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The destructive 1988 Spitak earthquake is one of the most multilaterally and
detailedly studied earthquakes in the world. It had severe consequences, and the
international community provided unprecedented humanitarian aid to the victims.
Numerous scientific papers have been published about this earthquake based on the
obtained factual data and the results of their analysis. All this played a significant
role in the development of applied seismology and seismic protection.

The main objective is to identify the most significant accumulated factual data
and the results of their analysis for modern science, to establish their role in the
development of science and to indicate promising scientific tasks.

The research methodology is based on the assessment of the importance of
factual data, the results of their analysis, the value of the problems solved and the
determination of their prospects.

Results of the work: an attempt was made to determine role of the 1988 Spitak
earthquake in the development of applied seismology and seismic protection; for
the first time, the most important factual data are grouped; the important tasks that
were solved on their basis are indicated; 7 promising scientific tasks are presented;
the main literary sources of groups of factual data and the tasks solved on their basis
are indicated; a number of factual data are presented that are little known for various
reasons to a wide range of specialists.
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Introduction. Typically, many areas of applied seismology and seismic

protection are developed on the basis of multilaterally and in-depth studied
destructive earthquakes. Certainly, the Spitak earthquake of December 7, 1988
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(p =40.90; 1 =44.20, M = 7.0, hypocenter depth is 10 km, duration of main events
is 30-45 s) is one of such earthquakes. The 1988 earthquake in Armenia is unique
both in its catastrophic consequences and in the scope of research. Therefore, the
1988 Spitak earthquake played a certain role in the development of applied
seismology and seismic protection for the following main reasons:

= It is one of the most thoroughly and comprehensively studied earthquakes in
the world, both in scientific and humanitarian terms.

= It took place in a geologically complex region — a collision zone, where
numerous geological structures and processes, are observed.

= The earthquake occurred on highly urbanized territory, as a result of which
various types of buildings and structures were damaged, and basic life support
structures were disrupted.

= The earthquake had severe and large-scale consequences in social, material,
economic, cultural and other respects, which required an appropriate response.

= Could not adequately respond to the disaster with its own rescue forces, so
multilateral external assistance was provided.

= The tragedy marked the beginning of unprecedented international solidarity
and humanitarian aid.

= The 1988 Spitak earthquake marked the first time in Soviet history that the
country’s leadership formally requested international assistance, opening the “lron
Curtain” to humanitarian aid. More than 110 countries participated in the rescue and
reconstruction efforts in Armenia.

Let us briefly consider the essence and some features of these reasons:

« Leading specialists from both the USSR and 42 other countries addressed
various pressing issues in the disaster zone of the 1988 Spitak earthquake.
Earthquake recordings were used to study the propagation of seismic waves, their
passage through various geological structures, attenuation, and other characteristics.
The multiplex nature of the main event of the December 7 Spitak earthquake was
revealed, allowing it to be viewed as a process developing in time and space. Up to
40 temporary seismic stations were installed in the earthquake zone to record and
study aftershocks, their manifestations, and distribution. Geologists and surveyors
have thoroughly studied various structures (faults, seismogravitational formations,
landslides, rockfalls, soil liquefaction, etc.) that have formed or become active on
the earth’s surface. Macroseismic data were collected not only for the territory of
Armenia, but also for the territories of Georgia, Azerbaijan, Russia, and Turkey,
and based on their generalizations, isoseismal maps were compiled and the features
of the manifestation of earthquake intensity were studied. Specialists in earthquake-
resistant design and construction studied the features of damage to buildings
and structures, identified their causes depending on the intensity of the earthquake,
the type of structure, local geological and geomorphological conditions, etc. Damage
to the buildings of Armenian churches was separately studied. Important data were
obtained about rapid response forces in the event of a disaster, including their
effectiveness, the provision of various types of assistance to victims, and much more
[1-11].

« The Spitak earthquake of 1988 occurred in the collision zone of the Arabian
and Eurasian plates, where the Earth’s crust is heavily fractured along numerous
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faults. The earthquake’s formation environment due to regional horizontal
movements of crustal blocks at a rate of up to 2 cm/year, is highly differentiated.
It is estimated that the maximum magnitude of a probable earthquake in Armenia
could be up to 7.5 [3, 8, 12, 13]. Connections between powerful earthquakes and
regional faults and their intersection junctions have been established. Experts were
unanimous in the issue of the connection between the 1988 Spitak earthquake and
the highly active Pambak-Sevan fault. They played an important role in assessing
seismic hazard and risk, which served as the basis for revising the norms and
regulations for earthquake-resistant construction not only in Armenia, but also in
other countries [8, 14].

