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Komnexktu xadenpsr Kubepunernku MUDU cepaeuno
no3zapasinsier kadenpy ACY I'TY co cinaBHBIM COPOKAISITBIO-
JIETHEM W JKeJaeT AaJbHEeHIIMX TBOPUYECKUX YCIIEXOB Ha Oiaro
Hapona I'pysun. Kadenpy Kubepnermku MUDU u xadenpy
ACY I'TY cBs3bIBalOT JaBHHE JpyXeckue oTHomeHus. OHu
KaCaJINCh, MPEX/IE BCEro, HAYUHBIX CBSI3€H, BBIPAKAIOILMXCS B
COBMECTHOM  TMOATOTOBKE  AaCIUPAHTOB U  JOKTOPAHTOB,
OpraHu3aliy HayYHBIX CEMUHAPOB U KOH(EPEHIHIA, TIOATOTOBKE
HAY4HBIX TyOJIMKauui.

HecoMHeHHO, peanbHBIMM MHULMATOPAMU ITHX CBSI3E€H
obutn ['oua ['eopruesny Yorosanze u JleB Tumodeenu Ky3un —
niepBbie 3aBeayroniue kadhenp ACY (TOunmcn) u KubepueTuku

(MockBa). OTH 1aBe HE3aypsAHBIC JUYHOCTH CHACNAId OYeHBb
MHOT'O HE TOJILKO B OPraHU3allMi COBMECTHOM HAay4yHOH padOTHl,
HO U B 00Jiee TECHOM COJIMKEHUHU KOJIIEKTHBOB Kadep.

Ilyxun Bopuc AmexceeBmd, 1 T
WYHO JUI MEHS OHU OTKPBUIN U0, MPEKpacH

IMpodeccop MUDPU (Mockza) oA cHut OHH OTKp PY3HIO, TpEKpachyto

CTpaHy, C TaJAHTIMBBIM HapOJOM, YMEIOIIUM YYUTHCS,

TPYJAUTBHCSA U IPEKPACHO, HEITIOBTOPUMO OTABIXaTh. Sl Bcerna pajg
npuexats B ['py3uro, 4ToObI BCTPETUTh U OOHSITH CTapbIX
Ipy3eil. S Hazerch, YTO HCKPEHHEE YYBCTBO YBAaXKEHUS MEKY
HalmnuMHM HapoJaMu €CTbh U OCTAaHETCA B BEKax.
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3963560580, EMgbegbols Lsdgbocm mbygmagbz0sty odbs domgdnmo Gybo ©s gdsbao dgbogMgdols
obogzosdogom.  sdgM030L s Lbgs  J3g¢bgdol  abaeolin®gbegsb  mo@dg@edin@sBo  dsl  Igqlisdsdgds
Computer Science and Information Systems. asdmogmooo @gd60gs 0b6xmGsB0zs80 0bLEOdg6E ol
Aol skOmmgdl. (36mdomo 3mmsbrogmo dg3bogho g. ©og3bB®s Fodws, Hmd 303307960 0g0398
063035803580, M3 Bgmgbzm3o slgGMbm3nsBom™.

0bggm@dsBogel szl Lsdo  doomswo  gabdBmgds:  mgmGommo  0bgm@dsBogs,  3Gsddognmo
0bgm@dsogs  ©s  Fgfbogneo  abgm@dsBogs  [5] s Lsggmdzgemby  0gdbgds  gedmygbgdoma
06333030l dodsGrormemadgdo, dsgamomse, 9306m30znM0 0bgm@IsB0zs, domobgm®dsBoss, 3gmob-
BmO3s8039, @obgzolBozs s 8.3. 9360m30l  J399690B0, Isgsmmomse a9cdsbools mbozg@liodgdgddocs
063330l ablgodmBgdo (6 ©93sBsdgbBado)  sbodbyee  JodsGrrmadsms  gsmgEGgdl
3960036981 [6].
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ogoonmo  obge@dsgogs (Theoretical computer science) 3gobfageols gmedserné  gbsms
09603, dsgamomse, boliggdgao sbsmobo s Gogmo Lolggdgdol ogm@os, Loddsgmgms mgmeos
s m3039, 93BMIsBgd0ls s gAvgms ogmdas, 3980l Jligmgdo, 3GgrogsBgdol  swéoibzs s
9330760 3emaad@s, gmedsen®o bgdsbBogs s edaameosmn®o sbamoba, Mm3gMsosms 33ema3s,
9306m30 379M-3smgdsBogndo  dmpgmoamgdols  dgomegdo,  @3Bodobszool  dgomegdo,  dsbmdcogo
dcdbsbggdol ogmcos, bgmmgbagdo obdgmgddol dgomegdo s 8.8. gmggemogg gl 0bgm@dsdools
QeEdseon® bg@badsenls Foedmswaqbl.

36sdBogmemo 0bgemmdsBogs (Practical computer science) g3lsbrégds 0bgm®dsBozol bgg®mls
363698 mmo  36mdmgdgdol  gesfyzgdel,  asblsggmegdoo  gmddogdgfrmmo  Es3BmyMsdadols
39630056908 3HmaGedgmo  nbOMb3gmgmnel  Bfbmmmaogdolmgols  (Software Engineering). o
3603369mmzsbos  a3GIMgMadgdols gbgdo, ™m3gMsionmo Lob@gdgdo, dmbsizgdms s (3mebol dsbadols
3s0m30L Loliggdgdo [7]. 0go gs3madndsggdl dodomse 30639233090 olgmo bBebosddmemo sdm(3s6980l
BQQQBQVS&J@)QQ, 5)m6m5)08oo 06(3006)80(3001} '83631’)3& © 8.)6003.) amGoG{JBmo 15({3)6‘3,:](5_3)'3(4)36015
baBgaemagdom. 360336qmmagsba sgomo mdotrsgl o 3s6Jsbne smam@omdgdl, Gmdmgdo Gormmo s
bBoéoggaowaaanboggo oameo[;abols ogémaoéo%abﬂg aog\)ag‘tjagéoh 38]5315‘3(4)360. 3635@05‘3@0
OG(Zsmﬁ)aoéodoh (336(56)0;:)"360 © B"JQ‘)E] od@ﬂogﬂﬁo maaoo ﬁm‘ggo 608008853600)0 15015(8)33325015
(Windows- s Web-s3¢w03530930L) 339301 3603603900 $)9d6mremmangdols 89436s ws gobgomstigds.
gbss  bgeaddaergmo,  mdogdd-meogbBocgdamo s gobysmMo  ©s3GMaMsdgdols  dgmmegdo,
@bogoodgdnmo  dmpgmotgdol  gbs (UML) s gfl@égdsenndo  36mg@sdotigdals  (Agile)
@)Djﬁmmmaoabo, dsmo aa@mao@)o%gbmmo QQSﬁmaﬁoagboh 95e0Bs300ls (CASE) 0bb 9396 memo
LsBmoemgdsbo [8-10].

&odbogato obgmedsgogs (Computer engineering) 3goLfagemol 0bgm®dsozol  Bgdbogmeo
qbermbagmgmeggol  (Hardware) — Lsggdamgdl,  Gogmeogss  3ogdm3tmigbodnmo 8946039,
dm33oBadagmo s JoBgddnegde, Jlgmueo ©s  3mdnbogsion®o  LobBgdgdo, 3mbBAmmgmgdo s
3960g960mmo dmgmdommemdsbo, GmdmBmBgdbognco s lgblmemmo Lob@gdgdo s 8.9. ago 9Byseom
3938067305 994 OmEg6035Lmsb, asblsgmmgdon (3080w Bqdbmrmgogdmsb, safgmgg @maogsls
s ©algOgdmm  3smgdsogelmsb,  gepsdtmggmm  bgdsms  ogm@osbosh.  dmerer  (emgddo
330l gnomegdnmo  gn@semads 9d3g3e Ige@odgeondo  Badbmemmgogdols 3g4dbsl s gsbzomstindsl,
53 gm330nBgrgmo smmom-gobmsen@o Lob@gdgdol sg9dols Lsegndggemas [4].

383mygbadooo  obgmmdsBogs (Applied informatics) ogedom  L3gdeol  3g6og@gdss.  ogo
386;35(*)&) mamt{m‘ag, 3(4)‘5;](8)0(5'39\*) ©d (553{]606'36 06(3(*)5)3&@05&7)& HOQ%’SS{]&B ©s '83015%‘&3@01} doo
3602358 mem  33mygabgdsls  Lbgoslibzs  @saqgdals  (g3mbmdogs s 30bbglo,  0m@aldGmogb30s,
363663@06‘5’ 85)3%‘33;2(*)6‘5, (?)6061}3(*)6@)0, 33;30(30&5, Bchles Baﬂﬁ)ﬁgmbo, 60&50);@36.5, 3600)33(36036325&
s Ub3g) Gommo Bgfbemmaon®o  36miglgdol  3m330mdg@obszool, obgm@dsgonmo  Lsszgdol
394360ls s 33060l Momgdolsmzols, bsbm@gomemmangdols 3Oma@msdnmo dbstrsdg@als gsbzomstrg-
dolbsmgzol [11-13].  asesfysgdomadsms domgdals dbstisddgmo  3m33ondggmo  Lob@gdgdo  gmagmo
3420l s73omgdgmo  0bligOndgbdo begds [14]. 9JL3godmmo  Loliggdgdo 3608369emm3zs6  Gmenls
sbOrnmgdl mebs3geMm3g ©0sabemligozols s 3Mmabmbol sdm(36580l gomslsyzgdee [15].

2. B6m30L  s38mdsBobgdgmo Laliggdgdo s 3GmaMsdnmo abgobg@os

393099690000 3O Mmoo 830330960l 394360l Lsggmdzgemas ,,36mgMsdnmmo  0bgobgools”
b4y 3maesdgmo  Bgdbmmmgogdols  (Software Engineering) dgommeemmmgogdo. dsmo  LsBmemgdom
b 309meEgds  sbsggdo  3Gma®sdnmo  Lolggdol Lsbogmiabme  ogmol g@e3gdol dstrmzs (656.2).
F3gb asbgoboemsgm 03  Igmemeemermgogdl, dgmmeadl  ©s  0bligEMdgbBgdl, GOmAmgdo  @0byMas
,,8360)3015 ‘53(8)0)8‘)(?50%325'3;20 15015@)3836015” domggﬁoh Boh%‘aBva 36(')8315'80 &ng)m 10 VQOB
336353emmd380 0bmgszoo @oli303emabgdols Laboo.
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0530330 oBIMGoTE-06363396G3 o 3Gmgglo

=3Bt
253300
PoodoRo: 0 1 ] : 11
B3ognsnisgne 3 -
©BmEas | 2 %;&f;imb 328050585 eofigm
SOOI EXriiioe B < RTod
AEOBOPEOS BEpIBoTos o
L e Smanbmgbiodo ©3d30atoTes GobdeBR0b @LLETe
V;oﬁv—gb-:-f:n ,b>qu noyf-_\,nm W&«n oguénﬁgbob ru.l»n:;\&o

65b.2. 2868360b Fmmgmo 3Hma@edagmo bErgbgmymaol Lsbogmibme ogmol
LagmbBBmmm Faoomagdoon

> 0yt -ot0gbBotgdgme Es3GmaMsdgds gOm-ghmo s memndo ©s 3dmsgzto  gomem-
30760 Lsdmemgdss 0sbsdgecimgyg 0bgm@dszomm Bgdbmemyogddo. dolo dobsbos oo s Gorgero
36macsdamo  boliggdgdol  3mbl@emomgds. ogo m30lgdcogse  sbsmo  3mbsgnogdol  ds@edgdgemo
Qa36m660832§0h @)adﬁmgmaooo 1)01)(8)3886015 m&ogd@)—mﬁ)ogﬁ(’})oﬁ)gbgg’o 060Q0%01}o ©d mboaj@—
M096B 090 mo  s3Amgddgdol  dgmmegdoms  ©s  Ggemobsigool  dmdboemo  ablidGdgbd o
LeBmoemgdgdoo  [16,17]. 83 30dstrormmagdol  g@m-96mo  ©s3sseligdgmos  Bgbslol  mbogzg@lbodgdols
36(')(33130)60, Q‘)GOUQO 05616 15(5514).)‘31;@)6'330, F)mﬁgg:»aoe ﬁoamogawobo m&ogd@—méoaﬁéoﬁgbﬂ@o
©3OM3M3d9o0ls  doMomso  mgmGogmo  bsggmdgemgdo:l  gemsligdo s mdogddgdo,  dmbszgdos
BB GsJEmmo Bodgdo, 39333006H9m800mds ©8 memodm®gobdo s 8. [18]. dobo Lsbgermddmasbgme
C++ gbol dqlobgd 30639tm0 0gm, Gmdmoms obffegmadmes 33961030, 93Om30bs s bsfstmggmmls
&odbogneo mbogg@lodgBol dglsdsdol L3g30smmdgdby [19] emgolsmzol dbemgemom@o 2000-3wq
©336ma633900L gbss FqJdbogmo @ dsmo 336300561985 KIMS(3 3O EFNs3MdMms (656.3)

k Visual Studio.NET 2013, 2015
i Ccra045)  FE2010 rigfadrfrm mfopbderpame
2010 X
2000 C# Fi#-2002 ) v
AN T ik (RN 36eppEafrym efobtotbymo
1990 I Java _
Eiffel Oberon OCaml Mliranda r
1980 KRC
Modula? bihFradénfgm ohagbefplgme
SmalTalk T FortranT7
T C SASL
1970 Pascal ebogity-ongbetipbgme
Simulat 7
Basic f I
1960 Simula Algol 60 / \ a0%ma e rmbioni o me
1950 Algol Cobol  Fortran v
grddebybiy frrfogbitotipbymo

6ob.3. 3303633580 96930l 336300561900l 969630980
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83 9693ds  gsM33gmmo  Gmo  gplemms  0sbsdgemmgy  gmddondgenmo  Bgdbmemmaongdols
394360ls s gsbz0mstgdols boddgdo. e3MMaMsdgdals gbgdals gmslogagszos dsmBo  Ggemobgdamo
dgomeEgdols s bFomol  ogembsbeolon  bodogmegds:  gbogg@lsmdo  3Gm3gn@mmo,
B 76J30mbse 0, mmaogn®o, biadgnmo, mdogdd)-memogbBomgdnmoa, gobmsmrn®o os +.38. [2,20]

> Bembogglos  dabgdob  odmgol  LolbBgdgdo  md3ondgmmo  ©a36ma®edgdals  gbsms
36033b69mmagsbo,  Mama0gdby  mGogbBoMgdamo  mogobsmmdo  gmsbos,  Gmdgmo  obgemaligemo
393009600, gEase-3Ms63 Jemeols (3&6Q003¢Q3608Q3-2003 derzsfgmdes 839603580, abgm@dsBools
b9 do meoegbo m3sfmobogols 1981 §. dogbogs Bom@obgols 3930s) dmbszgdoms dsbodmmocgdols
960k ALFA-L 36mgd@oesb omgdl Lsmaggl [21,22]. Loliggdgdo MsAccess, MySQL, MsSQL Server
s Oracle 309dd-m0gbBocgdnmo  gsbsfomagdamo  Gagmasigon@o  debgdol dsdmgol  Loliggdgdos,
Gmdmgdo e@al gstmme asdmoygbads mEasbobs3058d0. dmmm dgMamedo guMsmgdsl ool ses-
G9mS30760 60%3608 (aoaog‘f\ﬂomogg, ;gmd';jaa(;(f})gbooa méogﬁ@oﬁgbg(j\wo dcbas(39dms dsbs - MongoDB),
Oedmgdoz bdgdmor dsbgdologol dg36se  LfGsgse 3ndsmdls [23]. NOSQL $odols 3sb9880 o6
3830m0ggbgds Hgmszom®o m3gdsiogdo (JOiN-ols dbgsslo).

3B e n®ae 00)3;:)36& dcbs(39dms 60%86015 ggoSﬁmajcﬁ)aboh 3333 obsoz0s. 83 doBbon
2990096788 m309Jd)-rmemno dmEgmomgdols &gdomemmgos [24,25]. Bzg6 gsmgemsby 89d7ds3qdmeos
h3800o(mﬂﬁ)o aammggoda © hodmf;h‘a@@)‘seom 15‘53"‘:]'3‘5(')360 ggmd@)mﬁ&ﬁ@)gbohmaoh, 6008;:)360(3 Ms
Visual Studio.NET-2013/15 o6@)ga606dnm 35693080 Natural ORM Architect 353980l sbdstrgdom
0bBg®sdBomee 970830 839696 Lszzmgzo mdogddol 3063938 s n® ORM-dmegeml, ®mdmoosbss
8m30\)335m 3@0336%3 3363606Q3&5 oﬁ)lsmo-ggoamdoggab‘agmaboh 3(*)Q3Qm (Entity-ReIationship-ModeI) ©5
DLL-gsoggdo. 88 3965L369mom 3o 938m3sndoe 0436gds dmbszgdms gobogn®o dsbs, dsgomomsw,
MsSQL Server-obmgols [26]. 33 Lsgombgdol gsgstromgdoms ©s 3sbzomstigdoon d904db6s  (3meebols
3sB730ls dodsrormemgds, GmIgmo BsBmmE gsdmaygbgds bgmemgbn®o abBgmagddol ws gJu3ged g
Lolid9d50do [7,27].

> 336036599301 Bofbermmangdols (Software Engineering) gs630ms696sbs @s 3m3mestrobs-
Go.ﬂs 1‘)3;:»0 '83‘3%‘3(‘0 NATO-b 0300m 1968/69 %‘ ﬁa@aﬁ)gbﬂgaa dm6<3314)3660.53 ,,.Software Engine—
ering”. wmql 30 Computer Aided Software Engineering (CASE) @gd6mmemgogdo mosgme 3godmgds
Rsomgsgomls 3md3omBg@mmo ©s3tma@sdgdols 96930bs s abligndgb@gdol dsmmgl 3F39¢3s8masc.

3033096 mmo $gbmemmaogdals Bgdoamdds asb30ms619889, sbamo memdals 356436930l @s bndg
3cboBmergdol 9940653 sbsdsdo dobzs ddmsgho adsgogmmo LsBnsmgdgdol asb30056938k. s0dGs
sbamo Bommms ©s36macsdgdol olgmmasdo.

I APP:_I__!__ I APL_2__!__-_' ’ IAPP_’ | . I._ﬁpl_NI dsasmomse, .NET-35693m80 sbsewo, $9d6e-

TR __.«-"?':_'_"‘-——-___ gt Qmaoaboh Leboo:  WPF, WF, WCF,
5 ADO.NET, ASP.NET, Silverlight, MVC s
8.3. (bsb.4) [28]. slgomo 3odGoemmo s
»Abmdndo”  Bgdbemrmmaongdols  mgmeommo
bsggmdggemo md0gddm®ogbdomgdmgma sbsgo-
Bol s ™dogdBmogbBomgdnmo ©s3mad-
3900l dgomegdos. dsor dsbabg go Fgoddbs

Mbogo3009dmmo dmegmotgdol gbs (UML-
Unified Modeling Language), &omgemes
beoglo  bBebpsdBo ©owo  3Omg@sdnmo
360998 900b  assbsyzad e (656.5) [16].
6sb.4. s3mogs;30980l s300L JodGownmo Bgdbmemmmgogdo
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sbgmo g@sgm-sbsmmobrdo gbol gebgomstrg- [

&)’80' 336Ls gnomegdamoa Fgmamoa 3gadsbyls IBM %agjﬁfﬁﬂh““:;h i
(Rational Rose) gotdol  dq(36096983s:  3aGrs@o *bé:}!/;:ﬂi?—— /. I?:é\? 1\
37hds, 0356 %83m8lmbds ©s %903l ©s3dm3 [2,9]. E@; V&J.E“’VD é‘"x.”@ﬂt“\@
UML @#)gd6memmgos  omgmdomem-36sddozm- ,.;q.:’j y /:::;F' %\“\%ﬂ,?ﬂ
o 06gg®3sBozol  dsbaby  Rsdmgsmodws. ogo [T"}rf:"l- 2".’_“.;#-1" A /’1 2 o “\I big '
asbsfomagdagemo  s3mdsobgdamo  Loliggdgdols _ ﬂc E%: et _r\d - I‘.'.'II : §
Ro36mybgdol  Bgogemmmgonbo baggdggres, WA _rm N S & 0-5” /3 |
Aol emb(3953300083 9904dbs olgmo oblB G- r‘._ ,;L b\\%& ' G“:ﬁ,‘a}/ 4 ;t?
35683980, Gmameniss Rational Rose, Enterprise '-?”}\\ﬁ‘p"‘-?ﬂum_gl As® //,‘_-a'.:% a2/
Architect, ParadigmPlus, MsVisio s bg. [9,31]. "-ﬁ?_?fg;}?g?uﬁ 'f',,b ’b_
36r03Gsdgmo 3 39tgdol sagdols 3Gm(3glols L N Tl
bBsbsd@obsios bsdo dodomswo dadstrogmagdols ——
”3060(?)0,3‘3‘4)0“ aUBJBOQ&)UO: Q03&)m(’]d@)[}60b 33 ™- 6s5.5. UML @$)346mgomgoals 4-gis30:
8¢(f_3)0(15a(30¢, ;1\)036)(")6(4)083601} o3@)m8o(§)0%¢800 ©d baBoggdo s obsdognso dmpgmgdon

3cbs(398ms d3bgdols s3960ls s3B@IsBobszs [32].
&sﬁmgoh og(?)mao@)o%abﬂg\wo 15015@)3886015 36”6‘4")83@0 ﬂ%ﬁﬂGSSQSN(BOB aaaboh 35)00631336015

sbgmo bergemazsbmgsbo 3@ mds@obaos 30bgemn®o dmegmomgdols bebgm{megdon ©sdzzoedes. ogo
ImEgmadol a@sgognm [om3mEaqbsl gyebmds ©s Brmdl dmdborm Gg390lnm Bgdbmemmgoasls [33].
sbgo  3mgMedam  0bbBemdgbgddo  Lagndemadm  smaomo  dacsgl, Gmgmeg  bgdmo

s@3603690m, ™dagdH-Geogrn®  dmegmoatigdsl (ORM), 6mdgmos  Ledgsmgdom,  3e$gameosea®o
doamdols Lsggmdzgemby bemezogemegds dmbszgdms @s (3mebols dsb930ls [7], smabon®o Loliggdgéals
[34], satgozg 3mbsizgdos ba393980L ©a36ImgdB 30l 3Ge3gligdals s3dmdsBobsios [35]. 39-6 bsbsbby
6o53353603 ORM- 0536330l Lsomql@szom gcsgdgbdo Igdogan %odégbomi

° fl-;ggSoﬁ)(fﬁoaaB@h .55315 ho'bagmo;

o f2 0935618339680 s 1—39:) 396L%g BVQBQ(‘OM} 200 1)(?)'3;336(550.

/Tevel \

'Q_“"Tdf‘?f
SN e N N
| e artment [ | L/ Quantity |
'EEPEME‘: L ] _.\ EchndE;il . [ﬂf}__/f

S

iz of / has e
...at ... has students i ...

655.6. ORM-posg6sdols o36r8399680

> 3o63mesaommo dmbaiggdms Lageggdol 89dbs msbsdgommzg Lsobgm®dsom Bgdbmemmaogdols
9em-960m0 7sbemgbo s g mee @0 dodstormmagdss [35].

dmbo3dms  Lozsgo  (Data warehouse) gobobogmgds  Gegemeiy  Oemdgmody 3063698 mmo
m®360bs300L 36 oo LsFs@dmbogol asb3mmgbormo L3gosendo bndg@-dsbs, Lswsz d0dwobstryg
39638 07mo Lsdndsml Iglermmadolsl msgl og@ols JOmbmemmaon® abgm@dsiosms dogemo b3gddGo,
Omdgmms  ©360dbymgdszes dmdbdsdgdmobmgols 0bda@bgd) 3396wgdby dobbmdMogsm  asbemsgadamma
&9dbdac0, 3Gsxg03mmo ©s sgeom-gobnsen@o bsobgm@mdsgom demygdols dofmegds. 39-7 bsbabby
dc393emos 3sbsfomgdnmo s3mdsBobgdamo dsmzol LolBgdols dmbs;zndms bsgegol bemgswo bqds.
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—— m abs pass f""’[lg_"\_d{jﬂ‘ﬂldm p— m
. } g i, |
internet drfiannims 1 Aefappdma )
BBl sy e G £
OLTF I OLAP |—|
L] | L I—
"y Vo o o
pew—— o .
3 a G ﬁ i 3 I-__II
. Bissbafy fons .

Bty

L 2
-

drmtimaham
—— foiuliadn [

606.7. Bmbsczgdms bazegol Bmgswo Lfgds

iyhal; b
Ry

dmbo3930ms  Lazs30l 39 Fomdols 361063030 sbigmos:  30éggee 983ty Dwh-ol  3s3mygbgdom
Ogema30m6 3859300 gPmsE  mezdmyg®omo  dmbssgdgdo  msamgds  asé3gmmo  Ligdaddneamo
056530393¢0m0m, brgds dsmo ,,8(dgbws”. Igmey 9Bs3by Foedmgdl 0bgm@dsiools Bgbmermgan®o
©sd78sggds OLAP (Online Analytical Processing) dmbs;gdms m3gésdommo  sbsgmobols asdmggbgdoo.
dqbedg 9Be3by gl dmbs3ndgdo dmdbdstigdmgdls dogfmwgdsm abBg@bgBol Lsdmsmadom. 0bgm@dszomema
demerggdo, Gemdmgdoz dmbszgdms s3e390B0s gebsfomgdmmo, dobsbdodstrorgmae msglwads obig@bys)
2390090%7 ©5 bamdolbsfaemdos gsmem dmdbdsmgdmolingol.

OLAP  bogsecmado  ablig@rndgbdos, Gmdgmo LsBmsmagdsl 0dmggs 0bgm@dsgools d6msgsem-
a36bmdogmgdasbo  sbagobol  Rsledemgdmase. ogo  Ggmsiogdo  Bodol dmbszgdms  Lsgeggdobs s
3cbs(398ms  dabadolimgolss 9539 m@se  asdmygabgdsma. Lsgnsemgdms, Gmd  Gamsigon®o  dsbadols
(3‘3633;3363;(»8‘) 9 3mds ﬁoamaaogobo (1993 %’) 3963 0mmo  sbagabols OLAP-OGB@F)?]E]{]G({SOB
Lsggndggeby dembssgdos  La(303900L  ©@330mdBgdals ©s gbiombodgdols 3G0bzodgdo [22]. gL 12
Tobos, Amdgebss qbos  83dsgmagarmgdegl badolidogo gsbsfamgdnmo  sg@mdsobgdnmo  Loliggds
30633905 bose300, Gsms  RoBedegl  Loobgm@dsom  dmmggdol  bergmaslmgsbo  m3g@sonmo
.55.59:)0%01 1) 80')50838070 86330@635%m30g:)360‘560 deGQS({‘)‘UoQgﬁ)O %‘oﬁ)amggagﬁo; 2) 6&333063&@3(62)&;
3) doofgzemds; 4) sbasc0dms ©s37353900lsls dnwdogzo Foedsemds; 5) 3m096d-Lg®ggols s Jod)gd-
Baes; 6) 336960093300 3G35emasbbmBommgdosbmds; 7) ©obsdognmo dsemzals Ggg0do; 8) desge-
dm3bAsGr9demosbmds; 9)  Fgnbomwsgo  3sbbmdoemgdols  ©sdndsggdols  m3g@siogdo; 10)  dmbszgdms
0b@moio®o 3sbodmmszos; 11) 8635608980l domgdols dmdboemo LaBsemgds; 12) dgnbooszo bmdgdo
©5 $aM935(30508 MremEgbmds [35,36].

> goe3mtsgongmo  Jbgmagde  (MAN — Metropolitan Area Network) —gsbsfogmgdnemo
dcbs(390ms  ba(383980L  s30mgdgemo gegdabBos. dsmo 3ebz0ms690s dmgom soffemgnmBo Igndgzeeo
360migkos @ 3G0b0dmse  sbam  88m(39698L  )gbgdl  0bgm@dsBozmlgdl. oy @mgsrrn@
30330896 Jugemgd3do (LAN — Local Area Network) se3o6ol@éomgdols 36mdmgds sérzor 373939
ogm, 3me3mesgone Jligmgddo o3 baddgl Lsgdsme Ig@o 33semogozo@gdnmo 3g@lmbsmoa gdlsby@gds
s mGasbobs00l gsdsdornmo 39dsmds sty oEsess ©sdmoegdgmo [37-39]. 3mG3mGsommo
Jbgemgdo Balosmwagds 99dmga0 doMomswo mzolgdgdom: 336 39eadols 49matsgos, dmdbds@gdgmms s
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bgtgobgdol oo  GsmEgbmds, 838G m@ol  dMsgzemagmgbgds, 0bgm@ds(z00ls oo  dm(3Eamds,
bsggPobemgds s Bgbsbzols Lsodgommds.

sbgmo Loliggdqdols ggbdombodgdol gi39ddmeo dmegmomadols s sbsmobobsmgols gsdmoaygbads
3980l Jugmgdo [9,13]. 3mG3m@sionm  JlgmgdBo, Gmgm®i Fgbo, dmbsgdgdo  3Oma@msdgdaliasb
000 Jdol Lemmagbon obmmomgdnmase 0bsbgds. jg@dme, bobBo eolimgdol dsLoggddo (396@Gsmo-
Bdmmo Loboor. bsgsebagde Jlgmado Bgfbmemmaongda 9bembzgemygmals dmbszgdms bszeggdol dstrngsls
geaem-bgMgg6g00ls doge.

> 3osbggtrgmo s0Jodaddmee 60l gsor-ligMzg@ol Ggsmobsiool g3gmsby m3Bodserneo
Bodoermmgos.  gemsliggmo ™o o6 IgBo  3396d0bash  (3md3ondgcolash) Bgdmasto Bogs  JLgemos,
O@Igmoig $33Gmem  ©s  3OmaMsdnm  ©mbyby  ghmo  Lgdggmol  Lsbomss  gesnm@dgdmmo  [37].
3esbiggmo dgozesl Fobsbfed asblsbog@mmo Galm@lgdol Lod®sgmal (IP-3olsdstrmgdo, Jlgeammo
bobgegdo, Loliggdgmo Lghgolgdo, asbsfomgdnmo  Lojsmeemeggdo, asdmgabgdomo  3OmaMsdgdo s
Lb3s). gmggmo dsmasbo O@l deigdnm 3mdgb@d 8o 3mbitgdmmo  3396dol  gmgbomgdss, beenm
3396001 3G gmdMnesb  gsdmligmol d9dmbgnzedo L3gposemndo  3emslggdols Lolggdn®o Lagdgolo dsls
agémao@)'ﬂﬁogg 6°Q°0®°6h hb&) 8mdaag\) 68‘566%3‘

39-8 Bbsbabby dm(393mm0s 3MG3mesiogmo Jlgmols dsemzol Loliggdol obmdmGgnmo 39 cmol
Jugemol dmpgemo [40]. ogo s3gdmmos aGsgm-sbsmabn®o Hgosddmen ©s Ggsmabgdnmos  dobgb-
Fggamdeogo  3Mgeozedgmo 3980l Jlgmol Laboo. 9beMbzgmymgls dodwgzdmdomo s 3sGremg-
o 36mi39bgdols 3semzel s dsmo Fglermmadols Omomno 3s639¢Mgd0L  godboegdsl. Lolid)qdols
dosgeto  ogolol  Lg®ggeo  dmegmotegds 39860l Jlgmol  3mbogooo  (S).  dmmbemgbgdols
Boddocgdobsmgol (©s3m335m, 0go 333sgma0mgdls 37mslembols gsbsfomadsl) Bgdm@sbomos Gebrma-
2969698 ™e0 (G). dmnbezgbols sbsmobols (/) s dobo ©sd18s3gd0ls Bgmgagdo gsdmo3gds 3ebo3096d0
(Oi-3909a3900  Boomgds  LsgPmm  mmzsendo  Ggln®lgdol asé98g, OLidgogaqgdo  doomgds  Lsg@mm
e gora®o Ggln®lgdom, OSi-8gmgagdo doomgds Lsgomm ammdsern@o Gabg@lgdon).

T it Tic o ou

60b.8. 33masionmo Jugmol ggésadgbiBol
dmpgemo 39BGol Jlgmon
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> 06mdmezsb 3s363860898508” Bodbmmegos (Cloud Computing Tehnology)  3goségdom
sbaemo, dsgcs3 LiGogee 3963000658500 B0dstrormmagdss 1 T-Lg®30l980L bgg®mBo [41-43]. 2008
Toml  godmdzggpes  IEEE-L  ©mgndgbdo, 6OmdgmBoi  dmbszgdms  oemdmemgsbo  @sdndsggds
236Labg@amo agm, Gmameg sbsmo 356800338, Mol EOMLS(3 0bggm®dsos ddogse 0bsbgds
Lge3969d%g ©8 ©OMgdon 3g0twgds gmogbdol Fbscgl” (656.9).

Application

Collaboration 2
.. Fnance
Communic ation

Platform
e r—— -
== - 3
Identity & 4 s =
Object Storage Runtim Database
Infrastructure

Block Storage

Cloud Computing
655.9. mérgdmegsbo gsdmmgmado

Fgodmgds 0mdael, Gmd mAMdmmgsbo gssbyst0dgdsbo, Memgme Gglg@ligdol gebsfomagdals s
3068 m0mobs300l  ghm-ghmo  Bgdomemmaos,  Gmdgmo Oglig@lgdl s Loddmseg@ggdls s geols
3c3b3o61939m s 0bB9ebgB-ligMgzolgdol  Lsbom, qlsg@mnbmgdol  mgsmbsbmobon bsbosmwpgds  Gogo
USOF)Q@)SB(')BUZSOO) Bdswogone  gmddoBghms  Jlgemnéo h@ﬁ)‘gj@'ﬂégboh (fbadﬁmg)maog&moﬁ
FgsMgbom.  $ds3eMHMTMmsE, ANdm™m3sbo  ©sdndsgzgdol  d9dzgmdom  ggMdm oy 3MG3MASBoTmo
0bggmAds300l Fgbsbgs o gsdmygbgds 93¢ bogmmgdo sbsbsxgdom bg@brgds.

©&ndmm3zs60  Bgfbmemgos  dmdbstrgdgels bbgsslbas  mboli  Lg®zolgdl Losgsbmdls [I]:
0bg3@sbB O mergmo  bgdgobo (TaaS - Infrastructure as a Service) - 335625800 15.5"6';:].5@3632501}
(939em3bg 338030 dsgamomo: bsgmmsto ,,boligo olizm @O7dgmBa"), m3gdsonmo bolggdgdol s
15015@38‘3(4)0 36m66o8'2]gm0 '3%63633Q3m%0h ,,Qé‘gb(g)m&b&) QQ@SF)GQ({?)OSQ"; 35:"’(?)%0“4’8'35:’0 1}3630150
(PaaS— Platform asaSerVice) - 336—6o°60(4)36‘3g20 (B Bb3o, dsom dméols, 3m5¢838mo 6&%32501} 8‘56)0)3015
Lol#gdgdol sggdobs s dsmgol Ledrsmadsms ,Mmdememzgsbo se@g@bsgngs”; 3emgmsdnmo by@golo
(SaaS - Software as a Service) - 36mg@sdnmo «bH6-
39egmg0l 33mygnbgdals ,,emdemmzgsbo serdg@bsdogs".

33sbmsb  bs  s@0b0Bbml, O™ abgm®dszools
039 Bo"  3sbmagligdsby  Lamd@olsl,  mfobsérgls
gorgemols, oamemolbdgds .. 39609 m&mdgmoa" (656.10),
Gmdgmo  0bgm@dsgool  gbsbzol  gggmety  osgo
Lo dgoemadss s Layggogbe  s@Rggebos  sbermseosgd-
6o o mO360bs(30900lmzol,  O@Igmmsi  3M33ond)g-
o 8336 mM0l s 3Omgmsdnmo baNbzgmymegol
Fgbadgbs s sbsbgdgsm bgGombrmmo  3s3oB)emmwsdeb-
©gds x9® gorgg o6 asbrbeezogmgdos.

Smart Phone

66.10. ,,3069 EARdyma”
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> 2003 Fomb  ogbgligml  gqbgMeonéo oty dmeol,  deBmb  gmoBodm  ds3yydsls
Ibsdrsggon igy-do hsdmgsemodes agbgligmb gsomgoes ,,leobgm@dsgoem Labmaspmgds™. smgool
339390 ©3060d6s s3009303mbo ambBs Amgmgsdy, bomeme dob dmspgomge 3Gmaqlnto 3sge oedsbads.
3300  0bo(z0880300 @8  NBPeme  ImbsFomgmdon 35G350l s3E™dsobgd o Loliggdgdols”
B3g(300mmdols Lgnogbdgdolbmgol Bgdndeges s Lobfegme 3m;gldo snbgdas sbamo @alisndmoabs
»0bgmEIs30nm-3m3nbogeondo  Bgdbmmegogdo  0bgm@dsonm  Lsbmasemgdsde  (ICT 1S)”,
Omdgmoi dgmoby  3p@lol  3s3emsz@osBol  Lgmegbdgdl gzombgdse 2013

° Jmoesb. 3 Lsgbol  dobsbos  bEmegbBgdl dobzgl  (3mebs  0bgm®dszommo

Ict Labegsemgdols bemdd ool s sggd0l 3@06(303980L Tglebad, Gems Fgdgmddo
. Fgdemmb  03bsdgeMm3zy  0bggm@dszommo s gmdgbogsion@o  Bgdbmmmmangdols
3900 J3gabomse  gsdmygbads.

21-9 bsmgmby 0bgem®dsionmo Labmasemgdols smddqbgdemmdols bamznbgs (361906mldGammo,
0bligGonmo ©s 3mbBobonlgmonmo Lsbmasomgdgdols B9dmamd). 0bgm®ddsionm  bsbmgsomgdsdo
930603030l gggems stgo s Lsfsddm ogrb30mbodgdl jmddondg@nmo Bgfbmemmaogdols Lsdmsmy-
300, 0bgzm®Isz0mmo  Lsbmasemgdols dodomso 3O@dals ostsmon | gmgd@embagmo  Lsbgmadfogm,
30536033, d0bbglo gbdedrgds 306MHm3zbgdsl s dol mgpsbl slisddgdsls s (3mebols domgdsda, Gawysh
063 3s(30mem Lsbmgsemgdsdo asbsomagds ©s dq3bogHgds dotomsmo 3G0m®odgdgdos !

30680 Bsgmgds 306mzbgdsby ,,0mMa9dmmo®  asbsmmgdols LFGsgsm ©s ssdasbolsmgols
dobabg@bgdgem edmbs ©s Loghgdo domgdol LsBnsmgdsl odmggs, Gog 3330698 bfsgmol edmb s
oaoo\)@a&h 3366035)325.5'30 ﬁoém‘agmmbols bodolbl.  olgsbiondo b7  oO@ Mo,  obdgebys
a3bsmemadols sbsmmo dgmemegdols s baBmsemgdgdol  Fgdndsggds, 0bgm®dszommo s 3mdgbogsomdo
Badbereamyogdols asdmygabgdom, admggs LFMsgo s bsdolbosbo doBbol domggsb.

Bzgbo Lgnogbdmdals asbsmmgdol mgsenbsbmolon gn@semgdsl odig3l deBemb a. Bmgmgsdols
d9dboemo  BGogmmans: 0653060053087 0bgm®ds308,  Labmasmagds, ssdosbo; ,ammdsemsblio”  —
aemdsemobsgools 3Gmdemgdgdo; ,,00mbxg96M08” — g3meemaon®o 3Gmdmagdgéo [44-46].

beaggoogrgéo  boliggdgdol  0bggm®dsBobsool  gom-gomo  obmgsiog®o  3Gmgddo, Gmdgmoags
3997 dogs  dstmgol  s3BmdsBobgdnmo  Lob@Bgdgdols gomgodsty, ogm ,gmaddGmbagmo Les@hgabem
Boli@)gdols .5636015 B9domemmgos dcbszgdms dgemBodgeon®o ZSSB{]ZSOB ho%‘ad;}gc\n%a” [47].

> ERP Lolggdgde s 3s63580630. ISL gsogemol Lslffsgme 3Gmgldo edrgbody {gmos
;30053660 ol‘)og@o QOLGOSC’\"OB& ,,2)0%5815—360063153601) 80);33;*\0063601} h@oﬁggaﬁ)@‘ago aBa BPMN?”,
Gmdgmoi  domby 8B eondos,  AmMZmGE  gE3mGsEogmo  mMgsbobsogdols  3mddemgdlndo
3333 0b300l Ladmaemagds, ERP Loliggdol  Lsboor - Lsfs@dme Oglin@ligdols dséozgobsmgol (6sb.11)
[30]. B0 ds308  @dmGrBm@onemm Lsdngdsmms

3m33madlo LB nogbdgdolsmgol. o dm3989-
oy eesbobszommo dsdmzgals b gl gemo

gbdoneo  J3globBgdgdol  s3dmdsBobszools
Lsgombgdo ERP-Lolig930l @sb696a30L Bqegase,
dso dmeol mmgobBogn®o 3969%396@0bmzob.
B90m0835B96mmos  s@sdasbdo  Hglim@ligdol
ds6030ls, bgmazaligdols stobzols Loligadols,
36megdiool  9gbgoreggdols ©s B zocmgdols
as3boE3zol m3g@sonmo dsmzals 3Gem3glg-
ol 8(*)(33;:)0636.5 Bizagi—OGB(i_?)FrUagG(?)om.

6sb.11. ERP Begseo dmegmo
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> 0bgm®dszonmo  MlagMmnbmgdol  Loghmsdmeole  bBsbrsdggdo (BSI - British Standards
Institution Lsg®gmsdm@oler b sboseggdol  jmdoBgol  ISO g3¢0). BSI-b@BsbosdBo  3slmbodls
99093 3oobzgdl: s se0l dsOmgol Lsobgm@dszom  glsg®obmgdols Fomdsdgdol  gsgdmegdo ?
Goame  dgodmgds  glegeobmgdols  3Gmiglol  dsemgs s dmboBmEobgo  Ladslimbolidggdeme
9969%996 00 7 Omame brgds gleg@nbmgdol dobbgdol s Fglbsdsdolo MlsgOmnbmgdols LgGsdgaool
39630050988 7 Gmam®  Fgodbhgzs  gleg@mnbmgdol  bmdgdo s Gmame  04dbgds  lsgdmnbemgdols
306398308 (3memogozs) ? Grame dgodmagds glsg®obmgdols gemnbgm domgnmo ©mbols qbsebabgds
s Lermmygngs ? [10].

9969%9968)0L gl LsbesdBo sbsbsgl dmgmae ©s mgsmbsmmog obgm@ds;zonmo Mlsgdmnbmgdols
o030l 73603369mmzsbgls 33e(30690L. 83 Gg3m3bma30930l  Ggemoabs300l O™l BSI g39b3stigos
IT-Lodober a330L dgomeogom. IT-bsdsbe a3 0dmgss ge3mdéog 0bbn 3098l 0bgm®ddsommo
bsgOobemgdol 3969%396@0b aledndsggdemse 3s6sdBosedo s 3mbiadmem Bemdgdls 0bgm@ds;zommo
MbsgOmbmgdol g3gms sbdgdBom. IT-Lsdsbm w330l dgmmmogs sefgdomos BSI-Standard 100-2—3o
s ©5 byl Fgmol Lsmsbswem ©mbol 0bgm®dsisonmo leg®mnbemgdols @mbols dow{gzel dglsdsdolo
930603037960 gx9ddon  [48].  s8sbomsbsgy  $93m3gbegdmos  IT-bsdsbe  ©s330L  LebrosdEmmo
TbsgOobemgdol bmdgdol gedemmagdo qlsgg@mnbmgdols Igbsdsdobo ©mbols 3Gsddogmmo Ggsemabszo-
olmgol. 0bgm@dszommo glsgdnbmgdol bbgs LagOmsBmeolo LgsbosdBqéals Labon Aggbo L@ moagb-
®goo Bgobfegmoash 363698 me Loliggdgdl: COBIT-Lgebos@gdo s ITIL-30dmommgss [10].

> ITIL 3gompmgengos — 0bgmddsionmo  Bgdbmmemgogdol 0bg@slg@nddym@ols dodemommggs
360l 1T Lgéz0l  3969%396B)0L  Gedrgbody  Fogbols  smemgdios [10,49]. ogo 9d98s3gdmen  odbs
20960069070 bsdggel  Lebgedfogm  3m3gei00l  dmsgtimdol  dogé (OGC). ITIL asbobogmsgl
IT-LgM30b980L  3969%3968L  IT-3mdlsbyegdols  msenlsbGolom. IT-dmdbsbn@gds  godmagds  agmls
Oeame3 dogs 1 T-093s68039680b 6 a06g Lgmzolol 3Gemzgsoeg®ols (6sb.12). Lsgdmm dobsbos 1T
dcdbsby@gdol  Badobbol asmdxnmdgbyds s Batixgdol 95394 mOmdals m3Bndabszos.

ITIL - Concepts
Service Strategies

Service Design
Service Transition
Service Operation

Continual Service Improvement
Specialty Topics
Knowledge and Skills
Governance Meathods
Standartds Alignment
Case Studies
Templates

Scalability

Quick Wins
Qualifications

Study Aids

Executive Introduction

6sb.12. ITIL - dmegmo

» COBIT (Control Objectives for Information and related Technology) — jm6@®mmols dob6750
0653353070 8 ©3383F0M9dnmo gdbmemgogdolmgol) sefgdl Galizgdol 3mbEHmemol dgmmel,
Gedgmo boedogmegds 1T-ps6g6a30L Ladnsmadoo @0 o0gmmo dobbgld®mglgdol dgbermmadols
Ibodrsloggdee  [10]. COBIT-pmgndgbfgdo  asoipgds  bsobgm®dszom  Lobggdgdols  suoodol  ©s

20



Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS - No 1(21), 2016

3068 GOm0l sbegosgool (ISACA- Information Systems Audit and Control Association) IT 3séogols
obbgodndol (ITGI — IT Governance Institute) 3doge. COBIT-0b  ©s34353980L 6™l s38mG9d0
60968 06095mmbo 043696 HlsnGnbmgdols 396gxdgbol selgdmem L sbostEgdtg, Gmgmdaiss 1SO
27002.

3. ©slz3bs

sl  agabes  s@360dbmm, M 0bgm@dsgiogs  Cmame  gmddmgdln@o  3g3boggds,
0gemeonmo, 3Msddognmo s Bgdbogndo  sbdgddgool  mgemlsbMolom, s9O@masbgdl  0bgm@dszools
dc13013900ls, Fgbsbgols, asesdndsggdol, gemszgdols ©s ©s;330L Bgdbereamgogdls, bgdsbBozn@o 3aobbgls-
360398900l dsmgdsBiogn@o dmegmmodgdols dgommeEgdl, m®dsmamo a@sdsdogols ©s Mbogazo®gdgmo,
®309dd-m609bB0Mgdnmo, g0bmsem Mo ©3OMaMsdgdols ablBndgbdinem Lsdnsmadgdls. 3Msadsdmmo
sb3gdidgdom 0go Mosgme Fedmawagbl LolBgdgdol dsermgols Begseo mgmeool g3nbosdgbd)b.

bgm-b ,,350m300 s38mdsBobgdnmo Lob@gdgdol” 3090l Lagsbdsbsmmadme ©s bsdgsbogdm
dobbgd0 s 8dm(36980, oo  45-Fmosbo  sOlgdmdals  dsbdogmbg, obsdogGee  Mymdos  ggbl
bag®msdmeolim, dspsmo  Msbaol  mbogzg@lodgdgdol  Igbsdsdobo  L3g0smmdgdol  3Gma@sdgdls s
bogadqligdl. bsdmmme Ggegaqgéo go salsbgds odoom, md Rggbo gsmgo®ol  3n@lwsdmsg@gdmmado
©slsddgdgmos Rggbo  J3agbols s Labrmgsmastgmols 3Gsgem  mégsbobszsdo, Gmamey dmbszgdms
dsbgd0L o6 3mA3oyBgernmo Jbgmgdols sedabolig@egm®gdo, dobbgli-sbsgmagozmligdo b 3Gema@sdalid)-
©939™396900, 378-0bs0bgMgdo 36 0bgm@dsz0mmo MlsgGmbmgdols dbgxg@gdo s .9. [1].

$05a8Q86o68 h@)o({f)oo 560l ,,8&6)0)301} ogémao@)o%abﬂgo 15015(5383601}” domgg\)ﬁoh 45—%’;@0.)60
dcr38§9mdol Ibergnme bsfogmo, Aoz sg3dmOms dogd asdmd3gybgdnmo mMogobsmrm@o bs3Amdgdomass

dbodrsdg@omo s Mg sbgMaamos s sdBondee gedmoggbgds Ldm-b Lolfsgme 3Gm3gldo.
modg@syn@s:

1. Lsgetrgoggemoml  $gdbognco  mbogg®loBgdol  ,,850m30  s38mIsBobgdnmo  Loliggdgdols”
©93568)039680L  393-33960. http://gtu.ge/Ims/Faculty/Departments/Mas/

2. Bmgmgsdy a., amaobsodzoemo a., by®gnmsdy a., d90mbos 0., Fmbos ™. dsGrmzol s3¢mds-
@)0%36‘3@0 15015(553336015 Q¢36m3d(8)36o ©d oaabo (m{]mt{mﬂg:m s 30sdognmo 06(3(*)63.5(550&)).
hobgg@ﬁdmgoﬁagm. 15(55"3, mboc\noho. 2001. -750 33

4. obzmedsdogs. http://de.wikipedia.org/wiki/Informatik

5. gmgohsodzomo a., gGbgodzomo s, Ldammsdy 4. (2007). obgmeds@ogs, 3Gma®msdnmo
Badbermgogdo s dsmo gsbzomstigdols s bfsgemgdols msbsdgremmgy dodstrorymgdsbo. -l 6.36.,
»3817, Nel(2), g3.7-15

6. Humboldt University Berlin: www.informatik.hu-berlin

7. Beogmzsdy 3., bydgmmsdy 3., dmbos o. (1996). dmbsgdos ©s (3mebol dsbgdols s3qoals
bsggmdgemgdo. Lsbgemddmgsbgme. ol ,,.asbsmemads”, mdomolbo.

8. lLeanmsdy g, dnmos o. (2012). 30063m6s0me Web-s3mogsgosms  obgatisos @
3360948 g0s. dmbma@sgas, by, ,.89603m60 bozg®bodgdo”, mdorlo

9. amaobsodgomo 3., dembo 3. (3963.), bnGammasdy 3. 398®0sd30mo . (2013). dséronzgols
338mdsBobadgmo Loliggdgdals mdogdd) -mcogbBomgdnmo ©s3emgtgdol ©s dmegmomgdol oblg@y-
3768900 (MsVisio, WinPepsy, PetNet, CPN ). Lsbgemddms., ,.$g603760 abogg®loBgdo”, mdomlbo

10. Lqgorgmemsdy a, 6 3sdy 8. (2014). Loobgmemdszom bolggdgdol 3969%37680L Lsg@msdmerolm
3.)8(')GQOQ)325¢ (BSI, ITIL, COBIT). hobagadQB., 15(8)'3. ”&33606360 1-]60336150({?)3(?50”, mbog:)lso
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11. Bmgmgsdy g. (2015). ggogégdo 3mdsgsenby. mdogmolo. -198 as.

12. sbmdsdy 3., deliogsdzomo b., gmaobsodzommo a., big®ammsdy a., nbosdgomo ., m306g%35d)
a- (2006). Lsbsdstrongaem Lsgdgos Fodmgdol Jlgemrm@o dscimz0l s3¢mdsdobgdmmo Lob@gds. dnbma.,
L. mdogmolio

13. bgegmemsdy a. 3g8®0sdzoemo . (2005). 3mbszgdms  Lszagol sggdol  Bgdbmenmgos
06 9M6g8mmo d0B6glol Lob@)gdgdobsmzgol. dmbmge., g, ,,8gd60z760 1bogg®lodgdo”. mdogmalio

14. gmsbaodzomo ., bydammsdy 3., 3¢s68dg o. (2009). 30Bbgl-3Or0a©83930ls 9Jb3gGE)me
993015909030 a8 g39d0emgdsms domgdols IbsGrsddg@o dgmmegdo ©s dmegmgdo. gy, mdomolo

15. gésbaodzoemo o, Lsdbstsdy &. (2002). gbgmgemlolggdgdol  dscrmgols  9dL3go @ memo
LolBgdgdol 380l mgme0s. dmbmge., mdogmalo, ,,d5(3609693s"

16. Booch G., Jacobson I., Rumbaugh J. Unified Modeling Language for Object-Oriented
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MANAGEMENT INFORMATION SYSTEMS AND SOFTWARE ENGINEERING -
INNOVATIONS IN UNIVERSITY EDUCATION

Chogovadze Gocha, Prangishvili Archil, Gogichaishvili George,
Didmanidze Vazha, Surguladze Gia

Georgian Technical University

Summary

The article discusses topics of Informatics - of an interdisciplinary, complex science, analysis of
its structural components, as well as its current state and development trends. The present article also
discusses the mission of MIS department at GTU, its historical role and latest achievements in the areas
of organizational systems, management information systems, object-oriented modeling, design and
software development. The article vastly covers teaching and research programs and directions in regard
of modern software engineering and data management topics. The article also deals with new, hybrid
software platforms, languages and frameworks, that are widely used in the Universities of leading
countries like the US, UK, Germany and others. Basic innovations are discussed in educational and
scientific directions, which are present at the department of MIS (Software Engineering) of GTU, after
45 years since it was founded, against the background of reforms that have taken place in education area
during the past 10 years.

ABTOMATHU3UPOBAHHBIE CUCTEMBI YIIPABJIEHUSA U ITPOI'PAMMHAS
HNH)XEHEPUS - THHOBAIIMU B OBJIACTH YHUBEPCUTETCKOI'O OBPA3OBAHMA

Yoroaaze ['oua, [IpanrumBunun Apuuni, ['oruyaumsuim ['eopruii,
Hunmanunaze Baxa, Cyprynanze ['us

I'pysunckuii Texuudeckuil Y HUBepCUTET
Pesiome

O06cy>xaarTcsi BOIPOChl MHPOPMATUKH — KaK MEXIUCHUIUIMHAPHOW, KOMIUIEKCHOW HayKH,
aHaJIM3a ee CTPYKTYPHBIX KOMITIOHEHTOB, UX TEKYIIIETO COCTOSHUS 1 TeHJASHINH pa3BUTHsA. M3mararoTcs
Muccus 1 uctopuueckas poib kapeapet ACY I'TY u ee mocienaue 10CTHREHUS B 00J1aCTH 00BEKTHO-
OPMEHTHPOBAHHOTO MOJICIIMPOBAHUA, MPOEKTUPOBAHUSA MU Pa3pabOTKH MPOrpaMMHOTO OOeCTIeYeHHS
UH(OPMALMOHHBIX CHUCTEM sl OpPraHU3AaLMOHHOTO YIIpaBIeHUA. B cTaThe IpeicTaBlICHBI
COBpeMeHHbBIE (PYHIaMEHTAIbHbBIE BOIPOCH! YI€OHBIX U HCCIIEIOBATEIBCKUX IPOTPAMM 1 HAIIPABIICHU I
OpOrpaMMHON HMHXEHEPUH W YOpaBIeHUS [JaHHbIMU. PaccmarpuBaioTCsi HOBbIE, THOpHIHBIC
porpaMMHbIE MIaT(HOPMBI, I3bIKH U GPEHMBOPKH, KOTOPBIE IIUPOKO UCIIONIB3YIOTCS B YHUBEPCUTETAX
CIIA, BenukoOpuranun, ['epmannm u apyrux crpas. [IpeactaBieHsl Te OCHOBHbIE HHHOBAIIMOHHBIE
o0pa3oBaTeIbHO-HAYYHbIE HAIIPABJICHUS, KOTOPBIE BHEIPEHBI B y4eOHBIN npouiecc 45-neTHeil kadenpbl
ACY I'TY, ocobenno Ha doHe pedhopm B o0macTa 06pazoBanmst 3a nociaeaane 10 mer.
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®OPMHNPOBAHUE AHAJIMTUYECKOMN MOJIEJIU JJ151 UCCJIEJOBAHUS
IMAPAMETPOB TEJIEKOMMYHUKAIIMOHHOM CETH
Kamxamumze Koncrantun, JpaaumBuian Muxani, Kamkamuase Enena

I'py3unckuit TexHnueckuid Y HUBEPCUTET

Pe3iome

[TocTraBneHa 3agaya cO3AaHUS AHANUTHUECKON MOZETH PACIPOCTPAHEHHsI YTPO3bI 3alIpeICHHON
MHQOPMAaLUKN B TEJICKOMMYHHKAIIMOHHBIX CeTsAX. /I mMoy4eHus: 3KCIepUMEHTaIbHBIX PEe3yIbTaToOB
JUIL CHHTE3MPOBAHUS AHAJIWTHYECKOW MOJEenM HeoOXoauMa WMHTannoHHas Mojenb. Co3maHa
UMHTAMOHHAS MOJIENb YIPO3 3alpemieHHOH HH(GOpPMAlMUd B TEICKOMYHHKAIIMOHHOW CeTH,
YUYHUTBIBAIOIIAS TOMOJIOTHYECKHAE XapaKTepUCTHKU ceTh. C ee MOMOIIbI0 POBEICHBI IKCIIEPUMEHTEHI,
pe3yJIbTaThl KOTOPBIX MOKA3aM 3aBUCHMOCTH PEaHM3allid yTPO3bl OT TOMOJIOTHYECKOH YS3BHMOCTH
cetn. Ilpumepsr s¢ddexTuBHOTO ampoOMpoBaHWS MEXaHW3MOB MPOTHO3MPOBAHHUS YIPO3 B
TENICKOMYHHUKAMOHHOW CEeTH JAl0T OCHOBAaHHE KOHCTaTUPOBATH aJ€KBATHOCTh U (PyHKIMOHAIHHOCTD
OCHOBHBIX TEOPETHYECKMX MOCTPOCHHH M pa3pabOTaHHBIX HAa WX OCHOBE AITOPUTMUYECKHX H
MHCTPYMEHTAIILHBIX CPEJICTB.

