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SECULAR VARIATIONS OF THE EARTH’S MAGNETIC FIELD RECORDED AT THE
DUSHETI (TBILISI) MAGNETIC OBSERVATORY DURING 1880-2025

Gogua R., Matiashvili T.
Abstract

The article discusses the secular variations of the Earth’s magnetic field recorded at the Dusheti (Tbilisi)
Magnetic Observatory over the period 1880-2025. As a result of qualitative interpretation, normal and anoma-
lous periods of these variations have been identified.

Key words: geomagnetism, magnetic field, secular variations.

BEKOBBIE BAPUALIUU MATHUTHOTI'O 110J151, 3A®UKCHUPOBAHHBIE B
MATHUATHOM OBCEPBATOPHUU JYIIETH (TBUJIUCH)

T'orya P., MartnamBusin T.
Pedepar

B cratee paccMOTpeHBI BEKOBBIE BapHallMd MarHUTHOrO NOJs, 3aUKCcHpOBaHHBIE B oOcepBaropuu Jlymern
(Tounmcu) B nepuone 1880-2025 rr. B pe3ynbrare KaueCTBEHHOTO aHAJIM3a BBISIBIEHB HOPMAJIbHBIE U aHOMAJIb-
HBIE TIEPHOBI.

KaroueBble ciioBa: réoMaroneTu3M, MarHuTHOC 1oJji€, BECKOBLIC BapHUalliu.
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©95d0foll LOPEOIMWO 529099 gdOL YIS MIBOT3BIMZ5BgLO TM(35655 BogIMBdOUL,
39D0ob, 39@9WMH0 BsdsEMGIOL d0gdOLLL, 30EMMYPIMEIMYOMEO S MYROMbIMMO 3300939~
d0LsL. 59 EOML Jgobfagergds gsdofoll Lom®mdgdo dEgdsMg Jsbgdol 30BO3MMmO M30L9dgdO,
39903 0bgds  WOoMMEWMYoMEm Boergdl dmMob  30m639d3Hgoo, GJdd™bozmemo M®3939%0,
bb3000b3s 3mM0BMBEHIOOL bsfimemols Low®dggdo, odmds®zol Bmbols Loddwrsgmg s Lbgs.

59 50m3s6g00L ool FMEs© #odmoygbgds Lbgoslibgs bgolidmdgd®momwo dgommo:
9693300 BOXPMs 390M©O, Loghmm Lo®mdmwo FgOEowol IJNMEO, FoMHIGIHOW
GOPMS 3MMIE30M0 FgMEO, 99653319000 FOE0gdol dgomo, ©Mmds Lyolidwy®o
bmboMgdol dgommo.

439w 5Hg MBOM IGO0 5 BMBEH0S 5609330 BODIM s LEgMMNM LoWMI MO
09O GH0wol 3900Mgd0. MMI3s, DMmAogho d9dmbggzsdo dosmo godmygbgdolisl 3960 baMbgds
506930 LsBO3MOL sH39M35, MZ30mMb 53 LEBOZMOL B3xE0BOIMOO Fobolosmgdargdol
3990, 5360930 3mOHOBMBEOL BMLEHO oAI60L F9dmbggzsdoi 30, 8goLfogwgds LobwzmOl
dbMMmE 49MmIgGHO05 O 56 335938 0bBMOBs305 39 IMOHOBMBEHT0 byolIMMO BHow®gdol
393039900 BoBJsc990%bg

M35 LyoldMMo BMbEOMmGdOLs s TJbs33JO0MO FoEEgdol FgomEOl OML 033-
9396 0635 3mOHODMbEHJOL. 35000 YEHIWOMDS S BLOBMLEY T9IMGO00 B3OS Yodmyg-
6900 BHowgdol odsEro LEbAOMOL godm.

390000, HMIY0E Y39sbg NBOM LEOMWI LEBEOZMHZL F9MTGHIBO HBI30MOL 9-
39 B0, Bsfimmol Lol s bbgsslibgs 53969830 bgoLd Mo FHowMgdol 2o3MEgIEgdol
LoBRJo0g9gdlL, SO oMPOGIHOW BOPIMS 3MMHYS30IMH0 FJoOMEO. FogMsd, 53 Igommols
3990mg9bgdololl  Bmyoghom 8gdmbggzsdo 3960 bgdbgds BgImmEbsbgargdeo gz
59m 3560 ooFMs Bo0oo LOBNLEBHO0M. 5dol F0DBYHOS MEO C5O:

1) 99000l B0D03MO LoBwYdzwgdOL SGBLOWIEO TTo390s;

2) OO M9EogRol 300Mmd9dd0  ymzgum3zol 3960 bgdbgds dswswo bsGobbol
b539e0g Asboerols Jowgds.

5MLgdMOL dogdwo bgobdMmo Tsbool sdw)dsgzgdol bgzsalbgs Fgmmo, MMdwg-
003 296Ub35309d056 LoMMMEom, FOMISEJ39EMOdO0M s LYoLIMEMmO bEBEO3MIBOL 53980l
LOBMLEHO0.

390593 9bo LsbL3zMgdOL 53930l GOHM-9M00 TJNMEOS te-0l FgMEO. gl IgNMEO b5-
50905l 0dg3s B350 B0TYOMMBO” s LOBMLEH00 Ao6OLIBOIOMY QoM ITBHIBO BgO30-
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A0ob Bsfimerol Low®dg, dobo 3gmagE©m0s s LIl Bow®IdOL 4930 (39wgdoL LoRJsM9gdo.
50 89Ol 59mygbgdolol boFoMms g3dmbogl 3mEMmyMoxol mMogzg IB™ (3063000 ©s
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THE MODIFIED VERSION OF T, METHOD
Kitovani D.
Abstract

The article refers to the modified variant of the well known method of t,. It is shown that if there exists one
complete hodograph and and an oncoming hodograph is not complete, but with its help the apparent speed can
be calculated. In this case it is possible to build the refractive border with adequate accuracy and to determine its
parameters.

Key words: seismometry, hodograph, t, method.

MOJJAPUIIMPOBAHHBIN METO/I T,
KuroBanu /1.
Pedepar

B craTpe paccmarpuBaeTcsi MOAN(MUINPOBAHHBIN BapHaHT U3BECTHOTO MeToa ty. [TokasaHo, 4To ecnm umeercs
OIVH IIONHBIA romorpad, a BCTPEUHBIH Troxorpad HEMOJIHBIH, HO C €ro IMOMOLIBI0O MOKHO BBIYHCINTD
KaXYLIyIOCSl CKOPOCTb, TO B 3TOM CIIy4ae BO3MOXHO C JOCTaTOYHOM TOYHOCTBIO MOCTPOUTH MPEIOMIISIOLIYIO
TPaHUIly U ONPEAETIUTh €€ MapaMeTpHL.

KaroueBble ciioBa: ceiicmomerpust, rogorpad, MeTo to,
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Introduction

In recent decades, substantial research has deepened our understanding of the temporal behavior
of seismic activity, consistent with contemporary views on the fractal organization of tectonic stru-
ctures, fault networks, and hypocenter distributions. These studies emphasize that seismic processes
are intrinsically complex and dynamic, often exhibiting “switching” or “shifting” patterns characte-
rized by alternating periods of heightened and diminished earthquake occurrence. Despite these
advances, the statistical properties and distributional features of inter-earthquake waiting times remain
only partially resolved and, in several aspects, insufficiently explored [1-3]. This gap underscores the
need for further investigation aimed at modeling and quantifying the temporal structure of seismicity
using more sophisticated statistical tools.

Within modern statistics, the moment problem plays a central role and has extensive applications
in mathematics, quantitative finance, economics, and insurance. Although the problem has been stu-
died for more than three centuries, it continues to stimulate significant mathematical interest [4-6]. In
this work, we consider the task of approximating and estimating the quantile function under the
assumption that the statistical moments are known [7].

We can say that the moment problem has the only solution when the system of equations
[x/dF(x) = [x/dG(x);j = 0,1,.., has one solution, F=G.

Material and methods

A range of nonparametric strategies for quantile function estimation has been proposed, including
order-statistic methods examined by Harrell and Davis [8] and Bernstein polynomial-based approa-
ches studied by Bolancé et al. [9] and Brewer [10].

The distinct contribution of this work is its applicability to cases where the underlying distribution
is poorly known and only statistical moments are available, offering greater flexibility for modeling
limited or incomplete data.

Here, we combine the analysis of earthquake waiting times with modern computational methods
for quantile-function approximation. Both linear and nonlinear approaches are applied to investigate
the temporal distributional patterns. Using waiting-time series from multiple seismic sources, we seek
to identify key features of the temporal behavior of seismicity.

To address these challenges, we employ advanced statistical and computational techniques within
a custom software framework. Three moment-based models are evaluated for quantile function esti-
mation: one based on frequency moments, another on traditional moments, and a third using transpo-
sition moments.
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Results

For the analysis of inter-event times (waiting times), we employed data from the Southern Cali-
fornia Seismic Catalog (http://www.data.scec.org/ftp/catalogs/.). In particular, records from the
Southern California Local Earthquake Catalog were utilized, covering the period from 1932 to 2013.
This catalog is considered highly dependable due to its nearly uninterrupted data acquisition throu-

ghout the entire observation window.

The dataset was processed using custom software developed at the M. Nodia Institute of Geophy-
sics, Ivane Javakhishvili Tbilisi State University, which enabled the extraction of waiting times
between successive earthquake occurrences. Using these waiting-time sequences, we generated an
approximate quantile-function estimate based on the first model and compared the obtained results

with the well-known Harrell-Davis estimator.

Our current catalog looks like this (Fig. 1):

1
2
3
4
5
6
7
8
5

After that, using a special program created at the M. Nodia Institute of Geophysics of Ivane
Javakhishvili Tbilisi State University, we extract the waiting time between earthquakes from this
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Fig. 1. Example of a working catalog.

catalog. The resulting file has the following appearance (Fig. 2):
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Fig.2. Waiting time data.
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The next step in the research is to estimate the quantile function for the first model based on these
data and compare it with the well-known Harrell Davis estimate. For this, we use the following for-
mulas:

The subsequent analysis is conducted according to the formulations presented below.
i

Qup = ) Xq f B, lax] +1,a — lax| + Ddy
i= 1

it
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The behavior for different parameters for the first model will be as follows (Fig.3, Fig. 4).
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Fig. 3. Comparison of estimates of Harrell Davis and the first model (frequency moments) for the waiting
time when a) a =20, n=100; b) a =50, n=100; c) a =100, n=100 .
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Fig. 4. Harrell Davis estimate for time intervals between earthquakes. Blue curve, black dots
estimate of the quantile function, both cases a) a« =30, n=100; b) a =30, n=200;
¢) a =30, n=500; d) a =40, n=200. Southern California Catalog.

Modified versions of the quantile and quantile density function approximations were also consi-
dered. The paper presents graphical representations that show that the modified version has a better
approximation compared to the conventional model. The robustness theorems were proven, which
give us the convergence rate. Modified versions of the approximations were also introduced, whose
behavior is better than the original models.

There are several methods for nonparametric estimation of the quantile function. Let us highlight
a few, for example, the estimate presented in the paper by Harrell, Davis is a weighted sum of ordinal
statistics.

Let us give a graphical representation of the behavior of estimating a quantile and a quantile
density function.

Below we can see graphical images of comparison of the quantile function approximation with
the Harrell-Davis model (Fig. 5).

The above images show that as n increases, the error decreases. The data allows us to select
optimal « values.

At the same time, for comparison, we have done the approximation for various worldwide
earthquake catalogues (Kyrgizia, Caucasus and Greece). The results of our analysis is given below
(Fig.6, Fig. 7):
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Fig. 5. Red curve: theoretical quantile function Blue points: approximation of the quantile function by the
Harrell-Davis model: a) n=300, b) n=200.
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Fig. 6. Approximation of Harrell-Davis model blue curve and our model black points for
Kyrgizia earthquake catalogue here a = 30;n = 300.
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Fig.7. Approximation of Harrell-Davis model blue curve and our model black points for
a) Caucasus and b) Greece earthquake catalogues in both cases a = 30;n = 300.

The results of this study deepen our understanding of seismic behavior and, importantly, provide a
foundation for future investigations aimed at clarifying the mechanisms that lead to major earthquakes.

It is worth noting the application of the approach to seismological data. In the paper, based on
data from earthquake catalogs of various regions, the time intervals between earthquakes were
calculated, and based on the obtained waiting times, arrays were created and the approaches proposed
in the paper were applied, and compared with the well-known Harrell-Davis model.
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Conclusion

This work analyzes the time intervals between earthquake occurrences using selected datasets to
approximate and estimate the quantile function. The proposed methodology has broad applicability,
extending to disciplines such as financial mathematics, economics, and insurance. Adopted within a
global framework, the study addresses key challenges shared across numerous scientific fields. Its
contributions are both theoretical and practical: improving knowledge of the temporal distribution of
earthquakes is essential for assessing seismic hazard and for advancing our understanding of the
fundamental processes governing earthquake generation.
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ESTIMATING QUANTILE FUNCTIONS IN TEMPORAL
EARTHQUAKE ANALYSIS

Sborshchikovi A., Mepharidze E., Chelidze T.
Abstract

This work introduces a new framework for estimating and approximating quantile and quantile-density functions
based exclusively on known statistical moments. These moments are computed from the waiting times between
consecutive earthquakes documented in global seismic catalogs. Three moment-based approximation schemes—
frequency moments, classical moments, and transposition moments—are examined to assess their performance.
In contrast to traditional methodologies, the proposed approach requires only moment information, providing a
streamlined yet reliable strategy for quantile function estimation.

Key Words: Earthquake, Waiting time, Quantile function.
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OIIEHKA ®YHKIIUU KBAHTHJIA C IOMOIIBIO AHAJIM3A 3EMJIETPSICEHU BO
BPEMEHMU

CoopmnkoB A., Menapuaze E., Yeauaze T.
Pedepar

B cratee mpezacraBieHa HOBas METOJUKA OLICHKU W ANIPOKCHMAIMH (PYHKIUH KBAaHTHICH W (QYHKIUI
IUIOTHOCTH pacIpeesieH!s] KBaHTUJIeH, OCHOBAHHAs TOJIBKO Ha M3BECTHBIX CTATUCTHYECKUX MOMEHTaX. DTH MO-
MEHTBI PAaCCUUTHIBAIOTCSI Ha OCHOBE BPEMEHM OKHAAHUS IOCIENOBATENBHBIX 3EMIIETPSACCHUH, HOKYMEHTHPO-
BaHHBIX B INIOOANBHBIX CeiicMUUecKHX KaTajorax. st oneHKkH ux 3(QEeKTUBHOCTH PACCMATPUBAIOTCS TPU CXe-
MBI alllIPOKCUMAILMN Ha OCHOBE MOMEHTOB: YaCTOTHBIE MOMEHTHI, KIIACCHUYECKHE MOMEHTHI M TPAHCIIO3HIINOH-
HbIE MOMEHTBI. B OTJIMUME OT TPaJMIMOHHBIX METOJOJIOTH, MpeaiaraeMblil oAX0A TpedyeT ToJbko HUHDOp-
MaIlfi 0 MOMEHTAaX, YTO 00eCIIeYnBaeT YIPOIIECHHYIO, HO HAJAEKHYIO CTPATETHIO OIICHKH (DYHKIIMH KBaHTILIIS.

KuaroueBsle ciioBa: 3emierpsicenue, Bpems oxxunanns, OyHKINS KBaHTHIIA.
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ARCHAEOGEORADIOLOCATION RESEARCH OF THE TERRITORY OF
THE NINOTSMINDA MONASTERY COMPLEX

Odilavadze D., Chelidze T., Glonti N.,
Kiria J., Yavolovskaya O.

Abstract

Georgia — Kakheti, Sagarejo. Four main georadiolocation profiles/GPR-section have been carried out in the
inner courtyard of the Ninotsminda monastery complex: and in the monastery itself: profiles-1, 2, 3, 4 and pro-
files 1T, 2T, 3T, 4T, 5T, 6T. They were performed with the georadar Zond-12¢ with its standard S00MHz shiel-
ded antenna and 150MHz dipole antenna.

The results were processed and interpreted with the Prizm 6 and Voxler 4 software. Part of the profiles were
constructed in 2 and 3 dimensional representations.

Multiple georadiolocation radio features representing various types of cavities were identified, which co-
rrespond to anthropogenic objects. Their location and depth will be determined by the corresponding coordinates
at the distances and depths indicated on the radar maps.

Keywords: archacogeoradiolocation survey, georadar works, radio image.

APXEOI'EOPAJUOJIOKAIIMOHHBIE UCCIIEAJOBAHUSA TEPPUTOPUN
MOHACTBIPCKOI'O KOMIIVIEKCA HUHOLIIMHUHJA

Onmunasanse ., Yeanaze T., I'montu H.,
Kupus /Ix., ABosoBckasn O.

Pedepar

I'py3us — Kaxerus, Carapemko. Bo BHyTpeHHEM 1BOpe MOHACTBIpCKOro KoMiuiekca Hunonmunga u B ca-
MOM MOHACThIpe OBUIN BBIIOJIHEHBI YETHIPE OCHOBHBIX I'€OPaIHOIOKALMOHHBIX IPOGHIL/TeOpaJapHbIX pa3pesa:
npodwuu 1, 2, 3, 4 u npodwu 1T, 2T, 3T, 4T, 5T, 6T. Onu ObLIH BBIIOIHEHBI C IIOMOIIBIO reopagapa Zond-12e
€O CTaHJApTHOM 3KpaHupoBaHHOM aHTeHHOU 500 MI'y 1 nunonpHOM aHTeHHOU 150 MTI'L.

PesynbraTel ObuIH 00pabOTaHBI M HHTEPIIPETUPOBAHEI C TIOMOIIBIO MIPOTPAMMHOTO oOecriedeHus Prizm 6 u
Voxler 4. Yacts npo¢uiieii Obl1a ocTpoeHa B IByX- U TPEXMEPHOM IIPEJICTaBICHHH.

Bb110 BBISIBIEHO MHOXKECTBO I€OPaAHOJIOKAIIOHHBIX PaJMO00BEKTOB, IIPEICTABISIONINX COO0H pa3IndHbIe
THIIBI TIOJIOCTEH, COOTBETCTBYIOIIMX aHTPOIIOTEHHBIM 00BeKTaM. IIX MecTornonoxeHnue U riryonHa OyayT orpe-
JCJICHBI IO COOTBCTCTBYIOLIUM KOOpAHWHATAM Ha PACCTOSAHUAX U Fﬂy6l/IHaX, YKa3aHHbIX Ha paguOJIOKAIIMOHHBIX
Kaprax.

KaroueBble ci10Ba: apxeoreopauosioKalioHHas CheMKa, reopaiapHble paboThl, paglor300paKeHue.
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HNOCJIEACTBUA CEJIA BECHOM 2024 I'. B BACCEHMHE PEKH JAJIAP
(ITPABBIV IIPUTOK P. PA3JIAH, APMEHUS)
boiinarpsin B.

Epesanckuii cocyoapcmeennuii ynusepcumem, Epesan, Apmenus
vboynagryan@ysu.am; vboynagryan@gmail.com

BBenenne

B ropHbIX cTpaHax OJHUM W3 Pa3HOBUIHOCTEW OMACHBIX MPUPOIHBIX IPOILIECCOB SBISIOTCS CEJIH,
KOTOpbIe MPUYHHSIOT OTPOMHBIN yIepO HACENCHHBIM ITyHKTaM M TPaHCHOPTHOW WH(PACTPYKType B
MeCTax CBOEro JEHCTBUS, a TAK)KE OKa3bIBAIOT pa3pyllalollee BO3eCTBHE Ha OKPYKAIOILYIO Cpeay.
B mnocnenHue HECKOJIBKO JIET IMOBCEMECTHO B MMpPE HAOIIONAIOTCS 3HAYUTENIbHBIC M3MEHEHHS KIIH-
MaTa, YTO MPOSBIISAETCS B YBEIUYCHUN KOJIMYECTBA M YaCTOThI KaTaCTPOPHUUECKUX HABOJHEHUH U ce-
JIel, CBSI3aHHBIX C BBIIIAJICHUEM HECKOJIBKUX MECSYHBIX HOPM OCAJKOB 332 KOPOTKUIN IPOMEXYTOK Bpe-
MEHHU H, COOTBETCTBEHHO, C PE3KMM IIOJJbEMOM YPOBHS BOABI B pexax [1-6].

Pa3pymmTensHbie ceneBble TOTOKH MPUYUHWIA OTPOMHBIH yinepo B Koaymouu (2017 1.), Kvipesi-
scmane (2016 1.), Taoxcuxucmane (2015 1.), Kumae (2010 r.), @uaunnunax (2006 r.), Agpeanucmane
(2013 1.) u mp. [7-8]. B 2024 r. cenu NpUYMHUIN 3HAYATENBHBIA yIiepO ropoackomy xo3siictBy Couu
u opyeum Hacenennvim nynkmam Kpacunooapcxoeo xpas, Caxanuny, Kabapouno-Banxapuu, I[Ipumo-
pvio, Kamuamre, Jlacecmany, Kvipevizcmany.

[Ipobnema ceneli BecbMa akTyaldbHa U B APMEHHH, YTO 0OYCIIOBJICHO HE TOJBKO TOPHBIM Xapak-
TEpOM penbeda pecryOINKH, JTUBHEBBIMU AOXKISIMH (HEPEAKO C TPaloM), aKTHBHBIM (PU3NUYECKUM
BBIBETPUBAHHEM TOPHBIX MOPOJ M HAKOIUIEHHEM Ha CKJIOHAX HEYCTOMYMBOTO PBHIXJIOr0 MaTephala B
Ka4yecTBEe MCTOYHHKA TBEPOI COCTAaBIAIONIEH A ceeld, HO U U3MEHEHUEM KIIMMaTta, KaKk 1 TOBCIOTY
B MHUpE: HapyIlIeHbI JJIETHHE U 3UMHHE TeMIepaTyphl BO3yXa, CPOKH HACTYIUICHHS OUYEPETHBIX CE30-
HOB TO/a, BO3pOCIIa HHTCHCUBHOCTh OCaAKOB (OCOOCHHO B IMOCJCIHHUE 5 JIET) U 9acTOTa IKCTPEMalTb-
HBIX THIPOMETCOPOJIOTHYECKUX ABIECHUH U np. [9]. OnHUM H3 CeneonacHbIX y4acTKOB ApPMEHHHU SIB-
nseTcs u 6acceiH p. Jlamap.

Marepuaja 1 MeTOIbI

CraTbs HOATOTOBJICHA HA OCHOBE MAaTEPUANOB, COOpAaHHBIX aBTOpOM B HOsiOpe 2024 r. Bo BpeMms
coBMmecTHOTO ¢ cotpyaHukamu Crisis Management State Academy of Armenia and Swiss Agency for
Development and Cooperation (SDC) moneBoro ceMrHapa Mo pedyHO WHXXCHEPHH, a TakKe aHajmn3a
ronorpaguueckoii kaptel macmrtadba 1:100 000 (et K-38-126) u umMeronuxcs omyOIMKOBaHHBIX
CBE/ICHHI 110 JTaHHOMY pedHOMY OacceiHy.

Pe3yabTaThl 1 00cyxkaeHne

Bacceiin p. Jlanap miomansio 86.6 km” pacnonoxen B Koaiikckoit o6nactu Pecy6muku Apme-
HUSI, MEXKAY CEBEPO-BOCTOUHBIM CKJIOHOM XpeOTa TexeHsSI W CKIOHOM 0ro-3amagHON SKCIO3HLUU
HaxkyHsukoro xpedTa U OpHEHTHPOBAH IO JIMHUK ceBep-tor. BomopasnensHas rpaHuna OacceiiHa
MIpeCTaBlIeHa y3KOM HM3BMJIMCTONW MOBEPXHOCTHIO, KOTOPYIO OrpAaHHMYMBAIOT KPYTHIE CKIOHBI BOJO-
cOOpHBIX BOPOHOK. MecTaMu CKIIOHBI OTBECHBIE (Hampumep, Ha ydacTKe OT ropbl TexeHuc-2851.1 m
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Ha 10T 710 BepIIHHbBI 2659.4 M; Ha BceM yuyacTke oT otMeTku 2809.7 m mo ropsl Haxkynsn-2820.5 m).
CKJIOHBI BCeX peK OacceiiHa UCHEIIPEHBI IPOMOMHAMH M OBparaMu U YaCTUYHO MOKPBITHI JTyOOBBIM
JIeCOM U KyCTapHHKOM (puc. 1-2).

4090,5 - Apaeay

Puc. 1. Cxema mecmononosicenus: 6acceuina p. /lanap.
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Puc. 2. Tonoepaghuuecras xapma bacceiina p. /lanap
(macwma6 1:100 000, ymenvuteno).

Baccelin peku siBnsercs dactpio [axkyHsukoro noausatus LleHTpanbHO-apMAHCKOW MHTEHCUBHO
muddepeHIupoBaHHON cBOAOBO-TIBI00BON 30HHI [10]. B GacceiiHe pacmpocTpaHeHBl OPOIBI gepx-
He2o npomepo30s (MUTMATHTHL, Pa3HOOOpa3HbIE CIAHIBI, KOTOPBIE Y cela Ap3akaH MpOpPBaHbI IpEB-
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HUMHU TPAaHUTAMH U CHJIBHO MUTMAaTH3UPOBAHbBI), 6EPXHE20 NPOMEPO30A-HUNCHE20 KemOpusi (MyCKOBU-
TOBBIE, OMOTHT-MYCKOBUT-KBapI-M10JIEBOIINATOBBIC, KBAPL-IIOJIEBOIINATOBEIE CIaHIBl, KOTOPBIE HH-
TEHCHBHO MHTMaTHU3UPOBAaHbI U YaCTUYHO NMPEBPAIICHBl B MUTMATUTHI; OHH CIAraloT SApo Ap3akaHc-

Koro Maccua llaxkyHsIKoro xpedra, XapakTepHble pa3pe3bl UMEIOTCS Ha JICBOM CKIIOHE JOJIHUHEI P.

Hanap), sepxueco dokembpus-nudiche2o naneo3os (pasHOOOpa3HBIE CIAHIIBI C IPOCIOIMU MPaMOpPOB U

(GUITUTOB), cpednezo npomepozos (TypMaJUHOBBIC, TPAHAT-IBYCIIIO/MHbIC, TPA(UTOBBIC MATHUCTHIC

KPUCTAJUIMYECKHE CJIAHIBI, MPaMOpPHI, JOJOMHUTHI; 00pa3oBaHUS ATON CEpUM NPEACTABISIOT COOOM

camble JIpeBHHE MOPOJbI HAa TEPPUTOpUN ApMeHHH; 0OHaXaroTcs B sAape LlaXKyHSIIKOTO aHTHKIMHO-

pusi). I3 MHTPY3UBHBIX MTOPOJ 3/1€CH IUPOKO PaCIPOCTPAHEHBI HEOOBIINE IITOKH, TalHKOTIOJOOHBIE 1

IJIaCTOBEIE Tella Tab0po-amnada3oB, muada3oB U aMmpuOOTOBEIX Ta00po [11].

OcHOBHO¥ BOJTHOM apTepueii Oacceiina siensiercs p. Jamap amuHoi 13 kM. E€ uctok pacmonosxex

Ha abcomoTHO# BeicoTe 2600 M, a ycThe — Ha BeicoTe 1460 M. B BepXoBBsIX peka cCOOMpAET CBOU BOJIBI

C I0KHOTO cKJIoHa [laxkyHsIKOro XpedTa Ha yJ4acTKe MEXy BEpIIMHAMHU C aOCOTIOTHBIMU BHICOTAMH

2687.0 m m 2561.0 M, a Takke ¢ BOCTOYHBIX CKIOHOB XpeOTa TexeHsr (roxkHbIi oTpor [laxkyHsIKOro

xpebTa) Ha y4acTtke ¢ Bbicotamu 2602.0 m u 2851.1 M (ropa TexeHHUC) U3 POJHUKOB, BBIXOASIIUX Y

MOJTHOXKUS KPYTHIX CKJIOHOB. BriagaeT B p. Pa3znan Ha 10:xHOI okpanHe cena Ap3aka (puc. 2).
I'ogoBoe kommyectBo ocankoB coctaBiseT 600-700 MM, B BOJOpa3[eNbHOM 30HE Ha BBICOTAX

6omee 2500-2600 M nx xommyecTBO Bo3pacraeT A0 800 mm [12].

CeneonacHoCTh OacceitHa p. Jlamap BBICOKast, YTO CBS3aHO:

e cmpeoOiiagaHueM KPYThIX M OOHaXEHHBIX CKIIOHOB CO CJIA0BIM Pa3BUTHEM JIEPHOBOTO TIOKPOBA;

®  CO 3HAYUTEIHHOH TPEIIMHOBATOCTHIO M BBIBETPEIOCTHIO TOPHBIX MOPOA, CIIOCOOCTBYIOMIKUX 00pa-
30BaHMIO OOJIBIIOTO KOMMYECTBA eOHS U APECBHI (TBEpAas COCTABISIOMIAs CeTiei);

e ¢ OonBIIMMHU MAJEHUSMHU PYyCeN BOJIOTOKOB (Y OCHOBHOM peKH OacceifHa MmajeHue pycia COCTaB-
nseT 92.9 m/xkM, y iputokoB — 6osee 100 M/KM) 1 GOJIBITUMHU CKOPOCTSIMH TOTCHIIHATLHBIX Celle-
BBIX ITOTOKOB;

® C HAIMYHEM B BEPXOBBSIX BCEX MPUTOKOB MHOTOYHCIICHHBIX OBParoB W MPOMOMH (puc. 3), 1Mo Ko-
TOPBIM JTUBHEBBIC BOJBI BMECTE CO CMBITBHIM C OOHa)KEHHBIX CKJIOHOB PBIXJIOO0JIOMOYHBIM Mate-
pHanoM OBICTPO MOCTYMAIOT B OCHOBHYIO PEKY.

