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AnHoTaums. HanmoHanpHBINA OTYET, MpeacTaBJse-
MBI MexayHapoaHOH accouluanuu reojesuu MexayHa-
POJHOTO TEO0JIE3NYECKOT0 M Teo(U3MYECKOTO CO03a, CO-
JICPIKUT PE3yJIbTaThl, JOCTUTHYTHIE POCCUICKUMHU T€0JIe3H-
cramu B 2007-2010 rr. B oTdere KpaTko paccCMOTpPEHBI OC-
HOBHEIC PE3yJIbTATHl UCCICIOBAHNHN U Pa3paboTOK B 00Jac-
TH TEOJNIC3WH, TCOAMHAMUKH, TPAaBUMETPHH, B H3YYCHUHU
MpoOIIEM TTOCTPOCHUS U TOAIEPKAHUSI KOOPAWHATHBIX CHC-
TEeM OTCUeTa, M3yYeHUH (QUTYPHI H TPABUTALIMOHHOTO OIS
3emii, MapaMeTpOB BpamieHUs 3eMJIIH, PEUICHUs IPUKIa-
HBIX 3a/a4 M HEKOTOPHIX Apyrux HampasieHui. [lepmox
pasButus reoje3uu B Poccun ¢ 2007 o 2010 rr. 66u1 noc-
TATOYHO CJIOXKEH, INIaBHBIM 00pa3oM, M3-3a HENPEPHIBHOTO
peoOpa3oBaHKs TOCYAaPCTBEHHBIX T'€0JIE3UYECKUX CTPYK-
Typ M OpPraHu3alii, a TaK)Ke HaIlMOHAILHOTO 00pa3oBaHusl.
Otyer npencraBiseT co00i 0030p OCHOBHBIX ITyOJIMKAIIAI
7 JOKJIaJ0B Ha CHMIIO3UyMaX, KOH(PEPCHIUIX W CEeMHHA-
pax. Kaxzaplii M3 pa3fesioB OTYETa BKIKOYAET MEPEUYECHb
myOmukanuit 3a 2007-2010 rT., B TOM YHCIe TOATOTOBIICH-
HBIX B COaBTOPCTBE C 3apyOEKHBIMHU KoJuleramMu. B Tekcte
TaK)Ke OTPaXCHbI HEKOTOPHIE HanboJee MHTEPECHBIE MEX-
QYHApOJHBIE W HAIOHAJIBFHBIE MEPONPHUATHA B OOJIACTH
reoze3ur. [1o psny OOBEKTHBHBIX NPUYUH B OTYET IOME-
IEHbl HE BCE PEe3yJbTAaThl POCCHUCKUX HCCIENOBAHUN U
pa3paboToK B 00JaCTH TCOIC3UH.

KaioueBsie caoBa: ['eonesus, reodusnka, Bpaie-
HHUE 3eMIIH, CUCTEMBI 0TCYETa, TeOJMHAMHUKA.

Abstract. This report submitted to the International
Association of Geodesy (IAG) of the International Union of
Geodesy and Geophysics (IUGG) contains results obtained
by Russian geodesists in 2007-2010. In the report prepared
for the XXV General Assembly of IUGG (Australia, Mel-
bourne, 28 June — 7 July 2011), the results of principal re-
searches in geodesy, geodynamics, gravimetry, in the stud-
ies of geodetic reference frame creation and development,
Earth’s shape and gravity field, Earth’s rotation, geodetic
theory, its application and some other directions are briefly
described. The period from 2007 to 2010 was still difficult
for Russian geodesy mainly due to the permanent reforma-
tion of state geodetic administration as well as state educa-
tion structure and organization. The report is organized as a
sequence of abstracts of principal publications and presen-
tations for symposia, conferences, workshops etc. Each of
the report paragraphs includes a list of scientific papers
published in 2007-2010 including those prepared in coop-
eration of Russian scientists and their colleagues from other
countries. Some interesting international and national scien-
tific events are reflected in the text too. For some objective
reasons not all results obtained by Russian scientists on the
problems of geodesy are included in the report.

Keywords: Geodesy, geophysics, earth's rotation,
reference systems, Geodynamics.

Nel-2011 MesxmyHapoaHblii HayYHO-TEXHUYECKHUIi M IPOM3BOACTBEHHBI KypHan «Hayku o 3emme» O



mailto:an.pevnev@yandex.ru
mailto:an.pevnev@yandex.ru
mailto:steblov@gps.gsras.ru
mailto:statev@inasan.ru

TEMA HOMEPA / THEME

Report Created edited by Dr.V.P.Savinikh and Dr.V.I.Kaftan

1. REFERENCE FRAMES
(Demianov G.V., Kaftan V.1,
Mazurova E.M., Tatevian S.K.)

In the frames of the National Program on
the improvement of the Fundamental Astro-
Geodetic Network (FAGN) a new network of the
nine GPS/GLONASS sites are established in
Russia. Together with the IGS sites operating till
now, there are more than 30 permanent GNSS
sites in the country with combined receivers.
Several of these sites are collocated with the
seismological automatic stations of the IRIS
network. The main objective of the Program is
definition, realization and maintenance of the
unified Reference Frame, focusing on both spa-
tial and vertical components. Every site of this
network is tied by precise leveling with the two
nearest points of the State Leveling network (in
total 400000 km of lines). The repeated absolute
gravity ~measurements at the permanent
GPS/GLONASS sites are carried out for estima-
tion of precise vertical components of the coor-
dinates. Several of these sites are already collo-
cated with the existing SLR, VLBI and DORIS
stations, and a few additional collocations are
planned for further improvement in accuracy and

stability of the reference network. Integrating
with GGOS project is also considered.

The GPS/GLONASS measurements from
all these sites are collected and analyzed by the
Analysis center of the Central Research Institute
of Geodesy and Cartography, which has been
established in cooperation with the BKG. Joint
scientific analyses of all space geodetic observa-
tions will be carried out in collaboration with the
analyses centers of the Russian academy of sci-
ences and Space Agency [Demyanov G.V., Tat-
evian S.K., 2010].

At present Russian coordinate reference
frame (RUREF) consists of the four main geo-
detic networks of different orders:

e Fundamental astro-geodetic network FAGN
(45 stations)

e Precise geodetic network PGN (about 250
points)

e st order satellite geodetic network SGN-1
(created in economical developed regions)

e C(lassical State geodetic network SGN of 1-4
orders and densification (about 500 000
points).

Two highest orders of the RUREF are
shown at the Fig.1.

Fig.1. Fundamental astro-geodetic (red trapeziums) and precise geodetic (blue dots) networks of the
Russian coordinate reference frame
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Fig.2. Main Russian Vertical Reference Frame (first order leveling — solid, second order leveling —
thin, planned - red)

FAGN consists of 37 permanent GNSS sta-
tions and 8 periodically observed satiations. The
25 permanent stations belong to the Federal Ser-
vice of Registration, Cadastre and Cartography
(Rosreestr). Russian Academy of Sciences (RAS)
and Federal Agency on Technical Regulation and
Metrology (Rosstandart) maintain, 10 respec-
tively, 9 and 4 permanent sites jointly with Ros-
reestr. The rest 7 permanent sites belong to RAS.
Three of them are the VLBI observatories of the
Institute of Applied Astronomy of RAS.

All another PGN, SGN-1 and SGN points
are in responsibility of Rosreestr.

The main part of PGN sites equipped by
special geodetic concrete piers using special
GNSS antenna mounts. See example in Fig. 3.

Every FAGN and PGN site includes the
main GNSS geodetic center, 2 benchmarks of
precise spirit leveling, and 2 ground pillars of the
classical SGN of the 1-2 orders tied each other by
precise GNSS measurements.

Geodynamical test areas are established in
the frame of the common national reference
frame and respond to the specifications of PGN-1
or precise permanent local networks.

Central Research Institute of Geodesy, Ae-
rial Survey and Cartography has organized Pre-
cise GLONASS Ephemeris Center. Cooperative

Virtual Data Analysis Center is working at the
base of the Precise GLONASS Ephemeris Center
in response of the agreement between Federal
Agency of Registration, Cadastre and Cartogra-
phy (former Roskartography) and Bundesamt fiir
Kartographie und Geodasie (BKG)
[http://84.47.145.86].

Observation and monitoring of global
changes require a construction and continuous
maintenance of multidisciplinary reference
frames. Monitoring of global deformations and
mass exchange processes is a main task of IAG’s
Global Geodetic Observing System. In view of
this, global distributed gravimetric networks pre-
sent the observation component of high/highest
importance. The long and successful experience
of global space reference frame development al-
lows us to differentiate reference frame and ref-
erence system concepts. In this case three main
and clear definitions are distinguishing:

e Coordinate systems are abstract mathematical
models.

e (Coordinate) reference systems are semiab-
stract physical models.

e (Coordinate) reference frames are real tech-
nological model or network.

Nel-2011 MesxmyHapoaHblii HayYHO-TEXHUYECKHUIi M IPOM3BOACTBEHHBI KypHan «Hayku o 3emme» 8
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Fig.3 The point of the precise geodetic network
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Global gravity monitoring today becomes
the task of global space reference frames. It ne-
cessitates harmonizing a particular terminology.
Today the main global gravimetric net-
work/frame is the International Absolute Gravity
Basestation Network (IAGBN). It needs to be
closely collocated with sites of the International
Terrestrial Reference Frame (ITRF) and modern-
ized to a permanent service by coinciding with
superconducting gravimeter network. Therefore
it will useful to have more rigorous definitions of
gravimetric system and/or gravimetric reference
system and gravimetric reference frame.

Several papers are devoted to discussion of
the necessity of harmonizing modern and classi-
cal definitions in geodetic usage [Kaftan V.1,
2008abc, Kaftan V.I., 2009a].

The condition of the Russian gravimetric
reference frame is described in [Gusev N.A.,
Scheglov S.N., 2010].

The main features of a national reference
frame are its complexity and metrological provi-
sion. International comparisons of absolute grav-
ity meters are the more important supports of
metrological quality of national reference frames.

The series of international comparisons of
absolute gravity meters are described in [Maki-
nen J., et all, 2008a & b]. The first comparison
was performed in 2004 at the Metsdhovi Geo-
detic Observatory (latitude 60 deg 13 min N,
longitude 24 deg 24 min E) of the Finnish Geo-
detic Institute (FGI). Simultaneous measure-
ments were made between July 6 and July 17
with three gravimeters on three piers (AB, AC,
AD). Each gravimeter had two independent set-
ups on each pier. These gravimeters were the
FGS5 no. 101 and FG5 no. 301 of BKG, and the
GBL-P no. 001 of TsNIIGAiK. The FG5 no. 220
of IfE performed a more succinct program on
piers AB and AC July 3 to 5. The FGS5 no. 221 of
the FGI only could perform the full program
September 28 to October 8. The possibility of
using the record of the superconducting gravime-
ter GWR T020 at Metsdhovi to connect this far-
apart (in time) absolute measurement to the oth-
ers is investigated. The second comparison was
performed in October 2005 at the Zvenigorod
Observatory (latitude 55 deg 42 min N, longitude
36 deg 46 min E) of the Institute of Astronomy
of the Russian Academy of Sciences, on two
piers. They were occupied by the GBL-P no. 001

and the FG5-110 of the TsNIIGAiK, and by the
FG5-221 of the FGI, with two setups on each
pier. The third comparison was performed in
June 2007 at two field sites: Pulkovo (latitude 59
deg 46 min N, longitude 30 deg 20 min E) and
Lovozero (latitude 67 deg 53 min N, longitude
34 deg 37 min E). Both sites have a single pier.
The FG5-110 of the TsNIIGAiK and the FG5-
221 of the FGI participated, with two setups at
each site. In Metsdhovi and Zvenigorod a relative
network between the piers were observed at mul-
tiple levels using Scintrex CG-5 and La-
Coste&Romberg feedback gravimeters. Re-
searchers evaluate the results, analyze the role of
the relative measurements, and discuss the meth-
odology of combining several comparisons for
the determination of their reference gravity val-
ues and of the offsets of the gravimeters.

The fourth comparison was performed in
Irkutsk in November 2010 at the site of the
FGUP VostSib AGP (East Siberian Division of
the Federal Service of Registration, Cadastre and
Cartography). See Fig. 5.

Two new Russian gravity meters were
compared using four postaments. The FG5 no.
221 of the FGI could not be transferred to the site
due to unexpected custom problems. The next
gravimeter comparison planned to be performed
in 2011 in Moscow.

The comparison was carried out together
with the International Meeting on Problems of
Geodesy, Geodynamics and Gravimetry at the
East Siberian Division of the Federal Service of
Registration, Cadastre and Cartography (Fig.5).

Complex character of large scale reference
frames requires the accomplishment of special
local geodetic ties between points of different
techniques. Research on the usage of GPS for
VLBI and GPS reference point’s collocation are
presented in the paper [Kaftan V.I., 2009b]. Pre-
liminary experiments on three Russian VLBI
sites of Institute of Applied Astronomy of the
RAS showed that the accuracy of a tie has a sub
centimeter level. More accurate ties using GPS
need to provide the best observation conditions.
In a contrast to geodetic electro distance and op-
tical ties, GPS ties have not transformed coordi-
nate errors immanent for the classical approach.

The papers [Mazurova E.M. 2009, Ma-
zurova E.M., Malinnikov V.A., 2010] discuss the
history of the GLONASS, modern tendencies
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and prospects in its development. The main dif-
ferences between GLONASS and GPS are con-
sidered. The role of the systems in global refer-
ence frame construction is described.

The history of GLONASS development has
been long and difficult. Technical, but mainly
political problems of the country have not al-
lowed the system to develop dynamically. Over

the last seven years there have been essential
changes both in the development of the system
and in the field of its application. GLONASS
satellites are constantly modernized (GLONASS,
GLONASS-M, GLONASS-K, GLONASS-KM).
Their satellite life time increases and the number
of carrier frequencies also increases, which re-
sults in the system higher accuracy.

Fig. 5 Comparison of absolute gravity meters at the site of East Siberian Division of the Federal Ser-
vice of Registration, Cadastre and Cartography

Russia worked out a state geocentric coor-
dinate system PE-90 (PZ-90) to ensure geodetic
support for orbital flights and solve navigation
problems. Along with the coordinate system PE-
90 (PZ-90), Russia is actively using WGS-84.
Therefore the paper analyzes the two coordinate
systems and shows their relationships. Visibility
zones of the GLONASS over Newcastle are
given according to the information of the analyti-
cal centre of coordinate-time and navigation sup-
port of Russia.

The instability of the GLONASS does not
allow yet the Russian system to compete on equal
footing with the GPS. However, even now, the
GLONASS can be used for many purposes not
only in Russia, but also abroad.

The International conference “Space geo-
dynamics and global process modeling” (APSG
2008) was held on 22-26 September 2008 in No-
vosibirsk. Report on the common usage GPS and
GLONAS during the Russian Reference Frame
development was presented by S.K. Tatevian,
S.P.Kuzin [Tatevian S., Kuzin S., 2008].

GLONASS is a key element of the Russian
Positioning, Time and Navigation service. The
GLONASS state program foresees the full opera-
tion capability (24 satellites) was reached by the
end of 2010. The second generation of satellites
GLONASS-M have been launched with the L2
civil signal, extended lifetime and improved
clock stability. GLONASS-K satellites are ex-
pected to have the L3 civil signal and Synthetic
Aperture Radar function. An extension of the
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ground control and monitoring network up to 9-
12 stations are planning and cooperation with
GNSS is 17 foreseen. The combined
GPS/GLONASS system is a main technology for
development of the fundamental geodetic net-
work and for crust movement studies along the
North Eurasian tectonic plate. In combination
with GPS, GLONASS can benefit users already

[ ——

now especially in the urban areas. Results of
GLONASS data analysis performed at the Insti-
tute of Astronomy (Moscow) with the use of
GIPSY-OASIS2 software for 16 globally distrib-
uted sites show that residuals of the GLONASS
solution are almost similar to those from the GPS
solution [Kuzin S., Revnivykh S., Tatevyan S.,
2007].

Fig. 6 The participants of the International Meeting on Problems of Geodesy,
Geodynamics and Gravimetry

Taking into account recommendations of
the International Earth Rotation and Reference
Systems Service (IERS) and International
DORIS service (IDS), a reprocessing of the
DORIS data for the period of 1993.0-2010.0 has
been performed aiming to obtain a unified coor-
dinated solution of the IDS analysis centers for
the developing of the new version of the Terres-
trial Reference Frame - ITRF2008. The weekly
solutions of coordinates of all 71 DORIS ground
sites and Earth Observations parameters (EOP)
have been estimated with the use of new im-
proved satellite surface models, submitted by
CNES, and with measurement data of the satel-
lites SPOT2, SPOT3, SPOT4, SPOTS, TOPEX,
and ENVISAT. After the transformation of the

free-network solution into a well-defined refer-
ence frame ITRF2005 (exactly, long-term cumu-
lative IGN solution: ign07d02) weekly coordi-
nates of the sites were estimated with the internal
precision at the level of 5-40 mm for majority of
the stations.

Russian scientific community pays special
attention for historical fragments of the national
reference frame. There is a series of works de-
voted to the "Struve Geodetic Arc" research and
public awareness [Kaptiig V., 2008, 2009, 2010;
Mazurova E.M., Aleksashina E.V., 2010].

Procedures of space fixation of global co-
ordinate system are proposed in papers [Gera-
simenko M.D., Kolomiets A.G., 2008, Kolomiets
A.G., 2010]. The authors recommend using the
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free global network adjustment in a reference to
more stable vertical or horizontal site velocities.
The approach allows the authors to reject some
quality geological models in the process of orien-
tation site velocity vectors.

Russian gravimetric team from Central Re-
search Institute of Geodesy, Aerial Survey and
Cartography, and Moscow State University of
Geodesy and Cartography, and Vietnam Institute
of Geodesy and Cartography (VIGAC) carried

out the joint Russian-Vietnam field campaign on
gravimetric reference frame modernization in
Socialist Republic of Vietnam in 2010-2011. The
gravity measurements have performed by new
Russian absolute ballistic gravity meter for field
operation constructed by the Institute of Automa-
tion and Electrometry of the Siberian Branch of
the Russian Academy of Science (Fig. 5) and de-
scribed in [Stus Yu.F., et al., 2010]. The field
campaign scenes showed in photos below.

Fig.7 Absolute gravity measurement at a field gravimetric point.

2. GRAVITY FIELD
(Boyarsky E.A., Mazurova E.M., Vitushkin L.F)

Questions of calculation of anomaly of
height on basis of wavelet-transformation are
considered in article [Mazurova E.M., A.S. Ba-
grova, 2008]. Results of the spent experiment
have shown, that compression of a kernel of
Neumann’s integral more than on 23% leads to
accuracy loss at calculation of height anomaly of
an order of two decimeters. Comparison of speed
of calculations of a file in the size 32X32 a

method of wavelet-transformation and a method
of the Fast Fourier Transform (FFT) has shown
considerable advantage of method of the FFT
when we wish to receive heights of the geoid
with centimeter accuracy. It occurs because at
calculation of Neumann’s integral by a wavelet-
transformation method it is impossible to com-
press essentially a kernel of Neumann’s integral
without loss of accuracy of calculation of anom-
aly of height. Thus, it is impossible to recom-
mend a method of wavelet-transformation for
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practical use at calculation of height anomaly in
the central zone if only we do not wish to offer
accuracy for economy of machine memory.

The paper [Mazurova E.M., Kuvekina
N.A., Aleksashina E.V., 2008] presents the de-
duction of ellipsoid corrections in evaluating the
disturbance potential from gravity disturbances.
Spherical approximation makes the basis of al-
most all formulas of physical geodesy. From
studies by D. Lelgemann, spherical approxima-
tion in application of Stokes’ formula to deter-
mining the average height of the geoid all over
the Earth leads to an error of the order of +0.2 m.
The modern accuracy of determining the anoma-
lous potential of the gravitational field requires
the flattening of the reference-ellipsoid to be
taken into account. At present, satellite naviga-
tion technologies (GLONASS, GPS, etc.) allow
gravity disturbances go to be calculated confi-
dently, they being the function of the geodetic
coordinates B, L, H defined from satellite meas-
urements.

The purpose of the work [Mazurova E.M.,
2009] is development of an image Hartly for a
kernel of the modified Vening-Meinez’s integral.
The concept of the deflection of the vertical is
significant in physical geodesy. As the direction
of the deflection of the vertical is defined by
gravity, and evasion from them - gravity anoma-
lies knowing these anomalies it is possible to find
and deflection of the vertical. With development
GNSS-technologies, it is possible to confidently
define the gravity disturbance. Therefore authors
can define the deflection of the vertical under a
modified Vening-Meinez’s formula. This integral
is an integral of convolution and for its calcula-
tion in the central zone (radius to 10) it is effec-
tive to use two-dimensional fast Hartly transfor-
mation, using thus flat approximation. If the size
of the central zone is to increase, it is necessary
to change the integrated kernel. Fast Hartly trans-
formation is especially effective, if the analytical
image Hartly of an integrated kernel is known.

Spherical approximation makes the basis
for a majority of formulas in physical geodesy.
However, the present-day accuracy of determin-
ing the perturbing potential requires ellipsoidal
approximation.

The papers [Mazurova E. M., Yurkina M.
I., 2010a, Mazurova E. M., Yurkina M. 1., 2010b]
deals with constructing Green’s function for an

ellipsoidal Earth by a spherical harmonic expan-
sion and using it for determining the perturbing
potential. From the result obtained, the part cor-
responding to spherical approximation has been
extracted. The remaining expansion is repre-
sented by a series whose terms decrease in-
versely proportional to the power number of the
harmonic of the spherical harmonic expansion of
the gravity force.

The Green function is known to depend
only on the geometry of the surface where
boundary values are set. Thus, it can be calcu-
lated irrespective of the gravity data complete-
ness.

Any changes of gravity data do not have an
effect on Green’s function and they can be easily
taken into account if it has already been com-
puted. Such a solution method, therefore, can be
useful in determining the perturbing potential of
an ellipsoidal Earth.

Now, the central place in geodesy has been
taken by satellite methods of co-ordinate deter-
mination using the signals of the GPS and
GLONASS satellite navigation systems. Geo-
detic heights, however, computed from satellite
measurements and normal heights determined by
geometric leveling, exist independently from
each other. The relationship between geodetic
heights in a co-ordinate space and normal heights
is executed by height anomalies which should be
known with high accuracy. The problem of accu-
rate determination of the gravity field transfor-
mants is caused by the fact that the classical
methods of solving problems of physical geodesy
are based on deriving and resolving some inte-
grated equation. Continuous errorless values of
gravity anomalies across the whole surface of the
Earth are needed for that. But it is practically im-
possible to make a continuous gravimetric level-
ing, and the classical approach is not capable to
produce an accurate answer without gravimetric
leveling being completed. In practice, the initial
information is discrete, with a lot of measuring
errors, and known not across the whole surface of
the Earth. Notice that Neumann's integral from
which it is possible to calculate height anomaly is
a convolution integral. Therefore, it is possible to
use linear transformations for its calculation,
such as the Fast Fourier Transform and wavelet-
transform. In computing height anomaly,
M.S.Molodensky's combined method is applied;
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with it, numerical integration is conducted only
within a certain “"limited area". The influence of
the distant field zone is taken into account by ex-
pending the gravity anomaly into series by
spherical functions. The paper [Mazurova E.M.,
2010] discusses the algorithm for calculating the
height anomaly in the *limited area" in flat ap-
proximation. Neumann's integral calculations
have been done on the basis of the fast discrete
Wavelet-Transform. The results of the research
into compressing the Neumann integral kernel
that can be performed in calculating this integral
by the Wavelet-Transform method are presented.
An efficiency comparison of applying the Fast
Fourier Transform and Fast Wavelet-Transform
to computing the Earth's gravity field transfor-
mants has been made.

10th International Geoid School “The De-
termination and Use of the Geoid” was held on
28 June — 3 July 2010 at the State Research Cen-
ter of the Russian Federation — Concern CSRI
Elektropribor, JSC (Saint Petersburg, Russia).
Young geodesists from Russian Federation,
Germany, Canada, Turkey, USA as well as re-
searchers of geophysics, geology and engineering
took part in the school. Modern theories of geo-
detic gravimetry were enlightened and practical
exercises of global model computation, lest
square collocation and adjustment were passed.

To make a more exact mathematical model
of the global atmosphere circulation and to im-
prove the weather forecast one needs to take into
account the Vertical Deflection Components
(VDCs). The required accuracy for these tasks is
1-2" now and twice better in future. The VDCs
were calculated [Boyarsky E.A., et al., 2010] by
integration of the free air gravity anomalies
(taken from the Internet site of Scripps Institute
of Oceanography) on the grid of 2’ x 2’, an inte-
gration radius R = 4,000 km. Also the approaches
to calculate the far zone contribution are dis-
cussed. As the first test the results are compared
with the VDCs obtained from the global spheri-
cal harmonics expansion of the order of 1,800.
For the Mariana trench area, where the variation
of W—E component exceeds 50", the standard de-
viation from Wenzel’s model is of 2". The other
region for testing with a more dense grid 1’ x 1’
is the Kane fracture zone; standard deviations are
about 0".6.

The MAGELLAN-2 package, developed at
the Russian Academy of Sciences’ Institute for
Physics of the Earth (IPE) to use in a Windows
environment, is a elaboration of the previous
MAGELLAN version [Boyarsky E.A., Afana-
sieva L.V., 2010]. It is oriented toward modern
gravimeters and the growing demand for accu-
racy and detail in measuring the gravity forces at
sea and in the air.

The results of the measurements of gravity
field at all the stations of gravity micronetwork at
the BIPM are presented [Jiang Z., Becker M.,
Vitushkin L., 2008]. The BIPM is located on the
slope of the hill in the park St Cloud in Sevres,
France. This micronetwork consists of two sites
with nine gravity stations in the buildings and
two outdoor gravity stations. The difference of
the values of free-fall acceleration at the gravity
stations is about 9 milligal.

The technical protocol for the International
Comparisons of Absolute Gravimeters developed
according to rules for the Key Comparisons
[Agostino G.D’, Germak A., Vitushkin L.F.,
2008]. The results of KCs provide the technical
basis for the Mutual Recognition Arrangement of
national measurement standards and of calibra-
tion and measurement certificates issued by na-
tional metrology institutes. The MRA is signed
by more than sixty National Metrology Institutes
over the world. The development of such Techni-
cal Protocol for ICAGs means that one more step
to the increase of the confidence in gravity meas-
urements was done. The details of the Technical
Protocol are discussed.

The organization of ICAG-2005, measure-
ment strategy, calculation and presentation of the
results were described in a technical protocol pre-
developed to the comparison. Nineteen absolute
gravimeters carried out 96 series of measure-
ments of free-fall acceleration g at the sites of the
BIPM gravity network. The vertical gravity gra-
dients were measured by relative gravimeters.
For the first time the budgets of uncertainties
were presented. The result of ICAG-2005 is in a
good agreement with that obtained in ICAG-2001
[Vitushkin L., Jiang Z., et al, 2010].

A new method of the measurement of the
gravitational constant using two free-moving
discs and laser displacement interferometry is
proposed [Vitushkin L., Wolf P., Vitouchkine A.,
2007]. Such method can be realized in the labora-
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tory on the ground and on a spacecraft where the
better accuracy in the measurements can be
reached.

The basic ideas on the measuring standards
in gravimetry are analyzed [L.F.Vitushkin,
2008]. It is shown that currently the primary ref-
erence measurement method of free fall accelera-
tion is realized by the absolute ballistic gravime-
ter.

The successful results of the measurement
of free fall acceleration using the absolute gra-
vimeter FG5-108 with a compact frequency sta-
bilized solid-state laser at 532 nm are presented
in the paper [Vitushkin L., Orlov O., Nalivaev
V., 2008].

The results of the measurement of the mi-
croseismics at the gravity stations of VNIIM at
its Lomonosov branch are presented in [Krivtsov
E., et al., 2008]. It is shown that besides of very
quiet microseismics situation at this site a good
damping is reached thanks to massive basement
0f 4000 tons.

The State Research Center of Russian Fed-
eration “Concern CSRI ELEKTROPRIBOR,
JSC” and TAG with the support of Russian Foun-

dation for Basic Research and Committee for
Science and Higher Education of St Petersburg
Government were organized two international
IAG symposia “Terrestrial Gravimetry. Static
and Mobile Measurements” - TGSMM-2007 and
TGSMM-2010. Symposia were held in “Concern
CSRI  ELEKTROPRIBOR, JSC”, Saint-
Petersburg.

Main topics of the symposia were devoted
to techniques, methods and results of terrestrial
gravity observation, including the latest achieve-
ments in absolute gravity measurements using
cold atomic gravity meters.

The X-th International Geoid School ‘The
Determination and Use of Geoid’ has been or-
ganized by IGeS, the State Research Center of
Russian Federation “Concern CSRI
ELEKTROPRIBOR, JSC” and IAG with the
support of Russian Foundation for Basic Re-
search and Committee for Science and Higher
Education of St Petersburg Government in the
period from 28 June to 2 July 2010 at the CSRI
ELEKTROPRIBOR in St Petersburg, Russian
Federation. The well known scientists took part
in the school as the invited lecturers.

Fig.1 Participants of the 3rd Joint Meeting of CCM Working Group on Gravimetry andIAG Study
Group on Comparisons of Absolute Gravimeters, library of VNIIM, StPetersburg, 24
August, 2010
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The school was attended by 15 participants
coming from 5 countries. The computers with
0O.S. were provided for all the students. Each
computer worked with WinXP. The FORTRAN
compilers and PHYTON interface have been in-
stalled to use FORTRAN programs that usually
run under Unix systems. The students have been
given Lecture Notes, IGeS CD with software and
data for exercises, the GRAVSOFT manual, and
a user guide for FFT exercises.

All the students received the certificates of
successful graduation.

All-Russian D.I.Mendeleyev Research In-
stitute for Metrology (Russian acronym VNIIM)
proposed to organize the next International Com-
parison of Absolute Gravity Meters ICAG in
2017 on the reconstructed site for absolute grav-
ity measurements in Lomonosov branch of
VNIIM (Lomonosov is a little town in the vicin-
ity of St Petersburg).

Now a new absolute ballistic gravimeter for
the Primary State Standard of Russia in gravim-
etry as well as the document described the trace-
ability chain for the measuring instruments in
gravimetry is under development at VNIIM.

3. GEODYNAMICS
(Kaftan V.I., Steblov G.M.,
Tatevian S.K., Pevnev A.K.)

Nowadays a large amount of measurement
information is collected in geosciences due to a
great progress in technologies of observation.
Space geodesy and geodynamics have collected
unprecedented quantity of precise observation
time series. The examples of this information can
be the data of permanent GNSS, and VLBI, and
gravity measurements or another geosciences ob-
servation. There are many long and high tempo-
ral resolution time series collected in modern
geosciences’ data bases. The large amount of the
information creates conditions to find out new
important regularities of the observed natural
processes. This circumstance attracts many geo-
detic and geophysical institutes to analyze col-
lected time series. Most of European geodetic
institutes and organizations do research on the
time series treatment. Some dominated periodical
regularities are find in the observation and pub-
lished in different scientific journals and issues.
But the nature of them is not clear for today. An

example the yearly periodicities in GPS observa-
tion can be interpreted as meteorological seasonal
or tidal influences or GPS radio wave propaga-
tion. Each of them can be plausible explained but
every source of the influence is not determined.
There are some not understudied correlations be-
tween spectra of different observed processes. An
example the spectra of solar activity and Caspian
Sea water level have rather close correlation but
the physical reasons are not known. These un-
clear correlations compel researchers to continue
analysis of them for the reason of finding new
natural regularities or uncorrected measurement
errors. In the case of geodesy it is rather impor-
tant to find the causes of revealed correlations.
Such kind of research will bring new information
for improving measurement accuracy and physi-
cal models.

The widely used procedures of analyzing a
periodical behavior in time series have some dis-
advantages. The first is a not differentiated esti-
mation of statistical confidence of revealed peri-
odical components. The practice shows that a
confidence of revealed periodical components
varies significantly. An example yearly and daily
oscillation harmonics usually have variations
changing from hours to days. Standard tech-
niques such as FFT or close to it not provide the
detailed accuracy estimations for every of the
confident components. For detailed analysis it is
important to know RMS for every phase, ampli-
tude and period estimations. This circumstance
does not allow users of standard methods to
simulate an accurate periodical model. The next
weakness of typical techniques has not enough
attention to phase determination. The phase
analysis is performing very seldom and in terms
of angular phase values. It does not bring clear
information about phase shifts of near oscillation
components. Temporal values of phase shifts are
very important for the interrelation analysis for
different observed processes.

For this task the original technique called as
Sequential Analysis of Dominated Harmonics
developed several years ago was used [Kaftan
V.1, 2010]. This periodicity analysis technique
based on the iteration least squares method was
used for mathematical modeling of different
natural processes. Time series of absolute gravity
measurement, polar motion determination and

Nel-2011 MesxmyHapoaHblii HayYHO-TEXHUUECKHUIi M IPOM3BOACTBEHHBII KypHan «Hayku o 3emme» 17




TI'EOJIE3Us1 / GEODESY

GPS-hight measurement were used by the tech-
nique.

The method allows determining the trend
component and the set of harmonics. The final
model is a polyperiodical function that has the
best fitting to the initial time series.

Two steps of computations were used: 1)
estimation and removal of the trend (linear com-
ponent), 2) finding one after another and removal
of the high amplitude periodical components
(harmonics), twice exceeded their standard er-
rors. The proposed technique was used for fore-
casting of a behavior of important natural proc-
esses such as Caspian Sea level, solar cycle shape
and pole coordinates. The predictions were statis-
tically proved and demonstrated the effectiveness
of the method.

Permanent GNSS measurements at sites of
special geodetic networks provide high impor-
tance information for geodynamic purposes.
They allow finding regularities of earth’s surface
movements and deformation.

The results of the permanent observation at
the local GNSS network covering the San An-
dreas Fault were processed using the special
technique of horizontal deformation computation
and estimation of their uncertainty. The SOPAC
archive data were used for computation of de-
formation characteristics from the beginning of
2004 to the end of 2007 with 10 day interval.
Differences of the local network base line vectors
were adjusted without any constrains. Invariant
deformation characteristics and their standard
errors were determined. The special ratio crite-
rion was computed in order to determine the sig-
nal/noise information. The sample of more than
hundred dispersion ratio values has shown the
specific deformation intensity rise before the
Parkfield earthquake occurrence. The rupture de-
formation and fault creep were determined rather
surely as usual. The dispersion signal/noise crite-
rion was rather low about a year before the earth-
quake but about four months later it begun stead-
ily rise just to the main shock time. This specific
deformation behaviour can be suggested as an
evidence of a time geodetic precursor existence.
In this case the situation of the earthquake fore-
cast was quite convenient because the future rup-
ture zone was expected about obviously and the
large permanent GNSS network was specially
constructed and monitored. The findings show

that a strong earthquake moderate time forecast
in the zones of expectation is possible.

Graphical representation of the results of
Earth’s movement and deformation determina-
tion are constructed by the authors of the paper
[Kaftan V.I., et all, 2010]. Special video repre-
sentation is recommended for long time series
preliminary analysis to make easy deformation
regularity research.

A few years ago the Global geodetic Ob-
servation System (GGOS) was initiated by the
International Association of Geodesy and the In-
ternational Union of Geodesy and Geophysics.
The main task of the GGOS is the control of
global changes by modern high technologies in-
cluding global satellite navigation systems
(GNSS) and computer techniques. For this reason
the most of the modern global Earth observation
results are related to the Electronic Geophysics
Year themes.

The more or less spatially homogenous
GNSS network was selected from the whole In-
ternational Terrestrial Reference Frame (ITRF).
Daily coordinate solutions were received from
the Internet archive SOPAC for the interval of
1999-2005.5. Daily values of geocentric radius
vectors were computed for all of 99 selected
ITRF points. These data were used for the com-
puter modeling of geometrical Earth shape be-
havior. The research [Kaftan V.I., Tsiba E.N.,
2008, Kaftan V.I., Tsiba E.N., 2009abc] shows
the interesting regularities in the performed geo-
metric characteristic time series. The mean radius
vector for the whole Earth demonstrates the rise
tendency with the rate of 0.6 mm/yr. Geometrical
Earth’s ellipsoid semi major and semi minor axes
grow both and have periodical oscillations with
the amplitudes of 0.1-1.3 mm. The ratio of semi
minor and semi major rise values shows the
Earth’s deflation decrease. The interesting feature
is that the south hemisphere grows about three
times faster than the north.

The results can be preliminary explained by
both artificial and natural causes. The study pro-
duces the empirical data valuable for revealing
some GNSS systematic errors and possible
Earth’s shape changes.

With a view to study variations of the geo-
center movements, the sets of geocenter coordi-
nates, estimated by the multi years sets of GPS
and DORIS data processing, were analyzed. In
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order to estimate linear trend, amplitudes, periods
and phases of geocenter variations a linear re-
gression analysis has been applied with the use of
least square method. The evaluated amplitudes of
annual variations are of the order of 5-7 mm for
X and Y components and 10-20 mm for Z com-
ponent. Semi-annual amplitudes are also notice-
able in all components. Secular trend in geocen-
ter coordinates was found at the level of 2-3 mm.

The same time series of geocenter coordi-
nates (X, Y, Z), have been examined with the use
of so- called method of adaptive Dynamic Re-
gression Modeling (DRM). Unlike the linear re-
gression analyses, the DRM method envisages
the further iterative, step by step, regression
analyses of the non-random content of the de-
trended series, obtained after first harmonics re-
moving, aiming to avoid errors, caused by noise
residuals and inter correlation between estimated
harmonics and to find out the additional regulari-
ties. As a result of DRM —method the original
time series is approximated by the complex
mathematical model, which contains trend, peri-
odical components and parameters of the dy-
namic regression model. With this model a fore-
casting of weekly geocenter positions has been
performed. The results are discussed in papers
[Tatevian S.K., Kuzin S.P., 2009, Kuzin S.P., et
al., 2010, Tatevian et al., 2010].

The paper [Kogan M. G., Steblov G. M.,
2008] presents the vectors of rotation of 10 major
lithospheric plates, estimated from continuous
GPS observations at 192 globally distributed sta-
tions; 71 stations were selected as representing
stable plate regions. All days for the period
1995.0-2007.0 were included in the analysis. In
contrast to previous GPS plate models, proposed
model is independent of international terrestrial
reference frames (ITRF). The origin of formed
plate consistent reference frame is the center of
plate rotation (CP) rather than the center of mass
of the entire Earth's system (CM) as in recent
versions of ITRF. We estimate plate rotations and
CP by minimizing the misfit between the hori-
zontal velocities predicted by the plate model and
the observed GPS velocities. If any version of
ITRF is used as the reference frame, the drift of
the ITRF origin relative to CP cannot be ne-
glected in estimation of plate rotation vectors and
plate residual station velocities. The model of the
plate kinematics presented addresses the problem

debated since the beginning of the space geod-
esy: how big are disagreements between the cur-
rent plate motions and the motions averaged over
several million years? The vectors of relative
plate rotations estimated in the research with the
published vectors from GPS and geologic models
are compared. The integrity of individual plates
as exhibited by plate residual station velocities is
also discussed. For seven largest plates, the RMS
value of plate residual station velocities in stable
plate interiors is 0.5-0.9 mm/a; this value is an
upper bound on deviation of real plates from in-
finite stiffness.

The present tectonics of Northeast Asia has
been extensively investigated during the last 12
yr by using GPS techniques. Nevertheless, crustal
velocity field of the southeast of Russia near the
northeastern boundaries of the hypothesized
Amurian microplate has not been defined yet.
The GPS data collected between 1997 February
and 2009 April at sites of the regional geody-
namic network were used to estimate the recent
geodynamic activity of this area. The calculated
GPS velocities indicate almost internal (between
network sites) and external (with respect to the
Eurasian tectonic plate) stability of the investi-
gated region. Authors [Shestakov N.V., et al,
2010] have not found clear evidences of any no-
table present-day tectonic activity of the Central
Sikhote-Alin Fault as a whole. This fault is the
main tectonic unit that determines the geological
structure of the investigated region. The obtained
results speak in favor of the existence of a few
separate blocks and a more sophisticated struc-
ture of the proposed Amurian microplate in com-
parison with an indivisible plate approach.

Based on different-scale deformations
monitoring in the Eurasian, North American, Pa-
cific, Amur and Okhotsk lithosphere plates’ junc-
tion area the problem of study of recent geody-
namics of the Far Eastern region is discussed us-
ing contemporary space geodetic methods [Bikov
V.G., et al.,, 2009]. A feasibility of the urgent
need of formation of a unified observation net-
work for deformations monitoring and seismol-
ogical observations with the Far Eastern Branch,
Russian Academy of Sciences, is shown. A brief
review of the GPS observation results obtained
within the framework of the Integration Project
between FEB RAS and SB RAS in 2006-2008 is
given. It is shown that application of space geo-
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detic data opens new opportunities for elabora-
tion of the integral concept of the recent geody-
namic activity in the East of Asia.

In 2006-2007, two great earthquakes rup-
tured the center of the Kuril subduction zone:
first, the interplate thrust event, then the intra-
plate extensional event on the outer rise. The af-
fected region was a seismic gap since 1915. Pub-
lished patterns of slip differ for various seismic
and tsunami inversions. The surface offsets that
we measured with GPS on the Kuril Islands are
sensitive to the total slip, including slow compo-
nents beyond the seismic and tsunami band. The
authors [Steblov G. M., et all, 2008a] invert co-
seismic offsets and show that the asperities, or
regions of high slip, are spatially linked for both
earthquakes; this pattern suggests (although does
not prove) that the first event triggered the sec-
ond. For the 2006 earthquake, the asperity is very
shallow, probably because of the absence of an
accretionary prism. For the 2007 earthquake, our
modeling suggests that the rupture occurred in
the bent Pacific lithosphere to a depth of 50 km.

At convergent plate boundaries, the accu-
mulated elastic strain is released mostly in great
shallow thrust earthquakes. Understanding which
fraction of the elastic strain due to plate motion is
released in earthquakes is important in assessing
the seismogenic potential at convergent bounda-
ries where most of great earthquakes occur. Con-
ventionally, an estimate of the released fraction
of the total elastic strain relies on the Kostrov
summation of GCMT moment tensors. However,
the GCMT moments of great earthquakes can be
erroneous by a factor of 2 because of parameteri-
zation as a simple point source with triangular
moment-rate function and because of trade-off
between estimates of the moment and dip angle.
Therefore, assessment of the current seismic po-
tential caused by plate motion can be wrong. For
the great 2006-2007 Kuril earthquakes, coseismic
moments from inversion of GPS offsets are lar-
ger than GCMT moments by at least a factor of
1.5. The authors [Steblov G. M., et all, 2008b]
attribute this disagreement to the simplified
source model used in GCMT inversion. From
kinematic GPS solution, a contribution of slow
coseismic slip (captured by GPS but not by seis-
mometers) was insignificant. Earlier, a similar
disagreement between geodetic and GCMT mo-

ments was demonstrated for the great 2004 Su-
matra earthquake.

Research on real plates and dubious mi-
croplates existence presented in [Kogan M. G.,
Steblov G. M., 2008]. From the onset of plate
tectonics, the existence of most of the plates was
never put in doubt, although the boundaries of
some plates, like Africa, were later revised. There
are however, two microplates in northeast Asia,
the Amurian and Okhotsk, whose existence and
the sense of rotation was revised several times.
The rms value of plate-residual GPS velocities is
0.5-0.9 mm/yr for sets of stations representing
the motion of the following plates: Antarctic,
Australian, Eurasian, North American, Nubian,
Pacific, and South American. This value can be
regarded as an upper bound on deviation of real
plates from infinite stiffness. The rms value of
plate-residual GPS velocities is 1.2-1.8 mm/yr for
the Indian, Nazca, and Somalian plates. Higher
rms values for India and Nazca are attributed to
the noisier data. The higher rms value for Soma-
lia appears to arise from the distributed deforma-
tion to the east of the East African Rift; whether
this statement is true can only be decided from
observations of denser network in the future.
From the analysis of plate-residual GPS veloci-
ties, the Canadian Arctic and northeastern Siberia
belong to the North American plate. The detailed
GPS survey on Sakhalin Island shows that the
Sea of Okhotsk region also belongs to the North
American plate while the region to the west of it
belongs to the Eurasian plate. These results pro-
vide a constraint on the geometry of the North
American plate and put in doubt the existence of
smaller plates in northeast Asia.

North American plate (NAM), was earlier
hypothesized judging from seismicity [Mackey et
al., 1997]. Recent analysis of GPS observations
in western Alaska, on islands in the Bering Sea
interior, and on the Aleutians confirmed the exis-
tence of BER rotating clockwise around the pole
in east Asia [Cross and Freymueller, 2008].
However, the confirmation of BER was lacking
on the western margin. Here the authors [Kogan
M.G., et all, 2009] augment the data base with
the GPS survey of Chukotka performed at four
epochs in 2004-2009 and analyze implications of
velocities in Chukotka for the motion of BER. To
strengthen reference to NAM in this region re-
mote from the interior of NAM, the authors
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evaluated station velocities by the method
adopted in the PBO processing: in each daily so-
lution, we combined observations in Chukotka
and at 25-30 well-determined global stations over
a hemisphere centered on Chukotka. The data
spanning five years showed two contrasting pat-
terns of motion of stations in Chukotka. In gen-
eral, whole Chukotka slowly moves relative to
NAM at a speed not exceeding 3 mm/yr. While
velocities over most of the region point to ESE,
velocities over northeastern Chukotka point
nearly to the south agreeing with the motion of St
Lawrence Island and Seward Peninsula on
Alaska, located to the east of Chukotka. The
change in direction of motion over Chukotka in-
dicates existence of a right-lateral fault that
agrees with focal mechanisms of events over the
seismic belt along the western margin of the Ber-
ing Sea. Movement of northeastern Chukotka
confirms the sense and angular rate of rotation of
BER as estimated by Cross and Freymueller from
observations over the eastern part of BER. The
slow motion of most of Chukotka to ESE indi-
cates that this wedge-like extremity of NAM de-
forms being jammed between the Eurasian and
Pacific plates, or, alternatively, it belongs to an-
other rigid block located farther to the north.

The Kuril-Kamchatka subduction zone is
the most mobile and seismically active region in
Northeast Eurasia. The Kuril island arc is one of
the few tectonically active regions, where until
recently there had been no space geodetic net-
work. The first GPS stations were installed on the
Kamchatka Peninsula in 1997, and on the islands
of the Kuril arc from Kamchatka to Hokkaido, in
2006. The collected geodetic data allowed to re-
veal the geometry of the interplate coupling
along the whole Kuril Kamchatka arc, and also
to estimate the source parameters and their fea-
tures for a number of major earthquakes in this
area [G. M. Steblov, et all, 2010].

Russian and Finnish levelling networks
were in 2002-2006 connected at 8 points along
the Russian-Finnish boundary. We have now es-
timated contemporary vertical motion from joint
processing of the repeated levellings in North-
west Russia and Finland. They span more than a
century, and in large areas of the networks there
are three campaigns. The authors [Mékinen J., et
all, 2008] compare the motion rates with veloci-
ties estimated from other measurement tech-

niques and from geophysical models, and discuss
their relationship with results from quaternary
geology.

The yearly displacement velocity estima-
tion technique for GNSS stations having the less
irregular observation repetition (2-3 epochs) is
proposed in [Shestakov N.V., et al., 2009]. It al-
lows authors to reduce seasonal coordinate varia-
tion influence by taking into account apriory in-
formation parameters.

In the articles [Pevnev A.K., 2008-2010]
the crisis reasons in a problem of the forecast of
earthquakes are considered and the way of an exit
from it is specified.

Mistake is motivated in interpreting the re-
sults of experiment targeted to checking the main
position "The elastic-rebound theory of earth-
quakes" H.F.Reids. It is stated that American ge-
odesists is allowed the blunder, concluding in
that that they estimation of accuracy of results of
measurements on undeformed base have used to
measurements, run for deformed base. Exactly
this and has brought them to conclusion about
fallaciousness "The -elastic-rebound theory of
earthquakes", as was a source reason of crisis in
decision of problem of forecast of earthquakes.

Natural geodynamic processes in the Earth
crust become apparent as different types of
movement. These movements can be regular
when different strata move along fault lines on a
local scale or along boundaries of tectonic plates
on a continental scale. They can also be abrupt
and have the form of earthquakes and other major
seismic events. Both forms of movement are ir-
reversible, and thus they can be called deforma-
tions.

Analysis of Earth crust motion and defor-
mations can be performed by means of seismic
soundings, strain-meter and tilt-meter readings,
and geodetic methods which are the most signifi-
cant ones. Geodesy plays a key role in crustal
deformation studies by determining the temporal
variations of the Earth shape and size at various
spatial and time scales. Among modern geodetic
methods space geodesy applications are of most
importance. Among the latter Global Positioning
Systems NAVSTAR-GPS and GLONASS should
be pointed out.

Current research corresponds to an over-
view of certain GPS applications for Earth crust
motion and deformation analysis and geody-
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namical and geophysical solutions [Krasnoperov
R. (2010)].

The research on deformation in tectonically
active and seismic zones is described in the pa-
pers [Prilepin M.T., 2007, Prilepin M.T.,
Baranova S.M., 2007].

The results of long-term observation of
crustal deformations in the Northern Caucasus
using long base laser strainmeter and GNSS net-
work are presented in the paper [Milyukov,V et
al.,2009]. An analysis of crustal strain laser inter-
ferometer records revealed a shallow magmatic
chamber of Elbrus Volcano. First GNSS observa-
tion has shown the main movement velocity of
28 mm/yr in plane and uplift of the Northern
Caucasus Ridge.

Within the last years Sternberg Astronomi-
cal Institute (SAI MSU) has established three
new stationary GPS/GLONASS stations in the
Northern Caucasus. The first (site code TRSK) is
located in the Terskol International Astronomical
Observatory near the Elbrus volcano, in the
Kabardino-Balkaria Republic. It began to operate
in 2005. The second one is located in the Solar
Station of the Pulkovo Astronomical Observa-
tory, Karatchay-Cherkessia Republic (site code
KISL). This station has been in operation since
2006. The third one (site code VLAD) is located
in Vladikavkaz (North Ossetia). This station is
created together with the North Ossetia Scientific
Center. The continuous GPS measurements be-
gan in 2008. These four stationary stations (in-
cluding ZECK) form the base for the regional
Northern Caucasus GPS network, which can be
called the Northern Caucasus Deformation Array
(NCDA).

At presence the repeated measurements of
absolute gravity on the existing stations and the
creation of the new stations are carried out by the
ballistic gravity meters FG5 Nel110 and GABL. In
2007, after 13 years, the repeated absolute grav-
ity measurements have been done at the stations
“Zelenchukskaya” and SAI MSU”. In 2008 two
new stations, "Azau" (the Glaciology station of
the MSU) and «Terskol», are established. In
2009 the repeated absolute gravity measurements
were carried out at the stations “Azau” and
“Zelenchukskaya”. Tree new stations are created
in the Northern Caucasus: “Nalchik”, ”Vadi-
kavkaz” and “Ardon”. Currently, the Northern
Caucasus network for repeated measurements of

the absolute gravity consists of seven stations —
“Zelenchukskaya”, “GAISH MSU”, “Azau”,
“Terskol”, “Nalchik”, ”Vadikavkaz” and “Ar-
don”. Resent absolute gravity measurements
were performed by joined team of SAI MSU and
TsNIIGAIK.

The results of studies of local geodynamic
processes in the scientific and educational base
“Gornoe” of the State University of Land Use
Planning are presented in the paper [Dokukin
P.A., et al., 2009]. Studies were performed by the
original method based on the analysis of the re-
sults of satellite geodetic measurements.

4. EARTH’S ROTATION
(Kaufman M.B., Malkin Z.M.,
Molodenskii S.M., Tolchel’nikova S.A.)

The problem of dependence of polar motion
on precession-nutation model is discussed in sev-
eral papers of M.I.Yurkina. It is actual since im-
provements in numerical, theoretical models are
obtained by means of comparing spherical coor-
dinates of points (projections of centers of bod-
ies) — their calculated values with the observed
ones. The former remains to be dependent on the
motion of the Earth’s axis in space and on the
coordinates of the Earth’s orbit. The efforts to
improve the situation by means of solution of 3-
body problem failed.

In answer to Euler’s question “Qu’est ce
que I’axe de la Terre” the author [Tolchel’nikova
S.A., 2010] shows that the observed values which
denote the motion of the Earth’s axis in spherical
coordinates (i.e. relatively to projections of stars
OK quasars), are related to uncertain point inside
the body of the Earth.

The aim of the paper [Tolchel’nikova S.A.,
2010] is to better understanding between theorists
and observers in their studies of the Earth’s rota-
tion.

Russian State Time, Frequency and Earth
Rotation Service provides the official EOP data
and time for use in scientific, technical and met-
rological works in Russia. The observations of
GLONASS and GPS on 30 stations in Russia,
and also the Russian and worldwide observations
data of VLBI (35 stations) and SLR (20 stations)
are used now. To these three series of EOP the
data calculated in two other Russian analysis cen-
ters are added: IAA (VLBI, GPS and SLR series)
and MCC (SLR). Joint processing of these 7 se-
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ries is carried out every day (the operational EOP
data for the last day and the predicted values for
50 days). The EOP values are weekly refined and
systematic errors of every individual series are
corrected. The combined results become accessi-
ble on the VNIIFTRI server (ftp.imvp.ru) ap-
proximately at 6h UT daily [Kaufman M.,
Pasynok S., 2009].

Modern precise measuring techniques allow
to define with high time resolution the Earth rota-
tion parameters and a several of other geophysi-
cal processes (e.g. change of the angular atmos-
pheric momentum). Authors of the paper [Kauf-
man M., Pasynok S., 2010] have performed an
analysis of time shift between these processes in
different frequency ranges. This investigation is
of interest both in the theoretical plan, and in
practical (e.g. for ERP prediction).

A comparison of the nutation theories
[IAU2000 and ERA2005 has been carried out on
the efficiency of their use in a nutation angles
prediction program [Pasynok S.L., 2008]. As a
result, the used prediction procedure yielded
similar results for ERA2005 and TAU2000 to
within the uncertainties of the measurements.

According to recommendations of the IERS
Workshop on EOP Combination and Prediction
(Poland, Warsaw, 2009), the improvement of the
model for FCN variation is necessary, particu-
larly to provide greater accuracy for real-time
and near real-time data processing. For achieve-
ment of this purpose it is necessary to consider a
problem in a broad sense as construction of
model of residual divergences of the TAU2000
nutation theory and results of practical VLBI
measurements. The method based on correlation
estimations and a method of the least squares
(LSM) has been applied for the analysis of these
divergences [Pasynok S., Kaufman M., 2010].
The basic results of the carried out research are:

1) The basic components of residual diver-
gences theoretical and measured nutation an-
gles are allocated, their periods and ampli-
tudes are determined;

2) In arange of the periods from 400 to 500 day
Z Malkin and N.Miller's results of 2007 re-
garding presence in this range of two basic
harmonics have been confirmed. However,
values of the periods appeared a little bit dis-
tinguished (values of the periods of 405 and

462 day, instead of 410 and 452 day accord-
ingly are received).

3) The assumption of presence of a harmonic
with the period changing in time near to 433
day does not prove to be true results of the
carried out analysis. Physical interpretation of
the received results is discussed.

Though pure mathematical approximations
like regression models, neural networks, etc.
show good results in Earth rotation forecasting,
dynamical modeling remains the only base for
the physically meaningful prediction. It assumes
the knowledge of cause-effect relations and
physical model of the rotating Earth. Excitation
reconstruction from the observed EOP is critical
stage, needed for comparison with known causes,
such as tidal forcing, AAM, OAM changes, and
uncovering unknown ones. The authors [Zotov
L., Kaufman M., 2009] demonstrate different ap-
proaches, which can be used here to avoid ill-
conditionality and amplification of noises and
present phase studies of the model and recon-
structed excitations. They can be used for excita-
tion forecast and EOP prediction through Kalman
filtering.

In the paper [Malkin Z., 2008a], the author
propose to use the scatter of celestial pole offset
(CPO) series obtained from VLBI observations
as a measure of the accuracy of the celestial ref-
erence frame (CRF) realizations. Several scatter
indices (SIs) including those proposed for the
first time are investigated. The first SI is based on
analysis of residuals of CPO series w.r.t. Free
Core Nutation (FCN) model. The second group
of SIs includes Allan deviation and its exten-
sions, which allow one to treat unequal and mul-
tidimensional observations. Application of these
criteria to several radio source catalogues showed
their ability to perform a preliminary assessment
of the quality of radio source catalogues, and 2D
Allan deviation estimate seems to be a most sen-
sitive measure. However, in common case, the
sensitivity of tested criteria is yet not sufficient to
distinguish between radio source catalogues of
the highest quality. Proposed extensions of Allan
deviation, weighted and multidimensional, can be
effectively used also for statistical analysis of as-
tro-geodetic and other time series.

Results on studies which have been per-
formed to investigate the impact of the cut-off
elevation angle and elevation-dependent weight-
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ing on the EOP estimates and baseline length re-
peatability are presented in [Malkin Z., 2008b].

