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939090303mbLo gmhs hmgm3zody (1941 — 2022)

Lodomozammb &adbognfo Pbn3zghbodydol Mymmmds@mmo Myd&mma (1988-1994), anbaLimb
(3oMm0B0) 3nam@nmobs s gobsommadal g3sm@edgb@ 0l amad&mmo (1981-1988), cngn Lybmgsgom
s Lobgmdfomm dmm3shg, Lodomom3zgmml  onbalgmlb  Lsgdgoms ghm3bymo  3mdolool 3039-
3Maboyb&o (2004-2012), g3m3nl o MYLymolL dMszsemo 1bn3gMbody&oL bodsEom md@mmo s
LoagMonsdmmabim s3sc0gd0900b §a3Mn, co3mmdad@n, bodomomzgmmb Logsbagdm s LMNMYBMIdNs60
gmbo Loxzmsbggols s gLb3sbgymol Lodgasmdo (1994-2004), LEM-L ,doMmn30l 53EMBoGNBIONMN
LoLETg00L” (1971) o LEY-L UNESCO-L ,,0bx3mMmdsEonmo LabBmasemydal” (2003) 3smyemgydals
33s5MLydgmn, domn 3n0Mm3gmo 3sda]. Loagdofom3zgemml dgibnghgdoms ghmabnmo s3978000
bod3zomao §33Mmn (1994-sb), @37b6030L d73b0gMadsms cmi@&mma (1975) - Lods@om 3MmazgbmMo -
amhs gomfgol dg Amamasdy - dmozsmo Lodgsboghm Hogbal, 3Mmgad@obs s LBSGNAL S3EMMON,
9Mo39tm0 LEGNIOENL SMIBMEIMN S SBamasbmes 87bogMmals ,bsdgEbogmm Bocmoans”, JofMmonmao
5 YsbmyMmo mo@ymodymal, 3maBool, dLozobs s LodmgMmal ccoo dmyzstymao, Lagmmsdmmabm
J98momMmool ombBsGn, Lyxmol mmMognbosmyMmo molss, dmbLoyzsymg s gnmobbdogMo
Jg9mag, 8585 S 05079y, 81sd Lnzgoal doglizgmo ,P>Mm0139em0 3sHBAN".
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Academician Gocha Chogovadze (1941 - 2022)

Reformer Rector of the Georgian Technical University (1988-1994), Director of the
Department of Culture and Education of UNESCO (Paris) (1981-1988), a great public figure and
statesman, Vice-President of the National Commission for UNESCO Affairs of Georgia (2004-
2012), Honorary Doctorate at multiple European and Russian Universities and member of
international academies, diplomat, Ambassador Extraordinary and Plenipotentiary of Georgia to
France and the Kingdom of Spain (1994-2004), GTU "Automated Control Systems" (1971) and
GTU UNESCO "Information Society" (2003) the founder of the departments, their first governor.
Full member of the National Academy of Sciences of Georgia (since 1994), Doctor of Technical
Sciences (1975) - Honorary Professor - Gocha Chogovadze - author of many scientific books,
projects and articles, educator of many students and "scientific godfather" of young scientists, A
great lover of Georgian and foreign literature, poetry, music and song, a great master of
international friendship, a loving and caring husband, father and grandfather, always a sower of
kindness "georgian Faust™.

Akagemuk Noua Yorosaase (1941 — 2022)

Pexrop-pedopmatop I'pysuncoro Texumueckoro Yuusepcutera (1988-1994), mupextop
nenapramenta Kynsryper m OG6paszoBanus IOHECKO (ITapmx 1981-1988), o6umiecTBeHHSBIN H
TOCYZapCTBEeHHBIN JesTeNlb, BHUIle-TpesufieHT HauuonampHo#t komuccuu mo genam IOHECKO
I'pysun (2004-2012), modeTHBINl AOKTOpP U AEHCTBUTENBHBIN WIEH MEXIYHApPOLHBIX aKaJeMuil
MHOTHX eBPOIIeHCKUX 1 POCCUNMCKUX YHUBEPCUTETOB, AUIIIoMaT, Upe3Bpruaiinsiii u IlomnoMouHsbIH
ITocon TI'pysum Bo Opanmuum u KoponescrBe HMcmanusa (1994-2004), Ocuosarens xadeznp
«ABTOMaTH3UpOBaHHbIe cucTems! yrpasierus» (1971) u JIOHECKO «MudopmannonHoe 061ecTBo»
(2003) B I'pysunckom Texuumyeckom YHuBepcurere, JelicTBurenbHblii uineH HaruoHaapHOM
Axamemun Hayx I'pysunm (c 1994), moxrtop Texmmueckux Hayk (1975) m moderHsrii mpodeccop
WNudopmartuku - [ova [eopruesny Yoropazse - aBTOp MHOTUX HAay4YHBIX KHUT, IIPOKTOB U CTaTeill,
BOCIIUTATe/Ib MHOTUX CTYJEHTOB M MOJIOABIX YY€HBIX, UX PYKOBOAWTENIb U ,HAYYHBIH KpPEeCTHBIN
ore1r', GOJIBIION JMIOOUTENb U 3HATOK I'PY3MHCKON U 3apyOeXXKHOM JIMTepaTyphl, MMO33UU, MY3bIKU U
IeCHY, TIPOCCMeNCTep  MHTEPHAUMOHAJbHBIX  JPY>XeCKMX  OTHOLIEHMWY, OpUIMHAJIBHBIN
pykoBozuTens (,ramaza"’) crosa, JIO0AMMI ¥ 3a00TIUBBII MYX, OTell U JeAyIIKa, BCerZa CeATelb

nobpa ,,rpysusckus Paycr'
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1. §go6rm: Lbogo®mzgwmb FgdbozmMo «boggdlodgdo: gtu.ge; bsobgm®mdsgom bosaqb@m
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Bsfoero 1/ F49dm@odg, bgosw. - 0d., 2021. ¢43.175
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(https://old.gtu.ge/Learning/ElBooks/ims_books.php) s 3560599630l 3053600 d0dommg30wsb
»0396M090%. FoQ50M5Q, B35 Em0o 1001 33960560 IMbMAG5x305 ,L50bGFMOTs30M LolEHIgdol
330053900l 30d0(0O G9dbmeEmy0qdo s Bmbsgdms dgbgxdgbGHo“ (bsb.2) [13], s3Mgm3y.

13



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No2(36), 2023

Bl Ry, M ppelipnBoeo,

Sy BORS AMBMBSA, BOY LDGHBIETSI,

OGS OW1TDAHOD,
BAN6D b IS0SMBSDI0

SOHMBEGSIVE0D  SIF20LHSC0TB0L
BYGOLEOL ASGMAS: SILENGIS
25 MISN30BSC0S

06VMGHASONTEI0 LHYBMBIRMIDS
25 064 IG20LO0II206IG0
LT SIRTBS GOBVBHI0
ST MBNIB0L 3SHBHBI

oy,
: W S f v

' ,//;.l/(”';

Wi sfogabadad”

65b.2. 3. Bmam3sdol 0sbs93EGHMOBMdOm 89J0bogmo dmbma®sxgogdo
UEml UNESCO-b 3songo®sty (2017-2021 fengddo)

»0080mMF53099wo  Lobmyomgds s 06@IHOLE030bMMo  Lfsgargds  3ogOMo  GH9dbm-
@My0900L d5Bsbg* (L3MEgdOLs s b0ggIMLOEYEHIOOLMZOL) [14]. ,3OMYMSTNEO 53¢03530JOOL
bse0olbol Jom35: GHYbBH0MYdS s Mm3EH0ToBsE0s” [15].

5390. 9. Bmamz5dol dbsMoF)M00 s Logsdmdgderm Mg3Megao0ol sdGHomemo {9360l
LEASGHMLBoo 2006 Herosb odmoEgds 39MH0MmENMEO  BsgMMSTMMOLM  Lsdgsbogm  gmMbswo
»050M30L  533MToBH0BIOMwo  LolEgdgdo“  (Print- s Online- ISSN  0bwgdugdom, DOI
000963H05035GHMM0om) [16] (bsb.3).

AUTOMATED CONTROL SYSTEMS. No 2(36), 2023

oo stcmmea crevemry
PESN AR12 0V ety Gocha Chogovadze
DO L 1030031 39 (1941 — 2022)
B6Madan Rector of GTU.
AN SISMRDAIULTED LOLSIERN0 Director of Dep.of
Culture & Education

TRANSACTIONS
AUTOMATED CONTROL SYSTEMS of UNESCO (Paris)
(1981-1988), a great
N 2(36) public figure and

statesman. Vice-Pre

sident of NC for

ROCSAS THL T TR
20

Mk UNESCO Affairs of
SN s Georgia (2004-2012),
“henmarron sexsety’ Honorary Doctorate at multiple European and
. ,::‘:“ Russian Universities and member of international
academies, diplomat, Ambassador Extraordinary
and Plenipotentiary of Georgia to France and
the Kingdom of Spain (1994-2004), GTU
7 ety o "Automated Control Systems” and GTU

UNESCO "Information Society” the founder of
the departments.

65b.3. LygMsTMgoLim FMBso ,5MGMNZ0L 53BMIsEH0DGdLImOo LobEgdgdo®

090 LoLEBYsGHMEMS© 593994b9ds 06M3530IM0 OGZ0MMZ0L IJmbg LBHOEGHOYOL 58 FBIMI>0S
3690 do, goblogzmm®mgdom 2015-2022 Hergddo, 0bgm®mds3o)eo LoHmysmgdol gmmIomgdOl
L5393b0gMM B0BsOHNMEgdO.

14



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No2(36), 2023

2023 §). bE¥Y-do 2odmo@Es UNESCO-U ,bsobgm®mdogom Lasbmasomgdol® 3060090Mol ss®ligdols

20 Heoolm530L5T0 s 9350. §. Brg35dol blimz60bscodo odm360¢m0 60 dcbma 53305, HMIgdOos
dolo 0900l s LwMH30egdOL YoaMmdgegdol bodmdgdos (bsb.4) [17, 18].

—— e e
] M) e e— B o R ()
e il s —_—T x.nnn‘:;nnm’*'.noa'ho"y‘)
I | I I SEORGY £HNIC, 'I"I‘I"I’ Vhas WAL
:::?’:;::;‘YY[- HHIAL ALOMA TN
o A . > MRy
vy Pars

305 LGB0, LOTDON(H 35353540, BOS LDGHIE2NAD, LIIOO DODBIC200,
CHIRID BHAER R BOBS SWIEINIODIOE20
"L"B"""d"(}‘"f'm"’ bobrrgdxuexsds wd BAORBEIEASGOM LABMASLOINS:
0BGHUSMH0 30 WOWSHOZS LABIVIIGIVELE) IIGHSUSOEBO LY

ASGISHEIEN LHSHLT IS

or
e 6&

Irrne Bt Ego leitifoogfey e’

Jipey v IT reldssomobigeis SaBipfioa¥er aefagysn”

Bob.4. lBry-ols UNESCO-Us 350790060l 0sstsgools 20 feroomsgolisdo s
3. Bgm3590l goM@s(335¢7gd0b fiemolimasgol bimgbobisdo dodmgbowo foabgdo

> 06035302900 350PY3IH5_7: LEH-0b 09bgL3ML 35009EMBY FMTomdOLSL d3EHMbO MBS O
94650008 MmBMdS Logobdsbsmegdm bEggeMmTo sOLYIME 5o E  250m{i39390L
990905  3HgdL  0bBMMI>30E-3md603530IM0  BHYIbmewmyogdol  bbgoalibgs  LygMmgddo
5L5BYMY®. JOM-9OO 5Tob 3MD3MYEHEO BoQ9E00s BAHY-U Bo3MEHIGIMMOLO 0bE O-
0bE03W0bIMH0 Lo sbTsbsMEgdEIM 3MIMYEM>TgdoL 9Jdbol 3mb(395330s.

Lo0bxzM®MTo30m LoLEGHYIs M0l ol 3MI3egdbm@o dgdsbobdo (3GYgLs, MoEOM, GHYJEg30Doy,
3033093H9Owo  bobEGgdgdo,  3m3bozszool  LsdMewgdgdo), MmIgwos  MBOHMBlgwYmRL
306m36900L5 5 9o LoBMYPIMYOOL LOWWRILMIZD CbZMHISHO B3OS, BP0 FobsogdOLS
©5 (3m©bol Mbol 5Foegdol gbom. S30@MTs3 LEOEFMOTs30Mm LEBMYSMYOOL FMOHI0MYOOL
36m39L80 296L3MMNMYIOIMO B0 9603Fgds G90s0b6gHdsH020l LBIHML (Fgos - TobMdGOZ0
06830mM35300L  LsdMoegdgd0) [15]. 030 FobssMLMOdMO35 59MM069dL 0lgom B0T>MIEgdYIL,
OMaMO0(350  35dmygbgdomo  0bgm™MToB03s,  89050Hs0bo,  GLOoJMmEMYos,  FJOOSMIGMEOY,
0900505 GH03d s 3MFNbo3s300L dg3boghgds [16].

oMM fargddo 4963000509099 ds 3053MMEds Ggdbmermyosd 360d369cmgbo asBJoMs o
390BIMMNMZs 890005396 Mma0gd0l  493mYgbgdol  56Mgo0.  o0BoMms  Jmmbmzbowgds
090050683MmM35@H030L  139305¢0LGHIODY, M3 3BsIE s0Lsbs FbmBwoml dmfobsgg J39ybgdol
©603960L0@ 9GO0l SBsIYJdbowo 3509MIOOLS s gLsdsdol BodsbdsbsmwgdwMm 3MMYMSdg-
00 MoMY6MdByY.

LEAHM-0l  0MBYLZML  35IOS  ,06BMOT>30MN0  LEBMYPOMYdS s dobo  sOEHbomGO
©9350@5396(¢)900:  ,, 0530  53¢905H0 Y80 boliBgdydo  (3GmgEsdwcmo  0b:7069k0s)
wJOOOIICMO  BOCYAVIZ0S OS5 FI0SAISOP30980°  Loasbdsbomgderm s Lsdgiboghm

15



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No2(36), 2023

15d3056MdL 8F0OM 3MbEAESJEHT0 FoBsM5300696, 068MEOTs30w90 LEBMYSMYOOL BMOT0EMYOOL
Q5 39630006900l dodstromnyergdom [19].

> 060195602960 35OPY3IHS_8: bH)-0L 0bRMOT5EH030L5 S F>MMZOL LOLGHITGOIOL Bo3MGIGBY
dD5009ds ©s 0333905 Lsdg3b0gmHm  OLYOEE0gd0, 0fgMgds  FMbMYMR09d0  obsmEgdOl
3969%396H0L  LOHMEIYMROLS S VbBMOToEH030L OPIJEHOIOL 1gdoE03gdDY. ,0bBMOTsE0IOL*
sboo (2021F.) Lsmg@mOH®m 3OHMmaEMedol  53509d0mE  3md3mbgbBTdo  gohbs L3g3-s@PBgz30mo
39960Lgdo ICT dodoMmwgengdosms dglsdsdolbo (LE-U 39d-339MBY F9Jdbowos ,,MIEHMOBEHOL
00dEommy3s” https://old.gtu.ge/Learning/ElBooks/Doctoral_Library.php) (bsb.5).

bBI3IdS -~ GHICISIIGHN BH3ITOIO3D0 Aamdabdodal o00@OMMadd

©OMIOMGHIEO0L 3030MMNI3S ¥V

= d30ado®o o Lodgsbogtmm 3mdybosogoal Badbogs o. bmdng®ozo

=« Gmobgndol dgmnobgdo gobadmagMmaem 30Gmmdddo . 30dody, . dog®olzycemdy

« 3mddonnha®acro Juacmagdol 3Gmdengdagdo o doma gowabyzghob gommgdo @. bodboGody, ¢».
3o89b0¢mody

= aodmynbgdamon 3Grmamodaeno 0bzobatmns (3Moghnsnerolb doommonta domnomgdobo) 3. byGayemody

« 0boymG®dogonb oE3ze o 30d5Gbaammbmgdal Lobigdado (3Goghniycmob dgoreryco
dononmg0obn) n. Jotorzgerndzncmo

« bgmmmzbgto 0bthaemaddo (3Gogdocmol dgoeronéa dnornogoobn) d. bboody, . mogodznemn, 3.
Hobigo, b. 80656m3z0

= 33emg30b dgommegdo obaym®dohnzodo (3Goghosncmol dgmmaonto dnoomgdsbn) 3.
bomgdgemodzoemn

- oboymGdogogemo JboaGmbmagds (3Gogdnsnemo bodydomb dgomemmneo dnmomydobn) b.
odocemobzotn, 3. odoemobgotin

= aobomemgdob ba®abbob doemmzal mgmGoym-dnmmomermaon®mo 3300939, dmEamo®ads o
G90em08980 (3Goghnnc0b dgoreaytmo doocamgdsbo: Il -6o6.) 3. bobobndg

= og30ado®o dmdormmdol m3Gedorm®o gowabyzahomgdol dowmydal 33tmaz0, dm@amoMgds o
G90em08980 (3G hnnc0b dgomeatmo doocmamgoobo: Il -bo6.) 3. Hobobndg

=« 3Mgongdol m3godomm®o gobobogmgdolb 33ema30, dmwagemo®mads o Ggograbyde (3Gogdmnsycr0b
dooemy&a doomnomgoobo: 1-606.) 3. Bohobndy, 3. ndbondzoemo

= OGOROerm30b Igmotoym®dods d0bBbgb aowabyzahommgdome 0d3engdngbdogos (3@ogdhosycmob
dgomeryen doonogooba) b. oxmoneao

= o dmboggdme Badbmemmans d0dbgboboemonnzo, wy35er™m3dabdo o 0ddemndsgbiooo
(3Gogt03mcm0b dgoercoymn domommgdoban) 8. dqozotndznemo

o dobgobyea bbogergdnl dgomem@gdn (00 den3m&00mdqdn 4. godaodzocmn

65b. 5. ,,0653H35¢030L"“ bsgmgdEm®m 36myMsdol 3GBJZmMo 37MLYdOL 39d39MWO

og §omdmpqbowos B39b0 Bo3MWwBHIGOL Y39ws ©I35MEIBGOL §8Y39b 3OHMBILMOMS
L5925 M9dM IgmEMM0 (06900 gobscmegdols baeolibol Joerm3z0Ls s Msbsdgm™M3Yg 308OHVIO

39960930l bLrgOMgddo, B ol m9dgdo, OMIWIGOLLE OMIGHMMBEGHJO0 MR Yd06
360639 3990LBY s 9999y 399Mm0Ygbgdgb Fom 339300 boffoedo. sdob Fsgswromo dgodwngds
96535 dm309356Mmm.

05250mMOQ©,  »008MOT5BH030L"  3OMYMA0L  EMIGHMOBEGHMMSo  Lsgwol  3gMomdo

d0oboL 9OHM-9M00 13Ol {gmaMon00l Fologwrgdgwo 03Ihs VMTSE OIYMNBWS sbogn
0683mMs30  Bgdbmemyogdl, Hmd B396 sboew 3mb3gx309dL ,0683MmMTsE030L oEad@0zoL*

16



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No2(36), 2023

903560 wgdom 9JudgmHodgb@ol Lsbom 369GMys3w0m 0bGIIM0MYIOMWO 353390 dOL Loboo
M3Mom© 53 MJEHMODE-0obfogergdeol 253390000 gdbyg. Bmlfogwrgqdol 3993538060l 9B39JGO
00096500 OO 0gm, MHMI LMoL 5ETObOLEHMSEF0SD FOWIHY30ES FoJLOTW M S9F0MS TbsGO
Sbgmo  0bm3z530M0  453Mf3930L5m30L. Fo0  E9GROBBLIL  FOBOMWO  FHYIbMmEmyogdolim3zol
906005¢0 o LoFoMm 063953960 (306G MEmO M:goEmdol Lom35¢ggd0L Bsmzom).

LEw-0b 09969L3ML JogEMDBY, 539, 3. BryM35dgbmsb Lsdg3boghHm Ligdobser’Byg 53 9gEgOOL
396b030lsL, 2oofys. HMA 89339dbs Hogbo-0mbmy®msgos, G®Mdgwog Lobgwddwgsbgwm 0dbgdm-
@5 94395 b3MEPOLM3Z0L (MB039gMLOEIGHOLMZ0LSS). MBI s Ws0dgFs gb Foabo 2021-Fgwrls
(65b.2) [https://old.gtu.ge/book/Surgu_InfoSociety-21%20new.pdf].

Hogabdo asbbowmos 0bxzm®mds3009wo LsHMmYs™YdOL BMOI0MYIOL 3OMBEGIgd0 ©s Fo00
305093930 2Bgdo  2obsmegdol  bygmmdo  06EIMOLEO3obmMo  Lagergdol o
0683530990 39gbmwmy0gdol sbgM30L dsHsBY. obbmME0gwgdmwos fsgwrgdols s dolo
0563begdo 3MM39Lgd0L MB0YIE-MMH0IbGH0MIOMWO bsE0BO, 3OMgdBH0MYds, MgoE0BEG0S ©d
AILAHOMYBS, bo®mobbols Jgx3sgdom. osHBEOmIOME0S 06MZoE0M0, T ———
06393000900 253300000900l ©9aT30 o Bo@ocgds
30330BH9OWwo  LoLEYIGOOL S  F0BAISCPLIGHO  395¢PBOb

30HSVIN IS0 GISF2M23S 2VS

O976030b  350mgy969800,  G53  96003bgermgbo  5050ergdl R R s e R

S3060M2MB30I>0

LEAMIBE/BMUfogmgms 5dGH0IMYOSl s Bsor T9dg3bgdom MbsGL
(65b.6).  LogobmdmEolo (85009353035, BoH0Is,  dOMEIMYOS,
393058305,  0bxmOIsG03s s  Ubg.) 3930060900  dsHoBy
090999953909000 13965M900L 53900l FgOMPO3S, 500 Mo IHO
M0099GH9gd0ls s Im3ew9bgdols bgdsb@ozMo sbsbgol doBboo.
539005 m309JGH-OMwmo  (3m6393GHveMo)  dmyero,
Lo0bBMMAsz0m  05BS @O 390-3MOEGHoo. 9bmyM53300

SHATL IT-HRLIETBORON OIEHAO™

3963993360005 99650 gdol s 0bgmEMTsEozol  d9bgxdgbEHol
1393305 0bEHIBOL, MIBHMM6EHIBOLS s bEBIBEHIOOLMZOL. 6ob.6

> 06m356029%0 3505PY39H5_9: LILI3w ™M 3OMEgLOL MMO Ls3Mbol MO dmgwo bdw-ob odl
B30 GHIGDY. OMAMOG OLEMOOMWO BodEgdo J0y35608690L, B39b B3N EHIGBY Fsb-3500900S .
Brgmgsdol 06030sEH0300m 1971 (gl 990gdbs, sbigomo oym dsb-ob 3¢l 3@o bEOWdGH«IOS LuMI-Lo
@5 5Lz 93M™M30L J399690do (bsb.7).