Puc. 3. Cxema peunoti cemu baccetina p.
[anap (nynkmupom noxasanl 06pazu).
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Peka [lanap nmpencrasisier co00H TUIMYHO FOPHBIH BOZOTOK ¢ V-00pa3HBIM MTONEPEYHBIM U KPY-
TBIM TIPOJIOTIBLHBIM MPOQHIIEM B BEPXOBBSIX, a TAKIKE BaTYHHO-TAICYHBIM PYCIIOM C OypHBIM TEUCHUEM,
3HAYUTEILHBIMU TOIBEMAaMU YPOBHSI BOJIBI B NEPUOIBI MHTEHCUBHOTO CHETOTAsHUS M JIMBHEBBIX
0CaJIKOB, OCOOCHHO NP HPEBBIIICHUH HUX OOBIYHBIX HOPM, CBOWCTBEHHBIX 0acCeiiHy NaHHOW peKu.
Cornacao [13], BeIcIInEe YPOBHU BOABI B PEKE 3a TOJ COCTABIISIIM: CPEAHUN ypoBeHb — 154 cM, Makcu-
ManbHBIH — 237 cM (29.05.1978), munnmanbHbIi — 86 cM (28.04.1961), a koebanus 3a TOA: CpEIHHMA
— 69 cM, makcumanbHbI — 143 oM (1964), MuanmaneHbIl — 35 cm (1943).

BennunHbI rO0BOTO pacxosa ¥ CTOKa BECEHHETO MOJI0BOIbS MPUBEACHbI B Tabnuuax 1 u 2.

Ta6auua 1. CpeaHue u xapakTepHble pacxolbl Boasl [13].

Ton Cpenuuii TogoBo# Tl'omoBoii Mogyb TI'onoBoii coit Pacxon Bogpl,
pacxo BOJbI, M/c CTOKa, n/c/xm’ CTOKa, MM MaKCHMAJIbHEIN, M"/C
1976 1.38 15.9 511 28.0
1977 0.75 8.62 272 6.00
1978 1.48 17.0 537 24.4
1979 0.65 7.47 236 4.28
1980 0.77 8.85 280 6.92
cpen. 0.90 10.2 323 8.76
Makc. 1.64 18.8 592 30.9
MHH. 0.32 3.68 116 2.88

Taoauna 2. CTOK BeceHHero moJioBoabs [13].

T'oxn MaxcuManbHbIi CyMMapHBli cioit O0BEM cTOKA 3a Crok 3a
CPOYHBIH pacxol. CTOKa 3a TOJIOBO/IBE. MITH M’ 10JIOBOABE. %

M /e HOJIOBOZIBE. MM rOI0BOTO
1976 28.0 426 37.1 83
1977 6.0 204 17.8 75
1978 244 439 38.2 82
1979 4.28 158 13.7 67
1980 6.92 209 18.2 75
cpen. 9.39 216 18.8 64
MakKc. 30.9 457 39.7 83
MHH. 2.88 51 4.44

Puc. 4. Banescnuk, eviHecennvliil cenem u CKONUSUIULCS
nepeo MOCmosbiM Npoxo0om (homo asmopa).
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st Gacceitna p. Jlamap xapakTepHa cpeHsis CEIEHOCHOCTb — 5-15 ThIcTd M’ /kM” 32 OJIMH CeJTb U Cl1a-
0ast ceneakTUBHOCTh — MIOBTOPsieMOCTh 1 pa3 3a 10 siet u 6osee. Cenn B OCHOBHOM BoJIOKaMeHHbIe [ 12].

BricoTa ceneBoit BomHbl BecHOU 2024 roga cocrapisia npuMmepHo 140-150 cMm, uTto yxe npeacTa-
BIISITO cO00M yrpo3y aisi 00BEKTOB, pACIOJIOKEHHBIX 10 IMyTH €€ crnempoBaHus. Cenb BBIHEC U3 BEPXO-
BUH PEKH HE TOJBKO PBHIXJI000JIOMOYHBIH MaTepuall, HO U CKONMBLIMIKCS B pyclie BAICKHUK, a TAKKE
OBITOBOI MycOp, cOpackiBaeMBbIil ceJbuaHaMu B Boay (puc. 4 -5).

Puc. 5. Buimogoti Mycop, evinecenHblll cenem 6HU3 HO pexe
(¢homo asmopay).

Ha otnenpHbIX yyacTkax OblIa IOBPEX/ICHA aBTOMOOMIIbHAS Topora (puc. 4, 6).

Puc. 6. [lospesxcoennvle cenem yuacmxu asmomoounsHou 00pozu
6 npedenax ceia Apszaxan (pomo asmopa).

Brisogs

Cenu B Oacceiine p. lamap ciay4aroTcst peKo, HO TeoMOpQOIOTHIECKHE TTPEINOCEUIKH TOCTaTOY-
HBI U1 UX popMupoBaHus (cM. BbImie). [Ipyn 0OMIIEHOM CHETOTAsSHAM WIIH CHITEHOM JIMBHE MOXET 00-
pa3oBaThCsl BOJOKaMEHHBIH cenb. Bo m3bexanue ymepba cenbckoi oOIMMHE JKeIaTeIbHO HE 3arpo-
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MOXOaTb PYCJIO PCKU CTPOUTCIIBHBIMH U OBITOBBIMU OTXOJaMHU, a TAKKC NPCABAPUTCIBHO YKPCIIUTDH

OCTOHHBIMU IUIMTAMHU BOT'HYTBIC YYaCTKH 6eper013 Ha U31y4YruHax pCeKU.
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MOCJIEJCTBUSI CEJISI BECHOI 2024 I'. B BACCEIMHE PEKH JIAJIAP
(IIPABBII IPUTOK P. PA3JIAH, APMEHMUSI)

Boiinarpsin B.
Pedepar

Cenp BBIHEC U3 BEPXOBUI PEKH HE TOJBHKO PHIXJIO00JIOMOYHBIA MaTepHall, HO U CKONUBIIHUICS B pycie Ba-

JIOKHHUK, a TAK)Ke OBITOBOI Mycop, cOpachiBaeMblii cenbyaHamMu B BoJy. Ha oTienbHbIX yuacTkax Oblia MOBpPEX-
JleHa aBTOMOOMIIbHAS IOpoTa.

KuroueBsle cioBa: peka Jlanap, mocce, ceieBOi MOTOK.
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CONSEQUENCES OF A MUDFLOW IN THE SPRING OF 2024 IN THE DALAR RIVER
BASIN (RIGHT TRIBUTARY OF THE HRAZDAN RIVER, ARMENIA)

Boynagryan V.
Abstract

Mudflow carried out from the upper reaches of the river is not only loose blockage material, but also dead wood
accumulated in the riverbed, as well as household garbage dumped by villagers into the water. The highway was
damaged in some areas.

Key words: Dalar river, highway, mudflow.
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BBegenue

[loBciogy B MHpe MMeeTcsi MHOKECTBO IJIOTHH Pa3HOM KOHCTPYKUHMH (TPYHTOBBIE, KAMEHHEIE,
OCTOHHEIE, ICPEBSIHHBIC) U PA3MEPOB, a TAK)KE PA3HOTO Ha3HAYCHHsI. ITO MOTYT OBIThH TJIOTUHEI BOZO-
XPaHWJINII, CO3aBAeMbIX JUIsI HAKOTUJIEHHS BOJBI C LIETBI0 OPOIIEHHS CETbCKOX03HCTBEHHBIX 3€MEITb;
OBITOBBIX MOTPEOHOCTEH HACENCHHBIX IIYHKTOB U MPOMBIIUIEHHOTO UCTIONB30BaHNUs; BEIPAOOTKHU IIEK-
TposHeprun Ha ['ODC; oTapixa HaceleHus, ppIOOBOACTBA, YIy4IIEHUS HaBUranuu. ILIOTHHBI cTpOAT
TaKkKe U 3aIIUTHl OT ceJield (Hampumep, celexpaHumine B ypouniie Mezneo, Kazaxcran); Hakorie-
HUS OTXOZI0B TOPHO-000TaTUTENbHBIX IPEAIIPUATHH B XBOCTOXPAaHWIMILAX; 3aIIUTHl OT HABOJHEHUI B
YCTBSIX peK (Hampumep, B ycTbe p. HeBa) miu B mpuOpeXHBIX pailOHaX, pacloOKEHHBIX HIDKE YPOB-
Hs1 Mops (Humepnannel, roxxHOe mobepexne CLUA y rop. Hosslit Opnean) u ap.

Hepenko Ha MIOTHHAX CIy4aroTCs aBapUH, CBA3AHHBIE C CHJIBHBIMH 3€MJIETPSICEHUSIMHU (IUIOTHHA
“3ununrny” — Kurail, Ceruyansckoe 3T 2008r., M=8; miotuna “Ammukyns” — Kuprusus, TamkeHT-
ckoe 3T 1966r., M=5,2 [1]; mnotuna ['DC “Baitnpuso” Ha p. XKyxs BeicoToit 118 M — Kuraii, cunsHoe
3T 7-ro aBrycra 1975r. 1 0lHOBpEeMEHHO BBINABIINE 32 OAMH JeHb 1631 MM ocagkoB — 3To Oblia ca-
Masi CMEPTOHOCHas KaTtacTpoda ¢ MpOpBIBOM IJIOTHHBI B HCTOPUH 4esioBedecTBa [2]; OeToHHas apod-
Has 1uioTuHa “Mansnacce’ Ha p. Peiipan, ®@pannus, 1959r. — pazpymminacs MOMEHTaIbHO MPU 3€M-
JIETPSICEHUH M3-3a HU3KOTO KadecTBa MCIIOJIb30BAaHHOTO IIEMEHTa, JJTUTEIbHBIX B3PHIBHBIX PadOT Ha
CTPOUTENBCTBE aBTOMOOMIIBHOTO LIOCCE MOOJIM30CTH OT IJIOTHHBL, @ TaKXKe U3-3a TOTO, YTO IUIOTHHA
OBLIa TOCTPOCHA U3 THEHCA, KOTOPBIH MO ABICHUEM CTAaHOBHUTCS BOJOMPOHUIIaeMbiM) [3] (puc. 1-2).

Puc. 1. IIpopwie nnomunwt “Batinvyso” (pomo uz Humepnema,).
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Puc. 2. Paspywennas nnomuna “Manvnacce* (pomo uz Hnmepnemay).

YacThl aBapuyl WIH MOJHOE Pa3pylICHUE TIOTHH BOJOXPAHUIIMII M3-3a MEPEIOIHCHUS UX Yallld
BCJIC/ICTBUE OOMIIBHBIX 0CaIKOB (OOBIYHO B HECKOJILKO pa3 BHIIIC HOPMBI): Ta ke TUIOTHHA baitHbiiso,
popsIB 1aMObI Ha p. Pyx3 — Kurait, utons 2010r. (puc. 3); mroruHa “Keipuraram -Kazaxcran, MmapT
2010r., cuibHBIC JOXAM U UHTEHCUBHOE TasHUE CHETOB [4].

Puc. 3. [Ipopwis dambwr na p. @yxs (Kumatl) (homo uz Uumepnema,).

B 1928r. oO6pymmnack nenukom miotuHa “Cenr-Opencuc” Beicotoit 59 m (CILIA, mrar Kanudo-
PHHUSI) BCIIEACTBHUE pa3pyleHns GyHAaMEHTa U3-3a HAINYKS 110, BOCTOUYHON €€ OIOpoii maseopasioma
1 HEJJOCTATOYHON MHXEHEPHOH OANTEIBHOCTH IIPU MOSBICHUH TEPBBIX yCaJO0YHBIX TPELIIMH B OETOHE
B IPOIIECCE CTPOUTENHCTBA [3].

CTpOHTENbCTBO TUIOTHH M SKCIUTyaTalysl BOAOXPAHMWIUII B TOPHBIX CTPaHaX, KAKOBOH SIBJISETCS U
ApMeHWsI, CBS3aHO C ONpEICICHHBIMH OCOOCHHOCTSIMU: BBICOKAs CEHCMHYHOCTB; Y3KHE U TIyOOKHe
JOJIMHBI PEK; CI0KHOE T€0JIOTMYECKOE CTPOCHHE CKIIOHOB PEUHBIX JOJIHH; IIUPOKOE PAaCIPOCTPAHEHUE
OTIAaCHBIX CKJIOHOBBIX ITPOIIECCOB, KOTOPBIE MOTYT BO3JIEHCTBOBATH HA YCTOWYNBOCTD TIOTHH.

Marepuan u MeTOAH

Ucnone3yemble B HacTodmlel paboTe JaHHBIE COOpaHbl aBTOPAMHU B IIpOIiecce MOJIEBBIX UCCIIEI0-
BaHUI B ApMEHHH, a TAK)KE UMEIOIIUXCS ITyOJTMKAIMI 110 aBapHusIM ILUIOTHH B MEpE.
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PesynsTaTs u o6cyxeHHe

B Apmenun nmeercst 6oee 80 BOAOXpaHWIUIL Pa3HBIX Pa3MEpPOB, MMOCTPOCHHBIX B OCHOBHOM
1o 90-x romoB XX B. BONBIIMHCTBO W3 HUX MPEAHA3HAYEHO ISl CO3/IaHUS 3a1acoB BOJBI M UX UCTIO-
JIb30BaHMSI B CYXHE CE30HBI T0OJIa C IICJIBI0 OPOIICHUS CEIILCKOXO03sHUCTBEHHBIX 3eMellb. M3 3THX BOO-
XPAHWTHII 35 UMeroT 00bEM 1 MiH M° 1 Goee. HanGornee KpyMHBIMU ABIAIOTCS AXypSHCKOE (06BEM
525 mua M), Ciasmapsiaekoe (257 miaa M°) u Aprmnackoe (105 MitH M°). BbicoTa mIoTHH GONBIIHH-
CTBa BOJOXPAHUJIMII] KOJICOJIETCS B Mpeieiax OT HECKOJIbKUX METPOB 110 50 M. JIuIib 8 MmI0THH UMEIOT
BbIcOTY Oosiee 50 M. M3 HUX caMbIMH BBICOKUMH SIBJISIFOTCS TUIOTHHBI BopoxpaHmmuin [exu (90 m),
Crannapsiaa (83 M), Azara (76 m) u I'eprepa (74 m).

BezomacHocTh cyliecTBOBaHUS BOAOXPAHWIIUI 3aBHCHUT, B MEPBYK OYEpellb, OT YCTOWYHMBOCTH
IDIOTHH: UX KA9eCTBEHHOTO COOPYKEHHS, CITOCOOHOCTH BBIAEPKATh TaBJICHHE OIPOMHOI MacChl BOJIBI
U YCTOSTh MPHU CHIIbHBIX 3eMieTpsceHusX. K coxxaaeHno, HEKaYeCTBEHHOE COOPYKEHUE psijia TUIOTHH
MIPUBEJIO B Pa3HbBIE TOJBI K aBAPUWHBIM CUTYAIUSAM BILIOTH J0 WX MPOPHIBA ¢ (OPMHUPOBAHHEM MOIII-
HOTO BOJHOTO TIOTOKAa CEJEBOTO XapaKTepa M 3aTOIUICHHEM >KHJIBIX W IMOJCOOHBIX IMOMENIESHUH, a
TaKkKe MpuycageOHbIX YY4aCTKOB B HIDKHEM Obede.

Hamm wmccnemoBanus mokazand, 4TO BCE aBapWy Ha IJIOTHHAX BOJOXPAHWIHIN] APMEHUW OBLITH
CBSI3aHBI C YCIIOBEYCCKUM (PAKTOPOM: HEKAYECTBEHHOE CTPOUTEILCTBO TENa IJIOTHHBI; UCIIOJIb30BaHHE
HECOOTBETCTBYIOIIETO HOPMATHBaM 3allOJIHUTEINS Teja TUIOTHHBI, UTHOPUPOBAHUE UMEIOIIUXCS T00-
JN30CTH OT CTPOSIIIEHCS TIIOTUHBI OTIOI3HEH, POAHUKOB U T.I1.

OpHa U3 Takux aBapuil npousonuia Ha Mapmapukckom eodoxpanunuuie B Hosope 1974 r. [Tno-
THHA BOJIOXPAaHMJINIIA ObLTa COOPYXKEeHa B TONMHE p. MapMapuK IpUMEpHO B 2 KM BBEPX IO TEUCHHIO
oT cena Aprtasa3. OHAKO OHA OOPYIIIIIACH TIOYTH Cpa3y IOCIHE 3aBEPIICHUS paboT 1Mo €€ CTPOUTENhb-
CTBY, emg JI0 3aNOJHCHUS Yaliu Boaoi. [lmoTrHa ocena B CTOPOHY HHWKHErO OTKoca Ha 9-18 M u Ha-
pymmia sSapo ¥ HA30BYIO MPHU3MY. DTO OOpyIeHHe OBUIO BBI3BAHO OITHOKON B MPOCKTHPOBAHUU H,
YaCTUYHO, B TEXHOJOTHH MO YKJIaJKe ¥ YIUIOTHCHUU TPYHTOB B Telle MIOTHHKL. Ha oOpymeHue rmio-
THHBI TIOBJIHSJIO U TO, YTO C TIPABOTO O0PTa JOJMHBI PEKH B TENIO TUIOTHHEI Pa3rpyKalluCh JBa POJIHU-
Ka, TIOCTOSIHHO YBJaXHssA IpyHT. OJTHAKO 3TO 00CTOSTEILCTBO OBLIO POUTHOPHUPOBAHO CTPOUTEIISIMH.

OIHOBPEMEHHO, B KaYeCTBE 3allOJIHUTEIIS Tella TUIOTHHBI HMCIIOJIb30BAIKMCh JOBOJIBHO BIIAXKHBIC
TJIMHBL, T.K. B TIEPHOJ] YKIAAKHA TPyHTa B TUIOTHHY BBINAJIO MHOTO OCAJIKOB, U BCE OKPECTHBIE TITHMHBI
OBLIH CUJIBHO YBJIaXHEHBI. Bce 3T0 BMecTe U SBHJIOCH TPUYMHON aBapuu Ha IJIOTUHE.

Ecnu Ob1 00pyIieHre MIOTHHBI MPOU30ILIO YyTh MTO3XKeE, TOCIe 3aTOTHEHHS BOJIOW Jallll BOJIOX-
paHWIHINA, TO 3Ta aBapHus UMena Obl KaTacTpoUIecKuii XxapakTep, n0o Toraa chopMupoBacs ObI ma-
BOJIOK CEJICBOTO XapaKTepa, KOTOPhIA Obl YHHUYTOXKIII BCE COOPYKEHUS Ha CBOEM Iy TH (a 3TO cena Ap-
TaBa3, [IbIOHUK, METCKUE JoMa OTABIXa, 0a3bl mpakTuku cTyaeHToB EI'Y u IlonmurexHudeckoro yHU-

BEpPCUTETA U Ip.).

Pa3pymennyto miotuny paso-
Opanu B 2006 1. 1 Ha €€ MecTe To-
CTPOMJIN HOBYIO IUIOTHHY BBICOTOM
24,5 M, KOTOPYIO CAAIU B HKCILTY-
ararmio B 2012 romy. K 2014 r.
yama MapMapuKCKOro BOJOXpa-
HUIAIIA ObLIa 3aMoJTHeHa TIOJTHOC-
TbIO (pHC. 4-5).

Puc. 4. IInomuna Mapmapurckozo
8000XpaHUTULYA
(pomo B.Boiinacpsna).
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Puc. 5. Mapmapuxckoe
8000XpanUIULle. 8 NPABOL YACMU
CHUMKA — NOTY3AMONIEHHbII “A3bIK’
CMapo2o ONo3HA, Couleouteco co
CKJIOHA CeBEPHOTL IKCNOZUYUU
Laxxynayxoeo xpeoma

(¢pomo B.Bounaepsna).

]

Becnoii 1976 r. mpou3omniesn MpophIB 3eMIISTHOW TUIOTHHBI BEICOTON 9 M Ha Aeapaxkckom 6000Xpa-
Hutuwe (DUMUAIBUHCKHNA PaiioH) M3-3a € HEKaueCTBEHHOT'O COOpYKeHUs. /[HO yamm BOJOXpaHu-
JUIAa W BEPXHUHA OTKOC Tella TUIOTHHBI OBLIM TOKPHITHI CHENHaIbHON IMOIMUATHIECHOBOHN TUICHKOH,
MOBEPX KOTOPOH ObUT YJI0XKEH CJIO0HM INIMHBI TOMIUHON 20 cM BMECTO TPEIyCMOTPEHHBIX MO MPOCKTY
50 cM. B ampo mimoTtuHBI HE OBIT BHECEH HEOOXOMUMBIN 10 MPOEKTY 00BEM IeMeHTa (110 MPHU3HAHUIO
camoro Opuramupa crpouTteneii). Korna BomoxpaHWIHUINE 3arlONHAIA BOAOH, B TeJE IUIOTHHBI O]
BO3JICHCTBHEM JaBIICHUS BOJBI 00pa30Bajiach Iiedb. B ATy IIenb BTSIHYJIO MOJUATHICHOBYIO IUICHKY,
KOTOpasi JOBOJILHO OBICTPO MPOpBaJIach U B 00pa30BaBIlIeecs OTBEPCTHE XIIBIHYIA BoAa. B pesynbraTte
3TOTO TEJIO TUIOTUHBI 0KA3aJI0Ch MPOPE3aHHBIM Ha BCIO €T0 BHICOTY, U 332 CYNTAHHBIC MUHYTHI BCSI BOJIA
13 BOJOXPAHUIIUIIA BEITEKIIA B HIDKHUH Obe(), CHOPMHUPOBAB MOIIIHEIN CEJICBOM MOTOK.

DTOT BOJO-TPSI3EBEIi MMOTOK BBEICOTOH BOJHBI O0jIee 2 M OOpYIIHIICS Ha XKIIBIE W TIOJICOOHEIE TT0-
MEILEHHUS CeJIbYaH MO MyTH CBOETO clieoBaHUs. bblIo 3aTOMIEHO HECKONBKO JOMOB, B KOTOPBIX IO
TSOKECTBIO CIIOS TPSI3M M KaMHEH TOJIbI OOPYIIMIIMCH B TIOJIBABHEIE TIOMEIIIEHUS] BMECTE CO BCei Mebe-
JIBIO ¥ TOMAITHUM uMyTiiecTBoM. CereBasi BOJIHA Jo1nuia A0 aBTojoporu EpeBan-Oumuamsu (puc. 6 -9).

Puc. 6. I[Ipopsannoe na écio gvicomy (9 m)
meino niomunsl (pomo B. Bounaepsna).
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Puc. 7. Ilopsannas nonusmunenogas
NJleHKa Ha Mecme npopbléd NAOMUNbL
(pomo B. bounazpsana).

Puc. 8. Ocmamku 600w1, sbimexarowetl
u3 oooxpanunuwa (gpomo B.
boiinazpana).

Puc. 9. lToma, nocmpadasuiue om cenegoco
NnOMOoKa npu npopwvlee A2aparkckoi niomuHbl
(¢pomo B.Bounaepsana).

46




B suBape 2012 r. B mpaBoii 4yacTH MIOTHHEI Meyaganckozo 6o0oxpanunuuja (Bepxosbe p. Tammp,
Jlopuiickast 001aCTh) TOSBWINCH TPEIIMHBI BCIICACTBUE Pa3pyLICHUS Kele300€TOHHBIX KOHCTPYKINH
13-32 UCMOJIb30BAHNS HEKAYE€CTBEHHOIO IIEMEHTA (MJIM €r0 HEeOCTAaTOYHOI'0 KOJMUYECTBA) U Hadalach
yteuka Boabl (puc. 10). Dra yTeduka BOIBI MOTJIa NPUBECTH K PACIIMPEHHUIO TPEUINH W CO3IaHHIO
aBapuiiHON cuTyanuu. JIMIIs CBOEBpEMEHHOE IOHMKEHHUE YPOBHS BOJIbI B BOJOXPAHUIIMILE, a 3aTEM U
ero nosHoe ocyurenue B ¢pespane 2020 r. HOMOIIIO IPEOOTBPATHTE KaTacTpody.

Puc. 10. Ymeuxa 600vl uepes mpewuny ¢ mene
Meyasanckoti nromunst (homo uz Humepnema,).

Brisogs

[InoTuHsl Hamboee KPYHMHBIX BOJOXPAHWIHIN APMEHHH HMEIOT Bo3pacT oT 36 mo 74 nert, a
camble BBICOKHE U3 HUX — 36-49 neT. SIcHO, YTO ¢ Te4eHHEeM BPEeMEHH KeNe300eTOHHBIE KOHCTPYKITHH
M3HAIIMBAIOTCA HE TOJBKO BCIICACTBUE BHIBETPHBAHUS OCTOHA U3-3a TEMIIEPATYpPHBIX KojeOaHWH U
MEPUOIUYECKOr0 Tpouecca “‘HaMOKaHME — BBICBIXaHHE @PU H3MEHEHUSIX YpPOBHA BOABI B
BOJAOXpPAaHWINIIE, HO M BCJIEICTBHE IE€PBOHAYAILHOTO HEKAUECTBEHHOIO CTPOHUTENBCTBA C
HapylICHUEM MNpPUHATHIX HOPM (Takue HapyLICHHs BCTPEYAIOTCS HEpeAKo — cM. Bbime). I[loaTomy
KpaﬁHe HeO6XO)II/IMI)I KOHTPOJIb 3a COCTOAHUEM IIJIOTUHBI U NIPUHATUC CPOYHBIX MEP MPHU MOABJICHUN
MPU3HAKOB HAPYLIEHUS HMX LEJOCTHOCTH (TOSBJIEHUE TPELIMH, OTCIauBaHHE OeTOHA, OOHaKEHUE
METAITMYECKAX KOHCTPYKUIMH ¥ T.1.). OIHOBpEeMEHHO HEOOXOAWM MOHHUTOPWHT CKJIOHOB PEYHOM
JOJIMHBI, HA KOTOPBIE OMHMPAETCs MJIOTHHA U KOTOphle (JOPMHUPYIOT Yally BOJOXPAaHHIIHILA, C LETbI0
BBIBJICHHS MNPU3HAKOB OIOJ3HEBHIX HOABIKEK M BO3MOXKHBIX 00BanoB. Omom3HH U 0OBajbI
CIIPOBOLIUPYIOT BHEIOPOC M3 YaIlM BOAOXPAHWIIUINA BOASHOTO Bajia 3HAYUTEIILHON BBICOTHI, KOTOPHII
MO>KET TOBPEIUTDH INIOTUHY BILIOTH 10 €€ IMOJIHOTO pa3pylICHUs! U chOPMHUPOBATH CEJIEBOM MOTOK CO
BCEMH HETATUBHBIMU TTOCIIECTBISMH.
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THE ROLE OF THE HUMAN FACTOR IN ACCIDENTS ON
THE RESERVOIRS OF ARMENIA

Boynagryan V., Airiyants A.
Abstract

We have examined the causes of accidents at three reservoirs in Armenia related to the human factor: violation
of building regulations during the construction of dams (use of low-quality cement or its insufficient quantity,
wet clays), ignoring the presence of springs near the dam being built, etc.

Keywords: Accidents, reservoirs, dams, factors.
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Introduction

Landslides are known to be a type of natural disaster and are widespread almost everywhere [1-4],
including in Georgia [5-11]. These processes often lead to the destruction of residential buildings and
utility structures, serious damage to roads and bridges, the failure of various life support systems,
significant material damage, threats to human life and health, etc. [8, 9, 12].

For example, in [11] results of statistical analysis of data from the Geological Department of the
Environment Agency of Georgia on the annual number of re-activated and newly formed landslides
(LS) for the period from 1995 to 2024 are presented. The number of landslides varies in the range
from 56 to 1360 with an average annual value of 581. The trend of the LS values has the form of a
polynomial of the seventh degree.

Landslide activation is influenced by many natural and anthropogenic factors, including slope
steepness, lithology, vegetation, seismic activity, construction work in landslide-prone areas, and
others. Prolonged, intense, or extreme precipitation events often accelerate landslide formation [13].

Recently, a series of studies have been conducted in Georgia to identify the short-term (hours,
days, months) [14-18] and long-term (years, climate scale) effects of precipitation on the activation of
landslides and mudflows [19-23]. These studies utilized landslide and mudflow data presented in [8,
9], as well as ground-based, radar, and satellite precipitation data, taking into account their representa-
tiveness depending on the distance from the measurement point [24-28]. A detailed review of these
studies is presented in [28].