KiroueBnble ci10Ba: aTakyroIIKMe y3Ibl. 3alpEICHHbIH KOHTCHT. AHATUTHYECKAS MO/ICIb.

1. Beeaenue

HNHdopMaimoHHO-TeIeKOMMYHHKAIIMOHHBIE CETH 00ECTICUUBAIOT MPAKTHUYESCKH TTOJHBIA CIIEKTP
BO3MOXXHOCTEH Ui oOMeHa WH(popMalueld MeXIy TIOJIb30BaTesIMA - CETEBBIMH aO0OHEHTaMH.
CoBpeMeHHOW MpOOIEMON TaKMX CHUCTEM SIBJISIETCS WX HU3KHH ypOBEHb HH(POPMAIMOHHON
Oe3onacHoctu. Jlist obecriedeHus 3aUThl HHPOPMAIH B TEIEKOMMYHHKAIIMOHHBIX CETSAX, BKIFOUYAs
WntepHet, pa3paboTaHO MHOXKECTBO METOJIOB W CPEACTB. TeM He MeHee, dQQEKTHBHOW 3aIlUTHI
a0OHEHTOB OT YIpO3 paclpoCTpaHEHHWs 3amlpelieHHol HH(opManuu, B YaCTHOCTH B YCIIOBHSAX
HIMPOKOTO KCIOJB30BaHUS WHIUBHYaJbHO-OPUEHTUPOBAHHBIX CEPBUCOB M CBS3aHHBIX C HHMH
npotokojoB u Texuosoruii (SOAP, CORBA, REST wu ap.), He cymectByer. Cpean MHOXECTBa
GYHKUIUI  3aIUTHl  TPUHIWNNAIBGHON B OTHONIGHWH JIAaHHBIX CHUCTEM  SIBISACTCS  (QYHKIHS
npeaynpexIeHusT MPOSBICHUS 3ampenieHHoi nHpopMannuu. OHa peann3yercs 3a cueT MEeXaHH3MOB
MPOTHO3MPOBAHUS YTPO3bl PACIPOCTPAHEHUs] W PACCBUIKH COOOIICHWH € MpeAynpeXIeHUsIMH O
MOCJIEJICTBUSX JIGHCTBUH C 3allpelieHHbIM KOHTeHTOM. OJIHUM M3 TMOJXOJIOB K MPOTHO3UPOBAHHUIO
Yrpo3bl PaclpoCTpaHEHUsl 3alpelieHHol WH(popMaluu SBIsSETCS MoJiepoBanre. MoaenupoBaHue
NPUHATO PacCMaTpHUBaTh B JIBYX acliekrax. [IepBbIii KacaeTcsl MOJCIUPOBAHMS TOIOJIOTHH CETH, a
BTOPOH 3aTparuBaeT mpodaeMy U3ydeHus MPOIeCcCcoB, IPOXOISAIIUX B Hell. B Hamem ciryuae 3To yrposa
pacrpocTpaHeHus 3anpenieHHol HHPOpMAaIHH.

2. OcHOBHAsl 4acTh

B uH(pOpMAIMOHHO-TEIIEKOMMYHHUKAITMOHHBIX CETSAX CYIIECTBYIOT y3IIbI TpeX TUNOB. [lepBhiii
THUI — aTaKyIIUE Y3JIbl, 3TO Y3JIbl, PACHPOCTPAHSIOMINE 3aNpelieHHyI0 nHpopManuio. Bropoit Tum —
3alUILIEHHBIE Y37bl, XapaKTepHU3YIOMIKMEeCs TeM, YTO HE NPUHUMAIOT y4acTHE B PacCIpOCTPAHEHHUH
3anpeneHHol MHpOpManu U HUKOTJa He OyayT 3TUM 3aHUMATbesl. TpeTHd TUN — MOTEHIHMAIBHO
ySI3BUMBIE. Y3JIbl TAKOTO THIIA HE YYAaCTBYIOT B IIPOLIECCE PACTIPOCTPAHEHHUS! YIPO3bl, HO MOTYT OBITh
MIOJIBEPKEHBI HETATUBHOMY BIIMSIHUIO CO CTOPOHBI aTaKyIOIIUX y3JI0B U MOTYT HauaTh PaclpoCTPaHATh
3anpelneHnyo nHpopmanuio [1,2]. Jomyctum, N — KOTHYECTBO y3710B, paBHOE YHCITy a0OHEHTOB CETH,
lo — Konn4yecTBO a0OHEHTOB-3I0YMBIIIJICHHUKOB — H3HAYaJIbHBIX HCTOYHUKOB YTPO3bl, Ro — KOIHYECTBO
a0OHCHTOB H3HAYaJIbHO HEBOCIPUMMYMBHIX K AaTaKkylOIIUM BO3ACHCTBUSM, [3 -mapamerp,
OTpPaKAIOIIUI CHJIy YrpO3bl, BEPOSATHOCTh OCYIICCTBICHHS aTakd, j -MapaMeTp OTPaKaroIMi
CTETeHb NPOTUBOJCHCTBUS YyIpo3e, BEPOSITHOCTH 3aIIUTHI a0OHEHTa (f My B AaHHOM HCCICAOBAaHUU

25



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(21), 2016

OTpE/ICNICHbl KaK KOHCTaHTBl, HO MOTYT OBITh BBIPAXKEHBl Kak (YHKIUH, 3aBHCSAIIAE OT
NICUXOCEMaHTHYECKUX TPouiicii abOHEHTOB). ¢ - KO3 UIMEHT TOMOIOrMYECKON YSI3BUMOCTH CETH,
OTpaKaloIIUil BHYTPEHHEE CBOWCTBO TEICKOMYHUKAIIMOHHOM CETH, OCHOBAHHOE Ha XapaKTEPHCTHKAX
ee Tomojoruu, t - Bpems mporecca (B YCIOBHBIX CIMHHUIIAX BpeMeHH). TpeOyercs pa3paboTath
AQHAJIMTUYECKYIO MOJIeIb IMHaMuKH ataku |(t) u 3ammtsl y3moB R(t).

Meroauka BKIIOYAET B ce0sl OCIIEIOBATEIBHOCTD CIICAYIOUINX ACHCTBUIA:

- hopMHpOBaHHE MMHTAIMOHHON MOJICIH
JUISL WCCIICAOBAHUS XapakTepa W MapaMeTpoB . yaenl
npoliecca TeJIeKOMYHUKAllMOHHON CETH; Vo2 @
- CHHTE3 aHAJIUTHYECKHX 3aBUCHMOCTEH vsen3

HapaMeTpoB IPOIIecca;

- NPOBEICHUE SKCIEPUMEHTOB C IIEJBIO
HPOBEPKH TOYHOCTH MOJICITH.

[lpuBeneM aiaropuT™M peanu3alu Teje-
KOMYHUKAaIlMOHHOM  CeTH, OCHOBBIBAsSCh HA
ONMCAaHMM  MPOLECCOB,  MNPOTEKAONIMX B
peanbHBIX ceTsix. Cxema peann3aliy yrpo3bl
TpeJIcTaBIeHa Ha pucyHke 1.

Puc.l. Cxema Yrpo3 B TCJICKOMYHUKAIMUOHHBIX CETHAX

Iarl. Pacmpoctpanenue 3ampemeHHod wHpopmanmu (3M) (mamee mporecc «aTakmy)
HHUIMUAPYET KaKOH-TH00 aOOHEHT-37I0yMBIIIJICHHHK (Ha PUCYHKE -y3eil), pacipocTpanssi COOOIeHUS
¢ 31 (peanmsyer yrpo3y) IO €ro CIUCKY KOHTAKTOB. ATaKy MOYKET HAYMHATh OJMH 3JO0YMBIIIICHHUK
WITH TPYTITIa,;

Iar 2. AOGonenTsl-nonmyuatenu (y3mel 2,3,4), npuHsB cooOmenue ¢ 3V, yuraror ero u
BKJIFOYAIOTCS B TIPOLIECC aTaKH, PACIIPOCTPAHSIS €€ JAJbIIIe 0 CBOEMY CIIMCKY KOHTaKTOB (y3en 3), mbo
UTHOPUPYIOT WK BOOOIIE YAAISIOT coodmmenue (y3en 2), T.e. B aTake He y4acTByroT. [Iponecc aTaku
OOBIYHO HJAET JIABUHOOOpPa3HO. ATakyromye aOOHEHTHl HEe 3aKaHYMBAIOT aTaKy, €AMHOXKIIBI Mepe/iaB
coo0IeHne ¢ 3amnpenieHHoi nHdopmanueid. OKHO aTaku, Kak MPaBHJIO, MPOJOJDKAETCS B TCUEHHE
JIOBOJIBHO 3HAUYUTEIIFHOTO INPOMEKYTKAa BPEMEHHM M 3aBHCUT OT Tuma nojxadn 3M B cooOmeHnwu,
3aMHTEPECOBAHHOCTH a0OHEHTA U T.JI.;

Hlar 3. AGOHEHTBHI MOTYT HepecTaTb BOCHPUHHMATh M, COOTBETCTBEHHO, pacrpocTpaHsaTs 31
(y3em 5) (maymee mpoIecc «3amIUThl»), BCIEACTBHE BO3/ACHCTBUS MEXaHH3MOB 3allUTHI, IO3TOMY
coobuienus ¢ 31 ot arakyromux aDOHEHTOB OyIyT NOCTOSHHO OTBEPraThCs;

Llar 4. Ilpouecc mpomomKaeTcs MOKa B CETH €CTh aDOHEHTHI-3JI0YMBIIIICHHHKH, 00 eCTh
HNOTEHIMAIBEHO YS3BUMBIC Y3JIbl, €CJIH OTCYTCTBYET IPOLIECC 3alHUTHI.

Takum 00pa3oM, TeIEKOMYHHKALMOHHAS CETh MPEICTaBISICT COOOW CIIONHBIA IMHAMUYECKUN
HpoLEeCC, COCTOANINI U3 IBYX MPOTUBOOOPCTBYIONIHMX ITOANPOLIECCOB aTaKHM M 3aIlUTHI y3110B ceTn Ha
OCHOBE OINKMCAHHOTO AJITOPHTMAa TIOCTPOCHA WMHTAIIMOHHAS MOJIENIb, KOTOpas COCTOUT U3
paspaboranHoii nporpamMbel Model Graph u naHHBIX, KOTOpbIE MOTYT OBITh CI€HEPHPOBAHBI C
nomorieio 10 Pajek [3,4]. Bxoausie nanubie: N, k - cpeHsisi CTeTIeHb CBSI3HOCTH Y3JI0B, d - TApaMeTp,
OTpaKAIOIIUI CPEHIOI0 JUTMHY IYTH M YPOBEHb CETEBOW KJIacTepH3anuy, 3, Y (B MOJENN CUUTAETCS,
4T0 B My OAMHAKOBHI Ui Kaxkioro abouenta), 10, RO. Boixoausie naunsie: I(t), R(t), S(t) - uncnennsie
MacCHBBl JIaHHBIX, ONKCBHIBAIOIIME JUHAMHYECKUI TPOIECC peanu3alud yrpo3 (KOJIUYecTBe
aTaKyLIMX, 3alIUIICHHBIX U TOTCHIIHAIBHO YSI3BUMBIX Y3JI0B B K&XKIYIO YCJIOBHYIO €WHHILY BPEMEHH
COOTBETCTBCHHO).

Iar 1. Co3gaHue TOMOJIOTUN TEIEKOMYHUKAIMOHHOM ceTH — rpada Gsw = <V, E>, rne Gsw -
rpad small-world cetn , V = {vi} - mHOXecTBO Bepmmn, £ = { €i j } - MHO)kecTBO pedep, 1=1,..N,
j=1,..N. JTaHHBIi mar oCyIeCcTBISIETCS 3a CUET 3aaBa€MBIX TOIOIOTHYECKHX mapamMeTpoB N, k, a.

IIar 2. Chopmuposats MaOkecTBO K={ VI, VS, VR }, rie VI ={v}} — MHOXeCTBO aTaKylomux
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y3nmoB ([VI |=10), , VR - MHOXecTBO 3amuiieHHbIX y3710B, (VR =R0),VS - MHOXECTBO MOTEHIMATBEHO
ys3BuUMBIX y3110B (VS |[= N -/o- R0).

ar 3. C BepoatHOCcTbIO0 [ BBIMOMHUTE: VS U VI, ¢ BEpOATHOCTBIO ) BBHIMOMHUTE: VI.

Hlar 4. Ecmu VI =@ nnn y=0 u VS=@, T0o KOHeI alropuT™Ma, HHa4e NeperTH K mary 3.

ModelGraph - nporpamma aiasi MMHTAllMOHHOTO MOJCIUPOBAaHHS Yrpo3bl 3alpeuieHHO
uHQOpMALMK B TEICKOMYHHUKAIIMOHHOW ceTd [4]. JlaHHBI NpOrpaMMHBIA TPOIYKT SIBIISIETCS
OJTHOTIOTOYHBIM IpuiioxkeHueM. [Iporpamma coctout u3 ucnonusemoro ¢aitna Model Graph.exe u
oubnmmorekn chartdir50.dll mis mocrpoenust rpadukos. Ilocne BbIOOpa THIIA CeTH M BBOAA €€
napaMeTpoB MPOHUCXOAUT HMHUTALUOHHOE MOJACIMPOBAaHHE IO alTOpUTMYy. 3aTeM pe3yJbTaThl
OTIIPABISIFOTCA B (DYHKIUEO ITIOCTPOCHUS IPa(UKOB IS BEIBOAA PE3YJIBTATOB B Ipa)MuecKOM BHUIE.

[Iporpamma Hamucana B cpene paspaborku Microsoft Visual Studio .NET 2008. McxomubiMu
JaHHBIMH JUTsl TETEPOTCHHOM ceTH siBisieTcst (aitn popmara .net, onpeneneHublii B mporpamme Pajek.
I10 Pajek mpexcraBisier coboi porpamMmy, peJHa3HaYCHHYO A7 aHAIM3a M BU3yalTH3al[ii OOJTBIIHX
cereil. [lanHas nporpaMma HaXOAUTCS] B CBOOOJHOM JOCTYIIE U IpeAHa3HaueHa 151 HEKOMMEPUECKOTro
ucrosnb3oBanud. [IpoananusupyeM moampouecc aTaky 0€3 3aIiuThl, POBEAS Psii IKCIEPUMEHTOB C
UCIIOJIb30BaHNEM UMUTALIMOHHON MOJIEITH.

OkcnepuMeHT 1. BnusHMe CHIIBI aTakd Ha OPOLECC. ODKCIEPUMEHTHl MPOBOAWIUCH IpU
cienyrommx 3HadeHusx mapamerpon: N=1000, =20, 10=1, 5=0,1..0,9.

OkcriepuMeHT 2. BiusiHue 3HayeHusl CpeHE CTENEHU CBSI3HOCTH Y3JI0B B CETH Ha IMpOILIECC.
OKCIIepUMEHTHI TIPOBOAWIIVICH TIPH CIEAYIOIUX 3HadeHmsx mapamerpoB: N=1000, ¢=0,5...60, 10=1,
$=0,5 (pucynok 2).

OkcnepumenT 3. BrnusHue KonndecTBa M3HAYAJNBHO AaTaKyIOIIMX Y3J0B Ha MpOIECC.
OKcHeprMEeHTHI POBOAMINCH NPH CIIEAYIONINX 3HaueHus1x napamerpos: N=1000, =20, 10=1..40, 5=0,5
(pucyHok 3).

Kax b1t 13 Tpex THIIOB SKCIiepuMeHTOB npoBoamics 100 pa3, Opaiuch ycpeJHEHHbIE 3HAYCHUS.
ITo pe3ynbTaTam 3KCIIEPUMEHTOB 1-3 MOKHO C/IEaTh CIEIyIONINe BEIBOIBIL:

- mpouecc araku |(t) uMeeT 3KCHMOHEHIUATBHYIO 3aBUCUMOCTb, IPHU yBEJIWYCHHHU 3HaueHHH ¢, 10,
[ BO3pacTaet AMHAMHKA 3apakeHHs Y3JI0B (HHTEHCUBHOCTH aTakn) (dKcrepuMeHT 1,2,3);
- TIpH pocTe BeposITHOCTH TpoBenenus ataku f ot 0,1 mo 0,9, Bpems mporiecca CHUXKaeTCs B JiBa
pa3a (c 8 10 4 yCIIOBHBIX €TUHHI] BpEMEHH) (3KCTIEPUMEHT 1);
- K03 (UIHMEHT TOMONIOTHYECKON YSI3BUMOCTH (@ HMEET caMoe OOJIbIIOE BIMsSHIE (B CPABHEHUU C
10, B) Ha mnurenbHOCTH Tporiecca. Hampumep, mpu ¢ = 0,5 (Hu3kas ys3BUMOCTbB) ataka jiutcs 24
YCIIOBHBIE €IUHHIIBI BpEMEHH, a pu ¢ = 60 Bcero b 4 (3KCIEPUMEHT 2); 0OJIbIIOE KOJUYESCTBO
W3HAYAIBHO aTakyrommx y3imoB 10 cHMXKaeT Bpems, 3a KOTOPOE MPOUCXOJIUT 3apa)KCHUE BCEX Y3JI0B
B cet. Hanpumep, ipu  10=40 miuteapHOCTh Mpoliecca COCTABIseT 3 YCIOBHbIC SAMHUIIBI BPEMEHU
(axcriepument 3).
VYCIIOXKHUM YCIIOBHS SKCIIEPUMEHTOB, JTIOOABHB IOAINPOIECC 3alUThI, KOTOPBIH 3aBUCHT OT
HAYaIILHOTO KOJIMYECTBA 3alUIIEHHBIX Y310B RO 1 BEpOSTHOCTH 3alHTHI ).
OxcniepuMeHT 4. BiusiHre BEpOSATHOCTH 3aIIHTHL.
DKCIIEPUMEHTHI MPOBOIMIIMCH TIPH CIAYIONMX 3HaueHusx napamerpos: N=1000, ¢ = 20, 10=1, 5=0,5, y
=0,1..0,9, RO =0. (pucyHox 4).
OkcnepuMeHT 5. BinsiHre HaYaIbHOTO KOJMYECTBA 3aIUICHHBIX y3JI0B.
OKCIIEPUMEHTHI TIPOBOIMIIKCH MPH CIIEAYIOIINX 3HaueHusx napamerpon: N=1000, ¢ = 20, 10=1, =0,5, y
=0,5, R0 =0..200. (pucyHox 5).

Ilo pesynbraTam 53KCIIEpUMEHTOB 4 M 5 MOMKHO CHeNaTh CIEIYIOIIME BBIBOIBI: BBEICHUE
HOJIIpoLiecca 3allUThl  YBENMYMBAET BpeMs BCErO Ipoliecca yrpo3bl 3allpellieHHOW HH(opManuu B
TETICKOMMYHHUKAIIMOHHOW CeTH. (KCTepuMeHT 4,5); mpu HeOONBINX 3HAYCHHUSIX BEPOSTHOCTH 3aIlUTHI
(y<0,3) yrpo3a peaymsyercs MPaKTHYECKH HAa BCEX Y3/IaX B CETH (DKCIEPUMEHT 4); mpu HEOOJBIINX
3Ha4YEHUsIX BeposiTHOCTH 3amThl (p<0,3) Bpemsi mporecca cocTaBmsier 6omee S0 YCIOBHBIX €IMHHMLL BpEMEHH
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(oxcriepument 4); ipu 0OJBIION BeposiITHOCTH 3amuThl (=0,9) mporecce uUTCS ~7 YCIOBHBIX CIWHUIL
BPEMCHH M MaKCHMAIBHOEC KOJIMYECTBO ATAKYIOIIMX Y3JIOB CHIDKACTCS B 3aBUCHMOCTH OT BEPOSTHOCTH
TIPOBEJICHUS aTaKH (SKCIIEPUMEHT 4).
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/ "
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Puc.2. Brmanue @ Ha npouecc aTaku
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Puc.3. Bnusarme X Ha mpowuecc aTaku
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Puc.4. BiusiHue y Ha mpouece aTaku
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Puc.5. Bmurne RO Ha npouecc aTaku

Ipu cydaiiHoM BEIOOPE M3HAYATHLHO 3aITUIICHHBIX Y3JI0B KApTHHA MPOIIECCa ATaKK MPAKTHYSCKU HE
U3MeHsieTcsl (IKCIEPUMEHT 5); TPH BBICOKOW TOMOJOTMYECKOM YS3BUMOCTH BO3pAacTaeT JUIUTENIHHOCTD
TIporIecca yrpo3bl 3aMpelieHHoO HH)OPMAIIH B TEIEKOMYHUKAIIHOHHON CEeTH.

Co3znana UMHUTAIMOHHAS MOJICIb YIPO3 3alpeICHHON HH(OPMALTIHY B TEJICKOMYHHKAI[HOHHOM CETH,
YYUTHIBAIOIIAS TOTIOJIOTUYECKHE XapaKTEPUCTHKH CETH, a Takke OCOOSHHOCTH  MH(OPMAIIOHHOTO
B3aMOJICUCTBUST a0OHEHTOB KaK 4YeNOBEKO-MAIMHHBIX cucTeM. C €€ TOMOIIBI0 IPOBEICHBI
AKCIIEPUMEHTBI, PE3YJIBTAThI KOTOPBIX IMOKA3aJIl 3aBUCHMOCTh PEAIN3alliN YTPO3bl OT TOTIOJIOTHUECKOM
YS3BUMOCTH CeTH. PeneBaHTHOCTH pe3ysbTaToB MOATBEPKACHA CEpUEl IKCIIEPUMEHTOB Ha TOMOJIOTHH
peaTbHOM CEeTH C HMCIOIh30BAHUEM HWMHUTAIMOHHOTO MOJCIHPOBaHUA. IIpw 3TOM MOTpenrtHOCTh IS
Tmporiecca 3amuThl coctaBuia He 6onee 10%, 1is mporiecca aTaku - He Oonee 15%.

3. BeiBozgst

HudopMalmoHHO-TETEKOMMYHHUKAIIMOHHBIE CETH SBIISIOTCS KPYIMHOMACIITAOHBIMU CETSIMHU C
HOCTOSIHHO PAacTyIIUM YUCIOM ab0oHEeHTOB. C OypHBIM POCTOM YHCIJIA IOJb30BATENICH BO3HUKAIOT
npoOieMbl MHPOPMAIMOHHON 0€30MacHOCTH M 3aIlUThl MHGOPMAllMUd B HHUX. AHAIU3 NPoOJieM
WHQOPMAIMOHHON OE30MAaCHOCTH BBISIBWJI, YTO KpPOME IPOOJIEeM, CBS3aHHBIX C WCIIOJIL30BAHUEM
rnobanpHOW ceTH MHTepHET Kak pachpeieneHHONH WHGOPMAIMOHHO-TEIEKOMMYHUKAIIMOHHON
CHCTEMBI, KOTOPBIE JOCTATOYHO XOPOILO U3BECTHHI M PEIIaeMBbl, CYILIECTBYET MaTIOM3y4YeHHast mpodsieMa
3arperieHHoro KoureHTa. Co3laHue MOJENEH U alTOPUTMOB PACTIPOCTPAHEHUS YTPO3bl 3aIPELICHHON
MHQOPMaLUK — OJIMH U3 KIIOUEBBIX MOIXOAOB MPH PEUICHUH NaHHOH 3ajgaun. [IpoBeneHHbIN aHaIM3
nyOJMMKanuii Mo JaHHOM TeMaTHKe MOKa3bIBaeT, YTO CYLIECTBYIOLIHE pelieHHs Manod(deKkTuBHBI.
OOBIYHO NPU MOJETUPOBAHUU PACTIPOCTPAHEHHUS YTPO3bI 3alPEIIeHHON HHPOPMAIMK HE yUUTHIBAETCS
TOTIONIOTHSI TEJIEKOMMYHHKAlIMOHHOW CHUCTEMBl (MOJENb CeTH — IOJHOCBSI3HBIA Tpad). A, ecnu
TOTIOJIOTHSI YYUTHIBAETCSA, TO, KaK MPAaBUJIIO, UCIIONB3yeTCs mpocTeas SIS mozens, a cTpykTypa cetu
orpaxkaercsi SF cersio. Ilpun MozmenupoBaHMM TENEKOMMYHUKAIIMOHHOH CHCTEMbI Ba)XHO HMETh
TOTOJIOTHIO, OTPAKAIOLIYIO CTPYKTYpPY CBA3EH PEaTbHOHW CETH, a TAaKKE MCIIOJIb30BaTh aJE€KBATHYIO
MoJeNns MH()OPMAIMOHHOTO B3aUMOACWUCTBHs y3/oB. Emle omHOi BakHOW mpoOneMoil sBisercs
KPYITHOMAcIITa0HOCTh TEIEKOMYHHKALIMOHHOW CETH, KOTOpas MellaeT IOJyYUTh JaHHBIE C
MMUTALIMOHHON MOJIENN 32 IPUEMIIEMOE BpeMSI.

29



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(21), 2016

JIuteparypa:

1. Bparr P., Ponc-Oycnu M., Ctpaccoepr K. (2006). bezonacnocts cereii. [ToiHOE pyKOBOICTBO.
- M.: Dxom.

2. BbustuyeB T.A. (2004). Be3omacHOCTh KOPIOPATHBHBIX ceTeil .y4e0. mocoOue. Mmoa pej.
Ocogenxoro JL.T'. - CI16.: 'Y UTMO.

3. Bpeep B.B. (2009). CroxacTuueckue MOIEIHN COIHAIBHEIX ceTei / B.B. Bpeep; Ympasienue
OonbIKMH cucTeMamu, Ne 27,

4. TIporpammuoe obecrnieuenue Pajek [Dnexrponnsiii pecype] / Vladimir Batagelj, Andrej Mrvar;
- Pexxum mocryna: http://pajek.imfm.si/doku.php

5. Gjoka M., Kurant M., Butts C.T., Markopoulou A.A. (2010). Walk in Facebook: Uniform
Sampling of Users in Online Social Networks. IEEE INFOCOM '10. IEEE Journal on Selected Areas
in Communications.

DEVELOPMENT OF AN ANALYTICAL MODEL FOR THE RESEARCH OF THE
TELECOMMUNICATION NETWORK PARAMETERS

Kamkamidze Konstantin, Dvalishvili Mikheil, Kamkamidze Elene
Georgian Technical University

Summary

Article discusses development of a model for analyzing threat of the dissemination of restricted
informational through the telecommunication network. In order to obtain the trial results to synthesize
analytical model — simulation modeling of the existing telecommunication network topology is required.
The simulation model of restricted informational threats in telecommunication network was developed
taking into account network topological features. Experiments showed some dependence of the threat
realization on the network topology. The examples of effective implementation of the threat
prognosticating mechanism in the telecommunication network gives the reason to ascertain the adequacy
and functionality of the main theoretical concepts and developed from the latter algorithmic and
instrumental tools.
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AJITOPUTM IIOCTPOEHWMS IIOJTHOT'O T'PA®A TOIIOJIOTUN
TEJIEKOMMYHWUKAITUOHHOI CETU

Kamkamupze Enena, Xomepuku WUpuna, Jpanumsunn Muxann

I'pysunckuii Texuuueckuit YHUBepcUTeT
Pesrome

Paspaborana MeTozyka GOPMUPOBaHUA TOIOJIOTUH TeJIEKOMMYHUKAIIMOHHOM CEeTH, KOTOpast
YYHUTHIBA€T OCHOBHBIE TOIOJOTMYECKUE XapPaKTePHUCTUKHU IOCTYIHOHM YacTH CeTH M PaboTaeT B
yCJIOBHE HEeIOCTAaTOYHOH peIpe3eHTaTHBHOCTU BBIOOPKM MCXOAHBIX HaHHBIX. llpesnaraemas
METOJUKA COCTOMT M3 IIOC/IeZOBATEJbHOCTH Pa3pabOTaHHBIX aaropuTMoB. Co3faH ajJropuUTM
($bOopMUPOBaHUA UCXOZHBIX JAHHBIX O TOIIOJIOTUH CETH - MHOXKECTBA BepIIUH U CBA3EH MeXAY HUMHU
IDOCTYIIHOM YaCTH CeTH, KOTOPBIH YYUTHIBaeT OTPAHUYEHUA 110 cOopy AaHHBIX. CleLyomuii sTal
IIpeZIIoIaraeT pa3paboTKy aaropuTMa GOpMUPOBaHUA MOTHOTO rpada CeTH C y4eToM J00aBIeHU
HEeZJOCTYIIHOM YaCTH Ha OCHOBE BBIYMCJIEHHBIX IIPOTHO3HPYEMBIX TOIOJIOTUYECKUX XaPaKTEPUCTHK.
PazpaGorannylo MeToguKy (OpPMHUpPOBAHUA TONOJIOTHMU TeJIEKOMMYHHUKAI[MOHHOH CeTH B
IaIbHEHIIeM MOXKHO peajn30BaTh B BHE IIPOrPAMMHOTO KOMILIEKCA.

KmoueBsle cmoBa: anroputm ¢dopmupoBanus rpada. KosdduiueHnTs: ya3BEMOCTH.
Tomomoruyeckue xapaKTepUCTUKH.

1. Beegenue

Jlis MonenupoBaHWS TeJIeKOMMYHHUKAI[MOHHOH CEeTH HEOOXOZUMO WMeTh TOIIOJIOTHIO
peanpHOro 00BeKTa. IIpsamoe monydyeHne 3To¥ MHPOPMAIUH 3aTPyAHEHO B CBA3U CO CJIELYIONIIM
nporuBopedrieM. [y MOBBINIEHUS TOYHOCTH Pe3yJIBTaTOB MOJEIMPOBAHUS HEOOXOLUMO HMeTh
tomosoruio Bceil ceru. Ilomyumts Takyio wuHpopMauuio Ge3 INpaB aAMUHUCTpaToOpa He
IIpeJiCTaBIIIeTCS BO3MOXKHBIM.

ITpu c60pe ZaHHBIX C IpaBaMu A0OHEHTa TeIEKOMMYHUKALIMOHHOM CEeTH UMeeM JeJI0 C AByMs
THUIIAMU y3JI0B: OTKPBITBIMK ¥ 3aKpBHITHIMM. Ecau B Xofe cOopa [JaHHBIX MBI IIOSydaeM
unentruduxatops! (id) y3ima ¥ CMeXHBIX C HIM Y3JI0B, TO TaKOH y3eJI Ha3biBaeM OTKpbIThIM. Eciu sxe
II0JTyYaeM TOIBKO id y3i1a (aOOHEHT C IIOMOIIIBI0 HACTPOEK CKPhLI MH(POPMAIIHIO O CBOUX KOHTAKTAX),
TO TaKO¥ y3eJI Ha3bIBaeM 3aKPBITHIM.

Takoke B ceTH MOTYT CyILIECTBOBATh y3JIbl, KOTOPbIE COeIMHEHBI TOJIBKO C 3aKPhITBIMU Y3JIaMHU.
B Takom ciyyae HEBO3MOXXHO IIOJNYYUTH HaXKe HIeHTU(UKATOP y3ma. Takux Y3JI0B B CETH
He3HAYUTeNbHas YaCTh. DOMIHPUIECKH ITOKA3aHO, YTO 3aKPBITHIX Y3JI0B HAa NOPAZOK OOJIbIIe, YeM
OTKPBITHIX, IO3TOMY ITpH cOOpe JaHHBIX TepsAeTCsA 3HAYUTEIbHAs YacTh JaHHBIX [1,2].

YacroTa 3arrpocoB aGOHEHTa O CBA3fAX y37Ia OTpaHWYEeHAa afMUHHUCTPATOPCKUMU MepaMu (9T0O
3HaUeHUe IpUOIN3NUTeNbHO cocTaBifeT 10 3ampocoB B CeKyHAY). DTO OTrpaHHYEHUEe IPUBOSUT K
TOMY, ITO, YYUTHIBAs MAaCIITAGHOCTH TEJIEKOMMYHHUKAIMOHHON CeTH (HeCATKU MUJIMOHOB Y3JI0B),
HojydyeHue NHGOPMAIUU O TOIIOJIOTHH CETH IIPEBPAlaeTCs B JIUTeTbHBIH IIpoliecc.

Y4uTHIBasA, YTO BpeMsA CECCHH OTPAaHUYEHO, JaHHAss OCOOEHHOCTD AOJDKHA YUUTHIBATHCA IIPU
IIpaKTU4YeCcKo# peanusauuu. VsBecTHbIe cpezcTBa [ pelieHHs 3afadyu cOopa MHPOpMALUU O
CBA3IX V3JI0B B TEJeKOMMYHUKAI[MOHHJIN ceTH He 5((EeKTUBHBI, TaK KaK HAIPAMYIO He

IIpeaHa3Ha4Y€Hbl [OJIsI AOOCTHMIKEHUA 9TOM e WM KHMMEIOT MHOXXECTBO He,Z[OCTaTKOB.TOHOJIOI‘I/IH
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peanproit UTKC mocrosHHO usMeHseTcs (AO0HEHTH! peTUCTPUPYIOTCS, LOOABIIAIOT CBIA3H, YAAJLIIOT
CBA3M M y4YeTHble 3amucy). B cBA3M ¢ 5THM, HEOOXOLUMO IIOCTOSHHO IIOJNydYaTh aKTyaJIbHYIO

nH(pOpMAIuIo Ag 60JIee TOYHOTO MOIeTMPOBAHUS TeJIEKOMMYHHUKAIIIOHHOM CETH.
2. OcHoBHAag 9acCTh.

Tomomorus cetu mpepcrasigerca rpadom G={V,E}, rme V (MHOXecTBO BepiminH rpada) —
MHOXXECTBO y3JI0B-aOOHEHTOB, a £ (MHOXeCTBO pebep) - HHGOPMALIOHHbIE CBA3U MEXZY Y3JIaMH.
bymem cuutath, 4ro rpad ABIAETCA HEOPUEHTHPOBAHHBIM, TO €CTh BCe CBSI3HM —
IOBYHaIpaBiIeHHsIe. JII00bIe IBe BepIIMHEI rpada MOTyT OBITH CBA3aHEI He O0JIee YeM OZHUM peGpoM.
Jlnsa ynpoueHus MccaeloBaHUM rpad CUMTaeTCs He B3BELIEHHBIM, T.e. CHJIA MH(POPMAI[MOHHBIX
CBsA3eil He OTOOpaKaeTcs Ha Beca COOTBETCTBYIOWIMX pebep. Y3esl IpeAcTaBiIseT COOOIl yel0BeKO-
MAIIMHHYIO CHCTEMY, Ha OJHOM KOMIIBIOTEPEe He MOXeT HAaXOLUThCI HECKOJBKO Y3/10B. B
mpezaraeMoi Mozenu ysen vi = {idi, flagi} xpanuTt yHuKanbHbIH uAeHTHDUKATOP aGOHEHTa CETU
(id) u duar (flag). Ilepemennas flag ompenenser craryc ysma: orkpsiTeiii (flag=1) wim 3axperTsrit
(flag=0).
Metonuka ¢opmuposanus tomnomornu WTKC, xoropas cocToMT M3 IOCIEZOBATEIBHOCTH
IIaroB:
e cOOp JAHHBIX O TOIIOJIOTHH JOCTYIIHON 4aCTH CETH;
e dbopmMupoBaHUe MOIHOTO rpada ceTu ¢ yueToM oOaBIeHUs HEeJOCTYIHON YacTH Ha OCHOBE
BBIYHCJIEHHBIX IIPOTHO3UPYEMBIX TOIIOJIOTUYECKUX XapaKTepPUCTUK (pacIpefie/ieHHe CTelleHei
CBSI3HOCTH, CPeIHIA JJIMHA IIYTH);

L (1)OPMI/IPOB¢’:1HI/IE BEKTOpa TOIIOJIOTUYeCKOH’ YA3BHMOCTH Y3JIOB TEHEKOMMYHHKHHHOHHOfI CeTH.

I'pad mocrymHoit wacTu cetu — rpad, Comep)Kalluii OTKPBIThIE M 3aKPBITHIE Y3JIBI U CBA3H
Mexny Humu. I[lonusiii rpad cetu — rpad, COmepKalluii OTKPBIThIE Y3JIBI U 3aKPBITHIE Y3IIBL,
Iepellezue B COCTOSHUE OTKPBITHIX, M CBA3U MexXAy Humu. CocesHue y3ibl (CMEXHbIE y3JIbI) —
Y3JIBI, IMeIOLIVe CBA3Y C JaHHBIM y3y1oM. Tpebyercsa cocraButs rpad mocrymHoit yactu cetu G(V, E),
rzie V — MHOXXeCTBO BEPUIMH, BKIIOYAOIee ABa IIOAMHOKeCTBa: W={Wi} — T0MHO>X€CTBO OTKPBITHIX
BepmnH; U={ui} — IOZMHOXXeCTBO 3aKpBITBIX BepIIUH; E — MHOXeCTBO CBA3ell MexAy y3namu (eij =
eji — cBA3b MEXZIY i-M M j-M ysmamu); A — MaccuB, comepxamuii id mpoiimeHHbIX y3710B (ai —
9JIeMeHTHI MaccuBa). biok-cxema anroputma (GopMupOBaHHA rpada LOCTYIHON YacTHU CeTH
IpeZcTaBieHa Ha pucyHke 2. [lepemeHHsIe, HCIIOIB3yeMble B aIrOpuT™Me: k — CIeTIHK y3/10B; Z={zi}
— MHOXeCTBO cocefHux y3moB k-ro ysma; flag — ¢umar, onpemenatomuii craryc ysma (flag=1 —
otkpsIThIi, flag=0 — 3aKpsITHIiT); N — TeKylee 3HAYEHUe AJIUHBI MacCuBa A; i — CIYETIHK COCETHUX
y3710B; X — BpeMeHHOe MHOXeCTBO. PaccMOTpuM IpuMep IO3TAaIlHON peajM3aluy aJrOPUTMA
¢dbopmupoBaHus rpada AOCTYITHON YaCTU CETH.

Dtan 1. BeimosHIeM HavaIbHbIE YCTAHOBKY COTJIACHO ITIEPBOMY LIAry aJrOpPHTMA:
k=1, V={wl}, A[12];
Otan 2. Bemnonusem dyukuuio Get(12, Z, |Z|, flag). Iorywaem Z={43, 36, 39,78},

IlepexomyuM K TpeTheMy IIATy aJTOPUTMA;

Z|=4, flag=1.

Oran 3. IIpoBepseM MHOXeCTBO Z Ha HaJIUYHe Y3JI0B, yXKe J00aBIeHHBIX B MHOXECTBO V, U IIpU

HaJIMYMH TaKOBBIX, yAanieM ux. [Toryuaem Z={43, 36, 39, 78}, Z|=4;
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Otan 4. Onpegensem mmuay MmMaccuBa A (n=1). [loGaBiagem pebpa, CBA3BIBAIOLIVE IIEPBYIO
BepIINHY C y31amu u3 MHOxecTBa Z. [Tomyuaem E={el,2, el,3, el,4, el,5}. Beimonusem dpyHKIMIO
Get @i Bcex y3JIOB M3 MHOXeCTBAa Z M J00aBIfeM HX B COOTBETCTBYIOIIME IIOZMHOXXECTBA
mHOXecTBa V. Ilorygaem W={w1, w2}, U={u3, u4, u5}. 3anucsiBaem umeHTU(UKATOPHI Y3JIOB B
MaccuB A;

Oran 5. YBemmunBaem cuetuyuk k=1+1=2. Bropoii amemenT maccuBa A (a2) CcymecTByeT, 3HAUUT,
IIepexXOA MM KO BTOPOMY LIary ajiropuTMa. Ilocie BEIIOSTHEHNS ITEPBBIX ILATH TAIIOB ITOIy4aeM rpad,

Ha pUCYHKe 1, Ha KOTOPOM 3aKpPBIThI€ Y3JIbI BhIZLEJIEHBI CEPBIM IIBETOM, 4 OTKPBITBIE - GeJIBIM.

Puc.1. PesynbraT pa6ots: anropurma (1-5 aramnsr)

Otan 6. Bermonusaem ¢pyukuuio Get(43, Z, |2

, flag). ITorywaem Z={12, 16, 25, 4},

Z|=4, flag=1.
IlepexomuM K TpeTbeMy IIATy aJTOPHUTMA;

Oran 7. IIpoBepsieM MHOXeCTBO Z Ha HaJIUYHe Y3JIOB, yXKe J0OaBIeHHBIX B MHOXECTBO V, U IIpU
Z|=3;

Oran 8. Ompegmensem pnmuHy MaccuBa A (n=5). [loGaBiseM pe6pa, CBA3BIBAIOLIME BTOPYIO

HaJIMYUH TaKOBBIX, yAanieM ux. [lomyuaem Z={16, 25, 4},

BepIMHY C y3mamu u3 MHoxectBa Z. Ilomyuaem E={el,2, el,3, el4, el)5, e2,6, e2,7, €2,8}.
Brmonusem yuHkuuio Get 11 BCeX y3JIOB M3 MHOXeCTBa Z U [06aBsgeM X B COOTBETCTBYIOIIVE
nogmMHoxecTBa MHOXecTBa V. Ilorywaem W={wl, w2, w8}, U={u3, u4, u5, ub, u7}. 3anucsiBaem
nnentTrduKaTops! y310B B MaccuB A. ITorydaem A;

Oran 9. YBenuuupaeM cueTuuk k=2+1=3. Tpernii anement maccusa A (a3) cyuecTByeT, 3HAUHUT,
ImepexoiuM KO BTopoMy miary anropurtma.llocie BreimmonHeHus srtamoB 6-9 momydaem rpad,
IIpeiCTaBIeHHBII Ha PUCYHKe 3;

Oran 10. Bermonusem ¢yukiuio Get(36, Z, |Z

, flag). Ilonyyaem Z= @, |Z|=0, flag=0. Ilepexonum
K ISITOMY LIATy aJrOpPHTMa;

Otan 11. Bemmonusiem dyuxuuio Get(36, Z, |Z|, flag). Ilonywaem Z= @, |Z|=0, flag=0. ITepexomum
K ISITOMY LIATy aJrOpPHTMa;

Oran 12. VBenuuuBaeMm cuyeryuk k=3+1=4. YerBeprslit o1emeHT MaccuBa A (a4) cyuiecTByer,
3HAYUT, IEPEXOAHUM KO BTOPOMY LIATy aJrOPUTMA;

Otan 13. Beimonusem ¢pyukuuio Get(39, Z, |Z

, flag). Ilonygaem Z= @, |Z|=0, flag=0. Ilepexoaum
K IIATOMY LIATy aJrOPUTMa;
Oran 14. Yeennuusaem cuerynk k=4+1=5. [Tarsrit a1emenT MaccuBa A (a5) cyluecTByeT, 3HAUHUT,

IIepexoiM KO BTOPOMY IIary aJrOpHTMA.
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Otan 15. Bemmonusem dyukunuio Get(78, Z, |Z|, flag). Ilonyuaem Z= @, |Z|=0, flag=0. ITepexomum
K ILITOMY LIIATy aJrOPHTMA;

Oran 16. YBennuuaem cueTuyuk k=5+1=6. [llecToii snemenT Mmaccupa A (ab) cymecTsyeT, 3HAUHUT,
IIepexo/luM KO BTOPOMY ILIAry aJrOPHUTMA;

Otan 17. Bemmonusem ¢pyukuuio Get(16, Z, |Z

, flag). [lomyuaem Z= O,

Z|=0, flag=0. ITepexozmum
K ILITOMY LIATy aJTOPHTMA;

Otan 18. VBenuuuBaem cuyerunk k=6+1=7. Cexsmoii anemeHT MaccuBa A (a7) cyuiecTByer,
3HAYUT, I€PEeXOUM KO BTOPOMY IIary aJfOPUTMA;

Otan 19. Bemmonusem ¢pyukuuio Get(25, Z, |Z

, flag). ITonyyaem Z= Q,

Z|=0, flag=0. ITepexonum
K ILITOMY LIATy aJTOPHTMA;

Oran 20. YBenmuuBaeMm cuyeryuk k=7+1=8. Bocpmoit snement maccuBa A (a8) cymecTsyer,
3HAYUT, IEPEXOAUM KO BTOPOMY LIATy aJrOPUTMA;

Oran 21. Bemonusem dyukuuio Get(8, Z, |Z|, flag). IToxyuaem Z={43, 36},

Z|=2, flag=1.
[TepexomuM K TpeTheMy LIATy aJITOPUTMA;
Otam 22. [TpoBepsieM MHOXXECTBO Z Ha HaJIW4YUe Y3JIOB, YKe Z0OaBIeHHBIX B MHOXECTBO V, U IIpH

HaJIMIWY TaKOBBIX, yZanseM ux. [loxydaem Z = O, Z|=O, E={el,2, el,3, el 4, el,5, 2,6, 2,7, 2,8,

e8,3};

OJran 23. Ha pmammoMm osrame HHYEro He
U3MeHSeTCd, TaK Kak Z = O;

Oran 24. VYBennuuBaeM cuerynmk k=8+1=9.
Jepsaroro snemenTa maccuBa A (a9) cymectsyer,
3HAYUT, pabora aJIropuT™Ma 3aBepIIeHa.
CdopmupoBaHHbIt B pe3yybTaTe ajaropurma rpad
OOCTYITHOM TeJIEKOMMYHHMKaIIUOHHOM cetn

IIpefiCTaBIeH Ha pUCYHKe 4.

Puc.4 Hrorossiii pe3yabrar paboThl aIropuT™Ma

Pe3zyspraThr paboThI KQXXIOTO 3TAlla OTPa’KeHHI B TAOIUIIE :

Ne A% E A Z K | N
1 wl (%] 12 (0] 1 0
2 wl (%] 12 43,36,39,78 1 0
3 wl (0] 12 43,36,39,78 1 0
4 wl, w2, u3, u4, u5 el,2,el,3,el4,el5 12,43,36,39,78 43,36,39,78 1 1
5 wl, w2, u3, u4, u5 el,2,el,3,el4,el5 12,43,36,39,78 43,36,39,78 2 1
6 wl, w2, u3, u4, u5 el,2,el,3,el4,el5 12,43,36,39,78 12,16,25,4 2 1
7 wl, w2, u3, u4, ub el,2,el,3,el4,el,5 12,43,36,39,78 16,25,4 2 1
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8 wl, w2, w8, u3, u4, el,2,el,3,el,4,el,5, 12,43,36,39,78,1625,4 16,25,4
u5, u6b, u7 e2,6,e2,7,e2,8

9 wl, w2, w8, u3, u4, el,2,el,3,el,4,el)5, 12,43,36,39,78,1625,4 16,25,4
u5, u6b, u7 e2,6,e2,7,¢e2,8

10 wl, w2, w8, u3, u4, el,2,el,3,el,4,el)5, 12,43,36,39,78,1625,4 (0]
u5, u6b, u7 e2,6,e2,7,e2,8

11 wl, w2, w8, u3, u4, el,2,el,3,el,4,el,5, 12,43,36,39,78,1625,4 (0]
u5, u6b, u7 e2,6,e2,7,e2,8

12 wl, w2, w8, u3, u4, el,2,el,3,el,4,el)5, 12,43,36,39,78,1625,4 (0]
u5, u6b, u7 e2,6,e2,7,¢e2,8

13 wl, w2, w8, u3, u4, el,2,el,3,el,4,el,5, 12,43,36,39,78,1625,4 (0]
u5, u6b, u7 e2,6,e2,7,e2,8

14 wl, w2, w8, u3, u4, el,2,el,3,el,4,el)5, 12,43,36,39,78,1625,4 (0]
u5, u6b, u7 e2,6,e2,7,¢e2,8

15 wl, w2, w8, u3, u4, el,2,el,3,el,4,el5, 12,43,36,39,78,1625,4 (0]
u5, u6b, u7 e2,6,e2,7,e2,8

16 wl, w2, w8, u3, u4, el,2,el,3,el,4,el,5, 12,43,36,39,78,1625,4 (0]
u5, u6b, u7 e2,6,e2,7,¢e2,8

17 wl, w2, w8, u3, u4, el,2,el,3,el,4,el5, 12,43,36,39,78,1625,4 (0]
u5, u6b, u7 e2,6,e2,7,¢e2,8

18 wl, w2, w8, u3, u4, el,2,el,3,el4,el,5, 12,43,36,39,78,1625,4 (0]
u5, u6b, u7 e2,6,e2,7,e2,8

19 wl, w2, w8, u3, u4, el,2,el,3,el,4,el5, 12,43,36,39,78,1625,4 (0]
u5, u6b, u7 e2,6,e2,7,¢e2,8

20 wl, w2, w8, u3, u4, el,2,el,3,el,4,el5, 12,43,36,39,78,1625,4 43,36
u5, u6b, u7 e2,6,e2,7,¢e2,8

21 wl, w2, w8, u3, u4, el,2,el,3,el,4,el5, 12,43,36,39,78,1625,4 (0]
u5, u6b, u7 e2,6, e2,7,e2,8, 8,3

22 wl, w2, w8, u3, u4, el,2,el,3,el 4, el,5, 12,43,36,39,78,1625,4 (%]
u5, u6b, u7 e2,6,e2,7,¢e2,8,¢e8,3

23 wl, w2, w8, u3, u4, el,2,el,3,el,4,el5, 12,43,36,39,78,1625,4 (0]
u5, u6, u7 e2,6,e2,7,¢e2,8,¢e8,3

3. BerBozet

Paspaboran anroputm ¢dopmupoBaHus mONMHOTO rpada CeTH, KOTOPHIA YIUTHIBAET
TOIIOJIOTMYECKUe XapaKTePUCTUKU HOCTYIIHOM YacTH ceTH (pacIpefesieHHe CTeleHeil CBA3HOCTH,
cpepusist ayivHa mytH). [Ipy aHanu3e TOMONOTMYECKUX XapPaKTEPUCTHK CETH MOXHO ITOJCYUTATH
K09 PULIMEHTH! yI3BUMOCTH AJIA KAKAOTO Y37Ia B CETH, BEKTOP TOIIOJIOTUYIECKOH ySI3BUMOCTH Y37I0B
TeJIEKOMMYHUKAIIMOHHO# ceTu. [loTy4eHHbII BEKTOP MOXXHO UCIIOIb30BaTh IIPU IPOTHO3UPOBAHUN
yTpo3bl  pacrmpocTpaHeHHs 3ampeimieHHOW uHbopmanuu. C  OZHONH  CTOPOHBI, MOXHO
KJIacCUGUIIUPOBATh IO ONMACHOCTU aTaKyIOIUIWe Y3JbI, a C JPYTO¥ CTOPOHBI, MOXXHO BBICTPOUTH
Hanbosee 5(deKTUBHYIO CTpaTernio NPOTHBOAEHCTBUSA yrpose. Pa3spaGoraHHas MeToguKa
(bOopMHUPOBAHUS TOIIOJIOTUH TeJIEKOMMYHHUKAI[OHHOM CeTH YIUTHIBA€T OCHOBHBIE TOIIOJIOTHYECKUEe
XapaKTEePUCTUKU  [OCTyIIHOM dYacTH ceTH u  paboraer B

yci1oBue He,HOCTaTO‘IHOI;'I

Perpe3eHTaTBHOCTHN BBI6OPKI/I HNCXOAHBIX TAHHBIX.
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ALGORITHM TO CONSTRUCT THE COMPLETE GRAPH TOPOLOGY OF THE
TELECOMMUNICATION NETWORK
Kamkamidze Elene, Khomeriki Irina, Dvalishvili Mikheil

Georgian Technical University
Summary

A method of forming the topology of the telecommunication network is developed, which
implicates basic topological characteristics of the network parts, that are available and works in the
conditions of insufficient representativeness of the sample input data. The proposed method is
consisted of a sequence of the developed algorithms. The algorithm of forming the initial data on
the network topology is developed - the set of vertices and the connections between them are
available for the network, which considers the limitations on data collection. The next stage
involves the development of an algorithm of forming a complete graph network with the addition
of an inaccessible part based on the calculated predicted topological characteristics. Developed
techniques regarding the formation of the topology of telecommunications network can be

implemented as software in the future.
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ENHANCEMENT OF PRODUCTIVITY FOR THE POWER NETWORK PARAMETER
METER MULTIFUNCTIONAL DEVICE

Imnaishvili Levan, Jabua Malkhaz, Chkhikvadze Karlo

Georgian Technical University
Abstract

Article covers the aspects of interaction between the Modbus communication protocol and
the multifunctional metering device used in the supervisory control and data acquisition (SCADA)
system for monitoring and control reasons of power network parameters. Algorithm of productivity
enhancement is drawn out and implemented in real experimental conditions. Power network
parameter meter multifunctional N14 device (produced by Lumel S.A.) has been chosen as research
object.

Key words: SCADA system. Modbus communication protocol. Productivity.

1. Introduction

Problems concerning the productivity enhancement are very actual in modern SCADA
systems. In particular this is related to the systems dedicated to the monitoring and control purpose
of various technological processes, where the main attention is paid to the speed of performance
and generally to the productivity of the whole system. Full automation of technological processes of
production sphere on the one hand increased their quality, but on the other hand improper usage of
the possibilities of the modern intellectual devices caused the system performance problems and
the necessity of their improvement and perfection. Nowadays, technological solution (algorithms,
used communication protocols, their realization in practice) of the processes running in any
sphere, including the production field is much more behind of capacities of appliances
participating in the monitoring and control of that processes and this causes the improper,
incomplete usage of their possibilities and is finally affected on the performance of the

technological processes.
2. Experiment

Research of power network parameter meter multifunctional N14 device interaction with
Modbus communication protocol has been performed in the main frame of an experiment. The N14
meter is a programmable digital panel instrument destined for the measurement of 3-phase, 3 or 4-
wire power network parameters (RMS voltage and current, active, reactive and apparent power,
active and reactive energy, frequency and so on), in balanced or unbalanced systems with the
simultaneous display of measured quantities and digital transmission of their values [1]. This
network parameter meter enables the control and optimization of power electronic devices, systems
and industrial installations. Measured parameters of power network are placed in embedded 16 and
32 bit registers. Each measured parameter is transmitted to the main device in SCADA system via
the RS-485 interface and the Modbus protocol. Maximum time of response to the request is 1000
milliseconds, chosen working regime — Modbus RTU, data transmission rates are 4.8, 9.6, 19.2, 38.4
Kbit/second.

