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The research results carried out mainly by the institute’s scientists through 2018 year are given in the proceedings.

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

The problems of vector optimization, mathematical programming, nonlinear identification etc. are considered in the
control theory sphere.

Some problems of simulation and of construction of concrete control systems are presented, including such a topical
sphere, as a power engineering.

In the field of Informatics some problems connected with artificial intelligence, different types of Information systems,
computer representation of linguistic knowledge, as well as issues of text corpora annotation are considered.

HacTtoswmin cGOpHMK TpydOB B OCHOBHOM COAEPXKUT pesynbTaTbl MCCredoBaHWi, MPOBEAEHHbIX Hay4YHbIMU
COTpyAHUKaMM WHCTMTYTa B 2018 rogy. Tpyabl OTpaxaloT TpW [NaBHbIX HayYHbIX HanpaBreHus WccrenoBaHuii
MHCTUTYTa: TEOpUI0 YMpaBreHusl, pa3paboTky CUCTEM YMpaBrieHus, B TOM 4uCne YMpaBrieHne B 3HEPreTUHecKmx
cuctemMax, ¥ UHpopmaTuKy.

B obnact Teopuu ynpaBneHUss pPacCMOTPEHbl MpPOOMeMbl BEKTOPHOM OMNTMMK3aLMKM, MaTemMaTU4eCcKoro
nporpaMMUPOBaHUSI, HENMHENHOW UAEHTUUKALMUMN 1 Op.

B c6opHuKke ocBelleHbl 3afayy MOAENMPOBaHUA U MOCTPOEHNS KOHKPETHBLIX CUCTEM YMpaBrieHWsl, B TOM 4yucne B
TaKoW akTyanbHOW 06MacTu, KakoBOW ABMAETCS HepreTuka.

B ciepe uHDOPMATMKM pPacCMOTPEHbl BOMPOCHI CBA3aHHbIe C MPOGremMamuM UCKYCCTBEHHOrO WHTEenNmeKTa,
MH(POPMAaLIMOHHBIE CUCTEMbI PAa3fMYHOIO TWMA, 3af4ayy KOMMbIOTEPHOrO MNPEACTaBMEHUs NMUHIBUCTUYECKUX 3HAHWN,
BOMPOCHI aHOTUPOBaHMWS TEKCTOBbIX KOPMYCOB U Ap.
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s 3565L36gwo sMOL LEHMPLEHOZMNMO MsBsTol 53900l JoMOMsEO 3MObE030. 58539
OML  30L5MYJPWGOM  LEAHMJILEOIMNOO  BFIRMBOLEHMMO 58580l JoBLBMZMdOM
foabosb [6] o oLy ©oyMbmdom  99b3LsBMZM300  LEMILEBHOIMG BoBHMOEME 0535al
M -996%Bmdogdosbo  39d@mOMo  dmpgdgdom, G@Iol  3M0GIMHowdgdo  353Ms©

967009000, 5699 2ob3LoBZM300 W gJlogMaMexzow LEMIsLEH03MM FoGOMOEMEr 05358b.
dggobfogwom  dsbdo 6930l [ebobmmmdol sOLYdMBdOL  Lbygombl  B39MwgdMO30

L &b EHMwo 3mbggnEoom.
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24963L5BO3OMo M -456BMTogdosbo  wgdlozma®Mozgowmmo LEMSEIR0MEO M5Todo s
B9dol [mbobfieadmds dsbdo.

godgsm, dmggdae =< N {X.}_\.{H }i.y > 0905830 H, =(H' ,HZ..,H")
560 1 € N 800050580 8mpgdol  39d@H®m®-3969305, gmggmo 1€ N mmsdsdolsomgol  H.
399®H™G0 5ol M -356%BmBogdosbo @s Lodwsgosms X = H X, bod®agamgby  obobo

ieN

9670090 wos  adlozMYMORONO  M30MSEIJLMBIBOm. SLgm  ®sdsdl  3Mfmgdn M -
296DM30gd06  WgdlogMMeBoNE  9M93MM3YMIGOWE  (5M53MIOE0E)  ™sdodl s
Bogfo®on 89090 Labom

FL =< N’{Xi}iEN ’{Hi}ieN > = (rl""’rm)' (3)

m6o  a=(a,,.,a,) o b=(0,.,b,) 399d@mHoLscngol  wgiozmaGsgomwo
M30M5E LMD a-"b LOHMEEGds  8580b, BrmEs sEyowo gdbgds ghm-ghml dgdgao M
30600b:

1) a >b;2a =b,a,>b,;...;m)a =b,...,a,,=b,,,a, >b

@ ax"bona-"bsb a=h.

00858ms  0gmMool  LydMowgdom  FoMImgdL  LEHMLGHIFOMo  3MbBoJEHIOOl

dmEawoMgds,  Mobm3zobsg  9bswobol  doMomoE  935MOFL  [oMdmoaqbl  xmb  b9dols
Pmbsbfmemeo  (fmboliffm®mmdy, 8aMoo, LEMWowMo) Lodwsaos  9mEgdue  msdsddo.

d9LsdsdobO, ' 585330 033035 MHMdOL doMoms  3M0bzodl FoMdmowagbl  bgdol
P@bslffmOmds. dobo FmEOHIMomgdoLsmzgol 5036036mm

X = (X X Xisgoeen %)y X = (X, X)), bocosg i€ N, xe X @ X € X,.

33BLsbggds 1.1. Logrgogosh X € X gfimogds 6gdol  Fmbalfmemmo bodusgos T -
0505880, o) VieN © VX € X,-o30b bonomogs  H, (X)) =" H, (x,x",), bsosg
ieN, xeXwos X €X,.

't 550530 UEoboOGHWWo  JgMHM0 29RBMMMGOoL  Frmbsbfmmmdol LodwmoEosms
LodMs3wy 5036036mm o(h). 31y 060539030 oMM  3OMdYISL  HoMIMoygbl ol

2396099mgds, GMI gymgzger SLg, I'" 0585830 H@bsLfmOHMds Ggodwgds o6 sMLYdMdIPIL, 56w g
BodGgEg Bgodergds ogal gsGogmo -o(I'h) = [7 - 16].

290LsBmzMxds 1.2. M -256%BmIowgdosbo  gduozma®egommo  do@®mogweo  LEmdol-
A0399O0 350590 rt 9hm©gds  9OHOMIWOMBLL, OH™mIgwoa 99Eagds P wgdlogmaMmsxs0wEwo
85308 9e9096B0Lagb 6 3mbogoolsgsb I, = (Fl,...,rk”‘ ), k=1...,p. ooongmwo

©@9JL03MyMBOoMEO  M5Todol  gEgdgbBHo  swofigtgds Py X0, 99GH®OE0LIYRs6, H@Igol
9w999639dL 5ggo Loby:

p
(of*,. b ™) = (&gt ™) + ) ai' T, 4)
1=1
Losg
p
120 @ 0<) g <1. 5)
1=1

596050, (4) 3BLEBOZMYBOL Msbobds, v P -6  WgdlozmaMoxzoMwo  Msdsdol
30B0(30530 30639000 dmmsdsdg 506BI3L T LEHMEIHOL, borwwm Bgmg - ] LEMEIHOL, 85306



dobos bsarenggsdg, 8«90 Bgamorsdy

3063900 msdsdol dmagds  GHaewo 0gbgds (bilj-(’l,...,bil;’m)33;}@(06)01) > qiljfl ((I1=1,..,p)

p
5EdSMB0m IMbEds AoOLOZES | ©9Jb03MyMx80ME 30HoE0sDY, bmemm 1—Zq5' >0

I=1
5Ed50MB00 M5T5dol 3MMEgLbo Tgfiyggds. (4)-ob Logwmdzgu by 053530 Ggodergds dMH MBI
9O0-96m  §0bsdgdscg 3mHoE0sdo, bmwm (5)-0b dswoom  5EdsmMdS 0Toby, MHMI 3sMFH0s

2393039905 MLaLOMEIME, GHMEos Byanob.

290LsBM3Mgds 1.3. 306390 FMmT5dol BEBHMOGHIFOL HoMdmayaabl P, -39d@™MgOOL
9HDOdomds {X" = (Xlk‘n,...,X;()rk1 )} yzoms k=L1..,p @ y3zgws obgomo @segdomo N -
0300L, HMIWgd03 930594M530gd9b 30MHMdIOL

Py
X" >0, > x"=L. ©)
i=1

LEAHMSGIHOL xK" 9B LEsgombsmnemo, mvy  yzgmws K -030L  39dEHm6gd0 xK"
8655 ©5dM30090vwo N -by.

21939, 09mEg  Fmmsds8ol LEHMsGIRos ghmwads [,  39dBHMMJIOL  JODMOLOMISL

Ok
{y" = (ylk’",..., ygr)}, OMIGDSM30L53 y'j‘” >0 oo Z y‘j‘” =1.
=1

39603365 1. 2oblisbzmol msbsbds Mogbgo Xikn 560l 30603900 dmmsdsdol Jogh
50530 89-N doxby I, 3mBoEosdo msgzobo i Faobws LEHGaEIR00l sGBIZOL SEBIMMDS.
P396 gobgobowosgom 89dmbggzsl, GmEs dmomsdsdgdo 0MBg39b LEIEOMbIEMGH LEMOEGIR0OL,
by obobo gmggemgol 0ygbgdgb g s 00539 9gegdgb@omvaen  LEMIGIR0JOL  HMES
2000858 9ds I, .

LEAHMILEGHOIMOO 5858900  ©ObITOIMOHO 5859900l JOM-9OPO Y439wWsBY GOIEO
9000bsMmgMdss.  ymgzger LIswsmve bEMoLBHOZM® 505300 sMLYdIMBL bgdols Fmbaolifm®mmds,
M0Iol  30m360Lsm30L  sMLYIMBL  13YF0IIWMMO  SEIYMOOMT0. Toa™sd, gJlolzMAMIROY

LEHMILEGH0IMNGO FoGMOEIE 158599080 3OMdEGIs MBOM S MBOM OOVWOos. 5 30M3JWOE
b 0Bl Frabobfmmdol sGLGdMdS s G989 ) 020 SOLYdIMBL, »bs IM0dgdBMUL.

Qb M0l Yzgms®y Mo  3MMEIEIOS. 9J9sb  godmdobsmy, dmEgdme  bsdGmddo
3930LH593w0m MOO IMMsdsdol 56ESFMbOLEHNO 35M05BEL s Tobdo Fmboliffm®mMdol sGLGdMdOL
L530mbl, boewm §mbobffmmeo Lodwmoaool 3mb3MgBMwo HJooBsEos dmdsgzerol agsbos.

6559630l Igmerg Bofowdo wgdbogma®egorimo bEmdsbdognmo msdsdol I', K =1,..., p
3mB0Eogool  bsBryEgdom s0ggds 58060 T} 1) 0858g00. w7y 806G T ) 085880

05M1gdgdL  5dMbsblbo M08y o0 0bFIMZowWDBY, F5dob sbgmo FmbslifimOHmds 0dbgds
50f9MH0w0. 59330339005 BEAMPSLEH03MOO 58306M0 158580l I6093690MdOL SOLYIMBOL
L5305M0lo 30MHMBYdO (Mgmegds 2.3).
2. §mbsbfmMemdol Lo@dwysaos @gdlogmamogomm LdmdsbGogam do@mosre 0635330

296300 WIJLOIMAMIGOMIO 561530900 OO0 Msdsdo I L= (Fl,...,l“m) dmagd0L
39d600-gm6dgogdom  H, =(H HZ..,H™),ieN. sbgo 85880  Bggb  8og®
dgbfogeroo ogbo B9dol P0boLHmOHMBOL  s®LYdIMBOL  3OMdIWGds,  BHoLmZOLSE
H, =(H ,H .., H™) 30d&06-3:6d3006  3003960m8900L 356339790 U3s@s®eeo
30830653000 (Lgsmsdmem  te[01] 35699936%y  ©M30IPM@IPBOM)  s3gdwIwo  0gbs
5x0bMMo 59599006 MgmGos [7-9] ©s dobo  Lydsagdom  sygbowo odbs  bgdol
Forbaolfommdsms bodGsgmol o (I'") bsbg, Gmgamog sbg dmoggds:
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O_(FL): U mo_(r(t))' 7)

7€(0,1) te[0,7]
L
boog Ty seob I' 058580b 53306960 3:0590.
399&H™Oobsmz0L (b|l e D) 053069960 gm@ds g560lsBrgMYBs 9909abs0M:
A, (L. 6™ = bt + (B2 —bY)t +...+ (b" —b™ )™, 0 <t <1,
50360860m0m b gm@ds A, (b,l,..., b™)=b, (1) ~00. 930390705 8g8IR0 Y@
0gmMgds 2.1. 3ogzom

p
(b*,...b™") =(a'...a")+ > g (I} -I"), ®)
1=1
85306
p
by =aw + 29 T s 9)
1=1

bosg I gy 960l I} 3mbogools sgobr®o sdsdo.

b3ooM¥yE Fk'(t) 05858L 399fMEId” 580bMMO M5Todob gargdgbEL.

©337)335m, G@3  sGLd@dL T} () 58580L s8mbsblGo t€[0,t, [,k =1,...,p  ob@ge-
35¢0%y. 993335wmm  (9)-30  s830bHO 30530l Fk‘(t) 9wgdgbBHo  dobo 36033b9wmdol
v, (t),t €[0,t,] 3083mb96¢000 ©s 5036036mm

v, (t) = val(B,), (10)

s By 900l Py X0y Bog®ogs By} GmBwol gmoBgbagdo  psbobsbughgds
GMWM09000

p
bilj(,(t) = ailjf,(t) + qulw (1), (11)
=

50306 8y o = A (&, &™), te[0,t ]t =mindt,,....t }.

ki
ao630bomm sggg Py X U, Bs@®ogs Q :{qij Lk 1=1..,p, 6Gc0dgwmog dgopgbowos

®53530L 9e09896¢9d0L 39019858980l sEBIMMBGO0ESL. dmggdol A dsdGogom ' 353530l
58mBsblBms Loz 5036086mm o (I'(A)) -oo.

065 2.2. o7y sOLGRMBL [ () 985300 58mbsblGO [0,t7] obEg®zseby, 85306
[0,t,]1<[0,t'] 0BEycgsmby s@p0wo 543l RsGmgsl

p
O-(F(Ak(t)))m o(l'(Qy)) = O'(F(Bk(t)))-

313365, 93 MgMGgIoL Loxwdzguw by s gJLo3MAMIBOME 53530 FmbILFmEOMdsMS
LodMsgzeol (7) GHMEMdoEb 3hgMo:

c(CBN=J MNa(Byy)

7€(0,1) t€[0,7]

[17] 6590380 ©53330(390wI0s 9090 0gmMgdo.
0geMgds 2.3. 00 Y3ILo k=1..p s te [0,t'] -»30L U(F(Ak(t)))ﬂ a(l'(Qq)) # 9,
85806  s6LGOMAL BB gm0  39dAmO-gmbdgos  V(t) = (Vv (t),...,V (1)) LodGsgemgby

[0,t,]1<[0,t7], Gmdgmwog ©s33859m50@gdL (10) @s (11) HrEmdydL.
3. sls336s
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0lg3g OHMAMOE BMPOIOMO 3oLl bIswsdvem  BEMJOLEG03IMO  9bGsaMmboliGme
05085830 (095000, 3Mms859gms oo MoEbzol Fgdmbggzsdo b MLslGWm®  13Er0sh
(00%056) 0585890) 65930l FMboLfMOMds Fgodagds 56 sOLYdIMDdEIL, 1939 33593V 39M339ME0
30090¢099900 gdLo3MAMIR0ME BEAMPLEHOIMO ToBHOEIE 0605390003 - Yzgus 0535300
d90d@qgds o6  sOLYdMOEIL  FmbsbfmOmmo  Lo@wysgos. @aduozmya®menone  LEMJslE03MNO
oBHMoEE r‘= (r l,...,l“”‘) 0585830  {mbslfm®OHmdol  Lo@wsgosms LodMmogeng 0v) 030
3M53M0Y00, s©FgM0E0s Fgbsdsdol sx3obM® (L3ses®¥ye) MsTsddo Fmboliffm®mmdol Lodws-
(30505 LOIMSZOL BsFLYsEGdO.

The problem of the existence of Nash equilibrium situation in stochastic games in the
case of ranked multicriteria payoffs

Mindia Salukvadze, Guram Beltadze

Summary

Stochastic games are discussed as a private class of a general dynamic games. A certain
class of lexicographic noncooperative games is studied - lexicographic stochastic matrix games
= (T"...,T™). The problem of the existence of Nash equilibrium is studied with standard
analyses. Standard means using the same kind of mixed strategies in case of scalar games. In this
case in lexicographic stochastic matrix game Nash equilibrium may not be existed. Its existence takes

place in relevant stochastic affine matrix game to the existence of Nash equilibrium. In T'" game a
set of Nash equilibrium is given by means of relevant stochastic affine matrix game's set of
equilibrium.

IIpo6Jsiema cymecTBOBaHUSI CUTyalHii paBHoBecHus o Hamy B cTOXacTHYECKHX UTPaX €
PAHKHPOBAHHBIMH MHOTOKPHUTEPHAJBLHBIMH BBIMTPHIIIAME

Murgns Caryksagse, [ypam beirragse

Pe3some

B paboTe cTOXacTHYeCKHe HUTPHl PACCMATPUBAIOTCA KaK CIEIUAJbHOE CeMeHCTBO OOLIMX
IuHaMudeckux urp. VsydeH ompefesleHHBIH KjlIacC OeCKOAIHIIMOHHBIX WUIP — II-KpUTEpHAalbHbIE
CTOXAaCTHYECKME MAaTpU4YHble UIPbl C  PAHXKUPOBAHHBIMH  KPUTEPHAMH BBIMTPBILIEH, KOTOpbIE
Ha3BaHbl 1-MEPHBIMH JIEKCUKOIPaHMUECKUMHU CTOXAaCTUYECKUMM MATPUYHBIMU UIpaMd U 0003Haua-
torcs wepes [t = (..., T™). Jlna Takux urp m3ydaercs TpoGieMa CyIeCTBOBAHUS CHUTYaI[uu
paBHOBecus 1o Hamy crapzapresiM aHanuzoM. CTaHZAPTHEIM MeTO, IO pasyMeBaeT MCIIONb30BaHHe
TaKUX JKe CMeIIaHHBIX CTPaTeTHi, KOTOpble IPUMEHAIOTCA B CKaJAPHBIX UTpaX. B aToM ciay4ae B urpe
Y curyauwii paBHOBecus mo Homry moxker u He cymecTBoBaTh. CyliecTBOBaHWE CHUTYaIMit
paBHOBecHs B |- CBA3BIBAETCA C CyIIECTBOBAHMEM CEJJIOBOM TOYKHM B COOTBETCTByIomel apdHHHOM
CTOXaCTUYeCKOH MaTpHUYHOH urpe. JIOKa3pIBaIOTCA [JOCTATOYHBIE YCIOBUA CYLIeCTBOBAHUA 3HAYEHUA
Takoil apPuHHO UTPHL
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350969 3H906-30696M0L 5M3{iHR030 LOLEGHYIGOIOL 35M53gBHMHIO 0EIBGHOBOISE0S
Lobdotryem s69do

89b56002b Jsb63osd30¢m0, Joboos bseregz599

besoshan@hotmail.com, msaluk@science.org.ge
Mybomdy

2°6bo@mmos 359968EY06-306gM0L MfMR030 ©065303MM0 LolEYagdOL 356r539E)-Geo
09bG0x803Zs300l  s0m3sbs Lobdotmen  sMgdo. 0ogmemolbdgds, GmI LobEgdol dmgeols
305658030 LAGOIMOO Mammgdo s0ofjghgds dgmeg bsGolbol dmeobmdosemmo gubjsoom,
boeem  dnEgmol §Oxogo  ©obsdogmMo  Gymeo - 3oMzgmo  Mogol  B3zgmemgdmozo
©0RIMHYbE0IMo  3bBMEdom.  356Ms0gGHMgool  0©IbGHORBOIIGOLIMZOL  35dmoygbgds
LoliGgdol gs0mlssgseo 0dv9egdomo MGbgzgdol 3sdmlisbwyemgdgdo ol Tgbsgogbyg 3sGdmbormero
Logbogrols  Bgdmddggdolisl.  3sMo89GMmgdol  dgesligdgdo doowmgds M3Eotgbo  335MadGgdol
3900000 Bl 53BMJodogools 3s8mygbgdolist.