¢ The earthquake zone has become a natural laboratory for studying the causes
of severe consequences, assessing rescue needs, and developing disaster response
methods. In the earthquake zone in an area of 10 000 km? home to one million
people, 514 000 were left homeless. The second and third most populous cities of
Armenia, Gyumri and Vanadzor, were destroyed. 32 cities and more than 400
villages were also significantly damaged, of which 11 cities and 58 villages were
completely destroyed [3, 7, 10, 15]. The earthquake affected all 6 types of common
apartment buildings and numerous 1-3 storey private stone houses, which suffered
damage of varying degrees. For example, with seismic impacts of 9 and 10 points
on the EMS-98 [16] (the intensity will be indicated below on this scale [17]).
Most apartment buildings sustained severe damage (grades 4-5), and a significant
number of stone private homes were rendered unusable. Main infrastructure lines
(including the railway) located in the intensity zone of 9-10 points and higher were
damaged [7, 14, 18, 19].

« The earthquake killed 25000 people, left 40 000 injured in hospitals, and left
37000 disabled. Direct material losses were estimated at $15-20 billion. The USSR
planned to allocate $12.5 billion to the stricken Arm. SSR, but following the collapse
of the USSR in 1991, less than half of this amount was allocated. The blockade of
Armenia by Turkey and Azerbaijan significantly affected the recovery efforts [10].

« A number of important factors, such as perestroika and the revision of Soviet
foreign policy, the large scale of the earthquake’s severe consequences, the presence
of a 7-million-strong Armenian diaspora in many countries, and others, played a
significant role in the unprecedented humanitarian aid provided to the victims.
113 countries and numerous international organizations provided assistance to the
stricken Armenia [10]. Approximately 900 professional rescuers and 30 000
specialists from various organizations (civil defense forces and the USSR army,
volunteers, etc.) participated in the rescue efforts. Virtually the entire world extended
a helping hand. All this served as an example of how, during a large-scale disaster
in the world, many states and international organizations provide humanitarian,
rescue, medical, material, and other assistance to the victims. This has become a
global tradition, as evidenced, in particular, by the scale of assistance during the
devastating earthquakes in Haiti in 2010 and Kahramanmaras in 2023, when more
than 100 countries provided assistance to the Republic of Haiti, and 130 countries to
Turkey [20, 21].

« So significant and important were the actual data according to the 1988 Spitak
earthquake and the results of their analysis, obtained by specialists from all over the
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world, that IDNDR and IASPEI were created and further in 2023 the database was
updated by scientific centers of the Russian Federation (RF) and the USA [21].

A special place is occupied by the factual data obtained from instrumental,
geological, geomorphological, macroseismic, and other observations of the various
manifestations of the 1988 Spitak earthquake, as well as the results of their analysis,
which are widely presented in numerous collections and published works, reports,
books, and articles have been written, scientific conferences have been organized,
and abstracts and papers have been published, etc.

The Need for the Article. It was noted that there are certain difficulties in
finding and using factual data on the Spitak earthquake, since not all factual data
have been published (especially data obtained after 1992), a number of solved
scientific problems in applied seismology and seismic protection have not received
due attention, etc. In addition to the database [21] there are no generalizing works on
the important results on the Spitak earthquake and the Spitak tragedy. They are
necessary for:

a) reinterpretation of factual data together with similar data on recent
earthquakes in light of modern knowledge;

b) effective organization of rescue operations based on quantitative calculations;

¢) provision of various types of assistance to the affected population and for
many other purposes. Their importance is also due to the fact that such data on
destructive earthquakes in the world are extremely scarce. The importance of
these data is evidenced by the fact that in 2023, the centers of the RF and the USA
updated the “Database of the 1988 Spitak Earthquake. Data and Resources” [21].

Based on the above, there are the following reasons for writing this article,
37 years after the Spitak earthquake:

« The factual data and the results of their analysis were published primarily
between 1988 and 1992, before the widespread digitization of scientific articles and
their posting on search engines like Google. Often, if they are posted online, they are
in the form of scanned pages of scientific papers.

« The dispersal of factual data and its analytical results across various
scientific publications creates certain difficulties in locating them. A comprehensive
work is needed that, at least as a first approximation, indicates their location.

« The rapid development of methods for assessing the seismic risk of territories
requires taking into account important and additional features of the manifestation
of powerful earthquakes on the earth’s surface, features of seismic impact on
buildings and the causes of their damage, the importance of taking into account the
migration of individual tremors of the main event over time and space, etc.

