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In this issue texts of papers presented at the 65-th May scientific session of the Institute of
Hydrometeorology are offered, dedicated to the pressing problems of Hydrometeorology and Ecology.
Relevant papers are given according to the following scientific directions: Meteorology, Climatology,
Agrometeorology, Hydrology, Climate Change, Environmental Pollution.

The volume is intended for experts working in different branches of geophisical, geographical
end ecological sciences, magistrates and doctorates.

B macrosmmii cOOpHHMK BKIFOYEHBI TEKCTHI JOKIIAIOB, 3aCHyIIaHHBIX Ha 65-0ff MaMCKOW HaydIHOH
ceccun Mucrutyta T'mapomereoposnornu, MOCBSIICHHOW AaKTyalbHBIM NPOOJIEMBI THAPOMETEOPOJIIOTHH U
skosioruu. COOTBETCTBYIOIIME CTAaTbU JAAHBI MO CIEAYIOIIMM HAay4yHbIM HalpaBJICHUSM: METEOPOJIOTHA,
KJIMMATOJIOTUsl, arpOMETEOPOJIOTHsl, TUAPOJIOT I, U3MEHEHHUE KIIMMaTa, 3arpsi3HEHUE IPUPOTHON CPEIbL.

COopHUK TIperHa3HAYeH AJIS YYEHBIX W CIEHUAINCTOB, paOOTAIOMINX B Pa3IUYHBIX OOJACTIX reo-
(U3NUECKUX, reorpaMuecKuX H IKOJIOTMIECKUX HayK, MarHCTPAHTOB U JOKTOPAHTOB.
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Evaluation of maximum water discharges rivers of Georgia for water management calculations.
/Basilashvili Ts./Scientific Reviewed Proceedings of the IHM, GTU. — 2019 - vol.127 - pp.11-16. Georg.;
Abst.: Georg., Eng., Russ. A description of the conditions for the formation of maximum water flow of
mountain rivers is given. In this regard, individuality and diversity of the rivers of western and eastern Georgia
are noted.

On the basis of statistical processing of 40-60-year stationary observations carried out on hydrostorms of the
rivers of economic importance, the norms of average annual and maximum water discharge and characteristics
of their fluctuations are clarified. The values of the highest expenditure peaks and the average data of their
passage are also given.

The data obtained are of practical use for water management calculations in scientific, business and design
organizations with the view of confirming various constructions and conducting preventive measures.

YK 627.14.215.1.632.123

OneHka MaKCHMAJIbHBIX PacXo10B BoAbI pek ['py3uu st Boaoxo3s1iicTBeHHBbIX pacuéTo. /bacunamBunu
11.3./ Hayq. Ped. C6. Tpyn. UM I'TVY - 2019. Bem. 127 - ¢.11-16. I'py3.; Pes.: I'py3., Anr., Pyc.IlpuBoaurcs
OIIMCaHHuEC yCJIOBI/Iﬁ (I)OpMI/IpOBaHI/ISI MAaKCUMAJIBHBIX PacxoJ0B BOJblI TOPHBIX PCK. B »sTOoM oTHOIIEHUHU
OTMEYaeTcs WX WHIANBHUIYaILHOCTh U PA3HOOOPa3HOCTh Ha peKax 3amaJHoi U BOCTO4HOH [ py3un.

Ha ocHoBe crarnctrueckoit 00paboTkn MHOTONIETHHX 3a 40-60 JIeT cTanMoOHAPHBIX HAOTIOAEHHBIX TAHHBIX TI0
TUAPOCTBOPAM PEK, UMCIOIINX XO3SIUCTBEHHOE 3HAaYCHUEC, YTOYHCHBI HOPMBI CPCIHE I'OJOBBIX U MaKCUMAJIbHBIX
Pacxo/ioB BOJbI M XapaKTEPUCTHUKU HUX KojecOaHuit. J[aHbl Takke 3HAYCHUS MUKOB HAMOOJIBIIMX PACXO0B U
CpeIHUe aThl X MPOXOXKICHMSL.

HOqueHHBIe JaHHBIC HUMCIOT NPAKTUYCCKOC HA3HAYCHUEC JIA BO}Z[OXO35[I71CTB€HHLIX paC‘IéTOB B HAYYHBIX,
XO3SUCTBEHHBIX U MPOCKTHBIX OpraHU3alUAX B LEIAX MNOATBCPXKIACHUA PA3HBIX CTpOCHI/Iﬁ U BCIACHHUA
MPEBEHIIUATBHBIX MEPOIPHUSATHIA.
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Impact of hydropower plant and reservoirs to natural floods /S. Gorgijanidze/ Scientific Reviewed
Proceedings of the IHM, GTU.— 2019 - vol.127 - pp.17-19. Georg.; Abst.: Georg., Eng., Russ.The article
describes the events of the floods in Georgia that lead to many casualties and negative effects. The impact of
the reservoirs during such natural disasters is described. Their importance and protection from floods are given.
These are the regulations that will protect the environment during floods in the mountainous regions of
Georgia.

VK 551. 485215

Binsauue rumposaeKTTPOCTaHIMI 1 BOJOXPAaHUININ, Ha cruxuiinsre naBogku /C. H. Ioprumxannnsze/ Hayu.
Ped. Co. Tpyn. UM I'TY - 2019. Bbm.127 - ¢.17-19. I'pys.; Pe3.: ['py3., Aurn., Pyc.B cratpe omucsiBatorcs
HaBOAHeHUs B [py3uu, KOTOpble IPUBOAAT K MHOTOYHCIEHHBIM JKE€PTBAM M HETATUBHBIM IIOCJIECTBUIM.
OmnncaHo BO3ZeiiCTBHME BOZOXPAaHWIMIL HA TaKhe CTUXUNHbIEe OeACTBHUA, UX 3HaYeHMEe M 3aI[UTa OT
HaBOJHEHUH B 5TO BpeMs. [IpesicTaB HOpMaTUBHBIE aKThI, KOTOPbIe OYLyT 3alMIIATh OKPYXKAIOILYIO CpeLy
BO BpeMs HaBOZHEHUI B TOPHBIX paiioHax ['pysuu.
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UDC 551.32.321

Determination of the Impact of Current Climate Change on Some Large Glacier of Georgia and
Investigation of their Complete Melting Dates. /Shengelia L., Kordzakhia G., Tvauri G., Dzadzamia M./
Scientific Reviewed Proceedings of the IHM, GTU. — 2019 - vol.127 - pp.20-24. Georg.; Abst.: Georg., Eng.,
Russ.. The article discusses the retreat of some large glaciers of Georgia under the influence of current climate
change. It is established that these glaciers retreat is non-linear. To determine the date of complete melting of
the considered glaciers, the climate change scenario for Business as Usual (BaU) is used. Based on the
research, it is defined that in this condition the approximation of these glaciers retreat with high probability can
be described by parabolas. On the basis of received equations their complete melting dates are determined.

YK 551.32.321

OTcTyIUIeHH e HEKOTOPBIX 00JIbIINX JeAHHKOB I'py3un noa Bo3aeiicTBHEeM TeKYHIero u3MeHeHUsl KJIUMAaT
U OHUNpeejieHHe TPEANO0JoraeMoii AaThl NOJHOI0 TasHUA OOJbIIMX JIEAHHUKOB ['py3mu moj
Bo3JelicTBHeM Tekyiero nsmenenusi kiaumara./I[llenrenus JI.JI., Kopazaxus I'.11., TBaypu I'.A., [I3an3amus
M. II./ Hayu. Pep. C6. Tpyn. UTM I'TY - 2019. Bem.127 - ¢.20-24. T'pys.; Pes.: I'pys., Auri., Pyc.
B crathe paccMaTpuBacTCs OTCTYIUICHHE HEKOTOPBIX OOJBIIMX JIGAHMKOB ['py3ud mMoa BO3IACHCTBHEM
TEKYIIET0 HW3MCHEHHWS KJIMMara. YCTaHOBIICEHO, YTO OTCTYIUICHHE JTHX JICIHUKOB HOCUT HEIUHCHHBIN
xapaktep. st ompemeneHWs IaTHl TOJHOTO TasHUS PACCMOTPEHHBIX JICIHUKOB WCIIOIB30BaH CIICHAPHI
U3MEHEeHHUs KimMmara oObruHblid 6u3Hec (Business as Usual /BaU/). Ha ocHoBe mpoBeIeHHBIX HCCICIOBAHUIA,
OBLIO YCTaHOBJICHO, YTO OTCTYIUICHHE PACCMOTPECHHBIX JICIHUKOB C OOJBIION BEPOATHOCTHIO MOXHO
anmpoOKCUMUpPOBaTh mapabomamMu. Ha OCHOBE MONydeHHBIX YpaBHEHHH I OTCTYIUICHHS 3THUX JISIHUKOB
pacCUYHMTaHBI JATHl X MTOJTHOTO TasHUS.
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3b®ogo 1. 8pobsag gb3g®ol bsodmsb LsTygsgm mbggdol gm@gmsool gmggoiEgbdols

d603369e0™d 930
I II III v \% VI VII VIII IX X X1 XII
r (1959-2017) 082 | 082 0.83 075 1 068 [ 074 | 072 | 076 | 083 | 0.79 | 080 [ 0.80
r (1959-1989) 0.63 0.60 0.63 048 0.36 0.58 0.56 0.54 0.68 0.58 0.61 0.66
r (1990-2017) 0.01 0.14 0.10 0.08 | 036 0.31 023 [ 0.20 0.33 0.12 | -0.14 | -0.04

50b0dbyands o omomgdds bommoe ©oagsobabgl, my Gmam® gOmbomse bps dMggzoEmm
AOgbeol  Jgxslgdol Logombl. s3sbmsb, dobo dgbfogms mobsdgo®dmgg 306mdgddo IgBow
>JB oo aobs, Moash dogbge 360dgbgermgsbos doAMIgE gmGM@maoydo 3GM3EgLgdol
Lboowgms (335 gdo0mdols obsdogols dglifogans, dombg gawods@ols 33eoemgdol bgasgangbols
306 mdg6do.
R0BIGOBHIGS - REFERENCES - JIUTEPATYPA
L 3. a®ogo@os, 9. bodsdg, b hopybsdg “Sop@m@mpoydo  3Gm3glgdol  F@gbools
dggnobgdoes sboaobo”, 3do-ols ‘dOmIgdo, 2002§ gano.
2. MexyHapogHOe PYKOBOZACTBO IO METOJAM pacyeTa OCHOBHBIX THPOJOTHYECKHX XapaKTePHCTHK,
Jlenmurpan, l'mppomereouszar, 1984
3. Kypauanu U. I'. K Bompocy BekoBoro kosneGanusa kiaumata I'pysum. Tpyzsr Mucturyra I'eorpadun
AHTCCP, 1. 15, 1956
4. Uyuoxupupze . A. OcHoBHEIe 4epThl TepMudeckoro pexuma ['pysun. Tpyzas: 3axHWW 'MU, sim. 22,
1960

903 551

dobo®g gbya®o L. boodmob Eomgggmo  mgggdol wmbggdol (3gomgdoembol  dggolgds
la®oym@os ., sensgg@esdgomo d., 2.009335d9/ bEy-ol 3do-ol Lodgisb. dgey. O, gogo. - 2019 -
®127 - 332528 —Jodm; @gb.: Jodm., obye., @yl. dJmygsbogros dwobomyg gbadbg L. bsodmsb

(3O 3990 039900l ©mbggdols (335 gdomdol dglobgd, Lowsi ©ogg003960L Lofyoli gHo3by
(g0l @mbols 3mbo3999d0 bogdom® ©odsmos s godm{ggygemos Tyomdmgo®obgdom, Gol godm

OoOMZgYE0s  30m3gbol  gOmygemmgbgds.  sdslmobogg,  B®gbwols  dgxslgdol  Logombo
0obodgdmgg  300m690Tdo  FgHoe  oJBo®o  gobs, Moasb  doebgro  dbodgbganmgsbos
30MMmIYE g M@ ma09g®H0 30m3gLgdols Lowowgms goegdsemdols @obsdogols dglifogans, domby
38 0d5@ 0l 33e0 gdols bgyoge gbols 3oGmdgddo.

