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2D INVERSION OF VES DATA AND DIPOLE-DIPOLE PROFILE
IN WADI EL-FARIGH AREA, EGYPT
M. A. Abd Alla
National Research Institute of Astronomy and Geophysics

Abstract:

Development process taken place along the Cairo-Alexandria desert road requires a lot of
water resources. Wadi El-Farigh is one of the promising area for such development. A geoelectrical
survey has been conducted 39 Schlumberger Vertical Electrical Sounding stations were carried out,
in addition to a 2D resistivity profile. The interpretation of the data set has been done (Abd Alla,
2001). Moreover, the Least square ABIC technique was applied on the same data set. The results of
the inversion process could elucidate the lateral and vertical variations in lithology characterizing
the studied sections.

Geoelectrical Dipole-dipole profiling was carried out, as a case study. The field data are
processed by RES2DINV computer program (2001) that reveals the accurate delineation of aquifer
and structure elements.

The integrated interpretation of both data sets depicts the third geoelectrical layer as the
main aquifer in the area. Also, it exhibits some fault systems dissecting the area.
1-Introduction:

Egypt is essentially considered as a desert land (about 96%), while the cultivated lands, not
exceeding 4%, are mainly concentrated along the Nile valley and Delta regions. Over these limited
cultivated areas nearly the whole population of Egypt is crowded. Accordingly development is
veritable, not only as a source of agricultural production but also as newly created areas to attract
population away from the crowded areas. According, great consideration is given for its reclamation
and use to groundwater aquifer.

Wadi El-Farigh (Fig.1) is an elongated depression that occupies an extensive area south of
| ; Wadi El-Natrun. It extends
in E-W directions from EI-
Khatatba desert near the
Nile valley with  width
varying between 8 and 10
km. The low area of wadi
El-Farigh  depression is
dominated by sand
accumulation and  rock
fragments. The area can be

- 1 o distinguished  into  three
D'p°'e'd'p°'eb°{"es aquifers, the Pleistocene
© Well aquifer, Pliocene aquifer

* VES Station
0 5 10 15 20 25Km
E=8 | =2t

| l | d 00 Fig. 1. Location Map of the
Study Area

and Miocene aquifer.

2-Geologic and Geomorphologic Aspects:
Wadi El-Farigh depression is enclosed between the contours of 120 m above sea level to the
south and west and 4m below sea level to the north (Fig.2).
From LANDSAT-1 images and G.P.C. report (1977), the study area can be subdivided into
three geomorphic units: El-Tahrir gravel plain, Wadi EIl-Natrun depression and Wadi El-Farigh
depression.
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Fig. 2. Geomorphological Map of
the West Nile Delta area, Including
Wadi El-Farigh Project

The study area is manifested by
a thick sedimentary succession
ranging in age from Early Miocene
to Holocene. Pleistocene alluvial
and deltaic deposits floor the
northern part of the concerned area.
Pliocene rocks cover the central
part of the investigated area. The
results obtained from geophysical
studies and drilled wells indicate
that, the base of the modeled
aquifer system exists at variable

Abu Roash El- Hedeishal strucral plain

3- Hydrogeological Aspects: -

° 8 104 10 2K
[ = )

depth and is underlain by the
Oligocene basalt as an aquiclude.

Hydrogeologically, the area can be distinguished into three aquifers:-
These are Pleistocene, Pliocene, Miocene aquifers. It is clear that, the Miocene aquifer dominates

the subsurface of Wadi El-Farigh area.
4-Geoelectric surveys:

In this work vertical electrical sounding technique has been carried out with Schlumberger
array. In addition a 2D profiling using Dipole-dipole array was applied. The results are shown on

fig. 3, 4.
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(A) Geoelectrical Cross Section A-A by Abd Alla (2001)
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Fig. 3. Inverted Geoelectrical Cross Section A-A™
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ESTIMATING THE GEOTECHNICAL PARAMETERS FROM CSEM MONITORING
DATA AT THE CITY OF 15" MAY, EGYPT
Magdy Atya', Olga Hachay?, Oleg Khachay?, El Said A. El Sayed®
! National Research Institute of Astronomy and Geophysics, Helwan, Egypt
2 Institute of Geophysics, UB RAS, Ekaterinburg, Russia
¥ Ural Federal University, Institute of Mathematics and Computer Sciences, Ekaterinburg,
Russia

Abstract:The site of investigation, 15" May city, is a new suburb of Helwan, at about 35
km south of Cairo, Egypt. The work is aimed to investigate the rock mass stability at “Quarter 27”
in 15™ May City. A controlled source electromagnetic (CSEM) approach developed earlier by IGF
UB RAS (Geophysical Federal Institute, Ural Branch of Russian Academy of Science) is applied to
image the ranked deformation levels in the massive structure. The wide profile system of
observation has been used to monitor the three components of the alternating magnetic field along
predefined measuring lines in the study area. Four cycles of observation have been carried out in
2008, 2010, 2011, and 2012. The acquired data sets have been subjected to analytical processing
procedure to estimate the changes in the geotechnical parameters during the time of these four
cycles of observation. The analytical treatments provided good information about the structure of
the rock massive and its rank of degradation, the lateral distribution of the geotechnical
heterogeneity, and finally a conclusive outcome about foundation stability. We conclude that the
general dynamic state close to the destruction level within the investigation area is getting worse
over the time; this is reflected in the crack’s densities and positions, also on the changes in the
lateral distribution of geoelectric heterogeneity as an indicator of the saturation of the surface rock
in the study area with water.

The site of investigation belongs to the new communities that had been established on the
outer extensions of the city of greater Cairo, and namely on the city of 15" May City. It is located at
about 35 km to the south of Cairo downtown. This city had been built on Eocene limestone
intercalated with thin beds of clay and very thin beds of salt [1]. Generally, the Eocene limestone
sediments in Egypt are characterized with karstification resulting in fractures, cracks, cavities, and
land subsidence. Consequently, short after the city was constructed it started to suffer deformations
that could be evidenced on the paved roads, the successive landfalls of the foundation grounds, the
water accumulation through the fissures to form swamps, and the divergence of the blocks of the
dwelling. Therefore, a cooperation work had been initiated between IGF UB RAS (Geophysical
Institute Federal, Ural Branch of Russian Academy of Science) and NRIAG (National Research
Institute of Astronomy and Geophysics) to investigate and monitor the state stability in a pilot area
(Quarter 27). Four cycles of field observations (2008, 2010, 2011, and 2012) had been acquired
along profiles crossing and intersecting the Quarter dwellings. The analytical screening and
mapping of the rock massive structure approaches to critical trends with meaningful impacts to the
factor “safe” in the engineering geophysics and mining [2]. The present work proposed the rock
massive at its optimum state at the top of ranged hierarchic structure model, and the rock massive at
its present state represents a rank of disintegration or level of deformation. Investigating the rock
mass stability requires well understanding of structural model and proposing a technical procedure
to estimate the geotechnical and geoelectrical parameters as key information of dynamic state and
stability of the massive structure. In 2003, a new technique had been approached to reveal the
disintegration zones in rocks of different content [3]. It involves the application of controlled source
electromagnetic method “CSEM” to image the ranked deformation levels in the massive structure.
The new technique had been applied in a mutual work between the Russian IGF UB RAS and the
Egyptian NRIAG. The work had been devoted to monitoring a complicated engineering case at the
city of 15" May, Helwan. The monitoring data had been acquired over 4 measuring cycles 2008,
2010, 2011, and 2012. The processing scheme was developed over several phases and conceptual
proposals related to the site nature and the system of observation. The analysis of the data of all four

6
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cycles provided information about the geoelectrical section of the blocks structure and small
disintegration zones using the data of lateral geotechnical heterogeneity distribution, and finally a
conclusive outcome about the foundation stability. Understanding the rock massive structure as a
conceptual ranged hierarchic structure model is the key point to investigate the inner state dynamics
and the self organized system associated to the massive structure; this could be achieved by
geophysical methods considering the model proposed by Hachay O.A.[4]. The block-hierarchic
structure is the result of the destruction processes. Applying an external mechanical stress will
influence the initial inner structure forming the hierarchic structural deformation levels, which can
be indicated by geophysical fields. The embedded heterogeneities of the smaller rank and the block
dimensions in the discrete piece-heterogeneous block medium model are named as heterogeneities
of the second rank (heterogeneities can be named as heterogeneities of the next rank depending
upon research scale). Applying external induction electromagnetic field with many frequencies and
arrays using a controlled source and the elaborated processing and interpretation technologies [2]
allows revealing the disintegration zones, which indicate the rock stability. The objects of
electromagnetic monitoring of geological medium state are heterogeneities of the second rank,
which appear and change during the variations of external influence. In the Institute of Geophysics
UB RAS, a new method was established to monitor the massive state, which allows classifying the
massive by its degree of stability [4]. In the frame of natural research we can identify the
geoelectrical heterogeneities of the second rank and achieve the objective of monitoring. They are
defined by interpretation of the ratio of two horizontal components of the measured modulus of the
alternating magnetic field on fixed frequencies w at different positions in space points x,, i.e.

. \ » (%, 0)
10 (X, )
K H, 00,0

unhomogeneltles, H (X, @) -horizontal magnetic component directed to the source of excitation,

©100% (1), where &(x,,w)is the average parameter of horizontal

H, (X, ®)- horizontal magnetic component directed perpendicular to H (x,,®), k-number of

arrays, which content the same ;.

Applying the approaches interpreting the space-frequency distribution of the average parameter (1)
we approximate the disintegration zones by small current lines located into the block geoelectrical
section. The moment M of these current lines is identified and named as intensity of disintegration
zones observed on the whole profile. These zones are located on different depths of the cross
section, therefore we divide the depth on some intervals: 0-1m, 1.-2m, 2-3m,3-4m, 4-5m, 5-6m, 6-
7m, 7-8m, 8-9m, 9-10m, 10-11m and so on. Then we two elaborated integral parameters; the
distribution of the summed intensity of the disintegration zones for each interval along the profile
(S,ervar ), a@nd integral distribution of the intensity of the disintegration zones for all intervals

(Sinegrar) @long the profile. The first provides information about the activity of crack’s which in turn

indicates qualitatively the stability level of the rock massive, and the second helps to classify the
massive stability in terms of numerical criterions using the synergetic theory approaches [4]. The
following equation is used to estimate the parameters:

SI,intervaI(vaTva)):im(i)(wv-r) (2)

i=1
L
Sintegral(Lvva) = zsl,interval(vava) (3)1
1

where M is the intensity of the disintegration zone, N, is the number of disintegration zones inside

one interval I, L is the total number of intervals, o is circle frequency of observation, and T is the

time in years of a cycle of monitoring, S .. M, are in conventional units. This technique had

been provided in the deep mines of bauxite and magnetite (up to 800 m depth); in which, the

prediction and defining of the instable localities inside the mines and the forecasting of the
7
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energetic dynamic events were definitely right and approved [2-6]. Furthermore; this procedure had
been applied to estimate the geoelectrical and geomechanical state in inhabitated area of Cairo with

50 1
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multilevel appearances of instable features. The system of observation, method of processing and
interpretation had been detailed in [7].

Fig. 1. Distribution of integral intensity of cracks of the block layered half space for sub parallel
wide profiles, CSEM monitoring data.
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GEOPHYSICAL INVESTIGATION TO EVALUATE GROUNDWATER POTENTIALITY
IN WESTERN DESERT BACK-ROAD, MINYA, EGYPT
Magdy Atya, Gad EL-Qady, Hatem Odah and Mohamed Abdel Zaher
National Research Institute of Astronomy and Geophysics, Cairo, Egypt
magdy@nriag.sci.eg, gadosan@yahoo.com, moh_zaher@yahoo.com

Abstract: Qarret Abu Rouh is the natural westward extension of the desert backside's of
Minya prefecture, therefore, it is proposed for National Development Projects "NDP". Water is the
cornerstone for each development project. In this frame, a mega farm of 10,000 acres was
constructed with 150 productive water wells. Lately, some of these wells became saline and other
wells dried up to the extent that it becomes a real need to investigate for reserve aquifers to rescue
the capitals invested. A geophysical survey has been conducted using the Time domain
electromagnetic (TEM) and hybrid source Magnetotelluric (CSMT); the two techniques are selected
to overcome the arid non conductive conditions at the area, in addition to the desire to prospect for
the water along the maximum possible depth. Twenty eight CSMT stations have been acquired by
stratagem EH-4 instrument both of Low frequency band (0.1 Hz — 1KHz) and standard high
frequency controlled sources (CSMT) band (10 Hz- 100 Khz). For TEM survey. Thirty three TEM
stations have been acquired using SIROTEM MKS3 device, the measured stations are arranged on
three major profiles oriented South North at different time windows. The data has been processed
considering the objectives of; defining the structural basin geometry and the reserve water
potentiality. The results conclude valuable information helped to construct and manage production
plan to keep the aquifer in charge balance with production rates, and defining the production spots
from the deep reserve aquifers.

Over the past five decades in Egypt, the population densities increased and concentrated in the
Nile Valley. Most Egyptians are concentrated in the Valley and Delta of the Nile River, areas that
account for only one-third of the entire land surface of Egypt. The rest of the country is largely
uninhabited desert. The reclamation of such areas depends mainly on the occurrence, quantity and
quality of the groundwater. The study area is located at the north west of Minya governorate
between latitudes 28.35° and 28.45° North and between longitudes 30.45° and 30.50° East Qarret
Abu Rouh is the westward extension of Al Minya prefecture along Cairo-Assyut desert backside
and is counted for the National Development Projects "NDP". A mega farm of about 10,000 acres
had been constructed based on the underground aquifers; lately, several productive wells became
more saline and others dried up to the extent that the invested capitals were a subject of loose.
Therefore; electromagnetic surveys have been conducted in the study area to study the geologic and
hydrologic setting to a considerable depth, identify the water bearing formations and the water
table, delineating the reservoir dimensions and defining the production spots and drilling
recommendation. Few individual geological, geophysical and hydro geological studies have been
carried out on the area. Dealing with the geology of the area some regional and local studies have
been done [1-4].
FIELD SURVEY

The work planned in this study is to explore the hydrologic setting in the area and to
investigate the subsurface on two phases; the first phase is planned to investigate the shallow depths
by using Time Domain Electromagnetic (TDEM) and High Frequency Magneto-Telluric (HFMT).
The second phase is planned to study the deep seated reservoirs using the Hybrid Source or Control
Source Magneto Telluric (CSMT). The MT survey is conducted using stratagem EH-4 instrument.
A number of 28 stations using both low frequency band (0.1 Hz — 1KHz) and standard high
frequency band (10 Hz- 100 Khz) have been measured while 7 stations where measured using high
frequency band only. At most of the stations it is good to measure the resistivity variations at both
frequency modes. Only at few sites it is not possible to measure both together. The distance
between the MT stations range from 500 m to 2000 m, depending on the available space for
constructing the instrument. The Stratagem represents a unique MT system that uses both natural
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and manmade electromagnetic signals to obtain a continuous electric sounding of the earth beneath
the measurement site. Electrode stakes are used to measure electric fields and highly sensitive
magnetic coils are used to measure magnetic fields. Low-frequency natural MT waves are recorded,
and the measurement is then repeated using an artificial signal source for CSAMT. The TEM data
have been acquired at 33 stations, about 1000 meters apart, arranged along three north-south
trending profiles.
DATA ANALYSIS AND PROCESSING

Data processing and interpretation have been conducted on the MT data by using WinGLink
software (GEOSYSTEM SRI). As a result some of the noisiest sites are excluded from the dataset.
The MT data consists of two kinds of modes; high frequency (0.01-100 kHz) and low frequency
(0.01 - 10 Hz). First, the MT data of different frequencies for the same MT site are merged. Then,
the combined data have been used to estimate the elements of the MT impedance tensor which
finally used for determining the apparent resistivity’s and phases for both transverse electric (TE)
and Transverse magnetic (TM) modes. We derived the apparent resistivity curves as well as their
corresponding phase curves for profiles 1 and 2. Almost at all frequencies, the apparent resistivity
are congruent for the XY- and YX- components with a small offset which indicating a small static
shift. The apparent resistivity’s in all MT sites increase in low frequencies that reflect increasing
resistivity with depth. The oscillations in the apparent resistivity and phase above 0.1 Hz are due to
the existence of layered resistivity structure in the upper strata. The MT phase is also exhibits these
changes. The scattering of the phase of MT data with frequencies can be contributed to the structure
that is not truly 2-D. In profile 1, the sounding can be classified into two groups on the basis of
similarity of apparent resistivity curves. The first group includes soundings 1, 4, 8 and 9, which
show small variation of resistivity at all frequencies. These sites indicate the homogeneity of the
subsurface rock strata. Only at site 4 the resistivity curve locate in a very low conductivity ranges
that reflect the existence of a very high resistive body below this site. The other group includes
soundings 2, 3, 5, 6, 7 which show a wide range of resistivity values. In these sites the resistivity
increases as the frequency decreases to reach its maximum at site 7. In profile 2, all soundings
curves have the same conductivity structure where the resistivity decreases at higher frequencies
and then below 1000 Hertz the resistivity increases. Higher resistivities have been detected at sites
12, 13, 15, 16 which reflect high resistive layers below them. The TEM method is well suited for
mapping the depth and conductivity of highly conductive materials in the subsurface. It is an
inductive method utilizes a strong direct current passed through a square loop commonly laid on the
ground surface. The flow of this current in the surface loop will create a primary magnetic field
spreads out into the ground. When the applied current is abruptly terminated, the primary magnetic
field starts to decay with time. According to Faraday’s law, the decay of the primary magnetic field
with time will induce eddy currents that flow outward and downward in the subsurface conductors
.The rate of change of these currents and of their respective secondary magnetic field depends on
the size, shape and conductivity of the subsurface conductors. The TEM data have been measured
by SIROTEM MKS3 conductivity meter [5], applying the coincident loop configuration with a loop
side length of 50 m. The data have been recorded in the composite mode through 35 time gates. The
receiver coil measures the rate of change of the magnetic field as a function of time (dB/dt) during
the transient (an example of TEM).
1-D INVERSION OF MT DATA

One of the most important steps in the interpretation of MT data is to converter MT data,
that is a function of frequency, into a model of subsurface resistivity as a function of true depth. 1-D
inversion of MT data is conducted by using Bostick scheme. The inversion is carried out by
assuming a model consisting a minimum number of layers with various resistivity boundaries; this
heuristic inversion scheme generates a near-continuous resistivity distribution versus depth [6].
Thus, the better the fit between measured and predicted data, the better the model resolution.
Soundings 3, 5, 6, 8 and 9 in profile 1 have same resistivity distributions with depth which reflect
the same subsurface strata below them. While in sites 4 and 7, the resistivity curves appear high
resistivity values at lower frequencies that indicate very low conductive layers. Also, sites 15 and
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16 in profile 2 show these high resistive layers. For easy interpretation, resistivity sections were
created using Bostick model along each profile. These sections elucidate the subsurface geological
situation below the study area by correlating MT soundings with each other along each profile and
hence illuminating the lateral change of resistivity along profiles. Thus, the subsurface freshwater
reservoir can be recognized and delineated with resistivites ranging from 16-100 ohm-m. The high
resistive layers that observed in both profile are refer to high resistive limestone which are abundant
in that area. TEM data have been inverted in 1-D scheme using TEMIX XL 4 (2002) program,
assuming layered-earth models. The observed data have fit the model responses. The best-fitted
models have been used for construction of three geoelectrical cross-sections along the profiles P1,
P2 and P3. Inspection of these cross sections indicates that two to three geoelectrical layers could be
identified in the shallow subsurface medium. The first, uppermost, layer is relatively thin with a
maximum thickness of 10 meters, and exhibits a wide range of resistivity values reflecting the effect
of surface conditions and /or lithological variations. It is mainly composed of sand and gravel of
Quaternary age. The second layer is recognized as being continuous beneath all stations along the
studied profiles. It exhibits low to moderate resistivity values and extends to grater depths ranging
from 75 m (P1) to 100 m (P2 and P3) below the ground surface. This thick layer may be composed
of clay beds intercalated with sand lenses and sand sheets of Pliocene age. The subsurface section
has been ended by a relatively resistive third layer which is appeared only in profile P1 at a depth of
about 75 meters below the ground surface. This layer is supposed to be composed of fractured
limestone, sand and marl deposits of Eocene age.
CONCLUSION

El-Kawther- and Alkayan farm (Qarret Abu Ruh) is considered one of the promising area in
which the groundwater can be used for development (well site key map together with
recommendations for a production plan is provided). The use of the AMT and the CSMT methods
for exploration and detection the water-bearing formations in the area produced reasonable results.
1D inversion of MT data help to recognize and delineate the subsurface freshwater reservoir which
has resistivity ranging from 6-100 Ohm-m. The TEM method shows the existence of two to three
geoelectrical layers in the shallow subsurface medium. These layers are sand with gravel, clay beds
intercalated with sand lenses and fractured limestone, sand and marl deposits.
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Abstract: In the present paper we introduce a new method involving the control source
electromagnetic induction to solve several complex geophysical near surface problems. The
technique implies a source generator of mutlifrequency electromagnetic field, a magnetic sensor,
and a receiver. Within the technique. electromagnetic field, with constant frequency, is injected into
the ground from transmission point, the receiver is switched to receive the same frequency at
receiving points aligned into variable systems of observations proper to the objectives of the work
[1-5]. Data processing is constructed providing the average distribution of the geoelectric
parameters inside a medium layered half space proper to the planshet's design [6]. The technique
has employed to solve several complicated geophysical problems, such as work in electromagnetic-
noisy areas and urban, mines and mega caves, deep archaeological foundations, site stability and
monitoring, inspection of heavy duty roads, in addition to many other applications. in this paper,
results of some complicated cases will be introduced.

