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ABSTRACT

Different scale migration manifestations of mud volcanic activity dynamics in processes of main earthquake
preparation with magnitude 5.0 — 9.0 were invented. Some remarkable migration of mud volcanic eruptions prior
to the main earthquakes are described based on the systematic analysis of the National Catalogue of the active
mud volcanoes in the period of 1810-2004 in and around the South Caspian depression including the region of
east Central Iran. The discovery of pattern of migration of the mud volcanic activity before the main earthquake
can be considered as new precursory phenomena. There was used a methodology of finding of two types of
migrations of mud volcanic eruptions by reconstruction of the earthquake preparing pattern. There are provided
the detailed results of revealing the ordered migration of the mud volcanic eruption by reconstructions of the
preparatory phase of earthquakes of November 25, 2000 (M=5.8; 6.3) and December 6, 2000 (M=7.3), having
respectively, arisen in a few kilometres to the south-west and north-west of Baku in Caspian Sea and to the west
Turkmenistan. These Absheron mud volcanic eruptions were triggered by M 9.0 great earthquake preparation
patterns that occurred on December 26, 2004 of the west coast of northern Sumatra, Indonesia. The relationship
between Caspian Sea level oscillations and the seismic dynamics the largest magnitude 6.0 to 8.0 and greater,
earthquakes worldwide in the Sumatra-Andaman main event preparation regions during the last 200 years is
revealed.
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ABSTRACT

We have applied a short-term clustering model to data collected by the New Zealand Seimological Observatory-Wellington
for forecasting earthquakes of moderate and large magnitude in the New Zealand region. The forecasting algorithm, based
on the classical epidemic-type model, uses earthquake data only, with no explicit use of tectonic, geologic, or geodetic
information. In this model every earthquake is regarded, at the same time, as being triggered by previous events and
triggering following earthquakes.

A maximum likelihood estimate of the model parameters has been performed on the learning period from 1960 to 2005 for
earthquakes of magnitude 4.0 and larger. Forecast verification procedures have been carried out in forward-retrospective
way on the January 2006-April 2008 data set, making use of statistical tools as the log-likelihood ratio, the Relative
Operating Characteristics (ROC) diagrams, the Molchan error diagrams, the probability gain and the R-score. These
procedures show that the clustering epidemic model performs up to several hundred times better than a simple random time-
independent, spatially variable forecasting hypothesis.

This study is related to the preparation of the algorithm for its possible application to the real-time data at the New Zealand
Earthquake Forecast Testing Centre. In this context, the grid-based forecast algorithm has been implemented in a computer
code that matches all the standard input-output requirements for its real-time test. For this application the learning period
extends over all the data set up to April 2008.

Key words: earthquake forecasting, real time forecasting, epidemic model, hypothesis testing, error diagrams.
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ABSTRACT

The physics of earthquake induced groundwater level changes are kept controversial because of the unknown mechanism
and good quality observation data. In this paper we show the data of water level changes and volumic strain changes
induced by the 2008 Wenchuan earthquake and 2007 Sumatra earthquake observed in a bore hole in Liaoning province,
north-east of China. The bore hole was drilled into granite aquifer with depth of 60 m. The cracked formation located in
27m and 48-49m. The volumic strain meter was buried at the bottom of the bore hole. The hydraulic sensor is located 1-10
m below the water surface in the bore hole. Both the volumic strain meter and hydraulic sensor are made in China with
accuracy of 10-9 and 0.5 cm respectively. The observation data show clear-cut earth tide which means the aquifer is well
confined. The 2008 Wenchuan earthquake and 2007 Sumatra earthquake induced both the water level and the volumic
strain changes. We compared the process on the induced changes. The result is that the water level changes kept pace with
the volumic strain changes. We inferred that the water level changes induced by earthquakes can be considered as volumic
strain changes induced by the earthquake. The well confined water level —aquifer system can be as a kind of volumic strain
meter.
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Finding anomalies is easy. Predicting earthquakes convincingly from such anomalies is far from easy. Why? Why
have so many beautiful geophysical abnormalities not led to successful prediction strategies?

What is earthquake prediction? By my definition it is convincing information that an earthquake of specified size is
temporarily much more likely than usual in a specific region for a specified time interval.

We know a lot about normal earthquake behavior, including locations where earthquake rates are higher than
elsewhere, with estimable rates and size distributions. We know that earthquakes have power law size distributions
over large areas, that they cluster in time and space, and that aftershocks follow with power-law dependence on
time. These relationships justify prudent protective measures and scientific investigation. Earthquake prediction
would justify exceptional temporary measures well beyond those normal prudent actions. Convincing earthquake
prediction would result from methods that have demonstrated many successes with few false alarms.

Predicting earthquakes convincingly is difficult for several profound reasons.

First, earthquakes start in tiny volumes at inaccessible depth. The power law size dependence means that tiny
unobservable ones are frequent almost everywhere and occasionally grow to larger size. Thus prediction of
important earthquakes is not about nucleation, but about identifying the conditions for growth.

Second, earthquakes are complex. They derive their energy from stress, which is perniciously hard to estimate or
model because it is nearly singular at the margins of cracks and faults. Physical properties vary from place to place,
so the preparatory processes certainly vary as well. Thus establishing the needed track record for validation is very
difficult, especially for large events with immense interval times in any one location.

Third, the anomalies are generally complex as well. Electromagnetic anomalies in particular require some
understanding of their sources and the physical properties of the crust, which also vary from place to place and time
to time. Anomalies are not necessarily due to stress or earthquake preparation, and separating the extraneous ones is
a problem as daunting as understanding earthquake behavior itself.

Fourth, the associations presented between anomalies and earthquakes are generally based on selected data.
Validating a proposed association requires complete data on the earthquake record and the geophysical
measurements over a large area and time, followed by prospective testing which allows no adjustment of
parameters, criteria, etc. The Collaboratory for Study of Earthquake Predictability (CSEP) is dedicated to providing
such prospective testing. Any serious proposal for prediction research should deal with the problems above, and
anticipate the huge investment in time required to test hypotheses.
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ABSTRACT

To explore whether there were some indications of the increase of strong earthquake probabilities before the May 12, 2008,
Wenchuan M¢8.0/M,,7.9 earthquake, we conducted retrospective forecast test using the Pattern Informatics (PI) algorithm
for the earthquakes in Sichuan-Yunnan region since 1992. Regional earthquake catalogue down to M;3.0 from 01/01/1977
to 15/06/2008 was used. Fifteen-year long ‘sliding time window’ was used in the PI calculation, with ‘anomaly training
time window’ and ‘forecast time window’ being both 5 years. Receiver operating characteristic (ROC) test was conducted
for the evaluation of the forecast result. Setting ‘target magnitude’ for the forecast as M5.5, the ROC test shows that the PI
forecast outperforms not only random guess but also the simple number counting approach based on the clustering
hypothesis of earthquakes (the RI forecast). ‘Hotspots’ can be seen in the region of the northern Longmenshan fault which
is responsible for the Wenchuan earthquake. Remarkably, the ‘hotspot’ cluster strikes along the earthquake rupture zone just
before the earthquake. However, when considering bigger grid size and higher cutoff magnitude as conventionally done,
such ‘hotspots’ disappeared and there was almost no indication of the approaching of this great earthquake. Based on this
observation we argue that in the analysis of seismicity, small events may contain important information and cannot be
neglected.

Key words: pattern informatics; statistical physics; intermediate-term earthquake forecast; ROC test; Wenchuan earthquake
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ABSTRACT

A discovery of characteristic precursory anomalous changes of weak high frequency seismic waves enables more reliable
earthquake forecasting and correct determination of focal coordinates and intensities. This previously unknown behavior of
microseisms has been accorded the status of Scientific Discovery of a new physical phenomenon by the USSR State Committee
for Discoveries and Inventions in March 1988, with priority from May 1979 with the description: "Previously unknown
regularity of changes in microseisms before an earthquake has been established, which stipulates that at distances that exceed
the size of the epicentral zone a multistage increase in the intensity of microseisms occurs, with simultaneous decrease of their
main frequency. Along with this, there are also characteristic recurring impulses (zugs) of oscillations that increase in intensity
and decrease in time between their appearances, which are polarized in the direction of the epicenter of the future earthquake".

This discovery also explains the origin of many other natural processes associated with earthquakes, and serves as the basis for
a nonlinear theory of the relation of weak seismic signals with the medium in which they occur. The latter theory has many
beneficial applications: earthquake forecasting, specifying the stress state of a medium, modeling the effects of induced
seismicity, ecological control of large industrial activity, and enabling the creation of unified seismological and geophysical
monitoring systems.

The requirements for a seismologic observation network set up to monitor strong seismic events like earthquakes and
explosions, and for a network for recording weak precursory signals with intensity close to the Earth’s natural background
seismicity at the point of observation are different. Which explains why so little progress has been made in earthquake
prediction: existing seismological networks do not meet these criteria.

The former should be set up on basement rock with a minimum thickness of sedimentary column as this arrangement
significantly absorbs the intensity of strong signals. Seismic networks set up for forecasting earthquakes conversely must be
placed in regions with thick sedimentary column which are natural amplifiers of weak signals.

The seismic and gravity fields interactions study suggests that the gravitation force could be explained not only by the mass of
one body, but also by its stressed state and vibration processes.