In our last work [23] the results of statistical analysis of the number of re-activated and new cases
of damaging landslides in 11 regions of Georgia and 59 municipalities included in them, as well as the
relationship of landslide processes with atmospheric precipitation in the period from 2015 to 2024 are
presented. The area of the municipalities varies from 56.7 km? (Kutaisi) to 3104 km? (Mestia). The
total area under study is 56364 km?2. Over a ten-year period, 6998 damaging landslides were recorded
(out of a total of 9978). In particular, the following results were obtained. Based on the number of
landslides in year, normed to 100 km? (LS;¢), it is proposed to introduce the following five danger
categories: “Low” (LS;g0 = 0.02+1), “Moderate” (LS = >1+2), “High” (LS;¢0 = >2+3), “Very High”
(LS00 = >3+4), “Extreme” (LS;qo = >4). It was found that 28 municipalities belong to the landslide
hazard category "Low", 10 municipalities — to the category "Moderate", 9 municipalities — to the cate-
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gory "High ", 6 municipalities — to the category "Very High " and 6 municipalities — to the category
"Extreme". As the average annual amount of precipitation increases, the number of landslides also inc-
reases. Connection of LS;o values with mean annual sum of atmospheric precipitation by munici-
palities and regions of Georgia have a power-law function.

This work is a continuation of previous studies related to the study of the relationship between
precipitation and the activation of landslide processes on a time scale of 1-12 months (1: sum of
precipitation in the month with landslide occurrence; 2-12: cumulative precipitation sums in the month
and up to the month in which the landslide occurred).

Some results of statistical analysis of the relationship between monthly and cumulative multi-
month sums of precipitation with the number of landslides in the 12 regions of Georgia are presented
below.

Study area, material and methods

Study area is Georgia and their 12 regions (Abkhazeti; Samegrelo-Zemo Svaneti; Guria; Adjara;
Samtskhe-Javakheti; Kvemo Kartli; Tbilisi; Kakheti; Mtskheta-Mtianeti; Shida Kartli; Imereti; Racha-
Lechkhumi and Kvemo Svaneti) — Table 1, Fig. 1.

Data on the number of landslides with a known month of their activation were taken from the
catalog [8]. Period of observation — from 1961 to 2022; landslide occurrence height — from 15 (Abkh)
to 3773 (M-M) m; number of landslides — from 5 (KK) to 219 (Abkh), total — 788 (Table 1, Fig. 1).

Data from the National Environmental Agency about monthly sum of atmospheric precipitations
for 78 meteorological stations are used. List of meteorological stations, their coordinates and locations
in Table 2 and Fig. 2 are presented. Precipitation data from missing weather stations for some
municipalities were compensated by data from the nearest weather stations, taking into account their
representativeness [25].

In the proposed work the analysis of data is carried out with the use of the standard statistical
analysis methods [29].

The following designations will be used below: Max — maximal values; Min — minimal values;
Mean — average values; St Dev — standard deviation; St Err — standard error; R? ~ coefficient of
determination; R — coefficient of linear correlation; Lat — north latitude, N°; Lon — east longitude, E°;
H - altitude above sea level, m; landslide — LS; P — precipitation sum, mm; P1 — precipitation sum in
month with LS activation, mm; P2...P12 — cumulative precipitation sums in the month with landslide
and 1 month up to landslide occurrence, ..., P12 — cumulative precipitation sums in the month with
landslide and 11 months up to landslide occurrence, mm. In the text below, the dimensions of
precipitation (mm) are often omitted.

Table 1. Study regions, period and number of years of observation, number of landslides and
their heights for known months of their occurrence in Georgia.

. Region, |Observation | Number of | Number of Landshd.e occurtence
Region Abbr. period years landslides height, m
Min | Max | Mean
1.Abkhazeti Abkh 1961-1989 11 219 15 1846 | 670
2.Samegrelo-Zemo S-ZS 1968-2022 13 62 33 2278 765
3.Guria Gur 2009-2022 11 40 30 1135 | 233
4.Adjara Adj 1968-2022 12 106 15 1846 | 670
5.Samtskhe-Javakheti S-J 1973-2022 12 58 797 | 2468 | 1301
6.Kvemo Kartli KK 2002-2022 5 5 668 | 1295 | 868
7.Thilisi Tb 2001-2022 11 47 435 | 1376 | 773
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8 Kakheti Kakh | 1974-2022 9 22 440 | 1974 | 865
9 Mitskheta-Mtianeti M-M | 1968-2022 12 25 455 | 3773 | 1409
10.Shida Kartli ShK | 1983-2022 14 25 548 | 1405 | 820
11 Imereti Tm 1963-2022 18 08 21 | 980 | 451
12 Racha-Lechkhumi R-LKS | 1968-2022 15 81 372 | 1576 | 901
and Kvemo Svaneti
Georgia Geo 1961-2022 39 788 4 | 3773 | 604
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43.5

43

42,5

42

41.5

Fig. 1. Landslide distribution map for known months of occurrence. The numbers indicating
the contours of the regions correspond to the numbers before the names of the regions in Table 1.

Table 2. List of meteorological stations whose precipitation data were used for known months of
landslide occurrence. AWS — automatic weather station

Station Lon, Lat, H,m | Station Lon, Lat,E° | H,m
Ne E° Ne
Abastumani 41.75 | 42.83 1265 Magharoskari 42.29 44.87 958
Akhalkalaki 4141 | 4349 1716 | Martvili 42.38 42.28 176
Akhaltsikhe 41.64 | 42.99 989 Martvili AWS 42.38 42.28 176
Akhmeta 42.04 | 4521 545 Mestia 43.04 42.73 1441
Alpana 42.56 | 42.83 560 Mestia AWS 43.04 42.73 1441
Ambrolauri 42.52 | 43.15 544 Mirveti 41.53 41.72 60
Babushera 42.87 | 41.14 6 Mukhrani AWS 41.93 44.58 550
Bakhmaro AWS 41.85 | 4232 1926 | Nokalakevi 42.36 42.19 115
Bakuriani 4174 | 43.52 1665 | Orbeti AWS 41.66 44.53 1306
Batumi_Airport 41.6 41.61 11 Orpiri AWS 42.35 42.86 457
Bichvinta 43.15 | 40.34 4 Fasanauri 42.35 44.69 1070
Borjomi 41.84 | 43.38 790 Sabueti Mta 42.03 43.47 1242
Chkhari AWS 42.27 | 43.02 465 Sachkhere 42.33 43.41 455
Chokhatauri 42.02 | 42.24 144 Sagarejo 41.74 45.33 802
Dimi AWS 42.12 | 42.85 200 Sakara 42.12 43.03 148
Dusheti AWS 42.09 | 44.71 1038 | Samgori 41.72 449 549
Gagra 43.28 | 40.27 7 Samtredia 42.16 42.34 28
Gali 42.63 | 41.74 50 Samtredia AWS 42.2 42.42 42
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Glola 42.7 43.64 1280 Senaki 42.27 42.06 34
Gordi AWS 42.47 | 42.58 988 Senaki AWS 42.31 42.12 388
Gori 4198 | 44.11 609 Shovi 42.7 43.68 1509
Gudauri AWS 42.5 4451 2915 Sukhumi 43.01 41.04 116
Gudauta 43.1 40.64 46 Thilisi 41.76 44.76 427
Gurjaani 41.74 45.8 410 Telavi 41.92 45.48 568
Keda 41.6 41.94 256 Tianeti 42.11 44.97 1099
Khaishi 4294 | 42.19 730 Tkibuli 42.35 43 593
Kharagauli AWS 42.03 | 43.23 597 Tsageri AWS 42.64 42.79 621
Khashuri 41.99 43.6 690 Tsageri 42.65 42.77 474
Khertvisi 41.48 | 43.29 1250 Tsalka 41.6 44.09 1458
Khulo 41.64 | 42.31 946 Tseva AWS 42.12 43.17 448
Kobi AWS 42.56 | 44.52 1973 Tskaltubo AWS 42.35 42.66 452
Kobuleti 41.85 | 41.78 7 Tskhinvali 42.23 43.97 862
Kutaisi 42.26 42.7 113 Tskhratskaro 41.69 43.52 2466
Kvezani 42.84 | 41.69 268 Tsnori 41.65 45.97 223
Lagodekhi 41.77 | 46.24 429 Uravi AWS 42.65 43.32 1742
Lata 43.03 41.48 299 Zekari Gadasavli 41.83 42.86 2180
Legakhare 42.6 42.17 267 Zemo Chaladidi 4222 41.79 4
Lentekhi 4279 | 42.72 731 Zestafoni 42.10 43.05 160
Luji 42.85 | 43.02 2587 | Zugdidi 42.51 41.87 118
44
43.5
43 |
42.5 |
42
41.5
a1 |
40 41 42 43 44 45 46 47

Fig. 2. Distribution map of meteorological stations for known months of landslide occurrence.

The degree of correlation was determined in accordance with [29]: very high correlation (0.9 <R
< 1.0); high correlation (0.7 < R < 0.9); moderate correlation (0.5 <R < 0.7); low correlation (0.3 <R<

0.5); negligible correlation (0 <R < 0.3).

Results and discussion

Results in Tables 3 — 15 and Fig. 3 — 10 are presented. In Tables 3-15 statistical characteristics of
the cumulative sum of precipitation related to landslide processes in Georgia and its regions are

presented.
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Table 3. Statistical characteristics of the cumulative sum of precipitation related

to landslide processes in Georgia.

Cumulative precipitation sum, mm.

Month P12 | P11 | P10 P9 P8 P7 P6 P5 P4 P3 P2 P1
Min 332 | 163 | 163 | 163 | 163 | 128 | 123 73 29 17 10 0.4
Max 3400 | 3236 | 3142 | 3061 | 2829 | 2647 | 1910 | 1800 | 1760 | 1520 | 1203 | 964
Mean 1378 | 1272 | 1163 | 1038 | 921 | 803 | 685 | 573 | 471 | 359 | 246 | 134
St Dev 583 | 543 | 498 | 447 | 409 | 368 | 323 | 282 | 248 | 207 | 155 | 106
St Err 208 | 194 | 17.7 | 16.0 | 146 | 13.1 | 11.5 | 10.0 | 8.8 7.4 5.5 3.8
99% Low | 1325 | 1222 | 1117 | 997 | 884 | 769 | 655 | 547 | 449 | 340 | 232 | 125
99% Upp | 1432 | 1322 | 1208 | 1079 | 959 | 837 | 714 | 599 | 494 | 378 | 261 144
Count 788 | 788 | 788 | 788 | 788 | 788 | 788 | 788 | 788 | 788 | 788 | 788
99%(+/-) 53.6 | 499 | 45.7 | 41.1 | 37.6 | 33.8 | 29.7 | 259 | 22.8 | 19.0 | 143 | 9.8
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Fig. 3. Map of distribution of monthly precipitation sums in the months with landslides (P1).
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Fig. 4. Map of distribution of cumulative precipitation sums in the month with landslide and 11 months
up to landslide occurrence (P12).
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Fig. 3 and 4 show examples of distribution maps of P1 and P12 values in the territory of Georgia.

In particular, as can be seen from these Figures and Table 3, the distribution of P1 and P12 values
in the study area is extremely uneven. Values of P1 vary from 0.4 (S-ZS, Jikhashkari village, landslide
activation in August 2022) to 964 (Adj, Makhuntseti and Lower Agar villages, landslides activation in
October 2017), with an average value of 134 mm (Table 3, Fig. 3, catalog [8]); P12 values vary from
332 (Sh K, Kavtiskhevi village, landslide activation in March 2019) to 3400 (Gur, Tkhinvali village,
landslide activation in June 2022), with an average value of 1378 mm (Table 3, Fig. 4, catalog [8]).

In Tables 4-15 statistical characteristics of the cumulative sum of precipitation related to landslide
processes in 12 regions of Georgia are presented.

Table 4. Statistical characteristics of the cumulative sum of precipitation related to landslide
processes in Abkhazeti.

Cumulative precipitation sum, mm

Month P12 | P11 | P10 P9 P8 P7 P6 P5 P4 P3 P2 P1
Min 627 | 564 | 553 | 502 | 468 | 438 | 335 | 306 | 269 | 111 56 17
Max 2171 | 2112 | 1755 | 1645 | 1515 | 1419 | 1312 | 1090 | 931 | 731 | 520 | 306
Mean 1580 | 1461 | 1319 | 1149 | 1005 | 864 | 735 | 613 | 513 | 378 | 258 | 136
St Dev 282 | 270 | 237 | 231 | 235 | 223 194 | 164 | 141 127 91 57
St Err 19.1 | 183 | 16.1 | 157 | 159 | 15.1 | 13.1 | 11.1 | 95 8.6 6.2 39

99% Low | 1531 | 1414 | 1277 | 1108 | 964 | 825 | 701 | 584 | 488 | 356 | 242 | 126
99% Upp | 1629 | 1508 | 1360 | 1189 | 1046 | 903 | 769 | 642 | 537 | 400 | 274 | 146
Count 219 | 219 | 219 | 219 | 219 | 219 | 219 | 219 | 219 | 219 | 219 | 219
99%(+/-) 492 | 47.1 | 414 | 404 | 41.1 | 389 | 33.8 | 28.6 | 245 | 222 | 159 | 9.9

Abkhazeti. P1 values vary from 17 (Saberio village, landslide activation in September 1984) to
306 (Pirveli Kopiti village, landslides activation in July 1983), with an average value of 136 mm; P12
values vary from 627 (Tsoukhva, Baghikita, Abakhuamcha, Bintkha, Primorskoe and Aualitsa
villages, landslides activation in October 1982) to 2171 (Dikhazurga village, landslide activation in
September 1982), with an average value of 1580 mm (Table 4, catalog [8]).

Table 5. Statistical characteristics of the cumulative sum of precipitation related
to landslide processes in Samegrelo-Zemo Svaneti.

Cumulative precipitation sum, mm.

Month P12 | Pl11 P10 P9 P8 P7 P6 P5 P4 P3 P2 P1
Min 358 163 163 163 163 163 163 134 109 65 39 0.4
Max 2078 | 1843 | 1821 | 1772 | 1674 | 1470 | 1372 | 1225 | 1041 | 893 710 | 418
Mean 1340 | 1219 | 1137 | 1032 | 919 802 691 584 | 470 356 | 250 127
St Dev 446 | 423 400 374 349 325 306 278 237 204 161 93
St Err 572 | 542 | 512 | 479 | 447 | 41.6 | 392 | 355 | 303 | 26.1 | 20.6 | 11.9

99% Low | 1193 | 1079 | 1006 | 908 804 695 590 | 492 392 289 197 97
99% Upp 1487 | 1358 | 1269 | 1155 | 1034 | 910 792 675 548 | 423 303 158
Count 62 62 62 62 62 62 62 62 62 62 62 62
99%(+/-) 147.2 | 139.6 | 131.8 | 123.5 | 115.1 | 107.2 | 1009 | 91.6 | 781 | 67.2 | 53.0 | 30.6
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Samegrelo-Zemo Svaneti. P1 values vary from 0.4 (Jikhashkari village, landslide activation in August
2022) to 418 (Hebudi village, landslides activation in August 2017), with an average value of 127 mm; P12
values vary from 358 (Nodashi village, landslide activation in November 2016) to 2078 (Obuji village,
landslide activation in May 2012), with an average value of 1340 mm (Table 5, catalog [8]).

Table 6. Statistical characteristics of the cumulative sum of precipitation related
to landslide processes in Guria.

Cumulative precipitation sum, mm.

Month P12 | P11 P10 P9 P8 P7 P6 P5 P4 P3 P2 | P1
Min 996 947 840 765 651 568 463 | 305 | 223 | 118 | 86 4

Max 3400 | 3236 | 3142 | 3061 | 2829 | 2647 | 1687 | 1480 | 1327 | 1036 | 818 | 519
Mean 1866 | 1755 | 1602 | 1400 | 1239 | 1073 | 863 | 714 | 581 | 438 | 320 | 198
St Dev 505 466 464 398 366 346 259 | 219 | 213 | 197 | 177 | 155
St Err 80.9 | 746 | 744 | 63.7 | 587 | 553 | 41.5 | 35.1 | 34.1 | 31.5 | 283 | 24.8

99% Low | 1658 | 1563 | 1410 | 1236 | 1087 | 931 756 | 624 | 493 | 357 | 247 | 135
99% Upp | 2075 | 1947 | 1793 | 1564 | 1390 | 1216 | 970 | 805 | 669 | 519 | 393 | 262
Count 40 40 40 40 40 40 40 40 40 40 40 | 40
99%(+/-) | 208.4 | 192.2 | 191.6 | 164.2 | 151.2 | 142.5 | 107.0 | 90.3 | 87.9 | 81.1 | 72.9 | 63.9

Guria. P1 values vary from 4 (Nagomari village, landslide activation in September 2015) to 519
(Konchkati village, landslide activation in September 2022), with an average value of 198 mm; P12
values vary from 996 (Tkhinvali village, landslide activation in September 2021) to 3400 (Tkhinvali
village, landslide activation in June 2022), with an average value of 1866 mm (Table 6, catalog [8]).

Table 7. Statistical characteristics of the cumulative sum of precipitation related
to landslide processes in Adjara.

Cumulative precipitation sum, mm.

Month P12 | PI1 P10 P9 P8 P7 P6 P5 P4 P3 P2 P1
Min 996 692 632 | 623 582 | 552 | 442 | 336 197 | 145 &8 17
Max 3314 | 2779 | 2474 | 2376 | 2235 | 2042 | 1910 | 1800 | 1760 | 1520 | 1203 | 964
Mean 1939 | 1787 | 1636 | 1484 | 1329 | 1171 | 995 | 815 | 665 | 527 | 354 | 196
St Dev 594 516 | 461 404 | 386 | 370 | 372 | 369 | 367 | 331 | 262 | 189
St Err 579 | 503 | 45.0 | 395 | 37.7 | 36.1 | 363 | 36.0 | 359 | 32.3 | 25.6 | 18.5

99%_Low 1790 | 1657 | 1520 | 1383 | 1232 | 1077 | 902 | 722 | 573 | 444 | 288 | 149
99% _ Upp 2089 | 1917 | 1752 | 1586 | 1426 | 1264 | 1089 | 908 | 758 | 611 | 420 | 244
Count 106 106 106 106 106 106 106 106 106 | 106 | 106 | 106
99%(+/-) 149.2 | 129.7 | 116.0 | 101.7 | 97.0 | 93.1 | 935 | 92.7 | 924 | 83.2 | 66.0 | 47.6

Adjara. P1 values vary from 17 (Akho, Baladzeebi and Chinkadzeebi villages, landslides activa-
tion in May 1968) to 964 (Makhuntseti and Lower Agar villages, landslides activation in October
2017), with an average value of 196 mm; P12 values vary from 996 (Zeda Makhuntseti, Takidzeebi,
Chvana and Danisparauli villages, landslides activation in September 2021) to 3314 (Khala village,
landslide activation in September 2016), with an average value of 1939 mm (Table 7, catalog [8]).
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Table 8. Statistical characteristics of the cumulative sum of precipitation related
to landslide processes in Samtskhe-Javakheti.

Cumulative precipitation sum, mm.

Month P12 | P11 | P10 P9 P8 P7 P6 P5 P4 P3 P2 P1
Min 364 | 284 | 258 | 252 | 230 175 134 76 57 50 28 2
Max 1734 | 1692 | 1518 | 1427 | 1401 | 1349 | 1231 | 760 | 590 | 431 | 268 | 166
Mean 696 | 632 | 574 | 526 | 472 | 419 | 364 | 295 | 236 | 176 | 112 | 57
St Dev 277 | 257 | 233 | 224 | 201 187 168 122 | 100 | 80 56 38
St Err 36.7 | 340 | 30.8 | 29.6 | 26.6 | 248 | 222 | 162 | 132 | 106 | 74 | 5.0
99%_Low 601 544 | 494 | 450 | 404 | 355 | 306 | 253 | 202 | 149 | 93 44
99%_Upp 790 | 720 | 653 | 602 | 541 | 483 | 421 | 337 | 270 | 203 | 131 70
Count 58 58 58 58 58 58 58 58 58 58 58 58
99%(+/-) 945 | 87.6 | 79.5 | 763 | 68.5 | 63.9 | 573 | 41.7 | 34.1 | 272 | 19.0 | 13.0

Samtskhe-Javakheti. P1 values vary from 2 (Kodiani, Muskhi and Uraveli villages, landslides
activation in October 1074) to 166 (Zarzma village, landslide activation in March 2018), with an
average value of 57 mm; P12 values vary from 364 (Muskhi and Uraveli villages, landslides activation
in October 1974) to 1734 (Zarzma village, landslide activation in March 2018), with an average value

of 696 mm (Table 8, catalog [8]).

Table 9. Statistical characteristics of the cumulative sum of precipitation related
to landslide processes in Kvemo Kartli.

Cumulative precipitation sum, mm.
Month P12 | P11 | P10 P9 P8 P7 P6 P5 P4 P3 P2 P1
Min 449 | 409 | 347 | 273 219 | 210 131 73 29 17 12 3
Max 620 | 560 | 528 | 503 500 | 494 | 473 349 | 295 185 | 136 | 91
Mean 553 | 489 | 437 | 397 | 354 | 324 | 270 190 148 105 77 36
St Dev 71 60 70 87 101 104 132 121 121 80 60 44
St Err 35.6 | 30.1 | 350 | 433 | 50.7 | 519 | 659 | 60.4 | 60.5 | 40.1 | 30.1 | 21.8
99% Low 462 | 411 | 347 | 285 | 223 191 100 35 0 1 0 0
99% Upp 645 | 566 | 527 | 508 | 484 | 458 | 440 | 346 | 304 | 208 | 155 | 92
Count 5 5 5 5 5 5 5 5 5 5 5 5
99%(+/-) 91.6 | 77.5 | 90.1 | 111.6 | 130.5 | 133.8 | 169.7 | 155.5 | 155.7 | 103.3 | 77.4 | 56.1

Kvemo Kartli. P1 values vary from 3 (Asureti village, landslide activation in March 2017) to 91
(Sagharasheni village, landslides activation in April 2019), with an average value of 36 mm; P12
values vary from 449 (Asureti village, landslide activation in March 2017) to 620 (Gomareti village,

landslide activation in February 2022), with an average value of 553 mm (Table 9, catalog [8]).

Table 10. Statistical characteristics of the cumulative sum of precipitation related
to landslide processes in Thilisi.

Cumulative precipitation sum, mm.
Month P12 | P11 | P10 P9 P8 P7 P6 P5 P4 P3 P2 P1
Min 373 | 286 | 210 | 187 164 | 128 123 104 58 23 20 3
Max 685 | 631 598 | 563 | 477 | 430 | 427 | 408 | 372 | 322 | 284 | 267
Mean 507 | 463 | 436 | 399 | 361 323 | 296 | 274 | 241 | 204 | 150 | 100
St Dev 72 81 102 101 102 98 102 112 110 99 67 55

56




St Err 10.7 | 12.0 | 151 | 150 | 15.1 | 145 | 150 | 16.6 | 162 | 146 | 99 | 8.1

99%_Low 480 | 432 | 397 | 360 | 322 | 286 | 257 | 232 | 199 | 166 | 124 | 79

99%_Upp 535 | 493 | 475 | 437 | 400 | 360 | 335 | 317 | 282 | 242 | 175 | 121

Count 47 47 47 47 47 47 47 47 47 47 47 47

99%(+/-) 275 | 309 | 389 | 385 | 388 | 37.3 | 38.6 | 42.6 | 41.8 | 37.7 | 25.5 | 21.0

Thilisi. P1 values vary from 3 (landslide activation in January 2019) to 267 (Krtsanisi ravine,
landslides activation in May 2012), with an average value of 100 mm; P12 values vary from 373
(landslide activation in October 2017) to 685 (landslide activation in June 2011), with an average
value of 507 mm (Table 10, catalog [8]).

Table 11. Statistical characteristics of the cumulative sum of precipitation related
to landslide processes in Kakheti.

Cumulative precipitation sum, mm.

Month P12 | P11 P10 P9 P8 P7 P6 P5 P4 P3 P2 P1
Min 439 | 424 | 399 | 311 233 191 180 155 71 71 10 7

Max 1246 | 1090 | 1080 | 920 | 878 | 790 | 625 | 575 | 492 | 379 | 312 | 213
Mean 787 | 720 | 664 | 588 | 518 | 456 | 397 | 348 | 302 | 258 | 179 | 111
St Dev 169 154 154 139 154 142 120 110 108 92 77 54
St Err 369 | 33.7 | 33.7 | 30.3 | 33.7 | 31.1 | 26.1 | 240 | 23.6 | 20.2 | 169 | 11.8

99%_Low 692 | 634 | 578 | 510 | 431 376 | 330 | 286 | 241 | 206 | 135 | 8l

99%_Upp 882 807 751 666 | 605 | 536 | 465 | 410 | 362 | 310 | 222 | 142

Count 22 22 22 22 22 22 22 22 22 22 22 22

99%(+/-) 95.1 | 8.7 | 8.7 | 78.0 | 86.8 | 80.0 | 673 | 61.8 | 60.9 | 52.0 | 43.5 | 304

Kakheti. P1 values vary from 7 (Manavi village, landslide activation in January 2020) to 213
(Lagodekhi, landslides activation in April 2007), with an average value of 111 mm; P12 values vary
from 439 (Manavi village, landslide activation in January 2020) to 1246 (Lagodekhi, landslides activa-
tion in April 2007), with an average value of 787 mm (Table 11, catalog [8]).

Table 12. Statistical characteristics of the cumulative sum of precipitation related
to landslide processes in Mtskheta-Mtianeti.

Cumulative precipitation sum, mm.

Month P12 P11 P10 P9 P8 P7 P6 P5 P4 P3 P2 P1
Min 394 380 321 286 228 192 152 97 72 56 41 14
Max 1869 | 1809 | 1600 | 1587 | 1445 | 1346 | 1197 | 901 744 | 540 | 392 | 248
Mean 761 697 611 543 491 437 391 336 | 278 | 211 | 147 | 81
St Dev 336 321 284 285 269 263 255 215 185 | 141 95 68
St Err 68.6 | 656 | 579 | 582 | 55.0 | 53.7 | 52.0 | 43.8 | 37.7 | 28.7 | 19.3 | 14.0

99% Low | 584 528 462 393 349 298 257 223 181 | 137 | 97 45

99% Upp | 938 866 760 693 633 575 525 449 | 375 | 286 | 196 | 117

Count 25 25 25 25 25 25 25 25 25 25 25 25

99%(+/-) | 176.7 | 169.0 | 149.1 | 150.0 | 141.7 | 138.3 | 133.9 | 112.8 | 97.1 | 74.1 | 49.7 | 36.0

Mtskheta-Mtianeti. P1 values vary from 14 (Zemo Mleta village, landslide activation in January
2020) to 248 (Dariali village, landslides activation in May 2014), with an average value of 81 mm;
P12 values vary from 394 (Mamkoda village, landslide activation in November 2004) to 1869 (Chinti
village, landslide activation in May 2018), with an average value of 761 mm (Table 12, catalog [8]).
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Table 13. Statistical characteristics of the cumulative sum of precipitation related
to landslide processes in Shida Kartli.

Cumulative precipitation sum, mm.
Month P12 P11 P10 P9 P8 P7 P6 P5 P4 P3 P2 | Pl
Min 332 317 271 220 186 167 | 149 | 131 62 25 12 9
Max 1268 | 1223 | 1200 | 1141 | 925 | 917 | 899 | 748 | 633 | 539 | 341 | 253
Mean 798 733 669 604 534 | 474 | 411 | 343 | 273 | 203 | 140 | 71
St Dev 267 244 227 210 186 184 | 175 154 121 105 75 49
St Err 546 | 499 | 463 | 42.8 | 38.0 | 375 | 358 | 314 | 24.7 | 21.5 | 153 | 10.1
99% Low | 657 604 549 494 | 436 | 377 | 319 | 262 | 209 | 148 | 100 | 45
99% Upp | 938 861 788 714 | 632 | 570 | 503 | 424 | 336 | 258 | 179 | 97
Count 25 25 25 25 25 25 25 25 25 25 25 25
99%(+/-) | 140.5 | 128.4 | 119.3 | 1103 | 98.0 | 96.6 | 92.1 | 80.8 | 63.5 | 553 | 39.4 | 26.0

Shida Kartli. P1 values vary from 9 (Kaspi, landslide activation in February 2019) to 253
(Chumateleti village, landslides activation in March 2022), with an average value of 71 mm; P12
values vary from 332 (Kavtiskhevi village, landslide activation in March 2019) to 1268 (Khashuri,
landslide activation in November 2016), with an average value of 798 mm (Table 13, catalog [8]).

Table 14. Statistical characteristics of the cumulative sum of precipitation related

to landslide processes in Imereti.

Cumulative precipitation sum, mm.
Month P12 | PI1 P10 P9 P8 P7 P6 P5 P4 | P3 P2 P1
Min 843 707 669 596 | 550 | 431 | 400 | 314 | 236 | 103 | 80 28
Max 2806 | 2604 | 2401 | 2223 | 2024 | 1852 | 1525 | 1337 | 113 | 804 | 637 | 487
Mean 1550 | 1447 | 1334 | 1205 | 1091 | 960 | 828 | 709 | 575 | 430 | 296 | 161
St Dev 503 491 465 422 | 382 | 343 | 314 | 278 | 239 | 172 | 116 | 87
St Err 51.1 | 499 | 472 | 428 | 388 | 348 | 31.8 | 282 (242|174 | 11.8 | 88
99% Low 1418 | 1319 | 1212 | 1095 | 991 | 871 | 746 | 636 | 513 | 385 | 266 | 139
99% Upp 1682 | 1576 | 1455 | 1315 | 1191 | 1050 | 910 | 782 | 637 | 475 | 327 | 184
Count 98 98 98 98 98 98 98 98 98 98 98 98
99%(+/-) 131.6 | 1284 | 121.6 | 1103 | 999 | 89.6 | 82.0 | 72.7 | 624 | 449 | 304 | 22.8

Imereti. P1 values vary from 28 (Sochkheti village, landslide activation in October 1966) to 487
(Samtredia, landslides activation in October 2017), with an average value of 161 mm; P12 values vary
from 843 (Tsevari village, landslide activation in February 2019) to 2806 (Kisoreti and Sochkheti villa-
ges, landslides activation in October 1968), with an average value of 1550 mm (Table 14, catalog [8]).

