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The research results carried out mainly by the institute’s scientists through 2019 year are given in the
proceedings.

The presented papers are related to three basic scientific topics: control theory, development of control
systems and devices including control processes in energy systems, and Informatics.

Hacroamuii cOGOpHUK TpPyZOB B OCHOBHOM COZEPXKUT pe3yJbTaThl KCCIeIOBAHUIN, IPOBEIZEHHBIX
Hay4YHBIMH coTpymHuKamu uHCTUTyTa B 2019 roxmy. Tpynsr orpaxkaroT Tpu ITTaBHEIX HAyYHBIX HallpaBIeHUd
HCCIeIOBAaHUI MHCTUTYTA: TEOPUIO YIIPABJIE€HNUA, Pa3pabOTKy CHCTEM U YCTPOMCTB YIIpaBIeHUS, B TOM UHUCIIE
yIpaBjeHHe B SHePTeTHYeCKUX CUCTeMax, 1 HHPOPMATHKY.

dmogomo Ggsd@dmdo
36mg. b. gogmsdgomo (bhey sGbogr gerosdzoerol bsbgermbolb dstorz0b bolidgdadolb obldodwydo)

LOoOJEOOIJEOoMm 3MWIR0d

b s®BoE? 9en05330emol bsbgemdol ds®ozol LoliBgdgdol oblGodmdo:
0. 35pM5g39e03dY, (3.0.. (800. H935HH0b Jmsgoery)
9. 85680533000, 3H™3., 3.0.0. (803. (93T AHGOL Tsg07))
. @0O0doysbody, 3.0.3. (dor. BgsIAMHOL Frsg0em)
3. 39393360 (35U9bobds989¢r0 d03560)
3. 3300LMbos, (3.0, 3.
. 30599, (9.0.¢.
3. Bogdgamsdy, s35Q. @HG0
0. BOMYs53300, (9.4.3.
3. Po3mody, gogream. 8.¢0., 30Y.050.0.3.
5. B3 3905930000, 5390. @MHH2H0
6. do®0sbsdz0emo, (9.4.c.
6. %535330¢v0
b5gds®039eml Ggdbozmeo Mboggdlodgdo:
5. 3036308300, 52590030200
D. 3510533000, 3GMRILAGO
%®. §3g60s00dg, 3GMR9LeaG0
53530 $9Mg0eols Labgemdfiogm vMboggMlodgdo

5. 856539e0dY, SHMRILTO

0m3s69L 3g3emg@ol MBogg®Lo@g®o, obao, s3LBHMOs
0. 3MEOS, 300353 O3I6B0, OMIHMHO

oblGo@mEoL dolsdsmoo:
0186 ®doobo, g. dobogwrols §.Ne10
Gow.: (+995 32) 319871
9. 3mlds: martsistem@gmail.com
399339Mqo0:http://gtu.ge/msi/
39003398emmds 33L ,,05369 3G06EHO*
ge.3mbGs: sakmacne@gmail.com


mailto:martsistem@gmail.com
http://gtu.ge/msi/
mailto:sakmacne@gmail.com

bm3gMo 9dm3b90s
539009303l 30b0s Lagrdgsdols blimgbsls

The issue is dedicated to the memory of

Academician Mindia Salukvadze

Howmep nocamaerca mamaTtu

axagemuka Mungua Caryksapse



Lododmggeml  39gdbozmdo  bogzgMbodg@ol  sMboe  ge0sdz0ols
LobgW Mool  FomM30L  LoLEFHYIGOOL  obLGHOGHMEGHOL  FOMIsms  3OYOMEEOL

$0bs8gds6g bmIgMo 30603905, MMIJWOoE FodMmEOL 53509303mb  dobos
Lo d35dol 035m0 MJOOJGHMMMIOL gocqdy.

2018 feools 27 ©09399096L d5EH™bo J0bos 85 ol 51380 oMmPI0EIIWS.

90605 Loeryd35dg 90355 1933 ferols 6 FoMEL 39oaMgd0lL, 933960
(mBs) Logrmdzsdobs o 39bmbs 3063sdol mxsbdo. dolo ddmdegdo 37 (arol
69369L0gdL  99hocbab. ™Mdws WIMBgbowo Mo dds 8580 TJOBIMY,
39965, 5300 F30gdOLYD 56 A5FMIMBOY, oMgls ddodg Hargdols s
QOEO 2530639001 J0bg35, YMMOEMYds s FBOWB3gEMds 56 FMH3WM,
S0BIMES  OEIFIN  55F05bgdI© @O LyM3) O™ oo VOOl
3060369090500 B3MY5e0dgdsb.

965350 (0b5503YaMdOL goirsbz0m d5EHMbIs d0bosd 994dbs msgzolo
60350 doMPMR0s, OMIWOol M3y s0hgMsE 30 oIl FmodgF-
0905l 9HbL 5 53056%Y.

1955 §gaob 356 HomBobgdom ©osdmagts mdoroliols boabgwdfoxgm wboggm-
LoGYBHoL BOBOIOL BO3MEEHIGHO S LEFMTom® FosbsHowrgl Lebwdol gobogs-
&9d6030L 0blGoGHWEHT0, MMIgwoi 08 EOML LsdFMms 353806MH0L GOHMN-9OH
96039369c™m356  0bLEHOGHMGHI® 003WGdIME. d3GMBTs J0b0sT, OMIGELS
0O bLYMH300 3JMbs LYTY3609MM L5Jd0bMBIT0 BsOMZOLY, doebYg ASObIMS
g 0bLEGHOGMGHT0 J9BsfoEgdom. LomMIBsM MORBMgdTo dobo Lsdmmgdols
d9LHogwroll g9y ol PGO gmdlzs v©0bodbmw 0blEoGMGHTo FMTomdols



5Yyg05D9. 3093 ©9dgbodg 0bLEHOEGHMGHL J0s30mbs, FogMsd 53539 doBgbom
5MH0m  5dMmobEHIOYL.  LomdgEMOmE, 1937 fierol 533900  odErgzge
$0bs508gamdgdL vJdbos dsb.

50 356360l 8990099, doGH™bBTs> 0b0d MdoOlOL 55-9 LodseErm B3mesdo
50{gm 3oLHo3wgdWsE FMdomds. mam®E BBL, 0o 3d39b0gMo dsbfogzargdgwro
0Y® ©5 Loz gms dmfimbgdoo Lo®ygdMmdE.. oblv3MmMgdom ymambgdo s6
093696 Macmobo FomBg ™mbs3 MBIOMBO  SHOERIBO©S  LOT3SEHOOO
dsbogegdeol Jodsdm. gl ym3z9w039 0300 ©IR30603060s, MM doGMbIS
906050 LB MIM MY sbo d9Jdbs ...

90bgo350 L3Mewsdo 3mPsmdols, 05@Mmb dobwosl 39dogs 3Jmbs
0b@9gcmgbo 936096 900Ls@do. AL 3093 3Jmbs LsdgbogHm 0bLEGHOGHWEo
9m850md0b sfiggdolL d3geMds, BogMsd oligg Y89 IRM.

Lodgboghm, 58  d39ybs  9MLYIMdg6  mBodsto,  [gbogco,
L5 0BMIOL  BgMdOLsm3zol FgOMHAMO S YOOI  JMLEGHWOMEO
5Q0580569%0.  Sbgmo  5sdosbo  dsBHMbo  Jobosl  3bmzMgdol A
Logomzgerml 393609690500 9350093008 dsdobgro  3M9HBowgbEo,
5350099030 6030 3mlbgarodzowo s0dmBbs. do@mbo dobos §30580MdO.:

»00mgLSE 3035635 35FGHM™b bogm IMLbgerodzowls Bgdo doligerols globgd
9dmsbligbs, 803560 Jolio 350069gEH0b 299M305 s JoMbEms F9dMdsbomm. dg
393900. 353™bo bogm 35090msb ©sdb3zs, Bmdglisends, 8080Y356s Fo0ILISD,
QOXMIS 9900309355, M300mbs3 Fox s 0L s JobMs — 9do,
90530900 G5 L30bBY bt Jmbvieom. 39 395809 4393960 Bgd Tglobgd. dsb
4965009000  dmdoldobs,  obTsMgdsl  ©sd30MEs,  [odmEys,  39MmYdsd©Y
3005305 QS 39330 MdS”.

50 99b390M0sb ©®sdgbodg bbol Tgdgy oL godymdobgl, ™I
993b09gMgdoms 5350090008  LEHOWJGHMOMSTo  gooblbs  gwgdBHEMmbogzol,
33¢M3o3030Ls s Ggergdgdsbozol 0blEoEGHo (535585 SMho 9053300l
Lobgarmdol dommzol LolEgdgdol 0bLEOEHGH0), MOl OMYJEHMOO sGOL
05@™Mbo sMHBO 905330000 S Jobsb FoEom LHALIBLYOOL POMBSBYM.

ol93 B3¢ ™bo 30b0sL Bs53dMBdOb:

»OMOILOE d5GMbO s®BOWOL 35006930 8939®0, FrIEMdosE d9ab3..
dombmgs, ®d39b Tgbobgd Fos8dgom. 89 Y39wWoxngOo 395909, ©S MmMEILSE
31mbs6o, @I Bgdo d8mdgdo 1937 gl ©sbzmo@gl-dgmdo, 856 dsgools
X O0OID 90O STMOMM, 35¢5dMb 9O MM S JoPbMmS: SHEs3Y,
©5Ymbgde0g sfigMgo 4563bsgds LodbobMTo JoMgdol MbMmzbomm®.

50935605, d3¢™Mbo 0bos obs gargdBHO™bozol, 93@™MToEH03oLs
399899560300 0bLEHOEHMEHOL, MMAMOE 0535 5dMBS, 9-17 M5b653TOMIgero.

990009y 0g4m  SL30MBEGHMES  Fmlgmgzgol  FoOM3oL  3OMOdWYIgdoL
0bLEGHOEMGHT0, L5396EOIGHM O LBoMIEBHMOM EOLYMHES3E09d0, 150-Bg dg@Ho
L539g36090M  LESGH0S,  359md3994bgdemo  Omam®mE  LyjoOmzggermdo, ol
LSBOZIMYIMGMOL  MgoBHobyM  FOboergddo, 5 Lobgwddwgsbgeom, 15
9mbmaox0s, F500 ImEOL 5996003580  godmEgdwo  gOHM-9MHMO 3003900



9mbmaMox305 365351 3MH0GHIM0MWo  Mm3GH0dobsgool  LygoOmdo.  3bmdowos
53960390 s Hlo 39:3609M900L 060305EH03000 ©V3330MJOME0 BHIMT0bgdo
— Lo g35dol g™, ,Laedzsdol 360b3E030%, ,Lowrwyd3zsdol sAMbLBS* s
bbgs. dolo bgeddmgzs69wmdom dmIBsEs M smgMHg 9o Ls3obooEM™
5 B MJBHMOM bsmolbol dmlisdm3909wo BoobgOEsom bsdMMIgdo.

05@™bo dobos Boyd35dg sMBIME0 0gm LodommM3gwml 393609609050
53509300l 53509303MLOE, @S 9M3YMHO0, o TMMOL MiEbMMMO, 53509300l
$93050. ol ogm 9BM3bmEo 535009d00L 309HB0EOAoL 9360, 5353OMYIWSE
399mygbgdomo d9gdsbozol, 3sb64sbs»dd9bqdermdol, 9bgeygEo3zols s Fsmm30l
LobEgdgdol  AobYMBOEIGOOL  535009d03ML-003560. dsBHMbo dobos oym 4.
603mensdols 369800Ls s Lobgardfiogm 3Mgdools MmEMRBOL EorGmgs@o.

Lo993bogMH™Mm  BMTomdSL  ddEGM™bo  Fobos  glsbodbogs  MM3LYIS
LOBMYSOMIIM03 S 30E0EH037I6 FM35HgMdL. ol Ferrgdol gobdsgErmdsdo oym
LOBMYSMYPdS  ,090MOO5OL*  M93dx MM, BMbMLbMs  LEBMYSOMIdIOL
369H0©gbBH0. LodoMm39wmlb  ©MM30©IdMdOL  osdBHL  dobo,  OHMYMO3
BHgb659L0 LodFMb (9360, bgerdmfgess 5d83969d0.

23965335900l 999 ol IM535¢0 36M9d0sLd S XOWOML 30093 9ODO
399953)5. Bodoemzgeml 369HBogbGHOL 2019 {erolb 25 dsobolb 635G yMmgdom

05@™bo J0bos L3509 IR OWEOMZES dGMY0bzsgdol MmMgboo.
6590 Losdogms, GMI sbgmo domyGmsxool dJmbg Lodzgybme 3Ebmdogro

dgbogho  smgMo  Hargdol  49bdsgermdsdo  bgerddmzsbgwmds  B3zgbl
0bLGHOGMAL,  XIO  ©0MgIBHMOOL, F9dgy 3o LodgebogdHm  LsdFmU
530x Mool Mobydo. dob ogbo 3erowo Fodmzol obbEoG™MEL
Do685@ 909000, OHMIEo03 IM3o 0gm 53 Hargdol gobdsgermdsdo. do@mbo
dobos ogm 0bosos@meo, bgwddmgzsbgwo ©s Mdmsem  JgaleHIErgdgwo
965350 59BHYOM0o Bs393EbogMHM 3MMdEGI0L, 99m33eg30L Hodmfygdols s
DoM35@ 90000 2osFMOLs. 0gm 99MGLIQ YIMOIIO0bo MBIFIOMAEGdOUL,
39BL53MPMHGI0m 30 9boYSBOS F93b0gMgdOL FodsGm. dolo BMMbzol dgwga0
0y4® ob, OMI 5M59MHMTS sboYSBOHT [o®ToGHJO0m H0E3S 1OIIBLOWIGHM vy
LosmdBHmOm  ©olgMHEo30900. 0bLEOGMGHTo  JguOIgdmwo  bsdg3bogem
L53MTomgdol sSBEMY) 3009 MoMmIbMds 500bodbs Lbgsolibgs, dsom dmMol,
Lobgwdfoxzm  3Mmgdogdom. 58 (argdol gobdogermdsdo  oblbGodGdo dobo
0bogosGHogoms @  bgddmzebgwmdom  BosGo®s  9M9gMmO OO
LogOMITMMOLM 3mbRIMG6E0s. d3EHMbO TobEOLl ALbMGdsS 0BLEHOEGH™MEOL
OIS 30900l 53 BMOTSBH00 9MLYDS S YM39wHeroM 45dm3gds 0d
ddodg Hergddog 30, HMELSE 5Fob Lodmsgds 3gEHoLIYEH© IFoMO ogm.

05@™bo Jobos 99MHYyg39 dMOXI® JOPs 0bLEOGHMGHL S 0393 sl
bbgoolbgog35M0  899m3H93900L5396, mdgs gl O oym omo Usddg s
gym3zgmgzgol 3960 bgdbgdms 08 8dodg (rgddo, OHmEILsg  MORMS©

dookbgms 39360960l 93EMM0GHIBH0. IOl BILOE 450940S 0bLEHOEGH™MEOL
BHIOTSBIM0 F9bmds. d9FGHMbTS J0b0sd Lyg3ersgdo Bs0EBS MO, MM 396



39dm bogobgdm© 0bLEHOGHWELMZOL 59969do F9bmdol MMbosg 30609
Bsfoerols 996566690s.

Do30005 B396296 d5@HMbo d0bos s IA30@™3s bsomgwo blmgbs s
9529w0m0 0dols, M) HMAMOO Mbs 0gml Fg3dsMo@Ho 353990dz300, sb-
39foeo 0bGgewoygbdo ©s 6s9wzowo 393609M0. RZOGHMZ, 53MINZY, KNI
Prgddo 299mGH9M9dMIwo s 34sMO© ©13330MIOMWO OPIIWO BHMSEO-
30900, MG BOM539 M 0BLEO0GYEHOL T5MLYdYETS S 30MZ39EDd
06M9dEHMEMTS do@MbIs sMBo ger0sdz30¢0ds.

0mod  23995bLM3M9ds doBmbo dobosl bsmgwo, odowosbo Loby,
0bLGHOEGMAHOLIMZ0L 25 gMWo  MEOEILO  9TPO @S NOPOJLI©  3JPOEO
©59M 3000909905 5053056900L5T0.

bsgso039¢reals (9976037960 96039GL0AIHOb shog» 9er0sd30¢70b bsbgermdol
0509300 bobBgd9dol oblhod ol 05653860¢980

obUHOAIHOL F05005 3698290l LsGgosgz00 302019805



LbstBggo — Contents — Copepaxanue

3smm30L ;mgm@os — Control Theory — Teopusi Ynpasienus

Frequency domain identification of block-oriented nonlinear SYStEMS ..........ccoevvreierienin s 15
B. Shanshiashvili, N. Kavlashvili, N. Dadiani, K. Omiadze

oLz GO Mm3E0F0BOE00L gHmOo 33mEsbols Jsmgds@ozw®o dmwyero

2950 DOZMIMBOL SOMMDYIDTO0.....ceveriririririrriririririririiriiisrirsisisestssssessssestsssssssssssesssasssssssssssasssssssenss 24
- 3290065830070
On One Problem of Plant LOCALION ... 29

D. Sikharulidze,V. Gabisonia, N. Dadiani

dsMmm3z0L oli3gdgdo s dmfigmdommmdgdo - Control Systems and Devices —
CHcTeMBI M YCTPOMCTBA yIIpaBIeHUS

00 39908030 6oL 35E0dMSEMMOL 53905 0639MEHMMOL F5TMYIBII00D .....vcerrrierrirrririrririrraiinririians 37
b. g53a58300m0, (. 335650509, 2. (38509, 3. Uhs3(05600, 0. bssbodzoero, 8. 3036509

Study of synergy of insecticidal formulations against BMSB using the mathematical isobole method .............. 42
A. Chirakadze, N. Kavlashvili, Z. Buachidze, N. Meskhi, A. Gigineishvili, A. Jishiashvili, A. Laperishvili,
L. Zazadze, N. Khuskivadze, I. Khomeriki, M. Taktakishvili

MuKpocHCcTeMBI MACCOBOI0 00CTy’KMBAHHS ¢ PEMOHTOM M 3aMEHOMH 0TKA3AaBIIMUX 3JIEMEHTOB ....................... 48
B. Xyyuweunu

I35 50fjemgmergddo Lsgo@omzggermls gamgdBOmaby®anoom ©s3dsgmuomgdols Bmaoghoo
153000DOL BYUODYD ...ovvvieririiiriitiiitiiicni bbb e s a bbb sa s b bbb b n 53

b. ¢mm8ody, 8. 35603583000, 0. 563509

®dM39(3990 BYs3060L b IEosbmdol dgghomgdol Lodsmemol gogmgbs mdmgssgdol
063960g53035305Bg 396GH035¢yM doewBg Figenols si3330L BSTMPOBIIOL EAOMY ....cucrrucrererienrcneresens 60
0. Js3655939¢20d9, 3. 8080690030¢70, 5. J0J5T53009, (9. 302896009, b. ¢readody

3035¢rMM0 0bLEMIBEHIOOL SZEHMBIBTIMO SPYMOS ..ecrrrriririrriiriririsriiissiistessesssesesssessesssesssaesssssseasaens 65
0. (5695030070, 3. «)Bdsdg, b. Jgbggeros, b. omembsdy

967535¢lssblGwmmo LsdMYH3geem OGMBIME0 533GYIM0 F5MMZOL BLOBGAJTO0) ...cvvevririrrriirricreririsenrenesesenes 68
@©. 396036356009, M. (58579, 3. 8569509, . 330603589000, J. 3IBIEI2H0

3bseno G030 IMZ5EBIBBMOSHO DMBMUB0....cciirirecrrciiitit et as s sn s aaes 75
@©. 39636356009, M. 58579, 3. b(9s360560000, 3. BsbHody, 3. 30306509



06396H3mocgdols s0mEs6ol 35005§y393o Matlab-0ls BsG/SEIGO00 ....cvcviriiereriierereririiiensiereseesensenesesenes 81
. 3063599, 5. @805d9

33MmbsdMfZgEm 3md3engdlol Lafamdmgddo sGLYdMEro gmegmmo gbgMameglm®LgdOL

3mbIs®gds 0B¥MMHO BHMADdML 650PIMIOOL 23TMYIBIBO0D ...cvvvieiririririirrir s 85
b. Jor0s65830¢0, b. 339c0TR0¢0, 4. 3306035830000, 3. bsorsGz00m0

0bg3m®3s¢03s — Informatics — Uudopmaruxa

960U OBSTOZOU DMYO SBBGPE0 +oevrverieriririririririiiriiiiiiise bt eas s bbb e bsas b se e bsaens 93
8- Bozm0dy
Interactive Synthesis of GEOIgian SEMLENCE ......ccuuuureriiiiririeienuiiiiiieiiiiiieauisiiiesisitiesssssssssseerssssessssssses 105

G. Chikoidze, N. Javashvili, A. Chutkerashvili

Morphological Analyzer of Georgian Language SUDSYSTEMS ......ccceceeeerrerrerieesreerseesseeeseessessseessssesssessssssssseses 115
L. Lortkipanidze, L. Makrakhidze

Derivation Models According to Otar Tchiladze Text COIpUS .......cccoceruerercrirircniisssessisessessesensessessseesesseseeseens 119
N. Javashvili, A. Chutkerashvili

Mopess aBTOMaTH4eCKOrO rPY3HHO-aHIIMHCKOrO NEPEBOAA «CEHTEHIIMAIBHBIX IIPIMUTHBOB» COAEPKAIIIX
VIMSA TIPHITATATEIIBHOE ...cuveeviesiiseeeessessiostsseossesteosiostostonsesseostostsstonsesseostosssssensesteostosssssessessiostossonsessesseossessososess 126
H. Amupesamsuin, /I. Camconazse

2958m{i39m@0o MmGHMs3NLGH03MHo gdolool 35MsdgGHMYdoL (335¢gdEMds s 3YBHY3IWIO0NO
s00mIgG Mool dmbsggdgdo Ldgbol es@gb@mMo sgzgomgdols Bsdmysgrodgdol 3hmagldo.......... 130

b. bstserody, b. 356009, 5. 098083000, b. Js658960d9

U5990E0bMm 0bFBHgmgd@ Moo TbsMsdFgMo LolBgdolb Tgdwmdsggds sLmEosgogdol
J0GOOU BIBIIIZIUNDY e vererrrrerrrrerersrverissesesmssesissisesmssisisisesmssinssssmssssssnstssmssssssessssssesssasssssssesssasssssssesasassssesenes 136
8. Boglgersdy, 3. 0390930630, b. x5¢05835, b. 56560583000, ©. H5d093l30

L5990003060 3m©BOL BB SHsEro F6MEBMT0YMHYOJOIOL 853m3¢gbs s 8500 §s0mygbgds
©0536mUEH0Mgd0L s 3MMAbMBOMIOOL 5MEIBIIOL STMBLIBOBSE .....cverierrreriinriirisriiriaiissiiinacesseaenns 142
3- ©5d0g3l30, 0. Joggcrsdy, . 33093630, 0. 3060560

b59900306m ©OsbmlEHOMYdOL sGIBMOHTsEoBgdryo s9m3sbgdo s Bsmo
STMBUBOL FYOIMEOGBO ...ttt s s b e bR bbb bbb 148
3- ©5dog3lz0, 8. Joggcrsdy, . ®353093630, 0. 3060560

365¢0GH03MG0 g3M0oLE03gdol 3gmmEo 3GHmyMsdvmo MBMHbgzgmgmgyol batzggbgdol
o1y o7 Lo e LTy T o Lo 2T U O 152
8. bsBody, d. 30635d9, 0. 5633579, 8. 89b0s5d300m0

3605350086 30Ho 3GMa™sdmEo LobEgdgdo LIMMEOL IFBIRIIBATO ..c.cvrrerriririiriiirirecreeiereniaes 158
d. bshody, . bshody



00 3mb53g09d0L 353mygbgds 3rmBOL bsMOLLOL SFSMEIGIOL FOBBO......cveririiririririiseriiaciesesiiaens 165
3. J50Bs3s, . bobstegmos

LsmBd0B GYJUEHOL 59MEBMBOL BIIBMUADMOYOD ...ttt 171
5. 3080583000, b. sGHBOSTR0¢0, 0. 8989330

360335910 MBOHNB39@YMBOL FMEIMIOO BIUBAOMPDS «..vvviriririirririintirirsrisessesesisseessssesisssassssssisssaens 178
3. 302805830000, 0. 393495

mbmm®o 960l Jgufiogerols gsmdxmdgligds 06xmGIsE00ls s ByzMaMbogsgom
39960MA0B0L BOTLISENGI00D ...evieririeiririririiiiiiiiciicisrei st sbs st sssssbesesssssassbsesssssasssaseresss 184
3- 39¢05830¢v0, 9. BO35T95

blegbs - Memory — ITamaTs

05051 BOMYOITZOUDO ...vviiiniiiriritiriieriitiste ettt b bbb s s b s s bbb e R s s R bbb e R s bR e e s R b b et s b e 191



domm30L mgMmMod

CONTROL THEORY

TEOPUA YIIPABJEHUNUA
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Abstract

The problem of parameter identification of block-oriented nonlinear dynamic systems in the
frequency domain is considered. Method of parameter identification in steady state at the input sinusoidal
influences is proposed. The solution of the problem of parameter identification is reduced to the solution
of the systems of algebraic equations by using the Fourier approximation. The parameters estimations are
received by the least squares method. Reliability of the received results in industrial conditions at the
presence of noise, depends on the accuracy of the measurement of system input and output signals and
mathematical processing of the experimental data at the approximation.

Key words:
nonlinear system, block-oriented model, identification, parameter, sinusoidal.
1. Introduction

Basis of automation of any industrial system is the presence of the information on a condition of
the system in the form of mathematical model.

One of the main trends of control theory - system identification is supposed to build optimal
system model based on observations system input and output variables at the time of real operation of the
system.

The systems identification is connected with the solution of different problems depending on the a
priori information about the system. The construction of the system’s adequate model in many respects is
determined by solving the parameter identification problem.

The problem of parameter identification of systems is solved based on a posteriori information by
different approaches and methods.

The majority of the real industrial dynamic systems are nonlinear and possess many
"inconvenient" features from the point of view of their control. Such systems can be adequately
characterized only by nonlinear models on all working area of change of variables.

The nonlinear systems are generally represented by the block-oriented models [1] consisting of
different modifications of the Hammerstein and Wiener models, or general models, in particular, the
Volterra [2] and Wiener [3] series and the Kolmogorov-Gabor continuous and discrete polynomials [4-5].

Different modifications of the Hammerstein and Wiener models consist of different combinations
of connections of linear dynamic and nonlinear static blocks. Such models are successfully used in many
fields of the industrial processes (modelling of ball-tube mills of the concentrating factory, distillation
columns, hydraulic actuators, electrical water-heater process, heat transfer process, etc.).

At the representation of nonlinear systems by the block-oriented models, most of the existing
developed methods of parameter identification is developed for the simple Hammerstein and Wiener
models (e.g. [6-9]). Comparatively small quantity of works is devoted to the identification of parameters
of other block-oriented models (e.g. [10-12]). This can be explained by the fact that the majority of such
models, except for the Hammerstein models (simple and generalized) are nonlinear relative to the
parameters, and because of the big number of estimated parameters. So, for example, the number of
estimated parameters of the simple Wiener-Hammerstein cascade model with the nonlinear elements in
the form of polynomial functions of n degree and linear dynamic elements described by the differential
equations of m; and m, order, is equal to n+m, +m, +3. Therefore, the solution of the problem of

parameter identification is analytically possible only for some block-oriented low order models.
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In this work the problem of parameter identification is considered on the set of models, elements
of which are simple Hammerstein and Wiener models, Wiener-Hammerstein and Hammerstein-Wiener
cascade models with nonlinear elements in the form of polynomial functions of second degree and linear
elements described by the ordinary differential equation of first and second order. Despite their
simplicity, such models are widely used for the modelling of industrial processes.

It should be noted that the problem of parameter identification considered in this work can be
connected directly with the problem of structure identification using the experimental data, received for
solving the problem of structure identification based on a posteriori information application (e.g. [13]).

2. Classes of models and input signals

The problem parameter identification is considered on the following class of continuous block-
oriented models:

L={5i=1234}, 1)
where s, is the simple Hammerstein model, s, - the simple Wiener model, s; - simple Wiener-

Hammerstein cascade model and and s, - simple Hammerstein-Wiener cascade model (Fig. 1).

The nonlinear static elements, which are included in the models are described by finite degree
polynomial functions:

()= )= Yeu' ) (- @

where ¢; (i=0LA ,n), d; (j =0LA ,m)- constant coefficients.

T'Ms
o
o
>
—_
y

W(p) and W;(p) (i =1,2) are transfer functions of the linear dynamic systems in the operational
form, i.e. p denotes the differentiation operation - p=d/dt. u(t) and y(t) are input and output
variables, correspondingly.

1) ; 2) ‘
——’lum f(w) I—-’l Wip) |—LU> __’lu(t) Wip) I'—"l.// Wip)ul |’_\(‘,)'

3)

4)
u(t) y() u(t) s — y()
— w Pl me = —{ w H wo P averl—

Fig.1. Block-oriented models: 1) simple Hammerstein model; 2) simple Wiener model; 3) simple
Wiener-Hammerstein cascade model; 4) simple Hammerstein -Wiener cascade model.

The linear dynamic elements included in the class of block-oriented models, are assumed to be
steady, i.e. the roots of their characteristic equations are placed in left half plane of the roots plane.
Models of the set L are generally described by the following equations:

e Simple Hammerstein model
n
y(t) =W (p)> cu'(t):; @3)
i=1
e Simple Wiener model

y(t)=co+ D W (pu®] ; @

i=1
e Simple Wiener-Hammerstein cascade model

y(t) =W (p)Y ;Wi (pu(®)] ; 5)

i=0

e Simple Hammerstein -Wiener cascade mode
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]
m n
y(t)=Zd,—[W(p)Zciu'(t)} : (6)
i=1 i=1
For solving the problem of parameter identification of nonlinear systems on the basis of the active
experiment it is supposed, that the input variable of the system u(t) is a sinusoidal function:

u(t)= Acos ct . @)
3. The Mathematical Description of the Forced Oscillation

When the harmonic signal acts on the input of the nonlinear block-oriented system, the forced
oscillation with features for different models is obtained at the output of the system in the steady state
after the termination of the transient process.

When a sinusoidal signal acts on the input of the linear element, then at the output of the element
in the steady state the sinusoidal signal with same frequency and with the amplitude and phase, which
depends on the frequency, is obtained. In this case, the periodic signal is obtained on the output of
nonlinear static element, which is the sum of the sinusoidal signals with multiple frequencies. These facts
were used to determine analytical expressions of the forced oscillations on the output of models.

Let's consider the case when the transfer functions of the model’s linear dynamic parts are defined
by the expression:

1

W (p)= ————
(p Tip2+Tip+1

(i=12), ®)
where Ty; >0(i =12) has a dimension of time square, and T; > 0(i =1,2) - a dimension of time, and in
(2) n=m=2.

The forced oscillations, obtained at the output of the models in the steady state, as in case when
T, >2T, (i=12) and T;,<2/T, (i=12), are determined by the expressions:

e Simple Hammerstein model

c c, A c,A’
y(t)=c, +?2 A%+ L cos(wt +¢pq )+ 2 cos(2at + @y, ),
2 2
\/(1—a)2T01) +0%T? 2\/(1—4a)ZT01) +40°T?
9)
where
oT; 20T, .
@ =—arctg ————, @, =-arctg ———— (i=12). (10)
. 1-0’Ty 1-40°T, (i=12)
From (10), taking into account (11), after a series of transformations we obtain:
All- T AwT .
Y(t)=Co +1A2+ ( (02 01) cos wt + a)zl sin ot +
2 (1—a>2T01) +0’T? (1—a)2T01) +w’T?
¢, A%[1-40°T, c, AaT :
2 ( Zw 01) cos 2at + 2 20) L sin2at . (12)
2[(1—4a)2T01) +4a)2T12} (1—4a)2T01) +40°T?
e Simple Wiener simple model
c, A? ¢ All-@°T, ¢ AaT :
y(t)=co+ 2 - +—2 ( 620 01) cos wt + ! C:l sin ot +
2[(1—502T01) +a)2T12} (1—a)2T01) +°T? (1—a)2T01) +°T?
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czAz[(l—szOl)2 —a)Zle} 6, A2l 02Ty, o
+ COS 20t + —2 S sin2at ; (12)

2[(1—0)2T01)2 +a)2T12}2 [(ﬁl—a)zTOl)z +a)2T12}

e Simple Wiener-Hammerstein cascade model
To simplify the calculations, we will suppose that in expression (2): n=2, ¢;=¢;, =0, ¢ =c and

in (8): To; =0 (i =1,2), then after calculation we will receive:

cA? cA® (1— T - 4a)2T1T2) cA® [(1— °T )mT2 + a)Tl]
y= =2y T 21212 52 COS 20t + 21212 22
2+ 0T7) 20+ o T) (I+40°Ty) 2+ o T) (A+40°Ty)

sin2at; (13)

e Simple Hammerstein -Wiener cascade model
After supposing that in expressions (2), (3): n=2, ¢, =¢; =dy =d; =0, ¢, =d, =1 and in (8):
Toi =0 (i=2)and T, =T, then we will receive:

A* A* HAAY PT 2 A AtaT
y=—o —+ - cosZa)t+ﬁsm2a)t+
L+ 40°T2) 2+40°T2) 1+40°T
4 gpb 272 4
A —4A 0T cos4a)t+isin4a)t. (14)
8(1+4a)2T2)A 2(1+4a)2T2)2

4. Parameter identification

Let's consider the features for the parameters estimation of models by the method using the
Fourier approximation by the method of the least squares.