- 856M3700byyero 33e0q30L; LoLBJ3300 - 3502335303 7M0;
- 6Wamabﬂb ('962,36630[): - Sﬁmmz’ﬁwga-go:m;

- §3M3mydoL Bomoz0L; A - Oagbo3n™o;

- $oM3mgdobL sefogbgol; L, aMbjgombicrmo OMHMB33y™maoL d - 0BBMMHBogono;

- 93mBM3Bo 30 SB3emoBOL; d3gLoLB3Bo d3gLobBy3gdo - @ob6330LHTM0;

= LIDWPIE M dEGHoiEbioly - ¥ 3360BVIGEOMC0;
- 330 300L >erHoEbzol; - OYHOOICN0;

- Lbg. - bbg.

Bsb. 7. 00030l 533 MBoE0BgdMeEo LobiEgdols LEGYIGWMms s 3gagbomemds

17



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No2(36), 2023

99-8 BobsBBy Fo63m9600s 06xmOIs30e LolBgdsms 3¢sbO3MMO 303900, HMIGELOMS

©300M9J3H90s 5 3MMYMITNY0 BJoE0DOE0s (Y39 ™3Tg6E0) Fsb-35m9M0L Joge obfogerg-
0ms 40 ool aob3ogwmdsdo  LEM-L  0bxM®mIsBH03ols s  INMLHMYdgEo  Lfagargdol
29310 G9GHYODY  ,0bBMOT5300L  ©53)Fs3900Ls s BoMMZ0L 953G MToBHO0BYdIMo  LobE)dgdol
(00035L)“ b3Y(305EMDO.

Management Information Office Automation
System Enterprise Resource Planing Knowledge Management System

EIE &I

Expert Systems  Machine Learning

‘Warehousing System
Decision Support System (OLAP, Data Mining, BigData)

Bob. 8. 0bgm@mdsEgomem LoliEgdsms JeslogmGo Godgdolb gMogdgbdo

00335379 3H9G DY (00939560 360Mmg. b. @wmdobsdg) 0bm3z53096M0 LEAHMWIEHMOMEO 2505HY39G
2obom 1997 {igaol ,,93mb6m30319M0 0bgm®mIs@03ob* dods®mvegdol d94dbs (bgerddmsbgwo

36Mmg. 6. wmdobsdg), HmIgeog sGM30L 93EMBoEGH0BIdMwo LobEgdgdol JodsMmmwErgdsliorsh
(bgaddsbgeo 3OHMY. 4. LMOAMWSA]) ogH0sbgd 04bs sbers dgddboer MmMABOBI30Wwo
356m30L Y350 3H>d96EHT0 (93.-0L YBOMBO 3MMG. . 3mY0bs0T300). ,93MbMT0IMOO ObRMEOTs-
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3900¢9d5 00g35L, O®MA 5350. 4. BMyM3z5dolL ,,MYMds bgd“ dsmmz0b s3¢92dsH0YIBrIe o
bobdgd9éolb  (Management Information Systems — MIS) ©s 029693 ,,0680OI>3090
LsBMASMYOOL“ 3539EMJIOL Lobom, SHEYIHBOY, F55E1335¢0TB0E0IMO Lo0bgObMOM 350MmgdOL
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(UAsGH0s dogdeycmos 1.03.2023)

REFORMER Ex-RECTOR OF GEORGIAN TECHNICAL UNIVERSITY, ACADEMICIAN
GOCHA CHOGOVADZE AND HIS HISTORICAL ROLE IN THE ESTABLISHMENT AND
DEVELOPMENT OF THE MIS AND UNESCO’s INFORMATION SOCIETY CHAIRS IN GTU

Surguladze Gia, Petriashvili Lili, Nareshelashvili Gulbaat
Georgian Technical University

g.surguladze@gtu.ge, l.petriashvili@gtu.ge, g.nareshelashvili@gtu.ge

Summary

The issues of analyzing the results of innovative tasks of the 55-year (1971-2022) educational,
scientific and social activities of academician Gocha Chogovadze, ex-rector of the Georgian Technical
University (1988-1994) are considered. His significant contribution to the formation of the status of the
Georgian Technical University (1991), as well as in the creation and development of the Department of
Automated Control Systems (1971) and the UNESCO Chair of Information Society at GTU (2003-2022).
Under his leadership, several important scientific solutions of theoretical and practical importance were
presented, thanks to which the GTU Faculty of Computer Science has been and remains one of the leaders
in the field of ICT. The 20-year (2003-2022) historical role of the UNESCO Chair “Information Society”
in the intensification of the educational process based on modern digital technologies is also presented.

(Received 1.03.2023)

PEOOPMATOP SKC-PEKTOPTTY, AKAJEMVK I'OYA YOI'OBA/JI3E U
ET'O NCTOPUYECKAS POJIb B CO3JAHWHN U PA3BUTUU KAPEIP ACY
" , MHOOPMAIITMOHHOE OBIIECTBO“ IOHECKO ITPU ITY

Cyprynazze I'., [lerpuamsunu JI., Hapememamsumu I'.
I'pysunckuii Texauyeckuil YHUBepcUTeT
g.surguladze@gtu.ge, l.petriashvili@gtu.ge, g.nareshelashvili@gtu.ge

Pesiome

PaccmoTpenst Bompocsl aHanu3a  pe3y/IbTATOB MHHOBALIMOHHBIX 3amad  55-mermeit  (1971-2022)
06pa3oBaTeIbHOM, HAyYHOH 1 06IIeCTBeHHOMH JeATeIbHOCTH akageMuKka ['oun Yorosaaze, sxc-pexropa I'pysurckoro
tTexHu4eckoro yHusepcurera (1988-1994). Ero 3HaumTenpHBIN BKIaZ B (GOpPMHpPOBaHUE CTaTyca [py3HHCKOro
TeXHHUYecKoro yHusepcureTa (1991 r.), a Taxxe B co3jaHue M pasBUTHe KadeIpbl aBTOMATHU3UPOBAHHBIX CHCTEM
ynpasierHusa (1971 r.) u xadezpsr UNESCO «Mudopmanuonnoe obmectso» B I'TY (2003-2022 rr.). Ilog ero
PYKOBOACTBOM OBLIO IIPEJCTAaBIEHO HECKOJIBKO BOKHBIX HAYYHBIX PEIIeHUMH, NUMEIOIINX TeOPETUKO-IIPAaKTUIECKOe
3HaueHUe, 61arozapsa KotopsiM dakyabreT VHpOpMaTHKy U cucteM ympoasneHus ['TY 6bLI u ocTaeTcs OZHUM U3
nuzepoB B obnactu ICT. Taxxe mpencrasiena 20-nerwsas (2003-2022 rr.) ucropuyeckas poas Kadeznpst IOHECKO
«lnbopmanoHHOe 0O6IIeCTBO» B HHTeHCH(UKAIMK 06pa30oBaTENbHOTO IIPOIiecca Ha OCHOBE COBPEMEHHBIX
I POBBIX TEXHOJIOTUH.

({Iocrymmra 1.03.2023)
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300MHM0bEMliEH05d0 06EJaM0Mgdvmo 53EMIsEH0BIIMEmOo LoliEgdols sagdols
3606303900 Fuzzy &9dbmemmeogdols 358myggbgdol Logwdgzgumby
05056 by Femo
LodoMmM39Wmb G9gdbozm®mo Mboggdbo@gdo

tamunaxuchua@yahoo.com
69bomdg

§om3my960c05  3000MHM0bEMLEGHM0580 0bEIAM0MYdMEOo  53EMBsEGH0DIdMwo  LoliGgdol
53900l 3006303900 Fuzzy 9dbmemmyogdol gsdmygbgdols Logwdzgwdy.  gobbowmeos bgoMm-
565935830m BoAMOZgmMs MYMO0S. dtMmY35600s BYOOM-56503580M 5WMMHOMTGOOL 303900 ©d
353500900. 356boEwM0s 30HMObEMLEHM05d0 06EJAM0MYIMO 53EMBoEH0DIdWwo LolEg-
dol  Jogm  Bmbs3gdoms  odds390s  96533oBoMm  LoLEBHIOL  LogmdzgEby 9933900
5EMMH00d9d0L 259mygbgdoom.

1553356dm LoByzgdo: 30MHMObEMLE®M0s. Fmbo3g8ms Fdsgzgds. ByoOm-s0s035530m Fuzzy
&9d6memyos.

1. 99bsgogro

06392000900 933MAsBH0BYdMmo  LobBHgIol  s9m3sbss  MmEYIBoBsgool  dBoBOYL-
3639900l IMboGHMM0bYo, 565¢0Bo s T3S MMYBODsEool LEHMWIEHWOMO 9gOHMGMEOl
Y39ws ©mbyby. 50b0dbmeo 58mEsbol 3osFMs Tgbodergdgwros Mgoee MH™Io Bo@sMmgdEo
565¢0Bob Loggdzgaby, Mo3 Joowg3s dmbsEgdms 33539000 Lo seaMmMomdols g®Bgzo0m.

dmbs3gdms  ©s3vdsgzgdol Moo 0gME0s  sMLYdMBL,  J3gdmo  gobgobormo
3000MH™0bMLGHM0s5d0  06@JM0MgdMEo  533MIdEGH0DYdIMmo  LobEGHgdol  doge  Imbsgdoms
5899953905 565935830M LOMH3EJS MJMOOOL byxwdzguwby [1-3].

I-9e0 BobsBBY dmEgdmwos 0b@gadomgdgmo bobEGgdol dmgwo ©s 3 LobEgdol doge
9mbs39005 5349853905 565835530 BOIMOZLIMS MYMOOOL LKMAZgLDY.

(8oyoc3nd0b/dgbynandob/

d0B63L m3gMoEgoadn
Pomdmpdab gnads ...)

ERP

Fuzzy logic

dofmonzob Gomdmpdols
&Mdabndadn AmbBondndo
SCADA
HMI

PLC

PomOmads

Bsb. 1. 06¢93M0M7dme bobiBgdol dmegero
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2. doM0mSEO bsfjogro

300030 4539000 LoAMOZWg B3gMEgdMH0Z 2obolEBOZMNdS, MHMYMOE 9wgdgb@gdol 56
00993900l 9OHPMIOMds XEX, HMIJeroE F90degds 0gmb LobM¥IEo, MZEISO 96 MMNZEsEO. vy
X 5608 m009JBH9gdoL gMmMmdomds, 9.5). MboggdlowMo LodGmosgwry, G™Igwoi dgoaogl Lbgs
L0653 99dl, 965335530m A LodMogwg X LodMmsgegdo Mol dmFgleoagdreo  Fyzomgdol
LodMO3g, MMIgEds3 F90dEgds Joommb BydoldogMo dbodzbgermds [0,1] 8vsergosb [7,9].

25630b0@mm 4 565935830 1odM3wol F989a0 gsdmlsbryamgds

A= {(x, ,ug(x))| X € X}
Loo3, A € X LodMsgzol Jobslosmgdgwo 1y BbJz00l 860d369emds 330839690, X LodGmsgzeols
xEX 91999680 560b 04 565 A LodMsgeol gawgdgbo

1 oy x€A
w0 ={y oo

0 ooy x€A

50593530m  LOIMS3EgMS  MYJMEMOsdo 963390  LOIMOZWg  S©0bodbgds  [yz0wms
990900 LoAMSZWOm, HMIOL 306390 9egdab@o 90bodbsgl 9egdgbEL, bmerm dgmy
303706900L bo®obbl,  uz(x) 3609369mds sMOL  5M0d3ox50m A LoIMogwol X gwgdgbEoL
903mbgdol badolbo.

565935830m 10dMS3wol J039mM369d0L BMbI0s ML 83390000 (M9SXIMHO VOMYdIMMGOOL)
B36J30s. 2oblsBMz™MgdoL Msbsbdo (VoY) 96M9935830m LOIMOZEggddo, J03m369d0L B3mbJszogdo
05350 §oM3Mo 9696 5616935300 LOIMSZg9gdl [7,9].

39630bomm 5605935830m LodMs3eg 10-056 BosbEMgdMEo MHoblxdOL doswomby.

A = {(x,yAl(x)) | x € [5,15], pa, () = M}

99-2 bobsBBg 658396900 4, (x) MFy39¢0 BIBI30s FoBdmaagbl s6M5d3980m Al LodGMsgzargl,
3990bobmeols 10-0056 dosbarmgdme Ho3zbgddo:

i

vy | %
0 5 10 15 x

65b. 2. 565935800 LoGSZEY 10-0056 Fosbermgdmer HGoazbgddo

10-096 dosbermgdmmo dogmo ®oEbgzgdo 99odegds 3o8mobobml LolMEo s605935330M

LoIMO3E0m, HMIGE0E 39905 830000 JMHglMoygdo [y30e0oliysb.
A, ={(7,0.1),(8,0.3),(9,0.8)(10,1),(11,0.8), (12,0.3), (13,0.1)}

A LoAMOZOl J03m369d0L BbJ300 65B39b9d0s 39-3 bobsBYBY (9 EHowgdom; b ML
©OL3MIAHNWO BIBI30o.
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Bob. 3. olgMgEMEo BbJE0s 10-0056 Josbemgdwmmo dmgmo Gogbggdom

565935530 LobiEgdob G030 bLEGHMMIGMOS (b5b. 4) 0900935 MPHBO B6J30IMO0 dermIoLoysb:
Fuzzy ggwo, Fuzzy ©sb3360L 999960b30, 3mbob d5Bs s 09x3H053035¢™OM0. H™mame 3 9bmdmog0
3600369md900  (9bLsDBPZOMos 565935530Mm  3m33egdEgdom), 1939 9355300 (MOEbMdMO30)
dmbs390900  F9odgds  2o0mygbgdeo  0dbsl  Mmam®E  89degswo  Imbo39dgdo  965T39B0M
LobGgdobomgob [6, 7].

©)39Bo-
303 SOMMo

Bsb. 4. 505935830 LOLEIAOL B3O LAMYIBHVOS

39939560l 33000 9d0L 36033690Mdgd0 2oM0ddbgds A50MT535¢0 (33eoEOL oba30LE M
9608369cmd90d0, 96593580  LOIMOZWOm  FoblIBOIOMEO  0bRMOAs300L o3 Fs3900L
d9L50d5dolo FgNMPOUL, LgJu3gOEBHM MHOL odmygbgdom, MMIguos FoMmygbowos sMsd3580M
30000000 {j9lgdol (3mboL dsbs) Lobom. WobygzoLEMo 6036 MBYdOL Qo0s, Fgodwgds
LoFoMOHm 2obgl Mogbzomo Imbs399990, GMAMEOE 905935530 LobB)Iob  godmbogowo. sbgm
09000b3939080 250Mm0Yygb9gds IRMHB0G0IZs300L FgOM©Yd0, MHMIWgdoE [oMdMowqbab Jowgdwye
9355300 dmbo39990L, QMO 5058355300 LoLEJIoL AsdMTs35¢0 F9EIYO.

56593580m LoLEBJIgIOL 365dGH03MNWo Jo8mYghgds BmoEI3L 5dME3BYdL, MHMIgwms LEWwo
3509953032960 50Hgcs 56 560L bgerdols)zmdo b Losi BMLEO (0355300) BMmEYEol d5dmygbads
565930bmFomM0o 96 dmmbgmbgdgeos. sMHBMLE0 0bZMMTs300L ©sdw)dsgzgdol MbsMo s6533550M
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LoLEYIoL Fgbobodbsg 0bLEBHMWTIBEHS© 99393, Fogow0Ms©, 3MM(39L9d0L 3MbGHMMEOLs™30L [1,3],
LoLEBQAOL 0YbEHOB0IsE0LMZ0L [1,2], 4950HY39GH0Wgdol domgdobosmzol [1,3], Logbowrols s
3930UbobmEqdol ©3dsggdolm3zobl [3,4,6] s Lbas.

56593580Mm MmA035 bAoMs© s0HIOOW0s, MMAMOE Mmmbo 3m33mbgbEologsd dgoygbowo
JOHDMOCOMDS:

o B9Y0%R03;0s. 3503390 9993560l 3603369 MdIOOL 3MbB39MEHO300L 3BM3gLO ST 3ST0M
30339939090 H930r0mdoL 356339 boGobbdo;
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AbosBM9090005b 96 MRO™ H3MEYbMdM030 J0EYMTYGO0E;

o @sli3360L dgoocao. LsdMEMM 5M583530Mm s13360L Jomgdol Fbs Fgyzsboll 33ErsEIdOL
565935830m 10IMS3990mMb 303369008 botolbols s YGIMOO 5®5935830m Fglgdols
dobgzom

o ©9%9D0M9Bs. 5625035800 336900l YEHIW O QodMTsgzs¢ 3B0TZ6gPMBGOI® FoMISJIBOL
36m39L0.

5M593580M  WMY035 OO  JWILOZMNOO  WMPOZ0L  FoBIOMMYDS, MMIGEoE  IMo393L
397163393 MBL. 030 493Wgbsl 9HEIBL 5056l 2505HY39G0Wgdol Jowgdsbg. ol bdoMs
399m0ygygbgds Mo  3OHMdEGIgIOL  AoILOFOIWI®, BOIE 3565FgBHEMIO0  Fgodwgds 0gml
39996339390 56 5MHSBMLG0.

565935830  3OMELOL  3mb@Gmmmdo  9dudgMEGHobs  LobiBHgdsdos BogdMwo, 53056
Lodmddgm  3MH0GHIM0dgdol Tgbobgd 3Mm©boL Wobaz0LGMMmO  S®HgMol, 3OHmEglol dymds-
9Mdg00Ls o  890535e-250MB535¢0 MO0 GHNMIJOOL  Tgbobgd, 3MEboL Mz bsBGOOLOm.
Lo3MbEGHOMM J89090900 STOROE0S 50M5835530M LolEgdsdo sl3zbol fialigdoo [6-8].

L59MSIMOOLM 33eg390d0 SOBYOMDBL MO0 JoEYMTs s JMBEGHMMEO JgodErgds s0YMb M
005356 bofowso:

® 300690l 5er3H0000em0  3H0dobsgool  Jogmdgdo: o3 3odmI0baMgmdl
0509053030L,  3wslogMMmo  3MmI30MEgOHwo  dgabogmadol s M3gMsEosms  33¢g390L
Lo3vd3wd0Ib;

*  9360U0329¢70 Joadgdo: radxgdoE 300MBL BHMIBI© 03Mm3mb 3560 (5MEOWIOMS©
3005 MM0) 250509439¢0¢90900 bgarmzbm@o 0b@gagd@ol 9gommgdols s bagdudgMEm
3Mbob godmyqbgdoo;
9L 30900 LYYIESE 9O 3MOL MOMOYMHMNYRSIMIOOEbOZ0, Fg0deEgds Jomo 3mdOboMYdo

399myqbgds [9].

690MMm-560593580m LoLGHYIs MOl 5653355300 LBoLEYAs, GMIGEoE 09Yghgdl sEMGOHOMAU,
Odgeoi 8mdobs®mgmdl byommbowmo Jugaol mgm®mool Bogwdzgw by, Moms IY0bEgl dobo
35653936900 (56593580m  1BoIMH3Egd0 S SMI3eBom  (Halgdo)  Tmbszgdos  bodwdgdol
©533539000.

056599060M39 690MOM-565835x300 LoLEHYIGO0, Omym®3 Fabo, FoMdmnagbowos 3gEosw Mo
36535300560 6goMO™bMEo Jugegdol Laboom (0b. Fo5¢0Ms, BMEYEgdo, Hmym®oiss ANFIS [6],
FuNe, Fuzzy RuleNet, GARIC, 56 NEFCLASS s NEFCON [5-7, 9]). 00939, 51939 3960boegds bbgs
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B906Mmbmeo Jugeols 50J4oEgdEH OOl BsHBOMGds, BoRIL0MOW, MZOMNMMABODBIdMwo Gmbdzom®o
dgdo [6,9]. 6goMHm-565935530m Jugegddo 353806MH0L Hmbs s godEmsgEgdols s 93d@035300L
B3bJ309d0 35BLb3s3wYds B39Mgdmoz0 bgoMmbrmo Jugergdoligsb. dowbgsgs 0dols, G™JI
5MLYdMBL AM35e0 goblbzoggdmwo doamds, B39 B3gMwgdMmog 3099bgdm GHgMmdobl bgom-
565935530m Lo gdgdo [4,7,8].

690MMm-560593580m LoLEGHIIs IRMIBYdIM0s 565835530M LoLEJIsDBY, Bolo SEYMOOMTYdO
9531196935 6906 Jugeols MYGMEOOSL.
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30639000 Mbg Hommowaqbl Gyzs60L (33005 9dL, BgMmMg MBY — 5M5935530M LoLEGYAOL Faligdl s
dgLsdy ©mbg — @odmTsz5w  (33WOIYBL.  56593980M  30033¢9JAHIO0  IFOGOHNIE0S, OHMYMEO3
(665035530M) 35300601 fmbs. 0935, BA0MS© 259Mm0Y9gb9gds 6goMM-565935530M LoLEJIoL 5 mMbosbo
5040399 EH 6o (b3b. 5), LosE 965935830 LOIM3eggd0L Hgbgdo Ho@mdmmagbowos dgmeg - Igmmby
Mbggddo.
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65b. 5. 6goMHM-56593580m FmgErol 500

B90OM-50503580m  30d0M0EODs30s  NHBOMB3gEymxl  303M0IE  0b@gegd@Eyewm®
LoLEGQIL, HMBYEOE 59MHN05HIOL 55835530 LOLEHYIGOOL 5 5F0s60L BLYSZLO ALY I MBOL 39dbozols

B90OMmbMEo 3538060900l LEHOWJEHMOILMSE. ByOMM-565035530M 30dM0EODIEFOL OEIMIEHWEMSTO
ROMNME Y096 5059355300 6goMHM Juganl (FNN) 56 bgo®m-s659355300 bLolEgdsl (NFS). bgotm-
565935530m LobEBHYTs  99M0569dL 965935830M LOLEYIYIOL 505T0sbol bgogl Abxgermdol Lol
56593580M 30339J3JooLs O w0ba30LEWMO IMYEol 359mygbadom, GMdgwoi 99yqds ,0Y)-
35906 5659355300 {falgdol Bs3MgdOLYsH.

