûáðà-
íû â êà÷åñòâå òèïîâ óçëîâ äëÿ ïðîâåäå-
íèÿ àíàëèçà èõ ñîâïàäåíèé â 323 äîêó-
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Fig. 1. The number and overall trend of published literature on the
safety risk of ancient buildings in China

Ðèñ. 1. Êîëè÷åñòâî è ðàñïðåäåëåíèå ïî ãîäàì îïóáëèêîâàííîé
ëèòåðàòóðû ïî èññëåäîâàíèÿì ðèñêîâ, íåñóùèõ óãðîçó áåçîïàñ-

íîñòè äðåâíèõ çäàíèé â Êèòàå

buildings originated in 1972 and can
be divided into three stages:

– the first stage (1972–2003) – in
the embryonic stage, only 6 papers
were published in 32 years;

– the second stage (2004–2012) –
at the initial stage, the number of pub-
lications increased gradually, with
95 pieces in 9 years;

– the third stage (2013–2020) –
in the development stage, except for
sharp decrease and sharp increase in
2015 and 2018, the overall number
of papers showed a steady growth
trend, with 222 published items of
literature in 10 years.

Research Focus Analysis. Key-
words can reflect the core content
of a literature research, and the most
focused and relevant research prob-
lems in a certain discipline can be
mastered by analyzing the co-words
of keywords. By using The CiteSpa-
ce software , the time slice is set as
1 year, and the time parameter is set
as before 2020. Keywords are selec-
ted as node types to conduct co-word
analysis of keywords in 323 docu-
ments in the field of security risks



ìåíòàõ, ïîñâÿùåííûõ èññëåäîâàíèÿì â
îáëàñòè ðèñêîâ, íåñóùèõ óãðîçó áåçî-
ïàñíîñòè äðåâíèõ çäàíèé. Íà îñíîâå
ïîëó÷åííûõ ðåçóëüòàòîâ è ñîçäàí ãðà-
ôèê ñîâïàäåíèé (ðèñ. 2).

Â òî æå âðåìÿ áûëè ñòàòèñòè÷åñêè
ïðîàíàëèçèðîâàíû êëþ÷åâûå ñëîâà ñ
÷àñòîòîé, ïðåâûøàþùåé èëè ðàâíîé 30
(ñì. ðèñ. 1).

Êàê âèäíî èç ðèñ. 2 è òàáë. 1, «ãîðÿ-
÷èå òî÷êè» èññëåäîâàíèé â îáëàñòè ðèñêà
áåçîïàñíîñòè äðåâíèõ çäàíèé ñîñðåäîòî-
÷åíû íà ðèñêå ïîæàðîâ, ïîæàðíîé áåçî-
ïàñíîñòè, ñåéñìîóñòîé÷èâîñòè, ïðîòèâî-
ïîæàðíîé ïðîôèëàêòèêå, çàùèòå è äðóãèõ
àñïåêòàõ îõðàíû äðåâíèõ çäàíèé, ïðè
ýòîì â öåíòðå âíèìàíèÿ îòå÷åñòâåííûõ
ó÷åíûõ íàõîäèòñÿ îöåíêà ðèñêà ïîæàðîâ,
îñîáåííî îöåíêà ïîæàðíîãî ðèñêà äðåâ-
íèõ äåðåâÿííûõ êîíñòðóêöèé. Âàæíî ïî-
íèìàòü, ÷òî è ïîæàð, è çåìëåòðÿñåíèå ìî-
ãóò íàíåñòè ñóùåñòâåííûé óùåðá äðåâ-
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Fig. 2. Keywords co-occurrence knowledge map of ancient building
safety risk research

Ðèñ. 2. Êàðòà ñîâïàäåíèé êëþ÷åâûõ ñëîâ â èññëåäîâàíèÿõ, ïîñâÿ-
ùåííûõ èçó÷åíèþ ðèñêîâ, íåñóùèõ óãðîçó áåçîïàñíîñòè äðåâíèõ

çäàíèé

of ancient buildings and generate
co-occurrence knowledge graph, as
shown in Fig. 2.

At the same time, the keywords
with frequency greater than or equal
to 30 were statistically analyzed, as
shown in Fig. 1.

As can be seen from Fig. 2 and
Table 1, “research hotspots” in the
field of safety risk of ancient
buildings focus on fire risk, fire
safety, seismic, fire prevention,
protection, and other aspects of
ancient buildings, especially the fire
risk evaluation of ancient wooden
structures is the focus of domestic
scholars. The main reason is that both
fire and earthquake can cause
devastating damage to ancient
buildings, which is indeed an
important risk factor threatening the
safety of ancient buildings. Thus, the



íèì çäàíèÿì, à ýòî äåéñòâèòåëüíî –
âàæíûé ôàêòîð ðèñêà, óãðîæàþùèé áåçî-
ïàñíîñòè äðåâíèõ çäàíèé. Òàêèì îáðàçîì,
ðåçóëüòàòû èññëåäîâàíèÿ è àíàëèçà, ïîëó-
÷åííûå ïðè èñïîëüçîâàíèè ïðîãðàììíîãî
îáåñïå÷åíèÿ CiteSpace, âïîëíå ñîîòâåòñò-
âóþò ðåàëüíîé ñèòóàöèè ñ èññëåäîâàíèÿ-
ìè â îáëàñòè ðèñêîâ, íåñóùèõ óãðîçó
áåçîïàñíîñòè äðåâíèõ çäàíèé. ×òîáû äî-
ïîëíèòåëüíî èçó÷èòü «ãîðÿ÷èå òî÷êè» â
äàííîé ñòàòüå ïðîâîäèòñÿ èõ êà÷åñòâåí-
íûé àíàëèç (òàáë. 2).

Ïîñëå òùàòåëüíîãî èçó÷åíèÿ è àíà-
ëèçà òåìàòè÷åñêîé ëèòåðàòóðû, ïðèâå-
äåííîé â òàáë. 2, áûëè îáîáùåíû ñëå-
äóþùèå íåäîñòàòêè ñèñòåìû îöåíêè
ðèñêà áåçîïàñíîñòè äðåâíèõ çäàíèé:

– ìåòîä ýêñïåðòíîé îöåíêè ñëèø-
êîì ñóáúåêòèâåí, ïðîöåññ àíàëèòè÷å-
ñêîé èåðàðõèè ïðåäñòàâëÿåò ñîáîé äî-
âîëüíî ñëîæíîå è ìàñøòàáíîå âû÷èñ-
ëåíèå, ìåòîäû îöåíêè ðàñøèðåíèÿ
ýëåìåíòîâ ìàòåðèè è íå÷åòêîé êîì-
ïëåêñíîé îöåíêè âåñüìà çàóðÿäíû, íà
ðåçóëüòàòû àíàëèçà äðåâà àâàðèé áîëü-
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T a b l e 1. Ancient building safety risk research Keywords statistics

Year Keywords Frequency Centrality

2004 Fire 51 0.17

2004 Timberwork 48 0.29

2004 Fire safety 45 0.06

2008 Protect 31 0.08

1991 Fire prevention 30 0.20

2004 Anti-seismic 30 0.13

Ò à á ë è ö à 1. Ñòàòèñòèêà ñîâïàäåíèé êëþ÷åâûõ ñëîâ â èññëåäîâàíèÿõ,
ïîñâÿùåííûõ èçó÷åíèþ ðèñêîâ, íåñóùèõ óãðîçó áåçîïàñíîñòè
äðåâíèõ çäàíèé

Ãîä Êëþ÷åâûå ñëîâà ×àñòîòà Öåíòðàëüíîñòü

2004 Îãîíü 51 0,17

2004 Áðåâåí÷àòàÿ êëàäêà 48 0,29

2004 Ïîæàðíàÿ áåçîïàñíîñòü 45 0,06

2008 Çàùèùàòü 31 0,08

1991 Ïðåäîòâðàùåíèå ïîæàðîâ 30 0,20

2004 Ñåéñìîóñòîé÷èâûé 30 0,13

research hotspot analysis results
obtained by Citespace are quite
consistent with the actual situation of
safety risks of ancient buildings. In
order to further explore the “research
hotspots” in the field of safety risks of
ancient buildings, this paper conducts
qualitative analysis on some of the
author's main hotspots, as shown in
Table 2.

After careful study and analysis
of the typical literature in Table 2, the
following deficiencies were summa-
rized:

– the ancient building safety risk
assessment method has disadvanta-
ges, such as expert scoring method is
too subjective, analytic hierarchy
process in the hierarchy is large cal-
culation is complicated, the extension
of matter-element assessment method
and indistinct comprehensive evalua-
tion method to calculate trival, acci-
dent tree analysis results are greatly
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T a b l e 2. Qualitative analysis of “research hotspots” in the field of safety risk
of ancient buildings

“Research
hotspot” Representative author Research methods Research contents

1 2 3 4

Security
risk

assessment

Xia Qing,
Wang Xuefei

Analytic hierarchy
process, Fuzzy

comprehensive evaluation
method, Safety Checklist
Analysis, Accident Tree

Analysis

The suitability of several
methods in risk assessment

of historical blocks
is analyzed

Li Huishan Analytic hierarchy
process combining
extension set and

correlation function

It is verified that the safety
evaluation model of brick

wood structure ancient
buildings is scientific

and reasonable

Xu Shuai,
Guo Xiaodong,

Ling Chengjian et al

Grey system theory,
Fuzzy mathematics,

Set pair analysis theory

Safety evaluation of ancient
wooden buildings

Zhang Dejun Finite element model
combined with field

inspection

The safety of Shen
Yisheng's residence in
Shanghai is evaluated

Yang Na UAV and computer
vision

The crack monitoring
system of wood structure

of Chinese ancient
buildings

is established

Fire
risk

assessment

Guan Yuxi,
Xu Zhisheng

Analytic hierarchy
process

The fire risk of ancient
buildings is evaluated

Kang Xuefeng Simple weighted
calculation method

Judging the fire risk degree
of ancient buildings,

it is considered that the
smaller the evaluation
value is, the greater the
minimum risk value is