A new geometry index of Very Long Base-
line Interferometry (VLBI) observing networks,
the volume of network, is examined as an indica-
tor of the errors in the Earth orientation parame-
ters (EOP) obtained from VLBI observations
[Malkin Z., 2009]. It has been shown that both
EOP precision and accuracy can be well de-
scribed by the power law ¢ = aV® in a wide range
of the network size from domestic to global
VLBI networks. In other words, as the network
volume grows, the EOP errors become smaller
following a power law. This should be taken into
account for a proper comparison of EOP esti-
mates obtained from different VLBI networks.
Thus performing correct EOP comparison allows
us to accurately investigate finer factors affecting
the EOP errors. In particular, it was found that
the dependence of the EOP precision and accu-
racy on the recording data rate can also be de-
scribed by a power law. One important conclu-
sion is that the EOP accuracy depends primarily
on the network geometry and to lesser extent on
other factors, such as recording mode and data
rate and scheduling parameters, whereas these
factors have stronger impact on the EOP preci-
sion.

During close angular approaches of solar
system planets to astrometric radio sources, the
apparent positions of these sources shift due to
relativistic effects and, thus, these events may be
used for testing the theory of general relativity;
this fact was successfully demonstrated in the
experiments on the measurements of radio source
position shifts during the approaches of Jupiter
carried out in 1988 and 2002. An analysis, per-
formed within the frames of the present work,
showed that when a source is observed near a
planet’s disk edge, i.e., practically in the case of
occultation, the current experimental accuracy
makes it possible to measure the relativistic ef-
fects for all planets. However, radio occultations
are fairly rare events. At the same time, only
Jupiter and Saturn provide noticeable relativistic
effects approaching the radio sources at angular
distances of about a few planet radii. The analy-
sis [Malkin Z., et al., 2009] resulted in the crea-
tion of a catalog of forthcoming occultations and
approaches of planets to astrometric radio
sources for the time period of 2008-2050, which

can be used for planning experiments on testing
gravity theories and other purposes. For all
events included in the catalog, the main relativis-
tic effects are calculated both for ground-based
and space (Earth-Moon) interferometer base-
lines.

A new method is developed for prediction
of UT1 [Tissen V., et al., 2010]. The method is
based on construction of a general polyharmonic
model of the Earth rotation parameters variations
using all the data available for the last 80-100
years, and modified autoregression technique. A
rigorous comparison of UT1 predictions com-
puted at SNIIM with the prediction computed by
IERS (USNO) in 2008-2009 has shown that pro-
posed method provides better accuracy both for
ultra-short and long term predictions. VLBI ob-
servations carried out by global networks provide
the most accurate values of the precession—
nutation angles determining the position of the
celestial pole; as a rule, these results become
available two to four weeks after the observa-
tions. Therefore, numerous applications, such as
satellite navigation systems, operational determi-
nation of Universal Time, and space navigation,
use predictions of the coordinates of the celestial
pole. In connection with this, the accuracy of
predictions of the precession—nutation angles
based on observational data obtained over the last
three years is analyzed for the first time, using
three empiric nutation models—namely, those
developed at the US Naval Observatory, the Paris
Observatory, and the Pulkovo Observatory. This
analysis shows that the last model has the best of
accuracy in predicting the coordinates of the ce-
lestial pole. The rms error for a one-month pre-
diction proposed by this model is below 100 mi-
croarcsecond [Malkin Z. M., 2010].

Astrometric observations of the radio
source occultations by solar system bodies may
be of large interest for testing gravity theories,
dynamical astronomy, and planetary physics. In
the paper [L'vov V., et al., 2010], authors present
an updated list of the occultations of astrometric
radio sources by planets expected in the nearest
years. Such events, like the solar eclipses, gener-
ally speaking, can be only observed in a limited
region. The map of the shadow path is provided
for the events occurred in regions with several
VLBI stations and hence the most interesting for
radio astronomy experiments.
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Investigations of the anomalies in the Earth
rotation, in particular, the polar motion compo-
nents, play an important role in our understand-
ing of the processes that drive changes in the
Earth's surface, interior, atmosphere, and ocean.
The paper [Malkin Z., Miller N., 2010] is primar-
ily aimed at investigation of the Chandler wobble
(CW) at the whole available 163-year interval to
search for the major CW amplitude and phase
variations. First, the CW signal was extracted
from the IERS (International Earth Rotation and
Reference Systems Service) Pole coordinates
time series using two digital filters: the singular
spectrum analysis and Fourier transform. The
CW amplitude and phase variations were exam-
ined by means of the wavelet transform and Hil-
bert transform. Results of the analysis have
shown that, besides the well-known CW phase
jump in the 1920s, two other large phase jumps
have been found in the 1850s and 2000s. As in
the 1920s, these phase jumps occurred contempo-
rarily with a sharp decrease in the CW amplitude.

In the papers [Molodenskii, 2010, 2011] the
ambiguity in the inverse problem of retrieval of
the mechanical parameters of the Earth’s shell
and core from the set of data on the velocities and
of longitudinal and transverse seismic body
waves, the frequencies and quality factors of free
oscillations, and the amplitudes and phases of
forced nutation is considered. The numerical ex-
periments show that the inverse problem of si-
multaneous retrieval of the density profile in the
mantle-liquid core system and the mechanical
quality factor of the mantle (if the total mass M
and the total mean moment of inertia I of the
Earth, and Vp and Vs are constant at all depths)
has most unstable solutions. An example of depth
distributions of density and quality factors which
are alternative to the well-known PREM model is
given. In these distributions, the values of M and
I and the velocities Vp and Vs at all depths for
the period of oscillations T = 1 s exactly coincide
with their counterparts yielded by PREM model
(T =1 s); however, the maximum deviations of
the density and quality factors profiles from those
in the PREM model are about 3% and 40%, re-
spectively; the mass and the moment of inertia of
the liquid core are smaller than those for the
PREM model by 0.75% and 0.63%, respectively.
In this model, the root mean square (rms) devia-
tions of all the measured values of free oscilla-

tions frequencies o; and Q; from their values pre-
dicted by theory are half to third the correspond-
ing values in the PREM model; the values of rms
for natural frequencies of the fundamental tone
and overtones of radial oscillations, the funda-
mental tones of toroidal oscillations, and the fun-
damental tones of spheroidal oscillations, which
are measured with the highest relative accuracy,
are smaller by a factor of 30, 6.6, and 2 than
those in the PREM model, respectively.

Such a large ambiguity in the solution of
the inverse problem indicates that the current
models of the depth distribution of density have
relatively low accuracy, and the models of the
depth distribution of the Q- factors in the mantle
are extremely unreliable.

It is shown that the ambiguity in the models
of depth distribution of density considerably de-
creases after the new data on the amplitudes and
phases of the forced nutation of the Earth are
taken into account. Using the same data, one may
also refine by several times the recent estimates
of the creep function for the lower mantle within
a wide interval of periods ranging from a second
to a day.

In the papers [Zharkov V.N., Gudkova
T.V., Molodenskii S.M., 2009], [Molodenskii
S.M., Zharkov V.N., Gudkova T.V., 2009] the
theory of forced nutation of the tri-axial planet is
constructed. The results are applied to the Mars’
forced nutation.

5. POSITIONING AND APPLICATIONS
(Kaftan V.I.)

Results of the research on satellite laser
range distance errors and techniques are pre-
sented in the papers [Prilepin M.T., et al., 2008,
2009].

Research on geodetic measurements and
monitoring of large bridge construction using
modern GNSS and electronic technologies car-
ried out by the authors of publications [Brin’
M.Ya,, et al., 2007, 2009, Nikitchin A.A., 2009,
Sergeev O.P., et al., 2008].

Laser scanning techniques are widely used
in engineer application of geodesy. Some theo-
retical and practical researches are presented in
the papers [Kanashin N.V., Kougiya V.A., 2007,
2009].
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Series of works devoted to a designee of
modern gravimetric equipment and techniques
are presented in publications listed below.

The article [Churilov 1.D., Dokukin P.A.,
2010] describes an operational experience of the
use of positioning system at pipeline inspection
in the South China Sea with used ROV (Re-
motely Operated Vehicle). The description of the
used positioning method, devices and software is
presented.

Results of the study of an influence of dis-
crete digital device electronic total stations on the
accuracy of observation results of point sources
of emission are described in the paper [Baranov
V.N., Bragin A.A., 2009].

6. THEORY AND COMPUTATION
(Gerasimenko M.D., Neyman Yu.M.,
Tolchel’nikova S.A. , Shestakov N.V.)

The relations between geodesy and gravim-
etry are discussed in the monograph [Gravimetry
and Geodesy, 2010, 570 p. In Russian] which is
dedicated to the 90th birthday of Vsevolod
V.Brovar, an outstanding Russian scientist in the
domain of geodetic gravimetry and geodesy, and
to the centenary of Mikhail S.Molodensky, a
Russian geodesist and geophysicist, the founder
of the contemporary Earth figure theory, who
made geodesy free from hypotheses of the Earth
internal structure and has transformed geodesy
into an exact science.

VETPVA 1 TEO AR

Fig. 10 Covering of the book “Gravimetry and Geodesy”

The purpose of the book is to show fruitful
interacted influences of gravimetry and geodesy,
evolutions of their goals and tasks; to sum up the
main theoretical, experimental and production
work done at the verge of the 2nd an 3rd millen-
nia in the field of geodetic gravimetry (or physi-
cal geodesy), the transition from particular to sys-
tem solutions of geodesy and gravimetry prob-
lems; to show the prospects for gravimetry de-
velopment in the interests of geodesy.

The book is intended for the attention of
geodesists, gravimetrists, astronomers, geophysi-
cists, builders, navigators, ballisticians, design-
ers, organizers of science and of all those who are
interested in the development of geodesy and
gravimetry [Gravimetry and Geodesy, 2010].

The determination of the motions of the
Earth’s pole and the places of observations in XX
century is reviewed in the paper [Tolchel’nikova
S.A., 2010]. Information is given about the his-
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tory of the spherical coordinate systems used by
different International services monitoring the
Earth rotation.

The principal possibility is shown to con-
nect the mean coordinates of reference objects
(stars, quasars) to the constant coordinates- A, ¢-
of the one equatorial observatory which permits
to exclude the usage of numerical (theoretical)
models for precession and nutation to the ob-
tained long periodic and secular motions under
discussion. At the first step projections of mean
polar places to the celestial sphere are consid-
ered.

In [Tolchel’nikova S.A., 2008] the transi-
tion is considered from studies of the motions of
projections of objects in spherical coordinate sys-
tems to those of bodies in triads. The views of
E.Mach and A.Einstein admitting only relative
motion are not heuristic. As an example, the SRT
formulae for stellar aberration are shown to be
not adequate for the great velocity of an observer.
Instead of their “improvement” using GRT cor-
rections for space curvature, it is necessary to
take into account the curvature of celestial sphere
(a surface) in the case when the velocity of ob-
server is not less than 0.01c and/or when the error
of observation is less than 0.5ms of arc. For the
latter case the formulae of stellar aberration were
derived in Izvestija GAO (Pulkovo) Ne 213, 1998
and Ne 214, 2000.

In [Tolchel’nikova S.A., 2009] two periods
are considered in the development of astronomy
and geodesy which have been a single science,
and were divided into two close cooperating de-
partments in XIX century. After technical rear-
mament in both branches of science and the latest
“revolution in astrometry” the differentiation in
the two fields of activity has increased. Under
discussion is the newest terminology, frequent
changes in theoretical models implemented by
IERS and reverberated in IAU Resolutions, the
influence of cardinal changes in methods of es-
tablishing reference systems ICRF and ICRS on
the studies of long periodic and secular problems
in Earth’s rotation. The attention is paid to the
actual idea of establishing International Earth’s
Coordinate System advanced by the scientists of
TsNIIGAIK.

In order to improve cooperation between
scientists employing different methods for stud-
ies of motion, the method is considered used by

Copernicus for simultaneous determination of
secular and periodic components of the Earth’s
orbital motion and rotation of its axis from the
values of coordinates fixed in observations dur-
ing 1500 years. In modern practice secular and
periodic components are determined separately.

For determination of heliocentric motions
which gave start to the origin of dynamics, Co-
pernicus had to summarize the observed changes
of spherical coordinates (hence leading role was
played by inductive logic) whereas the thought of
modern scientists is moving in opposite direction
since they use numerical theoretical models for
interpretation of observed changes of coordi-
nates. The development of inductive method is
required for synthesis of information received
from observations in astronomy, geodesy and so
on, particularly for solution of the actual problem
of separate determination of rotations of two ce-
lestial circles (equator and ecliptic) from analysis
of observed coordinates’ values [Tolchel’nikova
S.A., 2010a]. The difficulties are shown in solu-
tion of this problem by means of mechanical
methods and the simplified method employed in
XVII century.

After Newton, Euler developed the dynam-
ics of rigid bodies in general and in application to
several planets. Attention is paid to Euler’s stud-
ies of rotation of the Earth’s axes in space (rela-
tive to the celestial coordinate system) and to his
prediction of polar motion [Yurkina M.I., Tol-
chel’nikova S.A., 2009]. The influence of polar
motion to the fluctuations of observed latitudes
was found in more than hundred years after
Euler’s prediction. In XX century different Inter-
national services have been organized for moni-
toring latitudes ¢ and longitudes A of the observa-
tories. Deviations from Euler’s value for the pe-
riod of free polar motion are under discussion up
to now. Euler’s ideas are shown to be helpful to
modern geodesists and astronomers for consoli-
dation of their efforts.

Short information [Tolchel’nikova S.A.,
Yurkina M.I., 2007] is given about the great in-
fluence of Euler’s heritage and the International
scientific conference “Leonard Euler and modern
science” which took place in May 2007 in St.-
Petersburg, where the authors presented the paper
“Determination of the pole of the Earth’s rota-
tion”, published in the volume “Leonard Euler
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and modern science”, CII6., PAH, 2007, ¢.305-
311.

Variation method of physical geodesy and
collocation represented by Yu. Neyman and V.
Bywshev described in the paper [Neyman Yu.M.
& Bywshev V.A., 2010]. Functional approach to
physical geodesy problems is described. Tracta-
bility of any geodetic measurement subject as a
functional on geopotential is a guide for it. The
geopotential is treated as element of a Hilbert
space with reproducing kernel. Practical choosing
of the kernel is founded on the well known iso-
morphism between reproducing kernel Hilbert
spaces and covariance theory of random func-
tions. The publication is an essential supple-
mented version of lecture notes published by
MIIGAIK in 1985 - 1986.

It is often fruitful to use inhomogeneous in-
formation variable by accuracy and measurement
unit for a perfect estimation of latent parameters.
Ignoring of a physical value in this usage can
produce not correct conclusions. The brief review
of the iteration procedure of latent parameter es-
timation using inhomogeneous measurement re-
sults in the frame of the classic least square
method presented in [Neyman Yu.M., 2008].

The outcome of the different geoid compu-
tation methods, based on gravity, using methods
such as FFT, collocation or Stokes integration, all
give the gravimetric geoid - which in principle
refers to a global reference system, i.e. global
center of mass, average zero-potential surface
etc. Such a geoid may be substantially offset
from the apparent geoid heights determined from
GPS and leveling. The reason for the difference
is mainly the assumption of zero-level: levelling
zero refers to local or regional mean sea-level,
which is different from the global zero vertical
datum due to the sea-surface topography. Since
isolated territories are interested in using GPS to
determine heights in a local vertical datum, to be
consistent with existing levelling, there is a need
to taylor the gravimetric geoid to the local level.
The paper [Neyman Yu., Pham Hoang Lan,
2010] gives a survey how it can be done.

The equations of connections and correc-
tions for the SST measured values are derived
and proposed to Earth’s gravity parameters im-
proving in the paper [Neyman Y.M., et al, 2008].

The main information needed for handling
with files in European Space Agensy standard are

described. Examples of output GOCE mission
data are given in the article [Neyman Y.M.,
Hoziaichikov A.A., 2010].

A simple derive of the energy conservation
of the Earth - satellite system is shown without
using of the analytical mechanic terms. Gravity
potential and disturbing gravitation modeling by
the satellite state vectors are written [Neyman
Y .M., Sugaipova L.S., 2011].

The theory of Fourier series sampling theo-
rem is applied to calculation of covariance be-
tween point and mean values of various trans-
forms of geopotential. The corresponding nu-
merical results for the second derivatives of the
disturbing potential are obtained to use for pri-
mary treatment of satellite gradiometry data
[Sugaipova L.S., 2010].

The main results of theoretical and experi-
mental research on optimal observation design
and rigorous mathematical treatment of geodetic
measurement for geodynamical purpose carried
out in the Institute of Applied Mathematics of the
Far East Division of the Russian Academy of
Sciences during the last 20 years [Gerasimenko
M.D., Kolomiets A.G., 2008].

The problem of the gross error diagnostics
based upon the analysis of least-squares residuals
has been carried out in [Gerasimenko M.D.,
2008]. The general formula for calculation of the
square root of the diagonal elements of covari-
ance matrix of the residuals is given. This for-
mula allows calculating the critical value of re-
siduals, including measured directions even un-
der terms when the position-finding angles are
excluded from the system of normal equations.

Recommendations to take into account a
physical correlation in mathematical treatment of
geodetic measurements proposed in the article
[Gerasimenko M.D., Shestakov N.V., 2008].

An explicit relationship between accuracy
of estimated parameter of deformation model,
weights of optimized GPS observations and de-
gree of their correlation was obtained and inves-
tigated for the first time [Shestakov N.V., Gera-
simenko M.D., 2009a]. It is shown that taking
into account correlation of GPS measurements
may lead to increase of formal precision of esti-
mated parameters. Thus, we don’t recommend to
involve correlation of GPS measurements into
optimization process without knowledge of real
values of correlation coefficients.
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The elasticity theory basic aspects neces-
sary for deformation description and analysis,
simple deformation models, deformation GNSS
network and measurement characteristics, geo-
detic network optimal design problems are pre-
sented in [Shestakov N.V., Gerasimenko M.D.,
2009b, Shestakov N.V., et al., 2008]. Deforma-
tion GNSS network optimal design and most in-
formative observation selection algorithms are
proposed. Correlated geodetic measurement op-
timization problems are considered and analyzed.
The major theoretical conclusions and practical
developments are illustrated by numerical exam-
ples.

As it is shown by V.Krilov (2008a) the
main disadvantage of the Encke method for nu-
merical integration of celestial body movements,
related to increasing computation operations in
the account of two orbit integration, can be
eliminated with the use of regularized equations.
The example of integration of movement equa-
tions of two asteroids shows that the method
Encke usage for regularized equations provides
coordinate accuracy at the level of 6*10-7 of as-
tronomical unit at the 400 day interval with about
230 steps of the integration.

Using three Laplace integrals and integral
of energy, regularized equations of undisturbed
and disturbed movement of an astronomical ob-
ject are received in the research [Krilov V.I.,
2008Db]. It is shown that undisturbed astronomical
object coordinates can be presented as a function
of initial conditions and a new independent vari-
able. The example of integration of movement
equations of the 1566 Icarus asteroid, having
large orbital eccentricity, shows that the regulari-
zation provides coordinate accuracy at the level
of 5*10-7 of astronomical unit at the 400 day in-
terval with about 430 steps of the integration.

The book “Spherical functions in a geod-
esy” written by Zbynek Nadenik the researcher
from the Czech Republic were interpreted to
Russian and edited as a student book [Nadenik
Z.,2010].
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AHHoTanusa. B pabore paccMOTpeHBI aKTyalbHBIC
BOIIPOCHI M3Y4EHHs TPABUTALIMOHHOIO IOJIS 3eMIIH C
[ENbI0 CO3JJaHUA €IUHON TJI00aNbHOM CHCTEMBI BbI-
coT. [IpuBeneHs HEKOTOPBIE PE3YIbTAaTHl HCCIEeI0Ba-
HUH, MOJIy4YeHHBIX C HCIIOJIb30BAHUEM COBPEMEHHBIX
Mozenel reonoteHuana. Ilpennoxensl HanpaBiIeHNs
COTPYJHHUYECTBA HAIMOHAJIBHBIX M MEXIYHapOJIHBIX
OpraHu3alyii Ha MYTH COBMECTHOIO HM3YYEHHUS pac-
XOXKJICHUH CYIIECTBYIOIIUX CUCTEM BBICOT.

KiaroueBble ciaoBa: ['eonmesms, TeOIOTEHIINAI, CHC-
TEMBI BBICOT, FpaBI/ITaIIPIOHHOG TI10JIC 3CMJII/I.

Abstract. The actual questions of study Earth's gravi-
tational field to create a single global system of
heights. Some results of research derived from current
models of the geopotential. Proposed areas of coop-
eration between national and international organiza-
tions towards a joint study of the discrepancies exist-
ing heights.

Keywords: Geodesy, geopotential, the system of
heights, the gravitational field of the Earth.

Following to the tendency of globaliza-
tion and simplifying practical application of
Molodenskiy theory we have to accept joint ori-
gin of height reference and set Uy=W, picking
out one more geoid — common earth equipoten-
tial surface which potential W, equals to potential

Uy of normal gravity on the reference ellipsoid
[Demianov, Mayorov, Yurkina, 2009, Demianov,
Mayorov, 2010].

Common Earth ellipsoid represents the
earth as an average value on the oceans in par-
ticular. Common earth ellipsoid taken as a nor-
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mal one satisfies the condition I{dd =0 for the
whole earth.

Hence, meaning Uy=W) represents poten-
tial close to its mean value WO on the oceans the
same way. Thus the solution Uy=W, will be an
optimal approach to the geoid of Gauss-Listing in
average for the whole earth.

The surface of common earth ellipsoid is

the reference one along with determination of
ellipsoid (geodetic) heights.
In that very case the use of normal heights H' and
heights of quazigeoid { allows to agree in strong
and definitely way the leveling data with the re-
sults of determination of ellipsoid (geodetic)
heights H using satellite data.

Here we could not exclude possibility to
use geopotential numbers. Just because we have
strong coexistence between these values of nor-
mal height and geopotential:

VVi =7/mH1'7

Due to the theory of M.S.Molodensky the
sum of normal height and height of quazigeoid
theoretically equals to geodetic height of the
point of physical surface of the earth above
common earth ellipsoid taken as a normal one.

H=H"+¢,

where H is a geodetic height; Hy — normal height;
¢ — height of quazigeoid.

This condition is not true, stipulated by
errors of measurements and differences of re-
gional reference systems of normal heights.

The value of the correction to j-rang re-
gional height system to come to common earth
height system will be determined over whole
sample of N — geodetic points for all those we
know as follows

wy =Sl {7+

i=1

Thus, fixed and marked initial point
where the normal height equals to zero is not ex-
ists. Normal height is zero in that very point on
the earth surface where true potential Wi equals
to normal one U0 on the surface of the common
ellipsoid. In this very point the surfaces of geoid
and quazigeoid supposed to be coincided:
Wi=W0=UO0. In principal, position of the point
could not be known.

In these conditions, the problem to create
new modern planetary gravitation models be-
comes very important. In 2008 TsNIIGAiK con-
struct new global gravitational model GAO 2008
using given projects (GRACE and CHAMP) to
solve the problem of creation of gravimetrical
geoid.

Using models GAO 2008 and EGM 2008
we valued possibilities to determine corrections
to regional systems of normal heights according
to suggested technology. The results of such
valuation are shown in table 1. All scope of using
data was divided at three groups on territorial lo-
cation. First group includes the data for the terri-
tory of the USA, second — for the territory of
West Europe. For the territory of Russia we used
data of its European part. All calculations for the
both models were done due to total range of coef-
ficients up to 360- range.

Corrections to the regional height systems.

Mean difference Hpean(m)
Region Number of points
GA02008 EGM2008
USA +0.55 +0.53 6169
West Europe +0.07 +0.09 87
European Russia -0.09 -0.14 320
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The principal to divide the data for groups
first of all is connected with those idea that each
group is using its own system of leveling heights.
For the territory of the USA — NAVD-88, for the
territory of West Europe — Amsterdam system,
for Russia — Baltic (Kronshtadt) system.

Thus, 4Hmean values for different groups
characterize difference between height systems
for the territories of the USA, Europe and Russia
from common earth one established according to
the above mentioned principles. The data about
the difference between leveling data of Amster-
dam and Baltic system proves the actual situation
of the obtained results. Due to leveling data and
GAO2008 model data this difference is equal to
16cm.

Because of preliminary evaluation of
model EGM-2008 along with creation of the
model we could assume that Bouguer anomalies
were used as an initial data for the territory of
Russia but not anomalies on the free air. Calcu-
lated differences AHmean are having systematic
differences correlated over amount and sign with
the Bouguer correction.

We have all base to think that the use of
data of European space complex GOCE will
bring to substantial identification of parameters
of global navigation models and consequently
will increase accuracy of construction of com-
mon European system of normal heights.

It is not possible to solve the problems
both of creation of precise quasigeoid (and crea-
tion of global models as well) and determination
of joint system of heights independently. It is not
difficult to calculate, if we have systematic error
about 0,1mgl in the anomalies of gravity for the
territory of about 1000km in radius this will bring
to the error of 10cm in determination of height of
quasigeoid. In its turn, if a system of heights for
the territory differs at 30cm from the common
earth WO=UO (and this is quite real case), this is
a reason of a systematic error of gravity anomaly
at 0,1mGl. That’s why both tasks must be solved
together.

Globalization of modern geodesy gives
the tusk to create international integration on

solving fundamental problems. Exactly wide in-
ternational integration had provided creation of
reference geodetic network spread well enough
over all territory of the globe as well as precise
realization of common earth geocentrical coordi-
nate system. It is only possible to solve the prob-
lem of creation of joint common earth system of
heights on the modern level of accuracy in condi-
tion of wide international cooperation. In this
condition we have to expect sufficient compensa-
tion of the influence of errors of gravimetric qua-
sigeoid helpfully to the condition

[¢do=o0.

The first order and required elements of
such cooperation should be the tasks as follow:

- leveling connection of State (national) level-
ing nets of European states;

- creation of joint massive of data of mean
anomalies over trapeziums of 5x5 for the
North hemisphere;

- build precise quasigeoid of Europe and Asia
continent;

- construction of precise planetary models of
gravitational field of earth using modern
space missions GRACE, CHAMP and
GOCE.

The result of such cooperation will be creation of
joint common system of normal heights.
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Annoranus. OOOCHOBaHa HECOCTOSTEIBHOCTD
CTpaTEeTHH PEUICHUs TPOOJIEMBI MPOTHO3A 3EMIICTPSI-
ceHuii mMeromaMu oOpaTHbIX 3anay. llokasana BO3-
MO>KHOCTh OCYILIECTBICHHSI TOUHBIX POTHO30B MecTa
U MaKCUMaJIbHON CHIJIBI 0YaroB TOTOBSIIMXCS 3eMIle-
TPACEHUN METoJaMHu TNpsMbIX 3a7ad. Peanuzanus
9THX MPOTHO30B JOCTYIHA I'e0Je3MYECKOMY METOIY.
DTOT METOJ IPUTOJIeH TaKKe ISl OOHAPY)KEHHS BO3-
MOXHBIX MECT HOATOTOBKH KOPOBBIX 3€MJIETPSACCHUH
U JIJIs IPOTHO32 BPEMEHH B MECTaX HEAOCTYIHBIX IS
MPOBENEHHS T'e0Ie3NICCKUX U3MEPEHHI HETIOCPEICT-
BEHHO B OYaroBBIX 30HaX (TIIyOOKO(OKYyCHas ceric-
MUYHOCTB).

KiroueBble c¢jioBa: MPOTHO3 3eMIIETPSCEHUM,
MpsMble U OOpaTHBIC 33Ja4u, yIPYTUi U3ruod, Hampsi-
JKEeHHe, ceficMoreHHas nedopmManus, aQTepIok.

BBeaenue

CoBpeMeHHass  METOJOJIOTHSI  pELICHUS
npoOJIeMBbl MMPOTHO3a 3eMJICTPSCEHHI OCHOBaHA
Ha ee pelleHUH JIUIIb C UCTI0Ib30BAHUEM METO-
OB OOpaTHBIX 3a7a4 (pacro3HaBaHUs o0Opasza).
Taxum o6pazom, yxe 10arue JecsITUIeTUs mpo-
OnmeMy TpOTHO3a 3EMIIETPSCEHUH TBITAIOTCS
peIuTh METOJJAMH HE MPSIMBIX, 2 00OpaTHBIX 3a-
Jad UCTIONB3Ys JJIi ATOTO pa3pO3HEHHBIE aHO-

Abstract. The inconsistency of strategy of a
solution of a problem of the forecast of earthquakes
is proved by methods of return problems. Possibility
of realization of exact forecasts of a place and the
maximum force of the centers of preparing earth-
quakes is shown by methods of direct problems. Re-
alization of these forecasts is accessible to a geodetic
method. This method is also suitable for the detec-
tion of possible places of crustal earthquakes and for
the prediction of time in places inaccessible to the
geodetic measurements directly in the focal areas
(oceanic seismicity). The inconsistency of strategy
of a solution of a problem of earthquakes is proved
by methods of return problems and possibility of its
decision is shown by methods of direct problems.

Keywords: forecast of earthquakes, direct and
return problems, elastic bend, pressure, seismogene
deformation, aftershok.

MaJiHi B Pa3IUYHBIX T€OPUZNYECKUX U JIPYTHUX
TIOJISIX.

EcTth Bce ocHOBaHMSI CUMTATh, YTO BBHIOOP
«CTpaTeruu aHoMajui» ObUl Oe3aTbTEepPHATHB-
HBbIM, TaK Kak B 20-M BeKe MHOTHE HCCIIeI0Ba-
TEJIH TBEPJO BEPWIU B TO, YTO MPOLECCHI MOJ-
TOTOBKM OYaroB KOPOBBIX 3EMJIETPSICEHUN HE
3aTparuBarOT 3E€MHYK0 NOBEPXHOCTh. B mon-
TBEPKJIEHUE CKa3aHHOMY MpHBEIEM COoOpake-
HUs npeacenarens MexayHapoJIHOH KOMUCCHHU
MAC®H3 1o nouckam IpeIBECTHUKOB 3€MIIE-
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TPSCEHUM M3BECTHOIO CEMCMOJIOTA, YJ.-KOPP.
AH CCCP E.®. CaBapeHckoro, BbICKa3aHHBIE
uM B Hauaje 70-bIX TOJI0B MPOLLIOro BEKa:
«IIpobnema co3ganus HaIEKHBIX METOJIOB
MpeCKa3aHusl 3EMJIETPSACEHUN €€ HE pelieHa
W HCKJIIOYHUTEIIBHO TPYJHA BCIIEICTBUE HEBO3-

MOXHOCTH  HEMOCPEACTBEHHOTO  HM3yYEHHs
BHYTPU3EMHBIX  TPOILIECCOB,  IMOPOXKIAIOIINX
3eMIIETPSACEHUSI. OJTH TMPOLECChl MPOTEKAIOT

MEJUIEHHO U MACKUPYIOTCS MHOTUMU OBICTPBIMU
sBiIeHUsMm» [14, ¢.7].

Takxke cienyer cociartbes Ha cooOpaxke-
HUS Ha 3Ty TEMY JIBYX H3BECTHBIX COBETCKHX
ceiicmonoroB H.B.Ille6anuna u A.B.dpymsi:

“Tenepb HaM H3BECTHO, YTO HCKaTh Oy-
yIUe 3eMJIETPSACEHUs HYXHO TaM, IJie B He-
apax JUToc(epsl KOMUTCA 3Heprus aedopma-
LMW CIIBUTa U TJI€ €CTh MOAXOJSALINE Pa3IOMbI
g e€ BwlaeneHus... Ho kak y3Hate, rae Ha-
NPSDKEHUS MOTYT KOIMTBCS, a II€ OHH THUXO U
HE3aMETHO PACcCachlBalOTCS B pe3yjbTaTe CIIO-
KOMHBIX, THUXUX IPOLECCOB IMOJI3YYECTH?...
Wrak, nepBas HeyAaya: HET MPOCTOro crocoda
y3HaTh, IJA€ B JUTOChEpe KOIMUTCS YIpyras
sHeprus nepexkoca. Her oOmux sBHBIX NMpU3HAa-
KOB Takux mect” [5, ¢.132-133].

Takum oOpa3om, gaxke BO BTOPOHM MOJIO-
BHHE IPOIMLIOr0 BeKa CEHCMOJIOrH ObUN yBepe-
Hbl B OTCYTCTBUHM TNPSAMBIX METOAOB H3YyYEHUS
ne(OpMaIIMOHHBIX TPOILIECCOB, MPOUCXOASAIINX
B TOTOBSILIMXCS Oyarax KOPOBBIX 3€MIIETpsACE-
HUWA. A Tak Kak TEPBYIO CKPUIKY B Tpolieme
IPOTHO3a CEHCMOJIOTH OCTaBIISIOT 3a COOO0H, TO
70 T€X MOp MOKa OHM HE H30aBsITCS OT CBOUX
3a0my>xaeHui Tpo0seMa MporHo3a 3eMierpsce-
HUll OyzeT npeObIBaTh B COCTOSIHUN KPU3HCA.

31ech Takke ClIeAyeT OTMETUTh CIeaylo-
iee, He OYeHb NMPUATHOE ISl T€0/Ie3UCTOB, 00-
CTOATEIbCTBO, @ MMEHHO: B IIEPBOM YETBEPTH
IPOIUIOT0 BeKa aMEpUKaHCKUE I'e0Je3UCThI 3a-
HUMAQJIUCh  DKCIIEPUMEHTAIBHON  IPOBEPKOM
«Teopun ynpyroit ormaum» Pelina, B KOTOpoOi
JOKa3bIBAJIOCh 4YTO, MOATOTOBKA Oyara 3emiie-
TPSICEHMsI OTPAXKAETCAd M HA 3€MHOW MOBEPXHO-
ctu. B pesynbrare skcrnepumeHTa ObLTH OOHA-
PYXE€Hbl AaHOMAaJIbHBIE CMEILEHUS HEKOTOPBIX
TPUAHTYJISLMOHHBIX MYHKTOB, KOTOpBIE TIpe-
BOCXOJIMJIM JIOTTYCTHMBbIE OIIMOKH W3MEPEHUN U
Ha 3TOM OCHOBAaHUM HX, BOIPEKU 3/IPABOMY,
CMBICITy OTHECIH K pa3psay TpyObIX OIIMOOK,
T.€. B0300Ja1a1 (hopMaIbHBINA MOAXO K OIICHKE

TOYHOCTU HU3MepeHul. 1o 3toi npuymne ynad-
HBI SKCIIEPUMEHT ObLI OMOPOYEH, YTO PaBHO-
CHWJIBHO BBIPAJKEHUIO «C BOAOH BBIIUIECHYJIH U
pebenka» [11].

Takum 00pa3oM, M reofe3ucThl MpUYACT-
HBI K TOMY, 4TO NPOOJIEMY YyXKe B T€UEHHUE MHO-
IMX JECATWIETUH NBITAIOTCSA PEllaTh METOIaMU
0o0paTHBIX 3a/1a4.

Pe3ynbpTaThl MHTEHCUBHBIX MEKIyHapO.I-
HBIX MCCIIEZIOBAaHUN yOEIUTENbHO MOKa3alu, YTO
METOZ0M OOpaTHBIX 3a/ad MpoOJieMy peIIuTh
HEBO3MOkHO. Kak u3BecTHO, oOpaTHbIe 3a1auu
NOJpa3AcIAI0TCA Ha JABa KJIacca — KOPPEKTHBIE
(KOppPEKTHO TOCTaBJIEHHbIE) U HEKOPPEKTHBIE
(HEeKOppEeKTHO TMocTaBjieHHbIe). KoppekTHble
3a1la4d MMEIOT IOJIOKUTEIIBHOE DPEIICHUE INpU
11000M HabOpe MCXOIHBIX, MCIOJIB3YEMBIX IS
pacno3HaBaHMs 00pa3a, JaHHBIX B TO BpEMsI KaK
HEKOPPEKTHBIE 3aJlauld 3TUM CBOMCTBOM HE 00-
nanaT. Tak Kak MCIONb30BaHUE OOPATHBIX 3a-
Jlay JUIs pelieHus] paccMaTpUBaeMOi poOIeMbl
MIOJIOKUTENBHBIX PE3YJIBTATOB HE Jajlo, TO W3
ATOrO CJENyeT OAHO3HAYHBIA BBIBOJ — JTH 3a-
JauM SIBJISIIOTCS HEKOPPEKTHO MOCTaBJIEHHBIMU.
OueBuHasg NpUUMHA HEKOPPEKTHOCTH KPOETCS
B CHCTEME BBIOOpa HEOOXOAUMBIX JAHHBIX - JIJIS
ATOr0 HET HAJEKHBIX (PUIBTPOB, C MOMOIIBIO
KOTOPBIX MOKHO ObUIO ObI M30aBIATHCS OT (ho-
HOBBIX TIOMEX, T.€. U3 «IlIyMa» BbIACIATH TOJIb-
KO JINIIb MOJIE€3HBIA CUTHAIL.

O ¢GoHOBBIX TOMEXaxX MOXHO CKa3aTh CJe-
JyIoIlee: COIIACHO NPHHIUILY CYIEpPIIO3HLNH,
aHOMaJIMH, HaO0JaeMble B Pa3IUYHBIX reodu-
3UYECKUX TMOJIAX, SBISIOTCS CyMMapHOW Belu-
YUMHOM, BKJIAJ B KOTOPYK) BHOCHUT LIMPOKHUI
CIEKTP Pa3JINYHBIX IIPOLECCOB — B IIEPBYIO OYe-
penb nehopMalMOHHBIX. B 3TOT CIUCOK MOYKHO
BKJIFOUYNTH CEHCMHUYECKUE NPOLIECCHI: MOATOTOB-
Ka 04aroB 3€MJIETPSICEHUM, a TaKXKe pa3In4HbIE
(hOoHOBBIE MPOIECCH — JIOKAJIBHBIE, PETUOHAIIb-
HbIE U T100ambHbIe. MOXKHO MoJlaraTh, 4Tto cpe-
I TJI00aTBHBIX TPOLECCOB OMPEACISAIOIINMHU
ABJISIOTCS 1e()OpMaIIIOHHBIE HPOLIECCHI, MOPO-
’/aeMbl€ HEPaBHOMEPHBIM BpALLEHUEM 3EMIIU.
B HacTosmee BpeMs HET BO3MOYKHOCTH OIIpeie-
JUTH BIUSHUE HA aHOMAJMIO KaKJIOTO0 U3 3THUX
IPOILIECCOB, HO, M CaMoOe TIJaBHOE, U3 (PUKCHU-
PYEMBIX aHOMAaJIMM JIOCTOBEPHO  BBIJCIIUTH
TOJIBKO T€, KOTOpPbIE MOPOKAAKTCA TEM WU
VUHBIM TOTOBSIIMMCSA OYaroM 3eMJIETPSICEHUS.
CoBepIIeHHO 0YEBUIHO, YTO OTCYTCTBUE TAKUX
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GuIbTPOB JenaeT oOpaTHBIE 3aJaun a0COIIOTHO
HEKOPPEKTHBIMH.

Ota HeyJaya [0CTaBWJIa HA NIOBECTKY JHS
HEOO0XOIUMOCTh TNPOBEPKU BO3MOXKHOCTU HJIU
HEBO3MO>KHOCTH HCIIOJIb30BAHUS METOJOB Ipsi-
MBIX 3aJa4 JUIsl pelleHus MpoOJieMbl MPOTrHO3a
3emieTpsiceHuit. I Havana HyXHO OBLIO OII-
peAenuTh B KaKOM METOJE 3aJI0KE€Hbl MPUHIIU-
MUAJIbHBIE BO3MOXHOCTH JUIsl BBIIEJIECHMS JOC-
TOBEPHBIX MPHU3HAKOB TOTOBSILErocs odara
3eMJIETPSCEHUsA. TaKOBBIM METOAOM SIBISETCS
nedOpMaITMOHHBIN U BOT MoveMy. Tak Kak Io/I-
TOTOBKA U pa3pylIEHUE OYaroB 3eMJIETPSCEHUN
B TIEPBYIO OUY€pe]b SABISAIOTCS IPOLECCaMU Me-
XaHUYECKMMHU — HaKOIUIEHHE U cOpOC YNpyrux
nepopmanuii  (ynpyrux — HampsDKeHHH), TO
UMEHHO Ha TMOMCKe Je(OopMalMOHHBIX Ipel-
BECTHUKOB U CIIEZOBAJIO COCPENOTOYUTH BHU-
Manue. [IpenBapuTenbHO HYKHO OBLJIO PEIIUThH
JIBE 3aJ]a4u:

1. Ompenenuth BuA AePOPMALMOHHOTO
MpeBECTHUKA TMOJATOTOBKH OdYara 3emiieTpsice-
HUs, T.€. 3HaTh 3aKOH, IO KOTOPOMY B O4are Ha-
KaIUIMBAIOTCS YIIPYTHE CEUCMOTeHHBIE aedop-
Maluu.

2. HaiiTu pokasaTenbCcTBa TOro, YTO MPO-
1IeCC MOJATOTOBKM Ovara 3eMJICTPSICEHUS 3aXBa-
THIBA€T M 3€MHYIO TOBEPXHOCTHh T.€. JIOKa3aTh
BO3MOXXHOCTh PpeIIeHHs] MPOOIEMBbI MPOTHO3a
METOJaMHU HpSIMI)IX 3a1aa4.

Pemmte 3TH BOMpOCHI yJanock € IOMO-
IIbI0 MMEIOIINXCS 3KCIEPUMEHTANIbHBIX I'eoje-
3MYECKHX JAHHBIX U HEKOTOPBIX TEOPETUUECKHUX
coobpakenuii. YTo kacaercsi sKcriepUMEHTalb-
HBIX TAHHBIX TO UMU SIBJISIOTCS PE3YyJIbTaThl MO-
BTOPHBIX T'€OJE3UYECKUX H3MEPEHHM, BBINOJI-
HEHHBIX B OIUIEHTPAIbHBIX 30HaX MPOU30-
LIEIIINX CUIIBHBIX 36MJIETPSICEHUN. JTH JIaHHbIE
IpeJICTaBICHbI Ha puC. 1
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Puc.1. PeanpHOe pacnpenenieHue CMEIEHUH MyHKTOB TPpUAHTYJISAIHH (d) B 30HAX CEHCMOTEHHBIX pas3-
JIOMOB TIPH CUJIbHBIX KOPOBBIX 3€MJIETPSICEHUSIX B 3aBUCUMOCTH OT yJIaJI€HUS T€0JIe3UYECKUX MyHKTOB
OT pasyioMoB [7].
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Ha sToM pucyHKe BepTHKAJIbHbBIC JTUHUH —
CEliCMOreHHbIE PAa3jOMbl, MO KOTOPBIM MpO-
M30MUIA TOPU3OHTAJIbHBIC MOJBIKKH MPHU 3EM-
neTpsceHusx. 3adUKCUPOBAHHBIC CMEIICHUS
MyHKTOB TPHUAHTYJSALUU TOKa3aHbl TOYKAMU;
MacmTad CMelleHuH MOoKa3aH Ha BEPTUKAJIbHOMN
ocu. Ha ropusoHTanbHON OCH OTJIOXKEHBI pac-
CTOSIHHE ITHX IIYHKTOB OT pa3zjoma. [IpuBeneH-
HBbI€ JaHHbIE YOEAUTEIHHO TOBOPAT O TOM, UTO
CMEIIICHHUS ITyHKTOB, BBISIBJICHHBIE TIOCIIE 3eMJIe-
TPSCEHHUH MOAYUHSIOTCS BIIOJHE OIpeAeIeHHON
3aKOHOMEPHOCTH — JIJIsl BCEX MSTh 3eMJeTpsice-
HUN CMEIICHHUS] MaKCUMAJbHBI BOJM3U pa3ioma
1 OYeHb OBICTPO (PKCIIOHEHIIMATBHO) yOBIBAIOT
¢ ynanenueMm oT Hero. Hmke criemyer Teoperu-
YecKoe 000CHOBaHUE SKCTIOHCHITMAIBHOTO pac-
MpeeseHus] CMEeIECHH, TOKa3aHHBIX Ha puc.l.

B cBeTe cOBpeMEHHBIX IPEICTaBICHHIMA
Hau0OoJjee BepOsSTHON MpUUHHON hopMHupoBaHUS
0YaroB KOPOBBIX 3eMJICTPSICCHHUN (HAKOTUICHHS
ceiicMOTeHHBIX AeopMaIiuii B TIOKaIbHBIX 00b-
eMax TOpHBIX MOpOJI) SBJIIETCS U3MEHEHHE CKO-
pPOCTH TEKTOHUYECKUX IBUKCHHA B TOM WIIHU
WHOM KOHKPETHOM Y4YacTKe CEWCMOTCHHOTO
paznoma.

[Ipenmosaraercs, 9To yka3aHHbIC U3MEHE-
HUSL CKOPOCTEHM CMEIICHHWH B pa3ioMax MOTYT
MPOUCXOJUTh  W3-3a  PA3IMYHBIX  (PU3UKO-
XUMUYECKUX M MEXaHUYECKUX IpoueccoB [12].
BoT Kak 3T0O OMHMCAaHO BBIJAIOIIMMCS COBETCKUM
reopusukom akagemukoMm ['.A.I'amOypuieBbIM :
«Hapsiny ¢ mponeccoMm pa3pyiieHuss — yMeHb-
IICHHsI TIPOYHOCTHU OTNIEIBHBIX YYaCTKOB CeHcC-
MUYECKUX IIBOB MOKET HJTU OOpaTHBIA Mpo-
IIECC «3AJICYMBAHUS PA3PYIICHHBIX MECT, 00Opa-
30BaHUS HOBBIX «CIACK» MEXKIY COCETHUMH
omokamu. Takum 00pazoM, MPOMCXOAUT 3aKO-
HOMEpHasi CMEHA B3aUMOCBSI3aHHBIX ITPOIIECCOB
MEJUICHHBIX U OBICTPBIX JBIKEHUH, HaKOILIe-
HUS U pa3pylIeHUs] HAIPSDKCHUH, YBEIIMICHUS U
yYMEHbILIEHU IpoyHocT» [4, ¢.306].

[TonmHOE WM YaCTHMYHOE MPEKpaIICHHE
CMEILIEHNI B KaKOW-IN00 YacTU CEHCMOI€HHOI O
paznoma — 0Opa3oBaHUE «CMAWKW» - PaBHO-
3HAYHO POXKJIEHUIO KOHIIEHTpaTopa HampsKe-
HUW U MOATOMY MpPHUBENET K BOZHUKHOBEHUIO B
9TOM MECTE JIOKAJbHOTO TOJsl YIPYruX Hamps-
JkeHuil. JlJist ompenesieHUsT BUAAa U PasMEpPOB
9TOrO TMOJII MOKHO BOCIIOJIB30BAThCS HIMPOKO
PUMEHSEMBIM B PEIICHUU 33724 TCOPHH yIIpY-
TOCTH TPHUHIMIIOM JIOKAJIBHOCTH 3(dekra ca-

MOYpPaBHOBEIICHHbIX BHEUIHUX HAarpy3ok -
npuHiunom Cen-Benana. s Hamero cimydast
HanOoJiee MOIXOMSIIEH SBISETCA Cieayrouas
dbopmynupoBka sToro npuHiuna: "Eciou B ka-
KON-TMOO Masoil 4acTu Tesa MPUIOKEeHa YpaB-
HOBEILIEHHAsl CUCTEMa CUJI, TO OHA BBI3BIBAET B
TeJIe HaNpsDKEHUs,, OUYeHb OBICTPO yObIBarolue
[0 Mepe yAaJeHUs OT 3TOM YacTH (3KCIOHEHIU-
aJIbHBIN XapakTep 3aTyXaHus HamnpspkeHuil" [2,
c.6].

Jns oOHapy’>keHHsl 04aroB TOTOBSIIUXCS
semuteTpsicennii puHIun CeH-Benana BmosHe
IPUMEHUM B CHJIy HECOIIOCTaBUMOCTH pa3Me-
POB CEHCMOTEHHBIX Pa3JIOMOB (THICAYU KHIIO-
METPOB) U pa3MEpOB OYAroB 3eMIIETPSICEHU
(KUJIOMETpBI, AECSITKH W TOJBKO JJIsi CaMbIX
CHJIBHBIX KaTacTpO(PHUUECKUX 3eMIICTPSICEHUN C
MarHuTyaoi 0osiee BOCBMHU NEpPBbIE COTHU KU-
aomeTpoB). [1oaTOMy H3-3a TOSIBJIEHHS] KOH-
LHEeHTPATOPa HANpPsKeHUWH (cmailku)  BO3-
HHUKIIIee MECTHOE IoJIe YIPYTUX HANPSHKEHUH
OyaerT 3aKOHOMEPHO, JKCIOHEHUHMAJIBHO W3-
MEHSIOIIMMCSH 10JIeM, o0ecreYuBaoIuM yII-
pPyYryw usruonymo negpopmanuio (ynpyrui us-
ru0) ropHbIX MOPOJA B TOTOBSIIIEMCS oO4are
3emuleTpsiceHusl.  MakcumanbHOE  yIpyroe
cMmeleHre OyJIyT UMEeTh TOpHbIE MOPOJIbI, PHU-
MBIKAIOIINE K OCTAHOBHBIIEMYCSI YYacTKy pas-
JoMa, a 1Mo Mepe yJajleHus B 00e CTOPOHBI OT
9TOrO0 ydYacTKa YINPYTHME€ CMEIIEHHS TOPHBIX
nopos; OyAayT OBICTPO M 3aKOHOMEPHO YObI-
BaTh, YTO U JIEMOHCTPUPYETCS pHUC.2, HA KOTO-
pOM, B CHIJIy BBILIEH3JI0XKEHHOIO, B KAaueCTBE
HMCTOYHUKA CEMCMOTEHHBIX HANPSIKECHUM B3s5Ta
Kak (puznuecku (TeopeTnyeckr) 000CHOBaHHaA,
nedopmarust ynpyroro u3ruoa.

Ha puc.2A mokazaH oiWH U TO Xe€ Y4acTOK
CeliCMOTeHHOTO pas3iomMa (BepTI/IKaJ'ILHaH J'II/IHI/IX) B
TP MOMEHTA: ty, t; ¥ t,, COOTBETCTBYIOIIUX pa3Inyg-
HBIM HaIIPSAKCHHBIM COCTOAHUAM I'OPHBIX IIOPOA. Ha-
IMMpaBJICHUEC TCKTOHUYCCKUX CMGH.[eHI/II‘/'I Ha pasjioMme
IMMOKa3aHbl CTPCIIKAMU. MowmeHT th- B TOPHBIX MOPO-
JaxX OTCYTCTBYIOT CCUCMOI'CHHBLIC HAIIPAXKCHUA, YTO
MOKa3aHo MpsiMOM ab. MOMEHT t; — TOpHBIE MOPOJIBI
MPEJENBHO YNPYro HANpPsHKEHBI (YOPYyTUH W3THO):
KpuBas ab. MOMEHT t, — MOJIOKEHUE TOPHBIX ITOPOT
1oclie 3eMIICTPSCEHHS; CeHCMOreHHbIe NeopMaIum
(HampsKeHHsI) CHATHI, TOPHBIE MOPOJBI PACHpPSIMHU-
JIMCh B JIBa IPSIMOJIMHENHBIX OTpE3Ka.

Puc.2b otnnyaercs ot puc.2A nuIib TEM, YTO B
MOMEHT t;, Korga TOPHBIC IMMOPOJBLI YIKE ObLIH ynpyro
nedopMUpoBaHbl, g00aBieHa mpsiMas cd, TmpeacTas-
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nstomtas co0oil MpsMOJIMHEHOe Teoe3udecKoe Io-
cTpocHHE (Te0Ie3nYCCKUI MPODHIIL).

C paccmarpuBaeMbIX HaMH MO3MLUI HanOOJIb-
IIMA HMHTEepec MNpelCTaBsieT IMOoJoXKeHHe u (opma
HapUCOBaHHON Hamu TmpsiMod cd (reome3mueckuit
npoduias) B MOMEHT t, Kak BHOHO M3 pUCYHKa OHH
COBEPILIEHHO COOTBETCTBYIOT JKCIIEPUMEHTAIbHBIM
KPHUBBIM puC. 1 , YTO OTHO3HAYHO IMMOATBECPKAACT HAIIN
coo0pa:keHus1 00 y4aCcTUM 3eMHOI MOBEPXHOCTH B
npouecce OPMUPOBAHUS 0YATOB 3eMJIETPSICEHUN

H, CIeJ0BaTeJbHO, 0 BO3MOKHOCTH OTCJICKUBATH
HA 3eMHOH NOBEPXHOCTH NpOLecC HAKOIJIEHUS
CelCMOTreHHBIX AedopManuii B roToBsIeMcs 04a-
re CWJIBHOT0 KOPOBOIO 3eMJICTPSICEHHS PellIeHHEeM
npsaMoi 3aga4un.

Takum 00pa3oM, MbI NOJTY4YHJIH TeopeTHYe-
cKoe 000ocHOBaHUe BUIA 1eGOpPMALMOHHOIO Mpea-
BECTHMKA 3eMJIETPSACEHUs] - ITO YNPYruid u3rud
TOPHBIX MOPOJ B o4Yare roToBSIIErocs 3eMJeTpsi-
CeHHsl.

to L t2
P -
b
A a a—// )
[[]
b b
b a b e k e
: N
l

Puc.2. O0bsicHeHuE SIBIIEHUS SKCTIOHCHIIMAILHOTO PacipeiesIeHNs CMEIEHUN Te01e3NIECKUX
HyHKTOB B BHI/II_[eHTpa.HBHI:IX 30HaXxX CUJIBHBIX KOpOBBIX 3CMH€TpHC€HHI>'I.

W3 ananmza puc.l cnenyer, 4To BO BCeX MpHUBe-
JICHHBIX Ha 3TOM PUCYHKE CIIy4asX UCXOIHBIC TPHAaH-
TYJSIUOHHBIC U3MEPEHS OBLTH BBITIONTHEHBI HAM YXKe
T'OTOBAIIMMUCSA OYaramMu SCMHeTpHCGHHﬁ, T.€. B HUX
yKe OBLIM HAaKOILUICHBI CEHCMOTCHHBIC HAIPSHKECHUS.
Ecnu Ob1 3TO OBUTO HE Tak, TO MEPBOHAYAIBHO IPS-
MOJIMHEWHBIA TeONIe3MUeCKU Npoduias TpH 3eMIle-
TPSICCHUU OBLI OBl JIMIIL Pa30pBaH Ha JIMHHUU Pa3jio-
Ma, HO HE WCIBITAT HUKAKWX WUCKPHUBIICHUH, a Tpel-
cTaBsT ObI COOOW IBa TMPSMOJMHEHHBIX OTpe3Ka,
AHAJIOTUYHBIX MOBCACHHIO TOPHBIX IIOPOA B MOMECHT
ty. DTO TOBOPHUT O TOM, YTO CHIIbHBIC 3EMIICTPSICCHUS
TOTOBSITCSI IOJITO —IECSITKH U OOJIee JIeT.

Takum 00pa3oM, UMEIOIIHUECS JaHHBIC TIOBTOP-
HBIX T€OAC3MYCCKUX H3MEPECHUN B AMUIICHTPAIBHBIX

30HAaX CHUJBHBIX KOPOBBIX 3eMIIETpsceHHi yOemu-
TEJIBHO CBUJICTEILCTBYIOT B MOJB3Y TOTO, YTO IPO-
[IECC TOJTOTOBKH oOYara KOPOBOTO 3EeMIIETPSCEHUS
3aTparuBaeT W 3€MHYIO MOBEPXHOCTh. B »TOM HeET
HUYEro yAUBUTEIBHOTO, TaK KaK OHA SBISETCS BEpX-
HEeW rpaHulIed CeCMOTeHHOTO CIIOS - CAMOIr0 BEpXHe-
ro CJIOS 3€MHOU KOpbl MOITHOCTBIO 10-25 kM, a Takxe
TO, YTO MOIIHOCTH (TONIIMHA) CEHCMOTEHHOTO CJIOS
WIA paBHA WM MEHBIIE Pa3MEpOB OYaroB CHIBHBIX
3eMJIETPSCEHUI W, CJIeNOBaTeNbHO, OYar 3aHWMAaeT
BCIO TOJILIMHY CEWCMOIE€HHOIO CJI0Sl — OT 3€MHOM TO-
BEPXHOCTH (BEpXHEH I'paHUIIbl OYara) u JI0 ero HIK-
HEH TpaHUIBI. DTH COOOpaKeHUS HAXOMST IIOJHOE
MIOATBEPKICHUE B CEHCMOJIOTHYECKHUX DKCIIEPUMEH-
TaJbHBIX JAHHBIX, TMPEACTABICHHBIX Ha pHC 3.
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Puc.3. Kapra snunentpoB PaunHckoro 3emierpsicenus (a) 1 BepTUKaIbHBIN pa3pes 1o JuHuu 5-5°(0).
mo: [1]. Ha cexymyro maocKoCTh CpOEUPOBAHBI BCE CEHCMUYECKUE COOBITHSA 3a A TEPIIOKOBBIN
nepuos. ['mybuna ocHoBHOTro Toiuka 10 kM, yrHa ovyara okosio 100 kM, Marautyaa 7.3.