39630bomm  300OHMYEgBHOHMLIYMMHJIOL  53EHMIdEGH0DIOME  LobEgdsdo dmbsggdgdols
53853905 ANFIS 8ol 359mygbgdoom.
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09-6 BobsBBy 65B3969005 ANFIS 56do@gd@reol Gmdmemyos, dmbszgdms @sd«dsgzqdols s
bs639D0ob 259m3wg60L LolEgdobmgzol. 99ddbowro ANFIS dmgero d9o3o3L Godgbodg d9dsgsw s
9o 35dmdsgeew  36003bgemdsl.  J90035¢00  (33¢0@Jd0  FgodErgds  0gml  olsd 339090
390599 BHMmgool  360936gwmdgd0, GMmMmEMmd0Ess,  fywol ©mby 3sdbsewdo 96 EHMHd0b9dT0,
©5650gMgd0L  J0d0bstrg  35658gBHMYd0, dsmo  Lsbogmabwm  3sB3969dengdo,  3om-
909GH®™9bgOA00L 359I F53900L 3561599 BHMYd0 o 5.9., LobBJdob bot3zgbol dymdodgmds o6
5385390000 300900 990 5MOL 8999853900 IMOYOL 58MTZ9C0 (33X5O.

393560k 35033 fd0 (Sochnjmyidhembae-
gamab fymob Embal dsh39Bdengda 353em0b- 3o9m3533mmn 3603367mmdgda
o30b, B3fdabydabogab...)

3mab@RnBagooh sengmfmomndab s&figzs @ Ggy308s AS
-nb [Fuzzy Inference System) gobofnfagdabo3zob

bofgnbe dgg3.bab 3sMmadydfmgdob Eoygbgds FIS
dmpgmab m3GadnBogaoh Symmenbogob
{3odfowyeme dyomeo)

Bab&nfpdalb 3mbBagadydab 7
8343962 ANFIS bob@8230

O
ANFIS 2561333 figdob @agabd: semsbigfals
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PRINCIPLES OF BUILDING AN INTEGRATED AUTOMATED SYSTEM
BASED ON FUZZY TECHNOLOGIES IN THE HYDRO INDUSTRY

Khuchua Tamar
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Summary

The article refers the results of the principles of building an integrated automated system based on
Fuzzy technologies in the hydro industry . The theory of neuro-fuzzy sets is discussed. Types and examples
of neuro-fuzzy algorithms are given. Data processing by an automated system integrated in the hydro

industry using algorithms developed on the basis of a fuzzy system is discussed.
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ITPUHITUIIE TOCTPOEHUA UHTETPYIPOBAHHOM
ABTOMATHU3VPOBAHHOM CUCTEMBI HA OCHOBE
FUZZY TEXHOJIOTWUH B TUJIPOSHEPTETUKE
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I'pysunckuii Texundeckuit YHUBepCUTeT
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Pestome

PaccmarpuBaroTcsa pesyibTaThl IPUHIMIIOB IIOCTPOEHHSA KOMIIIEKCHOM aBTOMAaTHU3MPOBAHHOM
CHCTeMBI Ha OCHOBe HEYeTKHX TeXHOJIOTHIl B rumposHepreruxe. O6CyXmaeTcsa TeOpusa HeHpo-HeYeTKUX
MHOXecTB. [IprBe/ieHbI THIIBI U IPUMePbI HeHPO-HeYeTKUX aIropuTMOB. PaccmoTpena 06paboTKa JaHHbBIX
ABTOMATH3MPOBAHHON CHCTeMOI, UHTeTPUPOBAHHOM B I'UAPOSHEPTETUKY, C HCIIOIb30BAHNEM aJITOPUTMOB,

pa3pabOTaHHBIX HA OCHOBE HEYEeTKOI CHCTEMBI.

(IToctymmra 08.09.2023)
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APPLIED ASPECTS OF PROBABILISTIC-STATISTICAL METHODS

USING PROBABILISTIC-STATISTICAL METHODS
ASPECTS

Zhuzhniashvili Davit!, Buadze Tristan?, Giorgadze Vazha?
1- International University of Georgia,
2-Technical University of Georgia

Summary

The work discusses the ways of solving specific practical problems by methods of probability and
mathematical statistics, i.e. stochastic analysis, and compares them with the solutions of these problems
by deterministic methods, and appropriate conclusions are made. Probability theory and mathematical
statistics are such mathematical apparatus through which the study and analysis of random events and

processes acquire great importance, both from practical and theoretical considerations.

(Received 14.08.2023)
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PaccmarpuBarorcs crmoco6s! penrteHUsS KOHKPETHBIX TPAKTUYECKHX 33/1a9 MEeTOAaMH BepOATHOCTHOMH
¥ MaTeMaTHYeCKOH CTaTUCTHUKH, T.e. CTOXaCTHIEeCKOTO aHAJIM3a, ¥ CPAaBHUBAIOTCA OHU C PelIeHUAMH STUX
33/1a4 IeTePMUHUCTUYECKMMHU MeTO/JaMU U JleJIaloTCS COOTBETCTBYIOIMe BRIBO/BI. Teopus BeposaTHOCTeH
M MaTeMaTH4ecKas CTaTUCTUKA IPeZCTABIAIOT OO0 Takoi MaTeMaTH4YeCKMH ammapar, Giaromaps
KOTOPOMY M3ydeHMe 1 aHaIH3 CIyJalHbIX COOBITHH 1 IpolleccoB mprobpeTaeT 60IbIIOe 3HaUYeHHe KaK C

HpaKTH‘IECKOﬁ, TaK U C TEOPETquCKOﬁ TOYKH 3pE€HHA.
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OBECIIEYEHUE MUH®OPMAIIMIOHHOM BE3OIIACHOCTHU

B ABTOMATU3MPOBAHHOM MH®OPMAIIMOHHOW CHUCTEME
VIIPABJIEHUS PEXXVUIMAMU OPOIIEHUA

ITouossu Cemén

I'py3unckuii TexHuyeckuil YHHBEPCHUTET
pochovianisimon08@gtu.ge

Pe3lome

PaccMotpensl Bompockl obOecrnieueHus: HH(POPMAIMOHHOW 0€30MMacCHOCTH MPHU PEeaTU3alliid OCHOBHBIX
(YyHKIMI aBTOMAaTU3UPOBAHHOW WH(MOPMAIIMOHHOW CHCTEMBI YIPABICHHUS PESKUMAMH OPOIICHUS CEIhCKO-
XO3SHUCTBEHHBIX KYJIbTYp. ONMUCaHbl OCHOBHBIC IPOOIEMBI YIIPABICHHS PEKUMAMHU OPOIICHUS, HCIIOIb3YyehIe
METOJIbl, MH(QOPMAIIMOHHBIE TEXHOJOTMH W CIOCOOBI OOecredyeHus WHQPOPMAIMOHHONW O€30IacHOCTH B
ABTOMATHU3UPOBAHHOM WHPOPMAITMOHHON CUCTEME, HMCIOJIb3yeMbIE MPH COCTABICHUH PEKHMOB OPOIICHUS
CENTbCKOXO3SUCTBEHHBIX KYIBTYD.

KaroueBbie cjioBa: ABTOMAaTHU3WpOBaHHAs HWHQOPMAIMOHHAs CHUCTeMa. YIpaBlICHUE pPEKHUMaMU
opomenus. Mupopmaronssie TexHojaoruu. MHdpopmamnmronHas 0e30MacHOCTb.

1. Beenenue

CoBepIeHCTBYIOTCA MeTOonbl W (QOpMBI  ympaBieHHS COBpeMeHHbIMH (epmamu. Breapenue
aBTOMAaTH3UPOBaHHOK uH(GopManmoHol cuctembl ympasienuss (AMCY) pexumamMu  OpoOIICHUS
CENIbCKOXO3SMCTBEHHBIX KYJIBTYp Ha OCHOBE MaTEeMAaTHUYECKHUX METOJOB M WHPOPMAIMOHHBIX TEXHOIOTHUH
(KOMIThIOTEpHASI CETh, TEXHOJIOTHsI MyJIbTUME/INA, paciipeieiéHHas 6a3a JaHHBIX U T.J1.) SBJISETCS aKTyaIbHON
MpoOJIeMoil /Uil pEeryMpoBaHusl BOJHOTO PEXHUMa MOYB M CENbCKOXO3SIMCTBEHHBIX KYJIbTYP, MOAICPKaHHSI
BJI&KHOCTH IIOYB B KOPHEOOHWTAEMOM CJIO€ Ha YPOBHE NPEAEIbHO-TIOJIEBON BIArOEMKOCTH, IS MOIYYEHUS
3aMJIaHUPOBAHHBIX YPOKAEB M MOBBIIEHUS TUIOAOPOIMS MCIOIB3YEMBIX 3E€MEb.

2. OcHOBHAA 4acTh

AUCY pexnMaMu OpOIICHUS CENbCKOXO3AHCTBEHHBIX KYJIbTYp NpEAHA3HAUCHA U COCTABICHUS
PEXMMOB OpOIIEHHUS, T.€ TOJHMBHBIX PEXKUMOB, COAEPIKAIIUX CPOKM HX IMPOBEICHHS, MOIMBHBIX HOPM,
CH0CO0OB OPOIICHUsI, KOJIMYECTBO ITOJIMBOB M CYMMAapHOI'O BOAOIOTPEOICHNE 110 MOJISIM U ydacTKaM (epm
JUIS KaXI0M KyJabTyphl. PeXuM OpOIIEeHHS CeIbCKOXO3SMCTBEHHBIX KYJIBTYP JOJDKEH COOTBETCTBOBATH
MOTPEOHOCTH KYJNBTYp B BOJIE B KaxIol (haze MX pa3BUTHS AJIsl TIOJIYYEHUs 3alJIAHUPOBAHHOTO YpoXKas U
MOBBIILIEHHS TUIOI0OPOIUS HCTIONB3YEMbIX 3€MEllb.

PexxrM  OpoIleHHsT CENbCKOXO3IHCTBEHHBIX KYJIBTYp JOJDKEH YYUTHIBATh BOJHO-(DHM3NYECKHE
0CcOOEHHOCTH TOYBBI, BIa>KHOCTH [TOYBHI, 3aI1aChl BOJIBI B KOPHEOOUTAEMOM CJIO€ [TOYBBI, ITyOMHY KOpHEOOU-
TAEMOro CJ0s, OMOIOTHYECKHE 0COOEHHOCTH KYNbTYp W (a3 UX pa3BUTHI, CyMMapHOE BOJONOTpeOIICHHE,
CHOCOOBI OpPOIICHHST M METEOPOJIOTUYECKUE JaHHBIE.

OddexruHocts AUCY pexxumMaMu OpOUICHUS CENbCKOXO3SMCTBEHHBIX KYyJIbTYp OOYCIIOBJICHA!
BHEJJPEHHEM MaTeMaTHYECKHX METOJ0B W MH(POPMAIMOHHBIX TEXHOJOTHH; OpraHu3anueld KOMIBIOTEPHOU
CETH; TMOBBIIIEHUEM OINEPATUBHOCTH IMPHUHATHS YIPAaBJICHYECKHX pELIEHUM IO peXuMaM OpPOIICHUS;
MOBBIIIICHHEM YPOXKaHHOCTH KyJIBTYp 3a CU€T y4€ra HOTpeOHOCTH KyIbTyp B BOJI€ M ONEPATUBHOTO
(e’KeITHEBHOT0) pearupoBaHUsl Ha BO3HHUKAIOIIME H3MEHEHHs BHEIIHEH cpeabl (TeMiepaTyphl BO3lyXa,
OTHOCUTENIbHOM BJIaXXHOCTH BO3[yXa, CYMMAapHOH COJHEYHOH paauanuy, aTMOC(EepHBIX OCaJKOB |
BIIQ)KHOCTH TIOYBHI).

Hdnsa  oGecrieuenusi 3()(HEKTUBHOrO HCIONB30BAHUS 3€MENIb W OPOCHTEIBHOW BOJIBI, IIOBBIIIE-
HUSL IUIOIOPOJIMSL TIOUB U TOJIyYSHHUS 3allJIaHHPOBAaHHOIO yporkas HeoOxonumo BHeaputs AUCY pexumamu
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OPOLICHUSI  CENbCKOXO3SICTBEHHBIX KYJIBTYp C  HCIIOJI30BAaHMEM MAaTEeMaTHUYECKHUX METOIOB U
nHpopManmoHHbIX TexHodoruid. B AMCY pexumaMu OpOLICHUS CEIbCKOXO3SHCTBEHHBIX KYJIBTYP
HCTIONB30BaHUE MAaTEMAaTUYECKUX METONOB M HH(GOPMALMOHHBIX TEXHOJOTMH MO3BOJsieT (epmepam
ONEPaTUBHO TMPHHUMATh YNpPaBICHYECKHE peIleHHs 10 peKUMaM OpOLICHHS H  00ECIeYHTh
nH(OPMAITMOHHYIO 0€30ITaCHOCTh B aBTOMATH3HPOBAHHON WH(OPMAITMOHHOW CHCTEME.

Hns peannzanmn ocHOBHBIX GyHKIMA AUCY pexxnMaMu OpoIIeHus CeTbCKOX03IHCTBEHHBIX KYIbTYP
HEOOXOIMMO HCHOJIb30BaTh B HMH(POPMALMOHHOW CHUCTEME CIEAYIONMe METOAbl W HH(POpPMalUOHHBIE
TEXHOJIOTHH:

1) merton Guopuzneckux K03(h(HUIHEHTOB, COTITACHO KOTOPOTO CyMMapHOe BOAOMOTPeOIecHHE Omnpeie-
JsieTCs. Ha OCHOBAHWM HOPMBI OPOIICHUS, aTMOC(EPHBIX 0CAAKOB (BKIIOYas KOAPPHUINEHT UCIIONB30BaHUS
0CaJKOB) M UCIIOJIb3yEMOI0 3a1aca BOJIbl U3 I0YBBI;

2) MeTo] BOJHOTO OallaHca, COrJIAaCHO KOTOPOTO yCTaHABIMBACTCS CBS3b MEXKIY PACcXOJ0M MOYBCHHOMN
BJIar¥ C METEOPOJIOrMYECKUMH MTOKA3aTEILSIMHU;

3) KiIMeHT-cepBepHas MHOTOYPOBHEBas pacipeseiéHHas o0paboTka IaHHBIX aBTOMATH3MPOBAHHOMN
WHPOPMALIMOHHON CUCTEMBI;

4) TeXHOJOTUS MYJIbTUMEIHS JUTS CO3JaHusi, 00pabOTKH, XpaHCHUS U BU3yaau3aiuu uHbopmaiwn (s
MOJIYYCHHUS TOKYMEHTOB U BUICOTPAaMM B HHTEPAKTUBHOM BH3YaJIbHOM PEXKUME);

5) MaTeMaTH4ECKHE METO/IbI X MOJEIIH, BKIOYask MOIU(UIUPOBAHHYIO ceTh [leTpu, KoTopasi MO3BOJISIET
a/IeKBaTHO CMOJENUPOBaTh (YHKUNOHUPOBAHHWE CHCTEMBI OOpAaOOTKM NaHHBIX YHPABJICHUS PEXUMAMH
OPOILICHUST CEeITbCKOXO3SIMCTBEHHBIX KyJIbTyp [1-2].

B AUNCY pexnMaMu OpOIICHHS CEINbCKOXO3AWCTBEHHBIX KYyIbTYp HEOOX0IUMO 00ecreunTh
BBITTOJIHEHUE CETEBBIX TEXHOJIOTHU JUIS IIEHTPAIN30BAaHBAHHOTO XpaHEHUsI HHPOPMAILIUK U pacTpeieIEHHON
00paboTku nHpopMaMu: pacipenenéHnas 6as3a JaHHbIX; CETEBbIE KaTAJIOTH; oOecnieueHre NHPOPMALIMOHHON
0€30I1aCHOCTH B CHCTEME.

PesynbpTaramu MCTIONIB30BaHUSI MATEMAaTHYECKUX METOJIOB U MH(POPMAIMOHHBIX TexHonoruit B AVCY
peKMMaMHU  OPOLICHUS CEIbCKOXO3SHCTBEHHBIX KYJNbTYp SBJISIIOTCA pPAas3JIMuHbIE IO  COJCPKAHUIO
WH(POPMAIIMOHHBIE TIPOTYKTHI (BBIXOHBIE JOKYMEHTHI M BHJICOIPAMMBI M0 PEKUMaM OPOILEHHS KYJIbTyp Ha
TEKyIUEe U TOCIEAYIONINE JIECATh CYTOK, a TaKke HeoOXOJMMble HOPMATHUBHBIE M CIPABOYHBIE JIAHHEIC,
UCIIOJIBb3yEMbIC MTPU COCTABICHUH PEKHMOB OPOILICHUS KYIbTYp), IPEIOCTaBIsIeMble epMepaM H APYTHM
MOJIb30BATENISIM aBTOMATH3MPOBAHHONW WH(POPMAIMOHHON CUCTEMBI.

IIpy wucnonbp3oBaHUM HHPOPMAMOHHBIX TEXHOJIOTHM B aBTOMAaTH3MPOBAHHOW HH(OPMAIMOHHBINA
CHUCTEME BO3HHMKaeT mpoliemMa HMHPOPMAIMOHHONH 0E30MacHOCTH  HMH(DOPMAIMOHHBIX  PECYPCOB.
HNudpopmaiinonnass 0€30MaCHOCTh SIBJSETCS OCHOBHOWM 4YacThbi0 HWH(OpPMAIMOHHBIX TexHoyorui. [lox
nHGOPMALMOHHONH  0€30MacHOCThI0  ITOHMMAIOT COBOKYITHOCTH METOJOB, CPEICTB M  HPOLECCOB,
obecrieunBaromMX Kak 3QQeKkTrBHOEe (QYHKIMOHUPOBAHUE TEXHUYECKUX M TIPOTPAMMHBEIX CPEJNCTB
aBTOMATH3MPOBAaHHON HMH(OPMALMOHHONW CHCTEMBI, TaK W HaJI&KHOCTh XpaHsIIeHCs u oOpalaThIBaroLIei
nHdopmanuu B cucreme. [2, 3].

Hns  obGecneuenuss OesomacHocTH HMH(pOpManMyM HEOOXOAWMO OMNPEAETUTh IyTH HECAHKIIH-
OHUPOBAHHOT'O JOCTyIa K XpaHUMOH, oOpabaTeiBaeMOil M mepenaBaeMoOil MH(POPMALMH, a TAKKe KaHaibl
yTeukd uHpopMmanuu. 3amura uHpopManuu B 0a3ax JAHHBIX 3aKJIIOYACTCs B 3amUTe 0a3 JaHHBIX OT
HECaHKIMOHUPOBAHHOTO AOCTYIIa HA OCHOBE UCIOJIb30BaHUs CHCTEMBbI 0€301aCHOCTH HHPOPMALHIH.

WNndopmanmonHast 6€301acHOCTh MOKA3bIBAET CTENECHD 3aIUIIEHHOCTH HHPOPMAIMOHHON CUCTEMBI OT
CIy4allHbIX M TpeJHaMEePEeHHBIX BMEIIATeIbCTB, HaHOCAIMX ymepd ¢epme [3-5]. s obecnieuenust
Oe3onacHoctd MHpoOpManuy B ¢depMax HEOOXOAWMO HCIOJIB30BAThH CIEAYIOUIME MEXaHWU3MBI: KOHTPOJb
JOCTyTa K pecypcaM aBTOMAaTH3WPOBAHHOW HWH()OPMAIMOHHOW CHCTEMBI M CETH, HA OCHOBAaHHUHM CHCTEMBI
WACHTU(QUKALMU W ayTeHTHQHUKauud (epMepoB M JAPYTHX I[OJb30BaTeNell aBTOMATH3MPOBaHHON
WHPOPMALMOHHON CUCTEMBI; yIIpaBlicHHE MaplIpyTH3auueil; Kpunrorpadus; 3JeKTpoHHAas MOJIHUCH U T.JI.
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Cucrema obecrieueHHs 0€30maCHOCTH HH()OPMAITHH TOJDKHA 00€CTICUNTh.
- 3aIUTY UCTIOIh3yEMbIX MEXaHU3MOB 3alIUTHI UH(OPMAIIHH;
- KOHTPOJb W 3aIlUTy XPaHUMBIX, O0pabaThIBaeMbBIX, HCIOIB3YEMBIX W IEPEJaBAaEMBbIX NaHHBIX B
ABTOMAaTU3UPOBAHHOW WH(OPMAIIMOHHBINA CUCTEME;
- MPOBEPKY aHTUBUPYCHBIX MMPOTPAMM U ITOMCK BPEJOHOCHBIX MTPOTPaMM B CUCTEME;
- 3amUTy CHCTEMbI Mapojiei, KIo4Yed W mpaB noctyna (epmMepoB W APYyTrUX IIOJB30BAaTHICH K
HHGPOPMAITMOHHBEIM pecypcaM aBTOMATH3UPOBAHHON MH(MOPMAIIMOHHBIN cucTeMbl [6, 7].

3. 3akiarouenue

Buenpenune aBromaTHsupoBaHHOM HHpOpMarmonHoi cucrembl yrnpasienus (AUCY) pexumamu
OPOILCHUS CEeNTbCKOXO3SIHCTBEHHBIX KyJIbTYp Ha OCHOBE MAaTEeMaTHYECKHX METOMOB M HH(OPMAIIOHHBIX
TEXHOJIOTHI TI03BOJISIET ONEPATUBHO ILIAHUPOBATh, MPOTHO3UPOBATh, AHAIM3MPOBATH M KOHTPOJIUPOBATH
PEKUMBI OPOILCHUS KYJIBTYp, W TPHHUMATH ONEPATHBHBIC YIPABICHUYECKHE pPEHICHUS II0 peknMaM
OpPOILICHUST KYJIBTYP.

Dddexrunoe pynkmuonuposanne AMCY pexumamu opomenns cenbckoxo3siicTBEHHBIX KYJIBTYD,
NPU UCIOJb30BAaHUU MAaTEMaTHYECKUX METOMOB M HMH(OPMAIMOHHBIX TEXHOJOTHH, O0OCeCleuMBacTCs Ha
OCHOBaHMH: YCTaHOBJCHHWS TpaBwiI paboTel ¢ wuHbOpMamued © 1gocTyma K 0a3aM  JTaHHBIX
aBTOMAaTH3UPOBAHHON MH()OPMAIIMOHHOW CUCTEMBI; 00ECIIeYeHHs] CBOCBPEMEHHOI0 JIOCTYIIA MOJIb30BaTelNei
K HEoOXoauMoil HH(pOpMANWKM Ui TPUHATHA YIOPaBICHUYSCKUX PEUICHHH IO pPEKHUMaM OpPOIICHUS;
obecrniedeHus 3amuTel WH(pOpManuy B 0a3ax JaHHBIX; KOHTPOJS BCEX MPOIECCOB 00PaOOTKH M Tepeaadn
WHPOPMALIUN B CUCTEME,; 3alllUTHl XPaHUMOH, 00pabaTeiBaeMoOl U mepeaaBaeMoil HHPOPMaIUK B CUCTEME;
obecriedyeHUs]  KOH(DUAEGHIMAIBHOCTH M JOCTOBEPHOCTH HMHGOpMAaIMH B  aBTOMATH3UPOBAHHOM
WHPOPMAIIMOHHON CHUCTEME.
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ENSURING INFORMATION SECURITY IN THE AUTOMATED
INFORMATION SYSTEM FOR MANAGING IRRIGATION REGIMES
Pochovyan Simon
Georgian Technical University
pochovianisimon08@gtu.ge
Summary

The issues of ensuring information security during the implementation of the main functions of the
automated information system for the management of irrigation regimes of agricultural crops are
discussed. The main problems of management of irrigation regimes, applied methods, information
technologies and ways of ensuring information security in an automated information system, which are

used in the preparation of irrigation regimes of agricultural crops, are described.
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Bexgoensggbo. engbgdo, segsdosbons gfeeidgdo

6sb. 1. Lobgamdfogml 3mblGo@mEor®s©
A0BLBEIMMO BAGNEHMOS

Labpendfogedo padsgsemo preadieryfio obgyhbag byzmdnbozagon bobdpds

T3b ~ bagmimbogigoe Lol o - obgmibdsgoeemo pinmobyis.