1533563 Lo@Yyzgdo: 0IBEHOB03305, 9MHOHR030 LolBgds, ©obsdozmMmo Loldgds,
356589450, 0RgIMIBE0 MO0 356G MEgds.

1. 8glsgsemo

LoLEBYIgdOL  0EIBEHRB0IOE0d  MsbsgEOHMZg  J0MHMBdYBT0  FoMmBMoEYIbL B30l
09MOHoolL  9gM0-9HM0 doM0MOEO F0ToMMYWGILL. ol golbdmdl LolEgdol goM339wIo
3B6H00 Mm3E085¢M0 ImEIeol 52905 LoLEgdol BwbdEomboMgdolsl LoliEgdol dglsgsw ©s
398mUd3oe 33LEYOBY ©533060398900L Logdzgerdy [1].

LoLEG99gd0L 0IbEH0R035305 JYMDBMdS oMM FHR0Z LBHSEOMbsMv TmEIEgdL,
M3go0E BOOMME 2980099693056 Lofomdmm 3GHm3gLgdoLsmzoL. 58537 OML MIMs3wglo
0950070 LobEds 5MHOL  s0MiMR3030 s om0 FoMmBmyabs iOHR030 IMEIEgdom 56O 0derg3zs
3659d$H030L5m30L JoLowgd J9IAJOL.

3050030 LoLEJdgdol 33wq30LsL 23bds 3MH0bE0305W M sbogn TJm3zwgbado s
053019816 90900, HMIWGI0E 96 505D V533003908500 MO BR03 LoLBHYYdT0. 5d0EM SMBFOHBOZ0
LobGgdgddo dodobsmyg 3MMEgLbgdol  LEMERILM3B0  EsbILoIMYdS (33050l dogE
©0035HMbdo JgLsdergdgEros FbMEME 5MOHR0Z0 FMPIEJO0m.

30553030 LobGHYdOL 0IBEHRB0IE0s MHMR0Z0 FMEIWIOOM ©3530MHJINI0S
bbgoolbgs 59mEsbgdol 40s(y39@Eebomsb, HMmdwgdog 0bdgdosh LobEgdol dqlobgd sMLYGdMEO
336MH0MOMo  0bxgm®dsgool dobgzom. Im@gEol 53900l Fo®mBo@gdsl  360d3bgermaboo
2965306Mmdg0L 35601599 BHOIWO 00 6GH0B035300L 5MEBoL AosHY39GS dmEgwol bmdowo
LEHOWIEHYOOL EOMU.

00553030 LoOLEJIGOOL 0IHEHO0GOISE00L MM sMfMHR030 FMEIWYd0m FgodErgds
399m0gml doMomsEs© Mo G9bwgbios. 306H39wo dMTscmgmdlL 39Mdm bsbol, wdmsgztgloo
OEM3YMSO-MMH0GbEH0MJIMo  FmEIwgdol, bmem  dgmeg 3o bmyso  ImEiErgdob,
doMOMOIQ MW EHIOL R3b0mbormMo 3536003900l s 3ETMAMOMZ-g5dMMOL MHY39@0
©5  oL3MYAHMWO  3mobmdgdol  Asdmygbadsdo  bozgwrgzo  LoLEGYIol  Fo0gToGH03IM0
50H9MHoLOM30L. dEIM3IMMHHE-MM0Y6EH0MJIM0 FMYEdol M306MsEHILMdS 250MObsEJOS om0
2990996980L LoAsOEH03000 sMS[FMT030 LOLEJIYOOL FoMdmboygbs.

3056H53030 LoLEHYIYOIOL 35M5dgEHHMWo 0I6EHO0B0ISEO0L FMEBOLII0 dodwabowos
65OM3Ms OO MoMmEYbMds, MMIwgddoE 53 sdmEsbol 4owoHY39d¢e 983w9dbgds Lbgoalibgs
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358969 90b-3069M0L sMHR0Z0 LoLBGIGOOL 35M0gEMHMWO 0EIBGHORBINGOS. ..

90 ™asb. 305H)Hx030 Lobgdgdol @M 39MH5-MM0YbEH0MJIMO 9dm9wgdom
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Parameter identification of hammerstein-wiener systems in the frequency domain
Besarion Shanshiashvili, Mindia Salukvadse

Summary

The problem of parameter identification of Hammerstein-Wiener nonlinear dynamic systems is
considered. It is supposed that nonlinear static elements of model are described by polynomial function of
the second degree, and linear element - by the ordinary differential equation of the first order.
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Expressions of the output forced oscillations are applied for parameter identification at input harmonious
signals. The parameters estimations are received by the method of the least squares using the Fourier
approximation.

IMapamerpuyeckas naeHTU(GUKAIUA CUCTEM raMMepIUTeliHA-BUHEPAa B YACTOTHOM
obJiactu

Buccapron Illanmuanmnnn, Murgng Catyksazgse

Pe3tome

PaccmarpuBaercs 3amada mapaMeTpUYECKONH HIACHTUGUKAIMM HEIUHEUHBIX JHHAMHUYECKUX

cucteM BuHnepa- ['ammepinTeitHa B yacToTHOM oOnactu. [Ipearnonaraercs, 4To HETMHEHHBIC CTATHYCCKIEC
3JIEMEHTHI MOJICJIA OMUCHIBAIOTCS TTOJHMHOMHAIBHON (D)YHKIIMEH BTOPOW CTEIICHU, & TMHEWHBIN JIEMEHT -
OOBIKHOBCHHBIM  TU(QQPEpPCHIMANEHEIM ~ YPaBHCHUEM TEPBOTO mopsaka. Jlas mapamMeTpudecKoi
WACHTU(QHUKAIINA TPUMEHSIOTCS BBIPaKCHUS BBIXOJHBIX BBIHYKICHHBIX KOJEOaHWH TPHU BXOIHBIX
rapMoOHHYecKnX curHamax. OLIEHKH IIapaMeTpOB ITOJyYalOTCI METOZOM HaWMEHBIINX KBaZpaTOB IIPU

KCII0IB30BaHuY anmpoxcumanuu Qypee.
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maxmin A($,¢) =minmax A(£,¢) = A& ¢").

©53983500 sbas, Omd (E7,¢7) e A x A, 35Bbsbomgge 0385880 Bgdol FrbsbFrnGmdss.
58 398mbgg3s80 & = A, 8900905 063gH3OYBH0MIPRME 065l Gmymes LLfm®go Jg@Bymwo

n
Fmbgdo“ @5, Bgbsdsdolac, P;* (a)=Z{Cj (@)¢; Bgodwgds  sbz0bomme  Hrymeg
J:

»300@9MH093900L LHmEM0 939G 0. 5355006539 36MdO0s, HMA
aeA, P; (@) — min

00m3960L  53mbLby gmzgmm3ol  35MmgEHM-m3EH0TowMmos s 59gbs 0ao Fgodwrgds
296boem 0d6sl MMM LLHMMo 50mblBs“ goblabowggwo 49wofY393 0w gdsms dowgdols
965350 300EJMH0Mo s3mEebols.

3. 3sy5emomo

052500000 Loboo gobgobowmm 3mblEGMvYJ300Lm30L Tobagrol IgMBg30L gOHmo 3561Ro©
3bmdowo  58mEsbs.  sdmEsbs  MEolbdmdl  osendbosbo  bogol  s6dol  3MmBLEGHMWoWEo
99996GHobomzol  (owobo®o Log®dom 1,000 mm, 969 EosdgBHMoo < 100 mm, Jos
053930 > 84 mm, dsbom < 3 kg, 153 kN 9330530 go6g docrologzgols) Lomsbom dobaerols
996bh9390, YEIOHBOLMZ0L ob.[4].

9b 593965 gobboyem 0dbs 3Megoe bsdMMITo gosfiy3gEHowwgdsms domgdol bbgsalbgs
0900m©gdol  godmygbgdom o  s9gbs 0o 96033690 Mm356  LoGgbBHm  Togowromls
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GotmBmoyqbL!,[4-8]. gobloborgga s8mEsbsdo 899gao 3G0GHIM0dgd0s: 3meo bod®Gzoay (SS,
specific strength), 370m®o dmowmero (SM, specific modulus),3m®mbowmeo dg®omds(CR, corrosion
resistance) o bos®x g0l 3oGgameos (CC, cost category)?, [4]. s6Bggzsbo Mbs ao390@gb 15
3¢ 9MbE 0 Bsloensly FmMob. s3mEsbol Lafyolio dmbsgdgdo dmEgdwyaeros sbMowdo 1, Loss
ab939 FoMIMmEygbowos FowoY39¢0wWgdsms J0mgdol FoBMoEs bm®mdsoBgdmwo g3mMIoo.
23905%Y393H0wgdsms Jomgdol goblobogrggmo sdm3sbolbmgol brmemgzsbo xsdom e 3oMms
dqLeds3oLO M985doLm3z0L FgMgmeE LEAMIEGJH0dTo STMbLbsS

£ =(0.4293,0,0,0,0,0,0,0,0,0,0,0.0051, 0, 0.4008, 0.1648)
¢" =(0.1375, 0.0528, 0.3850, 0.4247) '

3600 1. 3505(930G0wgdsms sBHMOoEs

Lofigobo Bm®Hdowobgdmyeo

# doboens

SS SM CR CC SS SM CR CcC
1 | AISI 1020 359 2,9 1 5 0,983 0,957 1,00 0,00
2 | AISI 1040 51,3 269 1 5 0,958 0,957 1,00 0,00
3 | ASTM A242 type 1 423 272 1 5 0,973 0,949 1,00 0,00
4 | AISI 4130 1949 272 4 3 0,723 0,949 0,25 0,50
5 | AISI 316 256 25,1 4 3 1,000 1,000 0,25 0,50
6 | AISI 416 heat treated 57,1 28,1 4 3 0,949 0,928 0,25 0,50
7 | AISI 431 heat treated 71,4 281 4 3 0,925 0,928 0,25 0,50
8 | AA6061T6 101,9 258 3 4 0,875 0,983 0,50 0,25
9 | AA2024T6 1419 26,1 3 4 0,810 0,976 0,50 0,25
10 | AA 2014 T6 1482 258 3 4 0,800 0,983 0,50 0,25
11 | AAT7075T6 180,4 25,9 3 4 0,747 0,981 0,50 0,25
12 | Ti-6Al-4V 208,7 27,6 5 1 0,701 0,940 0,00 1,00
13 | Epoxy-70% glass fabric 604,8 28 4 2 0,054 0,930 0,25 0,75
14 | Epoxy-63% carbon fabric 416,2 66,5 4 1 0,362 0,000 0,25 1,00
15 | Epoxy-62% aramid fabric 637,7 27,5 4 1 0,000 0,942 0,25 1,00

006030, 09000035H909o  doymdol  dgledsdols, goblsbowrgger  sdmEsbsdo  3M0EGE]-
09989006, UFmO0  5pMga0M98s Mbs dmbgl ¢ fmbgdom. Fglsdsdol  gesbysm0dgdsms
39093900 Homdmagbowos gbMowdo 2 (ggbl dogH d980mmo35HgdEo dgmmEOm JowgdvIEo
00mblibs  50b0dbemos  GTM  506Hg300BHWOOm). 50539 bOodo  Fomdmppgboos  Lbgs
9039000 J0MYdIMo  MbgoMgdgd0 Togowr0mdo dsbbowrmmo dslagngdoli;mgol. sbscrobo
230P39690UL (0b. 3bGowo 3 s bob. 1), Memd G9000535H9d990 IgmmEom JoMgdwIEo M610MmGds

1 390000, g58mygbgdem odbs 9890 dgmmengdo: WPM (weighted-properties method), VIKOR (multicriteria optimization
through the concept of a compromise solution), CVIKOR (comprehensive VIKOR), FLA (fuzzy-logic approach), MOORA
(multiobjective optimization based on ratio analysis), MULTIMOORA (multiplicative form of MOORA), RPA (reference-point
approach). gb 5d369305¢¥9M9d0 253mygbgdwyem 046908 Moo 2

2 0306MmM030  300GYO0IgdoLmzol CR, CC gsdmoygbgds 9gdgao bswgdo:  CR Ugsams (1 =gvoo; 2 =
©5053054MB0Egd900; 3 = 3560; 4 = do05b 3060; 5 =0Mfgobgzoarg) s CC Lgoes (1= dogr0sh  Foso; 2 = Joowo; 3 =
Lod9000M; 4 = OBSE0; 5 = o056 ds0) , fgotrm: [8].
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153050 LNLESE 3MOIOMIPOL 5950y (36MdOO BgoMmEYdom oI MHbgoMYdYdMb.
00009bo, §0obsdgdety LEHsG0sdo Fgdmmogabgdgmo doymds odsdy 3bmdowo dgom-

0700L56 2ob6Lb35390ME seEMbsE 035 Fga30d¢0s dogobbomm, HMIgero d98aMad 331935
L5 FOOMIOL.

3OO 2. kbgswslibgs 3gmmgdom domgdwymo GgoGobagdo

2 g 3 En: E ®
gl 25 <« < ¢ & & |2 g &
g1z 2z = " = 5 /9 7%
1 14 14 14 14 14 12 14 | 14 | 05707
2 15 15 13 13 13 6 11 | 10 | 05672
3 113 13 12 15 15 9 13 | 11 0,5689
4 12 12 15 4 11 4 4 2 0,4582
5 4 4 4 11 10 15 15| 9 0,4989
6 7 11 11 9 9 14 10| 8 0,4880
7 6 10 10 10 8 11 5 7 0,4848
8 | 11 9 9 8 7 13 12| 5 0,4709
9 | 10 7 8 12 2 8 7 4 0,4616
10 9 6 7 7 4 10 9 3 0,4605
111 5 8 6 6 6 5 6 1 0,4532
12| 8 5 2 5 3 7 8 | 12 | 05707
131 2 2 3 3 12 2 2 6 0,4713
14 3 3 1 2 1 1 1 15 0,5707
15 1 1 5 1 5 3 3 | 13 | 05707
Dgote: *[8]; *[4]; **([7]
16
15
14
13
12
11
10
9
8
7
6
5
3
2
1
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Bab. 1. bbgsgoslsbgs dgmmogdom domgdwmeo 89wgagdolb 9gsgds
39030350 MO0 0gOHA0: M6y0; 3MOHOBMBEICMMO WgMdo: Aslsggdo;

GTM 565060905 458mbobwyenos 349do baBom (gobdo®E9gdgdobmzgol ob. doMomswo &Hadudo)
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3bGomo 3. 3mGgEsaool 3mgnoEogb@gdo bgswslibgs dgmmmgdoon
Jomgdmm M36506MH9dgOL FmMol

= 8 g g 8
o = S 5 & < < =
) = = = = > S ©
= = O
=)
p=
MOORA 1.000
MULTIMOORA  0.871  1.000
RPA 0.793 0911 1.000
FLA 0.696 0.718 0.596 1.000
Wpm 0.457 0.618 0.643 0.525 1.000
CVIKOR 0.325 0.375 0.339 0.657 0.239 1.000
VIKOR 0589 0.525 0414 0.804 0471 0.818 1.000
GTM -0.071 -0.086 -0.186 0.057 0.071 -0.068 0.107 1.000

Decision-Making and Zero-Sum Two Person Game

Joseph Gogodze

Summary

The paper suggests a game-theoretic approach for solving decision-making problems. The essence
of the method lies in the fact that each multicriteria decision-making problem correspond to a zero-sum
two-person game. Solving this game in mixed strategies gives “true” weights to aggregate the criteria. To
illustrate the proposed approach, an example is considered.

ITpunsatue pemenuii u Urpa qByx Jiui ¢ HyJIeBO# CyMMOM
H. I'oco03e

Pe3zrome

B pabore mpeayoxXeH TEOPETUKO-UTPOBOH TOAXOZ IJIA pelleHMs 33a4a4 NPUHATHA pelleHu.

CYTB METOJa 3aKJIK4YdeTCAd B TOM, YTO Ka)K,ILOfI MHOTOKPI/ITGPI/IEIJII:HOﬁ 3ajavde IMpUHATHA PEHIGHI/Ifl

MOJXHO COIIOCTaBUTH UTPY ABYX JIUII C HyHEBOﬁ CyMMOﬁ. Pemenmne sToit UTPBI B CMEIIAHHBIX CTPAaTETHUAX

JlaeT «MCTUHHBIe» Beca JJiA arperupoBaHuA KpuTepues. [Ia MIITIOCTpaly Ipe/IoXKeHHOTO IoAXoaa

PacCMOTpeH mpuMep.
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IIpo6JeMa KoIMYECTBA CTPEIKOB B CTPATErHYeCKOil HTpe BHIOOPA meJteii
Buxmop Xyyuweunu, I'ypam Komoraweuiu

Email: otariko@yahoo.com, gurkot@gmail.com

Pe3ome

PaccmoTpen 00if Ha yHHYTOXKeHHE NPOTHBHHKA MEkKAY ABYMS KOMAHIAMH CTPEJIKOB.
CocTaBbl KOMaHA MOTrYT OTJIMYAThCS KAK KOJMYECTBOM CTPEJIKOB, TAK M HHIMBHAYAJbHBIMH
BEPOSITHOCTSIMHM NMONAJAaHNA B LeIb. 321a4a COCTOMT B BbIOOpe 00eMMHM KOMaHIAMHU ONTHMAJIbLHBIX
cXeM HalleJJMBAHMSI B CMbICJIe MAKCHMMHU3ALUU Jsi ce0si Pa3HOCTH BePOSITHOCTell Mmodeabl M
nopa:kenusi. CopmyaupoBanHasi mpodjema, pemiéHHAs paHee sl ABYX YACTHBIX CJIy4Yaes,
paccMaTpuBaercs npu 00JiblIeM YUCJIEHHOM cocTaBe KomaHA. IIpu pemieHnu coOTBeTCTBYIOLIEH
CcTpaTernyecKoil HUrpbl ¢ HyJ1eBOil CyMMOil Ha NepBblil IUIAH BBIXOAUT NMpPo0/ieMa BbIYHCICHHS
3J71eMeHTOB ILIaTEKHOH MaTpuubl 0oabmoii pazMepHocTH. C He/IbI0 IKOHOMHH KOMIBIOTEPHOIO
BPeMeHH c/le1aHbl HEeKOTOpPbIe NMpPeaNnoJ0KeHHs] OTHOCHTE/ILHO ONTHMAJIbHBIX CXeM HalleJMBaHHsA.
Beenenne nopsaka Me:kay BCeBO3MOKHBIMHM IPYNIIAMH CTPEJIKOB MO3BOJMJIO BBIBECTH UISI CXeM
3(pdekTUBHOE ¢ ANTOPUTMHYECKON TOUKH 3peHUs He00X0AUMOe YCI0BHe ONTUMAJBHOCTH.

