i1 00'€éKTUBHOTO €KOHOMIYHOTO OIIHIOBAHHS 3€MEJIbHUX MUISHOK CLTBCHKOTOCIIOIAPCHKOTO MPH-
3HAYCHHS.

Otxe, y cucrteMi kaaactpiB (yHnameHTaIbHUM TeoiH(opmauiitHuM (6a30BUM) OIOKOM €
npupoHUi (JaHamadTHUI) OJ0K; B yMOBax CYLIJIbHOI TEXHOTEHHOI TpaHc(opMarllii Ta mopyuieH-
HS naHAmadTiB YKpaiHu y CUCTeMi KaJacTpiB 3eMEJIbHHUX PECypciB HEOOXiTHO BUAUTUTH MPUPOI-
HO-TE€XHOTE€HHUH OJIOK.
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The research is carried out within the framework of the PhD-students grant of the Ministry of
Education Of the Republic of Belarus for 2020.

The grant funds were used to purchase data from repeated GNSS observations from Belarus-
ian Precise Positioning Satellite Network stations: 1560 files in RINEX format 2.10, duration time
of 6 hours and 15 seconds discreteness.

Data processing was performed in Trimble Business Center 3.5 (software application) and
implied calculation of slope distances between stations and corresponding ellipsoidal distances for
different epochs.

For the sake of research performing convenience in the QGIS environment polygons of inter-
est were picked out, within which the baselines of the GNSS network intersect active crust frac-
tures, previously identified by the results of various studies [1,4], main pipelines; mining areas,
complex engineer constructions like electric power plants.

For the module development, the Python language (version 3.8, jupyter interactive developer
environment) was used.

Horizontal line lengths are calculated from rectangular coordinates and slope distances are
computed from conventional terrestrial reference system.

Triplets of baselines with common starting and ending points are found by the programme
followed by the subsequent check, whether any station falls inside the triangle, excluding the sta-
tions lying at the vertices. Using the obtained coordinates of the vertices triangle, an object of the
custom Triangle class is created.

After the correspondence between baselines and triangles in different epochs is acquired using
N.P. Esikov’s formulae the baselines slope distances differences and triangle deformation compo-
nents are computed by the program: dilatation Q, utmost shift y,,,, maximum E; and minimum E,
stretching and its directions @gq, Qg2 [2].

The shapefile of triangles is produced with the means of the python library “Pyshp”, which al-
lows one to write shapefiles supported by all modern GIS. The coordinates of the stations forming a
triangle are taken as the geometry alongside with a field for each deformation component added to
the attribute table. The meaning of the direction "max" or "min" is written in a separate text field.
Next, dilatation isolines and maps are arranged using standard QGIS tools.

In general, high activity with maximum values is revealed in Kalinkovichi - Svetlogorsk - Re-
chitsa, Svetlogorsk - Zhlobin - Rechitsa, Khoiniki - Loev - Rechitsa, Dobrush - Loev - Rechitsa
triangles (North-Pripyatsky, Rechitsky, Loevsky fractures) for the Gomel polygon. In the transition
from 2018 - 2019 to 2019 - 2020, dilatation value of the most active triangles changes its sign.
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The Zhitkovichi polygon is characterized by low activity as compared to the Gomel one. The
Luninets - Starobin - Zhitkovichi and Zhitkovichi - Petrikov - Lyuban triangles exhibits activity in 2015-
2016 with approximate dilatation of —3.8 - 1078, In subsequent epochs, the dilation gradually changes
sign and becomes positive. The dilation is positive for the entire polygon area in 2018-2020.

The Brest polygon is characterized by a sufficiently high activity. Dilation changes sign for all
triangles in 2017 - 2018. The sign of dilatation of eastern triangles (Kobrin - Bereza - Drogichin,
Birch - Drogichiin - Telekhany, Bereza - Ivatsevichi - Telekhany, Drogichin - Telekhany - Pinsk)
recovers to negative for the second time in 2018 - 2020. It can be assumed that this activity is per-
tained to Kamenetsky, Lyakhovichi, Berestovitsky fractures (figure).