Bsb. 2. Lsbgedfogml 06x3mm3s3omeo bsbugmols
30633300 dmegwo
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Pomdmagboo dmgwol MImegzmgo 0@Yss ol, GMI Lobgwdfommdo Lszmms® doys
0683mM3530 LogMEgdo MMMOYHMMBYO0 FoMMZoL MOYBMIDL, LoBMYsMGdL FmMoL Mbo
bmM(3090090Mm©9L J399965d0 ©bgMyomo 0b@®bgE LozmdMbozsEom-Lsobgm®mdsgom Loldgdol
d9039mdom. o TM35Mm05 oL, GmI 53 LogzmEgdo  MOPOIOMOJOO  SMEOWGOIs© b
99531969989l LoBMYIMYOLMD FgmsbbIgdIEn 356MbL 56 356MmbBgdOL GMIIMDdEOMBSL.

50 396mb%Bg (396mbgd%Bg) oyMEBMdOm 4560LIBWIMYdS J39956T0 Lobmsmgdols LemEoswmem
Jugwdo MO®0gOHM™dJIOL, 53 Jugeols gsdmygbgdol 3006303900, 1939 AW MdsME 0bGHIMBYE
Lo3zM 3930, LeEosw® Jugergddo. Lobgwdfonm MmMmPs6MYdO 35¢YIMWO M6 bgwo Fgmfiymb
4o o LOgMHMITMMOLM  MMHPDOIONMBJOOL  MLOBOMbME  obbmOE0gEgdsL s  Losdolm
3949600 mbs 0dbsli Lobgwdfozml 0bxm®mdsgomwo MLsxMMbmgdol Lo@sgon®o 39bG®o,
OMIol 9Imegmglo sdmEsbss LHMRs© 903msbobml LobEgdol gwbdombo®mgdolsl Loldgdol
bs639D900, LSFOMHYGd0, TMJogdo @S 5.8, o3 LsdoErgdsls dobgdl FgLlodsdol  0v)-ol
MBOHM639wymRol MmERBMdL LHGITs IMbE0bMb batzgbgdols sImRbgm..

gboos, B396 dogh  FoMmdmaygbowo Lobgwdfogml 06xm®asgool Labeamol  3mbigs-
GO0 MY bOFOMMIOL do0sh LgMHombmer LsdgboghHm 33wg390L. v Lobgwdhozm
3905DM90L FoMImygbowo dmgol 365dGH03MWwo ©goEoHIdoL sMEOWYdIMBSL, Fsdob dsb
mbs d94dbsl IM35e3MHMBowosbo d93bogM-9JudgdE™s XaR0, MMIMgdo3 d9dwgdab Mo
3990330mb {omdmygboo dmgeo, dmsbobmb dolo 3mb30M9EH0BE0s s bgwo Fgwfigmb dob

36543039 H950DYd.
3. ss33bs

B39b6 8096  BoBHIMGIMO  958m33w935 33503l 0ol MRWIGdSL  39dBZoEMm, OMI
056599060m39  LYObRMOAsz0m  B9dbmeMmy0gdol,  LolEgdgdol  GHMGHIWMOHO 35630056090~
69630l  30MMdgddo  Lobgwdformgdds MHmI Jgdemb Ls3Mms®mo dogs ©d 9MHIby0Mb
MO09OHNMOJOOL 3OHMEILYIOOL BEHIDOWMIOHMBS 5 MBI IM0 bH0bGZMOBs30Mm Bog®mbygdols
0530056 530905, 93000905 IMEbEObMb B3z9b  dogh  [omdmoygboro  Labgwdfogml

0683063530990 LBPZOHOL 36393 B OO BMEIEOL 3M5JGH03MIWO MYo0DYds O IBYMA3H.

o 9Ms¢®s — References — JIureparypa:

1. Chogovadze G. (2023). Information: information, society, people. - Georgia, Tbilisi, (in Geogian)

2. A Russian spy network was revealed in Poland, which was planning sabotage. - "Resonance"
newspaper, March 16, 2023, Tuesday (in Geogian)

3. https://1tv.ge>news>olaf-miichnevs-rom-soci..... (in Geogian)

4. Easter Epistle of the Catholicos-Patriarch of Georgia, Ilia the Second. - "Resonance" newspaper,
April 18, 2023, Tuesday (in Geogian)

(UAsBH0s dowgdrycmos 07.11.2023)
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THE INFORMATION SPACE OF THE STATE AND
THE MAIN PRINCIPLE OF ENSURING ITS SECURITY
Shonia Otari, Korneli Odisharia, Giorgi Zirakashvili, Nana Maglakelidze
Georgian Technical University
o.shonia@gtu.ge, o_korneli@yahoo.com,
g.zirakashvili@gmail.com, nmaglakelidze@mail.ru

Summary

It is discussed how important it is for modern states to have mutually agreed and safe
relations in the information space. The need to define and create its own information border for
the state is justified, which is essential to prevent information wars, cybercrimes and other
harmful and dangerous effects, which is one of the necessary conditions for the existence,

security and sustainable development of the state.

(Received 07.11.2023)

NMHOOPMAIIMOHHOE ITPOCTPAHCTBO I'OCYJAPCTBA U
OCHOBHGIE ITPUHITUIIBI OBECITIEYEHHWS ET'O BE3SOITACHOCTH

Monusa ., Ogumapus K., 3upaxkamswnu I'., Marmakenuzze H.
I'pysunckuii Texundyeckuil YHUBepcUTeT
o.shonia@gtu.ge, o_korneli@yahoo.com,

g.zirakashvili@gmail.com, nmaglakelidze@mail.ru

Pe3rome

PaccmaTpuBaioTcs BOIPOCHI HACKOJABKO BaKHO COBPEMEHHBIM TOCYJapCTBaM HMMeTh B3aMMO-
corjacoBaHHBle U Ge30IIacHble OTHOLIEHWA B MHGOPMAIMOHHOM IpocTpaHcTBe. (O60CHOBaHA
HeOOXOZMMOCTh OIIpeZieleHHs U CO3JaHHA COOCTBEHHOW HH(OPMAIIMOHHOW TI'PaHUIBI TOCYZAapCTBa,
HeoOXOZMMOM /171 IpeoTBpaleHus HHQOPMAIMOHHBIX BOHH, KNOePIPeCcTyIIeHHH U APYTHX BPeJHbBIX
U OIACHBIX IIOCJHE/ACTBUM, 4YTO ABJIAETCA OZHUM U3 HEOOXOAMMBIX YCJIOBHH CyIIeCTBOBAHUA,

6e30TIaCHOCTH ¥ YCTOHYIHMBOTO Pa3BUTHA IOCYIapCTBa.

(Ilocrymmma 07.11.2023)
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doMMAgE Mo 16935/3H993905G MM/ 5¢E0@Iol, ¢9bosbmdol s

3OBON0 06EIIISHNSMOO0 3osdfmgdol Bgg®orgds
m30emEm BsxMgb 535653 gd0sb

X905 46050533001, genbs 08bsdg?, 0653000 Bsbmsdg!

1-bogoMm39wmb F9dbozmeo mboggdlo@gdo,
2-0¢050 Labgwdfonm mbogg®bo@gdo
j.grigalashvili@gtu.ge, elza.imnadze@iliauni.edu.ge, gankhypower@gmail.com

69bomay

aobobommos  bossaol  3Hbosbmdols s 3Hd3geed ol Imbszgdgdol  dowgdol
d9L5dEgdMds M3oEMmEHM LORMIB0 535M5@JOOL 89gd39Mmdom. FgddgMo@rIMols s GHYbosbmdols
390597930 oMM LEO30MmBsOMEMH0s S MHBOMB3gYmRIb HadE0wM3s6 FoBMIZgdL.
9MB0MMM0  535M5@I-3OMYM5o  bsdegdgdol  99ddboom, GMIgdoE  FgLlodegdemdsl
0d935 Imbo39dms Jogdol  53GHMIoEG0DYOL, §Ygds 0bzMETs300L Jowgdol sdm3sbs, MHmAgwos
396500 gdmeos  ImEgdmer  Imbo3zzgmdy.  LESG05d0  godmoygbgds  dsM™IgEHOmero  {ibgzol,
A9939605GHwIM0LS S LOToMEOL B30l MbOWIL QoYM OO, FHJ3gMGHWMOLS s  BgbosbmdOL
390059596 9HOMdWOMdSJ0.

153356dm Bo@yzgdo: M3owm@m bsg®mgbo 535M5¢0. Arduino Uno. 5@dmbggdmwmo (69300,
39939605 IMH0L 5 5EEAOGHEOL godbmdo gosdfm®o. 398396Mo@IM0L s GHYbosbmdol sdbmdo
39059(m@o. Android dmfiymdowmds, 0bxzm®dszool sbabgol 3s6gwro Nextion HMI.

1. 8glsgsemo

bLemREol  397OHbgmds - 5MHoL 93bmdozol gMmIOMO JOMOMIO M0, B3960 3esbg@ol
090035  IBsMHEO  IMLObEgMdOL  MomEIbMdLMD  dodoMmgdsdo. sdo@md  6gdoldogemo
0603530990 53 Q30 gm3gwm30l Joboloedgdgwos. 9Mo-gMHm sgo 0bm3zs30s© LmBwol
39996MbgmdoLsm30L  sbobowgds M3owm@GHm LsxMgbo 835M9@Jd0  (MLs), (FMEEH03M3GHIMYdO0).
35250005, BOsHBEgE 0M3egds LEBDIZ-LoMILO LOZ9MYMEGOOL JargdBHEOMbMO BMMYIOLS s
39393930M0 0bgdugdol NDVI (Normalized difference vegetation index) d9dbos [1].

MBo-b 39dbmenma0s 9glsdegdemdsl 435deg3l 93933000 S 393MbEHMME Mo LEbMBEM
L539OBgM Loz Mgd0, INZsBEOBbM® Yol botrxzol Mm3EGH0T0DsE0s, glo@sbo Lolivydgdobs s
db599§000353)900L  M5m@gbmdoL  M33H0Tow M0 gosbys®m0dgds, d0b3zMgdoL  gargd@O™bMo
05650900l F9gdbs, 15/0 Imbogw0s6mdOl 36MABMBO, LoEEgbagm Lol dgdol s9ad3s s bbg. dsmo
399myg9bgdom  Jgbodergdemds  2390¢935  gob3LIBOIOM®  5YOEBYOIMYMOOL MY 09YRO,
9060360l BMIq00, fywol mdogd@gdobs s 3Bgool LoBzmgdo (dobsmggdo, GHdYd0, Fomdgdo).
39OS5 530Ld, 892300005 303000m BMEMYO0 bs0gligdol dyMTsMgmdOL sbsEr0BoLm3Z0L, dsmo
L03F0MMZ0Ls O MIBIVIODBMT0GMHGIOL  goblsBLzMOLomzol. vy 3o 45dM3094gbgdm MLs-by
0549690 139dGHMeE LgblmEMgdL, 85806 99a39dwgds G030 0bBMOT5305 3MHFOEGHM
bom, 56599 Bb3s B3gdGHOME 0s35BMbYdT0S.

begeol 3g©bYmdsdo 498myg69d5000 MmMBYdO T90degds oYMmBO 0gbsl 2 Go3s:

1) 93603560 535053900 39MEH03>WM0 3H030L (31 EH0ZM3GHIMO);
2) 353606530 535653J00 M30mIRM0Bs30L FH030L (33M0630 ROY).
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335M5@9doL gl MmO 3wslbo  Fgodergds 4oboMHBgMEIL F9dsM0EJO0M, BMbIz0MbsEMmdom,
1M96oL LOIMOHOm s bbgs Fsbsliosmgdwom.

©Egobsmzgol BMP080 oo DHT21 gs@sdfim©gdo s bbg. Arduino-l 3es@am®mdol dsbsbg
RIOMNME 25909496905 3015gdBH035d0 (65b. 1). 49059Fmgd0L 3069 45dsM0EJd0, 9Y3565-250tmg3560
3mOGHJO0L 15356MH0LO MoMEYHMdS FGLodgdMdLL §35deg3lL 935(ymm Arduino-l godmygbgdom
bbgoalibgs sb0dbmegdols Imfigmdomdgdo, dogooms@ bsdobsm/Lbomgolg 3g@gmlioyMgdo.

A |8

BMPO85 DHT21 |l SD card reader | Nextion HMI | MH-Real-Time

Bsb. 1. 36m93d@To gs9myggbgdyeo 3md3mbgbEgdo

bg0mm 658396930, ToMFH0350  LH3OMYMSTYOIO s  FYJEIMYGO0m  F30Mg, BIMAMOS
39056039000 51939 mbom, 2osdfm©gdo Fgodwgds 5dmygbgd e 0dbsl saGMgmag M3owmEGH™
930653 53565390003 30.
2. 306H0M5EO bsfogro

6586Gmddo  2obbomos  Imfiymdowmds, GMIJWoE 990Ywos  Arduino- 535M5@
3HGHBMOIsDY. 59 30bGHOHMEIOOL I3OMYM5TIOOLMZ0L F58M0Ygbgds 3OMYMTM0 3EOBHBMEMTs
FLProg. 59 36036530L 30053560 006MBgdss ol, ®md dJolo sd3MHmyMsdgdol 9bgdo ©sgdbgdweos
IEC 61131-3 ULsgMmsdm®mobem  LGHobom@Gbg, MMmIgmwog BIGMOME  godmoygbgds  wmyo3co
(9w9ggo0Ls 5 3OMYMT0MYISOO  MR03YMH0  3mbGHMMEYMHYIOOL  ILI3OMYMTIOWS©  [2].
mfymdowmdol Loobwgs sMgmzg olog, M3 0bxm®Iszool LIsOGHBMEDY  Fowsggdolsmgols
39900996905 9bseo Fgdbmermyos — Bluetooth HC05/06 dm@vycro, GmIgeog bodmeegdsl odgnggs
Mdd@SMM  353d06M0L  sMbgdom  2oog3gl  F9BYMmd0bgdgd0  Aosdfmgdols s Arduino-U
9m{gmd0mdgdoLegdsh Android dmfgmdowmdgdbg s 3oHodoom.

9mfgmdowmdsdo  3gddgMsdeol, GH9gbosbmdol s doMmdgEHvro (5930l  oloBmBs
399m0ygbgds  obaglio  GHodol 0b@Ggwgd@ o  osdfimgdo: DHT-21 s BMP085 [3].
dmfymdowmdol gem-9gMHom Ims35M0 oMLYdss 0ol, GMI d9gBHINOMEMAO0IO0  0bgmOT>300L
5QPOWMBMOZ0  SBObOLOMZ0L 5  9dM0Yghgds  omo@gdbmemaom®mo  Ldsd@E 3sbgwo TFT
LYBLMOMEO 930060 Nextion HMI [4]. 50bsb0dbs305, Gmd FLProg 360Hma®535d0 hsdgbgdoeos gl
39690, M55 0d¢935 G9LsdegdMdsl odmyqbadme 0gbsl oo Lsfyolo mboll SCADA Loli@gdgdols
95630350 s JMLobgMbgdwsE SBsRgds©. 360MgdBHTo FLProg-msb ghomom go8moygbgds sa6qm3ag
Arduino-Us s Android 8mfjgmdowmdgdl dmemol MOH0gMH353d0M0L 3MMAMmsds Remote XY o
Nextion HMI 3569900l ©s30myMsd9d0b gwod@demeo Nextion Editor.

B39bL dog® 894dboero FLProg 30H495¢0w®-36583031¢00 3000535 254Mmxz0os me bsfows.
30639000 65§00 9690w os FLProg-ob (300039 05935B9. o Fo®dmaqgboeos ¢9d3gmo@rdobs
5 $96056m0d0L goodfmmo DHT21 (bsb. 2) s 5@Imbiggemwyaro §6930L gosdfjmeoo BMPOS85 [3].

BMPO085 95053200l oo bggds dmombmgl, Gmad dob godmlislizgergeby dowmgdweo 99090
39YmM530¢00 04ml Moabgdy 133.32. 59 3630l sLM¥EgdL derm3o B4, Mmdgwos s0gdmwos FLProg-
ol 03900l B0d0M™MY30L Lodswsw b dewmzo [DIV(/)]. B4 dcrm3ol 3s8mlbsbgangeo oliggyg,
Omamm3 DHT21 95053(m@ol  godmlsbgergmgdo 3mb390M@s30ol derm3zqdol Bl, B2, B5 gs3wom
309MH 9090 JM0Eb JoOmM30L derm3bg B3 RemoteXY [4].
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AM2302 81
DHT SConv
{ tameratura |
B2
SConv B3
! - ; \ RemotexyY
—— T 40| 8005 | ([r—
et | tamaraturs |~
8 P
| Teniancba :
- St
BMPO3S /12 B [ Atmosenavs |
SConv
33 2742 . | Avnosenavs |

Bob. 2. 306390 sxols lsggds

L53MIBsMGOM 0bBHIMRJoLOL TgLoddbges boFoMms RemoteXY-ob http://remotexy.com/ru/
LooGbg gLges s MbEs0b MYIdEMMOL EbTsMmYd0 JoMM30L s FoMm 0bEIORJoLOL T9ddbs. 50
de™m30L M9sgdE0MYd0L 89009250 d00gdeo 0d69d5 Lsfyolo 3m©o, GMIgEoa FFIMOE0o MBS
094658 FLProg-ob RemoteXY 8qrm3do. 53 0erm3ol 39)35md30bsmgol 30 smgowgdgeros UART
90gmdomdol 560B935, HMIgmsbsi bws 0gbsls dggHmgdweo HC-05 Bluetooth module. Android
9fymdoEmdgdols 39dsmdolsmgzgol 30 9930gdgeos dsldo BsGzoMmwyer odbsl  RemoteXY
360595 Bg9Mms0bodbmwo Bso@osb.  MGsbm 3MMYMAoL BsEzoMHmM30L Jgdmbggzsdo dolo
3935mdol bobaMmAE03mds 2o60LsBM3M9ds 30 {odoo.

B2 B4
81
- Numbes Change Nextion Set At
s 2
= Value Q 83 Send
SConv p—
— 2 Q
__.? r~
8= | temeratuca |
88
PNumber Change
Value = —l Naxtion Sat At
a7 end
838
— — SConv — —
BMPOSS - f < 1 Simgr?ﬁ:_gv don
] B10 521
B9
INumMmber Thange Nextion Set At
S /12
Value Q Senc
- ~ Bz
SConv
! Atmoscheva |

65b. 3. 39-2 sxz0L Liggds

Loddom  3MMYMHAoL Fgmeg bsfowrol 3MMmMmsds bsB39bgd0s 39-3 bobsBBy,  HMIgwos
1B MB39wymxl Lsdo golsBmdo Loool: #Hgddgho@mol, Lodswol (B30l mbosb) s
5GImb@gemo 6930l  sLobgol Nextion HMI  3sbgewbg [3,4].  gobmIowo  Loowggdool
0909m960w0 BMMIsEGH06 498mdobstg Hgddgmo@demols s (B9g30L 3608369emdgd0 Mbes
39094ml 10 s 133,32. 535L sLMEgd9gb Fomgdo 03I dermzgdo B1-bs s B9 [DIV]) [3].
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306500056 Nextion HMI 3569wl 8gw9deros dmbszgdos 800gds o sbobgs dbmerme String
RO, 530EMA LEOOMS SLOLALO HOEbB30MO 8B0TZ369MBYOOL A50oddbs Tglsdsdol Zm®mDs@do,
B3, B7 @5 B12 3ewm3gdol d9d39mdom. Lslirt3geos, 0b6gm@mds3ool 40ws39ds 3s69wmbg dbmerme
co3Eb3900L (330 gdol dmdgbEdo, Golmgzobsg 3094gbgdm  MoiEblzol (33¢00Ergdol ©IEHIIG™MOL
0390l B2, B5 oo B10 (Number Change). sbgomo 406¢5gd6930b 9990099 900900 bEmodmbmeo
LoOYgd0 doghimqgds Nextion HMI 35690l (B4, B6, B11l) s s0Lobgds Gglsdsdols 39argddo.
0683mM35300L B0HY0ZMMO SLobgzs Android dmfigmdowrmdsly s Hextion HMI 35690l 9365690%9
§o00maqb0o0s 39-4 s d9-5 bobabgdby.

dahgmboan®o GTU.ge

698396067 1

haboobm

ooﬁvﬁt 930 71849
version

Bob. 4. Lsdobsm/bsmgolg 9gBgmbsy OO

Bab. 5. 5¢3mbggHmmo 0bgm®dsgool sbsbgs Nextion HMI 3s6g9emby

»3om@m LsxMgbo 935053700 259m09gbhgds y39wasb, Lblzsolibgs Loddosbmdsdo, Lowss
bmOHE0gEYds 390900 300MdYOOL BMmboGMMmOb0. Bod9w0ms© F9BHMMWMA0MH0 0bgMmEMIs300L
000905 [5], LsbomdMMg gobgdol gobmdzs sGIMLEBYOHMT0, MMEgdoE 30039 Modo ImoEsgL
0950dsol omdlol, dgmsbl s {ywols mGmdwl, sdsd0bdmgdgwo A5HYdOL MEOHWBdEIYdOL
©533063900LmM30L, MoE FoM8mM0dz90s 5E30560L LEdYM@BYM Loddosbmdol Fggys.