Ha HwxHel yacTu 3TOr0 prcyHKa (0) mokasa-
Hbl Bce adTepiiokun PadymHCKOTO 3eMileTpsiCeHuUs
1991. A¢drepmokun — 3T0 COMPOBOKIAIOIIUE OCHOB-
HOM Tomuek cialble 3eMIIETPSACEHUS, KOTOpbIE CHH-
MalT OCTaBIIHMECA B OdYare, mocjie OCHOBHOTO TOJY-
Ka, yIpyTue HampspkeHus. AQTepimoKoBble TTepUOIbI
(BpeMs TIONMHOW pa3psIKH «CpabOTaBIIETo» ouara
3eMJIETPSACEHHS) MOTYT IPOAOIKATHCS MECSIIBI U Ja-
K€ TOHBL.

Kak BumHO U3 prucyHKa moie adTepiiokoB Ha-
YHHAETCS HEMOCPEACTBEHHO OT 36MHOI TOBEPXHOCTH
U OCTAeTCsl OJHOPOJHBIM MPUMEPHO O TIyOuHBI 15
KM. DTO JaeT HaM MIpaBo cienaTh (uzmdeckun oboc-
HOBaHHBII BBIBOJ O TOM, YTO €CIH ympyrue aedop-
Malliy, OCTaBIIKECS B O04are mocie OCHOBHOTO TOJY-
Ka, CHUMAJUCh aTeplpKkaMu y caMOd 3eMHOW To-
BEPXHOCTH, TO COBEPIIEHHO OYEBUAHO, YTO B TIPO-
1[ecce TOATOTOBKH 3eMJIETPSICEHUS OHM WU HaKaIlIH-
BAJIMCh OT 3TOM CaMOM MMOBEPXHOCTH.

OTH SKCIIEPUMEHTANIGHBIE NTaHHBIE SBISIOTCS
HaIJSITHBIM U yOeTUTENBHBIM MOATBEPKIACHUEM TO-
r0, YTO MPOLEecC HAKOIJICHNsI CeHCMOTeHHBIX aedop-
Maluil pactpoCTpaHsIEeTCs U Ha 3eMHYIO TTOBEPXHOCTD

¥ 4TO MOIIHOCTPH 3(p(PEeKTUBHON YacTu ceiicMOreHHO-
ro CJIOs B HCCIEAyeMOM paiione okono 15 kM. Hamu-
yye CEeUCMOIeHHOIO CIIOSl 3eMJIM MOATBEPKAACTCS U
peosiormueckuMu  ucciieqoBaHusM. CoriiacHO JaH-
HbIM aHrIuiickoro reodusuka M.borta mepexon ot
YIPYLOro COCTOSIHUSI TOPHBIX MOPOJ K IJIACTHYECKO-
My coBepiaeTcs Ha Timyoune 10-25 kM, T.e. TOpOIBI
pacIoyioKeHHbIC HIKE ITHX TIIYOWH B CHIY HMX IUIa-
CTUYHOCTU HE MOTYT HAKaIJIUBaTh YIpPyrue cericmMo-
reausie aedopmanuu [3]. Takas 3aKOHOMEPHOCTH
W3MEHEHHUS YIIPYTUX XapaKTEPUCTUK TOPHEBIX MTOPO/T C
IyOMHOM MOATBEPIKIACTCS U M3MCHCHUEM MEXaHU-
YECKOW MOOPOTHOCTH TOPOJ C TIYyOMHOH, KOTOpas
SIBJISIETCA MAaKCUMaJIbHOM OT 3€MHOU MOBEPXHOCTH J0
rryoussl 19 kum [6].

Takum 00pa3oM, HaTMYKE CEMCMOTEHHOTO CII0S
B 3€MHOM KOpE€ MOJTBEPKIAETCA Pa3IUYHBIMHU JaH-
HbIMH. Kak yke oTMedasioch BBIIIE, JUIsI paccMaTpu-
BaeMOU Hamu MPOOJIEMBI 3TO OYEHb BAXKHO, TAK KaK
HETITyOOKOE PAacIlOIOKEHUE 0YaroB 3eMIIETPSICEHUN
TapaHTHPYEeT Y4YacTHUE 3EMHON IOBEPXHOCTH B HX
IIOJITOTOBKE.
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WTak, BBIMOJIHEHHBIMA UCCIIEIOBAHUSIME OBLIO
YCTAHOBJIEHO, YTO MCKOMBIM IMPU3HAKOM MOATOTOBKH
ouara 3eMJIETPSICEHMs SIBJIETCS HaKaIlUIMBaeMBIH BO
BPEMEHH IO JKCIOHEHIMAIBHOMY 3aKOHY M, CIENO-
BaTeIbHO, 3aKOHOMEPHBIH YNPYTHil HM3rud TOPHBIX
nopof B 3ToM ouare [9]. [IpuunHbl 3apoKaeHUs, CO-
3peBaHus U Pa3pylICHUs] 09aroB KOPOBBIX 3€MJIETPSI-
CEHMI B TEX WJIM MHBIX yYacTKaX pa3joMOB 00ycliaB-
JIMBAIOTCS WM TOJIHBIM IpPEKpalleHueM WIH CyIIecT-
BEHHBIM YMEHBUICHHMEM TEKTOHHYECKHX CMEICHUH
Ha STUX y4yacTKaX. BpIle yka3pIBanoch, YTO aKaje-
MuK ['amOypIieB Takue y4acTKu Ha3Bajd ~criaikamu’;
yeM JUIMHHeEe Takas ‘‘cmaiika”’, TeM OOJIbIllE CEHCMH-
YECKOH 2HEPTHUHU OHA CITOCOOHA HAKOIHUTH [4].

Uro KacaeTcsd 3aKOHA paclpeneieHne yIpyrux
CMEILEHUI TOPHBIX MOPOA B Oyare 3eMJICTPSCEHu,
TO OHO OIIpenesseTcs CIEAYIOINUM YPaBHEHHEM

d=D-e" (1)

r7ie d - BeIMYMHA YNpPYyroro CMEIIEHUsl paccmar-
pHBaEeMOil TOYKH 3€MHOI IOBEPXHOCTH; X - yIaJICHHE

3TOW TOYKH OT paszfioMa; D - MaKCHMalIbHOE yIPyroe
cMellleHue Ha pasnome (x =0); a - mapameTp, Xxapak-
TEPU3YIOIIUI yIpyTrue CBOMCTBA TOPHBIX IOPOJ B
ouare [8].

Brime ObuTO TIOKa3aHO, YTO TMPHU TOJATOTOBKE
CWJIBHBIX KOPOBBIX 3E€MIIETPSICEHUM DPEryJIsIpPHOE H3-
ru0aHue HCHBITHIBAET M 3€MHasl IIOBEPXHOCTb HaJ
04arom, SIBJISOLIASACA €ro BepxHel rpanuneil. imeH-
HO y4yacTHe 3eMHOI IIOBEpXHOCTH B MpOIlecce MOAro-
TOBKH OdYara M OTKPBIBAET pealbHbIE BO3MO>KHOCTH
JUIsE OOHAPYKEHHUS W OTCJICKUBAHUS MCKOMOTO IpS-
Moro npusHaka. OTcjle:KMBaTh MPoIece HAKOILIe-
HHS CeICMOIeHHBIX Je)opMalHil B 0Yare MOXHO
JIMIIb C NMOMOIIBI0 Te0Je3H4YecKOoro Meroaa, Tak
KAaK TOJbKO 3THM METOAOM MO:KHO OIpeNeNsTh
AedopManyu 3eMHOM MOBEPXHOCTH HA 0a3ax B Je-
cATKH KWJioMeTpos [10].

Ha puc.4 mokazana mpuHIIUIIHATIBHAS CXEMa
OoOHapyXeHHs 04ara rOTOBAIIECTOCs 3eMJIETPSICEHUSL.

4]

| eed
e ol

Puc.4. Cxema peajm3anuu NporHo3a MECTa Oo4dara roTOBAILICTOCA 3EMIICTPSACCHUS.

Ha »tom PUCYHKE: BCPTHUKAJIBHBLIC JIMHUU —
CeliCMOTCHHEIN pas3ioM, CMCHICHUA IO KOTOPOMY IIO-
Ka3aHbl CTpeJIKaMu; fy - MOMEHT CO3JaHUs IIPAMOIIU-
HEHHOTO0 TE0Ne3WYeCKOr0 MPOTHOZHOTO Tpoduis
aob, yepHble TOYKM Ha mpoduiie — reoje3uye-
CKHME IIYHKTBL. #; — MOMEHT IOBTOPHBIX HU3MEpe-
Huii Ha mpodune. Ecnu npsMmoauHEeNHHbINH mpo-
¢uap ObUT CO37aH HAJl Y)KE TOTOBSIIIEMCS 04aroM
3eMIIETPSICEHHs], WM IIOATOTOBKAa OdYara Hadya-
JJach B IIPOMEIKYTKE MCXKIY ¥y U {7 , TO B MOMCHT
t; IyHKTBI TEOJIE3MYECKOTO Npoduist OyaeT pac-
10JIaraTbCsl Ha SKCIOHEHLMAIBHONU KPUBOU aob,
SIBJISIFOUIENCS  €IMHCTBEHHBIM  JTOCTOBEPHBIM
NPU3HAKOM TIPOLIECCa HAKOIUIEHUS yIPYTUX
ceiicMoreHHbIX Jaedopmanmii B HCCIETyEMOM
Y4aCTKE CEHCMOT€HHOTO pa3jioMa.

HMenHO Takoe HCIOJIb30BaHUE T'eoJe3ruye-
CKOTO METOJa OTKPOEeT MyTh K IPOTHO3y MecTa
ouara roToBSIIETOCs 3eMJIETPSCEHUSI.

['eone3nyeckumM METOOM MOXHO OCYIlle-
CTBJISITh HE TOJILKO MTPOTHO3 MECTa, HO U IPOTHO3
CUJIBI TOTOBSIILIETOCS 3EMJIETPSCEHUs. JTO BO3-
MO>KHO MOTOMY, YTO CHJIa 3eMJIETPACEHUs PyHK-
LIMOHAJILHO CBSI3aHAa C pa3MepaMu odara, 4To Io-
Ka3aHO B MPHUBEACHHOIN TabiuIle, COCTaBICHHOM
M3BECTHBIM COBETCKUM ceiicMmonorom FO.B. Pus-
HuueHko [12]. Cnexyer OTMETUTh, UTO B CEHcC-
MOJIOTUH CMeElIeHHsI OOpTOB paszjioMa IpU 3€M-
JIETPSACEHUHN Ha3bIBAIOT «IIOABMXKKOM B o4are» ,
cienoBatenbHo, BennunHa D (B Tabnmie) uuc-
JIEHHO pPaBHAa CyMME€ MaKCUMAaJbHBIX YIPYTHUX
celiCMOreHHBIX JedopMalnii HAKOIJICHHBIX B
odare J0 3eMJIETPSCEHHUS.
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3aBHCHMOCTH CHJIBI 3eMJIETPSICEHUS
(Mmarmutyasl M) ot anaunbl ouara (L)
4 NoABHKKH B ouare (D)

M Lim D, cm
3 1,1 011
4 3,0 062
5 8,3 3,5
6 23 20
7 62 120
8 170 660
9 470 3800

N3 Tabnuiel OJHO3HAYHO CIIEAYET, 4TO C
yBEJIMYEHHEM JUIMHBI odara L pacter u cuia
3emuierpsicenust (Marautyna M). CooTHouieHue
9THX BEJIMYMH TAKOBO — IIPH BO3paCTaHUM Mar-

HHUTYJbl HAa OJHY CAMHUILY JJIMHA OdYara yBellu-
YHMBAETCS TPUMEPHO B TPH pasa.

[IpuHnunuanbHas cxema OCYUIeCTBICHHUS
IPOTHO3a CHJIBI 3EMJIETPACEHMS IIOKa3aHa Ha
puc.5: nmuaun (1-1,...8-8) — reogesndeckue mpo-
¢buau, KOTOphle B MOMEHT 3apOaeHHS odara (to)
NPECTaBISUIN COOOHN CIUTOLIHBIE MPSIMbIE JIMHUMY,
B TIpoIIecce MOATOTOBKM odara ObUIM MO0 pa3o-
pBaHbI ¥ cMelIeHsl 1o paznomy (1-1 u 8-8), mubo
U AepopMUpPOBaHbl U cMenleHsl (2-2 u 7-7), n10o
ynpyro aegopMupoBaHbl Haja ovarom (3-3, ...6-
6); 1 -3ona cxarus; Il - 30Ha pacTsokenus;, L —
JIMHUS TIPEKPAIIEHUs] CMELCHUH 0 pa3jioMy T.e.
MCKOMasl JUIMHA OYara TOTOBSIIETOCS 3eMIICTpS-
ceHus («cmaikay ); X- MUpUHA ovyara 3eMJeTps-
CCHHUSL.

Puc.5. Mogens ynpyroro neopMupoBaHHs 36MHOM ITOBEPXHOCTH HAJI 09aroM
TOTOBSIIETOCS 3eMJICTPSICEHUS (B MOMEHT t;).

Ha sTom pucyHke nokazaHa MoJielib CMELIEHUN
u JgedopManuii TPSIMOJIMHEHHBIX Te0Je3MUECKUX
MIPOTHO3HBIX NMpOQMIeii B MOMEHT t;, CO3AaHHBIX B
MOMEHT t; HajJ 04YaroM TOTOBALIEIOCS 3eMJIETpsiCce-
Hus. CormacHo 3TOMy PHCYHKY JUIMHY ovara L Moxk-
HO ONpEeNeNUTh 10 BUAY AeGopMupyeMbix npoduiei;
OHA COOTBETCTBYET PACCTOSHHUIO MEXKAY IOJIHOCTBIO
ynpyro aeGopMuUpyeMbIMH HacTsIMUA TPOQHIIEH, OKa-
3aBIIMXCSI B 30HE NecTBUS oyara. B Hamewm ciydae
ato npoduiu 3-6. B KoHIIEBBIX 30HaX odara nmpoduiu
UCTIBITHIBAIOT W yNpyrue aedopmanuy U CMELIeHUs
(mpodumnu 2 u7) . 3a npegenamu ovara npoQUIN HC-
MBITBIBAIOT JIMLIb TEKTOHUYECKUE CMEIEHUS (IpoQu-
mu 1 u 8). Uro kacaercst mpoduiieii 2 u 7, TO UX y4IeT
B JUIMHE o4ara cjexyeT OIEHHBATh 110 BEIUYHHE W3-
MEPEHHOI'0 YIPYroro KOMIIOHEHTA.

CrnenoBaresbHO, €CJIM € IOMOIIBIO TeoJe3nye-
CKOTO MOHUTOPWHTA OMPEAEIUTh JUINHY TOTOBSIIETO-
csl ouara 3eMJIETpSCEHHs, TO IaHHbIe TaOJIHMLBI IO-

3BOJISIT YCTaHOBUTH Kakoil marHutyae (M) cooTBert-
CTByeT M3MepeHHas JuynHa ovara (L) m Takum obpa-
30M OIpENeNnTh, KAKOH MaKCHUMAaJIbHOW CHJIBI 3eMJIe-
TPACEHHE OH MOXKET MOPOIUTb.

Wrak, mnpuBeneHHas cxema TI€0AE3MUECKOro
MOHUTOPHHIA TIO3BOJISIET OCYIIECTBISATH BA MPOTHO-
3a — TOYHBIH IPOTHO3 MECTa TOTOBALIETOCS oOvara
3eMJIETPSACEHUS] M MPOTHO3 MAKCUMAJIbHOW CHIIBI, KO-
TOPYIO CIIOCOOEH MOPOAUTH HCCIIeLyEeMBbli ouar.

O nporxHo3e BpeMeHH 3eMJIETPSICEHUSI

Uro kacaercs MporHo3a BPEMEHHU 3eMJle-
TPACCHUA, TO B OTIIMYHC OT IIPOTrHO30B MECTAa U
CHJIBbI, KOTOPBIE MOKHO OCYILECTBIATH IO yCTa-
HOBJICHHBIM 3aKOHOMEPHOCTSIM, TJIABHBIM Ipe-
IIATCTBUEM Ha IIYTHU €ro OCYHICCTBIICHUA SABJIACT-
CA HE3HAaHHUE PEaJbHBIX 3aKOHOMEPHOCTEH MPO-
LIECCOB pa3pylIE€HUs] O4aroB. A Tak Kak B Ha-
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CTOSILEE BPEMS CPEIU METO/IOB IIPOTHO3a HET HU
OJTHOTO, CIIOCOOHOIO JOCTOBEPHO OIpPEEIIUTh
9TH 3aKOHOMEPHOCTH, TO €IMHCTBEHHO IPABUJIb-
HBIM pEIlIEHHEM ITOMCKA TaKUX 3aKOHOMEPHOCTEN
SBJIAETCS LIMPOKOE KOMIUIEKCUPOBAaHUE METOOB,
T.€. CO3JJaHHE CMELHATbHBIX KOMIUIEKCHBIX IPO-
THO3HBIX cucTeM. M3 cmbIcia pemaemMon 3ai1auu
CIeyeT, YTO TaKUE€ KOMIUJIEKCHBIE CHCTEMBbI
JOJDKHBI UMETh pa3pellieHusi, JOCTaTOYHBIE IS
OTCICKHUBAHMUSI B PA3JIMYHBIX TMOJIAIX TOHKOM
CTPYKTYpbl IIpoliecca pa3pyLIeHHUs T'OPHBIX I1O-
PO B CEMCMOT€HHOM CJI0€ 3€MHOM KOPBI.

B s10i1 cBs13u cnenyetr 0cobo MOAYEPKHYTh
3HayeHUe 3a0JIarOBPEMEHHBIX OCYIIECTBIECHUIN
IIPOTHO30B MECTA M CWJIBlI TOTOBSIIETOCS OdYara
3eMJIETPSICEHUS Ui TMOJIOKUTEIBHOTO pPELICHUS
IIPOrHO3a BPEMEHHU €ro peanusanuu. ToJbko B
3TOM CJIy4yae OTKPBIBAETCSI BO3MOXKHOCTH IPOBO-
JUTh KOMIUIEKCHBIE MCCIIEJOBAHMsI HE B CIIydaii-
HO WJIM HEJOCTAaTOYHO OOOCHOBAHHO BHIOPAHHBIX
MeCTax, a HEMOCPEACTBEHHO HAJl PEAJIBHO CYIlle-
CTBYIOLIMM OYaroM TOTOBSIIErocs 3emieTrpsce-
HUS, YTO MO3BOJIUT OCYLIECTBIIATH PETHCTPALUIO
Ja)kKe OuYeHb CJIa0BIX M OBICTPO 3aTyXaroluX C
yAAJIEHUEM OT UX MCTOYHUKA aHOMAJIMi, OPOXK-
JaeMbIX 3TUM o4yarom. B sTom ciyuae, emie naxe
U JI0 YCTaHOBJIEHMsI 3aKOHOB pa3pylUEHUs Oda-
rOB, MOXHO pacCUMThIBaTh Ha TO, YTO KOJLJIEK-
TUBHOE IIOBEJCHUE AHOMAJIUN B Pa3IUYHBIX IIO-
JSIX SIBUTCS JIOCTaTOYHO OOBEKTHUBHBIM IIOKa3a-
TeJIeM MPHOIMKAIOIIEHCsT KaTacTpodbl U MO3BO-
JIUT CBOEBPEMEHHO NPUHATH HEOOXOAUMBIE MEPbI
0€30MaCHOCTH.

3a0naroBpeMeHHOE OOHapy>KEHUE TOTOBS-
LIUXCS OYaroB 3eMJIETPSICEHUI MO3BOJIMT CO3/1a-
BaTh KOMIIAKTHBIE KOMIUIEKCHBIE CHCTEMbI Ha-
OMIOZICHUH C pa3pelIeHHeM J0CTaTOYHBIM ISt
W3Y4YEeHHs] TOHKOM CTPYKTYpbl pa3BUTHUS IMpoOILIEC-
COB pa3pyLICHMsI B 3TUX O4arax, TO €CTb JJIA OIl-
peneneHnss 3aKOHOMEPHOCTEH MPOTEKAaHUS 3THX
npoueccoB. TakuM BUIUTCS IPSIMOU IIyTh K IIPO-
THO3Y BPEMEHU 3€MJIETPSICEHUI.

KpaiiHe BaxxHO M TO, 4TO 3a0JaroBpeMeH-
HOE OOHApYy’>KEHHE OYaroB IOTOBSLIUXCS 3eMJIe-
TPSICEHUIl MO3BOJIUT 3apaHee MPUHATh MEphI, He-
00XOMMBIE JIJIs1 YMEHBIICHUS yiiepOa oT 3emiie-
TPACEHUs, a TAKKe MPHUCTYNHUTh K pa3paboTke
METOI0B MCKYCCTBEHHOW 0€30macHOil pa3psaKu
oOHapy’KeHHbIX 04aroB. B HacTosIiee Bpems 310
TEXHUUYECKH BO3MOXKHO: 3aKauka KHUJAKOCTU B
oyar, cepuu HeOOJIBIIMX B3PBIBOB B IPOOYpPEH-

HBIX CKBa)XMHAX, HCIOJIb30BAaHUE, YCTAHOBJICH-
HBbIX Ha 3€MHOM MOBEPXHOCTH, MOILHBIX BHUOpa-
TopoB U 1p. C NOMOIIBIO ATHX MEpONPUATUI
MOXHO  TIOCTENIEHHO, MAJBIMH  [OPLUAMU
YMEHbIIATh BEJIWYMHY HAKOIUIEHHBIX B oOuare
CEHCMOTEeHHBIX JaedopManuii, BIUIOTh 0 €r0
IIOJIHOM pa3psaKu.

Takum 00pa3oM, B HACTOAIIEE BpeMs IMOs-
BUJIMCh pealibHble BO3MOXKHOCTH JJIS1 Pa3paboTKU
IIOCJIEI0BATEIILHOM, HAy4YHO-00OCHOBaHHOU
CTpaTerMy TOYHOI'O, IPAKTUYECKH 3HAYUMOIO
IIPOTHO3a 3E€MJICTPSICEHUH METOJIOM pEelICHUs
IIPsIMOM 3aJ1ayu.

[TomMumo 3TOM 3324 re0Ie3NIECKOMY Me-
TOJly TaK)X€ JOCTYIHO:

1. OmnpeneneHre BO3MOXKHBIX MECT TOTOBAILIMX-
Cd OYaroB KOPOBBIX 3emuieTpsiceHuit. st
3TOr0 HYXKHO CIEOUTh 3a CKOPOCTSMH CMeE-
LICHUM B CEHCMOI€HHBIX PAa3jIoMax. Y4acTKU
pa3ioMOB, B KOTOPBIX CMELIEHUSI OTCYTCTBY-
0T, WIM OHU CYIIECTBEHHO MEHBIIE CMeEIle-
HUWA HAa NOPWIEralolUX Y4yacTKaxX pasjioMma,
SBIISIIOTCSL JIOCTATOYHO yOEAUTENbHBIM JO0Ka-
3aTeJIbCTBOM TOIO, YTO 3/1€Cb MUMEET MECTO
IIOATOTOBKH O4Yara 3eMIJIETPSICEHUS U IO03TO-
My 37€Ch CIEAYET CO3/1aTh OMMCAHHYIO BBIILIE
re0Ie3NYECKYI0 IIPOTHO3HYIO CUCTEMY.

2. VYyacTue B KOMIUIEKCHBIX MCCIIEIOBAHHUS, Ha-
LEJICHHBIX Ha MPOTHO3 BPeMEHHU TiryOokodo-
KYCHBIX 3€MJICTPSICEHUN. DTU HUCCIENOBaHUS
NIEPCIEKTUBHBI HA CTaAUM pa3pyLICHUS OYa-
roB, KOTI/Ia BCIIEJACTBUE 3TOrO Ipoliecca BO3-
HUKAIOT CYIIECTBECHHBIC aHOMAJINU B Pa3jIMy-
HBIX MOJISIX — Y4YWThIBas (U3MKY Mpoliecca
MO>KHO I10J1araTth, 4TO B IIEPBYIO OYepelb B
noJie 1epopMallMOHHOM.

3akjao4YeHue

KpusucHoe cocrosinue npo0iaemMbl IPOrHO-
3a 3eMJICTPSACCHHUI OOYCIIOBIEHO OOBEKTUBHBIMU
MPUYMHAMU — HUCIOJb3yeMBbIE Ul €€ pPELICHUS
oOpaTHbIe 3a/1a4M SBISIOTCS HEKOPPEKTHBIMU, HE
MO3BOJISIFOIIMMHU OCYIIECTBISATh TOUHBIN NIPOTHO3
MECTOIOJIO)KEHHS TOTOBSIIErocs odvara 3emJie-
TPSICEHHUS.

Mo>xHO Toyarath, 4TOo Hadajao OUIMOOYHO-
My BBIOOpY CTpaTernu aHOMAaJUil OBLIO TOJI0XKE-
HO HEYyJIa4yHOW MOMBITKOW aMEepUKAHCKHUX Teojie-
3MCTOB peuiaTh MpoOJeMy IPOTHO3a 3eMIIETps-
CEeHMI1 MeTOJIOM NpAMBIX 3anad [11, 13, 15], npu-
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Benlas K ero guckpeautanuu. [Ipuopurer mo-
JYYWJIU TIPEACTABICHUS O TOM, YTO ITPOLIECCHI
MOATOTOBKU OYAaroB 3€MJICTPSICEHUN HE MPOSB-
JSFOTCSI HA 3€MHOM TIOBEPXHOCTH.

Cnenyer emie pa3 MOTYEPKHYTb, UTO JIs
OCYIIIECTBIICHUS JOCTOBEPHBIX MPOTHO30B MECTa
U CUJIbl 3€MJICTPSICEHUs] MPUTOJICH JIMIIb OIUH
METOJ - T€OJIe3MYECKUH, TaK KaK JHUIIb 3TOMY
METOJly JOCTYIHO OIpelesieHre Buaa aedopma-
i Ha 06a3ax B JIECSITKU KUIOMETpoB. Hukakomy
JPYroM M3 CYIIECTBYIOIIMX METOAOB MU3MEpPEHUM
nedopmaruii 3T0 HemocTymHo. YTo KacaeTcs
CEHCMONIOTHYECKOTO METOJa, TO OH CIOCOOEH
¢ukcupoBaTh JHUIIb OBICTPBIE CEHCMUYECKUE
CMEUIEHUsI 36MHOM MOBEPXHOCTH, a HU3MEPEHHUE
MEIIJICHHO HaKallJIMBaeMbIX JaepopMaiuii emy
HEJOCTYNHO. BO3MOXHO B 3TOM KpOETCSl PUYHU-
Ha HEJOMOHUMAHUS CEHCMOJIOTAaMU BO3MOXKHO-
CTEeH reo/ie3MYecKoro MeToja B mpodiieMe mpo-
THO3a 3EMJICTPSICEHUN — OHHU MPEyBEIMYUBAIOT
BO3MOKHOCTH CEHUCMOJIOTHYECKOTO MeToAa B
pelIeHUuN dTOU MPOOIEMBI.

Bo3MoxHO 51 B HacTosiliee BpeMs perie-
HHUE TPOOJEMBl TPAKTUYECKH 3HAYUMOTO TIPO-
rHo3a 3emuierpsicenuid? [la, Bo3moxHo. [ns 3T0-
T0 HYKHO HCIIOJIb30BaTh T€ BO3MOXKHOCTH T'€0]Ie-
3MYECKOro MeToja, Ojarogapss KOTOPBIM BO3-
MOHO OCYIIECTBJICHHE TOYHOTO MIPOTHO3a MECTa
TOTOBSIILIETOCS] OYara 3eMJIETPSCEHUS] U €ro Mak-
CHMAaJIbHO BO3MO>KHOM CHUJIBI METOJaMH PEIICHHS
npsMbIx 3aaa4 [10].

[TomyuuTe OTBETHI HA BCE TPH IIABHBIX BO-
npoca — rje, Kakoi CUJIbl U KOTJ1a, MOKHO TOJIb-
KO MPHU Pa3yMHBIM COUYETAHWU B PEIICHUU TIPO-
OJIeMBbI MPOTHO3a 3eMJIETPSCEHUN METOJOB Mpsi-
MBIX W 00paTHbIX 3amad. [locie Toro kak mps-
MBIMH METOJaMH OyJeT OOHApYy>KEeH TOTOBSIIHIA-
Csl ovar 3eMJeTpsiceHus (IPOTHO3 MECTa) U OTpe-
JIEJIeHbI er0 pa3Mephl (MPOTHO3 CHIIBI) HA HEM
HY>XHO OYyJIeT CO3/1aBaTh CHUCTEMY KOMIUIEKCHBIX
OYaroBbIX HAOIIOJIEHUH, PACCUUTAHHYIO B IEp-
BYIO O4Y€peb Ha YCTAaHOBJICHHE 3aKOHOMEPHO-
cTeil mposiBieHUs Ae(POpPMALMOHHBIX U APYTUX
MPOIIECCOB HAa Pa3HBIX CTAAUSIX €r0 pa3pylICHUSI.
DTO W MO3BOJUT MPHUOIU3UTH pelIeHue mpoodie-
MBI IPOTHO3a BPEMEHU 3€MJIETPSICEHUH.

TakuM o00pa3oM, OTBETHTh Ha BCE TpHU
TJIABHBIX BOTIPOCOB MPOOJIEMBI IMPOTHO3a 3eMJIIe-
TpsACEHUM: TAe?, KaKol CUIbI? W KOTAa? MOXKHO
JIUIIb TIPU PA3YMHOM COYETAHUH, TIPU Pa3yMHOM
WCIIOJIb30BaHUU B PELICHUU MPOOIEMBbI METO/I0B

MPSIMBIX U OOpaTHBIX 33/1a4, T.€. €CIH B PEIICHUU
npoOseMbl OyAyT HCIIOJIB30BATHCA 3HAYUTEIb-
HbIE€ BO3MOXHOCTH I'€0I€3MUECKOr0 METO/Ia.
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YK 550.3

ITOJIEBBIE NCCJUIEJOBAHUA METPOJIOI'MYECKHUX
XAPAKTEPUCTHUK NEHNEXOAHBIX MAT'HUTOMETPOB POS

FIELD INVESTIGATIONS OF METROLOGICAL CHARACTERISTICS OF POS
GEOMAGNETOMETERS

AnHoranus. [IpencraBieHbl pe3ynbTaThl MOJe-
BBIX HCIIBITAHUN COBPEMEHHBIX BBICOKOUYBCTBUTEIb-
HBIX Temexoausix reomarautomerpoB POS. Comoc-
TaBJICHUS B PA3HOCTHOM PEKUME Pa3HBIX DK3EMILIS-
POB OTHOTHITHBIX MPHOOPOB MeXTy coboit. Comoc-
TaBJeHHUs MarHUTOMeTpoB POS ¢ aHaJOTHYHBIMU 11O
YYBCTBUTEIPHOCTH KBAaHTOBBEIMH MAarHUTOMETPaMHU
WHOCTPAHHOTO MPOW3BOACTBa. [IpuBeneHsr mpumMepsl
COTIOCTaBJICHHUS Bapualldil T€OMarHUTHOTO MO, 3a-
MUCaHHBIX pubopamu. IlokazaHo, YTO TOUHOCTH BHI-
sBieHuss maruuromerpamu POS KpaTKOBpeMEHHBIX
W3MEHEHU TreomarHuTHoro moisst pocruraer 0.05
HTJ, IpH yCIIOBUM CHUHXPOHU3AIMM MOMEHTOB H3Me-
pEeHHI TEOMAarHUTHOTO TTOJIS.

KuroueBsble cioBa: IlemexonHblil BBICOKOUYBCT-
BUTEJIBHBIN  SIIEPHO-TIPELIECCUOHHBIA  MarHUTOMETP

AOCOTIOTHBIE T€OMATHUTHbIE U3MePeHUs

[TosiBieHne  aOCOJIOTHBIX ~MAarHUTOMETPOB
36MHOTO MOJSI CTaJI0 BO3MOXKHBIM B pe3yJibTaTe
IBYX OTKpPBITHH, mpousowmeamux B Hadaue 20-ro
Beka. Ilepsoe u3 Hux caemano B 1929 rony
P. BynoM, KOTOpbIii OOHApyXWJl pacIieruieHue
CHEKTPAJbHBIX JIWHUM MMapoB HATPUS B MAarHUTHOM
nosie. OOBSCHEHHE 53TOr0 SIBJCHUS, HAa OCHOBE
aHoManpHOro 3(dexta 3eemMaHa  BBIIOTHEHO
W. Pabu u I'. bpeiitom. Bropoe oTkpsiTHE — siep-
HOTO MarHUTHOTO pe3oHaHca (SIMP), pe3oHaHCHBIX

MypasbeB JleB Anatoubesnd / Muraviev L.A.

Muaammii Hay4dHbIH cOTpyaHMK MHCTHTYTa reodusuku Ypaib-
ckoro Otnenenust Poccuiickoit akanemun Hayk / Junior research
worker, Institute of Geophisics Urals Branch of RAS

e-mail: mlev@mail.ru

POS. KgantoBblii mMarnutoMerp. MeTponoruueckue
XapaKTepUCTUKU. Bapualiuyu reoMarHuTHOTO TOJI.

Abstract. Results of field tests of up-to-date
high-sensitive pedestrian magnetometers POS are
presented. Comparison in differential variant of vari-
ous devices between each other. Comparison of mag-
netometers POS with optical pumping magnetometers
of similar sensitivity class. Examples of comparison
of geomagnetic field variations, recorded by high-
sensitive magnetometric devices. Precision of short-
term variations of geomagnetic field revelation is
reaching 0.05 nT, on the assumption of measurement
moments synchronization.

Keywords: Pedestrian highly sensitive nuclear-
precession magnetometer POS. Quantum magnetome-
ter. Metrological characteristics. Variations in the
geomagnetic field.

M3MEHEHUH MaKpOCKOIMMYECKOW HaMarHW4eHHOCTH
BEIIECTBA, O] JIEHCTBUEM CIabOro pagruodacToT-
HOT'O MarHMTHOTO ITOJISI, HAJOKEHHOI'O Ha CHJIBHOE
MOCTOSIHHOE MarHuTHoe nosie [2]. U3 Teopun sToro
SIBIICHUA, pazpaboTaHHOU @. bioxom 3|
O. [lapcemsiom creayer Haluyue 3aBUCUMOCTH
MEXy YacTOTOM CHUTHaja CBOOOJHOM TPENeccuu
® MPOTOHA U MOJYJIEM HAIPSKEHHOCTH BHEIIHETO
MarHuTHOTO 1oJis B:

w=YB (1)
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31ech Y - THPOMArHUTHOE OTHOLUEHUE MPOTOHA -
MHUpPOBasi KOHCTAHTA, U3BECTHAsl B HACTOSILIEE Bpe-
MsI CO CTAaOMIIBHOCTHIO /10 8-10 3Haka [33]:

v = (2,675 222 099+0,000 000 070)-10°pan/(HTo1-c)

[Tockonbky maHHAsi BEIMYMHA SIBJISETCSI TIOCTOSH-
HOUM TpU M3MEHEHHH TakuX (aKTOPOB KaK TeMIle-
paTtypa, JaBleHUE U Tp., U3MEPEHUsS MarHUTHOTO
MOJIE 3TUM CHOCOOOM SIBJISIIOTCS aOCONIIOTHBIMH,
XapaKTEepU3yIOTCS TOYHOCTBIO U CTAOUIILHOCTBIO.

IIepBblli MarHUTOMETP, MOCTPOCHHBIA HA
3ToM npuHuune co3gaH M. [lakkapgom u
P. Bapuanowm [30] B 1947 rony. CepuitHoe npous-
BOJICTBO ¥ aKTMBHOE BHEJPEHHE TaKUX IPHOOPOB B
MarHUTOMETPUUYECKYIO TPAKTUKY Hadanoch ¢ 1955
¢bupmoii «Varian Associates». [lozgHee HECKOIb-
KkuMH (pupmMamMu B MHpe ObUIM CO3JaHBI a’pomar-
HHATOMETPBI HAa TOM ke npuHnuie. B Poccun nep-
Bble cepuitHble nemexoansie (ASIIM-4, M-20) u
aspomarautomerpsl (AIl-1, AAAM-6) 6piu n3ro-
ToBaeHsl B 50-60-x rr  (A. f. Porwreiin,
B. C. lupens, A.Il. Amocos, IO. H. [lenucos).
TounocTp ux pocrurana 2 HTa, UUKINYHOCTh — OT
7 mo 1 cex [12].

MarHuTomMeTpbl, OCHOBAaHHBIE Ha HCIOJIb30-
BaHMM J(pQeKTa 3eeMaHOBCKOTO paCIICIICHUS
CHEKTPOB NapoOB IIEIOYHBIX 3JIEMEHTOB (KBaHTO-
BbI€) MOSIBUIMCH HECKOJIBKO IMO3JHEE, MOCIE H30-
OpereHuss  cmocoba  ONTUYECKOW  HaKauKH
(A. Kactnep, I'. demenst, ¥Y.benn u A. biym),
onmarogaps ueMy B 60-X ronax ObLIM CO3MaHBI MEp-
Bble MarHUTOYYBCTBUTEJIbHBIE MPUOOPHI HA Mapax
renuss U pyOouausi ¢ MOPOroM UYyBCTBUTEIHHOCTH
0,02-0,06 HTn um ObIcTpojeilicTBHEM 2—5 u3M/C
(A. Kéiizep, A. baywm, JI. Jlanran).

B 70-e rr. mpomoro Beka ObUIM CO3IaHBI
abcoMoTHBIE TPUOOPHI AJIS MEHIeXOAHbIX MarHUT-
HBIX HM3MEpPEHUI: KBAHTOBBIC (HA Mapax Ie3us)
MarauTomMeTpsl M-33 u M-60 ¢ moporoBoit 4yBCT-
BuTenbHOCTHIO 0,1-1,0 HTH U NPOTOHHBIN MarHu-
toMerp MMII-203 ¢ moporoBoil 4yBCTBUTEIBHO-
cteto 1 wTa (B.IL Ilak, B.IIl. Tpunonbckui,
I'. K. XKupos, B. C. upens). [lanubie mpubOOpsI
ObUTH BBIMMYIICHBI 3HAYUTEILHBIMA CEPUSMHU U aK-
TUBHO MPUMEHSIIUCH B T€OJIOTOPa3BeI0YHbBIX pado-
Tax BIUIOTH J10 KOHIA 20-ro Beka.

[TosiBNeHHe MPOTOHHBIX U KBAHTOBBIX MarHu-
TOMETPOB 00YyCIIOBUJIO KapIMHAIBHBIE TIEPEMEHBI B
MarHUuTOMeTpuH, Ha3zBaHHble B.M.['opnunbiMm [2]
«pEBOJIIOLIMEN», @ UMEHHO IEpexoi OT TPYJI0EM-
KHX H3MEPEHHH KOMIOHEHT MAarHUTHOTO MO K

OBICTPBIM M MaJIO3aTPATHBIM M3MEPEHUSIM €ro Mo-
Iyisl. 3a MOCIEIHUE J1Ba AECATUIETUS B MarHUTO-
METPUYECKOM NPUOOPOCTPOCHUH, CIenysl TOH ke
TE€PMUHOJIOTHH, TPOMU30LLIA €LIe OJHA «PEBOJIIO-
wns». Hosast snemenTHas n Texnonorn&ékas 6asa
M03BOJIWJIA MOBBICUTH YYBCTBUTEIBHOCTH MOIYJIb-
HBIX T'€OMarHMTOMETPOB (KaK KBAaHTOBBIX, TaK M
SJIEPHO-TIPELIECCUOHHBIX) 10 YPOBHS MUKOTECHbI, U
OCHAaCTUTh MX KOMIIBIOTEPHON perucrpanuei pe-
3yJbTaTOB U3MepeHHit [25].

CpaBHHUTeIbHAS XapPAKTEPHCTHKA COBPEMEH-
HBIX BbICOKOYYBCTBUTEJIHLHBIX MeIIeX0AHBIX
MOIYJIbHBIX MATHUTOMETPOB

Cpenn BaxHeWmMX (GuUpM-Ipou3BOAUTENCH
(pa3paboOTYMKOB)  BBICOKOTOYHOM  TEMIEXOTHOM
MarHMTOMETPUUYECKOIN anmaparypbl ClelyeT nepe-
guciuTh 3apyoexHsie Geometrix (CILA), GEM
Systems (Kanama), Scintrex Itd (Kamama-CIIIA)
[25], a Takxke poccuiickue HWJI KBantoBoi mar-
nutometrpun (ExarepunOypr) u OAO «[eonoro-
pasBeaka» (C-IlerepOypr). Bce ykaszannble 3apy-
OekHbIe (PUPMBI H3TOTOBIISIOT KaK KBAHTOBBIC, TaK
U SICPHO-TIPEIIECCUOHHBIE MOJIEIN MarHUTOMET-
POB, POCCHUICKHE - BBIIYCKAlOT JIMIIb OBEpXay3e-
POBCKHE MPUOOPBHL.

[IpencraBieHHbIE HA PHIHKE MOJEIM MUMEIOT
JIOCTaTOYHO OJIM3KHE XapaKTePUCTUKH M 00JacTh
IIPUMEHEHHUS, 4YTO JEJIaeT aKTyaJbHOM BO3MOX-
HOCTh UX comocTaBiieHus. [IpoBeneM uUX KpaTkuid
0030p. Bce BeIOpaHHBIE MATHUTOMETPHI OCHAIIICHBI
KOMITBIOTEPHOU perucrpaiueil pesyjabTaTtoB U3Me-
peHus, a Takxe cnyTHukoBoi (GPS) texHonoruei
olpezeNieHUus] KoopauHaT u3MepsieMbix Touek. Ka-
&Kras U3 Mojeneil uMeeT MoAU(UKALUIO TpaiueH-
TOMETpPa — BO3MOKHOCTh J100aBJICHHUS €I1le OJHOT0
M3MEPUTENILHOTO KaHaja - aHAJIOTUYHOTO JaT4uKa
MarHMTHOT'O TOJIS.

Marnutomerp Geometrics G-856 — npoToH-
HBI, C perucTpauyen 4acTOThl MPEUECCUN 10 Me-
tony Ilakkapna-Bapuana. OTcueTHass BennunHa
0.1 #Tn, rpagmentoycroitunBocts 1000 HTH/M.
Hcnonb3yercsa aimsg HU3KOTOYHOW HA3€MHOM Mar-
HUTOpA3BEIKU WM TNPU HU3ZKOW KBaIMPHUKAUU
orepaTopoB Oaroaapsi MUHUMAIBLHOUN 1I€HE U BbI-
COKOHM cTabmibHOCTH pabodero BemecTBa (Kepo-
CHH).

[IpoToHHbIE OBEpxay3epOBCKHE MarHUTO-
metpel POS (HMJI KBaHTOBOH MarHMTOMETpHH),
GSM-19 (GEM Systems) u MCIII" (I'eonoropas-
BE/IKa) SIBJIIOTCS aHAJIOTaMH MPOTOHHOTO C OBEp-
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Xay3epoBCKUM ycuiieHueM curHana JAMP. Xapak-
TEPU3YIOTCSl ONTHUMAJIbHBIM COOTHOILIEHUEM lIe-
HA/KauyecTBO I BHICOKOTOYHOM HA3eMHOM U MOp-
CKOW MarHUTOpa3BeIKu Ojaromaps JOCTaTOYHO
BBICOKOM YYBCTBUTEJIBHOCTU U TPATUEHTOYCTOM-
YUBOCTU IIPU HU3KOM SHEPronoTpeOIeHUN U Bece.
Pabouee BemiecTBO Ha OCHOBE PacTBOPOB pajMKa-
JIOB J1OCTaTO4YHO cTabunbHO. [Ipu 3TOM mpHrOOpHI
UMEIOT HEBBICOKOE ObIcTpoaelcTBHE, Haubosee
TOYHBIE PEe3yJIbTaThl U3MEPEHHUI JOCTUTAIOTCS MPU
uukiax | usmepenue B 3 CEKyH/bIL.

KBaHTOBBIE MATHUTOMETPBI-TPATUCHTOMETPHI
GSMP-40 (GEM Systems), SM-5 (Scintrex), G-
859 (858) (Geometrics) Ha OCHOBE ONTHYECKOU
HAKayK{ MapoB IIETIOYHBIX METAJUIOB C PerucTpa-
[Men EKTPOHHOTO 3¢ dekTa 3eemMaHa Mo ONnTHYe-
CKOMy KaHaiy. Mcnonb3yrorcs [uisi a3pOMarHuTo-
pa3BeKU M CBEPXOBICTPON CHEMKH B apXeOJOTHUHU
[9,22], a Takke MOMCKa Hepa3opBaBIIUXCS Ooe-
npunacos [1, 34] Giaromgaps HawTydIIed 4yBCTBHU-
tenpHOCTH (TIopsinka 10 mxTi), OwicTpoaeiicTBHIO
(mo 10-50 m3mepeHmii B CEKyHIy) U TPaJUCHTO-
yctounBoctu (10 40 mxTn/m). Hepocratku naH-
HBIX TPUOOPOB — BBHICOKAsSI I[eHa, OOJBIIIOE YHEPTO-
noTpeblieHne M BEC ¢ y4eToM Oarapeil mutaHus, a
TaKkKe HEOOXOMMOCTh 3aMEHBI JATYMKOB MIPU HH-
TEHCUBHOW 3KcIulyaTauuu. Kpome Ttoro, cyiect-
ByeT HEOOXOAMMOCTh MOJJEP>KAHUS OIpeeieH-
HOW OpHEHTAIMM JaT4hKa B MPOCTpaHcTBe. Pe-
KOpJIHbIE PE3YyJIbTaThl 1O YYBCTBUTEIBHOCTH (OT-
cyetHass TOYHOCTh 0.1 mxTn) — nas TEXHOJIOTMH
Jnaryvka Ha mapax kanus — GSMP-40, Beimyckae-
Mot GEM Systems.

OBepxay3epoBcKHii siIePHO-NIPeeCCHOHHbIN
marautometrp POS

Hcnonb3oBanue  s¢dexra  Oepxaysepa
[28, 29] (auHAMHUYECKON MOJSpU3aLMU MTPOTOHOB)
TpeOyeT mpuMeHeHHs pabodero BellecTBa, Cojep-
JKalllero B3aMMOJIEHUCTBYIOUINE SIJICPHbIE U 3JEK-
TPOHHBIE CIIMHOBBIE MarHUTHBIE MOMEHTBI, TO €CTh
HECHapeHHbIe 3JIEKTPOHbI. [Ipu BoO3melcTBUH HaA
TaKO€ BEILECTBO MEPEMEHHBIM JIEKTPOMArHUTHBIM
MI0JIEM OIpe/IeJICHHOW YacTOThl CO3JA0TCs YCIO-
BUs IIapaMarHUTHOTrO pe3oHaHca. IlormomenHas
JIEKTPOHAMM SHEPrHsl pajguo4acTOTHOIO MarHuT-
HOTO MOJIS mepenaeTcs aapaM (IIPOTOHAM) 3a CUEeT
Yero BO3HUKAET COIVIACOBAHHAs OPHEHTUPOBKA UX
MarHUTHBIX MOMEHTOB.

Takum oOpazom, mpumeHeHue dddekra
Ogepxay3epa NpUBOJIUT K 00Jiee HHTEHCUBHOM T10-

nspU3aly paboyuero BEIlIeCTBa, U CJIEI0BATEILHO
K YCWJICHHUIO CUTHAJIa TIPEIECCUU, MPUYEM JOCTHU-
raeTcsi ’TO MEHbIIUMHU 3aTpaTaMu 3Hepruu [13].

Teopernueckre M SKCIEPUMEHTAIBHBIE pa-
OOTBI 10 M3YyYEHHUIO U BHIOOPY pabouMX BEIIECTB
JUIL TaTYMKOB C JIMHAMHUYECKOW MOJIApU3ALHEH,
ONTHMU3ALUS PEKUMOB PabOThl MarHUTOMETPOB
npoBomunuck B YIIM  (ceituac  YpdYV,
r.Ekarepunoypr) [13] (B.bangun, A.Il. Crenanos,
AUN. ®unaros, B.M. Crouxkuit). B nabopatopuu
KBaHTOBOUW MarHutometpuu [14, 15, 19, 20, 33],
BosriasisieMoit B.A. CanynossiM (/[.B. CaBenbes,
A1O. [lenucos, C.E. KuceneB) B HacTosiiee Bpe-
Ms aKTHBHO pa3palaThIBAIOTCS OBEPXay3€POBCKHE
MarHUTOMETPbl Pa3JIMYHOTO HA3HAYEHHUsS, Cpeau
KOTOPBIX — TemnexoaHbie MarautoMeTpel POS-1 u
rpaauenTomeTpsl POS-2 (puc. 1).

Marnutometpsl POS mpeacraBisitor co0oit
MPOLIECCOPHBIM  OBEPXay3epOBCKHM JTAaTUMK, CO-
CTOSIIUMUA U3 JIByX COCTABHBIX YacCTEW: NEPBUYHBIN
npeoOpa3oBareib U OJNOK SICKTPOHUKH, a TaKXKe
MOJICBOE KOMIBIOTEPHOE YCTPOMCTBO HAKOTUICHHS
uHpopManmu. Bmecto maHHOTO yCTpOWCTBa ISt
YIIpaBJICHUS TaTYUKOM MOXKET OBITh MCIOJIb30BaH
KOMIIBIOTED.

B nepBuunoM npeobpaszoBaresne NpoUCXOIUT
dbopMUpOBaHHE CUTHAJIA CBOOOJHOW MpPEIecCHH
AJIEpPHONM HaMarHMYEHHOCTH paboyero BellecTBa.
KoucTpykTBHO mpeoOpa3zoBaTenb pa3MeliéH B
HUAJTUHAPUYECKOM KOPITYCe U COCTOUT U3 MPUEMHO-
MOJISIPU3YIOMIMX HU3KOYACTOTHBIX KaTyIIEK, IO-
MEIIEHHOTO B HUX pabodero BEIIECTBA U BBICOKO-
YaCTOTHOTO KOHTypa, HEOOXOAMMOTOo ISl CO3Jia-
HUS PE30HAHCHOTO AJIEKTPOMATHUTHOTO TTOJIS.

VYmpasnenue u oOMeH uHpopmanuen ¢ nar-
YUKOM OCYIIECTBIIIETCSI TIO0 TOCEA0BATEIIBHOMY
nopty COM (RS-232).

[IpoueccopHubiii 0Bepxay3epoBCKuil 1atyuk PO
uMeeT crenyromue xapakrepuctuku [10]: cra-
owitpHOCTh Ha ypoBHe 0.02 HTn B rox; mopor 4yB-
ctBurensHocT (0.002 HTn; wacrora ompoca 10
JIBYX U3MEPEHHH B CEKYHy; pab0TOCIIOCOOHOCTD B
rpagueHTax MaruutHoro mosst 1o 20000 aTn/m.

JIisi HaTypHOTO COTOCTaBIICHUS C MPUOOPOM
POS namu BbIOpanbl MarHuToMeTpbl Geometrics
858 u Scintrex SM-5 NAVMAG. CpaBHutens-
Hble Xapaktepuctuku [21, 32] atux npubopos
MpUBEIEHBI B Ta0I. 1.
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Puc. 1. O0muii Buj memexoaHoro MaruuroMmerpa-rpaauearomerpa POS-2

Takum oOpa3om, paspabortanHble B Poccum
MEMIEXOIHbIE  BBICOKOUYBCTBUTEILHBIE  SJIEPHO-
npeueccuoHHble  MarHutoMerpsl POS  obnagaror
XapaKTepUCTHKAMU Ha YPOBHE MOJENEH BeIyIInuX
MHUPOBBIX MPOHU3BOJUTEIICH aHAJOTUYHOTO 000pY-
noBaHus. VX OTIMYHTETBHBIMU OCOOCHHOCTSIMHU
SIBJISIETCSL TIPOIIECCOpHasi o0paboTKa CHTHaia Tpe-
neccuud [19] U BO3MOXXHOCTH OILICHKH KadecTBa
€IMHUYHOTO M3MEpPEHUsI cpasy IOcje ero ocylie-
creienus [33]. Takue XapakTepUCTUKH, KaK KOM-
MBIOTEPHAS] PETHCTPAIUs Pe3yIbTaTOB U3MEPEHHUS,
TOTIONIPUBSI3KA TOYEK HAONIOEHUS C TMOMOIIBIO
GPS, nanuume yacoB peaqbHOTO BPEMEHH, BO3-
MOKHOCTh OCYIIECTBIIEHUSI HEIIPEPHIBHOTO PEKU-
Ma U3MEPEHHUH — SABJSIOTCS OOLTUMU JIJIs BCEX CO-
BPEMEHHBIX MEMIEXOAHBIX MATHUTOMETPOB.

OO0rmiee JOCTOMHCTBO BCEX THUIIOB SIIEPHO-
MPEIIECCUOHHBIX MAarHUTOMETPOB IEpea MarHUTO-
MEeTpaMH C ONITUYECKON HaKaYKOH (KBAaHTOBBIMH) —
abCONIOTHOE WM3MEPEHUE BEIUYMHBI MArHUTHOTO

moJtsi, o0ycCiIOBIIEHHOE (PU3MKOM Tpoliecca, He ToI-
BEpP)KEHHOE BIIMSHHUIO TEMIEpaTypHOro (QaxTopa.
OTo penaeT BO3MOXKHBIM HMX HCIIOJIB30BAaHHE HE
TOJIbKO B MAarHUTOPa3BEIOYHBIX paboTax HO U B
obcepBaTopckoi mpakTuke [27] I AoaTOBpe-
MEHHBIX MOHUTOPUHTOBBIX HAOIIOICHUH.

Kpome toro, marautomerp POS ocnamen
yA0OHBIM HHTEp(eNcoM TMOoJb30BaTeNs, MPOCT B
MCIIOJIb30BaHNH, UMEET HeOOJbIION BeC U rabapu-
THI.

Jlis BBeA€HUS NTAHHOTO THUIIA MarHUTOMET-
pUYECKOW ammapatypbl B MPaKTUKY Treodusuye-
CKUX HCCIIEJOBaHUH HEOOXOIMMO ONpEACTHUTh €e
BO3MOXXHOCTH ISl PEIICHUS MPAKTHYECKUX Te0JI0-
ro-reopu3muecKkux 3a1a4 Ha (OHE MOMEX Kak ec-
TECTBEHHOTO TaK M MCKYCCTBEHHOTO MPOUCXOXK/IE-
HHUS U COIIOCTAaBUTH B HATYPHBIX 3KCIICPUMCHTAX B
pEANbHBIX TE€OJIOTUYECKUX YCIOBHSIX C aHAJIOTH4-
HOU anmaparypomu.
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Taobmuua 1
Hexotopsie xapakrepuctuku MarautoMeTpoB POS, Geometrics g858m u Scintrex SM-5 NAVMAG
. Scintrex SM-5
Xapaktepuctuka POS Geometrics 9858 NAVMAG
Tun TexHonorMM aaTyu- OBepxay3epOoBCKuin npo- OnTuyeckasn Haka4ka na- OnTuyeckasn Haka4ka na-
Ka TOHHbIN poOB Lie3ns poB Lie3ns
ﬂ”a”r"l"gﬁ;' VIBMEpeHIA 20000 — 100000 HTn 18000 — 95000 HTn 18000 — 95000 HTn
Mpegen yyBCTBUTESL- 0.01 HTn npu BpeEMEHHU 0.008 HTA npyt uam. 1 cek 0.006 HTn npu n3m. 0.1
HOCTH nam. 3 cek cek
TovHOCTb 0.2-0.5 HTn 1.5+ 0,05°C 2,5 patuuk +0,2
Pa6botocnocobeH npu CoxpaHsieT paboTtocno-
TpeboBaHus K nobon opueHTUpoBKe, Npu He- COBHOCTb

OPUEHTUNPOBKE AaTHMKa

onTMManbHOW OPUEHTUPOBKE
pon. norp. Ao 1 HTN

npu 45° £35° k Hanp.
3€eMHOro nons

10°-85° K HanpaBneHuto
3€eMHOro nons

MoTpebnsaembin TOK,
MOLLIHOCTb

300-400 MA, 4 Bt

600 mA, 10 BT cTaprT, 7
BT npn 20°C

15 BT ctapTt

Pabo4yasa Temnepartypa

o1 -30°C go 50°C

oT -15°C go 50°C

o1 -30°C go 50°C

. HenpepbIBHLIA NOAOrpeB
HenpepbIBHLIN NOOOrPEB .
TepmocTabunusaums HeT HeobxoaMMOoCTHU AaTtyunkos, Temn. gpend 0.01
JaT4nKoB 0
HTn/
Bpems paboTbl oT ogHo-
ro . 2 4yaca, npu Ucnomnb3o-
HEeCKONbKO JHEN 3-6 yacos
KOMMIIEKTa aKKyMYnsATO- BaHuUn gon. 6aTapeun — 4 yaca.
poB
. 10 kr + pon. 6atapesa 5
MonHbIN BeC KoMmnnekTa 6 Kr 6 Kr Kf' P
Mepnoan4yHoOCTb U3Me-

peHun
B HEMPEPbLIBHOM peXume

1 pa3 B 3 cek, HEKOTOpbIe
MOZENN JoNyCcKaoT pexnm 1
nam. B 0.5 cek

no 1 pas B 0.1 cek

no 1 pas B 0.1 cek

paaneHToyCcTOMYNBOCTb

20000 HTn Ha meTp,
40000 dopcax

20000 HTn Ha meTp

40000 HTn Ha meTp

Bpems «KM3HM» gaTyumka

10 net

23000 yacoB pecypc

=5000 yacoB pecypc
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MaI‘HI/ITOMeTpI/I‘{eCKI/Ie H3MEPECHUSA
B p€aJIbHBbIX YCJIOBHAX

OcymiecTBiICHIE U3MEPEHUN BBICOKOUYBCT-
BUTENIBHBIM TMPHOOPOM B pealbHBIX T€0JIOTO-
reo(pU3MYeCcKuX YCIOBHSIX, IPH BO3JICUCTBUH Ba-
pHanuii TEOMarHUTHOTO TOJISA, a TaKXe pa3iud-
HOT'O pOJia TOMEX SIBJISIETCS CIIOKHOM 3a/1a4eil.