Fig. An example of dilatation, maximum and minimum stretching allocation
map for the Brest polygon and 2016 — 2017 epoch.

The Ostrovets polygon turns out to be the most active of those considered. The value of the
dilatation of the triangles crossed by the Oshmyany fracture reaches 2 in 2017-2019. Certain con-
cerns may arise considering the fact that Belarusian NPP is found in the deformations active zone.
However, it should be taken into account that the NPP lies away from fracturings. In the event of
active blocks of the earth's crust shit the entire site of the nuclear power plant will move, resulting
in no destruction. In addition, the NPP is designed with a major margin of seismic strength.

In general, the Polotsk test site is characterized by low activity, other than\apart from Beshen-
kovichi - Vitebsk - Liozno, Liozno - Vitebsk - Gorodok, Gorodok- Vitebsk - Obol triangles. The
activity is supposed to be concerned with Rudnyansky and Vitebsky fractures.

It is known from the literature [3] that geodetic methods make it possible to determine the
components of deformations greater than 1 - 107°. In this research, all the values are about 1077 —

1078,

On the basis of the tables of slant ranges differences, one can state that the deformation values
are much less than the accuracy of distance measurements carried out by the GNSS method. In gen-
eral, the research provides the real picture of modern movements of the earth's crust on the territory
of Belarus. The Gomel polygon, crossed with young fractures in the central part of the Pripyat
trough, shows more activity as compared to Zhitkovichi, Polotsk, Brest polygons. The Ostrovets
polygon stands out with its largest absolute dilatation values. To check these values, further re-
search is necessary alongside with more profound accuracy of the initial data evaluation.
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KOMAPOB JI.1O., acucTteHT
binoyepxiscokuil nayionanvnuu azpapuuii ynigepcumem

BE3INLJIOTHI JITAJIbHI ATAPATH TA IX BUKOPUCTAHHA

VY poboTi 3ailiCHEHO aHami3 CKIaay Ta MPHU3HAYEHHS OCHOBHOIO OONagHAaHHS 1 KOPUCHOTO HaBaHTa-
KEHHS1 OE3MIJIOTHOTO JITAILHOTO amapary. 30KpeMa, 3BEpPTAEThCs yBara Ha OCHOBHI BUMOTH, SIKi CHOTOJHI
CTaBJIATHLCS 70 OC3ITIJIOTHOTO JITATLHOTO anapary.

Kuro4oBi cjioBa 0e3miioTHHI JTiTaabHUE amapat, aepo(oTo3HIMaHHS, MapIIpyT, ONEPaTop, CUCTEMaA
aBTOMATUYHOTO YIPaBIIiHHS.

Po3BHUTOK Cy4acHUX 1 MEPCHEKTUBHUX TEXHOJIOTIH JO3BOJSIE CHOTOMHI OE3MIIOTHUM JIiTallb-
HUM arapaTaM YCIIIIHO BUKOHYBaTH (DYHKIIII, sIKI Y MUHYJIOMY BUKOHYBAJIUCS 1HITUMHU 3aC00aMHU.
[1]. Iupoke 3acTocyBaHHs 3HAWUIIUIM OE3MIJIOTHI JITATBHI amapaTd, MPU3HAYEH] JUIsi aBTOMATHU30-
BAaHOT'O MOHITOPUHTY PO3BIJIKH, 3aTrajIbHOTO HABKOJIMIIIHHOTO CEPEIOBHUINA, IOBEPXHI 1 T. 1. YTpaB-
JIHHS TOJIHOTOM O€3MiJOTHOTO JITAJbHOIO amapaTy 3A1MCHIOETHCS AWCTAHLIMHO 3 HAa3eMHOTO
MYHKTY I10 pajiiokaHairy abo 3 JOIOMOTr0l0 CUCTeMH aBToMaTHuHOro ynpasiiHas (CAY).

