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GPR INVESTIGATIONS TO ALLOCATE THE ARCHAEOLOGICAL REMAINS IN MUT 
TEMPLE, LUXOR, UPPER EGYPT 

Atya M.A.(1,2), Ahmed S.B.(2), Musa M.F.(3), Gaballa M.(1), Abbas M.(1), Shaaban F.F.(1,4) and 
Hafez, M.A(1) 

(1) National Research Institute of Astronomy and Geophysics, Helwan, Cairo, Egypt. 
(2) Horizons International for Integrated Sciences, Nasr City, Cairo, Egypt. 
(3) South Valley University, Qena, Upper Egypt. 
(4) King Khaled Univ., Faculty of Science., Physics Dept., Saudi Arabia. 
 
Key Words: GPR, Archaeology, Luxor 
Abstract 

GPR investigation has been conducted on Mut temple; to the south portion of Al-Karnak 
temple  at  the  eastern  bank  of  Luxor  city.  Within  the  survey,  the  GPR  SIR  system-10A  has  been  
used connected to 100/500 MHz antenna. The present work is oriented to allocate the buried Ar-
chaeological ruins at the site, and also to evaluate the archaeological significance of the artifacts in 
concern to the hydro-situation. The survey is composed of three data sets; the first set (A) includes 
three GPR profiles located inside the temple palisade at the western bank of the Holy Lake, the sec-
ond set (B) Includes four profiles distributed on the yard between Mute and Al Karnak temples, and 
the third set (C) includes three profiles oriented to study the EW Sphinx Avenue front of Mute tem-
ple. The measured GPR data has been processed and visualized in different ways to show the infra-
content of the artifacts in the buried subsurface of the temple. Furthermore, intensive matual work 
and discussion with the local inspectorate of Luxor to the analytical definition of the artifact lead to 
detect the zones of possible findings and as much as possible to define their identities. A series of 
sectional GPR records, time slices, maps, and 3D graphs have been introduced to represent the rela-
tive outputs. 
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CSEM IMAGING OF THE NEAR SURFACE DYNAMICS AND ITS IMPACT FOR 

FOUNDATION STABILITY AT QUARTER 27, 15TH OF MAY CITY, HELWAN, EGYPT 
Magdy A. Atya1, Olga A. Khachay2, Mamdouh M. Soliman1, Oleg, Yu. Khachay3, Ahmed B. Khalil1, 

Mahmoud Gaballah1, Fathy F. Shaaban1,4 , Ibrahim A. El Hemali1 
1  National Research Institute of Astronomy and Geophysics (NRIAG), 11722 Helwan, Egypt. 
2  Institute of Geophysics, Russian Academy of Science (RAS), Ural Division, Russia. 
3  Ural State University, Russia. 
4  King Khaled University, Faculty of Science, Physics Department, Abha, Saudia Arabia. 
 
Abstract 

In the present work, we involve the Control Source Electromagnetic (CSEM) Technique to 
image the dynamic migration center of the near surface fractures, fissures, and cracks in a new 
dwelling area at 15th of May city close to Cairo. This area forms the center of the zonal weakness of 
the subsoil, which in turn, interact with the weight center of the construction leading to catastrophic 
collapses. 

The control source electromagnetic technique has been developed recently to monitor the 
migration of the weakness center represented as the accumulative fissures and cracks within the 
near subsurface. Three composite profiles of wide and planshet mesh data have been collected in 
2008. This survey has been followed by performing two profiles in 2010; one of these profiles has 
been conducted along one of the earlier profiles to observe the situation changes, and the second 
profile has been measured between the other two profiles of 2008. The last profile had been per-
formed to study the mutual relation between the measurements of the two cycles. The objectives of 
the whole process are to validate the capability of the technique to pick the minor changes of the 
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weakness center, consequently, study its relation to the weight center of the adjacent construction to 
produce a recommended procedure to minimize the destruction resources at the site of investigation. 

The measured data has been interpreted and represented in graphs showing the distribution 
of the heterogeneity of the geoelectric parameters in the subsoil, furthermore, in a series of geoelec-
tric cross section representing the applied frequencies used during the survey. The study concludes 
that (1) the center of the cracked zone is moving upward closer to the surface of the ground and 
heavier, (2) the water content is moving downward producing soil dryness at the shallow depths, 
and (3) the site became more stable in 2010 than 2008, however, the destruction resources remain 
warning with collapse events. Furthermore, the situation reflects the relation between the water con-
tent and the changes in the weakness center. 
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New data on geophysical researches H.Abels and R.Abels in the Urals are resulted. 
ɻʝʨʤʘʥ ʌʝʜʦʨʦʚʠʯ ɸʙʝʣʴʩ ʨʦʜʠʣʩʷ ʚ ʕʩʪʦʥʠʠ ʚ ʛʦʨʦʜʝ ʇʷʨʥʫ (ʇʝʨʥʦʚʝ) 15/3 ʘʧʨʝʣʷ 

1846 ʛʦʜʘ. ʆʢʦʥʯʠʣ ʤʝʩʪʥʫʶ ʧʨʦʛʠʤʥʘʟʠʶ (ʫʧʨʦʱʝʥʥʫʶ ʛʠʤʥʘʟʠʶ) ʛ., ʘ ʟʘʪʝʤ ʬʠʟʠʢʦ-
ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ɼʝʨʧʪʩʢʦʛʦ (ʖʨʴʝʚʩʢʦʛʦ) ʫʥʠʚʝʨʩʠʪʝʪʘ ʢʘʢ ʤʘʪʝʤʘʪʠʢ ʚ 1870 ʛʦ-
ʜʫ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʩʪʫʧʠʣ ʥʘ ʨʘʙʦʪʫ ʫʯʠʪʝʣʝʤ ʤʘʪʝʤʘʪʠʢʠ ʚ ʄʦʩʢʚʝ. ɺ 
1875 ʛʦʜʫ ʝʛʦ ʞʠʟʥʴ ʠ ʨʦʣʴ ʚ ʥʘʫʢʝ ʨʝʟʢʦ ʠʟʤʝʥʠʣʠʩʴ – ʦʥ ʧʦʩʪʫʧʠʣ ʥʘ ʨʘʙʦʪʫ ʚ ɻʣʘʚʥʫʶ 
ʌʠʟʠʯʝʩʢʫʶ ʦʙʩʝʨʚʘʪʦʨʠ  ʁ(ɻʌʆ), ʜʠʨʝʢʪʦʨʦʤ ʢʦʪʦʨʦʡ ʙʳʣ ʘʢʘʜʝʤʠʢ ɻ.ʀ. ɺʠʣʴʜ. 

ɻʝʥʨʠʭ ʀʚʘʥʦʚʠʯ ɺʠʣʴʜ (1833-1902) ʨʦʜʠʣʩʷ ʚ ʐʚʝʡʮʘʨʠʠ, ʛʜʝ ʧʦʣʫʯʠʣ ʩʪʝʧʝʥʴ ʜʦʢ-
ʪʦʨʘ ʬʠʣʦʩʦʬʠʠ ʎʶʨʠʭʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (1857). ɹʳʣ ʜʠʨʝʢʪʦʨʦʤ ʆʙʩʝʨʚʘʪʦʨʠʠ ʚ ɹʝʨʥʝ. ɺ 
1868 ʛʦʜʫ ʙʳʣ ʠʟʙʨʘʥ ʘʢʘʜʝʤʠʢʦʤ ʀʤʧʝʨʘʪʦʨʩʢʦʡ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʠ 
ʥʘʟʥʘʯʝʥ ʜʠʨʝʢʪʦʨʦʤ ɻʌʆ. ɺ ʵʪʦʡ ʜʦʣʞʥʦʩʪʠ ʦʥ ʦʩʪʘʚʘʣʩʷ ʜʦ 1895 ʛʦʜʘ.  

ɻʝʨʤʘʥ ʌʝʜʦʨʦʚʠʯ ʩʪʘʣ ʨʘʙʦʪʘʪʴ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʘ ɺʠʣʴʜʘ. ʆʥ ʠʤʝʣ ʤʘʪʝ-
ʤʘʪʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʜʚʘ ʷʟʳʢʘ: ʥʝʤʝʮʢʠʡ ʠ ʨʫʩʩʢʠʡ, ʤʦʛ ʩʚʦʙʦʜʥʦ ʥʘ ʥʠʭ ʛʦʚʦʨʠʪʴ, ʯʠ-
ʪʘʪʴ ʠ ʧʠʩʘʪʴ ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ. ʅʝʤʝʮʢʠʡ ʙʳʣ ʜʣʷ ʥʝʛʦ ʨʦʜʥʳʤ, ʘ ʨʫʩʩʢʠʡ ʦʥ ʚʳʫʯʠʣ. ɻʝʥʨʠʭ 
ʀʚʘʥʦʚʠʯ ʧʨʠʤʝʥʠʣ ʦʨʠʛʠʥʘʣʴʥʫʶ ʤʝʪʦʜʠʢʫ ʚʦʩʧʠʪʘʥʠʷ ʥʘʫʯʥʦʛʦ ʨʘʙʦʪʥʠʢʘ ʆʙʩʝʨʚʘʪʦʨʠʠ. 
ɽʛʦ ʧʣʘʥ ʩʦʩʪʦʷʣ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʯʠʥʘʶʱʠʡ ʩʦʪʨʫʜʥʠʢ ʫʞʝ ʠʤʝʶʱʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʜ-
ʛʦʪʦʚʢʫ, ʩʪʘʣ ʦʩʚʘʠʚʘʪʴ ʦʙʩʝʨʚʘʪʦʨʩʢʠʝ ʚʠʜʳ ʨʘʙʦʪ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʘʛʥʠʪʥʦ-
ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ɻ.ʌ.ɸʙʝʣʴʩ ʪʦʛʜʘ ʥʝ ʙʳʣ ʛʦʪʦʚ.  

ɺ 1875-1885 ʛʦʜʘʭ ʦʥ ʦʩʚʘʠʚʘʣ ʨʘʙʦʪʫ ʚ ʆʙʩʝʨʚʘʪʦʨʠʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʘ 
ɺʠʣʴʜʘ. ɼʦ 1878 ʛʦʜʘ ʦʥ ʠʟʫʯʘʣ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʈʦʩʩʠʠ, ʟʘʪʝʤ ʩ 1879 ʧʦ 1884 ʛʦʜʳ ʦʩʚʘʠʚʘʣ 
ʛʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʂʦʥʩʪʘʥʪʠʥʦʚʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ ʇʘʚʣʦʚʩʢʝ, ʢʦʪʦʨʫʶ ʩʦʟʜʘʣ 
ɺʠʣʴʜ. ʅʘʢʦʥʝʮ, ɺʠʣʴʜʦʤ ʦʥ ʙʳʣ ʥʘʟʥʘʯʝʥ ʠʥʩʧʝʢʪʦʨʦʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. ɹʣʘʛʦ-
ʜʘʨʷ ʵʪʦʤʫ ʦʥ ʧʦʣʫʯʠʣ ʨʘʟʥʦʩʪʦʨʦʥʥʝʝ ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ: ʩʪʘʣ ʬʠʟʠʢʦʤ-ʪʝʦʨʝʪʠʢʦʤ, 
ʬʠʟʠʢʦʤ-ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʤ, ʛʝʦʤʘʛʥʝʪʦʣʦʛʦʤ, ʤʝʪʝʦʨʦʣʦʛʦʤ, ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʠ ʫʯʝʥʳʤ. 

ɻʝʨʤʘʥ ʌʝʜʦʨʦʚʠʯ ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜʠʢʫ ʚʳʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ 
ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʕʪʦ ʚʘʞʥʦ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʠʟʫʯʝʥʠʷ ʠʩʪʦʨʠʠ 
ɿʝʤʣʠ. ʕʪʦʤʫ ʦʥ ʧʦʩʚʷʪʠʣ 30 ʣʝʪ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ. ʆʨʠʛʠʥʘʣʴʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ 
ʪʘʢʞʝ ʨʘʙʦʪʳ ɻʝʨʤʘʥʘ ʌʝʜʦʨʦʚʠʯʘ ʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʧʦʢʨʦʚʦʚ 
ʠʟ ʩʥʝʛʘ, ʪʨʘʚʳ, ʩʫʭʠʭ ʠ ʚʣʘʞʥʳʭ ʛʨʫʥʪʦʚ. ʇʦʣʫʯʝʥʥʘʷ ʠʤ ʬʦʨʤʫʣʘ ʜʣʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 
ʩʚʷʟʳʚʘʶʱʘʷ ʝʝ ʩ ʧʣʦʪʥʦʩʪʴʶ ʩʥʝʛʘ ʧʦʣʫʯʠʣʘ ʝʛʦ ʠʤʷ (ʬʦʨʤʫʣʘ ɸʙʝʣʴʩʘ). ʄʘʩʰʘʙʥʳ ʝʛʦ 
ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʛʝʦʤʘʛʥʠʪʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʋʨʘʣʘ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʦʪ ɽʢʘʪʝ-
ʨʠʥʙʫʨʛʘ ʜʦ ʉʘʣʝʭʘʨʜʘ (ʆʙʜʦʨʩʢʘ). ʂʘʢ ʦʨʛʘʥʠʟʘʪʦʨ ɻʝʨʤʘʥ ʌʝʜʦʨʦʚʠʯ ʙʳʣ ʜʠʨʝʢʪʦʨʦʤ 
ɽʢʘʪʝʨʠʥʙʫʨʛʩʢʦʡ ʤʘʛʥʠʪʥʦ-ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ (ɽʄʄʆ). ʉ 1885 ʧʦ 1925 ʛʦʜ 
ʙʝʟ ʧʝʨʝʨʳʚʘ, ʨʫʢʦʚʦʜʠʣ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʩʝʢʮʠʷʤʠ ʋʨʘʣʴʩʢʦʛʦ ʆʙʱʝʩʪʚʘ 
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ʣʶʙʠʪʝʣʝʡ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ (ʋʆʃɽ). ɹʣʘʛʦʜʘʨʷ ɻʝʨʤʘʥʫ ʌʝʜʦʨʦʚʠʯʫ ɽʄʄʆ ʥʝ ʧʨʝʢʨʘʱʘʣʘ 
ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʘʞʝ ʧʝʨʠʦʜ ʨʝʚʦʣʶʮʠʠ ʠ ɻʨʘʞʜʘʥʩʢʦʡ ʚʦʡʥʳ, ʪʘʢ ʢʘʢ ʦʥ ʜʘʞʝ ʧʝʨʝʜ 
ʫʛʨʦʟʦʡ ʦʙʩʪʨʝʣʘ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʚʝʨʰʠʥʝ ʛʦʨʳ (ʚ ʥʝʡ ʙʳʣ ʥʘʙʣʶʜʘʪʝʣʴ-
ʥʳʡ ʧʫʥʢʪ), ʥʝ ʧʦʢʠʥʫʣ ʝʝ ʠ ʥʝ ʧʦʟʚʦʣʠʣ ʵʚʘʢʫʠʨʦʚʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʕʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫ-
ʛʠʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʈʦʩʩʠʠ ʦʙʝʩʧʝʯʠʣʦ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʜʘʥʥʳʭ ʆʙʩʝʨʚʘʪʦʨʠʠ ʩ 1836 ʛʦʜʘ ʜʦ 
ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ʆʙʩʝʨʚʘʪʦʨʠʷ ʦʢʘʟʘʣʘʩʴ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʜʝʡʩʪʚʫʶʱʠʤ ʥʘʫʯʥʳʤ ʫʯʨʝ-
ʞʜʝʥʠʝʤ ʚ ʛʦʨʦʜʝ. ɺʩʝ ʵʪʠ ʜʝʡʩʪʚʠʷ ʦʥ ʩʦʚʝʨʰʘʣ ʧʦʪʦʤʫ, ʯʪʦ ʙʳʣ ʧʘʪʨʠʦʪʦʤ ʆʙʩʝʨʚʘʪʦʨʠʠ, 
ʛʦʨʦʜʘ ɽʢʘʪʝʨʠʥʙʫʨʛʘ, ʋʨʘʣʘ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʣ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʞʠʟʥʴ. 

ʈʦʙʝʨʪ ɻʝʨʤʘʥʦʚʠʯ ɸʙʝʣʴʩ ʨʦʜʠʣʩʷ 1 ʠʶʥʷ 1886 ʛʦʜʘ ʚ ʎʘʨʩʢʦʤ ʉʝʣʝ, ʛʜʝ ʞʠʣʠ ʨʦʜ-
ʩʪʚʝʥʥʠʢʠ ʞʝʥʳ ɻʝʨʤʘʥʘ ʌʝʜʦʨʦʚʠʯʘ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʤʫʞʩʢʦʡ ʛʠʤʥʘʟʠʠ ʚ ɽʢʘʪʝʨʠʥʙʫʨʛʝ 
(ʥʳʥʝ ʛʠʤʥʘʟʠʷ ˉ9) ʧʦʩʪʫʧʠʣ ʚ ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʘ-
ʢʫʣʴʪʝʪ, ʢʦʪʦʨʳʡ ʟʘʢʦʥʯʠʣ ʚ 1913 ʛʦʜʫ, ʠ ʚ ʪʦʤ ʞʝ ʛʦʜʫ ʧʨʠʩʪʫʧʠʣ ʢ ʨʘʙʦʪʝ ʚ ɽʄʄʆ ʚ ʢʘʯʝ-
ʩʪʚʝ ʬʠʟʠʢʘ. 

ʊʘʢʞʝ ʢʘʢ ʠ ɻʝʨʤʘʥ ʌʝʜʦʨʦʚʠʯ, ʈʦʙʝʨʪ ɻʝʨʤʘʥʦʚʠʯ ʙʳʣ ʧʘʪʨʠʦʪʦʤ ʋʨʘʣʘ ʠ ʚʩʝ ʩʚʦʠ 
ʩʠʣʳ ʥʘʧʨʘʚʣʷʣ ʥʘ ʝʛʦ ʠʟʫʯʝʥʠʝ, ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʫʜʝʣʷʣ ʵʢʩʧʝʜʠʮʠʦʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 
ɼʣʷ ʵʪʦʛʦ ʦʥ ʥʘʥʠʤʘʣ ʢʨʝʩʪʴʷʥʠʥʘ ʩ ʣʦʰʘʜʴʶ ʠ ʦʙʲʝʟʞʘʣ ʩ ʥʠʤʠ ʧʫʥʢʪʳ ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘ-
ʙʣʶʜʝʥʠʡ. ɼʣʷ ʦʙʦʛʨʝʚʘ, ʟʘʱʠʪʳ ʦʪ ʢʦʤʘʨʦʚ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʱʠ ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʫʭʦʡ 
ʥʘʚʦʟ. ʅʘ ʥʦʯʣʝʛ, ʝʩʣʠ ʧʦʟʚʦʣʷʣʠ ʫʩʣʦʚʠʷ, ʦʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚ ʢʨʝʩʪʴʷʥʩʢʠʭ ʜʦʤʘʭ. ʉ ʫʯʝʪʦʤ 
ʩʣʘʙʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʤʝʩʪ, ʛʜʝ ʧʨʠʭʦʜʠʣʦʩʴ ʧʨʦʚʦʜʠʪʴ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢʠʝ ʧʦʝʟʜʢʠ 
ʙʳʣʠ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠ ʪʷʞʝʣʳʤʠ, ʥʦ ʠ ʦʧʘʩʥʳʤʠ. 

ʇʦʩʣʝ ʫʭʦʜʘ ʩ ʧʦʩʪʘ ʨʫʢʦʚʦʜʠʪʝʣʷ ʆʙʩʝʨʚʘʪʦʨʠʠ ɻʝʨʤʘʥʘ ʌʝʜʦʨʦʚʠʯʘ ʈʦʙʝʨʪ ɻʝʨʤʘ-
ʥʦʚʠʯ ʧʨʦʜʦʣʞʠʣ ʝʛʦ ʜʝʣʦ ʠ ʚʦʟʛʣʘʚʠʣ ʨʘʙʦʪʫ ʤʘʛʥʠʪʥʦʛʦ ʦʪʜʝʣʘ ɽʄʄʆ (c1926 ʧʦ 1934 
ʛʦʜ). ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʝʤʫ ʧʨʠʰʣʦʩʴ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʥʦʚʦʡ ʠ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʦʙʩʝʨ-
ʚʘʪʦʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ: ʧʨʦʙʣʝʤʦʡ ʚʦʟʤʫʱʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʛʝʦʤʘʛʥʝʪʠʟʤʘ ʪʝʭʥʦʛʝʥ-
ʥʳʤʠ ʧʦʣʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʷʤʠ, ʧʦʷʚʠʚʰʠʤʠʩʷ ʦʪ ʪʨʘʤʚʘʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʉʚʝʨʜʣʦʚʩʢʝ 
ʚ1930-ʝ ʛʦʜʳ.  ɼʣʷ ʵʪʦʛʦ ʝʤʫ ʧʨʠʰʣʦʩʴ ʧʨʦʚʝʩʪʠ ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ ʧʦ ʧʦʠʩʢʫ ʤʝʩʪʘ,  ʢʫʜʘ 
ʤʦʞʥʦ ʧʝʨʝʤʝʩʪʠʪʴ ʆʙʩʝʨʚʘʪʦʨʠʶ, ʚʩʝʩʪʦʨʦʥʥʝ ʦʙʦʩʥʦʚʘʪʴ ʝʛʦ. ʀʪʦʛʦʤ ʵʪʦʛʦ ʩʪʘʣ ʧʝʨʝʥʦʩ 
ʆʙʩʝʨʚʘʪʦʨʠʠ ɺʳʩʦʢʫʶ ɼʫʙʨʘʚʫ (1929 ʧʦ 1931 ʛʦʜ), ʛʜʝ ʥʝ ʙʳʣʦ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, 
ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʤʘʛʥʠʪʥʘʷ ʘʥʦʤʘʣʠʷ. ʇʦʟʞʝ ʝʤʫ ʝʱʝ ʨʘʟ ʧʨʠʰʣʦʩʴ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʧʨʦʙʣʝ-
ʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʧʨʘʚʢʘʤʠ ʠʟ-ʟʘ ʧʝʨʝʥʦʩʘ ʤʝʩʪʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʕʪʦ ʩʣʫʯʠʣʦʩʴ, 
ʢʦʛʜʘ ʧʦʷʚʠʣʘʩʴ ʦʙʩʝʨʚʘʪʦʨʠʷ «ɸʨʪʠ». 