3. ©sli33bs

506M095©, 99330005 935133600, MM 9bsTgEMM3g  LoBMYsMgdol  3MHMYMgLo
d999degdgaros  Homdmgoaobmom  dgabogMgdols o 39dbogzol  2sbg0meMmgdols  as09dy,
3996mma0M0 LosbErggdol sbgMR30L Fo69dg, Bom FmMol BwbJz0mbocrmMa goblibgs39do
3MbGHHMgmH900Ls s 393HMYOOL gocgdg. 58 65dOMBTo [omBdmagbowo 3393900l 99900
99L5dgdg0s godmygbgdme 0dbsl, MMAMOE MW GH03M3GHIMIO0L 3mbLGHMWJ309030, DMys®,
31939 39s3FMOYdOLs O 5ILOMEGdgo FgdsboBdgdol AsbEsygd9gddo. MEdowmG™ Log®mgbo
33565(3)900L  459MmYygbgds doebgE 53oMEGH0390L  LoFomm 0bxMMTs300L FgacmMm3z9dslL  Bsomgligdols
90035 gMdol dglobgd. 3 GH03m3BH)Mgdo 908mPbEs dg@o dmdowmemgdo, Imbsggdms dg@o
©9G90B53000 (LMMYdOL JoMgdOl TglsdegdErMds 9P LsbE0dgEMITY FoMBIZ>OMIOM).
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WoBIMGvMs — References — Jlureparypa:

1. Normalized difference vegetation index. Wikipedia https://en.wikipedia.org/wiki/Normalized
_difference_vegetation_index (23.12.23)

2. IEC 61131-3. Wikipedia. https://en.wikipedia.org/wiki/IEC_61131-3 (23.12.23)

3. Grigalashvili J. (2023). A collection of projects in Arduino. Manual. ISBN 978-9941-28-978-1 (Pdf),
GTU, 401 p. (in Georgian)

4. Grigalashvili ]. (2017). Nextion_HMI panel programming in FLProg environment. ISBN: 978-9941-
20-857-7, auxiliary manual, 218 p. (in Georgian)

5. National Weather Service. Heat Forcast Tools. https://www.weather.gov/safety/heat-index
https://en.wikipedia.org/wiki/Heat_index (11.12.23).

UAdsA0os domgdryemos 11.11.2023)

BAROMETRIC PRESSURE/TEMPERATURE/CONNECTING ALTITUDE,
HUMIDITY AND DIGITAL SMART TRANSMITTERS TO UAVS

Grigalashvili Jemal!, Imnadze Elza?, Chantadze Irakli!

1-Georgian Technical University,
2-Ilia State University
jorigalashvili@gmail.com, elza.imnadze@iliauni.edu.ge, gankhypower@gmail.com

Summary

The paper discusses the possibility of obtaining soil moisture and temperature data through
unmanned aerial vehicles. Temperature and humidity transmitters are mainly stationary and provide
point measurements with the creation of mobile hardware-software tools that allow automation of data
acquisition. The problem of obtaining information distributed over a given partition is solved. This article
deals with barometric pressure, temperature and height above mean sea level transmitters in combination
with temperature and humidity transmitters.

(Received 11.11.2023)

HOAK/IIOYEHUE JATYUKOB BAPOMETPUYECKOI'O
JABJEHUS/TEMIIEPATYPBI/BBICOTHI, BJAJKHOCTU U
HU®POBBIX UHTEJUVIEKTYAJIBHBIX JTATYUKOB K BIIVTIA

I'puramamsunu /Ix.!, Umuazgze E.2, Yanrazgze 1.1

1-I'pysunckuti Texandeckuii Y HUBepPCHUTET
2- T'ocypmapcTBeHHSBIN Y HUBepcHuTeT Mnnu
j-grigalashvili@gtu.ge, elza.imnadze@iliauni.edu.ge, gankhypower@gmail.com
Pesiome

O6c¢yxmaeTcss BO3MOXKHOCTD IIOJTyY€HHUA JAHHBIX O BIAXHOCTU U T€MIIEPAType IIOYBBI C IIOMOIIBIO
GeCIIMUIOTHBIX JIeTaTeJIbHbBIX anmapaToB. [IpeoGpasoBaresnn TeMIepaTypsl ¥ BI&XXHOCTA B OGOJIBIINHCTBE
ClydaeB SBJIAIOTCA CTAllMOHAPHBIMEH M 00eCIeuyMBalOT TO4YeuHble Hu3MepeHMs. llyTem co3zmaHus
MOOMJIPHBIX aIllIapaTHO-TIPOTPAMMHBIX CPEJCTB, IIO3BOJIAIONIMX aBTOMAaTU3MPOBATh COOp JaHHBIX,
pelaercs 3afavya MOTy4eHUS NHPOPMALUK, KOTOPasA pacCpOCTPaHAETCA B JAHHOH CTaThe.

(Ilocrymmra 11.11.2023)
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1-bodommzggerml 394603960 bogg®lodg@o,
2-b593bg-x 9356900l Lobgardfogzm MboggdLoGgEHo
Janelidzegulnara08@gtu.ge, meparishvilibadriO8@gtu.ge,
Irakli.Khachidze3@gmail.com

M9bomdg

Bsdmddo  999w9ds390e0s  dobsfoergdmwo  29b9BHo3meo  seamGomdo  sddEs
3094039dGHM0L 306:m398d0. 50HIH0E0s saMmMH0mMAoL 39dsmdols LB (30300, YJdIWO

95 OMOL dmEgdmer dmbszzgmdo 3995350 dmbszgdgdol BMLRdIBEHIOI® ©IYMTBOm,
58053609090 M3GH0Fo Mo 5dMmbsbLlboL  3mzbom.  [omdmpagbowos  gddsgzqdero
SeamMomdol  derm3-bdgds.  Bod@mddo  fo@mOmagbowo  dopamds  094gbgdl  odds
0040B9dBHmMols o obsffoergdgemo  99b69BH03MM0  seaMmMOomdgdol  doaMmIgdoL
30053H9LMdJOL. 5965, o0 JOHPMIWOZ0 58MmYg9bgds Jobsbdghimbowros o dmbszgdgddo
M3G030B5300L BMMMILTEo00560 53356900 49LHY39GI®© MY YH EOMTO.

U5,2266002 boBgz980: 05305 50J0BIJGH6, 396sfowgdwero 3969303700 seam®omdo

1. 8gbsgsemo

0O dM3MXmd0L 65350M0 dmbs3gdgdol sdwydszgdolsdo 0b3GgMglo VoMM
0DMH©Yds. SBgmo IMbs(399900L ©s3Y353900L LOMMIENY 5353806093 0s 08 BogEMb, Brmd
6535000 fiy39@05 s LHOIRI® (3399050, OMIWgdo3 3969M0MYds Lb3zoolbgs Hgormsb
5 bdoMs boliosmgds 999m©obgdol dowswo LoBJs®r0m, OO IMEWWMdOm s JM3y
LolloEgMEbwm 303wom. 653500 dMmbozgdgdol s®Lo dEyMIscMmmdlL ol »bsedo Fomdmoyobmls
3JBHoMEmO  0bBMMT5300 MO GO  MH™MOL  Mg70ddo, G5  IM3Wwgbgdby  OMNS©
953060900l, (3399050  30MMOJOIDBY  53BHOMGOOL  BoFMoEgdsll  0dgng3s.  65dOMBJo
Dom3m©a9bowos wsdds 5MJoBIIBHIOOL s 29bsHowgdmwo 2969@03MM0 SEYMMOMIgdOL
3990996900l 565c0bo o IMbs3gdms TMTs39d0L s Foeo FoMToEMBOL QoTIMMZEgdOL
5dm356900Lbm30U.

d0bgs3500 0doby, MMI Mo OMIo dmbsiggdms 3MTog900Ls @S sbseroBols
LobGHYg00 YPOEIB “Y30MEJLMOIL 0dg3s IIHY39EG0MYdOL JoLYdOLLL, ABLSIMNMGOOM
05306 0799 2500493930905 Mo EMMA0s Jobomgdo, 339MHEL 396 5313000 Boo Mo3Yb0dY
36Md936 SB39JAHL. Mo MOO EMMOL LolEgdgdol JogH doMgdMEo 5350900l LoBdsMg s
d3MEMds, HMAgdog bbgoslbzs §gsmmgdosb 99odwgds 0gmlb dowgdmwmo, Fomdmoygbl
©OQE 36MHMIgIsl LoliEYIGOOLMZ0L, MoEYD IMbsEgdms S1YMO OO IMEMEIMOOL MYoE
©@OmIo 5399953905 15305M© MMM, MMRMOG  935M9GHMIOHOL S  Jugwolbmgzol, sbg3Y
LYo SEYMOOMIGOOLMZ0LSE. 91939 LOYMOPIdIMS VIO oYm369d900L dow(i93s,
Goms 56 Imbgl F95396bgds 4905(Y3930wgd0l Jogdolsl.

50bodbmwo  3MMIWGIgdo  goblogmmEmgdom  860d3bgmzsbos O, obsforgd e
3909030, OMAMMOESS  SMdbmwmE  B0BBYLOL  FoTsMMMEGds, Mg  SBEOMbBMIomeo,
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399%™, 603mgdol 0b@gMbgdo (IoT). dmbsggdms dmEwEmdols s LoBJsmol 3OHMdEgdgdol
39053M0L 3Bs dMo393L  BH9dbmemaom®mo  5MBg3560L GMMNMIOMdSL, Fo00 TGOl Bs3owol
0538539000 BosGBMgdL, gobsfowqdme dgbliog®mgdsly s Mm3EGH0dobgool sergymEm0mTgdL. Limmgo

500@M3 (3bo0s, MMA gobsfowqdmeo 49693032100 saMMHOMTGOOL O TdOS SOJoGHJGIMOL
96000030 259MYyg690s 50b0dbMo 3OHMdEYId0L J0TsMIm Lyvy3gmaglim sMBg3z560s [1,2].

2. 306050 bsfjogro

30035609006 d0BbgdoL FoLOP(9I35 ,OLEHMMOMEO“ FMb3739d0L BsOBO SV sGOL
15305M0L0. AL, OMPILSE dsHBMYd0 MROM EObSTOMEMOs, 30MY MmEILAY s dmbs3gdgdo
393609000 L{MoR5, Dmyxg® Ms9©gbodyg Fsddo goboEol 33w gdsl, Mgoww® Mmdo
900900 0bgMmMTs30s Jgodergds 8930 MBOM 360d3bgermgsbo ogmli  3md3sboolimzol,
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@OMo 6535006 Imbs39dms 9BseoBolmzol sMolL JoBsbTgfimbowro sdd®s sMJoBgd@Mol
3990myggbgds. 999bo, 99 d9doboBAL Mogolo Mb03gMLIEIYOMOOED odMmI0bsMy Tsmowo
LoMMOL 53M356900L gooHY39@OL MBIMO gL, MOLsE 030  F3es3wYds Bsdo JoMOMIO
33960UL Lsdsgdom:

— Batch Layer: ggbs 35bvbolidygdgeos 8mbszgdms oo dmiEemdol ©ed)dsggdsls o
3boeoBby 353936 (Batch) G970080. 59 5396530 8mbs399900 530M906M©IdS, 0ROWEGHMYOS S
065H9ds 35393900l Lobom, o3 5bsoBoLbm3zoL IMbszgdms 339G FomBrmaabol sg900L
L53w)oegdsl 0deg3s.

— Speed layer: LoBJs0Ol BB SbEIBL MYoENOMIB ToobEwmzgdmw OMIo ImMbsggdoms
900905 565¢r0BOLIMZ0L. ol F060Toe MO oYM369ds 593V 9T BHIMIBIM0DMBT0, M5 d0DBBIYLL
LH65530 go05HY39@0L LodwoEgdsls 5aE93L.

— Serving layer: 1yt30Lbolb B9bs 35Lbolidyqdgwos dmIbAsMYOOlm30l 6 3w0gbEobL
330353090030l ImMbM3bol  F99agdol  FofmgdsBY. ol 99M005690L  3539G O
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58853905 9169 gL FogLOTo )M 3565 GEIMHO Lobom, Moms dobodobEgls Imbsgdms
6530900l 06gJloMgdol M.  LsBsd 0bgdLocdOl sZswgds FgbBrmegdol 3OmEglbdos,
b J9ambyyeno dmbs39dgdo ©ygds Gogdo d98ymad ©o35¢qdsd0 0bgdloMmgdolmzob.
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(next generation); S50 ®MoMdOL  FMG30s.  BEBIOGHMW  3969B03MG  seEamMomddo
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- G9PY939¢95: 53mOO0mMI0 3300, 00¥) ©9305YMB0Egd0s d90Y393H0oL 3MoGEgMowmado,
OMPMO0350  05Mmdgd0L  odulodoeMo Mo bmdol o3y,  ©s33054MBOWGIGO
399mb3e0l 30365 96 Foboliffotr 2obLsBLIOMWO godMMIL0MNO POMOL Q5O FoMBYDS;

- 300969L B9169505. 365HowgdME 249693039M0 seaMmMomdgddo (DGA), 3o@bgl 139630
0L 250590Y39¢0  3033mbgbBHo, OMIgwoa FobLHBEIMLZL M3Ibs® 39  FMTomdL
06003000  (JOMINL@TS)  m3BH0ToDsE00L  3OMIWIIOL  ooFMolsl.  BoBbal  Bmbdizos
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30399530500. gl 0L JoMOMsEO FJRoLYdOL F9BHEM03s, OMIgoE 259m0yghgds g3mew300l
360HmEgLoL  Ho®mdoMmnz0Lm30L, M93MHMYYJ300Lm30L 0bE030©gdoL FgMBg3000 s TMTogz5¢0
05000l 25bLsbOzMom [4,5]. Bo@bgl R3Wbdi30s 0093l 0bo30©L (JOMIMLMIs) ©s 560FHdL
B0GHbYL JMasl 0dol Jobg3z0m, 09 M3EYbs© 930594mBoWgdl 060300 M3EH0T0BsEOOL
360390019993l 56 JoBHYOL. o3 MBROM Fowse0d BoBbIL Jmes, dom M3gmalios 0bozool
0o6850Mds 330530500 bbggdmsb 99stgdom.

39b5fogd e go6M9dm8o, MOMMYME0 A5TIMMIL0mO 3396d0 ©MM30YIWSE 5BoLYIL
060030009000 Jglsdsdobmdsl Jols §393m37Io305d0. Lbgsslibgs 3396d0sb Jowgdmo godbgl
8608369 mdgd0 godmoygbgds d9mBg30Ls s MH93MHMII300L 3OHM(3gLOL HoMmTsMm30Lm30L, s159g39
15939079 53MbIBLBOL Jobomgdsc.

095H ©OMI0 OO INENE™dOl Imbsgdms 653509030 M3EH0F0BHE00L sdM360L

3905094393H0b doBbom B39 dogH T9ddsz9dwos gobsfoegd o 3969303960 SEyMG0mTo
5335 56940GJIGHIO0m, O3 990905 9990090 JBO3900LYb:

1) 890535¢00 Imbs399930L 9P Bs3ool dowmgds [t-1, t] Mmol 0bEgmzsedo;

2) 99053500 6535000L BEYR3s BEQTIBEHIOs, Spliting m3gMHo3go0ol Fglcryengds;

3) 3o39M BMsad6Gd0 2969303100  sEMOOMTol  JgLsdsdobs  bGMoJmbgdol  sbw
JOMIMBMIgdoL 2969006 9ds;

4) JOMIMLMIGIOL Y30 9ds, HMIWOMSE F00gds FdMdYo LEBHMOJMbydOL fyzowo;

5) 39397 36d96EHT0 2obmogligd o Fdmdgero JOMIMLMIgdoL yz0agdol goghmo-
36905, H©™IgeoE Imy3:399L TMdYE 3M3wYS30U;

6) 90mdg  3M3Mo30sdo  BYIMIMgBowo  29693H03MM0  SWAMGHOMIOL  M39Mo309d0L
d9LEOMgds;

7) [t-1,t] ©©6®ob 0bEM35¢olm30L Mm3EH0doMo 36033690 mdol dowgds;

8) 3639L0L A96YMEIGOSs B0 6535000LMZ0L, HMIgEros 339 3000Yds OMOL ImdE)3bm
[t, t+1] 0BEGge35¢do.

9) ©o dmbsggdoms 383900l oddEs  vMJoBYIBH OOzl  F9dw9ds390)eo

39bsfogd o 3969303900 5erymMomdol derm3-bidgds ImEgdwyeros 1-gan BobBHby.
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d78035am0 Bogoen l obmyh3zs LEAHMogmMbydNL
@abafyobo g [t-1, t] (Spliting) xmM3omyos j

b&Magmbydal 89mdgamn 3m3nm
: GA m3gfs@mMgdols 898mBagama 8)aan
@sfyzomgds [P smMh3omyos —> 920mM — [t-1, t] /’

dgLMymgds

39085350m0 bo35000
NN [t t+1]

oLy, 3ho@gm.
©5385ymxzznmMEs?

0ok

( boN300026M 3AMBLBLBNL 3o8MESLY )

Bsb. 1. gbsfoegd oo 4969GH03M0 seramMomdo
3. dsli33bs

bAoGH0s 8moEogl oo  8Mmbsgdgdol MgoEE MMAo 33390500  SOBYOIEO
36MHMdE9dg00L  0YbGHOTR0E0MIOOL S PosFMHOL FbgoL. gobbowrmos MgewmE  MH™do
530539008 @5 2obsfowgdmwo  As8mmM3Egdol  B0EPMIGP0,  OMAMMOESS WSO
304039dBH 6 5 JobsfowgdMwo 29b9@03MM0 SEyMOmOmIdO.
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3oblb3o390Mmo  3mb39B(30s,  OMIgoE  odmoygbgds  Imbsigdoms  ©sBvdsgzgdols o
™33030Bs3oobmzol  bbgsslbgs s139dGHdo. mwd3s, Bsmo gHMMOd030 sdmygbgds O

?3005GHLMBSL 0deg35 @S 99M06gdL MO39 3MbEIBOL: dobsfowgdmwo g9bgEHozmMo
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360 930L 989G 395FMb. 585300MMNs© MBS 500603BML, HMA 583 5MJodgdEers
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APPLICATION OF DISTRIBUTED GENETIC ALGORITHMS
TO STREAM BIG DATA PROCESSING
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1-Georgian Technical University,
2-Akhaltsikhe State Educational University

JanelidzegulnaraO8@gtu.ge, meparishvilibadriO8@gtu.ge,
Irakli.Khachidze3@gmail.com

Summary

The article develops a distributed genetic algorithm with lambda architecture. The full cycle of
operation of the algorithm is described, starting with dividing the data included in a given period of
real time into fragments and ending with the search for the optimal solution. A block diagram of the
developed algorithm is presented. The approach presented in the paper uses the advantages of lambda
architecture and distributed genetic algorithm approaches. Thus, their joint use is appropriate for
solving large-scale optimization tasks in big data in real time.

(Received 15.11.2023)

IMTPUMEHEHUE PACIIPEAEJIEHHBIX TEHETUYECKX AJITOPUTMOB
IIJIST OBPABOTKY [TOTOKOBOWM BOJIBIIINX JAHHBIX

Memnapumsunu b'., xxanenunze I''., Xaungze 12,

1-I'pysunckuii Texaumdeckuii Y HuBepcurer,

2-Camirxe-/I>xaBaxerckuii ['ocyjapcTBeHHBIN yHUBEpCUTET

meparishvilibadriO8@gtu.ge, janelidzegulnara08@gtu.ge,
Irakli.Khachidze3@gmail.com

Pesome

PaccmaTpuBaroTes 3afjaya 1 mpoiecc paspaboTKu pacIipesieIeHHOTO TeHETUYECKOTO aJrOpUTMa
¢ 1aM6pa-apxuTeKkTypoil. OnucaH MOTHBIA UK pabOTHL QJITOPUTMA, HAUMHASA C pa3/eeHNs JaHHBIX,
BXOZAIINX B 3aJaHHBIN IIepHOZ, PEeaJbHOTO BpeMeHHU, Ha (PparMeHTHl M 3aKaHUYMWBAs IIOMCKOM
ONTHMAJIBHOTO pelleHHdA. [lpescraBieHa CTPyKTypHas cxeMa pa3pabOTaHHOTO aJrOPUTMA.
[TpennoxeHHBII IIOAXOZ HWCIIONB3yeT IIPpEHMYIIeCTBAa JIAMOZA-apXUTEKTYpPsl U  IIOAXOZOB
paclpesieIeHHBIX Te€HEeTUYEeCKUX aJIrOPUTMOB. TakuM 00pasoM, UX COBMECTHOE HCIIOIb30BaHUeE
IIeJIecOOOpasHoO I pelleHHs MAaCIITaOHBIX 337a4 ONTHMM3ALMUM OOJBIINX JAHHBIX B PeaTbHOM

BpeMEHU.

(ITocrymmna 15.11.2023)
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THE ROLE OF THE COOLING SYSTEM FOR THE PROPER
FUNCTIONING OF THE DATA CENTER

Kochiashvili Nugzar
Georgian Technical University
kochiashvili.nugzar22@gtu.ge

Summary

The question of the importance of the cooling system for the sustainable functioning of the data
center in organizations is discussed. An analysis of the existing cooling systems is given, in order to
achieve the results of their correct design and effective operation. The pros and cons of different existing
cooling technologies are presented and a new approach is proposed, which requires the development of
new methods and models.

(Received 02.11.2023)

POJIb CUCTEMbBI OXJTAYKZIEHUSA JIS ITIPABAJIBHOI'O
OYHKIIMOHMUPOBAHUA JATA-ITEHTPA

Kounamsuanu H.

I'pysunckuii Texuudeckuil Y HUBepCUTET
kochiashvili.nugzar22@gtu.ge
Pesiome

PaccmaTpuBarorcs  Bompockl  paOOTBI  CHCTEMBI — OXJIQKIEHUA  JI1  YCTOMYUBOTO
GYHKIMOHMPOBAHHUA JaTa-IieHTpa B oOpraHusanuax. lIpuBefjeH aHAAM3 CYyIECTBYIOUIMX CHCTEM
OXJIAXKZIEHUA C IeJTbI0 JOCTHKEHUSI Pe3yJIbTaTOB MX IPAaBUJIBHOTO IIPOEKTUPOBAaHUA U 3(pPeKTUBHOMI
paborsr. [IpencTaBiaeHs! IIIOCHI ¥ MUHYCHI Pa3JIMYHBIX CYLIECTBYIOIIUX TEXHOJIOTHH OXJIQKIEHUA U

IIpeJIJIO>KEeH HOBBIH ITO/IX0]], KOTOPHIH TpebyeT pa3paboTKU HOBBIX METO/IOB U MOJeIeH.

(Iloctymmra 02.11.2023)
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9mgd9905 39653MHIMBL ImM3gbol 0wgdsl Jsb53Y, Labsd gltrmargds dm®3sfgmds.