We have also reviewed the conventional approaches to earthquake prediction that measure multiple geophysical fields,
requiring that one precursory field observation must be confirmed by changes in other fields. We have shown that they cannot
all appear at the same time. The decrease of the dominant frequency of anomalous microseisms over various periods of time is
a major factor which activates one or more of the precursory events in other geophysical fields. A change in one geophysical
field suggests when an abnormal change will happen in another field, predicting a chain of precursory of events, and even
changes that have taken place already but were not recorded. The more the delay between these changes in various geophysical
fields, the bigger the ensuing earthquake, with the time of its main shock being related to the time delays.

Key words: prediction, precursors, networks, methodology.
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ABSTRACT

Usually forecast/prediction of extreme events is not an easy task. By definition, an extreme event is the rare one in a
series of kindred phenomena. That is why a systematic study of extreme events usually implies a delicate application of
small sample statistics to data of different accuracy collected in different environment. Although many extreme events of
different kinds do not follow simple distribution, their small sample size does not allow rejecting such kind of hypotheses.
Evidently, the situation complicates search and definition of precursory behaviors for monitoring and forecasts/predictions.
Moreover, it creates a trap for premature accepting misleading hypothesis as a model process.

Making forecast/prediction claims quantitatively probabilistic in the frames of the most popular objectivists’
viewpoint on probability requires a long series of "yes/no" forecast/prediction outcomes, which cannot be obtained without
an extended rigorous test of the “black box” version of a candidate method. The set of errors (“success/failure” scores and
space-time measure of alarm) and other information obtained in an enough durable test supplies us with data necessary to
judge the performance of the candidate and its potential as a forecast/prediction tool, to accept or reject one, and, eventually
to find improvements. This is to be done in comparison against random guessing or “null-hypothesis” algorithm, which
results an estimate of confidence. Note that an application of the forecast/prediction tool(s) could be very different in cases
of different costs and benefits, and, therefore, requires determination of optimal strategies. In their turn case specific costs
and benefits may suggest an optimal modification of the forecast/prediction tool(s).

The observed seismic dynamics prior to and after many mega, great, major, and strong earthquakes demonstrate
common features of predictability and diverse behavior in course durable phase transitions in complex hierarchical non-
linear system of blocks-and-faults of the Earth lithosphere. The confirmed fractal nature of earthquakes and their
distribution in space and time implies that traditional estimations of seismic hazard are usually based on erroneous
assumptions of simple analytically tractable models. Understanding the complexity of seismic process along with its non-
stationary self-organized behaviors, has led already to reproducible intermediate-term middle-range earthquake prediction
technique that has passed control test in forward real-time applications during at least the last two decades.

To facilitate understanding the basics of reproducible seismic forecast/prediction methodologies, many cases from the on-
going real-time testing are presented to evidence common features and complexities of earthquake sequences.

Key words: extreme events, statistics, forecast, prediction, earthquakes
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ANOMALOUS VARIATIONS OF NATURAL NEUTRON FLUX AND
EARTHQUAKE SHORT-TERM FORECAST ISSUES

In the seismic zone adjacent to the city of Almaty (Kazakhstan) since 1996 at about 40
meters of water equivalent underground there have been conducted continuous
observations on natural Neutron Flux (NF) variations. It has been found that sometimes
within an hour interval a neutron counting rate was sharply higher as compared to
standard background. This happens prior to earthquakes, i.e. most often increase in NF
rate takes place by 1 to 10 days earlier. 70% OF SUCH EVENTS ARE WITHIN THE
INTERVAL OF 4 DAYS. There is a linear dependence between the neutron counting rate
and the energetic class of the consequent earthquake with the epicenter of up to 450 km
from the place of NF registration. In our opinion, the registered anomalous NF
variations are caused by variations of the muon component of cosmic radiation. To
explain this we propose two hypotheses. The first one is based upon changes in the
condition of interplanetary space (solar wind) during solar flares. The energy of solar
wind transferred to Earth puts into action a trigger mechanism of the process of
earthquake initiation in those places where conditions have already been prepared for
them. The other hypothesis assumes that some processes in the interior of the Earth result
in increase in muon radiation rate over the seismic focus.

Key words: earthquake, neutron, muon, background, drift mine.

Earthquakes are amongst the most threatening natural disasters. They cause huge
destruction and numerous casualties. To the extent that there is no means for preventing
earthquakes the question is to develop a forecast of such an act of nature. All over the
world investigations are conducted regarding various effects in the environment that
could be used as earthquake signs. We believe that Anomalous Variations (AV) of
natural neutron flux represent such effect. Some results of our AV research are listed
below.

The continuous observations on the NF value being conducted both in a drift near
Almaty at the altitude of 1600m and on the exposed surface in the same region have
shown that sometimes the NF value had been dramatically increased within a certain hour
as compared to the standard one. Statistical distribution of dispersions of the NF value is
close to normal one; however deviations from the average number, exceeding the latter
more than by triple mean-square error, are twice as much of theoretically expected value
from Gauss distribution. Such values we consider as an anomaly. Obviously there is a
certain natural factor resulting in such anomalies [1, 2].



It is a well-known fact [3] that a natural neutron flux consists of three components.
Firstly, neutrons are formed as a result of interaction of cosmic radiation with atomic
kernels of substance of atmosphere and the earth's crust. Secondly, free neutrons
segregate during spontaneous fission of uranium kernels. And finally neutrons can be
generated by nuclear reactions during interaction of alpha particles of natural
radionuclides with atomic kernels of light elements, which are present in atmosphere and
the earth's crust. Therefore a change of the NF value can be caused either by variations of
intensity of cosmic radiation or by alteration of concentration of uranium and other
radioelements emitting alpha particles to the space adjacent to the place of position of a
neutron detector.

It has been cited in literature that neutron flux bursts were associated with larger
quantities of radon emissions during either rock fracturing under the influence of extreme
tidal forces cased by new or full moon or under earthquake initiation processes [4].
Comparison of measurement results showed that anomalous increase in the NF value
could not be explained by any additional inflow of radon, which is the most mobile
radioelement in the nature. The fact is that in the drift with no ventilation, which is
behind the tightly closed doors, the NF anomalies resulting from additional inflows of
radon had to be observed during the time substantially exceeding the one-hour interval as
long as radon half-value period is 3.8 days. Direct measurements of radon and its short-
lived isotope (thoron) in the surface layer in immediate proximity to a neutron detector
[5] have shown no relationship between neutron bursts and isotope variations (see Figure

1).
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Figure 1.

A — neutron flux level, B and C — respective activity concentrations of

thoron and radon in soil air.



Contents of other radioactive elements in the ambient the neutron detector
environment is practically stable. Thus, a change of the NF value most likely is caused by
variations of cosmic radiation and particularly by variations of mu-mesons relating to the
hard component thereof, as since only these particles have been able to penetrate the drift
through tens meters of rock. Besides, evaluations have shown that in our case in the drift
the neutron component that was formed by spontaneous uranium decay and interaction of
alpha particles with atomic nuclei was 10 per cent of the total registered underground NF.
According to bibliography [6] the thickness of rock layer over our neutron detector
damps muon flow tenfold. On the exposed surface the same detector registered a
twelvefold increase in neutron rate. Such a correlation represents a high probability of
muon origin of the neutron flux measured in the drift.

On analysis of measurement results it has been determined a certain connection
between the NF value and seismic occurrences. Periods of increase of frequency of
anomalies usually agree with the periods of seismic activity increase (see Figures 2-4).
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Figure 2. NF anomaly occurrences vs. earthquakes. 1 c.u. = earthquakes of
energetic classes K > 10; 0.75 and 0.5 c.u. = anomalies of surface NF
and underground NF respectively.
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Figure 3. Smoothed curves of timing of moments of anomalies onset of the
underground NF (1) and earthquakes of energetic classes K= 10 (2).
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Fugure 4. The same as Figure 3 but for the year 1999.
Anomalously high NF values registered within a one-our interval have been
accompanied as a rule by subsequent earthquakes of energetic classes K = 10, epicenters

of which have been located within the range of 450 km from the place of the NF
registration. Figure 5 below illustrates such an occurrence.
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Figure 5. A fragment of temporal series of the underground NF (1) earthquake
occurrences (2) and (3) of energetic classes 12.1 u 12.9 with epicenters
at the distance of 315 km (7 October 2004) and 325 km (27 October
2004) from the Medeo station respectively.

Anomalies take place from 1 hour to 10 days prior to earthquakes but mainly (up
to 70% of cases) the time interval is not more than 4 days. It is also indicated a tendency
of growth of the anomaly magnitude in accordance with the growth of the energetic class
of the subsequent earthquake (Figure 6).
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Figure 6. Amplitude dependence between anomalies of the underground NF and
the energetic class of earthquakes.

All the abovementioned is not in contradiction with the data published in
literature. Thus in the work of Armenian researchers [7] it is stated that 30 minutes prior
to the earthquake in Spitak there has been registered the 100% increase of the hard
component of cosmic radiation in stratosphere over Erevan. In another work [8] it is
distinguished a linear dependence between intensity of cosmic radiation registered by
neutron monitors and the total energy-release caused by earthquakes all over the
terrestrial globe. It is also indicated [9] that at the Baksanskaya neutrino observatory
there were registered short-term (not more than 15 minutes) bursts of high energy mu-
mesons due to bursts of solar material into interplanetary space during solar flares.

A character of connection between the NF and earthquakes is still not clear. It is
proposed that the NF anomalies caused by variations of cosmic radiation intensity under
action of fluxes of solar material, which is burst into interplanetary space (solar wind)
during solar flares. Energy of the solar wind transferred to Earth puts into action a trigger
mechanism of the process of initiation of earthquakes at those places where conditions
have already been prepared for them.