Ma Li,
Liu Han

AHP, EWM and
Five-element connection

number

The set pair theory is
introduced into the fire risk

assessment of ancient
buildings, and a five-element
connection number fire risk

assessment model based
on set pair analysis is

constructed, which realizes
the effective combination

of static and dynamic
risk assessment

Yin Jie Entropy weight
extension model and
Fuzzy comprehensive

evaluation method

Fujian Tulou fire is calculated,
and the fire safety risk level of
Tulou is classified as grade III
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E n d o f t h e t a b l e 2

1 2 3 4

Seismic
risk

assessment

Zhou Qian,
Chen Ping

Induction and
analysis Fragility

curves

The seismic structure
of ancient wooden buildings

is evaluated

Liu Chaofeng Two parameter
seismic failure model,

Seismic failure
probability matrix

The structural damage
probability of ancient

wooden buildings under
different earthquake

intensity is calculated

Pan Yi,
Bai Fuyu,

Gao Dafeng,
Li Ning

Fuzzy mathematics,
Fuzzy mathematics,

Finite element model,
Energy dissipation,
Seismic intensity

parameters, Probability
method

The seismic damage state
and vulnerability of ancient

wooden buildings are
comprehensively evaluated

Wang Xiaodong Numerical simulation Taking Cangzhou Iron Lion
cultural relics as the object,

the seismic performance
of iron lion under the action
of 8-degree rare earthquake

(PGA = 0.4g) is studied

Xue Jianyang Structural potential
and energy dissipation

criterion

The earthquake damage
of ancient buildings

is evaluated

Zhang Xicheng The shaking table model
of wood structure is

established

This paper studies the collapse
resistance of large wooden

structure with Dougong under
horizontal earthquake

Huan Junhong Gaussian Copula Based on Copula function,
a seismic vulnerability

analysis method of ancient
wooden buildings considering

the correlation between
different failure modes

of structures is proposed

Ò à á ë è ö à 2. Êà÷åñòâåííûé àíàëèç «ãîðÿ÷èõ òî÷åê» â îáëàñòè èññëåäîâàíèé
ðèñêîâ, íåñóùèõ óãðîçó áåçîïàñíîñòè äðåâíèõ çäàíèé

«Ãîðÿ÷àÿ òî÷êà»
èññëåäîâàíèé

Ðåïðåçåíòàòèâ-
íûé àâòîð Ìåòîäû èññëåäîâàíèÿ Ñîäåðæàíèå èññëåäîâàíèÿ

1 2 3 4

Îöåíêà
ðèñêîâ äëÿ

áåçîïàñíîñòè

Ñÿ Öèí,
Âàí Ñþýôýé

Ïðîöåññ àíàëèòè÷åñêîé
èåðàðõèè, ìåòîä íå÷åò-
êîé êîìïëåêñíîé îöåí-

êè, àíàëèç êîíòðîëüíîãî
ñïèñêà áåçîïàñíîñòè,

àíàëèç äðåâà ÷ðåçâû÷àé-
íûõ ñèòóàöèé

Ïðîàíàëèçèðîâàíà ïðèãîä-
íîñòü íåñêîëüêèõ ìåòîäîâ

äëÿ îöåíêè ðèñêîâ èñòîðè÷å-
ñêèõ áëîêîâ
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Ï ð î ä î ë æ å í è å ò à á ë. 2

1 2 3 4

Îöåíêà
ðèñêîâ äëÿ

áåçîïàñíîñòè

Ëè Õóýéøàíü Ïðîöåññ àíàëèòè÷åñêîé
èåðàðõèè, îáúåäèíÿþ-
ùèé íàáîð ðàñøèðåíèé

è êîððåëÿöèîííóþ
ôóíêöèþ

Íàó÷íî îáîñíîâàíà è ïîä-
òâåðæäåíà ìîäåëü îöåíêè

áåçîïàñíîñòè äðåâíèõ çäàíèé
ñ êèðïè÷íî-äåðåâÿííûìè

êîíñòðóêöèÿìè

Ñþé Øóàé,
Ãî Ñÿîäóí,

Ëèí ×ýíöçÿíü
è äð.

Òåîðèÿ ñåðûõ ñèñòåì,
íå÷åòêàÿ ìàòåìàòèêà,

òåîðèÿ àíàëèçà ïàð ìíî-
æåñòâ

Îöåíêà áåçîïàñíîñòè
ñòàðèííûõ äåðåâÿííûõ

çäàíèé

×æàí
Äýöçþíü

Êîíå÷íî-ýëåìåíòíàÿ ìî-
äåëü â ñî÷åòàíèè ñ ïîëå-

âûì êîíòðîëåì

Ïðîâîäèòñÿ îöåíêà áåçîïàñ-
íîñòè ðåçèäåíöèè Øýíü

Èøýíà â Øàíõàå

ßí Íà Áåñïèëîòíûé ëåòàòåëü-
íûé àïïàðàò è êîìïüþ-

òåðíîå çðåíèå

Óñòàíîâëåíà ñèñòåìà ìîíèòî-
ðèíãà òðåùèí â äåðåâÿííûõ

êîíñòðóêöèÿõ äðåâíèõ
êèòàéñêèõ çäàíèé

Îöåíêà
ïîæàðíîãî

ðèñêà

Ãóàíü Þéñè,
Ñþé ×æèøýí

Ïðîöåññ àíàëèòè÷åñêîé
èåðàðõèè

Îöåíèâàåòñÿ ïîæàðîîïàñ-
íîñòü ñòàðèííûõ çäàíèé

ßíã Ñþýôýí Ïðîñòîé ìåòîä âçâåøåí-
íîãî ðàñ÷åòà

Ïðè îöåíêå ñòåïåíè ïîæàð-
íîé îïàñíîñòè äðåâíèõ

çäàíèé ñ÷èòàåòñÿ, ÷òî ÷åì
ìåíüøå îöåíî÷íîå çíà÷åíèå,

òåì áîëüøå ìèíèìàëüíîå
çíà÷åíèå ðèñêà

Ìà Ëè,
Ëþ Õàíü

Ïðîöåññ àíàëèòè÷åñêîé
èåðàðõèè, ðàííåå ïðåäó-

ïðåæäåíèå è ìîíèòî-
ðèíã, íîìåð ñîåäèíåíèÿ

èç ïÿòè ýëåìåíòîâ

Ïðè îöåíêå ïîæàðíîãî ðèñêà
ñòàðèííûõ çäàíèé áûëà èñ-

ïîëüçîâàíà òåîðèÿ ìíîæåñòâà
ïàð, à òàêæå ïîñòðîåíà ìî-

äåëü îöåíêè ïîæàðíîãî ðèñêà
ñ ïÿòèýëåìåíòíûì íîìåðîì
ñîåäèíåíèÿ, îñíîâàííàÿ íà

àíàëèçå ìíîæåñòâà ïàð, êîòî-
ðàÿ ðåàëèçóåò ýôôåêòèâíîå

ñî÷åòàíèå ñòàòè÷åñêîé è äèíà-
ìè÷åñêîé îöåíêè ðèñêà

Èíü Öçå Ìîäåëü ðàñøèðåíèÿ
ýíòðîïèéíîãî âåñà
è ìåòîä íå÷åòêîé

êîìïëåêñíîé îöåíêè

Ïðîâåäåíà îöåíêà ïîæàðà
â Ôóöçÿíü-Òóëîó, óðîâíþ

ðèñêà ïîæàðíîé áåçîïàñíîñòè
â Òóëîó ïðèñâîåí III êëàññ

Îöåíêà
ñåéñìè÷åñêîãî

ðèñêà

×æîó Öÿíü,
×ýíü Ïèí

Èíäóêöèÿ è àíàëèç, êðè-
âûå õðóïêîñòè

Ïðîâåäåíà îöåíêà ñåéñìè-
÷åñêîé ñòðóêòóðû äðåâíèõ

äåðåâÿííûõ çäàíèé

Ëþ ×æàîâýíü Ìîäåëü ñåéñìè÷åñêîãî
ðàçðóøåíèÿ, ñîñòîÿùàÿ

èç äâóõ ïàðàìåòðîâ;
ìàòðèöà âåðîÿòíîñòè

ñåéñìè÷åñêîãî
ðàçðóøåíèÿ

Ïðîèçâåäåí ðàñ÷åò âåðîÿòíî-
ñòè ïîâðåæäåíèÿ êîíñòðóê-

öèé äðåâíèõ äåðåâÿííûõ
çäàíèé ïðè ðàçëè÷íîé èíòåí-

ñèâíîñòè çåìëåòðÿñåíèé



øîå âëèÿíèå îêàçûâàåò ñàì ïðîöåññ
âû÷èñëåíèé, òî÷íîñòü àíàëèçà ìåòîäîì
êîíå÷íîãî ýëåìåíòà êîëåáëåòñÿ â î÷åíü
øèðîêîì äèàïàçîíå è ò.ä.;

– îòñóòñòâóþò ñîîòâåòñòâóþùèå
ñòàíäàðòû è íîðìàòèâû, êîòîðûå ìîãëè
áû ñëóæèòü â êà÷åñòâå îïîðû;

– áîëüøèíñòâî ñóùåñòâóþùèõ èñ-
ñëåäîâàíèé, ïîñâÿùåííûõ ðèñêó áåçî-
ïàñíîñòè äðåâíèõ çäàíèé, áåðóò çà îñ-
íîâó åäèíè÷íóþ êàòàñòðîôó – çåìëå-
òðÿñåíèå èëè ïîæàð – è ïðè îòñóòñòâèè
äàííûõ î âçàèìîñâÿçè íåñêîëüêèõ êàòà-
ñòðîô íå ìîãóò ïðîâåñòè äîëæíîãî àíà-
ëèçà ñëîæíîé öåïî÷êè áåäñòâèé;
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Î ê î í ÷ à í è å ò à á ë. 2