Knroueswvie cnosa: 6oit cmpenkos, 6eposmuocmo, 6bloop ueau, uzpa, Raaméxnc, IKOHOMUHHOCMb

CrpaTternyeckue Wrpbl, OTPaKAIOIINE KOH(IMKTHBIE CHUTYaIllMd MEXAYy CTOPOHAMH, SBILFOTCS
MIOCTOSTHHBIM IIPEAMETOM HAy4YHBIX HCCIEAOBaHMI. B naHHON cTaThe paccMaTpuBaeTCsl CIELYIOIIas
Mozens KoH(uuKTa. VIMeroTcst 1Be KOMaHIbl CTPEIKOB, CTPEMSINMECS YHHYTOXHTh OJHA Ipyryio. B
KaXXJ10M payHJIC 605 MEXAY HUMHU CTPECJIKU PCIIAIOT KOMY B KOI'O IEJIUTHECA U OTHOBPEMEHHO ITPOU3BOAAT
10 OJTHOMY BhICTpely. M3BecTHa cTeneHb MacTepcTBa KaKIOTo CTPEJIKa, BhIPXKAIOIIASCS B BEPOSTHOCTH
MOTIaJIaHKs UM B 1IeJIb. PayH/IbI POIOIDKAIOTCS JI0 TEX MOP, TOKa OHA U3 KOMaH/ He OyJeT YHUUTOXKeHa
MOJIHOCTBIO. B TakoM cityyae apyrasi kKomaHaa oObsBIsIeTCS MOOEUTENIEM BHE 3aBUCHMOCTH OT YPOBHS
CBOUX IIOTEpPh. YCIOBHS WUIPbl HE HMCKIIOYAIOT U HUYbEH — OJHOBPEMEHHOTO YHHYTOXKCHUS KOMAaHI.
3agaga COCTOMT B BbIOOpe OOEMMHM KOMaHAaMH ONTHMAIBHBIX CXeM HaleJMBaHus B CMBICIE
MaKCHUMHU3alMK Uil ce0sl PasHOCTH BEpOATHOCTEH MoOeasl M TOpaXkeHWs. JTa 3agada BIIEpBBIC
rocrasiieHa B pabore [1], Tam ke OHa pelieHa JUlsl AByX YacTHBIX CIIy4aeB — HECKOJIBKO CTPEIIKOB MPOTHB
ormHoro (N vs 1) u aBoe mpotuB nBoux (2 VS 2). [lepBrIit cirydail pakTHUECKH HE SBISIETCS UTPOBBIM, TaK
KaK O4E€BHJIHO B KOT'O CJIEIYET LIEIUThCS CTpesikaM. BTopoii ke ciyyall y>ke CyLIeCTBEHHO UTPOBOM U OH
e SBISIETCSI CaMbIM IIPOCTBIM CpPEIM TaKOBBIX. HacTOSsIIyl0 CTaThi0 MOXKHO pPaccMaTpUBaTh Kak
npogoipkeHne paboTsl [1], B KoTopoMm paccmarpuBaercst o0mias cutyamus N VS m, rie N 1 m ecThb YUCIIOo
CTPEJIKOB B TIEPBOH (JIEBOW) M BTOPOH (TIpaBoii) KOMaHIaX COOTBETCTBEHHO.

[IpenBapurensHO TpUBEAEM HEKOTOPHIE WYHCIEHHbIE pe3ynbTarel u3 [1], He BBIMHCHIBas
BBIBEJICHHBIX TaM (opMyJs. B JeBoll KOJOHKE CHMBOJ VS pa3ieiseT yKe He KOJIMYECTBO CTPENIKOB B
KOMaH/[axX, a CIIMCKHA BEPOSITHOCTEH MOMNa aHus B 11eIb YYaCTHUKOB KOMaH I (B MPOLIEHTaX).

IIpoTuBHUKHN [Mo6Gena (1) Huubs (X) [Mopaxenue (2)
40 vs 40 37,5 25,0 37,5
40 vs 35 42,6 23,0 34,4
30,20 vs 90 47,8 10,4 41,8
25,20 vs 90 43,8 11,2 45,0
15,12, 10 vs 85 52,2 4,8 43,0
15, 10, 10, 10 vs 100 63,4 3,7 32,9
10, 10, 5,5,5vs 95 60,3 2,0 37,7

Ta6mmna 1. BepositHocty 1, X, 2 nost cirygaes N VS 1 (B mpoueHTax).
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IIpo6aema koJiMUeCcTBa CTPEJIKOB B CTPaTErHM4ecKoii urpe BoiGopa ueJeii

OueBHIHO, YTO B cirydae N VS 1 Bce CTPeNKH MepBOil KOMaH bl LENATCS B SIMHCTBEHHOTO CTpEJIKa
BTOpOH KOMaHJBL, @ OH, B CBOI OuYepelb, METUT B TEKYILEro JHAepa IEepPBOH, T.c. B CTpelKa ¢
MaKCHMQJIBHBIM B IIEPBOH KOMaHJE IEHCTBYIOIIMM IOKa3aTelleM BEpOSTHOCTH IONaJaHus B Lienb. B
cllydae ke 2 VS 2 KaXIbIH CTPETIOK MOXKET CTPENATh B OIHY M3 JBYX Leiel, uTo maér 16 BapuaHTOB
HanenuBanus. OJHAKO, OYEBHUAHO, YTO U KaXKIOH KOMaHIBI BapHaHT, rae oba MeTAT B ayTcaiigepa
KOMaH/Ibl TPOTUBHMKA, XYK€ BapuaHTa, e oba MeTAT B JiMJepa, a BapHaHT, TAe JIUAEP METUT B
ayTcaiiiepa M ayTcaiep METHT B JIHJiepa Xy)Ke BapuaHTa, Tie JUep METHUT B JIUJEpa U ayTcaiiep METUT
B ayTcaiinepa. Takum oOpa3om, iuaepbl 00erx KOMaH JIOJDKHBI HETUThCS Apyr B Apyra. Uro kacaercs
ayTcaliepoB, TO JUIsl HUX BO3HHUKAET JUJeMMa BHIOOpa MHUIIEHH — B KOTO CTPEJIATh, B JIHJEpa KOMaH/IbI
MPOTUBHHKA WK B e€ ayrcaiinepa? Beero ocraéres 4 BapuanTa cxem Hanenusanus. Ot1o 1-1 vs 1-1, 1-1
vs 1-2, 1-2vs 1-1u 1-2 vs 1-2. TlepBas undpa aist Bcex map BO BCEX BapUaHTaX MOBTOPSETCS - 9TO €CTh
HOMEp LEeNu JINAEPOB 00enx KomaHZ. PasHuma Mexmy BapuaHTaMy MpOSIBISIETCS B COBOKYIHOCTH
BTOpBIX IH(p B Mapax — B HOMepax Ieined ayrcaiigepoB komann. Eciam sta mudpa paBra 1, To
MUILICHBIO ayTcaijepa sSBIsETCS JIMJIep KOMaH/ABl MPOTHBHHKA, €CIIM K€ OHA paBHAa 2, TO MHIIECHBIO
ayTcaiiiepa SIBISIETCSl ayTcaifiep NMPOTUBOCTOSIIENH KoMaHAbl. [lociie 3TUX NOSCHEHHUH NPEACTaBUM U
BTOPYIO TaONHILy, TAE TI0 CPABHEHHUIO C IEepBOi Tabmuel mo0aBieHa ofHA KOJOHKA, B KOTOPOH yKa3zaHa
ONTHMaJbHas CXeMa HallelIMBaHHUs

IIpoTuBHUKHN Cxema [o6ena Huubs INopaxenue
30,10 vs 30, 10 1-1vs1-1 49,1 1,8 491
10, 10 vs 30, 10 1-1vs1-2 30,7 15 67,8
50, 10 vs 30, 10 1-2vs1-1 61,8 1,8 36,4
30, 20 vs 30, 20 1-2vs1-2 47,5 50 47,5

Tabnuma 2. Bepositoctu 1, X, 2 anst cimydast 2 VS 2.

HamoMHUM, 9TO KadecTBO CXEMBbI Ul KaKAOM M3 KOMAaHJ H3MEPSETCS KaK Pa3sHOCTb MEXIY
BEPOSITHOCTAMHU €€ mobenpl M mopakeHus. B TakoM cityyae auieMma BbIOOpa LENH YKIAIbIBAETCS B
PaMKH KJIACCHYECKOI TEOpPHH WTP IBYX JIUII C HYJICBOH CyMMOIl [2], a 3IeMEHTOM IIIaTEXHON MaTpPHUIIH,
COOTBETCTBYIOIIIUM KOHerTHOﬁ CXEME€ HallCJIMBaHUsA, SABJIACTCA YIOMAHYTasd pa3HOCTb BepOHTHOCTeﬁ
JUIs TepBOM KOMaHABL. OJTa KOMaHJa CTPEMHUTCS MaKCHMHU3UpPOBaTh IJIATEX, BTOpas ke KOMaHIa
CTPEMUTC €0 MUHUMU3UPOBAThD. OnTuManbHbIe CXCEMBbI, MPEACTABJICHHLIC B Ta6n1/1ue 2, COOTBETCTBYIOT
CEIUTOBBIM TOYKaM IUIATEKHBIX MaTpuil. Pacuérel, mpoBenéHHbIe B [1], MOKa3amy, 4TO HE3aBUCHMO OT
KOHKPETHBIX MCXOJIHBIX BEPOSITHOCTEH MOMaIaHusl B LEIb, TTOJyYaronIHecs IIaTéXHbIe MaTPHIIBI BCETa
UMEIOT CEeUIOBYIO TOYKY. DTO O3HAuYaeT, YTO pelIeHHe Halllel CTpaTerMyecKod Mrphbl ¢ MaTpUIeH 2x2
BCETIa OCYIIECTBIISETCS B YHCTHIX CTpaTerusx [2].

BersiBnieHNE CeyIoBOM TOYKM COOTBETCTBYIOIIEH IIaT&XHON MAaTPHIBI HE BHI3BIBACT 3aTPYAHEHHIN
1 B o0mieM ciaydae N VS M, HO ¢ POCTOM KOJIMYECTBAa CTPEJIKOB B KOMAH/AAX Ha MEPBBIH IUIAH BBIXOAUT
npoOyiieMa BPEMEHM BBIYHCICHHS >JIEMEHTOB IUIATEKHON MaTpHmbl. JTa mpoOiieMa HOCHT Ha3BaHHUE
MPOKJIAITHS Pa3sMEPHOCTH (TEPMHUH BBEIEH CO3AATENIeM AMHAMHYECKOTO MporpaMMupoBaHus Pudapmom
Bennmanom). Paccmorpum, Hanpumep, ciyuait 6 vs 6. Mmeem 6° x 6° (Gomee 200 MumnmoHOB)
BAPMAHTOB HAIEJIMBAHUSA, B KKIOM M3 HUX 22 (Goiee 4 THICSY) BAPUAHTOB T10NaAaHUsA/HENIONAIaHUS B
eI, JUIl KaXIOT0 M3 KOTOPBIX CIIENyeT IOACUYHUTATh BEPOSTHOCTH BCEX BO3MOXKHBIX COCTOSIHHUHA C
YMCHBIIEHHBIM COCTaBOM KOMaHJ (Toxe 0oJiee 4 THICSY BAPHAHTOB), @ TAKIKE COOTBETCTBYIOIINE 3TUM
COCTOSIHMSIM IIJIaTeXU. B Takol CHTyal[uM MOXKHO IOIBITATHCSI COKOHOMHUTD Ha BapHaHTaX HalleJIWBaHuU,
O0TOpPOCHB 3aBEIOMO HETIPUIO/IHBIC, KaK 3TO OBLIO CcHeNaHo B ciydae 2 VS 2, The yaaloch oTopocuts 12
BapUaHTOB u3 16.

Takas mombITKa ObIJa HAMW TPENPHHATa, & HWMEHHO OBUIM CHENaHbl CIEAYIONINE JBa
TIPEATIONOXKEHIST: TUAEPBl 00eNX KOMaH I TOJDKHBI IIETUTHCS APYT B ApyTa U UL KaXKJ0TO CTPENKa HoMep
€ro IIeJM He JOJDKEH IMPEBBINIaTh HOMEPOB Leseil ero 0ojee METKMX MAapTHEPOB IO KOMaHJE OOIBIIE,
yeM Ha | (TIpexmornaraercs, YT0 CTPENKH B KOMaHIaX MPOHYMEPOBAHBI B TIOPSIKE YOBIBAaHUS METKOCTH).
[lepBoe mpenmnonoxeHne (GpakTHUECKH SBIAETCS CIEACTBHEM BTOPOTO, HO MBI C(HOPMYIHPOBAIH €TO0
OTZEJBHO MO MPUYMHE €T0 IPOCTOTHI U SICHOCTH. UTO Kacaercsi BToporo (OCHOBHOTO) HPEATOI0KEHH s, TO
JUIA JIy4IIEeTo ero MOHWMaHMs MpUBeAEM ABa IMpuMepa UL ciaydas 5 VS 4. DTo mpaBMIIO JOMYyCKaeT Ui
JeBO# mATEpKM cxeMy HanenuBanus 1-2-3-1-4, Ho He nomyckaer cxemy 1-1-2-4-3. Kcratu, oueBHIHO,
YTO JIEBOH KOMAaHJIe BBITOJHEE 3aMEHHTh ITOCIHeIHIOI cxemy Ha 1-1-2-3-4. CpaBHHM Tenepp MEXay

27



Buxmop Xyyuweunu, I'ypam Komonaweunu

c0o00ii YHCIIO0 BAapHAHTOB HAILICIMBAHMS, COBIAIAIONICE C PA3MEPHOCTBIO IUIATEXHON MaTPHLB, Il O0EB
(urp) MexIry KOMaHIaMHU C PaBHBIM KOJMYECTBECHHBIM COCTaBOM N VS Nmpu 1 < n <6 (tabmuma 3). U3
9TOW TaOJMIBl BUIHO, 4YTO CIETaHHBIE HAMU IIPEANOJIONKEHHS [af0T KOJIOCCAIBHYIO 3KOHOMHUIO.
[TpumeuaTensHO, YTO YMCIAa B NPAaBOH KOJIOHKE COCTABISAIOT M3BECTHYIO B JUCKPETHOH MaTeMaTHKe
nocjenoBarenbHOCTh uncen bemna [3]: 1, 2, 5, 15, 52, 203, 877, 4140, . . . .

n be3 sxoHOMUM C skoHOMHUEH
1 1x1 1x1

2 4 x4 2x2

3 27 x 27 5x5

4 256 x 256 15x 15

5 3125 x 3125 52 x 52

6 46656 x 46656 203 x 203

Tabanmna 3. PasmepHOCTH MIaTEXHBIX MATPHLl TSI UTP N VS N

Jpyroii pe3epB 3KOHOMHMM KOMIIBIOTEPHOI'O BPEMEHH 3aK/IIOYAETCsl B IIPEABAPUTEIBHOM pacyeTe
IJIaTeX el 1Ji1 BCeBO3MOXKHBIX CUTyallUid C HEMOJHBIMM COCTaBaMu KOMaH[. JlefcTBUTENbHO, OJHA U Ta
Ke cUTyanust, Hanpumep 0Ooit 1 vS 1 mexny ayTcaiiiepamu o0eMX KOMaHJ, BO3HHKAET C HEKOTOPOH
BEPOSATHOCTHIO TP  PA3JIUYHBIX CXeMaX BbIOOpa Ieleld W TMpH  pa3IMYHBIX  BapHaHTaX
TOTaJaHus/HeTIonaaHusl B 1eib. [1o3ToMy mraTéx st 3TOro 00si MBI TIOJACYUTEIBAEM TOJIBKO OJIMH pas,
3allOMUHAEM €ro U B JajbHEHIlIeM MHOTOKPATHO MCIOJIb3YeM IpU pacuéTe IaTeked ¢ paciiupeHHbBIMU
cocTaBaMM KOMaHJ, BKJIIOYAIOIIUMH JITHX ayTcaijaepoB. TakuMm oOpa3oM, MbI co3qaéM €OUHYIO 0a3y
raTexked it 00EB ¢ HEMOJIHBIMH COCTaBAMH KOMAHJ, KOTOpas MCIIONB3YEeTCS IPH BBEIYUCICHUH BCEX
9JIEMEHTOB OCHOBHOM IUIATE&)XHOW MaTpumbl. 3amoiHeHWe 0a3bl HAYWHACTCSA C MPOCTBIX CHTYAIWii:
mwaréxk st 0 vs 0 pasen myomro, st N Vs 0 (n > 0) — exunnne, wis 0 vs m (M > 0) — MUHYC eAnHHAIIE.
Ianee paccunThIBatOTCs NXm miaTexeit Bcex 60€s 1 vs 1, C(n,2)Xm rurarexeii Bcex 6068 2Vvs L u T. 1. B
TIpoIiecce 3aNOTHEeHNS 0a3bl aKTUBHO UCTIOJIB3YETCs €€ yXKe 3allOTHeHHAS YacTb.

B Hmkecnenyromiei Tabiuie IpuBeACHB HEKOTOPHIE PE3YIbTAaThl SKOHOMUYHBIX PacdETOB.

IIpoTuBHUKHK Cxema 1 X 2
40-30-20 vs 90-70 1-2-2 vs 1-2 29,9 8,4 61,7
40-30-20-10 vs 90-80 1-2-2-1vs 1-2 43,5 3,6 52,9
40-30-20-10-5 vs 95-90 1-2-2-1-2vs 1-2 47,5 1,7 50,8
40-30-20 vs 50-30-10 1-2-1vs 1-2-3 53,9 1,7 444
40-30-20-10 vs 60-40-20 1-2-1-2 vs 1-2-3 49,1 14 49,5
40-30-20-10-5 vs 80-60-40 1-2-3-2-1vs 1-2-3 30,9 1,1 68,0
40-30-20-10 vs 50-20-20-10 1-2-3-1vs 1-2-3-2 50,1 0,7 49,2
40-30-20-10-5 vs 50-40-40-30 1-2-3-4-3 vs 1-2-3-1 26,3 0,7 73,0
40-30-20-10-5 vs 60-50-5-5-5 1-2-2-1-1vs 1-2-3-3-3 49,3 0,2 50,5
50-40-30-20-10 vs 70-40-30-10-5 1-2-3-1-2 vs 1-2-3-4-4 54,3 0,3 45,4
50-40-30-20-15 vs 65-40-30-15-10 | 1-2-3-1-2 vs 1-2-3-4-3 51,0 0,7 48,3
50-30-30-20-10 vs 70-40-10-10-10 | 1-2-2-1-1vs1-2-3-3-3 55,8 0,5 43,7
90-30-25-20-15 vs 38-37-36-35-34 | 1-2-3-4-5vs1-1-2-3-4 40,6 18 57,6
90-40-25-20-15 vs 40-38-36-34-32 | 1-2-3-4-5vs 1-2-1-3-4 45,5 18 52,7
90-50-25-20-15 vs 42-39-36-33-30 | 1-2-3-4-5vs 1-1-2-3-2 50,0 1,8 48,2

Tabnuma 4. Bepostaoctu 1, X, 2 ams crygaee nNvsm,3<n<5,2<m<5.
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BepHéMmcs Kk caenaHHBIM HaMd IPEATIONIOKEHHSM, IO3BOJMBIIMM PE3KO COKPATHTH YHCIIO
BapHaHTOB HalenuBaHus (cM. tabmuny 3). K coxxaneHuro, OHM OKa3ajluch HEBEPHBIMH, B 4aCTHOCTH,
Jauaep KOMaHAbl He 00sf3aH LENUThCS B JIMJAepa NPOTHBOCTOSIIEH KoMaHnpl. IIpuBenéM mpumep mmis
ciydast 3 VS 2 (cM. Tabnuily 5). DKOHOMHYHBIN TIepebop OTpaKEH B BEPXHEH CTPOKE TAOMIIbI, @ MTOJTHBIH
nepebop — B HkHeH. OKka3auock, 4TO TOJHEIM IepedopOM MOXKHO YIy4YIINTh U HEKOTOPBIE PE3yJIbTAThI,
oTpaxEéHHbIE B TabIHLE 4, IPU 3TOM YJIyUIlICHHE JUIs BeposiTHOCTel He mpessbimaeT 0,3%.