« There are important factual data and we have summarized them, which are
little known to the general research community for various reasons: they were in the
archive materials, were published 2-3 years or more after the earthquake, language
barriers, and low availability of sources about others. Such data primarily includes
data obtained from Armenian specialists. For example: the manifestation of
earthquake intensity on the earth’s surface according to detailed macroseismic data,
generalizations of statistical data on damage to typical apartment and public
buildings depending on the intensity of the earthquake and local conditions, data on
aftershocks for 1993-2025, detailed maps of damage to residential and public
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buildings in the cities of Armenia depending on local conditions and their location
in relation to the source, quantitative data on rescue operations, means and actions
of rapid response forces, etc.

We have conditionally divided the factual data and the results of their analysis
into two groups based on the scale and scope of application: local and regional levels
(see Table). Data that are important for solving detailed problems of seismic
protection and applied seismology for a certain territory (mainly Armenia) are
classified as a local group level, while data that influences problem solving for any
territory belongs to the regional level group. This article focuses on factual data and
the results of their analysis at the regional level.

The purpose of this article is to identify the most significant factual data for
modern science on the Spitak earthquake of 1988, their grouping and the results of
their analysis, which significantly influenced and may influence the development of
applied seismology and seismic protection. Some promising scientific problems that
can be solved based on these data and data on recent powerful earthquakes around
the world are also proposed.

To achieve this goal, the article attempts to address the following main tasks:

« identification of the main factual data of the 1988 Spitak earthquake and
their grouping in the fields of applied seismology and seismic protection;

« identification of solved scientific problems based on these factual data, of
great importance in the development of applied seismology and seismic protection
with the indication their literary sources and level significance (local, regional);

« offer some promising scientific problems that can be solved on the basis of
factual data from the 1988 Spitak earthquake, using similar data from recent
powerful earthquakes around the world.

Results concern the methodology of the work, the identification of groups
of factual data on the basis of which promising problems have been solved and
can be solved.

Materials and Methods. The research methodology is based on the collection
and systematization of important factual data and the identification of solved
scientific and prospective problems. The main stages of this logical schain are the
following: collection and assessment of the reliability of factual data — their
grouping by branches of applied seismology and seismic protection — identification
of the results of their analysis and solved scientific problems — identification of
promising scientific tasks. The article is written on the basis of this diagram.
Materials for the research data were selected from a huge amount of archive and
literary data on the 1988 Spitak earthquake, which are presented in Table in 14
groups. At the same time in the Table indicated their sources and literary sources of
the most important solved problems. Most of the factual data are presented in the
following fundamental works:

1) in published summary reports [22-24];

2) in the summary report “Consequences of the Spitak earthquake of 1988 and
its manifestation on the earth’s surface” (funds of the Institute of Geophysics and
Engineering Seismology (IGES) of the Academy of Sciences of the Arm. SSR,
Leninakan, 1989, vol. 1 and vol. 2, head of work S.N. Nazaretyan;

3) in published monographs [10, 19] and articles [2, 4, 6, 13, 25-28];



6 Vuenvie sanucku ET'Y. Ieonozus u 2eoepagpus, 2026, 60 (1), ¢. 1-16.

4) in the extended database on the Spitak earthquake [21], compiled by
research centers in the RF and the USA. These and other factual data and their
sources are listed in more detail and specifically in Table.

The Main Groups of Factual Data and Some of the Most Important Tasks
Solved on Their Basis. One of the important features The 1988 Spitak earthquake
is the result of comprehensive and detailed research to obtain factual data in the
main areas of applied seismology, geology, geomorphology, geodesy, and disaster
response (including rescue operations) [2, 5, 6, 9, 12, 14, 22, 26, 29, 30-41].
Factual data (including so-called similar data, which have almost the same
significance and are defined quite clearly) In general, they concern: instrumental
records of earthquakes; manifestations of earthquake intensity on the Earth’s surface;
damage to different types of buildings and structures in different intensity zones and
geological conditions; seismogeological effects, rescue operations and actions of
rapid response forces, etc. They played an important role in the development of these
scientific areas and can play the same role in solving modern problems.
Table presents 14 groups of factual data representing the main branches of
seismology and seismic protection. Some other indicators of factual data are also
given and their literary sources are indicated.