Table 15. Statistical characteristics of the cumulative sum of precipitation related
to landslide processes in Racha-Lechkhumi and Kvemo Svaneti.

Cumulative precipitation sum, mm.

Month P12 | P11 P10 P9 P8 P7 P6 P5 P4 P3 P2 P1
Min 732 714 643 564 509 | 389 | 292 | 238 179 | 133 65 15
Max 2785 | 2529 | 2304 | 2131 | 1929 | 1584 | 1309 | 1099 | 897 | 747 | 662 | 394
Mean 1254 | 1143 | 1062 | 965 845 727 611 509 | 417 | 324 | 220 | 115
St Dev 341 308 289 | 274 | 251 207 179 160 141 125 | 111 | 76
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St Err 38.1 | 345 | 323 | 30.7 | 28.1 | 23.1 | 20.0 | 17.9 | 158 | 14.0 | 12.4 | 85

99% Low | 1156 | 1054 | 979 | 886 | 773 | 668 | 559 | 463 | 376 | 288 | 188 | 93

99% Upp | 1352 | 1232 | 1145 | 1044 | 918 | 787 | 662 | 556 | 457 | 360 | 252 | 137

Count 81 81 81 81 81 81 81 81 81 81 81 81

99%(+/-) | 98.1 | 88.8 | 83.2 | 79.0 | 723 | 59.6 | 51.6 | 46.1 | 40.7 | 36.1 | 31.9 | 22.0

Racha-Lechkhumi and Kvemo Svaneti. P1 values vary from 15 (Nasperi village, landslide activa-
tion in July 2022) to 394 (Tkhmori village, landslides activation in July 1968), with an average value
of 115 mm; P12 values vary from 732 (Orbeli village, landslide activation in January 2020) to 2785
(Tkhmori village, landslides activation in July 1968), with an average value of 1254 mm (Table 15,
catalog [8]).
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Fig. 5. Dependence of average precipitation values (threshold values) on precipitation duration
in months during the month of landslide activation and before landslide activation in
Georgia and its individual regions.

In Fig. 5 graphs of dependence of precipitation average values on P1...P12 values in Georgia and
its individual regions are presented. These relationships are linear. The corresponding regression equa-
tions for Georgia and its regions are presented below.

Abkh: P = 132.11x — 24.539, (R? = 0.9972); Adj: P = 159.6x + 37.427, (R* = 0.9996); Gur:
P = 158.34x — 25.095, (R? = 0.9955); Im: P = 127.25x + 55.091, (R? = 0.9988); Kakh: P = 59.958x +
54.417, (R? = 0.9963); KK: P = 47.259x — 25.518, (R? = 0.9943); M-M: P = 59.693x + 27.277,
(R? = 0.9967); R-L KS: P = 104.43x + 3.9399, (R* = 0.9989); S-ZS: P = 109.97x + 29.213,
(R2=0.9994); S-J: P = 57.796x + 4.2483, (R* = 0.9989); Sh K: P = 66.026x + 8.4223, (R? = 0.9998);
Tb: P =34.936x + 85.708, (R?=0.9933); Geo: P = 113.74x + 14.411, (R?> = 0.9997). x — month.

In particular, Fig. 5 clearly demonstrates that different sums of precipitation are required to trigger
landslides in different regions. In order of increasing precipitation amount, based on P12 values, these
regions can be grouped as follows: 1 — Thilisi and Kvemo Kartli; 2 — Samtskhe-Javakheti, Kakheti,
Shida Kartli and Mtskheta-Mtianeti; 3 — Racha-Lechkhumi and Kvemo Svaneti, and Samegrelo-Zemo
Svaneti; 4- Imereti and Abkhazeti; 5 — Guria and Adjara. In general, in eastern Georgia (including the
Samtskhe-Javakheti region), landslide activation occurs with significantly lower precipitation amounts
than in the west. Average P1 values are 76 and 156 mm, respectively, while P12 values are 684 and
1588 mm (Tables 4-15, Fig. 5).
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Fig. 6. Linear correlation between the number of landslides and the cumulative precipitation sum
for 12 months by regions of Georgia (Table 3-14). R = 0.59.

Fig. 6 shows an example of a graph of linear correlation and regression between the number of
landslides and P12 values by region of Georgia. As follows from this Figure, there is a moderate
correlation between the studied parameters, (0.5 <R <0.7).

0.65

0.60
0.58 .57 70.580-58-0-39

0.60
0.57 0.5
0.55 0-56

0.5 0.54

~ 0.50
0.45

0.4

0.4 I

035

1 2 3 4 5 6 7 £ 8 9 10 11 12

Momnths with accumulated precipitation by regions

Lh

Lh

=]

Fig. 7. Linear correlation between the number of landslides and the cumulative sum
of precipitation by regions (Table 3-14).

In general, the linear correlation between the number of landslides and the values of P1...P12 by
the regions of Georgia for P1 is low (0.3 < R<0.5), for P2...P12 — moderate correlation (Fig. 6).

—&— Precipitation related to landslide processes —m— Average precipitation

y=113.74x+ 14.411
1200 R2=0.9997
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R*=1

Month

Fig. 8. Cumulative sum of landslide-related and average precipitation in Georgia.
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Fig. 8 shows a graph of the relationship between average landslide-related precipitation amounts
for Georgia and the P1...P12 values, as well as a graph of the relationship between average monthly
precipitation amounts for Georgia (based on data from 1960-1989 for more than 80 meteorological
stations). As can be seen from this Figure, landslide-related precipitation amounts are higher than the
overall average precipitation amounts for individual months. On average, this difference is
approximately 16%.

Finally, Fig. 9 and 10 present graphs of dependencies of the average landslide number from P1
and P12 values, respectively, for territory of Georgia. Averaging was performed over seven ranges of
P1 and P12 values in ascending order.
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Fig. 9. Relationship between the number of landslides and the monthly sum of precipitation in Georgia.
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Fig. 10. Relationship between the number of landslides and the 12-month cumulative sum
of precipitation on the territory of Georgia.

As can be seen from these figures, in both cases, the dependence of the landslide number on P1
and P12 values has the form of a fifth-order polynomial (sequentially: slight increase — plateau —
strong increase). For P1 values, the precipitation plateau, after which a strong increase in landslides
began, spans the range from 62 to 149 mm, while for P12, it spans from 914 to 1588 mm (LS number
~ 108-114).

Conclusion

In the near future, it is planned to conduct research assessing the role of various factors in the
activation of landslide processes (geological structure, terrain, distance from roads and rivers,
precipitation amount, etc.) using artificial intelligence methods in both stationary and dynamic modes.
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The results of these studies will also be useful for hybrid risk assessment and the application of an

integrated hybrid approach to forecasting various events associated with natural disasters [30].
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STATISTICAL ANALYSIS OF THE RELATIONSHIP BETWEEN MONTHLY
AND CUMULATIVE MULTI-MONTH SUMS OF PRECIPITATION WITH
THE NUMBER OF LANDSLIDES IN THE REGIONS OF GEORGIA

Amiranashvili A., Brocca L., Chelidze T., Kiria T., Svanadze D.,
Tsamalashvili T., Varamashvili N.

Abstract

A detailed statistical analysis of the relationship between monthly and accumulated multi-month precipitation
sums and the number of landslides in 12 regions of Georgia is presented. Landslide data with a known month
and year of activation were used (a total of 788 landslide events from 1961 to 2022). For the analysis, the
precipitation sum for the month of landslide activation (P1) was determined, as well as the accumulated
precipitation sum for the month of activation and for 1 month (P2), 2 months (P3), ..., and 11 months (P12) prior
to landslide occurrence.

Specifically, the following results were obtained. The relationship between average precipitation values
(threshold values) and monthly precipitation duration during the month of landslide activation and before
landslide activation in Georgia and its individual regions was determined. It was found that, overall, in eastern
Georgia (including the Samtskhe-Javakheti region), landslide activation occurs with significantly lower
precipitation sums than in western Georgia. The average P1 values are 76 and 156 mm, respectively, and the P12
values are 684 and 1588 mm. The linear correlation between the number of landslides and the P1...P12 values
across the regions of Georgia is low for P1 and moderate for P2...P12. The sum of precipitation associated with
landslides exceeds the general long-term average monthly precipitation by approximately 16%. For Georgia as a
whole, the dependence of the number of landslides on the P1 and P12 values has the form of a fifth-order
polynomial (sequentially: slight increase — plateau — strong increase). For P1 values, the precipitation sum
plateau, after which a strong increase in the number of landslides begins, covers the range from 62 to 149 mm,
and for P12 — from 914 to 1588 mm (the number of landslides is =~ 108-114).

Keywords: landslides, natural disaster, atmospheric precipitations, statistical analysis.

64



LogdsGmgzgemmb 90069830 ymgzgmwm3z0mMo ©s sxMm3zomwo
365350330560 bsemgdgdol xsbs s 3gHygmgdol
50©96md5L ImMob 3ogdoMob bEGsGob@GozmMo s6sgrobo

5806365930¢0 5., d3OM™Is ., Fgeodg ., JoMos m., 1356599 .,
§505q 58300 o., 3505353300 b.

6Hg%bondy

fom3mpqboos Logotmzgguml 12 Mgaombldo ymzgum30vmo s FM™M30w0 dMsgz5wmz0560
Bongdgdol GromEabmdslis s 89fYghgdol GomEabmdsls Im®molb MHM0gH™M3IS300MHOL GO LGS~
AoLEBHOZMNM0 bsE0DO. 250mYygbgdmwo odbs dgfiygol dmbogdgdo Ased@om@madol 36mdowo m30Ls
s Peol dobggom (Lyyar 788 dgfiygdol dmgargbs 1961 (erosb 2022 farsdy). sbserobobmgol
2960L5BE3Ms T9HYaeol 4oodB0EMIdOL MZ0L b5¢rgdgdol Momgbmds (P1), slg3g, oaM™z0wo Bogng-
J9d0b GomEabMmds go0dEH0Mgdol M30LmM30L s dgFyg@ol Fomdmddbsdwyg 1 mzol (P2), 2 mgzol (P3), ...
5 11 o30L (P12) 3563530mdsd0.

30M0dm, 800gdmo 0dbs 9999a0 9900g2900: 2960LsBM3M 65wgdgdol Lodwswrm 360d3bgwm-
0g0Ls (BgMye 3603690 MdIBLY) S YM39WM30996 65¢rgdgdol bobyMdeogmdsls dmMol WOHmoghm-
3938060 89(19gmob 4559dGH0MmgdoL mM3z9do s AgfHygMol good@EowMgdsdyg LodsMmggermdo s dol (3oen-
3999 6900mb9080. 0B, H™MI, LsgMomm X5880, 50dMLsgEgo LodoMmzgwmdo (dsod dmMols
L593bY-X935bgMOL MYu0MmbT0), T9Hggmol Food@owemgds bgds boergdqdol 360d3bgwrmabs sdswo
(omEbMBOm, 300069 L3 gM LodoMmzgermdo. P1 Lbydwswm 3603369cmdgdo dgledsdols 76 s
156 90-005, beagoem P12 8603369mmdgdo 684 o 1588 93-0s. LodoMmmzgerml Mgaombgddo dgfygtgdol
Mom©gbmdsLs s P1...P12 8603369mmdgdl 8mMol §OH3030 3mGgams3os sdswos Pl-olmgol s
bmdogmo P2...P12-0bogol. 99§9g®gdmsb ©s35380090mmwo Baengdgdol ®omgbmds @ssbemgdoom
16%-00 509953905 DBMYs© MIGZ50056 Ladrsenm ymazgemzor®™ boergdqdl. doeosbs bodsmgy-
@mbomgol, d959gMgdool GHom©qbmdol sdm30gdegdst P1 s P12 96089369cmdgdby 5J3l dgbwmomg
6020L 3mwobmdol BME®TS (056308 Y3OMdOM: F30Mg HBOEs — 3Es@™ — dewogho bEMEs). P1 960d3-
B9 mdgd0lm3z0l, 65¢rgdgdols d3ems@m, GmAwolb dgdgyos 0§Ygds 39HygMgdol Homgbmdol derogto
DO, Im0E3L 0s35DMBL 62-sb 149 99-00, bmem P12-bogol — 914-sb 1588 33-dg (39yghg-
0oL M5mgbmds =~ 108-114-05).

15335630 LoGyzgdo: 9figgMo, LEGoJoMmo BIPMYDS, 5EHIMLBYOMWO Boengdgdo, LEGSEGOLGH0IMMO Sbs-
wobo.

CTATUCTUYECKHUM AHAJIN3 CBA3U MECSYHbIX U HAKOILJIEHHBIX
MHOI'OMECAYHBIX CYMM OCAJKOB C KOJIMYECTBOM
OINIOJIBHEM B PETMOHAX I'PY3UH

AmupanamBuiu A., Bpokka JI., Yeannze T., Kupua T.,
Crananse /1., HamanamBuiu T., Bapamamsuian H.

Pedepar

[IpencraBneH MoapoOHBINH CTATUCTUYECKUH aHAIU3 CBA3M MECSYHBIX W HAKOIIEHHBIX MHOTOMECSYHBIX
CYMM OC3JIKOB C KOJIMYECTBOM OIoi3Hel B 12 pernonax I'pysun. Vcnons3oBannchk JaHHbIE 00 OMOJIBHAX C U3-
BECTHBIM MECAIIEM U TOJIOM UX aKTHUBHU3aluu (Bcero 788 ciydaeB omnoizHei B nepuos ¢ 1961 no 2022). [{ns ana-
JM3a OmpeeNsiack CyMMa OCaJKOB B Mecsl ¢ akTuBu3auuer onoinsHed (P1), a Taike HakoIuleHHass cymMMa
0CaJIKOB B MeCsIII C akTHBHU3anueit ocaakos u 3a 1 mecsi (P2), 2 mecsina (P3), ..., 11 mecsiues (P12) no Bo3HuK-
HOBEHHMS OTOJI3HA.
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B wactHOCTH, TIOTYYeHHI ClleAyIomue pe3ynsTaTtel. OnpenencHa 3aBUCHMOCTD CPEAHAX 3HAYEHUH 0CaIKOB
(TIOpPOTOBBIX 3HAUEHUI) OT MPOJODKUTEIFHOCTH OCAIKOB MO MECSAIaM B TCUCHHE MECSIIa aKTUBU3AIINH OIOJI3HS
Y Mepe]] aKTUBU3alueil onoa3Hel B I'py3un U ee OTIeNbHbIX pernoHax. BrIsIBIEHO, YTO B 1IEJIOM, B BOCTOYHON
I'py3un (Britouast perrnon Camirxe-/I)kaBaXxeTH) aKTHBH3ALUS OIMOJI3HEH MPOUCXOTUT MPH 3HAYUTEIHFHO MEHbB-
IeM KOJIMYECTBE OCAAKOB, yeM B 3anagHoi. Cpeanue 3HaueHust P1 cocraBistor 76 U 156 MM COOTBETCTBEHHO, a
3HaueHus P12 — 684 u 1588 mm. JluneiiHas xoppensuus MEXIy KOJIWYECTBOM OINOI3HEH M 3HAUYEHUSIMU
P1...P12 no peruonam I'py3un mist P1 muskas, nnsg P2...P12 — ymepennas koppensiusa. KonnyecTBo ocaakos,
CBSI3aHHBIX C OIMOJI3HSIMHU, NMPEBBINIAET O0IIEe MHOTOJIETHEE CPEIHEMECIYHOE KOJIMUECTBO OCAKOB MPUMEPHO Ha
16%. B nienmom o I'py3un 3aBUCHMOCTH KOJIMYeCTBa ormoi3Hel oT 3HadyeHui P1 u P12 umeer Bua monmHOMa 1I51-
TOTO TOpsiAKa (ITOCIe0BATeIbHO: HEOOMBIION POCT — IUIATO — CUIIBHBINA pocT). s 3Hadenwit P1 mmato komu-
YeCTBa OCAJKOB, ITOCIIE KOTOPOTO HAYMHAETCS CHIBHBIN POCT YHCIIA OMOJ3HEH, OXBAaThIBACT AUANA30H OT 62 1o
149 mm, a 111 P12 — ot 914 g0 1588 MM (uuncio omomsHeit ~ 108-114).

KuroueBble cJI0Ba: ONON3HU, CTHXUIHOE OSICTBUE, aTMOC(EPHBIE OCAJIKH, CTATUCTHICCKUNA aHAIH3.
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Introduction

Landslides and mudflows, as a type of natural disaster, occur almost everywhere [1-4], including
in Georgia, which has a wide variety of terrain [5-8]. Landslides and mudflows damage and destroy
houses, roads, bridges, pipelines, and power lines, destroy agricultural land, food supplies, and seeds,
and also lead to human casualties, causing death and injury due to the displacement of soil, rocks, and
trees. These natural disasters cause enormous damage to infrastructure, the economy, and the natural
environment, disrupting people's livelihoods [9-11].

The activation of landslides and mudflows depends on a combination of natural and anthro-
pogenic factors. The main ones are: heavy and prolonged rainfall, rapid melting of seasonal snow
cover or glaciers, which lead to waterlogging of the soil, which significantly reduces its strength and
stability; the presence of steep slopes, the composition of rocks, their inclined bedding, and the
presence of cracks; changes in groundwater levels and surface water regimes; earthquakes and tectonic
movements that can trigger the collapse of unstable slopes; improper construction and mining work,
destruction of slopes by road cuttings, excessive soil removal, massive deforestation, which reduces
the binding function of plant root systems; general climatic conditions of the region, which determine
the likelihood and intensity of processes that contribute to landslides and mudflows (e.g., amount of
precipitation, temperature regime) [2,12-16].

Considering the importance of the problem in Georgia, in recent years work has begun to syste-
matize data on landslides and mudflows [10,11], which will improve the quality of scientific research.
In particular, in the work [17] results of statistical analysis of data from the Geological Department of
the Environment Agency of Georgia on the annual number of re-activated and newly formed landsli-
des (LS) and mudflows (MF) in Georgia for the period from 1995 to 2024 are presented. In particular,
the following results were obtained. The number of landslides varies in the range from 56 to 1360 with
an average annual value of 581, and mudflows — from 23 to 355 with an average annual value of 141.
There is a high linear correlation between the studied parameters (the correlation coefficient is 0.81).
The trends of the LS and MF values have the form of a polynomial of the seventh degree.

This study is a continuation of the work [17]. The results of the statistical analysis of the variabi-
lity of the annual number of registered landslides and mudflows in Georgia in 1995-2024 and an asse-
ssment of their expected change up to 2030 are presented below.
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Study area, material and methods

Study area — Georgia. The data of the Department of Geology at Georgian National Enviro-
nmental Agency about registered re-activated and new landslides and mudflows number per year are
used [10]. Period of observation: 1995-2024 (30 years).

In the proposed work the analysis of data is carried out with the use of the standard statistical
analysis methods of random events and methods of mathematical statistics for the non-accidental time-
series of observations [18-20].

Forecasting the landslides and mudflows number per year was performed using the AAA version
of the exponential smoothing (ETS) algorithm taking into account the periodicity in the pre-forecast
time series [20].

The following designations will be used below: Mean — average values; Min — minimal
values; Max — maximal values; St Dev — standard deviation; St Err — standard error; R — coefficient of
linear correlation; Ry — Kendall's rank correlation coefficient; Ry — Spearmen's rank correlation coeffi-
cient; R, — autocorrelation coefficient; Lag = 1, 2...30 years; LS — landslides number per year; MF —
mudflows number per year; Forecast — forecast center point; 68%, 95% Upp and 68%, 95% Low —
68%, 95% of upper and lower levels of studied parameters mean values; a — the level of significance,
1 period: 1995-2019, 2 period: 1995-2024.

The degree of correlation was determined in accordance with [19]: very high correlation (0.9 <R < 1.0);
high correlation (0.7 < R < 0.9); moderate correlation (0.5 <R < 0.7); low correlation (0.3 < R< 0.5);
negligible correlation (0 <R < 0.3).

The statistical programs Mesosaur and Excel 19 were used for calculations.

Results and discussion
Results in Table 1 and Fig. 1-12 are presented.
Table 1. Values of the linear correlation coefficients and Spearman and Kendall rank

correlation coefficients for time series of the number of landslides and mudflows
per year in Georgia in 1995-2019 and 1995-2024.

LS MF
1995-2019
R Rk Rg R Rk Rs
0.30 0.27 0.34 0.04 0.09 0.04
a a a a a a
0.15 0.06 0.09 No sign No sign No sign
1995-2024
0.61 0.50 0.62 0.20 0.28 0.27
a a a a a a
<0.005 <0.005 <0.005 0.25 0.03 0.14

In Table 1 data about correlation levels of the LS and MF values in Georgia in 1995-2019 and
1995-2024 are presented. As follows from Table 1, in general, the correlation of LS and MF values
with years in both periods of time are positive. However, the level of all types of LS values correla-
tions with years is higher than MF values correlations with years in both period of time (“Low corre-
lation” and “Negligible correlation” for LS values and “Negligible correlation” for MF values in 1
period of time; “Moderate correlation” for LS values and “Negligible correlation” for MF values in 2
period of time). In general, the correlation level for the studied parameters for the second period is
higher than for the first.
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The level of autocorrelation in the LS time series is also higher than in MF time series (Fig.
1,2,5,6) in both periods of time.

The LS and MF time series shows two periodicity peaks — the main one = 6 years and the
auxiliary one = 3.5-4 years in both periods of time (Fig. 3,4,7,8).

Data on the main peak periodicity values in the LS and MF time series are taken into account
when conducting interval forecasting of these parameters (Fig. 9-12).
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Fig. 9 and 10 present the results of test forecasting of LS and MF values for 2020-2024 using data
for 1995-2019. Fig. 11 and 12 present the results of forecasting LS and MF values for 2025-2030
using data for 1995-2024.
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Table 2. Statistical characteristics of real and projected LS and MF values in 2020-2024 and
projected LS and MF values in 2025-2030.

Parameter Real Forecast 68% 68% Real Forecast 68% 68%
Variable LS, 2020-2024 MF, 2020-2024

Min 1074 797 447 1089 183 116 0 230
Max 1360 1398 1039 1756 229 292 180 404
Mean 1173 1009 653 1365 208 196 91 306
St Dev 115 234 234 244 17 74 77 71
St Err 58 117 117 122 8 37 39 35
Variable LS, 2025-2030 MF, 2025-2030

Min 1204 511 1485 218 78 296
Max 1903 1118 2812 342 238 448
Mean 1582 875 2289 265 157 374
St Dev 240 240 518 56 62 62
St Err 107 107 232 25 28 28




A comparison of real and predicted data for both parameters revealed a satisfactory level of
forecasting. For both parameters, their predicted and real values fall within a 68% prediction interval.
The average real LS value is 1173 £ 58, while the predicted value is 1009 + 117; the average real MF
value is 208 + 8, while the predicted value is 196 + 37 (Table 2).

The average predicted LS value in 2025-2030 is 1582 + 107, the average predicted MF value is
265 £ 25. Moreover, the average values of the confidence interval of the LS values vary from 875 +
107 to 2289 £+ 232, and the MF values - from 157 + 28 to 374 + 28 (Table 2).

It should be noted that as new data becomes available in the coming years, it will be possible to
test the representativeness of this model for predicting LS and MF values.

Conclusion

In the near future, we plan to compare different methods for long-term and short-term landslide
and mudflow forecasting, including machine learning methods.
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VARIABILITY OF THE ANNUAL NUMBER OF REGISTERED
LANDSLIDES AND MUDFLOWS IN GEORGIA IN 1995-2024 AND
THEIR EXPECTED CHANGE UP TO 2030

Amiranashvili A., Brocca L., Chelidze T., Svanadze D.,
Tsamalashvili T., Varamashvili N.

Abstract

The paper presents the results of a study of the variability features of the annual number of registered landslides
(LS) and mudflows (MF) in Georgia in 1995-2024 and their expected change up to 2030. The stability of the
time series of LS and MF values was studied by determining their correlation links over time (linear correlation,
Kendall and Spearman rank correlation). The level of autocorrelation in the time series of LS and MF values was
determined. The periodicity of these time series was studied. Interval forecasting of LS and MF values up to
2030 was carried out, taking into account the periodicity in the observation series.

Keywords: landslides, mudflows, natural disaster, interval forecasting.
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LogdsGmgzgemmdo G9aolGHMmoMmgdrmmo dgfgg®gdols ©s M33GEMegdoL
fon6o Hsmgbmdol 335¢rgd5mds 1995-2024 emgddo s

05000 dmbsmmEbgmo g3amomgds 2030 Hersdg

38065659300 5., 3OIM3IS5 ., FgE0dg »., b3s6sd9 .,
§505a05830@0 m., 3005953300 b.

Hgbomdy

B596MMddo FoMdmagbogos 33930l d9w9agd0, Mmdgeog dgolfogwol bodsGmggwmdo Ggaol-
G®0MgdMo 99Hggmgdol (LS) o 03s0H3me3gd0L (MF) farom®o Gom@gbmdol 33segdsmdsl 1995
foob 2024 Harsdg s dsm dmbogrmbger 33wowgdgdl 2030 fersdy. dgbfagerowo odbs LS s
MF 9608369c0md930b ®Omomo LgMogdol LEsdowMmds 35000 MMM 2obdogemdsdo 3mMmgussool
296L5BE3M0m (FOHB030 3MMYWsE0s, 39BIWOLS s BL30MTBOL MIBYMEO JMOHYIW(30). FoboLIBLIM
LS o MF 9608369c0md900l cotc000 bgeHhogdol 53¢m3mMawszool mbg. dgufsgwowo odbs 0 otm-
000 bgH0GOOL 39MHOMPMMds. BoGIMS LS s MF 8608369 mdgdol 06@¢gmzsmw®mo 360HmabmboMgds
2030 59009, ©533063900L bgH0gdOL 39MHOMEYMIOL Fom3zseoliiobgdom.

1533563 bo@yggdo: 99HYygMo, M35MEMxYd0, LEGHOJoMMmO 1BgPYMHYdJd0, 0BEINZoW MM 3OMAbMbBO-
90o.

U3MEHUYHUBOCTH EKETOJJHOI'O YUCJIA PETUCTPUPOBAHHBIX
OIIOJI3HEN U CEJIEM B I'PY3HUHU B 1995-2024 TOJAX U
NX O’)KHUJAEMOE U3MEHEHMUE J10 2030 TOJA

AmupanamBuiu A., bpoxkka JI., Yeaunze T., Cananze /.,
Mamanamsuiau T., Bapamamsuian H.

Pedepar

B pabote mpencraBieHbl pe3ysbTaThl MCCIIEAOBAHUS OCOOCHHOCTEH HM3MEHYMBOCTH €XETOIHOTO YHCia
peructpupoBanHbIx onon3Her (LS) u ceneit (MF) B I'py3un B 1995-2024 ronax u ux oxupaeMoe U3MEHEHHE 110
2030 roma. M3yyeHa ycTOMYMBOCTh BpEMEHHBIX pa0B 3HadeHui LS u MF nyTem onpeneneHust ux Koppemisuo-
HHBIX CBsI3€H CO BpeMeHeM (JIMHeiHas Koppelsiuus, panrosas koppeisiuus Kennamia u Criupmena). OnpeneneH
YPOBEHb aBTOKOPPEIIIIMK BO BpeMEHHBIX psnax 3HadeHuid LS u MF. M3ydyena nepnoIudHOCTh yKa3aHHBIX Bpe-
MeHHBIX psinoB. [IpoBeneHo mHTepBanbHOE MporHo3upoBanue 3HaueHuit LS u MF mo 2030 r. ¢ yyerom mepu-
OJMYHOCTHU B psiiaX HaOIOACHUN.

KiroueBble ciioBa: OITOJI3HHU, CCIIH, CTHUXHUIHEIC 66,[[CTBI/I$I, HWHTECPBAJIBHOEC IIPOTrHO3UPOBAHUE.
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ABOUT THE PHASE PORTRAITS OF LARGE-SCALE
ATMOSPHERIC VORTICES

Kereselidze Z.

Abstract

Qualitative and quantitative models of large-scale atmospheric vortices are the result of the interpretation of
numerous meteorological data. Also, a certain law governing the time evolution of the initial state of the vortex
should be provided. Only in this case will the modeling of vortical atmospheric phenomena, such as a whirlwind
or tornado, be mathematically correct. For this purpose, the physical interpretation of the phase portraits of the
vortices can be useful. For example, the possible types of the so-called canonical matrix generating the phase
portraits near the critical point of a body-enclosing surface can be determined by means of the hydrodynamic
velocity components represented as polynomials. The numerical coefficients of these polynomials determine the
nature of the symmetry of the flow pattern. Therefore, by selecting the magnitude and sign of their coefficients,
it is in principle possible to qualitatively discuss the influence of the Earth's surface orography on the process of
a whirlwind's inception and motion. Particularly, a topological abstraction with a stable saddle-node or saddle-
focus may be suitable for modeling the critical point. Their generating streamlines start at a flat node or saddle
and dissipate into space. Unlike a whirlwind, the topological abstraction of a tornado requires the knowledge of a
much wider variety of phase portrait types.

