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e 2020 7.09 - mbe0s0bo: 3083690 G6MmoBbLEMOTS300Ls s JEMBSOHO 35MEB0MOMBdOL
bgdgfymds: WSIS Lsdmgdgm 303560010 98900 3690 2563000009d0L doHbgdol (SDGs)
doboe9350.

3569300l gamdo®mds  3OMELS 993509  ©o9ggbs MOl fglMogdo sbowo
390mf3935 — GmameE Lobgwdfoxnm ©s 3960dm LEHOMIGHMIOIMS MOYBODIE0YdOL, S1939
9bobgMdol Gomom dolgdol §obsdg — godmygbgdomo 0bxgm®mIs@ozol bygmmdo zmEbols
©MboL  5To0egds,  3M330MEHIOMo  LobEgdgdol (80bodmd  Lomgoly  3HMaEMmsdgdol),
063gebg@ols  ©o/sb  bbgs  139gEosw®mo  53e03530930L  58mygbgdol  mbatgdols
39003 853905... 5 gb 3OMELO bMOE0gWEIds YL doge MBEoMdo EIRJIMYdIMO
9:000m. 068306530990 LEBMYIEMIOOL BMOHI0MGOOL MZSEBsHBOOLOM gl SGOL 3™
§0b 2000503mwwo BsdOXO — ., MBI MMO EHOYBObYOL“ 3m39L0.

Abmgwoml  Inbobergmdoll  0bgm®TsGH0DBIE00L 9300 dMds  ©939300M9dME0s
BOWO Mool 3OMAMHTMNWO  3303530930L  F9dabolmsb, GMIWwgdoE 99930 gdL
0636 353H030L  5M536MMBgLoMboer  MIbToMGdEGOL 3B  B9dbmemaogdols
5030L905L s 398MYg69dsL. 5JloMTss, HMA MOE MBOM FoMEH030 s dmdbowos 3GrMYMITMWo
3539¢0L 06@gOxgoLo  250mboygbgdes (Ul - User Interface), doo «9g6™m dgBo 9G™Iss
Bogdgamo dslido Lolidgdgdol oBs0bgMgdols s 3MMYMsToLE ©I39w™3gMHgdol dbOHOD
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(UX - User Experience) [6]. boddm@vMs 3sb 503960l bogrryen (UI) s »bowsg, figowrdzgds
Bofoargdls (UX) 500569396 [7]. 5d0@EHmasg, 9550 05mdols 068306 3s300Ls s 3000603530900
&935m@my0900U (ICTSs) 96300056905, 8500 HoMTMgds, BserM 458MmYg69ds s M3YMHGOWWo
056bEgds dmombmgli 29bLo3MMMGO0m Fomso MboL 3350x035300L B3gEOSEOLEIOOL
903D gdsL, M3 30039 M0ydo, M©s3mE “6039MOLOEIGHWWO bWl LobiEgdol
390mf393%.  39dbozmemo  mMdspwgbo  Lobfogrgdegdol  3MMAGMmsdgd0  0bgm®IsE0ozol
(3083093H0obgol)  LygMmdo  dmombmzgl  BMBEITPEGHMO (330w gdgRL,  Moms  FMEU-
580053609099 gdds 9dMmb ,,060LEHM054/5“-0l FMMbM3bOW GBS 3T59gMBOEgds [8].

dgmbéy dbe03, 068MEOI>30Mwo  LEBMYSEMIOOL  BMOI0MYIOL  JMmiEgldo  FYEo©
9600369 m35605 obaglio, 0obs39M™m3g 0bxgmMmIsgommo LolEgdgdols s G9gdbmerm-
30900l 3M5JBH03Mws©  d3mby  F50e3IZOWOR0EOMIM0  3JRMPJOOL  BrBBOYdS
»0080M53H030L 0sdBH030L” bLgggH™Mdo.

dglodg dbM0g, 5™ Fgodergds 56 500603bMl 0bBMMIsz0wo LEBMYSMIdOL olgmo
36MMmxBgLoMbsMMo  35Mgdol  IMIBogdol  Tgbobgd,  MMAMMOEss  sbowo,  BoaMsd
065303796050  dgAHo©  IBsM©o ©d  Imobmzbo  J0dsMMMgdoL B3G9 Mds -
063635300 F9gdbmermyoqdol s9o@o [9]. 3sm0 ©sbsddgdol bgghm Lsbgwdfoxzm s
39630 BEGHOWJGHMOGOOL MMRBODBIE0YO0s S FMOE3L 0lgo FB0TZ6gM356 Fodm(3939dL,
HMAMO0(359 M9b539MM39 0bBMOT530w0 3gdbmermyngdol LEGMmo@gaos s d9bgxdgb@o,
159M5dMOHOLM BESBIMEHJODY IKMIBYdIME0 BOBOEILFY39E™BOLS s 30BIOMLsROMbM-
900l 9goMPMEMA0IM0 s 3ModE03wro byzombgdo [10].

g FMmmMbM3b0gdgdL 396 ©9305Y4MBOEIGOL  FoBIMEIGOOL B3O IZ3M0GHOL
950G IOOL LERGHLMHOL 3YOLESTMNS3MGOYWGdO. LM H2H2 3HMZHSFs 30, BrrTYO3
m609bGH0MOME0s  F936090930Ls s 3H9dbozol  vebergl  Jow(g39dbg  odYsMYdYEO
LAMEIPGHDS PIMOOMEO S 3MJBHO3MNWO  3MPbOL  35MHTIMBOBOE0IBY,  3MYoGOMEOo
sBMM36900L  496300000905B9,  Lobjogerm s  0bmgszom®o  33wgz0mo  Logddosbmdols
5993000905  FoM3oMM35Dg, 9M0L oL Loggbm®o, MmIgmwog obaglio  @odmMs-
GO0 3300930000 dsDBOLS O JYTMEPOEI0  535009809M0  35MYIOL  ObTMYGOOm,
336M9m39 Lsbogwm s 3309300 3MMEJLYOOL Mo30MbsMMmO MMABODYIdOL 3oMMdYdTO,
Lodogdsll  dmy339dl  IM3z53bsMo®  LogHmsdmMobm  Mmbol  3mb39Mm9bEMbsM0sbo
139305¢0LBHYO0 0bBMOT>300Ls s 313603530900l BH9dbmermyogdols (ICTs) begg®mo.

2. 30M00500 bsfiogmo

L5JoMMNZ9 ML 39d603M0 Mb039gMLOEGHYEHOL Sboo Lo MdEHMOM 3OMYESTs ,06ZMEOTs-
G035"  (3m330BHobgo) 8991853909 0dbs M350 IMIRM3sb0  0bMLEBHMOOLS o
06536530~ 3m39603530900  bxggOml  d93bogmgdols s  3Hgdbolzol  gobgomstmgdols
B99m50b0dbmo g58mf303900L gom35¢0L0bgd0m, 599MH030Ls s 9G3MM30L TSmO 0b-
3710 196039ML03HEBHIO0L, 396sEgdOL LBogMHSAMMHOLM JeOl0BOZOGMMGOOL Logdzgw by
5 59 GMRROL 3bMmdOo F9:36096M9d0L, ALSJTGOGOOLS S FoMTdo@gdmwo LEIBbEGHIOOL
RBONM BsMI0rMmd0m.

©bsmmMAo  Im3ergss  foMmdmagbowo 03  olEodwobsms  balbs,  G™Igms
L593493390 B3 IMIBIEYdS LE¥)-b MT535¢0 ,,0683MMT5E03I0L MJEHMMmYdO .
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3. 33365

»008mM353030L“  Lomd@GMOM  3MMYMTs FoMogl 0bxgm®mTsgools s 3MIMBoIsEosms
3996memaogdol  (ICTs) olge doMoMs©  F0ToMMGIGOL, OHMYMMOEsS:  300330vE OO
393509690900, 0bxzm®mTs30wo LolEgdgdo s GH9dbmErmyogdo, bywmagbmmo 0bEgwaddo s
Bgommbmwo Jugegdo, o Imbszgdms 93mLolGYIgdo s BsbdsbmMmo  slfogwrs, obgme-
05300 30d9OLIFOMbMGDS,  A50HY39BH0gool  Bogdol  LoLEGgdgdo,  gsdmygbgdomo
3605390 06g0bgM0s s Imbsggdms 39bgxdgb@Eo, 06@gMbyE Lsabgdo (IoT) s VOB ™Zsbo
A93bmmy0gd0, dmbsgdoms 3936096905, ILZAHMSE- s 390-53¢0350900L Agile 939w 39630,
AILAHOMYOS, m3EH0F0BoE0s s LEOTIPMMDY, 0bZMOTsE030L 0bEIMHOLEO3E0bYMO OWsJEH03S
o bbg. [11-15].

@sbstoo_A
> I bgdgbdmo: 53509000960 ©s bdgEboghm 3mdmbozszool Ggdbogs (doM.-4 30.); 33¢rg30L BgmmEgdo
0630035303580 (do6M.- 7 36.): Lffogegdol 99;mmgdo s gsbsomegdol 9969xdgb@o (dot.- 6 36.):
0009953 0399MH0 FMEIGO0  3osfY393EH0gdol dowgdolomzol (s6GB.- 8 3M.): 0bgm®dsgomwo
MLogMMbMgds (56MB.- 8 30.): $H9dbmema05%Y ©oxydbgdvwo Lagergdol MmMysbobgds s Jsrmgzs
(o0B.- 8 30.): 0bx3MOT>EH030L MobsdgEM™M3Y G9dbmErMma0gdo s Fomo JobgzomaMgdol FHgbwgbiogdo
(o0B.- 8 36.): HoLZgdoL TgBoligds FobMlobezMgrr 30HMdGRT0 (s6h.- 7 36.): godmygbgdomo
36OMa0M50Mwo 0b7g0bgMos (sMb.- 7 360.): bgwmgbm®o 0bGHgwgddo (o0b.- 7 36.): dermzbgobol
299m{393900 (56B.- 7 30.): LEHMGHIFOWWOo 0bRMOT>30MEo LoLEJIJOOLs S BYJbmEMa0gdoL
05393935 o gobgz0matgds (s6B.- 7 36.):

» I 5989bcd®0; 0bgm®d5300b o335 © 30dIOMLIROMBMYdOL LOLEJGdO (JoM.- 8 36.): 3HMFILMGOL
abobBHbEHMBs (0.~ 5 36.): IoT 93mboLEYIoL godmf393900 s ODS0BOL 35M5E0TJd0 (56B.- 7 36.):
3033093900 Jugegdol 3OHMBJIZO0 s J>m0 JosfY39EOL IgMEIdO (5GB.- 7 3M.): 5G503580M
3995@ma0g00 ©s LoLEYIGoo Jomrm30Ls S 25PY39E0gdd0L JowgdolLomaol (s6B,- 7 36,):
bgmgby®o  bgodmbamo  Jugagdo  (90B,- 7 3M,): 0OWRMZD  3wsGBm™mTs®y  dobbal
2905493930 gdgd0oL 033gdgb@oE0s (o0b,- 7 36,): MbEMI0BYOME0 SEAMOHO0MIGOO (50B,- 7 36,):
056gobmMo Loz gdol d9mm©IdO s 5¢RMMHOMTGd0 (56B,- 8 36,): o FmMbo3gdms BHgdbmermaos -
00BbgL 9650 E035, VY39 M3TIBEHO S 033¢gdgbEsE0s (56B,- 8 36,): dmbogdms Ig3boghgds s
bgarmgbm@o 0b@gagd@o (o0b.- 8 36.):

@o@ghsd@s-References — Jlureparypa:

1. Chogovadze G., Prangishvili A., Djagodnishvili T., Surguladze G. From Information Systems to
Information Society. Transact.of GTUniv. “ACSs”, No1(23), Tb., pp.7-16, (in Georgian)

2. Chogovadze G. (2006). Global Balance. M., Z.Tsereteli Creative Workshops" (in Georgian)

3. UNESCO Observatory on the Information Society. http://portal.unesco.org/ci/en/ev.php-
URL_ID=7277&URL_DO=DO_TOPIC&URL_SECTION=201.html

4. Resolution adopted by the General Assembly on 27 March 2006. A/60/L.50. World Summit on
the Information Society. http://wikivisually.com/wiki/World_Information_Society_Day

5. World Summit on the Information Society (WSIS Forum). 2017-2020. Geneva. Switzerland.
https://www.itu.int/net4/wsis/forum/2020/

6. Surguladze G., Khvedelidze N., Maisuradze G. Some Aspects of Corporate Software
Applications, Quality Management, Design and Security. Transact.of GTU. Automated Control Systems,
No 2(29), 183-189 pp. (in Georgian)

7. Chogovadze G., Surguladze G., Mikheil Gulitashvili M., Dolidze S. (2020). Software Quality
Management: Testing and Optimization. ISBN 978-9941-8-0629-2. Georgian Technical University, ,,IT-
Consulting Research Center®. Thilisi, -365 p. (in Georgian)

9



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(30), 2020

8. Malitsky N., Castain R., Cowan M. (2018). Spark-MPI: Approaching the Fifth Paradigm of
Cognitive Applications. https://www.researchgate.net/figure/The-Fifth-Paradigm-The-diagram-shows-
the-conceptual-structure-of-the-new-paradigm_figl 325557195

9. Information Technology Audit. (2019). Seminar in National Bank of Georgia. Internet
resource: https://www.nbg.gov.ge/index.php?m=340&newsid=3751 (in Georgian)

10.International Experience in Information Systems Management (BSI, ITIL, COBIT). ISBN978-
9941-20-458-6. GTU, Thbilsi, 2014. 320 p. (in Georgian)

11.What is Agile Software Development? Internet resource: http://www.inflectra.com/ Metho-
dologies/AgileDevelopment .aspx#Scrum

12.Surguladze G., Petriashvili L. (2017). Modern Data Management Technologies (Oracle,
MySQL, MongoDB, Hadoop). GTU, “Techn.Univ”, Tb., -203 p., (in Georgian)

13.Chogovadze G., Prangishvili A., Surguladze G., Petriashvili L., Nareshelashvili G. (2017).
Integrated Application of Business Information Systems in the field of Interdisciplinary Education.
Transact.of GTU. Automated Control Systems, No 2(24), 7-16 pp. (in Georgian)

14. Surguladze G. (2019). Computer Programming Methods and Methodologies (SP, OOP, VP,
Agile, UML). GTU, “IT Consulting Center”, Tb., 200 p. (in Georigian)

15. Surguladze G., Gulua D., Kakheli B. (2019). Development of Software Applications using
Virtualization. GTU, “IT Consulting Center”, Tb., -150 p.

MODERN CHALLENGES OF INFORMATICS AS INTERDISCIPLINARY SCIENCE
AND STRATEGIC OBJECTIVES OF THE DOCTORAL PROGRAM
OF THE GEORGIAN TECHNICAL UNIVERSITY

Chogovadze Gocha, Prangishvili Archil,
Surguladze Gia, Petriashvili Lily, Amilakhvari Nugzar
Summary

Some paradoxical issues of the interconnection of global processes of the present time are
discussed, in particular, such as the irreversible processes of the Covid-19 pandemic and the
formation of the world information society. On this background the strategic goals and objectives
of the conceptually new doctoral program “Informatics” of the Georgian Technical University are
presented, based on the evolutionary development of the educational field of Information and
Communication Technologies (ICT).

COBPEMEHHGBIE BHI30BbI MHOOPMATUKU - KAK MEXIUCITUTIIMHAPHOM
HAYKU U CTPATETUYECKUE ITEJI JOKTOPCKOM ITPOTPAMMEBI
I'PY3NMHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA

Yorosazze I'., I[Ipanrumsmm A.,
Cyprynagze I'., Ilerpuamsrinu JI., Ammraxsapu H.
I'pysunckuii Texundeckuii YHUBepCUTeT
Pesiome

O6cy>xatoTcss HEKOTOPhIe ITapafloKCalIbHbIe BOIPOCH B3aUMOCBA3K IJIOGAIBHBIX IIPOIIECCOB
HACTOAIIETO BpPeMeHbI, B YaCTHOCTH, TaKue Kak HeoOpaTuMmsble mporeccsl mangemun Covid-19 u
¢dopMupoBaHue MHPOBOTO HHGPOpPMAIMOHHOTO obmectBa. Ha 3ToM ¢oHe mpexacTaBIIiOTCS
CTpaTermdeckue IeJIM U 337la4y KOHIIENITyaJbHO HOBOM JOKTOpPCKOM mporpammsl «MHbopmaTnka»
I'pysunckoro TexHuueckoro YHuBepcuTeTa, 0a3HpyIOUIAACA HA DBOMIOIMOHHOM Pa3BUTUHU
o6pazoBaTeIbHOM chepsl HPOPMALTMOHHO-KOMMYHUKAMOHHBIX TexHomoruit (ICT).
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LgeEM0o 6535000 g96a5BMZMIE0 350509EHM9d0L 0653039,

30bsmg Jm®mdmbol (olGmMomemo 39M9000) 3sesdm@EHdo bools
9oxLYIGo 356033390006 dtxol BESEOMbIMHEOo gsGMligbolisls

Bsos gmewmdzowo
LogoMM39wmb 39db03memo MbogzgMbodg@o

69bomdg

396bowMos  BEMBR0IZ000-MdYsdol  333MDBOEoEO  Lombol  JomgdsHo3MEo
9m90. B9EOHO 653500LYMZ0L A9BEGHMMGdsMS LOLEBHITS 9N WYsEBMI0WgdM
Lboboom. 800gdw0s dbyoglgdol 3M0GIMHowMdo, MMIGEOE ©EsIM30JIN0s: bGMMbowol,
90g60ol,  396093-3MaMsdol, MHJobmEwELol, BOHMEOL ©s 393Wgb  YRsbbMIoEgdMm
603b3g0bY. 939005 MOYbDMIowgdosbo  LgwMo  bs3som, 8obsty  JM@Imbols
bgmdsdo, gwoxlv®o 2560333900l bool  dOXOL  FoOBPIBOL  sTMESBOL  SFMbLLOL
3 MM00d0, ©35693-MdRSA0L 356053090 FJDMEOL dsDsbY.

153356dm LoGY39d0s: 3003 HO30wMO LoMby. LgEro 6535000. dEobsMyg Jm@Imbo.

1. dglsgsgmo

LYo 65350900 F056 MYa0MbYdT0, O BosbL 59xbydL LoobObOM by dMdYIL o
L5356 gdl. B396 9obgobowsgm obGmMomw 3gMmgomdo
(bLoobgowm)  dobsty  JMOIMHBY  sOLYdMwo  boob,
9oxLMOO 35603339000 3O GOOL QoMLY (Bob.1).

9ogLOO  25603339000L  3OHROL  QoMLEYbOLLL
dmGxolL fobs bsfowrdo bgds Boobols og®m3zqds, dobo
5096Mmd0Ls S IMEGHYIOL ool AobosbAIM0TgdWS,
5MLYdMEO FMEIWYO0 96 0dEY35 3MOJGHOINIOQ  JoTM-
Uoygbgde Jggal, Mol odmE 5EOWo 5d3L dMMRJdOL
3609JBH06M900LL Bgdg@o LodB30E0L FocrvROL SMYOL s
0585050509, HoOROL AOBOEL. s80GHMI JoDobTgfmbogros
3°9m309gbmm  BMBR0I3000-MmdYsdol  3M3MBo30vMO
Lombol Jsmgdo@olzmeo dmgero [1,2].

= 55

Bob. 1. 8obstg ﬁ)agb‘bg 5MYdMEo bogols dBxo v
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5096 30033MB0o30MGO LoMbol Fo09353H032IM0 IMYEOL HBMYOYHMO 3MIRO0E0I6EGHO
doe0sb 83069 LoWOEYs, brem bbgqgdo 1s3d5MmE OO, 30BIETGHMboWs, FobEHMEGdsMS
LoLEYIoL A9BAVBsDBPIMIWO POPMIMWO 3560599EMOLsM30L T9dmgzo0Mmm oligmo 3o, M™J
59mEsboL Gom3ms 0gmb MROM HBMLEHO 96 25o3hIMMmM 53930 FobEHMEgdsms LoliEgds
296Bm3ogdm Loboom.

2. 3033mBoEoMo Lombols Imgerols BsHgs
w9256DMm3oErgdem Labom

39630bomm  3m33mboEoHo Lombols Fomgds@ozmMo dmEguo, MHMIgwlsg B39
30496900 LgerMo 65350 0bsd0 3oL Tglolifsgers:

Ap—u v Uo(1=V)+Vvap 0%u 0%v 0%w .
+ Ly (u,v,w,v) + ?le(u, v,w,p) + ———— (Au + a2t oxoy 6xaz) + by;
(1)

6v+ 0v+ 0v+ dav 10p

—tUu—+v—4+w—=—-———

Jt 0x dy 0z p oy
Ap—1Lo v Uo(1—v)+vap 0%u & 0%w .
+ Ly, (u,v,w,v) + > Ly, (u,v,w,p) + S (Av + axay T 552 6yaz) + b,;
)

6W+ 6W+ 6W+ aw 10dp

—tu—+v—4+w—=—-———

at dx dy 0z p oz
Ap—1o v uo(1—v)+vip 0%u 0%v ~ 9%w .
+ L3y (u,v,w,v) + ?L32(u, v,w,p) + S (AW + py + 3997 + ﬁ) + bs;
3)

2 gy 22y 2 YOy (U 20 oy
6t+uax+vay+waz Pv—Pw 6x+6y+6z =0 “)
v av av av
E‘FU&‘FU@‘FW&—DAV; (5)
boo@3

p =v(py = pw) + pw;

ouav | dudv  oudv  dvdv  owdv,

Lii(u,v,w,v) =2 ow v
11( ) dxdx dydy 08zdz 9xdy dx 9z’

dpdu  dpou , Opou , dpdv , Jdp ow,

Li,(u,v,w =2 —
12(w, v, W, p) dxdx dydy 0zdz  dydx 9z dx’

12



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(30), 2020

v ov v v v dv ou v ow dv
Ly(uvwv) =—=—+2——+—— ;

ax ox dyady ' 9zdz ' dyax | ay oz’

dp ov dp v dpdv . dpou Bp Bw
L » Y ] =~ P P P

22w, v, w,p) dx dx dydy ' 9zdz ' oxady ' 9z oy’
owov = dw ov ow av dudv |, dvaov
L L IOLW, V) =——+4+——+2— ——t ——;
31w, v,w,v) oxox T dy dy Yl 0 T omox T oz ay’
__dpow | Opdw dpow  Opou , dp dv

L32(u. V.W.p) = oo T oo oo T oo =

ax ox ' ay ay 9z 9z | oxdz | dyoz

3. gm0 65350006 0653030l Fo0r9d5GMOIMMO
900090 ®gds

19O 653500l Fo6ABLIBOZOIWO 356589GMIOOL ILEYRIBI© 25dMm309gbgdm B33l
9096 56y 9390 3033MDBOE0YE  INEIWL, MEOYBDMIowgd0sbo, LEHsEgombsGrwo
06900l d9dmbggzsdo 699 999009 ©O0BIMYI6E05ME 2obEHMEgdsms LoliEgdob:

Ju Ju 1 0 A 1 Av
PRI LN S B SR, P S P

ox "Vay T T pmyax T \" pa)  Re pw) p(v)
+(Rie 1-v)- %+G p/g))-(A +ﬁ+axay)+—smlp—0 (6)
ug—z+vg—;+=—Eu-rlv)g—§+( -%—%-pé)) +G-p/(1—:)-L22+
+(R—1e-(1—v)-$+c p*(p)) (av +axa +—)=o; @)
u—+v—+p(v)( Z—;)=O; (8)
+ ay oo - Av. 9)

boo@3

X =1lox's y =1loy’s p=pop’s P =Dop’s U= VoU's V=1V U= fholl's
by = gbi; A= 2A; po = pv — Pw (10)

3gbo@os, ®md  p(v) = v + ~

21y 3033mBoE0OHO LoMbOL 35es3MEOL LodsEIMm Logsbgs;

Sh = 2 b ewmbomol, Eu = L& gomg6ob,
Volo Povy

AoPo 296093-2mam@sdols, Re = —°

Volopo VolopPo

690bmelo,
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Vo

valo

Fr = xOol, Pe = VOTIO 3939L MobBMBogdm MHoEbzgdos, beem

ou v dudv . dvav
Lii(w,v,w,v) = 25—+ @@"‘a@ )

dpou . Opou , Opdv

Liz(u,v,w,p) = 2-— 39y ayox

e

dv v dv dv du dv
Lyi(u,v,w,v) = ==+ 2@@ 9 ox

e

dp ov dpov dpou

Ly (w v, w,p) = d0x dx ayady ' oxay '

9wogLbmmo 49603339000, bo@ol  dMOHXOL  FoOLEIbOL  sdmEsbs  gobgobowrmo
mO206DMI0g3056 350M056FT0, BmiEs LMo bozso 9339 49300 FJIMIdIOM 3539
sbds3@do o 360d369wm3zs60 bgds, dmexbg 4oMLEYbol LMoLy ©s dobsmols
35w3mGHol dgoMo bo@sbom dg3lgdol boolbol ©ogbs, 306506, Lo®dol dobgwzom
3g4oM0 gMsdz00L 3mb3EgbE®msEools s 1693900l gobsfoergds B3zgbmzol 9339 (bMdOow0s
BMLEGO 59mbsblibyd0sb, beagm LoBJsMms 39wols dsbsfowrgds Low®Mdol dobgzom 9339
33°33L B>»3woo.

3935006mm» bool goxlv®o 603339000l dOXOL AoMLEIboL smEsbols bdgds
(65b.2). garogzliols bobgzsm9MAGO0L »asbbmdowgdm Log@dggdos: a = 1; b = 0.25.

_‘l -
alll(x) ~

=10, LELEE o,

Bb.2. bogols, gemoglvy®o gm™dol 35603339000l dyexol, 3semlsegbols dgds

0BG Lombg LosbE3MOL 3900WgdL 933600, 5996 Fodmdobsdy, 335J3Lb dozzmob
39900930 9OH3560M3560 LobEBOZOM 30MHMdYdO:

Ulge = vlgg =0, (11)

boo@3

9G = {((x; y)‘(l —y2=0)A (Z—z +4 = 1))} (12)
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393500306mm 58 BobOBOZO® 30OHMDYdOL Fglodsdolo RO gmbJgos. sbgom Fgdmbgzgzsdo,
339936 mGo LogMgbo LodMogwy:

9, = {(y)|a-y?=0)k

Q, = {((x: y)’ (Z—z +L = 1))}

50 LOIMHZ3EgxO0L  LodwOEgdom, Bo3hgM  LEBOZMOL  LOIMOZWH  AobEHMEGISL
LOTMOZEIMS dYEOL e JOMSTO:

.Q.=91U.Q.2.

d9L5dsdol 3M9035GME? 39BEHMWGISL F0300900 06986030 3MIMINOBOHBIom 6+
339946995 89800920 LEbob 3019035G IO FobBHMEgd.:

p=x1Vx2,

boo@3

05306 0. md5dol 3m3MmINOHR0BI0D 25dMmIE0bscg, 33946905 9090 RO g3mbdaos:
RO = (x1 " x3)
56y
2 2
RO=(1-y%)-(5+5-1). (13)

3bo©0s, ®™A b3960 5dM3560L AoBboEz0L sGgdo RO = 0, Mo M9ddm®mobols mgm®gdols
056553500, 6086zl HMI vy {(pi]-}l_F 1 357909M0L B3BoL0s, 8580k {RO - (pi]-}l_']_=1 Lol3g9s;

9599009M0L 35Bolos.
0585L50509, F3960 53MEsBOL 5TMbIBLBOL LoRJsMOL dYgbgEgdo, dgaz0deros 39d9dMm
39000920 Lobood:

{u(x; yia) = RO - Xio X 0P (14)

v(x;y; B) = RO - Xizo Xj=o Bij i

000l gom35¢0Lf0bgd0m, GMmA gsMo 30d3mbgbE ol 3mb3bGME0s LsBPIsOMB ghmol
AM05 5 BESE0MbIOMO E0BYIBOLLL LEBOZMOIH Bsbdo Ol 3OM3MMEFOMWSE 033D,
39230005 99350030600 JgLsdsdolo LolsbE3MM 30HMBYdO:

v(x;¥)lag = 1. (15)
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35806, 5300 dobobgzg®os, MHMI dgomo 3mI3mbybEol 3mbEgbEOEool gobsfioemgds
b6 39d90mm 89890 Lobood:

v y;¥) =1+ RO - Xio Xz Vij@ijs (16)
beerm {6930l 39eol gobsfioangdsls 9glodsdolog, 39dgd0d 89990 Laboo:
p(x;y;8) = OZ Ozl]q)l] (17)

503560l 5dMbLBoLEM30L BoFoMmms: F935A0bmm  Gomdomgdols gwbdgos (10)-(11)
3906@MEgdsms  LoLEBYAOLOMZ0L, Bsldo  JoBALEBOZMIO  3565TgFH-Mgool (14), (16), (17)
$om3m969d0L BoldoL 909y,

5306B0M BsdsBOLM BY630505 8990 3M0bMT0sEHO LobEYDdo:
@i, y) = x'y’. (18)

bobsd  LobBHgdol  3MmIogdol BBzl V93500 I®,  F9FMZOMZICM™D
3963L5BOZMY0 356539EHOYOOL Foedm©Ygbosms FoMmBMmgdmwgdo bsFoMm M0ysdwg Pomgzwoom.

{u(x ;¥;a) = RO - X X Oai]-xiyj

19
v(x;y; ) = RO - %t 02 oﬁuxy ( )

3°9m30m3500m LoBJsMHOL 30836963 JdOL Fo0dmgdEqdo dgmeg M0ysdE] Bsmzwom,
3H505 O™,5M30WYdI05, XIM 2503003500 RO 8w96J300L Ho®mdmgdremmgdo:

2
ROGGY) = (1—yD) - (5+5-1); (20)
35906 239469%5, G™I
dRO 9%RO 2N 2
_—(1_ 2) — =(1—y);. (21)
dRO _ 2y 2x%y 4y3 . 0%RO _ 2 2x* 12y? )
T o i o B
%R0 4xy
0xdy = _?; @3)
ax  ox i:oz O(uxy '+ RO 2 121 ol Qx= “y-5 (24)
ou 0RO : i, -1
ay oy =0 2= Oauxy '+ RO -XF: Sodj=1] " oyxtyI T (25)
9%u  9%RO 9RO NN\ i
7 = 3 ZZallxy1+ Ix ZZI vyl +
i=0 j= i=1j=0
+RO - Y1, Yool (i — Doy =2y (26)
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2u ZRO N IR0 <O\ o
— Zz%xy +ZW 22] wx'y) Tt +

i=0 j= i=0 j=1
+RO - Tio Xjop ) (G — Doyx'y/~2; (27)
0°u _ 0*RO wn vn i dRO i1y 9RO
xdy Bxay ‘—()Zj—oaijxy +_ Z 12 =0l XigX= "y tox ox
Qo Xferi ayxty/ ™) + RO - X1 X0y j i agyxhy 7Y (28)
ov 0RO . i—1. i
— = o 2imo L= Biyx' ¥y + RO - Ly B oi- Byx Ty (29)
ov 0RO
5=_ nOZ OBInyJ+R0 Z OZ 1] Bl]xy] 1 (30)
v ZRO n n o R n n
= g D 2 B H 2 D iy
=0 =0 =]_ =0
+RO - Y1, Z?:oi (- 1)Bijxi_2yj§ (31)
0*v _ 97RO kO SN AN -
a zz Bl]x y + zz Bijxly]_1 +
y i=0 j=0 i=0 j=1
+RO - Lo Xizj - G — DByx'y'™%; (32)
0%v _ 9°RO 9RO 9RO
axay axay OZ Oﬁljxy +_ Z 12 01 Bl] l 1y] +
o Xferj Byx'y ™) +RO-TL, YT 11' Byxt Tyl (33)
303030 (6930l 2590l BmbJ300l Fo0rdmgdmwgdos BsFomm HoysdY Bosmzwom.
p(6y; &) = B X &x'y/; (34)
3H50s, HMI
op_yn n sx. . ,i—1,j
dp n=-= i=12j=0121]x y . P
ay ifg i1 Gixty? 4 35)

303300 Y5O0 BMsd300L dMEMEMdOmo 3mbEgbEGHMsE00L dobsforgdol Bmbdsool
5MIM9d 00 BsFoMm G053 Psmgom.
JOJXI °0Q) 3

v(x;y;¥) =1+ RO - Yo X o Yiix'y/; (36)
0 JRO ;
= N Mo X'y + RO X B i vy Ty 37)
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a BRO
5 = oy izoXj=oVix'y) + RO o Biyj - vix'y T (38)
92v 92RO < ;. 0RO "X oy
7~ EZW P2 I
i=0 j= i=1 j=0
+RO - X, X701 (i — Dyyx'~2y/; (39)
92y 2R0 = RO % i
5= szl,xy +2 —a ZZ jypaiy 4
i=0 j= i=0 j=1
+RO - Yo Xizj G — Dyyx'y 2 (40)

3963L5BOZOgO  356M599BHMJIOL  gobsfowgdol  BWbosms  2ofomBmgdol 9999y,

3933000005 350M30MZ5CM® 5390 ORIMOIBE0ME  ABEBHMEg-dsms  LoliEgdol
00MMIM0 35B6EHMEGO0LIMZ0L, Fglsdsdolo (30MmToegdolL Qobsfoergdol g3mbdaos:

Rl(x;y; a;ﬁ;y;é); Rz(x'yl alﬁiyi f)’ R3(x,y, a’ﬁ'y)’ R4(x’y' a'ﬁl)/)‘

5060950, 10300900 MMbYbBMIowgd0sb0 3oMmTogdol 39J@ ™m0
R(R1;R2; R3; R4). (41)

B3960 30Bsbos 53 39dBHMM0L bmEmIol d0bodoBo3E0s 653500l ©0bgdol Ns69gdo 56w B39b
399990 59m 35600 gobBMYsYdI 5TMBsLLBL 9890 30MHMdOWIb:

I(a,B,v,8) = [[ ;/(R1)? + (R2)? + (R3)? + (R4)2dxdy — min. (42)
4. 133365

5960350, 80300900 333BO309IMO LoMbOL MYIEBMToEGdM FOBYOTZ300-MdYSIOL
9509353037900 IMYo, OMIgwos  MBOM doBsbIghmbowos, sbEGMmwgdsms LolEgdol
3963L5BEOZOIWO  MOMNMYNO  35M5FYGHOOBOMZOL, MM 5FM3BOL FoM3Ws 0yl MBREOM

BDMUGO. 539005 5EAMO0T0 00 F509ToEH03wIMO0 IMYOL BoMYddo gL ©O
6535000 gobaLsBP3MYE0 3560599GM9O0L ol YIBO©.
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DYNAMICS OF THE DEFINING PARAMETERS OF THE MUD FLOW,
TO THE BED OF THE RIVER OF THE KURMUKHY (HISTORIC HERETI) AT
STATIONARY FLOW OF PIERS ELLIPTIC CROSSING BRIDGE

Kuloshvili Naida
Georgian technical university
Summary

In work the model of the composite Prangishvili-Obgadze environment is considered
mathematical. For a mud stream, the allowing equations are rewritten in a dimensionless
look. Are received criterion of similarity which depends on dimensionless numbers:
Strukhal, Euler, Geniyev-Gogoladze, Reynolds, Froude and Peclet. The algorithm, for
calculation of flow of foundations of the bridge of elliptic section with the composite
environment, on the basis of a method of a variation method of Rvachev-Obgadze is

constructed.

AUHAMUWKA OITPEAEJIAIONINX ITAPAMETPOB CEJIEBOI'O IIOTOKA, B PYCIJIE
PEKY KYPMYXU (MCTOPUYECKHWH DPETH), [TPY CTAIITMIOHAPHOM
OBTEKAHWHU YCTOEB MOCTA SJUIAIITUYECKOI'O CEYEHHWA

Kynomsmmu H.
I'pysunckuii Texuudeckuit Y HuUBepcuTeT
Pesiome

PaccmarpuBaeTcs MmaTeMaTHYeCKUI MOZeIbh KOMIIO3UIIMOHHOM cpebl 1Ipanrumsuiu
- O6rapgze. [l ceseBoro ImOTOKA pa3pelIaiolye ypaBHEHH IIepelluCcaHbl B 6e3pa3MepHOM
Buge. [lomydyensr kpurepuili momoOWs, KOTOPBIH 3aBUCHT OT Oe3pasMepHBIX YHCE:
Crpyxans, Eitnepa, ['ennesa-T'oronange, Peitnonszaca, Opyna u [exie. [Toctpoen anrropurm
AJIA pacdeTa 0OTeKaHUsA YCTOEB MOCTA JJITTUIITUIECKOTO CeIEeHMA KOMHOSI/IHI/IOHHOﬁ cpe,uoﬁ

Ha OCHOBe MeTO/ja BapuanuoHHoro Metoza PeayeBa-O6raz3e.
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39005§939(H0owgdol doegdol X3BYIMo 8gomEgdol
25902996900l 25300960l 565¢r0B0 FoMIgdOL 939G IOMdOL

50503¢900L5m30Ls

5309600 3560 ©539000dY}, bombs ds6M39w0dY?
1-53530 Do0rgoerols bobgerdfogm Mboggdlodg@o,
2-b5doMr0039wML 39dbo3Mcmo Mmboggdlo@gdo
69Bomdg

396boMEos  BoMIgOoL @S MOPBODO30gd0L  9BIJBHMOMIOL 5o gdOLIMZOL,

X3IBMYO0  2oFY39H0gdol  dogdol  FgmmEgdol  MIMOOMWo s 3M5dGH03MEO

Logombgdo. mgméomwo 333990l 965e0obol T9gas© ©350R0bgm, BT dg3bogevyen
6530 39dd0 259mygbgd o 8900M©YI0EL s IMPYGIOB  0YIMOO SOG-9ODO 56

560U, DMY0gOH BomPsbL 5gd3l HMYMO G 1JoMYMBOMO, 0l IIdoMO THBsEYgd0. B396L Joge

3obbommmo  0dbs, xamBmm®o  d9bgxbEHOL  250sfY39GH0wdol  dogdol  Fgmm©ado

3990 GO0 d969x96E0L M35eLEBOOLOm. 50Ls60BZ0, O™ 39 EMGMEIO BoligrEm-
09%0L LoLEYFsdo sMLYdMWO FoBLBZ53939d0 A53egbsls SBEIBL FoIHY39EOWgdOL Jowgdsdo

000MJM0  M9BsFIOMIWOL RO MeEmdol bomolbbg o mOmysbobsgosdo 9gngdBMGo

29005093930 gd0ol J00gdsByY.
1533956dm LoBYz990. 9Ju39MOE IO Fgxoligds. FFY39GHOIOOL F0MGds. X AMBMOO Ig-
DMO. 30b03OY0 FgH3s. IBIIHV0 33FY39HOW IO, ST BHIMBsE0Zs, IgbgxdgbHo.

1. 3gbsgogro

95Mm39MB0M0 3505)Y393H0gdol omqdol bLrgOmTo §3mbmdo3MMO 39630050900l
5055806 9393%g 86033690™m3560 (33e0gd900 dmbs. 89bgxdgbGo, FsMM30L yzgws
©mbgbY, M350 FJNMPMWMP0NOH0  3OMIWGIol [obsdg L. YMOEMgds  Mbs
90359d30mm 3969x%0963HT0 565 FBMEME LOOMMYgdol FoMmBmJIbsl, s®589E 2505FY393)0-
©gd0L bs®olbol s 9539JGOMd0L Inmbmzbgdl. dmbadM030s, FsMM30L dMmi3gldo dgbgxg-
900 300wMdI6 03m3mb sdMbozswo, MHMIGEoE MdOYJGHMMI© dMdaqdosbo 0gbgds 56
dbMmE Jos J9M9gdmbm3zol, 56539 MEORB0BIG00L 3MbEIJGIM0 5IPOGHMOO0LIMZOLSE.
65 500b0dbML, GMI s6599MOM3g  FoMgdm bgwl MHymdl Mo 3OHMIYTJOOL

0o60ngddbols, MmIgms  989JAHMMO  39PY39Be  TgLodwgdgwos  TBMEM®  XAMNBIOO
29050943930 gdol doegdol dgomEgdol 2sdmygbgdom.  Lsdgsboghm 33eg30L dobsbos

X3IBIO0 3505093930 gdol doegdols 890m@gdol dglfogws s sbsEroBo, GMImgdos
96038369 m35605  MmGYsboBs30gddo  80dobsdyg  3MMmEglol  98gddHMOo  d9bgxdgbEol
2396bmGOE09w9d0Lm30L.

2. oGm0 bsfogo

"bs 500b0dbmm, ®mI I9bgx Mo  osHY39BH0Wwgdgdol oIy K AMBMOO
935mdol 3OMmEgLdo Jmogz5M05  3MME39IEMOMOL dmbsforgms goblaBma®s. Bggb 3sdwgzm

39935L9dsL 00 LygzoMbol LBgO™Po dmdMBsgzg 3936096-83309350M9d0L As6ToMEHJOIOL, MIg-
o3 06§d16905, G®M X AIBIOO 3505HY39EH09d900 SMHOL MORBODIF00L sbs3TO MG

3653w glmdoL 096 JogdWo owsHY39EH0Wwgd900, IOMIom 3MgdEH0305b 96 X MBRMb
20
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9650 [1]. bL¥IgEbogEM b5dMMIYOT0 A9BObLOEGDS X AMBWOO FosfY39G0WYOOL 53M 356900l
39900930 (H03900: 36093490, 3OHMEYYJBH0I0 S EOLZMBOMOO [2, 3]. 933039090 0TsL,
™ XyMBMEO 5935656 9d3L 03039 obBMBogds Mo 58Mm3560L 25sfyY393 0L dogs 0bEgeg-
Lol LBodMOggl,  93mEsbgdol  FglBeEgdol  FgbodergdErMmdgdl,  0bGHgwgddE IS YM-
0560390053096 IDbM3690L O 33O 36MBIOMBSL.

3760l 894dbs  3memgdBomo  9969xT9BGHOL  399HY393H0wgdsdo  gmErollbImdl
LoLGYINE 293w9b65L 3mb3MYEHWW 3OMdEYTsDY, M3 BOEOL FobO FosFMOL 9539]EGOMDL.

15393bogMM 65dMMITo 5933039996, OMI X ART0 3OMBEGIOL IMLOAZ9MYIWS, LoFo-
05 139305 IHO FgNMEYdO0, HMIEYdOE IMbsfoggdl Bod segdsls Jolgdl 3MbLEGHGWME0-

w5 009850b, §0bssrdg d90mbg935d0 Xm0 396 J0om{ig3L Ydom F9gagoL [2].

360 MdE900L 4500LO FMIWS, IM535¢0 FJOMPOS YodMYgbgdmeo s MomJdol yzgus
05095600 2590099gbgds ,,abozMwro 993 g30L” 3gdbogzgs, HmIgeog B96sdIbEHWMO Bod@Em-
605 3000994 GH0M0 4905)9439GH0wgdol Jowgdol 3MmiEgldo. 933wg350Ts 659GMATo [4], -
LGOS ,3b603OMo F9EH930L” VoMLY, HMIgEog dEYMTsMgMdL M3 godwgds dg@o
0ol  d9dbsdo, 99dmddggdomo  SHBOM3bYdIOL  2obgomoMgdolmzol.  dolo  SHBEOm,
»30b03MMo d9¢3930L“ dgmmEOob godmygbgds byl »fiymdl sbowo 39ML39JEH0wo 0oL
dogdol gobBMmEL 69d0Ld0ge Fgdmddggdom xamxdo. [3, 5, 7] bsdOmIgddo  d93609Gm9d0
59(%3039096, H©™A gl IgOMPO 9849M9YdS 3MgdEH0IMHO Bodd0sbMmdOL BLOJMEMAOO 356MbYdL
Q5 00MMYM0 550560l F99mgdggdom 1sddosbmdsl. ,,2mbogMwwo Ig@g30L” sbgMy3zoL
©HIJBI0MO0 9BIJHO ©IMI0IO0s MO BIB6TIBEIM0 3GOB3030L FobbMM30YEgdsDY:

1) bLobyOHOWWo 9539dEOL 2odM - XFMRL F99de0s Fo0rdmddbsls owowo bsGolbol 0gqd0;
2) 099 X3IBO 0009930 5803853900l 339805, 35806 56 godwrgds dghgmgl 9dmd-
89090000 5HOHM36900L 36OM(39L0.

L9 3609MOM bsdMM™MITo [4, 7] sbg39 YMMs®IdsL 5939390 3B A5HY39G0-
98900l 80gdol 3939y 9BIIGHNO FgmEYdL:

- d0(00500 300063980 §900m@0. 030 1bs 0465 259Mmygbgd Mo 3OMdWGIMMO Lodvy-
5300L 30MMdYBT0 T53HJO00 0bGRMMT5300l FgaMmM33d0LSL 56 9339 GBYdIMWO 3OHMdWYIOL
39005FOH0LSL;

- 030U29%35¢m0  sbmgosgool  Jgoomo. g IgomEo s dolo  bbmGmE0gwgdol
5@MM0mMd0 0mM35¢olobgdl 3oM0ol ymbgdM03z0 FlodwgdEMdIdOL Ms30ldwMmYOIOL;

— 0639600l §900m@0. 030 8033l 3MHMdEYAOL A5LOFMHIWS© 0JoL d0gdsl, dogdols
90056007 9d5L  Bo3oMOL3oMHM© FY33wol dbom, o3 gHoboswdgagds WMYO3oLs
OO>QOEON FgbgEIwgdIdL;

— bmdobserymo g0l Jgooeo.  gb  Igom©o  9B39JGYIO0s  3MMdgdgdol
23905B5FMHgo B9¥)39009LM Z5MI05DEHYOOL dbd)dbS;

- U0b699H020L Ggorm@o. g LEAMOGISL 25dg300 FOOMM® 3MYBHOWO, 3MLEIBIC)-
A0 0009900 dMbsfowgms ,,GHMIbobaoL Lodwmswgdom";

- 635 Jgom@o. 6 9mbsfowgms x3MBo  5965¢0BgOL o 9Yo0dgdl  dmEgdmen
36OHMdIsL. mommgwo Imbsfowgl BmOHIMwsmdo dgodgb 3 Hoboowgds 3MMdEgdol

23905B0FMgo (5 do), 8999 30 59 BMOTMEIOL 2oali3galL IgbmdYL.

21



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(30), 2020

3905093930 gd0ol Jowgdol 9HM-9Mm0 439wsDg 989JGHMOO O Msbsdgmm3zg bgdboos
063 999dH-0560500900L 35dmygbgds. olobo 9x39dEMMO LMo gdgd0s BsMMZ0L A5HY39E0-

900l J0©gdol 3mE9]EoMEOo IgmmEol d9wgaqd0L 259mygbgdoliozol. 0b@gwgdd-dsMsmg-
00l bsbom BsfigMowo 0bgm®mBs30s 93000 s0bsJdgEro s ILETIBLMZMYdG0s, M5Y0

0b0bo 539005 08 3GOB30390DY, OMIgEBgEs3 B3960 sHBOMIBYdsS SadMwoO.

8969%00@ 390§g39HOLIBIMs 80@gdol sEEIBO 3OMEIENOIOL >33l Bgbggdo
3m6309HIwo  J399bob  FNWEHNOTo.  gmwgddhon®o  gbgxdBGHOL  3FYg3gGHOwdOL
900900l 3900900 b boboEIGdMEIL 3 EHYIMISTMMOLO F9bgxIIBEGHOL MZoelsb-
oLom. 59930090905 530035 olfobmm, HMI V0MmYIMWYdId0, 306039w M0ydo, SbmE0M-
@995 Jbmawomlb bgzsslibgs J3gybgdol dgbgxgmgdol 30Ms J0BbgdMsb s oo LsFoMmy-
090msb. 53 J90mbgz93590, 3505(Y393H0wgdol doMgdol 3MMmEgLBbY A93w9bs s 30MHI30MO,
653900 000d05. ©53EIBIG MMRBOD300 3gM 53859mBogdL F9bgxgMOL Lo FoMHMadIBL, Aols
593L 93059mxBogdol Mmdbmds. gl mogol FbMog bgwl MHymdl dolo J3g30L (33X OEgdSL.
9399990 BB ImHomdl 3megdGHoe 3dsmdsdo Lwdogd@ol JosMmzol  BsGmmIEmdOl
bse0olbbBg s oo 293w gbol 9x39JGMOMBSDY.  30e9dEHOMMO osFY39HOWIOOlL dowgdol
360Hm3gLdo BsGmM30LsL, 930w gdgwos dbYE3gEMdsdo doomom bbgoolibgs 3w EHMMOL
M6560Bs3omwo  BoligMEmdgdol LolEBgds s Tomo Fogwghs 3MWIGHOWOO FosfY39-
A0gd0b 30090590 0s653IM MG BsOICYYMdOL 9539dEwIOMdSDY.