Experiment implies the readout of measured parameters in a certain interval of time using the

Modbus protocol (in particular readout command #03) and the assessment of the readout time.
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3. Experiment background

Modbus is an application layer communication protocol based on a client-server architecture
which is widely used in industry to connect the electronic devices [2]. It uses RS-485, RS-422, RS-
232 interfaces and TCP/IP networking protocol. Its working principle is based on transactions,
containing the request and the reply on request. This protocol defines the main (Master) and
secondary (Slave) devices in communication network, determines and terminates the connection
between them, establishes the types of data transfer and error checking and recovery methods.
Standard Modbus network contains only one master and maximum up to 255 slave devices,
manages and controls the request and response cycles between them. In typical RTU regime data is

transmitted in frames, which structure is shown on a Figure 1.

FUNCTION CRC
START | ADDRESS [~ 5 0 DATA S END
e | 8bits i 8bits | Nx8bits i I16bits | aenst

v
A
N

> < <
L] .« Y

A
v
4

L}

Figure 1. Data frame structure for Modbus RTU protocol

Each device participating in Modbus network has an unique, independent address in a range
of 1-247. Function code identifies an action, that has to be performed (read, write and so on).
Modbus RTU implies 8 data bit in 11 bit symbol, making possible data byte transfer in a symbolic
shape. Each symbol has the following shape: one start bit, eight data bits (junior goes first), one
parity + one stop bit, or no parity + two stop bits, (1+8+1+1=11). Device address and function code
fields occupy one byte, as far as each byte is transmitted as one symbol. Checksum is presented in
two bytes and is defined by CRC16 algorithm [3]. Interval between frames is regulated by the pause
between the symbols. New frame must not appear earlier than 3,5-Tc, where Tc is a time of
transfer for a single symbol. On one hand, signal absence for more than 1,5-Tc is counted by the
receiver device as the end of frame, but on the other hand appearance earlier than 3,5:Tc is
counted as an error.

In Modbus RTU data exchange is organized in a form of communication cycles. These are a
kind of preparatory operations necessary for data transfer/reception. Two kind of cycles exist:
master device and slave device cycles. Appliances get requests/data in the beginning of cycle and

transfer in the very end (see Fig.2).

cnd of MASTER cycle start of MASTER cycle

request response
transmission reception :
request formation request treatment response formation
reception transmission

start of SLAVE cycle end of SLAVE cycle

Figure 2. Communication cycles used in Modbus protocol
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Many researchers of Modbus protocol think that master and slave communication cycles

have the fixed duration [4], despite of the Modbus command being processed. Research work

carried out by us gives an obvious answer to an actual question, if its possible to reduce the
communication cycle duration for different Modbus commands or not.

4. Experiment technics
In conducted experiment personal

computer has a role of a master device and
multifunctional N14 node of the slave one. Connection between them is realized through the RS-

485 interface, that is connected to the USB port of the PC via special convertor. RS-485 represents
the most spread and popular standard for physical layer based connections. Physical layer is a
connection channel and signal transmission media, based on a data differential transfer (balanced)
method [5]. In this particular case one signal is transmitted through the two connection lines. One
line (conventionally A) is used for original signal transfer and another one (conventionally B) — for

inversed signal transfer. In other words, one line is for “1” and another one for “0” or vice versa.

Figure 3 represents the readout time distribution for one 16 bit integer type register of power

network parameters meter N14 multifunctional device, containing the value of power network
frequency. This register is accessed in a loop of one second time interval.
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Figure 3. One 16 bit integer type register readout time (milliseconds) distribution

for N14 power network parameter meter device

Access interval of one second is an optimal value, because according to the factory
documentation N14 device needs maximum one second for the response preparation and transfer to

the recipient (device issuing the request). In the meanwhile for the device its extremely important

to manage to react on all the requests coming from other members of Modbus network. As it is
seen from Figure 3, maximum value of device reaction/response time

reaches about 630
milliseconds and minimum response time values fluctuate in 20-65 millisecond diapason. The same
figure makes clear, that during the experiment the particular register readout lasted for 10 minutes

with one second access time interval. For more details, the experiment has also been carried out in
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occur.

conditions when simultaneously several registers were readout for different (9600 and 19200
bit/second) throughput. The overall result picture remained the same and important changes didn’t

Each point in Figure 3 corresponds to the time equal to the device response time plus the
answer cycle. In particular, the answer cycle implies the reception of request by the
slave/dependent device, its processing and the execution of an action considered by the function
code field of the request message. As it’s seen from carried out experiment, response cycles of

slave/dependent device are not of the same duration. Time interval between the readout peak time
is equal to 90 seconds and is symmetrically repeated. In the very beginning of measurement, device
response time is dramatically increased up to 630 milliseconds, during the next 45 seconds stable

decrease of this value and during the forthcoming 45 seconds low values (20-65 milliseconds) are
observed. Then the same process is repeated cyclically.

5. Performance enhancement algorithm

Experiment shows that in the beginning of measurements, device response/ readout time can
be any of shown in Figure 3. It can be in a low ranges or on a peak or in decreasing phase. In the
first case, everything is clear, optimal time of readout is already caught and the only task is to
maintain it for the whole measuring time. Solution for this is to access the device register only in
100 seconds time interval and the constant low rates of response time is guaranteed. In a case

different from scenario one, different kind of data readout algorithms have to be processed.
For a better illustration, readout time decreasing phase shown on Figure 3 was divided in A
(630 milliseconds), B (400 milliseconds), C (180 milliseconds), D (50 milliseconds) points (see

Fig.4), i.e. three zones (AB, BC, CD). The main goal is to come down to the D-type points (<100
milliseconds), that correspond to the low readout time values.
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Figure 4. N14 metering device response time distribution
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Using the software product written by us in order to serve this experiment, it was measured
that the distance from A-B zone to D-type points is 50 seconds, from B-C zone — 25 seconds and
from C-D zone — 15 seconds. Experimentally proved that once the lowest readout response time
values are reached, i.e. D —type points, measurements have to be continued in 100 seconds interval,
which guarantees the same type (low values) response times during every access to the device. This
means it becomes possible to get the intended data from the Modbus network device in a minimum
time, that solves the problems concerning the system performance issues, therefore proves that
master/slave communication cycles don’t have the same duration and can be optimized, i.e. reduced
according to the demands of the task to be performed.

Figure 5 demonstrates the block-scheme of implemented algorithm based on which data
readout was conducted from the power network parameter meter N14 multifunctional device to
the personal computer. This algorithm has been well-implemented in a software and its efficiency
is confirmed based on real measurements.

i-Device readout interval
Response from N14

device

From A-B zone From B-C zone From C-D zone
to D-type points to D-type points to D-type points
i=50 seconds i=25 seconds i=15 seconds

Y A
Readout Readout Readout
i=100 seconds i=100 seconds i=100 seconds
in a loop in a loop in a loop

Figure 5. N14 device readout algorithm block-scheme

6. Conclusion

Development trends of modern technologies reveal, that current performance of Modbus
communication protocol necessarily needs to be enhanced, because it’s far behind the capabilities of
the intellectual devices widely used in modern supervisory control and data acquisition systems.
This problem finally causes the improper usage of their diverse possibilities and leads to the low
performance of the system.

Experiment carried out in the frame of this article obviously demonstrates, that through the
software or hardware modifications and implementation of the corresponding algorithms it’s
possible to increase the overall performance of SCADA system. However it’s apparent that further
and deep effects request internal modernization of current communication protocols and their

practical implementation towards nowadays requirements.
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SOFTWARE DEFINED DATA CENTER NETWORK - VXLAN TECHNOLOGY

Chubko Giorgi, Maisuradze Giorgi, Kaishauri Tinatin

Georgian Technical University
Summary

This article discusses VXLAN technology, its components, their functional load, encapsulation
scheme for packages. VXLAN technology is compared with the existing, traditional network
segmentation VLAN technology. VLAN limitations and shortcomings are discussed as well as its
advantages and its application area. Based on VXLAN technology an example of communication
between two remote endpoints is given, as well as processes of ongoing encapsulation and

component roles.

YIIPABJIIEMBIE CETY HEHTPOB OBPABOTKHU JJAHHBIX —
TEXHOJIOTHA VXLAN

Yy6xo I'., Maucypazgze I'., Kaumaypu T.

I'pysunckuii Texuudyeckuit yHUBepCUTET
Pesiome

PaccmatpuBatorcs Bompockl ucnosnbs3oBaHusa TexHosoruun VXLAN, ee KOMIOHEHTHI, HX
GbyHKIIMOHAIbHAA HArPy3Ka, CXeMa MHKAICyIupoBaHus makeToB. Texnonorus VXLAN cpaBHeHO ¢
TPaJUIIMOHHOM ceTeBO# TexHomorueir cermeHTanuu VLAN. OG6GcyxmeHBI OTpaHHYEHHUS U
HepocraTku TexHosoruu VLAN. B cratee paccmorpens! npenmymectsa TexHonoruu VXLAN u ee
ucnonp3oBanue. Onucana cBA3b ¢ ucmonb3oBanueM Texuonoruu VXLAN, Mexay nByX yoameHHBIX

a60HEHTOB, IIpo1ecChl 1 KOMIIOHEHTBHI.
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INTERACTIVE THREE-DIMENSIONAL RECONSTRUCTION BASED
ON RGB-IN IMAGE
Mzia Kiknadze?, Ivane Makasarashvilil, Mikheil Dardjania?
1-Georgian Technical University,
2- Thilisi State Academy of Art
Summary
In this paper, we focus on the reconstruction of buildings and therefore exploit common
characteristics of architectural scenes. Many buildings can be approximated with piecewise-
planar models and the planes are orthogonally aligned. In contrast, extensive 3D information
is available in the form of an unstructured point cloud. Therefore, it is possible to
automatically detect scene planes and create 3D models without any user input. We introduce
a novel method for automatically reconstructing low-polygonal meshes from point clouds.
The point cloud is analyzed for extracting globally consistent surface normals, which are then
used to robustly detect planes. If oriented images of the scene are available, it is possible to
extract strong image edges which can be used as boundaries for the planes.

NHTEPAKTUBHAS TPEXMEPHAS PEKOHCTPYKIIUA HA OCHOBE
RGB-B U3OBPA’KEHUE
M.Kuknaznze! , U.Maxacapamsunu !, M. Japmxanua ?
1-I'pysunCckuii TexHUYeCKUI YHUBEPCHUTET,

2-Townumcckas ['ocynapcrBenHas Axagemus XyI0KeCTB
Vm.A KyTtaTenaznze

Pe3iome

[IpencraBiena cucreMa PEKOHCTPYKIIMH MOBEPXHOCTEH KakK ¢ M300pakeHUS TaK M C
HaOopoB Touek. BHumanue oOpameHo K uHpoOpmanuu, kKortopass 3aHeceHa ¢ RGB-D
¢doTokamep, B TO BpeMsl KOT/Ia CHATHE CLEHBI POUCXOMUT C TIOMOIII0 MHOXKECTBA KPACOUHBIX
N300paKEHNH WM JK€ TMPH MOMOIIM TUIOTHOTO MHOXEMTBa TOYeK. B 3TO ke Bpems Mbl
MOXEM TPHUMEHUTH OJBIIOC KOJWYECTBO KOMIIOHEHTOB AITOPHUTMA PEKOHCTPYKIIMU ISt
UH(OPMALMK BHECEHHOU MPU MOMOILIU APYTHMX UCTOYHUKOB. PEKOHCTPYKIIMS OCHOBBIBAETCS
Ha HECKOJBKHX MPUMUTHBAX (UTYpPHI, KOTOpPBIE NpPEUIaraloT HaM BBICOKOE KadeCTBO
a0CTpaKIMK B LEJSIX MCIOIB30BAHMS TPEXIPOCTPAHCTBEHHOW WH(pOpPMAINH, ee aHaIu3a WIH

KC pCAAKTHUPOBAHUA.
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2. MakcumoB H., [lono U. (2013). Kommberotepusie cetu. Uzn. ,,Dopym”. Mocksa.

DEVELOPMENTAND APPLICATION OF SOME ASPECTS OF SYSTEMS
ENGINEERING IMPLEMENTATION ON THE GLOBAL NETWORKS DEDICATED
CHANNELS

Natroshvili Otar, Robitashvili Alexander
Georgian Technical University
Summary

The article discusses problems of organizing global computer networks on dedicated channels
provided by telecommunications companies. The article focuses on the methods used to multiplex
signals that are used for time or sequential segregation of signals running through the channels.
Emphasis is made on the importance of creating switching centers within the infrastructure of the
networks that support diagnostic procedures on remote stations.

O PA3PABOTKE U INPUMEHEHUHN HEKOTOPBIX ACIIEKTOB
CACTEMOTEXHUYECKON PEAJIM3AIINU T'JTIOBAJIBHBIX CETEH
HA BBIJAEJIEHHBIX KAHAJIAX

Harpomsunu O.I'., Poburamsumm A.T.
I'py3unckuii  TexHuueckuil YHHBEpCHUTET
Pesome

PaccMoTpeHBI BOIIPOCHI CHCTEMOTEXHHUYECKOW OpraHU3alui TJI00ATBHBIX KOMITBIOTEPHBIX
ceTell Ha BBIJCICHHBIX TEJIEKOMMYHUKAIIMOHHBIMA KOMITAHUSMH KaHaioB. bonbplioe BHHMaHWE
VACICHO  TNPUMEHSEMBIM METOoJaM MYJIbTHIUIEKCHPOBaHMs curHajioB. [loguepkHyTO 3HAUCHWE
CO3MaHUs KOMMYTAIMOHHBIX IICHTPOB B MH(PPACTPYKTYpPE TAKHX CETEH, KOTOPHIC IOMICPKUBAIOT
MAarHOCTHYECKHAE TIPOIECAYPHI HA YIAICHHBIX CTaHITHAX.
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DEVELOPMENT OF SECURITY INFRASTRUCTURE OF
INFORMATION SYSTEMS
Jamurashvili Kakhaber, Samkharadze Roman

Georgian Technical University
Summary

Article discusses information system security infrastructure planning problems and
respective solution issues. In particular, modern software solutions are discussed. As a result, it
becomes possible to transmit information electronically. The latter implies that the transmission
speed is increased several times; It becomes possible to share printers and other hardware devices
in the network, thus reducing the number of unwanted equipment. In addition, it is possible to set
up an electronic mailing system that makes it much easier and accelerates the processes occurring
in the company. Information infrastructure simplifies communication among employees, the
decision-making process is much more efficient and quicker, much easier to communicate by

electronic documents and their subsequent retrieval.

PA3PABOTKA MHO®PACTPYKTYPBI BESBOITACHOCTHA
VH®OPMAIIVIOHHOY CUCTEMBI
Kamypamsumu K., Camxapazze P.

I'pysunckuii Texuudeckuil Y HUBepCUTET
Pesiome

CraHOBUTBCA BO3MOXHBIM d5(deKTHBHAA 5IeKTPOHHad Iepejada wuHpoOpMamuu. ITO
IOJIpa3yMeBaeT, YTO B HECKOJBKO pa3 BO3pacTaeT CKOPOCTh Iepefayd MHMOPMAIUH, CTAHOBUTCI
BO3MOXKHBIM IIO/I€JIUTCA IIPUHTEPAMU U APYTUMU CETeBBIMU yCTPOHCTBAMU B CETH, YTO YMEHBIIAeT
KOJIMYeCTBO HeXejlaeMoW ammaparypsl. Kpome 3TOro, CTaHOBUTHCSA BO3MOXXHBIM CO3JaHUeE
9JIEKTPOHHOH IIOYTOBOHM CHCTEMBI, 4TO HAMHOTO YIIPOWIAeT M YCKOpSeT BCe IIPOIECCHI,
IpOTeKalolyie B KOMIIAHWM. B  pe3yspraTe pasBUTHA HHOPACTPYKTYPHl  YIIPOIIAETCS
KOMMYHHMKAIIMA MeXAYy COTPYJHUKAaMH, IIPOLleCC IIPUHATUA pelleHWH CTaHOBUTHCA Ooee
5bbeKTUBHBIM U OBICTPBIM, Pe3KO YIPOIIAeTCs MCIIONb30BaHME U IIOUCK 3JIEKTPOHHBIX

AOKYMEHTOB.
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06333300l doemosbmdols s 0doBs(300Lsgeb  msgzol  sbsgegee  bagodms  assod@sls
0bggmMds300bs s 33BmO™mdol  ogbBogosseols  ©s  Smgbdogogsiool  3Gmmgds,  Gm3gmacg
Fgodemgds bmemsz o ogmb 835380698 mm0  3mbgoEgb(305emmbols 3G gdslmsb. sbgzg  swgomo
Agbsdemgdgmos, Gm3  FqBgmdabgds  gedmgogbsgbmm  bsdpgomer  ®J3g6ds  Lsgdoshbds  3serBbom@ds,
353103 dgeatrg @l 3sb edgml 83 BB ymdobgdol s3BmGmds. 8@y gl dmdgbBo odbgds o]zgbogals
bobosdmgbm, sdogmd Mbes Bgagdmme B zoamm 0396l 3sOEbomel, Gmd gGomo 3ol doge
ogm a3dmabsgbomo. 867 BgBgmdobgdols s3Bm@l 396 mbos dggdmel medgmls msgalo sgBmOMds.

33 3Omdrqdols asesgds LodgdMonmo 3603gmatsgools Lednsmgdon 3699539 mG0s, sdogmd
eeal sbgmo  8dm(386580L  ge@slsg@gmse  asdmoygbgds @os  gsbamgdasbo  3MadBmgMegas . mas
asbomgdosh 360333530580 33943l ™m0 golsmgdo, gomo Lsoemdmm  (gdogmsiool gsbsmgdo),
Gm3gmo (36mdogos Ibmmme  0bgm@dsogmo  eEmoghnmdol gmo  lmdogddobsmzals s dgemen,
03 3sbsmgdo (sdoggzals asbsmgdo), GmIgmoa (36mdogmos g3gms ©sbsGhgbo imdogddobsmzgals. wos
aoboegdo  a8dmd3ggbgdgmos  JlgemBo s 6360Ldoge  bmdogddl Bgmdmos ©sBog@mb 83 gsbsmgdoon
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0bggmAds(308.  8FogAmo  abgm@dsiool  gdog@sz0s  Bglsdmgdgmos  dbmeeme  Lsogrdeme
aobsmagdom, sdoBmd Ibmmme 83 golbomgdol  dggrmdgmls Fgmdmos a3 Bogml  0bggm®dszns.  mas
asbsmgdasbo  3M03Bmadsgools baggrdggmls Fotdmsegqbl q.f. (3omdbéog dodstrornmo ggrbdos.

Lodg@Gonmo  3G03Bmategos 0ggbgol dgmmegdl, Gmdmol eAmbsz 0bgm®dsiool asdybegbo
©s d0dmgdo 0ggbgdgb gombs s 0dsgy golasmgdls (0830sme Lbgemslibgzsl, dsa®sd s3 Fgdmbggszsdo
gomo  gsbsmado  ommse  3sdmomzgmgds  dgme0eEst). 1976 fmsdwg gl Bogmsiool  gomseg®oo
dg0mEo oge.

0653900m37  Ladgdtogmo  3003EmaMegos 38390698 mmos  doMomsese  dmm e
B05361900036, 653500  Fog®gdmsb s dso  gsdmygbgdslosh [1]. dmmzm@o Foggo  gsJBmdGozsm
3eremosmazsdgdyn®o ool dmeoggogszoss: somads Lsfgolo Bgdlgol aed33gmmo Log@dols bsFoemo
(Bemmgo) s asbemgdo,  Fgogase  doomgds  ogogzg  (0930sms  asblbgezgdmmo)  Log@dols
BoggemB)9JbBo. Foxzem@ldol Bgdsegabgmo demzgdals 9Odsbgmnmsb Bg@ffgdolsmzol 3sdmaggbads
bbgoslibgs dgmmegdo, Gmdmadbsi dnmosbmdsdo Jdqgmgdols Ggg0do gfmwgds.

dcbs(390ms  Boggdrsgool bgebpsd@o(Data Encryption Standard — DES) @s  gomdyxemdglgdnmo
Boggs(300L bigebsé@o (Advanced Encryption Standard — AES) deomgn®o Bog@gdos[2].

DES (s dolbo bsodlsobgmds3DES) xg6si3  hgds  googho  gggmsbyg  Seadgymstrmem
Smam®omdse © gtnmE  asdmoggbgds. mds dolo gslamadals Log®dol s@sbsgds@olmdals asdem,
bgds dobo Rsbs(zgmgds Lbgs, 1xem 0sbsdgecimgy seam®omdgdon.

Emadeg  asdmambogmos  dMegsmo  dmegm®o  Boggo,  dsmo  dgdglemds  asBgbomos
o3 gdnmo 30038 msbsmobols  Bgegase. bsgem@o  Bogdo  Jbol  asbmlsbmzdgmo  Log®dols
aoboegdl, Gmdgmo 89degmd  Mgeomegds  Lsfygol  0bggemdszosl  (do@mdMogse 36 dsoBmdtozgee).
35935350 0bgmEds(300  ©sIm ogdmmos Foggols Bobsgsb dpamdstigmdsty, mdgmoi dmJdqmgdols
3030bstrgmdolsl  oigemgds. bsfgalo bgmdstrgmds ©sdmgoegdamos Jogzol  gsbsmgdby (bmgoghm
6ogon®  Bog®Bo  Bodudbgs).  begsem®o  Bog@ol  dsgsmomos  RC4.3603Bmadsgonmo  393-
316d09%0  (BaJudol  s6sdg3wals  3mbi30980)  3E03BmaGsgonmo  semameomndgdols  360336gmem3s60
eobos. olobo o@gdl Lafgol 360d3b69cmmdse BgJbdl s 396 36badl ggodbodgdnmo  Log@dols
393L, Gmdmols 39380607988 bafgol 3608369emmdslimsb 3Grmdemadss.

sy gb3090l  (30emdbeog  ggnb30gdle  gdebosh.  Lamggoglem  semgem@omdgdolsmgols
3obogdo (w60 Bafldo, GmIgmas 3980 ghmo s 0go3gs) Gomemo dmbsdgdbo brs ogml ©s
3dols semdsmmds d060ddsdwg by ogmb sg3sboemo. BB ymdobgdols smmabdogozsisool gmegdo 393-
960980l bgagbos, 08  gsblbgeggdom, ©md  398-360d36gmmedals  Bglsdmdgdmse  gsdmagabgds
bsogndmm asbsmgdo.

JbgeBo gmggen  Lbgaebbygs  Fygomb  ffgzb  ofemboml  gsmgy gsbergdo, Gsg  Fyzomos
G3m©9bmdols  gsbMEolsl  gslsmgdgdols Gomeabmdols 335G gmo  3OMm3m®zoom  gsbeEsl  off393L.
®6  Imgsgdodryg dbadgl Fm@ol gobsmgdol as;zges, ds8ob, s xge o OGN a0
bsgmdnbogsiom  s6bo, 3390608 ©s Jsmdal” 3Omdemgdsls 9dlgsgligds (3alsmgdol asigms bos
bl oM, GG as;3ms 0mbmgl ©sBogg@zsl, sTogmzs mszol IbGog nbmmmmdls
aoboegdols as;33emsl @s . 9.)

1976 (ool godgome  ©oxgod  ©s  dsdBob  Igemdsbds  Feedmewanbgl  sLodgdGommo
3003BMaMsg08  —  eGEabsgrgse  gsblibgeggdamo  3mb3n(30s,  GmdgemBog  gedmogabgds ™G0
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bbgoslbgs, dsg®ed dsmgdedogndee 9Omdsbgmmsb ©s333806M9079mo  aslsmgdo — mas ©8 gsrneo
aobsmgdgdo. 8dsgg ML gsdgmo  asbsmgdol doegds mos gslemgdowsb dmombmgl  gmemebsgond
asdmmgmon Gglim@lgdl.

sbodgdonm  3603Bmamsgosdo mas asbsmgdo dgadmgds yggamslmgol (36mbamo agml, 83s39
6Ol gstmgmo  gobsmgdo  bsopmdmeae  qbos ©s@Bgl. Bodn® F9dmbggzedo  getrgmo  gsbsmagdo
399m0ga6gds  Foggsz00l ML, bmmem mos gsbsmgdo ©)Bog@s;300l O™, ©oged s 3gmdsbds
sbagg §eedmamanbgl ogo-3gmdsbols gelsmgdol goigemals 3Gm@mgmeno.

1978 (ool 36033 ma®sggd0l  xannds  Ombsme  ®03qldol, seo  Bsdotol s g
90edsbols Fqdsmagbermdomn dgddbgl dgmey skodgdGommo  3Ga3BmboliBgdsRSA [5]. ©ogo-3gedsbols
©s RSA segm@omdgdo ©mgl gestome 360l as3639madgmo.  s@lgdmdl  sliggy  Gsdegbody  Lbgs
360038mLobBgds, Gmdgmai mas gobamgdal 3mb3g53(300L 0ggbgdl.

Foggdsigool  geds  sbodgdtonmo  3O03Bmafsgos  gedmoygbads  sog@rmmo  bgmdm-
T96900bsmgobss.  3on6mmo  bgmdmgds  Rzgnmgdtog  bgmdm{g@sl  odoo  Fesgsgl, md  dobo
dgmmdgmobomgols  dobo  Fgddbs s asb3edags  ds@Bogos,  beom  qibe  3oMolsmgol  dolo
©doMgds — Fygdegdgemo.

(95O gmo Bgemdmg@gdo asdmaygbgds e smameonddo:

D) bgemdefgms, lbesy gedrmgmo  asbsmgdo  3sdmoggbads  Badldol o6 Fadldol 3930k
JoggMszoobsmgols;

2) 399m(3gos, Lemsy mos golsegdol 39339mdom brgds ©qdag®s;0s, dm(drgds Bgfldol 3980
s 3degbse Bgfldol domasbmds s bgmdm{gmol bsdwgammds.

RSA s DSA §o63mawabls soi36rgmo bgmdmGadmol  gggmoby aogd(3gmgdnm  smaméondgdls
©5 FOOME 3sdmayggbgds olige 3OmB™megddo, Gmgm®gdaczss SSL/TSL, VPN s Lbgs.

3. sliygbs

3obsmgdols dodrmgols s gorsigdobsmgzol  asdmoggbgdsmas  asbsmgdol  3M03mlolBgdado,
Omdgmoi ©sgdbgdnmos  ,,d69m0  3Mmdemgdgdols  gedmmzmon  Lotorgmgbg.  dsgsemomseRSA
99gsgds  Go;bzol  gadBmobsool  3Omdmgdsls (b oo Goibzol  sdmsl  dséBog
3336193t 988),  boame  ©0gg0-3gemdsbols  sramGomdo  gi3mdbgds  ©olizgdmmo  rmgstomdgdols
363mdegdsls. sbgmo Loliggdgdols dgdglmdsdo 0bBgbbon@se asdmoggbgds dmwmmon 3s3¢rsgmgds ©s
sbatobbgds, Fglbsdsdobs aszomgdomn 390 gsdmmgmomo Loddmasghgs Lsgodm, g0y Lodgd®omem
Lol$gdgddo, Gsig Iglsdsdolse Jomgz PORm sO0mmgdl ©sdogenmo 0bgm@ds0ols ©)Bog@sosl
s Bowol Fg@hgmmo dgomeol Lsbommdsls.
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MODERN CRYPTOGRAPHIC METHODS
Jamurashvili Kakhaber, Samkharadze Roman

Georgian Technical University

Summary

Modern cryptographic methods are discussed in the present article. In particular, methods
of public and asymmetric key encryption are discussed as well as their advantages and
disadvantages. As a result, modern, practical encrypting solutions are given. Public key
cryptosystems are mainly used as hybrid systems, in which fast symmetric algorithms are used for
encrypting/decrypting of information, while for the reason of managing and transmitting its key —
relatively slow, asymmetric algorithms are used. As we can see, the one-way functions mainly
represent such problems of number theory of which solution algorithm is non-polynomial.
Therefore, it is impossible for the opponent to recover secret key using the public one wich is the

basis for reliability of such cryptosystems.

COBPEMEHHBIE KPUIITOTPAOUYIECKHE METO/bI

Kamypamsunu K., Camxapagze P.

I'pysunckuii Texuudeckuit YHUBepCUTeT
Pesiome

KpunrocucreMs! OTKPBITBIX KJIIOUell B OCHOBHOM HCIIOJB3YIOTCS B KaueCTBe TMOPUIHBIX
cucreMm, rie paaa wmudpoBaHus / JemudbpoBaHUA WHPOPMAIUK KCIIOIB3YIOTCA OBICTpBIE
CUMMETPUYHBIE QJITOPUTMBI, a /i YIpaBIeHUs U Iepefadul KIO4ell HCIIOIb3YIOTCA
OTHOCHTEJIBHO MeJJIeHHbIe aCHMMeTPUYHbIe aaroputMbl. Kak BUIHO, OZHOCTOpOHHUE QYHKIIUY B
OCHOBHOM IIPEACTAaBIAIOT TaKHe 33/a4l TEOPUU YHCeJ, QITOPUTM PpeIIeHHs KOTOPBIX
HEeITOJIMHOMHBIN. [103TOMYy HEBO3MOXXHO BOCCTaHOBHUTH CEKPETHBII KJII0Y M3 OTKPBITOTO KJIIOYa,

YTO ABIAETCSI OCHOBOM AJIA obecreyeHus HaOEeXHOCTU TaKUX KPUIITOCUCTEM.
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063M&»35GN00L RSTNB3AHOL LOIIGEHN IR 3HN3SMIGSBOIR0
LOLGIZIBOLSA)BNL LIOKXIINM B3SLSKLIBOL ISBMEHINGIBIO ST3MSH00)I0

3obom 373039, 363 73033 Jgm3se 3T
200630 a4mamEmsdy)
bsJotroggeomls $gdbozgco gbogg@lodgdo

69b0dy

asbbogommos  0bgm®ds;z00l  sBoggol  Lodg@dommo 303 macsgormo Boh@aagbohom‘:;oh
bsoegdmm  gobomgdol  dsggm®dogdgmo  mE0gobserndo  smram@ondo. 83 sgramGondon  bogds
d90mbgggomo  360d3bgmmdals s Bgdmbgggomo  Logedol  dJmby  Lsowmdme  gslsmgdals  domgds.
aobsmgdo  dgeaqds  dodwgztmdon  sFgPomo oo MemEgbmdols  somdomo (30536900l ©s ogo
BmOdocEgds  3OMyMsdnmer  smam®omddo  dmggsbommo  3sG33gmmo  3Om3gEnGgdols  Iglermmadols
Fgeqase.  gmO3mésgonmo  Jlgmol 393800l BsBBo o6 gowsaigds  sdogstol  3Gm3gencgddo
dcbsoemg o3 9omo 38639980l bsdwgamo  360036gmmds.  asbsmgdol  d60Tgbgemmds  36mdos
dmO3mesoge  JlgmBo Rstormo  38bmbogto  dmdbdetigdemgdol  dmdlsbycyg  3g@lmbagmalsmgols.
Fomdmpagbormo segmtomdo 3sdmotBgzs 3G03¢mdgegamdon ©s dsmsmo b@sedgogdon.

1506305607 150&833602 15038(5_3)(4)0'3(3\'»0 (514)03(?_3)(')66)0(30'3;@0 15015(5_3)38.3. 30;::36)01} (3‘36;](3&5. hoog'z]agmm
aobsmado. dsE0(38.4390M38 gm0 gsdmbsdzoma. dsdogo Gozbzo.

1. Jgbsgagmo

3mO3mesgomee  Jbgemaddo  Bstorgem  3sbmbog®  dmdbdsgdemgdl  Bmeol gseszgdnmmo
0630353001 3mbR0Eb(305eNOMB0ls RBENb3gmlsgmBse FsGmmeE asdmoggbgds Lodgd oo (dsgs-
0mS: DES,IDEA,RCZ,RCS,AESQ.& 15153.) 6603@)(‘066‘)({30‘8@0 1}01}(8)38360. K% 15015(553336015
dotomso bszmo ol ol, Hmd gasbsigdo 0bgm®dsool ©sBoggMolisls dmgmo 0bgm@dszos ogmes
29633700 Lbogedols deeggdee (56-ps6 128 mGmdon d0Bsdmg) ©8 yzgms dmemgol ©sdogges-
35300330 Lareoegds gfmo ©s 0dsgy Lagdmm asbsmgdom. 33 godgdmgdol asdem 3sgdodol serbmsb
dogmgdnm  8838bmbog  dodmgdl  gpdmos  asbsbmdzogmel  3MadBmsbsmobgdo  gdg3e
Bohoggaba&)h 939609 "aglsodg'\nm 3ot4)0‘>6(?)36015 aoggoﬁﬁayﬂs aammggom ) &55;30(55'360 dﬁoSémaGomo%oh
Fqegase  (asbeegdols 3603369mmdols dm3mzgds ©s80bgdals, [sdgdol, Bsb@Begol o6 JMmmsdols do(3gdol
abom).

33 Bogmals  amemadgembsgmagsc d0bsb3gfFmbomos  Lsodmm  gsbamgdals  360d36gememdols
dolbsmgdsmoligmo  semam@omdols  Bgd7dsggds, Gmdgmoi  Jlgmdo  Rsormgmo  3sbmbogdo  dmdbdsgd-
gdols dmdbsbymg  39elmbseals  gmggmaas®o  dmbsfomgmdol as®9dg  (3sdmomobgds  dsbeodym®o
36038 mbsmobo) 3OmaGsdnmee  ©ssgm®damgdl 128 doBby geomagdon g Logedal gslsradls
(B 9860 owos  asksmgdol  Log®dg, doo gt dbgmos  g3gms  Ggbsdemgdgmo  3eM0sb@0ls
29036h735) . gslsmgdol  @sbsgm@datgdgm  smam®onddo  gsmzgsmoliffobgdnmo Mbrs ogml: dMsgzsemo
36mi9enm0l gbermgmadols begodmgds;  moomggmo 3Gmien®s mbos Lermmegdmegl bbgsmslbas
3860368)00m; Labn@ggmo 38608680l s@hg3s mbos brgdmegl 3Omgmsdnma.

2. doGomso bsffogmo

3O3mesGogmo  Jbgmol 6o dmdbdsegdmoesd  0bgm®dsiool  geesdzgdo  dbsdyg  sbrogbl:
Lsdo  dséogo Pg,Qp wsRoGoibzol 93mbggzoo  séhg3sls dstdogo  Go;zbggdals 893;339emo  Lsdo
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3sBoEsb(gMmo  Goibze gm0 dsborsb); 83 Goibzgdol  @smsagdsl Py = Q¢ = Rp3ocimdols
gL gdom; bsomdmm asbsmgdol gm@mdomgdsl Jzgdmm asbbogmmmo smamondols dobgogom; mas
BadbBob ©sBoggasl Lodgdonmo Maddmadsgongmo  smgmcondon; ©sBog@mo obgm®dsioobs
s sOBgamo  Py,Qp  sRocoibzgdol  6sddsgmol- Nog = Py - Qg - Rogomsgdsl  0bgmedszools
303mgd dbatglosh. gl 93965L369cm0 Noto3bgowsb smeagbl Pg,Qp ©sRg coibzgdl (Po = Qg =
Ry), Lsopmdmm  asbsmgdols dsgm@Bomgdgmo 03339  smgm®omndon  ©ssgm@domgdl  gslsmgdl s
3530036053 8ozt BgJb@L. bsoegdmm  gslsmgdols  ggm®dodgdols  semamGomdo  dgdwgydo
doamdstrgmdls:

L. as3momgemgds gomag®ols gmbdiools 360936g0mmds

@i-1(Ni-1) = (Pi-1 = 1) Q-1 — 1) (Ri-1 — 1);

2. 3360lsbm3zages Pi_q,Qi—1008 Ri_1 Gobzgdol gomgnemm3sh 0s660gdo dmmsglgdnmoa;_1,

bi_1 ©5€C;_13056980bs356 gagboemo  (@j—1,bi_1,Ci—1) [yz0e0. (3bsos, ™3 monmgnmo
35‘30)36015{1, 3,7, 9}1508‘4")3@815;

3. gedmoogemgde:Ki_1 = @i_1(Nj_1)mod10, T;_; = ¢;_1(N;_1)mod15,

Si—l =(pi_l(Ni_l)m0d3860ﬁ8358gmm6360, thoG Ki—lf Ti—l Q5 Si_loﬁ)oﬂoﬁ)gmgjomo 80)3;:)0
Go3bggd0s. Goash gomgmol gmbdgool  (@i—1(Nj—1)) 36033690mmds cofo Gobgos, sdodmd
Ki_1-0b  godmmgmolsl  doomgds 0, 2, 4, 668; Ti_1300098L 960-g60n  3603d365m0mdsls
[0, 14]39semgr0@sb, boaeme  Si_1300, 1 s 2 3603369emmdgdoesb ge0-goml;

4. 96mdsbgmolash asblbgeggdmmo 15 X 5 as6%mBormgdols 3mbg Lsdo dsBeozols (0, 1 s 2)
©339-3 396830 gsdmagmomo Kj_g, Tj_; ©s §i_1360336900mdg30l gsdmyqbgdoo gsbobsbmagmgds
338030 M0o363900L EsdmErmgdadol sbamo (di—q,e;-1,fi—1) Jy30e0.

B ogzs-0

K=0 K=2 K=4 K=6 K=38
T=0 1,3,1 9,3,1 7,9,9 1,7,7 71,7
T=1 7,7,9 3,3,7 7,1,1 1,1,3 9,9,9
T=2 3,1,7 7,1,9 3,7,3 9,3,7 3,7,7
T=3 1,9,3 1,3,9 9,3,9 3,1,9 1,3,3
T=4 3,7,1 1,7,3 7,7,7 99,7 1,3,1
T=5 1,3,7 3,9,3 7,3,1 1,7,9 3,7,3
T=6 9,1,9 3,1,1 3,7,9 1,9,1 1,9,3
T=7 3,9,7 1,1,7 7,1,7 3,3,9 7,1,1
T=8 7,1,3 1,9,9 7,9,3 97,3 9,7,9
T=9 99,1 3,7,7 9,71 9,9,3 3,1,9
T=10 9,3,3 7,3,3 7,3,7 1,1,1 9,3,9
T=11 3,3,3 3,3,1 1,1,9 9,1,7 7,9,17
T=12 91,1 1,9,7 7,9,7 3,99 91,3
T=13 7,7,3 7,9,1 3,1,3 9,7,7 3,3,7
T =14 7,3,9 7,7,1 3,9,1 1,71 3,7,1
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o trogze-1

K=0 K=2 K=4 K=6 K=8
T=0 79,3 3,71 9,7,7 7,1,1 331
T=1 1,1,1 339 73,3 7,3,7 1,7,9
T=2 3,79 9,7,3 931 79,9 9,3,7
T=3 7,1,9 1,93 79,1 7,7,7 3,17
T=4 1,3,9 91,1 91,3 73,1 393
T=5 1,9,1 3,17 7,71 1,1,3 7,71
T=6 313 399 7,3,9 19,1 99,1
T=7 3,37 1,7,7 7,7,3 99,7 7,33
T=8 1,71 333 9,3,7 7,7,9 7,19
T=9 79,7 9,7,9 3,1,9 9,7,3 39,7
T=10 1,1,7 39,1 1,9,7 39,3 7,13
T=11 1,99 7,1,3 9,99 9,19 1,19
T =12 3,7,7 1,3,7 99,3 7,1,7 311
T=13 1,3,3 1,1,9 3,7,3 93,3 9,3,9
T =14 331 399 91,7 9,71 1,7,3

dBGo3e-2

K=0 K=2 K=4 K=6 K=8
T=0 1,9,9 3,19 991 1,3,1 7,7,3
T=1 311 9,39 933 39,1 9,3,7
T=2 7,77 79,1 9,99 7,1,3 3,19
T=3 1,39 9,1,3 91,1 1,3,7 1,9,7
T=4 9,7,7 3,37 73,1 1,1,9 7,7,9
T=5 331 371 7,3,9 3,97 9,9,3
T=6 1,7,9 79,7 1,7,7 1,71 311
T=7 9,3,7 7,1,7 1,1,1 3,79 9,1,7
T=8 3,1,7 9,99 79,9 3,39 9,7,9
T=9 393 3,7,7 3,1,3 9,7,3 9,9,7
T=10 7,7,1 1,3,3 1,9,3 1,7,3 7,3,3
T=11 9,71 1,91 3,71 91,1 9,31
T =12 73,3 3,73 1,1,3 3,17 79,3
T=13 7,1,9 1,9,3 9,19 3,99 9,1,3
T =14 39,7 7,1,1 333 1,1,7 7,3,7
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ooomgamo  Feogs  Fgoiezl OBz Gobzms  sdmemgdgdol 75 3560568 (64
as6Lb3o398mmo s 11 3s3gmegds o3 64-s6) asbsformgdnml 0sbsdGee bam Lggdlbs ©s 15
Lg®0dmbdo. dsBGoiols bmdgdo Bgombgzs Si—1 —ob 360336gmmdom, beme dsBMosdo bggdobs ©s
Lg®odmbol  6md@gdo  Bglsdsdalse  asbobabma®gds Kij—1 w5 Tj_13608369cmmdgdom. dsgsmomse,
30 d3son:

Nop = 4935589, Py = 239,Qy = 193, Ry = 107, (aq, by, ¢p) —(9,3,7).
Gogsl =1, 35306
@o(Ng) =238-192-106 = 4843776,K, = 4843776(mod10) = 6,
Ty = 4843776(mod15) = 6, So = 4843776(mod3) = 0.
g0. BqoéBggs Brrocrgabo dseogol K =6 lggdls @0 T =6 LEHhojnbdo dnmsgbgdamo (do.eo.fo)
Fy30emo, G@dgemoiz s¢0b (1,9,1);
5. a3bolsbra@gds sbamo dséBogo Pi, Qjeos Ridoibzgdo 85dmgan msbsgzstrmmdgdoo:
Pi=P_;+di1—a; 1+10a, Q;=Q;_1 +€_1 —bj_1 +10aes Rij=Rj4+fi3—¢_1+
+10a, bopsy AEN ©s opgmgds 9emoEsh bBgdmem 38653, Lsbsd mommgnmo Gobzo 6 gobrgds
BeB0z30 (3] asdmoggbgds dsdBogo  Gobzol  ©sdeggbo  sgmEmdn). gsbbogmmemo  dsasmomols
d9dmbgg39do, GmEs 1 =1, doomgds:
Pi=Py+dy—ag+10a=239+1-9+10a =231+ 10aq,
Gogs o =1, 35806 Py = 241 ©s gl Goigbgo dsérogos;
Qi =Qy+ey—byg+10a=193+9 -3+ 10a =199 + 10q,
OoEsdt = 3, 35806 Qg = 229 ©s gl Gobzo ser0z09;

r. = Ro+fo—co+ 10 =107 +1~7++10a = 101 + 10a,
1

OoEsdt = 3, 35806 Ry = 131ws gl Goibgo dséBogz0s;
6. gsdmomzmagdsN; = Pj - Q; - Ry;
7. 3s8momgmagds: My = ;g +bj_q + ¢ +di—y +e_q+fi_q;
8. gedmoogmgdsP*; = ((P—1)/2 —m;)?mod P, Q*, = ((Qi —1)/2 —
m;)2 mod Q;esR*; = ((R; — 1)/2 — m;)?2 mod R, bsssP*;, Q" ;03R™; 3350G B MmO
3530653009005, Bglsdadoloe P, Qj o Rjdmenmgboo.
gk Gz 3m6dB0 asdgmGogds bsd (ogmdo i=1, i=2 s i=33603369mmdmolongol.
535b0s6, goggmo Bgdga0 (3040l Lofgol 356sdqBHORL  §oedmemaghl §Fobs (304080 domgbmmo
P, QusR360336900md30.
Lodogg  (ogmol  Bglérgmadol  Fgdegy 1 =4  9603g6gmmdolsomgol  3edmomamnds
Ti—1, @i-1(Ni_1)sS;-13603369mc3900. BB sfgdormo 3Gm3edgdol Bgbtrgragdol  neyze
doomads:

N1, N2, N3, @1(N1),  @2(Nz),  @3(N3),
PLJ PZJ P3l Q1I QZI QSJ er RZI R3,P*1,P*2,P*3, Q*l’ Q*Z' Q*gi
R*l,R*Z,R*3,K0,K1’,K2,K3, TO'T].,’TZ'T3' So, Sl ,Sz Qé S3860’8368Q(’)6360
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N,@(N), P,QR, P*, Q' R*3609369emmd9601s dobggom 2530m3emgds 960 sbgms
35603983, M900Lsmzgol  Amgme 3 mO-mc0, olg bed-bsdo 9360l 6sdMsgemado ©s wsdndo. domgdammo
Fqm93900L dobggom Fgogligds 3bGOmo 1 s moomgnemlb dogbodgds Gogomo somdomo b¢mdgo.

abe.1
Ne N Ne @(N) Ne P Ne Q
1 N, 12 ®1 23 Py 34 Q4
2 N, 13 P2 24 p, 35 Q-
3 N 14 s 25 P, 36 Qs
4 N;-N, 15 P P2 26 Py Py 37 Q:-Q;
5 N;-N; 16 P11 P3 27 Py Py 38 Q:°0Qs
6 N, Nj 17 @, P3 28 P, Py 39 Q,-0Q;
7 N, + N, 18 @1+ @, 29 P, +P, 40 Q:+0Q;
8 N;+ N3 19 @1+ @3 30 P, + Py 41 Q. +Q;
9 N, + N; 20 @+ @3 31 P, + Py 42 Q; +Q;
10 Ny-N;-N3 21 P1 P2 P3 32 Py Py P3 43 Q1-Q:°Q3
1 Ny +N; +N3 22 P11+ @2+ @3 33 Py +P; +P; 44 Q:1+Q:+0Q;
Ne R Ne P Ne Q Ne R’
45 R, 56 P, 67 Q' 78 R,
46 R, 57 P, 68 Q, 79 R,
47 R; 58 P 69 Q, 80 R*;
48 R,R, 59 Py - P, 70 Q,-Q, 81 Ry R,
49 R, R; 60 Py P, 71 Q- QY 82 R*;y-R'3
50 R, R 61 Py Py 72 Q, Q' 83 R*;-R*3
51 R, +R, 62 P+ P, 73 Q,+Q, 84 R*1 + R,
52 R, + R 63 P+ Py 74 Q,+0Q 85 R*1 +R*;
53 R, +R; 64 P, + P4 75 Q,+0Q% 86 R, + R'3
54 R, R, R;3 65 P* - P*,- P, 76 | Q,°Q°,Q°; |87 | R'{-R3-R’3
55 | Ri+R,+R; | 66 P*y + P, + Py 77 | @', +Q,+Q%; | 8 | R'{+R;+R';

33 3bGoemBo  dmmsglgdnmo 88 Fgwgaomsb brgds Lsoendmem  gslbsmgdol  Fgdswagbenmdsdo
dmbsfoemg dmbsr3gdgdol s®hg3s 39-2 (3bGoemals s K-l 360936gcmmdols dobgmgom.
gb6h.2

aobogdol  dodpgg®mdbdols dgdsey gbermdsdo dmbsfoeng dmbsigdgdo
23,39,54,1,64,73,81,18,57,76,43,29,14,8,46,85,33,9,40,11

~

5,62,37,26,15,48,87,70,10,41,22,66,32,51,74,82,12,45,29,56

78,50,19,11,31,61,88,67,2,24,42,65,80,13,34,71,55,16, 6,44

30,52,69,4,36,53,60,77,6,44,79,25,40,86,58,72,17,5,84,27

~ Al R R A
Il
Q| o B N S

28,84,20,7,38,49,56,68,21,59,27,3,75,83,63,47,35,4,52,13
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3bGoeols mommgnm bg@odmbdo dmmsglgdnmos m@o dmbsizgdo dsmo gsdmdlsbggmo bemdég-

3ols Bgdmbggzomo asbsfommagdon. Lsondme gslsmgdo Bgozegl Lsdmz dembs3qdls, g.0. bsd LgEodmbl.
3oéggmo  Lgeodmbo so@Bgzs Kq —ol, dgmérg Kp-ol, beowme d9bsdy go Kz-ol 3603369mmdgdals
dobgogomn (K-l 360936g9mmdoesb  3s3m3eabs®y gbsdemgdgemos dmbrgl LB®ojmbgdol  gsdgmdgds).
33 bodey dmbs(39930 Fgdsgsemo somdomo (30930900 asbmsaeads gAmdsbgmols g39@wom  dsé(3bbowsb
336r19¢.3603.

oy Ky =0, K,=2 s K3=6,

35306 Lsoeydmm  gobsmgdols

dsg5momas,
30309303580 F9dsgemo  dmbs(393g800:
23, 39, 54, 1, 64, 73, 81, 18, 57, 76, 43, 29, 14, 8, 46, 85, 33, 9, 40, 11, 5, 62,
37, 26, 15, 48, 87, 70, 10, 41, 22, 66, 32, 51, 74, 82, 12, 45, 29, 56, 30, 52, 69, 4, 36,
53, 60, 77, 6, 44, 79, 25, 40, 86, 58, 72, 17, 5, 84, 217.
Gbowos, I golemaddo Fgdsgsemo (30536930l MemEabmbs ©sdmgoegdamos Lsfgolo dstogo
®o;bzgdols 036609801

0)«)6(4)068601}0 Q.} 6080’)0)39'\"860])

egaee  Borgdymo  Bgeazgdel
A3mE9bmdsby.

99-3  (3bGoe3o dm399mos  geGdotgdagmo  gobemgdgdal  bogtdggdo  Gmame  somdomo
036603900l, olig MmO™mdomo  doggdols Asmegbmdals dobgregom Lsdo dedBogzo Goibzol  Lbgseslbgs
badgmemagdols  9dmbgazeBo. odsg 6sBggbados 83  golemgdqdol gm@dodgdsty wsbsGxmmo  Omols

80&’5@(‘08600}0 860’8863me860

3663
3OM30mo mOHMdomo sbsGR MmO
Ny Py Qo R, 0sbGoggéol | doggéols O™
G3mEgbmds | HomEgbmds | dogmalfsdgddo
1001 13 11 7 232 998 0,90150
932539661 983 977 971 431 1721 1,2106
967458601121 9901 9887 9883 513 2052 1,833
7997080271798713 199999 | 199967 | 199961 626 2504 25,1251
sbGool  dobgogom, Gmis Ng = 932539661, 35806 Lsondme  asbsmgdol  eéemdono
dogdol  Gsmegbmdss 1724 s 1283080l Fgd;339mo  0bgm@dszommo  demmzal  sBog@olbsls

d9bademgdgemos 13 (1724/128 ~ 13) 30dwg3tremdono deoe ol ©s8ogzes bbgspslbgs aslsmgdoo.
Oogs No =7997080271798713 35306 Lsogdme  gsbsmgdgdols dermggdols  Gemegbmds

19-01 Beeos.

64  d0Bol 399339000

0bg3m@ds(30mo

dmm3980b  sBogz@olsl  Lsowmdeme

asbsgdols demm 3gdols GemEgbmds asbbogmmmo Fgdmbggzolemzol gsobMwgds mdxg® (26 s 38).

bsogdemm
d0b63g9Fmbogmas

asbsmadols

®GHMdomo

60@)3&01}
88 3m3dobs300l  esdgts

89933960
doer3bbog gm0

3m3d0bscz00ls
Boddergnmmo

Loboo

Fqlsdsdolio smo mG@mdomo 30mddobsz00l bs(33emse doomgds 16 33d0bs(30).

3emacm®o0mddo

3380ggbgd gm0
©®0d9dmmo 35605398 Og80bsmzgol 33633970 somdomo  6mdcol doboggds), olyg dgmerg

dsBGo;3g00ls s

75

AMgme3 3063900

(somdomo

353c996980Ls1s
(39%60ls

gbGomols  (godmsbys-

3bGogols
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(0ooegae  bg®odmb3o gdsgsemo  3mBoiosms somdomo  bmdgdo) Bgdsmagbermdgdo  odmsagbls
97 booegdmm asbemgdgdl s  obobo oigemgds asér33gmmo dmal asbgmol dqdwqa.

3. @sbygbs

h396L doge Bgdndsggdmm serameomdls 33l Bgdegan wodlgdgdo:

L. 3938060L bsbBo o6 gewsngds bso@mdmm gsbsmgdols gm®domgdsdo ndnsmeme dmbsfoemy
3639000 356139980l 36033690mmds;3mA3mGsonee  JlgmBo Bstormgmo  sbmbog@o  dmdbdsigdemgdols
Imdbsbneyg  396bmbsemds 36 ool bsoemdme  gsbsmgdgdol  360d36gemmdgdo  (dsbradmmo
3603 msbsobols Igmmeals 3sdmygbgds Bgmdemgdgmos);

2. dopbgrsgse  0dols, O3 sG8336mbog®  dmdbIscrgdgenls  Fgmdmos  Nodoibzols  bgemdo
Roggds s dolo sdms ds@rdog dsdMsgmgdse, oli dsoby 396 3sdmo(3bmdl Lsowydme asbsmgdol
3609367900mdsls (sgrgmE0mddo derzgdemos 3ogMdgemgdadols Msgsemo 3560868 0: dsigozo Goizbzgdols
©3dmemgdgdol  s6Bgz0l 64  3560s6B0  Lsdxg®, gsdmsbasmodgdnmo  3ssdgBMgdolsmzgals  Gogomo
636960l doboggds- 39606300l MsmEgbmds  B8l—oli Beamos, Lsoemdmm  gslsmgddo Fgdsgsemo
293mm3momo 35653980l d0dgatmds s Lb3.);

3. Geegsb  LsoEndme  asbsmgddo  Fgdsgemo  somdomo (3036580 BemEgbmds  Bqgdmbzggzomo
®03b300  (33m300gdmemos  LsligedBem  Nooopbszby ©s 3gmeg  beomby), sdogmd  bsoondme
asbomgdgdol  dmeggdol  GomEgbmds  Fedmsawgqbl  Lsoemdmmadsl  (¢sbmdos  dmdlbsbmey
396 bmbsgolbsmzals);

4. gl semameomndo  Lsoendme  asbsmgddo  Fgdsgemo  somdomo  (3056980L  BemEgbmbals
bogedbmdmae 3ob@eals dglsdmgdmmdsls odemgas, oy 0bggm@dszool goesd(zgdo  gedmoygbadl Lsdo
oo B6B030 Goipbzgdel s 9o, sMdge o, bed ©s 8.9. Ledgmemgdl. 83 Bgdmbggzedo
oonmgae bsdgnmby sgm®dotegds dglsdsdolo Lsowndme gobsmgdo ©s Fqdrga 3 gsbsamgdgdols
960336900 Jogmenadom  dadegz@mdono gsg@masbgdon doomgds gGmo dogasbo asbsmado;

5. goddodgdnmo  bsoemdme  asbsmgdo  asdmoggbgds  dbmemme  ghmo  @os  Egdbdol
©31sB0gMse  (gmggmo  Bgdregao  mos  Bgdldol  @sbsBogtee  gm®domegds  sbsmo  Lsowdmem
asbsegdo);

6. 53 9BOm  ©oos  golsmgdol  Log@dg, oo @G dbgemos  yggems  Igbademgdgemo
3569036801 asshgzs (0 Lsoemdmm  asbsmgdo  Jgoagds N msbGogolash, 33806  gosla®bys
356036808 B3mEgbmds 10™-0l Fmos).

338mM900l  Boge  sdndsgadmemos 83 semamGomdol  3sbdsbmd(30gmadgmo  3Gma®msdaemo

b b3gmogmes.

modgtegads - References - Jlureparypa:

L 30960935 3+ 396999 3-» ©osgmbody 4. (2005). obgm@dsizool @s;338. bke. odoemalio,
299033 ,,B9d603m60 Bbogzg@lodgde”.