1 2 3 4

Îöåíêà
ñåéñìè÷åñêîãî

ðèñêà

Ïàí È,
Áàé Ôóþ,

Ãàî Äàôýí,
Ëè Íèíã

Íå÷åòêàÿ ìàòåìàòèêà,
êîíå÷íî-ýëåìåíòíàÿ
ìîäåëü, ðàññåèâàíèå
ýíåðãèè, ïàðàìåòðû

ñåéñìè÷åñêîé èíòåíñèâ-
íîñòè, âåðîÿòíîñòíûé

ìåòîä

Ïðîâåäåíà âñåñòîðîííÿÿ
îöåíêà ñåéñìè÷åñêèõ ïîâðåæ-
äåíèé è óÿçâèìîñòè äðåâíèõ

äåðåâÿííûõ çäàíèé

Âàí Ñÿîäóí ×èñëåííîå
ìîäåëèðîâàíèå

Â êà÷åñòâå îáúåêòà âçÿòà
êóëüòóðíàÿ ðåëèêâèÿ

Öàí÷æîó Æåëåçíûé ëåâ,
íà ïðèìåðå êîòîðîé áûëè

èçó÷åíû ñåéñìè÷åñêèå
õàðàêòåðèñòèêè ïîä âîçäåéñò-

âèåì çåìëåòðÿñåíèÿ
â 8 áàëëîâ (PGA = 0,4g)

Ñþé Öçÿíüÿí Ñòðóêòóðíûé ïîòåíöèàë
è êðèòåðèé ðàññåèâàíèÿ

ýíåðãèè

Ïðîâåäåíà îöåíêà óùåðáà,
íàíåñåííîãî äðåâíèì

çäàíèÿì ïîä âîçäåéñòâèåì
çåìëåòðÿñåíèÿ

×æàí Ñè÷ýí Óñòàíîâëåíà ìîäåëü
âèáðîñòîëà ñ äåðåâÿí-

íîé ñòðóêòóðîé

Â äàííîé ðàáîòå èçó÷àåòñÿ
óñòîé÷èâîñòü áîëüøîé

äåðåâÿííîé êîíñòðóêöèè
ñ äóãóíîì ê ðàçðóøåíèþ,

âûçâàííîìó ãîðèçîíòàëüíûì
çåìëåòðÿñåíèåì

Õóàí
×æóíõóí

Ãàóññîâà ñâÿçêà Íà îñíîâå ôóíêöèè ñâÿçêè
áûë ïðåäëîæåí ìåòîä àíàëèçà

ñåéñìè÷åñêîé óÿçâèìîñòè
äðåâíèõ äåðåâÿííûõ çäàíèé,
ó÷èòûâàþùèé êîððåëÿöèþ

ìåæäó ðàçëè÷íûìè ðåæèìà-
ìè ðàçðóøåíèÿ êîíñòðóêöèé

influenced by calculating process,
finite element analysis precision floa-
ting is bigger, etc;

– the existing ancient building
safety risk assessment lack of rele-
vant standards and norms as a sup-
port;

– most of the existing studies on
the safety risk of ancient buildings are
based on a single disaster under the
background of earthquake or fire, and
lack of studies on the coupling of
multiple disasters, which cannot meet
the research needs of complex disas-
ter chain;



– âñå èçâåñòíûå ðèñêè áåçîïàñíî-
ñòè äðåâíèõ çäàíèé îöåíèâàþòñÿ òîëü-
êî íà îïðåäåëåííîì ýòàïå, áåç ó÷åòà
äèíàìè÷åñêîãî ìîíèòîðèíãà è îöåíêè
ðèñêîâ áåçîïàñíîñòè íà ïðîòÿæåíèè
âñåãî æèçíåííîãî öèêëà.

Òåíäåíöèè ðàçâèòèÿ è ðóáåæè èñ-
ñëåäîâàíèé. Íà ðèñ. 3 ïðåäñòàâëåíà
âðåìåííàÿ äèàãðàììà êëàñòåðèçàöèè
êëþ÷åâûõ ñëîâ â ëèòåðàòóðå, ïîñâÿùåí-
íîé îáëàñòÿì ðèñêà äëÿ áåçîïàñíîñòè
äðåâíèõ çäàíèé. Ðåçóëüòàò êëàñòåðèçà-
öèè âêëþ÷àåò 11 ìîäóëåé (¹ 0–10),
êàæäûé êëàñòåð ñîñòîèò èç íåñêîëüêèõ
òåñíî ñâÿçàííûõ ôðàç, à êëàñòåð ñ íàè-
ìåíüøèì ÷èñëîì ñîäåðæèò íàèáîëüøåå
êîëè÷åñòâî êëþ÷åâûõ ñëîâ. Â ñîîòâåò-
ñòâèè ñ íàçâàíèåì êëàñòåðà è âðåìåíåì
åãî âîçíèêíîâåíèÿ â íàïðàâëåíèè ðàç-
âèòèÿ èññëåäîâàíèé â îáëàñòè ðèñêà
áåçîïàñíîñòè äðåâíèõ çäàíèé ìîæíî
óñëîâíî âûäåëèòü ÷åòûðå ïåðèîäà:

1) 1991–2020 ãã. (ïîæàðíàÿ áåçî-
ïàñíîñòü ¹ 0, èñòîðè÷åñêèå çäàíèÿ
¹ 3) – âíèìàíèå óäåëÿåòñÿ ïîæàðíîé
áåçîïàñíîñòè èñòîðè÷åñêèõ çäàíèé;

2) 2004–2020 ãã. (¹ 1 ïîæàðîñòîé-
êîñòü, ¹ 2, 8, 10 ñåéñìîñòîéêîñòü, ¹ 4
êèòàéñêèå äðåâíèå äåðåâÿííûå çäàíèÿ,
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– the existing safety risks of
ancient buildings are all evaluated at
a certain point, lacking dynamic
monitoring and whole-life cycle
safety risk assessment.

Development trend and rese-
arch frontier. Fig. 3 is the clustering
time diagram of literature keywords
in the field of safety risk of ancient
buildings. The clustering result is
composed of 11 modules (no. 0–10),
each cluster is composed of several
closely related phrases, and the clus-
ter with the smallest number contains
the most keywords. According to the
cluster name and the time of their rise,
the research development trend in the
field of safety risk of ancient buil-
dings can be roughly divided into four
stages:

1) 1991–2020 (no. 0 fire safety,
no. 3 historical buildings) – mainly
studied the fire safety of historical
buildings;

2) 2004–2020 (no. 1 fire, no. 2, 8,
10 earthquake resistance, no. 4 Chi-
nese ancient timber structure buil-
dings, no. 5 ancient timber structure
buildings, no. 7 ancient timber struc-

Fig. 3. Cluster time diagram of ancient building safety risk research literature

Ðèñ. 3. Êëàñòåðíàÿ âðåìåííàÿ äèàãðàììà ëèòåðàòóðû ïî èññëåäîâàíèÿì
ðèñêîâ áåçîïàñíîñòè äðåâíèõ çäàíèé



¹ 5, 7 äðåâíèå äåðåâÿííûå çäàíèÿ) –
èçó÷àþòñÿ ïîæàðîîïàñíîñòü, ñåéñìè÷å-
ñêèå õàðàêòåðèñòèêè êîìïîíåíòîâ è îí-
òîëîãèè äðåâíèõ äåðåâÿííûõ çäàíèé;

3) 2011–2018 ãã. (ñåéñìè÷åñêàÿ èí-
òåíñèâíîñòü ¹ 9) – ïðîðàáàòûâàþòñÿ
ñåéñìè÷åñêàÿ èíòåíñèâíîñòü, äèíàìè-
÷åñêèå õàðàêòåðèñòèêè îòêëèêà è óñ-
òîé÷èâîñòü äðåâíèõ çäàíèé;

4) ñ 2017 ïî 2020 ã. (¹ 6 BIM) –
ðàññìàòðèâàëèñü îöåíêè ðèñêîâ ïîæà-
ðîâ è çåìëåòðÿñåíèé äëÿ äðåâíèõ çäà-
íèé ñ èñïîëüçîâàíèåì BIM è 3D ëàçåð-
íîãî ñêàíåðà.

Â òî æå âðåìÿ ïîÿâèëèñü íåêîòîðûå
èññëåäîâàíèÿ ïî àëãîðèòìàì îöåíêè
ðèñêîâ è ìåòîäàì ïîñòðîåíèÿ ìîäåëåé,
êîòîðûå îòíîñÿòñÿ ê îòíîñèòåëüíî ïåðå-
äîâîìó íàó÷íîìó íàïðàâëåíèþ. Öèôðû
òàêæå ìîãóò ïîäòâåðäèòü òåíäåíöèþ ê
ðîñòó êîëè÷åñòâà îïóáëèêîâàííûõ ìà-
òåðèàëîâ â îáëàñòè ðèñêà äëÿ áåçîïàñíî-
ñòè äðåâíèõ çäàíèé, îïèñàííóþ âûøå,
ò.å. êîëè÷åñòâî îïóáëèêîâàííûõ ðàáîò â
ýòîé îáëàñòè çíà÷èòåëüíî óâåëè÷èëîñü
ïîñëå 2004 ã. è â öåëîì ïðîäåìîíñòðè-
ðîâàëî óñòîé÷èâóþ òåíäåíöèþ ê ðîñòó.

Íàïðàâëåíèå áóäóùèõ èññëåäîâà-
íèé. 323 ñòàòüè â áàçå äàííûõ Íàöèî-
íàëüíîé èíôðàñòðóêòóðû çíàíèé Êèòàÿ
êëàññèôèöèðîâàíû è îáîáùåíû, èçó÷å-
íû è ïðîàíàëèçèðîâàíû ðåïðåçåíòàòèâ-
íûå ýëåìåíòû â òàáë. 2, à òàêæå âûÿâëå-
íû íåäîñòàòêè èññëåäîâàíèÿ. Ñîãëàñíî
ðåçóëüòàòàì àíàëèçà, ïðåäëàãàåòñÿ èñ-
ïîëüçîâàòü èññëåäîâàòåëüñêèé ïîòåíöè-
àë â îáëàñòè ðèñêà áåçîïàñíîñòè äðåâ-
íèõ çäàíèé ñ òî÷êè çðåíèÿ ðàçðàáîòêè
ñòàíäàðòîâ, èííîâàöèé òåõíè÷åñêèõ
ìåòîäîâ, óâÿçêè ðèñêîâ è ìîíèòîðèíãà
óùåðáà ñëåäóþùèì îáðàçîì.