Key words: atmospheric vortices, tornado, phase portraits.

K BOITPOCY ®A30BbBIX IOPTPETOB KPYITHOMACIHITABHBIX
ATMOC®EPHBIX BUXPEN

Kepeceaunze 3.
Pedepar

KauecTBeHHO-KOMYECTBEHHBIE MOZAENN KPYITHOMACIITaOHBIX aTMOC(EpPHBIX BUXpPEH SBISIOTCS DPe3yIlb-
TaTOM HMHTEpPIpETAlH MHOTOYHMCICHHBIX METEOPOJIOTHYECKHX JaHHBIX. [Ipy 9TOM HEOOXOAMMO 3a/1aTh KaKOM-
7100 3aKOH IBOJIOLMU BO BPEMEHH HAYaJIbHOTO COCTOSHUS BUXPA. TONBKO B TaKOM ciiydae OyAeT KOPPEKTHBIM
MOJICJIMPOBAHUE aTMOC(EPHBIX BUXPEid, MOJOOHBIX cMepuy MK TopHano. C JaHHOM LEJIBI0 BO3MOXKHO SBJISCTCS
MOJIE3HBIM (hpu3MUeKast HHTepHpeTanys (pa3oBbIX MOPTPETOB BUXpeil. Hanpumep, BO3MOXKHBIE THITBI KaHOHUYEC-
KOM MaTpHIbl, TPOU3BOAsIIEH (pazoBble MOPTPETH BOIN3N KPUTHIECKOH TOUKH 00TEKaeMOW IIOBEPXHOCTH, MOXK-
HO ONpPEAC/IUTE MPU MOMOIIU KOMIIOHCHT FH[[pO[lHHaMH'-IeCKOﬁ CKOpPOCTH, NPCACTABJICHHBIX B BUJAC MHOTIOWIC-
HOB. YucieHHble KO3(QQUIMEHTH 3TUX MHOTOWICHOB CHMMETPHIO KapTUHBI 0o0TekaHus. [loaToMmy, myTeM BbI-
60pa BCJIMYMHBI U 3HAKa KO3(1)(1)HIJ,I/I€HTOB MPUHOUITUAIIBHO BO3MOKHO HAa KaY€CTBEHHM YPOBHC CYIWUTH O BJIW-
SHUU oporpaduy 3eMHOI OBEPXHOCTH Ha MPOLECC 3a4aTHs U pacpoCTpaHeHMs cMepya. B wactHocTH, 11 Mo-
JETUPOBAaHMS KPUTHIECKON TOUKM MOXET OKa3aThCs YMECTHOH TOIONOrHn4yecKas adCTpaKLys yCTOHYMBEIM Cel-
JIOBBIM Y3JIOM WJIM CEIJIOBOH crimpaibro. JIMHMA TOKa, cozaaroiue 3TH (GUryphl, HAYMHAIOTCS B IUIOCKOM Y3JIe
WIH CeIUle M PACIPOCTPAHAIOTCA B BHIE cHHpaieil. B oTiimune oT cMepya, ISl TONOJIOTHYECKON abCTpaKIuu
TOpHAI0 HE0OXOANMO 3HaHUE OoJiee Pa3sHOOOPa3HOTO HAOOPa THIIOB (Pa30BBIX TIOPTPETOB.

Ki1roueBble ci10Ba: arMoc(epHble BUXPHU, TOPHAO0, (pa30BbIe IIOPTPETHIL.
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MODELING OF AIR POLLUTION IN C. KUTAISI PM2.5 UNDER CALM CONDITIONS
ON LAND AND BAROCLINIC WESTERLY WINDS IN THE FREE ATMOSPHERE

Surmava A., Gigauri N., Kukhalashvili V., Intskirveli L., Sesadze V.
Abstract

An assessment was made of the spread of microaerosol(PM2.5) emitted by motor vehicles in the air of Kutaisi in
the winter period under background calm meteorological conditions. The calculations were performed by jointly
integrating a three-dimensional (3D) model of mesoscale atmospheric processes in the Caucasus and the
equation for the distribution of passive pollutants. Based on the data obtained, graphs of changes in PM2.5
concentration values over time at various points in the city were constructed. It was found that in the city’s
atmosphere, ground-level concentrations of PM2.5 are significantly higher between 7 and 9 a.m. and between 8
and 9 p.m. Isolines of spatial distribution of PM2.5 in the surface and boundary layers of the atmosphere are
constructed. It is shown that the relief of Kutaisi and the adjacent territory determines the formation of a cyclonic
vortex of wind speed on land. It is accepted that the process of aerosol propagation depends on dynamic fields,
the orography of the territory and the thermal regime of the surface layer. High and medium levels of air
pollution in the city and surrounding areas, as well as changes in their location during the day, were determined.

Key words: PM2.5, atmosphere, pollution, numerical modelling.

MOJEJINPOBAHMUE 3AI'PA3SHEHUSA BO3JAYXA I'. KYTAUCH PM2.5
B YCJIOBUSAX IITUJIA HA CYIIE U BAPOKJIMHHBIX
3AIIATHBIX BETPOB B CBOBOJHOM ATMOC®EPE

Cypmaga A., 'uraypu H., Kyxanamsuiau B., Unuxkupsesu Jl., Cecanze B.
Pedepar

[IpoBeneHa oreHKa pacpocTpaHeHUS MUKPoa’po3oiisi (PM2.5), BRIOpackIBaeMBIX aBTOTPAHCIIOPTOM, B BO-
3xyxe . Kyrancu B 3uMHUE 1epuo/1 py GOHOBBIX CIIOKOHHBIX METEOPOJIOTMYECKNX YCIOBHSX. PacdeTsl BbIION-
HEHBI ITyTeM COBMECTHOM MHTerpaunuu TpexmepHoi (3D) mozmenn me3omaciiTaOHBIX aTMOC(HEpPHBIX IPOLECCOB
Ha KaBkasze u ypaBHEHHs paclipelie/IeHUs] MAaCCHUBHBIX 3arpsA3HSAIONIMX BellecTB. Ha OCHOBaHMM MOJYy4YEHHBIX
JIAHHBIX TOCTPOCHBI rpadMKK M3MEHEHUs 3HaueHuil KoHUeHTpaiuu PM2.5 Bo BpeMEHH B Pa3iIM4YHBIX TOYKAX
ropona. [TonyueHo, 4yto B arMocdepe ropojia npu3eMHble KoHIeHTpauuu PM2.5 3HaYuTENBHO BBILIE B IEPUO C
7 o 9 gacoB ytpa u ¢ 20 1o 21 gaca Beuepa. [TocTpoeHBI H30IMHUHU IPOCTPAHCTBEHHOTO pactpeneneHus PM2.5
B IPU3EMHBIX U MMOTPAaHUYHBIX cj0siX arMocdepsl. [lokazano, uto penbed Kyramcn u npuneraromeit tepputo-
pun onpenenser GopMUpOBaHIE HUKIOHUIECKOTO BIHXPS CKOPOCTH BeTpa Ha cymie. [IpuHsATO, 4TO mporecc pac-
MIPOCTPAHEHUS a3PO30JIA 3aBHCUT OT AWHAMHYECKHUX MOJEH, oporpaduu TEPPUTOPUN M TEPMHUECKOTO PEKIMa
npu3eMHoro ciost. OnpeneneHsl BBICOKHE M CPEeJHHE YPOBHHU 3arps3HEHUs atMoc(epbl B TOpOIE W IpHIIera-
IOLIUX TEPPUTOPHUSIX, a TAKKE U3MEHEHUE UX PACIIONIOKEHMS] B TEUEHHE CYTOK.

Kniogessie cioBa: PM2.5, atmocdepa, 3arpssHeHue, YUCIEHHOEe MOJeINPOBaHHUE.
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SOME RESULTS OF RESEARCH CONDUCTED IN
THE DEPARTMENT OF ATMOSPHERIC PHYSICS OF
M. NODIA INSTITUTE OF GEOPHYSICS, TSU IN 2014-2023

Amiranashvili A., Bliadze T., Kereselidze Z., Chikhladze V.
Abstract

This article presents a brief overview of published scientific papers conducted with the participation of the
Department of Atmospheric Physics of M. Nodia Institute of Geophysics, TSU in 2024.

Key words: atmospheric physics, weather modification, natural disasters, climate change, bioclimate, ecology.

KPATKHI OB30P ONIYBJIUKOBAHHBIX HAYUYHBIX PABOT,
BBIITIOJIHEHHBIX C YYACTHUEM CEKTOPA ®U3UKU ATMOC®EPBI
NHCTUTYTA T'EO®U3UKU UM. M. HOJIUA, TT'Y B 2024 I'OY

AmupanamBuiu A., bananze T., Kepeceanaze 3., Yuxaansze B.
Pedepar

B cratbe mpencraBieH KpaTkuil 0030p OIMyOJIMKOBAaHHBIX HAy4HBIX Pa0OT, BBIIOJHEHHBIX C Y4YacTHEM
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STATISTICAL ANALYSIS OF TIME PARAMETERS AND STATIONARITY
ASSESSMENT OF HOURLY CATEGORICAL SERIES

Kiria T., Nikolaishvili M., Chkhaidze T.
Abstract

The article presents a statistical analysis of discrete categorical time series. ADF and KPSS tests, trend-stationary
models, Markov chain analysis, seasonality estimation, and correlations with astronomical parameters — day
length and moonlight — are used. The results show that the series are neither strictly stationary nor unit-rooted;
their most correct description is given by trend-stationary processes.

Key words: Time series, trend-stationary processes, statistics.
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CTATUCTUYECKHWI AHAJIN3 BPEMEHHbIX TIAPAMETPOB U OLIEHKA
CTAIHMOHAPHOCTHU YACOBBIX KATEI'OPUAJIBHBIX PSJIOB

Kupua T., Huxkonanmsuian M., Uxannze T.
Pedepar

B crartee npezcTaBiieH CTaTUCTUYECKUH aHAIN3 JUCKPETHBIX KaTerOpUalbHbIX BPEMEHHBIX PAI0B. Mcnons-
sytorcst Tectel ADF u KPSS, TpeHn-crammoHapHble MOAeNH, aHaIH3 Ieneid MapkoBa, OleHKa Ce30HHOCTH H
KOPPEJALNH ¢ ACTPOHOMHYECKHMH MapaMeTpaMy — IPOJOIDKUTEIFHOCTBIO THS M JIyHHBIM CBETOM. Pe3ynbTarsl
MIOKAa3bIBAIOT, YTO PS/IBI HE SIBJISIFOTCS. HU CTPOTO CTAIIMOHAPHBIMH, HU €IMHUYHO-KOPHEBBIMH; UX Hanbosee To4-
HOE OINUCAaHUE AAeTCs TPEH-CTAllMOHAPHBIMU MIPOLIECCAMHU.

KiioueBble ciioBa: BpeMeHHHe psAAbL, TPCHA-CTAIMOHAPHBIC IPOLICCChI, CTATUCTHKA.
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DEVELOPMENT AND TESTING OF A TWO-COORDINATE
RELATIVE MOTION LASER DEVICE UNDER LABORATORY CONDITIONS

Kiria J., Dovgal N., Davitashvili L., Tsaguria T., Sakvarelidze E.

Abstract

Since the laser device installed at the Inguri HPP has expired and since the movements of the boards are
observed on the crack, it became necessary to continue these observations in the future. For this, it was necessary
to replace the malfunctioning device with an analogue. A similar laser two-coordinate device was created within
the framework of the Institute of Geophysics. This device passed laboratory tests at the Institute and showed
good results. Data can be collected on the device both visually (with a tester) and by automatic transmission.

Keywords: Inguri Hydroelectric Power Station, relative motion, two-coordinate laser device.

PABPABOTKA U UCIIBITAHUA IBYXKOOPAUHATHOI'O
JIABEPHOI'O YCTPOMCTBA OTHOCUTEJIbHOT'O MIEPEMEIIEHUA
B JIABOPATOPHBIX YCJIOBUAX

Kupusa k., Josraas H., Jasurtamsuin J., Harypus T., CakBapeanse E.
Pedepar

B cBsi3u ¢ TeM, 4To y nazepHoro npubopa, ycraHosieHHbI Ha MHrypn I'DC, ucték cpok ciyxObl, 1 Hab-
JIFOJIAIOTCS TIO/IBUXKKU JIOCOK Ha TPELIMHE, BO3HHUKIA HEOOXOANMOCTh B JaJbHEHIIEM NPOAOIDKEHNH Haluoze-
HUH. JIs 5 TOro noTpeboBalioch 3aMEHNUTh HEUCIIPaBHBIN MPUOOP Ha aHAJIOr. AHAJOTMYHBIN Ja3epHBIA JBYXKO-
OpAMHATHBIM pubop ObuT co3naH B pamkax WMHcruryta reodusuku. [aHHbI npubop mpomeén jadoparopHble
UCIIBITAHUSI B UHCTUTYTE M [0Ka3ajl XOpollue pe3ynbTrarhl. JlaHHble ¢ nprubopa MOKHO coOMpaTh Kak BU3yallbHO
(c mOMOIIBIO TECTEPA), TAK M C TIOMOIIHIO0 aBTOMATHIECKON MepeIayn.

KiroueBbie ciioBa: Uurypu 'OC, oTHOCHTEN HOE IEpEMEIICHNE, IBYXKOOPANHATHBIN JIa3ePHBII TPHOOpP.
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RESULTS OF GEOPHYSICAL SURVEYS CONDUCTED AT THE LOCATIONS
OF THE PLANNED KABALI HPP STRUCTURES ON THE KABALI RIVER

Jakhutashvili M., Tarkhan-Mouravi A.
Abstract

The paper presents the results of an electrical exploration study conducted to determine the types of ground-
forming rocks and their thicknesses at a depth of up to 30 m at the project site of the Kabali 1 HPP on the Kabali
River. The research revealed two layers with different physical properties. The depths of the bedrock have been
determined.

Keywords: electrical prospecting, rocks, Kabali hydroelectric power station.

PE3YJIbTAThI TEO®U3UYECKON CHbEMKHU IVIAHUPYEMBIX
COOPYKEHHMI KABAJIbCKOM I'PC HA PEKE KABAJIA

Joxaxyramsunu M., Tapxan-Moypasu A.
AHHOTaIMA

B craTbe mpeacraBiieHbl pe3ysibTaThl 1EKTPOPa3BEIOYHBIX PadOT, IPOBEACHHBIX VISl ONPEJENICHNs] TUIIOB
TOPHBIX MOPOJ U UX TONIIMHBI Ha riryouHe 10 30 M Ha rutomanke crpoutenscrBa [DC «Kabanu-1» Ha peke Ka-
6anu. MccnenoBanue BBISIBIIIO JiBa CJIOS C pa3iIMuHbIMU (PU3MUECKHMHU CBOMCTBaMH. bblia onpeneneHa riayonHa
3aJIeraHns] KOPEHHBIX MTOPOJI.

KiioueBblie ci1oBa: d1eKTpopa3BeaKka, ropHbie mopoasl, Kadamu I'OC.
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2015 §9geob, 30d0M™Y396 . 96EEOMIsdol QoMs(339¢d0L 999y ol SOl
5060365 06LEHOGHMEOL Ymxzowro MBsFIOMIgEo oo FMdgerod3zoeo. ol oo boyzs-
Moms S 9o HosBIom Fgmys Boddgl, Fog™sd 3dodg 5350IYMBMdOL Qodm 396 dgb-
dgoem 39935030 gog™Mdgengds. 3ol 3999 000309358 MOX IO FJOE39Cs SOHOTIdS-
9Mds, 5353 259M0()305 AYMIsMIMIOL 25950glgds: S0350MYd F0abgdo, sMoiEbloL HwMEMbs-
900, 533HMMIBIN5EJO0 S bbgs 603mgdo... 53559500 0l 496mM3L9dM0s gMHo MBsBT0.
L530BOMMY3M 15Jd0bMDOL 50 YYDbI-TMHgler0ygds W935¢s OBLAEHOEGHMBHOL WsdMMIBEL
9096 B50IMMM0L, MHMIJWO3 OO 35UvboLIYIOWMBOM TJMEYS OZ5egdOL Jglicrveng-
05, 356 Gglidem 0bLEBHOGHWEHOL bgdu3gEoEOM WS 49MBODOIMEMO Tg3609M9d0L Lb3sILbIs
Mol 96356MH0d900Ls s 0bLEHOGHMGHOL 2odm399900L Falogdo dmygsbs. 2018 {arosb
0000Mm30L 25929 ©060Tdbs BOBdEPOM™MY35M-13(305OLEHO 0MT> VEMbEO, HMIGELSE3
L5goMmM39wml BsdgE60gHM BOBELOM®Y35d0 Lomabom GHMgbobaols gogwrol 8999y 49Mi0-
b030L 0bLGHOEMGHT0 93935 Bd0dE0M™Y3M Lol L3xE0sOLEOL d3MmBoEns. 356 Tgoa0bs
b5393b0gMHM FOMIGOOLS s OLYOHEHOE0JOOL JEg]EOMEMWO 35@SEMY0. 535505 [o®Bo®g-
000 M3 0bLEGOGHWEGOL LBodg3EbogMM BodEOM™MY30L BMBJg0MmboMgds.
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.f;;_J
v l obdo. 1971 gl ©s53m9305 03. X 935b0d30¢0l Labgarmdols
d0ololL Lobgedfonm Mbogzgdlo@g@ol BoBool Go3wmw-

A9IG0 39nB0DB03MLOL B3gE0sEMdOm. 03539 (Her0EIb ol Fgmzobo 3oL CBLEHOEGHOL Mobsda-

oMdowggdo
IOBUJNEHN
056 35M5Bsbsdgomo

908006569 gl 75 Fgwo 9gmbeHes gobogs-domg-
353030L 39(360969d5m5 53509306 MJGHMOL, 0bLEGHOGEGHOL
LgoLIME ™Yoo, LYoldME®O LEToIOMIOOLS S J>AIBEMMBGdOL
6olb3olb LgdBMOOL ezt d93b0gH  6sTIOMIGEL MG
396M5H565930¢0L. 0l s005@s 1950 farol 3 FoOGL J. mdo-

HMIY0s. M. 356M5Hbsdz0mo bbgzoolibgs ™ML ogm 0bbGHo@MEHOL dmsfidobwol Lyoldwxm®o
LMoL 35339, LgoLdMMo LEToIOMIBOOL WSdMOSEHMMOOL bgewrddwlsbgwo, 1973-1977 (.
0ym H930mbmwo golidmemyool 3sbgmaowgdol sb3oMsbEo, 1979 (gl wsoizs bsgsbwo-
©A™ LY G305 1985 ,,dwogMo dofolidzmgdol 303mEgbEMmWWo BMbYdOL godmygbgds
39335B00L bgobdMMO IMS0MBYBdOL sTMEIBST0”. 2012 errosb EYdy dmszsto Tgbog
0565896M:MmIger0o.

1981-2024 §crgddo m. 356MH5Hbsdg300l bgarddmgzsbgarmdoom s 8mbsfiowrgmdoo bodstr-
039mlb G9gMo@EMmM0sbg Igdes 60-d9 v360d3bgemzs69L0 MmdogdEgdol 339690 mdol
A9O0GHMMm0gd0L GO0 bgoldMMo BsdodMMYdOL s MOLZOL Fgai3sligds (MdoOLOL,
0omdols s LoJoMmM39wml bbgs Joansdgdol 9965896069008 FHgMo@GHMmMm0gdo; 933300,
05b30L s bbgs 391900l Id9bgdE™mdol dmgEbgdo; yos®bo-sbowdswsdo — mdowobol ®30b0y-
Dol FogoLEBHMOOo, 490360l 3gLoL sbowo 96gGyMdEIM3qdol dmgsbo s Lbgs Mbogs-
OO Md09JHI00). M. 35M3Dsb5d30¢0 1991 (erosb wdwmsem dmbsfiowrgmdos bodsermgg-
@b BgobdOo IMS0MBYdOL Bv93930L T9ddbsdo, dmem Hanrgddo 360d3zbgarmazsbo izerowo
3903965 Logdo®mm3gamlb G9gMo@MmM0sbg Imdbs®o olGMmMomwo dofolidgzmgdols dgufsgersdo,
LgobdmEmo 3960900l Dmbrdol dmgergdols 994dbsdo, LyoldmMo LsdodMHMgdols s MoL3OL
bo3ombgdol 33¢q35d0. sb 30639Ts 959w Ts3s LodoOM39geml BHIMOEMM0sHY dmIbEIMO
Ubgo@olbzs G030l 3496936030 353BoLEGHMMRGO0L Abyoglgdols s 3sMsdgBHMwwo Mbogoso-
6900l M9MO0Mwo B530MHYdO, MLOE LodMmEMmm Ksddo dm3yzs LodsGmzgemdo yzgwsby
MMM 393039900 396900030 39GILEGMMBIIOL IMIZEMBOMO MHOLIGOOL Fomgas bo-
30MbsE M mbyBy. 2022-25 Fewgddo M. 3505653300l bgerddwgsbgermodom dgoddbs s
39909399605 LodoMm3z9wml 396gdc0gz0 LododMmgdol dmzwgbgdol (I9HygMo, ©3sMEMao,
0993m350mbs, 3OH0QMMO Jo6o, bgBYyzs) dmboggdms dsbs (GeNHs), HmIgeroi dmoiEegL
9396930l 350599BHOIE 353w mygol. sboer dmbsigdms dsBol Loggdzgubyg Tgufogero-
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@05 59 Img3wgbgdol 253039 gdoLy @S obdgMEMGOsEMDYOOL 356MEBMI0IMYDIO0, 539390
om0 BsdodMMYdOL M93930. gl F9JAJO0 06M35309IM0s, M5YL FoGogl dogen J3994obsls o
d90dgds 998mygqbgde 046l s0bEIMLYdMEo Fbsmggdol doge 3 dmgzwrgbgdol 9i39d-
A0 5 J99000 9935010 qd9w0 MBOoLd0JdGOOL FolioEoMgdS.

2015 Hgeob mmo® 356M5Bsbsdz0l dogboFs Lodsmzgwml dg3bogMgdsms gMmagbmeo
539009300l 3OMEgL@E Jobgoe bmosl Labgermdomo 36Mgdos.

0. 39M5D56s3g300 sSBg 9o Lsdgb0gH™m BsdOMIOL (T FMOOL MMbO FMbMAMSGOOL)
933MM05, MMIGEms MIGEILMdS 499md399bgdEos bbgoalibgs Log@msdm®mob,m Mgo@ob-
AN 906509330, dmbsfowgs MbMmTgEHedg LogMMsTMOOLM s JOHM3bMWwo 3MMgd®g-

B0ls. IROWOMGOINO0s bdJoMMNZ9ML oMLYdOL IJEEom s vB039MOLOGYGHOL Lods@om
390Oom. d5GHMb MmMIML 3MLMH39000 K 96AMMGEMBL, COELIBL LogmEbwgl s o Hom-
9539093 LogEBogMM S350 HBY.

@0HIMIGHNOS

1. ™. 3965Bsbsdz30ol LsdgEboghm Logdosbmdol sbys@odo.

Orap LlanBoBuu BapazanamBuan — akajeMuyecKuii JOKTOP (U3NKO-MaTeMaTHUECKHX HAYK, C
2012 ropa riaaBHBIM HAy4HBIH COTPYIHUK ceKTopa CelcMOI0Tuu, CeCMUYECKON OMAacCHOCTH U PHUCKa
karactpod Mucturyra reodusuku um. M.3. Hoaua, pomuncs 3 mapra 1950 roma B r. T Omnucu. B
1971 roxy 3akoHuMI Ppu3HUecKuil hakynpTeT TOMINCCKOTO TOCYAapCTBEHHOTO YHUBEpPCHUTETa UM. VB.
JoxasaxumBmn (TI'Y). C toro ke roga — cotpynuauk Muacturyra reodpmsnku AH ['pysun. B pazarbie
robl 3aHUMaJl JOJIKHOCTH 3aBeAylolero MTalMUHICKON CeMCMUYECKOW CTaHIUMEN, PYKOBOAMUTEIS
naboparopun CelicMudeckoit onmacHoctd. B 1979 romy 3ammTun auccepTanuio Ha COMCKaHUE YUCHOH
CTeleHW KaHauzaara (us.-mar. Hayk 1o TeMe «(OdaroBble 30HBI CHJIBHBIX 3€MIICTPSICEHUH B 3ajaue
ceiicmuueckoro paiionuposanust Kaskaza» (PykoBogurens goxtop ¢us.-mat. Hayk H.B. [llebanun).

OcHoBHast HayyHas aesrenpbHocTh O. L. BapazanamBunu: JeTalbHas OIEHKA CecMHYecKO
OIAaCHOCTH TEPPUTOPHI CTpoUTENbCcTBAa B I'py3un BakHEHIINX (YHUKaIbHBIX) OOBEKTOB (TOpPOJIOB,
['3C-08B, kene300pOXKHBIX MarucTpayield u T.1.), COCTABICHUE KapT CEHCMHYECKOTO PaiiOHUPOBAHUS
I'py3un, n3ydeHne CHIBHBIX NCTOPUYECKUX 3€MIIETPSICEHHH, POMUCIIEAINNX Ha TeppuTopuu [pysun,
CO3JlaHHe MOJeJiel 30H CEHICMUYECKUX 04YaroB, UCCIENOBaHUE MPOOJIEM CEHCMUYECKOW OMAacHOCTH U
pucka. B 2022-2025 rogax mox pykoBoactsom O.Il. BapazanamBuinu co3gana M omyOJMKOBaHa
nepBasi 0aza nanubeix (GeNHs) npupoansix xatactpod [py3um (mapamerpudeckue KaTajloTH ISTH
SIBIICHUH: OIIOJI3HEH, celeil, HaBOJHEeHUH, yparaHHbIX BETpoB M rpajaa). Ha ocHoBe 3Toii 6a3bl u3yueHa
3aKOHOMEPHOCTb PAacCIpPOCTPAHEHHS U IOBTOPSEMOCTH JTHX SIBICHHH M COCTaBJIEHBI COOTBETCTBY-
IOIIME KapThl OMACHOCTEH, KOTOpPhIe MOTYT OBITH NMPUMEHEHBI NMPH MPEAyNPEKIAIOMUX 3TH SBICHUS
MEPONPHUATHUSAX.

O.11l. BapazanamBuiay aBTOp OKOJIO CTa HAYYHBIX PaOOT, B TOM YHCJE YEThIpEX MOHOTrpaduii,
HarpaxaeH menanpio Yectu ['pysum u Ilouetnoit memansio TI'Y. B 2025 romy Otapy Bapasa-
HaIBWJIM TIPUCYXKAcHa TpemMus uM. npodeccopa Muxamna Homma. Otapy lllanBoBoBudy >keimaem
Bcex Orar, 3I0pOBbs, IOJTUX JIET )KU3HU, OOJNBIINX TBOPUYECKUX YCIIEXOB.
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s 9dLsb g bLyMAsgs

5e09dbobMg 5egdLobMgl-dg LwEMmBogzs s0dss 1945 fiemols 15
gGHmadgeL.

1963 gl 58365 . dowolols 23-9 LsdsErm B3MmEWs s
Ufoges  gosg®mdgms  mdowrolol  Lobgedfoxzm  mbogg@bo@gdol
130D030L B93MWEIEHDY, BOBOIML-009MMHYEH03MbOL b3g30sCMdOM.
1969-1972 §f 9m85mds 5309635335800l  30MMIYEHIMOMEMRO0L

b5393b09MHM-33w 93000 0bLEHOGHWMEOL MIFO™Lo dg3bogH sbsdT-
HIwol sb59gdMdsbg. 1975 (gl 5. LyMBs358 s58M3Ms LLM3Z T936096MgdsMS 53509~
dool (300306M0L 356gmzogdoL A5dMM3E0M0 39BEGHMOL SL30EMBEHMES s 1978 §. s033s Lo-
3960sEH™ oligh@saos.

2005 §. 5. bLYOTo359 903335 OLYOGHSE0S BOB0OIo-0509d5E030L I9360969d5™S M-
GMO0L bsdgE60gMHM bseOlbOL dmbodmzgdws. 1972-1978 {iff ogo 318smdEs 50903533500l
300M™39E9MOMEmyool BsdgEboghm-33wg30m0 0bLEOGMGHT0 X9O MI3OML, 9999y YB3-
b 3936096 05659dOMIWOE© O EOBMMSEHMOOOL 4599.

1986-1989 §a»gddo o. byMTozs 2o6Mgdml sd0bIMMGdOL 3MbGHOMEOL MgldwdEo3MMO
3950l MBOMBOS S 5dBH0IM IMBsFogMBdL gOIEMBL LodoMmM39wMmTo JoMgdml Esd06-
3d99M930L dMmbo@M®m0b ol LoliEYIoL BsdmMyse0dgdBs S LOXYMROL 36HM3gLdo.

1989-2005 {cergddo ogo 3w9dsmds 8. bnosl 39mu0b0o30lL 0bLEBHOGHMGHOL WSdMOSEHM-
00 359390 5 YYBOML Jg3b0ge s653IO M.