ʆʯʝʥʴ ʦʪʚʝʪʩʪʚʝʥʥʫʶ ʠ ʪʨʫʜʦʝʤʢʫʶ ʨʘʙʦʪʫ ʚʳʧʦʣʥʠʣ ʈʦʙʝʨʪ ɻʝʨʤʘʥʦʚʠʯ ʚ ʭʦʜʝ ʛʝ-
ʥʝʨʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʲʝʤʢʠ ʉʉʉʈ ʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʝʢʦʚʦʛʦ ʭʦʜʘ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ ʥʘ 
ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʳʭ ʆʙʩʝʨʚʘʪʦʨʠʠ ʦʧʦʨʥʳʭ ʧʫʥʢʪʘʭ. ʊʘʢ ʩ1931 ʧʦ 1935 ʛʦʜʳ ʧʦʜ ʝʛʦ ʨʫʢʦʚʦ-
ʜʩʪʚʦʤ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʤʘʛʥʠʪʥʘʷ ʩʲʝʤʢʘ ʚ ʙʦʣʝʝ ʯʝʤ 300 ʧʫʥʢʪʘʭ ʥʘ ʖʞʥʦʤ ʠ ʉʨʝʜʥʝʤ 
ʋʨʘʣʝ, ʚ ʇʨʝʜʫʨʘʣʴʝ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʏʘʩʪʠʯʥʦ ʨʘʙʦʪʳ ʚʝʣʠʩʴ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘ-
ʥʘ, ʚ ʭʦʜʝ ʧʦʝʟʜʢʠ ʧʦ ʤʘʨʰʨʫʪʫ: ʂʫʩʪʘʥʘʡ – ʊʫʨʛʘʡ – ʀʨʛʠʟ – ʏʝʣʢʘʨ, ʏʝʣʢʘʨ, ʕʤʙʘ – ɸʢʪʶ-
ʙʠʥʩʢ. ʊʘʢʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʠ ʤʘʩʰʪʘʙʥʘʷ ʨʘʙʦʪʘ ʧʦʟʚʦʣʠʣʘ ʚ1936 ʛʦʜʫ ʟʘʚʝʨʰʠʪʴ ʛʝʥʝʨʘʣʴ-
ʥʫʶ ʩʲʝʤʢʫ ʩʪʨʘʥʳ. 

ɽʱʝ ʦʜʠʥ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʈʦʙʝʨʪ ɻʝʨʤʘʥʦʚʠʯ ʚʥʝʩ ʚ ʜʝʣʦ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʫ-
ʪʦʯʥʦʛʦ ʭʦʜʘ ʵʣʝʤʝʥʪʦʚ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ, ʚʢʣʶʯʘʷ ʝʛʦ ʧʦʚʝʜʝʥʠʝ ʢʘʢ ʚ ʛʦʜʳ ʤʠʥʠʤʫʤʘ 
(1933-1934), ʪʘʢ ʠ ʤʘʢʩʠʤʫʤʘ (1937-1938) ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʘ ʜʦʣʶ ʈʦʙʝʨʪʘ ɻʝʨʤʘʥʦʚʠʯʘ ʧʨʠʰʝʣʩʷ ʠ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʪʷʞʝʣʳʭ ʧʝʨʠʦʜʦʚ ʚ ʞʠʟʥʠ 
ʥʘʰʝʡ ʩʪʨʘʥʳ - ʧʝʨʠʦʜ ʢʫʣʴʪʘ ʣʠʯʥʦʩʪʠ ʉʪʘʣʠʥʘ. ʆ ʪʦʤ, ʢʘʢ ʥʝʣʝʛʢʦ ʝʤʫ ʙʳʣʦ ʨʘʙʦʪʘʪʴ ʚ ʪʦ 
ʚʨʝʤʷ ʚ ɺʝʨʭʥʝʡ ɼʫʙʨʘʚʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʡ ʝʛʦ ʨʘʩʩʢʘʟ. ɼʦʙʠʨʘʪʴʩʷ ʠʟ ʉʚʝʨʜʣʦʚ-
ʩʢʘ ʪʫʜʘ ʥʫʞʥʦ ʙʳʣʦ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʥʘ ʚʝʯʝʨʥʝʤ ʧʦʝʟʜʝ. ʆʜʥʘʞʜʳ ʦʥ ʦʧʦʟʜʘʣ ʥʘ ʧʦʝʟʜ ʠ 
ʚʳʥʫʞʜʝʥ ʙʳʣ ʜʦʙʠʨʘʪʴʩʷ ʪʫʜʘ ʧʝʰʢʦʤ ʚʩʶ ʥʦʯʴ. ɺʥʘʯʘʣʝ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ 
ʝʛʦ ʢʘʢ ʥʝʤʮʘ ʦʪʩʪʨʘʥʠʣʠ ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʆʙʩʝʨʚʘʪʦʨʠʠ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʦʥ ʚ ʥʝʡ ʫʞʝ ʥʝ 
ʨʘʙʦʪʘʣ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʈʦʙʝʨʪ ɻʝʨʤʘʥʦʚʠʯ ʦʩʪʘʣʩʷ ʚʝʨʝʥ ʩʚʦʠʤ ʧʨʠʥʮʠʧʘʤ, ʜʝʣʫ ʠ ʆʙʩʝʨ-
ʚʘʪʦʨʠʠ. ʆʥ ʢʦʥʩʫʣʴʪʠʨʦʚʘʣ ʝʝ ʩʦʪʨʫʜʥʠʢʦʚ, ʧʦʜʛʦʪʦʚʠʣ ʨʫʢʦʧʠʩʴ ʧʦ ʠʩʪʦʨʠʠ ʥʘʙʣʶʜʝʥʠʡ ʚ 
ʆʙʩʝʨʚʘʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʩʝʡʯʘʩ ʭʨʘʥʠʪʩʷ ʚ ɸʨʪʠ.  
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ʋɼʂ 550.34.034 
ʂɸʂ ʇʈʀʅʗʊʆ ʈɽʐɽʅʀɽ ʆ ʉʆɿɼɸʅʀʀ ɽʄʄʆ. ʈʆʃʔ ʈʆʉʉʀʁʉʂʀʍ 
ʀʄʇɽʈɸʊʆʈʆɺ ʀ ʆɹʉɽʈɺɸʊʆʈʀʀ ɺ ʈɸɿɺʀʊʀʀ ɽʂɸʊɽʈʀʅɹʋʈɻɸ 

ɺ.ʈ. ɸʙʝʣʴʩ, (343)3585620, Vlitovskiy@rambler.ru, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
 

Influence of the Russian emperors on development of Yekaterinburg and Observatory is shown. 
ɽʢʘʪʝʨʠʥʙʫʨʛ ʨʘʟʚʠʚʘʣʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʥʝʤʦʥʦʪʦʥʥʦ, ʩʢʘʯʢʦʦʙʨʘʟʥʦ. ɹʳʣʦ ʜʚʘ 

ʙʦʣʴʰʠʭ ʵʪʘʧʘ ʚ ʨʘʟʚʠʪʠʠ ɽʢʘʪʝʨʠʥʙʫʨʛʘ.  
ʇʝʨʚʳʡ ʵʪʘʧ ʥʘʯʘʣʩʷ ʩ ʇʝʪʨʘ I ʠ ɽʢʘʪʝʨʠʥʳ I. ɸʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ɽʢʘʪʝʨʠʥʙʫʨʛʘ 

ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʣʘ ʧʣʝʤʷʥʥʠʮʘ ʇʝʪʨʘ I ɸʥʥʘ ʀʦʘʥʥʦʚʥʘ. ʆʥʘ ʵʪʦ ʜʝʣʘʣʘ ʘʥʘʣʦʛʠʯʥʦ ʇʝʪʨʫ 
I. ɿʘʪʝʤ ʪʝʤʧ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ ʩʪʘʣ ʟʘʤʝʜʣʷʪʴʩʷ ʠ ʩʪʘʣ ʦʩʦʙʦ ʥʝʛʘʪʠʚʥʳʤ ʧʨʠ ɽʢʘʪʝʨʠʥʝ II, 
ʢʦʪʦʨʘʷ ʩʜʝʣʘʣʘ ʇʝʨʤʴ ʛʫʙʝʨʥʩʢʠʤ ʛʦʨʦʜʦʤ ʠ ʪʫʜʘ ʠʟ   ɽʢʘʪʝʨʠʥʙʫʨʛʘ ʧʝʨʝʥʝʩʣʘ ɻʦʨʥʦʝ 
ʧʨʘʚʣʝʥʠʝ. ʇʦʟʞʝ ʵʪʦ ʟʘʤʝʜʣʝʥʠʝ ʙʳʣʦ ʪʨʫʜʥʦ ʧʨʝʦʜʦʣʝʚʘʪʴ ʠʟ-ʟʘ ʧʦʚʪʦʨʥʦʛʦ ʧʝʨʝʥʦʩʘ 
ɻʦʨʥʦʛʦ ʧʨʘʚʣʝʥʠʷ ʚ ʇʝʨʤʴ ɸʣʝʢʩʘʥʜʨʦʤ  I. 

ɺʪʦʨʦʡ ʵʪʘʧ ʧʦʜʲʝʤʘ ʚ ʨʘʟʚʠʪʠʠ ɽʢʘʪʝʨʠʥʙʫʨʛʘ ʥʘʯʘʣʩʷ ʩ ʜʝʡʩʪʚʠʡ ʯʝʪʳʨʝʭ 
ʚʳʜʘʶʱʠʭʩʷ ʦʨʛʘʥʠʟʘʪʦʨʦʚ: ʇʘʚʣʘ I, ɸ.ʗ. ʂʫʧʬʝʨʘ, ʅʠʢʦʣʘʷ I ʠ ʂ.ɺ. ʏʝʚʢʠʥʘ.    

ʊʘʢ, ʇʘʚʝʣ I , ʚʦʧʨʝʢʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʜʝʡʩʪʚʠʷʤ ɽʢʘʪʝʨʠʥʳ II, ʚʦʟʚʨʘʪʠʣ ɻʦʨʥʦʝ 
ʧʨʘʚʣʝʥʠʝ ʚ ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ ʠ ʩʦʟʜʘʣ ʫʣʦʞʝʥʠʝ, ʩʜʝʣʘʚʰʝʝ ʥʝʚʦʟʤʦʞʥʳʤ ʚʦʟʚʝʜʝʥʠʝ ʥʘ 
ʧʨʝʩʪʦʣ ʞʝʥʱʠʥ. ʅʠʢʦʣʘʡ I  ʩʪʘʣ ʩʥʦʚʘ ʨʘʟʚʠʚʘʪʴ  ɽʢʘʪʝʨʠʥʙʫʨʛ ʢʘʢ ʩʪʦʣʠʮʫ ʋʨʘʣʘ 
(ʧʦʚʪʦʨʥʦ ʧʝʨʝʥʝʩ ʩʶʜʘ ɻʦʨʥʦʝ ʧʨʘʚʣʝʥʠʝ ʠʟ ʇʝʨʤʠ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʚʦʟʚʨʘʪʘ ʝʛʦ ʪʫʜʘ 
ɸʣʝʢʩʘʥʜʨʦʤ I). ʉʧʝʮʠʘʣʴʥʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʋʨʘʣʘ ʦʥ ʩʦʟʜʘʣ ʂʦʨʧʫʩ ʛʦʨʥʳʭ ʠʥʞʝʥʝʨʦʚ ʩʦ 
ʐʪʘʙʦʤ, ʢʦʪʦʨʳʡ ʚʦʟʛʣʘʚʠʣ ʚʳʜʘʶʱʠʡʩʷ ʦʨʛʘʥʠʟʘʪʦʨ ʂ.ɽ. ʏʝʚʢʠʥ.  ɺ ʪʦ ʞʝ ʚʨʝʤʷ ɸ.ʗ. 
ʂʫʧʬʝʨ ʧʦʜʛʦʪʦʚʠʣ ʜʦʢʣʘʜʥʫʶ ʟʘʧʠʩʢʫ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ ʦʙʩʝʨʚʘʪʦʨʠʡ ʚ ʈʦʩʩʠʠ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʥʘ ʋʨʘʣʝ ʩ ʮʝʥʪʨʘʣʴʥʦʡ – ʚ ɿʣʘʪʦʫʩʪʝ. ʆʜʥʘʢʦ ʂ.ɺ. ʏʝʚʢʠʥ 
ʨʝʰʠʣ ʠʥʘʯʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʤʝʨʝʥʠʝʤ ʅʠʢʦʣʘʷ I  ʨʘʟʚʠʚʘʪʴ ʋʨʘʣ ʦʥ ʧʨʝʜʣʦʞʠʣ 
ʨʘʟʤʝʩʪʠʪʴ ʛʣʘʚʥʫʶ ʨʝʛʠʦʥʘʣʴʥʫʶ ʦʙʩʝʨʚʘʪʦʨʠʶ (ʧʝʨʚʦʛʦ ʨʘʟʨʷʜʘ) ʚ ɽʢʘʪʝʨʠʥʙʫʨʛʝ, ʯʪʦ 
ʙʳʣʦ ʦʯʝʥʴ ʙʳʩʪʨʦ ʫʪʚʝʨʞʜʝʥʦ ʅʠʢʦʣʘʝʤ I. ʊʘʢ, ʏʝʚʢʠʥʳʤ ʆʙʩʝʨʚʘʪʦʨʠʷ ʥʘʯʘʣʘ ʩʦʟʜʘʚʘʪʴʩʷ  
ʚ ɽʢʘʪʝʨʠʥʙʫʨʛʝ ʧʦʜ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ.ʗ. ʂʫʧʬʝʨʘ. 

ʆʙʩʝʨʚʘʪʦʨʠʷ ʚ ɽʢʘʪʝʨʠʥʙʫʨʛʝ ʨʝʰʘʣʘ ʜʚʝ ʛʣʘʚʥʳʝ ʟʘʜʘʯʠ:  
1. ʨʘʟʚʠʚʘʪʴ ʥʘʫʢʫ ʥʘ ʋʨʘʣʝ; 
2. ʫʢʨʝʧʣʷʪʴ ɽʢʘʪʝʨʠʥʙʫʨʛ, ʧʦʜʥʠʤʘʪʴ  ʝʛʦ ʧʨʝʩʪʠʞ ʠ ʧʨʝʚʨʘʪʠʪʴ ʛʦʨʦʜ ʚ ʩʪʦʣʠʮʫ ʋʨʘʣʘ. 

ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʧʝʨʠʦʜʳ, ʦʩʦʙʝʥʥʦ ʧʦʩʣʝ ʦʪʤʝʥʳ ʢʨʝʧʦʩʪʥʦʛʦ ʧʨʘʚʘ, ʵʪʦ ʥʘʰʣʦ 
ʦʪʨʘʞʝʥʠʝ ʚ ʨʦʩʪʝ ʦʙʱʝʢʫʣʴʪʫʨʥʳʭ ʩʦʙʳʪʠʡ ʚ ʛʦʨʦʜʝ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʜʠʘʛʨʘʤʤʳ, 
ʧʦʢʘʟʳʚʘʶʱʝʡ ʩʨʝʜʥʠʡ ʪʝʤʧ ʟʥʘʯʠʤʳʭ ʜʣʷ ʛʦʨʦʜʘ ʠ ʆʙʩʝʨʚʘʪʦʨʠʠ ʩʦʙʳʪʠʡ ʚ ʧʝʨʠʦʜʳ 
ʧʨʘʚʣʝʥʠʷ  ʪʝʭ ʠʣʠ ʠʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠʤʧʝʨʘʪʦʨʦʚ. ʆʙʩʫʞʜʘʶʪʩʷ ʜʝʪʘʣʠ ʵʪʦʛʦ. 

ʊʝʤʧ ʟʥʘʯʠʤʳʭ ʜʣʷ ɽʢʘʪʝʨʠʥʙʫʨʛʘ ʠ ʆʙʩʝʨʚʘʪʦʨʠʠ 
ʩʦʙʳʪʠʡ ʚ ʧʝʨʠʦʜʳ ʧʨʘʚʣʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʠʤʧʝʨʘʪʦʨʦʚ ʈʦʩʩʠʠ
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ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʠʤʳʭ ʜʣʷ ʛʦʨʦʜʘ ʢʫʣʴʪʫʨʥʳʭ ʩʦʙʳʪʠʡ (ʩʫʤʤʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ
ʦʪʨʠʮʘʪʝʣʴʥʳʭ)

ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʠʤʳʭ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚ ʛʦʜ(ʩʫʤʤʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ
ʦʪʨʠʮʘʪʝʣʴʥʳʭ)
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ʋɼʂ 517.968:519.612:550.3 
ʈɽʐɽʅʀɽ ʆɹʈɸʊʅʓʍ ɿɸɼɸʏ ɻʈɸɺʀʄɽʊʈʀʀ ʅɸ ʄʅʆɻʆʇʈʆʎɽʉʉʆʈʅʆʄ 

ʂʆʄʇʃɽʂʉɽ 
ɽ.ʅ. ɸʢʠʤʦʚʘ1, ɺ.ɸ. ʇʴʷʥʢʦʚ2 

aen15@yandex.ru, v_pyankov@mail.ru 
1ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

2ʀʥʩʪʠʪʫʪ ʛʝʦʬʠʟʠʢʠ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
 

The linear inverse gravimetry  problem on reconstruction of variable density in the layer and 
nonlinear inverse gravimetry problem on reconstruction of the interface between media with the 
real observed gravitational data have been solved using the parallel iterative gradient methods and 
MVS-1000 supercomputer.  
 
1. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʛʨʘʚʠʤʝʪʨʠʠ ʦ ʥʘʭʦʞʜʝʥʠʠ ʧʝʨʝʤʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ  

( , )x ys s=  ʚ ʩʣʦʝ 3
1 2{( , , ) : ( , ) , ( , ) ( , )}ʇ1 x y z R x y D H x y z H x y= Í Í ¢ ¢  ʧʦ  ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ 

ʜʘʥʥʳʤ, ʠʟʤʝʨʝʥʥʳʤ  ʥʘ ʧʣʦʱʘʜʠ 2{( , ) : , }D x y R a x b c y d= Í ¢ ¢ ¢ ¢   ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
( 1 2,H H -  ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʣʦʷ).  ʀʩʧʦʣʴʟʫʝʪʩʷ ʘʧʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 
ʦʪʩʫʪʩʪʚʠʠ ʘʥʦʤʘʣʠʡ ʧʣʦʪʥʦʩʪʠ ʚʥʝ ʩʣʦʷ ʩ ʛʨʘʥʠʮʘʤʠ 1 1( , )H H x y=  ʠ  2 2 ( , )H H x y=  ʪʘʢʠʤʠ, 
ʯʪʦ  1 2 ( , ),H H x y< "  ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ( , ) .

x
y

i iH x y h const
­°¤
­°¤

­ =  ʇʨʠ ʵʪʦʤ  ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ( , )x ys  ʚʥʫʪʨʠ ʩʣʦʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ z  (ʦʩʴ z  ʥʘʧʨʘʚʣʝʥʘ ʚʥʠʟ). 
ɿʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʣʠʥʝʡʥʦʛʦ 

ʜʚʫʤʝʨʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʚʦʛʦ [1] 
 
 
 
                                                                                                                             

                                                                                                                                            (1) 
ʛʜʝ f - ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ,  ( , )g x yD -  ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ, ʧʦʨʦʞʜʘʝʤʳʡ 
ʠʩʪʦʯʥʠʢʘʤʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠʣʠ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʩʣʦʝ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʳʜʝʣʝʥʠʝʤ 
ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʣʷ, ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʇ.ʉ. ʄʘʨʪʳʰʢʦ ʠ ʀ.ʃ. 
ʇʨʫʪʢʠʥʳʤ.  

ʇʦʩʣʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʷ ʥʘ ʩʝʪʢʝ, ʛʜʝ ʟʘʜʘʥʘ  ( , ),g x yD  ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 
ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʦ ʢʚʘʜʨʘʪʫʨʥʳʤ ʬʦʨʤʫʣʘʤ ʟʘʜʘʯʘ (1) ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ 
ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ʉʃɸʋ) ʣʠʙʦ ʩ ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦ 
ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʪʨʠʮʝʡ (ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʣʦʡ), ʣʠʙʦ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʝʡ 
(ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʩʣʦʡ). ʊʘʢ ʢʘʢ ʫʨʘʚʥʝʥʠʝ (1) ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʥʝʢʦʨʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʥʳʭ  
ʟʘʜʘʯ, ʪʦ  ʉʃɸʋ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʣʦʭʦ 
ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ  (ʩʭʝʤʘ ʃʘʚʨʝʥʪʴʝʚʘ)                                        

                                                                                                                                                    
 
ʛʜʝ  a -  ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʷʨʠʟʘʮʠʠ. 

ɺ  ʩʣʫʯʘʝ  ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ  ʩʣʦʷ  ʠʩʭʦʜʥʘʷ  ʤʘʪʨʠʮʘ  ʉʃɸʋ  ʥʝʩʠʤʤʝʪʨʠʯʥʘ,  ʧʦʵʪʦʤʫ   
ʵʪʘ ʩʠʩʪʝʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ (ʩʭʝʤʘ ʊʠʭʦʥʦʚʘ) 
  
 
ʛʜʝ TA -ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ,  a¡ - ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʷʨʠʟʘʮʠʠ. 

( ) , (2)A E z ba+ =

( ) . (3)T TA A E z A ba¡+ =

( ) ( ) ( ) ( )
1 1

2 2 2 22 22 2
1 2

1 1 ( , ) ( , ),
( , ) ( , )

b d

a c

A f x y dx dy g x y
x x y y H x y x x y y H x y

s s

ë û
î î ¡ ¡ ¡ ¡¹ - =Dì ü
î îè ø è ø¡ ¡ ¡ ¡ ¡ ¡ ¡ ¡- + - + - + - +ê ú ê ú ýí

ñ ñ
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ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (2) ʠ (3) ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʪʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 
ʛʨʘʜʠʝʥʪʥʦʛʦ ʪʠʧʘ:  ʤʝʪʦʜ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʠ ʠ ʤʝʪʦʜ ʩʦʧʨʷʞʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ. ʋʩʣʦʚʠʝʤ 
ʦʩʪʘʥʦʚʘ ʠʪʝʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ:  / .kAz b b e- <    

2. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʛʨʘʚʠʤʝʪʨʠʠ ʦ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʩʨʝʜʘʤʠ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʩʢʘʯʢʫ ʧʣʦʪʥʦʩʪʠ ʠ 
ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʧʦʣʶ, ʠʟʤʝʨʝʥʥʦʤʫ ʥʘ ʥʝʢʦʪʦʨʦʡ ʧʣʦʱʘʜʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʠʞʥʝʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʩʣʦʝʚ ʧʦʩʪʦʷʥʥʦʡ 
ʧʣʦʪʥʦʩʪʠ, ʨʘʟʜʝʣʝʥʥʳʭ ʠʩʢʦʤʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ .iS  ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 
ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʘʥʦʤʘʣʠʷ ʩʦʟʜʘʥʘ ʦʪʢʣʦʥʝʥʠʝʤ ʠʩʢʦʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ S  ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 
ʧʣʦʩʢʦʩʪʠ z H= (ʦʩʴ z ʥʘʧʨʘʚʣʝʥʘ ʚʥʠʟ), ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʬʫʥʢʮʠʷ 

( , )z z x y= , ʦʧʠʩʳʚʘʶʱʘʷ ʠʩʢʦʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʣʠʥʝʡʥʦʤʫ 
ʜʚʫʤʝʨʥʦʤʫ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʚʦʛʦ ʨʦʜʘ 

( ) ( ) ( ) ( )
1 1

2 2 2 22 22 2

1 1
[ ] ( , ),

( , )

b d

a c

A z f dx dy G x y
x x y y z x y x x y y H

s

ë û
î î ¡ ¡¹ D - =ì ü
î îè ø è ø¡ ¡ ¡ ¡ ¡ ¡- + - + - + - +ê ú ê ú ýí

ñ ñ     (4) 

ʛʜʝ f - ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, sD - ʩʢʘʯʦʢ ʧʣʦʪʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ, 
( , )G x y - ʘʥʦʤʘʣʴʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ, z H= - ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʧʣʦʩʢʦʩʪʴ ʜʣʷ ʜʘʥʥʦʡ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. ɿʘʜʘʯʘ ʛʨʘʚʠʤʝʪʨʠʠ (4) ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʢʦʨʨʝʢʪʥʦʡ ʟʘʜʘʯʝʡ.  
ʇʦʩʣʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʷ (1) ʥʘ ʩʝʪʢʝ n M N= ³ , ʛʜʝ ʟʘʜʘʥʘ ( , )G x y , ʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʦ ʢʚʘʜʨʘʪʫʨʥʳʤ ʬʦʨʤʫʣʘʤ ʠʤʝʝʤ ʩʠʩʪʝʤʫ 
ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ  

[ ] .n nA z F=         (5) 
ɼʣʷ ʨʝʰʝʥʠʷ  ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2)  ʠʩʧʦʣʴʟʫʝʪʩʷ  ʠʪʝʨʘʪʠʚʥʦ ʨʝʛʫʣʷʨʠʟʦʚʘʥʥʳʡ 

ʤʝʪʦʜ ʅʴʶʪʦʥʘ [2] 

                       ( ) ( )11 .k k k k k
n k n k nz z A z I A z z Fa a

-+ è ø è ø¡= - + + -ê ú ê ú                            (6) 

ɿʜʝʩʴ ( )k
nA z ʠ nF  - ʢʦʥʝʯʥʦʤʝʨʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʠ ʧʨʘʚʦʡ 

ʯʘʩʪʠ  ʚ ʫʨʘʚʥʝʥʠʠ (3), ( )k
nA z¡ -ʧʨʦʠʟʚʦʜʥʘʷ ʦʧʝʨʘʪʦʨʘ A  ʚ ʪʦʯʢʝ kz , I - ʝʜʠʥʠʯʥʳʡ 

ʦʧʝʨʘʪʦʨ, ka - ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʨʠʟʘʮʠʠ.  
ʅʘʭʦʞʜʝʥʠʝ ʦʯʝʨʝʜʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ 1kz +  ʧʦ  ʥʘʡʜʝʥʥʦʤʫ kz  

ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʉʃɸʋ  
1k k k

n nA z F+ = ,              (7) 

ʛʜʝ  ( )k k
n n kA A z Ia¡= + - ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ  ʟʘʧʦʣʥʝʥʥʘʷ n n³   ʤʘʪʨʠʮʘ, 

( )( )k k k k k
n n n k nF A z A z z Fa= - + - - ʚʝʢʪʦʨ ʨʘʟʤʝʨʥʦʩʪʠ n .   