1. Íàöèîíàëüíûå, îòðàñëåâûå è ìåñò-
íûå ñòàíäàðòû íóæäàþòñÿ â äàëüíåéøåì
äîïîëíåíèè è ñîâåðøåíñòâîâàíèè. Â Êè-
òàå ñîçäàíû íåêîòîðûå ïðîìûøëåííûå
ñòàíäàðòû ïî îõðàíå êóëüòóðíûõ ðåëèê-
âèé, òàêèå êàê «Ðóêîâîäñòâî ïî îöåíêå
ñòðîèòåëüíîé áåçîïàñíîñòè ñîâðåìåí-
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ture buildings) – mainly study the fire
risk and seismic performance of anci-
ent timber structure components and
ontology;

3) 2011–2018 (no. 9 seismic in-
tensity) – mainly studies the seismic
intensity, response dynamic characte-
ristics and stability of ancient buil-
dings;

4) from 2017 to 2020 (no. 6
BIM) – mainly studies the safety eva-
luation of fire and earthquake risks of
ancient buildings by using BIM and
3D laser scanner.

At the same time, some studies
on risk evaluation algorithms and mo-
del building methods have appeared,
which belong to the relatively cut-
ting-edge research direction. The fi-
gure can also prove the trend of the
number of published research in the
field of safety risk of ancient buil-
dings described above, that is, the
number of published papers in this fi-
eld increased significantly after 2004
and showed a steady upward trend
overall.

Future Research Direction.
The 323 papers in CNKI database are
classified and summarized, the repre-
sentative items in Table 2 are studied
and analyzed, and the research defici-
encies are summarized. According
to the analysis results, it is suggested
to tap the research potential in the
field of safety risk of ancient buil-
dings from the aspects of standard
formulation, technical method inno-
vation, risk coupling and damage
monitoring, as follows:

1. National standards, industry
standards and local standards need to
be further supplemented and impro-
ved. At present, China has issued
some industrial standards for cultural
relics protection, such as "Guidelines
for Structural Safety Assessment of
Modern and Modern Historical Buil-



íûõ è ñîâðåìåííûõ èñòîðè÷åñêèõ çäà-
íèé» (WW/T0048–2014), «Íîðìû ïî
íàäçîðó çà ñòðîèòåëüñòâîì â ðàìêàõ
Ïðîåêòîâ ïî çàùèòå äðåâíèõ çäàíèé»
(WW/T0034–2012), íî ñòàíäàðòû ïî
îöåíêå ðèñêîâ äëÿ áåçîïàñíîñòè äðåâ-
íèõ çäàíèé âñå åùå îòñóòñòâóþò, ÷òî
òðåáóåò äàëüíåéøåãî èçó÷åíèÿ.

2. Èííîâàöèè â îáëàñòè òåõíîëîãèé
è ìåòîäîâ. Ìåòîäû îöåíêè ðèñêîâ äëÿ
áåçîïàñíîñòè äðåâíèõ çäàíèé èìåþò íå-
êîòîðûå îãðàíè÷åíèÿ. Èñêóññòâåííûé
èíòåëëåêò, ìàøèííîå îáó÷åíèå è äðóãèå
ìåòîäû ìîãóò áûòü èñïîëüçîâàíû â êà-
÷åñòâå ïðîáíûõ äëÿ âíåäðåíèÿ â ñîîò-
âåòñòâóþùèå èññëåäîâàíèÿ ïî îöåíêå
ðèñêîâ äëÿ áåçîïàñíîñòè äðåâíèõ çäà-
íèé. Â òî æå âðåìÿ ïðàêòèêóåòñÿ òåîðèÿ
àíàëèçà êîíå÷íûõ ýëåìåíòîâ äëÿ îöåíêè
êà÷åñòâà èñòî÷íèêà ðèñêà è ïðîòèâîïî-
æàðíîé çàùèòû äðåâíèõ çäàíèé ïðè îä-
íîâðåìåííîì ïðèìåíåíèè ñèñòåìû FDS
+ EVAC äëÿ ìîäåëèðîâàíèÿ ïîæàðíîé
îáñòàíîâêè è îöåíêè áåçîïàñíîñòè ýâà-
êóàöèè ïðè ïîæàðå. Ê òåõíîëîãèÿì öèô-
ðîâûõ ìîäåëåé è ìîäåëèðîâàíèÿ âèðòó-
àëüíîé ðåàëüíîñòè îáðàùàþòñÿ äëÿ
êîìïëåêñíîé îöåíêè ðèñêîâ, ñîçäàíèÿ
è îöåíêè ñèñòåìû áåçîïàñíîñòè.

3. Èçó÷åíèå èññëåäîâàíèé î âçàè-
ìîñâÿçè ðèñêîâ. Â íàñòîÿùåå âðåìÿ èñ-
ñëåäîâàíèÿ ðèñêà äëÿ áåçîïàñíîñòè
äðåâíèõ çäàíèé â îñíîâíîì ñîñðåäîòî-
÷åíû íà ïîñëåäñòâèÿõ åäèíè÷íîãî áåä-
ñòâèÿ, â áîëüøèíñòâå ñëó÷àåâ – ïîæàðå,
çåìëåòðÿñåíèè è äð. Ïîñêîëüêó ôàêòîðû
è ñðåäà, âûçûâàþùèå ñòèõèéíûå áåäñò-
âèÿ, êîòîðûå âëèÿþò íà êîíñòðóêöèþ
äðåâíèõ çäàíèé, ÿâëÿþòñÿ êîìïëåêñíû-
ìè, öåëåñîîáðàçíî ïîïûòàòüñÿ ïðîâåñòè
ïðåäâàðèòåëüíîå èññëåäîâàíèå ðèñêà
äëÿ áåçîïàñíîñòè ãðóïïû äðåâíèõ çäà-
íèé ïðè ñîâîêóïíîì âîçäåéñòâèè ðÿäà
êàòàñòðîô è êàòàêëèçìîâ.

4. Ìîíèòîðèíã ïîâðåæäåíèé. Ñëåäó-
åò èçó÷èòü èñïîëüçîâàíèå èíôîðìàöèîí-
íîãî ïîçèöèîíèðîâàíèÿ (ÃÈÑ), ñèñòåìû
äèñòàíöèîííîãî çîíäèðîâàíèÿ, ìîäåëè-
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dings" (WW/ T0048-2014), "Norms
for Construction Supervision of An-
cient Building Protection Projects"
(WW/ T0034-2012), but the stan-
dards for safety risk assessment of
ancient buildings are still lacking,
which is worth further exploration
and research.

2. Innovation of technology and
methods. At present, the methods
of ancient building safety risk as-
sessment have some limitations.
Artificial intelligence, machine lear-
ning and other methods can be used
as trial to introduce into the related
research of safety risk assessment
of ancient buildings. At the same
time, the finite element analysis
(FEA) theory is used to evaluate the
risk source quality and fire protection
capability of ancient buildings, using
FDS + EVAC system to simulate fire
environment and evaluate fire evacu-
ation safety. Digital model techno-
logy and virtual reality simulation
technology (CA, UML, CFD) is used
for comprehensive risk assessment
and safety system establishment and
evaluation.

3. Explore risk coupling studies.
Currently, the research on the safety
risk of ancient buildings mainly fo-
cuses on the effect of a single cala-
mity, and most of them are based on
fire, earthquake, and other catac-
lysms. As the disaster-causing factors
and disaster-inducing environment
of  the ancient building body structu-
re and safety risk are complex, it is
advisable to try to conduct explora-
tory research on the safety risk of the
ancient building group or under the
coupling effect of multiple disasters
and disasters.

4. Damage monitoring. Explore
the use of information positioning
(GIS), remote sensing system (RS),
point cloud modeling and other tech-



ðîâàíèÿ îáëàêà òî÷åê è äðóãèõ òåõíîëî-
ãèé äëÿ äèíàìè÷åñêîãî ñáîðà äàííûõ, ìî-
íèòîðèíãà ðèñêîâ è ïîñòðîåíèÿ ìîäåëåé
äðåâíèõ çäàíèé, îöåíêè óÿçâèìîñòè äðåâ-
íèõ çäàíèé ïðè ìîíèòîðèíãå âñåãî æèç-
íåííîãî öèêëà, à òàêæå ñîçäàòü ìåõàíèçì
ðàííåãî ïðåäóïðåæäåíèÿ îá îïàñíîñòè.