Nowadays geophysics is getting more interacted with the life real needs and problems and
became essential to be used for investigating, observing, and monitoring of several complex tasks.
The CSEM planshet is a new technique developed by the Federal Institute of Geophysics UB RAS
by Chelovechkov [1-5,7-8] to fulfill the urgent requirements to solve some complex problems. It
attains its significance to the geophysical problem from the capability of the analytical screening and
mapping of the rock massive structures with many levels of information layers inside the investigated
medium layered half space. Details about the technique, systems of observations, and some
processing tasks is given in [6]. In the present paper, some of the investigated cases will be
introduced.

Case 1: Deep Romans in East Alexandria. In which the investigation had been conducted to reveal
the deep archaeological structures embedded in the soil thick filling debris. The filling thickness
prevented some other geophysical techniques to reach their normal depths of penetration such as
GPR, ER and TEM. With the CSEM it was possible to exceed 40 meters in high resolution, the
results lead to the finding of a big stone block comparable to an ancient round wall to the defunct
roman museum at an approximate depth of 9 meters.

Case 2: Mega Caves in Helwan, Egypt. The city of 15th of May at Helwan prefecture is
constructed over Al Mokkatam limestone plateau; it is characterized with several faults, joints, and
voids big enough to reach mega caves. Some of these features extend beneath the dwelling blocks
of the city. The technique has been employed to detect the extension of the caves and to investigate
the geotechnical situation at Quarter 14 of the city.

Case 3: Research in Old Alexandria. Alexandrian, second capital of Egypt or bride of the
Mediterranean, is a city of special cultural mixture representing almost all periods. The boundaries
and artifact's content of Old Alexandria interests a wide slice of the archaeo-geophysicists allover
the world. The site nature makes it definitely hard to conduct errorless geophysical survey with the
classic tools for archaeological prospecting. The reasons for that are; 1) the salty soil thick cover of
the filling (> 20 meters in some places) produced of digging Al Farkha canal, 2) the crowded
narrow streets with sanitary, drinking water, and cables networks, 3) the high buildings with many
electromagnetic noise resources, and 4) the uncountable numbers of population and cars. The
CSEM planshet techniques has been proven in the two most complicated stations; EI Nabi Daniel
Street and shore sea strand. Many valued results could be read in the sections and graphs.

Case 4: Red Sea Hot Springs, Sinai. The validity of the Planshet CSEM technique has been proven
in two complicated sites in Sinai; Hammam Faraon and Abu Swiera hot springs. In the first site, the
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possible place for conducting a survey is 8 meters width-street enclosed between the mountain from
a side and the sea from the other side In the second site, the Planshet CSEM survey has been
conducted around the thermal sources outlet using a special system of observation in which, the
sources of excitation has been located on a middle profile between two receiving profiles forming
an area planshet.
In this paper we tried to summarize the applications in which the Planshet CSEM techniques has
been proven. The technique has been applied to many other cases such as the mines, platinum
placers, foundation stability and monitoring, and massive structures, cracks existence and density,
and sliding places.
The system utilizes multi (constant per Planshet) frequency providing information about the
comparable depths, then the tolerant system of observation which vary in different ways to give
different planshet's designs, the technique of processing the collected data can be oriented to
achieve different goals. The aimed objectives of the given case studies had been, in most cases,
achieved.

CONCLUSION
The Planshet CSEM was developed to fulfill the demand of an enhanced geophysical technique,
device, and precise mathematical interpretation techniques to map and monitor the high
complicated geological mediums, and to determine the structural factors and criteria of the rock
massif in the subsurface. The field observation and the way of interpretation make the new
technology differ from other known earlier methods of field raying or tomography.
The 2D planshet medium can be developed into the research of 3D geoelectric medium based on
interpreting the alternating electromagnetic field in the frame of a block-layered isotropic medium
with inclusion over three stages [1,7]; in the first stage, the geoelectric parameters of the horizontal
block-layered medium, which includes the heterogeneities, are defined, in the second stage, a
geometrical model of the different local heterogeneities or groups inside the block-layered medium
is constructed based on the local geoelectrical heterogeneities produced from the first stage after
filtering the anomalous fields plunged in the medium, while in the third stage, the surfaces of the
searched heterogeneities could be calculated in account of the physical parameters of the anomalous
objects.
The technique has been tested in several difficult situations, where the chance for other geophysical
techniques is limited; among these situations are the survey inside a productive magnetite mine, the
survey on heavy duty roads, survey in places with electromagnetic noise resources, and survey
between dwelling blocks.
A next phase of development is under research to enhance the near surface objectives (0 to 10
meters) and mishmash tomography.
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PaccmarpuBaercss TpexmepHas CTpyKTypHas oOparHas 3ajadya TIpaBUMETPUU O
BOCCTAHOBJICHUM IIOBEPXHOCTU pasfeila CpeA IO U3BECTHOMY CKAuKy IUIOTHOCTH H
IPABUTALMOHHOMY I10JIK0, U3BMEPEHHOMY Ha HEKOTOPOM ILIOIIAAN 36MHOU IIOBEPXHOCTH.

IIpeanosaraercsi, 4T0 HUYKHEE IOJIYIPOCTPAHCTBO COCTOMUT M3 ABYX CIIOEB IOCTOSHHOMU
IUIOTHOCTH, pa3ejeHHbIX HCKOMOH NOBEpXHOCThIO S. IIOBEpXHOCTH HMMEET TOPU3OHTAIBHYIO

ACUMITOTUYECKYIO IIOCKOCTh Z = H, | ‘I‘i‘m |Z(X, y)—-H | =0 u rpaBUTAIlMOHHAS AaHOMAJIHsSI CO3/IaHa
X|,|y|—>o0

OTKJIOHEHHEM TIOBEPXHOCTH S OT IUIOCKOCTH H. B 1exaproBoil cucreMe KOOpAMHAT (DyHKIHS
z=12(X,Yy), omHChIBalOIIas HMCKOMYIO MOBEPXHOCTh pa3jela, YIOBJICTBOPSECT HEIMHCHHOMY

JIBYMEPHOMY MHTETpajbHOMY ypaBHeHUIO PpearonbpMma neporo poza [1]

w0 o 1 )
Az]=fAc - dx'dy’ =Ag(x,y’,0), (1)
_'[3_'[3 [(X—X’)2+(y_y1)2+zz(x,, y,)j|% [(X_X,)Z +(y—y')2+H2j|%

rae f —TpaBUTALIMOHHAs TOCTOSIHHAs, AO —CKAauOK IUIOTHOCTM Ha TpaHULE pasjaena cpef,

Ag(X',y',0) — aHOMaIbHOE TPABUTAI[HOHHOE TIOJIE.

3amaua TpaBUMETPHH SIBJISETCS CYIICCTBEHHO HEKOPPEKTHOM 3ajadyeid, pelieHue KOTOPOM
001ajaeT CUIIbHOM YyBCTBUTEIBLHOCTBIO K MOTPEHTHOCTH MPABOW YaCTH, TOJIYYCHHON B PE3yJIbTATE
W3MEPECHUH M MTPEIBAPUTEIILHON 00pa0OTKU Te0PH3HUECKUX TaHHBIX.

ITocne puckperusanuu ypaBHenus (1) Ha cetke n=MxN, roe 3amana AJ, u
amMMpPOKCHMAIIMH HWHTErPAJIbHOTO OIleparopa MO KBaJApaTypHbIM (OpMYylTaM HMEEM CHUCTEMY
HEJIMHEUHBIX YPaBHEHUN

Alz]=F, 2

B paGore [2] mns pemieHHs CHCTEMbI HEIMHEHHBIX ypaBHEHHH (2) MCCIETYIOTCS METOIbI
IPaJIMCHTHOTO TUMA C IOTIOJTHUTEILHBIMA MHOKUTEISIMU ¥

JMHEeapu30BaHHBIN MeTo/1 Hauckopeiiniero ciycka (JIMHC)
[x@y (A -F)
(AN @) (A -F)|

k+1 k

7" =12 —7/‘

A (z)" (A(Z")-F) 3)

Y JINHEApU30BaHHBIA METO MUHUMAaNTbHOU omrOku (JIMMO)
_,le-Ff
|8 (A -F)

JIns pemieHus: CUCTEMbl HEJNWHEWHBIX ypaBHEHHMH (2) TakkKe MOXKHO HCIIOIb30BATh
UTEPAaTUBHO peryispu3oBaHHbIi MeToa Herorona (MH) [3]

k+1 k

7% = 7 A2 (A(ZY)-F). (4)

Zk+1:Zk—|:A,:(Zk)+ak|:|_1|:A](Zk)+ak2k—Fn:| (5)
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u MoaubuimpoBanneiii Metosr Hetorona (MMH) [4], koraa npousBoiHas onepaTopa BEIYUCISCTCS
B (DMKCHPOBAaHHOM TOUYKE

zk”:zk—[AQ(z°)+akl]7l[ﬁm(zk)+akzk—Fn]. (6)

B kauectBe HauanpHOTO TpuOMMKeHus MMH wucnonb3yeTcs rOpH30HTANbHAS aCHUMIITOTHYECKast
miockocth z° =H.

k
3necs A(z)m F, — xoHeuHOoMepHBIE aNIpPOKCHMAIMM HMHTErPAIBHOrO OIEPATOpPA H
npaBoii yactu ypasHenus (1), A (z*)-npomssommas omepatopa A B Touke Z°, | —emuHMUHBIH

OIIEpaTop, ¢, — IOCIEN0BATEIILHOCT IIOJIOXKUTEIbHBIX [1aAPAMETPOB DPETyIApU3aluu, K— HOMEp

WTEpALUU.

Ha xaxgom mare merona HeiotoHa u momudummpoBanHoro mMetoga HeioToHa ouepenHoe

k+1

npubmmkenne Z° - Haxogutcs mytem pemienust CJIAY

kok+l _ =k
A" =F (7)
npsiIMbIM MeToJIoM ["aycca, 6;10uHBIM MeTo0M KBaapaTHoro kopHs (MKK) nubo urepannoHHbIME
IpaJMCHTHBIMU METOIaMU MUHUMaIIbHOH ook (MMO) u MuHMMaIbHBIX HeBsi30k (MMH).
YcinoBreM OCTaHOBa UTEPAIMOHHBIX MporeccoB (3) — (6) sBIsSeTCS BBHIMOJIHEHHE YCIOBHS
|A.z=F,||/|F.| <& npu nexoTopom &> 0.

B nanHoii pabote Ha ocHOBe MeTo0B (3) — (6) s perieHus 3amaud TPAaBUMETPUU B
IBYXCIOWHOW cpere pa3paboTaHbl dS(PQEKTHBHBIE MNapalIeIbHBIE AJTOPUTMBI, UYUCIEHHO
peann30BaHHbIEC Ha szpax cynepkommbiorepa «Ypan» UMM YpO PAH ¢ nomouipio TeXHOIOTUM
OpenMP u OpenCL (C ucronb30BaHuEM BEKTOPHBIX MHCTPYKIHHA IS sLIEp TPoLieccopa).

Ha mpumepe MonenbHOH 3a1audl rpaBUMETPHU «TOpPKa W KBaJpaTHas TOpKa» IMPOBEICHO
CpaBHEHHE UTEPALIMOHHBIX METOJIOB IO CKOPOCTH CXOJMMOCTH U BPEMEHH CUETa.

PaccmarpuBaercst MoJienbHas 3aja4a TPAaBUMETPHU C U3BECTHBIM TOYHBIM pEIICHUEM

z(x,y) =12 - 66—(x/15—4.5)18—(y/15—3.5)18 _ 4e—(x/10—2.5)2_(y/10_3)2.

JIns TOBepXHOCTH OBUIM BBIOpaHBI CIEIYIOUIME TapaMmeTpbl.  TJIyOMHA 3ajeraHus
nosepxuocT H =12 kM, ckauok miotHoctH Ao =0.3 r/em®, oGmacte S: 90x100 xn?, maru

cetki AX=Ay =1.0 km. T'paBurammonnas nocrosaaas f = 6.67-10° cm®/r-c?

[MpaBast wacte G(X,y) ypaBHenus (1) Haxoawnach MyTeM pELICHUS NPSIMOW 3aTaduu
rpaBuMeTpur. [locie AMCKpeTH3allMd WCXOJAHOTO YPAaBHEHHMS Ha CETKE M allpOKCHMAIH
MHTErpanbHOro onepatopa nmeem Marpuny A'(z*)" pasmeproct 9000 x 9000.

Ha puc. 1 uzo0paxena MojienbHas NOBEPXHOCTh «TOpKa M KBaJpaTHas TOpKa», HA puUC. 2
N300paKEHO CHHTETHYECKOE TI0JIE OT MOJEIbHON IOBEPXHOCTH C PAaBHOMEPHBIM LIYMOM C
amrutynoi 5%. Ha puc. 3 uzoOpakeHa BOCCTaHOBIEHHas moBepxHOCTh MeroaoMm JIMHC nmns
Mojienu 6e3 11yma, Ha puc. 4 — BOCCTAaHOBJICHHAS IOBEPXHOCTH IS MOJIENU C ITYMOM.

6
! 6,5
=
F-7.5

-8
8,5
-9
-9,5
~-10
~-10,5
-1
--11,5
=12

Z \(M;\O\

Puc. 1. MoaenbHasi mOBEpXHOCTb Puc. 2. [lone ¢ mrymoM OT MOJeNbHON TOBEPXHOCTH
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Puc. 3. BoccranoBit. moBepxHoCcTh (03 mryma) Puc. 4. BoccTaHOBII. MOBEPXHOCTH (C IIyMOM)

B Tabn. 1 mpuBomATcs pe3yibTaThl PEUICHUS MOJCIBHOU 3aJauu TPAaBUMETPUU TOPKa H
KBaJpaTHas TrOpKa». METOJ pELIEHUs, OTHOCHUTENIbHAs HOpMa HEBSI3KU & = ||Anz— F, ||/|| F, ||
ZHP‘

OTHOCHTEJIbHAS TOTPEIIHOCTh PEIIeHUsT O = HZT - ‘/ HZTH qucio urepauuii N, Bpemst cyera T,

Ha OJIHOM MpOLECCOpe, BpeMs cdyera T, Ha 8 sapax CYNEepKOMIbIOTEpa «YpaH» C MOMOLIBIO
texHosornn OpenMP 1 Bpems cuera T, Ha 8 sapax «Ypau» ¢ nomolpio Textosnorun OpenCL.

Tab6smuna 1. Pe3ynpTaThl pelieHus MOAEIbHON 3aJa4l I'PaBUMETPUH

3aoaua 6e3 wyma g o N T, T, T,
JIMMO 0.0049 0.0248 90 5 MuH. 1 mun. 50 cexk.
JIMHC 0.0049 0.032 200 13 muH. 3 MUH. 2 MUH.

MMH (+MMO) 0.003 0.042 1 (+109) 43 cex. 18 cek. 10 cexk.
MH (+MMH) 0.005 0.035 3 (+8) 12 cek 8 cek. 4 cex.

3aoaua c wymom e o N T, T, T,
JIMMO 0.006 0.05 70 4 MuH. 1 mumn. 40 cex.
JIMHC 0.0052 0.035 122 8 MuH. 2 MUH. 1 mMumH.

MMH (+MMO) 0.0018 0.078 9 (+100) 1 mMuH. 20 cexk. 13 cek.
MH (+MMH) 0.005 0.068 3 (+22) 18 cexk. 12 cexk. 5 cek.

Ilo pe3ynpTaTaM pelieHUs MOJENBHOM 3a/aud IPAaBUMETPUHU «C YIJIaMH» MOKHO CJIENaTh
BbIBOJI, uTO rpaaueHTHsie Metoasl JIMHC u JIMMO sBnsitoTcst 60j1ee TOUYHBIMH U YCTOMUUBBIMU K
mymy, yem meroast MH u MMH. Meroasl tuna HeioToHa 10 HEKOTOPOro & CXOMASTCS OYEHb
OBICTPO (32 HECKOJIBKO UTEPAIHii), 3aTEM CXOJUMOCTh CYIECTBEHHO 3aMEIIISICTCS.

PacnapaiuienuBaHue anropuTMOB M pealu3alivsg MX Ha MHOTOSAEPHBIX IPOLIECCOpaxX C
nomo1npto TexHosoruit OpenMP u OpenCL ymeHbIIaeT BpeMs cuera B HECKOJIBKO pas3.

PaGora BemmosHeHa mnpu (uHaHCcOBOW momuepxkke YpO PAH B pamkax mporpamm
[Mpesumguyma PAH Ne 15 (mpoekr 12-11-1-1023) u Ne 18 (mpoekt 12-11-15-2019).
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YK 550.3
ONTUMMU3ALMSA PEINIEHU OBPATHBIX TEO®U3NYECKHNX 3AIAY
METOJO0M NPUBJINKEHUN MAPABOJIMYECKOM BEPIIIMHBI
B.A. Aumonoe
Antonov@igduran.ru
Hnemumym eopnoeo oena YpO PAH, 2. Examepunbype, Poccus

Optimization of solutions of problems of quantitative interpretation of potential geophysical
fields by method of approximations of parabolic top is considered. The method essence is stated.
Efficiency of its application on numerical experiment of interpretation of gravitational field of
extended ore is shown.