365¢0Bob Loxd3zgebg s350YH0BIM, HMI BOLYMEIMBIMS LobEYIsdo 360369 mgzs60
396Lb353999305 LodsMmzgarml, 59960305 s 053Mmbools IgbgxgMgdl FmMOUL. 530WYdJE0s
bsBo o335, 3MgLGH070L 5ol FoBLBZ39dMWMBL s LBMTsMO H3TIYMBOJdOL
Bo30mbl. gl 296lb35398s 5393806093 0s BogdoMmMZ3geml BLoBMYIMYdSTo FodsEHMbgdmwo
00690000 LobEYIGIMB ©s B®m3gdmsb [6]. B396 ©I350A0bgm, BMI 3w EMHYIo
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ANALYSIS OF THE IMPACT OF THE USE OF GROUP DECISION
MAKING METHODS TO INCREASE THE EFFICIENCY OF FIRMS

Bardavelidze Avtandil', Bardavelidze Khatuna?
1-Akaki Tsereteli State University
2-Georgian Technical University

Summary

The article discusses the theoretical and practical issues of group decision-making methods to
increase the efficiency of firms and organizations. The analysis of theoretical studies has shown that
none of the methods and models used in scientific papers are ideal, some of them have both negative
and positive aspects. We discussed methods of group management decision-making in terms of cultural
management. It should be noted that the differences in the system of cultural values affect the degree of
involvement of each employee in decision-making process and an effective decision-making in the
organization.

AHAJIN3 BJIUAHUSA UCTTIOJBb30BAHUSA I'PYIIIIOBBIX METO/10B IIPUHATUA
PEIIEHU 1JIS1 TOBBIIIEHUE Y®PEKTUBHOCTU PABOTHI ®UPM

bapnasenunze ALY, bapnasenunze X.A2
1-T'ocynapcTBeHHbli yHuBepcuTeT UM. Akaku Lleperenu
2-I'py3uncknii TeXHUYECKUA Y HUBEPCUTET
Pesome

PaccmaTpuBatoTcsi TEOpETHUECKUE U MPAKTUYECKUE BOIPOCH TPYMIOBBIX METOAOB MPUHATHUS
pelieHud s TOBBIIIEHUS 3(PQPEKTUBHOCTH ACATEIBHOCTH (GUPM U oOpraHu3aiui. AHanu3
TEOPETUUYECKUX HCCIEeIOBAaHUM MOKa3aj, YTO HU OJWH U3 METOJOB U MOJEJEH, HCIONb3yeMbIX B
HAy4YHBIX padoTax, He SBIIAETCS MJCATbHBIM, HEKOTOPbIC M3 HUX MMEIOT KaK OTpPHUIIATE/IbHBIC, TaK U
TTOJIOKUTENBHBIE CTOPOHBI. MBI 00CYTMITN METOBI MTPUHSTHS TPYIIIIOBBIX YIIPABICHUECKUX PEIICHUHN B
chepe KynbTypHOTO MeHekMeHTa. ClieyeT OTMETHTh, YTO pa3iuuus B CHCTEME KYJIbTYPHBIX
[IEHHOCTEH BIHAIOT HA CTETIEHb BOBJICUYEHHOCTH KaXKIOTO paOOTHUKA B MPOIECC MPUHATHS PEIICHUN U
3(()EeKTUBHOTO MPUHATHS PEIICHUHN B OpraHU3aI|H.
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MATHEMATICAL MODELS OF THE VALUATION
OF COMMON STOCKS

Magrakvelidze Dali

Georgian Technical University

Abstract

One of the goals of financial analysis is to identify underestimated securities. In the paper we
describe how to identify mispriced securities by using fundamental analyses approaches. We discuss
already existing the models (such as: a capitalization of income method of valuation; dividend discount
models (DDM); constant growth model; multiple-growth model) and introduce a new method for
evaluating stocks using the Monte Carlo method.

Key words: misprices securities. Fundametnal analyzes approahes. Monte-Carlo method.
Constant growth model.

1. Introduction

One of the goals of financial analysis is to identify mispriced securities. Fundamental analysis
can be used as one of the approaches to finding such papers. Fundamental analysis (FA) is a method
of measuring a security's intrinsic value by examining related economic and financial factors.
Fundamental analyst studies anything that can affect the security's value, from macroeconomic factors
such as the state of the economy and industryconditions to microeconomic factors like the effectiveness
of the company's management.The end goal of this study is to arrive at a number that an investor can
compare with a security's current price in order to see whether the security is undervalued or overvalued.

This method of stock analysis is considered to be in contrast to technical analysis, which forecasts
the direction of prices through an analysis of historical market data such as price and volume. All stock
analysis tries to determine whether a security is correctly valued within the broader market. Fundamental
analysis is usually done from a macro to micro perspective in order to identify securities that are not
correctly priced by the market.

2. The main part

There are many ways to implement a fundamental analytical approach for identifying mispriced
securities [1]. Some of them are either directly or indirectly related to what is sometimes referred to as
a capitalization of income method of valuation. Algebraically, the intrinsic value of an asset, V, is equal
to a sum of the present values of the asset’s expected cash flows:

_ C1 Cz C3 s — 0
V= vt Tz T s Le=1 (1+k)E’ D

where C, denotes the expected cash flow associated with the asset at timet, and k is the appropriate
discount rate for cash flow of this degree of risk. In this equation the discount rate is assumed to be the
same for all periods. Because the symbol co above the summation sign in the equation denotes infinity,
all expected cash flow, from immediately after making the investment until infinity, will be discounted
at the same rate in determining V.

Because the cash flows associated with an investment in any particular common stock are the
dividends that are expected to be paid throughout the future on the shares purchased, the models
suggested by this method of valuation are often known as dividend discount models (DDM).

Accordingly, D, will be used instead of C, to denote the following restatement of Equation (1)
Ds D¢

= D1 D2 cee — oo
V= T T Xt=1 (e (2

Ct
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However, there is a complication in using Equation (2) to determine the intrinsic value of a share
of common stock. In particular, in order to use this equation, the investor must forecast all future
dividends. Because a common stock does not have a fixed lifetime, a virtually infinite stream of
dividends must be forecast. Although this may seem to be an impossible task, with the addition of certain
assumptions, the equation can be made tractable (that is, usable).

These assumptions center on dividend growth rates. That is, the dividend per share at any time
t can be viewed as being equal to the dividend per share at timet —1 times a dividend growth rate of

9

Dy =Di_1(1 + g¢), 3)
or, equivalently:
D¢—D¢_
PR = g, @
The assumption that could be made about future dividends is that they will remain at a fixed dollar
amount: Dy = D; = D, = D3 = --- = D,,. This is equavalent to assuming that all the dividnd growth

rates are zero. The impact of this assumption on Equation (2) can be analyzed by noting what happens
when D, is replaced byD, in the numerator:
. D
V=X (1+—(,)()t ®)
Fortunately, Equation (5) can be simplified by noting that D, is fixed dollar amount, which means

that it can be written outside the summation sign:
. 1
V' =Dy [Zt=1 m] (6)

The next step involves using a property of infinite series from mathematics. If k >0, then it can

be shown that:
1 1

Y Tk ()
Applying this property to Equation (6) results in the following formula for the zero-growth model:
= ®)
because D, = D;, Equation (8) is written sometimes as:
V="t (9)

The next type of DDM to be considered is one that assumes that dividends will grow from period
to period at the same rate forever and is therefore known as the constant growth model. Specifically,
the dividends per share that were paid over the previous year D, are expected to grow at a given rate ¢

, SO that the dividends expected over the next year D; are expected to be equal to D; = Dy(1 + g).
Dividends the years after that are again expected to grow by the same rate g, meaning that D, = D, (1 +
g). Stating that D; = D, (1 + g) and that the growth rate is constant is equivalent to assuming that D, =
Do (1 + g)? and, in general:

Dy =D 1(1+ 9), (10a)

D; =Dy(1+ g)t. (10b)
The impact of this assumption on Equation (2) can be analyzed by noting what happens when D; is
replaced by Dy (1 + g)*t in the numerator:

w Do(1+g)t
V=2%Z (()1(+—k;?- (11)

Similar to the zero-growth model, Equation (11) can be simplified by noting that D, is fixed dollar
amount, so it can be written outside the summation sign:

o (1+9)°
V=D 321 e (12)
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The next step involves using a property of infinite series from mathematics. If k>g, then it can be
shown that:
w (1+9)¢ _ 1+g
Zt=1 (1+k)t - k_g' (13)
Substituting Equation (13) into Equation (12) results in the valuation formula for the constant-growth
model:

_ 1+g
V =D, (—k_g). (14)
Sometimes Equation (14) is rewritten as:
_ D1
=g (15)

Because D; = Dy(1 + g). Equation (14) can be reformulated to solve for the IRR on an
investment in a constant-growth security. Fist, the current price of the security P is substituted for V,
and then k* is substituted for k. These changes result in:

p = Do (+2) (16)
which can be rewritten as: k* = +g= % +g

A more general DDM for valuing common stocks is the multiple-growth model. With this
model, the focus is on a time in future (denoted by T), after which dividends are expected to grow at a
constant rate g. Although the investor is still concerned with forecasting dividends, these dividends do
not need to have any specific pattern until time T, after which they will be assumed to have the specific
pattern of constant growth. The dividends up to T (D1, D2, Ds, . . ., D7) will be forecast individually by
the investor. (The investor also forecasts when this time T will occur.) Thereafter dividends are assumed
to grow by a constant rate g that the investor must also forecast, meaning that:

Dry1 =Dr(1+ 9);
Driz = Dry(1+ g) = Dr(1+ g)%
Dry3 = Dryp(1+ g) = Dr(1+ g)°.

bo(1+9)
P

and Figure 1 presents a time line of the individual dividends and rates associated with the multiple-
growth model.

Valuing a share of common stock with the multiple-growth model requires that the present value
of the forecast stream of dividends be determined. This process can be facilitated by dividing the
expected dividend stream into two parts, finding the present value of each part, and then adding these
two present values together.

The first part consists of finding the present value of all the forecast dividends that will be paid
up to and including time T. Denoting this present value by V-, it is equal to:

Vr- = Sl oo (17)

It is then necessary to calculate the present value of the forecasting dividends which will be paid
after T period, for this a constant growth model is used. It is initially assumed that investor does not
change his/her forecast for the dynamics of dividends. This means that dividends will increase by D,

over a period of T +1 and then increase at a constant rate g . Thus, the investor considers stocks as

growing at a constant pace and their exchange rate at the T (V,) moment of time can be determined by

the model of constant growth, which is equal to the value given by equation (15):

Vr =Dryq (ﬁ) (18)

One way to view V; is that it represents a lumpsum that is just as desirable as the stream of
dividends after T. That is, an investor would find a lumpsum of cash equal to V., to be received at time
T, to be equally desirable as the stream of dividends Dy, Dy, Dr43 and so on. Now given that the
investor is at time zero, not at time T, the present value att = 0 of the lumpsum V- must be determined.
This present value is found simply by discounting Vi for periods at the rate k, resulting in the following

formula for finding the present value at time zero for all dividends after T, denoted V+
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_ 1 _ Dryq
Vre =Vr [(1+k)T] T (k-g)(1+K)T (19)

Having found the present value of all dividends up to and including time T with Equation (17),

and the present value of dividends after time T with Equation (19), the investor can determine the value

of common stock by summing up these two amounts:

— —\T Dy D144
V=Vpr-4+Vp+ =34 FETAE + g LrT (20)
Figure 1 also illustrates the valuation procedure for the multiple-growth DDM that is given in

Equation (20).

-1 0 1 2 3 T-1 T T+1
+ + + + + —- . + + oo
DU D D D3 D‘[ DT+1
21 82 £3 84 g g g
Dy Dy D Dy Dryq

arlr Paxe T aroet arf Tk paior

b Y I

Vi Vs

Y
v

Fig.1. Time Line for Multiple-Growth model.

The zero-growth and constant-growth models have equations for V that can be reformulated in
order to solve for the IRR (Internal Rate of Return) on an investment in a stock. Unfortunately, a
convenient expression similar to Equations (8), (9), (10a) and (10b) is not available for the multiple-
growth model. Note that the expression for IRR is derived by substituting P for V, and k* for k in
Equation (20):

—_vT D¢ Dry1
P - Zt=1 (1+k*)t + (k*—g)(l'i'k*)T (21)

This equation cannot be rewritten with k*isolated on the left-hand side, so a closed-from
expression for IRR does not exist for the multiple-growth model.

However, all is not lost. It is the ability to easily calculate IRR for a variable growth model. (21)
The right-hand side of the equation is equal to the discounted value of the dividend flow, for this is used
discount rate. Hence the larger the value of k*, the smaller the value of the right-hand side of Equation
(21). The trial-and-error method proceeds by initially using an estimate for k*. If the resulting value on
the right-hand side of equation (21) is larger than P, then a larger estimate of k*is tried. Conversely, if
the resulting value is smaller than P, then a smaller estimate of k*is tried. Continuing this search process,
the investor can home in on the value of k*that makes the right-hand side equal P on left- hand side.
Fortunately, it is a relatively simple matter to program a computer to conduct the search for k*in
Equation (21). Most spreadsheets include a function that does so automatically.

The constant-growth model can be shown to be a special case of the multiple-growth model. In
particular, if the time when constant growth is assumed to begin is set equal to zero, then:

—_ VT Dy _ Dryq _ D
Vr- = t=1 (14Kt Oand Vr+ = (k—g)(1+k)t ~ k—g

because T =0 and (1 + k)° = 1. Given that the multiple-growth model states that V = Vp- + Vi,
one can see that setting T = 0 resultsinV = D, /(k — g), a formula that is equivalent to the formula
for the constant-growth model.
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Two dividend discount models that investors sometimes use are the two-stage model and the three-
stage model. The two-stage model assumes that a constant growth rate g exists only until some time Ty,
when a different growth rate g is assumed to begin and last until a later time T, at which time a third
growth rate is assumed to begin and last thereafter. Letting V;-+ denote the present value of all dividends
after the last growth rate has begun and V- denote the present value of all the preceding dividends,
indicates that these models are just special cases of the multiple-growth model.

In reality, it is only possible to accrue dividends at the constant growing rate for privileged stocks.
As disussed in the models above, we consider the common stocks value valuation model as well, while
the profit of issuer company is variable. Let’s list the following conditions:

If profit is max, then dividend is max;

If profit is min, than dividend is min;

If profit is equal to 0, then dividend is 0.

We use Monte-Carlo method to calculate the value:

(b—a)x\
N

b
V= f D(t)dt ~ D(t;)
1

a t=
where V is value of stocks, D — dividend of stock at moment t.

When using the Monte Carlo method [2] to calculate the integrals, an infinite stream of random
integers from the integral of the integral function is required. This requires the existence of a numerical
function that generates an independent point at each iteration where the value of the integral is computed.
A ready-made pseudo-number generator, a standard library in any programming language, or a random
number generator can be used to accomplish this task. The main factor affecting the accuracy of the
integral computation is the random number generator that has been chosen. The number of random
numbers involved in the computation affects the result less (increasing the number of random numbers

reduces the calculation error to \/iﬁ). This rule applies only to smooth functions in the absence of poles

when the function's significance is not directed to infinite results. This rule applies only to smooth
functions in the absence of poles when the value of the function does not go to infinite.

There are several options for generating random numbers for solving the above problem:

1) sage of pseudo-random number generator ( the sequence of an array of the "random”
numbers is known ahead, but in return we get a distribution of the well defined area, thereby
exempted to obtain completely random numbers, we will get an unequal distribution of
numbers. This factor will make it impossible to reach a real answer.

2) Usage of completely random numbers. The standard library in a programming language allows
us to do this obtain the completely random numbers (For ecxample , in C++ the command srand (time
(NULL)). A random number is obtained at each step of the iteration (the basic idea of the Monte Carlo
method applies to the selection of numbers), but the estimation of even distribution is not possible in
this case. Consequently, it is impossible to predict the possible outcome.

3) Usage of the Hybrid Monte Carlo Method, that is a combination of Simple Numerical Methods,
and Standard Library for Generating completely random numbers. The following two approaches are
feasible in this option:

A) Divide the segment into equal sub-segments and select one random number per
segment (quite large number of divisions is required to obtain a large number of
points, that will be reduced to rectangular integraton method if the number of
division is too high).
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B) Divide the segment into small number of sub-segments (e.g. divide [0; 1] into 10 equal
sections, this generates a N / 10 random points in each segment. Here N is a total number
of points on the given plane of the definition. In this case the randomness of the end value
increases but the randomness of the even distribution can be affected.

3. conclusion

The Hybrid Monte Carlo Method is quite flexible compared to the models mentioned above, as it
addresses an important issue that in reality relates to changes in the value of ordinary shares.
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Jugeob dmgero®mgds gfimgds [1].

3503909 9IO 3033 HIO0  0mM35colHobgdL  35039MHEgXIH B5dMO30L  d™3Rgob
06g305LEGHMIEHOOL  0bBHIYMOE00L 35393900 AsMgIML  A5dMmYygbgdom [2]. 35039Mgx 96
03906030 ™30l dbMH0g  BgdoLlEsmMZzom  JogHmgdol RGOl dJmbg  AsB0IMYdIMO
53005605, MMIJoE 39dm0Yyghgds Lb3oslbZs 53035300l s d™3RJob Q505HY39G0-
90900l dgloddbgero.  dsldo  Fglodergdgeos  Bsdgbgdoo  dm3bgob  3mbLglmlols
36OMGHM3000900L godmyghgds, Moms GHEMbBIg30gd0l 350IOMIOL OLEHWMYdS Imbgl
00 9900l gom3z35oLobgdom, HMIguoa Fobslfst 5ol Bsdmysodgd o doBbgl Jugwols
9dmbsfHoggdols doge [3].

2.  doMomso bsfomo

350396Mgx 96  3mI3mbgHo  Jgodegds  gobgobowmm, Gmymez  dogdlodogrmEs
9690000 3505(Y393¢0 0O 53M3569d0LIMZOL, LI LoFo®mms, MmI LMsgs dmbgl
3MLgdmwo  d0BbYL  Jugugdol  bFOILEGHMMIGHMGOL  dMEYEoMgds.  Slgmo  Jugwgdo
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doM0m5© d90(39396 59GH0390L s BHEMBDOJ309dL, HMBWYGOOE FIM3IZIMIMO IMA0300 SGOL
Fommb 535380090 o.  5dBH03900 Fgodwgds 0gmlb IMdGMs30 vy MdMO30  Jmbgds,
1b3osb3s 3030 LgM3z0L0 96 sFglgdMEgds s 5.8. [4]

LobGgds 9990 99990 0MHOMSPO 3MIMAEMST0 3MB3mbYbEHJOOLYD:

- B3Oo3GHMmo  3OMmaMms306M900L  9bs  javascript-oll  3OMAMTMwo 2563000560930
bowbsfymgdo;

- 0M3dsb9gdgd0lL 45393900 063 MTgoLO;

- 6930999639300l 3MTsMYMOOL 2509EBOL 3BMYMITMwo sOJodgdEeol (REST)
9gmbg LgE®z960;

- 853533069090 3033mb9gb39d0;

- 36MHm39LYdoL 25dd390900;

- bbgosbbgs 0983030 Ggod@mmol Rslisdnbydgwro 3mgdo s bg [5].

030L5m30L, MMI IM35b0bMmm de™3Bgob 930353008 FMEIEP0MYds 30T3MBYMHOL
3°9mygbgdom, as630bowmm bigHzgMol GHodol 30330993 IMOLm30L IOIsRBOL FoMmBmgdol
JB9eol 5Hgmdol dogoomo.

9L Jbgero FoHMs3L YPIPIRIOOL FoMIMGISL 15305300390 F933900L dmmMbMm3zbosb
X96 IFoMIM909wmb 3Mr39930L ILEMIG353Y, 99909 30, 89833900DY 3939350 o
31939, 0m30¢olobgdl Tgbodsdol LsbgedbgzgEm Qobymxzogdsl, MMl d9w)dwos
93MBEMMEML {o®dmgdol dogaro 3Gm3gLo.

393)93MM0900L dobg300 2obgLoBOIOMMm™ ol IMEYEgd0, HrMIwgdos LobEgdol dmgwo
9v935md0ob 3sbdobg doomgdls Imbsfoengdsl:

- dmbspocnggdo: Person - 990339000; Manufacturer - 9(o®Imgdgro; Regulator -
b9s3b)EzIwo;

- 99H03900: Order - 89339005; Motherboard - ©©©©ORs;

- Osb6Bsgpo900: PlaceOrder - 89339000l a9bmagligds; UpdateOrderStatus - 993390000
BGOGMLOL 2ob5bgds; SetupData - Lolidgdsdo Fglo@ebo mbo3999d0;

- dm3zcm96980: PlaceOrderEvent - 8933900l  56mo3b9d0l  dmgergbs; UpdateOrder-
StatusEvent - 89339000 bEos@«bols gobsbenrgdols dmgengbes.

sl 99009, 53  Lofgol  Bmbszgdgdl  dg30943s600  LobGHYdsdo, ogo  0dMdoz9lL
d909bs06Mo:

Person, 5699 899339000 09gbgdl dfo6r3mgderols 530353006 0doLsm30L, MM 55(gmb s
399133900mb  Jobm3zolL  LobvOZ9WO  OJOIORBS.  9303S30S  3MYRoLEMOMYdL  PlaceOrder
A®56Dogd309L. g BHMBBoJ305 JIboL sboen Order 5JGogzlL, HMTgEoE 903936 00 YEIWYOU,
GmIgos  09m339ms  Person-8s. Manufacturer, by 3fo®dmgdgero  ofjggdl  3w935cm0dsls
©IOIEIRPIDBY s d0Yyzgds HoMmdmgdol sbdodgzmmdsl. Manufacturer 56MH90LEGOOMHOL
UpdateOrderStatus  @6Mobbogdi3090L Order sd@GHogdo (3300 9gd9d0l  sbsfgems (PLACED,
SCHEDULED_FOR_MANUFACTURE, Barcode ASSIGNED o 5.0.). 05 390093, 653
Manufacturer ssb6vegdl Order-bg 9domdsls dmenm, UpdateOrderStatus @6obbogdoom, 58
OML bgds ©YIIBIDY 103 MMO 0IbEHOR0ZGHMMOL JoboFqds S IWOOIPIRSDY
59303900l M9gLEG®d0  sTsBHds Order-do  dmombmgzgbogro  dmbs3zgdgdol  domOmYdOm.
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LYBYTBYE39EM LsLEBLM, BsPMZ30L 060 F)d)E0 MBWG3JO0IL 25dMAObIMY, FngEo
Do63mgdol 3OHmEgLBg 9mdeos M35¢0l 093693 (Bob.1,2).

Date, Time Entry Type Participant

2020-02-05, 09:56:58 UpdateOrderStatus admin (NetworkAdmin) view record
2020-02-05, 09:56:44 UpdateOrderStatus admin (NetworkAdmin) lew recor
2020-02-05, 09:56:00 UpdateOrderStatus admin (NetworkAdmin) view record
2020-02-05, 09:54:06 UpdateOrderStatus admin (NetworkAdmin) view record
2020-02-05, 09:53:08 PlaceOrder admin (NetworkAdmin) view record
2020-02-05, 09:31:36 SetupData admin (NetworkAdmin) view record

6sb.1. Bsbbsgdngdol olmmos §smdmgdol ghmo Grmo gozwolismgols

on

"Sclass":

"org.acme.motherboard assebmly network.UpdateOrderStatus®,
"orderStatus™: “DELIVERED",

"order":
"resource:org.acme.notherboard_assebmly_network.Order#1234",
"transactionld™: "2fdaa65d-c458-48bd-a6f7-5f3cebcibe62”,
"timestamp": "2626-82-05105:56:58.8297"

)
|

65b.2. DELIVER ¢6s6Bsgdgoolb g3sbxs6d s dolo ©g@sergdo

50f9mowo  bobGgdol  9MFomdol  9gaqdolL  0MLEMIE00LIMZ0L,  T9y30dE0s
93094356mm {omdmgdol gMmo LeWMwo 3o3wol GHMmobBIg30gdol BsbsfgMgdol olEmemools
7obxoGo  (Bob.1), ULooobsg, view record Bobofgmgdbg  ©)393Mbgdom  F9az30dw0s
390M3005bmm MO0OMGMo  BHMBBIJ300L oLEBHMOO0L BsbsfgMo Fgbsdsdolbo @ EIwgdom
(65b.2, 3), 3960dM©, JIsGOL IMIBT>MGOEOLMZOL BsdMYGOOL, 56+ ,,Delivered” LEs@mbol
dJmbg UpdateOrderStatus 3o3ol ¢Msbbogdzosl dglsdsdobo timestamp, 569 @OHMomo 9Es3300m.

3. sl33bs

00aMd900, HMIgEbog 0s65390MM™M3g derm3hgob LobiEgdgdo 0ygbgdab, IMsg3sos o
obobo, MBgEglo 9Mdobgm0LYE Foblib3s30gd056, brem dsm GOl s6B9g3560L go39mgds
bdoMs  OmMYwEIds  LoLEIIOLMZOL  ELLIMNWO  STMEBOL  3MB3WIJuIOMDdOPID

390030bs6Y. dm399Me bEsGosdo B39b 49b30bowgm 3mb3MgEHmeo LolEgds, MHMIgEos
9 9woqdols 99939Mm000 sbbL ©os 3m©ol dJmby 3MMAMmTMwo 35393gd0L Bozmgdols
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398myggbgdom Lbgsslbgs LoMmMErol dJmbg derm3hgob A5sFY393 0 gdgdol d969x%dgbEL
LobGgdol  Lohgolo goBomm3oLs s T9dEAMI0  F>MMZOLIMZOL  IBIOR WO  EOHMONO
M9LmOLYdOL T9d306MHgd0L Qomzseoljobgdom.

@odgMsG®s — References — Jlureparypa:

1. https://www.hyperledger.org/wp-content/uploads/2017/05/Hyperledger-Composer-Over-
view.pdf

2. Androulaki E., Barger A., Bortnikov V. (2018). Hyperledger fabric: a distributed operating
system for permissioned blockchains. Association for Computing Machinery. NY, United States.
April, pp.1-3

3. Holbrook J]. (2018). Developing a Blockchain Business Network with Hyperledger
Composer using the IBM Blockchain Platform Starter Plan, Poughkeepsie, NY : IBM Corporation,
International Technical Support Organization, p.8

4. https://developer.ibm.com/technologies/blockchain/articles/top-technical-advantages-of-
hyperledger-fabric-for-blockchain-networks/

5. Baset S.A. (2019). Blockchain development with Hyperledger: build decentralized
applications with Hyperledger Fabric and Composer. Birmingham, UK: Packt Publishing, pp.544-
547

BLOCKCHAIN APPLICATIONS MODELING USING A COMPLEX SYSTEM
Kotrikadze Ketevan, Kipshidze David
Georgian Technical University
Summary
In this article blockchain application modeling issues are considered. In particular, we discuss
one of such complex solutions presented by the product of the Hyperlerger company - Composer.
It, in its turn, contains a set of the open source software packages for creating and managing
blockchain applications. The main goal of the system is to save time resources as much as possible

and to create a blockchain solutions of various difficulties in a relatively short time period.

MOJIEJIMPOBAHUE BJIOKYEMH ATITJIMKAIIUN C CTIOJIb3OBAHUEM
KOMILJIEKCHOM CUCTEMEI
Korpuxkazse K., Kunumzze 1.
I'pysunckuii Texuuueckuit YHUBepcUTeT
Pestome

PccmaTpuBatoTcs BOIIPOCH! MOZeTMPOBAaHUA IPUIOKeHN 610K4ueiiHa. B wacTHOCTH, OZHO U3
TaKMX KOMIIZIEKCHBIX pelleHWUY, IIpeiCTaBleHHOe IIPOAYKTOM KOMIaHWM XawIepiaemkepa -
Kommnoyzep. OH B cBOIO 04epesb COTEP>KUT HAOOP IIPOraMMHBIX IIAKETOB C OTKPBITHIM KOZOM I
CO3JaHUA U yIpaBlIeHUs OJOKdYeilH amiukanuil. [J1aBHAs Iesb CHCTEMBI COCTOUT B TOM, YTOOBI
MaKCHUMaJIBHO cOepedb peCcypChl BpeMeHU M B OTHOCHTEIBHO KOPOTKHE CPOKH CO3/aTh GJIOKYeHH

pelleHn# pa3sHOl CIOXKHOCTH.
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33l B03MM0 d3M5mdOL sMm30L LoLZGds
Square (POS) Software

b5BH05 JOobEHYLosZ3000, FmEdss0 botgdgursdzowo
606 JOobiEgbosdzowo
Lodoomzgeml ¢9dbozmco mbogg@lodgdo

9bomdg

396boME0s  3ElEGH0IMMO B3MVMYO0M FoIBEOL FgLodgdMBOL 3OMOdMGTYIO
LodoMM39ML  dsBIOBY. I30M9 T9HoMT)go0 s LogsFMmm ™md0YJBHYO0 3960 LOgsHMdID
dmdbToMm9d9geqdL sbgm LgM3Z0LL, Moz oo 3Mb3MMHI6EMBIMHO0SBMIL s Tmqdsl, HAo®
d900bg935d0, Loa®AbMBSE 53306093L. gMmo FbEMmog gl begds 0doG™, HMI JEsbEH03OHO
056omol  IgEmdIgdo, b39Mgdmog, MBOM  IgGEL  boMxsgzgb, oyl oM 506
d9b0MMwbo Bomo BMwol mEbmdom. AsMEs 5doby, MMM dmTbsmgdeol, 1939
3003560900308 3eslGH0ZMNMO0  BIMSMOM oIS FJIMGO0m  FMlsbgdbgdgwos ©s
MLBOBOObM. 599056 250mIObsMY, 020 OMOL s F5EJMOSXMOO MglwOLOL 9539dEIMS©
3990yggbgdol MHgmdl bgwl. dzomg 30Bbgliol 30631096 EHMBsM0s6MdOL  golisBM©gw s
65960mddo  Fomdmaqboos Abmgzmom dsbBsODY IBIMROWo  3ESLEBH03NMO  BIMIMOM
2390BEOOL  53MMBIOMYOMO FJOMPO, HMIJoE Square 5303530000 b (30900 Yds.

153356dm LoGyzgdo: Square Software. Point of Sale LoliEgds. MHg3mMEHObYO. dOEMGO
33035(305. 33BG03IM0 dGMSMO.

1. 3gLsgsemo

901959530 3EolBH03MOO BM5MOm  BoMygdMdOL 59356 MB30MOGHJOOLS, WYL
9653w 33b30905 Bo35FMMm Md0YJBHI00 s LgMzolL (396GHMYd0, Lowsg ImIbsGmgdYEL
056M5MOM J5IBEL 396 LMOg5BMdb. g ob30MMBdGdIMW0s 3mL FHgMHdbool dmdlabwrmgdols
g4m39m3009MH0 2500LobOOm s BHEMBBod300L Lsgmdobommo, Mmdgwois 1,4% -:- 2,6%
©0535Bmbdo  Ighrygmdl. 9306y d0BbYL-03wMdYgd0 Ml GHgMHTobsols BsMgdMdOL
g4m39m307)6  153MAoLOML  TsBHJdom  botrxs  dooBbyzgb ©s  boswo  @yMwom
3b206m0aLHmMGAL  9dxMd0BYdYD.  Sbgmo  MbgEbMEMdOL 9300  SLOGOWYIWS©
3500x8MmMB05d0o d90ddbs 3OMaEedmeo MBOHMB3gwymes Square Software [1]. ogo BgydolidogH
308356051 s 0boz0MsEME dgfaddgl LBodrsegdsl 5dEg3l LISOEHBMOBOL EIbIsGYdOm
3990099bmb 3esl3039M0 dMSMO JoIBEOL LoliEds.

2. 306030 bsfjoero

Square EMOLEEOIOLMOO® ALMBPEEOM  BIDBIODY  VOLYIMWO  Y3gwsby  FoMEH0Z0
153M9OGHM BMSMOL 53353930l IM35¢RMBJoMo LoLEBHYTss s bbgs LobE)dgdoLb
396Lb35398000 IMIBT>MdWGOL 50630LvIRWGIL YMZIMZOMO 45BEbLIEOLY. 3md3sbos
bo3mdolboml obol  Fbmewm@ 85306, GMEILsg dMTbsMYdIEo 3ELEBH0ZNOO BIMSDOM
239005BEL 2obsbMmME0ggdL (2,75%).

Square Point of Sale (POS) 9md0omMo 530035300l Bsdm@G3060m35 @ 255dGH0Mgds
UBOHIE05 YYBILMS. 030 25TM0MBY35 06GHMOE0IM0 89b0MMO S 6 LoFoMMYIL sT>E YOO
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A®90606990L. Jobo EobTsMgd0m FglodEgdgEr0s 25bEOL  JgomMOl  Im3zwg G9gdudcdo
39¢9md069000 96 9e9JBHMbMWo BMBEGH0D 2oaBogbs s s1g39 0deg3s 3O EH0BYOL Idws3M
obAMMAgb@L. Square Point of Sale (POS)-l dmdbdmhgdgangdl 300935605 xg3slM© LmogsHMdL
0565m0oL (odz0mbzgel, MMIgewoi LASOEHRMBL MgOM©ds s 6gdoLdoYMHO SYOWOEIH
MBOHMb39wYnxl  3EolEBH03NMO B350 gosbol  Bogdsl  (Bsb.1).  doMIMOL
$003000b39wo0 30335dEHwIM05 S 9O BoFOMMIOL FJHZL. 00 Fdomdl Mrmym®s i0S, slig3y
Android Lol gdgdolmgol. Jobo 453mygbgds SMOL LEOE0SE MBSBOMbM, Mo L3MILOGH™
05650l 0bBMMHT5305 IFORM™M0S S JobO FMbs3dg00 56 0bsbgds IMFYMdOEMdSTo.

o y

Square Point of Sale / A I

Run and grow your business.

Bob.1. Square (POS) dssmols §odzombggero

Square Inc. 3m8bds69d9gdl 51939 LEOZSBMOL M3MbEsIGHM™ (od30mb3zgwl, MMIgeros
06393m06M©gds OGmym®s Apple, sbggg Android LIsSOEBMEIOMD S 3csbTgEHIOME (65b.2).
LGSR0 250050, 533G Mo© 39d8boero 8mdbdsmdeols 3HMBI0WGd0 @S gOMYME OO
36053900 Y39 dmabTogdgenls 3859maol GHem3zgdl.

65b.2 Square (POS) d35(5000b 1306 0dBHm 9300003900

0dob  ©g3MmbLEBHOGHMdOLMZ0L M) MedEgbs ds@@EH0g0s Square (POS)  bozMgoG™
05650l LoLEBYIo®  FMIBEDoJ3000L  TglBMEgds, 2obgzobow M  BMOMOm  Fowobol
36m39L0, MMIJEoE M59I60g 9B¢o30L Fggds:
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e LAsOEGHBMEBY 306Bg3m Square POS 360965358 5 056M500L §o930mbzgels 935900900
LISOERMEBY 96 3esb6dgEHOL gmEOLLIGHOL dygdo (bsb.1);

® 0d 990mbgg35d0 0¥) bJmbErol FomM30L ImIEL 309gbgdm 5306MRJdD LslmMzgen
Bogmb (65b.3), 30390000900 MMOIEMIL s 3505;JOM J0dEObIMY 4590390 T0;

o 153M9AH0M BIMINL 453539 JO0 d3MMOL {593000b39ed0;

e 0¥) bgedmfgmgdol Bsbs®rmo o0d@EH0IMgdeos, 3bombmgom ImabTsMgOgul dmsfgdml
bowo;

e J935MBg30 dmIBT>M9dobmz0l LolivyMm39e0 J30MMOL 35M0BGHL s 0¥) LobEYdoby
90960090 wos 30063 IM0 893300¢005 ©309FM JZ0SGMO;

*  2505bOL ILEOWYdOL 9999y, 930906DY 9GO MHYdS BsbsGo ,,All done”.

Colored Tumblers $9.00

Cloth Napkins S$1.00

Wy  Bosket Set $9.00
Wooden Bowis $12.00
z Bath Scaps $4.00
Bath Soaps $4.00
E Bath Towels $18.00
- 2 Bowl Set $15.00 Discounts - 54,30
Tax $3.68
G condie set $13.00
L.

Colored Tumblers $9.00

65b.3. Logmbemol seBggol dmmemo

3. sls336s

Square Software dgddbogros 2009 gl 5396M03mwo 3md3s60s ,Square Inc”-ob BogH. oyo
9m39@ o 0bzgfigdse s EEILEEIMBON JH0-gOM Y39wsBY I5OEOZ s LOLYNGO
153M9OGHM B3OV 3MT53900l B35 RMBI30E LoliBYIsL Fo®dmogbl. Square POS-
ob  Abgoglo 83035305, MMIgwog TBsOL  ©sMFIOL  dzocmg doBBYLL, TgobsGPMbmU

3M637096GH Mo M30M@LMmds s  bgwo 80§30 gdMm©am  LO3IMIOOGHM  BIMSMDOD
96256003 HMMHGdLmD Lods®mMZgeml B5HBMDY XM 56 4odmbgbogns.
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0@ gMs@®s — References — JIureparypa:

1. Fit small Business. Internet resource: www.fitsmallbusiness.com

2. Surguladze G., Kristesiashvili Kh., Maisuradze G. (2012). The Process of Implementing ERP
Systems and its Problems. Transact. of GTU "Automated Control Systems”, N2(13), 104-108, (in
Georgian)

3. Run the business your customers love. Internet resource: www.squareup.com

4. 2020 Square Review: Mobile Reader, POS, Invoicing, and Payroll. Internet resource:

www.business.org

CREDIT CARD PROCESSING SYSTEM: SQUARE (POS) SOFTWARE

Nareshelashvili Gulbaat, Kristesiashvili Khatia, Kristesiashvili Nino

Georgian Technical University

Summary

Square Software was created in 2009 by the American company "Square Inc". Square (POS) is
the simplest, smartest, multifunctional credit card processing system on the world market,
and unlike other systems, it releases customers from the monthly fee. Software like Square POS,
which supports small businesses to maintain a competitive advantage and easily access credit card

payment has not appeared yet on Georgian market.

CUCTEMA YIIPABJIEHUA INTACTUKOBBIMHA KAPTAMU
Square (POS) Software

Kpucrecnamsunu X., Hapemenramsuiu I'., Kpucrecnamsuan H.
I'pysunckuii Texuudeckuil YHUBepCUTET

Pesrome

Cy1ecTByiolye Ha TPY3MHCKOM PBIHKE Majlble IPeANPUATHA U TOPTOBble OOBEKTHI HE IPELOCTABIIAIOT
KJIMEeHTaM BO3MOXXHOCTH IIPOUBOJUTH JeHeXXHbIe PACYeTHI C IIOMOILIBIO IIIACTUKOBBIX KapT, YTO CYIeCTBEHHO
CHIDKAeT X KOHKYPEHTHO CIIOCOGHOCTH U IIPUOBLIb. DTO OOYCIOBIEHO TeM, YTO 06JIaZaTe/Id IIACTUKOBBIX
KapT OOBIYHO TpaTAT GOJIblIE, TAaK KaK OHM He OTrpaHWYeHbl HAJTMYHBIMU JeHbraMu. Kpome Toro, pacuer ¢
IIOMOIIBIO IJIACTUKOBBIX KapT yZoOeH K Oe3omaceH KakK mid (GU3MYECKUX JIUI, TaK U KOMIAHUN U
croco6eTByeT 3((HeKTUBHOMY MCIIONB30BAaHUIO BPEMEHM M MaTepUaJbHBIX pecypcoB. [Inf HOBBINIEHUA
sddekTHBHOCTH ManIOro GH3HECA B CTAThe PACCMATPUBAETCSA BHEAPEHHBIN M arpoOHMpPOBAHHbIN HA MUPOBOM

PBIHKE METOJ, pac4eTa C IIOMOIIbIO IIIACTUKOBBIX KapT, OCHOBAHHBIN Ha UCIIOJIb30BAHUU Squar arumxaunﬁ.
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030353000 ©s 350093530349M0 3Mm©OYE0MdoL
95¢0Do300L 39ML39JE03900 53MMME Bgd@m®do

5e09qlsbMg 8965830001, Boowro Losdmbodyg!, Lgfym 30653vws?

1-bodoMrM39Wwmb F9gdbozm®mo MboggMbo@gdo
2-bogdoMrM39wmL MboggMLoGEEO

69bomdg

39bbomEos  Loobgm®Isgom  LolLEYdgdol  godmygbgdol  9x39dEGHMIOO  39dGHMMO
d9L50530L0 BMbsE7MS B5HYdOL Fgloddbges. gm-Lo0bgMOs0m LoLEYIgdOL godmygbgdoom
29909gMBO0S S 5963500393905 §39960L bea®dolsmz0olL 29639036000 LsgsMymewgdols
ROMOMBYO0  Jobgmol  Mgaombdo (39Mdm©  ©IEMBEOLHYsOM, Lowbsmo). IM3M390vE0
dmbs393900L  FgLodegdeMdId0m  BOTMYSE0ddME0s  dmbsigdms  dsHol  dggdbols
bawlsghgero bgMbo, GmIgeog 0degzs bodw)oeqdsls dogomm 3mb3Mg@ o dmbsgdgdo
39MHIGOHoL  Bogmo®mgdsdo  sOLgdmwo  bgdoldogMo 65339000l Fglobgd.  smfig®owos
UodoMmM39wMl B39O MWGdOL s Bo35MIMEM  IMb3E0s6MdOL  306Mdgddo  J399sbsdo
bm®deol Imygzsbol 3m@Hgbaoswo s 39MLdgdGHoas.

153356dm LoEYz900: AMbo390005 dobs. LEOEBMMTs0M LOLEYTs. 0FOGEEOIOO TMEIYEPO.
dofjoll 3mbo. JsMm™3s. LaliyOLIMM MLSFODHMYds. baMmBso.

1. Bgbsgogro

939460l 3aMo™dOL Loxgwmdzqewros dofols HglIOLOL LHMGOO oMM3s Jobo ymbogzwmwo
3obsfogdol aBom. J394bol LolMbomm  dEYMmoEM™dOL  MHBOWL39WwYmBsdo  bmMdswo
0o68M59bL 2oBLS3MMMGOE 9egd9bEL @ obs30MMBYOL 53 LoLEGIOL BMYMEMEF BMEODSL,
51939 b LAHOJGHIOL, M3 F9B30OMBYBMWOs 5OLYOMEO LsgMHMNbYIdOL s M mEobydols
36mabmbomgdoo.

bodoMmmzgml  3mwmbosgrm@o  Fodbeol ghm-geomo  mddodglo 8990
035 gMd©s 00530, MHMI  ©M¥Y300JIMIOL  IM3M3900L By  J399obs 396
BOHMb39wYmBs INLEbgMdOL dmmbm3bowgdgdl doMoms LabvIMLbsc™ 9ugdgbEgdby.
396L53MMOIOoM 50b0TBMWO 3OMIWGTs 259m0339Ms  §39Ybol bmEMdEOm FMToM)05d0.
dbmwm 3960 L3I 35ME60MMYdOL EIbTsMYDST s FBIMOFIMST M HBEOMBb3gEym
FoOH Mo LobgedHoxnmgd®momdol 99bsmPBMbgds.

©O90LsM30L  BabYOLIMM  MLsROMbMYdIOL MBOHMb3gymeas ®Bgds 360dzbgwmgsb
360MM0GIHOO ©5 oo MHYoWoBHE0s  33Ws3z53  IgLodgdgwos  dbMm©  FoME3woL
LEAOGIR0IWO FoM530L 9M00560 LobEBHGIOL BsTMYSE0dYOO).

d9Lsds0LOE,  EEIOLomzol  dofioll  MHguOLYdOL  sGzoLomzol  9xgdGHOO
Ls0bRMGAsz0m  LoLEYIgdol  Fgddbs s  Tomo  FMbJzombo@gds  FoMdmygbl
8603369035691 53m39BsL. BoobBMEMs30Mm LOLEBHYIOL 9539dBHWIOO MYs0Bs30s IMOoMbMIL

bm®dwom 439960l OO MB3gEygmzol seam®omde sfigcel s s©0bodbmer s©fgmsdo
bm®deol IMEmEmds 9Mm-9MH000 J0MOMOPO 356M539EHG0s.

2. 300030 bsfogro

506086 MwoEsb  299mdEobsty  gobgobowmm  J3g9bol  d3m@Hgbgoswo  s®MlgdMeo
15356 9d0L s IMBOZ0s6MdOL BsMBMTo.

38



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(30), 2020

LoguBOGOL  9OM3bmwo  bosagb@ml dmbs3gdgdby sYyMbmdom [1] LabyMlsom
bm®deol 93994bolomzol byFomm Ferom®o Lsdowm MomIbmds 99590l osbEMmgdom
801 000 ¢., 53 dmbdstgdol - 100%-0s.

2008 farol dbmxywrom 3Hobolbol 9999, 359MMmb M930md9bogool Msbsbdsw yzgws
9394659 165 MBOHNMB39wYML 5EAO0WMdM030 MHgIOLYdIOM oMo JoMogol ssbEMgdom
12%-0Ub fo63mqds, Mo J0obermgdom 2 30l do®mogls Gomdmoygbl. 50bodbreo dsMago Mbs
Boomzgomml 03 LBEMsBHIR0ME MHYM350, o3 OO MB3geygmxl J399bol  LabiyOlsomm
9003M5MdsL. Hengdol 96353 mdsdo 5P MdMH030 (oMmBmgdol bstxbg Lods®omggermad
3900503565 ©599b0dg ©ddodglo 3HoBolo bmMdsebHg s BJz0WwDbg GFsliol MgyMErocgdols
3D0m. ©goLEMZ0L 50b0dbMo 12%-0560 GYLMEOLO LJosGNZ9gEMbmZ0L Mbs J950y9bEIL
96 120 ¢.

©9OMxBobyseml  IMnbogodswo@gdol  8gmdgHgdol  doge  dmfimgdeo
9dmbs39d9000m (0b. bMowo 1), bea®derol bodmogm Imbogerosbmds Gsombdo 99owaqbl 3,78
&/35., beagoem 59 3N EHMOOD 5353930 BIOMMOJIO BEMYd00 28 000 35-b. [2]

©IEMBEOoLTYsMML Ggaombdo baddgols dmbisgmosbmds 3gbo.1
be&OHdEOl bo&HdEob
5mNMdO, Lo3oL3MmMGHM d00gdo
bocwo boddeob xodo ° 35 80)1)03@00[;216& ambbigq)‘(?bgnbo
&/3s &/3s
2010 | g39bymemo"egbobo” 25000 8 3.2
2011 | g3bgmemo"egbsbo” 19000 8 2.8
2012 | boygro "0m3s" 23000 8.8 3.6
2013 | 50960300 "X 953960" 18000 11 4.2
2014 | 599603290 "3793960" 24000 7.5 3.2
2015 | 599603290 "39139600" 12000 7.5 3.5
2016 | ®boygro "a®mdo” 20200 9.7 4.6
2017 | 396356990 "©mgam" 24000 6 3.4
2018 | o3LbBHMovYemo 090390 26000 8.9 4
2019 | o3bEHMovemo x¥0do ,aoe0glio® 28000 5.4 5
L53w95¢m IbogE0sbMds: 3.78

MmO Bgdnm 503608690, LodsMm3z9wmTo LoliyOLIMM bMMIWOL SEYOWMdM0Zdd
0o60mgdsd Mbs Tgoyobml 96 120 (¢, (12%). SBoewoBds @g30P396s, GMI Tbemerm
©9MREoLHYsOH™Io 89O Mool 80ge 50301930 Bs3sMYME0 0dEg3s LMoL
©53054MmB0IL 459MML HBgdmo bligbgdmwo H930mdgbosgos.

28000 35 x 3,8 ¢ = 106 400 ¢
96120 & :3.8 3 =25294 35

dofiols HglyEOLgdol Joer30L IMY0MGdS IMOMBMIL FoblislzmMgde Fgi3oligdsls 56
dbmm §394bol M900mb900L 56 3mboEodswo@g@gdol mbybyg sGLYdMWO LogsMYMEgdol,
565990 363093 M0 6533900930L GG S0HgMOLSS.

Bgooldogho  BgMIgemo b Lomxsbm  99m@bgmdol  LsdgEObgm  9B9JGHMOMdS
30605306 99353806005 8500 IREWMOYEMdST0  5OLYOMO LobmGBem-lsdgm@bgm  dofjols
M9LMOLOL  356M5993HMYOOL LHmO Fgxsligdsl s MHmymOE 339 90360869m, 593350
Lodmgem 35839693 gd0l 996MBg30L 3B LsdgMbgm LoddosbmdOl gobbm®mEogagdsls.

59 3odolb 6533900900l BMIMBoMYdOL s FgBslgdol JoBbom B336 30LsMYgdwge GIS
LobEGHYFom, M3 39MM 153MMNMYGOST0 3MLYdIo Lobbogo MHgLYIOLOL GO Fglfogerol

39



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(30), 2020

15399593 0deng3s IGLO3MOOL s 6533900l MYAOLEHMSE300L BMEIOL 0IbEHOROEOMYOOL
306md90d0.

B3960 330930l BoMAWgddo BsIMYs0d©s IOMBOLHYsO™L IMbogodswodg®do
bmOdoLIM30L 3963793600 LegsMAMgdoLsmzol dmbsgqgdms dsBol d9gddbols bgMbo,
Hobm30L53 Podm3z094gbgm 3O MyMsds MapInfo-l 0b@gdxngobo.

2018 ool Lodsmomggarml 9em3bo9eno s@esliol bmgerols dgmmbymdols Gds®yg (ob.
bm@. 1) [3] y3omgeo gg@oom (#10), 3mbodbraros bm®mderol dmgzgebols sG95¢o.