Bapuanuu 3eMHOro MarHMTHOTO TONS —
HETIPEPBIBHBIC MICEBAOCTyYaHbIC €T0 N3MEHEHUS
[18], 0OycnOBIEHHBIX KakK SIBICHUSMU B HOHO-
cdepe, Tak U mporeccamMmu, MPOXOASAIINMH Ha TO-
BEpXHOCTH, U B 3eMHOI Kkope [26]. Ha memienno
MEHSIIOIIIEECs] TaK Ha3bIBa€MOE TJIABHOE T'eomar-
HUTHOE MoJje [23] HakiIaabIBaeTCs MEPEMEHHOE
MarHuTHOE ToJie (CyTOYHBIE BapHalliu, KOPOT-
KOIIEpUOAHBIC KOJieOaHUsl, MarHuTHBIC OypH),
BbI3BaHHBIC BHEIIHMMH IPOIIECCAMU, MPOUCXO-
oMU B noHochepe. IHTEHCUBHOCTH HEBO3-
MYIICHHBIX CYTOYHBIX Bapualluid MEHSETCA B
npenenax 3emiid, BO3pacTaeT OT IKBaTopa K IMo-
mocaM, gocturas 200 aTn [17].

Cy1iecTByIOT BO3MYIICHHBIE BapHallH, K
KOTOPBIM  OTHOCSITCSI HETIEPUOJUYECKUE UM-
MyJIbCHbIE Bapualuy M MarHuTHble Oypu. OHU

MarHuTHoOe none

3aBUCAT OT BO3MYILEHHUH B HOHOC(]EpE, KOTOPHIE,
B CBOIO OY€pe/ib, CBSA3aHBI C MPUXOI0M Ha 3eMITIO
KOPITyCKYJISIPHBIX TIOTOKOB OT BCIBIIIEK Ha
Comnne [17, 18]. YcpenHeHHBIN CHEKTp reoMar-
HUTHBIX BO3MYILEHUI puBeseH B [18].

N3ydnTh METPOJIOJIOTUYECKHE XapaKTepH-
CTHKH MPUOOpPa B TAKUX YCIOBHUSIX MOXKHO ITyTEM
MPOBE/ICHUSI PA3HOCTHBIX W3MEPEHUH, TO eCTh
pa3MEeCTUTh JaTYUKU MarHUTOMETPOB B OJIHO-
POJHOM MarHUTHOM IIOJI€ B HECKOJIBKMX MeTpax
ApYyTr OT JIpyra M BECTH JIMTENbHYIO 3allliCh Ba-
pHanyii TEOMarHUTHOTO TOJISI OT HECKOJIBKHUX Ya-
COB 10 cyTok. IIpumeHeHue mompobHOro Mertoaa
ormucaHo B pabote [8] mist mpuOOpPOB Ipyroro
Kjacca TOYHOCTU. [1OCKOIBKY M3yuyaemblii HaMU
napaMeTp — pa3HOCTHBIA CUTHAN BBLICISECTCS Ha
¢doHe HIyMOB, cpeqHee KBaJpaTUYHOE OTKJIIOHE-
HHUE Pa3HOCTH MMOKa3aHU MarHUTOMETPOB OyneT
3aBUCETh OT BPEMEHHOIO CIBUTa MOMEHTOB
BKJIFOYEHHUsI TPHOOPOB M CHEKTPAIBHON IJIOTHO-
CTH BO3MYILIIEHUI T€OMarHUTHOTO MOJIS.

Cxema oOpa3oBaHUsI 3TOro IIyma, J00aB-
JISIFOIIErOCsl K Pa3HOCTHOMY CHUTHAly, TOKaszaHa
Ha puc. 2.

—— ACTWHHbIA XOpn, Nons
e—— [lOrpeLHOCTb M3MEPEHWA NONSA

t1 t1 t2 to

t3 t3 ta t4

Bpewmsi

Puc. 2. ITpyuunHbl NOSIBIEHUS IOTPEIIHOCTH ITPU PA3HOCTHBIX U3MEPEHUAX

AMHHI/ITYI[a myMa 3aBUCUT OT BCIIMYMHBI
BPEMEHHOI'O C/IBUT'a MOMEHTOB BKJIFOUEHHUS MpHU-
OOpOB U CHEKTPAIBHOHN TUIOTHOCTH BO3MYIIIEHUI
T€OMarHUTHOIO 1oJisl. BhIOTHEHHBIE paHee Teo-

pETUYECKUE U SKCIEPUMEHTAIIbHBIE HCCIEeI0BaA-
HUs [4] mokaszanu, 4To Il TOTO YTOOBI JOCTHI-
HYTh TOTPEIIHOCTH HA YPOBHE €IMHUIl TUKOTEC-
JIbl CHHXPOHHOCTh MOMEHTOB M3MEPEHHUH JIOIK-
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Ha OTJINYAThCS HA MUJUTMCEKYH[BI (TIPU BpEMEHU
cuera mpubopom 1 cexynna).

B marnutomerpax POS [10] ucnonbs3yrorcs
BHYTPEHHUE aJITOPUTMbI 00pabOTKU U ycpeaHe-
HUSl CUTHAJIa 332 BpeMs MOJIyYCHUS €TUHHUYHOTO
orcuera [19, 20, 33]. [losToMy I€/IBIO HACTOSI-
IIeTO MCCIEAO0BaHUS ABIAJIOCh HaTypHas OICHKA
TpeOOBaHUH K CHHXPOHHU3AIIHH.

[ToneBbie wWcclenOBaHUS BBIMIONHEHBI B
MarHUTOCHOKOWHBIE THU B Pa3jIN4HOE BpeMs Cy-
TOK, Ha TeppuTopuu reodusndeckoir odbcepBaTo-
pun Aptu (CeepaiioBckas obsacts). Jlannoe me-

CTO YJAJE€HO OT MPOMBIIUIEHHBIX MAarHUTHBIX
nomex. Ha puc. 3 npuBeneH npumep pasHocTei
MIOKA3aHUH JIByX amnmnapaTypHO CHUHXPOHHU30BaH-
HBIX MarHUTOMETPOB (KBapLEBbIE YaChl), a TAKKE
TPEeThero mnpudopa CUHXPOHU3OBAHHOIO C MeEp-
BBIMH BpPYUYHYIO (MHTEpBaJl MEX]IY ITyCKaMHU KO-
TOPBIX COCTAaBJISI MOpsAKa CEKyHIbI). B mepBom
clly4ae CpeaHe-KBaJpaTMYHOE OTKJIOHEHHUE IIy-
MoBoro curaana coctasuno 0,03 uTn, a Bo BTO-
pom nopsanok Beie - 0,3 uTn. [IpuBenen taxxke
rpaduK T€OMarHUTHOTO MOJIS.
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Puc. 3. Bousaue TouHocTH CUHXPOHU3AIITMU MOMCHTOB BKJIFOUCHUS MArHUTOMCTPOB Ha BO3SMOXXHOCTb
BBLISIBJIEHUS CIA0BIX M3MEHEHWH MAarHUTHOTO IIOJIS

Takum o6pazom, st oOecredeHus: TOUHO-
CTH y4eTa Bapuallii Ha ypPOBHE YyBCTBUTEJIbHO-
CTH npubopa, 0COOEHHO NPHU JOJTOBPEMEHHBIX
PSKUMHBIX  HAONMIOACHUAX, HEoOXonuMma Kak
MO’KHO OoJiee TOUHasi CHHXPOHM3alKUsl MOMEHTOB
U3MEPEHUN MarHUTOMETPUYECKOM anmapaTyphl.

B kauecTBe WIIIOCTpallUU 3KCIEPUMEHTOB
[0 OJIHOBPEMEHHOMY HAOJIIOACHUIO JAUHAMHMKHU
FEOMarHUTHOTO IIOJII B PEAJIBHBIX TI€0J0ro-
reo(pU3NYEeCKUX YCIOBUSX, MNPUBEIAECM CIEIYIO-
IIMe TIPUMEpBl. ODKCIEPUMEHTHI NPOBEACHBI Ha
ceBepe 0.CaxanuH B MarHUTOCIIOKONHBIE JHU B
YAAQJIEHHOM OT IPOMBIIUICHHBIX IIOMEX MECTE.
JlBa natumka rpaguenromerpa POS-2 Obutn xe-
CTKO YCTaHOBJICHBI Ha BBICOTE | M HajJ MOBEpX-
HOCTBIO 3€MJIM, OJUH U3 JaTYUKOB HAXOIMJICS

BOJIM3KM HEOOIBIIOrO pydbs. PaccrosHue Mexmy
JTaTYUKaMM COCTaBUIIO 5 M. Pa3HOCTh 3HaueHui
MarHUTHOT'O HOJIsl MEXKAY AATYMKAMU COCTaBJIsIIa
npumepHo 5 HTn. Ha puc. 4 npuseneHa 3anuch
BapHallMd MarHUTHOTO MOJS U Pa3HOCTH H3Me-
pPEeHHBIX AaTyMkamu 3HayeHuid. Ha puc. 5 noxka-
3aH pe3yJbTaT aHAJIOTMYHOIO SKCIIEPUMEHTA, HO
IIPY 3TOM Pa3HOCTb 3HAUYEHUU IOJISI MEXIY AaT-
yukaMu He mnpeBbimana 1 HTn. DxcnepuMeHT
ObUT TIpOBENIEH B HOYHOE BpeMsi, a HauOOoJbIIast
JMHAMUKa TpaJiu€HTa MarHUTHOI'O MOJIA OTMEeYe-
Ha YTPOM, YTO MOKET ObITh OOBSICHEHO M3MEHE-
HUEM TEMIIEpATyphl, a CIEAOBATEILHO U TEMIIe-
paTypHOro rpagueHTa B mpezenax aatduuka [33].
Eme onHa BO3MOXHasg NpPUYMHA - AKTUBU3ALUA
nepeTokoB ¢urronsa B mouse [6, 11].

Nel-2011 MesxmyHapoaHblii HayYHO-TEXHHYECKHUIT M IPOM3BOACTBEHHBII KypHan «Hayku o 3emne» 00




IF'EO®U3NKA / GEOPHYSICS

53640 — — 4.9
a

53630 — c
48 T
| = — -
z -
o 53620 — =
5 o
C I
o — — 47 &£
o z
E @
S 53610 — B E
= _ g
L 46 3
53600 — o

53590 , | I | , | , i | 45

12:17 13:57 15:37 17:17 18:57 20:37

Bpewms, Yacbl:MUHYTLI

Puc. 4. 3anuce rpaguentomerpoM POS-2 Bapuanuy reoMarHuTHOIO 110JI B PEAJIbHBIX I'€0JI0I0-
reo(pU3N4ECKUX YCIOBHUIX: Pa3HOCTh MarHUTHOT'O MOJIS MEXy JaTYMKaMH COCTaBIseT okojo 5 HTu.
a - 3HaYeHUE MAarHUTHOTO TOJIs, PETUCTPUPYEMOE OJHUM M3 IaTYUKOB (JIeBast OCh OpJAUHAT), O - pas-

HOCTb MEIy MOKa3aHUAMH JaTYUKOB (IIpaBas OCb OPAMHAT)
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Puc. 5. 3anuce rpaguentomerpoM POS-2 Bapuanuy reoMarHuTHOIO MOJI B PEAJIbHBIX I'€0JI0r0-
reo(pU3NIECKUX YCIOBHUSX: Pa3HOCTh MAarHUTHOTO TTOJIS MEXY AaT4rKamu coctasiser menee 0.2 v,
a - 3Ha4eHUe MarHUTHOTO MOJIs, PETUCTPUPYEMOE OJHUM U3 JaTUUKOB (JIeBast OCh OpPJUHAT), O - pa3-
HOCTb MEXAY NOKa3aHUSMU JATYUKOB (TIpaBasi OCb OpJAUHAT)
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HartypHoe cpaBHeHMe MArHUTOMETPOB
POS u geometrics G858

Jnist cpaBHEHUs BEIOpaH COBPEMEHHBIN BbI-
COKOYYBCTBUTEJIbHBIA ~ KBAHTOBBIM  LI€3UEBBII
MarautTomeTrp g858g mpomsBoactBa Geometrics,
CIOA. Hauuelii npubop, Omarogapst 601bLIOMY
KOJIMYECTBY U3MEPEHUN B CEKYHY, IPUMEHSIETCS
JUIS TICHIEXOJHBIX MAarHUTHBIX ChbEMOK, B 4YaCTHO-
CTH, IIPHU TOMCKE HEpa3opBaBIIMUXCS Ooempura-
COB U JJI apX€O0JIOTHUYECKUX UccaeaoBaHuil [22].
DKCHepUMEHT ObUT BBIIIOJIHEH COBMECTHO C CO-
TPYAHUKAMU OTJENICHUS] TeO(PHU3UKH Te0JIoTude-
ckoro (akymnprera MI'Y.

B Hamem pacnopsokeHHMM HMeNcs OAMH
MarautomeTp Geometrics g858m B BapuaHTe
IpaJueHTOMETpa U JABa WICHTHUYHBIX KOMILJIEKTa
MarauromeTpoB POS. Mecto mpoBeaeHust skc-
MepuMeHTa — ydeOHO-HayuyHas 0asza OTIeJeHUs
reo(u3nKu reosiornyeckoro ¢axynsrera MI'Y B

1. ANleKCaHIPOBKA — yIaJI€HO OT MPOMBIIIIEHHBIX
IIOMEX.

Bcero Obl10 mpoBeNEHO JBE CEpUU CHH-
XPOHHBIX HAOJIIOJACHUH MarHUTHOTO ToJs. Yackl
IByX MarauromeTpoB POS mepen kaxapM dKc-
MEPUMEHTOM OBLIM TOYHO CUHXPOHM30BAaHbI Me-
KTy CO0OH C IOMOILBIO COOTBETCTBYIOIIEH
BCTpoeHHOW ¢QyHkuuu. Yacsl MarHuTomerpa
Geometrics B Hayaje WCHBITAHUNA CHHXPOHU30-
BaHbl ¢ yacamu POS ¢ nomompsro GPS ¢ Touno-
CTBIO JI0 CEKYHJbl. DKCIIEPUMEHTHI IIPOBOIUIIUCH
B 3UMHEE BPEMs, II03TOMY IS UCKIIOYEHHS II0-
BpPEXKJEHUS anmnaparypbl BeEJICS MOHMTOPHHT
TEMIIEpaTypbl BO3IyXa.

B nepBoM sKcliepUMEHTE TOUYKH YCTaHOBKHU
JATYUKOB BBIOpAHbI B MarHUTHOM IIOJI€ C OJHO-
poaHocThio 5 HTJ/M, HAa PacCTOSHUHM OKOJIO 5 M
Ipyr ot apyra. Beicota yctaHOBKM JaT4ukoB 1,5
M. IlepmogmuHocTh H3MepeHUs - 3 CEKyHIbL.
I'padiky MarHuTHOTO MOJS M PA3HOCTU IMOKa3a-
HUH Tpex NpuOOpPOB MOKa3aHkl Ha puC. 6.
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Puc. 6. Bapuarusi MarHuTHOTO 10Jist (JIeBast OCh, U€PHAsI KPUBasi) U pa3HOCTH MOKA3aHUH TpeX mpudo-
poB (IIpaBasi 0Cb, IIBETHbIE KPUBBIE), TIEPBbII SKCIIEPUMEHT

W3 rpaduka BUIHO, 4TO MPHU yCIOBUH TOY-
HOW CHUHXPOHHU3AIMM M OJWHAKOBOM NEPUOANY-
HOCTH U3MEPEHUM Pa3HOCTHBIE CUTHAJIBI IIPAKTH-
YECKU HE OTIMYAIOTCS APYT OT Jpyra. B Hauane
U3MepeHuss Ha rpadukax pa3sHOCTH IOKa3aHUH
Mexay Kaxabim npubopom POS m Geometrics
BUJIEH CYLIECTBEHHBIN «Apeiid» moss, UTeNb-
HOCTBIO 0K0J10 10 — 15 MUHYT, CBSI3aHHBIN C MIPO-

rpeBoM natunka Geometrics. upuna «irymo-
BOID» Pa3HOCTHOM MOJIOCKM B TE€UEHHE SKCIIEpHU-
MEHTa MOCTOSIHHA U COCTABJISIET BO BCEX CIydasx
okono 0,05 uTi.

Bo BTOpOM 3KCHEpUMEHTE NaTYUMKU yCTa-
HOBJIEHBI B II0JIE C OJHOPOJHOCTHIO J0 1-2
HTn/M, HO Ha pacctosanu 20 — 40 M 1gpyr or
npyra. I[lepuoanMdHOCT, H3MEpPEHUs NATYUKOM
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POS - 3 cex, Geometrics — 1 cek. CooTBeTCT-
BYIOIIWH TpadUK BapHallid MarHUTHOTO TOJS U
Pa3HOCTH MOKa3aHUi MpUBEJIEH Ha puc. 7.

YBenuyeHne MUPUHBI IIYMOBOTO CHUTHAJA
— pasHoctu nokazanuii mexnay POS u Geometrics
CBSI3aHO, TI0-BHIUMOMY, C YMEHBIIIEHHEM TOYHO-
ctu Geometrics MpH OJHOCEKYHJHOM LIUKJIE U3-
MEPEHHUH a TaKKe C PAaCXOXKIECHHEM YacoB IPH-
060poB, T.K. IOBTOPHAsi CHHXPOHU3ALIUSI BPEMEHHU
HE NPOU3BOAMIIACE.

Habmiogaemoe no rpaduky U3MEHEHHE pe-
KMMa HW3MEpPEHHH B CepeArHE HKCIEPUMEHTa
CKOpee BCero oOyCIIOBIIEHO MaJeHHEM TeMIlepa-
Typbl oT -3 10 -9 °C. [lockosibKy yMeHbIIEHUE
TEeMIIepaTypbl HA4aJoCh PE3Ko, cpa3y Iocje 3a-

xojga conHia, Ha Geometrics 3TO OTPa3UIOCH
CKauKOM HW3MEpEeHHOro 3HadeHus mois ao 0,5
HTn. Ilo Bceld BUAMMOCTH, 3TO U3MEHEHHUE pe-
KUMa  aBTOMAaTHYECKOW  TEepMOCTaOMIM3AIIU
matauka. Ha KpuBOM pa3HOCTH MEXIy IBYyMS
Marautometrpamu POS HaOmromaeTcss TIaBHOE
MaJICHUE I0JIA Ha OJHOM M3 JaTYMKOB, BO3MOXK-
HO, TaK’K€ BBI3BAHHOE TEMIIEPATYyPHBIMH dPQeK-
TaMH.

BrisBiaeHHBIE  O0COOCHHOCTH  HOBEICHUS
nataukoB Geometrix» u POS npu u3mMeHeHHsIX
TEMIIEPaTypbl HEOOXOAMMO YUHUTHIBATH MPH TUIA-
HUPOBAHWU M TPOBEICHUU DKCIEPUMEHTOB IO
JIOJITOBPEMEHHBIM MOHHUTOPHUHTOBBIM HaOJIIO 1e-
HUSIM T€OMArHuTHOTO moJis [7].
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Puc. 7. Bapuauusi MarHUTHOTO TOJISL AJIs1 TPEX MPUOOPOB, MPUBEACHHAS K 0011IeMy YPOBHIO (JIeBast
0Ch) U Pa3HOCTh MIOKAa3aHUH TpeX MPUOOPOB (TpaBas 0Ch), BTOPOU IKCIIEPUMEHT.

HarypHoe cpaBHeHHe MATHUTOMETPOB
POS u Scintrex SM-5

['panuentomerp Scintrex SM-5 sBusiercs
elle OJHUM COBPEMEHHBIM MarHUTOMETpHUye-
CKMUM TpUOOPOM, aKTHBHO NMPHUMEHSEMBIM 32 PYy-
0ekoM. DTOT KBaHTOBBIH (Ha mapax Le3us) Mar-
HUTOMETp npousBoautcs B Kanaze.

DOKCIIEpUMEHTAIbHOE CpPaBHEHHUE JIaHHOTO
MarauromeTpa c¢ npubopamu POS nposenenHo
Ha TEPPUTOpPUU TeopHU3UUECKOil obcepBaTopuu
Aptu, CBepiuioBckast obnacTb. bbuto 3aaeiicTBo-
BAaHO 7 JIaTYMKOB MSATH MarHUTOMETPOB, B CKOO-
KaX yKaszaHbl MX 0003HauYeHMsI Ha Tpadukax na-

nee: rpaameHtomerp POS (2 nmatumka: gradl,
grad2), rpaguentomerp Scintrex SM-5 (2 maruu-
ka: Scintrex1, Scintrex2), 1Ba MENIEXOIHBIX Mar-
HuromeTpa POS: 3aBoackoit Ne 91, 2007 roma
nzroroBienust (POS91), u 3aBoackoit Ne 100,
2004 rona, (POS100). Takxe st cpaBHEHHS HC-
MOJI30BaHbI JIAHHBIE CO CTAI[MOHAPHO yCTAHOB-
JIEHHOTO B 00CEepBaTOPUHU JaTUMKA aHAJJOTHYHOTO
marautometrpa POS (ARTI).

Hatunku rpaguentomerpa POS-2 ycraHoB-
JICHBI Ha KpBIIIC OJHOTO W3 HEMArHUTHBIX I1a-
BUJILOHOB Ha KECTKOW IITaHre Ha PacCTOSIHUM 1
M JpYyT OT Apyra ¥ B 1 M OT Kpbimu. JlaTunku
rpagueHToMeTpa ScintreX YCTaHOBIIEHbI BHYTPHU
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TOr'0 K€ MAaBWJIbOHA HA )KECTKOW IITAHre Ha pac-
CTOSHUM 1 M JIpyr OT Apyra, BEpXHHUI OaT4UK
HaXoJuiIcs MpUMepHO B 1 M oT kpbimu (2 MeTpa
OT HWKHETO JIaTYMKa IpaJueHToMeTpa). JaTunku

Haturk 1
['papuenToMeTp [
POS-2
| Hartunk 2
Haturk 1
['papuenToMeTp [
ScintrexSM-3
NAVMAG
| Hartunk 2

MarguroMeTpoB POS-1 Ne 91 u Ne 100 yctanos-
JIEHBI KaXKIbIH B CBOEM HEMarHUTHOM TEpPMOCTa-
OUIM3UPOBAHHOM MaBWiIbOHE. Cxema 3KcIepu-
MEHTa MOKa3aHa Ha puc. 8.

MarauroMeTp

POS-1 Me 100 | HaTumx

MarauroMeTp

POS-1 MNe 91 || HaTumk

Maraurometp
POS-1 ARTI =
O0cepraTOpCKHii

JaTurk

Puc. 8. Cxema OCYHICCTBJICHUA OKCIICPUMCHTA: Ka)I(IILIﬁ MAarouToMeTp HaXO0AUTCA B OTACIIBHOM Mar-
HUTOMETPUYECKOM TMaBUILOHE 0OcepBaTOopuu (KpacHbI KOHTYp). Jlatunku rpaauneatromerpa POS-2
3aKpeIJICHBI Ha KPHIIIE MaBUILOHA, B KOTOPOM YCTaHOBJICH rpaaueHToMeTp Scintrex SM-5

Yachl Bcex y4acTBYIOIIUX B IKCIEPUMEHTE
MarHUTOMETPOB OBbLIM CHHXPOHHM30BAHBI C MakK-
CHUMaJIbHO JOCTHKUMOW JUIS AHHBIX NMPHOOPOB
TOYHOCTBIO.

Bce maruuromerpsl POS npoBoannu uzme-
penus 1 pa3 B 3 cekyHubl. llepuoanynocts 3anu-
CH TPaJMEHTOMETPOM Scintrex - pa3 B CEKyHIY.
Jlis ~ BO3MOXKHOCTH  CpaBHEHHUS  H3MEpPEHUS
Scintrex pa30UTHI Ha TpH cepuu: "TepBasi CEKyH-
na u3 tpex", "Bropas u3 tpex" u "TpeThsi u3
Tpex".

Ha 3ammcsx XopoIio BBISBISIETCS HCKaXKe-
HUE MarHUTHOTO IOJII B MOMEHT HOJSpU3aLUU
natyrka B nmpubopax POS. JlaTuuku rpaaneHTo-
metpoB POS u Scintrex ObITH pPacmojOXKeHBI
JOCTATOYHO OJIU3KO APYT K JIPYTy, Mpoiecc Mo-
JSIpU3AUK JUTATCS 9yTh OoJbine 1 CexyHIbl, U
HCKa)KEHUE MarHUTHOTO TOJSl OTYETIMBO BUIHO
Ha 3alucsAx cepuil "mepBass CeKyHIa M3 Tpex',
"BTOpas cekyHaa u3 Tpex'. 3aperucTpupoBaH-
HBIM MeXIy 2 ¥ 3 yacaMu CKadOK IpaJHeHTa
MarHUTHOTO TOJII COOTBETCTBYET BpPEMEHH OT-
kimoueHust rpaaueHromerpa POS. Ha 3amucu

"TpeTbsl CeKyHJla U3 Tpex' CKauka He BHJIHO BO-
Bce. [loaTromMy BO Bcex AambHEMIIMX CpPaBHEHMAX
y4acTBYeT MMEHHO 3Ta 3amuch. COOTBETCTBYIO-
mue rpaduKy pa3HOCTEH MEXAy MOKa3aHUSAMHU
MarHUTOMETPOB-TPAJUEHTOMETPOB TOKa3aHbl Ha
puc. 9.

ComnocTaBneHusi pa3HOCTEH MeXIy Mokas3a-
HUSIMH JIaTYUKOB OJHOTO Ipubdopa (T.e. rpajueH-
Ta JUIsL IBYX TpaJueHTOMeTpoB, Scintrex u POS)
BBISIBJIIIOT Pa3HbIM XapakTep perucTpauuy moJis.
upuna "urymoBoi monocku" Scintrex cymiect-
BeHHO MeHbIe (0.05 uTn) yem ansa POS (o 0.15
uTm). B 3anucu Scintrex MpakTUYeCKH OTCYTCT-
BylOT BbIOpochl cBbime 0.1 HTa ot cpemnero
3HaueHus, a B 3amucu POS Takue BEIOPOCH €CTh.

3anmucu  pa3HOCTH  MEXIy JaT4MKaMu
Scintrex OTYETIMBO BBISBISIOT Jpeiid B mepBbie
4achl 3KCIIEPUMEHTA, KOTOPBIH, IO BCEH BUIUMO-
CTH, SIBJSIETCS TeMIlepaTypHbIM. JlaTuWku KBaH-
TOBBIX MarHMUTOMETPOB Scintrex SBISIOTCA Tep-
MOCTAaOMIIM3UPOBAHHBIMH, W KOJICOAHUSI BHEII-
HEll TeMnepaTypbl, BbI3bIBAIOT HEOObIINE KOJIe-
OaHusi TeMmnepaTypsl BHYTPU JaT4WKa M TaKUM
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oOpa3zom, Jipeiid u3MepeHHOro 3HaueHus mnoins. B
WHCTPYKIIMA K MarHUTOMETpy Scintrex, Tak e
kak u Geometrics yka3aHO Ha HEOOXOJIUMOCTh
nporpeBa B TeueHue 20 MUH mepes U3MEpEeHUsI-
MH. A B 3KCIIEpUMEHTE NMpUOOp ObUI 3aHECEH C
yauiel (Temneparypa okosio 0°C) B Teruiblii ma-

20 —

BWIbOH. lIpouecc ycTaHOBIEHHS MOCTOSHHOM
TEeMIIepaTypbl JaTdyvka Opubopa MOT JIUTHCS
HECKOJIbKO 4acoB. [[1aBHOE yMeHblLIIEHUE pa3HU-
bl MEXAY MOKa3aHUAMH AAaTYUKOB HAayWHAs ¢ 3
4acOB HOYM YacCOB MOKET ObITh OOBSICHEHO TO-
BBIIIEHUEM TEMIEPaTyphl OT HOUHOM K YTPY.
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Puc. 9. MaruuTHO€ nouie (JieBast OCh) U pa3HOCTb MEXK/Y IOKa3aHUSAMU JIByX AATYMKOB I'PaJUEHTO-
METpOB (TIpaBasi 0Ch): a — FTEOMarHUTHOE TTOJIe O — Pa3HOCTh MEX/Ty TaTYMKaMu Scintrex, mepsast ce-
KyH/1a U3 TpeX; B — TO e, BTOpasi CEKyH/1a U3 TPeX; T - TO XK€, TPEThsI CEKYHAa U3 TpeX; 1l — Pa3HOCTh

MEXTy TIOKa3aHUSAMH OJTHOTO M3 JaTYUKOB Scintrex u rpajaueHtomerpa POS

PaccmoTrpenune pasHocTell MEXIy BTOPBIM
JaTYUKOM Scintrex M OCTaJbHBIMH NpUOOpaMu
MO3BOJISIET OIPENENIUTh, YTO OMHMCAHHOMY BBIIIE
npeiidy ObUT MOABEP)KEH MMEHHO IEpBBIN Jat-
yuk. PazHOCTH mOKa3zaHWM MeEXAy JaTdyuKaMu
MarHUTOMETPOB MOKa3aHbl Ha puc. 10.

HaunbOonee cTraOuiIpHBIM B JTaHHOM DJKCIIE-
pumenTe okaszaicsa marautoMmerp POS Ne 91. Ha
puc. 11 npuBeaeHbI pa3HOCTH U3MEPEHUN MEXKIY
MarguromerpoM Ne 91 u ngaTumkamum Opyrux
MarHuTOMeTpoB. Jlj1sl cpaBHEHMs BBIOpaHBI MTPU-
O0pbI, MMOKa3aBIINe HAUMEHBIINNA Jpeid: rpaau-
eatometp POS, nmartumk 2 rpaaueHTOMETpa
Scintrex u obcepBaTopckuii maruutomerp POS

ARTI. Haumenspimas muvpuHa mIyMOBOTO pa3HO-
ctHoro curnana cocrasuia 0.05 uTm.

B skcnepuMeHTe MO OJHOBpPEMEHHOMY Ha-
OIOJICHUIO BapHallUd T€OMAarHUTHOTO TOJIsI Mar-
HUTOMETpPaMH Pa3IMYHbIX THUIIOB YAAJOCh YBe-
PEHHO pa3JeNuTh BIUSHUE TE€X WA UHBIX (PaKTO-
POB Ha KaXAbId U3 JaTYUKOB, B 3aBUCUMOCTH OT
TUNOB MarHUTOMETPOB. B mNpoBoaMMBIX HaMu
paHee OHKCIIEPUMEHTaX BBISBISUINCH aHAJIOTHY-
HbI€ SIBIIEHUS, HO HEBO3MOXXHO OBLIO YCTaHO-
BHUTh, BOJM3W KAKOTO W3 JATYUKOB HAXOIUTCS
WUCTOYHUK HM3MEHEHUS MArHUTHOTO TIOJS, WIIU
KaKoW M3 JaTYMKOB, B CHJIy anmapaTypHbIX OCO-
OeHHoOcTel, Oonblie MoJaBep)keH apeidy u3zMe-
PEHHOT0 3HAYEHUSI.
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Puc. 10. MarautHoe mose (j1ieBasi OCh) U pa3HOCTh MEXAY MOKa3aHUSMU JBYX JNaTYMKOB MAarHUTOMET-
POB H IpaTueHTOMETPOB (TIpaBasi OCh): a — reOMarHuTHoe moJie; 6 - Scintrex maryuk 2 u POS naruunk

1; B - Scintrex matyuk 1 u POS matuuk 1; r - Scintrex nqatuuk 2 u o6cepBaTopckuii MarautomeTp POS
(ARTI); n - marautomerp POS Ne91 u POS nmatuuk 1
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Puc. 11. MarauTHOe nosie (J1eBast 0Cb) ¥ pa3HOCTh MEKY [MOKAa3aHUSIMHU MarHUTOMETPOB, MEKIY KO-

TOPBIMU 3aPErMCTPUPOBAH HAMOOJBIINI U HAMMEHBIINH «JIpel(» pa3HOCTH MOKa3aHUH (IpaBas OCh):

a - marauToMeTpbl POS Nel100 u Ne91; 6 - maraurometp POS Ne91 u o6cepBaTopckuii MAarHUTOMET]
POS (ARTI)
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[TomydyeHo MOATBEPKACHUE BIUSHUS TPO-
Lecca MOJISIpU3allMM B JIaTYMKE OBEPXay3epoB-
ckoro marauromerpa POS Ha u3mepenust BOIU3U
Hero. Peructpupyemslii a3¢pexT nmeercs Ha pac-
CTOSIHUSIX J0 HECKOJbKMX METpPOB OT JaTyHKa,
YTO BBIJBUTAET 0COObIE TPeOOBaHUS K Pacrojo-
KEHHI0O MarHUTOMETPOB B HKCIEPUMEHTaX IO
BBISIBIIGHUIO CITA0BIX TEKTOHOMArHUTHBIX CHTHA-
JIOB, a TaKXe TPeOOBaHUS K CTAOMJILHOCTH 4acoB
puOopoB. VM3HavyanbHO CHHXPOHU30BaHHBIEC Ya-
Cbl MarHUTOMETPOB MOTYT CO BPEMEHEM pa30ii-
TUCh M MOMEHTBI U3MepeHHsl OyIyT HE COBIa-
naTh. B TakoM ciydae B perucTpupyemblid CHUT-
Hai OyzaeT no0aBIATHCS M ONpPENEICHHBIN BKIIAJ
OT MOJISIPU3ALMH COCEAHETrO JaTYHUKa, ITOCKOJIBKY
nporeccop aatanka POS ompenensier mojie kak
CpeZiHee IO BPEMEHU CIaJaHus peslaKcallMoOHHO-
ro curaana [33].

BrpIsiBIIEH 3HAYUTENBHBIA TEMIIEPATypPHBII
npeiid xkBaHTOBOro Marutomerpa Scintrex. O0-
Hapy>KEHBbI pa3InyMs B XapaKTepUCTHKAX, Ipend,
BBIOPOCH 3HAUEHHWH TIOJSI, MEXKIY pa3IHIHBIMHU
sk3eMIusipamu ipubopos POS. Bonee craOuib-
HOM OKazaJiach rapa 6ojee HOBBIX TPHUOOPOB.

HaumeHnblass BenTu4rHA Pa3HOCTHOI'O CHT-
Hana coctasiseT 0.05 HTn yTo He oTiIMUaeTcs Ot
onpeneneHHoro panee 3HaueHus [7]. Ilo-
BUIMMOMY, 3TO TIPEIENl BBISBICHUS COBPEMEH-
HBIMU BBICOKOYYBCTBUTEIIBHBIMU MarHUTOMET-
pamMu 0cOOEHHOCTEN M3MEHEHUsI MarHUTHOTO T0-
Js1 B peasibHBIX T€0JIOr0-re0(pU3NIECKUX yCIOBU-
X, TOCTHKUMBIA ¢ TPUMEHEHHEM CIeIHaTbHbBIX
METOAMYECKUX PEIICHUH.

[lepen mpoBeaeHNEM BBICOKOTOYHBIX M3Me-
pEeHUN T€OMarHUTHOrO MO (MOHUTOPHUHIOBBIX
HaOJIr0/IeHUI Baprannii, Mpele3nOHHBIX MarHHT-
HBIX ChEMOK) CIIeyeT MPOBOIUTH M0JI00HBIE CO-
MIOCTABJICHUS MarHUTOMETPUYECKON ammapary-
pel. OmnpeneneHue HauMEHee MOJBEPKEHHBIX
TEeMIIepaTypHOMY Jper(dy 3K3eMIUIPOB MPUOO-
POB M TOJIy4€HUE OLIEHOK HAaWOOJbIIEH BEINYH-
HBI JIpeii(a MO3BOJIUT ONPENEIUTh MOTPEIIHOCTh
BBISIBJIICHUS] PA3HOCTHBIX CHTHAJIOB B 3TUX JKCIIE-
pumeHTax. JlaHHas pekoMeHJalus BBEIEHa B
MPaKTUKy paboTel ¢ MarHuToMerpamu B ['PO
«Karoka» [16].

IIpocTpaHncTBeHHOE pacnpe/esieHHe CyTOYHbIX
BapUANMH reOMAarHUTHOTO MOJIS HA IpUMepe
NMYHKTOB y 1oc. AptH U r.Tobdoabck

Hannune BBICOKOUYBCTBUTEIBHOM MarHu-
TOMETPUYECKONW amnmapaTypbl IO3BOJIIET Bep-
HYTbCSI K HEKOTOPBIM aKTyaJbHBIM BOIPOCaM
MarHUTOMETPUH, TAKUM KaK H3y4YeHHE OCOOEH-
HOCTEW INPOCTPAHCTBEHHOI'O PACHpeciICHusl Ba-
puanuii FTEOMarHUTHOIO IOJISI U AHOMAJIMK BEKO-
BOT'O XOJa.

B Hacrosiiee Bpemsi pe3yJbTaToOM HCCIe-
JIOBAaHUHM IPOCTPAHCTBEHHOIO  pACIpPENEICHUS
II0JI1 MATHUTHBIX BapHalMi CTAJIO 3aKPEIICHHOE
B MHCTPYKLMM IO MarHuTopasBenke [5] yTBep-
KICHHE O IPAKTHYECKOM HICHTHUYHOCTH Mar-
HUTHBIX BapHallMi B TOYKAX, PACIOJIOKEHHBIX Ha
paccTtosiHusAX Ommxe, yueM 50 KM Jpyr oT apyra.
OTO mpaBUIO HE NPUMEHHMO K IOJSAPHBIM H
NpUOPEXXHBIM palioHaMm, Te CYLIECTBYET aHO-
MaJIbHBIN X0/ T€OMArHUTHBIX BapUaluil.

Bo Bpemst mpoBeneHuss MarHuTopa3Belou-
HBIX paboT BOIM3M I.Tobonbck TromeHckol 00-
JIACTH OCYILIECTBJIEHA HENpepbIBHAs 3aluCh Ba-
pUanuy TE€OMarHuTHOro nois B TeueHun 30
nuei. [lomydeHHble BapuorpaMMbl COMOCTaBIIE-
HBl C 3allUCSIMM MAarHUTHBIX Bapualuil Onmxaii-
el K MECTy ChbeMKH 00cepBaTopuu ApTH, OCY-
IIECTBEIHHBIMU aHaJOrMyHbIM npudopom POS,
YCTaHOBJICHHBIM CTallMoOHapHO. PaccrosiHue mno
IpSIMOM MEXIy [BYyMsl IIyHKTaMH, TJ€ BeEJach
3alMCh T€OMArHUTHOI'O O, cocTaBmito 570 kM.
[lepronyHOCTh M3MEpPEHU OOOMMH MAarHHUTO-
METpaMHu COCTaBJsla B pa3Hble AHU OT 3 10 6
cekyna. Ha puc. 12 nmpuBonsrcs npumeps! co-
IocTaBieHus. PacxoxaeHne Mexay 3Ha4eHUSIMU
MarHMTHOTO TOJISI B Pa3HbIE JHU COCTaBISET OT
HECKOJIbKUX €JMHUIL 10 aecsiTd H 1.

Eme oaMH »53KCHEpUMEHT MpPOBEAECH Ha
o.ITapamymup (Kypunbckue octpoBa) mpu co-
JIEUCTBUU MII «ONeKTpay (r.YOxHo-
CaxanuHck). JlaT4Mku Tpex MarHUTOMETPOB OblI-
JIM PAcIONOXKEHBI B BUJE TPEYTrOJbHHUKA CO CTO-
poHamu oT 1 10 2 KM B 00JaCTH apOTHAPOTEP-
MaJIbHOM M BYJIKaHMYeCKOW akTHBHOCTU (BbIco-
KOYTECHBII y4acTOK), Ha pacCTOSIHUM OKOJIO 5 KM
no Oepera Tuxoro okeaHa. BeimonHeHa CHH-
XpOHHasl 3alIMCh BapUallid T€OMarHUTHOTO MOJIsS
B TeueHue 5 dacoB. I'paduku pa3HoCcTel mokasa-
HHUM KaXJ0W mapbl JaTYUKOB U T€OMArHUTHOTO
I10JIs1, 3aIIMCAaHHOTO KaKIbIM M3 MAarHUTOMETPOB,
npuBeeHbI Ha puc.13. 3anucu nojis u pasHocTei
NPUBEJCHBI B OJHOM MacuiTabe, U BUIHO, YTO
U3MEHEHHE DPA3HOCTU IOKa3aHUM 3a BpeEMsl Ha-
OmroneHus SBISETCS 3HAYUTENbHBIM, n0 10-12
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HTn, 4TO0 MOXeT ObITh OOBACHEHO HE TOJIBKO | HOM KOpe MO NpUYMHE IeoTepMallbHOW U BYJIKA-
NpUOPEKHON 30HOW, HO M OTPaKEHHEM B Mar- | HUYECKOW aKTHMBHOCTH.
HUTHOM I10JI€ TIPOLIECCOB, IIPOUCXOIAIIUX B 3€M-

15 nekabpn 2004 roga

57090
55830

57084 57086 57088
55826 55828

57082
55822

57080
55820

3:00 4:00 500 600 700 8&00 900 10:00 11:00 12:00 13:00 14:00

24 cpeepana 2005 rona

57096
]
1

55836

| —————— TobGoneck A oAl
— ApmM W "'ﬂﬂl

57082
| |
X
f_-"
}L}
f;.é'
11:—
=
x
=
| —
55832

57088
|
L
-—"'-’.)
e
-
"'1.
|

]
1—1

I
55828

57034
|
—
-.r—“_"f
= =
I

-
4
|
55824

57080
]
e
=~
I

1
e
e
"“—'.;__'_
T
T
55820

57076

1T 1T 171 17 17 17T 17T 17 17T 17 17T 17T 17T 17T 17T 17T 17T T 11
3:00 4:00 500 600 7:00 800 900 10:00 11:00 12:00 13:00 14:00

Puc. 12. IlpumepsI corocTaBieHUs 3aUCei Baprallii T€OMAarHUTHOTO TIOJIsl B 00cepBaTopunl ApTH U

okos1o r.Tobonbek. Cunsist KpuBas - TaHHbIE oOcepBaTopuu ApTH, KpacHas - myHKTa Tobonbek. Och

3HaYeHUI MarHUTHOTO TOJIs (BEpTHKAIbHAS ) JIeBasi COOTBETCTBYET KpUBOW ToOOIBCK, IpaBast — JaH-
HbIM ApTH. EnuHuIs n3MepeHus

Nel-2011 MexmyHapoaHblii HayYHO-TEXHHUECKHUIi M IPOM3BOACTBEHHII KypHan «Hayku o 3emme» 04




IF'EO®U3NKA / GEOPHYSICS

50
] Marnutomerpl
Marnuromerp2
[r
MaruuTomeTp3 |
40 — Paznocts 1 - 2 | \
= Paznocts 2 - 3
Pasnocts 3 - 1
30

MarnutHoe none, vl

R -
M NN u"ﬁ " @a&w ' r:‘qj"kj}\ f .V%h.f,;e”\rn‘} 'v% " i
¢ ALY N\ ean f%"
P oA\ o
A \ R ﬁy
r
10 -"
° ' [ ' I ! 1 ! I ' I
0:00 1:00 2:00 3:00 4:00 5:00
Bpewms, uac:mMun

Puc. 13. 3anucu MarHuTHOIO MOJIS U MOMAPHbIE PAa3HOCTHU MOKAa3aHUM TpeX JaTUMKOB MarHUTOMETPOB,

YCTaHOBJICHHBIX «TPCYTOJIbHUKOM» Ha pACCTOSIHHUN

1-2 kM pyT OT Apyra B pailoHE MapOTruApOTEP-

MaJIbHOM aKTUBHOCTH, 0.ITapamymmmp.

BreiBOABI

[ToBbIlIeHHE YYBCTBUTEIBHOCTH MAarHHUTO-
METPOB NO3BOJISIET BBIABIATH HE NPUHUMABLINE-
csl BO BHUMaHUE paHee 3()h(EeKThbl, BHI3bIBAIOIINE
U3MEHEHHE MAarHUTHOIO MOJS aMIUIUTYJIOH 10
€IMHUIBI HaHOTeCHbl. VX HE0O0XOAMMO YUYUTHI-
BaThb IPU OCYILIECTBJICHUM BBICOKOTOYHBIX Mar-
HUTHBIX U3MEPEHUM.

Pe3ynbTaThl 3KCHEPUMEHTOB 1O OJHOBpE-
MEHHOMY HaOJIO/ICHUIO BapHalluii T€OMarHUTHO-
rO MOoJI HECKOJIbKUMHM MarHUTOMETpaMH IMO03BO-
JISIOT CIIENIaTh BHIBOJIBI:

® TMpCaAci BbIABJICHUA YKAa3aHHBIMH TUIIAMU

MarHuTOMETPOB OCOOEHHOCTEH W3MEHEHUs
MarHuTHOTrO 1oJjs cocrasisier He meHee 0,05
T, 5TO MUHUMaTbHAs 3aperUCTPUPOBAHHAS
«IIUPHHA» PA3HOCTHOTO CHUTHAJIA;

MPUPOJIa STOTO PA3HOCTHOTO CHTHAJIA MOXKET
OBITh CBsI3aHA KaK C MPOIECCAMU, BO3HHU-

Karomme B mpubopax, Tak U C OTPAKECHUEM B
MAarHMTHOM TIOJI€ pealbHBIX, HO HE KOHTpPO-
JTUPYEMBIX (U3UYECKUX SBICHUU, TPOXOJs-
X BOJM3HM JaTdydKa. OJTU SBJICHHS CaMu
MOTYT OBITh OOBEKTAMHU HUCCIIEIOBAHUI;
yKa3aHHas TOYHOCTb JOCTH)KMMa TOJBKO C
npuMeHeHneM To4Hoi (1 Mc) cUHXpoHH3a-
MM MOMEHTOB M3MEPEHUs MarHUTHOTO OIS
U C UCKJIIOYEHUEM BIIMAHMS HA MPOLECC U3-
MEpeHHs BHEIIHUX (PaKTOPOB (TeMmIiepaTypa
U T.IL).

Marnutometpsl POS moryT ObITH TpuMe-
HEHBI B OKCIIEPUMEHTAX MO MOJyYCHUIO OTKJIHKA
B MarHUTHOM TIOJIE€ TIPYU UCKYCCTBEHHOM WJIH €cC-
TECTBEHHOM  BO3JICMCTBMM  Ha  Te€0JIOro-
reopu3nUECKyr0 HEOTHOPOJHOCTh Cpenbl (Ha-
IIpUMeEp, Pa3yioM, pyAHOE Tello, CkBaxuHa). [Ipu
TOM CJEIyeT Y4YUThIBaThb MNPUOOPHBIN nApeiid
MarHuToMeTpa a TaK e MPHUIIOBEPXHOCTHHIE
«MHUKpOMarHuTHele» siBneHus. Ecnu mpenmnona-
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racrcss Mu3ydaTb KPAaTKOBPEMEHHBIE HW3MEHEHUS
MAarHuTHOTO MOJI, TO TOYHOCTb HMX BBISABICHUS
MokeT gocturars 0.05 HTn, nmpu ycnosun yuera
aTHX sBieHui. [Ipu nonaroBpeMeHHBIX HAOIIOIE-
HUSX (MeCSLIbl, TO/Ibl) TEXHOJIOTUS HKCIIEPUMEHTA
JOJKHA YYUTHIBaTh BO3MOXKHOCTH JApeida ot-
JeNBHBIX HK3EMIUISIPOB MPHUOOPOB aMILTUTYHOH
no 1 HTn. IIpm skcnepuMeHTax 1O BBISBICHUIO
Pa3HOCTHBIX MAarHWTHBIX CHUTHAJIOB Ha paccTos-
HUSX B COTHH KWJIOMETPOB CIIELYET Yy4YHUTHIBATh
HEOJHOPOAHOCTh BapHallMM I'€OMarHUTHOIO IIO-
T8l

ABTOp BBIpaXKaer TIiyOOKyro Onaroaap-
HOCTb HAyYHOMY PpPYKOBOJIUTENIO  K.(-M.H.
I0.K.[lontomaHckoMy, @ Takke 3aBELYHOIIEMY
naboparopueil KBAHTOBOM MarHUTOMETpUu Yp-
OV k.p-m.H. B.A.CanyHOBY 3a IIeHHbIE KOH-
CyJIbTallUH.
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AnHoTanus. OrmnpeneneHne eCcTECTBEHHOM
MPOAYKTHUBHOCTH 3€MEJIb U MOCTOSTHHBIN MOHUTOPHUHT
X HCIOJBb30BaHUS TPeOYIOT KaueCTBEHHO HOBOI'O
TEXHUYECKOTO 00ECIeYeHNsI U UCTIOIh30BaHUS Ooliee
COBEpIICHHBIX METOIOB ONEpPAaTUBHOW OIEHKH CO-
CTOSIHUSL 3€Mellb, OINPEeICeHNsI KauecTBa PacTUTEIb-
HOTO TIOKPOBA M YPOXKAHHOCTH BBIPAIIUBAEMBIX KYIIb-
Typ. B cTathe paccMOTpeHBI pazTUYHbIE TMOIXOABI K
PELICHHIO JaHHOW TPOOJIEMBI.

KuiodeBble cioBa: AMCTAaHIIMOHHOE 30H]IHU-
posanue 3emiu (/I33), Tonorpaduyeckoe, mouBeHHOE
U arpoXMMHYecCKOe KapTUPOBaHWE, PETHOHAILHBIC

IEHTPBl JTUCTAHIIMOHHOTO MoHHUTOpuHTa (PLI/IM),
3eMelIbHBIE H BOJTHBIE PECYPCHI, OKpY KaloIlas cpeaa.

Abstract. Determination of the soil produc-
tivity and regular monitoring of the Land require
modern equipment, software and use of new sophisti-
cated methods of effective evaluation of land, plant
cover and assessment of crop yields. Different ap-
proaches in solving these problems have been consid-
ered.

Keywords: remote land evaluation, topogra-
phy, soil fertility mapping, regional center of land
monitoring, water and land resources, environment.

CenbCKOXO03CTBEHHOE TMPOU3BOJCTBO B
OOJIBIITUHCTBE PETHOHOB SIBIISIETCSI OCHOBHOM OT-
pacibi0 MECTHOM PKOHOMUKH, TPEIOMPEICIIsio-
el SKOHOMUYECKUI MOTEHIMAal PeruoHa, 3aHs-
TOCTh OOJBIICH YacTU HACENIEHUSI U YPOBEHb €0
KU3HU. OTa cdepa MNPOU3BOJCTBA OKa3bIBAaET
0OJIBbIIIOE BIMSIHME HE TOJIBKO Ha SKOHOMHKY, HO
Y Ha BCIO OKpYXaroIIyto mpupoay. [1o BceM 3TuM
MOKA3aTeNsIM C 3TOM OTPacibi0O MOXKET CONEPHU-
4aTh TOJIBKO TOPHOI0OBIBAOINIAS U HEPTAHAS OT-
paciib.

3ab0Ta 0 MPUPOIHBIX pEecypcax U paimo-
HaJIbHOM HMX HCIIOJIb30BAHUU TpPeOyeT MOCTOSH-
HOTO MOHHTOPWHTA BCEX TEPPUTOPHUMU, TNIE OCY-

IISCTBISETCS TOT WJIM MHON BHJ XO3SIMCTBEHHOM
IeATCIRHOCTH dYenoBeka. KomIniekcHas oIlleHKa
3eMEJIbHBIX U BOJIHBIX PECYPCOB MOXKET Pacipo-
CTPaHATHCA HE TOJBKO HAa WCIOJIb3YEMbIC U TI0-
TEHLHUAJIbHO NPUTOAHBIE ISl CEIbCKOXO3SUCT-
BEHHOT'O TPOMU3BOJICTBA TEPPUTOPUU, HO W Ha
BHOBb OCBaWBaeMble pallOHbl, U MECTA, TJI€ OCY-
IIECTBIISIACh J0ObIYa W TepepaboTKa MPUPOJI-
HBIX UCKOIIAEMBIX U BOSHUKAET HEOOXOIUMOCTh B
peadmIHTAIN HAPYIIICHHBIX 3€MEJTb.
DKCTEHCUBHBIN XapaKTep UCIOIb30BAHUS
CEJIbCKOXO3SIUCTBEHHBIX ~ 3€MEIlb, TOJYyUYHBIIHI
pacrpocTpaHeHue BO MHOTMX peruoHax Poccuu B
MOCJICTHAE IBA/INATh JIET, YacTO MPUBOIUT K Jie-

Nel-2011 Mexmynaponnslii HayqHO-TEXHUUECKUI M IPOU3BOICTBERHBIN sKypHan «Hayku o 3emie»

268




MOHUTOPUHI 3EMEJIb / LAND MONITORING

rpajialiiy MOoYB, Pa3BUTUIO SPO3UOHHBIX MPOLIEC-
COB, @ B HEKOTOPBIX MECTaX U K HACTYIUICHHUIO
MyCTBIHU. SIPKUM MPUMEPOM TAKOT'O SIBICHUS SIB-
JSIeTCsl pa3BUTHE OMYCTHIHMBAHUS B HEKOTOPBIX
paifonax ActpaxaHckoil u Bonrorpaackoii 06-
nact, B pecnyOnukax Kammpikus, [larectan u
Xakaccusl, T€ Ha MECTE€ paHee INMPOJyKTUBHBIX
€CTECTBEHHBIX MAcTOUII BO3HUKIU IOIYITyCThI-
HU, IOJBEP’KEHHBIE BETPOBOM U BOJHOM 3PO3HH.

JpyruM TNpuUMEpPOM  HPPaLUOHAIBEHOTO
HCIIOJIb30BAaHUS 3€MEIb U BOJHBIX PECYPCOB SIB-
JSIIOTCSL  OIYCTHIHEHHBIE 3aCOJICHHBIE 3E€MJIU B
paiioHax opomaemoro 3emienenus B Kaszaxcra-
He, Y30ekucrane, B crpaHax bmawxaero u Cpen-
Hero Boctoka, B CeBepHoii Adpuke U Ipyrux
MecTax. B pesysnbrare ATUTENBHOTO U OECKOH-
TPOJBHOTO OPOILIEHUSI BBICOKO MHHEPAIN30BaH-
HBIMH BOJIaMU M TIPU OTCYTCTBHH HAJJICKAIIETO
JpEeHa)ka MUUIMOHBI HEKOI/Ia IIOJOPOJIHBIX 3€-
MeJb TpeBpalleHbl B OECIIONHBIE 3aCOJICHHbBIC
3eMJIN.

[lonHas wHBeHTapu3aluMs 3€Melb, HaXo-
JSAIIMXCS B MOJIb30BAHUU, U BBISIBICHUE 3€MEIb,
MIPUTOJHBIX ISl CENbCKOXO35MCTBEHHOIO MPOU3-
BOJICTBA, KOMIUIEKCHasl OILIEHKa IOYBEHHOI'O U
PacCTUTENTBHOTO IMOKPOBA, OLIEHKAa THIIPOJOTHYe-
CKMX YCJIOBUM U IIOCTOSIHHBIM MOHUTOPHHI IIPHU-
POIIOTIOIB30BAaHUSl HA OOJNBIIMX TEPPUTOPHUSIX B
HACTOsIIIee BpeMsi HEBO3MOXKHBI 0€3 MPUMEHEHUS
HOBBIX TEXHUYECKHX cpeacTB. K TakoBbIM B Ha-
CTOSILEE BPEMS OTHOCAT CIELIUAIbHBIE KOCMHYE-
CKH€ CIIyTHUKU U BO3JAYIIHBIE JIeTaTeNbHbIEC arl-
napatbl, O3BOJIAIOIINE IUCTAHIIMOHHO 30HIUPO-
BaTh (00CIEI0BaTh) B IEPHOJUIECKOM PEIKUME C
pa3HOIl 4acTOTOM OTrPOMHBIE TEPPUTOPUU U HE-
Oosple yyacTku 3emiu [2, 3].