4.1.1. Simple Hammerstein model

The application of the Fourier approximation [14] for the output periodic signal of the system
. : : | . .
enables to obtain the estimates of the Fourier coeff|C|ents?°, a,, b, (k=12). Equating such estimates

with their theoretical values we’ll get:

A

1

0 2

=Cy +=CyA", 15

2 %27 19)
— 2 ~

4 ClA(l @ Ty b= G AwT; , (16)

s (1— cozTOl)2 + a)Zle B (1— w2T01)2 + a)le2

¢, A2(1-40°T,,f 6 ¢, A2, an

"o 2[(1— 40Ty, f + 40)2le} 40Ty, 4077

Using the expressions (16) and (17) at different frequencies o = o, (i =12,K, n) , We obtain the
dependence between the parameters Ty, andT;:

& :
o Tor + o Ty + &y =1 (i=12,...n), (18)
i
A0PTyy + 2% 0T +ey =1(=12,...n), (19)
2i
where &, 51i , &y, 62i (i=12,K,n) - values of the Fourier coefficients at the frequency wj;,
&1, &5 (i=12,K ,n) -errors of measurements and approximations.
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Let's consider the features for Ty, and T, parameters estimation by the method of least squares

using the expression (18).
The error squared sum is
n ) n 2
S= Zgll Z(l 0Ty — bl a),TlJ.
i

(20)

Now we’ll determine the values of the estimates Ty, and T, so that their substitution for T, and
T, should give the minimal value S in the equation (20). For that purpose differentiating (20) at first by
Ty, and then by T;, and equating the received results to zero, we’ll obtain the following expressions for

estimating Ty, and T, :

Z 0Ty, +z T, :Z”: o7,

i=1 lI i=1 (21)

Z&a), T01+Zn:a1' o :Zn:%a)
i1 Dy

i=1 l| i=1 l|
The solution of the system of equations (21) allows obtaining the estimates of the parameters f01

and T, using the method of the least squares:

; (Zw' J[ZZT ZJ_[ZZTQ'}{Z;ET@FJ (22)

=1 i=1

(g8 e

i=1 i=1 Mi i=1 M

Zet| B Er) @

i=1 =1 l|

55t 52

i=1
Estimates T,, and T, also can be also obtained by using expression (19). If we know the values of

estimates Ty, and T, it is possible to obtain estimates of parameters¢,, ¢, and. ¢, by using the

expressions (15), (16), (17).

A

T, =

4.1.2. Simple Wiener model

Equating the estimates of the Fourier coefficients 22 , &, by, (k=12) to their theoretical values

we obtain:

A2
% gy e . (24)
2 2[(1—(02T02) +a)2T22}

The coefficients a; and b, in that case are determined by the expressions (16), and
2
c Az[l—a)zT —a)sz}
2 ( Ol) 1 6 _ C A (1 w TOl%Tl . (25)

2|:(l—a)2T01)2 +a)2T12:|2 ’ [(1 0*Torf + 0T }

é2=
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f01 and fl estimates by the method of the least squares are determined by the expressions (22) and
(23), and the estimates of the parameters¢,, ¢; and. ¢, - by the expressions (16), (24) and (25).

4.1.3. Simple Wiener-Hammerstein cascade model

. . . ..o a Lo . .
Equating the estimate of the Fourier coefficient 70 of the output periodic signal to its theoretical

value from (13), after series of operations according to the least squares method and transformations we’ll
get system of equation for estimating ¢ and 'fo :

n n
AZné — {Z ay of jfo => g,
i=1 i=1
n n n
A? [z doof ]C - (z dgiof jTAo = Z agof,
i=1 i=1 i=1

(26)
where T, =T/,

The solution of the system of equations (26) allows obtaining the estimates of the parameters ¢
and 'fl by the least squares method:

Eufe 2]

i=1

€= . - , (27)
A? n[z dgio) ] —A? [Z g 0? ]
i=1 i=1
n[zn: dgi 0 J - (Zn: ao; ]{Zn: dg 0 J
T, - i=1 i=1 i=1 . 28)

n n
A 4 A 2
n{z 8oj O; } - {z 8o; O; ]
i=1 i=1
After receiving estimate fl using expression of ratio:

4, 1-0°T} -40°TT, 29)
b, [-0?T2T,+aT,’

it is possible to obtain the estimate of the parameter T, by the least squares method:

n
Z (é'zi 0T - 4by 0Ty Xé-zi —Dby; + 8,0y +by; wilez)
T, =2 : (30)

n

Z (éZi a),3 flz - 462i wiz-fl)
i=1

4.1.4. Simple Hammerstein -Wiener cascade model

~

Equating the estimate of the Fourier coefficient b, of the output periodic signal to its theoretical
value from (14)
0 AtwT

=, (31)
2 1+ 40T ?
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after series of operations we’ll get system of equation at the different frequencies w = ( =12,K n) for

estimating T:
n n R R n R
A4[Z a)iz ]T _[42 bzzla)ls ]TO = zbzia)i ,
i=1 i=1 i-1
n R n R n R
A4 (z bzia)is }T _[42 bzzl a)|4 Jfo = szzia)z
i=1 i=1 i=1

The solution of the system of equations (32) allows obtaining the estimate of the parameter T:

) (35
e B s

Using expression of estimate of Fourier coefficient &, from (14) we obtain another estimate T:

(32)

(33)

T= . (34)

5. Investigation of the identification method on accuracy

According to developed method of parameter identification algorithms of parameter identification
of nonlinear systems have been designed. In order to use of the designed algorithms of parameter
identification in the industrial conditions under noise and disturbances, it is necessary to investigate
identification method on accuracy.

The identification method is investigated by theoretical analysis and computer
modelling. The investigation of the algorithms of the parameter identification was carried out
by means of the computer modelling based on using MATLAB.

We used both, the tool of package Simulink-toolbox for the system modelling and tool
Symbolic Math Toolbox for the solution of the equations.

For example, scheme for simple Wiener model is given here.

| 1672
i d
0.5524541 magnitu e—‘ Deptoy1
r-uisz Gaiml o W |signal
angle
e [ = e
Produd  Gain DiplayZ
Rimant
magnituda oy
Corsard #(signal
gl
- ol 775
Display4
S
magnitude Diplays
L al
angle
]
Diplayt

Fig. 2. Scheme for simple Wiener model

The reliability of the received results, at the parameter identification of nonlinear systems of
industrial processes conditions in the presence of noise and errors, depends on the measurement accuracy
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of the systems’ input and output signals and on the mathematical processing of the experimental data at
the approximation. Besides, as it is known, that used method of the least squares is noiseless.

6. Conclusion

In this work the problem of parameter identification is considered on the set of models, elements
of which are simple Hammerstein and Wiener models, Wiener-Hammerstein and Hammerstein-Wiener
cascade models with nonlinear elements in the form of polynomial functions of second degree and linear
elements described by the ordinary differential equation of first and second order. Despite their simplicity
such models are widely used for the modelling of industrial processes.

The solution of the problem of parameter identification for the majority of block - oriented models
is complicated due to the nonlinearity of such models relative to the sought parameters.

Proposed method of parameter identification in steady state based on the observation of the
system's input and output variables at the input sinusoidal influences is proposed. The solution of the
problem of parameter identification is reduced to the solution of the algebraic equations systems by using
the Fourier approximation. The parameters estimations are received by the least squares method.
Reliability of the received results depends on the accuracy of the measurement of system output signals
and mathematical processing of the experimental data at the approximation.

Developed parameter identification method can be used for the modelling of nonlinear industrial
processes when the model structure is known a priori. As the estimations of parametres are received by
the least squares method, which is noiseless, it can be used in the industrial conditions in the presence of
the noise and measurement errors. The specification of the method of identification allows to use Fourier
coefficients of various harmonics to estimate the parametres and compare the received results.
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HNnenTudurkanus 6,104HO-OPUEHTHPOBAHHBIX HeJIHMHEHHbBIX
CHCTEM B YaCTOTHOH 00.1aCTH

Buccapuon Hlanwuaweunu, Hyesap Kasnaweunu, Hyezap Jlaouanu,
Kemesan Omuaose

Pe3rome

PaccmaTpuBaeTcs 3amada MapaMeTpUUECKOH — MACHTH(HKAIUK  OJIOYHO-OPHEHTHPOBAHHBIX
HEJIMHEWHBIX JAWHAMHYECKUX CHUCTeM B dYacToTHOW oOmactu. [IpemmokeH MeTom mMmapaMeTpHUIecKOu
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WACHTU(PHUKAIIMYA B YCTAHOBHUBILETOCS PEKUME MPHU BXOAHBIX CHHYCOMIANBHBIX BO3IEHCTBUAX. Pemrenne
npoOyieMbl MACHTH(UKAIMK TTapaMeTpa MPUBOJUTCS K PELICHUIO CUCTEM alnreOpanvyecKux ypaBHEHHit
npu npuMeHeHHH ammpokcumarmu Dypre. OneHKH TapamMeTpoB IIONyYeHBI METOIOM HAWMEHBIIUX
KBagpaToB. Hale)XKHOCTh MONYyYEHHBIX PE3ylbTaTOB B HMHIYCTPHUAIBHBIX YCIOBHUAX IMPH HPUCYTCTBHH
IIymMa, 3aBUCHT OT TOYHOCTH M3MEpPEHMS CHUTHAJIOB BXOJAa M BBIXOJA CHCTEMbI M MaTeMaTHYECKOM
00pabOTKM 3KCIIEPUMEHTAIBHBIX JaHHBIX TIPH alIPOKCHMAIIHH.
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A mathematical model of a single discrete optimization problem under uncertainty

Ketevan Kutkhashvili, Viadimir Gabisonia

Summary

The mathematical model of one classical discrete optimization problem, in particular, the
multicriteria problem of order theory, is constructed. The problem is considered where the execution
of tasks is carried out by a continuous single-stage system. Processors are partially interchangeable.
The partially ordered set and the set of additional resources are empty, the processor performance is
known in advance, the time needed to complete the task and the financial expenses, however, the
intake to the task system is not exactly defined, but given in the form of an interval. The optimal
choice occurs according to two criteria: the total processing cost of the whole system and the period
of time the system was created. An algorithm is constructed for a multicriteria problem using interval
and branch and boundary methods.

MaremaTmueckas MOJ€JIb OI[HOﬁ 3a4d9IN1 I[HCerTHOfI OIITHMH3dII NN
B YCJIOBHSIX HEOIIPENEIE€HHOCTH

Kerepar Kyrxamsurn, Bragumup [abuconns
Pesrome

B pabore mocTpoeHa MaTeMaTHuyecKas MOJeNb OZHON KIaCCHYeCKOH 3afauM JUCKPETHOMH
OIITUMH3AITNY, B YaCTHOCTH, MHOI‘OKPHTEPI/IHJIBHOfI 3a/lau T€OpMH IIOpAJKA. PaCCMOTPeHa 3a/a4da,
I/le MCIIOJIHEeHMe 3aJaHUll OCYINeCTBIIAeTCS HeIIPepBIBHOM OHOCTyIIeHYaTol cructeMoii. Ilpomeccopsr
YaCTUYHO B3aIMO3aMe€HAEMBbIe. Yactuuwo YIOpAZOYEHHOE MHOXEeCTBO u MHOXEeCTBO
JIOTIOTHUTEIBHBIX PECYPCOB ITyCThIe, 3apaHee M3BECTHA IIPOM3BOAMUTEIBHOCTH IIPOIECCOPOB, HY>XHOE
BpeMsA OJid BBIIIOJTHEHUA 3aJa9YU U (l)I/IHaHCOBBIe pacxoanl, OAHAKO BXO/J B CUCTEMY Ba,E[aHI/Iﬁ TOYHO HE
oIlpeZiejieH, a JaH B Bufe uHTepBana. ONTHMaNbHBIN BbIOOP IPOUCXOIUT IO JBYM KPUTEPUAM: 001Ias
CTOUMOCTh 06PaGOTKH 1[eJIOM CHCTEMBI U II€PUOJ, BPEMeHU CO3JaHUs CUCTeMsI. IlocTpoeH anroputm
AJIsA MHOFOKPI/ITepI/Ia]ILHOﬁ 3aJa9M UCIIOJIb3Y HHTePBaJH:HBIfI ¥ BETOYHBIN U FPaHI/I‘{HLIﬁ METOBbI.
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On One Problem of Plant Location
Dali Sikharulidze, Vladimer Gabisonia, Nugzar Dadiani

dali_sx@yahoo.com

Abstract

Proposed problem is concerned with finding of plants optimal location among a given set of
possible lo-cations in order to satisfy a given demand at minimum cost. Holding capacity of
warehouses, transportation and plants constructing cost and capacity are given. This problem is a
binary integerprogramming problem. When the number of plants and warehouses is not very
large, the problem can be solved by enumeration of all possible alternatives of plant location and
consideration of corresponding linear programming problems. As the number of all alternatives is
finite, the problem will have the solution if feasible region is not empty. An example, when possible
number of plants is 3 and number of warehouses is 10, illustrates the method.

Key words:
partially binary programming; enumeration.

Until now considerable attention has been devoted to discrete models for the location of plants and
warehouses because of their practical importance. For our specific case among many surveys of this
problem, stand out [1], [2], [3]. Inspite of the fact, that the simple plant location problem has been studied
for many years, yet a number of important real world issues and variants have not been investigated or
resolved and merit further attention and research. This paper describes new statement of the problem
with new and different objective. The model we consider grew from one specific problem in agriculture.
It is formulated in the following way.

Given m warehouses (raw stockreception centers) in some villages, there are k potential locations
of processing plants, y .y, ....,y,are binary variables:

1, if the plant will be located in the place i

Yy, =
0, in the opposite case, i=1,2,... k.

c;jis the fixed cost of transportation of raw materials unit to the plant I from warehouse j and the
amount of raw materials transported to the plant | from warehouse j is x;;. For the amount of the raw
materials transported from warehousej we have:

Zi“;l xl-]-=A]-,j = 1;2p -, m,

Where 4;,j = 1,2,...,m is the holding capacity of the ware house j. This condition expresses,
that the whole amount of raw materials received in each warehouse must be utilized.

Z{'(zl xl] < Bi’ i= 1,2, ...,k,

where B;, i = 1,2,..., k is the capacity of the plant i. f;,i = 1,2, ..., k, is the cost of the constructing of
plant i. The problem is to find the location, which minimizes the cost of plantsconstructing and raw
materials transportation. So, the problem is formulated as follows:

P f; yi+2{'{:1 2Ly cyj Xy — min (1)

Z{“:l xL]:A],] = 1,2, e, m (2)
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where for at least one y, # 0,i = 1,2, ..., k. This is the problem of binary integer programming [4]. There
are possible different 2¢-1 locations of plants (except the case, when no plant is built). For each case, we
solve corresponding linear programming problem. Then we choose the location, for which the goal
function has minimal value, corresponding set of y, gives optimal solution.The following example

k .
Zi=1 XL-I- < Bi’ i=1

y, € {01}, i=12,..,kx

=

>0,i=12..kj

illustrates the method, when the number of plants and warehouses is not large.

Example. Suppose, that there are 10 warehouses in the region and it is possible to construct 3

plants. Possible values of binary variables y;(except when all of y;=0, i=1, 2, 3)are:

The following table shows the constructing cost and capacity of plants (without equipment):

¥y, 1 0 1 1
¥, 0 1 0 1 0
A 0 1 0 1

Plant number Plant constructing cost Capacity
1 2-10*L 180t
2 2,5- 104L 200t
3 3-10%L 230t

Holding capacity of warehouses and transportation costs to the corresponding plants are:

Warehouse Holding capacity Plant 1 Plant 2 Plant 3
number
1 20t 100L 120L 100L
2 22t 120L 100L 120L
3 18t 150L 120L 100L
4 22t 100L 120L 100L
5 25t 150L 120L 120L
6 18t 100L 120L 100L
7 20t 150L 100L 150L
8 22t 100L 100L 100L
9 25t 120L 120L 150L
10 22t 150L 120L 100L
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On One Problem of Plant Location

1.y, = 1;y, = y3=0.Boundary conditions (2) and (3) look as follows:
X11=20;x12=22;x13=]8;x14=22;x15=25; X16=18;x17=20; X18=22; X19:25; X1’10=22;

Condition(3) x11 + X2+X13+X14 + X5 + X16+X17+X1g + X19 + X5 19 < 180 does not hold ; there is no
solution;

2.y, = 1;y, = y3=0.Boundary conditions (2) and (3) look as follows:

X21=20; X22=22; X33=18; X24,=22;Xx75=25; X,6=18; x27=20; X,8=22; X29=25; x5 10=22;
Condition (3) X1 + Xp2+X23+X24 + Xo5 + Xpe+Xog + Xp7++X9 + X310 <

200 does not hold ; no solution; .

3.y; = 1;y, = ¥,=0.Boundary conditions (2) and (3) look as follows:
X31=20;%3,=22;%33=18; Xx34=22; x35=25; X35=18;x3,=20; x35=22; x39=25; X3 10=22;

Condition (3)x31 + X32+X33+X34 + X35 + X36+X37+X3g + X309 + X319 <
230 does not hold; no solution;

4.y, = 1;y, = 1; y3=0.The problem will be written as follows:

2'104+2.5'104+100x11 + 120x12+150x13+100x14 + 150x15 + 1OOX16+150x17+100x18 + 120X19 +
1502, 10 ++120251 + 100%55+120x55+120%54 + 120255 + 120x56+100x,7+100x55 + 120%50 +
120x, 10 —> min (4)

X11 + Xp1 = 20;x16+x26:18; x12+x22:22;x17 +x27:20;x13 + x23:18 3X1g tX28 = 22,
x14+x24=22;x19 + ng :25: X15+x25=25; xlllo +X2'10=22;
X171 F X +X3+X14 + Xg5 + X16+X17+3X18 + X9 + X119 < 180

Xp1 F Xpp+Xp3+Xp4 t Xo5 + Xpe+Xa7+:X g + X9 + X510 < 200

We solve linear programming problem in MATLAB without first two terms in (4).The parameters of
linear program in this case are :x =[1x20];x =[X11, X12, .., X1,10) X21, X225 --+» X2,10]5

£=[100;120;150;100;150;100;120;150;120;100;120;120;120;120;100;100;120;120];A=[2x10];b=[180;2007;
A=[11111111110000000000
00000000001111111111};
Aeq=[10000000001000000000
01000000000100000000
00100000000010000000
00010000000001000000
00001000000000100000
00000100000000010000
00000010000000001000
00000001000000000100
00000000100000000010
00000000010000000001];

31



Dali Sikharulidze, Vladimer Gabisonia, Nugzar Dadiani

Aeq=[10x20];beq=[20;22;18;22;25;18;20;22;25;22];1b=[00...0];1b=[1x20];

The result is x=[20;0;0;22;0;18;0;10.5393;12.0989;0;0,22;18;0;25;0;20;11.4607;12.9011;22].
F minimum=2.32e+004. The minimal value of the goal function is 6.82:10*.

501 = Lyz = 1, y,=0;

The problem will be written as follows:

2'104+3'104+100x11 + 120x12+150x13+100x14 + 150x15 + 100x16+150x17+100x18 + 120x19 +
150x; 19 + 100x3; + 120x3,+100x33+100x3, + 120x35 + 100x35+150x3,+100x35 + 150x39 +
1003 10 —> min G)

X11 + X371 = 205 X16+X36=18; X12+X3,=22; X7 +X37,=20;X13 + X33=18 ; x5 + X33 = 22;
X14+X34=22; X19 + X39 =25; X15+X35=25;X1 10 +X3,10=22

X171 F X +X3+X14 + Xq5 + X16+X17+3X18 + X9 + X119 < 180

X371 t X3p+X33+X34 + X35 + X36+X37+5X3g + X39 + X319 < 230
We solve linear programming problem in MATLAB without first two terms in (5).x =[1x20];
in this case X =[X11,X12, -, X110, X31, X32, -, X3.10];
£=[100;120;150;100;150;100;150;100;120;150;100;120;100;100;120;100;150;100;150;100];
A, Aeq, beq, 1b are the same as in the case 4.b = [180; 230];
x=[20;9.5491;0;9.471;0;7.5755;8.6957;9.471;25;0;0;12.4509;18;12.529;25;10.4245;11.3043;12.529;0;22];
fminimum =2.384e+004. The minimal value of the goal function is 7.384:10*.
6.y, = 1;y3 = 1; y,=0. The problem will be written as follows:

2.5:10%+3:10*+120x,; + 100x,,+120x,3+120x5,4 + 120x55 + 120x,4+100x,,+100x,5 + 120x,9 +
120x519 ++100x3; + 120x3,+100x33+100x34 + 120x35 + 100x3,+150x3,+100x35 + 150x39 +
100x3 10 — min 6)

X21 + X31 = 20, x26+x36=18; x22+X32:22;x27 +X37=20; X23 + X33:18;x28 + X3g = 22,

X24+X34=22; Xp9 + X39 =25; X5+X35=25; X5 19 +X3,10=22;

Xp1 F Xp+X23+X24 + X5 + Xpe+Xp7+:X28 + X29 + X210 < 200

X31 F X3+X33+X34 + X35 + X36+X37+:X38 + X39 + X310 < 230
We solve linear programming problem in MATLAB without first two terms in (6): here x =[1x20];
X =[X21, X225 » X210 X31, X325 ) X3,10]5
£=[120;100;120;120;120;120;100;100;120;120;100;120;100;100;120;100;150;100;150;1007;
A, Aeq, beq, lbare the same as in the case 4.b =[200;230].The result is
x=[20;22;0;0;11.6123;0;20;10.0951;25;0;0;0;18;22;13.3877;18;0;11.9049];
f minimum=2.28e+004. The minimal value of the goal function is 7.78:10*.
7.y1 = ¥, = y3=1. The problem will be written as follows:

2:10%+2.5-10%+3+ 10* +100x;; + 120x;,+150x;3+100x;, + 150x;5 + 100x;,+150x,,+100x,5 +
120x19 + 1501 19 +120x5; + 100x5,+120x,3+120x,4 + 120x,5 + 120x,4+100x,,+100x,5 +
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On One Problem of Plant Location

120x59 + 120x; 19 ++100x31 + 120x3,+100x33+100x3, + 120x35 + 100x35+150x3,+100x35 +
150x39 + 1OOX3'10 —> min (7)

X11 + x21+x31 = 20, X12 + Xo2 + X3p = 22, X13 + x23+x33 = 18, X14 + Xo4 + X34 = 22, Xq5g +
X5+ X35 =

25, x16+ x26 + X36=18 x17 + x27+X37=20; xlg + x28 + x38 = 22; xlg + x29 + X39 =25, x1’10
+ x2’10+x3,10:22;

X171+ X +X3+X14 + Xg5 + X16+X17+3X18 + X9 + X119 < 180
Xp1 F Xop+Xp3+Xos + Xos + Xpg+Xa7+5X08 + X9 + X510 < 200
X31 F X32+X33+X34 t X35 T X36+X37+:X3g + X309 + X310 < 230

We solve linear programming problem in MATLAB without first three terms in (7).Here x =[1x30] ;

X =[X11, X125+ 5X1,100 X21, X225 -+ » X2,100 X31, X325 -+ » X3,10]-

£=[100;120;150;100;150;100;150;100;120;150;120;100;120;120;120;120;100;100;120;120;100;120;100;10
0;120;100;

150;100;150;100];A=[3x30];b=[180;200;230];
A=[111111111100000000000000000000
000000000011111111110000000000
000000000000000000001111111111];
Aeq=[100000000010000000001000000000
010000000001000000000100000000
001000000000100000000010000000
000100000000010000000001000000
000010000000001000000000100000
000001000000000100000000010000
000000100000000010000000001000
000000010000000001000000000100
000000001000000000100000000010
000000000100000000010000000001];
Aeq=[10x30];beq=[20;22;18;22;25;18;20;22;25;22];1b=[00...0];1b=[1x30];

x=[20;0,0;9.2472,0,7.3798;0;6.3030;11.7935;0;0;22;0;0;11.4372;0;20;7.1346;13.2065;0;0;0;18;12.7528;13
.5628;10.6

202;0;8.5623;0;22]; fminimum=2.24e+004.The minimal value of the goal function is 9.74:10*.So, the
Optimal SOlutiOI‘l iS yl = 1; yz = 1; y3=0.X =[X11, X1y eery xl'lo, X21,X22, «eu)y xZ'lo];

x=[20;0;0;22;0;18;0;10.5393;12.0989;0;0;22;18;0;25;0;20;11.4607;12.9011;22]. The goal function equals
6.82:10%.
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OO0 oxHoil1 3ana4e pa3MelleHUs 3aBO/I0B
Janu Cuxapynuosze, Braoumup I'abuconus, Hyzzap /laouarnu

Pesome

IIpepmaraemas 3ajjaua KacaeTca HaXOXJeHHSA OITHMAJbHOTO pa3MellleHHS 3aBOZOB Cpefiu
TAHHOTO MHOXXeCTBAa BO3MOXKHBIX pasMellleHHil /Jd YZJOBJIeTBOPDeHHA JAHHOTO CIpoca C
MUHMMQIBHBIMU 3aTpaTaMH. 3aJaHbl CTOMMOCTh TPAHCIIOPTHPOBKM,  BMECTUMOCTb CKJI4JOB,
CTOMMOCTh CTPOMTENBCTBA 3aBOJIOB M MX MOIIHOCTH. OTO 33Jada YacTUYHO OMHAPHOTO
mporpammupoBanuda. Korza BapumaHTOB pasMelleHHS M PAcCMOTPEHHEM COOTBETCTBYIOIIMX 3afad
JIMHEHHOTO IIPOrpaMMMpOBaHUA. TaK KaK YHCIO BCeX BO3MOXHBIX QJIBTEPHATUB KOHEYHO, €C/IH
MHOXXECTBO [OIIYCTUMBIX pelleHuil HeIyCTo, 3afadya OyZeT MMeTh pelreHue. JIni MIUTIOCTpaunuu
MeToZa IIPUBOJUTCSA IIPUMep, B KOTOPOM BO3MOKHOE YHCJIO 3aBOJIOB PaBHO 3, a cKi1azos-10.
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21900 FmfymdoEMmdol  3OMmgJBH0Mmgds s ©ITBEIds TgLodwrgdgwos bEoEsb 96 dobo
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3By 0465 IgmEg aBs. 35E0dMIGMMOL SHE LEHMYIEBHWIOIL LoxgIZWSE IJOM dELPMIJDO,
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LMo gdom  GLodgdgE0s OLO3MMIYIBHIOILO  JOWOdMOIGMMOL JOM00OEO  Bobolinsmd-
900L 25000gds s 00 99090l FobolfoMo Tgx3sLgds, GMIgewoa Msb L3zl Jowr0dGMSEHMMI0
dbs Jodbbmwo derm3zqgdol godmygbgdsl, dsmo LGHGWIGHMEOL 96  3565TgBHMIOOL (33¢0EGASL.
LG 9bo 99gds: Jo@Mbbmro oo sTBIEYDWE TJEMMIIOL 535M5EHOLOYD - 1; 25Mmbogswo
6ol 4oBMIgoLomz0L dob3zmmzboer 75 93 FMBEHOLORIb - 2 ; FMBEGBY dodz0olL godbmdo
bgabofigmbigeb - 3; o@Z30MMZ30L5996 - 4; GHZOMMZBY dodz0L I60TZ69EMdOL odBMIZ0LY6
- 5; $993905@“M0L 25bDmIo bgarlisfymligeb - 6.
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Bob. 1.
9306935050030560 35¢0dMOBHMOOL 3MHMYJEHId0L 3OMmEqldo ghm-gMho d60dzbgwrmgsb

3000 gdsl FoMm8MoagbL 493mymz30wo LomdML goMgdmBy gos3gdol Liimemo mMasbobgds.
bdoMo  GHMOIOE0o  FgMNMEIBOm, 3SLOYIMO  MIPOIGHMOMJOOL  ©s  39BGHOWIGHMMIOOL
L5300 gd0m 53 3MMdEGIOL  FMy3sMgds 396  bgMbgds. s00GH™MI  LEHIBDo  FomZoEOl-
§obgdmmos $H9939MsEHwIMol MFg39¢0 dmbo@Bm®mobyo s, 990gaolL dgLsdsdola, bgwbsfiymdo

35Hm3390%0L §Y439GH0wo Mgg0dol FobbmmE0gEgds. L3900 (HYB3gMsGHWIMHMEo Mg7000©0
299080656, Gglodmgdgeos bsdwdsm 3MMmEgldo 35v9Hgdol LoEowol obgmo FgMBgzs, GMI

3993965G M6 LodMBom denm3gddo dqbstBmbgd o ogml olisd39d BoMrgddo.

LEHIBOL  Lodroegdom  GGLodgdIE0s  J9WOdMSGHMMOL  3MEEB39MHeo  Jobo-
LOsmMYOEIOL ROMGDdS d5d30L 9339000 3MmBHIBEOMIEHMOL bbgsalbgs dAMToMgmdOLEm30L.
©53300m30L b0 53 EOML 0BMIGds 75 33 9MBEbY dsdz0L oMb 3 bywlisfymmo, bogrm
53300m30L dodzs 0BMIGDS FZ0MMZ0L obomdsBg 5 BHgbBHIMOL bsdmswadom. 6 BHabEIMo
399my9b9dw0s BHGMEBOLEHMMIOOL s OMPIBOL M3EOsEHMEMIOOL FJI3IMGHIOIEO M1g70dol
3MBEH®MEoLomM30.

d399mm dmyzsboer gbGowdo sbsbwamos 9dbdgModgb@ol dgwgagdo bGgbol sefigmowo
LEAHOMIEHIOOLIMZOL. IEZ0OMNZ0L FobsomBgamds GHmeos 0,115 md.

3500 1-sb BsBL, HMI ©gbol dses sEHZ0OMZ580 0BMEYdS dsd30L SOMIMMEFOIMSQ
296339 360936900md580Y7, begnwm 999y 390l 29X JMJODBY. 25XIJMJOS ob30MMdJdM0s
0dom, OMI 05035 OBZ0MOMZsBY oM 0DBMPYds, o3, 030l TBMOZ, Fob3oMOHMBYIMO0S
LGHIbdo  9odmygbgdMEo  BsEYIMOL  TGLodegdEIMdIBY,  3gMdm@  BogdlodogH
Lboddgreghgby.
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3bOOOo 2.
bgbofigml slisbgawrgds 299mb35w0 ©Ybol os3sBMbo LoddEogMy
1 EDON MMA-300S 20-300» 6,5330
2 EDON MMA-250S 20-250» 6,4 330
3 EDON MMA-200S 20-200o 5,3 330
4 EDON LV-300 20-2500 6,8 330
5 EDON LV-250 20-200o 6,0 33%
6 EDON LV-200 20-1600 5,2 330
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Construction of a large-scale direct current calibrator using an inverter

Nugzar Kavlashvili, Levan Gvaramadze, Otar Labadze, Panaiot Stavrianidi, Tamaz Saanishvili,
Giorgi Kiknadze

Summary

The possibilities of the large-scale direct current calibrators modernization allowing to eradicate
their main traditional negative aspects (large mass and energy consumption) are considered.

A semi-natural modeling stand, which allows to determine the main characteristics of the
calibrator at the design stage and to make a preliminary assessment of the results of the consequences of
using the finished blocks changing their structure or parameters, is described.

The recommendations on the use of small-sized welding apparatus blocks when constructing large
direct current calibrators are given.

ITocTpoenne kaauOpaTOpPoOB GOIBIIOT0 MOCTOSTHHOTO TOKA
€ MCNOJIb30BAHUEM HHBEPTOpPa

Hyezap Kasnawsunu, Jlesan I'sapamadsze, Omap Jlabaosze, [lanauom Cmaepuanuou, Tamas
Caanuwsunu, I'uopeu Kuxnaosze

Pe3iome

PaccMOTpeHBl BO3MOXHOCTH MOJICPHHU3ALMU KaluOpaTOpoB OOJNBIIOrO MOCTOSHHOTO TOKA,
KOTOPHIC MO3BOJIIOT WCKOPEHHTh MX OCHOBHBIC TPAJAMLHOHHBIC OTPHILATEIBbHBIC CTOPOHBI (OOMbIIAs
Macca ¥ oTpeOJieHHEe SHEPTHH ).