2. 3069935 3»  3NGOd3S S, 3mamesdg  a.  (2015).  3mbsigdos  deremgols  @sBogzeols
363 sbesdEnmo  LodgB@og-mmo  3A0dgmsmm®ondo. -l 864.36., ,,d50m30l  s38mdsobgdamo
Lob@gdgdo”, Nel(19), a3. 30-37.
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FORMING ALGORITHM OF SECRET KEY FOR SYMMETRICAL
CRYPTOGRAPHIC SYSTEMS OF INFORMATION ENCODING

KutsiavaVasil, Kutsiava Ana, Gogua Ketevan,
Gogoladze Giorge

Georgian Technical University
Summary

The paper describes original algorithm for the formation of secret key of information encoding
for symmetrical cryptographic systems. This algorithm helps to generate secret key with random value
and random length. The key is composed from large amount of sequential decimal digits and it is
formed programmatically as a result of performing certain procedures entailed in the algorithm. None
of the true values of the parameters participating in encoding procedures are transmitted through the
connection line of corporate network. The value of the key is unknown for the personnel serving legal
users of the corporate network. Presented algorithm is characterized by high speed and crypto

durability.

AJITOPUTM ®OPMHUPOBAHUA CEKPETHOI'O KUIIOYA JJIs1 CUMMETPUYHBIX
KPUIITOI'PA®OUYECKUX CUCTEM IIN®POBAHUA HHOPOPMALIMN

Kymunaa B.A., Kynuasa A.B., I'orya K.H., I'oromanze I'.H.

I'py3unckuit TexHnueckuii Y HUBEpCUTET
Pesrome

PaccMoTpeH opHrMHaNBHBIN adropuT™ (OPMHUPOBAHUS CEKPETHOTO KITFOYA JIJISI CHMMETPHYHBIX
Kkpunrorpadpuieckux cucreM MmmdpoBaHus WHQopManuu. [Ipy TOMOIM STOro  ajaropuT™Ma
OCYIIIECTBJISICTCS MOJIyYEHUE CEKPETHOIrO KJIIoYa C CIyYalHbIM 3HAUYEHHEM U CIIy4alHOM JIJTMHOM.
Kitou mpencraBnser co0Oi MHOXKECTBO NECATHYHBIX MH(p, MPOMHCAHHBIX TOCIEIOBATEIFHO W
dopMHpyeTCS MPOTPaMMHO B CIIEJICTBUU BBIMIONHEHUS] ONPENEIEHHBIX MPOLENyp, TPUBEICHHBIX B
anroputMme.Jltoboe  meWCTBUTEN HOE 3HAYEHHE TMapaMerpa, MPHUMEHSEeMOro B  MPOIEeaypax
mu(poBaHus, HE MepeacTcsl B JIMHUIX CBI3M KOPIOPAaTHUBHON ceTH.3HaueHHEe KiIoYa HEU3BECTHO
o0cIy>KuBaroIeMy IIepcoHaly 3aKOHHBIX a0OHEHTOB KOpHOpaTuBHOH ceTH.lIpenioskeHHbIH anroputm

XAPAKTCPU3yCTCA BBICOKOM KpHHTOCTOﬁKOCTLIO n 6LICTpO,E[CI>iCTBPI€M.
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063M&3SC00L RSTNBIHOL S&HILGIERIGS I 1LOIISEHN)' IR0
3603&M3GSBNIR0 SL3M&HNA)30

3oboem 33003, 365 3930939, 300 AMAMENsd]
bsJotroggeomls $gdbozgco gbogg@lo@gdo

69b0dy

as6bogrmmos  somdomo Lobggdoon Fs@dmwagbomo ASCII s6 EBCDIC  3mwol 6580L30g60
A3mEgbmdols Loddmeamgdolash Bgroggbomo dmbszgdms dmrmyals ©sdoggz@s sGsligsbos@dmmo ody-
Boonmo  3603Bmboligadol  smam@ondol  gsdmyggbgdom. sdoggz@s  dodeobstgmdls  dgdmbggzomo
3603d369mmdals s Fqdmbggzomo Log@dols 3Jmby Lsoemdmm asbsmgdom, Gmdmols domgds brgds 36m-
acsdnmse asbsmgdols dsgm@dodgdgmo semam@omdols dobgogom. ©sBogads beodogmegds 304069601
Igomeon (9600 ©s 0353 asbegdols 3Msgemx g 3sdmygbgds o6 33 mgslsmgdols Mgsg0do, G@IgemBos

dodomseo gsebsmgdol sdmf@zol dgdcga Lsoemdmm asbsmgdse asdmoaygbgds Lsfgolbo @oas #gldo
36 80360l Fgegase domgdemo Jogz@dgJldo).
Badaosdm 150&333250: oﬁ)ols({l)o(;ggtsﬁ@)ﬂgo 15083(5_3)6)0'3@0 ogﬂ\oam(‘mmao. 8033]0636)015 aammggo.

bso@mdmm asbsemgdo. 3603 mdgegamds. bessddqgogds.
1. Jgbsgagmo

dmO3mesgogee  Jbgemaddo  Bstorgen  gsbmbog®  dmdbdsgdemgdl  Bmeol  gees3gdgmoo
06333300l JerbgoEgb30se O™l e bggmlegmegse  gsdmoaggbgds Gmamé Lodgdommo, olg
sLbodgBGommo 3003BmyMsganmo og::amﬁmmaabo. 3439 bes s@0b0dbmb, ™I oo 60"39{)3(3)015 (10
domocb  EemsGsdeg)  3mby  3mE3mEs30g80lsmzals  sezamse  gsblsbm®zogmgdgmos  aligmo
Lodgdonmo 3G03dma®sgonmo smam@ondgdol “asgbs”, Gmdgmas bsowndme asbsmgdols Logmdyg
36 smadatygds 64 =1 (“aoBgbs” bedzogmegds asbsmgdols gggems 360d36gmmmdol asesddhgze FPGA
s ASIC 30360193900l 36 3963033078960l 3sdmygbgdom). sbgm smgm®omdls §sedmswaqbls
DES smgm®ondo, Gemdmol  gsbsmgdol gzgems 3603369emmds 25651 Bowos. 3ol gsdm DES
LdobosdBol bszgmaem asdmoyggbgds AES b@sbostro, Gmdmol bsopndme agsbsmgdol Log@dgs 128,
192 56 256 300, boeme ©slsBogdo demmzol - 128 doBo. dsa®sd gsdmmgmono Bgbmmmangdols
3363000619008 gobromgl dmdsgem 8o Bgadmgds dosmfoml obgm Embgl, Gmd gbsdmgdgmo gsbrgls
AES \ssbpstrol “aodgbsi”.

3 lsgdagemo  3M03¢maGsgonmo smammondgdols ghm-gemo bsgmoas ol gadadmgdss, Gmd 3mG3m-
Asgogee Jlgm8o Bstrorgeo  3sbmbog®o  dmdbdstrgdemgdols 3@ bmbsemalismgals  (s6mdomas  Amymes
bsomdmm  gsbsmgdol  3603369mmmds, olig mgz00  sgmam@omndo. 83 as¢93madols asdem 361 33bmboge
9:3bdscr198em9dls Bgmdemosm  dsbo@dyn®o 3033 msbsmobols Bgrogase (s80bgdals, sdgdols, FsbBegols
36 JO0sdol dozgdol abom) dmodmzmb  gslsmgdols 360836gemmds s dmbszgdms  sBogzolsmzols
33dcmgabgdagmo semam®omdo.

3mbadbeyemo by gemnemegsbgdgdols  mammgdgerbsgmaer  dobsbdgfmbomaw  Rsgmgsmgo  3mG3m-
Ao Jlgemaddo  gemszgdnmo  0bgm®dsz00l  3mbgoeabz0smm@mdols  FgLsbs@hnbgdmsw  obgmo
36133 sbsdBmmo  LodgB@ommo  smam®omdols Bqgdndsgnds, Gmdgmoi 3ndsmdl  aszomgdomn  ©owo
aobsmgdom, 3938060l babdo o6 Logodmgdl Gmgmeyy ©sdoggol, oby asBogzmals 3Gmgengdd0
M gemme dmbsfommyg sM(39Mm0  356183B G0l 360d3bgmmmdols gaws(3gdsl s dmdLabyey 39 Lembsends
36 o030 33303530 Lsoedme gsbsmgdol 360d3bgmmemds. Fgdndsggdmmo semam®omdo gsdmadhyge

3o 3003 mdgegamdoo.
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2. dodomswo bsfoaro

313300 mos  BdbBol dmbs39dgd0 ASCII 6 EBCDIC 330 Bgdsgsemo boddmenmgdos
Fo®3m@aqboemo  somdomo  Lolggdols  Bqlsdsdolo  6mdGgdoo. mommgnemo  Loddeme  gsdmbsbrymos
badmsbtogs somdomo Gozbzom. @os Bgdldol sBogg@olisls dslido Bqdsgsem Loddemenmgdals Fglsdsdobo
s0mdomo (30565301 303g3mdals J398 dmmszlimgds BmEIocmgdnmo Lso@ndme asbsmgdol (305369500
303936d.

asbsmgdols geddodmgdolsls brogds

Ki-1 = ¢;-1(Nj-1)mod10, Ti_y = ¢;_1(Nj_1)mod15, i1 = @;_1(N;_1)mod3
360336900mdg0l asdmmgms, bswsi Ki—1, Ti—1, Si—1 sOsmstigmeagomo dmgmo Gobzgdos, @i—1(Nij—1)
70e960b 36308, beorme Nj_3 bsdo 3serBogo Gosbgzol 6sddsgemo [3]. Goash gomg®ol ggbiiool
db0dgbgenrmds oo Gopbzos, sogmd  Kj_1 —ol  asdmogmolsls  doomgds  0,2,4,6 6
8 coibggdomsb go-gHmo. Ti_y  doomgdl goo-gH0 360336900mdsls [0, 14] Bremgoowsb, boeoem
Si—1 30 0, 1 s 2 36038369mmmdgdosh g®m-9oml (3edmmgms bomGogmegds i =1,2,3 s 4
3603369emmdgdalismzgals).

008 B9dbBol  J3gd Lsowmdmem  gsbsegdol  dmmsglgdol Bqdmgy  Bglitrmemads  dst(3bborsb
3% 3603  Lsd-Lodo, manb-mabo 6  bago-bamo  ogGgdon  gedmlsbymo  Gozbagdel  Bg3690s
m dmEnmon. monmgne xa93do 89dsgsmo (306980l AemEgbmdols asblsbmads bogds S3 —ob
3608369mmdols dobgwgzom (S3 = 0 —Lsdo oxc0, S3 =1 —cmobo ogco, S3=2— byoo (3053-
©0). 309930030l Led-ledse ©sgmaalsl moomgnmo  Lsdmsb®ogs xamzobsmgzol M Fsedmswaqbls
0bog0msn® 3603369mmdsls, bomem mob-mnb s ban-buo (30560056 xanBIdE ©sgmgolsls M
—ols 360936g0mmds, FgLsdsdolse, 10000 s 100000 —ob Bmeos. o3y Mbes 30060360, G™I:

1) o ©sbsBogm mos BgbBol dmbs(3939880 Bgdsgemo (3056980L AemEbmds sss mmbol s6
byool xa@seo, 33806 sgmigol Fgmgase  domgdmmo dmemer dstrg39bs xamamo Bgoglgds Lsgotm
3096050l brymagdoon;

2) oy lbsopndme  gsbsmgddo  Bqdszemo  (30536900L  d0drg3timdsdo  Fgdsgeemo (303615801
3096cbs  s¢ss 3 —obl, 4 —ob 6 5 —ol g0, 35806 ©sgmeel Fgegase  dowgdmmo  degme
do6rx300s X3 IBO 387008

(3056980L 303930130l Lad-bsdse ©sgmxkgalsl M dmwneol 0bwogornsern®o 3608369cmmdgdols
asblobmgts  begds 1, 2 s 3 dsEeoigdol  Ledmemgdom.  moomgnmo  dstoigs 15X 5
236bmdogmgdolss s 9033 Imememgdols 75 3609369emmdsls.

33 Lado dsB)M0(30086 gOm-g0mals s®hg3s brgds S—ols 3608369mmdols dobgozom, bmeme ds@co-
oL Lagdobs s bBGogmbol s@Bg3s, Fqlbsdsdolse, K @s T- 3608369mmdols dobgrogom (msgmsdotzy-
oo b3gdo © Bg9ega LE®modmbo). Goegsh smmam@omdols dobgregom asdmmgmomos S, K s T
Lsdgmengdols mobo 360836900mds, sdoBmd dmwnmgdol 3oMzgmo o 360336gmemds Bgodbgzs Ko, Ty,
So  Ladgmmoom, oty oggamo Kq,T1  8§1 bsdgpmon, 3gbedg - Kz ,T2,82  Lsdgpemon, bewme
Iemoby - K3,T3, S3 Lsdgnmom. go. bygem doomgds dmememol 80 3609369mmds (S, K os T-L
3603369emmd0sb 393mdeobsty Bgodemgds dmbrgl dmemegdals 3609369mmdgdals asdgm®gds). mobdmzo

%37950L 9999y ©s0fggds gsdgmdnds.
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Btogs 1 (S =0)

K=0 K= 2 K=4 K=6 K=8
T=0 713 444 961 518 318
T=1 322 734 687 811 928
T=2 438 612 568 293 871
T=3 824 917 482 378 384
T=4 374 712 728 648 311
T=5 538 338 554 958 529
T=6 628 934 817 558 283
T=7 711 473 356 813 496
T=8 268 588 638 976 733
T=9 924 504 437 643 967
T=10 821 638 578 715 658
T=11 362 742 296 348 513
T=12 938 278 753 478 684
T =13 464 734 989 831 873
T =14 803 393 621 929 492

BGogs 2 (S=1)

K=0 K=2 K=4 K=6 K=8
T=0 810 673 512 401 379
T=1 733 643 578 938 268
T=2 530 285 490 895 824
T=3 967 713 283 612 811
T=4 568 917 374 628 473
T=5 529 356 588 924 384
T=6 845 310 495 295 560
T=7 728 554 817 356 638
T=8 989 753 296 528 437
T=9 515 905 940 780 505
T=10 685 580 570 425 305
T=11 734 568 378 3843 322
T=12 444 687 293 704 713
T =13 518 928 961 811 872
T=14 619 783 708 521 654

ogtogs 3 (S =2)

K=0 K= 2 K=4 K=6 K=38
T=0 972 512 472 702 602
T=1 382 768 572 649 889
T=2 587 812 932 324 757
T=3 843 313 613 988 501
T=4 298 343 831 430 942
T=5 745 971 281 893 301
T=6 351 624 875 513 498
T=7 968 527 770 561 712
T=8 402 861 488 270 652
T=9 635 462 582 961 318
T=10 858 594 723 663 363
T=11 539 952 460 791 803
T=12 782 436 677 477 922
T=13 451 682 320 713 572
T =14 697 734 957 374 445
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dsgemomse, oy S =0, K9y =2, Ty =11, §;, =1, K, =0, T, =1, §; =2,
K, =4, T,=8, 53=0, K3=6 0o T3 =05, 3806 3doomgds dmeymgdols 3608369000530l
9930930 mnbdmzo 3603369cmmds: 444, 734, 612, 917, 713,338, 934, 473, 588, 504, 638, 742,
278, 734, 393, 362, 742, 296, 348, 513, 810, 733, 530, 967, 568, 529, 845, 728, 989, 515,
685, 734, 444, 518, 619, 382, 768, 572, 649, 889, 472, 572, 932, 613, 831, 281, 875, 770,
488, 582, 723, 460, 677, 320, 957, 402, 861, 488, 270, 652, 518, 811, 293, 378, 648, 958,
558, 813, 976, 643, 712, 348, 478, 831, 929, 745, 971, 281, 893, 301.

AmEglbsg oo Byl do Fgdsgsmo  somdomo  Gogbzgdol  GemEgbmds  smgdsBgds  Lsowydme
aobsmgddo gdsgoemo (305360930l BomEgbmdsls, ds8ob brgds gslsmadols msbsdadwgzimdols asdgmegds
bodrgmemo  sbstrgzmon  (oxdgdol  Fsgombzs  dmbegds sty gbosh st (3bbog) b ©sBoggzts
3936Mdgmegds 33 masbamgdols Mg40d30  (Bog®BgdbBol 6 @os BgdbBol (3056980l  dodregzemdols
293mygbgds  deér(3bbosb  dstrx3b03). 33  Lsdo  Ggg0doesb  gBom-gemals  s@hg3s  brgds  Sy—olb
3603369mmdols dobgwgom Bgdregabsofs:

1) §2 =0 — golbomgdo dgmergds Lsgotmgdol dobgozom;

2) §2 =1 — Ls{golo gsbsmagdol sdmfamzols Bgdrgy aslsmgdol Geagnls sirnmagdls domgdmemo
'30(36@)3[]]5@)0 ggohoggohoggaﬁ;

3)S, =2 — bofgolo aohoggboh 33 é30L d9d09g aohogga&ﬂs Geagols okﬁ)ﬂggiﬂs mos Bodbo
sbsfgolbogesb.

semam®omddo  gsdmygbgdamo  dEMoigdo  Lsondme  gslsmadgdos ©s dsmo  Fgoagborrmds
(36mdogma gbes ogml Fbmmme e@3mesisogm JbgmBo RsGorgmo 3sbmbog®o dmdbdsgdemadalismgals.
3e0am®omdols  3Mod@mdgrgamdol  aslsbOegmaee  dobebdgfmbommoas 3 dsBFozgdol  Fgeagboramdals

(33omgds EOMOl gsd33ymmo 3gMomeols g4sligmol dqdeqa.

'30(36@)3[]1&@015 60'30(336015 thohﬁ)ﬂgabgogg 803Q36'80 '30(36({3)3{]15(5515 533'3 303%‘363&) hoo;g'aﬁgmm
aobsmgdo s Ygbtrgmegds  gedmgmgds 0dsgg dmemon. gedgmgomo  Gobzol  dowgdalisl  brgds
doreymols 3603369emmdols dadsd)gds.

3. ©sbggbs

F396L doge Bgdmmsgzabad e smam®omdl 843l Fqdegan modlgdgdo:

L. semamomndols 36m3g0769880  dmbsfoemg 65d0Ldog@o 356183980l 360dzbgemmds  3bmdas
dcdbsbgeg 39ebembsemalsmgals;

2. 88030 Bgodmgds  Fglermemegl Geameyy  3mbs(39dgdol  dmmggdse  @sgmgkom  (gGmo
asbomgdols 3Ggeemxg® asdmygbgdom), olyg sgmayol as693g (3B mgslsmgdols G9g030 BogzrgJlol
6 mos  BodbBol  aedmygbgdom). 3 Ggg0dgdol  sehgzs  Brgds  3GmgMsdnmse  gsdmmgzmamo
35633939001 36033690mmdgdals dobgrgom;

3. seoam®omddo Fgltrgmadgmo gedmmgmgdols Igogase domgdamo Bgregagdol dobgogom brgds
badmsbtrogs somdomo  Moigbagdon Fomdmmagbormo sbsdog®o Loddmemmgdol dgbsBgzolo somdomo
(398900l 303q30mdol  sgmegs dsG3bbosb dsérx3bog Lsd, mab 6 broonosh wamngdee s
90093 moomgnmo xagnel ©sdoga®s dmwmol obeogoemsmn®o 360d36gmmdals gedmygbgdom. &3
13908 36gmol  sRg3s  brgds  Lgzosmmgdo  dsBfozgdost  gsdmmgmon  dopgdmmo  3s6redgdGadols
3603d3b69mmdgdols dobgogoom.
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NON-STANDARD SYMMETRICAL CRYPTOGRAPHIC ALGORITHM OF
INFORMATION ENCODING

Kutsiava Vasil, Kutsiava Ana, Gogoladze Giorge
Georgian Technical University
Summary
The paper describes encoding the block consisting from any number of symbols of ASCII or
EBCDIC code represented by decimal system, using non-standard symmetrical cryptographic
algorithm. Encoding process uses secret key with random value and random length, which is generated
by the program with key forming algorithm. The encoding is performed using Visionery method (using
the same key multiple times or auto key mode, where beginning open text or ciphered text is used as a

secret key, after the main key is over).

HECTAHJIAPTHBIIA CHMMETPUYHBINA AJITOPUTM IIUD®POBAHUS
NHOOPMALIMHN
Kymmasa B.A., Kynuasa A.B., ['oronaaze I'.H.
I'py3unckuil TexHuyecknuil Y HUBEpCUTET
Pesrome

PaccmoTpeno mmgpoBanue 0J0Ka JaHHBIX, COCTABICHHOTO M3 HEOTPAHHMUYEHHOTO KOJIUYECTBA
cumBonoB ASCII vnu EBCDIC xo[0B, peACTaBJEHHbIX B IeCATUYHON CUCTEME, C TOMOIIIBIO
aNIropuTMa HECTAHIAPTHON CUMMETPpUYHOHN KpuntocucTeMbl. [IIndpoBanne mpou3BoIUTCS CEKPETHRIM
KIJIFOYOM, 3HAQYCHHE KOTOPOTO OOECTIeUMBAETCS] TMPOTPAMMHO C HCIHOJIB30BAHMEM CIICIIHATEHOTO
ajTOpUTMa M MMEIOIIETO CIIy9aifHOe 3HAauYeHWEe W CiiydaiHyto miuHy. lludpoBanue ocymecTBiaseTcs
MeTosoM Brkenepa (MHOTOKpaTHOE MCIOJIB30BAHKE OJTHOT'O M TOTOXKE KIT0UYa UM PEKUM aBTOKITIOYA,
B KOTOpPOM  HCIOJb3YeTCs WCXOJHBIA OTKPBITBIA  TEKCT WM IUGPOBAHHBIA TEKCT MOCIE
HCUEPITBIBAHUSA OCHOBHOTO CEKPETHOTO KJIIOYa).

82



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(21), 2016

36503GMdIGSBNOL LOIIGAHNILO LOLGAINL ‘V603IGHLIRLIA)
AMRIL2OL FILSLId
35296036 3949009
bsJotroggeomls $gdbozgco gbogg@lodgdo

69bomdy

3003 maMsg00l Lodg@Gomgmo Loliggdol (39bs60l, 30506096M0L s 3966530l dgomegdol dsbaby
sd9ds390mmoas Byl o 0bgm@ds;zools ggo'aocgyﬁo/aa'ao%(g(‘mh “60g9O Lm0 dmgeo, sac9m3g
83 dmggeols ds@rgemobgdgmo  semgm@ondo s ggbzombodgdseo Microsoft Visual Studio .NET
356193030 3OMg@sdnmo dmeegdo dgdndsggdnmo  83AMEMsdgdal mdogdd)-mGogbdodgdnm g6sty
- C#, Ao 30600369890 dozgdl  LaBmeemadel  ao330mmmb  gemdsbgmBo  dergemgdgLdygeo
"88(?_3)8(')605863250 o6‘3 01)&‘366(‘05 ,,(514)03(5_3)m66¢(30015 36&33”.

Badaosdm bo&&ga&o: 514)03(5_3)m66¢(30o. 1"’%‘80150 (5_3)3(]15(5_5)'35)0 05({36)633000. '30(3(4)(‘0@)3[]15@)0.
bsodmm asbsmgdo. 3GmaGsdgmro dmeymo.

1. Jgbsgagmo

6mdomos, M3 gsdmozmon  Loliggdgddo  0bgm@ds300l  s330L  (bsoEdmmadols s
do0sbmdols 867y bsdgormmdol) G mbzgmymezals  dodstormmagds 33609690580 83 33006@s
#3038 macsz00l  Labgmfmegdon [1,2]. 36diB03s80 gsboboemsgzgh 3®a3gmgmsgomgmo Loliggdgdols
o6 dodomse xaqab: Lodgddonm s sbodgdoomm Lolggdgol. Lodgd@onm Lolidgdgdls dogsmmgbgds
olgmo dgomegdo (3g@dme, (396s60l, 304069600L ©s 39M6sdol), G@Igmas dobgrgomsi &b neo
063m3s300L - Tl ©5B0gg3®s/gedoggts  beodzogmegds 9600 36 edrpgbody  Loddmmel  (9.§.
33305369530 L0ddmenm(9d0) s godmggbgdom. sl Fmwgdgb  satgm3zy, ©sBogz@ol sbymmm 6
bsodmm gobomgdl. s@bodbyymoast 3s3cmdrabstgmdls, Gmd LodgdGomm Lobgdgddo asdmayggbgds
960080303 asbsmgdo, obgm@dszool Gemamez Eslsdogmse, sbggg dols gslsBoggMsss.

Gﬁmbog:)oa 3369037, Om3  3O03Bmacsgools (6(*)6(*)5)(3 bodgdtomemo, sbgzg  sbodgdGogmo
Loliggdgdol) dgmmegdo doMoms@se ©s3ndbgdnmos  gOmoEsndsgy  3G0b(303%g, BMAmols doGomswo
360 deamdstgmdls BoJldgd 0bgm®dszosdo Fgdegsem Loddmmmgdty  [obslfed asblsbrgdmmo
35093580370 s @egogn@o 3s6odnes30gdol asbbmd30gmgdsdo. gsboboemsggs Tl Fsedmegqbols
Led Labgl [2]:

.5) ;golm'aotgﬁm Tl .56"('] 15.5%’80150 TI — STI )

) 5303610 Tl — ShifTl (Bogém@gdh@o);

a) Tl-ob ©sd8og@sgo  (39380536530)  sby@memo (bsoendme) gobsmgdo -  DamTl.

9936036mm, B3 Lsdozgg Labol Tl Gse8momgqbls 33 emsgosdyn®owst dg@)sbomo Lboddmenmadols

65460900b5336  Bm@IoOgEmm bgGodmbl, gGdme:
STI ={S0 S1 Sz ... Sm},
ShifTl ={DoD1 D, ... Dm},
DamTl ={Ko K1 K> ... Kn},

bosg, ML s N+l - s0b086s3l smfgor b @0dmb8o  Bgdsgsemo Loddmemmgdols Gemegbemdsl
36 Boggdmmo LgGogmbol og®dgl, (N<=m).
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2. dotrooswo 6sffogmo

399 6586m380  Fgdcmmsgebgdmmos Tl s8oggg@s/asdoggmol mbogg®lsgrn®o  dmegmo
(083935398 memo  (39bs60l,  30906900L  ©s  39@6sdol  dgomeEgdol  dsbsbg) s 83 dmEgemols
35615000B9d9m0  smgmE00dol  IOma@sdnmo dmEnmo  (3Oma®sds - Esbsdmo (Application)),
39978539070 336IMaG3d530l  mdogdd)-mGogbGotgdnm sty - CH s ggmbiiombocigdsmo
Microsoft Visual Studio .NET 34693080 [3,4], 6m3gmoi 0dmggs beBmemgdsl  asbbmésogmegl
osgrmao  dolsddy 306m365898L Bmeols 30033 madsgools 9bsby”. sdsbosb ogmmolbdgds, Gmd
58093360 s 358093360l sEamG0mdgddo, gsdmygbgdamos st sABm  obgymoligdo gbols — €n
(0300679060 3030898)0), 360dg  Jotrorgmo - Ka s Glgmo - TU 969301 gmbgdols Fgd(33gemo
Loddmeomgdol bsgdgdgdo s dsmo Fglsdsdolo Goibgzomo gmegdol  360d3bgmmdgdo, Gedmgdog
(30[]]505)@360 dmﬁSog@gﬁBo .35)(*)65)&]015 Microsoft Visual studio 2010 (Default 3606003000)
OGB@ogoégboh Fg09950.

337900 6 dmbsndeg 306m3zbgdsl, mzem, brmleogslks s sbslb  dméals, BgdbEnco
0633530015 a3(33em0ls 3GIM(3907M980 ©s dsmo Fsegeobgdgen 3MMaMedgdmsb  (HMImgdols bsfgolo
&9 g0l dotromswo bsfomo 6sB3969308 6N T 1-sB0ggze0l, bermm sbsGNTo-2 35805360k)
39dscdols  [qlgdo. 893350, MOmd 653 s bolioged  gosfyzodgl  olsndmmb

»30038maMsg00l 96sbg (bsb.1).

13350 obog, GAmd  sbs  sM0b
06333300l dodfmegdgemo, beme belitogs
d0dmgdo, Gmdgemdsig  Mbos  3sdogdml  sbsls
doge 253 Bsgbagmo Bogzrg .
3mbodbmoEsb  3sdmdeabaty, 3l by
30632)01
3) 03305303600 3m330BG530L 306h7Ld 96 -

90%g 4dbost Lsgsmamaegls Labgemoom:
D:\VisaubroT_Kriptografiis Enaze;

) 0éR9396 Bsogdeom (STl-oVl

oba bmhﬁ)odo
Bak.l

©33803703 /| a93doggdsg)  asbamgdl (DamTl),

3) J360s6  3GmaMednm dmemgdl  (Fglsdsdols, 865 dmeuel - TIDasifvra  wsbston 1,
boge bobeogs dmeaeml - TIGasifvra psbsto 2 dmigdnmo bsfgolo &gdlBgdol dobgogom) o
3%6‘3533@307(336 doo c{;'g]ﬁdeomGoégb‘ﬂs Microsoft Visual Studio .NET 306330’)"60.

365 Fgolitrnemgdls & sofgdoe 3164 goL, Rsgz0mmsegl  (3o7d390L)  Bgddbore  36rmg@sdl.
93636%g s0lsbgds ©osrmgn@o Bsbyps®s - gm@ds (6sb.2).

3)  33bsgdl bolerogebosb  goloabezb STl s Bgodsl ogo  gm®ds8o  domomgdmem
S1 L®ogmb3o (8936086mm, Gmd STl-0l  LEmodmbol Logmdg Bgboronmos 36y 3580 Fgdsgsmo
Loddmermgdols  GemEgbmds s Mbos  smadsgdmegl  @ssbrmemgdomn 120 Loddmenmls
(M <=120), Gsbgosi donmongdl bgdmo s@bodbmmo Loggzs - 00398 9JbEmM0 ),

3) BgoBebl gm®3s8o  domoogdmee S22 LgE0dmbBo  belithoslmsb  Fgmsbbdgdoo  seBgme
(STl=ob  ©s380g6rs3)  Lsowwdmm  aobsegdl o6y o3 3olamadols  B9d;339em  Loddmenemgdls
(300d3m, DamTl > s6s_GioPrl);
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o5 Forml o || =&

Lodg@Goncero  LBol@gdol boggBlsemGo dgmmpo HELE

Lafgoo Aajudmo obgm®asgos (STI)
81

LosoEndre pdbspgdo (DamTl)
52

BogHoaadigo (ShifTl)
©>8083605

60b.2

53 .

a) (393769901 moemszby 88003300 . Bgrgaem

- gmAdodegds ©sddog®sgo b Gogmbo [1,2];

- Légmegds  dgBsboemo STl—ol @sdogzzts (Bog®mBgflgol gm@domgds - 656.3);

- bodemsgngdo D:\VisaubroT_Kriptografiis Enaze, %mﬁaoﬁggabo gsamo bsbgmom ShifTl.txt,
Godgmoi F903o3  ©eBogee  Bafbgm®  0bgmedsgosl  Notepad  Bgdldmeo  Gges B0l
R}m®dsd) do;

©) gegddembamo  goboon m3bsgbols (6 Lbgs Lednsmagdgdoo  goeslizgdl)  beldogsl
B0z gJbdol 3933900 ggsagols - ShifTl.txt.

ol Forml SN X

I
o

LodgdBmomeo  Loldgdol wboggdloscmm@o dgmmepo HELE
(O0duerafo abgrmdsgool @iBogatepsdogate gogebytol dgmngan)
Lsffyolio @gjudnto obgemmdsgos (STI)
s1 XoSriK, MNpollly - PLeaSe CpoYHo w©sn6y3g 3oergo dadeals 11
booEmdma pobaagdo (DamTI)
S2 565 GioPriMMsss_GioPriMMs6s GioPriasts GioPrists GioPriMs

_ ~ Bogtodadudo (ShifTl)
s3 ux ar weN° pllilv-23g »BRG3A VLRI TPSE #4992 ANg 0 ACEABEAC 2L O ~NFIHKE

©>30%360>

6sb.3

beolirogs Fgelitrnemgdls Gs bgdmo soffg@om s)- 3) 30bJdgdL:

3) 3g08)sbls 3bslogsb 253maBagbog gsoems - ShifTl.txt Lo Joesmegdo
D:\VisaubroT_Kriptografiis Enaze;

3)  BoBz06mszl  (3om38378L)  Ledgdbernmagdme  3Gma@msdsl.  Bgogase  g3sbbg  salsbgds
EOSCIMANG0 B3bxs®s - gm@ds (6sb.4);
3) 890896L gmE3dsdo domomgdaem S1 G0 dmb8o sby@mm asbsrmaddo dgdsgeen Loddmemmgdls
(s6s_GioPriil);
3) (3039690 moems3by ,,.3980533005%, 0l Bgegass(y:
- goddodgds ©338ogeszo Loddmmegdols bgGojmbo - DamTl [1,2];
- 36380 dJomomgdmem S2 bBM0Jmbdo Bsoffgegds s65Lsgsb go3mabagbormo (3e@sr3gdeo)
BogzOm@gdbido;
- g®3s80 domomgdmem S3 LEM0JebTo sobsbgds sbsl dog®  3sdma bagboemo ot gLl
d9Lsdsdolo STI (6sb.5).
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a5 Forml o (=)=

Lodg@®onceo  Lobidgdol MboggBlsc=GHo dgmepo HELE

bsogmdee gabsegdo (DamTl)
s1

Boggdne Boghadaduoo (ShifTl)
s2

asdmaBbogbomo STI
s3

‘ 3>80%3600 |

60b.4

r v
o2 Forml — - - — - e

s
I
u}
o

Lodg@Goreeo Loliggdol MboggBLscmmGo dgomeamo
(®adudmeo 0bgmfdsgool @iBonaGs—asdomaths gogobhol dgmnoom)
Loo@ndcra aobsngdo (DamTIl)
= aﬁaﬁGioPrHﬁamﬁGioPrVIﬁbﬁbﬁGioPrHﬁoﬁbﬁGioPrHﬁbﬁbiGioPerﬁla
doegdmeeo BogGadgdudo (ShifTl)

ux o we N°pllllv-23g T »HRG3ALKITPSC #1490 ANg 08 ACEALSEAL 2L O . KSR
- podmpBogbocro STI
XoSriK, MNpolly - PLeaSe CpoYHo wsmég3g 3semg®o dsdmslb I

3°301360

s2

606.5

9936086mm, O™ oy beobeogs BogemBgugol golsdonmsgse gm®dsdo  domomgdmem  S1
bg®odmbdo Byl o6 Bgo@ebgl  sbsl dog® STl ©slsBog®egse 3s8mygbadne  Lsowwdeam
asbamadols 3609369mmdsls, 35806 35803360l Fggan, asdm@sbomo 93636%g (S3 LB @0Jmbdo) odbgds
a96Lb3s390mm0 gsdmgbagborn Lefgolo &gdbgmemo 0bgem®dszoolsast - STI.

39360360 33939, O 63Ol e Lsdo LgGodmbols Ggsemobszoom  3Gma@ednem
Im@ergdnsh 3mdsmdol 698013096 O™, Bm®dol (ob. 6sb.1 - 65b.2) dstrxggbs Ibseigl dgdscrg
HELP momssby ©s§ 303069800, 93696%9 Bg0dmagds 0d6sl  asdm@sboma MS Word M908 JBeErd0
994d6oemo  gsoemals  Fqd33gemo  BoJbd o 0bgm@dsios.  3g@dme,  dmgdnee  Bg9dmbzgzedo,
0aeolbdgds 63 HELP momosby ©sf 03969800 g366%g sobsbgds D:\VisaubriT_Kriptografiis
Enaze\ Guidelines_HELP.doCX gsorm8o 3gsbogmo 0bgmédds(sos.

esbstrmo 1
{ if (textBox2.Text.Length == 1)

label2.Text = "((5_3)3(']15(55'35)0 06333300l ©s30egz@s (395Gl Bammggom)";
else
if (textBox2.Text.Length < textBox1.Text.Length)
label2.Text = "(BgJudyneo 0bgmemdsizool ©sBongms 307069¢0L dgomwon)";
else
if (textBox2.Text.Length >= textBox1.Text.Length)
label2.Text = "(§gJudneo 0bgmedszool ©sdongms 3906530l dgmmeon)™;

while (textBox1.Text.Length > textBox2.Text.Length)
{ textBox2.Text += textBox2.Text; }
textBox2.Text = (textBox2.Text).Substring(0, textBox1.Text.Length);
string ShifTI ="";
for (inti=0; i <textBoxl.Text.Length; i++)
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{ ShifTl += Convert. ToChar(Convert. ToInt32(textBox1.Text[i]) +
Convert.Tolnt32(textBox2.Text[i]));
label8.Text ="
label8.Text = ShifT1.ToString();
File.Delete(@"D:\VisaubriT_Kriptografiis Enaze\ShifTl.txt");
string path = @"D:\VisaubriT_Kriptografiis Enaze\ShifTl.txt";
string createText = ShifTl + Environment.NewL.ine;
File.WriteAllText(path, createText, Encoding.UTF8); }
private void linkLabell_LinkClicked(object sender, LinkLabelLinkClickedEventArgs e)
{ System.Diagnostics.Process.Start("D:\\VisaubroT_Kriptografiis
Enaze\\Guidelines_ HELP.docx™); }
©bsthmo 2
{ string path = @"D:\VisaubriT_Kriptografiis Enaze\ShifT1.txt";
string readText = File.ReadAllText(path);
textBox2.Text = readText;
textBox2.Text = (textBox2.Text).Trim();
if (textBox1.Text.Length == 1)
label2.Text = "((5_3)8(]15(5"36)0 0bggm®ds300ls 30dogzms (39bsGols 830)(*);3000)";
else
if (textBox1.Text.Length < textBox2.Text.Length)
label2.Text = "((?)3315(5_3)‘360 0bggm®ds300l 3980zt gog0bgenls aamm;gom)";
else
if (textBox1.Text.Length == textBox2.Text.Length)
label2.Text = "(@351&@360 0bgm®ds300ls 38do30s 396bsdols agmeom)";
while (textBox2.Text.Length > textBox1.Text.Length)
{ textBox1.Text += textBox1.Text; }
textBox1.Text = (textBox1.Text).Substring(0, textBox2.Text.Length);
label8.Text ="";
string DasTl ="";
for (inti=0; i < textBox2.Text.Length; i++)
{ DasTI += Convert.ToChar(Convert.ToInt32(textBox2.Text[i]) -
Convert.ToInt32(textBox1.Text[i])); }
label8.Text = DasTI.ToString();

private void linkLabell_LinkClicked(object sender, LinkLabelLinkClickedEventArgs e)
{ System.Diagnostics.Process.Start("D:\\VisaubroT_KTriptografiis
Enaze\\Guidelines_ HELP.docx"); }

3. 153300

&9JbB 960 068303s(300b ©sB0g3615/3580533¢001 Fgdermsgzabgdmmo Mbogzg@lscrm®o dmwgmo
©5 83 dmEgmols JsG0smobgdgmo 3Gmg@sdnmo dmenmagdo [oedsdgdom Bgobemgds 0d6sl gedemyy-
69dmbo 03 306m3658980L dog®, g0bsiz Ln®l ofs®dmmb 9e0dsbgmdo osermao (Bl neo ob-
gmeds300l gozams) 30033 matsgools 9bsby”.
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ON THE REALIZATION OF A UNIVERSAL MODEL OF SYMMETRIC
CRYPTOGRAPHY SYSTEMS
Kekelia Valeri
Georgian Technikal Universiti

Summary

On the basis of symmetric cryptographic techniques Caesar system, Vigenere and
Vernam a universal model of the encryption / decryption of text information was developed, as
well as algorithms and software modules using object oriented programming language C # in
Microsoft Visual Studio.NET environment. The aforementioned will provide users the
possibility to exchange short text messages i.e. speak in the "language of cryptography".

O PEAJIN3AIIMA YHUBEPCAJIbHOMU MO/JEJIM CUMETPUYHOM
CUCTEMBI KPUIITOI'PAOUHN
Kexenus B.
I'pysunckuit Texauueckuii Y HUBEpCUTET
Pesrome
Ha ocHoBe MeTon0B Kpunrorpadun cuMmeTpudHoi cuctembl Llesaps, Buxunepa u BepHawma,
pa3paboTaHbl yHUBepcalbHas MOAEIb IMU(PpPOBaHU/AeM(POBaHUS TEKCTOBOM HH(popManuu, a
TaKXKe AalrOpUTM M  TpOrpaMMHBIE MOAYJIM Ha  OOBEKTHO-OPUEHTUPOBAHHOM  SI3BIKE
nporpammupoBanus - C#, dynkunonupyromue B cpeae Microsoft Visual Studio.NET, uro macrt
JIUIIaM BO3MOXKHOCTh OOMEHHMBATHCS MEXIy COOOW KOPOTKHMH - TEKCTOBHIMU COOOIICHUSIMH T.C.

pasroBapuBaTh Ha ‘“‘sSI3bIKe Kpunrorpaduun’”.
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MNAMSOI0 JIFS6030L LY I3 IdS LHYN6BMEGHISCOM-LH3MIT603SGOM
S3J6MM3NdBNL 353MIIGEIBOD

moEs 69M0dg, 8300 amdyady, Glinest amandgdady
badetrmnggemmls $gdboznco gbogg@lodgdo
69bomdy

asbobogngds  ogmGogeo  d9dsbogols  @oliadmabols  LFsgmgdol  dgmemegdols  Lemmgmeols
baogombgdo  Lsobgm®dssocm-bsgmdnbogsizom  Bgdbmemmgogdols abBablon@o gsdmygbgdols Lsggdggenby.
06539006m37  Mdsmmgbo  asbsmemgdols  @sfaligdnmagdsms  Lalfegmm  36m3gbdo el ggetome
359m0gg69ds  Lsobggm®dszom s bsgmdnbogsiom  Badbemmgagdo.  mgmeonmo  dgdsbogs  bmgswo
bs0gobém  obz03emabgdols  ssomgdamo  ogmdogmo  bsggrdggmos, Gmdgmoai dmogegl:  dsbamasms
353dmgmdsl,  3sbJsbols  boforgdl,  doMsgmogsl,  Obggems  mgmEosl s Lbgs.  653Gmdd0
Fomdmeagbomoas  gobogse-demgds@ozol  dgsbogdgdsms (3030l ghm-9Mm0  gubesdbd G, bmgswo
badg36096m  ©aligodmobol,  mgméogmo  dgdsbogol  Lfegmagdols  Lsgombo  Lsabgm®dsom-
bs3mdmbogsom Bgdbemmmagogdol asdmggbgdoo.

bo3396dm  Logdgdo: Loobggm®dszom-bsgmdnbogsiom  Bgdbmmmaogdo. Lmso-grgdos. demd@sm-
3ol asbBmmgds.  Fgodomol  BGsgfdmens.  Ibgdo s beoddsgr@o  shJseigds.  LagbmdMogsw-
méoaﬁ@oﬁg&amo 635)3300. 5063(?_3)05‘35)0 aobohoomabgabo.

1. Jgbsgagmo

gobogs-demgdsBogol dg;360969dsms (5030l gBm-960m0  3RbEsd b smn®mo  Brmgswelsdgbog®em
ob(303mabols  Fstdmdswagbgmos  mgmGogma  dg4sbogs, AmMAgmoi  sdsgy O,  dsmgdsdingobsgsb
336LB3039000 96030l Lsdg360gee Lsdodzgemals ghm-g@mo dmsgstio dgdseagbgmo bsfamoas.

maméo‘ag@o 83(]‘560601’ oame‘ssgboo: &5.5(36(")15 15(55'3;336(8)32515 mamﬁoﬂc\no ©s 851}3360836@3Q0
33939%0L  dotomsmo  dgmeegdo;  Faslifegmml  bgmegbBgdl  dsmgdsogndo  dgomegdo;  Gmd
baeabdade @sygpmeb 9fgzade 396g3mt dgdsbogol beggdmadl; Fggdmme  dorgdymo  gmebs
359m0g36mb  gobogm@o  dmegemadals Fgboddbgems,  asdmggbgdomo  3dm(3s6580L  sdemlsblbgemsce.
Labfsgmm  3p6bolsmgols asdmgmaomo 36908 gd0l Memegbmdon Bgdmm ©sbdnmo sdm3ebgd0ls s
306900l gowsfy3gde bogdeme 3Omdmgds@m@os s dqgodmgds omdzel, Gmd Lsgggm(ss.

2. dofomseo bsfogo
3330 atagmo  Bgdbommyogdol  asdmgabgds  LeBgemgdsl  odmazs, Omd gl 3Gmdeagds

EsEgdomse  assfyogl, Maegsh Bglsdmadgmoas dsmo gggddndse 3edmygbgds Lalifegmm 3em3gLda.
390dmE,  ogmEonmo  dsbseols  geesigdolsl,  bEmogbdgdol  @sderyzogdgmo  BqdmJdgegdom
373scmd0bsmgols, domgdmmo  (3mbol  Embol  Bggsligdolsmzgol,  Lskfegme  3Mmglol  Bgmgaqdols
3069d0obsmgol.  0bxgm@ds300l  gs@s39dolsls sMdsOEM  3gesgmanl  BgdamdgBgzgmgdss s@Lgdomo,
36000 Lbgoeslibzs  mgomlshobem  Legemgdgdai.  0sbsdgommgg  bsobgm®dsiom  LaBsemgdgdls
a33Rbosm  gzgems  somgdgmo  0blig@mdgbBgdo Lalfegme 3Omglol 95398 g@se RsBemgdolsmaols.
33sbmsb  gmee oboig Mbes s@obodbml, OmI Labfszmm  Bgdbognco LsBmsemgdgdo doGomswo 3o
36183, 313390 ©3dbdsey Lsdeemgdgdos.

3330 atrgmo  Lolfogmem  LsBqamagdgdos:  gmgdddmbamo  Lebgmaddmgsbgermgdo;  goegm-
990900, gmd3ondgtrgmo  dsgmbBOmemgdgmo  3Gmacedgdo; Lalifegmm  sbadbymgdol  dmbszgdms
3Bg00 @5 (36mBstrgd0;  sder3ebsms  3Ggdmegdo s dsaamomgdols  agbg@sBdgdo  (Lodymszogdals);
bag6mdM0330—mM0gbBoMgdnmo  aséqdm; Lbgssbbgs Lsbols (3m0bol dbstrwsddgdo  3md3omdg@ramo
oeliB@sz0gd0. Ledbgdoldgdyggmem (3ogemols bagbgdol Bfsgmgdolsl obgm®dsiomo Bgdbmenmgo-
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900l 30dmygbgds  sggdbgdmos  gedmmgmomo  LsBnemgdgdols gt Iglsdemgdemmdgdby,

3330 aerge babfogmm 30mgcsdgdby s 3mddomdadagm Jlgmgdby.
OOg3meGs 337 o0abodbs,  mgmGommo  3gdsbogol  Labfegeme  dsbsgmols  geszndalsls

Fglsdmgdgmos  0bgge@ds;zommo  Bgdbmememaongdol asdmggbgds. mgdios — dsmeagl Lol sgmgdgmdo
Bseoonmo  geedss.  9i3090b  sbsdgedmgg  Laegdmbl@dssom  Lednemgdgdals  gedmygbgdsd
Mbes  asbsteml  Lgmnogbdgdol abadmglo  IgbslGegmo dsbamobswda,  gamndsbgomel gudspmads,
357909l dmlbdgboemo dsbsemoals g9 smJdol «bsn. s3Mgmgg ©egbdsemls dembidgbogmo mgdz00ls
Bobssdbol  ©adsbbmgMgdedo.  sdagzetsre, mgdogdby  Fnm@odgeonto  badmemagdgdol  asdmygbgds
20BO0l Gmgme BFsgmgdol bsmolbl, sbgzg  bgnegb@ol obdgmgll.

3m830Badl  asblsgnomegdnmo  spaomo 73308 dmGsBmGogm s 3GsdBognm
9(39000069m358%b7, Lswsz Fobs 3emsbbgs GedmGgmmo 3mbiegdmmo dqdsbognco Lolggdgdo ©s dsmo
NO00gmnJdgegdgéals  Legombgdo.  dsgsmomse, ,,d60835masbbmdogmgdasbo  dgdsbozno  LobEgdgdols
93069  OBg3900°  0gdol  FgLFogmolsl  sromgdgmos  39ddmemmo o6 dsEEommo  gmEdon
Rofgdomo  dmdMscmdol  ogg@gb30semmdo  asbBmemgdgdol  sdmblbs. gl 3o Logdeme  FBmdsdgzeco
3(39b0s.

3330 aemmo Bgdbmmmaongdol 3sdmygbgds 36083bgmmemgbare 335630390l dm3gdnm s3m(3ebsl,
3930690 EAML, beagwm 306y sbodsigos o (3300l domgdamo sdmbsblbols baby@dmago sbsgmabalss
s dobo  gobogn®o  0bBg®3HgBeiool  3Omigll. Mo genmo  obmsemobszos  LeBremagdsls
odegzs  [e®dmgemaobmo  ©obsdogndo, eOmone ©s LoghEomo (33m0mgdado, GOaMOE Ogameo,
sbg3g 30O M@0 m30gddgdols, 3Gm3gLgdal, dmgmabadals, s3@gmzgy dsmo dmegmadas.

6900Ldogeo  sdm(3ebal  3dmbsblbgme  Lagodms  Fglermmegl  gstg3gne  dmJdgogdsms
9O0mdromds. Lsogrqgb@dsome asbgzobommo bEedozol  goom-ghma sdm(3ebs.

3338601 33mblibols semam©00dds 38 35emaz3dl Mbes Fgelifegmmls 83 dmdgogdsms sggadzs s
®90e0bs30s, GMgmbyz G0l sdmgoEgdnmo s3m3sbols FomdsBgdmmasw s3mblbs (6sb.1).

PowerPoint  é9esdmdol  esbdstigdomn  Bgddbormo  369babdsios 960l bgmsoe-ewgdsools
bagggdggemo. dobo 306sB)lmds 860l o, O™ sdm3s60l 3dmblbols dgmmeols somzgaligds bds3smszols
dogtr  brgds  bsdogy-bsd0y, 33mblbals semam®omdols sbdsegdom. sdsbosb  Iglsdmgdgmos  gmzgemo
bemsowols 393Lgds 08bsmsbmdom. sdobsmzgals gs3moggbgds bbgspslbas mdogddo. Gorgmo bsbabgdols
33985 98e3md0308 s $60ds(300L sBASGYdom 036585 dmdBsmBals 0dogs0s @s 8.3. (6sb.2-9).

33 Boegmdolsmzols dmsgs®ns, md  sdmblbol  3Gmiglo  gBemabgdnmos s Tgoggés  0d
3368030 M396M3(30900L5356, AMImgday gedmgmmabomos Lbgeslbgs sdm(zebsms 3Mgdmmgddo Igbgemo
390396980 sbsgmobols Fgmgase  [1-2].

3. 38396

asbglsbpghon M Faodomol  dmdbsmdol  3sb@mmgdgdol  dobgogom  j0Bgdsdogao
dsbslosomgdemado  [3].
M §godomol dmdbamdol asbgmegdgdos:
x(t) = 3coswt [13], y(t) = 2sinwt [VA], @ =m[bd ']
go3ogmn M Babdomols Besgddotos, boBdshg, shisemds, dbgo s Boddsmmeo shjshgds
©> bodtheg, Gy t =3 O
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9600 Lbgrmenob febslbjommdols sdmasbols sdmblibols
HERMOHOMIO

30dmggmm Lbgmemo, Gmdemol fmbslifim®mdslisg gobowago.

byl dmgmo ygges sgBoweo dsengdo.

Lbgmeo 35350m930br3@mmn 3dgdobogsh @s dsm doyog@s@ dmgomm
©95d300b dagngdo.

3935033000 Gmam@o  dsgnms Loliggds dogddgogdl bbgmmby s
9gga@homm Ggbadadolio fmbalifmmmdols Sommdgdo.

99350mfdmm s@ol oy 565 3mEsbs LAs®Hogn®s© asblbugtmmo
(633035@0)-

50mgblboo  dogdm@o  asbBmEmgdsms  bobkgds s godmgmm
Lsdogbyemo boowggdo.

G9a59mfdmn dogbrmo smbsblbydo(sdmblbol gmbEmmmo).

Sa‘b.l.;:mbmﬁoémt‘m'amo 3GJBogndol 3GgbgbBezools gubxsds

s0mebs 1

agmge e bobdon Ralligfpdaoe gheppingde AR dyso madgedmgons
AB by Prgeme pebfempiame g, = 12673 %y ohablogriel
megetpge BC pabhby mefedtue pebelompboee 4= 1063 - by offighlogdol
ey P 156 Lomomol dogeom, fellggeng dagemeb smagbl o=60facb jgmbal
M= 1860 Sellyfol Adnby Tigomeomooy  e6ladegban KaluaAghel figskses.

HFmax
P q
assts Q)i
S5l e . o "‘13"‘
"E‘F__i!' g N [P 4

658.2. msdmtsBmtogmo 3Gsdgognlols 3mgbabBsool gebystms

1(0) 59 3sbol sdmbLbBs
. 30msbsdo pabgobowmago dganol Febsbem®mbdsls,
. Impdmeno (sgthom®o) dsangdos: @ s @ Bomenddgol djmby
aobofommpdraodsmgdo; P doems @d M Imdgb@ob ddmby Gyzommdagms.

. Bpdob égodaogdo: 4 Goddowmdo — 4 doengdo @o 4 dednbdhol djmby
Pygoamdsens.
4. bbymenby dm@pdrperos BOGOYHE
dsemons bobthnds. FeabsbfeaGmdols

256HMengdYdL ogon pdcogao Laby:

iX,=0;

i=1

n
Y =0

i=1

235Jb Lado mMEbemdo @s Lsdo MEbmbdo Ggadaos. n
0-0. 586> LdHOIMHE FoBLIBOIG MO, ZL =0
. .

F=1

’mmi
60b.3. msdmGaBmtogmo 3GsdBogdol 366300l tBanM‘m
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1(1) 58mEsbob s3cblibs
6. 4395 355 ©35393F0MM ©Y3SOAOL JNMBEOBGMS

bobygdol AX ogeavy.
Y,=0 X, =XA; 0.=0 0, =0, P,=-P-cosa;
DX, =0+X+0+0+0+0-P-cosa=0;

i=1

¥

1(2) 53m3s60b 5dmblLBs
7. 9395 d5e0d ©53539300Mm ©Y3IOHOL 3nMmGEobi?hms Lobhgdol

Ay @geavy.

| S . Y=Y X,=0, Q,=-0; 0y, =-0Q:; P, =-P-sina;

2y =

i
>Y =Y, +0-0 -0, +0+0- P sina=0;

6sb.5. madmtsmongmo 3GsJBogndol 3GgbabBezools gubypsGs

e e Ty - reman s

1(3) 58mgsbols sdmblibs
7. podmgmgsemo yagems dagrol dmdgbdo A Gomh ool dodsto.

L = ! ! . 3/
ZL,(F[)=MA+0+0—EQ1—5P-sma—ZQ2+M =0;

f=1

3amerkm K cnaiay

60b.6. sdmGsmtonmo 36sJBogndol 3OgbgbBseol gsbrsms
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1(4) 50m3560b 5dmMbLGs
50mgblLbsc oeYdreo asbthmegdoms Lol yds

DX, =04+ X 40404040~ P cosa=0; = X, = P.cosar—18.
i=1 2

=9[6];

DY =Y, 40-Q ~Q 4040~ Psina=0;
i=1

1

B * 12.3
. 2 _ . .
o = = =18[b]:
' 2 2 (6]

o, =q%=10-3=30[6];

3

Y, =Q+Q,+ P sina =18+30+IST = 48+ 93[6].