UDC 551

Assessment of the variability of individual month levels on the Enguri River station Khaishi /Grigolia G.,
M.Alaverdashvili, G.Bregvadse/ Scientific Reviewed Proceedings of the IHM, GTU. — 2019 - vol.127 - pp.25-29.
Georg.; Abst.: Georg., Eng., Russ. It discusses the variability of individual month levels on the Enguri river
station Khaisi, where the water level data at the initial stage of observation is quite low and caused by floods, thus
disrupting the uniformity of the process. At the same time, the issue of estimating the trend has become more
relevant in modern conditions, as it is very important to study the dynamics of the magnitude of variations in
hydrometeorological processes under the influence of climate change.

YK 55

OueHka U3MEHYHBOCTH YPOBHeil 0TAeNbHBIX Mecsiie Ha pexke Unrypu cranmusa Xawumu / ['puronus T,
AnasepnamBunn M , Bpersanze ./ Hayu. Ped. C6. Tpyn. UI'M I'TV - 2019. Bem. 127 - ¢.25-29. I'py3.; Pes.:
I'py3., Aurin., Pyc. [IpuBeaeHbl NBMEHYMBOCT YPOBHEH OT/ENbHBIX MECSIEB Ha peke MHrypu craHius Xauliu,
€ JaHHbIC 00 YPOBHE BOABI HA HAYAJILHOM J3Tallc Ha6JIIOIIeHI/I$I JOBOJIbHO HU3KH W BBI3BAaHbI ITIOBOAKAMHU, YTO
HapymaeT paBHOMEPHOCTh mpoliecca. B To ke BpeMs BONPOC OLEHKH TpeHjAa cTail 0ojee aKTyaJbHBIM B
COBPEMEHHBIX  YCJIOBUSX, TaK KaK OYeHb BAXKHO W3YYUTh JUHAMHKY BEJIMYMHBI  BapHalHid
THIPOMETEOPOTIOTHUECKUX MTPOLIECCOB MO/ BIMSHAEM U3MEHEHHsI KIIMMaTa.
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> dgbodenem boobols dgdbygdydgodss.
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sbosbes. ddsgoeo bowol, abol, Lbgswsolbgs mdogddol by@mggol, ©sbosbgdol, @sbemEowo
dbbgogagbs s (g@omagbs Logmbenols, badaoggdol aobosway@gdol, dosgno dodgols obdgdols
©5b0osbgdols, Fo@g@osgy@o bodsaol doygbgdols dobgbo [ergdol dsbdognbg mmgerols bgsgo
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5. Hwouma A.K. Mexanuka cwiIbHBIX Metrenedl . Tp.HoBocmOMpckoro wWH-Ta WHXCHEPOB JKEI.IOP.
TpaHcnopTa, BhI. 159, 1974, ¢.3-110.

9o3. 351.578.46

350)390-05RGBOBLOL  LOSBMAMBORM  dBOL, BIKRM-8RHSFI 3M6533I0)0L, B353LdG0-
YA(MIBS. /d.Lognyygadg, Lam@aoxsbodg, b. jmdsbody/ LHy-ol 330-0b Lodyibh. Ggy. 9o, 3ogd. -
2019 - @.027 - 9330-35. —Jodm; @gb: JoMm., obaar., @PlL. sko@ol Jswodmosb Lmgegdls 161
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30399 3M9d9000 Jo®OgmIg@Oogeo dohggbgoemgdo S bgog900L ©0bsdogy®o
dobolosmgdangdo.

UDK. 551.578.46

AVALANCHE DANGER ZONE OF KHULO-MLASHE BATUMI-AKHALTSIKHE HIGHWAY.
M.Salukvadze, S.Gorgijanidze, N.Kobakhidze. Scientific Reviewed Proceedings of the IHM, GTU. - 2019 -
vol.127 - pp.30-35. Georg.; Abst.: Georg., Eng., Russ. The high-altitude villages of Ajaria are threatened by
161 avalanches, which in some years have caused a huge usherb to the local population. As well as 32
avalanches are coming down on the Site of Khulo-Mlashbati-Akhaltsikhe Road, which passes through the
Goderdzi Pass. The morphometric indicators of avalanches and dynamic characteristics of these avalanches are
presented.

YIK. 551.578.46

JABUHOOIIACHOCTDh YYACTKA XVYJIO-MJUIAIIE BATYMHU-AXAJIAXCKOMU ABTOJ0O-
POI'. M.CanyxBanze, C.I'oprumkanunze, H.Kobaxunze’ Hayu. Ped. C6. Tpya. UM I'TVY - 2019. Bpim. 127 -
¢.30-35. I'pys.; Pes.: I'py3., Anrn., Pyc. BeicokoropHeiM cénam Amkapuu yrpoxaer 161 maBuH, KOTOpbIE B
OTJAENbHBIC TOJBl HAHECIH OTPOMHBIA yIIepd MECTHOMY HaCelIeHHWI0. A Takke Ha ydacTke Xyio-Miarre
Barymu-Axanmuxckoit aBTogoporu, Tmpoxomsmied depe3 [omepasckuii mepeBayn, cxXomsaT 32  JIaBHH.
[IpeacraBnensl MopdoOMETpUUECKHE TOKa3aTeNd JaBUHOCOOPOB M AMHAMHYECKHE XapaKTCPUCTUKU OTHX
JIaBUH.
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UDC 551.583

Prospects of restoring precipitation artificial enhancement works with regard to climatic data./Beri-
tashvili B., Kapanadze N. /. Scientific Reviewed Proceedings of the IHM, GTU. - 2019 - vol.127 - pp.36-40.
Georg.; Abst.: Georg., Eng., Russ.Taking into account the climatic parameters on the territory of East Georgia,
perspective 8 polygon for artificially stimulating precipitation are selected. For each of them, the potential of

39



LAI-L 30RGM3IBIMH)R MO0 O6LAOBIBOL 153IC60IAH() AHIBIA0MIBSR(D AN S 3AHISIRO, &. 127, 2019
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.127, 2019
HAYYHbIM PE®EPUPYEMbBINM CBOPHUK TPYIOB UHCTUTYTA TMIPOMETEOPOJIOTUUTI'TY, T. 127, 2019

precipitation enhancement is estimated for both warm and cold seasons. It has been estimated that the water
potential supplement amounted to 885 million m® for the warm season and 200-250 million m® for the cold
period, that indicates on the prospect of restoring of precipitation artificial enhancement works on the territory.

YK 551.583

IlepcneKTHBBI BOCCTAHOBJIEHUS] PA0OT MO MCKYCCTBEHHOMY YBEJIMYEHHIO OCAAKOB MO KJIUMATHYECKUM
nanHbIM. /bepuramBunu b.11., Kanananze H.W./ Hayu. Ped. C6. Tpya. UM I'TY - 2019. B 127 - ¢.36-40.
I'py3.; Pes.: I'py3., Anri., Pyc.C yuyeToM KIMMaTHYECKUX MMapaMeTPOB Ha TeppuTopun Boctounoit I'py3un, mis
HUCKYCCTBCHHOI'O CTUMYJHMPOBAHUA OCAaJKOB, YCJIOBHO Bbl6paHbI 8 NEPCICKTUBHBIX IIOJIMTOHOB  JJId
HCKYCCTBEHHOTO CTHMYJIHMPOBaHUS OcaikoB. [ KakOoro M3 HUX OLEHEH MOTeHLHan paboT MO Myo Kak B
TEIJIbIA, TaK U B XOJIOAHBIM nepuol rona. [loTeHIMaNbHBINA IPUPOCT BOABI B TEUEHUE TEIJIOTO CE30HA roja
cocraBmn 885 MiH. M° M IS X0ImoAHOTo mepuoxa 200-250 MtH. M, UTO yKasbIBaeT Ha Ie1eCO00Pa3HOCTH
BOCCTaHOBJICHUS pabOT 10 HCKYCCTBEHHOMY YBEIMYCHHUIO OCAIKOB Ha TeppuTopun Boctounoii ['py3un.
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On the prospect of including precipitation artificial increasing works in the integrated water resources
management system in eastern Georgia. /Beritashvili B., Kapanadze N., Tsintsadze T./ Scientific
Reviewed Proceedings of the IHM, GTU. - 2019 - vol.127 - pp.41-43. Georg.; Abst.: Georg., Eng., Russ.
Based on the study of climatic and radar data, the expediency of restoration precipitation artificial increase
works was established. The possibility of efficient use of the obtained additional water resources in the
integrated systems of both reservoirs (Sioni, Zhinvali, Thilisi) included in the hydraulic systems of lori-Alazani
and reservoirs in the South Georgian Highlands (Lake Paravani, Tsalka and Algeti reservoirs) was studied in
the presented article.