2006 §e00qsb o. Lm@dsgs Lodos@mgzguml gdbozmeo mbogzg®lodgdol 3ocmmdgdgmmm-
Mool 0bLEHOGHWAGHOL 96906030 256M9IML 35FMFY0s69d0L dMboEBHMMObaoLs s 3HMPbm-
DoM7d0L gobyma30egdol dmegzsMo 393boge 0sbs3dmMIgEros.

399093946900 5943L Lodo AMbmyMmsxz0s s 200-d9 LsdgbogH™ bsdB™do.

dobo  33¢93900L doMoms© 0bGHIMHILL  HoMmBMoIbL  LodoMmgzgwmbs s 333900l
A9IO0GHMM05Dg 5GIMGYOHMA0, Bosagdo, Bgsdo® e [ywgdls s 953 Br3sdo dodobsty
300MH™I9EHJMOMEWMYPONOHO OO J3NWMYOOO 3OMEILIOOL 3300935 O 3OMPBMDBOMYdS Go-
3H3000 IMOYOMHJOOm.

5. b33 599G Fmbsfogmdsl 0gdIMdPS BIMBMBOWOL 5EHMINMO JegdBHOMLS©-
39960 990093900L 0033005300L Bsddomgddo, MOLMZ0LE WINXOWEOMIdIMos bLLO3 300-
393HIMOMMP00L s 8MBJdMH030 oMM 30bBHOMOlL Lobgwdfoxm 3mdodg@ol Lods-
Aom LORIWOM. 030 5MOL BodoMMZgerMl Qo6MgIML o330l s Legwol dgwdbymdol Lsdo-
BolEG®ML LsbMYsEMYdM030 9JL3gMEO.

05¢MbMm seng3m, doogm B3960 gMEmdowo dJowrm33s BLoMBOWIGM MIMOVMID 8353~
d06M9000 Bs39009LM bLYIMZOEGOOM.
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309X 56 30303309

©MgXD 3060303909 o035 1945 ficmol 29 mg@madgML.

Dol 396 o035 L396OPIGHM OLYOFHE0S gDy ,0EHTMb-
39OHML 59OHMBMENOHO 45FMFYosbgdol Jobolosmgdegdols dsdm33-

935 . MdoEroldo”. 00539 Her0b JowdsBmbo sMgxsbo s0hg-
Mo 0dbs Madmbo 3936096 0565ddOMI@OL 1965 GIMdIBY. 2005 Herosb 0go ygmzgobo-

30U 0bLEOGHMGOL LHogwwo 3035605, bmwwm 2007 Herosb — 0blEGoGMEOL bsdgabogem
Lod 3l dogsbo.

. 30630&5dg 100-0c09 LodgEbogMH™m FOMAOL 53BHME0S.

L3MEOL ETMNI3MJIOLMB39 Bs0MOEbY 03. KXog35b0Tz0OlL Lobg-
md0lL d0olol Lobgedfoxnm Mboggdlo@g@ol RoBozol go-
- 30GIAHBY doMM3MYwo Fobozol L3gaoswmdom. 1968 Furosb
,m { 3ddomdL  39MB30Bo3oL 0bLEGHOGHMEGHA0 WIgMmbo dg3bogH sbsda-
T — . GHIol 5659gdMdsbY 5EGHIMLRBIOML Bobogol byd@m@do. 2005
A 3
) ‘]‘

Jowds@Mbm sMgx b, FoLM390m K6 MBI, dBgEBOgMNdIL, oo bbol Logms-
begl s sboen-sboe Fo68sgdgdl dg3bogcgdsdo.
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30blLgbgdo 3magagdl
NAMATUKOJJET

535009803mbo 39 sd s¢grgdlbody
(1930 — 1993)

2025 Garol 8 ©939909ML ©ds©Yd0E6 95 oo FgmL-
) gdMEs 45dmBgbo Jodmggw d93bogMls o LyBmasm
9m3509L, Lodoemzgeml dg36096MHgdsms 9Hmazbmwo 53509300l
5350099030, 30B03s-05079353H0308 393609690505 MJBHMO,
Lodomggaerml Labgwdfonm 369300l WGl 3GMBgLmE
39690 5¢9dlbodgl.

5390093030mb3s FgMd 5engdlodgd FoMMBgeo 33500 -
A™35 oMo d9360960930L 49630000090580. 0l o3l 3gme0-

D03mbO 0300, BoaMsd Fglobodbsgo Jomgdadolmbog gober-
M, BOOSE GO0 0LYM IMYJOTO, OMYMEOOEG 5MOL gdMmYggbgdomo Bomgds®0g3s,
3°0m300m0 5009353039, 350300 39g6035, 3M:MYMT0Mds. 0. 5¢gdlodgd d90dmTsgs
39mx80b03580 ©s 85985303 B0DB03sTo  LElLDBPZOM  5TMEsbgdOL  STMbLBOL  sboo
3900 7d0. 3. 5¢9Jbodol JoMOMOEO IY3609MME0 FoP[93900 935300MGONE0S {MS3009@)-
00U, bgoLIMEMYOoLs S JJMMYMHTo0L 30MHPI30MO S FJOMHI6gdO 53M356900L STMb-
LBOL 5EAMMH0MTODOEFOSLMB, FgdMHbYd0 5TM (356900l FEYMIEMBOL LEBOZMIOOL -
396sLm5b. 58 99m33w390Ts ol ABMBEOML B3YE0IWOBEMS BIOMM 505MYdS dr@obs. 34
feoob sbszdo ob 9339 3930609090505 OMJBHMOMO QobIm, 37 Herolsl 3GMEgLMEMOL rmgds
dogbodo.

1958-1973 {jenqddo 3. sergdlodg 39985005 LodsMmz9wmls 393b0gMgdsms 535009300l godmm-
3wom 396¢®00, 1973 {iewosb 0go ggma0boz0ol 0blEHOGHMEOL OMGJEH™MOL FMmsYOwgs,
beagoem 1987 §erosb — @oMgd@m®o. . sergdlodgd 4gmzobozol 0blEo@@do, 3sdmmawomo
396306 530L0 A9BYMBOEIGOOM 25IMLZOL 93, WOSIMBS FITMMIWOMO (396GHGO,
BOMNMEO BYMYs A93MYgbgdomo 8509TsBH030l IgmMEIdo gMB0bo3sdo, dgddbs Ladogdm
LoLEGYIPVO O FINBODBOINMO 390930l IMbo3gdms BBYdO, FoMToGHYdo Fgodwmdsgs o
56965 2500300 F5009do30308 M9bsdgMm™3y F9MEYd0. 4m3z9ogg 596 4obs3oMmds
0bLGHOGHGHOL d93b0gH o 3330l Foro, ™MsbsdgEMm™M3g Mbyby Y3965, MOl T99a53
39053000308 Bmyoghom scydo 330930l 396GMYOTs Yngoro LsdFmms 353doMol HZoolbgs
9139980390006 BogoMMNZgEMIo — FgMBOBO 3oL 0BLEOEMET0 FEIMObs33Ws.

1982 §gab 3. sengdbodg s06MBogls bodo®mzgemlb dg3bog®mgdsms 53509300l §936- 3mEql-

3mb9bGo@, 1988 gl 30 — 53509dool bsdgz0w (93Mo. 3. s¢gdbodol godm3zewgz9d0l
390093900, OMAMOE 350099530300 o030l BMBEITIBEGHME Losgzombgddo, 1939 PgMz30-
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b030L Lbgoslbgs @stydo, 2sdmd39ybgdemos Aol 18 Imbmy®msgosls s wsdMmsg bsdga-
B0ogem LEHG0530. FoMOE39wgdol Fgdgy dobds Imfoggggdds godmod3zgybgl dobo dg-19
9mbmyM5x305 ,,0500935¢ 03O0 BoHB0ZOL FobBHMWgd9d0L BMbsdgbGMMHO BbJ309d0 Lobo-
D3zm™ 5dmEs6gd0l d0sbEMgdme sdmblbsdo”, GMIgeog LoobEghglbms dsmmgzol, 3063 dv)-
353l 49mB0BO3OL 3003060 s FgdMMBIdEO 5TMED6gdOL, 259MmYygbgdomo Fomgdodo-
30U, 350093530329600 BoD03oby s Fo09ToB03Mm0 dMEIE0MdOL bsgombgddo. 1994 (gl
JoOmz9e 8936090ms xaMBL dogboFs Lods@mzgwml Lobgwdfogm 36gdos dg3bogmgdols
630 59 B3 domgdol bgeddm3zs69wqdo 0943696 535009303MBYdO 3. 5¢gdlodg S B. dogs-
35d9. 9. 5¢9dbodg 0s653IOMICMIPS YnGoo bmEosoLEOO J39969d0L d93b0gMdMSB,
b93dm3s69wmds  §393dolost ,,39Mm530D039M0 5dMEsbgdoL s8mblLbol dsmgdsd0l3Mo
MBOHY639wYmRol 496300000905, MMl bsBomsi LoLEYIoGMMo© sfymds MgLldwyd-
03530 BsgMHmMsdmOolm Lod3mBoMdgoL. 3. segdbodg ogm ymaowo LM 3-ol dgabogMgdsms
5395009300l MYMOHOMEO O FITMMNZWOMNO JgMB0HBOI0L bgdio0l bsdgabogmm LsdFml Fg3Go
dogdol g9mx30b0379M0 FgmMmEgdol ©MRT0, 0ym 93MM30L FJNBOBOIWOO LsdFMls ©S
159MMSTNOOLM  JMBODBOIMEOO  LoBMYsMgdoL §93M0. T9MHd  Sgdbodol  FMmE3HYMdSL
oo d9BoLgdsl 5dwg3bgb 3BMdowo gEbogMgdo. 93509303mLgdo 3. doabogzo s 3.
LGOobmg. obobo s0b0dbs3bgb, MHMI 3. sergdlodg MPI3MP JoMIMIO gMBOHBO3IOL WOEI-
05, OMIgedsg d9gdbs mOogobseMo 0TsMmMMEdIO0 s ML sboeo dgiEbogrmeo
L3mes, 9305060l 9360909350 535009F00L 53509303MbO 5. BY3MbMm3z0 50b0dbssgs, MmA
»J9OM39gd0  ¥9bogMgdo bodm, gMsd swgdlodolmsbs AbmBwom FslEHOd0L  {gMBO-
D03mbo HMI 2go3mm™, 535009d03mbo 3. LEAIOMULEI63M: — ,,d0b0 F9EIJd0 FM3039GGO0U,
390009MAo0l, bgoldmE Mool EsMYJOT0 RsOMME FodM0Ygbgds MsbsdgEMH™M3g 331939030
©5 O0EObLbos gobbgh 3wslingm@gdo®. 3bmdowros, MM 3. segdbodgd LosldoMsbEM™
3MOLO 250005 ymxaowo LLO3 d936096M9dsms 5350093006 BMlEo dgdsbozobs s Qsdmmg-
om0 39460308 0bLEGHOEMGHT0. FYOBsOLE 535D Jdsbmodol dmymbrdosB: ,,...8LMmFBwOM
Lobgarol dgmbg OHmlo s0gdsEH03mbol Lgeygo Lemdmegzol bgdobsebg 3. segdbodgd (sbdo-
056@0s) M599b0dg dmbligbgds Hoozombs s doliogg (L. bemdmeg30L) HoMygboom Bgroby
399059399465 Lo LESE0S B5d0bgEo LEdFMMs 35380MOL MIMNszMgl LydgEbogMm gmE@bosedo
,»,09360969d5m5 535009d00L Jmbligbgdgdo®. mvy 56 dgdwrgds, sbigmo T9gdmbggzs 30639¢0 0ym,
L59OOME, JoOM3go 933e9g35M0LM30L% . (50b0dbmwo IOMIgdo godmdlz9ybs 1958 Fganls,
ob. JJAH CCCP T.119 Ne5; T.120 Ne 1, Ne 2). gbobger 0bbEo@@Eol Gggomboyeno igoldmenm-
300l 29b69maz30emgdsls gfi300 Lodlzgybmo 3bmdowo Lgoldmemyo, HGMLgmol s3509d00L §936-
3MmOH9L3mbIBEHO 933. LO3MIBLZ0. FobYMBOEIGOOL gdoE0ZoLMD 353d0Mgd0m Tols -
mfos 9b3900Ms 390MmM30m 396GH®T0 doGMb FgMsdmb, HMIgero 03 MML 0d 3Fomds.
350 ©OELIBL OLOMBdML. B39b 3bsbgm 0dgsb WsdMMBYdMEO, 53 B9b3zgEM00 SOROMNM3Zs69-
0o 3OMBILMEOO 93y. LgMYBLZ0, ,.HMYMOO BoFo, MMYMEOO FowWIBEH™ 009MMIOLS SOM-
RILBMOO O YDB0sMYOS Y39Wdl 530l F589F09dL.

Logobagdm@ MbEs 500b0dbML 3. S¢rgliodol 53@0MO LsbMAsOMYdIM0Z30 s Lobgedfo-
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39053560 259mgbdo®s. ©930(YsM0s oLo godmligers Lbods@mzgwmls dg3bogMgdsms 535~
©9dool  3M9D0oMdol  Logsbagdm  FsBRIOMMIPdM  LbmIsDg 1989 fiewol  s3Gowols
93969396 5353300 9d0m. 030 0WH3Ms, 53 LoGYyzol LEMMwo d60d3zbgemdom, bodscro-
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39wl 393000Md0560 bgswobwgmo molsmgol, 1990 Fgarl 9. segdbodg ogm LodsGmggarmls
9636990 3062MqLOL (396EH®WMMHO 3MTobool MegzdxEMIscg. 1991-1992 iengddo — Lodom-
0390l H9L3MdE030L Lobgwdfonm LsdFmb §9300 S LodsMMZgML LoBMYsMYDS ,,0000-
@obob* 003dxMISMOL IMoy0eg, 1992-1993 Fargddo Lods®mzgarml 396GHMWMO LooM-
B93bm 3mdobool mo3dxmdscg. 856 oo FMMIs olHos GO 30056090530 Bo3seIEs-
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9096 993560bsdg, dob 9999y 30, 30603900 25930 FgMsd sengdbodg dmbligbgdoom
,»©099M305GH00 Bss®BY3bm LolEGgdol FgBsbgdols s JgMBg30lL 3MMdWYdgdo™" (Logdsm-
039ml MHgb398030L 356¢sdgbEolL 1992 iewol 14 mg@madd®mol s®Bg3bqdol dsgowomby).
1992 gl 8. 5¢09db0dgd 306500 060305EH0300 oMo M3 0bLEOGHMEOL OMYIEMOMMISBY
Q5 503535 8053500 3936096 5b5FIOMIOL Msbs3EYOMBS, 0dobm30l, ™I LsdgbogHm
3 35hgmdolm3zol dg@o MM sgoTm.

1993 ol 10 0garoll d63s d900b3z9358 OMmm© d95y303s Loddmdeml -390Ldom
310bmgdmEo dg36096MH0L Logmibeng.

MHMamO0 0gm dsGmbo 396Msd0? 1992 {erol 14 0939035l 2sbgm ,,BodoMmzgerml Mgl-
3003580 359md399bs 06390304 535009d03mb 39698 5egdlodglomsb. 8930mbgsByg: M-
30605 193960 30B0309007? doGH™MbO FGMd0 35LMBMBL ,,... ) 080 SGILMEIL ST0T5ES3L S
b3 353b9Yd, MMI [Hobosdayro 309530, 396 O SWBSM YM39wwmM30L 3046900 ymgger
©mbgbg s Y39ws LoEMSE0sdo MYBBYIMBOLS, sM93MMABIBOMBIEODBToLS s WOJGHIGOL, ...
39613500 Mbs 29305DMHMO Y439eongMo, Moz B396L 0MA3w0g bgds. ssdosbo x9gM god-
oLm30L SMOL J9Bgbowo s G999y — dmJdggdobmazol™. slggg, LEobEgMglms FMMbowolE
0505% 9d356m0dol BmlisBMYds 98 O 306Mm369dsBY: ,,hgdMN30L s BY3MOLMZ0LSE Ol Fob-
W0 358535329600 39RMOOMBOL, MmRsbols s 3OMGILOOL JOHMAMWGdOL, dmdswsdgmdob,
15gd3980 306H056MdOLY S 35gMHMO bbgs Mboldogdol 9B Mbo. BYMowsE 30 56 0gm, G™I
5,50 MMOdbosl* 59mBgbolMsbs3g S0@SES Fodms 5306 0d0L 9OHM-9MMO 1oY35M9E0
d0gbgds —,,x96 Fgbos bgdg s TgMg Loddgs bogdg™.

05@™bTs 39M5dds 0bLEOGHGHT0 F9domdol ML Mo30 odmMobobs, Mmyme 3 935300,
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56530056 G9000b393500 56 2505 JIS H35EoLM30L. 0gm 30MI30M0, 1300 3MBO(309d0L
3999133560 ©59(339¢00.

d5BMbo FgMd0 5gBH0MMs© 0gm RsdIMwo 0bLGHOEGMGHOL 3Mg]B03mab ghmo Lbgs-
©51b35 L3MOEGHM Mbolid0gdgdT0, boFoM3M GHIMboMYdT0, LoggbdMHmm Jgx0dMd9ddo
> bbg.

1994 §gaols 39Mod 5¢gdlodgl 2oMoE3oegdol 9999y d0gboFs Lodo®mggwmlb Labgen-
dfogzm 369305 3936096900Ls S 3H9d6030L MRT0; gl BodsMM3gEml Jgmzobo3IMGO
UsBMYPOMYBOL 5350099030mb gD 5egdlodols LobgeMmdols 3Ggdos, Gmdgwoa 9boFgds mE
Dowofsdo ghmbge 49mx30b030L sMdo bom3qgomglcm bsdOMAL; Bmos GMbsdols JmBols
39933355 Labgwo, gbes 0bLEOEHWMEOL doLsdsMmos: 3. s¢ergdbodol Jmbs Nel; 1996 (iewols 30-
31 3s0Ll MdoEroLol bsbgardfoxzm 1bogzgMLOEHYBHOL 0.3934958 Lobgwrmdol 4sdmygbgdomo
9509853H030L 0bLEHOGHMGHT0 BoGOMI©S 535009303MmL FgEsd sergdubodol blmgbolsdo dodwg-
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Bowo LBEGHWMIbGHMS LsdY3boghHm 3mbxzgM96E0s s Loodowgm bmds; 1997 gl -
©530fjol ZoBozobs s bLydogdM JMBOBOZOL 535¢0. FgMd segdlodol Labgermdol Ladoeodm
19d0bsOBY BoGHOMS ,,09M50 s¢gdlodolgreo LamdMmgdo*, 2000 s 2010 Hergddo LogdsGmzy-
el 393609690505 9OHM3bmen 53500930500 Po@sMEs Lsordowgm bbmdgdo, dodwzbowo
53539303mL 99050 5¢9gdlodol odsYd0Esb 70 s 80 ol sELsbodbsgs. 4gma30Bozol
0bLEGOGHMEs 30 80 Herolmogl 80w9dmabs “oblbEo@wEol dIMmdsms 3Mgdwmwo™ (2010, Gmdo
62), BmIol 3-5 9390BY 25905439965 LEGHSG0S Brmlmen 9BsDBY ,,035009903MmbO TGMHOd Segd-
bodg™“. 2020 Fgwl, s05©Y30s6 90 Ferrolmsgzdy, 0bLEGHOGHMEGHOL IOMIsms 3Hgdedo (BHmdo
72), 150-152 a3. 399md399460s dmgambgds do@mb dgMsdby. 1990 gl 0bbEHoGMGHTo 500bodbs
05@Mbo d9MsdoL 60 (erobmogo, 35906 sb Qoaz358MMbOMS ,,L50MdOEIGM SEEOIBO SO 459039~
0OMOM*. 50 SO 0gm doEMbo FgMsdO.

0o@Mbo dgM500L oMby d90dEgds T935oMMm 3593505 3oML3IZL530L 459390l 30U
390500mbbg o ol MgEs® BoJMMBLL. Mo LB, ™I gl dmbs dolo Lsdgbogmm
9 ©35hgmdol Bgbo@do, 3sd0b, HrEglisg Tob sHoE-5bsEr0 Fo0ToEJd9d0 s LadgEbogem dow-
093990 gem@s. 39690 sergduiodg ogm 3060Mm3690s, HMIOL Lobgwos s30gygdsls sGslimgls
9093995 3oLo sbErMdgdoL, dgmdMYdOLS s 3MgAgdoL IgblogeMgdsdo.

@oHIHGYGS
1. Logabgom fgMogdo 8. sgngdbodol dgbobgd.

Axagzemukx Mepa6 AnekcanapoBuu Anekcupse

(K 95-neTuio co jHA poXZeHU)

(1930 - 1993)

BunHbI# yueHBIA U OOIIECTBEHHBINA JeATENb, akaieMuk HammoHanpHOW akameMun Hayk [ 'py3um,
JOKTOp (H3MKO-MaTeMaTH4eCKUX Hayk, JlaypeaT [ocymapcTBeHHod mnpemuu, mpodeccop Mepad
AnexcaHIpoBHY AJEKCH3€ BHEC 3HAYUTEIbHBIN BKJIaJ B Pa3BUTHE €CTECTBEHHBIX HayK M OCTaBUI
HEU3TNIaAUMBII cliel B UCTOPUM Tpy3uHCKON Hayku. C mpucymieil eMy sHeprueid M HeyKpOTHMBIM
CTpEMJIEHHEM KO BCEMY HOBOMY, HEM3BEJAAaHHOMY, OH B TedeHHe mouTd 40 JeT caMOoOTBEp:KEHHO
CIIY)KHJI CBOEMY JIIOOMMOMY Neiry — Hayke. M.A. AJleKcua3e — CIEITUAINCT B 00JacTH PEIICHUH Tpa-
HUYHBIX 3a7a9 TeoPU3UKH U MaTeMaTU4eCKOl (U3MKHU, 0C000 CIIEMyeT BBIACIHUTH UCCICAOBAHUS B
00J1aCTH TEOPEeTHUYECKON U MPHUKIAAHON I'PaBUMETPUH, a TAKKe Psl UCCIEIOBAHUH MO CEHCMOIIOTHH,
CEHCMOMETPHH W TeOTepMHH. MHOTOTpaHeH Kpyr nHTepecoB M.A. Anmekcumze. OH OBIT HOBATOPOM
HE TOJIbKO B HayKe. B mocnenHue rofpl akTHBHO BKJIIOYHJICS B TMOJHUTHUYECKYIO XH3Hb PecmyOnukwy,
CEphE3HO 3aHSICA HCCIEAOBAaHMUSAMHU BOIIPOCOB NpHMBAaTH3alMU U BbIOOpoB. M. A. Anekcuasze ObLI
JMYHOCTHIO C YHUKAJIBHBIMU CIIOCOOHOCTSIMH: OJIECTSIIUI yYEHBIH, CIIOPTCMEH, UHTEJTUTEHT C BbI-
COKHMM aBTOPUTETOM KaK B KpYTy CHELUAIUCTOB, TaK ¥ CPENU APY3Eil.

M. A Anekcunze pabotar: B 1958-1973 rr. B Beraucnurensaom nieatpe AH ['py3un, B 1973-1975
u 1977-1986 1r. oH 3amectuTens aupekropa WMucruryta reopumsuku AH I'pysum, B 1987 r. Obln
n3bpaH aupekropoMm MHcTHTyTa Teodusnkn, B 1982 1. n30paH 4ieHOM-KOpPPECTIOHACHTOM, a B 1988 .
neiicreutensHbIM uieHOM AH I'pysum, B 1992-1993 rr. 6pu1 npencenarenem LleHTpansHON 130u-
paTtenbHON KoMuccH 1o Beioopam [ 'py3umn.

Mepab AnekcanapoBud Anexcumze 10 wmroms 1993 roma Tparmdecku moru®. By momydeHb
cobonesnoBanus oT nupekropa Wucturyta ¢usuku 3emnu um. O.}O. Imuara PAH akamemwuka
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A.O. I'muxo: « Tparnueckas rubenp akagemMuka M.A. Anekcuase crajia OrpOMHBIM YPOHOM HE TOJNBKO
JUISI TPY3WHCKOM M POCCHICKOM, HO W IJI BCcel MUpoBOM Hayku. OH yIIeNI OT Hac BO IBETE JIET U JTa
yTpara HEBOCIIOJIHUMa»; OT nupektopa WHctutyta reodpmsukn AH VYikpaumnsl akamemuka B.U.
Crapocrenko: «Ero pesymbraTsl B 00JacTH TpaBUMETPUH, CEMCMOJIOTUM MIMPOKO HCTIOIB3YIOTCS B
COBPEMEHHBIX UCCIICIOBAHUAX M JaBHO CTAJIM KiIacCHuecKuMu. Mepab AnekcaHapoBUY — o0pasel] Bbl-
coyaiileit HHTEJUIMTEHTHOCTH, KyIbTyphl. OH Beeraa ObUT B OyJeT TaKUM B Halllel TaMsaTH.»

B 1994 rony M.A. Anekcuase, mocMepTHO, Oblia prucBoeHa ['ocynapcTBenHas npemust ['py3un B
o0yacTv HayKH U TeXHUKH, | py3uHCKOE reopr3maecMKrnoe 00IECTBO YUPEAFIIO MPEMUI0 UMEHH aKa-
nemrka MLA. Anekcuaze 3a Mydinyr padoTy B obnacTu reopusnueckoil Hayku, yauna 3ou Pyxanse
OBlIa IepernMeHOBaHa, HOBBIN anpec MHcTHTyTa reodmsnku: yia. M.A. Anekcunze Nel.

B0Y.-05m. 3936. 356OoEIEH0 omMyo dgModzoo
(1920 - 1974)

Lodommggarmdo 36mdow 139305eobEBL gsdofiols dsgbgdoBdol
5000, 1963 (er0@sb 2oMo335¢g0s3g  4gmBobogol  0blEo-
AMGHOL ©oMgdEHMMOL IMsYoEgl Lodgboghm bsfowdo. gobogzs-
05009953030l 99360969050 396E0IGHL oMMy dgMH0d3z0el dod-
06569 Hgenb 105 Hgwo dgmliermergdms. ol s0dss 1920 Fganls
d0oldo, dmbodlabwymol mxsbdo. 1939 ol Bso®ogbs mdowobol
Lobgedfoxzm Mbogzgdlo@g@ol gobo3s-0509d53H030L Bo3MwEgBbY.
1941-1943 (i§). dmbsfioergmds o bsdsdyerm mddo. ddodg FHowm-

d0b 250m 1943 §. ©gdmdowobHgdme 0dbs LsdFmms sHTool H0YIOOEID s Lfsgws gosy®dg-
5 Mdoobol bobgwdfonm Mboggmbo@gddo, 9999y SB306MBEHMMI0 gsdofols dogbg-
GoBaol B3gEosmdom. 1950 Fewosh g. d9M0d300 ggmxz0b030L 0bLEBHOEGEGHOL WISTO-
fob 5269@0B0L gobyma0wgdols msbsddmMageos.

3. 096083035 1957 fgls, mdowrolol Lobgwdfogm Mbogzgdlodg@do dGmg. . braoosl
153936090 bgddmgzs6gemdOm 0335 BS39BOWIGM OLYMEHE0S 1MgdsDY: ,, MdOEOLOL
8mbs39990000 IBoL 5dEH03mdol 1933-1945((. dowosbo 3gMHomol 3gmdsgbo@MMo s©Mg39-
d0l 999Mm33193900%. 3. 09MH0dz0o 37 bsdgEbogm BsdGMIol, dsm Tm®mol 2 dmbmaMsgool
33¢)™MG0s. dol I6MIGddo oMM PobboWMos 39masgboB Mo Joodbargdols 39690
5 35000 93w9bs ©YsTofoBg J0dEobsmy 3Mm39L9dbY, Tgufogwrowos 27-rosbo ysbdg-
690500 JoMr0dbergdo s g3IMLIHYoLOSBO JoM0Tbegdo, Fodm3z3wgMos FobgMmMHYdSO
Jo6H0dbqdol M0 O gds ABOL 9dEH03MmdSDY.

1960-1963 {engddo g. 390083000 ddomdEs LoJo@MmN39wml d936096MHgdsMs 535009d05d0
Lodw)b6900LAgE Y39 ™ d93609Mmgdsms F9BgmEBogdol Lfsgwrwer dozbs®. FomMao d9M0a-
3000 45050335 1974 b, 8glsb0dbsgo 5980560, 3900 dmMmdowo, BsdsMmeosbo, o-
@O0 533™M0GH9BHOL Jmbg 306MHM3bgds dMsd gdsblmzMgdsm ggmBobBogol 0bLEoGHMEL
056599()1009dLs.