However in spite of the apparent physical grounds for the hypothesis it is difficult
to explain some facts. Thus our investigations have shown that in most cases magnetic
storms after solar flares had no effect to any change in NF variations. Therefore the
anomalous variations of the NF can not be accounted for solar wind impact.

Assumed that anomalous NF bursts result from sharp increases of muon
component of cosmic rays we can make another explanation for this effect. The
hypothesis is based on the fact that some changes occur in the space over the source of
subsequent earthquake. Particularly there can be changes in magnetic intensity. In this
case an increase in muon component of cosmic radiation is possible that in turn results in
anomalous NF variation. An added reason for the hypothesis is the direct dependence
between the neutron anomaly amplitude and the class of subsequent earthquake. This is
possible in the presence of relationship between the degrees of changing of space
characteristics, e.g. magnetic field over the source of potential earthquake, and the energy
accumulated in the source. Furthermore, earthquakes with epicenters of more than 450
km far from the neutron detector have not been preceded by NF anomalies and this could
be an evidence of finiteness of the space with changed characteristics. Obviously this is
true in the event the space with changed characteristics has been formed over the source
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of subsequent earthquake, and naturally the volume of the space depends on the source
size. This assumption conforms to the investigations conducted by members of the
Moscow Engineering and Physics Institute (MEPI) on the base of equipment mounted on
board of artificial satellites [10]. Their results show effects of pouring out of charged
particles from radiation belts in the areas over epicenters of subsequent earthquakes.
They explain such effects by the influence over ionosphere of low-frequency
electromagnetic radiation originating from processes of earthquake preparation.

For the period of observations of more than five years (from March 1996 to
November 2001) within the range of 450 km from the place of location of the neutron
detector there have been registered 44 earthquakes of classes from 12 to 12.9 and 18
earthquakes of classes K > 13. All the earthquakes of the second group had been
anticipated by NF anomalies. Only 5 earthquakes in the first group took place without
preliminary anomalies (see Table 1). Hence, for the earthquakes with energetic class
range of 12 to 14 and higher (62 total) five occurrences only had no anomalous NF
variations. This is 8.06%, i.e. "guessing" percentage in the case in question is of more
than 90%. At the same time false anomalies are at 14%.

Table 1

Comparison of the underground NF anomalies with the subsequent earthquakes
of classes K > 11 for the period from 13 March 1996 to 18 November 2001

Years 199 | 199 | 1998 | 199 | 200 |200 | Total
6 7 9 0 1

Total quantity | 329 |310 | 272 |206 | 82 26 | 1225

of anomalies

Quantity of 73 29 |5 33 20 | 9 169

false

anomalies

% of false 22 9 2 16 25 35 14

anomalies

Total quantity

of earthquakes

of classes:
11-11,9 12 46 | 47 18 17 9 149
12-12,9 5 15 11 5 4 4 44
13-13,9 - 6 6 1 - - 13

>14 1 3 1 - - - 5

Total: 18 70 | 65 24 21 13 211

Missed

earthquakes of

classes:
11-11,9 - - - - 1 5 6
12-12,9 - - 1 - 1 3 5
13-13,9 - - - - - - -

>14 - - - - - - -




In 2005 there were organized observations for variations of natural neutron flux in
a drift of the Kurty seismic station, which is at the distance of 120km north from Almaty.
Here again anomalous bursts similar to the above have anticipated earthquakes.

At the present time we continue to collect underground statistical data in the both
stations. For the period of 2001 — 2005 within the range of 450 km from the places of
neutron detectors there were registered 201 earthquakes with the energetic classes of 10-
11. NF anomalies took place in 139 cases. A group of earthquakes with the energetic
classes of K > 12 includes 20 occurrences, all of them had anticipated by NF anomalies.

It should be noted that there is a time shift between the anomalous NF bursts

registered on either station (compare Figures 7 and 8).
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Figure 7. 1 — a fragment of temporal series of NF (1) at the Kurty station; 2 -
earthquake (9 October 2007), K=12.9, R=135 km; 3 - earthquake (3
November 007), K=10.3, R=225 km
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Figure 8. 1 — a fragment of temporal series of NF (1) at the Medeo station; 2 -
earthquake (9 October 2007), K=12.9, R=65 km; 3 - earthquake (3

November 2007), K=10.3, R=140 km



Our results have shown a high probability of anomalous NF variations preceding
strong earthquakes. Yet such factors as time and strength of a future earthquake are not
sufficient for a complete forecast. It is necessary to determine where the potential
earthquake can take place. The problem could be solved by a network of NF registration
stations. We propose to start building the network in 2008.

On the basis of the data received it can be concluded that monitoring NF is
promising for the development of earthquake short-term forecasts.
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AHOMAJIBHBIE BAPUAIIMM ECTECTBEHHOI'O HEUTPOHHOI'O ITIOTOKA
U MIPOBJEMA KPATKOCPOYHOI'O ITPOT'HO3A 3EMJIETPSICEHUIA.



B ceticmuueckoii 3one Oauz Aamamuvr (Kaszaxcman) ¢ 1996 2o0a eedymcs nabniodenus 3a
8aApUAYUAMU eCMECTBEHHO20 HEeUMPOHHO20 NOMOKA N0O 3emiell Ha 2nybune nopsoxa 40 m
6800H020 9KeusareHma. OmmeyeHo, 4MO UHO20A HA NPOMANCEHUU HACOB020 UHMEPBALd
CKOPOCMb CHUema HelmpoHO8 Pe3Ko Y8eludueaemcs no CPAGHeHuio ¢ oHom. Imo npoucxooum
HaKaHyHe BO3HUKHOGEHUs 3emiempscenull. Bospacmanue unmencuenocmu HelumpoHHO20
nomoxa uawe ecezo onepevicaem ux na epems om luaca 0o 10 cymox. 70% TAKUX COBBITHH
VKJIAZBIBAETCA BO BPEMEHHOM UHTEPBAJI 10 4CYTOK. Mexcoy ckopocmuio cuema
HeUmpOHO8 U dHEPeeMUIeCKUM KIacCoOM NOCIeOVIOUUX 3eMIeMPACeHUl, SNUYEHMPbL KOMOPbIX
HAXo00Unucy Ha yoaieHuu 00 450 km, npocrexcusaemcs iuHelnas sagucumocms. Ommeuaemvle
HaMu AHOMAJIbHbIE 6apUAYUU HEUMPOHHO20 NOMOKA 00YCN08NeHbl, N0 HAuemy MHEHU,
8aApUAYUAMU MIOOHHOU KOMNOHEHMbl KOCMUYeCKUXx Jayuei. [ 0ObACHeHUs makux eapuayuil
npeonazaromcs 0ee ecunomessl. llepsas eunomesza 0CHOBbIBACMCS HA USMEHEHUAX COCMOSHUS
MEIHCNAAHEMHO20 NPOCMPAHCMEA (CoHeyHblll 6emep), 60 epems ecnviuek Ha Connye. DHepeus
CONIHEUHO20 6empa, nepedasascv 3emie, npueoOUm & Oelicmsue CnycKo8ol MEXaHusM npoyecca
BO3HUKHOBEHUS. 3eMIIeMPSICEHUIl 8 mex Mecmax, 20e Ol HUX yoce NOO20MOGAEHbl YCIOBUL.
Ipyeas eunomesza npeononazaem, 4mo 6 NPOCMPAHCMBE HAO OYAOM 20MOBAUIE2OCS
3eMIIeMPSCEeHUsT NPOUCX00AM 34 Cuem Npoyecco8 6 Heopax maxue UMEeHeHUsl, KOmopvle
npUBOOM K YEeIUUeHUIO UHMEHCUBHOCMU MIOOHHO20 U3LYYEeHUSL.

Kniouegvie cnoea: semnempscenue, Helmpon, MIOOH, (hOH, WMONbHAL.

3eMIIeTpSICEHUST OTHOCATCSI K OJJHUM W3 HamOoJiee TPO3HBIX CTUXHUHBIX OenctBuil. OHK
MPOU3BOJSAT OIPOMHBIE Pa3pYIICHHUS U BBI3BIBAIOT MHOTOYUCIICHHBIE )KEPTBbI CPEIN HACEICHHUS.
[TockonbKy TpPEIOTBPATUTh 3EMIICTPSCCHHS HEBO3MOXKHO, BO3HHMKAeT Mpobiema pa3pabdoTKu
IIPOrHO3a 3TOr0 IPUPOIHOrO siBIEHHUA. Bo BceM MHUpe IPOBOIATCSA HCCIEAOBAHUS Pa3IUYHBIX
3¢ peKTOoB B OKpyXkKaroleld cpeae, KOTopble MOIMIM Obl OBITh HCHOJIBb30BaHbl B KadyecTBE
MIPEBECTHUKOB 3eMiieTpsaceHrd. OQHUM u3 Takux 3(PQeKToB, IO HaAIIEeMy MHEHHIO, SIBIISIOTCS
aHOMaJIbHbIE BapHallUUd E€CTECTBEHHOro HeWTpoHHoro noroka (HII), mccnenoBaHuss KOTOPBIX
OIHMCAHBI HUXKE.