YK 551.583

O nmnepcrnexkTHBe BKJIIYEeH PaldoT MO MCKYCCTBEHHOMY YBeJIHYEHHI0 OCAaJAKOB B HHTETHPOBAHHYIO
CHCTEeMY YIPaBJIeHHSI BOAHBIX pecypcoB B BocTO4YHOI I'py3un. /bepuramsuan b.11., Kanananze H.HU.,
Hunanze T.H./ Hayu. Ped. C6. Tpya. UM I'TY - 2019. Beint. 127 - ¢.41-43. T'py3.; Pes.: I'py3., Auri., Pyc. Ha
OCHOBE M3YYCHHUS! KIMMATHYECKUX M PAIHOJIOKALMOHHBIX IaHHBIX YCTAHOBJIEHO II€JIeCOO0pa3HOCTb BOCTA-
HOBJIEHUSI pabOT 0 MCKYCCTBEHHOMY YBEJIMUYCHMIO OCaAKOB. M3yueHa BO3MOKHOCTH 3()EKTHBHOTO HCIIOJIb-
30BaHUS TOJIYYEHBIX IOTIONHUTENBHBIX BOJHBIX PECYPCOB B HWHTETPHUPOBAHHBIX CHCTEMax KaK BOJOXpaHH-
mumax (Cuonu, XKunsanu, TOunrcu) BXoaAImux B ruapocucreMax Mopu-Asasanu, Tak BOJOXpaHWIHINAX. B
IOxHOrpy3uHckoe Haropbe (o3epo [lapaBanu, Llankckoe u AJreTckoe BOZOXpaHWINIIAX ).
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Expected climate change impact of the soil and the total evaporation values of the whole process in
Georgia. /Beritashvili B. Geladze I. Shvelidze O./ Scientific Reviewed Proceedings of the IHM, GTU. -
2019 - vol.127 - pp.44-45. Georg.; Abst.: Georg., Eng., Russ. Based on the actual and predicted changes in air
temperature and rainfall, the assessment given of the possible impact of global warming on the evaporation
from the land surface. The calculation of their expected quantitative indicators has been done.

OneHka BJIMSAHHUSI 0KHIA€MOIr0 M3MEHEHHUsl KJIMMATA HA HMCHAPSIeMOCTh U CYMMAapHOe HCHapeHHe ¢
noBepxHocTH cymu I'pysun. /BepurtamBunn B.I11., Teranze U.M., lIsennaze O.I'./ Hayu. Ped. C6. Tpyn.
UM ITY - 2019. Bem.127 — c44-45. I'pys.; Pes.: I'py3., Anrn., Pyc. Ha ocHoBe ¢akruueckoro u
MPOTHO3UPYEMOr0 U3MEHEHHsI TeMIIepaTypbl BO3yXa M aTMOC(EpPHBIX OCAJIKOB JlaHA OIICHKa BO3MOXHOTO
BJIMSIHUSL TJ00AJbHOTO MOTEIUICHHSI HA HUCMAPSIeMOCTh M CyMMAapHOE HCIApeHHE C TMOBEPXHOCTH CYIIIH.
PaccuntaHbl UX 0XHJaeMbIe KOJIMYECTBCHHBIC TTOKA3aTEITH.
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Global warming: tendency of change the agroclimatic features of Samegrelo-Zemo Svaneti /Meladze G.,
Meladze M./ Scientific Reviewed Proceedings of the IHM, GTU. - 2019 - vol.127 - pp.46-52. Georg.; Abst.:
Georg., Eng., Russ. Based on the meteorological observations (1948-2017) carried out in the areas of humid
subtropical, mountainous and high-mountainous of Samegrelo - Zemo Svaneti region, a trend of changing the
agroclimatic features has been identified under the impact of global warming. By the equations there are
defined the sums of active temperatures (>10°C) according to current and future scenario (2030-2050), in case
of temperature increase by 1°C and there are allocated the agroclimatic zones for distribution of crops. where a
1°C temperature increase will make it possible to grow the crops 100-200 m higher as compared to the present
Zones.

YK 551.583

I'nodanbHoe moTemiieHue: TeHAEHIUHM H3MEHEHMii arpoKJIMMaTHYecKHX xapakTtepuctuk Camerpeio -
3emo Ceaneruu /Menanze I'.T'., Menagze M.I'./ Hayu. Ped. C6. Tpya. UTM I'TVY - 2019. Beim. 127 - ¢.46-52.
I'py3.; Pes.: I'pys., Anrm., Pyc. Ha ocHoBanum wmeteoponorumdeckux HabOmromenuii (1948-2017 rr.),
MPOBEJICHHBIX BO BJIAXKHBIX CyOTpONUYECKUX, TOPHBIX M BBICOKOTOPHBIX pailoHax permona Camerpeno - 3eMo
CBaHeTuu, 0]l BIUSHUEM TJ100aJbHOTO MOTEIUICHHS, BBISBICHBI TEHICHLUN W3MEHEHNH arpOKINMaTH4eCKUX
xapakrepuctuk. C yderom Tekymero (6azoBoro) u Oymymero (2025-2050 rr.) cuenapusi (TOBBINICHUE
Temnepatypbl Bo3ayxa Ha 1°C), TaHHBIME ypaBHEHHSME ONpE/Ie/IeHbl CyMMbl aKTHBHBIX Temmepatyp (>10°C),
Ha OCHOBaHMU KOTOPBIX BBIAEIEHBI arpOKIMMAaTHUECKUE 30HbBI, 1€ IPU MOBBIIICHUH Temmeparypsl Ha 1°C
pacrnpocTpaHeHHe CeIbCKOXO03SHCTBEHHBIX KyIbTyp OyaeT Bo3MokHO Ha 100-200 M BhIlIle HaJA YPOBHEM MOPS
M0 CPAaBHEHHUIO C CYIECTBYIOIINMH 30HAMHU.
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UDC 551.59

Multiyear move of the number of blizzard days in the conditions of climate change in the mountainous
regions of Georgia /Pipia M., Beglarashvili N., Chincharashvili 1./ Scientific Reviewed Proceedings of the
IHM, GTU. - 2019 - vol.127 - pp.53-59. Georg.; Abst.: Georg., Eng., Russ. Against the backdrop of climate
change the number of blizzard days over the last 50 years in Georgia have been studied . Average and largest
annual numbers of blizzard days in Georgia in 1966-1989 and 1990-2017 are defined and analyzed. Shown is
the multi-year trend of the number of blizzard days for the period 1966-2010.

The work uses data from 7 meteorological stations on blizzards, which have a relatively long range of
observations.

YK 551. 59

MHoroJieTHee U3MEHEHHe YMCIa THel ¢ MeTeJIbI0 B YCJIOBHSIX M3MEHEHHUsI KJIUMATa B TOPHBLIX paiioHax
I'py3uu /[Tunua M., bernapamsunu H., Ynauapamsunu U./ Hayu. Ped. C6. Tpyn. UM I'TV - 2019. Bem. 127
- ¢.53-59. I'pys.; Pes.: I'py3., Anri., Pyc. Ha ¢one u3mMeHeHus kinuMata ObLJIO U3yYEHO KOJIUYECTBO CHEXKHBIX
nHe 3a mociennue S50 set B ['py3uun. OnpeneneHbl U NMPOaHATHU3UPOBAHBI CPEHHE U HAUOOJBIINE TOJ0BbIC
KOJTMYeCTBa CHEXHBIX qHEH B I'py3um B 1966-1989 u 1990-2017 romax. IlokazaHa MHOTOJIETHSS TCHICHIINS
KOJTMYECTBAa CHEXKHBIX JHEH 3a mepuoy 1966-2010 rr.

B paboTe MCHONB3YIOTCS JaHHBIE CEMH METEOCTAHIIUM O METENsIX, KOTOPhIE UMEIOT OTHOCHUTEIHHO OONBIIOi
JTUAna3oH HAOIFOICHUH.
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UDC 551.576
Analysis of 2016-18 Geo-space
Marika Tatishvili, Zurab Khvedelidze, Inga Samkharadze, Ana Palavandishvili
Institute of Hydrometeorology of Georgian Technical University
Thilisi, Georgia, m.tatishvili@gtu.ge

Introduction

Since the discovery of the solar activity periodicity, attempts have been made to find a connection between
the solar cycle and the terrestrial climate. However, the results are ambiguous. For different periods and
locations, both positive and negative correlations have been found between solar activity parameters and
meteorological elements like surface air temperature, sea level pressure, precipitation, etc. Solar transients;
Solar Flares, Coronal Mass Ejections (CMEs), Solar Energetic Particles (SEPs) are the drivers of the Space
Weather Effect in Geo-Space. When the gigantic cloud of plasma released through solar transient phenomena
interacts with the Earth’s magnetic environment it leads to the geomagnetic storms. Geomagnetic storms can be
characterized by a depression in the H component of geomagnetic field. This depression in H component of
earth’s magnetic field is caused by the Ring Current encircling the Earth in a westward direction. Earth’s
ionosphere responds to varying solar and magnetospheric conditions. The ionospheric electron density over an
altitude and location depends variably on the solar EUV Flux, X-ray Flux and the dynamic effects of neutral
winds and electric fields. During geomagnetic storm due to the compression of earth’s magnetosphere by solar
wind electric fields have been observed along the geomagnetic field lines to the high latitude ionosphere.
Sometimes this electric field penetrates to low latitudes and energetic particles precipitate into the lower
thermosphere and below, increasing ionospheric conductivity and expanding the auroral zone. These intense
electric currents are responsible for the coupling of high latitude ionosphere with magnetosphere and the
enhanced energy input leads to considerable heating of the ionized and neutral gases. There are two types of
effects, in time scale, on the Earth produced by solar transients; prompt and delayed. Geomagnetic Storm
effects are delayed effects due to cloud of particles ejected from Sun [1].

Solar flares are magnetically driven explosions on the surface of the sun. Approximately 8 minutes after a
solar flare occurs on the surface of the sun, a powerful burst of electromagnetic radiation in the form of X-ray,
extreme ultraviolet rays, gamma ray radiation and radio burst arrives at Earth. The ultraviolet rays heat the
upper atmosphere which causes the outer atmospheric shell to expand. The x-rays strip electrons from the atom
in the ionosphere producing a sudden increase in total electron content. Solar flares produce satellite
communications interference, radar interference, shortwave radio fades and blackout and atmospheric drag on
satellite producing an unplanned change in orbit and other disturbances in upper atmosphere.

CMEs are vast clouds of seething gas, charged plasma of low to medium energy particles with imbedded
magnetic field, blasted into interplanetary space from the Sun. When a CME strikes Earth, the compressed
magnetic fields and plasma in their leading edge smash into the geomagnetic field. This produces a temporary
disturbance of the Earth’s magnetosphere called a geomagnetic storm and an equatorial ring of currents,
differential gradient and curvature drift of electrons and protons in the Near Earth region. The birthplace of
CMEs are often seen to originate near the site of solar flares

The severity of a geomagnetic storm depends on the orientation of Earth's magnetic field in relation to the
solar storm magnetic orientation. If the particle cloud has a southward directed magnetic field it will be severe,
while if northward the effects are minimized.

A CME can produce the following affects: electrostatic spacecraft charging, shifting of the Van Allen
radiation belt, space track errors, launch trajectory errors, spacecraft payload deployment problems,
surveillance radar errors, radio propagation anomalies, compass alignment errors, electrical power blackouts,
oil and gas pipeline corrosion, communication landline & equipment damage, electrical shock hazard, electrical
fires, heart attacks, strokes, and workplace & traffic accidents A magnetospheric storm is a 1-3 day long
phenomenon spanning all the magnetosphere regions, and it features sharp depressions in the magnetic field.
During storms and substorms, the ionosphere undergoes rather significant Joule heating with a great power of
precipitating energetic particles. Huge energy increases the ionosphere temperature and causes large-scale ion
drifts and neutral winds.