@OoBINGHNMS

1. 39m80D030L 0bLEHOEGMEHOL LosMbogm Jsloegdo: 3. dgMH0d30ob bdgboghm dmmgsfigmds.
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I'eopruii [TaBroBuy Bepumauin

(1920-1974)

OxoHuHn (PU3NKO-MaTeMaTnieckuil GaxyiabTeT TOMINCCKOrO TOCYAapCTBEHHOTO YHUBEPCHUTETA,
3aTeM aclUpaHTypy MO CHEHUAIBbHOCTHUT «3eMHOH MarHetusm». C 1950 roga — coTpyaHuk otaena
3eMHOr0 Margetm3ma MHctuTyTa reodpmsuku. B 1957 roxy 3amuTri KaHIAIATCKYIO TUCCEPTAIHMIO Ha
temy: «lMccrnenoBanue reOMarHUTHBIX BO3MYIICHHIA MO JaHHBIM TOMJIMCHU 3a TOJHBIN MIEPHOJ] UK
conHeyHoM akTuBHOCTU 1933-45rr.»» B 1960-1963 rr. — yuyensiii cekpetapb OTOENEHUS €CTECTBE-
HHBIX Hayk Akanemun Hayk ['py3un. OxoHumn (usnko-mMaTeMaTHUeCKHi (akyiabTeT TOMIHCCKOTO
rOCy/apCTBEHHOT0 YHUBEPCUTETA, 3aTEM aCIUPAHTYPY IO CIELUAIBHOCTUT «3€MHOM Maretuzm». C
1950 roma — coTpymHUK OTAeNa 3eMHOTO MarHetn3Mma MHctuTyTa reodusukn. B 1957 romy 3amuTin
KaHJUIATCKyI0 JUCCepTaluio Ha TeMmy: «lccienoBaHne reOMarHUTHBIX BO3MYIIEHMH IO JaHHBIM
TOunucu 3a MOTHBIN MIEPUOJ MUKIIA COTHEYHOW akTUBHOCTH 1933-45rr.»» B 1960-1963 1T. — yUeHsri
cekperaps OTIelIeHUs €CTeCTBEHHBIX HayK AkageMnu Hayk [ py3un.

I'.Il. bepumBumu ckonvancs B 1974 rogy. B 2025 roay I'eopruto IlaBnoBuuy bepumsumu
ucnonusercs 105 net co qHa poXKaAeHHUS.

535009303mLo xMIdYO mdobsdy
(1930 -2014)

2025 fewol 20 LgdBHgddgdl 95 Fgaro FgmLeengdm©s
d9Lsbodbog d93b0gM-530H03MmbLL, oMLY FodEr0dz0ml, go-
dmbgboen LyBMYsM IM35HgL, LodoOmzgwml dgabogMgdsms
963690 535009do0l  535009d03mbL  XMddYH  mdobsdgl.
X99096 d0bsdgd 1949 ol Fo6Bobgdom 58930 MdO-
@obob 9-6 357905 LETMoeM B3MEs S 93000 MBOEPOLOL bo-
bowdfogm J60gg@LoGgAHOL obogs-gdbozol B3N GHIG B
1951 §er0qsb 35053005 3. omImbmbimgol babgarmdols dml3m-
30L Lobgerdfiogm mbogzgdlo@g@ol oBo3ol Bo3MwEHgBHb, MHMIgmoi Ho@Pobgdom sa-
053605 1955 Ggarl. x. wmdobsdg 1956-1958 Hargddo dwdsmds Bger0sd0bliz-70-do (585505

4.b69706L30) HMLIPOL BJOIMIWIHO dOOMZE0 396GHMOL (5055350, BOOMZEO 05MSMOL
531853900l 396GH®0) LEOMWosE GMLgMOL F9dbolzmEmo BoBo3oL bsdgabogdm 33wg300
0bLEOGHMG0. ol IMBsFogMdS 5dBH0MMHO MNYMTMIOOMZNE0 05MSMOL LEWEYMGOl 3MMm-
3M585d0. dolm30L 2obLY3MPMYdMo 06EIOJLOL LBIOML FoMBMsYIbEs 3esHBIol Bobo-
30U 363 gd0, oD J0MO0Mo© J0Bbs OLHHIZ3S MYMHTMOOMMNZYO VMM ,,350539-
00 dMd0EGdGE0* 0G0 MJoJBHMOOL 539d05L, MMIol LsdsEgdomsi JmbgMbEdM©s
09HIMOOOMNZNWO 95d(30900L FoOMId 5, FJIROIW, J9GMOMOMBOLIMZOL BogEMOM0Zo®
ME0930, 93MLMR0MMS© BRms 9bghool fyseml 894dbs.

1958 §ganls x. emBobsdg sdcrmbs Lods®mgzgwmdo s obozol 0bLGHoEGHMEL ™Msbs-
d86OMIY5 XINBMD JODs© M 3sDBIol BoBo3ol Rsdmyserodgdsls s gobgoms-
905L. dolo dg3bogH o 33eg3930L Logobls dgsagbs dwmowmE 3w sHBdol gobozol
09605, OHMOILSE 3eoDBIoL B0DB03T0 IYZOMZ0w0 3MEBOLS s FTMEFEOWGdOL Logsy-
d390bg 9§om3Mgds 33e35L SLBEHOMB0DBOIMO Mmd0g]EJddo 80d0bstg 3GMMm3glgdols dalol-
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fogwo, X. mdobsdg 3F0OME 3sb53IOMIMdIPS HMLgmol dg3bogMgdoms 53509gdools
30bAmbMEo 330093900l 0BLEHOEMGHM, 30O 535©. 6. LoYY)3056 s Tob Jmeryg-
39006. X. @md0bsdolb mM039 ©OLYMHEHS30530, b396OEIGHMIos s Lsmd@mmmdos
35DIol 30BOIoL Lozombgdos 2o0Mm33WwgMEo. X. mdobsdgd s dolds MsbsdIMMBEYdTS
LoR3Adz9e0 BoYstgl sboer F0oMm0IEgdsl — 9e9dGHOMbMW-3mbo@GMmM™mbMwo 3esBdol
99dEHO™AsRb0GHMO 0gmEOOSL, HMIOL Loxgwydzgwbgis 03 30dMmMRbsol Bolgrgmedo
994mx30 3bsMob 3sdmbboggdol dmgwo, 396sdgbEIMH0 3300939000 Bo@oMdME0 N300
300mMBbocrols boligwgmedo 3090bstrg 3mzewgbgdols dglslifogwrsc.

X ©m30bsdg fargdols g963s3wwmdsdo bgarddngsbgermds 3esbdwm®mo 36m3glgdol domg-
9530360 8mEIoMgdol XNl 0. 3934958 Lobgwmdol 4s8mygbgdomo 85019dsE03ol 0blEo-
AMGHo; 1988 Hgarl ogo s0MB0gL Logo®nzgwrml d93bogMgdsms 53509800l bsdgow (93Gs.

539. X. md0bsd93d, 396l obs3dgdsd)cng dmbzmgol o. 3MmMBsGmgol badggbogmm 39b-
A®0L 3OMAILMO 3. 3933050306 GO, 905L0I6OL SBEGHOMBOBOIMEG MBLYMZoE M-
60530 9994abs 9du39MH0096Gvwo ©sbsYIMO, MIMIWOL LodwsEgdoms3 BYds Isdofols
5GHIMLRBIOMLS s 0395699030 ZMH0ROEGOOL — (3030MbYdOLS s 6BHOEF0ZWMBYdOL Bsdmys-
00700l S 0bsd030L BMEIOMYdS. 535. K. Wmd0bsdgl, sbggzg, 3603369 mgzs60 dg3bo-
960 99093900 543 domgdmewo 3BgbY, Yool TogboEMmbggOmls s s@IMLEgOmAdo
908006569 3 sBdMmO 3OHMEgLYdOL 33erg35d0.

539Q. X. wmd0b5dolL SLEGHOMBOHOZMMO 33¢093900L SMGods IMO(33d LoBYsMML yz9eaby
93DM3H037H0 Md0g]BHoL — 9530 B3MIgdol — 0303 OBYdME 9.5, 930930 Ob-
3™9ddo 3090bs6) B0DB03MOHO IOM39L9d0. 8999935300 MIMOOVIEO IMEYO, BHMTJO3
blbol 58 dm3wgbol ™o30l90)MgdgdL @S M30L9dgdL. 53 FJodsOMEgdom [FoMHIMmgdo
330930Lom30L 3330093505 XAMRBL 935. K. wmdobsdol bgerddwgsbgwrmdom 2002 gl
Lodommggarml babgardfogm 3Ggd0s dogboFs 39360960930l sMTo.

539Q. X. wmd0bsdg 9fgms bogmz3096M 3900Ma0M Im35{gmdsl, 30MbYIXMdS wgd-
3090l Mgl Lobifogargdergddo. sboErgsBMmYdHBY BOHMB3s 3MEIEIdMPS  Lodstron-
390mb LEBOZOMGOL QOMJMOB. 939©. K. mI0bsdgl IF0EOM MBSTIOMIW MBS 5353060 5dS
L5gOPSTMOOLM BodgEboghm i6ggdmsb. x. WMdobsdgl sbollosmMgds BOBOIMMO sSHBOHMI-
6900l Bo0s0 3MWEHNMMS, M55 Fobs30MMBYO boYsbMs dg3bogHms ©sdMM30IdIL
03309356935 LHGMOx Bsdmyseodqdsl. dolo dImfogzggdo bogmaogmow dmem3zsfgmdgb dbmag-
oMU bbgo@alibgs Lodgboghm (396¢36M9ddo.

539. X. mdobsdg fargdol go6ds3wmdsdo bgarddmgzebgarmds Ladosmgzgumlb dgabo-
9690505 535009d00L FomgToBH03oby S BoDB0ZOL F9BYMTBOMGILL, 93535 SdLMMABOL SLEHOM-
30D03MOM MILYIMZBHMOO0L OMYJBHMOMOL MsbsdEIdMds, Jobo 060305EH03000 ML
L59MH5dMMHOLM L3MEs s LOIZMBOMTo FWHBING SLEBHOMBOD03ST0 356965-505L01Fob0 s
5060365 53 LMol EOoGMYJBHMOsE, 2007 Hawl dsb 4gmBoBozol 0bLEHOEGHMEGHT0 Bsdmays-
@0ds 3mbAMLmMOo 330930l 396G, HMAEOoL 06EIMHgbo FMoEI3L MFY39GHO oMM SGOgH-
023503560 0698900l B0l 9MmBOHB0ZMM S LsobgobMM 3MMm(39L9dd0.

539Q. X396 mdobsdgd 360d3zbgwrmzs60 zerowo go@sbs 3ersBdol oBozol geo-
96000 256bMOL, 99dBHO™MbMYo 303MmEGHO™MbMMo BOdMEIBEHMdOL mgmMools d94dbsdo.
dm3wabgdo, MHMIgdog ofjobslo®mdgBygzgus xMddgH wmdobdgd ™ms30L MgMmGmOo IOHM-
990390, 99pmddo 9Ju3gM0dgbEMMO® I9EILEMGL MEbmgwds 893bogegdds. domgdmwo
39093900l LgEbogMM VOMYDMEIGdT 506EIOYLS ALlMmFBwomdo GHM-9OHMO Y39esbY
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933MOH0GHYGHI0 3o3md399eMdS ,,396Myodmb 3MLLO, HMIgedog 1981(ganl odmbEs K. Em-
806530l 3mbmy®830s ,,303WMGHOMbMO GHow®gdo 3wsHIsdo 0byeolr® gbsbyg. gl IO™Is
50 Md0 IM3do3g 139305OLEHIOOLMZ0L Lo Foabo Aobs.

939. X. wmdobsdg 500-d9 LdgEbogMm Mol s53EHMM0s. 3936096M9d0L [obsdg mgoem-
LSBOBM HTLEHHYEOGOOLIMZ0L J0oEGOIMEO 5d3L BMSZOMBOL KO OMYdO. 5doLMsb gPms ob
B3960 J39960L LoBMYSMGOMH03-300E0IMMO 3bM3MYOOL sSBHomEmo Hg30o ogm — 1997-2003
09380 0530% 0 MIsMJMIS BodsMmN39eml 396EGHMME LosMhg3bm 3mdoliosb.

3930030l 0bLEOEGHEOL MsbsdIOMIGOL Y39 mM30L 33905bLMZMGdS dsEMbo xwd-

0900, 363000 063Gy 9gbE0, MELI© 3rolbdogmo, 30000¢BHYmdOwO s Fqlobod-
Bog0 ssdosbo.

@OoBINGNMS

1. x999396 @mdobsdy. d30mBOdWOMAM5305. Tg3bogegds. 2005 -156 @3.

Axkanemuk Ixymoep I'eoprueBuu Jlomunanse
(1930 — 2014)

95 ner mazam, 20 centsops 1930 roma B TOWMCH poAwIICS M3BECTHBINA TPY3WHCKHMA yICHBIN-(DU-
3UK M OOIIECTBEHHBIN NesATeNb, OCHOBATENb HAYYHOU IITKOJIBI TEOPETUYECKON acTPO(U3UKH, JOKTOP
(hm3uKO-MaTeMaTH4eCKNX HaykK, akageMuK HarmonaneHo# akanemuu Hayk [ pysun [xymbep ['eopru-
esnd JloMmnHazse.

B 1955 roay Jdx. JlomrHanze ¢ oTanuueM OKOHYMI (pu3ndecKkuil ¢paxyiapTeT MOCKOBCKOTO ToCy-
JapCTBEHHOTO yHHBepcuTeTra M. M. B. JlomoHOCOBa 10 criennanpHocTH «CTpoeHue BemecTBa». Ero
0COOBIl MHTEpeC BbI3bIBAJIa (PM3UKA IUIa3Mbl, TAaK KaK OHA CTAaBMJIA LIETbIO «0OJaropaxuBaHUe» Tep-
MOSIIEPHOTO OPY>KHS — CO3JJaHHE TAKOT'O PeaKkTopa, C TOMOIIBI0 KOTOPOTO BO3MOXKHO yIPABISTH Tep-
MOSIIEPHBIMH PEAKIMSIMHA M, TEM CaMbIM, CO37aBaTh IS YeIOBe4YeCcTBAa (PaKTHUECKH HEHCUYepIaeMblil,
9KOJIOTHYECKH YHUCTBIH MCTOUHUK dHepruu. B 1956-1958 rr. k. Jlomunaaze pabotan B YensOuncke
B0 BcepoccuiickoM Hay4YHO-HCCIIEAOBATENECKOM HHCTUTYTE TEXHHYECKOW (M3WKH, TAE HETOoCpe.l-
CTBEHHO Y94acTBOBAJ B NPOrpaMMe COBEPIICHCTBOBAHUS TepMosiaepHoro opyxkus. B 1958 r. JIx. Jlo-
MHUHaJI3e Bo3BpamaeTcsa B TOunucu, padoraer B MUnctutyte dusuku. B 1964 r. 3amummaer kaHanaat-
CKYIO THUCCEpPTAalHio Ha TeMy «B3anMoefiCTBHE MOTOKOB 3apsKEHHBIX YaCTHI] C HU3KOYaCTOTHBIMH
KosieOaHusiMH TuTa3Mb». B 1973-1976 rogax [Ix. JlomuHan3e 3aBepIlBai rpynnoil MaTeMaTHYECKOTO
MOJIETMPOBAHUS TUIA3MEHHBIX TporeccoB B MHcTuTyTe mpuknagHoit Mmatemaruku uM. M. H. Bekya
Tomnmrcckoro rocyapcTBeHHOro yHuBepcuteTa. B 1974 romy 3aniuTin JOKTOPCKYIO TUCCEPTAIINIO Ha
TeMy «TeopHs HEeyCTOWYMBOCTH M TypOYJIEHTHOCTH TUIa3Mbl B 00JIaCTH [IUKJIOTPOHHBIX TApPMOHHK». B
1976 r. B AGacTyMaHCKOM acTpOhU3HMISCKTH 00CEPBATOPHH CO3AN TPYIITY, pabOoTaONIyI0 B 00JaCTH
IIa3MeHHOM acTpodu3mMku. Ha 6a3e rpynmbl ObLT CO3/1aH OTAET TEOPETUUECKON acTpoU3UKH.

Ioxymbep 'eoprueud B 1979 r. 6pu1 m36pan wieHOM-KoppecnonaenToM HAH I'pysun, B 1988r.
— JeWCTBUTENBHBIM WIeHOM, ¢ 1982 roma oH — akageMuk-cekperaps OTneneHns MaTeMaTuku U pu-
3uku HAH I'py3uu. B 1984 e. no uannuatuse akagemuka /x. E. JlomuHan3e Obutn co3manbl Mexay-
HapoJHAas IIKOJIa U CAMIIO3UYM B TUTa3MeHHOU acTpodm3uke Bapenna-Abactymanu. B 1992-2000 rr.
akajn. JL.I. Jlomunamze mupekTop AGacTymaHCKOW acTpodu3uueckoii oocepsatopuu. B 1997 r. on
n30paH WiIeHOM ACTPOHOMHYECKOTO COI03a, a ¢ 1999r. umeHOM AMeEpHKaHCKOTO (PU3NYECKOro 00-
mectBa, B 2000 1. Ha3HaueH pykoBoauTeNieM ¢rmmmana — llenTpa mrazmenHoi actpodusukn AdacTy-
MaHCKo# actpodusmueckoir obcepBaropun uMm. E.K. Xapanze HAH ['pysum, ¢ 2003 r. — Ilpe-
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ncenarenb Kocmuaeckoro arentcrsa ['py3un, ¢ nepBoro staBaps 2007 roma B MHCTHTYTE reodn3uku
noJ1 pykoBojcTBoM JlxxymOepa ['eoprueBuda ocHoBaH LIeHTp KOCMUYECKHX HCCIIETOBAHHIM.

Axanemuk J[xxym6ep I'eoprueBnu Jlomunanse ckonuancs 19 saBapst 2014 roma. O6pa3 atoro
3aMe4aTeNIbHOIO YYEHOro, 00asfTeIbHOTO, CBETJIOr0, I'yMaHHOI'O, BBICOKO KYJBTYPHOIO U BCEMH
JTF0OMMOT0 YeIOBeKa HABEKH OCTAHETCs B IIAMSITH €ro KOJUIeT ¥ COTPYAHUKOB Halero MHcTuryra.

bagdoGmggamlb 993609609d5ms gBHmgbmeo 53509300L §936-3mMgdmbogbdo,
36GmxglmGo 3ms0 9963950
(1925 — 2002)

3000bstg farols 27 dsolls 100 foero d9mlerergdms Bodse-
039ml  dg36096Mgdoms  gOM3zbmwo  53509800L  930-306M9L-
30mbgbBAL, 39memy0s-8069GMswwmyools 8g3bogMgdoms M@,
36OMBILEMO 2650 9bygeo0sl, MMIgEdsg oo oo 8-
035bs JoOmmwo 39mu0Bozmmo 393b096M9d0L, 39Mdm® 30 AMeg0-
39BHM00L, 2963000560900l boddgdo. dsb Jmgero mogolo 3bmgMgds
39360960900 LodLobwEL Jodw3bs, MTs3 YOEILO S3EHMMOEIGHO
49994365 565 9MGH™ BodoMmz9gemdo, 5539 dol BoMygAL 4o~

69m53. 329650 J9byges05 0gm 539MH030Ls O 9g3MBoOL JgMmBoBo-
3760 LEBMYSMYOIOOL 9300, LoJosMMNZgW Ml Lobgwdfoxm s 535. . Segjbodol Lobg-
@©MdOL 36930930l sM@9oE0.

3 09639o05 o005 1925 fiewols 27 Foobl d. mdoroldo, owGmolEol myxsbdo. 1949
D9l 550005365 MdoEroLoL Lobgwdfoxzm Mbogza™Lo@gBHOL ggmyMIT05-29MEMP00L Go-
30GIGH0  29MM-39MB0D0ZMBOL  B3Y305MdOm. BoDOZOLs O 29MBOBOIOL 0blEO-
AMGHo LodMdom ¢. d9639ws05 d00f305 dolds ToLHogergdgerds 03 OMML 53539 0bLEOEYWY)-
Aob ©0MgdEHMOMOL dMoEY0gd (1950 {Herosd — oMY]BHM®Bs), LodoGmzgumdo M93009@)-
(090 3ol s3x8dbgdgwds do@Mbds ¥9bm dowsz5dgd, MMIgEmsbsiz 99dymddo Lo-
3™3bol dmemdg Bsbodmdm FgamdMHMds 535300609ds. dOEMD 3. B5eo35d9L oHY39-
Aoo 3Jmbs Lodo®mmzggarmbs s 3933580MbBOL FHYMHOGHMMO0L BoMMOMO J6M53009EHMOWO
53989300 Bo@omgds. LHim®mgo 53 bsdmTsmdo Bogds g. d9bygersns @s 10 Herol gobdogermdsdo
(1950-1959) LgBMboL godmwEM390ws©, 96560565 bgddn3gsbgEMds 539035L. 1951-
1953 fargddo 00, 515939, IMbsfogmds 535009303ML d. 35¢s35d0l dogh Lodsemzggarmdo
3063905 Bo@oM9d Loddodol dsgols 39MHEGH03MMO 46Ms09bEOL Loggwrg 9dldgmodgb-
AM 250m33093580. 1393090LEGHIdTs QU AsdM3zg3s 09gbs 3603369 mzbo Boom-
35¢ql, M@ 00 3590639 8903569l MFsweglio Labfogergdeol, 396Mdm, dmbzmgol Labgen-
dhogzm Mbo3z9MLoGHgEOL gMmz30D032M0 13305 ™MdOL BEBWIBAEHMS LolHogwrm 3MIMAEMSTST0.
3 89699005l 93m036m©s 00gs, MHMA boggerg 3Mdomdol EMML 990393065 gsdofjols
J96dol Jsbgdol 603dgdo s 2obglsbeg®s domo 1Lod336M039. 59 IO TobosDY oYc-
©bMdom 356 M5dgbodg dOMIs A5dMb3s, Loog IMEgdEos Bods®mzgeml EgMoEm®mool
©9530fols Jgedols Lodwsem od3z3Mozgms M4935. 58 Asboerol Lyxdz9w B @. 896 s0sa
1961 §ganb Fo6do@gdoom o033 Lo3sbosdm @obgMEsE0s mMgdsby ,,9sd0fol JoMdol
939099905 3. 93330M0L s Bol Lz ME Bofodo®, HMIGE0E 29dEOMHGOMEO SHoWO
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3oboEom 45939 Mds ,,09(360969053% 1968 Fgarl 25dmbigs IMbMYGMIx00L Loboom. ¢. 96a9-
500l 990pmdo 33193900 d0sbo 9dw3bgds 393395b00Ls s dolo F0dYdSMY GHgeo-
A™MM0900L ©gsdofols Joddol 53909 gdol Jglogesl. 53 GHYMHoEHMM09doLMZ0L sGLYdWO
3M53089@®0o  dmbs399gd0l  FoMom  9bseroBol  Logdzgawbg dgpgbowo odbs o
30639005 59035 9OHMI00Mmbosbo FolidEodol 35335L00L BHIOMOEMMOOL yMo30d9G 00
35, 39296 MO BHM3MYMOR0M Mg J305d0. 3. 9bagws0sl Ig3bogM o dowfg-
3990056 456L53MB0m SPLIB0TBs305 gTOHob JoMdol LodysbBmdowgdosbo aMsgods-
3OO0 9839dGHOL 39dMM3E0Ls I, Mo 8053560, JsTOFol Jgmdol Lsdsbbmdowgdosbo
3053035300 InEIErol 53900l IgmmEOL  s3MTsg9ds. dgdymddo 9sb 83509d03Ml
39650 5e9Jlodglmsb 9o 903dogzs sSEMEOHOMT0, M5ds3 dodmdmgzergero dsbdsbom g-
©530fjols Jg@dol LodysbBmdowgdosbo Im@geol 53900l dgommEol MbogzgMLI MO FMMmY-
590l 990960l Lodwsegds d9Jdbo.

- 09629505 1963-0056 1976 (iesdg Lodoermzgarml 393609690500 5350900l Y0~
fob 99aLfogenrge d93bogcgdsms 2obgmazomgdol bffsgermen dogbs dwdsmdes; 1876-1978
Pgddo 00ymuqgdmEs BOMOOL MdMS MHYLI3MOM035d0 3MBGMIJGHOm, OMYMEOE LodFM™S
139(3090LEBHIOOL XIROL MBOMLO J. segdmdo. 1978 Fgl sdMMBs Lsddmdermdo s
1978-1982 {iengddo 99mx30H030L 0bLGHoEWEGd0 bgerddwgsbgermds Moomdg@Mools dsbym-
130¢90sL. 1981 ganl 365060l 3936096M9dsms 535009d00l L. bydmE0bol LobgwMmdolb ygmeo-
b030L 0bLEBHOGMGHT0 S0E3s OLIOESE0S M MY0s-00bgMsmyools dgabogcmgdsms md-
A0l Bsdg3bogHm boGolbol dmboedmzgdws mgdsdy: ,,9gsdofol Jaddol aeMsgods-
3OO 3o 3533560530

1982 Herosbh . 996q9ws0sbomgol 393609093580 sbogro dodsmrmvengds sofym. bodo®-
039mlb 393609690500 535009d00l 3M9H00dTs 030 gMBoH03ZoL 0bLEOGHWMEMB sOlg-
0o x96M LOEEYW-IgmMEOo 9dudgoEool, bawm 1996 fwosh, J3gybols ghmosbo bg-
obdMOO s330L JMM36o LsALIHBYMOL MBOMBOI® 60T, Losg 96 Logmabarol dm-
wmdy 00mEgsfo. 36 53 dgEo© Lodslvbolidygdwm boddgl FoMdsGHgd0m FosMmM3s 0530.
B39bL M9L3MdE03580 sOLYdMo bgobdMo Jugwol byeddm3sbgwwmdol yoMs, d9Jdbs ag-
Mx30H03MNM0 39gdol ©s330603935m5 JugEro s IMO3M3S OO IMENMdOL b330~
3900 FsLors. M53009BHM05d0 IFYgdmwo dgabogdH o 33193990 . 99bygeo050 3839~
60365 9gmmogLs sboew Bsdlabw®l. gl gbgds es3039EHM0MEo I9mMmEYdOL LEWEYMRLL s
d0foldzmgdol 3OHMabmbBol 3MMdEYIsLMD 3953800900 1gdoG03M0 LodTsmgdols
d9LEOMGISL. LMY FgMBoDo 3oL 0BLEHOGGHT0 535009303 FgMsd 5¢gdlodglbmsb gPHmao
3063900© LsdFMms 3530060 06 MRS 3OMAMTS — 303m396GO0S — FMOZ03SE0YIC0
990 (,,303m-33°), MHMIgEbsg LoxgIZws® MEI3L @. F9bagus0sls JogH 35335B00LsMZOL
900900 ©gsdofol Jgmdol bLEHOIEGHOS. 1997 gl §. T9bagws0sl MIsm bgwrd-
d039569wmdoo d9dmds3s J394bol LgoldmEmo s(330L gOHMzbmeo LsdbobwyGol 1998-2005
Pangdol Lobgedfoxm 0BbMmdMm030 3MMAMsds, MMl IFBHI0EPS LoJoOM39wML 369~
b09bEoL 0Mdsbgdgdom. 1985 (gl g. Ggbagwsosl Bogbos 3GMmxglimMols (rgds, 1988
Dol s06Bogl Logdo®mzgwmlb 393bogmgdsms gMmgbmmwo 53509300l §936-306MHg3Mmbgb-
Ao, 1994 9ol 300099006 gems dogboFs LodoOmzgumlb bsbgardfogm 30gdos dgsbo-
96900L5 s G9dbo3zol sMmdo, 1996 gl 30 — 535009d03MUL 3. s¢rgdlodol Lsbgamdols 36g-
905, 2000 Fgarl IXO0WEO™MZ BodoMM39ML PoMLYdIOL MMHPIBom. 5©LBOTBsZ0, Bred Dol
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1984 9l dowgdogaro 5gd3b Lodomzgeml LG MPserglio bsdFml 30M9HBooMdol Lads@om

Loggeo. 3. 99629500 93BME0S IMEIEOL: ,,0905d0Hol Fobogsbo 5390w gdols s doMo-
050 B0DY03NOO 3565993JO0L LoEMIMEOo Fobsfowgdol LobEgdsdo dmyzsbowo byg-
dmbLBM30M 8539@0L ImYE0*, Lomsbsm LYsgEMMM Fmfdmds J0®gdIEo 593l 1994 (geb.

399650 99629505 265033355 2002 fierol 28 0360lL. o3Mdscemos LsdwMmaemls
Lobogaoml LyBMYsm INM3sfgms 356mgmbTo. 4mMsd 8gbaqes0sd bogmazogho dmm3shg-
M30m, YM39eEP0MH0 Boddosbmdom, 30mgagdmMsb MOHMOIMNMIOm, dgamdMHYdMIb sTM-
3000909 gd0m WEMTs> 3350 IEM3ZS LoBMYsMGdOL TgblogMgdsdo.

@oBIMSGHMMS

1. 3. 905800y, 3. 30306539, . sMH3gw0d], X. JoM0s, . Fo3wem™mO. wMsd gbgwsos (BoMdOd-
W0MYM55305).2005; 39360969d9; 59 @3.

Y1eH-KOPPECMOHIeHT HAIIMOHAJILHOM aKkajaeMuu Hayk I'pysuu,
Ipodeccop I'ypam Llansosuy Llenrenas

(1925 -2002)

ITocesimaetca 100-neTrro co THS pOXKACHUS.