HenpepeiBabie Habmoaenus 3a Benmunaoil HII, mpoBonuMble HaMu B IITOJIbHE BOIH3H
Anmatel (Kazaxctan) Ha Bbicore 1600M Haxg ypoBHEM MOps, a TakXKe Ha  OTKPBITOM
IIOBEPXHOCTH B TOM JK€ paliOHE MOKa3aiH, 4To mHorja BennmunHa HII Ha dacoBoMm mHTEpBaie
pe3K0 BO3pacTaeT IO CpaBHEHHIO C OOBIYHON. CTaTHCTHUYECKOE pacrmpeneneHue pa3dpocoB
BenuunHbl HII OGmM3ko K HOpPMalbHOMY, OJHAKO KOJIMYECTBO OTKJIOHEHHH OT CPEAHEro
3HAYEHUs, NMPEBBIIIAIOIINX €ro 0ojiee YeM Ha YTPOCHHYIO CPEIHEKBAaJIPATUUYHYIO MOTPELUIHOCTD,
BBIIIE B JBa C JIMIIHUM pa3a TEOPETUYECKH OXKUAAEMOro U3 pacmpeneneHus [aycca. Takue
3HAYEHUS Mbl IPUHUMAEM 3a aHOMaJibHble. OUeBUIHO, CYIIECTBYET HEKUI NPUPOAHBINA (pakTop,
KOTOpBI 00yClIaBInuBaeT MOsABICHUE MOT00HBIX aHoManuii [1,2].

UzBecTHO [3], 94TO €CTECTBEHHBIN HEUTPOHHBINA MOTOK COCTOUT M3 TPEX KOMIIOHEHT. Bo-
MEPBBIX, HEHTPOHBI 0OpA3yIOTCS B Pe3yjbTaTe B3aMMOJCUCTBHUS KOCMHUYECKOTO HM3ITyUCHUS C
ATOMHBIMH SIJpaMH BelllecTBa aTMocepsl M BEPXHHUX CIOCB 3EMHOH KOpBL. BO-BTOpHIX,
CBOOO/THEIE HEUTPOHBI BBIJEISAIOTCS IIPU CIIOHTAHHOM JICJICHUH A1ep ypaHa. HakoHer, HEeHTPOHBI
MOTYT OO0pa30BBIBATHCS B SIACPHBIX PEAKIUAX MPH  B3aUMOJCHUCTBUU  alb(a-yacTHII
€CTECTBCHHBIX PAAUOHYKIUAOB C ATOMHBIMHU SIAPAMU JIETKUX 3JIEMEHTOB, BXOJAIIUMHU B COCTAB
atMocdepsl u 3eMHON Kopbl. CrenoBatenbHO, n3MeHeHne BeauunHbl HIT MokeT BBI3BIBATHCS
b0 BapuaIMsIMH WHTEHCHMBHOCTH KOCMHUYECKHX Jyuyel, Ju00 M3MEHEHHEM KOHIICHTPAINH
ypaHa U JAPYTUX PaJHOaKTUBHBIX AJIEMEHTOB, MCIYCKAIONINX ajb(a-4yacTHIbl, B IPOCTPAHCTBE,
MIPUJIETAIONIEM K MECTY PACIOJIOKEHUS AETEKTOpa HEUTPOHOB.

B nuteparype yka3plBaJoCh, YTO BCIUIECKM HEWTPOHHOTO TOTOKA OO0YCJIOBIEHBI
BBIOpOCAaMH W3 HEAp pajioHa B OONBIIMX, YeM OOBIYHO KOJMYECTBAX, MPOUCXOJSIIIUMHU TIPU
MpoLeccax pPacTPECKUBAHHUA TOPHBIX TMOPOA TOJ JCHCTBHEM 3KCTPEMAJbHBIX 3HAYCHHUUN
MPUJIMBHBIX CUJI B MOMEHTbHI HOBOJIYHUS WJIM TOJHONYHUS, WIH K€ TPU MpoIeccax MOATOTOBKU
semierpsicenuii  [4].00paboTka pe3ynbTaToB HM3MEPEHHH IOKa3ana, dYTO aHOMAaJbHBIE
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Bo3pacTanus BennuuHbl HII He ynaercst oOBSCHUTH JOMONHUTENBHBIM NPUTOKOM pajioHa -
HauOoJiee MOJBUKHOTO B NPUPOJE PAaJUOAKTUBHOIO 3j1€MeHTa. J[eno B TOM, 4TO B IUTOJBHE,
IJIOTHO 3aKPBITOW ABEPHMH, OTCYTCTBYET BEHTHIIALMS BO3AYyXa, MIOATOMY MPH JTOMOJHHUTEIEHOM
nputoke panona anomamuu HII momksel Obitm OBl HAaOMIOOATHCS B TEYCHHE BPEMEHH,
CYIIECTBEHHO MPEBBINIAIONIETO YaCOBOM WHTEpBaJ, TaK Kak IEPHOJ MOJIypachaaa pajoHa
cocrtaisieT 3,8 cyTok. IMeroTces Takke pe3ysbTaThl IPSAMbIX U3MEPEHUH coAep)aHus pajoHa U
€r0 KOPOTKOKHMBYILIETO W30TOMA — TOPOHA B IPU3EMHOM CJI0€ aTMOC(EPHI B HETIOCPEACTBEHHOM
OJIM30CTH OT MeECTa pACIOJIOKEHHUsI AETEKTOpa HEUTPOHOB [5], KOTOpbIE MOKA3BIBAIOT, YTO
BO3HMKHOBEHHE BCIUIECKOB HEUTPOHOB HE CBS3aHO C BapHALUSAMMU 3THUX HU30TONOB (CM. puc.l).

IMKHK mHTeHCHEHOCTE NOTOKA HERTROHOE, MMN/MAH | |2005 r
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PucyHok 1. A — UHTEHCUBHOCTb NOTOKA HENTpoHOB, B 1 C- 00beMHast aKTUBHOCTh
TOpPOHA U PaJOHa B IOYBEHHOM BO3JyX€ COOTBETCTBEHHO.

ConeprkaHue Ipyrux paJuioaKTUBHBIX 3JIEMEHTOB B OKPY’KAIOIIEM JIETEKTOP HEUTPOHOB
MIPOCTPAHCTBE OCTAETCSl MPAKTUYECKH HEU3MEHHbIM. Takum o0pa3oMm, NPUYMHOM H3MEHEHUS
BenuuuHbl HII, ckopee Bcero, SBIAIOTCA BapHallMM KOCMMYECKUX JIyded M, B UYacTHOCTH,
BapHaIlM MIO-ME30HOB, OTHOCSIIUXCS K UX KECTKOM KOMIOHEHTE, TaK KaK TOJIbKO 3TH YaCTHUIIbI
CHOCOOHBI NPOHUKHYTH B IUTOJBHIO Yepe3 AECATKH METPOB ropHOil mopoasl. K ToMy e oneHku
MOKa3bIBAIOT, YTO B HAIIMX YCJIOBUSAX B IUTOJbHE  KOMIIOHEHTa HEUTPOHHOTO IOTOKA,
00yCJIOBJICHHAs] CIOHTAHHBIM PACaZoM ypaHa W B3aUMOACHUCTBUEM alib(a-4acTUI] C AaTOMHBIMHU
siapamu, coctaBisier npuMepHo Juiib 10% ot Bcero peructpupyemoro noazemuoro HII. Ilo
JUTEPaTypPHBIM JAHHBIM [6] TONIIMHA CIIOSI TOPHBIX MOPOJI, MO KOTOPHIM B IITOJIBHE HAXOJUTCS
HAaIll IETEKTOP HEUTPOHOB, ociadiseT NOoTOK MIOOHOB B 10 pa3. [Ipu n3BnedeHun aeTeKTopa u3
LITOJIBHYU HA OTKPBITYIO MOBEPXHOCTh CKOPOCTh CU€Ta HEMTPOHOB Bo3pocia B 12 pa3. O4eBuaHoO,
OJIM30CTh 3THUX 3HAYECHUN TakXKe TOBOPUT O BEChbMa BEPOSTHOM MIOOHOM IPOUCXOXKICHUU
HEUTPOHHOT'O MOTOKA, U3MEPSIEMOT0 B IITOJIbHE.

[Ipu ananu3ze pe3ynbTaTOB H3MEPEHUH OBIJIO YCTAHOBJIEHO, YTO Mexay BeianunHon HIT u
celicMUYeCKUMHU COOBITUSIMM HUMEETCsl OIpeJesieHHas CBs3b. [lepHonbl yBeTUUEHHsI 4acTOThI
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NOSABJICHUA aHOMalIui OOBIYHO COBMNAAAIOT C NEpUOJaMHM BO3pacTaHMUsA CeHCMUYECKON
aKTUBHOCTH (CM. puc.2-4).

Yenea
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A Mag= Ma

2001 r. Bpern

Pucynok 2. ComnocrtaBieHue MOMEHTOB BO3HHKHOBeHUs aHoMmanuid HII u 3emnerpscenuii.
1 ycnm.em — MOMEHTHI 3eMileTpsiceHuii dHepreTrueckux knaccos K > 10; 0,75 u 0,5 ycn.en —
MOMEHTHI aHOMAaJINH HA3€MHOTO U MTOA3EMHOTO HEHTPOHHBIX IOTOKOB COOTBETCTBEHHO.
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Pucynok 3. CriaxxeHHbIE KpHUBBIE DAaclpeAciieHHs BO BPEMEHH MOMEHTOB BO3HHMKHOBEHUS
anomanuii moxgzemuoro HII (1) u 3emnerpscenuit sueprerndyeckux kinaccos K= 10 (2).
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Pucynok 4. To e, yto 1 Ha puc.3, Ho 1y 1999-ro roaa.