MeTo/1bl AUCTAHIMOHHOTIO 30HANPOBAHUS
(33) B HacToOsmIEe BpeMs IIUPOKO UCTIOIB3YIOT-
Ci B arpoIpOMBIIIJIEHHOM KOMIUIEKCE MHOTUX
ctpan mupa (CIIA, Kanana, ctpansl EBpocoro3sa,
Wunusa, Snonus u np.). Haubonee m3BecTHbIM
MPUMEPOM JEHCTBYIOIIUX CHUCTEM CEJIbCKOXO-
35IUCTBEHHOIO MOHHUTOPUMHIAa MOKHO OTHECTH
npoektsl MODIS u MARS (The Monitoring of
Agriculture with Remote Sensing), peanusye-
Mble OOBEIMHEHHBIM HCCIEAOBATEIIBCKUM IIE€H-
TpoM EBpoKOMHCCHME IO MOHUTOPHUHIY CEJIBCKO-
XO3SMCTBEHHBIX 3€Mellb. lcnonb3yemble 3TUM
LIEHTPOM TEXHUYECKUE CpEACTBA (KOCMUYECKUE
CIYTHHUKH) M COOTBETCTBYIOIEE MPOrpaMMHOE
o0ecrieyeHre MO3BOJIAIOT OMPEIEIATh IO TN

3eMeJb U IIOCEBOB, COCTOSIHUE PAaCTEHUH U Yypo-
KaMHOCTh CEJIbCKOXO3SMCTBEHHBIX KYJIBTYp [3,
9]. llpuyem 3TO MOXKET OBITH CHENAHO KAaK Ha
YPOBHE OTACIBHBIX CTPaH WM Ja)K€ TPYIMIbI
CTpaH, TaKk U Ha YPOBHE OTJAEIbHOIO pailioHa WU
naxe otaenbHOU (epMmbl. Pesynprarel  J[33 uc-
MIOJIB3YIOTCS JIJIsl TIPOTHO3a YPO’KAEB PA3IUYHBIX
KYJBTYp Y MOTEHIIMAIbHOW CTENIEHU HAIOJIHEHUS
peiHKa. Bce 3To mo3BossieT BeIpabaThiBaTh MEPHI
Mo CTaOUIM3aIUU YPOBHS TOXOJHOCTH CEJIbCKO-
XO35IMCTBEHHBIX IPOU3BOAUTENECH Yepe3 NpUMe-
HEHUS THOKOW CHCTEMBI IIeH, KBOT M KCIOPTHO-
HMMITIOPTHBIX OTHOILIEHUH, KOPPEKTUPOBATH HAJO-
TOBYIO TIOJIUTUKY.

B Poccum moka emie TOJIbKO pa3padathi-
Baercsi monobnas Hanwmonanenas Kocmuueckas
cucteMa /[33 Uit MOHUTOPUHTA 3€MEJb CEJb-
CKOXO34HCTBEHHOTO Ha3HaueHHusd. JTa paboTa
BeJleTcs B paMKax ['ocyaapcTBEHHONM MPOrpaMMBbl
Pa3BUTHUSL CEIBCKOIO XO3SICTBA M PEryIUpOBa-
HUS PBIHKOB CEJIbCKOXO3AMCTBEHHON IIPOLYKLIHH,
CBIpbs U TTpoaoBobcTBUA (2008-2012 11.) [1, 2].

IlepBelii onbiT nmpumenenus [IJI3 moxa-
3aJI, 4YTO ISl YCIEIIHOTO MOHMTOPUHIA OXPaHbI
IIPUPOJIHBIX PECYpCOB M HAJJIEKAIIEr0 MX HC-
MOJIb30BaHUSA B MacuITabe KpyHmHBIX aJMHUHHCT-
PaTUBHBIX U TeOrpaUUecKuX pernoHOB HEOOXO-
JUMO MMETh PETMOHAJIBHBIE CETH CTAHILIMI Mpue-
Ma KocMHuecKoi wuHpopmanuu. J[oKeH OBITh
o0ecrevyeH JOCTyn K ONepaTUBHOW M apXMBHOM
a’pPOKOCMHUYECKON HMH(pOpMAIMU, K CYIIECTBYIO-
mel Kaprorpauueckol M CTaTUCTUYSCKON WH-
dbopmanmu 1o okpyskarouei cpezne, GpusnuecKum
U XUMHYECKMM cBoiicTBaM noyB. Kpome Toro,
HEOO0XOIMMO BIIAAETh CHENU(PUYECKUMH METO-
Jamu e pupoBaHus MOTyYaeMOU CITyTHUKO-
BOM WHpOpPMAIMM M UMETh COOTBETCTBYIOIINE
3HaHUA JUI 0OOOIICHUS HAKOTUIGHHOW HH{QOpP-
MaIlMH U BBIPAOOTKU PEKOMEHAIU IS TI0JIB30-
Barenel. SICHO, 4TO yAOBJIETBOPSATh TaKUM Tpe-
OOBaHUSM MOTYT TOJIBKO CIIELMAIN3UPOBAHHBIE
TEXHUYECKU OCHAICHHBIC TMPEINPHUATHS, KaKO-
BbIX B Pocculickonn Penepanny Moka €IUHMIIBL.
VIMEeHHO TEXHHWYECKH OCHAIIEHHBIE LIEHTPBI,
HUMEIOIUE COOTBETCTBYIOIIUN HHTEIUIEKTYyallb-
HbIi TOTEHLHAal CHOCOOHBI OPraHMW30BaTh U
OCYLIECTBIIATh CUCTEMATUYECKOE IUCTAHIIMOH-
HO€ 30HAMPOBAHME 3€MJIU JUIS PELICHHUS TaKUX
MacCIITa0HBIX 3a7a4, KakK:
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® CIyTHUKOBAs paguoJIOKalMs 3eMJIM IS 1ie-
JIEH TEOJOropa3BEeJKH Ha Cylle M MOPCKOM
mensde,

e MOHHUTOPHMHI 3e€MJIM B LEJAX IperoTBpalie-
HUS YPE3BBIYaNHBIX CUTyalud U yCTPAHEHUS
HUX MOCJIEeACTBUI,

e Tomorpaduyeckoe KapTHUpPOBaHUE IS MPO-
KJIAJIKU PAa3JIU4YHBIX KOMMYHHUKAlMOHHBIX CE-
TEH,

e kaprorpadupoBanue (B 1.4. B hopmate 3D)
I10 3aKa3y aJIMMHHACTPATUBHBIX YIIPABIICHUH,

e KapTorpagupoBaHUE 3¢MHON MTOBEPXHOCTH.

B wuHTEepecax ceabCKOXO3AHCTBEHHOTO
HPOM3BOJICTBA JUCTAHIIMOHHBIM 30HAMPOBAHUEM
MOTYT PeHIaThCs CIEAYIONINE 3aauu:

e o0ecrieyeHHe TEKYIIEro KOHTPOJIS COCTOSTHUS
IIOCEBOB CEJIbCKOXO35MCTBEHHBIX KYJIbTYP;

e paHHEC NPOrHO3MPOBAHME  YPOKAWHOCTH
CEJIbCKOXO3SIICTBEHHBIX KYJIBTYD;

® MOHHUTOPHHI TEMIIOB YOOPKH Ypoxkasi OJHO-
BPEMEHHO I10 TEPPUTOPHAM KPYIHBIX PETHO-
HOB;

® OMpeneNeHUs] EMKOCTH MaCTOUI pa3IMYHbIX
TUIIOB U IIPOJYKTUBHOCTU CEHOKOCOB; M IP.

Hcnonws3oBanne cryTHUKOBOW HMH(OpMa-
uuu 1o JI/13 mo3BossieT mojaydarbh akTyalbHYIO,
MOJIHYI0 U JOCTOBEpHYI HHGOpPMALUIO O CO-
CTOSIHUM TPUPOAHON Cpelbl, O XO35UCTBEHHOMU
NeSITEIbHOCTH YelIOBEeKa OJIHOBPEMEHHO Ha 00-
IUPHBIX Tepputopusx. OaHaKo MOKa e1lle He Bce
npeasiaraemeie Metoas! JI/[3 momyunnu npusHa-
nue. Ho Hekoropsie meroasl /I3, ucmnombiye-
MBbI€ JIJIS OLIEHKH YPOBHSI MUHEPATIHLHOTO TUTAHUS
BBIPAIIMBAEMBIX KYJIbTYpP U X IPOIYKTUBHOCTH,
takue kak: APOND (Air-born Plant Nutrition
Differentiation — auddepeHunanus MUTaHUSL
pacTeHuil 1Mo BO3AYWIHBIM CHMMKam), u NDVI
(Normalized Difference Vegetation Index — Hop-
MaJIM30BaHHBIA PAa3HOCTHBIA HHJIIEKC BETeTalluu
pacTeHuii) HaxoIAT Bce Oouiblliee MPUMEHEHUE
[4, 5].

APOND — »3T0O MeTOJl OUEHKH YPOBHS
MUHEPAJIbHOTO MUTAaHUS PACTeHUN U o0ecredeH-
HOCTH WX BOJIOW HAa OCHOBE BHU3YaJIbHOTO WM
(hoTorpacduueckoro BHISBICHUS] PA3HUIIBI B I[BE-
TOBBIX OTTE€HKax pacteHuil [5]. BHemmnwuili BUI
pacTeHWi M UX Macca XOpOIIO OTPaXarT Ypo-
BEHb OOECHEYEHHOCTH HUX DJJIEMEHTAMU MHHE-
paJIBbHOTO MUTAHUS U BOJIOM W 3aBUCAT OT (HU3H-

YECKUX M XMMUYECKUX CBOMCTB mouB. Bce mpu-
3HAKHU XOPOIIETO U TJIOXOr0 COCTOSHUSI pacTeHUM
XOpOILLIO M3BECTHBI arpoHomaMm. HenocpencTBeH-
Hasi BU3yasJbHasl OIEHKAa COCTOSHHUS pacTEeHUil B
I10JIe HE BCETJa M03BOJISIET OOBEKTUBHO OLIEHUTH
BBIPAaBHEHHOCTh YCJIIOBUH pOCTa pAaCTeHUH Ha
6onbioi mioniaau. Hanporus, aspodororpadu-
YyecKasi CheMKa MOMOTaeT TOYHO OMPEIeNIUTh CO-
CTOSIHHE PACTCHHiI Ha OOJIBIIIOM MPOCTPAHCTBE
MOJI, U YETKO OMpPEIeIUTh IPaHHIIbl y4acCTKOB,
Ha KOTOPBIX pACTEHUS UMEIOT JIPYTYI0 OKPACKy U
IJI0XO0 pa3BUBAIOTCA. Takue CHUMKHU MO3BOJISIOT
COCPEIOTOYNTh BHUMAHHWE HA OILICHKE YCJIOBHM
pocTa pacTeHHMI Ha OTAENbHBIX y4acTKaX U COOT-
BETCTBYIOIINM 00pa3oM CKOPPEKTUPOBATH IPO-
rpaMMy pabOThl IO TEXHOJIOTHH TaK Ha3bIBaeMO-
IO «TOYHOTO 3eMJICJICTTUS.

Ho npu sTOoM Hano yuutsiBath, uro /13
— 3TO BBICOKOCHEIMAIIN3UPOBAHHAsI yCiIyra, J0C-
TyMHAas JAJeKO HE KaXI0My pa3paboTuuKy Heap
U 3eMJIENONb30BATENI0, TAK KaK OCYIIECTBISAETCS
C UCHOJBb30BAHUEM CII0)KHOTO JOPOTOCTOSIIIETO
o0opyioBaHus W OOJBIICH YaCThIO C MpPUBJICUE-
HUEM YCIYI MHOCTPAHHBIX BJaJlejbIeB CITyTHH-
KOBBIX anmnaparoB. Kpome Toro mnoka eimie He Ha-
KOIUICHO JIOCTaTOYHOM HMH(OpMaluu Ui paspa-
OOTKM METOJIOB JemU(POBAHUS TOTYIaEMBIX
CHUMKOB 3€MHOM MOBEPXHOCTH, IMO3BOJISIIOIIMNX C
OO0JIBIION TOCTOBEPHOCTBIO OTPENEISITh Ka4eCTBO
MOYB U T'PAaHUILIBI IOYBEHHBIX Pa3HOCTEH, MPOBO-
JUTh JTUAaTHOCTUKY COCTOSIHUSI PACTCHHM, BBISB-
JISITh MPUYNHBI CHUXKEHUS UX MPOTYKTUBHOCTH.

NDVI — sto meron JIJ13, mo3Bossroniuii
0oJiee JTOCTOBEPHO M OBICTPO OMPEACNATH ypPO-
BEHb MUHEPAJIHHOTO MUTaHUs, 00ECIeYeHHOCTH
BOJIOW M TeMIl (hopMUpOBaHHUS OMOMACCHI pacTe-
HUW. B 3TOM MeTo1e HCTI0JIB3YOTCS ONITUYECKUE
reHepaTophl, OOIyYaronlfe PAacTeHUs BUAUMBIM
ceeroM u OmmxHUM WK-criekTtpoM, U J1€TEeKTO-
pBl, PETUCTPUPYIOIINE OTPAKEHUE 3EJIEHOTO0 U
OnmKHETO MHPPAKPACHOTO crieKTpoB. ['omy0oit u
KpacHBIH CIIEKTPhI JTHEBHOI'O CBETA IOTJIOMIAIOT-
Cs1 XJI0pO(UIIIIOM, a 3eJIeHbIH U OJMKHUN UHPpa-
KpPaCHBIN CHEKTPBI OTPaXKaroTCs 3€JICHOW MacCcon
pacteHuii. PazHuna Mexay MOTJIOLIEHHBIM U OT-
PaXEHHBIM CIIEKTpPaMH, 3apeTUCTPUPOBAHHAS JIe-
TEKTOpaMHU I[03BOJISIET OLEHUTh KOJIMYECTBO U
Ka4yeCTBO 3€JICHOM Macchl. XJIOPOTUYHBIE, MOJ-
BEpPKEHHbIE BOJHOMY CTPECCY JIMCThs MOTJIOIIA-
0T MEHbBIIIE (POTOCHHTETUYECKH AKTHBHOM pa-
muanun (OAP), yem 310pOBbIE U MHTEHCUBHO
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pa3BuBaroIMecs pacTeHus. Pa3nnyHas cTeneHb
MIOTJIOLIEHUS] U OTPa)KEHUSI CBETOBOM IHEPrUH U
HK-cniekTpa mo3BoJIsi€T OJTHOBPEMEHHO OIIpee-
JUTh HECKOJBKO BAXKHBIX IMOKa3aTeleil, onpee-
JAIOIUX pealbHOE COCTOSIHME pacTeHud. B 3a-
BUCUMOCTH OT TEXHHYECKOH (ONTHUYECKO) oc-
HAIIEHHOCTH CIYTHUKOB MOKHO ONPEIEIIUTDH /10
160 pa3nu4HbIX BEreTalMOHHBIX UHIEKCOB |35, 8].
OpHako MpakTU4YeCKOe NPUMEHEHHE Hauu 27
BEreTallMOHHBIX MHJEKCOB, OCHOBHBIMHU M3 KOTO-
PBIX SBJISIOTCS MHAEKCHI MEPBOM I'pyNIbI, OIpe-
JeNisieMble M0 CTETEeHU TOIJIOIICHUS M OTpake-
HUSl IIMPOKUX TOJOC CBeTa B OJIMKHEH HH(]pa-
KpacHOW 00J1aCcTH CIIEKTpa:

e NDVI - Normalized Difference Vegetation
Index — HOpMaIM30BaHHBIN Pa3HOCTHBIN WH-
nekc Bererauuu pactreHuit [NDVI=(Kpi-
Kred)/(KpirtKieq), Tne K — k03 dunmerTs! ot-
paxkeHus| ;

e Simple Ratio Index(SRI) - mpocroe oTHomIE-
HHE HK-cnekTpa K KpacHOMY
[SRI:Knir/Kred];

e Enhanced Vegetation Index (EVI)- ycosep-
LICHCTBOBAHHBI  BEreTAIlMOHHBIA  MHACKC
[EVI=2 S* (Knir‘ red)/ (Knir+6Kred'
7.5Kpnet1)];

e Atmospherically Resistant Vegetation Index
(ARVI) — atmocdepHo ycTOHYMBBINA Berera-
[IMOHHBIHI WHJIEKC [ARVI=(K,-
(2Kred))/ (Knir+(2Kred'Kblue));

e Sum Green Index (SGI) — cymmapHbIii uH-
JIEKC «3EJIEHOCTH»

b [SGI:(Knir‘Kred)/ (Knir+Kred'Kblue)] .

WHpekcel 3TOM Tpynmbl OTpaXkaroT odiee
KOJIMYECTBO PACTUTEIBHOCTH M HCIIOJIb3YIOTCS
JUISL OLIEHKH €€ COCTOSIHHS MIPHU PEUIeHUH IIHUPO-
KOro kpyra 3a1a4. OHU CyMMHUPYIOT U OTPaKaIOT
00001ICHHBIC TMapaMeTpPhl TAaKUX TIOKa3aTeleH,
KaK coJiepXaHue XJopopuiia, IUIomaab JUCTO-
BOI MOBEPXHOCTHU, COMKHYTOCTh MU CTPYKTypa
pacTUTENFHOTO TOKpOBa. BereranyoHHbIE WH-
JIEKChl ATOW TPYMIMbl XOPOIIO KOPPETUPYIOT C
MH/IEKCOM (POTOCHHTETUYECKH aKTUBHOW pajma-
uuu (PAP) 1 uHAEKCOM TUCTOBON MOBEPXHOCTH
(MJIII). DOTH MHAEKCHl MOYKHO OIpEAENIUTh, UC-
MOJIb3YsS MYJIBTUCHEKTPAJIbHBIE a’POKOCMUYE-
CKHE ammapaTbl, y KOTOPBIX €CTh CIEKTpaJbHbIC
kaHaybl B kpacHo# (0,60 - 0,75 MkMm) u OmmxHEH
uHdpakpacuoit (0,75 - 1,3 MKM) 30HaX M KOTO-

pble CIIOCOOHBI MepeaaBaTh CHUMKH BBICOKOTO U
cpeaHero paspeuieHus [7, 8].

OcHOBHOE Ha3HAYEHUE ITHUX HUHIEKCOB —
KapTUPOBAaHUE PACTUTEIBHOIO IOKPOBA, BBISB-
JICHUE IUIOIIAIEH TOKPBITBIX U HEMOKPBITHIX pac-
TUTENBHOCTHIO, OLIEHKAa U MOHUTOPUHI COCTOS-
HUS PACTUTEIILHOIO TOKPOBa, OIEHKA MPOIyK-
THUBHOCTH U YPOKANHOCTH.

NHnekc «3e5eHoCcTn» MOKHO OTPEEIUTh
0 OAHON M3 6 MPeIIoKEHHBIX POpPMYII, B KOTO-
PBIX YUUTBIBACTCA CTCIICHD ITOTJIOMICHUSA Y3KHUX
MOJIOC BUIUMOTO CBETE, B YACTHOCTH:

e Red Edge Normalized Difference Vegetation
Index ( NDVI) — HOpMaiM30BaHHBIN pa3HO-
CTHBIH MHJIEKC BETreTallii PACTCHHM, OIpe/ie-
JIIEMBIN IO Y3KUM KpacHbIM criekTpam (705 u
750 MKM) [NDVI705: (K750-
K705)/(K750tK705)];

e Modified Red Edge Simple Ratio Index
(MRESRI) - MonupunupoBaHHBIH WHAEKC
OTHOIIIEHUH Y3KHUX KpAaCHBIX CIIEKTPOB TO-
roomennss 445, 705 w750 MKM
[MRESRI=(K750-K445)/(K750+K445)].

e Modified Red Edge Normalized Difference
Vegetation Index (MRENDVI) —
MOAUGUIIUPOBAHHBII HOPMaJIM30BaHHbBIN
Pa3HOCTHBIM HMHICKC BETeTAallMM PAaCTECHUH,
ONpeaesieMblil 0 MOIVIONIEHUI0 CBETOBOM
sHeprun BoaH 445, 705 u 750 Mxm
[MREND V1705=(K750-K705)/(K750+K705-
Kus)];

e Vogelmann Red Edge Index 1(VOG1) — un-
nexkc Borenpmana 1111 IIOTVIOIIEHHS BOJIH
740 u 720MKM [VOG1=K740/K720];

e Vogelmann Red Edge Index 2 (VOG2) - un-
nexc Borenmbmana 2 [isi TIOTJIOMICHHUS BOJH
715, 726, 734 u 747 mxm [VOG2=(K734-
K747)/(K7151K726)];

e Vogelmann Red Edge Index 3 (VOG3) —
uHACKC Borensmana 3 /IS MOTIIOMEHUS BOJTH
715, 720, 734 u 747 mxm [VOG3=(K734-
K747)/(K7151K720)].

WNHpekcsl 3TOM TIpynmbl TakkKe JaroT
npeacTaBiIeHue 00 o0IeM KOJIMYeCTBE U CO-
CTOSTHUHM PACTUTEIHHOCTH Ha MOBEPXHOCTH 3EM-
mu. OTiim4Me B TOM, YTO JJISl pacueTOB THX HMH-
JICKCOB YUYHUTHIBACTCS CTENIEHh OTPAKEHUSI CBETO-
BBIX BOJIH Ha yyactke cnekrpa ot 0,690 go 0,750
MKM, T. €. paccMaTpuBaeTcs o0JacTb OJIMKHETO
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MH(PPAKPACHOTO CKJIOHA CHEKTPAIbHOM KpHUBOMH
pactutensHoCcTH (red edge) [11].

Hcnonb3oBanue 3HaueHu# KoddduiimeH-
TOB OTPaXXCHHSI B Y3KHX CHEKTPAJIbHBIX 30HAX
MO3BOJISIET C TOMOIIBI0 MHIAEKCOB (PUKCHPOBATH
nake HeOOJbIINe U3MEHEHUS! COCTOSIHUS PacTH-
TENbHOCTH. PacyeT MHAEKCOB BO3MOXKEH TOJBKO
[0  TUIEPCHEKTPalIbHBIM  A3POKOCMHYECKUM
CHUMKaM.

D} PexTUBHOCTL HCMOIB30BAHUS CBETO-
BOIl HEpPrUM ompeesieTcs M0 TaKuM HHAEKCaM
KaK:

e Photochemical Reflectance Index (PRI) - un-
JIeKC (OTOXMMHUYECKOTO OTPAKEHUS BOJH
531 1 570 mxm [PRI=(Ks31-Ks70)/(Ks31tKs70).

e Structure Insensitive Pigment Index (SIPI) —
WHJICKC TIOTJIONICHUSI OCHOBHBIMH ITUTMEHT-
HBIMM CTPYKTypamu ais BosH 445, 680 u 800
MKM [SIPI=(Kg00-Ka45)/(Kgoo+Keso)]-

e Red Green Index (RGI) — oTHomenue mo-

FJ_IOH_ICHI/Iﬁ 3CJICHOTO HW KpaCHOIro CBCTa
[RGI: Kgreen/Kred] .

WNHpmekcel 3TOM TPynmbel OTpakaroT 3¢-
(heKTUBHOCTBb, C KOTOPOW PACTUTEIHHOCThH CIIO-
coOHa HCIOJIb30BaTh IOCTYMAIOMUNA CBET IS
¢dotocunTe3a. OHU XOPOIIO KOPPETUPYIOT C A-
(heKTUBHOCTBIO TOTJIOMIEHUS (POTOCHHTETHUECKH
aKTUBHOM paguaiuy, ¢ yCBOCHHUEM yTIEpoAa U C
aKTUBHOCTBIO POCTA.

BereranyonHele HMHIEKCHl  YYUTHIBAIOT
COOTHOIIICHUE MEXIY Pa3IMYHBIMH TUTIAMH TTHT-
MEHTOB JIJIsl OIICHKHU 001Iei 3pPeKTUBHOCTH HC-
M0JIb30BaHUs cBeTa. MHAeKkchl moMorarwT ole-
HUTBH POCT U MPOJYKTUBHOCTh PACTCHUH, UTO aK-
TyaJIbHO TPU PEHICHHH CEIThCKOXO03HCTBEHHBIX
3amad.

Crnenyromasi Tpynmna pacyeTHBIX WHJICK-
COB TIO3BOJIIET CYIUTh O TOTJIONICHWM a30Ta U
CHUHTE3¢ OCHOBHBIX OPraHHYECKUX BEIICCTB B
pacTeHHSIX:

e (Conopy Nitrogen nwnu Normalized Differ-
ence Nitrogen Index (NDNI) - Hopmanuzo-
BAHHBIA PA3HOCTHBIM A30THBIA MHJIEKC pac-
TEHUH, ONPEAEIIAEMbII KaK OTHOLIEHHE JIora-
pubMOB pPa3HOCTH U CYMMbI OOpaTHBIX KO-
3GUIMEHTOB OTpPaKEHHUsI BOJH CPEIHETO
nuarnasona wuH$pakpacHoro crekrpa 1510 u
1680 Mkm [NDNI=((log(1/Kis10) —

(log(1/K1680))/((1og(1/1510)+Hog(1K 680))].

OTOT MHJEKC OTpakaeT COJepKaHUEe a30Ta B
PacTUTEITHLHOM MOKPOBE.

e Normalized Difference Lignin Index (NDLI)
— HOpPMAJIM30BAaHHBIA PA3HOCTHBIA HWHIECKC
CoJIepKaHus JIUTHUHA, KOTOPBINA TakxKe orpe-
JensieTcs KaK OTHOILICHHE JIOTapru(MoB pas-
HOCTH M CyMMBbI OOpaTHBIX KO3(Q(PHUIHEHTOB
OTpakeHMsI, HO yKe Ipyrux BoiiH — 1680 u
1754 MKM [NDLI=((log(1/K754)-
log(1/K6s0))/((log(1/K7s4)+log(1/Ki6s0))]-

e  Cellulose Absorption Index (CAI) — nnnekc
abcopOumu cBeTa JajbHEro AMana3oHa HH-
¢dpakpacHoro cBera memmnono3on 2000 u
2100 MxMm [CAIZO.5(K2000+K2200)—K2100].

e Plant Senescence Reflectance Index (PSRI) —
MHJIEKC OTPaXCHHUsI CBeTa cpeaHero wH(pa-
KpPacHOTO JMara3oHa CBSI3aHHBIM («OrpyOeB-
mum») yriepoaom pactenuit 500, 680 u 750
MKM [PSRI=(Ke50-Ks00)/K750]. DTH mMHIEKCHI
MO3BOJISIIOT y4ecTh 00IIee KOIMYECTBO «CY-
XOro» yriaeposia B BUJIE JIUTHUHA U LEJITI0JIO-
361 [8, 10]. Takoi yriaeposa B OOJIBIINX KOJIU-
4yecTBaX MPHUCYTCTBYET B JpPEBECHHE U B
MEpPTBBIX WM CYXHX PACTUTEIbHBIX TKAHSX.
VBenudyeHue 3THX MoOKa3aTelell MOXeT OT-
pakaTh TIPOILIECC «CTAapEHUs» W OTMHUPAHUS
pacTeHui.

CopepxaHrne KapOTHHOWIIOB U aHTOIMA-
HUHOB MOXXHO OIpPEACNSITh 10 KoddduimeHTam
OTPaXKCHUSI COOTBETCTBYIOLUX BOJH 3€JIEHOTO U
KpPacHOTO CIIEKTpa:

e Carotenoid Reflectance Index 1(CRIl) — un-
nexc 1 oTpakeHHs Y3KOTO CHEKTpa BOJH 3e-
geHoro cmektpa S10 w550  MKMm
[CRI1=(1/Ks10)-(1-K™%)].

e Carotenoid Reflectance Index 2 (CRI2) — un-
nexkc 2 orpaxeHus BoiaH 510 u 700 Mkm
[CRIQZ(I/K51())-(1-K7()())].

e Anthocyanin Reflectance Index 1 (ARIIl) —
uHACKC | OTpaskeHHus y3KOro CIeKTpa 3eje-
HOro M KpacHoro crnekTtpoB 550 u 700 mMxm
[ARI1:(1/K550)—(1/K700)].

e Anthocyanin Reflectance Index 2 (ARI2) —
WHJICKC 2 OTPaKEHUS TEX KE BOJIH C ITONPAB-
KOW Ha OTpakeHHe BOJHBI OJMKHETo WH(pa-

KpacHOTO Jiara3oHa 800 MKM
[ARI2:K80()(( 1 /K550)—( 1 /K700))] .

PacueTHbpie MHAEKCHI 3TOW TPyMIbI MO3BOJIS-
I0OT BBISIBUTH CTPECCOBOE COCTOSIHUE PACTEHUU,
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TaK Kak MMEHHO IPU CTPECCOBOM COCTOSTHUU CO-
Jep>KaHUE MUTMEHTOB MOKET MEHATHCSA B 3HAUM-
TENbHBIX Mpefenax. BnusHue xiopodumia Ha
orpezensieMble MHJEKCHl HE CKa3bIBaeTCs, TaK
KaK OHO M3MEpSAETCS C UCIOJIb30BAHUEM HHJICK-
COB «3eneHocTu» [5, 8]. MOHUTOPUHT MOTJIOIIe-
HUS Y3KHX CHEKTPAJIbHBIX 30H TMO3BOJISIET BbI-
SBUTHb CTPECCOBOE COCTOSIHHE PACTUTEIHHOCTHU
ele JI0 TOro, Kak OHO OyJIeT 3aMEeTHO «HEBOOPY-
JKEHHBIM TJ1a30M». OTO BECbMa CYIIECTBEHHO
JUTSL YTIPEXKICHUST PA3BUTUS HEOOPATUMBIX OTpPH-
LATEJIBHBIX MPOLIECCOB B CAMOM PACTEHUHU.

KoHTponb 00eCnedeHHOCTH pacTeHHA
BOJIOM MOKET OBITh OCYIIIECTBJIEH Ha OCHOBAaHUU
CJIEIyIOIIMX UH/IEKCOB:

e Water Band Index (WBI) — uanekc obecne-
YEHHOCTH BOJOM, OIPENEIAEMbIN IO IOIJIO-
MIEHUIO Y3KHUX TOJI0C OJIMKHEro mHppakpac-
Horo cmektpa 900 wu 970  MkMm
[WBIZKgoo/Kgm] .

e Normalized Difference Water Index (NDWI)
- HOPMAJIM30BaHHBIA PA3HOCTHBIA BOJHBIN
WHJEKC OIpeaensieTcsl KaKk OTHOIIEHHE pa3-
HOCTH U CYMMBI KO3()(UIIMEHTOB MOTJIOLIe-
Hus BoiH 837 m 1241 mxm [NDWI=(Kgs7-
Ki1241)/(Ks37+K1241))].

e Moisture Stress Index (MSI) — unmekc Boa-
HOTO CTpecca OmpenenseTcss Kak OTHOIICHHE
KO3 QHUIMEHTOB TOIJIOMEHUS BOJH HH(ppa-

KpacHoro cnektpa 1599 wu 819 wMkm
[MSI=K1599/K819].
e Normalized Difference Infrared Index

(NDII) — nHOpManM30BaHHBIH Pa3HOCTHBIN
WHJICKC TIOTJIONICHHSI MH(PAKPACHOTO CIICK-
Tpa OMpeAessieTcs KaK OTHOUICHUE Pa3HOCTH
K03 (UIIMEHTOB TMOTJIOMIeHUss BOMH 819 u
1649 MKM K HUX CyMMe [NDII(Kg;o-
Ki649)/(Kg19tK649)]-

IIepeuncnennsie B 3TOW IpyIIie UHIEKCHI
pa3paboTaHbl A OLEHKH COJAEp’KaHMs Biaru B
pacTUTENbHOM MOKpoBe. [l UX pacueToB HcC-
MOJIB3YETCS OMVDKHUEN U cpeaHuil nH(ppakpacHbIN
nuana3onbl. Maaekc PSRI mmpoko npumenstor-
Csl JJIA OLICHKH T0XapOOIACHOCTH HA BbIICIICH-
HBIX TEppUTOPHSIX [8].

Kaxxnas W3 nepedncieHHbIX Ipynn HH-
JIEKCOB IpEJHa3HaueHa JUIsl OLIEHKU OJHOTO W3
CBOMCTB PacTUTENIBHOTO NMOKpoBa. JlJIi KOHKpeT-
HBIX TIPUPOJIHBIX YCIOBUM M Ppa3IWYHbIX 3a1ad
OJTHM MHJEKChl M3 TpyNIbl MOryT JaTh Ooiee

TOYHBIE PE3yJbTATHI, YeM JApyrue. Bce MHIEKCHI
PacCUUTHIBAIOTCS MO SMIHUPUYECKUM (HOopMyaMm,
KOTOpBIE HE BCEIr/Ia MOTYT IOJIHO OTpaXKaThb pe-
aJIbHYIO CUTYyAaIlMI0 Ha KOHKpEeTHOM yuacTke. Omn-
penensieMbie KOA((GUIIMEHTHI CBETOMOTIIOMICHUS
MOTYT U3MEHATHCA KaK OT BUJA KYJIbTYpPHI, IJIOT-
HOCTH CTOSTHHSI pPaCT€HUH, Tak U OT (pa3 pa3BUTHUS
pacTeHHi U OT PACTUTEILHOTO 1I€HO3a B LIEJIOM.
[TosTOMy NMPUMEHUTENHFHO K KOHKPETHBIM YCIIO-
BHSIM BC€ KOX(P(UIMEHTHI JOJDKHBI KOPPEKTHUPO-
BaThCsl Ha OCHOBE HAONIONEHUM M aHAIM30B B
TMOJIEBBIX OTBITaX.

CpaBHUBasi pe3yJIbTaThl PACUETOB UHJICK-
COB C MOJIEBBIMH JaHHBIMHU, MOKHO BBIOpAaTh WH-
JIEKC, MAaKCUMAJIBHO TOYHO OTPAXKAIOLIUH HCcIie-
JyeMO€ CBOWCTBO, CYIIECTBEHHO TMOBBIIIAs TOY-
HOCTB pe3yJIbTaTOB IpH Hocienyomeil 0opadot-
Ke.

Kocmuueckoe /133 npenocraBisier uc-
clieIoBaTeNsIM U MPaKTUKaM B 00JIACTH CENbCKO-
XO3SWCTBEHHOTO TPOU3BOJACTBA IIUPOKUE BO3-
MO>KHOCTH JJI ONEPaTUBHOIO MOHUTOPHUHTA CO-
CTOSIHUSI PACTEHUH U MPHHATUS CPOYHBIX Mep T10
KOPpPEKTUPOBKE YCIoBHM ux pocta. CBUAETEND-
CTBOM 3TOMY SIBJISIFOTCS TEPEYHCICHHBIC BBIIIE
UHJICKCHI, XapaKTepU3YIOIIUE COCTOSHUE pacTe-
Huii. OnHako, kocMuyeckoe J[33 umeer psan cy-
[IECTBEHHBIX HENOCTATKOB. (CaMbIM Ba)KHBIM W3
HUX SBIISIETCS BBICOKAs CTOMMOCTD YCIIyT, OIUIaTa
KOTOpBIX TOCHUJIbHA KPEAUTOCIOCOOHBIM OTpac-
JSIM  DKOHOMHKH (T€0JIOropa3BeqKa, J100bIua
He(TH U ra3a, CTPOUTEIBCTBO U MPOKIIAKA FHEP-
reTUYECKMX KOMMYHHUKALUI), a HbIHEIIHEE Cellb-
ckoe xo3siicTBo Poccun He oOnanmaer, u B Oiu-
Kaifmem Oyayuiem He OyJeT crnocoOHBIM oOILIa-
YUBaTh TaKU€ YCIYTH, XOTS OYEHb HYXAAeTcs B
HUX. JIpyrUM HEZOCTaTKOM SIBJISIETCSl OTpaHM-
yeHHass ceTb cranmmid JI33, reorpaduueckas
YAAJCHHOCTh MX OT TOJb30BaTeNeld TaKHUMH yC-
Jyramu U Oofiplas 3aBHUCHUMOCTH IPEIOCTaBIIe-
HUSl ONEpaTHBHOM HH(OPMAIMK OT IOTOJIHBIX
ycnoBuil. O6nmayHoe HEOO MOXKET MepeYepKHYTh
BCE HAayaTylo paboTy MO ONepaTMBHOMY KOHTPO-
JII0 COCTOSIHMSI PAaCTeHW Ha moysix. B TeueHwue
OJHOM IIACMYPHOM HEIEINM MOTYT IHPOU30UTH
Takle MU3MEHEHMsI Ha MOJSAX, MMOCIEACTBUS KOTO-
pBIX yXe OyZeT HEeBO3MOXXHO KOMIIEHCHPOBATh
HUKAKUMHU arpoOTeXHUYECKUMHU MEpPOTPHUSITHIMHU.
K TakuMm sIBI€HUSM OTHOCATCS «3€JICHBIN MMoKap»
U TepeyBIaXHCHUE, TOPaKEHHE pacTeHUH 00-
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JIE3HSMU ¥ BPEAUTEISIMU, MAacIITaOHOE MPOSIBIIC-
HUE 3PO3UU MOYB.

[lepeuncnennble HEAOCTATKH CITyTHUKO-
Boro JI33 ycTpaHsioTCsS NPUMEHEHUEM JIETKHUX
JICTaTEeNIbHBIX anmnapatoB U MOOWUJILHBIMU OTpsi-
namu  cnenuanuctoB. llpumensas Ttakue nera-
TEJbHBIC allapaThl KaK JeNbTalljlaHbl, Taparia-
HbI, OECHWJIOTHBIC JIeTaTeJIbHbIEC almaparbl, Te-
JIMEBBIE IAphl MOXKHO OINEPATUBHO  IOJy4YaTh
a3POCHUMKHM M OCYHLIECTBIIATH ontuyeckoe /133
HEOOJBIIMX [0 TUIOIIATN 3EMJICTIOJIb30BAHUM,
BIUIOTH /10 YCaAE€OHBIX TEPPUTOPUN, OOCITYKH-
BaThb KOTOPbIE PETHOHAIbHBIE LIEHTPHI KOCMHYE-
cKoi mHOpMaIK BO3AepKuBarOTCsA. [lpu aTom
MOJTy9al0TCST CHUMKH ¢ OOJbIIEH YETKOCTHIO, a
CHEKTpPbI MOTJIOUICHHUsS] CBETOBOW SHEPTUU DPETH-
cTpupyroTcst 6onee yBepeHo. Ilpu oOpaborke
noJly4aeMoil nH(opMaluyu UCTIOTIB3YETCSl TOT KeE
nporpamMHubiid koMiuieke ENVI, nmo3Bossromuii
paccuuThIBaTh A0 27 BEreTallMOHHBIX MHIEKCOB,
WCIIOJIb3YEMBIX JJISI OLEHKU COCTOSIHUSI pPacTHu-
TENbHOCTH, COJEP>KaHUsl MUTMEHTOB, a30Ta, yT-
nepona, Boael. I[lo cHUMKam, Tlie €CThb TOJBKO
KpacHasi U OMkHsS WH(paKpacHas CIEKTpallb-
HbIE 30HBI, MpOrpaMMa MPEMIOKHUT PACCUUTAThH
nBa uHjuekca — NDVI u RVI. Ilpu pabore ¢ ru-
MEepPCHEKTPaIbHBIMU ONTHYECKUMU Te€HepaTopa-
MU U JI€TEKTOpaMH MOXKHO paccyuTatb Bce 27
WHJIEKCOB.

Ontuueckoe /I33 ¢ mOMOIIBIO MalbIX Jie-
TaTeNbHBIX aMMapaToB MOXHO OCYIIECTBIATDH
pu 10001 00J1a4HOCTH HeOa, UCKITFYas J0XK/Ib,
rpo3y U CuibHble HOopeiBa BeTpa (Oonee 10
M/CEK.).

OnbIT NpUMEHEHUE MAaJbIX JETaTeIbHBIX
anmnaparoB MO3BOJISIET Hayuno-
oOpa3zoBaTensHOMY IeHTpY Poccwuiickoro yHu-
BepCcUTETa APYKObl HAPOAOB ONEPATHUBHO OTKIIU-
KaThCsl Ha 3aMpPOChl MaJIBIX 3€MJICTIONIb30BaTEICH
o JI33 ux TeppuTopuil U ONEpPaTUBHOM OIICHKE
arpOXMMHUYECKUX CBOMCTB IIOYB M YPOBHEU MH-
HepajpHOro nurtanus. JleraapbHoe mosieBoe 00-
CJ€/IOBAHKME TI0YB, PACTUTEIHLHOIO IOKpPOBAa M
OJIHOBPEMEHHOE ONpPEJEICHUE BEreTallMOHHBIX
WHJIEKCOB JAl0T XOPOIIWWA MaTepuan AJis BbIpa-
00TKH O0Jiee HAJEKHBIX JAUArHOCTUYECKUX KpH-
TEpUEB, KOTOPbIE HAWIYT MPUMEHEHHE B IMOCIE-
OyIOIeld MacmTaOHOW paboTe MO ONTHYECKOMY
J33.

Hayuno-o6pa3oBarensubiii  1eHTp Poc-
CHIICKOTO yHHMBEpPCUTETa JPY>KOBI HapOJOB

«HeHTp MOHHUTOPHHTA UCIIOJI30BAHUA WU OLICHKU
3eMEJIbHBIX PECYPCOB M OOBEKTOB OKPYIKAIOIICH
Cpeibl», pacIoJiararoliuii caMbIM COBPEMEHHBIM
AQHAIMTUYECKHM 00O0pYIOBaHHUEM, YCICUIHO BbI-
TIOJTHSIET CIIEAYIOUINE PaOOTHI:

L4 HOJ'Iy‘leHI/IC C IOMOINBIO MAJIbIX JICTATCIBHBIX

anmaparoB  TOYHBIX  KPYIHOMACIITAOHBIX
KapT 3emuenonb3oBanus. IIpu sTom He uc-
KJIFOYAeTCsl  BO3MOXHOCTb  MCIIOJIb30BaHUSA

YCIIyT PErMOHANIBHBIX LEHTPOB KOCMUYECKOU
MH(POPMALIUN.ITO

e VYTOUYHEHHE reHEe3HCa OYB.

e OmnpeneneHue TpaHUI] OCHOBHBIX TIOYB H
IMOYBEHHBIX pasHocTen c TOYHBIM
I''TIOHACC/GPS no3uiinoHupoBaHUEM.

e Omnpenenenrue  akTyaJbHOTO  TUIOAOPOIMS
MOYB M IPYHTOB 10 TaKUM IOKA3aTeIsIM KaK:
IPaHyJIOMETPUUYECKHI COCTaB, pEaKIus cpe-
Jbl, €MKOCTb IOTJIOIICHHUS, CTEICHb HACHI-
IIEHHOCTH OCHOBAaHUSIMH, COJIEP)KAHHE BOJI-
HOPACTBOPUMBIX COJIEH, TyMyca, JOCTYIHBIX
¢dopmM azora, pocdopa, kanus, Maraus, cepsl,
O0opa, Menu, IMHKA U JPYTHUX DJIEMEHTOB.
Knaccudukanus teppuropuii mo cBoicTBaM
MOYB U PACTUTEIILHOIO MOKPOBa U CTENEHU
MPUTOTHOCTH ISl BEJEHUS CEITbCKOXO035MUCT-
BEHHOIO0 MPOM3BOACTBA WM HMHOIO BHJA
IMOJIB30BAHHS.

e JlomydyeHue TeoONpPOCTPAHCTBEHHBIX JIaHHBIX
JUISl KaJaCTPOBOM OLIEHKH M y4e€Ta HCHOJIb-
3YEeMBIX 3€MEJTb.

e OleHKa THAPOJIOTHMYECKUX YCIOBUM M IJia-
HUPOBAHUE MCIOJb30BaHUS BOJHBIX PECYp-
COB.

e Apamu3 U OIEHKa
3eMJICIIONIL30BAHHS.

e OrmpezeneHue cHeqUaIn3aldd  CEIbCKOXO-
35IMCTBEHHOTO MPOU3BOJICTBA.

e BrijeneHue 3emenb, HAPYIIEHHBIX XO3SHCT-
BEHHOU JIESTENBHOCTBIO U HYXZAIOLIUecs B
peaduIuTaIH.

e Tomnorpaduueckoe KapTUPOBAHHUE.

e (OcCylecTBIEHUE MOCTOSIHHOTO MOHHUTOPHHIA
COCTOSIHUSI M I€JICBOTO HCIIOJIL30BAaHHUA 3¢-
MEJIbHBIX U PACTUTEIBHBIX PECYPCOB.

e Pa3zpaboTka panMoOHAIBHBIX CIIOCOOOB 3eMIIe-
JeMusl ¢ YYETOM TTOYBEHHO-IKOJOTUYECKHUX
XapaKTEPUCTUK KOHKPETHBIX TEPPUTOPUM.

HCIIOJIB3YEMBIX CHUCTEM

Nel-2011 MesxmyHapoaHblii HayYHO-TEXHHYECKHUIi M IPOM3BOACTBEHHBII KypHan «Hayku o 3emme» 14




MOHUTOPUHI 3EMEJIb / LAND MONITORING

KomiriekcHast olieHKa CBOMCTB IIOYB H
pPacTUTEIBHOTO IOKPOBAa, MOHHTOPHHT IPOIIEC-
COB TMPOU3BOJUTCS HA CTAIlMOHAPHBIX TOYKAX,
YTO TO3BOJIIT OOJIee MPOTYKTHBHO MCIIOJIb30BaTh
pe3yabTaThl  JAMCTAHIIMOHHOTO  30HAMPOBAHUS
3eMJIM U MOJIEBBIX HCCICAOBAHUM OOBEKTOB OK-
pyXaroIiei cpeabl.

KoneuHoili 11e71610 Bcel paObOTHI SBIISTFOTCS
MPOU3BOJCTBO MO 3aMPOCy 3e€MJICTIONIb30BaTENCH
AJICKTPOHHBIX TOYBEHHBIX, TOMOTpaUUECKUX M
JIPYTHX TEMATHYECKUX KapT Ha 00CIIeIOBAHHBIX
TEPPUTOPUSIX, KaJacTpoBas OIEHKA 3eMelb U
BBIpabOTKa PEKOMEHIALUNA MO HCIOIb30BAHUIO
3eMeb M BOJIHBIX PECYPCOB.
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VJIK 528.7

COBEPHIEHCTBOBAHME TEXHOJIOI'MA CO3JAHUA
OPTO®OTOILIAHOB JIMHEHHBIX OFBEKTOB

IMPROVEMENT TECHNOLOGY OF CREATION
ORTOPHOTOPLANS OF LINEAR OBJECTS

Bapsapuna E.A. / Varvarina E.A.

accucteHT Kadeapsl adpodortoreonesuu [ocyaapcTBEHHOTO
VYHuBepcuTeTa 1O 3eMIICYyCTPOMCTBY, BEAYIIUH CICIIHATHCT
oraena pazsutuss OAO «OIIMH» / assistant to chair airphoto-
geodesy, State University Of Land Use Planning, The leading
expert of department of development OPIN

e-mail: varvarinakatya@rambler.ru

I'aspusioBa JI.A. / Gavrilova L.A.

KaHJIUJAT TEXHUYECKUX HayK, JOLEHT kKadeapsl a’spodoToreo-
ne3un I'ocyjapcTBEHHOTO YHHMBEpPCUTETA 10 3€MJIEYCTPONCTBY
/ Ph.D., the senior lecturer of chair airphotogeodesy, State Uni-
versity Of Land Use Planning

e-mail: wernjer@gmail.com

AnHoTamusa. B pabore paccMOTpeHa TEXHOJIOTHYe-
CKas cxema cozfaHus opTo(OTOIUIaHA HA JTMHEWHBIH
00BEKT W TIPEIUIOKEHO €€ COBEPIICHCTBOBAHUE Ha
CTaJMM TJIAaHOBO-BBICOTHOM TpHUBSA3KU. Taxxke mpen-
CTaBJICHO ONHCAaHWE JKCIIEPUMEHTAIbHBIX PabOT Mo
YPaBHUBAHUIO CETH (DOTOTPUAHTYIIAIIUU C HCIIOIB30-
BaHHEM KOOPIUHAT HEHTPOB (ororpadupoBaHust U
Pa3IUYHOTO YKCIIa HA3EMHBIX OMOPHBIX TOUEK.

KioueBbie ciaoBa: Dororpammerpus, ppTodoTo-
1aH, oprodoToTpaHchopMUpoBaHHe, (HOTOTpUAH-
TYJISIHSA, UCIONTB30BaHNE KOOPAMHAT LEHTPOB (OTO-
rpadupoBaHus, MIAHOBO-BHICOTHAS MPHUBS3KA, BHEII-
Hee OpPHEHTHPOBaHUE (OTOrPaMMETPUUECKO Mojie-
M, TMHEHHBIE OOBEKTHI.

Abstract. In work the technological scheme of crea-
tion ortophotoplans on linear object is considered and
its perfection at a stage of an according to plan-high-
rise binding is offered. Also the description of ex-
perimental works on equalizing of a network of a
phototriangulation with use of coordinates of the cen-
ters of photographing and various number of land ref-
erence points is presented.

Keywords: Photogrammetry, ortofotoplan, ortopho-
totransformation, a photo triangulation, use of coordi-
nates of the centers of photographing, an according to
plan-high-rise binding, external orientation photo-
grammetric models, linear objects.

B nHacrosimiee BpeMs B CBA3M C HIMPOKUM
BHEJPEHHEM B KapTorpapuueckoe Mponu3BOICTBO
IU(PPOBBIX TEXHOJIOT UM IJIAHOBO-
KapTorpaguueckoil OCHOBOHM Ui CO3JaHUs TO-
norpaduIecKux, 3eMeIbHO-KaIaCTPOBBIX U JIPY-
I'MX KapTorpaduyeckux JTOKYMEHTOB SIBIISIOTCS
oprodoToruianbl. TeXHOIOTHS CO3MaHUS OPTO-

¢doTomiaHa BKIIOYAET 3Tall IUIAHOBO-BBICOTHOM
MPUBSI3KM CHUMKOB. AJIBTEpPHAaTHUBOM IJIaHOBO-
BBICOTHOH TOATOTOBKHA CHHUMKOB MOJKET SIBJISATH-
Csl HCIIOJIb30BAaHME KOOPAWHAT IIEHTPOB (POTO-
rpadupoBanus (KIID), momydaembix ¢ momo-
b0 cmyTHuKoBoro GPS-mpuemHuka, ycTaHoB-
JICHHOTO Ha OOPTY JIETaTeILHOTO amIapara.
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B nanHoii pabote paccMOTpeHBI 0COOCH-
HOCTH TEXHOJIOTUU CO3JaHHS OPTO(OTOIIAHOB
JUHEWHBIX OOBEKTOB IO MaTepuaiaM  OJHO-
MapIIpyTHOH a3po0hOTOCHEMKH.

CyTb 3KCIIEpUMEHTAIBHBIX paboT 3aKITIo-
yajiach B aHaJlM3€ ypaBHUBAHUA CETH (POTOTpH-
aHTYJSIUKM C MCIIOJIb30BAaHHEM KOOPJAWHAT LIEH-
TpoB ¢ororpadupoBaHus.

Ha I®C «TAJIKA» ObLIM BBIIOJHEHBI
paboThl MO Pa3BUTUIO OJHOMAPIIPYTHOM ¢oTO-
TPUAHTYJISLINN, HA TEPPUTOPHIO aBTOJIOPOTH TI0
Tpacce Bononmapck-/l3epxuHCK J[3€pKUHCKOTO
paifona Hmxeroponckoit obmactu. Mapupyt
Broyan 20 cHUMKOB. Al’podoTochemka Oblia
BeImonHeHa kamepoir LMK c¢ ¢okycHbpIM pac-

,1
[

crogaueM 305,170 mm. Macmrad caumkoB 1/12
000. Takxe Ha 6opTy camosieTa OblT yCTaHOBJIECH
GPS-npueMHUK, € TOMOIIBIO KOTOPOTO OBLIH
onpenenensl KII® kaxnoro cunmka. Koopauna-
Tbl 4 ONOpPHBIX TOYEK OIpPEACIICHBI GPS-
npueMHUKOM JAVAD ¢ tounocthio 0,02 M.
CxeMa pacmojoKeHHs] OMOPHBIX TOYEK Mpe-
CTaBJICHA HA PUCYHKE 2.

Adpo(OTOCHUMKY OBLITH CKaHHPOBAHBI C
JUHEWHBIM pa3pelrieHueM 12 MkM Ha ¢GoTorpam-
MeTpuieckoMm ckanepe DeltaScan-10. BayTtpen-
HEe OPUEHTHUPOBAHHE ObUIO BBINOJIHEHO C TOY-
HOCTBIO 6 MKM, YTO COCTaBIISI€T TIOJIOBUHY BEJIU-
YHMHBI IUKCENsI CKAHUPOBAHMUSL.

Puc.2.

Pazputue ¢ororpuanrymsiuun B LHOPC
«Tankay» mpou3BOAUTCS CIOCOOOM HE3aBUCUMBIX
Mozenei. ToOYHOCTh B3aMMHOTO OPUEHTUPOBAHUS
KaXJION cTepeomapbl HE TMPEBbIMIAeT 12 MKM,
YTO COOTBETCTBYET YJBOEHHOH TOYHOCTH BHYT-
peHHero opueHtupoBanus. [lockonbky mpu mpo-
Benenun ADC c¢ onpeanenenuem KL® u3 cemu
3JIEMEHTOB BHEIIHEr0 OPUEHTHUPOBAHUSA €IMHOMN
(dboTorpaMMeTpHUECKON MOJETU BO3MOXKHO OIl-
peNenuTh JIMHEHHBIE AJIEMEHTBI, MPOIOJIbHBIN

X =X; +(a XM +a, YV +a, ZM ),
Y =¥y + (B XY by M bz M) (D)
:Z§+(¢:1XM +o, Y My, zM )t,

Ha u3noxeHHOM BBIIIIE MMPEAIOJI0KEHNN
1 ObLI IMOCTPOCH OKCIICPUMCHT.

yroJl HakJIOHa MOJENH, Yroid €€ pa3BopoTa u
MacmTabHelid ko3 dunment. Takum oOpazom,
Ha3eMHbIE OMOPHbIE TOYKH HEOOXOAUMBI JIJIsl OII-
peneneHns MoNepevyHoro yria HaKJIOHa MOJEIH.
Tak xak ojHa OmMOpHas TOYKa JaeT TPU ypaBHe-
HUSI CBSI3M TeOIe3WYecKuX U (hoTorpammerpude-
CKuX KoopauHaT Buaa (1),T0 oaHON oOmopHOM
TOYKHU JIOCTaTOYHO JUIsl HAXOXJAEHUS IoIeped-
HOTO yIJja HaKJIOHA MaplIpyTa ¢ OLEHKON TOYHO-
CTH.

OKCIIEPUMEHT COCTOSJI B IOCTPOECHUU
MapIIpyTHOH (POTOTPUAHTYIIALMHU C UCTIOIH30BA-
HueM oxHoi onopHoi Touku u KII® Bcex cHUM-
KoB MapmipyTta. KoHTponbs mocTpoeHHOH ¢oTo-
TPUAHTYJIIIMOHHONW ceTU ocylecTBieH 1o 30
KOHTPOJIbHBIM TOYKaM, PaBHOMEPHO paclpese-
JICHHBIM 110 BceMy MapuipyTy. Jlanee B Tabmumax
MIPUBEJEHBI Pe3ybTaThl 3KcrepuMeHTa. Kaxnas
TabnauIa BKIIOYaeT B ce0si UCXOJIHbIE KOOPIUHA-
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Tbl KOHTPOJIBHBIX TOYEK, KOOPAMHATBHI 3THUX TO-
YeK MpH ypaBHUBAHUM (POTOTPUAHTYIIALUH C HC-
nosib3oBanueM KII® u onHOM OmOpHON TOYKH
(paccmoTtpeHno 4 BapuaHTa BBIOOpA OIMIOPHOM TOY-
KHM) M pacXxokKJIeHusl KoopauHaT. Takxe IO pe-

3ylbTaTaM 3KCIIEpUMEHTa Oblla COCTaBJIeHA
CBOJIHAsA TabNIUIla MAaKCUMAJIbHBIX OTKJIOHEHUH U
CKII mo xaxaoMy BapHaHTy »3KCIIEpUMEHTA
(Tabn.1) Ha OMOPHBIX M KOHTPOJBHBIX TOYKAX.

Tabmuma 1.
Touxi CKII MakcuManbHOE OTKJIIOHEHUE
My, M | My, M | Mz, M | Max AX, M | Max AY, M | Max AZ, M
OnopHbIE TOUYKU 0,51 0,45 1,2
KOHTpOJIbHbIE TOYKH 049 | 044 | 0,90 0,75 0,75 1,96
[IpenpaputensHo OblIa cocTapieHa Tabau- | rae M, - 3HAMEHATENb MacTada co3/1aBaeMo-

I1a TOYHOCTEH Ui TJIAHOB PA3IUYHBIX MacIITa-
00B M JIONMYCTUMBIX IOTPEIIHOCTEN MO ompene-
JICHUIO TIJIAHOBBIX U BBICOTHBIX KOOPHMHAT OIOP-
HBIX ¥ KOHTPOJIGHBIX TOYEK B 3THUX MacmTadax
(tabmuna 2). Ilo uHCTpyKUIMHU 1O HOoTOrpamMmer-
pudeckuM paboTaM s CO3JaHUsl IHUPPOBBIX
KapT M IUIAHOB OCTaTOYHbIE PACXOXKJICHHS B ILIa-
HOBBIX KOOPJIMHATax OIOPHBIX TOYEK JIOJIKHbI
OBITH HE Ootee (2):

Mxy= 0,2mMM*Mco30., (2)
rone M

o IJIaHa.