IIpoTuBHUKHN Cxema 1 X 2
60-50-50 vs 100-90 (3xoHOM) 1-2-1vs 1-2 49,16 20,68 30,16
60-50-50 vs 100-90 (momnHbIit) 2-1-1vs 1-2 49,92 20,30 29,78

Tabmuna 5. Koarpmnpumep.

HesnaunrtenpHas pa3sHUIA B BEPOATHOCTSX, MOJIYYAIOMIMXCS B PE3YNbTaTe Pa3IMYHBIX CIOCOOOB
nepebopa, 1aéT HaM HEKOTOPOE OCHOBAHWE HCIIOJIb30BaTh MMEHHO 3KOHOMHYHBIH 1epedop, CBsI3aHHbIH
¢ yucnamu bemna. O4eBUIHO Taxke, YTO CTPOTHE YCJIOBHS HAIIMX NMEpBOHAYAIBHBIX MPEIION0KEHUH 0
CXeMax HaleJMBaHUs CIeIyeT OCIaOWUTh TakuM 00pa3oM, YTOOBI NOJIydaTh I'apaHTHPOBAHHO TOYHBIE
pe3ysbTaThl 3a mpremsieMoe BpeMsi. Hibke mokazaHo, Kak 3TOr0 MOXKHO JTOOUTHCSI.

PaccMoTpuMm HanenuBaHue JI€BOM KOMaHIbI Ha MpaBylo. KaxIoMy CTpenky NpaBod KOMaHIbI
COOTBETCTBYET I'pyIIIa IEIAIINXCI B HETO CTPEJIKOB JIEBOM KOMaHIbl. TakkuM 00pa3oM, CTPEIKH JIeBOI
KOMaHZbI JEIATCS Ha HEMEPECEKaroNIHecsl TPYNIbl, MPUYEM HEKOTOPHIE M3 3THUX TPYIH MOTYT OBITh
IMyCTHIMH (KOT/Ia B CTpeNKa NpaBoOil KOMaHABl HHUKTO He menutcs). Beeném ompenenenume. ['pymmy
CTpPENKOB g1 Ha30BEM OoJiee METKOHM (CHIIBHOW), YeM TpyIla gz, €CIH OHA IONMagacT B OAHY LEIb C
GosbIell BEpOSTHOCTBIO. [/ BEPOSTHOCTH NONAAaHMs B LIENb IPYNIBl OyAeM HCIIOIb30BaTbh TO KE
0003HaueHue, 4TO W Ul TPYMIBIL, TAKUM 00pa3oM HEPABEHCTBO J1 > (2 MMeeT cMblica. st rpymimsl,
COCTOSIILICH M3 OJJHOTO CTpeiKa, BMECTO OyKBBbI g OyneM HCIoJib30BaTh OykBY p. Jisi mycToit rpynisl
COOTBETCTBYIOIIAsl BEPOSTHOCTh PaBHA HYIIIO.

Jlemma. IlycThs B 1€BO1 KOMaHE UMEIOTCS IBE IPYNIBbL g1 > J2, @ B IIPaBOM JIBa CTpPEJKa p1 > P2.
Torpga cxema HauenuBaHWS, B KOTOPOW IpyIna g1 LIEIHUTCS B CTPEJKa Pz, a TPyNIa g2 — B CTpEJKa p1
HEONTHUMaJIbHA.

JlokazaTejbcTBO. YIIOMSHYTYIO B JIeMMe cXxeMy A OyzaeM cpaBHUBATh co cxeMoil B, B koTopoii
rpymmna J; OenuTcs B CTPENKa pi1, a TPyIa g2 — B CTpenka p2. Eciu 00e rpynmnsl mopaskaroT CBOM LIENH
WM 00e MPOMAaxMBaIOTCA, TO PA3HUIIBI MEXAy cxemamu A u B Her. Ecnm ke ofHa M3 Tpymnm nopaxaer
IeTb, @ Apyras HeT, TO B CJIEAyIOIIeM payHzae 0os B COCTaBe NMpaBOd KOMaHIbI OyAeT (hUrypHpoBaTh
TOJIBKO OJMH U3 WHTEPECYIOIINX HAC CTPENKOB P1 U P2, IPUUEM JUISl JIEBOH KOMAHABI NPENOYTHTEIIBHEE,
ecIi yIeneBmuM OyaeT 6omee caalbid cTpenok pz. Takum o0pa3om, eciu Ipymia g1 IopakaeT Melnb, a
rpymia g, NpoMaxuBaeTcs, TO MPEANOYTUTENbHEE cXxeMa B, ecinu e Ha000pOT, TO POBHO HACTOJIBKO Ke
npeanoutuTensbHee cxema A. Tak Kak COOTBETCTYIOLIME BEPOSATHOCTH YIOBJIETBOPSIOT HEPABEHCTBY
01(1-92) > g2(1-01), To cxema B myuame cxemsr A. Jlemma oka3aHa.

dakTuyecky 3Ta jJeMMma OblUla NPUMEHEHa HaMM, KOIJa Mbl OTCEHBAIM BAPHAHTHI HallCIIMBAHUS
Juist 60st 2 VS 2. B ogHOM cityyae rpyIima, cOCTosIas U3 JIAEpa U ayTcaiinepa, Obula CHIbHEE ITyCTOMN
TpyIBI, B APYTOM TIPYIIa, COCTOSIIAs M3 JIHAEpa, Oblia CHIIbHEE TPYIIBI, COCTOsIIEH U3 ayTcaiiiepa.
KonTprpuMmep w3 Tabmuiel 5 Takke WLTIOCTpHpYeT jJeMmMmy. [eiictBurensHo, rpymma 50-50 cumpHee
TPYTIIEIL, COCTOAMICH M3 ogHoro muaepa 60, n cxemy HamenwmBaHus 2-1-1 orOpacwsBaTh Henb3s. [lom 3Ty
JeMMy TOAMagacT TaKkke cxema HamenuBauus — 1-1-2-4-3, xoTopylo MBI paHee pacCMOTpENnd |
3a0paKoBay 1O APYToif MPUIMHE, HE BCET/Ia JAIOIIeH TOYHBIN pe3ybTaT. JleMMa MMeeT moie3Hoe

CreacrBue. CxeMa HalleMBaHUS, B KOTOPOH HEKOTOPBIH CTPENOK HAXOAWUTCS IOJ HPHLEIOM, a
OoJiee METKHI YIaCTHUK €r0 KOMaHbl — HET, HEONITUMaIbHa.

OTO O0YEBHIHOE CIIEJCTBHE HMMEET JIErKO IpOBepsieMoe YyCJIOBUE W siBisieTcss 3()(EKTHBHBIM
(GUIBTPOM TpPU OTCEMBAHWMHM HEONTHUMAJBbHBIX BapUaHTOB. Taroke Jierko mposepsieTcs u 3(dexTHBHO
paboTaer ycioBHe JEMMbI, €CIIM B JIByX CPaBHHUBAEMBIX IPYINax HAXOAUTCS IO OJHOMY cTpenky. s
obmiero ciayudas Mbl cHOpPMYIHpYeM TEOpeMy, IIO3BOJISIOLIYH IMOCTPOMTh HECIOXKHBIH aJrOpUTM
(¢unpTpanMy BapHaHTOB HAIEJTMBAHMUS.

Teopema (Heo0XoaMMOe YCJIOBHE ONTHMAJIBLHOCTH). [ycTh TS CXEeMbI HAlCTUBAHUS Yepe3 g,
02, ..., 0m 00O3HAYECHBI TPYIIIBI CTPEIKOB JIEBOW KOMAH/Ibl, HALIEJICHHBIX COOTBETCTBEHHO HA CTPEIIKOB
npaBod KOMaHIBI P1, P2, . . . , Pm, OTCOPTUPOBAHHBIX B IMOpPsAKE yOBIBAaHMS METKOCTH. Torma i
ONTHUMAJIBHON CXEMBI JIOJKHBI BBITTOJIHATHCS CIEAYIOIINE HEPABEHCTBA: J1 > §2 > . . . > Om.
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Jloka3aTenbCTBO TEOPEMBI HEIIOCPEICTBEHHO BBITEKACT U3 YKE JOKa3aHHOU JIEMMBI.

Yucno BCEBOMOXKHBIX TP (BKIIOYAs IIYCTYIO) paBHO 2™, a COOTBETCTBYIOIINE UM BEPOSITHOCTH
HOPaKeHUs 1IeH, 00O03HAYEHHBIE TEMH K€ CHMBOJIAMH, JIETKO IOJCYUTHIBAIOTCS 3apaHee, TaK Kak
BEPOSATHOCTH IIpOMaxa TIPYyIIbl paBHA IPOM3BEICHUIO BEPOSTHOCTEH NPOMaxoB e€ YJYaCTHHKOB.
[logcunTaHHBIE BEPOSATHOCTU-TPYIIIBI COPTUPYIOTCS M 3alOMMHalOTcs. [lanmee Uil KaXIOH CXEMBI
HAlleMBaHUsl HMICHTH(GUUUPYIOTCS TPYNIbI, Ha KOTOpble pa30MBaeTcs JieBas KOMaHAa, M3 MaMsTH
M3BJICKAIOTCS COOTBETCTBYIOIINE BEPOSTHOCTH U MPOBEPSIOTCS HEPABEHCTBA, (PUI'YPUPYIOLIHE B TEOPEME.
B pe3ynbraTe nanHas cxema Ju00 oTceuBaeTcs, TM00 0CTaéTcs B CIUCKE KAHAUIATOB Ha ONTUMAJIBHOCTb.
AHaNOTHYHO TIPOBEPSIOTCS U CXEMBbl HalleIMBaHUS IPaBOil KOMaH/BI Ha JIEBYIO. DTO M €CTh aJlTOPHTM
(upTpanyy, NO3BOJISIONINA PE3KO COKPATUTh Pa3Mep TUIaTEXHONW MaTpPHIIbL.

B 3akmoueHue npuBenéM eIi€ HEKOTOpble Pe3yJbTaThl TOYHBIX PAcy€ToB C IMPUMEHEHHEM
¢unpTpanuy.

[IpoTuBHUKHK Cxema 1 X 2
40-30-20 vs 90-70 2-1-1vs 1-2 30,2 8,3 61,5
40-30-20-10 vs 80-60 2-1-1-1vs 1-2 54,5 3,0 42,5
40-30-20-10-5 vs 95-90 2-1-1-2-1vs 1-2 47,5 1,7 50,8
40-30-20 vs 60-30-10 1-2-1vs 1-2-3 49,1 1,7 49,2
40-30-20-10 vs 60-40-20 2-1-1-1vs 1-2-3 49,1 14 49,5
40-30-25-15-10 vs 80-60-40 2-1-1-3-3vs 1-2-3 42,1 0,2 55,7
40-30-20-10 vs 60-20-10-10 1-1-2-2 vs 1-2-2-3 53,8 0,7 45,5
40-30-20-10-5 vs 50-40-40-30 1-2-3-4-3 vs 2-3-1-1 26,0 0,7 73,3
40-30-20-10-5 vs 60-50-5-5-5 2-1-1-1-2 vs 1-2-3-3-3 49,3 0,2 50,5
90-85-80-30-25 vs 70-65-60-55-50 | 1-2-3-4-5vs 1-2-3-4-5 47,7 7,9 444
90-85-80-20-15 vs 70-65-60-55-50 | 1-2-3-4-5vs 1-2-3-4-3 41,7 3,3 55,0

Tabnwma 6. TodHbIe CXEMBI U BEpOATHOCTH 1, X, 2 1715 pa3IMIHBIX CIIyYaeB.

AOME9Ed G350Egbmdol 36:mdegds 3oBbgdols s6Bg30L LGMGIFOME 0535880

309926 bry0830070, 39650 Jer0002075830070
09bomdy

2496b0oEe0s MM dmfjobsswdgaol 3sbsymmadolomgol AOHMEgEms MM abol
dmeob. 341bqdol dg0sagbermdgdo 99odrgds oblbgzso3wYdM@L MHmaMmemE ALOMEgEoS
MomEgbmdom, 593y FoBsbdo  Imbzg®mol  0bEOZ0IOEIMHO  SEIBIMMOJIOm.  STM3965
900a05Mm9MdL 00MMGMEo 3bEoLlm30L sA0BBYBOL M3G0TsemEmo bdgdol dgmbgzsdo dsmo
39056%3900L5 5 oMol 5EIBMMOYOL TGOl bbgomdol  Fsdlodobszool  sBOHo.
R0OIMNWOOHGOMEo  53M3Ds, s8mblbowro sMg ™Mo 3gHdm F9dmbggzolmgol, Asbobogds
2491600900L MBOHM OO MoEbmzbmwo 8905096 mdYdOLMZOL. GgLsdsdolo brmemgzabxsdosbo
LAHOSGHIFOMO  M5ToTol  sdMbLboLsL  3oMmzga  3¢sbBy  odmEol OO  IBBMToEgdOL
39005bId0L  F5BHEOEOL  gangdgbBgdol  Asdmm3wWol  3MMdEgds.  3MI30vYBHIOMEO  EOHMOL
030b6m3ool 30Bbom  ©sd0BOGBOL  M3EH0ToMo  1dgdqgdol JoToMmm  253900s  FoMIZIIO
050390900. LBOMEIms yzgams dgloderm xa53gol Mol osgdol 99dmmgdsd dmagEe
1d93900LM30L  SWRAMMOMNIMNWO  MZoEBsBOOLOM  JRIJEHWOO  M3GOTSWMIOL  5430MIOJEO
306t00b g59my3560L Lodroegds.
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The Problem Of The Number Of Shooters In The Strategy Game Of Choosing Targets
Victor Khutsishvili, Guram Kotolashvili

Summary

The fight to destroy the enemy between the two teams of shooters is considered. The teams may
be different both in the number of shooters and in the individual probabilities of hitting the target. The
challenge is to choose the optimal targeting schemes for both teams in the sense to maximize for
themselves the difference between the probabilities of victory and defeat. The formulated problem,
solved earlier for two special cases, is considered with a larger number of teams’ members. When
solving a corresponding strategy game with a zero sum, the problem of calculating elements of a large-
scale payment matrix comes to the fore. In order to save computer time, some assumptions regarding
optimal targeting schemes were made. The introduction of an order between all possible groups of
shooters made it possible to deduce an effective from the algorithmic point of view necessary condition of
optimality.
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dmgMoEbzs  3MMaMms30MmYBOL  53m3bgdOL  5TMLSbLBYEs 359moygbgds sEramM0mdgdo,
6Hmdgdos  FomImsagbl 39M339mwo Bsdoxgdol d0dg3MMdl, HMBYmomsyh mommgmmbg
33533L 5¢BHMbsBH0350m5 0339w LodMmsgumg. 3930 dgdmbgggsdo Bavyzgmglim semEgmbsdogols
50mMBg3s  obsdomMo  3MmaMmsdoMgdol  3M0bEodgdom  AMHMIsGBIZ9WOs  FIBMMZEIOMO
035@LsBOOLom, SLgmo 53, Esbgdolismzol JoBbsbdgfimbowos Madm dsMEoze ©s 9BgIGIOo
3¢ MM00IPOOL 3530-ggbgds. “boMmd“(“greedy”, “sxamHriit“) seoamG00ddo ymgge bsdox by 3000©gds
5®™B93s60, GmIgmwos dmigdme  dmIgbGdo Lomzgmgbmo  339B336985 03  08gom, GMd ol
3WMISCMEO 59m360L M3E0Togr® 53mblibsdg doagz09356L. boMdo 5¢mM003980 ymggwmazol
56 0dgg3s Mm3GH0dse® s0mblbsl, Jog®sd dg3zc s3mEsbsdo olobo LsFomm dgogal 335demg3L.
bEs@osdo gsbobowgds 4  s0m3sbs  LodMsgErol  sEsMZ0L  Tglsbgd(3gmdme, s9m3sbgdo
Lsbyemdfiogm s3¢mobldgdsool bsgmBsamgdols gsbmaglsigdols Gglisbgd sgbsm Jugerols dmsgdmemo
bsbogsmm  9mbsgzggomgdols  aols3mbEMmemgdms). dso  s0mbsbligems  89dmmsgs-Bgdmeos
39l58590L0 boMmdo S¢mMom3gdo.

U53356002 bodgg980: bodmsgemol sgs®gs, bstdo sqrgm®omdo, ad@odserey®o s0mblbs.

§o63mgd0L 2obmsgligdol s3m3560L GMmYMm 35M0BEL FoMmdmoygbls sdm3965 LodMmsgEOlL
59835630 dglobgd, 5649 gobmogligdol 50w gdOL MomMEYbMIOL s BEJISMIMDOL FoblobLazMol
00m356s. Bo90mo, gl Fgodwgds 0gml Lofiymdgdol obgmo gobmagligdols sdmEsbs, MmEaLss
956d00o Lofiymdosb Mmommge dmdbBsMgdsdEg 56 509853 Mrowsg Hobobfst dmagdmem
LoEOEIL; LobsbIOM B>HTYOOL b LalifHsBMm EsbBsMYdOL LEALELHMGIOL Fobmagligdols s8m3Esbs,
MHmEgLbsg dsbdowro Josemadol BadoldoghH FgMGHowWsdy I0BMIds 5MMBgBgL 5 §wmodo[1].
Lo3EMH3WOL EIBIMZOL 5TM(356930L  JOPIODO BooMLbYMBSS Lobgwdfogm 3¢ ™obligdszool
Logdogmadol (Lols) Fglsdwrm gobmagligdol s8mEsbgdo. dsmdo dm3gdvanos 3Hgdol Jugao s Ll
dglodamem  aobmogligdol  3mBJBHgdoL  LodMogerg.  gmaggar Lo dspml  dgmdwos  gHol
2393Mb6EMMEgds Jobsh dmigdwe dsbdowby. 3bmdowos babogsmm dmbs3zgogdol LodMmageng
[2]. 000l Bdobgzom, v Gobo M3GH0T0BsEGos sMOL LoFo®m, dgodergds RsImYseodgl
500096009 58m396s. B3gb 49b30bowsgm SLgmo $3MEIBIOOL MMb F9M0BEHL. 3oMzgeo Lsdo
00m3560L alids Imyzsboenos [2]-8o, B3gb d930085390 500MZ30L HIMBO SEAMGOMIYDO.

300390 593965 Yoeodgds d90gabsoma [2]:
b 3030m3mm Logwdagmgdols JobodsErrMo MomEgbmds yzgms Labogsmm dmbszggmols

29L53MbEGHOMEgdWws© [2].
oymb | ={1,..., m} — bsls gobmogligdol dgbsdanem FgdEHowmagdol LodMsgang. J ={1,..., n} —gggwo
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Greedy algorithms for some problems of set covering

Dali Sikharulidze, Nugzar Dadiani

Summary

For solving of integer-valued problems are used algorithms, which are certain sequences of steps,
on every of which there is a certain set of alternatives. In many cases the choice of best alternative by
dynamic programming principle is laborious with the computing point of view. For such problems it is
advisable to use simpler and more effective algorithms. In “greedy” algorithm on every step is making a
choice, which in given moment seems the best with the hope, that it will lead to the optimal solution of
global problem. Greedy algorithms don’t give always optimal solution, but in many problems they give
necessary result. In this article 4 problems of set covering (in particular, the problems of State
Roadworthiness Inspection stations allocation for monitoring of given black lengths of traffic network) are
considered. Appropriate greedy algorithms for their solving are offered.
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Kagusie aIrOpUTTMBI )1 HEKOTOPHIX 33J]a4 ITOKPHITUS MHOMECTBa.