339300 5dmEs60sb 259md0bstg, 2560LsBPOZMS ILMBEOLHYIOML dMboEodswro-
G930 beMdol  3MWEHMOOLIMNZOL b3 MmM360o  BoOMMdO.  SToLEMZOL  FOMYMSTS
Maplnfo-do  @5350930LbGHM0MOgm Bgdmom  s0bodbmwo Mwyds (6b.1), s bbby byLGHo
3MmMO0653H90000 s dgLodsdolo dsB39693wgdom FoRGME LogMEgdo o30GBIm ob
56950, bbcgb(; gpgcgmg;@obﬁgbﬁm’@o 0m9Lgds beaMdso (bsb.2).

Agrlculture

6ob.1. Lags®mgzgeml gHmzgbmo s@Esliols bmgeols 3gmM@Bymdol Guyds

c & B - *Untitled.wor - Maplnfo Pro 2 - &8 x
HOME  TABLE = MAP  SPATIAL  LAYOUT  RASTER

HEEEGE X8 VAR E Qe @H B

Map Open Add AddTo Cosmetic Select SQL . r Map
= Theme Map~ - = select B Find s B Lock Scale

Content Selection
Explorer v & x
@ Search Q
Maps ¥
4 Table_of_properies 5odagno Map

&) Cosmetic Layer o &
Table_of_properies )
2 Bodemmo

~ e
X
__Map @ :S_ 7 =
3
| 4
Tables ¥
List : Recent w
Table_of_properies t 0
BoEdarno S > /
= v
Windows ¥
Maps (2) ¥
Table_of_properies, bmfdagmo Map
__Map
Browsers v
Table_of_properies Browser
Tools (2) ¥

659.2. 30636M9EWE 30HEOBEHIVT0 PsBOJLOMHYOEMO beMBdEOLs
399G oLsmz0l 3563mm360emo sGgsero

40



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(30), 2020

50b0dbo 3mmME0bsEH ool LobEgdsd 43063965, O™ Mg beMdol 39 @EwOom
053939090 Moo 5953 JOS  IPMABOLHYIOML  FMBbo(30350BHIEHOL  GIOOGHMOMOS.
d9L505d0BO, 59ME060IL Fodmdobstyg B396L doge dgddbowo Sws@Rm®dol d9839md00

3°9m3945300 FbMEMmE ©gOMABoLHYsOML 396030350003 IGHOL GHIM0GHMOM0sBY SGBYdWWwO
L5356 Mgd0 (bob.3).

4

Bob.3. ymBEoLfysemls 3Mbogodseodgddo dmbggo®owo bnMdgol
399GYOHOLmZ0L 5639013600 GgHodmmos

2014 §eool 396m99mb  9mm3bmeo  Bosggbdmb  dmbs3gbgdom,  ©gEMBEOLHYsO™U
89960(303500039BH0L BoMMNMdO 9596l 252 920 3.

bmOO0m 05353909100 15350 GIOL LEYONM BoMMNMdO (65b.3) Tgogbl 84 260 3o,
bmem miEolgs®ml 39603035¢00G)GH0L GHYM0EMM05BY gobmogligdmwos 66 200 3s.

d9L50590L5, F9IOML ©93MI)bIEO0L MYs0DIEOOLIMZ0L LIOLIMZ0L bs3doMOLOS
25 294 35. (berdseo 5«9 dmbogerosbmdoom 3.8 3/3s).

DM, PJOMBOLHYSOML FMBOE035woE GOL Lobbosgo LogzsMYMEgdOL dm(3LIEM-
05 89365 509d5@Jds 50bodbM LoFoMmgdsl (66 200 35 - 25294 35 = 40 900 35.) s 0o
30300 35300 MHgbEMLos. 39-[4] BsdOMAdo ,,d0fol Bmbool FsOmzol 3Mm3gldo
300G BHMOMO 5bs¢r0bol Fgladegdermdgdo” B3gb g9b30b0wgo bgsalbgs Bog@memols
393wgbs 1356 gdol FoMmM30lL 3OHMEglbY s s0bodbMwo Q930390 gn Maplnfo-ls
06396 x390L0L 3EoGHBMEOIsDY (65b.4).

33w930L Logw)dz9w By BsIMYsE0dES JMbsigdms doBol d9ddbols bgarbisgmgwo bgdbo,
MMIgeo 0deg3s Bsdogdsl Jo300Mmm 3063030 dmbso3gdgdo 39MIgHob by3mM9d5d0
50LYdME0o BxdOLoYMO 6533900l Tgliobgd (bob.4, 5).

©90Mx3obHYsOML 3MB0E035wo@ GOl 3s5womo 330639693L, ™A LodsGmzgarml
dofjoll 3mbo IM535¢ LoxgbwIMm0sbo LoLEGHYTss, MHMIWOL  BMmEYE0MYdOL BsGBM dMoMbM3L
3339l bsdg3bogMm MBOHMB3gEYMRLL. s©0bodbwo 33eg30L Loggdzgubg dgddboero
9b539005 B5Bs LMDl 03 (39¢39MI BIOOGMO05DY 2oMLZEIII® V9350 PO0bM™

3063093 Mwo  30mOmobsGgdol 9390 dYymxo L35MYMEOL  BoMMMOO, 3w0ToBHIOO S
605oaM3Mm030 BMbs, Boergdgdol MomEabmds, L3OOl BMOBs, beMEMdWOL Ls35M oMM

9bO3056MdY, 53MM-39d603M0 350gd0L Fglierargds s 5.9.

41



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(30), 2020

BalLidE aB o geA00,000

n
o 7 e > A

659.4. 9EMBEOLTYsOML 6050saMdMH0Z MYdsby B0 3NMMEOBsEdO.

@yEngeobigtal 8380g0dsmodnel Bosgapgiol B

el pbo ‘400,000

Region Object x

BoundsXl: | FINEENE |m v |4,572,374.61|m
m

Bounds X2: | 626,%84.89 v2: [4,575,667.94 |m n
%
Centerx: [62%,167.96 |m  v: [4574021.27 |m N
Total Area: 1156 5 km (Spherical) i ;’
Total Perimeter: 12.82 km (Spherical) l f
Line Segments: 25 N T e e L
Palygons: 1 style: [1] N o . N / r
“ X - f
< S
Cancel Help 1 - ¥
- o] A :
s . N

655.5. 8mb53g8ms BoBoLmzoL dmbBsigdgdol dga®magdol Bodwdo

3. sls336s
Bo@do®gdmamds 339358 33063965, 6OHmd ool gmbools Fomm30L  LEBMsEGHHO0l

3909985390500 96L539M9d9e 360d36gEPMdSL 0dgbl 0d0ESE0IMO FMEI0MHOOL IgmM™MOO,
Mmdgwoi 93390000 DAoL J39960L  LobIOLIM  MLIROMDMYOOL  3OMABMBOMmGdOL

9%399EHIOMDdL.
2019-2020 ferol 3069beds 356093058 30093 JOMbYE ss@ILGMES B39l doge

Bo@oMmgdmo 33¢93900L 360336900mds @ 5o mds.

42



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(30), 2020

woBIMGMs — References — Jlureparypa:

1. Agricultural description of Georgia. National Statistics Office of Georgia.
https://www.geostat.ge/en. (11.05.2020)

2. Basic research of Dedoplistskaro municipality. CENN (Caucasus Environmental Non-
Governmental Network). 2014. -90 p., (in Georgian)

3. National Atlas of Georgia. (2018). Ivane Javakhishvili Tbilisi State University, Vakhushti
Bagrationi Institute of Geography, Justus Liebig University of Giessen Institute of Geography. -103
p., (in Georgian)

4. Sidamonidze N., Gligvashvili G. (2017). Multifactor Analysis of the Land fund
Management in Georgia. Bulletin of the Georgian National Academy of Sciences, vol.11, no.4,. pp.
150-156, Thilisi, 2017.

THE PERSPECTIVES OF IMPLEMENTATION OF IMITATIVE AND
MATHEMATICAL MODELLING IN AGRARTAN SECTOR

Benashvili Alexander!, Sidamonidze Natali!, Tsiramua Sergo?

1-Georgian Technical University
2-The University of Georgia

Summary

The work considers an efficient vector of utilization of information systems for developing
corresponding database. The areas of agricultural land for wheat are segregated and estimated in
the region of Kakheti (particularly, Dedoplistskaro, Signagi) by means of geoinformation systems.
On the basis of obtained data, convenient technique of development of database is developed.
It allows to retrieve particular data about any agricultural land owned by a farmer. The perspective
and opportunity of wheat cultivation is described in the conditions of existing agricultural lands and

estimated crop capacity in Georgia.

ITEPCITEKTHUBBI PEAJIMBAITM UMHUTATTMOHHOI'O 1 MATEMATHUYECKOI'O
MOJEJIMPOBAHWA B ATPAPHOM CEKTOPE

Benamsuimu A.!, Cugamonuzze H.!, upamya C.2

1-I'pysunckuit Texuugecknit Y HuBepcuTeT
2-Yuusepcuret ['pysuit

Pesiome

PaccmoTper 5ddeKTUBHBIN BEKTOpP HCHOIB30BAHUA MHMDOPMAIMOHHBIX CHCTEM [JIS
pa3paboTKU COOTBETCTBYIOIIEH Oassl JAaHHBIX. BbiseneHs! u oueHeHsl [Inomaznu cenrbckoxo3siic-
TBEHHBIX yrofuii moj, mmenuny B peruone Kaxeru (B wactHoctu, emomnucikapo, Curxaru) c
IIOMOIIBIO TeOMH(GOPMALMOHHBIX cucTeM. Ha OCHOBe IOyueHHBIX JAaHHBIX pa3paboraHa yno0Has
MeTOAMKAa pa3paboTKu 0asbl ZAHHBIX. OTO IIO3BOJIAET IIOMYYUTh KOHKPETHBIE IAHHBIE O JIIOO0OM
CeJIbCKOXO3AMCTBEHHOM  y4acTKe, IpuHaAmexameM ¢epmepy. OmnmcaHpl IOTeHIHAT U
IIEPCIIEKTUBBI BBIPALIMBAHUSA IIIIEHUIB B YCJIOBUAX CYIIECTBYIOIUX CEIbCKOXO3SIHCTBEHHBIX

YroAuii U IpeAIoJaraeMoi ypoXKaiHOCTH B CTpaHe.
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3) bdob Goggds obBymbghoor (Voting Over Internet - VOI): 3ol dglodenrms 3Jmbogl meo
do6M0mOo  bobg: ghomo dBOOZ3 sLsdzgdos BJol dosgds bgdoldogmo  3mB3099EHIHOELD,
MMIgo3 5393806093905 063 MbgEMb, Igmmg dbG03, dgladerms dmbogl s0bodbv)eols
d9b0M©3s ©s 99mIMBY3gends bdol doggds Fgderml IBMWME MBOEO0SWIO  BosMBI3bm
56Dy 29bmaglgdmmo  3mI30vBHYMH0sD.  Fglodsdolo,  0b@GgMbgBo  3sdmoygbgds
MBO305)MH0 BosMBI3bM MBbYd0B (396EHMIH yM3z9MHBY dMbo37900L gowolisdebs,

Bmy0gMHm Jgdmbgzgzsd0 30 58mIMBY39wl 0bE030©IsIM© Fgdeos bdol doigds,
Bgdolidogho  06@IMbYBHM6 53530060930 3n330v)BHIM0L. 69doldogmo 0bEgmbgd
0950msb Bdob doEgdol ML 99900l AsdmYsgbs Jglsderms MBGO™M LGB dmbgl,
30069 306053000 Bs(aMol gagd@®mbmwo LobEgdgdol gsdmygbgdolsl, dsb 8909y, M3
59m3MHBg3qdL bdols Jozgdolmzol BoB03WMmO© BHGMBLEMMBHOMYDS 56 gudFOMMGOSO.
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3. 30mIgBOoMEo Lss®BY36m LolEgdgdo

s®LgdMdL Bdol doEggdol gegdBOMbMwo Los®PBgzbm LoliEgds, MmIgwos Lbss®hgzbm
36Om3gLL FoMToOmog3l M JoMOMO© gBs3s [5]:
* 30039 933D bgds 59mdhg3eols d0mMmIgEMm0Mwwo 00g6EH0R0E0MYdS s LssMB)36m
36MHMmE9LBY 499m3bogdOL M9ROLEBHMOMYDY;
e J9mEg 933Dy - bdol doEgdol dsbdobols godmygbgdoom gargd@®mmbomams bdol doggds.
5©0bodbmemo bdol doEgdol gargdBHmmboaeo LolEgds, Lsd sEgdsl odengls bdols
30(3990L 9393Bg 009bEHOR0E0MGIME 04bsl 58MIMBIZ39wo domTgEHoMwo dgmm©om [5].
0039 BHM0MEo dgomEOoL godmyqbgds 53mIMBg3ol 00 9bEH0B0E0MGIOLIMZOL Los®bgzbm
36Mm39d0 0IbEHOBOEMIOOL BHMIOE0YE FJNMPMD (30MHEMIOL T>EILEMIOILO
©™399963DY  ©oYMHbMd0m  3sfY39B0WYdl 00gdL LwYdogdBHo) FgEsMIdom 0dE3s
50mdMB93eol  009bEBHOBOE0MGIOL  MBOM T RoMBEH0JOL. I3y,  9©0bodbyero
BosMBg36m  LobBHds  LodMogdsl 56  0dwrgzs  sdmIMBI39e0  d0MIYEBHMOMWS©  0dbsl
0095305303009 9wo bdob dozgdol gG3bY. 90gbs, 8mIMBI3wol bdol doEgdol
05690b5bob 533905 ©9dM30OIE0s  bosMBg3bm  3mdobool 930l LydogdEme
39050Y39BH0owgdsby, 5353 990dwwgds  MeMYmzomo  203wgbs  dmobobml  Lss®hg3bm
360 m39LOL MB09IEIOMDIBY, Mro3 F0MOMIOL 4594oedGOOL 5¢d50IMBOL Fomoen Fsb396909w by
©d95¢m© bIol Jozgdols 9s3by.

50 36MdEgdsl 535090l bdol dozgdol Lol@gds, MHMIgEoE LosMBg3bm 3HMEqLL
Dom350053L MO 9E535¢0: 5dMIMBYZOL MHgAoLEMOMYds s bdol doEgds [6]. 030 Ladmoegdsls
0dggzs  v0m3MBY39e0  B0oMIgGHOMOMMO©  0©I6GHORBOE0MGIMNmO 0ol  Bmymea
(930LG0MYO0L, s1g39 bdol do3gdol 9BO3BYE, M3 LsscBY36m 3MHME3glol Md0gdGMMs©
0o6BommM30L T9B) oMbGH0gdL 0dengzs. gl LobGgds Bgdmm babligbgdo gwgdBHOHMbmwo
Bo56B9g36m  LoLEBHYIOL  AOMAXMOILGIME  39MOBOSE  Tga30d¢0s5 Fogz0BRboMmm.  5ToLMBs3Y,
50b0dbmeo LobEgds sdmdMBI3eol domdg@®morE 0IbEH0BOE0MGdL sHEIBL LwydogdEHol
5096039 domIgEHMomwo BsB396909wol  sdmygbgdom, o3  BEMEOL  sdMIMBI3OL
096G0RB0E0MGOOL 5¢BsMMBSL, BoG0T 56 4oBLBPZMI3L Jomo 45dmygbgdol Fall: GmIgero
d0mIgBHMomo  95B39690gmo Mo dgdombggzsdo  Mbs  0gbsl  as8mygbgdemo;  ygzgws
0039 BMomeo 3583969390 Mbs 0dbsl 2odmygbgdmwo mvy dsmo bsfowo; Hmamo mbs
0yml domo godmygbgdol 9630dgztmds s 9.9., gb 30 M990 Lss®BY3bm LobEgdol
3563096 dboMg dga30dwos dogzoBbomm  [6]. domIgE®momwo Los@Bg3bm Lobdgds [7]
0650B6gdL [6] Loo®bg3zbm LobEGgdol  ©o@gdom TbaMgadl s 535LMsbs3g 0335M9dL o
0o0mFMo 36MHMdEgdsl domIgEmomwo dsB396909w0l botolbol 3bgdol dgdmmgdoms o
3063609¢ Mo 5dmIMBg3eol domdgEH@momwo 35839693 gdol 3HOMMOEGIGEO 398mygbgdol
d900m@Ool  BmMIoMgdom. gl 2odmbo@eos  3mb3MgGHMEo  $3mIMBg3ol  bbgaolibgs
0039 BMomo 356396909wolm30L domdgBHMomwo 356396900l Fysmmlb bsGolbol mbols
doboFgdom, Go3  LsGMOEGdSL 0dwgzs  LosMB3bm  3OMmEgldo  BmbEal  sdmdMBg3WwOL
003gBHMomeo 35839690¢gd0L 3M0MM0EG)EIo godmygbgds. 9gyo:

e 3563030905 5dmIMBg3ol 00gbEHO0BO0E0MJOOL 3OMEgLO
e 33060905 58MIMBg3ol 00 bEORBO30MYd0L M.
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50bodbmemo  LosdBg3bm  LobGgds  sbgzg  MBOWMB3gwYmAL  gEgdBHOMbMwo
30993 gbgdol  49bgMoMmgdsl s bdol dogdol oo  (9agdB®™bMEo  doMErgEHabol)
390myggbgdom, s9mIMBg3gms  LY0dIPME  0IBGHOROEOMYOL  LosMBI3bm  MBBBY s
0Mb9g36900L 99900l  93BHMISGHO  45TMY3sbsl,  MIzs 396 MBEOb39ymaL:
50m3MBI390mS 9AHOIWMbMEGO domIgEMmoo dsB39698¢gd0l, T93Lgdo domwg@gbgdols
5 5MPB9369d0L  F9gaqd0L  LyodgmeE Tgbobgsl, sdmAMBI3erol dogM doigdmero bdol
Us56BY36m 3MIM(3gLOL LsdME MM 890939030 39sdM{agdolsy s s8mdMBg3wol doge bdol

9039951 OoLEBE0MGS.
4. 3¢ 3906Bg oxwdbgdmero ssMBgzbm LolEgdgdo

39630bomm dem3hgobBg IRMABYdMEO BosMBI3bM LolEYTYd0. slsbodbsg0s gBm-
9600 250maMmbgds, MMIgwoi sMhY369d0do bdgdol MLsgOMBM® FoMgdoly s IMZWOL
obso LoLEBYds s IgomEos 899MTs390o [9]. 0go gbgds dEM3BJob BHgdbmemaool
509335305l 59mIMBgzgwms 8096 do3zqdmero Hdgdol gurgdGOmbrws Tgbsbobo. Loli@gds
Jdmo3ogl bdol doggdol  3s6dobgdols  gobsfoegdme  Jugenl, GMAgdog 9MMTbgPMBss
0535330090 o. mommgne bdol dogdol  dobdsbsls 53l FEHOmob-3m@gdol 1356960,
JL9M0 b530m396035300 FMFYMdOWMBS s 3MI30EIHMEo LolEYds, OMIgeog 3w9FsmdL
bdol doggd0L 309gbE9b. bdgdo 00wgds dEMob-3m©9dol oli3ebgMgdom sb 59mIMBg3gwms
06@ 908900l LoLEBgdoL LT gdomM S MLsROMbME 0bsbYds derm3Bgobdo. s®Ry3690T0
Lbgoslbgzs 3960 dobmzol dgygbowo sbMowo bsbwrgds s 0bsbgds, sliggg begds
50maMB939wms Hdgdol Jowgds s EIMZWS. s©0bodbmro Jdbol bdol dogdol smoGEol
d9L5dgdMBSL, M3 9930MgOL bl IMZWOL  3OHMEILA0  MOMEOMMIL s  bbgs
3930™3900L  250mfizg30L  5BsMMBSL.  sLEboTbsZ05, MHMI gl LobBHds 396  9335MOL
59m3MB93e0l goM3bEGH0M9dMwo 00g6E0TB035300L 3BIMdGISL.

dwm3hgobol  gegd@dmbmero bdol doggdol LboLEgds [10] dmogegl: Los@BRgzbm
5030b0LEBHMO300L 3e0gbEL, HMIgELsE 9g3L ¥MRI36930L 5EB0EOLEMOMYBOL TglodEgdeMdY;
39630Lycmol  3amogb@l,  Omdgog  NOOHMB3gEygmxl  dmbs3gdgdol  gwrgdGHOmboma
29005(3995L  (59mIMBY3gEMOM30L  FomO  MREGdTMLOEIGOOLS S JOTY39BHOWGOJOOL
d9L5dsdolO);  99MIMBY3gE™s  00I6EHOR03E00L  Lghzgdl, MMIgEos  3963Mm3b0w0s,
Q9EIBAGHMOML 96 MoMymlb  58mIMBY39wms  0IBGHMds s oMo J9HY39EH0W 9000
0B9g369000;  M9a0LEGHMGHMO  bgM3z9cOL, GOMmIgwos  J9BFolydol LgemzgMol doge  sMoL
396960060900, M F9oRsbml s3mIMBY3wOL oo 2obomgdol 99839mdom sdmAMB93EOl
396LMbsMEmO L50IBEH0B03530M FmMbs399900 s 5Mb0TbMEO 3HMEILOL 53EMBoBH0DsE0s
3cobobml; 9.§. MLobsmerm 603sbl (06035 BHm3gbl - blinded token), Gmdgerog s8mIGRI39wms
©930LG®5300L 3OMEILA0 VIO IMbSHowgmdL; s dEMm3bgobols Imbsi3gdms BB,
MOMIgoi  39dmoygbgds  96MB9g36930L  Imbs39dgdol,  sdmIMPg3germs  3509)Y39EH0gd9d0L
d9gLoboboco.

b 993565L369000 Bos@B9g3bm LobEgds dga30deos dogz0Rbomm ffobs Lastbhgzbm LoliEgdol
3999x OGO 39O, 9dMIMBI3EOL  0IBEHO0BOEOMGIOL  Loodgmds  BozMZsMm
29999x Md9LGOEs©, I3 MBS 500bodbML MHMT 53 G9dmbgq35d03 96 SMOL FMY35MYdIO
59m3MB93e0l go®m9bGH0M9dMw0 00096E0BOE0MdS.
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5. @sls336s

6500 5B6bo o Los®bgzbm Lolndgdol 9gEsMgd0mTs sbseroBds y30h39b6s, NI
33039900 1356009000 HIoL Jogdol LobEBgdob [8] sEIdoMO THsGYS ToLO FHMIOEFOVIE
Lo5MBg36m LoLEHGISLSE Algogligds, w»s@ygmgom dbsdg - 30 BAol TobsEgdobols goyswrdgdol
3500 5EOSMMDS S $3MIMBY3g Mo 00IBEH0BOE0MGOOL 3OMIYTs. 30MH30MO BIHgMOL
99dEHOMbMmo  LobBgds sbgbl Omomo ©s FobsblmMo  sbsbotxols Tgd0M9gdsL
M33039900 13560609008 FgPMEMB  FgsMgdom, MMI3s 39O  9x35MJOL  SIMIMBYZOL
15039EM 0EIBEHORBOEFOMGOOLS S J994oedJOOL FMIMIYIsL. 06EIMbgBH0m BJol dogdol
LolBYds 300093 MIBROM SLMOxYdL  5MRY36dL s Fglsdsdolo  sMBY369d0L  Tgagdol
3990yg35650L, 09935 59 99db3935d0 03539 3OMDEYTSL 35YIdOM, M3 Hrbs mE 9dmbggzsdo
0y bsblgbgdo.

50mdMHBg3oll 0IHEH0B0E0MJIOL 3OMdEgdol Ima356Mgdol JoBbom gsbbowrmos
bodo  oblbgoggdmamo  Los®Bg3bm  LolEgds, OMIYGEMOYD  Y3zgmsby  godsdomwero
30mIgBHMH0Mo  Lss®bgzbm LobiBgdes [7]. ol BOMB3gwymzl GmameE s9mdMRgzEoL
150dg™ 0IBEHOR03S(300L, SB939 55MEH0390L dMIMBYZEOL 0EIbEHOTBOEFOMIOOL 3MMEILL
@5 5930098 00g6¢H0BOE0MIOOL OHML 5dMIMBY3wOl domdgBMowmwo dsB3969dwolodo
bsGobboll mbol doboFgdom, Mog LodMEMMmE  s0LEbYds Loo®BY3bm BBl  2odEsm-
656056030 2obBMOMs S F5EYM05IMHO BILIMKJOOL F9d30MIO0m, LosMBg36M »d6DY
BoM9RoLEGHME0M  39gOLMbsEmo  3mA30BHYMgools s  bdob  dogdol  Fobgobgdol
5096050 8993060900m. 049939, 50b0dbMo Lss®BY3bm LolEgds 396 MBOMB3gwymRL
0039300 Imbo399930Ls s 5MBY3BxdOL F99agd0L Boodgm d9bobgsls.

BodM™Ido 296boremo denm3hgobbg oxmdbgdme Los@Bg3zbm Loldgdol d9dzgmdoom
39053M0w0s dmbsgdoms Lyodgm@ dgbsbgol 3MMdEgds s F9dE0MHYOMWOS FoYsdYdOL
SEB50MdS, 0I3d 9B ML MBOHMB3gYmBowo  sIMIMBY39wms  Fo®owo  Bs0dgEMIOM
096EGH0GB0E0MYds, MILE dOMTYEHMOOo booMBI3bM LobEYTs »BOMblgEymal [7].

@odghs@y@s — References — JIureparypa:

1. Chung K.K.T. (2008). Electronic voting apparatus, system and method. US 7,422,150 B2

2. Cohen B.C. (2017). Electronic voting system. US 9,569,905 B2

3. SebesJ., Miller G., Hornbaker J., Totic A., Dubberly H., Salas P. (2019). Secure balloting and
election system) US 2019 / 0213820 Al

4. Kawai D. (2018). Electronic voting system. JP2018101380 A

5. Evertz G.P. (2011). Electronic Voting System. US 2011/0040605 (A1). G 07C 13/00, H 04L
9/32, G 06F 15/16

6. A Voting System. (2014). WO 2014/061039 (A2). G 07C13/00

7. Prangishvili A., Imnaishvili L., Bedineishvili M., Kirkitadze N. (2018). Biometric election
system. The patent for the invention #GE 2018 6819 B, Bulletin # 2, (in Georgian).

8. Chaum D. (2009). Ballot integrity systems. US7516891B2. US 2007/0095909 Al

9. Nikolaos Spanos, Andrew R. Martin, Eric T. Dixon, (2016). System and method of securely
receiving and counting votes in an election) US 2016/0027229 Al

10. Adam Ernest, Nathan Hourt, Daniel Larimer, (2017). Blockchain electronic voting system
and method. US 2017/0109955 A1l.
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COMPARATIVE ANALYSIS OF ELECTION SYSTEMS
Ketevan Tsomaia
Georgian Technical University
Summary
This paper presents the study of electoral systems, their comparative analysis. Electronic,
biometric and block chain-based electoral systems, their advantages and disadvantages and patents of
election systems is discussed. Based on a comparative analysis of the electoral systems, the dynamics
of the development of the electoral systems is shown. For example, how the accompanying problem of
a particular electoral system was solved by the formation of another electoral system and the
shortcomings of the latter one was resolved by the development of a new system is discussed. Overall,
different solutions to the various problems that accompany electoral systems are presented in the paper.

CPABHUTEJbHbBIN AHAJIN3 U3BUPATEJIbHbIX CUCTEM
Lomas K.
I'py3unckuit TexHnueckuii Y HUBEpCUTET

Pe3ome
B nmanHO# cTaThe mpencTaBICHBI HCCIEIOBAHMS N30UPATENBHBIX CHCTEM, HX CPaBHUTEIbHBIN
aHanu3. PacCMOTpEHBI 3JICKTPOHHBIE, OMOMETPUYECKHE U OCHOBAHHBIC Ha OJIOKYEHHE N30UpaTeIbHbIC
CHCTEMBI U TIATeHTHI cucTeM. [IpecTaBieHpl OJ0XKUTEIbHBIE U OTPUIIATEIBHBIE CTOPOHBI YKA3aHHBIX
cucteM. Ha oCHOBE CpaBHHUTHIIBHOTO aHaJM3a M30MPATENBHBIX CHCTEM ITOKa3aHa TUHAMUKA Pa3BUTH

CHCTEM, a TAKXKE ITyTH PEIICHHsI COMMyTCTBYIOIINX MTPOOIIEM.

L&o@0s 08930905 dmms (rlmaggeols gMmgbayeo Lsdgsbogmm gmbool
80636LvM0 s FIMHOm. MsbEOL bmdg@o: PhDF-18-494
#0003R906%9 983670 Mmo domIgEHOMEo Lss®BYzbm Loldgds“

The Article is printed by Financial Support of Shota Rustaveli National
Science Foundation (Grant N PhDF-18-494).
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L50bgMm®3s30m LoLEGIoL dglsdegdermdYOOL MYoE0BIGOS
LalOLsmMM ByMoEMdOL Fog5¢00HY

Bo@oo Losdmbody, ®obsmob 3oodsrmMo
LodoMmM39wMb G9gdbozm®mo Mboggdbo@gdo
69bomdg

§omdmagboos Labr@lsmm dyMeEMmdol »OOHMbagwymaol 3MmiEgldo Jggybols
bmOHdom ©305YMB0gdoL seaMmM0mdo, HMIgEwos 93w9dbgds SO MdMH0Z FoMdmgdsl.
5QR0MdM03 S LOgMMsdMEOOLM  Loobgm®Isgom LogmEggddo 0b@gaMegool dobbom,
Microsoft-oll 396530 Lob3)dgdmsb m31905MdOL  domzseoljobgdom dsbbowymo
5EMMOMI0 MJo0HYIM0s BEAIGH0INOO 3OMYMToMgool C++ 9bsBYg. 50bodbrmeo Jabols
dobo 3653dE039wo 259mygbgdols bogwydzgels.

153356dm Lo@yzgdo: LobIOLsmM FEYMIEMBS. LoobFMMTs30m LobEYTs. SEYMOOM0.
36 6505.

1. Bgbsgogro

O3 69doldogmo LobGgdxm®mo 3GMmdwYds, §3994bol bmGmdwom MHBOHNMB3gwymaol
363EgLo  500fgmHgds  39M339MNW  WMAOIMNOO0  SWRMOO0MT0m, o3 39boLEBOIMYdS
LobgdfmRmlb bLmE0sEIM-3ME0E03MMO s 930bmdo3MMo 3GOLom [1].

50 3Mbom LsobxzMMIs30m LoLEHYIs, LEHMWJGHWOS, dobo 3nI3mbg6EHIOOL Mb70MYds
d0bs5Olo Mbs 890ddbsls 00 MA03MMO SEAMMOMTOL Rs®BMT0, Goi Rodmyse0dgdos
939460L 53500 3o 030L 3mb3953309930.

©O90LsM30L §3994965d0 93mbMmBozol LoobBMMTs30m MBOHNMB3gEwYmBROL LgMmAZzgE0s
LEAHOGHOLEOZMMO  Boboerols  FgaMm3zqdol @S  s3v)dsggdol  LodbsbmEmo  Labgwdfonm
935635396 0L BmOIom.

50 @odol  LobEgds 9xmdbgds  olero  Ls3mbol  FgoMmEMEIMPOsL,  MMEILLEG
BGOGHOLEG03MM0 Lol 25dmygbgds bmMmE0gw©gds Fbmeme d9sMgdol 3GobEodom s 50
Lol 9oL BsMRAWgdTo F9w9dgdg0s F5019d5EH0IMM0 S 0TOES(30vIMO TMPIWOMYdS.

B396 8096 89985305 Imb5398005 BB 9dabols s M39M0MmYdOL 0bm3zs30vcO LolEgds.
9b5399m5 LAHMIBHIOOL FBLEDBWIOHOL MZOEB>DBOMHOLOM 59300 )dgE0 0y 3MIMPqbMEO
Qo 5653m0my9bm®o 35658930900l 3odmymxs Qo dsmo WMY03796M0
2OPNO0YJONIMI0IOgdoL Ggxolgds [2, 3]. dgmegl IbGOZ, 58 BMOHTOM IXYIBIIICO
9mbs399900 by ©99d399IVMGOMPs LOObBMETs30m LobEYIoL BH9dbozmMo Tstrmgol
d9L5dgdMBYOL.  50b0dBMEOl  T)YPI®  SPOWMIM0Z  [FoMTMmgdsby  IYMHbMdOm
Bo9tmygo0ds 39960l bmddeom MHOHMB3gwymaol scrym®domdo (bob.1).

LEAHOGHOLAOIMNMO S FomgToBH03YMo  BseoBol  Loggmdzgwbg  h3zgbl  dogH
09099853900 dmbszgdms  d5BoL  M39H0MmgdoL  LobGHYds  0mMZsolobgdl  sOLgdMEo
9mbs399900L 53MT53909L 49M-063MHT>30w9o LoLEgdgdol dsdmygbgdoo [4].

0909290  99bodgdgo  gobs  d3ggbol  Oglydlol gomzsobfiobgdoom
©99M50b0dbmo sEaMmO0mIol Mgo® LogM3gdo gosoy3sbs [5]. s0bodbmero y35darg3L
dobo 365940390 MJo0HBHE00L LodrsEgdL (b5b.2).
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babe@baom
mbaghobmgds
il
baybgdingo ¥8mgdbob 3ogyeago bsdegy.-begosgne.
Bjmgob dyhRgg awodo Bjongdob dyshgg
boaagob ¢odo 8ebgbob 390900
]
20
30
Bobondo bo@deob xodo
) ) )
1 2 3
boggdo
babengob Ggobo

30
g0, bydeagddo.

© 0.

babyyggeo debsgeosbmdy

©90.0.

30

g

Bab.1 g39960L beEdM00 MBHME39mYmaol seram©Gomdo

5amMomdol  Bsdmygoeodgdol 9999y 93009090 aobs  dobo  BESEH03MMO
3050060900l C++ gbsbg M95¢0bs30s. 30MyMsds s0figms Microsoft-ob m3gMmozoe
LoLEBYFOMb FoJLOsTWMHO MOZLYOIPMBOL FomM35oL0bYdOm. 5F53MMHYSE, 3065006
50b0dbwo 3MHMaM5dol 9OH-9M0 JoMOMsEo IMIbTsMmgdgwo bos 0gmb (30w 39wo
1963960, 396 30DMMbgm 3esGRMOToL LoTsGE039Dg S IMBOWMBSIBY [6].
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| @sbsfgobo
36330l favonGo
dmobmzgboegds
>l
i 4
6L dmero dmbobergmdob s 3oBoEm@ydol dmbomRgby
F5Mo30 Gomgbmds omgbmds
Foboeydo Momybmds
’ 1000 000 . /
3 >ERO@MDH0Z0
o 56 >6Hdmndob
3 0B3meB0b ¢ i} P . s &
SEBYBMB 3GHmpbmbo W
|s°
b FoGamgdob | sezommdBogo fomdmdol
/ < 1000 000 ’L__ B 303056030
o Emds
12% 88%

LGOS, 3mbob. ©> bR,

bAGGI. Beab3b. Bdéop0 SYELY | ®oe
836530 ©> O06 129 ©5305y.
2 o 2395y.
Do®mdmgdol . 9mdbabendob faromo

L Ferteghe @bsbGwo 0%00o% ez
ImgreErmds om¢gbmds

65b.2. 39960l bemderom MBOHB39mmyme3ols seam®omdo Ggsgmmo
dmbs398900L Logmdgzgeby

5899853900l 990092500 30090 3MIMAM5Ts BMYse0ds 1-9¢0 BobsBby 2o0mbos-
bo seram®omdol Jobggom 3Gmgd@o Lbsboom (bsb.3):

B ° C:\Users\john\Desktop\ProjectZ.exe e O X

6sb.3. 3HmgdBHob 3OHmyMsdvyeo MgegoBsEool BMsadgbdo
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939460l dAGMmOE™MdOL  MBOWE39WYMABOL  S5EME0MTGIOL  EsBMBEJOOL 9B Ibggfol
3639880 JgLodEgd9E0s 0HIOHML 3OHMAEMSTJOOL b3s SWsGHBMOMTSDY IYMEbMdom, s0bodbmw
3EoGBMOHIGOL 990degds FoMdmoygbgl sbM™mo@o, soxnmbo (I0S, OS X), MAC s Windows-o. 59
39000b393590 3OI659900 T9boAgd9e0s o0fIOML Swift (MAC-m30L), C# (Windows 3eoo@gm®mdo-
L30L) 3OMAMT0MYOOL 9bgdBY s SBY3g Dart 3G:MYM>doMgdoL gbol Flutter framework-bg [6].

LodoMm39wmdo 53 GH030L 331935 BoBHOIM®S 30M39WS. 53930MMMESQ, dMEM 39M0Mm©Io
3963005090y 35609000 30P3965 J399bol LalELsmm FEAMIMdOL  93BOLEI6EOSW MO

36009369 mds. 53 G030l Loobxzm®mdsizom LolEgdol 89ddbs Hob gosadmwo bsdoxos 93MM3938060L
Lo9MOM 3053OVI Bodysemdo 0bEgaMo3zo0l 3BsbY.

@o@gMs¢®s — References — Jlureparypa:

1. Chitanava N. (2018). Challenges and Strategies of the Georgian Economy. Tb., (in Georgian)

2. The Future of Agriculture. (2016). Retrieved from. https://www.economist.com/node/21698612/-
help/accessibilitypolicy

3. Lohr, S. (2016). The Internet of Things and Future of Farming. Retrieved from https://bits.blogs.-
nytimes.com/2015/08/03/the-internet-of-things-and-the-future-of-farming/

4. Sidamonidze N., Gligvashvili G.. (2017). Multifactor Analysis of the Land fund Management in
Georgia. Bulletin of the Georgian National Academy of Sciences, vol.11, no. 4, p 150-156, Thilisi

5. Matthews, K. (2019). 6 Ways the Agricultural Industry Is Benefiting From Data Scientists. Retrieved
from https://towardsdatascience.com/6-ways-the-agricultural-industry-is-benefiting-from-data-scientists-b778-
d83f61db

6. Mavljutov A., Vydrin D., Mahnjova A. The most demanded programming languages. (2016).
https://cyberleninka.ru/article/n/samye-vostrebovannye-yazyki-programmirovaniya/viewer (in Russian).

REALIZATION OF POSSIBILITIES OF INFORMATIONAL SYSTEM BASED
ON THE EXAMPLE OF FOOD SUSTAINABILITY
Sidamonidze Natali, Kaishauri Tinatin

Georgian Technical University
Summary

The article represents the algorithm ofwheat satisfaction of the country in the process of food
sustainability provision according to the local production. Considering compatibility with the
operational system of Microsoft the algorithm is realized on the statistic program C++ computer
language in order to integrate it in the local and international informational area, which gives possibility
of its practical consumption.

PEAJIM3AIINA BO3MOXXHOCTEN I/IH<I>OPMAI_II/IOHHOI71 CUCTEMBI
HA TTPMEPE ITPOZIOBOJIbCTBEHHOY YCTOMYMBOCTH
Cupamonnzse H., Kaumaypu T.
I'pysunckuii Texamdyeckuil YHUBepCUTET
Pestome
PaccmaTpuBaercs anroputrm cHaGXXeHUA CTpaHBI IIIEHUIEH, B Ipolecce 00ecredeHNs IIPOJOBOJIb-
CTBEHHOHM YCTOMYMBOCTM HA OCHOBE MECTHOTO IIPOM3BOACTBA. AJITODUTM peaJIN30BaH Ha A3BIKe
CTaTHU4YeCKOTo HPOFpaMMI/IPOBaHI/I}I C++, C IIeJBbI0 I/IHTeI‘pa]_T,I/II/I B JIOKAaJIBHbIE U ME)K,ZLYHHPO,Z];HBIG
nH(MOPMAaIIMOHHbIE IPOCTPAHCTBA, C YY6TOM COBMECTHMOCTH C OIlepaliuoHHbIMU cucteMamu Microsoft. uro

SIBJIAETCS OCHOBOM ero ITPAKTHUYIE€CKOTO IIPMMEHEHH .
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LolGH9ds 9 YdgMo EIBTMYOOL M3GMdEHOEO
350030 3960l dmbodm™Mobyolisomgols

Bm@o6 @s6B05330¢0, 565 3md058300
Lodormzgeml ¢9dbozmeo mbogg®lo@gdo
M9bomdy

39bboME0s  A58MYdIE0  EIBTMGOOL  M3gMeBHoo oMzl 396GHMOL
dmboGm®mobgaol  dbs®sdFgOo  LobBHgds. sfigMowos dobo  LEHOWEHMMS, §Mbzomeo
3003mbgb3gd0. Im3gdmwos LoGgwgnmbm 39bGH®OL globgd 0bxgm®Psz00l  SABIb3gWwo
@b®owo s dsbdo  Bo®OL  BsbshgMol  Fogowomo.  FoMdmaqbowos  s3wo3s30sdo
UEASGHOLAOIMNOO 2655303900l SbOYJOs®  LoFoM™M  30BMswMMo  bsfowol  LEBHMWIEGHMOo.
399065¢0BgOME0s  589M030  39dbmemyngdols s LYM30Lgdol 3md3sbos Aberdeen-ols
3096  BoBHIMYdIMo 33¢0935 LodIMOL 965¢P0E030L Fglobgd. 99985390 9egd@®OMbme
LoLEBYASL FgMdeos 0bgMOT>300l  MYoerme Mo B3z9gbgds. dob  IFoMTIMYOMOMBISL
39bB53MMM9d00 5MBXMOILYIL QB0 MYJOOL BEBIGHOLE0IMMO TMbs39dgdol sGLYdMDY,
590 om0 45965¢0BGO0m MMYIB0Bs3ooL Fgbgx MOl Fgydeosm s0bsbmb 39bE®MOL
9dsmdob gMdgarg35005b0 d99a900.

153356dm BoGY3900: M3gMHOGH0MWO FoOMIs. FoIMPIIJO LTS, oY gRmbem
3oOm»30L 395GH®0. LodMOL 5TMEFDbMBs. dmbsiggdoms d9Bs. Frontend oo Backend 53¢0035305.

1. 9glsgsemo
6900L30gM0 LoBgEgBRMbM (396GMOL 3MMOYIEH0MEXMIOL QomBX MdJLYOIOLIMZOL 5930~

Wgdgwos 3MH0@03Mw 3583969093ty M35wymEmol  ©g369ds. 98 3Mglols IgLermaryg-
d0LOM30L Y39 B M3GH0TIM0 35M056E05 gengd@Bmmbmewo bobEgdol d9Jdbs.

96535 9399496530 BoBo®mgdmwo 3393930l G9gaqdLs s 499Mm(30q05DY Y-
MEbMdoms s Bb3ssLbZs Lo@gwgnMmbm 396@G®OL dsMm30L LoLEBYgdoL FJomdol Jgli-
fo3wol dggao B396 B0gc 58985390 04bs 93er03305 Forremo bsd®mol s3¢hm-
390 50236280L500300.

B900LdogMo 30335600l BoBgmgnmbem 396GMo G0l dolio MIbTsMmYdEgdoLIm30L bls-
©slbgs dmALObMgdoL 45H9g30L gOH-gMm0 LoTMOEGds. sMLYGDIMBIL IO MOABODI30.,
Mmdgwms 3985m053 093090 TM30©YdMO BoBgwgnmbm 396@G®DBY. LHimGgo sbgmo
M63960Ds3000  F9MIOIO  ©IbTMGIOL  M3gMOBOMo  BoBm30L 396G M0.  sLgmo
m6H2060D5300L5m30L  BoBgEgBRMbm (396Gl 25FsMME  FmTomdsls 3MoGHoz o dbod-
369mds  543l.  Lodgargxnmbem  396GMoL  domm30L  LobGHgdgdo  As8MEIGO0m  SMmM39096
396530 Imbo39890L, OHMIgdoE dg03s3L 0683mEMTs305L BoeIgdol Fglobgd [1].

2. doG0mdEO bsfogro

390591009090 EsbFsMIYOOL Mm39M5GH00 FoMM30L 396GMOLsmM30L Fg0ddbs LolEgds,
Mmdgoi 9bgbL (396Gl IMboGMEMmObal Mgowme MM™MTo. 5dsLmsb, ol SuEMIgdls Tg-
Bobmao dmbszgdgdol LESGOLEBH03MO 565¢oBL s MBOMBIgYgmxl 53 dmbszgdgdol Lo-
b®39e0 Loboom Fo®dmagbab.
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Lo@ggnmbm  396GH®OL  3domdols  3MBEMMEOLIMZ0L  S)30Wgdgwos dodEobotg
@OMOL dmbs39390Dg M35¢gmol ©93690s. IMbOEHMMObAOL LOLEHITs 3953d0MYOMWOS Lo~
A9 gx8mbm LobEHYIsLMSL s TgbodwrgdgeEr0s Imbs39d9gd0L FoMdm®yqbs MgoErmE OM™MTo. 53
5363300l Lsdsgdom JoMEGH030 bgds Loy gnmbm 396GH®OL IEYMToMmgMdOL oD
@OMOL dm399me» dmdgbEdo [2].

©O90LIMZ0L SOLYIMOL J306Mg MoMmPIbMdom LMZ0LO JoOMWO LEdOOL 3G Mo~
A0 5dm3EbMBOLMZOL. ghm-gMmo Jomsbos Google Cloud Speech Lg®zolo. Google-b gl ¢9d-
Boarmgos 0ygbgdl derogd bgo@mboen Jugenls s 99deos 120 gbols LomdMob sdmEbmds [3].

2013 §. 39dbmarmaools s BgM30LgdoL 5dgM032wds 38356050 (Aberdeen) Bos@oMo
330935 LOIMOL BsE0EBH030L Tgbobgd s AodMm3ombs 305 3md3560s [4]. 0bBMEOTS3053 58396,
™I 259M300bY0 3033560980l 17% 09gbgdl LomdMOL sbsoBH030L Lodwoegdgdl. J390mm
Dom3magb0oo  ©ooa®msds  (bob.1) 9308396908 doBBYLOL Farow®  Qomdxmdglgdgdl od
300356090056 90969300, HMIGd0E 560 0949b9gdgb LydOOL 5650 3SL.

14% 1 12.6%
"2-‘112% 1 m Speech Analytics Users mNonusers
£ 10% 1 9.3%
=
@ 8% 4
= 6.2%
2 6% 4
S Pk 4.0%
= 4% - 3.3% '
E 28% 3.0% 3 5%
<@ 2% 4
@
£ 0% + T T T T
0.2%
-2% -
Improvement Annual Customer Improvement Cross-sell and
in number of company satisfaction in non- up-sell revenue
customer revenue compliance
complaints n=305 frequency

Source: Aberdeen Group, July 2013

Bob. 1. Aberdeen-ols 33em930L 890003900l ©OsMsTs

GRMOF O05M535DY BobL, 3md356090L, MMBgdoE LovdE@mOL sbsero@ozsl 0ggbgdgb,
©13909B0 39093900 543 MVgOMo d5B3969dol dobgz0m. LogMmm xsddo, ORMIT>BY
390mbobmo 85639690900 59BH30390L, MM LBodMOL sbsE0G030L 49dMmYgbgds gbdsrgds
300356090L  ImIbTsMgdgdol  Lob03zMgdol Fgd300Mg0sd0, Mo Fodlmwdo Fgdpysmo
L5dMYIOL SBsEOBO 5F306M9OL 53 DogOdBY IR0JLOMYIMWO 3OMdMGIGOOL 2o6dgMEgdOL
5EB50MOSL.

ABOBEoML M350 sBsgrmyom®o 33930l F99gagdby IgMbmdoms [5-8] o
bbgoolibgs Bodggnmbem (396¢M9dol dom30L LolEGgdgdol MFsmdol Jglfogwrol Fggys©
B396 8096 ©539853909 0465 531035305 JoOIMEO LEYdIMOL S3GMIdEGHNIO0 5TMEbMdOLS-
030U. 5300035305 99003905 Lo 3MI3MbIDEHOLOYb:

1. 9mbsoggdoms d5%s — Oracle;

2. Back end 53e035309:
e Windows Communication Foundation Lg®3obo;
*  3OMYM8900L gbo: C#.NET.
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3. Front end 53¢n035300:
e Angular 2;
*  33MOMYM00L 9bs: TypeScript.