Âûâîäû è ïåðñïåêòèâû. Èñïîëü-
çóåòñÿ ïðîãðàììíîå îáåñïå÷åíèå Cite-
Space äëÿ ïðîâåäåíèÿ âèçóàëüíîãî àíà-
ëèçà 323 ñòàòåé î ðèñêàõ áåçîïàñíîñòè
äðåâíèõ çäàíèé â áàçå äàííûõ Íàöèî-
íàëüíîé èíôðàñòðóêòóðû çíàíèé Êèòàÿ
(CNKI). Íåñìîòðÿ íà ïåðèîäè÷åñêèå
ðîñò è ñíèæåíèå êîëè÷åñòâà ëèòåðàòó-
ðû, ïîñâÿùåííîé ðèñêàì äëÿ áåçîïàñ-
íîñòè äðåâíèõ çäàíèé, íàáëþäàåòñÿ îá-
ùàÿ òåíäåíöèÿ ê ðîñòó, ÷òî óêàçûâàåò
íà õîðîøèå ïåðñïåêòèâû èññëåäîâàíèé
â ýòîé îáëàñòè. Èññëåäîâàòåëüñêèå
öåíòðû, çàíèìàþùèåñÿ èçó÷åíèåì ðèñ-
êîâ äëÿ áåçîïàñíîñòè äðåâíèõ çäàíèé,
óäåëÿþò âíèìàíèå òàêèì ÷ðåçâû÷àé-
íûì ñèòóàöèÿì, êàê ïîæàðû, çåìëåòðÿ-
ñåíèÿ, è êîíöåíòðèðóþòñÿ íà ðàçðàáîò-
êå ìåð ïî ïðîòèâîïîæàðíîé áåçîïàñíî-
ñòè, çàùèòå è äðóãèõ ïîäîáíûõ
àñïåêòàõ. Ïîýòîìó ïðåäñòàâëÿåòñÿ íå-
îáõîäèìûì ðàñøèðèòü ñîäåðæàíèå
äàííûõ èññëåäîâàíèé. Òåíäåíöèþ ðàç-
âèòèÿ ðàçðàáîòîê ïî èçó÷åíèþ ðèñêîâ
äëÿ áåçîïàñíîñòè äðåâíèõ çäàíèé ìîæ-
íî óñëîâíî ðàçäåëèòü íà ÷åòûðå ýòàïà.
Îñíîâíûìè îáúåêòàìè èññëåäîâàíèé
ÿâëÿþòñÿ ïîæàðíàÿ áåçîïàñíîñòü, ðèñê
âîçíèêíîâåíèÿ ïîæàðîâ, ñåéñìè÷åñêèå
õàðàêòåðèñòèêè êîìïîíåíòîâ, ñåéñìè-
÷åñêàÿ èíòåíñèâíîñòü, äèíàìè÷åñêèå
õàðàêòåðèñòèêè ðåàãèðîâàíèÿ, à òàêæå
ðàçâèòèå ïåðåäîâûõ òåõíîëîãèé ïî
îöåíêå ðèñêîâ äëÿ áåçîïàñíîñòè. Â çà-
êëþ÷åíèå àâòîð ïðåäëàãàåò â áóäóùèõ
èññëåäîâàíèÿõ ïðåäïðèíÿòü ïîïûòêó
èçó÷åíèÿ âîçìîæíîñòè âíåäðåíèÿ â
ñòàíäàðòíóþ ïðîöåäóðó èííîâàöèîí-
íûõ òåõíè÷åñêèõ ìåòîäîâ, ïîíÿòèÿ
î âçàèìîñâÿçè ðèñêîâ, ìîíèòîðèíãà
óùåðáà è ò.ä.
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nologies for dynamic data collection,
risk monitoring and model building
of ancient buildings, the vulnerability
and vulnerability of ancient buildings
in the whole life cycle monitoring,
establish a security early warning
mechanism.

Conclusions and Prospects.
This paper uses Citespace software
to make visual analysis of 323
papers  on the safety risks of ancient
buildings in CNKI database. It is
found that: First, there are perio-
dical  ups and downs in the number
of  literatures on the safety risks of
ancient buildings, but the overall
trend is rising, indicating a good
research prospect in this field; Se-
cond, the research hotspots in the
field of ancient building safety risk
mainly focus on fire, earthquake, fire
safety, protection and other aspects,
and the breadth of the research
content needs to be further impro-
ved. Third, the development trend
of the safety risk field of ancient
buildings can be roughly divided
into  four stages. The main research
objects are fire safety, fire hazard
and seismic performance of com-
ponents, seismic intensity and res-
ponse dynamic characteristics, and
advanced technology safety risk as-
sessment. In conclusion, the author
proposes that in the future research,
we can try to explore and innovate
in standard formulation, technical
method innovation, risk coupling,
damage monitoring and other as-
pects.

References

1. Wang Xuefei. The study on the
adaptability of the method of security
risk evaluation about historic districts.
Tianjin Chengjian University, 2013.
Available at:http://cdmd.cnki.com.cn/



Ñïèñîê èñòî÷íèêîâ

1. Âàí Ñþýôýé. Èññëåäîâàíèå àäàïòèâíîñòè
ìåòîäà îöåíêè ðèñêîâ áåçîïàñíîñòè â îò-
íîøåíèè èñòîðè÷åñêèõ ðàéîíîâ. Òÿíü-
öçèíüñêèé óíèâåðñèòåò ×ýíöçÿíü, 2013.
URL: http://cdmd.cnki.com.cn/article/
cdmd-10792-1014193497. htm (äàòà îáðà-
ùåíèÿ: 2013).

2. Ëè Õóýéøàíü, Âàí Ñèéèí. Îöåíêà áåçî-
ïàñíîñòè ñòàðèííûõ çäàíèé èç êàìåííîé
êëàäêè è áðóñà íà îñíîâå ìíîãîóðîâíå-
âîé ïðèñòðîéêè // Æóðí. èíæ. ìåíåäæ-
ìåíòà. 2019. ¹ 4. Ñ. 81–85. URL:
http://www.cnki. com. cn/ Article/CJFDTo-
tal-JCGL201902016.htm (äàòà îáðàùåíèÿ:
04.2019).

3. Ñþé Øóàé, Ãî Ñÿîäóí è äð. Îöåíêà áåçî-
ïàñíîñòè äðåâíèõ äåðåâÿííûõ çäàíèé íà
îñíîâå ïðîöåññà àíàëèòè÷åñêîé èåðàðõèè //
Ïðîìûøëåííîå ñòðîèòåëüñòâî. 2016. ¹ 12.
Ñ. 180–183. URL: http://www.cnki.com.cn/
Article/CJFDTotal-GYJZ201612034.htm
(äàòà îáðàùåíèÿ: 12.2016).

4. Ãî Ñÿîäóí, Ñþé Øóàé, Ñóí Ñÿîøýí è äð.
Îöåíêà áåçîïàñíîñòè ñòàðèííûõ äåðåâÿí-
íûõ çäàíèé íà îñíîâå íå÷åòêî-ñåðîãî àíà-
ëèòè÷åñêîãî ìåòîäà // Æóðí. Ïåêèíñêîãî
òåõíîëîãè÷åñêîãî óíèâåðñèòåòà. 2016.
Ò. 42, ¹ 3. Ñ. 393–398. URL: https://d.wan-
fangdata.com.cn/periodical/bjgydxxb
201603010 (äàòà îáðàùåíèÿ: 2016).

5. Ãî Ñÿîäóí, Ôó Òèáÿî, Ñþé Øóàé. Îöåíêà
áåçîïàñíîñòè äåðåâÿííûõ äðåâíèõ çäà-
íèé íà îñíîâå àíàëèòè÷åñêîãî ìåòîäà ñå-
ðîé êëàñòåðèçàöèè // Æóðí. Ïåêèíñêîãî
òåõíîëîãè÷åñêîãî óíèâåðñèòåòà. 2017.
Ò. 43, ¹ 5. Ñ. 780–785. URL: http://www.
cqvip.com/QK/95054X/20175/671994659.
html (äàòà îáðàùåíèÿ: 2017).

6. ×æàí Äýöçþíü. Èññëåäîâàíèå ïî îöåíêå
áåçîïàñíîñòè è óêðåïëåíèþ èñòîðè÷å-
ñêîãî çäàíèÿ èç êèðïè÷à è áðóñà â Øàí-
õàå. Óíèâåðñèòåò Àíüõîé Öçÿíü÷æó,
2016. URL: http://cdmd.cnki.com.cn/Artic-
le/CDMD-10878-1016198369.htm (äàòà
îáðàùåíèÿ: 2016).

7. Ãóàíü Þéñè. Ïðèìåíåíèå ïðîöåññà àíà-
ëèòè÷åñêîé èåðàðõèè ïðè îöåíêå ïîæàð-
íîé îïàñíîñòè èñòîðè÷åñêîãî çäàíèÿ //
Èññëåäîâàíèå ïî áîðüáå ñ ïîæàðàìè.
2015. ¹ 10. Ñ. 1387–1390.

Íàó÷íî-ìåòîäè÷åñêèé ðàçäåë

133

article/cdmd-10792-1014193497. htm
(accessed: 2013).

2. Li Huishan, Wang Siying. Safety Eva-
luation of Ancient Masonry-timber
Buildings Based on Multilevel Exten-
sion. Journal of Engineering Manage-
ment. 2019; (4): 81–85. Available
at: http://www.cnki. com. cn/ Artic-
le/CJFDTotal-JCGL201902016.htm
(accessed: 04.2019).

3. Xu Shuai, Guo Xiaodong et al. Safety
assessment of ancient timber buil-
dings based on analytical hierarchy
process. Industrial Construction.
2016; (12): 180–183. Available
at:http://www.cnki.com.cn/Article/CJ
FDTota l -GYJZ201612034 .h tm
(accessed: 12.2016).

4. Guo Xiaodong, Xu Shuai, Song Xiaos-
heng et al. Safety Assessment of An-
cient Timber Buildings Based on
Gray-fuzzy Analytical Method. Jour-
nal of Beijing University of Technolo-
gy. 2016; 42(3): 393–398. Available
at:https://d.wanfangdata.com.cn/peri-
odical/bjgydxxb201603010 (accessed:
2016).

5. Guo Xiaodong, Fu Tibiao, Xu Shuai.
Safety Assessment of Timber Ancient
Buildings Based on Grey Clustering
Analytical Method. Journal of Bei-
jing University of Technology.
2017; 43(5): 780–785. Available at:
http://www.cqvip.com/QK/95054X/
20175/671994659.html (accessed:
2017).

6. Zhang Dejun. Research on the Safety
Evaluation and Reinforcement of
Historical Building with Brick and
Timber Structure in Shanghai. Anhui
Jianzhu University, 2016. Available
at:http://cdmd.cnki.com.cn/Artic-
le/CDMD-10878-1016198369.htm
(accessed: 2016).

7. Guan Yuxi. Application of AHP in
fire risk assessment of the historic
building. Research on fire mana-
gement. 2015; (10): 1387–1390.

8. Xu Zhisheng. Study on fire risk
assessment of historic buildings based
on AHP. Journal of Railway Science
and Engineering. 2015; (6): 690–694.