Pemrenus 3amau KOJMYECTBEHHON MHTEPIPETAMH MOTEHIUAIBHBIX Me0(U3NYECKUX MOJIeH,
CO3JaHHbIX YCIWHCHHBIMHU, OAHOPOJHBIMH K 3aMKHYTBIMHU T'COJIOTUYCCKUMHU TCJIAMH, YaCTO
MMOJIy4JaroT HOI[60p0M X MOACIIH. I[JI}I O6€CH€‘1€HI/ISI CAUHCTBCHHOCTU PCUICHUA MOACIIU CTPOAT C
Y4€TOM allpuopu M3BCCTHBIX HCKOTOPBIX CBGIIGHI/II\/'I O BIUAIOIIHNX (I)aKTOan — I[IpUYrHaxX
BO3HUKHOBEHHU 10JiA. COrjaacHO MPUHLMITY CYNEPHO3ULUU I0JI€ alllIPOKCHUMUPYETCS B MOJEINAX
MOJIMHOMOM  (PAaKTOPHBIX (YHKIMHA, BBIPAKAIOMIMX BIUSHUE PETHOHAIBHOW KOMIIOHEHTHI U
reOJIOTMYECKUX Tl C 3JeMEHTapHOW (opMoH, Hampumep, IIapoM, LWIMHIPOM, YCTYIOM.
CocTaBJIEHHBIA TaKUM 06pa30M MOJIMHOM IO ITpU3HAKaM PACIIPOCTPAHCHUA YKA3aAHHBIX KOMIIOHCHT
MOJIL BBIpaXKaeT €ro HeNMHEHHYI (yHKIHMOHAIBbHO-(pakTOpHYyI0 perpeccuto. OOpaTHas 3agaua
CBOJMTCS K OMNPEIEICHUIO ONTHUMAJbHBIX 3HAUCHWH mnapameTpoB & (aKTOPHBIX (QYHKIMIA,
KOHKPCTUZHUPYIOIIUX PACHPCACICHUC PCTUOHAJIBHOI'O (I)OHa U KOOPAWHATHI 3aJICTaHUuA TEJI C
MOICIbHBIMHU (I)OpMaMI/I. KpI/ITepI/IeM ONTUMH3AUN ABJIAACTCA IMPUBCACHUC K MAKCUMYMY

(2’;)

perpeccHoHHOr0  Kod(¢uineHTa AeTepMUHAIIMA  R?2 E)=1- raie D - nucnepcus

W3MEPCHHBIX 3HaueHHH HaOromaeMoro mosst (y3J0BBIX TOYCK); D(aj) - TUCTepCUsl OTKIOHEHUI
perpeccuu OT Y3JI0BbIX TOYEK.

OnTtuMu3anusi COBOKYITHOCTH YHOMSHYTHIX (DYHKIIMOHAJBbHBIX IMApaMeTPOB H3BECTHBIMHU
YHCICHHBIMH METOAaMH (IPSIMOTO TOWCKA, TPAJUEHTHBIMH, BTOPOTO MOPSJKA) 3aTPyAHEHA WIIN
BOBCE HEBOSMOXKHA H3-33 9YaCTO IONYYaeMOH CIOXKHOH Tomomormu (yrkmum R(E) u, Kak
CIIC/ICTBUE, HEYCTOMYMBOW CXOIUMOCTH aJIrOPUTMOB MTEPALMOHHBIX pacyeToB. MccienoBaHus
[1, 2], npoBenenHbie B wuHCTUTyTe TropHOro aena YpO PAH, nokasanu, 4To ONTUMM3aLUs
OTHOCHUTEIIBHO CJIOKHBIX MHOTOMEPHBIX (DYHKIUH HAAEKHO U TPOCTO IPOBOIMUTCS METOJIOM
npubmmKeHnid napadosnmueckord Bepmuabl (MIIIB), pa3paboranHbiM aBTOpoM. CyTh MeTOZA
COCTOUT B MTEPALIMOHHOM IOCJIEIOBATEIbHOM MPHOIMKEHUH PACUeTHOIO MAaKCUMyMa BOTHYTOM

napaboIMIecKolt (yHKIMH, TIOCTPOCHHOM 10 OTIOPHBIM TOYKAM MHOXKECTBA R? (&), K MAKCUMyMY
2 2
R°u. Ilockombky koadduiment R*(&j) paccuntsiBaeTcs MeronoM HauMmeHbIINX kBaapatoB (MHK)

0 3HAYEHUSAM (PYHKIIMOHAJIBHBIX MAPAMETPOB U U3MEPEHHSIM TOJISI B Y3JOBBIX TOUKaX, TO B UTOTE
UTEPALUOHHBIX HPUOIMKEHUI ONpEeenseTcss COBOKYNHOCTh &j, NpH KOTOpoH KO3 GULUEHT

JCTEpMUHAIIUH  R2 & J.) HauOOJIBIINI M3 BCEX  BO3MOXHBIX, oleHnBaeMeix MHK. Meron

peanr3yeTcs B CICAYIOMIEM IIOPSAKE.
Ecmu  pacnpenencHue Rz(g J.) MMECT JBa MJIM HCCKOJIBKO MAaKCMMYyMOB, TO

ontuMu3anvonHsle pacdyersl MIIIIB  mpoBoAsATCs B IOCIENOBATENBHO YEPEAYIOLIUXCS €ro
OPTOTOHAIBHBIX CEUCHHSX, COACPXKAIMX merneBbie dynkumn R%,. Kaxaoe ceuenume oGpasyercs
myTeM 3ajaHus B GyHKIEH R? GUKCHPOBAHHBIX 3HAYCHHMII HEKOTOPHIM MapaMeTpaM & Tak, 4TO B
OCTABIIMXCS KOOPMHATAX &1, &...&j..Em OHO COAEPIKUT €IUHCTBEHHBIN IN100ANBHBIH MaKCUMyM
R%,. B BBIIENEHHOM CeUeHHH R’, MOJOXKCHHE TAKOrO MAKCHMyMa CHaaNa NOKATH3YETCH. B
o0lacTi JIOKalIM3alMM YCTaHABIMBAIOTCS CTapTOBbIE KOOPAUHATHI & U R%,, OMOPHBIX TOYEK,
KOTOpbIe Hcnob3yroTess B MIIIIB. 31eck uHaeke j mpoberaer 3HaueHust oT 1 10 M - KoJIM4YeCcTBa
ONTUMU3UPYEMBIX B CEUCHHM IapaMeTpoB, a HMHAEKC V 0003HAYaeT HOMEp ONOPHOH TOYKH U

18



Cenbmble HayuHble uTeHus namaTu FO.I1. ByaameBuua, 2013 r.

m3mensiercs oT 1 mo 2m+1. HauanbHoe moONOKEHUE TMEPBOM OMOPHOM TOYKHU OMPEACITSETCS
NpUOIMKEHHBIM aHAIUTHYECKUM PAacueTOM, YUUTHIBAIOIIUM TEOPETUUECKOE TPEACTaBICHUE MO U
XapaKTepHbIe 0COOCHHOCTH PACIIPEICIICHHS Y3IIOBBIX TOYEK.

CraproBOo€ IOJIOXKEHHE OCTalbHBIX OINOPHBIX TOYEK € HOMepamu Vv >1 3amaercs 1o
CIIEYIOIEMY IPaBWJy OpPTOTOHAJIBHOTO BOTHYTOIO IEPEKPECTKA, KOTOPOE COCTOUT H3 ABYX
gacted. LleHTpoM mepekpecTka CUMTaeM II0JIOKEHUE IIEPBOM ONOPHOM TOYKU. ApPrymMEHTHI
OMOPHBIX TOYEK ¢ HOMepamu 1<v< 2] m 2j+1<v < 2m+1 ToXe NMPHUHUMAIOT 3HAYEHUs LIEHTpA.
OmnopHble TOYKH ¢ HOMepaMu 2] U 2] +1 yCTaHaBIUBAIOTCS 1O OCH j-apryMeHTa CO CMEIICHUEM

OTHOCHTEJILHO LIEHTPA B JIBYX IIPOTUBOIIOJIOKHBIX HAIIPABICHUAX Ha UHTEPBA ‘A E”‘ . Koopaunatst

TOYEK C HOMEpaMM V =2 BBIPAkKalOTCA pasHOCThIO &;, =& —‘AE”-, a c HoMepamMu Vv = 2j+1,
COOTBETCTBEHHO, CYMMOW Z;jv=e§j1+‘AZ:,j‘. IIpuMepsl yCTaHOBKM OIIOPHBIX TOYEK II0 JaHHOMY

IpaBWly IOKa3aHbl Ha puc.l. HHTepBan ‘AZ;J-‘ B CTapTOBOM COCTOSIHHM OIIOPHBIX TOYEK

HAa3HaA4YacTCA HAMHOT'O MCHBIIIC, YEM pa3sMEp obnactu JJOKaJIMU3a1luu.

T e am O e ot N
Rzoz T o T o i 02 T R201 i 2. Rz 3 C< 0 07/ E_,z
? ol I 2] : ' o R : - éZSE 0 Rz 4 1R205 R%:s
& & E_:a g SERS . Ste E-’lle” S - / €1, £21| Ea —=
Cos E i1, &2 €10, C2<0 RzO/A’

| R206
Puc.1. Ycranoska onopubix Touek B MIIIIB no npaBuity nepekpecTka Ha cTaausx cTapra,
IIepeHoca U KOppekuu urepanuil. Konuuectso 0fHOBpEMEHHO ONITUMU3UPYEMBIX [1aPAMETPOB:

a-1 6-2, 6-3.

2 .
Pacnpenenenue R, B nokann3oBaHHOH o0imacTh MakcuMyma amrnpokcumupyercs B MIIIIB
creaytoniei napadonuyecko pynkiueit P(E)

m 2 .
PE)=C +JZ=:1(C11§1+C12§J)
HasBaHue BOTHYTOTO OPTOTOHAIBLHOTO MEPEKPECTKA OMOPHBIX TOYEK OTPaKaeT TO 0OCTOATETHCTBO,
YTO CEUYEHHs MapaboSuUecKoil (BYHKIMH, TPOBEACHHBIC BIOJIb KaXIOTO j-apryMEeHTa Yepe3 IEHTP
» it §j1+‘A§j , TIPEJICTABIISIOT

co0oii BorHyTble mapadosibl. OHM PacHoI0kKEeHbI BO B3aUMHO MEPIEHIUKYISIPHBIX MIIOCKOCTAX U B
ycnoBusix HepaBeHCTB Cjp<0 umeror o6uwmii Mmakcumym Psp.

Bo3MoxxHO, uTO TOmOJNOTHs (DyHKIMU R’ B obmactu [IEPEKPECTKA HMMEET OCJIOKHEHMS,
HaIpUMep, JIOKAJIbHBIA CKIOH, rneperud. [1o3ToMy 0IHO MM HECKOJIBKO YIOMSIHYTHIX HEPaBEHCTB
MOT'YT HE BBIIOJIHATHCS. Torga 1o ciuemyrooleld BTOPOHM 4acTH MPaBWIa IEPEKPECTKa MPOBOAUTCS
ero pacuIMpeHue BJOJb aPTyMEHTOB TaKuX HepaBeHCTB. OMNOpHBIC TOYKH ¢ HOMepamu 2j u 2j+1
CMEIIAIOTCS MO [-apryMEHTY OTHOCHTEJILHO IICHTpa IEPEeKpPecTKa B HAlpaBICHHH, KOTOPOE

HEePEKPECTKA MO TPEM OMOPHBIM TOYKAM C KOOPAMHATAMHU &y —‘Agi

L D2
omnpezAenseTcss MO pe3ysibTaTaM CpaBHEHMs 3HadeHHM R°, B Toukax gjl—‘Aﬁj‘ u §j1+‘A§j‘.

Pacmupenue mpoBOJAMTCS MO HANMPABICHUIO, MPOXOAALIEMY OT ILEHTpa 4Yepe3 TOUKY, MMEIOLIYIO
Hambonpmee 3Hauenne R%,. Touku ¢ HOMepamu 2j U 2j+1 mepeMemaoTcss ¢ yCTAHOBICHHBIM
MHTEPBAJIOM MOOYEPETHO IIAaraMu C ONEepeKEHUEM, T.€. «IepeNphIrMBaHUEM» OJHOH TOYKH yepe3
apyryto. Ilpomenypa pacumpeHHsl NPeKpalaeTcss IMOcie BOCCTAHOBJICHUS COOTBETCTBYIOLIMX
HepaBeHCTB Cp<O wuiaM npu JOCTMKEHHUM KOOPAMHAT IIEPEMEINAIOIIUXCS OHNOPHBIX TOUYEK
NpeIebHO JOMYCTUMBIX 3HAYCHUH.

[Tocne ycTaHOBKM OMOPHBIX TOYEK MO M3JI0OKEHHOMY IMPABHIY MPOBOISTCS UTEPALH BCETO
NepeKpecTKa WM OTICIBHBIX €r0 TOUEK B CIEAYIOLIeM mopsake. Mcnob3ys KOOpIuHaThl OOPHBIX
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TOUYEK IIEPEKPecTKa, paccuuThiBaoT 1o (opmyne &;, =—C;/2C;, COBOKYyNHOCTh BEPIIMHHBIX

apryMeHTOB &j, mapabonauueckoil GpyHkuuu. 3areM, MpUHUMAas UX 3HAYECHUS M PACCUUTAHHOE C UX
Y4eTOM 3HaueHue (QyHKIHH RZOB(ijB), IIOJIy4aroT HOBYIO ONMOpHYIO TouKy. Ilocie aToro necrByror
0 CJIEAYIOIIMM BapHaHTaM.

1. IlonydyeHo 3HaueHue R%,, MCHbIIE HAHMEHbIIEro RZ,, B onopHbIX Toukax. Cpeau ux
HOMEpOB Vv>1 HaWJeTCcsl TOYKAa C HAWOOJBITUM OTCUETOM R2Ov A OOJIBIIIAM, YEM OTCUET R201 B
LIEHTpe. DTOW TOUYKE MPUCBAUBAETCSl HOMEP 1 M BOKpPYr HEEe CTPOUTCS HOBBIM NEPEKPECTOK, T.€. OH

2 o
IIEPEHOCUTCSL Ha UHTEPBAI ‘A E”‘ B HampasieHuH pocta R%,. IIpu oTCyTcTBUM OTMEUYEHHON TOUKH

MHTEPBAJIbI ‘A Z;,j‘ NIEPEKpeCcTKa M3MEHAIOT. Eciau mocie 3Toro To4ka NEepeHoca He HalleHa, TO

UTEpallud B JAaHHOM CEYEHHH MPOIYCKAIOTCS, TOCKOJIbKY IICHTpATbHAS TOYKA SIBISICTCS
IPUOIHKEHHBIM MaKCHMYMOM R,

2. Tlomyueno 3HaveHue R%,, Gonbure HamGompurero R%, B onopHbIx Toukax. [lepekpectok
HEPEeHOCUTCS Ha MECTO HOBOM ONOPHOI TOYKM C KOOpIUHATAMH Cjs, R%,. Droif TOUKe
npucBanBaeTcsi HoMep oauH. OCTalbHBIE OMOPHBIE TOYKU YCTAHABIMBAIOTCS BOKPYT HEe MO yiKe
YIOMSIHYTOMY MPaBHITy IEPEKPECTKA.

3. IlomyueHo 3Ha4YeHHE R2OB 0oJIbllIe HAUMEHBIIETO U MEHBIIE HAaHOOJBIIEr0 3HAYECHUS RZOv B
OTIOPHBIX TOYKax. Torga MPOBOASIT WUTEPAllMUd OMOPHBIX TOYEK. 3aMEHSIOT OJHY W3 HUX C
HAMMEHBIINM 3HaucHHeM R%,, Ha HOBYIO OIIOPHYIO TOUKY.

B xaxmom crienyromieM K-mpuOMMKEHWH, HUCHOJB3ysSd KOOPAWHATBHI OMOPHBIX TOYEK,
PacCUUTHIBAIOT KOOPAMHATHI BHOBL 00pa30BaHHOM TOUKU &y =—Cy/2C;y n RZOBk(éj‘J jsk). B

npubmmKeHnn K +1 NeliCTBYIOT MO CIICAYIOUIHM YCIOBHSIM.

Eciu 3Hauenue R, IIPEBBIIIACT R,y XOTs OBI OTHOI OIIOPHOM TOYKHU Y BBIIIOJIHEHBI BCE UIIU
qacTh cooTHoIeHHH Cjpk<O, TO 3aMEHSIOT OJHY U3 ONOPHBIX TOUYEK C HAMMEHBIINM 3HAUYCHUEM R%,
Ha HOBYIO OIIOPHYIO TOYKY. Ecin R%y, 1O 3HAYCHHUIO PaBHO WJIM MEHBIIE HAUMEHBILETO U3 R%,, mtu
HapymieHsl Bce HepaBeHcTBa Cjp<0, TO wuTepanuu BPEMEHHO OCTaHABIMBAIOT M IPOBOJT
KOPPEKLHIO KOOPAUHAT ONIOPHBIX TOYEK.

Koppekuust 3akiro4aercss B yCTaHOBKE OIOPHBIX TOUYEK IO TOMY 7K€ IPABUIy OPTOTOHAJIILHOTO
BOTHYTOTO IEpeKpecTka (C BO3MOXKHBIM €ro PacIIUPEHHEM), HO C Y4ETOM JIOCTUTHYTOTO Ha
MOMEHT KOPPEKIMH HUTEpPAlMOHHOTO MNpHOMMKeHus. Tenmepp LEHTPOM MEPeKpecTKa CUUTAETCS
eIMHCTBEHHAsl COXpaHseMas OIOpHas TOYKa, HMeolas HauOoJblee 3HAuYCHHE R%w. Eif
npucBauBaeTcsi HoMep v=1. OcTajbHbIE ONOPHBIE TOYKU CMEIIAIOTCSI OTHOCUTENIBHO LIEHTpa Ha

HMHTEpBAI ‘A Ei|, KOTOpBIH B JaHHOM CiIy4ae IIPEACTABJIAETCA YCPEAHEHHBIM TEKYIIMM

OTKJIOHEHHEM KoJindecTBa 2M+1=t onopHbIX Touek K-MpHOIMKEHHS OT UX B3BELICHHOTO IIEHTPA
1 v=t

‘AEJ jk‘ = *Z ‘E_ajvk - EJjuk
t v=1

rie & juk — J-KOOpMHAaTa B3BEIICHHOTO IIEHTPA OMOPHBIX TOYCK, ONpe/eiieMasl BhIPAKCHUEM

2 2 2

£ = € Rik + &k Roc + oo + &1 Rek
juk — 2 2 2
Rix + Ry + ... +R{

Koppekuusi ONOpHBIX TOYEK CUMTAETCSl 3aBEPLICHHOM, KOIZA BOCCTaHABIMBAIOTCS BCE
HepaBeHCTBa (j<0. [lanee, wurepanuu BO30OHOBISAIOTCA [0 YKAa3aHHOMY BBILIE IMOPAIKY
[IEPEMELICHUSI BCEr0 OPTOrOHAJIBHOIO IMEPEKPECTKAa WIM OTHENbHBIX OIOPHBIX TOYEK B
HaNpaBJICHUHU JalbHEUIIEro pocTa ko3 puumeHTa qeTepMUHALIUY.

JloCTaTOuHOCTh NPUOIMKEHUH BHYTPU CEUCHMS OLICHMBAETCS CPAaBHEHHUEM CKOJb YIOJIHO
MaJoi JOMYCTHMMOHM, TO €CTh 3aJaHHOHM, NPOCTOW CpelHEHl OTHOCHUTENBHOW MOTPEIIHOCTH O
OIIpEJIETICHUs BEPIIMHHBIX TApaMeTPOB &j C €€ YaCTHBIM 3HAUCHUEM Ojk, PACCUUTAHHBIM B TEKYILIEM
NpUOJIMKEHUHN IJIS KaKJI0T0 apryMeHTa 1o ¢popmysie
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t
5 ‘;1‘E.>j(k+l)_ E.>jkv
ik =

t‘é’ J(k + 1)‘

rae & jkv — 3Ha4eHHWE j—apryMeHTa ONMOpHOH Vv-Touku B K-mpubmmxenun; &jx+1) — 3HAUCHHE J—
apryMeHTa HOBOH OIIOPHOW TOYKHM, paccuMTaHHOW s npuOmmwkenus k+1. TlpuOmmwkenus c
HOMEpOM K CYHMTAIOTCSl JOCTATOYHBIMH, €CIIU JIJIsl KaXKJOT0 apryMEHTa BBIMIOJIHSIETCS HEPaBEHCTBO
5jk <9.

JlocTaTo4HOCTh YepeoBaHMsI CEUCHUH OIpeNeseTcs M0 CXOJAUMOCTH PACCUUTAHHBIX B HUX
napameTpoB &. CXOAMMOCTb OLEHMBAETCA 110 HECKOIBKUM IIOCIETHUM pE3yIbTaTaM pacdyeTros,
HOBTOPSIIOIUXCS. B OYEPEH, KOIJla B MOJIyYEHHBIX MasbIX HpupaiieHusx Aj, cOOTBETCTBYIOIUX
MOT'PELTHOCTH O, MOSABISAIOTCS pa3Hble anredpandecKue 3HaKH.