6sb.7. msdemGegmerogmo 3GsdBogndol 3Gybgbdeeol gebygsts

105 Bmg Bl 2Bt

- - ) ) . k)
Fl=M_ +0+0-=-0 ——P-sinad-—. + M =
ZL(F)=M, <25 L QM=o

I, ) Al
M, :P-E-5|BE+EQL+?Q:—.H:

Nl 18

=18-—3+18+—-50-6=
2 4

=275 41841356 =27-4f3 +147[6).

6sb.8. osdmtrsgmtonmo 3GsdBogndol 3Gnbabdeol by st

ARG ErpaLI 1 K AT oAl

1(5)59m3560l 5dmblibs
59m@s6oL 53mbbBol Lobfmemy F93s8mfdmom sbEHmemgdom, Gmdgwos &
359m309g9Bgdos 5dmEsBols sdmblBobsls:

n -
Z Ly (F;) =0;
i=1
395903035 ®Mm Yg9ges ool dmdgbtho B Godhowob dodsmo:
L(R)=0 L,(7)=-Y, L L,(P)= P-;—-sina;

L:(Q_l)‘:QI'SG_I; Ln(éz)=Q2':-3

LR s 1, !
ZLE(F}):MA+0—YA-l+€Q,+§P-sma+ZQ2+M =0;

i=1

27«/3+147—6-(48+9'ﬁ)+g-18'§+5'76-18+%-30+6=0;

0=0

656.9. msdmGsBmtogmo 3GsdBogmdal 3G9bgbBaeol by s
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8der(3560T 53 blsbo:

T960@omal  BAsgddemeools  3mbsdgdbse  dmzgdagmo  gsbmmgdgdomsb  asdmgoibme  t.
sdolsmgol  asbBmmgdgdoesh  Jodggmo  gsbdmemgds  asggmor  3-Byg, Igméyg  2-%g.  domgdyeo
3308 mmgdado 3304396m0 3350M3Bd0 s g 3ze0dmm, dogomgdo

E = t X = Qi t x_z + ﬁ — 1
S =coswt, S=sinwt, S+5z=1

3360350, BHO9JBH™EM0s gemoglios, O™l (396BG0  3MmGEbsBms LsmsggBos, a=3 s b=2

bsbg396@a™dgd00m.

go3mgmo  Ggodomol  39J@memmo LoRdstols  agadomgdo, dolo bowowg ©s  dodstiormegds
Aol bydolidogo dmdgbBolmgol, sbggy Gm@Es t = ty.

dx dy
Uy =—, UV, =—],
*odtt Y dt

vy = —3msinmt, v, = 2mcosmnt

v= /vxz +vy2,

39J&megmo LoBe®ol dodstrogmagds s@ols:

Uy v
cosa = —, cosﬁz—y
v v

bsogsbs(y
v v
a = arccosf, B = arccos;y.

303mgmo  Foddomol  39ddmergmo a93doemado, dobo ooy s dodstrornmgds O™l
6900Ld0ge dmdgbBobsmgals, sbggy Gm@Es t =ty

d?x d?y
_ _ _ / 2 2
Wx_dzt' Wy—dzt, W= Wy +w,“.
wy = —3cosmt - w?, w, = —2sinmt-w?, w = m?V5cos?nt+4.

39J&mOnm sBJsdgdols dodstrormemagds sligomos:

Wy w.
cosa; =—, cosfy = =
w w

Bsogsbs(y
Wy w
a, = arccos—%, Py = arccosvy.
a3dmgmgammo  FadBomoals dbgdo sBJedgds @AmoL b3d0LdogMo dmdqgbBobsmgals, sbggg t = t;.
bongols

VxWx+VyWy,
W = -5

303m3m0  F96O@omols  beddsgomdo  sBJe@gds  @emol  6330Ldog@o  3mdgbdolmzol,  slgsy
t =1t;.s - ogobs.
Wy = w2 —wg?
333dmgmgammo Bosgddmenol Lodormog emol bdolidogmo dmdgbdolmngol ©s t = t1.-lmgols

p=

39h3960m 33 33c(3860L $3mbLbs MatLab jmd30qGg@me 3539880 (656.10-11) [4].
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o

MATLAB R2014a

PLOTS
&= H S » C: » Users » Pycyaan » Documents » MATLAB
Current Folder =
Name ~ >> a=3; b=2: ==1/3:
>> x=a‘coaipi*s)
x = 1_5000
>> y=b*sinipi*c)
y= 1.7321
Details A >> vx=-a*sin(pitz) ‘pi
v = -8_1621
Workspace ®
val N >> vy=b*ces{pi*t) *pi
alue
3 3 A vy = 3.141€
158.9483 1: . X e -
2.0944 2 b e ) S Seyd 72D
2 2 v = 3.7458
;-2(1)83'; ; >> alfav=acosdi{vx/v)
2.6152 = alfav = 158.5483
9.33‘3'3‘ 9' v >> betav=acos (vy/v)
=l betav = 1.2034
|
656.10
4 MATLAB R2014a — =

Command Window

>> wy=-a*simn(pi*s)*(pi)-2

>> w=sgzt( (wx) “2+(wy) ~2)

>> alfaw=acos (wx/w)

alfaw = 2.0844

>> betaw<acos (wy/w)

betaw = 2_6120

>> wmmebi=(vx*wx+vy*wy) /v
w=xebi = 4 6054

>> wnormal=sqgre (v I-wmxebi~2)
wnormal = 25 2484

>> zo=v~1/wnozrmal

zo = 2.6152

fx' >>

P J= » C: » Users » Pycyaan » Documents » MATLAB
Current Folder ®
Name -~
Details -~
Workspace ®
bame « Value N
H a 3 3 A
HH alfav 158.9483 18
HH alfaw 2.0944 2.
E - 2 2
H betav 1.2034 1}

11 betaw 2.6180 2.
ro 2.6152 2.
=L 03333 o .

[ < >

6ob.11

03039 333965 [0,2] Bmomgeol 10 Bmen 6sfoemse ©sgmezols ddmbggzedo obgds 8gdwgao

bsbol (656.12-13):
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4 MATLAB R2014a

€« P A » C: » Users » Pycyaas » Documents » MATLAB

Current Folder (Ol Command Window

Name ~ >> a=3; b=2; t=linspace(0,2,10)
t=

o 0.2222

.4444

o

.6667 | o.828% 1.1111

1oy

.3333 1.555€ 1.7778 0000

>> x=a.%cos(pi.*t)
x =

3.0000 2.2981

o

.5209 -1.5000 -2.8181 -2.8151 -1.5000 0.5208 2.2081 3.0000

"

>> y=b.*sin(pi.*c)

v

e 1.2856

-

.969€ 1.7321

o

.6840 -0.6840 -1.7321 -1.96%€ -1.2856 -0.0000

>> vi=-a.*sin(pi.*t).4pi

vx =

0 -6.0581 -5.2816 -

.1621  -3.2235 3.2235

.1621 §.2816 6.0581 0.0000

Details A
>> vy=b.*cos(pi.*t).*pi
()
Workspace i IOV || -
Name « Value N €.2832  4.8132  1.0911 -3.1416 -5.9043 -5.5043 -3.1416  1.0811  4.8132  6.2832
8 3 3 i >> v=aqre((vx) .~2+(vy) .~2)
alfav [90 141.5328 173.2956... 6.
alfaw [3.1416 2.44351.7453 ... 0. ol
1 b 2 2 €.2832  7.7374  5.3455  8.7458  6.7268  6.7265  B8.7458  5.2455  7.7374  6.2832
I betav [00.8994 1.4538 1.938... 0 )
| betaw [1.5708 2.2689 2.9671 ... 0. >> alfav=acosd(vx./v)
i ro [1.3333 2.0636 2.9546 ... 1. alfav =
t [00.2222 0.4444 0.666... 0 "
A pstrmaenn il 0.0000 141.5328 173.2956 158.9483 118.6326 61.3674 21.0517  6.7044 38.4672  90.0000
| [
6ab.12
4 MATLAB R2014a

@ s 5 L » G » Users » Pycysan » Documents » MATLAB

Current Folder (OGN Command Window

>> wy=-a.%=in(pi.+t) -4 (pi) . ~2
Name =
vy =
0 -15.0222 -29.1550 -25.6420 -10.1268 10.1268 25.6420 29.1550 15.0322  0.0000
>> w=sqrel (wx) . *2+(wy) .~2)
vs
25.6088 298.6088 2s.6088 2s8.6088 2s.6088 29.6088 29.6088 29.6088 25.6088 29.6088
>> alfaw=acos (wx./w)
alfaw =
2.1416  2.4435  1.74532  1.0472  0.2451  0.2481  1.0472  1.7453  2.4435  3.1416
>> betaw=acos (wy./w)
betaw =
1.5708  2.268%  2.8671  2.€180  1.518%  1.2217  0.5236  0.1745  0.8727  1.5708
A
Details >> wmxebi=(vx. hwxsvy. *wy) /v
Workspace ® waxebi =
Name Value M 0 5.515€  1.7021 -4.6054 -4.4442  4.4442  4.6054 -1.7021 -5.5156 -0.0000
a 3 I >> wnormal=sqre iw.~Z-wmxebi.~2)
| alfav [90 141.5328 173.2956... 6. 3
wnormal =
alfaw [3.1416 2.44351.7453 ... 0.
b 2 . 25.6088  25.0110 29.5558 29.2484 295.2734 25.2734 25.2484 295588 29.0110  29.6082
] betav [00.8994 1.4538 1.938... 0 SR S
] betaw [1.5708 2.2689 2.9671 ... 0.
ro [1.3333 2.0636 2.9546 ... 1. i
I t [00.2222 0.4444 0.666... 0 1.2322  2.0626 2.0546  2.6152  1.5458  1.5458  2.6152  2.9546  2.0626  1.3332
> f{ >>

60b.13
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4. @sbz3bs
ogméogmo  dgdsbogs  sgpomgdgmo  mgmGogmo  baggndggmos  olgmo  bemgslsobgoboem
©0b(303m0bgdolemgol, Gmam@oss dsbsmsms  asddmgmds, dgdsbobdgdols s  dsbJebgdols  mgmeos,
33645650 bsformgdo, 3oeGegmogs, Gbggems mgmE0ns ©s 8.3. mgmGogmo  d9dsbogols  Bglfagemsd
dcdsgar L3g0smoligl qbos dolisgl (3060l ol i31brsdgbd o dabodydo, Aol sbds®doms(y
35l Iggdemgds  sdmzoegdgmase somgobml gggms ol sbsmo dgomeo, Gz Fgodmagds dsbl Bgbgrgls
F9deamdo  Lsdgsbogam-ggdbogaco  3Gmadglol  3Gmigldo.  3mddogdgérmmo  Bgdbmemmgondols

339cmgabgds LaBnemgdals odmggzs, Gmd gl 3Omdmgds sgdomse asesyogl, Guwgsh Bglsdmgdgemas
dsmo  939]B e 3sdmygbgds  Labfogmem  3Gmglda.  LsdnbgdobdgBgsgmm  (30gemol  Lagbgdols
b ogemgdobsls 0bgym@ds(30emo Badberemmgogdols 353mygbads seg7dbadgemas 33dmmgemomo
badgoemagdgdol  gedmem  Fgbadmgdememdadby,  gmddogdgeme  Lebfegme  30mgcedgdby o
d33oBadage  Jlgemgdby.  s3Mogse,  ogmGoagmo  dgdsbogols  LolGegmm  dobemol  gewszgdalsls
30639 mbogos 0bgm@dsizonmo Bgfbmmmaongdals asdmygbads.

o gtedyn@e:

1. Bomommua M.C. (2011). ITpoGiembl OOydYeHHSI €CTECTBCHHO-HAYYHBIM JIHUCIMIUIMHAM C
HCIIONIb30BaHneM HH(POPMAHOHHBIX TexHoaoruii B BIIL. ,Momos.yuensiii, Ne4. 12, ¢1.76-78.

2. Tlapxomenko E.M. (2012). TlpuMeHeHHE COBPEMEHHBIX HH(POPMAIMOHHBIX TEXHOJIOTHH B
00y4eHHH CTYICHTOB TEXHMYECKMM JUCHUIUIMHAM. ,[IpoOiieMbl W TEpCHEeKTHBHI Pa3BHTHUS
obpazoBanus”, mare. Il MexayH. HaydHOU KOHD. [Tepmb. ,Mepkypwuit, ct. 151-153.

3. 6(")&)6063 S, (1968) 0)3(")6)0‘3@0 83(’5]0606015 6‘36)150 vOBGO‘I. 15(8)‘3 0)60@0150.

4. 3960dg ., 3ma0dg@ody G., gegsbody 3. (2014). MATLAB-o Ugrogb@dgdobsmgol. L.

,,égdﬁodﬂﬁ)o ‘3503361}0@)3@0“. m&og:mlso.

TEACHING THEORETICAL MECHANICS USING INFORMATION &
COMMUNICATION TECHNOLOGIES
Beridze Lida, Gorgidze David, Gogiberidze Rusudan
Georgian Technical University
Summary

The article discusses topics of improving the methods of teaching theoretical mechanics
discipline based on intensified use of information and communications technologies in daily life.
Modern higher educational institutions widely use information and communications technologies in
teaching processes. Theoretical mechanics is considered as an essential theoretical background of
general engineering disciplines including material durability, car parts, hydraulics, wave theory and so
on. The work is about the issue of teaching theoretical mechanics, one of the fundamental, general
scientific disciplines of physics-mathematics using the technologies mentioned above

W3YUEHUE TEOPETUYECKOH MEXAHUKHU C MTIPUMEHEHUEM
UH®OPMAIIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOT UiA
Bepunze Jluna, I'oprunze dasua, ['ornbepunze Pycynan
I'py3unckuil TexHuyecknuil Y HUBEpCUTET
Pesome
CerosiHs Ba)XHOE BHUMAHHUE YJEISIETCS COBEPIICHCTBOBAHHIO METOJOB H3YUYCHHUS JIHOOOTO
npeaMeTa, 9To B OOJNBIIEH Mepe BbI3BAHO WHTEHCHBHBIM POCTOM IPHMEHEHHUS HH(POPMAIHOHHO-
KOMMYHHMKALIMOHHBIX TEXHOJIOTHH B TIOBCEIHEBHOH >XM3HU.McXoms M3 CKa3aHHOrO, B y4eOHBIX
npolieccax COBPEMEHHBIX BBICIINX YUEOHBIX YUPEKICHUH MIMPOKO HCIOIB3YIOTCS HH(OPMAIMOHHO-
KOMMYHUKAIIMOHHBIE TexXHOJoTuu.TeopeTnueckass MeXaHWKa MPEACTaBISET CO0O0H 00bsI3aTeNbHYIO
OCHOBY OOIIMX MHKEHEPHBIX TUCLUIUIMH: CONMPOTHBICHUE MaTEPHAJIOB, AETAIN MAIIWH, THAPABIIUKA,
Teopus KonebaHuu u Ap.B cratee paccMaTpuBaeTcs BOIPOC M3YYEHHUs] OAHOW (pyHIaMEeHTaIbHON
HAYYHOW JUCIMIUIMHBI — TEOPETUYECKON MEXaHWKH M3 IMKIA (DU3MKO-MATEeMAaTHUECKHX HAyK C
NPUMEHEHUEM COBPEMEHHBIX HHPOPMAITHOHHO-KOMMYHHKAIIMOHHBIX TEXHOJIOTHH.
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6530150016 ©IBIGH3'3SSHIBIN LMBOLS RS BIBIdL IMSHOL
LIBR3HIBOL 3SBMI3NL NS653IRH(M3I JINMRKRI>NTL 3036 O3S

Bosem 3B3s03565dz00m0, 3n@sd  IMxogbgmo,
a0m630  Joosdgzamo
bsJotroggeomls $gdbozgco gbogg@lodgdo
69b0dy

a36bogmmas bagmmdal HgbgMgmsa680 bsgmnmddtmenddadol ©mbggdol asbmdgzols dgmmegdo
bbgoslibgs  Bodol  Lobmdo  bgembsfymagdol  LsBgemgdom.  bshggbgdos o bsgomdol  GHemdgemo
36m7]dgool  3gdmbggzedo  asbmdzol  Gmdgmo  dgomeols s bgmlefgml  asdmggbgdss  dobeb-
Agfmboemo.  Foddmagbormos  s3Mgmgg  bogmmbals  Ggbg3msc 8o bogmemdls s Fysml  Bmeols
s6lgdnmo  gdnmlondo bmbol ,,6530m80-Fgsemo® Lsbma®gdol swaqbols (3sbmdzol) dgmemmgdo ©s
LaBgaemgdgdo.

bo3396dm Loggggdo: 6s30mdMgbg@zmec0. ©mbol Lsbmdgdo. bsgmmdals dmdbawgds.

1. Bglbsgsmo

bsgmmdol  mbol Lebmdo bgmbsfymagdo gedmombggs oo  3Gg8emaincm3bgdom. 6gdolidage
dsmgobls  gsshbos  magobo  EsEadomo  ©s  gmgomo  dbstggdo. dso  Bmeol  mzgmglol  sRg3s
Esdm joadamos  mbol  asbmdzol  3Gmiglol  dmbgdeby,  dmmbmgboem  Lobgbggby,  sgydgmay
8obsbly® Fgbernogsaby.

bageo  bsgmmdol  dmdbargdalisl  ssomgdgmos  gebalsbroghml  MgbgAgne®gddo  bagmmdals
by ©s Loobol — ,6s30m80-(gsemo™ Bmemgrols Lebema®gdo. sdalsmgols asdmoggbgds gobmserneo,
dgdsbognéo,  gmgddenmo,  s39bd0gmM0 ("39{)@6.&66360070) ,  dogOmpsmma®o (éoggaﬁrag:m) ,
O9nmgflndo (Bommsasdds@nmoa), bombol mbols ©s gsdymgo Bnsmamol Lsbmzmgdol asbmdzals
Loliggds s 8.8. gsebgoboememo olobo.

2. dofomaso Bsfogmo
2.1. 30b7eemneo ©mbols Labmdgdo

1 2 3
% ! ' } 9bgbos  mbol  dseBozgbo ha%magéo (6sb.1). 335658036 1

Bod39B0 39bBomgdom  dogBmgdmemas  dshzgbgdgemo  dabs  (dogmo-
3). o3ot4)o(§)o ©s 30@0 %0&633633@00, 030(550)3 80@'80 Loonbols
©mby H  gmggmogol  @gomos  s3s0s$do  Loobol  ©mbols s

somgmgds  Biemsby 1d-do. mbol  sbgmo  Lsbmdgdo  Lsodgom,
% Bgbdo s dseBogos, dsgMsd Bgbsdsdolio Logbsmol ag6g6ss00bs
s 350339001 3M9Ogdmds Brmosgl dsor Fglsdmgdemedadl.

6ob.1.
® 2.2 35603960 bol Lsbmdgdo

sbgmo  Lsbob  mbol  Lobmdgdl  ggmogbol  emagmagasbo,

B03®0g0s60 ©s Joeembsozgeo bymlsfgmgdo.
3) ogmogasbo @mbol Labmdgdo. slgmo mbols Lsbmdgdols

bR

(655.2) 3360613051y gemqdgbBos ogemogs 1. Gemdgemoz  Lombol
Bgos306Bgs @8 gofmbslifmmgdnmos  Fzotmon 3. Bzo0m0 ©s

R = || ogmogs 9603sbgols 1338060908 dmdbomo Bemboo 2. Loobol

©mby as60lsbrg®gds B300mals drgdsergmdon bzsmol 4 dodstron.
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29bmzols Labmzmgdo gobogds bgws (b.e.) © Jagos (Jo.) ©mbjgdom, G@dgmas dmeol
©0s33bmbo  15-20 g @o0s.  sbgmo  @mbol  Labmdgddo  gsmzsmalifobgdmmos  sa@gomzg  Ragbgdol

oliBsb0co  gows3gds.
0gmogosbo  mbol  Labmdgdo gsdmomByggs  LodséBogom, Loddzogom, dsmsgma  Lobylidoom,
930609 goboo s bz, dsg@sd  obobo  gedmbsegastos  Fgomgsbo  Loobgadolmgol. mogmoagsls
3crd15mds  sdm gogdmmos ol Bemdgdby s ozl 3GOmdeg-

@ 1 n : 3960 g0Bmdzgd0bsel sFbga3gd e Loombggddo.
: r i _i__lr d) Bogdogosbo  ©mbol  LsbBmdgdo. dsmdo  Lombgdo
= : drosgbgdmen  Lbggemby o6 Jodgegl  gebmbols  msbsbdswe

T

aMsl
)

098, dmJdggdl  sdmdgegdo  dogms,  Gmdgmo  3OM3MEA0MEI0s

15158'3;@01) 8086) 608(’)0\’3360;‘:’0 1500)5015‘) (6053) .

86685m60ot4)3 3@8336@)00 Gogﬁoﬁgﬁ)‘ag@o Bogdoge 1,
Gedmol Lodgatogg dgdos Lombols Lodzzmogyby.

X

6sb.3.

303035l bogdg qbes ogmb  gslsbmdo  mbol  dslodsemy@o  Lodsmmol  Bmeo.  Gess
Loobol ©mbg 3gBos  s6833636m30s61y  bmbol  ho  Lodsmemgbg, a3s8Bmdo  dgemo 2, G@3gembgs
ﬁoamdoo\)gb'ﬂgo @03@030—1 oaﬁm%‘gbo %’mﬁoh%’mémboao. 8(*)336@0 My, 6(*)83@0(3 0335360 G,
@)03(5_3)03¢m0, aovmﬁobvmﬁ)g&amoo 4 150306)%'(‘06315 Mo 8(*)836(3)000.

oy boobols ©emby asudmeegds h-l, 35306 Bo3ogel Fmbs Bgdzotiegds. gdotmegds sbgsg
M; — 3, (My -%g 6o3mmgdo  asbegds) s dgmo  asessegomegds  bssmol ool dodserorgmadoo,
Omdgmoi  gosssanemgdl 5 Labmdo 3e®esdfdbgmols 3 396398, Fgmgase S-ob gsdmbsligemgem by
ashbgds  Logbsema.  sbgmo  Labmdgdols  ©osdsbmbos  0,025-16 3. s ogozg  @odlgdgdo s
bs3emgabgdndo 83, Moz mogmogs ©mbol Lebmdgdl.

3) 3opcmlBsBosgmo 6ol Lsbmdgdo. dsmo 3ndsmdols 3M0b3030

% 79956988 1 Loobol Lggdol (bgz0l  gofmbsliffmmgdsl 2 dgmdbemdasthy
993968 by  Beddst0sbo  3g4sbobdoo  (bsb.4).  olobo  gsdmochgzs
= 30LBONJ00l  LodstrBogom, Lobylbdom, asdmyggbgdol  Fglsdmgdemmdon
=~ F=——3 f ©sd0bdn@gdgmo  Lombggdol  Fgdmbggzedo, Tgosdgdoo  dizocy  gsboo.

=== 6.}80’)836860 6&1&)%(‘)80 (‘7603(‘]601} 81‘)(*);'\*)(');3 8'8(38080 1)08636)03015‘) ggo

% Jngamdobsl,  sacgmgy  aslsbmd  mdogddosb  dnwdogo  3mbBeddo.
29bm3z0l Eosdsbmbo Bgemaqgbl 15-25 3-L.
6ob.4.
3. gegdBeramo embol Lsbmdgdo
R(h)
dsmo  badgeemgdon  Fgodemads  gsgbmdmm  Gemgméz  asdBeco, ol
oqmgdB®ognmo Lombggdol ©mbggdo. 33886980l doGomse 3s6sdgE®0s
om0 gmgdBemasdBemmds,  ©ogmgddoggdols g0 —  gutemdomno
L R09rddBogame  gefgzenmds.  s@lgbmdl  jmbegddemdidtgme @
:E":_—_:_Ti_j B9390760 ©mbols Lsbmdgdo.
E‘:‘ e e ) 300 ddmagBGgmo LsBmdgdo  godmoygbgds  Loombggdols
r:'—;:—.;‘:~ 399800mdals golobmds, dsmo  Jotggmsro Lsbmdo  getisd]dbgemoas  méo
H A7 2 e 9m9JBGmEo, Gmdgmos  Bsdotzol Lom®dy Lombgdo  gsblsbmgMsgl dols
65b.5.
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byl (65b.5). dolo gsdmdsgsmo 356839305 Fobsmmds.  sbgmo  mbols  Lsbmdgdol  Lobylidy

Fgbmgenmoas gemgddemegdol asbogo 33900L GsGmmdol (338mgdsmdom, 33¢9m3g 9@ Gmegdols
Basdom by sOlgdnmo  gebgols ©s dsGomgdol gggbols 3sdm. Fgmgase, o8 Lobmdgdol (semdorrgds
bsgdsme dsmsmos (5 — 10 %).

3) Bgzoego Eebol Lsbmdgdo. dsmo 3oM3zgmsmo Lsbmdo got-
©33Jdbgemoas  gmslosgrn@o  (30mmobedmmo  3mbegblsgmmo, Gmdmols
Jogs Fgdmbagggbo 0bmes00m 2 @sgstramo bembeoos 1 (6s6.6). ol

.\\—--—_v

dImmaglgdmemos  doemols 3 mg@dol  gsb{3c03, Gmdgmo  sGals

S A A e v
Y 2 T »
*5

e

3begblegmeol  gsty  Fgdmbogggbo.  Bmbrol  oBmmsieol  gatg
Bgsdo@ls ©s g5y Fgdcmbsgzgbls Femeol dsbdagls gfmegds  3Bs

A

P A B 8

e ey

O I T

%

smbadbmmo BgMgmadon Bgmgds asmsdfdbgmols dnds mEghmdo s
3ol dol Bggoemdsl. Lobmdo bdgds sxgodlodgdls boymmgsbo o
65b.6. 30d0bsty  ©mbgadols Fglsdsdal  Bggeemdsms bbgscmdsl. bgmlsFyml

do(womoggo GQmHOQQbo 56 oggao({f)gbo 0,1 — 0,2%. Lodstrogolbs ©s

dsmaemo  bsodgommdols gsdm sbgmo babmdgdo ggedome  3s8moggbgds. dsmo da@dbmdostimds o@sss
©sdm joeadgmo Loobggdols gmgdd@gmo mgobgdgdols (338emgdsmdaby, Gobo dabgbozss 3oMggmaswo
2560083Jdbgrols  gergddmegdol  Bgddghedgmols s Fgdsgagbermdols  (338emgdsemds  dsonby
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OVERVIEW OF MODERN METHODS FOR MEASURING LEVEL AND
INTERFACE PHASES IN OIL TANKS

Azmaiparashvili Zaal, Murjikneli Guram, Qitiashvili Georgi.
Georgian Technical University
Summary

The paper discusses methods of oil level measurements in an oil tank by means of measuring
instruments of different types. Described the advantages and disadvantages of each method. It is
shown what method of measurement and measurement instruments must be used for different types of
oil products. It is also considered the methods and means for determining (measurement) an
intermediate emulsion "oil-water" zone in the oil reservoir

OB30P COBPEMEHHBIX METOIOB UIBMEPEHHMA YPOBHA Y IPAHMUI]
PA3JTEJIA ®A3 B HEPTAHBIX PESEPBYAPAX

Asmanmapamswiu 3., Mypmxuksenn I'., Kutnamsumm I
I'pysuHCKMil TeXHUYECKNUH YHUBEPCUTET
Pesiome
PaccmaTpuBaroTcs MeTOnBI M3MepeHUsa YPOBHel He(pTeIpOAYKTOB B HeTAHBIX pe3epByapax
C IIOMOIIBIO M3MEPUTEIBHBIX IIPUOOPOB pasHOro Tuma. IIpuBOAATCA AOCTOMHCTBA U HEJOCTATKU
Kaxzgoro m3 Hux. IlokasaHO NIpM KakuxX BUZAX HePTENPOLYKTOB KAaKOH MeTOJ WM3MEpPeHHI U
M3MEPUTEIbHBIM IIPUOOp I1eecoO00pasHO NPHMEHUTh. PaccMaTpuBalOTCS TakXKe MeTOABl U
CpeAcTBa OIpefiesleHUs (M3MepeHHUsI) IPOMEXYTOYHOH OSMYJIbCHOHHOI 30HBI «He(dTb-BOJA» B

He(TIHOM pe3epByape.
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ASPECTS OF MEASURING ELEMENTS AND METODO-TOTAL ERRORS
IN METROLOGICAL RESEARCHES

Garsevanishvili Izolda, Padiurashvili Vladimer,
Padiurashvili Zaza

The Georgian Technical University

Summary

Analyzed are aspects of measuring elements and those of method-summarized errors in
metrological researches.In case of measurements and control, a test is considered as experimental
measurements of quantitative and qualitative factors of properties of an object that are conducted
by means of specific instruments.It has to be mentioned, that real test conditions are always
different from the nominal ones, thus acquisition of absolutely accurate data is often involving
great difficulties. Reviewed are types of errors and their factors, as well as methods of calculating

errors and conditions required for data summarizing.

ACIIEKTHI U3MEPUTEJIBHBIX JIEMEHTOB Y METOZIO-CYMMAPHBIX ITOI'PEIIIHOCTEM
B METPOJIOTMYECKHMX MCCIIEJOBAHUAX

l'apceBanvnmsuan W., [Maguypamsunu B., [Taguypamsuanu 3.
I'pysunckuii Texuudeckuil Y HUBepCUTET

Pesiome

PaccmaTpuBaioTcs  acmeKThl — M3MEPHTENBHBIX  3JIEMEHTOB M MeTOJ0-CyMMapHBIX
IOTPeNIHOCTeHf B MEeTPOJOTHYeCKMX HCClefoBaHUAX. B ciydyae mamepeHMil M KOHTpOJIA TIOZ
HCIIBITAHMEM II0[Pa3yMeBAaIOT SKCIIEDHMEHTAaJIbHble HM3MEPEHHA CIIeNUaJbHBIMA CPeJCTBAMM
KayeCTBEHHBIX M KOJIMYECTBEHHBIX IIOKa3aTesell CBOMCTB o6bekTa. Hazmo orMeTuTs, 4TO peasbHbIe
YCJIOBUS HCIIBITAaHUI BCeTJa OTIMYAIOTCA OT HOMUHAIBHBEIX, IIO3TOMY IIOIydYeHHe aOCOIOTHO
TOYHBIX JAHHBIX BCET/la CBA3aHO C OONBIIMMH TPYAHOCTAMHU. PaccMOTpeHs! BB IIOTpeNIHOCTeH 1
UX IIOKa3aTesIel, MeTObl Pacdyéra IOTPeIIHOCTel U 06A3aTeIbHbIe YCIOBUA IPU CYyMMHPOBAaHUU

AJdHHBIX.
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ONE APPROACH TO SUPPLY CHAIN OPTIMIZATION FOR
DECISION MAKING

Tsertsvadze Maka, Meparishvili Badri, Janelidze Gulnara
Georgian Technical University

Abstract

This paper presented a study of evolutionary programming for the optimization of a supply
chain network management. Decision making in distribution management and logistics is often based
on collective behavior modeling of multi-agent systems. The supply chain was modeled as agent-
based system for optimization of costs related to stocking, manufacturing, transportation and shortage.
This is dynamic task, especially in a supply chain network that is becoming increasingly demanding,
with customers expecting their products to be delivered as quickly as possible and according to their
exact specifications. The main goal of this paper is to describe some views of multi-agent systems
behavior modeling. The key technologies, which are based on the paradigm usually called Collective
Intelligence of agent swarm, in which the system properties emerge from local interactions between
elementary actions of single agents.

Keywords: multi-agent systems. Ccollective behavior. Multi-objective optimization.

1. Background

Information technology solutions such as decision support systems based on simulation and
optimization systems are indicated as the way to directly support decision making on Supply Chain
Management. Group control of reconfigurable agent networks is fundamentally a difficult problem,
which can be based on use of principles of evolutionary programming in a monitoring and collective
control within a studied area. Supply chain management can include factors relating to inventory,
materials and production planning too in its concept. Logistics management is a part of the supply
chain management that plans and implements the flow and storage of goods, services in order to meet
the demands of the consumers. Supply chain network management takes care of the design, planning,
execution, control, and monitoring of supply chain activities with the sole objective of creating net
value and leveraging worldwide logistics. On the other hand logistics can be simply defined as the
management of the flow of goods and the services between the point of origin and the point of
consumption in order to meet the requirements of customers [1].
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Generally in logistics we have to deal with distributed systems. To support the demanding
management task the multi-agent approach offers promising perspectives. The theory of distribution
management, based on a multi-agent concept, can be applied for the planning and control of
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distributed systems in which a larger number of actors (individuals) and agents (software objects) have
to take decisions. System control as we have in mind for logistics systems embedded in a dynamic
supply chain network is a management task. Our envisaged application field is logistics. We define
logistics as the control of material, capital and information flow within an enterprise in view directed
towards their global goals. As to their formal structure logistics systems have a lot of similarities. The
purpose of the system is well defined, the goals are specified on a strategic and operational level. As to
material, information and capital flow within the system their routing has to follow given directives.
The logistics system is embedded in a dynamic supply chain network, where a permanent interaction
between the logistics system and the supply chain network takes place.

We are interested only in agent-based management system as decision support tool, where
agents in this tool propose solutions to well-defined decisions or take even decisions autonomously as
far as decision competence is delegated to agents. The link of the management system with its
logistics system to control can be realized in two ways, either to a representation in a simulation model
or directly to the real world system.

2. Related Work

In this section we discuss collective agents, where researcher have attempted to think up ways to
let agents cooperate with each other. A very concrete physical application area of collective
intelligence is collective agents. We look at three different (partially overlapping) areas of interest
within collective agents: swarm agents that takes the concept of swarming as its inspiration,
evolutionary agents that takes evolution as the mechanism for adaptability in agents, and behavior-
based agents where agents are programmed on the behavioral level.

Unfortunately unique approach to a problem of collective agents behavior modeling is not yet
formed because of applied diversity. Provisionally, a swarm system can be defined as a collection of
autonomous agents interacting with one another directly and locally, or indirectly (via changes in the
supply chain network), and which collectively solve some distributed problem.

One distinguish two types of multi-agents controls: swarm and collective. Swarm control
strategy, based on a Leader-Followers structure, assumes, that the members of group are not related
one to others informational, whereas collective control means, that objects of group have the
possibility of information exchange between them. Conditionally difference by completeness of
information (few or much) between swarm and collective can be represented as (Figure 2):

completeness of information

—r
swarm collective /
few \/

much

Figure 2
3. Problem formulation

In this section we give a brief description of the two supply chain decisions strategies (a
centralized one and a decentralized one) dedicated for two different types of the behavior. In
centralized strategies, there exists a single agent that manages the agents. As regarding decentralized
strategies, management responsibilities are divided among the agents. As advantage of centralized
group management strategy we can consider the simplicity of organization and algorithmization.
However, this type of management is more applicable in cases of stationary structured supply chain
network. Further, casual death of dispatching will become the cause of entire systems failure.
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This section presents a formalization of the supply chain network agents collective decision
making problems complexity estimation. The current state of integrated system “Agent group -
Supply chain network” is a tuple [2]:

S(t) e (A(t), B(t), T (t), D(t)) (1)
where there is a group A of N agents A, (i =1, N) functioned in supply chain network B.

We can define the complete group of agents A under study as the vector-function:

A = (A, A1), Ay (1) - )
where N is the number of agents.

The condition of supply chain network around the agent A € A at time t, generated by the

stochastic demands (orders), can be determined by the vector-function:
B(t) = fe (B (1), B, (1)..... By (1)) ©)
where the elements B, (t) are the values of parameters of supply chain network defined by agents.

The problem solution of tasks distribution between agents A € A, (i =1,N) is related to the

information of targets as set of effectiveness estimation d; to make decisions D, (t) by A agent.

The total executing supply chain network management action as collective decision making processes
for agent group will be

D®)=> D, @

The current state of supply chain network management on interval [t,,t;] consists in
determination of functional estimating the quality of group management

S(t) = [ F(t, A), B(t), D)t 5)

with respect the conditions (that the states of supply chain network, supply chain network
configuration and agent group management actions).
The main problem of supply chain network management consists in determination such set of

management parameters {d, } for agents A € A on interval [t,,t;] (where t, — initial point of
time or before functioning of group A and t; — final moment of functioning of group A), when the
extremum of function (6), estimating the sum of weight coefficients or of effectiveness {d,, } between

every pair of subtask T, (I :1,_M) and agent A eA (i :1,_N) as quality of collective decision,
will be realized

M
Q(t) =D d;; — maximum (6)
1=1
with the requirements that the demand at each customer has to be satisfied.
In conclusion we can add, that collective management is always decentralized.

4. Metrics of Agent Group Behavior

In this section, we propose a number of metrics to evaluate the quality of multi-agent system
behavior from viewpoint of optimization. Hence, we define some number of metrics such as order and
entropy, which will help us in evaluation of performance of the swarming behavior. Further, they will
be utilized in comparing the performance of different behaviors achieved through setting agent
parameters or sensing characteristics to different values than the default ones.

In general, order, entropy and average angular velocity metrics are defined to measure the
alignment, positional order and energy consumption of the agent group, respectively. The average
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forward velocity metric is also utilized as a secondary measure of the energy consumption, and is
more convenient to use in some cases. Order (coherence or synergy) measures the angular order of the
agents. Entropy measures the positional disorder of the particle swarm. Entropy is used in a number of
classical approaches to clustering, as a means to drive the clustering process. This metric is calculated
by finding every possible cluster combination, finding Shannon’s information entropy of these clusters
and then sum them up. We consider as metrics the rate of certain contradiction or collision between

the vectors of control actions [3]. Each agent A (t) defines its own vector of control action, when the

given extremum of functional will be realized. In the end of the section, from viewpoint of multi-
objective or vector optimization , we can note, that this kind of problems can be resolved successfully
using Artificial Intelligence techniques.

In the case of Artificial Neural Network method application, we are required to calculate the
estimation of the weight coefficients of the neural synapses W, (t) each agent A € Aas [4]:

5 (1)

Wi (t) = N (7)
Zi:lsi ®
A sigmoidal neuron computes an output value according to:
N N
S(t) =D AW (1) =S =3 ATi(t)w,(t) (8)
i=1 i=1

And finally we introduce the formulation of entropy, an application of Shannon’s information
entropy metric to agent groups that provides a quantitative measure of agent group collective behavior

[5].
N Opt Opt
T T S S
i=1

100, (—) ©
Zi=lsi (®) Zi=1si (®)

5. Supply chain optimization technique

In this section, we propose Particle swarm optimization (PSO) as a new population based
optimization technique, which can find very good solutions efficiently and effectively in a virtual
search space. The original PSO algorithm is discovered through simplified social model simulation.

According to the literatures overview, it’s easy to know that the canonical PSO model consists
of a swarm of particles, which are initialized with a population of random candidate solutions. Each

particle has a position represented by a position-vector X; (i is the index of the particle), and a velocity
represented by a velocity-vector v; [6].

The swarm is defined as a set: X = {xl,xz,---,xN } of N particles or individuals (candidate
solutions), defined as:
X, = (X, Xy, X ) €A, i=12,---,N
where A is the searching space.
The particles are assumed to move within the search space, A, iteratively. This is possible by

adjusting their position using a proper position shift, called velocity, and denoted as:
Vv = (Vil’ViZ’”'7Vin)T1 i=12,---,N
Velocity is also adapted iteratively to render particles capable of potentially visiting any region
of A. If t denotes the iteration counter, then the current position of the i-th particle and its velocity will
be henceforth denoted as X, (t) and v, (t), respectively. Velocity is updated based on information

obtained in previous steps of the algorithm.
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This is implemented in terms of a memory, where each particle can store the best position it has
ever visited during its search. For this purpose, besides the swarm, X, which contains the current
positions of the particles, PSO maintains also a memory set:

P:{Pl’PZ’“"PN}
which contains the best positions:
Pi:(PiUPiZ’”.’Pin)TEA! i:1!21"'!N

ever visited by each particle.
These dynamic parameters are defined as:

V; (t+1) = v, (0) +cn (B — % (1) + ¢, (Py — X, (1) (10)
X;; (t+1) = x; () +v;; (t +1) (11)
i=12--N, j=12,---,n
where t stands for the iteration counter;
I, and r, are random variables uniformly distributed within [0,1];
c,, C, are weighting factors, also called the cognitive and social parameter, respectively.

At each iteration, after the update and evaluation of particles, best positions are also updated.
Thus, the new best position of X; at iteration t+1 is defined as follows:

P (t+1) = {xi (t+1), if -f (x;(t+1)) < F(P(1)),
P.(t), otherwise

Based on the PSO paradigm, dynamic behavior of multi-agent system, cooperatively managing
a supply chain network, each particle can apperceive the “Agent group - Supply chain network” state
and make some decisions to modify its behavior intelligently. Each of particles represents a potential
solution (or decision of multi-target distribution) to an optimization problem. The goal of algorithm is
to converge to the global (over the search space ) or local (into the particular cluster) optimum of a
target function.

The presented approach is a distributed algorithm that partitions the supply chain network into
a set of locally clusters. This is achieved by deriving a set of weight coefficient or estimation of
effectiveness d, between every pair of subtask T, (I=1,M) and agent A € A, (i =1 N) within
the locality of each subset for selecting the best node of its neighborhood to become its leader. We
envisage every the values of decision or management D, (t) as the “velocity” of each particle in given
iteration. Moreover, the each pace is varied inversely of particular velocity.

(12)

6. Conclusion

This work is motivated by the idea that supply chain network management and logistics, should
be realized by the distributed multi-agent systems. Relevance of problems is particularly pointed by
the supply chain network dynamism of the shape of fitness function landscape, which consists of a
number of peaks of changing with and height and in stochastic processes.

We have discussed the behavioral modeling of multi-agent systems, especially the case of
decentralized collective management strategy, when each agent defines its own vector of decisions
singly with a glance of its own position, the state of supply chain network, and the control actions of
others agents, that is agent group make decision cooperatively. Entropy based metric to agent groups
behavior has discussed.

From viewpoint of multi-objective optimization in multi-agent systems, it was noted, that this
kind of problems can be resolved successfully using PSO techniques, including Artificial Neural
Network method.
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MOAXO0J K ONTUMM3ALIMA HENEN IOCTABOK JIJISI
NMPUHATHUA PEIHEHUSA
Hepusanze M., Menapumsunu b., Ixxanenunze I'.
I'py3uHCKUI TEXHUYECKU YHUBEPCUTET
Pe3tome

IlpencraBieHo wHccneOBaHHME 3BOJIOLMOHHOTO IPOrPAMMHUPOBAHUSA ISl  OONTHUMH3ALUU
VIOpaBJICHHUSI CETHhIO IeMel MOCTaBOK. lIpwHsTHE peleHuss B YIPaBICHWH paclpelelicHueM |
JIOTHUCTHUKE YaCTO OCHOBAHO Ha MOJEIHUPOBaHHE KOJJICKTHBHOTO IMTOBEICHHUS CHUCTEM MYJILTHATCHTA.
Iens mocTaBok ObLIa CMOJCIMPOBaHA KaK areHTHO-OPUEHTHPOBAHHAS CHCTEMa JJIs ONTHMHU3ALUN
3aTpaT, CBA3aHHBIX CO CHAa0XKEHHWEM, IMPOU3BOJCTBOM, TPAHCIIOPTUPOBKOHW M ACPHUIMTOM. IDTO -
JMMHAMHWYECKas 3ajada, OCOOEHHO B I[ENMH CHCTEMBI TOCTABOK, K KOTOpPOH Bce Oosiee u Ooiee
YBEJIIMYUBAIOTCS TPEOOBAHUS KIIMEHTOB, OKUIAFOIINX, YTO UX MPOJAYKTHI OYyT HOCTABJICHBI B CPOK 110
Mepe BO3MOXXKHOCTH. [ TaBHas 3amava ONHUCATh HEKOTOPHIE MPEACTABICHHUS O MOJCIHPOBAHUN
MOBEJICHUS CUCTEM MyJbTHareHTa. KirtoueBble TEXHOJIOTHH, KOTOPhIe OOBIYHO OCHOBAHKI HA MapajurMe
1oJ; HazpaHueM KoJJIeKTUBHBINA pa3yM posi areHTOB, B KOTOPOM CHUCTEMHbIE CBOMCTBA MOSBIISIOTCS U3
MECTHBIX B3aUMOJICUCTBUM MEXKY SII€MEHTAPHBIMU ACUCTBUSIMU €AMHUYHBIX ar€HTOB.
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“entity” 3ém30@01§%’0636"3q’00 '380’)06‘53360

Student sBGadndos  sbabgmgdol dglsbgd, GHemdy-
name : string o domgdgemo  ogm  30mgdEdo o
-address : string Agemobszool  gbsdo.  dogmomgds  sBG0dy-
<<class>> - tAqillD : Int . i i
e e B39%0L  bomgspmds:  public, private 56
-dateofBirth : Date protegted.  sq300gdemmdols  Fg30bggzedo
+getTuition() : double 2360l bgdgds Fomdmadamo (gsdmmzmono)
+ addschedule({theSchedule : Schedule) s Gad B gd0. dsmmgols Fqbsdemagdgemas
+ getSchedule(forSemester : Semester) : Schedule 3 Gmd ol
+ deleteSchedule(forSemester : Semester) 93930 ORIV R ‘5‘3%’3

+ hasPrereguisites|forCourseOffering : CourseOffering) : boolean 609JBol  damdstrgmdgdls s gowsligmgdl
/{ passed(the CourseOffering ; CourseOffering) : Boolean
=<class>> + getNextAaillD{) : Int doon Boodob. 31’ 8(')‘33@0 aohol’)gba

+ getStudentID() : Int doamdstigmdols osg@sdols Laboo.

+getMame() : string
+getAddress() : string

6sb.4

2.3. 3e0oligdls Bmbrols 39380619001 sbliBgds

36094306900l 3Om39L80 393806580 3sligdl Bmols (sbezos30s, s3gas(308 ©5 3sbbmysEgds)
d0mbmgl  @sbqliggdsl. sbmiosigos  dmbsbogdg ©s 3stmggen  gemsligdl  dmeols  gedmba@sggb
39380690k,  AMImgday obsdoygMse  s00d3e98086  Fglisdsdols ™m30gdgdl dm@ol dsdmgol  bszedo.
sbgmo  3ogBoMgdolsmgol s gdstabos 9bembzgmagmm 3mslgdol bawgs, sdoBmd obobo as€s0Jdbgd056
©sdm jogdymgdsdo. o7 bmgogmo  sbmosioobsmgal 6 3Gl s30mgdgmo  m®IodsGrmmmadasbo
393%060ls,  3s8ob  Bgdmo@)sbgds  bsgoasools  dodsGrormemads.  sa@gas0g00,  OMImgdlsig  sd3m
30933 bo300ls 030l98980, 3303695056 3d3mbogon® 3938065830,

3938069801 356 dbols dsgamomo dmygsbogmo 93mdgbrsagdals dglsdedalse  gemslgdobsmgals
369390968006 ,,370b9d%b) ©sMgA0LEGaMYds dmygsbomos dg-5 bsbsbby. slimzosos dsGomzggem ©s
Ilobogdy 3emoligdl Bmeol asces0]dbs
©33m goEadmegdsm.  sa@gasi0s  geoslgdls
dmeol  Student s  Schedule  gemmal
3m33mBo(z00ls 0goligdsls. 6330353000

“interface”

“contral”
contro CourseCatalogSystem

RegistrationController »

0.1

dodsrorgeagds  sbm30s3090bg  gemslbingdl 0.1

. dod 97,
dmeol  Schedule s  CourseOffering | +esdsmotagpegiome 0 Q20800

B9dmB)sboemos F9dmgao dmbsbEgdgdom: o6

0.1 0.1
360l 87309090 a@x503930lL (3BAoemols rentity”
doegds,  Gmdmaddo  sG0l  Amdgemady student -— SC;Z;THE
0.
396 bo; 2653039000 omEgbmds : ’
Tgstgdon GBS 3M063698 gm0 0.n on

3960Lg580L MsmEgbmdslmsb dgrstgdom. vintom gydlgie

0.4
“entity” +omhg@bsfogmo gghlgdo

CourseOffering

|
|
|
1
|
I
|
1
|
1
¥

0.2

60b.5
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3. sliggbs

dcbs(390ms  3sBob  sdnBsggdols dmggsbomo  LaBaemgds  fbebzgemymnls  dobbyl-36m39Lgdals
33630l olgmo Lol gdol 8q4dbsls, Gmdmomsi bergmse 0dbgds Ggemabgdnmo ognbombsno s
36139396 J(30mbs @0 dmmbmgbgdo.
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[TpakTiyecknit 0GBEKTHO-OPHEHTHPOBAHHBIN aHanu3 u mpoekrtrposanue. Caukr-Iletepbypr -

Mocxksa, 2008.
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DEVELOPMENT OF THE LOGICAL SCHEME OF THE DATABASE FOR COMPUTER
MANAGEMENT OF BUSINESS PROCESSES
Sukhiashvili Teimuraz, Shurgaia Irakli

Georgian Technical University

Summary

The main building construction unit of object-oriented systems represents object - a class.
Therefore developing computer systems of management of business processes in order that provide
effective implementation of all functional requirements and at the same time full satisfaction
nonfunctional (usability, reliability, a productivity, safety) the requirement, definition of classes, rational
distribution of duty and establishment of the real relations between them is of great importance. In article
the way of establishment of the logical scheme of the database for business process (registration of
students in higher educational institutions on courses and the accounting of progress) within the rational
unified process (RUP) with use of the unified language of a modeling (UML) is offered.

PA3PABOTKA JIOTUYECKOW CXEMBI BA3bI IAHHBIX JJISI KOMITBIOTEPHOT'O
YHPABJIEHUSA BU3HEC-TIPOUECCOB
Cyxwuamsumu T., Hlypraa K.

I'py3unckuil TexHnueckuii Y HUBEpCUTET
Pesome

OCHOBHBIM CTPOUTEIHHBIM OJIOKOM OOBEKTHO-OPHEHTHPOBAHHBIX CHCTEM SBIISICTCS OOBEKT -
kiacc. IloaTromy paspabaTbiBasi KOMIIBIOTEPHBIE CUCTEMBI YIpaBlIeHHs] OM3HEC-TIPOLIECCOB, ATl TOTO,
yToOBI 00OecneunTh 3((EeKTUBHOE BBHIMOJHEHHE BCEX (PYHKIMOHAJILHBIX TPeOOBaHWMU W NMPH ITOM
MOJTHOCTIO  YAOBIETBOPUTh  He(yHKIMOHAIbHBIE (yIOOCTBO  HCIIONB30BaHUS, HAJAEXKHOCTH,
NPOU3BOAUTENILHOCTD, 0€30M1aCHOCTD) TPeOOBaHMs, UMEET OONbLIOE 3HAUCHUE OINpEe/IesICeHHE KIIacCoB,
paloHaNnbHOE pacipe/ielieHne 00bSI3aHHOCTEH M YCTaHOBIIEHHE PEabHBIX OTHOIIEHUH MEXTy HUMH.
B crathe mpemiaraercsi croco0 YCTaHOBJICHHS JIOTMUYECKOM CXeMbl 0Oa3bl JAHHBIX s OM3HEC-
nporecca(perucTpanus CTyJCHTOB B BHICIINX YUEOHBIX 3aBEICHUIX Ha KYPChI U YUET YCIIEBaeMOCTH) B
paMKax paroHansHoTo YHADHIIpoBanHoTo mporiecca(RUP) ¢ ucronp3oBanneM yHHPHUITIPOBAHHOTO
si3pika MoaenupuBanus (UML).
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J3M°AGN'IH0 S3MHNMAId0 06BMH3SCOOL LSG30L
S3AMBH63530
amebsts xsbgmoads, dseo Igizemadgzamo
badetronggemmls $gdbozaco gbogg@lodgdo

&obady

JBgmraeo ms3eslbdgdols dxodogse (339mgdswo bslosmo dmomnbmgls dmdbomo esiz0l Lob@gdols
994dbsl,  AmIgmbsi  gdbgds  Jlgmmeo  BEexgogol oo dmgmememdol  gssbsgmobgdol  bsto.
0bggmMds300l  s330L  abBgemgddigemn®o  LobBgdadols  m®gsbobgdologols  Lsdsbms  bgatembamo
Jbgeegdo. dlgaglids Lob@gdgdds «bs bEmbggmygml s38mdsdyndo ©s m3gdsBomgmo Mgsdios absgego
Loliggdol  dmfygmaemdal bsbosmol 6 Logdmbgms  Logdzol  (33emomgdolsl, @sbsy  doggsgstion
0bggmMds300l 3330 LobBgdgddo  gamenmion®o  dgommeEgdol  3s8myggbgdslmsb.  dgdmmsgsbgdamas
29693039600  smgm®omdol  3sdmygbgdoo bgotmbnmo  Jlgmol  393806980L  [ebgdol  m3Bodobszools
33039601 303G 9398, Jugmol Gmgme3 fi3mgmo Bm3memgool, slggg Fgbsdsedalmdols ggmbools
dobgo300m (3350090300 Bm3memaool Jgdmbggzgdobozals.

boggsbdm Loggggdo: 3969B0g7M0 sermomdo. bgodmbamo Jlgmo. Fmbgdols m3gadobszos.

1. Jgbsgagmo

608(*)0886860 6806)(")6‘8;:’0 d’l}agabol} 880)(")0\)0 6306)(")6‘3;:‘0 dlﬁagabo hébgmé 188(36(")6015‘) ggo

aboggogsools bbgewslbgs 3Msddognmo  sdmgsbol sdmblbols Lsdygsemadsl admggs. o3 dgmmeols
130638 gbmdss, GmI dson  Bgndmosm  s3¢mIsEnEse dmadmgmb (3mEbs  gsbLfagmol  3Gm(3gldo
33 3sbbmasgdols bsdo. Jlgmols doGomso gemgdgbdos Bgmmabamo bgoembo — domemmgon@o
6g63mo gxGIReL  dsogdsthognéo dmegenoll].

69060 Jbgemgdols  asbLogemols  dmemols  doGomso  sdm(zebss  Batolbosbsw  3sblfezemmo
Jbgerols 3mdBowgds megslbdols sdmbs(36mdse. Mm3gMsBmea, Gmdgmog 398smdls dm3gdnem dmemmnsh
a360{sgmols bgodmbaem  Jlgml s ssbsemabgdl Jbgmol  3s6sdgBeadl  asblifegmols Igdegy, ol
boggndzgmbygi 939090L  dobo  d0dmobs®rg dramdstigmdols Fgi3sligdsl.  bgodmJlgemgdol a6l sgmols
36303 1333b0056 37 Bsmdols @sdmsz@gdals F9dmay, M3gMsmeo 0bsbsgl Jlgeol 30dobscry dsh39bgdemadls,
Gmdmgdoy I9dmamd gsdmygbadmmo 0d6gds dmggdnmo Jbgmol geblssbmgdmse Jlgrndo BMsgaols
3bsmmobsBme do.