Groups of factual data from the 1988 Spitak earthquake, on the basis of which problems
of applied seismology and seismic protection were solved

fg ;?uuaﬁzgg Some indicators Important tasks that have been solved Task Literar
No. P of actual and and can be solved on the basis of the y
other similar L il - level sources
data similar data specified factual and similar data
Determination of earthquake and after-
shock parameters, types and magnitu-
Instrumental Seismograms, des of seismic impacts on buildings, regional [1,2,9,
1 | records of the accelerograms, identification of wave field features, Igcal 21,22,
earthauake seismometer records such | determination of the geological structure IocaI’ 24, 31,
g as IGIS, etc. of the environment in which seismic 33]
waves pass, study of the behavior of
buildings during an earthquake, etc.
Basic t-lz;ls,meh:prlwcitel;]ézr choor(()jére]s: Assessment of seismic hazard and risk | regional [119 4216 '
2 | parameters of » mag A of the territory of the Republic of | local, oA
ter depth and parameters . T . 22,24,
an earthquake . Armenia and individual objects, etc. local
of focal mechanisms 42]
Establishing the connection between
) Individual shocks, their tremors and the faults_formed', their influ- ) [6, 13,
The main S ence on the macroseismic field and the | regional
parameters, time intervals S - 19, 22,
3 | event of the between them. their distribution of aftershocks, establishing | local, 24, 97
earthquake - ' the picture of the destruction of buildings | local o
location etc. - . A g 33]
associated with the migration of individual
tremors of the main event, etc.
Segmentation of the aftershock zone,
determination of the deep parameters of
the resulting fault (depth, width and
Catalogue, maps of tilt), and the likely direction of the
epicenter locations, e . [1,2,4,
: RN aftershock zone development. Identifi- | regional
Aftershock diagrams of distribution - . 6, 21,
4 data in time and depth cation of aftershock attenuation charac- | local, 22 24
! teristics, including by segment and local " o
parameters of focal d di h itude and depth 27, 36]
mechanisms epending on the magnitude and dept
of the shocks hypocenter, determination
of the geological structure of the
seismic wave passage environment, etc.
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Main fault with a total

Seismotectonic mapping. Assessing

Regional length 37 km and its - - >
- R seismic hazard and risk. Determining [4, 6,8,
gfrﬁlcc;g'r:l ;rz)dmdtgl mgfg?:f?;‘; tcr:f the distribution of earthquake intensity | regional | 13, 19,
5 formed on the | seismic-gravity structt?reé on the Earth’s surface, block movement | local, 22-24,
, - parameters, and tectonic  stresses. local 27, 35,
sEL?rrft:c: erggsge mvsl\;ie?iennmfr;%crt Identifying the mechanisms of their 43]
than 2 min togs e?c formation, development, and more
. Determination of their impact on
Isflisgfg?foe-cts FAULTS, collapses, damage to buildings and structures, 1[22189
6 ofglocal landslides, rockfalls, soil | detailed assessment of seismic hazard, local 24' 41'
significance liquefaction, etc. seismic microzonation, compilation of 44, 45)
macroseismic scales, etc.
Data on building damage, | Compilation of isoseismal maps at
changes in the geological and | various scales (1:200 000 for the terri-
environmental environment, | tory of Armenia and 1:500 000 (for the [15, 17,
7 Macroseismic | and human perceptions. | Caucasus Region). Study of the features local 21, 24,
data Data from building surveys | of earthquake intensity manifestation 40, 41,
in 500 populated areas in | on the Earth’s surface, identification of 46, 47]
Armenia, Georgia, Turkey, | the causes of local anomalous changes
Azerbaijan, and Russia in seismic intensity, etc.
Human. material. cultural Establishing the scale, nature and causes
econoﬁic and other Iosseé of major losses, assessing the cost of direct
throu hou’t Armenia_and losses, and the amount of restoration
in citigs Losses of housing work. Calculating the number of dama-
Major losses educatibnal and Workplacé ged buildings and lines. |nfrastruct_ure, [3, 10,
8 | of the facilities. healthcare Facili- losses of emergency response services, | local 11, 20,
earthquake ties. etc ’Dama e 0 Struc- production, agricultural, cultural and 21, 24,
4 tura{l elell"nents Igetermining other losses. Job losses, number of 45,46,]
’ schoolchildren deprived of educational
LTS Ttl; rl?zt:ae(:aﬁfj :\?ancqj;fsg' opportunities. Determining the number
serigusl il disabled etc’ of victims in cities and villages,
y i ' " | evacuees, and homeless people
The main causes of damage to buildings
and structures, as well as errors made
during design, construction, and opera-
tion, have been identified. Recommen- [3,7,
dations for improving the seismic 11,15
Data on The degree of damage to . S - e
damage to buildings and structures resmtaqce Of. bglldlngs, a revision of regional 18,19,
: : Armenian building codes, the develop- 21, 23,
9 | different types | depending on the P . local,
of buildings intensity, structural type mentofnewselsm_lc—_reswtantstruct_ures local 24, 26,
and structures | local con’ditions etc | and standard buildings, and stricter 34, 43,
T rules for project evaluation and building 46, 48,
operation have been provided. Methods 49, 50]
for restoring and strengthening dama-
ged buildings, increasing their seismic
resistance, and more are proposed
L\él;%sér?tfi;ilama;%edto tyﬁ;ﬁ?cl Study of seismic resistance of elongated
Maps of buildings in the citri)es of buildings depending on their location
: - relative to the earthquake source and
g?fr;:jgitt?y es (SBt)é u?;;v;/:nadzgﬁhip:ltzrl:, intensity. Quantitative assessment of | regional
10 of buildingsin Asr?otsk Amasia vzere' the influence of engineering-geological | local, [10, 19]
L S and topographic conditions on changes | local
tceitrir;tsorles and ;:on;plLeljir}]blgrdlg?tlsrlgrethse in seismic intensity. Evaluation of the
s)gi)l f;nd seismic conditio%/s' reliability of seismic microzonation
terrain, etc. methods
Data on . to identify patterns of damage to cross —
damage to t?)e;gl::ehdur?:%?s ?Segtaig?ge central domed church buildings depen-
1 buildings of damage attern’s de ending ding on earthquake intensity and local local [10, 19,
Armenian on i%te%sit andp Iocagi conditions. To study the vulnerability of 47]
churches Y different structural types of church