8. Ñþé ×æèøýí. Èññëåäîâàíèå ïî îöåíêå
ïîæàðîîïàñíîñòè èñòîðè÷åñêèõ çäàíèé
íà îñíîâå ÏÀÈ // Æóðí. æåëåçíîäîðîæ-
íîé íàóêè è òåõíèêè. 2015. ¹ 6.
Ñ. 690–694. URL: http://www.cnki.com.
cn/Article/CJFDTotal-CSTD 201503037.
htm (äàòà îáðàùåíèÿ: 06.2015).

9. ßí Ñþýôýí. Ïðîáëåìû ïîæàðíîé áåçî-
ïàñíîñòè è ìåðû ïðîòèâîäåéñòâèÿ ðàç-
ðóøåíèþ êóëüòóðíûõ ðåëèêâèé è äðåâ-
íèõ çäàíèé // Ïðîòèâîïîæàðíàÿ ïðî-
ìûøëåííîñòü (ýëåêòðîííàÿ âåðñèÿ).
2020. 6(17). Ñ. 93–94. URL: http://www.
cnki.com.cn/Article/CJFDTotal-XFJE202
017063. htm (äàòà îáðàùåíèÿ: 06.2020).

10. Ìà Ëè, Ëþ Õàíü, Áåéëè. Îöåíêà ïîæàð-
íîé îïàñíîñòè èñòîðè÷åñêèõ çäàíèé íà
îñíîâå ÏÀÈ è ìåòîäà ýíòðîïèéíîãî
âåñà // Æóðí. Ñèàíüñêîãî óíèâåðñèòåòà
íàóêè è òåõíèêè (JXUST). 2017. 37(4).
Ñ. 537–543. URL: http://www.cnki.com.cn/
Article/CJFDTotal-XKXB201704013.htm
(äàòà îáðàùåíèÿ: 2017).

11. Ëþ Õàíü, ×æàî Ñÿîìèí, ×æàî Ñèíü, Ìà
Ëè, Ñÿî ßí. Îöåíêà ïîæàðíîé îïàñíîñòè
äðåâíèõ çäàíèé íà îñíîâå ïÿòèýëåìåíò-
íîãî íîìåðà ñîåäèíåíèÿ // Æóðí. Ñèàíü-
ñêîãî óíèâåðñèòåòà íàóêè è òåõíèêè
(JXUST). 2018. 38(6). Ñ. 901–909. URL:
http://www.cnki.com.cn/Article/CJFDTotal-
XKXB 201806006.htm (äàòà îáðàùåíèÿ:
2018).

12. Èíü Öçå, ×æýí Ñÿíìèí, Äîí Ðóáèí.
Îöåíêè ïîæàðîîïàñíîñòè äðåâíèõ çäà-
íèé â èñòîðè÷åñêèõ ìåñòàõ – íà ïðèìåðå
êðóãëûõ çäàíèé â Ôóöçÿíè // Æóðí. óíè-
âåðñèòåòà Ëîíãÿíü. 2014. 32(4). Ñ. 19–26.
URL: http://www. cnki.com.cn/Article/
CJFDTotal-LYSX201404004.htm (äàòà
îáðàùåíèÿ: 2014).

13. Èíü Öçå, ×æýí Ñÿíìèíü, Äîíã Ôóáèíü.
Îöåíêà ðèñêà ïîæàðà â äðåâíåì çäàíèè
íà îñíîâå ýíòðîïèéíîé ìîäåëè âåñà è
ðàñøèðåíèÿ // Æóðí. ×óíöèíñêîãî óíè-
âåðñèòåòà èñêóññòâ è íàóê (èçäàíèå
ïî ñîöèàëüíûì íàóêàì). 2016. Ò. 35,
¹ 2. Ñ. 40–45. URL: http://www.cnki.com.
cn/article/cjfdtotal-cqsz 2016 02011.htm
(äàòà îáðàùåíèÿ: 2016).

14. ×æîó Öÿíü, ßíü Âýéìèí, Öçè Öçèíüáàî.
Îöåíêà ñåéñìè÷åñêîãî ñòðîåíèÿ äðåâíå-
ãî êèòàéñêîãî äåðåâÿííîãî ñîîðóæå-

Section of scientific methodology

134

Available at:http://www.cnki.com.cn/
Article/CJFDTotal-CSTD 201503037.
Htm (accessed: 06.2015).

9. Kang Xuefeng. Fire safety problems
and Countermeasures of cultural relics
and ancient buildings. Fire industry
(electronic version). 2020; 6(17):
93–94. Available at:http:/ /www.
cnki.com.cn/Article/CJFDTotal-XFJE
202017063. htm (accessed: 06.2020).

10. Ma Li, Liu Han, Bai Lei. Fire risk
assessment of the historic buildings
based on AHP and entropy weight
method. Journal of Xi’an University
of Science and Technology (JXUST).
2017; 37(4): 537–543. Available at:
http://www.cnki.com.cn/Article/CJF
DTota l -XKXB201704013.h tm
(accessed: 2017).

11. Liu Han, Zhao Xiuming, Zhao Xin,
Ma Li, Xiao Yang. Fire risk asses-
sment of the ancient buildings based
on five-element connection number.
Journal of Xi’an University of
Science and Technology (JXUST).
2018; 38(6): 901–909. Available
at:http://www.cnki.com.cn/Article/C
JFDTotal-XKXB 201806006.htm
(accessed: 2018).

12. Yin Jie, Zheng Xiangmin, Dong
Fubin. Assessments on fire risk
from ancient buildings in scenic
spots – a Case Study of round
Buildings in Fujian. Journal of
Longyan University. 2014; 32(04):
19–26. Available at:http://www.
cnki.com.cn/Article/CJFDTotal-LY
SX201404004.htm (accessed: 2014).

13. Yin Jie, Zheng Xiangmin, Dong
Fubin. The ancient building fire risk
assessment based on entropy weight
and extension model. Journal of
Chongqing University of Arts and
Sciences (Social Sciences Edition).
2016; 35(2): 40–45. Available
at:http://www.cnki.com.cn/article/cjf
dtotal-cqsz 2016 02011.htm
(accessed: 2016).

14. Zhou Qian, Yan Weiming, Ji Jinbao.
Aseismic Constitution Assessment
of Chinese Ancient Wooden Struc-
ture. Earthquake resistance and



íèÿ // Ñåéñìîñòîéêîñòü è óñèëåíèå èí-
æåíåðíûõ ñîîðóæåíèé. 2011. Ò. 33, ¹ 4.
Ñ. 120–129. URL: http://www.cnki.com.
cn/Article/CJFDTotal-GCKZ201104022.
htm (äàòà îáðàùåíèÿ: 2011).

15. ×ýíü Ïèí, Ñå Ñÿîìèí, ×ýíü Äý. Îöåíêà
ñåéñìè÷åñêîãî ðèñêà äëÿ äðåâíåãî äå-
ðåâÿííîãî ñîîðóæåíèÿ // Ìèðîâàÿ ñåéñ-
ìîñòîéêàÿ èíæåíåðèÿ. 2015. 31(1).
Ñ. 16–21. URL: http://www.cnki.com.
cn/Article/CJFDTotal-SJDC201501003.
htm (äàòà îáðàùåíèÿ: 2015).

16. ßí Íà. Ðàçðàáîòêà ñèñòåìû ìîíèòîðèíãà
òðåùèí â äðåâíèõ äåðåâÿííûõ çäàíèÿõ
Êèòàÿ ñ ïðèìåíåíèåì áåñïèëîòíûõ ëåòà-
òåëüíûõ àïïàðàòîâ è CV // Èíæåíåð-
íàÿ ìåõàíèêà. 2021. URL: https://doc.
taixueshu.com/journal/20210104gclx.html
(äàòà îáðàùåíèÿ: 01. 2021).

17. Ïàí È, Ëè Ëèí Öçÿî, Âàí Õóýéöèíü, ßî
×æàî È. Èññëåäîâàíèå ìåòîäîâ îöåíêè
ñîñòîÿíèÿ ðàçðóøåíèé äðåâíèõ äåðåâÿí-
íûõ çäàíèé ïîñëå çåìëåòðÿñåíèÿ //
Æóðí. óíèâåðñèòåòà Õóíàíü (åñòåñòâåí-
íûå íàóêè). 2016. ¹ 1. Ñ. 132–142. URL:
ht tp: / /www.cnki .com.cn/Art ic le /
CJFDTotal-HNDX201601018.htm (äàòà
îáðàùåíèÿ: 01.2016).

18. Áàé Ôóþ. Èññëåäîâàíèå ïî âûÿâëåíèþ
ñåéñìè÷åñêèõ ïîâðåæäåíèé è ìåòîäó
îöåíêè ñîñòîÿíèÿ ñòàðèííîãî äåðåâÿí-
íîãî çäàíèÿ. Ñèàíüñêèé óíèâåðñèòåò àð-
õèòåêòóðû è òåõíîëîãèé, 2018. URL:
http://cdmd.cnki. com.cn /Article/CDMD-
10703-1020616493.htm (äàòà îáðàùåíèÿ:
2018).

19. Ãàî Äàôýí, ßí Þí, Äèí Õóíñÿí, Ëþ
Öçèí, Ëè Ôýé. Îöåíêà óùåðáà îò çåìëå-
òðÿñåíèÿ äðåâíåé àðõèòåêòóðå ñ ìíîãî-
ñëîéíûìè äåðåâÿííûìè êîíñòðóêöèÿìè
íà îñíîâå ðàññåèâàíèÿ ýíåðãèè // Ñåéñ-
ìè÷åñêèå èññëåäîâàíèÿ. 2016. 39(2).
Ñ. 340–350+176. URL: http://www.cnki.com.
cn/Article/CJFDTotal-DZYJ 2016 02
022.htm (äàòà îáðàùåíèÿ: 02.2016).

20. Ëè Íèí, Ñþé Ëèíü, Ãî Ñÿîäóí, Âàí
ßíüõóýé. Êîìïëåêñíûé ìåòîä îöåíêè
ñåéñìè÷åñêîãî óùåðáà äëÿ ñòàðèííûõ
äåðåâÿííûõ çäàíèé, îñíîâàííûé íà òåî-
ðèè âåðîÿòíîñòè // Íàóêè îá îõðàíå ïðè-
ðîäû è àðõåîëîãèè. 2012. 24(1). Ñ. 44–48.

