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939003903mbo gmhos Amgm3adg (1941 — 1922)

Logomm3zgmmb &39b603nMa Ybozambo@yEal Mymmds@mmma Myd&mmma (1988-1994), anbaLimb
(3oMm0B0) 3namE&mobs s gobsommadal g3smEedgb@al amgd&mmo (1981-1988), cngn Lybmgsgom
s bLobgamdfosm OmE3sHg, Lodomomzgmml  onbalgmlb  Lojdgoms ghm3zbymo  3mdoLool  30333-
3Mgbngb@n (2004-2012), 33mm3al s MHLyoal 8Mo3sea 1P6039MLoGgE 0L Lods@om cmi@mmmn s
LogMhonsdmmabim s3sc0gd0900b §a3Mn, co3mmdad@n, bodoMmomnzgmmb Logsbaggdm s LMNMYBMIONS60
gmbho Loxzmobggolbs s gL3sbgoal Lsdgmdo (1994-2004), LEY-L ,0sMn30L ©3&MBSENBIONMN
LoLETg00L” (1971) s LEY-bL UNESCO-L ,,0bx3mMAsEoymo LabBmasemgool” (2003) 3scmyeMmydals
s3s5MLydgmn, doon 3n0M3gmo 3oda]. Loagdofmom3zgemml d7i360gMgdoms ghm3bnmo v3538000
b6sd30mo §a3Mo (1994-05b), &agdbnznl BgibogMmadoms cmd@mMa (1975) - LodsEom 3Mmygbmmo -
amhs gomfgol dg Amamasdy - dmozsmo Lodgsboghm Hogbal, 3Mmgad@obs s LBSGNAL S3EMMO,
9Mo35m0 LEGYEJbENL SMABMEIMON S sbamasbmes dgEbogmab ,bsdgEbogmm Bocmons”, Jofhormmo
5 YEbmyMo mo@ymodymal, 3maBool, dLbozobs s LodmgMmal ccoo dmyzstymao, Lagmmsdmmoaobm
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Academician Gocha Chogovadze (1941 — 1922)

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™.

AkagemukK lNoua Yorosaase (1941 — 1922)

Pexrop-pedopmarop I'pysuncoro Texumueckoro Yuusepcutera (1988-1994), mupextop
nenapramenta Kynsryper m OG6pasoBanus IOHECKO (ITapmx 1981-1988), o6umiecTBeHHBINH WU
TOCYZapCTBEeHHBIN JesTeNlb, BHUIle-TpesufieHT HauuonampHo#t komuccuu mo genam IOHECKO
I'pysun (2004-2012), modeTHBINl AOKTOpP U AEHCTBUTENBHBIN WIEH MEXIYHApPOLHBIX aKaJeMuil
MHOTHX eBPOIIeHCKUX 1 POCCUHCKUX YHUBEPCUTETOB, AulloMaT, Upesssruaiinsiii u IlomHoMounbIH
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 YHuBepcurete, JelicTBuTenbHbIH 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 U MOJIOJABIX YYEHBIX, UX PYKOBOAUTEIb H ,HAyYHBIH KpeCTHBIN
ore1r', GOJIBIION JMIOOUTENb U 3HATOK I'PY3MHCKON U 3apyOeXXKHOM JIMTepaTyphl, MMO33UU, MY3bIKU U
IeCHY, TIPOCCMeNCTep  MHTEPHAUMOHAJbHBIX  JPY>XeCKMX  OTHOLIEHMWY, OpUIMHAJIBHBIN
pykoBozuTens (,ramaza"’) crosa, JIO0AMMI ¥ 3a00TIUBBIH MYX, OTell U JeAyIIKa, BCETZa CeATelb

nobpa ,,rpysusckus Paycr'
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d33609M300L gob300m0Mgxdal Lezgmmadn
305 byOyrEsdy
LogdoMm39wmb ¢9gdbozmemo mboggmbo@gdo
g.surguladze@gtu.ge
69bomdg

396boEmwos Bods®mzgeml F9gdbozmcmo MbogzgmLo@g@ol osMbgdosb 100 Farobmogol
13mbbg 50 {erol ,,350:mM30L 93EHMTGH0DYOMo Lol dgdol“ 3smgo®ol (1971-2021) dowfgzgdo
L5393b0gOM s LERIBTBbsMWGdEM LogM3gdo. JoLO IT>IMLYIOL, 535009d03ML FmBY Bmam3zsdols
039500 5 HMEO 3509M0L S B03xOLOEIGHOL 5350090)M0 39MLMBbseols s bEGMbEHYdOL
L5dg360960Mm-099mddggd0m s Lolfsgarm 3OHMEgLYdT0. o965 0BYdIME0s 068MMTsEH030L (s
30330BH0bgol) 0b6GHYMHoLE03w0bMGmo 893bogegdol bLEgH™MPo, BsMMNZ0L 93¢ MAsEH0BYdMYOo
LoLEBHQGOOL, OMYPMOEG MOYBODsGOMo Fo@m30L (99bgxTIbEHOL) F93EbogMEo dodsMMEgdol
dolos o 59m356900. 2obboWos 3OMYMFMo 0bgobgBool s dmbsigdms d9bgxdgb@ol
1363 BEHMOO Logombgdo Toerm3z0L Lsobxgm®mIszom LoLEJIgdol  Mmd0gE-MM0gbEH0MmYdMWO
dMIE06MH900L, 3MHMIJEJOOL S 30¥MOIECP0 FOHMYMITME0 MJoE0BE00L J0TSMMNYIdIOm.
SLobmEos ol doMOMoEO 0bMZo30EMmO Bogsbdsbsmegdwm-bsdgabogMm domfigggdo, GM™Iwgdos
LEAH9Y-L ,,068300HT530EO LEBMYSMYOOL“ s ,F5MMZOL 53BMToEHO0DBYdMEO LOLEBHYIGIOL (3OrYMS-
39900 0650696M00L)* 3509000 9dBgs F0MgdIM0 5350099030 ymBs Bym35d0L Msbswymdoom.

1553356dm LoBY3900: 3mbs Pmam3zsdg. UNESCO. bods®roggerml 3meo@gdbozmdo obb@od«do.
o300l 93BMToBH0BYOMwo LoLEgds. 0bZMOTsBH03s. 3MMPMFMo  0bx0bgM0s.  Fobsomargds.
3936096M90s. 06830MHT>30190 LsBMASMYDS. 0BBMOTs30w0 BHgdbmemaos.

I - Bsfjoeno) dglisgsgro: dm3erg olBmMos

1971 ficwols 20 350l Lodo®mzggarml 3meodgdbozm®o 0blEGodm@ol MgdEm®mds, 3OHmeyg-
bmG®s 0mbYd 809560d90, 535090 MEO LEdFML GOMLMWM3Z560 oIHY39EHOWGdom, bgwo dmsfgMs
58096 3533560500 306390, oo 89360gMwo FosOHMYWGOOU, ,85MM30L 53EMBoBH0DYOMWO
LoLEBHQIYOOL™ 3509EOMOL OMLYdOL dMbgdL [1]. AlYogLO J509OMYdO 3MbALIdFMMS J39Y69dd0
RbJaomboMmgds bmwm dmbizmado, 39¢gMdGLs s 309380. sbg 8904dbs ,,03@™MBoEH030LS O
3°0mM3omo  3gdbozol* (sp@) B3NWBHIGHDY »05OMZ0L 953BHMBoEH0BYOMwo LobEgdgdol“ (dsb)
350905 - sboeasBMs (30 fierol) dg3bogmol, GHgdbogol d93bg®gdsms 3960EsEOlL, gmbs
Bmgm35d0l 0b0E30sGH030m. 030 0gm 3500960l sdRMIBIdIO s Bolo 30Mm3gwo dodgs (1971-
1980). 56 gmgows FoMGH030 gb 3OMEILO, MoYsb 53 Losberglsg ™sb sbers ,d39e0 Momdol™
Dma0ghHmo  bgddemazsbgemol  sbGoobmgozom®mo  Almxzwdbgzgwmds s Hobsswdwgymds,
Lodfbodm. LsobogosGozm xamBdo 0y3bgb 3OMEB. FNYONNYD  Jox9MM30  (Amy30569000
5B9M050x 60l  MboggMloGgBHol 3MMmMgd@BMmMmo Lsdgeboghm ©sMYdo) ©s ©™EI6GHO 20MmEMO
3Ma0B50030¢00 (53539 39500gMoL dgmeqg 45339 (1981-2016), 30mg. @. Bmymgzsdol dofizgzol 9999y
306H0bdo, UNESCO-U ,,406500gd0bs s 329e0@GMol” 093560@39896@0b bgarddwgsbgwrs, 8 farom
(1981-1988). U 0gm 306390 301939IBEO LodoMmM3zgemb s LLMZ OLEHMMO0sdo.
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»09MM30L  933MI>GH0DIOMo  LoLEJIgOOL®  JomgEMs @. Bmymgsdgd 1971-73  (argddo

d0MOMHPIE 5333 gdHo 00 O™ 53¢ B3N EIGHDY SOLYOWWO ,A50MMNZWOMNO Bggbozobs”
@S ,933™MT53039-3H9w999d96030L“  35009Mgd0L  FoMBobgdmEo  3MOLETMZMYOMEGBOLYSE.
LEAMEIBGHMS 2 X3RO 30 - (JoGrOMwo s OHMLMEo bydEm®gdo) d9oddbs dg-3 3MOLOL Lbgs
B93AHIHOL  ©s  B3gE0seMdOL  ,dmbse0lgd0Esb . 53539 Fgwl  gobbmMEogws  odsl-
139309¢Md0®  (06x8MMT5300L  FTs39d0Ls s FoOMZ0L  93EMToBH0BYdWwo  LoliBgdgdo)
3063903909900l 0gdsE. 9MmJdgEs SB30MIBEHMEOL Bd@MMoE. B30-U 15-39 Bo3MEIBDY
03000bgdMS WYJ309d0 IMRMIM030 FoMM30L  533MT>GH0DYdIMo  LobEGgdgdol 3HMBoom
(1393790039 GOL Fglsdsd0LO). gu Logsbo olfagargdms 3509dol, Lebwdol, mmol, Bmyool,
F050019M0b, BHYodMob, ym®mol, mgesgzol s B3o-ob bbgs gowoswgddo (Boesdml sLHMYdIMo
©> LfjOgd9o LEs3egdols B3 HIHYOBY).

365358390M3560 0gm dsl-35009M0L LTYEE0gHM FoToMHMGdS, MMHY60BGOEO JosOMZ0L
(08969%096FH0L)  53BHBoBH0DYOMwo  LobBHgdgdo, ULofo@dmm  3MmaEglgdol s  GHgdbmemaommo
3Mm39L900L 53GHMToGH0BYOMo LoLEYIYOO s 9.9. ,53EHMToGH0BYOMWO” - BoTBIZL ,,0053056wM-
3565966 LobiBgdgdL (96w Boermz0L 3OHMm3gLdo, gosfY3930;egd0l d0wgdoLsls dmbsfjowgmdgb
50050056900).  350096L  1bdgEboghH M  3MbEHMIJBHId0m 3538060 3Jmbs GMLMsgoL Jodormeo
0mF3mb o 9O MG JoMbbgdmsb, Lofo®dmm 3MHMEgLYdOL 953EHMTGHOBIEO0L 53M (35690
3905L5Y39¢9©. 1973 gl 30 LLOI sdbsgdol LsFoboLEHMML yowsfy3gEHowgdom (Imbzmzol
©ox80b5bLdom)  Asb-35090M5%g  Fgoddbs 300390  LsdgEbogHM-LadOmgdE™  ,IMYMIM0Z0
WdMMOGMO05” 50096 3533560530  (LodoOMZI ML,  sHYMBS0KBOLs s  bmdbgomols)  3me-
36001993 gd0L ©sdHB5YdOL 1obolEBHMMIdOLS s glsdsdolo Lsfo®dmgdol (39bGHMo0BYdMwo
30339duME0 53GHMTsGH0DIOMwo LolEBgIol sbsggds, MMIgwos 9989y 8o MHNEs LsgMm™
153930060M  LOLEYI.  dsb-35009MOL  SHIWRIBOES 309 BH0305 @. PMAM35dOL s 3. FMAO-
B50d300l bgeddmzsbgmdom §o08sEHId0m gosMmmM3s 0530 58 OO 3MMm9JGOL 2505HY39G [2].

3 Pmam3zsdol mGmsbobosgommwo 3smm30l 3OMEgLYOOL 93GMBsBH0BIE0S S . dMR0RSO-
33000L  LoGMSEoIM0 BsMmM30L 3OHMEgLYdOL 33¢g3s Bgdsb@ozwmo Jugwgdom bgywmaby®mo
0639wgdBHolb  9gmm©gdol  Logwydzgwbg, 2obEs  JoMIOOL  3MH0MOOGIGHwo  Lsdgbogem
90056MHmgds. 9boEgsBMHs d9(36096-033 93505 M15d©I60T) XyMIBO 9GO FMToMdOS
o300l 933HMI>EH0DOE0o LobE)dgdol 3bd30Mmbscmo s MBOWY639wYymaol J3glboldgdgdol
360MgdGHoMmadols s 3MHMyM30Mm9d0L J0doMmmIEgdom: b. @s L. 3356¢sw0sbgd0, 3. LowoblLgo,
3.3b3909d9, ©. MMbob-ImmEsg0, B. ma0dz0ero, T. YsMomwsdzowo, b. O™LEMIsdz0wo,
0. 505M30, 3. bsBodyg, amyo xsbgwody, 5.3930830¢0, 3. Mo30dMMO s bbg. dsb-ob 3arsbogx®o
LEAHOMIEGHMOS SLg0s (bab.1).

- 8333006y mero 33¢0)300L; - Boo33oH03Mo;
- PoH3mgdolL 3333005 - 3G 33vIero;
- §oMH3mDOL BsHoz30L; - O2dbo3a™o;

- PoH3MxDOL SOHoEbzol; " 2MbijgombicrmGo JOMHMB33crymxoL ld - OBBMMTogoyero;

- 93MBMBo MO0 B3 oBOL; d33LoLB 800 dagboL®aSgdo - @oB330LGHTHO;

- LDV I A >Gogbzol - AZIBOVIGOYLo;
- 33COMDOL 3HOGH30L; - OHOPOYIC0;

- Lbg. - Lbg.

Bsb. 1. BsG030L 33¢BMIsEH0DIdmo LoLEgdol LEHMWIBHOS
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> B96950065¢900  gagboldgds m6yb0Bs300L (Fog5000©, 30MH3MMSE300L) BWbJ30wGO
39694mxz30wqdol 96 ©g3smFH6EHOL  Fglodsdobo  93@MIsGH0BYOdMo  JoMm30lL  J3gLolEgdss.

GH9MI0bo ,,533MBoEH0DYOMWo” 6063l 55Tl MBMswm IMbsfoErgmdsl JoMm30l 3Mm3gldo

(3905%Y39GH0gdol  JoLowgds®). JoL 490939 2359436 ,93GHMToGHWIM0“ FoO™M30L LoLBYTs (o6
FoMm35 (996036 LolEgdgddo, LEEsE MIAIXOMHGIOL MYMMOs EMIObOMYDL).

> 9BO9639¢m928506  Jz9bolbdgds SHMOE309wgdl BbJomboeMo  Jaglboldgdgdol dbsts-
F9O5L, Goms o Jobr)emb 53EMToGH0BYdIM 950800 15305600 dOBBYL-5dMFs6gdO.

©©935609w0 450IMbEHYE0E6 (33309GHIOo LolEJdgdol 5390030 FMEIWOLs ©S
d9L50530L Logsbms XYMBYIOL 5b5E0DBOL Logmdzgebg) dgodergds Sbgmo 3MA3EgdlwOo LBMsmO

0o608m350030bmm (Bsb.2). 58335605, 50-farols dsb-ol 350096 B93MGIGHDY 30 96,0335,
565990 50055 15d JOMOMOE I35 GHIIBEI® (068MEOTs30wo Fgdbmemyogdols, 0bxgzm®mds-
3090 bobGgdgdool s 3MMAMITMo 0bg0bgmool) [3]. Mog ggbgds ,93mbM03MMO 0bxgMETs-
G030L" ©9g35MFHIBAL, 030 OLEHMMOMWS®, M930L OMDY AsdMmggm dsl-ob 35009EML - Ldsb3M
@5 Boggobsblm  M39Mo30900L  53BHMToGH0BsE00l  Fobbom, 0go  MMABOBsGoMwo  FsGm30l
LobGgdss, MMIgEos 1939 9900390 BbJ30Mbscm@o s MBOWE39wYMAOL J39L0LEHIIGOOLE.

B3N IZTI3OL: & - B3PSO FTYNO:

- PO HDOL IAIAOZOL; - IHIAHID T -

- BIPDAIBOL BIOnNZoOL: - oBgmhdagooTro:

- BaBHAmMBOL sogbgal: L Suibipgoabiargma TOOHIEIIrYIGOL L - aroBagolLdoho:

- A3MBMBoZTHo JBICBOU; d33LOLABHOPN F3UoLAHBD - AIBOZTIHOT T |

- BB I S Hogbaol)
3@HIDOL SBHoEbzoL:
Lbg.

- M(-\;-HLSI\'b_“r‘j:‘-‘-w\_ l
- c*:')"-vru.‘_)a‘::yv\»n\,
- L3, >

JoraaraqLmeHo

R e e RS ey e ]

OBHOLSHOS

MIS

OAS

-

Bab.2. dsl-ols 93mey30HO A5GEILIBZS s Jolio Mmemo bgswslibgs Godols
Ls0bgm®mIsEom LoliEgdgdol ©g3gem3dgb@ol dobbom

Boboboll d3gs ®ogdo Fomdmygbowos 0bxm®dsgomw Lol@gdoms 303900, MHMIGWNS
330199305 ©5 3OMYEMTME0 MJo0DBE0dS (€0939™3d96E0) ,0bBMO 5300l sTMTs3930Ls
o630l 533MToGH0DYdMo  LolEgdgdol (0AsL)“ L3gEoswmdom  obfogargdmes 40 {ierol
396853 Md530 LG¥Y-I CbBMOToEH030LS S WIMLHMYGOgO Lfogergdol i3s3 GHEJOYY. 39MIM:

MIS - Management Information System (996999630l Loobgm®dszom LoliEgdgdo);

ERP - Enterprise Resource Planing (bsfjodmm ¢glwy®bgdol oggad3s (350mgs);

DSS - Decision Support System (250005493930 gdol dbot@sdFqgmo Lol dgdo);

EXP - Expert Systems (Al 9Ju3g®@Gnero bobEgdgdo (bgarmgbm®o ob@gargd@o);

KMS -Knowledge Management System ((3@bol ds®30l bobgdgdo);

WHS - Warehousing System (OLAP, Data Mining, BigData) (8mbs39300 bogsggdol bol@gdgdo);

OAS - Office Automation System (mgobobl 53&mdsE0bogool LobEgdgdo, dsy., Office-365) o Ubg.
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sl 350090060l 3M0MM0GIHMWO ,L530DOGHM B0 Folo BogMmMsdmMolem bsdgaboghHm
3M635d3Hgo0 o 3mbRgM9bE0gdos. ©osMLYd0EIb gmzggen d9-5 gl (sgowoms, 1976-sb)
A9M©90s  LOgMMITMOOLM  (s5Mg  Ls3egd0MmM)  AsLIBHVdOL  3MbEgMIb30gd0  ,d5MM30L
533™3oBHobgdmwo LobBYIgdo“ (d0Eroldo, dsmyddo, Mgwsgls s B53M0s6d0). gMc-gMMO
9609369cm3560 Imzwgbs ogm 1977 §gurl Lembwyddo 1-geo Bszsgdotmm (vdswwgbo) mbols (7-
©©0560) 130Es-159d0bsMOL MEY6oDYds (FsL30bdgero J399bols bGsEwlom) ,,06GJwgddHIsEwro
dmbogdms 35Hgd0oL LobBgdgdol“ mgds@ogom [4]. Tsbdo 3mbELIdFMMEOO 15-39 GgL3MOEL0Z0L
d93b0gcm9d0 dmbsfoergmdbgb, MmIwol slizzbom Fgbggmsby 9ghmbIs 0dbs s@0sMmgdmwo
130-U dsb-3509MOL Fo®Ts@Egdmwo d93bogM Mo d9gagd0Ls s §zerools dglobgd dmbsggdme
(9530600 35HJOOL MIMOOOLS s 305d3H0ZOL J9B30056M9d0L Lszombgddo.

OMamO3 3bMmgmgdsd 583965, 339 30 Py IgEHos, Mg dmbsggdms dsHgdol JsGrmzol
LoLEBYFYOOL VSBIODBY WOIMHO X IO 300093 IMbS3ITMNS MYESEOMO BSDBYdOL MK sbos (Oracle, SQL
Server, MySQL, PostgreSQL s bbg.). 00md3s, sbogo @gdbogols s 3Hgdbmermaogdol Litregds
3963000069059, dmem 10 Gerol Fobdoby, HoMdmoaobs oo s EHIMbsEGHOMmo LobiGgds —
NoSQL 35%9%0 [5]. 000 {5993560 30603900 s 3MM3MM30900 MJIWSFOIM0 S SGIMYES3099M0
d5Hgdol  259mygqbgdol 30d0M0ME 3MmbEIBE0L 960FgdI6  30MOGHIIMBL, by FoabofiyzgEo
50m356930L  3esliol s BsBYOOL  IMEFMMDYOOL Q935 olLHobYdOm, 23boLEBEOIMYds Fs00
953990 358mygbgdol 30:0EYH0MIgd0 [6].

80-0560 argdol 3060390 Bobgzo®o dsb-3509M0L 3OMAGLYHOL, EMRMBIMOZ0 Ladg3bogHm
WdMMSGHMOH00L 5 bAWIDE-093609M5 FoLso 5dBH03MBOM A5FM0MBY3s. F9IRJd0 0bgMYYds
©MAMOM030 FoMmMZ0L 533MAoEH0DYdMo LolEgdgdol Lobom (MdOEOldo, dogmls s 90935600,
0530l F9BOIOHR0E JoMbobsdo) [2].

3 3Ma0Bs083000 03531 393609690505  @MJBHMOOL  boGolbl  Imligmzol  Loobgobmm-

B0D03MNM0  0BLEBHOGHWGHOL ,30090693030L° B93MEHIGHOL LsdFMbg; LEMPIBEHMS Lo3ogzd0MmM
Lodg3bogm 3mb3MOLBY 090 dtmlb Gaosero ©s oEYSEId0 bgdosh LEwwgbEgdo
3 09000 ©> 3. Bobesdy (1985, bywddwgsbgwo 3. LyMyywsdg), 898gy 30 LAHYLIBGO
6. bsbbmo (1987, bgeddwgsbgwo 3. (3b39wsdg). 3909MBY guermegdmewo bsdggbogdm
39092900  ,0065390005  MGES30MMO0 BBl  LEHOWIGHMOIOOL  M3EGH0T0DOEO0lL  STMEI6YdOL
39@Lofy30(Ho", b33 EIdYw™  9JudgOEHOBOL  gogeol  Bgdwgy, dowgdrey  ogbs  LLeg
»OEMO0MTGBOLS 5 3OMYM5dgdoL  Lobgedfonm  RMmbEA0*  (LL9g3BMOM  MBEGdOL  MHYROL-
G®o300m) [7-9]. 1981 §. 00636006 9. Pmamgzsdg dogda®sgzhgds 8 farom 3stobdo, UNESCO-U

93o0-006590, 3MGHWOOLS s bMWYl AobgMmBogdol bgddm3zsbgws®. ©O0Os Bdo@Mbo
3MBOL 1od399bm  ALOIbMEYDS Lodo®m3zgemli dg39wo 3MEEGHWIOIO dgAgdol s JoOHMo
3mogmbom®o LodwgMgdol 0496gL3mL AbmaErom gmbodo 3owqdslmsb s3zsgzdoMgdoom [10].

1988 §. dsb-3500900Mm0L 306390 4599, 3B Brmymgsdg dMbgds UNESCO-sb s boogds
130-b 300390 3Mb3MOLom SOBRGMEo M9dEMmEo. 80-05b0 {ergdol dgmeg s 90-560l 3oM3gmo
BobgzoMo  boloom©gds 3Mm0GH03MO0  35G93WobIgoom, Moz 8d0dgE  S0LLbYds LMoo -
9306m303mM0 s bIYEBoIOM-39960379M0 oMMl obgz0MsMYdIbY.

9 536Mowol 8m3wgb6gdds ofy30ds d9aMdOMWo s bsdgsboghgm MGMOIMMdOL dosgo
dmb3M3096. 0o LEdFMMS 3538060, M dgMHEOboL 39eo.

O OOHM 3BM3MFOOL JUEHIBIEHOL sbso 9BO30L F9w5HY3930Xgd9d0L BolMIdS.
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- H98RMOSGHMO0 OgdBHMOMOL, @. Bmymgzsdol 0bogosdozom 1990 (ool 05636M0sb dmwodgd-
6039635 06LEHOEGHWGHBS oo™ bsgs®orzgerels Agdbozeado w60396bodaHOl (L)) bLGHGHMLO;

- 00 @6OML MEg6G0 3. LYOHRMsdg 1991 {ierol FgdmEymdsby 3-m30560 30BoGom (30MH3gws©
390960 oLEBHMM05d0)  FJ0gdrHBgzMgds  Jogzobgdom L3  gMdsbools  BowEBdgMY-
96@sbgaboll s ¥gMobol  31FdmEEEOL  MbogzgMlodg@gddo, 893bogmgdosms  mdGMEmOL
©oLYOEGSE00L  MgMOHoMwo  Bsffoeol  QoloMTogzgdws s  9Ju3gM0dgbG o 3393900l
d9LsLOMEGOOE M98sDY ,93EMIdE0DYOME0 BTN 5EAO0WGIOL JugEOl O3MHMYJBHYdS
3005990 MJowobHsE0s  LofaMdmm  459Mmm0s-

Bgdobsmgol  [11].  gb oym ERP  bolidgdodol - ) @
3669936006 ©95¢70bsgool 300696Gemo bsdmmdo Wy " ‘:
@3 sbsgro bsdgpbogtier 8ods:00w9¢m985 3509060 B ')

3ol 0O FboMmIFgMHom Jgbawbgb 935009903mLYdO
3. 393396009 o 3. Logrwyd3zsdg, FomgdsBozol dgisb.

©OJHMO0, 3OMG. 53. POJW05 (. LYIMHRMSIOL
LomdGmem olgh@sgool m3mbgb®o). 2003-2015
f0gd8o LEHWL Asb-35009M DY Podmois Mdgbody

dmbmyMox305 d0BOYL-3MM3gLYdOL  FMEYEOMYOOL
5 3MMyM5doMgdol 9gdgdbg dmbszgdoms bo3939-
000 5 d0BbYLIBsWOGHOZ0m [12-15] (Bob.2).
306O3mM530Mwo  IgbgxdgbBHol  doBbgl-3Mm3glgdol  LbsdgEbogHm  FodsOmwwgdom  dsb-
39096Msbg 99damddo ogwe 0dbs 20-bg dgBo 993boghgdoms 3960oGOL s 9350gdoMHO
©MJBAH™OOL bsGolbol dobsboFgdgwo obgMEHSE0s. 890ddbs sbowo dodsGmnwegds - doBbgl-
36mi39Lgdol (Workflow Management Systems) ®d09d@-m6O09bGH0MgdM0  3OHMyMsdoMgds o

6sb.2. ERP Bmgs000 dmgogmo

3930 Jugegd00 Jo00 0d0EGSE0IM0 BMEIE0MYdOL 33eg3s [16].

2003-2015 §ergddo BEGHwy-bL UNESCO-b 300090060l go9g9, 535009303080 ¢. Bmamgsdg godmlizgdl
0bawolné®, MMl ©s  JeMome  9bgdbg  LsIYEbogMHM-3Mm3MWsm e IMbMyMog0gdl:
»008MmOB305: 0bZMM T30, LobMAsMGDs, 50530560%, ,2EMdsbLO®, ,d0MbGBggM0s*, ,830dM9d0
dmdsgzombg” [17-20].

21-9 Uboyy3mbol  obsfiyolo  boloomgds  Jsl-3009MsBYy  ,396gMo”  Lob®™IoL
3999GoM9gdom 99360960 330930l 0O gdsdo. ¢9dbozol 8gabogmgdoms 39bo@oEOL
bse0olbL  ,,0683mM5@GH030L ©s FsMM30L  LoLGHYIJOoL™  LoolgMGsgom LsdFmby  (30639Ws@
3509M0L  0LEHMM05d0) 035396 B3960  B535¢53005F-B530LEHMIBHMMOL  39OLESTMNEZMYOEO
Jod5@™bgdo: 935 MJ0s, 05856 mdobsdg, wowo 39EHEMm058300, bobm MMBMEOs, Fo60bs
390005dg, 0505 Mmbobsd30¢0, 06MH0bs 39F560dg, 4MbsMS Kbgw0dg, (0G0 Fbs3edg, boGos
J6obEgL05A30¢00, MO dOEIMSAZ30¢0, LrBOM bGMIsEM3d s bbg.;

— Ol 350090M0L 39630 §. Bshsbodg 1991 gl (Lsdmgorsgm mdol 9909, 3bgudg™dOL F5als)
0g3dbgdl  dg;36096M9d0Ls o LaBMYsMYdOL  Asb30msMgdOL  BMbEL ,,06GHIWgIBHO”, 5300569
390053M03500 06x3mM530w0 39dbmemyoqdol gsdmygbgdols 0ToMmmmeErgdsls, s@sMgdL LadgsbogMm
3Mbx396M963090L MdOEIOLLS s MJA0MbgdT0. 250mbi3gdl Fogabgdl ,,oaqdMs s LodosMmM39w Ml ds@osby"
(1991). ,,9605600g9ds" (1992). ,,8306500000©6 b3gBHOELM3WsBY: 3gMIYGEGHOO0L sdM3bsms 3MYdMEO"
(1997) s bbg. 58539 F9l ©os3w9dbs Logmmsdm®mobm bsdgbogem gmembawo ,,06@gwgd@o®, Gmawwol
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00535600 MgJEHMM0E. 3OMRILME 3. Fsbsbodol byeddmzsbgarmdom @oEmwos 50-bg 8g@o dgiEbog-
90505 S 93500930Mm0o  HBsMOLbOL JoboboF g0 OLGHEHE0S obsmEgdol dgbgxdgbEHols o
0b6g3m»H35E030L OEIIEH0I0L Ls3omMbgdby MBOEOLT0, Jmmsolls s MYEs3do;

— Osl-3500900M0L Mm3bEHOL 5. 30bEsdoL 5BHOMMo doerolbdgzom 1992 Fgaol bGvy-do osmLs
3098550(9O-GH9db032M0 B3 EHIGO (898md B0BBIL-06706960ba0L BFNWAHIHIP BIWV3INY-
0o o dmml YT BIINWHIHIQ  ©ITWOE0). ©Y3bo 5. 30b3sdg 93 3gHomdo 03s3L
3936096M905m5 MJEH™OOL EOLYOEIGOSL (. Brym3z5dol 3MBLYEEBEHMBOM) s MMAMME 3OMBILMEOO
Do6BsBH9000 dmzgds 31995603Mm-39gdb039MH0 B3 BHYEHOL d9bgxgbGHOL LoJdosbMdLL. 535505
0po  B39bo  3omgMol  IOMAGLMO0s s bgewddmzsbgermdl  Lsdgboghm  BodsmmeEgdsls
»0bg8MmM3530Mwo  Bgdbmewmyogdo (3030e0bsE3oMH InEIwgddo”, MHmIgedog dsb LoobEHgmglbm o
36008369cm3960 LsdgEboghm 8gwgado 593l domqdmero;

—  O3b-35090M0L 3O:MmxgLmMOL, d. 39g3900d30¢0L s dolo FGMMEol, SLME.3MMBILMEOOL . xobg-
@0dol 9bgMa0veo doserolbdgzoom @ sboeo 0bxm®Ts30eo Ggdbmenmyogdol dgdm@sbom Lobiffsganm
363980, 3603369 m3s65 Fobobers Lsdogg LsxgbIMOl 3MMYEMsTJO0. glss FOMOMOWIW, OO
0mbs39dms 9gbsbgols o sdw98s3900L Bgdbmemyongdo, Hadoop-93mbobEgdgdo, dobbglebswrodogzs,
39693039960 5EmOHOMIGO0 s 3OMYMTGd0 s Lb3.;

— Osl-350090M0L 3OMGBILMOOL, M. FmbosL Jogh Bs3myseod©s 3g30gM-39ogmams XaIR0 (0. Jo6-
®39w0d30e0, 3. E0ds00s, b. OMBMO0Y, b. 580Ewsbzs60, 0. mbos s Lbg.). 890Jdbs s gomaMgds
»,0000539000  ©5330LS o 30BGIHMLIBROMLMIOOL*  JoToMMEgds.  FBJ30MbOMmYdL  LadsyoLEHMm
36MHMaModol  3mbEgb@®moE0s o 998mEqdveos  Jo@Mmyargbmasbo  Lobgurddwgsbgermado. ogEos
10-%9 390 oLYOESE305 06BMMTE0EX0 MsGOHMHBMGBdOL F0TSOHCIMEIGBOD;

= Oslb-350900M0L 3OMGBILOMOL, . 306983530l S FoLO sboEIRIBMPS 3eYRJOOL, SLeE. 3OIMBILM-
6900L 6. BMbsmeols s 9. 39396590l BHMomd Web-@9dbmamaoqdols bgg@mdo dgdarm 56 dbmemo
056589060Mm39 ©™bob 379MLYdOL IMIboEYds, 9M58g JoMEgbm3sbo L3gE-wo@IMsG¥IMOL dsbol
999365 399-©0939™3996@0l F0sMr)gdom, Jergd@®H™bmeo Lobgwdd®3s69wmgdols Loboo.

1994 ol 535009303mb0 g. hmymgzsdg bgds Lsg®mabygmolis s gudsbgmols gabo s gowool
3560bdo, 2001 §. 35M5egmwEs© 030 0bgL3ML 50Tl MEgdgeo bdFml 3039-309)HBoEIbEH0s. dolo
0b6og0sGogz0m 2003 ool bEHw-do oblbgds UNESCO-U 30009005 ,,0630m6035300 Lbsbmyomgds®.
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9900053 9460wma0980L“ 9350 3H9d96@&gddo LEHwy-l UNESCO-U 3o09go®ol (535¢. 3. Bmymgsdols)
b9wddm3569wmdom 30dobsMgmdl 96339790  Loddomgdo LBEAHWIBBHMS FoBsMEGdOLS @
d93bogrmwo 3393990l LggdOmdo [26]. 9999995390900 sboEro  Lobffogenm  3GmaMsdgdo,
d9LOWWGIMWOs  5MSYMMNO  OLYOGHSE0S 9d  F0TIMMNMENYGOOm,  250MJ399bgdE0s  BEISZHEO
Lobgeddgsbgwm s ImbmyMsx0s ,0683MmMTs30wo LEBMYsMIBOL“ JoMOMI© EOLEO3WO-
69030, H®MYMOHO0ES LYOBFMOTs30M S 3MIMb03530MO Lol Jdgdo s bbg.

0530L0 56M1gdMOOL Job6doEBg LE)-L UNESCO-b 30009006150 gobobmtzoges 3608369wm3s60
Lodmdomgdo:  dmgfym  Logemsdm®obm  1gdobs®gdo, OMIwgdoi  d0gdwgbs  MBsdgMH™39
LoBMA9MYO5F0 b0 BObBMOT530M 39dbmEMa0gdoL 3BIMBGINOL, MBS s 9dMTo3s
139300 MO 3OMYMSBs S 9J30gdol 3MMLO. 53 F0ToMMIGdIOM, A5TMOBS BMbmyMOR09d0
»008300065300° (JoMr000, 06Ol s MMBMWS), ,ZELPMBSEBLO™ s ,d0MBGYYMHO*
(JoBr00ms, OMLMEsE), OMIWGITs3 M5 ToOGHM  LobozgdloGIGH™, 90599  BIOOM
LoBMYMYOMHOMIOL OO  0bGHYMJu0  godmofiz0s.  LEHWWIbEGHJOOL,  FogobBHMBEGJOOLS s
©MJAHMOBEHIOOL BN FOHoLIMZ0L JoMmer 9bsBg dwdsgs s Asdmois 1001 439MHosbo
dmbmyM5x305 ,B5068MMT>30m  LoLEHJIJOOL 3OMYMHTJOOL  300MH0EIWO  3H9dbmEMma0gdo ©
dmboigdoms d9bgxdgb@0", 9aM9gm3g FmbmaMoxos — ,,06830mMHT530wo LEBMYSMIds ©S 0bE O-
©OoLE03WobMEmO Lfogegds 30BOWO 3H9dbmema0gdol dsBsBg“ [27]. 2006 Ferosb 25dmoigds
39600MOMEo bogOHMTMOOLM bsdx3boghHm FMOBsro ,d5MMZ30L 53EMT>EHOBYdIME0o LobEgdgdo®
(Print o5 Online 396GL0900), 2019-sb dogboFs GoBOWo 0IbEHOG0ZsGHMMo (DOI) [28].
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GEORGIAN TECHNICAL UNIVERSITY CELEBRATES THE 100th ANNIVERSARY — THE
CONTRIBUTION OF ACADEMICIAN G. CHOGOVADZE, THE FOUNDER OF THE
DEPARTMENT OF ACS, TO THE FIELD OF EDUCATION AND SCIENCE DEVELOPMENT

Surguladze Gia

Georgian Technical University
g.surguladze@gtu.ge

Summary

The article discusses achievements of the 50-year-old department Automated Management Systems (1971-2021)
in celebration of the 100" founding anniversary of Georgian Technical University. Information is presented about the
important role and merits of its founder, academician Gocha Chogovadze, in the creative and educational processes of
the department and university academic staff and students. The article provides analysis in the interdisciplinary
scientific field of Informatics (and Computing) particularly related to the mission and objectives of Automated
Management Systems — as a scientific direction of organizational management. Fundamental issues of software
engineering and data management in the direction of object-oriented modeling, designing and hybrid software
implementation of management information systems are discussed. Presented are major innovative educational-
scientific achievements that have been achieved at the departments of Information Society and Automated Control
Systems of the GTU constantly supported by the academician Gocha Chogovadze. (Received 20.05.2022)

TEXHUYECKOMY YHUBEPCUTETY I'PY31U 100 JIET — BKJIAZI OCHOBATEJIA
KA®EZIPHI ACY, AKATEMUKA I''YOT'OBA/I3E B PA3BBUTUE OBPA30OBAHNWA 1 HAYKU
Cyprynagze I'.

I'pysunckuit Texunueckuil YHUBepcUTeT
g.surguladze@gtu.ge
Pesiome

Ha done 100-nmetus ocuoBanus I'pysurckoro Texunueckoro YHuBepcurera 06cyxaaTcsa gocTmxerus 50-
neTHell Kadegphl «ABTOMaTH3MPOBaHHBIE CHCTeMbI ympapieHusa» (1971-2021 rr.) B HayYHO-0GpasoBaTeIbHOM
IIPOCTPAHCTBe. 3acJyrd W POJIb €ro OcHoBaTend, akasemMuka l'oum Yorosazsze, B TOAJEepKKe Pa3BUTUS
mpodeccOpCKO-IPeNoaBaTeIbCKOT0 COCTaBa U CTyJE€HTOB YHUBEPCUTETa B TBOPYECKOM U yueOHOM Ipoueccax. B
06IaCTH MEXIUCHUIUIMHAPDHOM Hayku MH(OPMATUKM (M BBIYUCIUTENBHOM TEXHUKH) aHAIU3UPYIOTCA IieJIeBbIe
3afayy ABTOMATH3HPOBAaHHBIX CHCTEM YIIPaBlIe€HUA, KaK HAyYHO-TEXHUYECKOTO HAIIPaBJIe€HUA Pa3BUTUA CHCTEM
OpraHM3aLMOHHOrO ympaBieHua. OO6cyxzpaloTca (GyHIAMeHTaJIbHBIE BOIPOCHI COBPEMEHHOH IIPOTPaMMHOI
WHXXEHepUM U YIpaBlIeHWs [AaHHBIMM B HampaBIeHUH OOBEKTHO-OPHEHTHPOBAHHOTO MOJEIUPOBAHU,
MIPOEKTUPOBAaHUA U THOPUAHON NPOTPaMMHOMN peanusauuy MHGOPMAIMOHHBIX CHCTeM yipaBieHus. OmmcaHs
OCHOBHble HHHOBAIIMOHHBIE y4eGHO-HAyYHbIE [OCTIDKEHHS, IONy4eHHble Ha Kadezpax HMubopmaiuoHHOTO
O6mectBa u ACY (mporpammHuas umxeHepus) I'TY, npu mocrosHHOM cogefictBun akagemuka ['ouu Yorosazze.
(Hocrynmmra 20.05.2022)
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6050530l 35M0L0sBMBdOL dmbo@m®obyol obbom,

3@3H9bgomdgEMao bgmsfigmlis s Bslmsb s393006Mgdeo
LolGgdols ao0mygbgdom, pH-ols 356LsBE3zMOlL 3gomogs
0505 o600, gEaRs 393bM030dY, 3¢0E0TIMO FOWOMMSZ0WO
LogoMmM39wmb Ggdbogmemo Mboggdlodgdo

tamaz_dzagania@yahoo.com, elguja_bucxrikidze@maial.ru, v.padiurashvili@gmail.com
®9vogdy

39300790105 pH -0l 369000 4968563905 s oo 9851900l MgMOOWWo S 3ModGH03I0
31399AH900. Bsbgzgbgdos dolbo BMLEBHO  FgRoLYdOLLM30L LoFoMm Bo@gMoswme &9dbolzmemo dsbs.
0gomdools  95B39690eol - pH-ol  20bLsBOzmol  yzgws®g BMLGo, ®dogddmdo  dgmmoo
339630mIgEHOHWwo dgmmEos, Mol 250m3 Tglsdsdolo 3Hgdbozdmo Lsdrsegdgdols sOLYdMdOL
3060md90d0,  LmMgo o9 dgomElb 960Fgds M30MsGILmds.  obbowmos Bosogol pH-ol
39bLEBEOZMHOL  FgOMEO 3MEIb30MmAYBHO0 bgshigmlbs s Tobmsb ©s353d06MHgdME0o LobEgdol
3990myg9b9000m. LoLEBHJAol JoMOMIEO  MYME0s Fodbmdo bgwliofym, Mobmgolsg dgMbgos
bgwbsfym pH100, GmIgeroi bodwomgosl 0derggzs Bsddomgdo Bo@GoMmEal GMAMEOE odMm-
OoGHMM0M, 515939 boggang 306HMdJITOG.

1353396dm LoBY3g00: 605Y0. LObX 0. 5dBH0ZgMDdY. fgsedsombo. pH-Ig@Mo.

1. 8glsgsemo

0godsols 3sB3969d9o pH 9fimeds goemds-0mbms 5d&03mdol v1oMmYma300 ermys®omadl:
pH= -lga(H*) . pH-ol boog 3306396900 blbos®ms 8553296 56 GvEHg 030L9090L, 56w Hgodsols
ombms(H*) 96 3000M0dbowombms(0H") 306396@®s30ost. pH do®omsa 0Bmdgds {igowblbs®mgddo.
365JGHOINWs©  MBROM  InbgHbgdMwos  gsdmz0ygbmm  GHg®dobo ,fysadsol  doB3969dgw0*
3903 §9oedsol 0mbms 5dGH03Mmd0L SIMBOMO WMYIMHOMI0s 936Mbgdmwo bodboo.

6503053 Yol 030000m60Bs300L 96wy 93BM3OHMGHMMoBol MmL [H*] = [0H] =107
(339006530 BORbOEd00 50060390 3mbEIbEHGMSE0s Ime/d3). beagnm (igsedsombgdols o
300MHMJlowombgdols  3mb63gBHMs309d0 9gIMOBOWGd0sE dmddg dsbovms  39bmbL, boos G™I
Dgomdsols 35B3969d3ol Mogbgomo 3603369wmds 0(33c0gds 0-0sb 14-0¢0g Botyargddo:

OmEgbsg [H*] >107, 85806 pH bozergdos 7-%g, boerm Gmogbsg [Hf] < 107, 35806 pH dg@os
7-%9. dgbsdsdobo 339db9ds 9939, 96 GHMGHY 969. 9BBYOMBIL 30603000 BMbI30MbsEMHO
59300090905 bbsMdo 855356 56 BGHol 3mbiEgb@EH®MoEosls s pH-U dmMob.

0v) Pgowdo @o3blboom T5535L, dolo Fmeg39gdol EOLME0sEo0L O™ H* ombgdols
3M6396@H5305 oobMm©gds s dmddg doloms 3obmbols Fglsdsdobs, d9030M©gds OH- ombgdols
306396¢®5305. BHGHOL 2oblbs 330l HY s OH- 0mbgdols 3mbzgb@&Msiost LadoMoldoMm, Mos
M3O® 39305 GHGHOL LoFoMdg, 00 Bs3gd0s FYsewdsol 0mbols 3MbEbE®msi30s.

5960250, {9od5000l 0mbgdol 3mb(396G 5300l BodwYsEgd00 T9A30d0s MOMEYbMdM0Z350
393m3Lsbmom 505 BoOGHM  0593056mdoL  boolbo, 90589 GHvG0bMmdoL  boGobbog.
3063963530900l godmlisbgols sbgmo dgmmEo dmlsbgMbgdgwros 3093 0doGHMdsa, M LbgsMds
M6 Hogbgl Imemol MIMswm@ 4306396908 3mb3g6G®S30900L BIMOMIOM (33¢0wgdsL. pH-ob
d933ws 1 9Mmgmeom  dggbsdsdgds  MHmamOE  gowdool, sbgzg 3oGmmdbogol ombydol
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3063965300l 93300l 50X g™ (0L MMA dmddg dsboms Jsbmbol Tglodsdobog, Jsmo Bsd®msgero
MRl 89©d030).

pH-ob  25%md30L yz9wsbg MBOHM BMLE s boggMLsME gom©l FoMmdmoyqbl
999G EGHOYo FgoOMPO. 030 IRMIDBIOE0s [igoedsol 0mbgdol 3bmdowo bm®mdsgrm@mo

30b6396¢M5300L blbos®do B3390 gergdBHMmLs s bogge blbs®do Bsdzgdme gagd@®mmol
dmO0L  3m@gbEosms  bb3smdol aobmdzom, pH-ol  Loool sblsbmazmsby. fyswdswol

0mbg00L 3:mb396GHMo300L 3608369 Mds 4sdmolobgds pH ghmgmwrgddo.

0950050l 9egdBHmMEOo B3 gdsls 3353938 oo LOBMLEOm 4o3BMmImm pH 0-sb
14-0009 856qdd0. godbmdo gugd@MHm©Ool Lobom yzguwsbg MBOHM BIOMOM o3 3gwgds 33Mm35
dobol  9e9dBH®mmgdds. pH gwgd@®mool Lboboo  LodoGmggarmdo  ©sd3300M9dE  WsdM-
OoGHMM0M  305dBH035d0  250m09ggbgds  Lodo®mgzgwrmdo, LLY ,9bseoBbgwlsfiym“-8o  ©sdv)-
953900 s  d9ddboewo  dobob  gugd@Bemgdo  OCJI-43-07  (0-sb 40  aGomlady
AH99339M5GH«moL  0bBHM35¢do  Fdomdolbomzol) s IDCI-63-07 (25-sb 100 Mo wylsdeoy
A9939053Hm0ol  0b@gm3zsemdo  3domdolomzols).  bmerm  ©sdbIsM)  ggdBHMm©Ids© 30
Jwm®39mHberol OBJI Godol, 3900dme IBJI-1M3 gangd@®mmgdo.

dobolb pH 9gwgddHmo §omBmoygbl dobol dogl, ol  dmermdo 139305 OO
99dHOMOMo  Jobologsb  ©sdBIIdMEo by 3gEosbo dMOHmwom (dobs FgoiEegl
@wom0dol O MomEYbmdsl). dowdo s dMOMMWSTo FMMegLgdME0s gEswmbmemo HCl-ob
B®doermEo 96 ©g30bm®docm®mo (9.0. §9sedo-0mbgdol 3bmdowo 3mbi3gbdMmogool) blbsmo,
(mgdos3  Bd390Mmos  ImdwmMowwo  39603bwol  3s@oMs 853000, 5035650
99O gdMEwo dobols gengd@mmEo 33omdobols 53e9bL fgomdsol gegd@ Mmool m30L5d90b.

Lo5bEOBM blbs®do slig3zg B398 0s Jurm®m39MmEbEOL sdbTscg gergdBHMm©o MHMAgEos
dobols 298BMmI gwgdBHOMMOMIb gOHmo Jabol 3mGHgbEoswms Bb3sMdsL, ®MIol oo
5330009005 MMame3 blbs®ol pH-ob 360d369wmds%y, 91939 393960 MEmsDg. S30G™Io;
533569 5 LEBMA GeEg]BHOMPIOINB GOHMOE, 1gMHTMIMI39bLsEOOL FoBbom, Lo33wg3 BLbsMTO
39605389005 MYMIMTYMIBMBOGY gegdBHMM©OgG.

2. doMomso bsfloemo
d94dboero  LgMomeo  LsdsdMeem  pH-093HM900©sb, OMIIdoE  ©3w9ds390Iw0s S
290m3g90veos  ®d0EoboL  Lo3YE60gOM-LoFoMINMm  F9gMHM0BYds 0B BbgLFYM“-To
Jo6OH 03900 139(305W0OLEBHJOOL B0ge, SMBB0Tbs305 pH-Ig3MgdoL byMos: pH-262; pH-673; pH-100.
pH-100-0l dspocombyg 453936mo pH-g@®ol  Lsdmowgdoo pH-ol gobmdzol 0sb3dod-
©930MdSL (bob.1).

6sb.1
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pH-100 25639036005 Gy §Yseds-0mbgdol odGom®mmdol aobsbmds (pH), obg
5396939-500003960000  3mBHYB305wOlL  2oloBMTo. bgwlbsfiym  FoGOM@  godmoygbgds  Lmxywol
9999Ob9md580, 9903006530, Lsdg3bogMm-33wg300m ©s LoLHogwm »bogzgdLoGYBHIddo ©s  Gos
005356105, OHMAMOEF BMEOOBHMM0M, sg3g Bs39wg 3MMdJdTo BsdMTsm, Mobmzgobsg dsbdo
3°035¢0bf0bgdMwos  93GM™MbMIoMMo 339008 drm3zo + 9 ZmwGoL dsdzol  dJmbg  339d0L
53¢™bm30©0 Fysmrmsb. bgelisfyml bsdmdsme ImdBsYds F0dE0bsMYMIL F90gabsoMms.

bgbsfyml dogsgmomm 3mddobomgdmwo gummgd@®moo ICKII-09, 56 4505393560 denmzol
Lodmoegdom d0g359MmMo  dobol gargdBdmoo DCII-43-07, beagom ©sdbdodg  9w9dGHO™©O© 30
Jwm®3zghberol DBJI-1IM3  9gd@H®m@o.  9gbsdsdol  dqgdo  dogsgMmmo  sbgzg  0gHIm-
300396LsGmmo TKA-07.

BogMomnmm bgwbsfiym s 35350mm 10 Mmoo GH9gad3gee@dIOH o 90308 ©sdYs®gds9y.
9m358%Bsmo pH = 6,86 LGsbsdBGo@®o pH = 4,016 pH = 9,18 &Ho@®o, 0dolsdobgogom vy
Lo35M0MEM© OHMIgen sMgdo ImfHg3zl ddomds bgwlsfymb. 8m30y35bmm ©sFgMow dymds-
6900590 ows3o pH, Bsgmdzsm gurgddHdmogdo pH = 6,86 blbs®do s s359m3bmom B3z96930L
L3OO ODO(30580Y, o3G0 5MBs3gd 3 [Fmomobs. bgarbishgml Tocxggbs TboGgl gobaroygdreo
o530l CT-1 -b LyFMOEgdOm 30BOVY BSdMDBY 3599bgdo ,6,86%.

990009 91939 30093 TgMOg dMRGMME BLBsOL, MHmAwwol pH=4,01, s6 pH=9,18-l, o
B396900L LEHed0W0BsE0ol 3909y wowrszol CT-2-U Lodwswrgdoom 3599bgdm B3969dsL d9z39GOL
d9LodsdoLOE.  YM39o M3gMOo300L 90y 3MY3b3 JEgdEHMMEIdL godmbowo fywom s
350965900 oW GHMOL JoLowEom. BsFoMMgdol 99dmbzg35d0 3039MMIIM Y39 M3GMd305L.

Lo3dom@ JmIBogdol  F9dgy pH-I9GHOL 309gbgdo blbocmgdols Lobxgdols golsbmdo
WHOMMSGHMOOMWOEIE S 153909 306MJOT03. JOBMAZL 35{oMBMmgdm FdgAbs0Ms:

53993350  23bIOL  2ob3LoBEO3OMM™ blbsmdo FoM0wdzxo35L  3MBEIbGHGSE0s.  sdolsmgzol
LoFOOMS XIO  FOWIZOMMM  MOPYIOMGOOL IOO, MHOLEMZOLSE 359BsId  FoMOET530L
Ubgoslbgs  3mb6396@®sgool  blbobgdl:  10men/an(1);  0,10me/an(101);  0,0180m¢0/¢0(102);
0,00180e0/¢(108);  0,00018me0/e0(104  dmew/ew)  ©s  3BMBs300  Mom™mgoeobsmgol  pH-ob
3600369c0mdsl. 3539000 953038 pH-0b ©s9m300q0egdsls HCl-0b 3063963 Mo305by:

99-2 bsbsBBy s0L3OLIMS VYMIDY gooBMTowos blbseol pH-ol I60d369wmds, bmerm
MM0bsGHIBY  3mbEIbGHGE300 Bme/  gMmgMwgddo. (Fomzseoliiobgdmwmo Mbs odbsl Gmd
MM0bsGIMs 9OV FoLTBHO00 WMYMHOMTNE0Y).
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3653030L  LEFMeEgdom 99339 TgLodegdgeos ASB3LEBEO3MMm HCl-0b MEbmdo 3mbEgb-
G305 blbo®do pH-ol goblsbmz®ol Lodmomgdom. sdoLsmzol 3Bm dsgom bLbseol pH-U o
36533030 1535 gd00 33MYMd Fglodsdol 3mbEgbEHMSEL.

2.1 605030l pH-0b g56lsBg®mol dgommmo

605000 - 9360336935690, dBgEs© Fobsbargdso 3bgdmoz0 MHYLIMLO S FoMdmgdol
L5T5ENGSS, SMOMOYIBMWO O MEYBMo dbgdol 3535300609090 OO s FsO MO,
bsbyMHIw030 MOP0gOHNJIgIOoL 3OHMEJBH0s. 3590056 O FYswmsb ghms 0y0 5©sd0sboL
56OLBIOMBOL s 39000WEWIMOOL  [goOrmms. 35MMMdID, HMI boosaol Fo®dmboddbgdo 400
doewombo farob §ob goBbs, HmEs Logmaberg Bsobobs gsdofjoby.

Jodow®mo s dobgmswmyom®mo dgagbowgdom, saGMgmag dsbdo dodobatyg 3HmEglgdol
9653500 53960M3690000 6050 3esbgEOL MOHMMEgLo LobGgdss. 3F0M™ 3969303M0 3538060l
3990 B0soagdols dobo [o®mdmadabgero 6900l Jobgdogrm@mo Jgagbowrmds dbyogLos. dsom
dmOH0L oMo 49bLb353905 605053900 BOMAIHMHO s MOYBMo B03M0gMHYdgdOL Lo FoMdYo.
LHmOgo  domwmaom®o  3MmEglgdol  99gas  Homdmgdbowo  mMysbmmo  Bogmogmgdgdol
Babobgom 0fjggds Jo6900l GHOMBLEBMEOTs305 Booswoys.

6050530l saMMmdodom®mo d969ds, BbZs 36589GMIOMB MM, sIM30YdM0s dob pH-
9. 605050l pH B36M™ B036M93d0 033310905, M3 3ob30MMdJdME0s B03m0gMYdsMs 5OLYdMdOL
365353500 BMMIGO0LS S 3MBEIBGMOMYO0LLRE. 00 ™Msz0L TBEOOZ Fobs30MHMBYdL Bsmo
A™gbogzszool batolbl.

Bosogol pH-ol  860336gcrmds  slig39 oL  3o3wgbsl  sbgbl 939650l BE.-
396300006905L5 s F03OMMMRBODBAGOOL 3bM39EYMBYMdsDY. 00L 9396909900, BT 9gdo;
GBI 09543096 396 0GBl s 0M3gds... S 3060Jom, BB B95J300L 30OMBYIBME Tgamgdme
939656990l M Fo6m0d 35535 M95d300L bosoydo gobgzomamgds.

4m39w0039 H90mm 004dologeb 3bso Bbl, Momgb 3609369wmgzs605 bosogol pH-ol
3obLsBO3Me.

30603909l gmzgeols Mbs 8mbEall 60ssaol Lobxol smgds. s8obsm3zol dglsggmolio
B0Rd0m 453Mb5330930 BoMICMBOL 5M5B53egd 5 Bbgsolbgs sA0WOLs 00gdgb Lobxl, d00Esb9b
WHBMEMOGHMOM05d0 5 39050 F9M930L 3999y 39T0sh AoLEAMMBdSE 965 dgBglb 13 Lolidol
13960l Lsbom. godMmdol 9999y 0©gd9b bodmaL 30 46530l MmEgbmdom.

9650BolsmM30L LsFoMmm bgebsfiymos®smqdos:

e pH 99360 GMmIol 3mdogdss s6s «dg@gl 0,05 pH;

e 90obob 99dEHMH™M©O [9oed500MbYBdOL 59EH03MdOL golidBMIo©;

* JwmO3963brol 890s0g80b 9ergdHHmEo;

*  $993965¢ ML odBMB0 gengd@MHMOO;

*  3dMM5EGHMM00 LsbfiMo 2 3arsliol LoBliEol;

e 3906930 70006/fo0;

¢ 300006900 IT LEBYLEOL JEsboU;
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e 3mbMLMHo 3medgdo 250 o.;

e dobols dsdM9do;

e »9MHIMIGEHOO WIdMOGHMM0E0o 15-30°C sbogmgol gsbo 1°C;
* BowHMOL JoswEO;

* 1396 IOG-G0GHMYO0 dMRYHME0 blbogdol LTI YIWS;
*  oLEOOMYdIMOo fiYoe0o.

309. 3596y 299mdIMs 5050l Lobxl 53939396 3MbMLME 3ed5d0 S 535BHgd9b 150
9 obLEGHOWOoMGdIM Hgoeb. 3mdsL 99396 3F-0l gobdsgzermdsdo dmdMg3bg o GHM39d96
LYo 566530 gd 5 fo-ol 296353 mdsT0. boygbl 15-20 3530l Mom©gbmdom gGmMbows®
390dMsbbodgb 50 dg» dobols Fodsdo s fobaslfse G9dmfdgd o pH 99EH®ob bodwowgdom sbwgbgb
pH - ob 45%madgsb.