OnucaH CTeHA TMOJYHATYPHOTO  MOJICTIMPOBaHMS, KOTOPBIA TO3BOJISICT HA  CTaAHH
IPOCKTHPOBAHKUS OIPEACIUTH OCHOBHBIC XapPAaKTEPHCTUKH KaTubpaTopa u MPOU3BECTH IPEABAPHUTEIBHYO
OIICHKY pe3yJbTaTOB UCIIOJIB30BAHNS TOTOBBIX OJIOKOB, N3MEHEHHUS UX CTPYKTYPhI WM apaMeTpPHI.

[TpuBeacHBI PEKOMEH/AINH TT0 HCIIOIb30BAHUIO OJIOKOB MalorabapuTHBIX CBAPOYHBIX alllapaToB
NP NOCTPOCHHUHU KaTHOPaTOPOB OOJIBIIOr0 MOCTOSIHHOTO TOKA.
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Study of synergy of insecticidal formulations against BMSB using the mathematical
isobole method
Archil Chirakadze, Nugzar Kavlashvili, Zakaria Buachidze, Nikoloz Meskhi, Akaki Gigineishvill,
Aleksandre Jishiashvili, Ani Laperishvili, Levan Zazadze, Nana Khuskivadze, Irina Khomeriki,
Mikhail Taktakishvili

achirakadze@gtu.ge

Abstract

A simple and clear mathematical model, the so called “isobole method*, was modified and applied
for the quantitative assessment of synergy of three insecticidal formulations against BMSB (Halyomorpha
Halys). Farther experiments and development of new algorithm and specialized software is needed to
achieve more accuracy and reliability of the assessment. Development of synergic mixtures needs a huge
number of in vitro and in vivo experiments which have to be provided during the long-term, expensive
and very complicated field trials. That is why, the acute necessity in relatively simple and effective
mathematical models of assessing the synergy of interaction of various synthetic and natural insecticides
is obvious, which, in addition to the so called in silico experiments, can facilitate the researchers in a
time- and resource saving research and development of highly effective and less hazardous insecticidal
formulations. The achieved results will encourage the researcher for a more active development of the
new synergetic mixtures of substantially studied insecticidal formulations using isobole methods and in
silico experiments as a reliable basis for the direct in vitro and in vivo testing of mixtures effectiveness
and synergy against BMSB and other invasive and local pests.

Key words:
Synergy, mathematical model, isobole, BMSB, insecticides, dese, effect.

Agricultural pests pose an acute hazard to the economic and environmental welfare of population.
Up to 35-40 % of the waste foodstuff is caused by the pests and plant diseases. Particularly important
challenge of the last decades is the rapidly increasing resistance of the insects and other pests to the
insecticidal formulation and, as a result, the quickly increasing rate of pesticide application and of the
corresponding environmental impact and health risks of the rural and urban population. Effective means
against the highly resistive populations of insects are the so called synergic (or synergetic) mixtures of
different insecticidal formulation revealing the super-additive biological affectivity and, usually,
eliminating the resistance effects in insects [1]. Unfortunately, development of synergic mixtures needs a
huge number of in vitro and in vivo experiments which have to be approved during the long-term,
expensive and very complicated field trials. That is why, the acute necessity in relatively simple and
effective mathematical models of assessing the synergy of interaction of various synthetic and natural
insecticides is obvious [2], which, in addition to the so called in silico experiments [3], can facilitate the
researchers for a rapid and time- and resource saving research and development of highly effective and
less hazardous insecticidal formulations.

An intensive study with aim to develop synergetic combined mixtures of synthetic (bifenthrin,
deltamethrin) and natural (fresh-water diatomaceous earth, essential oils and natural surfactants) has been
studied in the Georgian Technical University beginning from 2017 in the frame of the Governmental
Program of combating BMSB (Halyomorpha Halys). 8 synthetic, natural and combined formulations
have been tested for 31 days showing different biological effectiveness (BE). The main findings of the
executed study were the following:

1. The 6 from 8 tested formulations were sufficiently effective (according to Abbott formula - BE>
50%) even after 32 days after treatment; 2. The higher BE of one combined formulations compared to
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one synthetic formulation could be explained only due to synergetic interaction of the sub-micron fraction
of DE with deltamethrin; 3. The unexpectedly high BE of one combined formulation could be explained
due to synergetic action of the sub-micron fraction of the diatomaceous earth with the fungal formulation
“Melobass®” which was indicated due to the existence of specific fungal mold covering the most of
killed insects; 4. Addition of DE in appropriate proportions extends the period of residual activity and,
hence, increases the integrated BE of the most of tested insecticidal formulations; 5. Correct use of
synergism of the components of the insecticidal formulations can pave the way to effective control of
BMSB with combinations of various organic products and combined formulations with extremely low
content of synthetic insecticidal substances. 6. The next step should be the experimental testing of all
utilized organic products used individually (or individually, but mixed with high rate of DE), and
preliminary testing of DE/organic formulations containing both delthamethrin/ bifenthrin and
malathion/bifenthrin mixtures, which can significantly increase the effectiveness of insecticides and
reduce the environmental impact on the off-targeted species. Unfortunately, because of lack of statistical
material, the obtained results can be interpreted only as preliminary and quantitative; on the other hand,
having no mathematical model of the reliable quantitative determination of synergism of interaction of
formulations we will need too much time and resources for solving the task. That is why we decided to
find a simple and highly illustrative quantitative model of assessing the synergism of insecticidal
formulations. Very soon we found a simple and clear mathematical method [2] which we easily modified
to be applied to arbitrary number of insecticides by examining the objects in pairs, and then again, before
reaching the final result. The selected model is based on a basic concept of isobole curve dividing the
areas of synergic and sub-additive interaction. If we have to evaluate the impact agents (insecticides) with
similar effect (mortality of insects or biological effectiveness) and we can characterize them by maximum
effect or partial effect (e. g., half or 0.75 of maximum) doses, we can easily establish a curve bordering
the “synergetic” or super-additive and “antagonistic” or sub-additive patterns. The simplest way is to
impose a condition for the constancy of the total of quantities of the two (A and B) formulations under
consideration and to postpone along the axes of the Cartesian coordinates two segments equal to the doses
corresponding to the half the maximum effect of each insecticide (Figure 1) [2]. The straight line
connecting points A and B will be an isobole line, and the distance from point O to any point in the first
quarter of the coordinate system shows the dose needed to achieve half the maximum effect. All points on
the isobole curve correspond to the common additive interaction of formulations. The equation of the
“straight line” isobole is linear:
da/A =1- ds/B Q)

where: da is the current dose of indecticide A; dg is the current dose of indecticide B, and A and B are the
doses corresponding to the half the maximum effect of each insecticide

Dose A @ 1Sub-additive

Additive

CURVE

.2 Shyer-additive

>

Dose B

Figure 1. Plotting of an isobole curve: 1 — sub-additive (synergic) interaction, 2 — super-additive
interaction, 3 — additive interaction.
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It should be emphasized that the isobole curve in general (and usually — in reality) cannot be a
straight line due to many reasons (Figure 2)

Doze A

O

Dose B
Figure 2. The linear and nonlinear isobole curves

If we have two formulations (i = 1, 2) and we establish that the total volume of two insecticides
used in experiments is constant, we can determine a relation of equivalent effectiveness of doses:

02eq(1) = domare/ [( Eamax/ E1max)(1+ dinai/dy-1] )

It means that in calculations we can use the equivalent dose dyeq(1) of formulation 2 instead of
dose ds, thus drastically simplifying the calculations.

Again, if the summarized volume of the two insecticides used in experiments is constant, we can
establish the isobole equation (adding d and deq) Which, in principle, is no more a straight line (is no
more linear, Figure 2.):

deq (A) = daonarr — doHai/[( Eamax! Exmax)(1+ dinai/da)-1] (3)

In the period from September 28 to October 10, 2019, a cycle of experiments was conducted in the
laboratory of the Institute for Problems of Engineering Physics of the Georgian Technical University to
determine the dose-effect relationship of 3 insecticidal formulations and their combinations (bifenthrin
containing “Talstar” 10 % EC, “Fyfanon” 57 % and the food-grade diatomaceous earth DE from Kisatibi
mine in Akhaltsikhe, Georgia, containing about 90% of silicon dioxide) for control of BMSB. The
methodology of testing experiments was worked out using recommendations of Professor Gregory
Krawczyk from the Pennsylvania State University, current possibilities of our laboratory and the
necessity of completion of the research in a reasonably short period of time. All three formulations and
their combinations “Talstar” + “Fyfanon”, “Talstar” + DE, “Fyfanon” + DE and “Talstar” + “Fyfanon” +
DE were tested and their dose — effect dependences, maximum achievable effect and half-maximum
effect doses were determined. 4x16=64 plastic 750-ml cups with dome-shaped lids and round openings of
2.5 cm in diameter in the center of the lid were used to test 3 formulations and their mixtures, while 32
plastic cups were used for observation of control groups (without any insecticidal treatment (Figure 3).

Figure 3. A detail of the general view of the experiment
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The test insects (about 1400) were kept in one small-size insectary and periodically placed into
the treated and untreated (“control”) cups. Holes were sealed with sterile gauze, which ensured access of
a sufficient volume of air for the tested insects. Two weeks old wheat grass was planted in all cups and a
sufficient amount of food (apple slices) and water (in cotton balls) was fed daily through the holes to the
control group insects and insects awaiting the insecticidal treatment . The wheat grass was every day
poured with water, and the relative humidity and air temperature in the cups was controlled.
Unfortunately we had no enough insects to examine the mixtures with different proportions of
components, that is why we prepared the maximum effective mixtures according to our former
experience.

After every experiment all insects were removed and the cups were carefully washed before filling
with earth and wheat grass (Figure 4.). At the very beginning, we studied the accuracy of the
approximation of effect—dose dependence given in equation (2). The standard deviation was less than 5%
which encouraged us to continue our research and assess the synergy of the mixtures. As was mentioned
above, we had no adequate number of test insects to achieve the desired accuracy. Thus, the obtained
results are comparative and additional research is necessary. All mixtures revealed significant synergy,
and the maximum super-additive effect (up to about 280 %) was determined by adding bifenthrin to
malathion in proportion 1:10. The super-additivity of malathion + DE (1:50), bifentrin + DE (1: 100) and
bifenthrin + malathion + DE (1:10:100) was between 140 and 180 % respectively.

Figure 4. Removal and re-filling of cups

The developed method allows also the plotting of expected dose-effect curves of the mixtures
with arbitrary content of components based on the dose-effect curves of the individual components.
Figure 5 shows the expected and experimental dose-effect curves of a typical synergic mixture of
components. It should be also noted that developing a special algorithm and software for the

statistical processing of the experimental results is an indispensable condition for the successful
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application of the method of isoboles with aim to test and develop new synergic insecticides against

BMSB and other invasive pests.
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Figure 5. The expected and experimental dose-effect curves of a typical synergic mixture of

Dose

components with synergy about 150 -170 %.
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0bL9dBH0E0MH0  30935M5FJO0D MBOM  5JBHOWGmO© Fg0dMNTomb Lobgmyommo Bstgzgdo
3D0MMO BOMLIBSL s bbgs 063500 S SROWMdM0Z0 Fo369dgdols fobsowdwgy, doo
dmeob in vivo o in vitro o Loggerg 899mfdgdobmgob.

HccnenoBanue CHHEPrusMa HHCEKTUIU/IHBIX COCTABOB IIPOTUB MPaMOPHOI'0 KJjIoma ¢
HCI0Jb30BAHHEM MAaTEMAaTHYECKOI0 MeT0Aa 30001

A.Huparaose, H. Kasnaweunu, 3. Byauuose, H. Mecxu, A. I'ueunuweunu, A. icuwivaweunu,
A Jlanepuweunu, Jl.3azao0ze, H. Xycxusaose, U. Xomepuku, M.Taxmarxuweunu

Pe3rome

Ilpoctast ¥ HarIAAHAS MaTeMaTHYecKas MOMENb - TaK Ha3bIBAEMBIH «METOA HM30001» - ObLia
MOIM(UIMPOBAaHA U TNPHMEHEHA U1 KOJMYECTBEHHOW OLEHKH CHHEPrHU3Ma TpPEX HHCEKTHIIUIHBIX
npernaparoB NpoTuB Mpamopuoro kioma (Halyomorpha Halys). [lns moctikenus: 6osblieli TOYHOCTU H
JIOCTOBEPHOCTH OLIEHKH HEOOXOIUMBI JAbHEUIINe SKCIIEPUMEHTH U pa3padoTKa HOBOTO allrOpUTMa H
CHEIUATM3UPOBAHHOTO MPOrpaMMHOI0 obecrieueHus. Pa3paboTka CHHEpreTHYeckux cmeceil Tpebyer
OTPOMHOTO KOJIMYECTBA IKCIIEPUMEHTOB iN VItro u in Vivo, KoTopsle HEOOXOIMMO MPOBOAUTH B XOJE
JUTMTEIBHBIX, JOPOTOCTOSIIMX H OYEeHb CIIOXKHBIX I[OJIEBBIX HCHbITaHUA. BoT modemy octpas
HEOOXOAMMOCTh B OTHOCHTENIFHO IPOCTBIX M J(P(EKTUBHBIX MATEMAaTHUYECKHX MOJCISIX OLECHKH
CHHEPIH3Ma B3aMMOJICHCTBHS PA3IMYHBIX CHHTETHYECKUX U IIPUPOIHBIX HHCEKTHIIUIOB OUYEBH/IHA, YTO, B
JOTIONTHEHWE K TaK Ha3bIBAEMBIM OKcriepuMeHTaM in Silico, GymeT comeiicTBOBaTh HCCIICMOBATENSAM B
SKOHOMHHM BPEMEHH M PECYPCOB MpH pPa3pabOTKe BbICOKOA(P(EKTUBHBIX H 0Ooyiee Ge30macHBIX
MHCEKTHIUHBIX COCTaBOB. JJOCTHIHYTBhIE pe3ysbTaThl OyAyT CTHMYJIMPOBATh MCCIeqoBaTeNeil Kk Ooee
AKTMBHOW pa3pa00TKe HOBBIX CHHEPIETHUECKMX CMeECEH M3 YK€ XOPOIIO H3YyYEHHBIX HHCEKTHIIUIHBIX
COCTaBOB C HCIIOJIb30BAHUEM «H3000JIbHBIX» METOJOB M 3KCIIEpUMEHTOB in SiliCO B kayecTBe HaaeKHOM
OCHOBBI JUIs MPSAMBIX iN Vitr0 u in-vivo wucheiTanuit 3)()EKTUBHOCTH M CHUHEPrHH CMeECedl MPOTHB
MPaMOPHOIO KJIONA U APYTUX UHBA3UBHBIX U MECTHBIX BPEAUTEICH.
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Pe3ome

PaccMoTpeHbl M cpaBHeHbI MeXIy €000ii cMCTeMbl MacCOBOI0 OOCIYKUBAHHS € MAaJbIM
4yucaoM padoumnx 3JiemeHToB. CiiyyaliHOMY mnpoueccy BbIX04a W3 CTPOS (PYHKUMOHUPYIOUIUX
3JIEMEHTOB, NPUHOCSIIUX JJ0X0/J, NMPOTUBOMOCTABJIEH IPOLECC MX BOCCTAHOBJIEHHUSI, KOTOPBIi
MoO:KeT ObIThb pa3douT Ha aBe (a3pl — ¢a3zy peMoHTa U mnocjeaywuyo ¢azy 3amenbl. Bcero
paccMoOTpeHbI IBe 0IHO(a3HbIe MUKPOCHCTEMBI U TPH ABYX(a3Hble. BbiBeleHbI COOTBETCTBYIOLIHE
¢opmyabl 111 BepOSITHOCTEH BO3MOMKHBIX COCTOSIHMA MHUKPOCHCTEMbI M JJis eé poxoanoctu. s
HauboJIee CJIOKHOIO ciaydasi mocrpoena HarjasiHasa Excel -tadnuma. B ciayuae ¢ eIMHCTBEHHBIM
padounM MecTOM JJISl I0XOJAHOIO 3JeMeHTa O0OHApY:KeHAa HEeO:KMIAHHAsl CBSI3b BePOSITHOCTeH ¢
yucjaamu Oudonaqyu.

Knrouessle cnosa: maccosoe 00Cayyncusanue, MUKpOCUCHEMA, DEMOHM, 3AMeEHA, 6EPOAMHOCHLY,
0oxoonocms, uucina Puoonauuu

CucrteMbl MaccoBOTO OOCITY)KHBaHUS C pa30MEHHEM IIpollecca BOCCTAHOBJIECHHUS OTKa3aBIINX
9JIEMEHTOB Ha JBe (ha3bl — PEMOHTA M 3aMEHBl — JIaBHO IPHUBJIEKAIOT HMCCIIETOBATEINCH, IBITAIOIINXCS
BBIIBUTh MOTCHIMAJBHBIC BBITOJBI Takoro pasbumenms. Cwm., Hampumep, padotsl [1,2]. B Hacrosmeit
CTaThe MBI OTPAHMYMINCH PACCMOTPEHHEM MHUKPOCHCTEM M HMX XapaKTEPUCTHK, NAIONIMX HEKOTOpOe
mpeacTaBiIeHne 00 oOmel cuTyaluu, KOTopas >KOET aIeKBaTHOTO MOJEITHPOBAHUS W A(PPEKTHBHBIX
ITOPUTMOB MPUHSTHUS PELICHUMH.

ITycth crcTeMa MaccoBOTO 0GCITyKUBAHHSI COCTOMT U3 (M + N) OXHOPOTHBIX IIEMEHTOB, TAE M —
MAaKCHMaJIbHO BO3MO>KHOC YHCJIO (l)yHKHI/IOHI/IpyIOL[H/IX 3JIEMCHTOB, IMPUHOCAIIUX JOXOMI. Bo3Moxnoe
HaJIu4yue N JOMOJHUTEIbHBIX PE3CPBHBIX DJJIEMCHTOB 06ycn013neHo CquaﬁHblM BbIXOOOM M3 CTpPOsA
pabovMX 3JIEeMEHTOB U HEOOXOJMMOCTBIO X BOCCTAHOBIICHHSI — PEMOHTA M 3aMeHbI. [Ipennonoxkum, 4To
MHTEHCUBHOCTH BOCCTAHOBJICHUS OTKa3aBLIMX AJIEMEHTOB IPEBHIIIAET HHTEHCUBHOCTh OTKa3a OT/IEIBHO
B3ATOTO 2JIeMeHTa B ¢ pa3. O003HAa4MM COOTBETCTBYIOLIME MPEBBIIICHNUS WHTEHCHBHOCTEH PEMOHTa U
3aMEHBI, COCTABIIAIONIUX [BE MOCIeqoBaTeIbHbIC (pa3bl BOCCTAHOBIEHHS dIEMEHTa, uepe3 a u b. Toraa
BBEIEHHBIC BEJIMYMHBI OyayT CBsi3aHbI cooTHomeHueM 1/c = 1/a + 1/b. Ecnu cuutaTh 3aMeHy dieMeHTa
MTHOBEHHOI, To b = 00 1 C = &, HO Ha mpaKTHKe 3aMeHa 3aHMMaeT HeKoTopoe BpeMs 1/ u B TakoM ciydae
MPE/ICTAaBISIET MHTEPEC BOMPOC 00 ONTHUMAIbHOM COOTHOIICHWH BEJIWYHMH a M b mpu 3amaHHoM c. He
JMIIEH MHTEpeca TakXKe M CIIydail MTHOBEHHOTO PEMOHTa a = oo 1 C = b,

OueBumHO, YTO 4eM Oospmme M, N W C, TEM [OXOAHEE CHUCTEMa, a TAKXKE, YTO XOPOIIO
cOanmaHCHpOBaHHAsT OPraHM3ALMsl PEMOHTA M 3aMEHBl YBEIWYMBAET JOXOJHOCTh CHCTeMBI. KoHeuHO,
YBEJIMUYCHUE 3HAUYCHHUN IEePEYHMCIICHHBIX MapaMeTpPoB TaK JKe, KaKk M OpraHu3aius cOalaHCHPOBAHHOTO
Ipoliecca BOCCTAHOBJICHUS OTKA3aBIIMX DJIEMEHTOB, CBA3aHBI C ONPEACNEHHBIMHM PacXolaMH. 3ajada
ONTHMHU3AIMK COCTOUT B BBIOOpPE MapaMeTPOB CHUCTEMBI, MPHHOCAIIMX MaKCHUMalbHYIO MpUObUI. [1pn
9TOM HauboJjee CIIOKHBIM KOMIIOHEHTOM SIBJISIETCS Pacu€T JOXOIHOCTH CHCTEMBI. [Ipomntoctpupyem
CUTYyallMI0 Ha NpPUMEPE MHUKPOCHUCTEM — CHCTEM C MaJIbIM KOJIMYECTBOM OJJIEMEHTOB, MO3BOJISIOIINM
MPOBECTH CPAaBHUTEIIHLHO HECIJIOXKHBIE PACYETHI JJOXOJHOCTH.

I.m=2,n=0,a=c, b=oo (MruoBeHHas 3ameHa, T. €. 0JjHa Pa3a BOCCTAHOBJICHUS).

Ora mpocreimas MUKPOCHCTEMAa MMEET BCero Tpu cocTosHus — 2, 1 u 0, COOTBETCTBYIOIIMX YHCITY
(DYHKIIMOHHPYIOUINX  SJIEMEHTOB  (OCTalTbHBIE PEMOHTHUPYIOTCS). M3BECTHO, HYTO BEPOSTHOCTH
HaXOXJCHHUS CHCTEMBI C HENPEPHIBHEIM BPEMEHEM B BO3MOXKHBIX JHCKPETHBIX COCTOSHHUSX
YIOBJIECTBOPSIOT IH(depeHnanbHeM  ypaBHeHusM Kommoroposa [1-3]. B crammonapHoMm ciyuae
MIPOU3BOIHBIE BEPOSATHOCTEH II0 BPEMEHH PAaBHBI HYNIIO W MBI TOJNyYaeM CHCTEMY airedpamdecKux
YpaBHEHHI OTHOCHTENBHO T. H. QUHAIBHBIX BepositHocTedt [1-3].  JInst Hamiei# MUKpOCHCTEMBI Gyiem
UMETh
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cp1—2p2=0, Cpo—p1=0, P2+ Pt po=1,

r7e Pi €CTh BEPOSTHOCTh HAXOXKICHHSI MHKPOCHCTEMSBI B cocTosiaud i, i =0, 1, 2.

IlepBoe ypaBHEHHE OMHCHIBAET IMPUTOK OTPEMOHTHPOBAHHBIX 3JIEMEHTOB M3 COCTOSIHUS | B cocTOsiHHE 2
U paBHBI €My OTTOK OTKa3aBIIMX 3JEMEHTOB U3 COCTOSHUS 2 B cocrosiHue 1 ¢ koadduimenrom 2,
COOTBETCTBYIOIIMM KOJHMYECTBY JJIEMEHTOB B COCTOSIHUM 2. BTopoe ypaBHeHHe oOIMChIBaeT OayaHc
NOTOKOB Mexay coctosHusiMU O u 1. TpeTbe e ypaBHEHHE OTpakaeT TOT (PaKT, YTO B KaXKAbIH MOMEHT
BPEMEHU MHKPOCHUCTEMA HAXOJAUTCA B OAHOM U3 TPEX BO3MOXKHBIX COCTOSHUN. Brimumiem pemeHue
CUCTEMBI ypaBHEHUI:

Po=1/(1 +c+c%2), p1=cpo, p2= (c¥2)po (popmymsr Dpnanra [1,3]).

Ecmu pabotatoniuii 31eMEHT B SIUHHIYy BPEMEHH MPUHOCHT CAWHWYHBIA JOXOM, TO CPEAHHUN TOXOI
HaIIeld MUKPOCHCTEMBI B €IUHHITY BPEMEHH (JOXOIHOCTB) BBIUHCIACTCS IO (OopMyIIe

di = 2c(c + 1)/(c? + 2¢c + 2).
I.m=2,n=0, l/c =1/a+ 1/b, (mBe da3bl BOCCTAaHOBICHM).

OTa MHKpOCHCTEMa MMEEeT IIeCTh BO3MOXKHBIX coctosHuit: 20, 10, 11, 00, 01, 02, tme mepmas uudpa —
9TO KOJHMYECTBO (PYHKIMOHUPYIOIIMX JJIEMEHTOB, & BTOpas — YHCJIO JJIEMEHTOB B peMoHTe. Yucio
DJICMCHTOB Ha 3aMCHC HOJ'[y‘-IaeTCS[ BBIUUTAHUCM CyMMbI 3TUX I_[I/I(bp u3 ABYX. Eanch IIOTOKOB [[aéT
CICIYIONIYI0O CHCTEMY yPaBHCHHHA OTHOCHUTEIBHO  (DUHAIBHBIX  BEPOSTHOCTEH  HAXOXKICHHS
MI/IKpOCI/ICTeMLI B COOTBeTCTBy}OH_[I/IX COCTOSAHUAX:

bp1o = 2p2o, bpoo + ap11 = (b + 1)pao,
apo1 = bpoo, apoz + p1o = (& + b)por,
P11 = apoz, bpo1 + 2p20 = (a + 1)pus,

P20 + P10+ P11+ Poo + Por + Po2 = 1.

MO>XHO MPOBEPHUTH, YTO PEIICHUEM 3TOW CHCTEMBI SBISIETCS CIACAYIOLIMI HAOOp BEPOSITHOCTEH:
Poz = 1/(a%/2 + /b + a + a?/b? + a/b + 1), p2o = (3%/2)Poz,
P10 = (8%/b)Poz, P11 = @Po2, Poo = (a%/b?)Poz, Po1 = (a/b)poe.

J0X0IHOCTB paccMaTprUBaEMON MUKPOCUCTEMBI paBHA
dy=a(a+a/b+1)/(a%2+a?b+a+a%b?+alb+1).

MO3KHO MMOKa3aTh, YTO MAKCHMYM 3TOTO BbIpaxxeHus npu ycmosuu 1/ = 1/a + 1/b nocturaercs mpu a =b
= 2C, TI03TOMY, MesI [IeTIbI0 CPABHEHHE C JOXOIHOCTHIO MUKPOCHCTEMBI |, IPEeMmonokum, uto a = b = 2c¢.
[ozacTaBiss 9Tu 3HaUCHUS B HOPMYITY JOXOAHOCTH MUKpocucTeMsl 11, momyunm opmyiy

di = 2c(c + 1)/(c? + 2¢ + 3/2),

T. €. 10XOJHOCTb MUKPOCUCTCMBI II HCHAMHOT'0, HO MPEBOCXOAUT JOXOJHOCTb MHUKPOCUCTCMBI 1. D10
MpoucxoauT 3a CU€T napajiein3aniyu mpouecca BOCCTAHOBJICHUS, KOrZla 4aCTb BOCCTAHABJIIMBACMBIX
JJICMCHTOB MOXKET HaAXOJHUTHCA B (1)336 PEMOHTA, a 4aCTb — B (1)336 3aMCHBEI.

. m=2,n=1,a=c, b=oo (MrHOBeHHas 3ameHa, 0/iHa (a3a BOCCTAHOBJICHHUS).

OTa MHUKpOCHCTEMa MMEET YETBIPE BO3MOXKHBIX COCTOSHHS — COCTOSHHE 3, KOTAa BCE TPH JIEMEHTa
TOAHBI, W3 KOTOPBIX JBa (DYHKIIMOHMPYIOT W OAWH HAXOJUTCS B PE3EpBE, COCTOSHUE 2, KOTZAA JBa
371eMeHTa (PyHKIMOHUPYIOT M OJMH HAXOANUTCS B PEMOHTE, COCTOSIHIE | — OIMH (QyHKIIMOHHUPYIOT 1 1Ba B
pemMoHTe U coctostHue 0 — Bce Tpu diemMeHTa B peMoHTe. CHcTeMa ypaBHEHHH OTHOCHTEIIBHO
COOTBETCTBYIOIINX BEPOATHOCTEH UMEET BHUL!

Cp2 = 2ps, Cp1 = 2py, CPo = P1, Ps+ P2+ p1+po=1.
Pemenue 3Toil cucTeMbl ypaBHEHUN TaKOBO:

po = 1/(1 + ¢ + c?/2 + c3/4), p1 = cpo, P2 = (¢*/2)po, P3 = (c3/4)po.
st noxoxHoCcTH Oy/ieM UMETh POpMYITy

di = 2c(c? + 2¢ + 2)/(c3 + 2c? + 4¢c + 4).
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IV.m=2,n=1, 1l/c =1/a+ 1/b, (mBe pa3bl BOCCTAaHOBJIEHHU).

OTa MUKpOCHCTEMa HUMEET JIEBSTh BO3MOXKHBIX COCTOSIHHI, KOTOpbIE Mbl OTOOpa3MM Ha Cieyolleit
TpareueBuaHON cxeMme:

20 21
10 11 12
00 01 02 03

BepxHsist CTpOKa COOTBETCTBYET COCTOSIHHSM C ABYMsI paOOTAIOLIMMH 3JIEMEHTaMHU, CPEIHSIS — C OHUM, a
HIDKHSSL — COCTOSIHUAIM, KOT'Jla BCe TPH JIEMEHTA HAaXOJATCA B IPOIecce peMOHTa WM 3aMeHbl. BTopas
mudpa B KOJEe COCTOSHHS yKa3bIBaeT Ha YMCIO DJIEMEHTOB B peMOHTe. UHCIIO »JIeMEHTOB Ha 3aMeEHe
MTOJIy9aeTCsl BBIUUTAHHEM CYMMBI 3THX (P U3 TPEX, 3a UCKII0OUeHnEeM cocTosiHus 20, B KOTOPOM OAWH
OTPEMOHTHPOBAHHBIN HJIEMEHT HAXOAWUTCS B PE3EPBE U 3aMEHA HE MPOUCXOIUT. PEMOHTY COOTBETCTBYET
IIepexo]l B COCEAHEE COCTOSHHE CIIEBA, 3aMEHE — B COCEHEE COCTOSHME BBEPXY, a OTKa3zy — IEpexon B
COCe/lHEE COCTOSIHUE I10 AUArOHANIN B HAIIPABJICHUH BHU3-BIIPABO.

st BeposTHOCTEH MpeOBIBaHUS MHUKPOCHUCTEMBI B OZHOM M3 9 yKa3aHHBIX COCTOSHHH MBI HE
OyzneM 3amuchIBaTh ypaBHEHHH, OTpa)KaroUIMX OallaHC MOTOKOB MEXIY S3THMH COCTOSHHSAMH, a IPSIMO
BBINHUIIEM UX PELICHHE, UCIOIb3Ys BCIIOMOTaTeIbHbIE BETUUYHUHBI P ¢ COOTBETCTBYIOIIUMH HHAEKCAMHU!

Pos=1, Pi2=3a,

Poz = (a/b)(a2 + 3a + 2b + 2)/(3a + 2b + 2),

Py = (a2 + a—bPg2)/2, P11 =(a+b)Po—a,

Po1 = (a/b)[P11 + (b + 1)Po2]/(a + b + 1),

Poo = (@/b)Po1, P10 = (a+ b)Por — 8Poz, P20 = (aPa1 + bPpio)/2.
Hckombie BCPOATHOCTHU p MOJYYaroTCA U3 OTUX P JCJICHUEM Ha

S =Py + P2y + Pyg + P11 + P12 + Poo + Poy + Poz + Pos

— HOPMHPYIOIIUH AENNUTENbh, OO0ECHEUNBAIOIINN yCIOBHE pPAaBCHCTBA CIMHMIE CYMMBI BCEX JEBSITH
BeposiTHOCTEH. JIJ1s1 TOXOMHOCTH OyIeM UMETh CIIEYIOIIEe BEIPasKeHNUE:

div = 2(p2o + P21) + Po + P1z + Pa2.

3ametuM, 4TO, B OTiAMuYMe OT ciaydas ||, JOXOAHOCTH yXe HECHMMETpHUYHAa OTHOCHTEIBHO
napaMeTpoB & U D u, HanpuMep, Ipu ¢ = 2 MAKCUMaJIbHas TOXOMHOCTh JOCTHTAETCS TIPH COOTHOIICHUH
a:b = 3:7. Huxe [uist 3THX 3HAYCHUI MapaMeTPOB, B COOTBETCTBUH C BBIMICTIPUBEIEHHOM TPaIeIeBHIHON
CXEMOH, IpuBeIeHa TabJIMIa paclpeaeIeHHs BEPOSITHOCTEH 10 COCTOSHUAM (B IPOLICHTAX ):

41,9 17,2
52 12,5 13,7
0,6 1,4 2,7 4,8

Hoxozuocts pasHa 1,496. Ilpu Apyrux COOTHOIIEHWSX MHTEHCHBHOCTEH PEMOHTA M 3aMEHBI a U D
JIOXOIHOCTh MeHbIe. HeKOTOpBIe pe3ynbTaThl IPUBEICHBI B HIDKECIe Ay oLel Tabmue (C = 2):

ab 0 1:4 1:2 1:1 2:1 4:1 )
div 1,429 1488 1,495 1,462 1,391 1,317 1,200

C 1enbo CPaBHEHHS TIPUBEIEM U 3HAYEeHUs moxogHocTed mukpocucrem I-I1T (st TOM sKe BeTHUMHBL

HMHTEHCHUBHOCTU BOCCTAHOBJIEHUA C = 2)
di = 1,200, di=1,263 (ab=1:1),  du =1,429.