depending on

geological conditions and

buildings and their individual elements,
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the intensity topography. Description of | as well as the dependence of the nature
of the the main damage of damage on geometric parameters of
earthquake buildings. Creation of a special
macroseismic scale for assessing the
intensity of historical earthquakes in the
Armenian Highland based on damage
patterns and seismogeological effects
Data on
changes.m Data from hourly Establishing the nature of changes in
geophysical, measurements  of  the - . LT
- - - various field parameters to identify
geodynamic magnetic field, radon precursors of strong earthquakes
flelds'and emanation, artesmn_water Evaluation of current seismic hazard regional | [3, 24,
12 | chemical levels at  stationary - local, 34,51,
- : - using computer programs based on a set
composition stations and changes in the of measurement data at stationary local 52]
of mineral ch'emlcal composition of stations, and studying the regime of
waters before | mineral waters both before these fields
and after the and after the earthquake
earthquake
The number of different
rescue forces and means.
Actions of interdepart-
mental and municipal
services for: life support
(water, electricity, gas, | Planning rescue operations, assessing
heat supply, electronic | the needs of rapid response forces,
communications), provi- | factors affecting their effectiveness,
Data on rapid | ding emergency assistance | identifying errors in their actions and -
. ? . - regional | [3, 20,
reaction forces | (rescue, medical, fire), | the causes of low effectiveness.

13 . S . . - local, 21, 45,
and their establishing order (police, | Developing a methodology for effective local 46, 53]
actions protection of important | action. Assessing the need for '

facilities, traffic, migra- | equipment and important resources
tion and population), pre- | (materials, medicines, accessories, etc.)
venting the occurrence of | for rescue operations, etc.
infections and epidemics
(anti-epidemic,
infectious), and burial of
unknown victims
(funerals)
Publishing a textbook and materials on
seismic protection for various groups of
Consequences people and local governments.
are associated Exgmples of thoughtless Developing rules for individual
) actions of people and poor B .
with poor behavior before, during, and after an .
preparedness of local . regional

14 preparedness authorities. which led to earthquak_e. Developmgamethodology local [3, 46,

of the ' for teaching these rules to children of ' 53]
. unnecessary losses and | . o local
population - different ages. Publishing a popular
contributed to the . PN
and local emeraence of a disaster book on illegal structural modifications
authroitis g to apartment and public buildings,
factories, etc., which led to a reduction
in their seismic resistance

Table shows that research into the 1988 Spitak earthquake yielded a vast
amount of factual data across virtually all major areas of seismology, geotectonics,
and seismic protection. This enabled leading global specialists to obtain scientific
results that contributed significantly to the advancement of applied seismology and
seismic protection. These results include studies of the structural features of the
earthquake’s epicentral and focal zones, the structural patterns of the aftershock zone
and its dynamics, the manifestations of earthquake intensity on the earth’s surface,
data on the earthquake’s seismic impact on buildings and structures, the causes of
damage to buildings and structures, the actions of rapid response forces and the
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provision of various types of assistance to victims, the publication of new textbooks
on seismic protection, and many other results that played a significant role in the
development of methodological approaches, seismic hazard and risk assessment, and
risk mitigation. Thirty-seven years after the earthquake, the significance of these
scientific results in advancing these areas can be more confidently noted.