- o) pH 3-05b 4-00095- 33943V derogMo 85535 60owoy0;

- o) pH 4-05b 5-0¢0gs- 855935 b0oo0;

- o) pH 5-09b 6,5-00095- bybBo 7935 Boso0;

- o) pH 7 0,5 - 43593V bgo@eowm®o bosspo;

- o) pH 7,5-0056 8-0095- bybido @9 605005

- o) pH 8-0sb 9-00go- derogho @9 boswsyo.

3. sls336o

5960250, bASG0530 2obboraros pH-ob (36905 s dobo gobmAz0l dgomgdo bbgsslibgs
15330930 Mgl 9dmb393500. YMMOMYds odsb30gdw0s b0ssol pH-0b golisBmzMsby s
53obom3zol gMbgmeEos o3 JMmomboo g439wsbg MBOM BMLEGHO, LsodgE™ ©s bogzgMLsEIMEO
99000 pH-0b 45B™830L 9e9d@®mMIgEHOHWo 3900M©O. J9BboMME0s 2sbmdzol L3gE0R0306
399m30bsMY, dglsdsdolio LoliEgdol dgddbol su39dEgdo.
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A METHOD FOR DETERMINING SOIL PH USING A POTENTIOMETRIC
DEVICE AND AN APPROPRIATE SYSTEM FOR MONITORING IT

Dzagania Tamaz, Butskhrikidze elguja, Fadiurashvili Vladimer
Georgian Technikal University
tamaz_dzagania@yahoo.com, elguja_bucxrikidze@maial.ru, v.padiurashvili@gmail.com
Summary

The definition of the concept of pH and the theoretical and practical aspects of its
evaluation are given. The material and technical base necessary for its accurate assessment is
shown. The potentiometric method is the most accurate, objective method for determining the
hydrogen index - pH, therefore, if appropriate technical means are available, this method is
preferred. A method for determining soil pH using a potentiometric instrument and the
corresponding system is discussed. The main link of the system is the measuring device, for
which the pH100 device was chosen, which makes it possible to carry out work even in the
field.

(Received 21.05.2022)

METO/, OIIPEAEJEHWA PH IIOYBBI C UCITOJIb3AOBAHUEM
IIOTEHLIMOMETPUYECKOTO ITPUBOPA 11 COOTBETCTBVIOIIEN CUCTEMBI,
JJIL ETO MOHUTOPUHT A
[N3aranus T., Byuxpuxuzze 3., Paguypamsuru B.

I'pysunckuit Texuuueckuii Y HuUBepcuTeT
tamaz_dzagania@yahoo.com, elguja_bucxrikidze@maial.ru, v.padiurashvili@gmail.com
Pesiome

Hano onpenenenve nousatus pH u Teoperuyeckue U MpaKTHYeCKHe aCIEKThI €r0 OLeHKU.
IToxazama MaTepuasbHO-TeXHUYeCKas 0a3a, HeoOXoguMmas [JjIf €ro TOYHOH OIIeHKH.
[ToreHnpoMeTprYeCcKUil MeTOZ, sABIgeTCI Haubosee TOYHBIM, OOBEKTHBHBIM METOAOM
oIpesileJIeHNs BOZOPOJHOTO IOKasaTens - pH, mosToMy npu HaJMMYUU COOTBETCTBYIOIIMX
TEXHUYECKUX CpeACTB IpeAllOYTeHHe OTZaeTca ortomy Meroxy. OOCyXzaeTcs MeTOZ
onpeznenenus PpH MmOYBEI C NOMOMBIO IIOTEHIHOMETPUYECKOrO IpuOOpa U CO3JaHue
cooTBeTCTByIOLIell cucteMbl. OCHOBHBIM 3BEHOM CHCTEMBI SBJIIETCS W3MEPUTENbHBINH IIPHOOD,
1151 koroporo 6511 BeiOpan mpubop pH100, mosBosgiomuii IpoBoAUTH pabOTHI Zjaske B IOJIEBBIX

yCJIOBUAX.

(Hocrymumra 21.05.2022)
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DATA SECURITY OF ERP SYSTEMS DURING COVID-19

Svanidze Irakli

Georgian Technical University
iraklisvannidze@gmail.com
Summary

The unexpected shutdown of many offices and businesses as a result of the COVID-19 epidemic has
ushered in a new era of remote employment. It resulted in a quick move to full-time remote work for the
majority of workers, and firms were obliged to allow employees to work from home whenever feasible in
order to stay alive. The worldwide IT landscape has been irreversibly transformed by the COVID-19
outbreak, and "remote work™ has become synonymous with "work”. This has quickly become a cultural
norm throughout the world due to extensive use of information technologies such as cloud computing, video
conferencing, collaboration platforms and broadband Internet. As a result, the great majority of projects,
business processes, and operations, including the integration of enterprise resource planning systems, are
now implemented and managed remotely. Security and data leakage issues in software projects have grown
dramatically as a result of the fast move to remote operations. The primary goal of this paper is to discuss the
data protection strategy used in ERP system integration processes when working remotely. | gathered
information and assessed best practices in one of Georgia's largest financial institutions.

Keywords: data privacy. Remote working. Ddata breach. ERP systems. Cybercrime. Security
software. COVID-109.

1. INTRODUCTION

The imposed lockdown has led the vast majority of people to working from home and spending most
of their time on the Internet. More specifically, employees are working remotely, employers are managing
companies from home and pupils and students are having their classes remotely as well. Furthermore, a
recent Gartner CFO survey revealed that over two-thirds (74%) plan to permanently shift at least 5% of their
on-site employees to remote work after the Covid-19 crisis ends [1,2].

Accordingly, the increased percentage of the population connected to the Internet and the time spent
online has created an advantageous environment for cybercriminals. On the one hand, cybercrime is a three-
fold scheme which includes a victim (target of the attack), a motive (to drive the attack) and an opportunity
(a vulnerability and/or unprotection in the system). Thus, this triad is extremely difficult to prevent and
mitigate which raises a multitude of complex challenges either to individuals, organizations, and
governments. On the other hand, cybersecurity is positioned as the top technology challenge for IT
professionals and researchers and organizations should consider reviewing on a continuous basis their IT
audit plans to address the cybersecurity threats and emerging technologies [3]. Indeed, there is a myriad of
activities and/or challenges that IT personnel may address including risk/compliance management,
development life cycle, security, third-party management, information/asset management, access
management, threat/vulnerability management, data management and protection, risk analytics, crisis
management and resiliency, security operation and awareness, training, just to mention a few.
In ERP systems, data security can be easily affected, if the components such as availability (reliability of the
system and ability to use the information), confidentiality (protection of the secrecy of data), integrity
(trustworthiness of information) and non-repudiation (denial of risky events committed by an entity) of the
system aren’t organized and maintained properly.

Using different tactics cybercriminals are able to steal very sensitive data such as financial data,
intellectual property, personal and vulnerable information. For example, with the help of the most dangerous
tactics - Social Engineering, which will be explained later in this article, hackers are placing a trap pertaining
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to the ERP end users. The traps are intended to reveal personal information, credentials, etc. from a victim.
As a result, a scam occurs and a company may have to pay hundreds of dollars to remediate the issue. The
most dangerous scenario is one in which hackers pose as authorized users, gain access to the system, and
reroute payments according to their needs and benefits [4].

2. MOST POPULAR STRATEGIES OF CYBERATTACKS

1) Phishing - A target or targets are contacted by email or telephone by someone posing as a legitimate
institution to tempt individuals into providing sensitive data such as personal information, banking and credit
card details, and passwords [5];

2) Social Engineering - A perpetrator first investigates the intended victim to gather necessary
background information needed to proceed with the attack. Then, the attacker moves to gain the victim’s
trust and provide stimuli for subsequent actions that break security practices [6];

3) Ransomware - Ransomware is a type of malicious software that threatens to publish or blocks access
to data or a computer system, usually by encrypting it, until the victim pays a ransom fee to the attacker [7].

In January 2020, Google registered a total of 149,195 active phishing websites. In February, the
number nearly doubled to 293,235. In March that number hit 522,495, which is a 350% increase since
January [8].

3. RISKS OF DATA BREACH IN ERP SYSTEM INTEGRATION

Such a quick and drastic shift to remote workforces has increased the risks of data breach or data leak
in ERP system integration. ERP systems are more vulnerable to attacks because they are connected to the
Internet and they contain a huge amount of information, combined in one place and covering many functions
in the company. In case cybercriminals manage to get inside, they would have access to applications that
control business processes, such as business intelligence, business analytics, and business development [9].
In 2020 US Department of Homeland Security (DHS) published a warning about the increasing activity of
government hackers in ERP systems. And not only criminals, but also government agencies and private-
sector organizations are targeting these systems [10].

As one of the crucial steps of ERP integration is data gathering and documentation, most probably
there can be innumerable data that needs to be exchanged between the client and the vendor. This is where
hackers are looking to exploit the application and steal the data. Hackers have targeted the Critical
Information Infrastructure (CII) in particular. The majority of CIl breaches are simple to carry out because of
vulnerabilities or setup problems as well as detailed how-to manuals widely available on the Internet [11].
Therefore, it’s crucial to have high-quality information security which means ensuring the confidentiality,
integrity and accessibility of both physical and digital information. Good security environment protects
sensitive information from unauthorized access, use, disclosure, breach, modification or destruction. In case
of confidentiality, the information is available only to the person who has access to it. Additionally, CII
Protection (CIIP) prevents cyber-attacks on critical infrastructure and reduces the amount of damage and
time it takes to recover from cyber-attacks that do occur.

4. REASONS OF ERP DATA LEAKAGE

4.1 Lack of knowledge

Let's consider the features for the parameter’s estimation of models by the method using the Fourier
approximation by the method of the least squares, in the case when the transfer functions of the model’s
linear dynamic parts are defined by the expression:

Many times, not only the ERP system itself is a problem of data loss, but a little knowledge of the
company's employees as they aren’t aware of their responsibility in caring for the information. Information
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leaks can cause damage to the reputation of an organization or an individual, financial losses, litigations,
layoffs or stock devaluation.
Information stored in ERP can be classified in three different types:

1) Confidential - Confidential information Includes information that is extremely sensitive and highly
valued by the company. Unauthorized access or disclosure of this type of information is detrimental to the
organization as a whole and to its staff. Its use is determined only by pre-established authority. Employees
who possess this information should not talk about it in crowded places, with family members, loved ones
and colleagues. Examples of confidential information are: Personal information (e.g. Name, date of birth,
age, sex, and address), contact details, bank account, balances on their accounts, etc.;

2) Internal - Internal information is mainly used for day-to-day operations and is only accessible to
company employees. It does not constitute sensitive information, although its disclosure is unethical. It can
be used, disclosed, transferred and destroyed only within the company. Examples of internal consumption
information include: Corporate Code of Conduct, application forms, procedures, directory of company’s
employees, internal communication and more;

3) Public - Public information is available to anyone interested. For example: brochures, flyers, published
financial statements, information posted on the website, etc.

With the combination of best practices and my own experience | have developed a policy for computer
system usage, which includes four main rules for the protection of sensitive information (Figure 1)..

1. Use the Internet only S - ’@ 3. Use the corporate
‘

for business purposes e-mail only for business

urposes
2. Any action related to PP

the personal compu-
ter must be agreed in
advance with the

4. The use of personal
information of the
_ employee and / or the
department of Infor- K@F lﬁ user for their own

mation Security interests is not allowed

Fig.1. Four main rules for the protection of sensitive information

4.2. The clean table and clean desktop standard

In addition to the proper interaction with the computer systems, | have developed the standard of clean
table and clean desktop that appeals to the protection of digital as well as physical sensitive information in
our workplace.

The standard consists of eight most important day-to-day habits that shouldn't be ignored:

1) Whenever you leave the workplace, even for a while, lock the computer. Turn off the computer at the
end of the workday;

2) Don’t write your windows password on a piece of paper and don’t leave it noticeably;

3) Do not leave a CD, USB or other removable device unattended or connected to a computer;

4) Timely remove printed sheets containing sensitive information from the printer, fax or scanner;

5) Don’t take a picture of your computer screen and don’t upload it to the social network;

6) Don’t leave internal use only or confidential information unattended. Keep it locked in a cupboard or
drawer;

7) Don’t leave documents containing sensitive information in a meeting room;

8) Don’t throw away any internal or confidential documents without destroying them.
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5. CONCLUSION

To conclude, as a result of the developed protocols and standards, we lowered the risk of data leak to
the minimum for our ERP integration project. With the combination of using the variety of data leakage
protection tools we secured data exchange processes, our employees’ connection to the internal products and
files and vendor’s interaction with our databases and servers to the highest level.

The described protection tools created such a safe environment, that we are now working proactively
and are fixing any weak spots in our security before they cause a data breach.
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ERP Lol 93900l 063m®m3530v¢00 MLsgmombmgds
3300-19 356gdools 3gMomedo

0653000 1b3560d9
LodoMmM39wmb G9gdbozmemo Mmboggdlo@gdo

iraklisvannidze@gmail.com
69bomoy

COVID-19 356ogdooom godmfizggnmeo mgolgdols @s Lsdmdsm s0wgdol sbwMgzsd bgwmo dgwfiym
©OoLEBE0OHO 3MTsmdob g3mdol EaLsHYobl. 5356 godmofizos slagddgd Mo 3gMlmboerol Mmdg@gbmdobmgols
O 2565339009 OLEBE0ME LsTMTsm M9708BYg LGB FoLlgws s 3MB356090do sdzgL Lobaosb
0mdomdol  GgLodegdEIMds, Moms  89gbombmbgdobom  mog05bmo  doBbglo. dbmxywom IT IWEEw©sd
390350 BEMBLRMMTs300 49b0Es©s s OLEHBEFOMMO TMFomMds YMZILPOOIOMBOL  Fobrydgero
Bofoao gobs. 93 3MwEHMOHOL 3MMZMEoMdsL bawo dgmhym olgmds GH9bmemaowm®ds bgabshymgdds,
HMamMqdo@3ss cloud computing, 30©9M 3m6839M963E09d0, 3MEDdMOH300L SWoGHBMOMIGd0 ©s broadband
Internet. 9900939, 3MM9J@gdol, doBbaL 3MHMEILYOOLS s M3gMO30gd0L  MIMOZEgLMdS, Jso dmGol ERP
LobLEJdgdoL 063JAMIE0s, OOILEOWIMOOM BMMOEFO0YXEGdS s 085MJdS OLEBEFOMMs®. OLEBEGOME
Lodmdom M9708%g LHMoxgds 2501300 LogMmAbMBEISE A5BIMS MLsFOHPHBMGIOLS s BMbsEgdms gogmbzol
60b3900 3OHMAMFMo MHBOHME3gEYmgBol 3MMmgdBgddo. LEHs@Gool 3053500 J0Bsbos, s03fgmm dmbsggdms
©5330L bEHGMEJR0gd0 ERP Lobgdol 0b@ga®sgool 30migbdo @olidsbiom® Ggg0dbg dwdsmdolsl. 99309-
00 0odbs 9mbs3gdgdo s  go3bs0BYdMEo ol FogdMwo  3MdGH03gd0, OMIWIdoE  dsdmoygbgds
LogdoMmmM39w ML gHm-gOHm 5994356 B0bBLWMG MMYboBsE0sT0.

(bd>B0n> dnmadnanns 17.05.2022)
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Summary

In this article, we study the behavior of firms focused on profit maximization in both
competitive and non-competitive market conditions. For this, we determine the minimum

of the Kob-Douglas function f(x, x,) = x#x2 using the Lagrange method.

Key words: Kob-Douglas function. Lagrange method. Isoquants. Isocosts.
1. Introduction

Reducing costs not only has a positive effect on the financial result of the enterprise,
but also allows you to free up funds that can be invested in the development of production.

Additionally, a reduction in cash costs improves the competitiveness of the enterprise:
by reducing the cost of production, a "reserve of profitability" appears, which can allow, in
the event of a competitive struggle in price, to react quickly and reduce the cost of selling
products.

In general, the process of minimizing costs is a constant process, which implies
continuous work of the enterprise to optimize the expenditure side. Theoretically, it is
possible to minimize costs in two ways: either determine the maximum possible volume of
production for a given amount of costs, or establish the minimum possible costs for the
production of a given volume of products.

The purpose of this article is to study the behavior of firms that are focused on profit
maximization in both competitive and non-competitive market conditions. For this, we
determine the minimum of the Kob-Douglas function f(x,%,) = x#x? using the Lagrange
method.[4]

2. Main part

Suppose we have two factors of production, the prices of which are w; and w,, and we
want to find the cheapest way of production at a given y level of production.If we set the x;
and x, to be the number of factors and f(x;,x,) the production function of these firms,
then we can formulate our problem as:

min w;x; + w,Xx,, when, f(xq,x;3) =y.
X1,X2
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The solution, that is the minimum cost required to achieve the desired level of
production, will depend on the values w;,w, and y . So, we write it as the function:
c(wq1,w, y).that is known as the cost function. The cost function reflects the minimum
production costs of the y unit of product, when the prices of the factors are (w; w,).

To better understand this problem, let us reflect the firm cost and its technological
constraints in one graphic. Isoquants! provide a technological constraint: all combinations of
x1 and x, required to produce y.[1]

Suppose we want to construct all combinations of production factors that correspond to
a given level of cost. This can be recorded as follows:

WX + wyx, =C
Which we can transform as:

C w;
xz = - —x1
Wy Wy

It is easy to see that this is a line with the slope of w,/w, and with vertical intersection
C/w, . By changing the magnitude of C we get the whole family of isotropic circles. Each
point in the isocost circle corresponds to the same value of the cost C. The higher cycles of
isocosts are associated with the higher costs.

Thus, it is possible to re-formulate the problem of minimizing our costs: we need to
find a point on the isoquant that corresponds to the lowest circle of isocosts. Such a point is

illustrated in Fig. 1.

optimal choice
curves of isocosts

slope= - &/

isoquants

fln,x)=y

X, .6

Fig.1. Minimization of costs. The choice of factors that influence the minimization of production costs can
be determined by finding a point on the isoquant that corresponds to the lowest range of isocosts.

1 An isoquant (derived from quantity and the Greek word iso, meaning equal), in microeconomics, is a contour line drawn
through the set of points at which the same quantity of output is produced while changing the quantities of two or more
inputs.
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Note that, if the optimal choice involves the use of a certain amount of each factors, and
if the isoquant is a smooth curve, then the point of minimization of the cost circle is
characterized by the condition of tangentiality. The isoquants slope should be equal to the
slope of the isocost circle or the technical rate of the substitution should be equal to the price

ratio of the factors:

MP; (%4, %;) wq
—————— =TRS(X,,x,) = —— 1
MP, (X1, %,) vz w» D

The algebra implied by equation (1) is not complicated. Consider any change in factors
(Ax; Ax;) as a result of which the product remains unchanged. Such a change must satisfy

the equation:
MP; (X1, X3)Axy + MP; (%1, X2)Ax; = 0 (2)

Note that the values Ax; and Ax, must have opposite signs. If we increase the use of
factor 1, we must reduce the use of factor 2 to keep the quantity of products unchanged.

If we are at a minimum cost, then this change cannot reduce costs, thus we have:

w1Ax; + wyAx, =0 (3)

Now let’s consider the change (—Ax;, —Ax;). This change also gives us a constant level
of production, so it cannot reduce costs either, hence:
—wAx; —w, =0 (4)
From these two equations it follows that
(A)lel + (l)zAxZ =0 (5)
Let's find the value Ax,/Ax; from the equations (2) and (5)
A.XZ _ wq _ Mpl(Xik’x;)

Ax;  w,  MPy(xix3)

This is the same as what we obtained from the geometric reasoning above. In fact, the
choice that a firm makes with minimal costs will generally depend on the price of the
material and the level of production that the firm wants to produce. So, we write this choice
with the following way: x;(wq,w,,y)) and x,(wq,w,,y). This expression is called the

functions of factor conditional demand. They reflect the relationship between prices,
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products, and the firm’s optimal choice of factor provided that the firm produces its products
at the level y.

Suppose we have the technology where the factors represent complete filling, so
that f(xq1,x,) = min{xy, x,}. Then, if we want to produce y units of product, obviously we
need y units of x; and y units of x,. Thus, the minimum costs are:

(w1, W2,y) = 01y + Wy = (w1 + W2)y.

This problem represents the following type of limited minimization problem:

min w{x; + WX,
x1’x2

where, f(x,x,) = y.

The Lagrange multiplication method is a method that is quite advisable to use in this
case. Let use the following Lagrangian:
L = w1x1 + w2x2 — A(f(x1,x2) — )
and find its differential with respect to the variables x;, x, and A. This will give us the
conditions of the first tier
Aaf(;c;;xz) o

2 ,
2 f(x1,x3) -0
axz

1—

2 —

f(x1,x) —y=0.

Where the last condition is a restriction. We can convert the first two equations by

dividing the first by the second, resulting in:
w;  0f(xq1,x3)/0x,

wy  Of(x1,%2)/0x;

Then the problem of cost minimization will look like this:

min w1X1 + wyX2,
X1,X2

where, x%x2 = y.

Here we have a private functional form and it can be solved by the Lagrange method.

For solving the Lagrange problem we have three first-degree equations:

— a-1.,b
w, = Aax{ "x;
— a..b-1
w, = Abx{x;
— 0D
Yy = X1X3.
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Multiplying the first equation by x; and the second by x,, we obtain:
w1x; = Aax$xb = Aay,

w, X, = Abx%x2 = Aby,

thus,
ay
Xy = Aw—l (6)
by
Xa = A ()

From the third equation we can find 2. We substitute the values of the variables x; and
X, into the third condition of the first order to get:

(o) (22 -
w1 (03 -7

From this we can find A:

1
— -ap-b,,a,.b,,1-a-b
1= (a b Pwiwly )—a s

which together with the equations (6) and (7) gives us the final solutions for the variables x;

and x,. The demand functions will look like this:

aay b b1
— a+b,.a+b
x1(wq, w,,y) = (E) w§ T wy P yath
a
_— a —-a
A\a+b —F —5 L
— a+ a+b
xX3(wq, w,,y) = (E) Wi wy P yath

The cost functions can be found by recording the costs that a firm has when making a

minimized choice of costs:
(w1, W2,Y) = 01X1(@1, W2, ) + W2X2(W1, W2, Y)
As a result of algebraic calculations we obtain:
b -a
(a)m N (a)m it5 21
b b

Note that compared to the linear increase of products, the costs will increase more or

less, depending on whether a + b is greater, equal or less than 1. This is fair because Cob-

C((D1, W3, J’) =

Douglas technology shows a decreasing, continuous, or increasing effect of a + b value.
What about the technology of complete substitutions f (x4, x,) = x; + x,? Since goods

1 and goods 2 are complete substitutions, obviously the firm will use the goods that are
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cheaper. Thus, the minimum production costs of the y unit of output will be wy y or w,y,
whichever is less. In other words,
c(w1, w2, ¥) = min{w;y, w,y} = min{w;, w,}y.

Isoquants of the Cob-Douglas production function are the simplest example of regular
isoquants. They have regular shape and are convex and monotonous. The technical rate of
substitution (TRS) gives slope to isoquant. TRS decreases as it travels along the isoquant. This
indicates convexity of isoquant.

3. Conclusion

Defining the conditional demand of the factors clearly is usually impossible. They are a
hypothetical construction and answer the question: how much of each factor the firm would
use to produce a given level of product in cheapest way. Cost-optimizing behavior puts to
some constrains on choices made by the firm. In particular, the conditional demand

functions of the factor will be negatively sloped.
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cpencrsa, a C ,Z[PerfI CTOPOHBI, HO6y,ZLI/ITB quTaTesa BI)I6PaTB, KyIIMThb W IIPOYHUTATh KHUIY WU

npoussenenue. (llocrynmra 21.05.2022)
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30330E 9O Jugendo MLsgzMmbmgdols 3momboom Jugemo
30§gmd0eMdgd0L ©s3Mm6B0RYMHOMIdOL Lis30mbgdo
00™MM6039 9Er0BdM5I30¢00, 00gd JoMN39w0d30¢0

LodoMM39WMb G9gdbozm®mo Mboggdbo@gdo
Elizbarashvili.t41@gtu.ge, s.kartvelishvili@gtu.ge

M9bomdy

3obbomwos  3m330MEgeer  Jugerdo  JugerGo  BMfYMdOEMdgIOL  MLIRONBMYdOL
L5300bgd0, 39MdMmE FoOTMBHODIGMMOLS S 3MINESGHMOOL I3MBTBOYMNHOMGdS MLOBODMYdOL
MBOHMD39wymBom. §oMmdmEygbowos Jobmsb 39300000 3BMIMIGTgd0, Fsmo 2odma(3930
90D9H9d0 s 506060 3OIMdEYTGOOL FMY35M9d0L FBYd0. S1939 s©FIM0E0s B0 LERMMHYgdO
Q5 Jomydb o330l M93mI9bo3E09d0.

1553356dm LoBY3z9d0: 3033099E MO0 Jugwo. MBsBOHMNbMYdS. 3MbROYMOEO0s.

1. 9glsgsemo

B306L  @®MTdo  Jugeol  MLIRODbMgds  FgBHo  I60Id3zbgMz5b05,  Mo@YPSD  ToLgBgo
©59Mm3000900 0BRGN BsdYs®m. MMam®3 B396m30L 3bMmdOwos SGBYGOIMBL A50g ©s Fos
LogMMbgd0. 3569 LEFOHMHOL OML 353900 TguodErMms MbEs0b 0yml BsGmeo B39bL Jugerdo s
0lg 53mbEGHMMMYdIL GHM9530390L. M3 899bgds Gos LogMmMbYqdL, 39E9® BoYMMOEWIIMS, MoYRSD
099 3969 LOgmbol EOML 353900 Mbwsob gOHm3z9gds B396L Jugerdo, dos LogOHMbOL O™ ol
3999905 BoH03M9© 935330091 B39BL Jugemls, oG 39369 MBOM JoMGH0305 Bolm3ob. s1939
d9L5dE9g09gE 05 £9385YMBOM M5H>FIOMIYTS FMIBEOBML Jugerol EsD0s6gds, 56 36MdOL Imygzs69
30635 dgdemb MLsROMMIdOL IMM3935. 080LMZ0L MM M530 5303350 0 LEBOMHYJdOLYL,
30039 M0ogdo 35MmIMEH0DBsGHMODY ©s 3MINEBIGHMODY MBS ©354)bMmm GO 3sMHmwmgdo,
3939 Y39wo  ImIbsMmgdgl  Mbs  209Bbgl  goblibzsggdMEo  Jommgdo s 33536
396L5BEOZOMO 30030 R0930. 3MFNEHGHMODY BsOMMWO MbEs 0gml 3MOEOL MBsBOMNbMYdS,
31939 B Mo Mbs 0gml MAC 8oLsds0rmgdom sdmiEbmds. Mg dggbgds Fo0TMEBHO0BOGMMU,
OHmamO3 M339 930bodbgm, g43gws ImIbToMmYdgEl Mbs gosBbgl 33530  gobLLBWIMIEO
030m30L »MRwgds, sg39 16> 990gdbsl Bmbgdo, MoE BodwmoEgdsls dma339aL 353MbEMMEMmm B3zgbo
JBowo @5 5306 93000Mm Jos JugwoEsh MBYdIMMZM BMIBYdGd0, MMIMMOE SGOL
050FMEGH0DGHMOOLmMZ0L b0 Jugerols Fgufogers. 50bodbmEo ©Mbolidogdgdol dgltrvmergdols
0990030 Jugeo 3o 0g69ds 5MLBJ30MYOMO Tgnfgz9d0Loasb [1].

2. 3060m5©O bsfjogro

JB9mo 06ROILEGMIGHOOL 3358 9936 3M0E03MEo 3603369 mds dmgwo Jugw Mo
MBogMMbMYdoLomzol. Jugdo  0bgOLEHOWIGHMOS  BmoEs3l  BoMIMYYEO0DIGHMMIOL,

3099 BHoGHMMJOL, bLYMHZ9IOYOL, LEdME MM FMFYMOOLWMDIIL s bb3s MFYMDdOEMBdJOU.
0oM0m0oy0bgom M3859MmBowMm 09653dMMIGE0, MHMIgwoi 99dmbggzom BmMaol FbGOH
Wygmgdl  Jugeol  5doboLEHGMLGHMOL,  GmEs  5dobolE®mIGHMMO  dgol  LolobLzH™m
050IOMBH0DBIGMODY. gi HomTMoagbl 2obomEMo© 530 Bl M93sdbldgeolm3zol, o0
Jo0Mb  9M0533HMM0DYdMwo  jI3omds. v mog3sdlbdgero  doomqdl i3omdsls
050IOMBH0DBIGMOMIB, Fgloderms MHob3ol 393 oIl Fgero Jugerol MBsBOMbMYdS S JoMMZs.
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05200mMO©, 306039 LoDy  bsB39690ds
0530506b3gends  Fobows  Lofiyobo  30bxgogMEs30s s
3565093900  dmTomms 0lyg, ™I  FoOIOMEBH0DIGHMEOO
39050G300mml  byo  foomdo [1].  6mogbsg
239050G300mMJ0s  FoMIMEHO0DGHMOMO, T st 996900
Lofigolio 3mbgoam®msisos (bsb.1).

g39ws  0683MslEGmdBHee  Imfiymdomdsby
305533MM0BYOMo  §3amdol gboBOMI©  9MEOWY-
0905 dgLOxkgMOLO MLIROMBMIOOL 3ME0GH03gd0LS o
3MbGHOHMgd0L ©sbgeg3zs.

95mIOMEGH0DIGHMOYO0 Dom0mo9bL 00053560
Bsb.1 1530BbgL  053sALbIGEgdOLMZOL, 3P0 gl dmfiym-

00w™dgd0 dmJdggdl OHMAMOE BHEMIB0IOL 3MWoE03d,

MHMdgo3 530L53sM™MYIL BHM303L dogbom, 350900 s JugEgdl JmEMOL. oD 3MMHO MBsBROMbMYdS
MBHOHYD39wYmRL o339l FsOTOVYEHO0BIGMOIOOLIMZOU.

3965m53Lg FoMIOMEHODIGHMOO O FobMsb 353806093 BoD03MMHO TM{ymdomdgdo
I3, Bs39G0W mmobdo, boss 3mads 89dw0s0 FbMmEMmE 53GHMO0BYdIME 3009, LHESE 5O
bgds  9eadHOMBEGH0IMNM0 b Fogbodemo  Bo6gzs,  9MLYdMBL  (393bedsdMmdo s  sbY39
3993965GHMEOLS S HYb0sbmdol 3mbEGHMmeo [2]. ssygbgom MHY39GH0 33900L fgotrm (UPS) o6
0DHYob LoMgHgM3M 33930L 3969MHGMMO S Tg0bsbYm LEMOIMOYM 3MI3MbY6EJdO. gls 5T 30MYOL
JLgol 998396bgd0m Jofimgdols GalodegdMdsl, J0MOMSO dsd30L SMMBYOMBOL MHMU.

396530790 LobiEgdob MLsxMMbMgdoLlm30L sMLYdMBL MdEIbody 3O ME)MGS, GMIgEoE3
5353006090905 BBJ30930L  O(335LMD s FoOIOYEHODIGHMMOL  M3gMH30Eo  LobEgdol
096850MdsLsb:

- 0m0sOm9go  FoMIOBH0DBIGMM0  FodloToMo  dgloderm  dgbliogegdol  dmEICPMBOm.
d9blogmgdol bgerdobszmdmds Jgbodwrms I3gbTsOmML Dm0 gmmo FmALsb@mgdsBy Mol
gdol (DoS) 053sbdgdolash Jugedo asdmfzgmeo Molizgdol dguliGgdsdo, MmEILsg bogds
MBoBOHMbMYdOL BYMZ0LIOOL FBoMMM EO835BMBOL TboSFJO;

- 39900Ygbgm Mm39M530Io LolEgdol Msbglo, LEIBOE MO 39MOLOS, HMIgEoE T9glodsdgds
3560 BH0BGHMOOL 96 Juigw@o dmfiymdowmdol BmbdEool Fobsliosmgdrgdl. ™m3gMsEoe
LoLEBQdsdo sOLYdIMO MLORODBMYOOLS S FoBMI300L Bbd30900 F9ET0Z5 LYIxMBIBLIdS S
bEgds, MOl 25dM3 3M0G0IMISQ SMEO0LGOIL0S 2obsbEgdMo 39MBOOL Jmby;

- 890bsbgon  ™m39Mo3omo  LobGgdol 0doxgdoL OGO SO s FsMIMMEHODIGHMOOL
3Mb65303Ms300L  Bo0Eg00, OMAMOE  LsMgHBIMHzm  sbegdo.  FoMIOMEHODIGHMOOL  2od5aM9dS
(hardening) 053006 dmogogm 459tygbgdgeo 3mMEJd0Ls s LYM30LgdOL 3mEHIbEoMMo
0MOMG5© godmygbado;

- Q5035300 5©I0bOLEHMIEF0IE0 3MmbBHMMO. IfdMbom, MMI FbmWME 3EHMOOBYOVIE
30690 5430 30™Ts 5 3MbGHOMEYds Fs00 ffamdol mby;

- 35000990 353mY49bgdgwo 3mEmEgd0 s 0bEIMBgoLYdO;

- 09503306907 Imfigmd0EMmdsLmsb gboderm (j3mdol yHgdol Gosbgzo;

- 3900J90 5155930 )dg0 bYMH30L9d0. 09360 303301 IMOL ALYSZLOW, FoMTOWYEODIBHMMLSS
593L bYM30L9d0, MMIPGd0 BSOS Bogolbdgzs. BMyogMmo gb LyMZoLO 56 sGOL bsFoMH™
5 0L 890dgds 0gbsL A9dmYgbgd o ms3sdlbdgemol JogM, FsMmIOMEH0DsGHMOMOLS s Jugaols
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d9L5bgd 0bBMOT>300L JoLOMYds©, HMIGEoE d90ymddo godmygbgdwwo 0dbgds 9duderms@eEom®
05305Lbdgddo [2].

503060LEMsgommwo  {iI3mdol  MLsBMmbmgds.  5AobolGHMs30Mwo  f3mdol o330
0960805y9bL MLsx3MMbMgdol dogr0sb 8603369wm3s6 533965, ) 5M553GHMMOBYdMO 3060
900090l 5d0boLEBHMsE0E 3MTsl FsOHIMYEHODGHMOM B, 53 306U Jgdwos FsOTOMEDIEOOL
35653930900l 893315, FoMIMYEH0Ds300L BbJ30900L odmEMZs b Jugerdo sOLYdMWo bbgs
LoLEBQAOOL  sdmBgbs s  3oMmIol  Towgds.  BbFOILEGHOMIGHMOMo  FmfymdOwMdOL
5030b0LEHME30YI0 (3MIoL MLOBOHPHBMYdS0 BoGMNME0s M5mMm©Ybodg 3608369 m3z560 sdm356s:

- 30 ymdomdol bgedobsfizmdmdols s30dsgs: 25bLsBM3M90 bgedobsfizmdo 3mGm@Egdols
D039500, d9B0MEID ©s3390wo  3M3Mb03IGMMGO0 s 93Mdsergm  (i3mdol 3980
9900 9d0.

- 939 $300mdol  mao®mgds  (BobosfgMgdol 453000905) s 9BAM0TRgds - Bsofigtgo,m
6900LdogMo, 3063 obbMOEF0gEdL (3MTsl  IMFYMOOWMBLMB, o3 dmbEgds zmdol
3M39U80 s 5MOEOL J0Bbom HMEOL Imbs 3mds.

- P30mdol 59 96EGH0x803s30s. IMfIMbom, Mmd (izmds doboFgdmwo od3l Fbmermo
333MMm0DYde IndbToMmgdEgdlL, XaBRIOL s BYMZ30LYBL. FgbLMgm Ho®ds@gdgwo dgligwols
9300903900 s LOLEYIsdo Tgbzergdls MOl 3900 EOM.

- 9990090900l  93BHMM0DBE0s. 9BV JI9gYdgd0 s bggzgdo (views), M™Igeos
533909905 5gdolidogmo IMIbIsMGOC0m, XAIBoM 56 LyMz0Loo.

- LSToOMEGIMH0Z30 F9BHYMO0bgdOL FoMy9bs. 45dMOEBgm LSTMMGdIM0Z30 T9BHYmd0bgds,
60IgoE 8990539000005 300d35600L 09H0OME IMBY3egd™Mb dgmabbdgdom, 0b@EgModGormwo
Lgbogdobomgol [1].

- 9mbos399mo 3653009630 MOMBOL MBEOWB39WwYMes. I0(E3IZ000 IMIsIMoE Tgbsbeo
5 3mb5300096305¢MO dbs39900 b5b30LS s SEol Fgddboliogsh. s0mzswolfiobgo dmbsggdoms
oL LO3MIMBOIsE0M SMBOM o3Il OMUL, LEoROLYOL, Lgliool Jo@sEgdol s 3ogo 8+9sdo
(MiTM) 0530055b393msb 80356:09d00.

§300m30L MisxMmbMgdOL sBMES. 5OLYIMOL F>OTOWEHO0DBIGMOOL 3nbB0YMMSE00L IMS35¢0
06dsb9ds, MHMIWgdo@E 890degds 0gbsl godmyqbgdmeo 3oMmMmEols MLsBRMMbMGdIOL FolsbBMIEs,
OMamO3 99-2 Bobobbgs 656396990, i3c0MmA0L MLOBOHPHBMYBOL goBMHOL dGI6YdIdO.

W

[w ]
£«
o

=]
[w]

B

o
.

65b.2

LABPIOGHMWOE, 35MMEol LogMdol dobodmdo sMoL gdgbo Loddmem. Fobodsgrm®o
LoR®MAOL AOBODBMHOYES© 259M0Ygbgds MBS MOO 3MbTBOAMMS300L Mgg0d0l dGAsbgds security
passwords min-length length.

Cisco 956IOMBH0DBIGMOOL  Y39ws  35MME0, LEGHBIOEGHWMWI©, 0bsbgds ®os  GHgdu@om
0563 BHO0DGHMMOL Lofyol s 3593900 3068304M0(300L Bo0egdd0o, 458mbszerolios enable
secret 0Mdsbgdom F9ddboro 3sMMmo. ©os GYJuBHom ImEgINEEo Y4zgws 35MHMEOL ILSAOBOH
299009496905 4eMdIHO 3065304 M 5300l Mg:1000l service password-encryption ddsbgds (6b.3).
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R1(config)# service password-encryption
R1(config)# exit
R1# show running-config

<output omitted>

line con @

exec-timeout 3 30
password 7

login

line aux @

exec-timeout 3 30
password 7 ©94F471A1A0A
login

line vty @ 4

password 7 ©94F471A1A0A
login

oo (G

Password = Cisco

6sb.3

OMamO3 BobsbBgs Bsbgzgbgdo, Fogmsgool Mg39MloMmgds s30w0s LHim®mo oblEHMmIgbEHOL
399my9gb9d00m. 53 Jobgbom, dmEgdwo dGIs6gds 56 MBS 0d6sl godmygbadmo 3mbaoymGsiEo0l
3350e9g30L BYOOMHBO 153sLbTGIOLYE 330l JoBBo [2]. 50T0boLEBHMSEOMWwo 0bGHgMxgolo
0™ BgLoYIMO 593030006 10 Hmmols 256353 MdT0s 5d@0GmO s LolEgdsdo dglvyeo.

©LHOYdgo 353060900l 2olvm0ds Fodmoygbgds boBol 3mbroym@sgool Mgg0dol exec-
timeout minutes [seconds] ©6Mdsbgds  y3zgws  bsbolomgzgol, MMIgwos  [3mdobmgzolss
30bxogO0MdMEo. 51939 dgladwgdgeros EXEC 30m3gLbol 000835 30636093vwo bsBobomgol,
MHMPMOO(355 aux 3mOE0. 35000335 990degds boBob 3mbgoymMsgool Mgg0dol no exec dMIsbgdom.
9399990 36M3dsbgds MI39dL FBMEME 98535¢ 35300l BsBDBY, FodmOmog EXEC 36Hm3qll
3930060900Lm30L,  OMIGdds3  Fg0dEgds  LEIEML  SMBLILMMZgEo  IMbs(39TgdOL Aoy bogbs
350IOMBH0DBOGMOHOLMZ0U.

3. sls336s

MBoBOMbMYdS 5MHOL Fgmeg bsdox0 FoMdo@gdo Juguol 4sbeogqdol 99dg. SGLYdIMBOL
965350 Loboll  mog3olbds,  M58s3  Fgodmgds  3m@gbgoMs  Dosbo  Bosggbml  Jugenb,
530boLEBHMIGHMMTS BOMLOWS “96d I5BOJLOMML S IRJATML LYLEBHO »dBIdO, Loss Jugaro
9900¢905 ©5H05bEgL. 1530sdbAgrgdo 094969996 13xE0sW MG 0bLEGHMWAg6EHIOLS s 3gdbogal,
505 25560330Mb JugEol MLsROMBMYOOL oM EbYdOL Yy39ws Jglisderm abs.

oMM EBHODGHMOGOOLS o 3Mmb3IBGHMIGMOOOL  Lozgogbm  MHBOMblgyma3s
MBsBOMbMYdOL LHobsMos, LmMgo sdoGmd 893935090 PodMy393eobs 53 Imfigmdomdgdols
©5330L  3600369armz560 gHgdo, Fo FJHBMMYO3JPIMB  ghMo© s 890y  Pob3LEBLIOMgM
15993909 Fglodem abs. 36033600 M35605 5©0OBOTBML, MM Jugwrols MLsgMHPbMYdsdo yzgasby
3930 gm0 g0s 93393 8OO E0DOGHMOL, oGm0 Fo30Wwgdom 6530gd0 gMEMmsE®Yds 9NIMdS
3097 BHGHMOM0L ©o339. 50b0dbme b5dH™ATo 30 2obboEos 3MTNYEHIGMEOOL MO MBsGOHPHM
JBgrol 9943b6obols s Folmsb 3938060930 MLHRMMBMYdOL Bmdgdo.
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INACOMPUTER NETWORK IN TERMS OF SECURITY NETWORK
DEVICES CONFIGURATION ISSUES

Elizbarashvili Tornike, Kartvelishvili loseb
Georgian Technical University
Elizbarashvili.t41@gtu.ge , s.kartvelishvili@gtu.ge
Summary

The paper discusses the security of network devices in a computer network, in particular the
configuration of routers and switches to ensure security. Problems related to it, their causes and also
ways to solve these problems are presented. Internal threats and recommendations are also mentioned.

(Received 10.05.2022)

BOITPOCHI HACTPOUKH CETEBBIX YCTPOUCTB C TOYKH
3PEHUA BE3OITACHOCTH B KOMITBIOTEPHON CETH

Omuzbapamsuiu T., Kapreenumsunu Y.
I'py3unckuit Texuuueckuil Y HUBEpCUTET
Elizbarashvili.t41@gtu.ge , s.kartvelishvili@gtu.ge
Pesiome

PaccmaTprBaeTcst 6€30I1aCHOCTD CETEBBIX YCTPOHCTB B KOMIIBIOTEPHOI CETH, B YaCTHOCTH HACTPOIiKa
MapIIPYTHU3aTOPOB M KOMMYTAaTOPOB I obecmedeHus 6e3onmacHocTy. [IpescTaBieHs! CBA3aHHBIE C OTHM

Ipo6JIeMB, UX IIPUYMHBI, @ TAaKXKe NyTH pelleHHsA STUX NpobseM. Taxke yIOMHHAIOTCA BHYTPEHHHE
YTPO3bI U PEKOMEHJAL M.

(Tocrymma 10.05.2022)
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39M5¢9e0Bdol I eo®gds d30BbglidMmEgligdol
3s630L5L

0903M05D Lb0osdz300, 06930 MOS0, oMby 35d0dsdg

Lodomm39wml 3gdbozm®o Mbozgmlodgdo
sukhiashviliteimuraz08@gtu.ge, Shurghaia@gtu.ge, m.kashibadze@gtu.ge
M9bomdy

00BbgL3OM(3gLYdOL  FoBrN3zolL  3MIZ0MBHIMMwo  LbobEGgds  Mbs  BOMB3gWYMREIL
365350 dmdbIsMgdol  gOPEOMY  FMTomdIL, M3 FIB30MMBYOL  FoMM30L  M5dgbody
6535000l 5MlgdMBsL  LobBHYdsdo. obbowrmmos  d0BOILEMMEgLYdOL SBbgol MbogozocMgdYe
36OHm39Ldo  35MegMs d0dobsdg 3OHMELYdOL  FMmEIE0MmYdOL Lsgombgdo. 89dmmagzsby-
dmeos ImYEo®mgdol Mboggdlsw® 9bsby (UML2) ©s13wndbgdmen 3Mma®msdwwo Lobidgdol
©53M853900L  MbogooMgdm  3OmEgldo  (UP)  Lodwowgdgdo, ®mdwmgdos  339b3s6m9ds
399m353w0bmm s 93LIBMM 385G MMs© F0dE0bsMY 3OHMEgLYdO, TM35bEObmm  dserm3ol
653900930L  F5EJMH05E0Ds30s SJBHOMMO 3sligdol Lobom, 35A0bMmm, MHMIger Lbgs od@EHo®
@5 35L0MO 3WslgdMsb 3MM3GMOMPYdS YM3geo Fomyobo. gobgzlobwzmm 3MIMbogsgools s
LobJOHMbOBs3oOL Y4z9wsBg FJobowsRgdIMYo  LyFMOWgdgdo 08  Md0YIBHIOMD, OMIWGINBS3
obobo  3mM39MH0MYO0D. 9) 25300350 0lHobgdM, HMI ymgzgewr BsHM30L Md0gIBHL 5J3L Msgolo
1393088035 3500  godMm3Egbs FMoMbM3L 06030 IH FoEYMIL S ITMIOEIOMEI0S
3650 303MmLOL godmEowgdsby.

153356dm Loyzgdo: dmEawo®mgds. UML. mbogogo®gdmwo 3MmiEgbo. d0Bbgldcmmigbo.
59BH0IM0 3WsLo. Md0gIE0. WIMH0gMHNJIgJd0L - 30IEIZOHMOOL OOYMTs. M3GMSGHMOO par.

1. 3gbsgogro

d0BbgL3MM(39LgdOL  JoMINZ0L  MobsTgEM™M3g LOLEJIGdO ML IMS35wo  IMIbTsMGdOU,
3obsfogdmmo  LsdmTom  5YOEgdol,  Jugwom  F9353d06MHgdo  309bB-LM39M Ko
LolBgdgoo [1]. sdo@md d0Bbgl 3MMEgLYdIOL oGN30l  3MI3oMEIOMEo  LobGgds wbos
MBOMB39wYmBIl M350 FmIBTsMYIWolL (3o gb@-8mdblsmgdgwo)  JOHOEOME
09905005L, 53  29653060Mm3gdL  FoMN30L  ModEgbodg  65350L  sMLYdIMBL  LolEgdsdo.
d9L50530LOE 8T Ts3900Lsll  LoFoMmm  bgds  .obgmo  BMmEIEIgdOlL  5aqds,  MHMIYdOE
MBHOM639wymRl  LobGHIIoL  Loodg™  BMBJ30MboMYdSL s  LOMWILE  5385YMBOGIL
9dmdbdoMgdgwms  Immbm3zbgdl.  sdolom3zol 30 LsFoMHMs FoMMZ0L  B5350YdOL  3oGOEGEIMEOO
dmgdd99d0l M bermbzguymas.

bgmo  Jugeo LobEGgdgdol dmEgEwomqdols 3Om3gldo JHM-gHMo BMO3560 3OHMIWYIs
Bob®o  LoESE09d0L  [o®TMIMdsS [2].. 3MmEgbo Bobm®os (deadlock), mvw) 00 gurmEds
obgmo  bmdowgdol  Jguermegdsl, MMIgoE  SMlmEIL  dmbgds. ™Mo b Msdgbody
36MHm3glo  890degds  dmbgzgl Bobdo, ®v) ®0mMgMwo  Jomysbo  sdEM3oMgdL  MgliMLgdL
(05g9oms©, dmbszgdms 85BoL 3bMHOMgdL, 56 Tob BEMLAIBEHIOL), GHMIdoE JusFOMHMYdS
bbgs 3MmEgLbgdl s M30mmb 30 dmombmal olgm MglyMLYdL, OHMIWYdoE dWMIOMIOMWOs
bbgo  3MmEglgdol  dogH. gobshowgdme  LolEgdsdo Bobo  Fodmodmds 85d0b, Gmas ®Mo
J39LoLEYdS> JOMOOMYWOIE YYOPOIONWMPOLOL FJEYMTsMYMdST0 0dYmBqds 96 3mbxgarod@os
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GH0dgeodg OHgbIOLOLMZOL. sbgm LoLEJIsdo 353l M0dgbodg Fomm3z0L 653500. GBS
6535000 20000l 503y ™3gMH3E05DY, 396 35TdMOM, MHMI gl M3GMHE0s MOl LI gdol
DoOGHowo. 0 Mm396M5305  2obloBMgMmwos M®MIgE0dg  3wslido, dgodergds  omdgzel, M™I
99O gdol  FgOHGHowlb  HoMmImoabl 98  gwslol  3mB3MgGHMwo  9aHgddwsdo.  ghom
396530580  (G9gLsdsdolo  ghm  Md09dBHTo) TgLodEgdgwos  JOHMNOOMNMSE  0TYMBIIMOIL
650)b0dg omm30L bo3oo0. sg3g, bBgds oby, MHMI bbgoolbgs 653509d0 03ymx9gdmEgl
Lb3oslb3s Mm39Mo309080, Foacsd ghHom Mmdog]Edo.

36OMdgds  [omBmodz9gds 35006, OHMm©absg 9Hm  ™dogBHTo 03Yymaygds  GOHDNEOOMMEISQ
59gb0dg 5030l 653500. M) 56 2sdm3089600 Logd®mMbowgl, b53509d3s dgodrgds bgwo
997050l gOmsbgml, o3 0033093508 md0gdBHOL  ByMIsMgMmdOL 56539 E I
9933ws0g. gl 9MOL  MOMOYGOHMNRSTIMOOELZ0L  JeslogMMo  3OMdMgTds.  dg3mdgdo  slgoo
Lo@¥Y530900L ©5319d53900Lsl Tgodegds FobEIL bbgsolibgs Lobols 3mb3MM9gb09d0l dobgbo.

2. do6oms©o bsfjoero

3565 gobIol dMmEgwoMgdoll doMmomso 3MobEodos — ,9mggeo FsGmM30L Bs3so 96
39M5gO0  3OHMELO0  IMEIWOMEYdS OMAMEOE  oJGHOMMO  3Wwsbo, MHMIWwol 398 450890
®009d3H0, ©mIgwdos  0635x8LWWoMIdMWwos  bo3Mme®o  FsOmzol  bs3oo [3].  sjBHowco
009d3HJ00 M0l 5dBH0MMO  3slYdol  gaHgd3esMgdo. 9JBHOMMO  MB0YIBHJO0 ©s  9JBHOMMO
300Lgd0  EOsAEMTGODY 49dMOLObgds MMM B39gdMoz0 Jesligdo s ™Md0gdBHYd0, FoMsd
MO390 Dmom JoMx360056 s FoMEbbo6.

653500908  mE0L. 3560w gwobdo  Bodbsg  LobGgdol  Bsfowgdol  dsMoEgarm®
dgbOMgdsl. UML  aB6Hmb3gegmal  3560wgemobdols  Bsgdom@ 396y sbobgsls  (sg@oméo
300900,  MmE35HgMOOL  OsREsdsHg  2obdBMgds o Tgifigds, OOMHMOMO  OSYMSTYOOL
bbgoolbgs  (o®dm©agbgdo). oo  M@IO@™  BMYLGHO  Sbobgzs bmOEogwgds  UML2-8o
(m3965@HMmM0  par  dodE)3™MdOL  ©OsMsT5DY;  Mogomo  bmdMgdo  3MgR0Jugdol  Loboo
300760353008 05M5T5DY; MMMYMbIEMEO 969w FIEYMTsMgMdId0 IEYMBMYMdOL
©O0565090b9) [1.].

omm30L Mdgbody 65350008 FMEIWoMgdoLsmM30L, 30M39e M0ydo, MbEs s35YObMm
9mdd9ggdoms  39MogoBIol  TgLodrgdermds o  dm3zsbobmo  Fomm3zol  Bogowol
3539005 0B305  5gBHOMMO 3esliol Lobom. 8999y obzobowmm, GMIge Lbgs sy@ome o
39L0O  3aolgdMIB  3NMIGMOMEYds LEIGHOIMMI® Y390  omysbo. LGHsGH03MOO FowsHY39-
Gowgdg00 go3Mm3bsBHMm 3¢o1GOOL OYMHTOL Loboom, Boos@ godmzgmm sdGHomMmo Jasligdo.

3obgobomm  dodBHogo  Bsowo  LobBgds — L, bd©I6AId0L  deabpgdols s
@sbp©gdol  s0Gozb3s . 030 93mbEHMMEgdL LEBHWIBEHIIOL  JMOLOEID IJMOLDY  FoWOY39bUs,
39003b3sL, BEB039609d0L B0AZ6L. 36939YbGHJOOL dmEawro dmEgdmo Lobidgdobomzol
dmygzs60os 1-gem bsbsHby.

500l 89999 Mbs ©93500bM® 31sligdo. RGO LoLEYgdOLIMZ0L 3ealigdol fgostrm
369(3900096@9005. o0 dglobgd  0bxMm®Pozo0l  Loggmdzguwbg Lodmowgds 4393935 03000
300bgd0l OGS M3 LolBgdolsmzol, MmAgeos dmgdoeos 39-2 Bobsbby.

LoLEBQTs  YM39EOOMSE  SMOEbIZL LEAMIBEGH™S LHMYOS/AMLMOIL s bgbool
©535309d0LOL  sbgbl doMgdmwo MHYoligdol sdds3905L. S80GHMA  Fodmoygbgds IMS3o-
653500006mds (multithreading) [2].
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«uses»

9Fgolgdols
oy doggds

bE03gbpools wsbodgbs

bsb.1.

3wobgdo  Ucyisebis_damuSaveba (doG30Lb d¢wm3o), Gadayvana (900943560l  06dsbgdol
003Dogds), stipendiis_daniSvna (1039600l ©s60d360L dMAsbgdol ImIbsgds) s Garicxva
(39603Eb3ol  d6Mdsbgdol  dmdBogds)  BoBgzgbgdos  MmMAsyo  Bo®BMmgdom  obx3b0sb o
3503609 - 0obo sg@HoMMo J3esligdos.

; isebi 1 1
>JHogto i ucyisebis dekani
| | damuSaveba
1
1 1
studentebis garicxva stipendiis
gadayvana daniSvna
1 | 1 :
4 *
0% l 1 0. 1 0. ] 1
. . Cym stipendiis
W gadayvanis i garicxvis bicE
ucm ‘ brZaneba ucym brZaneba “Cyml brZaneba
Bob.2.

530l 9990099 6> ©9350P0bM™, M) OHMAME 3:MM39MH0MEYdS 0BT03MNMI© POMMIMWO
3sbo Bbgs 3asligdmab Mmm0gMHJdggdol 0saGs35%y. o bsmws dormmommm sj@omeo
309943900, OMameOE Lsfyobo FgHEHowgdo Tgbodsdolbo Fomrmzol b5350ls. AoBLS3MMNMGOMEO
g496500q0s  bs  dogdagl  9dBHoem  md0ogdBHIOL  FmMol  3000Mb03s(3090L.  49dm3z09gbmo,
L5 F0MHMYOOLSTYIG), MMM 3 LObJOMbMO, slY39 SLOBJOMBMEO Tg¢Ymd0bgdgdo.
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900930 3000MdOL OsRM535DY 36019399bEGLIM30L “fyolgdol sd-dsz98s 3049bgdo par
M3965GMOL (396056900  LOMEEYds 356G IMS©). 39300  Bmygzsb0os  OsREMmSdol
sbsgrobo:

L m3ogg50 :Dekani o35 boghols dgBymdobydsl activate() mdoyghlb UcyisebisDamuSaveba.

2. : UcyisebisDamuSaveba 3s0gdl bod doGmgol boyo@b, [o@mdmwggbogropar m39@s@m@mols
M395b©YS0m. 90 35I0d5bgds 1-mIgdmsbwo, dgdogs 2, beoarer deanml 3.

3. par m3gGsBmGol 1 0m39Gsbo:
ControlBox. g bogbols 9959306935 ,,0500806009b ©30s305902930¢v989¢70 d935L9800
bde1c096(9980 “ 30950 :ucyisi.

4. par m39G5G0@0l 2 m39@Gsboo:
ControlBox. 73 bogbol d959m306935b ,, 05080609 565¢050530590293001989¢70 J9asligdol

bdI09bh980“ Moy b rucyisi.
5. par m39G5E0@m0l 3 m39Gsboo:
ControlBox. yg bogbol 9590306935 ,,508069L ds@scro dgaslgbol bhiogbdgdo

™309J3 b :ucyisi.

59 MON0gOHNJI)905d0 par Mm3gMo@m®ol bsdogg M39M6O LOVIEIOS 35MSWIWIMO OO
533306005 MO0 30300 1gdsbEHozom Repeat...Until (go3009mOH™mm...Ls6s3), gOPO— xAMRBOL
1Hgolgdol olaygbs, dgmMy - LEIIBEIOOL LYY Migoldo.

dmy3s60e dogoomdo bgds Lo sgBHOMMO Md0YGHOL F0sOmMZs JOHm 3sbomEby - ucyisi,
0dolom3g0l, MM 653509335 bgwo 96 Jgmdocmlb 9geHMTsbgol, Mbos M3gMoE0gdby, MMAWwgdos
3obLsBW3OME0s 3sldo, d035603Mm Q903390 FoLobOHMBOBYdgwo M30Lgd9d0, MHOLM30LSS
»bs 999m309gbmm yzgasbg dolLosygdeo Lgdsb@ozs — Sequential (3od93™™dOMO), quarded
(sgwo) s Concurent (3505¢9M0). LObJOHMbObsool F9gsboBIGOOL ©sdMTogz9ds Mbs
396bmO309EIl MOoMMYNo  sdGHomo  MmdogdBHol d0gem 3o  MmdogdBHbg  BodserImN3ol
LobdoMol, Lol IEIOIO M3JMH30JBOL MoMEIBMOOL, MOMMIMEO M3JMs300L ddLobuegdol
@OHMOL 5b5eoBob Loggmdzgwbyg [2].

o300l M58960dg 65350008 OML LObJHMbOBsEoOL T9dsboBTGdOL oM., SB939 b
500l 3m3Mb6035300L LMo 894s60Bdgdo LobEHGIol g0 s 35L0IE MdOYJBHIOL FmEOU.
3965§0gdmmo Lol gdgdolsmzol, gMm Mmdogd@bg J0doMmM39d0L MYAMOMIdOLIMZOL SHYbb
36MHm39Lgd0L  osbsfogdsl  3396d900L  dobgz0m.  sdol  godm,  3MMEgLYdo  F9odangds
LOMEOYOMEOIL bbzoolbgs 3396d90%Y. 36OM(3gLdL FrMol 3MIMB03s300BsMZ0L SOLYIMBL MmEO
305b03M0 B0EYMIs: 893YMd069d0L gowoE78s s TMMYIMMO 3MMEIOIMYOOL 2odmdabgds. gl
9949603900 IMgEoMgds dgLodsdols, HMYMG 3 SL0bJOMbMEo s LEbdHMbmo dmgagbgdo.