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (7) ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ  
 

1 1( ) ' ( ) ,k k k T k k k T k
n n k n nB z A A I z A F ba+ +è ø¹ + = ¹ê ú                                    (8) 

ʛʜʝ ( )k T
nA - ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ, 'ka -  ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʨʠʟʘʮʠʠ. 
ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʉʃɸʋ (8) ʩ ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʝʡ  

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ  ʠʪʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʛʨʘʜʠʝʥʪʥʦʛʦ ʪʠʧʘ.   
ʈʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʠ ʯʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʦʡ ʠ 

ʥʝʣʠʥʝʡʥʦʡ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʛʨʘʚʠʤʝʪʨʠʠ (1) ʠ (4) ʚʳʧʦʣʥʝʥʳ ʥʘ ʄɺʉƄ1000 Ƅ ʨʦʩʩʠʡʩʢʦʤ 
ʤʘʩʩʠʚʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʤ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʝ ʢʣʘʩʪʝʨʥʦʛʦ ʪʠʧʘ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʘʤʷʪʴʶ, 
ʫʩʪʘʥʦʚʣʝʥʥʦʤ  ʚ ʀʥʩʪʠʪʫʪʝ  ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʋʨʆ ʈɸʅ (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ) [3].  
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ɼʣʷ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʋʨʘʣʘ ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʤʘʩʩʠʚ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, 
ʠʟʤʝʨʝʥʥʳʡ ʥʘ ʧʣʦʱʘʜʠ ,S  ʠʤʝʶʱʝʡ ʨʘʟʤʝʨʳ 59.4 144³ ʢʤ2. ʕʪʘ ʧʣʦʱʘʜʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 
ʩʦʚʧʘʜʘʝʪ ʩ ʟʦʥʦʡ ɹʫʪʢʠʥʩʢʦʡ ʘʥʦʤʘʣʠʠ ʚʝʢʦʚʦʛʦ ʭʦʜʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʋʨʘʣ ʩ ʚʦʩʪʦʢʘ. 
ɿʦʥʘ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʫʶ ʘʥʦʤʘʣʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ. 
ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʳ ʘʥʦʤʘʣʠʠ ʧʦ ʨʝʘʣʴʥʳʤ ʥʘʙʣʶʜʝʥʥʳʤ ʜʘʥʥʳʤ ʥʘ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʤ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʄɺʉƄ1000 ʨʝʰʝʥʘ ʟʘʜʘʯʘ 1 ʦ ʥʘʭʦʞʜʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʚ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʣʦʝ ʤʝʞʜʫ ʛʣʫʙʠʥʘʤʠ 1 10H =  ʢʤ ʠ 2 20H =  ʢʤ ʜʣʷ ʦʙʣʘʩʪʠ S  ʠ ʟʘʜʘʯʘ 2 ʦ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ. ʇʨʠ ʵʪʦʤ ʰʘʛʠ ʩʝʪʢʠ: 0.594xD =  ʢʤ ʠ 1.44yD =  ʢʤ, 
ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ 86.67 10f -= Ö ʩʤ3/ʛĀʩ2. ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ 
ʩʦʩʪʘʚʣʷʣʦ 10H =  ʢʤ. ʉʢʘʯʦʢ ʧʣʦʪʥʦʩʪʠ ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ 0.3sD =  ʛ/ʩʤ3. ʇʦʩʣʝ 
ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʩʝʪʢʝ ʦʙʝ ʟʘʜʘʯʠ ʩʚʝʣʠʩʴ ʢ ʩʠʩʪʝʤʘʤ ʣʠʥʝʡʥʳʭ 
ʫʨʘʚʥʝʥʠʡ ʩ ʩʠʤʤʝʪʨʠʯʥʦʡ (ʟʘʜʘʯʘ 1) ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ (ʟʘʜʘʯʘ 2) ʤʘʪʨʠʮʘʤʠ 10000 10000³ .  

ɿʘʜʘʯʘ 1 ʨʝʰʘʣʘʩʴ ʧʘʨʘʣʣʝʣʴʥʳʤ ʠʪʝʨʘʪʠʚʥʦ ʨʝʛʫʣʷʨʠʟʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʡ 
ʠʪʝʨʘʮʠʠ ʩ ʧʘʨʘʤʝʪʨʦʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ 0.001.a =  ɿʘʜʘʯʘ 2 ʨʝʰʘʣʘʩʴ ʠʪʝʨʘʪʠʚʥʦ 
ʨʝʛʫʣʷʨʠʟʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 
ʧʘʨʘʣʣʝʣʴʥʳʡ ʤʝʪʦʜ ʩʦʧʨʷʞʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ. ɿʘʜʘʯʠ 1 ʠ 2 ʨʝʰʝʥʳ ʩ ʚʳʩʦʢʦʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʥʘ ʄɺʉ-1000.  

ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚ ʩʣʦʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦ 
ʚʳʜʝʣʝʥʥʦʤʫ ʘʥʦʤʘʣʴʥʦʤʫ ʧʦʣʶ ʜʣʷ ʦʙʣʘʩʪʠ .S   

ʅʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʘ  ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ.   

       
    ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚ ʩʣʦʝ           ʈʠʩ. 2. ɺʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ ʠ 
ʠʪʝʨʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʛʨʘʜʠʝʥʪʥʦʛʦ ʪʠʧʘ ʧʨʠ ʨʝʰʝʥʠʠ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʛʨʘʚʠʤʝʪʨʠʠ 
ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʢʦʨʨʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʪʴ ʘʥʦʤʘʣʴʥʳʝ ʧʣʦʪʥʦʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ 
ʠʟʫʯʘʝʤʳʭ ʛʣʫʙʠʥʥʳʭ ʟʦʥ ʟʝʤʥʦʡ ʢʦʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʳʜʝʣʝʥ ʧʨʦʪʷʞʝʥʥʳʡ 
ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʡ ʙʣʦʢ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (0.2Ƅ0.3 ʛ/ʩʤ3). ʇʨʠʤʝʥʝʥʠʝ 
ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʛʨʘʚʠʤʝʪʨʠʠ ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʩʯʝʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ ʚ ʨʘʤʢʘʭ 
ʀʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ  ˉ 09-ʄ-15. 
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ʋɼʂ 550.380 
ɻɽʆʄɸɻʅʀʊʅʓɽ ʀ ɸʕʈʆʕʃɽʂʊʈʀʏɽʉʂʀɽ ʉʈɽɼʅɽʐʀʈʆʊʅʓɽ 

ʆɹʉɽʈɺɸʊʆʈʉʂʀɽ ʅɸɹʃʖɼɽʅʀʗ  
ʉ.ɺ. ɸʥʠʩʠʤʦʚ, ʕ.ʄ. ɼʤʠʪʨʠʝʚ 

ʪʝʣ.: +7(48547)24663, ʬʘʢʩ +7(48547)24024, E-mail: anisimov@borok.yar.ru 
ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ «ɹʦʨʦʢ» –  

ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ɿʝʤʣʠ ʠʤ. ʆ.ʖ.ʐʤʠʜʪʘ ʈɸʅ, ʧʦʩ. ɹʦʨʦʢ, ʈʦʩʩʠʷ 
 

Borok Geophysical Observatory was created as an experimental base of the Schmidt 
Institute of Physics of the Earth to carry out natural observations of ultralow-frequency 
geomagnetic pulsations. The continuous observation data allowed to solve problems of solar-
terrestrial physics and to develop methods of near-earth gas-plasma shells diagnostics. Currently the 
continuous geomagnetic observations are amplified with measurements of geomagnetic variations 
and the main magnetic field, including absolute magnetic measurements. The Borok Geophysical 
Observatory participates in the international programs of geomagnetic observations 
INTERMAGNET and SAMNET. Permanent growth and modernization of the measuring complex 
are focused, first of all, on the continuous measurements connected with atmospheric electric 
processes and necessary to solve a fundamental problem of global electric circuit running. The 
observation data in near real time mode comes via local data logging network to the database of the 
mid-latitude Borok Geophysical Observatory, accumulating the data of continuous observations of 
geomagnetic fields, telluric currents, atmospheric electric field, atmosphere electric current density, 
some meteorological and aerodynamic parameters of the surface atmosphere and the planetary 
boundary layer.  
 

ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ «ɹʦʨʦʢ» [58.03N, 38.97E] (ɻʆ «ɹʦʨʦʢ» ʀʌɿ ʈɸʅ) 
ʩʦʟʜʘʚʘʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ɿʝʤʣʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
ʥʘʪʫʨʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʫʣʴʪʨʘʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
ɿʝʤʣʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʙʩʝʨʚʘʪʦʨʩʢʠʝ ʛʝʦʤʘʛʥʠʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʜʦʧʦʣʥʝʥʳ 
ʠʟʤʝʨʝʥʠʷʤʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʘʨʠʘʮʠʡ ʠ ʛʣʘʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʢʣʶʯʘʷ ʘʙʩʦʣʶʪʥʳʝ 
ʤʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ. ɻʆ «ɹʦʨʦʢ» ʀʌɿ ʈɸʅ ʫʯʘʩʪʚʫʝʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʛʨʘʤʤʘʭ 
ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ SAMNET (http://spears.lancs.ac.uk/samnet) ʠ INTERMAGNET 
(www.intermagnet.org).  

ʅʝʧʨʝʨʳʚʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʙʩʝʨʚʘʪʦʨʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ [1, 2] ʦʨʠʝʥʪʠʨʦʚʘʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ 
ʥʘʙʣʶʜʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 
ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ [3, 4]. 
ʉʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɻʆ «ɹʦʨʦʢ» ʀʌɿ ʈɸʅ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  

ʊʨʠ ʢʦʤʧʦʥʝʥʪʳ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʦʣʥʳʡ ʚʝʢʪʦʨ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚʝʢʪʦʨʥʳʤ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʤ ʤʘʛʥʠʪʦʤʝʪʨʦʤ (ʨʘʟʨʝʰʝʥʠʝ – 0,1 ʥʊʣ, 
ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ – 2000 ʥʊʣ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ – 0–1 ɻʮ) ʠ ʩʢʘʣʷʨʥʳʤ ʧʨʦʪʦʥʥʳʤ 
ʤʘʛʥʠʪʦʤʝʪʨʦʤ (ʨʘʟʨʝʰʝʥʠʝ – 0,1 ʥʊʣ, ʠʥʪʝʨʚʘʣ ʠʟʤʝʨʝʥʠʡ – 1 ʤʠʥ) ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ 
GEOMAG (ʌʨʘʥʮʠʷ), ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ ʚ ʨʘʤʢʘʭ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ 
INTERMAGNET [5]. ʆʩʥʦʚʥʳʤ ʜʘʪʯʠʢʦʤ ʚʘʨʠʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ 
ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ fluxgate-ʤʘʛʥʠʪʦʤʝʪʨ (ʨʘʟʨʝʰʝʥʠʝ – 0,1 ʥʊʣ, ʠʥʪʝʨʚʘʣ ʚʳʙʦʨʢʠ – 1 ʩ) 
ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʩʝʪʠ SAMNET. ʀʥʜʫʢʮʠʦʥʥʳʝ ʤʘʛʥʠʪʦʤʝʪʨʳ (ʯʘʩʪʦʪʥʳʡ 
ʜʠʘʧʘʟʦʥ 0,001 – 3 ɻʮ, ʫʨʦʚʝʥʴ ʰʫʤʘ ʥʘ ʯʘʩʪʦʪʝ 1 ɻʮ – 0,5 ʧʊʣ/ɻʮ1/2), ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ 
ʀʥʩʪʠʪʫʪʝ ʬʠʟʠʢʠ ɿʝʤʣʠ, ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʫʣʴʪʨʘʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʧʫʣʴʩʘʮʠʠ ʪʨʝʭ 
ʢʦʤʧʦʥʝʥʪ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʨʠ ʢʦʤʧʦʥʝʥʪʳ ʪʝʣʣʫʨʠʯʝʩʢʠʭ ʪʦʢʦʚ ʠʟʤʝʨʷʶʪʩʷ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʚʦʣʴʪʤʝʪʨʘ (ʧʦʨʦʛʦʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ~ 0,01 ʤʢɺ/ʤ, ʯʘʩʪʦʪʥʳʡ 
ʜʠʘʧʘʟʦʥ – 0,001–3 ɻʮ) ʩ ʧʘʨʘʤʠ ʩʚʠʥʮʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ ʚ ʜʚʫʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 
ʪʨʝʭʩʦʪʤʝʪʨʦʚʳʭ ʙʘʟʦʚʳʭ ʣʠʥʠʷʭ ʠ ʯʝʪʳʨʝʭʩʦʪʤʝʪʨʦʚʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʚʘʞʠʥʝ.  
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66 ʄʝʪʝʦʩʪʘʥʮʠʷ
“WS 2500”
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ɸʪʤʦʩʬʝʨʥʦʝ ɻ ʣʝʢʪʨʠʯʝʩʪʚʦɻʝʦʤʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ

HY

H Z

ʄʘʛʥʠʪʦʤʝʪʨ Samnet H X,Y,Z

ʊʝʣʣʫʨʠʯʝʩʢʠʝ ʪʦʢʠ

ʊʦʢʦʚʘ  ̫ʘʥʪʝʥʥʘ jZʌʠʣ ʪɹʨʳ

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ
ʬʣʶʢʩʤʝʪʨ E Z

ɺʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ Intermagnet H X,Y,Z

ʉʢʘʣʷʨʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ Intermagnet îHî

Hîî

1ʀʥʜʫʢʮʠʦʥʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ H X

ʌʠʣ ʪɹʨʳ

1

1

ɼʘʪʯʠʢ E X

E Y

E Z

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ

55 ʄʝʪʝʦʢʦʤʧʣʝʢʩ
ñʄʝʪʝʦ-2ʄ”

33 ʉʦʜʘʨñɺʦʣʥʘ-3”

ʊʝʤʧʝʨʘʪʫʨʘ, 
ʜʘʚʣʝʥʠʝ, 

ʚʣʘʞʥʦʩʪ ,ɹ 
ʥʘʧʨʘʚʣʝʥʠʝ ʠ 
ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ

ʊʝʤʧʝʨʘʪʫʨʘ,  
ʚʣʘʞʥʦʩʪ ,ɹ 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ

ɸʢʫʩʪʠʯʝʩʢʠʝ 
ʘʥʪʝʥʳ

45 ʈʘʜʦʥʦʚʘʷ ʩʪʘʥʮʠʷ
ñʉʈʉ-05”

ɸʢʪʠʚʥʦʩʪʴ ʨʘʜʦʥʘ, 
ʪʝʤʧʝʨʘʪʫʨʘ,

ʚʣʘʞʥʦʩʪʴ

ʇʠʨʘʥʦʤʝʪʨ
ñʉʄʇ-3”

1
ɾʠʜʢʦʩʪʥʦʡ 

ʤʠʢʨʦʙʘʨʦʛʨʘʬ
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ʀʥʜʫʢʮʠʦʥʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ

ʀʥʜʫʢʮʠʦʥʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ

ɼʘʪʯʠʢ

ɼʘʪʯʠʢ
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ʀ
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ʋ
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ʈʠʩ. 1. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ɻʆ «ɹʦʨʦʢ» ʀʌɿ ʈɸʅ. 

 
ɼʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʬʣʶʢʩʤʝʪʨ (ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 
ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ~ 80 ʜɹ, ʫʨʦʚʝʥʴ ʰʫʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʯʘʩʪʦʪʝ 
1 ɻʮ – 0,1 ɺ/ɻʮ1/2), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʀʥʩʪʠʪʫʪʝ ʬʠʟʠʢʠ ɿʝʤʣʠ. ɺʝʨʪʠʢʘʣʴʥʳʡ ʪʦʢ ʧʨʠʟʝʤʥʦʡ 
ʘʪʤʦʩʬʝʨʳ ʠʟʤʝʨʷʝʪʩʷ ʪʦʢʦʚʳʤ ʢʦʣʣʝʢʪʦʨʦʤ ʩ ʪʦʢʦʩʦʙʠʨʘʶʱʝʡ ʘʥʪʝʥʥʦʡ ʚ ʬʦʨʤʝ 
ʨʘʟʦʤʢʥʫʪʦʛʦ ʢʦʣʴʮʘ (ʜʠʘʤʝʪʨ – 300 ʤ, ʜʝʡʩʪʚʫʶʱʘʷ ʚʳʩʦʪʘ – 4 ʤ, ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ~ 
2500 ʤ2, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ~ 0,1 ʧɸ/ʤ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ~ 0,1–1000 ʧɸ/ʤ). 

ɼʣʠʪʝʣʴʥʫʶ ʧʨʝʮʠʟʠʦʥʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʚʘʨʠʘʮʠʡ ʜʘʚʣʝʥʠʷ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʞʠʜʢʦʩʪʥʦʡ ʤʠʢʨʦʙʘʨʦʛʨʘʬ (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ – 16 ʤɺ/(ʜʠʥ/ʩʤ2), ʜʨʝʡʬ 
ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʳ – ʥʝ ʙʦʣʝʝ 5ʤɺ/¯C ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ, ʚʳʭʦʜʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ~15ʤɺ) 
ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʀʥʩʪʠʪʫʪʝ ʬʠʟʠʢʠ ɿʝʤʣʠ. 

ʆʙʲʝʤʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʨʘʜʦʥʘ (222Rn) ʠ ʪʦʨʦʥʘ (220Rn), ʢʘʢ ʦʜʥʠʭ 
ʠʟ ʦʩʥʦʚʥʳʭ ʠʦʥʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚ ʧʨʠʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʠʟʤʝʨʷʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʨʘʜʦʥʦʚʦʡ ʩʪʘʥʮʠʝʡ «ʉʈʉ-05» (ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ – 20–20000 ɹʢ/ʤ3, ʚʨʝʤʷ ʦʜʥʦʛʦ 
ʠʟʤʝʨʝʥʠʷ – 30 ʤʠʥ) ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ «ʅʊʄïɿʘʱʠʪʘ» (ʄʦʩʢʚʘ). 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 
ʧʠʨʘʥʦʤʝʪʨʦʤ «CMP-3» (ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ – 300–2800 ʥʤ, ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ – 0–
2 ʢɺʪ/ʤ2) ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ «Kipp & Zonen». 

ʀʟʤʝʨʝʥʠʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʚʣʘʞʥʦʩʪʴ, 
ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ) ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʝʦʩʪʘʥʮʠʠ «WS-2500» ʠ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʤʝʪʝʦʢʦʤʧʣʝʢʩʘ «ʄʝʪʝʦ-2ʄ» ʧʨʦʠʟʚʦʜʩʪʚʘ ʀʆɸ ʉʆ ʈɸʅ (ʜʠʘʧʘʟʦʥ 
ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʦʪ –40 ʜʦ +50°ʉ, ʩ ʪʦʯʥʦʩʪʴʶ ±0,3°ʉ; ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ – ʦʪ 0,2 
ʜʦ 30  ʤ/ʩ,  ʩ ʪʦʯʥʦʩʪʴʶ ±0,2  ʤ/ʩ;  ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ –  ʦʪ 10  ʜʦ 98%,  ʩ 
ʪʦʯʥʦʩʪʴʶ ±5%; ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ – ʦʪ 80,0 ʜʦ 106,7 ʢʇʘ, ʩ ʪʦʯʥʦʩʪʴʶ ±0,3 ʢʇʘ). 
ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʝʪʝʦʢʦʤʧʣʝʢʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʯʘʩʪʦʪʫ ʩʙʦʨʘ ~10ɻʮ ʠ ʧʦʟʚʦʣʷʝʪ ʚ 
ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʨʠʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ.  
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ɺʳʩʦʪʥʳʡ ʧʨʦʬʠʣʴ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʠʟʤʝʨʝʥʠʷʤ 
ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʣʦʢʘʪʦʨʘ (ʩʦʜʘʨʘ) «ɺʦʣʥʘ-3» ʧʨʦʠʟʚʦʜʩʪʚʘ ʀʆɸ ʉʆ ʈɸʅ. 
ɼʠʘʧʘʟʦʥ ʚʳʩʦʪ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ – ʦʪ 50 ʤ ʜʦ 800 ʤ, ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʚʳʩʦʪʝ – 
20 ʤ. ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ʩʦʜʘʨʘ – 1700 ɻʮ, ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ – ʦʪ 0,3 
ʜʦ 20,0 ʤ/ʩ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ±0,3 ʤ/ʩ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ±3° ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʙʦʨʳ ʨʘʙʦʪʘʶʪ ʚ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɼʘʥʥʳʝ 
ʥʘʙʣʶʜʝʥʠʡ ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʳʜʝʣʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʳ 
(ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ), ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʩʙʦʨ ʠ ʧʝʨʚʠʯʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʜʘʥʥʳʭ ʚ ʮʠʬʨʦʚʦʤ 
ʚʠʜʝ. ʉʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦʙʲʝʜʠʥʝʥʳ ʚ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʫʶ ʪʘʢʞʝ 
ʚʭʦʜʷʪ ʢʦʤʧʴʶʪʝʨ ʘʨʭʠʚʘʮʠʠ ʜʘʥʥʳʭ ʠ ʩʝʨʚʝʨ ʙʘʟʳ ʜʘʥʥʳʭ ɻʆ «ɹʦʨʦʢ»  ʀʌɿ ʈɸʅ 
(http://geobrk.adm.yar.ru). ɸʧʧʘʨʘʪʥʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʩʙʦʨʘ 
ʜʘʥʥʳʭ ʠ ʙʘʟʳ ʜʘʥʥʳʭ, ʩʨʝʜʩʪʚʘ ʠ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ 
ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ [6–9]. 
ʇʦʩʣʝʜʥʠʤ ʧʨʠʤʝʨʦʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʜʘʥʥʳʭ 
ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʩʣʫʞʠʪ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʩʯʝʪʘ ʘʥʘʣʦʛʦʚ K-ʠʥʜʝʢʩʦʚ 
ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʚʘʨʠʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʠʭ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘ web-ʩʘʡʪʝ ʙʘʟʳ ʜʘʥʥʳʭ ɻʆ «ɹʦʨʦʢ» ʀʌɿ ʈɸʅ [10]. 
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The technique of dimensional mathematical modeling of difficult geophysical objects and 

processes by a spline of the functional-factorial equations is presented regress. The practical 
example of modeling of a seismic cut is resulted. 