Aara Cuxapyanzgse, Hyrsap /lagnann

Pesiome

Jus pemeHuss 3amad  IEIOYMCICHHOTO TPOTPAaMMHPOBAHMS NPHMEHSIOTCS  aJTOPUTMBI,
MPEACTABISIIONIIE COO0  ONMpeNeNeHHYIO MOCIEA0BATEILHOCTD I1aroB, HA K&KIOM M3 KOTOPBIX UMEETCS
OIIPEICTIEHHOE MHO)KECTBO JIbTEPHATHB. BO MHOTMX Ciydasx BbIOOp HaMIydmIeH aabTEPHATHUBBI I1I0
MPUHIUITY JUHAMHYECKOTO IIPOrPaMMHUPOBAHHMS C BBIYMCIUTENBHON TOUKH 3pEHUsI HellenecoodpaseH. st
TaKUX 3a7a4 PEKOMEHIyeTcs MpHUMeHeHHe Oojiee MPOCThIX M d((PEKTHBHBIX aaroputMoB. B "xagHoM™
(“greedy”) amropuTMe Ha KaXIOM Imary aefaeTcss BBIOOP, KOTOPBIA B JaHHBIH MOMEHT KaXeTcs
HAWIy4IIUM C HaJEXKAO0M, YTO OH MpHUBEAET K ONTHMAJIbHOMY PELICHHIO IobanbHOl 3amaun. XKamgHble
AITOPUTMBI HE BCETA JAIOT ONTUMANIbHOE pellieHNe, HO BO MHOTHX 3aladaxX OHM JAIOT HY>KHBIN pe3ysbTaT.
B nanHoii craThe paccmarpuBaroTcs 4 3a1a4i 0 TOKPHITUH MHOXKECTBA (B YaCTHOCTH, 33J]a4H Pa3MEIeHUS
noctoB 'AW nns KOHTpons 3alaHHBIX ONACHBIX YYacTKOB JOPOXKHOW certw). s X peleHus
MpPEAIaraloTCcsl COOTBETCTBYIONTYE JKaAHBIE AITOPUTMBI.
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Probable model for one discrete optimization problem
Ketevan Kutkhashvili, Viadimir Gabisonia

Summary

The paper deals with one of the classical problems of discrete optimization, in particular, the
probabilistic model of scheduling theory. Tasks performed by a continuous one-step system are
considered in the paper. Processors are partially interchangeable. Partial order and additional
resources are empty. The performance of the processors, the time required to complete the tasks and
the financial costs are known in advance. The time of entry into the system of tasks is probabilistic
value and is determined by the time interval. As an optimal selection criterion, the total cost of
processing the entire system is considered. An algorithm is constructed using interval method and the
branch and bound method.
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BeposTHas Mogens Aid OFHOM 3a7ja9y JUCKPETHOM ONTHMM3AIMY
Kereparr Kyrxamsrnn, Bragumup [abuconns
Pesrome

B paboTe paccmaTpuBaeTcA OLHA M3 KIACCHYECKUX 3afad [JUCKPETHOHM ONTHUMH3ALIUU, B
YaCTHOCTU BEpPOATHOCTHAsA MOJeNIb TeopuHu pacnucaHuit. PaccmaTpuBaercs sajaya, Korja 3aflaHus
BBIIIOJIHAIOTCS HeIIpephIBHOI OZHOCTAAUWHOM cucTeMoii. IIpoleccopsl YacCTUYHO B3auMO3aMeHAEMEI.
MHoxecTBa YaCTUYHOTO IOPAAKA M JONOTHHUTENIBHBIX pecypcoB IycThl. IIpousBoguTebHOCTDH
IIPOLIECCOPOB, BpeMsd, TpeGyeMoe A BHIIOJHEHHUS 3afaHUN U (UHAHCOBBIE 3aTPaThl 3apaHee
M3BeCTHBL. Bpems momazaHua B CHUCTeMy 33JaHMI BepPOATHOCTHAs BeJIHMYMHA U OIpeesaeTcs
BpeMeHHBIM HMHTEpBAJIOM. B KauecTBe KpUTepUsA ONTHUMAIBHOTO BBIOOpa PacCMOTpeHa o00wast
CTOMMOCTh 00pabOTKH Bceii cucreMbl. [locTpoeH aaropurt™, AIS KOTOPOTO KCIOJB3YIOTCA METOJ,
HMHTEPBAJIOB X METO/J], BeTBel 1 IPaHHII.

@OoRgMs¢@s — References —/Iureparypa

1 Koddman D.I. m gap. Teopus pacmucaHuii U BBIYHCIWTETbHBIE MAaIIWHBL. BBemeHue B
IeTePMIHUPOBAHHYIO TEOPHIO  PACIMCAHUA.  AJITOPUTMBI  IIOCTPOeHUs pacmucammii  M.:
Hayxka. 1984

2 Tanaes B.C., Topgon B.C., [llappanckwuii .M. Teopus pacnucanunii. OmHOCTafUHbIE CHCTEMBI. —
M.: Hayxka, 1984

3 3990bsdz0o J., 3980LMmbos 3. ,9WRMOHOMT0 ABMOYMS MYMMOOL  ghHMo S3MES-Bobsmzol
MO0 3OHoGIMHomdol  asm3oolfjobgdom®. 5. gu0sdzowol  FoGmzgol  LolEgdgdol
0bLEOGHMGHOL IOHMBoms 3MYOMEO. MBOOLO, odmd3gdermds dmgbs, 2009§. a3. 61.

4 gmobsdgowo 4. “swpmomdo  asbGogms  mgmeool  3G35¢ 300G 00560
00m3560LsMZ0LY. 5. gEr058300ol JoMm30L LoLEGIGOEOL 0bLEHOEMEHOL FOMToms 3O GdYO.
d00ol0, odmd39dermds ImEglids, 2005§.

5 2900bmbos 3., 3MMbsdzowo dJ. ,a6M0ams MIMMool ghmo 39MHdm sdmEebol dgbobgd®. .
9w053300L  Jo®mm30L  LobiEgdgdol obLEHOGMGHOL TOMIsms  3MgdMo.  MdoErolo,
20000390 Mds dmgbids, 2017F.

40


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwj7l-7StfPWAhWKD8AKHR98ASQQFggkMAA&url=http%3A%2F%2Fwww.twirpx.com%2Ffile%2F59135%2F&usg=AOvVaw376UeTOYs-rv9G3qtVpGov

330l Loli®Hgdgdo

CONTROL SYSTEMS

CUCTEMDbI YIIPABJIEHUA



353v9999MO - 359mLobEIMOo 53EBMASEH0DBOMYIME0 IBIYIMO gmools L3oMEol
dolsrgds

SGBO 30359539, V3605 8r9sb0dg, 6498 D36 §s30¢3G3000, 53530 3080690820070, 0(H0bs
bm3960,30, 35bs 3063599, ¢19356 335650599, Fobgoer 0sgsF0d20¢m0

achikochirakadze@gmail com
MH9bonmdg

3909995390905 933™MIdGH0BoMPMImo  sbsasMo  gomowol  3oMEOL  dolswg-
3500,6m3gmog  badwoEgdsl 0dwgzs dmmEPRdMEo 0gbsl gomowol L3o®MEo ,3030“ (65-75)C°
QOLGHOWE000 5HOYVINO BMMULBI00 EsBOBAMMHIdMWO SEsELGHWMOL s bsggMmsgols xodols
gmmdbol 0306 doboom s Fsmo  BoeBgbgdom. B3oMGHOL  HobolfaMmds SBsgoBds s
6356933039005 ©gMLAGOE0sd 33083965, MM ©sd0bIMMYBEgdols 3mbigb@Msgos Bggbo
3900mEom ©EsFBEIdme L3oMmEJOLS s sMYgddo M3FEIbxgMIg 6s3emgd0s, oMy gbgwo (120 -
130)C° ol o300 dowmgdvym bodmadgddo.

dmygsbomos  L3oGEHOL  swbodbmmo  dgommEoom  oMmdmgdol  53¢MIsE0bogoolismzol
2956379m3600 MmMsMbosBo 53EMIsGHIMO MYRMEomgdol LolEgds, GmIgmog sb3mmzboeos

365009000l 98>  FmEmEmdsdo  Bgdbmemaom®mo  3MmEgliobamzgol  sMEGomwgdgwo  Ggd3g-
GoBMOOLS 5 FH330L bsFoMm BsMawgddo gbs@BmBIdOLomZOl.

15339600 Lo@yzgdo: goroerol b3oGdo, Bs6elsbs, 35359900, bgblieato, s3cdmasHobszos

36dengdols @s1ids. bbgsslbgs dobgbgdom (ds0 FmMol d53690cgdom, ©93500gdgd0m
©>  LEoJoyMmo  IMzwnbgdom)  IBOsDGIMO  LobmBEwM-bsdgMbgm  3OHMEI300L
39005099853900L  obogro,  93MEWMYOMS©  MLORGmbM  9900MmEYOoL,  Ggdbmemyogdols
50565 Mgd0L 9ddbs dsboMbg Bowowo IMmMbM3zbsMdol 3MM©NI300L Lofo®dmgders.
507505, bmxmomdo  LYOLICOL  OBs3IMAJIOL  LbEMmadom  40%  2sdmf3gME0s
B0MEMROMOHo  Hgdmgdgoadgdom.  JMWEHMMmIdolL  9600369cm3s6  Boforl  (sgomomac,
g96dgbl s Lbgosbbgs bowls, Lodobwl, 3oMEMBOL, FodMol FoMbowl s o. 8.) 9350390
Lobiogmberm Lobg s 090 39006 ogfimgds dmdbdoMgdgwel. Lodo@Mmzggambs s 9939bsbgmdes-
9903069mdol  Bbgs  §39469d0Lbmzol  4oblogmmemgdom  360d36gmmgsbo  dgodergds  aobgls
36OHMdgds, MMIGEoE 393000 sHOMMO BOMLOBIL Fogh ©sB0sbYdMwo ymHhdbolysb
dogdmo  §3960L s ©3060L  idogy  LsdmIbTsMgd™  boGoLbL  (39vgeMgligdeyen
M6 a33H036  obolinsmgdErgdl). 3bmdowos, MmI LEMYLdo Ignxo BsOMLIBIL oy
39590M9gMB0wo ,,000gM0“ sd5d00BIMMmIOIWIdO 5BHEMbL-2- 93965¢o (Trans-2-decenal) OGO SOL-
2 mg@gboewo  (Trns-2-octenal), bmwm  "bybEo"  ©s350063OHIPIWGd0  5BHIBHMO©Y3o60
(Tetradecane), &®Moy3560 (Tridecane) om93s60 (Dodecane), MmIgegdog 860d369wmgbsco
59390908 03060l BoMOLLL. 58  ETdO0bINMHYdgdOLYSD 3060l  gofdgbol  39MEgM™O
56509006Mm39 99000 (m39mbdmbo, 358Hdgboo Mgoggb@gdo, w3060l dmmwgddo sdzgugds,
RMbYMo dMbol 3oLOYPYF0 ©EAZ9EYds) SO SGOL Lo3doMobI® JBIJGHVIM0, S POTMEFPOEO
©939LGGHMMGO0 5Q30s©  9bY696 ©odObIMMIdOL 0IbEH0R0353E0L s3y356M0 Yofdgbrol
99900995G-  3969bgd0L s 350gd0L Lomobsm ,a5(09bs“ 5355050 FgrydegdgE0s MEboe
23960990mbg d0ghHo MsMymx0mo Bgdmddggdol ddmby Lsdrswgdgdol dHBsMEo MHomEgbmdoom
2980996900l 496M98g. 580GHMI LoFoMms 893000  SHOWO, 9IMEMYPOOMS© LIRS S
05009x39dGHMOo  doymds,  O®MIgwoE  0m35¢obobgdl  sd0bdmGmgdmo  ©w30bol,
H0sbgdMmo  gm®mdbol,  Lbgoolbgzs  bowol s  dgbsdsdobo  Lobimaem-LsdgmGdbgm
390 GH¥IO900L 0O bofool 45058v)8539d5L FooEbsMOLbMZs6 goowrol L3oMES 6 sMYs©

43



5.30659509, Y.82956009, b.953¢75830¢70, 5.3080690020¢70, 0.b209H030, 3.80208509, ¢.835(250507,
0.005590550830¢m0

[1], ®mIgebsg gdbgds  Towoero  mOasbMmEg3@ogmmo  m30Lgdgdo  ©s  LoLYBMSZY.
296L53MMMd0m Fomswro Lobamsgg doomfgzs 9. §- »3030° (35399M0v6M0) OLEHOWSEOOL
139305 Ogg009030. 35319M0 EOLEHOWIHEOOL VSO BHJI3YMBHMMS 3M5dBH0IMIS
3959mM0oEbegl  ©sdsd0bdMMmgdgmo 36OHMEMIBHIO0L FoLZELL LsdmEmm 3OHMEIGTdo. (3030
OLGHOWHE00L  J9EgRd©  o@dmddbowo  bs®Bybo  mzommb  [oMdmopabl  bgowgmels
dmmbmgboo  ®sbdgzo  3OHMMIBHIOoL  ToLowgds®,  Mog  Loa®mdbmdwoe  HBOEOL
2490050853900L  9bgMam s 93mbMI03MG  9BIJGHMOMDdL.  89Jdbocro  BHgdbmermaos s
9fgmd0MmB5-5b650ysMgd0 MHBOHNMB3gEYmBL LodmEwmm 3MMmEdEoL by dgomg bobgzsmo
0300 MGOM oo LOLYBMLZz9gL, 30MY 535585 53MYgbgdeo dgomEado (v3mbdmbo,
ROWGHM30s o 9Gd9bo 93963 g0, FMbamwo Fmbol JobMgddo @odzgwgds, drmomedo
5039905, s o. d.). ULbgo@olbgslbs bol gobozmmo Bgdmddgogdol 8gogao®  »3030°
OLGHOWSE00L 3MMEgLo J00E0bsMYMBL MROM B FJI3gMoEWMDY O YBOML [iMogs,
o3 ©bMdom MORIM DBOOL Jos8wYds3900L HoMmTomdsl s 9bgMMIBgJBHIOMBSL.
QOLGHOWOE0S 9080bsMgMdL MIOMO Lo839M39bGHGOM 69%9yMH3m56 0,
505 3H9839MOGHMOME  Hg108d0; LB3oMEGOL  Homdmgdbol  3GHmEglo  BJoMgds  2-3-xq6
Bg0o@obobdommo S MEGMdRIOhomo  Bgdmddggdol  9909a0©;  Laggrge®ol
LoEgMEbEolYbsMOsbMdS s ©535305dMBOWGdIIO  5d@03Mmds  Fgbsebmbgdmos  3Hm3glol
QLG gdol  99000953;  dobLbgogadom  B3gMmgd®ogo  ,3bgaro”  obLEowrs300LYsb,
3mbgblo@do o6 goool dmgeo Mogo dobstglzgdols (0Bmsdowol Lb3oME0), bmem
Dmyogemo doba0g3zol dq8339wmds (360M35bmen-2) 360d3bgwrmabo 653w gd0s; obiGows@do
L3oMEHOL 993339 Mds odMLsgsbBY SMOL 5bs3gd 40%-Ls, Go3 0dwg3zs dobo 30M30M
LB MM Q553 To3900L b bgesbso ,3030“ OLEHOWSEO0L TglodwrgdEmdLL; gsdmbol
3030l EILILEWL MHY3503ME35d0 0BOMEIds Tgso 3MI3MBIbEHOL oo, dMmEgobgdol
399339md0om  30-40%-00g, 53 3965306HMdgdL d9damddo dobo  3MI3MBEGOMIdOL 9B/
30mgobol  FoMmdmgdolomgzgol  gsdmygbgdol  Jowowgngd@OMdL; dys®o  3m33mbgbEol s
30m@gobgdol  gobmowo 899339 mds  9339MM©  BMHEOL  sMgm3g Lodmermm  Bs@hgbo
3Gl 9BIIGHMOMOL  965FsOGHM  doMPSBOL  FoMmBmgdol, sMms8g  Lbgoslbgs
LmdLEMSGHIOOL gOMNMB030 BJMHIGBEIE00L 3MMEgLd0oE; Jolo MYMBMBOWIMO 6 sgMmMdEo
53y 30 0deg3s B 12 30353060L 3505963090 Ho®dmgdol dglodwgdenmdsls .,3030°
OLGHOWHE00m  JoYdMMo  3OHMEYJEHId0  gosbmwol  FgdEggrmdom  45-sb  92%-0g
©0535BMbdo ImfHdgdms LEHW-I SOOI 393009MdsMs S BoMLOLEHYIGOOL 0bsg0bgMmObyols
39310 AIGHOL 065w oGH03MO WodmMsBmMosdo (SRI Instruments, bggBo RESTEK 15 METER
MXT-1). 30b6@®m@obmzol 459m0ygbgdm@s 0930l 3060l FoMbob ,bagggMogol FoFo*. Trans-
2-decenal, Tridicane o Trans-2-octenal, Tetradecane @ Dodecane dobstgzgdom
500606 d o ©306m, Tobysb ,3030“ s ,3gbgwo* BgomEom  AsTMbEOEo  sMoyo
9mfdgdms  ,Ls3gEboghm  LyMH30LOLIMIZsb00L*  sBsOEHOZMGO  LdMMsGHMMOsdo (30930,
365065). 00900 L30OEHOL Fobobfo®ds 565¢0BBs @O MMYBbMW3EH03MB> IRMLE 305D
33063965, ®MI bgdmm 9myzsb0wo ©sd0bdMEMmdgdol  3mbEIbE®MSE30s BIMMULbIL FogM
500630 5eo©alGHWMOL o  bOggMagol  xodol  gmemdbobysb Bzgbo dgomom
©53D5gd L30MEHIOLS s 5MYgddo M5dEIbx IMHTY B53Wgd0s, 3000MY (3BJEO OLEOWSEO0D
dorgdmbo 9mdgddo. 3030 OLEHOWE300L FgYsE Fo®dmgdbowo bsmbgboo 6 3Gmowd@o
§o68M0y9bL Lo3909LeM Byl BoMYsBOL BoboMgds, B 12 30Esdoboom sdotgdwwo
15533900L Loffo@dmgdeo@ bbgowazgbs Logdmberolmgzol, saMgm3zy Fowowbo®olbmgsbo Labmdol
9oLo0gds©, M3 LORMAIBMBdMWMOE HBOOL 3MHM(39LYdOL 9BIMYM s 9§3MbMT03WG 9BgJEHIOMBSL.
LBomnDy B5h3969000 3539999M-58MLobgmo ©bsYsM0, GMIgwoa Lsdrsmgdsl 0dwggs
00300000 900E0oL L30MOEO Ed0BIMHYOMEO V306M ToloEPolsyb.

44



3533MO - 353mbsbgeo 53GMIsG0DoMIdMWo sbsEYsMO ....

/N -

Bob.1

Bob.1 godmbobryenos:
1. 6900wgmmol Bslo@B30MHmOo IMEMEMds, 2. 3535008MdJwo, 3. d530356M0,
4. 35379909960 GmadMm, 5. 3539930l Jowo, 6. 3mbIbLMGO, 7. MYMmIMLYBLMGO,
8. 956m3g@™0, 9. gwsbg3gdo, 10. 353990l 39bGHowo, 11. 3mbEgbls@ol dodwgdo.

L3oMEGHOL o6dmgodols 30m39L0L3MbEOMEOobs Qo dolbo fomdotronzol
™33030Bo300LsmM30L 899999539090 0dbs  13gE0sw Mo 93GHMISGHIO0 MMM YdOL
LobEgds, GMIgEoiE 9asbbMmgds sbsERSMT0 BHgddgModmemobs s 930l L3oMmEOL Fomdmgdols
G9dbmmaom®  3GmEgbolsmzol  LsFoMmm  Fotawgddo  FgbsMPmbgdsl.ol  FoMmdmoagbl
MmOoMb0osD LobGYdsl. 300390 sGbo galabmEmYds IBsEYSMT0 (3Hgd3gMo@MEmOL sMEOowgdg
3oMagddo  dgbo@Pmbadol, bmerm dgmeg - {Bg30L. ©obsasMmdo Lodmdsm dmEwEmdsdo
$9939605@MOOL (330 gdoL EoLSIZ9d E0s35DMBL FoBmoygbl 65 — 75 CO, bmanm {iBgzol -
0,8 -1,2 530.