To, uro d; U dj coBmagarOT C KpalHUMM 3HAYeHHsAMH B Tabnuue s dyy, HEyJAMBHTENBHO, T. K.
Mukpocucrema IV npu MrHoBeHHO# 3aMeHe mpeBpamaercs B Mmukpocucremy 111, a mpu MmraoBenHOM
peMoHTe — B MUKpocucTemy L.
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IIpy m3meHeHMM IapaMeTpa C MAaKCHUMAaJIbHAA JOXOAHOCTh MEUKpocucTeMsl IV gocturaercs npu
Pa3IMYHBEIX COOTHOIIECHUAX a:0 M 00IIas TEHICHIMSA TaKOBa, YTO MPU YBEJIWYECHHH C COOTHOIIEHHE a:b
cilefyeT yMmeHblIaTh. Bce pesynbraTel A MukpocucTeMsl [V IomydeHBI ¢ ITOMOINBIO CO3JaHHOTO
Hamu Excel-gaitna co Bxomom (¢, a) u BBIXOZOM B BHe TPAICIEBUIHON TaOJIMIBI BEPOSTHOCTEH
COCTOSIHMH M COOTBeTCTByIowieil noxomHoctd Onv. Mukpocucremsr sxe I-III paccumrsiBarorcs 1mo
BBINIENIPUBENEHHBIM IIPOCTEIM (POpMyJIaM.

s Toro, 4ToGsI MCYepIaTh HAGOP MUKPOCHCTEM MacCOBOTO OOCIY)XMBAHUSA, HOIYCKAIOLUINX

CPaBHUTENBHO IIPOCTOM PACUET, PACCMOTPUM MUKPOCHUCTEMY
V.m=1,n=3, 1/c=1/a+ 1/b, (anBe pa3sr BOCCTAHOBICHUS).

Cpazy xe OTMETHM, YTO MOITyYSHHBIE HI)KE COOTHOLICHUS JIETKO 0000IIat0TCsl Ha POU3BOIBHOE YHCIIO
PE3epBHBIX IEMEHTOB, HO MBI OTpPaHUYIIN ce0s cirydaeM N = 3, 4ToObI N30eXaTh OyKBEHHBIX HHIEKCOB
n MHororounid. Kpome Toro, mpu eIMHCTBEHHOM pabodeM MecTe Ui (YHKIMOHHPOBAHUS 3JIEMEHTA
HaJaue OOJBIIETo pe3epBa SBHO HEBBHITOAHO. OUYEBHIHO, YTO MMETh JEN0 ¢ MHUKpOCHCTeMOH Thma V
MMEET CMBICT, KOT/la pabodee MecTO JUIs 3JeMEHTa CTOMT OYeHb JI0OPOTO MO CPABHEHHIO CO CTOMMOCTBIO
CaMoro »JIEMEHTa WJIH K€ CO37[aHie HOBBIX Pa004nX MecT (PU3NIecKH HEBO3ZMOXKHO.

Wrax, Hama MHKpOCHCTEMa MOXeT HAXOJUTHCA B ONHOM M3 AEBATH COCTOSHUM (y37I0B),

COTJIACHO CXeMe
10 11 12 13
00 01 02 03 04

Kax u Bpime, mepBas nudpa B KOZe COCTOSHUA yKasbIBaeT HAa YUC/IO pabOTArOIIMX 5JIEMEHTOB, a
BTOpas — Ha 4YHCIO d3JeMeHTOB B peMoHTe. Kak u B ciydae IV, BHawaire Mbl mopaboraem co
BCIIOMOTATEIFHBIMU BEIMYMHAME P, KOTOpBIC BITOCIEACTBIUH OTHOPMUPYEM. DTOT IPUEM TTO3BOIISICT HAM
3anucath paBeHCTBO Pos = 1. bananc motokos B y3ine 04 naér P13 = aPos. Jlanee, no y3nam

13 P03 = [(a + 1)P13]/b 03 P]_z = (a + b)P03 — aP04,
12: Pz = [(a + 1)P12 — aP13]/b 02: P11 =(a+ b)Pg2 — aPogs,
11: Po1 = [(a + 1)P11 — aPlz]/b 01: Pyo= (a + b)P01 —aPo2,

a JUIs ONpeJieIeHust IEBATOro HensBecTHOro ucmonb3yeM y3ea 00: Pog = (a/b)Poi. B xoHIle, Kak 0ObIYHO,
BEPOATHOCTHU p MOJYYHUM JACJICHUEM COOTBETCTBYIOIIHX p Ha HOpMprIOH_IPIfI JACIUTEIIb — CYMMY BCEX
neBsiTH P.

Becpma nmpumeuarensHo, 9TO IpH a = b = 1 mocnenoBaTeabHOCTD Pos, P13, Pos, P12, Po2, P11, Po1, P10
COCTOUT U3 3HAMEHHUTHIX yrcen OuboHauuH, a Pog paBHO MpeAnocieHeMy YICHY 3TOr0 psiaa:

21 8 3 1
13 13 5 2 1
[epexoms K BEpOATHOCTSM, TOIYYIUM (C TOYHOCTHIO 10 OJIHON ECATOM MPOIICHTA):
31,3 119 45 15
19,4 194 75 3,0 15

B 3akirouenue, aBTop BhipaxkaeT OnaroapHocts npodeccopy P. Kaky6apa, Ha HayuHOM ceMHuHape
KOTOPOT'O OH [TO3HAKOMUIICS C TIPOOJIeMaMH TEOPUH MAaCCOBOTO 0OCITYKMBaHHSI.
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Queuing microsystems with repair and replacement of failed elements
Victor Khutsishvili

Summary

Queuing systems with a small number of working elements are examined and compared with each
other. The random process of failure of the functioning elements that generate income is opposed by the
process of their restoration, which can be divided into two phases - the repair phase and the subsequent
replacement phase. In total, two single-phase microsystems and three two-phase ones were considered.
Corresponding formulas are derived for the probabilities of possible states of the microsystem and for its
income. For the most difficult case, a visual Excel table has been built. In the case of a single workplace
for an income-generating element, an unexpected association of probabilities with Fibonacci numbers was
discovered.
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On some issues of providing Georgia with electric power in the coming decades
Khatuna Lomidze, Manana Janikashvili, Irma Archvadze

Summary

In the paper it is noted that for the normal development of the country it is necessary to inflate the
power generation and consumption mainly based on local resources.

Certain specifications are introduced in the previously developed mathematical model of the
power plants structure of Georgia taking into account the development trends of the world electric power
industry and technological achievements. The optimization problems are solved taking into account the
expected dynamics of capital costs. In particular, three scenarios: inertial, stagnant and innovative are
considered. It is concluded that at the first stage the main emphasis should be made on traditional, and in
the near future on solar and wind energy resources.

O HekoTOpBIX BONPOCAX yI0BJIeTBOPeHus NOTpedHOCTH I'py3un 3jieKTpoIHeprueii B
Onmkaiime gecATHIIETHS

Xamyna Jlomuoze, Manana /picanuxawsunu , Upma Apueaose

Pe3iome

B crathe 0TMEUECHO, UTO JIsI HOPMAJIBHOTO PA3BUTHS CTPAaHBl HEOOXOMMMBIM SIBISETCA PE3KOE
yBEJIMYEeHUE BEIPAOOTKHU U TOTPeOIICHHs JICKTPOIHEPTHU B OCHOBHOM Ha 0a3e MECTHBIX PECYPCOB.

B panHee pa3paboTaHHYI0 MaTeMaTHYECKyl0 MOJIENb CTPYKTYphl 3JeKTpocTaHimi [pys3un
BHECEHBI OIpEeIeHHBIE YTOYHEHHUS C yY4eTOM TEHACHIMH pPa3BUTHUS MHUPOBOU 3JEKTPOIHEPTETUKU U
TEXHOJIOTUYECKUX AOCTHXEHUH. PelleHbl ONTUMHU3AlMOHHBIE 3a7audl C YYETOM OXKUAAeMON ITHHAMMKU
KalUTaJIbHBIX 3aTpaT. B uacTHOCTH, pacCMOTpPEeHBI TPHU CLEHApUs: HHEPLUOHHBIM, CTarHAllMOHHBINA
U MHHOBallMOHHBIA. CenaHo 3aKiIOueHHEe O TOM, YTO Ha IMEPBOM 3Tale MPeJNOYTHTENBHO CIeIaTh
aKIECHT Ha TPAJULHOHHBIX, a B HEJAJIEKOM Oy TyIlIeM — Ha COJTHEUHBIX M BETPSIHBIX IHEPTrOpecypcax.
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The effect of the height of the roughness elements on the intensification of heat transfer at
water film flow on a vertical pipe

Tengiz Magrakvelidze, Giorgi Gigineishvili, Avksenti Mikashavidze, Tariel Koberidze,
Khatuna Lomidze

Summary

The urgency of the problem and the need for its further research are shown. A brief
description of the experimental setup and the experimental technique are given. The experiments
were carried out under the conditions of runoff of a water film on the outer surface of vertically
arranged smooth and rough pipes. The diameter of the heat transfer pipe d = 10mm, and the length 1
= 200mm.The roughness was created by spiral winding on the heat transfer pipe. The height of the
roughness elements h was 0.3 mm, 0.5 mm and 1 mm. The step ratio between the roughness elements
to height s/h = 10. The experiments were carried out on water with the Prandtl number - Pr = 10.
The Reynolds number Re was varied from 250 to 10,000.

It was determined that in the laminar regime of the film draining the roughness of the heat-
transfer surface has practically no effect on the heat transfer. In the transition regime the effect is
significant. At the same time, the effect grows with the increasing height of the roughness elements.
In the turbulent regime the effect is significant too. At that time the degree of intensification does not

depend on the height of the roughness elements.
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BimsaHue BBICOTHI 3/IeMEHTOB NIEPOXOBATOCTH HA MHTEHCH(HKAIMIO TEIIOOTAAYH IIPH
CTeKaHUHU BOASHOM IJIEHKH II0 BePTUKAIBHOMH TpyGe

Terrusz Marpaxsennzse, Imopru I'nrunenmsrrn, Apkcenrnti Mukamapmzse, Tapuer
Kobeprzse, Xaryra Jlommzse

Pesome

IToxaszaHa akTyajbHOCTH ITPOOJIEMBI U HEOOXOZMMOCTD ee AajJbHeMIero ucciemosanud. JJaHo
KpaTKOe OIMCAHWE OIBITHOM YCTAHOBKM U METOJMKA IIPOBeJeHHsS OKCrepuMeHTOB. OIbITHI
IPOBOAMINCH B YCJIOBUAX CTEKaHMS BOISHOM IUIEHKM Ha BHEIIHEH IIOBEPXHOCTH BEPTHKAIBHO
PAaCIIONIOXEeHHbIX TJIAAKOM U LIepOXOBaThIX Tpy6. Juamerp remntooTatomeii Tpyosl d=10mm, a giuHa
1=200mm. IlepoxoBaTOCTh CO3ZABAJIOCH ITyT€M CHUPAJIBHON HAaMOTKM HA TEIIOOTAAIONIYIO TPYOy.
Bricota smemenToB mepoxoBatoct h 6pura 0.3mm, 0.5MM u 1mM. OTHOmeHHMe Imara MeXIY
aseMeHTaMu mepoxoBatocty — s/h=10. DxcrmepuMeHTs IPOBOSUIICH Ha BoAe Ipu uucie [Ipangria —
Pr=10. Yucno Peiinonsgca Re menanocs ot 250 mo 10000.

VYcTaHOBIEHO, YTO TIpU JIAMHHAPHOM peXHMe CTeKaHHsd IUIeHKH LIePOXOBaTOCTh
TEIIO0TAAoIell TIOBEPXHOCTH MPAaKTHYECKH He OKa3bIBaeT BIMAHUA HA TEIUIOOTAady. B mepexomroM
OT JIAMUHAPHOTO B TypOyJIEHTHOM peXHMe BIUAHUE ABJAeTCA cymecTBeHHbIM. [Ipu srom, addekr
pacTeT C yBeJIMYEHHEM BBICOTHI SJIEMEHTOB IIEPOXOBATOCTU. B TypOyJIEHTHOM peXXuMe CTeleHb

I/IHTEHCI/I(bI/IKaLLI/II/I He 3aBHCHUT OT BBICOTHI DJIEMEHTOB III€POXOBATOCTH.
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Automatic assembly of musical instruments
Tamaz Trokashvili, Guram Urushadze, Nodar Shengelia,Nino Dogonadze

Summary

An automatic tuning scheme for musical instruments is considered. A microphone is used.
The circuit contains active bandpass filters. The first filter is tuned to the resonant frequency of the
string. The second filter is used as a measuring one. A motor with a gearbox is used for tuning. A
deadband has been introduced in the engine control circuit. The accuracy of the settings is 0.1 + 1
Hertz.

ABToMaTHyecKas CO0pPKa My3bIKaJIbHBIX HHCTPYMEHTOB
Tamasz Tpoxawesunu, I'ypam ¥Ypywaosze, Hooap Illenzenusi, Huno Jloconaose

Pe3iome

PaccmarpuBaeThcs  aBTOMaTHMyecKasd CXeMa HACTPOMKM MY3BIKaJIBHBIX HHCTPYMEHTOB.
Hcnonssyerca muxpodon. Cxema cOmepXUT aKTHBHBIE IT0JIOCOBbIe GMIBTPHL. IlepBIit QIIBTP
HAaCTpPOE€H Hd PE30HAHCHYIO YdCTOTYy CTPYHBI. BTOPOfI (I)I/IJ'IBTP HCIIOJIB3YyEeTCA KaK I/ISMepI/ITEJILHLIfI.
,Z[]IH HElCTPOfIKPI HCIIOJIB3YETCA ABUTATEIb C PEAYKTOPOM. B cxeme YIpaBJIEHWA ABUTATEIA BBEAECHA
30Ha HEYyBCTBUTEIBHOCTH. TouHOCTS HacTpoiiku 0,1+ 1 'epu.
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A multi-hinge industrial robot with an adaptive control system
D.Purtskhvanidze, O.Labadze, V.Bakhtadze, K.Kvirikashvili, M.Gegechkori

Summary

The second-generation robots equipped with different type of sensors are discussed. The methods
of robots’ "'sensing" are presented. The sensors with geometric and physical properties are discussed. The
visual control system equipped with a television camera for controlling an industrial robot is described.
The stages of the adaptive visual control process are given. The types of preliminary optical information
processing such as structured stage lighting, diffusion lighting, backlighting, directional lighting,
modulated lighting are discussed. The control mode, which we have developed especially to control a
multi-hinge industrial robot allowing to fix each hinge at any time of the robot’s activity, is described in
the given work.

MHoromapHHPHBII NPOMBINLJICHHBIH PO0OT ¢ aJaNITHBHON CHCTEMOii yNpaBJIeHHUsA
. Ilypyxeanuose, O. Jlabaosze, B.baxmaodse, K. Keupuxaweunu, M.I eceuxopu

Pe3iome

O6cyxnatoTcss poOOTEl BTOPOTO MOKOJICHNUS, OCHAIIEHHBIE CEHCOPaMM Pa3HBIX THIOB. OTHCaHBI
CHOoCOOBI  «OUYBCTBIICHISDY POOOTOB. OOCYXKTAIOTCS JATYMKH C TEOMETPHUCCKUMH U (PH3HYECKUMHU
cBoifctBamu. ONUCHIBAaeTCSl CHCTEMa BU3YalIbHOI'O KOHTPOJIS, OCHAIICHHAS TSJICBU3HOHHOH KaMepoit s
YIpaBJICHUS] NPOMBIIUICHHBIM pPoOoTOM. [IpmBeneHsl »Tambl Hpoliecca aIalTHBHOTO BH3YalbHOTO
ynpaenenusi.  OOCyXJIeHbl THIBI  TNPEIBAPUTENILHOM  ONTHYecKoi  00paboTku  WHQOpManuu:
CTPYKTYpHPOBAHHOE OCBEIIEHHE CLeHBI, Au(dy3HOHHOE OCBELIeHHE, 3aAHsA IOICBETKA, HAIPABICHHOE
OCBelleHHe, MOAYIHPOBAHHOE OCBEIICHHUE.

B pabote onucan pa3paboTaHHBIN HAMU CIIOCOO YNpaBIEHHs, IPeIHA3HAYEHHBIH CHICHUATBLHO JUIS
YIpaBJIeHUS MHOTOIIAPHUPHBIM MPOMBIIUICHHBIM pPOOOTOM, MO3BOJISIOIIUM ONPEAEISTh MECTO-
MIOJIO’KEHHE KaK/I0TO IapHHUpa B JII000 MOMEHT BpeMeHHU paboThl poOoTa.
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A new type of a multi-hinge robot
David Purtskhvanidze, Otar Labadze, Panayot Stavarianidi, Veriko Bakhtadze

Summary

A new type of a multi-hinge production robot and its advantages over the prototypes are
discussed in the article. The description of the hinge developed by us for a multi-hinge robot is given.
Each hinge consists of the base platform with a fixed on it servo motor for tilting the rod relative to
the hinge located in front of it and connected by a roller bearing with the base platform of a small
platform on which a second servo motor is rigidly fixed for rotating around the base platform. The
robot of a new type eliminates errors associated with the cables deformation. The trajectory planning
task has been also simplified; now it is enough to calculate a relative position of the hinge with the
adjacent hinge and add the increment of coordinates.

Hogsrii BUA MyIsTHIIAPHUPHOrO poboTa
Aasuzg Iypryxsarmgse, Orap Jlabazgse, [lanaer CraBapuanuzgwu, Beprukxo baxrazse

Pesrome

B crarpe paccMaTpuBaeTCsA HOBBII THII MyJIBTHUIIAPHUPHOTO IIPOU3BOJCTBEHHOIO poOOTa U €ro
IIpeUMYyIIecTBa Iepef NpoToTUIamMu. JJaHo onucaHue MIapHUpA, pa3paboOTaHHOTO HAMU, AJIS MYJIBTH-
MApHUPHOro pob6oTa. Kaxapil mapHUp COCTOUT U3 OCHOBHOM ILIAaT(OPMSBI C 3aKpelieHHBIM Ha Hel
cepBojiBUTaTeeM [JjI HAaKJIOHA CTePXXHA OTHOCHTEIBHO IIAapHMPA, PACIIONIOKEHHOIO Ilepes, HUM U
COeTUHEHHOTO POJIMKOBBIM IIOAIIMITHUKOM C OCHOBHOM IUTaT¢OpMoOll HeGOJbIIOiH IIaTGOPMSI, Ha
KOTOPOH JXeCTKO 3aKpeIUIeH BTOPOH CepBOABHUTIaTeNb I BpAlleHHWs BOKPYT OCHOBHOM ILIAT(OPMEL.
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PoGor HOBOrO THHA yCTpaHfAeT OMIMOKHU, CBA3aHHSBIE C AedopMalyeil TPOCOB. 3afada IJIAHHPOBAHUA
TPaeKTOPHM TaKXKe YIPOIIeHAa: NOCTATOYHO PAaCCYUTaTh OTHOCHUTEIBHOE pasMellleHue MIApHUpa C
COCeTHUM IIAPHUPOM U CIOXKUTH IpUpalleHre KOOPAUHAT.
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306md0sb f(Xx) = Vi , k=12,. . ., n 30090000 {6303, 5035060
2396@MEgdsms  LoLEYdsl
A X7+ a4 agx 3 + ap_qx + a, = v, k=12,...n

6HmIgog bs sdmoblbsl aq, az, . . ., a, 3098030963900l F0dsmm s SMOL

$65030  Lobgds. v Fgdmzodsbom 39d@megel d = (a1 az, ..., ay) © y = (3’1'
—)AT —_—

Yor oo yn), 85806 LoLEYds BsofgMgds Bgdwgaboots alW = Yy, Lowsg T 5060363l

GOBLBRMboMYOL, boenm W 560 3956009M3Mmbol JsHMoss.

306500056  06EHgM3MmEoMmgdol  Logzzebdm X  PodGHowgdo  gHmTobgmobogeb  goblbgs-
39005, 500¢HMI  LobEIIL ©YEHIMB0BBGHO AFE 0, §Ox03 asbGHM@gdsms Lol 3L
9H05©9O0 53mbsblBo ©s A ©9HgHT0bBAHL 9fim©gds 356@gHIMBEOL 9B gHT0bBE0; 6y

06 9MH3mmocqdols dobsbo o3 dg0mgg3980 G90dwgds sbg  BodmygoodEgl: o353mm N - MMO
ogol 365359360, HMImol 360d3bgwrmdgdo X1, X2, . . ., Xy Ls3396dm {oMEGHowqddo
©s93mbgags  f(X) gmbdgool  09603369@mdBL.  39bgMIMBEOl  Bs@@ogsl 53 9gdob-
393530 998090 Labg o93L:
Xln—l X1n—2

7t oxt L X

<
I

5699 58 B>BHMoEol gengdgb@gdobsmgol Wy (obwgdbo 1, j=1,2,...n), 3000@0dn
n—j

89003 0obo@sMEMdL Wi = X;

396009M3MbEOL JoBHMmoEol asdmbomgwgwa Matlab - b asshbos gmbdgos vander( ),
GM0Iol  9MadgbBHados  1o33zs6dm  FgdGowgdol X1, X2, . . ., X, 06003690mdgd0
(FoBmyg60eb0 LEGOoJMBOL 56 LggEob bsbom). mvg Jo@®ogs W s bggsbdm FamEowgddo
¥ 376d300L 860836900mdgd0L 39dEMM0 36cmd0w0s, 85806 06EIM3MmEoMmgdol  IMezsefigz@ol

(=T

-1
395303096G90 @ 35300306 39dgabsote: A4 = y(W ) .
P306 89dombggzsdo Matlab-ol Log®Egdo 0bEHIM3MoMmadol sdmEsbs  gosfy3g@EHowos

cos(2mx)
306309370 grbdgool  y(x) = —

J39000 Homdmagb00s LoobE M3mesgom Matlab- 36HmaMsds.

352aombY.

To get started, select MATLAB Help or Demos from the Help menu.
>>x =[0,0.2,0.4,0.7,0.9,1.2,1.5];

>> y = cos(2*pi*x)./(1+x);

>> W = vander(x)
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W =
0
0.0001
0.0041
0.1176
0.5314
2.9860

0
0.0003
0.0102
0.1681
0.5905
2.4883

0
0.0016
0.0256
0.2401
0.6561
2.0736

0
0.0080
0.0640
0.3430
0.7290
1.7280

0
0.0400
0.1600
0.4900
0.8100
1.4400

0
0.2000
0.4000
0.7000
0.9000
1.2000

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

11.3906 7.5938 5.0625 3.3750 2.2500 1.5000 1.0000

>>a =y'inv(W.")

-3.2069 34.0922 -96.1307 104.8216 -41.0696 1.0242 1.0000
>>z=0:0.01:1.5;
>> f = polyval(a,z);

>> plot(x,y,'ro")

>> hold on

>> plot(z,f,'’k-")

>> grid on

>>

BH32690900m x=10,0.20.40.70.9 1.2, 1.5] @>y=cos(2*pi*x./(1+
x) 8mo3gds  Logzsbdm  FgdGHowmgdo @s o0 [gh@Howgddo  Ggbsdodobs - Bwgsool
9603369 mdgd0. 356@gMAMBEOL  5GHMOEd dmomzmgds dMIBPom W = vander(x ),

B50B&IH3Ms30m IM359360L 3mg50G0gbdgdo dMAdsbgdom - a=y * inv ( W. ). s
939300 LOWWYDdS M350 Hg3M0L Q5FMMZEPOL 3BM39L0.

90¢093bm d6135693930L 3O FodmygbgdMwos owgdEo 89ga0L 0EMLEHMsEolmZ0L
30530306 Lsboom. 39MGdm@ dMdsbgdom z = 0:0. 01:1 s f=polyval (a, z) dmoggds FadGHowgdo,
O@AoL dobyz00 MBS 50amb IM35¢ 3Gl MO, bawem d6dsbgdom plot (x, y, To’ )
BGoOBowmgdo. 8gdamdo  obbBH®dgool hold on-ol
89339000 3GMYMadd dIOL 353030l 9353900L M950830, dMAEgdom plot (z, f, k-°) 30

365303Dg  godmobobgds  dsHMo

03905 300 3M5x8030, bmwm 0bbE®MJsos grid on 0dwgzs 3MMGEOBsEGHMs B3O 539d0L
L5350 gdSL.

30553030 8m3990s LYOHINDY 1, Losg dsBMMo HaMGH0Wgdo s©0bodbwmwos iMHggdol
Loboon.

Figure1 E=S EEH =5

File Edit View Insert Tools Desktop Window Help k1

DEgde | h|RAOBEL-2|0H 0O
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Solving the interpolation problem through Matlab
Dudukhana Tzintzadze, Ketevan Omiadze

Summary

In technical systems the results of measurements made during experiments are often used to
construct various mathematical models. One of these problems is to find aerodynamic coefficients,
which are usually defined by experiments in a wind tunnel. Characteristics, which are functional
dependencies, are presented in the form of graphs on a specific segment. The purpose of interpolation
is to “back up” a function close to the original function using tabular data. Such problem was
performed at the Institute of Control Systems. Modern computer technologies afford to facilitate
considerably solving of this problem.

In the article there are considered function interpolation problem and its software-basedsolution
using MATLAB .

Pemenwe 3amaun nuTepnionanuu ¢ nomomsio Matlab

Ayzayxara I{urnaznse, Kerepan Ommuazse

Pe3rome

B TexHHYeCcKMX cHCTeMax [ IIOCTPOEHHUS Pa3IMYHBIX MaTeMaTHYeCKHX Mojeseil dacTo
UCTIONB3YIOTCS  Pe3YJIbTaThl M3MepPeHUi, BBIITOMHEHHBIX B XO/le dKCIepuMeHTOB. OHOI M3 TaKux
3a/ja4 ABJIAETCA HAXOXJeHHe adpOAMHAMHUIECKUX KO3(PdUIIMEeHTOB, KOTOPhIe OGBIYHO OIpeesIaioTCa
SKCIIEPUMEHTAMH B a3POJMHAMHUYECKOH Tpybe. XapaKTepUCTHUKHU, ABIAIOMMECT QYHKIIMOHAIBHBIMI
3aBHCHMOCTAMHU, TIPe/ICTABICHEI B BU/le TPadMKOB Ha OIpeseleHHOM cerMeHTe. llens uHTepnonanuu
- «BOCCTAaHOBHUTH» (DYHKITHIO, GIM3KYI0 K HCXOZHOH (YHKIMM, HCHONB3yd TaGIMJIHBIE 3HAYCHHUS.
Takas sagaua Gblna BeINONHeHa B MHcTuTyTe cucreM ympabieHusa. CoBpeMeHHBIe KOMIIBIOTE€PHBIE
TEXHOJIOTHM IIO3BOJIAIOT HAaMHOTO YIPOCTUTb PelleHre STOMH 3a/layun.

B craThe NpHBOAATCA IIOCTAaHOBKA 3afaYd  HHTEPIONANUHN QYHKIUiM, eé IporpaMMHOe
pelreHue c momoinsio Matlab.
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— ©920mboL 3¢035EMMO 530L9dMGOGO0 S FoLo bEMBdMB-9bxMYGEHOIMO doESBLOL
LOOTIOHYOo.
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Consumption of secondary energy resources in agri-complex enterprises
using heat pump equipment

Nodar Mirianashvili, Nodar Gdzelishvili, Ketevan Kvirikashvili, Venera Xatashvili

Summary

The research presented in this article shows that there are significant losses of heat energy in
the enterprises of agro-industrial complex, the reduction of which will be effective by using heat
pump equipment.

Characteristics of high condensing temperature working bodies are analyzed, which will make
the use of heat pump equipment more efficient in both the agro-industrial complex and other
industries.

As a result of the use of heat pump equipment, by maximizing the use of secondary energy
sources within the enterprise, it is possible to reduce costs by 20-30%.

IToTpebneHre BTOpHYHEIX SHEPTOPECYPCOB C IPHMEHeHHEeM TeILUIOHACOCHBIX YCTAHOBOK B
TP IPUATHAX arPOPOMBINIIEHHOTO KOMILIEKCa

Hozap Mupraramrsrra, Hozap I nsernmsruirn, Kerepan Kpupuramsniin, Berepa aramsrirmn

Pesiome

W3 npoBeneHHOTO HCCIefOBAHUA, IIPEJCTaBIEHHOTO B CTaThe, CIeAyeT, YTO B IPeIIPUATHIX
arpoOIPOMBIIIEHHOTO KOMIUIeKca 3HaUuTeIbHbIe TTOTepH TeIlJIOBOM SHepPruu, yMeHblIeHNe KOTOPBIX
6yayT 53bdeKTUBHBIMU IIPU IIPUMEHEHU SHeProcOeperaolux TeIJIOHACOCHBIX YCTAHOBOK.

ITpoaHanu3upoOBaHBl XapaKTEPUCTUKU pabO4YMX TeJI, MMeEIONINe BBICOKHME TeMIepaTypsl
KOHZEHCAlNM, C IIpUMeHeHHWeM KOTOPBIX paboTa TeIJIOHACOCHBIX YCTaHOBOK CTaHeT Oojee
9hPEeKTUBHBIMU KaK B IIPeANPHATHAX arpoOIPOMBIIIIEHHOrO KOMILIEKCA, TAK U B JPYTHX OTPACIAX
TTPOMBINIIEHHOCTH.

C mpuMeHeHHMeEM TEILUIOHACOCHBIX YCTAaHOBOK IPM MAaKCHUMAaJIBHBIX OCBOEHUAX BTOPHUYHBIX
SHepreTM4eCKHUX PeCcypcoB, UMeIOIIUX B POU3BOJCTBE, BO3MOXHO YMeHBIIeHHe 3aTpaT B KOJIMYeCcTBe

20-30%.
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Some Aspects of Language Dynamics
George Chikoidze

Summary

The separation of key features identified in the functioning of a language model is considered
in the paper. The bi-directionality (analysis / synthesis) of the language is the essence of the language
and reveals its main purpose. Correspondingly, one can say that these general features characterize
the whole essence and behaviour of the language.

The work has some of the most important opposite features: statics and dynamics; analysis and
synthesis; dividing the expression into constituent parts and merging the latter into a single structure;
Parallel action of language levels in interactive mode; Process development, both horizontal (along
expression) and vertical (from content to expression); separation and fusion of the whole structure
and its constituents; radial chart of the directions of these components and their contents.

The thesis implies that these "oppositions" emerge in the functioning of the language system
and define both these processes and the fundamental nature of language integrity.

Hexoropsie acrieKTsI JHHAMMKY SI3bIKa
Teoprutt Yurornzgse

Pesiome

B craTpe PacCMOTPEHO BBIZETI€HNE OCHOBHBIX XdPAdKTEPHCTHUK, KOTOPBIE BBISIBJIEHBI TIDK
mporiecce GYHKIIMOHUPOBAHUS A3BIKOBOM MOAeNM. JByHaIIpaBlIeHHOCTH (aHAIN3/CHUHTE3) SBIIAIOTCA
CYIIHOCTBIO S3BIKA U BBIPAXKAET €r0 OCHOBHOe HasHaudeHHe. C yU4eTOM 5TOr0, MOXKHO CKa3aTbh, 4TO DTU
o6lIye CBOMCTBA XapaKTEPHBI [ BCeH CYI[HOCTBY U IOBeI€HUA A3BIKA.

B craTtpe BBIZIEJIEHBI CAMBbl€ IIPOTHBOIIOJIOXKHDBIE XapaKTEPUCTUKHN: CTATUKA ¥ AUHAMUKA; aHAIN3
" CUHTE3; paCujIeHEeHNE BBICKA3BIBAHUI Ha COCTaBJIAOIIE YaCTH U O6’Le,Z[I/IHeHI/Ie IIoCJIeJHUX B O4HY
CTPYKTYypY; IIapaJUIeIbHOCTBIO JEeHCTBUI A3BIKOBBIX YPOBHeH B MHTEPAaKTHBHOM peXHMe; pa3BHUTHE
IIpolecca OfHOBPEMEHHO TOPU3OHTATBHO (BLOJIH BBICKA3bIBAHMS) M BEPTUKANBHO (OT BRIPAKEHHI K
COZlep>KaHMUIO); IIPOTUBOCTOSIHME U OOBefeHeHUe IIeJOM CTPYKTYphl M €€ COCTAaBIAIOIUX YacTel;
pamraIbHAA CX€Md 3THX KOMIIOHEHTOB 1 OTHOIIEHMA UX CO,II;ep)KaHI/II;'I.