The solar wind conditions that are effective for creating geomagnetic storms are sustained (for several to
many hours) periods of high-speed solar wind, and most importantly, a southward directed solar wind magnetic
field (opposite the direction of Earth’s field) at the dayside of the magnetosphere. This condition is effective for
transferring energy from the solar wind into Earth’s magnetosphere.

The largest storms that result from these conditions are associated with solar coronal mass ejections
(CMEs) where a billion tons or so of plasma from the sun, with its embedded magnetic field, arrives at Earth.
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CMEs typically take several days to arrive at Earth, but have been observed, for some of the most intense
storms, to arrive in as short as 18 hours. Another solar wind disturbance that creates conditions favorable to
geomagnetic storms is a high-speed solar wind stream (HSS). HSSs plow into the slower solar wind in front
and create co-rotating interaction regions, or CIRs. These regions are often related to geomagnetic storms that
while less intense than CME storms, often can deposit more energy in Earth’s magnetosphere over a longer
interval.

Data and methods

Geomagnetic indices are a measure of geomagnetic activity occurring over short periods of time. They are
useful for studies of upper atmospheric physics, solar terrestrial relationships or removal of disturbed-time
magnetic variations when studying the Earth’s deep interior. They have been constructed in order to study the
response of the Earth’s ionosphere and magnetosphere to changes in solar activity [2].

Solar activity can be measured through a number of indices or combinations of indices, such as sunspot
number WN and radio flux F10.7 that vary with the electromagnetic output of the Sun, and interplanetary
magnetic field strength B and solar wind speed v at Earth’s distance that are measures of solar wind properties.

Kp has been continuously calculated since 1932 by the GFZ in Potsdam. The Kp index is probably the
most widely used of all magnetic indices. It is intended to express the degree of “geomagnetic activity,” or
disturbance for the whole Earth, for intervals of three hours in Universal Time. In order to allow for simple
averaging operations, the Kp indices are next converted, by use of a table, from their quasi-logarithmic scale to
a roughly linear scale (in nT), yielding the so-called 3-h ap index. Finally, index Ap is defined as the average of
the eight 3-h ap indices.

The disturbance storm time (Dst) index, has been used historically to characterize the size of a
geomagnetic storm. In addition, there are currents produced in the magnetosphere that follow the magnetic
field, called field-aligned currents, and these connect to intense currents in the auroral ionosphere. All of these
currents, and the magnetic deviations they produce on the ground, are used to generate a planetary geomagnetic
disturbance index called Kp. This index is the basis for one of the three NOAA Space Weather Scales, the
Geomagnetic Storm, or G-Scale, that is used to describe space weather that can disrupt systems on Earth.

The intensity of a geomagnetic storm is commonly defined by the minimum Dst value, or the maximum
depressed Dst magnitude. The depression of the magnetic field during the main phase is explained as the effect
of the ring current in the magnetosphere. Dst index below _50 nT is indicative of moderate disturbance, which
turns to intense when _100 nT threshold is passed (Gonzalez et al. 1994) and superintense or extreme if Dst
reaches less than _250 nT (Echer et al. 2008). The Dst index, which was introduced as a measurement of the
ring current encircling the Earth (Dessler & Parker 1959; Sckopke 1966), is considered as a good estimation of
the geomagnetic disturbance at mid-low latitudes. Besides the local or global character of the index, its
temporal resolution is also an important issue. K-indices are the typical approach to local indices [3,4].

The basic data for further analysis are either the occurrence frequencies of Kp index in different
magnitude ranges or the daily Ap index. Apart from conventional harmonic analysis of the monthly values
which yields amplitudes and phases of the annual and semiannual components, we use also the standard
techniques of obtaining spectra through fast Fourier transform (FFT) or the maximum entropy method (MEM),
singular spectrum analysis (SSA).

The Quasi-Biennial Oscillation

One of the main problems in solar-climatic influences is the instability of the relations found. Different
authors have reported both positive and negative correlations between solar activity and surface air
temperature. Data from individual meteorological stations with long measurement records show that the sign of
the correlation changes regularly in consecutive centennial solar cycles and seems determined by the North-
South asymmetry of solar activity: the correlation is positive when the Northern solar hemisphere is the more
active one, and negative when more active is the Southern solar hemisphere. On the other hand, the sign of the
correlation between solar activity and different climatic elements reveals a similar dependence on the phase of
the quasibiennial oscillation of stratospheric winds (QBO). QBO signals have been identified in a number of
geophysical parameters, e.g. sea level pressure, ozone distribution, Earth’s rotation, and its existence has been
shown in solar activity parameters as sunspot numbers, solar radio flux at 10.7 cm, green coronal activity, solar
neutrino flux, etc.

The weather we experience on Earth typically occurs in the troposphere, the lowest layer of the
atmosphere. But the stratosphere, which envelops the planet just above the troposphere, is home to winds of its
own. In a new study, Newman et al. report an anomalous interruption in an otherwise reliable stratospheric
wind pattern known as the quasi-biennial oscillation.
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Each cycle of the quasi-biennial oscillation begins with strong westerly winds that flow through the
stratosphere in a belt around the equator. Over the course of about 1 year, these winds gradually weaken and
descend in altitude to the lower stratosphere as easterly winds replace them. These easterly winds slowly sink
and weaken, too, as westerly winds return. The cycle repeats roughly once every 28 months.

Since 1953, scientists have observed equatorial winds by instruments known as radiosondes, which are
carried skyward by weather balloons. The quasi-biennial oscillation was discovered in the early 1960s.
Although the timing of each cycle has sometimes varied by a few months, the pattern as a whole has remained
uninterrupted—until now.

Using radiosonde data from several equatorial locations around the world, the scientists discovered that the
quasi-biennial oscillation began to deviate from its usual pattern in late 2015. At that time, westerly winds were
descending in altitude and should have continued to sink and weaken as easterlies replaced them. Instead, the
westerly winds shifted upward and seemed to cut off the descent of high-altitude easterlies before they could
begin their usual dominance. Additional easterly winds developed at lower altitudes in the stratosphere, beneath
the rising westerlies. However, by June, the westerlies appeared to have resumed their normal descent.

The North Atlantic Oscillation

Many variations in the weather in the European and North Atlantic regions are linked with changes in the
North Atlantic Oscillation (NAQO). The NAO is measured using a south-minus-north index of atmospheric
surface pressure variation across the North Atlantic and is closely connected with changes in the North Atlantic
atmospheric polar jet stream and wider changes in atmospheric circulation. The physical, human, and biological
impacts of NAO changes extend well beyond weather and climate, with major economic, social, and
environmental effects. The NAO index based on barometric pressure records extends as far back as 1850. A
greater than normal pressure difference between the Azores and Iceland is a positive NAO, and a weaker than
normal pressure difference is a negative NAO. During the winter months, a positive NAO is associated with
warmer and wetter conditions across northwest Europe and cooler and drier conditions across southern Europe
as the stronger pressure gradient between the Azores and Iceland drives the storm tracks poleward. The
opposite is generally true for negative NAO conditions as the weaker pressure gradient generally results in
southward-shifted storm tracks, and sea-level pressure (SLP) reversal will typically result in more easterly
conditions.

The prominent increase in the NAO between the 1960s and 1990s was thought to be related to human-
induced greenhouse gas forcing. However, since then this trend has reversed, with a significant decrease in the
summer NAO since the 1990s and a striking increase in variability of the winter—especially December—NAO
that has resulted in four of the six highest and two of the five lowest NAO Decembers occurring during 2004—
2015 in the 116-year record.These NAO changes are related to an increasing trend in the Greenland Blocking
Index (GBI; equals high pressure over Greenland) in summer and a significantly more variable GBI in
December. Such NAO and related jet stream and blocking changes are not generally present in the current
generation of global climate models. Several plausible climate forcings and feedbacks, including changes in the
sun’s energy output and the Arctic amplification of global warming with accompanying reductions in sea ice,
may help explain the recent NAO changes.

The solar impact on the NAO-like circulation anomalies is primarily originate from the stratosphere as a
result of the variability of solar ultraviolet irradiance (Haigh 1994), with possible contributions from the
presence of solar wind driven high energy particles (Andersson et al 2014, Seppal“a” and Clilverd 2014). These
anomalies drive temperature and circulation anomalies in the upper stratosphere (Frame and Gray 2010) that
can be transferred downward to the surface through wave-mean flow interactions (Kodera and Kuroda 2002, Lu
et al 2017a), ultimately projecting onto the NAO-like pattern.

The lower troposphere and the stratosphere is known to be sensitive to changes in solar radiation. The
lower troposphere is heated due to adsorption of visible light, while heating of the stratosphere is caused by
ozone adsorbing ultraviolet radiation (Kodera & Kuroda 2002). Variations in the spectral solar irradiance affect
the production and destruction of ozone. Studies show that spectral changes may result in increased or decre-
ased ozone in the atmosphere (Haigh et al. 2010). The Ozone production in the stratosphere increases during
solar maximum and decreases during solar minimum (Rind et al. 2008). The variation in total solar irradiance
during the 11 year cycle is approximately 0.1 %. The variations of solar irradiance in the ultraviolet wavelength
(200 — 250 nm) are considerably larger, with a range from 4— 8 % between solar minimum and solar maximum.

According to observations of the spatial structures of the NAO, they vary during the different phases of the
11-year solar cycle (Kodera 2002). These observations show that the NAO has a larger hemispherical structure,
extending to the stratosphere during solar maxi-mum. During solar minimum the spatial structure is instead
restricted to the eastern Atlantic and the troposphere (Kodera 2002). Periods with many sunspots and faculae
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correspond with periods with higher irradiance in the visual spectrum and even stronger response in the
ultraviolet, which acts on the ozone level. It is also proposed that galactic cosmic rays can act as cloud
condensation nuclei, which may link variations in the cloud coverage to solar activity, since more cosmic rays
penetrate the Earth's magnetic field when the solar activity is low and resulted in the following- lower magnetic
field strength means few sunspots, fewer sunspots means less solar wind, less solar wind means more galactic
cosmic rays, more galactic cosmic rays means more low level cloud formation, more low level clouds means
more sunlight reflected back into space, which in turn means less heating of the Earth’s surface and
atmosphere.

As energetic particles are injected into the inner magnetosphere on the night side, they are influenced by
forces due to curvature and gradient of the magnetic field. Because of these forces, protons drift westward from
midnight toward dusk and electrons drift eastward from midnight toward dawn, comprising the net effects as a
ring current encircling the Earth westward. A geomagnetic storm is nothing but an enhancement of this ring
current.

The solar cycle 24 is a relatively weak cycle (Tan2011; Basu 2013). The birth of solar cycle 24 was
remarkable in that the Sun emerged from an extremely deep minimum. The maximum phase of cycle 24 is of
particular interest because of the sunspot number was rather small (roughly half of the cycle-23 peak). The
weak solar cycle resulted in milder space weather, but there were other complications such as longer-living
space debris due to the reduced atmospheric drag.