Bsb.2

Bob.2 Homdmagbowos 58 LobEgdol dem3aliggds.

45



5.30659509, Y.82956009, b.953¢75830¢70, 5.3080690020¢70, 0.b209H030, 3.80208509, ¢.835(250507,
0.005590550830¢m0

od: 1 - 5oL mgMImLgblmMo gwgd@OEo 2s9mbogswom; 2 - 3sbmdg@Mo gwgd@dmvmo
3o8mbogeroom; 3 -LbobEgdsdo  MYyMEoMgdol 5@oMmOomdol  M950bB300LIMZOL
3963m360@0 odmmzwomo bydmomgds - 3mI30MFBHIN0; 4 - 25050¥MBYDBY BOTMMO
b90mgdggqdol  gobdobm®mEogwgdgwo  Lsdmowgds; 5 -3532mdol  39bGHowbg  LadsGomo
b90mgdggdol 2563sbmM309wgdgeols Imfiymdormds.

B 5006086ml M3 LoLEYIsA0 HJoWOHBYIMYO MO 356M539EHMYOOL (FHYI3gMsEHWIOOL
@5 §bg30L) LsdsMmmo oMbgdo 96O MmOl  gMmTbgmoLogsb LMwmos© ©IIMM30©gdgeo,
53bs3  9MLYIMOL  oM3399WO  JMEMGEs305  LoLEGYTdo  Bgd3geed ol s {bgzoL
(33X0gdob, gb sIMZ0EYOIYGds SboHME0s FoOMZOL SEYMGHOMmTTo.

Vacuum-discoverable automated installation for receiving ethyl alcohol

Archil Chirakadze, Zakaria Buachidze, Nugzar Kavlashvili, Akaki Gigineishvili, Irina Khomeriki,
Kakha Gorgadze, Levan Gvaramadze, Mikheil Taktakishvili

Summary

An automatically controlled installation for ethanol distillation was developed for producing a
high-purity ethanol using the so called “cold” (65-75)C° distillation process of the grape juice
contaminated by the BMSB (Halyomorpha halys). The preliminary chemical analysis showed that the
“cold” distillation reduces contamination of the final product (ethanol spirits and “chacha”) compared
to the convenient “hot” (120 -130)C° distillation..

A two-channel automatic control system is provided designed to maintain, within the necessary
limits, in the working volume of the installation, the temperature and pressure necessary for the
technological process.

BaKYYM-HepeI‘OHHaJI ABTOMAaTH3HPOBaHHAA yCTAaHOBKA /LA IIOMyYIEHIA STHJIOBOI'O CIIFIPTa

Apunr Yuparazse, 3akapua byaunzgse, Hyrsap Kapramsrru, Axkaku I urunenmsrrm, MpuHa
Xomepurn, Kaxa I'opragse, Jlepar ['Bapamazse, Mruxarr TaxraxuurBuin.

Pesiome

PaspaGorana aBTOMaTH3MpPOBaHHAS YCTAHOBKA A T.H. «XOJIOLHOMN» (65-75)CC prucTriiianuun
STUJIOBOTO CIIMPTA BBICOKOHM YMCTOTHI M3 BHHOMATEPHUAJIOB, 3arpsA3HEHBIX MPAMOPHBIM KJIOIIOM
(Halyomorpha halys). IIpenBapurenpHbIii XUMHYIeCKU aHAINU3 M OPraHOMEIITUYECKAS NEeTyCTalys
[IOKa3alId, 9YTO «XOJNOZHAsS» AWCTWULILUA B HECKOJBKO pa3 yMEeHbIIAeT KOHIEHTPAIUIO
He)XeJIaTeTbHBIX [IPUMeceil B KOHEYHbIX IIPOAYKTAaX (ITUIIOBOM CIIUPTE M BUHOTPAZHOU BOJKE) IO
CPaBHEHUIO C OGBIYHOM «ropsueit» aucruiuanueit (120 -130) CO.

ITpuBeneHa nByXKaHaIbHAS CHCTEMA aBTOMATUYECKOTO PETyJIMPOBAHUS IIpeSHA3HAYEHHAS [JIs
IOJ/iepXKaHus B HY)XXHBIX IIpejesnax, B pabodeM o0beMe YCTAHOBKH, HEOOXOAWMOHN st
TEXHOJIOTMYECKOTO IIPOIeCCa TEMIIEPATy P U SaBICHU.

woBs¢@s - References — Jlureparypa

1. A.Bunorpazos, K.A.Kosanesckuii, O.M.Mawmait, A./[.IlManun. BAKYYM-IIEPETOHHAA
YCTAHOBKA [IJIA IIOJYYEHMA 3TUJIOBOI'O CIIMPTA. MATAPAY «BuHorpazapcTBo
BuHOgenue, Ne1,2013 crp.37-38.

46



0O 313030 IHOL 35¢0dMSGHMMOL 53900 SHso BHgbEgbE0gd0e s 3M0bE03gd0
. 585099, b. 33075030000, ¢v. 335030509, 3. b(Ho3m0s600, 0. bssbodzogro,
- 3306035020¢70

olabadze@gmail com, tapesa@mail.ru
6bowdy

309mbogrmmos oo 3©do30 ©EIBOL 35E0dMEHMMOL 3bmdowo LEMMIBHMOIBO ©s
3500 (75¢0BEo0L 3M06303700, 30000YPBNME0S TS0 SEHB0MO S TJSMHYMBOMO 130lYdYd0,

898sLsgdIEos 9BIIGIOMDS.
250m33900¢05  3bodgmmgy  IMgH3gwmdsls s  dgy@bgmddo  s9mEsbgdol  3wslo,

63900 25055939GH0LsM30L 5¢30Egdgmos bgmlssfigem, Mmdgmog MBHvbggmmymal 135 ombols
999000030 6oL 3gbgMsosb.

356boemEmos JgomEgdo ©d 335MGIOMEO  (FoeoBIgool LsBmsmgdgdo, MMIgmos
390myggbgdom Tglisdamgdgeos ©gbol 35emodEMIGMMOL olgmo LAGMIGHMGOL s3gds HGMIgwogs
00553059MmB0EgdL 05659g006m39 Immbmzgbgdl.

0900000535D90m0s oo dMdogo IOl 39eodGmGMGMOL  0b3gMEMMMEo
UEHOMIEHMMS, Gmdgemdog a9bgM0Mdmo  ©ybol 3608369emdol ©oygbgds GHoMoliGmmgdol
356030 §M9w90d0 bgds 0ROMWO BmGIoo.

153396dm Lo@yggdo: 0639MGEHMMO0, oo dMEdogo oL 35e0dMSEHMMO, 3MbEMMEIgMO.

56509000m39 Fo0dmgdsdo s dgmbgmdsdo go8mygbgdyeo oo dwdogo ©gbol
390dMGHMMIO0 BoLosMEYO0SE OO FoLO® S PoBIMOFYO0 o 9d9b godmMBEobsty
o6005©90696  Bo3wgdo  BHEMBL3IMEHNIWMG  bgmlsfymgdl. gl 3sMgdmgds  bdoMo
20653060090l godmbsgseo  ©gbol MmdogdBHBy dofimgdolsmgol 360d3bgwrmgzsbo  Log®dol
L5@YbgOOL 2odmygbgdol s5E0EGdEPMBSL M3, I5I0 OO OLTGEHMOL s BE0MY MY35EMBOL
2980 Jcmbgmbgdgos s msbog 0f3g3L 00 Logbgdbg Lsgzdom® ©oE ©IboL MBI,
9696200l )gs0Memm©  botx3ol o  2o9mbegso  ©bol  356M09GMYdOL 330 gdsL[1].
00b0dbmo  sbsAMOL  Tols  JOMOMII®  A9B30MMBGOMos  FsgabodMo  Bsgosol
159v95gd0M JgdBHOMo 969MOOL Fo0sdddbgwo bawbshyml - GHEOBLBMOTsEHMEOL OO
29056039000 s Lo g.0. oLO ToboEsEJ39MIOM. LfMMYE 53 FMIMYdsT QdM0f305 0YS
9696300l 49MmEoLobgol  ULggdsdo Towoero bobdo®ol gwgd@mnemo ©gbol  godmygbgdobls.
dEom3ndl MHMIgdoE sbmM309wwgdgb SLgmo G030l AoMEILEb3sL MHm®adgb 06396E™M9dL[2].
00085 2odmygbgdsd 259mof)300 39¢0dMEGMEOL Tobiol 3636w M3zs60 G99306Mgds. 9JA©0 OO
239056003JdOL s dobol  bgeolbofym  Ggodergds  F93330wrmm 8300y 2odsM0EH0560
3mfigmdomdom, (Mol GHOBL3MOGH0MIdS MB09]BHIEY 90O FoMmTMoAgbl 3HMBYIsL.
dgldsdolo  ©9BZ0MM30L  ©IboL  Logbgdol  Loa®dol  3MMdEYIs3  TMY39MHYOMEO0S.
249630bomom sbgmo dmfymdowrmdol 93930l GHodowGmo dErm3-ldqds GMIgeog Bm390IE0s
Bob.1. dewmg3 Lggds dgygds:
1-30639o0 0o lobdoMosbo  2s0FsMmmM39woLogsb,  GmIgwog  asb3mmgzbowros
LGHoboOGHWMwo dowmgsbo Jugwosd (2203.) 9mdogzo ©Ibol dogdolsmgzol. 53 O™
0MA0MHM0  OoMENMo bdgdom gmMIoMIdME dmdog 033Mwlve ©9bdo FoMdmogdbgds
05050 bLobJoMmOL 35MHIMb03gd0, MMIGdOE YbEs 49353MmI39BLOMME. STolLMZOL OMPMOHO

47


mailto:olabadze@gmail.com
mailto:tapesa@mail.ru

2. (38509, b. 53503000, ¢v. 335650539, 3. U(H336056000, 0. bs560830¢0, J. 3506035830000

bdgdol  J08Y3MMdO®  BsOMWWos  3MBIBLIGHMMGBOL BB 53900 FOWwGHMO.
200856MHmM39wol OoMEYdo Bs3dom@  buyMgds MJomdol 3Mm3gldo, o3 96093690 Mm3bs
dmngddggdl  ds0d  dOMI0LBsMI0sBMdSDY. oo o 25dToMmmM39ol  bbgs  9egdgb@gdol
5330530l 25IBNMGOOLORD  godmoyghbgds  MOoOsGHMMO, bmwm  ™M3000mb  dmMyom®BY
5353609005 MgMHIMOOIE39W0.  goddsM39w0l JoIbMEMmdOLIRE (335 brmMEogmgds
dobo  BHgd3gms@eol  3mbGHOMEom. dobo BbE0ss  FodmMmml  dsewmgzgsbo  Jugwo  0d

990mbgg3sd0 vy 99935MmM3g0l  3gd3gmo@es  2o0boMs 80°-90°. 253050390l bsbg
dm399m@0s bLGom 1-by.

Ul
\ 4
@)
A

Bsb. 1.

LbmGomo 1.

2-063903™60; 00935 LodMoEgdsl Fog3BsMmM™ 9bol LobdoMy LEIbIME MW 50 33-6
60-80 333-000g. 0L 496M59Mgds, HMI 0639MEMMOL 250Mboz5¢BY 33593l Fowaero LobdoMol gbo
99L50gdgEl bol dob go0Maoddbsl 3m33sdGH Mo BHOMBLRMOTsGMOgdom. ©gbol bLobdo®mols

48



boEo ¢gbwgbEegdo ©s 3MobEn3gdo oo 3MEdngz0 IO JSEOBMSEHMMOL 539000 ....

239DO©s  bmGE0gwgds 0639MGMOTo  L3gEoswMo  gwgdd®mbmwo Udgdolb d9dzgmdom,
H0Imol JoMomso 399509690 bsfowos dspowo Lob3oMol 8dwsgzmo GsMEBoLEGHMMYdO.
OHmamM3 Habo beMEogewgds 53 GHMBBOLEMMYGOOL FbEoggds MoEOSEMMHYGOBY FoobryMgdol
36m39L0L 25dmMoEbgzolsmzol (LyMosmo 2).

LmGomo 2.

3-8505¢bobdoM0s60  BHOBLRMOTsGHMO0; oo dMIogo ©Ibol dowgds 0bzgHEHMMOL
2390mb0g35bg  beM309w©gds oo LobIoMOL  LTsdEYGOIO  BMIBLGMMTsEMOOL
bodw)5gdOm.

4-0505¢bobdo®mosbo 298856MmM39wo0; doool  LobdoMol G®BLGEMOI>EHMOOL
200mUsbggEby bmME309gds oo LoOEOL ©EJ6oL AssMM3s OO  LoddEs3zMOL
©0MEJd0L 1sdMeEgd0m. Fsrswlobdo®mosbo bgwdgderoll 0330wlgdol 3obgo@Momgdolsmagols
9fymdomdol 4odmbogobyg, Mmam®mE Fgbo, ©ygds EOHMLYEYdIOLYYD F9dysmo Boswowo
LobdoMob BowGHMO.

5-056H:30L dem30; 35900Yygbgds Imfymdoemdols JsHmgobsm3gol;

6-993993530060L  de™30;  FoMTmoabl  L3gEoswnmed  dermzL, Gmdgmog  gdlsbuMgds
3fymdomdol  JobsloomgdIWGIOL  gomdxmdILedIL  93@MBoGHGH  JoMmzgado  3bmdowo
“5MYMBOM0 139935380600 LodrsEgdo.

99000900l 85bJobol  35¢0dMOEHMMS©  39FMboYgbgds© LoFoMms 00  goM©sogddbgdol
Bo®oMgds  39M0m@© - 390dMSGHMOOL  FoMm30L  §Mggdol  dosgrmgzebo iMoo sh
39600830L5m30L s 23TMbO39wo  ©IBOL  3alozool TgLsdEoMYdES®,  39E0dMSGHMMT0
090535000 99030 o030l [goml  BobgzsMysdBeten  396GH0wgds s 0b3zgMEHMGMOL
93530bmM30L  LoFOMM YIS, M3GHMBHOMOLEHMMIOOL Jo8myghgds . gl LodrsEgdsll 0degazs
8935030OM”  35¢0dMGHMMOL godmlisgso ©Ibol 3bsgool mby s Ws3s9gbmm ©Hbol
36003690 mds GHoMoLEMM9d0L FoMm30L §M9gddo 30RO GMOTOM S 3MS Qo3MdgsWo
©960L d9BbgM0s6MdOL 33E0gdOm, MoE 393M0Ygbgds Bgmgdol dsbdsbgddo.

49



2. (38509, b. 53503000, ¢v. 335650539, 3. U(H336056000, 0. bs560830¢0, J. 3506035830000

New tendencies and principles in the construction of Calibrators of high dc

O.Labadze, N.Kavlashvili, L.Gvaramadze, P.Stavrianidi, T.Saanishvili, K.Kvirikashvili

Summary

A review of the known structures of large direct current calibrators and the principles of their
implementation are presented. The positive and negative sides of these structures are indicated, their
effectiveness is evaluated.

The class of tasks characteristic of modern industry and the people’s masses is identified; for
solving these problems, a device is required - a large direct current calibrator that allows to produce a
current of the order of 1 kKA.

Methods and means of hardware implementation are considered using which it is possible to build
such a structure of a current calibrator that meets modern requirements.

The inverter structure of a large DC calibrator is proposed, in which the value of the generated
current is set in digital form through the control circuits of the thyristors.

Hossle TeHzeHIIMY ¥ IPUHITUIIE MOCTPOEHHUH KaIHGPaTOPOB GOJIBIIOrO IIOCTOAHHOTO TOKA

O./labagse, H Kapramsurn, /1.1 Bapamazgse, I1. Crappuarnngn, 1. Caannmsrrn, K. KpupakanBuin

Pesrome

ITpousBesmeH 0630p M3BECTHBIX CTPYKTYP Kajau6GpaTOpoB GOJBLIOTO IIOCTOSHHOTO TOKA M
IIPUHIIUIIOB UX peaju3aliy. YKa3aHbl IOJOXHUTeIbHbIe X OTPUIATeIbHbIe CTOPOHBI 3TUX CTPYKTYP,
omeHeHa nX 5)QEeKTUBHOCTB.

Brizmenen kmacc 3asad XapaKTepPHBIX [JI COBPEMEHHON IIPOMBINUIEHHOCTH M HAapOAHOTO

XO3SIHCTBA AJIA pelIeHUs, KOTOPBIX TpebGyeTcsa MpuOop — KajIuGpaTop GOJBIIOTO IIOCTOSHHOTO TOKA,
KOTOPEIH TTO3BOJIAET BBIJJABAaTh TOK IOpAAKa 1ka.
PaccmoTpensr MeTonBI M CcpeJicTBa alllapaTHOM peanM3allii, HCIOJIb3YysA KOTOpBIE BO3MOXHO
IIOCTPOEHME TaKOH CTPYKTYPHI Kaau6paTopa ToKa KOTOpas OTBeYaeT COBPEMEHHBIM TPeGOBaHUAM.
[TpennoxxeHa MHBEPTOpHAA CTPYKTypa KajubpaTropa GOJIBIIOTO IHOCTOSHHOTO TOKA, B KOTOPOM

3HAaYE€HHWE I'€HEPUPYEeMOro TOKa YyCTAaHABJIUBAETCA IIO LEIAM YyIIpaBJIeHUuA TUPUCTOPOB B HHq)POBOfI

dopme.
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MopaepHM3UPOBAHHBIH POOOTOTEXHNYECKUH MAHUILYJISITOP

Hyezap Kasnawseunu, Omap Jlabaose, [lanaem Cmaspuanuou, /lasuo Ilypyxeanuosze, Maiis
Lepysaosze, I'uopeu Kuknaose

mr.panaet@inbox
Pe3ome

B craTthe paccMaTpuBaeTcs MOACPHHU3HPOBAHHBIN POOOTOTEXHHYCCKUH MAHUIYJIATOP THIIA
X000T ¢ B3aUMHO OPTOTOHAJILHOW OpHeHTaluel oceil MOBOpPoTa 3BeHbeB. OT paHee ONMHCAHHOTO
HaMu B padore [1] MaHUMYJIATOPa, OH OTJIMYAETCH TeM, YTO He COAEP:KUT TPocoB. OpueHTALMSA
Ka)KA0ro 3BeHa OCYLIECTBJIsIETCS ABTOHOMHBIMHM JJIeKTPONPHUBOAAMH CBSI3AHHBIMH  Yepe3
PeIYKTOPBI ¢ OCSIMH MIOBOPOTA 3BEHbEB.

Knroueswvie cnosa

Mooepru3uposannslii. pooOMOMEXHUYECKUN MAHURYIAMOP, MAHURYIAMOP MURA X000m,
nOBOPOMHbBLE MEXAHUIMBL.

PoGoToTexHnueckne MaHUITYJSATOPHl THIA XOOOT COCTOAT M3 IOCIENOBATEIbHO COYICHEHHBIX
MEXKAy COOOH MICHTHYHBIX 3BEHBEB CHUCTEMa, YIPABIGHHS KOTOPBIMH TpeOyeT Oonbnx
BBIYHMCIIUTENBHBIX PECYPCOB JlaK€ IPH JBYX CTENeHsX cBoOOxbl 3BeHbeB[2]. C 1enbl0 CHMKEHHS
TpeOOBaHMI K BBIYHCIUTEIBHBIM pecypcaM YIpaBiSIOUIed CHUCTEMbl MaHHIyJSITOpa HaMH ObLI
pa3paboTaH HOBBII NMPUHIUT YIIPABJICHUS MaHUITYJISTOPOM, U MPEACTaBlIeHa MOJIENb ero peanusanuu [1].
B nanHO# cTarhe NMpPUBOJUTCS ONMCAaHWE HOBOW MOAEPHU3UPOBAHHON MOJEIM MaHUIIYJIATOPA, 3BEHBS
KOTOPOTO TaKKe OPHEHTUPYIOTCSI C TIOMOIIBI0 MOBOPOTHBIX MEXaHW3MOB, HO 0€3 NPUMEHEHHs TPOCOB.
3TO TO3BOJMIIO TMOBBICHTH HA/IEKHOCTh W TOYHOCTH pabOTHI MAHUITYJSITOPA 3a CUET HCKIIOUCHUS M3
YCTpOMCTBA BMECTE C TPOCAMH U CUCTEM PETYINPOBKH NX HATSHKECHHUS.