B pa6ore mOmYEpKHYTO, YTO STU »IPOTHUBONOCTABIEHMSI» IOABJIAIOTCA B Ipolecce (yHK-
ITUOHUPOBAHUA SI3BIKOBOM CHUCTEMBI U OIIpeAesigfI0T KaK 3TH IIPOLECCHI, TaK H (i)yH,ZLHMeHTHJIBHoe
CBOMCTBO 1[€JIbHOCTH SA3bIKA.
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Interactive Synthesis of Georgian Sentence
George Chikoidze, Nino Javashvili, Anna Chutkerashvili
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Abstract

Interactive regime based on dialogue between the user and computer system is proposed as a
means for production of Georgian sentence, which should serve as the input for generator of quasi-
synonymous utterances. System is represented by means of somewhat transformed Morphological
Nets. It is supposed that besides the synthesis of the sentence, may be useful for some psycho-
linguistic researches and such application systems as automatic translation.

Keywords:
sentence synthesis, interactivity, morphologic nets

1. The origin of Language model theory is [1]. The synthetic direction of this model functioning is
there proposed as a generator of (quasi-)synonymous sentences with input represented by some,
supposedly most neutral sentence, semantics of which should as near possible to the common semantic
birth of the whole set of all sentences generated in this way.

The tenor of this work is a try to make more exact and definite at least the first step of this process
that is the choice of its initial input.

It seems, that the proposed for solution of this problem interactive approach, realizes both crucial
aspects of the process: some “freedom” of choice for the user and quite “strict” control of her/his
decisions.

Already built component of this dialogue system produces the “core” structure of input Georgian
sentence: the system asks the user questions concerning the meaning (semantics) of her/his intension
(“thought”) and on the basis of user’s answer builds the grammatically correct core structure, based on the
concept of Georgian verb super-paradigm [2].

The system is represented by means of duly adopted Morphologic Nets [3].

2. In this paragraph we will consider the sources and addresses of information, which should be
received, stored and used in the course of supposed interactive process. The most important, external
source of this data, which defines the general style of system functioning, is the user (U), which, firstly,
supplies the initial input, which should serve as a basis for definition of the “nucleus” of future sentence,
and this initiates the processes as a whole; after that the U continues to “feed” the system with all
information, which it cannot procure independently; so, U must “name” all other members of the sentence
and define all grammatical features, which cannot be defined proceeding from the already received data
(e.g. the tense of verb or the number of nouns).

Each act of this “information flow” should be initiated by the some “question” proceeding form
the system and the character of the “questions” should depend on some of supposed peculiarities of the
U(ser) and, particularly, on the supposed level of her/his language knowledge and understanding of the
system structure and functioning. These essential and valuable (even from some fundamental point of
view) details will be touched later.

Another precious source of information for this (and all other) language model is a dictionary. One
of the main principles, to which the system functioning must be subjected, is a “minimalising” of
addresses to U(ser) and a single basis for following this principle is “maximal” use of the internal source
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of information, that is — of dictionary (D). The dictionary, on its turn, must be sufficiently “rich” with
corresponding information to satisfy the requirements of this principle.

The most essential characteristic of the dictionary supposed as a basis for the system under
consideration is inclusion in it of morphologic generator (PG- paradigm generator), which generates full
paradigm of the addressed lexical unit.

Other meaningful feature of this dictionary is addition of special units, which correspond to verbal
super-paradigm (SP), which imply the unity of verbal paradigms derived from the one and the same
lexeme. The detailed consideration of this concept in the contact of Georgian language is given in [2];
only the content of such SP units —SPU will be underlined here:

SPU: LXF |T|P1|P2]...|Pn (2.1)

The symbolic of (2.1) means:

LXF is the word from or its part (stem, root), which represents this SP as its “head”, and serves for
identification with this unit of arbitrary its member, that is verb form belonging to one of its paradigms;

T represents the type of SP, which characterizes the peculiarities of the given SP and peculiarly its
“deviations” from the “regular” (r) SP structure (in that, what follows we shall imply this “regularity”
only);

Pi are pointers to the dictionary units, which represent the verb paradigms belonging to the given
SP.

Naturally the assignments of these parameters are constant for each SP unit. Differently from this
the characteristics of output sentence members vary in the course of process. For example, the current
information block (B) of the sentence “nucleus”, that the verb, which expresses the predicate (PR) on
semantic level of structure, will be represented by the following set of parameters

PR: SP|DU|WF|VC|M|S|A|T|RW|PSj|Nj]| (2.2)
where parameters have the following meaning:

SP —is a pointer, which fixes the position in the dictionary, where the SP unit is placed, to which
the verb belongs;

DU - analogously points at the dictionary unit, which corresponds to the paradigm, which includes
the given verb form;

WR - is assigned by verb forms, which change during the output verb form, which represents the
PR on the surface level;

VC, M, A, T — parameters represent the usual grammatical categories of verb: Voice, Mood,
Aspect and Tense respectively;

These categories may have the following set values:

VC - voice, c(ausative), a(ctive), p(assive) (by that a and p value may be additionally marked by
“+” symbols, which mean the explicitly addressed by affixes version: a+, p+ (e.g. uk’etebs — ‘makes for
him/her’, uk’etdeba — is being made for him/her));

M — n(arrative), c(onjunctive), i(mperative);

A — p(erfect), i(mperfect);

T — pr(esent), p(ast), f(uture);

The PR block includes also some peculiar for Georgian language features:

S —series with values: I, 11, 1I;

RW — row (mc’k’rivi), enumerated by numbers 1 to 12.

The value of the category depends on the values of preceding ones (M, A, T, S) but for that
decisively restricts the area of search for the finally required verb form; the only additional data, which
are necessary to fix finally its position in the frames of whole paradigm are:

Ni, PSi — number and person categories, characterizing the actants (one or two), to which the verb
addresses explicitly by its affixes (N — s(ingular), p(lural), PS - 1, 2, 3).

The noun blocks, which correspond to the verb actants (and the end — to the semantic roles (SR))
have a far simple structure:

SRi: DU|WF|N|C|PS (2.3)
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where DU points at the corresponding dictionary unit; N, C, PS — define the number, case and person of
the noun; the values of N and PS are the same as in (2.2) block; as to case (C) its value spectrum is
somewhat larger: n(ominative), g(enetive), d(ative), e(rgative), i(nstrumental), c(ircumstatial). The e, i, c,
symbols correspond to following terms accepted in Georgian grammar: motxrobiti, mokmedebiti,
vitarebiti.

The number and meaning of SR; and corresponding informational blocks depend on the type of
SP. Particularly, regular SP control four SR with their paradigm affixes: causer — CS, agent —~AG, object —
OB and addressee —AD. Each single paradigm of regular SP chooses one or two of these SR; to address
them explicitly with its affixes. The choice depends on value of VVC category: so, causative addresses to
CS and AG, active —to AG and OB or AD, passive —to OB only or to OB and AD.

Taking into account that SR; designation is more “felicitous” in some context (e.g. in case of cyclic
procedures), we will use the double symbolic for the names and pointers of these blocks:

SRo|CS, SRi|AG, SR,|0B, SR;|AD (2.4)

As a result, this paragraph defines the following operands for operators, which will be considered
in the next section: two source of information (U(ser) and D(ictionary) and five blocks for accumulation
of the current data (PR, SR | CS, SR1 | AG, SR, | OB, SR3; |AD). Supposedly, the data gathered in these
blocks should be sufficient for production of the sentence core structure that is at the verb and its actants.

This kind of symbolic can be used also to supply the possibility of assignment to some
components of current information blocks (C(B)) the value of some dictionary unit component C’(DU*).
Such analogue of (2) operator will look like:

C(DU*?
( C® )

VL(C)

v

2.2”)

Remarkable characteristic of (2), (2°), (2°”) operators is the fact that they somewhat violate the
above proposed general scheme: particularly, their right arc label (RAL) represents the output, the result
of this acts, which should be immediately assigned to the component marked by the node label (NL)
(instead of data, which should serve as an input for the object marked by the left arc label (LAL), as it
takes place in the rest of considered above operators (1), (3), (4)).

More radical contrast to the general scheme demonstrates operator realizing the choice between
possible continuations of the process, which depends on the concrete value (vl;) of some block
component C(B):

(2.5)

This discrepancy between general scheme (5) operator interpretations of the labels “semantic
roles” is based on the main orientation of the former on procuring and assignment of information to some
block components, on the one hand, and on the obvious purpose of the latter to organize the structure of
the process itself on the other hand.

In spite of different character of the process and their final aims, the both versions of net
representation have much in common. In first instance, they have identical formal structure; nodes
coming out of the arcs and trios of labels (NL, LAL, RAL) marking the node and both sides of arc.
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Besides this, the semantics of the both means of representation has many points of coincidence, at last on
the sufficiently high (perhaps, even metaphorical) level of abstraction.

From this “high” point of view, the processes, which take place in both structures, may be
considered as instructions between four elements: one pair of them are participants of a “dialogue and
another pair of them represents “messages” which “move” between the pair of dialogue participants: one
can be interpreted as a “question” and other as an “answer” initiated by this “question”.

It would be excessive to repeat the dependence of above defined operators (1)-(4) on this scheme.
Thus we shall try to show, what relation to it may be ascribed to the morphologic net (MN) only. Alike to
the above defined operators all three labels of MN are included in some kind of “dialogue”, on acts of
which is based the whole process of morphologic activity in the frames of language model fourth
(constantly implied) participant of these acts is the word form, which is synthesized or analyzed. The
meaning of the labels is also unchangeable: NL expression some (grammatical) category, as a rule, the
particular value of which is represented by LAL and expression of the latter (LAL) in the context of the
current word form is given by RAL. Nevertheless, the functions of these participants in the course of
“dialogue” acts depend on the direction of processing, that are different for the synthesis or analysis of
word form. In the terms of above already used metaphor: during the synthesis the being produced word
form ““asks” the category (NL), what should be the current step of its development, in “answer” NL-
category seeks the arc with LAL identical to its current value and proposes to the word form morphologic
transformation (e.g. addition of some affix) represented by right label (RAL) of the same arc. In the case
of the opposite direction (analysis) this scheme is “turned up”: “question” issues from category “answer”
from word form, its final content is the required value of NL-category (LAL) chosen as according to the
possibility of unification RAL with the word form (in the simplest case - the word form should include
the affix expressed by RAL in the corresponding to this affix position). In both cases the “lucky” arc
which satisfies the conditions, becomes the continuation of the net process.

Just the back of such “conditions” in functioning of (3.1)-(3.4) operators make difference between
them and morphologic nets: the former always imply the “unconditional” receiving and assignment of
information. The (3.5) operator must fill up this gap and so supply the possibility of choice among
different branches of net structure, which is the basic feature of the net representation as a such.

Lastly, the “economic” structurization of the net representation requires addition of more operator,
which supplies possibility of cyclic procedures:

I<L

The (2.5”) operator implies existence of an additional block (CC) with two components (I, L),
which represent the variable Index and its Limit correspondingly; the use of (2.5”) implies two preceding
operators of (2.2) type, which assign to | and L the initial and final values of the variable I organizing the
cycle (CC); the part of net subordinate to this cycle operator (2.5) is repeated till the moment, when I
gets equal to L.

Alike (than somewhat otherwise structured) scheme was used already for Morphologic Nets.

3. General semantic of the net scheme.

LAL
—_—
RAL

N(ode), L(able), L(eft) A(rc) L(able), R(ight) A(rc) L(able)
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The main scheme of semantic relations between these L(ables) is: NL asks the LAL what is its
(NL’s) value (RAL); RAL defines this value and assigns it to NL.

So, we have something like dialogue between NL and LAL, which designs by the question from
NL to LAL, and ends by the answer of LAL, which satisfies the NL’s requirement.

Naturally, the “question” of NL, that is LAL, must contain sufficient information to define for
LAL, what “answer” is expressed from it.

These semantic relations between L(ables) are most obviously demonstrated by the central link of
the interactive process, that is by the act of dialogue between the system and its user which is given below
as the first (1) example: NL=C(B), LAL=U?, RAL=VL(C)

(ce ) v (3.1)
“VL(C)”

U(ser), B(lock) of the current information Value of C(omponent/category).

The question “VL(C)” is addressed to U: U’s answer should define VL of C (B), which will be
assigned to C(B).

The value (VL) of C can be defined and assigned without address to some external source (U). The
simplest version of such assignment is immediate demonstration of VL in the operator context:

2
( cB) ) : (3.2)
vl

As a result, VL-value will be immediately assigned to C (B). The value of C may also be copied
from some other (C’) component of the same or another information block (B/B”)

B
C B b
o) —s 62)

One more version of C(B) values (VL) definition is the address to the dictionary (D), which
represents the most important sub-set (SS) of this interactive system as a whole, and at the same time, is
its most internal component (and as a such is completely opposed to the U(ser)).

The proposed scheme of the sentence interactive synthesis is based, particularly, on the Georgian
Computer Dictionary, created in the frames of the Project, supported by Rustaveli Foundation and
fulfilled at the Institute of Control Systems (2009-2011). The specificity of this quite voluminous (nearly
100 000 units) dictionary is represented by inclusion in it of the Morphologic Processor, that is of the
Morphologic Generator, which defines for each dictionary unit the whole list of its paradigm members.
As a result of such combination, this dictionary (difficulty from the usual ones) represents the unity of
language all word forms (and not the all lexemes only); and because of this it can “answer” by the
concrete word form, if the question contains sufficient information for the choice of the needed form from
the whole list of the corresponding paradigm members.

Thus the address to the dictionary can be interpreted like a twostep procedure: first of them implies
the definition of the corresponding dictionary unit (DU) position in the dictionary; the other can be
initiated by the “order” to generate the paradigm corresponding to the given unit and single out the
needed member of this paradigm. The input of the former should be some (arbitrary) word form
belonging to this unit paradigm; as for the latter its input should contain the whole information necessary

v

v

v
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for the choice of the required form out from the whole set of paradigm members. Just so chosen word
form should be returned by the second step and copied in corresponding block component.

Taking into account, that the dictionary unit includes, besides its paradigm, many other necessary
data, it seems sensible to fix the position of the dictionary unit already identified or the first step for the
further addresses to this information (without excessive operational expenses and “bothering” of the
user). So, we will suppose, that the first step of addresses to the dictionary returns the pointer (PN) at the
identified dictionary unit, which becomes the value of corresponding component of some block (B).

The difference between inputs/outputs of the above mentioned steps of procedure justifies their
implementation by means of different operators with only restrictions: the activation of the first step
operator should precede all other addresses to the fixed by it dictionary unit.

The first step, supplying the definition of dictionary unit to which belongs the given word form,
can be performed by the following operator:

(oue) > (3.3)

WF

v

According to many considerations, it seems sensible to single out the set of verbal super-
paradigms and represent it as a separate list of SP units (SPL). Taking into account, that this list should be
addressed by the predicate (PR) block only, we can realize this operation by (3.3”)

SPL?
(sP(PR)) i (3.3%)

WF

v

Now the system can on the basis of information procured by (3.3) apply to so defined dictionary
units and “require” from them the members of their paradigms, which represent just the word forms
necessary in the context of the final output sentence. More exactly, this address should be made to the
paradigm generating (PG) components of these units and must be accompanied by the grammatical data
fixing the position of output word form in the list of generated paradigm members. Naturally, this bunch
of grammatical features is different for each class of word forms and, in the first instance for the different
parts of speech: operators (3.4) and (3.4’) demonstrate this peculiarity on the examples of verbs which
expresses the predicate, and nouns realizing all other semantic roles (SR;), included in the set of blocks
mentioned in the previous paragraph:

PG(DU%*) ?

(WFPR) }— (YU (3.4)
RW+PRS;+N+PRS,+N>
PG(DU*) ?

(WrsR)) (3.4
N+C

According to (3.4), (3.4°) it is necessary for definition of output verb form to supply information
about its row (RW) and about grammatical features characterizing its actants (not more than two), to
which the verb explicitly addresses by its affixes. Differently from this, it is sufficient in the case of noun
to mention the values of its number (N) and case (C) categories.

v

v
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One more peculiarity of (3.4), (3.4°) is the use of affixes (*) as the upper index of DU. This (usual
for some programming systems) symbolic underlines the fact that the right arc label (RAL) of these
operators implies the unit itself, but not the concert current value of DU component, which in reality is
only the pointer oriented on this dictionary unit and defining its position in the list of all dictionary units.

4. The use of the operation system period in the preceding section is illustrated by the scheme (4.1-
4.5) given below. This scheme produces in the course of interactive regime the main component of
Georgian simple sentence — its core structure including the verb (“nucleus™) and its main actants.

The process realized by this scheme is subject to the following basic restrictions: 1) it deals with
verbs belonging to “regular” super-paradigm (SD) only; 2) it takes into account the verb forms of
narrative mood only. In the result of the second restriction the set of rows (mc’k’rivi), to which may
belong the produced verb, includes six members only: pr(esent), f(uture), p(ast), pp (past perfect) and rp
(resultative perfect). The first trio of this symbolic (pr, f, p) is identical with designation of the tense (T)
category values.

Each step of the (4.1-4.5) process implies some definite meaningful purpose. So, the first of them
(4.1) receives from the user (U) the initial word forms, which “point™ at the paradigms of the final verb
and actant forms. After that (4.1) procedure defines the value of the voice (VVC) category on the basis of
semantic roles (SR;) combination presented by the user; and this information, in its turn, is sufficient for
definition of concrete paradigm, to which should belong the output verb form — VF (DR).

The field for search of VF becomes narrower after implication of (4.2), which defines the row
(RW) of this paradigm, which includes the output VVF. This definition is based on the values of these tense
(T) and aspect (A) supplied by user (U).

U? SPL? u? . ? SP*(PR)?
VF(PR) VF(PR) (WriaG) ) WF(AG) vc(Pr) —>{ DU(PR)
”VF?” VF "AG?" P A3(SP*)

SP*(PR)?

Aq(SP*)

SP*(PR)?

(4.1)

(4.2)
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SP*(PR)?
—»
ADF(SP*)
(4.3)

PG(DU*)?

(4.4)

Cs? Cs? AG? AG? PG(DU*)?
Cesupr) "> Cotem ) (psutrr ) > vegor )—E22 20
PS N PS

RW+N31+PS1+N2+PS>

AG? AG? OB? OoB?
— > (ps(PR) ) — ( Na(PR) —>(Psu(PR)
N PS N

PS

0B? PG(DU*)?
(esuter }—>(vripr) )}———>
PS

RW=N1+PS;

(4.5)
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The combination of voice (VC) and row (RW) values is sufficient for definition of case (C) values
characterizing the actant expression of semantic roles (SR;i), and just to this purpose serves the procedure
(4.3).

The next step (4.4.) completes the data necessary for the choice of word forms (WF) expressing all
semantic roles belonging to the core structure, that is, it receives number (N) values from the user and in
addition defines the value of person category (PS) marking all SR; (immediately from corresponding
dictionary units (DU). The sum of C, N data supplies possibility for the choice of the correct output WF
among the members of paradigm generated by PG of DU corresponding to the initial WF proposed by the
user.

The last step (4.5), firstly, singles out the semantic roles (SR;), which should be explicitly
addressed by VF affixes (on the basis of VC and RW values), and then sends their N and PS values
together with RW value to the paradigm generator (PG) of (already defined on the (4.1) step) dictionary
unit (DU).

As the final result, this interactive system (4.1-4.5) produces correct expression (VF, WF) for all
members of core structure: PR and SR;.

Perhaps the simplest example will make more transparent the functioning of this system.

Suppose, that the U answers the question about the process, which takes place, by the input xatva
(‘painting’) and then (by means of corresponding questions) “acknowledges” as an agent of the process -
kaci (‘the man’) and as its object (OB) - surati (‘picture’), “ignoring” at the same time the causer (CS).
The AG, OB pair (without CS) points at the active (a) paradigm of corresponding SP, defined by initial
input (xatva). After this U makes more exact VF defining tense (T) and aspect categories: past (p) and
perfect (p), what is sufficient for choice of the row (RW) - pp.

After this U must define the number categories (N) of AG, OB only (the person values (PS) will be
received from the dictionary): N(AG)=N(OB)=3, PS(AG)=PS(OB)=3. Meantime (4.3) will define the
case values of both SR;: C(AG)=e, C(OB)=n, and in conclusion the system will produce:

kacma daxata surati (‘the man has painted a picture’)
processing from the input sequence: xatva + kaci + surati).

5. This the last section presents some considerations about the main component of the system
defining its peculiarities: that is about the dialogue between user and system. Style and content of this
dialogue expert essential influence on possibilities of the system applications and the level of its use
effectuality.

At the same time the correct choice of these contact means radically depends on the kind of the
user itself. Of course, the simplest solution this problem takes place when the human partner of dialogue
is represented by some “expert”, that is by the person not only speaking the given language, but also
having (some) knowledge of its theory (in first instance, - of its grammar). Such user will without any
problems understand the questions formulated in the usual linguistic terms and give them correct answers
quite acceptable for the system. Nevertheless, such kind of interactivity may be quite useful, and even -
necessary, for testing and correction of the system.

After this, duly tested and corrected system can serve as a source of input for synthesizing
direction of model functioning.

The main theoretical value of this “input source” is its intermediate position between speaker’s
intension and its verbal expression, between “thought”, as the “soul” of utterance, and its language form,
its “body” (according to Hegel). It can be imagined on, the most primitive (“naive”) level of abstraction
that transformation from “thought” to the utterance begins some analogue of “pattern recognition”, where
the part of “patterns” play the lexical units, and then precedes by the structuring of these units in correct
grammatical sentence. Obviously, the proposed system acts alike to this primitive scheme and thus may
serve as some “computer support” for its further development and perfection.

The important aspect of such psycho-linguistic researches is address to the “ordinary” (not
“expert”) persons as objects of these tests. This condition, in its turn, requires a simpler, more usual, and
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understandable for them style of communication with computer system. So, in case of the above
mentioned example more felicities should be questions as: “What is going on?”, “What happens?” (xatva
- ‘painting’); “what is painted” (surati - ‘picture’); “Who paints?” (kaci - ‘man’); “Does he paint or has
finished already?” (xatavs - ‘is painting’ - T=pr); ...

It can be mentioned in conclusion two more fields of possible application for this system. On the
ground of some further development it may be used as a basis for analysis of text and in the frames of
automatic translation system: in both cases the part of user will play already presented text.

Joenyeo obssgdol 0bEghagdomemo obmgbo
300530 032009, bober x05358030¢0, 565 BLYH39M5030¢m0

Mybondy

LEoGosdo  gobbormos  dmdbIsGgdgls  ©@s  3mI30MEgOHME  LobGgdsl  FmGol
O05MABY  ©3YsMmdMo 0BG MsdBHoMmo  Mgi0do, OMIJoE, OMAMOE oG ro
foboogdol Homdmgdol dgdeboBdo, 335H0-obmbodMGmo  498Mbomd3589d0L  4gbgMsEH™MOl
d9bogol  BMbdaosl Mbs  SLOMEGdEL. LoLEJIs  FoMdmygbowos  JoMm339Mwfows
GMBLRMOHToMGOMEo  IOBMEWMY0MMHo Jugegdol Lsdrewgdom. Fobswowgdol LobmgBbol
239095, LBoLETs Fgodwgds gsdmbogao 0gmlb BLoJm-oby3z0LEH03WMmO 33¢g39d0Lbm3z0L s
3M9m39, 0O Fo8mygbgdomo LolBHIIGOOLMZOL, HMYMOOEGS 93EMTEHIM0 MotTbs.

VHTepaKTUBHEIH CHHTE3 IPYy3HHCKOTO IIpe/IOKEHIT
Teoprusi Yuromnzgse, Huro /Prapamsrnn, AHHAa YyTHepamBHIH

Pesome

B cratee paccMOTpeH WHTEpPaKTHUBHBIM peXUM, OCHOBAaHHBIM Ha Juajore Mexzy
II0JIb30BaTeIeM M KOMIIBIOTEPHOM CHCTeMOH, KOTOPBIH KaK MeXaHH3M IIPOM3BefleHHSA IPY3HHCKOTO
IpeJJIOKeHUA, [OJ/DKEH BBIIONHATh (QYHKIMIO  BXoja IJIA TeHepaTopa KBa3W-CHHOHMMHOTO
BeICKaspiBaHMA. CumcreMa  IpeficTaBleHa  IIOCPeJCTBOM  OTYaCTH  TpPaHCGOPMHPOBAHHOM
Mopdomornyeckoit cersio. Kpome cuHTe3a IpeAyioXXeHHdA, CHCTeMa MOXKET OBITh IIOJNE3HOH It
IICUXO-JIMHTBUCTUYECKUX UCC/IeJOBAaHNUM, a TaK Ke [/ aBTOMAaTUIeCKOTO IIepeBoa.
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Abstract

The morphological analysis is one of the important fields of natural language processing.
Our approach for the description of the morphological systems of languages uses training from
word change paradigms. In the word-forms the prefixes, lemmas and suffixes are automatically
distinguished and it promotes word change model creation. The realized algorithms allow simple
compilation of the morphological module practically for any language of inflectional type.

The previous works included the development of a modern Georgian linguistic processor.
However, it could not serve for morphological analysis of all Georgian language subsystems, as
there is a big lexical, graphical and morphological difference between them. We have developed an
analyser with flexible capacity of adaptation for language systems with different spelling. In the
article, the development of the morphological analyser for Georgian language subsystems is
described.

Key words:

Linguistic processor, morphological analysis, language subsystems.

A modern Georgian language processor cannot serve for morphological analysis of all Georgian
language subsystems [1-4], as there is a big lexical, graphical and morphological difference between
them. We have developed an analyser with flexible capacity of adaptation for systems with different
spelling.

It is impossible to use a modern Georgian language processor for Georgian language subsystems
with different orthography. First, it is about graphic configuration of letters. Besides, the vocabulary as
well as morphology of these subsystems is different.

The analyser is not rigidly attached to a specific dialect and can be used for any of them. However,
the rules of tokenization and grammatical model are needed. Information of the specific sub-language,
which are lemma, paradigms, inflectional affixes, stem etc., is not built-in in the code of program
application. Special notation has been developed for storing of any word-form building information,
which can be easily read or corrected in case of need.

In the algorithm of the analyser a special mechanism of adapting to orthographical subsystems of
Georgian languages is stipulated. During the analysis, the input text will be normalized. It might
correspond to several orthographical versions. This approach gives the possibility to analyse the texts that
consist of words written by any orthography.

The algorithm of the analyser consists of the following stages:

1) Tokenization — the program separates tokens and non-identical word forms from the text.

2) Normalization — the program transforms the word form into inner representation and the initial
form is stored for output.

3) Morphologic analysis — Program divides the word form, transformed into inner representation,
into stem and possible version of flexion. Then for each version there are verified the following additional
conditions:

« Correspondence between the initial lexical form and the presented flexion;
« Correspondence between the paradigm and the presented stem of flexion;
« Correspondence between flexion and grammeme.

4) If the program is not able to find the exact equivalent of the modern Georgian language lemma,
it utilizes the table of word endings and their possible statistical analysis.
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Analyser is based on the morphological models of Akaki Shanidze [5]. It consists of the
vocabulary of Georgian language explanatory dictionary [6]. The peculiarity of Georgian languages may
be divided conventionally into following groups:

« Orthography: additional letters, writing in other form;
« Inflection: forms and grammemes different from the modern Georgian language forms.
» Vocabulary: different from the modern Georgian language.

1. Orthography

In the Kartvelian alphabet there are letters, which don’t occur in the modern literary language: & o
539 &

In the Kartvelian languages, the letter & sounds like ec diphthong. In the modern Georgian
language it is replaced by the vowel e. (mep®& -> mepe 'king', &s->es 'this', sidz&->sidze 'son—in-law’,
sakme->sakme 'business").

In the Kartvelian languages, the letter o is not syllabic. In many cases, it forms diphthongs: aq, e,
00, Ua. In the modern Georgian language, it is replaced by the corresponding vowel depending on where
the o letter occurs: in the stem, in the prefix or in the ending of the word. (gacdzvera ->gaidzvera ‘bilker’,
dabae -> daba 'town’, machk'ide -> mohk'ide 'grab’).

Sometimes the letter o mark is palatalized when pronounced and some consonants occur in the
equivalent words. (goage -> gavige - 'l understand', gookharev -> gavikhareb - 'I’ll be happy', doenakh ->
davinakhe - 'l saw', sheshao->sheshas - ‘firewood’, gaak'eteo -> gaak'etes - 'they made', aasheneo ->
aashenes - 'they built', im kveganac -> im kveganas - 'that country").

In Kartvelian languages, the letter 3 is e diphthong. The first part of it is non-syllabic u and the
second part is syllabic i. In modern Georgian 3 is usually replaced by vi. (mshzdobis -> mshvidobis — 'of
peace', tzsi -> tvisi - 'his/her’, it'gzs -> it'qvis - 'he/she will say").

In the modern language, the letter § is replaced by x in all the words. (3eli -> kheli - 'hand" , mu3li
-> muxli -'knee’, Sortsi -> khortsi - 'meat’, venag3i ->venaxi - 'vineyard').

& was a closed o with a diphthong-like character (close to oQ). Later it was replaced by o. (&
usjulono -> o usjulono - ‘faithless' , &sanna -> 'Asana’).

& is a dull spirant. It is not a typical sound for the Georgian language and it has come by influence
of foreign languages. & is replaced by various consonants according to the situation. (¢arsulad ->
sp'arsulad - 'Persian’, nagti -> navti - 'kerosene’, ¢adqgare -> ¢avqare -'l poured into', agt'apa -> aghstapa -
'‘Agstafa’).

Aside from the six marks listed above, the following ones occur in the different dialects of
Georgian texts:
umlauted vowels - &, 6, (; irrational vowel - ». The rules for transforming the word forms with those
marks into the modern Georgian will be detailed presented in the report.

2. Inflexion

Grammatical models of Georgian languages differ from the modern Georgian. That is why it is
necessary that the analysis include the additional grammatical model, which is not in the modern
Georgian. Morphemes, which form: conjugation, participle, preposition etc. have different phonetic
variety [7]. We have registered all the differences and developed an algorithm for transforming
morphemes of word building for each subsystem into modern morphemes.
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3. Vocabulary

The difference between the Georgian languages and the modern literary Georgian in vocabulary is
also important. In the modern texts, the word is presented in only one version; however, other Georgian
languages may have several different ones. The algorithm of transforming a word into modern Georgian
forms for each subsystem on the basis of the old Georgian, Megrelian, Laz, Svan and other dictionaries
have been developed.

« If a word only orthographically differs from the modern Georgian one, it will be normalized —
different morphemes will be replaced by modern Georgian versions. (menadire -> monadire 'hunter',,
p'at'eni -> bat'oni 'sir', moore -> meore, gots'khiri -> k'ots'akhuri '‘Barberry', maore -> meore 'second’);

« If an orthographically different version does not occur in the modern Georgian, the vocabulary
(lexical) model will be widened and the word will be added to the corresponding modern Georgian as a
new lexical version.

In the near future, we are going to create a valuable lexical database of Georgian languages. First
of all a grammatical dictionary will be developed in which the main Iexemes and grammatical forms of all
the subsystems of Georgian languages will be combined. Following sources will be used for the lexical
basis:

Georgian language explanatory dictionary

Dictionary of Georgian language morphemes and modal elements.

Old Georgian language dictionary [8].

Georgian Verb Conjugation System [9].

The dictionary of Georgian verb stems [10].

Dictionaries of Georgian Dialects: Megrelian, Laz, Svan, Imeretian, Rachian, Gurian, Kakhetian
and Ingiloan.
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Mopdonorunveckuii aHaIHM3aTOP MOJCUCTEM IPY3MHCKOTO I3BIKA
JI Jloparxmmarmngse, /I. Maxpaxrzgse

Pesiome

Mopdonorudeckuii aHanu3 SIBASETCA OLHOM M3 BaXKHBIX 00sacreil 06paGOTKU eCTeCTBEHHOTO
a3pika. Hamr mozxos k omucaHuio MOP(OIOrMYECKUX CHCTEM sI3bIKOB KCIOJIb3yeT OOydeHue U3
[apajurM CjlIoBou3MeHeHus. B cioBodopMax aBTOMATHYECKH BBILENAIOTCS MPedUKCH, JTeMMbI U
cybOUKCHI, YTO CIIOCOOCTBYET CO3IAHUI0 MOJENTNM HM3MEHEHHUS C/I0oBa. PeaqnsoBaHHBIE aJTOPUTMBI
IO3BOJIAIOT JIETKO COCTAaBUTh MOPGOJIOTHYECKHI MOAYNIb IPAKTUYECKU [JIA JIOOOTO [AUaleKTa
TPY3MHCKOTO fA3BIKA.