AnomanbHO Oonbinne 3HaueHus BenuuuHbl HII, 3apeructpupoBaHHbIE Ha YacoOBOM
UHTEpBaJie, COINpPOBOXKAAIOTCS, Kak MPaBWIO, IOCICAYIOUMMH  3€MIIETPACEHUAMU C
sHepretnueckumu kiaaccamu K > 10, snuneHTpsl KOTOPBIX pacnofiaratorcs B paguyce A0 450 km
ot Mecta peructpanuu HII. B kauecTBe muttocTpanuu noo0HOTr0 SBIEHUS NPUBEJIEH pHC. S.

= T .. .......................... -

30
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Pucynok 5. ®parmenT BpemenHoro psiia Bapuanuid HIT (1) 1 MOMEHTHI 3emiteTpsiceHuit
(2) u(3) sneprernyeckux kiaccoB 12.1 u 12.9 cooTBeTCTBEHHO, Tpon3omeAmux 7 u 27
oktsa0ps 2004 roga Ha paccrosHusAX 315 u 325 kM oT craHmmMu Meneo.

AHoManuu onepexaroT 3eMieTpsiceHust Ha BpeMs oT 1 yaca 10 10 cyTok, HO B OCHOBHOM
(mo 70% cmy4aeB) 3TOT BpEeMEHHOM MHTEpBaJl HE npeBbimaeT 4 cyrok. OTMEYeHa TaKxke
TEHJCHIMSI pOCTa BEIMYMHBI AHOMAJIMU C YBEJIMUYEHHEM DSHEPreTUYecKoro Kiacca
MOCIIEAYIOLIETO 3eMieTpsiceHus (puc.6).
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Pucynok 6. 3aBucuMocTh aMmiuTyasl aHoManuu noazemuoro HII ot sHepreTuueckoro kiacca
3eMIIETPSCEHHM.

Bce 3T0 He MpOTHMBOpPEUUT AaHHBIM, ONMYOIMKOBAaHHBIM B juTeparype. Tak, B pabore
apMSHCKHUX HcchenoBaTeneid [7] ykazano, uro 3a 30 MuHyT A0 CIUTAKCKOTO 3€MIIETPSICEHHUS B
ctpatocepe Hany Epesanom HaOmonmanock 100%-Hoe yBenwueHHE MKECTKOM KOMIIOHEHTHI
KOCMHUYecKHuX nyueidl. B apyroii pabore [8] oTMedaeTcst TuHEHAs 3aBUCUMOCTh HHTEHCUBHOCTH
KOCMHYECKHX  JIydeil, pEeTUCTPUPYEMBIX HEWTPOHHBIMH  MOHHUTOpaMH, OT  OOIIero
SHEPrOBBIACIICHUS IPU 3EMIIETPSICEHUSAX 110 BCeMy 3eMHOMY MIapy. YKasbIBaeTcs Takxke [9], uto
Ha bakcaHCkoll HEHTpHMHHOW 0OcepBaTOpuM OBUIM 3apETUCTPHPOBAHBI KPATKOBPEMEHHBIE (HE
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Oosnee 15 MUHYT) BCIUIECKM MIO-ME30HOB BBICOKMX JHEPruil, 0OyCIIOBJICHHBIX BBIOpOCAMHU
COJIHEYHOT'O BEILECTBA B MEXKIIAHETHOE POCTPAHCTBO NpH Bemblkax Ha ComHie.

[Ipupona cesa3u mexay HII u 3emnerpsacenussMu moka HescHa. MOYKHO TPENIONOXKHUTH,
yto aHomanuu HII BhI3bIBatOTCA BapHalMsIMU WHTEHCUBHOCTH KOCMHYECKHX JIydyed TMof
JIEUCTBHEM MOTOKOB COJHEYHOT'O BEIECTBA, BHIOPACHIBAEMOTO B MEXKIIJIAHETHOE MPOCTPAHCTBO
(comHeuHblii BeTep) BO Bpems Bemobliek Ha ConHue. OHEpPrus e COJHEYHOro BEeTpa,
nepegaBaeMasi 3emiie, MPUBOJUT B JEHCTBHE CITyCKOBOM MEXaHM3M IMpollecca BOZHUKHOBEHUS
3eMJIETPSACEHUI B T€X MECTaX, IIe JUIsl HUX YK€ MOATOTOBIEHbI ycioBus. OgHaKko, HECMOTpPS Ha
KaXyIIytocs: Qu3ndeckyro 000CHOBAaHHOCTh JAHHOW THMOTE3bl, HMMEIOTCS JaHHBIE, KOTOpHIC
TpyaHO OOBSICHUTH B €€ paMKax. Tak, HampuMmep, Hallld HCCIEJAOBaHWS MOKA3alld, YTO IpH
MarHUTHBIX OYpsX, TPOSBISIONIMXCS nocie Benbimek Ha ConHile, aHoManbHbIX Bapuanmii HIT B
OOJBIIMHCTBE cCiydaeB He HaOmomaercs. CrenoBaTenbHO, OOBACHUTH BO3HHUKHOBEHHE
aHomaneHBIX Bapuanuii HI1 Hammamem 3pQeKTOB COTHEYHOTO BETpa HE yIaeTCs.

Ilonaras, 4yro npuumHOM aHOMaibHOro Bciulecka HII sBisercss peskoe yBeaMUEHHUE
MIOOHHOM KOMIIOHEHThl KOCMHUYECKHX Jy4eH, MOXXKHO I Takoro 3¢¢exra NpeiokKuTh U
apyroe oobsicHeHue. CyTb 3TOM TMIOTE3bl 3aKJIIOYAETCS B TOM, YTO B IPOCTPAHCTBE HAJ
04aroM TOTOBALIETOCS 3€MIIETPSICEHUs IPOMCXOAAT HEKOTOpPblE H3MEHEHMs, B YaCTHOCTH,
MOJKET U3MEHATHCS BeJIMUMHA MarHuTHOro nosd. [lpu Takom 3ddekre BO3MOKHO BO3pacTaHue
MIOOHHOW KOMIIOHEHTBI KOCMMUYECKUX Jy4ell, 4TO, B CBOK O4YEpEAb BBI3bIBAET aHOMAaJIbHYIO
Bapuanuto HII. B mone3y gaHHOM runotessl roBOpUT (akT MPSIMON 3aBUCUMOCTU BETHMYMHbI
aMIUIMTYIbl ~HEUTPOHHOM AHOMAIUMM OT 3HEPreTHYECKOro  Kjacca  IOCJIENYIOLIEro
3emieTpsceHus. Takoe  BO3MOKHO B TOM cCiydae, KOTJa  Mepa W3MEHEHHUS CBOWCTB
MPOCTPAHCTBA, HANPUMEP MArHUTHOTO TIOJSl, HaJ OYaroM TOTOBSILErocs 3eMIIETPSICEHHUs
3aBUCHUT OT YHEPI'MH, HAKOIUIEHHOH B oyare. Kpome Toro, 3emierpsiceHusi, SIULIEHTPbI KOTOPBIX
HaxXOJATCsl HAa yAAJlEHUH OT MeCTa PACIOJIOKECHHUS HEHUTPOHHOTO JETEKTOpa, MPEBBILIAIOIIEM
450xkM, He mpenBapsiorcss anomanmusamu HII, 4TO cBHIETENbCTBYET O KOHEYHBIX pa3Mepax
paauyca o0iacTh MPOCTPAHCTBA C M3MEHEHHBIMH CBOWCTBaMHU. YKa3aHHOE OOCTOSTENBCTBO,
OYEBHIIHO, BBIMIONHIECTCS B TOM Clydae, KOTAa O0O0JacTh MPOCTPAHCTBA C HW3MEHEHHBIMHU
cBOWCTBaMH (hOPMHUPYETCS HAJl 04aroM TrOTOBSIIETOCS 3eMIICTPSICCHNUS U, €CTECTBEHHO, pa3Mephl
TakoW 00JacTy AOJKHBI 3aBHCHUTBH OT pa3MepoB odara. Takoe mpeanooKEeHHE COTrJIacyercs C
HCCIENOBaHUAMU  cOTpyAHUKOB MU®U, npoBeneHHBIMM € TOMONIBIO  aNIapaTryphl,
YCTaHOBJICHHOM Ha MCKYCCTBEHHBIX cIyTHHKax 3emiuu [10], KoTopble mnoKazanu HaJIW4He
3¢ (GEeKTOB BBICHIMAHUS 3apSHKEHHBIX YAcTHIl W3 PAJUALMOHHBIX IOSCOB B paiiOHax HaJ
SMMLEHTPAMM TOCIEIYIOMHUX 3eMieTpsiceHuil. OTu 3(pdexTbl oHM OOBACHSIOT BO3JAEHCTBHEM
HU3KOYaCTOTHOTO 3JIEKTPOMAarHUTHOTO M3JIy4€HUs, BOSHUKAOIIErO IpHU Mpoleccax MOATOTOBKU
3eMJIETpsICEHUs], Ha HOHOC(EDPY.

3a Oomnee yeM MATWICTHHN mepuon HaOmroxeHui (¢ mMapra 1996r. mo Hos6ps 2001T.) B
paguyce a0 450kM 0T Mecra pAacloNIOKEHUs JeTeKTopa HEHUTpoHOB mpousouwio 44
3emiieTpsiceHus: ¢ kinaccamu ot 12 go 12,9 u 18 3emnerpscenuii ¢ kmaccamu K 2> 13. Bcee
3eMJIETPSICEHUsI BTOPOH rpynibl penBapsuch anomanusimu HIL. B mepBoii sxe rpymnme ToabKo 5
3eMJIETPSICEHUI TpoHu30nuUIo 0e3 MpeABapUTeIbHBIX aHOMaIui (cM. Tabn. 1). Takum oOpazom,
JUTSL 3eMIIETPSICEHUN ¢ DHEPreTUYECKUMH KilaccaMu B mpefenax ot 12 mo 14 u Beime, oOrmiee
KOJIMYECTBO KOTOPBIX COCTaBisgeT 62, MUIIb 5 HE MPEeABapsUIOCh aHOMAJIbHBIMU BapHALMAMU
HII. D10 cocraBusier 8,060%, T.e. mpomeHT  ‘“‘yraapiBaHus ~ OyIymero 3eMJIeTpsCeHHUs
mpeBhIIaeT B JaHnHOM ciaydae 90%. B To sxe Bpems 00111ee KOIHMIECTBO JOKHBIX aHOMAITUH s
BCEX KJIACCOB 3eMJIeTpsiceHuii coctasisieT 14%..