Íàó÷íî-ìåòîäè÷åñêèé ðàçäåë

135

reinforcement of Engineering. 2011;
33(4): 120–129. Available at:http://
www.cnki.com.cn/Article/CJFD
T o t a l - G C K Z 2 0 1 1 0 4 0 2 2 . h t m
(accessed: 2011).

15. Chen Ping, Xie Xiaoning, Chen Te.
Seismic risk assessment of ancient
timberstructure. World Earthquake
Engineering. 2015; 31(1): 16–21.
Available at:http://www.cnki.com.
cn/Article/CJFDTotal-SJDC201501
003.htm (accessed: 2015).

16. Yang Na. Design of crack monitoring
system for Chinese ancient wooden
buildings based on UAV and CV. En-
gineering Mechanics. 2021. Avai-
lable at:https://doc.taixueshu.com/
journal/20210104gclx.html (acces-
sed: 01.2021).

17. Pan Yi, Li Lingjiao, Wang Huiqin,
Yao Zhaoyi. Research on evaluation
methods for post-earthquake damage
state of ancient wooden buildings.
Journal of Hunan University (Natural
Sciences). 2016; (1): 132–142.
Available at: http: //www.cnki.com.
cn/Article/CJFDTotal-HNDX20160
1018.htm (accessed: 01. 2016).

18. Bai Fuyu. Research on Seismic
Damage Identification and State
Assessment Method of Ancient
Wooden Building. Xi’an University
of Architecture and Technology.
2018. Available at:http://cdmd.cnki.
com.cn /Article/CDMD-10703-
1020616493.htm (accessed: 2018).

19. Gao Dafeng, Yang Yong, Deng Hon-
gxian, Liu Jing, Li Fei. Earthquake
Damage Assessment of Ancient Arc-
hitecture with Multi-layer Wooden
Structures Based on Energy Dissipa-
tion. Seismic research. 2016; 39(2):
340–350+176. Available at:http://
www.cnki.com.cn/Article/CJFDTo-
tal-DZYJ 2016 02 022.htm (acces-
sed: 02.2016).

20. Li Ning, Xu Lin, Guo Xiaodong,
Wang Yanhui. A comprehensive met-
hod for evaluation of seismic damage
in ancient wooden buildings based on
probabilistic theory. Sciences of Con-
servation and Archaeology. 2012;



URL: http:// www.cnki.com.cn/Article/
CJFDTotal-WWBF 201201009.htm (äàòà
îáðàùåíèÿ: 2012).

21. Âàí Ñÿîäóí, Âàí Âýé, Âàí Ëèíü-àí è äð.
Èññëåäîâàíèå ñóùåñòâóþùåé ñèòóàöèè
Æåëåçíûì ëüâîì â Öàí÷æîó ïðè åäè-
íè÷íîì çåìëåòðÿñåíèè // Èíæåíåðíàÿ
ìåõàíèêà. 2011. Ò. 28, ¹ 12. Ñ. 238–243.
URL: http://www.cnki.com.cn /Article/
CJFDTotal-GCLX201112036.htm (äàòà
îáðàùåíèÿ: 2011).

22. Ñþé Öçÿíüÿí, Ó ×æàí Öçèí, ×æàí Ôýí-
ëÿí, ×æàî Õóíâýé, Ëþ ×æèöÿí, Âàí Äó-
äó. Îöåíêà ñåéñìè÷åñêèõ ïîâðåæäåíèé
äðåâíåé äåðåâÿííîé êîíñòðóêöèè, óñè-
ëåííîé óãëåïëàñòèêîì, íà îñíîâå àíàëè-
çà ïîòåíöèàëà è ðàññåèâàíèÿ ýíåðãèè //
Æóðí. ãðàæäàíñêîãî ñòðîèòåëüñòâà, àð-
õèòåêòóðû è îõðàíû îêðóæàþùåé ñðå-
äû. 2013. Ò. 35, ¹ 6. Ñ. 103–111. URL:
https://www.zhangqiaokeyan.com/academ
ic- journal-cn_civi l -environmental-
engineering_thesis/020126961526.html
(äàòà îáðàùåíèÿ: 2013).

23. Ñþé Öçÿíüÿí, ×æàí Ôýíëÿí, ×æàî Õóí-
âýé, Ñå Öÿí, Öóé ßíü, ×æàí Ñè÷ýí.
Îöåíêà ñåéñìè÷åñêèõ ïîâðåæäåíèé
äðåâíåé äåðåâÿííîé êîíñòðóêöèè íà îñ-
íîâå ïîòåíöèàëà è ðàññåèâàíèÿ ýíåð-
ãèè // Æóðí. ñòðîèòåëüíûõ êîíñòðóê-
öèé. 2012. 33(8). Ñ. 127–134. URL:
http://www.cnki.com.cn/Article/CJFDTota
l-JZJB 201208017.htm (äàòà îáðàùåíèÿ:
2012).

24. ×æàí Ñè÷ýí, Õó ×ýí Ìèí, Ó ×ýí Âýé,
Ìà Õàéäè, Õàíü Èíàíü. Àíàëèç ïðî-
òèâîîáðóøàþùèõ ñâîéñòâ äðåâíèõ äå-
ðåâÿííûõ êàðêàñíûõ çäàíèé â ñòèëå
ãðàíä ñ äóãóíîì ïðè ãîðèçîíòàëüíîì
çåìëåòðÿñåíèè // Íàóêè îá îõðàíå ïðè-
ðîäû è àðõåîëîãèè. 2020. 32(1) .
Ñ. 10–18. URL: https://www.nstl. gov.cn /
paper_detail.htmlid=cae295f126cc5c5c3d
c85000d435b5de (äàòà îáðàùåíèÿ:
2020).

25. Õóàíü ×æóíõóí, Ìà Äîíõóé, Âàí Âýé,
Âàí Öçûè. Ìíîãîêðèòåðèàëüíûé àíà-
ëèç ñåéñìè÷åñêîé óÿçâèìîñòè äðåâ-
íåé äåðåâÿííîé àðõèòåêòóðû íà îñíîâå
ãàóññîâîé ñâÿçêè // Æóðí. Ïåêèíñêîãî
òåõíîëîãè÷åñêîãî óíèâåðñèòåòà. 2020.
Ò. 46, ¹ 7. Ñ. 756–763. URL:

Section of scientific methodology

136

24(1): 44–48. Available at:http://
www.cnki.com.cn/Article/CJFDTo-
tal-WWBF 201201009.htm (acces-
sed: 2012).

21. Wang Xiaodong, Wang Wei, Wang
Lin-an et al. Study on existing
situation of Cangzhou iron lion under
rear earthquake. Engineering mecha-
nics. 2011; 28(12): 238–243. Avai-
lable at:http://www.cnki.com.cn
/Article/CJFDTotal-GCLX20111203
6.htm (accessed: 2011).

22. Xue Jianyang, Wu Zhanjing, Zhang
Fengliang, Zhao Hongtie, Liu Zuqi-
ang, Wang Doudou. Assessment of
seismic damage to an ancient wooden
structure reinforced with carbon fi-
ber, based on the analysis of potential
and energy dissipation. Journal of Ci-
vil, Architectural and Environmental
Engineering. 2013; 35(6): 103–111.
Available at:https:// www.zhangqia-
okeyan.com/academic-journal-
cn_civil -environmental-enginee-
ring_thesis/020126961526.html (ac-
cessed: 2013).

23. Xue Jianyang, Zhang Fengliang,
Zhao Hongtie, Xie Qifang, Sui Yan,
Zhang Xicheng. Potential and energy
dissipation-based seismic damage
evaluation of ancient timber structu-
re. Journal of Building Structures.
2012; 33(8): 127–134. Available
at:http://www.cnki.com.cn/Artic-
le/CJFDTotal-JZJB 201208017.htm
(accessed: 2012).

24. Zhang Xicheng, Hu Chengming, Wu
Chenwei, Ma Hedi, Han Yinan. Ana-
lysis of anti-collapse performance
of ancient timber frame buildings
of grand style with Dou-gong under
horizontal earthquake. Sciences of
Conservation and Archaeology.
2020; 32(1): 10–18. Available at:
https://www.nstl. gov.cn / paper_de-
tail.htmlid=cae295f126cc5c5c3dc
85000d435b5de (accessed: 2020).

25. Huan Junhong, Ma Donghui, Wang
Wei, Wang Ziyi. Multi-criteria Seis-
mic Vulnerability Analysis of Anci-
ent Timber Architecture Based on
Gaussian Copula. Journal of Beijing



http://www.cnki.com.cn/Article/CJFDTotal-
BJGD202007006. htm (äàòà îáðàùåíèÿ:
2020).

Information about the authors
Corresponding author: Siqi Niu
Jian Ma – Master Degree Candidate, Doctoral Student, Associate professor, Associa-

te Dean, School of Engineering Training and Innovation, Shenyang Jianzhu University,
Shenyang, Liaoning, China, majian88@sjzu.edu.cn

Weidong Yan – Doctor of Engineering, Professor, Headmaster, Shenyang Jianzhu
University, Shenyang, Liaoning, China, ywd6441@126.com

Xing Wang – Doctor of Economics, Professor, Dean of International Exchange and
Cooperation Department, Shenyang Jianzhu University, Shenyang, Liaoning, China, ke-
vinwang@sjzu.edu.cn

Siqi Niu – Master Degree Candidate, Doctoral Student, Shenyang Jianzhu University,
Shenyang, Liaoning, China, nsq0920@126.com

Contribution of the authors: the authors contributed equally to this article. The authors dec-
lare no conflicts of interests.