Puc. 1
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Hyezap Kasnawsunu, Omap Jlabaose, [lanaem Cmaspuanuou, [asuo Ilypyxeanudse, Maiia []epysadse,
T'uopeu Kuxnaose

PaccMoTprM yCTpOWCTBO OTAENBHOTO 3B€HA MAaHHITYJISITOPa, KOTOPOE SIBIAETCS MICHTHYHBIM IS
BCEX 3BEHbEB. Ha puc. | mpuBeneHsl Tpu npoekuuu 3BeHa. Ha mpoduibHON mpoeKknuu mokaszaHa och
BpAIlIEHNs BHYTPEHHETO 3JIEMEHTAa 3B€HAa BOKPYTI ocH X-X U BBINOJHAIOIMNN 3TO BpalleHHE MOTOp-
penykTop M1 mocpenctBom 3yOuaToii nepemaun. Ha ¢ppoHTanpHOI MPOEKINU MOKa3aHa OCh BPAICHHS
BHEIITHETO 3JIEMEHTa 3BEHa BOKPYT OCH Y- Y W BHINONHSIOMHNA 3TO BpalleHHEe MOTOp—peaykrop M2.
[TepBOE 3BEHO MaHUITYJISITOPA CBOMM OCHOBaHHEM BMECTE ¢ MOTOpOM M2 ycTaHaBIMBAETCs HEIOABUKHO
OTHOCHTENIFHO OCHOBHOI CHCTEMBI KOOPIHMHAT, a IMOCIEAYIOIIUE 3BEHbS 4Yepe3 AJIEMEHThl COYJICHEHHS
CBOUM OCHOBaHHEM YCTAaHABIIMBAIOTCS K BHYTPEHHEMY DJIEMEHTY NPEAbIAYIIero 3BeHa. TakuM o0pazom,
YCTAHOBKa MNPOCTPAHCTBEHHOTO IMOJOXKEHHS 3BEHHEB MAHUIIYJISITOPA OCYILECTBISETCS C IIOMOILBIO
MOBOPOTHBIX MEXAHU3MOB C B3aIMHO OPTOTOHAIBHOM CUCTEMOM Oceil.

}

2

D M2

Puc. 2

Ha puc. 2 moka3zaHo Kak 3a/laeTcs MPOCTPAHCTBEHHOE IOJIOXKEHUE 3BE€Ha B BHJE YIVIOB aibda U
6era. Ochb 3BeHa, NPH HYJICBBIX 3HAYCHUSIX YIJIOB albda u Oera, opueHTupyercst Baoss ocu OZ mnpaBoii
cucteMsl koopauHat XOVY.

VYron anpda 3amaercs ¢ momompi0 3y0UaTol mepemaunm MOTOPOM — peaykropoMm M1, KoTopwIi
OCYIIECTBIISICT BpaIlleHHE 3BeHAa BOKPYTr ocH X-X, nexamieir B twiockoctd XOZ. VYrom Oera
yCTaHaBIMBACTCS C MOMOIIBIO 3y0uaToil mepenadd M MoTopa —pernykropa M, KOTOpBIA obecrieunBaeT
BpaleHne 3BeHa BOKPYT ocu Y-V, mexamieil B mwiockoctn YOZ Bpoms ocu OVY. [lpuuem, motop Ml
MIPUKPEIUIEH K BHEIIHEMY 3JIEMEHTY 3BE€Ha, a MOTOp M2 mpuKpemsieH K ocHoBaHWio. OCH BpalieHUs
3BeHa X-X U Y-Y B3aUMHO OPTOTOHAJBHEI U MepeceKatoTcs B Hadaie koopauHat B Touke O. [Ipu stom
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MoaepHU3HpPOBaHHBI POOOTOTEXHNYECKHIT MAHUITYJISITOP

JEKapTOBBIE KOOPIMHATHI 3BEHA MOTYT OBITh BBIPQKEHBI 4Yepe3 BEIMYMHY BEKTOpa 3BEHA M YIJIBI
opueHTauu ainb m Oera MO TPOCTHIM (omyiam, IpuBeAeHHBIM B pabore [1]. Ilpm ompeneneHnn
JCKapTOBBIX KOOPIMHAT 3BEHBEB, BBIYMCICHHUS HAYMHAIOT C ONpENeNeHUs KOOPAMHAT MIEPBOTO 3BEHA, a
KOOPAMHATHI NOCIEAYIONIMX 3BeHbEB BEIYUCISIIOT 110 KOOPAMHATAM IPEbIIYIIEro 3BeHa.

B 3awmoueHue ciemyeT OTMETHTb, YTO IOBBILIEHHE TOYHOCTH W HAAEKHOCTH pabOTHI
MaHHUIYJSATOPA, CBSI3aHHOE C HMCKIIOYEHHWEM M3 HEro TPOCOB, CTajO BO3MOXKHBIM II0CJE BHEIPEHHsS B
POOOTOTEXHUKY COBPEMEHHBIX MHHHATIOPHBIX  MOIIHBIX ~ MOTOPOB-DEAYKTOPOB C  BBICOKHMMH
TEXHUYECKUMH XapaKTEePUCTUKAMH.

800gMHb0BYdMmo HMdMEGMGIJbo3MMmo dsbodmmsGmemo
b. g53¢7503000, 2.¢n58579, 3. UH336056000, ©. 3I3b35600d9, 8. 39533599, 8. 3036599
M9bomdg

LGHoG05do  AoBbBoEIMwos bmOmwdol GHodol ImEIMbobgdmwo MMdIMEG™EHIJb03WGO
95603wo@GMm®mo  FmdMHMBYdol  HAMgdOL  gMdgdol  YODOIODMOMNMYMbIWMHO  MMH0Yb-
Gd300m. B39l Fog MY S0FIO0Mo Fsbo3MWGMMmOLYD Aoblb3s39000 ol s Tgo3o3L
AOMLYRL. oMM MMl mM0gbEE0s BmME0gwgds  53GHMbMmToGmo  gugdGHem-
5096530, HMAWGIO 35390605005 FMdMMBABOL BMEgdOL W9IMHAJGOMB HgEwdEHMMIdOL
153495 gdOm.

Modernized Robotic Manipulator
N. Kavlasvili, O. Labadze, P. Stavrianidi, D. Purtshvanidze, M. Tsertsvadze, G. Kiknadze

Summary

The article deals with a modernized robotic manipulator of the trunk type with a mutually
orthogonal orientation of the axes of rotation links. From the previously described manipulator, it differs
in that it does not contain cables. The orientation of each link is carried out by autonomous electric drives
connected with the axes of rotation links via reductors.
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On some questions related to the provision of Georgia with electricity and consumer
tariffs
Tengiz Magrakvelidze, Khatuna Lomidze, Manana Janikashvili, [rma Archvadze

Summary

The article shows that today's level of electricity generation is unsatisfactory. The views were
expressed on overcoming the problems associated with the introduction of new electric facilities and
the resulting resistance from the population.

Analyzed the inconsistencies in the tariff and shows that the tariff does not reflect the
characteristics of the electric power structure.

It was stated that the cost of such scarce products, such as electricity, in countries with low
energy levels of development can not always comply with the principles of a market economy. On
this basis, it is possible to consider the so-called justified. progressive tax.The drawbacks of the three-

step tariff are shown and a calculation formula is proposed that can be used in practice.
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O HeKOTOPHIX BOIIPOCAX CBA3AHHBIX C 0OecmedeHueM I'pysun smekTposHeprueii u
IOTpeGUTeIECKUMY TapudaMu

Tenrms Marpaxsennzse, Xaryra Jlommzgse, Marana /Dranukamsrrn, Hpya Apupazse

Pesiome

B crarhe mOKa3aHO, YTO CETOAHAIIHUI YpPOBeHb BBIPAOOTKU 3I€KTPOISHEPTUU SABJISAETCS
HEYJOBJIETBOPUTEIBHBIM. BbICKa3aHBI COOOPaXKEHUS O IPEOIOIeHUH IPOGIeM, CBI3aHHBIX C BBOZOM
HOBBIX 3JIEKTPOMOIIHOCTEH ¥ BO3HUKIIEM IIPY STOM COIIPOTHBJIEHHEM CO CTOPOHBI HaCeIeHHUS.

IIpoaHanu3upoBaHBl HECOOTBETCTBUA B Tapude M IIOKA3aHO, YTO Tapud He OTpaXKaeT
0COGEHHOCTH 3JIEKTPOSHEPreTUIECKON CTPYKTYPBHL.

BrickasaHbl COOOpaXeHUS O TOM, YTO CTOMMOCTH TaKOH Ae(dHUIUTHON IPOAYKIUU, KaKOBOU
ABJIAETCA 3JIeKTPOdHEpIUsA, B CTPaHaX C HU3KUM DSHEpPreTHYeCKHM YPOBHEM pPa3BUTHAM He BCETZa
MOXKET COOTBETCTBOBATh NPUHIMIIAM PBIHOYHONM SKOHOMHKHU. Vcxoms W3 5TOro, MOXHO CYHTATh
OIIPaBAAHHBIM T.H. IIPOTPECCUBHBIH HAJIOT.

IlokasaHsl HeZOCTaTKH TpeXCTynmeH4Yaroro Tapuda M IpeAysoXeHa pacdyeTHast GopMyIa,
KOTOPOI MOYXHO HCIIOJIb30BaTh HA IIPAKTHKeE.
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The effect of combined roughness on heat transfer during the flow of a water film
on a vertical surface

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

Summary

It is shown that such a significant problem, which is the intensification of heat transfer
between the wall and the film, that flows down on the vertical surface has not been studied enough
and further research in this direction is very important.

The experimental data obtained in a pilot plant for studying the heat transfer process of a
flowing water film on a vertically located pipe are presented in the article.

The experiments were carried out at Pr = 6 + 7 and Re = 2000 + 5000.

It is established that the combined roughness in terms of heat transfer is more effective than
filiform roughness.
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Bausuue KOMGHHHPOBHHHOI‘;I IT€pOXOBaTOCTH Ha TEIJIOOTZAYY IIPH CTEKAaHWH IUVIEHKH BOJBL
Ha BepTI/IKaJILHOﬁ ITIOBEPXHOCTH

Tenrms Marpaxsennzse, Asxcenrnti Muxamasrzgse, Xaryra Jlomrzgse, oru I'nrurennBumy,
Tapuer Kobeprzse

Pesiome

IToxasaHo, 4YTO Takasd 3HA4YMWTeNbHAdA IpoGyeMa, KAaKOBOH ABIAETCA WHTEHCUPUKAIUA
TeIJIOOOMeHa MeXIy CTeHKOH M IIJIeHKOH, CTeKaiollell Ha BEPTHUKAJBHOI ITOBEPXHOCTH M3ydYeHa
HeJ0CTaTOYHO U ITPOBeJleHHE JaJTbHEHIINX UCCIeJOBAHUI B 9TOM HallpaBJIeHUU OY€Hb aKTyaIbHO.

B crarpe mpepcTaBiIeHbI SKCIIepUMeHTAIbHbIE JAaHHEIE, IIOJyYeHHbIe Ha OIBITHONH yCTaHOBKE
IJAA  MWCCIeNOBAaHMA TIIPOIecca TEIJIOOTAAadYM CTeKalolmled IUIEHKM BOABL Ha BEePTHUKAJIbHO
pacmonoxernHoit TpyGe. Temroorzatomas mOBepXHOCTeHl IpencTaBisia cobGoit  Tpyby u3
Hep)XaBelolllell CTaal, Ha BHENIHWX IIOBEPXHOCTH, KOTOPOH OBLIO cCO3ZaHa KOMOMHUPOBaHHAs
IIepOXOBATOCTh (CIIMPATbHO HAMOTAHHASA IIPOBOJIOKA Ha TPyOy HMelomel HaIMIBHHKOOOPa3HYIO
IIOBEPXHOCTB).

OmsrTs! mpoBoguauck npu Pr=6 + 7 u Re=2000 + 5000.

VYcTaHOBIEHO, YTO KOMOMHHPOBAHHAA LIEPOXOBATOCTh C TOYKU 3PEHHUS TEIUIOOTAAdM Goiee

s¢deKTHBHO, YeM HaNMIBHUKOOOpa3Has IIePOXOBATOCTb.
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Using generator's own noise to control ballasts
Tamaz Trokashvili, Guram Urushadze, Nodar Shengelia

Summary

Considered a generator that is controlled using its own noise. noise has a complex shape.
From the noise stands out the main component- B, whose frequency is 200 hertz. For this filter is
used. The corresponding scheme is given. hows a fast converter circuit that is AC voltage.

Hcnoab3oBaHue cOOCTBEHHOIO mymMa reLepartopa aJisi ynpabpJICHUS 0ajL1acTOB
Tamas Tpoxawseunu, I'ypam Ypywaosze, Hooap [llencenus

Pe3iome

PaccmarpuBaercst reHepaTtop, KOTOPBIH —YIPaBISeTCS C  HCIONB30BAaHUEM COOCTBEHHOIO
wyma.lllym umeer croxuyio ¢opmy.M3 myma Bbigensdercs OCHOBHas cocrasisiomas-B, dacrora
xotoporo 200 repu. /lyig 5TOro ucnoab3yercs GUIBTP.

IlpuBemena cootBercTByiomas cxema.llpuBesera cxema OBICTPOro IpeoGpasoBaTesisi, KOTOPBIH
[lepeMeHHOe HalpsDKEHME.
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Engine speed stabilization using own noise

Tamaz Trokashvili, Guram Urushadze, Nodar Shengelia, Nino Dogonadze
Summary

Consider engine speed stabilization using own noise. Noise is measured using a microphone.
Noise has a complex shape. Highlights the main component. Its frequency is 300 hertz. This

frequency is used in the control algorithm. Uses a fast AC / DC converter. Block diagram is shown.

CTEI6I’IJII’I33U;I’IH CKOPOCTH ABHUTATEJIA C NCIIOJIB30BAaHHEM C06CTBeHHOI'0 uryMa
Tamas Tpoxaweunu, I'ypam Ypywaose, Hooap [lleneenus, Huno /loconadse
Pesome

PaccMaTpuBaThCs CTaGUIH3AIUA CKOPOCTU ABUTATENIS C MCIIOIb30BaHIEM COOCTBEHHOTO IIyMa.
IITym m3mepsercsa nmpu nmomomu Mukpodona.lllym mmeer ciroxuyo opmy. Beimensercs ocHoBHas
cocrapngromas. Eé wacrora 300 repu.ETa wacroTa wmcmompsyeTrcs B aJrOpuTMe YIPaBIEHUA.
Hcmonmesyercsa GBICTpEIN ITpeobpa3oBaTesb MePEMEHHOrO HANPSKeHHA B IOCTOSHHOE HAIpSKeHHe.
INokasaHa CTPyKTypHas CXeMa.

WoRYMHSE @ — References —JIureparypa

1. Twurue VY., Hlenk K. — IlomynpoBoaaukoBas cxemorexnuka. MUP,1983.

2. 0. $HMYsdz0wo - LO0MWo MHHY3g90L  5bsEr0Bo, 356M3FgEHMJBOL  ABLLDBLIMS o
2990996995.“- 3. 294, 2015 §. 3-5 6mgddgM0, MBOEOLO, LodsHmzgwml gdbozm®o
16039OLOGHIA0, »93909003Mb 0. BMBAOTZ0eOlL  Esd5EJdOL 85 Farobmaogolsdo
90003600 bygMHMSTMOOLM LsdgEboghm 3mbxrgMBE0s ,Ls0bBMEMTs30M s 3MI30Eg-
o G9dbmemyoqdo, dmgeomgds, dommgs*.

3. 0. HMHmysdz0wo — ,,0mdM530 89ds60Bdgdol Bo@mN3z0L Lbo3oMbgdo Logzmme®mo bdswGols
29909969800.bodoMmM39wml  BHgdbozydo  MbogzgMlo@gBol  sMhow  gEosdzowols
domnzol  LobEgdgdol obLEHOGHWMGO, FOMIsms 3MPWwo. mdowobo, 2016 §. Ne20,
L3odds ©sdsbo, §3. 25-27.

73



0039350 IM0 Md0gJEHYO0L FoMrx30L 53¢BMAE0BYdMmo LoliEgdgdol
3W3L03MM0 QS 5503580M MY EHMMYdOL s65¢0BO

3930056000 855390009, 0M33¢0 B8339¢190830¢0, bsobs Bs6s39¢70d9
bardaveli54@mail ru

M9bomdg

000 Mmd0gdBHYOoL BHJI3IMOBHMGOL 9BIIGHMIMO MHJYEoMgdOLIMZoL Fotdmmagbowos
3M503580Mm  GYMms@@MMo.  890mdsggdmmos 56593580Mm MHIRMESGMGMOL 3mbol d5Bs s
0900000535D90mos  MdMM0  3OmEgbol  0bdgergdd Mo IsGmzol  53¢MIsE0bgdMEo

LoliGgdol (3sls) LEHGMIGHNS. BsEIOIBWmO 565¢0Bols 890890 ©AIB0E0s, HMI 5M533s530Mm
333MIsHIM0  MgayemoMmgdol  LoliBgdols  (s6L)  bstolbols  9shz39698¢gdo  ogM®dYP,

Ao sOL-0l botolbols 9s839698@gdmsb. s0s093580Mm sML-0l WoMLYdsE Tgodergds
Bo0m35¢mls 35M0 3M5530379e0 0BEHINBMIOLO s #od5MEH039vEo SML-0 2oHYmds. 5M593030M
603G MMo  3godergds  go0mygbgdme 0oL, GmamOE  ©ITM0EIPPWIE  3Bmglol
3565893900l 937906980 LYMZ0L, 515939 PI-GMo030rmo Ggymms@mmol 999sagbammdsdo.

153356dm bo@yggdo:

3MDSGIR0  GIBLIMSAO0,  530905H0YISrIcmo  Loldgls,  stsdrRom  dmgogemo,
d03290036980b B369605.

1. 3gbsgsero

dogo Moo Labgmdol ©5b65yMgddo  MdMMmO  Bgdbmermaom®o  3MmEgLlgdol
0boeoBolsl, MHmIgwdos  o8mygbgdmos  Mebsdgtmzgg  0bmgszowm®mo  BHgdbmermaogdo,
Pomdmodzs  3MmEgLYdoL  9RGHNMOMOOL  5Fomgdol  3GMBEGTs.  EEOgOLLIMZOL Mo
G9gbmmaom®  3OHmEglgddo 0b@Egwgddnsemo  dsb 0mgdggdgb 96993580Mm @myo3zol
09mMo0L bEBMIZgWDY. 9M533580m Jo@m3zol (Fuzzy Control) Jggd ogwyeoolbdgds 565835g0m
LOIMOZWOL s WMYO30L MIMOOOL LogMmM FIOMEMEIMRO0L  godmygbgdol s6g, BoGmN30lL
3600099900l 30M5dBH03Mw0 359HY39G0LIM30L. M5035830Mm ToMMZ0L Fodmygbgds Tgodargds
09ymb 9539JGwIH0 08 90mbgg35d0, MMEs 56O sMLYGdMBL 3OM3gLOL d3580Mm JMEIWo b s HMEs
26 0HMM0 5093530 30)M0 ImEgEro dsewbg Movyeros [1,2] .