Ta6auna 1

ConocTtaBneHue aHomanun noasemHoro HI1

¢ mocJie yIIIMMH 3eMJieTpsiceHusiMU kiaaccoB K > 11
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3a nepuog ¢ 13.03.1996 no 18.11.2001 r.

Tonwr 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | Bcero
OO011ee K0JI-BO 329 | 310 272 | 206 82 26 1225
aHOMaJTUH
Koi-Bo noxubix | 73 29 5 33 20 9 169
aHOMAJTNH
% JIOKHBIX | 22 9 2 16 25 35 14
aHOMAJTNH
OOmiee KOJ-BO
3eMJIETPSCCHUI
10 KJIaccaM:

11-11,9 12 46 47 18 17 9 149
12-12,9 5 15 11 5 4 4 44
13-13,9 - 6 6 1 - - 13
>14 1 3 1 - - - 5
Bcero 18 70 65 24 21 13 211
[Tponymeno
3eMJIETPSCCHUI
10 KJIaccaM:
11-11,9 - - - - 1 5 6
12-12,9 - - 1 - 1 3 5
13-13,9 - - - - - - -
>14 - - - - - - -

B 2005 romy ObuIM OpraHM30BaHBl HAONIOJACHHS 3a BapUaIMAMU €CTECTBEHHOTO
HEHUTPOHHOTO NOTOKA B INTOJbHE ceiicMocTaHuuu KypTsl, Haxonsumieiics ceBepHee AJMarhbl Ha
ynanenun 120km. 3pech Takke OTMEUEHBI aHOMAJbHbIE BCIUIECKH, MpeIBapsIoIine
3eMJIETPSICEHUS], AaHAJIOTUYHBIE OMMCAHHBIM BbIILIE.

B HacTostiiee BpeMsi IpoaoIKaeTcsi HA0Op CTaTUCTHUECKOr0 Marepualia B IMOA3EMHBIX
YCIOBUSIX HA IBYX MyHKTax HaOmogeHuil. 3a nepuon 2001 — 2005r.r. B pagunyce no 450km oT
TOYEK pAacloJIOKEHHS JIETEKTOpPOB HEWTpoHOB mpomzomuio 201  3emuerpsiceHne c
sHepretnueckumu kiaccamu 10-11. Anomanuu HII ormewenst B 139 cnyuasx. B rpynme
3eMJIeTPSICeHUH ¢ sHepreTudeckumMu kinaccamu K > 12 npowusonuio 20 3emueTpsceHuil, 1 Bce U3
HUX npensapanuck anomanusmu HIT.

Crnemyer OTMETUTH, YTO Ul OJJHOTO M TOTO )K€ 3eMJICTPSICEHHs aHOMAaJIbHbIE BCILIECKH
HII Ha o0eunx cTaHUMSX MPOSBISIOTCS C HEKOTOPHIM BPEMEHHBIM CMELICHUEM OTHOCHTEIILHO
IOpyr apyra (cpaBHU puc. 7 U 8).

Ycenen.
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Pucynok 7. 1-®parment Bpemennoro psaa HII va ct. Kyptsr; 2- 3emnerpsicenne 9.10.2007 r.;
K=12.9, R=135 xm; 3- 3emnerpscenue 3.11.2007 r., K=10.3, R=225 &m.
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Pucynox 8. 1-®dparment Bpemennoro psina HII Ha cT. Meneo; 2-3emnerpsacenne 9.10.2007 r.;
K=12.9, R=65 km; 3-3emnerpsicenne 3.11.2007 r., K=10.3, R=140 km.

[TomydyeHHble HAMH pe3yJbTaThl MOKa3bIBAIOT OOJIBIIYI0 BEPOSATHOCTh BO3HHUKHOBEHUS
aHomanbHbIX Bapuanuid HII HakanyHe cuibHBIX 3emieTpsceHuil. OmHako Uisi MpPOrHo3a
HEI0OCTaTOYHO YKa3blBaTh BpeMs U CHIy OyIyLIero 3eMJIETPSICEHUs, HY)KHO ONpeAeisaTb U
BO3MOXHBII ero paioH. [lng pemeHuss 3TOi TpPoOIEMBI JBYX ITYHKTOB HEJOCTATOYHO.
HeoO6xomumo mmers ceth myHKTOB peructpanmu HII. K opramms3anmm momoOHOWM ceTH Mbl
npeanonaraeM npuctynuth B 2008 roxy.

OueHuBas AOCTUTHYTBIC PE3YJbTAaTbl, MOXHO CACJIAaTb BBIBOA O TIICPCHCKTUBHOCTHU
UCIIOJIb30BAHUA MOHUTOPHHIA HIT nns pa3pa60TKH KpPaTKOCPOYHOTO IMPOTrHO3a 3€MHeTp}ICGHI/II7L
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Institut of Seismology and Faculty of Engineering Suleyman Demirel University.

(ALMATY, KAZAKHSTAN)

ANOMALOUS VARIATIONS OF NATURAL NEUTRON FLUX AND
EARTHQUAKE SHORT-TERM FORECAST ISSUES

In a seismically active zone in the near Almaty area (Kazakhstan) since 1996 observations of
variations of a natural neutron flux have been conducted. Sometimes the neutron flux rises
sharply within the one-hour interval in comparison with the background. It occurs on the eve of
activation of seismic processes. Increase of the neutron flux level had taken place from 1 h to 10
days prior to earthquakes. It is also indicated a tendency of growth of the anomaly level in
accordance with the growth of energetic class of the subsequent earthquake. A character of
connection between the neutron flux and earthquakes is still not clear. It is proposed that the
neutron flux anomalies caused by variations of cosmic radiation intensity under action of fluxes
of solar material, which is burst into interplanetary space (solar wind) during solar flares. Energy
of the solar wind transferred to Earth puts into action a trigger mechanism of the process of
initiation of earthquakes at those places where conditions have already been prepared for them.
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The neutron flux anomalies can be used as substantial additional information for classical
geophysical methods of short-term earthquake prediction.

Pe3rome.
B. ®. OCTAITEHKO (VFOst @mail.ru),
B. A. KPACHOIIEPOB (krasva38 @mail.ru).
Hucturyt ceiicmosiorun MOH PK, YauBepcuter Cyneiimana /lemupess.
Aamatel. KASAXCTAH.

AHOMAJIBHBIE BAPUAIIMM ECTECTBEHHOI'O HEUTPOHHOI'O ITIOTOKA
U IIPOBJEMA KPATKOCPOYHOI'O ITPOT'HO3A 3EMJIETPSICEHUIA.

B ceficmuuecku aktuBHOUW 30He oxono Anmarbl (Kazaxcran) ¢ 1996 mpoBoasiTcs
HaOJI0/IeHUs] U3MEHEHNH e€CTECTBEHHOI0 HEHTPOHHOIO MOTOKAa. MHorna HeHTpOHHBIA MOTOK B
npejenax OJHOYAacCOBOTO HHTEpBaJa PE3KO MOBBIMIAETCS IO CpPaBHEHHIO ¢ (OHOM. OTO
IIPOUCXOAUT HAKAHYHE AaKTUBalMM CEHCMUYECKUX IPOLECCOB. YBEIMUYEHUE YPOBHSA
HEUTPOHHOTO TOTOKa MMeeT MecTo oT 1 yaca a0 10 nuelt qo 3emiueTpscenuil. Taxxe oTMeueHa
TEHJEHIMs pOCTa YPOBHSA aHOMAJIUU B COOTBETCTBUM C POCTOM DSHEPreTUYECKOIo Kiacca
mocienyromero  3emierpsiceHus. Ilpupoma CBA3M  MeEXIy HEUTPOHHBIM TNOTOKOM M
3eMJIETPSICEHUSIMU BCE €IIe HE BIIOJIHE He sicHa. [Ipenmonaraercs, 4To aHOMalluK HEHTPOHHOTO
MOTOKa, OOYCIJIOBIECHbI M3MEHEHHUSMU WHTCHCUBHOCTH KOCMHMYECKMX Jy4yeil. BrickaswiBaroTcs
JIBE€ BO3MOJKHBIE MPUUMHBI TAKMX U3MEHEHUI. Bo-mepBbIX, 3TO pe3ysibTaT BO3ACUCTBUA IOTOKOB
COJIHEYHOTO MaTepHalia, KOTOPbIM BHIOPOILIEH B MEXKIJIAHETHOE MPOCTPAHCTBO (COMHEYHBIN
BETE€pP) B TEUYCHHWE COJHEYHBIX BCIBIIIEK. JHEPrusi COJHEYHOTO BETpa, MEpEeAaHHas 3emIe,
MPUBOJUT B JIEHCTBUE CITyCKOBOM MEXaHU3M MpOLecca MHUIMUPOBAHUS 3€MIICTPACEHUH B TEX
MeCTax, IJ€ YCJIOBUS OBUIM y>K€ TOTOBBI K HUM. BO-BTOpBIX, 3TO H3MEHEHHE CBOWCTB
MPOCTPAHCTBA HAJl 0YaroM TOTOBSIIETOCS 3E€MIICTPSCEHUS. AHOMaJuM HEHUTPOHHOTO MOTOKa
MOTYT HCIIOJIb30BAThCA KaK CYIIECTBEHHAS JIOTIOJHHUTENbHAS MHPOPMALHS JUIS KIACCHYECKHX
reo(U3NUECKUX METOA0B KPAaTKOCPOYHOI'O MPOrHO3a 3€MIICTPSCCHU.
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BHC MHucrutyta ceiicmonorun MOH PK.
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PEHTreHoBCcKUe MeToAbl n3yueHus reosnorndeckux cpea. B HUCe Kaz. I'Y ¢ 1955 mo 1978r.,
nmwkeHep, CHC, 3aB. maboparopueii. CienuanucT 1o MpUKIAJIHON SAepHOI reodusuke,
OCHOBHBIC HCCJICIOBaHHUS B 00JIACTH KOJUYECTBEHHOTO OMPOOOBAHMS TE€OJIOTHIECKUX CPEl B
€CTECTBEHHOM 3aJIETAHUH HA MECTOPOXACHUAX TBEPABIX MOJE3HBIX HCKOIAEMBIX.