330353008 8mbs399900L  glisbobo  godmygbgdmaos Oracle dmbsggdoms 35%s. of
Lo@ggxnmbm  396GH®OL LobGgdol doge dMEdozs bgds IMbs3999d0L  obobengds o
©5353)9ds. 09-2 bsbsBYy BmEgdmewos Ld@gwgnmbm  39bEG®ol  Tglobgd  0bgm®dsizools

5dLobggo bOoo.
f} COLUMN_NAME |{} DATA_TYPE |{ NULLABLE |DATA_DEFALLT |{} COLUMN_ID |{} COMMENTS |
1 ID NUMBER (22, 0) No {null) 1 (null)
2 QLOG_ID VARCHARZ (22 BYTE) Yes {null) 2 (null)
3 CALLER_NUMBER VARCHARZ (22 BYTE) Yes {null) 3 (null)
4 CALL_DATE TIMESTAMP (&) Yes {null) 4 {null)
5 HOLD_TIME  NUMBER(7,0) Yes (null) 5 (null)
6 CALL_TIME  NUMBER(7,0) Yes {null) & (null)
7 ORIG_POSITION NUMBER (7, 0) Yes {null) 7 (null)

6sb.2. Queue_Log 3bGHoools bGmoyd@ees

9399990 3bGowob ID s QLOG_ID bgg@gdo 560l 8mbszgdms w96035¢6Ho 50dbod-
369e0. 3bMowo d9a9ds 99990 B3gEgOoLOsE:
e ID - 306039dmwos dmbszgdms 35Bol 3096 LbGModmbol sds@gdolsl s MO Mos-
bgomo Go3dob;
e QLOG_ID - 29690060905 Lo@gargzmbm 396GH®ol LolGgdol doge s 5ol bGModm-
Bmaro Godol;
e CALLER_NUMBER - gg@®do gogduotqds 999m8s35¢00 Do®ol ¢gwgnmbol bmdg®mo o
560L bAOogmbmwo Godol;
e CALL_DATE - 560 056000l 030l 39e00 ©s 39033538 Botrols 993mbzaol o®mmb;
e HOLD_TIME - %560L cwm@©obol o®m. ob g30P39693L, 009 Grodgbo ffodo gogos bo-
0ol 990mb30Esb Job 35bvIbsdEY 96 o308358@Y. sMHOL MoEb30MO FHo3ol;
e CALL_TIME - ©6® (§599380) D610l 351v1b0sb 3ol 35000835009. 00 DBy 35Lwgbo
56 gobbmM 309w s, I 3990 390 MRYdS (5MI0gWO. sGOL HoEblzomo GHo3ol;
e ORIG_POSITION - 93039690, 99dmlgeols dmdgb@do dmEgdnmo bosto Gogdo dg-
5900969 0gm. sGHoL Gosbzomo GHodol;
99-3 Bobobo 930839690l 3063M9EHo VoMol BsbsfgML, bemdGom: 123123123, 6Hm-
9903 999305 2016 fiewols 18 dooll, 1 Losmbs s 28 §mmBy. 06030s@™MTs 03sws 5 odo,
19650 BIOL M3oLbgdbL, LorgdoMo ogMdgars 45 Fodl s Fgdmligerolisl ol Gogdo dg-2

0ym.
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fo  |{qocD |{} CALLER_NUMBER |

°D€8$3° 1463520532.178545 123123123

{} CALL_DATE |{} HOLD_TIME |{} CALL_TIME |{} ORIG_POSITION
18-MAY-16 01.28.52.000000000 AM 5 45 2

65b.3. B0l Bsbsfighol dsgswomo

330353008 30B oMo bsfogols dgloddbgws 299mygbgdeos ©s3MHMYMTGOOL
965 JavaScript s 9By Ixmdbgdmmwo BGIodzmG3o Angular 2. 5303530580 Ym3z9wo
LAOGHOLEGH0ZNOM0  gMoR030bmM30L  dgJdbocros Angular 2-ob  3m33mbgbGo. IMbozgdgool
JoLOEgdSQ© 393m0Yygb9ds HTTP dmmbmgbgdo, G®mdwgdog Lg®zololysb 0mgdl dmdbds®mgdeols
9096 dmmbmgboe 0653mMAsi300b.

3055303900l d9L5gabgs  A9dMmYygbgdeos IMbsEgdms 30BsE0BsEgooL JavaScript
53M9003m® 30, DevExpress-ols DevExtreme 30dcommg3o.

39630bomm 3Mmi3glol Front end bsfoero.

GetAnsweredCallsByDay 3033mb96@&0b HTML 3000 b9 godmoygwemgds:

<div class="chart-container">
<div id="DatePickerDiv">
0®omgm 30b3MIHYWO Y
<input type="text" id="StatisticsDatePicker" date-picker

displayFormat="mm/dd/yyyy" placeholder="mm/dd/yyyy">
<input id="ShowStatistics" type="button" value="bg9bg0ds" />

</div>
<div id="answeredCallsChartContainer">

</div>
</div>

HTML 9999630 009bGH08035@™M00 — StatisticsDatePicker sG>0l omo®opol s6bggzol
30995¢00B5300L FmEMTs. Jolo B sgdom IMIbTsMGOgEL F9mdeos FoGEGH035 S0MBOML
Lol¥MZ39E0 Y. B> 65B3969005 09-4 BobobBy.

domomomgo 3mB3modmemo oo (07112017 RaaBads

X ogeaobo 2017 »
e b m b 3 a 3

58]

5 6 7 8 9

-12 13 14 15 16

17 18 19 20 21 22 23
24 25 26 27V 28 29 30

65b.4. 056000l SL5MHBJ30 MG
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oL sMhg30L 99009, IMTHIsM9gdgeds MBS OsFOMMU ,639690s“ VOEIH3L, MOl Tg-
939053 dmbgds 5MBJMo oL bGsEoLE03oL B39bgds.
div 9e9996@0 009bGHox035¢H™Mom answeredCallsChartContainer s¢b0dbogls soaowls,
boo@E b IMbL aMsxg030L Rolids.
3003mbgbEBHOL Bo@Z30MmM30LsL 96 ,h39690s“ WOWs3Hg WFIMOL T9IEIY 93WOISEOS
O3l 9999 IMObM3bsL:
this.http.get( ${this. }/Home/GetAnsweredCallsByDay?date=${selectedDate] ).

subscribe(next => {

if (this.chart != null) {
this.chart.dxChart('instance').option('dataSource’, next.json().DataSource);

}
Ds

dmi399Mo  3mo HTTP  dmombmgbss. This.apilUrl  33woeo  0bobogl  LyMgobol
dobsds®mL.  Home/GetAnsweredCallsByDay?date=${selectedDate}  bsfjoero  dowmoomgdls
LgM3z0LboL  GetAnsweredCallsByDay dgom@®bg. selectedDate oMol StatisticsDatePicker-do
5MBgMo 9. dmmbmgbol 89wgas Jo®gdo dmbo399900 2500933995 3MEL, GMIgmoa
B6b39w Yzl 4MH53030L 0B Ms© 8gddbsl. gl 3O sbYg odmoygmegds:

this.chart = $(' “answeredCallsChartContainer")

.dxChart({

series: {
argumentField: "Key",
valueField: "Value",
name: this.selectedDate,
type: "bar",
color: '#A9A9A9'
2

2

title: {
text: "35Uvby(3990)o Bomgdo"

b

redrawOnResize: true,
loadingIndicator: {
show: true,
text: "9mbs399900 03306000905, 0ObMZM YL MOMO...
}
};
93999900 30 5oL JavaScript md09JG0, MMIgeoa 8903936 0bLEMWYJ3090L geo-
33030L 30D95¢OHO FobolsMGOGOOL Fglobgd.
e series m309J@GHob name 39wo 5060dbsgL FMoR030L J39s Tbotgl 65839690 EHgduBL. 90
d90mbgggedo Aol doboFgdmero 543l selectedDate ™mdogdBo, MH™Igeros 99goEegl s®Rgme

QL.
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o title md09dGHob text 39¢0 FoMdmMogbl gMo83030L LomorMl, MMIwol bogmerolibdggzo
9009056Mm9Md5 5GOL 4M953030L BY©s (396EHMIMMO Boffoero.
e loadingIndicator md09d@ob text 39¢0 330639690 GH9du@L, MmIgerois bsbgzgbgdo 0dbgds
9mbs399900L BoBH306000350007.
39-5 BobsHByg BsB3969005 FM513030L 30BN MGO HoMmDmoygbe.

3olmbasE0mmo oMo

376

345

322
30
276

234
212 M0

173
156

6sb.5. DevExtreme-ols bgg@ 3560 ©0sa®Msdols Isgsmomo

33035300l Back end bsffoero s®ol dobo do6r0mso 30083mbgb@o. 8 Bofjoedo bogds
9b5390805 539953935 Bbgsalbgs seaMm®0mdgdol 459mygbgdom. dmEgdrmwo s3¢03530d
0om0moagbl Windows Communication Foundation bg®3oll. d0Bbgl ¢omaozs LEMmegds
©36MOMyM53900L  gbs  C#-Bg. 93035305 35300090 M0s  BMbs3gdms  B>BOLMD s
Lo@gegnBmbem 3960l LobGgdslomsb.

9mbs39dms 05BoLMD 3530060 bogds Entity Framework-ol godmygbgdoom. gl 560l &gd-
Bemyos, HMIgeoa Bsdswgdsl 235993l 308 MYWSE0IE Fmbo3ga90msb, Gmymes
36659 m309JGHJONb.

MMamO3 9339 90360369m, 53035305 535330609005 LoEHIWgIBMbM 39BGHEMOL Lob-
&995Lmsb. F080bsMY MHMOL BMbs399gd0ol Jolswgds@ ol LobEYIsLMD 39MH0MEMMSE dy-
B5360L IMmNbM3bsL 396EGH®OL d0dEobstg ByMTsMgmdOL s8Lobzgeo dmbszgdgdol Tglobgd.
35bbols Jowgdol 998gy 93e035305 9bEIbL BoMgdmwro FJmbs3999d0L ©s3w98539d5L
J9006gdsl.  GmEgbsg LgMzgolbo Front end 53¢035300056 doo@gdl  dmmbmgbsls 50
06536353009, 35Lvbo MOMBJIL Jgdo®mgdmer Imbs3gdgdl. 53 Fgdmbgzglzsdo J9doMgds
(30009090005, M5Y0 Mg gMmo fodol 3963ogwmdsdo LgMzoLo JooMgdl OO MOMEY-
Bmd0m dmbMzgbsl, Bob ymggar ImmbM3zbsby 56 Mbs sLFoML LyH30LOLsEIO J0T>OMZS
5 8mb5399900L 0530096 s3w)ds39ds.

LobBgdsdo TgbodrgdgE0s BESEGHOLEH03YOO 0bBMEOTs300L IMbM3zbs 3mb3MYEHwMwo
©OOL 30000gd0m. dmMbM3b0ol Fomgdol 8999y 93¢035300 393800 Yds IMbo39dms do-
Db s 00gdL Tgbodsdols dmbsoigdgdl. sdob 9999, gl Imbs3gdgdo sddsg9ds Tgbodsdolo
5aMM0mdol Lodogdom s dooMqdl olgo Lobgl, MHMyMGo Losbomsg Mbos dogzoal
9 IbTo9d5dY.
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39630boMmm 855¢000: J0M0YI0 EOOL 35LvbA 3990 BIMYOOL MromMmEgbmd.,

MMIgoi 6 IR AMIBPIL LosYdOL Jobgz0m. IMEJFwEo FJGOOMPO sl Q9TMOYOYdS:
<int, > GetAnsweredCallsByDay( day)

( Ent = 0)

start = day.Date;
end = start. AddDays(1);
<int, > dictionary = <int, >();
byDayResults = Ent.Queue_Log
.Where(a => a.CALL_DATE.Value >= start &&
a.CALL DATE.Value < end &&
a.CALL_TIME != )
.GroupBy(a => a.CALL_DATE.Value.Hour)
Select(a => new { a.Key, Count = a.Count() }).ToList();

(var item in byDayResults)
hour = item.Key;
dictionary.Add(hour, item.Count);

dictionary;
}

}
GetAnsweredCallsByDay gm0 3565993650 090vmdl 0s0000b ¢odol dmbsgdl.

start o end (33025009030 0bsbgds BmEgwY0 EOOL ILLHYOLO s PILLLGWMrO. Ent mdogd@o
0605 9bL dmbsigdms dsbol Im@gerl, HMIJo3 IRY6YH0MYdYos Entity Framework-
ol dog6.

05b0sb dMbs3gdgdol Immbmazbs begds Ent (33asol Queue_Log md09d@0sb. dmom-
bmgbol 3mo ofygds where d6dsbgdom, 9909y F00MYOMWOs EOHMOL  FSMAWGDdO.
“a.CALL_TIME != null” 608653L, 3 9433060H@9ds dbmemo ol hsbsfgdgdo, Gmdwgdlsg
CALL_TIME 390 56 533l 356090, 56v) D60 35L19bgyo3gdmeos. GroupBy d6dsbgds sx -
1390l dmbs39d90L  Lssmols dobggom. dmbs3g8gd0L  OLLdIMWBYdEIS®  Fodmygbgdmwros
Dictionary, ®mdeol Key 560l bssmo, bmgnm Value — Do®gdols Hom@qbmds.

3. oals33bs

Lo@ggnMbm 396GHM0L 9BIJBHIO0 FMTomds 56O SMHOL FomEGH030 dolowfgzo. LmEos-
OO d900l, d9EYymdobgdgdols s bgs Msbsdg®mmazg GH9dbmemaogdol dorbgozs,
5053056900 35063 0ygb69096 39w gnmbL 30mbzgool LLLLTYMO®, EIbAsMYdOL Lombmg-
Bows, 360Mm©ydBHob dglodgbs s 3MHMBGIGOOL IMboY35MHJIWS®. OO IGO0V~
WMdoLy S 93009 OMOL 259m, Lodgwgxnmbm 396GHMOL 9naGIOM0 8xdomds  do0sb
005, 0993 BHmGOo 95839693 gdol m35wymMol 9369000 G9a30de0s 253599dx ™MdY-
Lo Bo@Ggegnmbm 396G®oL dmdomds.
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A SYSTEM FOR MONITORING OF EMERGENCY OPERATIONS MANAGEMENT CENTRE
Darchiashvili Nodar, Kobiashvili Ana
Georgian Technical University

Summary

In the article the structure of the above mentioned application is considered, a short description
of the operation of its components is presented, a table, which reflects the information about the call
centre is given, an example of a call recording is shown. The paper also describes the structure of the
visual part, which is necessary for constructing statistical graphs in the application. It is also analyzed
the study of analytics of conversation, conducted by the American company of technologies and
services Aberdeen. Developed electronic system can show information in real time. Its productivity is
especially increased by the representation of data about the last few days, because as a result of their
analysis, the organization managers can see the long-term results of the center.

CUCTEMA JIJI1 MOHUTOPUHI'A OITEPATHUBHOI'O YIIPABJIEHUA HEHTPOM
HEOTJIOXXHOM ITOMOIIY
Hapunanrsuiu H., Ko6uaursunu A.
I'pysunckuii Texuudeckuii Y HUBepCUTET
Pesrome

PaccmaTpuBaercsa KoMIbIOTepHAsA cHCTeMa MOHUTOpHHTA lleHTpa yIpaBieHHA Ype3BbIYaiHBIMU
curyanuamu. llpescTaBieHBl ee CTPYKTypa M KOPOTKOe ONMCAHME PabOThI ee KOMIIOHEHTOB, JaHA
TabauIa, oTpaxkamomas WHPOPMAIUI O Tele(OHHOM IeHTpe, IIOKa3aH IPHMep 3allMCH 3BOHKa. B
paboTe TakXKe OIKCHIBAETHCSA CTPYKTypa BH3YaJabHOM 4YacTH, KOTOpas HeoOGXOAUMA I IOCTPOEHUI
CTaTUCTUYECKUX TPadQUKOB B IPUIONKEHUU. AHAIU3UPYEThCA IIPOBeIeHHOe AMepHUKaHCKOM
KOMIIaHue# TexHonoruit u cepBucoB Aberdeen wucciemoBanme o006 aHaIUTHKe pPasTOBOPA.
PaspaboraHHasd 5IeKTpOHHAs CHCTeMa MOXeT IIOKa3aThb HHQPOPMALMIO B peaJbHOM BpeMeHu. Ee
IPOAYKTUBHOCTh OCOOEHHO YCHIMBAETHCA IPEICTaBIeHUEM JAaHHBIX O NPOIIEAUINX JHAX, IIOTOMY YTO
B pe3yJIbTaTe UX aHAIM3a MeHeJXephl OPTraHU3allMY MOTYT YBUAETH JOJITOCPOYHBIE Pe3yIbTaThl pabOTHI
IeHTpa.

61


https://en.wikipedia.org/wiki/Call_centre
https://www.qubole.com/blog/call-center-analytics/
https://www.qubole.com/blog/call-center-analytics/
https://www.datapine.com/blog/call-center-metrics-and-kpis/
https://www.datapine.com/blog/call-center-metrics-and-kpis/
https://www.openaccessbpo.com/blog/6-forms-of-data-analytics-in-the-call-center/
https://www.openaccessbpo.com/blog/6-forms-of-data-analytics-in-the-call-center/
https://www.explainthatstuff.com/voicerecognition.html
https://www.entityframeworktutorial.net/Querying-with-EDM.aspx/
https://www.entityframeworktutorial.net/Querying-with-EDM.aspx/

Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(30), 2020

96000560 9e9dGHOmbmemo oliEgdol sbghyzs 9gogobsdo

39695 850030560, 05 dmlsdz0o
LogdoMm39wmb ¢9gdbozemo mboggmbo@gdo
69bomdg

Ubgosolbgs  3gdbmemyogdols @  samMomdgdol  sOLYdMds s 2odmygbgds
9900306580, X9M 300093 ONMESE ZOBORJO0S IMTBTMYOEGOOLMZ0L. 5§96 godmB0baty,
3600369 m35605, MM 2960LSBEOIOML  MobsdgEMM™M3g  Bo33E30  935M0GHJdOL  OlgmO
10103760 36G0b303900, GMIWGdbY3 953IBYds BsdgEOoEobm 33¢g3900 s Foliggl LoFomm
39605mF9d900 s ©93m396o30900 BMIBTsMGOIWL, o3 Bodowrgdsl dob3gdl  MBO™
LOMWI©E  0gbsl  as8myYgbgdmero  dsmo  3mBHbgomMo  Fglodewgdermdgdo,  S1Y3Y,
390035¢0b{iobgdme  0dbsls  s®UYdMEo  9beM3gdo. LHmOgE o3 doBbom, bsdH™Ido
Pom0moagbowos  ©30d@0l  gEsbBMaMonobmzol  (BodOH™ML3ZNBo)  89dw)dsgzgdyero
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15339560  LBOGHY3900: FodOMLIBOL  53BHMToBH0BsE0s.  gegdBHO™bMEo Lol dgdo
d9030b6500.

1. 3glssgsemo
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LobGHgdgdoo  googl  d9bgxdgbBHol,  sboewo@Bolmeo,  3obWoMGmo @S  OBsobol
0bLEGH®396EJOL, Mog LETMOEgdIL 0deg3s FMHZ9BIMOMZ60 396030l FobbmGmEogEwgdoLs,
MHMamO3 3600603160, 5939 336930000 0BbgdOm.

536J30MmboH™Mdol dobgz00 sMLYdIMOL 30093 GO0 JWSLOGO3S30s. dolo mJdoom,
390m0MB935 1393050 DOMGOME0, FMOZ5RBMBI30M0 s 0bFGYYMOMYIMo  LoliBgds.
306390 9993b00s 9MHmo GH030L, Fogowoms, JE9JBHMHMIIMEOMYMIBOMWO 33093900l
BoloGoMgdo@.  3M635wxMbI30M0  LobBds bodwowgdsl sdwg3l Ms8gbody Godol
33935L AL O3L0 30106303900l LHRMAZ9EDBY, BoRIW0MSW, JEYJBHOMISOHPOMYMOIRBOIWO S
9LIIOOMIBEIBI@MYOBoYwo.  0bHYO0Mdo  bobHgdgdo  JOONBIIwYmaL
36535 bM030 BOIYOOE0DM H35¢dOL Yym3wroLIMIBEZgE 53BMToEH0DsEOsL [1].

62



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(30), 2020

2. 3cb5399075 565¢rOBOL 3OMYOSTS
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3. 063g®bgE) LsdgoEbm Mglmeligdo
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983994, Bgdnm s0figMowo MboggdlsmmMo 0blGHMMAghGHIO0L dodmygbgdom. 0¥9d3s,
36LYOMBL 39305 LsIYO30bM Lol gdgdo.
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IMPLEMENTATION OF UNIFIED ELECTRONIC SYSTEMS IN MEDICINE

Shalikiani Vera, Mosashvili la
Georgian Technical University
Summary
To understand the existence and use of various technologies and algorithms in medicine is still
difficult for the consumers. Therefore, it is important to define the physical principles of modern
research devices based on medical research and give the necessary explanations and recommendations
to customers, which will allow them to make better use of their potential capabilities, as well as to take
into account existing limitations. For this purpose, the paper presents an electronic system developed
for liver elastography (Fibroscan), which provides fast and safe access to the results obtained from it to
any of its users. The results of this research are already partially implemented in the unified electronic
healthcare system of Georgia.

BHEJIPEHUE EJWHOM SJIEKTPOHHOM CUCTEMBI B MEIUITAHE

[Tanukuanu B., Mocamsuiu H.
TexHudeckuil yHuBepcureT [ py3unto
Pe3rome

CyIlleCTBOBAHNE W WCTIOJB30BAHHUE PA3UYHBIX TEXHOJIOTHI M aTOPUTMOB B MEIMIIMHE BCE
ele TPYAHO TOHITH mnoTpeduTensM. I[lodToMy BakHO ONpPEACTUTh (PHU3MYECKHE TPHHIUIIEI
COBPEMEHHBIX MCCIIEA0BATEIBCKUX YCTPOWCTB, HA KOTOPBIX OCHOBAHBI MEAUIIUHCKHAE UCCIICTOBAHUSA U
MPEIOCTABUTh HEOOXOJMMbIC OOBSICHEHUSI M PEKOMEHJAIMU JIISl TIOTPEOUTENCH, YTO MO3BOJIUT UM
Oosee popoOHO UCTIONB30BATh MTOTCHIIUATBEHBIE BOBMOKHOCTH, & TAKIKE PACCMOTPETH CYIIECTBYIOIINE
orpanuueHus. J[as 3Tol 1enu B paboTe MPEACTaBICHA JCKTPOHHAS CHUCTEMa, pa3paboTaHHAs JUis
anacrorpaduu nedeHu (puOpockaH), KOTOpas oOecleyrBaeT OBICTPHIH M OE30MACHBIM JOCTYI K
MOJTyYEHHBIM pe3yJIbTaTaM JJis JIFo0oro motrpeduTelis. Pe3yapTaThl 3TOro UCCISIOBaHUS yiKE YACTHUHO

BHEJIPCHBI B SIMHYIO CHCTEMY JIEKTPOHHOTO 3/ipaBooOXpaHeHus [ py3uH.
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50003900l d93v)dsggds s MLsBRMMBMYdOL 330V
363093 mmo 303 MYO0 MMdEMZD gsdmmgegddo

5e09JLobM9 39396999, 3G JmObosgzs, 30MmO BB 35
LogdommM39wmL 39460300 MboggmlLodgdo

69bomdg

396boMEos o Jmbs3gdms 4obmagLgdol Lozombydo WMmWBEM3L6 Tgbliogegdsdo,
om0 dbobgs Bboobbgs BMMTsGHOL Lobom, MMYMEOOES, Fogooms, GHIJuGHMMO, 59POM,
30009™ Q5 1b3. BMMT5. IMYOL B3YE0SWOLEHMS WOEIMSGOo 30dMbOE3s WOMBELM3560
390003 9030. 5OLYOIMOL M350 SEIYMOOMT0, HMIgdO@3 F90+9d539d490s B3YE0SLOS©
©OOW™M350  39dbmwma0gdmsb  Lsdmdsm. BsdMmMITo  [oMmImgbowos  ©OHMBdTo
39605390 Imbogdms  MLIFOHDbMYdOL  JoBboo  b3gEoswr GO 5EMMH00dgd0L
09099353900L  3mb398E0S @5 dobo  MgooDs30s,  MHMIWGdIoE 9035 obfobgds
bsR3MMbMYdOL (3308 3mb3MYGHo 3OHM(390MYdO.

153396dm  LOBHY3gd0:  COHMBEEMZsbo  QIFMMZEYdO.  MLOGFOMbMYds.  49bgE03OO
5 MM00d0. J0RMS30d. MBsBOMLMYGOOL Fgdbmermyos. 9FM0L 259m3wgbols LolEgds.

1. 3gLsgoemo

©OMOWMZ560 498MmM3Ed0L 49dMmYgbgds AMBRE0MTI0 OO Y 0BOMHIYds.  ddL
049690l 361535000 MG60Ds30s WOHBEYdTo OO TMEMmdOL Jmbs3gdgdol dglsbosboc.

A9m30bo "Cloud computing”" UEobos®@GHgdols s  Ggdbmemyogdol  goHmgabmends
0bLEoGHMEs (NIST) 29b6LsBOzMs, OHMMOE Yym3woldmdzgero s FBsmO GHgdbmemaos
4mM390O0Y6 3b6Mm3M935d0 Y39woliomgol dmmbmgbs 390-1gM30L9gdOLMZ0L, MMYMMO3SS:
Jugrgdo, LoEsg30, LgmM39mgdo ©s 3OMYMsdgd0 Ms30L0  dmdbowrmdoms s bstxgdol
91989d&Omdom [1]. Cloud computing sGob #gdbmemaos, GMIgwoi BOEOL 96 9306090
U53930L FgLAEGOMBGOL, BIAIRMEO(3 53505GYIMS, Do 0bBOLEBHMIEMSdo 0b39LEH0E00L
396M909. ©OWBEXM3560 Fgbsbzol 3MmEglo 9903938 MmmMb ggbsls. 30Mm39wo gliss 9bsbgzol i39bs,
Mmdgwoi  0bsbogl  8mbogdgdl  mdgwol  dmbszgdms  396GH®DBY.  Fomm30L  Babs -
MBOHMb39wYmnxzl  OMBWM3sbo  Lozsgol  @oE3 @S MLSBOMBMGILL.  3OHMYESTOL
063¢g6Ox3g0Lol i3gbs - MHBOMB3gYMRL  VOMBE™Z60  3BMAGMITMWo  MHBOYOIgLMTBOL
9dLobmgdoL  3EOBHRMEMTL s dMWM - WOWMBEW™M3sbo faomdol Bgbs, Gmdgwog
MBOHMb39wymRlL  H3mdsl ImIbTsMgdgmsb. OBl IMEYWgdo  JesloGOEOMIYdS
Lbgoslibgs bgM30Lom, HMYMOOE5S, 0bBOILEMNIEMMs, OHmamOE bgdgolLo (IaaS): gl sGob
939@obY 5530EILIONWO ©d 39630050V ROHYBEMZsBO Ladghdo, GmMTgerog s©EIdL
390LMbse©s FMGYGOME 0bBOILEHOMIEHMEOL. SWOGRBMOTS, Hmyme s LyMzolo (PaaS): g
BOMb39wYnnl SWsGHBMOTL s 39M98ml Jdbol 03 Y39 M3gMHYOOLMZ0L, MHMIWdo3
39003md §3b0sb ©MHMdEM3s6 gM30LdL s 3MIMYMHIOL 0bGHIMBYEBHTo s gl LyMzolgdo
065H9%s 0MMdgdo. 3OHMYMFMo MHOHMBIGLYMBs, BrMymOE byM3zolo (SaaS): Gmdgwos
2bOb3gwynazls 153056 360105350, (9903 993500 O350
06335LEGHMIBHMsDY. ©OHMBIWOL IMIBToMGOIEL 56O LF0MEYds 3MBGHOMWO b FoMMZS
OMOOoL 06RMLGHOIGHIOOL, B Mol Lo3o30L, M3gMs3owo LoliEgdol, LyMzolgdob,
Jugeols s 3MMAMsToL. 0go dlg3g 9930MJOL  3MmI30MEIMYOOL, LgMzgMol, Tgbsbzol
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U5F0MMYOL S FoMHMI3L Y39 3OMYMSTL. VOPBIWMZB0 3mB30BHIOMo FMbs39dgdo
9Ju3mbgbGH WS  0BOPYDdS,  Toa®ed  FMbs39dgdoL  MLIROMbMYds  Fo0bi  LogF3mo.
©6Od™3560 Imbs3gd980L 396GMT0 FosBBOL 39dMm, MLOBOMbMGdOL 3OMdEGTs bEgds s
9mbs390ms IBMBYE0 3560936 3MBGHOMMWL dmbs3gdgdby. WOWBdEIM3s60 BmMbsigdgdols
MBOBOOBMYOS o 3MBR0I6E0MOMBS VOB MZID0 JoBM™M3wOl FM35M0 1390,
HMIgois X9IO 300093 96 SGOL odFHOWO. WEOHWIdM3560 MLsROMbMYdOL 53 godmf39390d0
dgoob  Mbgdsmm3zm  i3mds, IMbsgdms  dosgmbgzs @s  BMIbTsMmgdol  3gOLMbowGO
0636353000 ©9356139.
2.1. o gMad Mol dodmboengs

X966 300093, 2011 fgl 833093569005 HoMdmoaobgl  bod®mdo, MmIgaros
0535330090905 OMOEMZD 25TMM3egdoL LgM30LgdMB, HrAMOOE Jugwgdo, byEego,
19396900, LgM30LgdO S 5303530900, 50 BODBOIMMSE ToPYdOL FoM9dg. OIAMEO S
Bo@oM9dwemo 9330039000 2500335 00 LoLEJIoL BYETbY39w MDA F9sdzots Moo,
9mb5390m go7mbge o 5.9. [2] ©OHBIMZ960 Q5FMM3Ed0  3300535HMBL dmmbmgbom 39d-
1yM30L9dL. 08 993mbg93580, M) 3nd3560, HMIgarog YOOb3gEymal 0bEIMHbgE LyMz0LgdL,
UoFOMMIOL  OE  3930BHo  BsbIOXJOL  0bBOILEHOMIGHMGOLMZOL @S obgmo
360 MdE9d900Lm30L, MMPMMO(355 BsbJsbMH0 Q9B omds, OLIOL B3OS, 3OMYMTMO
MBOHMb3gymRol d93Mag00 s 5.8. 5Tob oM, OMBOEMZ560 dMALEBYYMGdS  Bor390gLm
3900b535¢05 F50MZ0L, 30U 9O LYIOL ObREOLEHMYYIEHIMHOL Y96gds L3NG LolEgdsdo.
[3] 50 LESEGOOL MsbsHTsE, VOWYIWOL FTHAsMYOIO 56 bdFoMMIOL BMs 0b39gLEOE0L
0683655 BHOOLmM30L s bl FbMEMmE INALobLIMHYOOL LEMRJIICMOOLLL.

2012 §9eob otol 9gb3g6mE9dds gobobogls mdEm3sb0 MlsgMmmMbMmgdOL bygzombgdo,
M0mdwgdos  9JudmbabGH Mo  0BOMYds, BoaEwd oS O SE30WHE  bgedolbsfizmdo
M9LmOLYdOL MLOROMbMYds o063 BogF3ms. 933wg35M900 0d0gdL MLsROMbMYdOL GHOLIGOL
©0OMOEM3560 odmm3zgdol 3o6Mgdmligsb, sbolinsmgdgdoligsb, Mmdgwmgsbo dofimgdols
9m9Eqo0oLash s  ©OMBIWMZ600m  H06EIMJLIOIMO  TboGoLsh [4]. WOMBdEMZsbo
MBOBOObMGOoL 53 9bseroBodo  FmIMBoMEYds SMOL 035Bg, M) OMAMO  dmddggdL
306G 0Bs300l 99393900 ©OBWM3560  2odMmM3gdol  dmALEbIMgdIOL  Lb3sILbIs
99 bBY. 0OHYOCM3560 98MmmM3d0 2300535DMBIL 3EoGTBMEMToL MHYLIOLYdIOL FoBOIMYDO-
bongol, ®mdgeog dmoEsgl  3OMMaMsdme  MbBOMblgmymasls s  0bRMILGMYIGHMGL
300G 0B300l bTsMd0m. WOMBEMZB0 MLIFOHDBMYds MBOB3gYMBL 330
960033560 BMOIL, GMIOL LsTMOWIOOMSE VOMB¥W™MZsB0 FMBLsbYMHYdOL 3OM350YMO
Cloud-U goobbdgds s 0ygbgdls RSA segm®omdl 3030w bgardm{ig®oom. 00 350m0ygbgds
©0OMBEM3560 3mbs3gdgdol ogMms30olbm3z0l, begrm dmbsggdgdo Jugardo yowaol [5].

2013 gl ©oa0bs, MHMI M35 ©OVBIWMZID  3MM350009MYOL,  “MIGdO3
b9wddm3569wmdgb  MLsROMbMYdL, MBOM Bs3wgd  YMMOMgdal 9J393w0bgb 8339350
LoBMAOMYOL, 30O MO VOMBELMZDO 3IMZ50IMOOL 25TYgbgdsls [6] 53 65dOMIOL
00053500 Y29M5090s 36535¢ MMBEOL 459MmYygbgdss, MLsgMmbmgdol Molzgdol d9di306905
5 dmbs39dms MLOROHDBMYds. IMbs3gdms dxErMdgEgdl ImEmOL bomdol 99bseBmbads begds
©Od™3560 360350090900l MIB0d3bgmasbglo bszombo.

2014 ol yz9wsbg 3609369wmzsb0 FHgdbmermaom®o dowmfigzs 90l ,,603mgdol
06¢9Mb9@0” (IoT) 5 ©OHMBEMZ60 godmmM3wgdo. om0 0XIMS O 25dMmYgbgds LogsMIM©
300093 YIBOM 350DMOIYDS. YMMo©gds sgmdm IoT-ob s Cloud Computing-ol 06¢gaMoEosl,
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Mmdgeroi CloudIoT- b bybgaroom 6oL 99dmMgdmEo. OYIBEPM3560 A5TMM3EgdoL LEgHML
UHOsx0 29630006905 BeEOL  byM39MHOL  MLsROMbMYdSL.  60d3z69w ™36  LogMmbgl
§o6m0Mo9bL 30896M-053LLIOL JOMN-9OMO LobY , MOl 1¥4ds IMABobwMGMdSBg“ (Denial of
Service — DoS) &o30ob 99393990, Loog 0530sdbbIGE0  56H5Bs6J306093)mo® (3OCMBL
©OMOM356 4oM9dmTo 99Fesl [7].

2016 Herol 33009399000 00, MMI ,,60309d0L 0bEIMbgEHO“ (IoT) gobloBrgzMogL
g39woxgml, M3 0bGHIMbYBH0m M0l 93530060900 JugErmsb Imbs3999dol gowoEgdol
9L gIWMIOM, o358 3H9gbmE Mool sMLFMMO  I3OMYJBHIOs ©S 3MBTBOYMBISF0S
MLBOBOHOLMGOOL  Logm®mbggdl  gsdmofizg3l  [8], s0fg@owos  bogmgdol 0bEgdbydom
MLBogOObMmgdol  Logombgdo  (IoT) @s  899mmoz5Hg0s  MLogMmbmgdols  Bs®Bml -
MBOBOOLMGOoL  LogO®Mbggdol  FgbsdEoMgdes®.  dB93)  d99mY3zmez5Bs  IgomEO
MBOBOHOLMYGOOL 539dEHYO0L FoLOIRMIGLYIOs© LEBHIBMAMSGOOLS O JMO3BHMYMSBOLICO
A9J6030L  @odmygbgdoo.  Security-as-aService  (SaaS)  dm@gwo  BOHMObIgYMRL
MBOBOHOBMYGOIL OBELMZSD o69dmTo s IMIbTsM9dgEl gm0 oM EH035® 25dM0Ygbmls
b bge30Lgd0 390 — BdMOYDBIMOL godmygbgdom. SEIYMOOMT0 MOl FmbgMbgd o aBom
5308365 30535 KIMO© ©530x3M530.[9] 53 65OMITo 93@MM0 FMTomdEs VOBdEXMZSD

LyM30Ld0 Es30x3MLS s F9F0B3MT0 0BEIWIIGHISLOO S P50FI0M35Wg BMMT0.

2018 Hgol, ©OMBdE™3560 MLsRMmMbMYds OOl 3330935093030l Y39wsby
OO d9383mm9ds godmofj3os 00 goMgdmgdsd, MmI bgdsmM3m Boddosbmds 0BMHYdS
OO M3560 IMIHIsMgOgdol dobgz00m [10] 999mmoz5H90E0s MLsBOMbMgdOL sboero
504039dBHMEs ©OdoL BsGBMgdoLbmZol, MMdgwog MOOMBlgwymal dmbsggdms MGBGOH™
MBOBOOBM BHEOBLEMOTo305L S 0353l BMbo3EqgdL 2o5MmbaoLiysb. dmbsigdms dgEMdgEgdl
5 OOMdXM356 bgM39Mm9dL 5300 Lb3sLLIZs 0IbGHMOMdS. gl BsMBm MBOHMBb3gmymRl
9mbs3gdms  Tgbobzol o MLgmmMbMgdol  bbgoolibgs  Bsgombgdl.  sdmvy30qdgE
36MM39OMOJOL,  OMIgog  LsFoOms o0dolb  MBOWDlgWLsgmRBs©, GMI  WOHMOE™ZS60
9mb5399900 LHMO5 256053l VOHMBdEPMZ96 y@zgMbg[11].

2020 Gogarl, ©OHMOEM356 4503l IMOZ9XR JMSPO (330 gd9d0 895d3L Fogs
LoLGYIol FoOI30L GHMOIOEOI 365JG03580, MMIYEO3 3938060905 0EIHEMDILS s
f30mdol d9bgxdbEHs6 (IAM) [12]. OWdEM3s60 45dMmmM3wgdo 094gbgdl ,,3003mbser
399mm3w9dL" o ,3OMYMTME0 YYDOB3gEYMBs-OMYMOF LIOHZOLL®, Moms M HBOHYBbI LYl
©OHd™3560 dmIbIsMGOOLIMZ0L LoFomm LgMzoLol WBOHMBlgwwymns[13], safigdowos 0d
3565993HM900L Los, MO0 393w9bsl sbEIBL MLOFOPBMYdsBY. 3OrMdMGIgdol Fobsdg
oL OMBEM3560 IMALobOHdOL JodfmEgdgwo s ImIBIsMGdGd0, 0lY3g OMYME3
9mbs3g0ms  3mbR0IBE0WNMHMBDs,  MLOROMbMYdOL  Lsgombgdo s ©s306MHLgdO
3303530900.

0m0d936m  msgzdo  obzobogmogm 0OMOE™m3sb0  dmbs3gdgdol  MLsgMmbmgdols
BOHM639wYMmBOL 5 BsbTo  SEIYMOI0TGd0L Fglsdem {zeol.

2.2. 3900900 MsxMHmbMYdOL M HEB3gmLsyMRBs©
3) 89699035960 5¢r3 200080

396930399600  sergm®omdo  (GA) oMol  dgdbol  #Hgdbogzs, ®mdgwoi  godmoygbgds
M3G000Ds300Ls s 39860l 3MMdGIOL LsgsMsEM b BMLEO Fowsfyzgdol dobbom. [14]
396930399600  5aMmOOMI0 53900908 0bgdIM030 2oMBY30L LT30Sl 0bEo30YdOL
36Md9d0L 2500LdFMIWS 899IR0 5MOOLMZ0L, MMIGO SERMOHO0MTJo [oMBMmowqbl
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33wo©L. 6906030 @5  ™Mobdodyzm o figlgdo  F9dvdsgzgderos  d969@03eO
5eamMomdol JogM, 56 Fglgdo 2s9m0oygbgds JugerMo FHMg03obm30L, GMIgEo3
2965Lb35390L bMOTSYG 96 5MBMOToMH BHMIGOIL.
39693032960 5eaMmMH0mdol BLYZOMIMO:

e J956Bogom LHgolio 3m3s30900;

*  253099MMOHM;

* 25935600 29633970  3OM3MOE00L 060300 NH  BOGHBIL  3M3MESE00L
dobgzom;

*  5MB935 Lo 3909gLM MBYHOL 0bEO30YdOL iyz0o MY3OMPYY30MIOOLMZ0L;

o 253dm0ygbgom  Crossover(0bog0gdols  dgx39Mgds) o  Mutation(d9dmbggzom
(33X090900) M3gMHSEGHMMO;

* 250090690 3Mr3980, BoBsT 56 OGS TIHY39GHOL 30OHMDY;

8) K-Mean (bsd-ps¢mez) 5¢rgatoodo

K-means os@wam®omdo  §om8moygbl  3aslidg@obsgool  3Gobiodol  gMo-ghHo
5eam®omdl. ImEgdmo 94359438 k 3m9x303006¢0 @ 396339 HoOGHOowms LodMmagary,
Mg 305653 ©6S 503 3esliBYMO. 53 5EMOO0MToL Jobsbos FobodscrMo mdogdEHmeo
53bJgool 9993060905, MHMIgEoi 3BMdOWOs, HMAMME 33950MGMEo dg3mdol gmbdsos,
53 ImE9dmos 43gdmo [15]:

ko ki .
J=) L aie - ciy?
=1
IPi = Cill - 5oL 933e0GHo dsbdowo Pi- Lo s Ci- b dmeMob, "k" 5oL 3wsbEHgMmwo
396900 MomEIbMds, ki 5MOL Bmbs3gdms Mom©YbMdS FgHEHOWgdoL i 3¢slEg®do.
3 mMomdo k-Mean s¢oym@Momdobmgols
P ={p1, p2, p3, p4 P5, ..., Pn} 9600L Imbs390m faMEGH0wgdol LodMsgwg s C = {c1, c2, c3, c4,
C5,..., n} oMM 96L 396Gl BozMgdo.
e 99dmbggzomo  dgo@bBogom K (odGowgdo  3sb@ghyro  396¢Oob  Lshgol
96008369 ™do;
*  259mm3z5ego 3s6doo MomMmge dmbsigdms FaMEH0WLY s JWsLEBIOWMW 396EOJOL
Jdmomols;
e 305603900 MmomMmgmeEo Imbo399930L oM GHowgdo Mebemglio aMEHowgdol 3esbEgmU;
*  HyObs A5TMMZIGM SHHEIO 3¢bBHYOE0 396GHMOL oBmygbgdoom.
8) Naive Bayesian
Naive Bayesian 560l 3eolblogozsgool $gdbozs, MHmIgwos ©exrydbgdgamos dsoglol
09M6905Dg. dobo 99mgghbgds BoMGH0305 s ABLOZMMMGO00 259M0Ygbgds BMTsDoGO
9mbs399900Lm30L,  MMIgdoi  LoJsMEGH039L  HoMmBMoEIbl s 0m3ol  303mmgBol
53500005l Hobslfo® 3mbols obom{gzs. ds0gliols MgmMgds:
P (L) =MW, p (L) = ([T, P(Mi / m)]P(n), Lo

m P(m)
P(Z) - 23060000 sdsmmds, P(n) - Gobolfoto swdsmmds, P(%) - 36mpbubodgdol
5¢Ed50MdS s P (1) - 30mabmbol [Fobsbfstro ogrdocmmds.
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2.3. MlogGmnbmgdol 3gdbozs wMvydem3zsbo Msg®obmgdol
0brgb3abagngse

0OMOM3560  IMbo390900L ©odoB3MS 9B sMOL  godmlogseo  8mboigdgdols
QI3 MIOLIZ0L, GMIGELsE 899dwos Ggobs@Pmbml ®fidgbs ©OHXBdOL MisgMmbmgdols
90056Om.  MLOROMbMYBOL  LZoMHGIOL  25oFMS TGusdgdgos  vMLYdIMo  Egdbozol
24990mYg9bgdom, OMYMOHOES 953EHMMODIE0S S 0I6EHORB0I305, ©IF0RIMS, JNE0BMBOL
39000905, 3omdol  3MbEHOMEOo, MLsBMMbm  2odmzwgbs s FMbs3gdms  IGIMIs.
MBOBOObMGOoL  3H9dbozol  499mogqbgds  WMMBEM3sb  dmboi39d9dbyg. 1-gwo  bobsBby
LB MBOBOMBMYOOL FHgdbozqdo.

M wlbstRomibengbol #dbozgio J

I - T 5 r s T - . ~ 1 - 1 »

s

OTP—ols BennsBrdiol Faprbal wmlssopHobm BroBznBoms B30
B R B S ) ) =1

Bsb. 1. Mlsgembmgdol ¢gdboggdo

1) OTP-ob @sdmfd98s: 30800bstrg 139650000 39360 d3630 MBEOHWD39WYMAL 530096300~
353056 9OOX OO 3sMmeol (OTP) dgmml, Hmdgeog §sGdmogddbgds dgdmbggzomo
B90mddgdol J39d. 00 @odmoygbhgds WOWBdEIOL dmIbTsMYdIOL  gosdm{dgdolmgol,
DRI 30 - JOOR IO 53GHMO0DI300LMZ0L (LOLEHGIOL BodEMMgdOL 59MNYIbMOT0Is30s);

2) doremosbeabols G9de2[id98s: 619dm3z560 dmbo390900L dmE0sbMmds 2o0sbEHoss 0dobs,
MOmd  OMB™mzbo  dmbszgdgdool  dgazwes b fgomds  Fgbodergdgeos  dbmerm
MRE9d5dmLoEo  8mdbIsMmgdeols d0ge, BoMmGH0350 MMI 3mdzsm, gu sMHOL VOB DY
©s8vdbgdmmo  dmbsggdms  gosdmfidgdol  3GmEqlo, Mmdgwoi  $8mfagdl  LgmzgObg
9cdbdsm9d0ol J0g6 MOHMBEOL IMbs3gdgd0L 35¢0EMEOMBSL [9];

3) promdol  363Gmero: 5039006 3mbGHMMEOol  LobEgds M HBOMBIgLYMAL,
39D0MOMwo 339006 560950, ©OHWPIMZs6 JMbs39dgdBg IMIbBAsMYdgdoL Tgligerols
Q5 2oLgol 306GHOML. 533900l 306EHOMEOL go8M, VOHVYBMZ560 IMbs3)IGO0 OGO
9b539005 MmEOBOE0MGOOLS S FMbs3gdms MBIBdSMMZM godxws36gd0LoYsb.

4) bosgmober fsders: Goym® 00¢gds dmbszgdgdo LyM39M0B ? 50 GH9dbozsdo B396
30wom 9905l 53 8900l godmynbgdsdg s 5353MMMEs© 3MBOHWB39W3YMBm ©O33L
39000580 56OLYdYo dMbs39d900L F0gdsdEg fodwrologysb;

5) Jog®msgos: 0OBE™m3s60 MLsxMmbmgds MBOHMBlgwymal Imbsggdms ©sdonzmol
L9M30LL.  sFoxwzcMs  IMbs(39dgdOL,  SAOWMBMOZ0  Bo(39306  VOHVPBEMZ6  LoEegby
305U3w5d©Y.  39d0R3MOL  VOEs30L  J9M9dg  TMbo3gdgdol  godowzms  JgvydwrgdgE0s
BgooldogMo  LobGHgdol, dmbszgdms Bd5HBol b  BooErol  LdMOEgdom.  ITOBHVIO
9mbs39d900L  5d013Ms  dgLodegdgeros  AbMEIME  93GHMOODYOMEr  IMIBISMYIG Db
530833600l golvmgdol Lodwmomgdom, bmemm EsdoRMMwo dmbs3gdgdol s sdoxszmOol
3oLOEgdol  asdoxsgbs 930 gdgwos  OWBIEMZBo  Fmbs3gdgdol  MLsRGMbMgdOL
P63 bogBO©;
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6) Jmbspgdons ©s3sM35: 0mbo390ms ©OBIMZS 530sdbbAGEgO0LASD @S IM35MZ30L56
©Odw™3560 Imbs3gdgdol  YBOMBlgwymzsols @S T30l 3MMEgLOS.  BMbsEgdms
QOIRIMZS 5O FBMEME 5WMOHOMT0s, 30539 LaBMAsOMYdIM030 TmMbs3999d0L 65309d0(s.
5MLgdMdL  Lbgoolbgs a%bgdo 96 Fgomgdo, MHMIWYdoEg  9dm0oyYgbgds  WOWBEIM3560
9mbs393900L  250mLoYy)bgdes@. LEHOGH03MMO dmbs39dgdol osxs®3zs (SDM) a50moygbgds
<39GIb MOR60Bs30gd0L JogH GHgLEJOOL Fgddbolol o gl Yoo MOl FbmEm
99000, HMIJE0 IRBIOME0S (35399 BsoEbY 96 3m33560580 sPLMOLOBYOL Y39 -
396930 459myg9gbgdoLsls. 59 99309090 MbsEgdMS BsDOL IBdEOMYdS [3];

7) d93mob  s@dmbgbs: 99F0L  godmzwaboll LobGgds (IDS) sMol  dmfgmdomds b
36015390 M HOHYD39EYgMBOL 53035309, MMIJo3 53BEGHMMEgAL Jugewl 56 LobEgdgdl
05369 Logdosbmdol 96  3MmEoBHO30L  OMmM3930LMZ0L.  dmem  3gMomEdo,  35396Mgd0lL
©39GHLMds  09ghgdl 153slbIOL  bbgoolibgs (3Hgdbogol ImIbdsMgdgwms IyMdbmdose]
0636353008 IMBO3M39dws. 993 60dbogl BgdoldogMo Lobol ©9356mbm i3mdols 6
dmOMEHIMJIggdsl IT MglmmLYdOLMZ0L. goblabrgzmEos 9FMHoL godmzwabols Lol gdol
MO0 G030: Jugwbg sRWdbgdMo FgFMHol 4sdm3zwgbols LolEgds (NIDS) - 53mbEHMMmegdl
JBgol GHEMoxo3l s JsL30bdwgdBy ox3dbgdmeo G9FcMol gsdmgargbol Lol@gds (HIDS) -
©590bF959090s B3gE0se LolE)dsbyg 96 byM39MBY s 53MmbEHOMEIGOL 53 LoliGYdoby
©396Mmbm dmJdggd9dU.

