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3900509393H0gdol  domgodol 3MHmEqldo. dsMEGH030 Gg5d3os bgds gMm Loabscwbg gdmo Joggdoom.
3033wgdbmEo Mg5d0oL MM gglisdsdgds LoGwoEogoL, baoz mMo 56 dg@o Tgbsdwm LEBH0TMWOos LsFoMm

390050939G0wgdol Jowgdols 3Gm3gLido.
9399m0> 9900535H9d0s B396 doge 89ddbogro dmfgmdogmds
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(GgLodsdobo  30BOHMEO  Loaboegdol  13gJBHMoL  Logsbol gdzoMmgds), Moy, ©o30L TbMog, odwggzs
L5@ 9936035300 sMHYBIOL A59BHIMIDM0s6MOOLS s FoblmgmMdOL IMFYMdOEWMIJOOL (39350 MdIJOOL
930b6M30MH5 259mygbgdols GgladergdEMmdL.

1553356dm Lo@yzgdo: 989IGHWIO0 3NOMds; FOROZ0 FoMEOLIHI; BHMBLEMMIBES; MbsGmwo 3m©gdo;
3539560L 301009005 )Bs3sMYM 3MPOMYDs; LIIBOMYDS; 5O3EE0s.

306050 bsfogo.  Bbzoolbgs Labols Ls@gamgzmdmbozozom Logbswgdol  9x9ddHMMo  3MmoMmgdol
50m396oL  FomBmaagbl obgmo 3mgemol dgddbs, MmIgeos YbOWbzgaymal Lsfyobo (3o63s6gwo)
Logbogol 3md3sd@«® (9839dGHNIM) S0fgMsl 96+, Lbgsbso®mow M®I gmdzsm, dobs 89349335 (3ma3Mglosts) [1-6].
0L Bsdgumgzmdnbogzsgom Lygdml 6gdoldog®o  dmdbds®mgdwolmgol  3bmdowos, M®mE dglsdsdobo
JBggdols s LobGIgdol bodmewgdom dgEYmd0bgdsms 49H3EJds s JoEgds bMM(3090Ids (30BOHVI
303500, M3 29630MHMdIOME0 (30R3MWWO 3Jeg3MmTMbo o300l dmgEo M0yo (36MBOO M30MEJLMIYGOOM
3b5@mam® BHgwg3mdMbo3sEosbomsb dgsMgdoo [2].

LoG9w93MmIMB03530M Logbosegdol F0BOHYIEO Lobom sTds3gdol, Jo®oEJdol, Jomadols s sMJoz30MgdOL
0900Mm©gool 05089330  30MsEBHILMBJOOL  MgoEoBG3os 290339 3OMIYISLD  50IMPbS
5393000900, Moz, M30M39wgl  Ymgerols,  2ob30MHMdGOMos  Lodgwrglzmdmbogzsgom  s®bgdol
399G5Mb5M0sbMdOLs s  FoblmgzHMdOL  (5Mdo3060900L)  FMFYMBOWMBIBOL  BHJ39MdOL  ABMmPOL
3300090 MBOM. gb 30 3M9dBH03NMoE w93 gdgE0s SOHJIOL 8@ MBIM0BMdOLS s FoblmzHMdOL
dmfymdomdgdol dgbrmMEo  MLwEOLYdOL 9sdm, JomwdgBHal msbsdgmmgzgg dmabTsmgdeol dog
9D5MH©0 0683mMOHI530v0 6535009008 dnmbmzbols 3o0HMdgdTo.

999056 209mI0bsMy, 30x3OHMEO 3Hgdbmemaogdol asdmyqbgdol 999wy GHgurg3mdmbozsiool Lygmml geho-
9JOM0 1030 LO 58M3565L FoMTMogbs oGO LoABsgdol 35390l Lobds®Mols s, dglsdsdobo,
L5Egg3mIbozsgom s®bol LobdoMgms Bmerol (Jobo 2s9EHsMYbsM0s6MdOL) 9x39dEOo 958mygbgds. 50
50m3960L 4oofiyzgde 3o dqLodwgdgwos Ls®gwg3mdmbozsgom Logbswoom gosboggdo 0bxgm®mBszosdo
LoFsMdOL  Fg930M9d0L  ABom.  F0BROME  Lo®Bgwrg3mdnbozsgom  Logbsegddo  LoFo@Mdol  dgdzoMgds
MBOHMB39wymzl dsblmgmMdol (56Jog3060m900L) TmFYmdoEmdgdOL $390MdOL JB39]GWIMS© Fodmygbgdolss
domo  dgLodsdobo  0bgm®Tozool  RofgMoliol  (sdeblmgMadolsl).  GHgdbozm® oG Me@wesdo
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05933000900 GHgMdobmmmyool dobg300 29sloEgdo 068mEMTs300l IMEMEMdol dg030MHgdsL Mo
d900mbgg30d0 39fm©gdm 0bxgm®mPozool 8939ddzoL, Logbowol 989dGHWO 3EOMGILL 96 g3mbmdome
300MJBL 96 300093 3335dH IO 3MPOMYOL. 0bAWOLOY6MZ96 WoEIMIGMMTo godmMoygbgds Gghdobo
»compression (30836MHgl0s), La30MOL3OMM M3gMS30OLMZ0L 30 - ,,decompression® (©)3mA3MYLOS).
50b0d6ds 250 gdmgdsd d0dyo Fobs boGYIEg3dMbo3sE0M 30BOVIEO Logbowgdol 3mA3Mglool IMg5wo
3900mEOL 5319853905, MMIGEMOgb MoMMgMo Fomysbo A5M339990 LoBMLE0M MHBOHMB3gLYMAL
308OMo Loybsegdol 3MAZMYLOSL bgoslbgs ba@olboo.

9%39dEHWO0  300MHJIOL  SMLGdIMWo GOm0 9BvYdbgds oMb YMgdgdol LEBIGHOLEGH0IMG ©
50500560 BLOJMBOBOMEWMYOO 1530L9dMMGdIOL [2].

©OgoLsm3z0L 339 ©s9T53900)0 s MJo0BGOMEI0s MIMZ0 ©d FMIMO30 JoBMBabHyEgdgdOL
308OMwo Loabswgdol 3md3Mglool JPEG (Joint Picture Experts Group) s MPEG (Motion Picture Experts Group)
9Ju39HGHMS  X3MBJOoL dogh  M93mIgbEoMmYPPMOo  »dMEZ @S FMdMsg  QodMbobmgdsms  3MI3MHglool
F9L005d0Lo  bEBBIMEBId0, OMIgEWMs J3939MbIEL (9HMN-gM doMomsE  3mI3MBIbEL) FoMmBmoygbl
9939d&HO0 3mEocmgdol LoLEJIOL 2539000  AoTMLObMEgdgdOL 8x8 Bmdol g3MoadgbEgdol (derm3gdob,
XJIBIOOL)  2o0M©oddbs  OLIMgEBHMo  3MLOBMLYHO  30HEI30MO  FoMEslobzol, bmerm dodwgddo -
©oL3MIGHMOo 30bOBMLNYGHO 3MRIMELEBZOL Fo8mYgbgdom. MPEG 0m3owolfjobgdl, sgMgm3yg, dygMomo
056bgdol Logborgdol 3md3MaLbostsg [1, 3, 4] .

L. 1-Bg, bmer. 2-Bg s bYO. 3-BYg HoHImagbowos Lsdo Lb3ssLb3s BHodol - 306, LsdMsmwm ©s
05050 EYGHI™MI0L IJmby R39Ms©O  Fodmbsbrmegdgdo, HMImIdog Fodmygbgdwo odbs 3gMmLmbowme
30033093HgeHBy  dmEgwomgdol  dgdzgmdom  Bs8HGMATo  9gdmmez5HgOMEO  5©ISGHWOHO  3OMGOOL
5€MO0mMAoL §539JEHOMOOL Fgx35L9doLmZoU:

g l
L. 1. go8mbobryengds L. 2. 4o8mbobryengds L. 3. 4o8mbobwyengds
»000blg“ »Q50b0* »390mymds“

399mbsbmngdgdol  3md3MHgboologol  89dmdsggdeo  JPEG s bbgosbbgs  @obodbmamgdols MPEG
LEHOBbOMBHIOO  AoMHEILOLZOL  FBbMM309wgdol  T9dgy  0mZ5¢oLobgdL  EGHMIBLRMMT6EHJOOL  F(u,v)
3095303096300l ©933956(¢)3oL, oo 3MEOMPISLS s Ad@OEgIL (56 Fgbobgsol).  asMslisbyyaro
299mbobengdgdol s©0Ea9bs 30 bmM309wgds GMIBLEMMIsBEHIOOL 3983030963 JO0L ©Y33955EHMIdOMS S
d9L50590L0 3RO ILIbZOL A5TMYgbgdom.

5060860 bEHbIMEHIOOL JobgEz0m BIMSEO FoTMBEbYYMGdIdOL 11035835808 Y dygbgywol dgbsdsdolo
GMBLRMOTDBEHL 3953030903900 93356335 bgds [Qy] Fs@G®OEom, bowrm ggdLbgsmdomo Cr s Cb
90099690 gd0b dgLodsdolbo EGHMIBLEMMIBEGOOLMZOL odmoygbgds [Qe] ToGH™ogs [3].

R0OHIoMGOMo GHMIBLBM®TbEHIOOL 3356 3mIB0E0gbGHIOL, MMIgEms 3Mm®E0bs@gdos (0,0), dsmo
2396Ls3MMOGdMwo  3609369wmdol  3sdm  Fgodwgds MMM  IMNZ9M0  (B0HOMSO)  3M9BO3096E0,
306500056 00 9903936 BM9d96EOL Tglobgd 0bgm®dsgool 360d3bgumgzsb bofowl, bemwm g3z9ws ©sbs®bgb
3M9B0GE0IOAL - 50500935M0.
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533550 8003500  309803096GJO0L  MBsIsMPMm  3MmOMYds bgds MbsHMo  3MEYdOL
3HOOOoL 250mygbgdom, bmwmm ©s3356GWWo (533500 3953030963 JOOL b3sboMgdMEo F0dEI3zMMdOL
M©96535M3m 3m0Mds - F500M30L L3YEOIWMMs© 8999985390990 (33¢s0 LogMdol 35335601 3MEIdOL
3HOogdol ds9mygbgdoo [3].

oMbgdMmo JPEG s MPEG U@sbom@gdol 8obgpgom @®msblgm®dsb@gool 3mgzosogbdgdool
13960MgBOLMZOL 2odmygbgdE0s GAMIM [MEIOMEO HBodBsY-3MOHOBMbEHIGO 1i3560M7dOL Jgmmeo.

6596Mmddo  99mM 39359005 BHMBLGEMMIBEJOOL 395303096 JOOL LZsboMHGdOL bsdo sboswo -
D0 b58-390303509M0, 3mOHODMBEBIMMHO ©s 39MFGH0IIWOHO 350M056BHIO0, MMIIdoE d9dmygbgdo
0gbs §omdmagboro 306039we0 3odmlsbwargdgdol 9239dGHwIMH0 3MEoMgdolm30L.

d9Lododolo, 13oboMGBOL  35605DFGHIOOL XoTMMO MoMEIbMdss 4, OMIGWmS  3MEOMJIOLMZOL
LoFoMms 2 o353 gO0m0 OHMBOMO LOTdMEM 45(39dd.

JPEG  13Hobs®Gol  Lsggmdggan®y  gobbm®Eogms  30039wso  (bsfyolo)  as38mLobmergdgdol

30336900l gammH35HdMWOo  SEMMHOmMTgdoL dmEgwotgds. M. 4-Bg, L. 5-Bg s LyG. 6-By

o®dmopqbowos  JPEG  LEobod@olb  Logmdzgwbg  ImEywodgdol  dgogge©  30m336MgLo6MHgdwEwo
2959mbobwengdgdo ,d00mblg*, ,,s0Lo“ s ,d90mEYMIS“.

bE. 4. 333HgLOOGOWO L. 5. 300360H9L0MGOWO L. 6. 30036H9LBOMYOYO
2359mbabengds ,000bLg“ 2393mbaboegds ,,oobo* 299mbsbegds ,d90mymds*

9%39d&HIO0 3mEoMgdoL (3mI3MHgLool) F 35d@m®mo go0mmgeowos 0dol aom3s¢olfjobgdom, Gma Lsfyobo
BIOMSO0  358Mbobyagdgdol bmdss 256x256, bmerm Jsmo 103835806 Y @ g3gMlbgomdomo Cr s Cb
9009069 gd0L  gagdgbEgdol  3mEoMgds bEgds 8-msbMogs MmMMdomo Mmoo (8 d0G0). sdo@md
399mbsbmmgdgdol  BGvwo  Logbogdolmgol  sobstMxgds b  mi=3x256x256x8=1572864 do@o.
9L, 5M55I3EGHNIMO S 5PI3HVIMO 3MEOMIOOLLL 3MB3MGLoOL F1 s F2 god@EmMgdos
Fi=mi/m2 s F2=mi1/ms,

LooE M2 s M3 MOMBOMNO LOTdMEMIIOL MMmEI6MIYI0s Fodmlisbregdgdol 553G WIM0 S 5ISGHIOO
30Mgd0LOL Fgbododols.

3bcowo 1
24500bsbEgdgdo mi m2 m2 Fr F2
“domblg” 1572864 61311 60525 =25.653 25.987
“@s0bo” 1572864 38472 38083 ~40.884 41.301
“090mymds” 1572864 110202 109624 =~14.274 14.348

s0gb0wo (3m336Mg506MJdME0) AsMLILMEgdIdOL MdOYJGHWIM0 3M0GHIM0MBIdOL Logwdzgu by
39335900 FoB39b9dEgd0 (L5vYSEIM3IZOOMIENE0 30MIOEYds €2, Logbools s bdswMmol BsMEMds - Li/b)
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fom8myqbowos 3bGowdo 2, Loosbsg hobl, HMI 5060860 356599FMgd0L I6083690MdId0 BobOMgdOs
2090bsbgdgdol 3md3Hgloobs.

3bcowo 2

290mbsbwyegdgd0 €? /b, ©d
“domblyg” 6.982 26.857
“osolo” 7.521 24.901
“G90mepmds” 11.456 22.382

o336

doMOMo0 990093900, MMmIgdoE 300gdwEos HoMmdmagbow 3MmgdEdo, 990ga0s:

1. 65Bg969%00 (308300  Logabowrgdol  45s3Egdslmsb s  9MJog06MHgBdLMD  ©s35380MgdMEO
36MMmdwgdqdo, MHmIol  bsxwdzgwbHgs LIS  1sJoMbOL  5dGHMowmds, o3  YWOLLIMBL
3OBOMWo  Logbswgdol  3mA3Mglool  Lsdmewgdom  9gBRgJGHIOO  3MPOMIOOL  dobbmEmEogmwgdol
39(30¢0gOMBO.

2. BoB39bgd0s 690w 258mbobmargdgdol  dglsdsdolo  3ogMWmo  Logbsmadols  3ma3GMglools
d9LodgdMds o0 LEIGOLEHOIMMO 35M53gEHMOOLS s 5©F0sboL s0ddol  BLodmgzgobomEwmyonHo
0530190310 90900L gomzoerobobgdol Laggrd3zgwBy.

3. 8O0  a33mlbobwgdgdol  3md3Mgbool  dobboom  ImEEo®mgdol  Lsdmowgdoom
396bMO3090qdM@0s  Fomo  BMYTIDGHOE0S,  BMATI6EHIOOL  go®sddbs  olMgFBHWwo  3MbobMlmHo
39Mbob3oL  godmyabadom @y BMOBoMmYOIMEo  GHOMBLBMOTBEHIOOL  3mEomgds JPEG  LEsbs® ol
d9L50590bs.