The primary link between a geomagnetic storm and a CME is the out of the ecliptic component (Bz) of
the interplanetary magnetic field (Gonzalez et al., 1994; Zhang et al., 2007;Echer 2008a,b, 2013). Echer et al.
(2008a) conclusively showed that for all 90 major (Dst < -100 nT) storms that occurred during cycle 23, it was
the Bz component that was responsible for the storms (some people have thought that it was possible that the
IMF By component was also important). When Bz is negative (south pointing), then the CME field reconnects
with Earth’s magnetic field (Dungey, 1961) causing the geomagnetic storm. While the Bz component is
negligible in the quiet solar wind, CMEs contain Bz by virtue of their flux rope structure. Fast CMEs drive
shocks, so the compressed sheath field between the flux rope and the shock can also contain Bz (Tsurutani et
al., 1988). Thus both the flux rope and sheath can be source of Bz and hence cause geomagnetic storms. One of
the common indicators of the strength of geomagnetic storms is the Dst index (expressed in nT), which is
computed as the horizontal component of Earth’s magnetic field measured at several equatorial stations (now a
SYM-H index is available which is essentially a one min resolution Dst index). The southward magnetic
component of ICMEs (and their upstream sheaths) creates magnetic storms, which are enhancements in
the Earth’s outer radiation belts. The magnitude is measured by ground based magnetometers near the
equator giving the Dst and SYM-H indices. CMEs/magnetic storms also cause severe ionospheric effects

SABER instrument is onboarded on NASA’s TIMED satellite. SABER monitors infrared emissions from
carbon dioxide (CO) and nitric oxide (NO), two substances that play the key role in energy balance of air 100
to 300 km. above Earth surface. By measuring the infrared radiance of these molecules, SABER can assess the
thermal state of gas at the very top of the atmosphere. When the thermosphere cools, it shrinks, decreasing the
radius of Earth’s atmosphere. Thermosphere Climate Index (TCl)-a number expressed in Watts that tells how
much heat NO molecules are dumping into space. During Solar Maximum, TCI is high (“Hot”); during Solar
Minimum, it is low (“Cold”). The state of the thermosphere can be discussed using a set of five plain language
terms: Cold, Cool, Neutral, Warm, and Hot.

Thermosphere Climate Index

5 sC19 sC20 sC21 SC 22 sC23 SC 24
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Fig.1. The historical record of Thermosphere Climate Index [9].

As 2018 comes to an end, the Thermosphere Climate Index is on the verge of setting Space Age record for
Cold.
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Discussion

In order to understand influence of geomagnetic activity on the formation of weather pattern geomagnetic
indices achieve [5,6,7,8] and meteorological observation database for 2018-19 have been analyzed. The 3
location were chosen; namely: Thilisi- (Kartli Region), Batumi- Adjara Region and Telavi-Kakheti Region.
The results showed that always weather pattern change: increasing of wind velocity; temperature change
(decrease); precipitation amount increasing follows geomagnetic activity. The correlation between
meteorological parameters and Geo-storm for Thilisi is presented in Tab.1 [6,7,8].

Table 1. The correlation between meteorological parameters and Geo-storm for Thilisi 2018

Date Temp. (C) | Precipitation Wind (m/sec) | Geo. magn. index
17.12.18 +4 Drizzle, Mist. 3 G1-G2
16.12.18 +6 Rain showers, slight 6 G1-G2
13.12.18 +6 Rain showers, slight 14 G1-G2
09.11.18 +8 Rain. Mist. 4 G1
03.11.18 +10 Rain. Mist. 3 G1-
23.10.18 +17 Rain, showers 10 G1
25-26.10.18 +13 Rain, showers 17 G1
14.09.18 +24 Thunderstorm. 4 G2
11.09.18 +20 Rain, showers 11 G2
26.08.18 +24 Rain, showers 4 G1
27.08.18 +24 Thunderstorm. Rain. 4 G3
23.08.18 +26 Thunderstorm. 7 G3
20.08.18 +22 Rain, showers 6 G3
11.08.18 +20 Rain, showers. Thunderstorm. | 5 G1
17.08.18 +26 Rain, showers 4 G1
23-24.07.18 +26 Rain, showers Thunderstorm | 7 G1
06.07.18 +25 Thunderstorm 13 C
07.07.18 +24 Rain, showers. 12 C
23.06.18 +23 Thunderstorm, moderate. 8 C
24.06.18 +26 Thunderstorm, moderate. 9 C
17,18,19,20.06.18 | +22 Rain, showers ,Thunderstorm | 10 C
01.06.18 +19 Thunderstorm 14 G1
02.06.18 +19 Rain, showers ,Thunderstorm | 9 G2
17.05.18 +21 Rain, showers 5 G1
19.05.18 +21 Rain, showers 6 G1
14.05.18 +19 Thunderstorm 9 G2
06.05.18 +23 Thunderstorm 6 G2
20.04.18 +13 Rain showers 16 G1
14-15-16.04.18 +10 Rain. 8 Gl
11.04.18 +15 - 4 Gl
12-13.04.18 +17 Thunderstorm 7 Gl
23.03.18 +10 Rain. Fog 7 Gl
17-18.03.18 +10 Rain showers. 11 Gl; G2
13.03.18 +4 Mist 6 Gl
08-09-10.03.18 +10 Rain showers 24 Gl
03.03.18 +6 Mist 4 Gl
27.02.18 +5 Rain. 5 Gl
26.02.18 +7 Rain shower,slight. 14 Gl
19.02.18 +6 Mist, fog, 8 G1
18.02.18 +4 Rain 2 Gl
14.02.18 +6 Rain, Mist. 8 G1
12.02.18 +6 Mist 14 Cl5
10.02.18 +6 Mist, fog. Rain showers 5 C4
08.02.18 +6 Mist 3 C8
28.01.18 +1 Rain, snow slight.fog. 4 Gl
19.01.18 +5 Rain, Mist, snowflakes. 15 Gl
14.01.18 +2 Rain and snow 4 Gl
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In addition from analyzing of historical records of meteorological observations and geomagnetic activity

this correlation became more obvious. Many dangerous hydrometeorological event (flood, landslide) occurred
over Georgian territory has driven by this activity, as the result of intensification of precipitation amount. Even
hail processes intensification are the result of increasing atmosphere electricity and thunderstorm activity, that
are produced by high energy charged particles intrusion into upper atmosphere.
It is not fully clear the physical mechanism of this correlation and the issue needs further investigation applying
qguantum filed theory that is more suitable for description of photon-photon or photon-charged particle
interaction [10]. But it may be assumed that for weather forecasting the only existed numerical weather models
aren’t sufficient and they have to be enhanced by electromagnetic models to make forecasting more precise.
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UDC 551.576

Analysis of 2016-18 Geo-space /Marika Tatishvili, Zurab Khvedelidze, Inga Samkharadze, Ana
Palavandishvili/ Scientific Reviewed Proceedings of the IHM, GTU - 2019 - vol.127 - pp.60-66. Georg.;
Abst.: Georg., Eng., Russ. Changes in Earth’s climate have been the focal point of recent research in the solar—
terrestrial physics and special emphasis has been placed on the coupling between the troposphere, middle
atmosphere, near Earth Geospace (mesosphere, thermosphere, ionosphere, and magnetosphere), and solar
activity. Solar transients; Solar Flares, Coronal Mass Ejections, Solar Energetic Particles are the drivers of the
Space Weather Effect in Geo-Space. Huge energy increases the ionosphere temperature and causes large-scale
ion drifts and neutral winds. They can produce the following affects on the Earth: electrostatic spacecraft
charging, shifting of the Van Allen radiation belt, space track errors, launch trajectory, radar errors, radio
propagation anomalies, electrical power blackouts, oil and gas pipeline corrosion, communication landline and
equipment damage, electrical shock hazard, electrical fires, heart attacks, and traffic accidents. The Sun,
together with the Earth’s motion along its orbit, govern changes in the solar-terrestrial environment.
Geomagnetic indices dst, kp, aa and meteorological parameter (temperature, precipitation, pressure)
observation data and pre and after storm 3 days are used for correlation analysis. Also seasonal changes in
extreme meteorological parameters will be analyzed in connection with NAO-QBO-Solar-Geoactivity.

YK 551.576

Anamu3 Teo-mpoctpancrBa 2016-18 /ML.P. Tarmmsuiau, 3.B. Xsenennmze, M.H. Camxapamze, A.M.
Managanaumsuian/ Hayd. Ped. C6. Tpya. UM I'TVY - 2019. Bbin.127 - ¢.60-66. I'py3.; Pes.: I'py3., Anri.,
Pyc. W3menenust knmumara 3emiid ObUTH IIGHTPOM HEJABHUX HCCICIOBAHUI B 00JACTH COJIHEUHO-3EMHOMN
¢u3uKy, 1 0coboe BHUMaHUE ObUIO YAETICHO CBS3U MEXAY Tporochepoii, cpeaneit armochepoil, 0K0I03eMHBIM
npocTpaHcTBoM (Me3octhepa, Tepmochepa, noHocdepa u Mmarautochepa) U CoiiHeuHOM dHeprueit. CoTHEUHBIC
nporiecchl; COJNHEYHBbIC BCIBIIIKH, BBHIOPOCHI KOPOHATBHON MAcChl, COMHEUYHBIC DHEPreTHUYCCKUE YaACTHUIIBI
SIBIISIFOTCS  IBMOKYIMUMH CHIaMU 3 QeKTa KOCMHYECKON TOrojabl B reompocTpaHcTBe. OrpomMHas SHeprus
MOBBIIIACT TEMIIEPATypy HOHOCHEPHI M BBI3bIBACT MAaclITaOHbIC JApeii(bl HOHOB W HEeWTpaibHbIe BeTpbl. OHU
MOTYT OKa3bIBaTh CIIEAYIOLIHE BO3ICHCTBUS HA 3eMIIIO: 3apsii AJIEKTPOCTATHYECKOTO0 KOCMHYECKOT0 KOpaods,
CMeIlleHnEe paJHalioHHOro Tosica BaH AiieHa, OIMOKH KOCMHYECKOH HABUTAIlMH, TPACKTOPHs 3aIycKa,
panuoIOKaOHHBIE OIIMOKH, aHOMAIUHM PACHPOCTPAHEHHs PAJNOCUTHANA, OTKIIOYEHUE DIIEKTPOIHEPTHHU,
KOppo3usd He(l)Te' 1 Ta3o0lpoBOJOB, HAa3€MHasA JIMHUA CBIA3U U O6OPYHOB3HHC MOBPCKACHUA, OMAaCHOCTb
MOPAKEHHS dIIEKTPUUICCKUM TOKOM, DIIEKTPHUYCCKHE TTOXKAPDI, CEPJICUHbBIC TPUCTYITBI U TOPOKHO-TPAHCTIOPTHBIE
npoucuiectBus. CONHIlE BMECTE C JBHKCHUEM 3eMIH BJOJb CBOSH OpOWTHI yNpaBisieT W3MCHEHUSMHU B
COJIHEYHO-3eMHOM cpeze. | eomarHuTHbie HHIEKCH dst, kp, aa 1 JaHHBIE HAOMIOACHUH 32 METEOPOIOTHIECKUMHU
napameTpaMu (TeMmIepaTypa, OCalkd, AaBleHHWE) M IO M IOcie ITopMa depe3 3 AHS HCHOIB3YIOTCS IS
KOPPEISIIMOHHOro aHanmu3a. Takke OyayT NpOaHANM3UPOBAHBI CE30HHBIC H3MEHEHHS 3KCTPEMATbHBIX
METEOPOJIOrHUeCKUX mapamerpoB B cBsi3u ¢ NAO-QBO cosiHeuHO! re0akTHBHOCTbIO.
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UDC 551.501.8
Brief history of thunderstorm research and current status /I.Mkurnalidze/Scientific Reviewed
Proceedings of the IHM, GTU. - 2019 - vol.127 - pp.67-71. Georg.; Abst.. Georg., Eng., Russ. The
presented work gives a brief history of studies of thunderstorm from ancient times to the present day. The most
interesting hypotheses about the origin and evolution of thunderstorm processes proposed by scientist from
different countries at different times are presented.