Ipensigymme paboTsI BKIIOYAIN pa3paboTKy COBPEMEHHOTO IPY3MHCKOTO JIMHTBUCTUYIECKOTO
mponeccopa. OLHAKO OH He MOXET CIYXHUTh IJI1 MOP(OJIOTMYECKOTO aHAIMW3a BCEX IOACHUCTEM
TPY3MHCKOTO fA3BIKA, IIOCKOJIBKY MEXZY HUMM CYILIEeCTByeT GOJblIasd JeKcuduecKasd, rpadudeckas U
Mopdosornyeckas pasHuna. Mpl paspaboTaay aHAIH3aTOpP C MOKOH CIIOCOGHOCTBIO afalTaluy K
A3BIKOBBIM ~CHCTEMaM C pasJIMYHBIM HAINCAaHHMeM. B crarse ommchiBaeTcs —paspaboTka
MOpP}OIOrHIeCcKOTO aHAIU3ATOPA I MOACUCTEM TPY3HHCKOTO S3bIKA.
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Abstract

The paper presents some models of word-formation and statistical data according to the corpus
of the novels by Georgian writer Otar Tchiladze. There are shown some problems of word
production, also some ways and forms of using word-formation.

Derivation is an important part of lingual knowledge. It implies formation of new lexical units,
which are created by adding derivation affixes to the stem of a noun. The elements that take part in
word-formation differ in semantics and activeness. Therefore, it is more convenient to consider not

separate derivative elements but the models that include these elements.

Keywords:
derivation models, productive word-formation, affixation

Language constantly develops - changes morphologic structure of a word, separate words or word
patterns also change semantically. The most natural are the transformations of the lexical units. A
language is able to derive new words. Derivation implies formation of new lexical units, which are
created by adding derivation affixes to the stem of a noun.

The elements that take part in derivation differ in semantics and the way they form words.
Therefore, it is more convenient to consider not separate derivative elements but the models that include
these elements.

There are various models of word-formation of natural language. Formation of new words can be
regular or irregular. The models of word-formation differ into productive and unproductive models. The
model is productive if new words are produced after it in a language.

Productive word-formation is the topical one today. “Word-formation” has broad meaning in
Georgian. It also means derivation that on its turn means creating new words not only by affixation but
also by composition. Learning productive means of word-formation helps to develop word-formation
process in a language. In the process of composing the rules and means of word-formation, differ in
activeness.

Derivative models considered in the paper are based on text corpus according to Otar Tchiladze
novels [1]. The corpus based on six of his novels consists of 95126 words. The text of the corpus is
annotated with morphological, syntactic and semantic markers. Ambiguity is partly removed at all levels
in the text. The corpus was created at the department of Language and Speech Systems of Archil
Eliashvili Institute of Control Systems of the Georgian Technical University in the frames of the project
“The full (morphological, syntactic, semantic) annotation system of Georgian Language corpora”
supported by The Shota Rustaveli National Science Foundation (FR/463/4-105/12, 2013-2016).

Nowadays spoken language and printed media is full of barbarisms and new terms, as well as, with
new composed words that is natural for language development. The research showed that Otar Tchiladze
mostly uses Georgian affixes for derivation. From all the affixes that have the same meaning, he chooses
the Georgian ones rather than the ones from foreign languages that are commonly used in the Georgian
language, e.g. prefix anti- occurs only once in corpus; He never uses such affixes as super-, ex-, extra-,
dis-, although these affixes are very common in Georgian language.
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In the corpus among the words formed with the affixes of foreign origin occur the words with
affixes -ist and -izm most often but they cannot be considered as the affixes of word-formation. These
words came and were established in the language together with their suffixes. This does not mean that -ist
and -izm suffixes are not productive in the Georgian language. Both suffixes are used to produce the
words, which define profession, trade, follower of some kind of doctrine. Otar Chiladze does not use
these affixes to create a new word. He prefers Georgian derivative suffix -oba that is mostly equal to
foreign ones. For example, k’asel-oba (Kasheli — surname of the character of the Novel) here -oba
generalizes the qualities that is characteristic to a person in this case to someone whose surname is
Kasheli and is used as a phenomenon that is characteristic to certain type of people.

Word-formation with infix or only prefix is quite rare in Georgian. Exceptions are the words
formed with ara- ‘no’ prefix (ara-damajerebeli — ‘unconvincing’, ara-normaluri — ‘abnormal’, ara-
srulc’lovani — “under-age (under 18 years old)’). It occurs in corpus 123 times. Circumfixes are more
common in Georgian language: names of purpose e.g. sa-qur-e (earring), sa-pul-e (purse); names of
previous situation na-p ‘ur-al-i (field where wheat was grown last year); names of profession me-cxvar-e
(shepherd), me-zyva-ur-i (sailor), etc.

Derivative models of nouns are mainly considered in the paper. There is quite a lot gerund word-
formation in the corpus and the author creates very interesting models, but we don’t consider them in the
paper.

Types of word-formation distinguished in the corpus correspond to the contextual groups in
Georgian language described by A. Shanidze [2]. Here we consider twelve types of word-formation. Each
of them consists of different derivative models.

The Derivation types are the following:

Abstract names;

The names of the origin;

The words expressing belongings;

The names expressing lack;

The names of the former condition;

The words expressing profession;

The names expressing degree;

Diminutives;

The names expressing assignment;

Declination affixes;

Prefixal word-formation;

Adjectives.

Derivation Types

former non
4% _ 3%

diminutive
1% A

degree —_
1% ) )
Decl_/ | belong Abstr
1% f
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Abstract names

The numerous and the most productive in the corpus is the type of abstract names that combines
three models. These are the models derived by -oba (bavsv-oba — ‘childhood’) — 1086 words, -eba
(bednier-eba — ‘happiness’) suffixes — 383 words, as well as the models that are produced by circumfix
si- -e (si-lamaz-e — ‘beauty’) — 936 words.

The most words are derived by -oba suffix. The author is characterized using proper names of a
certain person with -oba suffix to express a certain phenomenon e.g. oidip ‘os-oba, ekvtim-oba, egnat -
oba, mak’abel-oba, k’asel-oba, etc. (Ekvtime, Egnat’e, mak’abeli, K’aseli are the characters of the
novel); generally, in Georgian public and religious celebrations are often produced by adding -oba to
private names (nino-oba — ‘Feast of St Nino’, thilis-oba — ‘Feast for the honour of Thbilisi’, etc.)

-oba expresses being not only human, but things as well (tojin-oba — ‘being a puppet’, cxvr-oba —
‘being a sheep’, potl-oba — ‘being a leaf’). The writer often uses the suffix to generalize family members
as a phenomenon (ded-oba — ‘maternity’, mam-oba — ‘paternity’, maminacvl-oba — ‘being a stepfather’,
ger-oba — ‘being a stepchild’, deid-oba — ‘being an aunt (mother’s sister)’, mamid-oba — ‘being an aunt
(father’s sister)’, rzl-oba — ‘being a daughter-in-law/ being a sister-in-law’, dedamtil-oba — ‘being a
mother-in-law).

There are not many words derived by -oba suffix in Georgian language. The author formed lots of
words with -oba specially for his novels. Perhaps that is the reason why it is so productive in the corpus.

The names of the origin

In the names of the origin, there are five models of production: -el-, -ur- (-ul- in cases when r
occurs in a stem), iur/iul, eul, del. The most productive of them is the suffix el (201 words), which mainly
marks the origin and is used for people, e.g. evrop-el-i — ‘European’, thilis-el-i — ‘smb. from Tbilisi’. The
suffix also expresses follower of something/someone (volt erian-el-i — ‘Voltairian’).

In addition to various prefixes, the suffixes -ul/-ur mainly compose participles (2536 words) that
we do not consider in the paper. When composing names, the affix -ul/-ur express the origin, e.g.
sopl-ur-i — ‘rural’, samxret-ul-i — ‘southern’, jadokr-ul-i — ‘magic’ (135 words). O. Tchiladze creates a
very interesting word using the suffix- mocart’-ul-i — something like a Mozart style.

In the Corpus there are 64 words produced by -iur/-iul expressing the belonging and origin
(mSobl-iur-i — ‘native’, provinc-iul-i — ‘provincial’).

There are 55 words derived from the -del suffix, which express the origin in terms of time
(dedobam-del-i — ‘pre-motherhood’, gusin-del-i — ‘yesterday’s’, axlan-del-i — ‘present’).

eul is attached to the form of a Genitive case and expresses the belonging and the origin
(mamis-eul-i — ‘paternal’, cem-eul-i — “(sth) what used to belong to me’, samotxis-eul-i — ‘Smth. that is
from Paradise’). It is also added to the root of the noun and expresses the variety or species that unite
different kind of things. Sometimes oba, that expresses collective nouns, is added to the suffix
(rk’in-eul-oba — ‘ironware’, ¢’k ’bil-eul-oba — ‘sweets’). There are only 29 words.

The words expressing belongings

Words that express belongings in Georgian are produced by the -ian, -ier, -osan, -ovan and -ed
suffixes, respectively there are five models. In corpus the most productive suffix of these is -ian e.g.
zol-ian-i — ‘striped’, mz-ian-i — ‘sunny’ (337 words). The rest of suffixes are less productive in Georgian
language that is also reflected in O. Tchiladze texts:

-ier (sit'qv-ier-i — ‘verbal’, mic -ier-i - ‘earthly’, ¢ ‘am-ier-i - ‘momentary’) — 61 words;

-ovan (asak’-ovan-i — ‘aged’, saxel-ovan-i — ‘famous’, surnel-ovan-i — ‘aromatic’) — 46 words;

-0san (c'ver-osan-i — ‘bearded’, sakm-osan-i — ‘businessman’, orden-osan-i — ‘order-bearer’) — 19
words;

-ed (Saravand-ed-i — ‘halo’, ujr-ed-i — “cell’) — 13 words.

The suffix -ier shows owning inner qualities, inner potential and thus is different from -ian model.
¢’ign-ian-i — ‘having book’, ¢ ign-ier-i — ‘literate’.
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The names expressing lack

The names expressing lack of something are produced by circumfix. This type is less productive in
the corpus; there are only 2 models and just 86 words that are derived in this way. The affixes are the
following: u- -o, u- -ur/-ul.

u- -0: u-bolo-0 — ‘endless’, u-borot’-0 — ‘kind; without malice’, u-sasvel-0 — ‘helpless, beyond help’,
u-sinatl-o — ‘sightless, blind’, u-sxeul-o — ‘immaterial’, u-xipat-o — ‘safe’, u-xmaur-o —
‘noiseless’ — 44 words.

u- -ur/-ul: u-per-ul-i — ‘pale, colourless’, u-bed-ur-i — ‘unlucky’, u-gem-ur-i — ‘in bad taste’,
u-gun-ur-i — ‘senseless’, U-k’ac-ur-i — ‘uninhabited’, u-sakm-ur-i — ‘idle’, u-sus-ur-i —
‘feeble’ — 42 words.

The names of the former condition

The type of names of the former condition expresses the existence of what the name was before.
Expressing the previous situation is considered as the specific peculiarities of the Georgian derivation that
was first noted by A. Shanidze [2].

The Georgian language is able to describe a certain thing showing what it looked like in the past or
how it is at present in comparison with the past one. The derivate expresses different forms of existence.
Semantic relations between the basic word and the derivate shows:

a) The thing, which was the same as the one expressed by the title word:

minist’ri - ‘Minister’ — na-ministr-al-i - ‘The person who once worked as a minister’,

yma - ‘serf” — na-ym-ev-i - ‘“The person who once was someone’s serf’
b) The place, where there was the thing the title word expresses:

sopeli - ‘village’ — na-sopl-ar-i - ‘a place, where once was a village/which used to be a village’

venaxi - ‘vineyard’ — na-venax-ar-i - ‘a place, where once was a vineyard”)

¢) The thing that was in the place the title word indicates:

saydari - ‘church’ — na-saydr-al-i - ‘an object, where once was a church”)

saxli - ‘house’ — na-saxl-ar-i - ‘an object, where once was a house”)
d) The time that has already passed:

gviani - ‘late’ — na-gvian-ev-i - ‘to be late more than expected’,

Suadye - ‘noon’ — na-suady-ev-i - ‘afternoon’.

The types of former situation are produced by na-, na- -ev, na- -ar/al affixes: This type of word
processing is quite productive in Georgian. The writer has also produced a number of interesting words:

na-samsobl-ar-i — ‘a country, which used to be a motherland’,

na-balax-ar-i — ‘a place where grass grew (last year)’,

na-gamocd-ar-i — ‘a person who has just passed an exam’,

na-dyeob-ar-i — ‘a person who has just had his/her birthday’, ‘a person who has just been at birthday
party’,

na-mdinar-ev-i — ‘a place where once used to be a river’,

na-sxvis-ar-i — ‘smth which used to be belong to to smb’,

na-creml-ar-i — ‘that means: signs of tears on the letter’,

na-yvin-ar-i — ‘tipsy see’,

na-yvin-ev-i — ‘after a few drinks of wine’.

The words expressing profession

There are two models in the type expressing profession, both models are produced by affixes:
me- -e and me- -ur/-ul. The names of profession are mainly produced from the stem of noun. There are
quite a few models of me- -ur/-ul (me-zyva-ur-i — ‘sailor’, me-barg-ul-i — ‘porter’).

Many of the words used by the author in the corpus are not used at present because such
professions do not exist anymore:

me-drog-e — ‘a person who drives four-wheel cart’,
me-et’[-e — ‘coachman’,
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me-tuluxc-e — ‘water-carrier’,
me-urm-e — ‘carter’,
me-cixovn-e — ‘fortress guard’,
me-xark’-e — ‘tribute-collector’.

However, me- -e circumfix is rather productive in contemporary Georgian language: me-tevz-e —
‘fisherman’, me-ezov-e — ‘janitor’, me-bay-e — ‘gardener’, me-val-e — ‘creditor’, me-nagv-e — ‘garbage
collector’.

In general, such types of names are easily generated from nouns. Derivate is not necessarily to
express a profession or speciality. Sometimes it can be a characteristic or a feature. There are many
examples of this in the corpus:

me-saiduml-e — ‘a person who is good at keeping others' secrets’,
me-login-e — “‘woman who has just given birth’,

me-ambox-e — ‘rebel’,

me-ojax-e — ‘family man/woman’,

me-zyap r-€ — ‘tale-teller’,

me-ocneb-e — ‘dreamer’.

The names expressing degree

In the names expressing degree there are two models. Comparative is produced by u- -es affix
(u-k’et-es-i — ‘better’) and the degree expressing the lack of quality by mo- -0 affix. The latter mainly
refers to the colour — mo-lurj-o — ‘blueish’, the flavour — m-ot 'k ’b-0 — ‘sweetish’, the shape — mo-grz-0 —
‘longish’. The author uses the degree of lack of quality of colour composites for more expression:
mo-mc 'van-0-mo-qavispr-o — ‘greenish-brown’
mo-sav-0—mo-nacrispr-o — ‘blackish-gray’
mo-tetr-o—mo-qvital-o — ‘whitish-yellow’

And the ones that express taste:
mo-myj ‘av-0-mo-¢t ’k ’b-0 — ‘a sour and sweet’.

Diminutives

The main model of this type of derivation in the corpus are the proper names produced by -ik’o
morpheme (Liz-ik’o, El-ik’0) and the words of family members such as ded-ik ‘o — ‘mommy’, mam-ik’o —
‘daddy’, da-ik’o — ‘little sister’, zam-ik ‘o — ‘little brother’, etc. Such a word derivation is used 65 times in
the corpus. According to the context, the author sometimes uses such derivative forms in an ironic way
(kmar-ik’o — ‘diminutive form of husband’, biz-ik’o — ‘diminutive form of uncle’). In general, there are
several derivative affixes, which produce diminutive forms in Georgian; however, they are rarely used in
the corpus.

The names expressing assignment

The type of assignment is represented in the corpus by three models: sa- -e (25 words), the most
productive affix sa- -0 (213 words) and sa- -ur/ul — 20 words. Derivates show to whom or what the title
word belongs to, what it is assigned for.

sa- -0: sa-mogzaur-o0 — ‘for travelling’, sa-aydgom-0 — ‘Easter’, sa-zeim-o0 — ‘festive’, sa-avadmqop-o0
— ‘hospital’, sa-bedisc er-0 — ‘fatal’.

sa- -e. sa-bost’'n-e — ‘place for vegetable garden’, sa-tval-e — ‘spectacles’, sa-tit-e — ‘thimble’,
sa-k’ab-e — ‘dress material’, sa-k ac-e — ‘stretcher’.

sa- -ur/ul: sa-pas-ur-i — ‘money/payment (for sth)’, sa-ganz-ur-i — ‘place to store treasure’, sa-th-ur-i
— ‘heating’, sa-gz-ur-i — ‘sanatorium voucher’, sa-dg-ur-i — ‘the place where smb can settle’.

Declination affixes

There are two models of type of the names that are produced by declination affixes. The affixes
are: -it the marker of Instrumental case and -ad the marker of the Circumstantial case. The affix -it is

123



Nino Javashvili, Anna Chutkerashvili

often used to produce grammar terms e.g. vneb-it-i (the passive), k’itxv-it-i (interrogative), ¢veneb-it-i
(demonstrative).

The trend of growth of the usage of -ad affix is evident in modern Georgian. Everyday new words
are produced with this affix (qureb-ad-i — ‘watchable’, cnob-ad-i — ‘knowable’, k’itxv-ad-i — ‘readable’).
However, the model is not productive in the corpus.

Prefixal word-formation

Prefixal production is not common in modern Georgian. However, linguists believe that such
production was natural for the old Georgian and the prefixes were grammar class signs [3].

The exception is the prefix ara- ‘no’ in Georgian, which gives an opposite meaning to a word and
is rather productive affix. The prefix ara- ‘no/non’ occurs in corpus 123 times.

ara-bunebrivi — ‘unnatural’, ara-tanabari — ‘unequal’, ara-mic ‘ieri — ‘unearthly’, ara-seriozuli —
‘not serious’, ara-poet ‘uri — ‘nonpoetical’.

Adjectives

Adjectives are represented by separate derivative type, which are produced by -ur/-ul suffixe. This
suffix, in addition to the above-mentioned names of origin, also produces adjectives and expresses the
character of the object, the name of which it is attached to, etc. at’om-i—at’om-ur-i — ‘atom—atom-ic’,
t’eknik’a—t’eknik’-ur-i — ‘technology—technical’, gmir-i—-gmir-ul-i — ‘hero-heroic’, arkit ekt ura—
arkit’ekt 'ur-ul-i — ‘architecture— architectural’), etc. There are 132 such type of words in the corpus.

Lastly, the diagram below shows the derivative affixes of all models considered in the paper.
Statistical data about the affixes used in the corpus are also presented in the paper (the quantity and
percentage of the derivative words).

Derivation Models

u- -ur/-ul

-ad
U- -0
u- -es _del

-el
-eul
-ier

-iko

-iur/-iul

Statistic data of derivation affixes. -ad — 15 (0%), -del — 55 (1%), -eba — 383 (8%), -ed — 22 (0%), -el —
201 (4%), -eul — 29 (1%), -ian — 377 (8%), -ier/-iel — 61 (1%), -iko — 57 (1%), -it — 14 (0%), -iur/-iul — 71
(2%), -oba — 1086 (24%), -osan — 19 (0%), -ovan — 46 (1%), -una — 4 (0%), -ur/-ul — 360 (8%), ara- —
124 (3%), me- -e — 140 (3%), me- -ur/-ul -16 (0%), mo- -e — 18 (0%), mo- -0 — 8 (0%), na- -ar/-al — 126
(3%), na- -ev — 40 (1%), na- -ur/-ul — 5 (0%), sa- -e — 25 (1%), sa- -0 — 213 (5%), sa- -ur/-ul — 20 (0%),
Si- -e — 936 (20%), u- -es — 54 (1%), u- -0 — 44 (1%), u- -ur/-ul — 42 (1%).

124



Derivation Models According to Otar Tchiladze Text Corpus

0903530990 3mEYdO MMM Fowrsdol GMBsbgdol GgduGme 3n®M3Mido
60602 535030000, 565 B9(939(95830¢70
M9Bomady

LEHoG05do FoMImEYgboros IM03530990 FMEYMIB0 MMM Fosdol bofo®dmgdgdols
A9JbAHMOH0 3MO3MLOL dobggom. Bsh3zgbgdos LoEY35HoMTMYd0m0 BsdsMWgdgdol 3006303900
Q5 3530909090900, LoGY35§oMBMYBOL 459mYygbgdol BMEOIYOO s LETMOEdIdO.

LoEYzoHoMIMgds 96mdMog0 (3m©boL 3603369 mgsbo boffowros s 4mEolbdmdl gbsdo
osbogwo  @gdbognmo  gohmggdol  Gomdmddbsl,  MMmdwgdog  Lobgeol  gwmdgby
Lo@Yz0850oMmaMgdgo  s530dlgdol  EsMHM30m  doowgds.  LoGY3oL  doMDBY  IMMWWO
Lo@yzo85(omamgdgwo  gwgdgbBgdo Lbgoolbgoazsm od&ogmdsl 0Bgbab o, 935Lmsb, doom
bbgoolbgs  d0boo®lMdMO30  ©OGHZ0MMZs  9J3m.  980L  @om35¢obfobgdom,  LEsG0sdo
2396b0oMEos 95 3390 0BMEoMGRWMWwo bo@yzsdafomdmgdgwo gwgdgb@gdo, sMsdgo
9930, HMIgdos 99 gengdnb@gdl dmoiszgb.

JepuBanyoHHsIe MOZENH B TEKCTOBOM Kopiryce pomaHoB Orapa Umragse
Huro /Prapamsrrmn, Arra Yyrrepamsrnmn

Pesiome

B craree mpexcTaBlIeHBl JepUBAIlMOHHBIE MOJEIM HAa MaTepHaje TeKCTOBOrO KOpIIyca
mpousBegenuii Orapa Ywmimazze. IlokasaHbl IPUHIUIBI M OCOOEHHOCTH CJIIOBOOOpa30BaTeIBHBIX
cpenCcTB, GOPMBI ¥ BOSMOXXHOCTY IIPYMEHEHUS CI0BOOOpa30BaHUM.

CrnoBoo6pa3oBaHue 3HAYUTEIbHASA YaCTh BIAJEeHN A3bIKA M I0pa3yMuBaeT (pOpMUpPOBaHUE B
HEM  HOBBIX  JIEKCHMYECKHUX  eJUHHWI[, KOTOpble  O0pasyloTCcsi  NpH  IIPUCOefeHEeHUHU
CJI0BOOOpa3oBaTeNIbHBIX ap(PUKCOB C OCHOBOM KMeH CyllecTBUTeNbHBIX. (ClI0BOOOpasoBaTeIbHBIE
DJIEMEHTH IIPU COeJeHeHUHW K OCHOBE CJIOBA TIPOSBJIAIOT Pa3Hble aKTUBHOCTU U IIPU 3TOM HMEIOT
pasTuuHBle  CcOomepXXaHWA. B craTke  pacCMOTpeHBI  He  OTZeJbHble  HM30JIHPOBAHHEIE
CJI0BOOOpa30BaTeIbHbIE DJIEMEHTHI, 8 MOJENIH, COlepXKallyie STU dJIeMEHTSL.
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(ninomaskh, liasams)@yahoo.com

Pestome

B crarse paccMaTpmBaeTCA CyIeCTBEHHBIE HUepPTHI POJEBBIX IPH3HAKOB «CEHTEHITMATBHBIX
IIPUMHMTHEOB» ¥ KOHKPETHO IIPMMHUTHBEI, COfiepXKalllie MM IpHJIaraTeIbHOe TPYy3HMHCKOTO A3BIKA M
MOZeNb WX ABTOMATHYECKOIO IIepeBOja HA AHIIMHCKME A3BIK. B 3aBHCHMOCTH OT TOro, MMA
IIpWIaraTeJpHOE C KAaKMM WIEHOM IPEeAJIONKEHHSI CBA3aHO M KAKyI0 POJb OHO BBIIOJIHAET B
IIpeiJIO}KEHHH, BEI/Ie/IEHBI THIIBI CeHTeHITNAIBHBIX IPUMHUTHBOB.

Ecmu B mpouecce mepeBoja o6a A3bIKa OyZAyT obecHedeHBI CpeiCTBAMHM pacujleHeHHd Ha
TIIPUMMTHBH ¥ HAO60POT, COCTAaB/IeHWs BBHIPLKEHWUA M3 IPHUMHTHUBOB, TO IIPOLECC HOBOJMUTECA ZO
YPOBHA IlepeBoZja IIPUMUTHEOB, T.e. IIPOU3OIiZIeT IpeeNbHOe YIpoleHne 3a7a4u epeBoga. Bompoc
paccMOTpeH Ha KOHKPETHBIX IIPHMepax.

Kirrogessie cioBa:

aBTOMAaTHYIECKHH II€EPEBO/, CEHTEHI[HA/IBHBIE IIDUMHTHBBI, DO/IEBBIE CTPYKTYPDBI

OnHuM M3 OCHOBHBIX BOIIPOCOB COBPEMEHHOH JMHTBUCTHKU fABJIAETCA M3ydeHHe Ipobiem,
cBsa3aHHBIX ¢ mepeBosoM. OcCOGEHHO aKTyaJbHBIMHM CTajd I[EPeBOABI C TPY3MHCKOrO s3bIKa Ha
AHIIMACKUN ¥ HaO0OPOT C AHIJIMHWCKOTO HA IPYSHHCKUIM, COOTBETCTBEHHO, BOIIPOCHI, CBA3AHHBIE C
STHM IIPOILIECCOM, CTaIX OOBEKTOM CIIeLMaNbHBIX HMcCremoBaHuii. Kak m3BecTHO, e mepeBoja -
II€peBeCTH 3HAYE€HME BRIPA’KEHUA C OZHOTIO A3BIKd Ha ,upyroiz’l, TaK ‘-ITO6I)I IIepeBOJ KaK MOXHO MEHBIIIE
oTmyaics or opuruHaia. [Ipo6ieMa mpuMeHeHUs rpaMMaTUYeCKuX GOPM U 3HAYEHUU B IIEPEBOZE
Maj0 W3yYeHa M WCCIeJOBaHA. Bosblle BHUMAHUS YIeMIeTCs JIeKCHIeCKUM HEeTOYHOCTAM U
HECOOTBETCTBUAM. A YTO Kacaercs pOJM IPaMMATHK{ B IIEPEBOZE, TO 9TO OCTAeTcs 0e3 BHUMAHUA.
JocTibkeHNsT COBpeMeHHOM JTMHTBUCTUKY [I0KA3a/Ia, YTO AJIA OCYLIECTBIEHUS IIOIHOTO aeKBaTHOTO
mepeBojia HeOOXOZ¥Ma CBA3b BO B3aMMOZJEHCTBUU MEXAY JIEKCUKOM M rpaMMaTHKON. ['pammaruka,
KaK COBOKYIIHOCTH IIPaBUJI, UTPaeT BAKHYIO POJIb B COEJUHEHUU CJIOB ¥ B IIPABUIBHOM COCTAaBIEHUU
HPeﬂJIO)KeHHI;'I. ITo COBPeMeHHOfI JIMHTBUCTUYECKOM Teopuu, aBTOPCKI/Iﬁ CTHJIb TIIPOABIAETCA W IIpHU
BLI60PE KOHKPETHBIX I'PAMMATHIECKUX (bOPM HePeBOﬂ‘{I/IKy IIpUXOAUTCA PEIlaTh T'paMMATHIECKHE
IIpOoOIeMBL.

Cormacuo pabore A. B. ®emoposa «OcHOBEI 00Ieil Teopuy MEpeBOfa», MPOLECC IEPEBOJA
TpefyeT 3HAHUA 3aKOHOB KaK II€PEeBOAKMMOrO S3bIKA, TAK U A3BIKA, Ha KOTOPHIN IIePeBOLUM U KaK 3TU
SA3BIKH COOTBeTCTByIOT ,E[pyl" C ,Z[pyI'OM. HOCKOJII)KY IrpaMMaTHU4YeCKHe CHCTEMbl Pa3HBbIX SA3BIKOB He
COBNAZAIOT APYr C LPYrOM, TO MHOIZA TOYHOCTH II€PEBOZA KOHKPETHOM IPaMMAaTHYeCcKON (OpMSI
HEBO3MOXXHO AOCTWYb. VIHOTZa Iyid KOMIIEHCAIMY PAasHULBI MEXAY IPAMMATHKAMHU JABYX S3BIKOB,
II€EpEBOAYHK BBIHYXAEH MCKATh COOTBETCTBHE MEXKAY BBIDA’KEHHAMHU HA APYTOM YPOBHE A3BIK4, Ha
KOTOPBI# OH mepeBogut [1].

CMLICJ'I ]IIO6OI‘O A3BIKOBOTO BBIPpAXXEHUA MOXHO IIPenCTaBUTh B BHAE IIPOCTHIX, TakK
Ha3bIBAE€MBIX, «CE€HTEHIINAJIbHBIX HPI/IMI/ITI/IBOB» [2], Me)K,I[Y KOTOPLIMI/I COXPaHeHBI CeMaHTHhU4YeCKue
oTHOIIeHuA. B IpeaIoKeHN Ka}K,E[BII‘;I IIPUMUTHUB BbIpAXXaeT OT,ZLeJIBHBIfI (1)31{'1", ABJIEHHWEe, a HX
COBOKYIIHOCTH O0€CIIeYMBAET BBIPLKEHHME COJEPXKAHUA KMCXOLHOTO BBICKA3bIBAHMA B LEJIOM.
OTHO].HeHI/IH, CymeCTBYIOm e MEeXAY «CEHTEeHIaJIbHBIMU IIPUMUTHBAMW» IIPXCBANBAIOT IIPUMUTHBAM
OllpeJieJieHHbIe CeMaHTHYeCKHe POaU [3], KOTOpble OHM WCIIOJHSIOT B I€JIOM BBIPOKEHUU.
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BeigesiseTcss JOMUHAHTHBIN IIPUMUTHUB, COAEPIKALIII OCHOBHOE 3HAUeHUE BBIPAXKEHUsS, HA KOTOPOM
cobpaHbl BCe OCTaJbHbIE IPUMUTHUBEL. Kpome TOro, caMy IIPUMUTHBBL BBIP@XKAIOT IIPOCTHIE
Ipe/IOXKEHUs, KOTOphle, B CBOIO OdYepenb, UMEIOT COOCTBEHHYIO POJIEBYIO CTPYKTypy. MoxHO
YTBEPXK/JATh, YTO IIPEIJIOKEHVE MOXXET COZEPXKaTh HE TOJNBKO KaKHe-IHO0 KOHKpeTHbIe BapHAHTHI
«CeHTEeHIIMAIbHBIX IIPIMUTIBOB», a LEIbIH P/, UX TeKCUIeCKUX CHHOHUMOB [4].

Ecnin B mpouecce mepepoga o6a s3sika OynyT obecliedeHBl CpeICTBAMM PacueHEHHUS Ha
IPUMHUTHBEL XU HAO0OPOT, COCTABJIEHWs BBIPAKEHUS M3 IIPUMUTHBOB, TO IIPOLECC LOBOAUTHCA [0
YPOBHS IlepeBOfid IPUMWTHBOB, T.e. IIPOMU3OHIET IIpefeibHOe YIPOIeHMe 33hadyu IepeBoza. B
YaCTHOCTH, [JIsf IPY3HHO-QHIJIMACKOIO IIepeBOfa LOCTATOYHO Oyfer A IPY3HMHCKUX IIPHMMHUTHBOB
HANTH aHTJIUICKHE COOTHOLIEHUA U HA00OpOT.

PaccmoTpum  cymiecTBeHHBIE  UEpPTHL  CTPYKTYPHL  COZEP)KAHWS  POJIEBBIX  IIPU3HAKOB
«CEHTEHIMAIbHbIX IPUMHUTHBOB> U KOHKDETHO IPHUMUTHBBI, COJEpXKallye HMs IIpHaraTelbHOe
IPY3MHCKOTO SI3BIKA Y MOZEJIb UX aBTOMAaTUYeCKOTO II€PEeBOZA Ha aHTJIMICKUIA A3BIK.