OcTaTouHbIe PACX0XKICHHS BBBICOTHBIX
KOOpI[I/IHaTaX OHOpHBIX TOYCK JOJI’)KHBI 6I)ITI) HC
Oouree:

- 3HaMEHATeIb MaciTabda co3/1aBaeMo-

€030

ro IJIaHa, 7 — PacCTOSIHUE OT TOYKH Haaupa a0
yrina pabodeil TUIOMIaaM CHUMKA, f- (HOKyCHOE
paccrosinue ADA.

Jlna xontponsHbix Touek CKII ompenene-
HUS TUIAHOBBIX KOOPAHMHAT JOJDKHA OBITH HE 00-
nee:

Mxy=0,3mMM*Mco30, 4)

rne M

ro IiaHa.
CKII omnpeneneHus BBICOTHBIX KOOPAMHAT
KOHTPOJIBHBIX TOYEK JIOJDKHA OBITH HE OoJiee:

- 3HAMEHaTeNIb MacIiTada co3aaBacMoO-

€030

_1.0,3MM'f-M
2 r

Mz

030 *1,5, (5)

Mo — 1 03mm-f-M,,, 3) rae M, - 3HaMEeHaTellb MacmTadba co31aBacMo-
“= 2 r ’ ro IUIaHa, 7 - PacCTOSIHHE OT TOYKU Hajaupa J0
caMo yJalieHHOW TOYKH CHUMKA, f - (OKYCHOE
paccrosinue ADA
Tabnuma 2
3HaMeHaTeb OnopHble TOUKH KoHTponbHbIE TOUKH
Macirrada raHa M xy, M Mz M M xy, M Mz M
1000 0,20 0,50 0,30 1,50
2000 0,40 0,8 0,60 1,5
2500 0,50 1,40 0,75 2,10
5000 1,00 2,80 1,50 4,20
10000 2,00 5,50 3,00 8,25
[Ipoananu3upoBaB JaHHBIC, TPUBEICH- | HE HMEET 3HAYCHHS, KAaK OTHOCHTEIBHO OCH

HBIE B Ta0J. 2 ¥ 1, MOXHO CIIeJIaTh BEIBOJ O TOM,
KakoMy KpymHeiiieMy macimTaly co31aBaeMoro
IUIaHA COOTBETCTBYET pa3BHUTasi (HOTOTpUAHTYIIS-
1usi. O4eBUIHO, YTO B Cilydae ypaBHHMBaHUS (oO-
TOTPHUAHTYJISIIUU ¢ ucnoab3oBanueM KL u ox-
HOW OMOPHOM TOYKH, TOUHOCTh OYJIET COOTBETCT-
BoBaTh Macmrady 1/2500 u menpye. [Ipu sToM

MapuipyTa M OTHOCHUTEIBHO LIEHTpA TSKECTH
Mapuipyta OyzAeT pacrojiaratbCsi HazeMHas
onopHasi Touka. Tawke B JaHHOH pabore pac-
CMOTPUM BapHaHT ypaBHUBaHHUA (POTOTPHUAHTIY-
nsanuu ¢ uenoas3opanueM KD u 1Byx onopHbIX
TOYEK, Mpenrnoaras, 4To TOYHOCTb (OTOTPHAH-
ryjauuud ysenuuures. Ilo pesynpraTtaM 3kKcre-
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puMeHTa ObUIa COCTaBIIGHA CBOJHAS TaOiHIla
MakcumanbHbIX oTKI0HeHUH 1 CKII mo kaxagomy

BapHUaHTy dKcriepuMeHTa (Tal. 3) Ha ONOPHBIX U
KOHTPOJIBHBIX TOYKAX.

Tabmnuua 3
CKII MaxkcuMaibHOE OTKJIIOHEHUE
Mx,M | My,m | Mzwm | MaxAX,m | MaxAY, M | MaxAZ, m
OnopHbl€ TOUKH 0,036 0,123 0,067
KonrponbHere 0,286 0314 1,043 0,610 0,605 1,664
TOUYUKHU

CKII, BbluMcneHHbIE i1 KOHTPOJIbHBIX
TOYEK, HE NMPEBOCXOIAT JIOMYyCTUMBIX 3HAUEHUH
npu  co3gaHud  oprodoToruraHoB  MacmTaba
1/2000 (tabmn.2). Pe3ynpTaThl NpoBEIEHHBIX JKC-
MEPUMEHTOB TO3BOJISIIOT CJEJaTh CJeIyIoIIne
BBIBO/IbI:

- TIPU TIOCTPOCHUHM OPTO(OTOIIIAHOB HA JTH-
HEHHBIE OOBEKTHI a’POPOTOCHEMKY IEJIeCO00-
pa3sHO IpPOBOAUTH C OIpPEICIIEHUEM KOOpPIMHAT
LEHTPOB (hoTOrpadupoBaHuUs;

- BHEIIIHEE OpPUEHTHPOBaHUE (HOTOTPUAHTY-
JSIMOHHOM CETH C OIpEeNeleHHBIMU B TIOJETE
KOOpJAMHATAMH IIEHTPOB (oTorpadupoBaHusi, HO
0e3 Ha3eMHBIX ONOPHBIX TOYEK MPOU3BOIUTH HE
NPEICTaBISETCS BO3MOXKHBIM;

- ypaBHUBaHHE (HDOTOTPUAHTYIIALIUOHHON CeTH
C HCHOJB30BAaHHWEM KOOPAWHAT IEHTPOB (POTO-
rpadupoBaHusl U OJHOM ONMOPHOW TOYKHU IMO3BO-
JseT co3maBaTh opTodororiansl macmTadba 1 /
2500 m menpue MO CHUMKaM, IOJYYEHHBIM B
macmrade 1: 12 000 ¢ yka3aHHBIMU BbIILIE Tapa-
MeTpaMu ((hOKyCHOE pacCTOsHHE M ameprypa
ckaHupoBanus). [Ipu 3Tom pacrnonoxeHue omnop-
HOW TOYKHM OTHOCHUTEJIBHO IICHTPA TSKECTU Map-
HIpyTa U OTHOCUTEIHHO OCH MapIipyTa He UMEeT
3HA4YEHUS;

- ypaBHUBaHHE (DOTOTPUAHTYIISITUOHHON CETH
C HCMOJb30BAaHUEM KOOPAMHAT ILIEHTPOB (hoTO-
rpadupoOBaHMs U JIByX OMOPHBIX TOUYEK TO3BOJIS-
€T co3laBaTh OpTO(OTOIIAaHbl MacmrTada 1 /
2000 m menpue MO CHUMKAM, IOJIYYEHHBIM B
Macmrabe 1: 12 000 ¢ ykazaHHBIMU BbIIIE TIapa-
MeTpaMu ((DOKyCHOE pacCTOsSHHE M ameprypa

OTIOPHBIX TOYEK, & TAKXKE UX TOJI0KEHNE OTHOCH-
TEJNBHO LIEHTPa TSDKECTH MapIipyTa M OTHOCH-
TEJBHO OCH MapIIpyTa HE UMEEeT 3HAYCHHUS;

- IIPOJIO’KEHUE OCH MapuIpyTa BJOJIb OCH JIH-
HEWHOTO OOBEKTa IMO3BOJUT CO37aBaTh OpTO(dhO-
ToIJIaH OoJiee KPYMHOro Maciurada

1 03mm- f-M
2 r

€030
)

Mz

rne M, - 3HaMEeHaTelb MacuTaba co31aBacMo-
ro TUIaHa; ¥ — PACcCTOSHUE OT TOYKH HAaIUpa J0
yriia pabouel miomaau CHUMKA, f — (QoKycHoe
paccrosinue ADA.

B stom ciywae pasmep paboueid 1uromiagn
CHUMKa MOXET OBITh YMEHBIIECH, a, CIeJ0Ba-
TeIbHO, YMeHbIIeHo 7. [Ipu ToMm e 3HaueHuu
M, mMacmTab co31aBaeMoro IuiaHa MOXKET OBbITh
KpyTHEe.

B Tabn.4 mpencraBieHa SKOHOMHYECKAS
3¢ (PEeKTUBHOCTh TPYy03aTpaT, pacCCUNTAHHAS I10

bopmye:
= (1 -vM)*100% (6)

rae ( — skoHomuueckast 3pPeKTUBHOCTD TPYIO-
3aTpaT, V- MpeAIaraéMoe KOJIMYECTBO OMOPHBIX
TOYEK, 1)- PEKOMEH/yeMOe KOJIMYECTBO OIOPHBIX
TOYEK.

M3 mnpuBENeHHBIX pacyeToB BHIHO, HYTO
sKOHOMHUEecKas 3((PeKTUBHOCTH Tpy03aTpaT Ha
IUTAHOBO-BBICOTHYIO TIOATOTOBKY CHHMKOB IIpe-
BoImaer 50 %.

CKaHMpoBaHHUsA).  B3aumHoe  pacmnonoxeHue
Tabnuna 4
Macmrab co3iaBaeMoro opTo-
[TapameTpsr doTormana
1/2500 1/2000
PexoMenayemoe 4nciio ONOPHBIX TOUEK 4 5
Uucio OnopHBIX TOYEK, TOKA3aHHOE SKCIEPUMEHTAIBHO 1 2
OkoHOMUYecKas 3pPHEKTUBHOCTD 75 % 60%
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AnHoTanusa. B Hacrosimee Bpems muQpoBbIie
HEMETPUYECKHE KaMephl CTald NPUMEHSITbCA IS
peleHus HEKOTOPHIX 3anay ¢ororpammerpun. Kiro-
YEeBHIM MOMEHTOM HCIIOJIb30BAHUSI TAKUX Kamep Uis
(oTorpaMMeTpUYECKUX W3MEPEHUH SBJISETCS BBIMOJI-
HEHHE WX KaTUOPOBKH, IJIS Yero Ieiecoo0pa3Ho HC-
MI0JIb30BaTh OECIUIaTHBIA MPOTPaMMHBIN KOMIIJIEKC,
pa3paboTaHHBIH COTPYIHUKAMH J1a0OpPaTOPHUH KOM-
BIOTepHOH Tpaduku u MyinbtuMenua MI'Y. OcHoB-
Hasl [eJb MPOBEACHHBIX UCCIEeNOBaHUI — pa3paboT-
Ka METOAMKH KaJMOpPOBKHM LU(PPOBBIX HEMETpHYE-
CKUX KaMmep C HCIIOJIb30BaHUEM AAHHOTO IIPOTPaMM-
HOTO KOMIIJIEKCa, KOTOpasi MO3BOJIMUT HOJIydaTh Iapa-
MeTpBl (poToanmapaToB ISl MOCIEAYIOIIETO MpUMe-
HEHMS WX A TIpoBeleHus (HOTOrpaMMETPHUECKUX
HU3MEPEHUN.

KawueBbie ciaoBa: KkanuOpoBKa, HeMeTpHYE-
CKHE Kamepbl, (OTOrpaMMeTpUYecKue H3MEpEHus,
O00BEMHBIN KaIMOPOBOYHBIA TIOJIHWTOH, MOOWIBHBIN
TECTOBBIN OOBEKT, YpaBHEHUS KOJUIMHEAPHOCTH, Ha-
3eMHas Tornorpaduyeckas cbeMKa, OOMEpHbIE YepTe-

B nacTosiee BpeMst 1751 pelIeHHs] HEKO-
TOpPBIX 3aja4 (POTOrpaMMETpUH CTadu IMpUMe-
HATCSI HEMETPUUYECKUE MATO(OPMATHBIE KaMEPHI.

KM, JIEMEHTHl BHYTPEHHETO OPHEHTHUPOBAHHS, IWC-
TopcHst 00BEKTHBA.

Abstract. Digital cameras non-metric now began
to be applied to solve some problems of photogram-
metry. Calibration non-metric of digital cameras —
the main point in using these cameras for photo-
grammetric measurements. To solve this problem it is
expedient to use a free software package developed
by the laboratory staff of computer graphics and mul-
timedia MSU. The main objective of studies - to de-
velop a method of digital gauge nonmetric camera
that uses the software package that will receive the
parameters of cameras for photogrammetric meas-
urements.

Keywords: calibration, non-metric cameras,
photogrammetric measurement, volumetric
calibration stand, a mobile test object, the collinearity
equations, topographical surveying with a close range,
drawings are compiled from measurements, the
elements of inner orientation, lens distortion.

OTHOCHUTENBHO HENOporue OBITOBBIE LU(POBLIE
anmapaTsl 00J1a7]af0T XOPOIIUMH PaJuOMeTpUYe-
CKUMH XapaKTEPUCTHKAMU M TIO3BOJIAIOT TIOJTY-
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YaTh I[BETHbIC U300pakeHUsi, MUHYS (HOTOXUMHU-
YECKHM JIa0OpaTOPHBIN MPOIIECC, U 3arPykKaTh UX
HEIMOCPEICTBEHHO B KOMIIBIOTEP. DTO U CTaJO
MIPUYMHOM CTpEeMJIEHHUS UCIOJIb30BaTh Takue (o-
Toanmaparsl JUisi K3MEPUTEIbHBIX LEeH.

Jnst hoTorpaMMETPUIECKUX H3MEPEHHI
C MOMONIbIO OBITOBBIX Kamep HEOOXOAUMO BbI-
MOJIHATh WX KaJTUOpPOBKY C LEJIBbIO IMOJYYECHUS
JJIEMEHTOB BHYTPEHHEro opueHTupoBanus (do-
KyCHOTO pacCTOSHUSI M TIOJIOKEHHUS TJIaBHOM
TOYKH) W IMapaMeTPOB JUCTOPCUU OOBEKTHBA.

Ha ceronnsamuuii neHp uMeercs aocTa-
TOYHO OOJIBIIOE KOJMYECTBO ITyOJIMKaIMl, MOo-
CBALICHHBIX 3TOMY BOIIpOCy. ABTOpamMHu padoT
MpeJIaralTcsl pa3InyHble MOAXO0/bI K BBIMOJIHE-
HUIO KaJTUOPOBKH HEMETPUYECKUX Manodopmar-
HBIX Kamep. Bce Mmoaxoisl K pelIeHUI0 3a]a4u
KaJTUOpPOBKM COBPEMEHHBIX OBITOBBIX  Kamep
MO>XHO Ppa3Ae/iuTh HA JIBE€ OCHOBHBIC TPYIIIbI:
METOJIbI CaMOKATHOPOBKH U METOJBI HEMocpe-
CTBEHHO KaJIMOPOBKHU C HCIIOJIb30BAHUEM TECTO-
BOT0 00BEKTA WJIK KaJTUOPOBOYHOTO MOJIUTOHA.

JlocTaTouHo MOAPOOHO CYTh NIpeisiarae-
MBIX METOAMK CaMOKaJIUOPOBKH U CPaBHHUTEIb-
HBII aHajdu3 Pa3IMuHbIX MOJXO0/0B H3JI0KEHBI B
pabore KypkoBa B.M. «Mertozas! yyeTa cuctema-
TUYECKUX MCKaKEeHUs adpocHMMKa. CamMokanuo-
POBKaY.

«CyTh aHAIUTHYECKOTO METO/a CaMoOKa-
TuOpoBKH,- Kak otMedaeT Kypkos B.M., - B yue-
T€ CHUCTEMATHUYECKUX MCKAXECHUU KOOPJIUHAT ad-
POCHHMKa B MpoIlecce ypaBHUBAaHUA ceTU (POTO-
TPUAHTYJIALUU, TTOCTPOSHHOW MO CHocoOy CBS-
30Kk. B ocHOBe crniocoba sexaT ypaBHEHHS KOJI-
nuHeapHocTd. CyIIHOCTh Crocoda COCTOUT B
TOM, YTO OJTHOBPEMEHHO ONPEIEINAI0TCS MOoIpaB-
K K TpHOIMKEHHBIM JJEMEHTaM BHEITHETO
OpUEHTUPOBAHUS, KOOpJAMHATAM TOYEK MECTHO-
CTH, 3JIEMEHTaM BHYTPEHHETO OPUEHTUPOBAHUSA
U CyMMapHbI€ TOIMpPaBKU K KOOpIAMHATAM TOYEK
3a BJIMSTHUE BCEX MCTOYHUKOB CHCTEMATHUYECKUX
omrO0K». [3]

[TonoxutenbHBIM MOMEHTOM METOJUK
CaMOKaJIMOPOBKH SIBJISIETCS OTCYTCTBHE HE00XO-
JUMOCTH CO37]aBaTh KaJMOPOBOUHBIN TOJUTOH,
T. K. BCE U3MEPEHUs MPOU3BOATCS MO MOJICBHIM
CHUMKaM, Ji1 KOTOPBIX MOAOMpAETCs aIIpoK-
CUMAaIlMOHHAs MOJIEJIb, MPU3BAHHAS HWCKIIOYHTH
CUCTEeMAaTUYECKUE OMUOKU M3 KOOPAMHAT TOUEK,
M3MEpEeHHBIX Ha cHUMKax. Ho mpu 3ToM crnoco-
6aM caMOKaIMOPOBKU MPUCYIL PSJT HETOCTATKOB.

OcHoBHas mpobsieMa — HEBO3MOXHOCTH TO00-
pa YHUBEpCAJIbHON amnmnpoKcuMupyromen ¢QyHk-
IIUM HE TOJBKO JUISI CHHUMKOB, CIICJIaHHBIX pa3-
JUYHBIMU anmnapaTaMu, HO U, MOPOH, AJisi CHUM-
KOB, CHEJaHHBIX KOHKPETHOW ChEMOYHOM CUCTE-
Moil. [3]

Kpome TOro, momoOpaHHBIA MOJIUHOM
MOPOil He TIO3BOJISIET YUYECTh CIOXKHBIA XapakTep
pacrpeneneHusi CHUCTEeMAaTUYEeCKUX —IOTPEUIHO-
CTel B KOOpAWHATAX MO MOJIF0 CHUMKA, HECHUM-
METPUYHOCTB 3TOTO pacIpeieIeHusI.

Bbonee a3 dekTUBHBIM U HAIEKHBIM SIBJISI-
€TCs CIOCO0 KATMOPOBKH IO KIIACCHYECKOM CXe-
M€ C HCHOJb30BAaHUEM TECTOBOTO KaarOpOBOY-
HOro TojuroHa. JlabopaTopHBI MOJUTOH WC-
nonp3yercss kommnanuen Vexel mist kannOpoBku
MIMPOKO(OPMATHBIX IM(PPOBBIX a’podoToarma-
patoB UltracamX [6] . KamuOpoBka OBITOBBIX
UQPPOBBIX (HOTOANIAPATOB C HCIOIB30BAHUEM
TECTOBOIO JIAOOPATOPHOIO TMOJUIOHA MPOU3BO-
mutcst B B JJoHHTY, nns yero B oHOM H3 y4e0-
HBIX KaOMHETOB CO3JaH IUIOCKUI KanuOpoBOY-
HBII cTeHa. [ oThicKaHUs MapamMeTpoB Kaiuo-
POBKM KaMepbl HCIOJb3YyeTCs porpaMma
BlockMSG wu3 mporpaMMHOIO  KOMILJIEKCa
DONETSKFOTO, pa3pabotannas npodeccopom
C.I''MorunbHubM [1].

B MUUTI'AUK nna ompepeneHus reo-
METPUUYECKUX XAPAKTEPUCTUK PA3ITUIHBIX KaMep
UCTIONB3YEeTCSI 0OBEMHBIN TECT-00BEKT, COCTOSI-
muii 6oxee ueM n3 100 Touek, a TakKe CIEILHU-
anbHasl MporpaMma JUisl ONpeleieHus mapameT-
POB BHYTPEHHETO OPUEHTUPOBAHUS U TUCTOPCUU
obbekTuBa [4].

Metoa KanuOpoBKU 1O 0ObEMHOMY TECT-
o6bekty npennararoT P.H.I'enbman u A.JIL QyH1n.
Merton onmcaH B cTatbe «JlabopaTopHas kanuo-
pOBKa IHU(PPOBBIX KaMep ¢ OOJBIION IHUCTOPCH-
eit». JlabopaTopHbIi ClTIOCOO OCHOBAH HA ChEMKE
c OJIM3KOTO paccTOsSHUS TeCT-00BEKTa U U3Mepe-
HUS Ha CHUMKE B PYYHOM PEXHME MHKCEIBHBIX
KoopauHaT To4ek. JlanpHelmas oOpaboTka pe-
3yJIbTaTOB M3MEPEHUIl OCHOBBIBAETCS Ha YpaB-
HEHUSX KOJUIMHEAPHOCTH [2].

[Ipennaraemble METOMUKHA KaIHOPOBOK
OCHOBaHbI Ha CPABHCHHUH ITAJIOHHBIX U JCHCTBU-
TEbHBIX MMapaMETPOB. MI3MEpeHHs 10 CHUMKaM C
N300paKEHUSIMA TECTOBOTO TOJMTOHA TO3BOJIS-
0T Y4YeCTh CJIOXKHBIA XapakTep pachpeleicHHs
CUCTEeMaTHYeCKUX OINOOK. Brruucnenus, ocHo-
BaHHBIC HA NPUMEHEHUE YPaBHEHUI KOJUIMHEap-
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HOCTH JIOTUYHBI M TOHSTHBL. Vcmonp3oBaHue
00BEMHOTO TECTOBOTO TOJHUIOHA TO3BOJISIET
MIPOBECTHU TMOJIHYI0 KaTHOPOBKY ammapara, B pe-
3yJIbTaTe KOTOPOH CTaHYT HW3BECTHBHI JIEMEHTHI
BHYTPEHHETO OPUEHTHPOBAHMS KaMmephbl U Mmapa-
METpBI JIUCTOPCHU OOBEKTHUBA, HEOOXOIMMEIC
JUTSL TIOCJICAYIOIHUX (OTOrpaMMETPUUYECKUX W3-
MEpPEHUI 10 CHHMKaM, CICIAaHHBIM OBITOBBIM
¢doroanmaparom. Ho momoOHbIE METOAUKH TIOA-
pa3yMeBaIOT TOCTPOCHUE JOPOTOCTOSIIETO BbI-
COKOTOYHOTO KaJIMOpPOBOYHOTO MOJUIOHA W Ha-
JMYUE TIPOTPAMMHOTO KOMIUIEKCa, TIO3BOJISFOIIIE-
ro aBTOMATH3MPOBATh TPOIECC IMONYYCHUS He-
W3BECTHBIX MapaMeTpoB. [Ipm orcyTcTBHE TO-
CIIEZIHETO, KaJduOpOBKa CTaHET HEONpPaBJaHHO
JUTATENIEHBIM M TPYJI03aTPaTHBIM IPOIIECCOM.
YBenudeHue Tpyao3aTpaT MPHUBEACT K yBeIHYe-
HUIO CTOMMOCTH TPOBOJUMBIX padoT, a 3TO clie-
naeT 0eCCMBICIIEHHBIM HCIIOJIB30BAaHUE HEMETPH-
YECKHX KaMmep BMECTO CIICIUATU3UPOBAHHON arl-
naparypel, T. K. IPUMEHEHHE OBITOBBIX (hOoTOAl-
MapaToB Uil U3MEPHUTEIbHBIX LIEed MOoapasy-
MEBaeT YMPOIIEHUE W TOHIKEHHUE CTOUMOCTH
MPOBOJUMBIX paboT. VMEHHO TpPyIOEMKOCTb
MPOBOAMMBIX PabOT, HEOOXOJUMOCTh HMMEThH
000pyIOBaHHYO JTAOOPATOPHIO CO CTAOMIBHBIMH
MapKaMH, KOOPJIWHATBI KOTOPBIX OIMPEIEICHBI C
BBICOKOW TOYHOCTBIO, COCTABIISUIM OCHOBHYIO
mpoOyieMy CrocoOoOB JTabOpPaTOpPHON KaTUOpPOB-
ku. B 2005 romy sta mpobiema crtana pa3peuiu-
Ma Ornarojapsi MOSBICHHUIO MPOTPAMMHOTO KOM-
wiekca GML Camera Calibration Toolbox v 0.4.
ABTOpHI MPOTpaMMbl — COTPYJIHUKHU Jiabopa-
TOPUU KOMIBIOTEPHOH rpaduKku U MyJIbTUMEINA
npu daxyasrere BMK MI'Y — BenmxkeB Anek-
cannp u Bexnesen Bmagumup. IIporpamma siB-
nsercst OecruiaTHOM. OHa MO3BOJISET B aBTOMa-
TUYECKOM PEXHME BBIYMCIATH BHYTPEHHHE IIa-
pameTpbl kamep. [IporpamMma MOKeT HCIOIB30-
BaTh (¢ainsl popmaroB *.jpg, *.tiff, *.png, uto
MO3BOJISIET MCIOJIB30BATh JOCTATOYHO OOJIBIION
KPYT CHHUMKOB CO CTaHIAPTHBIMH pa3pelICHUs-
Mu. PesynbraramMmun 06pabOTKH CHUMKOB SIBJISIFOT-
Csl QJIEMEHTHI BHYTPEHHETO M BHEIIHETO OpHEH-
TUPOBaHUS U KOOPPUIIMESHTHI TUCTOPCUH. [7]
J1J1s BBITTOJTHEHUST KQJIMOPOBKH TpedyeTcs
WCIOJIb30BaTh JOCTATOYHO MPOCTOW B M3TOTOB-

JeHUM MOOWIBbHBIA KaTuOpPOBOYHBINA MI1a0JIOH,
MPEJICTaBIISIONIMI cO00H MIaXMaTHYIO TEKCTYpY,
HAHECEHHYIO Ha POBHYIO IOBEPXHOCTH (pHuc.l).
Baxxen pasmep KJIeTKM pHUCYHKa, Tak Kak Mpo-
rpaMMma IUIOXO PACHO3HAET CIUIIKOM MEJKHe
kieTku. Co3natenu mporpaMMbl PeKOMEHIYIOT
JenaTh KJIETKU pUCYyHKa HE MeHee 30 MM.

Takxe Npu HU3rOTOBICHUHM TeCT-00BEKTa
HEOOXOMMO TIPHUHATH CIEAYIOIIHE PEeKOMEHa-
IIWY, YKa3aHHbIC pa3padoTunkamu [7]:

1) benoro mpocrtpancTBa (puc.2) Mexzay Ha-
PYKHOU paMKO# M TrpaHHIleH 00BEKTa JOJIXK-
HO OBITh 10 MIUPUHE HE MEHEEe OJHOTO KBa/I-
para.

2) Bce kBagpaThl TOJKHBI OBITH YETKO BUTHBI.

3) XenarenbHO UCIIOIB30BATH MIPH pabOTE IIITA-
TUB.

4) Jlenath HE MEHEE 25 CHUMKOB B CbEMOYHOM
CEPHUH.

5) Ilpu cbémre 00BbeKTa CTPEMUTHCSI 3aITOJTHUTH
€ro N300paKCHUSIMH BCIO MATPUILY KaMEephl.

6) CoxpaHATh TIOCTOSIHHBIM yTOJ HAaKJIOHA
TUTOCKOCTH MATpPHIIBI KaMepbl OTHOCUTEIIBHO
IUIOCKOCTH T€CT-00BEKTA.

B pesynbrare nmpoBeneHusT MPaKTHUIECKUX
paboT OBUIO BBISBIEHO, YTO PEKOMEHIAIUH,
JAHHBIX aBTOPaMH HEJOCTATOYHO ISl YCIEITHO-
ro BBINOJIHEHUsI KanuOpoBku kamepsbl. [Tloatomy
Mo pe3yJbTaTaM MPOBEICHHBIX JKCIIEPUMEHTOB
ObUTM COCTaBJIEHBI JIOTIOJHEHHSI K CYIIECTBYIO-
UM PEKOMEH/IAIIHSIM.

Kak 3asBiieHO B MHCTPYKIUH O TPHUMeE-
HEHHUIO TMporpaMMmbl [7], mpu cbEMKE OOBEKTa
HEOOXOJUMO CTPEMHTHCA 3aMOJHUTH €ro M30-
OpaskeHUSIMH BCIO MaTpHIly Kamepsl (puc.3). 31o
HEOOXOIMMO JUII TOro, 4TOOBI B HTOre, OIIO-
3HAHHBIE Ha KaXJIOM CHHMKE TOYKH, HaXOJs-
mMecss B yrjlax CXOXKJIEHHUs OebIX M YEepHBIX
kBajipaToB (Oyaem uist ynoOcTBa B AallbHEHIIIEM
Ha3bIBaTh UX «OMOPHBIMU TOYKAMM»), MOKpHIBa-
JU B COBOKYITHOCTH PaBHOMEPHO BCHO ILIOLIA/b
Mmatpuilsl (puc.4). Kpome toro, Heodxoaumo co-
XPaHATh TOCTOSIHHBIN YTOJ HAKJIOHA TUIOCKOCTH
MaTpPHIIBI KaMepbl OTHOCUTEIIBHO TUIOCKOCTH
TecT-00bekTa. JlJis BBHIMOTHEHHS STUX YCIIOBUH,
aBTOPHI MPOTPAMMHOIO KOMIUIEKCA IpeIjIararT
BapHaHT ChEMKHU, IOKa3aHHBIN Ha puUC.S.
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Puc. 1. Bun xanmuOpoBoYHOTO 11ab1oHa

Puc. 3. Cremounas cepus

Puc. 2.

T GML Camera Calibration Toolbox v.0.4
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Puc. 4 — ITnoTHOCTE TOUEK

Puc. 5. Ilo3umuu dhortorpadupoBanus
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B pesynbraTe nmpoBeneHus nono0HON cepun
ChEMKH, B TpOorpamMme OyayT 00paldaThIBaThCA
BapHaHThl CHUMKOB OOBEKTa, IOKa3aHHbIE Ha
puc. 6. ONBITHBIM IMyTeM OBLJIO YCTaHOBIICHO,
YTO Ha CHUMKax Tumna 0, T, 1, €, X, 3, IPE/ICTaB-
JICHHBIX Ha PUCYHKE 6, TeCT-00beKT He pacro-
3HAETCsl MPOTrPaMMOM B XOJI€ aBTOMAaTHYECKOTO
MOKMCKA OMOPHBIX TOYEK, U CHUMKH TaKOTO THIa
0TOpPaKOBBIBAIOTCS TIPU 00paboTKe.

Takum oOpa3om, 11 00paOOTKH OCTaeTcs
JIBa BapHaHTa SKCIO3UINH 00bEKTa, Yero HeJ0c-
TATOYHO JIJISl MPAaBHJIBHOTO (GYHKIMOHUPOBAHMUS
IIPOrpaMMBbl 110 3aME€YaHHUIO CAMHMX aBTOPOB [7].

DTO yKa3bIBaeT, CKOpee BCEro, Ha TO, YTO
nporpaMMa IPOU3BOAUT IMOHMCK «OMOPHBIX TO-
YeK» Mo crnocol0y MOCTPOYHOTO PACTIO3HABAHUSA:
npu o0paboTKe CHHMKa Ha HEM paCIO3HAETCS
IpaBbli HUKHHUM Yroll TECT-00beKTa C OenbiM

a o

A c

B 8 <

KBaI[paTOM, H, 110 uaACAJIbHBIM HM3BCCTHBIM KOOp-
JUHATAM TIOJIOKCHHS TOYEK, OINPEACIAIOTCA 00-
JacTH UX TIOMCKA MO CTPOKAM M CTONOIaM. JTO
NIPEJITOJIOKECHNST OCHOBBIBACTCSI HA TOM, 4YTO
IpOrpaMMOil HE PACMO3HAITCS N300paKCHUS
00BbEKTa, pPa3BEPHYThIE OTHOCHTEIHLHO pPaMOK
CHHUMKaA 1101 3HAYHUTCIIBHBIM yFJIOM. HO3TOMy
IPH MPOBEJACHUH KaJMOPOBKH ariapaToB ObLIa
WCIIOJIb30BaHA MHAsi METOJUKAa CheMKU (puc. 7),
B IIEJIOM OTBEYArOINasi TPeOOBAHUSAM, YKa3aHHBIM
aBTOpPaMU MPOTPAMMHOTO KOMILJIEKCA.

[Tpu 3TOM OBLIO BBHITIOJTHEHO OCHOBHOE Tpe-
OOBaHHNE ChEMKHU: COXPAHSIICA MOCTOSIHHBIM YTOJ
HaKJIOHa 00BEKTa K TUIOCKOCTH MAaTpPHIIBI Kame-
pBI, @ ChEMOYHAsI CepUsl COCTsJIa MPHU 3TOM U3
CHUMKOB C BOCBMBIO Pa3MYHBIMH TO3HIIHSIMH
00BEKTA.

D B @

B I

K 3

Puc. 6. PacnonosxeHnue n300paxeHus TeCT-00beKTa OTHOCUTEIBHO PaMOK CHUMKA

//:;-';'5-,

‘*E'/ e

Puc. 7. Dxcno3unmu o0ObeKTa
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Co3pmarenu mporpaMMbl pPEeKOMEHIYIOT Iie-
peMemaTh OOBEKT OTHOCUTEIBHO Kamephl s
MIOJTHOTO 3arOJIHEHUs €ro U300paKeHUSIMU MaT-
punel ammapara. [Ipu  BbImonmHeHMH — pabOTHI
ObUIO BBISBJICHO, YTO YAOOHEE M IpaKTHYHEe
TeCT O0BEKT yCTAaHABIMBATH M 3aKPEIUIATH IOJ
OIIPEETICHHBIM YIJIOM, a IepeMellaTh caMy Ka-
Mepy CO IITaTWBOM (IITATHUB C ABYMS LIWJIMHJI-

PUYECKUMHU YPOBHSAMU Ui (hOoTOKamep) B IIIoC-
KOCTSIX, TapaJuIeIbHbBIX CTEHY.

OnBITHBIM ITyTEM OBLJIO BBISIBICHO, UYTO MPO-
rpaMma Ipd aBTOMaTHYECKOM IIOMCKE TOYEK
OpakyeT CHUMKHU C M300pa)kKeHHEM MIaXMaTHOTO
pHUCYHKa, PAcIOJIO0XKEHHBIM IOJ YIJIOM K ILIOC-
KOCTM CHMMKa MeHee 5° (Ha puc. 8 moka3aHbl
YTJIBI HAKJIOHA TECT-00BEKTA).

Puc. 8. Yromn Hakiiona rect-o0beKkTa

B pesynbrate BBINOMHEHHBIX paboT ObUIN
COCTaBJIEHBI CIEAYIOLINE PEKOMEHJAluu, B J0-
MIOJTHEHHE K CYIIECTBYIOLIUM, I10 BBINOJHEHHIO
KanuOpoBKU LU(POBBIX (PoTOANNapaToB C MpU-
MEHEHHEM IporpamMmHoro komiuiekca GML
Camera Calibration Toolbox v 0.4:

1) KJIETKH TEKCTYpPBHI JOJDKHBI OBITh YSTKUMH H
SIPKUMU;

2) maxMaTHBIA PUCYHOK JIOJDKEH OBITH HaHe-
CEH C MAaKCUMAJILHOM TOYHOCThIO, TAK YTOOBI
KJIETKM WMEJHM OJMHAKOBBIM, 3apaHee OIpe-
JICJICHHBIA pa3Mep, a JIIoOble OTKIOHECHUS OT
ATAJIOHHOTO pa3Mepa ObLIM CTOJIb HE3HAYH-
TCJIBbHBIMMU, '-IT06BI 3TO HEC BJIMAJIO HA Ka4YCCT-
BO pabOThI MPOrpaMMbI, T.K. MPOTPAMMHBIN
KOMIUICKC HE MpeaycMaTpuBacT BBOA (haKTH-
YeCKOW BEJIMYUHBI  KIIETKH TECT-00BEKTa,
WJIM BBOJIA TIOTIPABOK 32 OTKJIOHEHHUE pazMepa
KJIETOK OT HOMHUHAJIBHOW BEJIIMYHMHBI, H 00b-
€KT IO YMOJYAHUIO PacCMaTPUBAETCS Kak

HACAJTbHBIM;
3) cbeMKa JNOJDKHA IPOU3BOAUTHCS B XOPOLIO
OCBELICHHOM  IOMELICHUH,  HKEJIaTeIbHO

JTHEBHBIM CBeTOM. Jlydiiue pe3yabTaThl Tak-

xKe naeT gororpadupoBaHKe CO BCIIBIIIKOM;
4) mepen BBIMOJTHEHHEM CHEMKHU ammapar HeoO-

XOJUMO TIEPEBECTU B PYUHON PEXHUM CHEMKHU

U, M0 BO3MOKHOCTH, OTKJIIOYMTH JOMOJIHH-
TelIbHbIE ABTOMAaTHYECKHE HACTPONKU (Ha-
OpUMEp «UHTEJUIEKTyaJlbHOE yBEJIMYEeHUE
CHUMKOB»), KOTOpBIE€, BEPOSTHO, BHOCST
KOPPEKTHBBI B MOJY4YEHHOE H300paKkeHHeE,
O0COOEHHO, €CIIM 3TU WCIIPaBJICHUS IPOU3BO-
JATCS 32 CUET KaKUX-JIMOO MHUKCEIbHBIX Ie-
pEeCcUeToB;

5) Heo0X0AMMO OTKJIIYUTh aBTO(POKYCHPOBKY
B HCCJIEyeMOM ammapare M, €ciu 3TO BO3-
MOXHO, YCTaHOBUTb (POKYCHpPOBAaHUE «HA
0ECKOHEUHOCTh» (WJIM YCTAaHOBUTH TO (o-
KyCHOE PacCTOSIHUE, KOTOPOE BIIOCIIEICTBUU
OyJeT IPUMEHSTHCS 17151 paboThI);

6) nns Gonee TOYHOW YCTAaHOBKH ammapara xe-
JaTeJIbHO UCIOJb30BaTh IITATUB C YPOBHIMU
Ui (OTO- U BUIEOKAMep;

7) ’KenaTteabHO YCTAaHOBHTH TECT-OOBEKT Ha
POBHOM TOPU30HTAJIBHONW TOBEPXHOCTH C
BO3MOXXHOCTBIO HAJE)KHOW (HUKCAIMU YTIia
HaKJIOHA WM Pa3BOpOTa;

8) HEoOXOIMMO MEHSTh JKCIO3UIUU OOBEKTa,
COXpaHssi MOCTOSHHBIM 3HAuY€HHE yrIja Ha-
KJIOHa TIUJIOCKOCTH OOBEKTa K IUIOCKOCTH
CHHMMKA.

[Ipu ogHOM SKCIIO3UIUU HEOOXOAUMO, YTOObI

U3 TPeX BO3MOKHBIX YIJIOB HAaKJIOHA M pa3BOpOTa

IUIOCKOCTH OOBEKTa OTHOCUTENIBHO IUIOCKOCTH
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CHUMKA, B UJieajie TOJbKO OJHMH U3 YIJIOB HAKIIO-
Ha OTJIMYaJICAd OT HyJs (MpPU 3TOM IUIOCKOCTb
00BEKTa HE MOXET OBbITh pa3BEepHyTa OTHOCH-
TEJILHO paMOK CHUMKA). Ecnmm y oObekra yron
HAKJIOHA M Pa3BOPOTa MPUOIU3UTENHHO OJMHA-
KOBble WM 00a yriia HaKJIOHa MMEIOT COMOCTa-
BUMBIC 3HAYCHUsS, OTJIMYHBIC OT HYJISA, KaIuo-
POBKa MpU TaKUX YCJIOBUSAX HE JACT MCTUHHBIX
pe3yJIbTaTOB.

C ucnonbp30BaHUEM JAHHOTO MPOrPAMMHOTO
KOMIUIEKCA B XOJI€ MCCIIEOBATENbCKUX paboT
KauOpoBaJIMCh JBE ObITOBBIE Kamepbl Canon
PowerShot A 410 u Sony Caber-Shot W 210,
HMMEIOIIUE CTaHAAPTHYIO ONTUKY CPETHEro Kiac-
ca, C XapaKTepUCTHUKaMU OOBEKTUBOB, IMPUCY-
MIMMH OOJIBIIMHCTBY COBPEMEHHBIX HEMETpUye-
CKHX ChEMOYHBIX CHCTEM. ATIMapaThl TO3BOJISIOT
BBITMOJHATh ChEMKY INPHU TMOJHBIX PYYHBIX yCTa-
HOBKaX, OTKJIIOYas aBTOMATHUYECKYIO (HOKYCH-
poBKy. OGe KaMepbl UMEIOT BCTPOCHHBIN cTa0Ou-
nu3atop. PasnuyHple BapuaHTBI TPOBEICHHBIX
ChEMOK C MCIOJIB30BaHMEM YKa3aHHBIX (oToar-
MapaToB IO3BOJIWIM TOJYYUTh CTaOWIIbHBIE B
npenenax HECKOJNbKHUX IMUKCeNlel 3HaueHus dJie-
MEHTOB BHYTPCHHETO OPHCHTHPOBAaHUS. 3Haue-
HUSL KOA((PUIIMEHTOB AUCTOPCUU BapbUPYIOTCS
OT CbEMKH K ChEMKE B IpEaeax JIECATUTHICIY-

HBIX MUKCEJNS, YTO CBSI3aHHO C MEHbIICH, Cy0-
MUKCEIbHOU, Pa3psIHOCTHIO CAMUX BEJIMYHH.

[Io wTOramM MPOBEJECHHBIX OIBITOB MOXHO
3asiBUTh O BO3MOXKHOCTHU KaJHUOpPOBKU HEMETPH-
gyeckoro (oroarmmapara ¢ MCIOJIb30BaHUEM IPO-
rpammHoro komiuiekca GML Camera calibration
Toolbox v 0.4. 1151 TOro 4To0bI CIENIaTh BEIBOIbI
0 KadecTBE IOJIYYEHHBIX Pe3yJIbTaTOB, HEOOXO-
JUMO OBIJIO MPOU3BECTU HX OLEHKY TOYHOCTH.
Jly1s 3TOrO OBUT BBHIMOJIHEH PSii ChEMOK B OJIMHA-
KOBBIX yclOBHsX. MccienoBanuch te e (Gorto-
armapatel: Canon PowerShot A 410 ¢ paspernie-
HUeM Matpuibl 3,2 mrioke u Sony Caber-Shot W
210, ¢ pa3pemienueMm MaTpuisl - 12,1 Mrke, - npu
IBYX (PUKCHPOBAaHHBIX YCTAHOBKAX IMPENEIBHOTO
(OKYCHOTO PAaCCTOSHMSI OOBEKTUBA KaXIbIH.
s anmapara ¢pupmel Canon 1 anmapara GUpMBI
Sony 6b110 BEITIOHEHO 110 10 CheMOYHBIX cepuit
JUIA KOKAOH M3 ABYX (PHMKCHPOBAHHBIX YCTaHO-
BOK MpeJeNbHbIX (DOKYCHBIX paccTosHUN. CheM-
Ka IMPOM3BOAMIIACH NPH CTAOMILHOM YIJIE Ha-
KJIOHa O0BEKTa B OJMHAKOBBIX YCIOBHSIX MpU 8
NO3HIUAX 00BEKTa B O/THOM CepHUu.

Bce cnhemounble cepuu 00pabaThIBAIUChH B
nporpamme GML Camera Calibration toolbox v
0,4. TlomydyeHHble 3HAYEHUSI OIEHUBAIUCH IO
dopmyne beccens. Pe3ynabpraTtel mpoBeIEHHBIX
paboTHI TpeicTaBlIeHbI B Ta0M. 1.

Tabnura 1

DIIeMEHTBI BHYTPCHHET'O OPUCHTUPOBAHUA U KOS(l)(I)I/II_II/IeHTBI AUCTOPCUU

Canon PowerShot A410 Sony Caber-Shot W 210
fMm 54 mf(MKm) 4,4 fMm 5,35 mf(MKm) 7,8
fpix | 2505 mf(pix) 2 fpix | 3542 mf(pix) 5
X 1022 mx(pix) 2 X 1986 mx(pix) 5
f max y 747 my(pix) 1 y 1533 my(pix) 5
k1 |-0,128 | mk1(pix) | £0,002 | k1 | -0,204 | mk1(pix) | 0,002
k2 |+0,059 | mk2(pix) | £0,009 | k2 | +0,187 | mk2(pix) | +0,004
t1 |+0,0001 | mt1(pix) |+0,0001 | t1 |+0,0008 | mt1(pix) | +0,0003
t2 |-0,001 | mt2(pix) | #0,001 | t2 |-0,0005 | mt2(pix) | +0,0002
fmm 17,3 mfMKm 28,6 fmm 21,4 mfMKM 17,1
fpix | 7760 mf(pix) 13 fpix | 13054 mf(pix) 11
X 1010 mx(pix) 8 X 1008 mx(pix) 8
£ min y 810 my(pix) 6 y 808 my(pix) 6
k1 |-0,018 | mk1(pix) | £0,005 | k1 | +1,105 | mki1(pix) | +0,008
k2 -0,9 mk2(pix) 10,2 k2 -6,70 | mk2(pix) | 0,38
t1 |1-0,0010 | mt1(pix) |£0,0002 | t1 | +0,008 | mt1(pix) | +0,001
t2 1-0,0044 | mt2(pix) |+0,0002 | t2 | -0,005 | mt2(pix) | +0,001
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[To momydeHHBIM NOaHHBIM AJISI MPHONU3U-
TEJBbHBIX PACYETOB MOYKHO BBIYHUCIIMUTD IS KaXkK-
JI0T0 U3 KaTMOPOBaHHBIX (hOTOANIIAPATOB pa3Mep
IIUKCEJI B MUKPOMETpaXx.

Tak ms ¢potoanmapara Canon PowerShot A
410 Ha oOBekTHBE (hoTOAMMApaTa yKa3aHbl Ipe-
nenpHbIE (QOKYyCHBIE paccTosHus: 5,4 mm u 17,3
MM. WX 3HaueHUs B NMHKCENSAX, MOJyYEHHBIE B
pesynbrare kanmuopoBku — 2505 pix u 7763 pix,
COOTBETCTBEHHO. Torzia MOYKHO COCTaBUTb IPO-
MOPLHUIO:

lpix _x,, (1)
f‘pix fMM

Hcnone3yss 00a mnpeaenbHbIX (HOKYCHBIX
pacCTOsIHUS M MOJCTABIAA MX 3HAUYEHUS B IUK-
CeJIsIX M MWUIMMeETpax B ypaBHeHue (1), momy-
guM | pix = 2,2 MKM.

AHaJOTrMYHO pACCUMUTHIBAJICS pa3Mep IHUK-
censs ans Qoroannapata Sony Caber-Shot W
210. Ha oObexTtuBe (QoTroanmnapaTa yKa3aHbI
npenensHble (PoKycHble paccTosHus: 5,35 MM U
21,4 mm. X 3Ha4eHUS B MTUKCETSAX, MOTYyYCHHBIE
B pesynbraTe KaauOpoBku — 3542 pix u 13054
piX, COOTBETCTBEHHO. Torza MOXHO COCTaBUTh
nponopuuio (1), 1 moay4yuTs B pesysbrate 1 pix
= 1,55 mxm. [lo utoram npoBEIEHHOW OLEHKHU
TOYHOCTH BO3MOXHO YTBEp)KIaThb, YTO JUIs Ka-
Mepbl Canon PowerShot A410 snemeHTH! BHYT-
pennero opueHtupoBanus (IBHO) nosyueHs! co
CpeIHEeW KBaApaTUUECKOW OIMOKOW HE MPEBHI-
maromieit CKIT uzmepenust KoopauHaT TOYEK Ha
caumkax. Kpome Toro, ykazaHHasi TOYHOCTb IO-
ayyenus OBHO s xamepsl ¢upmsl Canon co-
OTBETCTBYET TOYHOCTH onpenenenus IBHO
METPUYECKHUX KaMmep (Kak MpaBumiIo 2 — 5 MKM).
Ha ocHoBe 3T0r0, MOXHO CeIaTh BBIBOJ O BO3-
MO>XHOM JOCTAaTOYHO BBICOKOM TOYHOCTH OIIpe-
JICJIEHUS] 3JIEMEHTOB BHYTPEHHEIO0 OPUEHTHPOBA-
HUS C HCIOJb30BAHUEM HPOTPAMMHOIO KOM-
wiekca GML Camera Calibration Toolbox v 0.4.
U O LeNecooOpa3HOCTH NPUMEHEHHUs IaHHOTO
KOMIUIEKCa JIJIsi TIOJIHOW KaJMOPOBKH OBITOBBIX
mudpoBsix Kamep. Ho mpu 3TOM HeoO6Xoaumo
y4ecTb, 4YTO MporpaMMublii komrmuieke GML
Camere Callibration Toolbox v 0.4 co3naBaics

o (X"~ XD)4a, (0" ¥ vay 2" ~20)

HE I pelIeHUs 3a/1a4d GOTOrpaMMETPHUH; aBTO-
PBI IPOTPAMMBI HE PACKPBIBAIOT T€ AJITOPUTMBI,
KOTOPBIC 3aJI0)KEHBI B MPOLIECC BBHIYUCICHUS Ta-
paMeTpoB KaMepbl U B MPOIECC MUCIPABICHUS C
WX HCIIOJIb30BAHUEM CHHMKOB 32 JMCTOPCHIO.
Kpome Toro, B mpotokosiax mporpaMmsl, cojaep-
KAIllUX DJIEMEHTHl BHYTPEHHETO OPUEHTHPOBA-
HUS U KOO(POUIMEHTHl AUCTOPCUHU, YKa3aHBbI
TOYHOCTH OTIPEJICIICHUS ITHX MapaMeTpoB, U CO-
[JIACHO TPEICTABIAEMbIM JAaHHBIM, 3HAYCHUS
OIIMOOK — CyONUKCENbHBIC BETUYHHBI, — TOT/Ia
KaK IO pe3yJibTaTaM OIEHKM TOYHOCTH TMOJY-
YaeMbIX BEJIMYUH TI0 OTKJIOHEHHUSM OT CPEIHETO
(mo dopmyne beccens) OMBITHBIM ITyTeM ObLIH
MOJTyYEHBI CPEIHUE KBAIPATHUECKHUE MOTPEIIHO-
CTH OTpeZieNIeHUs] BETUYMH B MIpeJieiaX HeCKOIb-
KUX IUKceaeil. B ¢BsA3M ¢ 3TUM HEOOXOIUMO ObI-
JI0 TIPOBECTU KAIMOPOBKY HUCIBITHIBAEMBIX KaMep
[0 MHOM, aJbTEPHATHUBHOM MPOTpPaMMe, ¢ LEIbI0
MOJITBEPXKJICHUSI WU OMPOBEP)KEHUS IOTyUYEH-
HBIX pe3ynbTaTtoB. [l sToro ObUT co3maH 00b-
e€MHBIN KaauOpoBo4HBIH ToymroH ['Y3-12 (B ay-
mutopun 12 xadenpsr aspodororeonesnn ['Y3a),
npeacTaBisionuid  coboit 190 3akoopauHHPO-
BaHHbIX Mapok (puc. 9) c¢ CKII nmonoxxenus
Mapku mp = 5 mMm. [lonuron nmo3Bosser obecme-
YUTH pa3Indue KOOPAHMHAT IO YJAJICHHOCTH B 3
M TOpU MaKCHUMaJbHOM YyAaJ€HUH OT CpeaHei
IJIOCKOCTH MOJIATOHA B 7M.

Omnpenenenue 3JEMEHTOB BHYTPEHHEIO H
BHEIITHETO OPUEHTHPOBAHUS U MapamMeTpPOB IHC-
TOPCUU TIO pe3yJibTaTaM H3MEpeHHi H300paxe-
HUH OMOPHBIX TOYEK HA IU(POBBIX CHUMKAX OC-
HOBAaHO HAa COBMECTHOM pELIEHUH CHUCTEMBI
YPaBHEHU, KOTOPBIC COCTABJISIFOTCS JJIsT KaXKIOM
U3MEpPEHHON Ha HU(POBOM CHHUMKE TOYKHU TECT-
00BeKTa. DTH YpaBHEHHSI HIMEIOT BH/I;

X, —(x,, +V)=0;

8blY 2
z,.,—(2,, +V)=0. @

6blY
WIH, BBIpaXkasi BBIYMCIICHHBIE KOOPJAUHATBI M30-
OpakeHHUsI C HCIIOJIb30BAaHUEM YypaBHEHHUH KOJI-
JIMHEAPHOCTH:

Xo+f

b( X" =X +b,(Y =Y )+b(Z" -Z))
a (X" -XD+a, " =YY +a, (2" -Z0)

(x,, +dx)=0;
(3)

Xo+ f

b(XT =X+, Y] +b(Z" - Z])

(xu&w + dx) = 0’
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rae dx, dz — TONpaBKU B M3MEPEHHbBIC Ha
CHUMKE KOOPIMHATBHI X, Z W300pa)KEHUs] TOUYKH
TECT-00bEKTa 32 TUCTOPCHIO OOHEKTUBA!

dx=(x—x,)rk, +r'ky)+

+[r2+2(x—x0)2]p] +2[(x=x,)(z=2()]p,; (4)

dz=(z-z, Yk, +7rtky) +

+2[(x—x,)(z—2)]p, +[r? +2(Z_Zo)2 1P,

B KOTOPBIX kl,k2 — KO3pPUIMEHTH paau-
anpHOM muctopcuu; pl,p2, — KOA(DGUIHCHTHI

TaHTeHIMAJILHON TUCTOPCUU OOBEKTHBA, I - pa-
JINyC-BEKTOP TOYKHU:

—

r=yJ(x=x,)% +(z-2,)°. (5)

Jlnst pemienust ypaBHeHu Buaa (3) HeoOXo-
TUMO pacrojiarath reo/Ie3MUYeCKUMH KOOpPIWHA-
TaMH MapoK M KOOpIWHATAMH HW300pasKeHUH
OTIOPHBIX TOYEK, M3MEPEHHBIMH Ha IM(PPOBBIX
cauMKax. [locnenHue mpenBapuTebHO HEOOXO-
JTUMO WCIIPAaBUTH 3a AUCTOpcHto. JlJis 3Toro, uc-
N0JIb3ysl YpaBHEHUs BHUJA (4), C TOMOIIBIO KOTO-
PBIX BBIYUCIAIOTCS TIOIPAaBKHM B KOOPAWHATHI,
U3MEpEHHbIC HA CHUMKaX.

Puc. 9. [Tomurou I'Y3-12

Jnis xanuOpoBKU MO aJbTEPHATUBHOM Me-
toauke ObuT BHIOpaH anmapar Canon PowerShot
A 410, xak oOmagaromieli 0ObEKTUBOM C MEHb-
el TUCTOPCUECH.

Jns  ynpounieHuss BBIYMCIICHMM CHadalla
ObUIM paccuMTaHbl MOMPABKH 32 JIUCTOPCHUIO
00BEKTHBAa B KOOPAMHATHI TOYEK, M3MEPECHHBIC
Ha cHuMKax. [locne mpoBenenus psaa npuodIu-
KEHUH OBLIM TOJY4YEeHbl OKOHYATEJIbHBIC 3Haue-
HUS, TMO3BOJISIOIINE BBIYUCIUTH T'€OIE3UUECKHE
KOOpJMHATBhl MapoK TECTOBOI'O IOJINTOHA C TOY-
HOCTBIO HE XYy>K€ TOYHOCTH OIPEACIICHHS ITUX
KOOpJAMHAT Teofe3udeckumM MeronoM. [loatomy

KOOpJMHAThI, U3MEPEHHBIE HA HEHMCIIPABJICHHBIX
canMkax kamepbl Canon PowerShot A 410 nHa
H®PC «Tanka» B cucTeMe KOOPAWHAT CHUMKA U
WCIIPABJICHHBIE B pE3yJIbTaTe IEPECUYETOB, BO3-
MOXKHO CUUTaTh CBOOOJHBIMH OT JUCTOPCHUH.
OTH KOOpJAMHATHI B JAJIbHEMILIEM HCIOJIb30Ba-
much i Beraucienns 9BO u DBHO uzobpaxe-
HUMH.

CBsi3p KOOpPAMHAT TOYEK MOJIMIOHA U H30-
OpaxxeHHI MapoK Ha CHHUMKax BbIpa)kaercs
YPaBHEHUSAMU KOJUIMHEAPHOCTH MJIs1 Ha3eMHOMU
CBEMKH:
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X" =xI+@" ¥

z'=Z;+(@" =)

al(x_xo)+a2f+a3(z_zo),

b(x—xy)+b, [ +by(z—2z,) ’

HeusBecTHbIMU B JaHHOM ciy4yae OyayT
SBIISATHCS MSATHAALATH JIEMEHTOB JAHHBIX ypaB-

o r I r
wennit: Xg,Yg ,Z;, - reose3ndeckue KOOpu-

HaTHl LEHTpa QoTorpapuposanus; d,,b;,c,
HAIPABISAIOMUE KOCHHYChl (DYHKIHH YIJIOBBIX

3JICMEHTOB BHEITHETO OPUEHTUPOBAHHS, X5 Z( ,

f — DIIeMEHTbl BHYTPEHHETO0 OpPUEHTHUPOBAHMUSL.
W3BecTHbIMU OynyT BBICTyHaTh T€0/€3MYECKHE

r yr -
KoopauHaThl Mapok nomurona X ,Y ,Z° | m

KOOPIMHATHI N300paKEHUH MapoK, U3MEpPEHHbIE
Ha CHMMKE X U z. MOXHO IOMTH KIIACCHYECKUM
IyTEM U COCTaBUTb YPABHEHMs IONPABOK, IPO-
muddepeHpoBaB ypaBHEHUs (6) OTHOCHUTENb-
HO IIATHAJLATH HEU3BECTHBIX. B pesynbpraTe no-
Jy4aTcsl TPOMO3/IKME BBIPAXKEHUsSI, BbIUHUCICHHE
KOTOPBIX SIBISIETCS BecbMa TPyAOEMKHM. B 1e-
JSX YNPOIIEHUS BbIUMCICHUH BO3MOXKHO BOC-
nosnb3oBatbess (pyHkiuen «Iloucka pemenuii» B
Excel crammaptHoro makera Office. Moaynb
«Ilouck pemeHus» HanpaslIeH Ha ONTHUMH3a-
LMIO0 BBIYUCIICHUHN U MO3BOJIIET HAXOAUTH pelle-
HUSl HEJIUHEHHBIX ypaBHEHUM, MCIIONIB3Yys UX B
npsiMmoM Buze. O4eBUIHO, YTO NIl ONPEIETICHUS
IATHAATH HEU3BECTHBIX HE HYXHO Oyner co-
CTaBJISATh AUPPepeHnanbable ypaBHeHus. Jloc-

(6)
o (x=xy)+e,f+e(z—z)
b (x—xy)+b,f +by(z-2z,)
TAaTOYHO IMpaBUJIBHO YCTaHOBHUTD LECJICBYIO

(GYHKIUIO ¥ OTpaHUYCHHUS.