3. si3gbs

396590 HBIol  dMmEYoMmgdol Imyzsbowo Boamds Lodwoegdsls dm3390L 05306
5303 mm LoLEHdsdo BobMo LoEs3E0gd0 — FoMmMZ0L B5350gdOL MYOPOIMMYSTMMOEHZS 5dEH0IM

009d3H90d0 s MBOHMB39wzymm 2obsfoegdmer LolEgdgddo Jugaerol bem®mdswryGmo(Lslvdzgaero)
BbJgombomads, BOHMB3gerymm dmdbdsMgdgms LM S COMEO JMALsbmEMgds.
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(b&>B0> AnmadmaNn> 20.05.2022)

MODELING CONCURRENCY IN BUSINESS PROCESS
MANAGEMENT

Sukhiashvili Teimuraz, Shurgaya Irakli, Kashibadze Marina

Georgian Technical University
sukhiashviliteimuraz08@gtu.ge, Shurghaia@gtu.ge, m.kashibadze@gtu.ge
Summary

A computerized business process management system must support the simultaneous work of many
users. This causes the existence of several control flows in the system. Considered in a unified process of
reflecting business processes, modeling in parallel with current processes. Based on the universal modeling
language (UML2), a unified process (UP) for developing a software system is proposed, which helps to
identify and show the simulation of parallel ongoing processes, materialize in the form of active classes,
establish which other active and passive classes each of them cooperate with. Establish the most suitable
means of communication and synchronization with the objects with which they cooperate. If we foresee that
each control object has its own specifics, their identification requires an individual approach and
depends on the experience of the analyst.

(Received 20.05.2022)

MOJEJINPOBAHMUE ITAPAJIEJIU3MA IIPU YIIPABJIEHUUA

BU3HEC-ITPOLIECCOB

Cyxuamsuiu T., Hlyprasa U., Kamn6aznze M.
I'pysunckuii Texauyeckuil YHUBepcUTeT

sukhiashviliteimuraz08@gtu.ge, Shurghaia@gtu.ge, m.kashibadze@gtu.ge
Pesrome

KommerorepHas cucrema ympapieHHsa OM3HeC-IPOLECCOB JOIDKHA 00eCIIevnBaTh OJHOBPeMEHHYIO
paboTy MHOTHX IIOJIb30BaTesell. DTO OOyCJIaBIMBaeT CyIeCTBOBAHHME B CHCTeMe HEeCKOJIBKHX ITOTOKOB
ynpaBrenusa. PaccmaTpuBaercs B yHHOHUIIMPDOBAaHHOM IIpOIlecCe OTpPaXeHHA Ou3HeC IIpOIeccoB
MOJieIMpPOBaHUe IIapajiebHO TeKyIux npouecos. [Ipemiaraercs oCHOBaHHOM Ha YHUBEPCAJIBHOM A3BIKE
mogenupoBanua(UML2) yuudunuposansom muporecce(UP) paspaboTku mIpOrpaMMHOM  CHCTEHBI
CpeficTBa, KOTOphIe ITOMOTAIOT BBEIABHTH M IIOKAdaTh MOZEIMPOBAaHUE IApaJebHO TEeKyIIue IIPOILeCCHI,
IIPOM3BECTH MaTePHAIH3aLUIO B BU/le aKTHBHBIX KJIaCCOB, YCTAHOBUTD C KAKUMHU JPYTUMU aKTHBHBIMU U
IIaCCUBHBIMH KJIACCAMU KOOIIEPUPYIOTCA KaX/ABIH M3 HUX. Y CTAHOBUTH HauboJjIee MOAXOAIINE CPeCTBa
KOMMYHHKAIIIM ¥ CUHXDOHUIAIIMM C TeMH OOBEKTaMM, C KOTOPBIMH OHH KooIlepupyiorca. Eciu
IIpeJlyCMOTpeTh, YTO KaXABIH OOBEKT yIpaBiIeHHSA HMMeeT CBOIO CIeNU(UKYy WX BBLIBIEHHEe Tpebyer
VHIVBHAAYJIBHOIO IIOJX0Ja U 3aBUCUT OT OIIbITa aHAJMUTHUKA. (Mocmynuna 15.05.2022)

54



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No1(33), vol.2, 2022

3m30-x 030l dgom©ols gx39d@MOM™ds gdudgmodgb@ols
0930mdgd0l 306md90d0

dmM9bs beaMogo
LodoMmM39Wwmb G9gdbozm®mo Mboggdbo@gdo
sh.khorava@gmail.com
M9bomdy

dgbfogarowos  gduGHMgdmdol dogdol gMm-ghmo  dgmmEol - 39930-x03bob  dgomEOb
9939dEHIOMds 9Ju39M0d96E 0L 930003700l 30MMBYBT0. FMEYOMGOWWos 39930-K03L0L Fgmmob
5EMM0mJdo.  oPbowos  9dudgModgbBHol  dg3magdol BYRs3wgds  9JuBH®mgdmdol  dogdol
999d&HIOMdsBY bbgsalibgs dox ol 306:mdgddo.

1553356dm LoByzgdo: 9duGHM9dmdol dogds. 3w30-x03L0l Igomo.

1. Bgbsgogro

Bmewmgsbo Gogol dgom@gdl dmeol  3w930-x03bol  JgmEo  gMM-ghmo  439waby
3930390900 ©S 9539JGVIO0 FgMmEO0s. J0gdol 3O MEgLO F98 R0 3OM(3IOIMYI0LOYSE Tgygds:
LodsboLM  FadEGHOowOL  2odm33wg3s s bBodwmdol dobggzom dgobs. LodsHobm  FgdEowrol
399m33w930 969 Gemgmbi  Bmaogho  @oBIMs@GMHsdo  a3b3wgds  ,33¢g30m0  d0gdS”
M609bGH0M90Mw0s 0BbOL FMBI300L WMIsEMmO J39308 bolosmol oAby s ,bgz0“-0b
3oLP3M03 9035 gdol  AoBLEBOZMSDY. FoMIdMEo  0bBMEOTs305  A9TM0Ygbgds  bodMTol
dobgz00 dgdboLsl ,bg30“-0l 0EsdMgdTo FIMMBOLSL [1].

39000 989JGHWIMS© 359m0949bgds, HMm3s 9Ju39MH0dx6E0 T9300MmTgd0L oM9dg F0dEObsMYMBL.
0935 M9o® BoG¥s309ddo  LEBMI bTMOEgdJIL YmzgeEmM30L ASRb0sD  FoblsBMzBMwo
d930m3900, OHMIgo5 393w9bsl sbgbl dogdols 999 ®y [2].

331930000 d0gdol Bobo@oMgdmws 993009090 doxol Loool dgmBg3s, MHMAgwos
d90dagds 0gmlb 35bLbgs39deo Bbgsslbgs Lozmm®mEobs@Gm 80dsMgdolsmzol, sdolmsb

9O®o© dogdol 3MmEgldo dolo BLOWOEY 033w ds. YY) LadsbolM FgdGowdo Jobbol gMbdizool
3603369c0mds 56 509353905 Lafgol FgmEowBg dols I60T3bgeMdsL, I5d0b dogdols dox o yobobogds
O0amO3  HoMmBsGHgdmmo  bgws. Fobssmdgy 89dmbggzsdo  smEowgdgwos  fobs  fod@Gowdo
©0MH69ds> o Lofobsswdgam d0dsMmmMMgdols dgMBg3s. g3z9es N 3mmEM©0bsEol gosmBgzol
3990092 3300930000 d0gds ILOIGINE0s. oYM F9MHEOWL dsDoLwWEmO FgMEowo gfmgds.

60330l dobg3000 d0gds eolbdmdl gemo dox ol MgooBs30sl LsdsBoLM HaMGHowol
39LH3M03. 60dMTob sboero faMEHowo 4obolsBP3MYds BMOTME00):

x(k+1)p = x(k) + (X(k) — X(k-1)) 1)
G603 30 603dol Jobgz000 FMIMMDS 56 B0y3094356L F0BbOL MBIzl d9d3069050¢Y

(3900090590Y), x(k+1)p H9O GO0 BoJLoMPYdS, OMYMOE OHMIO0MO LsdsHobm faMEGHowo o

obgg Homdmgdl 33¢930000 dogds. 0¥y dogdol Fggas domgdwo odbs fad@owo, HmIwwo
d9L50530L0 JoBbOL BMbJz00l 360369 Mds 6530900 046935 (50985BH9ds) x(k)-b Tglodsdols Jobbols

1996di300L 96033690 MdsBY, 35006  x(k+1) FgOHGHowo gobobogds, MMAMEOE b LsdsBoLM
D9 GH0wo. ™ 330093000 d0gds [otrmdsEHgdgEr0 4o3MEYd 9Y(30Eg090s FIOE0WT0 IOMHBIOS
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@S 33930000 30900l A93M3gds  9boEro  M3BH0ToIMH0o  J0doMmIgdol  4edmbogwgbac.
o6rmBs3gdgeo 33930l d9dmbggzsdo  LyFoMOms doxol FgdEoMmgds oM339790  JodMm3eol
990m3obom s 330930000 dogdol Jobobergds. dgmmEol MgoEobHsE300l 3MMEJLOL FIYRSW
900900 §9OHGH0w9d0ol 09Y3MMds 890degds 9990 Labom Fodmzsaobmon:

x(k) 900000bs6g Lodsbolm HobEHowo,

X(k-1) Hobsdgdstrg Lodsbolim fadEGHowo,

x(k+1)p H90GHowo, domgdmwo b0dmdol dobgz00 IMIMSMBOLSL,

X(k+1) 0m3093b6m (sbsero) Ladsbobm {gbEowo.

5MLYdMBL  3v30-x03LoL  FgNMEOL  MYoobsEool ®33Ybody 35M056GH0, MMIWYdo;
960 356900L5A6 296b39309d056, MMM d0gdol T9Fy3930L 3™0EIM0Tom, S1939 9JuEHM9dmol
090300l 3m360L LEHOSEIP00m, 530LOM30L  A5TM0Ygbgds b69doldogMo GOHMNYIEBMI0Wgd0sBO
dogdol 99om©o. 3969360305, MM FosfY39BHOL 35M0sBEHOL TgMhg3z0l dobgzom Lodmemm
990090 bb350slb3s dox ol Mom©gbmdoo doowgds [1].

2. 306005©0 bsfjogro

31930-%03L0L 5EMOHO0MT0 0M3EGds JM-9MHM 9BIIGHNIO TJOMPOE, MFIbssa Hobs
0}9M5305Hg 300930 06RMMT5305 3rMm0Ygbgds d0gdol LBJsMGdES.
31930-x03LoLb  FgOMEOo®  d0gds  B39BHIMID  BYI30M9d0LIMZOL,  MMIIdOE
396LsBWZOME0s QbEHMEgdOm
f(x,y) = 8x% + 4xy + 5y?
B9053060900L Lobg s FgLsdsdobo 3mbGHMGWWwo IMHEId0 ImEgdEos Gglsdsdobs bob.
13, 655.16 5 65b.22 5,0.

O = D41 1§ (T T B o= s -
S 3 1
= o h-
— 100 ___ . \\.‘ \\ \ N
it /,,/ G . \, N
/ \ ) \
§ X an \
y N N L T
100 r y 9 / \\ \\ :,a{l,l a1
1600 100 ino \ \
1400 * 6 \ .\\.
1200 \. \ L
\ \
1000 \ \ \
800 .l\ \
o 1 \ 200
400 \ \
e 2 100 100
0 \
> \
& 3 24 \ ]
! — >
=< % N \
N \ ok
B (] |
l:! 0 \'"mn 100 / = { !
B ad ety 5Py v -y T -

Bsb. 1 f(x,y) = 8x* + 4xy + 5y g=pbggool 355030 ©s
Py Lddiy/eviy

99L3960d96&0 Bogo@otgm o) 0l 399:3069%0L 3M9803096@0L Lbbgoolibgs
86039369 md0obsm30l, dogdol sMOZMYOOL  356M5FYGHMI®  S30VID €=0,0001. 56w dogdsls
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30939300 85906, B35 dox ol 8603369 mds 50dMBBYdM©s 0,0001-Bg Bogargdo. (1) bgsdocmols
990m33930b 89093 dorgdyewro 8gwgagdo dmggdnwos gbGowdo 1.

gb6.1
dox 0l 899306900l 3%gools
309803096¢0 65000096005 X y f
o
30905 d93MIO0L sMMLYdMBOL 30MMBJOTO
34 0 0 0
18 0 0 0
10 14 0 0
€ =2%
43 0 -0,019
25 0 -0,0058
10 16 0 -0,0068
€ =5%
43 0,000977 0,002441 -0,0478
25 0,008 0,0192 -0,0161
10 16 0,001 0 -0,01722
€ =10%
46 0,033 0,036 -0,07698
25 0,008 0,0192 -0,0333
10 16 0,001 0 -0,03445
€=20%
46 0,033 0,036 -0,14271
25 0,008 0,0192 -0,0678
10 16 0,001 0 -0,0689

39092900l 5bsewoBo 43039690, M3 BbJ300L B0bodNTol  3mgbolisl  Fg30MTgdOL
mdbodzbgarm 2o3cmgbs 890dhbgzs € = 2%-ob 9gdmbgzgzsdo, doBbol gmbizool d60d3bgwmds
Pobo33egdeos Lsdowme 0,02-0m. x-0ls s y-ob 3608369 mdgdoL Fobogawgds & = 5,10,20%
36038369cmdgd0Lsm30lL gLsdsdolo Gmaeros (0,003326; 0,007214); (0,014; 0,0184); (0,014; 0,0184),
bogom 30Bbol 600l 3609369 mdol Foboigergds Gglsdsdols d950y9bl Lodrserme 0,02704;
0,04824; 0,10314. Yg3™Igdol 306HMdJOT0  Mm3BH0TowM0  Fggaol  dorfgzolomazol  Mbos

Bo35@ MM Lodsm 2-x 96 8GO0 3S.

3. sls33bs

BoGOM9dMo 33e0930L dobggom 890dCads 3533650, M 80603wmdol dogds 3wyzo0-
Xx03bol gomom doxol d3oMg 3603369 mdolomzol, € = 10, 20% so@Gom®o dg3omdgdols
306009080, 9609369cMm3560 A9IBOHYd00 F0dObIMYMOL, doxol 3603369 ™dOL BB

9605 930MG00L go3wgbs 30M©ds.
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EFFICIENCY OF THE HOOKE-JIVES METHOD UNDER
CONDITIONS OF EXPERIMENTAL ERROR

Shorena Khorava
Georgian Technical University
sh.khorava@gmail.com
Summary
The effectiveness of one of the methods for searching for an extremum, the Hooke-Jives
method, under conditions of experimental errors, has been studied. The algorithm of the Hooke-
Jeeves method is modeled. The influence of experimental errors on the efficiency of extremum

search under different step conditions is established.
(Received 9.05.2022)

SOOEKTUBHOCTD METOJIA TYKA-DKAVBCA B YCJIOBUSAX

INIOI'PENIHOCTH SKCIIEPUMEHTA
Xopaga I1I.
sh.khorava@gmail.com
I'pysuHCKNI TeXHIIECKUH YHUBEPCUTET

Pesiome
N3yuena s¢ddeKTUBHOCTH OJHOTO U3 METOOB ITIOMCKA dKCTpeMyMa - MeToga ['yka-/lxatiBca
B YCJIOBUAX DKCIIEPUMEHTAIBHBIX OmMO0K. CMOzenupoBaH anroputM Meroza ['yka-/lxusca.
YcraHOBIEHO BIMAHNE DKCIEPUMEHTATBHBIX OIMMOOK Ha 3(h(eKTHBHOCTh IOMCKA HKCTPeMyMa

IIPYU PA3JIMYHBIX IIATOBBIX YCIOBUAX.
(Hocrymmma 9.05.2022)
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10b03MM0 3mI30vEHobyo — PHYSICAL COMPUTING

COMPLEMENTARITY OF OPPOSITIONS UNITY AS THE
UNIVERSAL LAW OF THE NATURE OF CREATOR

Pavle Asatiani

Georgian Technical University,
V. Chavchanidze Institute of Cybernetics (Thilisi, Georgia)

pavleasatianil@gmail.com
Summary

Experimental physics of superfluidity and is turned out to be decisive for our widening of such a key
notions of modern physics as movement, matter, space and time, circulation, wave function and velocity,
simmetry, superfluidity and superconductivity. On the basis of mentioned widening we have come to N. Bohr’s
complementarity of oppositions unity generalization in Nature of Creator. Throughout the mentioned
generalization we have got the universal law of the nature of Creator.

Keywords: computing. Complementarity of oppositions unity.

1. Introduction

Experimental discovery of helium’s spectral lines on the Sun and later on the Earth [3] two fluid
hydrodynamics of two motions of liquid helium near absolute zero leads us to new-type oscillation-rotation
experiments by E. Andronikashvili [9] and other world physical laboratories, including our MOS field
transistors with ring circulation geometry constructed in Thilisi [4] examined successfully on Apollo-type
space apparatus as decisive for our widening of Niels Bohr’s principle of complementarity — based “Unity of
Knowledge” through below notions:

movement — complementarity of oppositions unity — changes and their feedback in space and time (non-
stationary movement) and independent of space-time (stationary movement);

matter — substance of each physical objects of Universe consists opposite to mind and spirit;
non-matter — state of the Universe free of matter;

space-time — arrangement (space) and existence sequence (time) in the complementarity of oppositions unity
with rotation (circulation) symmetry in matter and non-matter states of the Universe among stars;

circulation (rotation) — universal stationary and non-stationary movements in matter and non-matter (among
stars) with rotation symmetry;

symmetry — correlation (feedback) of the oppositions with harmonization in the complementarity of
oppositions unity (further, complementarity);

wave function and phase — in Schrddinger equation generalized by R. Feynman for superfluid helium and
superconductivity near absolute zero in space-time independent Maxwell vector-potential giving us stationary
circulation of classical portion (quanta abstracted from 7 — Planck’s constant) of usual — two vector-potentials
— between angles with unlimited phase velocity used by us in the architecture of Internet of All (IoA) (see p.
244 of the paper [4] with reference [6]);

superfluidity (superconductivity) — stationary (space-time independent) curl — free circulation with rotation
symmetry in non-matter and matter states unity complementarity near T = OK with phase velocities in long-
range ordered Universe [6].
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2. Principal Part

The above-mentioned experiments have shown that the properties of liquid helium (zero interaction, viscosity,
entropy, the highest heat conductivity, space-time independent velocity) were not covered in limits of matter
properties and attempts to understand two-component nature of “superfluid” liquid helium.

Experimental physics of liquid helium has required to widen the methodology of nature observations. We have
used widening of the principle of oppositions unity complementarity delivered to us by Niels Bohr (Thbilisi,
Georgia, 14-17 May 1961, “oppositions are not contradictions, they are complements”). This widening
principle we have applied to the below-mentioned physics of oppositions — normal and superfluid components,
demonstrated in experimental “two-fluid” model of liquid helium — one of the first witnesses of the Universe
genesis.

Together with newcomers from cosmic (space) race — positrons and neutrino united in our intention physics
of superfluidity and pulsars neutron stars behavior in “pure quantum mechanism of microscopic scale” [6, p.
154] has united micro-, nano- and macro-spaces in our widening of notions system.

3. Conclusions

As is well known, our system observations of the Nature was bound as whole history of physics shows with
the Solar system matter only. Experimental physics of liquid helium hydrodynamics near absolute zero has
shown the complementarity of matter in the Solar system uniting all richness of great matter equations, and
state non being subordinate to the matter equations behavior. Namely, such an equation has shown the only
way out to widen and apply Niels Bohr’s principle to the state defined by Fritz London relating to superfluids
as “mysterious” [6].

Throughout our “Establishment of Fundamental Ideas of Superfluidity Thinking” under tutorship of E.
Andronikashvili staying at the beginnings of superfluidity/super-conductivity thinking, we have come to the
intention uniting “mysterious” helium experimental superfluidity manifesting the complementarity with
neutron stars — pulsars.

This intention has given stimulus to model pulsar in low temperature laboratory at E. Andronikashvili Institute
of Physics successfully.

So, we have united in a single intention physics of superfluidity of liquid helium and pulsars — neutron stars in
rotation superfluid/superconducting state.

In 2018, when we have got “Brief Answers to the Big Questions” by S. Hawking with paradigm of rotation
symmetry at non-matter interstellar state we were ready to include this paradigm as a basis to the broadened
complementarity of matter and non-matter states of two-fluid hydrodynamics of superfluid helium together
with supertranslational charges [7, p.145-147]. As is shown in our “Circulation Physical Fundamentals of
Computing and Technologies” [4, p. 242], we revealed the same nature of charge and mass in (1) expression
of [4, p. 242] on a way to quantum-classical generalization of the circulation (2) expression in the given paper
that coincides successfully with supertranslational charges (supertranslation symmetry) after S. Hawking [7,
p. 146].

Steven Hawking has avoided Niels Bohr’s complementarity principle in favor of Albert Einstein’s theory of
relativity. At the same time due to the phase velocities in liquid superfluid helium following R. Feynman's
wave function as space-time independent vector — potential, matter equations of the theory of relativity are
turned out to be imaginary for non-matter interstellar state of liquid helium:
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Vox 2
%
1—(7) ,U(p>>C

This important reason has closed the many-year discussion between N. Bohr and A. Einstein on the theory of
cognition in favor of N. Bohr's complementarity of oppositions unity),

under the influence of Newton's matter - ether;

Faraday's chemical affinity and Mendeleev's periodic system of chemical elements as oppositions unity
relating to Bohr-Rutherford atom; Maxwell's vector potential stationary circulation field thinking (see N. Bohr
collection of works, vol. I, 11 (in Russian), vol. I, Il — pp. 662-669, M. "Nauka", 1971);

N. Bohr has come to the quantum object by classical device observation's problem decision throughout his
principle of oppositions unity,

as a result, to the unity of knowledge and faith (see in the same collection, vol. I, p. 495, 562, "in secular
matter and accordingly non-matter (hon-secular P.A.) states complementarity context relating to helium™).

Following N. Bohr it was heuristic for us to discover the complementarity-based Moses “Genesis” (see Old
Testament First Book “Genesis”, Chapter 1).

Extension of N. Bohr's complementarity principle on the basis of experimental physics of superfluid helium —
one of the first witnesses of the Universe genesis have reduced as a result of the above-mentioned
generalizations synthesis-given “Circulation Physical Fundamentals of Computing and Technologies”
publication (Certificate N0.8088 17/07/2020 deposited at Georgian Patent National Center) to the
complementarity of oppositions unity as the universal law of the Nature of Creator, prepared by Pavle Asatiani,
one of probably last disciples of N. Bohr (14-17 May, 1961, Thilisi, Georgia) [2].
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$0655080093M35m5 9MH056MdOL ©T5EHIO0MDS, MMYMO3
099mgdgc0L 3496900l MboggMlseMo 35bmbo
3539 sbvm0sbo

LogoMmM39wwmb Fgdbozwemo Mbogzg®Lo@gdo,
3. B533960d0b Lob. 30896MbgE030L 0bLEOEGHWMEO (MdoErolo)

pavleasatianil@gmail.com
M9bomdg

056599060™39 BoH030oL J0MHOM©O (3690900L bgdsbEH03MMO YoBIMNMGOOLMZOL, HMAMMOFSS
dmdMm5Mds, FoBgtos, LO3MBE) O OM, F0MINWSE0S, LoBJsE], BHOWMMOHO Bb30s, LOTYGHMO
D90096500M30L s DY@ IOMMdOL, 9Ju3gM0d96EMO BB 50TMBBES 493HY39EH0 53 (369d5mS
239835OMMYdOL  Loxzdzgebg. B396 Joggom BoEdls dmMolL  obsswdgamdsms  §MH0s6MdOL
36063030l gobbMYsg0590Y, 999mJdgol 396900l Mb0gzgMLsEEO 356mbol Laboom.

(Received 15.05.2022)

EJUHCTBO JONOJHUTEJBHOCTHU MPOTUBONOJIOKHOCTEH
KAK YHUBEPCAJIbHBIN 3AKOH ITPUPO/JbI TBOPIIA

Acaruanu Ilasne
I'py3unckuii TexHndeckuii Y HUBEpCUTET,
Wucr. Kubepuernku nm. B. YaBuanunze (Toummcu, ['py3us)
Pesrome

Jyisi CMBICIIOBOTO PACIIMPEHUsI KIFOYEBBIX IOHATUI COBpEMEHHOW (H3MKH TakuX O0a30BBIX Kak
IBIDKEHHE, MaTepusi, MPOCTPAHCTBO M BpeMs, LMPKYJSLIHSA, CKOPOCTb, BOJHOBas (yHKOMA W.T.A.,
OkcnepuMeHTanbHas (U3MKa CBEPXTEKYYECTH M CBEPXIPOBOAMMOCTH OKaszajach KiroueBod. Ha ocHoBe
BBHIIIETIPUBEJICHHOTO ~ PACHIMPEHUSI TOHSATHH Mbl TPUIDIM K  OOOOIIEHHIO TPWHIMIA EJHHCTBA
npotuBononoxxkHocreir H. bopa B mpupome. M Ha ocHOBE NOIyd4eHHOro o0OOOLICHMS TNPHUIUIA K
YHHUBEpPCATHLHOMY 3aKOHY NMpupoas! TBopia.

(Ilocrymura 15.05.2022)
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B0B035_6356mEgJbmema0gdo - Physics_

Nanotechnologies

B5b9356350(BHoMgd0L BY306M9d0L 3gM0MPME0, 5M339MHOMPYIEO

5 3233¢9JumEo BsbMLEMWIEHMOOMYdS
B5go6M05 Bow053300
LodoMm39wmb ¢9gdbozmemo mboggMbo@gdo
ztaliashvili@gmail.com
M9bomdy

BodOMIdo  FoMImagboros  39MHOMPYIES®,  9MI3IMOMPMSO s 3MA3gduIMo
656mbGHOMJEHO0MHYdMo Si-ob bgsdo®gdo. bmddozmmbywo 3gHhomool ddmby 3gMomoweo
BobmEGHOWJBHMOGOOL  olETBOEIOMO®  godmygbgdmwos  geMLbog0s60 M GHMI00LGBYHO
WsHYOHMwo 063G gORIMI630MNwo wommy®msn3os (LIL).  56s3gHom©eo bsbmbEemwd@mmgdol
©3BIBOYIWS© 3099bgdom 39MH bl bsbmbsfowszgdom bE0dmwomgdmwr Jodow® s5dmFdol
(Ag-MacEtch). 3m33wgdbm®o BsbmliG®HmI@mO0mgdolbmzol 2s0mygbgdmmwos 39HOMPYIO @
565396000 LAHOMMJGHMO0MIIOL 3Hgdbmema0gdol JOH0sbMdS. dmyzsbowos Mm3GH03MOO ©s
5GHMINM-doe®o (Bruker Dimension Icon) 8036:m3m3000 3500509390 H90s3060v1e00 B06MYOO.

1553356dm LoBY3900: BbM b myos. BobMULEOMIEHMOOMYDdS. BsbMBoEHMm0o39d0.

1. 8glssgsemo

©90L5m30L 656MmEgIbmemma0gdo 4obs J§3996930L 9bgMg@ 030, 93mbmdngzol, dgwooiobol,
3936096900, 25650 gd0L LolEBgdol s LodbgM™ dwogmgdol  2s6aL>DBLIMYo BogEmmo [1].
0bobo BoMMss FoMIMAIbOWo FoMTo3mermyosdo, 89030bsd0, 9bgMagE03530, 9wgdEM™mbo-
3580, J0domE s B30MBOL 4505059853909 33900l 3OHMEJEHYOOL Fomdmgdsdo s bbg. [2-6].

59BHocs©  9000bsMIgmdlL  Asboerol  BgsdomBy 3oy 39Mm0M©Oosbo  LolEgdgdol
RbJ30mboMmadol mgmemomwo dglfogws. 98 80sOMMEgd0m  50LB0EBs305 BbMBMEM3zsbo
LoLEBHYO0L BMBJ30MboMIBdOL MYMOOMEo bsFMTomgdo, Lowsa 65B396900s, XM BsbmBMEgdols
5MLYdMBdOL  J9gRo©  I30MIYds  3396EGHMO  BEMIsMgmdsms  10d33M03g. 9ol F9EIYO®
9aMdoMgmdsms  0bE Moo 109330039 BMbsdo dglsdengdgmos 4,1-xq6m 9d306MEIL. b
98399B0 296L539M9d0m Loa®AbMdOS 8-10 63 Mool bsBMFOMTIMB5dIBYdOL SGLGdIMBOLLL, Mo3 Si-do
©9 300l Gow ol Loa®Adgl 9msbsgds s 360d369wm3bs (33eol Bodwmdol bobmBmEm3zsbo
13960l ™30L909dL [7,8].

B56m@gdbmemyogdol LHMsxds 39630569358 9GS IMHO  obos BbMAsLoergdols s
65bmBHggbmemaom®o  3GmEgLgdol  PsGmzs  Lbgoolbgs  ©sbodbmergdol (969603930 30w00,
33039960, gwgdAHOmbmwo s Ubg.)  Bobgzsed@emmmo  bgwbsfiym-mfigmdowmdgdols
(LgBLMEYdOL, BOL gargdgb@gdol, o3MMgwrgd@®OH™MbYo 3033mbgbEHIOOL s bb3.) sdbsydols
@5 oIxmdILYdOL Loddgdo, I3, JU 3MMEILBO XIO 30093 39630MMGOOL Lofiyol @3By
00ymg3gds. 98 bgabsfgm-0mfigmdommdgdol  9/3smdol  3G0bgodo  ©ox8wdabadmemos:
39bLbb303900 BoBOZM - JodoMo ™M30L9d9d0L (F98MmLzErol 3Fomdol, 53Mdserwo HBmbo,
8960 ©®bob, {obswmdol, dz3MomdolL, Bgwsdotmmmwo gbgMyool, s bbg.) ddmby dsboergdol
259my96905%y.
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5MLYdMBL  dogaro Moo BodBHdo MHMIWgdoE 03300 Gdg6 M BobgzsMsdBHoMmgdol
D9s306BHy Lbgoolbgs 99mm©gdom bsbmFaedImbsddbgdols gddbolisl d3060H@9ds  godmbzerols
39995m00L s p Bodol Si-ob bzg®omo {fobsmmds, 033wgds gbgMool 33wowgds s Lbg.

50bodbmaro  9x39dBHoL  ghm-gMmo  godmzerobgds BobmlGOIEHmMomgdmwo  ggbols
39935090 MdOL 3030l (330gds, Moo G WgaocMgdsLsl »MHm©adgb. gl 9539dG0 LsdwoEgdsl
003935 3030000 56M539BHOCMMA00- .. 30D03MMHO p-n Joolabgergero [9,10].

Pomdmoygboer Bsd®@MIdo obboeos: Si-ob Bgsdo®mol  39MHOMEIO, SM93gIMHOMPYICO
@5 3033¢9JuB0 BIBMBEONMIGHMB0MIOOL Bgdbmema0gd0 MMIJms 2563000560905 Fobs3oMHMdS
50 0900M9000 J00gdEo BEMWIEHOIOOL goblibgzsgqdmeds gobozm-Jodom@mds m3z30Lgd9dds.
653969005 30090 HBYOI30MHWO FoMGOOL M3BH0INNOO s SEGHMIME doeIMo F03OMBZM30M
300900 A5dMbEbUYegdgdO.

50605:  BIbMLEGHOMIBHMO0MId0L  Fgomgdom  d03MMgwgdBHMmbozsdo  BsMOM©O
399mygbgdmmo s 3oGe© Iglfogarowo dsboengdol (Si, Ge, GaAs s Ubg.) Bgs306Mmgdol
BobmlEGHOWJBHMO0MG000m b o0 BY30MHBY Fogde Bobm-0sGHMm0o3gddo Lbgosalbgs GHodol
Bobmbofoarszgdols Bsbgeyzom, Tgbodwrgdgeros LsFommgdol dobgz00 3335WM™ 49633949
©0535HMbdo 59 Boloegdol Bgs30MHOL B0DBOZM - JodoMHo M30Lgdgd0.

d9Ls0s30LsE  HoMdmagbowo  659OMIoL  sdmEsbss  d03MMgwgdBHO™mbozsdo  FoMoM
399my9gbgd0 s 396Mys© dgLFogowo bobgzscmysdEe®ywo dobaergdols (Si, Ge, GaAs s bbg.)
D9s30M90bg  3gHOMPNIO,  9M83JMHOMPYIO s 3MI3wgdudo  BEGHOWIGHWOId0  Bobm-
35BHM03900L LTV IIWOE  LEdSBM  Bgdbmmyngdol Fgddbs, Fomqgdrwo bgs3ocmEo
R06M900L MOBMEMAO0L TGLHoges s BmTgdolL (33e0EgdOL OS35HBMbOL YIBS.

2. 3060050 bsfjogro

33093000  doBbydolomzol, BsbmbGHMMJBMOMoMgdwo  Bgsdocmol djmby 6odmdgdol
©oLOIBHIIWO©, 094gbgdab T30M) BoOMMOBY 39M0MNM0  bBMLEGONMIGHMOMIO0L  Fowgdol
956303 99nmEIdL, MHMIJWMoYb 50LB0TBZ05 WsBYMH Mo 0b6EIbRIMIBE0MWO Wwommy®mszos
(LIL) [11].

WsBYOHMw 0639659096300 WomMyMsgoom  3gHomEwo  BIbmLGOMIGMEMdOL
9obo©9ds, B396 3049bgdm bgyo@ommo ma 2401 s 3mBoGHom®mo AZ5214E  gm@GHm®mgbol@l. 3bo.
1-80 939999000 459mggbgdEo BMEMOIHOLEHIOOL Bobolosmgdargdo.

39909496900 BMEHMMGHBoLEHOL GH030L (330w gd0m BoMRBOEHOL BYI3oMBY 300930
0639613969630w0 458mLsbegdols bgas@ome 56 3mbodow® LEsmb.

2839my3bdmmn gmBGmMmybBabBgdnb Babsbnacngdmydn abh. 4.
300036/5>  LoBgsGobsb :
BB Do 3BMBOSOMIY
el @o6ob bobdy (339) % >
ma-N 2401 0.1 63> UV: 24863- 25469.
AZS5214E 1,62 UV;310-32963.
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1-9¢» BobsBBg 6563969305 gerLb0Z0560 B MEo 06¢ bx8gM96E0MIo omMYMIR00m
dogdmwo 2 s 1930 396000560  BbmBmEm3zsbo  gmEHmMOmgbolGosbo  LEGHOMIGHMOMIdOL
399mbobMgd900, MMIId0E I0THB0MYdS M3GH03M F03OML3M3do Fs30 BMEDY. ByI30MH0EIH
RMEGMOHIBOLEO 5O OOL 30w dMEo, GOL Fsdma Jolo 39M0MEMEsE BEMWIGHIOOMIOMWO
D9I30M0 MM M3G03ME glgel FoMdmoygbl s 530EMI FIBRIOOEI0S  Y3000MWOE S
WIOXSQ.

Bob.1. Bsbmbmenmzsbo GHmdEmmgdol m3E03m®mo 3sdmlisbryegdgdo. s) 4300 89539MH0Eo vjosbls
d9gLododgds 2 830-0560 3gM0mEO; B) MR BgxagMoEl - 1 938-0560 3gMomo

Si-ob  60d/dol  Bgs3ombg  3gMomEo  LAHOYIEGHMHJOOL  FobowgdsE  30YgbgdOm
WsHBYOHMwo 063G IORIM630MNwo  wommy®mszools (LIL) ©s 695j@omwo ombnmo  sdm3dol
36MHm39LgdL (RIE) [12].

396000Mwo  BsbmlEBMmWIGHMOM0MmIO0L  GH9Ibmemmaos  393W030M39WH©  ©358v)ds39m
99005690000 OO, 5-sb 2 930-0g 3gMomEol ddmbg Bgs30MHYdOLEMZ0L, oYL Bsmo
39600l Bmdgdol m3GH03Mm0 - 30DPWMMHo  9JudMgL-3mbGHMMEo F9sMmYIO0? 0ME0s. 53
d0Bbobm3z0l 30496900 MHUK—4 -0l 05H5%g ©sdHBsgdMEw 13000653900 308GV JozMMLZM3U.
Sbgno 2Bom 3939090 39dbMEIMP0s SIOWHE P3I3030J WBG™ dioMy, 0,3-0,5 930
39600l Igmbg B9gs3069d0l LEIBYIWHE, HMIJL0MS 39M0MmEOL HBMIJOoL 3MbEHOMEOE
5@G™3M-35 M0 5 MLEBHOWWO Jo3MMB3Mm30L Q58MmYqbgdsl dmombmal.

99-2 bsbsBBy boB3z9gbgdos B3zgbl 09 IFBHIOMWO S OGO  F0ZOMIIM300
390900 Dremz960, H9MEHowm3zs60 s BoolgdMO LEBHMWJEHMOIdO.

Bsb.2. 30800 303MHML3M300 osMgdeymo Bmermgsbo, Ffod@Gowmgsbo ©s
35000YdMO BbmLEMwEIPgdo
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39-3 65bsBBg I (39905 5GHMINO-dseE0 JozMMZMm3om, 4x4 930 BsOHMMdbY JowgdMwo
0,4 9830 39600560 bsbMbBMm™zs60 LEGHMMIGHMOOL BYPISOMOL FMEMXMIOMO  J5TMLIBYIENGdS
(B9b.3-5) s oLO YBHIWOBSE0S (b5bH.3-0).

B6sb.3. 5¢MIME dserm@o 03GM3M300m JomgdMmo odmlisbumads: s) 4x4 930 BsGMMdbY 0,4 930 3gMomposbo
Drewemgzsbo LEOIEOS; B) dobo YEMODIEOs

BobsBBy 3bgsgzm BoORoGHOL Lshgol Bgs30mBY  sOLYOMEO  BsMm0sbMdIOL 493w gbsls
BobmBMEmGo  MBbol  gOHmA350M36905Bg.  obsMoom  bsB3z9bgdos  dmEgdmewo  bodmdobomgzgol
©535bs10sMYIGO  3gMHOMEYIMOOL IMM393900, MMIGdO3 LsfYol BoMOBoGOL Bgws3oc By
5019310 HsM0sBMB0m ML Q58M[39Me0. MMM 3bgsgm, 53 G030l sML393900L bmdgdo,
39600m©Mo  LAHOMIGHOOL LoEMIoL MOYOLLS, s Fo00 MOMPIbMdS Lsdsserme 1x1 9302
BOOMOBY 4 - 5-U 9950099bL.

3963bol B6Mbsfos39d0m BTN sdmFTol 3OmEgbo (Ag-MacEtch) 3Gm3glo
159939300605, 3060390 9BHe3bg bobg356MQ50BIMWO  BsboErol BYEs30MBY 04dbgds TgEowrol
036M0@doM33c0m3560 mbgaro 1965, HMIgarog godFmeros s 99ga0 Tobogrol sdmadFdgero Lombols
000560. 99y 9¢93bg $9mIFdger blbsMTo gargd@®mdodon®o 3m@gbEoswols gogwgbom bgds
3oLo0ol BgEs30MOL 53mFs - 05303500 JIJBHOHME OB, 5dmFol LoWMIY sIMI0WYd)-
@05 Bombolbs s  Fobogrol Bgs3omol 3mbEsdEolb OHMbY. dmwm 9@s3%g brgds dg@swob
33960L dm0egds [13].

09-4 bsbsBBy Bsh3969005 3053OVIE0 F03OMUZM300 J5MYOIY0 3gOEBEol b5bMbsfows3g-
000 13H0dNoMYOMwo Si-b BYs30MmOL sdMmFTol dggys®
300900 goBgbowo  bodMdob  FMowDby  a39Mbg©o.
Boboboll bgs bsfoeBo 3bgsgzm gmemMmzsbo Si-ol ggbsl,
9ol §3980m0 Si-ob 3MoLESWYOO HBYI3060s.

Bab.4. 39O EbEOlL 656MbBsffogs3gd0m Ii0dnmoMgdmmo
Si-ol Bgs30®ol 53m3Fdob 3gegase Jorgdmo JFHowby
350050500 3OHMBOWO

09-5 BobsBByg 6583969005 30BROMEO J03MMBIM30M FooMgdEo 39M(berol bsbmbsfowszg-
000 1EGH0IMNEWOMHJIMo Si-ol BYEI30MOL VMTs 5dmFdol Fggas dowgdmwo 10 938-0s60
05360001 900. 9b B9dbmemaos 3539 J0ToMMYIENGOSS S 29dM0Yghgds Si-ol bsbmdsgmmwergdols
dologds.
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6sb.5. 308Owo 303MMmlzM3000 3350smgdUImo 3gMHEbEIOL
656mbsfioems3zgdom L@ odmomgdmero Si-ol Bgps3ocols
6035 53mFFo0r Jogdmeo Js3HMUYEgdo

09-6 Bobsbbg b5B396900 s@MIME-dserMo  do3Mm-
13300 oMY, 3nd3gJuHO BobMUEMWIEHMGOMg-
oo 10 930x10030 gsOOMdbY dowgdywo 0,5-0,7 930 )
3960m©ol ©s 50 63 LoE®Iob dJmby bsbmfgdEHow™mzsbo
=360l Bybwo ©s FHoEWDBY 39000 LoRMHTJGOOL 3OMMTBOEo (55b.6-5) s FMEMYEMIOMO
2399mbobgds  (65H.6-0), OMIWOl  3gMH0TYBHOO  SMO3IMOMPNIOE SO0  BobmbGHO™MIEv)-
606930,

_ﬂL“ Pl 11 W

B6ob.6. 10x10 339 BGNBY 3m33EguvyHo BBMLEHGWIBHMBoMmIBOm FoPdO EssbErmgdom 0,5-0,7 330
396000l s 50 63 LoE®dol dgmby BsbmfigBEHOEMZ60 MBIBOL: 5) BIHYO s FHOEWBY FIWIOMEO
LorMdgd0L 3OHMB0Oo; 3) BmErYEMd000 J5dmlsbyymgds
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7-5,0 Bobobgdbg dmEgdmeos 2x2 930 GoGomdbHg (bsb. 5, 6 - By 65396900 LEBHOWJEHwMEOL
9GO 0BOE0Y).

6ob.7. 2x2 930 BoGnBY 31339 dlio Bs6mLEHMmYIBHMBoMYd0m dowgdymo 0,5-0,7 339 3gHomeol s 50
60 LoeAIol Igmbg 6sbmfaBEHOMMZsBo wJBs6OL: 5) B ©s FHOWBY R9EINYOYIEo LoeMdggdols
36H0MB0wO; B) InEwEMd0mo Zsdmlssbrymgds
39600m©Mwo BEAMYIGHMO0MIO0m 800JdMNO bBMBMWM3Bo LolEgdgdol BgwsdoMwo
9696g05L [14] 5 go9BHoMgdmdsl [15] s60BMGHOM3MEo bolosmo 5J3L, Mg 96 bSO
50539600 Mwo  bLAHO®MIGHMO0MHIOom  JoPgdE  HBYI30MYdL.  BbMLEMWIGHMGmOMmIdOL 53
89000gdoL 393mygbgdom Fgaz30dwos 3E3>W®™ HII30HYO 9BIOFIHOINLO ©d JLIIOOYLO
39659930900, 35450MO© 35§30 30QOMRBMOME0 BYI30M0 30OHMBOW M s BBI.
Bg0mm 35b6boeo 900900 oMo qbl bobmbEMIEIH0MmgdOL Lsdsbm Egdbmenmyools

9905009969 3M39L93L.
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3. 33365

6596300 Bo@oMgdmeo 3393900l 9999 890deqds Bsdmgagseodmom 899gy0 @alizgbgdo:

1) 8909485390 os  geombbogosbo M GHGooolyggho  @sbgPmmo  0bGHgmggMgbiEomero
WOOMPMxB0s ©s dobo gsdmygbgdom JgMompeo (HodEGHowmazsbo, Bmermgzsbo ©s 350oLYdMO)
BsbmbEG®MIBHHgdol Jomgdol Ggdbmemaogdo. Si-b Bgsdo® By BsbmliBmwydEmmomgdol Fgwgys®
35053936900l 33ws  Iglodergdgos 990 ©0s35BMbdo:  Msbsdsmo  BobmbGMmWMIEmMm0mgdol
35JL0Toe MO BoMMdO 4 392 Loe®dg 20-50 63; 3gMomeo 0,3-5,0 330;

2) 53353909905 39M3bol Bsbmbsfowszgdom LEHodMwomgdmwo (Ag-MacEtch) ©s s0Ms@o
JodoMo s9mFdol 250mygbgdom, Si-ol 3oMR0EJOOL HBIPIZ0MOL 5M539MH0MENMo bIbmbEGHGMIEM-
HoMgoolL G9gdbmemaos. 53 IgmmEom Gogdmmos gMmgMEo bsbmdgEMmadol s do3Mmbgdol Bmdol
9653960010 656mbEMMIEMM9d0, sLg39 g0 do3MHMbol Log®mdol dsggdo;

3) 3900MEME0 @S 3M939MH0MOME0  bBMLGHOMIEHMMoMadol  dgom©gdol  asdmygbgdom
5817985390905 3033¢gJumo  BbMLEBHOYIGHMOMOMIIOL  GHgbmermyos.  dobo  do8mygbgdom
9m3zsbobgm (oM@ owmgsbo, dgliBvmo s 39oLYdMO  39MH0MEIo BLEAGIEGHMOOL BrEgdols ©s
MxO9Jo0L JoEs MBbIIOL 9M539M0MONY0 LEMMIEHMOOMIDdS.

99985390900 39MH0MEI0,  5M33gHOMEN0  ©s 3033w gduo  BbmbGHMWIEBHMMocmgdol
399bmmyos GgLodegdgEr0s 250m3094gbmm dBol gargdgb@adol Homdmgdsdo, Si-ob bsbmds@®moigdob,

0536007 900L obEIBIIIS© ©o Ubg.
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PERIODIC, NON-PERIODIC AND COMPLEX NANOSTRUCTURING OF
SEMICONDUCTOR SURFACES

Taliashvili Zakaria
Georgian Technical University
ztaliashvili@gmail.com
Summary
The article presents periodically, non-periodically and complex nanostructured Si surfaces. The
LIL (Laser Interference Lithography) technology was used to fabricate nanostructures with submicron
periodicity. We used the Ag-MacEtch (Ag-Metal Assisted Chemical Etching technology) to fabricate
non-periodic nanostructures. A combination of LIL and Ag-MacEtch technology was used for complex
nanostructuring. The images of the obtained structures made on the optical and atomic force (Bruker

Dimension Icon) microscopes are presented.
(Received 20.05.2022)

ITEPUOANYECKOE, HEITEPUOJWUYECKOE 11 KOMIIJIEKCHOE
HAHOCTPYKTYPUPOBAHUE ITOBEPXHOCTEWX ITOJIYIIPOBOJHUKOB

Tammamsunm 3.
FPYSI/IHCKI/Iﬁ TeXHUIEeCKUH YHUBEPCUTET
ztaliashvili@gmail.com
Pesrome
B pabore mpescraBieHa IE€PUOJSUYECKH, HEIEPHOAUYECKM U KOMIUIEKCHO HAHOCTPYKTY-
PUPOBAaHHBIE IIOBEPXHOCTH KpeMHuA. [IIf M3roTOBIeHMA HAHOCTPYKTYP C CYOMHKPOHHOH IIepHo-
AUIHOCTBIO IIPMMEHAIN LIL Texmosmoruio. ,ZI;J'IH HU3TOTOBJIEHUA HEIIEPUOAUYIECKHX HAHOCTPYKTYP
ucnonp3oBamu  Ag-MacEtch Texmonormio.  Kom6umamuio LIL um Ag-MacEtch  Texnomorm i
HCIIOJIB30BaJIN IJI1 KOMIIJIEKCHOI'O HAHOCTPYKTYHPOBAHM . HPHBCAEHBI CHUMKU IIOJTY9€HHBIX CTPYKTYP

CZle/laHHBIE HA OIITUYECKOM U aToMHO-crwioBoM (Bruker Dimension Icon) muxpockorre.
(Hocrymuma 20.05.2022)
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30x030M90vwo 30b3mmvyis0Mo 6goMmbaymo Jugwro
050M0 39BM0TZ30¢00, FEbsMs X 9bgwody,
5396 @E 0605659300
LodoMmM39Wwmb G9gdbozmcmo mbogg@Lo@gdo
meparishvilibadri08@gtu.ge, janelidzegulnara08@gtu.ge, Albert.Mirianashvili@gtu.ge
M9Bomdg

390mUobmeadol  3sloB03sE0s s d90bs BoMMME MOl FoMImygbowo FobJobmeo
Lfogargdol s 3mI30vBHIOMwo bg3zol 53e035309dd0. 899098539099 5EMMOmMTgAL JmEOl
96m-900 15939009bME JoRbYME0s MTS LHogergdol seEaM®OmMdYd0, 39MIME, 3Mb3zmEwvysomEmOo

Bgo®mbmo  Jugegdol  (CNN)  s60Jo@gd@esby  ©ogwdbgdmwo. dmagdmeo  Bsddmdo
0om0mopabl WMo LHogwgdol BoAMasl, Bosg LEBIOEHWE CNN-Go 259MH 056930l 59gbs

(Pooling)  Bsbo3gegd«yeos  m30mmMmsbobgdso  Gn3ols  (SOM) s  boffocmagzms  gMmz0l
™3&030bsgool (PSO) 3006Honwo bgodmbmwo Jugeol ggboom. 899mmszsbgdme doamdsl
d999deos  3950LvdYdmlb  1gdsbEBHodMmMo bsM3zgHol 3OMdIWgds, GMIgEog 9bgds  oblibgegzgdsls
5050 MBOL s MROM Fo0OE0 E™BOL oMb Ygdol [omIMAI6gdL TmMol, Gog dob
91539dGHMOL gobol 30BN MHo 936mdol s3m3569080, 49bLs3MMGMYd0m bsdgoE0bm LEgHmdo
©0536MBE030L M35LsBOOLOm, 515939 WOE Jmbsigdms LolEgdgdol dgdmbggzsdo.
153396dm  LBogyzgdo:  Mds  LHogwrgds.  3mbgmermzon®o  bgodmbaywo  Jugero.
0300000609560D93500 B)35. Bsfowszms gMrmzoL Mm3E0d0BsEos.
1. 8gLsgsemo
956956996 1ogegdsd0, 3M9x503ME0 godmbobmegdols sdmEbmdols doBbom d9dw9ds39d9eos
1393083037900 Jugwo 9.5. 2m630¢cPoGO Ggotmbeyero Jlgero (Convolutional Neural Networks - CNN),
Geodyerog Bogzoghs Loeobzimo Uikgergbobs o 3ofosiono gfemgdol diegob geobl (11
LoeMAolgeo  BHagegdol Jugergdo 3s8moMBg3s Bovyero dMgqd0l LodMogwom ©s Bfogwgdol
M33H030Do30M0 SEMOO0MTJd0m. M990l Lb3solbgs sb0dbmwgds s Imddggdol 3Gobiodo

593L. Lo®dolgro Jugegdol Lsd s gdom oblogMMEMYO0® JB9IGVIMS®© bEgds FMIBOIMWO
3900bobmqdgdol  sdMEbmds. 2Mex80IMeE  godmlsbuagdsms  sdmEbmdobmgol 0ygbgdgb CNN
Jboegdl {2}.

3mbgmerzon®o bgo®mbamo Jugmo. 3mbzmezom®o Bgodmbmeo Jugwgdo (CNN)
Do®dm@agbowos 3mbgmermiom®do (Convolutional) s gogMmosbgdmwo (Pooling), sbgzg Lbgs
5396900l 963003z Mmdom (bsb.1.). Convolutional 36y 9gaqds 03039 G030l bgoMMBIdOLYH,
o3 ANN Jugenls 2558605, mMmb 59 89dmbgg3z5d0 Lofiyobo MOx303wo A5TMLIbYY gdol yzges
DaOG0o o6 M0l ©s393006M9dwero Convolutional Mol mommgMe 6go®Mmbmsb. bgo®Ombgdo
dbMWME 405530390 25dmbobgdol dzocmg Mdbmb 9.§. FoGHMOELMb G0l FggHmgdmEo.
Convolutional 3oL 6go®Mmbydol godmlisligegwo Logbsergdo FsBHGMoEol BMEOIOD IEIRWIOS,
3583037 353MbIbBYIEgILMD  Byo®Mbol 569900l Jggemgdol  2obaroggdol  AbogLo.
d9L50530Ls,  BgoMMBIdOL  AoTMLLLZYgd0EID  FoMgdwo  Logabsargdo  ggmdgBHMome
390mUobmemqdgdl 0dengge.
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Jir |

a

3

P
/
y/

) g Output
Input Conv Conv Conv Iaye':
Layer 1 Layer 2 Layer 3 Fully
Pooling Pooling Pooling  Connected
Layer 1 Layer 2 Layer 3 Layer
Feature Extractor Classifier
6ob.1.

Convolutional 3ol ®ommgmwo ByoMmmbol godmlbsbzwgeo Logbseol sbysm0odol MMl
R9JBHMIM0350 bIds  FMOoR03MNo  453mbIbMEgdols s Byo®Mmbol  {mbgdol  dsGMogdol
99005900 §93609d0L 653653 gdOL T936190s, b-I TGOS s 9B035300L BBJ300L sToEYdo:

545
V= cr(z W +b) (1)

i=1

Convolutional 3ol 6yo®mbydl sd300 gMmbsocmo fimbgdo, Mg sdiomgdls Convolutional Jugeool
350539390l Mom©qbmdsl. Convolutional 96Hggdol bozMgdol godmbisligwrgaro Logbawgdo Pooling
96H99oLb  MadomEgds 6oy Pooling Mg «dmsm@ 9oL dgg@mgdero  Convolutional  d@ol
290bsbgege LogboegdMsb. LaBMYPsME, Mommgmer Convolutional 3G9l »gMOEIds  (395¢039
Pooling 969, ®mdeol sbodbyangdss Convolutional 360@sb godmbivyemo Loabowrgdol Mam@abmdol
99930690s.  Pooling 9ol 6gommbgdol  dogMmgds begds  Convolutional d@ol  Byo®mbydol
5Boema0mMe, membo Pooling 9Gol dgbmdws damdo bgomMmbgdol doghmgdol s09ggdo oM
0339099056, ®0ob 45903 300900 BoGHMOES 3530 JO0m I30MY 353MmEOL, 3000MY Lsfiyolbo {3}

5333565¢0, Pooling 9ol gbdEos 00580 3amdoMgmdl, MM 395330OML ©sLedMdszgdgeo
06x83mO3o300L M3 bmds, olg M 56 035MYML I60d3b69gem3zs60 Tmbs3gdgdo. Pooling 6oL
690mMbgdl dgodergds dgEHo dglsligergero 3dmbogl, Mg Lafyol ToGMmoEsl 3093 MBO™ dgEKIO
095030090L. 4058030 35dmbobrmagdol 30MH39e 9Be3bg ©sdMTs3gds bgds Convolutional
969900L bozMadom. mommgmero Convolutional 6ol godmbsligergaro doghHmgdwyeros Byommbydol
Pooling 9H9%g. msg0lb dbMog, mommgmero Pooling 369, sbegbl ®sdwgbodg Convolutional dGol
©53998953905L.  Convolutional s Pooling  d6Mggdol 50  sb30dY3M@mdOL  FMSZ5XRIMSO
29639mM9d0L d90@9y, Jugeol dmeml, LM ddMwo bgjodmbmwo Jugeo (Fully Connected
Neural Networks) s9oeodgdlb Jugerols bodemermem gssfy39EH0wgdsl.

72



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No1(33), vol.2, 2022

2. JoM0ms>o bsfoemo

300x030MdMMmo  3Mbgmemsom®o Bgodmbammo Jugero. BsdOmddo Ggdmmsz35HgdME0s
30b3m@m3096MH0  bgoHmbmwo  Jugarol ©®ds  LagzEgdol  sbowro  doa™ds.  FoMdmyoygbo
296bb303900 MTs CNN 5GJo@gdBH«esl, HmIgedog 3mbgmeviool gowdEmo sbwy  Pooling
96 Bobo33g0m0s 1M30000m6560Hgd5000 B30l (SOM) s m3EH0T0B3E00L bafowszms ymmzol
(PSO) 30d®MoEwo dOom.  9gdmmszsHgdyeo  dgmmEo  dgodergds  503603bmm  Hmameg
dmOx030090wo  3mbgmewzon®o  bgodmbmwo  Jugargdo (Modified Convolutional Neural
Network -MCNN).

03000M560H9050 B35, M3000MMRB0bYdso Mvy39d0 (Self-Organizing Maps - SOM)
0093736905  bgoMmbmwo  Jugegdol  3wsll, G™Iwgdos 094gbgdgb  bgodmboro  Jugwrol
»,09059b9390l o093« Lfogegdol dgmml. m3000MGY60bgds©o Jugwo, 335w dMH0sbo
690MM™mbMo Jugaobash 2sbbbgsggdom, dgoEegl dbmewme M Mgl: J9dsg5els s godmdogoenl.
19300 993963900 2obeoagd99ebo 50056 MM6BMI0gd0sb LogMigdo (bsb.2.).

™y # " ) T ; P
e e B e e l’_, {3

Computational layer

d

O o o © Input layer

6ob.2

03000060560D905000 Jugeols LBsgwgds bgds 308r3t™domo dosbermgdol dgom©om.
sbgmo Bfagangdol 3GmEglido  Jugarl Iglobgarge®yg d0gfimgds Momsi dmbs3gdgdo, MmOl
d9L50530LssE Jugero 0fygdl goIHYMALL. LHogergdol MM, dmbs3gdgdol msbdodwgzm o
2905399000 Jugeol FgboligErgebg 3sboLIBOZMGdS .. ,.39050% 3900 bgodmbo (bgommbo,
ol bol Lo oo BsdMmszeo Fgloligegwbg Jofirmgdyer 39dEHMM™M6 J0bodsErMos),
G0mdgwo  9999ad0  godmoygbgds dgbmdger 6gommbgddo rmbgdol  asbsfowrgdol 39bE®Msc.
Juogol sbgomo Bfogargds asbobogds OHmymGE ,,d9x 03090000 Bogwrgds, bgoMmbgdls s
39956% 39009 6306HMBL ol dsbdoerol bgzgemdsdo doMgdoom. 53 OML bfsgergdol sGLo
560l 999535¢n dMbs39990056 Tglodsdolbmdsdo ymgsbo.

0300002560D90500 M35 3Molbdmdl 6y0MmMbgdol  Imfalitoygdmwo  LEGHMMIGIOHOL
399mygbgdsls [4], GmEgbog godmoyggbgds g b MmMYsbBMT0wgd0sbo d5©YJd0. 535LMB, ymgzgwro
BgomMbo 56H0L N-356DmIoegd0sbo 139E-39dEHMMo.

WZ[Q,@,...,wn]T (2)
Los3 N gobolisbez®gds Lafgolo LogMEoL JobBMIogdom (899535¢ 39JBMOMs bbBMmIoEgdom).
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5@3MmO0mMTOL M950DE00LL Foboliffo® 0dwg3s BoOL 3MbFOYMMoE0s (FoOMIMMbyo 56
9943b3Mbg©0), 53Mgm39 BgoMMBYIBOL G5MmEgbMds Jugerdo. 53sbmsb Tgufogarol Lafigolo Mowowlio
(neighborhood) do@gdmwo w30l dgdzgmdom,  360d3bgermgbo Imddggdl  2o6Bmyswgdol
MBI BY.