Meroauku ontumuszanuu MIITIB (M) o603Ha4arorces kosuuecTBoM onopHbix Touek (3T, 5T,
7T...) ¥ IPOCTaBJICHHBIM YEePE3 TUPE YUCIOM COOTBETCTBYIOIINX CCUCHUI R%.

D¢ ¢dexTuBHOCT, ONTUMHU3AIMKU OOpaTHBIX 3amay ¢ npumeHeHuemM MIIIIB nokaxem Ha

CIIEAYIOIIEM YHUCIEHHOM

12 ‘ HKCIIEPUMEHTE, coJiepKalieM

|| Ag MTan N MHTEPIIPETALIMIO T'PaBUTALMOHHOIO

A A 1OJIS, MCKYCCTBEHHO CO3/IaHHOTO

*1 A - YCJIOBHOM YaCThIO PETMOHAILHOTO

A

06 oA X doHa U M[ATHIO MPOTSHKEHHBIMU
A A AHOMAaJIHA A

04 A PYAHBIMH  TelaMH, HMEIOLIUMHU

A
e T A, dopMy mpH3M C  KBaApaTHBIM
“1Ty ==
patamioro powa T —=——_ ___ __ XM ceueHreM. COOTBETCTBYIOLIEE M0JIE
0 CHJIbl TSDKECTH 3aJaHO B TOYKAxX
0 100 200 300 400 500 600 700 800 900
50 npo¢us, pacnojI0KeHHOTO BKPECT
. HOHepe‘IHLIe CCUYCHUA (I)

100 nporsxensx pymsx ter | IPOCTHPAHUS PYAHBIX Ten. dDakrop

150 H BIMSIHUA Ha T0JI€ PErHOHAIBHOTO

a Xy, Ny .

200 Ao ¢oHa  BBIpAXXEH  SKCIIOHEHTOH.

250 ; [Tpuzmsl UMEIOT IO

1 2
w0 LM ‘ nonepeunoro cedyenus 1600 mM° u

n30bITOYHYI0  miuoTHocTs 1800
kr/M’. Ha puc. 2  mokasaHo
pacnojio)keHne B KoopaumHatax (X,
h) reompocTpaHCTBa MONMEPEYHBIX CEYCHUH MPHU3M U pacHpeieIeHHe PAaCUYETHBIX 3HAYCHUH MOJIS
CHJIBI TsDKEeCTH AQ B TOUKax npoduis X.

OOpartHas 3ajaya 3aKJO4YaeTcss B MoJ00pe Hambosee JTOCTOBEpHOW MOJENH, OObACHSIONIEH
aHoManuio. s OJHO3HAYHOCTH €€ pELIeHUs IpPHUMEM CleIyloliue cBeaeHus. PynHoe Teno
(HECKOJIBKO TEJ) UMEET He IUTACTOBYIO, a JIOKAIN30BaHHYIO 3aMKHYTYIO (hopmy. Tena o mioTHocTH
OJTHOPOJIHBIE U 110 CTPYKTYpE CIUIOIIHBIE (0e3 BHYTPEHHUX MOsIocTel). M30bITouHas IIIOTHOCTH T
OJIMHAKOBA U M3BECTHA.

Mogens pyaHBIX TNl HPEACTaBUM COBOKYMHOCTBIO OECKOHEYHO MPOTSKEHHBIX KPYrOBBIX
mnHApoB. Tornma perpeccust mosis CHIbl TSDKECTH Ha Npoduie X BhIpAKaeTcs MOJMHOMOM
(bakTOpHBIX QYHKIUN

Puc. 2. Pacripenenenus pyaHbIX Tel B TeonpocTpaHcTBe (a)
Y 3HAYCHUH MOJIS CUITBI TSDKECTH Ha mpodute (6).

i=n h.
BX 0i
Ag=Ae """+ A
2 (X = X1)% + hy;”

rie A1 — xodpounment; B - kxodpduLMEHT, XapaKTePU3YIOUUH KPUBHU3HY HM3MEHEHUS
peruonanbHoro ¢ona; A, =2GSc; G - rpaBUTAIlMOHHAS MOCTOSHHAS; S — miomans
MIOTIEPEYHOT0 CEUEHUS LMIMHAPA; O - U30bITOUHAS INIOTHOCTh PYIHOTO Tea.

Monenb paccuuTaHa B HECKOJIBKUX BapUAHTAX C Pa3HBIM KOJIUYECTBOM KPYTOBBIX IIHIIMHIPOB
n: 2, 3, 5, 7. Pe3ynbrarhl ONTUMHU3AIMU MOJICTH MMOKa3aHbl HAa puc. 3. Moaens N=2 paccuuTaHa 1o
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meroauke M3T-1, M5T-2, a n=3 - no meroguke M3T-1, M7T-2. B Ooiiee cltoXHBIX MOJeIsIX N=5
¥ N=7 NPUMEHEHBI COOTBETCTBYIOIINE MeToauku M3T-1, M5T-2, M7T-2 u M3T-1, M7T-2, MOT-2.
B kaxxnom Bapuanrte kodpunnentsl 41, A2 ontumuzupoansl MHK, a mapamerp 3 u koopanHaTHI
Xoi, Noi IeHTpOB 1HHHApHUecKuX ceueHuit — MIIIIB. 3HaueHne aprymeHnTa nepBoi ONopHO# TOUKH
300 400 500 600 w0 a0 so  eo  P1= -0,001 B cewenmu R’ merommkm M3T-1
=2 X n=3 X, M OIICHEHO TIO TOJIOKEHHUIO TOYEK MOJIS KpaHUX
R®=0,99652 » R?=0,99856 CIICBa U CIIpaBa. 3HAYCHUS apryMEHTOB MEPBOMA
OTOPHOM TOYKH Xoi1, Noi1 B OCTAJIBHBIX CEUCHUSIX
1eneBoi (yHKITUU R? 3amaercst OKOJIO HEHTpa
Xy, Ny (cM. puc. 2), ropu3oHTaNbHAS KOOPAUHATA
KoToporo x,= 397 M ompeaereHa  Kak
CpeIHEB3BEIICHHAS o PO UIEHBIM
w0 400 0 o0 20 40 s e SHAUCHHAM  TONA  CHIBI  TSKECTH, a
n=5 X n=7 X, M BepTuKaibHas koopauHara h,= 203 M oreHeHa
50 R?=0,99995 0 R%=0,99869 Kak cpenHee apu(pMETHYECKOE HWHTECPBAJIOB,
100 1o 00pa30BaHHBIX MEKIY Xy M OTMETKAMH Xy
150 » ) O CJIEBA U CIPaBa, COOTBETCTBYIOLIMMHU IOJIOBUHE

200 — 200 Y MaKCUMyMa aHOMAJIBHOTO ITOJIA.
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300 ;' 300 MO/IEITH. OnrumanbHoe 3HAYEHHE
kodpduureHTa 3 B pa3HbIX BapUaHTax
MOBTOpSIETCST B Mpefesiax  MOTPEelIHOCTH
pacuera. Ilo Mepe yBenWYeHHUs KOJIMYECTBA
IWIMHAPOB N KO3(p(UIMEHT Az, CleoBaTEeNbHO, U IUIOUIAJb MOMEPEeUYHOr0 CEYCHMs, JIMHEHHas
M30BITOYHAST TUIOTHOCTh KaXJOTO LWIMHApPAa YMEHbLIAIOTCS, a Ko3(dUIMEeHT aeTepMUHAIMU
MOJIeNIM CHayajla yBEIMYMBaeTcs, 3aTeM yMmeHblnaercss. OueBUAHO, YTO Haubojee ONTHMAlbHBINA
(amexkBaTHBI) BapUaHT MOJIENTU CIIEAYET BBIICIATh MO TPH3HAKY HAWOOJNBIIETO KOd(pQHIMEHTA
JeTepMUHALIA. JTOMy COOTBETCTBYeT BapmaHT N=5, rae R?=0,99995 u  KpyroBble CedeHHs
IIMHAPOB HAWIYYIIUM 00pa3oM COBHAJAIOT C KBAJpPaTHBIMH CEUYCHUSMHU I1€PBOHAYAIBHO
3aJlaHHBIX PYIHBIX Tel. KOHKPETHBIH BU MOJTYyYEHHOTO YpaBHEHUs perpeccu (pemeHust 00paTHOM
3aJa4uM) CJICTYFOIHA

Ag=0,380:00336X ; 39 g
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Puc. 3. BapuanTtel Mosienu pyIHBIX TE.

(X—365) +119° * (X—416Y+156,5 * (X—401)+ 228 * (X—464Y+ 252 * (X—526)+264°

Pe3ynbpTarel IPUBEAEHHOTO  OSKCIEPUMEHTAa  IIOKA3bIBAIOT  JIMIIb  [PUHLUIINAIBHYIO
BO3MOKHOCTh mnpuMeHeHus: MIIIIB B mouckax ONTUMalbHOTO pelieHuss OOpaTHBIX 3ajad.
[IpakTuyeckue e U3MEpeHHs Teo(U3NYECKUX IoJIel BCerja IMpPOBOAATCS C HEKOTOPOH
norpemrHocThio. [loaTomy, KO3((UIIMEHT AeTepMUHAIMN HWHTEPIPETALMOHHBIX Mojenei Oyaer
CHIDKEH. AJIEKBaTHOCTb MOJIENIM YCTAHABIMBAETCS IO KPUTEPUI0 COOTBETCTBUS IOJIyYEHHOTO
sHauennss R’ morpemsocTd m3Mepenuii monst [3]. B 3akmioueHmH clexyer J0GaBHTB, 9UTO
ontummzanuss  MIIIB  ¢yHkuoHanbHO-()aKTOPHBIX ~ ypaBHEHUH  HENMHEHHOW  perpeccuu
ofecrieynBaeT peLICHHME MHOTMX 33724  KOHKPETH3aIlMM HCKOMBIX 3aKOHOMEPHOCTEH,
MOJEIMPOBaHUs, IPOTHO3UPOBAHUS U YIIPABJICHMUSL.
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Upper Ediacaran clastic rocks of the Asha Series were sampled at several localities in the
westernmost parts of the South Urals. With the aid of stepwise thermal demagnetization, a dual-
polarity high-temperature component (HTC) was reliably isolated from sandstones and siltstones of
Basu and Zigan formations. The reversal and fold tests are positive for the HTC. The slump test on
two meter-sized slumps of Basu formation shows the primary origin of the HTC. Hence the position
of Baltica can be reliably reconstructed for this time.

WuTepBan BeHJ — Hayajlo KEeMOpHUs OTIMYAeTCs PENKON KOHILEHTpalued BaKHEeHIIX
coObITUH B ucTopuu 3emiid. Ha 3To Bpemst mpuxoaaTcst KpynHeHIe TeKTOHUYEeCKUe TIepeCTPONKH,
MOII[HBIE OPOTE€HUH BTOPOW MOJIOBMHBI BEHJIa, HEKOTOPBIE M3 CaMbIX CYPOBBIX B UCTOPHU 3eMIIU
OJICICHEHUH, HACBIIIIeHnEe aTMoc(epbl U OKEaHOB KUCIOPOJIOM, PE3KHI pOCT YpOBHSI OMOTypOaruu
¥ MHOT'O JIPYTUX HHTEPECHBIX IT'€0JIOTUYECKHX, Fe0(PU3NIECKUX U OMOJIOTHUECKUX COOBITHIL.

CymiecTBylommue npeacTaBieHus o naieoreorpadguu 3emid B 3TOT BPEMEHHON HHTEpBaj
JIOCTaTOYHO HEONpPEIENeHHbl. JTO CBS3aHO B MEPBYI Ouepelb C MajbIM KOJIWYECTBOM H
IPOTUBOPEUYMBOCTHIO HMMEIOIIMXCS MaJlCOMAarHUTHBIX JaHHBIX, B OCOOGHHOCTH Juid bantuku u
JlaBpenTuu [1, 2].

Ilenpto HAIKMX HCCIEAOBAHUN OBUIO MOJTYYEHHE HOBBIX IMaJEOMArHUTHBIX JAHHBIX I10
OCaZIOYHBIM I[OpOJIaM aIIMHCKOW cepun bamkupckoro merantukinHopus lOxHoro VYpana,
SIBIISIFOILETOCS 1e(OPMUPOBaHHOW okpanHoi bantuku [3].

CambIM BepxXHMM I[OJpa3/ie]IeHUEM BEHJa Ha 3amaje METaHTUKIUHOPHS SBISETCS
CIIO’)KEHHasi TEPPUTEeHHBIMH OCAJKaMU AalllMHCKas Cepus, B KOTOPOHl BBIAEICHO MSTh CBUT, C
NOCTENEHHBIMU TlepexonamMu Mexay HumH [4, 5]. Huwknue nBe cBuThHl (OakeeBckas U yprOKCKas)
UMEIOT KBapLUTO-apKO30BBI COCTaB, a TpH BepxHue (OacHHCKasl, KyKKapayKcKasi U 3UTaHCKas) —
HNOJMMHKTOBBINA. [IpeobiaafaroT necuaHUKU U ajJeBpOJIUTHI, IPU PE3KO MOJTYMHEHHOM KOJIUYECTBE
apruJUIMTOB U TpaBenuToB. KOHriomepaTsl ciaraloT TOJBKO OAMH MapKHUPYIOUIMA TOPH30HT B
CpeaHel 4acTu KyKKapayKCKOM CBUTHI; €r0 MOIIHOCTb COCTABJISIET MEPBbIE AECATKA METPOB Ha FOre
U TEepBbIe METPbl B IIEHTPAJbHOM YacTW palioHAa, HAa CeBepe ATOT TOPU30HT HE OOHApYXKEH.
AIMHCKas cepusi 3ajieraeT ¢ pa3MbIBOM Ha MOJCTUJIAIOIIUX BEpXHEPU(PEHUCKUX OTIOKEHHSX; B
3aMaJHoON 4YacTH METaHTUKIMHOPUS OTJIOKEHUS cepur Oe3 YriIOBOrO HECOTJIacHsl HEepPeKpbITHI
TAaKaTMHCKON CBUTOM HM)KHETO JIEBOHA, a Ha IOre CTPYKTYPhI — OCaJKaMM CpeHEro opaoBuka. Jlo
HE/IaBHEr0 BPEMEHHU BO3pacT AlIMHCKOM cepuM M ee MOJpa3/iesieHuil He ObUl YETKO OIpeJieNeH.
EnuHCTBEHHBIM HaJeKHBIM oOIpesieieHneM u3oronHoro Bo3pacta (U-Pb merox mo nmpkonam u3
TyoBoro mnpocos) seuseTcs aata 548,2 + 3,5 MiH. J1eT i 3UraHCKOW CBUTHI [6].

Bcero namu 6buto m3yueHo okono 1000 o6pa3moB U3 cepuu pa3pe3oB Ha ydyacTKe
npoTsbkeHHocThio 6oJtee 200 kM oT . Yerh-KartaB Ha ceBepe 10 ¢. MakcroTOBO Ha 1OTe.

MarsuTHble U3MEpPEHHs U KOMIIOHEHTHBIN aHalIu3 MpoBOAUINCH B JlabopaTopun reopusuku
UI' VHI PAH (r. Yoa) u Jlabopatopun mnaneomarderusma ['MMH PAH (r. Mocksa) mo
CTaHJApTHON METOJMKE.
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B HeOonpmion mumoTHO# Kosuiekiuu (okojio 50 00pa3iioB) OakeeBCKOW CBUTHI HE YAalIOCh
BBIJICJTUTh 3HAYMMOI BBICOKOTEMITEpaTypHOU KoMIioHeHThl HamarandeHHocT (HTC).

AHajoruyHass CHUTyallus WU B HIKHEH “‘Cepo-KeITOM’ YacTu YPHOKCKOW CBUTHL. B
HECKOJIbKUX caiiTax BEpXHEH “KpacHON” 4acTU YPIOKCKOW CBUTHI BBIACISAETCS KOMIIOHEHTA, OYEHb
OnM3Kas K MIMPOKOPACTIPOCTPAaHEHHON Ha Ypaje MepMCKOW HaMarHUYE€HHOCTH, U Mbl CUHTAEM ee
METaXpOHHOM.

B oxono 50 % u3 u3yueHHo# Kosuiekiuu o0pa3noB 6acuHckoi cButhl (6onee 400 oOpasioB
u3 Oonee yem 50 caiiToB) BbLAENAETCS 4YeTKO BbIpakeHHas Oumoisipnas HTC, ceszanHas c
remaTutoM (MHOTAa Ha (OHE CpeJHETeMIICPaTyYpHOW KOMIIOHEHTHI), JOCTaTOYHO XOPOILIO
CrpyNIUpoBaHHas BHYTpU OonbiiMHCTBA caiitoB. B apeBneit cucreme koopauHar (JICK) ee
cpenHee no 34 caiiTam 3HaueHHE cocTaBisieT: ckioHenue D° = 55, naknonenue 1° = -35, Kky4HOCTH
k = 31, oBan moBepus 0gs° = 4.5. DTH pe3ynbTaThl CYIIECTBEHHO JOMOJHSIIOT MOJTYYCHHBIC paHee
nannbie [7]. Tectsl cknanku u obparenus it HTC momoxxurtenbHbl. TecT CKIAAKH OMOJI3aHUs 1O
2 u3 3 CKJIAJ0K, HalJeHHbIX B pa3pe3ax Kykkapayk u ['aGarokoBO, Takke MOJO0KHUTEIbHBIH, YTO
MO3BOJISIET HaM ¢ OOJIBIION CTENEHbIO BEPOSATHOCTH CUYMTATh BBIACICHHYIO KOMIIOHEHTY
HaMarHU4E€HHOCTH CUHXPOHHON 00pa30BaHUIO MTOPOIBI.

B 34 oOpa3max u3 5 caliToB M3 ABYX pa3pe30B, MPEIACTABISAIOMIMX BMEIIAIOUIYI0 YacTb
KyKKapaykckoil cBuTbhl, HampasieHuss HTC paBHOMepHO paccesHbl MO0 Bceil cdepe, uTO He
MO3BOJISIET OTJATh MPEANOYTeHHEe HUKAKoN M3 HUX. DTO HE coryiacyercs ¢ JanHbiMu Mocudumm ¢
coaBTopaMu [8], BBIIENSBIIMMH B KyKKapayKCKOW CBHTE KOMIIOHEHTY, aHAJOTHYHYIO HaIlel
“suranckoii”’. B OGomee yem 30 oOpasuax rajexk KOHIJIOMEPAaTOB KYKKapayKCKOW CBHUTHI HAMHU
BoisienieHa HTC, oueHb moxoskasi Ha COBpeMeHHYo [7].

MarHuTHble CBOWCTBA MOPOJI 3UTAHCKOW CBUTHI CHJIBHO 3aBUCST OT UX LiBeTa. B Gosee uem
150 obpasiax cepblx U cepo-3€JeHbIX MeCUaHUKOB HE yIaloch BbIAenuTh HuKakoit HTC. B Gonee
yeMm 300 oOpa3max KpacHOLBETOB M3 TPEX Pa3pe3oB, CIPYNIUPOBAHHBIX B 37 cailToOB, BbIAEICHA
ounosisipHas, Taikke cBs3aHHas c¢ rematuroMm, HTC wnamarnmuennoctu. B JICK ee cpennee
3HadyeHue cocrapmser: D° = 106, 1° = -16, kK = 26, ogs® = 4.8 [9]. Tectnl oOpaieHus u
peruoHanbHOro cooTBeTcTBHs [10 — 13] MOIOKUTENBEHBI. DTO TaK)Ke aeT BBICOKHE IIAHChI CYMTATh
OCTAaTOYHYI0 HAMAarHMYEHHOCTh 3UTAaHCKHUX MOPOJ NEPBUYHOM.