ɸʥʥʦʪʘʮʠʷ 
ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʚʫʤʝʨʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʩʧʣʘʡʥʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʬʘʢʪʦʨʥʳʭ ʫʨʘʚʥʝʥʠʡ 
ʨʝʛʨʝʩʩʠʠ. ʇʨʠʚʝʜʝʥ ʧʨʘʢʪʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ.  

ʇʦʩʪʨʦʝʥʠʝ ʝʜʠʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʚʫʤʝʨʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʫʟʣʦʚʳʤ 
ʪʦʯʢʘʤ, ʟʘʜʘʥʥʳʤ ʥʘ ʧʨʦʪʷʞʝʥʥʦʤ ʧʨʦʬʠʣʝ, ʧʦʯʪʠ ʚʩʝʛʜʘ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʥʘ 
ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʫʯʘʩʪʢʘʭ ʨʘʟʥʳʭ ʚʣʠʷʶʱʠʭ ʥʘ ʨʝʛʨʝʩʩʠʶ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʪʘʢʠʭ 
ʩʠʪʫʘʮʠʷʭ ʨʝʛʨʝʩʩʠʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʧʣʘʡʥʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʫʨʘʚʥʝʥʠʡ, 
ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʦʪʜʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʧʨʦʬʠʣʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʦʣʠʥʦʤʥʳʭ 
ʩʪʝʧʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʝʧʝʥʠ (ʥʘʧʨʠʤʝʨ, ʢʫʙʠʯʝʩʢʠʭ) 
ʥʝʵʬʬʝʢʪʠʚʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʚ ʰʠʨʦʢʠʭ ʦʙʣʘʩʪʷʭ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʦʙʨʘʟʫʶʪ 
ʣʦʞʥʳʝ ʧʠʢʦʚʳʝ ʦʩʮʠʣʣʷʮʠʠ, ʠʩʢʘʞʘʶʱʠʝ ʠʩʢʦʤʫʶ ʨʝʛʨʝʩʩʠʶ.  

ʉʦʟʜʘʥʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʩʧʣʘʡʥʦʚʳʭ ʤʦʜʝʣʝʡ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 
ʜʚʫʤʝʨʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʬʘʢʪʦʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʩ 
ʩʘʤʦʦʧʨʝʜʝʣʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ (ʫʨʘʚʥʝʥʠʡ ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʪʨʝʥʜʦʚ ʌʉʇ) [1], ʚ 
ʢʦʪʦʨʳʭ ʚʣʠʷʥʠʝ ʫʧʦʤʷʥʫʪʳʭ ʬʘʢʪʦʨʦʚ ʫʯʠʪʳʚʘʝʪʩʷ. ʇʦʜʦʙʥʳʝ ʩʣʦʞʥʳʝ ʤʦʜʝʣʠ ʥʘʟʦʚʝʤ 
ʩʧʣʘʡʥʘʤʠ ʌʉʇ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʧʣʘʡʥʘ ʌʉʇ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʠʭ ʘʜʝʢʚʘʪʥʦʩʪʠ, 
ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. ʉʦʩʪʘʚʣʝʥʠʝ ʩʧʣʘʡʥʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʚʝ ʩʪʘʜʠʠ.  

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʪʷʞʝʥʥʳʡ ʧʨʦʬʠʣʴ ʨʘʟʜʝʣʷʝʪʩʷ ʧʦ ʘʨʛʫʤʝʥʪʫ ʍ ʫʟʣʦʚʳʭ ʪʦʯʝʢ 
ʥʘ ʠʥʪʝʨʚʘʣʳ, ʚ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʷʝʪʩʷ ʜʝʡʩʪʚʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʘʢʠʭ-ʣʠʙʦ 
ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ.  ɺ ʢʘʞʜʦʤ ʠʥʪʝʨʚʘʣʝ ȹʍʢ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʘʢʪʦʨʥʳʤ ʬʫʥʢʮʠʷʤ 
ʩʪʨʦʠʪʩʷ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ Yʢ. ʉʤʝʞʥʳʝ ʠʥʪʝʨʚʘʣʳ ȹʍʢ ʠ ȹʍʢ+1 ʯʘʩʪʠʯʥʦ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 
ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʪʘʢ, ʯʪʦ ʚʥʫʪʨʠ, ʤʝʞʜʫ ʠʭ ʛʨʘʥʠʮʘʤʠ, ʦʙʨʘʟʫʝʪʩʷ ʫʯʘʩʪʦʢ ȹʍʧʢ ʧʝʨʝʩʝʯʝʥʠʷ, ʪ. 
ʝ. ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʫʨʘʚʥʝʥʠʡ Yʢ ʠ Yʢ+1. ʊʘʢʦʡ ʫʯʘʩʪʦʢ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʤʝʞʜʫ 
ʫʟʣʦʚʳʤʠ ʪʦʯʢʘʤʠ ʠʣʠ ʩʦʜʝʨʞʘʪʴ ʦʜʥʫ ʠʣʠ ʜʚʝ ʠʟ ʥʠʭ.  

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ ʠʥʪʝʨʚʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʦʩʠ ʍ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳ, ʧʨʦʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʜʙʦʨʘ 
ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʡ. ʇʦ ʪʨʝʙʦʚʘʥʠʶ ʠʭ ʘʜʝʢʚʘʪʥʦʩʪʠ ʚʘʨʠʘʮʠʷʤ ʧʦʛʨʝʰʥʦʩʪʠ, ʩ ʢʦʪʦʨʦʡ 
ʟʘʜʘʥʥʳ ʟʥʘʯʝʥʠʷ ʟʘʚʠʩʠʤʦʡ ʚʝʣʠʯʠʥʳ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʥʪʝʨʚʘʣ 
ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ ʘʜʝʢʚʘʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪ ʥʠʞʥʝʛʦ R2

ʟʥ 
ʜʦ ʚʝʨʭʥʝʛʦ R2

ʟʚ. ʋʟʣʦʚʳʝ ʪʦʯʢʠ ʨʘʟʜʝʣʷʶʪ ʥʘ ʚʳʙʦʨʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʦʨʷʜʢʝ ʨʦʩʪʘ 
ʘʨʛʫʤʝʥʪʘ. ʂʘʞʜʘʷ ʚʳʙʦʨʢʘ ʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʦʩʪʘʪʦʢ, ʧʦʣʫʯʘʶʱʠʡʩʷ ʧʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 
ʫʜʘʣʝʥʠʷ ʫʟʣʦʚʳʭ ʪʦʯʝʢ,  ʧʨʦʚʦʜʠʤʦʛʦ ʦʪ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʩʧʨʘʚʘ,  ʜʦ ʪʝʭ ʧʦʨ,  ʧʦʢʘ ʧʦ 
ʦʩʪʘʚʰʠʤʩʷ ʫʟʣʦʚʳʤ ʪʦʯʢʘʤ ʥʝ ʙʫʜʝʪ ʧʦʜʦʙʨʘʥʦ ʠʥʪʝʨʚʘʣʴʥʦʝ ʘʜʝʢʚʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩ 
ʜʦʧʫʩʪʠʤʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʪʝʨʤʠʥʘʮʠʠ.   

ɺʦ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʥʘ ʫʯʘʩʪʢʘʭ ȹʍʧʢ ʧʨʦʚʦʜʠʪʩʷ ʩʦʧʨʷʞʝʥʠʝ ʠʥʪʝʨʚʘʣʴʥʳʭ ʨʝʛʨʝʩʩʠʡ. 
ʇʨʠ ʵʪʦʤ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʍ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʫʪʨʠ ʫʯʘʩʪʢʘ ȹʍʧʢ , 
ʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘ ʥʝʛʦ ʩʣʝʚʘ, ʜʦʣʞʥʦ ʫʙʳʚʘʪʴ, ʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 
ʩʧʨʘʚʘ, – ʚʦʟʨʘʩʪʘʪʴ. ɼʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʣʠʥʝʡʥʦʡ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʝʡ. ʉ ʝʝ 
ʫʯʝʪʦʤ ʩʦʧʨʷʞʝʥʥʘʷ ʨʝʛʨʝʩʩʠʷ Yʢ, ʢ+1 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ ʍ(ʢ+1)ʃ, ʍʢʧ – ʣʝʚʘʷ ʠ ʧʨʘʚʘʷ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʘ ȹʍʧʢ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʢʦʦʨʜʠʥʘʪʳ ʍ, 
ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʫʯʘʩʪʢʫ, ʚʝʩ ʫʨʘʚʥʝʥʠʷ Yʢ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 1 ʜʦ 0, ʘ ʫʨʘʚʥʝʥʠʷ Yʢ+1 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 0 ʜʦ 1. ʇʦʩʨʝʜʠʥʝ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʚʝʩʘ ʫʨʘʚʥʝʥʠʡ ʦʜʠʥʘʢʦʚʳʝ ʠ ʩʦʩʪʘʚʣʷʶʪ 
0,5.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʧʣʘʡʥʘ ʌʉʇ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʤʝʨʦʤ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʠʥʠʠ ʢʦʥʪʘʢʪʘ ʦʩʘʜʦʯʥʦʡ ʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ 
ʚ ʩʣʦʞʥʦʤ ʛʝʦʣʦʛʦ-ʩʝʡʩʤʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ, ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʝʨʝʤʝʱʝʥʠʝ ʠ ʩʤʷʪʠʝ 
ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʜʘʥʥʦʤ ʨʘʟʨʝʟʝ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʙʳʪʦʯʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ ʠ 
ʙʦʢʦʚʳʤ ʩʞʘʪʠʝʤ, ʚʦʟʥʠʢʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ʩʜʚʠʛʦʚ. ʋʟʣʦʚʳʝ ʪʦʯʢʠ 
(ʍi, Hi), ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʚʝʜʝʥʘ ʨʝʛʨʝʩʩʠʷ, ʦʧʨʝʜʝʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʤʠ 
ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʣʦʱʘʜʦʢ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 
ʦʪʨʘʞʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʥʘ ʢʦʥʪʘʢʪʝ ʦʩʘʜʦʯʥʳʭ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ɿʦʥʘ ʢʦʥʪʘʢʪʘ ʧʦ 
ʬʘʢʪʦʨʥʳʤ ʧʨʠʟʥʘʢʘʤ ʧʣʠʢʘʪʠʚʥʳʭ ʠ ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʜʠʩʣʦʢʘʮʠʡ, ʨʘʟʜʝʣʝʥʘ ʥʘ ʯʝʪʳʨʝ 
ʠʥʪʝʨʚʘʣʘ.  

ʇʝʨʚʳʡ ʠʥʪʝʨʚʘʣ [2, ʍ2], ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʦʪ ʥʘʯʘʣʘ ʧʨʦʬʠʣʷ ʜʦ ʨʘʟʣʦʤʘ W2, 
ʦʭʚʘʪʳʚʘʝʪ ʦʙʣʘʩʪʴ ʧʨʦʛʠʙʘ ʟʦʥʳ ʢʦʥʪʘʢʪʘ, ʦʩʣʦʞʥʝʥʥʦʡ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤ 
ʨʘʟʣʦʤʦʤ W1. ʇʦʣʘʛʘʷ, ʯʪʦ ʧʨʦʛʠʙ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ, ʘ ʫʟʢʘʷ 
ʩʢʣʘʜʢʘ ʨʘʟʙʨʦʩʘʥʥʳʭ ʙʨʝʢʯʠʡ, ʚʥʝʜʨʝʥʥʘʷ ʚ ʠʥʪʨʫʟʠʶ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ W1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
ʬʫʥʢʮʠʝʡ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʚʳʙʝʨʝʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʝʛʨʝʩʩʠʠ ʫʨʘʚʥʝʥʠʝ H1 
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ɺʪʦʨʦʡ ʠʥʪʝʨʚʘʣ [ʍ1, ʍ4] ʦʭʚʘʪʳʚʘʝʪ ʩʠʩʪʝʤʫ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʩʢʣʘʜʦʢ ʢʦʥʪʘʢʪʥʦʡ 
ʟʦʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʨʘʟʣʦʤʦʤ W2 ʠ ʩʜʚʠʛʦʤ W3. ʊʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʦʥʪʘʢʪʥʦʡ 
ʣʠʥʠʠ ʩ ʢʨʫʪʳʤ ʣʝʚʳʤ ʩʢʣʦʥʦʤ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʠʥʦʤʦʤ H2 ʬʫʥʢʮʠʡ ʩʤʝʱʝʥʥʦʛʦ 
ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  
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ʊʨʝʪʠʡ ʠʥʪʝʨʚʘʣ [ʍ3, ʍ6] ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʦʥʫ, ʧʨʠʣʝʛʘʶʱʫʶ ʢ ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ 
ʩʜʚʠʛʫ W3. ʀʥʪʝʨʚʘʣʴʥʫʶ ʨʝʛʨʝʩʩʠʶ H3 ʧʨʝʜʩʪʘʚʠʤ ʧʝʨʝʭʦʜʥʦʡ ʢʚʘʟʠʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʝʡ 
ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʥʘʢʣʦʥʦʤ ʩʪʫʧʝʥʝʡ 
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ʏʝʪʚʝʨʪʳʡ ʠʥʪʝʨʚʘʣ [ʍ5, 9] ʩʦʜʝʨʞʠʪ ʦʙʣʘʩʪʴ ʩ ʪʨʝʤʷ ʤʦʥʦʪʦʥʥʦʩʪʷʤʠ ʛʣʘʜʢʠʭ ʠ 
ʫʤʝʨʝʥʥʳʭ ʠʟʛʠʙʦʚ ʩʢʣʘʜʯʘʪʦʡ ʟʦʥʳ. ʇʦʣʘʛʘʷ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʚʳʨʘʞʘʝʪʩʷ ʩʪʝʧʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʟʘʜʘʜʠʤ ʠʥʪʝʨʚʘʣʴʥʫʶ ʨʝʛʨʝʩʩʠʶ H4 ʩʣʝʜʫʶʱʠʤ 
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ɺ ʟʘʜʘʥʥʳʭ ʚʳʰʝ ʠʥʪʝʨʚʘʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʬʘʢʪʦʨʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʨʝʛʨʝʩʩʠʠ 
ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ɛ, ʢʦʵʬʬʠʮʠʝʥʪʳ b ʠ s, ʦʩʥʦʚʘʥʠʷ ʘ, ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ѷ, ʍʦ 
ʩʘʤʦʦʧʨʝʜʝʣʷʶʪʩʷ, ʪ. ʝ. ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘʨʷʜʫ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ɸ ʠ ɺ. ɼʣʷ ʨʘʩʯʝʪʘ 
ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʕɺʄ «ʊʨʝʥʜʳ ʌʉʇ-1» [2], ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ 
ʀʥʩʪʠʪʫʪʝ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ. ʇʦʩʪʨʦʝʥʥʳʝ ʵʪʦʡ ʧʨʦʛʨʘʤʤʦʡ ʢʦʥʢʨʝʪʥʳʝ ʫʨʘʚʥʝʥʠʷ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʆʥʠ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,9 ʷʚʣʷʶʪʩʷ ʘʜʝʢʚʘʪʥʳʤʠ 
ʧʦʛʨʝʰʥʦʩʪʠ, ʩ ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ Hi.  

ʉʦʧʨʷʞʝʥʠʝ ʠʥʪʝʨʚʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʦʚʝʜʝʥʦ ʥʘ ʪʨʝʭ ʩʦʚʤʝʱʝʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʛʜʝ 
ʩʤʝʞʥʳʝ ʠʥʪʝʨʚʘʣʳ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. ʋʨʘʚʥʝʥʠʷ H1 ʠ H2 ʩʦʝʜʠʥʝʥʳ ʥʘ ʫʟʢʦʤ 
ʠʥʪʝʨʚʘʣʝ [ʍ1, ʍ2] ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʫʟʣʦʚʦʡ ʪʦʯʢʠ, ʣʝʞʘʱʝʡ ʥʘ ʨʘʟʣʦʤʝ W2, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʡ 
ʪʦʯʢʝ ʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʥʳʭ ʬʫʥʢʮʠʡ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʣʠʥʠʡ ʩʤʝʞʥʳʭ ʨʝʛʨʝʩʩʠʡ ʨʝʟʢʦ 
ʦʪʣʠʯʘʝʪʩʷ. ʉʦʝʜʠʥʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ H2 ʠ ʢʚʘʟʠʩʪʫʧʝʥʯʘʪʦʛʦ H3 ʧʨʦʚʝʜʝʥʦ ʥʘ 
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ʫʯʘʩʪʢʝ [ʍ3, ʍ4], ʩʦʜʝʨʞʘʱʝʤ ʪʨʠ ʫʟʣʦʚʳʝ ʪʦʯʢʠ., ʘ ʫʨʘʚʥʝʥʠʡ H3 ʠ ʧʦʣʠʥʦʤʥʦʛʦ ʩʪʝʧʝʥʥʦʛʦ 
H4 – ʥʘ ʠʥʪʝʨʚʘʣʝ [ʍ5, ʍ6], ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʫʟʣʦʚʳʤʠ ʪʦʯʢʘʤʠ. ʅʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ 
ʨʘʟʥʦʩʪʴ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʠʥʪʝʨʚʘʣʴʥʳʭ ʨʝʛʨʝʩʩʠʡ ʥʝʚʝʣʠʢʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʦʩʪʴ 
ʩʦʧʨʷʞʝʥʠʷ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʦʩʣʝ ʩʦʧʨʷʞʝʥʠʷ ʩʧʣʘʡʥ ʌʉʇ ʧʨʦʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1 
ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ H1, H2, H3, H4, ʧʦʢʘʟʳʚʘʶʱʝʡ ʧʦʣʦʞʝʥʠʝ ʥʘ ʛʝʦʣʦʛʦ-ʩʝʡʩʤʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ 
ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʠʥʪʨʫʟʠʠ. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ɼʘʥʥʳʡ ʧʨʠʤʝʨ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʧʣʘʡʥʳ ʌʉʇ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ 
ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʨʘʥʠʮ ʩʣʦʞʥʳʭ ʧʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʫʜʥʳʭ ʪʝʣ ʜʘʞʝ ʚ ʪʝʭ ʫʩʣʦʚʠʷʭ, 
ʢʦʛʜʘ ʩʝʪʴ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʥʝʨʝʛʫʣʷʨʥʘ ʠ ʠʤʝʶʪʩʷ ʰʠʨʦʢʠʝ ʠʥʪʝʨʚʘʣʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ 
ʵʢʩʪʨʘʧʦʣʷʮʠʠ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 
ʟʘʣʝʛʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʟʘʧʘʩʳ ʚ ʥʠʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ɸʥʪʦʥʦʚ ɺ.ɸ. ʇʦʩʪʨʦʝʥʠʝ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʩ 
ʩʘʤʦʦʧʨʝʜʝʣʷʶʱʠʤʠʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ. / ɺ.ɸ. ɸʥʪʦʥʦʚ // ɻʝʦʜʠʥʘʤʠʢʘ, ʛʣʫʙʠʥʥʦʝ ʩʪʨʦʝʥʠʝ, 
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ʪʝʧʣʦʚʦʝ ʧʦʣʝ ɿʝʤʣʠ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʇʷʪʳʝ ʥʘʫʯʥʳʝ ʯʪʝʥʠʷ ʧʘʤʷʪʠ 
ʖ.ʇ. ɹʫʣʘʰʝʚʠʯʘ. ʄʘʪʝʨʠʘʣʳ. ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀɻʬ ʋʨʆ ʈɸʅ, - 2009.- ʉ. 17- 22. 
2. ɸʥʪʦʥʦʚ ɺ.ɸ. ʋʨʘʚʥʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʪʨʝʥʜʳ ʜʚʫʤʝʨʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-
ʬʘʢʪʦʨʥʳʝ ʩ ʩʘʤʦʦʧʨʝʜʝʣʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʧʦʚʳʰʝʥʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ (ʊʨʝʥʜʳ 
ʌʉʇ-1): ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʕɺʄ / ɺ.ɸ. ɸʥʪʦʥʦʚ, ʄ.ɺ. ʗʢʦʚʣʝʚ. ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀɻɼ ʋʨʆ ʈɸʅ, - 
2011. 
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ʆ ɼʆʉʊʆɺɽʈʅʆʉʊʀ ʌʋʅʂʎʀʆʅɸʃʔʅʆ-ʌɸʂʊʆʈʅʓʍ ʋʈɸɺʅɽʅʀʁ  
ʈɽɻʈɽʉʉʀʀ ʉ ʉɸʄʆʆʇʈɽɼɽʃʗʖʑʀʄʀʉʗ ʇɸʈɸʄɽʊʈɸʄʀ 

ɺ.ɸ. ɸʥʪʦʥʦʚ, (343)350-37-09, Antonov@igduran.ru 
ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ, ʛ ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 
It is considered theoretically and on practical examples new criterion in estimation it is 

authentic the regress equations. The criterion is based on conformity of deviations of regress from 
for-given for its construction of points to an interval of a dispersion of their reproducibility, 
established with the accepted probability. 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʨʘʭ ʥʦʚʳʡ ʢʨʠʪʝʨʠʡ ʚ 
ʦʮʝʥʢʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ. ʂʨʠʪʝʨʠʡ ʦʩʥʦʚʘʥ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʠ ʦʪʢʣʦʥʝʥʠʡ 
ʨʝʛʨʝʩʩʠʠ ʦʪ ʟʘʜʘʥʥʳʭ ʜʣʷ ʝʝ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʝʢ ʠʥʪʝʨʚʘʣʫ ʜʠʩʧʝʨʩʠʠ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ, 
ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʩ ʧʨʠʥʷʪʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. 