4. $o0dm©agboos LozIwo BgMs©o godmboboemgdgdol ,d0mblLg", ,s0Lo“ ©s ,d90m@mds*
30036900l 9839JGHOMdOL dmbs3gdgdo om0 OB s FJIMMeZ35HIOMWO 5I3EHWIMHO FgoMEIdOm
9%39dGHIO0  3nE0MYdOL F9ggRo®. 3gMHdme, Bsh3zgbgd0s, MM QoMEILabgol 3mgz03096¢goolL 13sboMgdol
dbmEmE sOLYIMEo IgomEOL 253mYgbgdolsl Fsdmbsbmagdobmzgol ,00mblg*“ 3mI3MLOOL God@mMos
25.653, 253mbobuyangdolmgol ,@oobo“ — 40.884, bmem s8mbobuyegdoliomgol ,d90mamds* — 14.274 95306,
HmEIbsg  B3sbomgdol  gommszsBgdMwo  5©s3GHOO  Igomeol dgdmbggzsdo 0039 8sB39bgdwgd0s
F9Lodsdolo 25.987, 41.301 oo 14.348.

398myggbdrIEro wodysB@s
1. Bernard Sklar. Digital Communications: Fundamentals and applications. Second Edition. Communications
Engineering Services, Tarzana, California and University of California, Los Angeles. Prentice Hall P T R. Upper Saddle
River, New Jersey 07458. www.phptr.com. 2003. — pp 1074.
2. x. bmbfis®os, 3. LBH3gHmasbo, g. buybfistos. Logbsegdol FgsGml 3momgdol 3hobEodgdo. mdogolo,
Logs9mI3gdemm Lsbeo ,.¢gdbogm@o boggMlodg@o®, 2009. — 140 ag.
3. . Canomon. CkaTue TaHHBIX, H300paskennii u 3syka. — M., Texnocdepa, 2004. - 368 c.
4. XyHuapua . M., XupbsHos l0. A., XyHuapusa /1. K. Komnpeccusa m3obpaykeHuin Ha NpMmepe cTaHaapTa
JPEG. — T6unuck, GESJ: Computer Science and Telecommunications, N4 (27), 2010, c. 76-85.
5. Recommendations of the H-Series, CCITT Study Group XY, Report R37,1990, ITU-T H-261.
6. Kaup A. Object-Based Texture Coding of Moving Video in MPEG-4. |EEE Transactions on Circuits and Systems for
Video Technology Bd. 9, 1999, pp. 5-15.
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3060l BMbJE0s 3Ll gsbEmergdols 300390 LolsBM3MM s5dm35bolsmzols

8535¢33M05H0L  bdwgbdo 649056y 005603,
b3, 065mm059030b5 ©s Ostrorzol bolbBgdydob

R5379¢°AIA0 imanova.nurane@agtu.ge
b9emddm3569¢m0 - sbeag.360%. Y.039005G30¢70

69bom0y:  gobobowgds aMobol BMbJos wadealol AsbEMemgdol 306390 LsbsBLIMM S8mEsBolsmzoL -
OMObEgl 5dm3560L5030L, Folo doMOMsEO M30L9dJd0 S bbgoalbgs Mol dgdmbggzsdo dobo Ebswo
Loboo Bsfig®mol Logombgdo. domgds@olymo Imgwromgdol 3Gmaglido gom-gMmo 36083bgwmgzsbo syowo
3063l 39MHIMFoMIMYGdIM0sbo  oRIMBE0sMMHO  gobBHmmgdgdolomzol, 850 FmMmOL  EE3Eabol
23963M@gdoLom3z0l, LoLaBEamMm 58mEsbgdOL  sTMbLBLL. LOLaBEZMM  sdmMEsbgdOL  sMbLBOL  Lbgsalibgs
0900m©0 5OYdIMOL. B3gb 2ob30boWsgm WsdWsliol AsbGHMWgdoLomz0l oMmObEgl LolsBOZMHM smEsbols
59mblbsl a®0bols wbjsgool d9dgqgmdom. s0bodbmmo dgomEo bydMsEgdsl a35dg3L sboo Lsboo -
0639365 mo  GmMdom  [oMm8m350a0bmm  oMobEgls LsbsBOzM™  58Mm35boL  sTMbsblbo 4963390
LodgEHMOMEO 5MggdolL Tgdmbgqzs80. aM0bol MbJ3000l 53905 65B3969805 gaErgdBHMMULEG03MMO sLobzgdol
30063030l gsdmygbgdom 3mb3MGHMEo 5Mggdol dg0mbgz935d0 s sdmfigMowos Iglsdsdolo Lobobgmhm
59m 3560l 5Mbsblbo 0b6EYAMIHO BmGTom.
1553356dm LOBHY3900: 3WsLOL 2oBEMEYdS. LolsbOzmM sdm396s. FMHObOL Gmbdiz0s.
306050 bsfogo: Fomdmpygbowos @oMmobamgl sdmEsbol sbds Es3sliol gob@magdolsmgol LogMEols
5 LodGEYoL 890mbgzgzsdo. gMobol BMbdEos 4obolsBL3MYds, HMYMME 1B3gE0sMHo Lsbol oMobwqls
50m 3560l 53mbBoblbo. gMmobol gmbjsool doMomso ™M30L9d900 sEyIBowos 3sGmdmbomwo gmbjsgogdol
®30L90g00Ls s AMHObOL BMMTIMEGIOL 25dmygbgdom. gMobol BMbdzos LodgBHMoWos sGMYIgbEHgdOL
00056, Mo 3odmLobsogl 30B03sd0 JoMao bs3bmd MMmogMmddgwgdol 3M0b3odl. aMobol gmbjsool
09839M0000 06¢)gaMoMHo m®Iom [oMm3mygbocos oMobergls sdmEsbol gMHmoEgHmo sdmbsblbo vdsb-
Mdsb emzo 96Mggd0L 89dmbgzgzs8o. gegdBHOMLEAGGH03MM0 slobgqgdol 3Gobodol gsdmygbgdoom aGmobol
3bdool 93905 Bsbggbgdos 4903390 bodgBHMool ddmby s6ggdolsmzol - doMmMZobsmzol, HHobsmgzgol,
LogMEOLIMZOL BOOMIMEO VOO, BsbgzsMLOZOEOLIMZOL. 0BT sBYIdOLsMZ0L 3bswo Lsbom
59mfi9mH005 oMbl 58m3Esbol 59mbsblibgdo.
©3l333bs: 5033565, 2oBLLBOZOMWOos M0bol BMbJE0s Wsdwslol FoBGMMgdoL 30Mm3gwo Lobsbrzmm
50m3560L5m30L, BsdMYs0dgdME0s ol JoMOMsEO MZ0LYdYd0. 3MBEIMYBHMWo sMggdol dgdmbggzsdo
3500 Lsboom BshgMowos FgLsdsdolo 4mobol imbJgos s dobo d9dzgmdom 0bGHgaMowmmo gm®Iom
969960005 oMObEgl 59m3560L 53MbsbLBO Wsdrsliol 4obEHMEgdolsmzob.
358myg96909emo wo@ghsdmes:

1. Tikhonov A. N., Samarski A.A., (1977) Equations of Mathematical Physics Nauka, Moscow (In Russian);

2. Ladijenskaia O.A., Boundary Problems of Mathematical Physics (1973), Nauka, Moscow (In Russian);

3. Gegelia T., (part I - 1987, part I — 1989) Equations of Mathematical Physics, Tbilisi (in Georgian);

4. Sveshnikov A.G., Bogolubov A.N. and Kravtsov V.V. (2004) Lectures on Mathematical Physics: A Textbook

for University Students. Nauka, Moscow (In Russian).
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Qr-KoAbl: co3gaHue U NnpUMeHeHue

Cmyoenm oakanaspuama Pamas
T'eunosicunus, I'TY, Gaxyromem
uHgopmamuku U cucmem  YnpasieHus,
ghvinjilia.r@gtu.ge

Pykoeodumenso — npogp. H. bepas

Pestome: B paGore paccmaTpuBaioTCs NPEeAIIOCHIIKM IIHPOKOTro ucronb3oBanus QR-TexHonoruii B cOBpeMeHHOM
rHGOPMALOHHOM OOlecTBe, B TOM 4ucie u B cdepe obpasoBanusa. B wactHOCTH, B paboTe 3aTpOHyTa IpoGiIeMa
PaIlMOHAJIBHOTO MCIIOJNB30BAHIA BpEMEHHM, 3aTPauyMBaeMOro IIpeIofiaBaTeleM [JIf PEeTUCTPAllUM CTYZEeHTOB,
IpUCYTCTByIOWUX Ha JeKuuu. C Ienblo pelleHus TaHHOW IpoGJIeMBbI IIpefoXKeHa peanusauys IPIIOXKEHUT,
Pa3pabOTaHHOTO IOCPECTBOM METOJOB U CPeZCTB 06BheKTHO-OPHEHTHPOBAHHOTO IIPOTPaMMUPOBaHNUsA, KOTOPOe He
TOJIBKO aBTOMATHU3HPYeT IIPOLECC PETUCTPALlUU CTYLEHTOB Ha JIEKIIMH C IOMOUIBIO CKAaHHPOBAHUA TeHePUPYEeMbIX
npwroxenueM QR-komoB, HO M JaeT BO3MOXXHOCTh MOHHUTOPHHIA IIOCEIIAEMOCTH Y4eGHOTO Kypca KaXIbIM M3
CTyZleHTOB Ha IIPOTSKeHUH BCEro y4eGHOro ceMecTpa.

Kirrouesste cioBa: QR-koz, 06beKTHO-OpHEHTHPOBAHHOE IIPOrPAMMUPOBaHUe.

OcnoBraa wacTh: CoBpeMeHHOe MHGOPMAIMOHHOE OOLIECTBO HEBO3MOXKHO IIPeJICTABHTH 6e3 HEeIPephIBHOTO U
GBICTPOrO PasBUTHUA NHOOPMALMOHHBIX I KOMMYHUKAI[MOHHBIX TeXHOJIOTHH. JlOCTyITHOCTS NHTEPHETA, a TAKXKe €T0
r06abHOE PacIpoCTpaHeHYe TIPUBEJIO K HeOOXOZMMOCTH 06pabOTKHM OTPOMHBIX 06beMOB HHPOPMAIUH.

B HekoTopsIX Ciaydasx mpu obpaborke mHGOpPMAIMK MpUOErarT K ee KoguposaHuio. OZHUM U3 CIIOCOGOB
KOAMPOBaHUA SIBIAETCA UCTIONb30BaHue QR-TexHOMOTMIL.

[Tupoxoe ucnonarsoBanue QR-KOJ0B B IIOBCeITHEBHOM XU3HU 00YCIOBIEHO OBICTPOTOM U 3G (EKTUBHOCTHIO
moucka HMHGOpPMAIMM C WX IIPUMEHEHHeM, a TakKe IIpeJiCTaBleHue caMoil HMH(OpManMM B MaKCHMAaJIbHO
KOMIIAaKTHOM U yJo6HOM Buje. SIBHble nmpemmymectBa QR-KozoB, BKIIOYAad NMPOCTOTY CO3TAHMA M IIPUMEHEHUS,
TIpUBEJIH K aKTUBHOMY MX HCIIOJIb30BAHUIO BO MHOTHX 06JIACTAX, B TOM YHCJIE U B 06pa30BaHUU.

B manHoit paboTe mpeAIoKeH MOAXO0/, KOTOPHIH 0CBOOOIUT IpernoaBaTesieil OT pyTHHHOM «pyuHO» paGOTHI
¢buKCcauuy IPUCYTCTBYIOUIMNX Ha JIEKIIUY CTyAE€HTOB.

bruro paspaGoraHo m peayin3OBaHO COOTBETCTBYIOIIee IPOTPaMMHOe OOecIedeHHe C IOMOIIBI0 0OBEKTHO-
OPHEHTHPOBAHHOTO A3bIKa IporpaMMupoBanus C#, MO3BOJIAIONIee IIPU IIOMOLIM KaMepshl, pa3MellleHHOH y BXoja B
ayZuTOpHIO, 1100 IIpU MOMOIIK KaMepsl HOyTOyka o QR-kony pukcrpoBaTh BXOASIIUX B ayAUTOPUIO CTYE€HTOB.
ITpu paspaboTke anIIMKaLMK JJA PETHCTPALIUU IIOCENIAeMOCTH CTYJeHTOB TaKXKe MCIIONIB3yeTCsA NMOAKIIOUeHne K
6ase JaHHBIX C IOMOIIBIO HHTETPUPOBAHHOM Cpebl pa3paboTKU MporpaMMHoro obecrneuvenus Visual Studio.

PaspaGoTanHoe npunioXeHre faeT BOZMOXKHOCTD ITPEIIOAaBaTeNIO He TOIBKO BRICBOOOIUTH Ha JIEKIUU BpeMs,
3aTpaumBaeMoe 111 GUKCHPOBAHUSA IPUCYTCTBYIOIIUX CTy€HTaX, HO M IIOIYYUTH OLIpe e/ IEHHOIO CTATUCTHKY 10 X
IIOCENIaeMOCTH B TeYeHHH CEMeCTpa, IIOCKOJIBKY JAaHHBIE O PEeTHCTPUPYEMBIX CTy[eHTaX aBTOMAaTUYeCKH OynoyT
3aHOCHTHCS B 6a3y NAHHBIX.

Kpome Toro, y mpemosaBaTess C MOMOIIBIO Pa3pabOTAHHOTO NMPUJIOKEHHUA €CTh BO3MOXXHOCTH BHECEHHS B
CIIMCOK TPYIIIBI HOBBIX CTyAEHTOB. Takke B reHepupyemsble npunoxeHumeM QR-Komsl MoXKeT ObITh 3aHeceHa
TOIOJHUTeIbHAS MH(pOpMaIua A1 MpenojaBaTend O KaXAOM U3 CTy[eHTOB, KaK HallpuMep, HoMepa TeJe(GOHOB
CTyZIeHTOB, a/Ipec 3JIeKTPOHHOM IIOYTHI.

BriBog: PaspaGorano mnpumioxeHume Ha a3bike C#, ¢ IIOMOWIBIO KOTOPOIO OCYILIECTBIAETCA aBTOMATHYeCKas
perucTpanus BXOAAIIMX B ayAUTOPUIO CTYAEHTOB IIO CTeHEPUPOBAHHBIM IpenBapurenbHo QR-kozam.
IIpemmosaBaTenb mMOTydaeT BO3MOXKHOCTD JOCTYTIA K CTATHCTUYECKOM MH(GOPMAIUH 110 TOCEeIaeMOCTY CTyA€HTOB KaK
Ha TeKylell JTIeKINH, TaK ¥ Ha IIPOTSKeHHH BCETO CeMeCTpa, a TAKKe JII000# IpyToi JOIMOIHUTeIbHON HHPOpMa Uy,

KoTopas GyZeT 3aKOAMpOBaHa B TeHEPUPYeMblIii paspaboTaHHbIM HputokeHneMm QR-koz,.
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Virtual Reality and its applications in real life scenarios

Bachelor’s student - Parnavaz Tkemaladze,
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Science supervisor: Professor Lily Petriashvili

Abstract. In recent years Virtual Reality has received an enormous amount of publicity, it is an interactive,
participatory environment that could sustain many remote users sharing a virtual place. Virtual Reality is
characterized by the illusion of participation in a synthetic environment than external observation of such an
environment. It relies on three-dimensional, stereoscopic, head-tracked displays, hand/body tracking, and binaural
sound. Virtual Reality is an immersive, multisensory experience. It is also referred to as virtual environments, virtual
worlds, or microworlds. It has the potential to provide additional power to its users through increased perceptual
fidelity. It can also improve the performance of users by lowering the cognitive load in the completion of a task.
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Virtual Reality can improve the quality of life for workers in hazardous or uncomfortable environments and may
eventually have impact on the whole society.