Ilens anropurtma - HafTW WMA I[PUJIATaTebHOE B KaXJOM OTHEJBHOM CEHTEHIUaIBHOM
[IPUMUTHBE, YCTAHOBUTH C KaKUM WIEHOM OHO CBSI3aHO, OIIPEJe/NUTh KaKyl0 CHHTAKCHIECKYIO POJIb
OHO UTpaeT M TOJBKO IOCJIe 3TOro Oyzer dpasa mepeBegeHa. YTOGH! BBIPO3UTH COOTBETCTBYIOIUIUI
KOHTEHT, YaCTO CMHTaKCHYECKU JOMHUHUpYIOlee CI0BO TPeGyeT OT 3aBUCHMOIO CJI0BA KOHKPETHYIO
dopmy. IToaTromy, Korza Mbl 3HaeM MMs IpYJIAraTelbHOe C KAKUM YIEHOM CBA3aHO U B KaKoi dopMe,
JIETKO OIpefieIuTh €ro CHHTAaKCHYEeCKyl0 poab B mpexnoxenuu. Hampumep, xorza wums
[IpUJIaraTelbHOe COIJIACYETCS C MMEHEM CYyLIeCTBUTETIbHBIM, MbI YK€ 3HAeM, YTO OHO BBICTYIIA€T B
POJIH OIIpeZieIeHuUs ¥ COOTBETCTBYIOIUI TepeBoy;, Oy ieT peaIn30BaH.

B 3aBucuMOCTH OT TOrO, MMs IIpUJIAraTeJbHOE C KAaKUM YIEHOM IIPEIJIOXKEHHUSA CBI3aHO U
KaKyl0 pOJIb OHO BBIIOJIHSET B IIPEJJIOKEHUU, BBIAEISIOTCS CIeIYIOUIMe THUIBI CeHTeHI[UAIbHBIX
[IPUMHTHBOB:

1. Vimsa mpuaratelbHOe, CBA3aHHOE C MMEHEM CYLIECTBUTEIBHBIM B POJM OIpeIeeHus -

mayali mta, mtani mayalni (BbICOKast TOpa, TOPHI BEICOKHE).

CoracoBaHUe B IPY3HHCKOM S3BIKE MEXy HUMU MOXeT OBbITh U B YHCIIE, B TO BpeMS Kak,
IIepBOE, B AHTJIMICKOM sA3BIKE HE MMeeM IIOCTIO3HIIMOHHYIO CTPYKTYPY, 8 BO-BTOPBIX, UM
[pujaraTeJbHOe OyZeT CTOSATh B €JUHCTBEHHOM YKC/IEe B HE3aBHCHMOCTH OT TOTO, B
KaKOM 4HCJIe CTOUT UM CYLIeCTBUTEIBHOE, B €MHCTBEHHOM FUIM BO MHOXECTBEHHOM. -
high mountain, high mountains.

2. Vmsa mpuararesnbHOe, CBS3aHHOE C MMEHEM IIPHIATaTeNbHBIM - muki mc’vane -'dark
green’(TeMHO 3eJIeHHBII).
3Iech oCyLIecTBIIIeTCS IPAMOIL IIepeBoz; 6e3 KaKUX-T100 M3MeHeH M.

3. UWwms mpuiaratelbHOE B TBOPUTENBPHOM IIafieXke, KOTOpPOe SBJIAETCS HAapedneM WU
BBICTYIIAeT B POJM OBCTOATENBCTBA, CBS3aHO C IJIAr0JIOM, C IIPUYACTHEM IIPOLIEZIIETO
BpeMeHU WJIM C TepyHIuH - cudad gaak'eta -‘he did badly’ (Ou cpeman mnoxo), cudad
gaketebuli - ‘badly done’ (twroxo caenaunsiit), cudad gak eteba - ‘bad doing’;

4. TouHO Tak e, KaK B IDY3MHCKOM, TaK U B QHIJIMHCKOM SI3bIKe, HAPEUHs IIPOM3BOJITCH,
TJIABHBIM O0pa3oM, OT OCHOBBI MMEHHM IIPHJIATaTeJbHOTO, OHU CBSI3aHBI C IJIATOJIOM U
BBICTYIIAIOT B pOIM OOCTOSTENbCTBA oOOpasa feiictBus. IlpuiaratensHoe B ponu
HO/JIE)KAIIETO - B TPY3MHCKOM fA3BIKEe MMs [IPUJIaraTeJbHOE HMHOTIZA MOXXET BBICTYIIATH B
POJIH IOAJIeXanero. AHaJIOTMYHO 3TO IPOMCXOILUT U B aHTIMUCKOM SI3BIKE, HO B 3TOM
clydyae, K VMEHM IIPIJIATATeNbHOMY HOGaBisercs aprukinb. Hampuwmep, k'etili massi
borot’ze zlieri iyo - ‘The good in him was stronger than the bad’ (zo6poTa B Hem 6bl1a
cuipHee 3/10CTH). Eciu nMs mpusaratensHoe obasHavaeT KakKoii-1ubo Kiacc JTiofel, To B
TPY3MHCKOM OHO IIEPEXOAUT BO MHOXECTBEHHYIO GopMmy - the rich - mdidrebi (Goratsre),
the poor - yaribebi (Genusie), the old - moxucebi (crapsre, IOXUIbIE).

5. VImsa mpuaratesnsHOe B ponu mONOnHeHUs - dids eubnebodnen - ‘They were talkink to
the big’ (FoBopunu c GompmuM). 3mech MM IIpUIaTaTeIbHOE BBICTYIIAeT B POJIH
CYILIECTBUTEIBHOIO, U CI€L0BATENBHO B aHIIMICKOM, JOOABIISETCS apTHKIIb.
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6. Vmsa mpusaraTesipHOe B POJIM MMEHHOH YacTH CKasyeMoro - zarmaci iyo - ‘he was lazy’
(menussIit 6511), dyes zyva ¢ ynaria ‘Today the sea is calm’ (Ceroans Mope CIIOKOMHOE) .

7. Vima mpunaraTebHOe B TPY3MHCKOM S3BIKE€ JABYX THUIIOB: OOCTOATENBHOE U
orHocuTenpHoe. OOCTOATENbPHBIE 5TO II€PBUYHBIE IpuiaratenbHsle: didi - ‘big
(Gosbiroii), savi - ‘black’ (uepwmsiit), grzeli - ‘long’ (mnuuusii) u 1. 4. Takoro Tuma
[pyjIaraTeIbHbIE, CO CBOMMY (pOpPMaMy CPaBHUTENBHOM CTEIIeH Y, BKIIOYEHEI B CJIOBAPU U
MX aBTOMATHYeCKUe [IePeBOBI JIETKO PealInu3yIOTC.

B aHrIMiICKOM S3BIKe MM IIPUJIaraTeIbHOE NMeeT TPYU CPAaBHUTE/IbHbIE CTEIIEHI: TO3UTHBHEIE

(the positive Degree - long), cpasrurenstsie (the Comparative Degree - longer) u nmpeBocxoztste (the
Superlative Degree-longest). CpaBHuTenbHble U IIPeBOCXOLHBIE (OPMBI IIPOU3BOIATCS ABYMS
cmocobamu: 1. ¢ cybdukcomu —er u —est; 2. CllenMaabHBIMHU CIOBAaMU: B CPaBHUTEJNBHBIX (popmax
ZobaBigeTcs CIOBO MOre, a B IPEBOCXOLHBIX popMax — ca0Bo most. Takum crrocob6om GopMuUpyoTCsa
MHOYXECTBO [JBYCJIOTOBBIX ¥ BCE MHOTOCJIOTOBbIE (POPMBI CPABHUTENBHOM CTEIIEHN IIPUIaraTeIbHBIX.

B rpysuHcKoM si3bIke Tako# guddepeHIuanNy He CYLIeCTBYeT, UM IIPUIAraTeJbHOe MMeeT

TpH GOPMEIL:
1. Micxopuas popma — BeIpakaeT IIOIOKUTENbHYIO cTeneHs (graeli - long’ pnunmsii),
2. ITpeBocxomuast opma — IIOKa3bIBAET, YTO CTEIIEHb CBOMCTBA OOJbIIE, YeM B HCXOLHOM
dopme (ugrzesi — HauATMHHEHI ML)
3. «OpHaobutn» GopMa - IOKa3bIBAaeT, YTO CTEIIEHb CBOMCTBAa MeHbIIE, YeM B HCXOAHOM
dopme (Mogrz0 - AIUHHOBATHI)
Kax Buzum, sTu fBa s3bIKa BenyT cebs 1o pasHomy. Eciu mepeBemem anrnuiickue ¢hopMsl Ha
TPY3UHCKUI, IIOJIyYUM ClIeyIolee:

IlosuTuBHEIE CPaBHUTEJIbHBIE IIPpEeBOCXOAHbBIE

big — didi (6op1r071) bigger — ufro didi (eme 6oxpme) biggest — udidesi
(peGopmIoit)

difficult-gneli (tpyzusiit)  more difficult - ufro zneli (Tpyzree)  most difficult - uznelesi
(HauTpyHeH L)

I'pysunckas «omHao6uTH» HopMa BeipaxxaeT (HakT, ITO y IIpesMeTa JAHHOE CBOMCTBO NMEETCS B
MeHbIIeM KOJIWYeCTBe, YeM B MCXOAHOH dopme: mocitalo - ‘reddish’ (xpacHOBaTsIi) T.e. HE COBCEM
KpacHsIi, mogrzo - longish (mmuHHOBaTHII) — T.e. He COBceM MIMHHBIN, motk’bo - ‘sweetish’
(cmamKOBaTHIN) — HE COBCEM CJIafKUIA.

Yro KacaeTcss OTHOCHUTENBHBIX IIPUJIATaTeIbHBIX, KOTOpPble B OCHOBHOM IIPOM3BOJSTCS U3
CYILeCTBUTEIBHBIX, TO (DOPMBI CPAaBHUTEIBHOMN CTEIIEHHU Y HUX He 00pasyIoTcs. B croBapsax BKIIOUEHBI
TOJIPKO YaCTh TaKMX IIPUJIATATETBHBIX, ¥ YaCTO HX II€PEBOJ, He OTPaHHYMBAETCSA OLHUM CJIOBOM Ha
aHriauiickom s3pike. Hampuwmep, usargeblo - ‘useless’ (Gecmomesmsiit), uimedo - ‘hopeless’
(Gesnamexusiit), sasargeblo - ‘useful’ (monesusiit), bavsvuri - ‘childish’ (merckuit), xis - ‘wooden’
(mepeBsiuusIit), musik aluri - ‘musical’ (My3bIKaIbHBIH) U T. .

OTHOCHUTeIBHBIE IIpUJIaraTebHble B AHIJIMHCKOM $3BIKE, TAK )K€ KaK U B TPY3MHCKOM, B
OCHOBHOM IIPOHM3BOJATCS OT CYLIECTBUTEIBHBIX C IIOMOILIBIO CY(hOIKCOB, M KOKIBIH U3 HIX BKIIOYEH
B CJIOBAph CO cBOuM 3HaueHueM. Ho GOJIBIIMHCTBO IPY3HHCKUX OTHOCHUTENBHBIX IIPUIAraTeIbHBIX He
BXOZAT B CJIOBAPH U B pe3yybTaTe, CyILECTBYIOU[UEe aBTOMATHYECKHe IepeBOABI IIPe/IaraioT
abCypAHO-MCKaKEHHBIH IIepeBO.

Hanpuwmep: ukudo k'aci - (uenoBek 6e3 manku) google translate mepesen xkak A man who is a
Liar (7).

B rpysmHCKOM SI3BIKE CYIECTBYIOT CI0BOOGpasoBaTebHbIE Cy(PdUKCH, KOTOpEe 00pasyioT OT
HMEH CyIIeCTBUTEIbHBIX UMEHA [IPUIaraTeIbHbIe ¥ 9T CY(P(PUKCH MOXHO OGaBUTh IIOYTH K JTIOOBIM
cymecrBurensHsiM. Hampumep: mupkymbukc u-o, usaxlkaro - ‘homeless’ (6esgomusiit), ukudo -
‘without a hat’ (6e3 mranku). ITo aTOMy BCe BapraHThHI CI0BOOGPA30BaHUS He I1e1eCO00PA3HO 3aHOCUTh
B CJIOBaph, HO IIPH aBTOMATHYECKOM II€PEeBOZie Ppa3pabOTAHHBIM AJITOPHTM IIO3BOJISLET PEIIUTh STY
3a7avy.
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Model of The Georgian-English Automatic Translation of "Sentential Primitives"
Containing Adjectives

Nino Amirezashvili, Lia Samsonadze

Summary

In the article the essential characteristics of the role relations of “sentential primitives” and
specifically primitives, containing the adjectives of the Georgian language and a model for their
automatic translation into English are considered. According to the fact which member of the
sentence the adjective is connected with and what role it plays in the sentence, types of sentential
primitives are separated.

If during the translation process both languages are provided with means of partitioning into
primitives and vice versa, compiling an expression from primitives, then the process will be brought
up to the level of translation of primitives, and the translation will be significantly simplified. The
problem is considered on certain examples.
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Variation of induced otoacoustic emission parameters and speech audiometry data in the
formation of Hidden hearing loss

N.Saralidze, N. Svanidze, A. Tushishvili, N. Sharashenidze
Summary

Latent hearing loss has been investigated by both subjective and objective methods. The study
involved young people age 18 to 30, in the amount of 40 people and people from 50 to 55 years old, in the
amount of 15 people. The participants were divided into three groups. The first was composed of young
users of portable music players, the second group included young people -nonusers and the third group
consisted of adults who did not listen to loud music. Everyone underwent Subjective audiometry in the
frequency range 125-16000 Hz, Evoked otoacoustic emission and Speech audiometry in the noise.
Auditory thresholds at frequencies of 125-8000Hz were normal in all participants. The summary indicators
amplitudes of evoked otoacoustic emission quantitatively or statistically did not differ in the groups. A
significant difference was obtained in results of speech audiometry in noise. In the first group listened 53
words from 100,in the second - 74 and in the third - 63 words. Based on the results of the study, it can be
said that latent hearing loss is best manifested through speech audiometry in noise.

H3MeHeHne napaMeTPOB BHI3BAHHON 0TOAKYCTHYECKOH IMMCCHHU U peYeBoil ayIMOMeTPUH
B nponecce GopMUpPOBaHNs JAaTEHTHOTO IIOHMKEHHUS CIIyXa

H. Capanuose, H. Ceanuoze, A. Tywuweunu, H. llapawenuose
Pesiome

JlaTeHTHOE TOHIDKEHHE CiTyXa OBUIO MCCIEOBAHO KaK CYOBEKTHBHBIMH, TaK U OOBEKTHBHBIMH
MeToAaMH. B mcciaenoBaHny MPUHUMAIH y9acTHE MOJIOBIE JIFOIH B Bo3pacte oT 18 mo 30, B KommdecTBe
40 gemosek u ymna ot 50 1o 55 ner, B koimyecTBe 15 YenoBek. YUaCTHHUKU OBUIH MOJAPA3/ICiCHBl Ha TPH
rpynmsl. [IepByro COCTaBHIIA MOJIOJIBIC TTOJIE30BATEIN MOPTATUBHBIX MY3BIKATBHBIX IDIEEPOB, BO BTOPYIO
TPYMITy BXOIWIA MOJOIbIC HE CIYIIAIOIIAE MY3BIKY MOCPEICTBOM HAYIIHUKOB M TPETHIO COCTABIISIIH
B3pOCTBIE HE CIYIIAONINEe TPOMKYIO My3BIKy. B mpomecce mccienoBaHHS BCEM NPOHU3BOAMIACH
CyOBbEeKTHBHAs ayJAHOMETpHUs B YacCTOTHOM jguama3oHe 125-16000 ['r, BeI3BaHHAs OTOaKyCTHYECKas
SMHUCCHA U pedeBas ayauomerpus Ha ¢ore myma. CiryxoBele moporu Ha gacrtorax 125-8000 ['m 6putn B
mpenenax HOPMBI Yy BCEX YYaCTHHKOB. YCpeIHEHHbBIE MOKa3aTeNnd CyMMAapHOH aMIUTUTYABI, BBI3BAHHOU
OTOAKyCTHYECKOW AMHCCHH, KOJIMYECTBEHHO WM CTATHCTHYECKH IO TPYyNIaM HE OTIMYAIUCh APYT OT
npyra. CylnecTBeHHAs pa3HUIlA ObLIA MOTydeHa B pa300pUMBOCTH CIIOB IpH (HOHOBOM mryme. B mepBoii
rpymnre u3 100 cmoB Opwio yenpimano 53, Bo BTOpoit 74, a B TpeTheir — 63 cioBa. OCHOBBIBasCh Ha
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pe3ynbTaTax MCCIENOBaHMS MOXKHO CKaszaTh, 4YTO JIATEHTHOE IIOHIKEHHE CilyXa JIydIIe BCEro
MPOSIBISIETCSI TOCPEACTBOM PEUEBOH ayJHOMETPUH B COIPOBOKACHHUH IIIyMa
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Development of a Medical Intelligent Decision Support System Based on Association
Rule Mining

Maia Mikeladze, Vadim Radzievski, Nora Jaliabova, Natela Ananiashvili, Dimitri Radzievski

Summary

The problem of medical data mining is considered in order to build a medical intelligent decision
support system. For data analysis, the association rule mining method is used, modified to solve the
medical diagnosis problem. The processing of medical data by the proposed method allows to identify
frequent symptoms and symptom sets for each disease, as well as assess the specificity of the symptoms
found and the confidence of association rules generated from frequent symptom sets. The resulting
associatiation rules make it possible to organize the process of syndromic diagnosis of diseases. The
proposed method was used to process the clinical data of a number of endocrinological diseases. Based on
the obtained association rules, a knowledge base of the intelligent decision support system designed for
diagnosing endocrinological diseases was formed.

Pa3paﬁoTKa MeIUIMHCKOMI HHTeJ’lJ’IeKTyaJ’IbHOﬁ CUCTEMBI MOAACPKKHA NMPUHATUA peme}mﬁ
HA OCHOBE MOMUCKA aCCOIMANMIA

Maiia Muxenaose, Baoum Paosuesckuii, Hopa /{ocansbosa, Hamena Ananuawsunu, [mumputl
Paoszuescruii

Pesiome

PaccmarpuBaercss 3amada  WHTEIUIEKTYyaJbHOTO aHa M3a MEIOWIWHCKUX MHAHHBIX C LENbI0
MTOCTPOCHUSI METUIIMHCKON MHTEJUIEKTYaIbHOM CUCTEMBbI MOIACPKKH NMPUHATHA petieHud. [{ns anammza
JMAHHBIX HCIIOJIB3YCTCS METOJA IIOMCKA acCOMMAIMA, MOIU(PHUIMPOBAHHBIN IUIS pEIICHUS 3aaadyu
MCAUIUHCKOI'0 JUAarHoCTUPOBaHUA. O6pa6cm<a MCIUIUHCKUX HaHHBIX TMPCAJIOKEHHBIM METOAOM
IIO3BOJIACT BBISIBUTH JISI KAXXI0T'O 3a00JIEBAHUS YaCTO BCTPECYAIOIIHUECSA CUMIITOMBI 1 Ha6op1,1 CHUMIITOMOB,
a TaKXKe OICHUTHh CHCIU(UIHOCTh HAWJICHHBIX CHMITOMOB U JJOCTOBEPHOCTH ACCOIIMATHUBHBIX MPABHUII,
MOCTPOCHHBIX HA OCHOBE YacTO BCTPEYAMOIIUXCSA HAOOPOB CHUMNTOMOB. I[I0JydYeHHBIC aCCOIMATHBHEIC
npaBWjia MO3BOJIIIOT OPraHW30BaTh IPOLECC CHHIPOMHOTO JIMAarHOCTHPOBAHUS — 3a00JIEBaHMH.
IpemnoxxeHHsrii  MeTox  OBDI  TpPUMEHEH Jius  O0pa0OTKM  KIMHWYCCKHX  JaHHBIX  psna
SHIOKPHHOJIOTHYCCKUX 3aboiieBaHWil. Ha OCHOBe TIONyYeHHBIX AacCONMATHBHBIX MPaBII ObLIa
chopmupoBaHa 0a3a 3HAHWA WHTEIUICKTYadbHOH CHCTEMBI TOAJCPKKH TPHHATHS  PEIICHUS,
TIpeaHa3aHauYeHHON JJIsl TUATHOCTUPOBAHIS YHIOKPUHOJIOTHYECKIX 3a00IeBaHHUM.
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Identification of New Patterns in the Medical Knowledge Base and their Use in the Tasks
of Diagnostics and Forecasting

Vadim Radzievski, Maia Mikeladze, Dimitri Radzievski , Ilia Okoniani

Summary

The task of identifying new knowledge in the medical knowledge base and its use in the field
of medical diagnostics and forecasting is considered. For the representation of knowledge, one type of
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semantic network is used — the cause-effect network. To identify new patterns, the knowledge
replenishment operation is used. This operation is carried out at the expense of the algebraic
properties of the relations present in the network. This new knowledge provides additional
information that helps to perform the task of diagnostics and forecasting with higher efficiency.

BoisiBjieHH € HOBBIX 33ROHOMepHOCTeﬁ B Me)IHHHHCKOﬁ 0a3e 3HAHMI U HX
HCIOJb30BaHUE B 3aJavYax JTHAHOCTUKH M NPOTrHO3MPOBAHUSA

Baoum Paosuesckuii, Maiia Muxenaose, [Imumpuii Paosuesckuti, Hnvsi OKoHAH

Pe3rome

PaccmarpuBaercss 3amava BBISBICHHS HOBBIX 3HAHMA B MEIUIMHCKON Oa3e 3HaHMH M UX
HCIIOBb30BaHUe B chepe MEIUIIMHCKOW AUATHOCTUKU M HMPOTHO3MPOBAHUS. [IJis MpencTaBICHHs 3HAHHMA
HCIIOJIb3YETCSl OJUH U3 BUIOB CEMAHTHYECKOW CETH - NMPUYUHHO-CIEICTBEHHAs CEThb. JIJIs BBIABICHUS
HOBBIX 3aKOHOMEPHOCTEH HUCIIOJIb3YETCS OTepalysl TIOMOJIHEHUSI 3HAaHUN. DTa onepanusi OCyIIeCTBISETCs
3a CcuéT anreOpaMyecKuX CBOMCTB OTHOIICHHH, IPUCYTCTBYIOIIMX B CETH. OJTH HOBBIC 3HAHHS
MPEJCTABISAIOT JONOTHHUTENBHYI0 WH(QOpMAIMIO, C TIOMONIBI0 KOTOPOH 3adaya JWATHOCTHKH W
MIPOTHO3UPOBAHMUS OCYIIECTBISIETCA C O0Jiee BEICOKOH A (HEKTUBHOCTBIO.
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Unformalized Problems of Medical Diagnosis and Methods for Solving them
Vadim Radzievski, Maia Mikeladze, Dimitri Radzievski, Ilia Okoniani
Summary
Unformalized tasks of medical diagnostics are considered. It is shown that if an object is described
using quantitative features, then methods that rely on the concept of distance can be used to solve the

problem. Objects belong to the same class if the points that represent these objects in Euclidean space are
close to each other. In the field of medical diagnostics, the data set is often presented qualitatively in
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natural language. To solve such problems, a method for comparing vectors is proposed in the work, which
is carried out using the so-called membership function. This function determines the proximity of vectors
in the feature space.

HedopmanuzoBanHble 3a1a4u MeAUIMHCKON THATHOCTHKH U METO/bI HX PellleHUs
Baoum Paoszuesckuii, Maiis Mukenaose, [Imumpuii Paosuesckutl, Hnvs Okousin

Pesiome

PaccmarpuBatoTcs  HedopManHM30BaHHBIE 33fla¥d  MeTUIMHCKOM AuarHoctuku. [loxasaHo,
4YTO ecnu OGBEKT OIMCAH C IIOMOIIBIO KOJUYECTBEHHBIX IIPU3HAKOB, TOTAA AJA PelIeHUs 3aJauu
MOTryT OBITH MCIIOJIB30BAaHBI METOJBI, KOTOpBIE OIMPAIOTCA Ha IOHATHEe paccrosHue. OGBEKTH
OTHOCATCA K OJHOMY KJIAacCy, €CIHM TOYKM, KOTOpBIE IIPEJCTaBIAIOT OTH OOGBEKTHI B 3BKIUAOBOM
IIPOCTPAHCTBe, GIM3KO PACIOIOXKEHBI APYT K Apyry. B obmacTu MeIUIIMHCKOM AMAarHOCTUKKU HAaGOp
TAHHBIX YaCTO IIPeJCTaBIsgeTCs KaYeCTBEHHO HA eCTeCTBEHHOM fA3bIKe. [IJI pelleHMs TaKWX 3a7ad B
pabore mIpezjaraeTcsi MeTOZ, CPaBHEHHA BEKTOPOB, B KOTOPOM HCIIOJAB3yeTCA T. Has. (QyHKIuA
IPUHAIJIEXHOCTA. JTa QYHKIMA OIpefesiaeT OJIU30CTh BEKTOPOB B IPOCTPAHCTBE IIPHU3HAKOB.
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Method of Analytical Heuristics for Identifying Software Flaws
Manana Khachidze, Magda Tsintsadze, Maia Archuadze, Gela Besiashvili

Summary

It is important not only to detect errors and bugs in the software testing process but also to
identify what causes them. Software diversity in means of their functionality, development tools,
algorithms, programming language, end-user, etc. represents the testing process as a multi-parameter
complex problem that is difficult to solve with a straightforward approach. The method of Analytical
Heuristics method is a tool that allows describing a complex task in our case the software with multi-
ple parameters (parameters defining software functionality), also according to the values of the pa-
rameters the method might be used to describe the state of this complex object (based on types of
errors and bugs). A generalized "concept” (generalized description of software with specific types of
errors and bugs) will be developed to describe objects of the same state. Subsequently, these concepts

will create a library of "buggy software” templates.
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565¢0303MG0 g3MoLE03g00l 3gmmEO 3HGMYMTMo MBOHWbZgEygmRBOL ...

Meroz, aHaIMTHYIECKO#H SBPUCTUKHY JIJIA BbIABIEHUA HEJOCTaATKOB IPOrPaMMHOIO
obecneuenus
Marana Xaunzgse, Marga L[uriazse, Matigz Apiyazse, era becuamsuin
Pesiome

B mporecce TecTHpOBaHUSA NIPOrPaMMHOIO OOeCIedeHMs BAXKHO HE TOJIBKO OOGHAPY>KUBATh
ownGKY, HO U BBIABJIATE IIPUINHEL UX BOSHUKHOBeHMs. PasHooGpasue nmporpaMMHOro obeciiedeHus B
CMEBICIIe €T0 (PyHKIIMOHAIBHOCTH, CPEJCTB Pa3pabOTKHU, aITOPUTMOB, A3bIKA IPOrPAMMUPOBAHUA, KO-
HEYHOTO IIOJIb30BATeIA U T.I. IIPEJCTaBIAET IIPOLECC TECTUPOBAHUA KaK MHOTONAPaMETPUYECKYIO
CJIOXHYIO 33/ja9y, KOTOPYIO TPYAHO PELIUTh C MOMOIIBIO IIPOCTOTO MOAX0oha. MeTon aHaIuTUIeCKOi
SBPUCTUKY - 5TO UHCTPYMEHT, KOTOPHII II03BOJIAET OIIMCATH CIOXKHYIO 337a4dy B HallleM CIydae C Ipo-
IpaMMHBIM obecliedeHreM ¢ HeCKOJIbPKUMU MapaMeTpaMu (IlapaMeTpaMu, OIpee/IsiomuMy GpyHKITH-
OHAJIPHOCTH IIPOTPAMMHOTO 00eCIIeYeHH ), TAK)Ke B COOTBETCTBUU CO 3HAYEHUAMH IIapaMETPOB, KOTO-
pBIe METOZ MOXKET MCIIOIB30BATh IS OIMCAHUS COCTOSHUS 3TO CIOXKHBIH 00BEKT (Ha OCHOBE THUIIOB
omwn6ok u omubok). OGobueHHAsA «KOHIenIus» (0000IeHHOe OIIMCaHKe IIPOTPaMMHOTO obecieye-
HUA C KOHKPETHBIMU THIIAMU OIIKXGOK U omubok) Oymer paspaboTaHa [Is OMUCAHUA 0OBEKTOB OLHO-
IO U TOTO K€ COCTOSHUA. BIociemcTBuy, 5TH KOHIEIIUU CO34aAyT OMOINOTEKy IaGIOHOB C «OIIN-

GOYHBIM IIPOrPAMMHBIM ObecIiedeHIeM»
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Multifunctional Software for Sport
David Khachide, Tengiz Kvekveskiri, Manana Khachidze,

Summary

In this paper, a new approach is offered regarding sports management systems using a judo
example. This is mainly to manage information screen by administration and to give information
through the screen display to spectators during the contest on a national level. Moreover, the latter
forms a database by uniting all the players and held tournaments in Georgia as well as a managing it’s
panel. An application includes an algorithm that can make a list of paired contestants and afterwards
you are given a chance to modify the timetable. In addition to this, the algorithm can match
participants to compete for the 3rd position.

This program can be used by a non-authorized person for informational purposes and by an
authorized person for governing occasions on several stages. The application is meant to be working
in a real time state, which directly reflects into exchanging information asynchronously from
administrator to a spectator. This enables every person to follow the news whether they attend or

remotely use a display screen.

MHorodyHKIHOHaIPHOE MPOrPaMMHOe oGecIiedeHIe AL CIIOpTa
apmug Xaunge, Terrus Ksexpeckupn, Manana Xaumzgse,

Pesrome

B paGoTe mpezjaraeTcs HOBBIH IOAXOZ K CHCTEMaM CIIOPTHBHOTO MeHeIXMEHTa Ha IpHMepe
I310710. DTO IJIABHBIM 00pa3oM A YIIpaBleHUs NHPOPMALMOHHBIM SKPaHOM aAMUHUCTpaueil u s
IIpesoCTaBIeHns NHGOPMAIUK Yepe3 SKpaHHOe O0TOOpakeHue 3pUTEIM BO BpeMs COPEBHOBAaHUA Ha
HAI[MOHAJTBHOM YpoBHe. bosee Toro, mocnepHsas cdopMmupyer 06asy ITaHHBIX, OOBEIUHAL BCEX

CIIOPTCMEHOB M IpOBOZAMMX TypHUpPH B ['pysumio IIpumoxenuwe BKiIOuaeT B cebA aJrOPUTM,
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KOTOpBIfI MOXeT COCTaBUTh CIHCOK IIAPHBIX Y4YaCTHHUKOB, M IIOCJI€ BSTOr0 IPeAoCTaBIAETCA

BO3MOXXHOCTH U3SMEHUTH paCIIiCaHHUe..

HporpaMMa MOXKET HMCIIOJIb30BATHCA HE YIIOTHOMOYEHHBIM JIUIIOM B I/IH(I)OpMaLH/IOHHBIX meaax

1 YIIOTHOMOYE€HHBIM JIMIIOM [JI YIIPABJIE€HMA MEPONIPUATHAMHN HAd HECKOJIIBPKHUX dTallaX. HPI/IJIO)I(EHI/IE

IIpefHa3Ha4Y€HO OJIA Pa6OTI>I B peXHMe peajIbHOIO BpEMEHH, YTO HAIIPAMYIO BIHAET Ha aCI/IHXPOHHBIfI

obMeH HH@)OPM&HHEI;'I OT aAMHWHUCTPATOPa K 3pHUTEIIIO. DTO TO3BOJISAET KaXXAO0MY Y€JIOBEKY CIeIUTH 3a

HOBOCTAMH, HE3ABHCHMO OT TOT'O, IIOCEIIAIOT OHM MJIN YAdJIEHHO HMCIIOJB3YIOT 9KpaH AUCILIIEA.
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Use big data to increase knowledge
Papuna Qarchava, Lika Sikharulia

Summary

In presented paper are discusses big data, sentiment analysis, e-learning and cloud technologies.
Here are their brief descriptions. The article is about improving the quality of learning in higher education
institutions using these technologies. According to the author, the use of sentiment analysis method
allows to fully automate the student survey process. In particular, machine learning methods can be used
to teach the relevant system using students' electronic assignments, which are sorted according to the
grades received. Then, using sentiment analysis, the tasks will be checked. By automating student
assessment, the teacher is relieved of routine activities and will be able to direct his or her energy toward
improving the course.
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Hcnonn3oBanne 00JbIINX JAHHBIX ISl NOBbIILIEHUS 3HAHUIT
Ilanyna Kapuasa, Jluxa Cuxapyaus

Pe3rome

B aToii craTthe pacCMaTpuBarOTCA 0OJIBIIIHE JaHHBbIC, CCHTUMCHT aHaJIN3, 3JICKTPOHHOC 06yquHe nu

00JIauHEBIE TEXHOJIOTHH. Z[aHI)I HUX KpaTKUE OIUCaHUs. Cratbs IOCBsAIICHA IIOBBINICHUIO Kady€CTBa

o0yueHHs B By3aX C HCIIOJIB30BaHMEM S3THX TexHojorui. [lo MHeHHIO aBTOpa, MCIONB30BaHHE METONa

CCHTUMCHT aHajJn3a IIO3BOJIACT IIOJHOCTBIO AaBTOMATU3UPOBATH IMPOLCCC OIIpoca CTYyACHTOB. B

YaCTHOCTH, MCTOAblI MAIIWMHHOTO O6y‘IeHI/IH MOT'YT HCIOJIB30BaTbCA 1A O6y‘-ICHI/I$I COOTBCTCTBy}OH.[CfI

CHCTEME C TOMOIIBIO 3JIEKTPOHHBIX 3aJaHUH Y4YaIIuXCs, KOTOPbIE COPTUPYIOTCSI B COOTBETCTBHUHU C
MOTyYEHHBIMH OLIEHKaMH. 3aTeM, HCIIONb3Ys CCHTUMEHT aHaln3a, HOBBIC 3aladd OyIyT IPOBEPEHBI.
ABTOMATH3UPYys OIEHKY YUYCHHKA, YUYHTENIh OCBOOOXKIAETCS OT PYTHHHOH AEATEIBHOCTH M CMOXKET

HaIpaBHUTh CBOIO YHEPTHIO Ha yIydIIeHHE Kypca.
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3500 99056905 Gqbsbmem 50 mbadmsb. 530LM3z0L SGLYdMBL Msdwgbodg dobgbo:

® LB dog0sb (335egdoEO: BH3oILBZS 5053056930 LbgsalbgabsoMo Lowmdem-
096 (080l Jovbgszs, MMI yzgws 0g4gbgdl ghmbs s 08539 LoGYzsL S MYMEIO0Y)-
@HQ Y39wd LoGY3s BMbgdgdol JH™Oo ©s 0ggY 3M33wgIHoLYd B9wp)do)-

* LoAY390L Ym3z9wM30L JOPBIOMO® 5O FoMmdmzmd3zsdm. sbgE MM 0gmb, LoEYzol Fo-
d0gdoBy gogengbsls sbgbl dobo [fobs 56 dmdgzbm Lo@ygs.