ʈʝʛʨʝʩʩʠʶ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʦʧʠʩʘʥʠʠ ʠʩʢʦʤʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ 
ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʣʠ ʧʦʣʝʚʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ 
ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʌʉʇ (ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʬʘʢʪʦʨʥʳʤʠ ʩ 
ʩʘʤʦʦʧʨʝʜʝʣʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ) [1], ʪ.ʢ. ʫʢʘʟʘʥʥʳʝ ʚ ʥʠʭ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʡ ʥʝ 
ʟʘʜʘʶʪʩʷ ʘʧʨʠʦʨʠ, ʘ ʦʙʲʝʢʪʠʚʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʭʦʜʝ ʦʧʪʠʤʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʡ. 
ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʛʨʝʩʩʠʠ ʚʳʨʘʞʘʝʪʩʷ ʘʜʝʢʚʘʪʥʦʩʪʴʶ ʧʦʩʪʨʦʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ, 
ʩ ʢʦʪʦʨʦʡ ʟʘʜʘʥʳ ʟʥʘʯʝʥʠʷ ʟʘʚʠʩʠʤʦʡ ʚʝʣʠʯʠʥʳ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ (Xi, Yi). ɸʜʝʢʚʘʪʥʦʩʪʴ ʧʨʠ 
ʙʦʣʴʰʦʤ ʠʭ ʢʦʣʠʯʝʩʪʚʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʨʘʚʥʝʥʠʝʤ ʚʳʙʦʨʦʯʥʳʭ ʜʠʩʧʝʨʩʠʡ 
ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʪʘʢʠʭ ʪʦʯʝʢ ʠ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʠʭ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ ʩ ʧʦʤʦʱʴʶ F-
ʢʨʠʪʝʨʠʷ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʫʯʪʝʥʥʳʭ ʚ ʨʝʛʨʝʩʩʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ 
ʩʚʦʙʦʜʳ ʦʩʪʘʪʦʯʥʦʡ ʚʘʨʠʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ. ʏʘʩʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ (ʤʝʥʴʰʝ 10-15) ʫʟʣʦʚʳʭ ʪʦʯʝʢ. ʇʨʠ 
ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʧʦ ʚʘʨʠʘʮʠʷʤ ʦʪʢʣʦʥʝʥʠʡ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ ʙʳʩʪʨʦ 
ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʧʨʠʤʝʥʠʤʦʩʪʠ F-ʢʨʠʪʝʨʠʷ ʠʣʠ ʢ ʪʦʤʫ, ʯʪʦ 
ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʠ ʧʘʨʘʤʝʪʨʳ ʫʨʘʚʥʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʤʠ.  

ʋʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʨʷʜʘ ʨʘʟʥʦʬʘʢʪʦʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʌʉʇ, 
ʧʨʝʜʣʘʛʘʝʪʩʷ, ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ ʧʦʣʥʦʡ 
ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʠʟ ʥʠʭ, ʩʯʠʪʘʪʴ ʘʜʝʢʚʘʪʥʳʤ 
ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʈ ʫʨʘʚʥʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ 
ʚ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʜʘʥʥʦʡ ʜʝʪʝʨʤʠʥʘʮʠʠ R2

ʟ, ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʜʠʩʧʝʨʩʠʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʫʟʣʦʚʳʭ ʟʥʘʯʝʥʠʡ Yi 
ʟʘʚʠʩʠʤʦʡ ʚʝʣʠʯʠʥʳ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʩ ʫʢʘʟʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʇʠʨʩʦʥʘ.  

ɼʠʩʧʝʨʩʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ Yi ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʦʡ:  Dʚ – ʨʘʩʩʯʠʪʘʥʥʦʡ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʚʳʙʦʨʢʘʤ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʢʨʘʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʝʣʠʯʠʥʳ Y ʚ ʫʟʣʦʚʳʭ 
ʪʦʯʢʘʭ ʠʣʠ ʠʟʤʝʨʝʥʠʡ ʥʘ ʟʥʘʯʠʤʳʭ i-ʠʥʪʝʨʚʘʣʘʭ ʘʨʛʫʤʝʥʪʦʚ; Dʠ - ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 
ʫʞʝ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦʡ ʠ ʟʘʜʘʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪʩʯʝʪʘ ʟʘʚʠʩʠʤʦʡ ʚʝʣʠʯʠʥʳ, ʥʘʧʨʠʤʝʨ, 
ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʧʘʩʧʦʨʪʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ. 
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ɿʘʜʘʚ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʢʨʠʪʝʨʠʷ Ŭ ʠ ʦʧʨʝʜʝʣʠʚ ʢʚʘʥʪʠʣʠ Ŭ1=  Ŭ/2,  Ŭ2=1- Ŭ/2, 
ʧʦʣʫʯʠʤ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʈ=1-  Ŭ ʚ ʩʣʫʯʘʝ ʜʠʩʧʝʨʩʠʠ Dʚ ʠʥʪʝʨʚʘʣ ʠʟʤʝʥʝʥʠʷ 
ʛʝʥʝʨʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ ʦʪ 

2
,2 faɢ

ɺDf Ö  ʜʦ 
2

,1 faɢ
ɺDf Ö , ʛʜʝ f – ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʚ ʝʝ ʨʘʩʯʝʪʝ; ɢ2

Ŭ1, f ,ɢ2
Ŭ2, f – 

ʧʨʦʮʝʥʪʥʳʝ ʪʦʯʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʠʨʩʦʥʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʜʘʥʥʦʡ 
ʜʝʪʝʨʤʠʥʘʮʠʠ Rʟ

2
 ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʦʛʨʘʥʠʯʝʥ ʟʥʘʯʝʥʠʷʤʠ ʩʥʠʟʫ R2

ʟʥ
 ʠ ʩʚʝʨʭʫ R2

ʟʚ. ʆʥʠ 
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ʟʚ
, ʛʜʝ n – ʢʦʣʠʯʝʩʪʚʦ 

ʫʟʣʦʚʳʭ ʪʦʯʝʢ; Ni– ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʚ ʢʘʞʜʦʡ ʫʟʣʦʚʦʡ i-ʪʦʯʢʝ ʠʣʠ ʚ ʧʨʝʜʝʣʘʭ 
ʟʥʘʯʠʤʦʛʦ i-ʠʥʪʝʨʚʘʣʘ ʘʨʛʫʤʝʥʪʦʚ; Yij– j-ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ Y ʚ ʫʟʣʦʚʦʡ i-ʪʦʯʢʝ ʠʣʠ ʚ i-
ʠʥʪʝʨʚʘʣʝ ʘʨʛʫʤʝʥʪʦʚ; iY - ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Y, ʨʘʩʩʯʠʪʘʥʥʦʝ ʚ ʫʟʣʦʚʦʡ i-ʪʦʯʢʝ ʠʣʠ ʧʦ i-

ʠʥʪʝʨʚʘʣʫ ʘʨʛʫʤʝʥʪʦʚ; YD – ʜʠʩʧʝʨʩʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ iY .  
ɺ ʩʣʫʯʘʝ ʜʠʩʧʝʨʩʠʠ Dʠ, ʢʦʛʜʘ ʢʦʥʢʨʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʦʩʧʨʦʠʟʚʝʜʝʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʥʝʪ, ʚʦʟʤʦʞʥʦ, ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ Ni>25. ʊʦʛʜʘ, ʜʦʧʫʩʢʘʷ ʯʠʩʣʦ 
ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʥʝ ʤʝʥʝʝ 4 ʠ ʫʩʣʦʚʠʝ ä
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1

n , ʧʨʠʤʝʤ ʧʨʠʙʣʠʞʝʥʥʦ f =100. ʇʨʠ ʵʪʦʤ 

ʛʝʥʝʨʘʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 
2

100,2Ŭ

ʀ

ɢ
D100 Ö  ʜʦ 

2
100,1Ŭ

ʀ

ɢ
D100 Ö . ɿʜʝʩʴ 2

100,1Ŭɢ , 2
100,2Ŭɢ – ʧʨʦʮʝʥʪʥʳʝ 

ʪʦʯʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʠʨʩʦʥʘ ʧʨʠ ʟʥʘʯʝʥʠʠ f =100. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʳ R2
ʟʥ

 ʠ 

R2
ʟʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 
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i , ʛʜʝ di - 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʟʥʘʯʝʥʠʡ Yi; Dy – ʜʠʩʧʝʨʩʠʷ ʟʘʚʠʩʠʤʦʡ ʚʝʣʠʯʠʥʳ, ʟʘʜʘʥʥʦʡ ʚ 
ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʦʮʝʥʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʇʠʨʩʦʥʘ ʧʨʠ f=100 ʩ ʚʳʩʦʢʦʡ 
ʪʦʯʥʦʩʪʴʶ (R2=0,9976) ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʧʦʣʠʥʦʤʥʳʤ ʩʪʝʧʝʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 
ʌʉʇ  

2
100,ʢŬɢ =26,8771ĀŬʢ

75,9624 + 241,5892Ā Ŭʢ
0,01967 + 32,7320Ā Ŭʢ

1,70106- 149,4109, 
ʛʜʝ Ŭʢ – ʢʚʘʥʪʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (0 < Ŭʢ <1). 

ɽʩʣʠ ʚ ʠʥʪʝʨʚʘʣʝ 2
ʟʚ

22
ʟʥ RRR ¢¢  ʧʦʩʪʨʦʝʥʦ ʙʦʣʴʰʝ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ, ʪʦ 

ʜʦʩʪʦʚʝʨʥʦ ʘʜʝʢʚʘʪʥʳʤ ʩʨʝʜʠ ʥʠʭ ʩʯʠʪʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ 
ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʙʣʠʞʝ ʢ ʩʝʨʝʜʠʥʝ ʠʥʪʝʨʚʘʣʘ [R2

ʟʥ , R2
ʟʚ]. 

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ R2 < R2
ʟʥ, ʣʠʥʠʷ ʨʝʛʨʝʩʩʠʠ ʠʟʣʠʰʥʝ ʫʜʘʣʝʥʘ ʦʪ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʧʫʩʢʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʈ ʜʣʷ ʧʦʛʨʝʰʥʦʩʪʠ ʟʘʜʘʥʥʳʭ 
ʟʥʘʯʝʥʠʡ Yi. ʕʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʪʝʤ, ʯʪʦ ʬʦʨʤʫʣʘ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʩʦʜʝʨʞʠʪ 
ʥʝʚʝʨʥʦ ʚʳʨʘʞʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʠʣʠ ʦʥʠ ʫʯʪʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʪ. ʝ. ʥʝʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʱʠʝ 
ʥʘ ʧʨʘʢʪʠʢʝ ʬʘʢʪʦʨʳ ʚ ʬʦʨʤʫʣʝ ʥʝ ʦʪʨʘʞʝʥʳ. ʊʘʢʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ 
ʧʦ ʬʘʢʪʦʨʥʳʤ ʬʫʥʢʮʠʷʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʘʜʝʢʚʘʪʥʦʩʪʠ ʩ ʧʨʠʥʷʪʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʡ 
ʚʝʨʦʷʪʥʦʩʪʴʶ ʈ ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʨʘʚʝʥʩʪʚʘ R2 >R2
ʟʚ ʣʠʥʠʷ ʨʝʛʨʝʩʩʠʠ ʠʟʣʠʰʥʝ ʧʨʠʙʣʠʞʝʥʘ ʢ 

ʫʟʣʦʚʳʤ ʪʦʯʢʘʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʧʫʩʢʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʣʷ ʧʦʛʨʝʰʥʦʩʪʠ ʟʥʘʯʝʥʠʡ Yi. ɺ 
ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʨʤʫʣʘ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʩʦʜʝʨʞʠʪ ʬʫʥʢʮʠʠ, ʥʝʚʝʨʥʦ ʚʳʨʘʞʘʶʱʠʝ 
ʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ, ʠʣʠ ʦʥʠ ʫʯʪʝʥʳ ʩ ʠʟʙʳʪʢʦʤ, ʪ. ʝ. ʜʝʡʩʪʚʠʝ ʥʝʢʦʪʦʨʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 
ʧʨʘʢʪʠʢʝ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ. ʊʘʢʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ ʧʦ ʬʘʢʪʦʨʥʳʤ 
ʬʫʥʢʮʠʷʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʘʜʝʢʚʘʪʥʦʩʪʠ ʩ ʧʨʠʥʷʪʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʈ. 
ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ R2, ʝʛʦ ʪʘʢ ʞʝ ʥʝʣʴʟʷ 
ʩʯʠʪʘʪʴ ʜʦʩʪʦʚʝʨʥʳʤ.  
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ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʪʝʨʤʠʥʘʮʠʠ R2
ʟʚ ʠ 

R2
ʟʥ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʏʝʤ ʙʦʣʴʰʝ ʧʨʠʥʷʪʘʷ ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʈ ʦʙʥʘʨʫʞʠʪʴ 

ʘʜʝʢʚʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ, ʪʝʤ ʙʦʣʴʰʝ ʨʘʟʥʦʩʪʴ R2
ʟʚ-R2

ʟʥ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ 
ʧʦʛʨʝʰʥʦʩʪʠ ʟʥʘʯʝʥʠʡ Yi ʢʦʵʬʬʠʮʠʝʥʪʳ R2

ʟʚ 
ʠ R2

ʟʥ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʝʜʠʥʠʮʝ, ʘ ʨʘʟʥʦʩʪʴ 
ʤʝʞʜʫ ʥʠʤʠ – ʢ ʥʫʣʶ. ʉʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ, 
ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʚʝʨʠʪʝʣʴʥʝʡ 
ʚʝʨʦʷʪʥʦʩʪʠ ʈ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 
ʠʩʢʣʶʯʠʪʴ ʠʟ ʯʠʩʣʘ ʘʜʝʢʚʘʪʥʳʭ ʫʨʘʚʥʝʥʠʝ, 
ʢʦʪʦʨʦʝ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʷʚʣʷʝʪʩʷ 
ʜʦʩʪʦʚʝʨʥʳʤ, ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 
ʧʨʠʥʷʪʴ ʟʘ ʘʜʝʢʚʘʪʥʦʝ ʥʝʜʦʩʪʦʚʝʨʥʦʝ 
ʫʨʘʚʥʝʥʠʝ. ʇʦʵʪʦʤʫ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ Ŭ 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ ʦʪ 0,1 ʜʦ 0,4.  

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 
ʢʨʠʪʝʨʠʷ ʚ ʦʮʝʥʢʝ ʘʜʝʢʚʘʪʥʦʩʪʠ ʫʨʘʚʥʝʥʠʡ 
ʨʝʛʨʝʩʩʠʠ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ 1. ʅʘ 

ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʳ ʫʟʣʦʚʳʝ ʪʦʯʢʠ (Xi, Yi),  (d=0,043, f=100), ʧʦ ʢʦʪʦʨʳʤ ʧʦʩʪʨʦʝʥʳ 
ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʧʦʣʠʥʦʤʥʳʝ ʩʪʝʧʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʌʉʇ Y(X) ʚʠʜʘ ʇʉ ʉʇʉ. 

 
ɸʜʝʢʚʘʪʥʳʤʠ ʧʦ 

ʜʚʫʩʪʦʨʦʥʥʝʤʫ ʢʨʠʪʝʨʠʶ 
ʌʠʰʝʨʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʈ=0,7 
ʷʚʣʷʶʪʩʷ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ɸ-ʍ(ɛ1, 
ɛ2) ʠ ɸ-ʍ(ɛ1,  ɛ2,  ɛ3),  ʯʪʦ ʥʝ 
ʧʨʠʚʦʜʠʪ ʢ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʚ ʠʭ 
ʚʳʙʦʨʝ. ɸʜʝʢʚʘʪʥʳʤ ʧʦ 
ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʢʨʠʪʝʨʠʶ 
ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ, ʣʠʥʠʷ 
ʨʝʛʨʝʩʩʠʠ ʢʦʪʦʨʦʛʦ ʩ ʪʘʢʦʡ ʞʝ 
ʚʝʨʦʷʪʥʦʩʪʴʶ ʫʜʘʣʝʥʘ ʦʪ 
ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʥʘ ʠʥʪʝʨʚʘʣ, 
ʦʛʨʘʥʠʯʝʥʥʳʡ ʟʥʘʯʝʥʠʷʤʠ d ʦʪ 
0,04 ʜʦ 0,046, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʥʪʝʨʚʘʣʫ R2 ʦʪ R2
ʟʥ=0,7954 ʜʦ R2

ʟʚ=0,8510. ɼʦʩʪʦʚʝʨʥʳʤ, ʪ.ʝ. ʘʜʝʢʚʘʪʥʳʤ ʪʘʢʠʤ ʫʩʣʦʚʠʷʤ, 
ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ ʪʠʧʘ ɸ-ʍ(ɛ1, ɛ2).  

ʋʨʘʚʥʝʥʠʷ ʌʉʇ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʠʭ ʘʜʝʢʚʘʪʥʦʩʪʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʦʩʷʤ 
ʘʨʛʫʤʝʥʪʦʚ ʥʘ ʠʥʪʝʨʚʘʣʳ ʚʥʫʪʨʝʥʥʠʝ, ʤʝʞʜʫ ʫʟʣʦʚʳʤʠ ʪʦʯʢʘʤʠ, ʠ ʚʥʝʰʥʠʝ (ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ 
ʦʪ ʫʟʣʦʚʳʭ ʪʦʯʝʢ), ʚ ʢʦʪʦʨʳʭ ʝʱʝ ʩʦʭʨʘʥʷʝʪʩʷ ʜʝʡʩʪʚʠʝ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, 
ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʫʯʪʝʥʥʳʭ ʚ ʫʨʘʚʥʝʥʠʷʭ, ʘ ʧʦʷʚʣʝʥʠʝ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʧʦʢʘʞʝʤ ʧʨʠʤʝʨʝ 2. ɺ ʥʝʢʦʪʦʨʳʭ ʜʦʩʪʫʧʥʳʭ ʪʦʯʢʘʭ 
ʧʨʦʬʠʣʷ X, ʧʝʨʝʩʝʢʘʶʱʝʛʦ ʧʦ ʧʦʜʟʝʤʥʳʤ ʚʳʨʘʙʦʪʢʘʤ ʧʣʘʩʪ ʤʝʜʥʦʡ ʨʫʜʳ, ʧʨʦʚʝʜʝʥʦ 
ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʉ ʚ ʨʫʜʝ ʤʝʜʠ (d=0,012). ʊʨʝʙʫʝʪʩʷ, ʧʦ ʨʝʛʨʝʩʩʠʠ 
ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʟʘʣʝʞʠ ʢʦʥʜʠʮʠʦʥʥʦʡ ʨʫʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʥʝ ʥʠʞʝ 0,5 %. 

ʊʠʧ 
ʫʨʘʚʥʝʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ 
ʩʪʝʧʝʥʥʳʭ 
ʬʘʢʪʦʨʦʚ ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʇʉ ʉʇʉ R2 

ɸ-ʍ(ɛ) 1 Y = - 422,5452ĀX – 1,4776 + 117,6516 0,7384 

ɸ-ʍ(ɛ1, ɛ2) 2 Y = 405,63204ĀX 0,05507- 4,38965Ā10-15ĀX 11,34 - 
359,6819 0,80636 

ɸ-ʍ(ɛ1, ɛ2, ɛ3) 3 
Y = - 9,702916463Ā1058ĀX -76,46246664 - 0,00092027ĀX 

5,54349 + 
+ 0,00093864ĀX 5,537283 + 100,39 

0,87708 
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1 
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ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʪʝʨʤʠʥʘʮʠʠ. 
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ʃʠʥʠʷ ʪʠʧʘ ɸ-ʍ(ɛ1, ɛ2), 
ʧʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʜʝʢʚʘʪʥʘʷ  

ʃʠʥʠʠ ʪʠʧʘ ɸ-ʍ(ɛ) ʠ ʪʠʧʘ ɸ-ʍ(ɛ1, ɛ2, ɛ3) 
ʥʝ ʘʜʝʢʚʘʪʥʳʝ, ʥʝ ʜʦʩʪʦʚʝʨʥʳʝ  

ʈʠʩʫʥʦʢ 2 - ʃʠʥʠʠ ʨʝʛʨʝʩʩʠʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ  
ʋʨʘʚʥʝʥʠʷʤ ʇʉ ʉʇʉ ʩ ʨʘʟʥʦʡ ʘʜʝʢʚʘʪʥʦʩʪʴʶ. 
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ʇʦʣʦʞʠʤ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʚʦʜʷʱʠʭ ʢ 
ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʝʜʠ ʚʜʦʣʴ ʧʨʦʬʠʣʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʳʨʘʞʘʝʪʩʷ ʵʢʩʧʦʥʝʥʪʘʤʠ. ɺʳʙʝʨʝʤ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʌʉʇ ʪʠʧʘ ɸ-ʍ(b1, b2). ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʳ ʪʦʯʢʠ 
ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʬʦʨʤʫʣʘ ʠ ʛʨʘʬʠʢ ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʥʠʤ ʫʧʦʤʷʥʫʪʦʛʦ 
ʘʜʝʢʚʘʪʥʦʛʦ (ʈ=0,9) ʫʨʘʚʥʝʥʠʷ.  
 
 

 
 
 
 
 
 
 
 
 

 
ɿʜʝʩʴ ʞʝ ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʘʢʪʦʨʥʳʭ ʬʫʥʢʮʠʡ ʉʬ1 ʠ ʉʬ2, ʫʤʝʥʴʰʘʶʱʠʭ 
ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʉ0 ʤʝʜʠ ʥʘ ʢʦʥʮʘʭ ʧʨʦʬʠʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ. 
ɿʘʣʝʞʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʥʝ ʥʠʞʝ 0,5 % ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ʧʨʦʬʠʣʷ 25 - 103 ʤ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ɸʥʪʦʥʦʚ ɺ.ɸ. ʇʦʩʪʨʦʝʥʠʝ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʩ 
ʩʘʤʦʦʧʨʝʜʝʣʷʶʱʠʤʠʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ. // ɻʝʦʜʠʥʘʤʠʢʘ, ʛʣʫʙʠʥʥʦʝ ʩʪʨʦʝʥʠʝ, ʪʝʧʣʦʚʦʝ ʧʦʣʝ 
ɿʝʤʣʠ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʇʷʪʳʝ ʥʘʫʯʥʳʝ ʯʪʝʥʠʷ ʧʘʤʷʪʠ 
ʖ.ʇ. ɹʫʣʘʰʝʚʠʯʘ. ʄʘʪʝʨʠʘʣʳ. ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀɻʬ ʋʨʆ ʈɸʅ, 2009. ʉ.17-22. 
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ʂʆʄʇʔʖʊɽʈʅɸʗ ʇʈʆɻʈɸʄʄɸ ʇʆʉʊʈʆɽʅʀʗ  
ɼɺʋʄɽʈʅʓʍ ʋʈɸɺʅɽʅʀʁ ʅɽʃʀʅɽʁʅʆʁ ʈɽɻʈɽʉʉʀʀ 
ɺ.ɸ. ɸʥʪʦʥʦʚ, ʄ.ɺ. ʗʢʦʚʣʝʚ (343)350-37-09, Antonov@igduran.ru 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ, ʛ ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
 
Data on the computer program carrying out calculation and construction of some the two-

dimensional is functional-factorial equations of nonlinear regress with self-defined parameters and 
raised by reliability are presented. 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʕɺʄ, 
ʧʨʦʚʦʜʷʱʝʡ ʨʘʩʯʝʪ ʠ ʧʦʩʪʨʦʝʥʠʝ ʨʷʜʘ ʜʚʫʤʝʨʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʬʘʢʪʦʨʥʳʭ ʫʨʘʚʥʝʥʠʡ 
ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʩ ʩʘʤʦʦʧʨʝʜʝʣʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʧʦʚʳʰʝʥʥʦʡ 
ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ. 

ɼʚʫʤʝʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʚʝʣʠʯʠʥ 
ʨʘʩʩʯʠʪʳʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, 
ʥʘʧʨʠʤʝʨ, Excel, Stadia, SPSS, Statistica, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʧʨʠʤʝʥʝʥ 
ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ). ʇʦʵʪʦʤʫ ʥʝʙʦʣʴʰʦʡ ʧʝʨʝʯʝʥʴ ʪʘʢʠʭ ʫʨʘʚʥʝʥʠʡ 
ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʣʠʥʝʡʥʦʡ ʠʣʠ ʩʚʦʜʷʱʝʡʩʷ ʢ ʥʝʡ ʨʝʛʨʝʩʩʠʝʡ. ʈʝʘʣʴʥʳʝ 
ʩʚʷʟʠ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʤʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ 
ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʤʥʦʛʦ ʩʣʦʞʥʝʝ ʠ 
ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʝʱʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 
ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʫʨʘʚʥʝʥʠʷʭ. ɼʣʷ ʵʪʦʛʦ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʛʨʘʤʤʝ 
MathCad, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʄʅʂ ʧʨʠʤʝʥʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʯʠʩʣʝʥʥʦ-ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 
ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ.  

ʈʠʩʫʥʦʢ 3 - ɻʨʘʬʠʢʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʥʘ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʬʠʣʝ, 
ʧʨʦʚʝʜʝʥʥʳʝ ʧʦ 

ʫʨʘʚʥʝʥʠʶ ʨʝʛʨʝʩʩʠʠ ʪʠʧʘ  
ɸ-ʍ(b1, b2) ʠ  

ʩʦʩʪʘʚʣʷʶʱʠʤ ʝʛʦ  
ʬʘʢʪʦʨʥʳʤ ʬʫʥʢʮʠʷʤ.  

-1,5 

-1 

-0,5 

0 

0,5 

 

1,5 

2 

 20 40  80 100 

ʉ =1,9887 -38,6784Āʝ- 0,1307ĀX - 0,000095Āʝ 0,094ĀX , R2 = 0,9656 

 ʉʬ2 

X, ʤ 

ʉ0=1,9887 % ʉ, ʉ0 , ʉʬ1, ʉʬ2, % 

ʉʬ1 
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ʊʘʙʣʠʮʘ 1 - ɼɺʋʄɽʈʅʓɽ ʋʈɸɺʅɽʅʀʗ ʅɽʃʀʅɽʁʅʆʁ ʈɽɻʈɽʉʉʀʀ ʌʉʇ-1 

ʊʠʧ ʫʨʘʚʥʝʥʠʷ (ʩʘʤʦʦʧʨʝ- 
ʜʝʣʷʶʱʠʝʩʷ ʧʘʨʘʤʝʪʨʳ) ʌʦʨʤʫʣʘ ʫʨʘʚʥʝʥʠʷ  ʍʘʨʘʢʪʝʨʥʳʡ  

ʛʨʘʬʠʢ 
ʇʆʃʀʅʆʄʅʓɽ ʉʊɽʇɽʅʅʆʁ ʌʋʅʂʎʀʀ ʉ ʉɸʄʆʆʇʈɽɼɽʃʗʖʑʀʄʀʉʗ ʇʆʂɸɿɸʊɽʃʗʄʀ ʉʊɽʇɽʅʀ  ɛ  (ʇʉ ʉʇʉ), X > 0 

ɸ-ʍ(ɛ) BAx +m  
 

X 
Y 

 

ɸ-ʍ(ɛ1, ɛ2) BxAxA ++ mm 2
2

1
1  

 
X 

Y 

 

ɸ-ʍ(ɛ1, ɛ2, ɛ3) BxAxAxA +++ mmm 3
3

2
2

1
1  

  X  
Y 

 
ʇʆʃʀʅʆʄʅʓɽ ʇʆʂɸɿɸʊɽʃʔʅʆʁ ʌʋʅʂʎʀʀ ʉ ʉɸʄʆʆʇʈɽɼɽʃʗʖʑʀʄʀʉʗ ʂʆʕʌʌʀʎʀɽʅʊɸʄʀ ɓ 

ɺ ʇʆʂɸɿɸʊɽʃʗʍ ʉʊɽʇɽʅʀ (ʇʇ ʉʂ) 

ɸ-ʍ(ɓ) BaA x +b
 

 
X 

Y 

 

ɸ-ʍ(ɓ1, ɓ2) BaAaA xx ++ bb 2
2

1
1  

 
X 

Y 

 
ʇʆʃʀʅʆʄʅʆɽ ʇʆʂɸɿɸʊɽʃʔʅʆʁ ʀ ʃʀʅɽʁʅʆʁ ʉʊɽʇɽʅʅʆʁ ʌʋʅʂʎʀʁ ʉ ʉɸʄʆʆʇʈɽɼɽʃʗʖʑʀʄʉʗ 

ʂʆʕʌʌʀʎʀɽʅʊʆʄ ɓ ɺ ʇʆʂɸɿɸʊɽʃɽ ʉʊɽʇɽʅʀ (ʇʇʃʉ ʉʂ) 

ɸ-ʍ(ɓ,  ɛ =1) Bxɸaɸ x ++b
21   

ʅʆʈʄɸʃʔʅʆɻʆ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʉ ʉɸʄʆʆʇʈɽɼɽʃʗʖʑʀʄʀʉʗ ʉʄɽʑɽʅʀɽʄ ѷ  ʀ ʂʆʕʌʌʀʎʀɽʅʊʆʄ ů (ʅʈ ʉʂ), ů> 0 

ʄ-ʍ(ѷ, ů) e
xx

A 2
2

2
)(

2
1

s
s

-
-

p
 

 

X 

Y 

 
ʇʆʃʀʅʆʄʅʆɽ  ʇʆʂɸɿɸʊɽʃʔʅʆʁ  ʀ  ʅʆʈʄɸʃʔʅʆ ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ ʌʋʅʂʎʀʁ 

ʉ   ʉɸʄʆʆʇʈɽɼɽʃʗʖʑʀʄʀʉʗ  ʉʄɽʑɽʅʀɽʄ  ѷ  ʠ  ʂʆʕʌʌʀʎʀɽʅʊɸʄʀ  ɓ, ů  (ʇʇʅʈ ʉʂ), ů > 0 

ɸʄ-ʍ(ɓ, ѷ, ů) Baɸ e
xx

A
x

2 ++
-

-

p
b 2

2

2
)(

2
1

1 s
s

 
 

X 

Y 

 
ʇʆʃʀʅʆʄʅʓɽ ʌʋʅʂʎʀʁ ɸʉʉʀʄɽʊʈʀʏʅʆɻʆ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʉ ʉɸʄʆʆʇʈɽɼɽʃʗʖʑʀʄʀʉʗ 
ʉʄɽʑɽʅʀʗʄʀ xo, ʆʉʅʆɺɸʅʀʗʄʀ ʘ  ʀ ʇʆʂɸɿɸʊɽʃʗʄʀ ʉʊɽʇɽʅʀ ɛ (ʇɸʈ ʉʇ),  X > 0,  ʘ >1,  ɛ > 0 

ʄ-X( ʘ, ɛ) [ ] BaxA x +
m-  

 

X 

Y 

 

ʄ-X( ʘ, ɛ,  x > xo) BaxxA
xx
+ùú

ø
éê
è -

m-
o)( o

 
 

X 

Y 

 

ʄ-X(ʘ, ɛ,  x < xo) BaxxA
xx

+ùú
ø

éê
è -

m-
o)( o

  

X 

Y 

 
ɸʄ-X(ʘ1, ʘ2, ɛ1, ɛ2,                

ʭ> ʭ01,  ʭ > ʭ02) 
[ ] [ ] BaxxAaxxA xxxx +-+-

m-m-
2o22o11 21 )()( 1 o2o1  

 
X 

Y 

 
ɸʄ-X(ʘ1, ʘ2, ɛ1, ɛ2, 

ʭ < ʭ01,  ʭ < ʭ02) [ ] [ ] BaxxAaxxA xxxx +-+-
m-m-

21 o222o11 )()( 1 o2o1  
 

X 

Y 

 

ɸʄ-X(ʘ1, ʘ2, ɛ1, ɛ2, 
ʭ01< ʭ < ʭ02) [ ] [ ] BaxxAaxxA xxxx +-+-

m-m-
21 o222o11 )()( 1 o2o1  

 
X 

Y 

 
   ʇɽʈɽʍʆɼʅʓɽ  ʂɺɸɿʀʉʊʋʇɽʅʏɸʊʓɽ  ʉ   ʉɸʄʆʆʇʈɽɼɽʃʗʖʑʀʄʀʉʗ  ʉʄɽʑɽʅʅʓʄ 

ʎɽʅʊʈʆʄ  ʭ0  ʀ  ʂʆʕʌʌʀʎʀɽʅʊʆʄ  ʂʈʋʊʀɿʅʓ  ʇɽʈɽʍʆɼɸ  ɓ (ʇʂʉ ʉʇ)  ( ɻ – ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ,   ʇ – ʧʘʨʘʣʣʝʣʴʥʳʝ) 

ɸ-X(ʭ0, ɓ)ɻ B
e

A
XX +

+ - o)ɓ(1
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ʆʜʥʘʢʦ, ʝʛʦ ʩʭʦʜʠʤʦʩʪʴ ʥʝʫʩʪʦʡʯʠʚʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʪʘʨʪʦʚʦʡ 
ʪʦʯʢʠ ʠ ʧʦʠʩʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʰʘʛ ʠʪʝʨʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ 
ʯʘʱʝ ʚʩʝʛʦ ʠʭ ʟʥʘʯʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳ, ʪʦ ʧʦʩʪʨʦʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʠ 
ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʫʨʘʚʥʝʥʠʡ ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʡ 
ʧʨʦʙʣʝʤʦʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [1],  ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʀʥʩʪʠʪʫʪʝ ʛʦʨʥʦʛʦ ʜʝʣʘ ʋʨʆ ʈɸʅ,  
ʜʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʵʬʬʝʢʪʠʚʥʦ ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʧʨʠ 
ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʄʅʂ ʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ɸʥʪʦʥʦʚʳʤ ɺ. ɸ. ʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʠ 
ʥʘʜʝʞʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠʙʣʠʞʝʥʠʡ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʚʝʨʰʠʥʳ (ʄʇʇɺ). ɼʘʥʥʳʡ 
ʤʝʪʦʜ ʨʝʘʣʠʟʦʚʘʥ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʕɺʄ çʋʨʘʚʥʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, 
ʪʨʝʥʜʳ ʜʚʫʤʝʨʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʬʘʢʪʦʨʥʳʝ ʩ ʩʘʤʦʦʧʨʝʜʝʣʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 
ʧʦʚʳʰʝʥʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ (ʊʨʝʥʜʳ ʌʉʇ-1)» [2], ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʀʥʩʪʠʪʫʪʝ. ɽʝ ʛʣʘʚʥʦʝ 
ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ ʧʨʦʛʨʘʤʤ ʩʦʩʪʦʠʪ ʚ ʪʦʤ,  ʯʪʦ ʨʝʛʨʝʩʩʠʷ ʩʪʨʦʷʪʩʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-
ʬʘʢʪʦʨʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚʭʦʜʷʱʠʝ ʚ ʫʨʘʚʥʝʥʠʷ ʬʫʥʢʮʠʠ ʟʘʜʘʶʪʩʷ ʚ ʦʙʱʝʤ 
ʚʠʜʝ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʳʝ ʬʘʢʪʦʨʳ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʥʳʭ ʠʣʠ 
ʢʘʢʠʭ-ʣʠʙʦ ʠʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʠʩʢʦʤʫʶ ʨʝʛʨʝʩʩʠʶ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʥʝ ʥʫʞʥʦ ʘʧʨʠʦʨʠ 
ʟʘʜʘʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʨʘʚʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ. ʆʥʠ 
ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ, ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʜʘʥʥʳʭ ʫʟʣʦʚʳʭ ʪʦʯʝʢ, ʧʦ 
ʢʨʠʪʝʨʠʶ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʢʘʢ 
ʦʧʪʠʤʘʣʴʥʳʝ ʚ ʦʙʣʘʩʪʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʯʠʩʝʣ (ʜʨʦʙʥʳʭ, ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ) 
ʩʘʤʦʡ ʧʨʦʛʨʘʤʤʦʡ. ʇʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠʷ ʌʉʇ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʠʥʪʝʨʚʘʣʘʭ 
ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʫʨʘʚʥʝʥʠʷʤʠ, ʛʜʝ ʬʫʥʢʮʠʠ ʚʳʙʨʘʥʳ ʬʦʨʤʘʣʴʥʦ, ʘ ʠʭ ʧʘʨʘʤʝʪʨʳ ʧʦʜʦʙʨʘʥʳ ʠʩʢʫʩʩʪʚʝʥʥʦ. 

 

 
ʇʝʨʝʯʝʥʴ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʨʦʛʨʘʤʤʝ ʫʨʘʚʥʝʥʠʡ ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʨʠʚʝʜʝʥ ʚ 

ʪʘʙʣʠʮʝ 1. ɺʠʜ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʳ ʧʨʦʛʨʘʤʤʳ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʆʪʩʶʜʘ ʦʪʢʨʳʚʘʶʪʩʷ 
ʩʣʝʜʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʢʥʘ: ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʪʨʦʝʥʠʷ ʫʨʘʚʥʝʥʠʡ; ʚʳʙʦʨʘ ʚʠʜʘ ʠ 

Y 

X 

Y=1999,7336[(5,5355-X)1,4525
(X-5,5355)]290,4078 + 

 + 698,8789[(5,277-X)2,6289
 (X-5,277)]1,278

 -  

 - 5,8174 

 R 
2
= 0,9982 

ʊʘʙʣʦ ʬʦʨʤʫʣ 
ʫʨʘʚʥʝʥʠʡ 

ʆʩʥʦʚʥʳʝ ʢʥʦʧʢʠ 
ʛʣʘʚʥʦʛʦ ʤʝʥʶ 

ɺʳʙʦʨ 
ʫʨʘʚʥʝʥʠʡ 

ʇʘʥʝʣʴ 
ʛʨʘʬʠʯʝʩʢʦʛʦ 
ʦʪʦʙʨʘʞʝʥʠʷ 

ʇʘʥʝʣʠ 
ʤʘʩʰʪʘʙʘ 

ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ 

ɺʚʦʜ ʪʦʯʝʢ 
ʩ ʧʦʤʦʱʴʶ 

ʤʳʰʠ 

ʂʥʦʧʢʘ 
çʇʫʩʢ» 

 

ʇʘʥʝʣʴ 
ʫʧʨʘʚʣʝʥʠʷ 
ʛʨʘʬʠʢʦʡ 

ʃʠʩʪʘʥʠʝ 
ʩʪʨʘʥʠʮ 

ʂʦʦʨʜʠʥʘʪʳ 
ʟʘʜʘʥʥʳʭ 

ʪʦʯʝʢ 

ʈʠʩʫʥʦʢ 1 - ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʧʨʦʛʨʘʤʤʳ. 
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ʪʠʧʘ ʫʨʘʚʥʝʥʠʡ; ʟʘʜʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʚʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʟʘʚʠʩʠʤʦʡ ʚʝʣʠʯʠʥʳ: ʦʢʥʦ ʨʘʙʦʪʳ 
ʩ ʧʨʦʝʢʪʘʤʠ, ʦʢʥʦ ʧʦʜʧʠʩʝʡ ʢ ʛʨʘʬʠʢʘʤ.  

ɺʭʦʜʥʳʝ ʥʝʟʘʚʠʩʠʤʳʝ ʍi ʠ ʟʘʚʠʩʠʤʳʝ Yi ʟʥʘʯʝʥʠʷ ʫʟʣʦʚʳʭ i-ʪʦʯʝʢ, ʧʦ ʢʦʪʦʨʳʤ 
ʧʨʦʚʦʜʠʪʩʷ ʨʝʛʨʝʩʩʠʷ, ʠ ʚʩʪʘʚʣʷʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʫ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ - ʚʨʫʯʥʫʶ ʩ ʧʦʤʦʱʴʶ 
ʤʳʰʠ, ʠʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ, ʠʟ ʬʘʡʣʘ Excel ʠʣʠ ʠʟ ʙʫʬʝʨʘ ʦʙʤʝʥʘ. ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ 
ʫʨʘʚʥʝʥʠʡ ʠʭ ʬʦʨʤʫʣʳ ʠ ʛʨʘʬʠʢʠ, ʘ ʪʘʢʞʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʚ ʪʝʢʩʪʦʚʳʡ 
ʬʘʡʣ, ʚ ʬʘʡʣ Excel ʠʣʠ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ. ɺ ʦʢʥʝ ʧʨʦʝʢʪʘ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʠ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ 
ʩʦʚʤʝʩʪʥʦ ʠʣʠ ʦʪʜʝʣʴʥʦ ʛʨʘʬʠʢʠ ʨʘʟʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɺ ʦʢʥʝ «ʇʘʨʘʤʝʪʨʳ» ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 
ʨʝʞʠʤʳ ʨʘʩʯʝʪʘ ʫʨʘʚʥʝʥʠʡ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ 0,1 ʜʦ 0,0001, ʣʠʙʦ ʧʦ 
ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʠʪʝʨʘʮʠʡ. ʇʦʛʨʝʰʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʟʘʚʠʩʠʤʦʡ ʚʝʣʠʯʠʥʳ ʚ 
ʦʧʦʨʥʳʭ ʪʦʯʢʘʭ ʟʘʜʘʝʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ ʧʨʦʛʨʘʤʤʦʡ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʛʦ 
ʫʨʘʚʥʝʥʠʷ ʇʉ ʉʇʉ ʧʦ ʧʨʠʟʥʘʢʫ ʝʛʦ ʘʜʝʢʚʘʪʥʦʩʪʠ.  

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. ʅʘ ʨʠʩʫʥʢʝ 2 
ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʠʥʪʝʨʚʘʣʴʥʳʝ ʧʨʠʨʘʱʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ȹg ʥʘ 
ʫʯʘʩʪʢʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʦʬʠʣʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 
ʠʟʤʝʨʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʨʝʟʢʠʡ ʧʝʨʝʭʦʜ ʪʦʯʝʢ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʬʠʣʷ ʩ ʫʚʝʣʠʯʠʚʘʶʱʠʤʠʩʷ 
ʟʥʘʯʝʥʠʷʤʠ ȹg ʦʙʲʷʩʥʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʠʟʙʳʪʦʯʥʦʡ ʤʘʩʩʦʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʦ 
ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʬʠʣʷ. ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ȹg ʚʳʙʝʨʝʤ 
ʠʟ ʤʝʥʶ ʧʨʦʛʨʘʤʤʳ ʫʨʘʚʥʝʥʠʝ ʢʚʘʟʠʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʠ ʇʂʉ ʉʇ ʪʠʧʘ ɸ-X(ʭ0, ɓ). ɿʘʜʘʜʠʤ 
ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʦʚ 0,001, ʯʠʩʣʦ ʜʝʩʷʪʠʯʥʳʭ ʨʘʟʨʷʜʦʚ 4. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʘ ʩʪʨʦʠʪ 
ʫʨʘʚʥʝʥʠʝ 
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ʛʨʘʬʠʢ ʢʦʪʦʨʦʛʦ ʧʨʦʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2 
ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ. ʀʟ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ, 
ʯʪʦ ʠʟʙʳʪʦʯʥʘʷ ʤʘʩʩʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 
ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʧʨʦʬʠʣʷ ʍ>50,78 
ʤ. 
 ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ 
ʧʨʦʛʨʘʤʤʦʡ ʙʦʣʴʰʠʥʩʪʚʘ ʫʨʘʚʥʝʥʠʡ ʥʝ 
ʧʨʝʚʳʰʘʝʪ ʦʜʥʫ ʩʝʢʫʥʜʫ. ɽʝ ʦʙʲʝʤ ʥʝ 
ʙʦʣʴʰʝ 10 ʄɹ. ʇʨʦʛʨʘʤʤʫ ʤʦʞʥʦ 
ʧʨʠʤʝʥʷʪʴ ʚ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 
ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 
ʨʝʛʨʝʩʩʠʠ ʚʝʣʠʯʠʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʯʝʩʢʠʭ, ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ, ʪʝʭʥʠʯʝʩʢʠʭ, 
ʵʢʦʥʦʤʠʯʝʩʢʠʭ. 
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ʈʠʩʫʥʦʢ 2 – ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʨʘʤʤʦʡ 
ʫʨʘʚʥʝʥʠʡ ʌʉʇ 
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ɼʀʇʆʃʗ ɼʃʗ ʅɽʇʈɽʈʓɺʅʆɻʆ ʇʈʆʌʀʃʀʈʆɺɸʅʀʗ ɼʃʗ ʀɿʋʏɽʅʀʗ 
ʅɽʆɼʅʆʈʆɼʅʓʍ ʉʈɽɼ 
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ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 
Annotation. Research of possibility of application of an inductive source in the form of a 
horizontal magnetic dipole for studying of physical-geometrical parameters of the multilayered 
environment under characteristics of a created electromagnetic field is conducted. 

 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʥʘ ʤʘʣʳʭ ʛʣʫʙʠʥʘʭ (ʜʦ 50 

ʤʝʪʨʦʚ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ (ʤʝʪʦʜ) ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʥʜʫʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 
ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʠʟʫʯʘʝʤʦʡ ʩʨʝʜʳ. 

ʊʝʭʥʦʣʦʛʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʧʨʦʚʦʜʷʱʝʤ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ (ʟʝʤʣʝ) 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ,  ʩʦʩʪʦʷʱʝʡ ʠʟ ʠʟʣʫʯʘʪʝʣʷ ʚ ʚʠʜʝ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ, ʧʠʪʘʝʤʦʛʦ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ ʦʪ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 
ʫʩʪʨʦʡʩʪʚʘ. ʀʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ), ʨʝʛʠʩʪʨʠʨʫʶʱʝʝ ʩ ʧʦʤʦʱʴʶ 
ʜʘʪʯʠʢʦʚ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 
ʨʘʩʩʪʦʷʥʠʠ R ʦʪ ʠʟʣʫʯʘʪʝʣʷ (ʨʘʟʥʦʩ ʫʩʪʘʥʦʚʢʠ) ʠ ʙʫʢʩʠʨʫʶʪʩʷ ʚʤʝʩʪʝ ʩ ʠʟʣʫʯʘʪʝʣʝʤ ʠ 
ʛʝʥʝʨʘʪʦʨʦʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ V. 

 

 
ʈʠʩ. 1. ʋʩʪʘʥʦʚʢʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʥʜʫʢʪʠʚʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ. 