90yg35600  WMY030056  250mI0bsMY IMM3gMds  bs3B90BH  BsMsool  Fgdea[d9ds
93530060350 dmgdggdl 999gabsocsc:

e Jdggds 0ofjggds 85806, GmEgLsg doowgds Ggdsgsco 3sMsdgBMo CardDetails. 9999y 030
10535HMdL TbToM9d9l 9096l PIN-3m©0;

e Jmgddggds AuthorizationReguestEvents ofjggdol dqlervangdsl, Gmym®E 3o dob dgdsgse
§obboggdbg 999m@ol mdogd@o PIN s CardDetails (3565000l 06g3m6M35300). 04gbgdls Gro 53 G9dogoen
396539BHM90L, 00 Jabob Logbswls AuthorizationReguestEvents oo sgH5360l dob;

e Loaboegdo 0aH369ds SLOBIMMbMMO® s FoMMZ0L 653500 YIYM369dE03 FOWOOL
dmgzmgbol doegdol dmddggdsbg AuthorizationEvents. gl 9mddggds 9ermgds Logboeol
AuthorizationEvents 80©gdsls;

e 300090l M5 53 Loaboel, B39O A9IEOL  FowIHY39EBHOWGdsMs FoMqdol 3356ddo v
AuthorizationEvents.isAuthorized 398056005,  350m0dsbgds  dmddggds  93G™MO0BYdIMos,
Poboswdgy d9dmbggzsdo dmddggds 96 SMOL 93GMOHO0BYdNMO.

3. ©3sbs33bo

0099dGH-m0096@G0M90Mw  LolEgdgddo 5oL LEMEEdYBdO  dmzsbobmm  Jig30L
906905 5 FoLMD 8393806000 LORBSMOL oOEYAOLs s FoEgdol 3OHMEIIMYdO.
06833300l 2oo3gdoly  ©@s  Bogdol  sSEHgMHoo  BmOTswobdo  MHBOMElgymal 9@
9mdbomdsl bbgoolibgs GHodol 653509gd0l dmEgeo®mgdolsl.

@o@gMs¢y®s — References — Jlureparypa:
1. Arlow D., Neustadt A. (2008). UML.2 and the unified process. 2nd ed., Practical Object-

Oriented Analysis and Design. St. Petersburg-Moscow (in Russian)
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2. Sukhiashvili T. (2020). Unified Modeling Language (UML2) and Unified Software Development
Process (UP). Georgian Techn. Univ., (in Georgian). Internet resource: https:/gtu.ge/book/umli2.pdf.
(1.10.23)

(BA3A0s Bomgdeyemos 13.11.2023)

MODELING INFORMATION EXCHANGE IN
OBJECT-ORIENTED SYSTEMS
Sukhiashvili Teimuraz

Georgian Technical University
sukhiashviliteimurazi08@gtu.ge

Summary

We are considering the use of signals to display the sending and receiving of asynchronous
business _ events. They can illustrate asynchronous communication between different systems,
subsystems, or parts of equipment. We have investigated processes in which a signal can be sent as
an action of a state transition in the machine or as a message sending during interaction and
execution of an operation. The article discusses modeling tools in object-oriented systems when
managing business processes, sending a signal and receiving events.

(Received 13.11.2023)

MOIEJIMPOBAHUE OBMEHA MTHO®OPMAIIVEN B
OB BEKTHO-OPUEHTPOBAHHBIX CUCTEMAX

Cyxuamsuau T.

I'pysunckuii Texamdyeckuil YHUBepcUTET
sukhiashviliteimurazi08@gtu.ge

Pesome

PaccmaTprBaeTcst BOIIPOCH! HCIIOJIB30BaHUS CUTHAJIOB AJI1 OTOOpaXKEHUS OTIIPABKU U IOy YeHUSI
ACHHXPOHHBIX OnsHec_coObiTuit. OHM MOTYT WJLIIOCTPHPOBATh ACHHXPOHHBIH OOMeH HHGOpManuei
MeXZy PasHbIMM CHCTeMaMH, ITO/ICUCTeMaMH MU YacTAMHU obopyzAoBaHudA. VlccienoBaHsl IpoIeccsl, B
KOTOPBIX CUTHAJ MOXKHO ITOCBLIATh KaK ZefCTBUE Iepexo/ia H3 COCTOSHUS B aBTOMATe MJIU KaK ITOChLIKA
coOOIIeHUs TP B3aUMOJEHCTBUM U BBIIOJTHEHHU OIlepaliiu. B craTbe paccMaTpUBaeTCA CpefCcTBa
MOJIeJTUPOBaHUSI B OOBEKTHO-OPHEHTHPOBAHHBIX CHCTeMax IIpHM YIpaBiIeHUU OW3HeC-IIPOIEeCCOB

IIOCBIJIKA CUTHAJIA U IIPHeM COOBITHIA.

(Ilocrymara 13.11.2023)
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65605300l d0BbYL-3MMFgLGIOL 53BHMISEGHODOF0s OHIBdEPM3560
LgM30L9gd0m
Bobm m@mEos!, geBs dofjodg?

1-bogo®m39wml 39dbozmemo »boggdLoEg®o,
2-53530 §90gmeol bobgedfoxm Mbogzgdlodg@o, Jmmsolo

nino.topuria@gtu.ge, elza.bitsadze@atsu.edu.ge

®9vogdy
396boM@os 965990MM3g OMBIWM3Bo bYM30LgdoLy @S bgwmzgbm®mo 0bEgwgd@ol
3900Mmgd0Ls s 0bLEMMIGBEHMO 159w gdgdOL 458mYghgdols Lszombgdo doBbYL3MHMEgLYdOL
933™35@G0Bs300ol doBbom. Mog LT sEgdSL I3l MMYPBODIE0YAL 2o5FsMEH0ZML Loddosbo
396530900, 35H5MML 95399E056Mds s FooMML Fglodsdolbo 39sHY39¢0wgdgd0 Fmbo39dgdbY
©9MEbMdom. F90mMmm35H9dMmos MmO LobGgds, MHmIgewoi d0Bbs olsbogl WMmdEM3s60
LyO30L9d0LS s bgermzbme 0bEgEgdBHob (Al) Mm@y dBY sRwYdbgdMEO F9dbozol Fo®dmbgbols

5MLEGHOWIGHMO0MIOMo s BEAHM®MIBHO0MHPRMWOo  ©M3YII6EIP0EB  TMbszgdms  dsBOL
RMOHI0MYOOLS S HYE0bME0 Logddol 533MToEH0DBIGOOLIMZO.

1553356dm  Bodyzgdo: mdemgzsbo LgM3zolgdo. bywmzbm®o o0b@gwgd@ol dmgwrgdo.
SharePoint Online. Power App. Power Platform. Al Builder. 3mdoqw®o s3¢0035309.

1. dglsgsero

GM5OE0MMsE, d0DBOIL 3OHM(398g00 IMoEs3L AMZse F9Fobog MM s35WGISL, o3 0f)393L
39BOHOE BoM3gMs3om botxgdl, d9bgargdmer Lsdwmdsm 3MMEgLYAIL s T93™Igdol 33930l
0505 5EBIMMBSL. WOMBEMZ560 o8MmM3W YOOl 2ob30mMGOLMD GHMS©, MORBOBE309dDs
90009 30035 35360 0bLEBHMMTGBEHJOOLS s LgM30LYdOL 3539390BY, OMIGWMS LETVI>WGIOMS3
99Lodergdgeos bbgoalbgs MEH0bmwo 1sdMdoml 53GMIdG0BE0s, Mm3GH0T0DE0s ©s MmMIQL-
GMo6gos [1-3]. 0OMdEm3zsbo 1gM30Lgd0m doBbal 3OMEgLYdOL 53EMsGHOBSE00L JOMOMHO
30M5GJI09300:

o IsbHsBrHBs 5 JaboerBs: EdEXM3560 bgM30Lgdo MHEOWMB39WYMAL TolidEodIMHMBdL,
Gomo Imgemlb (33909050 IGHZ0MMZL. MMRBODBHE0gdL T9MAE05m 205BIOMMZME 53056m0
933™35@G0boEool  3060HMdd0  Fom03g BMmmMbM3b0@Ib  998mdobsdyg, Moz MHBOHMBIgEygmzl
MH9LMOHLYOOL M3EHO0TMEMSP J5FMYgbgdsL;

o bompcgdol G9030698s: ©OH9d9BY ©ox8dbgdmwo 533HMIdEGH0DE0s J9FMMOEbIgl WMo~
@O0 (on-premise) 0bBOILEHOMIGHVIOOL Lo FOMMYOL, 5T3060JOL bt gOL. MOYI60DBoE0gdL Fgwderos
3990099bmb pay-as-you-go dmgero, gooobsml dbmerme dmbds®gdwgeo Mglmmbgdobmgol;

o b9BobsphzrmIMBs @5 056590 Ferds:  OfrdErm3sbo  LigMzoLgdo  bgwdolsfgmdos
B900Ld0gM0  5R00EIE 06EIMEYEOL Lsdmowgdom, Mog bgwl MHYmdl bsTdGMIMdL
AGIO0GHMOOIO® EIMMGOIE 40BEIOL FMEMOL. AoBLO3MMNMGO0m LELGMYIdIMS OLEIBE0MGO
96 MBS A9bsfogdmeo Bsddsm doserol dJmbg MmMBb0B30900LM30L;

* 069983300 dgbsdengdermB980: 6MOEMZ560 3WHEBRMMTGO0m Fglodrgdgdewos »fY39B 0
0639305305 Bb3s 9300353090056 s BgM30LgdMb. 030 MHBOWB3gEYmAlL 53EMBsEH0bIdMWwo
36391900l g56bIgdE FMFomdsl sOLYdIME LolEgIgdMab;
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o bsRGObMIBOL  35dcr09989¢m0  bd9b0: ErdEXm35bo Lg®mzoLgdol §sdgyzs60 3HM3zs0-
©9M900 sbMM 309090l MLIROMbMYOOL oz BMIGOL (MMIgdo3g BJoMms© oFoMmdYIOL dogo
3°050939GH0wgdgdL), Mg OO MB3gmygmaxl Lgblodom®mo dmbsEgdgdol s(339L s 0bELE®MOOL
9371005(3093056 gLods30LMBS.

2. dJ0M0msEo bsfloemo

39630boEmm 0y HMAME Gg0degds 35030MLMBMOL WOHWBEMZB0 YM30LgdOL Fodmyqbgds
d0BbYL3OM(39L9d0L bbgsalbgs s139JEHOL 93GMTdGHOBIF0OLMZ0L. sOBb0TBs30s, Power Platform-o,
®mdgeoi Power Apps-ol, Al Builder-ol cos Power Automate-Us 06+9d¢0m3560 5300035309000 bo3egdl
Dot0mopabl. 53 LgM3z0Lgdol  MmO3IgLEHMOMYdIMo  A5TMYghgds  LodMoegdsl sderg3l doBbgL
MO2560D5:3000L IMIbEObML Bsddom 3MMEgLYOOL 93GMBoBHOBE0s Bd)bIdMEo bgarmgbr®mo
06¢9dHob dmyewgdoo [4].

3000dm, Power Apps (o0dmopibl 0mwdgwby ©snwdbgdme  3ero@dBm®dsl, Lowss
d9L5dEg09g0s MER60BOE0gOOL 3:mb3MYEHM Bd0DBBILOL Lo FoMHMYdIdDY INMYGOEO FMBOIMO
3303530900l d9gdbs. Power Automate 51939 ©0M¥dgwbg ©319dbgdMwo byMzoLos, GMIgwos
Lodoegdsl 5deg3L dMIbToMgdEgdl 89dabsb Lsdmdom 6535900 LbZgsILLZs 930353093l @
b9gMH30LgdL  FmEol. Al Builder 230035PmdL M58@gbodg (obolfotr BsdgbgdMe  bgwmzbmMo
06@¢gagd@Bol (Al 9m©gEgdl, OHMamOoEss GJJuBHol 3sbogozsEos, ™d0gJBJdoL  s©dmBgbs,
ROl ©3Ts3905, 39BHYMdOL sbseroBo s bbgs. ©)39wm39MHgdl Tgdwr0s0 58Mm0yggbmb o
356mmb Al 9mgergdo Lbosbbgs G030l mMsbobszogddo. Gglodsdobs, sLgmo 3¢03530900l
©5HAsM9gd0m FgLodergdgeos 9930Mdgd0l 999306090 s LsFMTotm OMOL IBMY3S.

b9wm3bmmo 063gwgd@ol dmgeols dgLsgddbges, s9930agdgeos dgbsdsdolo dmbszgdgdol
993603905 @5 IMIBogds. gl Jgodwrgds ogml  oLEGMMoMwo dmbs3gdgdo, ImAbTsMGOOU
068m®ds305 96 6gd0Ldoged Ubgs 8mbs3gdo, MMIgEog  36MHMIWGILmsbss 535380609300,
©336Mmg9d3Hg00LsL LoFoMmms FgoMBgl 56 8904dbsls 3rMdEsDY FMEMRJOIIO TMPIWO SEOWYOILO
dmbs3gdqd0l  godmygbgdom, bmem  Jgdymd bgds dmEgEol  GHMYbobao. bgermgbm®o
06@ggd@ob 3mgemgdol dmdom® 53e035(3090d0 Bs®m35 30535 w3065 LMBSL §300535DMBU.
oo  dmOmoL  50Lobodbsgos  Imbsgdms 939 ds3930L  2oToMEGH039ds O MLBOMbMYdOL
3999x MdqBYds.  FLsdsTolo, dglodergdgaro bgds bboslbgs bgbsol dobgzom doBbgL
36MHm39Lgd0L  533HMIdEGH0DOE0s,  FMDOEIMEO  53E0353090L5 @O 390-3MmOGHIWDY  bgwmzbmo
06@&9ggd@ob dmgergdmsb 0b@gaMogos s bbg. [4].

LBGoGosdo dm3gdeos mMo bobEGgds, MHMAwgdog bsows (oMmdmsbgbl ©OHMdWM3zs60
LgMH30LgdOLS s bgermgbm®  0bFgwgdBHol (Al ImEYgdby ©oxdbgdmwo  LgmzoLgdols
MO 396GHO0MGOME B6J30mboMYdL

300390 bobhgds 63doldogmo GHodolb mOmysbobszool dgbgxgOl 29530 gdL 3330l
Bo@o6gdsl. 39MIm©, BoMIOL MobsddMmIgeo BsdmEGH300003L 530353058 390-33900©6 o
©355vbgdL 30Mb3ML VbYW OLE 9bsbY (JosOMEo gbs X6 56 sGOL bgedobs(iz™ado). dmdowr®
3303530530 Bs89bgdmo  Lgb@odgb@gdol sbseoBol bgwmabym®mo 0bdgwgd@dol dmgwol
Lodmoegdom dmbgds GgduEol Gobss®liol sdmEbmds s GH9JuBHYOOL JESBOBOZHEOS: LIWVIOOMO,
509453000 56 6go@MmowM®o 3mbEHgb@Eol dobgwgzoom [4].

md0WIMHO 53035305 VI3MMYJBHJOwos Power Platform-ol dsbsbg. 390dme, Power App-
om, bgwmzbm®o 0b6¢gwgdBHolb dmgo bsdgbgdyeos Al Builder-ol ULsdwoergdom, bmeom
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dmbs3gdms 3ooBebs AzureSQL-do bqgds Power Automate-ob bogsogdoom [4]. Azure SQL-do
509005 dqLsdsdolo dmmbmgbs, mommgmwo BgbEGH0dgbEoL Mom©IbmdOL ILIMZEGEs,
begom 3mbs8ms 30DMeoBo300 O 390-390930mT0 45B0sMYds bgds PowerBI-ol bodwmswgdoo.

990269 bobH0s - L530POEHM BMSMOIB by mzbmMo 0bEgwgdEHol dmogErol LodwysEgdom
50m0gdl dmbs39990L s H0BobM3MYdL dMmboggdms dsBsdo 96 dgddbol 3mb@Eod@gdl Outlook-do
(bsb.1).

o Dataverse

* SharePoint
. - Power o
Automate :‘

»

!
Al Builder

v
-~

Outlook
|
SmAACIH0 233N i
1»31\\?(1{/'\ o.)ﬁ\:fcib Al Smeegemol Bembopgdgdals dmbogaBon d5bob
Fanoibas Fo8mugBads Soagtogbe QeMdotgds 56
4Oo0: sadmBsdh $mBAIBb 833965
Moa003a Outioock-8n

Bsb. 1. LobEgdob sGJodgddm®s

59 LoLE9aob A5dMYgbgdoL F9JAS© 50 SGOL bEFOMM LOFOBOEHM BMSMPOIB 0bRMMTsz00l
3°©dMgcs.  1530560L0s IMBOWMOO  BHYIBMbOm BMOOS®MO  oIOMb  Log30DBoGM BN,
LobGgdsdo Bsdgbgdmwo bgarmgbm®mo 0b@gargd@ol dmguro 58moEbmdl 53 0bxgm®mTs30sl, bmerm
990000 dmb9ds 58000 06BMEOBs300L EsTobLMZMYIS LELYMZGE SHOWSL. sbgmOo LoLEYds
3990 5B MMH0s bboolibgs 3569300l @OML, oysd Bgdg@o© 06 5MHOL LoFoMm
1530DOGM BM>MYOMND 3MbEGEsdE0 dOBOYL TGb39MYOOL, 306 FFM3dOL S 5.8. POMU.

B3gb60 LolGHYds ©a3MMgdBgdmwos Power Platform-ol dsHsbg. 39MHdm, dmdowrMo
330353305 dggdboewos Power App-om, bgwmgbmdo obdgwgd@ol dmgwo Bsdgbgdrgemos Al
Builder-ol bs8mowgdom, dmbogdms 2os@sbs Dataverse-0mbsgdms dsHol contacts 3bGoedo 56
Sharepoint Online-ob bosdo o6 Outlook-ols contact-gddo bgds Power Automate-ob 65535009d0b
L5315 gd0m.

3. sls33bs

d0BbgLB3OM(39930L FMYXOMGOOLS S FsMO 53EMBoBHODBIFOOL MYoODs305 VOMBEMZBO
LYO30L9d0L ObTsMGdOM, MHmamMogss SharePoint Online, Power App, Power Automate s Al
Builder-ob  bgarmgbm®o  0b@GHgwrgd@ol  dmgmgdo, 9@  d60d3bgermgsbo  dgisbogycro
90056MHmgdsd  EYoLLmM30L.  FgLodsdobo®,  LoLEBYIMOO  MMIGBEGHOOMYOOL  Bogmdzgw by,
d9L5dEgdg0s  POVPRMZsbo  bgH3zoLgdols s  bgwmzgbm®mo  0bGgwgd@ol  IgomEgdols
LOAIWOZMOL 259MYgbgds MEMRBOBIGOMWO FoMIMNZ0L FooeobEgwgdBH oo ©s 98gdGH0sbo
390-3065¢900bd s MO0 5303530900l 0bE MMM LolEgdgdol dgjdbol dobboom.

@OoR9Ms¢y®s — References — Jlureparypa:

1. Chogovadze G., Surguladze G., Topuria N., Kharitonashvili M. (2021). Information Society and
interdisciplinary Teaching Based on Digital Technologies. GTU. © ,IT-Consulting scientific center” of
GTU, ISBN 978-9941-8-3338-0. Tbilisi, 360 p., (in Georgian)
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2. Surguladze G., Topuria N., L Petriashvili L., (2022). Information Society And Interdisciplinary
Didactics Of Informatics, Collection of scientific papers «AOI'OZ», DOI 10.36074/logos-09.12.2022.30

3. Topuria N., Lomidze N., (2021). Designing the educational process management support system
using cloud services, monograph, Tbilisi, ISBN 978-9941-8-3528-5. (in Georgian)

4. Topuria N. (2020). Implementation of business decisions on the cloud platform. methodological
instructions for doctoral students, GTU. ,IT-Consulting scientific center”. Tbilisi, ISBN ISBN 978-
9941-8-2870-6. (in Georgian)

(UA3AH0s doemgdeyemos 19.11.2023)

AUTOMATION OF AN ORGANIZATION'S BUSINESS PROCESSES
USING CLOUD SERVICES

Topuria Nino!, Bitsadze Elza?
1-Georgian Technical University,

2-Akaki Tsereteli State University, Kutaisi
Summary

Discusses the use of modern cloud services, artificial intelligence methods, and tools to automate
business processes. These technologies enable organizations to simplify operations, enhance efficiency,
and make informed decisions based on data. Two systems are proposed, aiming to present methods based
on cloud services and artificial intelligence (AI) models for generating databases from both unstructured
and structured documents and automating routine tasks.

(Received 19.11.2023)

ABTOMATH3ALIVA BU3HEC-TIPOLIECCOB OPTAHU3AIINA

HA BA3E OBJIAYHBIX CEPBUCOB
Hwuno Tomrypusa H.!, bunazaze 3.2

1-I'pysunckuii Texundeckuii Y HUBEpCHTeT,

2-T'ocypmapcrBenHsIl YHuBepcureT uM. Ax. lleperenu, Kyraucu
Pesrome

OG6cy>xzaroTcss BOIIPOCHI HCIONIB30BAHUA COBPEMEHHBIX OOJIAYHBIX CEPBHUCOB, METOJNOB U
WHCTPYMEHTOB HCKYyCCTBEHHOTO WHTE/UIEKTa /Jf aBTOMAaTHU3allMM OW3HeC-TIPOLIeCCOB, KOTOPHIE
MIO3BOJIAIOT OPTaHM3AIUAM YIIPOCTUTH OM3HeC-OIepaluy, IIOBBICUTH 3(h(GeKTUBHOCTh M IIPUHHUMATH
COOTBETCTBYIOLIVE PellleHUsA Ha OCHOBe NAaHHEIX. [Ipesararorcsa fBe CUCTEMSBI, IeTbI0 KOTOPHIX ABJIAETCS
IIpe/iCTaBIeHNEe METOZOB, OCHOBAaHHBIX Ha OOJIAYHBIX CEPBHCAX M MOJEJIIX UCKYCCTBEHHOTO MHTEJJIEKTa
(UN), pna bopMupoBaHus 6a3 ZaHHBIX U3 HECTPYKTYPHPOBAHHBIX U CTPYKTYPUPOBAHHBIX JOKYMEHTOB U

aBTOMATH3AIMU PYTUHHON pabOTHL.