The latest discoveries in this area are reviewed. Lightning types which have been known only recently are
described. The questions that have yet to be solved by scientists are formulated.

The latest multipurpose international project LOFAR is presented of which directions of research is climate
and weather on Earth. For clarity the relevant photos are presented.

YIK: 551.501.8
KpaTkasi ucropusi uccienoBanusi rpo3 u coBpemenHoe cocrosinue /M. I1. Mkypuanunze/ Hayu.
Ped. Co6. Tpyn. UT'M I'TY - 2019. Bem1.127 - ¢.67-71. I'pys.; Pes.: I'pys., Anrn., Pyc. B npencrasieHHoi
paboTe naHa KpaTKash UCTOPHS MCCJICIOBAHHS IpPO3 C JIPCBHEHMIINX BPEMEH W JIO HaluX JHEH. M310xeHb
HanboJjiee MHTEPECHBIE TUIIOTE3bl YUEHBIX PAa3HBIX CTPAH M BPEMEH O MPOMCXOXIECHUH M Pa3BUTHU I'PO30BBIX
mporreccoB. PaccMOTpeHBI HOBEHIIIHE OTKPHITHS B 3TOH oOiactH. ONMHMCAaHBl TaKWE THITHI MOJIHUN, O KOTOPBIX
TOJIKO HEJIaBHO cTayo u3BecTHO. C(hopMyTupOBaHbl BOIPOCH], KOTOPHIE €I MPEACTOUT PEIIUTh YUCHBIM.
[IpencraBnen HoBeHIM MeXAyHapoIHBIH MHOrompoduisHbli mpoekT LOFAR, omHuM n3 HampaBieHHR
UCCIIIOBAaHUI KOTOpPOro SBJSIETCSl KIMMAar M moroga Ha 3emne. sl HarisAHOCTH IPEACTaBIICHBI
COOTBETCTBYIOIINE OTOrpapHH.
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Aspects of monitoring biomedical and physico-chemical characteristics of atmospheric dust particles.
/Gunia G.S./ Scientific Reviewed Proceedings of the IHM, GTU. - 2019 - vol.127 - pp.72-75. Georg.; Abst.:
Georg., Eng., Russ. The article discusses, worked out by the author, issues of biomedical and physico-chemical
properties of atmospheric dust, including: - distribution of numerical concentrations of dust particles at various
distances from emission sources; - the content of metallic trace elements in atmospheric dust; long-term
average values of weight concentrations of microimpurities, falling from the atmosphere on the underlying
surface of industrial and recreational areas of Georgia.

VIK: 504.064.36

AcCHEKTBI MOHUTOPHUHIA MG)JPIKO-ﬁHOI[Ol"H'{eCKHX )/ | q)I/I3I/IKO-XPIMI/I'-leCKHX 0co0eHHOCTEH JacTul
atMmocdepnoii nelmn. /I'yaus I.C./ C6. TpynoB UI'M, I'TY. - 2019. Bem.127 - ¢.72-75. I'py3.; Pes.: I'py3.,
Amnrn., Pyc. B cratbe paccMaTpuBaroTcs, MpopaOOTaHHBIE aBTOPOM, BOIPOCH MEIUKO-OMOIIOTHUYECKUX U
(bl/IBI/IKO-XI/IMI/I‘IGCKI/IX CBOMCTB aTMOC(I)epHOﬁ MbUIXA, B TOM YHCJIC: - paCpCaACIICHUC YUCICHHBIX KOHL[eHTpaLII/Ifl
YaCTUI TBIJIM Ha pa3JInYHbIX PACCTOAHUAX OT HWCTOYHHKOB BLI6pOCOB; - COACpXKAHUEC METAINIMYCCKUX
MHUKpOTIpUMeceil B aTMOC(epHOH MBUIM; - MHOTOJCTHHE CpEeIHUE 3HAUCHHS BECOBBIX KOHICHTPAIUH
MHKpOHpHMCCGﬁ, BbINTaJar0omux u3 aTMOC(I)epI:I Ha TMOACTHUJIAIOIIYIO TOBCPXHOCTHL B MPOMBIIUICHHBIX H
peKpealmoHHbIX paiioHax ['py3un.
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Numerical Experimentation of Regional Distribution in the Atmosphere of Thilisi Dust /Al.Surmava,
L.Intskirveli, N.Gigauri,V.Kukhalashvili, S.Mdivani/Scientific Reviewed Proceedings of the IHM, GTU. -
2019 - vol.127 - pp.80-84. Georg.; Abst.: Georg., Eng., Russ. Was studied the kinematics of the dust
distribution under the influence of the relief. It was shown that the mountain-valley circulation formed with a
weak westerly wind is the main mechanism that determines the dust transport in the lower 200 meter zone of
the atmosphere. Over this zone, dust spreads in the direction of the background wind and undergoes a slight
deformation under the influence of mesoscale wave processes caused by orography.

The dust spread occurring in Thilisi was studied. It was found that about 2 meters from the surface of
the earth in the north-western direction, the influence of the city on the air purity is observed at about 10 km,
and at an altitude of 100 m - at 12-14 km. The region of the valley in the south-east direction does not prevent
the spread of dust, so in this direction the dust is carried longer, approximately from 20 to 25 km. At an altitude
of 600 m, the spread of dust causes background movement. As a result, dustiness spreads in the western
direction at the distance of 50 km.

YK 504.5.054
YucjieHHBIH IKCIIEPUMEHT 10 PerHoHAJILHOMY pacnpenejienuio Touaucckoil nmbuin B atMocgepe. /A.
Cypmasa, JI. Uaukupsenu, H. I'uraypu, B. Kyxanamsunu, C.MnuBann/ Hayu. Ped. Co. Tpyn. UI'M I'TY-
2019. Bem.127 - ¢.80-84. I'pys.; Pes.: I'py3., Anri., Pyc. U3ydeHna kuHemMaTHKa pacrlpoCTpaHEHUS IBLUTH 0T
BiaustHEeM penbeda. Ilokasano, uto chopMupoBaHHBINH TpU ciaaboM 3amajHOM BETpPEe TOPHO - JOJMHHAS
LHUPKYJSLMS SIBISAETCA OCHOBHBIM MEXaHHU3MOM, KOTOPBIH OIpenenseT nepeHoc nbud B HukHed 200 meTpoBoi
30He atMocdepsl. Hazn 310l 30HOM IbUIb pacpocTpaHseTcs IO HANlpaBIeHNIO (JOHOBOTO BETPA U MOJBEPraeTCs
ciraboii AeopManuy Mo BIMSHAEM ME30MAaCIITA0OHBIX BOJTHOBBIX MPOIIECCOB, BRI3BAHHBIX Oporpadueii.
UccnenoBano pacnpocTpaHeHue MbUTH Bo3HUKaromuil B r.TOmmucu. IlomydeHo, 4To mpuUMEpHO B 2-X
MeTpax OT MOBEPXHOCTH 3€MJIM IO CEBEPO-3allaJHOMY HAIIPABICHUIO BIMSHUE IOpOJa Ha YUCTOTY BO3AyXa
HaOmomaercs mpuMmepro Ha 10 kM, a Ha BeicoTe 100 M- Ha 12-14 kM. O0JacTh MONWHBI B FOTO-BOCTOTHOM
HaNpaBJIeHUH HE MPEIATCTBYET PaclpOCTPAHEHHUIO IBIIH, TI03TOMY B 3TOM HAINpPaBJICHUM IbUIb NEPEHOCHUTCS
noibiie, npuMepHo ot 20 mo 25 km. Ha Bwicote 600 M pacnpocTpaHeHHe MbUIM 00yciaBiuBaeT (HOHOBOE
IBIDKEHHE. B pesynpraTe 3ambUIEHHOCTH PaclipoCTpaHsAeTCs IO 3alaJHOMY HAIlpaBJICHUIO Ha paccTostHuu S50
KM.
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slofgoldo ho@odgdygeo Fgbogdols dglsdsdolo (CPV 7150000 “J. mdognolols dyodo Loygm-
Ro3bmgMgdm ba®hgbgdol 3meopmbol l-gno ©s d9-2 -9 gxOgregdol bOYmo obmesiool, @g-
30 B0go3oobs, 3obdgdzmgoo LobEgdol Imfymdols s domasbols woMgdye 3OMEYIHI© yom-
©5Jdbols, dg-3-9 xOgeol gd3gme@oios-gobgoms®gdols s Lodbmmmm @gzeBogocools jmb-
(33O Yo YM0 3OMgJBHol d3mIbogds, Jglgowggdol m@ysbobgds, Loddgbgdam bgosdbgwggenm-
b5 @ 30MYJHol FoMmgs”) bm@oml bopoglboydgaby wopgadogos dmeroambols 3oMggao s
d9mMg 9x 90900l hOwomm-sbsgmmgmols Jodo@m gy gdom aoxs@MMgdols domysbol dga@mgg-
0l Lobgdol (396¢Gs@ 9@ gm@gBmaby domasbol dga@dmggdol ©s gowsdydoggdols Lolidg-
dobmob dog@mgdol 3mbi3g3dgomy®d 3MmgJdol dgdydsggds GmImol @wodgdyemgds Lbgs bos-
gdo 360d369emgob 5JB0gmdgdmeb gomoe dgoagbl 1 178 514 @os®l, sdobmsb ogo >@ dm-
03o8b  3mM-39b9M0Ggdol Loway@ol 3dgbgoammdsls ws gdldanygs@oiosdo godggdols bodxgdls [4].

hggbo ggerggol dgm@g gBo3l [omdmowygbos bopoglog@gmo goboli aowsdydaggdbol dgwg-
3o Jomgdbyao 9bgdaools Fyo@ml (domdgmsbo ©s g gdB®mgbgdaos) Lobomygdemme asdmygby-
b0l bodxgools s dmggdol dggslgds Internal Rate of Return (IRR) [9] dgmm@menmyools yodmygbg-
dom (gbGogoo 2-3).