C 1978 mo 1992 — nonent xadenps! puznkn AnMa-ATHHCKOTO HHCTUTYTA KEIE3HOJOPOKHOTO
tparcnopta. C 1992 o 1995 — CHC naGopatopun reo(u3ndeckoro onpoOoBaHUsS
KasHUUT eopu3nku (KOMIIEKC HEUTPOHHBIX METOJIOB KapOTaka HA MECTOPOKICHHSIX
0aputa, pochopuron). C 1992 no u/B - BHC MHWucrutyTta ceiicmonornuu MOH PK. Mmeer
okosio 60 meyaTHBIX padoT.

KpacnonepoB Buaagumup AnatonabeBud. (1938, Anmarsl, Kasaxckas CCP).
[Ipodeccop Yuusepcurera Cyneiimana [emupens (Faculty of Engineering and
Computer Sciences), Anmatsl, Kazaxcran.

Kazaxckwuii ropao-metamnyprudeckuii uHCTUTYT (1960), a. r-m. H. (1986),
npodeccop mo kadenpe cTpykTypHoit u HedTsaHOM reodusuku (1991), akagemux
PAEH (1998). I'n. reoduzuxk IO «tOxkasreonorus» (1987-89), nupexrop
KasBUPT'- KasHUUT eodusuka (1989-92), 3aBeayromuii jabopaTopHuei
reo¢usngeckoro onpodosanust (1993-95), mpodeccop AxageMun rpaxIaHCKON
asuaruu (1995-2002), MeHepKep M0 TeoPU3NISCKIM UCCICIOBAHUSIM CKBAXKHH
(THUC) OAO «Kasznpomreodusukar» (2002-2005). Uuarepecs - [UC, snepras
reousnKa, COCTaB F€OJIOTUIECKUX CPE/l, TPOTHO3 3eMJICTPSICEHUH, YHEpreTHKA
T€0JIOTUIECKHUX MPOIIECCOB.

Nwmeer oxomno 200 pabort, B T. 4. § MoHOTpaduii, , 2 aBTopckux cBuaerensctea CCCP
u 4 natenra PK Ha ciocoObl 1 BENeCTBO, COABTOP 13 0TYETOB MO MOJICUETY
3amacoB B 'K3 CCCP.
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Seismoacoustic response to Earth tides
as an indicator of the meduim stress state:
experience of earthquake prediction in Kamchatka

V. Saltykov ', Yu. Kugaenko 2
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ABSTRACT

The investigation of phenomena connected with Earth crust deformation caused by the Earth tides is one of fundamental
problems of geophysics. The medium expose their powerful deterministic periodical impact; as a result its parameters
(conductivity, elasticity, viscosity, fluid-saturation, seismic and acoustic emission activity etc.) also change in periodic
manner. The variations of these parameters reflect the geophysical fields' dynamics in upper crust layers and
consequently may contain information on earth interior condition. Gravity impact of Moon and Sun is considered as
natural etalon of deforming forces having accurate mathematic description, ideally forecasting in time and space and
acting in global scale.

The investigations of seismoacoustic emission have been conducting on Kamchatka (Russia) since the end of 80-th in
frames of fundamental problem of seismology connected with possibility of control over stressed medium condition and
preparation of strong earthquakes on base of geophysical fields parameters study. Seismic oscillations in first tens of Hz
frequency diapason with amplitudes about 10"-9 - 10"-12 m are considered. This type of signals is often called "high-
frequency seismic noise" (HFSN). Its structure study gave opportunity to distinguish components connected with Earth
tides; it is an evidence of endogenic nature of seismoacoustic noise. It was found: (1) the response on tide impact is not
stable in time; (2) the synchronization of the HFSN and tides is observed during some time (usually one-two months)
before large (with magnitude M > 6.0) earthquakes; it is manifested as stabilization of phase shift between tidal
component of the HFSN envelope and tides on certain level. This specific feature of the HFSN response on tides is used
for investigation of seismic noise connection with large earthquakes. During the HFSN observations period (1992-2007)
22 earthquakes with M > 6.0 occurred on Kamchatka. Since 1996 the precursor was not revealed only once: before
earthquake on 08.03.1999 (M=7). The obtained experimental data confirm the hypothesis about correlation between
values of stabilization level of the HFSN tide parameter (A@) with source characteristics of preparing earthquake and its
geographic position:

The results of retrospective precursor detection in other seismoactive areas where the the HFSN observations are also
conducted (Hokkaido and Shikotan islands) agree with the results obtained on Kamchatka. Consequently, the
synchronization of the HFSN tide harmonic with corresponding wave of tide potential may be considered as a universal
property of geophysical medium; it is connected with its stressed-deformed condition and manifesting, in particular,
before strong regional earthquakes.

This investigation was supported by RFBR, grant 07-05-00225.
Key words: seismic emission, acoustic emission, earthquake prediction, Earth tides, Kamchatka.
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The role of seismogenic activities on the fluvial sediment flux in the Alborz
Mountain, NE Iran: A new approach to earthquake forecasting
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ABSTRACT

At decadal time-scale, active crustal deformation and mountain-belt erosion are associated with earthquakes and pulses of
sediment in rivers, respectively. Because of suitable topographic, climatic, and seismic data sets, along with well
constrained active tectonics processes, north of Iran is an ideal location to investigate the link of tectonic geomorphology,
climate and seismogenic activities. The impact of moderate and large earthquakes on the Gorgan-Rud River sediment can
be quantified using measurements of suspended sediment loads of the river. The results of the study would provide an
important reference for future research on the application of climate, erosion, and active tectonics in earthquake forecasting.
In east of Alborz Mountain, Gorgan-Rud River discharges to the Caspian Sea, where build up the Gorgan-Rud delta. With
an area of 6210.26 km”* catchment, the river characterize by an annual discharge of about 482.630 cms and length of 135
km. Average annual suspended load of the river has been measured 2582.82 mcm, according to the available data of 22
hydrologic stations over the past 35 years.

The results indicate that modern erosion rates are strongly influenced by earthquakes and typhoons, both of which drive
widespread sediment supply to river channels. The erosion rate is evidently not only connected with geological factors such
as substrate strength and distribution of the active faults, but is also linked with the seismicity. Whereas the highest
suspended load fluxes typically occurred during the typhoons, but reliable daily measurement reveals a temporarily increase
of the sediment fluxes of the rivers after the seismogenic activities. Rapid bedrock and topographic relief uplift of the region
due to seismogenic activities, which also trigger landslides under saturated conditions, enhance the denudation and erosion
rate of the catchments. Although the pattern of erosion has changed over time in response to the migration of localized
tectonic deformation, modern decadal erosion rates correlate with the historical seismicity.

In conclusion, by using erosion rate data we can improve our understanding of co-seismic sediment supply in the river
channels. According to the detailed temporal-spatial patterns of suspended sediment flux of the river, prone areas of future
earthquakes, where were not associated with the catastrophic historical earthquakes, are suggested.

Key words: 1 seismogenic activities, fluvial sediment flux, Alborz Mountain, NE Iran, earthquake forecasting.

PRESENTER’S BIOGRAPHY

I was working in the Geological Survey of Iran (GSI) from 1997-2000. As a senior geologist, I was responsible for checking
the preliminary drafts of prepared geologic maps and also preparation of geologic maps (scale 1:100,000). In March, 2000, I
received my PhD in geodynamic/Tectonics from Tarbiat Modarres University, Tehran, Iran. Employed as a lecturer at the
Geology department of University of Gorgan, Iran, I taught courses of structural geology, tectonics, active tectonics, applied
Geophysics, and field geology at undergraduate level from 2000 to 2004. Two years as the head of Geology department, I
was in charge of both scientific and administrative managements.

I left this position because I felt I could use my capabilities more fully in a research position with a wider scope. Transferred
to the International Institute of Earthquake Engineering and Seismology in January 2005, I have been responsible for
management of active crustal deformation and active fault behavior research programs. My bibliography cover a variety of
topics, including structural geology, active tectonics, and seismology..