3. oli336s

B90mbligbgdme 309963030530 Fomdmygbowos GBommm 3gdEHMol MLsxgMMbMmgdOL
boo  sEMmOmOmMIGIOL  godmygqbgds  OMPBWM3zs60  BMbszgdgdol  MLIBROMbMgdOL
BOHMD39wLOYgMBO. 535Lb, Mg 2obbowrmmos mommgmwo dgommol d60dzbgwomds
Q5 39dmyqbgdol dgdsbobdgdo.

oG MG v@s — References — Jureparypa:

1. https://nvlpubs.nist.gov/nistpubs/Legacy/SP/nistspecialpublication800-145.pdf

2. R. Choubey, R. Dubey, J. Bhattacharjee. (2011). A survey on cloud computing security,
challenges and threats,” Int. J. Comput. Sci. Eng., vol. 3, no. 3, pp. 1227-1231.
https://pdfs.semanticscholar.org/2d21/ddfee8elel13bc2398fcd8d10e4d1b9b44570.pdf

3. R.P. Padhy, M.R. Patra, S.C. Satapathy. (2011). X-as-aService: Cloud Computing with Google
App Engine, Amazon Web Services, Microsoft Azure and Force.com. Int. J. Comput. Sci. Telecommun.,
vol. 2, no. 9, pp. 8-16. http://www.ijcst.org/Volume2/Issue9/p2_2_ 9.pdf

4. Behl A., Behl K. (2012). An Analysis of Cloud Computing security issues. Conf.: Information
and Communication Technologies (WICT), World Congress. pp. 109-114. https://ieeexplo
re.ieee.org/document/6409059

5. K.D. Kadam, S.K. Gajre, R.L. Paikrao. (2012). Security Issues in Cloud Computing. Proceedings
published by International Journal of Computer Applications,pp. 22-26, https://scholar.google.
com/citations?user=laLjWbYAAAA)&hl=fr

6. M. Shrivastava, A.Kr. Shrivastava (2013). Comparative Study of Security Mechanisms in Multi-
cloud Environment. pp. 9—13. https://ui.adsabs.harvard.edu/abs/20131JCA...77f...9S/abstract

7. D. Porwal, P. Mohmood Khan, D. Shankar Ray. (2014). Cloud Computing Security Threats and
Countermeasures. International journal for innovations in Engineering Science and Management, vol.
2, no. 4, pp. 1-4,. https://www.academia.edu/19560400

72



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(30), 2020

8. A.F.A. Rahman, M. Daud, M.Z. Mohamad, (2016). Securing Sensor to Cloud Ecosystem using
Internet of Things (loT) Security Framework. Proc. Int. Conf. Internet things Cloud Comput. - ICC 16,
pp.1-5. https://dl.acm.org/doi/10.1145/2896387.2906198

9. D.H. Sharma, C.A. Dhote, M.M. Potey. (2016)“Intelligent Transparent Encryption-Decryption
as Security-as-a-Service from clouds. Int. Conf. Comput. Syst. Inf. Technol. Sustain. Solut. CSITSS, pp.
359-362. https://scholar.google.com/citations?user=2mxtygwAAA]J&hl=en

10. A. Hussain, C. Xu, M. Ali. (2018). Security of Cloud Storage System using Various
Cryptographic Techniques. International Journal of Mathematics Trends and Technology ( JMTT ), vol.
60, no. 1, pp. 45-51. http://www.ijmttjournal.org/archive/ijmtt-v60p509

11. A. Venkatesh and M. S. Eastaff,( 2018) “A Study of Data Storage Security Issues in Cloud
Computing,” IJSRCSEIT, vol. 3, no. 1, pp. 1741-1745, https://www.academia. edu/37802999/
A Study of Data_Storage Security Issues_in_Cloud_Computing

12. https://cloudsecurityalliance.org/artifacts/top-threats-to-cloud-computing-egregious-
eleven

13. G. Jain, A. Jaiswal. (2018). Security Issues and their Solution in Cloud Computing. Concepts
journal of applied research (CJAR), vol.02, no.03, pp.1-6. https://www.coursehero.com/file/
p75hriun/21-D-H-Sharma-C-A-Dhote-and-M-M-Potey-In-telligent

14. https://towardsdatascience.com/introduction-to-genetic-algorithms-including-example-
code-e396e98d8bf3

15. https://towardsdatascience.com/k-means-clustering-algorithm-applications-evaluation-
methods-and-drawbacks-aa03e644b48a

ELABORATING ALGORITHM SYSTEMS AND SECURITY PROCEDURES

IN CLOUD COMPUTING
Kekenadze Alexander, Korchilava Tsotne, Tsiuri Pkhakadze
Georgian Technical University
Summary
Big data placement issues in cloud storage are discussed in the form of various formats for
their display, such as text, audio, video, and more. Form Literary Review of Field Specialists in Cloud
Computing .There are many algorithms designed specifically for working with cloud technologies.
The paper presents the concept of developing special algorithms for data security in the clouds and

its implementation, which takes into account specific security procedures.

PA3PABOTKA CUCTEM AJITOPUTMOB U ITPOILIEAYP BE3SOITACHOCTU B
OBJIAYHBIX BEIYUCIIEHUAX
Kexenanze A., Kopumnaga L. IIxakazgze 11,
I'py3unckuit TexHnueckuid Y HUBEPCUTET
Pesome

Pasmenienue 601bIIKUX JaHHBIX B 00JIAYHOM XPaHIJINILE 00CYXKZAI0TCA B GOpMe PasJIMIHbIX
dbopmaToB myig UX OTOOpaXKeHWHA, TAaKUX KAaK TeKCT, ayJuo, BHAEO W MHOTrue Apyrue (GopMsl,
JIUTEPaTypHBIH 0030p CHEIUaJNCTOB IO OOJIAYHBIM BbrYucIeHHAM. CyllecTByeT MHOXECTBO
QITOPUTMOB, pa3pabOTaHHBIX CIIELIMATBHO IS paboThl ¢ OOJIAYHBIMM TEXHOJIOTHAMU. B craTbe
IIpeZCcTaBIeHa KOHIEMIINS pa3paboTKy CIeIMaIbHbIX aJITOPUTMOB 3aL[UTH JAHHBIX B 00JIaKaX U UX

peanusanus, KOTopas YIUTHIBAeT KOHKPETHbIe IIPOLeAypsl 0e3011acHOCTH.
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- 0535¢9090%bHg LAOGHNMLYdOL FoPOMYdS

— 935@)ddbY 35©YoOL Fofigds

- ®93mOE0byo
- 3M9J@do dLOHEgdMEo 5dEH03mdgdoL

oLEMMOoo

— 09835090990 EOMOL T5EHYdS

- 3bIORM0 EOMOL TsBEHYOS

— 30096350900l IEH™M3900L Tglisdwgdanmds
- ©™3M3gbEGHE00L 5BHZ0MMIS

— 09506300l MYAMEoMmgds

> JIRA-U 95bsl0s0gdergdo 3Gmgd@gdols Istrmzol 3wmboo:

B90mm  Bsdmm3womo  Foboliosmgdegdols doMs, 930w YdIs© by 35bLYbmo
06039 LolEgdol 999mb393580, 399YA0 BRSO FobolinsMYdgdO3:

— 36M9JBHoL ©IEHgd0L 4obLaBO3MmS
LobGgdsdo

- 36Mm9d@oL s0dsobols 994dbs

— LadMOHmgd@m abol d94dbs

— Milestone-gdol o353 qds

— Task-gdol ods@gdos

— Sub-Task-gdol sds@gds

- 535¢9d0L 9L YengdEol AsBLsbEgMs

- 53590900l 3GHOMMHOGIEGHIMdOL
296LsBE3MmS

— 535¢9090bHg LEAOGHNMLYdOL FoPOMYdS

— ©335@090bY 350BOL afigds

- 6936 FH0b0

— 36m9dGdo 9gbHagdeEo 9dEH03mdgdol
obGHMO0s

— 0999391999900 EOMOL sdoEJOS

— bR M0 EOHMOL ©s35EJOS

— 30096350900l o@Mm3gool dqlbodwgdemds

- ©M31999635300L 5BHZ0Mm™MZs

— L3M0BEJOOL Y)RTZ0 s PoMmTmgdo

- 363693 Logombbg Watcher-so
M930LEMSE00L FgLOdEIGOEIMBDS

— Epic-gdob @odo@gdo

— Story-goolb s05¢3gds

— Bug-900l ©s35¢)gds

- 360m9dGHdo 990535¢00 3mB3mbgbEgool
5953905

— 396LogdoL 3MBEHHMEO

- ba3mmgdB™ bl §ozegdol dodobstg
535¢90900L 3MbGHMMEo

- 360m9d3HgoolL FOHowdo 0b030YsE OO
3003900l Hgamotgds

- 5935¢900L 303900L dgbsgLgdo m™MIGdOL
2496LsbEgMms

— Custom 39¢990b 5353900l gbodergdenmds

— Workflow-900b 356Lsbemgto

— 3mdbdsmydgw by ImMYgdMEo JoMGH030
0b6G9mx390b0
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JIRA SOFTWARE
Overview

MAMNAGEENGIME SERVICEDESK PLUS
Overview

Platforms supported Platforms supported

Web based O Web based Q
iPhone app 0 iPhone app o
Android app 0 Android app o

Windows Phone app Windows Phone app

Typical Customers Typical Customers

Freelancers Freelancers

Small Businesses Small Businesses

Mid-size Business Mid-size Business

0ad
0030

Enterprise Enterprise

Support
Phone support
Online support
Knowledge base

Video tutorials

JIRA SOFTWARE
Pricing

Starting from

000

Support
Phone suppart 0
Cnline support 0

Knowledge base

Video tutorials

MAMNAGEENGIME SERVICEDESK PLUS
Pricing

Starting from

$10.00/Month $495.00/vear

Free trial available Free trial available

No credit card required MNo credit card required

Q0
A0

Free account Free account

Subscription based 0 Subscription based Q
3. sls336s
39005090000  BoewoBol  89dgy, bBgdmm  Im3gdMeo  Foboliosmgdargdols

3°m35e0olfiobgdom, Tglodwrgdguos ©o35133650, GMI 3MMgdBHdol FsGM30L  3Mmbom
39090 3OMAMTNwo  HBOMBlgwymgzs 560l JIRA  Software, ©o@ob sl 2o5hbos
360M9d3Hqool  omm30L  @OML  2odMbaggbgdgwo  gggws LsFomm  BMbjgombowo.  sMob
9Ibdom909eBg IMGOHRGd)0 @S BT gdsl 235deg3L 3MMgdEHOL B30l 9RIJGHMIO™dOL
0909290 ©3HMAM OHM S MYLMELYO0, dm3sbEobmm 3MmgdEol Josemz0l 3MmEglol
M3G080D5305 5 ©3393900/335ONMM 3OHMYJEHOL MOMMYMO &30 9JR39JGWIMs. [6-8].
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CONTROLLING OF IT AND ERP PROJECTS USING MODERN TECHNOLOGIES
Khvedelidze Tamuna
Georgian Technical University
Summary
The article discusses the main stages of IT / ERP specific project management process, the
difficulties of their implementation and the relevant risk factors. The article discusses the features
and comparative analysis of the usage of two different software management projects in one of the

most successful organizations operating in the Georgian market.

VIIPABJIEHME IT 1 ERP ITPOEKTAMMU C UCITOJIb3AOBAHWUEM
COBPEMEHHBIX TEXHOJIOTUM

Xsepmenunze T.
I'pysunckuii Texuudeckuii YHUBepCUTET
Pesrome
PaccmarpuBaroTcss OCHOBHBIE 3Tallbl IIPOLleCca yIpaBlIeHUs KOHKpeTHbIMU npoekramu [T /
ERP, TpysHOCTH MX peasn3alliy U COOTBETCTBYIONIMe GaKTOpsl pucka. B craree paccmaTpuBaroTcs
0COGEHHOCTH ¥ CPaBHUTEJIBHBIN aHAJIN3 MCIIOIb30BAHUA JIBYX Pa3IHMYHBIX IIPOEKTOB yIIpaBIeHUI
IIPOTPaMMHEIM obecriedyeHIeM B OJHOM U3 CAMBIX YCIIeNTHBIX OPTaHU3aN i, pabOTAIONINX Ha PRIHKE

I'pysumn.
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390-LoLGH 98900l boGolbols 3gxsligdols s sMmmzol
303eMB5GH0MO0 SErmM0m3ol 9999853905

bmgst b3gogewrody
Lodoomzggaml ¢9dbozmdo Mbogzgdlodg@o

69bomdg

396boMEos  3BIMAEMOTMO  53¢035300L  bo®molboll  Jgxsligdol  dgom©gdo o
bgdbgdo. 3960dmnE  FoMmBmygbowos  3OMYMsdol  (3030MmTsGHoMo 30033 gdbIOMdOL
39bLsBPZOOL HFM(3565, BMIgoi 9Hm-gMmo 609369035605 3GMIMAMmTMo LolEgdgdol
39056090000 36MdO s 99mYgbgds  MoMmEYbmdMo30 T9xslgdol dg@™m03gdl JmEOL.
390mm635H90mwos  306309GMWwo  390-53¢035300L  (303MIdEG0oEO  Fobolosmgderol
3996256003980l seam®omdMwo 1dqds, dolbo 3OMYMIFMWO MGo0DI30s s TJRsBYdOL
890g3900.

15339560 LoGY3gd0: 3OMAMTs. 3MEO. boMOLbOL JgBoligds. F03ErMIsEH0s. I9GHOM0IS.
3601M530L 3083 gJuOMdS.

1. 9glsgsemo

3MLgdMBL 3MIMAMSTNO 53¢03530900LS s LOLBHYIGOOL  MoMIbMdM030 T9z3sLgdOL
393603900

3°05%Y393H0wgdol dogdol 3OHMmEglol AsdsMEH03900L 0blEBHMXIg6EHId0, MHMIWdLs3
99303990 9fim©qds, 0bobo 2sdm0ygbgds IFoMIMgdEmMmMdOL MBYms 5350gdoLsm30L,
bgbll  sbdMYo  Lo3zoMboL @s Fobo  AOIPY39EHOL  98M3690MB 539380693 O
9mbs399900L F9MH ™300, 533900l . SBsb30L FgmMmEIdolL Loggwydzgunby [1].

9 9blgbgdsm, 3m3309BHIM0 29dMINZgeo Fobgsbss, BMIgmoi 96 HoMmBmoygbl
3656506 00MH9dMEgdsL, vy Boldo 3MMYMBs 5O 0dbgds Bofigowo, MmIgwos Mybegzbols
06dsbg09gdl 3mb3MYEHM 39dbo3MH bsfowgdl, 3OHmEglmML, 0dolsmzol MM o6 339790
53590900 FgolOEml. 306090 MM Jg39bmm vy Ml FoMBmoygbl 3O MEgbm®o,
(9903 9HBOIBL 20033990 3OMYMOTMEO  ©O35¢9dJdOL TGO gdSL, ol Fobasgzm
MO0 3mEOoL §593000b390 BsdsEgds, HMIGEoE GMBDOLEMMIOOLAD Tgaqds W
bgbl 06xmMIs300l  ©3dsggdsl, MMmIgeog dsbdo 0 6 1 sbo EFoxz®ol d9dzgmdom
3903W0b, ©5039 3MMAMT0MYd0L GbsDg IHIMOWwo 3MmEO 56 Fobesgm FsbJsbmMo 3mo,
B39bL dgdmbggzsdo 30 PHP 9bs%Bg sfgMoco 3moo dbm®dl 35bbgbm, Groysb s0bodbeo
36MaM5d0Mmgd0L 9bs BoMmME 259Mm0Ygbgds 390 339MYBOL  3OMAMTOMGIOLOIL s B396
LHmO9go 399-LobBYdgdol boserolbBy 3LsdMMdM, Fsbby IHgMHowo 3mEOol Fogzombgs M
d9mdeos  3OMEgLEMOL, SdoG™MA SMLYIMOL Bodrowgds, MMIgEog Sbgbl PHP s ULbgos
36MaM5d0Mm900L 9bsBg HgMHowo 3mEOol FsbgdobM 9bsbg oyY396sL, BMIgeoi gobwsgm
mOHMO0M0 3MO, 39905600 0 s 1 30530900LsA6, 3nI30EHIMOL 3OHMEILMOL MI356IE
9L momgdol 5Ghz - 9y Tgbodagdemds 5Jal, sbgmo Fgbodergdermdol 3OHMmEglm®l 1
$o0d0 5000 000 000 @o35¢0900L TgbOrergds Fgmdeos, 99§9sb  godmdobstyg ol
39D0MOMwos s 3OBYOMBL 3OMYMSTOMIOOL 08305000, Loz TbMEW™m© I 3gdmeEo

535900l JguMMEgds 30 96 5MOL SYEOWGIIWO, Mg FM(399E0s MM, M50
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bsbdog 30MaEsds Mbs SLMMEdEIL IMEgIME OZ5GISL, 5d)b 25dMAEObsMY brgds
bsMoLboL Jqg39L905(3. 303 MBoBH053 B30 JOM-gMMO (S 3OS JMMSIOH0) LT oGS
bl 3OMM5dol bomobbols dga3oligds, Mabog 5bodbme bGs@osdo dsbzobowsgo.

2. 303m35@H0oMm0 3033¢gdlOmds

303035300 3mI3gdlyOHmds  [oMdmoagbl  3OHMaGMsdme  dg@™moll  (LyBmA
L5FMOgdSL), MMIgEo 399M0Ygbgds 08580, M IMobEObML 0©I6EHOTBOEOMYOS 3OIMAMSTOL
3093 9dumEMdoL. Jolo 899dabgero gobersgzm masls K. 853500, 1976 fgab.

3030353 09MH0 3nd3gdurIOH™MdS SOOL 3OMYMTol LoMMNYEOl AsLsBMTo FgBM03d,
0¢) 3OMAG535d0 960s (3030 (for, while), 56 3oMmdomo 256dFHMgds (if, else), dsdob
303 ™IoGHo0mH0o LoOMMEg 1-0b EHMEOs. 1Y) sGOL ghmo if, else derm3zo, Fsd0b LoMmMeEng
2 - 05 (m60 Bo: 1 — true o 2 — false - 1i396) [2] (Bopoeom0 - bob.1).

swbodbmemo  IgBHeogzob  CYC  (Cyclomatic  complexity _ '.
9069305BH W65 obenogm) 359mygbgds Fgladergdgeros Mo abom:

e Jmbgl 3mOobL 3339l rOHMBdOL O0ToEHOMYDY;
o 2560LsBOZOHML LsFoMmM FGuE-JgoLgdols HosmEbmds.

303w ™IoBHoemo  3mI3gJuOH@dOL  Fobss®LOL Qoo BMYdS
39b530 9MH0-9MHM0 M0 M5, MOl 2odm3 JoLO QoTMM3Ws 3nEIo

Mo Boddgl HomdmogbL. . o ¥
53  ©0OS  M®osbzo, MHMIgwos  AoBLEBEOZMIZL  3m©do .

39050943930 gd900L 2obLEBEOZMLL oo MBOM 3nI3WgJuM0s MO,

@5 M3 MBOM 30099l 31O, F00 NBOHM FJA30de05 30J350: Bob.1. gogeo

> 890653b ©18JO9RL (62310gdb);
> OHOMos 3ol GgldoMgds;
> 6005 300000b 496930 [3]

3. 303¢™I5GHOMOO 3m33egduwOMdOL godmmgms

LAOMIAHMOMO  3OMPGTOL  BomgFdBHO3NM0  303MToBHos  39BoLIBEOIMGdS
m609bGH0MGOME0  MORoL  BsdoEgdom, MHMAwol  {i39Mmgdo  3OMAMITOL  d™3gd0.,
39960090990 fodmgdom, 0y JoMmm3zs G90dEgds 3993098 JOHO dEPM30EIb IgmMmgbg 5J
d9dmbgz93590 LOODPOL 2obLsBLIMOLMZOU [1]

CYC=E—-N+?2P
boog:
- CYC 3030035¢ 060 30330 9Ju)Hmds;
— E (edges) {j0dmq00l Hom@gbmds gte53do;
— N (nodes) §3960m9d0L GoEgbmds 4M55380;
— P 3538060L 30033Mb696&9gd0L Homogbmds.

81



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(30), 2020

030L50m30L MM MBOM JoMEGH030 Fobggd0 obgl 303 MTsEH0EOO 3:33¢9JlwOHMBdOL
M0, FoMImMy0ygbm 3mwb (wobobyol).
05250030l IM309356Mmm  BWbEJ30s  (303WMTsGHoMMo  3MI3gJuIOHMdOL
39bbogolsm3z0b.
50bodbmer dspdseomBo ghmo Fgbggom BbL oy, ™3 SO yeid fool(wveid)

boene  gomo  3dg39H0wgds, b Fgleeegds i f

M396053MMdo BsRdMo 30OHMdS, b 965, 5d9sb 498m0bMy if (a & b)
CYC = 2. 000939, MHm©9Lsi 30800900 035%g, Mmd Boolean x=1;
M396053MM0L 939dBH00 398m0bs6Y, MM GOl MOO else
d900bg93s, MMIgoE 8mEgdMee  Bsaowomdo  dglsdegdgEos =2 -
d9LOHMEEIL. } ’
ob@obyo 1

1065330 gdo 30gdYMdM Fggas CYC = 3. OHmymOE 39-2 olEobyosb BsbL, if
306005 a s b 33WsIOL BowEs3g Fobobowsgl [3].

void foo(wvoid)

{
if (a)
if (b)
x=1;
else

x=2;

@obE0bao 2

4. 3G0M59M0o 3oL 365¢oBo

1-gaw 65bsBHBY Ho0dmy9gboos 3908-9439M0b bsfowo:

MmM3MMH 3aM3d3bNEMO

30MILOL 3MIIIGBND

Ba‘r-).‘i
5060360 390-339MEO 5GOL gOHM-gMMO 3MAZSB0oL. Os30 L5089 dgE0*
§om8Mmoa9bl  390-LoLBHYIOL  goHM-9O  3MA3WgJu®  bsfowl. sl Fgdeos
bbgosbbgs gmbdiaool dgmogligds.
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390030bsty 9 dbdom9dEols

390509439GH0wgdobLs, Aol dgLadergdgaros
dogdsl  3m630gGHmeo  ddMo. 00
d90degds  ogml  dqLsglgdo  gm®dol o
9mbgds 59 MOl 4o8mEGHsbs sbodbwmen
QOs3bY ©539O00. 390-83900
shgbowos  PHP  LgMggdmeo  gbob
L5dMOGd0m.

d9-2 beomndg  Homdmoagboeros
©oWws3By B6Js00L doboFqdol FMEOIs
(563LOWMo  Lsbom),  Lsosbsg  bwgds
50bodbmmo  wows3ol  gMbdiombomgdols
3obLsBO3M:

CTA 0ows30l (Gmdgwog call to action
60dbogL, BsdMM39e0l) 5dEH035(30000 bogds

030l 56 popup 5396300l ©T53Yds.

655.2. @oszbg 3bg00L doboFgds

@obGobado dmEgdmeos 89-2 bobsbby fo@mdmoagbowo d9dmbggzol 36HmyMsdwmeo

30l BMsadbEO.
<?php

if (isset($input['cta_active']) && isset($input|['cta_type'])) {

$ctaLanguage = \DB::table('ctas')

->where([['table_name', $input['table_name']], ['table_id', $input['table_id']],

['cta_languages.language', $input['language']]])

->join('cta_languages', 'ctas.id’, '=", 'cta_languages.cta_id")

->select('cta_languages.id', 'cta_languages.cta_id')

->first();
if ($input['cta_type'] == 'link’) {
$input['type_id'] = null;
$input['cta_url'] = null;
$input['link_url'] = $input['cta_link_url'];

} else if ($input['cta_type'] == 'popup’) {

$input['type_id'] = $input['cta_type_id'];
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$input['link_url'] =";

if ($ctaLanguage) {
$ctald = $ctalanguage->cta_id;
$ctalanguageld = $ctalanguage->id;

\DB::table('ctas')->where('id', $ctald)->update(
[
'type' => $input['cta_type'],
'type_id' => $input['type_id'],
'cta_image' => isset($input['cta_image']) ? $input['cta_image'] : null,

\DB::table('cta_languages')->where('id', $ctaLanguageld)->update(
[
'title' => isset($input['cta_title']) ? $input['cta_title'] : null ,
'description’ => isset($input['cta_description']) ? $input['cta_description'] : null,
"button_title' => $input['cta_button_title'],
link_url' => $input['link_url'],
'cta_url' => $input['cta_url'] ? $input['cta_url'] : null,
'titlel' => isset($input['cta_titlel']) ? $input['cta_titlel'] : null,
'descriptionl' => isset($input['cta_descriptionl']) ? $input['cta_descriptionl'] : null,

} else {

$ctald = \DB::table('ctas')->insertGetId(
[
'type' => $input['cta_type'],
'type_id' => $input['cta_type'] == 'popup' ? $input['cta_type_id'] : null,
'table_name' => $input['table_name'],
'table_id' => $input['table_id'],

'cta_image' => isset($input['cta_image']) ? $input['cta_image'] : null,

foreach (languages() as $item) {

\DB::table('cta_languages')->insert(

[

'cta_id' => $ctald,
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'language' => $item['short_name'],

'title' => isset($input['cta_title']) ? $input['cta_title'] : null,

'description’ => isset($input['cta_description']) ? $input['cta_description'] : null,
'titlel' => isset($input['cta_title1']) ? $input['cta_titlel'] : null,

'description]l’ => isset($input['cta_descriptionl']) ? $input['cta_descriptionl'] : null,
"button_title' => $input['cta_button_title'],

link_url' => $input['link_url'],

'cta_url' => isset($input['cta_url']) ? $input['cta_url'] : null,

} else {
deleteCTA($input['table_name'], $input['table_id']);

65 00495 Mbs, M5 Fs90mMYd0E 934999 dm30935690 TbrmErmE 30DMseH FbsEMIYL
§o60moa b, Fopa®ed 50b0dben Bsffoerl bg®zgemol dbstgl PHP 3mqo sbgbl, Hmdeol
2bJaos3 9933000y  3bsbmm @y dmzobobmm  303wmdsGHowGo  3mA3wgduLIH™MdOL

e Lodmoegd0m bo®molbols dgusligds:

50b0dbmer 3m©do Y39eexngmo SO MOl
Pomdmagbowo 08 doBgbom, ™I  Jmoob

CYC=0 Fogmoglio sdx Mo 96 Mol 3603369 m3560

Bofoero.  LogmGoegdms ol if ... else
M3965@MM900, OGMIIdo3 s0bodbmer 3m©do

3083 9dLBMOSL AoBLIBOZMZL.
99-3 bobsHbg dm3gdmos sbodbmeo

find next logical
operator in code

300U bgdgds.

¥
do until
print CYC

CYC += 1
e 6ob.3.

5d90056 259mB0bstY 89230305 300d35m, 50b0dbME 3mEdo CYC 8583969990 563
obg 930699, sbg OHMI 300 3133 gduvE0s, MMIEs 9980dwo0s 30d3s ™A BHaliGocgds Byl
309655 Bo@SM900 s 0l d93MIgdL 56 90(393U.

sbws 3500309 9Ju39M0d/EGHME  bsfowDbyg:  gobgobowmem  Bgdmom
9my35600 360H:MYM59)0 3000L (30300MAdGH0MEMO T9zsL9ds, HMIgEoE IHgHowos
PHP g6s%g, 0580 bepgds PHP gsowol fogombgs o if, else, elseif
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39005093930 g3900L H5MmIbMdOL M3, sg3g FsmTo Fgdsgzoe0 ©TsBHJOOMO
306MBO0L MoMmEIbMBOL X 5dJds s JOLO V¥9F3IY:

<?php
$fileContent = file_get_contents('./file.php');
echo getComplexityNumber($fileContent);
function getComplexityNumber($string){

$string = preg_replace('/v(?:[vh]+)/', ", $string);

, $string);

"

$string = preg_replace('/\s+/',
$arr = [];
$arr['if'] = substr_count($string, 'if(");

[
$arr['else'] = substr_count($string, 'else{');
$arr['elseif'] = substr_count($string, 'elseif(');
$arr['and'] = substr_count($string, '&&');

s

$arr['or'] = substr_count($string, '

$countAll = array_sum($arr);

if ($arr['and'] || $arr['or']) {
$countAll = 1;

}

return $countAll;

50b0dbmo  3mdo $fileContent - Egwo©oO bl PHP gsowol dogomoeglol
Do3000b35L, beem getComplexityNumber g3mbjsos sbgbl 08 gowsfiyzgdowgdols dodwmgdo
0635690900l IMZL, BMYMOE Bgdmm 503608bgm, s X980 FsMmBmygbowo 3MMyMsds

030l 08 3mb63M9EMIo 3oL 2505(Y393 00930l 56g5M08L, GMIgEog dm3gdmEos
396bow Mo 30580 3ol bsfodo, glsdsdolo 4sdmo@sbl dgwgalb 7 - L.

5. sls3gbs

d90dgds  00g3sL, MMI  3MM3MOMH30wo  390-BoLEYIOOL  3OHMYMITMWO  3MEOlL
bomobbBg 293wgbsls sbgbl 565 FBMWM© 9HMO BoJBHMMOL  gomzseoljobgds. Mmool
3003 9dlmEMmdsby 96003690 m3560  2930gbs  5gd3l  3MMAETF0  gosfY39E0dIMS
06ds69d9d0U if, else, while v lbg. LOIMSZWL. MIES OLOE 5©LIBOT6305, HMI ymggE™M3oL
50b0dbmo b530mbOL om35obobgds s Fom0 MOMEPIbMBOL 0d0E0MYdS, Bs3MMSMO
3900300009000, 330JOMDd 5O 0149 0BG FoMEGHO0Z0 S JHFMMIESPO BOI0MbOY.

@o@ghs@Ey®s - References — JIureparypa:

1. Sommerville I. (2016). Software Engineering 10th Edition. Copyright Pearson Education,
Inc., publishing as Addison-Wesley.

2. Chogovadze G., Surguladze G., Gulitashvili M., Dolidze S. (2020). ISBN 978-9941-8-
0629-2. GTU. ,IT-Consulting Research Center®, Tbilisi, -365 p. (in Georgian)

3. Cyclomatic Complexity. Internet resource: https://www.perforce.com/blog/gac/what-
cyclomatic-complexity
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DEVELOPMENT OF A CYCLOMATIC ALGORITHM FOR THE
ASSESSMENT AND MANAGING THE QUALITY OF WEB SYSTEMS

Nodar Khvedelidze
Georgian Technical University

Summary

The methods and tools for evaluating software quality are considered. In particular,
the task of determining the cyclomatic complexity of a program is presented, which is one
of the most important among the known and applicable quantitative metrics for
evaluating software systems. An algorithmic scheme for calculating the cyclomatic
characteristics of a particular web application, its software implementation and evaluation

results are proposed.

PA3PABOTKA IUKJIIOMATHUYECKOI'O AJITOPUTMA

OLIEHKU U YITPABJIEHUA KAYECTBOM BEB-CHICTEM
XBemenuzaze H.

I'pysunckuii Texuudeckuit YHUBepCUTeT

Pesiome

PaccmaTtpuBaroTcs MeTOZsl M HMHCTPYMEHTAJbHBIe CpeJCTBA OLEHKM KadecTBa
IporpaMMHOro obecmedeHusa. B dyacTHOCTM, TipesicTaBieHa 3afada OIpefleleHHI
IIUKJIOMAaTHYeCKON CJIOXXHOCTH IIPOTPaMMBI, KOTOpas SBJIAEeTCA OJHON u3 Hamboiee
Ba)XXHBIX CpeAu H3BECTHBIX W IIPMMEHHMBIX KOJHMYECTBEHHBIX METPHK OLIEHKN
mporpaMMHBIX — cucteM. IlpemsoxeHsl — anropuTMmyeckas —cxemMa JJIS  pacdeTa
IIUKJIOMAaTHYEeCKUX XapaKTePUCTUK KOHKPETHOTO BeO-IIPUJIOKEHUs, ee IIporpaMMHas

peanusalnyg U pe3yabTaThl OLleHKH.
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36530 MHOHYYBb3gmgma3ol boGolbol bszombgdo

090095 85¢05330¢0
Lodommzgaeml ¢9dbo3mmo »boggdlodgdo

9Bomdg

396boME0s 3OHMYM93Mwo 3MMEYJEHOL bsGolbol JoMmM30L BMYOYGHDO 3OHMdEYTs
dol  LgOEHORB0IoELMD  ©s35300M9g00m. IMY35b0W0s 3OMYMHTMWo  MBOHB3gWYMmBOL
LYOEGH0RB035300L  3MMEgLdo  Joblsbowggwo Fglsdwm  dsBz969dgdo.  (36MdOos, ™I
LML 0f3938 OYIDS O FoFMSF39653905 J0oBYHYdOL (BodBHMMgdol), GMI9dO3
356919096 BoOLbol 535 099 08 FobolosmMgdEgdlL. Rsdmm3Eowos 9dudgMEoBol 3MOm3gLbol
3000000  9B93900;  250m3E0L  BoloGeMmgdws  LsFoMOHm  BraMIsGHomw-@gdbozmdo
©M399996@900; boGolbol  sB39690¢gd0l  Fgxi3sligdol  3MoEgM0wdgdo;  dsh3z969degdol
391™I30l 3OMdEgdgdo.

U533560m  Bodyggdo: 3MmyMmsdmmo bOMbagrygmas. bsdolbo. bsGolbol FoMmgs.

LYOGHOB0IO(309.
1. 9glsgsemo

Bgdolidogho 3OHMMIGHOL s o0 MOl 3OMYMFMol boGolbl sJal LMo
bgadglobgdo W0MHgdMEgd0MO 2odmbobmergds. LM gl 50dMEgdl ©s3FwYT5390egdL
MBOHMB3gYmb  3GMaMsdmo  3OHMmNIBHol  bodolbol  LsFodm  mbgy.  dg3mdols
9306mdozmemo  9999d0  dglsderms  360d3bgermgzsbo  ogmb.  dsgoroms, 1999 (gl
39OLGHMMRs 9603 539M03eds 533MTsGHIMTS LE3EBYBHMSTMMOLM Loym®ds Mars
Climate Orbiter-ds. 3ol d0bgHo  50IMRbs Fgamds  LEdMOGHM  3OMYMSIE
BOHMb39wYmR5d0, H®MIOL VoMY gds 125 300mbo EMWMO QobEyo.

dbaoglo  FLBIBHVMOHO  0b30I6GHIO0 0030005, 3530900  bdoMos  0MOdO
©5653562900. Foa0e0ms©, 8936 300835605-530v853989els IMdog Fbswymabsdo 3ysgls
399603160 FbsMrOFIMOL S MbbErgdoL, BHILEH0MYOOL, 3MbLYIEKEH0Mmgdol 360d369wm3560
93530, OHMIWgddog 390G M950ddo MBS A98Mmsgzwobmb 36M9E96bogdol dobyBgdo,
3ooLJmO™Mb  Ig300Mm39d0  3m9dT0, IMIbEObMb (3300930l M3IMTI6EHMYdS o
39b5bmM3090™mb b3y 5993009090 ©Mbolid0gdgdo BsMIOLBOL Fordx™mdglgdols s Fgboc-
Bmbgdolomzol.  boGolbosbo  3GMm©MIBHoL  NHBOMB3gmlsymxzs  360dzbywrmgsbo
36390009655 bLYOGHO0BOIs30s [1].

2. do60:0so bsfjogmo

365390 MBOHMB3gEgmzol bYMEH053035:300L dglsderm dsB39690wqd0s:

1) gbdgom®mds  (FmbJgom®o  Lobewmg,  MOE@ogHmMJIggdol  lsdegdEMmdS,
QI(3IEMBS, 390obbTGOEMdS);

2) 37d30mbocmgdol  Lsodgmmds  (LOMEWYMBOEGdOl  mby by Fg300M3T9d0L
305MLYdMBS, YBIJEHIOOLTO FYMI MDY, 50RJHMBY, FOLSHIMIMDS, FDoMdY);

3) 0mbdsegdol  ImbsbgMbgdmds (5030  dglsbfogero,  Lsdwdom©  SQ30S©
9bodBOEYdGE0,  BMIBAsMgdOol  06EIORJoLOL  FMbyMbgdMMds,  MYBMEESEHIOOL
3b5¢r0Bob Fglodergdemds, MmIMINbEGH0MYOMWMDdY);

4) BHOBLEMOGH0MYPIMEMOS  (5QI3BHOMPIMEMDS,  JVEAHMI0DYds),  IMBOMEOMdS  —
9fymdoEmdol MM 2969dm©ob dgmegdo gowso@sbols dgladargdemds s LoMmYIEnY;

5) 98399GHIOMBS (EOMO0O Jobolinsmgdgdo, §od@sMmw)bsM0sbMds, ox5MMMYdOL MbsGO).

95839690900l Bsdmbomgzgso  Mbs  sBMLBEB®IL  FgLodsdolmdol  Fgz3sLgdsbY
©™399996@30 — ,,359m30L Bo@sMmgd0l 3GIMAMTs S T9goMPOS®.
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36OMAM50wo  MHOb3geygmaol  dgxsligds  bgds  Bo@sMgdmmo  259m30900L
39092900l dobgz00m.

39930 3OMEILO 30OHMBOMSE 0YMBd MM JEO35Q:

L 36ma®ms0mwo  NHOHWb3gmgmaol  godmEol  Rsls@sMgdws  LomGysbobogom-
399603160 3mIBoYds, Hdgerdos gol:

*  253m3O0L LogHmM 3gadoLs S FMR030L 9Y9bs, 350930l F0MOMYOO;

*  259m3O0L 3MIMAE5Fgd0L I9gMmE03900L ©s31Yd5390s, TgmsbbIds s sT3HI0(3JOS;

o (omdmagbowo 39dbozmMo  ©m3MIbEOE00l  9bsEroBol aBom  dmboizgdgdols
3926003905 3601058990 MHOHNMB39YmBol baGobbols Tglobqd;

*  259m30L Ggdbmemyom®mo bdgdob dgygbs [1, 2].

39030l 39dbmemaom®o Bggds 8903o3L 3OMYMTMEo MBEOW639wymBol 9Judge-
GoBob 3MMiEgLoL SOfgML. J000YdMEo Mbs 0gml dmddggdsms MsbdodgzmMds s
d0b55OL0, OHMIgdoE BoFoMmms 3MMAMTINo MBOHNB39wymBol bamolbol dsBz9b9dwgdoL
3600369cmdoms  2obloBO3™MOLomM30L,  93Mgm3g  dMbs39dgdo  godmaobsmgol  LsFomm
3601M539-0bLEHOMIGB G0 L5 gdgdOL Tglobgd.

II. 36maMsdmmo  BOHMB3gegmxzol  asdmEol  Bos@GoMgds.  bos  39bolsbmzmmUL
249903000L bm®o@0mE-@39gdbolzmeo dsbs:

v m39996(3)900, H™Igdog 503goL dmmbmgbgdl 3Mmamsdmwo MbOHMBE3gwymaols
903560 m, LGOIMEJOO0, T FMOL LogHMsdmMolm (ISO/IEC bghHoob), ¢gdbozmemo 306HmdYdo;

v 300a053Mwo  bOMB39@ymgol  LgBEH0g035300bsm30L  LaFomm  bsGolbol
956396900900l dgx35Lgd0l IgNMm©039d0.

d9935b930L BOJEBHMMGOOL MB35 O ILIOMMYdS bS BEYdMEIL 339 JLwGS,
boGobbols 95839693 gdol s@Bgmwo LobGgdgdol, 3MMAMITMEo 3MMEYYJGHOL bsMolbol
33000l doBgbgdol dgbobgd 303mmgHBYd0L, LEBSGHOLGH0ZMNMO Bswobom EsEybowo
d0Bb9d0L5 s bgs JobgBgdOL Qomzscolfobgdom. gmggemzol sMLBYIMBL 5EPd0IMdS 0TOLS,
M0 gobborzsdo BsMEo 56 M0l yzgwrs 3609369wmazs60 Bog@™mEm0, bagrm bmaoghomo
domobols 3603369 mds  5M0BMLGH0S, 530FGHMI BoJBMEMGOoL 5®Rg30LIL I60d369wM3z560
99b39OEOL  2o0MEOEIYdS.  AOM3owolobgd o Mbs  ogmlb,  MMI  BogBHMGm9do
Lb3oslbgoa3Ms  Bgdmddggdl botmolbol dsB39690gdols 3603369wMd9dby. 3569FEH ML
360630308 35bsbds, LobEBol BBl sOLYd0Ms TbmEmE BMYogOo Bogd@meo,
50539 OML 35000 20% gobloB3zMo3L LolEgdol m30LgdgdoL 80%-1 [4].

99985930l dgomEol  s®BY30LLL  3B0A3bgMds 593l Bogd@GHMMgdol  bslosmls -
30209686030, 030L98(030 56 Jg9-cm0. Bl ¢3538060Jds 3OMYMSIMEO 3MIMEYIEOL
boGobbol  BEOGHOLEG03IMMO  dmEYol  bobg s  mbs3gdgdol  sbsgroBol  Igmmeo.
50M96MmdMH030 Bod@BHMmM9gdol Fgxsligds JoMOMOEIE bds MgaMglowmwo IgoMEYdOm,
bsG0LbMdM 030l — EOoL3gOLOYWOo, GgMHYMWOL — 3035M0530I0 SBSWOBO.

d90BgMo  BogBHMMGO0L  9OHOMIOMds 5O by  F903939L MO YHDBFO-
B5008ga™m 5 MM0YOHMPTMIM0EbOg 3mI3MBg6EHIOL. WoRJEI30L MIMMOOL MIselsb-
Gobom, 36MHMAMmFMNwo  3MMmEIBoL  9Ju3wMOES300L 899000 FoMmoagbl  dslorme
99b3960896@L, 5F0GHM™MI BogBHMOYOOL  IMbs39dgO0L b EMbggdIOL S3MOMEMMEO FoMIZS
39999 9gdgos. obobo d9dmbggz00m0 MHobgd0 96 brmdowgdgdos s 4obobowgds Mmames
©533063900L 9900935 300900 BESGHOLEG03MEMO Jmbsigdgdo.

00 55dBHMMgd0ol 3:mM9JEH0MGds, Bmdgems sMmzs dglodwgdguos, bwgds dbmermo
33mLGHIOOMOMMOE  (3JO0ED  398MIE0bsGY). 3OMYMIINO  3BMEMIEHOL  boMolbbg
9%39JGMO0  B9dmddggdol  3sdmdds39ool  Logdzmos  Bod@EmMmgdol Jgg3sligds. sbgmo
39985b930L Bo@o®mgdols dgLobgd 2505(Y39G0wgdol domgds bgds 95806, HmEgLsis boGolbol
056396900900 56 JgqLodsdds oPIB0E IMmMbM3zbgdL [4,5].
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RogdBHMOYd0 Iglsdams asbgzobowmm GmymO 3MMyMsdwo 3OHMm©vdEol bsGobbols
33w0900l 0bYbo, beagnm 35B39690gd0 — OHMYMOE BodGHmMgdol bgdmddggdol d9wg-
30. 50539 ©@OML 35839690 gd0 SLObI3L BoJBMMGOOL LEHMMIGMOSLS ©s b0d3bgEPMBSL,
(93 q003 Hg9mgdggdl 3OHMYMsdME 3OHMEYYJEHHY s 39309l Bl ol botrolbby.

ISO-0b LEBHbIMEHJOT0 F0POMGIN0s, MM boMolbol Jsemzs Mbs 9yt bmdmuoal,
23063909l 4m3wobs, dobo 30b6GHOMEOL Mmd0gdGHWG F900MmEIdL. doo MoEbal d09329369ds
LAOGHOLEGH03MNOM0 FJOMPYd0, OHMId03E JoBbYME0s bomolbol MgbEsdgwwEmO FsGM30L
3600369m356 306HMds©, MdEs 30G0ToE0o 0blEMAg6EJOOL godmygbgds, BrAMmMOiEss
30D9b-090093MmdM030 O, Lo3MmbEMmMEM BMEMEIE0, LogmbEMmMEMm Mvyds, 506930l
O053M535,  305d3H03580  3MHMdMIOL  395HY39BHOL  Bodoegdsls 96  0dwgls.  Fo00
LodMogdom 396 bgdbgds boMolbol 9993060930l dobgBol godmzwgbs s, Fglsdsdobs,
91839JAMO0 353mM9JE0MJd90 mbolidogdgdols s dTsOMZger BgImddgEdsms Bo@EoMgds.
500@md LoFomm bgds obgmo dgoMmEgdol 2sdmygbgds, MMIwgdoE L8 sEwgdsl 0derggzs
2390050 FM5L 439e0s 53m3965, MMIgeroE gbgds bodolbols 3mbEHMmMEUL. 530w gdEmdol dgdmb-
393590 L5 FOOMS 335€P0RO30IMO 139305WOLEJOOL INDOE3o.

3MLgdMdL  dgoMmYd0, MHMIWIdo3g YHOHMb3gYmRlL bsGolbol sMmgzsl bsmolbols
d9Lsbgd  LESEGOLGH03MOO TIMb(3999dOL  EFT53900L S 9b5EODBOL Loggrdzgaby. SLgm
3900MmdL 809336905 H983MIOLICI0, IHICISEOTIGO, RsPH2OXEPO ©5 POUSIHLOrICO
56350 bo.  50bodbmwo  IgnmEgdo  FFOEOMELY 39380609 gOTbYNMB s
933969005 LEBIdGHoo ISO 9004-1. 33¢093930L obobds  (36MmdoEr0s, OH™A
94399 9839305 M9M9LOo SBseoBo. (3boos, gl FgMEO FMOMBMZL Q56339
30bsL LAIGOLEGHOZOLS s FomgToB030L bLBIOMT0, 530939 U3GBSO 3OIMYMSTO
MBOHMD39wYmBol  259mygbgdsl. mMAEs M9AMILOMo  SBowobo  LEdMogdSl  0dg3s
(o3bmdOM350  JgBobEgl  Lb3o@slbgs  BogBHmMmgdol  a93wgbol  ©Mmby  3GIMAGMTMwo
360mvdBHob boGolbol 35639690 gdbg s NBOMb3gwymaly bsGolbolb 9i39d@me dsOmM3sL
@OMHMOLYS s LabLlEMYdOL F0b0TsE MO sbsBsMY 0™ [1,6].

©5933900L 8096 3MIMMFMWo  3OHMOMIGHOL 398MmEEOL  Bsls@sMgdms© Foedmo-
39600 ©M39996GHO300L BMAs© BTMbsm3sedo Fgol (smE0owgdgwo ©™3wdgbEgdol
B3B3350 2560L5BOZMYdS (350390 F90mbgg30LsmM30L 0bE0Z30 IS MES):

1) $9dbo3m®o ©m3magb@ogos 3MHMaMmsdme  MbBOHMb3gwymRsHy, 39MHINE:  WMA03IMHO
0mEao  (36myMsdmmo  HBOMB39wyma3ol  Bbd30900L  09M6J0s);  3MMyMedeo
MBOHMB3gymxzol  9m®Jo@gdGues, dobo LEOWIGHWMG; BOdEP0M™Y3900; Lofgolbo  FHadbEgdo;
36580 BOHMB3gwymBol 3mYdo;

2) bsgoo (3m9MHE0Mw0) 30mMyM3w9wo MbBObagaymas;

3) 30MMa500 MBOHNBZgLYgmzoL GglBHgool s0hgMs, GgbBHoMIdOL GgLobgd sbysm0dgdo;

4) 3960083035300, 350300l 2930900, 0bGHIYMIGOM0  3sdmEEgdoL  a9adgdo  (site
integration tests — SIT);

5) 39608035300L 390093900L GgLabgd 5645008900 LologmEbarm 3030l 9@9390%Y;

6) 35¢0005300L Fgbobgd sbgo®0To;

7) 36HmaModmwo  MbBObagwymaol ©sddsgzgdols s 39M0n035300L  0blGHMmWIIbEHwo
153w95¢n90900L Jq0500RgbEMdS @ FobsliosmMYdgd0;

8) 3M0®03MMmdolL ©sLYAZ9d0 EMBOLS s MLOFOMbMYdOL MBOHMB3gYmaol sbsgrobols
d9Lsbgd sbyom0d0;

9) 36HMaM530LEOLS s MIHAMYdOL LobgEddmgsbgarm [3, 5].

3. ols33bs
5033561500, 3MMYM530 MHOHYB3gEYMBOL MM A5FM3S BIMEIdS 33900l
LAHIBODBY @O Wby TJIuodsdGPIMEIL  TMTS390 @S  FJMbbAYGOIM M 3MTI6AHL
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»390ME0L  BsBoMgool  3OMaMsds s  GgmMmEO3st.  mommgo  85B3969dwolsmzol
36MaM5doby o 39nMEO30L FMTs3900LL gobolsBM3MYds: — ©™IMIIbEIE00lL Fgds-
396cmds  (B9dbozmMmo  Tsboggdo), GMM™Iwgdos MHBOHY639WYmBL MoMgMEo  odm3EoL
F9x30lgdsl; — godmEol  Lobggdo; — 3MHMAMmdMwo  MHBOHMB3gymRol  dsB33690wgdol
d9935b900L 36:0¢MH0IGO0.

360530 MHOHMB39gma3ol  Fglodsdolimdol  Jgisligdolol  godmoygbgds  dolo
boGobbols  3s839690¢9d0l 3603369 mdsms  goblsbmz®ol  IgmmEgdo,  Fodd0MS,
39BM330L, M90LAEHME00L s 9JL3gOEoO.