In order to improve the seismic safety of Armenia, coordinated steps have
been taken. In particular:

a) in 1991, the National Seismic Protection Service under the Government of
the Republic of Armenia was established, which in a very short time reached the
international level;

b) a powerful and modern rescue service of the Ministry of Internal Affairs of
the Republic of Armenia was created;

¢) a number of laws were adopted, including the 2002 “Law on Seismic
Protection” and numerous by-laws regulating works in various areas of seismic
protection;

d) in 1994, Armenia, the first of the former Soviet republics, adopted
Armenian building codes corresponding to local conditions;

e) methods for improving the seismic resistance of buildings and structures
were developed;

f) the rules for the examination of construction projects and building operation
were tightened;

g) methods for improving the seismic resistance of existing residential
buildings, without evacuating residents, were proposed and implemented;

h) the RA government successfully implemented a large-scale program of
300 earthquake-resistant schools and 500 kindergartens”;

i) an unprecedented large-scale construction of residential buildings was
carried out in accordance with new, more stringent earthquake-resistant construction
standards, etc. [3, 7, 15, 42, 49].

Some Promising Scientific Problems Arose from the Results of the Research
into the 1988 Spitak Earthquake. In our opinion, the following are important
scientific problems that can be solved in the future on the basis of factual data and
the results of the solved problems:

a) Developing a methodology and studying the multiple nature and other
features of the main event of recent large earthquakes around the world. This will
allow us to consider an earthquake as a tectonic process developing in space and
time. Along with the main parameters of an earthquake, they are important for
determining the distribution of its intensity on the earth’s surface, explaining patterns
of damage to buildings and structures located far from the official epicenter of the
earthquake, the formation or activation of regional faults, etc. For this, it will be
necessary to use instrumental records, macroseismic data, and the formed large
geological structures (see Table, No. 1-5). The first shock does not necessarily have
the greatest magnitude. Most likely, this is due to the peculiarities of the “hook” of
the movement of blocks along the fault, as a result of which the earthquake was
prepared. Usually, the main parameters of the first shaking and the time intervals
between shocks are reliably determined from seismograms. When determining the
coordinates of the epicenters and the depths of the hypocenters of other tremors,
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it is necessary to use data sets, especially macroseismic and aftershocks. It is also
advisable to use data on the formed surface structures, since their parameters, unlike
deep ones, are determined quite reliably.

b) To study the relationship between individual main event shocks generated
by regional faults and the internal structure of the aftershock region of recent
earthquakes (see Table, No. 2-5, 7). This relationship has not been sufficiently
studied, despite the fact that it is of great importance for segmenting the aftershock
region, studying the dynamics of the aftershock zone development, determining the
attenuation of the aftershock process in individual segments, establishing the
attenuation of aftershocks depending on the magnitude and depth of the earthquake
hypocenter, determining the probable direction of development of the seismic
process, etc.

c) ldentification of the most complete list of causes of damage to buildings and
structures of different types under certain seismic impacts (see Table, No. 8-10).

It is known that destructive earthquakes, like an “X-ray machine”, reveal the causes
of high seismic vulnerability in buildings and structures. Some of these causes are
“hidden” and difficult to detect using existing methods. For this reason, when
defining the term “seismic vulnerability” of buildings, some experts suggest
determining the degree of vulnerability after an earthquake. This is reliable, but not
acceptable for assessing seismic risk. An assessment of the vulnerability of an object
should be conducted based on the probable patterns of damage due to an earthquake
[18]. This is especially true for errors made in the design and construction of typical
buildings (failure to comply with technology, use of materials that do not meet
required standards, etc.) [7, 15, 18].