Unen-koppecnoneHT HannonaneHoi akageMun Hayk ['py3un, JOKTOp reonoro-MuHepantorundec-
kux Hayk, npodeccop I'.I11. [llenrenas ceirpan GOJBLIYIO POJIb B Pa3sBUTHU re0(hU3NIECKON HAYKH B
I'py3un, B 4acTHOCTH, 'PaBUMETPHH, YTO M CO3AAJI0 €My BBICOKHI aBTOPUTET Cpelu KOJUIET Kak B
I'py3un, Tak u 3a ee npeaenamu. ['.I11. lenrenas Obi1 wieHOM TeoPu3nIECMKUX 00IIECTB AMEPUKH U
EBpombl, naypeatom ['ocynapcTBeHHOW npemuu ['py3uu ¥ mpeMuu UMEHHM akailemuka M.A. Anek-
cunze. B 1984 r. Ovin Harpaxaen [louetnoit rpamoroit [lpesnanyma Bepxosaoro Cosera ['py3un, a B
2000 rony — opaenom Yectu I'pysun.

B 1949 ronay, nocie oxoHuaHus reorpado-reosoruueckoro ¢akynbreta TOMINCCKOTO rocyia-
pctBenHoro yHusepcurera [.III. Illenremas, mo pexomenmaumu akan. b.K. bamaBaase, Haumnaer
paboraTte B otaene rpaBumerpun MHCTUTYTa reodus3uKy W Ha3HAYAETCSl PYKOBOIUTEIEM DKCIIEIH-
IIUOHHBIX pabOT IO MPOBEICHUIO TPAaBUMETPUUCCKON CheMKH BCell TeppuTopuu 1 py3uu. Bee HaydHbIe
uccnenosanus [.111. lllenrenas B oraene ObUTH HOTHOCTHIO MTOCBSALICHBI H3YYCHUIO CTPOCHUS 36MHOM
kopel KaBkasa u compenenbHbix Tepputopuii. OH ABISETCS COABTOPOM I'PAaBUMETPUYECKON KapThl
tepputopun Kapkasza.

B 1963-1976 romax I'.111. [llenrenas — yuaensrii cekperaps OTnenenus Hayk o 3emiie AH 'py3un,
B 1976-1978 rr. Haxomgutcss B Cupuiickoii ApaOckoil pecryOiuKe 1O KOHTPAKTy, KaKk HadyalbHHK
TPYIIIBI COBETCKUX CIELMATUCTOB B I. Asnenio, B 1979-1982 rr. -pykoBoauTens oTaena paguoMeTpun
HucturyTa reodpmukn. C 1982 roma I'.11. lllenrenas Ha3HadaeTcss HadaTbHHKOM OTBITHO-METOIN-
4ecKoi reousnueckoil skcnenuuu npu MHcTHTyTe Teodusuku, koTopas ¢ 1996 roma mpeoOpa-
30BaHa B EnuHyto HanuoHanbHYyIO ciayxO0y ceiicMuueckoi 3amuThl [ py3un. JJomKHOCTS HadanbHUKA
OH 3aHmMain 10 koHmna >ku3Hu. [lon pykoBoactBom I.I1I. [lenremas Ovina paspadorana ['ocymapcr-
BeHHas LesieBas mporpamMma EnuHoil HanuoHanmbHOM ciykObl Ha 1998-2005 roapl, yTBep>KIcHHAs
3ateM [Ipesuaentom I['py3uu.

Ipodeccop I'.111. lllenrenas ckonvancs B 2002 roxy. HeyroMumblii TpyKeHUK, Oe3MEpHO Mpea-
HHBII CBOEMY JIeNTy, OTJINYHBIN ceMbSHUH — TakuM Obu1 ['ypam lanBoBuy lllenrenas.
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3O mggbm®o dobgowm ombgerosbo
(1925 -1992)

9080656y Hgel 100 Fgawro  FgmleMEEgdmEs  (36mdogn
JoOm390  49mBoBOIMULL, YgmeErmyos-dobgMemyools dgabogeg-
0505 MJBHMOU, 29M530HB030L 0bLEBHOGMEGHOL Lyolidmdogdol dobym-
330900l bgerddmzsbgwl 1971-1994 (iemgddo 3GMmxzgbme dobgou
00bg0sblL. ol mmbo smfjergmeol dsbdobyg boymazogho dme-
390905 2gmxz30bo3z0L 0blGoEGwWEdo. 356 oo {igeowo dgo-
A9bs Lododmggemdo bgobdmMo dogdol dgmmEgdol sbghazol,

396300000900l 5 3M5JGH03WO godmYngbgdol Loddgdo. 3HMBLMEM
dobgo 0mlgErosbol doge dowgdmards Lsdgboghm T9wgagdds
96008369cm3b6500 295800@MGL BodoMm3gaml 3HgMo@memools s J0dgdsg Mgyaombgdol
LOMIMEO 529399 GIOL QJMEMYOMEO FgLFogEromds.

1944 9ol 3mensbol Lodrmsm B3meol EsdmsgzMgdol 99dg 9. ombgeosbo RsoMosbs
0d0obob Lobgedfoxm MbogzgmLoE @b BoH03s-0509d5E0308 Bo3MEEIGBY. Isdo QoB-
MO 5HEYIBMEIL 2o FOMHS Jowrodme 3bMzMgOILMD T9aw9gds, o569gds Lfogwrsl msgo,
Q3¥MMbs 30L bmggwdo s s0Hym FMdomds bgmesdo 35093530308 Tobfogergdersc.
3990092, 3590l LO300L om3zswobjobgdom, dmdg3bm gl bgwobes BosdsMs Jobo®gdo
399030900 Md0WoLOL MBO3xMLOEYGHT0, BoaEoTd STRIMIW FJMEMY0S-3JMYMOROOL Bd3vIen-
A9ADY. LHogwmds Fo6Bobgdom, s0dbobwEs LGswobol Lobgwmdol LE03gbwos. 1950
D9l 55805365 MdOWOoLOL Labgwdfoxm MboggMlo@gBo 3gMmEMmy-ggma0Bozmlol Ldgso-
5Emdom. 09539 Hael Bso®ogbs s30M56EMMSTo dogdol Lyoldwemo dgomgdol FsbbGom.
1954 9ol do@™bds Jobgods 3OHMAGLMMIOOL . 035¢™35d0oBs s 0. 3obsdols LodgboghHm
b9wddm3s69wmdom mMdowobol Lobgwdfoxnm 3mwodgdbozn® oblEodm@do Homds@gdom
50335 OLYIOASE0S 3JMEMY0s-00bgMswmyools dg3bogegdsms 3sbos@ol LadgsboghHm
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0dg00L, 3Mm3MWsmEo dOHMIMEGmIOOL s bbg.). Jobo bydgabogm bywddwgsbgwmdom -
305 6 153560IGH™ OLYMEGSE0s. 50 BIMYME 0blighgdl 3Gy, 3. 0Mlgwosbl dolo dm-
D039 80%D.-0s0m. 99336. 535009300 MJEHMOO FoeboD 0og0dgMH0s:d5L

,,093™Mbo Jobgoo 0gm PMmgLOE 39000ETMBOWO 50530sb0. J5Bbgmz0gdsdo dolgero-
Loobsgg 30aMdgbo dolo IBMHb39w0 sdM30IOIEgds. bgdoLA0YH Ls3omMbBY ymzgermazol
499650009000 doldgbs, BJImsb gMrmo© 5390093 965¢0BL s, M3 835605, Bodeg3s
d9L50530L MBY390L. 535505, MMI 3993306000, 59 M®BY39d0L Loxwydzgw by Fsdm3zysE0dO
HMAMO3 3OMBILOMBICO 3gMBR0DBOIMBO S YM3gwm3z0lL JoEEogMgdol Mmdbmdom 30b-
19bgd Fob.*

31939 oblgbgdl do@Mmb dodsl dobo gMm-gOmo Moy B30H.-dsm. dgib. 9390900
©OJAHMOO 9300 30EM3560: 89300 Modol 0dds Fgodegds dodmb 0dsby, Mmyme 3 dgabo-
96%b9, 3580d30by, B356000Bg MBMIME Fggz3:M90E 5EF0s6BDY, FoaMsd TxgMHs© ol
30636 m30L909090L 939b9gd0. 080 0gm MMMl 390000, DMAXIO B30,
39YME0WO 930l 05bsddMMIgdbg s LyoldmdgBHMool sbgmzowgdol gho o
X 95 B53MYo0dgdsdo Aol rmdolb oo domdm3zol: ds@mbo dods 56 ogm 9353600 bgerd-
d035690. 080 YmM39wmM30L (300WMOPS NI sGHHYFs s 56 T9gaRbos Jobo MsbsTIGMI-
9ol dogM d30M9Mm©Ibo EOLEO3W0bIOMEO EMM393900, bMwm 256M339Mw0 B3O
390009 00900 0ym 093 ,,LosALXRJEM’’ VMboLdogdYOOLIMZOL. TogMsd M-
3MO3 30 35653l BsdMMAId©om dobo Joerodzowol — 3bmdowo InFseszol bsbsl 9g-
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dmobod 35¢0 s30L0 J3994bol Hobsdg s sEHMZs Bomgero blmgbs dgamdMmgdLs s Jmerg-
390d0. 2001 farolb 22 bmgddgml ggma0bozol obbGHo@nGdo Bs@Go®®s 3Omaglbm® dobgou
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1. 3. 3535¢05830¢00. 3OH:MmBLeGMO Jobgowr 0mligerosbo. mdowobo. 2001 §. 49a3.

IIPO®ECCOP MUXAWJI CTEITAHOBUY UOCEJIMAHU
(1925 — 1992)

Ucnomamnocs 100 1et co AHA pOKACHUS U3BECTHOTO TPY3UHCKOTO Teo(u3nKa, TOKTOpa reoIoro-
MHUHEPaJOrHYeCcKuX Hayk, npodeccopa Muxamna CremanoBuya HocenuaHu, BHECIIETO BECOMBIH
BKJIaJ B Jiesio pa3BuTHs HayK o 3emuie B ['py3un. M.C. Mocennanu ponuncs 15 Hos6ps 1925 r B cene
Mynaxu Mectuiickoro paiiona (CBaHetr) B MHOTomeTHOH cembe. Otenr Muxamna CtemaHoBHYa BhI-
COKO IICHUBIINN CHITy 3HAHHM, JaJl CBOUM JETSAM J0CToMHOe oOpa3zoBanue. M.C. Mocennanu ycremHo
yumics B TOMIMCCKOM TOCyAapCTBEHHOM YHHUBEPCHTETE Ha T€0JIOro-TeorpaguMueckoM (akyibTere,
3a OTIWYHYI0 yueOy 3aciykuin CramumHckyio ctureHauio. B 1950 romy OKOHYHMII YPHBEPCHTET CO
CHELUANLHOCTBIO TeoJiora-reousnka, MOCTYNWI B acnupantypy WHctutyta reodusuku u B 1954
TOIy 3alUTHJI AUCCEPTALNI0 Ha CONCKAaHNE YICHOH CTETeHN KaHAWIaTa Te0JIoTO-MUHEPaTIOTHIeCKIX
HaykK Ha TeMy: «I'eonorndeckast HHTEepIpeTanus reopusnueckux 1aHHBIX BHyTpennelt Kapranunckoii
paBHUHB, B 1983 Toay 3aUTHII JOKTOPCKYIO AMCCepTanuio Ha Temy «[IyOnHHOE reojorudeckoe
CTpPOCHHE MEXTOPHOH BIIAQJWHBI TEPPUTOPHH ['py3nnm W CMEXHBIX oOmacTedl Mo TeopU3NIECKUM
JaHHbeIM». C 1971 roga 10 KOHIA )KM3HM 3aHUMaJ JOJDKHOCTH 3aBEAY3IIEr0 OTJEIOM CeiicMOMETpuH,
KOTOPBIM paHbIIe PYKOBOAWJI OCHOBATENb 3TOTO HampaBieHus Treopusuku B ['pysum, mpodeccop
I'ypwmit KanuctpaToBuy TBanTBaaze, ceIrpaBmInii OONIBIIYIO POJb B ONpeeneHul HaydHoro myta M.C.
Hocenuanu. B 1980 rogy Muxaun CrenaHoBUY MOYYHII 3BaHUE npodeccopa.

B rteuenme wetwmipex necsatwiermid aestenbHOCTH B MHCcTHTYTe M.C. Mocenmanm wmcciemoBai
reo(pU3NUECKUMH METOIaMH Pa3BEeIKK CTPOSHHE 3eMHON KOPHI B Pa3UYHBIX YacTax [ py3un, BepBbie
COCTaBWJI JIJISl TEPPUTOPHH | 'py3Un CTPYKTYPHO-TEKTOHHUYECKUE KapThl MMOBEPXHOCTEH Me30304, KpHC-
TaTHYeCcKOTro QyHAaMenTa 1 MOXOpOBHUHNYA, a TAKKE KapTy ITyOMHHBIX Pa3iIoMOB U CEHCMHYECKYIO
MOJEIb JIUTOC(EPhI, N3ydall TTyOHHHOE Fe0JIOTHYEeCKOe CTPOCHUE TEPPUTOPUN TAKHX BaXKHBIX 00BEK-
TOB, KakuMmu sABISFOTC Marypn ['DC, Xunsamu ['DC, Jlamkanypu ['9C, CHOHCKOE BOIOXPAaHUIIHIIE
U JIp., IPOBOMJI MCCJIEIOBAHMS OTIOJI3HEBHIX SIBJICHUN M M3ydYaj KapCTOBBIE YYACTKH B OKPECTHOCTSIX
Warypu I'DC, XKunsamm ['DC, B Tkubynbeckom, AMOponaypckoM, CyxymckoMm u ['ymayTckom paiio-
Hax. M.W. Mocenuanu 1iof0TBOPHO cOTpyAHHYan ¢ TpectoM «I'pysHedrercodusuka» u ympasie-
HueM «['pysreonorus». OH sBasieTcss aBTopoM okono 200 HayYHBIX M HAYYHO-TIOMYJISIPHBIX paboT, B
TOM YHCJIE HECKOJBbKuX MoHorpadwuit. Ilom mayunasiM pykoBoactBom M.C. Mocennanu 3amiuimneHo
HECKOJIbKO KaHIUAATCKUX auccepraruii. C 9yBCTBOM TOpJOCTH COOOIIaeM, YTO M3BECTHAas IIaxma-
TUCTKA, rpoccMmerictep Hana Mocenuanu — nous Muxanna CrenanoBuya Mocennanu.

Muxaun CrenanoBwuc Mocennann ObLT YEIIOBEKOM YECTHBIM, TPYIOJIOOWBBIM, OJIaTOPOIHEIM,
TaJIAHTJIMBBIM, TPEIaHHBIM U JIIOOSAIIMM CBOIO PouHy.
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- ™ JoOm39w  29Mmx30H03MLL, BoB0Is-F509gdoG0ozol  dg3bogmg-
05m5 MJBHMOL, LodoMmmM39wwml Lobgwdfoxm 36Mgdools womeg-
5L 99336096M900L5> s 3H9gb030L WMRRTO, LodoMMZgEml 93meEm-
30600 3936096900l 535009300l 65330 936L, A9mz0BOIOL
0bLAHOGHWGOL Yool  BOBoZoLbs s  2gmIsabgEHoBdol
L9JdGHMMOL bgerdd3sbgEl 3otem Jo@mzgwodzowl 2025 fiewo 1
Md@mddgmL 90 Hawo gmLOHegdms. 356 1954 (gl mdemml
99050Bg 539365 MBOWOLOL o0 32-9 LMo ™m Bgmens,
bogom 1959 §geol — odoeolol bobgardfogm Mboggdliodg@ol

10D030L B3 EHYGH0 603009MdIMS 50BsMOdOL L3gE0sTMdOm.

3- J96OH03900d30¢8s 296339090 §3oo dgo@sbs Lads®mzguwrmdo ygmaobozol goom-
90 MODMEILO O, 0353OMNWSE, BOOSE LYOBEGHIMILM IMAOL — dgs® gsdofjodo
908mg3930000 Im3w96900L — 3300939070. 5350gd03Mb B. dos35dgbmsb gMHmMo®, Jolo bgwrd-
90395690 Md0ms s dwseem Imbsfowgmdom 1962 gl ss@bs mdogroliol MbozswMo,
3bgo Lobol 533060390930L5M30L B3YE0SWIMOE SV FMMZ0¢0, F0TMJEIZOMO EISBMEISE)M-
605, bLosE 2010 Herol 03woLsdEY F0dEObIMIMdS IETOfHol ystr Fsbdo dodmdigzomo
9m3wabgdol Mhy39B0 dmboGmMobyo, Mobmzobyz odmoygbgdmos msbsdgw®mmgzg Lodo
doMOMOEO — 3653009BHM0Mwo, 9JuEgbBMIgEMOMMo s ILEOOLIBMI0MO FJOMPO. SO-
650360 WHdMEOIBHMM0s 35MEM  JoO™M390d30¢0l bgerddmgsbgarmdom 1969 farosb
1bJ30mboMgd©s, HMYMe 3 LemEoswobEBwmo J399bgdol dgEbogMgdsms 53509d0gdol 3ensby-
GO 39MR0H0350 IM535¢THOO0Z0 MM0GOHNMIGOOL 3mdobools (KAIID)-U bog@osdm-
ol 396¢60. 2010 Herols 036080 Logdo®mmzgeml 163wo330L LOToboLEBHMML 35¢JAMMOWo
M @0do@dob 9999 39mB0DBo3ol 0bLEHOEGHWMEO 0dMEgdMEo gobs Imgbobs mdlgM3s-
GM0580 5OLYIMO 335M5BHYMHOL BofomdMoz30 ©IIMbE0 s 2010 Farol 22 03boll
MBBYMZ5GHMM050 5OLYOMBdS d9HY30B).

9019905350 53 93d0dgLo IMEHYIOLS, 35MM JsOZ3ge0dZ0Td osMAGWS 33093900
390M530H03580 9990 03O gdqdom: Imemgmeo dofolidzMgdom 0boEgo®mgdo M-
390 1YoLIMOMBOL BHMOYIM0MYOS; LodoMmMZgeml FJMHOGHMM0sDY sMLGOMEO BMYOYM-
00 dw0gmo 3sb60GHMO sbMTswools 3md3egdbmMo 33e935 d9693GM030 Fogbo@mmgMsdo-
Mo 3NOHMOHEL dsbolv@mo dmnguols 89Jdbol Jobboom. oMM JoHm39e0d300 SY6-
d99ds bYFMTomgdl gEsdofjols dofjolgzgds dodmgigzom MmdLYMZsG™MEMm0sdo 1962-2010
fgddo 800gdMo 3306039000 ToLogdol dmbsigdms d5Bol dgloddbgwrs; ol 033-
93PS ©Ysdofol dgod GHsbdo 80dobstg 3OHMELYdL M3089G®Mgd0m, 9JuBgbBmIgE)-
69300 5 IHOOLIDMIGOOM BoBoMgdmwo Mfyz9@o dmbodmMobaols dmbsigdgdom; 033-
935 dmegmwo dofiolidz®gdom 0bogo®mgdme wm3swmMo bgoldMOHMdOL GHMmOYHIHOMIdOL
9039690, 30339dbMO© 0331 g3Ws LOJsMMZIML BHIOOGHMM0sDY SOLYdME BMYOIHM
d0g® 353b0GHE  956MTor0sl 0bgdM030 FoaboEM™MgMI30wo  3MMMOEGHOL dsbolwemo
990l d94dbol doBbom; 1994 gl 3otrerm Jomrmggarodzowml 933w935M5d0L Xy MBMb
9005 909603s LogdoMmzgmmlb  MaL3dMdE03ol  Lobgwdfoxzm 3Mgdos d93bogMgdols o
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3996030l oMmpado 1978-1992 {engddo Jgliermengdmero IOMTsms 303e0LsmM30L ,29MB0DO-
3760, 29000000 s LY0bgObOM 5TMEI6JdOL Fowsfyz9@ oL 93039300 FgoM©Y-
00l 539353905 QO MIO0BF0S™ .

130%.-0500 393b. PMJBHMOO oMM JoOm3ger0dzoeo 2016 (gl oxowmz©s 03569
X93560330¢0b  LEbgEIMdOL MBOEEOLOL Lobgwdfoxzm Mbogzgdlodg@ol Lsomdowgm dg-
Wom. 05@MbO 39OHEM 0gMm BOOS© 60F0gMo, BoOMNM Robsmegdol dJmbyg dg3609MH0. ol gom-
©50(335¢5 2019 ferols 19 bgdEgddgdb.

@0HIMIGHNOS

1. 36mg. x. JoMos, . sMsH3zgwodyg, 9350. ©md. 9. 603mEs0d30wo0, ,,350MWM JsOHM39w0dz0¢0l
d0MBOBE0MYM%305°". MdoErobo. 2015 §.

Kapao 3axapbeBuu KaprBeanmsnin
(1935 -2019)

C uMeHeM Tpy3UHCKOTo Teodusnka, JOKTopa GU3nKo-MaTeMaTHYECKHX HayK, JaypeaTta ['ocynap-
CTBEHHOU mpemuu ['py3un Mo HayKe ¥ TEXHUKE, JEHCTBUTEIHHOTO WieHa AKaJleMUH 3KOJIOTHYECKUX
Hayk ['py3un, pykoBoauTens cekropa ¢pu3nku 3eminn u reomaraerusma MucturyTa reodusuku Kapio
3axapreBrya KapTBenMIIBUIN CBSA3aHBI 3HAUYUTEIBHBIC HTAIBl PA3BUTHSI TPY3HMHCKOM TeoQpu3nyecKoit
HAyKH, CpPeIu KOTOPBIX 3aCIyXHBAIOT BHMMAaHHE HCCIEIOBAaHUS TNPWIMBHBIX SBJICHUHA B TBEPIOH
3emMiie — OJHOHM U3 CIOKHEHIINX U OJHOBPEMEHHO OYEHb MHTEPECHBIX oTpaciel reopusuku. [lox py-
koBoacTBOM akana. b. K. bamaBamsze u mpu HemocpencrsenHoM ydactuu K.3. KapteenmmmBuam B 1962
roay B TOuiucu Oblia OCHOBaHA YHUKAaJbHAs JJIsl TAaKUX HAONIONCHUH CHENMaIbHO 000pYyHaOBaHHAS
MoJI3eMHAas MPHJIMBHAS JabopaTopusi, B Kotopoi g0 utois 2010 roga mpou3BOAMICS HENPEPHIBHBIH
MOHUTOPUHI IIPUIMBHBIX SIBICHUH B TBEPAOM Teje 3eMJIM OCHOBHBIMHM COBPEMEHHBIMH METOJAMU —
IPaBUMETPUYECKUM, 3KCTEH30METPUYECKUM M HakjIoHoMepHBIM. [lox pykoBomctBoMm K.3. Kaprse-
mumBuH ¢ 1969 rona sta nadoparopus (GyHKIIMOHHUpOBana kKak MexmyHaponHsiid LleHTp komMuccuu
110 MHOTOCTOPOHHEMY COTPYJIHUYECTBY akaieMuil Hayk corpanuctiuueckux crpat (KAIIDY) mo mutane-
TapHOU reodusuke.

Joxrop ¢wus.-mat. Hayk Kapno 3axapeeBnu Kapreemumsuan pomgwics 1 oktsops 1935 roma, B
1954 romy c 3050TOM Menanbio OKOHYHI TOWIUCCKYr0 Ne32 MyKCKYH CPeIHIOI MIKoIy, a B 1959
roxy ¢usndecknil pakynbrer TOMIMCCKOTO TOCcynarcreenHoro yauBepcuteta. C 1959 roma 1o xonmna
xu3HH pabortan B MHcTHTYTE reodu3nku. [IpekpacHbIil crienuaiicT, pa3HOCTOPOHHMH yaeHbld Kapio
3axapbeBuy ckoHvaics 19 cenrsaops 2019 roxa.
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bg3Pmmmygdo
OBITUARIES

9939 359gM9geodol blmgbsls
(08. 05.1933—05.12.2025)

960039 399YOgwody —  FPPOMIIWO  FINWMRO,  JIM-
MQ0M-0069Mowmyom®  d936090Hgdsms  md@mmo (1974),
36x39LmO0 (1984), LogdoGmzgguml dgbogmgdoms 535009300l
0936-3mOqL3MmbgbBHo (1983), ULodsmzggarml dgiEbogMgdsms
5350099000 535009d03mlo (1984).

96039 3999Hgr0dy 36mdoo  JoMmzgwro MmOl
39069 39994mH9wodols 30¢0s. 1958 (erosb 8w9dsmdl xsbg-
@odol 49mmyool 0bbGoEWETdo, 1988 fwosb Lods@mgg-

b 3936096M9d5ms 9Hmzbmwo 535009000l gsdofiols d9gab-
fogwgw 993609 gdsms  2obgmBomgdol  93509803mL-8003560, Segdbobg Xsbgerodols
39M0mao00l 0bLEHOGHMEGHOL GgdEH™bozol, Mgaomboemo 3gmeEmyools @s byoldmEgd@mbozol
3969mz30qd0lL bgarddmgebgaro. 1974 fgl ©s033s LyMJGMOM EOLYMEE0s MYTsbY:
»®9JBH™6039M0 BEGHOWJGHMOYOOL BMOToMYdoL gJsboBdo s BH9JBH™PIbyBOL BmyogMmo
Dm0 3OHMIWGI>®.

1961-1966 {je0qddo — Lodsermzgeml 3936096M9d5ms 53500900L FgmEmyoeo 0bLEHOGHY)-
Aob MI3OMBo 93609 sbsddMMAg0s; 1966-1975 {engddo — LodsGmzgarml dgzbog®mgdsms
539009300l 2gmema0MH0 0bLEBHOGMGHOL MBOMLo 393609 MsbsddOMIgwo; 1975 ferosb

©O99©g 30 bgeddrgsbgumds  swgdlobtg  xsbgeodol  ggmemaool  0blEodm@ob
A99BH™bo30l, MHga0mbrwo ygmermyools s Bgoldm@gdd™mbozol gobymaowqdsl.

969309 25894M9geodol doM0mso dMmdgd0 gbgds Mmgaombmem 4gmeEmaosls s 39m@9d-
A™b035L, IBHITME S MJR0MbME LEHOYIEHMIOM SBsWODL, 3esby@sMrmeEo BodGoemg-
Bgodol  33¢935L,  GH9JBH™b03MNM0  LEHOWIBHMOJOOL  HoMTMIMdOL  FgdsboBAl, ToGm0osg9d0l
9OHBMEMQ0)M-306905303960 353019890 gd9dLs s Foo gbgboll, bdgwmsdwms Begzol
9d6530 LoOEYol 39M065303996 93mEE0sLs s BYoLAMEHIJBHMB0ZOL, WomMbEGgOHMUS
5 9ol Jgddol 3mMOBMBE MG — 3H9dB™bo3M® 256d693905L5 s GG ™ygbgbo-
Lol BmYo 3GMMIEHI9OUL.

9. 35996Hge0dg 5MoL BogMMsTMMHOLM 3H9d@MmbolzmMo Mw)3900L 3mdoLool §936o. LodsGromn-
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In Memory of Giorgi (Gia) Kordzakhia
(08. 09.1947-29.10.2025)

It is intolerably hard to comprehend that one of the exceptional Georgian scientists, a person
distinguished by the highest professionalism, modesty and openhandedness — Giorgi (Gia) Kordzakhia
is no longer with us.

Gia Kordzakhia was born on September 8, 1947. He graduated with honors from the 42nd Tbilisi
School of Physics and Mathematics, after he continued his studies at the Faculty of Physics of Tbilisi
State University, which he graduated in 1970 with a degree in theoretical physics.

The love of science and diligence led him to the field of hydrometeorology — the field to which he
devoted his entire life. In 1975, he successfully defended his PhD thesis on four-dimensional modeling
of meteorological processes at one of the world's most recognized hydrometeorological centers of the
Soviet Union, in Moscow, and was awarded the degree of Candidate of Physical and Mathematical
Sciences.

Gia Korzakhia’s long-standing career is connected with the Institute of Hydrometeorology of the
South Caucasus, where he progressed from a junior scientific associate to the head of the laboratory.
Since 1997, he worked as the deputy head of the Hydrometeorology Department at the National Envi-
ronment Agency of Georgia and finally as an advisor to the head of the agency. In parallel, he worked
at the Hydrometeorology Institute of the Technical University and continued his scientific activity.

His scientific interests included the dynamics and modeling of atmospheric processes, physical
and global aspects of climate change, problems of environmental pollution, hydrology and glaciology.
A distinguished place in Gia Korzakhia’s works is occupied by the study of glaciers. He led numerous
important national and international projects, including the Shota Rustaveli National Science
Foundation grants — “Electronic Atlas of Georgian Glaciers” and research on glacier degradation. In
these studies, the degradation of Georgia’s glaciers was quantified for the first time as influenced by
global warming. With his extensive experience and dedicated work, he made a substantial contribution
to the development of hydrometeorology.

Gia Kordzakhia actively participated in many projects of the World Meteorological Organization,
the United Nations and European scientific programs, and presented important scientific results on

156



behalf of Georgia at a number of international forums. He has published more than 150 scientific
articles and 3 monographs.

His notable contributions were recognized with state honors — he was awarded two Medal of
Honor by the Government of Georgia. He was an academician and vice-president of the Georgian
Academy of Ecological Sciences.

We, his friends and colleagues have lost a high-level professional, a true intellectual and a noble
person, while his family has lost an exceptional spouse, father, brother, and grandfather. May God
sanctify and bless Mr. Giorgi (Gia) Korzakhia’s immortal soul, and may God grant him a place among
the righteous. Amen.

Institute of Hydrometeorology, GTU
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