0300006098500 GM3980L  Lfagawgds. Lfsgargds 8gygds  39dGH™MId0L  3mMgdiool
0563080930 d0LYs6, MHMIwgdog HomdMowg696 Bgommbgdl. LFsgzergdol ymgger doxbg Lofiyol
dmbs3gdms 30M900EH F9dmbggzom 0MbBg3s 9M—9MmO 39dBHMMO, bmwm d9dgy Homdmgdl
Y39wsbHg d9GHo dobo  Abpsgbo BgoMmbol 3mgz30(30963H00L  39dBH™MMOL d9dbs. sFsbmsb oMBg3s
393560 x%3909)0—-bgoMmbo, M™MIgwoi MBO® dgBo 3036 89353c0gd0ol  39dGHMML. Abys3Lgdsdo,
Mm99 d90mbggzedo  0aweobbdgds 39d@mMmgol dmGol dsbdoro, MHMIgEoE F0MOMSWOE
399M0mM3gds 9330l LOgMEJd0. 53335605, 0¢) 503608653 FodoMIX3JOE BJoMHMBL MMM 3
C, 30300090m:

|x — )| =min| ¥ —a]] ®

39956% 3900 6gomMbol 3mgbol 9909y, bmOE0wYds bgoMmbmwo Jugwols Fmbgdols
3M69dBH0M9ds.  935Lmb  39dBHMM0, GMIgEog S0HIOL  25FoMX390MW-bgoMmbl s  39JGH™MO0,

O0dgerog  sofig®l dol  I9HBMdWGIL  d5©Ydo,  FOWISROMEIO0sD  FgBs35¢w0  39dGH™MOL
30050009000 (65b.3.) MmEMs6BMIowgdosbo 3gd@m®mobmgol [4].

O O O
O
O OO
O O
Qo O\ )3
O.g
+C
O O '® o O O
O —0 O Oo %

659.3. 993563900 6306HMBOL s dolio BxBMdEYGIOL Fembgdol Jagfymds

39053500  39dBHMM0L  30MmOHOobsGJd0  90bodbMw0s  x35Mgobom, w30l 3356d9d0L
30mO0653900 Im©O0x0353008 90ymd s0bodbmmwos BogMolngMo 3gMom. IMEOGRO3S300L
390092900 800900 35009 6563969305 IEHOObMEo bsbgdom. 5dsbmsb fmbomo 3mgz03096GH9d0L
3093035300830 458Mm0g4qbgds FmEmTmes:

t+1) = 0+ (O[O - 0] ”

Loog: t 50b0dbogl olzMgEvIo MmOl bmdg®l. 53sbmsb X() 39J@mMmo 0Mmbgzs d9dufogargero
99MB930056 gmgzger Fgdmbggzom b 0GHYMe3osbg. h(t) FMBJz0s FoMdmoagbl ByoHmbgdol
39BMdMdOL BMbg300L 49856%3909-6500MmbLS s F9MdgE ByoM™Mbgdls Imeol dogdo.
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0300000560D905000 6g0HMbMwo Jugeol Bfogzwgdol sOLbo dymdsMgmdl fmbgydol olgom
939094™d580, HMAol EMMLYE Sbarm 8995350 39JBHMOIO0 2555dG0MGOI6 M30MMYb0DYdL
9eONLs s 00539 6goMHMBL. M3000mMYs60Bgdso ML Bogergdolsl, Fglogsw by doghimgds
090535000 39dBH™M0 5 98M0mM3gds  B3owsMeo  Fomdmgdmagdo imbgdol 39JE™mMm9dmb
9OMO©, OMIWGdo3  ©3953006M09dMW0s  MZOMMMYBb0DYds©O B30l gzqws  ByoOMbML.
L3osrmeo FoMImgdol doglodsermemo 3603369wmdol bgoMmbo 3bogds ,,29050X 390",
bergom dobo §mbgdo gowoghymds.

030000M02560D905000 ®30L  ymz9w  6goMmbmsb vy sbmEzomgds ghomo  dgdagzowo
39JG™M0, 85906 0300mMA60Dgds©o M30L Mg Tgufogeror 0dbsl Fmbol ghmx Moo
3900MmM3Wom. 4535MmX39090 630MmMbol fmbgdo gomEHmegdm©s d9dbfagargero 39dGHmMmgdol
3033MmbgbBHgoL. MHmameE Fabo, 9dLFsgwrgaro LodMsgerg dmoEsgl d936 Abogl dgdagzow 39JGH™ML
@5 Jugenb 96 F99derml M30000MMRB0BGdEO B30 9HDO s 0x039 bgoM™bOL  5JE030609d,
000Mgo  Jomysbolmgol. sbgo dgdmbggzsdo, 53 bgodmbol fmbgdo  doowgds Fgdsgswo
399G™MM900L golisd1oMgd0m, MMIgddsa 1Ibs IMobEObmb dobo sgd@og0Mgds.

503356000, §mbgd0, HGMmIgdoE SLMEoMmEIds bgoMMbML (MMIgdog Fo®dmddbosd Jesbol
9.9, ,,000m3L"), B00©gdgb  Fgds3sc0  39dBHMOGOOL  ,,396GHOOL"  sbewm  9609369@ MBS,
G0Iobomgzolsg 8m3gdmwo Bgodmbo MO ,,80056x%390w0". fmbgdo 3m6M9dEH0M©gds 0dy356M5,
Omd Hmbgdol 39dBHmMo  Mebermggds dodobstg 89dsgoce 39dGH™OL. dgufogerol LoBds®ol
3M99%303096G0 FoMmgL 3¢sbol  (Fmbgdol 39dGHMMOL) dommzol LHMsxg dosbarmgdsls 99degow
399HMM56. 5aMmOHomTo LEOHYEYdS F5653, BobsA fbgdo 56 F9Fy3939b 330 GdSL.

Bsfoanszgdols aMmgols m3E080bsEool 3gmmeo. sdx IO 29630bowmm JBmmsz35HgdMwo
Sboeo  30d0MH0Mo  doymdol dgmmg dgbgwo bsfowszms aMm3z0l  dgommEol  dsbsby.
Bofoaagzms gMm3zol m3E0dobsgool (PSO) dgommeo 80937003690 93mE3009M0 seramMomadgdol
axsbL {5} serym®omddo (omdmpgboe gMmz0lL (5699 gmbol) 06030l Bofoers3gdl
MH©9096, HMI9gdo3 bollomgds 3500 MGl MOMN0gMHJI)Id0.

65foe53900L  dmdEsmds  Bsdogdm  sGgdo 0L gob3oMMdgIMo  BMymOE  L3NMIMO
L5399 3mBogoom, 51939 FNE0sbo AOM30L BsY390gLM  3mBoEoom  sMbodbMw  sMgdo.
50009650, Bsfos3gdol  25055P0wgOOL 530 gdI  306MMdSS  BOINMIMO0  3MBoEool s
d9L50580L5 FYo FMHM30L IEYMISMYMOOL FodxMmdIBYdS, 30O 56 TMbEYds Lodogdm sG9do
3WMBSMO0 M3EH0dIol ddgdbo.

B5foes3900L 2MMm3zs bolosmEYds M5dYbodg doMH0MOO 3565dgGHMom: gMm30l Bmds (S),
LoBdoty (v , 0696300 (W), c1 s €2 3mbLEBEJd0, BHrm3memyos (gbest, Ibest, star).

?‘J"I.EJ:’)

5¢mM0mdol  Jobobos  Bofoerszgdol  Jgputmgzqds  Gmamemz  doBbmdMmogzo  gMbdiool
3B (Bgero 1sdogdm sMg) s 0l MW ME (3mB3MYGHWIO JsbBgMo) M3EH0dMTYdTO.
B39bL  Jgdmbgzggzsdo  PSO  ganmdocmdo  m3@G0dobogool  s9mEobols  gabobv)Mgds,  Moyob
33950639M9LgdL MBS OO  M3BH0FNToL by ,,25050K% 3900 BIoOMBOL  498m3w0bgds,
OIol dodsOms3 Mbs dmbgll M3000mMY60DYd5O B30l 3bBOYMESE00L owofymds.

PSO sq0am6003dol 3m8smdol 0GgMsEore 3Gmagldo bgds ymzguo boffowszol LoBJo®olbs
@5 3mBoEool gobsbwgds s 80dY35M0 bofoeszgdol Fobozwgds 396G MMHol dodsGro
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15d0gdM ML BOMR9dT0 {5}. LEBJsMOL A9BIbEIGdS TMI0WIIMOs bsfogrszol fobs o@gdsiools
dmd65md0L  m30L9090%g  (LoBsMy, 9BJoMgds, 3MmBoEos, 0bgME0s), bsfowszol  Lowzgmglim
3D0305Hg o 59 bfos3bg aMm3z0L 353w965%Y (bob. 4.).

r,®

\_ ) ‘,_-‘.'\‘V?\f.» '-o-n.....(. ...> P'g .
‘ x(t+1)

cri(Pi-x(1))

vii( 1)

Bsb. 4. bsfoemszols fmbols 0bgmEool GMsgddm®mos
LoBJoMob gobobengds 9999y 0930530 0gb69ds:

vi,, =wv + ¢ rand %:E‘} + c:rand%_:%"} 5)
boQG:
W - 5600 0696309,
pi. - @®3oeyH0(bsfoeszol) Lavmzgmgliem 3mboios;
Dy - @mds@<)H0 (36m30L) Lar39m9lm 3mBoEos;
W - 3dESMDS 90806569y 0B9gMozool Mmls,
(pk—pk)

- 09foes3ol go3egbob goddmemo;
(pl-oh
= - 3630l 353ebol Bogdmeo;

C;, C, - 999933699000 @5 L EFOSWMEO 356589GMYdO;

000MYMN  0BJM305DY, Bofos3gool LoBJsMoOLs s 3MBoEooL gobsbergdols d9dwgy,
bgds bofos3zgdol s Mmm3z0lL Bs39009Lbm  3MBO(309d0L  AobsbEgds. AMM30L  Lvwy3goglm
3mDogos  gobolaBmzmgds 396G MEmOL  Lomzgmgbm  3mbogom,  MO3  OEY0bYOS
d990096506M500:

lt;+1 = p;{g+1: [x§+1,}?f+1]1 r=1,2, ..M.
g _ Prs1 iff{pf{+1} = f'[I:"i }J
Pes1=] g _ (6)
Py Otherwise

0300003607050 930U s bsfjos3ms 3BHM30L 300600 SEYMMHONTO

3Mb3mmzommo  bgodmbmmo  Jugerol  ®ds  BHegegdolsdo  sbosewo  dogymds
9 MdoMgmdl Pooling dMol 6533w 03000mMys60Hgdso Mm30ls s  bsfowszms yMmgol
SEMM0mIgdol  300M0EE  99dmygbgdsdo,  MHMEILyE  Z300MMABOBYds©o B30l
»39056% 3900 6goMHMbol 4593w 0bgds s dob 0B bsMBIbo bgoMmMbadol gobarsygdol
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3639890 5B 5OHOL hsdIMOo bsfowszms gMmzol Mm3E0d0BsE0ol sEamMomdo {6,7].

30300 sewamGomddo bfagzwgdol 3OmEgbo 99033l s3GMgm3g 0bldo®omgdye CNN
d@m3L, BosE 0MMYMwo dgagds SOM & PSO 139boligeb. m3000m6m560Bgds0 Grv30Ls ©
Bofowszms 4mm30L 300G 9p9deo Pooling dMol LHogergdol  seram®omdo dgodengds
3o630bomm d9dgao Laboo:

30x0 1: 060305¢0bs30s. M3000MmMA60DYds© B30l Tgboligargww by dmiEgdmeos Lsfigobo LogmEol
2396Bmdogdom 2oblobEzmwo d5ol Fobslfo®o JmbgoymMsgos (sGmzmmbgo 6 9dgbzmombawo),
320939 bgoMH®badols Homgbmds Jugwdo.

30x0 2: MBEMIoBgdMmwo 89b69Ms30s. dgdmbggzomo 360d369wmdgdom  0boE0swoBEgds Lafyolo
39J&H™Mgd0 03039 bofowszgdo Lsfgolo 3mBogogdom (3nmOmEobs@gdom), ULsfyolo LobdsMggdoms s
LObs3E03MMO Fmbgdom.

30%0 3: ®omMmgo bsfowszobmzol 3o@bgl-3mb]E0gdol godmmgs.

800 4: 650 3900L LeMEH0MYdS BoEbIL-8MbI309d0L 3¢gdsEMdOL Jobgz00m.

800 5: ,250560x% 3900 610MMbOL 6w 396GHMO MO Bofowszol asdmzwobgds.

d0x0 6: obobgds. bgds ymzgmo bgocmmb-bsfjomszolomzol 3mbogogdol,  LoBdsmggdobs s
Lobs33H03Meo mbgdol gobobargds.

30x0 7: 306HMdoL 99dmfjdgds. v Mm99 0GHIMs30580 OGMBgwody Boffomslzol 3tboEos 56 sMOL
35600, 35906 bogds dolio LoBJsMol 45bwmwgds s IdMHYds doxo 2-80. FobssmBgy d9dmbggzsdo:

00x0 8: ,,35050% 3900 BgoMMbOL 5699 (396G SO0 Bsffoarszol Hmbgdol 3megd@omgds.

0d0%0 9: 396¢MomEmOo Bofowszol Lozgmglbm 3mbBoEool Fogdxmdgbgdol boMolbol asdmmgzws ©s
d930L9do.

doxo 10: Lsdogdm sMmgdo FIBEHMIWMMO boffowszol dodsmo boforszgdol Tgxamngdol bomolbol
2300003 5 G9xoLgds.

d0x0 11: 33-9 s 39-10 doxgdBY FodmmzEowo 3nd3mbgbEgdol 8wbdzool 3603369 MdOL godmmzes
©5 99739bgds.  50b0dbMwo 30MHMBOL  3ToYMmBoEgdOL Fgdmbgg3zsdo swgmGomdo §yzg@l  Lfsgangdol
3639LL (d0x0 12). F0bs508gy 99000b3935d0 0GJMSE305 IOMHMBEYdS gobobegdols dox by (doxo 6).

00%0 12: LiFs3¢gdOL LSOO,

3. sls33bo

396boEmwos M3s BHogergdol seym®0mIgdo, 39Mdm, 3mbgmemizon®mo byoOmbmwo
Jugargdols (CNN) s6mdo@gd@eolodo sbegd®o doymds, Lsss LEBIOEMw CNN-do
2905900569090 g9bs  (Pooling) Bsbs33wgdeos  m30mmMYsbobgdoo Mwmzols (SOM) o
Bofoemogms  gbmzol  m3GHodobsgool  (PSO)  30dMono  bgoOmbmwo  Jugarol  ggboom.
3900053519000 oMo 2963MHMdGOE0s  Bofoeszms 4mMm30L Mm3EH00BoEgool 4sdmygbgdom
0300005600900  Ow30L 9.5, ,390560x%390M90”  6gommbol  godmgzeobidols o
03000060560D905000 MH30L  M93mbRoyMMsE00L  dMmi3gbdo. gl 9x9gIGHMIOL  ASbEOL  EDs
L3000l 359MmYygbgdsls 30Dw9sEMEmOo  Jgabmdol  $3m39690d0, bl MMEgd0m  LsdgOoE0bM
1339MMT0 OOFBMLEHO30L MZseLEBOOLO.
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(b&>B0> AnmrdmaMn> 10.05.2022)

MODIFIED CONVOLUTIONAL NEURAL NETWORK

Meparishvili Badri, Janelidze Gulnara, Mirianashvili Albert
Georgian Technical University,
meparishvilibadri08@gtu.ge, gulijanelidze@gmail.com, Albert.Mirianashvili@gtu.ge
Summary

Image classification and search are widely represented in machine learning and computer vision
applications. One of the best developed algorithms is considered to be in-depth learning algorithms, in particular,
based on the convolutional neural network (CNN) architecture. This paper presents an in-depth teaching approach
in which the standard CNN layer is replaced by a hybrid layer of self-organizing map (SOM) and particle cluster
optimization (PSO) modifies neural network. The proposed approach can alleviate the problem of semantic
deficiency related to the difference between low-level and higher-level image representations, making it effective
in visual cognition tasks, especially in medical diagnostics, as well as in big data systems.

(Received 20.05.2022)

MOJUPUIIUPOBAHHASI CBEPTOUHASI HEWPOHHAS CETh

Menapumsuinu b., [xanenunze I'., Mupnanamsunm A.
I'py3suHCKMI1 TEXHUUECKUN YHUBEPCUTET,
meparishvilibadri08 @gtu.ge, gulijanelidze@gmail.com, Albert.Mirianashvili@gtu.ge
Pesrome

Kraccuduxanus u mouck u3o6pakeHUH UIMPOKO HCIOIB3YIOTCA B IPUIOKEHHUAX MAIIMHHOTO 00yYeHUI U
KOMIIBIOTEPHOT'O 3pE€HMUI. Cpe,ILI/I paspa60TaHHbe AJITOPUTMOB OJHVWMH H3 JIYYIINX CYHUTAIOTCA aJIT'OPUTMBL
IIy60KOro 06y4YeHMs, B YaCTHOCTH, OCHOBAHHEIE Ha apXUTEKType CBepTOUHBIX HelpoHHBIX cereil (CNN). B sroit
cTaThe IMpeACTaBiIeH IOAXOZ K IIyGoKoMy ofydeHuio, B kotopoMm cioi myna (Pooling) B crampmapraoit CNN
3aMeHseTCs CI0eM IMOpULHOM HeHPOHHOM ceTr camoopranusyomeiics kapTsl (SOM) u onTHMU3AIUK POST YaCTHI],
(PSO). Ilpenmaraemsrii MOAXOA MOXET OGJIETYUTh HMpoGIEMy CeMaHTHYECKOTO PasphiBa, KOTOpasd OTHOCHUTCA K
pasHuIe MeXAy HHU3KOYPOBHEBBIMH M BBICOKOYPOBHEBBIMHU IIPEACTABICHHUAMM H306pa)KeHHﬁ, 4YTO [OeJiaeT ero
3 (eKTUBHBIM B 3aJadaX BHU3yaJbHOTO pACIIO3HABAHUA, OCOOEHHO B MEIUIIMHCKON cdepe C TOUKH 3peHUL
AUATrHOCTHUKH, a TAKXKEe KaK B CIydae C CUCTeMaMHU GOIBIINX AaHHBIX.

(Mocmynuna 20.05.2022)
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B0%033960 30300 - PHYSICAL CHEMISTRY-

PU3SNYECKA T XMMMWUA
3505e9b9M93H03Mo 65gMmgd0L LobmgBo s BgmJgdswo
0300gd0L 33935
05356 05300

LodoMm39wmb ¢9gdbozmemo mbogg®bo@gdo
tamunal23iashvili@gmail.com

M9bomdy
0690530 5390930  603m0gMdgdoL  doebg F306Mg MomEIbmds IM03M3z90s. Fo00
SOLMWMEBHMOO MIMSZILMdS BobmgBOL aB0om doowgds. LBEIG0sdo FoMdm®agbowos 3bmdowo
2907905000 6030096M939d0L - 3030068:5535L s BHOHMEHO0WOL JodoMO Q5MSJd6gdOL gBom, sbowro
,,00009399MH0 BogHgdol” LEbmgHo; LEObMIHBOMYdIMO Foboergdol 58390JJd0MO FoMsddbol
b0l s  9BYMRYHOINWO  FobolosMGIWGOOL 3309395 3OMPIGHOL  PMF0MLOMHYOGOOL
3993060905 @S 989JGHOM™IOL SBEO..
1533560 BoByzgoo: 303600607535, GHOMEG0wo0. 5dmbomdol bo@®ms@o. ,dmwg3wmwm@o
B59M000%. Bgmdqdso bogmogmgds.
1. 3gLsgsemo

©EYoLsmM30L,  AmgBwomdo  bbgoolbgs  Lobgmdols s B0 dbwmwgdol  ggmdgdswo
6030009693900 0{o®BMgds, 0319935, Fo0 B0doMm §999bgdEo FMMbM3bgd0 v MBGOM I353MYdS
@5 0BMEYds. LsIMYH39wm B0 TBMEdOL LgMoo FoMdmgdol BgmJgds Bogzm0gMHxd9dL,
3990996900l IH535¢ OIWPIIOM BoJBHMMYJOMD MM o9hb0sm I60TZ69wM3z560 653035690900,
53 J0M0MOPIE  39TMObOEGYds, 9bgMgBH0IME, 93MEMmA0M, LogudgOG™ ©s  93mbmBo3MM
9583969090 d0. 599bs, 90b0TbMo Bsgemzsbo  FBsMYIOOL  SMIMBIRBIMIWI, SMYN3Y,
Pom8mgdol, dmbdotgdol s godmygqbgdol 3Mmgldo MLOsBOHMBMIdOL MOLZJdoL TgbsdE0MgdMs©
MO0MgLO 9GO MMH0s  BMJJ0s©o  b03m0gMHgdqd0  Lobmgbol  sbowo  Fgdbmermyogdol
090999953905 5 9MLYdYo Ggdbmermyngdol LGrmwymas.

b0 539074905000 FoboergdOL JoLOMYOS® FobbMM(309egdME0 33693900 BT 9BO3L IMO(353L:
1.30¢00b0@MMMMsGE0 659Mmgd0L Lobmgbo; [1] 2.8500 LEGHOWJEHOMEO 5b5EMA9OOL JoWgdS
Jo0MM0 49MHgddbol abom (sLgmgds gMbgeos 9.§. ,,0mEg3MEm®o Boghomgdo®) 3. Loboy-
06900 30oboGHOMIOMIsGHWWO © ,IMWY3YMOHO bogHmMdOL* DMmyogMmo RIMJYdSO
dobolioomgdol oblsbLgMs.

2. do60m5©O bsfowo

> ,0merg3menymo bsgMogdols“ bobomgbols dggsbobdo

GOMGHOWL, 3036006055358 ©s bbgs 30e0bo@d®Hmsmmds@e 5030009609890l Mbstro sg3m
§o6H3mgdbsb 9.§. ,,00e939w@o bsghmgdo”, 56w BsgMmgdo ,,3mbEol 39ws@Esboo” (,,Charge transfer
compounds”). 53 @Ebmdoo BIMJIds©O 603W0xMYdGIOL  FMErg3Mergddo, bod-Lsdo  dErogeO
999 AHOMbMogd393GMOMo  BoGOHMXAMBoL  sOLYIMOOL 250, Fom0  SOMI>GHMO  B0MHM39d0
0000965055 osM009dMo T - 9gegd@®mmbgdoLoYsb, MM 89Mdwosm MMHM0YHMNJIgYds ol
999dHOMBMEOMbMOWME  Boghmgdmab, OHMmymMmoEss,  d9bbmeo,  EGmerwmero, d-Jlogrmero,
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dgBomowgbo, o 5.9., IMWOHO MBsBIOEOMIOM 1:1. 53 EOML, S5PO0WO 59d3L, TbmermE

99dGHMMLEGH0INO MONOIAHNJIGEYONL Imeg3mwe mbybg. 390, EMbMMO Imeg3meEol,

3539Womd, B96BMWOl ghmo T - gwgd@®mbo 6 BmEoBSE ool gEgdBHBMbmog3g3-
AMOMo  GOoboEOmMBbmEol  (TNP)  dmeg3mesbg, 96 s@yowo  5Jgb dob  Laghom

»0B39d580” 450sl3eol[2,3].
> 3036060553515 s 53mBowdols BoG®MoEoLssk ,,dmmg3memwio Boghamol“ Lobmgbo

509319 0gbs 30 g TNP o goblboe 0dbs s393™bdo, 10.3 g s9mbomdol bo@GMsdo goblbow
0dbs fgoawdo, mG0ogg LbbsGo Fgdmdsdo s dmdogo dmMg30l 306MHMmdgddo odbs Jgmgmero.
393blbgargdol smMmJwrgdol 9999y Jowgdre 0dbs 37 @ ,0ME939WMH0 BsgOHmO“ Imyzomaoenm
360LEGIMO0 6030gMYds. 2odmLogswo 91,8% (Bob.1)

OH

O NO:
¢ DEANCN % TNP e NH«{NOs

NO:2

OOmGoeeo, TNT
6ob.1

> BOmEG0obs s 59mbomdol Bodmadolisgsh ,,dmmg3mem®o Bsghomol* Llobomgbo

50939 0dbs 22.7 3 TNP s gobbbogn 0dbs 5:393H™bdo, 8 g 58mbomdols bo@®mo@o 4oblboer 04bs
$goe80, mGH039 LbbsGo G9dmndsdo s IMdogzo ImMmg30L 306Md9dTo 0dbs GgMgmero. godblibgergdols
5O gdol 999009y 0090w 0dbs 28 4 30M0LEI MO B0gm0geMgds. 259mlisgswo 91,2% (bsb.2).

6ob.2
> ,00003me©0o BagMomgdol“ gs0m3ws gBMbBagools 50dzMslis s 385vmbs®0s6mMdIBY

©9AHMbs300l  50d3M5BY 9dMOE3s®s 3036006075358 ,,dmmwg3MwMGmO bogOmo® sdmbomdols
Bo@®53Hmb s GHOMEGHoObL ,dmwg3MwOo bsgMmo* 58mbomdol bo@Mme@meb. s0bodbmewo
»002¢093M0 b5gOMdOL" 60dwdgdo 50gde 0dbs 15-15 9
ME9bMdom. 30D Mo©, FoPgdMo Boghmgdo  sMol
360LEGIMM0  Bbgzbowgdol  Loboom, Loog  bofowszms

3M9bmmdgBHrmwo F9d339wmds  IgMHygmdls 0-5 99
i ©0535Bmbdo (bsb.3)
|
W30 BogMongdo”:
5) TNP ® NHNNOs D)TNT ¢ NHNO» Bsb.3
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©9EH™bs300lL  50dzM0ol  MBsol  Gglodm{dgds  o8mygbgdmw odbs dMbEgdol dget
239ML53300  MIs0HYdMr  BEYMIsMGMdTo  AoTMEOL  bEAHBIOGHWWO bdgds,  GMIgEoE
BoBggbgd0s 09-4 bobsBYy. 39Mdm, aMdogzo IMBEGHIdOL Tobomgds®, Loggwo bogmoggds
B50GH3060005 05WbIBHT0MBd®0s60 BMEsEOL dodo. dowol JOHMO dMEWm EIHIMWos 0039
3sL5Eol BoMdOm, bmem Fgmeg FBOOD YAEHMbsE300L 06030MYIOOLMZOL QodmYygbgdme 0dbs

3o83LE-gGHMbsGMmmo K-8 393bwge8@sm0 bmbs@oo [4].

=

L

e
21
i 7 |
L
!

1 - 338MLIEEIO Bowo; | 5 -
2 - A3 o ByGHMo; i35
3 - GIGHWHIBSIHO VMBIGO; A
4 - PBLYE-EIAHMBIGMMo KI-8; B

5 - 398mLOEEIEro ool Logmdo

150

TR N P

28 )
LOBMYBOMIIUIEO BN IHO BIJMHIBOL
220MLOEEIO Bogrob U4gds @S byo

Bob. 4

3036006305535 5dmb0mol Bo@®mo@Mb ,00¢93MWMM0 bsgOHOL” 583gmJgdsd 45dmof305
239MLs30L OO BORTIBEHE0S, o3 ITIbILOSMYIG0s T dMODIBEEMdOLS s v-
9599656056000l dJmbg 13900905000 B030gMGdBOLMZ0L.

AOME0OoL  5dmbomdol  bo@®mo@mab 0093 MMo  bogOmOL® 55390 dgdsd  35dmofig30s
350l Jool 30¢0bMMEo Bgs3o®mol LodgBMowo MM393s Abeb3g By s oo IRMM-
05305, 653 ©535bOLOIMYOYE0s Foowo ©0bsdogMMmo 6939800  (300bGMWwo  EIbHIMEO
Lo3MEOL OBHZ0OMZ9d0LMZ0L. F9gAgd0 Bsh39bgd0s 8g-5 BobsHBY.

AGIRTIBAHIEO0L (9) S @HBRMGALGON/BHD3I30UL (D) BHO3MHO LMGLI;MHdO

65b.5
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303606355356 5dmb0dols boGEs@Hmb ,,dmwg39wEo bogHmol™ 8dsmbo®0osbmdol Jgloggs-
LYIWHE 299MYgbgde 0dbs BHMOMEwol Lobxo. 933900d9d0l TggRo® GHGMMEEEOl YmddsMOl
30w0bM)o H3MYOL IMEWMdS FoobIMS s ABbEOLYIMOO BMMTS dooM. JMEEMdOL
659530, HMIgeoi 0dmIgds 3MOMMo LbEH0TgEHOMBOm, 50gd 04bs Bgmdgdso BogmogMgdols
39d5mdoL 165MIOL 30MMOOm LyBMIs [5].

d600369crm35600 2 g3gmdgdso 60309900l FgsMgds. dowbgsegs 0dols, Mmd 10y
dm93mmo  boghmo 8903538 osbrmgdom  30%-00  Bo3wgd  303600605535L,  dobo
3999599656056M35 30360685535 03039 FobsLOsMYOYEDBY 41%-000 FgBHo 50MRBES. SFMbodol
Bo@®530 353009000 05805, 30O 3036006055535, 135¢BBODbMS 93MbMT0zMGmO 9339dF0.

3. sls336s

1) LEbMGHOMYPIME0s 303006375355 o BHOMAEOWOL 093N YHO  BogPmMYdO*
505025699100 F5M0EmIb - 58mbomdol boG@o@mab.

2) 30639WSO  EdMMSIGHMOONO 333900  5539MJgdol  BaMolbol  Tgboxnsligders
3036006355355 s BHMHMGHOWOL ,dmWwg3MWOTs BogMmgdds” 5dmbomdol bo@®mo@msb (15-15 g
M9bMd0m) 258M53w0bgls IMbEHOL goMlsEdol LEWWO FMHYRTI6EHEO0L S dW0YMHO IBMOTS3ZO00L
mboo.

3) 99dBHOMbMmEMbmOMw 3md3mbgbEmb - $8mbomdol bo@®mo@msb MMmogMHmddggdom
»000930MM0  bogMHOL“ LObMIBOM  Fo0DMEs  Jeg]BHO™bJ393GHMGMo  3MI3MbgbEHOL -
30360635535L 58390 J9d0l Loderogey.
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(U505 BoegBeyemos 20.05.2022)
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SINTHESIS OF HIGH ENERGETIC COMPOUNDS AND
INVESTIGATION OF THEIR EXPLOSION PROPERTIES

lashvili Tamar
Georgian Technical University

tamunal23iashvili@gmail.com
Summary
In nature, explosives are mined in extremely small quantities. Their absolute majority is
produced by synthesis. The article presents the synthesis of new molecular compounds by using the
chemical transformation of familiar explosives — picric acid and trinitrotoluene; study of energy
indicators and the ability of explosive transformation of synthesized substances; reducing products

costs and increasing efficiency.
(Received 20.05.2022)

CHUHTE3 U UCCJIEJOBAHHUE B3PBIBYATbBIX
BBICOKOYHEPITETUUYECKUX COEJUHEHUI

Namsumm T.T.
['py3unckuii Texuuueckuil Y HUBEPCUTET
tamunal23iashvili@gmail.com
Pesrome

B npupone noObiBaeTcss HEOOIbIIOE KOJWYECTBO B3pbIBUATHIX BemlecTB. [lomaBmstoiiee
OONBIIMHCTBO M3 HUX MOJYy4YalOT IyTeM CHHTe3a. B paboTe mpencTaBieHa CHHTE3 HOBBIX
«MOJIEKYJISIDHBIX COCIMHEHUI» IIyTEM XHUMHUYECKOIO CHHTE3a W MPEBPALEHUN H3BECTHBIX
B3pBIBUATHIX BELIECTB — MUKPHUHOBOW KHUCJIOTBI M TPOTWJIA; HCCIEAOBAaHUE CIIOCOOHOCTU
npeoOpa3oBaHusl SHEPIMHM U DSHEPreTUYECKHX XapaKTepUCTHK CHHTE3WPOBAHHBIX MAaTepHalioB;

CHHU3UTH CE0ECTOMMOCTD MNPOAYKIIMU U MOBBICUTH B(I)q)CKTI/IBHOCTB.

(Tocrymzma 20.05.2022)
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B003360 30805 - PHYSICAL CHEMISTRY-
PUBNYECKAA XMINA

396BMols 330198930l M35eLsBobmE g58malsbzgao dolo

30930l 9e9dGmHMmbrmo 50bsgmdol sbsemo gm®mdmemols
30D M0 259mLob3s (slwMscgds)

3030 bogdgero
Jodo® 393609690509 560G 0

M9bomdg

6596330 506036mos, HG™mI 396Bmol (CeHs) I gm®Immsbgs 539090 ©®9356gwo
096%Bmol Jodos, bmem II m@dmws dmfimgdmaos B396L Joge s I Zm®INol 5e@gMbodogss.
3905609005 I s II 3m®IMegdolb dgLsdsdolo dmeng3wegdol Bsdwswgdoom d96%Bmeol Jodormmo
030090900l 458mbobgs s sYIBowos, HMI II GmOIMws I BMOTIMNWIL XMdboL 4 39633 d0:
1) 396%mol  dmbmo®mdmgdmmgddo  Bsbsz3wgdol  mMogb@osool  fgbol  mzsebsbobme
3o0mbobgsdo; 2) 896Bmeol 30MHoMgdol 300390  LoxgbMol  SbBLBOL  sdoxJMYJOMBST0;
3) 3960l dmbmfsmBdmgdmwgdol 30M0MYd0L 30M39¢ LsxzgbOHDY gagd@®™bol JogMmgdol
90356MHmgdol 96 800900 O30EOM3OMOIGOL  LEAOMIGMOOL bsomwow B39bgdsdo.
4) 396%Bmols s JOmIol 999339¢0, LYb30hoLs s bobY3MELYBE30ROL EHo30l BogMomgdol
LEAHOMIGHIOOL SblBsTo. 5©0b0TbMos, BMT d96bMmol dmng3mwsdo C-C ddol LogMdg 14-60 -om
Bo3egd0s gmobols  dmengzmerol C-C 3dol LogMdgbg, Mog odmfzgmeos ddol Foedmad]dbgwo
999AHOMbMwo  g30eol dgdsmgmdoo C-C 3ol 99gdsgmmgdgwo bsbBol stgo 23.22 63
dsbdoebyg. 99 GodGHob II gm®mImsdo 9939659 godmofizos 396%Bmerols dmerg3mewols 30BYswwGo
399mbsbgs IV 53m®3meools bobom, MmAgeog 096Bmeols bbgs i3m®mdmmqdbg 396050 09mbo@sgl
096BMEol ™30L909dL.

1. 8glssgsemo

096BMmols Imeg3meol 9egdgb@omeo 990gbomdol gm®mdmsl (CeHs) dgqLlodsdgds
6535000  303WNIMH0 O QOOX9FI05060 0BMIGMMEO
99dHOMbMo 50bsamdol ,,09BMmbsblwwo” gm®mInargdo,
95650 396BMol M30L9090L Y39esbg dg@o do9mbodog9b O
[ @ II gegdpOmbawo LHOUIGIOIWo  FnOINEgdo ==
(bsb.1).

1 n

6ob.1

I gm6H3Ms Bogmzgemsm@ 36mdowos. dslbgs 9398wo ®93s6gmo d96Bmeol Jodos.

00  §oMm3mopabl  393Mgl  doge 1865 (gl Im3gdmero  396Bmeol  LE®MWydEHmEwo
ROINgdolb I s Iz ,,6H5Bmbsblvye®

30060oU (bsb.2).

60b.2
|1 |; |
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II 30®3IMews dmfirmgdmeos Bz9bl 8og® s I gm&mdmwol ser@g®bs@ogss [1]. dol dglobgd
0683035305 2odmg399bs 2001 (ol 16 oGl gobgo sboew 830 gdo. 39350sMHM §OHmTsbgol
9B BmOIMgdo: 1) 396Bmwol mGmogg m®mIMwsdo (I s II) Bsbdo@dsol 9dabogg s@mdo
9930350096 GHMm05 5 Hgodsol 9J3bogg @G0 GHMERsLs; 2) B9EBMEO 0dewrgzs FbmemE GO
dmbmfo®dmadme 36mnd@L (CsHs Cl s Ubgs), Gobog mM039 BmOIM@s  53059ma300093l;
3) 396%BMo 0deg3s Bod (O™, F9Bs, 3565) ORBIE3IOME 0BMIGHME 3MMEOMIGL s Bsd
A®0bbs(33gd e 0bMIgOH e Bofomal, Molog MO39 BMMTMEs 53059mBOgdL; 4) d9bBmeEols 1
s II gm®Imegdols dglodsdols 8meg3wegdls 5§30 dMEHYIWO, G030 S0bogMds s 89039396

I M35¢0HgdIMo gargdBHOmbgdol LobGHgdgdl, Gomsi olobo 93059MmBoEGdID SOMTsE O
BogM@ol dmeng399eol s©bsgmdsls [2].

I 36370l 50bsaMds sblbogros SP? 30dG0@obs300m. II gm®HImol smbogmds 990dwgds
500fgMHML  BobBToMdoEOlL  sBHMAol 06303  9gdBHOM™MbIdIOL  4obEsagd0m  ISbEMgdom
A9IOHM590OMol  dbyoglo. dsm dogH 943bH93cM0s60 (30300l HoMmdmddbol ML d96%Bmerols
dmen93ol LodMEHYol MmM0gg FbsMgl Joogds BsTo MM ZSE0DBIIMO  Jegd@MMbOLOYD
3990025600 MO0 LoLBgds (I s 12 GMIGdOE LOIYEHOOISE G056 J9BEIRIOMEO TMErg39EOl
LodMEYoL dodsrm. 111 s II2 FmOIMEGddo sOLYdIMo BHTO SGBEMZS0DYdIMO gegdEEmMmbols

LoLEBHYIOL 9P IMEg3MEsdo godmlisbgzom
309399md0 1T gm®mdmsls (bob.3).

+ —
11, 11, ~ I

I o II gm®3mwgdol 9969006 Bsbl, G0 Fomo dmerg3ergdol bGMd@OHgddo

606.3

5GHM9d0L gobersggdol ggmdgBHMos gOHmboo®m0s, braem gargdGHMmboemo smbogmds goblibgsgqdmeos.
I 8m6H3Msdo 6 5Mo™35¢0Hgdmo  gagd@®mbol bobGgds Fgygds doMmM3do F9dsgowo
BobBoMd50900L 943039 5GHMIOL MOMM JErgdBHMMboLoYs. II ZMGOIMwsdo Jmergz2ol LodMEHyol
MmM039 oML 5OLYdMWO Bsdo  9MHXMISWODYOME0  gargdBHEMboLsd T9dsMo LoliEgdgdo
99035396 65bToMmBEOL Lo 5BHMIOL - dMmeng37Eol LOdMEHYOL gho Tbagl 396¢0 (1, 3, 5), bmem
dgmeg dbstgl comfio (2, 4, 6) - bobHToMBdSOL 5EHMIGOOL O™ JegdB®™BL. qU goblbgaggds I o 11
RMmOIMgdol Jgbodsdobo dmeng3w @gdol 9bgcMymdndE3germdsl o6 33w0l; sbggg gOMbBsoMos
9omdo  sMLYOMWO MV MZO0DYIMO  GEgdBHO™BYdOL LoLEYgdOL 9BgMR0GdO, MOl ASTM;
BobdoMd5 5@™IqdL IOl J0HB0Zd MsbsdIM0s.
2. doMHomo bofomo

JodoH oG Mo@IMSd0 ©593300MYdI 30M39W BMOIMWSL, d96DME™l M30lgdgdOL
30156 458mlbobgs80, IgmMg BMEOIMWS XML MdIbody 3mbEJdo. ysbzobowmm olobo:

1) 896Bagrols  Fmberfs®3098-9¢m98d0  Bsbsggem9dol  m®09bdogool  figbol  035¢mbsbobm
ps6&0embgbs 8902659 302(079¢000.

I o II gm®3Megdol gergdBmmbmeo sbsgmdols smfig®osb BBl , MM domdo 56 506
933900650 50mbo@ o gMmdsq0, MmOToQ0 s BsdTog0 339d0; BoaGed dgEDMEO YR IMO BsgOH0S
@5 Gobm30L TsbolINsMGIG0s BsBs(33gd0L s B0gMmYdOL M95g309gd0. 535LSL, Bsbozegdol
95930900 YBROHM 50305 J0dE0bsMgMdIB, 300Mg FogMHmMYdOL M99d(30900 VOIX9FZ0560 MXgMHO
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B9 900Logsb 2oblb393900m. BEBMETo Bsbs33egdol Mgsd3090000 800wgds Jobo Jmbmfoedmyg-
0900. Bobs33wgdmEo sG™Ao b sEHMIms X2R0, 919dEOMMboLIET0 sTMI0WYIGIOED
3990306567, go3wgbsl sbYbL doMHmM30L 65HA0MBIEOL 5EMTGOOL gengd@®mmbmen Lod3z3m039%bY,
OHIgebsg 0530909900 356MEBM0gMHYds sbEogl. 9egdBHOMPMbMOHMEo 96 gargdBHMmod3gdGH™-
Omeo  Boffoerszgdo. Tgbodedobs, wRM™  JgBs© DBOEOD b mEdm  TgBo 5930609096
99dAHOMbMe 15093300398 doOMZOL 2, 4, s 6 (MOMM O 3565) EAMIMYMOSd0  TYMR
BobdoMd50l 5@MTODY, 3009 3 s 5 (I9Fo) IEYMIsMYIMdsd0 IYymy 65HA0MBdIPOL 5BMTYODY
[2-5]. gargdBHembmeo 1033300308 2obMEs b6 T9I30609ds 50bodbE B5HA0MBIOL 5BHMIYdbY
d9L50530Ls© bgds +M (IgbmIgHero) gx39dGHom 6 -M (89BMIgEmeo) OR

989JO00. C1

0525005, 096bMmol  dMmbmfo®dmgdmedo  (bsb.4) gomdsol ¢

o C2
5Q0WDbHg  BbBsE3mgdwo  ggdBHOHmEmbm®ymo  bsfoemszo OR + M O
d9BMIgMrMwo 9539dGH0m gegdGHOmboae 15093300398 BHOL doOMZ0L 2, 4, 6
BobdoMdoEOL  5BHMIGODY MBOM FgBo©, 30009 3 ©s 5 bsbHJoMHdsOL c5
5@™d90by. 5dob JoBgbos C2s CsbobToMmdoOl 5EHMIgdol MImswm 3538060 o

C1 5@MImsb, B™Igendos Bsbozargdemos 9ugdBOMEMbm®mvmo bsfoszo bsb. 4
OR. C: B5b3oMds©bHy gergdBHOHmbmero 3mbEHoL gobMEs godmfzgmeos dolo
5393006090 C2 s Cs BbToMdIEOL 53H0FIOMID 55 M3I5e0BgdMo bsdo gargd@mbmeo
LoLEBHYB0? S SMYMN39 080, MM dYEBMEIOL doMHM3do 9gbgeyOol Fos3gdol Yyggws gBs Jolmsb
00536©905. €35 Cs 6sbToMdSOL 5EHMTJdBY FMbEOL 2093995 553930, Mo oliobo mad™
dmOb 009gmxzgd0sb doOmm3do sMLYdMEO JE9dGHOMPMbMOMo Boffows3z0sb, 3oMg C2 s Cs
BobBoMdool s@mdgdo.

C3 5 G5 BobJoMdo0l 5EHMIgAL IBMEMmE Bsdo SMIBEM35¢0HYdIo gegdBO™BOL Lol gds
5353006900 C1 5@MInsb.

-M 89%mgeme 95399BHL 0f3938 096BMwol doMmM3zdo BbsE3wgdMMO  grgdGOMg393-
AMOMo Bofloszo, dsgswomo, COOH s 9bgMaool gowsagds +M 39Bmdgdmeo 9x39d@ob
Lofoboomdgam®  bgds.  99gsb  3s8mdobotyg,  BEBMmEEol  IMbmfo®mBmgdmmdo  dymazo
99dHOMOMbMOHMo  Boffoszo, 89bbmmwol dommzdo dgdpamdo (Agmeg)  Bsbo3zEgdolsy,
999G M9d393GHMMME b5Howsgl Bsobs3ergdl oo gwgd@®mbmwo bLodzmogzol ddmby 2, 4, 56 6
(6O0NM, 3565) dMIoMgmdsdo dymmy BobBocmdsol 5@GHMBmsb. 58 0530L9dMGOsL dYEBMEOL
dmbMo®mdmgdmmgddo  Bsbo3zegdol m®m0gbBogool fgbo  ghim@gds, slsg dgmeg BMOINS
035bBObME 2o9mbobogl, bewm 3003900 BMOIMWom dobo godmlisbgs Immbgdbgdgeros [3].
dmmbgdbgdgeros 08oG™d O™, I gmEmIMEol dgbsdsdolbo dmerg3merol 99dmbggzsdo sdsl 396
303Y30m, 5y0 doMM30L 9d3bozg bsHTOMBEOL oM™  GEgBHOMBOLLRYD Tgagds 9d3Lo
505 35e0HYdMo gegdB®™bol LoliEgds, Mol gargd@mmbmeo bod3zzmogzol AsHBEMS b
399306905, g439ws 65HA0MBsDY GMMbs0Ms© Mbs Fmbgl; 3 dgdmbgzgzsdo II gm®IMwols
M30653HLMdS I 3mOIMslmsb FgsMgdom 5935650.

2) 896%merol 30060(980L 30639¢70 bsggbey®mob sbbbs 1T geademoo:

096Bmo  doghmgdool  M9od309080 9ol JumOmMb s [godsmsb  L3ggoswm®
3060m09080. mMH039 dgdmbzgzsdo FoegO0 36OMEYIEJO0L Jodmygmas 56 bgMbogds [4]. [5]-0b
dobg300 396BDMol 30MHOMYdS 30039 LoggbwmOHg dgodegds mMbgzs 5805380, bos@Gmowmdol
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dmgddggdom, 8306y Mom©Ibmdol JmobmEol MbsMdOLLL. 3 EO™ML 30MH39Wwo  FMEIMEOL
d9L50530L0 IMEg3mErols 9dmbggzsdo, (1)-ggdol dobgzoom (65b.5), 96Bmeol doMm30 0xMMYAL
909dAHOMBL BoG©0omdol 5GHMmIosb s 2oMH5043bgds s60Mb - M50 35es, GMIgE0E gosbmeols
909395l 5OHMTI3L 3OMEHMBL. 3O MEHMbOL d0gM™MYdoL 999 J00GOME0 M5OI O 43boEOL
S19g039 50YIbOL Fgmerg LoxggbOL s doogds 1, 4 - o3omM3gdloogb - 2, 5:

H H
Na, oob.NH, C;H;OH
P — P —
H H H H

Na, ob.NH, C:HsOH

et | R N ——

60b.5. bjgdo-1

096%Bmol I gm®dmwol Jgledsdolbo  dmeg32wol  300M0MYd0L  30MH3go  bsxgbmeo
390dgds godmglsbmm (2)-bdgdom (bsb.6).

— H H

O . 09b.NHy O 2C:H{OH
—_— . - - —e

60b.6. Ljgds-2

H H

50 OML II gm®mImwol dglsdsdol Imerg3mesdo sOLYdIMo b0 EHEMISE0DBYdIO
99dAHO™bol  mMo  LobEgds  BoBMomdosd 09Ol o™ gargdBHEM™bL,  HMAwgdos
999 GHOMbMwo  256B030L 39dm BoJLoMPYd0D d9bBMEOL doGMZOL Tm3oMEsdotg (1, 4)
BobdoMdool  5BHMIgdBY. Fggas FoMImoddbgds osbombo, GMIgwog gmobmels s®MmIg3L
3O0GHMbIdL s Joogds 1,4 - 030MOHM3030wm3gduoogh - 2,5. (2) Ldgds MaO™m domEo0gz0s (1)
Ud905DY. Mobsg, I FMOMTMEsTo sOLYIMWO 5MIXMIIODYOMEo GEgBOMbBIdOL LoLEGds ™E
999 BHMMBL 09M9g3L, M3 dbg0s; 5d0GHMAB M306MsGHILMdS 1T BMOIMWObL Fbstgliss.

3)  896Bmaerol  dmbeafisrdmgdiengbol  30Mm0M980L  30639¢w  bsggboy by 9en9dd®mbol
J096G00980L  8o0sGiemgdol 56y Jom98eicmo  @030GHM3HGMONIHOL  3oblsbrzts  grtg
ROAOI)CO0):

Lo0bBHIOILMS  396DMEIol  FMbMFsMmBMYdMgdol doge {igowdosol Fogmmgdols 30Mm3gw
Logggbw®bg 0080bstg ©95J30900, GMIOoL dglobgdsg, I BMEOIMWoEE sdmdobsty [5]
50b03db53L: bs0geo 56155 dOMM3T0 BBs(33WgdMO K AMBOL 493ew9bs gargdGHEmbol dogmomgdols
9005000gdsDHg 96w Jomgdwo 3OHMmMIGHOL LEAHMIBHMOSBY. 9Ju39MH0dbEG MO Fmbso3gdgdol
LoR3d39 B 990dEgds 00g35L, HMI 9egdBHOMPOMbMO™MEO X MRG0, Jogowoms R, OR s bgs
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0f1393L 2,5-000300OM3MMm©J¢9gdol Fo®dmddbsl (1dgds-3), bmwm gwgd@H®Mmod3g3GMOmWo X av)-
2900, dsgswoms COOH , NO2 s bbgs 1,4 - ©0300060Mm360HMm©g¢qdol domqdsl (bdgds-4) (6sb.7).

OR
H
|

INa, ob.NHs,2 C:HOH H o (bggds 3)
H
I

COOH

H
INa. oob.NH,.2C:H.OH @ (bdads 4)
H H

6ob.7

O

:

O

096Bmeol I gm®dmwol  dgLsdsdolo  IMeErg3Eeol  9EgdBHOMMOMbMGMEo s

999 BHOMod393GHMOMo  XaMBgdol 8993390 Fmbmfo®Bmgdmergdol  30MoMgds 30639
Lox3gbMHBY JgLodsdolo d0d0bsMYMdL (5) s (6) bgdgdol Jobgwzom (bsb.8).

OR
i
INa, ob.NH;,2 C;H:OH H
H (bs9ds 5)
H

@g

COOH

H COOH
INa, N 2 C:HO
l a. b, NHy,2 C:H,OH @ (499> 6)
< H H

60b.8

oOMo0s, 58 89dmbggzsdo Loddg 939438 096Bmeol IMbMFsMTMGdMWgddo 3oEMOMmYdOL
30639 LoxqgbmMbg [godsols ogmmgdols MgodE0slbmsb, FogMsd Aol sboblbgws Fgodengds
3990m3099bmm 396BMol dmbmomdmgdwqddo Bsbo3gwgdol mmogb@sgool {gbo. dogoswomasc,
0] 096Dl MbMFoMIMgdmEdo Bsbs3E3wdM0s gergdBHMmE™bmeMmwo x50 OR {Ldgds (3)
> (5)}, 35906 T s II gm®IMegdol dglsdsdol dmerg3mergddo, +M dgbmdgearo 9i9JGoL godm,
99dHOMbmo od 330039 MBOM IgEo 0BMHYdS 2,4 S 6 FEYMT>MYMdST0 IYgmBo BobToMmdools
5GMIgdbY. 096DMmol I gm®mIMwol Jglodsdol Imegzmesdo gl 56 Mbs dmbgl, Mo6 6
5M5M350H Mo grgdGHambol Lol@gdsdo gmgd@®mmbmeo 10d3M030L FOBOS MsbsdMS®
wbs gobsfoergl 9d3b3ozg BobToMmdsOL 5EHMIBY; LHmMgE sdoEMB sMos bsmgero [5]-bLogol
006300 Bbs33WgdMmo  xaRol 393wgbs gegdB®™bol JogHmgdols dodsMmIEgdsHy 9649
900930 360HMmEYJBHoL BLEAHMMIGHMOSDY. Mbs 500b0dbML, HMI {5} -0l sfgmol OmML II
BMOIMS 56O 04 360md00. 396BMEol II gmGHIMEol Fglsdsdol dmengzresdo gl dglodergdgaros
@5 59605 Bsmgwos 9wgd@BHmmbol dogmmgdols odsMmngds 6 Fomgdmwo 3MMEIEOL
LEAHOMIGHMOS 000GHMI, OHMI d96BMEOL IMEg3MEol gHmo THodol 3 MW MISEX0DBYIMO
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999 HO™boL Lol gds B9aq0s 2, 4 s 6 BobToMdSOL 5EMTJOOL MOMM JegdEBMMbOLOYD. MoY6
donbg  9w9gdBHOmbmmo  1bod3zM03g  OEOS,  vdoBHMI  BdIBEDMEOL  E™bMOXYMTB06O
dmbmfo®dMmgdmwol 30M0Mgd0L 0039w LoxgbwrMbyg bo@Mowdosb gurgd@®mbo domgMomEgds
Bo3wgdo gegdBHembamo Lodzmogol ddmbg 3 96 5 dymdsmgmdsdo dymg BosbdoMdsol s@mal;
9909900, LDy  9gwgdBHOmbMwo  FMbBHo  FoMdo ooBMOEIds s  TJMOg  gagdGOmbo
Bo@®0mB0sb, 9e9dBHOMbMo 256%030L godm, 0wgMm©Yds doligsb doMmM3d0 Y3zgesby GmMU,
6 56 2 3 BoMgMd5d0 dymxy BobdoMmdsol s@™AL. J0Mgdwo osbombo JoogMmgdl 3MMEHMbBYOL
9056M@0sb s d0ogds 3,6 56 2,5 030OMbIHoMTo, M3 JMNO00Y039s. 53 dgdmbggzsdog 11
RMOIMNWOL 130605EHLMdS 5935655 I BTN FgsMgd00.

OMEs 396%mE0ol dmbmfs®mdmgdmwdo BsbsE3wgd0s 9egdBHOMOd3I3GMOMO KRB0 -
COOH {bggds (4) s (6)}, 35806 dBoMMZ0L Y39es BobAoMBSEOL 5BHMT0L (MRMM Ig@sw 2,4,6),

- M 99Bm39gHmemo  9x39@0b 393egbom, 9ergdGamboamo Lodzmz03g 39s0fg3s Jobzgb. 5ol dsdm
99dAHOMbMo od 330039 MROM 6530900 0g69ds doMM30L dg-4 bSHAOMBIOL SEHMIDY. F9 YRS,
30060900l EOML, BoGM0d0sb gurgdBHmmbo FJomgMmgds d9-4-9 bsHA0MBEOL 5@™AL o
dobbg gargdBHOMbMEo IMbEO 2ooBMEYds FoMdS; sd0EHMI dgmedg gargd@Eemmbo, gegd@®mmbmwo
396030l 959m, 09O NYdS 30039 BobToMmDOL 5E™AL. Fo®BmJdbowo osbombo gmsbmerol
90930090056 d0gHMIOL 3OHMEHMbYdL s Jowgds 1,4 030OHM3MMEYYJE0. 58 G9dmbgzgzsdos
M3065GHLMdS B9EBMEol IT ZmEmIMEol Fbotgliss.

4)  896Beacmobs s Jdol 99933900 bgboz0Bols s bsbgz®slinboogobol hodol bsgmogdol
o@bsgmbol sblibs G99 a0®dryeroom:
5MLgdMBL d96BMEOl bsgMmgdo @O0 b, MY MOYL s©LEB0TBsZ0s bybzoRols @
65bg365LYb30B0L BHo3oL b5gMmgdo JOMIME {6}. Lgbl0bol FHo3ol bsgMmTo JoOrmdol sEmdo
53539067900 396DM0ol ME Feng329Esl LOdMEGHYJJOI0M, bergrm Bobggzsc-igbwzohols Godol bsg@omdo
JO™IoL 5GHMINB J0gH MO0 d96DMEOL dmeng3s LodMEHYom s CO-b Lydo Jmerg3rEs. gl
Bogangdos: 1. Cr(CsHs)2 — ©@0096bmard®mdo; 2. CrCsHs(CO)3 - &H®03500mb0odgbbmerd®mao;
3. Cr(CO)s - 3gdLo3zoMmdmboerd®mdo. 89-3 bsg®mo dm@sbowos dgatgdolsmgzol. 3 bsgMmgddo
JO@ob ©o7568wmdoL Gobgo 6490l Gmeos [6]. FsLmsb 5353806093990 56056 I3 gdo;
530@™8 JOH™Aol 5GHMALS s IMg3MeEgdl dmMol dJob Lobgmds oM 33939w0s, FogMsd olobo
5MLgdMdgb. 89-3-9 bogHmTo JOMIoL sGHMI0 53530069305 93l 39MIMBOEIOL K QRSE, T9-2
Bogdo Lodo 35MdMBOEIOL dmeg3Mes Bobs33Egd s BYEBMEIOL gMmo dmeg3om, bmerm
1 BogOodo gdgbo CO-U 500wl 0353908 d96BMEol MmO dmeng3rgas. 35dmEol, O™ d96%Bmeols
dmeg3nws  1YbgoBols s Bobgzsmlgbzoholl  GHodol  Boghmgddo  JOHmAol  sGH™INb
535330609005 B30 dBI0m. 5996 259MBEObIMY, dEBMEOL 1T BMOINsTo SOLYdIMWO Bsdo
3M5EM350HYdMwo  gargdBHmmbol 899339w0  BobdoMdogdo mbs
5095690bab Lod 035l JOMIMB. vy gl sbigs, 95906 dgbBmewols 11
RMOINWIL OEO M30GMSGHIMdS 996905 B96DMEOl T RPNl
990056079000 Lgb30Pols s BobgacmolighzoRols GHodol bogMHomgdol
50bsMdol sbLbsdo.  (6)-sb ImEHbo 39-9 bsbsHBg RsbL, G0 I
RmOHIMol dgLsdsdolo dmeg3wes 9dglio dTom SHOL 3538060930

JO@IoL  5SGHMINb, 05dob 2 dmeogzmews 12 ddoo  bs  ogmb OoC CO

539330609090 JOHMIOL 5@GMIMB, MoE 9901dgdgos. 9.0 d96bmol CO

99399 B30 B30 5MOL 3530060 JOMTM6. 69b.9. Cr (CO)3(CeHs)
dmany3nmob >bogmos
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99-10 BobsBBg dm@sbowos JOMIols s  ¥96Bmol  d9d339wo
b9b30B0L  BHO30L  BogMmol  sEbogMmds,  GmIgwdos  JOmdoL  gd3Lo
3999093009390 9e09dGHO™b0sb Lsdo ©s353806MGOdME0s BYEDMEOL Fgme fi

RMOIMYwol  Tobodsdolo  Jog3merol  Lbsdo MM IOE0HgdIMo Cr
99dBHOMboL gm0 LoLEBYILMD, brgrm IgmMg bsdo gargdGmmbo d9bbmeol |

d9m6M9 993990l bAo MM IS0DYOIE0 JegdEmMboL LoLEgdslmsb .