MO’HO JM 3KCTpamoJMpoBaTh JaHHBIE IO 3alafHON 4YacTu Ypajga Ha Bcio BocTouHo-
EBpomneiickyto matdpopmy? HanexxHo ycraHoBieHO, uTO BepxHepudelckue U BeHACKHE
KOMILJICKCHI 3allaJHOH TOJIOBUHBI Ypana npociexuBarorcs Ha miargopme [5]. CiaenoBaTtenbHo,
CKOJIb JHOO 3HAUUTENbHBIX MEpeMelleHui bamKkupckoro MEraHTUKIMHOPHUS OTHOCHTEIBHO
wiaTdopmbl He ObT0. M3BECTHO TakXke, YTO OCHOBHBIE JNedopmanuu B 3amnaaHoil yactu KOxHOro
VYpana npoucxoauian B mepMckoe Bpems [3], W, 3HAUUT, 3/7€Ch BO3MOXKHBI JIOKAIBHBIC BPAIICHUS
OTIETBHBIX CTPYKTYpP 3TOro Bo3pacta. CrenuaibHble MCCIIEIOBaHMS, BHIIOJIHEHHBIE Hamu [9], He
BBISIBUIN CYIIECTBEHHBIX OTHOCUTENBHBIX JIBUKEHUN MEX]Ty 001aCThIO UCCIIEIOBAHHS U KPATOHOM,
U TaJIeOMarHUTHBIE JaHHbIe W3 3anafaHoil yactu KOxHoro Ypana MOryt ObITh MCIIOJIB30BAHBI IS
yTOUHEeHUs naneoreorpaduu bantuku B BeHe.

[TomyyeHHble pe3yabTaThl B COBOKYIHOCTH C HAJEKHBIMHU JINTEPATYPHBIMH JTaHHBIMHU IO
banruke [1, 2, 10 — 14] no3BOJSIOT MOCTPOUTH YYaCTOK KPUBOM KaXKyIIEHCS MHUTPAIMH IOJIOCA
(APWP) nns wHTepBana BEHJ — pPaHHUN OpPJIOBHK, KOTOPBI NPUBOAUT K KHHEMATHYECKOMY
CIICHApUIO, MPEIIOJIararoiieMy JIOBOJIEHO BBICOKHE CKOPOCTH MABIKEHUS KOHTHHeHTa (7 — 9
CM/TOJT), OZTHAKO CKOPOCTH HE KaXYTCs CIMIIKOM HETPaBI0MOJOOHBIMH.

PaGora BbmonHeHa mnpu nojuaepxkke Poccuiickoro  ®onna  DyHAaMeHTalbHBIX
Uccnenosanmii, rtpantsl 11-05-00037, 11-05-00137, mporpammer Ne 10 OH3 PAH, wu
Hanmonansnoro Hayunoro ®@onga CIA, rpant EAR11-19038.
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HNETPOJOI'NYECKAS UHTEPIIPETALIUA I''TYBUHHBIX OBBEKTOB B
T'EOSJIEKTPUYECKOM MOJIEJIX FOKHOI'O TSAHb-IIIAHS
B.IO. bamanes, E.A. bamaneea
batalev@gdirc.ru, bataleva@gdirc.ru
@I'bYH Hayunas cmanyus PAH, buwxex, Kupauscman

This work deals with the petrological interpretation of the MT inversion data on the base of
chemical analysis and laboratory measurements of electrical conductivity of eclogites and xenoliths
collected from the basaltic outcrops in the South Tien Shan. The knowledge of a xenolith geotherm of
the region is essential for reconstructions of the former and present day crustal temperature field
beneath the active orogenic belt.

I'eopusuka u reoiMHAMHKA paiioHa

Coxpamienue momnepeyHoro pasmepa Tsup-lIllans u sBomouus ero nutocdepsl ObLTH
OLIGHEHBl MO TEpMOOAPOMETPUHM KCEHOJMTOB W MO CPABHEHUIO HUX 3JIEKTPONPOBOJHOCTH C
AJIEKTPOIPOBOTHOCTHIO, MOJYYEHHON MTPU MHBEPCUU MarHUTOTEIUTYpUUECKUX NaHHbIX. PT-ycnoBus
JUIL paBHOBECHSI Ma(hUUECKUX TPAHYIUTOB U IIMUHENIEBBIX JIEPLOJUTOB, U3 06azanbToB OpTo-Cyy
IOxnoro Tsup-lllans (puc. 1) ykaspiBatoT Ha mnaneoreorepmy st 70-66 MmiH. ner Hazan,
COOTBETCTBYIOILYIO TEMIOBOMY MTOTOKy 80-85 MBT/M°. COBpEMEHHBIH TeII0BOil MOTOK B FOXHOM
Tsanb-1llane cocTapiser okoso 55-60 MB1/m2. TTonoxkeHue pa3nena Moxo Ha 70-66 miH neT Ha3az
cooTrBercTBOBasO0 riyobuHe 30-35 kM, B TO BpeMs Kak COBpPEMEHHas IOBEPXHOCTb MoOXo
pacnosioxkeHa Ha riyouHe 55-60 kM (puc. 2.). DIeKTpOIpPOBOTHOCTh KCEHOJIUTOB ObLIa U3MEpPEHA B
yenoBusx “in situ” mpu ganenusix 0.8-1.0 I'Tla u B nuanasone Temmeparyp ot 500 go 850°C s
Madpuueckux rpanynuToB u npu naBieHuu 1-1.8 I'Tla u ot 500 mo 1050°C mnst mmuHENeBHIX
JIEPLIOJUTOB.
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Puc. 1. Cxema BBIXOJOB 0a3ajbTOB M SKJIOTUTOB BJIOJb MAarHUTOTEILTYPHUECKOTO MPOQUIIS IO
mepuanany 76° yepe3 Tsub-1lanb [1]

Takum oOpaszom, yronmenue nurocdepsl Tsubp-lllans cocraBiser okoso 25+5kM U 3TO
COOTBETCTBYET PA3HULE MEXKIY MAIEOre0TepMON M COBPEMEHHOW reorepmoil. J[o momepedHoro
cokpamienusi Tsup-1lans npubnusurensno 20-30 maH jet Hazan auTtocdepa Oblla 3HAYUTETHHO
ropsiuee ¢ remneparypoi 500°C na riy6une 15 km u ¢ remnepatypoit 850°C Ha riyOuHe rpaHuUIbI
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Moxo. o cpaBHenuto ¢ Tsaup-Illanem nutochepa nmox cocennum Tapumckum OacceiiHom Oblia
3HAYUTENBHO XoJonaHee ¢ Temmeparypoit 350°C Ha rmyomne 15 km u ¢ temmneparypoii 500°C Ha
rnyouHe rpaHunbl Moxo. Drta pasHuna temneparyp (puc. 2) sBISeTCs TJIaBHBIM (DaKTOPOM
ocnabieHns MeXaHMUECKUX CBOWCTB KOphI U BepxHel ManTuu Tsub-11lans.

JlaGopaTopHble H3MepeHUs 3JIEKTPONPOBOIHOCTH

OObruHast (YrUTUBHOCTH KHUCIOpPOJAa B TEUCHHE M3MEPEHHH 3IIEKTPOIPOBOJHOCTH B
YCTAaHOBKE MOPIICHb-IIMIUHIP C HU3MEpUTENbHOW sueiikoil  cocrosimedt u3 CaFo-rpadura u
MOJIMOIEHOBBIX 3JekTponoB npu Ttemmeparype 800-1200°C onenuBaercs mexay IW u WM
Oypepamu. OTuU  peAylIHpPOBAHHBIE YCIOBUS  COOTBETCTBYIOT OIICHKAM  OKHCIHTEIbHO-
BOCCTAHOBUTENIBHBIX YCJIOBHUI paBHOBECUS MUHEpPANbHBIX (a3 B KceHoJuTax u3 LleHTpaibHOTO U
lOxnoro Tsub-11lansi, ocHOBaHHBIX Ha AJEKTpoXuMHUYecKuX u3mepenusx fO, B mmunenu [2].
JlaGopaTopHble M3MepeHus: Ha o0pa3lax I'PaHyIHTOBBIX KCEHOJHUTOB IOJ PYKOBOACTBOM HpOQ.
barpaccaposa npousoaunuck npu 0.8-1 GPa, B mmnunenesbix nepuoaurax npu 1.5-1.8 GPa u B
sknorurax mnpu 2.5 GPa.

CocTosiHue Ha 70 MnH. neT Ha3aa: CoBpeMeHHOe COCTOsIHUue:
naneoreotepma 80-85 MBT/M?onpeaenexa reotepma 55-60 MBT/M?onpeaeneHa TeMﬂepaTypa oC
no TepMo6apoMeTPUN KCEHONUTOB, 10 TENnoBOMY MOTOKY Ha MOBEPXHOCTH, ’
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Puc. 2. Cocrostaue mutocdepsl KOxunoro Tsaup-1lans, xp. Kok-1laan, B Men-naneoreHoBoe BpeMs
(70 mmH 5er Ha3aa) W B HACTOSILEE BpeMs W TEPMOOAPOMETpHs HIDKHEKOPOBBIX U
BEPXHEMAHTUIHBIX KCEHOMUTOB u3 0azansToB Opro-Cyy, xp. Kokmaan-Too u 3KI10rutoB xp. At-
bamm, Kupruszcran

OO0cy:xkaeHne pe3yibTaToOB

[IpsiMoe comocTaBiIeHHE YAEIBHOTO COMPOTHBIECHUS MOPOJ MO JaHHBIM JIa0OPaTOPHBIX
u3MepeHu  1pu BbICOKMX PT-mapamerpax M CONpPOTUBIEHUH, IOIYYEHHBIX IIPU HHBEPCHU
MarHUTOTEIUTYPUYECKUX JIaHHBIX, CBUICTEIBCTBYET O XOPOIIEM HX COBIAJCHUU Ui MacCHBa
HKJIOTUTOB MO XpeOToM AT-bamu. DeKkTponpoBOJHOCTh 00Pa3LOB 3KJIOTHUTOB, ONpeAenEHHAas IPH
nabopaTopHbIX u3MepeHusix npu Temmeparypax 700-1000°C, B TOYHOCTH COOTBETCTBYET
AJIEKTPOIPOBOIHOCTH MAacCHBa B reodyiekTpuueckoir momenu Ha rayoune 70-100 kv (puc. 3).
PaccornacoBaHHOCTh MEXy J1a00paTOPHBIMH M3MEPEHHUSIMH 3JIEKTPOIPOBOJHOCTHU IIMHUHEIEBBIX
JIEPLOJNTOB TIPU TEMIIEpaTypaxX, COOTBETCTBYIOIIMX MajieoreoTepMe Aiis TermoBoro motoka 80-85
MW/m?2 1 3IeKTPONIPOBOTHOCTH CIIOEB U3 TEOICKTPUUECKONW MOJEIH MPU TEX JKE TEMIIepaTypax,
JEMOHCTPUPYIOT pasHUIy KOTOpas MOKET ObITb OOBSCHEHA TOJBKO BEPTHKAJIBHBIM CMELICHHEM
(ocTeiBaHneM) maneoreorepMbl Ha 25 kM (puc. 2). Takum 00pa3oM, IIyOMHHOE PACIOJI0KEHUE
KCEHOJIUTOB ILIMUHEJIEBBIX JIEPIOJUTOB M TE€OTEPMbI MOJYYEHHOH M3 UX TreoTepMoOapoMeTpuH,
COOTBETCTBYIOT TIEpHONY, NpeAlecTByoUleMy, Mpoueccy ykopouenus Tsubp-Illans, a He
COBPEMEHHOMY HX IOJI0KEHHIO U TTyOHuHEe MoBepXHOCTH MoxXo.
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BriBoabI

Bepxusis mantus 10xHoro TsHb-11laHs B OCHOBHOM COCTOUT U3 IIMTUHENEBBIX JIEPLOIUTOB, C
COCTaBOM OT MPUMHUTHBHOTO JI0 cierka JereTupoBanHoro. 70-60 MiTH jeT Ha3zaj TemIoBOM MOTOK
Ha [OBEPXHOCTH ObLI BhiiIe (~ 80-85 MW/m?), ueM coBpeMeHHBIIl TEIIOBOI OTOK B HCCIELYEMOM
paiione ~ 60 mMW/m2. D10 reonoruveckoe BpeMsi COOTBETCTBOBAJIO BYJIKAHHYECKOW aKTHBHOCTH
TUNA «rops4yei TOYKU». MoIIHOCTh 3eMHOM KOpbl 10kHOTO Tsub-lllans cocraBmsuia 35-40 xm ¢
TOPSIYUM U OCJIA0JICHHBIM JUTOC(EPHBIM OCHOBAaHMEM KOphl. TemmnepaTypa Ha mOBepXHOCTH Moxo
cocrasisiia 750-800°C, 1.e. na 100°C BbIle, 4eM COBpeMEHHas.

Kommsus Uaann u EBpasun crana NpuYuHON paclipoCTpaHEHUs! IONIEPEUYHOT0 YKOPOUEHHS
1 00yCIIOBIIIA YBEJIMYEHIE MOIITHOCTH 3eMHOM KOpHI 0ykHOTO Tsinb-1ans Ha 20-30 kM.
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Puc. 3. Tpanchopmaruss 1ab0paTOpHBIX H3MEPEHHUN 3JIEKTPOIPOBOJHOCTH OT TEMIIEPATypHl,
NpPE/ICTABICHHBIX B BHJE JuarpamMM AppeHuyca (JieBas 4YacTh CXEMbI) B 3aBUCHMOCTH
AJIEKTPOMPOBOHOCTH OT TDIIYOMHBI JUII pPAacCMaTpUBAeMON T'eOTEpMbl JUISl COIMOCTaBICHUS C
BEPTUKAIGHBIMH MPOQHISIMH 3JIEKTPOCOIPOTUBIICHHS, (3aIHssI YacTh CXEMbl). B HIDKHEW 4acTu
NPEJCTABICHbl pacueTHble TE€OTEPMbl Ui pPacCMaTpUBAeMOro paiioHa, dYepe3 KOTOphIe
MIPOU3BOIUTCS TpaHChopManus auarpamMm AppeHuyca u auarpamma ¢anuii metamopdusma: 1 —
IIMHUHENEBbIE JIEPLOIUTH; 2 — OJKIOTUTHI, 3 — TpaHyluThl; 4 — BePTHKAIbHBIA MPOGUIb
AIIEKTPOCONPOTUBICHHUS 10 r1youn 6osee 110 kM 1151 paitoHa BBIXOJIOB SKJIOTHUTOB; 5 — F€OTEPMBI C
COOTBETCTBYIOLIIUM 3HAUEHUEM TEIJIOBOTO IMOTOKA
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YK 550.8:553.08:53/54
BBICOKOTEMIIEPATYPHAS DJIEKTPOITPOBOJHOCTDb 'NIIEPBA3ZUTOB
BEPBJIIOXKBEI'OPCKOI'O MACCHUBA
B.B. baxmepes
ugv@bk.ru
Hnemumym eeoghusuxu umenu FO.11. Bynawesuua YpO PAH, Examepunbype, Poccus

The article considers the research of the serpentized hyperbazites from the Verbluzhegorsk massif.
The experiments allowed to esteblish dependence of the electrical resistance on the temperature in
the range of 20-800 °C. The parameters of the high-temperature resistance IgR,, E, for the test
samples and the type of distribution of these parameters were defined. By the electric parameters
the samples from the Verbluzhegorsk massif are similar to the dunit-pyroxenite hyperbazites

['eonorudeckas xapakrepuctuka BepOirokberopckoro rurnepoa3suToBOro MacCMBa OMKCaHa
B psizie pabot [1-5]. MaccuB HaxoauTcst Ha tore UensOMHCKOM 00JIacTH U PACIIONOKEH B OCaI0UHO-
MeTaMOp(UIECKHX MOPOJaX MaIe030MCKOr0 BO3pAcTa, MPEACTABICHHBIX TIIMHUCTHIMH, YTIUCTO-
TJIMHUCTBIMH, CIYASTHO-XJIOPUTOBBIMH, TIUHHUCTO-XJIOPUT-CIIOISHUCTBIMA W TPaUTHCTHIMU
CIIaHIIJaMU C TPOCJIOSMHU apKO30BBIX, KBAPIIEBBIX W JKEIE3UCTHIX IMECYaHUKOB U yriei. MaccuB
MOJABEpPrcsi WHTEHCHBHOMY MeTamMmop(u3My B KOPOBBIX YCIOBHUSX. OTO BBIPa3WIOCh B
MEJIaH)KMPOBAHUH, TpaHchopMaIu TEPBUYHBIX CTPYKTYp U cepreHTHHH3anuud. Kpome Toro,
MacCHB TpeTepres MpOorpecCUBHBIA MeTaMOphU3M aHTUTOPUTOBOM (halliu B CBS3U C TEPMATbHBIM
BO3/ICHiCTBUEM rpaHuTOua0B JIkaObik-Kaparaiickoro mrccuBa. DnuMarmMatudeckue (BTOPUYHBIC)
TEKTOHUYECKHE BO3JIEHCTBUS OKa3ald CHJIBHOE IWHAMUYECKOE BIHSHUE Ha CEpPIICHTHHUTHI, B
pe3ynpTaTe 4ero TJlaBHAas Macca WX ObUla B TOW MM WHOM CTENEHW pacclaHI[OBaHa, CMSTa,
MecTamu pazapobneHa. [lopoa, He 3aTpOHYTHIX BTOPUYHBIMH HM3MEHEHHSIMH, B MAacCHBE HeE
HaOmoganock. Bce OHM B pa3HOW CTeMeHM W3MEHEHBI MpolleccaMu  CEepPIeHTHHH3AINH,
KapOOHATU3AlUH, OTATHKOBAHUS, OKPEMHEHHUSI.

[To texcrypubiM mpusHakam Kammu [1] BeIOeqwI CeprieHTHHUTHI MACCHBHBIC, CMSTHIC,
CllaHIleBaThle, TOJOcUYaThle, TrpyOoOOpeKkunpoBaHHbIE. Bce  nWTONOrMYecKHe  Pa3sHOCTH
CEPIIEHTUHUTOB JIOKAJM30BaHbI B OMPEICIIEHHBIX ydacTkax MaccuBa. CepreHTUHUTHI MECTaMU
npeTepneny CYIECTBEHHOE H3MEHEHHE M B MHUHEPAJOTHYECKOM COCTaBE, BBIpA3MBILIEECS B
OKBapIleBaHUM, KapOOHATHU3aIlMM, OTAILKOBAHWH, B COMPOBOXKICHUHM BBIJCICHUN TPEMOJHTA,
AKTHHOJIMTA, WUIMHICUTA M IPYTUX MUHEpanoB. [lepBUYHbIC MUHEpaIbl B BEpXHEW 30HE MacCHBa
OTCYTCTBYIOT. OT/IEbHBIC 3€pHA OJIMBHHA BCTPEUAIOTCS JIUIIL HA HEKOTOPOU IIyOuHE, HACKOIBKO
MOKHO CYIIUTH MO JaHHBIM OypOBBIX CKBaXuH. [IpucyrcTBHE B mopojae 06acTuTa U CTPYKTYpHBIE
OCOOCHHOCTH CEPHEHTHHHUTOB TO3BOJSIOT OTHECTH OOJBIIYI0 YacTh MATEPUHCKUX TOPOJ,
cmararonx BepOmrokberopckuii MaccwB, K NEpUAOTUTaM Tuma rapuOyprutoB. [lo maHHBIM
paboThl [2] U3BECTHBIC PYIONPOSBICHUS U XPOMHTOBBIC MECTOPOXKICHHUS 3JIETA0T B Pa3IMYHBIX
CEpIIEHTUHUTAX, MPUPOJIa YaCTH KOTOPBIX TaplOYypruTOBasi, 4YaCTU «BEPOSTHO TaplOypruTOBas»,
4acTH HesicHas. ManaxoB u np. [3] cuumTaer, YTO MAacCHB CJIO)KEH aHTHTOPUTOBBIMU
CEpIICHTMHUTAMH HESICHOW TpHUPOAbl (BEpPOSATHO, TaplOYprUTOBBIMU). XHUMHYECKUN COCTaB
CEPIIEHTUHUTOB BCJIEACTBUE PA3UYHBIX METaMOPhUYECKUX BO3IACHCTBHI CHIbHO BapbupyeT. [1o
JMaHHbIM [1] mist OTAEIBHBIX KOMIIOHEHTOB YCTaHOBJICHBI CIICIYIOLIUE KOJICOAHUSI B COJCPIKAHHH:
Fe,O3 ot 4 o 11,16%; SiO; ot 32 mo 69%; MgO ot 14 1o 39%; CaO ot 0 g0 9% [1].