@odgMs@GMs - Referenses — Jureparypa:

1. Baliashvili M., Otkhozoria N. (2019). Software quality management. GTU. “Technical
University”. Thilisi, 139 p.

2. Surguladze G., Turkia E. (2016). Fundamentals of Software Management. GTU.
“Technical University”. Thilisi, 351 p.

3. Kymuko C.C. (2017). TectupoBanue mporpamMmHOro obecredeHus. bBa3oBbIii Kypc.
Munck: Yersipe vetBeptu. — 312 c.

4. Baszosele nposepku osnemeHToB BebG-crpanunpsl http://Kirdenoff.blogspot.com/2013/02/blog-
post.html.

5. cepruduraiusa nporpammuoro obecreuenus. http://rostest.net/sertifikatsiya-programmnogo-
obespecheniya/]

6. Software Testing. https:/intimes.wordpress.com/2017/02/09/se8-1-software-testing/.

QUALITY QUESTIONS OF THE SOFTWARE
Baliashvili Medea
Georgian Technical University
Summary

Some issues related to quality management of a software product, in particular its
certification, are discussed. Possible indicators are given that must be taken into account in the
process of software certification. It is known that it is difficult to identify and determine the causes
(factors) that worsen a particular quality indicator. The conditional stages of the examination
process are listed; Regulatory and technical documents required for the examination; Criteria for
assessing quality indicators; Indicators for measuring indicators.

BOITPOCHI KAYECTBA TTPOI'PAMMHOI'O OBECIIEYEHUA

bamnamsruim M.
I'pysunckuii Texuudeckuii YHUBepCUTET

Pesrome
O6cy>xatoTcss HEKOTOpbIe IIPOOIeMBI, CBA3aHHbIE C YIIPaBIeHHEeM KadecTBa IIPOTPaMMHOIO
mpopykra. B wacrHOcTH, ero ceprubukanua. [IpuBemeHBI BO3MOXHBIE IIOKa3aTeNH, KOTOPBIE
HeOoOXOZVMO Y4YUTHIBATh B IIpOliecce cepTU(UKAIUU IporpaMMHOro obecrnevenus. M3BectHo, uyTo
CJIOKHO BBIIBUTH U OIIpeeIUTh IPUYMUHBI (PaKTOPhI), yXyJIIAloONUie TOT MIN WHOM ITOKa3aTesb
kxadectBa. [lepeunciieHsl yciOBHBIE 3Tambl IIpoIlecca SKcIepTusbl; HopMaTHBHO-TeXHHYeCKHe
DOKYMEHTHI, HeOOXOZMMble [JIi IIpOBeJeHUsA OKCIepTusbl; Kpurepum OlLleHKM IIOKazaTeseit

kadecTBa; IHAWKATOPHI [I1 M3MepeHus ITOKa3aTele.
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MICROSOFT SERVICES ANALYTICS 0bl&®<9996¢&0l 350mygbgds
OOdEMm356 Ggdbmermaogddo

B0bm MR, 6obm rmdody, Bot0bs 3580509
LodoMm39wmb ¢9gdbozmemo mboggMbo@gdo

69bomdg

396bomwos olEBEoWEmo LHogwgdol 3OmEqgldo sHowo 30MEHSMOO  Labfogwrm
36059900l 396300560 9d0Ls S IMIMBOBIEOOL bs3ombgdo MbsdgEmM3g 0bxzmMIsEzomwo

&996mMy0900L 35BsBY. 8994985393900 3MBEIRE0S, MMIgeoa sbgbl Ambsigdms sbsgroBl
dIbTom9dqd0L 06EgMHgLoED 2odmdE0bsMg. 030 0mM35¢oLobydL MHgs®H Mmdo BmlEo
06830635300l 30B)oE0Bs3E0L Bogergdol bbgsalibgs 3gMomedo.

1553356dm LoEBY39d0: MsbsdgM™M3g GJbMmEMy0900, 306G MMO Lobfagwrm 3HMyMsdgdo,
Lobfogerm 3GmEglo. dmbszgdoms sbserobo. Bold Bl

1. gbsgogro

Lobfogerm 36mglol sbsoBo 359m0ygghgds LEBHMEIA0MEo F9IRgoolL boolbols mbols
S1585QMGIWH. VOHBOMZ9D AoTMM3Egddo Imbs399930 0bEM0M©Ids IM35w0 (gommsb
36535 xgOM30  BMEOIsEHTo, OMIGWDs FoOMZs O sFMTs39ds  dowbg Gmwwos [1].
069 M3560 godmm3wgdo 04gbgdl dmfobsgy s65e0Bols E9gdbozsls, HmamMoEss 3OHmabmbomyg-
0500 s LEOMYHYIOZM SBsEOBYdO. Fomo 9d39Mmd0m T9godEgds LodMmJdg™ Mool 2obF3MgE)s
@5 00 §090090505 YB3, HMIgms Gl gdomsE M3gmgbo Fg9a0 doowfgzs [2].

2. do60m5EO bsfjogro

OMOEM396 390MmM3wdHY ©RMIBIdMEo dMALEHBMGds BYdOLTOgMO IfglgdyErgdols
&996m@Mmyom®o LEAHMIGIR00L oMM Jugdgb@os. VMMBIDY IRMIBYdMo bgHmzoligdo
960-900 5dH1sOHO0 s Jmmbmgbsos, dolbo dwogmo Fbscgs bbgoolibzs 3Mma®msdgdols
UGBS  0b6FgaM0MHgd0L  MbsGo. MmO Fgmdwosm 3mds 930353090l ©d
9mdLobymH9d9dbg 69doldogMo 50 0IB, BxdoldogH MM, 63d0LdogMo dmfymdowmdoo [3].

OMOEM3560  2odmm3gdobmgol  BodgbgdEos  goafiy39@0wgdgdo,  MHMIgEo3
339b0oMgds  Imbo399900L  Fgamzgdsls  @d  sbowoBdo.  Bmbsggdgdo  dgodwrgds  ogml
3600369crm3560  LEHMIGJROMO  5JBH030, MMIg®s  SBswobo  Ls3dom©  OMME0S s
9653w0ldmI339w0, B3 153w gdsl 0dergls dgdymdo M3gMoE30Jd0 I0YIRIML JowgdMwo
06x3mMTo300L  gomzooljobgdom. 8mbs3gdgdols  Fgp®mm3z9ds, MmOYEbobgds s sBswobo
LoboMqdem, §0900 0bxMmMT>305© F90degds 35s0J3gl 0vg oo FoOMZOL  JmMobegbls
©5)9L9d™9g09d0. 0bobo Fgobog3e0sb BMmbo3gagdL bGsEH03IMO s Lym3gMozom d5B3969dgdOL
3B5e0Bob gBom. 565¢00EH03MM0 IEI0MHYOOL s M3EGH0T0DIE0OL bb3salibgs Bgdbmermaool
39909969000 bgds Imbo399930L S F0MGdEo F99gd0L BEAMWJEHMGMOMYOS, M3 5B EH0390L
3963000009001 LAMSEJ0JOOL 93T35L, sOLBYOMWO 3MIM(3JIPMMGOOL 56 3Br3gLOL TLHmOYdL
@5 3963000560935, sbbL 3mb3MMIBEHMI0 M30MEIJMOYGOOL FoBLIBOZMSL (Bob.1-3) [4].
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65b.1. 3cbs3g8ms BsGBEHOBE0s IBsEoE03NHo LghHzoLgdob 3sdmygbgdoo

Add Data Source O
SELECT CONNECTOR

Select Connector

Quickly connect your data from data sources such as SQL, files, and web APIs.

Cloud Storage v Search Data Source Q

Service Connectors

Microsoft Azure 6 wereves box

Google & OneDrive B> SharePoint

Sheets

6ab.2. Bold Bi s SharePoint 06l@®wogb@gdols 0b@ga®omgds

{9190 gd5mS MBYEIJLMOOLMZ0L BMZ5M0 HBRIM0TZ5EYOIGdss BMIBAsMYdgdOL
0963539ds. FoMdoBHgds 990dgds gobolyBOzmml, Hmym®mE Lsdrdom 3350053035305 56 99damdo
39BomEgds, 13930803MM0 MBMYdOL Tgdgbs 6 LoFoMm LgMm0z0353gool Jowfgzs. sIMOYS,
096053905 60dbsgL 2obLoBOZOWMo b0dbmol dorfiggel, MH™IgEoE MMM A56353wMdST0
239H™a35L5 S IMboEMEMObYL 9J390gdM9ds.

000l go8m, MMI HgLYdMMgdgdo s3MHM39096 o x30JLOMYdID TMbs3gdgdls dobodwma
94m39ferom®me@ Ho®mdo@gdol dglisbgd, Golmgzolsg MBOH™ M3 sb5Eobolm3zol  sbswrodozol
24990996905 0Bs6Tgfmbogros (bsob.4) [5].
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E Microsoft SharePoint
Datasource Mame student_Detailg

Description (Optional)

*1024 characters maximum

Select Site LUaS FJorasd endneaalol N118 LBanxts@ier Lieems [https:/ninolomidze she ~
Files » Documents
EBook.xlsx grades.xlsx
- N -
Mo schedule configured Import Type Worksheets Tables

Refresh Settings

Connected as: nino lomidze @ Microsoft Change

6sb.3. Sharepoint bso@dol bogdorsb 355306985

QOYBILMZD 3993w gdBY ©IBII6IO)-
@0 dmbs3gdms 965¢r0Bo dmoEegl 9EHe39dl:

* UH3(H03960 82bs99980 — dmdbIsMgdgEms
35bsli0smgdgd0, s939 0bsdomEmo dmbsizgdndo,
OMAMOO0ESs  99g8oLgdgdo s Lbgosbbgs
LoLB9d900L godmygbgds;

® 5b5¢0bo s 56350503985 — BMOEF0JLYDS
LoLEBYTOGHOWMMS s FMTHTsMYOI™S 0bEO30-
QM MbgHg bgds LoFomm 3H0EgH0owmadg-
00l goblyBgms 030 MBOHMB3gYMRL LsFoMHm
068mM35300L  39OLMBsoBsgosl  ©@s  WBGO™
RBoOOM oMMy gbgdls 0dol Tgbobgd ) G
005mdUL;

® 3Mmg@gbo — Bsbgs Fglodergdgeros Bold BI

dfugseaabbmdogmgbosto
sBoemoto

sbigafhodyibs

dmbagdadob B)aMeggds

mobublnfo jmblamopszos

122d69fHmdal BhggBgdowo

Bob.4. 565¢m0EH030L Bgdbmermyools
396300056905

o8By, obgzg Lbgs dmbszgdms sbsgrobBo

3960339990 300GHgMH0dgdol dobgzom 89a30dw0s 36sbmm LmMEGH0Mmgdol 0bLEGHM™MAGbEHOL
2359myg9gbgdom, o3 dgLodergdermdsls 0degls MBO™ dgBo dmbs3gdgdol godmygbgdsls bszargdo

139(3000HYOME0 MBIOOM S 65319d0 OHMOL botrx0o;

o Holz0l 36GmgberboMgds — SEOIMO 39MHPOMPOEB 5MOL BolM39w0, MIMS 9IRSV
dmbgll 36HMd9dol SEMIMWO 0©I6GHORBOEMOS s FIBBMOEF0IWOIL OMMEO  ©Bs3)-

0000 b5 F9MS G9damddo.

39-5 Bobobbg b5B3969005 9b5Er0BOL G, MMIgaroi Fobfagzergdargdls s Lgmemols
530boLEBHMOE0SL  BoTogdsly  5dEg3L M35y MmO  5©Y36mb 8603369 M3z56  T9EHM0390L,
OHMPMO0(355 ILHOGOS, 3e0oligdo s J9TM3OL F9gRq00 [6].
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anfhogo @ anfboge @ BmUFazroms Hamm@gBmds Jomnb ms Uil @ Ae8mmIdob Jmegon baabiaol 8o ©

hd A v 142 3ol 357 amlfGazm) 200

G
37 ,

AmbFozmme fompyinie a3em080%9h0 drmbffghe 0

8
2,000 84.54%

G

0

G 10 Arts  English  Maths Phys Ed  Science

330m80mE0 @alfmitel bemal Urenm@o

RRLETOKY SOFE, 3% @aLFHm
79 92 368 SnlSasmn th Basdamatls Roadms maLFem

el s3rgoms @adsg@n obgm@dagns @

boBasme Ldabo Juams  LoBmommgame  GPA  mobFfigdo  Laz3e6dm dok3a6adamn
mabo gogedgmo 9 dmpyetindoon 5 59.80 1 80% 4% A
bm@mnim dfonmo 9 dmymeimdomn 9 8220 4 79% 4% ¥
Bngs prpnbsdzomo d BudRmdomo 7 61.00 2 9% A
Bobo By yPegmo ? d@yEFndomn 7 91.00 4

a0nfia0 Grfige ¢ Bedfmdomo 6 62.60 2 84% 3% A

———e Plondn L n raen - Ann 100 A

65b.5. dmbsagamgms sgdGogmdol sbsenobo

35690 9dbdogdgels LodoEgdsll 5dg3L MISYIMO  5I36ML MYAOLEHMOMYdIIE
Abfogangms  Mom@gbmdsll s 36MHME9bG M 85839693 gdl fergdols dobggom. slabvyos
2399m30L 990093900 Loabgdol dobggzom. 1939, FMTHAMYIWGIL FgwdE0s0d MZOEYMEO
500936mb Lodmoem JmMsll M0mMgMo Lsabolmzol. s dmEML, ,,dmlfozwgms IEITMOO
0683mMTo300“ 30xX9IHO 33935090 3oFoMIMM® 533003905 0Lgm FMbs3999dbg, OHMPMMOES
Lobgo, bdgbo, 3esbo, Lsdswm Loxggbm®mo, Lsdrswm Bodsbo, LGBl 3OHMEI6EG0, LBowsg
31939 @obLOBOIOME0s 9539dBHIOMdOL Lo3356mdm BsB39693ol Bs8gbgdemo bl MTgbEo.
3905 5doLs, ROl gMHmMO FMHZ9M0  M30Lgdss ToLo  IMH35RIMM36gds.  hsFMbIMZool
BoEM900, MOl 89339MmI0MsE ITMZo0gMHgdgwl Jgvderos 9335w ml RS, Bobml
dmbs390900 Hargdol o  Jesbol 6gdoldogmo  3mdd0bs300Lm30L.  Togooms, dbsbggrls
3999905 2019 ol Fbmerm 8 Jme0sbo dmbffagwnqdols dmbsoggdgdo bobmb.

3. sli33bs

Lobfogem 36MHMaEsd9d0lL 20dxmdgligdol LgMzoLmeo Mol saqds bmM309w©Yds
Bold Bi-8o, Lossg bgds Lobfogerm sfigbgdogemgdol m3gmozomeo bob@gdgdol sbserobo,
3960dme SharePoint 393-3m®@Gswols dmbs3gdgdol 06Gga®moMgds s sbsgroBo. Fogowoms,
dbfogangoms  39MLMbsEmo dmbs3gdgdo, Lobfagerm 2939900, omfig3900 @S 935¢0980v9MO0
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dmbm90900.  250mygbgderos Bold Bl-ob @osgs dmbsggdms  30B99olsBoomz0l s
965¢0BoLmM30L. F5dobosdg dMmIbTsMGOGOL F9AE050 259M0Ygbmb BowEHMgdo bgdoldogH
©x5bY, G003 5839693l Imbs3gdgdl ™Mol 39MH0MYddo 96 Fow3gMwo 300EMH0TGdOL
dobg3000 goblaB3zM Mo XMRBIIOLMZOL. OMAMOE BsbL, gl Fgodwrgds 4obLLZMMNMGOOM
LoLoMROM 0gMmb MMM obdsgermdsdo 9bwgbi0gdol dosliobyx 30l dobboom.

WoBJM5GOs - References — Jureparypa:

1. Ghavifekr S., Rosdy W.A.W. (2015). Teaching and learning with technology: Effectiveness of
ICT integration in schools. International Journal of Research in Education and Science (IJRES), 1(2),
175-191

2. Tole A.A. (2014). Cloud Computing and Business Intelligence. Database Systems Jour., 49-58

3. Sean Carlin K.C. (2012). Cloud Computing Technologies," Intern. Jour. of Cloud Computing

and Services Science. 59-65

4. Arshdeep Bahga V.M. (2016). Big Data Science & Analytics: A Hands-On Approach, USA:
VPT; 1-edition

5. Marr B. (2015). Key Performance Indicators For Dummies. USA: For Dummies; 1-edition

6. Wexler S., Shaffer J,, Cotgreave A. (2017). The Big Book of Dashboards: Visualizing Your Data
Using Real-World Business Scenarios. Wiley; 1-edition.

MICROSOFT SERVICES ANALYTICS TOOL IN CLOUD TECHNOLOGY

Topuria Nino, Lomidze Nino, Kashibadze Marina

Georgian Technical University
Summary

Discussed Issues of development and modernization of new virtual training programs in the
process of distance learning on the basis of modern information technology. A concept has been
developed that analyzes the data based on the interest of the users. It provides real-time visualization
of accurate information during different periods of teaching.

NCITOJIbBBOBAHUE MHCTPYMEHTA MICROSOFT SERVICES ANALYTICS B
OBJIAYHBIX TEXHOJIOTHAX

Tonypusa H., Jlomuzaze H., Kamun6aznze M.

I'pysunckuii Texamdyeckuil YHUBepCUTET
Pesiome

PaccmoTpens! BOIIPOCH! pasBUTHSA U MOJ€PHU3ALMH HOBBIX BUPTYaJIbHBIX IPOIPaMM O0y4YeHUs B
Ipoliecce IUCTAaHIMOHHOTO OOydeHMs Ha Oase COBpeMeHHBIX HMH(POPMAIIOHHBIX TeXHOJIOTUHA. brlrta
paspaboTaHa KOHIIENIMA, KOTOpasd OCYUIeCTBAAeT AaHaJIM3 JAaHHBIX MCXOAA U3 WHTEPecoB
mons3oBareseii. OHa obecreurBaeT BU3yaIM3allUI0 TOYHONH HMH(POPMALMM B PeXHMe PeajbHOro
BpeMeHH B pasHble IePUOABI OOy IeHHA.
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356590 565¢MYG-300360re0 35MsdFabgeols
dmgeotgds LabVIEW-ol 36ma6s300

Do HT0x8M5I300, 0v)MHO IMEYdSd]g, GMsd dmMxo3bgwo,
8030 3g6x0369o
Lodomm3z9ml ¢9gdbozmdo mboggdlo@gdo

69bomdg

396b0ME0s 565¢MAMG-30ROMWO oMbyl (acg) LEGHMWIGHMGMEO bdgds s
ol Lyxwdzgwby 93990 Jglsdsdolo dmfgmdowmdol dmEgero LabVIEW-ols dsbsby.
90Iol 509335¢wOMdOL  gbsdmfdgdws© godmoygbgds: LobmlmowMEmo, 393900~
W60, 08390, bg@bolgdmo s 5.9. Loabswgdo.

153356dm LoGYzgdo: acg. 3mI35M5GHMM0. F0RMSGHMMO. BHM0dgMo. LabVIEW.

1. dglsgsgmo

bdoMs Lbzsslbgs MgMO0E0 5dMm3560L 2osHY39@d ©W393806Mdos GgLsdsdolo
399603600 Imfigmdomdol 539058000, MoE dmombmgl o FoBHYMH0IH ©S OHMOM
bboOXJOL. 53 MZoeLsBEOOLO® JmEgdmwo  BsdMTomlb  JloliMyErgdws  F9godwgds
399m30949gbmo 9.§. 3330E OO 306G OO bgwlsfym (VI).

93999 9900bg935d0 sbsermymmo Logbswrol 30RM™MEdo QoModdbsls ZobmM309-
WIO® 35M5gHo G030l dGd-0m. MY Ol M gdo LabVIEW 36Hmatsdols
bH3sMxd0m.

2. doM0omso bafloemo

36MB0W0s 5b5¢MmyMMH0o Loabsgdol 30BOWWTo oMmgdbols Lbgssbbgs dgommgdo.
dm399Me  dgdmbgzgzsdo  dogoomol Loboo  obgzobomo  Lodmoeb®mogs &GO (bsb. 1).
500bom30L  LoFoMms  F300  Lbgosbbgs  Loghgbo  dsd35,  GMImgdoi  Joowgds
(9B0LEAHMOMWO  35dYmBoL  bYSEgdom. dgbsdsdolsE, MOMMIMWo 3m3sMsGMOMOL  (K)
390535000 d5030L (Usgs) 890056900L0b Loggh dsd35L0sb (Uv), begrm 89909y doxgOHs@G™OM0l
1535 gd0m 300G0MEMOM 8 MbMOYs BB ME b gMgol 3mEL, GHMIJGEms YmgzgEwo
0566030 Hom3Mo96L OHMOL MFy39E) BwbJEosL.

50ob 9909y 0090 MOMBOMO  3mEO  0fjgMgds  35MOEINO  BoJGH0MYdII
A®0g960mw MH9ga0LGHMdo (T) 300Y3OMd0MO Bsm3zegdol Lsbom. gb6M. 1-8o ImEgdwmeos

3335M53MM900L 459mbolizeegdols dEymBsMmgmdoms 9609369wmdgdo  bos@mGommMo s

3M30L  3000LYM30L. FMEI0MmYds LEOWMWYdS 1-ga BobsBBy Bsbgzgbgdo LEGHM™MIGHMOEO

1ggdol dobgzom. d9ddboero 300G MmO bgwbsfyml derm3-0sMsds s fobs 3sbgwo
65B3969005 b5bsBgdBy 2 s 3.

VI 3¢m3-000gMsd0l 993s0p9bgeo Bsffoargdos: 1. Logbosewol figos@ml  dogm®domg-
090 (SS), ®MIgrog 9)YgmdoE0s 395303790 s0bodzbgdom Case Structure, Simulate Signal,
Add, Divide Numeric Constant; 2. 60dbols dogm®doMgdgero (M), HmIgeog sfymdoeos
3053030 >©0bodzboom Creator or Equal To?;
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gb6. 1
Uex |0 [ 05h [ 150] 250 [ 3.5h [4,5n] 5,50 [ 6,5k
% k7 |00 0 0 0 0 0 1
6 T ks |00 0 0 0 0 1 1
oD ks |00 0 0 0 1 1 1
€ KT oo o o |1 1 1 1
k: |00 0 1 1 1 1 1
o T [ i [0]0 1 1 1 1 1 1
—C
> T D ki (01 1 1 1 1 1 1
Al C N[Q: (o]0 0 0 1 1 1 1
o % Q1 |o]o 1 1 0 0 1 1
® T Qo [0]1 o [1 o 1 |0 1
ol]]12 Q@ foJo Jo Jo J1 |1 J1 1
€ Q (o]0 1 1 1 1 0 0
Qo |01 0 1 0 1 1 0
o]
Uae

6sb. 1. bEHOMIGEmo bdgds

3. Logboeol sdLMEEWMEmo 360369 MdOL FogmMToM9dgeo (A), MMIgeog Sfymdo-
oS 2M5x803Mwo  50bodgzboo Absolute Value; 4. d0bodsgrm@o  Loy®gbo  dsdz0l
Jogm®IoMgdgero (mh), OH™Igwog SHymdowos gMxsx03Mwo s0wbodzbgdom  Pover of 2,
Decrement o Divide; 5. Loyg®gbo dsd30L dsgm®do®mgdgero (h), GmIgwog ofymdowros
305530390 50b0d369300m. Numeric Constant s Multiply; 6. 3m33s6Os@mcMo (K), Gmdgeog
30gmdo0s 4M8303Mwo s0bodzboom ,Creater”; 7. bs@GmMowMo 3m©ol dog®ms@meo (N),
MMIgoi sHgmdoos yMs53039wo s0bodzboo Convert from Dynamic Data and Compound
Arithmetic; 8. 3690l 300000l JoxMsGH™MMO (G), MMIGEOE SFYMBOWOos 4MIB0IMWO 5©0bodzbom
Numric Constant equal, Boolen to (0,1) Multiply and compound arithmetic; 9. go@sdGm39wo0
(k), ®mIgwoi 9fymdowos aMox03wo  50bodzbgdom Creator, Multiply s compound
Arithmetic; 10. m®mdomo 3mgco (C), HmIgeog 5§gmdowos 3Mmsx03mw 50bodzbidby
Numeric Constant s bsdo Quotient & Reminder; 11. &od@«y6o 033elgdol dogm®domgdgero
(Ti), GMIgeog 9HYmdowos aMsxz039wo >©0bodlzbgdom Multiply, Simulate Signal, Numeric,
Contant, Convert from Dynamic Data, Rotate 1 D array, Subtract, Creater than 0? and Boolean To
(0.1); 12. ULsdo GHMoygoo (T). OHMIGWMoEb MomMgMWwo  sfigmdowos  AMSGOIME0
50b0d3b9d00m Multiply, m@o Numeric Constant, For loop, Add, Not equalk, To 0?7 Feedback
node o Case Structure; 13. LogbsErgdol FoBMMI0MYOIO MBEOEMYMIRJdIOLZ0L (Gr),
I q003 SYMdOwos 39530310 50bod3zbgd0m Lsdo Numeric Constant, bsdo Add, mmbo
Build Waveform and Merge Signals s 14. mlgomy®sgolomzol mmomo sbsmgwgdols
3ox3mMIoMgdgro (GT), GmIgerog sfgmdowos gMox30329wo s0bodzbgdoom Numeric constant
3 Reciprocal.

VI-b §obs 35690bg 939J3L 89090 bsfowgdo: 1. 9300 4Mmsx03wmwo sbodgbs
Numeric C bsfigobo Hogbzggdol Bsbsfigmo (V, U, £, @, =U, n, d); 2. @60 3005303290 50bodgbs
Waveform  Graphs  3s6MogwmmMo 39935350  Logbserols  ©@s  GoxgMo@m®mgdol
MbEOWMYMsdol BsbsPgMo (SG s NG); 3. 3Ms8303wwo  5060336930L  250sdMM39wo
(Vertical T not (N, G).
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B A1.wi Block Diagram *
File Edt Wiow Frojedt Operote Took Window Help
& [@] @[] [F][25] [wala .+ [130 System Fort ~ |[fo~ |[oe~ | [20~ |[=ad 7

B = B
|| m| [in| [ =T

,...
Bl
& [t

AR L

= @
w| [

Bab. 2. 306HEMOEMEO bgmlisfigml Bemem3-cosgMsds

B A1.wi Front Panesl =

File Edit Wiew Project ©Operate Tools ‘Window Help E
o[ ][ 150 b - |[% [T~ s ][5 | [+ ] 2 HH=
~
€] - s
\V JL ‘r_) o o 10,031415 |0,062530: |0,094242: |0,12565 |0, 157054
At
& ™~

Sine m

&) __=in= Bk

s PN P
; . / \

Arrpitde

' ' ' ! ]
0,0002 0,0004 0,0006 0,0005 0,001
Tirne Tar=

! ! \ ! ]
0,0002  0,0004 0,0006 0,0008 0,001

6sb.3. VI-ols fobs 3s6gemo
3606585 39dsmdL 999 9absocsc:

1. SS mBOHMB3gwymxal 99009 MmO3Mm@s®men Lbogbswgdl: Lobmlmonm®ml (V=1),
0339bel (V=2), bLsd3bsL (V=3), bgOboligdm®l (V=4); 2. M s3m6do6qdL sbsrmyméo
Logboewol B0odsbl; 3. A 5300HToMYdL  Logabowrols sdMLErEME 96003690mdsl; 4. mh
5g3mMIoM9gdl JobodoM Loy®megb dsdgzsl % B309bL  dgdombggzsdo  u=5 gme@l; 5. h
sx3m®MIoMdL LoyMgb dsd390L 0,5h; 1.5h; 2.5h; 3.5h; 4.6h; 5.5h; 6.5h; 6. K 3m33565&™M9gdol
2990bslgE W gdHg LogMgbo dsd39d0L  FgaMgdol 909 30JIMIMB JOMD0bJdOLS S
Bargdol dgolbs  3609369mdgdL.  (Bodw®sw®o  3mo); 7. N-8ogMs@m®do bgds
0653039600 Logbsgrols 2o6Moddbs LESEGH0IMMIo s 8909y Fgxsdqds; 8. G dmfiym-
003580 BoG Mo 3mom 33956300900 Logbswro A5Ms0ddbgds acMgol 3mdo

99



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(30), 2020

3b6.1-0b  dgLodsToLo; 9. k-3500dOM39e0 53Ol BHMoygOHye  LobGgdsl  Logbowols
BoG MO0 3mom 96 4Mgol 3mom; 10. C sbm®E0gwgdl 335630M9g0o bogbswrols
3M0MqdL  MmOMd0m  3mEdo s ol 4ombolzErgwbg  3090MEMI®  JOHP0bJIL o
Bm@05690L bGSEH03MO BMOTsdo; 11. Ti-Go bgds oLIMYEHOBsE0OL LEBIOMOL BMOHT0MYDdS;
12. T-80 Bs0(jgtgds sbsm3gdo ©olzMgEobsgool bLobdoMoom; 13. Gr-do MmLEOEIMYMSTGOL
UEHOGH03MNO0 LOABIO  F9MEo0dIBIdS ObsT03MMT0; 14. GT-do bgds MLEOWMAGIGOL
OM000 063 gMH35¢gd0L BMOI0MYDdS.

fobo  35b6geBy Bsh39bgd0s 8 gMox803Mwo 50bodzbs: dmbs3gdgdol dglislizergargdo,
FogOSGHMOOL oIdMMZIWO O MO0 MBEOWMYMIR0. 300390 5339690l BodMowMo
300U LM BOHOYS Logbowls, begrm dgmeg Lsfyol 0bsdoze Lobob.

3. sls3365

939999 boddomdo gobboErmos MBsMBHOZ9L0 G030 - 356G SbIWMYMOO
BOBOMO  35OFJIbgeol  LEAHMWIBHMOMo UBdgds ©s Tol LboxwdzgwbHg 539090
d9L50530L0 IMHgmdOMdOL dmEgero LabVIEW -0l 36:0065d0b 35H5Dg, Mmool 359mygbgds
3600369cm3bs 935MGH0390L  5TM39BL OMYMEOE FomgToB03Me©, 0Ly WoMmYdMEgdOL
3oobom.  3bmdOwos  sbsErmamo  Logbosgdol  30gMEdo  2oM©oddbol  Lbgsalbgs
0900mgd0. IM3gdNe  99gdmbzgzedo  Foaoomol  Loboo  aobbowryamos  LsdmsbMoys
35659 mo  OHMIWOL ©YOI0MO FboMggd0s: BsMGH030 5MJoGgdBHMMS s Ydscmdol
9505¢0 LoBRJoMY. beagnm dolo Bo30s B0 MIBMHOY0BMDS, MBMHOY0BMdOL 5B 30
013936 5Gd-0l VoMY YOOl FMDo3HYOSU.

@oBMsG@s — References — Jlureparypa

1. Azmaipharashvili Z., Murjikneli G., Murjikneli G. (2017). Digital processing of analog signals.

house Technical Univercity, 162 p., (in Georgian)

2. www.gaw.ru/html/txt/adc/adc_2.htm. 10.05.2020
3. Trevis J. (2005). LabVIEW for all. “Priborcomplect”. -M., 536 p., (in Russian).

SIMULATION OF A PARALLEL ANALOG-TO-DIGITAL
CONVERTER USING LABVIEW

Azmaiparashvili Zaal, Modebadze Yuri, Murjikneli Guram, Murjikneli Givi
Georgian Technical University
Summary

In this paper the structural scheme of the (ADT) Analogous — Digital Transformer is
presented and based on it making of a model prototype on the bases of LabView. For checking
adequacy of the model, the following signals are used: sinusoidal, trapezoidal, impulsive, saw-
toothed, etc.

MOJIEJINPOBAHUE ITAPAJIJIEJIBHOTO AHAJIOTO-IITM®POBOT'O

ITPEOBPA3OBATEJIA C IIOMOIIIBIO ITPOTPAMMEBI LABVIEW

Asmaitnapammim 3., Moae6anze 1O., Mypmxkukaenu I'., Mypmkukaenn I
I'pysunckuii Texnuueckuit Y HUBEpCUTET
Pesrome
PaccmaropuBaercst crpykrypHas cxema ALl (Ananmoro-nmdpoBoro mnpeodOpaszaBareins) u
CO3JIaHHAsI HA €r0 OCHOBE MOJIENIb COOTBETCTBYIOIIEro ycTpoiicTBa Ha 6aze LabVIEW. Jlns nposepku
aJIeKBaTHOCTH MOJEJIM MHCIOJb3YIOTCS: CHUHYCOMUIANbHBIN, TpaneleuAanbHblii, HMIYJIbCHBIH,
NHJI000pa3HbIi U T. A. CUTHAJIBL.
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CE 356306900L 3mmbmgbgdo 356556900, 3g9dsboBbagdols
©5 9e9dG®3mfymdoEmdgdolsdo

05356 3965009, 3960 MMbMbBMG0s, 99095 bobbgdsdzowo
LodoMM39WMb G9gdbozmcmo Mboggdbo@gdo
M9bomdy

396b0E0s CE do63060930L 5610, 3496305 s Fgledgdemdgdo, Msgmmbmgdol CE
©0M9d3H03900L  doMoMsEo  ImdbM3zbgdo s  obdobgdol,  8gdoboBdgdols o
993dGHMMBMgmd0mdgdolsdo CE 35630609308 ©@s 30Hm©diool bas®olbol @oMgddo-
390056 dgL50580LMdIBY 35LboLIYOXMIOL bs30mMbgdO.

153356dm LoGY3gd0: FoM30609ds. LEobBMMTs30M BmbJi0s. CE do®306M9ds.

1. 99bsgoero

0563206985 560b 3HqduBo, LOTdIMEMYd0 s bbgs sTHTsMY LTMOEGdgd0, HMITGOO3
3963100360005 3OM©MIEHOL 96 oo 0bozosMGO M30LgdgdoL 0WIbEGHOBOEOM]-
00Lm30U, Bodmberol MH3MEPIBMIG0Z0 s boMOLLMBOMOZ0 TobolinsmMYdgdol, dHsBMYdgdOlL
dglobgd 0bxzmMIs300l dmIbTscgdW sy doEsbolsmzgol.

CE 050306905 x360sbymws (Conformité Européenne) 930m3wer  99lsdsdoliedsls
60dbogl. 030  A9BLOZMMEMGOMEo  608sbos, MMIgwoi  L0EBYdS  IBMEMIAHDY o
5QdLEGHMOYBL ol Tglodsdolimdsl  930MM3s3d0MOL  OMYJEH0390mb s  35MMbOBYd
UGobMEHJO6.

9563060990l 60369400 SbME3099dL 999 3600369 M356 G3mbJE0gdL:

e 068MmMI5309;
e 3mBH035309;
e 90mEOWOMY;
e 0096GH0BR0E0MYDS.
95603060900L  Lsobnm®@dsgocr  bdposs  9mdbAMGdIL  BosfmEml  Logmbenols
0563060930L algdol dgbodsdols  LoFoMm 0bxmMIszos, MMIwol oo ffowos dmool
d06M005© 5 BIMIHA>MJIW M 0bBMOT305DY, MBOM B306MY - 30009OEF0IXDY.
056300900L  bsdmBozsgomr @5  gimpormo  3opbgpogdol  30Bsbos,  3m@gbiovm®
894039l 89Jdbsl sId0mO JM30900, YMESEMIds MBS 253sbg0Eal 3m@Hgbgomo
994039 gdol  X3RBgdbY. 99 BMbJzool LHMmMO gsdmygbgdom Fglodwgdgeros goyo3900
599bx 9039 o0DsMEOMU.
9563060900L  0©I6H0R03060980L RIbF30ss oMo AObML 3OHM©IEHOL  LsFomm
UBHOBIOEHB O 396MbMB Fglodsdobmds.  FoM3oMgdOL OMGINYGdS ITMIOWIOIE0S
39990390l dmmbmgbgdols  botolbbby,  IFoMdmgdgeds  Mbs  gos3mbEHmmemls
930393060 900L 3OH:MEgLo 0lig, OHMA botrxgdds 393gbs 56 obEObmL 3MM©J300l LodmEmm
3oLy [1].
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2. doM0moEo bsfjoero

CE 8563060905 - gb 560L $H9dbo3meo 353mMHGH0, O®MIgwoi s@sbliGMEmgdl OHmd CE
956300909 3OHMOMJ30oL FoMTsGHgoom 593l 393w 93MM3538060L OMYJEH03700056
d9Ls0sFoLMBdOL  Fgg3pligdol 3OMEIENMS, 00 6 [oMmTmoaabl  LogMmbgl
9dbTom9dE0LOMZ0L s 5O sH0sBYOL QoMgdml, TogMsd CE 608sbo o6 FoMdmoagbls
360300l boGobbol Loddmenmls [2].

q3

Bab.1. g36m3memo dsMzomgdols 6odsbo

LYOGHOROE0MYOL  SbMOE30ggdgb  FBMwMmE© L3300 bmEozgoE0MYdIYO
LYOEGHOBOE0MIOOL 93OM3M0 MORSBMYdO. Y39 3OHMOMIAHL 9J3L LE3MMIM0 LEBBEIOEGO,
MmIgeoi 9903938 36030050 93500 BMmmMbM3zbgdol Rsdmbomgzawls. gz3GMm3mem
d9L50530LMBSDBY  LYMEGHO0BOEOMGOOL  J0TEOBIMGMBOLLL  goblozmm®mgdmwo  360d3zbgErMds
9603905  ©™31396BGHo300ol  Lime 9mdbogdsl, 9.0. 39dbo3me Bsowgdl, LsobLdgdzom
3MbEHO®MOobY s BHILEGH0MGOOL T99AgdU.

5OLYIMBL  do0sh FoMFH030 BMOINs 3:33MmBI6EJOOLAD FdsM0 bgdoldogmo
360HmdEobmgol CE do6306m900m, CE + CE # CE.

dmEgdwo  gm®mdms 60dbsgl, ™I 3md3mbgbEgdolysh dgdysmo  bgdoldogmo
360HmdEobmgol CE ds63009000m, 56 0dwgzs wi3wgdsl  250moygbgdmo odbsl  CE
50b0d3bs Lodmemm 3OMEIAHBY, XIO MBS Ao0OML 33930 OMYIBH039d006 o
3563mb0BYdM 1BHsbIMEHJOME TglsdsdolMdBY.

936035380630 356756930l s 50 FMMZ0WMBOL (535M5EIMOL) Fo630MHJOOLL Qo0 CE
5 ALEX 9563060900U5 (0099 9l 930¢0909¢005), bogds bbgsolibgs 0bgm®mdszool o@oebss.
93603538060l InmbM36930L Tglsdsdols, 5©0FIMHZ0wMdIBY (F56ds69dbs s IgdoboBdgdby)
9563060905 &b Mbs 0gmb {igwrolisEdo IYMmO0 o ds300 MZ5eLIBOBM SEHOWLL,
0563060905 Mbs gobmoglicogly 3sbdsbols fobs Tbotgl o 965 993956 96 Bobdsbols baofoengdby,
035¢B5B0bM 5QO0WSL. 39960308 DMTosb s8mIobotg LOddMEM9gdo MbEs 0gmlb oligmo
LOEOEOL MMI 530S 030MbYdMEL. 56 5d3l I60Iz6g9WMds B> FgMEOm bYds
9563060900L oGBS, HoMmBMGdgwo oMfdmbgdmwo Mbs ogml, MHMA  BoM30MgdS M
fo08agds 35694560L 9Ju3eYsGOE00L 3500 goligersdg. 0d dgdmbgzgzsdo, v 3OMMIGHO
d3ME™mdom obgmo 830Mmgs, MM dsbdg 3960 bgMbgds Bsbgdsbols Ggliobgd 0bgm®mIsizool
5GSBS,  BoM306905 Tgodwgds  sGsbowo  0dbsl  3OMmMIGHOoL  BgdolidogH SOl
908536090 93039GP9. 93039300900l  yzgws dmbs3gdgdo sdsbowo Mbws 0dbsls Mbs
0yml 936035380600 3996930l 9MHm-96M00 MBOEGO0SYH 9bsbY.

05630609059 2560m53L9d90 »bs 0gml 99990 0bxMOAs300:

A 900l 56 Labgmdols 50bod3zbs, dfomdmgderols doge dsbdsbobmgzol doboFqdmewo 3m©o
96 Bmdgm0. bdoms bgHoob b Lobgmdol 5bodzbs 90393l Loliogmberm 60dsbl;
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A 09 sOLgdMAL LgMormo bmdgMo. ogo FoMdmoygbl dsbJsbol 0bogzgomswmmmo
99396900l 000963 05035300L LodwyoEgdsls;
A oo, HmEaLsi FoMdmgdol 3Gm3qlo vbws alitvwEqU.

930035380600 339469830 BagoyEo Y39ws OO 3OmEIGe Jd309wgdscgds CE
60dbom 93MM3Mw ©oMgdBH039dL, JoBbs olsbogl ImIbAsMYOGOOL OE3L s 0dEg3s

396M0b6GH0sL,  MMI  3OMOMIBHO  930594MmBoEgdl  930MM353006MH0L  ©OMYJBH03900lL Y39
dmbmgzbsl, HmIgdoa 8moEs39b olgom sb3gd@gdl, OHMAMMOEsS 3MHMgdE0MYds, Fo6dmgdo,
boGobbol 3063 M0, LsdMmIbAsMHGOM MLsROMLMYDS. Je9dGHOMAMFYMBOWMdYdOL LsFoMM
©0M9d3H0390mb  JgLsds8Mmdsd  F90degds  2odmof30ml  LsdMIbIsGGdEM  ™MZ30LgdJdOL
Q505¢0 MbY O QomFoMIMMdS, M3 0)393L WT5BHYI0M BogJB3EISEI(30M baGIXOL, LJ5EIL
d900bg93590, IMfYmdoEmdol godocmmsmds LBogmmbal mJdbols 5sdmosbols Logmbergl.
30036963500, H®MIgd03 930S 56 FoMmBMoygbgb gurgd@HMIMFYMdOw™MdIdL
993900905693056 ©0M9dEH03900L InmbM3b9dL. sLigmo 3GMMm©MJgool AFoedmgdwolsmgzols CE
d9L505F0LMBOL Y3300 BogdEYdMms. CE  3s6300900L  sMdmbol d9dmbggzsdo
360300l 256003Lgds 930M3S3F0MOL dBMBY 5305 Y0s.

9994 GHMMBMYMd0MdId0, HMIIdOE 56 gglsdsdgds sMEIM™ SOBYGOW bESbEIOEAU,
0303™d, ®™3d 0Lobo oMo qbL 0bMgs306 3GM©MIAL, F5063 b 5305ymBowgdEgl CE
00994303900 MLOFOHDHMYOOL doOHOMOE TIMbM364dL.

093600 003035, MmIgmog MHBOWLE39wymal CE 9s63060905L, omgzseolfjobgdls
d9000b39390L, OMmEILSE 3MMEOMIE00L Fo@Bs BIBIOBY Tglodegdgemos CE ds63o69dol
396909. 95g9W0mM, 35M30M900L oGBS 9O bgds s©FMNOZ0WMdOL 3MA3MbgbEHIBLS o
Lomoo®Mogm  bofloemgd®g, o3 gomgzeeobfiobgdveos  2006/42/EC 0sbdsbgdols o
S0 FMNM3000Mm30L MBIROMDMYOsDY ©O0MYJEH030m, BsdgoEobm bywlisfymgdby, HmIwgdos
350705 139305 HO FY339MNOM S 335MOGIMIBY 300060390 498M33g3900LM30L. 53
d9dmbggzsdo  36MHMmEJ3ool  meb  obesgl  93/42/EC s  98/79/EC 00oM9d@039000
390035¢0b{obgdMwo IFoMTMgGdEOl ©Y3WMSE0d. M) OMYJE035 56 0mM35¢olobgdls 53
360Hm©Eob Tgbodsdolbmdols dgusligdsl oMgd@o3sdo dmEgdmer dmnmbmabgdmsb, 95306 50
Lobols 363 gdbg CE 0563060905 56 3039000 905.

LOdMEMM  3sbboldygdemds  3MMOI300L  O0MYJBH0390b  Fglsdsdolmds By
930L6Mgds:

e 3(o6HIMgdgl (0049 ol 8gdMYMBL 93MIM30L 93:bMm0zMM Bmbsdo (EEA));

* 033mOG0MOL () 3OMENI305 0fsMBMgds 93MM30L 93mbmdogm®o (EEA) Bmbol
LoBEZMYOL ogm);

e 39Mdm 306U, MMIGEds3 odmoyggbs doM306M9ds (HoMImoqbl FsBmgdgels);

* 300L, OGMIgwdsg dmobobs 3MMEMJ300L BMEORBOE0MYdS, YY) Bsomzsws, MM

9033035300l 8909250 800900 0465 5bsE0 3OHM©YY30s.
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3. 5133369

596050 CE 9563060905 608653 36:0000199d @b, HMIgerog 530545300 gdl 936003538060l
©0M9JdBH0390L X 9BIOMIMdols s MLOROMbMGdOL  boffowdo. ol Homdmoygbl
SMEOWYOIEY  3060HMBL, 0doLsM30l, MM 930MM™353806M0Ls S 9g3MM3oL  93mbmdoMEmo
o3z 3oL 939946900l BHYMHOEBHMM05BY IMbEgl 3OMPYJ300L MOZOLYIBIWIO ASISPYOWGDS.

WwoBgM5G©s — References - JIureparypa:

1. www.icqc.eu » markirovka. CE marking requirements EU marking equipment

2. www.tuv-nord.com > sertifikacija . Machinery - Product and CE Certification

CE MARKING REQUIREMENTS FOR MACHINES, MECHANISMS AND
ELECTRICAL EQUIPMENT

Menabde Tamar, Otkhozoria Vano, Narchemashvili Medea

Georgian Technical University
Summary

In article the essence, functions and possibilities of marking, the main safety
requirements of directives SE and questions of responsibility for marking SE and compliance

to directives on cars, mechanisms and electric equipment products are considered.

TPEBOBAHHWA K MAPKHMPOBKE CE JJII MAIIIMH, MEXAHU3MOB
U SJIEKTPOOBOPY IOBAHUA

Mena6ze T., Orxo3opus B., Hapuemamsuiu M.
I'pysunckuii Texuudeckuil YHUBEpCUTET

Pesiome

PaccmarpuBarorcs cymHOCTb, QYHKIIMKM U BO3MOXXHOCTH MapKUPOBKH, OCHOBHBIE
TpeGoBaHus GezomacHocTH AupekTuB CE u Bompocs! oTBeTcTBeHHOCTH 32 MapkupoBKy CE
M COOTBETCTBME [JUPEKTHBAaM II0 TNPOAYKUMK JJad MAallMH, MEXaHW3MOB U

3JIEKTPOOOOPYIOBAHHUA.
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L0mdMO 9ogMRO0L SOMOEbI0L 30MEWSEM™MO IMEIYO
B0bs MmbMBMM05, 3560 MPBMBMO0s, FomMo 135659, 0M3w0 3oMIME30b0

LogoMm39wmb 399603960 boggdLodgEHo
69bomdg

396boME0s 30HGMHO FMEI0MHGOOL M30EMSEHIIMIGO0 s FGUsdEGIMDGIO.
3990339000005 19b53900MM39 3969630900 30HESHO FMEI0MHGdOL gobgzomacmgdol

b3gOMTo. 9999935393905 LOMBIMOO  GBgMAO0L  sOMOEb3OL  Z0MEMSWMHO  FMEIEVO,

MmIgeoi Igbodergdgeos godmygbgdme 0dbgl Lobmdo bgwlisfymgdol LobmlEol Jarsbols

99L5835L9g0s© s LHGJB3MOEIFOM MZ0LYOJOOL s FobILSMYOWIOOL ILERIBI©
U53356dm Lodyggdo: LabVIEW, 306@seMo 3mgeo®gds, gbgmaool sotmosbgs

1. Bgbsgogro

308309390990 39dbmemaool LHMsxds 496300569050 496530MMds dobo godmygbgds
39360969005 s B9gdbmEMmy0gdol Momddol yzges 30856090530, 16330039,
3003099396900 35800Ygbgdm©s MMAMEOE (35390 Fmigmdowmds 4odmIzol 3MMmEgLlol
39L53MBEGHOHMWYdWs© s 9Ju3gM0BGHMo BMbs3gdgdOL  sTMTs39d0Lbm30L. T
©50fym  4oHBmIzol  F99agdol 30D Ds30s  39OLMbIwMMHo 30330993 )M9d0L
©ob3WggdbyY. 535bMsb JMMSE 3mF30MEIOMIWO HHJJb030Ls S B3YE0IWIMO 3OMYESTMEO
MBOHMD3gwYmBol  gobgomoMmgdsd  dgddbs  glodwgdemds  ogMwo  LyBmdo
9fymdomdgdo 999 mgdmeonym 30330 GgOmsb.  qoBbs  sbowo  3mb39530s
- 306350 LyBMo IMfgmdowmds.

300G MMmO  LEBMIo IM[FYMdOEMBS FoMTMOYHIBL 39MLMbIEIME  300330EBHIOL b
LobE9AsL, MFoMGH039L d9dmnbz9g35d0 BMmboggdoms FgaMmazgdol  B3gEoswvmo BsdbydIEo
0565mom, bmmm M35 x3Mb30mMm0 2obMmIZzgd0LIL TGHYI0MO dWMIom, MHMIYEO3
139305 IMH0 LoD 5MOL 535380600 3T30Y)BHYMD.