From June-September 2006, as a visiting researcher at the Department of Earth Sciences, University of Bergen, Norway, I
analyzed Alborz earthquake waveforms in order to decipher seismogenic behaviour of the existing faults. During September
2007 to May 2008, as a guest researcher at the department of Solid Earth Geology, Uppsala University, I was working on
the fault interaction modeling. My current research focuses largely on aspects of active crustal deformation and earthquake
forecasting. At the present, I am going to concentrate on studying active fault behaviors in central Alborz, Iran by
approaching different methods, including, tectonic geomorphology, GPS and InSAR measurements, stress transferring
technique, and analogical and numerical modeling of active faults.
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ABSTRACT

Significant fluctuations in seismicity at different times but mostly prior to large earthquakes have been observed in
various regions of the world. Generally many phenomena appear to be precursory to major earthquake, which may be
useful for earthquake prediction at different stages. Such precursory phenomena differ considerably for each
earthquake and also from region to region. The changes in seismicity pattern are the most common precursory
indicator. In the pending focal region of a large earthquake, probably numerous ruptures or heterogeneities exist on
the main fault that can produce earthquakes in response to the loading process. It has been found that seismicity level
drops to a low background level after the completion of mainshock sequence. Precursory swarm activity associated
with major earthquakes in the Western Nepal Himalaya and its adjoining region have been studied in an area
bounded by 28.0°-31.0° N and 79.5°-82.2° E using seismicity data from 1963-2006. In the present study,
anomalous/precursory swarm seismicity and the delineation of preparation zones (~1.1 x 10* km?) are carried out for
the future seismic disturbances using the temporal and the spatial distribution of events considering the total events
and the events with my > 4.3 in four anomalous episodes: Normal/ background (N); Anomalous/ swarm (A);
Precursory gap (G) and Mainshock sequence (M), respectively. Five cases of anomalous seismicity have been
identified: prior to three earthquakes that have already occurred and two cases for which quiescence episodes still
continues. Three medium size earthquakes of 1980 (m, 6.1), 1984 (m, 5.6) and 1999 (mj 6.6) occurred in the
Western Nepal and its adjoining Indian region were preceded by well defined patterns of anomalous seismicity/
precursory swarm. The first of these was the Bajhang earthquake of which most of its preparatory processes during
1967-1980 were confined approximately in the central part of the area between the MCT and the MBT. Subsequently
the seismic activity shifted towards east in the northeast-southwest direction which produced another mainshock of
1984 (my 5.6). Seismic activity started concentrating in and around Chamoli area (India) since 27 November 1995
which was preceded by a quiet low seismicity in the region. After Chamoli earthquake in 1999, a low seismic activity
was observed in the region which continued for the next two years till 14 April 2001. The seismic activity again
shifted towards southeast and started concentrating in the region east-northeast of Bajhang earthquake, since April
2001, in which anomalous pattern in seismicity is observed on two occasions. On analyzing the seismicity data from
1999 to 2006, two additional cases of characteristic seismicity patterns were observed: (1) 1999-2006, and (2) 2003-
2006. In these two cases, though the anomalous seismicity exists, no mainshock has occurred so far. After critical
analysis of the data, it is observed that the seismicity from 1999 onwards fluctuates in the order as low-high-low
phases. The occurrence of the earthquake swarm sequence followed by quiescence with significant low seismicity,
which is still continuing, is an indication of precursory seismicity gap in the region. From the predictive equation
developed for the Himalayan frontal arc, it is estimated that an earthquake of M 6.5+0.5 may occur at any time from
now onwards till 2011 in an area bounded by 29.3°-30.5° N and 81.2°-81.9° E, in the focal depth range 10 -30 km.
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ABSTRACT

Earthquake forecasting based on different geophysical methods is very important and has been discussed a lot. There are a
lot of earthquake forecasting models based on seismic, geologic, tectonic and geodetic information. We tried to state a five-
year forecast of California earthquakes with magnitude above 5.0 based on smoothed seismicity. A forecast method based
on smoothed seismicity was presented by Kagan and Jackson (1994) and has been widely used since then. Based on
earthquake occurrences, it assumes the earthquake rate density is constant in time and proportional to a smoothed version of
past seismicity. We used extended sources to represent large earthquakes, because the rupture dimensions of large
earthquakes can exceed the grid space of a forecast model, thus it is not suitable to use the traditional hypocenter
coordinates to describe the location of a large earthquake. Kagan and Jackson (2007) have presented a five-year forecast of
southern California earthquakes with magnitude 5 or larger. Here we extend the forecast region from southern California to
all of California using the new California earthquake catalog with estimated moment magnitude, and in one case we include
historic earthquakes as well as instrumentally recorded ones after considering catalog incompleteness. This forecast model
differs from others like it because larger events are represented by multiple point sources and because the parameters in the
spatial smoothing kernel have been optimized in learning period by using maximum likelihood estimation. Catalog data
have errors in location, magnitude and focal mechanism that can influence the results of earthquake studies. Neglecting
these errors, or estimating them poorly, could cause valid hypotheses to be rejected or invalid ones to be accepted. We tried
to estimate how the uncertainty of catalog data especially uncertainty of magnitude influences our testable forecast results
and discuss the confidence level of the results. Finally we found that Earthquakes during test interval 1987 — 2007 are very
consistent with forecast based on earlier events; inclusion of historical events has strong influence on the forecast in the
regions affected by the 1857 and 1906 earthquakes; the likelihood of our forecast does not change a lot when we consider
magnitude errors and the forecasts are relatively robust with respect to modest magnitude errors.
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ABSTRACT

We investigated temporal changes in seismic attenuation of S waves from repeating microearthquakes that pass through
a fault zone, including the source regions of M~2 earthquakes in the Bambanani gold mine, South Africa. South African
gold mines, where induced earthquakes occur in the vicinity of mining faces due to stress concentration, are suitable
fields for near-source observations because planned mining enables us to anticipate where and when large earthquakes
will occur. The Bambanani gold mine has a network of geophones around a potential source area (a part of the Tanton
fault) of normal faulting earthquakes. In laboratory experiments, it is well known that the amplitude of elastic wave
repeatedly transmitted through a fault decreases prior to unstable sliding. However, there are few studies on natural
faulting to show similar phenomena because it is difficult to set controlled wave sources and receivers at the proximity
to the natural faulting source. Earthquakes whose seismograms are similar to one another are called repeating
earthquakes, of which source locations and mechanisms can be regarded as identical. At the Bambanani gold mine, a
few hundred of clusters of repeating microearthquakes were recorded by a geophone (basic sampling frequency of 2
kHz) that closely situated within 250 m from the Tanton fault. Two M~2 earthquakes occurred in February 4th 2003
and April 12th 2003 along the Tanton fault, and we focused on one of these clusters that contains 20 repeating
microearthquakes (-1.5 ~ M ~ 0.0) from October 2002 to June 2003. We calculated the spectral ratios of S waves for the
repeating earthquake pairs to estimate temporal changes of seismic attenuation in the fault zone, including the focal
regions of the M~2 earthquakes. We found a decrease in the relative S wave amplitudes for frequencies higher than 100
Hz, after the M~2 earthquakes. In addition, we found a decrease in the relative S wave amplitude prior to the M~2
earthquakes for the same frequency range (> 100Hz). The decrease in the S wave amplitudes for higher frequencies
cannot be explained by the change of frequency-independent Q. It is suggested that small cracks or damage were
formed in the focal regions of the M~2 earthquakes both before and after the M~2 earthquakes, and the attenuation
increased in higher frequencies. The typical heterogeneity scale of cracks or damage was expected to be around or less
than 14 m. This is the first study that clearly found the frequency-dependent increase in seismic attenuation of
transmitting waves through a natural fault zone prior to earthquakes.
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ABSTRACT

The electric signals are believed to be a perspective in revealing of electrical pre-seismic phenomena (EPSP). The
possibility of existence of EPSP has long been looked for, but it is still difficult to construct a theory that could describe
the generation of EPSP and the characteristics of EPSP. It was also found that there is a shortage of techniques capable
to identify and discriminate pre-seismic signals from noise. At the Corinth Gulf (Greece) polygon of DEMETER project
seismic, electric and magnetic components are recorded at very high recurrence rate (up to 10 kHz). As a result a huge
volume of data was accumulated. In result of examination of these data it was revealed that some electric signals appear
around the time when the seismic waves go through the recording stations. Such signal can be clearly seen on electric
channels after the proper processing procedure and removing of low frequency part of the signal. Moreover, in some
cases, the electric signals seem to appear before time arrival of the seismic wave. It was also noticed that a pre-event
spectral phenomenon occurs (in statistical sense) before strong changes in the electric and geomagnetic record value. It
was shown that the relative input of low frequency variations has a tendency to increase before the strong change in
electric and geomagnetic data. This little but statistically observable effect can be treated as an analog of the critical
slowing down effect. This critical slowing down is a well known effect taking place in vicinity of bifurcation points
(including phase transitions and a number of similar situations). Some similar critical slowing-down-like features were
found to occur in the evolution of systems of very different nature approaching some instability in their behavior, i.e.,
for the systems nearby jumps occurrence. The character of the examined anomalies in monitoring data is rather
complicated and the qualified experts are expected to carry out visual examination of data. Thus, for an examination of
the huge amount of available data some automation (or facilitating) of expert visual data analysis should be used. Such
automatic data processing should imitate work of the expert making analysis of data on the basis of personal qualitative
criteria. The used algorithms of data processing (carrying out automated fuzzy pattern recognition and morphologic
analysis) are elaborated on the basis of fuzzy-logics and statistics. Results of their application are presented and an
effectiveness of the use of these algorithms in comparison with the well known mathematical methods is presented and
discussed.
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