B mpuKOHTaKTOBOM 4YacTH MaccuBa, TJe THNEPOA3UThl CONMPHUKACAIOTCA C TPAHHUTOUTHBIM
KOMIIJIEKCOM, HaOdromaercss Haubosblliee pa3zHooOpa3ue MHHEPAIBHOTO COCTaBa M TEKCTYPHO-
CTPYKTYPHBIX Pa3HOBUAHOCTEH CEPIIEHTHHHUTOB. 3HAYMTENBHBIM PACIPOCTPAHEHUEM TMOJIb3YIOTCS
M0JIOCYAThIE TEKCTYphl. XapaKTepHOU 0COOEHHOCTHIO JaHHOW YacTH MacCHBa SIBIISIETCS OCBETIICHUE
CEpIIEHTUHUTOB. B HMX cocTaBe OTMEUarOTCs: TPEMOJUT, aKTHHOJUT, TalbK, KapOOHATHI, XJIOPHT.
[TonocuatocTh 0OYCIOBICHA HATMYUEM JIMH3 U MPOKUIKOB, CI0KEHHBIX aM(pUO0TIaMi U PYAHBIMU
MUHepanamMu. BOnM3u HEmoCpeICTBEHHOTO0 KOHTaKTa ¢ TpaHUTaMU HaOII0JaeTcs HHTEHCHBHOE
OKpPEMHEHHE U OKBapleBaHUEC CEPIICHTHHHUTOB. [lOBCEMECTHO THUNEPOA3UTHI IOABEPIKECHBI
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Puc. 1. Cesazb mexncoy Eq u IgR, uccreoosanuvix 0bpazyoe cepnenmunumos u Xxpomumogsot
Ppyoul uz Beponooicvecopckoeo eunepbazumogozo maccusa. Kpysicku — cepneHmunumuol; K8aopamol
— xpomumosas pyoa. Ilpamasn nunus — xoppenayus 1gQR,=F(Eo,) cepnenmunumos u3z yuacmros, ne
cooepaicauyux opyoeHeHusl.

Meroauka ucciuenoBanuii onucana Hamu panee [6]. OOpa3ipl CEPIIEHTHHUTOB BBIPE3AIH B
¢dopme kybOuka c¢ pebpom 0.02 M. Dnexrpuyeckoe
JBYX3JIEKTPOIHOM ycTaHOBKOW uepe3 kaxable 10 rpagycoB B untepBane temneparyp 20-800 °C.
Ckopoctp HarpeBanusi 0.066 rpan/c. Temmneparypy B cucreme onpeaesuiu B 0.01 M ot oOpasua
IJJATUHO-IUIATUHOPOJAUEBON Tepmomnapo. M3MmepeHns OCyIEeCTBISLIM Ha IIOCTOSIHHOM TOKE.
V3MepuTenbHblii mpubop — Tepaommerp E6-13 ¢ aumammdeckuM auarmasonom ot 10 1o 10' Om u

COIPOTHUBJIEHUE OOPA3LOB H3MEPSIIU
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OTHOCHUTENIbHOW omuOKoN m3mepeHuit or +2.5% no 4% B kouie auanasona. [lyig onpeneneHus
ANEKTPUUECKUX MapaMeTPOB TEMIIEPAaTypHbIE KpPUBBIC 3JIEKTPUYECKOTO COTPOTHUBICHHS ObLIM
noctpoeHbl B koopauHatax IgR, 1/T. Dueprus axtuBauuu E, ompesieneHa no BeIUYMHE TAHICHCA
yrila HakIoHa KacarenbHod K kpuBoi IgR=f(1/T) B HeKOTOpO# TOYKE MPSIMOJIMHEIHOTO y4acTKa B
TemneparypHoit obnactu, rae kpuBas IQR=f(1/T) He wuckaxkeHa aHOMaIbHBIMH S(P(PEKTaMH.
Koadoumment snexrpuueckoro comportuBieHus IgR, ompeneneH Kak BelMYMHA OTpE3Ka,
oTcekaeMoro kacareiabHo# k kpuBoit IgR=f(1/T) na ocu opaunar.

Bcero uzyueno oxono 100 o6pa3noB. BrisiBiaeHbI clieyroe 0COOEHHOCTH.

VCTaHOBJICHO, YTO 3JEKTPUYECKOE CONPOTUBIICHHE OTACIBHBIX O00pa3loB BapbUpyeT B
HIMPOKUX Tpe/eNax: pa3inyaercs Ha 4-5 MopsaKOB BO BCEM HCCIEIOBAHHOM —TEMIIEPAaTYpPHOM
UHTEpBaJie, M3MCHSSCH CJIOKHBIM M HEOJAMHAKOBBIM OOpa3oM. [Ipy KOMHATHOW Temreparype
AIEKTPUIECKOE CONPOTUBJICHHE OTACTBHBIX 00pa3ioB cocTaniseT oT 3 MOmM-cMm g0 15000 MOm-cMm,
npu 800 °C — ot 0,002 MOm-cm g0 25 MOm-cMm. Bo Bcem TemmepaTypHOM HMHTEpBalie KpUBbIE
AIIEKTPUUECKOTO COMPOTHBIICHHSI MCIIBITHIBAIOT LEJBIN Psi/i SKCTPEMYMOB, CBSI3aHHBIX C (Da30BBIMH
nepexoJaMu M Pa3pylICHHEM pPa3JIMYHBIX MHOTOYHMCICHHBIX MHHEPAIBHBIX BKJIFOYCHUH, 4YTO
ocnoxHsier Bbiienenue Ha kpuBod IgR=f(T) ¢ mocrarouHOW YBEpPEHHOCTBIO MPSIMOJIMHEHHBIX
Y4acTKOB, IO KOTOPBIM ONPEICIISIOTCS AIEKTPUIECKUE TapaMeTPhI.

OmpeneneHbl  mapaMeTpbl  BBICOKOTEMIEPATYPHOH  AIEKTPONPOBOJHOCTH  (DHEPTHSI

aktuBamu Eo, u kodpduumeHt snekrpudeckoro compoTtuBieHus IgR,. [ns mccnemoBaHHBIX
o0pa3ioB E, Haxomutcs B npenenax (0,1-2,5) 3B, IgR, — (- 6)—(6). YcranoBieH camblii 00JIbIION
JIMana3oH BapHalMid AJIEKTPUYECKUX TapaMeTpoB 00pa3IoB U3 BCEX MCCIIECOBAaHHBIX PaHEe IPYTHX
TUNepOa3uTOBBIX MacCHBOB. {1 cpaBHEHHs. YCTAaHOBJIECHBI paHEE OJIEKTPUYECKUE IapamMeTphl
00pa3ioB u3 AJjamnaeBckoro rumnepbasutoBoro maccusa: E, = (0,25-1,2) 3B, IgR, = [(- 2)—(- 5];
st KimroueBckoro runep6asuroBoro maccusa: E, = (0,4-1,6), IgR, = [(— 3)-(3)].
Ha pucynke mokazaHa cBsizb Mexay Eo, m IgR, U1 cepreHTHHM3MPOBAHHBIX THIEPOA3UTOB
BepOmtoxxeeropckoro MaccuBa. V3 aHanmu3a TONydeHHBIX JaHHBIX CIEIAyeT, 4TO JUIS BCeX
CEpPIIEHTHHUTOB TIPOCIICKUBACTCS 0OpaTHas JIMHEHHas 3aBHCHMOCTh MexAy mnapamerpamu. OHa
BeIpakaercsi obOmeir ¢dopmymnori IgR, = a — bE, rme a u b ko3ddunueHts, paBHbIE,
cootserctBenHo, 6,4 u 6,6 (IgR, = 6,4 — 6,6E,, R® = 0,93). ITo >MEKTPUUECKHM MapaMeTpam
UCCIIeIOBaHHbIE 00pa3ibl OJNM3KKM JTYHHT-IIMPOKCEHUTOBBIM MaccuBaM [l1aTHHOHOCHOTO mosica
VYpana [6].
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YK 550.3
N3MEHEHHUE CTPYKTYPHBIX XAPAKTEPUCTHUK PA3PYIIAIOIIUXCSA
OBPA3IIOB I'OPHBIX ITOPO/I B ITPOIIECCE OBPA3SOBAHMSA AHOMAJIMHA
OBBbEMHOM AKTUBHOCTH PAJIOHA
B.T. benuxos, H.A. Koznoea, /I.I'. Puiekun, A.K. IOpkoe
belik2za@mail.ru
HUnemumym ceogpusuxu YpO PAH, Examepunbype, Poccus

Abstract. With the destruction of rock samples investigated experimentally and
theoretically the processes of radon emission. We have proposed a model and mechanisms by
which describe creation of anomalies the volume activity of radon. With the use of the obtained
experimental data we studied relative changes of open porosity and specific internal surface in the
process of destruction of rocks.

B pa6oTax [1,2], Obuia mpeiokeHa KOJIMYECTBEHHAs (PU3HUECKask MOJIENb, OOBICHSIIOIIAS
MEXaHU3M 00pa30BaHMUs BBICOKOAMIUIMTYIHBIX aHOMAJIMH KOHLEHTpAlUH pajgoHa. [lns mposepku
pa3paboTaHHON MOJENH, a TaKKe YyTOUHEHMs psAAa €€ acleKTOB ObLIM MPOBEACHBI J1abOpaTOpHbIE
HKCIIEPUMEHTHI M0 M3YyYCHHMIO MPOIECCOB 3MaHAIMU pajioHa MPU pa3pyIlIeHUH 0Opa3lloB TOPHBIX
nopof. Llenp uccnenoBaHuil cocTosyia B TOM, 4TOOBI, U3yYUTh MEXaHU3MBbI BBIJCICHUS pPajJioHa U3
o0pa3lia Mo Mepe YBEIWYECHHs BHEIIHEH Harpy3Kd, a TakkKe OLEHUTh BEIUYMHY H3MEHEHUs
CTPYKTYPHO-TIETPOPHU3UUECKUX XapaKTEPUCTUK CpeJibl B Ipoliecce paspyuienus. [Ipu nposenenun
HKCIEPUMEHTOB OTOOpaHHbIE 00pa3lbl IMOABEPTraiuCh OJHOOCHOMY CXKATHIO, BIUIOTH [0
paspymienus. B kauectBe perucrparopa o0beMHOH akTHBHOCTH pagoHa (OAP) wmcmomb3oBancs
AlphaGuard PQ200 PRO.
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Puc. 1. Hsmenenue OAP npu paspywenuu ooépazua (kpusas 1). Pexcum uszmenenus
eénewnell nazpysku (nomanas nunus). Cmpenkamu noKazanvl MomeHmol maxcumymos OAP
(t1, t, t3).

O6beMHan aKTHBHOCTL paaoHa, kB/M

Ha pucynke 1 npuBeneH BpeMeHHOU (parMeHT pe3ynbraToB HabmoaeHuit OAP mist ogHoro
u3 o6pa3uoB. Kak BUIHO U3 MpecTaBIeHHOrO rpaduka, B Mpolecce IpoBEACHUS IKCIIEPUMEHTA, B
U3MEPUTEIbHON YyCTaHOBKE ObLIO 3adukcupoBaHo Tpu aHomanuu (ckauka) OAP, ammmutymsi
KOTOPBIX 10 MEpE YBEIWYECHMs CKaTHs, Bo3pacTaioT. [Ipuuem mocie MOSBICHHS MOCIETHETO
ckauka OAP, mpoucxomut paspymeHue obpasua. I[lo mMopdonoruu Bce aHOMAIUU TOXOXKH: Y
KaXJ101 U3 HUX, pe3koe Bozpactanue OAP co BpeMeHeM, cMeHsieTes MajieHueM, 0osiee MeITICHHBIM,
4eM IpU €€ POCTe, OJHAKO, Ooyiee OBICTPHIM, MO CPABHEHUIO C TE€M, KOTOpOE TOJLKHO OBITh B
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COOTBETCTBUM C 3aKOHOM €CTECTBEHHOTO pacnaaa. lIpeanokeHHbI MexaHu3M 00pa3oBaHUS
anoMaimuit OAP MoxeT ObITh OmHcaH cieayromuM oopasom. Ilpu yBenuyeHun cxatusi B oOpasue
TOpPHOW MOPO/Ibl CHaYala BO3ZHUKAIOT MUKPOCKOIINYECKHE TPELIUHBI, KOTOPBIE 3aTEM, B PE3YJIbTaTe
pocTa u caMsgHUSA 00pa3yIoT TPEIMHbBI MAaKPOCKOMUECKUX pa3MepoB. [locneanue, B CBOIO ouepeb,
npu o0beIMHEHUH (OPMHUPYIOT MAaruCTPalIbHYIO TPEUIMHY, pa3jeisiomyio odpaser Ha yactu. C
TOYKH 3pEHUsl IepepaclpenelieHus pajoHa B IOPOJE, BaXXKHO OTMETUTb, 4YTO B IPOLECCE
paspyiieHuss OyayT o00pa3oBbIBaThCSA yvacTKd (00J7acTH) TMPOHUIIAEMOTO WJIM OTKPBITOTO
TpeuruHoBaTo-nopucroro npocrpancrBa (TIIII), Tak Ha3bIBaeMble OTKpBITBICE TOPBI [2],
cooOuiarommecs, € yKa3aHHbBIMH MaKpPOCKONMWYECKUMHU TpemuHamu. B stux oGmactsax B TIIIT
OyzneT MmocTymath pajoH M3 H30JIMPOBAaHHBIX J0 pa3pylIeHUs OTAEIBbHBIX MOP M TpeuuH. B
pesynbrare, B npoHunaemMom TIIII, kOHIEHTpanus pajoHa CTAHET MOBBIMICHHONW 110 CPABHEHUIO C
TOM, KoTopast ObUIa 10 Hayaja mpoueccoB paspyuenus. [locne oOpa3oBaHus MaKpOCKOIMMUYECKUX
TPEUINH JaBJICHHE B HUX B TEUEHUE HEKOTOPOrO MPOMEXKYTKa BpeMEHU OyJIeT MEHbIIe 4YeM B
NPOHUIIAEMOM TPOCTPAHCTBE YyKa3aHHbIX oOjactedt. IloaTomy, moj neiicTBMEM BO3HUKIIETO
rpaJveHTa JIaBJICHUS B HANPABICHUHM MAaKPOCKONMYECKUX TPEUIMH OyJIeT MpPOUCXOAUTH
KOHBEKTHBHOE JBHMI)KEHHE Tra3zo00pa3zHOro (QIouaa BMECTE C COJCpPKALIUMCS B HEM PaJOHOM.
Takum oOpa3oMm, mepen paspylieHueM oOpas3la KOJMYECTBO pajJoHa B MaKPOCKOMMYECKHX
TpeUIMHAaX CYHIECTBEHHO Bo3pacTeT. HakomjeHHbIi B HHMX paJoH, ToOcie 00pa3oBaHUsS
MarucTpajibHON TpeIMHBI U pa3jeseHus oOpas3llia Ha YacTH MOMNaJaeT B Kamepy perucrpauuu. B
pesynbrare nosiBisercs aHomanus OAP, nabmronaromiasca B skcnepuMmenTte. ['oBopst 0 BelndyuHe
3aperucTpupoBaHHbIX ckaukoB OAP, HeoO0X0IMMO OTMETUTh, YTO B MPHUPOJHBIX YCIOBHSIX
HaOJII0IAl0TCSl aHOMAJIUK € aMIUIMTYI0H, IpeBbIlatomeil poHoBoe 3HaUCHHE Ha MOPSAA0K U Oosee
[3]. [Tonyuennbie nanHbIe MOKa3bIBAIOT (cM. puc. 1), uto OAP yBenmuunBaeTcs Mo CpaBHEHUIO C €€
3HAUEHUEM J0 Hayajla IPOLIECCOB Pa3pyLIEHUs HE CTOJIb 3HAUUTEIbHO. CBSA3aHO 3TO, IO BUAUMOMY
C TeM, 4TO 00JacTh cOOpa pasioHa B JJAOOPATOPHBIX YCIOBUSX, Maja 110 CPaBHEHUIO C TOM, KOTOpast
cymiecTByeT B mpupone. Vcnosp3ys pelieHne ypaBHEHMH, ONMCBIBAIOIIMX MUIPALMIO pagoHa B
pa3pylIaoILecs TPEIUHOBATO-IIOPUCTON CPEAE, MOKHO ONPEAEIUTh €r0 KOHLICHTPALUIO U MOTOK,
a Taroke o0IIee KOJIMYECTBO PaJiOHa, MOCTYMHUBILIEE B H3MEPUTEIbHYIO YCTaHOBKY [2]. [ns mepBoii
aHOMaJIM, O0pa3yrleiicss B MOMEHT BpeMeHu t = t; (cMm. puc.l), ypaBHeHue OaynaHca paIoHa,
CIIC/IyIOIIee U3 COOTHOIIICHHI, OJYUYCHHBIX B [2], uMeeT BUI
i T vt e_ir_tn] + — [E"':r‘—'*ﬂ} e . (1)
Py yr+1 vT+1
AHaJIOTHYHBIC YPaBHEHHSI MOKHO 3aIlucaTh M JUII MOMEHTOB BPEMEHH £, U tz, KOr/1a 00paszyroTcs
BTOpass U Tperhsi aHoManmu OAP ¢ ammiutygsamu, cooTBercTBeHHO P, m Py (cm. puc. 1). B
BeIpakeHnu (1), 0003HAUeHHS CIEQYIOIIUe. T— CpeJHee BpeMs )KHU3HHM aTOMOB pajioHa, P;— ero
KOJIMYECTBO, MOCTYNHUBLIEE B M3MEPUTEIbHYIO KaMepy B MOMEHT IOSBJICHMS NEPBOIl aHOMAaJNH,
P, - KOJMYECTBO paJioHa B KaMepe JI0 Hayaja pa3BUTHs IPOIECCOB pa3pylleHus B oOpasue, t; -
BpeMs HayaJla IPOLIECCOB pas3pylleHus B ropHoil nopoae. [lapaMerp @ onuchIBaeT COOTHOLICHUE
MEXIy KOHIICHTpPAIMSAMH PaJoHa B OTKPBITBIX M HM30JMPOBAaHHBIX Nopax [2]. BemuuuHbl y mv
XapaKkTepU3yIOT CPEIHIOID CKOPOCTh OTHOCUTEIBHOTO HM3MEHEHUS OTKPBITOM mopucroctu u Y BII
OTKPBITOTO MOPUCTOTO MPOCTPAHCTBA, COOTBETCTBEHHO [2], 32 BECh NEpHOJI BpEMEHH t; — t,, KOTJa
Pa3sBUBAIOTCS MPOLIECCHI pa3pylieHuss B oOpasue. OTKpbITas MOpuUCcTOCTh ¢4 U YBII oTkpsITOrO
MOPHCTOTO MPOCTPAHCTBA TOPHOW MOpPOIbI {1; K MOMEHTY O0Opa3oBaHMs MEPBOH aHOMaNMH (TIpH
t = t), B COOTBETCTBUHU C [2], MOTYT OBITH OIIpEEIICHBI U3 COOTHOIICHHIA