{7} 05 {8} 9637080 B396L d0ge dmbgbowos 3390, G gomsbol,
0000¢gbob, 539G0wgbols s Bg6bmols C-C 3dgddo gargdGO™bmwo
09300900l J0BoE30L MBsMO  JOHMBIOMOs s  3MZOEgbGHGOO  dTOL
LoMJY900 BHME0s. 5F5LMSD 353806MJO0 F9g0dGds 30743507, HMA gmsbdo BobToMBdSOL SEHMIGOO
@5 05m0 3535380609090  9gdBHOmbymwo  §gz0wo  dYdsMYMdIE  LHmE bsBbgy, bmenm
900gbobls, 539GH0Wgbol s ¥9bbmol Imerg3megddo C-C d3gdo0L Loy™mdggdol Bmdgdols
999306900l 259 gagd@HOH™bMo 9300930 ITMMYdME0s BIHToMdIOL sE™MTgdoL Tgdsghong-
090 bsHosb. {7} - b, goowgbdo dsbdogo bsbHA0MBEOL 5EHMIGd0L F9dogMmgdger boBLS s
99dGHOMbM figzowl dmdob s 969600l sbs35M0 33900, Tglsdsdobs séob 37,91 63 s 15,01
339, 539BH0w9bTo 48,26 63 s 28,50 335, beagm {8} -sb ¥96DmeTo dsbdowo gwgdGHEmbme
0930l @5 baHJ0MBOL 5EMIYdOL 9d59MHN9d9e boBl Fmeol sGol 23.22 63. 53 Imbs3999dom
9909600 36OM3ME30590:

606.10. Cr(CeHe) 2
dma33nmab >bogmos

2X3791--15,01
3 X 48,26 --- 28,50

0¥) GoEbgl 48,26-1 50360365300 X-0m, 85306 x=48,00 63-I, M3 sbemlb sl FoLoMgd GoEblzmsb.
AlgogLo 3MM3MmOE3000 dg0dwgds godmgmazswmao C-C ddol gbgeyool sbszstyo 096Bmerdo,
900gbol s 539GH0WYbol dmbszg900L godmyqbgdoo:
- 30Mm3mM 305 goowgbol Imbs399930L 58mygbgdom,

15,01 --- 2x 37.91
x---- 23.22 x=4.61 3350.

- 360HMm3mO 305 5393H0Ww9bol IMbs378900L sdmygbgdoo:
28,50 --- 3x48.26
x--- 23.22 x=4.57 335q.

Mm6039 999dmbggzsdo 90300000 ®0mJIol  JM0EL0d039 F9IR0, MMl LsdsE™
5MH0mIEBH03Mw0 5MOL 4,59 335, Mob 096bmedo seol 6 C-C 3ds, s80GH™A oo 9bgMaool
X99M60 653500 0469ds 4,59x6 = 27.54 335¢.

3b™dowos, HMI 1 3o 396BMErol bLsdo Mmoo dIoL 993390 dmeng3w9ol 30EOHOMGdOL
3909290 9605 459m0ogmb 85,8 335¢0 LomMdM, JoM50 A5TIMoYmRs 49,8 335¢m. 9bgMA00L B3P0
85,8 —49,8 =36 335 LOMO™M {2}; MY BEBMoOL 6 C-C 33580 9hgeyOol B3NP0 sl 27,54
3390, 530@Md LOYIBO G0V 36 — 27,54 = 8,46 335¢ LOMDOML B3ROl BoBgboO.
096Dmol 300M0MGOOL F9WQS©

H CH2

11).
i H - o, 00028 gogem3ggobo (B3b.11)
+3H: @ —

H H v H2C CH:2

otz Bob.11

I=1X
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59 MM I gm®IMsdo 0dwrgds T 9gegd@®Ombmwo bLobEGgds (bmm II gm®dmewsdo Lsd-bsdo
9099dAHOMboLYsb 990 Mo LobGgds) s J00Mqds 303m3gdusbols 6 C-C dds. d96Bmeols C-C
03530 BobJoMdoEOL  5BHMIGOL JmMol Job03-456B030L gbghaos Mol 1,9 335¢, bemeom
303m39dusbol  C-C 3380 0,5 335¢0 [9]. 30HOMGdOL MM, OMmEs d96BMEOL Hmbslfmemwo
9aMdsM9gMds 495OL (3030Mm39gdLsbol Hmbolifmermer daMmdscmgmdsdo obobxgds 1,9 — 0,5 = 1,4
339 gbgbgos.  9.0.  gbgMaool  Loghom  bs3otyo  BbBmErol  dmerg3mEsdo  GHMEros
27,56+6x1,4=35,95 3350, 653 do0sb sbwms o@gmodEmsdo  sMLYd  9dudgM0dgbE s

30090 8900920096 (ssbermgdom 36,00 335).
096BMol 300M0MYdO0L 999 J0©gdo 49.8 3350 LOMBML MOMEIBMBS QSTMMIELPOW0S

{10}-80, 06 LExgbM: 3060390 LHGFIGHHYMHOL obLLMM(309Mgds® LsFoMmMs 15.8 335 9bgMAOOL
bIOX3Zs, beoagom dgmedg LsgggbOHbg dodmoymms 65,6 335¢ LoMdm. dsmo Lbgomds 49.8 335
990mb3935 0@ gMoEEmsdo sOBYdME 9L .

396Bme0ols dmengznerol C-C 3dol bog®mdg (140 63) 14 63—00 Bogergdos gmsbols C-C ddols
Log®dgbg (154 63), Gog 0dsL Bobs3L, MM grrgdBHO™MbMwo yz0wwo s dYdsMgmdl C-C ddol
09059600909 bsbBg. sdmMm9d0l dsbdogro sGol 23,22 63. [8].

0¢) 096DMol Imerg3eol I s II e®OIMegdol gdzbogg C-C 33580 ©s355304LoM9d dIo
$o60343bgar 9e9dEHO™ber {930l bsbdoMmdsOL 5EHMIgdoL 8905909090 LMo bsbols dwgs
09OGH0wosb, 39M39bozMwsmms 23,22 63  dsbdowby,
90300900 396DMol 30BN odmbobme Bm®IMwgdl III
5 IV 90094 mbmwo gmmdmemgdol bobom, Hmdwgdog 096bmemob
030099900l 30H95eE sbLB5T0 Tglivdsdolo I s I Bm®IMgdol

AMxsL9d0, 353058 FoBg LOWWYMBOEd0s (Bob.12).
6ob.12

096BMeols doegds 990dwgds 539G0wgbol GHM0dgMH0BsEool Mgsdio0m (bob.13).

3 HC T > CH — =
\@/

-
3 HC

656.13

I s IV gm&m3mwgdol 990006090006 Bsbl, GmA III g3m®mdmesdo bsHJoMdsol o@Emdgdols
000™ JegdBHOHMbo gogMH 05693090 6 5™ 3I5¢0HYdIMo gargd@Bmbol Lolidgdsdo, HmAgwos
909056 gMdL Imeg3meol LodMEYJdo. 5356 b godmofigoml BsbdoMdsol sEMTol dommzol

003303 99gdBHOMbIdoL  Fabog®  GHIAMIOONE bsEgdsdo  3Mbygdol oo, dbgwe
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©OLOXIMIIIO (330 g0s; IV 83m®3Mmsdo 500 5gd3b  bsd-bs30  SMOEMISODYOYO
999 HOMBoLOR Foerdmdabog m LobEgdsl. olobo dYdsMgMdI6 Imerg3mewol LodGMEYol MO39
b9l s 990056 9P FBsGOL 396@0 (1,3,5), beaenm dgmeg Fbstgl comfo (2,4,6) bsbJoMmdsOL
5GH™Igd0L oMM Gegd@mMbolysb. 53 dgdmbgzgzsdo 9wgdBH®™bldL dmMol 3Mmbol (33eowgds
BobdoMdsol  5BHMIgdol  Jodsmom  dzocg  0gbgds.  JMmbggdol (330 gdol  LOOOLOYSD
5330009099000 d90degds Bogmzsmmm, MM 539¢0wgbol G®0dgmobsgool Mgsjgoom IV
RMOHIMES MBOHM SPZOWS© J009ds, 30O III.

096BMeols Jodommo m30L90900L 30BYsG sbLbsdo I s II BMOIMEgdOL F9sMJd0IO
933030905, ®m3 II gmOIMws I BeOINWIL XMdbol mmb 3mbJETo. gos 53ols sOLYdMBL
3993900 II o IV gm®3dmegdol Labo®agdwm: o) [3] 99330390l Gm 539G0wgbdo s6os T dI9d0 ,
5303 M3 5393H0wgbol BHM0IgMH0BG00L M99d30000 MBOM YodsMMN GO0 IV gm®I ol Jowgds,
300069 III, ®mIgedo sOLYdMBL T gegdGOMbmo Lol gds.

0) 396BMeol Imeg3meols C-C 83590, 3ol Foedmdddbgaro gargd@mmboeo fyzowo 23.22 63
dsbdoebg  8gdsMgmdL  BobJoMdool  5@™TGOoL  T9dogmmgdgro  boBol  asMgm.  3Moby
3M3596GHMO  Moomlgdl ImGol  gegd@®mbol fyzool dodsdom Mol 155°, bmwm 3mmbg
BobdoMd50L 5EM39d0L F9dogMHmgdgE boBLs s 31351 96EHWH Mool Im®ols 12,5¢.

3. sls336s

6586330 Bsbl, H™A 3930l I BMOIMES, I FnMINEsbmb F9sMgd00m TR JMGOS©
3990bs@ogL 396BMols ™30l909dL, dog®sd IV gm®mdmes, Mmdgwos 396Bmewol mz30l9d9d0L
399mbobgsdo Gmegslos II gm®mdmeobl, 59539 @OML 230839690l GMI d9EBMEEOl Imerg3resdo
C-C 330l Log®™dg Bsgangdos gomsbdo s®Lgdmwo C-C 3dob Loa®mdgby, Gog AsdmfzgMEos ddol
$oM03Jdbgaro gargd@mmbmeo §y30eol dgdsmgmdom bsbToMmdsOL 5@™Igdol d9dsgMHmgdgwo
bsBob gotgom. II gméIMwsdo 396%Bmwols C-C 3dob bog®mdol dglim®gdsd ds9mofjzos d9bBmeols
50bsMdoL  BMEOIMEOL 30D99 MO godmbobgs IV gm®3Mwols bsbom, Gmdgmwoi 995505
096BMEOol y39ws BMMINDY 396MR9© FodMbo@I3L BgbDMOL M30L9dgdL. Mbs 0mdlsl, Mrmd
096Bmeol II s IV gm®mdmwgdo §o6dmoagbl 9w95¢q6 OHamagdl 396%Bmeol F93dsmo@o
RMOIMYWoL  ©sgbol aBsBY. 096BmEol F9ddsmoBHo LEHMWIGHMOWMWO ©s Jegd@OMmbmEo
50bsMdOL oLOEYYbs, LoFoMms ©oA0bIL 39MbggdoL LOoWOWYJd0 JrgdBHOMbYOL TmMOol
BobdoMd500L 5¢MT9d0L J0ToMm0 S JoLTo sMLYI MOMNMIM 5EMABS S JegdEEOMBL dmgbsbmls

0530L0 5RO dn93)5To.
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NEW FORMULA OF BENZENE MOLECULE ELECTRONIC STRUCTURE,
CLEARLY SHOWING ITS FEATURES
Khidesheli Givi
Ph.D. of Chemical sciences
Summary

The resume indicates, that on the first formula of Benzene is built modern Benzene chemistry, second
formula presented by us and it is an alternative to the first formula. On the back of the corresponding molecules
of the first and the second formulas, were compared chemical properties expression of benzol. It has been
established, that the second formula better expresses the Benzene properties in four points: 1. As distinct from
the first formula, the second formula clearly Benzene rule of orientation substitution of Benzene
monoderivatives; 2. Interpretation of the first stage of hydrogenation of Benzene in the second formula more
persuasive than in the first; 3. Interpretation of the structure of the electron attachment direction on the first
stage of hydrogenation of Benzene monoderivatives, in other words received dihydro product , unlike with the
first formula is clearly presented in the second formula; 4. Interpretation of the sandwich and half-sandwich
structures, consisting from compounds of Benzene and chromium convincing presented in the second formula.
It was noted that the length of the C-C bond in the benzene molecule is 14 nm less than the length of the C-C
bond in the ethane molecule. This is due to the location of the pair of electrons that form the bond outside the
C-Cbond line at a distance 0of 23.22 nm. Accounting for this fact in Formula I has led to a visual representation
of the benzene molecule as Formula IV, which better expresses the properties of benzene than all other benzene
formulas. (Received 20.05.2022)

HOBASA ®OPMYVYJIA JIEKTPOHHOT'O CTPOEHUMA MOJIEKYJIbI BEH3O0.IA,
HATJISITHO BBIPAXKATOIIASI ETO CBOMCTBA

Xunemenu .
Kannuaar XuMHuecKkuX HayK
Pesrome

B pestome oTMeuaercs, uTo Ha IepBoil popmyse BeH3osa mocTpoeHa cerofHANIHAA xuMuia beHsoa,
Bropas ¢opmysia bensosna mpemocraBieHa HaMM U ABIAETCS AJIbTEPHATHBOI mepBoii ¢opmyisl. Ha ocrHose
COOTBETCTBYIOLIIX MOJIEKYJI IIEPBOM U BTOPOI GOPMYII GBLIO IIPOBEZIEHO CPaBHEHME BEIPKEHUI XUMUIECKIX
cBoiicTB Bensosa u ycraHoBieHO, YTO Bropas ¢opMysa JAydlle BrIpaKaeT XMUMHUYeCKue CBOMCTB beHsona B
yeThIpeX INyHKTax: 1. B ormmanu ot mepsoit dopmyasl Bo Bropoii dhopMyse HaIIAZHO BBIPAXKAaeTCA IIPABUIIO
OpHeHTAllMK 3aMeleHIs MOHOIPOHM3BOAHBIX bemsosna; 2. TonkoBaHue NepBOM CTYIIeHM T'HAPHPOBAHIA
Ben3zosa Bo BTopoii popmyie ybenureasHee BRIpaKeHO, 4eM I1epBoii; 3. TonKoBaHue CTPYKTYPbI HallpaBIeHHI
IPUCOeIMHEHNUs DJIeKTPOHAa Ha IEpBOM CTyNeHW THUIPHUPOBAHMUA MOHOIPOM3BOLHBIX DeH30na, TO ecTs
IIOJIyYeHHOTO IUTUAPO IPOAYKTAa, B OTJIUYUU OT IEepBOH (POpMysbl OTUETIMBO IIPEIIOJHECEHO BO BTOPO
dopmye. 4. TonkoBaHIe COHABUY U IIOJIy- COHBUY CTPYKTYP, COCTOAIINX U3 COelMHeHMH bersoma 1 xpoma
yOenuTebHee IIpeNoJHECEHO BO BTopoii popmyte. OTmedeHo, uto aynuna cBia3u C-C B Moyexyste GeH301a Ha
14 um menspme pmuusl cBa3u C-C B Monekysne DTaHa. DTO CBI3AHO C PACIIOIIOKEHHEM IAphl DJIEKTPOHOB,
06pasyrou¥x CBs3b, Bue auHuu cBsa3u C-C Ha paccrosumu 23,22 um. Yuer storo ¢axra B Dopmyse 1T mpusen
K BU3YQJIBHOMY IIpe/iCTaBIeHIIO MOIeKy bl 6er3oia B Buse Popmyis: IV, koropas sydine BeipaXkaeT CBOMCTBA

GeH3oJIa, ueM Bce gpyrue dopmysst 6eHsona. (Hocrymmra 20.05.2022)

93



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No1(33), vol.2, 2022

803600360 398mM0L 35BsBY 99Jdbogro I39bstrgoms ImGmfggzol
LolLGgdol oliEsbEoMo 35035 IMdOEYMmO 155845 gdgd0m
M0 JoOrm39¢0d300!, LOAMb bmIEHoc0s?
1-05630L LobGHgdgooL 0bLEOGH™MEO (LEHY),

2-b5d5Mr39wML G9dbozmemo bogzgdlod o
okartvel@gmail.com, s.xoshtaria@gtu.ge

M9bomdg

396bommos  J030MM3OMEILMOOL  d5BIBY gJdbowo Jzgbstgms dmMFyzol  LoliEgdol
©OoLEGHBE0MOHO  FoMm3zs  IMBOWHO  IM[Ymdo™dOL  sdmygbgdom.  sbodbmero  doBbol
doLOOH9390 BIOOOMP 9dM0Yghgds 803OMIMBEHMMEGMHOL dsDsBY 53900 LobGgds, MHMIEOs
2996930060690 {obslfo® BsE30MHMM0 3OMYMToL  Loxgwdzgeby. 5333560 LoliEYIgdL od3L
9300y 3od3MH0GHI00 5 Fo509wo  bY0TJOMMBS. PPILEOIMOOM, FoZMOEILIOIWOs  LASTESOIM
39300600l mOYb0Bs3g0s B396m30L  3BMdOWwO  Fgdbmermyogdol  sd8mygbgdom, OHMYMMGOOES:
Bluetooth, Wi-fi 3&m@m3mergdo, Internet s 5.9.

1553396dm  Lo@Yzgdo. J03OMm3mbEOMEgMo. Arduino. $93396Mo@GMMOL byblmMo. E9gbosbmdol
LYBLMMo. {69308 LYbLMEO. ,dmEfiyzol LolEgds.LdsGEBMbo.Bluetooth. Wi-fi 3HmEm3meo.

1. 99bsgogro

Pomdmagbowo  3MmgdEHol  ©sbodbmmgds BMTsMgMdL  MmdogdGHol  BsGrmzol  dozcem-
36OHm39LMOMEo  LobGHdgooL FMBOW MO Bs3wYsEdJd0m OLEBEOMMO BoMmM30L Fglodwrgd-
©Mdgd0L 35dm33e35d0 39650905 IMEmfY30L LobGdol TogoomBy.

0530605350, 939650905 ImEfg30L LobBHYdol Fgddbs MsbsdgEM™3g Lemxywols Igm@bgmdols
06@MLEHO00LOMZ0L FgBHO® 9GO IOM0S.

dmefg30l Mgg0do  goblolibezMogl d39bstgms Im®fiyzol LsFoMOHm 39MO0MPMEMdL s
bobaMA0MdSL, M3 ©TIM30EIdMos Fge M0y oMY 396599 BHMDBY: dofol  FHgbosbmdsby,
Bosogol  Lobm@oggbg,  fywol (69309  dowdo s  Ubg. dméfgzol  LolEgdol
©56086990905550059( 90056 Jofjmgdmwo 3565993HM9gdol 36033690 mdgdoL  Lorwmdzgw by
©xMMIoOML  ddsmnggeo  boabogro  FgdleEgdgeo  gargdgbGolomgol,  MHMIgEros
MBOHM639wymRl InGOfg30l H9g5080L TgbOegdsls 3o0M339Meo Lobgmdol d3gbstggdolsmgob.

B3960 330930l Logobos Lbgoolibgs @odol 93gbs69gdoldmsdgbody mdogd@ol  dsGrmgzol
LobGgdol  994dbs. 33930l MBOYIBH0S OO BMMOL Lbgoolbgs  65339009dbg dgmxzo
3o6Ub353900E030L d3965Mms IMEMfY30L LoliEYds.c0mMgMEo Bs3390m0l ImEmfg3zs LOIEXYdS
dm6fg30l 803OM3OMEgLMOWWo J3glbobEgdoo.

0Y) BoOmMoL 653390090%g 83gbscgms  H03900 39HOMPYIES®  0(33gds, BoFoMOH™ bEYds
d9Lod5dolo  g3qlolBdol 3OHMAEMSTOL Fosfymds, 3065086 bbgsslbgs Lobgmdol  dEgbatggdols
dmefg3s bs LOMEWOIdMEIL Lbbgsslbgs 970080, M3 29630M)MdYOME0s  35659EHMJdOL
b03mMo 36008369 mdom. OO FsMmol Jgdmbzgzsdo Bgdmom bsB3zgbgdo gocmgdmgds Jabols
3963390 LodbyEg9dL.

Pomdmoagboro  3MMmgdBo  omzswolfobgdl  bgdmbligbgdmo  Lodbgmrggdol  gosFML
3300 Im{igmdomdol 458mygbgdom, MMmIgElsg §owsg3J0s dsMmM30L Bmyoghmo gmbisos.
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39609 dmfgmdomds 3530060905 bbgaalibgs Labgmdols dgbs@gms dmMfyzol  J3gloldgdsls s
5b9bL, Immbm3zbol d98mb3z93530, Bs0d JoOHYMdL s dMboEMEMObYL.

39000535H90M0  30mgd@ob Jobg300 45035¢0bf0bgdMw0s OLEBE0MMmO TsGmM30L
3990mygqbgds, MHMAol EM™ML  JMdoErmO  JMfYmdowmds  Mbosgbm  395300M0m YOO
90265§iggol o3 Jggbobiogdab.

2.3000m50 Bsfioemo

dggbsmgms dmefiyzol FommM30L LoLEBHIIOL  EBOABMEIgds  FEYMTMYIMBL  I(39b5MIGS
dmM§y30L 0b639MH35¢0ls s bobyMderogzmdols MHOHMbzgerymesdo, Mog ©IIM30YO0s Joger
G0y 35605093M90bY, MMAMOOE 5MOL: 359MH0L  3H3gMoENIMS, dofjol BHYbosbmds, figwol (Bggzs
doendo, 933965M0L  53913gdoL  FIEYOIMYMdS  bossddo s  Lbgs. Bsg9oms, 35960l Torsro
A9939605GHwm0L s I3009 3H96056MdOL F9gdmbggzsdo dmefyzs Mbs obbmGmEogwgl  MEG™
35050 LObBJOMmOM, 30T B  FHJIZYMBHYOOLS b Fowowo FHYB0sBMdOL Fgdmbgggzsdo.
Pgaol (6935 do8o 30 obLoBPZMIZL  2oxkMJ39Mmo  fywol  Fogwrol Lbobdstgl, Gmdguos
0530L dbM0g dcmddggdl ImMFy30l boba®dwogmdsbyg, Mg LoFomms d3gbsGolzol  gsm3swol-
fobgdmmo fguol Momgbmdol  dofimgdolsmgol. bgsslbgs  dggbs®obomgol  s0bodbeo
390509 BHMgool 3609369 mdgd0  goblbgogzgds  9MH™TsbYmgdoLsdsh.  momgmwo  BHodol
9396500LsM30L  3oM5dgBHMIdOl  BL3IOMEO 3600369mdgd0  ImEgdmwos  be®Is@Gore
d0m0mgdgddo [1-4,6].

5059500  98m0yabgds  d3gbotrgms  ImEfgz0l mMo  bgedbo: {i3gomzsbo  ©s  399OHYo.
300390 Fomobo  3s8m0oygbgds  gMmo  d3gbstol b Izotg bmdol  653390m90bg  goHmo
Lobgmdol  939bsMggdol  dmMfyzol MM (Fogowoms©, Lomdm@Mgddo). dgmég  bgdbo
0m35obobgdl ImGmY3sL 9.§. 29986MJI393900L LodMsgdom. s©0bodbmmo bgMbo ofjg93L B39bL
06@&9MgLl, 306506 0y0 dgodegds 250mygbgdeo ogml o FsMmgdol  ImGgz0Lomz0L.
535056 5393006M9d0m, B39bL B0gem OLIMEO STMEFIBIRMOIMNWOMPIOMPTYIEI0  Loboo:
992394365 dcmMg30lL LolEgds, MMIgEdos 6533900Bg I396sMgMs 3H03gdolidg3erols d9dmbgg3zsdo
dmdomMo  bsdPEgdom  d9a39LMEgdobs  339656M9m5BsbollosMYdgIOL bO30mMEo
96038369cmdgd0l dg33ws s om0 dmbo@mMmobyo.

LoLEBQIOL dOOMZ0 FoMTMogbl Atmega 328 FozMM3IOMEILMOOL 3WsERMOISL- Arduino
uno-b. dobo sMBg3s  FIb30MmMDYIMos 3MMgJBHOLM30L  Jobomgdo dgblogMgdOL FHJ395MdOM,
8060 39H0RIM00MS S {507 IM(iYmdow™MdYId™Mb 0bEgMHEgolgdOl Bstmm bmdgbzws@Moom,
o3 LOWMWOE 530594mB0EgdL LobGHYIoL 3OMg]BHol Immbm3zbsl.

3909 9m{gmd0MdLmb  ©ol35300MgdWsE  2odMYgbgd s 3ws@GBMmMIoL 7,8,9 s A0
399m0dg3960. 39Mdmm, A0 959mdY3560 ©O3MbGROYMHOMGIMos, MMAMOE  godmlsbgwrgaro,
OH0Igbz BMOHIoMEIds [yeol Lomdz9wol Bsem3zo-35dmOmmM30L bogbsero, bmem 7, 8 ©s 9
39903943560 - MmO dgusbigergeo, MHMAWGdMbsl 393060 Mos, FgLlodsdols, 3sgGmol
A9939M5EH«IOH0L, 3Hgbosbmdol s doedo fyarols B30l LybbmMgdo [5].

D90l botgzgero Fo®mdmaagbl ghm-9m0o 360d369cm356 gargdgbBl. dobo sBbodbIEgdss
Bongol dgdmbggzsdo doofimmlb  250536Md393L fyolb Fo3w0 ©@O™ol dglsdsdols dmdgb@do.
306500096 Lo6d39e0l  Bo®m35-20dmMm35  005MMYdS  303MM3MBAEHOM®WgMH0EB,  Latgzgwol
306360930 dmgeol sGB30L OML Mbs MBOHWb3gwymBowo ogml  JozMmIMbEMMEge-
056 dobo  Fgmogligds  BHgdbozmEo  Bobsloomgdgdol  gom39wobfjobgdoo.  Internet
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RMOMIBYJommgbowo 13930500LEHYOOL SBMHom, B3gbo 3MMgdEHoLsm30L  Yy39wsBy dgGo©
390mbo@ga0s 30335605  Hunter-ol  gwgdd®m  ©0bsdozmemo  Lo®dzgero PGV100. dobo
3obolos™MYdGO0  JNE0sbsE  930594MBOGdL  3MIMgJGHOL  FmObM3bIdL, 306506 s®BgMwo
LoGJ39wol obLBOLIMZOL LoFoMms BsGMZ0L ©gbol oo d603369wmds (350 o), 50bodbye
3990UslgE 9By ©sYgbgdIos BHMIBBOLAGHMOWWO 2obomgdo (Lbgs 3o00sbEHTo -gugd@®mmbmewo
69w9), OG0 3 MHOH639wymRL BoOm30L bl LsFotmm d60d3bgermdsls [7,8].

B39b TdogH  sMBgMme  odbs  3H9bosbmdol  Lgbbm&Mo DFRobot, ®mIol  356539@M9d0
5305453090l 3OHMgdEBHol Immbmgbgdl - godmdsgseo Loabowrols 3609369 Mmdsms 0s35BMbo 0-
4,53, beagnm 45H™830L 300M0gds Bogligdoo dolowgdos 3Mmgd@obosm3zol [9].

39960 3mOfyol 3OmEgLlolmgol 360d3b9wmgsbo dsbolinsmgdgaros gor®mdagmero fywol
©5m©QbMds.  bbgoslbgs  Godol  93gbseolomzgol  dglsdsdolo  bm®TsGHomwo  ©m3MdgbEoL
dobg3000  goblsbezmmeos  dobmzol LbyFoOm  fyol  MomEgbmds. 030  2obolyBO3MIdS
3986093930l 06@&gblogMdOMs s MIOMLOM, Mo Mo30L IBGMOZ, sIM30YdIM0s Jowdo fgwol
{16935

Dgaol 16930l  goloBmTopsdmoygbgds fywol {iBgzol  Lgbbm®mgdo, MmIgwms sGBg3s
bgds  Fomo 3965893 MJool  dobgzom. 3MMgdBHol InmbM360sb sdmdobstyg, {Byz0L
LgbLbmEOL  s®Bg3s Bz9bL TogH TglBrmes F9dgao 35639690 9d0l  dobggzom:  oBMIZ30L
©0535Dmbo (0-5 3560), 25053500 Logbowrols 3609369 mds, 33900l fgodml 96036y Mds.
36MHmgdGHolm3ol dobowgdo s©0dmBbs WIKA 3md35600L {6930l bybbm®o S-10, Gmdwols gobmdzols
©0535HMmbo 99096l 0-6 doMl, odmIogsemo Logbseol 8603369wmds 0-103. LyblmEMgd0E6
9mfm©gdmwo dsd3900l L3905 999;3060900L oBbom Q58MYgbgdIos dsd30L 4o8YmsgdO
(R4-R5), (R6-R7) [10,11].

359600 $9939M5GHO0L  gobmdzolomzgol h3gb dogh  sGBgMwos Dallas Semikondaqtor
3M6OH3mM5300L  393396M0GH«M0oL bgblmMo DS18B20. oo (o®mdmowaqbl 3Gma®msdsmo  dsMm3zs
06392656 3EMEL.obswmymmo Logbowgdols  aoMEsoliobgs  dsdo  Bsdgbgdvee  5i33-8o
bmOE0gmEgds.  068mEmBs300L o33 8MmENMEls s 8036OM3MHMIMBEGHOMmIML dmcob
LEOHMEos  1-Wire  3OMEMIMEOL  Bodw95¢gd00m. 30065006, MImddgomdols  d9dmbgggzsdo
Loer@gbg Mbs 0gmlb domoe 0839@sbLMo Bymdsmgmds, dmEol  dmbsggdoms Low@gby
309093 os ImdF0dogzo Hobosmmds R8, GmIgewog Mbembzgumymal s0bodbme  dgmdstgmdsls
[12,13]. LOLEBHYAOL LEHOMIEMOS BsB3969d0s 1-gaw Bobsbby.

dmMfyzolb  LobEgdolb domm30L  Bbdiool  guermergds dEaMIsMmgmdl  Hywol  dogrols
LoMd39e0l  goblbsdo MOl LsFomm  39Mom©To gsM339wo  bsbyMdwomdom, M™IGms
96038369cmd900  29bLsBOZOIM0s TGO MHOR0  35M3FYGHMYO0m, OMYMEOOE SMOL: Bossaol
AH96056mds, SGHIMVRIOML 3gd3gMo@ s, dowdo gwob §bg3s.

306039096 gm3woby  Mbs  3obolBZOML  dmMfy30L  0bEHIMZ5eo. gmgzgwo  Godob
d39bomg  bolosmgds  ImOfigzol  goM339Mo  boba®mdwrogmdom, MMIgerol  360d3zbgmds

9m(3990910005 5OBYOME Bra®ToEoe m3Mdnb@gddo. dmMfy30L sfygdol MmMOL sBoJLOMYds
bgds  ©MMOL  dmzEgol  Lodswgdom.  B3zgbl  Jogh  asdmygbgdewos  Arduino IDE
30330WHGHMOMOL  B0d0M™MY35d0 5MYdMo BMbJios millis - HJsGHO EOHMOL  3OMYOHSIMO
G503960. Hobolifo® 2560L5DBL3MGds 306309 BHo BHo3ol I39bsMrILomM30L gobzMmazbowo  dmM-
§930L OHMOL §sgo - TM, HMIol dEMml BOWESGds o0g 356M589GMIOOl sbsgrobo.
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Arduino EEneEmBols LoElr@omes
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+55

6sb. 1. dm®ffgz0L LoliGgdol bE®MvddrGeo Lggds

0m0936m  9AHe3Hg ©pobgds  dmEfiyzol  boba®dwomds,  OMIgedss  mbs
MBOHMD39wyml I3965M0LIM30L  FoRMJzgo  fywol  LsFodm  Gosmgbmds N - (30Bmbols
d9dmbgzgzedo 2 @oBHMo 9O  3350G0G  dgBHmdy  ©Egdo). Bgz96L  doghH  sGBgMEo
390536093930 Fo0s0mds 5®0oL 700¢0/bod 4 dsMol Fg0mbg93580. 3065006 Yol 4s03¢d3930L
(5©0MBo  5®BJMOo 25053MJ3930LsM30L =5 T9BHEM0s, IMEfY30L GO 0gbgds S=pr’=77,58?,
B 9o 3390MsGHM  IgBHmHDY ©o0x8MI3935 9 WwoBHGmOo Losmdo V (700¢0/77,532). 53605,
dmMfyzolb bmE®Iol  Jlobmrgdws  s0bodbmwo §bggol  89dmbggzedo  dmMfyzs  Mbs
d9LOMEgl N/V Bosmdo (35Bmbol 990mbggzsdo 0,5 Lssmol 496393 Mdsd0).

doewdo {ilyeol {i6g30l o930l Fgdmbggzedo 2 dsMsd©g  39nMI3930L  0bEH9bLOgMd
930M©905 350e0/b-dg s IMOFyz0l MOl g gdolsmzol bsgoMOm  bgds  Im®fiyzolL
b56MHIW0MBdOL 2oHBOE (29BMbolmzol - 1 Lssmwom). 1 doGol  Fgdmbgzgzsdo gsdMRJ3930 396
39domdL s FMmMfYzs 96 oBbMME09wgds.

dmMygs ofiygds Locgagol doblbom, MmEglsg glolizargu By Jogfimgds 4983930L  ©abo
AG®56DoLEMOMEO 2oLMYd0IB Mo 0TsMMYdS Arduino-b 7 359mdyzs60sb. dobo RsGmzol
bobaMd03Mmds gobolaBmzMgds  303MM3MbGHMM®WgOOL  58mdY356%Bg  Logbowol  boby®dwo-
3mdom [14].

B39bL B0gM 35390 dmEfy30L LoLiE)dsdo gomzsolfjobgdaros dozMmzmbEmm-
@wgmol MLogbm 3530000 TMdOWME  FHgegnmbmsb Bluetooth &gdbmarmaools Lsdosergdoom,
O0Iol dobsbos IMdOwMmHO  GgagBmbosb LooIbBHOR03s30Mm TgBYmdobadol dos3gdol
990990 dgueMwgl  LobGJIob  3OIMAEMST5d0  356589G®Yd0l DBL3Mmo 3603369 mdgdols
3933w ImboMfys30 93969608 G030l (33e0gdol J98mbzg35d0 56 3OHMyM30@L  356589E®M9dol
50m30mbgs om0 dmbo@mMobaol JoBbom, oz 89309 99030 gdL LoLEHAol IMALobmE@gdSL.
0bgm®do300L  o33ws  FMOOENH  BHJegRMbls s 3MMAMToL  FmGol bmOE0gwgds  Serial
Bluetooth Terminal 53e0035300L L5395 gd0m, GMIgoE IMBOWOT0s SEHZ0OMo (Bsb.2).

97



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No1(33), vol.2, 2022

Lbobdgdol obogosgrabagos

B

i

Bl 30
detiigaob  obGomgagrob @sbalifrea

A

y
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MBosbMdS > Hus

v

Gaddntudyaol bybbmGol §ogombgs
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JaGado®ndols Byages

|
B5b.2. Lolydol gbdzomboMYBdOL sSemaM®omTols JMsg-lsdgds.

3. sls33bs

d9LOMWgdMwo LMol 9EYROE T390 0465 d3965Mgms  dM®fyz0l  LobGHgds
303600m3mb6GOHMEgem  Arduino-bBsHsbg. bggbl dogh gobbowrmwo ogm 399 o  ImOfiyzol

09000, OHMIgo3 259mYgbgdros OO FoMMMBYOOLIMZ0L. dMMFY30L 3MMgLOL  9xgdE0s-
Bmd0oL 5350 gdol doBbom, 9955050 9OLYdIM Fgomogsdo  B3z96L  doge Fgdm@Eeboero odbs
©5353gO0m0  35615393M9d0, OMIGmS B3OHIo 9603369wmdgd0  Asblbgsgds Lbgoolibgs
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Lobgmdols 9396569900LsmM30L. 5FsLbmMsb 395380609000  B533900Dg F3gbstgms BHo3dol T30l
3900b3935d0 by dmbgl LOLEJIOL 3OMYMSTo 356509 BHEMGOOL B3O 360369 MdYdOL
9933w, M53 dofioll OO BsMMOL Fgdmbgzgzsdo, MHMIgeog Tgbygds 39MHOMPDIEIO (33CSQO
X080l 939650909 65339090000, HomBMow9bL #H9dbozM® LommEgl. s©bodbmero LoMmmeols
39IBOObogoR39BLT0GM  ©TMTs390e  LoLEGHYIL  ©9gdsBe  OLEBEOMMO  FoBIZ0L
d9L5dEgdMds, 53  bmOE0gwEgds  IMdOEOHO  IM{IYMdOEMdOIE  MLosgbm  3sgdoMols
L5Ogd0m. IMBOWIMHOEID  Tgbodrgdgeo bgds 356539EHMO0L BzMwo 360d3zbgwmdgdOL
993305 M30mMmgo  65339m0L J39L0LEHYFsdo s LobGIoL 356539EHEMYO0L 3036y mdYdOL
Pogombgo.
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MICROPROCESSOR-BASED REMOTE CONTROL OF THE MOBILE
TOOLS FOR PLANT WATERING SYSTEMS

Kartvelishvili Otar, Khoshtaria Simon

1-Management Systems Institute of GTU,
2-Georgian Technical University.

okartvel@gmail.com , s.xoshtaria@gtu.ge
Summary

Present work discusses the project developed by authors, which is dedicated to remote control of
microprocessor systems. Plant watering system was chosen as a subject of control. The present work is
dedicated to fan watering method out of different watering methods as the most suitable method for
large area land plots.Because of fan watering choice, authors had to introduce certain changes to existing
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operational watering algorithms using adding several parameters aiming to increase watering
effectiveness. As different plant types require different control parameter thresholds, changing plant
type on the plot requires introducing changes to corresponding values into the system program.
Currently different publications describe watering control systems for single or small plots with a single
plant type. However, as the project is oriented on the large area watering system across several land
plots with periodically changing plant types and with control subsystems, program correcting process is
quite complex. In order to eliminate this complexity, the system was integrated with terminal device -
mobile phone with the application Serial Bluetooth Terminal installed, which takes part of the control
functions. The terminal is interacting with subsystems of different plots via Bluetooth technology and in
case of necessity, performs writing of the correcting data or monitoring parameters for each of them.

(Received 20.05.2022)

YAAJIEHHOE YIIPABJIEHUE MOBUJIbHBIMIU CPEACTBAMY CUCTEM
TIOJIUBA PACTEHHNY HA BASE MUKPOIIPOLIECCOPA
KaprenuursunuO.!, Xomrapus C.?
1-UucturyT cucrem ympasiaenus I'TY,
2-I'pysusackuii TexHudecKuil YHUBEPCUTET

okartvel@gmail.com,s.xoshtaria@gtu.ge
Pestome

PaccmarpuBaeTcst 1mpoeKT pa3paboOTaHHBIM aBTOpaMM HACTOALIEHl CTaTby, IIOCBALIEHHBIH
IVCTAHIIMOHHOMY YIIPaBJI€HHUIO MHKPOIPOILeCCOPHBIX cucreM. (OObeKTOM yIpaBleHHMA BBIOpaHA
CHCTeMa II0JIMBa pacTeHni. VI3 pa3IiyHBIX CIIOCOOOB ITOIMBA PACCMATPUBAETCA Be€PHBIN ITOJIHB.

Bcasu ¢ BRIOOpOM BeepHOTO IIOMBA, aBTOpPAaM IPHUILIOCH BHECTH B aJTOPUTMBI PabOTHI
CYIIECTBYIOIIMX CHUCTeM HEKOTOphle M3MEeHEeHHA IIyTeM Jo0aBleHHs psAfa IIapaMeTpoB, C IIeJBIO
yBeIMYEeHHUA IIPOM3BOSUTETBHOCTH IOAMBA. PasjuyHble THUIBI pacTeHHH  XapaKTepH3YIOTCH
Pa3TMYHBIMA IIOPOTOBBIMM 3HAYEHUAMH IIapaMeTpPOB YIpaBIeHHUd, IOSTOMY IIpM HU3MEHEHUU Ha
3eMeJBPHOM YdYacTKe THIIOB PpacTeHHi, B IIPOTpAMMY CHCTEMBI CJIeZyeT BHeCTH W3MeHeHHI
COOTBAETCTBYIOIMX 3Ha4YeHuil IIpoeKT OpHeHTHPOBaH Ha CHCTeMy IIOJHMBA OOJBIINX TEPPUTOPUHU C
HEeCKOJIBKHUMH YYaCTKaMU 3eMJIU C IepUOJUYeCKH MEHAIOIUMICA TUIIAMU PaCTeHUH U C MOJCHCTeMaMU
yIpaBleHud, IIPOLeCcC KOPPeKIMM IIPOTPaMM ABASeTCA CJIOXKHBIM. JIId yCTpaHeHMA YKa3aHHOH
CIIOXKHOCTH B CHCTeMy BBeJeH TepMHHAJIbHOEe YCTPOMCTBO, BBHJEe MOOMIBHOTO TenedoHa C
mporpammoii SerialBluetoothTerminal, Ha koTopyio Bo3maraercsa 4acTh QyHKIU ynpaBiaeHus. Jepes
OecrpoBOHYIO  CBA3b C  MCIOJB30BaHMEM TexHojoruu  Bluetooth Tepmuuan oGmaercs c
IIOJICHICTEMaMH OT/IeIbHBIX YYaCTKOB M II0 HEOOXOZMMOCTU OCYIIEeCTBIAET 3alIMCh KOPPEKTUPYIOMIUX
JAQHHBIX MJIA MOHUTOPHUHT IIapaMeTPOB B KaXKJ 0N M3 HHUX.

(Hocrymura 20.05.2022)
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MULTI-AGENT SIMULATION OF THE CLASSICAL SIR MODEL
Didmanidze Ibraim, Kakhiani Gregory, Kakhidze Kakhi
Batumi Shota Rustaveli State University
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Summary
A multi-agent implementation of the standard epidemiological SIR model for various epidemics
and configurations of individual agents is considered. Periodic wave structures are obtained that describe
the dynamics of the spread of the epidemic and the relationship of these structures with the

configuration of agents

Received 20.05.2022)

MHOT'OATEHTHOE MOJIEJIMPOBAHUE KJIACUYECKOM SIR MOJIEJIU
Ounmanunze W., Kaxuanu I'p., Kaxupnge K.

Batumi Shota Rustaveli State University
ibraimd@mail.ru, gregory.kakhiani@bsu.edu.ge, 61001083775@bsu.ge,
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PaccmoTpena MHOroareHTHas peanusaluA CTaHAAPTHOH smupemuosormdeckoin SIR momenn mmsa
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CTPYKTYPHI, ONMCBIBAIOIIME JWHAMUKY PacIpOCTpaHeHHUA OSIHIEeMUM M CBI3b O3TUX CTPYKTYyp C
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d9L5dEm 35M056EHJB0s: 5) 396G MEMO 53EMToBHMO LOEJWIBMBM BMIMGBOL Aos3gds dgLs-
0590L0 3960(3035¢00FYEGHOLIMZ0L; B) FgMLIO BIOOL S3EMISEGHNIM0 FosTOLSTSMMYDS; ) 3003Y
OO 339WORGOGOVIM0 0bBMOT300L 453995 LOBHIIBRMBbM DoMol gobsbmM3ogmgdganby, 0d
d9dmbggzedo )  0bxzm®dsgos (56 3sLvbolidagdgwo  mGYbobszool  Fsdogdgwro)  M339
b9wdobsfzomados.
30639Wo@0 BsdMYOoL BsGBMgddo (omdmddbowo 3mbEodBgdo dmy305690000 3sOGHboMm-
69%0L dogdol 3MMEgLdo LollsMPGOM Fg0dgds 0gmb. oS 5oLy, LOgME0MO Losbwmagg 0f)393L
153Mm3MB03530m  2BgdoL  FGBM3IW gL, 39OLMbIWOL  obsforgdsl s  Lg®m3z0L39bEGHMOLM3OL
9O0MO030  EsLEBYgdOL JgMBg3sL. gmeg, sbgzg 1300 - ol @ogMH05693580 MsbsdIMI-
@MdoLOMZ0L bIoMs© 25050EdMo BsdoX0 560l boffobato Bbzs 3mboodswodgdgdmsb v339
3MLgdMo 39MLMbSEMEOO 3mbES]EHGOOLMZ0L.

» bs30emeacg 36mgg50 Goaborsgols 8-9605035cm0dg30b G9tGosdo - 8960 6mdgGo Fobls
Gr9b60G0o3scrodgddo 24/7¢
GLmoz0lL I9gMHool FbomFIOHom Fo0ds@Ggdom ©o0bghys Bgdmowbodbmmwo 3Mmgd@o -
g39ws 3MboEodswmeo gM3z0Lo JMo bmdge By (bsb.2).
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930Mmb5¢rmE0 LoHO3MOL FBoMygddo 9MHmosd bmdgmbg 1300-Bg 693300 dmdowsdy
0090l 3sbbl dobmgol Loz 30mbzgdbHy: 0bROLEHOMIGHWOOL, ILMBRMS39d0L, 43S
6900U, LmEosW MO, 5OJoGIIGMOOL, GHMBL3MME L, IMboEodsw Mo 0blidgdiool bsgzombydby.

f§ ®BL01930b 3IGO0L LYEBMHASBOM 6M3IG0 (28: G306 JIGO0L bIEBOGIIB0M 60IG0

anin L . HILMI30L
B0JVIBIGHD [N JMGIVLO
350330 - =

3MBVEXTVH0

3360 603360 B b00S360 53600027360
8360603003030 WMl oo cs0000 Sk Wl

3
%,

B9b.2. gg3gms 0bgm@BsEos 9o bmdg®oy
3. sls336o

9600560 8996030350090 LoObGRMMT530M (396GHGOL - BN EH0EgbGHMOL 89ddbs, gMmol dbMog
bl Mfymdl  dmgowsdgos B ewmdsls  89boEodsmodgdol  Logddosbmdsdo.  dso
06830630090 @dL.  JoMGH030,  9BIJHMO0  LsdMegdgd0m  FMboEo3smO  Ls30mbgdOL
UG53 dm3560905L. Imdoesdgoms dmabobMHgdol boGolbol gomdxmdgligdsl s dgmegl dbGog
Lodo®mm39ol Lobgsslibgs 3mboEodswo@g@dgdol badbsbm@gdol 3mMmEobo®mgdvye Logdosbmdsl.

woBgMo@®s — References:

1. Tughushi L, (2021). Automation of processing municipal "hotline" services. Transactions. Georgian
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2. “Hotline Online Program”- (instruction for departments) (2019) MSDA; pp 3-18

3. Petriashvili L., Surguladze G. (2017). Data Management Modern Technologies (Oracle, MySQL,
MongoDB,Hadoop). ISBN 978-9941- 27-176-2. GTU, Tbilisi, 2017. -202 p., (in Georgian)

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

5. Samkharadze R., Gachechikadze L (2016). SQL Server GTU, ,Techn.Univ.“pp . 18-51

6. 115 Multicenter (2011). 115 Agency and coordination center. pp 2-8

7. Topuria N,. (2017). Automation of document rotation and problem control. GTU “Science center
of IT consulting®, pp. 26-92

(LEsGHos domgdmenos 21.05.2022)

UNITED MUNICIPAL INFORMATION CENTER-MULTICENTER
Tughushi Lia
Georgian Technical University
lia.tughushi@gmail.com
Summary
United municipal information center’s- multicenter’s creation, on the one part supports citizen’s
participation in municipality’s business. It also supports citizens to be informed, municipal issues to be
solved easily and effectively and the quality of the citizen’s service to be improved. On the other hand,

it supports services of different municipality’s of Georgia to work co-ordinated.
(Received 21.05.2022)
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bgmgzbm®mo 0b@GHgwgddo Gmeovddo

3550 6569895330000, 4mBs BYamsdz0eo

Lodoomzgeml ¢gdbogmeo mbogg®lo@gdo
g.nareshelashvili@gtu.ge, g.chuguashvili@gmail.com

69bomdg

b9wmzbmmo 0b3Ggwgddo (Al) 5975950 560U GHM@MOBIol momJdol yzgers LxgOmado, MHmIgEos
BBgds Lbgoolbgs 3Hodol 93035309030, MMYMMOES 39MLMBIE0BIE0s s BaMmg3mInbrszom
LolE9dgo0, MMIMGHJO0, LsbodMM LoLEYIYd0, F330560 GHWOOLEHWWO 53953Jd0, 3OMABMBOMIdOL
LobGYd900, 9bol  FPoMYIBYPMBOMO  53¢003530900 s bIM3zsbo  sx9gbBYdo, BdMbgdmogz0  9bols
5999853900l LoLEYIJoo. drerm domfj9398ds OE IMbsEgTgdIOL s SWRMMOMTJOOL Tw)ds39dsd0,
23900300 LoddEe3Mggdol BMEsd bgwo Fgmfym bgwmgbm®o 0b@gargd@ol 960d369wmgzs6
230999x MdYLYISL. LAsG0sdo  3obgzobowmos, My GMmymE FgoEzswms s (330l AI-l godmyggbgds
doOOoMo© 3MHM399dL BHIMOBIoL 0bEMLEM0sdo.

1553396dm LoBY3gd0: GOOBT0. 0bBMEOTo30w9e0 LolEHds. bgwrmzbmmo 0bEgagddo.
1. 9glsgoemo

bgrmzbmMo 0bGHgwgd@o (Al) 99mHbmds o Imbo3gdgdl, ©s3Ts3900L TlodegdEMdIOLS
Q5 5aMmMomIoL. 59 bSTo 9E9d9bEH0B MoMMgmds AsboEss 36033bgermgsbo odxMdILYdS
0mm 39MH0om©do. 300390 - bgwwmabm®mo 063gwgd@Bol swym®omdgdol @obzghs s Foblgaws,
99Oy - 2953588539090  dglodegdemdgdol  860d3bgemgobo oA mdgligds s dglody -
30639duGHdo oo IMbs399930L, B0 s MBROM dogMo 0bBMOTs300L ysmmgdol 89dm3og9ds
©5  9M4oG9dBHMgd0o, MMIWgdoE  LETMOgdS  0drgzs  Fgobsbml s IMT3®IL OO
65096Mmd00m Jmbs399900.

50 099dx mdYLY09dTds, Mo30L ABMZ, godmofjzos 360d3zbgem3zsb0 Fomdxmdglgds Al Loligdgddo,
3903 36Md0E0s HMYMO 3 dgmmby 0bMLEMOMWo Mgz3meEi30s [7].

505505, bgwmzbmMo  0bFGHgwgdBHol  93w03530900 IMBs3I0s @d  BHILBHOMYds  bgds
3 BomOMdOL gzgms bggOMmTo: GHMOMOLEHWWOo 0bEMLEG®0s, 3500 FmEmOL 3gOLMbowobsEools ©s
bo693mdgbszom  LobGHYdgdo,  3gOLMbsOO  IMEBsMOMdOL  SLobEI6GHI00,  OMdME DO,
36b6mBoMgdol LolEBgdgdo, gboll MoMAdsbo, 93003530900, BAoL sFMEbMdS s dMbydMHO30 9bols
598539000 LobiEgdgdo.

2. 306050 bsfjogro

2.1. byemegbm®o 0bEgengd@ ol goblisbrgs

bgwmzbm@o  0bGHgwgddo  B39Mmgdmog  obolaHrgMgds, MHmamOiE  3gdbmermyogdol
9ONMOWOMdS, MMIgebsg 99dmos 0do@sE0s 50sd0sbol 0b@gwgdBHol 30MdEgdol  gowsFMol
36MHm39Ldo. bgemzbmmo 0b@GHgwgdBHol 3mb3gnE0d MMM #obdsgemdsdo  gobgomo®m®s s Al
23960LsBO3MS,  MMAMOE SOLYdS,  OMIGWLs3  Fgdwos 93GMbmIo- MMs©  08mJdgEML OO
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5096Mmd0m dmbs3gdgd by, Loog bywmzbmMo 0bEgargdBHo godergds s©gds@gdmEal sdosbols

0bGaadOL-
2.2. T Loggmdzegdo Al-logols

bgwmzbm@o 0b@gargdBHol Lobi@gdgdol dwgdsmdolomgol byFoMms mmbo doMomso gwqdgb@o:
9065399900, 3OHMAE53900, 535M5BH1IMS S YYMHN0YMHNW353006Mgds Lbzss -Lbgs LolEgdgdl dmeob.

b9wm3zbm®o 0b@GHgwgdBHol 93w0o3s30gdl, GmymemE fgbo, LFoMmEgdsm oo Ggd - bozol
o3Iz (9349853905 s F9bsb3s), MM 509339 WIMS© 03Tomb, MMIEs SOLYdIMBL Q503390
335053 MOMEo  5OJoBIGIMYd0, MMIWgdoEg MBOM oMo  F99n9Mgds  Al-L. Moy dggbgds
530905MO5L,  bgarm3zbm®o 0b3GwgdBol 9Mm-gmHM0 d0MO0MOEO Fsbolinsmgdgwros d56Jsbgdmsb
OH09ONINIJIGIO0L MO0, M0MSE 93BMTIGHOBOMIOMW0s 53MYY30d S 3MBLMEWOEIEOs.

2.3. Al 30 B5mG™Md0LS o GvMoHdol 06@GIMglol LggHmgdo

bowmzbm 0b@gargd@b 993l 93939w900L Bomomm B39dE®mo, 3mb3M9gEwo doHbgd0L
299 3©0bs6g, 06LEHOWAY6EJdO 96 FgmMmEMEMY09d0, OMIWGdOE 350Mm0Yygbgds. 396 dm3erg
303327930 J3939¢90L, HMAgdol d0dsMm se0L 3930 0bEHIMILO dMABIOHM Bl s GHwOOBIdo.

3. Al 353myggbgds ¢mMoHddo

b9wm3bm@o 0b@gargd@ob bLobGgdgdl GwO0BIdo Mdgbody godmygbgds 54gl. LodmabAsMgdwrm
3960U39d3H030056 godmBobsmy, Al gbdscgds dmdbIscgdwgdl 03m3mb M39mglio s MBOM Fgbsdsdolo
06g3m®3s305 5 Fobgbh IgBHo IMBOWNYOHMOOL Lod o~ B, MoE 59dxMdGLIOL FowIHY39EHOWYdOL
900905l o, LEdMEIMM K 53d0, OO MB3gM -g4mxib 39,9l GHIOOLEI 39FMEFLOEYOL.

d0Bbglol M3sWLsBOOLOm, bgemgzbm®o 0bEgwgddol gsdmygbgds dgladergdgeros 89bgxdgb-
Aob ©0mgdol 439ws s139dGHT0, 29BLE3MNMMYO00 33N HMHOD305LS S 3OMPIIGHOIMdSTO

GMOHoDBIL  0bMLGHM0sd0  bgemmgbm®o  0bGgwgdBol  LobEGgdgdo  Tgodwgds  oymls
59030009090 LolEYIYOo 6 BOIMMEO SOBYIMW 5303530905 s LolEYTgddo. gl LoliBydgdo
903938 LoMg3mAgbogom  LoLEYIgOL,  3gOLMbowoBsEgool  LoLEGIGOL,  BHJJbogoL,  LobomdeMm
LolEYIgoL (BgmdMEHIO0 S BIMZ60 sLoLEY6EHIO0), 3OMPbMBOMmY- dol bgwlishymgdo, s3@mbmdonmo
5396900, 96585 BbgMdOMO 53103530900 @S 3330960  BHMIOOLGHMO  F0TSOMGdJdO.
901bgs35 0dols, MM B39 35565¢0Bgdm MommMgMe LobEGHYIL (3939, b 500bodbML, HmI
&MO0LEHYd0 B39 9gdMH0Z MYOM0JMNMOI6 3)Ibmemy0qdmsb, HMIWgdoE 59MHM0569gdL Mrod9gbody 3
LoLEBYASL.  BoQO0MO, LEWBsOL Fgdos MODOYMNMDS OMOMGMID, MMIgoE 59MH0569dL
Lobomd®m  bobGHdsl s,  FmMbM3gbgdosb  2odmBobsyg,  Log3zmdgbsgom  LolEgdsl,
3960LMbs0Bs300L  BH9Jbozsl b 53BHMbMToNE  5a9b@L. FMIBTMYOIW DD osEMmAo Fgodergds
9%39690m@qL BoBdm@L 56 bdmgsb sbobGab@u.

3.1 3mbseebyeno LodmBsgunem 35630056090
b9wmzbm®o 0bGgmgd@ol dmdsgeo GMHoHIdo 0ss. 53 0Z5ELsBOOLOm, LsHMYSMIOSL

3999d0s 90993039l bgarmgbm®mo 0b@gargd@ol 8mogzs6 498mf39390L. 3Mmbxz0©IBE0sMOHMdOL
Lo30mbgdo IMY35Mgds, ©393d0MGds ABLMEM309wYds 0dolmZoL, Mmd Al LobGHgdgdo Fobwsagls
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5 558056900 s Al LobEgdgdo 89dwgdgb 08wdomb bgwrobgebs3z0gdwgdds. 53 3sMoogadol
dobgzom, bgwmzbm@mo 0bGgwgd@o dgodergds  Homdmzoyobmm, GMmAMmOE  Bgdbmemaogdol
X3MNBO, OMIJ05 4OBOOL BHOHODBITo godmEEOWGdL O Fosmdxmdglgdl dob.

d0Bbglo Jgdegdl o0l Fom0 3000963 JOOLIMZOL Bro VRO 3OHOMMOEJE0, Fgbsdsdols,
990098539096 3619 3H90L, LYMH30LYOL s B00MYdD A9TMEFPOEGOSL, Broms w9390 dMYHMb oo
UoFoMMYdIOL. dg3g Tgbodangdgeo 0d69ds d0Bbglobmzol ©0bsdoMMs Tgoddbsl 3gMLmboero-
D900 35393900 30096G0L 063gMHgLgdol Fglodsdols®. G9dbmemaogdo 99oiE3egds s 8953L9dlL
3903391 1s3MTomgdl, MomsE 993060908  Loghmem  Lom3gMssom  bosbxqdl, MmIgwos 990
390dcgds  BofomdMH0g 250939l dmAbAsMgdgel. gl 0dslsg 60dbsgL, M™A doBOILL Tggdegds
39L0535BML BMALObMYds bgedolsfzmad Bolo.

mdbdo690eol  39ML39JEH0300 390MmI0bscg, Al Lsdmowgdsl dolgdl dso Fmsdbs™b
530560  dmBoOMdgd0  LBHOsgs©, 960036grmgbso  dswo  bobxgdom s  LEWMWws
3960LMbs0BYOMO 3539EH0mM, MMIJE0oE Tgglodsdgds Tom LsFoMHMYdJOLs s 0bEIMHYLYdL. olobo
00009096  3OMPBbMHBOMYIME  Fgm535H9090L, MMTYdoE TggLodsdgds Fom IMMbM3bgdL. Tmybs-
MOHMIOL OOML 39dbmemaogdo ©ogbdocgds BHwOOLEIOL MEbmd sowgddo bsgzoysaosdo. gbs s
3M0GHYOMo  45bb3zs390980  0dbgds 96 BM0gOHO  GHMGMODBIOLMZOL,  9M5FgO  STIGHJO0NO
909039 mds.
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3. Benckendorff P.J., Xiang Z., Sheldon P.]J. (2019). Tourism information technology. CABI, Boston
Bostrom N (2016) Superintelligence: paths, dangers, strategies. Oxford University Press, Oxford Bostrom N,
Yudkowsky E (2014) The ethics of artificial intelligence. In: The Cambridge handbook of artificial
intelligence. Cambridge University Press, Cambridge, pp 316-334
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(bA>B05 AnmrdMmaNn> 22.05.2022)

111



Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS. No 1(33), vol.2, 2022

ARTIFICIAL INTELIGENCE IN TOURISM

Nareshelashvili Gulbaat, Chuguashvili Gocha
Georgian Technical University

g.nareshelashvili@gtu.ge, g.chuguashvili@gmail.com
Summary

Artificial intelligence (AI) is currently present in almost every area of travel and tourism, appearing in
different types of applications such as personalization and recommender systems, robots, conversational
systems, smart travel agents, prediction and forecasting systems, language translation applications, and
voicerecognition and natural language processing systems. Recent improvements in big data, algorithms,
and computing power have enabled significant enhancements in Al In this chapter, we review how Al has
changed and is changing the main processes in the tourism industry.