Keywords: Virtual Reality, Simulation, Metaverses, NFT, VR headset/helmet, VPL, LIFT, Da Vinci Xi

Main part. Virtual Reality is a virtual computer-generated environment that appear real it is seen through a device
known as a VR headset/helmet and makes the user feel that everything happening inside the simulation to be real.
A little bit of history on Virtual Reality and its roots. Virtual Reality traces back to as far as 1970 although the term
“Virtual Reality” was first used around during the mid-1980s by Jaron Lanier who was the founder of VPL (Virtual
Programming Languages) Research who was a computer scientist. There seems to be a lot of misconceptions
regarding VR people seem to think that it is only for gaming and don’t really pay attention to it, now I am not talking
about only a certain generation of people it’s generally something I come across during my daily conversations and
I would like to explain that this is not the case whatsoever. VR even back in the day when it was still in its early
stages was used to simulate different environments and the industry mainly provided devices for automobile industry
design, military purposes, medical and flight simulation.

Virtual Reality as is not only for videogames yes, it is also capable of being a great amount of fun when playing
Virtual Reality games but all of this aside Virtual Reality in my opinion is one of the crucial steps to human evolution
why I think that well I will tell you. Virtual Reality gives humans the possibility
to master certain skillsets and career paths without any of the risks that are
usually involved while training for these in real life one of the best examples that
comes to mind is pilot training. [ have a personal example of this whenever I was

in United States, I visited an aviation school called LIFT (Leaders In Flight

Training) Academy and even though they had brand new models of training
equipment and planes they also had simulation/Virtual Reality simulation chambers this was for me at the time very
intriguing and all of the simulations they have are to train pilots for certain emergencies that otherwise might prove
deadly if encountered while on the job without proper training. This sparked a big interest in me to go out and find
out as much as I could about Virtual Reality and let me tell you I ended up going down a rabbit hole that I never
expected to go that deep. Virtual Reality is used in many different military applications one of the best examples I
could provide would be pilotless drones (certain models are not even VR ready and just need a “controller” and a
screen however some of the newer “prototype” models are VR) Also the U.S government uses VR to get Air Force
drone pilots and sensor operators up to speed. Also F22 & F35 raptor fighter Jets pilots helmets are equipped with a
head-up display that is connected to the outside cameras on the jets and display it in front of the pilot for example if
the pilot looks down instead of seeing his/her own feet and the bottom of the jet he/she sees directly “through” the
plane and sees what is under above or to the sides or to the back of the jet which is an augmented reality in and of
itself. Now moral of what I talked about above is that VR has great educational applications apart from recreational
appliances. Next big example would be how VR Is used in the factory industry of course apart from the educational
capabilities of VR as we know warehouses can span for miles. Warehouses are also extremely tall in order to
efficiently use space. Now back in the day there were workers that had do manually go up there in certain cases and
due to human error or even faulty equipment falling off would prove fatal to the workers. Nowadays you can put on
a headset rearrange things necessary and a robot will go and do it one of the best examples I would say are Amazon
warehouses that use robots be it a little bit off topic those robots don’t require VR to operate they run on special
algorithms, but ultimately simulations are still necessary for optimal results. Now let’s move on to the medical
applications of VR this is far fetched and far off of being used for patient care in the medical industry but one of the
most conspicuous examples in my opinion would be the very real and very functional Da Vinci Xi Surgical System
which is essentially an extension of the doctors’ arms, vision and functionality it is also one of the least invasive ways
to conduct surgery on a patient. In a demonstration video it was show sewing a grape back together this was to show

how accurate and delicate the system was. Virtual Reality will in the future be strongly related to metaverses.
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Metaverses are virtual worlds where you can do many things there are games and there are virtual spaces with the
upcoming metaverse that Mark Zuckerberg teased metaverses will augment reality and one of the prominent
examples will be being able to work in an office from your home you will be sitting at your home at your own desk
but yet you will be connected to a metaverse virtual space and you will be able to socialize with your coworkers just
like you would be able to inside a real office space. Metaverses eventually will also be an online marketplace where
you will be able to shop at a place like Walmart or Target and get your goods delivered to your house essentially
creating a lifestyle that doesn’t require much effort in order to do certain things. Metaverses have many different
aims. The current metaverses that are available to us the general public are mostly not VR but there is a few and one
of the salient is Decentraland. Metaverses are strongly related to NFI’s nowadays since you can own assets/NFI’s to
enhance your character own land in a metaverse or for just cosmetic purposes. And yes, you can buy a very nice
dress or a suit NFT and put it on your character and this all of course costs real money since NFT’s are pretty much
based on blockchain just like crypto. Cryptos are prominent and main currencies within these metaverses and Most
of the metaverses have their own economy and most likely their own Crypto currency for example a metaverse
called Sandbox has a crypto called Sand and so on and so forth. Now Virtual Reality isn’t only just fun and games
and augmented reality office spaces and markets with more advanced virtual technology we will be able to create
simulations that will be just as real as the real world and take away all the negatives like crashing a plane won’t kill
you. now why I used that example is because with these realistic simulations we will be able to train a number of
personnel for various dangerous and hazardous jobs without risking their lives until they are fully trained and capable
meaning we would be able to train pilots without a fear of mortality during training flights. We would be able to
train military personnel or factory workers and many more.

Conclusion. To sum things up I would like to say that personally I am looking forward to the technology being
further developed which in my opinion will not take too long after all it took humanity roughly about 100 years to
get to technology that we have right now and the way it works is the more advanced we get the less time we need
to develop and create more advancements which means things are moving quickly and we have to keep up with
Virtual Reality tech comes a whole different era that will undoubtably change the course of history virtual realities
capabilities are to say frankly endless there are many opportunities that will come with Virtual Reality and it is
currently applied already in many different fields and it is only a matter of time until it will advance and become
more involved in our day to day lives.
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Resume: Needless to say, that technology has helped us greatly in all possible fields. The accessibility to information
and details itself is enough of a reason to start something that will be useful to people in need. I, as a bioengineer,
thrive to help people depending on technology. This project in a way was a challenge for us to create something
small, but useful to people with impaired eyesight. Starting as a challenge, this idea turned into something very
important for us and possibly something even greater for visually impaired people who can consider this as a
dependable product and use it without any worries. Living with disabilities, be it physical or mental, is already hard
for many people. The idea of this project was planted during a discussion of how technology can help in any kind of
disability. At this stage the one idea that contained most accessible details with a software we can work on was
ultrasonic blind walking stick. In everyday life, visually impaired people use a normal long cane which is not nearly
as helpful as a technologically advanced one. The anxiety that blind people experience every time they go out must
be indescribable. Having the ability and enough knowledge to do something that might help with this struggle is an
achievement for any engineers. The main difference between a normal long cane and our ultrasonic blind walking
stick is that it gives the user information about possible placement of nearby objects or people few seconds earlier,
which might not seem like a lot but is actually very helpful. Understanding the placement of nearby objects soothes
the anxiety greatly and helps to coordinate yourself with more confidence.

Key words: Arduino nano, ultrasonic sensor, vibration motor.

Main part. This project was a challenge for us to create something small, but useful to people with impaired eyesight.
Starting as a challenge, this idea turned into something very important for us and possibly something even greater

for visually impaired people who can consider this as a dependable product and use it without any worries. Living

40


mailto:Kokoladze.n@gtu.ge
mailto:mgaloblishvil.g@gtu.ge

with disabilities, be it physical or mental, is already hard for many people. Moving on to the technical parts, to create
the ultrasonic blind walking stick we used Arduino board, to be precise Arduino “nano” which is a smaller type
Arduino board. second most important component of blind walking stick Is an ultrasonic sensor (HC-SR04) which
has two ultrasonic transducers and the ability to detect object from 2cm to 4 meters away. One of the transducers
acts as a transmitter with the ability to convert electrical signal into 40KHz. Second one acts a receiver of a
transmitted information and determines the distance between the object and the sensor itself. The accuracy of this
sensor is 3mm and it works on 5V, so we directly connected it to the Arduino nano. The way for this stick to inform
the user is a vibration that is sent right into the handle. Placing a vibration motor inside the handle ended up being
the most optimal solution to inform the user. When ultrasonic sensor sends transmitted and converted information
to the Arduino board, it sends a signal to the handle in which the vibration motor is placed. Even though, the range
could have been anywhere between 2cms and 400cms, after doing experiments we decided to stick to 75cm with
radius <15°. For this project we used lithium batteries (Samsung 18650 3.7V 2500mha) that last for more than
“30hours continuously. Even with the ability to last for 30hours straight, we would recommend charging it for 2
hours a day for better performance.
Conclusion: With the help of our sponsor, Intermed Service Georgia, we will be able to introduce this product to the
visually impaired patients for them to test it and give suggestions for improvement. Undoubtedly, this project has
the potential to be improved in many ways to achieve our goal — making life easier while using technology.
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3odBHmM0ol dobg30m ; WMISWMMO S JEmdsyHo SEO. s 0dobs dobggom, 09y by s60sb hzgbo
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API, Gm0geoi 3060306 3my3399L dgdsdgmdol dmbsigdgdl Google-ob 9 gdsmgmdol API-sb (dsg: Google
Analitic). Bggb 51939 99a30deos API SEO-U bs3356dm bo@ygzgdol Ho@obyol asg90s s dsobg 8mbsgdgdol
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Cone beam computed tomography
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Abstract. Cone beam computed tomography (CBCT), also known as digital volume tomography (DVT), is a special
type of X-ray technology that generates 3D images. In the recent years, CBCT has been developed specifically for its
use in the dental and maxillofacial areas to overcome the limitations of 2D imaging such as buccolingual
superimposition. It is becoming the imaging modality of choice in certain clinical scenarios although clinical research

justifies its limited use.

Visualization Image reconstruction
(2D slices, etc.) (3D dataset)

Keywords: Cone Beam Computed Tomography (CBCT), X-ray radiation, 3D medical images, medical visualization,
image reconstruction.

Main part. A radiographic image is formed by a controlled burst of X-ray radiation which penetrates oral structures
at different levels, depending on varying anatomical densities, before striking the film or sensor. Teeth appear lighter

because less radiation penetrates them to reach the film. Dental caries, infections, and other changes in the bone
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density, and the periodontal ligament appear darker because X-rays readily penetrate these less dense structures.
Dental restorations (fillings, crowns) may appear lighter or darker, depending on the density of the material.

The dosage of X-ray radiation received by a dental patient is typically small (around 0.150 mSv for a full mouth
series), equivalent to a few days' worth of background environmental radiation exposure, or similar to the dose
received during a cross-country airplane flight (concentrated into one short burst aimed at a small area). Incidental
exposure is further reduced by the use of a lead shield, lead apron, and sometimes with a lead thyroid collar.
Technician exposure is reduced by stepping out of the room, or behind adequate shielding material when the X-ray
source is activated.

Conclusions: Dental Cone Beam Computed Tomography (CBCT) is a particular type of X-ray machine used in
situations where a traditional dental X-ray is not sufficient. It is also used as diagnostic imaging to find the pathology
of oral and maxillofacial (jaw and face) structures.

This type of CT scanner uses a special kind of technology to generate three-dimensional (3-D) images of dental
structures, soft tissues, nerve paths, and bone in the craniofacial region in a single scan. Images obtained with Cone

Beam CT allow for more precise treatment planning
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9o §omdmoygbl 3350Ms@Me dglg®l, MHmIwol 335609080 3 dsMgMdIb bggdo sedsm p < 1. sbens
§968m30006mm, GMI 393bwo §og30s Hygdl OHMIWgdol dEdsMmgMdIL 3350MsEMo dgbgmol J39s
60300. 5950bs3g 303om, MHMI 393bWIM30©IOMEO boligsb 3gEbwro 250535 yzgms dob dgbmdeo
90090569 bgbyg. 535056539, 3003wom, MM MHMOL J989 dmIgbEHTo (29630bosg0m OLIMYGME ML),
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393bM30090o by dw0sbs© 093935 BIORBWSE. 303099EHIOMYWO FMPITOMIIOM Y0, H™MI
09y bgms 3mb6396@M5309, bogagdos 3M0G039wo Looobs -p,., 85806 3ggbwo 6 dmggds doge Gygb.
30M0dom, v p > p. 35906 BaOR© 093935 NI BYg. OMEs P K P 35806, G90dwgds 0mdgzsL. GMA Bygdo
bobdoMo o6 4o3ME39Iw©Ids. bnwm OHmEs p = 1, 35906 Byg FoMmBmoagbl 9.5. ©gbomol JsLOL.  ygzgwsby

Lo0bGHIMLM bgds 35d0b, HmEILsE P = Pc. 6w OmEs € = % < 1L

3M(30YOY0s 5439 893608bmm, GMI 39MH30mEs300L B3M o 3609369 Mdol oygbs MgMmMowMws© 53
9053%g 993 gdgwos. oo godmmagws (Josbwmgdomo 3600369 mdol 3m3zbs) bm®mEogwgds dbmerm,
3030993H9Oo InEIE0Mgdol 39339md0m. sBg Fodd0MO, JZOPMG0 dglgMHolomzol 396M3MEoEool
bO36Hvyeo 3609369cmds p. = 0,59275-0b GHeeoos.
©ali33bs: B39l  BsdOMITo  39MH3MEIOE00LS S 9RO BMIMMA00L  q-5Bsgrobols  dgomol
399myggbgdom [ 2 ] Gomdmpgboos dgmmo ©s sEam®omdo, MmIgeog Lsdwmewrgdol  g30d¢g3L
©539360MmgdBHmo s 993dabsm 93MEMmPoMEe© JEYMIEO Jowsdgdo, Mgaombgdo.  Jomgdwo Fgwgagd0
0MLEGHMOMJOME05 Joogd d0EOLOL Foddoe0m By
393myggbgdEwo wodghsB@s

1. Campi X. Multifragmentation: Nuclei break up like percolation. // J.Phys. 1986. V.A19.P.1L917-921.

2. 0960 sbmdsdg  8530mMboLEYIGO0L  FomgdsBoldymo  dmEIwomgdol  bsgombgdo  (9bGHGM3ool

05gdbodoBs300L 3M0BEO030L Loggmdzguby). Mmdowolo 2021 §.

99300mM3700L 503mBY6s ©s 3MMg]EH0MYds B00I3MELH 3mEdo

dsgobdosbho:  Tsgforn  B8Gi9ssdg, LA,
06%00605¢9030b5 @5 Os30b  bolihgdobols

R3379CAIA0s bregadze.s@gtu.ge
b9enddem3569¢m0: 36mRIbeGo  309HG
6568583000

69B0odg: 3086 LoGYg3mdNbo3zo30m Loabogrgdol AswsEgdoLLl oo 360d369wmds gbogds bobdo
3OLgdMEo 9930MTJOOL 50Mbgbsl s 3MMYIEBH0MGOL, Mo 860d3bgermgbo 9BxmdILYdL 0bgM®mIsio0l
000900l bsmolbl. gobbowwmwos sb5390MM3g dmF3m356-3E 036 LolEgdgddo Lsbsbm Logbsgrol Lsbom
RoMNME A5dmYygbgde 30033Mbme 3mEdo d93Mm3gdoL s0dmbgbols s 3mM9dBHoMgdol Lszombgdo.
6583969005, O™ 3Ol BMOT0MJOOL 3M0B3E03900B Rsd8mBEobstg 0ao MbBOWL3lgwymal Fgzmdgdols
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50dMBgbsl 1-0L GHmeo s 30M9JGH0MJdL 0,5-0b HMWO SWBSMNHMBOM. Joobs0BYdME0s JnEolm3zol
369JGH0M9O0L 5EdIMMIOL oHBOOL O EHIMGIOWWOo §YoMHMgdoEsb 3bmdowo dgmmol gsdmygbgdol
d9L5dgdEMBYd0, MHOL boxgwyd3zgE B[ RIS, HMT gl IO YBOHMB39WYMgL yzgws sedmbgbowo
39(300030L 3006093EH0MGO, 9.0. 3MGJEHOMIOOL 5EBMDS 0BEMds 1-0Y.