30600 0bLEGHMBBEIOOL 3530190IMGIL FoMTMoEYIbL, 0L MM 3md30v)BHIMOL

936056%g  a9dmBGHsbowos  FoMM30L  Y39es  POWO30 S IMPYL0MmGOEo Lol gdol

LAOMIGHOS. FoMM30L 3OMELO brM309MEYds FoMEBH035© BEHIBPIOEHMWO 3¢5305¢IMOL
96 ool 2odmygbgdom. Tglsdsdolo sbgomo LobGgds dgodegds odmyqbgdrye  odbsls

9653500 9O  Lobmdo  gdu3gM0TgbBHOL  Bolo@GoMgdes.  dglsdsdolbo  Bmbszgdoms
39260m3900L Bggdolb (do@omols) 4s3mygbgdom 9JudgMH0dbEIGMOL dgyderos olgmo bsbmdo
LobGHYIol 3OMYIEBH0MGdS, HMIYEOE M3GH0TIWIMSE PoFY39GL LT 5TMEIB.
56599060™39 300GV MHO LoBMIo bgelisfymgdo L8 sEgdsl 0deg3s AdBMIML ©s
3990650BMl  IMb5(399900, OMYMOE WMZHXMEMO©  d1939 ©OLEBEOIMS.  JP-gOHO
36Mdowo 3m335605, G®MIGE0E JABOL HMYMOF 535M5EMEBIME IMOYIEgOL, slig39 3OMYMsTM
BOMb3gymazsls, 560l National Instruments. National Instruments-ob 9096 531953994900
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36O MyM53wo MBOHMB3gwymns LabVIEW 9mo33L 9Bo685bs® 89L5demqdemdgdl 4oBmazol
36MHm39LoL 3MbEHMmMEOLlmM30L, s3wYds3930Ls s 0bEO3ZsEOoLIMZOL [1].

LabVIEW -U 3mb3983305 93909900 909530399 ©936MM653935D7. 36OHmyMsdols 994abs
bmM 309905 JOMOOMMWOIE MmO Bobx M50, OHMIJGMIRD gOHm-gOmL ghimgds "{obs
39690 @s 8903538 dmboEgdms o8m@GHebol (06035@MMY00, ©0sAM3)d0) s FoMHNZ0L
99396@g0b (3905IMM39¢00, MGRISGHMOO, OW3900). 8gmeg Bobx oML 9HmYds "derm3-
QO053M535” o 990393l AMOBOIME 3mEL, o0 FMMOL 3OM(39EMOWO  3OMYMSF0MYOOL
1530mbgAL (303 gd0, 30MMIOMO M3JMIBHMMGd0), Fom0GISGH0INMO MIJMIBHMMIIL s 5.0.
396099 56OL dmdbowro s Jglsdergdgeros 3MMiEgboL s Md0YJEHooL dmdogo dmgcbo-
D905 5 3965bEgds.mbS 50060dbML, MHMA 45530390 35393)JO0L IYBLGds Fgw9de0sm 00
9 IbTom9dgdLOE, OMAGPDG 96 25586050 I3MHMYMHTIOOL godmEEOWgds [2].

2. o050 bsfjogro

300G MEm0 bgebofigm 9gbodegdgeos 3sdmygbgdar odbsl bbgsolibgs Lobmdo
59m39boL 4oobofiy39@®©, LabVIEW-L 30mb6(3953300L 309mggbgdom ©s3501853900 bLomdwyemo
96962000 5©0MOEb30L Z0OEHWI MO dmEYwo (65b.1). 30O GO0 IMIol 3569w By
399m39bo0s  FsOM30L  Pos3900  MMIol  dobgzoms  bgds  LobEgdol

Bo635/450MmEO™M3Zs. =
- /
Tyvtem Ay r: ‘J s . 2 3 ..”N .‘A~‘ '- x -I-” / ~
. ﬂ 5 ﬂ ..... , o
o 1% R 4J :J -!“'”D. ‘
w " noe 80 3 DN 0 ™ a_l- W
Bsb.1. goOEGHMOEMO - = * & 2 . N ‘
dmggeols §obs 35690

Temp. IN o530l 89839Mmd00 53500 Fgds35¢0 ($H9d3gMo@Ieol  LgblmMol
9 Mdo6gmdsl - F99MHmgdMer0s 0¢) 565, Temp. Out ows3ol 99839Mmd0m go8Mmdd35¢0
39939605GHOOL  LYbbMEOL  JEAMTsMYIMBSL, Flow Eowszom 30  Bsgool  Lgbbm®ol
9 MdsMgmdsl (65b.2).

5 " E Flow thr. Tin thr. Tout thr.
in out
Y ? Py J 9 9
P O Terhpl TN | Tefmp. Ot [ How Flow high TempIN high  Temp OUT high
A A i
'J o 50 o 150 o 160
Flow low Ternp IN low Ternp OUT low
| : ] r ! v
o 20 o 150 . &0
65b.2. 950053BNZ9gdo Bab.3. 653500900l FsMm30l WOENs3gd0
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00MMIMI0 FOIIOMNZI0m bgds LobEgdol BsGIM30L/ odMO™M30L s BYBLMEMYdOL
9096101905/359M9M930L (SB0s6YdOL) dmEgEocgds.

Flow high/Flow low 0053900 9)H61b39egmanl Dgms s 39009 583900 Hr36gdol
93290009058 6535000L LgbLmMobmzol;

Flow thr, Tin thr s Tout thr. -  §563m539bl 06035EHMMGOL, HMIgdo 230639690L
d9L505d0Bo B350l LgblmEOLYsb, 9905350 3gd3gMsdwMOL LgbLMMmOLOYSD s A50MT535¢0
399396053 vm0L  LgblMEOOLYYD  dmbeo  360d3bgEEMds  Fggliodsdgds vy 0> Fobslfo®
35bLsBPZOM BE3MYDUL.

Temp IN high/Temp IN low 053900 5092906M9d96 Do s J39s L300
B3MgdL  d99s35¢00  3H9d396M5GHMMoL  LgbbmGobmgol; Temp OUT high/Temp OUT low
©OWS3900 30 BYs O J39s  O1SIZ900 DBO3MIOL  250MmTd35¢0  39d3gMeG Mol
LbLMMOLMZOL;

Gauge
T

T s000 =

4000 6000

I Pt X Flow 2000 000"

200~ 200~

rh
- - ;’ L 40 50 [7i] 2000 8000 —
z = |
150-f  150= B el -4 A oo / 500
- - ) 10000
Thermometer Thermometer

100= 100= 20_ [ 4 _80 J, 131,1329
: : 10 s )

50= 0=
: _ " ] Flow OUT

e W Lot [ ax T O,
lﬂﬂ_:| IDU_:| U\m‘\\ \gﬂlﬂﬂ
Bob.4. 39053500 5 3330853500 BHd3gHsGIMOLS b o -

5 6535000l dmEgEodgds

65b.5. batrx ol 06039GHMM0, 8985350 s AsFMIo35¢r0
39939MsGHMmols s 6335¢00b lsgblimMgdowsb fszombeymo
0bgmMAsgools sabsbggangdo.

39-4 6sbsHBy sLObE0s MY OMYME SGOL Fglodergdgero Jgsgzo¢0 s JOMTSZICO
39939605GHOOL s 6535000l IMEIwoMmgds k 3m95303096@0L 39939mdom. LyblmMmgd06
3900mbo 0bxgmGmTs305 50LEHYdS IBIbIORJOOL 0bO35GHMOBY T9-5 BoboBby. 3569w By
398m@sboos  LobGgdol BsOM30L s Fg3E™MIGooL s©dmBboll 0bwogsGm®mo s sg39
39(¢9ymd0bgdols 390, BosE FIdMEOL 0bBMMTs30s LoliBgdol dodobstg dAMmsMmgMdOL
dqLobgd. 5]

‘‘‘‘‘‘

rrrrr

rrrrrrrr

65b.6. LoLEds I4)ds aMIsMgmdsdo

96000 96 ©399bodg LYbLMOOL QodmMO™M30lL F9dmbgzgzsdo 0bwogsG™m®o ,Error’obomgds
fomws. 0bozoGHMmObg (Fsmx39bs bsfowdo) o6 450mBbgds Fglsdsdobo  LgblmMol
9mbs399900, 99BHYm006909d0L 39edo 30 s0fgMgds “System Error”.
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» o«

0000MmgMo bgbbmOBy a5dmgzs FgBymdobgds “Templ not connected”, “Temp 2 not
connected”, “Flow not connected”. ®m3dgerodg B3mOL Fgmlsdsdobmdol dgdmbggzsdos
d9Lsd5dolo  LYBLMEOL  B3zMYdoL 0bogsGMm®moi “Error” 0bmogzs@m®mol  sbsermyorm®a
50bmgds oo, 51939 993HYMd069d900L 39000 S0HgMYdS, M) HMIgero Loblm®mol BrgsMo
o6 JggLodsdgds  [obobfo® oaqbowr  BE3MYOL. vy sdmBbEYds, ®M3I  Fgdogoco

A993905GH G Bogargdos  godmdsgoew -
A9939M0BHO5%g,  “Error”  50bmgds —
oo, bewm dg@ymdobydgdol 3gendo —
©50fgO9ds “System Error ~ Temperature 6 O -8

Error Check wiring!”, 53 6036531 0dsb,
™ BbLmME9BOL 5O IYISMGMDS 56
doghmgds  Jgamdom 560l 4oblsb-

03600 (65b.7).

0%
nnnnnnn

Bsb.7. 89300039080 dmgeroMgdols 99093900
3. sl53365

d94d6oco 306G mMo 3o d9oladwgdgeos 3sdmygbgdmer 0dbgl Loodwymo
9696300b  s@mob30L bgebsfigml Logudmo@sgom m3090900L s Tobslinsmgdergdol
Q5LOYPIBs©. 30MHEMIWMOmHO LEHIBOL godmygbgds Jgladergdgaros s1939 TgEHOMEMYOOL
3996LoL gLHogeolsl s IgEHMMEMYOMMO FobolosmgdEgdol TgbogoligdsS.

@o@gMsdy@s — References - Jluteparypa:

1. Bress Th.]. (2013). Effective LabVIEW Programming. National Technology & Science
2. Azmaiparashvili Z., Otkhozoria N., Otkhozoria V. (2017). Using LabView in the learning
process.http://inso.ge/ins02013/wp-content/uploads/2013/06/6-LabView_azmaipar otkhozoria.pdf

VIRTUAL MODEL OF THERMAL ENERGY ACCOUNTING
Otkhozoria Nona, Otkhozoria Vano, Menabde Tamar, Parshutkin Irakli
Georgian Technical University
Summary
The article considers the benefits and possibilities of virtual modeling. Highlighted modern
trends in the development of virtual modeling. A virtual model of thermal energy accounting was
developed, which can be used to assess the accuracy class of measuring instruments and determine

their operational properties and characteristics.

BUPTYAJIbHAA MOJIEJIb YYETA TEILIOBOM DHEPTUU
Orxozopus H., Orxo3opus B., Mena6ge T., [lapmytkun U.
I'pysunckuii Texundeckuii YHUBepCUTeT
Pesiome
PaccmaTtpuBaroTcs mpemmymiecTBa M BO3MOXXHOCTH  BHUPTYQJIBHOTO MOZEIUPOBAHUA.
BrizeeHbl cOBpeMeHHBIe TeHAEHIIMM PasBUTHA BHUPTYAJIBHOTO MOJeIHpOBaHMA. Pazpaborana
BUPTyaJIbHAas MOJIeJIb y4eTa TEeIIOBOI SHEPTUU, KOTOpPas MOXKET ObITh MCIIOIh30BAHA JJIA OLIEHKHU
KJIacCa TOYHOCTU M3MEPUTENbHBIX IIPHUOOPOB U OIpefeseHNUs UX DKCILIYyaTallMOHHBIX CBOMCTB U

XapaKTEpUCTUK.
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3M3mM30e0 LolEGgagdol 0bxgm™MBs30Eo MBIGMHMbMIdOL
BOHMB390gMg33096 ©s393d06MdMEO MO0l SBseoBo

56 Imb0s, 0mbgd JoOHM39e0330¢00, )35 dmboo
LodoMmM39wmb G9gdbozm®mo Mboggdbo@gdo
M9bomdy

35bbomEos  3MH3MOSs30Mo  LobBgdgool  0bBMEOTs30Io  MLIBOHDMYdOL
36010099900 s M0L3YdMb 3538060900 Ls30MbgdOo. FoMBMmEYbowos MLsRMMbMYdOl
MoLZ9doL  9Bs0DO. YOOI  2odsbz0gdMos 00  oMgdMgdsDBY, Y] OMAMMO
0o60s3gd0m  09odwgds  0dbsl  498mygbgd o 30MH3MEs30Eo  Jugargdo  Lbgoalbgs
30035600l 30BbgL3MOMEgLYdT0. SxMgN3g BMEIFM0s JNM3MES30Y0 Jugwol bbgssbbgs
J39L0LE 9oL AMSTOIMo bdqdgdo.

U533560m  LoGyzgoo:  30M3mMsgomwo  Jugwo.  doBbglddMmEglo.  J3glbol@gds.
MBOgOHMbMYdS. MoL39d0L SBoseobo.

1. Bgbsgogro

0653635300 Ggdbmermyoqgdol  LHGMsxkds 396305609353 Tglodegdgeo  Aobo
3MdoM0o Jugerol — 0bEgeby@ob s olgmo 0bxgMMTsE0Eo otgdml 994dbs Gmdgerog
500530560l Im35(9mdoL yzgws LRgOmby sHEIBL gogwrgbsl. 08 LEgMMgdL, MmIwgddos
2990099b90Mmo, 98Mm0yg4gbgds 56 G90degds godmygbgd o 0dbgl Imbsgdms m39Mo@0wo
39339, 80939903690s: Lodsb3zm bogdg, 9639008900l gobswgds, gegd@®mmbmwo 3mdghEos,
Lod0GIM 35FOHMBS, 59993006900, sBIOEGHMO 15053900, JgdBHOMbMEO 0©IbEHOTR0II309,
1539@0(306M LgM30L9d™Mb EOLEBEOMGMO 3MBs, 3MH3MMEFOYIEo Jugergdo, L oMM
9mbs3gdgd0ol  Tgbobzs o 93353905,  LOdWMYdOL  LYMGHOROEOMIOMEo  Fofimgds,
3MbGHM9JBHJO0L 9 ds, LsdMgdOL 55330 MOOL  IPILEHWMGDS, MBY369dDg bdol
903995, 3OS, 0o396H0MYdS, dOWYMNGdOL T933905/354035 s bbg.

2. 306030 bsfjoero

056599060M39 06x83MmMT>300I0 H9dbmemmaogdols gsdmygbgdols yzgwsdy wucMm 396-
1399dGH0oi J0ToMmIEgdss dBOBOILO, MoYP6 Sbgmo BHgdbmeEmyngdol Fglodwrgdemdgdo
5530090l 068MEMB5300L 2530 (390gdL, BOOL LsHoMTmm 3MrM(39L0L 9BIJGHWIOMBL, bgwls
<fgmdl d30Bbglol bLBIOMTo Logdosbo M3gMOE0gOIOL FoBIMMMYISL. 3mA3sbool dBoBByLOL
99899EHMOMDdS 3060306 5MOL M0 dODBILIOMEILYOIOL M3gMsEHO0IE FoOMZOLS
@5 bsMolbby. d0BbYLOL  FoOMZOL  GOHM-gOO  FMHZ9MO  Lbgs  FMOIMMOFOIWO  0b-
3MO35300 LobiBgds. sbsero Go3oL Lsfo®dm gHmTobgmmsb MHPogamImddgo gobsfo-
900 §39LoLEHYIYIOL, Bo0sgdOL S XFMBJIOL FobdBHMIdMEo Jugwros. gobsfong-
00 3MO3MOSE0I0 0683mMHT530wo LolEgdgdo Y356 306HMBYBTo MBsTgMHM3Y
3083560900l Lofo®dmms MBbodzbgarmgabals Lsdmowgdss, MoEysb ollobo BoBbalol EHGmoo-
GO0 BmMIGIOL gergd@OHmbe dBoBbldo 290 gdbol Lsdrsegdsls 0dgrggs (bab.1).

99dGHOHMbMwo d0BbYLO Loddosbo 3sMEHBOMMGdOL, sb5FIOMIGdOL S 3er0gbEHgdols
MIODOJONMO0L 5boo, 258mMBgMws© 39ML3GJGHOMWo BMMTss s Fob Fgyderos OO
390053900l dm@bs. 030 259m0Yygbgdl 06@gMbyE Jugel s MsbsdgEM™m3g 0bxgmMTsE0-
0 39960930l J0doMmEgdgdl bogdosbo 9539dEH05BMdOL AolsBMYs.
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‘ wi-fi VPN oG B
A \ A gogmPeeo Faeodob fxbobSads

wbaeber Faemdob Jagbolighads

ob@ambydo
=y \l/
/[Q' ; @ @

(’I(“"'P‘ (M‘)\ O BB
-h&, S ATty 0 Bodern

"o
g F\ bS3o
a3

DY BahnE Gacomdal
BmbagyBons axea3gRob  geEdmGaggomee Jgmmont Faremdob  Jagbob®Bagds Aaabobd s

6sb. 1. 3mM3MGM30YEo Jugaol bbgswslibgs J3glioléydgoo

3900m©  39903900L, 856393 0bR0L,  F9IBEIBOL,  B0bBLYGO  BowoBol, ms-
B5ddO™MIgdol  Imdgdbol, 3w096@gd0LS o 39MEHB0MMGdOL  TBIGELF MOl s  Lbg.
909dGHOMbMo  3oBbaliol  gobbmM309wgdolsls 9300 gdgo  306OHMBSS 0bBMEOIs30wo
MBOBOObMYds. o5  0aMolbdgds  0bgm®Tsgools @ 0bFMILEGMWIGHOIOOL (330
d900bgg300m0 96 F9abgdmEo  H9dmJdggdgdoLogsh, ©®oysh IME39W MBS Fgodengds
390m0f30mL 068305300l 3B MBYEGdOLMZ0L 56 dMIHsMgdEgdolm3ol 360d3zbgemgs6o
D050l Im@Eobo.

335300 06830mMHToz0mwo  bobGgdgdol  MLIROHMBMYdOL  MBOHYB3gwYmRs
3335600 bgerdd®3s69wmdol 30000 5335655, MY 3mbB0IbE0IWIHMBOL
d965b35B9, 3MM3MMSE30Wo 0bBMOBs30Mwo MHgLMELIOOL FNEW0sbMdILS s dobofiam-
9359 9600936936555 ©IM300GOMWO MM 3MB35600L 9B9JGHMMO FMTomds, olg
3965300 355(Y39GH0gd5d0L dorgds.

L59gMM AMbFsM9gdol Jugurol dsbsbg MMRBOBYIMWO 30MH3MEMSE30ME0 JugEol yo-
©593939L  39Mdm Jugwos MHBOWB39wymBL d9dgao Lsdo BMbbEIMEMmO mM30Lgd.:
©300%36s,  579996(90%3035605 (650300 MdOL  F9dmfjdgds) s  Jgepgz0L  30269Geao.
dbmwmE 938 bsdo 30900l  JMMNOOMMWOHE  MJoODsE30s  MBOWBZIWYMRL Lo~
9cdbdsGgdem  3md30vBHYMYO0L,  Lofomdmms  byM3zgMgdol s 3930060l IY339IWO
B0DBOIMNM0 5ObgO0m oILE3JTd0 0bBMMT300L O33L SMVLILMEMZgE0 oM9dg d9nf939-
00L9b, 0bBMEOT5300L o57MbB30Ls s 3MBBIBJF0MbOMYdMO FddgEYd9dOLYb.

50bB0dbs3b0s, MM 0b6GHIMbYEHOL LHOIRI® 2o630M90MGBLMB gHmMo© 0BOYSdS 9.§.
303309 596585399008 MoMmEYbmds, oo TGOl 353960900, Lbzoslbgs Lobols
3060l 9999869900, (30000Mdgb F00MMb FoE MM LaMygdgero. olobo bbgswalibgs
d90mEom, 85369 3MMM5d9d0L 98mygbgdom, 3O MdIL 3mI30v)EHIMI00LE TMo3sOHMb
©0M90ME0  3m680I6305WMHO  0bRMMT530, OMYMMOES  Fogowoms, 0b@GHIMbyEdo
390(930L 30650 35OHMWYd0, 153MIVOGHM dMMIOOL BrIMYd0, 1sdsB3M ©s 3MIgH oM
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©M399996@ 90056 90930l 3m©ad0 s Lb3s. 9939 990dwgds o3sLsbM®m 3MmGH9b0wMEmO
0mOMAGHIHBOHZYIMIOL  JOMHOMIO  353JaMM0900:  mioldo  dmdMdsgzg  39MLMbsO;
36MHM3500096M9008 ©5 95 gEIMH0  Bo3mIMbogsom  33956d900L  39dbozmMo  3gMLMbowro;
1393050 Lobgwdfoxm LsdlobMgd; 39MHIM s(330L B0MTJOO - DMYOYAHO YO BoGDs
3HoMIMgdL  0bgMETo300L  965356Mb0ge  TgaMmgzqdsll @S 49g4o3oL.  FoRIOMe©, Sbgom
5306393l J9v)3050) 5M535MGHM LI IRMBM LomdMgdOL Bsfgms, 56589 gurgdGHambomemo
LoggmbBm §gmoegdol bgerdo Boggds s dmerml 353960900, HMIgEms d9Lsdegdanmdqdols
03bM®H0M9d5 B30 56 Fgodergds.

5060950 06xMmMT300900 3H9dbmema09d0l Loym3z9wmMIME A93M(39gdS-IbYMA35T,
Lofotdmgdols, d0BbaldMMELYdOL, Lobgwdfoxm Fsem3zol 3MM3gLYdOL  53EMTsEH0DYdST,
909dGHOMbMwo  MOHMOgOHNMIMS FMEIgdoL LOYMZILMIM  50SMYOS-25dMYgbgdsd obs
3wsbBy §odmfos 06xgmEBs300L, MMAMOE BS3MMNMIIOL MREGdOL MdOYIEHOL LsdsMmEgd-
030 53306 9YEOWGIWMds.  EMIOLIMZ0L  bgdoldogmo  JoBsbslsbmo  Lwdogddo
0399 gd0s IMIbEObml ™s30L0 bdd0sbMdOL 53@MToBH0BYds S 0dmboml gegd@e™m-
Bmwo 393006900,  GmamemEg  Lobgwdfoxzm  bgeolyrwwgdol  m®asbmgdmsb,  slggg
390EboMMGOMD, LEFoMOMYdOLLL 30 6gdoLdogH LBd09gEJO™D, (3BsOs 3039w 3esbby
3°dm@ol  sbgmo  LolEgdgdol  BmbJsomboMgdol, Tomdo  Jgdlmbowrwm®mo  Imbszgdgdom
5094900, 3mOH3MOGH0MEo s Labgwdfogm 3603369wmdols dmbszgdgdom ©sdmagtg-
00, Bobgedfoxnm Embybg Lo356MbAYOM-bMOTsEHOMO FBIOELFIMo.

OMAMOE 39630050900 Lobgwdiogmgdol godmaowgds 230639690L  39MLmbs-
OO0 dmbs(399990L o330 MBOWB39wymRs  dbmerm  bsfoewos 03 oo
©™bolidogdgdols  3m33gduols,  MHMIgwdsz by  NMBOHMBIgEYgml  0bBMEOIs30ME0
3996mMmy0900L 9B9JGHMOO FoOMZS, MOLZYOOL FoMMZS s J9bMbIYdMBOL IMMObM3bsmd
dgbOHMEgds [1]. 583-30 Mmbolidogdsms 3m83¢gdul, MMIgeoE 80dsMmME0s s0bodbrmeo
3610 gdol 4osLHY39¢°®, 9hmgds GRC-Gavernance risk management and compliance —
9%39JAMIO0 B35, GoLIGIOL 3MbGHOMEWO s 356MmbIIdMdOL FMmmbM3zbsms Jglitrmargds.
bomen  ©mbolidogdsms  gOHmMOWomdsd,  GMmIgmog  803sOHmos  3MMdIolL
3905L5HY39GO© ©s FodmbsGos FMEso Lsbom, doomm Lsbgwfimeogds Compliance
infrastructure Market-Compliance — 35b0l 0bg®olEMw)dEmEo-2505%Y39¢H0wg09d0, J0doc)-
090 356Mmbd9gdemdols dmmbmgbgdols dglalmvymgdws.

Compliance 35%0L 06gOILEOMIEMOs — gbsds bodxgdoL GMMMBEIOMDS 535MOE e/
36537 M HOHMB39WwYmzsBY, 5309039 0bBMOTs30IE0 gdbmemyngdol dmaLsbweg-
090%D9, HMIId03 637M360w0s Fomo 9x3gdBHWOO FoMM30L, MOLZGOOL JMBEEHMMEOL s
396mb3gdemdol  dImmbmzbydol  MHBOMBlgymzolsmzol  smgowgdgwo  BmIgdol
3oLOGHOMYOSE. 533-d0 BmMIJdgo L gm@s M35 bm®mIs@owmwo ©m3Mdgbdo dmo3egl
94395 ©™bol MHob3gdl, GMIGd0E 393806093 0s 0bxMMAs300L F9Jdbol, dgbsbgols s
390053990 {aligdol  IMMZg3LMb, MMMz Lobgwdfoxm s 3MOH3MMSEOIE, 1939
390LMmbocrm® mbg®g Compliance 0bx3MsliGOwdBH«©Msd Mbs »HEOWb3geygml dmagdweo
Bn®dsGHomo 9dGHgdol dmguo gMHmMmdomdol dglMvengds. 53539 OML 3bsos, MH™A
B0®35BH0Mwo 5dBH900 5BHMJOL 50FgMH0m boliosml, sdo@md 30335600l 5dm356ss, HMIgEos
dJobol Compliance  0bgMILEHOWIEHMEOL,  FoI0GHDBML gl Falgdo  0bym®Isgomwo
&935m@my0900L 3mwoolzol 65309030, ImobEobml 3m835600L Y3z9ws 0bymEmTsowmwo
3996mmyool MglOLYdOL 0©I6EHOTRE0MYdS, MMIWGIOE 3938060 ME0s BMbo3gdgdols
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3949650056, FboMm@OFIOBs O 33D s by FggLodsdgdm®l 53 3M0EH039dL,
mO2060Do300  293900Mmb  35050Y3930wgd9g0L, OMIgdoi TbOOL ©oFIOL 3930
06530635300 39dbmema09d0l 3Mme0E0390L bsMMYOMB, dMmbs3g890mb, 0bRmMIs-
300l d9bsbgol  LobBgdgdmsb  Jodomrmgdsdo s BOHMD3gwymRl domo  glcrmergdols
3MbG®mel. Compliance 0683MsLEMYJEHw650 ©bs MBEOHWY639wyml bygdosbo 0bgm®mTsiool
MBOBOObBM go8mygqbgds s A933ws, MMAMOE 30335600l Jogabom, s1939 3MB3s6093L FmEOU,
BOHMb39yml 06830MHT5300L Fg0fg390Mds S MMP3I3Mds, Ldw)sEqds dog3gl 3gHo®dggdL
390 35600Mb 30MH3MMOE300 0bBMEOTs30Mw0 3gdbmermy0gdol ocgdmlb (33K0wgdgd0
5 MHOHMB39ygmb bbgsalibgs d30bbyldMMm3glol ImALobmEmgds s bgardolsfigmdmds [2].

3. ols33b6s

063635300 MLIFODBMYOOL  3OMdEIGOOL  AoLOHY39BHO©O  3MMmEgLgddo
9mb5Hogmdgb GMmame3 3md30GHgMmEo LoliEgdgdol s Jugwgdol b3gEoswolEgdo, olg
909dGHOMbM d0Bbyldo IMBMTogg IM35¢GOEbM360 IMIbTsMGOMgd0 S 3MT3sb0gdo. 53
9393%9 s Mobwmgl Imds35¢0To 3NM3MOS3009w0 LobEgdgdol MHglmELYdOL byodgM™ ©I3-
30L BOHMB39LIYMBs© BsFoOMS 0bBMMTS30ME0 MLOROHMbMIdOL J39LoLEHYIGOoL 0bm-
06905 06x3mMI>300L o330l Y39wWw sy 3MMaMgLEo s 3gOL3gJBHOMWo  Ggdbmerm-
309000 258mygbgdom.

@odgMs@y@s-References — Jiureparypa:

1. Joseph Migga Kizza. (2013). Computer Network Security. Dep. of Computer Science. University of
Tennessee Chattanooga, Springer. USA

2. Shonia O., Kartvelishvili I., Beridze Z. (2012). Journ. "Software Complex of Automated System”.
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ANALYSIS OF THE RISKS ASSOCIATED WITH ENSURING INFORMATION
SEFURITY OF CORPORATE INFORMATION SYSTEMS
Shonia Otar, Kartvelishvili Ioseb, Shonia Luka
Georgian Technical University
Summary

The article provides an overview of corporate information systems, related information security
issues, and analyzes security risks. The article focuses on how successfully corporate networks can be used in
the business processes of different companies. Also, various subsystems of the corporate network are
presented in the form of drawings.

AHAJIV3 PUCKOB I MTHOOPMAITMOHHOM BE3OITACHOCTHU
KOPIIOPATMBHX CUCTEM

Hlonus O., Kapreenumsunu Y., Hlonus JI.
I'pysunckuit Texunueckuit YHUBEpCUTET
Pestome
ITpencraBieH 0630p KOPIIOPAaTHBHBIX MH(MOPMAIMOHHBIX CHCTEM, CBS3aHHBIX C HUMHU IIpo6ieM
nHGOPMAIMOHHOM 6e30IIaCHOCTH, a TAKKe aHAMU3UPYIOTCA PpUCKU Ge3omacHocTy. CTaThs IOCBSIIEHA TOMY,

HACKOJIPKO yCIIEITHO KOPIIOPAaTHBHBIE CETH MOTYT MCIIOJIB30BATHCA B 6H3Hec—1‘[poueccax PasHBIX KOMITaHUH.

Hpe,E[CTaBJIeHbI TaKXe rpacl)w{ecxlxle CXeMbI PAa3/IMYHbIX NNOACUCTEM KOPIIOPOTHUBHbLIX ceTeql.
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"1500g6m Jugergdol MLsBROMHBMYdOL Bszombgdo

©5 35000 365¢r0BO
056 Imb0s, 0mbgd JoOHM39e0830¢00, )35 dmboos
LogoMm39wmb ¢9gdbozmemo mboggMbo@gdo
M9bomdy

3obbommos  MLoabm  Jugwgdo,  FLmb 393006093 Mo MLOBOOBMYOOL
36MHMdgI00, BoEGIMGOMWos om0 sbsgrobo. FoMdmygbowos dgds@ s MLswgbm
JU9gdol  499mYggbgdslmsb 35380600 LOFOHMHYJOOL  Y39wWsBY  2O3MEILYOMO
3MO3900. DOMMIME0  Fomysbo  obslinsMYdIME0s M930L0 MZ30L9YdGdOM. TMEIIMEOs
939960530930 MLBOBOPNHBMYGOOL YBOHMb3grymaol Jobboom.
153356dm LoEY39d0: MLEIbm Jugaergdo. 3033099EHIOWYE FM[YMOOEMBYOO.
1. 3glssgsemo

33653000 boobgm®Isgom LobEgdgdol (L) gMc-ghHm Fmegz5M0 3MA3MbIbEH s
b50gbm Jugegdo. olobo 53056l FBMZMYdST0, LyEsE 96 MBS 08YMBOMELI6 olobo
- LEABObET0, LEBEFO 56 LEBMYSMYIN0Z30 153899MHOL 5EAOWGIT0, O MHMEL M5T>TMBU.
001653 85906, MHM3S MBogbm Jugero 0ddbgds JosMGH030 doBbom - MBOHMB3gEygml 3530060
5Q05305bL> o 068MEMTs300L FYoOHml Fmeol Lbogbgdol godmygbgdol goMgdy, LsFoMHMs
3939633900  Loabm  Jugwgdol  doMoms  3mbggBEosdo,  gobgobowmon  Foliomsb
5353300900 MLBsROMbMYdOL Ly3zombgdo, 9999y 30 3bsbmm, v OHMyME F/Tomdl
0bobo s M5 LoMRYYIWMDdS G99de0s IMOEBML 535 M) 0d Fgdmbgzgzsdo.

©O90LsM30L  MLIbM  FHJIbmEMy0gdo BoOOME A9dM0Yghgds doge Lsdysmdo,
505 ©553059MB0ML IMIbTsMGOJMS OO MOMEIEMBOL Bs3MmdMbo3s30M dMmbM3bydo.
b5 50060bML, I Jbmzoml Bmyoghom bsfowdo Misgbm GHgdbmewrmyogdo MRcMs
39303900, 30O BHMOIPOGOIWO 3909WIMH0 353006M0L gdbmewmyngdo. MLogbm
39950900l MUGdME  3M3MEsMMIL  M59gbodg  FobgBo  gosBbos.  MLsgbm
9fymdomdgdol  golo  Log®dbmdws  F9d300MEs, M3  ImALabMgdol  36MMZ350 Ol
Bo3v)oegdsls 5degal 3603369em3bs 895830MMmL MLsgbm LgM3z0LoL VOMYdIMWGds S 0O
3939 dobsH3™T0 obosmls mabAsMgdolm30U.

2. 306030 bsfjoero

3565L369c bsbgddo Mlogbm Jugwrgddo MLsROMbMYds s dMALEBYYMYdOL botolbo
509 3608369M3560 s 9gBH0MMO 33eg30L Logsbo FobEs, Mol FoBYbLsE dMbozgdms
3539(900L 2553930l FBsMIsFIOHOL  FBsMO IMMBM3bs  FoMBMogbL.  9wY335GHIOO
MBOBOHOBMYGOOL 206939 MMHPb0DO30900 Mgl 55000gd96 MLagbm Jugergdols 4s3mygbgdsb.
MBogOObMgdol  Logombgdo  MLogbm  Jugwrgddo  3608369wm36  IBMIMEBSL
0om0moabl  sLgmo  Juigargdol  BIMMOMD  5I3GH0MJOOLMZ0L.  Tglodsdolo,  Abysglo
Mbogbm JugEgdols MLsROMBMYds 3603369 ™3z560 LBGHMS, GOE MYo0MYdsL IMoMbMIL,
09930 390 Jugargdo FoMmMm@ 0g69ds 99mYxbgdME0. 530 dgE0s, MM S0bodbo
LBIOML  933¢935(M9dTs  IMIBPObME Moy IOMIWGIgOOL  0EIBEGHOBOEOMGdS o
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MBOHMB39wymb Fglsdsdolo 49w9HY39GH0wgd9d0 53 3OHMdMGIYBOLMZ0L. MOMMYME0 SO
9309WMds MLsIbm Jugwl ™mbsg MBRO™ MLsRGMbML bool. §obsdwgdsdg 33wg30L
d0BsbL  HomBmoaabl ol, Mmd d9dxdsggl domgo Moo mbolbdogdols, MMIWgdos
5585093l MLOogbm  JugEgdol  MLOBOMbMYOLL s  ToLo  BsdeEgdoo  TMbEYdS
309000 5FMTom SYOEGOOL JoMM3s.

6900Ldoge LoLE AL, HMIGELOE O3S BLFOMYDS, 55BB0S LOLMLEYJdO 56 bo®zgbgdo,
MMIgems Boffoels 96 yzgesls ghme@ sdmo®mBY3L 3935d-1dbIGEr0 MB0YJEHo©. FgLsdsdols,
LoLEBgIoL  MLOIFOPBMYdOL  JggoboBdgdols F9gddbol gMm-gMo  FoEymdst  Homdmowyqbl
39bbo3zs 08 LogMmbggdols @s LogsMOMO™M ™53sLLAYOOLS, MHMIgwwms (obsdg L
LobBgds, 0dol Aomzscolfjobgdom, GMI LoLE YL bsM3zgbgd0 osBbos. MLOFOHPLMIdOL
99996099903> Mbs MHBEOMB39wymb LolEgdol MLsTROMbMYds IMEgdrwo Logmmbgqdol,
05305b3gdols s boMm3zgbgdol  2om35wolobgdom.  MLYdMAL  MLsgbm  Jugagdols
399mygbgdsliomsh 53530060930 LEROMHYJIOL  439WwsBY  A93OEIWYIMo  F9dEIR0
53m®3900 (bob. 1).

shangBmGobgea Faemds Faemdol Fao8mo
obgeGasgool gogmbas o Bgbadodyds
e boggbasbo Jugemoresh hagGmbegiol Jomadagsl
e e .
boggGorbengdals

RI(GJemo ) ~ : ey
oo L &
1
1

INTERNET e Boghobpal aodgbas

1
1 e Evil Twin J
M S . 4
PO o Blbobdaty \/
> /7 o
1
& R [ ;
\\"'., N2 Wireless
Laptop e
&‘. WK Famods s6aliodydon
bl
o;lh:)c:m Ad-Hoc Bagoeols dmboméabyo
e (( )) 0 3gbe Bnfgmdogedonsh o
; Mrosphobobgame Faends  gube Faredob Fyddome
ptiotugeans Bansh : aoblotagoge Joge)
HbgGabogdal dfbobdpol Fgdegms HotSpot abaegm ggdoton

Bsb. 1. Mlaggbe Jigergdols gs9myggbgdsliorsh s3s3d0Mmgdmmo
Lsg3mbggdoL Lbgoslibgs Bemds

MLBoabm  BHgdbmemaogdo, MMIwgdos  99dsmdgb  BobBozMOO s  WMP03MMO
39039008 2o6gdg oo Logbosbo  Jugamgdologsb Asblbgsgzgdom, 8603369 m3bs
BOEOL  BsdMdomb  dmgbomdsl, dmIbIsOYdwol  FOMIoL  9xBgJGHWOMIL s  Jugeols
239652900l botxgdols 8908306M9dsL.  ©IGIIMs©  obgobowmm  MLsgbm  Jugergdols
3990996905896 sOLGdIMo GHrolggdo.

®ol30 306390 - MEbem Fmfymdogmdgdo. »bmgdo 5056 obgmo dmfiymdomdgdo,
H0IwgdoE 3MO3MMS30 JugubHg 9MsLEbIE30MdMEo i3m0l Lodwowgdsll 0dwg305b,
30630605300 Jugeol  YLOROEMbMIdOl  3nwo@030m  QoblsBEIGWo (330
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99996093900l 339M@OL 530l ABom. Yzgmsby bIoMo gu  IMFYMBOEMdJOO 5056
030069005 ©9Ygbgdwo fzmdol (od@GHowgdo. Jmawom LGs@GoLE030l dobgwozom
LHmOgo gl dgomo FoMdmoagbl 3mM3MmMs3omwo Juguol goGgb3ol Y3zgwaby bHdo
90BgBLL Fod0bo3 30, MMEILE MMPBOD305 56 0ggbgdl MLsEgbm 353d0ML.

Mol3o gmMg - 5M5x50JoMYdMEo 353006M0. OHMAMOE BIdmm 500bodbs, w3sdgw™
9fymdoEMmdgd0 56 5GOL "d0ddwo" gm0 HMIgE0dg 3ogloGmgdME Logbby s FMdsmdols
360Hm3gldo  dgmderos  d9339comb  309mgdol  H9gOHGHowo.  Bogomomo©,  9MILHMEMS©
3bx0aOH0M9dMwo MLs©Ibm 300096@0 93BHMTGHMMI® SLMEOM©IdS s IMIHBTsMGdgeL
59MHmMadL  obermgl  MLsgbm  JugEmsb.  sbgmo  8gdsboBdo  LEFEgdSL 593l
0530596b3gEqdL 09O NEHIL MLsEgbm Jugerls.

5369039, dmIHA>MGOGMS YIM3egLMDL, HMIGdOE 90FIMZ0bO 50056 MLoEgbm
9fymdoEMmdgd0m s 96 M50 305YMmBowo sOBYOMEo bogbosbo Jugwol bsGobboom,
“IY35M0 25059MMMb Mbmgl Mbogbm F9OEHowgdbyg (HotSpot), Mg MLon@mbml bool
g9 3MM3MM309 Jugenl.

0MLgdmdL Ad-Hoc Jugegdo - gl 560 3509cm dmfigmdoemmdgdls oMol gom®moebyosbo
30960905 30mdol HoMGH0wgdol 20dmygbgdols 2o69gdg, MMIgerog Mol dmbobydbgdgwro
UOsxns©  dmbgl  0bxzm®Tszool  aoa3ws  dmHgmdomdgdl  dmMol b 59Mm0dgFmb
Lol 3900 E™3dgbEo Wi-Fi 36063q6m0l Lsdmowgdom. ymzgurzg b o939 Lsgzdmbml
bol dmddgo 3mM3mOM5309 Jugel s bEFMegdsl 5deg3L 0930saLLIYEGOL ToMEH035
9099600 ©b9b 3MO3MEMs30 Jugal. s19g39 9MBGOMBL BHgdbmermyos - Evil Twin, Gm3womsa
dmOHMGRBIBOIBZgo JIbol amdol FgOHGHowol sbewl, GmIgewog 8gdseIMdL Jugwols
9mgd9gqdol 00539 MoEomldo s ®M3000mb639 33wol mGoyobser  i3mdol oM GHowl
sbewom,  OHMIgwBY3 IO IO0sD6  ImIBTsMGIgdo o Lodvoegdsll 0dg3s
053059b3geds f3mds Im03m3mL 3653000963056 0bBMMT530Lb.

Golgo dglsdg - Jugagdols s dmfiymdomdgdol 653¢rmgsbgdgdo. 3MmM3MEMS30M
Jugdo BmyogHmo JugwyMo Imfigmdowmds dgodewgds 0gmlb MBOHM EIE39E0, 3006M)
bggd0, olLobo Tgodwgds  sMLHMMS© 09y3696  3MbFoAMOHOMmGdIMo. 8 Fgdombgzgzsdo
3933060 56 SGOL 0, HMAB 153BBTG MOZWHS0MIYESE O3B OgLLAY3056 LM
3bgo  IMFYMdOEIMIGOL. FoQo0m0©, JOMAs SMLHMM© JMbROYMOOMOMEDs 3mdol
090G,  OMIgbsg 965 9J3l B MWo  5BHIBGH0B035300LS @S FoBMOMIdOL
9995608900, 90dqds 259Mm0f30ML 3MM3MMEH0E0 Jugeol godgbas.

Golb3o dgmoby - "9mdbsbrmMmgdsBy we®o" s FogMmoMIBOL dsGHgbgs. "dmdLabrMgdsby
560" Lobgmdol dg@g3s (Denial of service, DoS) - gl sG0b 53©oLLTs, GoOb FJEIAS©G
3063065300 Jugao begds gsdmlisgasco sb dolo 3dsmds 0dM3ds. sbgomo d9g@g30oL
d9L5dgdMds MBS 250035¢oLHobML g39esd, 3063 30 F9TOMOgL MBogbm  Jugel.
SM(3090GE05  ORO0JMGds 005D, g Mo BmbEgds, MM  Jugwo  JobEYdS
90990300390 256L5BOZMIO OMOm.

DoS 893930l byHombBMEMmds ©Esdm30©YdIEos 035Bg, M) Mo Jggal 2odmofizqal
MBogbm  Jugwol  IFYMmOMOEL oML, BoRow0MO®, 35390 F9mdeos  goboml
90190300390 MLoEIbM M35 mo Jugaro, HMIgEoE 39FoMMIE0s bobendo, begrem sdol
d9920  0dbgds  dbmem@  Lobeol  dg3sGHmmbol  dgfimbgds,  Boaod  LoHomDmL
0639639603008 Mlogbm LolLEgdol HYmdOH0EE AsdmMlgws 3603369wMm356 Fobsblwm®
56535690l godmofi393U.
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DoS 893930L Lobglibgsmd0sb gm0-gMHmb {omBmoagbls dgommeo "wmbgdo dsens” (brute-
force attack) 0bgm®Is3zomeo 353939d0L TsLoMHO  Ao3Bogbol OML  $FMJIgEOME0s
Jugeol yzgms GaLwOLo s, 89939, Jugwo §yzgdL 3M3omdsl - gl sGol DoS dg9¢930L
35005630, OHMIwol gbmergds bgds dgmmeom "mbgdo dows”. 0b@GHgdbg@do dgodergds
900d90bmb 0ligmo 3OMAMHTMWOo 15895 gdgd0, OHMIGdoE 995degdobadl 35396L MLswgbm
Jugedo 59mof30ml 0bRMmOAs30wo 35393Jd0L 0bGHIBLOMMO A5(39Ts. 35396l T9mAE0s
3obobmM309eml  DoS  Jg@g3s  dgoom@om  "mbgdo  doews”  bg®39mdg  Jugeol  bbgs
3003093969006 458l YRIM0  3539BHJO0L  goaBogbol gHom. ymgzgwozg gl of393L
Jugedo  5658(oMIMGIMEH  IBsboMRGL O WIRoE0TNG FMIHBASMGIWGIL o6  SIEg3L
153w)5EgdSL 2odm0oygbmls Jugardo Tgloligergero glodErgdErmds.

39056090000 dmgdgo ©s335L Dos 89¢3)9g30L Hobsswdogy Fo0dmoygbl Mlsgmmbmgdols
935360 §9Lgdol 999853905 @S TGuMHIENgds, BoRIC0MOW, MHMYMOOE SMHOL dMBT>wgMHgdOlL
LoLEB9A9d0L oYgbgds s Pobobergds, sbE0z30MMLwmo LolE)dgdol ddogs obobergds,
LO3OMEMIGOOL OO MOMEIBMBIOD 35MMEYOOL godMmYgnbgds, SMosdmygbgdoo JugwMo
90fgmd0@Mmdgdol Jugeosb gsm0dzs s bbgs yzgms ob §dggds, Mmdwgdog 9353Ms©
265 503358 3MMH3MO 5300 JugEol yzgars dmdbdsegdgeds.

Golb3o dgbog - 9M93GMMHOBYRMmo  famds.  3MO3MMo30ME  LsobBM®Isom
LolGdgddo  Bodoomo, 3539090 FgmdEosm  ™s3sLbAoL  F9gEe©  Fmobobmb
305533MM0BYOMmo  Jgmfigzs Jugam®  LolEgdgddo b, b3, WIIMM30Mmb  Jugwol
0999505 @5 8m0GsEMb 3md35600L 0bgMMTsE0s. 3ILbTs FoMdmowygbl 3md30wEgols
MbsROMbMYOOL  30b6GHOMEOL  9dsbobdgdol 23960l 5300l FEEIWMBL. o3sLbIOL
9909390 dgbsderms dgoizsmml, Im3sGver 0dbsl 96 20vddgl dmbsEgdo. ms3olbIsms
0525090l 80937936905  Fmbs(39dgdol  FM3oM35  goolvEgdo  39MgIm©Ib s
9040w Md930b, M356Mmbm 360030090930l d0gds, Imbs3789d0L I3sM® F9g@sbo,
06300635300 M0G0 E0MGdS, Jugeol 5350l gosbowobomgds s 5.9.

MBogbm  Jugegdol MLsgOMbMgds Log®Abmdws AsbLbgsggds dsmo Logbosbo
3b65Mma0l MUsRMMbMYd0LAD, MOl dobYbLsE BOBOZMMO FoMgImL 3969ds HoDmowpbl.
Mbogbm  49M98mdo  353006MH0LSL 2039w @S  FJorgdMwo  Logbswgdo  359M3do
9 BoMOMBL. Jglodsdolo, Bgdoldogem 3356dL, GMIgEoE goda®ogzbo 3396dolL gowoggdols
©0535HMmbdo  8gdMYMBL s 03Ol Lom3gMsgom Lobdodg s bbgs BoBozMMo ©mbols
5G0d93HI00 (0305, 3MEOMJDdS s 5.0.), 3mGIB30Ms© FgMdwos  Logbswols
350093035 003505, MHMI  godaHogbl o6 LogsGomm F0dmgdl  9MOBIMHO  93MmEOBYdS
50bodbmeo dg3cmol Tgbobgd. LadoMol3oMmm@ sdols, L39dgwm Jugegddo Abyoglo TgFMHo
d9Lsdegdgeros  dbmerm 03 9gdmbggzobol, vy 0530sdbIgEolmzol  dobsfizomdo
2395905 2953990l BoDB03MMO LT Megds (Logbo, dMFIM s 5.9.), MOLMZOLSE, MHMYMOEG
09L0, 3ME0WgdI0s Sbgo BT gdLMD J0ogPHmYds. 30650006 MLoIbM Jugergdo 56 sGOL
593000900  0bBOILEGHOWMIBHMOMSD) ©oxdbgde  MglmMLYdbY, OMYMOOES ©Ibol
L3Od0IOHO Fystrm, oo LobdoMy, Mfiyz9@o 3938060 96 ME3EE0 FoMTOHVYEHOMYDS, Fo0
9085603 0530sLBAJOOL gobbm®mE0gmgds Lo3ToM® 53OS,

50 30090l 255HY39GHOL dbs 0oy, O™ 3060318 s0JoBOHML ol 0bxM®Ts3s,
MMIgois 3993905 MLoIbm dMFYMmdOMdgdLS @S LEdSBOLM LoEMIOL.  sJog™M30L
36Om3gLbol  OML  dmbs3gdms  30GJd0  033WgdS  LEOEIAWM  AOBOPIOOL  EsbBIMYO0.
509653 oLOGd0  LOOMIWMs, 3539ML 56 Fgdeos dmbs3gdgdols sdmIoy3zMs. 5§96
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3900m30bs6g, 9x839dGHOO  89Jsb0BIgOOL  498mygbgdol  boMxbg  ©sdoxkzcsl  Jgdwros
55850ml Imbo3gdms O3IEMds.