P, = @De}ﬂit-_-fn}: n, = ﬂDeV':f-__fn::" (2)
rae @, u {1y — 3HaYeHHUE 3TUX BEJIMYMH, B MOMEHT BpEMEHU t;. Takue ke BBIpaKEHUS MOXKHO
3amucarh U JUII MOMEHTOB BPEMEHH t; U ty, KOrja o0pa3yloTcsl BTOpas M TPEeThsl aHOManuu. Jlis
OIIpPEICTICHUS BEJIMYMH ¥,V U £; pelaiachk CUCTeMa TPeX TPaHCUCHICHTHBIX ypaBHeHui Tuma (1),
NpU 3HA4YeHUsX mnapamerpos P,, P, Py, Pya,ty, t,, 5, COOTBETCTBYIOIIUX IKCIEPUMEHTAIBHBIM.
3HaueHus: OTKphITOM mopuctocty U YBII B MOMEHTHI BO3HMKHOBEHHUS KaXJOW M3 aHOMAIH,
ornpeaessuuch u3 (2) 1 aHAJIOTUYHBIX €My COOTHOIIEHHUN. VICXOqHbIe TaHHBIC U pacyeToB OBLTH
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cnenyrommmu: Py /Py =1.7; P,/P,= 225, Pg/P,= 593, t;=2945cyr.; t, =32.59cyr,;
t; = 34.65 cyt.; @, = 0.05; a= 189.7; T = 5.52 cy1. Bpemena ty,t;,t; ONPEACTIUCH KAK
MOMEHTBI MakCUMyMa cooTBeTcTBymomei aHoManuu OAP u otcumthiBanmuck ot natel 0 yacoB 1
miong 2012 ropma. YucneHHOe pelIeHHE YyKa3aHHOW CHCTEMBbl YPaBHEHHMH Jajio CleAyIOIIue
pesymbratel. ¥ = 0.0026 cyT ', v = —0.1659 cyT ¥, t,= 29.37 cyr. Torma, ¢ yuerom (2),
@, /@, =1.0004; @,/p, = 1.0086; @, /@, = 1.014; 0,/0,=0975 0,/0,=0.579;
,/0, = 0.411 OTHOCHUTENHHO MOJYYEHHOTO 3HAUEHUS BETMYUHBI ¥V MOXKHO CKa3aTh CIEAYIOIIEE.
Beiie, Mbl y)k€ TOBOPUIIM, YTO ¥ U V SBJISIOTCSA CPEIHUMH 3a IPOMEXKYTOK BPEMEHM, B TEUCHHE
KOTOPOT'O MPOJOJDKAIOTCS IPOIECCH pa3pylIeHust B 00pasiie ropHoii mopoisl. To, 4TO BENTMYMHA V
UMEET OTPHIIATEIIbHOE 3HAa4YeHHE, TOBOPUT O TOM, YTO B cpenHeM (3a BpeMmsi t; — ty) HpOLECCHI
CIIMSIHUSL U YKPYIHEHMs TPEIMH NPEBAJMPYIOT HaJ MPOLECCaMU, MPUBOASILIMMU K YBEJINYEHUIO
VYBII OTKpBITOrO MOPUCTOrO IPOCTPAHCTBA HA HAYAJIBHOW CTAaJuU pPa3BUTHSA IIPOLIECCOB
paspymienus. [lomydenHnoe 3nadenue {14/, =0.975 mnoka3piBaeT, YTO YKPYIHEHUE TPELIHH
MOXKET HAyaTbCsi YK€ K MOMEHTY mnosiBiieHus nepsoro ckauka OAP. Ilocie oxoHYaTenbHOIO
pasnenenus obpasia Ha yactu, YBII ymenbiiaercs B 2.43 pa3a 1o CpaBHEHHIO C €€ 3HaYCHUEM JI0
IPWIOKEHNUA Harpy3ku. OTKpbITass IOPUCTOCTh B TEUEHUE BCEro Ipoliecca MOHOTOHHO
yBenuunBaeTcs. OOmuii ee pocT K MOMEHTY BpeMEHHU t = t; cocraBisier 1.4%, mo cpaBHEHHIO ¢
IIEpBOHAYAILHBIM 3HaueHWEM Ipu t = t,. IlpuBeneHHbIE BbIIIE JaHHBIE TOBOPSAT O TOM, YTO B
npoliecce paspyuieHus oOpasla Bapuallid OTKPHITOM MOPUCTOCTH MEHEee 3HAYUTEIbHBI, YeM
n3menenue YBII. Cnenyer oTMETUTD, UTO M IO pe3ysIbTaTaM MHTEPIPETALUU JaHHBIX PAJIOHOBOIO
MOHUTOPHHTA B €CTECTBEHHBIX YCIOBUSAX HAOIIONACTCS aHAJOTHYHAs TEHICHLUS, a UMEHHO IpHU
paspyieHuu ropasix mopoja YBIT uzmensiercst B 00bliieii CTENEHH, YeM OTKPbITast HOPUCTOCTD [2].
Takum o00pa3oMm, pe3ynbTaThl MPOBEACHHBIX SKCIEPUMEHTOB IOKA3ajH, YTO MPH DPa3pyLICHUU
00pa3loB TOPHBIX MOPOJ, MOTYT IMPOUCXOIUTH MPOLECCH AKKYMYJSIUHM PaJOHA, MPUBOJIAIINE K
00pa30BaHUIO0 aHOMAJIMH €ro 0ObEMHON aKTUBHOCTH B M3MEPUTENBHON YCTaHOBKE. AMIUIUTYAbI
BO3ZHUKAIOIMUX CKaukoB OAP COOTBETCTBYIOT €ro COJIEp)KaHUIO B IOPOJE, a TaKXKe pazMepam
obOmactu ero cbopa. Bce 3To maer ocHOBaHHME Tojararb, 4TO MOAOOHOTO poJa MPOILECCH,
OpoUCXOJiIIMe B OOJBIIMX MacmiTabax, MPUBOAAT K BO3HHKHOBeHHIo aHomanuii OAP,
PETHCTPUPYEMBIX B pa3pyIIAOIIUXCS MaccuBax ropHbix nopox [3]. bonee BbIcOKHE aMIUIUTYIIbI
aHOMaJui, HAOIIOMAIOUIMECS MPH 3TOM, B OCHOBHOM, OOYCJIOBJICHBI OOJBIIMMHU XapaKTepHBIMHU
pa3mepamMu 00JaCTU pa3pyLIeHUs, U3 KOTOPOM MPOUCXOJUT aKKYMYJISAIHS paloHa.

PaGoTa BbINOJHEHA NpU MOAJEPKKE MPOrpaMMbl (GyHIAMEHTAIBHBIX HccieqoBaHuil YpO
PAH, mpoektsr Ne 12-T-5-1004, Ne 12-I1-5-1018 u Ne 12-C-5-1029.
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IODPEKTUBHAS TEXHOJIOTHUS JJISI KOJTMYECTBEHHOM MHTEPITIPETAIIMA
TEO®U3NYECKHNX IMOJIEN MOJABOJHBIX BYJIKAHOB KYPUJIBCKON
OCTPOBHOM OYT'H
I0.1. Brox', B.1. Bondapenkoz, A.C. Jloneans’, I1.H. Hosukoga®,

B.A. Pauuoos*, A.A. T, py0035

2. Mockea; 2Kocmpwwcmﬁ 2ocydapcmeennwlil yHugepcumem um. H.A. Hexpacosa,
2. Kocmpowma; r opuwii uncmumym YpO PAH, 2. [lepmb; 4HHcmumym 8YIKAHON02UU U
ceiicmonoeuu JJBO PAH, 2. ITemponasnosck-Kavuamckuii;> 340 «HIIIT Aspozeodpusura», 2.
Mocxea

Original and effective techniques was used for interdisciplinary investigation of Kurile
Island Arc submarine volcanoes.

Kypunbckas octpoBuas ayra (KOJ) — kmaccuueckas ABOWMHAs Jyra, cOCTOsIIas M3
BHYTpEHHEH (BYJIKAHMYECKOH) W BHEIIHEH (TEKTOHWYECKOW) Iyr, pa3ieieHHBIX MEXIyrOBBIM
TPOTOM, OXOTOMOPCKHI1 CKJIIOH KOTOPO OCJIO’KHEH TIOABOAHBIMU ByakaHamu [9].

Jlia mHTEprnpeTaluy MaTepHaioB, MOJYYEHHBIX MPH KOMIUIEKCHOM HM3YYEHHH MOJBOJHBIX
BynkaHoB KO/, aBropamum paszpaboraHa d(p(deKkTUBHAsS TEXHOJOTHS  KOJIWYECTBEHHOU
UHTEpIIPETAIlMK JaHHBIX ruapoMarHuTHOH cheMku (I'MC) B KoMILIeKce ¢ DXOJIOTHBIM ITPOMEPOM,
HETIPEePBIBHBIM ~ celicMoakycTHudeckuM npoduaupoBanreM (HCII) u aHanm3oMm ecTecTBEHHOM
OCTaTOYHOH HAMAarHMYEHHOCTH M XHMHYECKOIO COCTaBa JApParupoBaHHBIX TOPHBIX IOPO.
TexHOJOrusl OPUEHTHpPOBaHA HA HMHTEPIPETALHUIO PEe3yabTaTOB HAOIIONEHHH, MOJy4eHHBIX Ha
BECbMa HEPETYIAPHBIX CEeTSAX, a  BCE MHTEPIPETAMOHHBIE MOCTPOCHHUS OCYIIECTBISIOTCS
HETMOCPEICTBEHHO 110 MCXOAHBIM JaHHBIM, He mpuleras K HEKOPPEKTHOM IMpoleaype ux
Npe/IBapUTEIILHOTO BOCCTAaHOBJICHUS B y3J1aX PerysipHOi ceTH [2-6].

B pa3paboTaHHON TEXHOJOIMM MPHUMEHSIOTCS pa3IMYHble METOAbl HHTEpIpeTaluu
matepuasioB 'MC, ogHHM U3 KOTOpPBIX opueHTHpoBaHbl Ha 2D 1 2.5D ananu3 MarHUTHOTO IMOJIs Ha
OTHEJBbHBIX Talicax, a Apyrue Ha 3D ananu3 mo Bcemy MaccuBy Habmonenuii. Kak mpu 2.5D, Tak u
npu 3D MonenupoBaHHM HCIOIB3YeTCs] UCTUHHBIN penbed ByIKaHMUECKUX MOCTPOEK, C Y4eTOM
norpeGeHHOT0 MOoJ 0CaJKaMU OCHOBAHUS, MOJYYEHHBIN MO AaHHBIM 3X0s0THOTrO npomepa u HCIL.
JUis yTOuHEeHusi TIIyOMHHOTO CTPOEHHUS IOJIBOJHBIX BYIKAHOB HCIOJB3YIOTCS aHAIM3 OCOOBIX
TOYEK, TOMOrpaduyeckuii aHaaM3 M MOHTXKHBI METOJ pelieHus oOpaTHON 3amauu
marautomerpun (OM3).

WuTepnperanus HaunHaercs ¢ 2.5D MonenupoBaHus U aHanu3a 0COOBIX TOYEK (YHKIHUH,
ONMCBHIBAIOIIMX AHOMAJbHBIE MArHUTHBIE TIOJII HAa OTAENbHBIX Trajcax, C IOMOIIBIO
unTerpupoBanHoil cucremel CUHI'YIJIAP, koTOpast mo3BOJII€T CUHTE3UPOBATh PE3YJIbTAThl AaHATIN3A
TpeMsi He3aBUCHMBIMHU MeTo1aMu [7].

[Tocne momyueHuss npeaBapUTEIbHOM HHPOPMALUU O CTPOCHUM H3Yy4yaeMOI'o BYJKaHa,
ocymectBisiercs mnepexoa k 3D  mopenupoBanuro. CHauana onpeaesnsieTcs yCpelaHEHHOe
HarnpaBjeHue BeKTopa 3()p(HEeKTUBHOM HaMarHMYEHHOCTH TOPHBIX MOPOJ C MOMOIIBIO TPOrPaMMBbl
UT'JIA [8]. Bynkanuyeckast HOCTpO¥Ka, pacloIOKeHUE BEpXHEH KPOMKH KOTOPOH YCTaHOBIIEHO TI0
JaHHbIM 3XxoJoTHoro mnpomepa u HCII, anmpokcumupyercss ycedeHHOH mnupamMuuoil, u ee
napameTpsl, B TOM YHUCJIE KOMIOHEHTHl BEKTOpPa CyMMapHOH HaMarHUYE€HHOCTH, OLIEHHWBAIOTCS C
YYETOM PErMOHAIBbHOrO ()OHA B MHTEPAKTHUBHO 33/1aBA€MOM MHOI'OYrOJIbHOM MHTEPIPETAMOHHOM
OKHE.

Hanee mnporpammoit REIST wu3 mnakera mnporpamm CHUI'MA-3D Boemmonnsiercs 3D
MOJICTUPOBaHKE TTETPOMArHUTHBIX XapaKTEePHCTUK TTOABOIHBIX ByNKaHOB [2-6] (puc. 1). [To Bcemy
MacCHUBY MCXOJHBIX JAHHBIX MPOBOJUTCS alMpPOKCUMAlKs MCTOYHUKOB MarHUTHOTO 1OJI Ha 0aze
MOJIeNIN CYOTOPU30HTAIBHOTO CIIOS € JIATEepaIbHO U3MEHSIOIIEHCS 110 MOYJII0 HAMarHH4eHHOCTBIO.
BepxHsis KpoMKa €105 337a€Tcsl o JaHHBIM 3XoJ0THOro mpomepa 1 HCII, a HuKHss, Kak MpaBuiIo,
NpUHUMAeTCs TOPU3OHTAIBHOM, a ee IIyOWHa 3aJaeTcsl MCXOJs U3 aHalu3a OCOOBIX TOYEK MU
naHHplx 2.5D MopenupoBanus. HampaBineHue BekTopa HAaMarHWYEHHOCTH MOPOJ TMPU 3TOM
3aJaeTcs MO pe3ylbTaTaM, MOJy4eHHBIM ¢ nmoMousio nporpammsl UIJIA. TTockonbky reomerpus
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aNMpOKCUMHUPYIOIIETO CJIOSI ¥ HANPaBJICHWE BEKTOpa HAMArHUYEHHOCTH TOPOJI U3BECTHBI 3apaHee,
OTpe/IeJICHUEe M3MEHECHUS MOJYJIsi HAMAarHUYEHHOCTU TI0 JIATEPaIH IO OTHOLICHUIO K HEKOTOPOU
TOuke, OOBIYHO 3aJaBaeMOM B LEHTPE WHTEPIPETALMOHHOIO YYacTKa, OCYLIECTBIISCTCS
eIMHCTBEHHBIM 00pa3oM [1].

40°28°34 .
154'23°36" 8.0,

0
491715 cw.
1540402 8.0

Puc. 1. 3D mMozaenupoBaHKe METPOMAarHUTHBIX XapaKTEPUCTUK TOABOIHBIX BYJIKaHOB 2.7 (crpaBa) u
2.8 (cnmeBa): a — Oarumerpusi; 6 — aHoManpHOe MarHuTHoe mnoie ATa; B — pacnpenencHue
3G PeKTHBHON HaMarHW4YEHHOCTH BYJKaHa, T — pacmpenencHue 3(pPpeKTuBHON HaMarHU4EeHHOCTH,
n300paKeHHOE HAa TOBEPXHOCTH BYJIKAHA.

Ha 3akirounTeibHOM 3Tane JIjisi u3y4eHHUs TTYOUHHOT'O CTPOCHHS BYJIKAHUYECKUX TTOCTPOCK
MPUMEHSIOTCS MHTEpIpETAllMOHHAas TOMOTpadus U MOHTaXHBI Meroa pemenus O3M [2-5].
Tomorpaduueckuii aHaJM3 aHOMAaJbHOTO MArHUTHOTO TOJs (pHc. 2a) MMO3BOJIACT HAMETHTh
pacripeniesieHie neTpo(GU3NYECKUX CBOWCTB B I'EOJOTMYECKOW Cpele M B MEPBOM MPHOIMKCHUH
mupdepeHIMpoBaTh  pa3jiMuHbie  OJOKM B BYJKAHHUYECKOW  MOCTpoiKke.  Pe3ynbraThl
HUHTEPIPETAIIMOHHON TOMOTpaduu CIIy)KaT B KAa4yeCTBE alPHOPHOW WH(POpPMALUU MPH PEIICHUU
O3M MOHT@KHBIM METOZOM. MojenupoBanue mnpoBoautcs B 2.5D BapuanTe mo Kaxaomy wu3
rajgcoB. Ilpu STOM UHTEpHpeTaTop TNOJY4aeT CEPUI0 JKBUBAICHTHBIX pemeHuit O3M,
COOTBETCTBYIOIIMX OIPEICICHHOMY MHTEPBAIy HEBS3KH HAOJIOJCHHOIO M MOJCIBHOrO moiiei. B
UTOre BBIOPAHHBIM BapUAHT BHU3YAJIM3HPYETCS B BHIE HUHTEepHosiuoHHo 3D wmonenu
MAarHUTOBO3MYIIAIOIIUX T, OTPAKAKIICH OOBEMHYI0 KOHPHUIYpalUi0 U  MPOCTHPAHHE
NPENoaracMoro moABo/IsIIero kanana (puc. 20).

ANovABAOe Manummse noge (AZ),, wTn

T~
Az, uTanea || O]

(a)

[ ENNNNERNNNNNNANNNNNEEE |
5070

[AF), n Tk
40129000 40 60 40 30 0 10 3 ® 110 138 159 170 | (82, HTRIM

Puc. 2. Tomorpaduyeckas untepnperanus () 1 uHTepHonsiuonHas 3D-moaens uctouHnKa
MarHuTHOTO 1oJis (6) MOJBOAHOTO BylKaHa MakapoBa. 1- 3JIeMeHT 3aMOIICHHUSI.
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C nomompio pa3pabOTaHHOM TEXHOJIOTUHM YAAIOCh YTOYHHUTH CTPOCHHE psAAa MOJBOIHBIX
BynkaHoB KOJI, BbigenuB oTAenbHbIE OJOKM, BEpIIMHHBIE KalbJephbl, JaBOBBIE IOTOKH,
MOJIBOJISAIINE KaHAJIBl U MarMaTHYECKHe KaMephl B X MOCTPOHKaX.

Bricokas 3¢ (eKTHBHOCTh TPUMEHEHHs pa3padOTaHHON TEXHOJIOTMU JOCTUTHYTA Oaroaaps
IIEPMAaHEHTHOM MHTETPALUM BY30BCKOM, aKaJEeMUYECKOM M OTpACI€BOM HAyKU OpraHu3alui
Mockssl, Koctpomsl, [lepmu u Ilerponasnoscka-Kamuarckoro.

PaGora BeimosiHeHa npu nozuepxkke PODU (mpoektst 12-05-00156-a, 12-05-00414-a, 12-
05-31138-moxn_a) u nporpamme uccienoanuii OH3 PAH (mpoekr 12-T-5-1012).
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YAK 552.1: 537
OCOBEHHOCTM B QJIEKTPOITPOBOJTHOCTHU BO/1bl, BBISABJIEHHBIE B XO/IE
9KCIHEPUMEHTOB
H.B. boopoenukos, 10.b. Ilemyxoesa
Hnemumym eeopuzuxu YpO PAH, Examepunbype, Poccus, nvbobr@list.ru

Abstract. The laboratory work, to study the causes of instability in the electrical properties of
water. Found that low-amplitude electric current which is passed resistivity measurement itself
affects the change in properties of water. First established that the velocity of the electric field in the
water can be less than the velocity of the sound wave.

B noknaze M370XKEeHBI pe3yabTaThl 3KCIEPUMEHTAIBHBIX pabOT, KOTOpbIE MMENTU CBOEH
LENbI0 U3YYUTh MPUYMHBI HECTAOMIBHOCTH IapaMeTpbl 3JIEKTPUUYECKUX CBOMCTB BOJBI MpU
M3MEPEHUH Ha 4acTOTax 3BYKOBOTO Juana3oHa. Heo0XxoauMOCTh MOCTAaHOBKH TaKUX JIaOOPaTOPHBIX
paboT ompenensaigach CTPEMJICHHEM MOBBICUTh TOYHOCTh U MH(OPMATHUBHOCTh T'€03KOJIOTMUYECKHX
uccnenoBanuil. Hampumep, ectb cTpemiieHHE MONYYUTh JOTOJHUTENbHYI0 MH(OPMALUIO 3a CUET
BBIUMCIICHUS TUAICKTPUUYECKON NMPOHUIIAEMOCTH BJIAXKHBIX TOPHBIX MOPOJ, ONUPASICh Ha OOBIYHYIO
3aIUCh JJIsI KOMIUIEKCHOM JIEKTPOIIPOBOJHOCTH:

Y = Yo + logge 1)

re  Yo— DIEKTpHUUECKas MIPOBOJMMOCTb Ha IOCTOSTHHOM TOKE, CHUM,
® — KpyroBasi 4acToTa dJIEKTPUUECKOTO MO, cekt,
€0 — DJICKTpUYECKasi TOCTOsTHHAS, /M,
€ — IMPJICKTPUYECKAsi IPOHUIIAEMOCTh CPE/Ibl.