d) Identification of low efficiency of rescue operations due to uncertainty of
the location and time of operations (see Table, No. 13). The effectiveness of rescue
operations, along with known factors, is highly dependent on the time and location
of their implementation. It is advisable to know them when planning rescue
operations. The Spitak earthquake of 1988 and other earthquakes showed that in
most cases the first 3-5 days are the most critical for effective action during a
destructive earthquake, and the location of the main rescue operations is the
earthquake intensity zone of 9-10 points, where in many developing countries there
is large-scale destruction of buildings, people are trapped under the ruins and they
get certain types of diseases [10]. Based on the three main consequences of a
destructive earthquake: the intensity distribution on the Earth’s surface (preliminary
isoseismal map), areas of probable destruction of vulnerable buildings and
associated disease groups, we can construct a map of probable areas for large-scale
rescue operations. In the future, it is necessary to develop and quantify the
characteristics of these three important factors and the provision of life-saving
assistance.

e) Based on a set of factual data (see Table, No. 1, 4-9, 13) developing a
methodology and assessment data for quickly calculating the primary losses and
rescue needs within 2-3 h after an earthquake (without surveys in the earthquake
zone). This task is especially important for developing countries, which, in the event
of a disaster, will be forced to seek external rescue assistance.
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f) Study of social consequences associated with the insufficient living
conditions of the population of the earthquake zone, especially when the recovery
process is being delayed (see Table, No. 13). It is obvious that the living conditions
of the population (food, water, rest, preventive and medical care, environment,
working conditions, etc.) The entire earthquake zone worsens, which causes various
types of diseases. It is important to obtain quantitative data on this impact.
These “poor living conditions” became the cause of the activation or emergence of
certain groups of diseases [20].

g) Data collection and study of the full cycle of a large earthquake:
accumulation of energy in the Earth’s crust, the main shock, aftershocks, healing of
the geological environment and preparation of a new earthquake (see Table, No. 2,
4,5, 12). Data on the 1988 Spitak earthquake are of great importance for solving this
fundamental problem. Especially of great importance in this case are data on the
duration of the aftershock process for at least 36 years, the multiplicity of the main
event, the amplitudes of block movement along the formed faults, the speed of
horizontal movements of the earth’s crust according to GPS, as a result of which the
earthquake was prepared, etc.

Results and Discussion. Certainly, the 1988 Spitak earthquake is one of those
earthquakes that definitely influenced the development of applied seismology-based
on quantitative assessment data and results. The analysis was carried out and seismic
protection methods were improved. In this specific case, an important role was
played by the participation of one of the authors of this article, S. Nazaretyan, in the
work on collecting factual data on the consequences of the 1988 Spitak earthquake
and on the actions of 12 rapid response services as a specialist and head of work
from the Academic Scientific Institute of the Institute of geophysics and engineering
seismology of the Academy of Sciences of the Arm. SSR. He has written more than
fifty articles on this data and the results of their analysis. Of particular importance
are his two monographs [19, 20], which present a certain part of the collected factual
data. The authors of this article sought to include in the list of references the main
works, containing factual data on the 1988 Spitak earthquake, but understand the
difficulties and even impossibility of such an attempt. If any important works have
been omitted from this list, the authors of this article apologize.

Conclusion. All of the above allows us to draw the following main
conclusions:

« The 1988 Spitak earthquake is unique in terms of the scale of its severe
consequences, the detail and versatility of its scientific research, and the international
response to the disaster. It played a significant role in the development of applied
seismology and seismic protection. The earthquake zone has become a natural
laboratory for research in many scientific fields.

« A basis for research in various areas The applied seismology was also based
on the actual data on the Spitak earthquake of 1988, which were obtained through
instrumental observations, field geological research, interpretation of space images,
studies of the impact of earthquakes on buildings and structures, by surveying
specialists and the population, etc. These data were obtained by leading specialists
from the USSR and many other countries. We have attempted to group them into 14
groups that have played and will continue to play an important role in scientific
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research (see Table). The article presents 7 important scientific problems that can be
solved on the basis of these and other factual data on recent powerful earthquakes
around the world.

« The data obtained on the rapid response services during the Spitak tragedy
are important for calculating the necessary forces and resources to increase the
effectiveness of these forces in the event of a seismic disaster.

« The experience gained in providing humanitarian aid during the Spitak
tragedy served as a catalyst for the development of international humanitarian aid
during major disasters worldwide. This has become a global tradition for
international organizations and states to provide urgent, free aid.

« The compiled list of scientific literature includes the main factual data and a
number of significant works, including those completed in recent years, which were
not included in the database on the Spitak earthquake of 1988 [21].

e The body of factual data on the 1988 Spitak earthquake, the results of
scientific research, and the accumulated experience in responding to the tragedy
played a crucial role in improving Armenia’s seismic safety. New laws and
regulations, new government structures, and virtually all documents ensuring the
country’s seismic safety were revised were created. Currently, no issue in Armenia’s
construction sector is resolved without taking into account the lessons of the Spitak
tragedy.