1533560 Lo@yzgdo: 30033MWbmEmO  3nEO, 93MASWMEo  3m3d0bs30gd0, ILLAZ3d0  3MTdOBL30gd0,
39(300009000L 508mP by, 89300900l 3MMgdE0MYdS.

3060050 bsfowo: 80033MWLMOHO 3NEO BoMNOME A53M0Yghgds LobsHm Logbowol Loboo dmF3m3zsb-
3303996 G9dbmemaogddo - Token Ring, Ethernet (IEEE 802.3 o5 10BASE-T L3obst@gdo), MIL-STD o bbg.
9L 3M0 309399036905 Lobabm 3mqdol mBnB 3¢0sbl [1,2].

30L BMOHIOOYIOOL s5EymMHOomMTo JEAMTsMgmdl 0dsdo, ™A Lsfgolo 030 Logbswob (Bob.1,5) Loddmerm 1
2990m0bsbgds dm3z0m 10, bonerm Loddmerm 0 - dermzoo 01 (bsb.1, d). Gglodsdobs, BMOIOMIOWWO JMPO
bsbosmEgds LoFsMmdom, MmIgwoi 0dgrgzs Lsbsbm Fg3mIgdol s©0dmPabol s dsmo 3MGgdEHoMgdol
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Bob.1. 30083wlvmHo 3020l BMOHT0MYIOL SEMHOMNI0

00033MwlOHo  3mEoLb  BmGIoMIdoL  Bgdmm  Bmyzsbowo  swaMmAH0mT0Lb
399030b56MgMBL, M MOHMBO0YS 308006530900l Jglsdem mmbo 35M056EGH0E 3MBdOBsE30gdO
10 s 01 sl5839%0s, 00 s 11 30 - 53Mdsermemo. LHmMgo gl 396503690900 25dm0ygbgds Lobsbm 3medo
39(30000900L 508Mbohgbsco.
0560053, 9630b0M 1-¢,0 BobsBbHg 656396900 d0083EbME@mO 3oL BMsRTI6E0, Hmdguwdos dgEmdol
B9393e9b0m ©sH0sbgdMos LoddME™ 1 (bsbsBbBg IEHMmObYE0s). 9gys© F0dMYdBY osxzoJLoMGdIME
B653996¢L 99690 1-aw,9 BobsbBg bsBgz9bgd0 Lsby.
MHmamO3 36993m, 00O BMRTYBEHT0 IB0SBIdME 8g-4 FodBHM® 063 M3 hBGdS 53BdsYero
3M3d0bs0s 00, Goz Jormomgdl bsBdo Tgzmdol s®LGdMBdSDBY, 9.0. 3P0 5J3L Fg3™Aol 5dmBIBIL.
50335650, 9930MI0L 50dMbgBOL 5€ds0IMBS 300d3MEbME 3mEdo 1-0b Gmeos.
M3 999bgds dgamdol 3mM9dGH0MGOL, 030 SLIMO SEIBIMMB0M o6 bEgds. FoOMESE, 93Mdseemo 00
300065305 909 gds Fo®dmoddbols MMMz absdzgdo 01 3mddobsgool dgmeg 0sbGmoaol (MHmymms gl dg-2
BobobBgs 65B396900), 0lig Igmeg slsdzgd0 (10) 3m3dOBsE0OL 30MZ39w0 MIBMOAOL sDB0sbYdOLSL. 5893500,
390056030 30000065300L 50YIb0OL 5eBd5MMdS 0,5-0b GHMenos.
3ob30bowmm Jg3mdol 3mMgdBH0MmgOoL SBMMBOL FoHBOOL Tgbodwgdewmdgdo 3bmdowo Igommoobl
399myg9bgd0m, HMIguos 999tmms35H9dw90s [3]-00 Dmyss mBnB 3arsbol 3Egdolm3zol. d00d3wElvyMHo
300U 3960dm 90mbggzolmazol 53 IgomEoL AsbbmME0gwgdol M3gMo30900 899000 IaMdstgmdl (bsb.2).
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Bob.2. 3069906 5d0L 5¢dNMBOL QSBOOL JJoMEOL 25dMYgbgds d00d3lvIMHO 3MmEOolm3olL

3900593390  dbsgl  HomBmgdl  3083OGWYwo  bsgsol  [o®mdmygbs 1 God@Bmmo o0b@gmgzswol  89d3zgwo
3M52396@900L Lobom, HMIgEms LsBP3MIOOL ILHROJLOMIdWsE Fodmoyggbgds LobMHMbobgdOL Logbswo.
9b Logbso oMoy qbl MmMo oblibzsggd9w0 530 oo 3m3d0bBs300LY6 Fg8AM dem3al - 0011 56 1100.
3M52396@0L dmEmUobs (i-1) God@dn® 06GHgM35wbHY 496003 9ds sTHTMY 068MOTo30s R3MsAd96ETdo 01
5533900 30300653006 M3MEIBMBOL WML 6 396G™BOL MIMdIBY, dmEm i-MG 0bEHgM3swbHy 30 -
3bgm039 0653 T30 10 sLsAZ9d0 3MABOBSEOOLMZ0L (396EHMdS GogloMEads 0bEHIM35¢ By 01 3mAdobszooL,
@9fmds 30 - 10 303d0bs300L GmOBoMHgd0om) (bob.2,s).

0000gdds by  503MBobml  LobdMmbobgdol  Logbswro, Mol gy  PodGIMML  A50sd(399bY
2396bmM 3090930l sBsermaomMo Mm3gMeEogdo. s30L 990y 390939806 Imbvyeo s F0dwgddo
5099853900 BMoadbEJOOL  Fowlisbs 063gMZsgdo gOHmMTsbgml gMgds dmEwm ™G 0bEghgzowby
0683mM5300m0 ©FMHZ930L 96 goblbgzegzgdol sedmbgbols dobboom.

0v) bsBdo Gg3mds 9O sOLYDIMBL, derm M6 0bEIMZ5¢Dg 2obMogLgdEo LoddMEMgdo GMHMIbgmL
90mbgz93, gOM-9MH JomobBg 25bLb3s3900L sMLYdMDS (bsb.2,d - i-1-9 0bFH9Mm3s¢w0) 30 JoMmomgdl, G0
9930035 (Mol s0dmbBgbs, MHmamM3 5036036gm, bEgds ymgzgmgzgol) sdmofjgos 53 0bEgMzsmol
39Lodo00L0 L39O 3TB0BIEFOOL PsB0SEYBT, 5T0EHMA 5300 3MTd0bSEF0S Pobokgaergds bfmMgw 50
5533900 3m3dobso0m.

50235650, 50b0db0 Jg0MmEO 800839lOHO 3MEOLMZ0L YYOMMb3gEwymal Igzmdol 3MEMgdEomgdsl 1-
ol B0 SEBIMBOM.

359myg96909cmo wo@ghsdmes:

1. F.Halsall (1996). Data Communications, Computer Networks and Open Systems. Addison — Wesley
2. Kosaure A., ®repe K., Marp I',, Pycco. Onrrka u cBsss. Ilep. ¢ dpanmysckoro.— M.: Mup,1984.-502 c.
3. 3.656M05030¢00, ©.656Md5330¢00, .00H935830c0. MBNB 3¢sboL S5ERsdYEVIH-dBLMEG 3M©gddo

9O®IMo  dg3mdgool  3memgd@omgdol bgdbo. 3s@gbdo P 5417. ULodeo@mzggwwml o0bdgwgd@rserwy®o
Lo3mGgdoL ghm3bmaro 396G Logdds@gb®o. 2012§
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baerddmz569cm0 36:00%. G995 0993025

M9Bondg: 65dOMITo gobbowmwos bgwmgbm®mo 0b@gwgd@ol 4o8mygbgdol bszombgdo. abslinsmgdwmos
Lo0bgBM®To300 LOLEHYGOLS S Fo0 JOHM-9Mc Labgmdsdo - 0bE GG Loobgm®mTszom Lol@gdgddo
(0bl) bgermzbm®o  06GggdBHol  53m3s6gd0L  Mgowobszool bsgombo. FoMdmygbowos  s©0bodbmero
Logombol  49Mdgdm  sOLYdMWO  OGHIMSGMOOL  dmzag dodmborgs.  M93s30M39ws©  dmyzsbogros
0639w gd@H oMo bsobxzgm®Mdsgom bolEgdgdol 3wsboxgolsEgos 00 sdmEsbgdol dobggom, GMIGELss
bmME0gwgdgb gl LobEGYdgdo. IbLILOVMYOME0s 0LL-gdOL  doMOMOEO  BH03gd0.  bLEIMMNOGIWO
94996500 gds gmdmds 9Judgm G Lol gdgdl, d98Mmmsz35HgdY0s FomMO BMYsO LEHOJEHWOS. YOOGS
2095630 gdwos bymzbmmo 0b@gwadEol 990m@gdol 3sdmyggbgdsby 5@sdosbrydo MgbryMligdol dsmmgzol
bgOMTo, IBILOIMGOME0s  bsobRMGTszom  LoliEgdgddo Mgowobgdmeo bgemgbwe  0bdgargddbg
0533999698990 5580560 MlBLGdOL sMMZ0L 58M 356900l oo FMs.

1553356dm LBodyzndo: 0bBIc97dIscIm0 bsobgm®mdsgom bolBgdgdo, ssdosbamo Gglboytilgbol dstorzs
(HRM), bgerm364960  0bB9ecrgddo  s@s80sbato  Ggbeytlbgbol  ds603500,  boermzbat  0bdgeadd bg
@sB93698:9¢m0 5Q5F05696G0 (B9brebgbol Js6r0030b bsobm&dsgocm bolidgdydo.

do6omso bsfjogo: 0mgmagds, MM bgwmgbamo 0b@gwgddo, GmymdE G9Mdobo s ©sdmm30gd9wo
0936096909, Bs9MmYs0ds 1956 gl xmb 8s335MF0L, 80306 doblzol, 3ewme dgbmbols @s Bsmsbogen
H™BgLEGHIOHOL BogH MMYB0BIOME IOEHTNEHOL bgdobs®bg (Dartmouth workshop). bgermgbmMo 0b@gargddo
50555050 500530560l d©35HgMdOl MomJdol yzgws LEgHMTos FoMdmagbowo, GMmaMmMoEss dgoaobs,
X9005339, 93Mmbmdozs s BoBbILO, gbsYB/LOLHogm 3OHMEgLo, LsdbgM™M, 50sd0bMEMmO MHgLMOLYdOL
o35 o bbgo.

bgrmgbmmo  0b@Ggwgddols s  Loobgm®mdsgom  LobEgdgdol  IgMfgdol  Fggpe  FoMdmoddbs
063 9madBHo®o  Loobgm®mdsgom bobEgdgdo (oll). Tglsdsdols, obgm Loobxm®dsgom LobiEdgodl,

MHIgddoE FoIFMH0Wos 0bGHIIJBIIWNOH0 sdmEsbs 96 godmyqbadmeos bgermgbam®mo 0b@gwgddol

090000, 30531m360096 06@ggd@BH oo Lsobgm®mTsgom LobGHgdsms XaMRBL, Mg WoGIOIGWMsdo
2456Lb39390Mo GgMdobgdoom Fgodwgds 89a3bgzql (Intelligent/Al-based/Al-enabled/Intellectual Information

Systems). obl-0 gMsx303wwo@ dgodergds 0gmb Fomdmagbowo, Hmamms Lsdo bEgOmb - Loobgm®mdsgom
Lol gdgdol, bgemgzgbm®mo 0bEHgwrgd@ols s dmbozgdms (3mEbol) dsbgdol msbszggmes (Matta & Sormaz, 2006).
obl-ob  3asbogogzsgos 8godwgds  gsbbmMogwogl  bbgsolbgs 6036gd0l  dobggom.  dsgswoma,
3060360 LolBgdgdol gsdmyabgdol LggMmgdol, sdmEsbgdol 0b@EHgaMoEools s 9I3EE00L-bsmolbol,
®3905GH0mdol  @mbol,  3mEbol  FoMImpagbol  dmEgwgdol,  BwbJ30gd0L,  499mygbgd o
39dbmEma09d0Ls 0¥y lbgs Bodbgdol dobgwgzom.

0b@9wgd@H oo L50bBMMAs30M LobE9dgdoLsmZoL PRUGLIRRTSTe Ol etole) 5035bsL0sMYdYE0s
239630000900 3m39603530wMH0 Fglodgdmdgd0, dbgee© BMEMI0BIOIEO 5FMFIBJOOL FoFMOL
96560, M30mLYI3gdol  IGLodErgdEMdIBO 5 SI3HNMMDS,  TgLodsdols  osdmogmms  LobiGgdgdo
3039960353060 IgLsdErgdemdgdom  (06¢gwgd@swco  0b@gmxgobom), 9dudghGmwmo  Loli@gdgdo
(39639036000 3mb3M5EIwo Loabmd®mogzo LEFIHML GO STMEIBIOOL 4oL FMHJWS), NZ0MTSLfogwro
Q9 5Q333HMo bobEgdgdo (Octpoyx & Cypkoaa, 2015). Bsdmmgerowo bobEgdgdosb bsdMmddo gm®omgds
3095630 qdwos 9b3gH G LolEYdgoLs s Tom BMASE LEMWIGHMOSDY, 1939 MORBODBsE0gddo Tom
23990ygbgdsby.
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B900LI0gMO MGHYI60BGooL Yz9w sy GBoLigyo MHglryOLO SHOL oW IZILOBOGF0IMHO S TMEH0Z30M5d)O
396LMbswo. IgBHHows® 5@80569MH0 3530E 90 AoBLLDBPIML3L MGYbODEOOL Joge 893mdsgzgdwo dobools
5 30Bbgd0L 9239JE 096 TguBMEgdsL, 30639960 9bBHWYb5MI05BMBBS o FotDo@Egdol doboMDbY.

§om8myqbow b5dMMITo 9m3Eg@ ©obslosmMgdY0s 5©sd0sbMMo MlwMLYdOL FoMm30oL bszombgdo s 53
Logombgddo bgwmgby®o 0b@gumgdBHol dgmmgdol asdmygbgds, GmymMoiss bywmgby®o byodmbryo
Jugagdo, 3564560 bsgwgds s Lbgs. 833eg300ms dgEglimdol doge MmMsboBsE0gddo s@sdosbrMo
M9LwOLYdOL FsMr30L bLEgHMTo MsBsTIOMIgEms FgHBI30L, oJoMmagzgdol, GMmYbobyols s 36306 dOL,
ALuOMgdmwo  bsdwdoml  dgxsLgdol  doBbom, 090000535Bg0M o 9Ju3gMGwo  bvg  3mEbsty
503736980 LobEBJdgdo. BMAOYMH 33093500 AoobIWODBYIM0s gdu3dgBEMEo LoLEYIJOOL FoM339wIO
9903900 ©s  5s3056MM0  HgLMELIOOL  MOE0MbBIMmI© s  9B9JGH0BsE  FsBmzol  dobboom
3990 0035B90Mwos bgermgbay®mo 0bEgwgdBob bbgoalbgs dgom©adol gHhmEOmwyeo, 30m3d0bocmgdwyewo
2990996905 (Masum, Beh, Azad, & Hoque, 2018; Zdravkovi¢, Panetto, & Weichhart, 2021).