2-3 3b@oagdosb hobl, G®I @omml/bom@oml 3mamoambby g9bgdo@gdygmo bogoglsy@gero
30bol/dmysbol domdgmsbols 253mygbgdoliols ba®yxgdol sbobwoy@gds dmbpgds 8 {gaofswdo,
bogm gargdBOmgbgdaose gosdydeggoolsl — 16 §genofewdo.

30dgergoosbo  bodxgool  sbob@oy®gdols  doybgoogom  bogoglog@gmo  aobol/domgsbols
Lolodggdem  g@oeobsizos  360dgbganmgeb  ao@gdmbesigomn  dgdobobdls  Fo@dmowagbls,
930603037900  s@dsgemmdol s dgogas bomdhgbgdol @smgbmdol bOOl Js@oggerudsw,
3dobmob  3@mgJdol  @gomobozooll  gogyer  @obsbodxol  3md3gblsios,  3@myg@ols
96@0dgE @ Mds s Bobsbly®o @oligo sdmyowgdygmos Ggdbmemyoool Fomds@goymmmdsby.
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GbBogo 2. domgsbo - dom3gmsbol ser@g@bs@ogs (Internal Rate of Return (IRR)

390 eOEME ™A 05)
N Vengdo | 2019-2020 2021-2025 2026-2030 2031-2040
dom3gmobo Jognombo & 825 9.75 12.75 15.00
aobogowo gslio (USD) 0.14 0.14 0.14 0.14
‘Y99 logargdo, (USD) | 1 113 750 1 316 250 1 721 250 2 025 000
(330500 @M gdyagds, (USD) 111 375 131 625 172 125 202 500
goJlbodgdgmo momgdyemgds, (USD) 90 000 90 000 90 000 90 000
sbognobydo dohggbgdgeno EBITDA, USD) 912 375 1 094 625 1 459 125 1 732 500
0696 gbgdo (7%), (USD) 193 603 169 103 144 603 72 301
sdm@Goboios, (USD) 213 333 213 333 213 333 213 333
Logowobsbowm (15%), (USD) 75 816 106 828 165 178 217 030
Qoo Lobl®gool wobgds, (USD) 642 957 818 694 1 149 344 1 443 169
Lggms dgdmlogsgno, (USD) 429 623 605 361 936 011 1 229 836
3930 o g@o bodxgdo (USD) ‘dgdcmlogogno
saomols dnFymds 500 000 Voo | Pgenofowdo, USD) xo39@sw, (USD)
3obol gLadsjios 350 000 1 429 623 429 623
3obol golygnmsaggds 750 000 2 429 623 859 247
30330 9Lo0s 600 000 3 605 361 1 464 607
HOSbL3MOE0 1 000 000 4 605 361 2 063 968
3 Lodydom gododogo 500 000 5 605 361 2 675 329
[l 3 700 000 6 605 361 3 280 690
7 605 361 3 886 051
3ogmgogolifobgdgeo  bodxo 555 000 8 936 011 4 822 061
LY@ 0oMGdYE IS 4 255 000 9 936 011 5 758 072
10 936 011 6 694 083
go30Hoeo (35%) 1 489 250 11 936 011 7 630 094
0535@ 056905 2 765 750 12 1 229 836 8 859 929

gb®ogo 3. domasbo - gagd@B™gbgdgool asdmdxndoggds (Internal Rate of Return (IRR)

390mEMEM05)
Yengdo 2019-2020 2021-2025 2026-2030 2031-2040
domdgmsbo dognombo & 825 9.75 12.75 15.00
920 9]BMmgbgdha00l Fo®ddmgds, Foeno 1.00 1.00 1.00 1.00
336/ Loosmdo §garofordo 8 760 000 8 760 000 8 760 000 8 760 000
9Bogobozools dmEgmmds,foao 0.90 0.90 0.90 0.90
adlogowo gsbo (USD) 0.100 0.100 0.100 0.100
Bgdmbogen goo, (USD) 788 400 788 400 788 400 788 400
(33050 oM d Y gds, (USD) 60 000 60 000 60 000 60 000
goJLodgdymo @oMmgdygmgds, (USD) 60 000 60 000 60 000 60 000
sbogmobydo dohggbgdgeno EBITDA, (USD) 668 400 668 400 668 400 668 400
06 gMgLgdo (7%), (USD) 182 000 157 500 133 000 66 500
sdm@Goboios, (USD) 233 333 233 333 233 333 233 333
Lagoobsbom (15%), (USD) 37 960 41 635 45 310 55 285
gyeoo Lobldgdol wobgds, (USD) 448 440 469 265 490 090 546 615
byggos dgdmbogogno, (USD) 215 107 235 932 256 757 313 282
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GbGogo 3-0b goa@dgegds

3930 o y@o botxgdo (USD) ‘dgdmlogogno
syools dmfymds 300 000 Fgemo §geofsw@o, (USD) x99, (USD)
3MbBOM@o/aoliygnmsggds 3 000 000 1 215 107 215 107
B®SbL3IM@ G0 200 000 2 215 107 430 213
Loddgbogo 500 000 3 235 932 666 145
Legem 4 000 000 4 235 932 902 077
5 235 932 1 138 008
o308 @0 (35%) 1 400 000 6 235 932 1 373 940
053505690 2 600 000 7 235 932 1 609 872
8 256 757 1 866 628
9 256 757 2 123 385
10 256 757 2 380 142
11 256 757 2 636 898
12 256 757 2 893 655
13 313 282 3 206 937
14 313 282 3 520 218
15 313 282 3 833 500
16 313 282 4 146 782

>mlisbodbor0s Sa@ama o >4®0z, ®mMm3 cmoeml/bmdom sasalioy@gan b« molom-
©bobodbog 20939 ol goJBoE, MM @omml/bo®oml bogogboydgenbg 2025 Fevols

g0l domasboli  gBomobsios

S0 @ 9@bs@ oo

9690290030 25dmygbgdol  aoMs  mogols

Fgemoeols dgo@sbl Jgggbol g3mbmdogol  gosydxmdglgdsdo (1 Gmbs Lgdmogoizodgdygemo CO,-
ol 933035@09bBol goliols 5 59T pmens@o) s gbsdodoboe byl dgufgmol LoJs@mgganm-93-
M gogdod@ols slimizodgdols globgd dgmobbdgdom smgdbyao goggdaemgdgdols gl yan gdsls.
40390039 bgdmms@bodbyeosb 2sdmdobodgmdl, ol @md bopsglogdgao asboly/domgsb-
ol gBogobsiEool Lobgandfogm 30mgddo byl dgyFymdl Jggybol bodhgbgdol ds®mgols 3o6-
dmbobo0sl g30m3og3do@ol LHSbOEJOMSb ©s goodyxmdglgdl @gaombols ggmemyoy@® ©s
‘d9dpam3d g3mbmdo @ dpamdomgmdsls.
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aobgomomgdols LodmJdgom g9ads;

2. http://waste.gov.ge;

3. http://remissia.ge, psdogm gdologdosbo gobgoms®gdols LE®s@ga0gdols dgbodmgdbenmdsms
0dE0gMgos bygnms gbgdaools 3Gma®sds, Joasd mdoaolols 9bgdgg@ogol dwydswo

o

3obgomo®gdols LodmJdgom ggads;
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Logmazs3bmg@gdm bodmhgbgdol @oy®mggdol Momegbmdols s Jm@gmenmaoy®o
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Sciences, Volume 35, 2016, Pages 377-380;
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8. L. dogsbo, b. boliyosdgogo, b. godoygdadyg, L. dodyemos “bo@oml dgs®o
Logmazo3bmgdgom bo@hgbgdol dmenogmbols woby@yao bgd@m@owsb gsdmymaoao
500960l MomEgbmddogo dguoligds”, Lads@mggeml Jodoygdo gy@dbsgno, 2015;

9. https://www.investopedia.com/terms/i/irr.asp.

953 504.03, 504.054, 330.123.72

J  odomolols 3ysto Logmgssbmgmgom  bs@mbgbgdol  3mmoambol  96gMamgxngd®@mdols
Ler300@9@0 ©s ggmmey0y@-g3mbmdognco Fggolgds/pgsmodgomo b, dogygeodg . oMo
b, g@obmsogo ©/LEy-ols 3do-ol Lodgisb. @9y, O, gogo- 2019 - B.127 - 93.85-90. —Jo@m.; @g9b.:
Joom., obyeo., @yl. dglfogmogos J. mdognobols dgodo  Logmeobmgmgdbm  asbmogligdols
>00sb dgmabol gdobos gbgdymgngd@dyamdols bmaosmy®o ©s gzme@myoa-930b6mdosyco
dggnoligdol dobbom, @opygbogmos, @™  gangdB@mgbgdaool Lobom  domasbol  gsdmygbgdols
‘dgdmbgggodo bodyggdol ogs®gs dmbogds 16 §gamofomdo, bogrm domdgmsbsw godmygbgdolsl
- 8 (gmofoedo. sdobmob s@bodbyen aomgangddo o@ oMol gomgomolifobgdyemo 1 Gmbs
bobdodm®gobyols 93035096300 gdobools boggoliy@o, bogom b003gmabols S
920 9JBMmgbgda00l Bolio bofommd@oglydlowo®gdymos.

UDC 504.03, 504.054, 330.123.72

Social and Environmental-Economic Assessment of the Energy Efficient of the Municipal Solid Waste
Landfill of Thilisi /Dvalishvili N, Shavgulidze G., Greer N., Eristavi D./ Scientific Reviewed Proceedings of
the IHM, GTU. - 2019 - vol.127 - pp.85-90. Georg.; Abst.: Georg., Eng., Russ. To assess the social and
ecological-economic energy efficiency, the emission of methane produced from Thilisi solid waste landfill has
been studied. It has been established that in the case of using biogas as electricity, the costs will be paid off
after 16 years, and with the use of biomethane - after 8 years. In addition, the calculations do not take into
account the price per ton of emissions of carbon dioxide equivalent, and the prices for biomethane and
electricity are partly subsidized.