(Received 22.05.2022)

VICKYCCTBEHHBIN UHTEJLJIEKT B TYPU3ME

Hapemenamsuau I'., Yyryaursunm I'.
I'pysunckuii Texundeckuit YHUBepCUTeT

g.nareshelashvili@gtu.ge, g.chuguashvili@gmail.com
Pe3rome

HckyccrBennsiii untewtekt (M) B Hacrosimee BpeMsf HaxOZUT  IpUMEHEHHe IIOYTH BO BCeEX
obmacTax myTemecTBuili u Typusma. MV mposBisercs B Pa3IMYHBIX IPUIOKEHUAX, TAKUX Kak
IIepCOHANN3AUA U PeKOMEeHJaTeIbHbIe CHCTEMBI, POOOTHI, MHTe/IJIeKTyaJIbHble TypPUCTUYEeCKHe areHTEHI,
CHCTeMbl TIPOTHO3MPOBAHUSA, INPUIOKEHMS A3bIKOBOIO IlepeBojila M TOJIOCOBbIe IIPHJIOXKEHMSA, CHCTeMBI
pacrosHoBaHUA U O0OpabOTKM eCTeCTBEHHOTO fA3bIKa. llociefHue IOCTIDKEHUS B 00JaCTH IPUMEHEHUS
60JIBIINX JAHHBIX, Pa3pabOTKU QJITOPUTMOB U MOIIHBIX BEIYMCIUTENIBHBIX CUCTEM IIO3BOJIMJIO 3HAUUTEIHHO
yayamuTh 3¢dekTuBHOCTS IpuMeHeHus cucteM VM. B craThe pacMOTpeHO BIHMSIHNE IPUMEHEHHUA CUCTEM

WU Ha oCc- HOBHBIE IIPOLIECCHI B MHYCTPUU TyPHU3MA.

(Iocrynmmra 22.05.2022)

112



Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS. No 1(33), vol.2, 2022

IT 0b6g3®5LEGHOIGHOOL o030 Liog9bsbscmergdenm
509L9dEgdoLsMZ0L

oM FoBsEsdy!, oo Lueyrensdy?
1-03. %5356033000b Lsb. MdOErOLOL Lobgerdfogm MboggdLoEgEo,
2-b5doMr039wML 39dbo3Mcmo Mboggdlo@gdo

otomachaladze@gmail.com, g.surguladze@gtu.ge
69bomdy

396b0EM@0s BogsbdsbsmErgdem sfigligdmergdol, GHmymeE MmMPBboBI(330wo FsMN30L
LoLEGHQAoL  LEOMEYMGBOL  bs3oMbgdo  0bBMOTsgowo  BHgdbmemaogdols  (IT) s dsoo
068365LEMMIBHOOL  dodwommg3zol (ITIL) dgmmomermyool 9x839dEHosbo  godmygqbgool Loggwyd-
300y, Fo®dmyabo;emos  MbogzgdloBgEgddo  IT-068MsLEHOWIGHMOoLs  ©s  d9bgxdgbGEHoL
36MHm39Lgd0L  965¢0Bo,  3ELOGOEOMGIMWOs  Fomo  JOMOMIO  BMBJ30Eo  TMEIBYdO.
396L537MGO0M  J9Bob30wGOMWs  YMMOILIOs 3MM3EJLYdOL  LHmMs® ©oggad30Ls s Bsmo
396bm®E09wgdol dmbo@MmMobaol sdm3sbgdby, Mo 96093690 M3z5605 MMAMME MEYBoBsgool IT
©935035d9bGH0LS s 9OGHOLMZ0L, sg3g IMIbTsMGdWGdLM30L (LEMIbEHYOOL, 3509d0wGO
396LMbsEol s 9.9.). 9999 FgLodergdgero bgds Lomsboswm bg®M30LgdoL LGRS WS LHimMs
90fm©9ds IT-g350GHsd9bGH0L doge, 39MHIME, GMYMOE 068OIBEGHOMIGMOMWwo Inmbmgbgdol
doMm3s, 516939 0630Y6EHIODY POHMWO MYoROMYdS s OO LMEMSE oMM M.

1553396dm bo@yggdo: IT 06xMLEOWIGHGs. IT 3GmiEgbo. 0b3owgbdo. LyHgzolbwyeo dmmbmgbs.
36OHMaM53wo MBOHMbzgeymes. ITIL.

1. 8glsgsemo

330930l 30Dsb0 s 06M3z530MHMds IEAMIsMYMdL 08530, MM BmbEgl LosBIsbsmErgdem
©5(9LgdMgdsdo sMLYdIMEO 3MM(3gLUYOOL QoBxMdJLGds AbmBEomdo dorgdMo 15939009l
3659303900l Fglodsdolog, Moms d90gddbsl 9139dEHwc0 Lobfogerm astgdm [1].

0dol MDBOHMB39LoYMRs©, MM MEMRB0BIE0s MBIl Fglodsdolo s Ho®mds@gdreo, 39360
MMQ960B5300  0fggdol  JoMOMOEO  BHMBLGEMOTs30Mo  3OMYMHTYOL  49dMYgbgdsl 50
d9L5dEgdMBYOOLMZ0L, B0bgs35 0doLy, MHMI 53 GHMBLBMOTs3090l bdoGs fHm©gdgb
»GOBOMWL", 0Lobo MR F9BHL 9gbgds 30MY 39JbMEMPOSL. MMR6OB3090T5 B B IBLME
L3OO IOHMDOLS O 3OIMABMBOMYOIMBOL 15 FOMMYds M39M530Io LOLFMSBOLS S OBOOWO
LoBRJo®ol 3BsM© LoFoMmgdsLmsb gMms.

IT 06365LEGMdEH e 9yg0s 439es 9egdgbGolgsb, MHmdgwoi dbsML MFg@l Imbsgdms s
068mEMB5300L  FoMHMZ9L s 398MYg6gdoMdsL. gl FMOEI3L  BoHOIME  535MIGHWIOL
9mfymdowmdgdl, dmbsigdms dgbobgol o dmdogdsl, Jugwr® Lolidgdgdl, dmdz9wgdme 0bdgM-
890LgBL S 3OHMYMTIME MBOHMBINWYMBIL MOYbOBIE00L BODBEYL FoBEIBOL TbsBIIBEFIMS.
LEAHOYIHYOS SBg39 0E3L BHGYBObYL, 3ME0EO3L, BILEHOMIOL, 3OMEILL S Yobobergdsls [2].

0683M5LEGMMIBHOOL  I9bgxTIBBHO ML MOYBODsE0s LEobZMOTs30m  BHgdbmemaogdols
3033mbgbEGH9d0l  dornzol  3Mmi3gbo. IT  0bxg®mslBmwmddmmol  89bgxdgb@obmazol  dglsdsdolo
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9900™m©Jgd0oL s®LBYOMBS LETMOEGdSL 0dE3d AoMAXMDILEIL FglErIMgds, bgedols(zmdmds o
UHOsx30 29005093930 gd900 bbgsolibgs Lyzombgdolmgol, Hmdwgdoi 990dwgds Fo®dmodgzsl.

IT 068365LEMdEH«OOL oM 35 3603369 M35605, MY 0l MBOHNMB3gEYMRL bEGHOMIGHIOMIL
@5 3mbGHOMEUL bbgssbbgs G9dbo3mMo m3gMmhoEogdobmgol, 3MmmyMsdnw MHebagaymasl s
B9l OHMMOE BoH03ME, 5939 300G A509gdmdo [3]. IT 06g3MILEMWJEHMEOL Jorm3s SBY39
3sbgbolidygdgaros: 534@03900L Labogmabarm 303ebg; dmbo@mMmobaBg/oggadzsbg; dmbsggdoms
3965b3599; JugErol godmygbgdsbyg; bgwrdols(zmdmdsbyg; 960l mbds®mgdsby; 535MoEIMHVIE
MBOHM639wymRsbY; 36HMaM539wo MBOHY639wyma3sbY; MBOBONBMYGOSLS Qo
393603160/808L5b M gd0L gobsbagdgdby.

IT LAHOYIBHMOOL T9bgxIIBBHOL  LoMgdIEo  FMIOLIMYMBL  F)domdols  LoTsMEH030b,
06x8mM35300L5 s 9bQ3M0dg00lL LoEbOOM s bRl sBMY30m. J3939, OMIgog TboML

M 3FgOL 53 999l dmoEo3L [4].

1) LGSR0 BYo0MGdS (335WYBS® S TIMWZG3 30OMBYODY;

2) dmgboro s LHMsx0 3OHMEIIM9d0, HMIgdoi 03936 3MMJG0ME LAMEIR0IOL;

3) 533™0oEH«H0 39dotmds 530MHYBL FOMASL, botrxgol s BoMMIBIES0056 06300096EOL;

4) 0dg3s 390090  FgLodegdIMBYOOL  oRJRIZ0L  LTMOEgdSL,  SBEYBL  0bFMEGTs300L
396G 0BHgdsl s YBOHMB3 YR POMJIoL Mo EOHMI0 06BMMTOMYISL;

5) 39856303900 4390 L0wMH0 1396430900 s M3YJMH309d0, 50530LREGIL 39MHLMbsEOL
OB, O30S 993900 R9TIMb O 53059MTBOEMb MEYI6OBsGOo FoBEYdOL IMMbM3bgdO.

6) 25999xMdgLYdME0 IJTHASMGOIE DS 3854MBOEGdS s Lo g IEgds.

7) 999306M©s Downtime (d9896Mbgdoll @M™) ©g3wmodgbEol sBJsMmgdom ©s s0dmublzmol
©OMOL J930609000.

IT 0b6g®sLEHOMIGIOOL FoMmMZ5 AL MMHRb0DO30900L IMYMHbODs300L 39bEGH®T0, HmymO3
ITSM-ob (IT Service Management) 96 9600 d0OH005@0 b5fowo. 360H:macmsdwe «bebagarymasby
dmdM8s39 LgM30L9d0L  BOEILEMID ghmo, IT ULgH3zoLbol Mbgdo  Lodwmogdsls  sderg3l
0565330 gdl s bl MMYb0Ds3098d0 MBROM LGB FosfmEmb woMgdmewgds. IT
3160l o d0Bbylol FBsMELFIM0IB BOBEYLOL OBIMI6E0MYDST0 Foo0DsMEs. ITSM-0b
903930 boBl MLgsdl 0sbsdIOMAMBSL, 2odmygbgdols BoMEH03mdL s VOMIOEGOOL MROM
LHOx3 Jofimgdsl [5].

3309359 B39, MM IT 0bgxg®msbB®d@Mmol ommzol 899deos M HMTSBIOM0 o3wgbs
9t5b0bml 8mdbdsMgd9w by s mdbTomgdgwrol 3d5gmz0gdbg s 035BY, M OHMYMO 500J35096
dmIbdoM9deqd0 dmdbobmE@gdol dodfrmgdganl.

30mbG356gdo®  g3mgsdo  doBbgloL  MFyzgG™MdOLs s  bBMEOLm3zol  3b0dzbgermzsbo
39bgbolidygdemds 930LEMgds IT ™mEYBOBsEool TbsOYIBL, o3 03980M©  R3Bsbs  3m300
3960093058 2oL emgddo.

CCTA-8 3309390y ©@ouwdbgdom  890dndsgs  93m39bo30900L 6536900,  Omd
MBOHMD39wyml IT byH3z0Lgdol 9x39dGHO0 ©s 9x89gdGH0sB0 dofimgds [6]. gl M93magbrszogdo
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39W539Es  Bo39mgbm  3M5dBH030L  39@9Mmado (MMIgEo3 ©®IL 3bmdowos Gmymea ITIL),
OmIob 9539JGIOM0 3odmygbgdsg IT mMasboBs30903s s0fyql [1, 6].

Abgogl m9dsby 33930l @OMML, CCTA-0 50dmsBobs, M yzgms 30Bbglol doHomso
dmmnbmgbqd0, 01bgs35 3500 06EMLEHMOOL LgdB™OOLS S BMAoLS, JOMOMIIE JOHMTSBIMOL
Abgoglo ogm. M@am®3 sbgoo, ITIL-ob 6H93mdgbwsEogdo 3MEI®Yds 439w Bmdols s GHodob
6560 5300%.

B5dMMITo  go9bo0bgdM0s, 3309306  bbgosolbgs dgom©adol godmygbgdom, mvg Mo
LoFoMHMYd00  9OLYOMAL  IT  0bgMILEHOWIGHMOLMB 3530060900  Logsbdsbsorergderm
509L9degd5d0. FgbFogEr0os bSFoMHMGdGd0. MMIGO0E FosBbosm IMIHTsMYdIIIL s s1g3g
do0fgmwos  3odbodoerMo  93GHMIdGDosE0s  olgm  LYZoMbYdIOL  MYROLEGMSEO0LS. Mo
OEGobMmE, §obslfom  AobLsbzO  M™do  LsFoOMOL  MgoOMGISL.  LHOBZMEOTs0Mm
MLMOLYdSE  godmygbgdmwos  gzgws ol 360d3bgem3zsbo 33935,  GMIgdois  a39f3OL
06x8mGds300L,  Lo3gogbm  36MJBH03gdLy  ©s  ©Y3mIgbs3ogdL.  obobo  MHEWb3gwymal
62560530580 ITSM L)@ mH0DgdrE Fo0m350, 0939630900l Tglsdsdobo, 361odE039d0
29005 3mb3M9E e d9000b3935%9, LogsbTsbsmgdwm sHoligdIEgdsBY.

2. 3060050 bsfjogro

332930L 36m39Lido 399mygbgdrros 89990 33wg30l dgmm@gdo: 1.3m30L X3)B9do, bass
©OoLIMLBOOL  F9IRO©, 2o0MBBES LsFoMmMgds s 2odm33wgme  0dbs FobgB-G9gMIM0Z30
393006900. 2. 06&g6MH30v), Loog 399MmYgbgdem 0dbs Hobsbffo® doMPgmwo 3ombggdo GMIwgdby
39bbgdoE 9355300 SLsbsls 3OMdEgdol 60d369gEMdSL.

3309300 35965¢00Bgd0LOL A50M0339ms. MMA Lo sbdsbsmegderm sfglgdegdsdo, 39Mdm
mboggMlo@gBHdo, IT  0bx®slEG®MIGHwmol  LEHOMIGHIO0MHGPMwo  JsOmzs  360d3bgwmzsbos
MB039MLOGIGHOL  LOMERIBMZIbo  FMTomdolomzol. bdoMs Mol  F9dmbggzgdo  MMEILa3
068365LGHMIBHIOLMb 53530060900 3OHMdEXGIYO0 96 IMPMHBM3bYd0 s FoMDBY 505 POMMEO
695306905  58gMHbgdL  Lolfogarm vy Lbgs  3Mm3gugdL. Immbmgbgdols s 0b3owabEgdol
©58304L0MYOOLMZOL 56 HMLYIMBL SMBO, MMM LEMYJOWMDSE F99dgds0d FMTBA>MYIGOL, 56
bgds Lo3ombgdol dgbobgzs o Mg3mEMEHbaolL [o®mBmgds, o3 39bToMmYds  LEFMTs3EIME
063000963900l 30939630580, Fog: Mv) gBMO 3MObGHIM0 ™3980 MOXIO BIF©IdS, bmwm bbgs
©365MR960 3 13990 9OHPbYWHE 30 965, 3969dM0305 361939D300LMZ0L b FoMmMs 3GO6EHYMOL dg33wWs,
s bbgs Mx3®m 360d369m3s60 063000963900l 369396300Lm30L. IT 39bsFIOMBgdL, 30690l
(I gdds3 95200905 96 FMobEObMB Ls30bYdBY, 56 59300 M93dMYMOWO 0630WIYHEHGOOLS
dmmbm3zbgdols bos, Gmdgeroa d9odwgds 30M0MmM0GYEOL obggom 89olimemb. siggg 0boosEMmem
30690L 56 5430 06x3MOT5300 LEZOPMHBBY HMIYEOE WHSBOJBOMYL, 56 03056 SBLMZL MY 5MS S0EOL
0565936390l oo bo30Mbo, L35 MEM BMY35M9dOL Tgbobgd 0bZMEOTs305 s Lb3.

IT 0bg®msbGHOMIGHMOLmD  ©535380090w0  bs30mbgdol  Tglobgd  0bxgm®mdsgos  Mbos
065590l Bsb5{9M9d0L Fgliadsdol bgelisfymdo. ogswy® d98mbgg3sd0, 53 0bLEMWAg6Es sg3g
»bs MHOHMBIgYML dINWYd0 3538060900 FMMbM3bgOMB, 3OHMBEGIGIMB, BIMIEgdos
3bMdowo0s, 063000963 s Bb3s Msms Imbgl LHGSRO s 9BIJGHIO0 ORBMLEH03OLS s

115



Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS. No 1(33), vol.2, 2022

503965, Mbsdgmmzg IT LyMzolgdol dsGm3zol 0blE™Mmdgb@gdl dgmdwwosm »bBOHMB3gEymb
063000963900l 53BHMT5BHIM0 353806905 bbgs 0b30wgbEJdBY, 3OMdEgdgdby 96 3bMdOE
06300096390b9g 5 25965¢00BML 06300096EHF00 36M9396300LM30U.

IT Service Management (ITSM) oblG®MIgbGJd0 Lodmowgdsl 5dwg3l IT  Mm3gMsEome
MO2560D5:3000L, 3MB3MYGMs©  0bFOILEHMWIGHMGOLs s Mm39M530900L  (I&O) d9bgxgcgdL,
dobobmb dbstsFgMo.

50 3Odgdol, IT 0bgxMslEGmwdEEmol Jommzol gM30L ILIOL MOEHWOL MYs0HYdOL,
3B FMHII5, 3MLYIMOL M599b0dg 3OMAMTMEo MBOMB3gEYgMaGs, Y39eoDY M3EH0ToIMH0s
Atlassian-ob 36m©vJ@o Jira Service Management-o Insight - Asset Management-omob 96maq . JSM (Jira
Service Management) Lo dmGmgd9enos ITIL bGobo@@HgdbHg s 0HBosegdl dsom 305dE0390U,
090 UB53995¢9dsls 235dag3l LEmMs dmgstymo h3zgbl MmMABOBsgomE LEOWIEHmesl ITIL
36MHm39Lgd0 s 893ddbso IT 0bgOLEBHMMIEHMOMHOL FoMM30L 3EsGHBMOMDs MbozgMLoG EHOLM3Z0L,
boere Insight bodwgogdsl 335deg3L 503hgMMm© LOHYsE GH9Jb03Mmo LgM30LIdOL JoEOTMA0,
9dm35bobmm dobo 5353006935 JSM-09b, 3sFoMdmmm Hg3mOmE0ba0 s ©O3593EMToGHOBOMHM
3600369c0m3560 LE9bIMEH Mo byszombgdo [7].

Jira Service Management (JSM) - 0 9990053593905 53bGM0MH0 0sbEoL Atlassian-ols
d906. Atlassian-0s Jira-l Ggeobo 2002 ierosb ©sofgm, bmwm JSM-ob (Lg@zol glzol) 2013
P06 s PPYIEY Y39 N30 360369 M396 LoobErggdls 43m635DMBL.

JSM 9300535%00b Iibgoslbgs 5Mbgdls 3emdobmgol, Hmam®oEss 30mM@swo, E-mail s bbgs.
51939 JSM-0 99l5degdeMmdsls §35deg3l:

o Ls3Mom bsgool (workflow) Loli3gdgdo oMM E0DE00L s gUZoEsE00U;

o M9LOLYdOL )A30L LOLEBHYTGOOL 0bEJMS300L;

o 3MEboL dsDBol 0bFHYAM300U;

e Dashboards s H93mME0b30b bgalafymgdls;

e SLA (Service-level agreement) - {obolfjo® Fgomobbdgdnmaro, gofig®owo ©MOmgdo (Top:
909350900, M9oa0Mgd0l) Mo3 603653l 0dsl, MM dmIbLsMYOIL 9dbgds 2oMbEH0s, GMI
L9gH30L0L MIFMEIdYEO 530mMbL FgliMrEEgdL Hobslfo® T9msbbdgd e mm™To;

e Active Directory-Lo;osb 0b@ga®sEos, 561gdmdols dg8mbggzsdo;

e User Friendly o699m s Ubg.

3. ©sli33bs

33w9359  9B39b6s, OHmA IT 0bxg®msbG®MMI@OMHol dsmmzol 8gdwdsggds  Logobdsbmergdm
5(19LgdMmgdsdo 8odobsty IT 36MHMmgd@gdol oliGsd0MMEMmIdsdo s 3MmMEgLgdoL  LfimeMso
PomBomm35d0  3b0dzbgermzobgl MMl 05853MmdL.  2obLEBOIGMWO  3MM3gLYd0  OMIEOL
dobg30ms3 9mbgds 06BOLEHMWIGHMIMOOL FoMmZs 4o5vdxmdglbgdl 53509domEmo 3gOLMmbswols
@5 BAMEIBEHJOOL  385gMBOWGISL.  F9BgObgdOL  @oMgdy  [oM0doMmgds  Lfoges/bfogargdols
36m39U900. 330930l 3ombggdby  3sLybgdo  sB396gdL, Gmd  36093b69wm35605  3BIMEILYdOL
933™35@G0D0MYds, o3 9909350 3Mma3399L obdgMMHYd50 3OHMEIIMGIOL 53EMBoBHOBIF0L O
dmbds 0630096EJd0L 3619396305.
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IT INFRASTRUCTURE MANAGEMENT FOR EDUCATIONAL
INSTITUTIONS

Otari Machaladze!, Gia Surguladze?
1-Ivane Javakhishvili Tbilisi State University,
2-Georgian Technical University

otomachaladze@gmail.com, g.surguladze@gtu.ge
Summary

The issues of improving the educational institution as an organizational management system based
on the effective use of information technologies (IT) and their infrastructure library (ITIL) methodology
are discussed. The analysis of IT-infrastructure and management processes in universities is presented,
their main functional tasks are classified. Particular attention is paid to the tasks of properly planning
processes and monitoring their implementation, which is important both for the organization's IT
department and audit, as well as for users (students, academic staff, etc.). As a result, it becomes possible
to provide appropriate services quickly and correctly by the IT-department, in particular, both the
management of infrastructure requirements, as well as timely response to incidents and their proper

management.
(Received 20.05.2022)

117



Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS. No 1(33), vol.2, 2022

SQL s NoSQL 333l-9d0l 9fo®0mgdery®emdols
090056090000 565¢»0BO

365 8639830000
LodoMM39WMb G9gdbozm®mo Mboggdbo@gdo

anmargvelashvili@gmail.com
69bomdg

396boemwos SQL s NoSQL dmbsggdoms 85%Hgdol dsmzol bobGgdgdl dmmol dfo®dmg-
dEBMdOL F9sMgd0l bszombgdo. NoSQL bobEgdgdo mgobsm3zol FoMdmoygbowos 3393990l
doer0sb 9306y Momgbmdom ©s bgerdolsfizeomdo 65ddg3egdo BJoMms o6 odergzs LMo
bmEomol 30gdol bodwowgdsl, Moash obobo sofigdl 3ofOm gmImlol 9JudgmodgbEgdl s
03305m5© 094gbgdls 33¢9g30L MBd0YIEO© 93 BMboggdms dsBgdol B30l LoliEgdgdl. LGHs@osdo
3900m0535H900s SQL Server s MongoDB 9dmbsigdoms 059930l 899690000  5bs¢crobols
3900929%0. 3903dm, 9Ju39M096EH9O0L Lgeos BoBIM© BsBsMMIdOm, bsbEgdgd0m s s®Bgz30m
3909030 0b69JLgdol OEIOOL A5M9Tg. 39dTs 5B39b6s, MMd MongoDB mdxmdglbos dmbsggdoms
BoLidoL oG EH030 IMmbM3gbgdolmzol, bmwm SQL Server Lol gds 359m0yggbgds s6s0bgdloMgdmwo
39w900L dglo33WgsE d00sbo IMmmbM3zbgdol Tgieregdsdo. s1gzg oxz0duoMs dmmbmgbols
99LMHME9d0L EMMOL 36033693560 d9830609ds MongoDB-80 0bgduol sgdols 8999y,

1553356dm LoBygzgdo: Ms SQL Server. NoSQL. Query. Json. DBMS.

1. 3gbsgsemo

MongoDB  ©m3%996@g0%g m6H09b@GHocmgdmwo 8mbszgdms d5Hgdol  dsemzol  LobGgdss
(DBMS), 6mdgmog 899998539099e0s 59539 Lobgafirgdol 3:m33s600L 8og®. ogo gOm-gemo
Y3959 3tm3MoMvemo NoSQL Loli@gdss s 993 3mbg30gd0L g™ B3gd@®o. gbos MHgEs30IeO
DBMS-0b B3999c0g06H030 356H0wgd0l sbsenmao, Hmdwgdoa 06sbsgl JSON om3wdgb@gdl (Java Script
Object Notation) [1]. 350006 3F530LOMZOL F5035¢oLHobIdME0s dogdols, BolAOL, Fodwols s
3965begdols  Mm396M5309%0. 51939, TBIMOFIMHOE0s  EobsMOLbYds s 3NOLMEMOL  99d39MdO”
dmmbmgboll  Fggaqdol  bobgs.  Asbid@edmMmds  MongoDB-do  doowfg3s  ©™3w9996E9d0L
3009d30006 33560905 godmymazol 39d39Mdom, sMBYMWO goliomgdol Logmdlzgwbyg (shard key).
59 91939, FoMLFIMHO0s SLOBIOMBMo master-slave ©93¢035309, Losg hofgMol M3gMHo3E0gd0
09995300905 dBMWME doMOMOEO  3356doL  F0gm, Bmwm s30mbz0l  Mm3gMs30gd0  Tgodegds
99O OMAMOE F003500 3356d0sb, SBY3g 9PHM-ghmo slave-sb s 3e0gbBHL Fgmderos
009350l bbgoolbgs Mgg08d0: s0bJMMbMwo (35Lvbols Imerm@obol 3s69dg) 96 sdE™3z30mO
99000 (LEHMOL JEMYds Fobsfowgdme Jugedo sOlgdmEo 3356099056).

5060500, MongoDB dbsml ¢Fqgel asbLbbgeggder sbdodgzmvyer dmgergdl 0dolis
dobg30m, ©9390Wos YY) 9O [o30mbgs  FgmMeo 339609006 s ®sdgbo  3356doL
©OLEGHMO55 BMbowmbgwo Bsfig®ol oMmb.

Ms SQL Server 5ol m3099@w6-09ws30wemo dmbsgdms dsDol ds@mzol bLobEgds, glss oo
300Ul 30 GH0 s FbsOL MFgOL SQL LEbIMEIOOL MYBHILMBSL, OHMYMOO(35: 30d3gdumEo
dmmnbmgbqd0, 35Logd900, BHEM0y)MGd0, BHMBDIJ300l JNE0sbMds s 5.0. [2].
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2. 3060050 bsfjogro

NoSQL 9mbszgdms dsbol ds@mzol LobEgdgodol 496300000905 ©s 35dmygbgds LHMsgs©
0DBMYOIMPS dm sM{ergyerdo. 1998 (gl o@owogeds 993609635 39O m LGAMME0d 3sdmoygbs
9l B9gm3dobo LozMmo®mo DBMS-olmgol, Mmdgaro 99ddbowos gobsfoegdamo s6do@gd@Ewreol
30639duGHdo 399domdobmzol.

LA Fobobowsgl SQL s NoSQL d5b900l 360Hm39900L 3309358, Hob 9900925053 G000qds
©IAHOMH0  0bggm®dszos  DBMS-gool  9glodergdermdgdols  dqlobgd.  dmbszgdms  dsbgddo
BobofgM9gool 93069 Mromgbmdol godm, dmmbmgbgdol dgltrvegdols MM 56 5©gds@gdmes §odl.
530@ M0 n-x 9O (3585 0msq, 100) sG>0l Igbodegdgero Immbmzbols 2533935 d9g35L93900L LobmLEOL
LEOHYEYMRIHY EOLH3IZ0MZIOMS.

2014 ol BgdBgddgdo, Ms SQL-bg o53dbgdyeno Enterprice mbol 36:99d@gdobs o
LyM30L900L MALb30Eglds 30M350YMTs FLMREOMT0o, 25dMmod3ggbs BBsFgMo Magzol 39dlvoEbY
0dol dgbobgd, v OHmym® doswfios Ms SQL Server-ds 98530 gowgdxmdgligdsls o G godmofzos
MongoDB-%g JSONB dmbs393ms Godol sbgegy3sd, Hmdgarog 8904dbs amadol sbds®gdobomgol
[3]. 500mBbs, ®Mmd Ms SQL Server-8s go0dstx3s 00gddol yzgars sbdgdGdo: dmbsizgdoms Bolidols
M396530900L  boBJstg, dmbsggdms 3mds s OL3BY LogMEol ImbTsMgds. 53 dodmbowzols
00535600 9900930 8yMdoMgmd©S dmmbmgbgdols bbgsalibgs biggbs®ol dmdbswgdsdo.

o3 d99bgds MongoDB-Us, ol sG0l 56M5M9gEs30M0 dmbsggdms dsbs, Mog 60dbogl, Mma
99m3gdgos bgerdobsfizeomd 8mbsgdgdbg 03006900 dmmbmzbgdols s39ds. gl 3GMdgTs
B3971190603, 0FMHg0s MO0 gbom [2]. 3060390005 3e9930980b ©336395Hg8s. S8 gdmbzg35d0,
0535 3933060 b (3090905 3Mdsb6gd0L BsMRWgddo. Igmeg aBss dmbsigdors gbmEHEscroB9ds.
9o5e0mo, Sales.TerritoryHistory 3bGogol, Sales.Territory gb®owol doaboom gobmogligdoom. gL
90Md> 53530069305 BYMoMmbBMEw  LOOMWYJdmE  TmbsEggdms  ®s6dodwH3MYIEMdOL
MBOHM639wLOYMBIE, M0EP0 (33¢00gd900, HMIYdoE dmbEgds 3mb3MgEMw BsbsHgMdo 9o
3b60owdo, ol »bs gobbmMEogwEal yzgws gaHgad3wsedo. s3M0ys©, 30EMILIQ BOHMLOWS®
bs 30gmom  LFobslfo®  FggHomgdol®  2obbm®mE0gmgdolsl s 3930m3z5¢olfiobmo  Foliosb
0535380609090 LOOME9gd0 9JB39MH0Y6EJIOL FosbsE0DYOOLSL.

3. 9Ju39m0d9bE Mo bsfioemo

1-9¢ BobsBBg Ho@dImygbowos ER-0m©geo ,,mbsob 350sH0s-bsfgmdol” dopqswromobmgob.
1539350900l 30L J580Ygbgdm©s 3gMHLMbsEMMO 33300 Intel(R) Core(TM) i5-8350U CPU @
1.70GHz 1.90 GHz, RAM 16.0 GB @5 m3965309¢0 Lob¢gds Windows 10 Enterprice.

9939600396@&0 Bodoms Ms SQL Server 2019 396L0sbg, beagwem MongoDB-b 396bos ogm 5.0.8.
DOMNMYNME0 30 Jgueryees 10,000, 100,000, 500,000, 1,000,000, 2,000,000 s 5,000,000 Bsbsfg®rbg.
596396003900 0gm JguM¥egdol LT IeE™m MM MEEISM I3ILMBISDY. 2oTMMZEGIO
30LBHMYM5900L 53905 RbbmM309©s Ms Excel -do (69b.2,3).

d96B9g30L m39M53000 9JL39M0d96EJdOLMZ0L (b9b.4), 458mYygbgdreo 0dbs 89dgao b3gbstro:
3oBMIowo ogm m3geo30900L Jglcrmergdol MM F9gMHbg3oL 30MHMdom 03539 BsbsfgMgdolbmgzol,
d9L50530L 39abBg 5398990 MOMBOM Bsdogdm bgbg s53dbgdyo 0bgdlom s ol yocgdy.
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¥V SalesOrteriO
T SalesQegerDetanid

SalesOrderDetail (Sales -

' SalesPerson (Sales)

| 7 SBusnesstratylD

CarriesTrackingNumber FemzoyiD
OedurCny SalesCQuota -
ProductiD Bunu
SpecalCterdD CommessionPet
UnitPrice SalesyTD
UnitPricediscout SalaslastYear
LewTotal rowgad]
rowguid ModifiedDate
ModibedDare
& 8
:  A—
SalesTerritory (Sales)
r _”)———_'!:; ? SemsoryiD
SalesTerritorvHistory (Sales) ' Name
¥ BusmessEntintD CeuntryRegionCode
% TermnorylD [Group)
¥ StanDae SalesVTD
EnaDate Salesiastyear
rowguid CostYTD

MeatiedDate

Contlastvou
rowgud
ModifiegDate

i € aleacOrd rHeader (Sales)

¥ SelesOrdedD
RevisionNumbes
OrderDate

oa DueDate

ShpDate

Status

COnlineTvderfag

SaaiOrdeumber

PurchaseQrderNumber

AcconmtNumber

CustomeriD

SasivrsoniD

Territoeyll

Bl ToAddress=D

ShpToAocressiDy
od ShioMethoaiD

CrechitCarcdiD

CreditCardipprovaX ode

CurrencyfateiD

SubTota

TaeAnn

fresgm

TowalDue

Comment

romgusd

ModifiedDate

65b.1. ,,006¢0506 Fo0B0s-Lofigmdol® LkBdEm®s Ms SQL Server-obmgols

()

-}
ég 200
§% 0 -
2 — =
S L N
2 3 4
2€ :
1 2 3
EMongo 0,23333  2,27755 11,56965 24,55676 49,5657 149,56454
EMsSql 0,00854 1,12345 4,567878 13,232232 25,6565 74,466767

® Mongo u MsSql

Bob. 2. Bslsdol m3gMszogdol 3glitmemagdols Mmols 9gsmgds

= Mongo = MsSql

i N 3963bengds

ggg °"""‘---..
.‘i% s 5 6
g 1 2 3

= Mongo 0,153466 2,304444 10,11113 21,83778 43,37143 113,50525
EMsSql 0,04403 0,53676 4,3566 14,0536 25,46456 65,4343

65b.3. 39655500l Mm39Msz0gdols Fgitvengdol EMMOL JgsMYds
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-

S 0b60gdlboom s 0bgJlol aot9dy

£ 5

/3

€ S

e — l
o e iy ‘l-.-."'l —
c £ 1 2

S % 3 4

Q e > 6

2=

€ 1 2 3 4 5 6

B Mongo (Index) 0,00324 0,05533 0,016943 0,03244 0,05343 | 0,14324

® Mongo (No Index) | 0,00676 0,05434 0,26929 0,0054 1,09434 2,513
Ms Sql (Index) 0,004553 0,00455 0,01771 0,03453 0,064844 0,45334
Ms Sql (No Index) ' 0,002333 0,02344 0,071344 0,19048 0,47444 1,123444

H Mongo (Index)  ® Mongo (No Index) Ms Sql (Index) Ms Sql (No Index)

65b.4. 0bgdloom s Fobs gomndg BsGHzoMmm3z0L Mm3gMagogdols dglitrmegdols
©@OMOls GgoM9ds

dmmbmgzbol dobggom, BsbsfigMadol ghmo 3MmEgbGo  ©o3doymzowrs. 89-5 bobsbo
330P39690L 9du39M0d963HJd0L 9009390L F9MFJME0 M39Ms300m 3bMOWOL JxgmmMIdo.

OHMamO 3 Bgdmo 50360869m, ML Lo@yzs NoSQL 349393905 565 Mmam3 DBMS, Gmdgemog
56 309399036905 SQL LE9bsMEAL, 5M589® 0b, MG 96 MOl MYEs30IM0. oo WBOM JoLO3Z0M0.,
60d MongoDB - 5.0.8 390L0s80 - ©9390™396mds 308356050 MBOHMB39gwym  Jgliodegdermds
3938060900l MmMB0BE0s FBOOWOL LogHmm 39¢gdol dobggoom [3].

50750500 99Mgds  d90dwo0sm  dbmemmo 9hHm 390Hg s FbmemE FomEbgbs oty
39900900L BMOAsEHdo. 5dM0Ys©, 58 dmmbmgbol Tgimrargdol s®LYdMwwo Fgbrm3gdols s
@OMOL Fobolinsmgdgdol LygmdzgebHg, s®RgM NoSQL 250sfy3939d0 3bMHowgdol d9gMmgdols
mM560Dg00lsL Lbgs dgom©ado Mbs 0dbsl gs8mygbgdmo. 9dudgModgb@o (Bsb.5) gxmdbgds
06d56905L, MMIGE03 03Ol MYLOLOL M5dEIbo IMTHIsMYOYE0s (3930 Joeodosb (Bsb.6).

499600905

g

e

- 250

S

5 . 200

&S 150

e S

% < 100

O &  —

;(c) 2 3 0

s 4

3 5

g} 6

£

s}

1 2 3 4 5 6

B Mongo (Index) 0,00334 0,0025 0,111233 0,22043 0,45964 1,04538
B Mongo ($ Lookup) 0,477 3,89554 19,43228 34,8893 75,4343 229,0044

Ms Sql (No Index) 0,043355 0,435445 2,25333 4,89943 11,54645 28,3444

65b.5. dmbsggdos Bggeogdols m39MeE0gdol Igitremgdols ®mols 3gsMgds
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\g QIXRIBIOS Jogoggdob dobgzom

& 8
2 6

c% 4

£% :

o A 0 _—

o e =

= 7 1 L l

c 2

Q 3 4

& 5

2] 6

ae)

5

1 2 3 4 5 6
® Mongo 0,016555 0,11223 0,483322 1,163553 2,3564 6,13555
B Ms Sql 0,0078998 0,03333 0,157833 0,30043 0,537834 1,5458877
B Mongo M Ms Sql

6sb. 6. Imbs3ggdms IR IBIBOL M3gMsE30gdOL Tgbitrmemgdols MOl BgEsMYds

5960350, 994b39MH09bEJd0 9B39690L Ms SQL Server-ols v)306H5@HILMIL Y39es 58Mm3Esbsd0,

3905 0609JBoMdMEo dogdobs.
653 dg9bgds  999mmgdol  Mm39gMoosl, NoSQL DBMS  09mbs3gdgdol  ©gbm®dswoBgdol

23905%Y39GH0wgds 3005306 ©IIM30IOME0s 3063M9GME sdmEIbsbY, 096d00g3ME™MdOL
39656BmB9gd0Ls s BgTYEH0 068MMT5300L Fgbsb30L botrxgdol gomzswolfjobgdoom.

4. 94b3g000996¢0 JSON m3mdgbEgdom

Ms SQL Server DBMS dbs®l 3gdl JSON-056 9m8smdsl 99339 ©5089gbodg fgaros [4].
©M399996@900L  Fobolfo®o 3853900l godm, JSONB dgodergds oygml ma3dm bgero, 30069
60065¢0 JSON Bs6560107900, Bo650 bs390005 584853905 5 8td0gds MBOHM LESG0S.

99b3960896@9gd0L Lgeos 0fjygds dmbsggdms BolBOL M3gEMs309000 (65b.7). 458mygbgdwero
©533060m30L 839308303056 A5dMIEObscY, Ms SQL Server-ols v)306M5@GHqLMds b385m© dMMEIMO-

Bawo BsbL.
Bsbids
\g 500
&
2
,:% 0 e B = - n
g c 1 2
0D 3 4
& > 6
-~ ©
(e Is)
© ©e 1 2 3 4 5 6
< mMongo  0,45343 4,82322 25,63121 48,0221 90,3232 | 250,99322
(@)
fe) mMsSql  0,12322 1,43455 573238 | 13,232232  38,17212 = 109,23243
e}
')
Q

B Mongo M Ms Sql

65b.7. 8mbs399ms Bolidol m3gGsEool gbMHvyegdols Mmool 39sMgds
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99900930 doxo 96Ol JSON ©m3v9d9bEHgdol gobosbergds (65b.8). Fobs 9Jdudgmodgb@oligob
296Lb353980m, 53X 9O MongoDB-U 543b M306MsEglmds.

)
‘§> 2965bemgds
% g 300

0
5
S 2 200
2 ¢
S & 100
s o p—
n O .
lgs) e 4 ‘
& 1 ‘
Pel 2

3
4 5
6
1 2 3 4 5 6
B Mongo 0,153434 2,345434 10,43333 21,43533 43,5657 113,4566
B Ms Sql 0,09232 2,346456 7,774533 41,54656 74,2435 264,4544
B Mongo M Ms Sql

65b.8. dmbszgdms 3o6sbErgdols m3gMsgool Bglitryengdols
©@OMOls GgoM9ds

00b53gdms  OXAMRBIS, F0bgezs  Sbgmo  ImmMbM3ZboL  sbswo@BH03MGmo  bolosmobs,
15939009LM© bLEOHMEEYdS MongoDB-ol Joge (65H.9).

g ©3XBIBIVS Jograggdol dobgegom
D
g/( = 25
§)
& ;% 20
= 10
g g
>% -
A 0 s
a®]
b3 1 -7
Pe) 2
3
4 5
6
1 2 3 4 5 6
B Mongo  0,01654 0,11435 0,43783 1,173948 2,35849 6,124943
EMsSql  0,007845 0,53983 2,00435 3,67688 9,54784 24,186343
B Mongo H Ms Sql

655.9. 3mbs39800s X ANBIOOL M3gMEools Fgltrmmmgdols
©@OMOls 90905

06@9glob 4s8mygbgdom 9dldgmodgbEol 8909900 6563969305 99-10 bsbsBBY.
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g 06ggboom s 06@gduol gomgdg (LEBHMOJMBdOL 1%)
o)
Q
S & 3
A —
SD \% 2 1
5E |
5% - |
Pl 1 e | - |
2 e
3 |
4 5
6
1 2 3 4 5 6
B Mongo (Index) 0,00324 0,05533 0,016943 0,03244 0,05343 0,14324
Mongo (No Index) 0,00676 0,05434 0,26929 0,0054 1,09434 2,513
Ms Sql (Index) 0,00141 0,0068 0,033535 0,03453 0,174355 0,47334
Ms Sql (No Index) 0,17432 0,023546 0,4645647 0,1789454 2,153466 3,2123444
B Mongo (Index) Mongo (No Index) Ms Sql (Index) Ms Sql (No Index)

65b.10. dmbsigdoms 9gmBgz0l Mm3gMagngdols dglidrvegdols Memols 3gatgds
300300 0bgdlom s dob gatndy JSON m3mdgb@gddo.

5. ©ss336s

BGoGool ImdBsgdol 3OMmEgldo dmbs b3l 09dgdBY sOLYdIMWO 33¢g3900L Fobbo3zs,
AILAHOL Bmbogdqdol dmdbogds, Ms SQL Server-osb, MongoDB-msb dwdomdols ¢gdbozmedo
21399Hgd0l  o3bmds, Fobsfowgdmmo  goMmgdml s oM dmbsgdms FgBmm3zs.  Fglsdsdolo
99L39603963900L F9gA900L 565D gobs3oMmMds F9d9a0 ol33bgdO:

1) Ms SQL Server xmdbols MongoDB-U dmbs3980s Bslidol m396s309080, 00bsg gobsfowgdwmen
39M90mdo s JSON  ©™3md963ndol  go8myqgbgdom, o3 299Mymal  9dudgm@os JmbsDMmgdsU,
MongoDB-ob v130653qLmdol d9Lobgd 0bgzgm®mds3ool sMobgol sdm3569080;

2) MongoDB 9yg36m  LH6sgos, goMg Ms SqQL Server. JSON m3mdgb@ol o@zobmmgs
SBLEMEMEHMOHO M3 ILMOOLMZOL, BoaEed  BMPSIE, OOMOL  Bb3sMds s MOl  obymo
9603369cm3560, OHMamOE  ImbogmEbywos  Ggwsgom@o DBMS-obs ©s olbgoo DBMS-ob
39056M900LsL,  MHMIolm3zobsg JSON  ©m34dgbGo  Mgowdms  [omdmoagbol goHmsgOH»O
RO>FH0;

3) 99u3960896@E9d0L F9gagdds 583965 MongoDB-0b oM Mds dogdol 0bgdusdo. sdM0Ys, 50
DBMS-0l  59mygbgds 2505000 gdwem0s 0030000  (339¢0g05©0 @S bdoMo  fogombmwo
dmbs399900L gLsbobog (sgoomo@ ¢gdlo3mbgddo, Lobmdstmm oabgddo s 5.9.).
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PERFORMANCE COMPARISON OF SQL AND NOSQL DBMS

ANALYSIS
Margvelashvili Ana

Georgian Technical University
anmargvelashvili@gmail.com

Summary

A performance comparison between SQL and NoSQL database management systems is discussed.
NoSQL systems are currently represented by a very small number of studies, and the available works often
do not allow to get a complete picture, because they describe experiments with a narrow focus and rarely
use these database management systems as the object of research. The article offers the results of a
comparative analysis of SQL Server and MongoDB databases. In particular, a series of experiments was
conducted with inserts, updates and without indexing in optional fields. Experiments have shown that
MongoDB is better for simple data insertion queries, while SQL Server is used to replace non-indexed
fields in full queries. Experiments also show a significant reduction in query execution time after indexing
in MongoDB.

(Received 20.05.2022)
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U35ME)-3mbEMmagd@ol 359mygbgds dofjmadols
X5330L d9bgxd9bEdo

956059 0bs0dz0e0

LodoMmM39wmb G9gdbozm®mo Mboggdbo@gdo
inaishvili.mariami@gmail.com

M9bomdy

3obbommos  Boodgmmdols s  LObEMMdOL  goblsbezmOl  dobboom  derm3Bgob
A996memyool 35dmygbgdol Lozombgdo. dofimgdol 9539dEwOMdOL gsbdLabwzMgeo gGsjBmemo

d9LY03900Ls S EMXOLEHOIOL MZOEBEBMHOLOM ML by gmol MFyzgBHo dofirmgds, o3

5330009005 bobm dodfmEadeol sMR356%Y, Slg3g bgwrgmol bsMolbol dwmwdog
2999x mdBYdIDBY O  FMIHToM9d9-303[MEIOOL  YOHMOIONMIOL  Lo0dGEMMDIBY. dOBOYL-

36MHm39LgdoL  FoMM30L  ME03d o  bgwdn3mgdgdbHy  ©oxkdbgdo  dbsMggdol  ImEOL
OO0 O0IONIJNBHIGOOL 35¢YdMEgdol Fgdm{dgds bgds 3MH03EHMYMSBOMWS,
L3sOG-3MbGHModBHOL 290mygbgdoom.
Keywords: Smart-3mb@®od@o. denm3bgobo. GMebBagios. ofimgdol xs330. 99bgxdgbGo0.
@MyoLE03d. 5AMOHOMT0. 3O03EBHMIEAES. 30BOMO gdbmemyos. 0bx3mMTs3009w0 b53500.
1. 8glsgsemo

Abmgwom  93mbmdozol 08OV GHEMBLRMMTs3050 ©d  LBoobgMmMIsgom 5350900l
dmE@®dol  30embs@o  BOHEOL 06580353, 5d@GMswMMmO  gobos Logddosbo 3MHmEglgdol
95603530 0635307960 39dbmemyogdols 259mygbgds. dmbsgdmes sboerobols, MHolggdol dgxslgdol
@5 3o7Y39BH0gool 30¢gdol FbstsdF)Mo 3H9dbmemyogdo, 3083560901 sdwg30 Msbsdg®™mzy
399m{3930D9 50053306900l FgLodwgdermdsl [1].

90fimqdol  x53300 oGO0 IMO 653500900l  FoMmMZd, 300306  3530MYO0S
130bsbLOO 653500930l FoMmMZoLMSD.  FMIbToMgdgEo  IMALILHYMYOOL  AsILOboEL  obOb,
360300l doegdol dmdgb@Hdo, dsg®sd dofim@gdol xoF3do dmbsfowg FBsMIYIOL Tglsderms
Jmbgo ©OHmomo  Jgigdbgds, Mog  @odmfi3gmeos Msdgbodg ULosgombom, dsy.  GH30OHMOL
GMBL3MOEGH0MYd0LL bgds ™3dgbBgool dgdm{jagds bbgoalibgs Losdsgm 3mbJEgddo, Lodsgm
31693900 30 d0MOMOEI© 0mbMm3gb MGMOYobsen ©M3MTgbE3E0L, FoblO3MIMGPOmD BIMYMOOES
36Om©d3ool  Foedmdmdol Lyhmogozs@o EURI, gdudm®@EHol woigbbos EX1, Lobodmberm
9090w gdl (waybills) s 5.9, GmEILsg GH3060m0 Bsol ©sb0dbEgdol BHgMdobswrdo
600065000 B9 YdMEol, LgMHN0BO3sEHIOOL 33E0WYds b 3MMLYIMDdS 3MIMDdWYFYdMB 5Ol
53533069090 Gro3 IgLsd5d0LO® 5539gMOBYBL 3OMYIF300L F0LgdOL 3MIM(3gLL. GHOIBL3MOE0MgdOL
G030L obg300m Lobogmberm BgYdMOlL Lobglibgsmdosb s8mdobstg bdoMsw Lodsgmmbs
5 BBPZoM F9IHB0ZJdOLOL JMY B30MNDBY 43b3Yds Fos S 909 BgIdEo, HBL/MBL -
MAWB/HAWB, 6Hmdgwos 9g6m 9@  sOHmvegdl  36H:m@)dEool  3953m6m3900L  36Hmaqul,
d9L50530LOE B39 IMEIIMWOo  BoJBHMMOEID 2odmI0bsdy BgMbads dofirmgdol KxoF30L
9969%996@0L LEWWo 303w0. 1939 9OHM-9M I603369EM36 3OHMdEIgIs MBYds Fofjmgdols
3639880 BsOMMo TH01)90096 BobsbLLIMO 5bgsMHOTLFMEMGDS, LEbEMMBS, MBsBODBMYdS s 5.0.
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> 8¢r236906  (H97602¢ 305, @b 9OLGdIMEo  dEMIsMgmdom 939469030,  OMIgLms3
@maolE03MM0 3MMmEJLYdOL JoOMIsdo 565 9J30 OoELB0BO  FsBmEEOEYds BsdmMBYd06 oligm

&9Jbmmmyome 3mb3anEogdL,  HMAMMOEs: LYYMM SWHEBRMMTGd0, Fmboggdms sbseobBo b
©OHO™3560 1gM30LgdOL godmygbgds, Moz  9139MHYBL 3OMEILYdOL M3EH0T0BsE0sL, dofimpgdol
©OMOL S dMLobMMGdOL batrxgdol F903060905L. 308MHVIE0 BHMIBLBMEOTs305 30d356090L sdeg3ls
d9L5dEgOMBSL  IbYMPMb S godmoygbmb  0bm3zs30MH  BHgdbmwrmyogdo,  GMIGEMmS3
3600369crm36500 99deosm 89;335¢0mb dofimgdols IgbgxdgbE0. ghHm-gMmo sbgmo Egdbmermyos
5oL dem3Bgob BHadbmemaos, Mmdgmoi FoMdmoygbl dmwdog Mgg0ddo  JOmbmemyomMo©
3965bgds©  ©Y396GH90DYOMWO O IOO03GHMYMIR0MS ITOROWWO FMmbs3gdms BB,
Loo3 06BMOT>300L  93IBEGHWOMIOL (335 bgds FomgdoB03e §gbgdby sx3dbgdYo
9dmbo3gdms  39006H9d0L  dgommEom. dwm3bgobo s©M) 3bmdoo oygm, MmamOi dbmermeo
36033M350wNEHOL  BYbd30mbomgdol  FHgdbmwmyos, ™MI3s  YMm39OMOMdSI0 56D

0bMYds oo OHMEo s BB MEgds. s geBg TgBHos,  0M3wWgds P BHIMbsEH0Z3M
1539950905 dMbos370ms YEIBEOIWOHYIMsE ToOHMZ0LY, 250330035 MdOL s Ly0TgE™MdOL

0350lLsbBOoLom.  [6] dwm3Bgob  GHgdbmemyos  4gmaMexomo  dEgdsMgmdol  dowbgs3s©
96009369mgbs  BMEOL  BMWOO  A9IMOEL3d0L  LoLHOIRIL, 30630 IbEos™MBOL
L5039 MMOOL FoJLOTSEOHO OHEZ0M. MMAMOG (36MdOEE0s OBFMOTs300, OMIJWOB, WIFMEOS
0em3hgobdo 56 0bsbgds 9o GMIgeodg 3mb3MgEHMeE gM39HbY, dolo SbEGdo Fsb0sMYdIMOs
dowombmdom 3md309)GHgMBY. Ym39e0 sbos BMOmI0MYOMWO dM3IO ©535300609dmos {obos
BEM3Mb 00 F500935EH03MM0 SERMOO0MTOm, 53 odMMOEbIZL 9L E0MGdM [i3masU,
9mbs39009 (330gdsL, Hodwsl s BOBOIMEM IBOBYDL. dem3hgob Fgdbmemyools godmygbgds
99L5dgIMB0S B B39JBHEOU 5deg3l dofimgdoL K sF380 Bmbofjowng Bbscggdl, 3sdmeoabogl
6MIW MBS, MLOROMBML s 358F306035gl beols 08obstg d0BbyldMMEILYAL s dofimgdol
X53300 dmbsfowg dbs1ggdl, 5Ygbgdl M3oMmo@glo ByMIsgMdsdo, o0 Fwms8s3Wwgdol s
535390000  B0bsbLYOHO MLMOLYOOL EBILIINJOOL 2509y Fgmdwosm 9bsTIOHMIMdOL
30600900 @5 MLBOBODMHBMYGOOL  1o30MbGd0  FobLOBOZOMME  LBsME)-3bGHMSJBHOL  Logwdzgw by,
Gmdgros 9hmol b3 99MmEbmds dem3hgobby sOLYdME IMbo39090L @, dgmeg dbMog,
9mbsforgmdl derm3hgobols 3mboiggdms dsBol dobsbengdsdo.

> U0s6 -302609039H0. LAOE-3mbGHMsdBH0 3OMYMTM0 300005, HMIJWoE Pobmagligdmwros
dm3bgobldo s NBOWMO3gwymnxzl bywdn3mmgdols 306MmdgdoL gl gdsl. dem3hgobby
LASOE-3MBBHMJBHOL  gobmagligds Bodbsgl 03 Mo 3OMglol  49FoMEGH03905L, MHMIgedos
50gb0dg dbocg Bmdol  bo3egdmdol  asdm  dmbosforgmdl  [2]. ogo  GHGbBodosms
3OMGHMZMgO0lL  gOHOMIO0MDSS, MMIGEoE  Bsm9TsBH03NMO0  SWIMOHOMIGOOL  49dmygbgdom
933™35@G0Dg0MEs©, 5dmdgdls 3mbGHMOJBHOL 306MHMdYOOL FGLMMEgdsl s 0bsbIZL dem3Rg0b
3OGBMMTsDY. 95amH0mTol 31Fomdols 306Mmds s 3MTomdol Mebdodpgzdrwo  3M063oso,
3960L5BM3MG0s Fo009053H03M0 8900MEYOOL WMY030m. LAOE-3MbBHMJGHOL FFomdols wmyo3soL
396LYBOZM3L 0bGHYMBYE Jugwdo Bderm3zgdo FoMmBmygbowo xsF3MMo 3OHMm3gLo, GMIJEos
Jugerdo 308@obsMy 439ws M3gM30LMSL 393006M30s [3, 5]. 030 LEWWEIdS TMI0WIOS,
9ol 39350008 30063030 IxMdbgdwos WMA03NE M3YMOGHMEMODY - if/then. 3oOHMdsTo
Bo900s  3mbEMmSBHT0  domzsoljobgdeo TboMmggdl ImEmOL YOm0 Fgmsbbdgdgdo,
OMIgEms IguOWEgds Imbgds FbmemE ©sygbowo 3oHMdYdOL 330l Fgdmbggzsdo [4].
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dofimqool  xo33d0  dmbsfloerg  LIOEG-3MBEGHGMJBHOL  TboGmggdl TGOl  oYdIIO
MOH009HNIJNBLIGOOL 350 O gdoL Fglieryegds OILEIMGOWOs B0 S OO 307MEO
bgwdmfgom, MMIGoE ©IEE0s  23bsHowgdmw  3083OM  GHMBBIJgosms BYglG®do -
0m3hbgobdo.  BsOGH-3mbGMJAHL  Fgodwgds  3MfmOM®  3OHMYMsdNwo YOO Mblgwymazol
3063906960, Lo J99MN056x0ME0s, BMEs356153900L JMbsfoeggdo/dbs®mggdo, Ims3s653900l
M0099GH0 5 3O03GHMZOBES 96 HMTger0dg b3y 5J3030. bgerdg3HIegdol 30MMd9d0 dm (39T Ios
360500 3MYO0m, OMIWGdoE 033gIghEH0MYdIME0s dM3IRJob oG BRMMT>DY, Lowss
MBOHMD39WYMR0W0s 933MbMT0MOMBS, 458F30M35¢0MBS O, M3 FMOZ35M05, bgerdgzmrergdol 0d
306000900l Foboliffot Fgdmfidgds, HmIwgdoE oIOE0s Ibstgqdl dmeol [6-8].