036539000039 3gG0m80 3Gz BB g0l MEomoBedo, Jlgmndo EsETmmals sbsgmobols
3606599830, Bg0dhbgzs bgemmzbn®o 0bBgmaddol Bgdbmemmaogdols gsdmygbgdals dsbdBedgdols bewols
Boboegbios. sdsl byl qFygmdl dskdo  asblfsgmol  Iglsdemgdemmdgdol s lgdmds,  bgmmabmdo
0bBgmgdidol Igmmegdols sgdon@o asbzomstrgds, Jbgemado Lsgmobggdol Goibgobs s Lotogmoals
B,

2. dotromso bsfomo

33630b0mme  0bgm®dsonmo  lsg@onbomgdol  3GsdBognm  $dm3ebsBo  bgodmbymo  Jlgmols
359mgabgdols  dsgsemomo, Loes bgodmbymo  Jlgmol  Ledgemgdon  bagatms  dmbszgdms  dsboby
T30mdol ©gB9ddocgds Amdgmady 3Gma@sdnmo  9bembigmymaoesb Wb sbmdsmoaols  asblsbrmgds
9c03b3dscrgdemols 3 Bsmdado. bgodmbeye Jlgemb 43l mobo Fglsbgemgmo, Gmdgmmsgsbos:

- 0bgmEAds(300L  dm(3memds, AmIgmoi  RsoBzoMmgds  dmbszgdoms  dsbBorsb  Lagmb@Gmenem
39MomeEol  3s6dsgrmmdsdo.  doegdnmo  360d36gemds  Mbes  0fbsls  beaBsgmobgdmmo,  Gedgbswss
30653905 83bosh  Fsgombymo  degmemeds Gobsbffod 86 o0l (bmdomo s abrogowsmrgmos
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(333970 sdmgsbobsmgol s (3em3gmmo  dmdbdsGrgdemolismgal. bm@dsmobszools Lsboo Bgadmrgds
293mygbgdme 0dbsl Besgozol Fgpsligds sofmmosbo Lgsmom, 367 0 smbodbsgl, Gm3 dmyyemmds
6ol Beamos, 10 s@0b6086s3L BBsz030l dsgbodsennd dmenmdsls;

- 9080 $&sbbsgi00l Gemegbmds;

- (9080 3cbs390ms dmoggozszool m3g@siool Mocmegbmds. «3 dsgemomndo s3¢mdsobgdamo
3735 saomo 0ggbgdls dmgemg BEsbBs3090l, b1 gomo BEbBsJ300l RseBmdo Rggmmgdog Bgadmgds
0gols 3mba(399980l dm@ogogsools 1-2 m3gs30s;

- dmbszgdos  dobgdols  mgdlogmbby  dodstimgols  60T6gdo.  qdgBalimds  3emogbdols
338mdsBobadgmo dnds sgomo mgdlogmbl o6 dodstrmsgl. G gsbslibgegadl dsor sdndsggdgdols
ho'aﬂog*\')abgbolm © ogaoﬁols@)(ooﬁ)gbohoao& 60'3632)0 05686" ol 3698 mmo 0 — 56 s60L 30356030, 1-
3620l 303561033, s doo 9469030 M33g60dy - (39eggee (3bGEEL momm, dsBol glogmbo. de3gdne
353500080 333maggbgds doMsdomo asbgzd(zmdol m®ggbosto byotmbymo Jlgemo, G™Igmo dgozegl
™60 6906mbolsash F9dmas® ghm e mem gabsls s 3sdmdsgzer Bgbsl gGmo bgodembon (6sb.1).

o X >
Xy I3
X< - L
X In
—

6ob.1. 63960360 bgoAmbamo Jlgmo

bgocmbamo Jigemols asdmbsligemgmo dgadmgds 0dbsl 0b@g@3egd0Mgdamo Gmame dodeobsty
J9900g0900ls boga@ol dmdgegdgdmsb  3Gm39bd o Bglsdsdalimds. skigmogg bg@boo Bgadmgds ofbsls
m63s60bgdnmo  Lbgssllbzs  msgeslbdol  asb6bsbma@s s sbsmo  Bodob  LegdOmbgms  dodseron
303838 5(300.

0bggmMds300l (3301 0bBgmgdidmendo LobBgdgdals mEasbobgdobogal Lsdsbms bgodmbomo
Jbgmgdo.  s6bgdaem  qfldgdd e Lolgndgddo  bgombymo  Jlgmo  gedmoggbgds  Bgdmligemo
F98)9md0bgdqd0ls  goemB@szoobsmzol, 9Jb3g@dmmo  boliggdgdobsmgol  sdsbslnsmgdgmo  d3sto
Fgq3900b GsmEgbmdol F9d;3060980L dobbom. dbmeme, o gsblfsgmols F9dwaga bgoGmbamds Jbgmds
soffgm  sbagmo  0sgslibdgdols orgbBogozomgds, 3s8ob 9Jl3gednmo Lolggdol (3mebols dobs b
a36benegls. Fobssmdogy 99dmbggzedo sbamo gdm@gzgde dols dogd 0dbgds ogbmmamgdgmo, 30bs00sb
sbsemo Lagg@mbgadols dg36mds Bgmdemgdgmo 0dbgds dzgemo Fqligdols dogem [1,2].

6g0cmbmmo Jlgemols dsbsby mErsbabgdmm obgm®dsool @s;330L Loliggdsl o4k B@sgogzols
83933900l s gssbsgmabgdol Mbstro Bgdmlimemo 0bgm®ds300l dmEmBsm  3sdmygbadols sGLgdmbols
39900b3935T0. or93(38 bgoGebmo Jlgmgdols dodomswo bsgmo sl sbagobol Bgraagdol gm@datgdols
2579&30635mmds.  Fbmmee  JodMoegmo, Gmameoiss  bgocem-9JL3gGdnmo 86 bgoMm-s6183 3e0m
Loliggdgdol 3edmygbgds 0dmgzs baBmsemadsl bgodmbamo Jbgmols b ddn@sdo 3bopse gsdmolsbmls
If (Socmds) — Then (§dgegds) Fgbgdol Lolggds. smbodbmmo Fqlgdo 938 mBsdnGee 3m6Jdotogds
bgocmbamo Jbgmolb asblFsgmols 3Gm3gldo. bgodmbama Jlgmgdols sEsd@gmdol mzgaligdsls «bstio
3J3b 8683 B™ 33cblbsl Lsggtmbols aabBogozsool s dmdbdsdrgdemals Ji3g30b LobBgdsdo s@lgdmem
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Bodemmbgdmsb  Iglbadadobmdols sdm(3e6s, sM8dge s3¢mdsB e asm390ml gm®dodgds sbage  Fqligdls
bagg@mbols ggmol g3gemalisbs.

93m@ion®o  dgomegdo  asdmoygbgds  3Msgsm3sMsdgddasbo  m3Bodobaizool  sdm(3ebg00Ts
aosbsefyzgdee. Omamei Fabo dbgsgl d9dmbzy39080 i3mbjos dgodmads asdmgbsbme gdwgao Lsboom:
f(x1xg e Xn), bosz N 3563398980l Gom@gbmdss. 6s3mzbo mbos 0d6sl degdnmo gmbisool

aeomdsgon@o  dsdbodndo o6 dobodygdo. obgm®dsiool  ss30l  0bBgmgdimeen@ds Lob@gdsd b

B 639mygml 33¢mAsB o s m3gMsBommo Ggedios @sbssgo Lob@gdols dm§ygmsemdol bslosmols
(33oegdolsl 86 Log@obols  ggmol  (33momgdolsl, Gsbsig  doggsgstro 3oebol  dsBobs

06530 39O™b0sb  43dmdEobsty  0bggm®dszool  s(330l LobBgdol  ssd@eool  sdm(3sbols

352393085 borsb.

069 gddmsmn®o Ledmsmgdgdals 3s6Jsbndo gsblfagmols g3memiomcdo dowamds 9a3mdabagds
316906030 gsesdhgzol s agbgB0g0l gsdmmgmon dmegmgdl. g3mernomda asdmmgmgdols dgmemegdo
dc0(39396: 396930870 Sam@0;mdgdl, g3mernion®  bgosdgaogdl o 396980396  3OHmaMsdamgdsts.
g3gems 83 dgomon  Fglsdmgdgmos  ggmmiool  dmegmofgds  gesdBgzol,  dmdsiool s
37 563mden®edols asdmygbgdoon.

0653353001 a330L bgodmJlgern®o Lobggdgdolsmzgol g3mmnison®o dgmmegdo ©s 3gMdme,
2969803060  smamondgéo  asdmoggbgds  bgodmbymo  Jlgmol  geblfagmolsl  Gg3mdgdols
d0b0dobgdolsmgol. ag6gBogdo smameondgdo Gmgmés Gogeo bolidggdgdol m3Bedobsgool Igmmea
360936g900m396 0699l 0ff393L 6060 Jbgem @ 0gdsdogsbost dodsrmgdom. agbmo semamGomdgdols
Gbmdomo  dgomegdo,  G@dmgdoig  3sdmoggbads  bgodmbamo  Jlgemgdol  asbLsgemalismgols
6906mbmsdmc0l  3ogdocgdol Fmbgdol m3Bodobszool aBom, Fgodmgds wsogmb: Jlgmol g33mgemo
Bedegrmgoolsl  3ogdocgdol  Febgdol m3Bodabsool  dgomegdse s dmigdnmo  gLsdsdolmdols
396J300L dobgogom (339mgdsmo Bmdmemgoabsl 393306930l Febgdols m3@odobsz00ls dgommegdsc.

Bodomdo  agbgdognco  smamGomdo  bgodmbgmo  Jlgmol 3s380¢gd0l  mbgdols
38)030bs300b8m30l dmo3e3L Fgdregy 93330l JOmBnbmdsl  jmwotgds;  Fgliedsdobmdols  ggmbzools
236Laobrgas, Gmdmol  dobgogoms 3sbbmMogmegds  (3mm3gamo  bgodmbymo  Jlgmol  gss®hgge
dobo ggme300l 3Gm3gl8o;  g3meseol dmnegmomgdolsmgol a9bgdozamo m3g@s@megdols dg@bgzs,
O@aG0(38s: 365339m3, 06396 L0s, dnBsios [3] @sbsfgoli8o 36m3csgem bgoembnmo Jlgemols 3356d9dls,
Fqdsg5emo  ggboesb  sfygdmmo s ol Bm3memaosl  Fe®dmzsmanbor 383300980l 3390G8E MmO
3300l Loboo, G@Imol LB Modmbgdol(bzgBgdol)  GemeEgbmds bgoembamo  Jlgmols  33s6d580l
AomEgbmdol  Bmemos.  sdslosh Mool mommggmo  gegdgbBo  Fggladsadgds (30 gy
6906b0sdc0l 393806 ©s 9gBocols Fembols 360d36gmmmdals Bemmos. oy bgombms dmeols  3sgBoto
36 360b, 35806 o030l gegdgbBol 3608369mmds byemals Fmemos (656.2).

dgndmer  B9dmbzg3s8o  3qbndols  sbado  Bgodhgzs 393300900l Fmbgdol  360836gmmdgdo,
Amdmgdo  SbmoAEgdash  gm@dsrrnmo  byodmbgdol  Iglbsligmgmadmsb.  JOmMAmLmds  Fodmawagbls
Febgdol xaaxnl, Gmdmgdo doowgds Fmbgdols ds@doaials (seemgggmo bgGodmbols 3608369memdgdowsb.
29698037060 m3965(309001 G1863T0 333m0gnbgds: msbszzgms s IBe(30s. mbs339mol Fgmgase doomgds
3000 JOmdnbmdsl Fyz0mo w0 Imdmopsh Fgdmbggzom sOhgmmo gemblsbgmosbo 3960l gszzemols
aboo.  FnBoiool  m3g@eBmeo  sbegbl  Jamdmlmdsl  a960L(Fmbol)  Rsbsgemgdsls  dezgdnmo
©0335bmboesb Bgdmbggzom smgdamoa Fmboo.
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35659, Lobsd  orgbsz ghmo  JHmInTmds o6 ©ss3dsgmgomgdl bgodmbgma  Jlgmols 3sbLfsgmmsdn
slsdzgdo Ig3emdgdoels dmmbmgbadb.

sbammaonse  a969B03m60 segmondgéols g4sdmyabgdon Iglsdemgdgmoas bgotmbama  Jlgemols
Bedegrmgools m3@odobszos, b JlgmBo bgodmbgdols s bgoMmbmsdmeolo 3s3docgdol m3Bndseno
Go3bgol  Bg@hgas.  Bgzsmanbmo  Jlgmols  3s3docgdol  dsBBozs, GMImol  (3emggmmo  gmgdgbdo
3036086mo 0-000 o bgocmbrem JlgmBo 3938060 36 sG0ls, boenm 1-0m - (obssmdmga 8gdmbzg3sdo.
JO03mlmds Fodmoddbgds 393806900l dsBGoiol bg®odmbgdols dodpgzeimdoma gsg@masbadols aboom.
9303060 36em3gbo dmozegl dgdwga 3(8)0336151

L Lofgolbo  3m3nmsiools  go®domgds, b7 dmgdnmo  0bBg®gsmoest  sodhgzs  Lafgolo
3960 03580L Fobslifed asblsbrmg@mmo Gomegbmdol dgdmbggzomo 360d3bgememdgdo;

2. Lofgolo  s3mbsblbgdol Bggsligds. ogo gsblebea®agl Labgmdols Lozmbeolinbscrosbmdsls
8(*)3;3335(*) 0@36&000'30;

3. Labgmdsms G13b70690s. 83 0035¢00L§0bgdl Lexdrocgdols Fgogagdol Fglsdsdolse  gmggero
Lobgmbalsmgals @sbgols doboggdsls;

4. 360bmggeo. 83 gBe3by  brgds  mopgdns  xannel  Lebgmdsms  sfyzomgds  Gsbaols
Fqbsdadolse.  gmggmo Fyzomobsmgol bsmzgmglbo Fyz9d0l Faodomol 3mgbol mgsembsbmalon bogds
Fosfyz0m o gsshgzol (30300, Gmdmol OmLsg Fygomms bsfomagdo x356900680 Tqo33mgds
36y dooegds Bmsdmdsgmrmdals Bgbadmem  3oc0sb@gda, G@Imagdas Fgi3ebegds dobbmdMogo ogmb300ls
dobgegom. dows (303mol Fgogasm  gsbolsbroghgds Legzgogbe Fgxgedgds ©s meo dmsdmdsgsero.
09338, 07 Bmsdmdsgsmms gubdonco Fgggsligds ddmdgmms Fggsligdsty gedglo smdmBbrs, ds30b
dson dogboggdse ddmdgmms Tgggaligds;

5. sbstobbgds. Rsedgdamo  gabgBogg®o ™3gMs0gd0l  Bgdrgy 333 brgds Labgmdsos
beodrgodgds 3mgdol dobgregom, G@mdmol O™ 3s8mo3ggmgds moweg®o dsJbodsgondo dgdgnadermdols
MbsGr00;

6. semamG0mdols Eslitrmmads. dm3gdnm g3ty dm(dgds mowgmol gbiionmo 360336gmmds.
o) 389360 0f)g@s300bg  mopg@ols  ggmbiom®o  36083b6gmmmds  0bMEgds, 33806  3eszE03M0
9030936 9B e3by. o oyl gubdion@o  36083bgmmds  smet  gsboal Bewsl W6 JoModom
ofggdls  3emgdsl, ds8ob gemsgmogstion dmiggdnmo Lebgmdals dndeosty. oy dndsEool d9d3gmdom
dobbmdG0g0 36300l 360dzbgemds o gsobeds, 3380b seamGomndo $dmegz@gdl dnBemdsls. G
603653k A3 M3Bodsem o $dmbsblbo dopgdnmos. bos s@0bodoml, GMd sdmeEgbody oBgMs(300ls
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B9 3m3gemazools Fo36r9d0 d60Tz6gmmmdsms gem 86980 asbmsgliwgdash, gl sc0l m3Bodndol o6y,
bsosbsy dmbrgds m3Bndsgon@o s3mbsblbol sdm®Rggs.

3. sbyabs
401390039 B9dmemboBbemowst 3sdmdeobsty bamemgbm@o obBgmgddol dgmmegdols asdmggbgds
JBgergeo Lobgdgdol ©s;zgobsmgal dgdee sddgemn®os. 39bgdognco semam@omdgdo §sedmsegqbgb

0b@)gmgdiyeenco badgsmgdgdol, 3960dme bgodmbamo Jlgmadols Gmboma 3938069801 ss3B06gdswo
356339830900 m3Bodabagool  q53qdd e LeBnemgdsl. Bmgoghma  asbboemmo  dgmmeo  dgademgds

RIORIOMI00 bs3mgdee 30l 3sdmyggbgdmo, dsgsd (3bswos, A3 dso sz oo 396L3gddoggd0
Jbgergeo qlsgmonbmgdol Legg®emdo.

moBgtadygms - References - Jlureparypa:

1. Topran uckyccTBeHHOro nHTeIUIeKTa. http://neuronus.com/nn/38-theory

2. http://cgm.computergraphics.ru

3. AunpuanoB B.M., AnmponoB A.B. «DBOJIOIMOHHBIE METOIBI B 3aa4ax OOCCIICUCHHUS
0e30MacHOCTH aBTOMAaTH3MPOBAHHBIX CHCTEM», JKypHan Hay4YHbIX MyOJUKallMd aclUpPaHTOB U
noktopanTos, ISSN 1991-3087, http://jurnal.org/articles/2010/inf22.html

EVOLUTIONARY ALGORITHMS OF INFORMATION PROTECTION PROBLEMS
Janelidze Gulnara, Meparishvili Badri
Georgian Technical University
Summary
Constantly changing nature of network attacks requires a flexible protection system, which
will have the ability to analyse large volumes of network traffic. Neuronal networks are the basis
for organizingsystems of protection of intellectual information. Such systems must ensureautomatic
and operative reaction in case of changes of vulnerability of protective system or space of threats,
which leads tothe use of evolutionary methods in protection of information systems. The thesis
presentssolution of neuronal network connections weights optimization problem by using genetic
algorithm, in the case of a constant network topology and in the case of changeable topology of

compatibility functions.

OBOJIIOITMOHHBIE AJITOPUTMBI B 3AJAYAX 3AINTUTEL MTHOOPMAIIUN
Moxanenunze I'., Menapumsunu b.
I'pysunckuit Texauueckuit Y HUBEpCUTET
Pesrome
ITocToAHHO M3MEHYMBBIM XapaKTep CeTeBBIX aTaK TpeOyeT CO3faHHe CHUCTeM 3allUTHI,
KOTOpble OyAyT CIIOCOOHBI aHAIM3UPOBATh OOJBLION 0OBeM ceTeBoro Tpaduka. basucom mmsa
OpraHM3alMY MHTEJIEKTYaJIbHBIX CHCTEM IIO 3aliuTe MH(MOPMAIUU SIBIAIOTCI HEHPOHHBIE CETH.
ITomo6GHbIE cHCTEMBI MOJDKHBI OOECIeYMTh aBTOMATHUYECKYI0O U OIIEPAaTHBHYIO pPeaKIWIO IIpU
M3MeHEeHUH! XapaKTepa YA3BIMOCTU HMJIM IIPOCTPAHCTBA YIPO3BI 3alIUTHON CHCTEMBI, YTO IIPUBOIUT
K KCIIOJIB30BAaHUIO SBOJIOIMOHHBIX METOZOB B CHCTeMax 3amuThl uHopmanuu. B paGore
IIpeZCTaBIEHO pellleHre 3334 II0 ONITUMU3AIINY Beca CBiA3el HeHPOHHBIX CeTel C MCII0Ib30BaHIEM
TeHeTUYEeCKUX QITOPUTMOB JJIf CEeTH KaK C IIOCTOSHHOHN TOIIOJOTMeH, a TakkKe [JA CeTH C

M3MEeHYHMBON TOIOIorHell 10 GYHKIIUK COBMECTUMOCTH.
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Angular]s 325&3BMG3SLO)S6 3TISdS Node.js
335-1J63d60L 3d333Md0Q)
300M30 ggbgmdzormo
bagstogamol §afbogate gboggdlohado
69bomdy

asboboemgds  Angular]s - ol Gs68mBmdol  obBmeos ©s dobo  30MsBglbmdgdo. bshggbgdos
Angular]s dodmomogzol, Bootstrap CSS Lgomagdol Bsdm@zocmgs ©s bsdndsm 3653l asdstrmgs.
Fg3mmsgsbgdmmos 390-bgezg@ols s Blgomgdol Lolggdol 06l seszaols 60398gdo. LsogrnlB@szom
33350000l Lsbon  as6berd309magdmmos dsrgogo SPA-33emo 35300l RoBzotmags d&rsmbgedo.

bog3e68m  LoBgggdo: Unit @olgo. End-To-End @glgo. Npm. Node.js. Karma. Jasmine
Framework.

1. 3glbagsmo

Angular]S Gs6dmopagbl mos goweol (Open Source) 3jmbg javaScript @Bgdbmeomgosts,
Gedgmoy 8godndsgs 3md3sbos Google-3s. 3o6zgmee 030 gogmgdes 2009 (gl Misko Hevery-ol
3096, Gty JS  8mbs3gdgdmsh Ledndsm Lgegolols 3m33mbgb@o. LgMgolo gsbmsglgdmmo ogm
©mdhby GetAngular.com s goshbs GgaobgGotgdagmo  dmdbdstrgdemado, omdis  Lsdemrmmme
as@s(gos 30bbgl oEqol MeGymgns s asdmdzgl Angular]S 3odmomoggs mos gmwon[3] mgl-
Emamdom, 3mddsbos Google 3JBon@se 3s6sg@dmdl 33 Bgdbeeamgonls asbgomstgdsls s dbstsgg@sls.
Angular]S §otBmseagil  gmoghBol bstol ©odtmatedgdol Byfommaost. 0g0 asdpodgbnmos
Lg®396mmo 3bscrol gfbmemmangdomst smgdgmo benzgogbe gubiiombsmon ©s gsdmaygbgds 398-
36 b9680  Bsgzotornmo  HTML-pm303568)980L  gobsdoom®admse.  sd33s¢se,  Angular]S
&9dboemmans  s0mmgdl  dpoestin  Lsdmdbsegdem  0bgdngolol  3Jmby,  obFgeddonmo  3gd-
3300035309800 893833980 36rm(39LL. Angular]S 398-s3emozs30980 953d69ds Model-View-Controller
(MVC)  s6Jogddneme  bBebosdB)l, 6o bodnsmagdsl  odmgzs  d930893smm  s3emo 3830930,
Gmdmgdoy 036!

o 23636 3mdso (Extendible): 36mg6s30b@0bmgols ommos 3596339 3m33madlnéo Angular]S
398-33em035(300L @eg03sLs ©s LG nIB NGB0, sl sbamo gmbombsemoll].

o bstsggms (Maintenance): Angular]S s3mogsz0g00  ommse  9d398egdstgds  Debug
36039bL, 9930(3g80Ls s Bqdmamd IbstrsFg@sl.

* BalBocmgdseo (Testable): Angular]S s3mmogs30980 3méggdnemos BabBocgdol 36rm3qbby:
Unit s End-To-End $)lB)gd0L 893+93s398s goommgdagemos. gl 3o 0dsl 60863, O3 s3¢mdsdyn®
6950030  dgagodmos 38393350  BobBgdo, 3odmgmm ©s smdmzxbztegm  batggbgdo, dsbsd, Lsbsd
badmemem 3mdbdsergdgmo gemssfywgds dsom.

*  LBsbopsdBobadnmo (Standardized): Angular]S saqgdmmos msbsdgo®may 390-bsbstBndols
290330069300 5 Letggdmmdl qsbemaglio $)gbmemmaongdols gabdizombsgmon (Gmameagss HTML
5 API), 3m3mmotrgmo bgembsfymgdoons ©s o6 Jod)gddyneoo.

990gado  asboboemgds  Angulars]s —obogol  390-Lg®3960L  ©s  Hgbgoegdol  LolBgdol
abb@amascgos.
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2. 30-bgezgfols oblBsems(zos

30968 0L FbsGol Es36IMaMadgdol by bsfgmgms dGsgmglimds @sfg®amos JavaScript g6s%g
©s 98390s Node.js gs693mdo[1].

Node.js §s63ns0a968 Google Chrome 353-d6er 69680 Fs89bgdmem JavaScript désgl, od(3o
sbggg  gomgsmolfobgdamoas 3G bgaols  gotgm  d7dsmdol  Gggado.  gesgoegm  dobsdstromby:
https://nodejs.org s ©sgsygbmo Node.js 353980 (goomgsemalifobgdngemos Windows, Linux da Mac
OS m3gmsiommo Loliggdgdols dglsdsdobo Lsobb@semsiom 396Logdo). 0dobsmgol, Gm3 g0 dnbogem
Node.js-ob  0bb@semss000l  3mO9ddgmee  Igbernmgdsdo, gog3783s0 Command Line &gosj@meo.
s33005mm node s 3s373830m 3dsbgds  (enter mogssby sFgMom). EsggmmEem, 1sbsd o6
Fqo(33emgds prompt 3gelmeo ©s g3sgndzsm d9dmgan gowo (oo Mbes 333008mm 960 bsbby):

function testNode() {return "Node is working"}; testNode();
Jgggo0 Node.js asdmogeols B396l 3ogé s36930em JavaScript jowel ©s 3s3mo@sbl dgoqal:
'Node is working'

303500 abs sAligdmdls Node.js 398-lg396em  333mbsggbadolimgzols ©sbs mbgogmmomgdese.
Rggb sgz00Bogm  gzgmsbg dsdBog s Lsodgem  dgomeo, A3 gumolbimdls add-on deryemgdols
0bLgsemssasls Node .jS—ols egem®  LeobbBemszom oM@ meosdo (333615 ‘d9dmbg934do:
C:\Program Files\nodejs). @s36c363g900L 36m39bobmgols 3s630g30 358-bgé3960l 3s3s6m3s bs33s60b0
0d636¢. 030@)(')8, haﬁ)&f]@h '333(-]86015 dobboo 6o8m3083586m Node.js—oh 800;3‘3@8615 hobgg\ﬂogg connect
da serve-static.

as3nd3s0  Command Line &gosddoto ©s  wosgoage  Nodejs-ol  Lsoblgsmsom
oM JBme0sbyg. «d dobboo cmd-3o bs 3336008 cd [BooGB@oQogom ©oMJBme0ols 3oLsdseroo],
633 Bggbl Jgdmbggzsedo ogbgds:

cd C:/Program Files/Nodejs
(D) 6&3‘3’83.)0) 6(4)6.5586360:
npm install connect s npm install serve-static.

NPM §363msg 96l Node-ols 3063({9)36015 0bbBomsm®l. ogo hsdmB 300053 gggms Lsgodem

(Boogﬂb, 14)0(3 connect s serve-connect amgg‘gmgbh 306Q36¢m. sdols '8{]853{]3 "833;]36.50) ol‘)og:m BS000

Lobgmop server.js (3gmss 303gmagdon Nodejs Lsobligemsom ©ogdgm®osdo (bsb.1).

var connect = require('connect');
var serveStatic = require('serve-static');

var app = connect();

app.use(serveStatic("../angularjs"));
app.listen(5000);

6sb.1. Serve.js gsomols jmbBgbgo
9L s ogo 390-LgeggMo Lsgdsdobos ©g39mm3dgbol 3emzglolmgol. ogo guol awgdl Sméd
5000-tg g3l  3mbmzbgdl s  gdlebyMads  geomgdl, Gedmgdos  0dymagdast  angularjs
©069JB™G0sdo. b angularjs  oGgdBme0s  0dygmigds  0dsgg  ©mbyby, Gmdgmbg  nodejs
BooGB@agoeom Qoﬁ)ad@)mﬁ)oo.
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3. BabBocgdal Lobggdol oblBsmszos

Angular]S @gdbmemmgool oo gHm-gGm0  306sBgbemds séol Unit Testing  $gliocmgdols
Lobdgdslbonsb dsmagmo Fgbsdsdolimdols mbg[2]. gl LeBnaemgdsl 33sdma3l ©939emm33g6@)0l 3Gem;3gldagy
338 ™oy nese dg399cfdmo gmeols Lobfmdg. mgd309680 Bgldgdol gslsdzgdse gsdmgoygbgdm  3o6ds
Test Runner $9lgocgdol 356930l s Jasmine @glocmgdols Framework-b. eéozg dsmasbo gstrome
sé0l  3930(39m9d o s sEzomse  dmbdstgdseos. Node.js  Lsobl@smszoom  ©ofgdGmGoowsb
35379300 3gdgan d¢dsbgds:

npm install —g karma

NPM-o g503m{90l g3gems 03 ggsoml, s Karma-b glsgodemgds. 3gdeamdo  3mbegoga@motgds
3036 360b Logodm.  s63s Bbgocgdol aségde Unit Test @Bqlgol 73398k Node.js Lgemzgmby,
bome 09350 Bgbgo Bgazodemos Fg303mdscmm Jasmine, Unit s6 Lbzs dodmomogzgdols asdmygbgdom.
33 g3ty Karma-b 393smdols 3606(30390L o6 Rsgmm@mdsgogdom.

4. Angular]s @ofgddmcools 997965

F90ga 9893y Mbros  Bg3Jdbso  ©og B t0s,  Lsowsbsy  dmzgdbsbm@gdom  Angular]S
3303530901 93933960l 3Gm3gLdn. gl LsBmemgdsl a3sdmg3l  e3MMyMmsdgdals 3Gm(3gldagy
39359m§dmm  LsdnBaml 3emgdglodgds ©s mEzsbobgds gs3zgomo gsamgdl. dg3Jdbser s Jsmsrcg
Lebgemewgdoo angularjs. sbsgo bsdsoemeg 0839 ©mbyby mbos 0dymggdmwgl, Gemdgmbag; 89343960,
nodejs LsoblBoemsizom bsdsmaenmy.

5. Angular]s 30demomogol Rsdm@zotogs

as@3m3gfgome Angular]S $gdbmemmaool mebeoglo sligedogon®gdamo 396Los 30lsdstrmowsb:
http://angularjs.org. 3ms3:6 g3960b) sgsgocmmn Download s ©s3®{dnbogm, 6Gmd Stable s
uncompressed 30580 sl BsGrorgemo (Gmgmeys 33-2 babsbbgs 6sB396980). sbggg Fgbsdmagdgmoas
363-ligedoemmdo  (Prerelease) 6 3060dobocigdmemo (minified) 396Lool  goedm{gds.  Lagmgdzom
319680 as3m3099698m Angular]S-ols s6s-3033Ggbocgdme 396 bosl. Bgz06sbmm  angular.js gsogmo
sbemse 94dboew angularjs ©ocgd@me0s80[1]. Angular]S dodemommgiol ebrglo 390Los otol 1.4.8,
Gmdgeog dsemyg Bgodmgds sbamo 396 boom Rsbs(33megl, odigs Lgsdormmdo Ggmabols B9dmbggzsdo
Angular]S gubjgombomo 96 ob3g3s ©s  NBem  sbsmo  396Lool  ©sggbads o6 asdmofgg3l

36913 9dgdls.
F =
Download AngularJs
Branch 1.5 = (beta) 1.4 = (siakble) 1.2 x (legacy) %
Build Lnified Lincompeessaed Zip w
CDH  hiips i ajax_googleapls_com/ajaclibs/angularjs/ 1 4 &'angular s L7
Bowel  bhoweer install angulardl 4 8 LF]
nMm oeam install an pullani 1 4. 8
Extras ©
% Download
- 2]

60b.2. Angular]S 30dgmommqiol 3308mFg@s
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sdaghndomo 3bds0mbsgmol ggsaggdo gbe. 1
Q800 s

angular-touch.js Touchscreen Event-ols dbstrsggds
angular-animate.js 360330980 36 6BOL (33emamadalisl
angular-route.js URL 35636+980Bs(300
angular-sanitize.js boboggsom 3mbBgb@ol strowgds
angular-locale-fr-fr.js | mmgsgmobszo0l ©gdsmgdo, 96s-gcsbygmo.

mmgamobs300l gsogmgdol ghm-ghmo Femdmdswagbgmo,

i18n potyd@mer0sdo.

6. Bootstrap ULgomgdols dodmomeggs

39689680l Lgomagdon  gsbsdmopegdmsw  gsdmzgaygbgde  Bootstrap CSS  30dmomagsl.
BOOtStI'ap 56 %‘oéamoggaams Angular]S éaij(mmaoolsmoG hoa‘g'aom BQBQQ);gaz)ﬂQm BQVOQB, aée
F)ooaa 603"8060 oﬁ)hgbmbh 83 ™6 33(53(515 ‘Ymer0ls, 336(G38 Bootstrap—ls aooﬁ&m doﬁ)ao CSS 15(8)0;:)36015
6536900. 030 LsBergdsl a33dmaal ommse dg30d7dsman HITML-em3nd96@980 ©s gmgger xg6bg o6
3V 90m0 bs3mmsto CSS—B@)OQO&) [1].

assgorge 3bagbombg: http://getbootstrap.com s @sgsgotmo Download Bootstrap mogws 3.
dogomgdo s6Jogl, Gmdgmoai 8goegl JavaScript s CSS ggsamgdl. dsmash dbmemme @G0 gsomo
©32330600935:  ©3353m3060mmn gdrgao gsorgdo angularjs Lsjsmommegdo (93 g3ty Lsdsmsemmndo
0g6gds dbmemme angular.js gsomo).

¢ bootstrap.css

e bootstrap-theme.css

Bootstrap dgmagds CSS s JavaScript ogsomgdolash. Lsmgdgom  3nOL8o  3s3m3z0996900m
Ibeoremme CSS ggsaemgdls, bmene Javascript ggsomagdo o6 ©sg306©g0s.

bs6sd LobFogmm dsgsmomgdby goesgsmmm, d9353cmfdmm, Gmd gzgmsggdo soblgemoamgdamoas
©s aﬂﬂ&smbh. Bgadaﬁom HTML GS0EI0 hobggagg test.html ©s ggo3¢8o(§mm angularjs Qoé)gd(fbmﬁma'ao.

<IDOCTYPE html>

<html ng-app>
<head>
<title>First Test</title>
<script src="angular.js"></script>
<link href="bootstrap.css" rel="stylesheet" />
<link href="bootstrap-theme.css" rel="stylesheet" />
</head>
<body>
<div class="btn btn-default">{{"Angular]S"}}</div>
<div class="btn btn-success">Bootstrap</div>
</body>

60b.3. Angular]S s Bootstrap Logegdol 358m(fagds test.html gsomdo

300 bmgogomo 6sfocmo  Bgadmagds e ogml, dsasmomse Ng-app  sBGodso  html
93968y s {{Angular]S}} asdmbsbammagds body gemgdgbgtg - Getdmewaqbyb Angular]S
&9dbermemzool  bsforol, begmer  btn, btn-default s btn-success joelgdo dmeost Bootstrap
d0demommygosh. 3 g3ty Aggbo dobsbos sz dnbrgem bsdyndsm aecgdmls gsds®mememdsdo.
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7. bl HTML-wmz9d5680l Bodzotogs

390-bg®3960L 358390 brgds Command Prompt-8o (cmd). mszoago Nodejs Lsobl@smsom
069 JB 05y (B3gbl Bg8mbggze8o wbrs s33005mm cd C:\ 6mamsd Files\nodejs) s as373350
d6dsbgdsnode server.js

b Bszocmsgls Fobs 6sformBo  sbammstxl  odgddm®osdo dgdboem  server.js ogeoeml ©s
363 by bmddoon 5000 Bsotoggds HTTP 3mmbmgbgdby gnmol awgdol Ggs0do.

a536Lbsn Chrome derbgdo s dolsdstmals 3gemBo s33605mm:

http://localhost:5000/test.html.
Fgegase 3 bg®do RsoBzoMmgds sbemsw-dg4dbomo HTML—degagﬁéo:

[™ First Test

€& - C [Y localhost:5000/test.htmi

AngulardS Bootstrap

6sb.4. Lodndsem 3&6)330)1) Bg3:§dgds

39-5 bobabby 3o 6oh3gbgdos Bgdmbzgzs, Gmeqlsy oo Angular]S s s Bootstrap s6

39358 3B mmee. gndoemgds dozsdomm mAdsgo Rogm@nmo g®Rbormols Loddmmmgdls {{ s
}o@s 963 30689680 360l Feédmmgabormo mos 3980l Lsboo (Gsg nbos Bgglitrmemadabs Bootstrap

30300mmg30L). 93 73:b393080 b gorsg8mfdme  398-LgMzgMols  jmbgoam®szos s angularjs
boJomameg@o dmmagligdamo gsoemado.

[") First Test

= € | [} titan/angularjs/testhtmi

{{"AngularJS"} }
Bootstrap

658.5. gondstrmsgo LsBndse 2698t Bg8mbgggs

8. wsbiygbs

9On33960360 33ogs309d0 (SPA) Lérmmose sbamo, gs6Lbgagadmmo dopgmdss msbsdgo®may
390-931035(30900l  E3GMyMIdgdols  FgomEemmgosdo.  Angular]s  s3mo3s309880  gsomergdnmos
BabBdgdol  dgd9dsggdol  3Omgbo, G Dependency injection - ol sdlsbr@gdss.  omese
9d399gds69ds Debug 36039LL,  Lodggdmmdl  qebeaglo  Bgdbmemmgogdols  ggnbdsombsemon,
36 Jodgddneom, bgmlsFymms bs3Mgdon ©s .9..

Lfooge  bgdon  Rsdmmgmomo  gsd@mergdol  asmgsmolifobgdom, Angular]s @#gdbmeremgos
Lserggoemdls IgBo dm3mmstrammdon Tbgs Fobsdm®dgre Bgdbmmmgogdmsb dgosérgdom.
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o9ty n@s:

1. Freeman A. (2014). Pro Angular]S (Expert’s Voice in Web Development). 1st ed., Apress,
ch. 1, pp. 3-15.

2. Karpov V., Netto D. (2015). Professional Angular]S, ch. 9, pp. 275-315.

3. 396%08z0em0 a. (2016). gHogzgewasbo JAVASCRIPT - 3msggem®dgdols ANGULARJS es
EMBER]JS as6bomgs ©s dgoatigds. d6mdgdo: ,,8s60030L  338mdsBobgdmmo  Loliggdgdo No 2(20),
2016". 7. 0., a3.130-135.

ANGULAR.JS PLATFORM TO WORK WITH NODE.]JS WEB SERVER THROUGH
Kentchoshvili Giorgi
Georgian Technical University
Summary
Considered Angular]s - production history and its benefits. Displaying Angular]s library,
Bootstrap CSS style sheets, and download a working environment on. Proposed web - server system
installation and testing of samples. An illustrative example is embodied in its SPA - Application to

load the browser.

PABOTA C IUIAT®OPMO¥ ANGULARJS ITPU [TOMOIIIU BEB-CEPBUCA NODE.JS
Kenvomsummu I'.
I'pysunckuii Texuudeckuil Y HUBepCUTET
Pesiome

B cratee paccmarpuBaerca umcropus cosgaHua Angular.Js, ero mpenmymectBa. Ilokazan
mpuMep 3arpysku 6ubnuorexku Angular.Js u cruneit Bootstrap CSS, a Taxxe HacTpoiiku paGodero
IIPOCTPAaHCTBA. ABTOPOM IIpeJiCTaBIeHBl IIPUMEpBl WHCTAUIALMKA Beb-cepBepa M CHUCTEMBI
TeCTUPOBaHUA. B KadyecTBe MJLTIOCTPAIlMM PAacCMOTpPeHa 3arpyska B Opaysep mpocteiimero SPA-

TIPUJIOXKEHHUA.
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NORMALIZATION OF INPUT AND OUTPUT INFORMATION IN
MACHINE LEARNING ALGORITHMS
Bosikashvili Zurab, Chokhonelidze David
Georgian Technical University

Summary

One of the main purpose of machine learning is observating the system. There exists many kinds of
system: Mathmetical, Biological, Informational system and etc. One kind of such system is intelligence
system. These systems are used in many industries. Machine learning is one of the main part of intelligence
system which includes such questions: Input and output information, main processes of system. Such
systems' machine learning defines many kind of algorithms. Such systems' machine learning defines many
kind of algorithms. For them, as well as the entire system it’s necessary to adequately supply the
information. System must also adequately generate output information. Therefore information
normalization is required. The following article discusses one of the algorithms of normalization.

HOPMAJIU3ALIMS BXOJSIIEN U BBIXOJSIIE HHOOPMALIUU B
AJTOPUTMAX MAIIMHHOI'O OBYUEHUS

Bbocukameunu 3., Yoxonenumze /.
I'py3unckuil TexHnueckuid Y HUBEPCUTET
Pe3rome

OcHOBHasg 1enp MAamIMHHOTO O0y4eHHs - 3TO HAONMIOJeHWe 3a Kakod  HHOYIb
cructeMoit. CyIecTBYIONNE CUCTEMBI MOTYT OBITh MHOTOOOpPA3HBIMU: MaTEMaTHYECKUE, OMOIOTHUECKHE,
KOMITBIOTepHBIE U T.A. OIUH W3 BUIOB -MHTEIUIEKTyalbHAasg CHCTEMa. DTH CHCTEMbI BKIOYAIOT B ceOs
pasHbie oTpacii. MammHHOEe 00y4YeHHe O/lHA U3 OCHOBHBIX YacTel MHTENJIEKTyaJIbHOW CHCTEMBI, YTO, B
CBOIO OYepe/lb, BKIIOYAET B Ce0s aHAIMTHUYECKHUE BOMPOCHI: BXOASAIAs W BBIXOJAIIAS WHGOPMAIUH,
OCHOBHBIC TPOIECCHl M TPUHIUIBI pa0OThI CUCTEMBI. B MammHHOM OOYyYEeHUM JUIsl TaKUX CHUCTEM
NPEyCMOTPEHBI PA3HOTO TUIA aJrOPUTMBL. JIIsl HUX, KaK | JUIs BCEH CUCTEMBI, 0053aTeIbHBIM YCIIOBHEM
SBIIICTCS TPENOCTaBIICHUE aJcKBaTHOM wuHGpopMmarmu. CuctemMa B aJcKBaTHOM Qopmare ToJnKHA
NPEJOCTABUTH U BBIXOIANIYIO WHpOpMaIuio. 30 Bcero 3Toro BeITeKaeT HEOOXOAUMOCTh HOpMAaTTU3AIHU
uHpopMaru. B cTatbe paccMaTpuBaeTCs OAWH U3 AITOPUTMOB HOPMATU3AIUY UH(POPMAIIHH.
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s md0gdgdo meysbBmdammadash, Mx@gdse ©sgmeore, dgdmagsdamae Lodddggbtgs gebmsglgdamo s
Fgndmos 83 LodGBggdo dndesmds, Ibomme  390B 040 ©s IEobrbBemy@o  dodsGormgdgdom
(65b.2).

md09d3Hgdo
cce bbb dd aa bbbb | d
D b a  bb | ddddd
) R 5;'536(5360]:.
mmM30MsGos B
339637000 s A6

303963305 A

 a gV @B cjd| E E E E
6ob.2. 3006&30emad0l 83e(3360l aMsxg04mo 3GMBMB030

33968000 sbgzg  Fgodmagds gad3397e  gmm3gMs(30sBo  ogml  asg@mosbgdmmo.  Loddygby
3930 bggz0ms@ Rbrgds mdogdgdo (gmmmagda), G@mImgdo Igbmaenmo 68360l grgqboen d0dwg3eImdsms
d0dg30mdss. 53968l Bgmdmmos Fndrazo dmJdgwgdgdols gebbm@agmgds:

* YPbogegmo Bmdols goomols gsessoaomgds;

* goomol ©33@s 03 boddmmmby Gmdgmlsig obmdls;

e asdmgmggomo boddeenmls Bgbsbgs bs3eg3do;
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* 083530L  dobsbos o339 ©OMTo  rm3gMs(30080  Igmgds  Fosbdggms - sagbBgdds G
3godegds dgdo Loddmemgdo ©ssgMmamb. s396@3)g00 msgesdamggmse, dgdmzggzom 3mbo309880  msgbrgdash
s Igmdmoso gOmeGmgmse 0dmdAsmb.  sbgzg 3mm3g@sosdo dgmaezds s3b6igdds dgademagds dmJdgrgdgdo
9emEAMnms© Fgelimmmb , dsg. 1sdds s396@ds 3os0dsbmls oo bmdol gmomeo.

dc35bobmo  Fosbgzgmgdols gmmslogagszos dsmo Gmegdols dobgogom:

e dbzgMego — Fosbdgames, Gmdgmai 9dgdl 3o@zolo Bmdol gmmmgdl. dsk szl gmmeols smdmbgbols
3561339790 GMsobo s 030 dmdAsmdl ged3ganmo Lobdséom;

* gmomgdol IFGgmo — FosbFzgmgdo, G@Imgdlsig oJb Lefgolo (3m@bs Loddergemgdby, o6 olobo
(3603L Fbmemme dseBog Loddermmgdls, o gmonmmo Fgoegl 93 Lodmmel gl Fosbdggmado dglsdedalio
gooneols 6sforl dmsg®ash;

*  goadbopsggdo — F0sbgggmagdo, Gmdmado 9dadl 339 RO gdolash Rsdmg@ore Loddmemmgdl s
dosgzo bs3e380. dsor 3300 dmAGsmdals as@339mmo LoBdsdy ©s Bgmdmosm  gsBg3gmmo  Gsmegbmdol
Boddmeomgdols gees@ebs Lsye390;

* 399 3096330ms - Fosb3agmems x3BBe, gubente geesfygahomgdadol dodmgdo  Fosbages.
Aol 939938 ambrol d0ge Fomdmmddnmo 3639968580l sdndsggds s geesy39domgdadols domgds.

F036339emqd0ls $3m(386580, GOdgmary 0beogoEmsrrn®o 3396@0l doamdon Gormmo s3mbsblbgmos,
Logodms s3gb@ms  gom3gdszos, asgemasbgds. bgmmgbn® obBgmgdddo s3gb@os 3s9Mm0sbgdgda, brgds
363139685300l 394s60b30m [3].

Begose, s631396@s00l  d9dsbobdo  mmgognese  3bbsbmadsgl, o Gmym®  Fgadmgds agmb
domgdmmo  sliggbs, sbggg mmgogn@o asblygdol Lsggmdzgmbyg. osbFzgmagdol s3m(3s60l  dsgsmonby,
363139685300 394s60b30  39Bsmdl xamngdBo. sOLgdML BB 306Hmdgdo s ©sliz36g80, GMIgmms
dobgogomsy  Fosbgggmgdo godmgds  xamndo  geghmasbegl 86 SoModom, Bmgo  Fosbgggms awbods
assmagolagememl.

3. 3396Bms 3996m0s693580 s FNmBosagbdnto gmmgddonto assfyzgdomadgdo
goosgqmggabo'ls oameaﬁob dsgamomy

F0s6&39tmgdols  sde3s6s  gebgobomme  Bemame  gmemdgPsonmo  gogmmsdsdo,  Lawsg

3603369mmasbos m3B0dserm®o Fgogan. B3gb Fga30dmos gmsbogozo@gdnmo Fosbdggmado 3s399M0056mm
R3IBIOR, Gms oo Lsghom  ©szsmadgdol  Fgbermmads  s39hJsOmm.  mgoomgnmo  gmsbolmgols

s33em9d980  sligmas:
o Jb39Me3903s M3 Bgadmgds dgdo gmmmeo admgml dobodsgon® ©A™do;
e goomol 3FMgmgdds gmaeols dsJlodsrngdo GsmEgbmds ©sFGL;
¢ 25336039085 Gmogmols dsJldodsgrn@o GsmEIBmds as@soB bl sgs3do.

35JLodsgr@o Fqegaol dolsmfazee bagodms 39030 ambeol gm®domgds. 3mm3g®sdozds dgodemagds
804396mls sbamo [gzd0 g37bedo ©s slggy Fggmomls dggee Fgadb. asbgzoborme sg9bdoms gs9cm0sbgdgd0
R oo gomgdhogto  asesfygadomadde, Goeglsy ogommygre  xaggl Lsmsggdo geast  3amy
30s6339e00.
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4. 3bzg6eg3m0 3Me3gAs308 8 R3NTYM0 3oesfyzgBomgdgdo.

F036339emdol 33336530 6g30lidog® 3bBzgMegl sJ3b Bmamol sdm3bmdols R Gswoylo. demigdygmo
Gseogbols 3Jmbg  FeOgfomols dogboo ogo  smdmshgbls 3sGa0l goomml s dmbodbsgl  dsl.  gmggmmo
3b396930 3cdMsmdl gotgzgmemo Vo Lohds®om. ©3373350m, sdm(36580 Fgdmgan 3otmdss - 6700bdogco
dE390830 Fosbggacrobogol Gswonbols @sdmgoegdmemgds o y3Gm3m@gommos bobfstobs. Fosbgggms G
560 BJodrs dndGsemdls, dom bsgmmgdos dobo dmdgegdol oo, bomm o gem bgms Imdsmdls,
3ocodoor, b Bgudmos  gBem  gsdme  BgPogmeos  gsdmoggmoml.  dbggMegzols  dstgo  Jdgegdols
309980309680 3sdm3zmgsemme Bgdrgan Bm®Igmon [1]:

Z = RV. (1)

3b39633900 3 mbmMs  asgdmasbgds  360d3b69emegsbos  s3m(3ebols  sdmbBLBoL  FoMdswmdalimgol.

monmggmo  3b396s30l  gbedo  syg3s60b  Fgdregy  ambeo offggdl sbsgmo  Lobjstom  dmd@smdsl.  gggems

F036&39e0L Ladnaeam LoRdstrgs

Viax = 2i=1Vi /), (2)

borgom xsdq60 EsbeBzgmo gsdmmdols Asponlo, monmgnmo Fosbgggmol dogd asdmggemgnmo gs@mmdols
Goeanbadols xsdol LeByseom sG0mdgBognmos:

Rpax = Xi=1(Ri /1) ©))

9600l 3beog, IBz96e3903s Mbos asomgamolfobml sdm3ebols Iglergmadol Lolfesgg s a9bedo
3gogel LHMsgo asssmanmgdals 3Jmby Fosbgagemgdo. dgmegl dbMog, Lsgodms ggstmg Guswanbo, Gowasb
5360 o bommgsemds 3Jmbegl xanxl. 93 F9dmbzgzsdo, LsgoMms m3Bodsern®o Frgemgrool 3mgbs,
F056&39em9d0 86y dogmash Mbes ShJedregl s o3 Mbes Fgbgemegl. FgLsdsdolse, dso Mbos 3Jmbogl
3> Jlodsgrm@se oo bomgsemdal Geponlo ©s Mbos dMdMsmdegls dsJlodserm@sn LfGsgsw.

gmgamo sbagmo Fosbgagesl dgbgaecol dgdmbggaedo, atmggds gbrol séamdgb@siool dgdsbobdo,
0g00mgnmo  Fosbgggms  33dmdl  Lsmsgoler  ségmdgbdl  dobo  dstgo  Jdgegdal  3mgsgo306@0esb
3398066, b7 Omdgmo  3s@sdgB Mo ool g3odsgbo. aner (9398l 3mboorsb  Fadmlimema
363199683900 obamzom 30g36ml oy s sbamo [a360, o Bssbszgmmmls s@ligdmmo. sbamo Fh3G0b
3939653 oo Gsambon, Fgodmmgds dsemash Bgebgmmel dmJdgeagds, bmme LFGsgse dnd@sgds Fosbdggmsd
30 bomgsemdol Gsmaygbo dgedizocmls.

[1]-80  sofgdomos  gsdmogigdomo  @slffegmol  seam@omdo,  Lswsy  mgoomgne  x96 %)
397939800930l domgds  sggmdbgdmmos  xomeEnb). xomee  dodmdomse, sGol dobbols  dom(gz0l
Fgegase domgdamo Ladggdgmo. Rzg6l 3mbsdgdynm FgdmbzggzsBoz aufrggdo, Bldee sbgmo Igmmeon
d0Jdg00L.

o) B3gb 33943L s6lgdmmo dpamdstigmds X s bgmdobs(zemdo dmJdgeads @, 35806 Q ©slifszmomo
sgamE0m3do dmoa393s dee(33s60l Bemeedon [4]:

eQCra) /T
2QGa) /T 4)
S

p (ailx) =

Zkeaction
boss T o0l $gd3g@sdygmol 35603980 s ol gsblsbmgdel  asesfyzgdomgdsms  domgdols

3930639300035k gt 0mgdls  geesFyzgdomgdsl, ogdl T - xomemb. ddwgy o goeswals sbsem
Y 3amdstrgmdstby. gmzge xg®by 93960 sbsbeogdls Q(x,a) - Gggn@lonmee, 1dsBgdl 3mboBon®mdols
obsl B s 8390l Ledmdsgeme Gglin@ligdl:
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Qx,a) « Qx,a) + B(r + YV (y) — Q(x,a)) 5
Y0 <y <1) 560l 3emgdsemdols 3560539860 s V(x) doomgds sby:
V(x) = maxpeqctionsQ(x, b) (6)

5. goomol 33Ggmas Jmm3gHa30s © RABNGO
333§ 439@ 0egdgdo

3B39693m %3RO 3osfy39B0mgdgdals dbgsglse Fgagadmoas gsbzobommmn gmmeols IgGgmms
06530 3mM0  Esxanngdgdai. demo  Jmmgddogobaos ©sdmorgdgmos dsdgo Jdgegdol 3mgso30968) By,
Gmdgmo 339mdobsgmdls  dsmbsgg  ©sdsbsbosmgdgmo  Ji3g3006 - Fglsdedalo  Loddmemml  gmmemols
865§ 936158013,56.

Josbgzgmsms  xanxo, GOmIgmos  Igdsyabrmmdsdo  Jgool  a,v, g, N... goomol  s3md(36mdo
J0s6&39emagdo.  mommgamo  Fosbgggmsms  xannobimgol  s@Lgdmdl  xam@nGo  dséizo  J9gegd0l
30998060968 ™s  393-bGomo  (3bE.1), lLewsz FgMos Bgbsdsdolo Loddmemmls s3md3bmdo  Fasbgagmols
36356035030l 36 Fodsmdols 3m95030968)0. Mmszoesb gL 3mgn03096Bgd0 0l 0-ob Beeo.

gmggmo  sbsemo  Loddmemel  sdmd3bmdo  Fosbdggmol wsdsadols Bgdmbggzedo 83 393-(3bAomls
Fq93s898s  FgLsdsdolo  Loddmeml gBmo  Bsbsfgmo, 3608369emmdom 0. asbzoborrmo  dgdmbggzgdo o
Gmgme oigemads 39d-boomo Lodymsool gmggm dqdega 6sdogy by,

gmomals IFGgmms 393-(sbéHomo gbo.l

a

v
)
n

(=) Nl el Nl ]

b69060ldogo gmomol ©sdydsggdols Fgdeaa, xa7nRdo gopsobgrgds Fgbdrgmgdamo Lsdndem ©s o0
badmdomby dmdndsgy Fosbdggmgdo asmsotiBgzs. gmdzsm, o Fosbgggms a-bogols Fglsdsdolo Loddemgnm
396 dmoadgdbs s ols, sby 30dzem, Qlsgdme s@hRs, 398-3bGomol gMsxedo dolo Loddmenemls dglsdsdols
3609369mmds Bgdz0Mgs 1-0m. gbg 0go, s@lgdmmo Fosbgggmol Gs®dswmds Bgdizates. oy @sdhs oligomo
goomols bsFomoa, G0dmol Lboddmeml s3md(36mdo o6 dmadgdbgds ambedn, 3s8ab gubrol 393-(3bGoemdo
%O ©80dq869ds Bglisdsdolo Loddmemmls hsbsfgdo. 3360l Fgdmbzgszedo dolo 360836gemmds gsobewmgds 1-
o, bome s6-3m360l F9dmb3g3080, aszgmegds sbsgmo BsbsfgMo 83 Loddmemmmo ©s 3608369cmmdon 0.
gL 0ds  60T6sgl, Gmd glbsdsdobo Loddmerml  sdmdbmdo  Fasbgggemol  Lagodmadols  3mgaozogb@o
350B5600, o6 Lagodm Fosbgggmols gMsgs ©sgdad)s.

398-3bogols (3gmoamads gotyggmm doxby (3662

a 1
v 0
g 2
n -3

0
t 0
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30Mmdomse, sOLgdmdl  ase33gmmo  brgsdo  393-(3bGomol  3603369mmdgddo, GmEglsig Lsgo®em
bogds anerm-gosbgggemols doge sbsgmo (93¢0l sds@Bgds b6 dggemo Faztol 3sd3qds. oy dstgo Jogegdols
3095009680 3603369c0mdon  astgzgne  bozsdl  (-8)  Bsdmbgegds (b6.2), gy owmgdl
350579398 0mg3sL, A3 Fglsdsdolo Loddmememl s3md(3bmdo  Fosbgagms Lsgotie smsé sé0ls &3 g7bedo,
s 030 Aol smgoliegmadls. 83 Fosbgggmol dgbsdsdolo Loddemmmasbo RsbsfgMag 0dmads 3nd-(3bMomogsb.
orgds gemsgoligmadamo  dosbdggms dgadmgds Lagodm ogml Lbgs anbealimgol, Gemdmols gunérmdsg
dolbo  Loddmmemb  3Jmby  Fosbdggmol  @sdsBgdol  geesfyszgBomgds  doome, G Fgdegabsodee
3360LsBgMg0s - o Lodymsgool asé33gamo doxgdol gy OMIgmodg Loddmeml  gmgsaogb@o
29b3os 36337900 bo3zs6L (6), go. Logodms 83 Loddermml s3m3(36mdo Fosbgggemmols ©s3s@)98s 37bo o,
Gogsb dobo Lsdyndom gbgee 860l dglsdsdols gmenmbsdo.