®ol3zo 89943y - 6335000l FMBOEM®ObY0. 3MOIMEs30M Jugwdo  6gdoldogMl, 3063
00ymggds  9gbmdol  dmMosberml,  gmggaagzs®o  doerolbbdgzol o698y,  Jgwndwros
dmboGHM®0bgaol Bodo®mgds MLosgbm Jugedo s®LYdmwo LolEgdgdol dods®mm, 0¥) 56 GO
900900 bLog®mbowol  fobslfo®o bmdgdo. Boaswoms, bBgodoldogml, ®mdgwos
00ymg3gds  99bmdols  Fobermdws  8Es®  93GHMIMdowdo, dgmderos  dogdsl  d9bmdsdo
239652900 Lodsbolm BoAMHGO0LE gOHM-gOHML. Mg O sGOL Jogdwo o330l
LosFoOH™m BmAgdo, SLgo 306L Fgmdeos dgomfomb byMzgdls s LoLEGYgddo, MMIYdos
LOME YOS 33O Jigaerdo.

LodfMbsdIm, 3md3560900L MAMSZGLMdS MLoIbm  JugEgdol gsdsGM30L O™
099690l LodsBoLM BoEYMMYIOL 3MBTBOAMMSFO0L, MHMIJEOE 9306395 IY9badMEo s
3960 MBOH639wymRl  MLsROMbMGdIOL LsFomm BmIgdl, sz Foboslfo®  goblabrgmogl
Lo 99900l LYMZ39MM6 IMOMIMWGIYIW MBO0YMHNJIIJOL.

396530990 bobEGgds Windows bs8w)oe0gdoll 0deg3s 5Q30Ws@ dYsMEgl 3938060
b5gbm  Jugegdmsb, 2oBLs3MMMYd0m LsgBmm 353doMol IJmbg Jugegdmsb. GrmEgbsa
bommdmdo 909ddgds MLsgbm wmIserme Jugenl, dob IRwMmdgel dgderos dgomfioml
6900LdogM Lb3s bMmMMdYJdo, HMIgerog BsMMEos 03539 MLsIbM WM ZsEE Jugedo. ;v
56 500l 58mygbgdEo  3gOLMbsmo dMbEIsgmo, BgdoldogMl dgmderos gogEbml
3190 bmMMdYJols 4o EoLZHY sOLYdIME 439ws 0bRMOTo30sL, MoE HoMImoyqbl o
LoggMmbyl.

bdoGo, MmELsg §3mdol HohGHowdo sdmddggdmos o330l d9dsboBbdgdo,
5MLYOME LoBOMbYL FoMIMogbl Fdoadmmo §3mdol §gdEGHowol (rogue access point)
Bogol  dqLodegdenmds.  sbgmo  §9OHGHowo 003w gds  96093EGMM0BYdIMwo  Famdol
09OGHows©, MmIgoz JoghHmgdmwos  Jugerdo.  8535¢0mo©, MHMIgeodg  dmdbobmeyg
396LMbsEl  Fgmdeos  Ggodobmlb  §3madol  (ghGHowo, 96O 390035¢obfobml  Jugaols
MBOBOHObMGOoL bmMIgdo s I9Ygbml 030 9308 ™mBoldo. sbg3zg, 3539ML Fgwdwros
39600580  gobsmagbmli 3mdol (gMGHowo, sbBeMsb Fgoghmml  ©s;339o  {3mdol
D9OG0Oo 300603mM30E Jugerdo.

9003 §300mdol FadGowdo, Gmymeaz falo, 56 sGOL 5JE030M90E0 STORIGOL
LobE9Bs. 999ob  AodMIEObsty, 00 FoMBMOYIBL  Y39Eslivmzol os  39ML, 3063 3o
800b@m3gdl gbmdol 4oMmgsb Fgomfoml 3mm3messom Jugedo. sdo@mad 30035609005
43930l 1bs 8959mfdmb doydwmo (3mdol HgMEowgdol s®ligdmds. gl 3OMmdmgds
59H199E05 ©IM300JIS© 0dobs, IY)BIdME0s MLsEIbm Jugwo MYy 56, 306506
B900LdogML F9mderos dodwo {3mdol FgMEowo domgMomml Logbosb Jugwl.

365533MM0BJOMmo  Jgofigzol  Lofobsswdgamo  MLsgbm  Jugwdo  2s9moygbgds
"OH009MHNJd)gd0mM0 3396308035309, Mmdgos b (30900900 Jugeols
9fymdomdgdls s i3mdol  [aMGH0wgdl dmMob.  sEgbGH0BR03s30s -  Bm{dgds
93bdo90e0l 56 IMHgmdowmdol 00 bEIOMds. MBogbm Jugedo Mbos godmoygbgdmogls
3900900, GMIolL bydMsEgdomsi bEYds Ladsbolm oMol IMHIMDYds Jugerols
9fymdomdol  0©9gbGHWOmMdsTo ©s 30M0dom. gl SEOWGdIos  0dobm3zol,  MH™I
39900©bgb  903H0dMMH0  Lodsbolm  LoaMEOIdo @S FMFYMBOWMDdYd0. FoMS  sdobo,
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P30mdol  FgdGomgdo  Mbs  49om©bgb 9B GHOBR0ZIEO0L  3OME9EOIOL
3097 BoGHMOHDY, M3 Jugedo 4odmMobagl JoydMwo §3mdol FgcmEowgdol 4s9mBgbl.

3. 353365

MBogbm Jugeol sE3s Fgledergdgeros oMy Moombogbowgdol dgmfigzoliogsd
396000b jobssmdgamdol 35f9g30L Mbsmol MbBMmbzgumymagol ybom. sOLYdMIL Bmyoghmo

93009605305, OMIOL  BodsEgdomsE  Tgbodwrgdgeos F9bmdsdo  MoEoMmboybswgdols
Bo3ool 99gd;30690s: 099 Jgbmdol Jos 39gdl 2oBbos ommbol sddwg Bgsdoco,
Loliy®39¢05 dolo adofgds; LolyM39w0s Y9bIL MIMIMODBMEs3o0l IJmbg BbXMIdO
5 dmbgl dolo dmomMmbgds; 9gbmdols Jos s oMy 39gdbYg 2odmygbgdmeo 0dbsls
@oo®bols JoboMg3z0L Lowgdsz0; dmbgl 450339308 LOTIWHZMOL IMYYME0MYds 0lYO
Lobom, M3 8000565 458m0MmOEbML Logbsols gogmbgs o6 dolo Mby sofjoml oligm
96009369 mdsd9, H™ dglodergdgaro 0dbgl 35396MH0L 530 M3 0bgds.
MbsROMbMYds  oMgbo 96033693560 Logombos  Mlogbm  Jugargdolsmgol,
306500096  goMgdmbo 93039900 Lo3mIMbogsgom  Loabswgdo  bgardobszomdos
©3BFIM5. 9J9b 250066y, 3mI39609dds s 06030 MMHTs BMTHASMGOEYdDS
265 9903606 3m@H9b3E0MMs® 5OLYdMEO 3MIMdNYTGO0 s B00WMb Tglsdsdolo Bmdgdo.
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SECURITY ISSUES OF WIRELESS NETWORKS AND THEIR ANALYSIS
Shonia Otar, Kartvelishvili Ioseb, Shonia Luka
Georgian Technical University

Summary

Wireless networks and related issues are discussed. Analysis has been conducted. The most
common forms of threats related to the usage of schematically wireless networks are presented.

Each of them is characterized by its own properties. Recommendations are given to ensure safety.
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PECULIARITIES OF SOFTWARE PROVISION OF WORK OF
ENERGY FACILITIES

Gogilidze Emeliane
Georgian Technical University

Abstract

The article discusses the subtleties of software development of power facilities, based on the
technology of wireless data transmission. Achievements in the field of computer and communication
technologies, their penetration into all aspects of energy facility management, especially in their
automation, cause changes not only in software for software development, but also in power grid
management systems, since there is a transition to an intelligent system based on a wireless data network.

Keywords: energy facilities, automation, wireless sensor networks, data transfer control.

1. Introduction

The development of computer and communication technology, its entrance into all fields of
management, automatization of power facilities among them, causes changes not only in technical
management of security systems of power facilities, but also in building rules of electrical network
complexes because the transition to intellectual energy system is taking place, which is based on active-
adaptive network. This condition makes power facility equipment security and control systems more
perfect [1,2].

1. Characteristics of modern power facility security systems

Designing integrated control systems for principal sub-stations using traditional methods is a
difficult and labor-intensive task while its automatization is not easy. Solving this problem is possible
through new international standard compliant information technology. Optimization of integration and
various information about normal or emergency modes of a power facility in united information complex
of automated control system of technological processes ensures organized transmission of data between
different equipment. For example, there is possibility to carry out several operations simulataneously:

¢ Normal mode monitoring;

e Event registration;

¢ Information about emergency situation;
e Parametrization of equipment.

Carrying out such operations does not cause restrictions on the access to the equipment that
participate in the information exchange. In electric power systems telecommunication standards are
widely used though they have restrictions. This is particularly true for the standards that use “main-
subordinate” architecture because they have several restrictions. They are:

e The number of functions;
e The amount of standardized digital data;
e Speed of information transfer.

To date not many equipment contain integrated event registering function, so after deciphering of
all emergency data it remains unknown, for example, which unit of security moved to perform operation,
whether a certain operation was performed or not, and when.

The difficulty in connecting different equipment occurs because even the products made be the
same firm may need to have several program modules developed. The reason this happens is that
manufacturing firms often change internal program base for their equipment, which in return necetitates
the need for changing the driver that serves the equipment. This is exactly why there arises the need of
using a configuration file which enables automatic uninstallation of the program of certain equipment.
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A substation automatization system is based on a new standard — IEC 61850. This new standard
mainly differs from other standards in that in this case it does not only concern the introduction of new
standards of data transfer. The main direction of the standard is the systematization of new informational
model of substation. For this reason SCL (Substation Configuration description Language) is used. SCL
describes:

¢ Single line scheme of a substation;

¢ Logical (functional) sensors connected to electronic devices;

¢ Intellectual electronic devices (a full list of information that a device can gather);
e Local calculating network of a power facility.

An important requirement for such an instrument is independence from its manufacturer. To date,
asarule, only ICD (Interface Control Document) format is used. For future development, so that system
is not dependent on a concrete provider, it is necessary to configure the project in SCD (Slowly Changing
Dimension) united format which contains the full information not only ICD of the equipment, but also
single line schemes of substations on SSD (Solid State Drive). SCD file also contains description of the
equipment and electronic connections that enables using capabilities of this description for different
calculating tasks, also the possibility of the inclusion of this entity in a united power system model.

Although, the description of a substation in an SCL file is not sufficient for creating automatized
system for the management of technological processes. The description must be supplemented with the
operation of security algorythms and their interaction. The IEC 61850 standard imposes no restriction
on physical devices and distributed logical nodes. For example, a circuit breaker logical node can be
realized in so called remote input/output device, and earthing knife blocking node — in conntection
controller. It is possible to organize data exchange between physical devices through messages. So,
information about circuit breaker state received from one device can be used for a separate blocking
logical node that is included in a different node.

According to interaction scheme between devices, the system makes a data set for each device,
also it plans message transfer according to OSI (Open Systems Interconnection) and MMS
(Manufacturing Message Specificaion) protocol. During the protocol realization an instrument was
developed for getting configuration from devices, reading/writing data, working with data sets and
controlling event controlling block. The main focus is at the system architecture: the introduction of
basic data model, by which utilization of classification examples of signals of technological process
management automated system takes place in a real system. The basis of the system is the unity of the
presented information, independent of integrated devices. The support of such structures enables
presentation of unified data to other systems and integration of filtration mechanisms of big amount of
data to satisfy the needs of automated system of technological process management and each user.

In the new version of the system, the results of algorithmic processing can be processed as logical
nodes. At this stage the system already allows algorithmic processing both at a higher and lower,
functional controller, level. At the lower level with algorithm transfer it will be possible to improve
dynamic characteristics of logical subsystem operations.

2. Power facility protection system based on program module

Because construction rates of principal electricity supply lines are lagging behind high rates of
electrical energy consumption, the size of existing networks are close to stability limits and only
protection and control automatization systems can guarantee electric energy transportation accordint to
the demand and reliable working of the power system on the whole. Considering existing tendencies,
there exists the need of renewing old methods of local and anti-emergency system of power facility
protection system with modern computer linking and communication systems.
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The technologies of digital substations allow to lift restrictions and use cheaper multiprocessor
computer platforms that are being used today for creation of IT (Information Technology) infrastructures
and industrial automatization. Problems that hinder working of IT infrastructures are related to the use
of a process buss. These are:

1) During project implementation using a process bus for the creation of protection and control
systems the number of essential equipment is increased by 1.5 — 2. Already tested terminals that are
adapted to a process buss are used as equipment to process data, so their number stays unchanged
because of traditional implementation. Also there is need for equipment that is connected to process bus
or electronic blocks of digital transformers, network swithchboard of process buss, equipment of
instrumental time synchronization, control equipment of switchboard. And all of these is going on in
reservation mode that implies an important rise in system cost. Solving this problem is possible through
changing approach to distribution of technological functions in the equipment. Their revision should
happen with a view of increasing functions and operation limits in one device, connecting one device to
several devices and increasing distributing devices;

2) Combination of fixed functions in devices causes duplication of functions in different devices
and also installation of additional multifunctional devices that need only one function whereas other
functions are inactive or, in the worst case, if they are unnoticed, this mistake causes malfunctioning of
the system during launching. There was a case, for example, when to replace one single panel that was
providing 110 KWt it required to install four boxes with microprocessor protection.

Thus we face two contradictory tasks: on the one hand we need to increase the number of
functional devices, on the other hand, we need to preserve the flexibility of the solution and optimal
price. Besides, considering increased difficulties of automatization and protection, the personnel should
have deep knowledge of not only electronics, but also of IT technologies. Because of this it is more and
more relevant to divide personnel into one for functioning and controlling technical operations of system
protection and one for operation of technological algorithms.

The solution of the aforementioned problems is possible with a programming complex
independent of hardware components that performs technical functions of protection and control. In this
case, an operating system and all necessary programming packages are installed on the hardware
components with precalculated productivity and operational requirement. To date the same can be said
about automatization of protection equipment and programming means, considering the level of
technology. For this it is necessary to develop modular architecture software: every module — one
minimal function.

Figure-1 shows the principle of creation of a proctection and control system. Algorithm

Actually, this is a set of virtual relays from which functions are made up,
which make up terminals which can be placed on dedicated hardware or :

. . . . . Sensors

alternatively on a single server for protection and control of software. By installing
different sets of such modules (only those modules that are necessary for each l
individual case) on appropriate set according to platform hardware efficiency | Logieal device
protection and automatization system building instrument is produced with high l
flexibility and efficiency. Functional

When designing protection and control system with this approach, an device
engineer is focusing on the synthesis of logic of unified system operation. As for l
the placement of functional modules on the devices, it is the final stage of the work Protection
and is dependent on the level of reliability and client’s will. Following from this system

concept there are two polar architectural solutions: first — centralized; all

. . . . . . Fig.1
technological modules are included in one powerful service system with duplicates
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of desired sets. This solution is obviously cheap in view of required hardware. It requires less space and
considerably simplifies the control of automatized system of a power system. Although, when using
regular servers as hardware platforms, it is necessary to build a special server with climate control and
shielding external electromagnetic events. Second — extremely distributed architecture, when each
functional model is fitted in a separate device. Such build of a system has a high level of viability. Hybrid
architecture where the main functions are executed by centralized devices is most effective, but
reservation of most important and critical functions is done by separate devices among which are those
that are not created according to the principles of program realization. Thus, it is very easy to get optimal
inidcators of system reliability and cost by varying content of physical devices and their functional
capabilities.

During design connection modelling mechanisms between logical sensors and data usage object
and reaction modelling on messages are determined that enables to uniformly determine the concept of
protection and control system as a sequence of logical nodes. Algorithm model is a separate parameter
of a node and part of configuration as well. Consequently, it is possible to change it by a user without
change in the system code.

Reaction module checks time limits of input signals, the level of their synchronization, presence
or absence of permissions etc.. The record of package values is sent to a measuring module where
calculation of industrial values are performed, after which realized protection algorithms are transferred
to a module where these values are compared to setup values and if they work the result is reflected in
the notifications and afer this shutdown ensues. Such programming complex is created by one file
according to described nodes and structure, and appropriate modules are launched between
corresponding parameters and connections.

A protection and control system with the following functions is tested:
¢ Obtaining and processing of analog information;

e Management of programming means of primary equipment.
o MMS server;

o MMS user,;

¢ Main protection algorithms;

e Protection of currents;

¢ \oltage lowering relay;

e Remote protection;

¢ Protection from frequency drop;

o Differential protection of buses;

e Automatic switching on of reserve;

o Event register in process busses and stations.

4. Conclusion

Power facility software is based on the use of smart wireless sensors. This method of
operation of an energy facility is economical, and most importantly, it minimizes the human

error factor, since 99% of the system is automated.
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3b6.1

gender age moreThendMemb apart momEdu fatherEdu momWork fatherWork timeMoreThand0 studyTimeMoreThand .. nursery nhigherEdu inte

0 0 1 T 1 1 1 0 1 0 0. 1 1
1 017 T 0 0 0 0 1 0 0. 0 1
2 0 15 0 0 0 0 0 1 0 0. 1 1
3 0 1 T 10 1 0 1 1 0 1. 1 1
4 0 16 T 0 0 0 1 1 0 0. 1 1

5 1ows % 24 columns

390009y 9G93Bg 390mfj0gdom 2939w Bmbs3gdgddo  3sMogwo 3609369 ™mdgd0L
SMLYOMBSL:

In [6]: MW |4‘:J.'e dont have missing values
Data.info()

<class ‘'pandas.core.frame.DataFrame’>
RangeIndex: 649 entries, @ to 648
Data columns (total 24 columns):

# Column Non-Null Count Dtype
e gender 649 non-null int64
1 age 649 non-null inté4
2 moreThen3Memb 649 non-null inté4
3 apart 649 non-null int64
4 momEdu 649 non-null inté4
5 fathertdu 649 non-null inté4
6 momWork 649 non-null int64
7 fatherWork 649 non-null int64
8 timeMoreThan3e 649 non-null int64
8 studyTimeMoreThanS 649 non-null int64
1@ extratEduSupport 649 non-null int64
11 parentHelps 649 non-null int64
12 extraPaiedClasses 649 non-null int64
13 activities 649 non-null int64
14 nursery 649 non-null int64
15 highertEdu 649 non-null int64
16 internet 649 non-null int64
17 InARelationship 649 non-null int64
18 familyRelationships 649 non-null int64
19 health 649 non-null int64
2@ absences 649 non-null int64
21 scorel 649 non-null int64
22 score2 649 non-null int64
23 score 649 non-null inté4

dtypes: int64(24)
memory usage: 121.8 KB

50b0dbme dmbs39d9ddo LodsMEH030L JoBbom (395G 3gagdo 56 93543L, MG
3MLgdMmdol  F9gdmbggzsdo  LoFoGmms Logs®ogwg dgogbmb  mao3m®o  360d36gwmdom
(099 0ms 0-0m, 96 Abgogbo ImLHogarggdol Lsd s mmo s 9.9). gl dM30YIOs
390l dobss®mliby.
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OMamO3 339 903608690, dglodsdolo MmgaMalools sdmEsbol goobsfiyzg@o Mbs
299m30949bma XGBoost seram®omdo, Mmdganbsg gobglabwgmogo 99dgabsota:

Model=XGBRegressor(objective ='reg:linear', max_depth=6, n_estimators=61,
min_child_weight=1, colsample_bytree = 0.99, subsample = 0.85, learning rate=0.1,
early_stopping rounds=10)

dgLodsdols  5EMMomMAL  FglodeErgdga0s  FOWI33JM  3BBOYMMSE00L  356599EHMJdO
(Hyperparameter), o6 @50m309ygbmod dolbo default 3mbgogmGoEos. sbgmo  doMHomso
356589¢M9d0s: n_estimators — 5¢om®omdol 3mdsmdol 3MmEglido dgwygbowro bggdol Momeyg-
bmds, learning rate — Lfjogerol LoBMLEY s 5.0.

35659930900l 36003690 mdol  Jobgz0m  2obLb393Yds  srMGOomMTol  Foge
©06MMbgd o J9w9900. Fglodsdolo, MYoE 53035305Dg S Mo H dmbs39dgdby
935mdol EOHML BoFoMm 0db9gds 356599BHMgo0L M3E0dowmo 3603369 mdgdol o9,
GHobm3zoLsE 9®LYdIMOL ETHTMY dOBWOM™Y3900. 0lobo 239bToMgds 3565TgBHMIOOLMZOL
obgmo 3609369 md7dol 3036580, H®MIOL EOMBSE 5EFMOHOMIOL LogMHmm HMLEHMD, 6w
39300™3d900L Mom©gbmds 046905 d306Y.

doM0MOPO  356539EBHMd0L 8603369cmdgdo gloderms dgMBgme odbgls Bggbl doge.
Lbgoslbgs 3603369wmdgd0l GHalBH0Mm9dol J9gaq0L 365bMEIMdm s 350 b LalvMgzge
MoEbaL, Loog SWMHOMIOL LoBMBEg s 3MTomdOL M FoLOYYIOS.

052505, 53 9¢) 39HY39EGH0WgdoL J0dPgd bals 5590L B39bo dmgero, dom dg@o
©OM  EBFOMYdSs  LodME™Mm  F99Yagdol  Fo@gdsl. O™ ghm-gMmo  360d3bgmmgsbo
M9LmOLos, ) 3300936 OO MoMEYBMdOL IMbs390ms TTs39ds.

Lo FoMms B39bL doge Imdbogdero dmbs399930sb godmzgmm myvy MMIgero 39eqd0s
530003900 S MHMIY0, FgLsdsdoLO SEHMOdEJOOL Lorwd3z9w By JowdE0, 990!

X=Data.iloc[:,:23] - 5&®0dv939d0

Y=Data.iloc[:,23:] - bLodmermm dgga0ol 3gero

d9Lsd5dolo BsBsfgMOL Jobg300 2503330000 0bBMOT>305L, M 306M39wo 23 390
00685 9bL 5GHM00EHJOL, beagnm 24-9 390 FoMmBmoyqbl domqde 89gL.

390092 LogodOms Bz9b doghH dmIbosgdero treining data JgzoLfogermo  BgzgbL
5@m®omal (56w 3905339 treining data) 99990 dGdsbgdol dgdzgmdoo (fit):

Model fit(

X_train,

Y train,

eval metric="rmse",
eval_set=[(X_test, Y_test)],
verbose=True, )

39000920 J0MH0MOO JEo30 InIEol LODBMBEOL 2oBHIBEZ9, 5649 Bl goo33900
Lo@gLBH™ dMbo39998L. gl dmbs398900 B3gbL F0gEss IMIBsYdo. Imbs3999d0lL 496M339w9o
Boffoaro (Fogooms 20%), G303 Imgerolomzol bsgzwgdol 3GmEgldo o6 25oa3030s.
treining data-U 0003900L 99999 99lsdargdgeros d0319000M™ 4593930 Imbs3gdgdol
M5 bofoo  259moygbml  Lolfogws, bmem s Bsfoero  LodgbBm. Fo490ms,
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39053990 dmbs3gdgdol 80% 99moygabmlb  Lolfogws, bmwm  sbs®BRbo 20% -
Lo@gbGme): X_train, X_test, Y_train, Y_test = train_test_split(X, Y, test_size=0.2, random_state=7)

SeamMomdo  459m0ygqbgdl training data-ob 99dgboew 3mbsl s Fgdvdsggdyero
©MA030L Jobg30m o9PIBL LoEJuB™ FMbs393gd0LMZ0L Lsdmermm dggal (LodmEMmM
Jmes L sbdo), 9090 dMIsbgdom (predict): Test_Predictions=Model.predict(X_test).

306500096, B396 303000 B3z960 ULodgbdm dmbs3gdgdol LmeMo dgwgao (B9gowdo
Lodmermm  Joems  bogsbdo) Fga30dwos 89359MMm® 030 IMEIErol 3096  BogsMs©ad
9600369 mdsls o 89358mfdmo ©5dgbo@ LHmEs dgderm dmEgErds 356M9MO.

9ol Lol im®g 99odEgds 4o0DBMIML A5BLLZ39dWsE. FoMEH030 SHLLS 0dbgds, GMa
30093500 ©5909b50 sbEmls 0ym Imgerol 3OHMabmbo MgoemE dmbszgdmsb. 56wy mommgme
36MHMabmbLy s MYoM 99l Im®mol bbzsmdgdol (sgdoo dsB396909edo, dsbdoro
MoEbzgdL dmMob, dmEwo) Lsdwmogrm. sbMadom gl Mol dMmEIEEol (3MI0GdS
0000090 JoLo 3OMABMBOLmMZ0U.

M93M9bool  F99a900L  LoLFMMOL  goboBmTo  goblbgsggdwo  FmEOIMEGdOm
900900 95B39690egd0o 493m0yYygbgds s B396 003500 by gobgLsbmzmm,  GMIge
3500996l 053533000 S M5 M0l B396M30L FmgErols JoLowgdo LoBMLEg. 5649 L3900
3OMI0Yds, MMIOL sOLYdIMD3 BMEYELs S B3gBL 5TM(3565L MULMYGOIMUL 56 gobob.

390myg9bgdoo KPI-gdo Mgacmalool 9909a0L LoBMLEOL sbobgobomgol: MAE (Mean
Absolute Error); MSE (Mean_Squared_Error); RMSE; R2 Score.

RMSE-0l @osmgas bo@gbdm dmbsgdgdobomgol:

rmse = np.sqrt(mean_squared_error(Y_test, Test_Predictions))

RMSE 560l 056B9boeo 65d09dob 356056¢3)9d0L 335060 weo gqligo. ol 30momgdL
990l sdBMEMENG Jglsdsdobmdsls dmbs3gdgdmsb — M58gbs sbermbos sgodlo-
9000 8mbs3gdgdol §aMGHowgdo dmEgwol 3OmMmybmBm 3603369wmdgdmsb. RMSE-ol
©505¢00 3603369 ™d9gd0 0m0mgdL ©939009L 993 BY.

9399 9m 399905 ) OHMYMO 3300 ds RMSE, bggdol Gom@gbmdols 0sds@gdslomsb
9605, bs3L0 33060390000 FJ300¢05 30303 HJJOOL M3EH0TSMO MoMEIBMdS
31939 93509600 LoLHmOOL 3m95303096E0L 360TIZ6gMdL. 3gmglos mvy gl Gogbgzo

93069o.
[e] validation_@-rmse:1.685882
[1] validation_@-rmse:1.57451
[2] validation @-rmse:1.518%92
[2] validation_&-rmse:1.45811
[4] validation_@-rmse:1.46258
[5] validation @-rmse:1.36761
[&] validation_&-rmse:1.33369
[7] validation_@-rmse:1.3884a
[2] validation @-rmse:1.29717
[=] validation_@-rmse:1.28168@
[1e] validation_@-rmse:1.26251

e (MAE): mean_absolute_error(Y_test, Test_Predictions) (0.86)
e MSE: mean_squared_error(Y_test, Test_Predictions) (1.68)
e R2score: r2_score(Y_test, Test_Predictions) (0.84) bov39009bm 3603369¢mds 1 sGob.
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I-gaw BobsBBg ImE3gdnemos 30630M9GHWo 5GHM00BHd0L Bgdmddggdol ooyMsds
d90093bg. b OGMIgrds B39l doge Im3™M390w9ds 0bxMMTo3050 00058585 3608369wMm3560
MO 5eMOH0mTol oge bggdol s3900Lsb.

Feature importance

256

absences

scorel

gender
InARelationship
parentHelps
moreThen3iMemb
extraEduSupport
activities
momWork

momEdu

Features

health

nursery
familyRelationships
fatherEdu

internet
timeMoreThan30
apart
studyTimeMareThan5
fatherWork
extraPaiedClasses

higherEdu

T T T
o 50 100 150 200 250
F score

Bob. 1. 5¢®0dmERdoL Bgdcmgddggdol osy™sds dgwgaby

LSO MM, IMEIL JG3mEODYdS, M) OHMYMEOO F9gaq00 99690500 dmUfogwrggdl, od
R4 BHMOJOOL Fom35olfiobgdom, MMmIwgdoE Imddggdl dsm dmdsgzsen J9w9agdbY.

oboeo  dmbs3gdgdol aos3gdol 9999y 30 M339 dgLodsdolo Imegero  dqdegdl
3063093 M@0 Imbfogerobmzols 3mdsgzowo 1356 9MEM 2ol 3MMABMBOMmYdL.

3. 3365

B900ldogMHo G030l 5dmEsbolsmzol 8603369 mgs60s dmbs398900L Fgacmmaqds, s6v9 0d
065306 d5300L5, HMIGHyE3 3B0JOMIM, G EMI0boMYdsEOs. bRs3b0 ML seram®0mdgdo
099690l sbfo3eolmzol dMsgs¢ 8mbsoigdl. sdo@™a 0go (399a0) 08 bs BMLEHO 0469ds,
65 H5m96mdol  dmbszgdgdls s  0bBMMIs30sLog  dozsfizom. ImEgdme  sdmEsbsdo
3°90ygb930 0gm LodMsE0vOO IMbs318MS BB, MYSWMMO 53035300l G9Jdbol MM
LolE39ge0s dg@o dmbfageol 0bxm®ds30s, MBMM FgB0 (33O, MOMS 20DIMEML

990l 096 ©sdMHW6gdwo 890939d0L LOBMLE).
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XGBoost  sewgm®omdol (o6 Random Forest, Logistic Regression...) 250mygbgdoom
d9L5degdgE0s MRMgLOOL STMEIBOL 2osFY39E)d, HMIJE0E 9YIBL 30mb3MgEMI Loasbdo
9mbfogeggool dmdsgoer  LogsMo™m 39990l ©@d  MMIol  dobsbog  vM0OL
9sL§o3e9gdgdOLMZ0L POHMMEIO MJoR0Mgd0L Imbgbsdo bgarol Tgfymds.

woBIMGMs — References — Jlureparypa:

1. Chogovadze G., Surguladze G., Mikheil Gulitashvili M., Dolidze S. (2020). Software Quality
Management: Testing and Optimization. ISBN 978-9941-8-0629-2. Georgian Technical University,
,IT-Consulting Research Center. Thbilisi, -365 p. (in Georgian)

2. Karbhari V. (2018). Internet resource: https://medium.com/acing-ai/how-to-evaluate-

regression-models-d183b4f5853d
3. Muller A.C., Guido S. (2016). Introduction to Machine Learning with Python.
4. Morde V. (2019). XGBoost Algorithm.

USE OF MACHINE LEARNING IN EDUCATIONAL INSTITUTIONS
Papavadze Sopiko

Georgian Technical University
Summary
The project on constructing pupils’ computer-based online monitoring system is discussed. To
solve the problems, it is proposed to use machine learning methods. We will discuss a specific
experiment, that will help to determine future prospective results for students, so that teachers can
respond in a timely manner. Based on the available baseline data, with the help of the XGBoost
algorithm we solve the corresponding regression task. As a result, we get the estimated score for
each student's next test. It is also proposed to evaluate the accuracy of regression results with

different models.

NCIIOJIbB3BOBAHUE MATMIMHHOI'O OBYYEHUA
B OBPA3OBATEJIBHBIX YYPEXXIEHUAX
TTamaBagze C.
I'pysunckuit Texauyeckuil YHUBepcUTeT

Peziome
OG6cy>xJatoTcss BOIPOCHI ITOCTPOEHUSA KOMIIBIOTEPHOI CHCTEMBI OHJIAHiH-MOHHTOPHWHTA B
00pa3oBaTeIbHOM y4YpekZeHHuH. [II1 peleHns IOCTaBJIeHHBIX 334 IIpe/jlaraeTcs MCII0Ib30BaTh
METOZBI MAIIMHHOTO OOydueHUs. MbI 0OCYZUM KOHKPETHBIM O3KCIEPUMEHT, KOTOPBIH IIOMOXET
oIlpeZieIUTh OyylIvie OKUJaeMble pe3yIbTaThl YYALIMXCs, YTOObI yYHTesIA MOTJIN CBOEBPEMEHHO
pearupoBats. Ha ocHoBe umMmeromruxcs 6a30BBIX JaHHBIX, ¢ moMoursio anroputrma XGBoost, mbr
pelllaeM COOTBETCTBYIOIIYIO 3aflady perpeccuu. B pesysbraTe MBI ITOSydaeM NPUOIU3UTETIBHBIN
6ayur A9 CIefyIOWero TecTa A KaXAOTO CTyZeHTa. Takxke IIpezjaraeTca OIeHUTh TOYHOCTb

PEe3YyIbTATOB PETPECCHUU C IIOMOIIBIO PA3IMIHBIX MO,ZLEJIEfI.
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363065300 Jugerol 0do@sgoMo Imgeols 53905 Goagdol

09MmOHooL S 39GMoL Jugergdols Logwmdzgedy
30> bOady’, 30 HI)?, 892D 3gesdy!
1-b5goMM39wMb G9gdbozmcmo MboggMbo@gdo,
2- dsbMgobols Mboggmliodg@o
69bomdg

3obbommos  3000H3mGsE30MEo  Bobgm®Isgom  Jugwol  3¢0096¢)-byM3z9MEo
303403 MGs s dobo  d0BBYL3MMEILYdOL  FsGIM30L  030EE0M0  FMEIEOL syl
1530006900 M0yJOOL MIMOHOOLS S 39gBHMOL LGHMILEHMOO Jugeol bsgdzgwBy. MHogdOL
09gmOoolb WinPepsy o 39@©ob Jugerols Visual Object Net++ 0bb¢6v99b@GHgool 3s9mygbgdom
Bo@BoM9dmos  30003mM530w0  Jgerol doMmomso  Fobolnsmgdgdol 3bodzbywrmdsms
29bLsBPZMS s 500 FJIMYI0MO SbseoBo.

1553356dm LoGY39d0: 3MNO3MEMS309wo Jugero. 080GSE0OO IMEIWO. HOYJOOL MJMEO0S.
39@®ob Jugeo.

1. 3gLsgsemo

©OQE 3MM3MM300ms d9bgxdbEHOL TboMsdF o obsforgdmmo 0bxm®mdszomwo
LolG9ds  99099os  063gMbYE-0bGH®BYE  Jugwgdol  Lsxwdzgwbg, 09gbgdl 3Jawrogbd-
1939 /96 bYMZ30L-MM0g6GHOMOM 5OJ0EHIJB¥IMIOL. BoMAOL 0bGHMIBYGHO dmoiszL
39039 LggMmms Bl,...,Bn §39dLgargdl arm3se@o s LagMomm Mglw®lgdoom (bob.1) [1,2].

l 8odfmrgdgemo I | dsmoozolL bmm3n| | 3896 Eommo 35630 |

[

sv.'u:ch switch

------

Intranet Server

/" o

phone net e S""—“Ch
Y Firewall
Modem \ Hub |
..L.a,i

Application Server c1

INTERNET

Bob.1. 300305302900 Jugeol Brmyswo LEB®YIGvGs Internet-Intranet-oom
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063369330 Bs0r005 06GMBgEHOL ©@o 93¢035(300m5 (m3s©o) LgM396Mgd0,
3600b63HM900, MLOROHNBMIOOL dMbdsmgmgdo (Firewalls), 0b39gMbgdmsb obgm®mdsiools
MboROMbM  go33eolsm30Ls b3, ©)356MFHGPEGMs  65886MMIwgdol  3md30vEgMHgOO
309OH™M9dwos  06GHMbgBHoL  Jugawmsb  Swirch/Hub-gd0l  Lsdosgdom. 0b@ghbgdwmero
300160353008 Lo8Mowgdom  Jglodgdgos  3mM3MEMSE00L  AMmIbTsMmYdIEMS QoMY
353806900l ©9o0bs30s  bgowgmol b 3OmmJ3ool  0d(m©gdwgdmsb, Lobgwo-
LB gIM (BoRoILILIM) MMYIBODE09dMB s BogobsLbM 3563900 3b.

B3960 LEsG00L 30Bsbos Bgdmomfg@owo s6JoGgdG«IOOL Bobsgl 30MH3MMSEOE
0635693 Jugwdo d0BbgL-3MMEgLYdIOL FoMrM30L JoM0MOEO  TobolosmgdIWGdOL 330935
0303530IH0 IMEIX0Mgd0L d900MEGdOL 25dmygbgdoom.

2.1. 090@530vIM0 8mEIEols 53905 G0agdols MgmMool
0bbEMHYIghE ol WinPepsy-ol a53myggbgdoo

39-2 bsbsBBy HomImagboos 3mM3MGs0mo Jugwo 5 lgMzgood: MainS (MainS’) —
960 3nO3MMS3009wo bgH3gHos M/M/m Godol Lsboom ©s FIFS 9mdlbsbm@gdoo (First-Come,
First-Served). 00 353806305 06&HEM969@&d0 BoOrmvero g356EHsdgb@gdol eom3sw«y S1.S2..... S
19M396090056. B396 30bowsgm Mos Jugwl, GmIgedos dmmbmgbs godwgds dgdm3z09L
Jugeol BgdoldogMo (1..n) dem30@sb. dmmbmgboms fysem, 56w Ggdmbigarol 3356do Gi.Ge...
Gn d9dobggzom  Gogbgms  (Random) 29696Ms@™®oL 3606303000  BWbJ30MmbocmgdL
96003569m0Lgsb  ©sIMM30gdWsE. gb  3396do  sMoL  slgzg M/M/m GHodol o FIFS
3dLobwm9d0m. 0s 3¢old0 090G FMOBMZBsMs Fgdmligerol 0bEgblogmds () [3-5].

,{ WinPEPSY - [5-Servers <5-Servers>]
Eile Edit Network Show Window 72

NL1 o1 | o2 NL2
G1(Random) <:I:D_C)‘—’:I:D—C) ‘_ :I o~ :I O : m: G2 (Random)
M/Gm Pr M/GH-Pr Q@ % g g % €  weH-Pr M/G/1 - Pr _DI
o = o =
LR1 LR2 L2
M/M/m -FCFS _[I:I: ‘DI M/M/m FCES
M/GM -Pr  M/GH -Pr £ M/G/1 - Pr M/G/1 - Pr
! =, !
% : - % ;
3 - M=
= S =
S MainS o S
K M/M/m K
o et O
57 2 =
o = o) =

IM/m

Si

NLi

NLn |'
n {(Random)

G _ — -I:I:I___ -m: Gi (Random)
M/G/1 Pr M/Gi1 - Pr 0_‘ DI‘ M/G/1 - Pr M/G/1 -Pr _I:I:I:
LRn 2 6 L g LRi
M/M/m FCFS O = O = M/M/m FCFS
= =
mo—To 802 208 omr-—om
M/G/1 - Pr M/G/1 - Pr M/G/1 - Pr M/G/1 - Pr

B5b.2. 3030530990 Jugeeols ImEymo Goggdol mgmmool WinPepsy 0blig®Hmdgh@oo
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0000Mge0 3356dL 593L Lobgaro, 3030 s dmdlobwmgdol Lobg. dsgowomolsmgol B39b
Bobobbg: Gl(random) - 39696 5GHMM0 IPHBM3bgd0L 0boEoMgdoLsm30L, BMmALIBYMg MdOYJEHO
0565e0HgdL  FmmbMzbsl s 0aB3bol 96 NLi (sGo-eom3scey®o) o6 Li (lawm3zserw®o)
3356d0l396. MW M350 3356d0 90d¢gds 0gml 3083099 GHMWO 15F)ToM 5SRO0 MO30L0
1539MMO MYLYOLYOd0m, OMIGLSE Fgdmlvyero dmmbmgbols oLETTs390oE 96 FOMPYdS
Lb3g0Lo (m3s®o bgmz96m0L) OHglvyOlo, 040 89l s30JloMgdl O1 3356dd0. o dmmbmgbo
390053005 L1 3396d80, 35906 dobo dmdLobmMg mdogd@o 99565¢r0Bgdl LoFoMm MHglm@LL s
940900905 350093995 OL1 - gom3oeoydHo MHglbryMligdol 3306db s 898099 9900930 BMOIOMHEYdS
OL1 3356d30. B396 096 256bogrwemo dmerm 5 3356d0 ogm M/G/1 Godob.

M/G/1-bobEGHgds s>0fgOl M0ygdol olgo GHo3L s olgm 3MMmEILL, Losg TS9O
dmmbmzbol  dmfmEgdol  dmIgbBHLs s  FmALobmMgdsl  dmGol  2obsHowrgdmeos
56505639690¢00560 356mbom. sbigmo Lsbol LolEgdsdo B3z9b 6 T9gaz0dwos 2obgLsBOzO™M™
3900 dmmbmgbsms Momgbmds 96 LolEgdsdo dmmbmzbol syghgdols Mgsermmo M.
M/G/1-bobEGHgds bollosmgds olgmo  3MHmEgbol  0bEHYbLOgMdOm, MMYMMOESS  3bmbols
06@9bLogmds, A Immbmzboo o380 [5]. 5306539, 9MLYdIMOL M53gbodg Lobol MHoaqdols
©OoL3030bs, HMIGdOE BobsBbgs sefigMowo:

— FCFC (First-Come-First-Served) 30639¢0 93005 30639¢00 dmdbobm®ms (030390 FIFO - Goyo);
— LCFS (Last-Come-First-Served) dcmeom 8m30©0 306390 dmdlsbwydos (030395 LIFO - b3930);

— PS (Processor-Sharing) 36:m3qLm@Mwemo @®mob g965fowgds;

— IS (Infinite-Server) «LobGHwyEem LygHzgHo.

9000560 Bggdol sbsMBgbo 335609003 F0bssMLMdM035@ SBsEMYoMGsE 50fgeMgds.
063 M6 ol gMoo MainServer s n - 53035300L_bgMH39M0 (S1,S2...., Sn) 9gALELWYMHYdS 0ligoO
9mbM3bgd0ol Jglmegdsl, MMIgwmsE FOMEIds JEMdsSEMEMmO MglmemLo. MainServer-ols
5608699 gdss 93€00353050s BgMH39MHYBOL s AEMBSOO MHJuIOLYdOL (3OMYMSTMO,
063635300 s bbg.) doOmgs. (G9b0dzbs: MainS s MainS’ - gbmo dmoegzs0o LgMzg@os,
BobsHbg ol 30MMd0MsEss FoMdmygbowo 2 ©3md3mboEome bsfows®). Jarmdswm®o
M9lmOLYdOL 459MmYgbgd0m Jowgdo J9gag00 BoJuLoMmEYds OG! -:- OGn 3356d9dd0.

3396ddo 898mbveo m0mMgMYeo dmmbmgbs bolinsmgds dmdbobMHgmdol Mmoo - ta.
030 Y39Wd (35390 dmmbmgbols d90mbggzsdo 2o60LoBE3Mgds Immbmzbol bobosmols
dobgzom, OHMmIgos d sbmmm 50obodbgds. 0go dommomgdl dmaLabMy 3gMLmborols
L5 30O MoV s LEFMTomb FglErIEgdol v- LoBJsML, Loosbsg: tg = %; 599056 dgodegds
1
P

3b®owdo bsbgz9b9d05 WinPepsy obli¢®9dgb@do godmygbgdmeo 9900900, 5398490
JB9eol ImEgEol sldwYds39dWS.

Available methods

Lodwoeom dmALobwYMHIMOOL EOMOL gomges: 1 =

fethods | Explanation

Mean value analysis for closed product form nietworks with several classes
BIPHASE BIPHASE analysis for clozed networks without classes
Simulation Simulation for miked netwarks with classes and general service time distnbutions

OFFM analysiz  OPFM analysis for open networks with classes and zingle server nodes
SOPFM analyzsiz  SOPFM analyziz for open network s without classes and with mulh zerver nodes

bd arie MARIE analpsiz for closed networks without clazzes with general zervice ime distibutions
DECOMP Decompozition analysiz for open networkz with clagzes and general zervice ime distibutions
STATESP Statezpace analyziz for clozed networks with clazzes [not implemented yet: mived networks with clazzes and finite queues)
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2.2. 090@530vI0 8mEgeols 53905 39EMOL Jugerols
0blEGIgbEoL Visual Object Net++ -obs g99mygbgdoom

by Mbs 5358mm B396 d0ge Bgdmo Asbbowmo 3MM3MOMS30Mo Jugeol (6sb.1)
0303530960 dmgeo 39GMoL  bAMobEOo Jugugdol dgomEOl  Asdmygbgdom. oo
9930350960 (0BMINGORME0) Mbs 0gmb M0ygdol gm0l Lsrmd3z9w By 53900
dmgobls (Bsb.2). 39EHEm0oL Jugugdols 0bliE®MbE Mo Ls8mswgdgdo WoEIMOEHVIMS0 ©S
3OMPM5dMo  3539GJO0L  BoBIOBY  153FoMmss,  JWdLOZNMO,  FoMEGH030  T53-00gMO
(0590omoq, Visual Object Net++) s 3500 ©@™bobl, 39@6M0ob i396Mso Jugargdo (CPN) s
5.9. [6,7]. 39-3 bobsbBy 6563969305 31mMH30M530wo Jugerol doGmzol dbgaglbo Lobidgdgdols
B0 39GHMOL Jugeol IMEIEo. 00 5290eos Visual Object Net++ gMon3m-565¢00B6H0
6905JGHMM00 ©S MJowoHYdM0s J0BYH-G90gMdM030 30190350 39EM0L Jugaol
Loboo. MbOMB39gwygmxl 08g3MMIOMO s 35MHEGEIMHO 3MMEJLYOIOL ToOMZOL S o0
d9LHE900L POMOMO 356599GMJO0L BOJLOMYOSL.

% Visual Object Met ++ — O >
File Edit Wiew Window Arrange Object Help
Standard |C.l:lm|::-lex]
et | [y o OOl === @ | &) O
iz D:\Gia\BROCHURE\ASU ) =
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LoLGYIol Fs35M0 MmaoLoL YM39M0 INEI0MHEIds 39GMOL Jugwol dnbogooom (S).
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390093900 359m03995 30H0309080 (0i-d9939d0 000Gds LEYONM MM MYLYOLYdIOL
3960909, OLi-090093900 3000905 LogONM WM MHO MHYLIOLYdom, OSi-8909ag00 Jo0MgdS
L5gMHNM AAMBSEYHO MHJLMOLYdOm). F9-4 bogbsHBy b5B3969305 0do@s30MMo 3HMEgLOL
BoGngs Start @oszoom (bob.3-%y).
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3. ols33b6s

3MOH3MGO5(30990 d0DBBYL3OM3gLgdOL Agbgx 9B EHOL Loobxgm®mTsizom LobEgdol LM vyaymazol
d0Bbom, dolo TsbslinsmgdEgdols goborydxmdILYdWSE, J9MA0 F9IAqd0L Fowgds Tgodwgds
08035300 3MmEYoMgdol 0blEGMIg6EIOOL s9myqgbgdoom. goblszmmMgdoo Imdbowro s
99%39JAH09b0  LodmoEgdgdos  HORqdOL  MgMmOmOoL s 3gAHMolL  Jugegdol  3GMAGMmSTmeEo
0bbGOAgbEHgdo (Fspowoms, WinPepsy, Visual Object Net++, CPN).
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DESIGN OF CORPORATE NETWORK SIMULATION MODEL USING
QUEUING THEORY AND PETRI NET
Surguladze Gia!, Gulua David?, Geladze Bezhan'
1-Georgian Technical University,
2-University of Bahrain
Summary

The present article discussed duestions of construction of client-server architecture of corporate
information network and a simulation model of management of its business processes based on queuing theory
and Petri network. Using Win-Pepsy (queuing theory tool) and PetEdit (Petri network's tool) the main
characteristics of the corporate network were determined and their comparative analysis was performed.

IIOCTPOEHVIE UMUTAIIMOHHOM MOJIEJIV KOPTIOPATUBHON MH®OCETU
HA OCHOBE TEOPUY OYEPEJIEM Y CETU IIETPU
Cyprymagze I'.}, I'yirya [1.2, I'enagze B.!
1- I'pysunckuii Texanyueckuit Y HUBEpCHTET,
2- YuusepcureT baxpeiina
Pesiome
PaCCManI/IBaIOTCSI BOIIPOCHI IIOCTPpOEHMA KJ'II/IeHT—CePBepHOf/'I APXHUTEKTYPBI KOPHOPaTPIBHOfI
nH(OPMAIMOHHOM CeTH U MMHUTALMOHHOI MOZE/IH yIIpaBIeHNs ee GU3HeC-TIIPOLeCCaMbl Ha OCHOBE TEOPHH
ouepezeii u cetu [lerpu. C ucmonp3oBaHuEM HHCTPYMEHTOB TEOPHH MacCOBOTO o6cayxuBanus WinPepsy u
ceru ITerpu PetEdit Gpim1 omIpeiesieHB OCHOBHBIE 3HAYEHUA IIOKa3aTeslell KOPIOPATHBHOM CETH U IPOBeJeH

ux CPaBHHTeJIBHI:IfI dHaAJIN3.
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