3330960-30mb63HM0d3Hgdol  dgloddbgaro oMol M58gbodg  SWOEGHBMMTS,  OHMIYWDOYD
Ethereum-U go0ms6Bg396. olmzol ©s3w9d53909e0s 139305 IMH0 I3MMYMdgdol gbs Solidity,
OHmIgeroi IDMEMmE LASOE-306EHMdEHO0L F9Jdbsbgs mMH09gbEHOMGdMEO

LIsOE-3MbGHMoJBHOL  FmJdggddo Bmboyzsbsw, 06030MOOLMZOL  A5dM0Ygbgds 9593900
5EMmM0mdo, OHMIGEoE  399dGHOMEIds Lsfiyolo  3mol  Jlodsdolbo  3oMHmdol  Jgltrmergdols
8900350

2. 306H0M5EO bsfogro

90{m@9dol xs330L 985009690 ghm-9Omo 3609369cm3s60 Gymmo GHMBLIMOEMYDdS,
G063 Bg0mo 503608690, bdoGms 5396Mbgds Jo®ow by sMLYdMMo 00 EMIMIYBESE00L godm,
OHIgwoi BObEMMBOLy S ToXINIIMBOLMZOL  OIBEAIMYOIME Mbs 0gbsl bgsbbgs
PRBWYISIMBOWwo 306M0LYD s FoMagbowo oyml BsdgIo BMOIom. 50bodbmwo 3MMmEglo
DML OHMOL s BobsBLYIMO OYLMOLOL EsD35MRIOL s Slg3g MSWEIONIMO FoMH0RJOGOOL
d9L5dEgOMBOL SEBIMMBSL [8-11].

gb®owdo FoMdmyqbowos, 08 ©M3xdgb@szool Bsdmbsmgswo, G@Igams Fobygbs
AG®5BL3MOEGH0MYOOLLL LodogM 4589390 396439030 WYy bgds 65d9Fo Lsbom, s TmGol
A3060m0U FodmImdol bgdEoxozs@o (EURI)

dgligozgdo @®aoLE03s
000fmqgdgeo G®BL3MOE0MHOS
do60m50 ©M3Magb@HE0s

bgwdg3eegds b9 dg36gds LoGMbLEMOEHMLML
063m0l0o (30:m©w)d3ool INV) CMR (Direct)-Log Bom bggdw9eo
39530300 gMEgeo (PL) Air waybills (MAWB/HAWB) Ls3596™ Hgm©gdw9eo
968 IMd0L LymoBosGo (EUR 1) Rail wayhill (Direct) Lo 30603%BM BgIdMo
3oGM LsboESMWWO LM NOGOIsGHO sea waybill (MBL /HBL) Lsbogsm bgogdwyco
05L5¢0lL MLOROMHMYOOL Fmbsigdoms M Egero LOG®MIBLIMOEHM 0bgMmolo
(MSDS)
99b3mOGOL woEgbbos (EX 1)
Boabeggm byardy3doergds

B90mm3owo m3mdgb@oool Homygbs bdod d9dmbggzsdo 0f393L sds@gdomo batrxgdols
@5 90{m@gdol EOMOL oML, dB0BBYL3GMEILOL Fgymabgdsl, BowrgnwFqdso 96 Lsdodo
G300m9d0L 99000b393530, 30MI300L 25531 F9O0L 56 IB0BYBOL MHOLZOL FOBEOL.
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5060360 3GMdWGIoL gooFMol ybo g39Lobgds, GHMIBLEMOEMgdOL 3OMEgLdo LASME)-
3MbBM5JB0L godmyqbgds, Losr F0dHMm©Idgdol s 49sIHB0EIZ30L 53096FOMdOL Fglabgd
06830635305 3o 0d6gds dem3BgobTo, brmerm 3500 ML YHPN0YM0F)m6HTGdOL 30MMdJdO
39b0LsBO3MG0s  BBIOEF-3MbGHMJBHOL  godmygbgdom.  bgwdg3Brargdol  306MHMmdoL  Lsdmeom
©OLGHMMN050®g ©5  FmALIBNMMHGIOL  BbOL QoM Eb3dY, WMAOIMMO©  Fggbowo
9539953039M0  5EMmMO0mMIoL S 3OMYMHTMEO 3oL 49dmygbgdom d9dmfjdgds  FBsMIYIOL
mO0L 3MBEHOJEH0D gom35¢0oLfobgdMwo 30OHMdGdIOL TGutrmargds.

50m3560L  ©75e0HgdoLm30L  godm3z0ygbge  SWwo@GBMmMIs — Ethereum gobsfowgdmemo
0™3b90b 3oBBMMTs, LG Fgbodergdgeos 459mygbadeo 0dbsl bgdoldogmo dsmgds@ozm®o
RbJ30s. dewm3hgobdo Rsfgmowmo  3mb30gEHwo dolsdsMmmol sbdsMgdom  B396 Tga30deos
3990m30d5bmm LAsOE-3MbGHMJGHOL 30O, M M3000Mb LASOE-3MbEGHMsIBHO 45903905 9OHMN-9M0
33960%Bg HmIgarog s®ob Ethereum 3ewo@azm®dol bsfoo.

LAsOG-3MbEGHMoJBHOL 3593900l 3OMEgLOL $9MmddgEgdoLmzol glodergdgaros dsdmygbgdweo
0765 EO™oL Bodbmol Bwbd0s, HMTIEoE 398m0dsbgdl goobEOl/sbas00d)mMmgdol Tglsdsdols
9900m©L. EOH™oL dgdmfdgds 51939 d90dwwgds M3000mb Mdmsm© 333096 3MbGHModGHTo dosbgols
060306900l 9g0M©OL 2odmdsbgdol {ob.

B396L 3096 ©oLIME0 5TME3IBs FoMEH030 LEGHMBJMOM00 Fgodegds HoMmBMm35H0bMmm J3gdmm
939909 6sbsBobl Loboom (bob.1).

SUPP"erl " \ Smart-Contract #
= =

Suppllerz I‘ e

j,/"'."

_— 2800 azo

Supphern

6ob.1

GMBL3MOEGH0MGOOLL 0536 0Bgbl BMdOL Bod@m®mo, Hmame 3 J0d)immadgwol, (MmEglsg
b9ds 30300l F0fmYdsY 06bol Fobslfo®o gowabs) g3y yosdboszol FbGOWO
(360 g300L  doffm@gdol d9dgy 096bols Boffoermd®mozo  25sbs). 0bodbmer  3Mmigldo
9603369cm35605  BOMdOL  BoJBHMMOL  2oBMEs  goblogmm®gdom  0d  Jgdmbgzgzsdo vy
9656008FmM9gds bgds gargdOGHmMbmms®.  F330960-3mbEMsd@0, TguMegds 35306, GrmEaLss
GOBOMWO B0 25MOEHIOL OILEHMMYdS Imbgds. 9.5. 99osGH™M®ol (Escrow) doge. sbgmo
Ud9800m IMTHA>MYOGEO Msbbol 2osM0Ebogl Escrow-by, Los »,d9g0sEGHMO0“-56v9 3OrMyMsd o
3000 53m{jdgdl bgardg3Gregdol 306HMdYdgOL YL gdSL.

B39b TdogH sbbommo  Fogoomn By  dmfidgds  BoMgdMEo  3OHMEYI300L  HMYMO3
(5m©QbmdMH0o30 d5B39690gwo, sliggg bsdolbmMdM030, Mol g0gas3 Ethereum 3Jwos@gm®mds
053L90L d905BHMOOL BbJ305L, OILEHWMIOIMO SIOOMO 35Lvbols Fgdmbgzgzsdo dmbgds
056bob 4905M03b3s 5bRM0TbY.
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33930l 3MmEgldo B396  dogH  0boEoMgdmo  3OHMEILOLMZOL  3OMAMSTMEO  3MEO
5lg®owos  Solidity-do, Ethereum-ol 36MMma®msdmw 965y, 3GmgddHo Ho®dmoygbls dApp-U
(Decentralized Application)-b, ®mIgeog M396Mo30900L Tgbolitrmwgdes 0ygbgdls Ethereum-ol
3950mMZ0m 35l Gas-ob bsboom. 3OMYMHF0 300EOL MYOEX0HBYOOLM30L 9dm3z0Ygbgo
Token md0gd®Ho, ©GOmame3 I9d0MEME  MgbmeObdg  3omdol  Lodwmswgds. ol
90994 GHOMbM0 45L50900L L3V FMJdgEIOL S33930L 30HMBdOL JoEgdolimzol.

LoLEBgdodo PsMO MOMMgo IMdbTsMmgdgeo Moz30L0 JMBEMIJEHOL ILTw)Ts39dW S
LoLEBYToL MBOL 96339990 MoMEYbMBdOL token-qob, HMIgEoE 3OM3MOEF00s LobEgdol doge
350910 ©5GH300™M30l, s 91939 OIBIMBZL 2odMmM3wwol Gas boGxgdl. gosbol 36MHm39L0
bmM 30900905 ERC-20 ovmgqbgdol 8g3¢0mdganmdols gos3gdoom.

Token-gdo sbg3g @odm3099690  F330060 3MBEHMJEBH0m  A9m35¢oL{obgdmEo  mbbol
965D@omEqdols Lobom, Ethereum ULoli3gdosb aomligargms, Moysb Token-li dmbg@sGrmeo

0060053 943L. 90bodbmo 3MMmEglo 0WMLEHMmOMGdIMWwo J3dmo ImEgdE 3OHMYMSTM
3mdo (bsb.2).

& ome 3_Supplier.sol 2_Owner.sol 1_Storage sol Token.so app.is

@ FILE EXPLORERS ey
& ,) .'"“ ntracts' wi be injected here, which contains all data for a

o

~browser © 0O

3/
Q] 1_Storage.so 4 / address y T
2_Owner.sol 5 // endpoint http
6 /71

dpo

5] 3_Suppiier.sol 8 Creaotes on instance of the smart contract, passing it as a property
» artifacts ',‘ ‘ which allows web3 j' to 1nteract with 1t
) Token.sol 190 * function Token( ) {
b 11 this,web3 = <
12 this.instance -
,‘( 13 this,Contract Contract;

earr web3js. readthedocs, to/en/vl.2.8/web3, html
20 L s web3 = new Web3(
21 (window ., web3 &8 w w.web3. currentProvider)

22 new Web3.providers. HttpProvider(t .Contract.endpoint)

25 / Creates the contract int
26 Learn more: https://meb3 sdthedocs.1o/e ¢
27 var contract_interface web ns.Contract.abi);

eb3.js contract object
v1.2.0/web3-eth-controct.html

29 Defines the address of the contract instance
0 this.instance this.Contract.address

i1 7 contract_interface.at(t .Lontract.address)
32 : { createTokens: () 1§ 38 H

35 // Displays the token balance of an oddress, trigdered by the “Check balance" but
36 = Token.prototype.showAddressBalance Chash, ¢b) {

39 Gets form trput value
49 v address $("#balance-address”).val();
a3

65b.2

36058990 3oL M95e0DBIOOLLL bgwdg3Brvgdols dmbsfiowng dbstgo HoMdmzsyobgm
Client, md0g9d@o

Supplier: 36HM659Mw 3m©Io MA030L IHIOOL OOM,L FoMBmogbl Client-ls, HG™Igerdss
65 99oLOHYEml bgerdy 30 gdom 2om35¢0b0bgd00 30MMds 5b5BWMMYBOL Loboi33wr M.

Recipient: {fo®0mo96L Client-b, ®m3garog 35¢d0s, 3330560 30bEHGMagdE0oL 30OHMdYdOL
39O gdol 99dmb3z93500 golioml sbsBEIMEMmgds Supplier-ob dods®o (bob.3).
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m FILE EXPLORERS g ° G @ Home 3 Supplier.sol
g 3 ] Ill'.l._;flu solidity »«0.4,22 4.7.0!
vhrowser Q () | 14
fa] 1 Starage.sol 4% Bitle Shipnent
2 Owner sol 9 Bdey Implements proof process along with delivery delegation
Y lests 2 i
{ {* controct Shipment
) 3 Suppler.sal 8 pent. |
» artfacts 9¢  struct Recipient {
‘) 10 bool voted: /7 1f true, the shipment has olready orrived
. 11 ddress delegote; // reciprent delegated |
1 uint vote; /7 index of the recipient
‘ 13 }
14
{5+ struct Product {
16 If you can 1imit the length to @ cortain nusber of bytes,
17 G..H‘,' use ane of bvtes! to bytes3? because they are much ‘]3."_]!,"‘
it bytes32 nome; // short name (up to 32 bytes)
19 [int weight® // weight {5 accumulated bv delegation
6sb.3

Shipment: {o®dmopqbl Product-9dol 6536090, Gmdwols Recipient-ologol dofmgdsbgs
3oLbolidygdgeos Supplier (8mdfm©gdgeo).
3. ss33bs

Blockchain &gdbmemaos s60b gobsfogdmemo dmbszgdms dsbs, Mmdgerois s0®moEbogl

dofimqdolb x53300 TgbMrIemgdMe  gg9ws Mm3gMo3E0sL. derm3Bgobols 8ms35M0 3MOMMOEG EGH0s O,
60d 030 FboMggdl Bodowgdsly 5dEg3l 9MMAsbYNM6 Jmbgom MBmsenm 3mdmbozsgos dgledy
bomdom s0FMm30wo 306008 4909T). dem3Bgobdo 3M03GHMZMEOL QoM©s dglodmgdgeos
3960536l BBOE-3MmbGHMIBH0, Bss3 3OMYMTMNWO 3OOl 2odmygbgdom Tbstrggdl JmGol
b©905 YOO bgrdg3BrEgdol 30OHMBYOOL gdmfidgds.
LIsOE-3MbEGHMOIBHIO0L  Fgagbobmzol  Im3zsbobgm  BHEMBLIMOGH0MYdOLIM30L  LoFoMH™
39999635300l s0m0Eb3s s Fom0 M95e0Bgds Ethereum-ol 3groBBm®mIsbg.  Bz9bL dog®
BoBoM9dmo 33930l 909290 GH300m0l Fodmdmdol LgMEox0353H0L oM, 3H9dbozMesw
d9L5dEgd9g0s, MOMJdol Yzgars ©™3YdgbEol LIsME-3MBEGMadE0L Lsbom [omdmoygbs, L3
3o 0g6905 306530009630 MOMdS, MLOBOHDbMYds, LOBMLEI, TguOMEgdol LOLHMIRY ©s
9306mdoOHMds.

0em3hgob o LAsOE-3mb6GSOIE BH9Ibmemyool 459mygbgds dofimgdols xsF3ol domo3530
56M0L Y39 By M33H0oIMH0 oOHY39E0WYds, MM F9930MHIL botrxgdo, sBJsMgl doBbgL-
36391900, LHmOs© ©s OHMMWI© dnbEgl 3obsbLYMo bAsMOT[MEMYds, Bs0dJEMMds 0gml
390963 0M90M0 s 56 IMbEIl 0BBMEOTs300l (33€0Egds, MMM Lobgwdfogm MHggbEHMgddo
51939 ©o0bEHIMILdME FBsMYIOL FmEOL TGl gdme GMIBEBIJ309000. 50Ls60TBsZ05 0lo, md
dmbs399900 0b65bgds oS Y(396GHMI0DYOME dem3hgobTo, HMIgeoiE 0dEg3s BHGSRO 990G
5 3MBEGMMEOL Bo@o69g00olL Lodrowgdsls.
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APPLICATION OF SMART CONTRACT IN SUPPLY CHAIN
MANAGEMENTINAISHVILI MARTIAM

Inaishvili Mariam

Georgian Technical University

inaishvili.mariami@gmail.com
Summary

The issues of using blockchain technology to determine reliability and trustworthiness are
discussed. The determining factor of supply efficiency from the point of procurement and logistics is the
uninterrupted supply of raw materials which depends on the selection of a reliable supplier, as well as the
continuous improvement of the quality of raw materials and the reliability of the customer-supplier
relationship. The logic of business processes management and the contractual obligation between the

parties are verified cryptographically, using a smart contract.
(Received 21.05.2022)
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30360mLgM30LwEo 3G19dGgdol 0bgMmsliGMHMIEmeol
(560340G9dEmEOL) 53300l ghmo 3MBEIBEEoL dglsbgd
3bLEAHS6E06g 059960, oo Ly rensdg

LodoMmM39W ML G9gdbozm®mo Mboggdbo@gdo
tagauri@gmail.com, g.surguladze@gtu.ge

M9bomdy

396bommos 30BbgL-Mmd0gdEHGOoL 39bgxTI6EHOL 3MMEILYdOL 93EHMT>EGH0DYOMEo Lol gdol
06x8MLEGHOMIGHMO0L  (50JoBgdBHMO0L)  ©I3OMIJBHIOOL @S 3OMAMITNWO MY ODHFOOL
Lo30mbgd0 J0zMMLgM30L9d0L 3mbi39BE0L LBogwydzgwHy. HomdmEygbowos 3 JodsMmIErgdom
300590 ©939¢M3996¢ 0L sbsdgM™mgg FgMEMEMA0gdoLs S  FgmMmEgdoL  dm3eny
565¢0bo. 39M0m, 990mm535H90eos Microsoft-ols ASP.Net Core ¢gdbmermgool bsgmdzgebg
00060l S 3MHMIM 5J309d0L 93mLOLEJIOL 3MIMgIEHOL 4909HY39E9, OMIgEoE 06GIROOMYOIOS
Lbgs LolEYdgdMsb. IMIbsMgdeol 0bEYMHBgoLL (UI) 5d3b 90doboliB®momgdol dmyeol Laby s
dolo 399-6M95¢00b9gds ilygds Angular-bg. dmbsggdms LfiGsgo dodmgwol »HBOHNbggwlsgmaso
LgO39M0L TBsMIYL 49FM0Ygbgds OLEBHMOdW oMo Jgdotmgds NoSQL Godol Redis dsbobomgzol.
30963-gMH396 30360 35300LMZ0L Jo8mMm0Yygbgds SignalR API m6 dmogerom: 3mdogo 393806900
Q5 350900.

1553356dm  Lodyggdo:  FozMmbgM30Lo.  06ROLEHOWIGHMMS.  5OJoGgdBMs.  93mLoLEGHDs.
©36MMgdBHg0s. 30MmdEgdol Jommzs. Agile. 3ar0gb@-LgMzgMo. Asp.NET Core, Redis. SignalR.

1. 8glsgsemo

05b6599060m39 dbmxzmomdo  Ls3dom@  FHBsMEO  GHgd3om  BIMMMIZEIOS  3OMYMOTMEX0
3601d3g00L  0bEMLEBHMO0L  LogHMsdmGmOLbm  d5BsGo. ,,Covid-19" 356gdoom  sdmf3gmeo
33969000 25dMIObIGMY, LoaMABMBEISE Fo0BIMIES TmmMbmzbs 30x3OHMM 3OMEY305DY,
0946905 9l 9w9dBHOMbMwo 3mTgMHE0s, FsMM30L LobEYdgdo mv bbg. 0BOMHYds Immbmzbs s
d9Lod5dolo  3MMgdBHgool  MomIbMds, ¥93M0 M5T Q930S EOLEGHBEOME (9w gdBHOMbyw)
RMOoGHBY, b LoFomm Lbgoslbgs LobEgdol 0b@GygHoMmgds, Bmy d0BbgLlL 30 ™Msz3056m0
LobGgdol dgddbs o 2ob30mMoMgds  OMEYS @EOL  Fologdo. Tgledsdolo, LmFEZgsMOL
©9393396@ 03 Mbs 393y39L 98 oML S 56 bs BTMOBIL MsbsdgMM3Y g58Mf39390L s
ALMx30mdo 39630056 gdME 3OHME3gLYBL.

3605890 MBOHMB39wYmBolL 2563005609058 F9g0dwgds 353300 gM Hergdols sbdow by
900900 99939008 J0bgOZ0m; FoZIW0MIE, J9WIZHIOMM, MHMYMM Z0MSMPOIIMS A56I3394)W0
LoLEYIYO0 EOMOL 6353w MdsT0. gi F9b30MMYds YMz9wmM30L gyHEbmdm®s ghm 36M0b3Eo3L —
35gdb035 MO ©S3F5YMBOEIL LOLEJIoL FmIbsMYOIW DS dmmbmzbgdo [1,2].

OMMS 3563530Md530 30 8MIHIsMGOG DS MroMmOIbMds 3T0350 0DBMIdS. FgLodsdols,
3950 SJBHPWMMH0s  M9ooDgOMEo  3MHM9dBHgool  d9dymdo  LEOYIEYMGS.  39MIME, vy
95250005, LoLEBHYTs gALEBLYMGdMEs 1000 IMTbsMIGOGEL s RPS 3dmbos 2-3, gl Gg0dwgds ogmls
Lo FoMHMgds, MHMA ol dmgdlsbmMml doomb dmIbsMgdgwl, FgLsdsdols, sOLYIMWO 3MEO )
LAOMIGHMOS  3960Q53L  IFoMTMYOMEMIL s LdFoOMm bgds 3MHMgdBHoL  FosfgMs  sbogn
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A996mmy0g0bg, sbsdgMmgzgg oblEHMmTIbGHIO0L A50MYgbgdom s, M3 Fmogz5M0s, LHmEmo

SOFoAITDIH00.

oOHMJOME0 5MJoGHJBO0L (0633MLEMWIGHOOL) LEIOMBL 5930 gdsE bS Ao9L3oL
bsH0, ©5y0 sMLHMOMs© F9MHBgMEo 5MJo@gdB e, 35¢gMbgdo, BMYI0dzmEM3900, 3mol Homol
306396309d0, 90d9ds 000935, 496HoMmwos 3Osbobmzol long-term FHodo.

3OH0DMb M0 d5LBHd0MYds Yym39em30l 396 046935 2odmLogowo s RJds M bGo,
gbsE 3OHMdWYIYd0 MBS syl 39MEH035 MmO ToldEHId0MGOIOL Boxzmd3z9wbY. O™ ©
©OM, g439ws 53 3OHMdWgdols My godmfizg3ol dsmagwolfjobgdom, 033wgdmEs s 033Wgds
&996mMy0900, 5GBGOMBL 3mOolL F9Jabol IMo35¢0 LT IsEgds, 3OMYMmITOMIOOL Mrod)bodg 9bss
30 090gadbs, sMBg3z960 Lo3dom© B9y, Mwdgs bdot dgdmbggzsdo 3mol LmGMsw ©sfigesedo,
360mg9dGHob LEGH®IEHOOL LFMOO 5390530 S 3OIM(39BYBOL A5T>OMZSTo 3MbB3IMYEIOo 9bs sOF v
obg bdoes HoMmdmogbls godmliogowls.

5003 ™353, 1305MP 5GP IMHO MYTsd> MBTJOMHMZ9 MGoeMdsTo 3OM9JEgool LEBHMWYJEw-
o bsfowols s 3OmEglgdol bLOMEymaol 330935 (39033970 M3EH0F0DsEool sdm3560L
23900Y393)9).  O®mELsg  d0Bbglol  FBOOE  FgaMbyen  sFmEebsl  LFoMmGds  FOBOMEO
003¢9396@5309, doewbg 360836935605, HMYMEOO 5OJo@gdB s 046905 499mygbgd o 3mdo,
0946905 gl dmbmomwmo mv) dozmmlgmhzolymo (LgM3z0Lgdby MM096EHMYdIMO), GMIGEo
9mbo3gdms dsBs 0dbgds 299mygbgd o, 0dbgds vy M5 LyFoMmm Bmbs3gdms J9doMgds, 3930l
(3900 3OMEGMIMWOoL 35dmygqbgds 0dbgds 35000930 s 5.8. 5doLsM30L, LsFoMMs dOBOILOL
59m3560Ls s FoBbMIM030 3MHMNIBHOL 35O QosDBMYds s FBMWM© ol 90y BoJOOL
©5{94905 dob MgooBo0sbyY [3,4].

o3 999bgds 3MMm9d@gdol oMmm35L, Msbsdg®m™m3zg JoEmIgdo, doMoms© d9dmbzgz9ddo,
dmoisl Agile 3900M©OMEMQ05L s ol IgmMEYBL, HMyMMo3ss Scrum, Kanban, XP, Lean s 5.9. [5].
50 8900 MEMAO5L  5boLOsMYIOL  EOIOOMO  M30L7dJ0:  FsEglo  bsGobbol  3MMm©d3o;
9mdb3o690eol 3059MB0gds; v39mgLbo 3MBGHMMMO; 4oIxMmdgLYOMo 3MMgJGHOL 3OHMAbmbBo-
6905Mds; 99930609090 MoL39d0; ASBOEOWO  Indbowmds; MfyzgBHo LEWMEIYMBS; MBO®
d9L50530L0 F9BHE03o.

36MM9d3HgdolL 53900L5L 9OH-9MHMO FM935M0 Folvm3oeolobgdgwo Bosd@memos Continuous
Integration / Continuous Delivery / Continuous Development [6].

9036mBgMH308ME  5MJoBgdBHMSdo  ®omgMwo  1YMH30L0  EsTMYY30YOJO  3OMYJBH0,
OIgoi  gobmogligdmwos (3939 @s 96O 543l 3608369 Mds, MMIGE  3OMYMTME 9B
©shgMowo 6 MHMIgwo  Ggdbmwmyogdos  4edmygbgdeo. Fgodwgds, GmId geomo Lgdzolo
©519M0o 0ymb Java-byg, dgmeg C#-bg, dglsdg Python-bg o 5.9. ymgger LgM3zoLl odgl msgolo
53930009090 b398 BB, HMIGEMIBsE MOMN0IOHMJI)IOL Goelobow dbmErm ob.

d9L50sdoLo RBgds Jombgs: MHMaMmO MO0 OH™MJIggdL byM3z0Lgdo  GOHMTbIPM6 ?
530Lom30L 2odm0oygbgds 9.(. Messaging Queue-d0, Hmym®o@3ss RabbitMQ, Amazon MQ, Apache Kafka
s Ubg. [7]. mommgmeo bgmzobo s3Hs3b0L LsFomm 0bxm®asEosl dgbsdsdol Moydo, bmeom
©BsMmRgbo LYM30L9d0, MHMAWYGOOLMZOLOE SJBYIPIM0s gU 0bBMEMTs305, 0FgM9gb 50 dm3zegbgdl
(events) Q5 50993539095 3530560 Fogs MR039d0L LT Isgd0m.

90360m9MH30LE0 BEGOWJGHMOOL OML, JOMOMSIE, LYM30LYdOL IYgmes bEds doBbYL
30639duGHgd0l  dobgzom. 39Mdm, vy 335J3l E-Commerce &odolb LolL@gds, Lssi bgods
3601dBHgOol  Mmbesob  gogow3s,  3399690m®s  M8Ybodg  FozMMligM30lo,  MMYMOIIOE3:
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UserService, CatalogService, PaymentService, NotificationService, ReportingService o 5.9. 855¢00-
05, 3mHsMGOIWOL 53EHMMOBIF00L WMY035Dg LOMEISE 35Uvbolidygdgwo 0dbgdmes UserService
@S 50 @m0390L 96 F93bgzgdm©om, mvbs3, PaymentService-o; 6o goobsliomsb
053933060909 Mm0390L 56 9969dm©s syoeo CatalogService-o s 500 50T IOIMYIMOS
09690mqs dbmerme PaymentService.

9969 bG03, Imbmommo Lol Yds JMH 5RO DBY 296MI3L9d0, (396EHMI0DYOIENO..
dolo FoOM35 2530090000 FoMGH0305, 300009 ©65)9309do sTIMY300909w0 3OMYEJdOoUs.
09935, M9b539MOM39 ©)39wm3d96E&3d0, 0399 d0BBILOL WMY03900 BMOEO3L 3936 WMYO3oL s 0¥y
@0 b3 E5dBYs LodIMO, 35306 F0IMMLYIMHZ0LwO sOJoBEgJB S BSF30WI 9BIIBHWYIO0S.

2. 3060050 bsfjogro

3063609¢mws B396 dogh  godmyqbgdmeos Microsoft-oll ASP.Net Core 3gdbmeomos,
63903 OEYOLIMZ0L JOM-9MMO Y39 sHY 30MEsM¥YIe0s BYM39MHME0 ©I39w™M3d96EHOL FbGMOg.
dobo derem 396L0ss .Net 6, MmIgeog 2021 9wl godmdzs Microsoft-0s s dsbido 3m3owsGmOob
9hom3MmgdOH™MdOL IbM03 89300 Losbarg dgo@sbs. .Net Core-ob gOHMIONO OO M30MSBHIIMDS
dobo 3OML3WsGBMOIN™ds (Windows, Linux s Ubg.) [8].

B3960 659630l 9Ju39MH0T9bE M bsfowdo 30bowsgm 3MMgdEL, MHMIgEoE dowobols s
3609m 5gd30990L LobEgdss E-Commerce o030l 00 mGysboBszogdobsmazol.

dmg9blighgdsm, MM MHomgowwol GHodol d0bBbglolbmgol Lsbogmabwme 3609369 mgs60s
59309005 s F90935H90900L MBEOWB39WwYmRs s LEMWIGHWO0MYds IMIHBISMYIWOLIMZOL
51939 0O 3603369eMds 593l FooLOLEBHYIIMGMSE TN dOEobYOL LoLGGIL, Mo3 FMoEI3L
5625600L{MH9d90L, 3:6GHMRIBEGHIOOL B5esbligdls, dom FoMr39L, BHEMIBEBOJ309d0L dMboEHMOObL,
Lbgoolibgs LobGgdgdmsb 0b@gyMoEosl s 5.9.

$om3m30030b6m F9990 LBEgbsGO: B39b LOLEYTsTo sOLYdMBL SBYmO (3690 - 335605, g
30835605l Ggodangds 3dmbgl 36350 30mb6GHGMRI6EGH0, bmwm Msdgbodg 3md3s60s dgodargds
9600560 90Mm©9L 9M1010 dOBLYLOL J398. FgLvdsdoBE, bidgds B9dgao Lobobss:

80Bbgbo -> 3203560980 -> 326933960960 (1)

060353099600 035bsBOOLom B3960 3OIMYMTME0 MHBOHB3gwYMRs MOMY 3335605l
(LOIMTS3W M  0MEoLbdgds BoBbILBY FoBIMNMYdS3) Fgbumoz35HIOL doObaoLs @S 3OHMIM
5930900L g202b0bH905b, Mg 0g69ds 0bEJM0MdsO Bbgs 6xdoLA0gE LolEYIoLMb.

306360935, $H9dbmemyom&mo m35¢lsbOoLom, B3960 93mboLEHYTs SHgmdowo 0dbgds .Net
A996mMy05BY, I3 HMAMOE SOJoBHIIBHIOOL Bmysw bosfowdo s©0360dbgm, gbs o6 dgwmddbols
36HMdgdsl Bb3s LobiBgdgdl s 56 0dbgds 0ol LoFoMmMmgds, MM obobo sfgMowo ogmb 53539
A9J6mmyoom,  go8mdobsdg  0dosb, MmI  Fozmmbgmzolo  sOJodgddHmes  0dwgls
9mdbomdsls, ym3z9wo 3030MmLYMHZ0L0 OFIOML MY 39WYdWS, 6gdOLT0YH RMY0d3mMO 3D vy
965%g. beagnem 3500 Mol 3000635305 Imbgl messaging bus-ob Lsdogsargdom (A396 dgdmbggzsdo
RabbitMQ -om) [9]. B3960 360mgd@EHob Logssmm s6OJoBJGOoL Fomdmboagbsw asbzobowmm
L39BsMO (1) bggdob FgLodsdobO.

9m39099™d580 335436 Mbes0b 353MMd00 IMLSEMIRYdIWY 3:83560900. MOMMYME 3m33560sl
LOL J9gabsb 206339010 G030 530900 (090635H90900), MHMAGOLSE 96905 bLbgoalibgs dgdobogzs
@5 046985 59§30900L Fgbgdls s FodMmbgdls ImEmOl sz30M9d0L Lodrogds.
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dIbom9deol 06EgOHxgolbom (UI), ®mdgebsg 996995 9c0dobold®omgdol dmwgarol bobg s
153565ME PP 0d69ds 3909, Angular-ob bydmsgdom, d0339dm MoMMYME 303356051
99L5dgIMBSL, 53EHMMHOBOMHI6 155396 2439MODY S Fg0Yy356mb BgdoLIBOYHO G030l 5g30s.

39Q9C0MOQ: -5d(305 30039 3 d933900D9, 96 b3 9J30s, L3 89339000L LygMmnMm
X5099600 00MGOMWGdS 50953 Jds 30MMd0ms© 100 WO s Bbg. sbg3g Fgladagdgwo 0dbgds,
OmIgeodg Losggom 39460358 dmzmm Medgbodg Hobo s ,96“ wmaozm®o ddol 353d0M0b
3530305 33JMmbaL 3930060 ,s; - BOLESIWYdS 96 MMBPIE MBILM FoEboL LyMzoLo Yymggen
dqLodg 993300059 o 03¢ 81939 99 89339070l POMYINIENGDS 50TBJOS 290339 X BbL o ..

HEILSE  3UV9MIOMOM  5d3093Ls o 3MBEMORI6EHJODY, (BOOS MOMMYMEO 33560y,
80bbgbo »y 3694339690 b 5MLYdMdIL B396 LoLEHYTsdo. 53l M HBEOMb3ge3gmals h39bo
00060l LobEGHYIs, GMIOL F9d39MBOM3 OZ5MJROLEMOMYO 303356093L5 s 3MBEHMYIBEHJOU,
39349600 Bbsfigeqdl om0 565600930L 35¢sblgdoLs s GHMmabBogdogdols dglisbgd s glodsdobo,
50539 3033560905 @S 3MbGHMs96(3JOL F9300535H9dm FoMZ30L 3969l LosE SLsbwyaros Bsmo
9mbs399900 5 99degd9b sBosero@Ho3z0Ls M) LGSEHOLEGH03MO J39YdYOOL 2obbMmM0YEGdSL.

G®56%Dogd30900L d9ddbs 56 dmbgds B396 93mLOLEYIsT0, gl 0gbgds Payment-9dol LoMgolol
36M9MHMY3 039, ®MI3s 930796905 363093 M0 30bGHMod3H900 B396 LobBHBLMEb LoobEgaMsom.
LoLBQobg 046905 ©IM30YdIMYO, GMI  Tgbsdsdolo  JMBEMEgdol 89d39mdod  (©M3Y)-
d9b@o30980  sfgMowo  0bEIHBgoLlgdom)  dooeml  Fglsdsdolo  dmbszgdgdo,  gobssbermls
3MbGHM9bBHMs  B5sbLYdO, TgJabol  BHEBDoJ30900L  AobobEgdMEo  oLGMEO0S, Sbobml gl
y3goxggmo real-time-do (gl A9BbMOE0gwgds  SignalR-ol  Lsd9oEgdom) @S  OMOOMBML
d9L50530L0 IMbS399930 Bb3s LoLEYIGOL IM3ebIdOL LodrsEgdom.

399080656y 0Josb, MM GHMmbDogd30900 doenbg bdoMs bgds, LsFo®mms Fglodsdolo
06@9260060900L5L  3b6GHMoEgbEGHIO0Ls s 3MT35B0gdoL Fglobgd dmbsigdms LHMsgo dodmEgws.
53obom30L ByM39MHOL bsMYL 45dMmYgbgdem 046905 OLEHMOdME0IEo J9doMgds Redis dsBobm3oU.
3oL gl built-in  3o65dgBHEM0, MMIGoE JMBROYMOHOMIOsEOs @5 oMol  expiration time -
BoBFgMobgol Jqgddo (Bob.1) [10]. ymggero dmmbmgbol @GmL  redis 9958mfdgdl, sGOL ) o@o
306309@M  key-bBg BbsfgMo. 0 5655, 50Mm00gdL 35H0sb, Tgobsbogl Tglodsdol key-by
9dmbs39990L O dMMBABL. bmerm mvy Jgddo obgs RsbsfgMo, 0go LHGMIBI© IMdOHMBIBL
3obgbo  Fglsdsdols dmbszgdgdl. 8909y d0dsMm35Dg 30, 339 9gbgds BoBoWIb BsfgMowo
3965bgd Mo Bsbsfgmo o 9dmoyggbgdl dsl, sb9g3g doebg LHMSRs©. vy B5BsTo SbErgds
9mbs399900, dglsdsdolo LoFoMMs J9gdo®mgdme dmbs3gdgdmsb LobdHmMboboMgds, Moms J9dosb
506969390 @S B5HB0IL Fodmmgdmwo Imbs399930 56 0gmb goblibgsgzqdmero.

50960 56Jodgdd«msdo Ggodergds d93b3gm 9Mm 3OHMdEGILL, MMELsE LyM3z0Lgdol
9096 25BbmM30909dME (33¢09d90bY ©sIM30IOIE0s FMBOEMEMO IMfiYMmdOEgdgdOLy vy
Lo0BOL 0bBHIORJOLO; FoQO0MH, M) quss E-Commerce ¢o3ol Lso@o, 3mdbdsmgdgwls 4oblboero
593L bbgoalibgs dMombg@do, tab-80, sb 0Mbsg 3nd3099EHIMToE s FMmdOWMHDYE. OMYMOG 30
bgMH30Lb0  Fg33wrol  FMTbsMYdEOl doge 89JdboEro 35Ol Mo0dg  Boboloomgdgel  (gslo,
5mqgbMds o Ibg.), LoFoMmms ImdgbE SO 2obsbEEIL 06RMMTS305 Yz9ws dmfHymdomdsby.
UHmOg 530bsmM30L .Net 3Eo@GHBMOTs 3300535HMdL SignalR gMHxodzmM3L. 0g0 ©sdxbgdmwos Web
Socket- 9B o YBOHMb3gymRL Real-time-Go dmbszgdgdol dodmEzensl.
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Redis Cache

ol

® N~y ®
5 N l' =

3mdbadsegdgero 33emo3zsgoob
Ly@3ao

6ob.1

ASP.NET SignalR 30dwommg3ss ASP.NET 939e0m3969d0Lom3zol, Gmdgeog 956EH0390L
33035309090 M95¢06 OMIo 39383496430930L ©TsEHYOOL 3OMEILL [11]. Ggoerwme dM™Io 390
2996d300b5c0Mmds 560 FLodegdEMds, MMI  LbYM39MoL  3mEOoL  Jobss®bo 353806 Jd
30096390l BosHimml dgologMs, MHmym®mE 30 ol bgadobsfigmdo gobgds, 30y LyMzgMo
©59@MEML  3ogbBHL  sbowo  dmbs3gdgdol dmmbmgbsl. SignalR  53¢0353090L  99mdE00s
S3LMOOm  3wogb@ol  FoldBHId0MGds Bsdgbgdero o Tgbsdg TbsGol  oldES0MO
36350009930 459mygbgdom.

300963 90L5 s LYM396MOL Mol 3MFbozsoobmgzol SignalR API 890353L M6 dmganl. glss
J9codoz0 353000980 ©5 358980. 35330600 Bo0GH030 Lodmemm {ghGHowos ghmo dodwgdob,
IR JMNBION0 56 LoFofygdm F9EHygmdobgdoms dologHogbos. Connections ULozmdbozszom
dmglb 09gbgdgb ©939rm39MHgdo, 3538060y ©sBwI6gdMw API-gdom, HmamMogss Windows
Communication Foundation (WCF) [12]. Hub vg3Gm dspswo ©mboll dowlsgbos, Gmdgwos
539090y Connection API-Bg. 0go UBsdwmogdsl 5demg3l 3e009b@L s bgMzgol, 306MHa306M
39900dobmb  dgmmEgdo  9HmMTsbgmmsb. SignalR  53BMAdGH MO  SBMEME09WgdL  obdsby®
LoB3M0To OL3YGHRIOME HTYT53905L 3e09bE-LgM396M 3mBMbo3sgoOLm3Z0L.

B3960 36Mmgd@olL Fogs 5JoGgdGIOM BLEAMIGHMOI© J98mygbgdwo 0dbgds 9.. “Clean
Architecture” [13]. 36mxqLmO 6. dsOGH0bOL SHOHOM ,,300MFM0 MBOHMBIgEYMBOL sOJodgd-
GMOHoL J0Bsbos J0b0dvdsdg s093956ml 5sd0sbGmo MHglMlo, GMmIgeog bsFoMms LolEgdol
d9L59a690 s FBMIBSFIMS. SO BEBHOWJEHMES sM0U: Testable (EglEoMgdso), Maintainable
(Ao FgMs0), Changeable (335c90500), Easy to Develop (35630350 3963000060905000) 0
Independent (©59™M+)30009090).

©OEO  3MM9JBHgool  Fgdmbggzsdo  304gbgdom  LogbmdMogz-UBgHMby  MMH0bEGHOMYdMW
©336MMgdBHqdol doamdsl, 6y DDD (Domain Driven Design) [14]. 990dggds 00d3sl, Gmd
©©JOLIMNZ0L, 36M159dBH03990 MZ5WLEBOHOLOM, Foblis 30 YMMo®Ids 9d3g35> DDD (3:m@bsls,
596 59 LEAHOMIGHIO0m S[Ygmdoo 3MM(39Lgd0 153ToME oMY FdomdL. MoE F9ggbgds 3mOob
dbsegls, DDD gobLsbmgMegl Domain dm@gerols bE®wyd@Euesl: dogaro d0Bbglols obss®lo mboo
0gmlb Domain dm@gedo (65b.2).

137



Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS. No 1(33), vol.2, 2022

Application services

Repositories

N

B o
Value (‘)bjects =
Domain Events \

®
Aggregates

Domain Services

3. sls336s

56509000m39 3965f0wgdMmo 3m330MEIOMo LobEgdgdol 3MHMIJEHIds, OMAMMOEGS
3w096B-LgMH39OHMo s BYOZ0L-MOOYEEH0MYIMO  OJoBIIHOJd0, ©s F9gdymd  Tomo
36058990 HYo0Ds(305, BgUEH0MYdS, 9JU3EYSGSGOOL 3OIM(39L0 WS FIb30MMIYOOL FbsMOFIES
0600369 mgbse 900l ©sdm30gdMYo  FoBbmdMoz0  LobEGgdol  0bROLEGHMWIGHMGOOL
(504oG9dBHE0L) LEMOOI® FosHY39@IBY. MOYBbOoDsE0oL dBoBBYL-00BbYdOL dormfigzol ghm-gemo
9939d&HIO0 LTS GdSS (30BOMWO 3HJJbMEMY0gdOL 250mYgbgds FozMMligM30LgdoL 39d-LobEgdol
3M6398300L  LOEMA39wDBY.  9Y(30wdIE0s  Meberglo  IT-39dbmemaogdol s 3MMAMSTMo
LoLBQAOOL godmyqbgds, 39Mdme ASP.Net Core 3eo@gm®dol, NoSQL #odol Redis 0dsbol o
9cdbds9dol Imgdboero 0bEgMagoliol (UI) s3gds. Loldgds mbws MHeObggwymagl dmbsggdoms
L5653 J0dm33wsl 3arogb@-LgMzgml ImGoU.
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ABOUT ONE CONCEPT OF BUILDING THE INFRASTRUCTURE
(ARCHITECTURE) OF MICROSERVICE PROJECTS

Tagauri Konstantine, Surguladze Gia
Georgian Technical University

tagauri@gmail.com, g.surguladze@gtu.ge
Summary

The issues of designing the infrastructure (architecture) of the automated system of business objects
management processes and software implementation based on the concept of microservices are discussed.
A brief analysis of modern methodologies and methods of software development in this direction is
presented. In particular, based on Microsoft's ASP.Net Core technology, a project solution for the
ecosystem of billing and promo actions, which can be integrated with other systems, is proposed. The user
interface (UI) has the appearance of an administration module and its web implementation is decided on
Angular. Distributed caching for the NoSQL Redis database is used on the server side to ensure fast data
exchange. For client-server communication, the SignalR API is used in two models: persistent connections
and hubs.

(Received 22.05.2022)
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6950 EMMOL LoLEJIgdoL 53905 6ogmgdols
063 90bg@GHob Lsdmswgdoom

Bobm My M©0s, M0bsmob bo@osdzowo

Lodomnzgwml 3§9db03Mm0o Mmboggdlo®gdo
nino.topuria@gtu.ge, tikaxatiashvilil997@gmail.com

9b0mdg

39bboMos  MHgoMm®o  MHMoL LoLEBYIOL I3OMYIEBHIOoL  3mbEgxEos Bogzmgdols
0b639mbgBol  (IoT) Lsdmswgdom. bBogmgdol 0bEgMbyBHol  Imfymdomdols  Jodermbol
©9390™3996G0obsm30l  Fghbgmeos Azure IoT central 3osGHBm®ds, MgoMOHO  OOMOL
9mbs39d900L A5 BogboLOMZOL  s390Mos bo3zoo Power Automate-ll d5HobY, bemm
dmb5399900L qlsbobo godmygbgderos Azure SQL.

153356dm LBoBYzgdo: 3MMaMsdMNwo 53e03530s. Bogmgdol 0b@HgMbg@o. bgwmgbmmo

0b@G9ggd@o. OHdwMmz560 Jodmmzwgdo.
1. 9gbsgsero

L, VOB M3560 G9dbmEmy0gdom 3MOJEBH03MS© Y39ws LoMPJIE ML, MoYsb
Sbgm FmALEbMGISL goshbos IM35¢0 OIdOoMO TbsMg. sbgzg BJoMo 339LAoL FHgMI0bgdo
Bogmgdol 0b@GHgmbgBo (I0T), 3330560 dJogrodo, F330060 Lobwro, bgwwmgzgbm®o ob@gwgddo,
9569560 LHogargde.

IBM Cloud Forester 56356080l 80b9®300, m6M560bs30gd0L 67% dz9wo 5303530900l
dmgMHboBogosl MIbodzbgermgzsbgl s9m39bs ®3w0L. gl MEORB6OBsE30gd0 bgwoggh oI
3Mm39Ldo  IMO35¢  M30MOGHJLMBIL.  39MIME, EFOBOO  GHOMBLBMOHI>300L  IRJ>GGOOL
3900929  dgLodgdgEos  doBbYL-9IRJOOL Qo IxMdYLYds  Sboro  FGLodErgdEMdgdOL
d94a60b s LGSR0 MgoE0Bs300L botrx BY.

fobs  s0fargmemsb  Fgemgdom  FoxzMIwo  GHMBLEMOIs300l  FbsHo  Gosbgzo
©OHOM3560  gos(iy39@0wgdgdol  45dmygbgdom  0dsbg  TgBY3z9wgdl, ®md  doBbylo
OB ™m356  AMALobYMYOSL 3mB3MMg6EMBsM0sbMmdoLs s 3BMOYIGHOw MmOl
39MIx M39LgdoL  FglodegdsE M3WOL. FOBOMO  BHOMIBLBMOTs305 FE0sbs 33Ol
50Bbgl  3MMEILYdL - bgwl MFYMdL BosGxgdoL TgdE30Mgdsl, MLIOLYOOL  Mm3EH0To)©
399mygbg0sL s 3M:MYJEHOL 253MT3900L 3OIMBEGIOL FMQ356IGISL.

363005 HMA, 30BOHMO 3gdbmemyogdo Jabol sboww Jglodwgdemdgdl y39es G030
MOQ560BI300LOMZ0L. Mo, b 9GOl sboro  JoEymds, OMIJWOoE  9YMD0IHJOL
5053056900L, dMbs(399900L O  3MM39LYdIOL  gEmO  Loghmm  dobbols dobom(gzo s
MBOMHY639gmxzl Ho®dsGgdol 30BOME Lsdgs®@Ao. 3083600 GHEMBLBMOTS305 MOl dOBOEYL
06353009, ®MIglsg 9dys®gds @OMOdYM356 3ero@RMEMISL, bgermgzbr®o 0b@Egwgd@t (Al) s
65030900L 063gMbgEL (1I0T), M3 MmOR60DsE30gdL d0DBBILOL goggdol, oerm30Ls s FoMsddbol
Sbog 4BH90L LMO35DMAL.
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2. do0m5¢0 bsfjogro

6030900l 0b6&9MbgBHo (I0T) 5dw0gMgdl BolgErgdsl momddol yzgws LodEHm®do,
©s(1Y9dmeo  FomImgdosb s WmxolBH030b, LoEsw™m 353MMOSd®g s MLYIOLYdOL
9969x096¢999. 065990609 LBHOSEH05d0 J3630bos3m, ) MMM bYds MYoEIOH OMIO
dmbs390m5  9bseoBH0zols o IoT 83w03530900L  59OH™056gds, Goms Fgoddbsl  sbogro
d9LodgdMdYd0 LboLbbZs bydBM®m9ddo.[1]

0o Mmoo dmdMdogg 9300353006 ©I39w™m3dgbEGolmzoL JgMbgMos BoGMmTS
95030mbmgEol Azure IoT central 3eo@Em®ds. 0g0 HoMTmoaabl 3909 dsBoMgdmen
dmdbdoMgdeol  06@gMHRIoLL, OMmIwoE  BodMOgdl  0dwg3s  LHOOBSI®  ©93535300MM™
dmfigmdomdgdo, d93ddbom  {igbgdo, 305MMM®  Joombmdoom  Imfjymdowmds ©s dosmo
dmbs39d900 oo LoboEgmEbw™ 303w ol gobdsgwrmdsdo.[2]

3o@GBRMOTSDBY  39bmMogLgdMEos IMs35¢wo IoT Plug and Play dsdermbo, HmIgwoms
53990omds JgLodEgdGE0d MMYMOF MJoWMS©, 0l Lm0l Mg 0ddo.

95925000LsM30L  93530MMgGMm LolLBYIs, MMIgwos sHIbL IoT dmfgmdowmdols
350w Mmbosb  IMbs3999d0L  FoMgdslL, @oshbos  Bs3gbgdwo  ImboBHmEmobao s  sbgbL
dmbo39gdgdol dgbsbgzol Azure SQL-30.[3]

506036 3oBBM®I>Bg  IoT  8sdwmbols  JoghHmgds  Fglodwgdgwros,  OHMYMO3
05035353806909w0 A5LoMgdom (connection key), obg QR 3m@om. 1-gaw BobsBbg dmEgdmeos
IoT dm{igmdomdol Gsdembols dogHmgdols 3O m3Eglo.

Device connection groups

1D scope C

Device ID

2icoesx1hve m
Choose the connection type for this device. You can change this later if you need to
Authentication type

Shared access signature (SAS

Key QR code

1o quickly and

Close

6sb. 1. IoT dmfjycdogrmdols 0960190

d9-2 bsbsBby Fohrmeagboros dashboard-o, GmIgroi sbobogl 0bxgm®mToEosl Mgowrwm®
©6OMJo.
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Your free traal espires i 7 days Convert 1D & 00 slan and avnid foging daza, oot my tital
& Comnnect B Manage template ¥ Manape device
Connect
I{“‘ Devices laT Plug and Play met 2jcoesnthwé

= 2jcoesx1hve

kd Device groups 1
© sisconnected | Last dota recelved: 5/26/2022. 30502 FM | Status: Provisionad | Crganization: ninosiot
m. Gewvice templates
epropenties Getstated  Overview  Commands Rawdata Magped ollases
Analyze
k&  Data explores Battery Lavel Ve Altitude e Accelberation
B Dashboards ® scceeration / X ® sccmenation /Y L
86 543.20 .
Manage .
S Jobs y
/
4 minutes age ar ites ag /

Extend 04 /
£ Rules Location Fs dad /\
3 Dats expont ok " b " 434

> - \ “
Security 0 924 {
= ’
€y Pormissions \ 914

T
o o2 é’.-\;h'
052602027

Sattinne (0]

Bob. 2. Hgoe Mo Imbsggdol bEHodobyo
Power Automate-oll 35%sbg 2ofghowo bszoo (flow) osbgbl Mgome O™Io
»090m0900“ 06xMm®T>300L ,35008bogbsl“ Azure Sql-ols dsbsbg dgddboer rule gbGowdo
(65b.3).[4]

— )
E> Run |:| Cancel quen « Save guery - Export data as v
@ showing limited object explorer here, For 1 select * from [dbo]. [r‘ules]l
full capability please open 55DT.
< Results Messages
“~[JTables
O Searc ilter i
> B dbo.Customers A4 Search to filter items
» B dbo.ninosrule id rulename devicename
B dbo.rules 1 ninosrule 2jcoesx1hvo
£2id (PK, int, not null)
100 ninosrule 2jcoesxThve
E rulename (char, null)
H devicename (char, null) 180 ninosrule 2jcoesx1hve
> [views 348 ninosrule Zjcoesx1hvé
» [ stored Procedures ) .
517 ninosrule 2jcoesxThve
219 ninosrule 2jcoesx1hve

65b. 3. Azure SQL-ob Rule gb®Gogwdo 9mbaigdgdol dgbsbgs
Rule Name 5bobogl 9.§. Bs99690e dmbEHM™mO0bal. 3960dm®, 03 god@l, GmI ,0mbs”
Pobolfo®  gofgMowo dmzwgbs. Bo35W0m©, HJI3gMoGMSD 96 BHB0sBbMBST o5 FoMdS
53390 BOZ5Mb.
142



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No 1(33), vol.2, 2022

3. sli336s

509356050, 0965390MM39 530035309008 ©J39™m3dgbEo Mol Joymds, MHMIgEos
LSOOl 0dg3zs LGB ©o3bgMAM®» 0bM3z530900 VOMBWGd™3sb0 @0 gdE Mol
399myg9bgdom, MHMIGWoiE 035OHMYds Imbs3g9dms dsBgdom, bgwmzgbm®o 0b@Hgwgd@oo (Al) s
Bodmb@ o900 ImboBm®mobaom. sbgmo  Fgdbmermyogdols Lodsergdom  Fgladergdgeros
AMOO0E 53¢0353090L 993053 Mm dmgbomds s IMdOLIMdS.

WOoBJMGIOs — References — JIuteparypa:

1. Surguladze G., Topuria N., Gavardashvili A. (2018). Black Sea Ecological Monitoring and
Research Information System. ISBN 978-9941-8-0624-7. GTU. ,IT-Consulting Scientific Center”, Tbilisi,
-214 p. (in Georgian)

2. Khatiashvili T. (2022). Building of management information systems based on microservices and
new digital technologies. GTU. II student scientific-practical conference "Digital Transformation -
Challenges and Progress”, dedicated to the 100th anniversary of the Georgia Technical University
and the 65th anniversary of the IMS faculty. 20-21.05. "Technical University". Tb., (in Georgian).

3. Azure IoT Central documentation. Internet resource: https://docs.microsoft.com/en-
us/azure/iot-central

4. Topuria N. (2017). Automation of Business Processes on the Basis of Sharepoint Server. ISBN
978-9941-20-912-3. GTU. ,Technical University”. Tbilisi, (in Georgian)

(UAs0os dog8eycmos 22.05.2022)

BUILDING REAL-TIME SYSTEMS BASED ON THE INTERNET
OF THINGS

Topuria Nino, Khatiashvili Tinatin

Georgian Technical University
Summary

This article describes the concept of real-time system deployment through the Internet of
Things (IoT). The Azure IoT central platform is selected for the development of the Internet of Things
device template, a flow based on Power Automate is built for real-time data transfer, and Azure SQL

is used for data storage.

(Received 22.05.2022)
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3653190 33¢003530900L Agile ©©g39¢m3dgbGHo
@5 BILGH0MYdS
bo@0s bo@osdzowo

Lodomnzgwml 3§9db03Mm0o Mmboggdlo®gdo
khatiashvili. k@gtu.ge

9b0mdg

39B6boME0s 3O)MYMHTMWO 53¢03530900L 2563000560 900Ls s BHILEHOMJOOL Msbsdg-
M™M39 J90MEOMEWMA09d0 ©d I9JMEJdo. HoMdmygbowos Fomo 2obzomsMgdol dmzwng
oLEBH™M05 S JOMOMHO 0bMZs30MMO gergdgbBgdo, s1939 glsdsdolio 3O MYGMmsdmeo 9bgdol s
36059990 4bgdol 3)Fsmdol 1o30L90v)M3900. JOMOMOIWO YIMHOIEPIdS JoTobZ30gdY)-
W05 3MMYM5d9d0L dmdboen (Agile) dgomEmeEmaoslis s dolo GHglGHoMgdol 3MM3gLgdbY.
390560 90mos Agile-l 9gom@gdoL (Scrum s Kanban) 3Gsd@03owo godmygbgdol 36Gobizodgdo
3MHMAM530 53035309001 3963050930l 4Mbdo. [omImygbowos slglzg  LHGOTGO
ALGHOMIOOL  ABbMOE0ggdol  MmGmYSboBsGoMEo  BOMbggymgol,  Agile-Holiggdol
d9935L900b5 S HoMToBGoeo 3OMmgd@ol d9dmbggz580, dobo [oMTmgdsdo sbgMy3z0l g@o39d0l
360Hm3E9gLgdo.  9Ju3ge0dgbGH M  bsfoewdo dmgdwmeros unit_test 3OHMEgLOL  BEOORTI6E OO
300GHWO@MO MMA360Do30580 35MYBOL JoGMZ0L 53mEs6oLsMZ0L .NET Core 3eno@a3m®mdsty.

153356dMm BoGYgzgdo: 3MMyM3M9wo 53035305 Agile 8900MEOMEMY0s. 3OMAMST0MGdS.
Scrum. Kanban. Agile ¢gb@otmgds. NET Core 3eno@amds.

1. 9gbsgsemo

dm3w9g© ©s35bsosmmm Agile (LHGsxgo, dmdbowo) Igomomermaool bsdo dgomo,
MIwgdoE HJoMs godmoygbgds 3OHMaM53ME0 53e035:30900L 0939w ™3dgbE oL 3MmiEgldo
305 X3MBRIO0L (3bgdols) dogm. gligbos 9duGHMgds Mo 3MMAEMF0MgdoL (XP), Scrum s
Kanban dgomgdo [1-3]. obobo 0ygbgdls Agile Manifesto-ly 36:0630390L. dogbgogs 0dobs, GHemd
4395 Jom5bL 5HsL0smMgAL 360369 M3560 4obLb3s398900, Fo0d 5300 LogMmM 9egdgbEgdo: Im 3wy
3M©0M900L 30309gd0, gordxXMmdgLgdMo 308MB035305, OOMMWOI® IRJRTZ> O 3MOMOHOEEO-
Do30s, LHogeol bgendgfymds, LOHMMYNGES 5 5©3GSE0s 00BbIL 49M98mdo (330 g09dHY
0952060900Lm30L [4].

956083930 MmMbo 364EHOLsR6 Fggds. MOMMIMWO 5MOL S GHIMbSEH035. ol FoMEbgbs
bsfodo dmmagligdos 3690900 s 913943900, MM 3OMYMSTIMwo WBOHMBlgwymgzol
©5399953900L5L OO POH989m9ds 5J3b, 30 Fo6rx39bs bsfodo FmmsgLgdwl [3]. Imdbowro
9906900l JoMO0MO©O 3MBEIR(30900 SLgmos:

* 5030056980 5 LIH0YHB9B0 L% Fb08369070295605, 30006  3OM37LYOO S 0BLEMYTIbEHIOO;

o bsdrBscr 3GOQIH0 9953602 dbod69¢35605, 3000609 36(3900-5MAFIM530 MITGDES(309;
° 050339000056 023659FH520crBs REG® Gb60d369¢735605, 3000609 30mbGHMJGH0 Tgmsbbdgdremo
3060HMdJO0;

o JYsymrbs ;330¢00¢98980bsc080 #1762 dbod369¢mm35605, 300069 306039wLsYolo gqadol oE3o.
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G9mdobo LHOsx30 Imgmomgds (Agile Modeling - AM) — 360530 MHBOHWb39wyma3ols
999360l b3g0solEgdol 9HBer030 J9Fsm80L 9RIFAIG0 268560 Y980l bgHbos ©sd33900980b
J00b36001985005 b5 305929500¢98¢75.

dmdbogro 8900 gd0m 3OHMYM53Meo LolEgdgdol sdds3900L bdgE0swoLEHYd0 Jdb0sb gMHom
36l 533390096 9hme©, OMIolL  [omdmMToqbwgdog  MIMsm© @S 5JGHOIMO©
9mbsforgmdgb LoliBgdol sbseobol, @odMmgd@gdols s 03900l 3MHmEgLgddo. AM-ymbool
3d9domdol 393900 FJoBsbos  9B9JEHMOMDS, 93339000l FgBo §3wool Bogds  Ladmermm
360 M@0, 8999003505 oMGH030 IMPYGOOL 590, Boddom LobiEgdol d9ddbs s 0o
ogmdoob ! [2].