B pesynbTaTe pemieHus CUCTEMBI ypaBHe-
HUH B MporpaMMupyeMoM Kanbkymstope Excel,
MOJTy4aeM TIONPABKU K TPHUOJIMIKEHHBIM 3Haye-
HusM OBO u OBHO, u, 3aTeMm, caMu 3HAYCHUS.
Takum o00pa3oM OBLTM HaWIEHBI 3JIEMEHTHI
BHEIIIHETO Y BHYTPEHHETO OPUEHTUPOBAHHUS IO
JIEBOMY U TIPABOMY CHHUMKAaM CTEpEOomaphl ¢ U30-
OpaxeHUsIMH 00BEMHOTO KaTMOPOBOYHOTO TIO-
murona ['Y3-12, cnenanubiM anmapatom Canon
PowerShot A 410. JIns HaXOXICHUS HEU3BECT-
HBIX HCIOJIb30BAIMCH KOOpPAWHATHI 18 TOUEK,
MaKCUMaJdbHO OJM3KHX K Kpal CHHUMKa. B pe-
3yJIbTaTe TMOJY4YeHbl 3HAYEHUS HCKOMBIX dJie-
MEHTOB, MIpe/ICTaBJICHHbIE B Ta0M.2.

DONeMEHThl BHEIIHETO OPHUEHTHUPOBAHUS,
MOJTy4YeHHBIE B pe3yibTare pa3BUTHS (HOTOTPH-
anryssinuu Ha L{OC «Tanka» u 31eMeHThl BHYT-
PEHHEro OpPUEHTHPOBAHHUSA, MOJIyYECHHBIE B pe-
3yJbTaTe KaJUOPOBKH C HCIIOJIB30BAHHEM IIPO-
rpammHoro kommiekca GML Camera Calibra-
tion Toolbox v 0.4, uMerOT 3Ha4YCHMUSI, TIPEACTAB-
JICHHBIC B Ta0J1.3.

CpaBHeHHE PE3YyJIbTATOB KAJTHMOPOBOK IO
IBYM METOIMKaM IMpeJICTaBiIeHO B Tabm.4.

Ta0mnuua 2

DeMEeHTHI BHEIIHETO U BHYTPEHHET0 OPUEHTUPOBAHMSL, ITOJIyYEHHBIE C UCIIOJIb30BAHUEM MOJTYJIs
«ITouck pemenus» B Excel

J1eBbIi CHUMOK lNpaBbii CHUMOK
x0=-1,999 | z0=21,000 | f=2505,000 x0 =-1,999 z0=21,000 | f=2505,000
Xs =12,845 | Ys =50,831 Zs =99,160 Xs=12167 | Ys=52,191 Zs =99,132
Hanpasnsitouwme KocMHyChbl, Kak YHKLUMM YINIOB HAKIMOHA 1 pa3BoOpoTa CHUMKOB
1 2 3 1 2 3

a |-0,410725403 | 0,912158408 | 0,016216887 |a | -0,382092605 | 0,923971810 | 0,005502470
b |0,912004570| 0,410373095 |-0,012336039 |b | 0,924482117 | 0,382142034 | -0,014978065
c | 0,019877427 | -0,004567943 | 1,000000000 |c | 0,025738116 | 0,021810906 | 0,999404153
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pazButHs potoTpuanrysiun Ha LIOC «Tanka»

Tabmnuua 3

DneMEeHTHI BHEIIHETO U BHYTPEHHETO OPUEHTUPOBAHMSI, [TOJIyYEHHbIE B Pe3yJIbTaTe KaTUOPOBKH U

JleBbIn CHUMOK

[NpaBbln CHAMOK

x0 = -2 z0 =21 f = 2505 x0 =-2 z0 =21 |f=2505
Xs = 12,863 Ys = 50,843 Zs = 99,161 Xs =12,162 | Ys = 52,195| Zs = 99,141
HanpaensitoLme KOCUHYChbI, Kak (OyHKLMW YIIOB HaKoHa M pa3BopoTa CHUMKOB
1 2 3 1 2 3
-0,410814247 0,911707783 | 0,016295726 |a|-0,38165598|0,923943180(0,005503556
0,911573422 | 0,410654617 | -0,012316805 |b|0,924183478|0,381909164(-0,014953538
0,019916859 | -0,004535757 | 0,999791351 |c|0,025840084(0,021780514| 0,99965094
Ta6muma 4
PacxoxxieHust B OoJy4YeHHbIX pa3HbiMH criocobamu 9BO u 9BHO
NneBbIN CHUMOK npasbln CHAMOK
Ax0 Az0 Af Ax0 Az0 Af
0,001 0 0 0,001 0 0
AXs AYs AZs AXs AYs AZs
-0,018 -0,012 -0,001 0,005 0,004 -0,009
A1 A2 A3 A1 A2 A3
8,88E-05 | 0,000451 | -7,9E-05 [ Aa| -0,00044 | 2,86E-05 | -1,1E-06
0,000431 | -0,00028 | -1,9E-05 | Ab| 0,000299 | 0,000233 | -2,5E-05
-3,9E-05 | -3,2E-05 | 0,000209 || Ac| -0,0001 | 3,04E-05 | -0,00025

Ha ocHOBaHuU pacdeToB, MPUBEIECHHBIX B
Tabn. 4, MOXKHO CJENaTh BBIBOJ, YTO 3HAYCHHUS
nuHeHbix JBO, Halinenubx npu nomoniu «Ilo-
ucka pemieHuit» (tabn.2) ormmmyarorcs ot OBO,
MOJIyYeHHBIX M3 (QoToTpuaHrynsiuu (Tadmn.3) B
npejenax JByX CAaHTUMETPOB (OrpaHUYEHUE I0-
npaBok B JuHelHble OBO : £5 cm). YrioBsie
OBO paznuuaoTcss B Ipeaenax HECKOJIbKUX

€JMHHI] B CTETICHU 10_4, YTO JacT pasziaudue B
OBO B npenenax HeCKOIbKUX MUHYT. [Ipu 3TOM
9JIEMEHTHl BHYTPEHHETO OPUEHTUPOBAHUS, Hall-
neHnble «IlorckoM pelieHui» TpakTHYeCKH He
OTIIUYAIOTCSI OT AJIEMEHTOB, TOJYUYEHHBIX B pe-
3yJibTaTe KaJuOpPOBKU IPU MOMOIIM KOMILIEKCa
GML Camera Calibration toolbox v 0.4.

Ha ocHOBaHuU 3TOr0 MOXHO 3aKIJIFOYUTH,
yTo nporpaMMmHuelii komiiekc GML Camera
Calibration toolbox v 0.4 sBnsercs pabounum am-
apaToM, ¢ TOMOIIBI0 KOTOPOTO BO3MOXHO IIO-
Jy4yaTh DJIEMEHTHl BHYTPEHHEr0 OpPUEHTHPOBA-
HUS C JIOCTAaTOYHO BBICOKOW TOYHOCTHIO. Kpome
TOT0, MPOTPAMMHBIA KOMIUIEKC TMO3BOJSET HC-
MPaBJISATh MUPPOBBIC M300pAKECHUS 32 BIUSHHUE

TUCTOpCcHH 00BbeKTUBa. B cirydae, koraa nucrop-
CHSl HE CIIMIIKOM BEJIMKA, U300paKeHHsI OCBOOO-
KAAIOTCST OT €€ BIMSHHS NMPAKTUYECKH IOJHO-
cteto. McnpaBnenue KOOpAuHAT 3a JAUCTOPCHUIO
MO0 BTOPOW METOAMKE (C HCIOIb30BAaHHEM O0b-
€MHOTO TMOJUTOHA) — JIOBOJBHO TPYIOEMKUIA
MPOLECC, MOJIpa3yMeBaIOIINi BbIUMCICHUE WH-
TUBUAYATBHBIX KOY(DPUIHMEHTOB AUCTOPCUU IS
KaXKIOr0 CHUMKa (T. K. ONBITHBIM IIyTEM OBLIO
YCTaHOBJICHHO, 4TO KO3(PPHUIMEHTH! IUCTOPCUH
JUIsl CHUMKOB, CJII€JIaHHBIX OJIHOM CBHEMOYHOM
CUCTEMOMW, HE HWHBapHaHTHbI). Torma Kak wuc-
MpaBJIEHUE CHUMKOB B BIIPOrPaMMHOM KOMILIEK-
ce GML naer pe3ysbTaThl HE XYK€, YEM METO-
JIMKa C MCHOoJb30BaHMEM ItojimroHa 1'Y3-12, HO
MO3BOJIIET OJHOMOMEHTHO B aBTOMAaTHYECKOM
pEeXHME CKOPPEKTUPOBATh BCE N300paxKeHHeE.

[ToaTromy MOxHO yTBepxkaatTh, uto GML
Camera Calibration toolbox v 0.4 BmoJHe meie-
CO00pa3HO MPUMEHATH I KaJTMOPOBKU OBITO-
BBIX HEMETPUYECKUX Kamep, C LEeIbI0 HCIOIb30-
BaHUsS TIOCIEAHUX JJIsl HYXI T'€OJE3UUd U apXu-
TEKTYPBHI.
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[lenecooOpa3HOCTh MPUMEHEHHUS TIPO-
rpaMMHoro komiiekca GML gnsi monHoOM Ka-
TUOPOBKM W TOCIEAYIOIMIETO  HCIPaBICHUS
CHUMKOB 3a JIUCTOPCHUIO TOJATBEPKIAIOT TaKKe
JaHHBIC, MPUBEACHHBIE B Tab1.5, KOTOpas co-
JEP>KUT Pe3yibTaThl CIEAYIOIIEro dTamna padorT.
Crnenyromum 3TanoM padoT SBIIOCH TIPOBEICHHE
OLICHKM TOYHOCTH IIOJIy4aeMbIX MO OBITOBBIM
CHUMKaM KoopawHat. [[ist 3Toro ObLIH mMoTyde-
HBI cTepeonapsl Ha moJuroH ['Y3-12, kotopeie B
nanpHelmem obpabateiBauck Ha [[DC Tanka.
[Tpu pa3BuTHe HOTOTPUAHTYIISALUY IO CTepeona-

pam, ucnoias3oBaiuch DBHO, nonaydeHHble B pe-
3yJibTaTe KaJIMOPOBKH, @ CTEpEeonapbl COCTOSIIH
U3 CHUMKOB, HCIIPABJICHHBIX 33 JUCTOPCHIO B
nporpaMmmMHoM Komiuiekce GML  Calibration.
TOYHOCTH OlLIEHUBAJIACH MO OTKJIOHEHUSM KOOp-
JIUHAT, TIOJyUYEHHBIX B pe3ysbTare pa3BUTHUs (o-
TOTPUAHTYJISIIIAA OT KOOPJAWHAT MAapoK, IMOJIY-
YEHHBIX B PE3yJbTaTe TAXEOMETPUUECKOU ChEM-
k. OneHeHHas TakMM 00pa3oM cpenHssl KBaj-
paThueckas MOTPEIIHOCTh KOOPAHWHAT IO HC-
MPABJICHHBIM CHIMKAM COCTaBHJIA MOPSIKA 6 MM
(Tabn.5) mist o6oux (hoToanmapaTos.

Tabnuua 5

OrneHKa TOYHOCTH re0Ae3nYeCKrX KoopauHar (1o pesyibraraM 00padoTku Ha [[DC «Tankay)

Canon PowerShot A 410

Sony Caber-Shot W 210

CHUMKM “cnpaBneHbl 3a AUCTOPCUIO

CHUMKW “cnpaBneHbl 3a AUCTOPCUIO

mx(Mm) | 4,89 |mm (mm) 0,03 | mp (6,2 || mx (MMm) 28 mm (MM) 2 mp | 30
my(mm) | 3,38 |mm (Mm) [0,02 |(MMm) my (Mm) 8,9 mm (MM) 0,6 | (Mm)
mz (mm) | 1,72 |mm (mm) |0,01 mz (MM) 6,5 mm (Mm) 0,4

Heo6xomuMo OTMETHTB, 4TO TIO CTepeorna-
paM BBIYHMCISUIUCH BCE TPH T'€0JIE3UYECKHE KOOp-
nuHatel X, Y, Z Mapok.

Jnst pa3pabOTKM TEXHUYECKHX IPOEKTOB
pecTaBpanuy KpynHbIX apXUTEKTypHBIX aHcamO-
Jeil oOMepHbIE YEepTEeKU COCTABISIOTCS B Mac-
mrabax 1:100 u 1:200. [{ns BBIIOIHEHUS 00-
MEpHBIX Pa0OT Ha CTaguM PabOUYMX YepTexel
TUTaHBI COOPY)KEHUH COCTABIIIOTCS B MacmTabax
1:20, 1:50. [5]

To4HOCTh OOMEpHBIX UepTekKeW yKazaHHBIX
MacIITaboB 00€CIEUMBACTCS ONPEICICHUEM KO-
OpJMHAT TOYEK C MOTPEHIHOCTBIO 5-20 MM, 4YTO
COOTBETCTBYET TOH TOYHOCTH, KOTOPOIO BO3-
MOKHO TIOJIYYHTh KaMepoW CpeaHero Kiacca,
OTKAIIMOPOBAaHHOW C TIOMOIIBID MOOMIBHOTO
TecT-00beKTa ¥ mporpaMmmMHoro komriekca GML
Camera Calibration Toolbox v 0.4. IlosTomy
MOYKHO YTBEpXKIaTh, YTO OOMEpHBIC UYEPTEKH
ApPXUTEKTYPHBIX COOPY)KEHUH U apXxeojoruye-
CKUX TaMSATHHUKOB II€JIECO00Pa3HO COCTABISAThH C
UCTIOJIb30BaHUEM LU(POBBIX OBITOBBIX MaJIO-
(GOpMaTHBIX KaMep, YTO 3HAYUTEIBHO YACUIICBUT
U obneryut mnpoBoauMble paboTel. Hambomee
NpOOJEMHBIA IO CETOAHSIIHETO ITHS BOIMPOC, —
BOMNPOC KaTMOPOBKM HEMETPUYECKHX Kamep H
WCTIPaBJICHUS HWCKaXCHHBIX IHCTOPCHEH H30-
OpaxeHuil, - ycnemHo u 3¢ppekTuBHO pemaeTcs
C TMOMOIUIBIO MPOCTOTO B MCIIOJIHEHHH TECTOBOTO

obbekTa m OecrutatHoro copra GML Camera
Calibration Toolbox v 0.4.
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VK 631.67

PEKUM OPOLHIEHUA 3BEMJIAHUKUA ITPU JTOXKIEBAHUN U
KAIIEJIBHOM I1OJIMBE

MODE OF THE IRRIGATION OF WILD STRAWBERRY AT OVERHEAD
IRRIGATION AND DROP WATERING
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AnHoTaums. /[aHa cpaBHUTEIbHASA OLIEHKA PEKHMOB
OpomI€HUuA 3CEMIIAHUKHU OOXKACBAHHUCM M KallCJIbHBIM
crocoboM. B 3aBHCHMOCTH OT €CTECTBEHHOW BIaro-
00ecrieueHHOCTH OTpeeNieHbl YNUCIO U CPOKH TOJH-
BOB, ITOJIMBHBIC U OPOCHUTECIILHBIC HOPMBI U paciipeac-
JICHHWE TIOJIUBOB IO MECSIlaM BEreTaluu. Y CTaHOBIIC-
HO, YTO TIPH KaIleJIbHOM OPOIIEHHH ITOJIMBHBIE HOPMBI
B TPH pas3a, a opocuteiabHbie — B 1,4-1,9 paza MeHbIIe
yeMm mpu JgoxzaeBaHuu. OTMEUYEHO, YTO HauOOJIbIIee
YHCIIO TIOJMBOB M HAUOOMBIINN 00EM OPOCHUTEIHHOM
BOJBI IPUXOAUTCS Ha a3y pocTa U CO3PEBAHHS SATOJ
3EMJISTHUKH.

KuwueBsbie ciaoBa: KamnenbHoe opollleHHE, NOXKAE-
BaHUE, KaICJIBHUIIBI, MOJUBHBIC TPYOOIIPOBOMBI, pe-
JKUM OpOIICHHUS, TIOJHMBHAS HOpPMA, OPOCUTENbHAs
HOpMa, YUCJIO TIOJINBOB, 3aTPaThI

KanenpHoe opoienue — crnoco0 opoiie-
HUS, P KOTOPOM YBJIQKHEHHE TTOYBBI OCYIIIe-
CTBIIICTCSI B 30HC MAaKCHMAaJIbHOTO Pa3BUTHS
KOPHEBOW CHCTEMBbI PAaCTCHUH, 4TO OOecreuu-
BaeT ee xopolryo adpamuio. [Ipu aTom criocobe
BOJIa paBHOMEPHO MaJJAr0IIUMHU KarUIsiMH 110/1a-

Abstract. The comparative estimation of modes of an
irrigation of wild strawberry is given by overhead
irrigation and drop way. Depending on natural mois-
ture the number and terms of waterings, irrigation
both irrigating norms and distribution of waterings on
months of vegetation are defined. It is established that
at a drop irrigation irrigation norms three times, and
irrigating — in 1,4-1,9 times it is less than at overhead
irrigation. It is noticed that the greatest number of
waterings and the greatest volume of irrigating water
is necessary on a growth phase and maturing of ber-
ries of wild strawberry.

Keywords: A drop irrigation, overhead irrigation,
droppers, irrigation pipelines, an irrigation mode, irri-
gation norm, irrigating norm, number of waterings,
expenses.

€TCsl HENpepbIBHO K KaXXJOMY pPACTEHUIO Ha
IPOTSKEHUH BCErO BEreTallMOHHOIO NEPUOAA B
KOJIMYECTBE, COOTBETCTBYIOILIEM BOAOIOTPEO-
JICHUIO JAHHOM KYJbTYpBI.

KanenbHOe opolieHne Mmo CpaBHEHUIO C
JPYTUMH CHOCO0aMHM  OpOIIEHUS HMEeT psif
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MIPEUMYLIECTB: IKOHOMHOE PacX0JOBAaHHUE BOJBI
(B 1,5-2 pa3za MeHbIIIE) U TIOBBIIICHHE YPOXKAM-
HOCTH KynbTyp Ha 20-50%. OnHako BBUAY BbI-
COKOWM CTOMMOCTH CHUCTEMBI KarelbHOTO Opo-
LIEHUs] TIPUMEHSIOT MPH BO3/AEIBIBAHUM BBICO-
KOPEHTa0ENIbHBIX MHOTOJIETHUX HAaCaXJICHUU
(cagpl, BUHOTPAIHUKH, ATOJAHUKU) M OrPAHU-
YEHHBIX BOJHBIX pecypcax.

[lonBHYIO HOPMY M pPacCUUTHIBAIOT IIO

dhopmyue:
m=100d «a-a, (FC—-A-FC), (1)

rae d, - rayOMHa pPacyeTHOro CJos, M; O -
IUIOTHOCTDH MOYBBHI, T/M3; ap = 0,15-1,0 — gons
TJIOIIAI TTUTAaHUSI PACTEHUM, TIOITICKAIINX YB-
JMQ)XKHEHUIO B 3aBHCHUMOCTH OT MPHUPOJHOHN 30-
Hbl, F'C - HaMMeHbIIasi BIIaroeMKOCThb, % MacCChI
aOCOJIIOTHO CYyXOM TMOYBBI; A - KO3(pHUIMEeHT
MIPENIOJIMBHON BIQKHOCTH TOYBBI, COOTBETCT-
BYIOILIEW HWKHEH IpaHUlEe ONTHUMAJIBHOIO YB-
JaKHEHUs, B JIONAX €AWHUIIBI; djp, MOXKHO OII-
penenuTs 1o hopmyie:

ahn = (nanl)/(blbz )’ (2)

IJle © — YUCIIO BOJOBBIITYCKOB IOJ OJHUM pac-
TE€HUEM; d,; — IUIOUIa/lb YBIIAXHEHUS OJHUM
MHKPOBOJIOBBIITYCKOM, M*; b; 1 by — COOTBETCT-
BEHHO PAcCTOSHUS MEX]y JEPEBbSIMU B PsIy U
MEX]y UX psilaMu.
[IpoaomKUTENEHOCTD TOJMBA OIpEe-
JSIFOT TPU OTCYTCTBUM (PUIBTPALIMOHHBIX I10-
TEPb B HIKEJIEKALIUE TOPU30OHTHI B 3aBUCUMO-
CTM OT pacyeTHON TINyOMHBI YBIAXHEHUS H
CKOPOCTH BIMTHIBAaHUS BOJbI B ouBy. [lonuBbl
MIPOU3BOJAT HOPMOM, COOTBETCTBYIOIIEH KOJIH-
YeCTBY BOJIbl, H3PACXOJIOBAaHHOW TOJEM B
MPEALIECTBYIOINE CYTKH, TO €CThb IOJINBHAA
HOpMa (MM):
m=ET

crop kbio krat At’ (3)
rae ETcop CyTOYHAsl ABaNOTPAHCIUpALKS,
MM; kp;o — OHONOTHYECKHN KOA(DDULIUEHT, YIH-
THIBAIOUIUNA POJIb PACTEHUNW B PaCXOJOBAHUU
BOMBI; Ay, — OTHOIIIGHUE YBIIAXHSIEMOU TUIOMIA-
IU K oOIIel IIomaau ydactka, Af — MeXIo-
JUBHOM NEPHUO/I, CYT.

Pexxum kamenbHOro OpOIICHHS CIETyeT
paccuuThiBaTh 1o roxy 95%- Hoil obecneueH-
HOCTH AedulUTa BOJONOTPEONCHUS ISl Hau-

0osiee HANPSDKEHHOTO ToJla B TEMIIEPaTypHOM
otHomeHn©O. CyMMapHOE BOJONOTpeOsICHHUE
(M’/ra) BEIMHCIAIOT MO (GOPMyTE C y4eToM
TEXHOJIOTHM HECIUIONIHOTO (JIOKAJIBHOTO) YB-
Ja>KHEHHS TUTOIIA M TTOJIS

ZEYZrop = kalkz dha > (4)
1 1

rae k, — Kod(h(OUIMEHT, YYUTHIBAIOLIUI JIO-
KAJIbHYIO TUIOMATh YBIAXHEHHUS, OIpeaeIise-
MBI 110 3aBUCUMOCTU

— 1

kal - /1+(1—f)2 d (5)

rae f — moka3areib OTHOCHTEIIbHOW yBIaXKHEH-
HOCTH y4YacTKa OpoIIeHus; k — K03 UIUeHT
MPOMOPIIMOHATEHOCTH, YUUTHIBAIOIIHA OHOIIO-
rudeckue (a3pl pa3BUTHS PACTEHUH W UX OCO-
6enHocTH; 2dp, — cymMMa IehHIUTOB BIAKHO-
CTH BO3JyXa 3a pacyeTHBIA Mepuoj; Haubosee
HANPSOKEHHOTO B TEMIIEPAaTypHOM OTHOIICHUU
rojaa.

Hamm wuccnenoBaHus NPOBOIWINCH B
coBxo3e UM. JleanHa MOCKOBCKOM 00JIacTH Ha
JEPHOBO-TIOA30JUCTBIX CpPEIHEe- U TAKEIOCYT-
JUHUCTBIX MouBax. KarmenbHas cucTeMa UC-
rojib3oBanach B onkiTe ¢ 2008 T.

OcHOBHOH 3a7a4€il TEXHOJOTHH TPOBE-
JIEHUS] TIOJIMBOB SIBIISIETCS HEIMPEPHIBHOE MOJ-
JIep’KaHUEe ONTUMAIBHOTO KOJIMYECTBA BIIATH B
KOPHEOOMTaeMOM CJIO€ MOYBBI, KOTOPOE 3aBH-
CUT OT OMOJIOTHYECKHX OCOOCHHOCTEH KYJIbTY-
pel, OT (U3MYECKMX U BOAHO-(PUINYECKUX
CBOICTB IMOYBBI, OT CITIOCOOOB ITOJIMBA U PETHO-
Ha OpolIeHHs. B 3aBHCHUMOCTH OT KJIMMaTHye-
CKHX, TOYBEHHBIX W THAPOTCOJIOTHYECKUX YyC-
JIOBHI MapaMeTphbl pexuma OpOIICHHUS CyIIe-
CTBEHHO U3MEHSIOTCS.

[Ipu onpeneneHnn OpoCUTEIHHBIX HOPM
VYHTBIBAINCH  METEOPOJIOTHYCCKHE  YCIOBHS
KOHKpeTHOro roja. [lomuBHBIE HOPMBI OMpee-
JSUTHCh HIDKHUM TTOPOTOM BJIQXKHOCTH TIOYBBI -
He meHee 70% HB, mpu koTtopom mpoTekaroT
HauOosee OJaronpusaTHO OMOJIOTMYECKHE MpO-
1ecchl B mouse. [locie Kaxaoro moyivBa BiaK-
HOCTh IIOYBBI PAaBHSJIACH BEPXHEMY IpelIeiy
onTHMalbHON BaaxkHoctH, T.e. 100% HB, a B
JaJdbHEHIIIEM OHA MOCTEINEHHO MOHMKAIach 10
JOTYyCTUMOTO HIDKHETO TIpenesa, Mpu KOTOPOM
COXpaHsIeTCS BBICOKAsl TPOJAYKTHUBHOCTH pacTe-
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Hui. CyMMapHBIii pacxoj] Bjaru OpolIaeMbIM
[I0JIEM Ha MCIAapeHHe ¢ MOBEPXHOCTU IOYBBI U
TpaHCTIUPALMIO PACTEHUI B MEPHUOJ MX BEreTa-
UM KOMIIEHCHUPOBAJICS NOJIMBAMM U BBIMAJAK0-
muMu  atMocepHbiMH  ocaakamu. Ompene-
JSIOIMME  (haKTOpaMHM BOJHOTO peKUMa I04YB
SBIISIIOTCSL aTMOC(EepHBIE OCAJKH, OPOLICHHE U
CyMMapHO€ HUCIIapeHHe.

IIpu BoO3nENBIBAHUU 3EMIISIHUKH JaXe
HeOOJIbIINE 3aCylITUBBIE MEPHOABI PE3KO CHU-
KaloT ee MPOAYKTHUBHOCTh. B mepuon pocra u
CO3pEeBaHMsl 3€MIISHUKU CHIDKEHUE BIIAXXHOCTH
IIOYBBI TOJBKO B T€YEHHUE OJHMUX CYTOK IPHUBO-
JUT K 3aMETHOMY YCBhIXaHHIO sroi. B 3aBucu-
MOCTH OT crHoco0a OpOIIEHUs! 3aMETHO H3Me-
HSUICA PEKUM OpOIIeHUsT 3eMISIHUKH. [Ipu mo-
JMBE J0XKJIEBaHUEM M yBIQ)XKHEHUH KOpHEOOu-
taemoro ciyosi mousbl 0-30 ¢cM pacdeTHbIe TO-
JMBHBIE HOPMBI B 3aBUCUMOCTU  OT HIpPEIIO-
JMBHOH BJIAXKHOCTH IOYBBI U3MEHSIIUCH B IIpe-
nemax 101-304 m’/ra, a mpu KamembHOM OpO-
LIEHNH, ¢ Y4eTOM 00beMa yBIaKHEHHS U ILIO-
a1 MUTAaHUS pacTeHui (Kod(pUIHEHT y4u-
TBHIBAIOLIMI OO IUIOIIAAN U HEMOJIHOTHI YB-
Ja)KHEHUs, a TaKK€ HEPAaBHOMEPHOCTh YBJIAXK-
HEHMs KOHTYpa M0 [NIyOuHe MO0 HAaIllUM JaHHBIM
B cpeanem coctasui 0,3) — 30,3-91,2 M/ra

[Torepu Bombl B aTMOcdepe BO BIaXK-
HbIE TO/ABl COCTaBISJIM B cpeiaHeM 7% OT Imo-
JUBHON HOPMBI HETTO, & B aHOMAJbHO CYyXOM
2010 r —13,3%.

B 2008 r. mosuBBl NPOBOJAWIKHCH B Iie-
puox ¢ 15 mas no 23 aBrycra. OpoCUTENbHBIM
nepuoj ipu 3ToMm coctaBui 100 nHet, a Mex-
IOJIMBHBIE MHTEPBAJIbI U3MEHSUIUCH B Ipelenax
7-14 nueii. KomnuecTBO MOJMUBOB U UX pacmpe-
JIeTICHUE OTPENENsIIOCh OCOOCHHOCTSIMU BBITIA-
JI€HUs aTMOCQEPHBIX OCaJKOB B TEUEHHUE Iie-
puoza Bereranuu. [1oauBel ObLTH MPOBEJCHHI B
(da3el nBeTeHUs W GOpMHpOBaHUS 3aBs3ed (4
II0JINBA), POCTa U CO3peBaHus Aroj (4 monusa)
U J1Ba NoJiuBa B (pasy 3aKJIaJiKu LIBETOYHBIX IO-
yek. B 2009 r Obu10 npoBeieHo 7 MOJIMBOB J0-
JKIEBaHWEM MOJUBHBIMH HOpMamu HerTo 180-
200 wm'/ra. OpocuTenbHbI NEpuof  MPOIOJI-
xainca 99 nueit ¢ 18 mas mo 25 aBrycra ¢ Mex-
MOJIMBHBIMU MHTepBasiaMu 12 — 20 gHelt B 3a-
BUCUMOCTH OT paclpeneiaeHuss ocaakoB. U3
o0I11ero KOJMYecTBa MOJMBOB IO JiBa IMOJIMBA
ObLIO MpoBeneHO B (pa3bl LBETEHUs U (Popmu-
pPOBaHHUs 3aBA3€H, pOCTa U CO3PEBAHUS STOJ U B

MEePHUOJT 3aKJIAJIKH 1IBETOYHBIX Mouek. OJIUH 1o-
auB ObuT TIpoBeAeH B (a3y ¢dopMHupoOBaHUS
ycoB. B TpeTuil roj BO3/€NbIBaHUS 3EMIISTHUKU
(2010 1) 3a mepuoJ BereTauu OBLJIO MPUBEICHO
23 monuBa Ao0XKJeBaHUEeM. B mepBblii nepuon
BEreTaluu Npu OOBIUHBIX ISl IaHHOM 30HBI TMO-
TOJTHBIX YCJIOBUU 10 16 MIOHS OBLIO MPOBEICHO
BCEro 3 MOJMBA, a B TIOCIEAYIONTUH KapKuii 0e3
ok ieBoi mepuoA Beretaruu (10 31 aBrycra) —
20 monuBoB. K nmonuBaM 3eMIISSHUKH NPUCTYMH-
JIM TIPU CHWKEHUU BiiaxkHocTH 1ouBsl 80% HB.
[TonuBHBIE HOPMBI HETTO MPHU J0XKIECBAHUU B
2010 r m3mensuucey B npenenax 170-290 M°/ra
Y OHU PaCCUUTHIBAIMCH HA yBIAKHEHUE KOpHe-
oburtaemoro cnost moussl 0-30 cM 10 HAaMMEHbB-
el BIaroeMKOCTH. B aHOManbHO KapKui me-
pHYOA TONUBHI TOXK/I€BAaHUEM MPOBOJIWINCH Ye-
pe3 3-5 nHe#l, a B Ha4aJIbHBIM MEpPUOJ BEreTa-
uuu uepe3 9-21 nenb. OpocurenbHas HOpMa B
2010 r. cocraBmma 5280 m’/ra. HamGombiee
KOJIMYECTBO TIOJMBOB OBLIO MPOBENEHO B (hazy
pocta u co3peBanus sron (11 moauBoB) u TO-
maHo 2590 M’/ra  OpOCHTENbHOM BOIBI HIIH
49,1% ot opocutenbHOW HOPMBL. bompnioi
00BEM OPOCHUTENHLHOM BOJIBI 32 7 TIOIUBOB OBLIO
nojaHo B (a3y 3aKJIaJKu IIBETOYHBIX MOYEK —
1580 m’/ra mmm 29,9% OT OPOCHTEIBHOIN HOP-
Mbl. B mepuoa popmupoBanust ycoB ObLIO TIPO-
BEJICHO 3 moyiuBa ¢ 00BEMOM TMOAAHHOW BOJIBI
760 m’/ra, uto cocramster 14,4% ot opocu-
TEJIbHOM HOpMBI. HauMmeHblllee KOJIUYECTBO
OpPOCHUTENbHOW BOJBI OBUIO MOJAHO B Hayale
BEreTalllU, B IIBETCHHE U ()OPMUPOBAHUE 3aBsI-
seit (350 m’/ra mwmm 6,6% OT OPOCHTENBHOI
HOpMBI). Pacripenenenrie OpocUTENbHONU BOJIbI
M0 MecsillaM BEereTaluu MpH J10KJI€BaHUU MPH-
BEJICHO Ha puc.1-2.

[Ipu kamenbHOM OpPOIIEHMH pacmpene-
JIEHUE OPOCHUTEJILHOW BOJBI B 3aBUCUMOCTU OT
€CTECTBEHHO BIJIar000ECIeYeHHOCTH Toja Co-
XPaHsUIOCh AHAJIOTMYHO TMOJUBY J0KIEBAHUEM.
JleTanbHO peXUM OpOIICHUS 3EMIISTHUKUA pac-
CMaTpUBAETCS MPHU CXEME PACIOJOKEHUS IO-
JUBHOTO TPyOONpPOBO/Aa HA IITyOMHE SCM OT Io-
BEPXHOCTH 3€MJIM M PACTIOJIOKEHUU KaTeJIbHUI
yepe3 33 cm. KomnuecTBo MOJIMBOB, MOJMBHBIE
U OpOCUTEJIbHBIE HOPMBI MPU KaIeJIbHOM OpO-
HIEHUH 3E€MJISIHUKH HW3MEHSUIUCh B 3aBUCUMO-
CTH OT TOTOJHBIX YCJIOBHH BEreTaliioOHHOTO
MeproJia U PACIIOIOKEHUS KaleJbHUI] HA TPY-
OOMpoBOJIe MPH CPEIHEM pPACXOJe KamlelbHUIL
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1,25 n/gac. Tak, mpu pacmoJOKEHUU Kareib-
HUII Ha TIOJIMBHOM TpyOompoBoje uepe3 33 cMm
BO BJIAHBIC IO €CTECTBEHHOW Biaroodecte-
YEeHHOCTH TOJIbl 3a NEepPUOJ BEreTaluu 3eMils-
HUKHU ObuTO mpoBeaeHo 19 monusoB B 2008 r u
18 mommBoB B 2009 1, a B 0CTpO3acyluLIMBOM
2010 r — 66 mosnuBoB. OOwIasi OpOCUTENIbHAS
HopMma B 2008 r. cocramia 960 M/ra u GbLIa
MEHbILIE, YeM IpH A0XkaAeBaHuu B 1,85 paza. B
TE€UEHHE BETeTAallMM IOJIUBBI PACIpEaesINCh
npuMepHO paBHOMepHO. [lo ¢azam pasputus
pacTeHHil 3eMIITHUKH MOJIMBBI paclpeaessiInuch
HEPAaBHOMEPHO M HMX IPOBEACHUE 3aBHCEIIO OT
KOJIMYECTBA BBIMAJAIONIUX OCaJKoB. Bo Braxk-
HoM 2008 1. HamboNbIIUK O0BEM OPOCHUTEIIb-
HOM BOABl OBbLI MOJAH B a3y «pocTa U co3pe-
BaHUSI SITOI.

Bo Binaxxnom 2009 r 3a mepuoj Bererta-
UM 3E€MJISHUKM TIPU KaneJdbHOM  OpOILIECHUU
JUISL  TIOJICpKAHMSI  ONTUMAJIBHOIO  peXUMa
MPEANOIUBHON BIQKHOCTU TOYBBI OBLIO TPO-
BeneHo 18 monuBoB B mepuox ¢ 18 mas no 24
aBrycTa IOJIHBHBIME HOpMaMu 33-57 M/ra c
OpOCHUTENIbHON HOpMOW 872 m/ra. Tlo CpaBHe-
HUIO C TIOJIUBOM JOKJ€BAHMEM OPOCUTENbHAS
HOpMa Oblia MeHblle Ha 488 M/ra WM Ha
35,9% (B 1,56 paza). B 2009 r maunbonpmuit
00BbEeM OpOCUTEHHOM BOABI OBLT TTO/IaH B UIOHE
U HI0JIE B OCHOBHOM B (ha3y pocta M co3peBa-
HUs AroJ. B 3TOT nepuo noauBbl MPOBOJMINCH
yepes 3-5 nHen.

B 2010 r, B mepBbIii nepuoj BereTanuu
3eMJISITHUKU KareJIbHbIe TOJUBBI MPOBOAMINUCH
yepes 3-14 nueit no 20 utons. 3atem, ¢ HACTYM-
JIEHUEM OYEHb KapKOil morojasl 10 25 aBrycra
MOJIUBBI MPOBOAMIIUCH €XKEIHEBHO WIIM 4Yepes
nenb. Beero 3a mait — asrycr 2010 r Obuto mpo-
BeICHO 66 MOJIMBOB MPHU CHUKEHUU BIIAXKHOCTH
nouBsl 10 80% HB nmonuBHbIMU HOpMamu 43-
68 M°/ra, paccUMTaHHBIMU Ha YBJIAXKHEHUE KOP-
Heoburaemoro cinost moussl 0-30 cM.

OpocurenbHasi HOpMa MPU TOM COCTa-
BHITa 3865 M/ra U GBI MEHBIIE YeM pH 10-
IMBe  mOKIeBaHMeM Ha 1415 M’/ra wim Ha
28,8% (B 1,37 paza).

HauGomnbiree KOTUYECTBO OPOCHTEIh-
HOM BOJIBI ¥ OOJIbIIIEE YHCIIO TIOJMBOB OBLIO TMO-
naHo B ¢azy pocTa U CO3pEBaHMS STOJ — MPO-

BeIeHO 32 moiuBa 1 nogaxo 1908 m’/ra opocu-
TEJIbHOU BOJBI, 4TO cocTaBisieT 49,9% ot opo-
CUTEIIbHOU HOPMBI.

Takum oOpa3om, MpH KameabHOM OpO-
[ICHUH OPOCUTENIbHAS HOPMa BO BIIQYKHBIE TOBI
cocraBmsuia 872-960 m’/ra, a B CyXOM TOIy
yBenuuunachk B 4,0-4,4 pasa u nocrurina 3865
M>/ra. Bo Bce TrObI UCCIIENOBAHUN HanOOIbIIIEE
YHUCJIO MOJIMBOB U HAWOONBIIUN 00bEM OpOCH-
TEIbHOM BOJBI MPUXOAATCS Ha a3y pocta H
CO3pEBaHMUS SATO.

Pacuer »koHomMuYeckor 3¢hdeKTHBHO-
CTH KAamNelIbHOTO OpPOIICHUS TMPUBEACHBI IS
3eMJISHUKU TIEPBOTO U BTOPOTO Tojia IIOAOHO-
meHusl. YuutbiBas, uro B 2008 r mpousBoACT-
BEHHBIHN yporkail He OBLI MOJyYeH, aHAIHU3 KO-
HOMUYECKOH 3(pPeKTUBHOCTH OBLT IPOBEACH O
pe3ynbTataM padoT M0 KarneabHOMY OPOIICHHIO
3emssiHukH 3a 2009-2010 r.r. ¢ yuerom mpous-
BoJicTBEeHHBbIX 3aTtpar 2008 1. IlomydeHHsbie
JaHHBIC CBUACTEILCTBYIOT O TOM, YTO Kalleib-
HOE€ OpOILEHUE 3EMIISIHUKH SBIISETCS SKOHOMHU-
YECKU BBITOIHBIM MEPOMPHUATHEM, IO CPaBHE-
HUI0O ¢ TmoiuBOM poxzaeBaHueMm. Cebecrou-
MocTh 3eMisiHUKHM B 2009-2010 r.or. mpu ka-
nejapHOM opomeHnd Ovima B 1,8-2,5 pasa
MEHBIIIE, TT0 CPABHEHHUIO C MOJHBOM JIOXK/EBa-
HUEM, a YUCTHII JOX0] OBLI MOJy4YeH OOJIbIIE B
2,0-3,6 pa3a B 3aBUCUMOCTH OT [1apaMETPOB Ka-
nenbpHOro opoueHusi. Eciau B koHTposie (1moaus
JOKIEBAaHUEM) YHUCTHIN 10X0 1 mpuObsLTs B 2009
r cocraBma 282,8 ThIC. pyOsei, To pu Karesb-
HOM OpOLIEHHMH OH YyBenunuwicsa a0 608,8-
1025,3 TeIc.pyOuieit, a B 2010r — ¢ 405,5 no
798,7-1196,9 ThIC.pybINIEH.

B coBxo3e wum. Jlennna MockoBckoi
obnactu 6a30Boe 000OpyAOBaHUE JIs KAelIbHO-
ro opoieHus Owl10 TIproOpeTeHo B M3pauie.
3arpatsl Ha ero npuoOpereHue cocraBuian 3640
nos/ra, win 109200 py6./ra. JonomHuTeIHO
OBLTM 3aKYIJICHBl OTEYECTBEHHBIC IIACTMACCO-
BbIC TPYOOIPOBOJIBI HU3KOTO JIABJICHUS B Kade-
CTBE MATUCTPAIBHBIX W paCIpeaeTUTEeIbHBIX
TpyOompoBooB Ha cymmy 7800 pyO/ra. Ilpwm
ATOM OOIIME KaluTalbHbIE 3aTpaThl Ha 1 ra Ka-
NeapbHOro  opomenuss  cocraswm 117000
py0./ra, KamuTalbHbIE 3aTpaThl OKYMAIOTCS B
TIEPBBIH YK€ T'OJT TUTOOHOIICHUS 3EMIISTHUKH.
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KAIIEJBHBIE OPOIIEHUE OBOLIHBIX KYJIBTYP B HEITAJIE
DRIP IRRIGATION OF VEGETABLE CROPS IN NEPAL

bxannapu bambsan bumana / Bhandari Bashyal Bimala

AcnupanT kadeapsl mouBoBeICHUS U 3eMienenus Poccuiickoro

yHHUBepcuTeTa aApyxkO0bl HaponoB / Graduate of Soil Science and

Agriculture of the Russian Peoples' Friendship University

e-mail: jornal@geo-science.ru

N N

Annoraums. IlpencraBieHsl pe3ylbTaThl HCCIETO-
BaHWU TIO BIUSHUIO MHHEPAIbHBIX YJIOOpeHHH Ha
PEXUM OpOILEHHS, BOAOMOTPEOICHUEM MPOAYKTHUB-
HOCTh PEITYaToro Jyka Ha aJUTFOBHAJBHBIX I10YBAX
Henana. YcTaHOBIIEHO, YTO € NOBBILIEHHUEM IIOpOTa
MIPEINOJUBHON BIaKHOCTU TOYBBI M J103 MHHEpalb-
HBIX YJOOPEHUH JTyKa MOBBIMIAETCS.

‘_Iw
'/

KuaroueBsblie cioBa: Jlyk penuarbliii, KaneabHOE OpO-
meHne MexdasHple MeproIbl MUHEPATTbHEIE yIo0pe-
HUS, BOJOMOTPEOICHNE, YPOKAHOCTb.

B nacrosmee Bpems B Henane npu BbI-
palMBaHUK OBOIIHBIX KYJIBTYp Ha OpPOIIAEMBIX
3eMJIIX LIMPOKOE PacCIpOCTPAHEHHBIE MOIYUMNII
MMOBEPXHOCTHBIN CIOCO0 TOJIMBA MO O0pO3/aM.
Ha HeKkoTOpBIX KpYyIHBIX CEIbCKOXO3AMCTBEH-
HBIX IPENIPUATHAX OTPAaHUYEHO IPUMEHSAETCS
JOKIEBAaHUM C HCIIOJIb30BAHUEM Ppa3JIUYHbIX
IOJIMBHBIX MAIlMH U J10’KJEBaJIbHBIA TEXHUKH.
Maiioo0bEMHBIE CTIOCOOBI OPOIIEHUS B CTpaHe
IPAKTUYECKH HE HCIOJB3YIOTCA H3-3a MX OT-
CyTCTBUA. BHenpeHue B npakTUKy OpoLIaeMoro
OBOIIIEBO/ICTBA MaJIOOOBEMHBIX COEperaroIux,
MOYBO3AIIUTHBIX HKOJIOTUYECKH Oe30MacHbIX
TE€XHOJIOTMM IO3BOJINT COKOHOMWTH BOJHEIC,
SHEPreTUUECKUE U JPYTrUe BUJIbI MUHEPAJIbHbIX
PECYPCOB CTPaHBI U IOBBICUTH POJLYKTUBHOCTD
OpOILIAEMOT0 IOJISL.

KanenpHOE opomieHue, cosnaBas yc-
JIOBHSI OINTUMAIBbHOIO CHA0XKEHUS pacTeHU
BOJOM M NUTATEIbHBIMH BELIECTBAMM, OKa3bl-
BaeT MOJOXKUTEIbHOE BIIMSHHUE HAa UX POCT U

Abstract. Results of research of mineral fertilizers’
influence on the irrigation mode, by water consump-
tion on efficiency of onions in alluvial soils of Nepal.
It is established that with raising threshold level of
preirrigation humidity of soil and doses of mineral
fertilizers of onions increases.

Keywords: Onions, drip irrigation, inter-phase peri-
ods, mineral fertilizers, water consumption, produc-

tivity.

pa3BUTHE, YTO MPUBOJUT K CYLIECTBEHHOMY
YBEJIMYEHUIO YpPOXKAaeB BaJlOBOM U OCOOEHHO
ToBapHOH npoaykuuu (1-5).

B Henane kanenpHBIH crocod oporie-
HUS NPU BO3/EIBIBAHUM OBOLIHBIX KYJBTYp HC-
nojb3yercss 6e3 HaydyHoro obocHoBanus. He
YCTAHOBJIEHO BJIMSHHUE KaleJbHOIO OPOIICHUS
Ha ypOXXalHOCTh JIyKa B 3aBUCHUMOCTH OT TE€X-
HOJIOTHMHU TosiuBa. He BBISBIEHBI 3aKOHOMEPHO-
CTH BOJONOTpeOsaeHUs M (HOPMHUPOBAHUS BOJ-
HOTO peXHMa TOYBBI, HE pa3pabOTaHbl OINTH-
MaJIbHbIE DJIEMEHTBI PEKMMa OPOLICHUS U 103
BHECEHUsI MUHEPAJIbHBIX YA00peHuid. B cBsi3u ¢
9TUM, LEIbI0 HAIIUX HCCICNOBAHUU SIBISETCA
pa3paboTKa ONTUMAIBHOIO PEKUMa KaleJbHO-
IO OpOIICHHA M 103 BHECCHMsS] MHMHEPAJIbHBIX
yI0OpeHHi TpH BO3/IEIBIBAHUH JIyKa B YCIOBHU-
ax Henana.

OcobenHoctu MIPUPOJTHO-
KJIMMaTHYeCKUX ycnoBuid Hemama mo3Bomisior
[OJIyyaTh ypoO’kail pernyaToro jyka HE MEHee
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Tpex pa3 3a rojl. [lo KIMMaTHYeCKUM yCIOBUSIM
B Henane BbIiensAroTCS 1OBa CE30HA, KOTOPHIE
CYIIECTBEHHO  OTJMYAKOTCS MO  BJAro-
TeII000eciedeHHOCTH. [IepBhIi CE30H TEeILIBIHI
U BJIQXHBIA MPOJOJDKUTEILHOCTHIO 6 MECSIICB,
¢ Mas 1o okTsa0pb. CpenHsis TeMiiepaTtypa ce3o-
Ha cocTaBiasgeT 23,5°C a KOJHMYECTBO aTMo-
chepHbIX ocaakoB B cymme paBHo 1300mMm. B
ATOT TEPHOJ CEIbCKOXO3SIMCTBEHHBIE KYJIBTY-
pBI, 32 UCKITIOYEHHEM pHCa, BO3JIEIbIBalOTCA 0€3
opouieHus. Bo BTOpOi yMEPEHHO TEIUIBIN U CY-
XOM CE30H roja, KOTOPbIA MPOJOJKAETCS C HO-
sOpsl IO ampenb, CpeaHss TeMIepaTypa Bo3ayxa
coctapiisieT 21°C a cymma ocaakos-79 mMMm. B
CyXOM YMEPEHHO TEIUIbI CE30H CEJIbCKOXO03ii-
CTBEHHBIC KYJIBTYPbl BO3JEIBIBAIOTCA TOJIBKO
IIpH opolleHuu. B 3ToT nepuoa roga 0ocoOEHHO
MEPCIEKTUBHO  HCIIOIB30BAHUE  KAleJIbHOIO
OpOIIEHUS TIPU BO3/EJILIBAHUN OBOIIHBIX KYJIb-
Typ, ¥ B YaCTHOCTH JTyKa.

Ha paBHuHHOM mnosoce Tepaii T.e.Ha
CPaBHUTEIBHO PaBHUHHBIX YYaCTKOB B OCHO-
BAaHHOM pa3MEIIEHbl BCE CEIbCKOXO035HUCTBEH-
Hble KyJabTypsl Henana. B ropHoit MectHOCTH,
Ha HIKHHUX CKJIOHAaX XpeOTOB Ha HEOOIBIIUX O
pazMepaM TEPPUTOPUSIX aKTUBHO MPAKTUKYETCA
TEPpacHOE 3eMJIE/IEINE, B LIENAX PACIIUPEHUS
MaXOTHBIX 3€METIb.

Hamu wuccnenoBanusi NmpoBOAWINCH B
IOro-3anannom Hemnane. B mpenenax paBHHH-
HOU 1nosnocel Tepaid, B Mexaypeubs pek TitHay,
Poxunn Haau. OnbITHBIA y4acTOK pacnoyioKeH
Ha BOJIOpa3Jielie Ha pacCTOsSHUU OKM OT pycia
peku Poxunum Hanu Ha 3eMiIIX KpPECThSHCKOTO
(pepmepckoro) xossiictBa, ~Ymcrapr”. s
JAHHOTO paiioHa OH SBJSETCS TUIUYHBIM IO
reoMop(OIOrHIeCcKiM, T'€OJOTUYECKUM, THJ-
POJIOTMYECKUM M JPYTUM NPUPOJHBIM YCIOBH-
SIM.

[loyBa OMBITHOrO y4acTKa aJUIFOBUAJIb-
Hasi C 3aMETHO BBIPAXKEHHOM CIIOMCTOCTBIO
npouIst, pa3IMuUsIMH B TUIOTHOCTH CJIOKEHUS
U TpaHyJIOMETPUYECKOM cocTaBe. B mpoduie
MOYBBI HMMEIOTCS HE3HAYWTEIbHBIE KapOOHAT-
HbIE HOBOOOpA30BaHUs B BUAE TOUYEK U MPOKHU-
JOK. 'yMyCOBBII TOPH30HT UMEET CEPBIN LIBET.
CoaepxxaHre rymyca B BEpXHEM MaxOTHOM
cioe 0-30cm coctasmsiet 1,75%. CormacHo rpa-
naru rymycupoBanHoctu (3oHH C.B., 1986)
paccMaTpuBaeMble TMOYBHI MOYKHO OTHECTH K
00eCreYeHHbIM OPraHUYEeCKUM BEIIECTBOM, XO-

TSl TIOJOOHBIC CYOTPONMUYECKHE AJLTIOBHAILHBIC
MoYBbl A3UHM COJEpXKaT Trymyca CYILIECTBEHHO
Oonble, B mipeaenax 2-5% OT mouBeHHOM Mac-
cel. B m3yuaempIX mouBax pacrpeneieHHue ry-
Myca 1o mpo(UII0 paBHOMEPHOE, HO C HEKOTO-
peiM yObIBaHueM kK Hu3y. OOmie cojepkaHue
a30Ta B BEpXHEM NaxOTHOM ropu3oHte 0-30cm
HU3Koe U B cpenneM cocrtasiseT 0,11% (menee
0,2%).BepxHuil cioii MOYBBI XapakTepU3yeTcs
menouyHo peakuuent, pHyomy B cioe 0-30cm
cocraBiseT 8,4.

[TouBa xapakTepuszyercsi JOCTATOYHO
BBICOKOM MOTJIOTUTENILHON CIIOCOOHOCTHIO. EM-
KocTh kKatuoHHOro oOMeHa (EKO) B BepxHem
cimoe mouBel (0-30cm) cocraBiuser 30,6 wmr
9kB/100r.Ilpu 3TOM comepkaHue OOMEHHOTO
kanpiust coctaBiser 80-90% oT cymmsbl, a 00-
MeHHoro maraus -10-15%. [TouBa Hu3KO U cia-
00 ofecrieueHa MHUTATEIHHBIMU BEIIECTBAMHU.
Copepxanue moaBmwkHOTo (ocdopa cocranis-
et 2-3mr/100r, a oOMenHOro Kamus 6-9mr/100r.

[Io rpaHyioMeTpHueCKOMY  COCTaBYy
MOYBa OMNBITHOIO y4acTKa CPEIHECYTJIMHUCTAS.
[InotHOCTE cioxkeHus: nousel B cioe 0-20 cm
cocrasiset 1,25 r/ CM3, B HIDKHHUX CIIOSX OTMe-
YyaeTcsl YBEJIUYEHUE IJIOTHOCTU CIIOKEHUS 0
1,40-1,45r/cm’.

OnbIT MO BO3/AENBIBAHUIO JyKa MPH Ka-
MEJTHPHOM OPOIIEHHBIMH 3aJI0KEH MO JBYX(ak-
TopHO#l cxeMe. DakTop A- pexuM MpeanoJvuB-
HOM BJIA)KHOCTHU 104BbI, DakTop B-10361 MUHE-
paNbHBIX YAOOPEHUH.

B cxeme ombiTa o ¢aktopy A U3yqanuchk Tpu
pexXrMa TpEeANoJIMBHON BIAXXHOCTH MOYBHI 90-
80-70%, 80-80-70% u 80-70-60% HB (nau-
MEHBIIIEH BJIArOEMKOCTH) B PAacYeTHOM CJOe
nouBbl 0,3--0,4-0,4M.cO0TBETCTBEHHO MEK(Da3-
HBIM T€puoJiaM IIOCEeB-Hayaio o0Opa3oBaHUs
JYKOBHII, HA4aJl0 0Opa30BaHUs JTYKOBHII - Ha-
4aJio MoJeraHus ¥ Hayasio moJjieranus -yoopka.

Cxemoii ombiTa 1o ¢axrtopy ,, B" 6b110 mpe-
JTyCMOTPEHO Takke Tpu pekuma nurtanus. Co-
IJIaCHO HOPMATHUBOM, C YYETOM HaJIU4Ms MUTa-
TEJIbHBIX BeIECTB B cioe mouBbl 0-30 cMm, npu-
HATHIM B Hemane no BHECEHUI0O MUHUMAJIbHBIX
yaoOpeHui mox ypoxait nyka 401/ra, nmpuHH-
maercs Ngs Pgo K45 n.8. IIpu aToM k mepuony
yOOpKH COIEp)KaHUE€ HX MOXKET CHUKATHCA
IPUMEPHO JI0 HU3KOTo YpoBHs: Ny —2,5mr/100r,
P,05-1,5mr/100 u K,0-3,5 mr/100r. [IBe apy-
rUe J03bl MUHEPAILHOTO MUTAHUS PACCUUTHIBA-
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aMch Ha yposkaitHocTh 60 u 801/ra Mo BBIHOCY
MUTATENIbHBIX BEIISCTB, KOTOPBIA MPUHUMAJICS
5;3; 5 “/aHa 1T JyKa COOTBETCTBEHHO I10 a30-
Ty JICTKOTHIPOIM3YEMOMY, TOIBHKHOMY (Hoc-

dbopy 1 OOMEHHOMY KaJHIO U COCTABISIIN Nigs
Pi4o Kigs (ans momyuenns 60/, ayka) u Nogs
P00 Koss (nst monyuenus 80"/, nyka). JIByx-
(dakTopHas cxema OrbITa MpuBeeHa B Ta0I. 1.