® 5590060 9JL03MbBoL BOPILMD gOHMo© 0BMPIds LMo LoEYz9doL MoMEgbMd.,
HmIgdoE gOHm»Tobgmol Abgsglo F0gML. 30536MHJd0 0-0sb 9-0b Bsmzwom JugMom-
000 Bo3dom 2oblbze3909E0s GHMAsbgmOLoysb, MIi3s LoEYzgdo bW ©s ,yo)-
0% 350056 33536 gOHPTobgNL. 5T0OL 25dM, 3053MGOOL 53M36MdS 50 000 LoEyzosb wgd-
Logmbdo 3936 MBOHM M0, 30MY 10 LoBYyz06 (FbMEME 30536M900) wgdbo-
3mb6do.

* M3 MROM™ 39@ dmbsrdMmgL MLIYBL LobiEYTs, Joo TgEHO (335WYdSMBS MBS FOOMZo-
@obfobmb 356 s BgEo@ FooBMmEYds 89(300TJOOL SEBSIMDS.

LogdMOL 5FMEBMBOLIMZOL §ergdgbEgdol 0IbEHTBoE0MYds I603bgEMmzsb0s, Tog™sd 56
0L L3oMolo. 9839JEHWOMBOLLMZ0L 930w GdgE0s 960l ImEawol yomgzseolfiobgds. ymgg-
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0bs 380593000, 60mOG ©GHLOSTROO, G900 89893300

o FoMdnmgdnmo Lo@yzs ©sdm30Idwos dob fobs 96 9mdgzbm Lo@yza®y. 3msds@ozol
§9L9gd0 BMA0gMH MO LoEY3zoL JMMNIbgmMOL FoymeErgdom HoemrdmmJdsl AoTMOOEbIZL.

365dBH03Wwo@ 9439w LEdIMOL sIMEbMdOL LobEGgds 0ggbgdl LEIGHOLEHIMG sbsErODBU.
03969d0bs s LOEY39d0L 65303 IZMMBOL SEBSMMBs, dYYMGOL TGOl LokMTol sEPdICIMBS —
g39ws 9b BOJAHMOO gogegbols sbgbl LobEgdol dmdomdol 9i39dEwOHMdIBY. 3:3309BHIMOLO-
30L LovgdGOL 5mEbMdS Ym3zgwm30L M0l LHgsMsmEM 3sLvbgdL FMMOL yzgws®y 9@ Jmbo-
©wmEbyo 396LoOL sMBg3s s LimGo 3sLybol 3mEbs 89mdwgdgwos 0ds0g, bsbsd Mm3z300m™b
oG o6 o5LPMMGOL b 55LEHWIMHGOL sTMEbMdOE LoEyzgdl.

©OgoLOsM30L doe0sb F30Mg MMIbMdOL LgMH30Lo SMLYIMBL JsHNMo LoBdMOL S3GM-
oGMM0  50m3Ebmdobsmzol [5-8]. ghm-gMmo Tompsbo s@ol Google Cloud Speech Lg®golo.
Google-ob g $9dbmemaos 094gbgdl deog® Byommbryan Jugwl s dgdeos 120 gbols LordMol
00mEbmds.

Google 330535HmdL API-b, Molo 359myqbgdoms 89330dw0s Bzgb doge dgddbogn s3¢o3s-
30500 308m30ygbmo Cloud Speech LyMzgolLo. C# 3HMaMsdolimzol bsfiyobo 3mo dgdgabsotoo
249900YymMgds:

using System;

using Google.Cloud.Speech.V1;

namespace NodoSpeechRecognition

{

class Program

{

public static void Main(string|[] args)
{
var speech = SpeechClient.Create();
var config = new RecognitionConfig
{
Encoding =
RecognitionConfig.Types
.AudioEncoding.Flac,
SampleRateHertz = 8000,
LanguageCode = "ka-GE"
j8
var audio = RecognitionAudio
.FromFile(@"C:\TestSpeechAudio.flac");

var response = speech.Recognize(config, audio);

foreach (var result in response.Results)

foreach (var alternative in

result.Alternatives)

{

Console.

WriteLine(alternative. Transcript);
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}

903990 300000 30MbHemdL Boowl, babgws TestSpeechAudio.flac s s3H360L dobo
39933390 LEYB¥MOL sIMF6MBOL IMPbMZbsL Google-ob LgMzoldo.

Encoding 356599360 506036536 ©olisddsgqdgao 3500l 3o835Ommmgdsl, h3gbl d90-
b393590 gl 5&ob FLAC 3m®3s@0, Gmdgwog MP3-bogsb oblbgsggdom, bdmgsbo Bsbsfigtol 8-
390350 sbgbls ba®olbols 9d;3069d30l 456098y.

LanguageCode — 58mUs3bmdo ¢gdbGol 9bol 3mos. Jodommeo gbols 899dmbggzsdo 300
ool ,ka-GE®.

»var response = speech.Recognize(config, audio);“ — 3m@obl gb bLE®odmbo sHob »Imseme
LgH30LoLoEAO B0TsMMZOL dMABYDs. O 3569BHMYdS®E 0PIOL JMBBOANMOFO0LS S BoOEOL
dobsdsm ol 8993390 33o@gdL. Jowgdwero d9gao BsofigMgds response (33¢sdo.

Q50MMBYdMo d9ga0 990dwgds d90(393L s0mEbmdowo @gdu@olb Medwgbodyg dglsd-
e 3603369mdsl. 98 d90mbggzsdo result.Alternatives g9l 94b6gds 5996009 Ggdu@do
36003690 mds.

LoDy 6563969305 53035300, BP0 sdmEbmdowo GgdbGol dobggom dmabds-
$909b b35HMBL JobsBsMrmol sb Ig8mbzgz0L B30 LsgsMsmm 3603369 mdIAL (L. 2).

b 30505 99d3b0r0s 2osIdGEO M9oa0Mgd0oL 395EGHMOL bsdwydsm 3MHmEgldo bovyd-
0oL 5650030l 458myYgb6gd0l gIMbLEHMOMGBOLIMZOL. Bolido Tg@Eebowros Lads®mggwml o0-
096009 doboBsGrmo s dgdmbgzgzol Gsdgbody Godo.

d0IbdoMgdgeo 5FOL ,bdob Bofgms oEIs3L, LomdMMBL s bdol BofgMal ,,oliMmwEgds*
o300 {19396)L. Bsfgmol 890gy, »LomdMOL s3mMmEbMds“ Wows3by WsFIMHoo ,50m(3bMdOO

G93bGHo“ 39edo gbgsgom dob dogh Fomdmmgdmar &Hgdudb. GHgduGol s0mEbmdobmabsgy, 36my-
6595 B9JuBGMO 9060l seRMMO0MTGOOL odmygbgdom gdgdl bogddo sdmEbmdowo Lodyzgool
3993339 360336900md9dL.

17 Call Center Speech Analytics - O X

B0l By Lazetiummem Gnbedsfomjdo

|9 s3magmals joks (@3agnba)

| Lol s8mEBmds | 9 s3tingnols oghs [Baoegdo)
9 5360l dnbs (Fgemeobn)

s8mEBmdogme Galea
335603 0 33G0gnol Joghaty

Lazethammm B38mb3130l dndgdo

L. 2. LogdGOL bsE0E030L IBMBLEHMOMYDdS FobsdsMmOl sdm(3bMdOLIMZOL
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9399 359500130, 3MMAMIol Joge s8miEbmdowo gduEol dobggom dmodgdbs ,9
33000l Jho’ Joenod 0d0EoLTo, dsmALS s Jmomsolido (L. 3).

3990093 LYOONBY BmEgBMEos Fogowomo, MHMIgedog sdmabmdowo Ggdu@o 8goiEegl
dowoo {iBg30L 9dmbggzol GHodl.

7 Call Center Speech Analytics - u] X

300 Bafiatie LageBermm dnbsdsfimgon
@aliceen B Lsegdiol sBemgBrmds

sBeEBmomo Gadlido
Bamagmn §6730 dadal

LageBermm Bdmb3g30l Gadgdo

Bapragmo G633

L. 3. LoYIMOL bsEOEH030L EIBMBLEHMOMYDS 53500 JdOL sTMEFEMBOLIMZOL

abgogLo LobGHIIOL LoBgEgnmbm (396GMTo IBIMHAZS BoTMoEgdsL Fobgdl M3gMmOGHMOL
39593060L Bo@bg Imdsmdol ol O™, HMBgEoE LsFoMmMs JolsdsMmMOLs s 9dmbzgz0L G030l
9bodgdbogo. G mgds Mbs, LoLEYTs SBLMW MBI BMLEO 396 096905, Moy BAoL sTm3-
Bmdolb Ggdbmmmyos ymgzguwmzol Loga®momom 99gagdl 0derggs. s8o@md, Mm3gmo@Gmel mbos
3Jmbgl 560h93560, Pslgol g 565 LolBgdol dogH FgmogsHgdYwo 36083b69wmds boddgdo.

Text Recognition Technology from the Conversation

Ana Kobiashvili, Nodar Darchiashvili, Meri Gegechkori

Summary

Every telephone center daily has hundreds and thousands of calls. Due to this, it is necessary to
collect and analyze the data to improve the quality of service. The need to increase the productivity of the
center has led to the need for creating electronic systems that enable managers to get instant access to the
critical performance of the Center's work. One of the main functions of such an electronic system is the
use of voice recordings or current calls using speech recognition technology that aims to find useful
information from the incoming call content and improve the quality of the conversation.

The article discusses the program, which was created to demonstrate the use of analytics in the
working process of the emergency response center.

The introduction of a similar system in the telephone center will allow the operator to reduce the
time of the call, which is caused by the search of the type and address of the accident. The system cannot
be absolutely accurate, because the voice recognition technology always gives probable results.
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TexHomorms pacio3HaBaHUA TEKCTA M3 PasTOBOpa
Amnna Kobramsuiin, Hozap /lapunamsmru, Mepu I'ereyxopu

Pesrome

Kaxnplit TeneOHHBIN HEHTP €KeTHEBHO MOyYaeT COTHHU H THICSYN 3BOHKOB. B cBsI3M ¢ 3TM He-
00xoauMo coOMpaTh W aHATM3UPOBATH JaHHBIC UL yIydIIeHUs KadecTBa oOcCiykuBaHmsI. Heobxomu-
MOCTH MOBBIIICHUS ITPOM3BOANUTENBHOCTH LIEHTPA MpHUBENA K HEOOXOAMMOCTH CO3JAHUS 3JIEKTPOHHBIX
CHCTEM, KOTOPbIE MO3BOJIAT MEHEPKEPaM MOTyYUTh MTHOBEHHBIH IOCTYI K KPUTHYIECKH BaXKHBIM IIOKa3a-
TensiM paboTsl 1ieHTpa. OHON U3 OCHOBHBIX (DYHKIIMIT TaKOW 3J€KTPOHHOW CHCTEMBI SIBJISETCS UCTIOIb30-
BaHME T'OJIOCOBBIX 3aluceil MIn TEKYIIMX BBI3OBOB C UCITIOJIb30BAHUEM TEXHOJIOTMHN paCllO3HaBaHUsA peUH,
LENIbI0 KOTOPO SIBIISIETCSl TTOMCK TI0JIE3HON MH(OPMAIMK M3 COAEP>KUMOr0 BXOJSIIEr0 BhI30Ba U IIO-
BBIIIICHUE Ka4eCTBa pa3roBopa.

B crarpe paccmarpuBaercsi mporpamma, Kotopas Obula co3gaHa Ul JAEMOHCTPALMH HCIIONIB30-
BaHMs aHAINTHKH B paboyeM Tpoliecce EHTpa aBapuifHOTO pearupoBaHusl.

BHenpenne aHamOrHIHOM cUCTEMBI B Tee(OHHOM LEHTPE MO3BOJIUT OIEPATOPY COKPATHTH BPEMs
pasroBopa, KOTopoe 00yCIIOBJICHO TIOMCKOM THIA U afpeca aBapuu. CrcTeMa He MOKET ObITh aOCOIIOTHO
TOYHOM, ITOTOMY YTO TE€XHOJIOTHS Paclo3HaBaHMUS IOJI0Ca BCET/A JACT BEPOSTHIE PE3yIbTaThI.
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36H™aM5990 NBMHMB3gyma3ol dmEyEo @glidoMgds
565 32805020¢70, 0585Y 39395

anakobia@hotmail.com, tazo.vekua@gmail.com
69bomdg

3330993gMol beamdsemm@o gmbgzombomgdolismgols dsenosh 9603gbgummgsbos 3hmyMs-
3o MBEHMB3mgmBol 3sdsmmemo dmdsmds. bbgoslibgs s3¢mo3sEool mbdgombomgdolsl
35Bgboands 8930039035 s MPglogMMdYdTS GgLsdergdgwrons gsdmofigoml bghombmmo 3Hmd-
9dgd0. s00@M3 MsmMILOE SJBHNYSGM0s 3OMMmsdmmo MBOHMbzgmymBol LMHrmmmygmaowo
ALGOMYDS, Msms MBOHMb3zgmymazom odbgl 3HmMmsdmmo 3MHmEd@ol domseo bsGolbo.
A9LGMYdS bgdoldogho 3MmaMmsdol Lologmabem 303wol 3sbmymagmo Bsfjowos; ol sd-
330006 333l 496Gl doommb d,mmbmgbgdol dglsdsdolo 3MmEnddo, mmIgedos 0dbgds
90b0dsevyMo GgEmdndo. GgLE0MYds 15939 bodwsEgdsl 5dgrg3l BoBbgLOL Fotdmdsagbergdls
39ox35Lmb 3HMaMsdoe MBMblgEymEBsdo sOLYdIMo BoBOYL Holgdo, s IsEH0EME, M0-
©gb5¢0 350mLgR0s gl 3BMYMsTrEo bdrgsegd)do dmbIsMgdolsm3zol.

LGoGH0s30 gabbognrmos 3GmaGsdmmo WMBOMBlgmymaol ghm-ghoo 3mblGgGHmEo
BMOIS — ImEMEGo GgldoMgds, dolbo Esbodbyyangds, dslmsb ©s3sgdomgdwmmo 3Gmdegdgdo.

9dmyz560a05 dmMEmmo GglGo®Mgdol dgbobgd Bo@s®mgdmemo 33umgz980l Mosbgomo dm-
65399900, 25965¢0BYdMM0s 33¢93900L BYEIRV0, F9TMIZIMNOOS BHILEOMIOOL 53 BmMIo-
Lsdo 3MogdEH03mbo ©I3xEMm39MHgdol sTMIOIDYEYDS.

1533569 Loyzgdo:

36y HG3Femo )bGb39c9mR0l BgbBAOGIBs, Iy Bmo BIbBob98s, AIbdIHo, BHY-
003™m(530, 36g B3390 «)bGb39amyMROl ©IZITI3IHO

36MHMa650Mwo MBOHMB39wymxzol BHILEHOMIdS SMOL 3MMAMTMWO Lod IsEgdgdol s do-
00 dgLsdsdolbo M3MIgbEIE00L ©IxBYIGHJOIOL s©TMhYbols s SBsEIOBOL 3HMEglbo, GMIwol
30D9605 30MaM9ME0 MBOHMB3gymgol 3wdsmdol gomdxmdglgds [1].

dnEmmo GgbGHotmgds (Unit Testing) sGob GglGo®mgdol bsbg, Mmool dobsbos 3Grmy-
®590b bafgobo 3mEOL Foe3gMEro dmEwyegdol 990mfdgds 30MgdEEMdsbg [2]. BHgbEGH0MJdOL
50 bg®bol 9063500 0gs 00530 dYMT>MHGMBL, HMI BHgLEGOO 0fgHYdS YM3gEo SMOGHMOZ05W¥)-
60 31bJ300L 96 990m@Oolamz0lL. gl Lodreegdsly 3my33gdl Logzdom LHMIGs© Fg358mfdmm,
300U ym39eds sbognds (33¢00¢gd58 bmd 56 godmofjzos 993™Igool 3obgbs 3GmyMsdol w339
AILGHOMGOME 50030, s 51939 535MEH0390L sbgmo T93MBgdoL 50BMPIEOLS s AolfmMg-
00l 3MMm3EqLL.

ML MomJdol 439ws FOHMAMTN gbsl A59Bb0s Lo3MMeM0o BMY0IZMM 30 FMEWIEHO
ALEGHMOOLOMZOL. oo 0MS, Java-begol sOBYDdMBL Junit, C#-obmgol — Nunit s s. 8.). gb
5315083003900 b5FMoEgdal 0dEg3s OFIOML F300g 93EHMISGMMO FMOMEHO FgbBYdO.
©EILEEIMO00 IMENMMMO GHILBEGOMIOS b B0IIMWO 3M5JEH03S 3MMAMITMWO MBMHME-
39430l GHLAEHOMZB0LLL, M¥YI3s 3OMAMSTOL boGolbo Ts5063 3OMdEgIo MFgds. dGMyMsdw-
o Ls0bgobmm 933e93509d0 59303039996, GMI LyFoMHMs 3MHMYMTMEO YOO MBlgEwymzgol
A9bGH0MYdOL 9dymdo ob30maMgds.

9EMOHo GHILEGH0MJd0L JoBsbos BmbEall 3G:MYMdol Jnol 3mb3Mhg@Ewmo bsfowols
539694 30Mbsol 8g9mfjdgds dgmmol mby®y [3]. md0gdEHBY MmM0gbEHMOWE ©3MMYMSTGDS-
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3G0m»5dmmo MbOHMBageymaol dmoemco GalGoMmgds

do sbgoo Lsbol EBgbBHomgds ©sy35600s J3ealiol EMbyby, bemwm dobodswrryMo mbgs 3mb-
LEAHOMJEHMOIOOL BHILEGHMYdS. BMEMEME BHILEIOL, OmymOis Hobo, M9 ©gzg9Ewm3gMgdo, Mo-
05 MHdMbbg6, ®MI 50b0dbmo dgommo FMTomdl olg, MmO E Jom Bs0xz0dMmgl s Aobs-
bmOEogwglb. 3mb3MHgEve dgommelb dgodwgds 3dmbogl ®s8gbody GgbGo odobsmzol, Hma
dmbglb dobo GHgbGHoMmgds yzgws 08 Ggboderm 3o6599GM0m, Mo 890dwgds 39wo93gL d90MEL.
3mEMENEH GHILEHIOL F0M0MSEIP ©Y39M3gMdo FgMgb 0doGHMmd, HmI 3mpol FgMol
356550 99590fdmb 3500 309M Moo 3gomEIdo S 3MMAMSTOL M30lgdgdO. dragrm
39600MmEAd0 B3OS 5M59MHMO 3335 0dol ILHAID®, 1Y) MsdEgbs dB0dZbgwM3z560s m-

QU@ IO HILOYEL Fa®s.
dbemgeoml Bbgoalibgs d394s6s8o Bo@oMgdmeo 33¢93900L msbobds, 3ombgabyg, oy Mo

59930 mG035305L ©J39XM39IMJAL FgMrmb dmEMEMGo GaLlGYdO, 43gusby 9g@ds godm3zom-
beyands 4oliEd 35Bvbo, Mmd olobo FgMgb e GHLEBIIL oMM LMZ0WOL godm, M-
296 8500 bixg®0, ®MA gl Joo gbToMmgds MROM FgEHo© MI3Y30MmIm s 98gdE0sbo 3mool 89Jdbos-
3o. LoobBHIMgLM BSJBHO 0L, BMA 59 JobZsDg 963 dTS MOMPYBMBIT M3olvgbs, MM gb
dbmem d9bgxdg6E0L dmmbmgbowrgdss, 03M33s 8g69xdgbEH0 oo LLosdMm3zbgdom TgsdoMmgd-
©5 BLEHMIOOL 35l 0ToL 293M, HMI 3OMEMIEHO OHMMWSE BogdsMgd0obsm. dg-3 s dg-4
5Q0POWO 903935 33bbgdds, GHMIol Msbsbds, FBHgbBgdol Foms 93390l Bmmbmgbss.
(Bob. 1).

153991560 LyO30Wom

3959x%396@0L oz5¢gdom

050339000L Immbmzbom

bbas
Bob. 1. dmmemmeo GgbGgdol §gmol dobgHgdo

33935 BoBoMmgdneos sbg3g 3MmaMmadol FgMobsl ©g3gem3gmhgdol dogm MmOl bot-
X300 Lo30mbmsb ©535380609300. 3M1MMToLEJO0 EOHMOL wdgEgl boffowl, 39Mdme, 33.04%-b
botrxs396 sbswo 3mob [gmebg, @OHMoL 25.32%-b botrxs3zgh 36030l 4olsdsMmo©, EMHMOL
17.4%-b borxs396 3m@0L M9x3sd@™Mm0bado, GHgbBgdool sfigmsdo boMxszgb MMOL 15.8%-U,
bogre OH™ob 8.4%-b batx o396 Lbgs bozombgddo (bsb. 2).

9o GgbGgdol (oo dowosb o 493wgbsls sbgbl 3HMAMSTOL AooMMZoL> S
985JGHMM063Bg obsOR M OMDBY (Lsdmswm 25.32% + 17.40%).

30mbgzsbg, ) OHMAMO 0d3gm©bab 3MMyMsdolGgdo 03 dgdmbgzgzsdo, mvy) HMIgEody
A9LEO 396 395030 FoMdoGgdom, 47.02% gzodhmdl, HmI sligo Ggdmbggzodo 930 gdgL0s
3moob dglfimMgds, 25.3% 33000l EGHgbGHol Mmyo3sL 0dol dobgzom, mv) Mmame dmddygdl
30360505, 3OMyM530LGHIO0L 15.6% boghommo Ferol sOLYdIME TmEWEG GHILAGHL, beerm
11.2% @gbGob 893MAsL LEgMME 0ABMMOMmYDL ©93907gdL. 53 Jombgzsbg 3oLybgdo bo3dome
3m0m 9699605 ¥ 3Mx3900L dobgz0m. 3HMaMsdolEgdo 10 gy dg@o 498mEEOEgdoo MRcmM
9939 130dOMd96 3oL golifimmqdsby, 30 bb3gdo, s S3bsYdgb, HMI sGMLHMMo GHILG-
00, HMIWgdToE 396 3o05MS FoMBsBHgd0m, MBS Foodsml sb dmbgl Bomo 0abmMotgds, bem-
@ 36M0M530LEJo0 1-3 Farsdwg 399mEE0wgdom Bodhmdgb LsdoMol3oMml (bab. 3).
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@303 Mds. gb 3OHMdTs 005HYd TMI0EIIM0, 034 MMAMMSS IHIMOO 39w ™M3gMoL do-
96 3m0, M58gbo Igladergdgeos dobo FgbGHoMmgds s, LoBMASME, F9dEgdL M) 5GS 53-
&MToBvIOHo GgbBgdol 0bLEGMWTIbEHO 4ow993ee3gL 53 3OHMIEGIL.

33w930L dmbofioeng 171 ©939wm3g®mds 29 §399460sb ©o5abEHWMS, HMI Mo
A9bGHoMgds 3609369mM36 HMEL 1535dMdL 3OHMYMTMEo YbOEOb3gwygmzzol oMol O™l
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39394365 0b@gHgoLo Lobgws StringService, G®mdgedos godmygbgdveo 0dbgds dgorm-
o Concatenate(),

public interface StringService {

public string Concatenate(String a, String b);

}

99349boo 3esbso StringMethods

public class StringMethods {
private StringService stringService;

public void setStringService(StringService stringService){
this.stringService = stringService;

}

public string Concatenate(String a, String b){
return stringService.Concatenate(string a, string b);
}

}
dmemb 893Jdbso StringMethods 3¢slol Ggb@ Jersbio. bmenem StringService-olbomgzgol go-

dmg09ggbmod» Mockito.
import static org.mockito.Mockito.when;
import org.junit.Assert;
import org.junit.Test;
import org.junit.runner.RunWith;
import org.mockito.InjectMocks;
import org.mockito.Mock;
import org.mockito.runners.MockitoJUnitRunner;

@RunWith (MockitoJUnitRunner.class)
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public class StringMethodsTest {
@InjectMocks
StingMethods stringMethods = new stringMethods();

@Mock
StringService stringService;

@Test

public void ConcatenateTest(){
//Mockito-b 898390000 d9ddbogro StringService 9gom@ol 0doEGHoMmgds.
when(stringService.Concatenate(“Saxeli”, “Gvari”)).thenReturn(“SaxeliGvari”);

//Concatenate gx9bJd3ombscools GgbGomgds
Assert.assertEquals(StringMethods.Concatenate(“Saxeli”, “Gvari”), “SaxeliGvari”);

}

}

MmO 350030 BHILEAOL 890gR9© 398Mm30bs, JUnit 9m0gmeol Ggldgool
2396bMME309w 900l yz9wsBy 98399dEGHIO0 3Bos org.junit. Assert-ob 3eolido 2s9mygbgdero
0900900l 259mygbgds.

3OO GHJLGH0MGO0LIL, CmymeE BsbL, 2o6339Mw LOMMWYgdLsE SfYyg-
0056, HMYMOOEs 3mob 0d bsfowol 0wgbEoxo3zs309, HMIgwos »bos 99dmfidgl,
31939 03000Mb BHgLEBHOL 3OMEgLOL d9ddbs, v Mo Mbs 99sdm{amb Ggldo, sdmemU,
360590l HgMHowo 300, HMIYoE 5©30sE Jglsdm{dgdgmwo Mbos oyml. Aol
bgs 9990l Imbo39dms d5BOL, Boowrgdol LoLEGJdol s o. 3. 0CBMEWOMGdS. 53 33Wg-
300 Lox3d3z9W B Fg0dEgds 0035, MM EHLEBH0MYDS 15305MP WO MMEL SBOYIGIL
36MHMYM539)0 MHOMB3geymgzol 89Jdbolsl.

Software Unit Testing
Ana Kobiashvili, Tamaz Vekua

Summary

Software performance is very important for the normal functioning of a computer. Errors and
malfunctions when operating different applications can cause serious problems. Therefore,
comprehensive software testing is extremely important to ensure a high quality of software product.
Testing is an integral part of any program life cycle; it guarantees the customer a product that meets the
requirements, with minimal errors. Testing also enables business representatives to evaluate the business
risks of the software, and to determine how useful these tools are for use.

The article discusses one particular form of software — unit testing, its purpose, and related
problems.

Numerical data on unit testing is presented, the results of researches are analyzed, and the attitude
of developers practicing this form of testing is demonstrated.
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MopgynsHOe TecTHpOBaHMe IIPOrPaMMHOTO O0ecTeYeHusA

Amnra Kobrnamsrn, Tamas Bexya

Pe3iome

[Ipon3BOANTENHHOCTS MTPOTPAMMHOTO 00ECHEUeHUSI OUCHb BaykKHA JJISI HOPMAIBGHOTO (DyHKIMOHU-
poBaHMs KoMmIbloTepa. OMIMOKY M HEUCIIPABHOCTH MPH paboTe pa3iIMYHbIX NPUIIOKESHUI MOTYT BBI3BaTh
cepbe3Hble MpoodeMbl. [109ToMy, KOMIUIEKCHOE TECTHPOBaHKE MPOTPAMMHOTI0 OOECTIeYeH s Ype3BbIuaii-
HO B&KHO JUIsi 0OecrieyeH s BHICOKOTO KayecTBa MPOrPaMMHOI0 MpoayKTa. TecTHpoBaHue SBISIETCS He-
OTHEMJIEMON YacThIO YXKM3HEHHOTO ILHUKIJA JII0OOH MpOrpaMMbl; OHO TapaHTHPYET 3aKa3uhKy HpPOIYKT,
COOTBETCTBYIOUINH TPEeOOBAHUIM, C MUHUMAaJIbHBIMU OolIHOKaMu. TecTHupoBaHue TakKe TO3BOJISIET Mpe/-
CTaBUTEISIM OM3HECA OILEHUTHh OM3HEC-PHCKH MPOTPAMMHOIO OOECTICUeHMS U OIPEIEINTh, HACKOIBKO
MIOJIE3HBI 3TH UHCTPYMEHTBI JUIsl DKCILTy aTaluH.

B crarbe o0cyxmaeTcs onHa KOHKpeTHas (popMa MpOrpaMMHOTO 0OecIeueHns — MOIYJIbHOE Te-
CTHPOBaHKE, €r0 Ha3HAYCHUE U CBS3aHHBIC C HUM ITPOOIIEMBI.

IIpuBogsATCA 4YMCIOBBIE AAHHBIE O MOIYIBHOM TECTHPOBAHUU, AHAIU3ZUPYIOTCS PE3YIbTATHI
HCCIIEIOBAaHUN U JIEMOHCTPHUPYETCS. OTHOLIEHHE pa3pabOTYMKOB, MIPAKTUKYIOMIMX 3Ty (GopMy TecTupoBa-
HUSl.
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Improving the study of a foreign language with the help of information and
communication technologies

Vakhtang Veliashvili, Ekaterina Chikashua

Summary

Over the past two decades, the integration of information and communication technologies has
become a major interest in the study of foreign languages. The results of the research show the positive
effects of using information and communication technologies in student teaching process. Information
and communication technologies can be considered as a new model of learning and teaching. The purpose
of this research is to show the benefits of applying technology in the field of language learning. And also,
various examples of foreign language teaching by using information and communication technologies are
presented. The research is based on data obtained from the Georgian platform “Lingwing” and on the
achieved results.
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YJIY‘{IJ.IGHPIE N3y4€HNA HHOCTPAHHOTIO fA3bIKa C IIOMOLIBIO PIH(I)OPM&I.[I/IOHHI:IX u
KOMMYHHKaITHOHHBIX TEXHOJIOTHii

Baxranr Bernamsnin, Fxareprna Yuranrya

Pesiome

B mocieznme nBa mecATHIETHS WHTETPUPOBaHHEe MHGOPMAIMOHHBIE M KOMMYHHKAIIHOHHbIE
TEXHOJIOTMM CTaJi OCHOBHBIM HHTepecoM B cepe H3y4YeHHSA HMHOCTPAHHBIX A3BIKOB. Pe3yipTaTsl
WCCIefIOBAaHUY IIOKA3hIBAIOT IIOJOXKUTeNbHBIe 3(PQeKTs NpuMeHeHHd HHGOPMAIMOHHBIX U
KOMMYHHUKAIIIOHHBIX  TEXHOJIOTMM TIPH  OOy4eHHH  CTyfeHTOB. VHbopmanuoHHbIE |
KOMMYHHKAIIMOHHbIE TEXHOJIOTUK MOXXHO CUMTATh HOBOHM MOZENbI0 M3yueHus u obydueHusd. llensio
9TOTO MCCIefOBAHUA fABJAETCA PACCMOTPEHHE IIPeMMYIIecTBA NPUMEHEHUs TeXHOJIOTHH B cdepe
M3yYeHUA A3BIKOB. A TaK Xe, IPUBEIEHBI pasHble IPUMepbl OOydYeHHA HMHOCTPAHHOIO f3BIKA C
IIOMOIIBI0 MH(POPMAIIMOHHBIX M KOMMYHHKAIIMOHHBIX TeXHOJOTHWH. VcciemoBaHme OCHOBaHO Ha
TAHHBIX IT0JIy9e€HHBIX C IPYy3HHCKOH IUIaTdopMsl Lingwing 1 Ha JOCTUTHYTHIX pe3yJIbTaTax.
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