0939, 50608610 LBIOML 5dMEBJOOL 255FMHT0 51939 Fgodwgds 259mygbadwyo ogmb 56M5-9Ju3gMH GO
3030L 06%99dBH9oM0o Loobrm®sgom bolEgdgdo. s0sbmsb ©s393806Md0m, dmyz560Wos 5EsT0s6MO
MH9LwOLYdOL JoM30L obl-gdob Tglsderm bEHMWIGHWOS, EbLILOLMYIME0s BolO JoMOMsEO 3MI3MbY6EHIOOL
536430900 o Bomdo Mgo0BgdEo bgarmzbmmo 0b@gurgd@ol dgmmgdo.

©31336s: 653OMTT0 Q9965 0HGIM0s LEObRMGTs30m, o0 FmEOL 9JudgMEHw LobBgdgddo bgwrmgbm®o
06¢9madEHob 3gmmgdol HJoeoBoEool M30Ms@glcmdgdo. 0b@gwgd@ oo bsobgm®mdszom Lolidgdgdol
2396bo30L5L gMHoE®Yds 4505b30eqdME0s o 350MmYgbgdsbg 5B0BMMHO MHglMLYGdOL sMm30L LgdmTo
5 50b0dbw0s, O™ 0bEggd@ s n® LolEgdgddo MYsE0HYdIMWo 0BG MYlOLYdOL JsMm 3oL
59m 356900 bolosmMEYds OO FM3EMdOL 333¢gJuIMO bolosmol ObBMEMTs300L 49bgMH0MIdOm, HMIOol
05099853905 s 899Md, BolBg oYMbMBdOm A5sHY39G0wgdOL Jowgds 1bo3dom M. dgbodsdobo,
5060860 3M:MmdEgdgd0L s0dmgbzmol doBbom 65dMmddo J98mmog5Hgdos bgewmgbm®o ob@gwgddol
0900900l 259mygbgdols Joymdgdo, HMIwgdoa byl MHymdl sOHLYdMEIO 3GIMIYIGOOL FoEoFMIL.
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M9bonmdy:  "@obsobo s 93mmaos"  FoBbo  olLobogl  Lobmyomgdol  3GMMmzgbombome
0683mMI0MHIOMWMIL,  O0Ds0BIOOL  BMELEME s gmO3e  3oLvbolidygdEMBLL,  93MEMYOMGO
360drgIgd0L  20sFMsL  3OHMFBIBOMbIwMEO bsdsmgdgdom ©s g3y ©EoHs0bdo Towgdmwo 3mEbol
396bmOE09wgdom. m3GH0dsHo byrmzgbmnmo gmbdsombomgdol gMm-gomo yzgwsby 960836gwmgzsbo
390990 306HMd5, 5MOL oo MOPBMEO JP0sbMds dMBIdMOZ QoMJIMLMB. GO ool FHY0s
36MMdwgdnd0, HMIWIdOE ©35300M90w0s 356MIMbOME MOHMOIOHMMIYPIOL ©TYsMGdLMD dbgdals s
LoBMASMYBL FMEMOL, 030 0mM35¢oLHObGOL 53 A9MGIMdOL IMEI0g 0BEIM3MYEHIE0L, oG gITMOobodgds
0B3dM030 259mygbgdol Mm3EH0T0BoGooLs s 93MmbmToMEmo HLMMLYBdOM, BoldErgdoo MHMYMME ODsobol
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9cgdgogdl 14, (X) 063 96b0mdol BmGmFo MmO G335, IEHZOMMNZOL FJOIHIP BOORBOGEHS 00YbIdS S
Bomb3ol a)(X, y) 26305 93059MmBoEgdl gHMR3MM396 d035HIMbO 23BEMMYdL

A’w(x,y)=0, y;«tg

B0OR0GHOL LEBEOZIOO MHZ30LMBWSE OYMEMOdOE0s s LOlLDBIGM 30MHMBL 53l Laby
a

wo=M,=0, X=*t—
2

o=M, =0, y=0b
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o0)-0] 3.3 (). <c
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@y (X)=cox+d , |x<c
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ROFICANIOs bibilashvili.t@gtu.ge
berddeassbaero: 3601g. by
bs®08985G30¢m0

M9bomdy: Igmmby Gogol  sMiMx030  3039MdMEOO  FBEHMEWGBdOLsMZ0L  0FEIMHOMGOMEO  BOEMOL
™3905GHMM00 03560 boffowdo 3Mmbmgsb s6H9do aobbowmos sMmIML GHodol LalvsbezMm s8masbs.
999m00L Lo 58m3560L LG 496BMYSIOMWO 58MbsbLBOL (36905 MHy39@ BwIbJE0sms Jerslido. gb
59m3965 933035096GHWMs© 094396905 9MHOR0Z BMBI30MbINH 25bEHMWgdsBY s©0bodbe LogMEgdo.
50303 §93M9d0Bg ©OIOME  39M339M?  30OHMdIdTo 9330300 BMBI3ombogr Mo AsbEHMEgdoL
59tmbsblboL s3MoMmOm@o Jgnsligds, LBoosbsg FsdmIEobsMgmdl Jolo sMLYdMdS. gl sTmbsblbo goM33gmer
306MHMd90T0 [oMImoygbl  3asliogm® s3mbBobLBL. gobbowrwos saMgmag oLTo 58mEsBol sdmbsbLBOL
JOMNSOIONMOOL Lsgombo.
1553356dm LoEY3900 S BOIBBO: sMFOR0Z0 Fgmmbg Hogyol 3039HIMEWMHO FbEHMEGdgd0, IODIML G030l
5003969, 58mbsbLBOL sSOBYDdMBDS, JOHMSWIONMBDS S SMIMLYIMDS.
X QO t (330500900l LodGEYgbY Fobzobowmm 99890 Lsbol dgmmbg Hodol 303gHdIMEIMHO QobGHMmgds
o®u + f(ouw) +gw) = F(x,0), (1)

2

bogos@ O = ;7 - % , fr9 @5 F 8m390m¢00, boagom u «936md0 Lgses®egemo i3vbdEogdos.

5036086mm Dr:0 < x <t, t < T -0 3Mombmgzsbo s6g, GmIgeos 890mbsbrzdmos Y r:1x =0 <t <
T 9sbsboosmgdgwo Lgadgb@om, V,r:x = 0,0 <t <T @5 y3r:t =T,0<x <T Gglodsdolo ©OMOMO ©d
LogME0MO MOHOYHESE00L LYdgbEgdom.

(1) 396¢MEgdolom30l Dr 56930 39630b0Ewmm sMHINML G030l LobyBEamM sdmEsbs gdgao sldoo:
39990mm Dy 56gdo (1) 996¢megdol u = u(x,t) 59mbsblbo, GmIgwog LsHO3MOL ¥+ ©s Vo bofowmby
53059 580qdL 89009 306MdIOL
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ou ou
u Y11 = u(t' t) = .u-l(t)l E |y1'—[~ = E(tv t) = .u~2(t)' 0<x<T, (2)
0%u 0%u
uYz,T = u(O, t) = #3("_)! ﬁ |VZ,T = W(O! t) = ,Ll4,(t), 0 <x< T, (3)

Lo@og pis L =1, . . ., 4, Bog8o Ls@sO o Grybgaogdos, 5856056 1y (1) @o u3(t) BIBI30gd0 Y1 @ Var
Gotgdol 0 = 0(0,0) Lsghm® FaBBHowdo 53059ymx0gdg6 Jmsbbagdmmgdol 30GMdL 1y (0) = uz(0), v =
(V> V) 560b 0Dy LoBOIOOL 2569 6E®Tool 9PHMYMEMm3zs60 39dGHmeMo.

2060365305, M LOdGEYYHY 96 MOO sTMM30YOYO (33WsEOL Fgdmbggzsdo 3039MBMEYGO
G030l 39Mdmfamdmgdmwgdosd ©oxgM9bEosw®  AsbEMWgdsms s LobEgdsms Mmgmemosdo s dob
2990m9g9690990do  gMgme  58mEebgdmsb gMHme©  Mobs3zwgdo 360dgbgwmds 9boFgds olgo  LabsbrgHm
5003956900, MMRMMGO0(3S 4IMLL, IMBMLS S 59 Bo3ol bbgs 53m396gd0. 496339990 sHBM0m gl sdm(356900
3900gds 2obgzobowmm, GmymMi 9990 sdm3sbadol Brzmymo dgdmbggzs, GmEs bofigol dmbsigdms
300 3L 0yl ghm FgdGHowdo. 53 59m356980m 500fgMHGds 5000l FMNsbmJdol 3MmEgbo bLmMmdYEE L
d09M, BgdAIMH0m 653500 Leagol 3sHIMboMEo Mbg3s, Lodob Mbgzs dELbE Lombydo s Lbgs.

39900930 Lobol IgmMg Mool 3039MBMEMGO F6GMEWgdOLsMzoL

Upr — Uy +alx, u, +b(x, u, + f(x, t,u) = F(x,t)

§6x03 990mbggzedo (5699, Gmgs f(x,t,u) gmbjsos §HR0gz00 u -b J0sGM) FMYOLILS s IGBIML FHo3ob
50m356900 Dy 37obmgsb sMgdo, GMmEs Y17 ©d Var LEBEOZOHOL Boforby sbvbywgdMEos oMobwgl 6
6900560l 30HMdYBO 3oGye 9MOL Fgbfagerowo (wydLisl, sMdNL, LmdMEgzoL, dobsowmgzol, dgurgdob,
3™3560b, BHOMOE3500L, BoMmTsbob [1] - [10] s Lbgsms IH™Tgddo) s ©s9BHI0(3J0E0s Fom0 3MEMJEHIMDS.

305()OHR03 9900bgq3580 30 58 59MmEsDgdOL A50M3IZg3s WTsBHJOOm )Y gds SOBYdOM LOMMMEYIOU.
by 8900b393580 500000 543l sboew 9839dBHIOL, 29bLI3MMMGdom, MHMEs LsdogdgEo 58MbsbLBOL dods
396@Mgdsdo  9q0s35¢0  bo®mobbmgsbo  sMsiMxzozmdol Mogo gohmbg dg@os. Losbwg, o3 Fgodergds
§96800dgz0L sM5(Mxz03 dgdmbggzsdo  8aMmToMmgmdlL, 39MdME, AAMISEMO 5dMmbLBsMdOL oM 3g3500.
0525000m, MM(35

fl, t,u) < —Clu|* Vu€R,
bosg € = const > 0, ay = const > 1, 256GHm@gdsdo dqdogoero F(x,t) xgmbdzosms Logzds®ols RoOmm
3w3lobsm30l Fglisdsdols s5dmEsBsl 96 2556605 53MbIBLBO Dy 37MBMZ6 569d0. 535LMB, HMEs ba®olbmgsbo
3M5iM303m00L Moo gOHMDBY Bo3egdos 5RO 5J3L FEMBISEIH  53MbLBSEMBL, Topa®sd Fgodergds
5000396 5dMbobLBOL  GMMOYONMBs. 5V  FoROWOMYd0, MMmEs 50Mm36L  AooBbos  3MbEHObomd
LoIMs3g FOHR035 sTM30IOIE0 5TMbIBLBJBOLS. BoQOW MO, MdIML F9dg ST EBL:
U — Uy — [ul® = 0, (x,t) €Dy,
uly,,=utt)=0 0<x<T,
Uyly,r =ux(0,8) =0, 0<x<T,
(CIOTe §< a <1l @5hbos0 =0 3565993HODY 9300900 MbolEWW®  GomEgbmds  iMx0350
©59M930009090 59mbsblbadoLs:
2y (6,6) = {m(t— o) = x2[%, t>0 + Jal,
0, x| <t< o + |x|,

Bogoog = [21- a)]_l—z_a. Qb bdgombgdo  Fgufageromos  L.bsModgasdzowol, m.xmbsdol, d.
00ME5330¢0L, 3. 3903953300l s Bbgsms 8Mm3gddo [11] — [15]. Bmao®Mmo Lsbabg®m sdmEsbs (1)

Lobol 296EMEgd0Lsm30L LOgM 300 TMe35wRbBMT0Egd0sE Fgdmbggzsdo, Gmas O: = oy 2

oz dimigz e >
1, f =0 dgbsbfogeoo ogm [16] — [19] BGMIdT0.

0 §Ox03 890mbggzo9o MLy s EIMdML GHo30L s8mEBgd0 39MAs® SGOL dglfsgwomwo gMoo
139O 3039MOMEMM0  RIBEMMBOLIM30L, LoLEYIGPPDY FILIEOLLL [FoMTM0dz9ds ©sTEHIOOMO

LoO®MMYgd0 3H9d603MM0 ©s F0bssMOLMBMOZ0 bolosMOl s sHseo 98gIGHIJO0. 30M39ws© b . dofsdgd
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3960865  mogol  659OMIdo  [20], MmIgewdog 0ob  sopm  TgmGg  Mogol  3039MdmEmGmo  LoLEgdgdo,
HMImgdolm3oLs3 MLl Tglodsdol gMmE3MHM39b  sm3sbsL LolBwMwo ©s bmyog@o Jgdmbggzsdo
MLOLEMWM BHomEbmds MB350 ©sTMM30IBIE0 53MbsblBYIdOE 30 goshbos. Fgdymddo gl Lsgombgdo
239bs 33930l Logebo b. bo®odgasdz0wobs s b. dgwbozol bsdMmdgddo [9],[21],[22]. 50 dodsronergdom
50lob0dbs305 s3Mgm39g 5. dofodol BsdMMI0[23], Losg 3039MHIMWME LobEgdoms FoMEGH03 Toaowomgd by
ablboos MA®mbo §g30Mgdol 493w gbol 953930 ML 53MEBOL 3MYIEMEMdIBY. SELbOTBsZg0s, Bmd (1)
Lobob 396¢Mmegd900, 3963m@, 3000gds 3gmMg MHogol 303gMHdMwMHo LobEHYIFO0L MBMdM. godmMosbgol
3d900MEOm.

89609365 1. 309300, f,g € C(R), F € C(Dr). o u, bosg u, Ou € C2(Dy) §o68mopgbl (1) — (3) s8mgsbols
3W5L037M 58mbsblBL, 85806 v =0u gMbjgool dg0mmgdom g s8mEsbs s0Yyzs69ds 890y LELsBOzOM
00m3965%Bg U s v Ebmdo gmbJzogdol dodstro:

Li(w,v):i=Du—v=0, (x,t)€ Dy, 4)
L,(w,v):=0u—f(w)+glu) = F(x,t), (x,t) €Dy, (5)
uly,, =ut,t) =@, uly,, =u0,6)=pu), 0<t<T, (6)

vy, =060 = V20, vy, =v(0,0) = 4§ (©) —pa(®), 0SE<T. 7
o (7) —ob 306390  FGHME®dOL  JoEgdolsl  Fomzowolffobgdmwo  ogym, GmI %W(t, t) = (%+

YT

a%) w | t=x » aa_v |y1,r = \%(;—x - %) 5, 058955509,

a d a d a d\ du
U|Y1,T = DulYl,T = <a+a) <a_a)u|y1,r = _ﬁ<a+a)$ |Y1,T = _ﬁﬂz(t);
%u  0%u

b (7) —ob 8gmey Goemdob 8o@gdolsk 3bgegyermdsdo doggdrwos (2),(3), v =0u=——5— oz O

o

=v(0,t) = Py 0,t) — ZZTZ(O' t) = uf (t) — pa(0). 306ojom, vy u,veC?*Dy)
Gom0mopgbl  (4) — (7)  58mEsbol 3esbogm® 53mbsblbL, Lswss Uy, s € C([0,T]), uy € CH([0,T]), ps €
C%([0,T]), 85806 u ®mbJ505 0d69ds (1) — (3) 98mE360L 3EslogM®o s8mbsblbo.