* ygm3gmo Igdrgao Fosbg3amol @eBsghgdol glgzremgmeo:
foreach(each i;i < HashTable.length;i + +)
{if (i.value > &) AddNextAntInColony(i.key)}

o sAsbogotim Fosbgggmol gemsgolinemgds geeambowsb:

foreach(each i;i < HashTable.length;i + +)
{if(i. value < —&)RemoveAntFromColony(i. key)}
DecrementHashTable(i. key)

6. 3ssdbosgo Fosbgzgmadol gmm3gMsz0s s R3O0
3912375308 0008900
3b39630 Fosbgggmgdol bgsglse, asesdbowsggda sbosgmmanmse dgagadmas gebzabommm, mmmbo
domo 3530 Jdgeqdals gmaxaiegbBo sdmgomgdnmo odbgds demdAsmdals LoBdedgls ©s gmmeals boddodols
©sdmg3sby - B3 NROm o 6Ol Feomgdls osbFzgms doo BG™ bgms 0gemol, bmeoe dbmdndo
6330l s{930L  Bgdmnb3zg39do  3G0dom, LFGsge ogmob. xamgol dobsbo 0fbgds  eermbsd  [somml
3@odsen®o Fmbol gmomgdo m3godsern@® e do.

3. sl 3360

a30bom e 0468 3000gmmsdsdgddo  FmBosa b e  Lob@gdsms xamnag@o  aswsfyzgdomadgdols
doegdols bogombgdo, Fosbgggmgdol sdm(3ebals gemsbogn@o dsgsmomols bsggdggeby. 6sh3zgbgd odbs, md

3003968300bmz0ls  360d369emegsbos  sGgndgbeool  dgdebobdo. 83 3g4sboBdol  LsBmsmgdom gy
33968980 %3580l ogoomgamo 9360l assfyzgdomgdsty  eghbmdon  omgdgb  Lsdergmme
3507939800385, sligzg 36sbgm, o GemEgb 360336qmmgsbos Lm0 3ubrols gm®domgds, Gsms dobbols
doe(g30Lmzol sobstrxml bsgmgdo Gglg@lbo s s3m(3ebs Fgbergmegl m3B0dsrn® ©A®do.

o gbedné.s:
1. Ming Tan. Multi-Agent Reinforcement Learning: Independent vs. Cooperative Agents. GTE
Laboratories Incorporated 40 Sylvan Road Waltham, MA 02254 tan@gte.com
2. s¥gemsdzomo  a., dclogsdzomo b, (2015). 3009m053589880  FneaBosagbyn®o  slfsgmols
dgomegdol Bqlsbgd. Lg-b 36.36., ,,850030L s3B™sBobgdnmo bob@gdgée”, Ne2(20). g3. 52-57.
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3. 83gemsdzomo a., delingsdzoemo b. (2015). bgemmgbn®o ob@Bgemgddol samdgbdsiool dgdsbobdols
2930996905 3009mm335838380. bgyn-b 36.36., ,,d0m3z0l s3B@sBobgdnmo Lob@gdgda”, Ne2(20). a3. 58-
65.

4. Boltzmann Distribution. https://en.wikipedia.org/wiki/Boltzmann_distribution.

ON THE UNITED AGENTS IN GROUPS AND COLLECTIVE DECISION-MAKING
IN A VIDEO GAME
Abelashvili Giorgi

Georgian Technical University
Summary

Multiagent Technology is widely used in videogames. It combines game theory, complex systems,
artificial intelligence and computational sociology. Many videogames are based on the individual
artificial agent, but there are problems which are often solved as collective agents, in this case, agents
will be unite in community. To unite agents in Community, there are some principes and approaches.
In agent's community decisions are made as one A.I. agent. These decisions called Community Decisions
and it's based on the each individual community member's decision. In this article we are going to talk

about these decisions and the example will be The Ant's Task.

Ob OBBEJJUHEHUU ATEHTOB B I'PYIIIIbI U IPUHATUHN
KOJUIEKTUBHBIX PEHIEHUM B BUJEOUT'PAX

A6enamsunu I

I'pysunckuii Texumdyeckuil YHUBepcUTeT

Pesrome

MynpTHareHTHasA TeXHOJIOTHA LIMPOKO UCIOIb3yeTca B Buseourpax. OHa oObeAMHAET BOIIPOCHL
TEOPHUM WTP, CJIOXHBIX CHCTEM, BBIYMCIUTENBHON COIIMOJIOTHMM M HCCKYCTBEHHOTO HHTeJUIeKTa. B
BUJIEOUTPaX 33Ja4M HCCKYyCTBEHHOIO MHTeJIJIeKTa ONMpalOTCI Ha MHAVBUAYAJIbHOIO areHTa, OZHAKO
CYIIeCTBYIOT IIPO6IeMBI, KOT/Ia HeOOXOLUMBI IPyIIsI areHToB. CylecTBYIOT OIIpe ieIeHHbIe TPUHITUIIBI
U TIOZXOABI OObeHEHUs areHTOB B KOJUIEKTUBIO B KOJIJIEKTHBe, KaK U B CIydae WHAUBULYaIbHOTO
areHTa, IIPOMCXOJUT IIPUHATHE pelleHHA. Takoe pelleHHWs Ha3bIBaeTCA TPYIIOBBIM pelleHHeMiO B
CTaTbe pPacCMaTpUBAIOTCA BOIPOCHI IIPUHATUA pelleHWil B MYJIbTHAareHTHOM KOJIJIEKTHBHOM

o6beJUHEHNH Ha IpUMepe 334l O MYPaBbAX.
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395-333RI3NL RI3GMITSIdOL NS653IRG(M3I 3INMRIBOL
332335 RS 3500 34-3IGN3I0 HINOBIG0S
bobe  gembodsdzoemo
bagsdoggmol §adbogahe gbogg@lodhgdo

69b0dy

a36bogmmmos  398-93960980L  doggdol  s3Omgddgdals Igmmegdo, swfgMomos 33 dgmmegdls
A0l gsblbgaggdgdo, dsmo  @sEgdomo s edgmgomo  dbseggéa.  Rsdmgsemadgdgmoas  33emaz0ls

Fgegase  dowadmmo  g3m396@s(30900 s dsmo  3OmaMsdnmo  Hasmobsiools  gedmygbgdals Bg@bgda
300-830m9JB 900l AL, Bgregagdo Bgodmgds  as3moggbmb obsabgMgdds ©s ©g39e39698ds 390
2396980l d94dbols 3G 39L30.

bogge6dm Loggzgdo: 390-33960@0. s nM0 a39deol dszgBo.  Ladslmbe  aggeeols dszgd0,

bgoBoznco dszg@0.
1. 3glbsgsmo

bbgoslibgs 3mcBsdnmo dmfgméommdgdals sd@on@ds as30(39eq083, HramMoss dmdogn@o
B9 gnmbgda, 3msbdgBgdo s 93086980, LaBrmagds dmagie 3sbbmedogmegls 0bBg@bgddo  asligems
690013096 OO s 6gd0lidogH sgomby. gl 3o 3603369mmgbse $3sB0gg0l Lsgodm obgm@ds;z00ls
dc0dogdsls  dmggdme  bodymsosdo. sbasmo  Bgfbmemmaongdol  sbg@azed  asdmoffzos  398-3396qd0ls
eobsobol  Lebggmomgds.  3gd-mobsabols  obegbB@os o0l dnodog  ©obsdogsdo.  sbagmo
&odomemmgogdols s dmfgmdonmdgdol  FoedmBmdslmsb  gPmse  brgds  39d-3mgddocgdols
domegdols sJBogco asbzomstigds.

eobsobol  Labgigmomadols  dmsgsdo  dobgbo o0l sbsmo  Lsbgmdol  dmdogm@o
3 gmdorrmdgdals,  3emsb3gBgdol  ©s  Bymgz0bmegdols  Fe®dnmBmds,  GmIgmos  LsBmsmgdoon
bodgogmegds  gsligms abBg@bgddo s sbgzg olgmo 390 Bgdbmemmaongdol ©sbgMags, GmyMGO3ss
HTML da CSS-o.

2. dotromso 6sfogmo

300-330600l  dsggBo. 370 ©obsobggdo bBodsw  0ggbgdagb olgm  Bg@dabgdl, GmgmGozss
©s30Jbodes, bodogndo, (339mgdemo, ssddmmo, Ladsbgbm, s bbgs. ghmawsogazg 390 3396wols
333980  Lbgsslbgsbsotsm  asbemsamgds  asblibgeggdnmo  Logsbol  demabg®do  dGergbgeols
dm0bmbgsermdo Logsbg dg0dmads Fqozzemmls, Gswgsh 378 3390@o  Mbes dmgmaml  Lbgseslibzs
30 ymdorrmdgdls  (dmdogcr o Bgmgnmbgdo, ©sggdo, 3m33omdgMgdo, ©s 5.8.), 30b0BmOL Bgmdmos
B3390l 3 bgol gsbxs®s alBm3 dmfymdommdsby, o6 Fgodmgds Bgizemml  Bgmgnmbols
609635300 3OBOGE o gebrsagdopsd mebrdsgdol gg0ddo s oLy Bgdwmga.

bgedogato 3s3080. bEHsBogmeo 3396wol gobrsggds, (nfmwegdgs "Fixed" gobeosggdsl o6
fixed width " gobrmsgg3sl) Lso@ologol 0ggbgdl  [obslfed asblsbma®mem bmdgdl. azgmmols bemds
36 o33mgds 3 bg@ol  Logsbowsb  gsdmdmabsdg.  Lbgs  Logyggdom Gmd o]z, a3960by
gosnol Bgodmagds  3Jmbegl dsgsemomse, dmodogo Logsbg 960 30jlgemo. 3 dgomel 0g9bgdobgb
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3633500 Gemols dsbdognby, Lsbsd msbsdgmmggdsd asgmgbs o6 ogmbos dsbiby ©s ©s 36 gsbzomstrs
33 meo absabo.

Lbgoslbgs dmfgmdomemds Lbgsslbgsbsotse 9906580 bedoznmo 33gdmol 35398 bg. Aol
a%dmn; 390 aggteo  Fgodmgds  mEbsg  3M83GmMabmbatgdsro  ogml.  dsgsmomse, oy Egbgdm3ols
3Bl gebysts 860l degash d306g IGobmbBsr s, 353ob  dmMobmbBen® gy do
93696%g  as3mbebmemagds  3moFMgds.  dmdogom@o  dmymdogmmdsty,  Gegmdoss  1Phone,  a396wo0
33BMIsEese  dslIBsdodegds,  AmIgmoai  LeBmemagdsl  sdeg3l  demdbdseigdgml  gsseormls
33033790 90336 gd0-

sbamo  LsoBol 94860l ©Oml, 398 ©obsobggdol  Mdcszmalmds  s@Rg3s6L 86 539090k
Ldodogn®  gobmsagdsty, Gemash gl 0dsl 603653, Gm3  dmdogrm@o  dnymdommdobogol sk
Eslgoegds Lbgs LsoBol 9gJdbs.

(330 33960l Bsggdo. (Liquid Page Layout) (6sb.1). gb 3sgg80  (9feowegdgb .fluid”
os Lfluid width") godlodgdagmo gomgmmol bsgmse 09g633L  306Hmdoo GO megdl. Gy

Tobo, (3smgdsmo a396@als 3539830 doflgemols bssgemse  gsdmagabagds 3Gmi39bdgmo  ghmgnmgdo,
353633 6730130900 GedEmdomo  Lsbmdo gomgnmo 0dndsgadls, dsgsmomse, ems. [4].

Liquid Layout Example Liquid Layout Example

s HEALER

1440px 400px

Bsbl (3omadoren aggreob 33080

(335 gdsma  aggteols  dsggdo bBodse  o3bgdL  Logsbgl  a396ebg, 0dols doymbgosgee Ao
Logsbobss d@snbg@o. dsgmash o 86 dsgmash d306g dGsnbgol Logsbols Bgdmbgggzsedo, s@lgdmdl
683960dy  doomseo  bsdggbo. dsgsmoms, o ol 8ol dsosh  Bsdmm, Jmb@Babdo Fgodmgds
dsgmash gosngodml ©s 3o6odoom.

s 0 33900l dsggdo 93060l bmdowsb 3sdmdEabaty 839mgdls Msdgbody (33emamgdsl.
ol 0ggbgol  Ubgseslbzsbsod  dsggdls  gsblbgeggdnmo  bBmdols  g3686980bmz0L.  smbodbmemowsb
399m30bség  LsoBo 0ggbgdl  Fglsdsdol dszgBl 936860l bmdowsb  gsdmdeobsdy. dsgsmomse, of
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dgodegds  ogmlb  Gobslfed  aofgomo  dsggBo:  dmdoemmdgdolmgol,  3emsbdg@gdobs s
b33 m30bmgol.

9L Lsdo 6037380 sG0ls Immmeabols 90330 dsbsdry, Lsbsd G@Igmady dsmasbom ¢ Bg3emqb
boogybyg. LsoBo gsblsbmgmogl asdmygabgdamo  dmfgmdormmdol Labgmdsls s dosfgeols  Gobsli§ee
3o gcom 35398 Fqledsdol dmfymdormdsl. bmgsmsr, sesddndo Lsodol 89460l ©OH@L Fadmgds
9937 3sg90m agml gdzbo Lsgtmm 93660l Logobyg: 320px. 480px, 760px, 960px, 1200px, 1600px.

333 meo a3gmeol dszgdo 0ggbgdl CSS 3gmaols Fg30mb390L, smdemshgbls desnbgmols Logsbgls
©s (330l 3obemsgqdsl Fglsdsdobs. ssd@n@o gm@dsEdo, oliggg Gmames Ldsdoszndo 35398 dos
— godbodgdnmo ghognmos 3ofbgemgdo (PiXels), 3sgésd 3s0 Fearol 3s6Lbgeggds obss, Gmd dgwos
g30mb3g00L  39dzgmdom  (Media quires) desgoeoxgd  gsbolsbma®gds 36398 nmo  godbodgdmmo
Logsby.

dgos Fgz0mbggdo st0ls mmaogol gedmbs@mmgds s AmEglsy brgds Igoaol dgz00mb3930l
a3dmgabgds, obobo 4360l dotomse segm@omdl. sby dsgsmomse, s MMo 3390mals 3mbiEgobgto
303300000981 3gd0gals:

»or7) 86nbgmo Logsbgdo 500pX-05, @ssggbge dosgstin  3ebEabd)  3ebEgabadols 400pX-by.
oy b bg@ol Logsby 1000pX-05, 35806 domomgdmemo dmsgsto 3mbEI6E) 3mbEg0bge0 mbos agml
960 px" s .3. [3]:

@media screen and (min-width: 500px) {
.wrapper {

max-width: 400px;}

@media screen and (min-width: 1000px) {
wrapper {

max-width: 960px;}

30053560 3bB36B)  3MbBJ0bg0Esb  3sdm3Eabsty  g3gmeol Lbgs  gemgdgbgddsis  Fgodemgds
Fq0(335els Logsby. dsgsemoms, ™o bggdol asbemsagds Bgadmagds Fgoizsemmls 9eolizgBosbom, o
3613 B9¢0L Logsbg smdmBbogds g30s6%g zofem [1].

dolo 3ggdbs, Gmames Fobo, dmomnbmgl bsjmgd O™, 3006 bedslnbem dszgdo. ss3dnGo
3539801 993733908 oMo 3sdmbagsemas dmdogrga dmfgmdommdgdols dbstrslsgg@ac.

383 oMgdnmo  3Omgddomgdol gstgmaomo dbstgs oli, @@ FobslFsd  asFaomo  dszgdo
Fqgodemgds 36 dmgdaml asdg3gmgmo bmdol 93686585, 830l asdm 930860l gsGom  L3gddGalimgols
30380 goggmegol 3g® ofbgds Lsgggogle.

0dol asmzgseolffobgdom, Gmd dnodogse asdmeol bbgssbbgs Bmdol sbsgmo dmffymdoenmdgdo,
3330 Lsogo 03735390l dbomme 0d 936s650%y, OmIgmbgis dol dsggdls Igmdmos  7demds.
sby 6md, oy sbsmo  dmfgmbommemds  sbsmo 3060l Bedoo  gsdmgors, godmgds  dm(3gdgemo
3330 3Omgddocgdol sG-ghmo 333980 36 Bggbsdsdgdemegls dsb.

3Jgsb  393m3@abstry  Lagotim 0dbgds  (33momgdgdols FgBsbs o6 sbemols Fgddbs. sby G™3

3338 ne Loognol LFoMmgds ©Am ©s O™ Fg3zems.
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Ladsligber aggéeol 3s3gB0 (Responsive page Layout). Lsdsbabe 3éegddocgeol (Responsive
web design) Lémmgmaolmgols bsgote gbgdos: HTMLS & CSS3 [5].

Ladsbmber  (Responsive) g39meol ds3gdho 0yggbgdl ™ogg Botemdon gomgnmb ©s dgoos
9gg0mb3gls  (Media queries), s9Hmmosbgdl e  opgels:  (330egdse  dsggdol  (Liquid Layout) s
3338y e 333980b [S]. Gemgmdz 3o dGsnbgmol Logsby gsobdgds o6 335830988, Ladslmbe
339600b 353980 begds ©Ggzee, dmfbomo  (330madseo 3sgghol dbasgber  (Liquid Layout). od
B930bgyz080  om  dGemgbgto  bpegds  ablobemammo  Logsbol  BsGBmgdl,  as6labmam
Lo gmbomme Fadtomadls dgoos d9300b39380, 85806 dsggdho Bgozemnds 360836gmmsbec [2].

Lodsbopbo 2306000 dsggBol F94360b @EmL o6 bos asdmgoggbme Pixel-o [6]. 30496030
Bomdom gBngaml, 3GmEgbHL. Gmegbsg 3odlgmBo 33938530 bsogl, gl sGelfomos Gawash gl
560l godlodgdamo Bemds, bomm Goss SGmEIEEmse 35300090 s3s, dmeagdseos Lbgswsbbgs
Bmdols dofgmdommdobsmgol. dsgsmonse 960PX -0sbo Fgagedmos szgmm Bgdegabsotse (656.2).

960px 100%
640px 66.67%
>

656.2. 333980l Gopmdomno HBmgEgdo

TARGET % CONTEXT = RESULT

TARGET s60l bsdobbg gegdgb@o, Gobo a30bmdzs 330600, boemem CONTEXT séol ol
dogmasbo gemadgbdo, ®sdog dmmsglgdmos azgdeol Fobssébo.

239600l 353980l Lads®maegse 360836qmmmasbos dsGrmgzgmo dsqgdol gsdmyggbgds. dsgsmomase,
»Bootstrap”-l 53l b ebostrgmmo, 12 Lggdosbo dseg. sa®sd ogmeommse dgodmgds  Bgodbsls
»360©0" MBem IgBo 6 Bszmado LggBom, gl gsbolsbmamgds 3mbEO™EOl mboo [6].

badslmgbe  36mgddocgdol  gzgmeby  36033bgmmasbo  modgdmemadss  Lsodol  sws3@egos
29633970 dfgmdoemmdgdolsmzol,  Gmdgmoi 96 Lagodmgdl  sbsgmo  obsobols  FgJdbsls
baogobogol ©s sbggg  dogomsgbol  (33momgdgdl.  qbes  sm3608bmm, @  bsdogdm  Lolggds
GOOGLE-tomz0l 3obsmgdos Ladslbnbem 3Gegddocgds.

dolo doGromspo  3OIMdrgds  ©s383F0Mgdmemos  Bogmsglols (content) m3@ondobszosbosb, 3zmwol
23bOEols a0dm dgodemgds Fq0ddbsls 3Grmdemgdgdo 339M@als hs@Bzommzol L.
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3. ©sb336s

3323308 9egadty Roghgbmbon 336 3GmyfGomgdsdo Fodmgds gsdmggme  gad  33gMeob
Ggomobgdol Bgdegae dgmmegde:

Ladslibo  36mgdiomgdsdo  3s8mggbodamo 3s3gtol byGadtnes 6ol mlsgGmben  sGBgsto
Looghobmgol, Gopash ol goggmogol Bublaotml g36sbol b6oldogs bodsty ©s o6 sGLHR@L
080l Lsggbmby, Gmd sbamo dmfgmdomedol sdmligmol Bjdobsg3edo ol ©sgetazlh dmdbasegdgml.
ds3@53  Bobo  mépsbobgds  CSS-Bo  dmoobosl g gademmgdsl,  Goash  dmoobmsl
QO b3 gmBomo ogml ghmo Bsggdo, Gmdgmog gzgms Berdgdl dmghagds.

Ladogde Loligds GOOGLE-bmgol dolsmgdos bsdsliogber 36madiotgds.

GOOGLE  gmggeomgol  693m36ms30slb  fg3l  Ladsbmbe  LsoBl  (Responsive — site).
dm3b3sergdmoliongols  swzoms  brgds  dolsdstogiol  aagms @ Fogmezbosh  7G00gGmIdgogds,
Gmdgmogy 0bsbgds gho URL olsdstonby.

Ladsligbo  3Gmgdthotgds Gogmdgbrgdamos asdmggbodam 0fbsl olgmo ool Bglsdbamasre,
Gmdgmoi MO0gbBoMgdamoas  gmogbBol  dmbsbopse. MeEash ©obsobo  gMmbsofse  gsdmlsbamo
b@s 0gol 650Ldoge defymdommdsty, Gowash Jmagbids dstBogse obol ol s o6 Bgogdbsl ol
Bga6dbgds Gmd 306Lb3sg0d e GglinGlbgs.

530 ag06ol  dsggho  gBGm  dséiozo  Bglagdbgmos, dmombegh  bsgmgd  Gmols
36566, 39643570 Lsoghgdolbmzol ol godmagds ogml Lsmzgmgler 3560860 03 Bjdobsgssdo,
Googlsg  sbsmo  Lsopo  msgesdoBigmer  ofyBdl  gmbizombotgdsl  obBa@bE  Logt3gde s
L3o6rgds Galm@lgbel @sbepgs.

o ghsdnée:

1. Tunsr agantuBHbiXx MakeToB. (2012). https://habrahabr.ru/post/158703/.

2. Ethan Marcotte.(2011). Responsive Web Design. A Book Apart. ISBN 978-0-9844425-7-7.

3. Brownlee J. (2014). as6Lbgogqds Responsive design s Adaptive design  dméol.
http://www.fastcodesign.com/3038367/9-gifs-that-explain-responsive-design-brilliantly#4.

4. Pettit N. (2014). Which Layout? Static, Liquid, Adaptive or Responsive. [ob#q664:8)
M9bgelo]. http://blog.teamtreehouse.com/which-page-layout.

5. Frain B. (2012). Responsive Web Design with HTML5 and CSS3. Packt Publishing Ltd.

6. LaGrone W. Defining the Mobile Web. http://www.collaborative.com/blog/author/wlagrone.
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RESEARCH OF MODERN METHODS OF WEB-SITES DESIGN AND
THEIR IMPLEMENTATION

Gochitashvili Nino
Georgian Technical University

Summary

The article discusses methods of designing layouts for web-pages. Differences among various
methods as well as their advantages and disadvantages are described. Recommendations resulting a
research that has been made are provided as well as software implementation methods used in web
design that may be used by designers and developers in the process of creating web pages.

NCCJEJOBAHUE COBPEMEHHBIX METO10OB ITPOEKTUPOBAHUV A
BEB-MAKETOB 1 UX IPAKTUYECKASA PEAJIN3ALIA

Tl'ounramBunu H.
I'py3unckuil Texuuueckuid Y HUBEpCUTET

Pe3iome

PaccmarpuBaeTcss uccienoBaHWE COBPEMEHHBIX METONOB BEO MPOEKTUPOBAHHUS, KOTOPBIE
ABJLSIFOTCA HanOoJiee MIMPOKO HCIIONIb3yEeMBIMH Ha JaHHOM 3Tane. OCHOBHYIO poJib B BeO-Iu3aiiHe
urpaer Takas QopMa CTpaHMIBI MakeTa, KOTopas OyJeT aJanTHpOBaHA AJsl Pa3HBIX YCTPOWCTB.
PaccMoTpeHbl HECKOJIBKO OCHOBHBIX CTPYKTYp MakeTa BeO-CTpaHMI, B YaCTHOCTH, aJalTHUBHBIN-,
CTaTUYECKUH- U OT3BIBUMBBIA MaKeThl, KOTOPbIE CErO/IHS SIBJISIFOTCS Hanboliee pacpoCTpaHEHHBIMU U
¢ dexTuBHEIMU B BeO-nu3aiiHe. OmnucaHbl IOJIOKHUTENbHBIE W OTPULATEIBHBIE CTOPOHBI 3THX
MeTonoB. llomyueHsl pekoMeHJalMW MO MX HCIOJB30BAHMIO, CHOCO0AaX peanu3alud TpU BeO-
MIPOEKTUPOBAHUH.
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SIRNSMGHO0L IBSLIGOL 3GHMGBILOL S3SMISSGNBSGOS
SRINBOLAEHSCNIRN 1LSN6BMHISGOM LOLAGIZIdNL 353(MJI6IdN0)

93589606 onedos, ©sgom xodgdo, bmgom bgmdswmgs
bsJotroggeomls $gdbozgco gbogg@lodgdo
69bomdy
asbbogmmos Lfsgemgdols batolbol gemdxmdgligdologol smwodménols Ggai38bgdols Igmmeadols
bmeoby  dmegmols  ©sdndsggds ©s Ggemobsias  sedabolig@sonmo  bsobgm®dsiom  Lolggdgdols
35dcmgabgdom.  bm@oby  dmegeols  Lggg®ms  begbol  bomsdnldo  Fgdsgsemo  Lamgdiom  ogdgdo.
336bmdogmgdols Loboo  Fgdmmsgsbgdnmos Gsdegbody gModgeondo, Gsg  Ggodmgds  gergseommaogl
9:3bdscr1gdemols dog®, Fgazeligds gmynlotegds bsddsmoash Jnmagdby  (wsdsemo, Lsdrsme, dsmsemo).

Fqm93900L  (edmwagbs  Lsdmdbdstrgdeme  0bBg®ngoldo  bed(z0gmegds 3183037 -3bsead0 3m0
0blid)mdgbdgdom, mabBMdorgdosbo s Lsdasbbmdargdasbo dmbs(zgdms dmegmabom. sdndsggdmmo

Loliggds  omgsmolifobgdl  Ldmogbdgdol sddonéd Bstrmgsl LFsgmadols bgesdggonm  36misgkdo.
&sgog:mmols Loboo 15(5&(5_3)0030 '333000)&3&‘1536‘3;:)03 15015@)38015 hoamabaoﬁgbgm Qoo(j\wmagﬁ)o (Bmﬁ)aa&ﬂs

(361%836(5_5)360, ng@mﬁ)oho ©d B@UQSG@)OB 3m8k8oﬁ)abagﬁf\ﬂma 8&(5_5)(4)0(3015 @)033601} 801’)30\)300).
bo3396dm  Loggggdo:  Legmgdols  bomolbo.  smoogmeool  Bgisligdols  dgmmegda (CATS).
bmeobgol Lol@gds (CLASS).QQa()GOlS(?)ﬁoGO‘UQO Bsobeggerds(zom 15015(538360.

1. 3glsgsemo

bFogemgdol Batolbols gomdxmdglgds gedmem  abBghglgdol bogggdms. dbmaggmoanl  dsbd@sdomn
sy msemdos  Lfsgmgdol  3Omzglols  asmdxmdglgdols  bgdolidogmo  gm®dols s  dodsGrornmadols
aobbomgs,  Fglfogms s bagggmgbol  sbgdags, gobsowsh  Lfsgmadols LFméo ©s  gu9dosbo
IgomEgdols  asBedgds  gegmgbsl  obegbl s 306@s30630m3mGogmos  bebaymdfogmls
3303000619859, Lfogemadols bastolbol  gsmdxnmdqligdol  3Omgldo  dodomswo  sB0  gmgnbodogds
Lobfogmm 3969%396@)0bs s 838030 39@bmbsemals Igbgonmgdgdby. 3Gmiglo d9mdogse gMagds
bodobrm  dmmbmgbgdls s 83 ©absdogsdo  Fgmstigdom  bBsgmagdo  @sBgatmgs o3l smagmdonls
dbeoesb  Bisgmadals  3Omgbol  dgggeligdol  gBeema®  sbamotl s dgrogagdol 3¢ dBogedn
033¢0g3968)5(300L.

bogemgdol bastolbol asmdnmdglads Fy39d80 3Gmglos, Mo ©Omms 3s6dsgmmdsdo dnwdng
306obengdsls  Logodemgdl  bbgseslbgs  sb3gddgdol  dobgogom.  Gmame  Fabo,  badolbols
2579xmd9Lgdols  3Gmigbo  dodstrorgemos  doomspse, 39OBosrrnMa dstmzgals 3Gobiadom  bgdmesb-
J3gdmo.  sbgmo  dodsGrormemads,  mGogbBoMgdmmos  gsdmmomo s g3mogoiondo  9Jb3gadgdols
6193m89bs30980L, Bgaslindgdols s assfy3gdomadgdol wsbgmaszsby.

doogmem Gemgdol  sg3z0tzgd0m,  baggdlodadgdol  LFsgmgdol  Badolbols  asmdxmdglgdols
4M33mbgbdgdo  dotomsmse  gydebmds  Lalfegmm  Lomsdalgdol  gm®dsol  (33emomgdgdol,
b negbdms  Fgsligdol  doegmdgdal, sedobol@Gsgogmo s measbobszonmo  (33emamgdadols
bogombgdl. gl 3m33mbgbdgdo, LFsgmadol  3Gmiglol  bastolbol  Lsg@msdmeolo  Lsmzgmgbe
3633030l ©93m9b@s(30980L  bsfogmas,  Gsig  (3bowos  360Tzbgmmgsbo,  gsbbsbommggmo s
aobsmgamolbfobgdgeas.

ogd(3e, 3 693m396(309080  dgegome  s@0l  asdoxbagmo  LFsgmgdol  Bamolbols
a073xmdglgdol  gsrreo  (Duality-c®dbeogmds) doegmds 367 39680400 M0 dstrmzs  J399cwsb-
Bgdme 306303000, 83 Bgdmbzg3980 NG dowamds  0mzsemolifobgdls LB negbdndols sddon®
Rotrongsl  LFsgmgdol bgdedggonm 3Omiglda. 36dd0gs80, ©sbgdgomoas sqeoBmtool Bgaslgdols
Igomwegdo  (Classroom  Assessment Techniques (CATS)), sl 0gg69dl  Lbgsmslbbzs  (adygebo
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96039600 gB g0 (3sg., doBogsbols, 3semomgm®bool, x. 33580b63BMbol, EMEOEINbEOL, dsobzol s bbg.

16039600 gd900) [1].

smome00l  Fgisligdols  dgomegdo  dsbotgdmmos 9.7, bmdobaol  semam®omdby/dmwgm by
(Scoring Models), émdmol  dobsbos  asbolabrgtml  Lfsgmol  asms3990l  gHm-gHomo  dmsgstio
BoJdmeo - mebol  domgbols B ogdgbos  LsobBgPgle s AmgmEo  gm@dss  dobsmgdo,

3I5mOG Mmoo s 3Gmenddomgmo sucoBmemoobongols.
bagemgdol  3Gmgbols  badolbols  gemdxmdgligdolbogol, 360336gemmzgebos  mmgddm®abogols

0bgmGdsBogmo agml, Gsdabse gsbsggdse sl b negbBobmgol dgmagboemo Lsgbols doffemwadols
3M33mbgbBgdo.  dsgsmomase, Lsgbol Lsgombgdo, dofmwgdols gm@dgdo, sblbol Igmemegdo, sblbols

b@omo s bz  360336gmmmzsbos s  sddmsemydo  LFsgmgdol ol bgnogbdgdmsb
05653dOMImmds s domo sBGOl gemgamaliffobyds.

68860 80%0600, QOB‘UB;SBQB]} h%’ogggboh 36)0’)081}01} boéohboh 60‘88?{)(")681586015 08(?)(")80(8)0%3—

dqmo  Lob@Bgds, boss  mgddmeo  bEnegbdobash  doomgdl  obgm®dsosl oy Asdegbse
boob@Bgegbem, aolsggdo @  sdmggeeos  bsgsbo.  smbodbymo  Lob@gds, @sgndogdamo  odbgds
s@d0bolgBsommo  bsobgm®ddszom bolgdgdol (Executive Information Systems) 8mmgmol dsboby,
bosz  aomzemolbfjobgdnmo  0d6gds,  Labfsgemm  36mglol  Fge3sligdols Lm®abaols  dmmgemo (o

b megbdo  Femdmoagbomos adh3gé(§)oo\)) ,  bgmegbdol od@)03m60h dmboBymeobaols  sgs,
aosf 9398 0mgdols dbsdsdgg®o dgdsbobdgdols Igmmeado s Lbg.

2. doGomseo bsffoemo

bmeabaols semgmcomdo  gmsboggdo  gJb3g@digmo  Fg3slgdgdols dmegmoas, G®dgmo 0ggde
3008390003900l mgzobgddngo o6 Gopbmddmogo  Yga3eligdglom s ool Mgog  dmegemsdeg.
F0bssdbmdM0gs,  bimeabaol  sgmam@omdals  3GoBgondgdo s Bggeligdgde  gebalsbrogmgds
obBmdonm  (bgsdologn®) dmbs30990% ©sgdEbmdom, Geogmdz bsggo®o  asdmoomgdol, ol
astg  dbsdol dogd  FoMdmwggbommo  dmbs3gdgdol  Lobmgboo. smmodmdool Fgi3ebgdols Igomegdda
bJmeobaol  seameonddo  Gg3m3beatgdgmos  gsdmygbgdamo ofbsl gomo  Feols Lgs@oldoznco
dmbs3dgde [2].

L0600l semamondo,  @gdbogncee  (B93mEE0bgol  msbsdgemmag  dopamdgdom)  Bgwagds
Lado 6ofoemoligsb bggmem (Domain), asbbemdomads (3608 g03980) ©s Fgisligds (Jqms).

sqeodmdool  dgxlgdols dgmmegdol  Lm®obgol  dmegmBo  modg@sd@sdo  gsbbogmmmoas,
doﬁ)omo;?ogg, Losdo (30(](55(*)5)0: 1. 330)(30'3(4)0 31‘)‘5(4)53‘53314)& - h@ﬂgaG@gbho ©s Q)gd(ﬁbmﬁ)l} ‘Y601
©33m goEgdnegds; bgnegbdgdl Fmeol sdmgogdnmgds, gbonemds; 2. sgoodmeools megsbobgds
- Lolfogeme  dsbsemol s gm@dol  gggddosbmds; 3. Lebfegmm  dbstwsgg®s - Lfsgmagdols
3763395808, bBOsBga00 [3].

3dobolgdsionmo  dbsdesdgg@o  Lolgadgdo ool b Gs@gaonmo  ©mbol  Lsobgm@dszom
Loliggdgdo. asbgmmgbommos  3tmsd@ommo  aesfyzgdomgdgdol  dolbsmgdse. aggbgdl Gmgmey Bogs,
ol goMy  0bgm@s;osl.  sbragbl  gs@ndml sbsmobl  Lsdmdsgemmm  agadqdols s dobbgdols
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DEVELOPMENT OF CLASSROOM ASSESSMENT PROCESS USING
EXECUTIVE INFORMATION SYSTEMS

Turkia Ekaterine, Jibuti David, Stomadova Sophio
Georgian Technical University

Summary

Learning quality improvement attracts wide interest. All related discussions, research, and
implementation of any form or direction of the learning process quality enhancement is of global
importance, since the introduction of the right and effective techniques are directly reflected on the
state’s progress. The main opinion about learning quality improvement process is based on the school
administration and faculty. In reality, learning process is constantly being adjusted to market demands
and the learning process assessment by students, analysis, and practical implementation plays less
important role in it. The article discusses development and realization of classroom assessment
techniques based on executive information systems’ scoring model. Domain of scoring model
comprises syllabus topics. User expandable several criteria are offered as dimensions. Assessment is
based on three-point system (low, medium, high). The results are presented on the user interface with
help of graphical-analytical tools via two- and three-dimensional data models. The designed system
assumes the active involvement of students in the learning process strategy. As an illustration, the
article presents user-form samples, organized by user’s type - teacher and student.

ABTOMATHU3AIIA TPOUHECCA ONEHKHN AYAJUTOPUH C NUCITOJIb30OBAHUEM
YIIPABJIEHYECKUX HH®OPMALIMOHHBIX CUCTEM

Typxus E., xu0ytu /., Cromanosa C.
['py3uHCKMIl TEXHUYECKUN YHUBEPCUTET

Pe3iome

PaccmarpuBaroTcst BOIIpOCH! pa3pabOTKH U pealiu3aii CKOPUHTOBOI MOJIETH METO/IOB OIICHKH
ayJJOTOPHH HA OCHOBE aJMHHUCTPATUBHBIX MH()OPMAIIMOHHBIX CHCTEM C IIEJIbI0 YIIyYLICHUS! KauecTBa
npenojaBaHus. B kauecTBe JlOMEHa B CKOPUHI'OBOM MOJENM paccMaTpUBAaeTCsl TeMbl cuiadyca.
B Bume w3MepeHus TpEACTaBICHBI HECKOJIBKO KpPUTEPUEB, KOTOPbIE MOTYT pAaCHIUPATHCS
nojb3oBateneM. Ouenka Qokycupyercs Ha TpexOauibHON cucteme (Huskuii, cpeqHui U BBICOKHIA).
Ha mnonb3oBarensckoM wuHTepdeiice pe3ynbTaTbl NPEACTaBICHB B BUAE TIpado-aHAIUTUIECKUX
WHCTPYMEHTOB C IIOMOIIBIO JBYX- W TPEXMEPHBIX MOeNell NaHHBIX. Peanm3oBaHHas cucrema
npeaycMaTpuBaeT aKTHBHOE y4YacTHE CTYAEHTOB B IpolLEcCe IUIaHMPOBaHHUs oOyueHus. B kauectBe
WITIOCTPALIMU B CTaThe MPEJCTAaBICHBI 00pa3Lbl MOJIB30BATENBCKUX (OPM, OPTraHU30BAHHBIC 110 THITY
II0JIb30BATEJIA - JIEKTOpA U CTYJIEHTA.
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s bla.
aminJEdo alisoal
asesngoank ’
pnﬁab-nmahll }
J3b3madmin s8rfFaal yrmo JEdal
sEgsfmaBhfmiganl bobGm@gl
m 3 JEBal sEasfn Ty MM e /
3 sbGmEns, Jibdgmndnte
XBymBnk ol 3omn Bl
Jb3madmtin skl
sEgsfmnBLGmf sl
® ascoaFbomaagamak o
| SBIEG Jamak - — - maBB gl
- - - aamafaptiank
l Bafamgan

Ganfmol as@stomanl IGmy ol EmAdsrm®sm
coslifmrmtol B85 nEoymMdsyas ga@a@anl
dmbsgyams sshal sMingdn

l

(@)

655.4-3. 333-0l Lobggdob sddonGmdsms @asgcsds (3.)3663;333&5)

dm3m936m 933t 939390 doGromseo  Gmegdol  (3mogbBo, 9JL3geogmGo s desdbowsgzo)
06890 dBome J9gegdsms b3gbs®rgdo, b4 303w9363mdommdals osa®sdado (Sequence-D). 35-5 bsbsabby
dm399mmos 30968 0L (Bz300m0l  dgbsgmmenl)  dodmgz@mdonmdol  ©osa®sds.  dsGrmgnmbgwgdo
sbsbagl  3mslol ™d09dBndl, Gmdgmmsbs sk 83l E@mogPmdgmgds  FgBgmdabgdgdol  as(33mols
©mbgby, Gmdmol Lsggmdzgmbgi 7bos  $dmJdgemgls Bglsdsdolo  gemslol dgomegdo (3961337700
3 7630900L  Bglsliermergdems).
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UMLSequenceDiagr...sequencediagram -+ X JU UGS ENEN T | AT R UMLActivityDiagram!.activitydiagram
ry
sd Sequencel
*
drmbirgBal
Jongbdn D) ddg-binbghyda bg®3nln dzn®an
FJanbaSanny s3AmAntanns
<<(reates>
Banfmnl BrBanJ8 a0k gaklbmafs
»
dmB s db0l 3388
L]
Ay
by
o Ay
<<retum>> A
e - N
by
<<retumz> s
e i A3nfmal @xBagEn;
<<retum> - anfmnl bk qrbs,
€rmmmmm e e e e —————— - adanfmank dnbadsfime,
EmmbirgBal gemegbeats 14 AmaEnSmeE - BagBal dnbedatinn,
Y - BEmanl babiqmas,
- (anFmnl MamgeEmbs,
- Gmby,
<<retum> - By,
_________________________________ - bl amain
]
Bymagdbiaal dom i 1303 EodnAnmss DUED
4
- ¢ <<rafum-
- S
mEn ok
{omingmanh
34l Bl mangmn
[dedision == "true"]
Nahoginh pegtaaba 34 3gmoBmAmeE
.
<<refum 1
€
ABs331mal" dngaae 133 Eadmfinmg ><
]
[ ]
’ <<retums>
r e e et e = =
¢ > ><
@ayagmal ><
[ylyielyivl
L] 2

6sb.5. Sequence-D émgnobsmgols ,,Clienti”

6530380 ©sddsggdmmoas s3dgmag 9Jldgodm@ol s gewsdborsggdol sgbstigdols dndwga@m-
300mdals osgMsdgdo.

960-960m0 36033650mm3zs60 dmEgmos  3emsligdols osg@sds, Gmdgmo 39-6 bsbsbbgs §e®dme-
agboemo  Rggbo  3Omgd@obmgol. dolgsb  Fgladmgdgmos Visual Studi. NET 3569ddo  Iglsdsdobo
36mgMednmo  3mwols 338mdsEynGo g96g@s0s (656.7).
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WIBISAS- LININ:A-5581D'9'99

{Je3epdn + (J=epdn +
(Ju=sur + (Ju=sur +
(FRRa + (Fera+
suonesadg F suogesadg =

Jafizqur @ eqojnoowyal +

Jafaur ¢ 3|fewisiqzaysesesIAL +
Jzfau @ ezaBgIgRAysESEOSIIAL +
J=2beu1 © suedicigeAayseEsE]SIIAL +
sabi2qu] @ eqoaowepAL +

Jabizqug : Qrexesdsuel) +

Jzbaqur @ gqrdsues) +

Bugs il +

Jabaqur : graxesyodsen) +

Jabayuy ¢ qrdsues) +

Jzbaul @ aiRus +

J2beu] @ gIEARUS +

Bulgs : epepsmpizepeDd +

sabizqu] @ sedsipizepef +

Bulgs @ eqozlewobpw sinpizepen +
Jabajur : grd=g +

1 T

ZERRYS TERAPYS

(REepdn +
(uasur +
{rizRa+

suoneRdg
Jabayy gyl +
Jebaqul @ QIa¥RYs +
BULLS @ TWESI| +
BULLS : TWESI +
fuuys : epepsipepel +
Jsbaquy @ 1seysipxeped +
Jabaug @ qrdxa +
Buws : Zeeg +

1

(Js1epdn +

(Juasur +

FrRa+

suoizel2dpg

Bulis @ euOs] SIYIAL +
RO3JUL : eqO|NIOKSIHIAL +
I Jabagur = aryial +
Dupis : egoaxes +

TERNfRUS AL

=L

Buuis rigapeplRanses +
Jabiaju] : eqouRpoRl +

GuL3S £ HeWesIWSIAYIAe] +
Jabaqup : Qs +

sanquBY

AL

=]

B

¥

T | g

upze | wesbeig

PV

Buwgs @ eqoalewodply + saInquUlY = Buuis : 1210 +
Buuss © egaExeseq + sabaqur @ Qs +
Bulns : eqoasegzpwDpy + TERMNRYS W sanqupy =
sanquay =
=T | CERAEUS T ZERAES TeIMEYS ¥
odsues ) v
=T | TERARYS
T | modsues worpodsuel )
1 .|, worpodsuel | 1
(J=epdn +
(uasur + (Je1epdn +
(rrRa+ (Juasur +
suojesadp [ (J@3RPa +
Jabajur @ qrdsuel) + suojesRdp =
Buuls @ qow 2L + Bulis - qow |BL +
Buuis : euedanh + T Buuls : euedanh + 1
Bulas © IHEWeS| + T Bulas @ IHewWeS| + n
Bulis @ swepwid + unypadig Bulls @ Swepwid + uoypadxg
Bupis © ||ews + Jabiaqur : grdsg +
Buwgs : TaInquUIRy + Bulgs : IjIea +
SNQUAY = SNQUAY =
uoipodsuel] o uoypadxy b3

weibeipasesasn | weibeigesedasnMn

TejRnyRUS

quap T, U

{J=epdn +
(Ju=sur +
(lrrRa+
suojesadp =
fuws @ qow 2L+
Buuis @ euedand +
Bulis @ Iuewesiy +
Bulgs  y1zid " puUng +
Buus @ I[axeS T UBAD +
Buas « 1jewe +
JaBaqur = QIR +
Snquy =

BuD W

[ TweibeigsseINN PO

weibeipaouznbasubeigrouznbagyn R L e e R g1 A

162



Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS - No 1(21), 2016

3aligdol osg@sdol s3q60ls Fgdraa dglsdmmgdgemos doligsb 3GOma@sdamo gmeol gqbgdszools
Agbergemgds, Aoz 3609369mmzbse  sdstrtoggdl Lolggdol 3Oma®sdnmo beObggmymaegols 8q4dbsls
(655.6).

UMLSequenceDiagr....sequencediagram

cd UMLClassDiagram1 )

UMLSequenceDiagr....sequencediagram

UMLClassDiagram].classdiagram +# X

+ Gvari_Saweli : 5tr| 4

Link to Work ltem...

Add 3
A Clienti Copy Ctrl+C Expeditori
Paste Ctrl+V
= Attributes ributes
. Paste Reference m———
+ ClientID : Integen =Maili = String
+ eMaili : String Create Work ltem =plD @ Integer

FirmMame : String

!-preditari

+ Iurid_Fizik : Striny isamarti : String z
+ Misamarti : String View Work ltems... Oveyana : String 1
+$v|eg;:n; : gr?ng Remove Wark ltems... Tel_Mob : String
+ Tel_Mob : 5tring ] erations
B Operations Hide Work Iterm lcons elete()
+ Delete() Generate Code '( nsert()
+ Insert() pdate()
+Update() &  Properties Alt+Enter
T 1
Clignti ‘ 1 dlienti ‘ 1

6sb.7. C# ool 396960308 B odmpsgrmio asmsbowggdols
38lgdol osgMsdalismgzol

dorgomls  3gdy8sggdmos  sebodbymo  gemsligdols Client.cs, Expedritori.cs, Shekvetal.cs,

Shekveta2.cs, Transporti.cs, Transportiori.cs s TVirti.cs C#-jowgdo. gom-ghmo  molidobgols
%638835(550, (4)(*)83;:)08 éa@(‘)ao@‘aéoQ S0 dmﬁSog@gﬁ)UQaa 36(*)36&303, 8m633'8(j\*)0‘> 3338mm.
[[------ Expeditori.cs -------- 9Jb3gome0l  gmsbols mol@oebzo
using System;
using System.Collections.Generic;
using System.Ling;
using System.Text;
public class Expeditori
{
public virtual int ExpID { get; set; }
public virtual string FirmName {get; set; }
public virtual string Misamarti { get; set; }
public virtual string eMaili { get; set; }
public virtual string Tel_Mob { get; set; }
public virtual string Qveyana { get; set; }
public virtual void Insert() { throw new System.NotImplementedException(); }
public virtual void Update() { throw new System.NotImplementedException(); }
public virtual void Delete() { throw new System.NotImplementedException(); }

3. ©sbygbs

33000980l I odmesmao  gssborzgdol  bggem  3Gma@glmmse  gomstegds  doge

dbergmomdo ©s dobo g539d@ G0 IgbgxdgbBol gsbbmd(zogmgds oEsss ©sdm orgdamo Jgbsdsdobo
30B69gl3m39lagdols 3B mdsBobsosty, Mo Mosgme  sIBmemmdo  Lsdgbogdem-3@sddo snmo
30dsM0emgdss  Omgmtyy  bagmeBmeolom  mgemlsb@obon, sbggy  3eb3O98 M  Lsds@mzgemls
Lo@@sbl3emergm-Logsbbogem ©gmgnbol gsgge@mmadols dobboo.ss.
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33060930l Fgem@Bodmesm o asesbowggdol sdm(3ebs 38z 3G0d)gMamdosto  m3B0dabszools
3de(3sbsms 3l doggmmabads, Gmdgmms  asesfyzgde  Iglsdmgdgmos dgbsdsdolo @B gGdobols-
&amo,  bgmdsbBognco 86 odogsonco  dmegmgdol  bsggmdggenby.  Gobsled  qbos  dmbogl
ba3tmdemgdm bggeml boliggdnco, mdogdd)-m®ogbdomadnmoa sbsmabol Bs@etgds, sogml dglsdsdolo
356030l boobeger@dszom  Lobggdols  0bgz@sliB@nddn®s  dmbsigdms  dsbgdal,  dmboBmenbaols s
a00sF 9398 9omgdol  domagdals demmggdol  gPommdmoamdom. sbgmo  dmegegdol  sagdol 3GIma®sdmo
b b3ggmazols 994060l azgemm3dgbBo  gbogozagdamo  dmegmotigdol  Bgdbmemmaogdols
bsggdamby 3B sddgemghos.

moggtsdnés:

1. amgobsodzomo 3., bydanmsdy gomégo. (2014). 3nemEodnosmrg®o gsesbowzgdols dobbgl-
36039980 338 ™M3sobgdmmmo dstmzgol 3mb3gnios. bdn-l 3G.36. ,,d8k°  2(18). a3.45-50.

2. Langley C. John, Coyle Jr., John J., Gibson Brian ]., Novack Robert A., Bardi Edward ].
(2009). Managing Supply Chains: A Logistics Approach. 8 International edition. Canada.

3. KapaBaes B.M., Kapamaesa E./I. (2012). VmpaBneHuwe pucKaMH IIpH OpPraHU3AIMH
MyabTHMOZAanbHbIX mepeBo3oK. CII6.: n3a-Bo CIII'YBK (I'oc. YHUB. BOZHBIX KOMMYHUKAIIHIL).

4. Joogo x., mbamo 4, bmgsgo ., 30dbmbo b, (2013). dofmegdol xsF3980l  dsrmgs:
Qmaohéodgﬁ)o aogamao. 88'9 15036)0)0’80’)6)01)(") 6;58(')(338-).

5. h'a&)a‘améda 60(")6)60. (2015). 83@@)08(‘)(30@‘860 BOQG%OQSI_]&OB 60%68]}36(‘)(33]}860]} 806)0780])
15015(5_3)33015 oﬁtgéoké)ﬁ)'ad@)-aﬁm ©s dobo 080@380'36)0 amQ(fJQm. 15(3)*3—1} '8(0.(563?)., ,,3ddL”, Ne2(20), 33
108-123.

CONSTRUCTION OF UNIFIED MODELS FOR BUSINESS PROCESSES OF
MULTIMODAL FREIGHT TRANSPORTATION MANAGEMENT

Surguladze Giorgi, Petriashvili Lily, Okhanashvili Maia,
Bitarashvili Marine
Georgian Technical University
Summary

The present article discusses problems of managing business processes of multimodal freight
transportation. Article presents analysis of types of multimodal shipments with emphasis on modeling
and improving automation of business processes of a freight forwarding business based on modern
information technologies. UML diagrams of freight forwarding has been developed based on object-
oriented approach. Infrastructure of management information system of the problem area has been
designed with database, monitoring and decision making blocks.

IMPOEKTUPOBAHUE YHU®UIIUPOBAHHBIX MOJIEJIEH JIJISI YIIPABJIEHUS
BU3HECITPOLECCAMMU MYJIbTUMOJAJIBHOI'O IEPEBO3KU I'PY30B

Cyprynagze I'mopru, Ilerpuamsumu JI., Oxanamswuiu M.,
burapamsuin M.
I'pysunckuii Texauyeckuil Y HUBepCUTET

Pestome

PaccmarpuBaroTcs BOIIPOCHI yIpaBieHHs] OU3HEC-TIPOIIECCAMU MYJIBTUMOJIAIBHBIX TEPEBO30K
rpy30B. lIpencraBneHsr aHaaM3 TUMIOB MYJIBTUMOJAIBHBIX TIEPEBO30K C aKIIEHTOM Ha MOJIEIIMPOBAHUE
Y COBEPIIEHCTBOBAHUE aBTOMATH3AIIUN OM3HEC-TIPOIIECCOB TPAHCTIOPTHO-IKCIIEANTOPCKOro OM3Heca Ha
OCHOBE COBPEMEHHBIX MH()OPMAITMOHHBIX TexHOJorHi. Pazpadoranst UML nuarpamMmbl TpaHCHIOPTHOM
MEPEBO3KH TPY30B HAa OCHOBE OOBEKTHO-OPHEHTHPOBAHHOTO IOAX0Ja, a Takke HH(]PpacTpyKTypa
aBTOMATH3UPOBAHHON HMH(OPMAIMOHHON CHUCTEMBI YIpaBlieHHs MPoOJIeMHOH ob6macThio ¢ 0azoit
JTAHHBIX, CHCTEMON MOHUTOPHUHTA U OJIOKOB MPUHSTHS PEIICHHUH.

164



Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS - No 1(21), 2016

dM65GA3N)S 35BOL RI3H(MIATSIBNL S3AMISSNBSCNS
3330 BR30L I3MM3NITSHO LOLAGIINLA30L

305 bdgmmasdy, bobm omgn@os, sbs gsgs@Esdzomo, dstnbs 33Bodsdy

badetronggemmls $gdboznco gbogg@lodgdo
69b0dy

asbobogngds dsgol Bmgol Lsge@rmggmmls 83358060580 g3mmemaon®o Lsobgm®dsigom Lolbggdols
dcbs(390ms  dmmdodgeon®o  debols  s3BmdsBobgdamo  ©a3MMgdBadols  sdegebs.  gsbobsbmads ol
d09d&gd0, GmImadai s@fgel  LobBesbnder ©s bydsbBognse bogol g3mbobEgdols  dodomsw
356539%HO9dl,  39OdmE:  bmzal  3s6839BGgd0,  dwobsdryg, glmeco, dmfyzemseo  mdsbo, GPS-
3MeEabsBgdo, Lgblogygdo qdsbo, Fymol Lobxol ogoddmegdo s &.8. sagdnm ofbs bemgols
gdmhoh@)gacﬂs dmﬁ(jaS@)ﬂongﬁ)o 30')0\)3;@0 mbogd@—ﬁm@ﬂﬁo amggggoégboh 0515(5_5)(4)'3335(5015

a93mygbgdom. 0go mgmGonmse 9g1dbgds 8B gamGosm @ doamdols (gbol a@sdsBogmemo {algdo)
s BngdsBognco  @maogzol  (smgagddol)  gBmmdmog  asdmygbgdsl.  dogo  brzol  g3mLoliggdol

94396099680 dImbs3dms dsbs sg3gd e 0fbs Ms SQL Server 2012 3539800, begne dmdbdstrgdemols
0690500 dsbols Fbstrslsggmor go - MsVisual Studio.NET 2013 06@)gatrotgdne 356980 0.

B3 33%63m Loggggdo: dsgo brgs. deobsdyg. gl ne®o. g3mmmaos. dmbsigdms dsbs. dmbodm®abaols
hoh(?)gao. 30')50(33300& Qaa‘a"aoga&ﬂs ogémao@)ocboooo.