(Ilocrymmra 19.11.2023)
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2608030090990 3mEYEgdols 53905 3MMYMSTIMO
Lobig3900L GMmdMmEH0BIE300LsIMNZ0L

0635 09MHd960d300, MO0BsM0L 350FsmMO, J05 LISy,
0653000 F9H 505, F5EbIB BOBOMO

LodoMm39wmb ¢9gdbozmemo mboggMbo@gdo

irmiko9@yahoo.co.uk, t.kaishauri@gtu.ge, g.surguladze@gtu.ge,
i.shurghaia@gtu.ge, m.bibiluri@gtu.ge

M9bomdg

39bboMos  300H3MmM30Mo  FoOM30L  LobEBgdgdol doBbgLEMMEILYdOL FbsMLTF M0
36OHMyM539wo HBHMB39YmRol HMOME0DI300L 953EHMTG0BI300L Lozombgdo. foMdmpagbowos
Sbgmo  LobBgdgdol o900l s  BYIMPY30L  MBoRoEOMYOMO  3MM3gLYdO  3OHMYEMSTIOOL
Lobogmabwm 3030l b3oMswrMo ImEIEol Lsxgmdlzguwby. G9dwdsgzgdmwos sdmzwgbowo
30BbgL3OM(39L9dOL 3OOMMYEHODIGOOL AMOGO s FgLodsdolo dBoBOYLHILYOOL JONMdOMdS, om0
30339dumB™MdOL s LEMYIIW0sbMIOL  3M0GHIM0TGIOL  Fom3seoliobgdom. sagdwos 53
00BbgL3OM(39b9d0L UML 59&03mdol 0ogtsdgdo, Mol Logdzgarbgs 30mgd@oMmgds  Jasbos-
dmMolbo 3530060900l 3MmEIWo s 396gMH0MEYds 3MIMYMTINo LoLEGgdol Tgbodsdobo C# 3m©o
VS.NET 3wos@gmmdol CASE obli@ 99963 ol sbdstgdoo.

153356dm BoGY39d0: 3MO3ME305. MMRBOBsGOWO BsOrmNZs. dOBOYL3OM(3gLO. MbogoEo-
49000 IMEY0. 3OMEILBYO0L MMIMEH0DIE0s. 533MTdGH0Bsgos. RPA. UML. CASE.

1. 8glsgsemo

36059 wo LobGgdgdol 939w m3dgbdol Agile s UML dgmm@mermaogdo, 56 dsmo
3003360mdolero domds XXI bowy3mbol 3990360 gds5. 0lObO 9dGH0MSE Fodmoygbgds dobbgl-
36391900l IMEYE0MHJOOL s J98MY969d0MO 3BIMYMHTMWO 3OMOIEHIOOL dglogdbgwrsco [1].

3039900 OHMBMEH0DOE00L  93BMI>GH0Bs30s  (Robotic  Process Automation — RPA)
99005690000 5bswo FoTsODIGISs 3OMYEMST0MYIOOL gm0 s bgmzbmeo 0bEgwgd@ob
(Artifical Intelligence — AI) 9gmm@gdol hsbgdazom doldo (RPA/AI) doomfg3s d0bbgldmmgligdols
3969% 396 0L 9539dG056MmdOL LOEgMas 0bEMLEHOOOL MOoMJIol yzgws bggg®mdo [2].

RPA 6:00m@900 5655 300039600 (0600mLEM0mo) OH®mdMEHI00, Jom 56 543 3oBo3MMo bsby
Q@5 56 250055R0WYDS. 0LObO 20F3029HIOXICPO 3328 6509B0S b 30RHXIEPO (H2BHYDO [5-06rDod
098], SLgmo 3OHMmEgLOL 93GMToEGH0DOE0S 3OIMYMFNO MHBOHBIYLYMBs, BIMJELsz G9deos
3949658 36rMaE53Mo HMdMGHO0. o0 Fgd0s 5E0sBOL mbIdMH030 J8ggdol 0dodsEos @S
ONGH0bMo  3OMmEgbol 93¢ MAdGH0Bs30s. 030 809319036900  3OMMYMITMEO  OHMIMEHJOOL
(0m@9gd0l) 00 59m39BsMS 3Ll (393YRMM0L), MMIgEog d9gbodsdgds  2m360)m0
d2@09¢06980L ©5 bger3699(50 0699c99H0b 8gmMm©gooL 2sdmyggbgdsl 3MMm3MG:309d0l
9969%9963H 0L 36MHmEgLgdOL 3B MAsEH0DsEool Jobbom (U 8Mss BoDOZMMHO OHMOdMEHJOOL

30590 M Hembzgwymas).

72



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 2(36), 2023

050030  933MAoBH0DBOE00L 3560  Fodoe0mgdos dMbo3gdms dm3m3z90s bbgoolibgs 390

339609006, gwgdBHOH™bMwo GmbGHols ©s BxdoldoghHo FOBOMEO  53¢0353008  AobLbY,
LEAHOMIGHIOMO BbFMOTs3008 3J0Mbgs, BooWgdoL TF9gddbs, 96MO0TIOOLS S  JETMMZEYOOL

509853905 Qs 5.0. [3].

065990569 LEsGH05d0 obgobowsgm (sgowoms®, 3MM3MmMs309080) RPA-I ©sbgMagol
9600560 Lobogmabewm (303wolmgol UseCase- o Activity-D 00659900l 53905L (HmMengdols @
36930900L Lobom). 3500 B0 TBME9ds BOBOYLIMMbMZ69dOL LfimEo BsTMYsE0dgdss 9damdo
0939 M3996GH0LOM30L. OYMHTYOOL SLoRds® odm3094qgbgon  Visual Studio.NET 3emo@gm®ads.
99Lodegdg0s s93g SparX go®dob Enterprise Architect 3539@0b go9mygbgds, G®mIgen 0539350
Visual Studio .NET 3@s@am®dol (15360m sbogro 3960L0930bs) s G9B5degdger0s dsbomseb dogMomgds.

1-gaw BobsBBg 65B3969005 B3zgbo 3GmMgd@ob 52900l bsdmBom go®gdm.

Solution Explorer

@ o-

=-8 Layer Referey
4 ModelDefinii

New ltem... Ctrl+Shift+ A
Existing Item...

New Folder

QD“E‘T

Reference...

Connected Service...

Solution Exp...

Properties

=W

M oae__

g m|F
Search Solution Explorer (Ctrl+;)

fa] Solution ‘ModProj_RPA' (1 project)

+ ModProj_

B

Shift+ Alt+A &

ModProj RPA Project P| &

e

> 0 x

book-2023

Mzias cigni -
19.12

o bt

Scope to This

New Solution Explorer View

Show on Code Map

Add 3
Manage NuGet Packages...

Source Control >
Cut Ctri+X
Remove Del
Rename

Unload Project

Properties Alt+Enter

Bsb. 1. 30mgd@do sboemo dmgemol sdsdgds

300B93m B396m30L LoFoMm™ ImgEol Hodl, Jsgswomsw, UML Use Case Diagram (bsb.2).

OMEgdols s BMbJE0gdol  osyMsdol
39009 (Bsb.3)  LoFodms  doBbgL-
36MHm39LgdoLs s d0BBYL-Haligdol dmgEocgds.

22,900l

59obOmM30L BoFoMms M35¢gdol 0gdol YEIWvY-
65 Jo0m3m©a9gbs. gl bediogwgs UML Activity
M3 M3

59BHOMOMBIMS

QQ053M53900L  LsdOoEgdom.
3MbJaosl  mogobo  BogMmeMo
Q0530505 99690s.

73

Add New item - ModProj_RPA

Sort by: Default - || 8RS =
E-E UML Class Diagram v Modeling
?, UML Sequence Diagram W Modeling
@ UML Use Case Diagram Madeling
A UML Activity Diagram v Modeling
%: UML Component Diagram { Modeling
Click here to go online and find templates

Name: UMLUzeCazeDiagram1,usecasediagram

[ _add || concer |

Bsb. 2. 959mygbgdom dgdmbggzscs (UseCase)
dmeqgeols s6Bg3s




Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 2(36), 2023

e —— —

ancluder SmEagdoe = / Zo s O ¥rhFRE
D (@) @& 1R
i ﬂlﬂ*);; . < > =
° v = 2 Eamndf
P g Daaaae /3“\
€ ==u) /—*\ P \ Crais: )
i 4 (s ) noudz= >\r// andude
F N wEESETISs —~ Ny
ciad S Cicstaiar h
i ke cEmtaiatn
% | aetcs /, ndudes PN
ndads: ndude> ¥.’/
¢ [ Mmygazhos saty \ [ mfmomor : ( ERak
X | sdooAeas ) i’mf/ {nckices @/
v 20%5 Eyman - ) * 20kS sSinAEa
mmidnanEa rcuce i kit N
/-/"\ < /é\ /-"“*"x
/ \ = /“"—‘\ mja o ]
e A L (e D
\r’/ auk.hc;‘: ‘ ncudes
3 \_”/ 2
éndader | amasto -
i ' ol
F /;f’_\fi"ﬁf mcudes
| oo ) -
z ’\\_ﬂ—/\\ - /‘__\ 3 o a@i:i
X odmds | ( FPAamsmdsza ) /__ﬁ\ 03 am3oke. .
i /_,.\_“/a:m" (" P8 asnzan
Pr- Task Capture m'*/ L »br::hrhhﬁah S
[ maszfa
ey

B5b.3. Use Case @oosg®s0s Visual Studio.NET égosg@memdo

» 4090090505 053M535 “RPA @sbg630L 3Hmglol bsbogmaberm gozwo®

UMLACtivityD_sLifte...cle.sctvitydogrom = < LIRS e A

act UMLActivityD_alifeCyde  / 99-4 bsbsbBy bsB3969d005
AP I RPA-U 8ooeosbo bsbogmaberm
SonmmarAn . | _ _ W e | 303wob  dmEgwo  (sg@ommm-
'T“ DM ©053M5I0L gs8mynbadom
(e Visual Studio .NET 3goo@@m-

~ 05%9).
ot~ 59 BB ,80%gb-
N s * [ 99©0pM06030"  ©9M30090Y)-
“:,;,,,G wadom,  d0dEI3™MdO® s
srasaes L 39MOEIGEIIMOQO  QQICIPIOMI0

AaARa.. ( B L FCrR
ez I. L d0Bb9L3OMELYRO (J899d9d0 -
- e 9635¢30bg)ddo) s d0b-
J{ ) BaL-Holgdo (croy03s - ®™IdJO0).
Sedeados
el T R Bsb. 4. RPA-b 36eagligdols Activity
e = = l e s ©053®s0s Visual Studio.NET
l’ End o e 3e5GBMMIoL HYdEHMOHI0
28
::‘:“‘um; @ End

74



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 2(36), 2023

30639000 9BH930, MMAMO3 36MmdoE0s, 15330930 MdOgBHOL Tgufages s 3MMEILYOdOL

9dm3m3900.

500@™md  d0DBbgL-sbscroBozmbo  3Mdomdl  LoLGgdol 3339000  MEMYSBOBIFOOL

d9L50580L0 LRIOML (Y35MEHSTIBEHOL, FobgMBOEIGOOL, BosdMmMb 56 Lbg.) L3gaoswrolEBME (Jolo
3MboL BMMI>E0BoEooL, LEMWYIEHMOHOBs300L JoBbom).

36391900 5©IMARIHOL s B0 Jgx3sLgdoL Jdggdgdo gds® 3608369 M3560s. gliss Lfyolo

068300635300l MOI0MYOOL 3OMEILO, MMIol 9993 9IGOLIOMS® 6s JmbEgl 3MrM(39L9d0L

360mMH03H)BH0D30d 5033900 300EGHIM0Tgd0m.

> 40900905005 05gM53s - ,3MM3E7LgOIOL 3MOMMOEHYEHDIF0S”

d0BbgL3MM39L0, HMIgwoi RPA
36MHm39LYdoL 36M0MM0GH)BH0DOEG0SL

95905, 3580 bLsbom Fodmlsbmwos Bz Bm
d9-5 6sbsHby.

Bob. 5. 3G0mM0EYBH0BsE00L 3Mexso:

3083@gduremdol Chml) (P2
5 Lofrgydemos6mdols B(h,m.1) -
360GgM0M3gd00m 802300>

4 | N

B/ }31:

Cm
Ny,
Bm B/ Bz Bm Bz

#

SaHGogo
LHBOBE

Ca
~ / \ \\\

®

2Gdgemg asbo
2O AHDHLOS

39-6 BoboHby 8mEgdMwos Jobo 5JGHOMOMBIMS OsYMTs. LG B0BbIL 3MM3900IMYOOL

Mgl ghalt boSovam
B30BBgL-36semagngmbo, ( 55%3;1;“ ..:);J
3o Ch- dxpasma
Cm - Ba@geme
d- Mok gdak drdkyaata
Mgz gdat iascvomoy @ - Mg b3 e - B
{28 Jexhobaatta Bh - dahama
nSbmol el Brn - BaBgame
. * Bl - mabymn
(S adamaa?) A
(w307 Datiaadima adymas’] [.307]
 BaR8030 badahly °
Bl A '\ Bxpaan P2
[a® 18k Cm,Ben
!' “
(safmaemy b pamny] T
b0 doads g |
|
b . dxpaga Pl
J C1,8h; CI,Ben; Cm,Bh
[.30"; baa083ma B ammay?] (30"
[bafabaemn badgamey]
(w307
[.o57)
5 vwmun;:io
= ;l\ .‘ <L
. (3] ] Bypeaga P4:
(Asaidymo mabsmns”] v hB o
L)
[ath'] =
STRERIRIA .
T Axxpaa0 P3:
L SIS Ch,Eh; Ch,Bm

75

JoOmzs  bgds  d0BbgL-

fiabgodol (3o@sfig3¢0wwgdols
80900l @030 Jrgdy-
6@0 - ®MId0b) sbTscndo.

053M535Bg  3mdgbGs69-
00 259mASbowos ,,05M%3965
BIOG-
ol Lobom. 5g godloMmdS

dbsgl  Bo39g30e0

36 Uspgolbo obgm™doz0s, M3
smMomdl  ©ILFOMHOYdS

3905939 0gdol  dobowg-
05©) b6 Lsdygwggm obgme-

85305 (B93mOEHYdOL, 56
A9JbAHMOo  F9EYmdobydol
Lobom).

65b.6. 3HmEgLgdOL 3GoMGMOoEg-
05300 53E0HMdOL
Q053M53>



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 2(36), 2023

0@ gMs@®s — References — JIureparypa:

1. Chogovadze G., Prangishvili A., Surguladze G. (2017). Hybrid Software Technologies and Data
Engineering for MIS’s. Monograph, ISBN 978-9941-20-790-7. GTU, ,Techn.Univ.“, Tb., -1001 p., (in Georgian)

2. Berdzenishvili I, Surguladze G. (2022). Lean Management, DevOops, Agile Softwaredevelopment for
Robotic Process Automation. Transactions of Georgian Technical University: Automated Control Systems, No
1(33), vol.1, pp. 51-57

3. Naveen Reddy K.P., Harichandana U., Alekhya T., Rajesh S.M. (2019), A Study of Robotic Process
Automation Among Artificial Intelligence. International Journal of Scientific and Research Publications
(IJSRP) - February

(UA5GH0s doegdeyemos 17.11.2023)

CONSTRUCTION OF UNIFIED MODELS FOR ROBOTIZATION
OF SOFTWARE SYSTEMS
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Summary

The issues of robotization of software supporting business processes of corporate management systems are
discussed. Unified processes for constructing and implementing such systems based on a spiral model of the program
life cycle are presented. A graph for prioritizing identified business processes and a set of corresponding business
rules have been developed, taking into account the criteria of their complexity and usefulness. UML activity diagrams
of these business processes are constructed, on the basis of which a class association diagram is designed and the
corresponding C# code of the software system is generated using the CASE tool of the VS.NET platform.

(Received 17.11.2023)
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Pestome
PaccmarpuBatoTcs BOIPOCHI pOGOTH3allUK IIPOIPAMMHOTO OOecledeHUsA IOAAEPXKKHU OU3HEC-IPOLEeCCOB
KOPIIOPAaTUBHBIX CHCTEM praBJIeHI/IH.Hpe,Z[CTaBJIeHBI yHI/I(l)I/ILH/IPOBaHHBIe IIpOLeCcChl IIOCTPOEHUA ¥ BHEAPEHUA
TAKUX CHUCTEM Ha OCHOBE CIIMPAJBHOM MOZENIH >KU3HEHHOrOo Iukia mporpamm.PaspaGoran rpad mpuopermsamuu
BBIABJIEHHBIX 6I/I3HeC—HPOU;ECCOB u HaGop COOTBETCTBYIOIINX GI/IBHEC—HPEIBI/UI C Y9€TOM KPHUTEPHEB NX CJIOXKHOCTHU U
HOHCBHOCTI/I.CTPO}ITCH AvarpaMMBblI aktuBHocTeit UML aTux 6H3HEC—HPOH6CCOB, Ha OCHOBE KOTOPBIX IIPOEKTHPYETCA
IuarpaMMa MeXXKJIACCOBBIX CBf3ell M reHepupyercs coorBercTBylomuit C# - Koj HpOrPaMMHOM CHCTEMBI C

nomompio CASE nacTpyMyenTa miatdopmsr VS.NET.
(Iloctymrna 17.11.2023)

76



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No 2(36), 2023

APPLICATION OF ENTROPY THEORY TO THE ASSESSMENT OF THE
INFORMATION DISRUPTION IN SUPPLY CHAIN RISK MANAGEMENT

Rodonaia Irakli!, Nareshelashvili Gulbaat?, Rodonaia Vakhtang!
1-International Black Sea University
2- Georgian Technical University

irakli.rodonaia@ibsu.edu.ge; g.nareshelashvili@gtu.ge; vrodonaia@ibsu.edu.ge

Abstract

The paper discusses the application of entropy theory in determining risk levels in supply chains.
In particular, information failures (disturbances) in supply are seen as introducing chaos into the system
and thereby increasing the level of entropy. Two models are presented to determine the operational
complexity indices of the system being under control and the system leaving control. Three basic
scenarios have been developed, including three agents: a retailer; wholesaler (supplier) and
manufacturer. Simulation experiments were carried out to obtain entropy (operational complexity)
values for various agents and the supply chain as a whole

Key words: agent-based modeling. Simulation. Supply chain. Partially observable Markov
decision process. Operational complexity. Entropy.

1. Introduction

A natural framework for risk management in supply chain problems is the Partially Observable
Markov Decision Process (POMDP). Although POMDPs provide principled treatment of state
uncertainty, they only consider a single agent. In order to deal with the effects of uncertainty with
respect to other agents, this paper considers an extension of the POMDP framework, called
decentralized POMDP (Dec-POMDP). The paper [1] describes the approach which implements Dec-
POMDP in the supply chain risk management area. The MADP (Multiagent Decision Processes)
Toolbox is used to describe and solve this problem by providing the building blocks for developing
planning and learning algorithms for existing and novel instances of MADPs. The toolbox is used to
support both planning, i.e., settings where the model is given in advance, and reinforcement learning,
i.e., settings where no such model is available, but the agents learn to interact during simulations. To
compute agents parameters in each state of the planning process the agent-based simulation packages

AnyLogic and AnyLogistics are used.
2. Main Part

The risks od various kind in SCRM can be managed more effectively by considering and
analyzing also by the ways of integration of all available information. Generally, concerns over the
efficiency and effectiveness of supply chain operations has been raised and assessed over the years by
academics as well as practitioners. These inefficiencies have been perceived to be as a result of

uncertainties in key aspect of operations, which affect the flow of information and material along the
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supply chain. For example, uncertainties in demand, for a long time, has lead to distortion in the
accurate capture of demand information and the ability to respond to them in a timely and efficient
fashion. Traditionally, due to the absence of the integration initiative at the time, most members in
each tier of the chain relied on historical demand or order data to forecast future demand. The
traditional forecasting method could not accommodate the uncertainties of demand, as a result supply
chain members had to order and produce surplus to be able to accommodate these uncertainties. The
consequence of this action was that there tend to be more inventories in store than is needed, which
can be very costly and even worse if the products are perishable. These uncertainties have led to poor
performance of the supply chain and the reduction in the quality of product and/or services offered.
The idea of information integration (in which IT is used to leverage operational activities) later emerged
where supply chain performance is improved not only by sharing demand information, but other types
of information such as production; inventory; capacity; and lead time information.

The flow of information is crucial to business survival. For materials to move down the supply
chain there has to be a prior movement of information up the chain. A disruption in this flow of
information would have an effect on the movement of materials down the chain and hence lead to
customer dissatisfaction. There is of course pressing need for operations managers to carefully protect
and manage the flow of information and plan appropriately for disruption in this flow. A number of
studies have approached disruption risk in different ways ranging from conceptual, empirical,
simulation, survey, case study and review or a combination of these. However, they did not mention
IT itself as a source of disruption. Most risk studies have been primarily based on threats other than
those from IT and ICTs while a few studies have suggested IT security as a potential risk to the supply
chain.

There are various types and causes of information disruption (perturbation) that can occur in the
supply chain/network. There have been many studies looking at IT risks to an organization and a very
few have studied IT risk to the supply chain. While previous studies have estimated information
security risks as a function of threat occurrence and the associated financial loss, only a few have
employed the entropy theory. Although the concept of using entropy as an approach to determine
uncertainty has been used in literature, the closest previous studies have come to applying entropy as
an assessment tool in security studies has been in data privacy studies such as disclosure risk assessment
[3], measuring anonymity [4].

The argument is that since complexity of a system (characterized by the uncertainty of a system)
can be measured using entropy approach and, the little is known about a random variable the more the
entropy of that variable, hence the level of entropy of a perturbation source can be determined once
the probability of occurrence is known. The approach is to evaluate disruption threats using established
threat occurrence to work out the level of entropy each threat introduces into the system. This will
help identify those threats that are hot spots to guide management decision in selecting appropriate
countermeasures and mitigation solutions. High entropy can impede flow by introducing obstacles that

makes supply chain operations less predictable. By inference, disruption in information flow introduces
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obstacles to the flow of operation and the predictability of these disruptions can help evaluate the level
of chaos they introduce into the system.
The mathematical definition of entropy as prescribed by Shannon is a quantitative measure of

uncertainty

H(S) = >"p,l(»g.fp." (1)
11

H(S) is the entropy level of the system, defined here as the expected amount of information
needed to describe the state of the system S, and pi is the probability of breach impacti(i=1,...,n)

occurring, where pi > 0 and

Y pi=1

That is, entropy as a measure of complexity which derives from variation in information and
material flow between a supplier and a customer. [6] proposed two models for determining operational
complexity under two conditions. First is complexity associated with knowing whether the system is
“in control” or “not in control” denoted by the “in or not in control operational complexity index,” OCI
(S™€) as shown in equation (4), where P is the probability of being in control. OCI (S'N¢) is a measure
of the amount of information needed to describe the “in-control” or “not in control” state of the system.

The closer the probability of incidence is to 0.5, the closer the OCI (S'"¢) value is to one [5]:

OCI(S™) = —PlogP — (1 — Plogs(1 — P) (2)

Second is the complexity associated with not-in-control states, given that the system is not in
control, i.e. a breach has occurred. This is denoted by the “not in control operational complexity index,
”OCI (SN¢) shown in equation (3),where pij is the conditional probability computed over the “not in
control” state with statesi(i=1,...,n)atnodesj(j=1,..., M).

This index is a measure of the amount of information needed to monitor the extent to which the

system is not in control:

e M n p " (3)
OCI(S™) = —(1 l')\_‘\_-l%luu:'-l%

The sum of equations (2) and (3) is the total operational complexity denoted by the operational
complexity index, OCI (Se=). It follows that the higher the operational complexity index, the higher
the entropy introduced by the breach into the system and hence the more the associated information
needed to manage the system and vice versa. This has been adapted to reflect the level of perturbation
created by disruptive threat in a supply chain. However, in this paper, variation between the
performance measures with and without breach was used.