50335650, dmgdbowo dmgmomgds — 3OMBIBOMbIwms bol 3Mdomdol 9i39]EGwIOMdOL
5350900l FGOMPOMEMY0sd 3OMAMTME0 M HBEOWE39wymaol dgleddbgarsc.

2. doM0m5¢0 bsfjogro

Agile 8900M@MEMA00L 9OMN-9OMO 3M15d3H032I0 BHYdbmermyoss Scrum dgomeo [5-7]. 0yo
Lomo39gl 0536006 0B, OHMYMOE sbowro Joymds sbseo LgMzoLgdols s 3MMEIEJdOL
©5L53)d53905© (5610 FBMEME 3OMYMFN0 3OMEIEHJOOLMZ0L). FgMPOL JOMOMSEO SGLO
9aMdsMgMdS d306M9 BMmdol Mbogzgmlsgrm@mo abol d93609wm, 1sbsd0dgzcrver dmdsmdsdo,
3903 9999953908 3GM9]GHOL Yzgws BsbBsL. GH9Mdobo Scrum - ,,d930gdsL" Bodbogl MogdoL

L3MOGHMWo 9Jbo3MboB (,d9F30Yds“ 3HMgdEHOL 9339009dLd S Y3gLPM39MYdOL bl
dmO0U). 3mbdo 5-9 35305 S LEFNFomb HoMTsM005396 L3HOHHIBOL BTGB (Bsb.1).

ge

PRODUCT
BACKLOG

SPRINT

Bab. 1. Scrum 36mEglol OsRMS3s

B3960 330930l BIMAWGOTO 33003905  QOBLMOEF0YEES (9M-gM0  MmOYSBODsoOoL)
365890 MbOHB39mygma0l Y356 EHdI6EHOL 36Dy [8]. 3mbo L3MO6E dgommEmEMAO0m
9935mdL 20 m395. 3500 3Fomdol ILBHYOLTO o0l Foeo MOl GH®Mm9bobygdo s gbwol
3999505 306039000 3 »30L gobdsgEwmdsdo J0d0bsMmgMdEs 3MMagLoMbso BdMsd BabGgcmob
b9sdbg39wmdol §399. 9JL39M0896E0 12 LsdMFsm 3306M0L 496353 MdT0 F0IEOBIMYMDDS, Mo
53bEmgdom 90 dgbzgcsls Imo3o3UL.

05330639008 BoMRgddo  godmzwobs  B3M0bE  dgomEmemyools  3b0dzbywrmgsbo
6530356905 BHLEBIMJOOL MOl IgbgxdIbEHO (2 33060560 L3MOBEHOL Q96TogzemdsT0, 30M3ge
3300580 8500 BOJBHMIM0Z5® 96 5930 IMTs 3OMIBHO PoLOIGAIVAI ©d B3MODEHOL drrerMisgzgh
3M™30905 153050 ¥936M0 g9 BHYLBEGHOMIOOL MZoWLIBOOLOm).
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d9L50580L5¢, A9FYWS 330935 393393MIJE00bs  FguEHOMGOOL F0SMNMEGOO).

> Agile 3gbdom96s

Agile testing &gbGHomgdol 36ogd@03s, MHmdgmog dolg3zl Agile 3HMaMsdmwo »HEIb6-
390g4mx30b ©9390m3dgbEH 0L (2o630msMgd0L) Hglgdls s 300630390l [4]. BsbRJgMol Igommoliysb
39bLbbge3900m, Agile @gliBo®gds dgodgds s0figml 3M:mgdEol sfygdolimsbsgy, 3sbgzomasMgdsls
@5 AHYLGHOMYOL FmM0L Mfyz9Bo 0bGJAGMsE00m. Agile GHaLEGH0MIOOL FGPOMEMEMY0s 5 GO
056308009360 (00 4939000, OMA 040 TgGuMHIECGdIEXP0s TBMEME JMPOMYdOL BsBoL T9dwY)-

Agile-39bhob 89805 8r0353L BoBo69do GHalGoMgdol GH039gdl, OHMymOO355 0bxOMILEM™M]-
GO, LIAILEHM oMM S BHYLEBHOL 9Yagd0. BBRJgMOL (Waterfall) dm@gerolash gsblbgeggdom,
dmdbog dmgerdo 4ym3zguo Mgeobolsmzol (odmdzgds) 0fgMgds s 3obsbegds Bo@glBm ggads.
GH039m0  BabBHoL 2939900 dmoEo3L:  BHgbBHOMIdOL  LEGOHML; b  BMbBJ3090L, OMIEGdOS
AILGH0MY3500;  BHILEGHMJOOL MBYL 96 BH03gdL  Tobolinsmgdgdol LoMmomvyerol dobggom;
©B300mM30L5 s TGuMHIgdoL BHILEMGIL; 0bBOLEHMMIGIMOL obboEZsl; MOLZYdOL A9addls;
MH9LOLYOOL YBOHMBZgEYMRLL S dofirEgdsL.

LHOsx0  BHgbGHomgdool Labogmabwm  gogwwo  ®59gbodyg 9@Eodl  dmo3ogL.  Fodo0mS,
1) 1L3MOBEHJOOL o3gad39; 2) LoGguBH™ Jgolgdol s3MHMgdEgds; 3) boMolbol Tgdmfdgds o
35Q05(305; 4) 30MIEOL LGB0 OMBOL JodMbOE3s; 5) MYAMILOS S BYMY3S [9].

5 ¥3mm 9BHe305 LoLEGYIOL SOBYOMEO BMb30MbsEMdOL Jgdm{dgds 953EHMI>GHIMO S
bgwoom dglo@ebo LoGabd™m Jgobgdol Bgdmddggds®yg, Goms dmbEgl bsMolbosbo 3Mm©wydEol
090999953905 5 259mygbgds.

> Agbdoéol ds3semoomo: 3sb3obowmm x-Msbobogool 39Mgdol ©9gbsmdols Unit
test 3539000L BM5396GHI00 (wobHobyo_1,2,3).

using System; //-- goobGobyo_1 ----

using System.ComponentModel. DataAnnotations;

using System.ComponentModel. DataAnnotations.Schema;

namespace CoreServices.Models

{

public partial class Employee

{
public int Id { get; set; }

[Column(TypeName = "varchar(20)")]
[Required]

public string Firstname { get; set; }

public string Lastname { get; set; }

public int? Categoryld { get; set; }

public DateTime? CreatedDate { get; set; }

.net core framework-%g «bs 990Jdbst xUnit Test Project (NET Core) 36mgd@o, Gmdgwbsg
996995 LyB30L0L SBOAEMMYds. 3BMgdEHTo 8937d8bsc 3slio, HMIgeog 36MrMgdGOL 35939008 O™
3mbs399m BB Fg53L9dL LoGguBM ImMbo3939000 (obiEObyo_2).
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using CoreServices.Models; //-- ¢oob@obgyo_2 --------
using System;
namespace CoreServices.Test

{
public class EmployeeDataDBInitializer
{
public EmployeeDataDBInitializer ()
{
}
public void Seed(BlogDBContext context)
{
context.Database.EnsureDeleted();
context.Database.EnsureCreated();
context.Category.AddRange(
new Category() { Name = "Finance", Slug = " Finance " },
new Category() { Name = "Development", Slug = " Development " },
new Category() { Name = "Analitic", Slug = " Analitic " },
);
context.Employee. AddRange(
new Employee() { Title = "Test Title 1", Description = "Test Description 1", Categoryld = 2,
CreatedDate = DateTime.Now },
new Employee() { Title = "Test Title 2", Description = "Test Description 2", Categoryld = 3,
CreatedDate = DateTime.Now }
);
context.SaveChanges();
}
}
} o 0.0.

Sbs 309 ™o Unit Test Case-gdol gm0 Lo mBGGmoEom GgLEGO. Jolsmzsolfobgdgwos
Lsdo 300EgMm0mdo: dmfigltrogqds (Arrange), gobbmMEogagds (Act) s ©8GHI0EJdS (Assert).

//-- delete-bongob Ls@GHgbE™m gMbigombsgo ------ var Id = 5;
[Fact] /lAct
public async void Task_Delete_ Employee var data = await controller.DeleteEmployee(Id);
_Return_OkResult() //Assert
{ //Arrange Assert.IsType<NotFoundResult>(data);
var controller = new }
EmployeeController(repository); [Fact]
var Id = 2; public async void Task_Delete_Return_BadRequ-
//Act estResult()
var data = await controller.DeleteEmployee (Id); { //Arrange
//Assert var controller = new EmployeeController(repo-
Assert. IsType<OkResult>(data); sitory);
} int? Id = null;
[Fact] //Act
public async void Task_Delete_Employee_Return var data = await controller.DeleteEmployee(Id);
_NotFoundResult() //Assert
{ //Arrange Assert.IsType<BadRequestResult>(data);
var controller = new EmployeeController( }
repository);
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3. sli336s

5303530900l Agile ©9390™3996¢0L dgmMEMEMy0s 3MMMFMwo MbObagaygmaols
GILGH0MGB580 reolbdMdL GHILEHMYOL Mo Fg0degds MY 3OMYMTNo YBOMblgwymaol
3963000060900l LologmEbwm 303edo. ol dmombmgl dmIbTsMmYOEOL oo BsOMMEIMISL ©d
AILEHOMYdOL 3mEL, GemymeE 30 oL bgedobsfizomdo gobgds. 3OEIo GHILEBH0MYds F9odEgds
BoBoMmgl oloMdmbgdws, ®md 9930Mmdgd0 godmlim®mgdmwo ©s d90mfdgdmwos. 39b9dl
dmmoL 3md6035305 dmgdboero dm@gerol GgbEHo®madsl §o0ds@gdwgel boob.
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(UdsGos domgdeyemos 22.05.2022)

AGILE DEVELOPMENT AND TESTING OF SOFTWARE
APPLICATIONS

Khatiashvili Khatia
Georgian Technical University
khatiashvili. k@gtu.ge
Summary
Modern methodologies and methods of software application development and testing are discussed. A

brief history of their development and the main innovative elements are presented, as well as the peculiarities
of the work of the corresponding programming languages and software teams. The main focus is on agile
programming methodology and its testing processes. The principles of practical application of Agile methods
(Scrum and Kanban) in the software application development team are compared. The processes of the
organizational assurance of rapid testing implementation, Agile risk assessment and, in the case of a successful
project, its implementation in production are also presented. The experimental part provides fragments of the

unit_test process for the task of staffing management in a virtual organization on the .NET Core platform.
(Received 22.05.2022)
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193¢ 9d530 06m3530M0 8gom©Ydol gsdmygbgdols ghoo

3Mb39xE00L dglisbgd
oo 39&®05830¢00, bobm bsob®msgs

LogoMmM39wmb ¢gdbozwemo Mmbogzgdbo@gdo,
Lpetriashvili@gtu.ge, khaindrava.nino@gtu.ge

69bomdy
396bomwos 3330560 530003530900l 459mygbgds Lbgoolibgs gG03MmdgdOL dgltrmegdo-
Lo30L, OHMPMMOE Bogwgds, 1s300bs30/Lslfogwrm Bsdmmdgdol d9ddbs, LEGHIbEHOL Tgz3slgds,
3993930060 © 330930l BgOMPMEMY0s. FoMIMPb0ww0s 3:mb39B0s Logargdols s bsgzwols
06035309600  9900m@gdoL  259mygbgdol  sMEowgdMmdol  Tgbobgd, Moz  bgwl  dgmfiymodl
LEHI6EJOOL LFogwrol gbmBosBIOL s IMEH035300L 5350EIGOL. FoBsMEIGOOL B SGOL
MBOHMD39wymRs  0dobs, GMI 53509domEo  3gOLmbowo doge dofimgdmeo  Lolfogwm o
Lodgbogtm dolons, AoLORgd0 Mbs 0gml BEMIbEHIOOLmM30L, MHMIWIOOE 3NEHNIOMEO ©
96m3®030 M35¢LEBOOLOM FMZ5WRIOMZB0s, Foo MBS FMobgMbMb Labogurm 4509gdmliosb
505335305 @5 3593bMmb  sMOLYdIME  BEBPIOEHIBL s BMmEbM3bldL.  bJom Tgdmbgzgzsdo
LEAHMIBEIP0 396 509396 Fggal 080l godm, GMI olobo 396 53bMdOYMHYOID s 5x7351gd96
dmmbm3zbols 00 Mmbgl vy Gl 06 WgdEHMMGOO TomYsb.
1553356dm Lo@yzgdo.  300M0MEo  Lfsgangds. sMRMIbEHMGdMwo  Bffagwgds. ™mbwsob
Lfoge0q0s. E-Learning. Moodle Platform.
1. 8glssgsemo

B53GMIoL  B0Bobos  09653900MM3g  0bBMOBs30Eo  BHgdbmemaogdol  ds9mygbgdols
3609369cmd0ol  gobsloBg®ms LBHsgzwgdol s bfagerol dgmmgddo, Goms d90ddbsl dgomms
BOOM 1B39dBHO0, MMPMOF BEGHI6EHJOOLMZ0L, FMLFo3eggdoLM30L s1939 FobfogwgdEgdOLMZ0L.

ALMRE0mdo doMH0MOIPIP J93MEIWIIN0s MG bogsbdsbsmegdwm ImEgwo - 3oHoL30G
Ufogas s 30dG0mwwo Bfagagds [1], 0093s 3569800L @OML sOBYdwM@ds dyMIsMMdST
533565bs dqedg dmEEol, Mbes0b Bfjogergdols 59930 gdMds s 360d369wMdS, Moms IEMEO
0gmb Bfogaols 36mEglbido Bs®omvano dbatrggdols xsbdIMmgermds [2].

LHo30900Ls o bfogarol G®MooEomo dgmmEo LobdOHmbmwos s, HMym®E fgbo, ImoEogL
3©0EMOH00L/3WLM MMObol gsdmygbgdsl, Losg 3OHMBILMEOO s bEAHWIBEJd0, Bobfjogery-
000 5 Imbfogarggdo MOM0gMmJdggdgb OMLS s LogMigdo. LHogwgdol 3 Mgl
LobgOMbMl MHmgd9b [3]. 00 dgdmbgzgz5d0, HMEgLsE Loz gds begds OLELBE0MS, BT,
OMymO3  Bomo  503608bgm, dmerm  3gMomEdo  dmgl  Jbmgomdo  (3s6gdool  3sdm),
9603369cm3560 @300 35 90dobs — Lolifogerm LoBMmYsMadoL (930M9dl Mol begds Mmbesob
06835300l 2o3MEILGOS OO J933WS, B3 59MM0569dL SBOBJOMbMEo Lfogargdols dgmmls s
1H930900L GH®ooE0Y dg0mMmEU.

LobJOMbMo 56 303G LfogErgds LMW MBdL 899IR0 ¥Y30MSGHIBMDId0M, 00 byl
MHgemdlL Lobioganm 3OHME9LL s bEOL IMO35¢RgMMZBL, S1939 3307535BMBL MOl Imdbosw s

9%399GHIM5© 259Mmygbgd0lL Fglodegdemdsls.
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30060Mwo  LHogwgdol  Jgo™mEO  58E0MYOL  FOOAZ0MMNIE Lol MmmabgdU.
503060LEBHG30ME 9Pl gdEr0s 35EHIO0MO PMBOLIANYdYIOL FoBoMgds, M3 STl
LAHMIBEJOOL/TMLogzeggdol  FmGH035305L s 0BFBIOYLL  Lobffagwm  dMmiEglolbsdo  [4].
30060wo Bogwrgdol dmgwo oo sdwg3l 39ML3gdBH030L, OMI  FoMGH035© TYSOIMD
3006035305 3OMBILMO  TobFo3wgdWGIMD s XAMBIIOMB, FgBHo  LsdMegds  5d30
©OLGHOD6E0MOMS  BogOHOMb  9HMMIWO30  ©O35¢gdOL  BMTDOEYdST0.  39MOEGEIIMSE  Fo
M309MEYOIM S QowdxMdILENdsm  bbgosolbgs  MBaMgdo, OHmymEmOEs,  3MOGH03MI0
sBMM36905, ©Yd93gddo dmbofiorgmds, 3330993 IOHIo  Mbs6-B393900L @S BH9dbmemaom®o
990070l 258myg9bgds, Mo LEdMWMME GHBsMYds0d Lobagurm doloerols 3oBsEMo bywzsdo
©5 Foegdmwo 3mEbol 3M5dGH03s80 498mygbgdol LoFoMmmgdsdo. Lfagwom ©s0bEHgMglgdwye
dbs9qdL 59300 gLodgdMds oOdRILME Lolfogwrm JMGLOL FsMYWwgddo F9gImmoz35HYOWO
L5329 dom sbons, 00Mb TsEHIOOMO MHYLMELGOO s LTS GdYd0, MOE JIBOEOL  Lalfogurm
36MHm39Ld0 BsO0EMBOL 5dEH03MmdOL 9539dEHIOMOL.

056599060M3g9 39053Ma035d0 (36Mdowos Lfogergdol Msdgbodg LEHMsGgyos [5]. h3gbo
g4o9650qds  3535b30@qdm0s  dom  dmMol  Lodbg, OMIgms  2odmygbgds  BHEMOOEOVY
9900M©gdmsb gHmo bgds 8936 J3994s65d0. 39Gdm:

> 0Bogeo bjszegbs

3036000 Loz gds 5MHOL GHM-gOHMO yzgwsbg 360d3bgwrm3zs60 s 939G Lfsgagdols
BEAOGJR09. SBgm0 Lobols LHogergdsdo d9odegds 0bEYAMOMYdMEIsE 58mYybgdrE 04bsls, Mbersob
UHogagds, 50EGHMOMWO/53slem s 3MIRMOToE  250Mgdmdo  Bffogzwgds.  SMBMOToeH
39M90mdo  03)olbdgds Foo0ms©, 3H9M3900, ©IBOOMEMAOIN0 35603900, o6 Logsbdo-
Bsomgdmem Lo3M (39900, M3 39380MYOS Lobfagwm 3OMYMSTS.

50bodbmwo  dgommo  9x89dBHIM0s 03 MZ5LIBOOLOME, MMI  FoLfogwgdwols doge
3©OEMM05d0 EILIMWO 3000b35, BEIBEHTS/BMUfogrgd Fgodergds  dgolfjogarml dxbgwmdol
9mbsbgdolsls 9Ju3MOLOOL MM v6 Lbgs 89993690000 go69dMT0, 9MM3Mb BMEHMYdO, 30JM
@5 9©0M 56 B39 g0M030 BsbsfigMndo, Hmym®mE 9330390 9ds, 899009y 30 8009dwo (3m©bol
5 1336900l goB0sMgds bl 59OEMM0sd0/3wslido.

30060Mwo bfagmgds m6m0gbGoMgdvmos Lsgms Lfogwgdsdo BsOmwe mMogzg dbscols
BoOOM  JgLodgdEMmdBs S IM935WRIMOM3bgdsDY, o3 9gbdsemgdsm dmbgl  dLmgomdo
3360 Md0MYGOME0 5 9BIIEGHIO0 Lobfogarm Foboeol s (9gbo3Mmo LodwoEgdgdOL 45dmYgbgds.

653 99965905 mbs0b L3¢ gdsL, bfogargl/bGIbEAL 59xbgdlL M30MHEIL FYMIsMgMdsT0,
dbmgwoml  BgdobdogH  Lolfogwm  2o6Mgdmlimsb  dgmdwos  06@JRM0MYds,  FIMRAMIBOIEO
9009056MmgMdol J0vbgs35 593L H3MBs s MYOIMWMBL LolHogwrm MHgLIOLYIL. MsbsdgM™may
06@&9M69¢ Lodogdm LoliEgdgdol gbdsdgds dooml LHimGmgw ob, Mo3 FoMads;

> 503096000980 Ufisgergds

3®Ebol doMgds @O FOMEMmT5390s TglodwgdgEos 359500, OLZMLOOL dBom. OlgMLos
95356905 LEGIBEHIOL BMoLTOBME goblibzs39dwo 0Ygd0, M5B Tg0dEgds 3MPLOL QoMHTS3905
39dmof30mb [6]. Axgermdol gl Fgdbozmemo Tbodg LEGHWIBBHL sdg3l  LoxsOME 0YgdoL o
©HMLGHYI0 30EbOL FoMTMPbOL BLodrsegdsl. sligag SLFoze0l goblibgs398Io sSHBOHOL Jmby
5005905690056 OHM0gMNMBL, GO0 50Q9F96E0MYdIM sDMOL dJmbg 89990 Jobgesl.
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dsbo3w9g09gel G9w9deos Hoobowroliml Imbfogerggdo 0o @svLigsl dom Jombggdo. dolfog-
9090l d9wd050 458mofj30mb 3603369 m3z560 OLIMBOS LoEILM MMobgddo, Fosboerolmb
dmbfo3e9900 ©IML36 oS 30b3900, AsTMMI396 F9b0dzbgdo, Lsdgsboghm 9bsbg sblbsb o
3990099bmb dmEgwgdo  ©dsGHYdomo  HomdmEygbol  Fgloddbgero. MHMgLsg  LEGMIbEJdO
Lod93bogmm IgMEYODBY TYSMYOIMEO MIMMHOJIOM  35FomMdI6, olobo LFsgermdgb Gmamem
©5DMBEHMD BLOBOYdS, 5B »Ldgbab s 3MbLEMI30mws 35LvbmdYb 30mbggdL.

> @bamsob fsgemgds

9L B39bL  d39949bsdo  olg, MMM dmger  AbmBEromdo,  Bfegwrgdol  gMom-gHoo
3603369wm3560 s 9dBHsw Mo 30856MH0Ygdss Mmbesob Lfagegds. §sdyzsbo GHgdbmemyom®o
3003560900 3OMMBL  IgHBsMML 505305690l s TGumsgz5BML  Lbgslbgs Lozmdmbozsgom
3OGHBMMHINO0, OHMIJWMNS M3mEIbMds YL MELsMsdgs:  Skype, Zoom Meeting, Microsoft
Teams, Google Meet, BigBlueButton, Facetime, Webex o 5.9. [6, 7, 8].

51939 960l 09300  Lobfogwm  3WSEGHBMGDs, GMIJW®s JmOOL  gOM-gOMO  Yzgwsby
3Mm3)omero Mol Moodle  3eo@@m®ds  [9].  s©0bodbmwo  JwoGHBMOIol  9dmygbgdom
d9L5degdgeos E-Learning go69dmdo Lobfogerm dsbogrol, Ggl@gdol, o3s¢rgdqdol s bbgowalibgs
59030930b 5E30M™M35 s 51939 F9x3Lgds. 3gdb03MM0 MBo3gMLOGHIGHO sbEIMIdom S0 g0
59BH0M5 s HomBs3gdEs 04gbgdl 50bodbren 3es@BBRM®AsL Lobfagarm 3MHmEgLldo .

I-ge  BsbsBbg HoMdm©ygbowos ©o35¢gd900L s  Logrgdzom  Fsborol  sGH306HmM30L
BOOMLEHMSGOM F9QOOMO.

T ——
OCDIIAEMGICN LE

= BIBISCIIIINON I

BM3OEN
' FIORIPIGN 303MBEPY
©ob336000 303MBEY

©930033000 303MBEY

OUpUZkEmZz09 o ¢l
+ 02301 &
v
+ g @3dieonb ;mgds: 3mbazadgdo . dmbogados Gn3300,
2m33m63650
$+ W LBz, 3uSbob .:‘rhrv-‘&r»‘._é__, ‘S:v»llabg_-;‘ P ) o Al
+ -
+ I. I 3¢ L
03230 2 o M

65b.1
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bsbpszemer 36eapgbdo (99760¢nmg0980L 359mygbgdsll b gbdgdLs s ImLfogerggddo sJ3L
9.0. 0600035¢™MOL gbdi30s. 00 MHMYMOE LoLHogwrm dsborol 45dm3gdol olg IMmIBsIdOL
36MHm39LL bolb 9x39dGHMOL s BsobBGHgMgbml. dgos LT OWgdgd0, OHMYMOE 39o3MaL 1939
Lfogom  ©s0bEgMglgdmen dbotgl sderg3zl dg@ dgbodegdemdsl, dmodmgml Lfsgwsby s
3MbsBY MmM09bEGH0MYOMEOo ToLogns, HMIOL 5©dds JsMEBH030 S IBIJBHMO0S.

A996mMy0ME-390053M0MM0  3Ebs IM03I3L 08 sboero 3006MH0YYO LogsbsbscgdMm
9900MmEIdL @5  Lobgmdgdl, MMIgEdss bs  M3sLbml  M9bsdgm™mzg  godmfizg3gdl o
dmmbmgbgdl. Lobffogarm 3Mmigbdo  GH9dbmammaogdol 9539d@MMos  godmygbgdoliogol dqdwmds-
39070 by 0dbgl ImEgero, 08 Lobfogwrm JMOLYdOL TLodsdobo, MHMIGEOE FIMIsEOl-
$0b9gdM0s 53500930 EHZ0MMZ39dT0.

Moodle 3@s@nm®dsbg 0b6GgMoMgdmwo E-Learning LolGgds oMol g,  LFsgergdol
36OMyM5ds,  OGMIgeog  9/3omdl  Bggbl 3o Bgmdo o  LodMogdsl 335393l
LAHYIBEJOL/BMULHoggadol  59BHZ0MMMm  bobfogerm  Bolsegdo, O35 GOJI0,  AMIRB03INIX0
399mbobMgd900, 3MG9HgbGHO30g00 Mo3g gbTsMYds (3MbOL s 0bBMMTs300L  F0wYdSTO.
Lolfogarm  Bsbogrols oo LobGgds  3353¢g3L  Bodwyogdsl 9Mo  Lbogmagdo  IgbBvegls
535090900  bAYbEBHJOTs 089F5mb  FBHgbBHYODY o M3M39380600 Jmb®  39YMAJO6.
3969dool  306>Md9dTo bl Mm©mgd0m  9BgIGHMIOO  5MBRbEs LEY-Lm3zol g Lfegwrgdols
LoLEGYBs, G353 M BMMB3gEym TgmRIMbYdwo Lolifogwrm 3Mm3qLo.

3. sls336o

LHo3eg00l  6gdoldogmo dgomo, MmIgewoi doBbs olbobogl JomEH0350 ©s BMLEHI®
90039bmb  Bfogwom ©s0bEGHIMLGdMeE FBIMGLIMD Lolifogarm dsboems, dgodergds Bsomgsenmls
0603530096 dgmmEs.  bfagargdol doMomso dobsbos 0bxm®Tsgool 96 3m©bol oo39ds
LAHMIBEJOOL/TMUogzeol ymbgdsdo.

5MLYdMBL IM35w0 4o, OHMIWOMSE 39oMPdL F9MAE0sm bBSbIMEGHWMwo LolEgdol
33960b 5300m LG IBEJOL/BMHogggdl Tgumsz5HMmb ol Egdbmemyoqdo, 0bliG®Magbdmwo
L535eG39O0 O ROFM(30Yd900, HMAYGOOE 0bM3530E SHOM3DYISL MfHymdL bganls.

390650905 5MOL ol Lobsmerg, MMIgEoE J9EMIM0MOL 5839690l LimEmo Jodsmmegdom
3963000060900l 4BgoL. 4obsmMEgdol F0BBO 56 MOl FbMEME LBEBHWIbEGHOL [orbogMgds, s65d9w®
dsLdo  06@gAM0MHGIM0s 3MbogOo sHMM3BYds,  GMIgos LEGHWIBEL/BMUfogary 593l
L5oegdSL L3O 3MEBOL LEHMYIEBHIM0MGdS FMbEOBML MM I0YIWSW, MO FoDBOHOL
350 BoMI07)emdsl, bogeols s bagwgdol 3Gmgldo. HMELoE IHs@ sMHOL 39oMyo dg33owMl
56LgOMEo dERMIsMgMds ©s BoEYMTJd0 gl G0l ol 3MMYMILO OMIGELSE IMdg3l YOO
990920 Lsbfogenm 36Mm3gldo. d99mddggdommMdsl @s 0bmz5309M0 LHogergdol 3o630ma69dsls
3600369crm3560 LoMyagdgero dmogdgl, MHmym®mE LEMIBEGHIO0L, obg ToLHogergdwgdoliogzgol  ©s
30300bHg00 LEBMYIMYOOLMZO.
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ABOUT ONE CONCEPT OF USING INNOVATIVE METHODS
IN TRAINING

Petriashvili Lili, Khaindrava Nino

Georgian Technical University,
l.petriashvili@gtu.ge, khaindrava.nino@gtu.ge
Summary
We considered the use of smart applications for the execution of various assets, such as: training,
reading/creating educational work, student assessment, feedback and research methodology. The concept
of training and the obligatory use of innovative teaching methods are presented, which will contribute to
enthusiasm and motivation to study with students. The role of education is to ensure that educational or
scientific material provided by academic staff is accessible and understandable to students of different
cultures and nationalities. They should be able to adapt to the learning environment and familiarize
themselves with the basic standards and requirements. Quite often, students are unable to achieve results
due to the fact that they do not assess and do not realize the level of requirements that a lecturer expects

from them.
(Received 22.05.2022)
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300993050580 L0 353806MHJOOL 3MMYJBHPOS S 9BsEoBOo

NoSQL-0l MongoDB 359590 (0l@m®05 0o M195¢0mdo)
9535 (39633999, 065006 35085960, 05 L¥BRMsdg

Lodommzgeml ¢9gdbozmdo mboggdlo@gdo
maka@gtu.ge, t.kaishauri@gtu.ge, g.surguladze@gtu.ge

®9bomadg

3obboos NoSQL 85%900l 8mbs39dms 8m@gegdol s3MHmgd@gdol bo3ombo mMmsbobsgo-
Mo FoOmM30L LHobFMOTs30Mm LoLEHIgdoLIMZ0L. FgsMgdol JoBbom 08539 d0BBYLMdOGIEBHOLIMZ0L
000896005 sGLMS IIM30YdMEgdOL FMYEO HOOWGIL JMEOL. YN0 I3MMYJEHIOOL
390093900 ©95¢00b9d9mos MongoDB Compass 35Dol 3me9d30900Ls o ©™32999639g00b dogomwomBy.
dmdbsM909wmS IMPHBM3zb9gd0L 565¢0BOol bog3mAdz9w By F93w3939dw0s MbsE93MS LGHMIEWIMJdOL
™330d0Bo300L SWAMMHOMIGO0 3ol 9. 3oL Be®TsME RMOTsMs NJMOOOLS s EIBME-
350D 300L 3MIM(399d0L FIBLIbMOEF0gWYdWS.

1553356dm BoBY3900: NoSQL 35Bs. M953009M0 BB, IMbs3gdms ImEIWo. 30¢9d30smsdMMOLO
3938060. bMFor 0 BMEOTs. ©IbMOTo0Ds30s. BMbo3gms 09MMJ0Eo LGB WG..

1. 3gLsgoemo

3dmb5399m d3HYOOL 3esloZMMO MIMOHOOLS S 3M5JE0I0L A5630MMgds fobs Lorm3mbols 60-0560
9306 ©s0fym s 3OMyMdMwo 0bEMLEBMOOL dsBIOBY 0gdsddomwo (IBM-ob IMS/2) o
JugemEo (588-b 3mblmEmEomdol CODASYL, 949005690 30035605 Software AG-U Adabas) @odolb
dmbs390ms d5Hgd0l ormzol LolEgdgdog (9dAL) godmBbs [1-5]. 1970-72 fargddo 30 obyerolgwo
35395303mboL s IBM-ob  0bmgs@mo  360HmuqlmMol, 9oas® 3m@ol Ohmdgdos  dmgzwobs
3033073Hobgoll s 3mI30BHgPyero  993609MHgool  LBsbMmYs™gdsl  Bmbsggdms  MYES30M0
9oL s d5HYdoL dglobgd [6,7]. gb 0ym OO FoMEIEHIbs IMbs3gdms BsBYdOL MYME05T0
9396 9339 50 {gwos dmge dbmawwomdo dolo dmbsgdms Hgwsgom®mo dsHgdo (SQL-Structured Query
Language - ®95309960 5q0q06M0b bow)dzqwHy) doGHMmbmdL 53 bggg®mdo (Oracle, SQL Server, My SQL,
MsAccess ©o bbg.) [8]. 9. 3m0 1981 §. 5¢05b EHow®m0obaol 369800L W swMmgsEO 2obs.

09M50Jowo s Jig@mo 35H9gdo 53 3gMomEol 9999y »BMHEOWdo* s®Bs. 89-20 Low3mbol
90Ol 35H9d0L MYMEM05d0 250mABEs sHowo mdogdE0, GHgMdoboo NoSQL (,5Mm56M9ws30M0” 56
»365 FBMEMO MHYs3099MH0 BoHYd0). 3mT30EIOME0 G9dbozol gegdghEgdols s JoblszmmEmgdom,
dolo  m39MsBHoMmo s J9d-99blogegdols ImEMEMmdgdol LiMexds M ©s 39b30ms6Mgdsa
§o6M8moy0bs sbswo MglrMLgdo o Fmbsgdms 93mLolEYIdoL MYseoBsEgoolmgol [12]. LHmmgo
59 bLzgOH™Io NoSQL 35530 99093905 153080 BG53dI9Id00 s BY3MOE X MdBOL SQL-35B9dL,
OHMIwgdoE OHIWS30MH0 M39MH53090000 F5603I06Mgd9b. gL IMH350 3MM3MOH30s S dOBOYL-
0009943900 09969096 356M5egEEs MM SQL, 515939 NoSQL d5bgob.

MIWSE0IM0 35Hgd0 dmbsEgdms LGHOMIGHMEOOL Mm3GH0dobsgoobmzol 0g4gbgdwbgb 9. 3moL
B®To 6 MO0 0gMmMH0sl (BMIo0oHs30s) [9-12]. 0gesmdorwo LG®mYIEMol ddmbg NoSQL 30
3060Jom, 0bxm®mds300L LMsgo dgdbols JobBboom 0ygbgdl ,,gbmETsoBs00l™ sSegymEmomadl [13,14].

154



Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS. No 1(33), vol.2, 2022

B3960 LEASEGHOOL B0Bsbos LM SLgmo 3OHMEgLbYdOL 33¢g30L FJJAJOOL 0EIMLEBHMSE0S S
9E0IO 5 MSMIWHF0YO 3OIM(390vIMGOL FMEMOL T9GOMJOOMO 565¢0DBOL BoBo®gds, Lodmemm

2396339990 19300969309d0L 899)353900.
2. 306005©0 bsfjogro

NoSQL 030l 35%ob d94dbolsls ,,key-value” Json-ob gm@do@do s@ss Usgomer Hobobfo® dmbsoggdoms
dmgeol (ggdolb - 3930069doL, Database Diagrams) 539ds. MongoDB Compass -0l 855¢r0mbg 35Bol
899dbs> ofjggds FeImE 3ME3IMIGIWo 3nwgdgool 3mEIMIGYWo ©M3NTIBEGHL (Bsgowomsw,
LEHIbEHOL IMbs3999d0). MongoDB Compass -ob dsem30l LobiEgds m30mmb Jdbol sdol dobgwgom
05BILOS, 3Mgd30dLSE O M3IMTIBEHYILSE [15].

6955, 3M63M9GME dmbsggdoms 05Hsdo n-3megdEoss. 858ob - HmymOmOo  353d0Mgd0
3ML9dMAL 30¢09J309dL FmMob, 309300l ™ 3MTIbEHIOL FMOL ? Moo Sbgmo BYdebEozm®o
96 LOBEHOJUMO 35380690 SMLGdMBL IMbs(3999dL FmEOU.

DMAS©o© 9MLgdmdL: 1:1, 1:N, M:N 3s3doMgdo. ob, Msg SQL dsbgdol 99dmbggzsdo 3bss©
50096905 5OLES-oM30YdYgdol dmgedo (Entity-Relationship Model) oo dsls Database Diagrams
3990 gdm (bob.1).

Sbas  aobgz0bowmom  MongoDB-U  3magd3ogdol  69wsgo®o  3938060930L  36OMaM53weo
6950D300L 890MOYdO s 0bLEMWAY6E I LsF5WgdYdO. 5MLYdMIL MEO bgMbo:

- 3Me09d30sdo Bsdgbgdyero (embedded) o™ 3w999639d0L 450my9gbgds;
- 3Me9d30s80 808m0mgdeol (reference, ¢00630) 259mygbgds Bbgs 3mergd300lL M 39dgbEby.

B396 Bgdmasbboen dsgowomgddo MaGdm bdoMow dgmeg boMbl 30949bgdom, dogoswomac,
Jgufi — Student (¢vob30 gr_nom).

39630bomm  MAO™  ©YGHIWNOHI©  s0bodbm MM bgMbl JmEol Fgscmgdol s dsmo
399myg9gbgdolL 989JGMG™dOL d98mbz9g39d0, 56w HMIgmwo M5 EOML X¥MdOS 259Mm309gbmo dmbsigdoms
050l 3me9J3090L ol 1:1, 1:N s M:N ©s9m30090w9dsms sOLgdmdoLoL.

> Bsd9698:9¢m0 399969980 1:1 s 1:N 353806900m. 30b0e05300 1sd 3mergdEost (bsb.2).
Lector — Address — Department

59 Lector — Address 300¢09J3090L G0l 5OGLYdMBL 1:1 EFMI0YOMEGds. (439 gdGHMOL 5J3L
b6035¢®0 Jobsds®oo. Department — Lector 3mengd3ogdl dmeol 30 s®ol 1:N 3538060 (56w 1

©9350@5396¢ 30 ©58gbodg w9BH™MMos ©s Ym3ger Fomysbl 543l MBEgds oyml dbmewmo 1
093505396330 056 56 bobgzs6 996533900BY).

d2603365: 1530  3mgdEool  sbobgs  (3OMAMTMNEO  MgooHI30s) gOHMTo  MYMMOIWS®,
9mbs3gdms LAHO®MIGHMEGOOL M3EH0T0BIE00L MZ5WLEBOOLOm, 6086538 WIbMGIscro bsgool 3GHMEgLL.
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- F-3 «C# class» £ «C# class®» £ #C# class»
Tanamshromeli Lectori Katedra
= Attributas = Attributas = Atributes
+ dabad_tarigi : DateTime | +kat ID:int L _ _ _ _ = + dasaxeleba : string
+ gvari @ string + lectori_ID : int + fakultzt_ID : int
+ saxali @ string + statusi 1D int + kat_ID ¢ int
+ sqesi : bool = Operztions + korpus_N : int
+ tanamsh_PM : String + countMoney() : dou + tel_nom : string
+ xeffasi : double - Operztions
- tmnamsh_ID @ int -"':‘t + delete() : void
):
=l Operations - %C# class» + input{) : void
+ deletal) : woid Lecior Jqufi + modify(} : void
+ input{} : void -
+ madify(} : void -/ Attributes A «C# class»
+ auditoria_nom : string Alcad_Jgufi
£ «C# class# + dge_kviris : int
Akad_Sagani +Jg_n|3rrj|: !nt = Atributes
+ korpusi 1 int + ena ¢ string
| Attributes + lectori_ID : int + jg_nom : int
+ - i _ L
#kad Sagani + grediti : int . Nﬂijadl_nEID int - k‘at—I_Df int
- + dasaxeleba i sting W= - = = — = . ::ﬁ' R;r:d -
1 + sagani_ID : int g. - - tn
= Operations =l Cperalions = Dperations
Akad_Sagani + deletal 1 void 1 .
+ delate{) : void deletel) : vol + delate(] : void
. Y 1 + input(]) : void + input) : voud
+ inputl} : voi + mocdify() : void i s v
+ modify() : void N () :
P "
L ¢ B
l?ﬁkad_Sagani--., Prachlu..lh_.. Practikuli I
Akad_Sagani N :
Lectia r 1 = Abtributes F-3 #C# class#
| A aC2 dams + sagani_ID : int Studenti
Lecti = Operations
= Attributes
= Aktributes + dsb_tarigi : DakeTime
. . + jg_nom ! ink
+ sagani_ID : int 2 *#CF classs +stud 1D : ink
= Operations Sakurso_Projecti + st_gvari ¢ string
zakurso_Projeck + st_piradibom : string
2 = Attributes + st_sawehi 1 string
A i s t + sagani_[D : int I= Operabions
) Laboratoria = Operations + dedetel] 1 woid
Labor abona__. - + input() : void
1..- =l Attributes + modiy() : void
+ sagani_ID : int
= Operations ":}‘
- #C# class® F- #C# class® - #C# classs
Bakalavri Magistri Doctoranti
= Attributes = Attributes = Attributes
+ bachelor_ID : int + master_ID : int + dockorand_ID : inte...
+ shud ID : int + stud_ID : int + stud_ID 1 int
=l Operations = Cperabions =l Operations

655.1. Lalffagamm 3GmEgliol 3Gema®msdwgmo oldgdol Jamaligdo
5 3e3bmsdmMOLo 3s380Mgdol BMTI6GO (VisualStudio .NET 2015)
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& apDpaTA - =[] @
: Aﬂﬂ
. -
- " idn [{:nnjomﬁ:nl " gt {
"$oid": "SdfaSaiiedredle 244 “$oid": "s3@212acfebfbizdbccasse?
}J ;i;ll " LI i |
"nEme™: |:-::'_ s name :. AMLlakn ™,
"EEE": IEE s "EEE": 1 ;L R )
"status": “prof”, "status": “prof?,
"money": "1788 "money”: "13ge
- "address": { (@obsdsfonn)  + “address": {
"street": "sairme" “street”: "waja Pshavela"”,
||r_":|m|| N 5 Ilr.ll:lmll : - .-‘ .
: ’ 281
"{it'_'-'.": -h s "{lt':'.'": Th R
"country”: "&ec "country": “Geg
iz . by
*  “department”: { (@p3sfhe80b(n) + "department”: {
2 - n ", 2
"dep_nom": "17, dep_nom®: 1%, . _
"dep_name": "scftware Enginesrding”, "dep_name": "Scftware Engineerding”,
"roomk": "@s-22 “roomk": “"@s-225d",
"phone": "228-28-38" "phone": “238-38-38"
I I
i i
- -:- - {
"_il:": { - n il:"' {
"$0id": "638211f3febfb32dbccasses T wenidUs "s3p21349Fchfh32dbocacten
S _
JEE e R "name": "Petria”,
dge oo e W, Wan
"f-%-s*'us"' f—=" prof" uGEEi-I o
IIH]DrII;'\""' |--;':,-, ) "Etc-ul'.:. .I PIUT
v A5 y"e "ogan
Mm A me ! money": “2@aa”,
- agaress- { - "addrezs™: {
L e ", ¥autar" ) PaTTTn e (||
Strest’e Traviz "street": “"Rustaveli”,
nom": "1g R
it "nom": “55",
C lt_‘- . by ||{ j.t"-"" : - s
“country®: "Geo "-:u:uuhtr:.-": Gen
}.l }J
n . ",
- department”: { . "department”: |
n m, -
dep_nom": "1°, "dep_nom”: "1°,
“dep_name": "software Engineersing”, "n:ep_name": Software Engineerding”,
n n, T L] - = =
FOoms & oo- n n, -
n n, - = - i T‘CIDHH 1 ":':- 3
pthE ' L3 - 55 - 3k "F'|"IDFIE"' =Te
j }
! }

6ob.2. Lector-3mengdaos Bsdgbgdwmemo dolisdsmorol (1:1) s Bsdgbgdwmemmo

9350 35996¢30L (1:N) om3mdgh@gdoom
dmbs390ms LEHMMIBHIMYIOL bHIserobszos (SQL d5Bsdo) Bodbogws ghmo EbGowobl (table,
052500m5Q, 1-9¢ BOIs e BMEOT>d0) Tl BY6J30MmbscrmEmo s BHGBBoGMEo 3538060900l
965¢r0Bob Lygmdzge By, ©999bodg 39-3 brmOToHO BMMTOL 3BOOEIGOI® (FoPOOMS 3 - TMIO-
QIPYCOIR) [6.9,12].
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» M:N 353006(0b dsgscromgdo Bsdgbgdmmwo 3mwmgd3o9dol s ©m3ndgb@gdol 36mamsdwmeo
69503008 Jgdmbggzsdo.
B3960 35990006 godmgygmam Lector-ob s Jgufi-ob 3mergdi09d0 MongoDB Compass dsbsdo.
M:N 9™ 300090910900l LsoErmlE®Mmo30mE 49630bowmm Mo 0gMstJormwo bidqds:

g0 -> xaaz0  (59b.3) > x8080 -> Cgddmto (650.4).

& ApDDATA ~ BF2 = () @

(enaddmo)
_id: ObjectId("63033¢502a9026335446e3a6 ¢

name: "Loghye
@0

status: "3Hngqumto
v 9: Object
gr_nom: "18305@
ena: "Judoemmo”

v acadGroups: Array

v 1: Object N3IB0
gr_nom: "188823
ena: " Gmimmo’
v 2: Object
gr_nom: "198158 (eaddmn)
ena: "obymolvho’ _1d: ObjectId("63@34131e35¥523354¢fcc37"
name: "3s53d »."
(@addm&o) status: "3Gozqumeo
id: ObjectlId("53@38d87e35f5223354¢fcC3 acadGroups: Array (X390 )
name: "d5Msos 6. v @: Object

status: "3Gmgmqtnto
» acadGroups : Array

v @: Object

(X3030) éna: ‘:_‘1;:7\7—,:.~ o
v 1: 0bject

gr_nom: “188139 gr_nom: "183252'

ena: "Hwbwman' ena: “Jphmexma”
v 1: Object v 2: Object

gr_nom: "188833 gr_nom: "183885@

ena: "o’ ena: "Jvhoramo”

Bob.3. 3megdos Lector s 3slido Bs8gbgdvyemo Jgufi-ls dmbsgdgdo

Bobobo@sb hbL, HMI gho gd@mmL 393l LEGWIbGHMS M9Ib0dg XBO S gb X 3MBJOO
2396Ub3539390  FsbOLOSMYOGOOMSS. FIPIOMS®, 23MPS XYMBOL bmdMOoLs, 5 3603369 mgzs60

»LJogEgd0l 9bs”, ,LgdgbBH®mo™ s 5.9.
9mbsigdms dgdbols 3GmEqlo LMR0s, Mv) 3mb3MYGHMIO WIJBHMOOm 39090 X ABIOL s 53

Xd9BOL LIEYEHIOL.

0¢) 3mmbm3zbsdo LsFoMmMs XaBoL_bmdMom (6 LEGHMWIBEOL_335M0m) 303Mm3Mmm WgdEmMo,
05906 dgdbol 3MMEglol O™ 0HBOEIYdS (09MMJ0MEo  SOTYGHOOMWMdOL godm) s LoFoMms
595390030 3945603930 58my9gbgds.
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d9-4 Bobsbbg dm393meE0s 993300 BEMWYIEHWGS, Loog dobsdo Fgligers bmM0gwrgds Jgufi
- 3009J300L ©™319d96G0L gr_nom 5@GH®ModmEol 860d3bgemdom. 53 3megd3ool ™ 329dgbEol dogboom
B589690905 gd@GMOmmS 3Mgd300L M 329960l Fglsdsdolo 3gergdols 360d369wmdgdo0.

& ADD DATA ~ L3 = (| ®\
(X330}
_id: objectId("e3e26ab42a%@263235446223a8
gr_nom: “18385@
ena: "Jyhoeemo’ ¢
semestr: s .
stud_raod: "25 R
v Lector: Array (e»ddHmn)
v @: Object
name: "LyGbiMidg M. l
status: "iGmzqumco
. 1: Object ISR
name: "35AN8) @
status: "3iGHmgqbmta
2: Object
name: "LoMpowsd] 3. "
status: "3mmgqbmta
(X3030) (Xawso)
_id: objectId("e3036ee3e35f522354¢fcc39 _id: ObjectId("63@37170e35f523354cfcc3a
gr_nom: "1888293' gr_nom: "188158"
ena: e ena: "obzerol=y
semestr: "1° semestr: "3’
stud_raod: "15 stud_raod: "20
- Lector: Array (3 HmHo) - Lector: Array (addmHo)
v ©: Object v @: Object
name: "LyGbyMudg 6 name: "LyGbYMII] &
status: "3mesmqbeoto status: "36mgqlumo
v 1: 0Object v 1: Object
name: "dgyMsos B. name: " HoEmbiod
status: "3Immmgalmma status: “Gmf3ymo IHmxzgloto”

Bob.4. 3memgdios Jgufi s dsis8o Ps8ybgdryemo Lector-ols 8mbssgdgoo

9mbs3g0ms dgdbol ™ 53 890mbgg35d0 046905 LiMSR0. BoaMsd B396 Lodmemm dgwgado y3543L
™60 dmgeol (Lector -> Jgufi o Jgufi -> Lector), s6v9 Mo bL&GmJ@Ool G:goeoBsgos (Bmbsggdoms
QB OMHIO0m).

3905L5(Y3930 3OHMIWGIoL M3EH0ToD300L MZsLEBOHOLOm, FMbsigdms dgdbol ®mobs (Ts) s
9mbs3gdms  dmEMemdol (Va) 3m336Hmdobrmeo  860d369mdol  goblsbng®ol dobbom, 094gbgdab
06976069890 B50wgdol d9Jdbols bgMbl [16].

> b0a3s¢m0B3305/@096026585¢00 Bsool dmpgero s s¢rgkGoodo.

DM, SJMNO JSLOL M3EH0B0BIEOOL 53ME3BIOOL 25ofY39Gd WITMZ0EYOME0S Lol Yol
dmdbom909wms IMmbM3bgd0L 965¢0Bol G99agdbg. 39Mdm, Lsdo (56 I9@EH0) IdM30gdIE0
3HO0wo, 30800 dE0sbo 3953d0609d0m (reference) 9HMTbgMB, 0353908 dMbs3gdms dmELIECOMdOL
(Vambss.) 035e0bsDM0oLom d0bodscr® 50wl dgblogMgdsdo (bs3argdos dmbsigdms ©wdeoMmgds,
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L0 FoMdg). Foa™Msd InMbMzboLsmMz0l Imbsgdms dgdbol MM s6ss dobodsgrmMo (gbHomsdmemolio
3939069000 /g5056Mm3900L/ 9gE0 Mrom©Ibmdol gsdm) [10, 12].

by > 1693 > 2693 > 3bg3 > 4693 > 563 > . 7 . > ¥bg

Los3 96g3 956156 To¢0HYdMWo BMEss, 1663 - 306390 bg, ... , 36 - dobsGreo bg3. 60sbo "?"
3090 gdl 085Dy, MHMI  Mbs3gms  FMINPYOMGdsMS  M30LgdGOOL  33¢0g3s  F9odEgds
29360399l Jomo 80 Mm3EGH0d0Bs3E00L J0Bbom. OIOLIMZ0L FMSZsE SOLYdMBL bb3s Labols
693-900(3, 353650 6MHT50BoE0OL 3003 MYMMH05T0 OLOBO 653¢dS SLsbmeo [17].

dmbs3gdms  3bOHOEgdol  ©Y3I3MDBoEool OML B6x3-900 FooEgds Jgdol a3MHMYIEgdoL
BO39M 9B93DY. 965©093033mb0Mmgdso FBOOOLM30L 30 LsFoMms bguwmzbmMs BoddEomeo
3GM00MBHOL (Bo@MMom® Gogbgzms LolMvwo LodMsgewg) 99dm@sbs. 0bgm®mAszool LYdsbdEozwmemo
900056md0L  MbOMb3gygmas  ©g3MmI3MboMHYOME  ©ITM3INYOMEGdMS MOl bMM309EEYdS
069JuMMo 3530060930L BCOMYOOL bdMsgdom, 9.0. 39dmMEBOE0s 6339790 LoFsMd]. M3
050505 Bg3-0b ®ogo, Jom 539305 0bFMMTS30IE0 S 9EH0s 060 LMo Lo FoCrdY):

163 > 26g3 >. .. -> 3bg, 163 > 263> . .. ->3bq,
V1—06(3 >= Vz-OB(B >=_>= VB—OB(B, V1-06Q <= Vz—OGQ <=.<= VES—OGQ

9mbs390m5 LEM®YJBHOOL M3EH0ToOHO LOFsMHBOL FobLOBOZMOL sTMEIBS Pobsbargdols oMmols
9060005300L dmmbmzbom - 5M0L 4oaLHY39G0 (B0Bsbo). Jolo sdmblbol Tggas Tglsdargdgeros
dmboizgdms  35Bol  Bggdol  3bOHogdol  Mm3EGH0dsemEmo  Bg3-gdol  opabs, by Lo ool
,0MO35w0Bs30s /' ©IBMOHTow0Bs3ool B3sm0. LoFoMms Fglodsdolbo swymMomdol sagds S
36MHMyM53Mo M950BoE30s, MOL LsxgdzgmbyE 93EMIdEGH0DYOM® I3MMIJHI0S LadOHMdEGIM
L3gOML 36393GOMGO Bdgds (ER-8mgero).

Lofgol 3bMoEms LGOI EOS Ggodengds sbig Boghgtmon:
Rl(kl’ kz,. . 'kn1’ A, Az,. .oy Aal)
R, (K., K, .. K, B B,,....Byy)

N

€y

Rk Ky, K20, 2,000 Zy)
bo53 £ 5GHM0BYEHIOOL 2oL50gdIM0, bmem A --Z sG5g5L5090w9M0 bafowgdos.

b90s6(H03900  Joo¢rosbmbs 39905 00 BogBHolLs, OmI  LoIMO3wg  F0PIOE0s  GODO
1b6039MLIOL ©Y3I3MBO00m. MW Bsgzm3wom, MHMI

K, Ky ks DK Ky K, DK Ky K

(1) LobBYol 3mB3MBOE0D (WIbMEHIscr0 bsEo0), 85806 Gglsdwrgdgwos gMHMO JgsMYOI0M IOIWO
6%3-0b Jogds (Mo NoSQL-0b ®mmUbsa 333060©90s):

R(K,...k . A...A.,B..B,,...2...2,)) )
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530350 93Mgm39, MM [obsbfo® 3bmdowos Ri -0l 33w0wgdol Momgbmds L ™Mol
239BLBZOM 06EgMH35¢To O BoMHMYOME05 90 0 FMgbeogds:

M2 Uy, 2. 2
(1) s (2) -bLogol BMbsEgdms AobsbErgdOl IM(3LYIEPMBdGOO FgLodsTOLOE QOFMOMZEGdS SbY:

Que= 24" (1+8) & Qun ZM*(W+Z(aj )

boo3 7 — 5@M0dMEJOOL ol MoMmIbMdss, MHMIoms3 LOWWEIds FggMmgdol (“Join”) m3gMoE0s.
39000330 8900905 0abmGm0M9ds.
0Y) 539993900, ™I (1) ©s (2) 6x3-93L OOl sOLYdMBIL Fmoegw®o bg, d5dob dolomzgol

Q:Zl:ﬂj *(n; +§,ak)

LoOE S B-900L MoMEYHMBSS FMoegEwE 6x3-0. 3506, FoM09d0s Q5FMLObYIENgd.:
| |
M*(n1+2ak)2...22yj *(nj+Zak)2...zi;4*(ni+a,-) (3)
k=l 1 k=l i1

Loo3  MGHMEMIOL FoMEbgbs FboMmg gmobogds (I-16B-U, bogwm dobrx39bs dboGg - (1+16x-U,

395GMsMo 30 — 716g3-U.
3935965 0BM®» ©YEGHIMMHS© MO0 FMLIBOZMY b33, Togow0ms, i s i+l. (3)-sb Fgodwgds

2496sbEgdsms ImELemds 9o 9bL:

d0300M0m:
ZM”J +ZZﬂ,ak = ZMH +ZM& (4)
j=1 k=1
590l Lyxzdz9w By 836)0)36‘3@03 838(9360 gbambbb@@gbgbo'

Z,u,n 21“1 i~ Z/,m (3)

i=s+1
s U |
S ua-Yua=3 Sua - ua ©)
j=1 k=1 i=1 j=L k=1, j=k i=s+1
0 (5) 95 (6) 2odmbobmergds@s 606);(3360 6060@365 %031)30800 (4)-80, 0300900:

Z Zﬂjak > ZMH + ZM& ()

J=1 k=1, j=k i=s+1 i=s+1

GHM®IOL MmOH039 b6 2534M0 2 M -Y:

i= s+1

Z/UJ iﬂ. n; iﬂ. g

j=Lk=L j=k > = s+1 + |—s+1

IZMai ZM@ ZM&

i=s+1 i=s+1 i=s+1
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30650056 [L:1]=[1:s]U[s+1: |] 500@™0:

3 Yua 2 >, iu, a

j=1 k=L, j=k _j=Lk=L j=k k=s+1

Sua Dud 2;4 >a

i=s+1 i=s+1 i=s+1 i=s+l

LodMEPMmMmE J03009dm:
:é::/ll :i::flj ! r]
_1%1: j=k 2 a: +1 (9)
i=s+1
_s+lluIal _s+lluI

Losg 1>2,5>1 s | >5.
365gd3H035d0 b8oMs godmoygbgds G98mbgg3s, Mmis L2 s s=1, 35906 (9)-b 9g69ds sLgomo Lioby:
BTy

fy a4,

qLss 3mby-390093060L dmgwo (1,2 s 3 bgg gobbozolsl) [10]. 0go 560U (9) godmbisbregdols
(39©09306-bvGymsdol dmgerol) 39Mdm d9dmbggzs, GmEs 30d3L 7693 s n>=3 [11,12].

39003309 0s  9Mgm3g 990mb3zg3s, MHMOILIE 3MOEJHOL  9MOYLIMGOMMO  SEHOO0dMEJOOL
960383690 mdsms (330 gd0l LobdoMg FooE0s, bmm FoLOMIOMEOLS - Sdso [12].

3. ss33bs

9dmbs3gdms 35Bol (3bGOWgdo (3Mgd30900)FoMTm©qbo Mbs  0dbgl Lbgsslbgs Moyol
B®do o gm®dgdom (3663-:-863), Bmbs3gdms gobobegdols LobdoMmgls s 353d0MHgdoL 0390y

©59M 30009090000 In3gder 3m639JuGdo; dmEgdveo U--030L 99odegds (9) gedmbobryengdom
50069l ImbobgMbgdgo (M3EH03owM0) bi3-900; Mg bOOWGdOL (30egJ30g00L) AoBEWYdMEO
5GHM00993H900L (3300 90930L LobJoMg ooE0s, 35F0b BomMZ0L LELYYMZGE0S B0 MOYOL bB-gdol
23090996935, beagnm M) 5M05L50GOME SBHMOdMEBMS (33¢0gdol LobdotMg Mdobo®mgdswos, 35306 -
39056090000 35050 0ROl 6x3-900L godmygbgdss Jobsbdgfimbowmo.
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DESIGNING AND ANALYZING RELATIONSHIPS BETWEEN COLLECTIONS IN
NOSQL DATABASE MongoDB (HISTORY AND REALITY)

Tsertsvadze Maka, Kaishauri Tinatin, Surguladze Gia
Georgian Technical University
maka@gtu.ge, t.kaishauri@gtu.ge, g.surguladze@gtu.ge
Summary

Issues of designing data models of NoSQL databases for organizational management information systems
are discussed. For the purpose of comparison, the Entity-relationhip model between the tables for the same
business object is presented. The theoretical design results are realized on the example of MongoDB Compass
database collections and documents. Based on the analysis of user requirements, optimization algorithms of
data structures have been developed to implement the classical normal form theory of E. Code and
denormalization processes.
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