29BLsBEaMHYds. 300d3om, f,g € C(R), FeC(Dr) @ Lods®Gogobomgols w; =0, i=1,..,4 u © v

0505500509, v |

Y2,

B6J305ms LobEgasl 9fmmgds (4) — (7) 98mEsbol € 3esliols gobbmesgdreo sdmboblbo, oy u, v € C(Dr)
©5 5OLYDMBY Uy, v, € C2(Dy): = {w e C?>(Dy):w | yir =0, i = 1,2} 80893MMd9d0 0Lgmo, B rlll_r)gollun -
ullespy =0, rllijrgoHVn = Ve =0, Tllijg"h(un; v)llep =0, 711_{1.}0||Lz(un, V) — Fllepy = 0.
89609365 2. (3650005, Hd (4) — (7) 58msbol u, v € C*(Dr) 3esbogn®o 53mbsblbo Fo®mdmo@anbl 58 58mEsbols
C 305bobL 2obBMY0 0 58MBIBLBL. 250339 306MBYVT0 XM FBHI03J0S (4) — (7) s9mEsbol € 3esbol
2396Bm 00090 53MbobLBOL MLYdMBS s 9999y 0Tl B3gbgds, M gl 5TMBILLEO 5Ol JeslingwyHo.
J399m0o 30a99colbdmm, Mmd
fw) = Ae*, g € CY(R), |gw)| <M, M = const >0, 1 = const. (8)
050093905 9990920 gdgdo.
w9ds 1. 30ggom, F € C(Dr) s p; =0, i =1,..,4. 85806 (4) — (7) 98msbol bydobdogeo € 3wwsbol u,v
296BM250090990 58MbsblLBEOLIMZOL FoM09gd)E0s FgIEIR0 MIGHME MBS
fux, O] < tetllvlly ey (o b) € Dy
wgds 2. 309350, f @O g BMBJ30900 5305Y4mBowgdgb (8) 30MMdYL, s85Losb A = const =0 s F €
C(Dr), p; =0, i=1,..,4. 85806 (4)—(7) 53cmEs6ol 6gdoldogmo C  3ewobol u,v gobbmydgdmwo
59mbsblbolsmz0l FoMmgdwY0s 99090 953G 0MMo Fgx3sLgdgdo
lux, )| < CilIFllL, ) + Ca (x,t) € Dy,
[v(x, Ol < GlIFllL, ) + Ca (x,t) € Dy,

Loosg C; = Ci(t) =0, i =1,...,4, bLoEOEJIIOO 56 5M06 IIMIOEIIMO U, v s F gbd309dDY.

(4) = (7)  90m3sbs 933035¢96GHMI®© HIOMFONEIDS 3 GHIML H030L s@MofMR03 0bEHIAMIEH
296GM@gRsMs LoLEHJBD) U sV §MbJ3ogdol 8odsem  C(Dr) MFy39® BMbJgosms Jamsldo, Looabsg
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B9dmo dmyzs60 9dgdbYg s wghg- 85990gM0L MMGYIsHY oYM EBMdOM 33303 Ids 8900 MYMMYIoL
0500gd0gds.

0906985 1. 309350 JgLOEgdos (8) 306HMdYd0, Lysg A =0 s F € C1(Dy), p; =0, i =1,..,4. 85306
(4) = (7) 98m3sbsl 4ooBb0s gMmoEgmo C 3eobol gobBMYd©YdIMEo s8mbsblbo, MMmdgwmog saMgm3zy
§568059bL 53 5dm3560L JsloZME 58MBabLBL Dy sMgdo.

89600365 3. 5056065305, HMT DM dgdmbgzgz5do, vy (1) 4bGHMErgdsdo 89dsgzo¢ f, g BvbJ30gdL Potrs
LoaY30Ls 56 35000 J5M3IZTNME ©395HJO0m 30OHMBYOL, 35806 (4) — (7) 99mE6s Bgodwgds s®at 0yml
59mblibs0. B3, BoMYdM0s F98JR0 00gMM9Ts.

0gmegds 2. 3od3sm, f =0, g€ C(R), FyeC'(Dy), Folp, >0 5 F=pBF,, B=const>0, y; =0, i =
1,..,4. 35306, ® g(u) < —|ul% a = const >1 9m0dgd6gds obgmo Gogbgzo Lo = Bo(Fo,a) > 0, GMI GmEs
B>y (4)— (7) 58mEsbsl 56 ao5Bb0s € 3e0sbol 3o6%Bmysgdwyeo sdmbsblbo Dy s@gdo.

©3li336s: 90050, 659MMTTo 53m3560L FMBO3TgdBY IEIOME A9M3IZTM F0MMBJOTO FoTMIZWGIIOS
53mbsblbolL s®LYGdMBOL, JMMSIOHNMOOL S SMSOLYOMBOL Lszombado.
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956030 Lsobxm®sgom LoliBgdgdol s37ds 803OMLYMZ0LYdOLS S HIWO (3053GHMEO
A996mEma09d0L d5BsBY

©0JGHMO6GH0:  Mobsmob  bodosdzowo, LGy,
063m®m3sBozolbs @  Fohomgol  LolLGgdgdol

B939CGHIG0; tikaxatiashvili1997 @gmail.com
bgeddegsbgwo: 360ma. 3.b29m8wemsdy, b.0rx6G0s

M9bomdy:  aobobowgds  doBbGL-MBOYIEHJOOL  TboMEsdF Mo  FomM30L  LLobBm®MTsz0Mm LoLGHYgOOL
929006 39dbmermans sbogro 30ROMEo  dmfymdowmdgdol,  303MMmbgmzoLwmwo  sMJoEgdGHIOols s
MBogOMbMYdOL LogMHMSTMOOLM BEBIMEHJdOLS s ITIL-Ggmmomemyools bsgwdggaby.
1553356dm Lo BHY3900: 06BMOTs30vEo BgdbmEmaogdo. 06g3MlEHMIEmGs. ITIL. MIS. ERP. DSS. EXP.
Asp.Net Core. IoT. 30300bg0H30L900L  sOJoBgIBs. GoBOHMEo Egdbmenmyos.
30600500 bsfjoero: dsm30L LEobxrzmMIsom LobiEgdgdol dgddbol msbsdgm™mzg Joymdgdo 360dzbgwmgshb
OOl SLOHYEOL obowo  Ggdbmmyool sbgMagzsdo. bsB3969d0s ,,0030MLYOZ0LMEO” sGJodgd@ Mol
130653 gbmdgd0 S EIdOMO TbsMggdo, Lbgs se@gMbsBomwo Go3ol sGgodgd@mmsliomsb dgpsmgdoom.
969m9b0wo0s LoLEJIol ©s3HM9]EHJdoL FoBsbg ASP.NET Core 3ews@gm®dol sbs5¢ro®Bol Mmoo o
®965990MM39 90yMIgdoL gsdmyqbgdol 3oMms@glmdgdo, 3mI30EHIMmEo bobEgdol ©939wm3dgbdol
360HmdEqdqdoL s50IMLogbgMgms®. §98mmsz35Hgdwos 0bgm™MTszormo bolEgdgdol doBbgl-mdogd@Egdool
dbom53FgM0 FoMm3z0l boobxgm™mTsgom LoLEJIYOOL  3gd0L  BHgdbmemaos. bobggbgdos MY MMAME
1BMHMB39wygmxl d030mlgM30LMwo  sMJoBgdGOOL 258mygbgds 93w035(30900L Y39 ™m3TgoFBHOLs
00393963 5300Lsm30L bwdyd, mgbogr s TsldEsdmE JoEYMIL.
aobobogds sLg3g ,603009d0L 06EIMbgEHO“ (I0T), HMAMOE FEMBIWMMO JugEHo 0BROILEHOWIGHWGS. ol
9393006090l 30MHGHMMH s BFoD0ZNH Mmd0YJBHJOL Bmboiggdms 8gyzsbols s 3mIMbozsgool Mbsmgdol
399my9gbgd0m.  06x8MLEGHOWIGHMOS  Fgygds  sOLYRRdWwo  Jugeobs s 89dgmdo  0bGHMbyEoL
239630m00gd0lysb. gl g39wsngmo  MBOMB3gWYMRL  MdOYIBJOOL,  LIbbmOGBOL s 393doMgdol
00096¢080E0MJd0L  FgbsdEwgdEMdL, OMAMEOE  3NM3JMIGOIMO  ETMY30JOJo  LIMZoLgdols
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33035(30900L A5630mMgd0L Log3mAzgEob.
©s133bs: MO0 BGOMEO FoMmMZ0L  LEobBMGTs3om LoLEHIIOL 3MMYJEHIOOL s 033¢gdgbEeool
Lo3ombgdol  250509439dd  8030MMbYM30L9d0L  0bGHIMsEool  Logmdggewbyg Viasual Studio.NET Core
3oGBMMTsbg  odBHowMo 3mbignoss. bmwm IoT @s Cloud @gdbmemyoqdol 0b@gatsiooo dobmab
LobEgds 0gb6gds 30d0MoMeo web- s mobile- #9dbmerma0gdbg ©oxxMdbgdmwo, byMzoLgdol MFyzgdo
239630056900l dgLsdwgdwmdgdoo (ITIL 8gmmomemyool 35Bsby).
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@relation transport

@attribute: Type {oversized, ordinary, ordinary 20 fut, ordinary IL 76}

@attribute: temperature{REF, DRY}

@attribute: load cbm {85, 120, 33, 100}

@attribute: load ton {25, 68, 20, 40}

@attribute: price {3000, 4500, 3500, 130000}

@data

Type,temperature,load cbm,load ton,price

Truck,oversized ,REF,85,25,3000

Rail,ordinary,DRY,120,68,4500

Sea,ordinary 20 fut,REF,33,20,3500

Air,ordinary IL 76,DRY,100,40,130000
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Mame: truck Type: Mominal
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Mo | Label | Count | Weight
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2 120cbm 3 30
3 40cbm i 7.0
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PIC CPU Source Code - UL = [
Y T A T T i T 3 Pl
Ci\Users\Z\Desktop\muztime \amis_puhbaroxma,asm BEAE- Y F 15k
movw Tewraz
o o 5 ——n ecFsz TEMFED, F o
e et = oto $-1
ectsz TEMPBL, F
R 3 e oto i3
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EX oto $-5
1 il 1
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c2 moviw .221
. mov TEWPED
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EICierses 25 o a1 PIC CPU Variables - U =
g = Name Address value 9
TR F 0x0001 OXBS
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23 SIP-1A12 K1,K2,K3,K4
24 2N4401G Ql

25 ULN2803A Q5

26 1k R16,R17,R21,R22,R38
27 5.1k R24

28 5.1k R25

29 2.4k R34,R41,R44
30 1K R37

31 220 R42

32 10 R43

33 27k R45

34 5k R39

35 5555162-1 RJ1

36 4,7K RN2

37 DFPLAYER-MINI-MODULE Ul5

38 B05055-1W U19

39 898-3-R1.0K U20

40 B1205S-2W_C520550 U23

41 PIC16F873A-1/SP U26

42 7805(T0O-220) u27

43 KF301-5.0-2P U35,U36

44 4MHZ X1
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©0M9JBHMM05@D, fobs LodwgMs TbmEwmE §ywgds. MY3sdol ©s33MOL LOYdOL 9d®gY, YMBOWwo

LodEgGs FMAYELYJDS. Gb MY3eEsTsl 3303l O OMYIBHMMOSL Labgero w339 5ol 43M535DMB.
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069 bLgHoMEo Fdomdolmzgols

LYoo 0bEIORgoLom FMdomdob g B9oMgd0m BoMEH0309s. Jo0m3z5¢olfobgm, ®md 1 kOhm GgbobGmmo

Im53L9dwos DFPlayer dmwgenols RX 8993s60L {ob.

J399mms 3bMHowrdo dmigdoeos DFPlayer dm@wenobl, 350mdy3:6980L sbodbryangds

No Pin Description Note

1 vCC Input Voltage DC3.2~5.0V:Type: DC4.2V

Z KA wAKT serial input

3 TX UART serial output

4 DAC R Audio output right channel Drive earphone and amplifier

s DAC L Audio output left channel Drive earphone and amplifier

6 SPK2 Speaker- Drive speaker less than 3W

7 GND Ground Power GND

8 SPK1 Speaker+ Drive speaker less than 3'W

9 101 Trigger port 1 Short prcl::.j :::)rl:l‘i:n";.‘:fll\:s':z') long press
10 GND Ground Power GND

1 102 Trigger port 2 Short pIlesnl:rf‘::g ::‘:::n:cl?ng press to
12 ADKEY1 AD Port 1 I'rigger play first segment

13 ADKEY2 AD Port 2 Irigger play fifth segment

14 UsSB-+ UsB+ DP USB Port

15 uUsB- usB- DM USB Port

16 BUSY Playing Status Low means playing \High means no

DFPLayer Mini dm@wwo ool Lg®omwo MP3 dm@vmeo, 6mdgeos MBOHmb3gwmymal bLevyaymaoe
06¢93m06Mgd0me MP3, WMV 53565¢6M0ol ©09300060935L. 30vbgs3s 080bs, O™ 30:myMsds absml vFg@l
TF 3560500l ©M50396ML, dbs®l m3gdl FAT16, FAT32 g3500n® bol@gdsl. ds@@GHogo bgmogdol Lsdwswgdom
0M3dsbgdgdo Mool @33M0L, SxMgm3g dMlogol s bbgs xbdE0900L 33MOL  Fomomgdolmzol,
MbgebMEol 3o6M9dg oMo BMbI30MboMmgds, ToMEH030 398mYqbgds, bGedowMmo s LEodgm 5Ol 53
dmEuol gggwsbg 9600369emzsb0 Tsboboomgdegdo. 1.2 .gmbjsgogdo Mp3 s WMV ©g3modgdol
dbomsFgMo b5 390 d96bhg30L 9sh396909¢0
8KHz,11.025KHz,12KHz,16KHz,22.05KHz,24KHz,32KHz,44.1KHz,48KHz  24-d0&0s60 DAC  958m3535¢00,
065301900 ©0535DMbol FboMsFgMs 90 dB, SNR dbs®l Il 85 dB dbo@l »Fg®l FAT16, FAT32 gsoge
LobGgdsl, dodboToymo FbsMsFJMs 32 GB TF doGroml 3mbEmmaol bgsslbgs Mgsg0d0, LgMHomewo Hgsgodo,
AD 353080l 3sGmm30L Mg 5000 153s9fygdem gbol wsdgdol gbdisos, 893000500 9sbgHmm Bmby®o
Bo9mb o900 QQOSRGOME0S
Lodomorggdol dobggom; dbomb MFgol 100-0y ULodswswgl, 0omMgMEo bodsmow@g 99odergds
dogb03ml 1000- LodEyMoL 30 @boL bdol MgRME0Mmgds, 10 mbol EQ Hgymeo®mgdso.

d390mm dmgdmeros DFPLayer Mini dm@v)enols 36dsbgdqdol Bsdmbsmgswro

dmbogzol  ©s33Mo 3W 2505000 96mgdgo  svom  3mbs3gdgdo

DFPlayer Mini-ob 139(308303530900 / dsbsliosmgdergdo

DFPlayer Mini bgewdobsfgomdos 5-10 930m@ 535Bmbo@sb 96 Ubgs mbrsob 9s0sb0gd0sb. doswosb
9000093005305 800l d306M Bmds, MoPsb 0l MomJdol 56 s0gda@gds Micro SD 356500l LErmEb.
965653090 8005909 F30 39B396905, HMA 59 IMFYMBOWMBsBY 5MOL 5 HOWO 35T 0gMHGOOLMZ0LOEG 30, 1Y
603 0g396 99300050 30MHEIZ0M ©S539380MHM™M ©E0bsT03gd0 3 353sdg. DFPlayer Mini-ol dmbsggdms
B0l bobgs 9200050 063 MbgEHT0, 359. 5. o 5M0L Msdgbodg oMM Fmbsigdo:

33000L derm30 3.2 -5.0 3
b0l mbds0gds (xrm©obols Mgg0ddo) ~ 20 mA
3H5MHFIMH0Wwo Boowolb GHodgdo MP3 s WAV
dbsm539M0o SD doMomgdo Micro SD(HC) 32 gd-0c0g
gmGds@o FAT16 / FAT 32
L530m3mbo3gsgom Seriell RX/TX, 350l boBdamg: 9600
USB 3m®m@o USB 2.0 (3wqd®s030 / 3033099¢900)
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5000M 358035350 ©0bs3030 - 3 38007 (3985d0gMHgdgmo dmeEHbY)
DAC (4996bsbdgbgdobmgol sb 45353096 9d@qdolmaol)

CMD Function Description Parameters(16 bit)

0x01 Next

0x02 Previous

0x03 Specify tracking(NUM) 0-2999

0x04 Increase volume

0x05 Decrease volume

0x06 Specify volume 0-30

0x07 Specify EQ(0/1/2/3/4/5) Normal/Pop/Rock/Jazz/Classic/Base
0x08 Specify playback mode (0/1/2/3) Repeat/folder repeat/single repeat/ random

b99mo dmyzs60¢o Lggdol Ggledsdolo 393MHO BoMROAEOL GHM3MEWMYO0MO bobsbo

Bob. 5 06050 3MBbGHOMMMHOL 3es@ol boghmm bgo

©3l3336s. ©53MTs390wa0s  4sbMBoo  0bBMGTo300L  93YLEBH03MI®  FIbTM3BIBOL  ImgmdomdOl

3bdEool 9aLemEadgeo 0blE®MmIgbE o dmEwel LEHMYIEGIOYWo Bggds,HMmIol LsgwdzngwwHs

9900996005 doMHOMOO  3MBEHMMOOL  gwgdBOMwo bdgdol  LodWWsEoMO  BMEIWO  JSFMEO
©5360H:MgJGHgooL 3nd30EGHIOHMOo 3OHMYM3s Proteus-ob 05bsBy, 3OHMGMs3w9wmo MBMHmbzgumymes dgygbowos

RISC s6do®gd@dneol ddmby d030m3mbGHMmMEgMgdol d6dsbgdsms LolEGgdol gsdmyggbgdom 3MHmaMmsdme

3WoGHBRMMTo© 359Mmyg9bgdw0s 3030Mm3MbEHMMEgMHIdOL 3MMyMmdoMmgdol 0bEYRMm0MmYdNMwO do@gdm MPLAB.

sfymdoos  dmdnTsgg  mfgmdowmdol  1sdsgzgdh™  gabgd3wsMo  Logboswol  4s8sd0gMHgdIWoms
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dmmbmgzgbol dqLodsdobo s Jobo 53MLEH03MMO ToM M3,

359myg96909emo mo@ghsdmes:

1. %. 9050856583000, M. BHrdsModg - 3sHBMmIZs, FoOMZs S MYRME0Mgds 3030M3MmbEHMMEMOL gsdmygbgdoo.
Logodmdgdenm Lobwo ,G9dbozmemo mbogg®lo@gdo® 2019§. 265 g3.

2. B. 5905085059300, .0m0x036900, 0.35603BH30b0 - sBsEoymmo ©s 08O IN[YMdow™dJOOL
3033093900 InEIomgds Proteus-ol 05Dsby. Logsdmdigderm bsbwo ,3gdbogzmdo mbogzgdlodgdo®
2020§. 251 93.

3. 0. 35053300, bB. 5HT5085(5Z30WO - 53EMT5EH0BJOME0 I3MIMYJEHJOoL LobEIgdo - NI Multisim s NI
Itiboard. Logsdmd3gderm Lsbero ,,Ggdbozeo »bogg®LodgGo“ 2015§. 113 93.

4. 060 80Y05d], BooE 5BT20xM5d30¢0, M8 FMMX03bgwo - ,3080Wwo Ggdbozol Lsgwmdzargdo®
Logodmdigdenm Lobwo ,@9dbogmemo mboggOlodgdo® 2022. 130 3.

©0ggMH9630sE&o {6930l g5dBMmao Imfigmdogmds Lsdgogobm sfgligdmmgdols
5bgdolm30L

©@29H20s6G0o:  dsobs  dgbbos, Uy,
06%200605¢9030b5 @5 Osr30L  bolihgdodols
RI39CPAIHO, meskhia.marina@gtu.ge
b9endderz569¢m0: 3623900260 Bsoar
> BOs035650300m0

Mybondy: 33939 HIL30MSGMOHMWOo LObEMMIOL JMOHMBs30MMLOL (SARS-CoV-2) §oG3mdMdsd, 458m0f30s
ALbMBEom 356g30s s LEBMYIMIOMO30 XD Losbagdm FEAMTMIMDIT0 F9I0BIMS. 5T sbowo
3500960l 205300l  gHod o 30MMEBEHMdST 2399B0Bs  sboewo  45dmfigazqdo  LadgoEobm
59L9dgdgdoL MMobgdol Fmfigmdslmsb e393d0MYPIOM, Moms M30@bE 0gbsl sgowgdmwo 30HXYLOL
30U30GOIWMMO 203390l FHgdo. Fobbowros OB MgbEoswmo 6930l gsdBmdo  ImYmdowrmds
H0Igeog FoMImop bl Imbo@mmobyol LolEgdol 899sagbgen Boffol. Bo@e®Mgdwemos [bg30L LgblmMgdol
000mboz0m0  sBsewobo, s®bgMos  0bGgwgd@Byemmo  LgbbmMol  GHodo, dmyzsbowros  LgbLmMob
05bsllosMGdgo 3509393900 s  Bobggbgdos  LsBmIo  0bBm®Is3z00L  Jomgdol  Fgbsderm  aBgdo.
3M3309BHMmeo  LodwWwszowmmo  3GMmyMsds  Proteus-ob 05BsBY 9990900 dmfigmdomdols
bdgdmE9gdbozmemo  dmEawo, @Il  LSFMswgdoMsE  BIGHIMGIMWOos M Ts390Eo  SEHMOHOMTOL
9dobg30m 068mOT5300L goE3wol 30MmiEglol s6sEobo. gobbowrwos s0bodbmwo saym®omdol derm3-
bdgds o 999dbogros Tglsdsdolo 3OrMAMSds. F9Immsz5DgOo FmfYmdowMdol 258mygbgds bsgzgbEowsgom
LoLEGIoLmSh ghmo 53300908  06939d(309M0 93500FBJOOL 253039 gdOL MOLIL s byl WFymdL
LEHIOOWMEOHO 15N Tom 256gIml TgbsMhmBIdL.

1553396dm LoBYzgdo: 2s0BMIo dmfigmdomds, 6930l Lgblm®mo,  396EH0E0Y, BoMMIgEMO, s@EHIMbggMwEo
6935, $9939M5@ 1M, Mga0LEHMYd0, 356 dogdo, COVID-19, dmbo@m®mobyo, LsoBmEsgom  mmabo.
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©ali33bs:  93M0Ye©, BoBoMgdmo {bgzol Lblm®mgdol dodmbowgomo sbswobol Fggye®, SO
dmmbmgbowo  35Ms09@Mgool  glsdsdolo §bg30L  0bGHgwgdBH Mo LgblmGo, 8gdmdsgzgdwyaros
©0ggM9b30swGmo 6930l  odBmdo  Imfymdomdol bE®dEwemo bdgds s Ld9dm@gdbozmeo
LodWo3o0ol dmEgEo OHMIWOL LsdMoegdoMsE Bo@oMgdmwos 89985390010 sSEaMmMOmdol Jobgz0m
0bxm®mAs300L 35330l 3OHMEILOL 9bsEr0Bo. gobbowrmEos s©0bodbmwo SEIYMGOMToL dem3-UJgds o
3949bocros qLodsdobo 3MmaMsds.  MomMMIwo bgblmMOeo derm3zo JoMOoMOEo FTsMmMZIo derm3oL
0005000 d90dgds 29bmogLiql Msd8gbodg smgwer b sbgmen IgEHE dsbdoebyg. BmMboEHM®Mmobyol LolEgdol
2459myggbgds Loggb@owsEgom Lol dsbmsb gMmoe, s930MdL  0689dE0wMO WO5350JOGOOL 493M 39Ol
Mob3Lb s byl MFymdL bBIMOW MO bodwydsm gocmgdml GgbosmBmbgdL.
259mggbgdmeo oEgHsGHYMs:
1. Sammy Al-Benna //Negative pressure rooms and COVID-19. Journal: Journal of Perioperative Practice 2020
p (18-23) ((3965b369eo 0gbs godmfg@owo 6.07.2021)
2. Knowles Middleton, W. E.// A Brief History of the Barometer
3. 0.093508356M5330¢0, ™.GMIsMdg LbgblemMgdo ©s 0bEJwgdBHIEMo Lsbmdo LsdsEgdgdO“ bogd.
3995039960 MbogadLoGHEOL Logsdmdzgderm bobero 2017f5. 498 o3. ISBN:978-9941-20-754-9
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300&Msem©o 39Mdm Jugemol (VPN) 259mggbgdol m306modgbmdsbo, Lbgsmslibgs
36BHM30egd0L 50fgMs S 35000 JesloR03SF0d

@29H2536¢h0: dobgogn sOLsT0em0, 36Hm.
omligd F3O039¢P0T30¢0, by
06300605¢9030b5 @5 Osr30b  bolihgdobols
R339CPAIH0, m.darchashvili@gtu.ge
baerdomzs6gcro: 369;. 0mb9d
F5039¢0d30070

69Bondg: 53O0 [oMmImygboos 3oMmEHMswwGmo 39MGdm Jugergdol VPN (Virtual Private Network) 53900l
39d6mma0s, MMIgEos MLsgMOmbm 3538060l sObolL dgbsgdbgwo gOHM-9M0 Y39woby M3G0ToEe
350055 FoMdMogbl. Mgolsmzol 56530655 oGO 0dobysh, GMI dol 0bgMEMTsE0slL dmMmETIMJdgwo
bbgoolibgs  39dbozol  Lodwmsagdoom bgmdo Bsogygdl s 250m0ygbgdl Mo  doBbydolmgol. od
LORMMbOLAD  og30L  OLBEIZ9®  LOFOMMs Z0BOHMBM® 255399 FMbs3gdgdolL  IEMEEMdIDY,
H0Iobomgzgolsg Jugewdo dmbszgdgdol gosgdolmgzgol 4odmoygbgds Lbgssbbgs oEmEo 3OHMEHMIMMIdO
©5 9O-9MHM0 SbgMO  EIEWo  Fgdbmemaoss VPN, Mmdgwog mogol dbmog 0ygbgdl Lbgoolbgs
3OMAEMIME9OU.

1553356dm Lo BHY3900: 30MEGWSWMHO 3gMdm Jugewo, 3OMEMIMEG00, LIOEHO0B0ISGJOO.

d060ms©o bofioo: 306G Ho 39Mdm Jugeo - VPN 5ol dmboggdms go@o3gdol 4o6mgdm §izomdol
93953600 3mbGHOHMEom, MHMIGEoE MbsdsMIbodzbgemgsbo 393806H0L Lsdwomgdsl oderggzs 3mb3Mg@ro
mO2560Bs30Mwo  gogPm0sbgdol Lobmz®gddo. VPN 3w435mdl  m3gGogommo  bobEgdob ©mbgby s
93mbGHOMEgdL Imfymdowmdol Jugerw® 353006L, Moz 60dbsgl 0dsl, Gmd VPN dog®mogl 30md30vg@Eg@do
3MLYIME OMMYME 3MIMAMToL, Foeogl BmdbIsgderol IP dolsdsmmb s 3gerol dsb VPN bighgghol
9oLsdsMom, MHMIgEoE 35M0MIAL J3qybgdol dobggzom. 0b@IMbyEOL 29b305MYBILML gMms 2353L
L5F0MHMYdS 930339 FMbs(3999d0, MHMIYELSE 399339 oS Jugerdo, MHMYMOOES 0bBHIMBYBHO. 50530055
(3790 090bysb, O™ dol GHMsxz03L dMEOMEHIMJIgo LbgssLbgs 39gdbozol Lydmswgdoom bgwdo bsoygdL
©5  359Mm0Yygbgdl 390 FoBbgdOLMZoL. 98 Log®mMbOoLysh ™msg30L  sLLEIZ39  LsFomms 30BOHMbmm
2390053990 dmbo39gdqd0L OEMEMdSBY. (339w Jugwdo Bmbsgdgdol FooEgdolmzol Asdmoygbgds
Lbgoslibgs 3o 3MmEHMIMEo Mmym®mgdogss HTTPS, SSH, TLS, IPSEC s bbgs.

bbgoolbgs  3md3s60gddo  @s  MmMasboBszogddo  JugwmMo  09MH0dgdol  [oboomdwgy 939G MGO©
LSdMIMEZIE© s 3MI30BHIOMEo JugEol SJBHOMMO s MLIFODBM 458mygbgdol JqlodergdEMmdol
MBO639wLoYMGBI© 59E0IMSQ Z0MIMPYDS 30MEHWSCMMO 39MAM JugErgdol 3900l 3MbEgEE0s. HMIgeos
®o30L  GbM0g  0ygbhgdl  Lbgoolbgs  3MMEHMIMEWIPIL. 1530030039 VPN o6 mBOHbggerymas
9mbo399900L  530096GHWIOMBLS > FogGMHHEOSL. Toddseomobomgol GRE (Generic Routing Encapsulation)
&MBIomzdoL 3OHMEHMIMWO, HMBgeog 9900dszs 31335605 Cisco-0 s HoMdmayobs 1994 g, 33533l
L5395 gdSL MM EodMmOMYd Jugwl 3Jmbogl 3mds gMMIsbgmol Jos MYLOLYdBY, TogMsd oM
MBOYM6390YMRL 9M650M0 Labol MLsxgMmPbMadLL. 00 990mbggzsd0 M) demMHMEHAmddgo dmsbgmbgdls GRE
&9969wdo 49053990 GHGsx030L FgaMmggdsl, JsMEH035 Bobogl 4905390 Imbs3909dL. sdoRMmsgo
VPN-ob Ubgs 8sgowomgdos: ATM(Asynchronous Transfer Mode), PVC (permanent virtual circuits) o
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36M9dGHoMgdol bbgoalbgs LEIOsDHY. 398M3Z9MOW0s GHMIOEOWMWO  ©s IMNEIMOHO 3OMIJEH0MJOJOL
Jmob goblbgsggdgdo.