 
ʀʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʀʋ1 (ʀʋ2) ʥʝʧʨʝʨʳʚʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪ ʚʝʣʠʯʠʥʳ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʟʤʝʨʷʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʠʥʜʫʢʪʠʚʥʳʭ 
ʢʘʪʫʰʝʢ ʠ ʚʝʣʠʯʠʥʫ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʥʘʧʨʘʚʣʝʥʥʦʡ 
ʚʜʦʣʴ ʣʠʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʤʝʨʷʝʤʦʡ ʩ ʧʦʤʦʱʴʶ ʥʝʟʘʟʝʤʣʝʥʥʦʡ ʣʠʥʠʠ (ʦʪʨʝʟʢʘ 
ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʢʘʙʝʣʷ).  

ʈʝʛʠʩʪʨʘʮʠʷ ʚʝʣʠʯʠʥʳ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ 
ʦʩʥʦʚʥʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ f ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (1-ʡ ʛʘʨʤʦʥʠʢʠ) ʠ ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ, 
ʚʢʣʶʯʘʷ 13-ʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʢʘʞʜʦʡ ʪʝʢʫʱʝʡ ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʡ ʠʩʩʣʝʜʦʚʘʪʴ ʚʝʨʪʠʢʘʣʴʥʫʶ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʚʦʜʷʱʝʛʦ ʨʘʟʨʝʟʘ ʧʦ ʫʜʝʣʴʥʦʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ, 
ʘʥʘʣʦʛʠʯʥʦ ʠʟʤʝʨʝʥʠʷʤ ʧʨʠ ʯʘʩʪʦʪʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʟʦʥʜʠʨʦʚʘʥʠʷʭ. 

ɻʣʫʙʠʥʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʥʦʩʘ  R1 (R2) ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʝʤ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤ 
ʫʩʪʨʦʡʩʪʚʦʤ, ʦʪ ʧʨʠʤʝʥʷʝʤʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ f ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʦʪ 
ʠʟʤʝʨʷʝʤʦʡ ʛʘʨʤʦʥʠʢʠ ʩʠʛʥʘʣʘ ʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʪʣʠʯʘʶʱʝʡ ʝʝ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ 
ʜʠʧʦʣʴʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ (ɼʕʄʇ), ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʠʟʣʫʯʘʪʝʣʷ ʚ ʚʠʜʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ (ɻʄɼ) ʩ ʤʦʤʝʥʪʦʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ 
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ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʠʥʠʠ ʧʨʦʬʠʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
ʄʝʪʦʜ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʥʜʫʢʪʠʚʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʨʷʜ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʦʠʥʩʪʚ, ʧʨʠʩʫʱʠʭ ʥʝʩʢʦʣʴʢʠʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ:  
– ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 
– ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʩʧʦʩʦʙ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; 
– ʩʣʘʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ ʧʦ ʠʩʩʣʝʜʫʝʤʦʤʫ ʧʨʦʬʠʣʶ; 
– ʚʳʷʚʣʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʘʟʨʝʟʘ ʧʦ ʣʘʪʝʨʘʣʠ, ʧʨʠʩʫʱʝʝ ʤʝʪʦʜʘʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ; 
– ʚʳʷʚʣʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʘʟʨʝʟʘ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʧʨʠʩʫʱʝʝ ʤʝʪʦʜʘʤ ʯʘʩʪʦʪʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. 
ɼʣʷ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦ 

ʧʦʣʝ ɻʄɼ ʥʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʩʣʦʠʩʪʦ-ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ [1-4]. ʇʦʣʫʯʝʥʳ 
ʨʝʢʫʨʨʝʥʪʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨ-ʧʦʪʝʥʮʠʘʣʘ 
ʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ ʚ N-ʩʣʦʡʥʦʡ ʩʨʝʜʝ. 

ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʠʧʦʣʷ x = 0 ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʠʤʝʶʪ ʚʠʜ: 
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ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʧʨʦʛʨʘʤʤʝ GMD_sloi ʜʣʷ 
ʤʦʜʝʣʠ ʜʚʫʭʩʣʦʡʥʦʡ ʩʨʝʜʳ ʩ ʧʨʦʚʦʜʥʠʢʦʤ ʚ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.2. 

 
ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʤʥʠʤʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ Bx(ʥʊʣ) ʠ Ey (ʤʢɺ/ʤ) ʜʣʷ ʜʚʫʭʩʣʦʡʥʦʡ ʩʨʝʜʳ. ʐʠʬʨ 
ʢʨʠʚʳʭ - ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʠʞʥʝʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ,  ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʚʝʨʭʥʝʛʦ ʩʣʦʷ ɟ =3000  ʆʤ*ʤ, ʤʦʱʥʦʩʪʴ h = 15 ʤ. ʈʘʟʥʦʩ R = 60 ʤ. 
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ɸʥʘʣʠʟ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ ʩʣʦʝʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ 
ʫʜʝʣʴʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʦʪ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ (ʜʠʵʣʝʢʪʨʠʢʘ ʠʣʠ 
ʧʨʦʚʦʜʥʠʢʘ) ʚʦʟʤʦʞʥʦ ʧʨʠ ʨʘʟʥʦʩʘʭ R ʙʦʣʴʰʝ 40 ʤʝʪʨʦʚ ʠ ʯʘʩʪʦʪʘʭ f ʚʳʰʝ 5  -  10  ʢɻʮ  (ʚ 
ʜʘʣʴʥʝʡ ʚʦʣʥʦʚʦʡ ʟʦʥʝ). ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʚʳʧʦʣʥʷʪʴ ʬʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 
ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ (Jm Ey 
ʠ Jm Bx). 
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ʆʮʝʥʢʘ ʦʙʱʝʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, 
ʧʨʠʚʝʜʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʢʚʘʞʠʥʥʦʡ ʤʘʛʥʠʪʦʤʝʪʨʠʠ, ʠ ʨʘʩʯʣʝʥʝʥʠʝ ʨʘʟʨʝʟʘ ʧʦ 
ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦʟʚʦʣʠʪ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʗʄʂ. 
 
Abstract. The authenticity of the results received by nuclear-magnetic logging (NML) directly 
depends on magnetic minerals content in a borehole’s section, the increase of which leads to 
increase of the gradient and inhomogeneity of a magnetic field. An evaluation of total natural 
magnetization and magnetic susceptibility of rocks conducted according to the results of borehole 
magnetometry and differentiation of a section according to magnetic properties allow to select 
optimum NML parameters. 

 
ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʷʜʝʨʥʦ-ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ ʦʪʢʨʳʣʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʧʣʘʩʪʦʚ ʠ ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚ [1, 
2]. ʇʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʦʙʱʫʶ ʧʦʨʠʩʪʦʩʪʴ ʧʣʘʩʪʘ ʠ ʨʘʟʣʦʞʠʪʴ ʝʝ ʥʘ 
ʢʦʤʧʦʥʝʥʪʳ: ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʨʠʩʪʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ ʢʘʧʠʣʣʷʨʥʦ-ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʠ 
ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʴ ʛʣʠʥ [3]. ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ, ʚ ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ, ʩʚʷʟʘʥʘ ʩ 
ʚʦʟʤʦʞʥʦʩʪʴʶ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 
ʧʦʣʷ, ʚʳʟʳʚʘʶʱʝʛʦ ʧʨʝʮʝʩʩʠʶ, ʚ ʟʘʜʘʥʥʦʡ ʟʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [4]. ʅʦ ʩʫʱʝʩʪʚʝʥʥʫʶ 
ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ [4, 5]. ʂʘʢ 
ʧʦʢʘʟʘʣʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [6], ʚʨʝʤʷ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʞʠʜʢʦʩʪʠ ʊ2, 
ʥʘʩʳʱʘʶʱʝʡ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ, ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨ. ʇʦʚʳʰʝʥʥʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʣʘʩʪʘʭ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʣʦʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʬʣʶʠʜʘ. 

ʇʦʣʫʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ 
ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ, ʧʦʟʚʦʣʠʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʗʄʈ. 
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ɺʢʣʶʯʝʥʠʝ ʚ ʢʦʤʧʣʝʢʩ ɻʀʉ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʝʪʦʜʘ 
ʩʢʚʘʞʠʥʥʦʡ ʤʘʛʥʠʪʦʤʝʪʨʠʠ ʤʦʞʝʪ ʚʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʬʠʟʠʢʠ ʋʨʆ ʈɸʅ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʩʧʳʪʘʥ 
ʢʦʤʧʣʝʢʩʥʳʡ ʩʢʚʘʞʠʥʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ-ʠʥʢʣʠʥʦʤʝʪʨ ʄʀ-3803 [7], ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʙʘʟʝ 
ʬʝʨʨʦʟʦʥʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ɸʊ-1306, ʷʚʣʷʶʱʠʡʩʷ ʙʘʟʦʚʳʤ ʠʟ ʩʝʨʠʠ 
ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʢʚʘʞʠʥʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʦʚ-ʠʥʢʣʠʥʦʤʝʪʨʦʚ. ʇʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 
ʥʝʧʨʝʨʳʚʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 
ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʤʘʛʥʠʪʥʦʛʦ ʘʟʠʤʫʪʘ, ʟʝʥʠʪʥʦʛʦ ʠ 
ʚʠʟʠʨʥʦʛʦ ʫʛʣʦʚ ʩʢʚʘʞʠʥʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠʟʤʝʨʝʥʠʡ, ʩʢʚʘʞʠʥʥʳʡ ʧʨʠʙʦʨ ʤʦʞʝʪ ʙʳʪʴ ʧʦʤʝʱʝʥ ʚ 
ʢʦʨʧʫʩ ʜʠʘʤʝʪʨʦʤ ʦʪ 38 ʜʦ 70 ʤʤ. ʇʨʠʙʦʨ ʨʘʙʦʪʘʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʞʠʣʴʥʦʛʦ 
ʙʨʦʥʠʨʦʚʘʥʥʦʛʦ ʢʘʙʝʣʷ ʜʣʠʥʦʡ ʜʦ 6 ʢʤ. ʈʝʛʠʩʪʨʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʞʠʤʝ 
ʥʝʧʨʝʨʳʚʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʩʪʳʢʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤʠ 
ʢʦʤʧʴʶʪʝʨʘʤʠ, ʥʦ ʠ ʩ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʤʠ ʢʘʨʦʪʘʞʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʪʠʧʘ «ɻʝʢʪʦʨ», 
çɺʫʣʢʘʥ», ʨʘʟʨʘʙʦʪʢʠ ʬʠʨʤʳ «ʕʣʠʢʦʤ», ʛ. ʋʬʘ. 

ɹʣʦʢ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʦʜʝʨʞʠʪ æ-ʜʘʪʯʠʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ 
ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʢʘʪʫʰʢʠ, ʧʨʠʝʤʥʦʛʦ ʬʝʨʨʦʟʦʥʜʘ ʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ ʢʘʪʫʰʢʠ. ʉʠʛʥʘʣ ʩ 
ʬʝʨʨʦʟʦʥʜʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʪʦʡ ʞʝ ʩʭʝʤʦʡ ʤʘʛʥʠʪʦʤʝʪʨʘ ʚ ʩʠʛʥʘʣ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʜʘʣʝʝ ʚ 
ʮʠʬʨʦʚʦʡ ʢʦʜ. 

ʇʨʦʛʨʘʤʤʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʥʝʧʨʝʨʳʚʥʫʶ 
ʨʝʛʠʩʪʨʘʮʠʶ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʢʦʨʨʝʢʮʠʝʡ ʛʣʫʙʠʥ ʧʦ ʤʘʛʥʠʪʥʳʤ ʤʝʪʢʘʤ, 
ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʚʠʟʫʘʣʴʥʳʡ ʧʨʦʩʤʦʪʨ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ. 

ʆʉʅʆɺʅʓɽ ʊɽʍʅʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʉʂɺɸɾʀʅʅʆɻʆ 
ʄɸɻʅʀʊʆʄɽʊʈɸ-ʀʅʂʃʀʅʆʄɽʊʈɸ ʄʀ-3803ʄ 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ:  
-ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ±80·103 ʥʊʣ  
-ʘʟʠʤʫʪʘ ʩʢʚʘʞʠʥʳ 0 – 360¯ 
-ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʩʢʚʘʞʠʥʳ ʦʪ ʚʝʨʪʠʢʘʣʠ 0 – 180º 
-ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 100·10-5 ÷5 ʝʜ. ʉʀ 
ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ:  
-ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ±0,01·Z±20 ʥʊʣ 
-ʘʟʠʤʫʪʘ (ʧʨʠ ʟʝʥʠʪʥʦʤ ʫʛʣʝ >2º) ±1,5º 
-ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ ±10¡ 
ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ:  
-ʪʝʤʧʝʨʘʪʫʨʘ -10 ÷ 120 ºʉ 
-ʜʘʚʣʝʥʠʝ ʜʦ 100 ʄʇʘ 

ʈʝʛʠʩʪʨʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʜʚʦʠʯʥʳʭ ʢʦʜʘʭ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʧʘʤʷʪʴ ʢʦʤʧʴʶʪʝʨʘ. 
ʇʦʩʣʝʜʫʶʱʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʢʣʶʯʘʝʪ ʨʘʩʯʝʪ Z- ʠ  H-ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʛʥʠʪʥʦʛʦ 
ʧʦʣʷ, ʘʟʠʤʫʪʘ, ʟʝʥʠʪʥʦʛʦ ʠ ʚʠʟʠʨʥʦʛʦ ʫʛʣʦʚ ʩʢʚʘʞʠʥʳ ʚ ʬʫʥʢʮʠʠ ʛʣʫʙʠʥʳ ʩ ʚʥʝʩʝʥʠʝʤ ʚʩʝʭ 
ʧʦʧʨʘʚʦʢ ʚ ʠʟʤʝʨʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ LAS-ʬʦʨʤʘʪʝ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʢʚʘʞʠʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 
ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʵʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʪʝʣ, ʧʦʜʩʝʯʝʥʥʳʭ 
ʩʢʚʘʞʠʥʦʡ, ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʚʝʢʪʦʨʦʚ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʨʘʩʯʝʪ ʘʟʠʤʫʪʘ 
ʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʛʨʘʥʠʮ ʤʘʛʥʠʪʥʳʭ ʩʨʝʜ ʧʦ ʩʢʘʯʢʘʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʧʨʝʜʝʣʝʥʠʝ 
ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚʳʯʠʩʣʷʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʦʜʝʣʠʨʦʚʘʪʴ 
ʤʘʛʥʠʪʥʦʝ ʧʦʣʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʪʝʣ. 
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ʆʮʝʥʢʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚʩʢʨʳʪʳʭ ʩʢʚʘʞʠʥʦʡ, 
ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʤʘʛʥʠʪʥʦʡ 
ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʨʦʜ ʚ ʩʢʚʘʞʠʥʝ. ɺ ʦʩʥʦʚʥʦʤ ʠʤʝʶʱʠʝʩʷ ʧʨʦʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 
ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ (ʦʩʪʘʪʦʯʥʦʡ ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ) ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ [8, 9]. 
ʄʝʪʦʜʠʢʘ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʢʚʘʞʠʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʣʥʦʡ ʝʩʪʝʩʪʚʝʥʥʦʡ 
ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʨʦʜ ʧʨʝʜʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ [10]. ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 
ʤʘʛʥʠʪʥʳʭ ʧʣʘʩʪʦʚ ʪʦʥʢʠʤʠ ʧʨʠʟʤʘʤʠ. ʂʨʠʪʝʨʠʝʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ 
ʦʙʲʝʢʪʘ ʩ ʚʳʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʭʦʜʠʤʦʩʪʴ 
ʠʟʤʝʨʝʥʥʦʛʦ ʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʇʦʣʫʯʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʷʝʪ 
ʧʨʦʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʨʘʟʨʝʟʘ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʦʡ 
ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʨʦʜ.  

ɸʧʨʦʙʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 
ʩʣʘʙʦʤʘʛʥʠʪʥʳʭ ʦʙʲʝʢʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʩʢʚ. 504ɺ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʤʦʨʩʢʦʛʦ 
ʙʫʨʝʥʠʷ ʥʘ ʂʦʩʪʘ-ʈʠʢʘʥʩʢʦʤ ʨʠʬʪʝ [11]. ʆʩʥʦʚʦʡ ʧʦʩʣʫʞʠʣʠ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ 
ʠʟʤʝʨʝʥʠʷ ʚ ʩʢʚʘʞʠʥʝ, ʚʳʧʦʣʥʝʥʥʳʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʬʠʟʠʢʠ [12] (ʨʠʩ.1). 

ɺ ʠʥʪʝʨʚʘʣʝ 3764-3920 ʤ ʤʦʜʫʣʴ ʝʩʪʝʩʪʚʝʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʝʥʷʝʪʩʷ ʦʪ 2,0 ʜʦ 
560 ʩɸ/ʤ. ʉ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʘʟʠʤʫʪʘ ʠ ʥʘʢʣʦʥʘ ʦʙʱʝʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʚ 
ʨʘʟʨʝʟʝ ʩʢʚʘʞʠʥʳ ʚʳʜʝʣʝʥʳ ʪʨʠ ʠʥʪʝʨʚʘʣʘ. ʇʝʨʚʳʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʣʘʛʠʦʢʣʘʟ-
ʦʣʠʚʠʥʦʚʳʤʠ ʧʦʨʬʠʨʦʚʳʤʠ ʙʘʟʘʣʴʪʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʦʡ ʦʙʱʝʡ 
ʝʩʪʝʩʪʚʝʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 90 ʩɸ/ʤ, ʫʛʣʦʤ ʥʘʢʣʦʥʘ -38º ʠ ʘʟʠʤʫʪʦʤ -131º. ɺʪʦʨʦʡ, ʛʜʝ ʚ 
ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 3790-3850 ʤ ʚʩʪʨʝʯʝʥʳ ʧʠʣʣʦʫ-ʙʘʟʘʣʴʪʳ, ʠʤʝʝʪ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 119 ʩɸ/ʤ, -11º, +13º. ʊʨʝʪʠʡ ʠʥʪʝʨʚʘʣ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʧʝʨʝʩʣʘʠʚʘʥʠʝ 
ʧʣʘʛʠʦʢʣʘʟ-ʦʣʠʚʠʥʦʚʳʭ ʧʦʨʬʠʨʦʚʳʭ, ʬʣʦʫ- ʠ ʧʣʘʛʠʦʢʣʘʟ-ʦʣʠʚʠʥ-ʭʣʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʦʚʳʭ 
ʙʘʟʘʣʴʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 183 ʩɸ/ʤ, +49º ʠ +38º. ʇʨʠ 
ʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʨʦʜ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ 
ʦʮʝʥʠʪʴ ʠ ʠʭ ʝʩʪʝʩʪʚʝʥʥʫʶ ʦʩʪʘʪʦʯʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ. ɺ ʩʢʚ. 504ɺ ʚʳʜʝʣʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ 
ʦʪʣʠʯʘʶʪʩʷ ʠ ʧʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ: ʧʝʨʚʳʡ ʠʥʪʝʨʚʘʣ – ʩʨʝʜʥʝʝ 
ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ 97 ʩɸ/ʤ, ʥʘʢʣʦʥʝʥʠʝ -13º, ʘʟʠʤʫʪ -63º; ʚʪʦʨʦʡ ʠʥʪʝʨʚʘʣ – ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
113 ʩɸ/ʤ, +4º, -1º; ʪʨʝʪʠʡ ʠʥʪʝʨʚʘʣ – ʪʘʢʞʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 161 ʩɸ\ʤ, +26º ʠ +73º. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʢʘ ʦʙʱʝʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʩʢʚʘʞʠʥʥʦʡ ʤʘʛʥʠʪʦʤʝʪʨʠʠ, ʨʘʩʯʣʝʥʝʥʠʝ ʨʘʟʨʝʟʘ ʧʦ ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦʟʚʦʣʷʪ ʚʳʙʨʘʪʴ 
ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʷʜʝʨʥʦ-ʤʘʛʥʠʪʥʦʛʦ ʢʘʨʦʪʘʞʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʝʬʪʝʛʘʟʦʚʳʭ ʟʘʣʝʞʝʡ.  

ʃʠʪʝʨʘʪʫʨʘ: 
1. ʗʜʝʨʥʦ-ʤʘʛʥʠʪʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʢʘʨʦʪʘʞ / ʈ.ʊ. ʍʘʤʘʪʜʠʥʦʚ, ɽ.ʄ. ʄʠʪʶʰʠʥ, ɺ.ʖ. 
ɹʘʨʣʷʝʚ ʠ ʜʨ. // ʂʘʨʦʪʘʞʥʠʢ, 2002. ˉ 100. ʉ. 138-171. 
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ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 
ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʝʩʪʝʩʪʚʝʥʥʦʡ 
ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ ʩʢʚ. 504ɺ 
1- ʧʦʣʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʩɸ/ʤ, 
2 -ʥʘʚʝʜʝʥʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, 
ʩɸ/ʤ 
3 - ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, 
ʩɸ/ʤ 
4 - ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʧʦʣʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʩɸ/ʤ  
5 - ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʧʦʣʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʩɸ/ʤ 
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ʅʆɺɸʗ ʄɸɻʅʀʊʅɸʗ ʉʊɸʅʎʀʗ – ɹɸʁɻɸɿɸʅ (ɻʆʈʅʓʁ ɸʃʊɸʁ, ʊɽʃɽʎʂʆɽ 
ʆɿɽʈʆ) 

ɸ.ʀ. ɹʘʢʠʷʥʦʚ, ɸ.ɸ. ɹʝʪʸʚ, ɸ.ʖ. ɻʚʦʟʜʘʨʝʚ, ɽ.ʆ. ʋʯʘʡʢʠʥ gvozdarev@ngs.ru 
ɻʦʨʥʦ-ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ; ɻʦʨʥʦ-ɸʣʪʘʡʩʢ, ʈʦʩʩʠʷ 

 
The new magnetic station "Baygazan" (N51ę45.596’, E87ę25.916’) started the continuous 

DHZ-geomagnetic variation observations since 3/12/2009 at 5 Hz frequency by means of modified 
quartz magnetic station "Quartz-3EM". Results of observations at Altay has compared with 
variations at Novosibirsk. It is shown that magnetic noise at Altay is very small and is equaled 0.01 
nT.  

03.12.2009 ʛ. ʥʘ ʢʦʨʜʦʥʝ ɸʣʪʘʡʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ɹʘʡʛʘʟʘʥ (ʊʝʣʝʮʢʦʝ ʦʟʝʨʦ, 15 ʢʤ ʦʪ 
ʩʝʣʘ ɸʨʪʳʙʘʰ, ʢʦʦʨʜʠʥʘʪʳ N51ę45.596’, E87ę25.916’) ʥʘʯʘʣʘ ʨʘʙʦʪʘʪʴ ʥʦʚʘʷ ʤʘʛʥʠʪʥʘʷ 
ʩʪʘʥʮʠʷ.  ʉʪʘʥʮʠʷ ʫʜʘʣʝʥʘ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʘ ʝʝ 
ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ ʛʘʨʘʥʪʠʨʫʝʪ ʥʝʠʟʤʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ 
ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ. ʇʦʜʲʝʟʜ ʢ ʢʦʨʜʦʥʫ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʦ ʦʟʝʨʫ (ʥʘ ʢʦʨʜʦʥʝ 
ʝʩʪʴ ʤʦʪʦʨʥʘʷ ʣʦʜʢʘ ʠ ʢʘʪʝʨ), ʟʠʤʦʡ – ʧʦ ʣʴʜʫ (ʩ ʩʝʨʝʜʠʥʳ ʷʥʚʘʨʷ ʜʦ ʥʘʯʘʣʘ ʘʧʨʝʣʷ). ɺʳʙʦʨʫ 
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ʤʝʩʪʘ ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ ʨʘʙʦʪʘ ʧʦ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʦʡ ʩʲʝʤʢʝ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʢʦʨʜʦʥʦʚ 
ɸʣʪʘʡʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ [1]. ʇʨʠ ʵʪʦʤ ʚʦ ʚʨʝʤʷ ʧʦʩʝʱʝʥʠʷ ʢʦʨʜʦʥʦʚ ʧʨʦʚʝʜʝʥ 
ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʨʝʛʠʩʪʨʘʮʠʠ. 