This work was supported by the Government of the Republic of Armenia as
part of the long-term state program for seismic risk reduction in the territory of the
Republic of Armenia and Science Committee of the MESCS RA, in the frames of the
research project No. 10-4/25DD-1E023.
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<lmwgrnnyepub donnpupubinyganifp hhpdwo E thuunwljub wyjug-
ttiph Jupunpnipjud qwhwundwb, ppubg Ybpnidnipyub wprnynbpbbph,
nLOywd jutinhptiph upbnpnipyud b npwbg hinwbupbbph npnpdw Ypu:

D puwmubiph wpmynibipblipfs i vopJud L Uy hnwlh 1988 . tpypwpwindh
ntipp Yhpunwui ubudwpwtinpyui b ubjudhl yuynwwbnipyub qupqug-
dwl gnponiy; wikbwuplinp hwunmwub ufjubtpp wnweghtt waqud
hipuynpyly Gb 14 hadpbipnid; dipuyugyty G nuogwd uplinp jutimhpottipn:
Unwownlynid G 7 hinwmbjupuyhtt ghnwjub juimhpitipn, npnop Juipnn o
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O POJIM PE3VJIPTATOB MCCJIEJOBAHUI CIIMTAKCKOI'O
BEMJIETPACEHHMA 1983 1. B PASBUTHU ITPUKJIATJHON
CEUCMOJIOTN N CEMCMMYECKOU 3ANIWUTHI

PesromMme

PazpymmurenpHoe CrimTakckoe 3emiepsicenne 1988 r., sBistomnieecs OHIM 13
MHOTOCTOPOHHE U JETalbHO WCCIICJOBAHHBIX 3EMIJICTPSICEHUI MHpa, WMENO
TSDKEITbIE MTOCNeACTBAA. MeXayHapOAHOE COOOIIECTBO OKa3alo OecpeneeHTHYIO
TYMaHUTapHYIO TOMOIIs TOCTpagaBmuM. OO0 3TOM 3eMJIETPSCEHUH HAIHMCAHbI
MHOTOYHCIICHHBIC HAyYHBIC Pa0OTHI Ha 0a3e MONydYeHHBIX (PAaKTUISCKUX JAaHHBIX U
Pe3yNbTaTOB MX aHANIM3a. Bce 3T0 ChIrpano 3aMeTHYIO POJIb B Pa3BUTHU ITPUKIIATHON
CEHUCMOJIOTMH U CEMCMUYECKOM 3aIUTHI.

OcHo6Has yeib — BBIICIICHUE HAaN00JIee 3HAYUMBIX JUISI COBPEMEHHOUN HayKH
HAKOTUICHHBIX ()aKTUYECKUX JAaHHBIX U PE3YJIbTATOB MX aHAN3a, yCTAHOBICHUE UX
POJIY B pa3BUTHHU HAYKU U YKa3aHHUE NEPCIEKTUBHBIX HAYYHBIX 3a/ad.

Memoodonozus ucciedosanuii OTMAPAETCS HA OTICHKE HAICKHOCTH U BAXKHOCTH
(hakTHYECKUX NTAaHHBIX, PE3yJbTATOB MX aHAIIM3a, [IEHHOCTH PEUICHHBIX 3a/1a4 U
OTIpeICTICHUH UX MEePCTIEKTHBHOCTH.

Pesynomamul pabompi: cienana mnomeITKa onpeaeneHus pod CIIUTaKCKOTo
3emiieTpaceHus 1988 r. B pa3BUTHM NMPUKIATHON CEHCMOJIOTUM U CEHMCMHUYECKON
3aIlIUTHI; BIIEPBBIE CTPYMIIMPOBAHBI BaKHEHINE (aKTHUECKHE TaHHBIE, YKa3aHbI
Ba)XHBIC 3aJ]ayl, KOTOpble OBUIM pEIICHBl Ha WX OCHOBE; IPEICTABICHBI 7
MEPCIIEKTUBHBIX HAYYHBIX 33/1ay; yYKa3aHbl OCHOBHBIC JINTEPATYPHBIE MCTOYHUKHU
rpynn (aKkTUYeCKHX NaHHBIX M PENICHHBIX Ha WX OCHOBE 3ajad; IPEICTaBJICHA
uHpopMaIys o psfae GaKTHISCKUX JAHHBIX, MAJIOM3BECTHBIX 110 PA3HBIM MPUYUHAM
IIUPOKOMY KPYTY CIICIIUATHUCTOB.
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