YK 504.03, 504.054, 330.123.72

CouuajbHasi M 3K0JI0r0-IKOHOMHYECKAs] OLEHKA 3HepProd(p(eKTUBHOCTH CBAJIKH TBepPAbIX OBITOBBIX
orxonoB Touaucu. /[Ipamumsmim H., lasrymunze I'., T'pup H., Dpucrasu . / Hayu. Ped. Co. Tpyn. UT'M
I'TY - 2019. Bem.127 - ¢.85-90. I'pys.; Pes.: I'py3., Arrn., Pyc. C 1menpio OleHKH COIMAILHOW M HKOIIOTO-
9KOHOMMYECKOH 3Hepro3ad(eKTUBHOCTH H3yY€Ha 3MHUCCHS METaHa THHEPYPYEMOIO CO CBaJKH TBEPIBIX
OBITOBBIX OTXOJOB TOmIMCH. VYCTaHOBIEHO, YTO B CIydae HCIOIb30BaHUS Ouorasa B KadecTBe
3IIEKTPOIHEPTHH, 3aTpaThl OyAyT OKYIUICHBI uepe3 16 JieT, a mpHu MCHOJIb30BaHMHM OMOMETaHa - uepe3 § JieT.
Kpome Toro, B pacueTrax He yUUTHIBAETCS 1I€HA 32 TOHHY BBIOPOCOB 3KBHBAJICHTA YIJICKHCIIOIO I'a3a, a IeHbl Ha
OMOMeTaH M 3JEKTPOIHEPTUI0 YACTUYHO CyOCHIUPOBaHHBIE.
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353796 3960353300

053716 8960398300 s005©S 1940 fiewols 22 bgdGHgddgdl J.
0d0woldo, bmdowwo dbsBH3MoL - Forgs 39MOEHSAZ30¢0LS o
M3bm 96980L MdsEm 139305oLEHOL - OEOs IMdgEg3L 3oL
mxobdo. 1958 fgl, L3meol ™mddmb dgwom ©EdmMOzMYdoL
090093,  Ufogms  aosp®@dgems  odogoolol Labgwdfogm
60396L0GIGHT0 BODBOIOL BI3MWEHIEDY, BmIgwoi 1964 (gl
55005365 29Mx30H030L B3gEoswMmdom. 1963 (ol bsodewmdm
dOmdol  GgLslitrmEgds  gogbogbowo  0dbs  wgboba®Mowdo,
00053560 29M530H030L MBLYOZsGHMO05do (F3m), Loss 99damddo
1969  feodg  LHogesl  onmLfimgdes 53Mdgmgds
3130M56EH©5T0. 1963 (ol dmerml 0dgol dmdigdo bEGwgbdo
Bootogbs  30OMIgEgmemmmyools  0blEGoGHMEGoL  @sEdo
»d3Ombo dg3b. 09653dMMAol 19653 YOMDIBY.

1966 {crosb 0. 096035330l 5935 35653601 3mEogmbdy  FoMdmgdmen
393 9MOMEMPO0YOHO O 5MMIYEHIMOMEMR0OO LoFMTomgdol byeddwmgzsbgumds, begrm
1971-1973 {iewgddo 0go ©@s60dbmo  0dbs  30GmMIgEHIMOHMEmyool  0bLEGoGMEGHOL  Lgzsbol
99390300l bywddm3sbgws, MMIgmog L35380MM 3MMYGMT0M 033Wg3ws Y3960l BHBdOL s Hdo
Boangdoms bgermzbmMo gobMHol dglodergdermdsls.

1971 fewol sbsfgolido do@MbTs 8539M0d dam-00 033> 1O3ZIBPOIGH™ OLYOESE0S
30b.-0m. 993609693505  boMolbol  ImMLo3Mm3zgdws, Bosg  gxs890mwo  0odbs  BsMs3bols
3moambbg  ©OHMdgwms  ©obsdozol Jgufogerol doBbom Tob doge Bo@o®mgdmer Loddsmms
89093900.

1975-1976 {ie0gddo 0. 096H0Esd30ds dme35(gmds 2o0a0Mdgms Lodo®Mmgzgumlb 3936096 gdsms
5395009300l 8.6m05L Lob. 29mx30B030L 0bLEOGHMEHT0, Lowsa Bolo bywddwzsbgwmdoo IMIBIES
X 935690 30033 gJu@0 9MmB0HB03MM0 3MEogmbol 99Jabol ggads.

1977-1978 {09080 0go 33ws3 ©dMbs 30OHMIgEgmMmmmaools 0bLGHOGHMGHL s
Lo53900 Bo9YS 9390. .b39560dol Iz gd0m FE. OMOOL 59BTo Boengdms bgemzbmMo yoBOOL
1533505 MORBOBoEOSL. dolbo Bogh IMIbsEEs 3OMgdd “0mEol” Lsdgsbogmm-@gdbozmdo
QOB YOS, HMIJO3 LOBRWYIZESE HIEM 50B0TbE Mgy0mbdo bogrgdms bgarmazbm@mo gsb®ol
1992 §erody §omdmgdmer  93mbmdozol  bbgsolibgs  @sMagdolomgol dg@o d60d3bgermgzsb
L53w)domgdU.

1978 {igols 3. d960@sdz0eo 30390 0dbs 1g@BY395msb dMAMEOL LsALEBLIMOL Boddosbmdol
d90Lfogarger  Lobgdfogzm  3mdobosdo, geomo ool T80y 30,  ©OMBWIGDBY  9dGH0GO
b90mgd9g9d0l 36ogd@03me bsdmBsmgddo dmbsfowgmdol oBbom, Lsdvdsm 49s30s 5©0bodbm
LodLobE@To  (00gs3d0), LOWOE  39MOWIWIMS®  JOMHBYIMBPS w3090l 0. Fmagdsdz0ol
Lobgarmdol 390sgma0me 0bbEoGwGJo.

1987 Hrosb 3. 3960359300 M6 30OMIYEJMMMEmyool 0bLEGOGHMEL s
330003 2o93M3Gs 0mMOL 3meogmblsy s 50IMLOgEgm Lodo®mzgaml Lbgs Moombgddo bogrgdoms
239BMHoL  doBbom  FoMdmgdmwo  Lsdmdomgdol  bsdgabogMm-IgmmEmo  bgerdd3zsbgamds.
506036 sGdo o300 FMM3s[HIMds doGHMbIs B53M0T 530603065 1994 (gl MmdoEroliols
Lobgedfoxm Mmboggmbo@g@do s0bodbmer mgds@0nlzsbg Lomd@m®m EolgMEs300l OE30m.

1995 Hero@sb 8. d9Mo@sdzomo  30MOMIYEHIMOMMY00L 0bLEHOGHMEHOL oMgIEHMMOL
905a0gs Bodg3bogHm IMATo. 030 3MOHOMIOES 93MEMPO0L  Fobymaowgdsdo dgdsgown 4
WHBMEOOBHMOOSL, 0bLAHOGHMGHOL LoMEIJ30M  3Mega0sdo  SLMMEYdEs TJMNOZIMO  MJPIJGHMEOOL
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95@P0wol  IM3z5gmdsl s 35LvIbolidagdgwo  ogm  0bLEBHOGMGHOL  ®obsTIOMIgms  Foge
9db59gdY0o LoEOoLIMESE0M BsdOMTGIOL 53BMMIRIMEJOOL LaMgIJ30M 3MbEHMMEBY.

0bLGHOEGHWMEOL M9dsE035d0 d. 39M0ESd3000 bgedd3569wWMdS VMMBdJWMS s bogrgdms
390900L  3mbo@GMmMobaol  LobGHIIoL  s3Ts3gd0L  F0TSMIGOSL,  SPMYMNZY  9JBHOIMIS©
3mbsfogmds b3solibgs mMms60bs30gdol 8ogH 0blEoEGWEGHOLmM30L 3390000 3MHMgdEgdol
dgbOegdsdo. 58539 39M0om©do (1995 Farosb) Tolds 0bGHYMHYuYdTs 250506533ws  3Wwods@ol
(33W0gd0l  3OMdMYIYPbg. 030 ©060T6s  3e0dsBHol 330w gdol 9gHMzbmwo  3HMyMsdol
36OH0bsGH™MOOL  dMmoa0wol sbsdEgdmdsbg s  dolo wWdmogrm dmbsfioegmdoor 1977-2015
fargddo glerms  goghml 496300509008 3OHMaMsdol FbsMPIFIO0m BodsGM3gEwml 30390,
d9mMg s qbsdg gMmzbmaro Jg@ymdobgdgdo 4ogmml 3¢0ds@ol (330w gdol Bs®Bm-3mb396300L
90356MHm. 0gm  sMIMWMd0m  3MHM9dBHol  dmbsfiowrg, bgmddm3zsbgemd®s  Imfiyzeomdols s
503335300l XaINRIOOL Fdomdsl, o3 o935ws BIdMMTgIOLS o 3MMgdBHJool MG 0Mds.
dobo 5dGH0M0 dmbsfoegmdom glmves ,Lwgms 99doboBIoL™ slbgMAs® g3Hm3zmdolools dogM
Bo@Go69dmo 3Mmgd@o.

2006 §eosb 3. 8960353300 30MMIYGHIMOMLWMY00L 0bLEOGHMEOL Jmegzsmo dgsbog®d
0565930905, oo 060305E0300 g s IMOZ5¢0 2odM333d, MMIgEos odmyqbgdeo
0965 3€0085¢)0L 3300 gdLMb ©535380MdM bbgsalibgs 3Mmgd@ ol TgbtrIengdolsl.

399093996900 543l 100-Bg dgBo LsdgEboghm IHMTs, ds00 ImEOL 5 dmbmy®msgos, 3
Lobgedd3569wMm, 30To@ob (33e0EgdLMSD 353806930 BmIeng PobdsMEHgdomo gdlozmbo,
0d0EolLOL 3903003960 Ot TOT AT TUTOTeTel 1N Qo dob 05bDoBY fo0dmgdbogro
300MHM39EgMMHMEmyo0ol 0bLEHOEGHOL gobgzoms®mgdols Imzwrg olEGMEMO0s.

dobo  bgeddw3zsbgmdom  Fglermws 5 LomdGmOm  ©olgd@egos. 2001 gl
IR OWOMZPS ¥oMLYdOL MOEgbom.

RBoOOM  9gOHMO305d,  gbgdol  d3Mfgobzomg  3MHsT, IOMIOLIMYZIMGMBST,  Foodd
L5gALEMEGIWM 3G, 0530OEMdST, 3MIMB03dYEMOMBDIT S JMEGR0WMIST doBHMD
0539608 0bLAHOGHMGHOL 9MM-ghmo (odyzsbo gEbogmols Labgwro Tgmddbs s 3mwgdGHozdo dolo
05050 533HMO0BHIH0  2965300Mds. 030 Logmabol  dmwm  mmgdsdg  gOHmYMES©
99Lsb®gdM@S M30L Loygzstmgen Loddgl. sdsBg olog 393HY39wgdL, HMI BMLAEHI®  FIMOH(335¢gdT©Y
96000 EOO® 5MY L3S HIMBH0WO 1530l 135651369, 39993L9 FMBMYG>BOSL.

05¢Mbo  d53MMOL Lobom JoMmz9w gmBoHBogMmLgdol MHoRJOL  godmsgers m3zsebshobm
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