B pesynbrare BBIYMCICHHH IUANEKTPUYECKOW TNPOHUIIAEMOCTH IO PSAAY H3MEPEHHBIX
3HA4YeHUH S(PEKTUBHOTO COMPOTHBICHUS BIXKHBIX TOPHBIX MOPOJA HA PAa3HBIX YacTOTaX MBI
nosTyuunn Gonsimie 3uauenns € — 10 107 [1]. TIpuuéM camble BHICOKHE 3HAYCHHS MPUXOAATCS HA
HIDKHUE YaCTOTHI, C TIOBBIIICHUEM YaCTOThI BEIYHCIICHHBIC 3HAYeHUS YMeHbInatoTcs. [1pu moBTopax
OKa3bIBa€TCs, YTO BCE 3HAYEHMs, KaK YACIBHOTO COMPOTHUBICHHS, TaKH JMIIICKTPHYECKON
NPOHHUIIAEMOCTH HECTaOWJIbHBI, M TMOCJIEIOBATEIbHO H3MEHSIOTCSA. B CBOMX TOMBITKAX HAWUTH
NPUYHHY HECOOTBETCTBHUS PE3yJIbTaTOB M3MEPEHHH TAaOIMYHBIM 3HAYCHUSM MBI MOCTABHIIM PSJ
IKCIIEPUMEHTOB C JTUCTUILITMPOBAHHOM BOJOH, KOTOPYIO MOKHO PacCMaTpHUBaTh KakK OJHOPOIHYIO
Cpey BBICOKOTO YIEIBHOTO AJIEKTPUYECKOTO CONPOTUBIICHHS, 9TO COOTBETCTBYET TEOPETUYECKON
MOJIET  OJHOPOJHOTO  IOJYNPOCTPAHCTBA — 0a30BOM MOJETH Uil  TE03JIEKTPUYECKUX
UCCIIEI0OBaHUMN.

W3mepeHnss TPOBOAMIM C  HWCIOJIB30BAHUEM  YETBIPEXINIEKTPOIHBIX  YCTAHOBOK.
[lepBoHAYaNBEHO HMCIOJIB30BAIM YCTAHOBKY pHC 10, Y KOTOPOH AIEKTPOABI PACIHOIaratloTcsi HE B
psil, Kak B OOBIYHBIX MOJICBBIX YCTAaHOBKAX, a B BEpUIMHAX KBajapara. [lo3ke cramu MCHoiab30BaTh
yCTaHOBKY BeHepa - ¢ pacrosioskeHueM 3JIEKTPOJIOB B JIMHHIO, C OJJMHAKOBBIM ITPOMEKYTKOM (CM.
pucla). Kaxkmas w3 95THX YCTAaHOBOK IIO3BOJIIET IOCIE€ HM3MEPEHUI  BBIYMCIHTH B
KBa3UCTAMOHAPHOM NPUOIIKEHUU YAEIbHOE CONPOTUBIICHHE OJHOPOJHOTO IMOJYIPOCTPAHCTBA
1o cranaaptHoit Gopmye [3]

p= k(AUMN”AB) (2)
rae K- reomerpuueckuii K03)(HUIUCHT YCTAHOBKH, M,

AUpn — BeTUUHMHA U3MEPEHHOTO CUrHala, MB,
|og — CHIIAa TOKA B HUTAIOIIEN TUHUA, MA.
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Puc.l Cxembl UCHONB30BAaHHBIX YCTaHOBOK: a — BeHepa, 0 — kBaapaT, B — JIUMOJbHAS.
TlosgcHeHus B TEKCTE.

KBa3ucranuonapHoe mnpuOMMKEHHWE O3HAYaeT, YTO Mbl IpENojaraeM OTCYTCTBHUE
BOJIHOBBIX SIBJICHUH MOJII B BHIOPAHHOM JHMAara3oHE 4acTOT. AHAJIOTUYHBIC W3MEPEHHUS MPOBOJASAT
MHOT'HE HMCCIIeIOBAaTeNN, HauboJee 0KUBJICHHE B YaCTU MCCIIEIOBAHHMA MO SKOJIOTUU M OMOJIOTHH.
Bce orMeuaroT HecTaOMIIBHOCTh M3MEPSEMBIX MapaMeTpoB, MPU U3MEPEHUSX Ha HU3KOW 4acToOTe.
MBI TOXe CTONKHYJIUCH C 3TOM mpoOieMoid. s ylydIieHns CTa0MIbHOCTH Pe3yIbTaTOB KaXKbIN
JIeHb [I€PBOHAYAIBHO BBINOJHUIA LUKJI W3MEPEHUNM HAa OJHOM YacToTe, 0 YCTaHOBJICHUSA
OJIMHAKOBBIX 3HAYCHUH, a 3aTE€M IIEPEXOAWIA K OCHOBHOMY LIUKIly U3MepeHuil. VI3MeHeHus: CBOKCTB
BOJBI IPOUCXOAWIM €XEIHEBHO, KAaK IPAaBWJIO, C IIOCTCIICHHBIM YMEHBIICHUEM YACIBHOIO
COIIPOTUBIICHHUSL.

OcHOBHast 1eb  3KCIEPUMEHTOB  COCTOsUIa B CHSATHMM  aMIUIMTYIHO-YaCTOTHBIX
xapaktepuctuk (AYX) ynenpHOrO CONPOTHBIICHUS BOJbI, MU3MEPEHHs IPOBOJIWIA B WHTEPBAJC
3BYKOBBIX 4acTOT. YacTh KpUBBIX MOJYYCHHBIX B OJHY M3 Cepuil MoMelleHbl Ha pucyHke 2. Ha
YaCTOTHBIX KPUBBIX PUC. 2 MOXKHO BBIJICITUTH XapaKTepHbIE MOBTOPSIOIINECS OCOOCHHOCTH

1. oGnacth cTabunbHBIX 3HaUeHUH Ha yuacTke 20 + 200 [,

2. mnaBHoe noBbimeHue p Ha uarepsasie 200 + 2000 I';

3. pe3koe, KBa3MPE30HAHCHOE U3MEHEHUE Y/IeIbHOTO CONPOTHUBIEHH Ha yuacTke 4 + 20 k',

4. eXeIHEBHOE CHIKEHHE YJeJIbHOTO COTPOTUBIICHUS,

5. eXeTHEBHOE IOCIeIOBATEIbHOE CMEUICHHUE MOJOKEHHUS BBICOKOYACTOTHOTO SKCTpEMyMa

BIIPABO.
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Puc. 2. YactoTHble XapakrepucTuku p. [losicHeHus B TeKCTe.

Oco0eHHOCTh 3TOM CEecCHUH B TOM, YTO BO BpeMs IMKJIA U3MEPEHHUN UMET MECTO MEPEPHIB B
20 mHeid, HO 3a ATO BpeMs HE MPOM30ILIO CYHIECTBEHHBIX U3MEHEHHH B 4aCTOTHOM kpuBoii. Takas
CTa0MJIBHOCTh CBHJIETENILCTBYET O TOM, YTO Ha CBOMCTBa BOJABI BIHSET U TO HEOOJBIIOE
BO3JICUCTBHUE, KOTOPOE CO3MAETCA NPU U3MEPECHUSX.
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Bo3pacTaHue yaenbHOro CONPOTHUBIEHUS Ha BBICOKMX YacTOTaX BO3MOXHO B Cllydasx
BIIMSIHUSA DJIEKTPUUECKON MHAYKLMY F€HEPATOPHBIX JIMHUI HAa U3MEPUTEIbHBIE NIEKTPobl. OHAKO,
IIOJIyYEHHbIE HAMM  JaHHbIE yKa3aJd Ha 3aKOHOMEPHOE CMEUIEHHE OSKCTPEMaJIbHOMN
BBICOKOYACTOTHON YaCTH KPUBBIX B X0/I€ CEPHUU IKCIIEPUMEHTOB. [0MOIHUTENHHO OBLIO MPOBEICHO
u3yueHre COOCTBEHHOH YaCTOTHON XapaKTEepUCTHKH HM3MEpPUTENbHOM YCTaHOBKHM, NpPH 3aMeHE
peaIbHOM cpeibl SKBUBAJICHTHBIM COEJIMHEHUEM AaKTHUBHBIX CONPOTHUBIICHUH, MOKa3aBIIEE, YTO
YaCTOTHAs XapaKTEPUCTUKA YCTaHOBKHU JuHeHHa 0 120 kI,

Ha cnenyromem »stame cTaju JONOJIHUTENBHO HCIIONB30BaTh M YCTaHOBKY Benepa.
Pe3ynbTaThl U3MEpEeHUii B BUJIE IBYX IPa)UKOB yJIEIBHOTO COMPOTUBIICHUS IPUBEICHBI HA PUCYHKE
3. Kak BuaHO Ha pucyHke, rpaduKy yKa3blBalOT Ha OJIM3KUE 3HAUYEHUS B 00JaCTH HU3KHX YaCTOT U
3HAQYUTEIIBHO PACXOIATCA C MOBBIIEHHEM 4acTOThl. [IpnuéMm, yctaHoBKa Benepa na€r cHU>KeHHE
YIEIBHOTO COIPOTHBIIEHUS TaM, IJleé YCTAaHOBKA C PAaCIOJIOKEHMEM DJJIEKTPOJOB IO KBaapaTy
(UKCHPYET IKCTPEMYM.

AYX aucmnnupoBaHHon Boabl oT 1.03 ——Pxcl 1.03
— —e— —PxB11.03

3 8

Puc.3 ConocraBnenue AYX ynenbHOTO CONPOTHUBIEHHS C pPa3HbIMH YCTaHOBKAMHU.
IlosicHeHus B TEKCTE.

0,0174
0,136
0,27
0,54
11
22
44
87
17,4
34,8

OueBUAHO, PACXOXKICHUS BBI3BAHBI Pa3HBIM PACIOJIOKEHUEM 3JeKTpoaoB. CTaHOBUTCS
SICHBIM, 4TO TOJIBKO Ty 4acTh Ipa(UKOB, TJ€ 3HAUCHHS p OJM3KU MEXay co00i MOKHO OTHECTH K
KBa3HCTAI[IOHAPHOM 30HE, PACX0KJIEHHE Ha BBICOKMX YacTOTaxX IOKAa3bIBa€T HAyall0 BOJHOBOMU
30HBI. B BOJHOBOIi 30HE 3nekTpoasl AB 00pa3yloT reHepaTopHbIid JUIONb, U3JIydeHHE KOTOPOTO
TeM (] dexTuBHEE, YeM OIIKE ero pa3Mepsl K MOJOBHHE BOJHBI M3JIy4aeMOIo MOJIs, U MPU 3TOM
MaKCUMaJIbHasl SHEPIUs M3JIy4aeTcs B IJIOCKOCTU MEPHEHIUKYISIPHON K ocH aunoiisd. CxeMaTuyHO
JUTIONb N300pakéH Ha pucyHke 1B.

B takom ciyuyae JyiMHA AIEKTPOMArHUTHOM BOJIHBEI HA yacToTe 8,7 kK[ cocTaBmsier 2 X 2 cM
=4 cm. He TpyaHO BBIYUCIUTH U CKOPOCTh PACIPOCTPAHEHHSI BOJIHBI

V =f). = 8700 * 0,04 = 348 (m/cex) (3)

rae f— gacrora mons, I'1y, A - JyIMHA BOJIHBI, M.

CnenoBaTenbHO, MBI MOJIYYWIM CKOPOCTb PAacCHpOCTPAaHEHHUs IEKTPOMArHUTHOW BOJIHBI B
TPU pa3za MEHbILE CKOPOCTU PACIpPOCTPAaHEHHs 3BYKa B BOJe, KoTopas cocramiser okojo 1400
M/CeK.

JIureparypa
1. bobposuukoB H.B. Kaxymasics nuanekTpuyeckas NMPOHUIAEMOCTh, Kak Xapakrepuctuka BIL. //
Marepuansl MeXIyHApOAHOIO HAyYHOTO ceMHHapa «Bompocsl TEOpUH M MPAKTHKH TEOJIOTHYEeCKOn
uHTeprperanuy reopusnyueckux nonei» nmenu [.I'. Yenenckoro. 38 ceccus, Ilepms, 2011,
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YK 530.3+550.344
INOCTPOEHME SIIEP UHTEI'PAJIbHBIX YPABHEHUH C TIOMOIIBIO
PEOJIOTUYECKUX TEJ BBICOKOI'O PAHT' A
E.H. bviyans
byzan@ukr.net
Hnemumym eeogpusuxu HAH Yxpaunsl, Ykpauna, 2. Kues, np. Ilaiaouna, 32

Algorithm of cores formation and resolvent of Volterra integral equations of second kind is
offered with the help of creep and relaxation functions of rheological bodies of high rank.

B noxnane paccmarpuBaeTcs 3ajada O IOCTPOCHHMU SIIEP M PE30JBBEHT HHTETPAJIbHBIX
ypaBHeHUH BousbTeppa 2-ro poja, ONMUCHIBAIOIIMX MPOLECCHl IOCIEACHCTBUS B HEYNPYTUX
Te0JIOTHUYECKHUX CPEeax, KOTOPbIC 3aIUChIBAIOTCS TaKUM 0Opazom [1-2]:

g(t) = é[c(t) + Jt. K(t - t)o(t)dr], Q)

o(t)= E[s(t) - j. R(t — t)e(t)d1], 2

rae K(t—rt)- sapo wmaTerpambHoro ypasHenms (1), a R(t—1)- ero pesosibBeHTa, TaK 4TO

BhIpakeHue (2) ecth perieHueM ypaBHeHus (1), 1 Hao00poT — BeIpakeHue (1) OymeT perieHuem
ypaBHeHus (2).

Slnpa uHTErpanbHBIX ypaBHeHui (1, 2) OyaeM HaXOAMTh C TOMOIIBI0 (PYHKIUH penakcanun
Y QYHKIUH TTOJI3YYECTH PEOJOTHYECKUX Tell, C IOMOIIBIO KOTOPBIX allIIPOKCUMHPYIOTCSI HEYIIPYTHe
npouecckl B reosormueckux cpenax [3]. IlpuBemem HEKOTOpbIE CBEOCHUSI O CTPYKTYpe
peosoruyeckux e (PT) u o metoae nocrpoenust PT Boicokoro nopsizka [4].

PT n - ro panra gensarcs Ha deTbipe Tuma. Mx peonorumyeckue ypaBuenus (PY) B
CTaH/JapPTHOM BHJIC 3alIUCHIBAIOTCS B TAKOM BUJIE!

(1+ 8D +--a, ;D)o =HED(L+byD +-- b, ;D" 1), (NZM)

(1+a,D+---a,D")s = HED(1+b;D +-- by,_;D1-1)e, (NZn)
(1+aD+a, ;D)o = ER(1+b,D +-b,D")e, (HZn) ()
(1+ 8D +--a,D")o = ER(L+bD +--b,D" e, (HZM)

rme D=o/ot, H u N — kBasuynpyrue u xasussaskue PT, E® u H® — penakcupyrommue ynpyrue
U BS3KHE MOIYJIH COOTBETCTBEHHO, HHJEKC BHHU3Y YKa3blBACT HA YHUCIO DJIEMEHTOB B
HeBbIpoxkaeHHOM PT. Iloctpoenune PT Bbicokoro panra mpoBoauTcst myreM oObeauHeHus PT
MeHbIero nopsaka. [lpu mapamiensHom oobequuennn 18yx PT, PY KOTOpBIX HMEIOT Takoil B!

Ro; =Qier, Rop =Q;, (4)
nonxyauM PT, PY koToporo 3anumercs cieayomum o0pa3om:
PPo = ( RQ, + P2Q1)8 , )

a MpHU TOCIeI0BaTeIbHOM 00benuHeHuu a1 PY oO0benunenHoro PT Oymer mMeTh MecTO Takas
3aII1Ch.

(Ple + Ple)G =QQz¢. (6)
Slnpo uHTEerpasbHOro ypaBHeHus (1) ompenensercss yepe3 cKOpocTh (QYHKIIUU TMOI3y4eCTH
€ =V tak [3]:

K(t)=—z¢, (7)
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OTKyJa CIIeAyeT, 4TO sl MOCTPOEHHsS CKOpOCTH aedopMaiuu LenecoodpazHo OpaTb Jrodoe
KBa3MBS3KOE PEOJIOTHUECKOE TeIo N — ro panra, Hanipumep N, , PY xoToporo 3amuceiBaeTcsi Takum

obpazom:
R -1
(l+aD+-a,D")o =H¥{L+bD+-b, D" ), 8)
U B Cllydae, KOTa © =0, =const, u3 ypaBHeHus (7) MOIy4MM JUII CKOPOCTH AedopMaruu
(byHKIMH CKOPOCTH MOJI3Yy4ECTH) € = V clieayromiee qupPpepeHinai-Hoe ypaBHEHHE:

vl 4 ovl2) ey oV v /by g =0/ (HRD, ), 9)
rae ¢ =b,_;_; /b, ;. Ero obuiee pemienue 3anumercss TakuM o0pazoMm:
n-1
v=Yd;exp(Ait)+V, (10)
i-1
rie  V=oq/(HRb, ) — wuactHoe pemenne ypaBHeHms (9), Aj— KOPHH CIEIYIOIIETO

XapaKTEePUCTUYECKOTO YpaBHEHHS, OPOXKICHHOTO TuddepeHIatbHbiM ypaBHeHneM (9):
A1 oA+ A 2+..41/b, =0, (11)
v; =—1/\; — BpeMeHa penakcauu 1ehpopMaiy Mpyu MOCTOSHHOM HaNpsHKEHUH 6 = G = const, a d;

— MOCTOSIHHBIE MHTETPUPOBAHUS, ONIPEACISCMbIC 3 HAYaIbHBIX YCIOBHI.

@DyHKIUS CKOPOCTH TOJI3YYECTH, 3alMcaHHas corjacHo ypaBHenuto (10), sBisercs, mo
CYTH, Pa3JIOKCHHEM CKOPOCTHM IMOJ3y4eCTH B PAJ I10 OKCHOHeHTaM. Eciu wumeeM
IKCIIEPUMEHTAIBHO TOJYYCHHYIO (PYHKIIMIO CKOPOCTH MOJI3YYECTH, TO €€ MOYKHO Pa3JIOKHUTh B PSiJI
M0 DKCIIOHEHTaM, KOTOpPbIE PacCMaTPHBAIOTCS Kak 0a3uC, W MO ATOMY PA3JIOKCHHIO IOJNYYHUTh
CIIEKTP BPEMEH TOCICACHCTBUS M pelakcalud, C IOMOLIbI0 KOTOPBIX MOXHO CTPOHTH
PEOJIOTHYECKHE TeTa.

3aMeTuM, YTO pa3joKeHUEe (YHKIUHM MOJI3ydecTH Oyaer TeM TOo4yHee, 4eM OoJblie
KOJIMYECTBO AKCIOHEHT B BbipakeHuu (10), a 310 03Hawaer, 4ro Ui JIydIIeH anmpoKCHMAIH
(GYHKIMH CKOPOCTH MOJ3YYECTH HYXXHO OpaTh paHT PEOJOrHYECKOro Tela, ¢ TOMOIIBI0 KOTOPOTO
anMnpoOKCUMUPYIOTCSl HEYIIPYTUE MPOIECChI B TEOJIOIMYECKUX CpeliaX, KaK MOKHO OOJIBIINM.

[Toncrasnsis B ypaBHeHue (3) 3HaueHHE (YHKIMH CKOPOCTH IIOJI3YYECTH, MOJYYCHHOU C
nomompio ypasuenust (10), momyumm st sapa  K(t) maTerpansHoro ypasmenms (1) Taxoe

BBIpQKCHHUE!
E n-1
K(t):—Z[die*T/ri +\7]. (12)
Oo i=1
Jlanbure moctpouM pe3onsbBenty R(t— 1) ypaBuenus (1). Ona Boipaxkaercs de