ɺ ʦʢʨʝʩʪʥʦʩʪʷʭ ʢʦʨʜʦʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʦʚʦʣʴʥʦ ʦʜʥʦʨʦʜʥʦ: ʤʘʛʥʠʪʥʘʷ ʩʲʸʤʢʘ 
ʦʢʨʝʩʪʥʦʩʪʝʡ ʚ ʨʘʜʠʫʩʝ ʢʠʣʦʤʝʪʨʘ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦʣʝ ʤʝʥʷʝʪʩʷ ʚ 
ʜʠʘʧʘʟʦʥʝ 400 ʥʊʣ. ɺ ʦʩʥʦʚʥʦʤ ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʝ, 
ʙʣʠʞʘʡʰʘʷ ʩ ʘʤʧʣʠʪʫʜʦʡ 250 ʥʊʣ – ʥʘ ʨʘʩʩʪʦʷʥʠʠ 180 ʤ ʦʪ ʩʪʘʥʮʠʠ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʨʜʦʥʘ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʠʟ [2] ʚʦʟʚʝʜʝʥ ʧʘʚʠʣʴʦʥ ʜʣʷ 
ʤʘʛʥʠʪʦʚʘʨʠʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʟ ʥʝʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ.1). ʇʨʦʚʝʨʢʘ ʛʨʘʜʠʝʥʪʘ 
ʧʦʣʷ ʨʷʜʦʤ ʩ ʧʦʩʪʘʤʝʥʪʦʤ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʘʚʠʣʴʦʥʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʥ ʥʝ 
ʧʨʝʚʳʰʘʝʪ 0.9 ʥʊʣ/ʤ. 
 

 
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

ʈʠʩ. 1. ʉʪʘʥʮʠʷ ɹʘʡʛʘʟʘʥ: ʘ – ʨʘʩʧʦʣʦʞʝʥʠʝ 
ʩʪʘʥʮʠʠ (BGZ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʤʘʛʥʠʪʥʳʭ 
ʦʙʩʝʨʚʘʪʦʨʠʡ, ʙ -  ʨʘʩʧʦʣʦʞʝʥʠʝ 
ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʢʦʨʜʦʥʦʚ ɸʣʪʘʡʩʢʦʛʦ 
ʟʘʧʦʚʝʜʥʠʢʘ (ʦʪʤʝʯʝʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ), ʚ 
– ʚʘʨʠʘʮʠʦʥʥʳʡ ʧʘʚʠʣʴʦʥ, ʛ – ʎʄɺʉ 
çʂʚʘʨʮ-3ɽʄ» ʚ ʪʝʨʤʦʷʱʠʢʝ. 

 
ʅʘ ʩʪʘʥʮʠʠ ʫʩʪʘʥʦʚʣʝʥʘ ʮʠʬʨʦʚʘʷ ʤʘʛʥʠʪʦʚʘʨʠʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ (ʎʄɺʉ) «ʂʚʘʨʮ-

3ɽʄ», ʧʨʝʜʦʩʪʘʚʣʝʥʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʝʡ «ɸʨʪʠ». ɼʣʷ ʎʄɺʉ ʣʘʙʦʨʘʪʦʨʠʝʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ 
ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʛʦ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʘ (ɻɸɻʋ) ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʥʦʚʳʡ ʮʠʬʨʦʚʦʡ 
ʨʝʛʠʩʪʨʘʪʦʨ [3]. ʇʨʠ ʵʪʦʤ ʫʜʘʣʦʩʴ ʫʣʫʯʰʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʪʘʥʮʠʠ: ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ 
ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʯʘʩʪʠ ʜʦ 0.005 ʥʊʣ ʧʨʠ ʦʪʩʯʸʪʥʦʡ ʪʦʯʥʦʩʪʠ 0.1 ʧʊʣ. ʂ 
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ʢʦʥʪʨʦʣʣʝʨʫ ʧʦʜʢʣʶʯʝʥ GPS (ɸ1080), ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ʨʘʟ ʚ ʯʘʩ) 
ʨʝʛʠʩʪʨʘʪʦʨʘ ʧʦ ʰʢʘʣʝ UT ʩ ʪʦʯʥʦʩʪʴʶ  1 ʩʝʢ. ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʨʝʛʠʩʪʨʘʪʦʨʘ 

ʉA50...30- , ʙʣʦʢʘ ʫʩʠʣʠʪʝʣʝʡ ʉA50...10- . ʆʜʥʘʢʦ ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ 
ʟʠʤ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʫʣʠʮʝ ʜʦ -30 ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʪʝʨʠ ʜʘʥʥʳʭ, 
ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʨʫʰʝʥʠʝʤ ʨʘʙʦʪʳ ʦʧʪʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʚ ʨʝʛʠʩʪʨʘʪʦʨʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʜʦ ʠʶʣʷ 2010 ʛ. ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ ʩ 
ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ 80 ɺʪ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʨʷʜʦʤ ʩ ʧʘʚʠʣʴʦʥʦʤ, ʥʦ ʦʥʘ ʜʘʚʘʣʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 
ʰʫʤʳ (ʜʦ 1 ʥʊʣ) ʠ ʥʘʚʦʜʢʠ (ʜʦ 5 ʥʊʣ ʧʦ D-ʢʦʤʧʦʥʝʥʪʝ) ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ  ʚʨʝʤʷ 
ʧʠʪʘʥʠʝ ʩʪʘʥʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʥʘʙʦʨʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʩ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ 280 ɺʪ 
ʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ (ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ 1 ʢɺʪ), ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʢʦʣʦ ʜʦʤʘ ʝʛʝʨʷ. ʅʘʢʦʧʣʝʥʥʦʝ 
ʥʘ ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʠʥʚʝʨʪʦʨʘ ʇʅ-2-12-300 
ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʝʨʝʤʝʥʥʦʝ  (ʯʠʩʪʳʡ ʩʠʥʫʩ) ʠ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʢʘʙʝʣʶ ʜʣʠʥʦʡ 130 ʤ, 
ʫʣʦʞʝʥʥʦʤʫ ʚ ʪʨʘʥʰʝʶ ʚ ʧʣʘʩʪʠʢʦʚʫʶ ʛʦʬʨʫ ʥʘ ʛʣʫʙʠʥʫ 30 ʩʤ.   ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʧʦʤʝʭ ʧʦ 
ʧʠʪʘʥʠʶ ʚʚʝʜʝʥʘ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʘ ʧʨʠ ʧʦʤʦʱʠ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʠ 
ʥʘʙʦʨ ʬʠʣʴʪʨʦʚ. ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 11 ɺʪ. 

ʅʘ ʩʪʘʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʘʩʩʠʚʥʘʷ ʩʠʩʪʝʤʘ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ. ɺʦʢʨʫʛ ʧʦʩʪʘʤʝʥʪʘ 
ʩʦʦʨʫʞʝʥʘ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʘʷ ʢʘʤʝʨʘ ʠʟ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ ʪʦʣʱʠʥʦʡ 15-
20 ʩʤ. ɺʥʫʪʨʠ ʥʝʸ ʨʷʜʦʤ ʩ ʚʘʨʠʦʤʝʪʨʘʤʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʪʘʥʦʚʠʣʠ ʪʝʨʤʦʜʘʪʯʠʢ 
ʮʠʬʨʦʚʦʛʦ ʪʝʨʤʦʤʝʪʨʘ DS18B20 ʩ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ 1/16ęʉ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʎʄɺʉ ʚ 
ʪʝʯʝʥʠʝ ʟʠʤʳ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʦ ʉA30-  
ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʢʘʤʝʨʳ ʥʝ ʦʧʫʩʢʘʣʘʩʴ ʥʠʞʝ ʉA15- . ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʚʣʘʛʠ ʚʥʫʪʨʴ ʢʘʤʝʨʳ 
ʧʦʤʝʱʝʥʳ ʸʤʢʦʩʪʠ ʩ ʩʠʣʠʢʘʛʝʣʝʤ.  

03.12.2009 ʥʘʯʘʪ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʤʘʛʥʠʪʥʳʭ ʚʘʨʠʘʮʠʡ. ɿʘʧʠʩʴ ʪʨʸʭ 
ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ (D, H, Z) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʜʝʪʩʷ ʥʘ ʩʲʸʤʥʫʶ ʬʣʝʰ-ʢʘʨʪʫ ʪʠʧʘ MMC/SD 
ʦʙʲʸʤʦʤ 2 ɻʙ. ʈʝʛʠʩʪʨʘʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 5 ɻʮ,  ʢʘʞʜʘʷ ʟʘʧʠʩʴ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 
ʫʩʨʝʜʥʝʥʠʷ 10 ʠʟʤʝʨʝʥʠʡ. ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ ʨʝʛʫʣʷʨʥʦ ʚʝʣʘʩʴ ʢʘʣʠʙʨʦʚʢʘ ʎʄɺʉ ʜʣʷ ʥʘʙʦʨʘ 
ʜʘʥʥʳʭ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ (ʧʨʦʚʝʜʝʥʦ 
ʦʢʦʣʦ 90 ʠʟʤʝʨʝʥʠʡ). ɿʘʧʠʩʘʥʥʳʝ ʜʘʥʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʯʠʪʳʚʘʶʪʩʷ ʩ ʬʣʝʰ-ʢʘʨʪʳ ʠ 
ʧʝʨʝʩʳʣʘʶʪʩʷ ʚ ɻʦʨʥʦ-ɸʣʪʘʡʩʢ (ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʦʢ ʠ ʜʘʥʥʳʝ ʦ ʧʦʛʦʜʝ).  

 
ʈʠʩ. 2.  ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘ 11-17 ʦʢʪʷʙʨʷ 2010 ʛʛ. (ʘ – H-ʢʦʤʧʦʥʝʥʪʳ, ʙ – D-
ʢʦʤʧʦʥʝʥʪʳ): ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ – ʤʠʥʫʪʥʳʝ ʩʨʝʜʥʠʝ ʥʘ ɹʘʡʛʘʟʘʥʝ ʠ ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ, ʥʠʞʥʷʷ 
ʧʘʥʝʣʴ – ʘʤʧʣʠʪʫʜʘ ʰʫʤʘ. 
 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʥʘʧʠʩʘʥ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʥʘ MATLAB. ʇʨʠ 
ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚʳʜʝʣʷʶʪʩʷ ʵʧʠʟʦʜʳ ʢʘʣʠʙʨʦʚʢʠ (ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 
ʦʙʨʘʙʦʪʢʠ ʠ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʘʥʘʣʠʟʘ), ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ ʚʘʨʠʘʮʠʡ, ʠʭ ʩʧʝʢʪʨʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 
ʟʘ ʩʫʪʢʠ, ʚʳʜʝʣʷʶʪʩʷ ʠʤʧʫʣʴʩʥʳʝ ʧʦʤʝʭʠ ʠ ʧʨʦʧʫʩʢʠ ʠʟʤʝʨʝʥʠʡ. ɼʘʣʝʝ ʚʳʜʝʣʷʶʪʩʷ 
ʚʳʙʨʦʩʳ, ʧʨʠ ʧʦʤʦʱʠ ʛʘʫʩʩʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ (3 ʜɹ) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʤʠʥʫʪʥʳʝ ʩʨʝʜʥʠʝ 
(ʰʠʨʠʥʘ ʦʢʥʘ 90 ʩʝʢ), ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʰʫʤʘ (ʢʘʢ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʝʢʫʥʜʥʳʭ 
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ʜʘʥʥʳʭ), ʜʣʷ ʢʘʞʜʦʡ ʤʠʥʫʪʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʝʜʠʘʥʘ ʵʪʠʭ ʘʤʧʣʠʪʫʜ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ 
ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʟʘ ʥʝʜʝʣʶ 11-17 ʦʢʪʷʙʨʷ 2010 ʛ. ʍʦʨʦʰʦ ʟʘʤʝʪʥʘ 
ʩʭʦʞʝʩʪʴ ʜʠʥʘʤʠʢʠ ʤʠʥʫʪʥʳʭ ʩʨʝʜʥʠʭ ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ ʠ ʥʘ ɹʘʡʛʘʟʘʥʝ ʢʘʢ ʚʦ ʚʨʝʤʷ 
ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʚ ʥʘʯʘʣʝ ʵʪʦʛʦ ʧʝʨʠʦʜʘ,  ʪʘʢ ʠ ʚ ʩʧʦʢʦʡʥʦʝ ʚʨʝʤʷ.  ʂʨʦʤʝ ʪʦʛʦ,  ʚʠʜʥʳ 
ʚʘʨʠʘʮʠʠ ʘʤʧʣʠʪʫʜʳ ʰʫʤʘ: ʧʨʠ ʨʘʙʦʪʝ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʦʥʘ ʧʦ ʥʝʷʩʥʳʤ ʧʨʠʯʠʥʘʤ 
ʚʦʟʨʘʩʪʘʝʪ ʜʦ 0.03 ʥʊʣ, ʦʜʥʘʢʦ ʚ ʩʨʝʜʥʝʤ ʜʝʨʞʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʦʢʦʣʦ 0.01 ʥʊʣ. ɺ ʟʠʤʥʠʝ 
ʤʝʩʷʮʳ ʰʫʤ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ, ʠ ʤʝʜʠʘʥʘ ʘʤʧʣʠʪʫʜ ʰʫʤʘ ʟʘ ʩʫʪʢʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʘʞʝ 
0.005 ʥʊʣ. 

ɺ ʦʢʪʷʙʨʝ 2010 ʛ. ʧʨʠ ʫʯʘʩʪʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʦʙʩʝʨʚʘʪʦʨʠʡ «ʂʣʶʯʠ» (ʉ.ʖ. ʍʦʤʫʪʦʚ) ʠ 
çɸʨʪʠ» (ʇ.ɹ. ɹʦʨʦʜʠʥ) ʥʘ ʶʞʥʦʤ ʙʝʨʝʛʫ ʦʟʝʨʘ ʟʘʣʦʞʝʥʘ ʤʠʨʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ 
ʥʘʙʣʶʜʝʥʠʡ (ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʤʠʨʳ ʦʢʦʣʦ 2 ʢʤ), ʠ ʩ ʧʦʤʦʱʴʶ ʥʝʤʘʛʥʠʪʥʦʛʦ ʪʝʦʜʦʣʠʪʘ 3ʊ2ʂʇ 
c ʬʝʨʨʦʟʦʥʜʦʚʳʤ ʜʘʪʯʠʢʦʤ ʦʧʨʝʜʝʣʝʥʳ ʙʘʟʠʩʥʳʝ ʟʥʘʯʝʥʠʷ ʚʘʨʠʦʤʝʪʨʦʚ ʩʪʘʥʮʠʠ ʥʘ ʵʧʦʭʫ 
10.10.2010. ʂ ʩʦʞʘʣʝʥʠʶ, ʢʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʤʠʥʫʪʥʳʭ ʩʨʝʜʥʠʭ ʟʘ ʛʦʜ, ʙʘʟʠʩʥʳʝ 
ʟʥʘʯʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʳ, ʦʩʦʙʝʥʥʦ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʝ: ʥʘʧʨʠʤʝʨ, ʚ ʠʶʣʝ 2010ʛ. 
ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʙʘʟʠʩʥʦʡ ʧʦ ʥʝʡ ʥʘ 100 ʥʊʣ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ 
ʧʣʘʥʠʨʫʝʪʩʷ ʥʘʣʘʜʠʪʴ ʨʝʛʫʣʷʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʙʘʟʠʩʥʳʭ ʟʥʘʯʝʥʠʡ ʚʘʨʠʦʤʝʪʨʦʚ ʩʪʘʥʮʠʠ ʠ 
ʨʘʟʨʘʙʦʪʘʪʴ ʘʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ. 
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Abstract. Geomagnetic repeat station surveys were made near observatory «Arti» at 2009. As a 
result of this surveys a value of Manchazh anomaly were obtained by extracting core field and  
large-scale lithospheric field from observed field. 

 
ɺ 2009 ʛʦʜʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘʙʣʶʜʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 17 ʧʫʥʢʪʘʭ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʦʙʩʝʨʚʘʪʦʨʠʠ «ɸʨʪʠ». ɼʘʥʥʘʷ ʩʝʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʢʦʚʦʡ ʚʘʨʠʘʮʠʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 
ʧʦʣʷ  ʚ ʨʘʡʦʥʝ ʦʙʩʝʨʚʘʪʦʨʠʠ. ʈʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʩʝʨʚʘʪʦʨʠʠ «ɸʨʪʠ» ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ 
ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʄʘʥʯʘʞʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ. ʕʧʠʮʝʥʪʨ ʘʥʦʤʘʣʠʠ ʨʘʩʧʦʣʦʞʝʥ 
ʧʨʠʤʝʨʥʦ ʚ 30 ʢʤ  ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʝʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʦʨʷʜʢʘ 100 ʢʤ. ɺʝʩʴʤʘ 
ʚʝʨʦʷʪʥʦ, ʯʪʦ ʚʥʫʪʨʠ ʠʩʪʦʯʥʠʢʘ ʄʘʥʯʘʞʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ 
ʩʦʚʨʝʤʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʠ ʵʪʦ ʙʫʜʝʪ ʠʤʝʪʴ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 
ʧʦʣʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʛʝʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ.  

ɺʳʙʦʨ ʤʝʩʪʘ ʜʣʷ ʧʫʥʢʪʘ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩʦʛʣʘʩʥʦ [1]. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 
ʠʟʤʝʨʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʧʫʥʢʪʝ ʚʳʧʦʣʥʷʣʘʩʴ ʵʢʩʧʨʝʩʩ-ʩʲʝʤʢʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ  ʤʦʜʫʣʷ 
ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʎʝʣʴ ʧʦʜʦʙʥʳʭ ʩʲʝʤʦʢ – ʢʦʥʪʨʦʣʴ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷ ʚ ʧʨʝʜʝʣʘʭ 
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ʧʫʥʢʪʘ ʥʘʙʣʶʜʝʥʠʡ (ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ ʜʦʣʞʥʘ ʠʟʤʝʥʷʪʴʩʷ ʙʦʣʝʝ, ʯʝʤ ʥʘ 50 ʥʊʣ ʚ 
ʨʘʜʫʩʝ 10 ʤ ʦʪ ʧʫʥʢʪʘ ʥʘʙʣʶʜʝʥʠʡ), ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʫʯʘʩʪʢʝ ʤʘʛʥʠʪʥʦʛʦ ʤʫʩʦʨʘ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʮʝʟʠʝʚʳʤ ʛʨʘʜʠʝʥʪʦʤʝʪʨʦʤ SM-5 Navmag  ʧʨʠ ʩʣʝʜʫʶʱʠʭ 
ʫʩʣʦʚʠʷʭ: ʚʳʩʦʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʪʯʠʢʦʚ 1 ʤ ʠ 2 ʤ, ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ 1 ʩʝʢ., 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʧʫʥʢʪʝ 1-2 ʯʘʩʘ (ʚʩʣʝʜʩʪʚʠʝ ʙʣʠʟʦʩʪʠ 
ʦʙʩʝʨʚʘʪʦʨʠʠ). 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʧʫʥʢʪʝ ʧʨʠʚʦʜʷʪʩʷ ʢ ʩʝʨʝʜʠʥʝ ʛʦʜʘ ʧʫʪʝʤ 
ʚʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʧʨʘʚʦʢ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʦʙʩʝʨʚʘʪʦʨʠʠ «ɸʨʪʠ».  

 

 
 
ʈʠʩ.1. ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʣʠʪʦʩʬʝʨʥʦʝ ʧʦʣʝ ʚ ʨʘʡʦʥʝ ʦʙʩʝʨʚʘʪʦʨʠʠ «ɸʨʪʠ». 

 
ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʳʜʝʣʝʥʠʠ ʠʟ ʥʘʙʣʶʜʝʥʥʦʛʦ ʧʦʣʷ 

ʚʢʣʘʜʘ ʄʘʥʯʘʞʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ. ɼʣʷ ʵʪʦʛʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʥʘʙʣʶʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ  
ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ ʚʝʣʠʯʠʥʫ ʛʣʘʚʥʦʛʦ ʧʦʣʷ (ʧʦʣʷ ʦʪ ʟʝʤʥʦʛʦ ʷʜʨʘ) ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ 
ʣʠʪʦʩʬʝʨʥʦʝ ʧʦʣʝ. ɺʝʣʠʯʠʥʘ ʛʣʘʚʥʦʛʦ ʧʦʣʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʬʝʨʠʯʝʩʢʠʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ 
ʢʦʵʬʬʠʮʠʝʥʪʘʤ IGRF ʜʦ ʩʪʝʧʝʥʠ n=13 [2].  ʉʬʝʨʠʯʝʩʢʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ 
ʵʧʦʭʠ 2009 ʛʦʜʘ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ IGRF 2005 ʠ IGRF 
2010. 

ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʣʠʪʦʩʬʝʨʥʦʝ ʧʦʣʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʘʢʞʝ ʧʦ ʬʦʨʤʫʣʘʤ 
ʩʬʝʨʠʯʝʩʢʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʣʠʪʦʩʬʝʨʥʦʛʦ ʧʦʣʷ 
MF-4 [3], ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʤʘʛʥʠʪʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʥʘ ʩʧʫʪʥʠʢʝ CHAMP. ʄʦʜʝʣʴ    MF-4, ʢʘʢ 
ʠ ʤʦʜʝʣʠ ʩʝʨʠʠ  IGRF, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʩʬʝʨʠʯʝʩʢʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʪʝʧʝʥʝʡ ʦʪ  n=14 ʜʦ n=90. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʣʠʪʦʩʬʝʨʥʦʛʦ 
ʧʦʣʷ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ MF-4, ʚ ʨʘʡʦʥʝ ʦʙʩʝʨʚʘʪʦʨʠʠ «ɸʨʪʠ» ʧʨʝʜʩʪʘʚʣʝʥʦ 
ʥʘ ʨʠʩ.1.  

ɺʢʣʘʜ ʄʘʥʯʘʞʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ (ʨʠʩ.2) – ʵʪʦ ʦʩʪʘʪʦʢ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʠʟ 
ʥʘʙʣʶʜʝʥʥʦʛʦ ʧʦʣʷ ʛʣʘʚʥʦʛʦ ʧʦʣʷ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʣʠʪʦʩʬʝʨʥʦʛʦ ʧʦʣʷ. 
 








































































































































































































































































































































































































































































































































































































































































































































































































