Ta6auma 1
CxeMa 1oJsieBoro orbITa IpH KaneiabHOM OpollieHuH Jyka-penku B 2010-2011r.
Pexnm nepegnonmBHOM BRaXXHOCTU [o3bl nUTaTenbHbIX
H no4ebl No nepuogam seretauun, % HB 3NeMEeHTOB, Kr/ra
ome

BapmaHF;a lMoceB-Hauvano Hauvano obpa3sosa- Hauvano

obpasoBaHus ny- HNA NYKOBUL- noneraHns- N P K
KOBML, Ha4ano noneraHus ybopka

1 90 80 70 85 80 45

2 90 80 70 185 140 | 145

3 90 80 70 285 200 | 245

4 80 80 70 85 80 45

5 80 80 70 185 140 | 145

6 80 80 70 285 200 | 245

7 80 70 60 85 80 45

8 80 70 60 185 140 | 145

9 80 70 60 285 200 | 245

Bapuantsl ombiTa pacmoyioKeHbl CUCTE-
MAaTH4YECKH, MMOBTOPHOCTh OIbITA TPEXKpPATHAs.
Pa3zmep kaxoM y4eTHOM Iiomagp €IUHUYHON
JEJISTHKY, BKJIIOYAIOLIEH COYETaHHE JIBYX MC-
cleyeMbIX (PaKTOPOB COCTABIISIICS 48m%, a og1-
HOUW YYETHOM JEISTHKU -9,6M2 .

3aknazKa U MPOBEJCHUE TOJIEBBIX UCCIIe-
JIOBAaHUN OCYIIECTBISJIUCH B COOTBETCTBUM C
TpeOOBAaHUSIMU METOJUKH OIBITHOTO nena (6).
B nporuecce uccnenoBaHuii mpoBOAMINCH y4e-
THI U aHaJu3bl T04B. OTOOpP MOYBEHHBIX 00pa3-
OB MPOBOAWIM IO BCEM BAapUaHTOM OIBITA.
HaOnronenus 3a BIaXXHOCTBIO MOYBBI OCYIIECT-
BJISJIOCh HA JUHAMUYECKUX ILIOIIAJKaX 10 Me-
tonuke A.A.Pone. BrnaxHocTh omnpenensum
TEPMOCTaTHO - BECOBBIM METOJAOM U IO TEH-
suomerpaMm. CyMMapHbIe BOJOMOTPEOICHHE
OTIpeIeIIATIOCh METOIOM BOJAHOrO OajaHca U 1o
HCIIApOMETPY. Y4YeT IMOJUBHOM BOJBI IIPOBO-
JWICA TO TMPOJOJDKUTENILHOCTH TMOojiuBa (10
pacxolly KalelbHHUII) U TIO0 pacxogomepy, a
KOHTPOJIb OCYILECTBIISJICA IO MEPHBIM IWJIMH-
JpaM C y4eTOM Hamopa BOJbI B MOJIUBHBIX TPY-
6ompoBogax. IlonmuBHas HoOpMa paccuuThIBa-
Jach Ha YBJIAXKHEHHUE AKTHUBHOTO CJIOS MOYBBI
30-40-40 cM c yyeTroM NPOJIOTKUTEILHOCTU
MeX(]a3HbIX MEpHOJOB MO (a3am pa3BUTHUA U
IJIOIIAAM YBJIAXKHEHHH. Y4YeT ypoxkas JIyKa

IPOBOAMJICS BPYYHYIO 10 KaXJOH JAENSHKE C
paszziesieHneM Mo KpynHocTH (pakuuil. DKcme-
pPUMEHTAJIbHBIC JaHHbIe ObUIH 00paboTaHbBl Me-
TOJaMU MaTEeMaTHYECKON CTaTUCTUKH.

[IpenmecTBEeHHUKOM JyKa B OIIBITE SB-
nsuicst puc. i iyka oueHb 00Jbloe 3HaYeHHe
MMEET BBICOKOE KayeCTBO IMOATOTOBKH IOYBBI.
Her npyroit oBomHON KyJnbTypbsl Oosiee Tpebo-
BaTeNbHOU K 00pabOTKe MOYBHI, YEM JIyK. JTO
00BsCHSETCS CIa00Pa3BUTONH M TOBEPXHOCTHO
pAacmoJIOKEHHOW KOPHEBOW CUCTEMOW M OYEHb
MEJIEHHBIM POCTOM PAacTeHU B MEPBBII Mepu-
0J1 II0CJIe TIOCEBA.

[Tocne ybopku puca MpOBOAMIOCH JIyIIE-
HHUE CTEpHU B 2 cjela AUCKOBBIMU OOpOHAMH
Ha ryouny 0,06-0,08 m. 3areM TpOBOIUIOCH
BCHAIIKa TPAKTOPHBIM IUIYyTOM C 0OOpPOTOM
riacta. [locne Bcnamku NpoBOJMIIOCH TOKPOB-
Hoe OopoHoBaHue B 2 ciena. Ilepen moceBoM
ObLy1a MpoBeIeHa MPEANoCeBHAas KyJIbTUBALUS U
JIETKO€ YIUIOTHEHUE NOYBbl Karkamu. CemeHa
BBICEBAJIM TPAKTOPHOM OBOIIHOM CESUIKOM yepes
2-3 cm Ha rnyouny 1,5-2,0 cm. Ilpu Bbipamnu-
BaHUU JIyKa-pemKy I[IUPUHA MEXAYpsaui
JnojkHa cocTaBisaTh 15-20cm. Hamu mpunsita
CcXeMa IoceBa — IIECTUCTPOYHAs JIEHTa C pac-
CTOSIHUEM MEXAy psagamMu 16¢cMm, W IIHPUHON
3axBara 80cm u mexay ctpokamu 70cMm ¢ 00-
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el mupuHoi nojockl 1,5M. Jlo moceBa omnbIT-
HOM ydYacTOoK Obul 00paboTaH TepOUITUAOM
crutomrHoro aewcteus »Ctomn" HOpMO# 5 ji/ra

[Ipu nosiBnenun 1—-2 HACTOSIIMX JIUCTHEB
JYK TPOPBIBAJIA, OCTABIASA PACCTOSIHUS MEXKIY
pactenusimu 6-10 cm. Pacxon cemsiH mipu moce-
BE€ CEJIKAMU TOYHOI'O BBICEBA COCTABIISAN B IIpe-
nenax 4-5 xr/ra (mpumepHo IMui ceMsH Ha
Ira). Yxo/ 3a nmoceBaMM BKJIIOYaJ JIBE KyJIbTH-
Balluu, 00pabOTKy MOYBHI MPOTHUB BpeaUTENICH
u Oone3nei. [Ipu 3TOM HCHONB30BANIM pa3Iny-
HbIe Tpenapatbl g 00pbObl C BpeAUTENSIMU:
3onon, Kondpunop, Axrapa, u apyrue. B Teue-
HUE BEreTaldoOHHOIO MepHoja MPOBOIWIN MO-
JMBBI COTJIACHO CXEMBI ONBITA C OJHOBPEMEH-
HBIM BHECEHHEeM yJoOpeHui. YOopka Jyka
npoBoauiack BpyuHyro. CHagana JIyK BbLIEp-
TUBAJICS W CKJIaJbIBajicd B Bajiku. Banku iyka
HOJIChIXaJIM B TEYEHHWE HECKOJIbKUX AHEH. [la-
nee OoTBa obOpesaeTcs W JyK 3aTapuBaeTcsi B
MEIIKU U pean3yeTcs C MOJIsl.

B ombiTe ucnonp3oBanacek M3pannsckas
cuctema kanesnbHoro opomenuss GALLILEO co
cpenHuM pacxoaoM kanenbHunl 0,81/gac mpu
aBTOMATU3MPOBAaHHOM HA3HAY€HUHM CPOKOB IIO-
JMBa C TIOMOIIBIO TEH3MOMETPOB WJIM 3Barapo-
MeTpa MO BIAKHOCTH TOYBBI HIU JCPHUIUTY
BojonorpebneHuss. OTHUM U3 TPYIOEMKHX
IIPOLIECCOB SBJIAETCS TILATENbHAS yKJIaJaKa Io-
JUBHBIX TPyOOMpPOBOJOB, TaK Kak 3Ta paboTa
ocyIecTBisieTcs: Bpy4dHyto. Oco00 BaXHO OT-
METUTbh, YTO KalleJbHbIE TPYyOOTPOBOABI HEOO-
XOJUMO 3aKpeIuIATh K IOBEPXHOCTU I1OYBBI
wTeipsaMu ayHo 0,20M yepe3 kaxapie 20M BO
n30exaHue CHOca TPYOKH ¢ MECTa MOJIHMBA IO/
neiicteuem Betpa. lloiuBHBIE TPyOOIPOBOIBI
pa3MelIeHbl 0 IOBEPXHOCTH 3EMJIM Yepe3
48cm mpyr ot apyra. Ha tpyOompoBozae ka-
NEeJIbHUIIBI  pacrojoXkeHsl uepe3 25cm. Pac-
CTOSIHUS MEXIY PAacTCHHSIMH B PsiIe COCTaBIISI-
o 6-10cMm. Ilpu paccTosHMEM MeXAy psSAaMH
pactenuii 16cM, mMpUHA CTPOKH COCTaBIIsIA
80cM, a Mexny cTpokamu 70cM ¢ oOLIMM paz-
MepoM Toyiockl 1,5M. OMBITHBIN y4acTOK pas-
MerieH Ha ydactke lra (196,08m*51m). Inuna
KaleJabHBIX TPYyOOIpPOBOAOB cocTaBisia 196mMm,
a ux KoamdecTtBo- 68 mryk. Ilo mmpune onpIT-
HOTO y4JacTKa ObUIO pa3MemieHo 34 TOJIOCH! 10
1,5m. Ha xaxmoi nosioce npu LIMPUHE CTPOUKHU
80cM OBLIO YJIOXKEHO 2 TMOJMBHBIX TPYyOOIpO-
Boza uepe3 48cm Apyr ot apyra. Ha xaxkaom

NOJMBHOM TpyOompoBozae pasmermieHo 784 ka-
NEeIbHULBI 4Yepe3 25¢M, a BCEro KarelbHHUIIL
53312 mryk Ha lra. Ilpu cpennem pacxozae ka-
nenapHUIel 0,8 1 3a lyac Ha lra Oymer momaHo
42,65M3 BOJIEI.

B nenpHeliemM npucTynaroT K MOHTaXy
¢unpTpa M packiagka rTHOKMX MarucTpagbHOTO
U paclpeieNuTeIbHOTO TpyOOIPOBOOB; MPO-
U3BOJUTCSI YCTAHOBKA COEAUHUTEIBHBIX HUII-
nese, KpaHoB, 3a/BHXKEK, MaHOMeETpoB. llo-
CJICJTHMM 3TarioM paOoTHI SIBJISIETCS] COSAMHEHUE
CHUCTEMBbI KalelbHOrO OpOLIeHUs ¢ (UIbTPO-
BaJIBHOM yCcTaHOBKOHU ((pUIBTpHI TpyOO# OUnCT-
KU U JIOOYUCTKHU) PSAIOM C KOTOPBIA HAXOAUTCS
BEpTHUKaJIbHAsl CKBaKMHA. ['pyHTOBas Boja AJis
OpOLIEHUU OTKA4YMBAECTCS M3 CKBAXXMHBI HACO-
coM. O4yeHb Ba)KHO NEPUOJAUYECKUN OCYIIECTB-
JSATh IPOMBIBKY KamleJIbHOW CHUCTEMBI C LIEIIO
OYHUCTKHU TPYO U KaNeTbHUI] OT WIUCTHIX YaCTHUI
U JIPYyTUX BEILIECTB, MPUBOASIINX K ObICTpOMY
u3Hocy TpyO M K ux paspyuenuto. Ilpu npo-
MbIBKe ucnosib3oBaics 0,6% pacTtBop opTo-
dbocdopHOIi W XJIOPHON KUCITOTHI.

TexHonorus KaneiabHOro OpOIICHUS M
TEXHOJOTMYECKHE CXEMBbl pa3MELICHUS Kalleilb-
HbIX JIMHUA M3MEHAIOTCS B 3aBHCHUMOCTH OT
BO3/IEJIBIBAEMOM KyJBTYDBI, MMOYBEHHO-
KJIMMATHYECKUX U pesibe(PHBIX yCIOBUN U MHO-
rux apyrux ¢akropos.VccienoBanus mpoBo-
nunvch B ponuHe Katmanay B 150 km Kk tory
cronuubl Henana. PexuM oporeHus ayka moj-
JIEp>)KMBAJICSl HA ONTHMAJIBHOM YpPOBHE B Teye-
HUE BEreTallMOHHBIX 1epuoioB. [lo obecneuen-
HOCTU JeduiuTa BoAHOro OanaHca IJs JIykKa
IIEPBBIM T'OJl UCCIECJOBAHUN XapaKTEepU30BAJICA
Kak cyxoil. Kak H3BECTHO, COCTaBISAIOUIUMU
OanmaHca BOJOMOTPEONICHHUS Y CEIbCKOXO3ANUCT-
BEHHBIX KYJIBTYp, B TOM YHUCJE OBOLICH, SBIIS-
IOTCSI: PAacXoj BOJBI M3 MOYBBI, aTMOC(hEpHbIE
OCaJIKM, OpOCHUTEJIbHAas HOpMa M MOAIMUTKA
TPYHTOBBIX BOJ, €CIIM OHH 3aJIeraloT Ha IiryOu-
He 1,5-2, Om. BomomoTpebnenue myka, Kak 3a
BEreTAlIMOHHBIN MEePUOJ Tak U 1Mo (a3am Bere-
Talluy ONPENENIIOCh TJaBHBIM OOpa3oM Ha-
NpsHKEHHOCTBIO METEOPOJIOTMYECKUX (PaKTOPOB.
[Ipu mpoBeneHmit HcciieI0BaHUN YCIOBHO ObLIH
NPUHATHI TPH OCHOBHBIX Mexk(a3HbIX Mepruoja
Bereranuu jayka. llepseiii nepuop ,,l10ceB - Ha-
yano oOpa3oBaHMs JIYKOBHIL'" MPOJOIKUTENb-
HOCTBIO 46 cyToK ¢ 1 HOsIOpst Mo 16 mexabps co
CpEeIHECYTOUHOM TemIepaTypa Bo3ayxa 22,6°c.
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Bropoii nepuox ,,Hadano oOpa3oBaHUS TYKO-
BUI[- HAYajo TMOJieraHus" MPOJOJLKUTEIBHO-
cThio 56 cyTok ¢ 17 nekabps mo 10 despans.
CpennecyTouHas Temmneparypa Bo3ayxa 3a 3TOT
nepuoy; cocrasiger 18,5°c. Ilpopomxurens-
HOCTb TPEThero Mex¢a3zHoro nepuojia,, Hauyajo

11 ¢eBpans no 31 mMapra npu cpeaHECYTOUHOU
TeMmneparypa Bo3ayxa 23,3°c.

B 3aBucMMOCTM OT HPOJOKUTEIBHOCTU
Mex(pa3HOTO TEepUoJia, CPEAHECYTOUYHOU TeM-
nepaTtypbl BO3AyXa M peXHMa IMPEANOIUBHON
BJIQXKHOCTH TOYBBl H3MEHSUIOCh KOJUYECTBO

noJyieranus - yoopka " cocraBnsuia 48 CyTOK ¢ | MOJNMBOB U O0BEM  OPOCUTEINHHOW  BOJIBI
(Tabm.2).
Ta0mnuma 2
Pexum opoiienus jyka no MexxdasHbIM nepuosam (ranssle 3a 2010/2011r)
Mpogon- | CpegHe- | Pexum npeg- Uneno O0ObéMm CpegHss
MexxdasHbiin KUTENDb- CyTOu- NOMNMUBHOMN I opocuTenb- nonuea
nepvoa HOCTb Has BJTAXXHOCTU BOB HOW BOAblI, Hopma,
dasbl, CyT |  Tep,°C noysbl, % HB m3/ra m°/ra
lNoceB — Hava- 90-80-70 22 1160 52,7
no oiﬁ’ﬂaﬂ”Ba' 46 22,6 80-80-70 16 1040 65
nykosuy, 80-70-60 15 990 66
Hauano obpa- 90-80-70 16 2026 12,6
30BaHs NyKo- 56 18,5 80-80-70 15 1950 130
BUL, — HA4ano
noneraHus 80-70-60 1 1881 171
90-80-70 11 2299 209
Hauano none-
rakus — yBopka 48 23,3 80-80-70 10 2260 226
80-70-60 6 1464 241
3a nepvion 90-80-70 19 5485 111,9
Beretauum ny- 150 21,4 80-80-70 41 5250 128,0
Ka 80-70-60 32 4335 135,5
B mepBriii MexdazHblid mepuoa ObLIO B pesynbTaTe NpOBENEHHBIX HCCIENO-

poBesieHO OT 15 1o 22 nmoauBOB €O cpeaHen
IIOJIMBHON HOPMOH 52,7-66 M°/ra, BO BTOpOIA
nepuoj, coorBercTBeHHo 11-16 u  126,6-
171M/ra, a B Tpetuil - 6-11 MoOAMBOB MO MO-
auBHOW Hopmou 209-244 m/ra. Jlns nojazep-
’KaHUs BJIIAXKHOCTH IOYBELI B auamna3zoHe 90-80-
70 % HB notpeboBanoch nposectu 49 momu-
BoB. Cpenneil monuBHOM HOpMou 111,9 M°/ra
P OPOCHTEIbHOH HopMe 5485 wm/ra. Ilpu
CHIDKEHUU TOpOora MpPEINOMBHOM BIIaXXHOCTH
nouBel 0 80-80-70% HB. Ywucno nonuBos
yMEHbIIWIOCH 10 41 a opocurtenbHas HOpMa -
Ha 235 M’/ra. HaumMeHbIuasi BeTHYMHA OpoCH-
TEJIbHON HOpPMBI ObLiIa MOJyuyeHa MpPU PEXHUME
BrnakHoctu mouBbl 80-70-60 % .3xech OBLIO
MPOBEJCHO HAaWMEHBIIIEE YUCIO TONHBOB (32)
opocuTenbHOro Bojabl (4335 M°/ra) 3a Berera-
1IAHN).

BaHMM (Tabn.3) yCTaHOBJIEHO, YTO CAMbBIA BBI-
COKHUI pacxo]l BOJbI 3a Bererauuo ObUl Ha Ba-
pHUAHTE C MPEANOIBIBHBIM MTOPOTOM BIAYKHOCTH
noussl 90-80-70 % HB u cocraBun 5699 m’/ra
Opud  CPEAHECYTOYHOM  BOJOMOTPEOICHUU-
38,0M°/ra. CHIDKeHHE Mopora MIpeAnoJIMBHON
BlaxHocTH nouBsl 10 80-80-70% HB mnpuso-
JTUT K YMEHBIIEHUIO CYMMapHOTO U CpeIHeCy-
TOYHOTO BOJOINOTPEOJEHUN JyKa COOTBETCT-
BeHHO 10 5498 u 36,7 M>/ra. HaumeHpimmii
pacxoi BOJIBI 3a MEPHO/] BEreTaluu ObLT 3aduK-
CUpOBaH TMpHU TMOAJIEPKAaHUU TPEATIOIUBHON
BIQXHOCTH TOouBbl Ha YypoBHe 80-70-60%
HB.(4606 M’/ra) IpH CpeIHECYTOIHOM PacXoIe
30,7 m’/ra). ClemoBaTENbHO C yBEIHUCHHEM
peXuMa TPEANOJUBHOM BIAXKHOCTH IOYBBI
YIIYYIIAIOTCS YCIOBHS BOJOCHAOKEHUS pacTe-
HUM JTyKa.
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AHanu3 BoAHOTO OanaHca MOKa3bIBAET,
YTO OCHOBHAs JOJSi CYMMapHOIOo BOAOIOTPEO-
nenust yka (6onmee 94%) mpuxoauTcs Ha Opo-
CUTEIIbHYIO HOpMY.

B 3aBUCHMMOCTH OT peXMMa OpOILEHHS U J03
BHECEHHUsSI MHUHEPAIBbHBIX yHOOpEeHHH H3MEHs-
Jach ypoKalHOCTh JyKa u K03((HUIIMEHT BOIO-
noTpebiaeHus (Tabdmn.4).

Tabauma 3
Bonnslit 6ananc u BogonoTpedienue nyka (mannsle 3a 2010/2011r)
Mponon- Pesxum Pacxog Opocu- BOHOHOT%G@
KUTENb- Ocaa nexHuve, m/ra
MexdasHble Cp.cyT. BNaxHo- BOAbI TenbHas
Mepuoap! HOCTb Tep,’C CTU MOY- | W3 NOYBHI KM, Boga Cym- | CyTod
cp ) )
tpasbl, Bbl, % HB m/ra MM m°/ra Map- | Hoe
CyT ’ Hoe
Moces — Hayano 90-80-70 22 0 1160 1201 | 26,1
obpasoBaHus 46 22,6 80-80-70 16 0 1040 1087 | 23,6
nykosn 80-70-60 15 0 990 | 1038 | 22,6
Hauano o6paso- 90-80-70 16 106 2026 2154 | 38,5
BaHWUSA MyKOBUL, — 56 18,5 80-80-70 15 106 1950 | 2087 | 37,3
Ha1ano noneranms 80-70-60 11 106 | 1881 | 2026 | 36,2
H 90-80-70 1 0 2299 2344 | 48,8
ayano nonera-
HYS! — YBOpKa 48 23,3 80-80-70 10 0 2260 2324 | 321
80-70-60 6 0 1464 1542 | 38,0
5 3 90-80-70 19 106 5485 5699 | 36,7
eretTaumMoHHbIN
nepuoz nyka 150 21,4 80-80-70 41 106 5250 5498 | 30,7
80-70-60 32 106 4335 4606 | 135,5
Tabnumna 4

YposxaitHocTh 1yka (T/ra) 1 K03Q UIUEHT BoAonoTpednenHns (M°/T) B 3aBUCHMOCTH OT PEXKUMOB
KameJsbHOro opomeHus (qanueie 3a 2010/2011r.)

Pexnm npegnonmeHom
Homep [o3sbl MMHepanb- o KoacbdmumeHT
BMAXXHOCTM NOYBbI MO YpoxXanHoCTb
BapuaH- MEXDAZHBIM NEPHO- HbIX yoobpeHuu, nyka, T/ra BogonoTpebnexus ,
Ta o Kr/ra no A.B. ’ M7
nam, % HB
1 90-80-70 NgsPgoKys 36,6 143,9
2 90-80-70 N85 P140 K145 60,1 94,8
3 90-80-70 N2gsP240K245 78,7 72,4
4 80-80-70 NgsPgoKys 37,1 148,2
5 80-80-70 N85 P140 K145 57,2 96,1
6 80-80-70 N2gsP240K245 73,8 74,5
7 80-70-60 NgsPgoKys 34,1 135,1
8 80-70-60 N1gs P140 Kiss 53,7 85,8
9 80-70-60 N2s5P240K245 70,1 65,7
HCP o5 no daktopy A 2,34
HCP o5 no daktopy B 13,1 -
HCP o5 Ansa YacTHbIX cpeaHnx 14,7

Haubonee BpICOKash ypoKaifHOCTH JIyKa
ObLJIa MOJTyYyeHa Ha BapUAHTE C BHICOKUM PEXKH-
MOM TIPEANOINBHON BiakHOCTH MouBHI (90-80-
70% HB) u npu BHeCeHUHU MOBBIIIEHHON J03bI
MUHEPAIBHBIX yIo0peHuit Nags Pago K 245 (78,7

T/ ta). IIpu MeHbIIe#l no3e BHeceHUs yno0pe-
Huil (Ngs Pgo K4s) u anHanornuHom pexume
OpOUICHUA ypO)KafIHOCTB YMCHBIINIIACh TTOYTHU
B zBa pas3a (39,6 1/ ra). Ilpu nmoHmwxkeHuem pe-
KHMa HpeI[HOHHBHOﬁ BJIAKHOCTHU ITOYBHI U O03
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BHECCHHMS MHUHEPAJbHBIX YI00peHuil Halmona-
JIOCh CHUKEHHE YPOXKaMHOCTH JIyKa.

B 3aBucuMOCTH OT peKuMa yBIIaXKHE-
HUS TOYBBl U MHHEPAIbHOTO IMUTAHUS H3Me-
HSJICS pacXoj BIaru Ha (popMupoBaHUE €IUHH-
bl ypoxkas. Haubosee npoaykTHBHOTO OpOCH-
TEJNBHYIO BOJy UCTIOIB3YIOT PACTCHUS JTyKa MPH
BHECEHUHU TIOBBIINICHHBIX JI03 MHHEPAJIbHBIX
ynoOpenui, rae koddduuueHt Bogonorpedie-
HUSL OBLT caMblil Hu3Kwil (65,7-74,5 M™/ 1).

Takum o0pazoMm, TpH KameJIbHOM
OpOILIEHUHU PEeryaToro Jiyka HauOoJbIIas Mpo-
QYKTUBHOCTh OOECIIEUMBACTCS TPH TOJAEpKA-
HUM Ha MOCEBaX MPEIIOIUBHOIO MOPOra Biax-
HocTH nouBsl 90-80-70% HB B cioe noussl 30-
40-40 cM um 03¢ BHECEHHSI MHUHEpaIbHBIX
ynoOpenuit Ha 1 ra u3 pacuera Nags Proo K 245
.B.
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EBIEHUIO MUXANJIOBUYY YETYPUHY - 60 JIET

6 despans Erennto MuxaiinoBuuy Ye-
MypUHYy, KaHIUAATy SKOHOMHYECKUX HayK, MPo-
(deccopy kadempsl 3eMIIEyCTPOICTBA, MPOPEKTO-
py mo ydeOGHO-meToandeckoi pabore [ocynap-
CTBEHHOTO YHHBEPCHUTETA TI0 3eMJICYCTPOICTBY,
ucnonHmwiock 60 ner.

EBrenmit Muxaiinosuu poamics 6 gespa-
ns 1951 roga B ropone Mockse.

B 1973 roay ¢ otiaumumem oxoHums Moc-
KOBCKHI MHCTUTYT WH)XEHEPOB 3eMJICYCTPONCTBA
(MUN3) mo cnenuambHOCTH «3€MIICYCTPOUCT-
BO», TOJYYUB KBATH(PHUKAIUIO HHXKEHEpa-
3emieycrpoutenis, B 1979 roay acnupantypy mno
Kadenpe 3emIeyCTPOUTETHLHOTO TPOEKTUPOBA-
Hus, B 1989 romy 3ammTui KaHAUAATCKYIO JIHAC-
cepranuio Ha Temy: “@OpMUPOBAHUE CHIPHEBBIX
30H CcaxapHbIX 3aBOJIOB M 3E€MJIEyCTPOMCTBO
CBEKJIOCEIOIUX X03iUCTB (Ha Marepuanax AIIK
OpnoBckoit  obmactu) 7. B 1991  ronmy
E.M.Yenypuny npucBOCHO Yy4YEHOE 3BAaHHUE I0-
LIEHTA.

B 1973-1975 rr. EM.UenypuHn — uHxe-
HEp, MJAAIIMKA HAyYHBIA COTPYIHHK HAy4YHO—
HCCIIEI0BATENIBCKOrO cekTopa, B 197601992 rr. —
ACCHCTEHT, CTapIIuii TpernojaaBareib, JOICHT
Kadeapsl 3eMIIEYCTPOUTENHFHOTO MPOEKTUPOBA-
Hug, B 1992-1993 rr. — riaaBHbBIA CIIELHAINUCT OT-

neaa. B 1985-1991 rr. EBreunit Muxaitinosud -
3aMecTUTeNb JeKaHa 3a04yHOro (akynpTeTa., B
1991-1992 rr. — nmekaH 3eMIIEyCTPOUTEITHHOTO
¢daxynprera. EBrenuit MuxaioBud sBiIs€TCS
BBICOKOKBUTH(PUITUPOBAHHBIM  TIPO(HECCHOHAIB-
HBIM TienaroroM. B mepuop paboTel Ha Kadeape
3€MJIEYCTPOUTENIBHOIO IPOEKTUPOBAHMS BBIITOJI-
HSUT BCe BUJIBI YU4eOHOM pabOoThI MO AUCIUILTUHAM
“3emuieycTpouTeNibHOE TpoekTHpoBanue”, “Ha-
YYHBIE OCHOBBI 3€MJIEyCTpOMCTBA”, “JKOHOMH-
KO-MaTeMaTHUYECKUE METOJIBI M MOJICTTUPOBAHUS B
3eMJICYCTPOMCTBE: YMUTaJl JIEKLIMH, MPOBOIMI
CEMUHAapbl, MPAKTUUECKHE U JIabopaTOpHbIE 3a-
HATUS, PYKOBOJIMUJ KYpPCOBBIM M JUIJIOMHBIM
MIPOEKTUPOBAHUEM, TPOU3BOJCTBEHHOW W NpEJ-
JUIUIOMHOW TPAKTUKOW CTYJEHTOB, OCYLIECTB-
JSUT IPUEM 3a4€TOB M DK3aMEHOB, YYaCTBOBAaJ B
pabore ['ocynmapCTBEHHBIX 93K3aMEHAIMOHHBIX
komuccuii (I'DK) mo mpuémy rocyaapcTBEeHHBIX
HK3aMEHOB U 3aIlUTE JUIUIOMHBIX NpoeKToB. [lox
€ro PyKOBOJICTBOM CTYACHTaMHU MOJATOTOBJICHO U
3amuieHo 108 TUIIOMHBIX MPOEKTOB Ha pealib-
HBIX TIPOU3BOJICTBEHHBIX 00BbEeKTaX. B HacTosmee
BpeMsi TPOJOJKAET 3aHUMAThCs MPOodeccuo-
HaJILHOU IeJarorn4ecKou JIeITeIbHOCTEIO.
HayuHo-uccnenoBarenbckas pabora mo-
CBALIEHA PEUICHUIO aKTyallbHbIX Mpo0JeM Cco-
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BPEMEHHOTO POCCUHCKOTO OOIIeCTBA — ONTHMH-
3allMd UCHOJB30BaHUS 3€MJIM U TEPPUTOPHAIIb-
HOM OpraHu3alvy IPOM3BOJICTBA HA OCHOBE pa3-
paboTku u GOPMHUPOBAHUS CHUCTEMBI BHEOOI-
KETHOTO UHBECTUPOBAHUS B )KHIIUIIIHOHN cepe.

B nepuog ocymectBienus [IpogoBonber-
BerHou [Iporpammer CCCP (1982-1990 r.r.) B
COCTaBe TBOPYECKOTO KOJIEKTHBA YUYEHBIX Ka-
benpsl 3eMIpOEKTHPOBaHUs, pazpaboTan Hayy-
HO-METO/JMYECKHE OCHOBBI M OJKCIEPUMEHTAIIb-
HBIA MPOEKT OpraHU3aIllUu TEPPUTOPHUU TOJICO0-
HOTO XO3SHCTBa YTpaBJiCHHS CTPOUTEIHCTBA
“bepesnukuxumctpoit ~ Ilepmckoii obnactu, Ko-
TOpPBIM MPOIIENT MPAaKTHUECKYIO anpolanuio, a
TaKke MpoBEN OONbIIYI0O PaboTy IO COCTaBie-
HUIO MPOEKTOB COBEPLICHCTBOBAHUS CEBOOOOPO-
TOB B XO3siicTBax 3apaiickoro paiioHa MockoB-
ckoi obsactu. B ycioBusix mepexoma SKOHOMUKH
CTpaHbl Ha pbIHOYHBIE OTHOIIEHUs B 1992 rony
BKJIIOUEH B paboOTy MO MOUCKY HOBBIX CIIOCOOOB
pEIIeHUsT OCTPOM JKUIUIIHON TpoOiemMsbl. SBIis-
€TCs OJHUM W3 aBTOPOB MOCKOBCKOHN rOpOJICKOM
[Iporpammbr  “Kunume nHa 1995-2005 roast
(1994r.), a Takke OAHUM U3 BEIyIINX pa3padoT-
4YUKOB NepBbIX B Poccum mojaenell BHEOIOKET-
HOro (PMHAHCHPOBAHUS U OpraHU3alUH Ipolecca
WHBECTUPOBAHUS JKWJIMIIHOTO CTPOUTEIHCTBA
“@prouepcunBect”’, “KombOumnaBect”, “PeHTaHT-
HBIM 3a5I0r” W JAPYruX, MNpeayCcMaTpPUBAIOIINX
HIasne Juis TpaXKJaaH MEXaHU3Mbl paccpoueK
oryiaTel MpuoOpeTaeMoro crpoutenscrsa (1992
T.).

B 1993-2002 rr. E/M.Yenypun — Pyxko-
BojuTenb lleHTpa meneBbix mporpamm, B 2002-
2007 rr. — corpyaHuK OTKpBITOro AKIMOHEPHO-
ro obmectBa “Kopnopanus ‘“KuaumiHas vHU-
nuatuBa”’. Wrorm paborsl OAO “Kopnoparus
Kunuuiaass wHULMATUBA” MO OCYIIECTBICHHUIO
COIMABHBIX JKUJIUIIHBIX Tporpamm B CeBepo—
Bocrounom, BocrounoMm, IOro-Bocrtounom wu
FOxHOM OKkpyrax r. MOCKBBI Ha OCHOBE 0a30BOit
mozaenu “Kombunnapect” B 1998 romy om00peHb
Munucrepctsom P® u pekoMeHI0BaHbI IS UC-
[0JIb30BaHusl BO Bcex pernoHax Poccun. Ona
YCHEUIHO MPUMEHSIETCS B psAJie KPYIHbBIX POCCUMA-
CKHX T'OpPOJIOB.

Pa6oras B OAO “Kopnoparus Kumum-
Has uHULMaTuBa” EBrenuit MuxailioBud BbICTY-
najg M Kak OpraHu3arop, U Kak JOKJIaA4YUK Ha
Bcepoccuiickux M permoHabHBIX CEMUHApax M
KOH(EPEHIUAX M0 BOMPOCaM UIOTEKH, BHEOIOI-

YKETHOTO MHBECTUPOBAHUSI CTPOUTENIHCTBA KUJIbS
U PUDJITEPCKON AESITeNbHOCTH, HA KOTOPBIX TO-
BBIIIATN KBATU(UKALNIO PYKOBOJIUTEIN U BEIY-
M€ CHEeHUaNIUCThl OpPraHOB HCIOJHUTEIBHON
BlacTU cyObekToB PD B 00/1aCTH YKOHOMHMKH U
OpraHW3aIMi CTPOMTENIbCTBA, PAOOTHUKH OaH-
KOB, PUAJITEPCKHUX U CTPAXOBBIX KOMIIaHUH.
E.M.YenypunsiM noarotosiaeHo 6osee 50
HAyYHBIX U y4eOHO-METOIMYECKUX padoT 00LIM
00béMoM 36,4 TieuaTHBIX JUCTA. B coaBTOpCTBE C
VYEHBIMH  KadeApbl 3EMIPOCKTUPOBAHUS UM
BrepBeie B CCCP B cucreme Bricuiero 3emiie-
YCTPOUTEIHLHOTO OOpa30BaHMS TOJATOTOBICHBI U
W31aHbI “IIpakTUKYM o SKOHOMMKO-
MaTeMaTUYeCKHe METOJAbl U MOJEIUPOBAaHUE B
semiieyctporictBa” (1991r.) u meroamueckue
yKa3aHUs U 3aJaHus U1 BBITIOJHEHUSI pacyeTHO—
rpadudeckux paboT Mo JUCHUIIINHE “DKOHOMH-
KO-MaTeMaTUYeCKHEe METOJAbl MOJCIUPOBAHUE B
3eMJICYCTPOMCTBE ~ MO CHEHHUATIbHOCTH ‘‘3emiie-
yctporictBo ” (1987 r.) B coaBTOpcTBE € yu€HBI-
mu u crneruanuctamu OAO “Kopnopauus Ku-
JUIIHAas UHULMATHBA UM BIiepBbie B Poccuu u3-
nan CropaBounuk pudniropa (1994r.), Beaep-
JKaBIIMK HECKOJBKO H3IAaHUM U CIIy)KUBIIUU

npakTHueckuMm  nocoduem. Ha  nHayuHo-
METOAMYECKYI0 pa3pabOTKy IO CHUCTEME WHBe-
CTUPOBAaHUSl  CTPOUTENIbCTBA JKWJIBIX JOMOB

“Kombumunsect” u “IIporpammy opranu3anuoH-
HO-(pMHAHCOBOTO OOECHEeYeHUsI CTPOUTEIHCTBA
JKWIbsl TI0O TOPOJICKOMY 3aKa3y’ TIOJy4YEeHbl aB-
TOPCKHE CBHAETENBCTBA Poccuiickoro ABTOpPCKO-
ro OOmiectsa.

B 2004 roxy E.M.Uenypun uzbpan uJe-
HOM-KOppecnonaeHToM Poccuiickoit Axanemuun
€CTeCTBeHHbIX HaykK nmo Cekuuu Hay4dHBIX MpO-
OJleM arpompOMBIIUICHHOTO KOMIUIEKca. 3a 3a-
CIIyI'M B Pa3BUTUU 3E€MJICYCTPOUTEIHHOIO 00pa-
30BaHUsA, HayKe U MOAJEpKaHWE TpaaAuLIUN Me-
’)KeBOM mikoJsibl pemieHuem YuéHoro Coera ['o-
CYJIJapCTBEHHOI'O YHHMBEpPCUTETa 10 3EMJIEYCT-
pOMCTBY HarpaxaéH menanpio KoHCTaHTHHOB-
ckoro Ilouérnoro 3naka. B 2007 roxy Gosblioit
JIMYHBIN BKJIaJ B Pa3BUTUE CTPOUTENIBHON OTpac-
JH1, MHOTOJIETHUH JOOPOCOBECTHBIM TPy U yC-
MIENIHOE BBIMIOJIHEHUE IMPOU3BOJICTBEHHBIX 3a/1a-
HUW TPUKAa30M MUHHCTPA PETMOHAJIBLHOTO Pa3BU-
tusa PO npucBoeno 3Banue “Berepan Tpyaa”.

B 2007-2011 rr. EBrenuit MuxaiinoBuy —
nekad ¢akynbTeTa ['opomackoro kamactpa ['ocy-
JApPCTBEHHOTO YHUBEPCUTETA IO 3eMIICyCTPOMCT-
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By, 32 BpeMsi pa0OThl Ha 3TOH TOJDKHOCTU BHEC
OOJIBIIION BKJIAM B pa3BUTHE (aKyIbTETa, OTKPHLI
MarucTpatypy IO HampaBieHuto «l eomes3usi».
Cran oTHUM U3 COABTOPOB TPETHETO MOKOJIEHUS
rOCyAapCTBEHHOTO 00pa30BaTEILHOTO CTaHAApTa
BBICHIETO MPO(ECCHOHATBLHOTO O0pa30BaHUS 10
HATIPABIICHUIO «3EeMJICYCTPOHUCTBO U KaJIaCTPhI».
C 2011 roma — EBrenmii Muxaiimosuu
YenypuH — IPOPEKTOP MO yIeOHO-METOTUICCKON
pabore ['ocymapcTBEHHOro yHUBEpPCHTETa IO
3eMJICyCTPOMCTBY, 3aMECTUTENb MpeIceaaTess
Y4eOHO-METOAMYECKOTO OOBEAMHEHUSI BY30B

Poccwuiickoit denepanuu mo oOpa3oBaHUIO B 00-
JIaCTH 3€MJICYCTPOMCTBA U KadgacTpoB. B Tom xe
rony E.M.Uenypun Bomien B PerakuvoHHbIN CO-
BET HAILIErO KypHAJIa.

Penakuus MeXayHapoJHOTO  Hay4yHO-
TEXHUYECKOTO U MPOU3BOACTBEHHOI'O KypHala
«Hayku o 3emiie» OT BCed IyHIM MO3JpaBisieT
EBrennss MuxaiinoBuua c o0uieeM, KeIaeT eMy
MHOTHX JIET KU3HH, KPETKOT0 CTa0MIBLHOTO 370~
POBBSI, OTIMYHOIO HACTPOEHHUS, OOJIBLIOrO cya-
CThsl, JAJIBHEHIINX YCIEXOB B IE€JAarorMueckom,
HAay4YHOM Y aIMUHUCTPATUBHOM ESATEIHLHOCTH.

BJIAIUMUPY UBAHOBUYY KA®TAHY - 60 JIET

5 urons 2011 rona Bragumup MBanoBu4
Kadran, noxkTop TeXHHUECKUX HAyK, W3BECTHBIN
B Poccum u 3apy0OexoM yUYeHBIH-T€OAE3HUCT,
Mpa3HyeT IIECTUIECATUIETHE CO JHS POXKIe-
HUS, COPOKOJIETHE TPYNOBOM ICSATEIBHOCTH U
nBaauaTuieTre pabotsl B LleHTpanibHOM HaydHO-
HCCIIEI0BATEIbCKOM MHCTUTYTE T'€OJE3HH, adPOo-
cbeMku U kaprorpadpuu um. ®.H.Kpacosckoro
(ITHUUNT"AuK).

Binagumup MBaHOBUY ponuics S5 HIOHA
1951 roma B cembe CITy Karero.

B 1971 rogy okoHunn MOCKOBCKUH TO-
norpaguuecKuii MOJIMTEXHUKYM IO CIIEIUATBHO-
CTH TexXHUuK-reone3uct. Ilo pacnpenenenuio pa-
00Tal B TOJIEBBIX SKCHEAUIUAX MOCKOBCKOTO
a’pOreo1e3NUECKOro MpeArnpHusITHs, MapajlieIbHO
o0yyasich Ha 3a0YHOM OT/AEJICHUU MOCKOBCKOTO
WHCTUTYTa UHKXEHEPOB I'€0JIE3UH, adPOCHEMKHU U
kaptorpaduu (HsiHe MI'YuK).

B 1978 romy Brnamumup MBanoBuu yc-
MENTHO OKOHYHMJI MHCTHUTYT, MONY4YWB KBalu(pu-
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KalMI0 HHXKEHEPa-Te0/Ie3UCTa MO CIEeHATbHOCTU
«IIpuknangHas reone3us».

Bo Bpems cBoel TpyAOBOU AEATENBHOCTH
Brnanumup MBaHOBHY 3aHMMANCS BOCCTAHOBIIE-
HUEM IYHKTOB IOCYJaPCTBEHHOM Ireoe3nyecKon
CeTH, KaMmepalbHOH OOpabOTKOM pe3ysbTaToB
reo/Ie3N4EeCKUX U3MepeHui. BosriiaBumil Koopau-
HAllMOHHYIO TPYNIy [0 YPAaBHHBAHUIO aCTPOHO-
MO-T€0C3UYECKON CETH.

B 1985-1988 romax oOyuasicsi B 3a04HOM
acnupantype [THUUI'AuK. B 1988 romy yc-
NENIHO 3aluTUI Auccepranuio «MaTeMaTuko-
CTAaTHCTUYCCKUN aHAIU3 T€O0AC3UICCKIX HaOII0-
JICHUH 3a IBM>KCHUSIMU 36MHOW MOBEPXHOCTH) Ha
COMCKaHUE YYEHOU CTENeH! KaHANAaTa TeXHUYe-
CKHX HayK.

B 1990-1995 ronax Bnagumup MBanoBuu
paboTan crapmiuM HAy4YHBIM  COTPYAHHUKOM
HHUUT'AuK. B 1995 roay ero nepeBeiu B LEH-
TpaJIbHBIA amnmapaT MHHHCTEPCTBA IO YPE3BbI-
yaliHbIM cuTyauus Poccuiickon @enepannn.

B 1997 rony Bepnyincsa B ITHUUI Auk Ha
JOJDKHOCTh  3aBEIYIOLIETO JIaOOpaTOpuei CIyT-
HUKOBOM reo/ie3uy U reoJUHaAMUKH, TJe U pado-
Taetr J0 cux nop. OCHOBHBIC HANpPaBIICHUS HAYY-
HOM paboThl: reoe3nYecKue METOAbl PELICHUS
reoJUHAMUYECKHUX 3a7a4, MaTeMaTHueckas 00-
paboTKa MOBTOPHBIX I'€0/IE3MUECKUX U3MEPEHUM,
aHaJIU3 M MHTEpIpEeTalus BPEMEHHBIX HM3MEHE-
HUH  TEONPOCTPAHCTBEHHBIX  XAPAKTEPUCTHUK.
Brnagumup MBaHOBHY SIBJISIETCS aBTOPOM OJIHOTO
U3 HauboJjee TOYHBIX MMPOTHO30B 23 COIHEYHOTO
nukia. [lo 3aBeplieHUN YETHIPEXJIETHUX OTYEeT-
HBIX [EPUOJIOB TPUXKbI SABISICA coaBTopoM Ha-
[IMOHAIBHBIX OTYETOB, MPEJCTaBIIEMbIX Ha ['e-

HepalbHyI0 accamOiero MexIyHapoJHOH acco-
unaruu reoae3uu, Komuccunm «CoBpeMEHHbIE
JBU>KEHUS 36MHOU KOpbl». Bragumup MBanoBuu
coBMenaetT Hay4dHyro padory B ITHUUI'AuK c
Ieaarorndecko naesrenpbHocTbio B MIYI'HK,
JIBaXIbI ObUT mpescenaaTeneM [ ocynapcTBeHHON
aTTeCTallMOHHOW KoMmuccuu B ['ocynapcTBEeHHOM
YHUBEpPCUTETE IO 3emiieycTpoicTBy. llocTosHHO
y4acTBYeT B POCCHUMCKHX M 3apyOEKHBIX Hayd-
HBIX KOH(pepeHIUsX. SIBISeTcs WIEHOM pelak-
LIUOHHOTO coBeTa MEeXIyHapOJIHOTO Hay4HO-
TEXHUYECKOTO W IMPOU3BOJACTBEHHOI'O >KypHala
«Hayku o 3emie».

B 2003 rony Bnagumup MBanoBu4 Ha 3a-
CeJlaHUU JIUCCEePTALMOHHOTO coBeTa MOCKOBCKO-
ro rocyJapCTBEHHOTO YHHMBEPCHUTETA IyTEH CO-
oOIIeHn# 3amuTHI Juccepranuio «BpemeHHOM
aHaJIU3 TeONPOCTPAHCTBEHHBIX aHHBIX: KHHEMA-
TUYECKHUE MOJICNIN» Ha COMCKAaHWE YUEHOU cTerie-
HU JOKTOPA TEXHUYECKUX HaYK.

Bnagumup HMBaHOBMY HarpaxiaeH Ha-
IrPYJIHBIMH 3HaKaMU «OTIMYHMK F€0/I€3UU U Kap-
torpadum» (1999) u «lloyeTHblit TeomE3UCT»
(2001), stBisieTCS IOYETHBIM BBITYCKHHUKOM Mo-
CKOBCKOTO KOJUIE/[XKa TE€OAe3Uu U Kaprorpaduu
(2005). SABnseTcs aBTOPOM W COABTOpPOM OoJjiee
100 Hay4HBIX MyOIUKALIUH.

Penakumss  MexayHapoaHOro  Hay4HoO-
TEXHUYECKOTO U MPOU3BOJCTBEHHOIO >XypHala
«Hayku o 3emie» OT Bced AyIIM MO3APABISET
Bnagumupa VMBanoBuua ¢ ro0uiieeM, Kenaer emy
MHOTHUX JIET KU3HHU, KPETKOro CTaOUIBLHOTO 3/10-
POBBSI, OTIUYHOTO HACTPOCHUs, OOJBIIOrO CYa-
CThsl, TaJIbHEUIINX YCIIEXOB B HAYYHOU U MPOU3-
BOJICTBEHHOH J€SATEIHHOCTH.

50 JET ATPAPHOMY ®AKYJDBTETY PYJIH

B 2011 roay ucnonusiercss 50 ner co qus
ocHoBaHUs1 ArpapHoro ¢akyiasTera Poccuiickoro
YHUBEpPCUTETA APYKOBI HApoJoB. DaKyIbTET SIB-
JASeTCSl OJHOM M3 BEAYUIMX IEJaroruueckux u
HAy4HBIX IIKOJI, IIMPOKO M3BECTHOM Kak B Poc-
CHUH, TaK U 3apy0exKOoM.

Penakiust Hamiero kypHajga OT BCeH Jy-
I MO3/1paBisieT npodeccopcko-
MPENo/IaBaTeNIbCKUN COCTaB, COTPYJIHUKOB, CTY-
JIEHTOB, aCMHUPAHTOB U MArucTpaHToB «Dakyib-

teta JKusam» co cmaBHeiM [O0uaeem. Xemaem
JTanbHEHIIeTo MporBeTaHus ¢akyabTeTa, Kper-
KOTO 3JIOPOBbS U OOJBIIOTO CYACThS €ro Tpe-
KpPAaCHOMY KOJUIEKTHBY, HOBBIX JOCTHXEHUU B
MEJarOrM4eCKOM U HAYYHOM NEATEIbHOCTH.

B crnepnyroiem BeIyCKe HAIIEro KypHasa
Bbl cMokeTe mpoYnTaTh OOJIBIIOE HHTEPBBIO JIe-
KaHa ArpapHoro (akyiprera 1.C-X.H., mpodec-
copa Banguma I'ennanpeBuya I lnromukosa.
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ITAMSATD / IN MEMORY

MAPHS UBAHOBHA IOPKHHA
(1923-2010)

26.10.2010 r. Ha 87-0M roay *HU3HHU CKOH- Pomgunace Mapusi VBaHoBHa 4 pnexaOps
yanack Mapus MiBanosna FOpkuna. 1923 r. B TBepu B cembe MBana AnekcaHApOBU-

Nma M.U. FOpkuHOi1 — kpynHoro ydyeHoro- | 4da u Mapuu Huxonaesusl FOpkunsix. Oren M.J.
reo0JIe3UCTa HAllled CTpaHbl — MIUPOKO M3BECTHO | FOpKWHOM poAMiICS B KPECThIHCKOW CEMbE B Jie-
BO BCEM Ie0JIe3MUYeCKOM MHpe mpexe Bcero B | peBHe Ilomykapnose BOmu3u cena Ky3pMuHCKO-
00JTaCTH TEOPETHYECKON TE0 131 H. r0, IMeJ MEAUINHCKOE 00pa3oBaHue.
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IMAMATD / IN MEMORY

[Tocne apectoB poauteneirt M.M. KOpkuna
XKuia ¢ 0a0yIKHHBIMA POJTHBIMU — CECTPOM AH-
Hoil HukonaeBHol u Oparbsimu Mnbeit 1 Muxan-
noM HukonaeBnmuamu MapKOBBIMH — WHXKEHEpa-
mu-nyreiinamu. OxoHuuB B 1941 r. cpenHioro
mkony, M.W. OpkuHa cHayana mocTynuia Ha
ONTUKO-MEXaHWYECKH (haKylIbTeT, a 3aTeM, B
okTsI0pe 1941 r. mepemnina Ha reoae3ndecKuii da-
KyJIbT€T 10O  CHEIUAJIbHOCTH  aCTPOHOMO-
reojes3us, i€ y4ywiach C MHTEPECOM M CTapa-
TEJBHO.

B okta6pe 1946 r. M.U. IOpkuna Obuia
npunara uHxeHepom B mrtar HHUUT'AuK, c
1948 r. — acniupantom, ¢ 1950 r. — ctapmum uH-
xeHepoMm. B 1952 r. yBoieHa 1o COKpalieHHIo
mratoB. B 1953-55 rr. paborana mo moroBopy B
Wncturyre nayunoit madopmanmu. C 1955 r.
paborana B [JTHUUT' AuKe mmanmum HaydHBIM
coTpyIHuKkoM, ¢ 1960 r. - crapmuM Hay4HBIM
COTpPYIHHKOM, ¢ 1988 r. - cTapmuMm Hay4YHbIM
COTPY/IHUKOM-KOHCYJIbTAHTOM  I'€0JI€3UYECKOTO
otaena [IHUNI AuKa..

B 1951 r. M.M. IOpkuHa 3amuinaer KaH-
JUIATCKYI0 JUCCEPTAlUIO, ITOCBAIICHHYIO BbI-
YHUCJICHUIO YKJIIOHEHUH OTBeca B TOPHOM pailoHe
Kpeima no dopmynam Monoaenckoro. B atom
xe roay noja pykosoactsoM M.C. MonoaeHcko-
ro 3al[UIIAeT CBOK KAHAMJATCKYHO JAHCCepTa-
uuro Brnagumup ®enoposuu Epemees, CTaHOBUT-
Cs CTapUIMM HAyYHBIM COTPYJIHUKOM M >KEHHUTCS
Ha Mapuu BaHoBHe. YBoabHeHHE B 1952 roxy,
BUJIIMO, CBSI3aHO C TEM, YTO AHKETHBIE JAHHBIE
Mapuu VBaHOBHBI HE MO3BOJSUTM PaOOTHUKAM
oT/IeNIa KaJIpoB cuHMTaTh e¢ OmaronanéxHoi. [lo-
CJle IOCMEPTHON peadMInTaluu POICTBEHHUKOB,
Mapus IBanoBHa mnpogommkuia padboTy B
HUUT AuKe.

M.C. MonoaeHCKUN XJIOIIOTaa 3a HEeé cHa-
yana B ['eopusnueckom unctutyre AH CCCP,
3aTeM Iepel pykoBoauTenem [naBHOro yrmpas-
neHus reonesun u kaprorpadgum A.H. bapano-
BBIM C TMPOCHOOM COXpaHWUTh €€ MJI1 HayKu.
[Ipoiins WIKOJy NOJUTUYECKUX PEIPECCUM, OC-
BOMB HOBeiyto HayuyHyio mkoixy M.C. Moro-
neHckoro, M.M. FOpkuna npomia mKoay UHCTH-

TyTa Hay4YyHOW WHQPOpPMAIUU, YTO TIOMOTJIO ei
CTaTh HE TOJBKO BBIJIAOIIMMCS YUYEHBIM, HO TaK-
e OOJIBIITUM 3HATOKOM HAyYHOU JTUTEPaTyPHI.

B 1976 r. Mapus HBanoBHa 3ammTuia
JIOKTOPCKYIO IUCCEPTALIMIO HA aKTyalbHYIO TEMY
«OmnpeneneHne BHENIHETO 3€MHOIO TpaBUTALIU-
OHHOTO TOJIsl Yepe3 IJIOTHOCTh MPOCTOTrO CJIOS M0
Ha3eMHBIM U CIIyTHUKOBBIM JaHHBIM C TOIOIpa-
(UYeCKUMU TONPaBKAMI).

ITpemust umenu @.H. KpacoBckoro npucy-
x1eHa 3a «[{ukir paboT 1Mo pa3BUTHIO TEOPETUYIE-
CKHX 00OCHOBaHUH pemieHnud (yHTaMEHTATBHBIX
3a/1au reo/Ie3Un», BBIMOTHEHHBIM TOKTOPOM TEX-
Huueckux Hayk M.U. FOpkunoii B nepuon ¢ 1955
roja o 2003 roa COBMECTHO ¢ KaHAUAATOM TeX-
Hudyeckux Hayk B.®D. EpemeeBbiM, paGoTaBmmm
B IHUUT'AuK ¢ 1937 r. mo 1972 1.

M.U. HOpkuHOH BBINOJHEHBI HCCIEA0BA-
HUS TIO CIEAYIONMM (QYyHIAaMEHTAIbLHBIM Hay4-
HBbIM HalpaBJICHUSM TEOPETUYECKON I'€01€31U:

e liccnenosanue 3agaun MOJIOJEHCKOTO B 3J-
JIMIICOUTAJIBHOW CUCTEME KOOPAMHAT.

e Teopus BBICOT B rpaBUTALIMOHHOM I10JI€ 3EM-
.

e (CoBMecTHOE OomnpenesieHue rPaBUTAIUOHHOTO
MOJISL U ABMKEHHUI 36MHOM KOpPBI MO MOBTOP-
HBIM OIIPE/EJICHUSM HUBEJIMPOBAHUS U Tpa-
BUMETPUH. Y CTAHOBJICHHE HaYyaJla OTCYETA.

e VYTOYHEHHE pacyeTa HyTaluu 3a CMEIICHUE
JEMCTBYIOIIMX CUJI C LIEHTPA 3€MHOW MacChl.

Tanant, mwupoxkas >3pyaAuMLMs, HACTOWYH-
BOCTb, OTPOMHasi pabOTOCTIOCOOHOCTh, MPUHITHU-
MAATTBHOCTh U TPEeOOBATEIHLHOCTh MPH TPOBEJIC-
HHUM HCCIeNoBaHUK no3Bosimiii Mapuu MBaHOB-
HE OTKJMKATBhCS HAa CaMble Ba)KHBIC 3aIpOCHI
HayKd U npakTuku. [Ipu cBoeM CHIIBHOM Xapak-
Tepe W SAPKO BHIPAKCHHOW WHIWBUIYATBHOCTU
Mapus VBaHOBHA OblIa OYEHH CKPOMHBIM YeJ0-
BEKOM, J100poskenaTenbHOM U mobuna paboTaTh
B KOJUICKTHUBE.

[Tamste 0 Mapun BanoBue FOpkuHO# Ha-
BCETJ]a OCTAHETCS B HAIIUX cepAlax, a e€ Tpy.Ibl
OyIlyT CIY>KUTb MHOTHUM TIOKOJICHUSIM HCCJIEH0-
BaTeIe.
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