1. Jgbsgsemo

dogo Bwgob  gzmmmgon@o  bsgombgdols  dgibog@gmo  g3mgzs s dolo  3Gmabmboatgds
056539006m379 3330 gemmo Bgdbogols ©s 3OMyMsdgdals  asdmggbgdom Lsgstrmggrombsmzgals dgdse
3B meem®os, 030 Fodmseeagbl J3g960b L MsBgaonm dodstrornmgdsl, bmemem dsgo Bmgol Lsbsdotm
Beagols s dobo dodegdsdry  BgoBmeogdols d9bs@hnbads s @330 J3994b0ls dmegdmdsls smastigdaemo
343l Bemamdg Labgmdfogml 3GomGodgd gmo dodsGormgmgds [1].

33930 Ig3bogermmo  Loskegs  Ledstimggmel  Lsbma@gddo  s@lgdnmo  dogo  bogols
3335™E0580, doMomso  deabsdggdols  gldmscgdls ©s dol dodegdsty  Badodmeogdty  bmgols
Lsbs3otm beagnBo sbsemo dm{gzmsmo dbgdals exkgaJlomgds GPS 306006589880 o8 dsmo @sdsbs
(3ogOgm 3587, dsgo Bmgol Fymoals bsggema-bsdgbogm s msdmGsBmtonm-Jodondo 33939,
dcbas(3gdms sbagmo dobols 39460l dobboom 80Q36"3Q0 Lo olgogneo Gogols "33(3.51536& ©s QQB‘Q'B.&BUBQ
0693900637 333098 96mmo  36macsdgdol MIKADO, NEMO, ODV  ©s DIVA-I gs3mgg69d00 ©s
dergomls, Bsgo begal gzmememgon@o 35608998900l 33em930 M30gdd)-mG0gbdomadama dgmBndgoondo
dmbs(3g8ms dsbol Laggmdggem by [2]

330 bm®(309madmmo  3g3bog@mo  33mgzs Lsdmemgdsl dmagz3gdl  Fgzsiebme  Bsg  bmgzsdo
doGr0msEo 93Mma060 356089980980, i35 bgme  dsmo  BsmEgbmdMozo s m30lmdMogo
dsbobosmgdemado, gemadsol gmamdsgrgdo (33eomgdols gmbols gsmgsmolifobgdon @sgsbylgmn bemgols
babsdotier Beagmols sbagmo dnffygmaema 136980 agmadsgganema 3 3mmeeobsBgdol dobgogom, G
B9y 9Be3bg  Lsdmamgdsl  dmasodl  3md3emgdlm@ere  Iggeqgelme  Bsgo Bmzol  g3memmgondo
360m3mgdgdo s ©s039a8ml dolo Lsbsdom Bemols ©s dodegds®y  BgGodm®ogdol  §3mmmgon®o
bsgOobemgdol  mmbolidogdgdo.

236 bmG(309madmmo  Igsbog@rmo  g3mgze LaBgemgdsl  dmagz3gdl  Fgzsg3ebmm  dog  bmgsdo
dotromsgeo 930ma060 3569980930, i35 gbgmm  dsmo  MemEgbmdogo  ©s  ®m30lmdMogo
3sbsbosogdemado, 3emodsBol ammdsgrno (33momgdols gmbols gsmgzsmolffobgdon @szsbnbmn bmzols
Lsbs306rc begmol sbsgmo 3myzmseo 186980 3gmadegommo GPS jmm®eobsggdols dobgogom,  6sg
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d9dga  9de3by hoﬂgoma&ah dmy 3399 dmﬁSngb‘g(‘)oQ d93o30bme  Fsgo Begol  gimememaono
363mgdgdo s ©s03gadml dolo Lsbsdom Begols ©s dodegdsdy Bgdodmengdol gimemyono
Tbsgg@obmgdol  mmbolidogdgdo.

2. doGomseo bsffoemo

Rggbo 33930l LadOmdegdem Leggdms Bsgo Bmgol gzmmemgon®o Loliggds, gg@dme dolmgols
30653905 3sBol a3MmgdBgds. LaFgol g3ty bagatms asbolsbmgtml ol mdogdigdo, Gmdmagdo
3smF9el LobBo sl s bgdsbBognmse Bmgol g3mboliggdol dodomse 3s68398)¢98L. Agabl dog®
Roedrgdnmo Lob@gdy®o sbagobol Lsggndggm by, Gmdgma bem®zogmegdmes dodeabsty bssbasc0dm
3960mEdo, gsdmogggms 9gdwgao mdogddgda:

* ¥235(SealD, Name, Length_FEastWest, Length_NorthSouth,Area, Water_volume,
Average_depth, Max_depth)

*+ 390656 9( RiverID, de0bstol—sbsbgmgds, §gsemdgdzdgdo—sybol—gsmnmda, 532,
33ergr iy @0—6036emo, 3, dwobstroli—logdg, 33, Ledgsemm—gsbmdo, 1,
OU%OB_BQBUOQm_hOHOQQB_am60(5880)%8, 3, ﬁéa(’)GOQUGOB_l}GIB‘UOQm_amg‘\)ﬂmﬂ,
©/§3.49%, LoBmsme Femomdo bstrxo 3%/§3)

+ A& ASEGO(EstuarID, RiverID, CoordGPSx, CoordGPSy, Area)

* AMV I3 SRN-"J3560(Vulnerable_districtsID, CoordGPSx, CoordGPSy, Area, T1/T2, pH, TDS)

* GPS_3MM&L065&350(CoordGPSx, CoordGPSy)

* LIBLOGNIHN—A>d560(SensitiveAreasID, CoordGPSx, CoordGPSy)

* ‘33560(DistrictID, Name, CoordGPSx, CoordGPSy, Area, T1/T2, pH, TDS)

* VIL0L-LOEROL-BSIGMEHI>0(WaterTestID, WaterT1, AirT2, Water_acidityPH,

WaterSalinityTDS)
* 33(-"3LSBEHNLMIBOL—ME0LINIdS(ActionID, Name, DateBegin, DateEnd, ... )
* s 8.0

306539800 dabols ©33OM9JB 90 33633bmO309mgm 307 -OmenAo dmegmomgdols 3G0b303560ls
boggdzgemby s dalo oblig@dgbdol gsdmygbgdom. gliss Natural ORM Architect 353980, Gmgemacs
0s3bgdeos Visual Studio.NET Framework obggacocgdae bolggdsboss [3].

36393 s M0 dmegmo (ORM) 36 Ldqds st0b 15‘536(*)6;:)3801 boggemls doﬁomoQ Bge3abors
960mdmomds s s Bmtols 393806900, Gmdmagdaz sbabsagl Lsgzmgzo bgg®emb dobbyldmmzgligdls
s d0bbglgLgdl. oz0 mgmGonmse  gegndbgds  eBgam®osm®o  doeamdol (960l gMsdsBogmmo
FT9bgd0) s Bsogdsogn®o memaogol (semagddol) g@mmdmog asdmygbgdsl [4].

sbgoo  doeamds  Bopgdmmos  NORMA-06L@3 613568330, Gmdgmo  ©833390-0m3bdstrgdemals
(0bsl @sLs3OmgdBgdgmo mdogdBgdol Bglebad asso@sbl 9.5, ®mdogBgdol, dsmo mzoligdgdols s
3619000358900 (d0bstrmemo,... , N-sérnmo) Lsboo.

3098900l s@fges dmdbdsergdemols dogd brgds NORMA 353980l bsdndsm 0bBg®ggolon o
90896905 %g® gomo ™mdogddo, F9dwga dgmeg ©s 8.3. dmeml ogoo NORMA-Loliggds a35demg3ls
069300698 30639380 ®  dmEgeml, Omdgmoi 1-gem Bsbsbbgs 6sB3gbgdo. LsomrnligGszome
303( 9090 bsdo mdogddo: ,,de0bstrg™ (River), »gUdymemo’ (Estuar) ws ,,m3s60% (District). dso Bméols
393806980 sagdmemos ,,has® (,,is”, ,,works” s bg.) 36gw0388)9800.

Fgbsdemgdgmos  Bgegado  agml  balgmdgdo, GmImagdai  Jlgmol  dmeogoszsool  Ggg0ddn
segomse bfmoegds mgom dmdbdségdmols dog® dsbsd, Lsbsd s6 doomgds Lsdmgomem demdbdstrgdemols-
330l dobsmgdo 3mb(393@mseg®o idgds.

166



Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS - No 1(21), 2016

w eco.orm - Microsoft Visual Studio

FILE EDIT VIEW  PROJECT DEBUG TEAM SQL TOOLS TEST  ARCHITECTURE  AMALYZE  WINDOW  HELP
B-ahd 9 - b Attach... - A
3
=
o
i
4
Q
=R
T
2
{'Mormal, Sensitive, Vulnerable’}
—_— Distr_Category
(o1 | (Code)
has
b [ 1] Dist_Name 1|
has | m————
z Dist_Area
T (.Sqm)
has
) | | AirT2
has (.Celsius:)
) 1 |
has
Water_T1
rd il —L Il (.Celsius:)
Est_CoordGP5x has has
(.NP) has has
Dist_CoordGPSy Dist_CoordGPSx PH TDS
(-Nr) (.Nr) (.NP) (.Nr)

'838;3360 3@&30

6ob.1. 3633 oMo iggds -ORM

Qoamdogg&agﬁg&ﬂs amggag'\nols (Entity-ReIationship MOdE'), ‘56'2] ERM - 830)(4)3 QmGOl} deG{]S@)‘aog‘Q‘aﬁm
hdgﬁoh Qoa-g'ao&]&ah (306339\*)01} 15.5(3'3633;:)"63). 83—2 GoBo%Qéa 6o6336360o &d 15(-]3801} dg\'\nahodﬂéo
39605680, G™Igmoz  dooegds  MBsramE Visual Studio.NET 2969380 338 mdsfmmee  NORMA

353930036, glss  se@g@bsonmo 356086%0 - 3613900l dmegmo (sl sJBoncse 0ggbgdls ga®ds

Oracle) [5].

EstConturld
#* EstConturld_Id
* Contur
i * DateExp_Date
River * Esl_Cuourd_¥_Mr
#* River_ ID * Est_Coord_Y_Nr
* kmValue :
= o I EstConturld
RiverMame has Stontur
Estuar

#* Estuar_ ID
* Area_Sgm
* Est_CoordGPSx_Mr
* Est_CoordGPSy_Nr

Estuar-—" ’T"ﬂ‘:é

District
#* District_Id
* AirT2_Celsius:
* Dist_Area_Sgm
* Dist_CoordGPSx_Nr
* Dist_CoordGPSy_Nr
* Dist_Mame
* Distr_Category_Code
*PH_MNr
*TDS_Nr
* Water_T1_Celsius:

6ob.2. 3063338 moergBo bigds — ERM (3s613960L degegemo)

167

SOLms-



Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS - No 1(21), 2016

moggtsdnés:

L Upégmmasdy a., 393968dg 0. (2009). 30bb6gl-36rmgcsdgd0ls 9Ju3gedme dgislgdgddo
203§ 93980madsos domgdol dbsmesddgmo dgomegdo ©s dmegmagdo. bgym, ®d.,-202g3.

2. bgdgoeasdy 3. (2015). 3006363000 3969%39680L LolB)gdgdol WINdOWS g3 33q6-
&o (WPF, Workflow, WCF Badbereremzogdo). 65§.1-3. L. ,,IT-3e06bsgmBobaol (396 0. mdomolo.
-490 ag3..

3. Halpin T. (2005). ORM 2 Graphical Notation, Neumont University. http://www.orm.net/

pdf/ORM2_TechReport1.pdf.

4. baGanmsdy a., 390930000 3., omgg®os 6. (2006). asbsfomgdnmo  mx0b-boliggdgdols
dmbs(398ms 35B980L @s3MIMYdBgds s Ggsemobszos UML-ggdbmmmaoom. 3mboa®., gy, ,.8gdbosnco
960390bod g0, mdogolo.

5. Giltekin B. Data Modeling Using Oracle (Barker Notations). http://web.itu.edu.tr/~-
cetinerg/notes/ie424t1.pdf

AUTOMATION OF DATABASE CONSTRUCTION FOR
ECOLOGICAL SYSTEM OF BLACK SEA

Surguladze Gia, Topuria Nino, Gavardashvili Ana, Kashibadze Marina
Georgian Technical University

Summary

Considered of multimedia data base computer aided design task for ecological information system
in Georgia's Black Sea waters. Determined objects, which describes the syntax and semantic Sea
ecosystem of the main parameters, particular: Sea parameters, River, Estuary, Vulnerable districts, GPS-
coordinates, Sensitive areas, Water sampling factors, etc. Object-role modeling tool using was built a
conceptual model of Black Sea ecosystem. Theoretically, it is based on a joint use of the categorial
approach (language grammar rules) and mathematical logics (algebra). Experimental data base of the
Black Sea ecosystem is implemented on the Ms SQL Server 2012, and user interfaces to maintain
database constructed in an integrated environment, the Ms Visual Studio.NET 2013.

ABTOMATU3ALIUS IPOEKTUPOBAHUS BA3 JTAHHBIX JIJIA
3KOJOIMYECKON CUCTEMBI YEPHOT'O MOPS

Cyprymnazaze I'., Topuria H., TaBapnamsuiu A., Kamibaaze M.

I'pysunckuii Texuudeckuil YHUBEpCUTET

Pesome

PaccmaTpuBaeTcs 3amadya aBTOMATH3UPOBAHHOTO TPOEKTHPOBAHUSA MYJIBTHUMEIMIHON 0a3bl
JaHHBIX JUIS DKOJIOTMYECKOM HH(POPMANMOHHON cuctemMbl YepHOro Mopsi B akBaTopuu | 'py3um.
OnpeneneHbl 00BEKThI, KOTOPbIE CHHTAKCUYECKU M CEMaHTHYECKH OMUCHIBAIOT OCHOBHBIE apaMeTpPhl
HKOCHCTEMBI MOpS, a WMEHHO: TapaMeTpbl MOps, PEeKH, JCTyapui, ys3BHMble paiionsl, GPS-
KOOpJAMHATHIL, GakTopbl 0TOOpa mpod BoAs! U T.1. Mcnonabp3oBanneM HHCTpyMeHTa OOBEKTHO-POJIEBOTO
MOJENIMPOBaHMsl OblIa TOCTPOCHA KOHLENTyaJlbHasi MOJENb SKOCUCTeMbl YepHOro Mops.
Teoperuuecky, OHa OCHOBaHA Ha COBMECTHOM HCIIOJIb30BAHUU KaTErOpUaiIbHOIO 110JXx0/a (IpaBuiia
rpaMMaTHK{ $3bIKa) M MaTeMaTHYecKoi Joruku (anreOpsl). DKClepuMeHTalbHas 0a3a JTaHHBIX
skocucTeMsl YepHoro Mops peannzoBana Ha Ms SQL Server 2012, a unTtepdeiics! monas3oBaTeneii gy

BezeHus B/l mocTpoens: B nHTerpupoBanHoii cpene Ms Visual Studio.NET 2013.
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DIAGNOSTIC TASKS SOLVING ALGORITHMS OF COMPUTER-BASED
EXPERT SYSTEM FOR DIAGNOSIS OF MAXILLOFACIAL DISEASES

Manukov Sergo, Manukov Mikheil, Tevdoradze Medea

Georgian Technical University

Abstract

The use of computer-based systems for diagnosis of maxillofacial diseases is becoming
increasingly important in recent years. Difficulties in the creation of such intelligent diagnostic
systems, are caused not only by the fact, that the clinical knowledge in the diagnostics of maxillofacial
diseases field is difficult to systematize. The absence of a specific methodological approach in the
diagnosis, blurring the boundaries descriptions symptomatic picture of diseases leads to ambiguous
and contradictory description of the clinical picture of the patient’s pathological condition. An
accurate diagnosis based on scientific studies of this processes required , therefore the ability to get
through differential diagnosis with similar diseases and the use of clinical knowledge embedded in the
knowledge base of the system, what significantly facilitates routine of dentist-specialist. In the given
article there are presented algorithms of work for expert systems for diagnosis of maxillofacial
diseases

Keywords: expert systems. Diagnosis in dentistry. Working algorithms.

1. Introduction

Currently, a lot of information and expert systems are used in the field of diagnosis of diseases
in the maxillofacial area. However, the use of information systems remains unsolved questions of
principle relating to the withdrawal of the diagnosis. Such as the problem of the study of influence of
features (semantics), diseases of the maxillofacial region in the structure of the mechanism for setting
the diagnosis. And as a consequence, the methods used by the generation of diagnostic solutions do
not allow an accurate diagnosis.

2. Main Part

The process of operation of computer-based expert diagnostic system can be described by the
following sequence of algorithms. At the start of the system is determined by the user level in the
system. There are three groups of users. "Hospital Administrator”, "Dentist", "The expert of
diagnostics”. Thus, there are three modes of operation of the system(Fig. 1.). Let us consider user
group of the algorithm "Administrator Clinic" (Fig. 2).

Hospital Administrator

——
] [ The expert of diagnostics

“ Deentist ]]

Fig.1. Operating modes
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- 7 The role of this group of users, refer to the
Lo / operation system scripts. Enter administrative data,
da / as described in section 1, includes the complete

;_/ data about the clinic and the doctors. When a

patient in the clinic (branch) in Block 2 is
determined by the patient's intent, goal: counseling
or treatment. In block 3 determines whether there is
a basis of information about the patient clinic data.
Extraction of patient data, ie, patient card is carried
out in the block 4. Further, the block 5 is carried
out patient registration, which includes filling the
passport of the patient card. In block 6, a
determination of the attending physician in view of
its expertise, free time and the desire of the patient.
In block 7 made administrative changes: changes in
the schedule of doctors, the addition or removal of
the doctors in the clinic records, etc. Here is a
group of users working algorithm -"Dentist"(Fig.3).

1A patient is for
counzeling of
treatment

Fig.2. User group ""Hospital Administrator' working algorithm

In block 1 "Description microsituations" A. is used to enter all clinical information about the
patient. In block 2 - assignment to the active level of value - META level in the semantic network

model in KB. In block 3 is conducted to summarize the operation of all the facts A, of the initial

microsituations. Next in block 4 is conducted comparing the operation with all the descriptions A of
the active level. As a result determined by the set of coordinates of tolerance. In block 5 is determined
by the maximum coordinate vector tolerance. Next, in block 6 the active level is checked whether it is
the last, i.e. micro level. In block 7 made the transition to the next level of detail, otherwise the system
refers to the unit 8, which is carried out differential diagnosis of these solutions. If necessary, missing

symptom input (block 9), complemented microsituations A missing symptom in block 11, otherwise
proceed to block 10 where the diagnostic decisions made formation. Further, the output unit 12 is
performed diagnostic decisions. The block 13 is set generated solutions need explanation. In block 14,
the system prompts the user for information to determine possible explanation solutions. In the next
step in block 15 is performed explanation diagnostic solutions.

In block 16 is determined by the adequacy of explanations decision. In case of failure an
explanation to the user proceeds to block 17, which provides additional information for making the
explanation decision. Let us consider additional training algorithm for the system user "The expert on
diagnosis” (Fig.4).
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11 Receiviag of /

A
L

Fig.3. Users group "'Dentist™ working algorithm

| 1 View 5K | The algorithm includes a correction, addition and
modification of clinical information in the knowledge base
system. Once logged in, "The expert on diagnosis" makes

- viewing the knowledge base (block 1). Further, the block 3
¥ is done editing the knowledge base. The need to continue
| 3 Ediming of K3 | the work process is determined in block 4.

Fig.4. Users group ""The expert of diagnostics "working algorithm

171



Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS - No 1(21), 2016

Consider the specific algorithms of some units, as described in the above algorithms. The
algorithm input process symptomatic of the facts presented to the (Fig.5).

Beginring
L

,-ff Lo /

—

15march o3

,.-"r Sy !
iy

43march F nKE ‘

L S FY=
§ Foermation of .IF -.'ﬂ)ﬁ {;_ ' J

In block 1 is used to enter the clinical
facility, then the system's knowledge base in
search of all kinds of properties being
introduced object (block 2). Enter the
necessary properties is made in block 3. The
block 4 is searched all possible values stored
in the system of knowledge properties
introduced above. In block 5 is made entering
the desired value. Formation of symptomatic
facts carried out in block 6. In block 7 checks
whether there is another symptom entry. The
unit 8 is carried out forming a plurality of
symptomatic facts describing the initial
microsituations.

Fig.5. The algorithm of the initial process microsituations A, description

The algorithm  unit  procedure
"generalization" of the same algorithm is
shown in (Fig. 6.).

In block 1 is used to enter of the facts
of As and indicated o th level of
generalization. In block 2 are defined fuzzy
linguistic values. In block 3 is used to enter
fuzzy properties. The unit 4 searches in
graphs FLM properties from the knowledge
base. In block 5 is determined FLM. In a
determination unit 6, corresponding to FT
scale. In block 7 searches the target value of
the model. Next, in block 8 are defined a set
of objects and values of the knowledge base
of relevant objects and clear values. In block
9, respectively, the level of generalization in
the knowledge base and the values are objects
including a plurality of objects defined in the
preceding block.

In block 10 are defined the
characteristics of objects a level . If in the
knowledge base present such characteristics,
then proceeds to block 12 where the level of a
facts formed. Otherwise, in block 11 is
performed an appeal to the user "The expert
on diagnosis" for the purpose of additional
training.
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Block 4 algorithm "Comparison
with descriptions of the active level,”
presented at the (Fig. 7.). The purpose of this
block is the set of facts comparison with all
descriptions and formation. In block 1 is
used to enter general description and
descriptions on  active o level
management model. In block 2, the choice
of the initial description. In block 3
defines two descriptions for comparison.
The unit 4 is made to build a matrix

Begia

'\TF
/: T /

L.Fims
denspse =1

J_'ﬁ'

i’wa'im. /

4. Commmm -:r1:'.=-=l_1_,fI !

:

tolerance. Combining elements of the _*

Mexs denespEicn. of o oo

5. Unitc of cxicx cloxxxmis ]i’f

matrix is performed in the block 5. The
unit 6 determines whether there is another
description of the active level. In block 7
formed vector active tolerance level. In
block 8 moves to the following
description of the active level.

s Lt

T mesdmegem

.

Fig.7. Comparison algorithm on the active level of descriptions As
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|
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Block 8  "Differential  diagnosis
solutions" algorithm of the user group
"dentist" can be represented in the form (Fig.
8.). In block 1 is used to enter the micro-level
diagnostic solutions.

In block 2 is selected first diagnostic
solution. In block 3 made reference to the
table of differential diagnosis of the
knowledge base. alternative for tackling other
diagnostic solutions are defined in section 4.
In block 5 selects all the facts that share
descriptions of active diagnostic solutions and
alternatives. In block 6 checks for certain
symptomatic facts in describing the initial
microsituations. If there is symptomatic these
facts, the conversion unit 7 is carried
coordinates. The unit 8 is carried out forming
a plurality of missing symptomatic facts.

In the absence thereof, in unit 9 checks
whether there is another diagnostic solutions
for the differential diagnosis. In block 10, the
diagnostic algorithm can form solutions.

Fig.8. The algorithm of differential diagnostics of decisions
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Submit a detailed block 10 by the following algorithm (Fig. 9.) in block 1 is used to enter all the
received diagnostic solutions. In the case of the presence of more than one diagnostic solution
proceeds to block 3, where available diagnostic solutions combined into a complex diagnostic
solution. Otherwise a transition to the block 5. In block 6, the user moves to the "expert in the
diagnosis" to additional training system. At box 7, considering the data of the previous block is carried
on the diagnostic decisions forming the active layer. In block 8 moves to the next level. In block 9
checked the level corresponding to the active. If the active level - micro then proceeds to block 10
where the output of the tuple is carried out diagnostic solutions.

1. Eteer of 2l dizgnoatic sotuticas

+

3. Combans of soluSicen o oo complsa
sodotion

-

5 Dscisdion con i Janed

w

T Formatica of coregs of dizgnoatic solution oo acive leval

10, Craeticn of dimpnoatic wolotion
Conege

Fig.9. The algorithm of the formation of diagnostic solutions

In block 15, the user of the algorithm - "the dentist" made a table explaining the formation of
diagnostic solutions.

This unit will present the following algorithm (Fig. 10). In block 1 is used to enter the level of
explanations and diagnoses, which are to be explained. In block 2 checks for more than one diagnosis.
In the case of the presence of a diagnosis to be an explanation (unit 3), defined by symptomatic
generalized facts to the active level.

Next in block 4 are output of the facts as an explanation for the decision in a sequence specific
measures of tolerance. In the case of the presence of more than one diagnosis to be an explanation in
Block 5, we construct a table explaining the decision. In block 6 are output table with symptomatic
facts explaining diagnostic solutions
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Fig.10. Algorithm of decision explanation process

3. Conclusion

On the bases on all above mentioned questions it is possible to make conclusion that for proper
work of expert system in stomatology it is very important to develop correct algorithms for a sequence
of output of diagnostic decision, differential diagnosis and an explanation of diagnostic solutions.
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AJITOPUTMBI PABOTHI SKCIIEPTHOM CUCTEMBI ITMATHOCTUKHA
3ABOJIEBAHUI YEJIOCTHO-JMIIEBOM OBJIACTH

Manykos Cepro, Manykos Muxani, TeBnopanze Menes

I'pysunckuii Texuuueckuit YHUBepcUTeT

Pesiome

Hcnonp3oBaHue SKCIIEPTHBIX CUCTEM B TUATHOCTHKE 3a00JIeBaHUI YEIFOCTHO-ITUIIEBOM 00IacTH
(4J10) B mocinemHue ToAbl CTAaHOBUTCS Bce OoJiee akTyalbHBIM. TpyTHOCTH, BO3HHUKAIOUIME MpPU
CO3IaHUN TOJOOHBIX MHTEIUIEKTYaTbHBIX CHCTEM IHATHOCTHKH, OOYCIIOBJIEHHI HE TOJIBKO TEM, UTO
KIMHUYECKUE 3HAHWS B o0NacTh nuarHocTuku 3aboseBanuit YJIO clIoXKHO CHCTEMaTHU3UPOBATh.
OTCyTCTBHE KOHKPETHOTO METOMOJIOTHYECKOTO TIOAXO0Na B JHArHOCTHUKE, Pa3MBITOCTh TPaHUI]
OTMCAaHWUN CHUMIITOMATOJIOTHYECKOW KapTHUHBI 3a00JeBaHMA MPUBOJUT K HEOJHO3HAYHOMY W ITOJ 4ac
NPOTUBOPEUYMBOMY OIMCAHUIO KIMHHUYECKOHW KapTUHBI MATOJIOTMYECKOTO COCTOSHHS TallMeHTA.
[locTaHOBKa TOYHOTO JWAarHo3a Ha OCHOBE HM3YYCHHS HEOOXOIUMBIX B TMpOIECCe IUATHOCTHKH
CUMITOMOB W mposiBiieHu# 3aboneBanuii B YJIO, crnocoOHOCTh mpoBeaeHUs AUQQepeHIIHaTbHOTO
JIMarHo3a ¢ MOXOKUMH 3a00JIeBaHUSMH M UCTIOJIb30BaHNE KIMHUYECKUX 3HAHUH, 3aJI0)KEHHBIX B 0a3y
3HAHUW CHCTEMBI, 3HAYHUTENHHO OOJErdyuT MIesATeNHbHOCTh CIIeHANCTa-CTOMaTonora. B maHHON
paboTe mpemIararoTcsi aarOpUTMBI PabOTBI AKCIEPTHOW CHCTEMBI Ui JAUATHOCTUKH 3a0o0JieBaHUM
YEIFOCTHO-JINIIEBON 00JIacTH.
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dorgmo gemo gebBmegbomn. dmegml 353900 Ggaombols Gglim@lnbembzgmymgol dstrmgols dobbom,
Gmdmol  dodoomso  bsfomos  Ggaombols  dmbebeogmdol  Lmom-gnm@ e dmobogbsos
3sJlodsgrm@o s 38sgmazaemads.

o gBsgyn@s:

1. Ho6ponexa, E.B. (2011). MopenbHbIii HHCTpYMEHTApUil OLEHKH PECYPCHOrO B3aHMO-
JEHCTBUS CYyOBEKTOB PETHOHAIBHOM SKOHOMUKH. ,, YdeT u cTaTucTuka“ Ne 1. M.,

2. Jlooponexa, E.B. (2011). Cucrema wuHGOPMAIIMOHHOIO MOHHUTOPHHIa B MpOIEcce
yrpasieHus 3P PEKTUBHOCTHIO PECYPCHOTO 00ECIICYCHUsI SKOHOMHUKH perroHaro ,,M3sectus” Bricimx
yaeOHbIX 3aBeeHnil. CeBepo-Kapkasckwuii pernos. Ne 4.

INFORMATION SYSTEM FOR ENSURE ASSESSMENT OF REGION
WITH ECONOMIC RESOURCES
Chachanidze Guram, Kviralashvili Alexander
Georgian Technical University
Summary

Considered the ensure resource management issues of region. Invited the economic method, sta-
tistical work program, the composition of the statistical indicators for regional resource management
system and the data needed for decision-making. For information system evaluation to ensure the eco-
nomic resources of region the main data obtained from the results of optimization and prediction of the
flow of resources in the region. In order to optimize the flow of resources used by the task of transport
type, and for predicting mathematical model regression-type.

NHOOPMAIIMOHHASA CUCTEMA OIIEHKHN OBECIIEYEHUSA
PEIT'’HTOHA DKOHOMMWYECKHUMU PECYPCAMUM
Yauanugze I'., Ksupanaursunu A.
I'py3unckuil TexHuyeckuil Y HUBEPCUTET
Pesome

PaccmarpuBaioTcsi BOIpoOCHl ympaBiieHHS oOOecledeHneM peruoHa pecypcamu. llpeanoxen
SKOHOMUYECKHI METOI, MPOTrpaMMa CTaTUCTUYECKUX pabOT, COCTaB CTATUCTUYECKUX MOKa3aTeNel s
CHCTEMBI YIIPaBJICHNS] PErHOHAJIBHBIMH PECYpPCaMu U JaHHbIC, HEOOXOANMBIE AJISl IPUHATHUS PEILICHUM.
Jns nHGOPMAITMOHHON CHCTEMBI OLEHKH OOECIedeHHs] PEerruoHa SKOHOMHYECKHMH pecypcamu
OCHOBHBIE JAHHBIE IIOIYYEHBI U3 PE3YyIbTaTOB ONTUMU3ALMUA U IIPOTHO3UPOBAHUS II0TOKA PECYPCOB B
peruone. C 1eIpi0 ONTHMHU3ALMN TOTOKA PECYPCOB UCIIOIB3YETCS 3a/a4a TPAHCTIOPTHOTO THIIA, a JIJIs
IIPOTHO3UPOBAHMS CTPOUTC MAaTEMATUYECKAsi MOJENb PErPECCUOHOrO THIIA.
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moigBsyn@s:
1. Mapkenoa A.M., KoszsipeBa B.A. Cmeranmna O.H. Mognenu ympapieHHs MPOILECCOM

peanuzaiuu akajgemudeckoin mobmnsHOocTH B BY3E. Bectuk HI'Y (cepus: MubopmanmoHHbIC
TexHosorun). Beim.2, cr. 55-65.

COMPARATIVE ANALYSIS OF THE BASIC AND RECEIVING HIGHER EDUCATION
PROGRAMS, TO SUPPORT AN ACADEMIC MOBILITY
Okan Eray
Georgian Technical University
Summary
There is considered an algorithm of comparative analysis of the mobility moved
students educational programs. The algorithm defines academic disciplines and elective courses. There
is conducted comparative analysis of the basic and receiving higher education programs. It promotes to
make a rational decision for the academic mobility.

CPABHUTEJIbHBINA AHAJIN3 YUEBHBIX ITIPOT'PAMM BA30BOI'O
U IIPUHUMAIOIIETO ITO MOBUJIBHOMY INEPEBO/JY BbBICHINX
YUEBHBIX 3ABEJEHU

Oxan Opait
I'py3uncknii TexHuduecknii Y HUBEpCUTET
Pesrome
[IpuBeneH anropuT™M CpaBHUTEIBHOTO aHalM3a Yy4YeOHBIX MHpOrpaMM 0a30BOr0O BBICLIEIO
VYueOHOrO 3aBefieHHs W MNPUEMHOTO, KyJa TIEpeliesl CTYAEHT B COOTBETCTBHM C IPOTpaMMON
Axagemudeckoit MoOMIBEHOCTH. C MOMOIIBIO ANTOPUTMA OINPEEISIOTCS yueOHbIe MCIUIUTMHBL. U
BBIOOPHBIE IIPEAMETHI; IPOBOJUTCS CPAaBHUTEIbHBIA aHAIN3 KOMIIEHTEHTHOCTH Y4EOHBIX IpOrpamMM
0a30BOTO ¥ MPHHUMAIOIIETO BBICIINX y4eOHBIX 3aBEJCHUI; palMOHAIBHBIN BbIOOp JncunminH st
BHECEHUS UX B JOKYMEHT aKaJeMUUECKOH MOOMIBHOCTH. JTO criocoOCcTByeT PannonansHOMY BBIOOPY

peuICHuA aKaL[eMH‘lCCKOfI MOOUIBEHOCTH.
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(33egdgdols  FgBebs Mg mIgbegdamo  abom, omde  EgBmGse  dobo  (3mEbs  sdabolig@s-
Beoc0bngol sgomgdgmo 3608, MuEash doMomse dsbodnms30a0l dmbszgdoms bsbsby sbeEogmgdls
36 3d0lBo.
36036330l 363090l gemgddOmbamo Labgemddmgsbgmel 99406530 as6q3mm3b0ds:
L ™309ddby oEogbBomgdnmo  3Gma@sdomgdols 96580  Lsbgemddmgsbgmembogol  sm0mgdgmo
36eacsdamo bebzgmymaols 3g4dbs;
2. 83 36m36s3nmo 9berabzgmymagol dmbszgdoms dsbslmsb s 3938069055
3. 5JBemegd0lsmngols dmdbormo g@sgoznmo obBg®xgolols 8g4dbs;
4. ool ©m3ndgbdocgds, Gems  Lbgs  3Oma@sdobBl  gandsdogml  dmdsgsemdo  gmeol
9034800588 (Tbmmme ©os ool 3emsBnm@dols Fgdmbzgzeda).
36macsdolbgo  xagnol  Fazdos, G@dgmlsg  9fggl  gzgmeby  360936gmmmgsbo  ggbdzools
Fglrmemgds, dol 3sc93g 396 30310908 Sregm@ds s Fglsdsdolse  39a;  babgemddmgsbgmm

190



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(21), 2016

80696393, 3OmaMsdaligo asblsbrmadagl, s s@lgdamo dgmmegdo Mbes asdmoyggbml 3Gmamsdgmo
b b39mymazals Ggbsddbgmma, ogo Jdbols sbag dgmmegdlsgs.

Amgotys 339 903b0dbgm, Lebgmaddmgsbgmmlsmgol  3Gma®sdol@ds  Igodmagds  @sfadmls
Fg30li900L  3OmgMsds, dsa@ed gsdmdeabstg odorsb, Gm3 dgmeligdol  bogg®lsem®o bk dnes

36 selgdmdl. ogo, Gmgme Fabo, obrogogema@os, Lelfsgme wsfaligdnmagdol  Ldg30030 30086
35903006567, ©s3MMaMsdgdol dgmmeogol Fg@hgzs Lmege 3 Lgddmedos yggamsby sJdnsmgéoa.

mogghedyn@e:
1. ILIAS - Integrated Learning, Information and Work Cooperation System. https://en.wikipe-
dia.org/wiki/ILIAS.
2. Dacanay G. (2010). E-learning on computer programming 2 from DMMMSU institute of
computer science — Michaelangelo. E-Intern.Scient.Research Jou., Vol.2, Issue: 2.
3. Robson R.A. (2006). Practical Introduction to SCORM. Details of SCORM - Overview. 02,
April. http://feduworks.com/Documents/SIW_SCORM_TUTORIAL_2006.pdf

PROGRAMMING AND ADMINISTRATION PRINCIPLES OF E-LEARNING
PLATFORM BY THE EXAMPLE OF E-LEARNING PLATFORM ILIAS
Gvinepadze Gela - Georgian Technical University,

Tielidze Zurab — Davit Agmashenebeli National Defence

Academy of Georgia

Summary

Acrticle is about usage of electronic systems in learning process such as e-learning platform and
their Management methods. The article discusses the e-learning platform ILIAS exemplary. In the
article is discussed multiple possibilities of e-learning platform (ILIAS) - computer-based training, m-
learning, distance learning etc. In general article is about Sharable Content Object Reference Model
(SCORM) programming and implementation. About Designation of Sharable Content Objects, about
Flexibility and other advantages. Also it is briefly Explained how to use object oriented programming
languages and xml to extend possibilities of e-learning platform and SCOs.

ITPUHITUTIBI ITPOTPAMMMPOBAHUA INTAT®OPMBI SJIEKTPOHHOI'O OBYYEHUA
U YIIPABJIEHWA EIO HA ITPUMEPE IUTAT®OPMBI , ILTAS*
I'sunenanze I'ena - ['py3uHckuii TXHUYECKHH YHUBEPCHUTET,
Tuenunze 3ypabd - AkajeMus HallMHAILHOUW 000poHbI ['py3uun
M. JlaBuga ArMarieHeoenu

Pe3rome

PaccMmoTpeHb! BOIIPOCHI MPUMEHEHHS AJIEKTPOHHBIX CHCTEM B Y4eOHOM Ipoliecce U METOJIbI
ynpaBieHus €0 Ha mpumepe tiatgopmbel ILIAS. PaccMmotpensl ee ciemyiommye BO3MOMXHOCTH!
oOydeHnue Ha 0a3e KOMIBIOTEpa, MOOWMIbHOE O0y4eHHe, AMCTAaHIMOHHOe oOydenne u T.4. Ocoboe
BHUMaHHE yJIEJIEHO BoIlpocaM nporpammupoBanHus u BHeapenus SCORM - oOpasuoBoit moaenu
00BEeKTa COJEPKUMOTO TSI COBMECTHOTO HCIIOJIb30BaHUsI, HA3HAUYEHHIO 3THX OOBEKTOB, UX TMOKOCTH
U ApyruM mnpeumymiectBaMm. OOBSCHEHO, KaK CleoyeT MON30BaThCs OOBEKTHO-OPHEHTHPOBAHHBIMU
S3bIKAMHU TTPOTPaMMHPOBaHUs U xml 11 pacurmpeHust BO3MOXXHOCTEH I1IaTGOPMBI 3JIEKTPOHHTO

O6Y‘IeHI/DI ¥ 00BEKTOB COBMECTHOT'O HCITOJIH30BAHHSL.
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2530968l sbegbls asdmbslgmgmby 3Gmendigeol bsmalibby.
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2. 6 33mgnmol IHmdols 3Gem3gbol sbagmobo
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moB g nés:

1. Kpaycn B.P. (1975). ABromaTH3aius nocieyoopodnoii 00padoTku 3epHa. — M.: Mammus.

2. ds6s39emady o, (2002). Femdol 3Oemiglol  9bg@amesdbmao  Bgdbmermanols ©sdnBsggds
86&8‘}?\“560@3&0‘8(‘1’0 (")3(5080%6(3001} 08(')(306015 60(‘\)0%‘883@)01) 6(1500) 5 hbdb&)mBanlﬁ 8386036)3600)0
odagggaooh aoﬁ)mgoh 15015(5_3)38860]5 0513@)0@)‘3(5015 ‘IOdsms dégb'ﬂg\wo Ne6, mbogmolso. —124—12733.

3. Knabykos B.®., Menpaundyenko IL.U. (2002). OT n0KajdbHBIX 3aJa4 aBTOMATH3AIMH K

uaTerpupoBanHoit ACY. XpaneHue u nepepadbotka 3epHa. No 4.
4. http://www.atmel.com/devicess ATMEGABBAUTOMOTIVE.aspx

ANALYZE OF DRYING PROCESS IN ORDER TO CREATE MICROCONTROLLER
AUTOMATED MANAGEMENT SYSTEM

Bardavelidze Avtandil, Basheleishvili Irakli!, Bardavelidze Khatuna?
1-Akaki Tsereteli State University, Kutaisi, Georgia,
2-Georgian Technical University, Thilisi, Georgia

Summary

The article describes technological process for drying of cereal crops and loose substances. The
article demonstrates and provides justification for rationality behind the idea to design and develop an
automated management system for the drying process based on modern microcontroller technique of
in order to achieve new level of quality. The present work puts forward the universal digital automated
management system (MAS) for cereals drying process. Development of the aforementioned will allow
us to dry cereals and loose substances using efficient, energy-saving methodsro

AHAJIN3 ITIPOIIECCA CYHIKM C IEJBIO CO3JIAHUS MUKPOKOHTPOJIJIEPHOM
CUCTEMbI ABTOMATU3UPOBAHHOT'O YITPABJIEHUSA
bBapnasenupze A.!, bBamenrenmsrnu 1., bapgasenrnnze X.2
1-TocymapcrBennsrii YuHusepcureTr Axakus lleperenn, Kyrancu

2-T'pysuHCKUI TeXHUYECKUH YHUBEPCUTET
Pesrome

B craree mnpuBomUTCS oOmmcaHWe CIOCOOOB Cymkd 3epHa. [lokazaHa u o0ocCHOBaHa
[eJIecCO00pa3HOCTh  pa3pabOTKM W CO3/IaHUS  aBTOMATHU3WPOBAHHOW CHCTEMBI  YIPaBICHHS
TEXHOJIOTHYECKUM TIPOIIECCOM CYIIKH 3epHa Ha 0a3e COBPEMEHHON MUKPOITPOIIECCOPHON TEXHUKH JIJIS
JIOCTHKECHHUST Ka4eCTBEHHO HOBOT'O YPOBHS B YIPABJICHHH IIPOILIECCAaMU CYIIKH 3epHa. [IpencraBiiena
CTPYKTYpHasi cXeMa MUKPOKOHTPOJUICPHON aBTOMAaTU3MPOBAHHON CHCTEMBI YIIPABJICHUS MPOIIECCAMHU
CYILIKH 3€pHA, KOTOpas MO3BOJIUT MPOBOAMTH d(PPEKTUBHBIA U dHEProcOeperaroIiui Crnocod CyIKu
3€pHOBOI'0 MaTepHasia B 3ePHOCYIITHIIKAX.
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degmotgdols  obliOndgbdgdo. Fgdmmsgsbgdmmoas 3 3Gm;glgdol  sg@mdsBobazos, Gs odmggs
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BPMN MODELING AND AUTOMATION OF THE BUSINESS
TENDER PROCESS

Kristesiashvili Khatia, Nareshelashvili Gulbaat, Sherozia Tamaz

Georgian Technical University
Summary

There is considered business process modeling of the tender process using by BPMN
standard. There is proposed fundamental issues of the tender process automation. Using by
modeling And automation European system Bizagi process suite.

MO/ EJIMPOBAHVE U ABTOMATU3ALIA TEHJEPHbBIX
BU3HEC-IIPOIIECCOB
Kpucrecuamsunu X., Hapemenamsunu I'., Illeposus T.
I'pysunckuit Texuudeckuil Y HUBepCUTET
Pesrome
PaccmoTpeHs! HHCTPYMEHTHI MOJI€IMPOBAaHHA CyLIeCTBYIOIIMX OW3HeC-TPOJIECCOB B
TeHZePHBIX OTZesax opraHusanuil. [IpexmnoxeHa aBToMarM3anusa CyIIeCTBYIOIIMX B TeHEPHBIX
ZelapraMeHTax IIPOIeCCOB, YTO JaeT BO3MOXHOCTh OCYIIECTBUTh AaBTOMATH3AI[UI0 OM3HeC-
IIPOIeCCOB, YBEJUYUTh IOKa-3aTesn 3()PQEeKTUTBHOCTH TPYAOBBIX M BpPeMeHHBIX pecypcoB. Jlmsa

aBTOMAaTHU3aIIMU 1 MOJIeIMPOBAHI IIpPUMeHeHa eBpolelickas cucreMa Bizagi Process Soute.
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STUDENTS KNOWLEDGE ASSESSMENT FORMS AND METHODS IN EUROPEAN AND
CHINESE EDUCATION SYSTEM

Menabde Tamar, Baliashvili Sofia, Kvachadze Natalia

Georgian Technical University
Summary

Article discusses criteria of assessing students’ knowledge in Georgian and Chinese
higher education institutions as well as the system of credit ranging. Article also discusses
characteristics of China's higher education System. The article analyzes European and
Chinese forms and methods for assessing students, similarities and differences between
the assessment forms and methods.

METO/IBI ¥ ®OPMBI OIIEHUBAHMSA CTYZIEHTOB B OBPASOBATEJIBHOM
CHUCTEME EBPOITbI UKUTAS

Mena6ne T., bamuamsuau C., Ksauazgze H.

I'pysunckuii Texundeckuil YHUBepCUTET
Pesiome

PaccmaTpuBaloTcss KpuTepuu OLEHMBAaHMUS 3HAHUU B BBICIIUX Y4YeOHBIX 3aBeJeHUAX
I'pysun u Kuraiickoit Hapoguoit Pecry6inku. PamxupoBanue cucrems! kpeguToB. Oco6eHHOCTH
obpasoBaTenbHOl cuctemsl Kuras. EBponefickue m xurtaiickue MeTOZsl U (GOPMBI OLleHHUBAHUSA

3HAaHUM CTYyZ,€HTOB. CxoxecTh U pasandung MeXAy MeTOodaMU U CI)OPMEIMI/I OIl€HWBAHUA.
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CREDIT PORTFOLIO MANAGEMENT ANALYSIS AND DEVELOPMENT OF STRUCTURAL
MODELS OF MONITORING
Dvalishvili Mariam

Georgian Technical University
Summary

In the field of corporate credit, for effectively managing the Bank risk it is not enough to
assess risk degrees only, in fact, implementing various methods and measures is needed which are
directed towards risk minimization. In the field of corporate credits, legal entities represent Bank
clients. Size of a loan focuses on average corporate clients. Controling the risks is important in the
process of credit risk management. The present article discusses topics such as risk concentration
limits, large credit risks in the joint limit capacity determination and analysis of credit portfolio

risk concentration limits.

AHAJIN3 VIIPABJIEHWA KPEAVUTHOTIO ITIOPT®EIA 1 PASPABOTKA
CTPYKTYPHOM MOJIEJII MOHUTOPHHT A
JABamumsuau M.

I'pysunckuii Texuudeckuit YHUBepCUTeT
Pesrome

[ng o>bdexTuBHOrO ympaBreHHs OaHKOBCKUMHU PHCKaMH B cdepe KOPIIOPATHBHOIO
KpeZUTOBaHUA He JOCTaTOYHO OLIEHUTHh TOJBKO €0 Ka4eCTBO, TAKXKe HeOOXOAMMO HCIIOJIH30BAaTh
pasIMyYHble MeTOABI M CHOCOOBI, KOTOpble HAaIllpaBieHbl HAa MUHHUMU3AIUIO PHCKOB.B cdepe
KOPIIOPaTUBHOTO  KPeAWTOBAaHMUA KIMEHTaMU OaHKa SABJIAIOTCA Iopuaudeckue mnuma. Pasmep
KpeZuTa OpPUEHTHPOBAH Ha CpeJHEro KOPIOPAaTHBHOTO KJHMeHTa. B mpouecce ympaBieHus
KPeZUTHOTO PHCKA BaXKeH KOHTPOJIb PUCKA.B craThbe paccMOTpeHSBI BOIIPOCHI, KacAIOUeCs JIMMUTA
KOHIIEHTPAllUX PUCKA, OIpeJesleHre o0beMa eJUHOTO JUMUTA KPYIIHOTO KPEAUTHOTO PHUCKA U

aHa/IN3 TUMHUTA KOHIEHTPAlluU PUCKOB KPeJIUTHOTO MOpTders.
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bagagdemr  memogmmmdgdls,  smiommgdgemos  F904d6sls Lsomsbswm  Ledstomadtogo g3 mmodgds s

dbegl Badberrmgools s Lsdstrmemols beddgdols 3scrdmbobgds.
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VALIDITY OF ELECTRONIC SIGNATURE - TECHNOLOGICAL AND
LEGAL ASPECTS

Ketevan Meparishvili', Luka Kardenaxishvili?
1-P. Shotadze Thilisi Medical Academy
2-University of Georgia
Summary

Modern life has led the market economy to its highest levels. Supply and demand of good
have raised. This was a reason of appearing a new type of trade called electronic commerce. A big
part of it was the growth of information technology, including internet interference in all spheres
of human life. A mandatory tool of e-commerce is an electronic signatures that help us setting up a
contract. Thesis presents the legal aspects of electronic commerce, which includes definition of
various types of contracts and the technology of setting up these types of contracts. Here are
discussed the legal regulations on electronic commerce in common law and civil law countries,
directives and manual principles classified by international organization.

AYTEHTUYHOCTDH 3JIEKTPOHHOM ITOAITMCU — TEXHOJIOTMYECKUE 1
ITPABOBBIE ACITEKTBI
Menapumswm K.!, Kapnenaxursumnu J1.2
1-Téununcckaa Memununackas Axkagemus uMm. I1. [lloranse
2-Yuusepcurer I pysus
Pesiome
B coBpeMeHHOM Mupe pHIHOYHAsA HKOHOMHUKA JOCTUIJIA YPE3BBIYAHHO BBICOKOTO YPOBHS
CBOETO pa3BUTHS. YCKOPHUJINCH CIIPOC U IIPeJJIOKeHNe TOBAPOB, YTO IIPUBEJIO K IOSBIEHUIO HOBOH
00JlacTu TOProBIx, KOTOpAas HA3bIBAETCA DJIEKTPOHHOM Topromieii. Haubonpumwuit Bkian B Takoit
BUJ, TOPTOBJIM BHECIM HOBbIe TEXHOJOTMYeCKHe Pa3pabOoTK{, B TOM YHCJIE WHTEPHET, KOTOPBIH
OXBaThIBaeT Bce Cdepsl XKU3HU 4YeJIOBeKa. [ JTaBHBIM OpYXXHEM 3JIeKTPOHHOH TOPTOBIH MOXKHO
CYUTATh DJIEKTPOHHYIO IIOAIHNCH, C IOMOWIBIO KOTOPOH MOXHO CO3ZATh Pa3IHMYHBIE THIIBI
ZIOTOBOPOB. B craThe IpezcTaBieHBI ITPaBOBbIE ACHEKTHI DJIEKTPOHHON TOprosiau. PaccMoTpeHs!
TEXHOJIOTUY CO3ZaHUA U OIIpeie/IeHU s TUIIOB KOHTPAKTOB. [IpezcTaBiieHs! erajibHbIe aclIeKThI, KaK
IJIs KOHTUHEHTaJIbHOI EBpomle, Tak M B aHIJIO-aMepPUMKAHCKHX CTPaHAaX , TAKXKe PYKOBOZAIILe
IIPUHIIUATIBI U JUPEKTUBBI MEXAYHAPOAHBIX OPTaHU3AI I
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336530613981 sBmdmns dpgMsmdsls.

boggsbdm Loggggdo: gegddembo. smdo. gbg@aos. asegdmls 969GaeE 0300 gmbo. dEgMsEMds.

1. dglbagsmo
@bmdogmas,  Gmd  sEmdo  Ygoagds  3OmBmMbgdols s  bgogdmbgdol  Fgd3zgmmo  egdomse
sdqbdmgmo sBmdol grmobs ©s dob gt 3gdm dgmazo edgmegomse ©sdgbnmo gmgddmbgdalisasb,
Gmdmgdaiy Fomdnddbols gemgd@®mbygm memdgel.
sqb0m dodmgls ©s gmgdOmbgdl dmcol gemogmmdgegds gergddmdsabod n®os ©s gemabrgds

dUQmB‘aéo dag:rabols Bobom[l].;goagb(?})ﬂgo 60%’0@0636015 Uémogémjagggaboao BmGoEOQUNQSB aaﬁ)am{}a
%m@mﬁgbo. 3007"30)050);:].5315 56 6&80).531‘)03325153@3;]@)60)6360 ©s 8%6363;];:)803(30@0 ]5;336& o@)mamo

doaMsmds.
sBmdol 030l9898L 3838069896 asgms B0l gegBmbadols  Ji3930L, OMBmgdls m3Bogneo
36 Logamab@m gemgddtmbgdo gfmwmgds.

2. doGomso bsffogmo

sB™IBo  gegdBOembols  damdstgmdorst  smlsbodbsgos  dobo  dobodserm@o  gbg@gos,  GEMBmals
Fqlabgdoz sOlgdemdl sB60, G@IZ36E M0 dgdsbozol  dobgozom gemgdBGmbol gbggos  dobodsemm@os
35dob, G ol 0dgmggds doMmgzoesb  ([gsmdswol sB™IBo) dmol  3oMzgmo  mEdoBol  Gswonlols
Qam9d8o. ©BsMRY6 Bgdmbzg3580dalio gbg@ans gsblbzsezgdmemas d060dsgrn®alisgsh.

350%96896300 3369 bm309mmdsms  0sbsgemEmdol s FMgoobag@ol  asbBmemgdols
dobgegzomdomgdnmo  gergdBembols  dobodscrm®o  gbg@aols  3609369mmds  9dmbggzs  deEls  mgmE0sdo
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9B GmBol d06odsgrgGo 169éae0l 360Bgbgmmdsl [2].
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69639H0gmm0 Fobsbfmtamo doamdstmds 6ogmaggbsls s 3sGgdml dm@ol.

FoBmbgools  Bosborfdom smdo  smogB63s[3], 89 EGmL  gmadBGembols dobedsmmo  gbyGa0s
0bGEgds ©5 Borsbodnmo 169¢a00l Lowowolsgsh ©admgopgbmmagdon gmgdtGmbo Bgodmagds dmfywgl
shodb. go. shedymgmo 0bowsgh geaBGebl, 3sp6ed 3sGgdml 3o6Gm3gol asgmgbom ol Bméwpgds b
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b gty Bjdobzg3080 308esbboggdl sl 33693080 (3360336903).-
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3565300 3060050%g, 67 969GagBogam Bebby, GodgmBos 0dgmegds SH™Bo.

3. sl 4360

s0go0, sB™3do dyngo  gegdBGebol dogh  asGgdnwst  gBydaool Bosb;gds b  as6rgdcBo
B96a00l  asdelboggds bogds o0domd, Gmd dobo bgba0s assbedtEgl  3sGdnl  H6aGaIB0game
gobol gBga0sl.
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THE MINIMUM ENERGY OF AN ELECTRON IN AN ATOM
Khidesheli Givi
Ph.D. of Chemical sciences
Summary
In the work is discussed the minimum energy of an electron in an atom. There is given an
explanation: that minimum energy of an electron in an atom, molecule, and substance is equal and
corresponds to the energy of attraction of the electron by the nucleusand steady-state of energy
background energies of the environment; it is equal to the energy of environmental background
energy and is regulated by absorption of energy by the electron from the environment or radiation of

energy in the environment, so it does not fall into the nucleus, which leads to the stability of atoms.

MUWHHUMAJIBHAS DHEPT'US DJIEKTPOHA B ATOME
Xugemtesnu I'.
Kauguzat xumMuueckux HayK

Pesrome

PaccmoTpena mMuHMManbpHas SHeprus 3JIeKTPOHA B aToMe. BrICKasaHO MHEHMe, 4TO B aTOMe,
MOJIeKyJIe, BellleCTBeé MUHUMAIbHAA SHEPTUs DJIEKTPOHA OJWHAKOBA U COOTBETCTBYeT PAaBHOBECHOMY
COCTOSTHUIO DHEPTUH IPUTSKEHHS 3JIeKTPOHA ANpPOM U DHeprermieckoro ¢dona cpensr.OHa paBHA
SHEPIUH DHepreTHYecKOro (poHa cpemsl M peryIupYyeTcs IIOIVIOIeHWeM 3JIeKTPOHOM SHEPTUM U3
Cpelpl WIM H3TyYeHHeM DJIeKTPOHOM DSHEPrHH B CpeZy, IIO3TOMY OH He IafaeT Ha AAPO, UTO

00yCJIaBIHBAeT YCTOMYNUBOCTD ATOMOB.
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