be3mninoTHI miTanbHI amapaTd BUKOPUCTOBYIOTH ISl aepoOTO3HOMKH, TOMY IOIUIBHUM €
MIIBUIICHHS SKOCTI po0iT. 30Kkpema, He0OXiJTHO BUKOPUCTOBYBATH OaratoyHKIIIOHAJIEHY OOPTOBY
paaioNioKaIiitHy cUcTeMy I O€3MiJIOTHOTO JITAJIBHOTO amapary, SKa JOIMOMOXKE IOKPAIUTH
AKICTb 300paxkeHHs mpocTopy. IIpoayKTUBHICTH MPPOBOI KamepH Ipu aepodoTOo3HIMaHHI BHpa-
KA€ETHCSI B HEOOXIHIHM KIIBKOCTI 3HIMKIB Ha OJIMH KUJIOMETp KBaJpaTHU# (KB. KM) Tepuropii. Buco-
Ka IPOAYKTUBHICTb OyZie y KAMEPH 3 MEHIIIOIO KibKICTIO 3HIMKIB Ha KB. KM.

Jlnst po3paxyHKY KUTBKOCTI 3HIMKIB Ha OJIMH KB. KM. HEOOXITHO OOYHMCIWUTH ONTHMAIbHY
BIJICTaHb MK Mapmipytamu aepodoro3iioMku i1 rieHTpamu dotorpadyBanus (1. ¢.) Ha MapIIpyTi.
Biacrans Mix MapmpyTamu aepoOoTo3HOMKH 1 11. ¢). Ha MapIIPYTi pO3PaXOBYETHCS 3 YPaxXyBaHHIM
touHocTi GPS Hagiramii i ocoGnuBoCTel MiIOTyBaHHS O€3MiJIOTHOTO JiTalbHOrO amapary. Ilapa-
METpHU YTPUMaHHS JliTaka Ha MapIIpyTi HACTYIIHI:

- TIoTIepeYHe 3MIMEHHS Bia ocl MapmpyTy =10 m;

- YTpUMaHHs 0€3MUIOTHOTO JIITAILHOTO arapaTty Ha 3alpOeKTOBaHii BUCOTI £15 M;

- BIJICTaHb BiJl ICHTPY 3alpOEKTOBaHOTO (hoTorpadyBaHHS 0 TOYKH CIPAIlbOBYBaHHS 3aTBO-
pa otoanapata £5 Mm;

- 3MiHa KyTa KpeHy Oe3ITiIOTHOTO JIITaJbHOTO anapary Ha MapHIpyTi MiXk JBoMa 3HiMKamu 10°;

- 3MiHa KyTa TaHra)ka 0€3MMIOTHOTO JIITATBHOTO anapaTry Ha MapHIpyTi MiX JBOMA 3HIMKamMH 6°.

Oriaka sSKOCT1 aepo(OTO3HOMKH 03BOJISIE BUKOPUCTOBYBAaTH OE3MIJIOTHI JIITAIBHI HAJJIETKI
amapaTH siIKk TOBHO(YHKIIIOHAJIbHI KOMIUIEKCH. Aepo(pOTO3HOMKH B pealbHOMY 4Yaci JT03BOJISIOTH
YHUKHYTH ITOBTOPHUX BHI3/IB HAa BIA3HATI TIJISTHKH.

Takox TOCUTH BOXKIMBHUM IOCTA€ NUCTAHI[IHHE KepyBaHHS OE3MIIOTHUM JIiTAThHUM armapa-
ToM. JlucTaHIiiiHe KepyBaHHS MOJSTae B Mepeaayi Mo KOMaHIHIA paJioiiHil 3aBaHb Jisl BAKOHAB-
yux MexaHi3MmiB. CucTeMa JUCTAHIIMHOTO KepyBaHHS BIJIMOBIA€ 3a TUTAHYBAHHS TMOJLOTHOTO 3aB-
naHHsA, (OpMyBaHHS KOMaH] YMPaBIIHHS JJIs CUCTEMH aBTOMATHYHOTO YIIPABIiHHS TMPU 3MiHI
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