The simulation approach on the impact of a single threat (system failure) on a basic supply chain

is used in this paper. Using Anylogic simulation software, we modified the basic supply chain scenario
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comprising of three agents, the retailer; wholesaler (supplier) and manufacturer. Each agent use an
order-up-to stock policy (s, S) and when the inventory position (IP) falls below the re-order point, s,
an order (S-IP) is placed to the adjacent agent upstream the chain.

From the experimental result, we first establish the impact on supply chain performance indices
such as backlog cost, holding cost and ordering cost for each supply chain member/agent by comparing
between the operational costs of each agent when breach occurs (i.e. system out of control) to when
there is no breach (i.e. system under control)

Second, we calculate the probability of each state occurring and finally compute the entropy
score for each state using equations (4) and (5) and the total operational complexity (total entropy
score) denoted by the operational complexity index, OCI (S*=!). The OCI (S X¢), OCI (S ™€) and OCI
(Swul) values (obtained by the simulation experiments) are 2.12, 1.1 and 2.78, respectively.

The Table 1 shows the various entropy values for the entire supply chain agents.

It follows that the higher the operational complexity index, the higher the entropy introduced
by the breach into the system and hence the more the associated information needed to manage the
system and vice versa. This has been adapted to reflect the level of perturbation created by disruptive

threat in a supply chain.

Table 1
Supply chain agent Backlog cost Holding cost Ordering cost Total score
Retailer OCLE™") 0.72 0.80 1.00 2.52
OCI §NY 127 1.17 020 2.64
OCI (St 199 1.97 1.20 5.16
Wholesaler OCI ™ 0.94 0.86 1.00 2.8
OCI 8™ 0.00 1.71 0.20 191
OCI (82 094 257 120 471
Manufacturer ~ OCI S") 0.86 0.80 099 265
0CL 8™ 043 1.62 0.19 2.24
OCI (S 1.28 2.42 1.18 4.88
Total score 0CI S™) 252 2.46 299 797
ocI Y9 17 45 059 6.79
OCI (8 421 6.96 358 1475

3. Conclusion

Many incidences of threats go unnoticed perhaps due to poor monitoring system or the absence
of it. Organizations therefore need to adopt a effective active approach rather than a reactive one to
manage risk. An organization needs to be able to detect any incidence of perturbation within its
premises and must be able to log it. In assessing the emergent impact of the threats in SCM, entropy

theory is suggested. The theory quantifies the level of chaos each incidence of threat poses as an
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indication of threat level. Besides profiling the occurrence of perturbations within an organization
along with the threats responsible for them and learning from one’s failure, it is equally important to
learn from the failure of others. This is why survey information is important so that decisions can be
made not just based on internal data but on the likelihood that external data represent. Many
organizations have been felled by the incidence of threats they have never experienced before and so
it would be intuitive to pay attention to the threats plaguing others even if it has not happened to an
organization yet. This paper suggests an assessment of the threat level of each security breach type as
a function of entropy score. This is also termed operational complexity of the breach and it investigates
the impact of these perturbations as they affect the performance of the supply chain under different
supply chain characteristics or conditions. These conditions are supply chain structure, ordering
options and integration level. The study tries to see how supply chain structures are affected by the
perturbations that the threats introduce and to demonstrate that each supply chain structure might be
affected in different ways.
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I[TPUMEHEHUWE TEOPUY SHTPOIIMHU K OLIEHKE NTH®OPMAITVTOHHBIX
CBOEB B YIIPABJIEHUM PUCKAMMU IEITOYKHU ITOCTABOK
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PaccmaTpuBaroTcss BOIIpoCs! IIpUMeHeH!A TEOPUH SHTPOIIMU B OIIpefieIeHUN YPOBHeH pPHUCKa B
memsax cHaGxeHus. B wacTHOCcTH, wuH(pOpManuoHHBIe cOou (BO3MylleHHE) B CHAOXEHHU
paccMaTpUBAIOTCS KaK BHOCAIIVE XaOC B CHCTEMY M Te€M CaMbIM IIOBBINIAIOI[VE YPOBEHb SHTPOIUH.
[IpencraBneHs! ABe MOZeNH [JA OIpeAeeHNsI WHIEKCOB OIEPAlOHHON CIOXHOCTH IIPeOBIBAHUA
CHICTEMBI II0J, KOHTPOJIEM U BBIXOZIa CHCTEMbI M3-TI0Z, KoTposist.Papaborans! Tpu 6a30BBIX CIleHApU,
BKJIIOYAIOUIYiE TPH areHTa: PO3HUYHBIA TOPTOBEI; OITOBHK (IIOCTABIIMK) ¥ IIPOU3BOJUTEIb.
[TpousBesieHbl UMUTALIOHHbIE SKCIIEPUMEHTHI IJIS IIOTYYeHUs 3HaYeHNUN SHTPOIUHU (OIIepaliiOHHOM

C]IO)KHOCTI/I) AJIS Pa3/IMYHBIX dT'€HTOB U IIeIIN CHaGXXeHU B IeJIOM.

(Ilocrymara 19.11.2023)
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LOHYEYMRO0WGd5dY. 8904dbs 58gb0dg 2oblbzoggdmwo  LoMgodiom Mgod@memo, 9Jgwsb odbs
3°0mMBgM0o  y4z9wsBy 653090 ©obsbsrx0sbo dmgwo, GMIgEog 0GJuGHYdM©S Hargdol
396353cmdsdo.

©o0b390s o omdxmdILES 3OMEILOL  Yzgs 930, Modsz  dmazEs LddWOEgds
392393997990065 93¢™35E0D9d0 Imgeo 3obo Lsfo®Iml  gmbdzoom (bob. 3.).
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ofagrol 3fgrare  => L
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Fiicpot @o BabBofinmntiyol
WoXe 00y + H

36N 3309000 Yodn ==

Bsb. 3. 53¢3MTsEH0DYdE0 dmEgeeo dobo Lsfomdmls BmbJzoom

3 gmbs@omwo $gdbmmmaool  25dmygbgdom dgddbowros obgwol EHodol Lobmgbydo
Lof3930L 209mbsdwdsgzgdgeo 9dldgmodgb@vyro sbsys®ol 3ds ImEIwo, GOl FoMmBsEmds
99503966 0,5 @./bo. s law. bofizogol dowgdsl glsFocmmads osbwmgdom 4,2-6 33¢).Lo.
999 BMM9b696M05, M3 B35 FoLoMgdo FsB3969dEYd0S 58 9s3DY.

239605 530bs, Bywgmwo, GMIgEwoi gusFoMMmgds 50b0dbM HYodEosl, g 560l Fyswo ©s
65Hd0OME960, MMIYOOE 15305M® FOZM(39XIOI0s S SPIOWS® FMBO3M39dJ0s 3969d5d0.
0093905, 9 BHMbsGHoMwo  BHgdbmermyool  4sdmygbgdom  FowgdEos  93mbmdonzemo
399560 WOMEo  3MMEMIEHO - OHIWOL EHo3oL LobmgbMEmo Lsf330, HMIWol J9dsaqbermds
©59()30(39005 53MIPOGHIOME0 WIOMMIGHMMO0L (07)MHJgmo) dogh s LOYIE0sE TJqlodsTYdS
oHwol GHodol bsfizo3l Ymzgwagzs®o dobscg3gool gocgdy. 890mmsgzsbgdmwo Ggdbmemyos
d90dgds 29bbmM30gmgdven 0dbsl dobo Lofo®mdml Lobom,  G™Igos ™mogolo Homdsmdom
9233996 LOFMOGOSL 249353907000 dOMOMSPO BbOL 9930350 9bENIOO 35615393HMYIOL QoM3EYdO
LOMEO Lofo®mdMb Jgbogdbgars (Bob.4).

Bob.4. LobogBMO Lsfiz3930L Jowgdol gldgModgbBemo sbsysMol
dmgdgeo dmeowro
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3. 33365

LEAH9Y-b LdgEb0gH™ 33930000 s BEOSFDMLEBHO3M 3IBGHOOL ,,9JU39MEH” WSBMOSGHMMOsTO
B59tYgo0ds 36Mmd0Eo Mgod3oolL osbogro 30doMmYegds (AmgMboBgds) s 890gdbs Lobomgbymo
Lof3930L  Fo@adol S GHIOBsGHOMo  3H9Jbmwmaoom  dom3swwolfjobgdmwo  gJudgMHodgb@mewo
©5bsgsMol  dmgdgo  dmEgwo. dgddbowos  obgwol  GHodol  LobomgbMo  bsfzsgz0L
39905399 8539890 943960960 B YIMOL FMTs IMY0, HMIOL HoMmBoE™dS FoYJbL
0,5 @./bo. s 1aw. Lsfzo30L Jogdsl glsFoOmgds ssbwmgdom 4,2-6 333).Lo. gEgd@MHMgbgM0s,
653 99 9393DY, 15305 FobOMgdO BsB396989d0s 9Ju3gMH0Tg6E IO BsYIGOBOMZOL.

505505 0908@0bsMgMBL  dg8Mmm35H9d0  3gdbmemaool  53BMTsGH0BsEool  dMmiglol
©5b3900 M3E0TomHO FoMMNZ0LSMZ0L. FobboMEO BHgdbmemaos 9odwgds 4obbmMGmE0gWgdM
09655 dobo Lofo@ImL Loboom, M®Igeoi Megzobo M39009Lo FoMTsMdom dmMma339aL LadwyoEgdsls
3939390000 doMH0m50 Lobob 993035096EMO 356539EHMIOOL 2513900 LEMEIYMBOErO Lofoedml

99Loddbges.
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ALTERNATIVE WAYS TO OBTAIN FUEL FROM
HYDROCARBON GASES

Ebralidze Nukri

Georgian Technical University
nukri8848@gmail.com

Summary
The article examines existing technologies for the production of synthetic fuels and provides an
overview of methods and technologies, taking into account their productivity, technological difficulties
and prices. An alternative approach to the production of artificial fuel is proposed, in which the most
common chemicals - hydrogen and carbon dioxide - are used as raw materials, and iron (Fe) is used as a
catalyst. The proposed technology can be implemented in the form of a mini-enterprise, which, with
higher productivity, will allow basic calculations of equivalent parameters to create a full-fledged

enterprise.
(Received 20.10.202.3)

AJIBTEPHATUBHBIE ITYTHU IIOJIYYEHWA TOITJIMBA U3
YTJIEBOJOPO/JHBIX TTA3OB

D06panmuaze H.

I'py3unckuil TexHuyecknuil Y HUBEpCUTET

nukri8848@gmail.com
Pe3rome

PaccmoTrpens! CyliecTByolIuie TeXHOJOTHH IIONy4YeHUA CHUHTETHYeCKOTO TOIUINBA, CHeJlaH
O030pHBII aHAIU3 METOJOB U TEXHOJOTHI C Y4YeTOM HX IPOM3BOAUTEIBHOCTH, TEXHOJIOTUIECKHUX
cIoxHOCTel U HeHsl. [IpeparaeTcs alpTepHATUBHBIHN ITOAXO0/, K ITOJIYIEeHUIO HCKYCCTBEHHOTO TOILINBA, B
KOTOPOM HCIIOJIB3YIOTCA HaubOoJlee PacIpOCTpaHeHHbIe XMMUYEeCKHe BelleCTBA BOJOPOA M YIJIEKHCIIBIH
ras, a B KadecTBe Karanusaropa — xesue3o (Fe). [Ipemyiaraemas TexHomorns MoxeT OBITh peajn30BaHa B
BUJle MUHHU-TIPeJIIPUATHA, YTO IIPU CBOEH ITPOM3BOAUTEIBHOCTH IIO3BOIUT IIPOU3BECTH 0a30BbIe PACYeTHI

SKBUBAJIEHTHBIX IIAPaMETPOB AJIA CO30aHUSA ITOJTHOLEHHOT'O IIPpeAIIpUATUA.

(Ioctymuna 20.10.2023)
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B003360 30805 - PHYSICAL CHEMISTRY-
OU3NYECKAA XMW A

35¢296@ Mo 330l Ho®dmgdbol dgdsbobdo

3030 bowgdgero
Jodo® 39360969050 356osG0
0653000 X 535608300
399603796 393b0gMgdsms 39600
givi_khidesheli@yahoo.com, iraklijavakhishvili65@gmail.com

%oy

653dOMIdo 50b0dbe0s, MM Jodo®mo 039306 TbmErmE 35¢9bEBHMM BTl sbolinsm9dL
ddol 0o gds.  bsdM™Ido Fglermegdo X JEMd0EID F9odegds 3mdzem: MY
@0 GHYMHGHM5T0 5OLYIMOL IMb5(399900 FM3sdo 5BHMIgdOL MHbgz000 FMdMmOMdOL dglobgd;
@5 05096 gargdBHO™Mbol doMmMZ30L 0MHP3w03 dMb30L LobJstg 0930 50gToEJdS TMEg3LIEsdo
5GHMIPRL  JmO0ol  gobBozol  LoBdo®gl, sdgbs Bgzgbo  Tgbgegds  3swab@GmGo  ddob
0omdnddbol  99dsb0BIby doMM30L  0Myzwog FdGMBIZ0  JgdBHO™bgdol  Joge, JoLowgdos
396bogz0Lm30U.

1553396dm LoGYz9d0: 35¢gbGHMEMO Bs. SEHMT0. IMEY3IE0s. HHJZ0m0 IMIMSMDs. JegdGHO™bol
d0M®30. dMHB30L LoBJsGY. 6BOZ0L LoRJs6Y.

1. 9gbsgsemo

JodoMo 330l 9gMHmMN—9gMmo Lobgmdol, 35¢9b@vIMmo dBFoLLM30L EsTobILOSMYDYEO GOl dIOL
Log®dg, ddol 9bgMP0s s BIOL J0ToMMIENYdS. 00 [o®MdMmogdbgds MM 5E™IoL oblbgzs39dYo
bB30bol dgmbg  gagdBH®MBYdOL  AofY30wgdom  JogdMwo  gwgd@mmbmwo  ffyzowol  dogM,
5GMIgdoL  BOMM3900L JoDBOIOM. OB  ZoegbBHE  BdDSL 53l F0ToMIIMYEGdS, sdoGEHM™T
3wgbGHMMo  ddob  mgmeos  ddol  FoMdmddbger  gwgdBHBmboer  fyzomlb  sx0dloMgdl
53933060909 5&™IgdL ImGob [1].

3190 IMBsBMYOS B39b 56 Boa358605 BoMdMEs©, 0F0EMT, ®MI FoEMbMB0Sdo JoBgMools
dglobgd  5MLYdMBL  ©YdIMYgds:  ,0MAMEMBS  SOOL  ToBHIMOOL  SOLYOMIOL  BMMTS;  SToEMI
99dAHO™B700, MmO 3 JoBJMH05MHO Bofiows3900, bs BmdMsMdIL dOMMZ0L 0MA303.

96 259mEM0EbO3L Gegd@MMbMEo Y300l sBJLOMYIL 35300090 SEHMIGOL TmGOU.
5990096 250m30bstg LoFoMms dmobobml gsegb@dm@mo ddol sdysmgdol oligmo dgdsbobdo,
Gdgoi obbmmE0gw©gds gargd@mmbgdol doMHmM30L 0303 dEMB30L OMU.

2. 3060050 bsfjogmo

530bom30L B396 ©9306(3))Mglom 98I0 Mgomdoo: JgddHOM™bo doMmm30L 0M3w03
06b30L EOML ModYbx M b3 gds MMIOEHOL JMH0s0do39 F9O G0 do gt (sddo.

3990bom3go©  29dm30ygbgm  439esbg oMo  dglfagarowo  {gsedsols  sEmdols
dmbs399900 [2]-0b:

- PYoeds00L s@™Aol MHosombo r = 0.529 x 108 10;

91



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 2(36), 2023

- 953500 5@™ddo gargd@BHemmbol dmd®msmdol bobde®g v =220030/(d—0o.
3990300035090 {9500do0ol 5EmMaol fiMgHomol (mmdo@ol) boa®mdy:
L=2nr=2x 3,14 x 0,529 x 10%= 3,32 x 108 1s3.

399M30035¢90  §Ysemdool  sGmddo  doMmM30L 0303 dMHB3OL O™ MOdOEGHOL
9600503539 §9OEGH0wdo 9e9dE®™bol dmbgg®ol Lobdomy, 9o {sddo:

v =220030/%9 : (3,32 x 108 19) =22 x 102 x 10°: (3,32 x 108 )= 6,62 x 10" d3Gmbo/{s53d0.

emBFooob-
obgmsFomgmo 8960 bboggdo

Lboggdo Bomsymo F9BEagBoL
Fro0mGHmEgdo \ bobsowmy Lbnggdo Lboggdo

" h £ ¥ T4
[ |«’| ! “TT O "n'.!\ g Tl ”
~uu M A N R P it Aty
”"\' |"": N A i "l"‘ o il A c‘::"
e );x. 4 AR N S SV

n | i ‘s / | ﬁ [ !
N.A.«-..A-..A, wxh & Adesd i sl n i min

- b e 4 i 0w . —a
108 10° 1 10 107 107 10712
A:, Ua - - . - - e S
1077 1078 1072 1 10° 10° 10°
E, 3.35m/dm. : : : : S —————
Yy P e T T T h—-— -"f"f"'" Yua |
'\ / \ ‘ 4 '\ f \‘ ' \"~. :'-. p W
\ ' / % / \:/ v ‘/ \ " .
“& v / \; ' 7
dmmyaeadol  s@mazdnl 2 33dMmBad0l
ofb3o fbg3s B@sbzms dnfhozgmo
dmm3snmddn dngs dfggdty 3fmgglgdo
2(mM3z00b ©» dmmyzgmans
233&Mmbd0b gemsbizms
aofng dfMygdty

Bsb. 1. bbgagslibgs babols gamgd@®mdsgbodwy®o gsdmlboggdols
Gsemeol LogMdg s gbgaogdo

303000900 1HsMBsBoM0 MHobz0, HMIJEoE MBS 3350¢93L 3;J35m, MM 35¢9bEHO
0ol (omBmIJabgro  9gwgdBHOmbmwo (Y3000 ®0mJIol  IBOJLOMGOMEI0S  V5353806Md
5GHMIgdL dmeob.

»000J0b 530JLOMYOMW0s* BOdBI3L 0oL, M gegdBHOMbo EOMOL Mos3 dmdgb@Edo 6
0994mx39gds 0535390090 5@MIGOL ImOOL, Toasd MbEs B335 Mo: MoYPb JugdBH™bol
dmbg9®ol LobJoMy ©s3530060)9d0L SO ML 6,62 x 10 dObo §s980, sdo@Hmd dobo
LoBJotg 008gbs g@0s 3538060900 5E™MIOOL FobBo30L LoBJsMBY, MM 0go SLHEYOL
o0 ©OMHMBYBSL 53530060 9d0L SO DBY.
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0¢) gL sbg 9 0gbgds, 95906 Bz9b0 Fgbgegdom, LbgsbsoMs 396 s0blbgds doMmMz0L
06303 Imd6530 9egd@®mmbgdol dogH 35¢9bEWIMHO B0l s3YsGds, MMIgELsE J0ToMMIENYdS

593U.
99dAH®MboL  dmdMoMdsd  doOMZ0L 00303 MbEs  ASTIMOfz0omL  35egbGHmo  ddom

§o68gddbogn 8meng399sdo 9353806900 5E™MIGO0L HBY30m0 IMAMSMDS.

I-gen  Bobsbbg, GmIgwos dm@Gsbowos  [3]-b, 2odmlobymos  Lbgoslibgs  Lobols
909dAHOMBs260GHMM0  2odmlbogzgdol  Gowrmol Loa®mAdggdo s oo  Fgbsdsdolbo  9bgeyogdo.
6563969005 53939 BMbs, Ly BEYOS 5G™MTGOOL b3S Fmeng3w9egddo.

3. ©als336s

390degds  300d35m:  M5PD  9OBYOMBL  WOBHIMGIMMEo  IMbo39dgd0  Fmeng3Mersdo
5GMdgd0L HHY30m0 ddMH>MdOL Tglobgd; s Mo gurgd@BHMmbol doMmM30L 0My3w0g 36630l

LoBJoMg 39309 509T5;)0s IMg3Esdo 5EHMIGOL Mol gobBoz0L LobJsMgl, sdoEmad Bzgbo
d9bgmagds 35¢96@MMo B30l Fo0dmddbols dgdoboBdby doMmm3zol 0630z gMo MOBOEGIWDY
3066530 9egd@®MbBIdOL d0ge, FoLOPYd0S 2obboz0LSMZ0L.
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(UAsGH0s domgdeycmos 08.08.2023)

THE MECHANISM OF FORMATION OF A VALENCE BOND
Khidesheli Givi
Ph.D. of Chemical Sciences

Javakhishvili Irakli
Ph.D. of Technical Sciences

givi_khidesheli@yahoo.com, iraklijavakhishvili65@gmail.com
Summary
The article notes that only a valence bond is characterized by the direction of the bond.
From the reasoning in the article, we can say: since there are data in the literature on the

vibrational motion of atoms in a molecule; and since the speed of rotation of an electron around
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the nucleus is much higher than the speed of repel of atoms in a molecule, therefore, our
understanding of the mechanism for the formation of valence bonds by electrons rotating

around the nucleus is acceptable for consideration.

(Received 08.08.2023)

MEXAHW3M OBPA3OBAHNA BAJIEHTHOM CBA3U

Xupemenu I'.
Kanzuzpar xumMudeckux HayK,

JoxaBaxumBuau Y.
Kaupupar TexHuIecKux HayK

givi_khidesheli@yahoo.com, iraklijavakhishvili65@gmail.com
Pestome
B craTee oTMedaeTcs, YTO TOJIBKO BajJeHTHAasA CBA3b XapaKTepU3yeTCA HalpaBleHHeM
cBA3u. V3 paccykeHuil B cTaTbe MOXKHO CKa3aTh: IIOCKOJIBKY B JIUTE€paType MMEIOTCS JaHHEIe O
KoseOaTeJIbHOM IBMDKEHUU aTOMOB B MOJIEKYJe; a TaK KaK CKOpPOCTh BpallleHUs 3JIeKTPOHa
BOKPYT fA/pa HAMHOTO BbIllle CKOPOCTH OTTAJIKUBAHUA aTOMOB B MOJIeKYyJle, TO Hallle IOHNMaHue

MexaHW3Ma OOpa30BaHMUA BAJIEHTHBIX CBA3eH DJIEKTPOHAMH, BPAINAIOMIMMUCSI BOKDPYT AApa,

IIpueMjIeMO OJis1 paCCMOTPEHM .

(Ilocrymara 08.08.2023)
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