The article was submitted 26.01.2023
Approved after reviewing 27.02.2023
Accepted for publication 03.03.2023

Èíôîðìàöèÿ îá àâòîðàõ
Öçÿíü Ìà – ñîèñêàòåëü ñòåïåíè ìàãèñòðà, äîêòîðàíò, äîöåíò, çàìåñòèòåëü äåêà-

íà Øêîëû èíæåíåðíîé ïîäãîòîâêè è èííîâàöèé, majian88@sjzu.edu.cn
Âýéäóí ßíü – äîêòîð òåõíè÷åñêèõ íàóê, ïðîôåññîð, äèðåêòîð,

ywd6441@126.com
Ñèíã Âàí – äîêòîð ýêîíîìè÷åñêèõ íàóê, ïðîôåññîð, äåêàí ôàêóëüòåòà ìåæäóíà-

ðîäíûõ îáìåíîâ è ñîòðóäíè÷åñòâà, kevinwang@sjzu.edu.cn
Ñèêè Íèó – ñîèñêàòåëü ñòåïåíè ìàãèñòðà, äîêòîðàíò, nsq0920@126.com

Âêëàä àâòîðîâ: âñå àâòîðû ñäåëàëè ýêâèâàëåíòíûé âêëàä â ïîäãîòîâêó ïóáëèêàöèè.
Àâòîðû çàÿâëÿþò îá îòñóòñòâèè êîíôëèêòà èíòåðåñîâ.

Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 26.01.2023
Îäîáðåíà ïîñëå ðåöåíçèðîâàíèÿ 27.02.2023
Ïðèíÿòà ê ïóáëèêàöèè 03.03.2023
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ÎÑÍÎÂÍÛÅ ÏÐÀÂÈËÀ ÎÔÎÐÌËÅÍÈß, ÏÐÅÄÑÒÀÂËÅÍÈß
È ÐÅÄÀÊÖÈÎÍÍÎÉ ÎÁÐÀÁÎÒÊÈ ÐÓÊÎÏÈÑÅÉ ÑÒÀÒÅÉ

1. Ñòàòüÿ ïðåäñòàâëÿåòñÿ â ðåäàêöèþ íà ðóññêîì ÿçûêå â ýëåêòðîííîì âèäå. Çàðóáåæíûå
àâòîðû ìîãóò ïðèñûëàòü ñòàòüè íà àíãëèéñêîì ÿçûêå. Âîçìîæíà ïóáëèêàöèÿ ñòàòüè îäíî-
âðåìåííî â äâóõ âàðèàíòàõ – íà ðóññêîì è àíãëèéñêîì ÿçûêàõ. Â ýòîì ñëó÷àå îôîðìëÿþòñÿ äâà
òåêñòà  ñòàòüè – íà ðóññêîì ÿçûêå è òî÷íûé ïåðåâîä íà àíãëèéñêèé. Âìåñòå ñ ðóêîïèñüþ
ïðåäñòàâëÿþòñÿ:

– ñîïðîâîäèòåëüíîå ïèñüìî ðóêîâîäñòâà îðãàíèçàöèè, îòêóäà èñõîäèò ðóêîïèñü;
– ýêñïåðòíîå çàêëþ÷åíèå î âîçìîæíîñòè îïóáëèêîâàíèÿ, îôîðìëåííîå â îðãàíèçàöèè,

îòêóäà èñõîäèò ðóêîïèñü.
Åñëè ñòàòüÿ áûëà èëè áóäåò íàïðàâëåíà â äðóãîå èçäàíèå, èëè æå áûëà ðàíåå îïóáëèêîâà-

íà, íåîáõîäèìî îáÿçàòåëüíî ñîîáùèòü îá ýòîì ðåäàêöèè.

2. Ðóêîïèñü äîëæíà ãîòîâèòüñÿ íà êîìïüþòåðå â ðåäàêòîðå Microsoft Word äëÿ Windows
(âåðñèè îò XP äî Word 97/10). Òåêñò íàáèðàþò øðèôòîì Times New Roman Cyr ðàçìåðîì 14 ïò
ñ ìåæñòðî÷íûì èíòåðâàëîì 1,5. Îáÿçàòåëüíà íóìåðàöèÿ ñòðàíèö âíèçó ïîñðåäèíå. Îáúåì
ðóêîïèñè – äî 12 ñòðàíèö, âêëþ÷àÿ èëëþñòðàöèè, òàáëèöû, ñïèñîê èñòî÷íèêîâ è èíôîðìàöèþ
îá àâòîðàõ.

3. Ñîñòàâ ðóêîïèñè ñòàòüè, ïðàâèëà è îáðàçåö îôîðìëåíèÿ ñì. íà Internet-ñàéòå æóðíàëà
http://izvuzstr.sibstrin.ru/sample_of_article/
à) ðóññêîÿçû÷íàÿ ÷àñòü:

– èíäåêñ ÓÄÊ – â ëåâîì âåðõíåì óãëó, ïðîïèñíûìè áóêâàìè;
– èìÿ, îò÷åñòâî è ôàìèëèè àâòîðîâ, íàèìåíîâàíèå ó÷ðåæäåíèÿ, â êîòîðîì îíè ðàáîòàþò;
– íàçâàíèå ñòàòüè;
– àííîòàöèÿ îáúåìîì äî 0,3 ñòð. òåêñòà (íå ìåíåå 80 ñëîâ);
– êëþ÷åâûå ñëîâà (íå ìåíåå 5);
– òåêñò ñòàòüè;
– ñïèñîê èñòî÷íèêîâ (íå ìåíåå 10 ññûëîê);
– èíôîðìàöèÿ îá àâòîðàõ: ïîñëåäîâàòåëüíî äëÿ êàæäîãî – èíèöèàëû, ôàìèëèÿ, ó÷åíàÿ

ñòåïåíü, çâàíèÿ (çâàíèÿ â íåãîñóäàðñòâåííûõ àêàäåìèÿõ íàóê è ïî÷åòíûå çâàíèÿ íå óêàçû-
âàòü), e-mail àâòîðà, ñòðàíà (åñëè íå Ðîññèéñêàÿ Ôåäåðàöèÿ);
á) àíãëîÿçû÷íàÿ ÷àñòü:

– ñïèñîê èñòî÷íèêîâ îôîðìëÿòü ïî ñèñòåìå BGN:
· äëÿ çàðóáåæíûõ èñòî÷íèêîâ íà ëàòèíèöå – ñ ñîõðàíåíèåì îðèãèíàëüíîãî îïèñàíèÿ;
· äëÿ ññûëîê íà ðóññêîÿçû÷íûå èñòî÷íèêè – òðàíñëèòåðèðîâàííûå ñ ðóññêèõ áóêâ íà

ëàòèíñêèå ñèìâîëû (ïî ñèñòåìå BGN) ôàìèëèè è èíèöèàëû âñåõ àâòîðîâ, íàçâàíèå ñòàòüè
â ïåðåâîäå íà àíãëèéñêèé ÿçûê; îñòàëüíûå ýëåìåíòû áèáëèîãðàôè÷åñêîãî îïèñàíèÿ íà
àíãëèéñêîì ÿçûêå, ñ èñêëþ÷åíèåì ðàçäåëèòåëåé /, – , // è çàìåíîé ¹, c. è C. ñîîòâåòñòâåííî
íà No., p. è Ð., â êîíöå (In Russ.).

– èíôîðìàöèÿ îá àâòîðàõ – ïîñëåäîâàòåëüíî äëÿ êàæäîãî:
· ôàìèëèÿ, èìÿ ïîëíîñòüþ, òðàíñëèòåðèðîâàííûå â ëàòèíñêèå ñèìâîëû ïî ñèñòåìå BGN;
· ó÷åíàÿ ñòåïåíü (DSc – äîêòîð íàóê, PhD – êàíäèäàò íàóê, MSc – ìàãèñòð, áåç óêàçàíèÿ

íàó÷íîãî íàïðàâëåíèÿ), ó÷åíûå çâàíèÿ (Professor, Ass. Professor, Academician of…, Corr. Mem.
of… – ïðîôåññîð, äîöåíò, àêàäåìèê …, ÷ëåí-êîððåñïîíäåíò …), äðóãîå – Senior Lecturer
(ñò. ïðåïîäàâàòåëü), Engineer (èíæåíåð), Post-graduate Student (àñïèðàíò), Student (ñòóäåíò);

· îôèöèàëüíîå àíãëîÿçû÷íîå íàçâàíèå îðãàíèçàöèè (ó÷ðåæäåíèÿ), ãîðîäà (åñëè íå óïî-
ìèíàåòñÿ â íàçâàíèè îðãàíèçàöèè), ñòðàíû;

4. Ñòàòüÿ äîëæíà áûòü òùàòåëüíî îòðåäàêòèðîâàíà è ïîäïèñàíà âñåìè àâòîðàìè (ñ óêàçà-
íèåì äàòû îòïðàâêè ñòàòüè).

5. Ðåöåíçåíòîâ äëÿ ñòàòåé ðåäàêöèÿ íàçíà÷àåò ïî ñâîåìó óñìîòðåíèþ, äîðàáîòàííóþ
ïîñëå ðåöåíçèè ñòàòüþ ñëåäóò ïðèñûëàòü â ýëåêòðîííîì âèäå.

6. Êîððåêòóðà ñòàòüè ìîæåò ïðåäîñòàâëÿòüñÿ ïî çàïðîñó àâòîðà.

7. Ãîíîðàð çà îïóáëèêîâàíèå ñòàòüè íå âûïëà÷èâàåòñÿ.

8. Æóðíàë ïóáëèêóåò èíôîðìàöèþ î íàó÷íî-òåõíè÷åñêèõ ðàçðàáîòêàõ â îáëàñòè
ñòðîèòåëüñòâà îáúåìîì 1 ñ., âêëþ÷àÿ 1–2 èëëþñòðàöèè. Óêàçûâàþòñÿ ðàçðàáîò÷èêè è êîíòàêò-
íàÿ èíôîðìàöèÿ. Ýëåêòðîííàÿ âåðñèÿ îáÿçàòåëüíà.

9. Ðóêîïèñè, íå ïðèíÿòûå ê îïóáëèêîâàíèþ, àâòîðàì íå âûñûëàþòñÿ.
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