1553356dm Loyzgdo: bsdgbgdmaro boliEgdgdo, IMEIWIMHO 3OHMIIEHOMIOS

doMomsEo bsfogo:

®965390MM3z9 Bs8gbgd o LolEgds FoMmBmoagbl Toswowo Tgbodegdemdgdol 3ogOww  LobEgdsl,
H0Igeog 994dbowros ghmo 259myggbgdomo s3msbols o6 s8mEsboms 3eobol oabisfyzgBo o ookbos
obobfot  gobloBOZOHMo  BMbIgoMMo  gbodwrgdemdgdo.  Bsdgbgdmmo  LobEgdgdo  0bxm®Isgool
05399353900l bbgs LoLEYIYO0E Foblbgs3gds OLgMO FobolinsMGILIO0m, HMYMMO(39:

o 25DM©0E0 LY0FIPMMDY;

o 25DMOOEO MLsROMbMYD;

e 300GH039MdS MO OHMJI0;

e 0b639MHx8g0LO 569 LETYsOHMLIMLD LYbLmMEMGdOLS s G9alEMmEgdgEo dgdsboBdgdols dgdzgmdoom.
Bs89bgd o LobLEgdgdol 3MHMgdEBHoMgds MMM s3mEsbss, GMIgwo 9godwgds ©I3YMo MdYbody
93990035650, H®MIWgdo3 LEWWEIds FBLEBOIOHVO MBI IZMMBO.
dnEwbg - mOH0g6GH0MGdIMWo  3OMgdBHomgds Lbgoalibgzsgzsdmo 3gdbozmdmo LolEgdgdol 8gdwdsgzgdol
0900MEOMEMQ055, MMIgEog 0ygbgdl LobiGgdmGmo 3m33mbgbEgdol domgds@olm® dgomEIdl ©@s Tom
393gbsl o6M9dm 306MdbY. g o090 MBOL BoEYMBss, HMIWOL OHMLYE 3HMJBH0MIBOL yzgms JEHo3bY
3MLYIMBL 50TslOgdIo 13308035300 IMEYEro. dmgemols d9ddbols s dgdm{Hagdol aliMmgdols
3990099 M9 OHMI0 04dbgds 30rMM 3o 300. gl JoYMTs 3603369 mgbo 5930MJOL 3MrMAM SO
MBOHMB39wymgzol d9dvgdsgzgdol 300090l s dgwydmfidndgeo 3m@ol BMsdgbEHgdol sSOLYBIMOOL S¢EBMNMBL.
©333bo: dmEIMOHo  30mgBHomgds  3mEol  3G™IsGmemo  dgddbom  89odwgds  Fo®BoBgdyere
299myg9bgdmwo 0gbsl ,LiMeg 3GMmEMEH0300905d0%, ol sliggg 3399wg3L FglsdegdeEmdsl FoMImgsyobmm
LobEHYIgOoL bgoslbgs 3oM0563HY00, MMIgEms 899m{Hdgds s M3EH0T0Ds30s J0boToswwH M®do Imbgds.
399mggbgdEwo woBIOsOY®s

1. Chakraborty A., Kochaleema K.H, Usha D., AGRAWAL V.K. (2014). An Approach for Model Based
Programming Using LabVIEW, International Journal of Advances in Computer Science and its Applications —
IJCSIA, Volume 4 : Issue 1, Publication Date : 09 January

2. PikeTec, GmbH. TPT - model-based testing of embedded control systems. Available at:
http://www.piketec.com/products/tpt.php (10.12.22)
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Lsdbg®m Jugergddo 30d9GMLSBOHNBMYGIOL sOJoBIIBMOOL 35630056Mgds

@29AH2036()0:  s30sbpogm  8og0690030¢m0
A, 06220605¢90,0b5 s Isog0l
bobdgdgdob BRILAIA0;
migineishviliavtandili@htu.ge

b9emddm3569¢m0 - 36:23. b. 56G5879¢0

690109, Lo0s3MMBIM, LodbgEM™, Logobsblm s Lbgs MMABODIE0gd0 sgMMm39096, 08539096 s
065b5396 M3M9390096GH™ Mm©Ibmdol dmbs393gdL, 500GHMI MLsBMMbMgdOL MHBOHMBlgwymms dsebgo
96003690 ™35605. 030L 4o8Mm, MHMI 30096 053oLLAYOOL IM(3MEPMBS PLOMOEMY 0BMHEIDds, 303356090L s
mO2560Bs30gdL HMIGOLsE 939¢gd50 0LYIO 0bRMMTS300L (33, M3 JNHM3BME MLsRMMbMYdILMLL,
X969M09mdLmsb 96 Lorgobsblm  hsbsfgMgdMb  sMOL  ©s35380MHYdM0, LFOMPYOSD  JIM3IZTMO
MLsROMbMgdoL Bndgdol dowgds dsmo 360836gmm3s60 d0BBIL s 30050 CBFMOT5300L OLS(3535¢.
1553356dm LoBHY3900. 30096 Ms3ILBTs, 06BMOTs30Wo BHgdbmemyos, Jugwol MLsgMMbMmYds

d060m5©0 bsfiogo: GBHMoo30ms, LsdbgMO™ Jugmgdo 0BmEoMgdEos bbgs Juguwgdobash, bmam
0By §30mTs  do0sb  gBOMOIos OHMPMOE  2JMYMBOMEo  JEIOIMHIMBOm, dBJ3g  MYMHMO
333M0Dgdo ImdbTsMgdol;mzol. EEL, Lsdbg®mm TgbodErgdwmdgdol gzgws bxge™ (oMol
LobEgdgdo, Lsdobby s 9.8.) 3953000 MWos 0bBMOTs30wo  BHYJbMEWmyools s 3OMYMTJdOL
3590ggbgdslmsb. 0bGHgMbgBHoo  dmbszdgool oS  25s3gds  FoMTmaagbl  LagGmbgl  Ladbgm
Lol gdgdobmzgol. Lsdbg®m Jugergdol s6OJo@gddaol oBsobds Mbs M3sLMbml MLsgGMbMgdOl
Lsg3MMbgl  FodloTsErMEs©.  SMJoBJIHMsd  Mbs  PBOHMBZgwYml  MLIRODBMIdOL  Lszdsmolio
gmbdgombowo s 3mbEGOMwo, HmIgwog ©obsdonMmo  IMBEEGOHMEWoMgdso  0dbgds  Lbgasbbgs
LodMAmem s bydod Lo@weEogddo Jugwol 3mbxoyMEs300L 5©a3EE00lL dobbom, Mbs ©sdzsl
MbORMMbMgdolL BMbE0gdol dmdbowo ImoroEoMmgds bydodo Lz bsMgdol dgaawrol dqlsdsdobs. gb
9m0mbmgl LogO®MbOL  d0dEOMMYIOL s 3OHMYMTMEO  MHBOHMBIgEYmaol JoghH  MLsgOPHMIdOL
3MbE® Mol 399003 4obsbEngdsls.

5055050  290mygbgdmeo  Lodbg®m  0bgm®dsgowwo  LobEgdgdo  9dgsMgds  LGHGHOIWG
3MbRogmMo30sl, Msdsg Jugwrol 3356do 96 LgMzgMmo FEMObmzol dmdMsgo LsdoBby Fgodwgds obsEMU.
MbOxMMbmgdol IgbgxdgbBL o6 goshbos LogMmm bgwgzs 899330MMdOL bolEgdgddo. MLsgOMbMgdOL
3MmbGOMEOol  ommgzs dbggg 96083bgemgzsbos, Msdsg dgodargds FoMdmddbol sboo  ©@ovy(339wMds
LobEgdsdo.
©3l3336s. 30096 LogMmMbggdol 293¢g6s MLsgMMbMmgdoL sOJoBgddwMsby Ggodwgds mmb sLdgd@do
0935%50mm. 30039 M0yd0, 50Jo@gdGHMmsd bgwo wbws dgmfiymlb Log®mbol bgbstgdol dg3gesb.
Lsg3MMboL dmEgErol F933woLLL, 9OJoBHIIEGWIMST0  SPHIOHOWO MLOFOHPBMYOdOL JMbEGGMmo vbos
dmgMamb s®LYdIME 2oMgdmb. Fgmdyg, 5OJo@gd@Med Mbws Ao0mzoeoLobmML Mogzs330L Low®Mady,
6590 99mdgdgeros 100 3GmEgb@osbo Mlsgdmbm ©s bywdgmbgdgmwo LobEgdgool sygds. dgbsdy,
Lodbg®mm  Logzmdmbozsgom Juggdo b 8305gmxzowdEgl 0bxgm®mTszool o330l dmmbmgbadl,
H0Igdog 3obLb303ds 3EWLOGOIo300LS s MLsBOMbMYdOL bgoolbgs mbol dobgwgzom. dgmmby,
Lodemeemem 3mdbdsmgdgel Mbs 8ggdeml bomds Jugaol MLokmmbmgdol mzseLsbOOLO.

359my96999emo mo@ghsdmes:
1. NIST - National Institute of Standards and Technology
2. NIST SP- NIST Special Publication
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b0 3mOHMB530HMLOL BoMObBMOIsEH039o sbseEobo
Q@OIAH2H0H0: 0B 03205G300m0
b9, 06365859030b5 5 Isrorz0l

bobgdgdol 3s329AIS0;
tomashvili.giorgi@gtu.ge

bgddmgzs69o - 0650006 35050

M9Bondy: 396gdool  2o63o3wmdsdo  0IbGoRoE0Mm®s SARS-CoV-2-0b Lbgoolbgs 3500563 gdo0.
3600369¢™35600  35M056FJBOL  Bgsdbgzgmds  Jggybol  FobdGdom, Moms gl 0bBMmOIsE0s
2390035¢0bFobML Fglodsdolids mMysbmgdds 356900l LsdoMm35. A9MEs 580bY, BYEsTbILIILMdS
36003690 ™35600 sbsero 356MH0sbGHIBOL 0gbEH0BOE0MdOLMZ0L. IFM™Zowo 3mEbs dgladwgdgwl
bool  dgbsdsdobo  36M939630wo  Mmbolidogdgdol  oGMgdslL,  39J3obsgools s Lsd3MMbom
L5dMogdgdol  9ngJBHMO  @odmyabgdsl.  BsdGM®Aol  dobsbos SARS-CoV-2-ol  LodoOomggewrmdo
030639900609 390056GHJO0L BgEsdbgzgemds s IHILOIMYDS sboEr0 MMdOL bgdzgboMgdom (Next
Generation Sequencing — NGS) dopgwmo 0bgm®dsgool  Logwdggewbg. sbggg, dowgdwyeo
9mb5399900L  AoB0sMGdS  LogMmsdmMolem  dmboggdms dsBsdo — GISAID. 33¢930L  Bodaergddo
©5030b©7ds, ) Mo 35M06BHIO0 3063IMNWOMYPIS LodsOmM39wmdo, GMIgeo Jomysbo ogm Ig@o©
2393039IWGOME0 s MHMYMMo 0dbgds Fomo gobsfowgds gowmyqbyBozm® bgbg. goMos sdobs, Sbg3g
330930L 153000b0s o™ 9693030l Tgaabs s sbseroBo 13s0g ool gd3gblgdolmazol.

1553356dm LoBHY3900: sbso Momdob 1gdzgbo®mgds. SARS-CoV-2. gowwmagbg@ozsmo by.

306050 bsfogro: 2020 ool 05635630 Fobgmds 4s8madzggbs 3mmmbsgomliol sboero d@sdol, SARS-
CoV-2-0l, ULsfyobo 3500sbGHOL Lgdgnblo. 356 gbogMgdls dogerls dumzromdo  EosEbmLEozoL,
93990bomdobs s 394306900l 256300000900l Lodwgorgds dobis (WHO, 2020). gob@s  sdobs,
d9L5dgdgo  gobs IMg3MEmmo BgEsdbg39EMds S HIWO F9M0BEHIOOL 0I6EHFBOISG0S.
396m3MMo Hgsdbgggurmds 3608369¢m3z960s 30HMLOL A93MEIgd0L 989G T9doMgdols s
39303900m30L. NGS  ©s gowmygbg@olzol  9gom@gdol  bodwgswgdom  dgbodewgdgeo  bogds
39PMBH03MMs© s 9bGH0E b  goblbgogzgdmmo  35M0s6EIBdOL  ©gBYJ30s dLmBomdo oo
2393039wg058@Y. gl 9MEOWGIJE0s B0 350M0sbEHIOOL M30LgdJIOL LHMsno Fodm 33 30LMm30L ©.,
F9L005d0Lo, 9300Ydool FsMHMNZ0L LAHMEYR0JOOL OHMMEo dgdmdaggdobmgol. (Robishaw et al. 2021)
39Ms  0doLy, ®md  86003bgarmgsbos  396maol  (335¢gdsO  MYRAOoMBIdOL  Tglfogers,  9MBsZEgd

0bxm®ss@Gommos  3mblgMHzoGH0Mo  Mguombgdol  250m33wg3s.  29bmdNMo  sbsgrobol  dggys©

39Lodgdg0s qbmdol 439w s® Bo3wgde (339¢gd5O MYa0mbIdol 0IbEHO0BOEOMYDdS. Jb 0bRMMTsE0s
99000208 b533MOBSWM LYo GBIOOLS O Z9930bIBOL FoLEZ0MMYDES® Fodmoygbgds. (Robishaw et al.

2021). 306v9L0L 93m@w)300L 356M9EgMe© 309EO0bIMHYMBL SJBHOMOO JMESdMM30s I33g35MIOL
dmO0L, Goms dgbodErgdgwo gobgl IM35wABBMToMgdosbo g9bmdmmo s g3ogdomemaommo
9mbs399900L @OHMNMO  35B0sMmGds (3sy., GISAID-Bg). gl 9MEowgdge0s 5Medbmem 3od30bgdol
Lohgobo  EOBs0bol Fgd,Tsgzgdobmzol, sMsdgE Tomo  ogdxmdILYdOLmZoL 30MXLOL 49bgEo3wco
3960530900L dobggom. (Robishaw et al. 2021). GISAID 0bogos®ogs byl ¢fgmdl 3mo3ob 3omwligdols
s COVID-19-0b 59m3(g30 3006Hmbsg00mWl9d0L dmbs3gdgool LEGMeg gobosdgdsl. gls dmoaagl g9bmdol
19g39BLL o BoLEBD 353806 3e0b3H o J30ITOMEMYFOO 0BBMEOTo30sL. 53 ToLBEHVdOL
0mbo3gdgdo 8331935090l 93009d0900Ls s 356@dool  EMML  306MMLGdIOL  g3MmEEooLs O
393M390900L gLFogeol badrseadsls sdergaL. (https://www.gisaid.org/)

3153365: 356gdo0l bbgoalibzs 9@e3bg olislgdzgbo®mgdgumo bodxmdgdo Lbgaalibzs 3GM0b3odom s0MBs.
doM0mMo, LsdsBOLM  BgEsTHYZJLMBOOLMZOL  WYSMHOL  BMEOBHMM0530  OILEHWIMJOIIO
3M30-5©Jd0m0 60dMIgdo (Ct < 28) d9dmbgzgzommdol 3Gobzodom oMBgms. B.1.1.7 (sergs) s BA.1
(3036mb0) 3560563 Jd0L 493039 gdolL Lsfyol gsbsdo LgdzgboMEadms S 4gbol Bogo®Ebols ddmby
60378900. asglbo 6odwdgdo 0IHbEHOBOEFOMES 0LYMO 3Mm03IMIBNEO XSFZMOO Mgodzool (3x6)
bodmowgdom, MGmIgwog, SARS-CoV-2-0b Ubgs 29690096 gbmo, S 9gbol  ©g@gdaost boolb
99Lodegdgel (Boy., Applied Biosciences TagPath COVID-19 CE-IVD RT-PCR Kit-ob gs9mygbgdom).
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603d900L  bgd39b0Mgdolmzol dgomBs 983¢r03mbadbY oxdbgdwo dgommeo. NEBNext® ARTIC
Library Prep Kkit-ob Us8o¢grgdoom  dgbsdergdgeros 1393080399600  Lsdobby 306HmLol  agbmdol
503¢0g3035(309. 300900 533¢03mbgdo bgdzgboms MiSeq s MiSeq Dx 3gs@gm®dgdby. domgdrewo
9mbo3gdgdo assboemobs CLC genomics workbench 21.0.5 gg®Loom, G®Igerdos bgemdobsfizomdos
L3g3oseMo ARTIC V4-000 300gdmwo  30dwommg3zol bgdzgbo®mgdol sbserobo. ©sdwdsgzgdol
990000  dowgdmwo  LgdzgbLgdo  soGHz0mms  GISAID-by. Lgdzgblgdol  godmygbgdom 50390
30MmygbgBH03Mm0 by Hmym®E 300vLol dmgeo 39bmdolsm3zol, 1939 3939 LB3s03 FowOLsMZOU.
3owmyqbg@ogol sbsggdow asdmoygbgds GENEIOUS PRIME.

359myg9b909emo mo@ghsdmes:
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(21)00121-X/fulltext

https://www.gisaid.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8491853/
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