5058358300 MY03YO0  MHJAMSGHMMJOOL  BMOI0MGdS  bolosMEIds  FoM339IO
0530L93)MJOJO0m.  51503580M  MIRMWAEHMOOL 5390 9393000 JdME0s 9.5, M58 30R0M
30goMgdol“ LsdgEbogcm-350mygbgdom 33eg35m9b. 5650358300 FMmEYE0Mgdol dMMmEglo
§omHIMoygbl MO0 YMH35300MHJOME  gBS3ms J00Y3MMdL, Bos3 OMIMWO 930
LOMEEYOS LobGgdol  965935830m  IMEIEol 53900l doBbom, ULsfyolo  3GMdgdols

23905(Y39GH0LOM30L.  DBMmYsO©  9Md35x80Mm  dmEgwol  J39d  0gEobbdgds LobEgdol
0683mMT>30Mw- Mmy039H0 FMmEIWwo, HMIJGEoE 95390W0s 959355300 LoIMmZ3ggdoL
©M3030L gm0l bogwdgganby [3,4].

056599060m39  [oMTdmgdsdo,  Lofo®Imm  3MMEgbgdol  53BMAsGobsgool  dobbom
29900ygbgds  bbgoolibgs  961503580M  Mmy039MH0  MJRsGMOGd0. 58  HIAMsEHMMIOOl
(3MBEGHMMEgMHgd0L) 3OHMYMTOMIOOLMNZOL sOLGIMBL LYW MO gbs - ,960593580M ToM N30l
965 (Fuzzy Control Language — FCL).

74



0003935070 MdOJJEGIOOL FoMm30L 533 MI>EH0DIOMEOo LoLEHIIJOOL JWLOIMOO S ...

5905390005 FoOHM30L LOLEJIOL 959358300 IMEYEo, bsdMIHIG M WMYO3YMO
306@OHMEIMHgdolL ImEIws© FoMdmagbolomzol. sMs33530m Wma030m  3gd3gMod Mol
M90Sl 9d3b  oMLYds BHMooEov PI - Hgammoe@dm®gdmsb dgsmgdoo Lado
doMOmMo©0  3035MMEd0m:  MMBILEGMEMd0m, dmddggdol  LoBdsMom s  gbgMaool
030bmdooom [5,6].

2. 3mb63MHmmgMmo obyzolGozMMmo 5058355300 ¢IMa0300

339000, dbvdvyd, LEx3godHm s Jodow® LoFoMdmgddo ImbIsMgdmwo MdMYbyGyool 40%
0bsMxg0s IOMOOL 3gdbmEmaom®mo 3MmEglol Ho®dsMmmzsd0. s80EHMA LsdHMdO 536Gl sl
39099853905 09b65390MHM39 303OMIMBEMMEgMBOL B3BBG AowBY 5@ EOs.

3050355300 MHYRsGMmEmOol 990535¢0 356599BHML 30932100bgds M19o5wMEO FHB3gMGHwIOS
(€), 290mBoz5em 3505TGBHOL - 258MTo35¢0 3590l BHgd3geod e,  Bswmyom®o Logbswo
9090™m@gds  9boma0MM-30030e  25MsdJdbgwl, HMIol  godmdsgzoo  HoMmdmoyqbl
o030l LoLEGIob godmdsgsen 8603369 MBL 561593580M SEAMGOMNTO.

50m@3obs  8MToMgmdl  3MBEBHMMEIGHOL  5BsMA0MO-30ROWMWO  A3Mgdbgerols
dgbsdsdol Aoz HBgdmdggdsby  BHY3gMeGMHol  8B0dzbawmdol  doblsbwgMsdo e
33O

e(t) = T@og(t) - Tﬁoé’@(‘[)’ )

B50G Tess(t) - ©535€900)E0 $9ga3g6H0¢ )05, b Ty,g0(T) - 30806569 ¢Hgd3gHadeo.

0658355300 0bgy30LE03MH0 (33WOEOLIMZ0L F63LSBOZOM™ e sM5335530m LodMzwWy,
d9Lsdsdobo  0bEOBOIsGHMMOm, p(e) d03Mm369d0L FMBJ300LoM30L. 5358Mm0  T03MbYdOL
abds0os - Loog sMMBgb@L FoMdmowagbl gddgModmeoms Lbbgomds e (Bob. 1). 3o6gzgwo
23764 300L 3983965 MMoL 330 gdol osdsbmbos - 4 - sb 4 C.

i e

NB N5 Fd P53 PM PH

- ] L ! ] ] ] ]

i . - q n q - - i
-4 -J & = u FL J 4

Bob. 1 303136900l wobyz0LEH03Mmo i3mbdaos

u(e) - bongol 59 0EIBEHORBZIGHMML o3l LbY: ,IEIO0MO FYBHMO0O FoIHMS ,(PB),
»©05©9000m b3 3oob®s“ (PM), ,050900000 bsdwoem 4o@sb®ms“ (PS), ,bmarmgsbo
239O (Z), ,w950YmxB0m0o BsdLIEM A5@bES* (NS), ,95MHYMGom0 IYEHMB0MO JoEbGS“(NB).

9037m369%0L 36300l ogamgbol Fggao, Fglodsdolo  3MMyMsdom, godmdszoo
350599 BHmol  360d3bgarmdsbg Bo©IOM@Oos  m03®  Imymdowwmdsdo. F03mm3bgdol
5364300l Ladwswgdom (bsb. 2) dmoigde gobw®mgdol s 25303900l LoLEJIgdol FMTocmdols
69500900 - u(P). 9M583580Mm 3F3Ws©Id0  0fmEId0E OHMAMOE ,dwogho o30gds“ (C3),
AB50995eM 2530905 (C2), ,0(30609 3530905 (C1), (3300 gd0L 36939~ (NO), ,25bmEgds 1% (H1),
»3obgds 2 (H2).

75



3302560¢» 8553907009, 053¢0 B3G990030¢70, bsorwbs Bstrs39¢0d

- = 1 1 1 1 1 1

—res = u L J .

Bob. 2 9039936900L 0ba30LE03MMO Bbizool Fdsmdol Mgg0d0

903979m6500L  53bdi0s  godmboligegwbyg (bsb. 2) ag0h39690L  oalgdol sdmdsgzgdol
36mEgLL.  298mbslgwgmbg  doffmgdao  Fgdbgmao  do3mbgdol  mbdizos dgagds
256900l MO0 Mbobogsb (H1, H2), 9530900L bsdo @mbologsh (C1, C2, C3) s bmMdol
©Mbobogsb (NO), o3 9godwgds §oMdmz0y0bmm  gobw®mgdol 96 9530930l Godmgbody
Lbgoolibgs ©ods@gdomo mbggdo, msbsig H2 8930, 3oty H1, bnwmem C3 d9@0s, 3oty C2
o Cl.

3. 3slogMo s 5M593580M MYRTISEMMIdOL ImEYEoMgds

330930 99009250 doegdmwo {glgdo, 343083969096, 09 MMAME 253m0yqbgds gsbomgdol
3bom FoegdMwo  woba30LbGHO3MNMO (330 Yd0, Lodslbm  Loabswgdol Fgxs99d0Lsm30L.
299035350 8030369008 83496300l Tgbodedol YRsB03ZoELMB TggMmgdolsls ddsMmzgge
B90mddggdsbg 309dEMdm d35530M Mgogd3Eosb.

9393 890mbggzsdo dsmm30lL bogboso 0gbgds gobwmmgdol 56 4930900l mbyby [-2, -
1, 0, 1, 2]. 353806 500m3535¢ s 393535 Lodbsergdl FmMol 3500agbm sM533580m Falgdom [1,
2].

OMameE  Bgdnm  s30bodbgm, Lozzwgy ™mdogdBHo©  3094gbgdo  LEdMMDd 5350 do
G9939605GM0L 93EHMBoGHMM0 FoMmM30L LOLEJISL (M) Fosd3gdo Bwbdzoom [5, 6], 3sbgbo
5653358300 M9 GMOHOL 35103 MMMD FaEIMIBOm BB, MOLMZOLE 3939000 dEPMIME
LEHOYIGOME bgdal: OL-0L FMEPYEO 3OM3MOHE0-06GJaMMMO (PI) Mmoo ©s sGl-
ol 9mEYE0 5658358300 450mIY3560L derMmIom, (5659355300 ML) (Bob.3).

0.019
Flis) > E%{'
2115+1

Step PID Controller Transfer Feni Transport
Delay

0.019
g ey, .
Ll — Ll - Ll L
21145+ FEy—
Transfer Fon Transport

Delay1

N

Integrator Fuzzy Logic
Controller

Bob. 3 965835830M s 3sbOZNG HJYMWSGHMMO60 SGU

2496boEeos MY MEoMgdOol 905335800 SEMM0mTJOIOL Mo30LgdMMmYOJO0 S STom
299mf39wo aoblbgs390560  3Eslo3 MO O 9MSBZIROM SWRAMOOMIGOL JmEOL. TMOYLOMmYDdS
Podos Matlab  Simulink  a0090m8o. 330930l F99gd0  SLsbwaos  goMmsdsgon

76



00m3HJ350MM0 MB09JEBIOOL FoMMNZOL 53¢BMIsEH0BIOo LolEgdgdol JEslo3IHO S ...

Joboboomgdwgdbyg  (bob. 4), HMIwol  sbsgrobol  Logmdzgwby o3909d9os 9990
ol3369d0:

Bob. 4 36-0b 496MH03535¢0 TobsloSMYOWGOO:
1-3e0503MH0 MgRMIGMOO0m, 2 - 56050358300 MHJYMESGHMOOm.

= 99056bIgdmEmdol Logbserols 360d3bgwmdol  33wogdol LoBdstg obsdozsdo
5658355300 5 3o ME0 PI - serym®omdgdom 9d3035¢9bGMEm0s;
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Analysis of the classic and fuzzy regulators for automated control systems of thermal
capacitive objects

Avtandil Bardavelidze, Irakli Basheleishvili, Khatuna Bardavelidze

Summary

The fuzzy regulator for efficient temperature control of thermal objects is presented. The
knowledge base of the fuzzy regulator was developed and the structure of the intellectual automated
control system of thermal process was proposed. As a result of the analysis established the leadership
of quality indices of fuzzy automatic control system (ACS) than the quality indices of the traditional
ACS.
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The advantage of the fuzzy ACS can be considered a good graphical interface and simplified
setting of the ACS. The fuzzy regulator can be used as independently to regulate the process
parameters, also as consisting of the traditional PI controller to improve its quality.

Anami3 KIACCHYECKUX ¥ HEYETKMX PETy/IATOPOB IJIA aBTOMATH3HPOBAHHBIX CHCTEM
yIIpaBieHHi TEIUIOEMKIX OOBOKTOB

Asramgnr bapraserngse, Hpaxnn bamrerennrsrin, Xatyaa bapaapermngse

Pesiome

Jna  >ddexkTHBHOTO peryjIHMpoBaHMUA TEeMIEpPAaTyphl TeIJIOBBIX OOBOKTOB IIpe/CTaBJIeH
He4yéTKUi perysiaTop. Paspaborana 6asa 3HaHHUII HEYETKOTO PEryjATOpa U IpeAJIOXKeHa CTPYKTypa
MHTeJIeKTyaJbHOH aBTOMATH3MPOBAaHHOHN cucTeMbl ymnpapineHus (ACY) rtemmossix mpomeccos. B
pesyibTaTe IIPOBEJNEHHOIO aHa/JM3a yCTAHOBIEHA JHMAEPCTBO IIOKa3aTelel KadeCTBa HEYETKOH
cucreMsI aBroMaTudeckoro peryauposanus (CAP), uem mokxasarenu kadectBa TpasunuoHuoit CAP.
ITpeumymecrBom Heuétkoii CAP MoxHO cunrarh xopoumnii rpaduyueckuii wuHTepdeiic u
ynpouienHyto HacTpoiiky CAP. Heuérkuit perynaTop MoxeT GBITh MCIIONB30BAaH KaK HE3aBUCHMO I
peryIupoBaHMA IIapaMeTpOB IIpollecca, TakKXke B COCTaBe TpafMIMOHHOro perynaropa Pl mia
yJIydllleHKA ero KadecTsa.
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Criterion for assessing the intelligence of the robot

David Purtshvanidze, Otar Labadze, Tamaz Saanishvili, Veriko Bakhtadze

Summary

The present work proposes a system of Artificial intelligence, which can be implemented and used
to control the behavior of robots. Artificial intellect is regarded as a structure consisting of five
components. Knowledge is considered as a basis component, upon which the other four components are
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based: Comprehension, Perception, Communication and Learning. The representation of the composition
and properties of the intellect described in the work can be considered as the basis for assessing the
intelligence of the robot, to create intelligence metrics. This metric should contain the volume,
composition and structure of knowledge, comprehension ability, relationship capability and learning
ability. The paper also defines the Memory characteristics that are important from the point of view of
robotics.

KpuTepuii oneHkn HHTEJIEKTa podoTa

Jasum Ilypyxsanuosze, Omap Jlabaose, Tamas Caanuweuiu, Bepuxo baxmaosze

Pe3iome

B Hacroseii padore npeanaraercs CHCTEMa HCKYCCTBEHHOTO MHTEIUIEKTa, KOTOpasi MOXKET ObITh
peaiu30BaHa W HWCIIONB30BaHA JIJIS YIPABJICHUS IOBEACHUEM pPOOOTOB. VICKYCCTBCHHBI HWHTEIUICKT
paccMarpuBaeTcs KakK CTPYKTypa, COCTOSIIAs W3 MSATH KOMIIOHCHTOB. 3HAHHS PacCMATPHBAKOTCSA Kak
0a30BbIil KOMITOHEHT, HA KOTOPOM OCHOBaHBI OCTAJIbHEIC YEThIPE KOMITIOHCHTA: TIOHUMAHHUE, BOCIIPHUATHUE,
obieHre ¥ oOydeHue. 3HAHUS PacCMATPHUBAIOTCS KaK 0a30BbId KOMIOHEHT, HA KOTOPOM OCHOBAHBI
OCTalIbHbIC YETHIPE KOMITOHEHTA: MOHUMAHHWE, BOCIPUATHE, oOLIeHHe u o0ydeHue. OnucaHHas B TPy/e
MPE/ICTaBIICHUE COCTaBa M CBOWCTB MHTEUICKTa MOXHO pacCMaTpuBaTh KaK OCHOBY JJIsl OIICHKH
MHTEIUICKTYaIbHOCTH PO0O0Ta, U CO3JaHUSI METPUKH HMHTEJUIEKTa. DTO METpUKa JOJDKEH COJepiKaTh
00beM, COCTaBa U CTPYKTYpBI 3HAHUS, CIIOCOOHOCTH OCMBICICHUS, BO3MOXKHOCTh B3aMMOOTHOUICHHS U
CHOCOOHOCTh 00yueHus. B Tpyze Takke onpeiesieHbl XapaKTePUCTHKY MaMsTH, KOTOPbIE BAYKHBI C TOYKH
3peHHsI POOOTOTEXHUKH.
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Eight-legged walking robot
L. Gvaramadze, K. Kvirikashvili, T. Saanishvili, P. Stavrianidi, D. Purtskhvanidze, N. KavlaSvili

Summary

Developed walking robot legs up. Walking robots are characterized by high maneuverability. Most
modern walking robots on each leg have one or more hinges, which bend the legs when moving the robot.
Such robots, when moving, consume more energy than robots without pivoting hinges.

The developed walking robot has eight legs, from which it alternately uses four legs when moving
or turning. The robot is equipped with an upper and lower platform. When the movements of the robot's
legs change their length, As a result, he alternately relies on one platform or another.

When the robot moves, one platform with its associated legs moves onto another, stationary,
relatively resting.

BocsmuHoOrHit mararomuit po6ot

JI. I'Bapamazse, K. Ksupuramsurn, T. Caanumsuirn, 11 CraBpuanngn, /], IlypryxsaHnzgse,
H. Kapramsuirm

Pesrome

Pazpaborano mararonmii pobot BocMmio Horamu. llararoniie po60THl XapakTepu3yroTcs: 00IbIION
MPOXOAMMOCTBI0. Y OOJBIIMHCTBA COBPEMEHHBIX IIAararoIinX poOOTOB Ha KaXK/I0W HOTE€ MMEIOTCS OJIMH
WK HECKOJIBKO MIAPHHUPOB, B KOTOPBIX IPOM3BOMUTCS CrHOaHHE HOTH NPH NepeMenieHnn poboTa. Takue
poOOTEI, IPX TIEpEMENICHAH, YIOTPEOIISIOT OOJIBIIe YJHEPTHH YeM POOOTHI 6e3 CrudaeMbIX MIapHUPOB.

PaspaboTanHbIi mararonyii podOT UMeeT BOCEMb HOT, U3 KOTOPHIX OH MONEPEMEHHO IPHMEHSCT
10 YeThIpe HOT NPH NEepPeABIKCHUN WM TOBOpoTe. PoOOT ocHameH BepXHEH M HIDKHEH IUIaThopMOii.
Horu poGota mpu IBIKEHHAX MEHSIOT JUIMHY, B Pe3yJIbTaTe 4ero OH MOIEePEMEHHO ONHMpPaeTcs TO Ha
onHy miatdopmy, To Ha npyryto. [Ipu aBwkxeHnH poboTta oxHa IIaTGopmMa BMECTE CBI3AHHBIMU C HUMH
HOTaMH MepeMeNaeTcss OTHOCUTEIHO PYrod, HENOABMKHOW OTHOCHTENILHO OIUPAIOIIEH TOBEPXHOCTH,
wiat(opmabl.
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New type of production robot with many connections
David Purtskhvanidze, Andrei Purtskhvanidze
Summary

Today, the development of a multi-connection production robot is promising. The work
describes the robot of a new type, and its superiority over the prototype. The simplified scheme of
the hinge designed for a robot with many connections is considered. Each hinge consists of
connected platforms on which three servomotors are installed. With the help of servomotors, the
required orientation is acquired by the platform located above the hinge. The design of the robot, a
new type, eliminates unnecessary interactions between the hinges. Reduces the error associated with

the use of long cables.

HoBsrit TMII IPOM3BOACTBEHHOTO POGOTA CO MHOTMMH COEJMHEHUAMU

Hasuo Ilypyxeanuose, Anopeii Ilypyxeanuose

Pe3iome

Ceromsss MHOrooGeIalOIUM  sBAfETCS pa3paboTKa NPOU3BOACTBEHHOTO pobora ¢
MHOXXeCTBOM CoeﬂHHeHHﬁ. B pa60Te OITMCBhIBAETCA PO60T HOBOT'O THIIA M €T0 IIPEBOCXOACTBO HaAJ,
IIPOTOTHIIOM. PaccMOTpeHO yIpoIeHHas cxeMa IIapHUpa, pa3paboTaHHOro Jisi poGoTa CO MHOTHMU
COeIVMHEHUAMM. Ka)K,Z[BIfI IIapHHUP COCTOMUT M3 CBA3dHHBIX HJIElT(i)OPM, Ha KOTOPBIX YCTAHOBJIEHBI TPH
cepBogpuraresnsa. C IOMOLIBIO CEPBOMOTOPOB TpebyeMas OpHeHTauus IpHoOperaeTcs ILIAaT(OpPMOIL,
pacmosioxeHHOM Haj wmapHuUpoM. KoHCTpykums poGora, HOBOTO THIIA, HCKIOYAET HEHY)KHBIX
B3aMMOZEHCTBUN MeXAy IIapHUpaMH. YMeHbBIIaeT IIOTPEeNIHOCTb CBA3AHHBIX C IIpUMeHeHHeM

AJINHHBIX TPOCOB.
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Classification, systematization and prospects for the development of power generation
facilities

Nodar Gdzelishvili, Nodar Mirianashvili, Konstantin Gdzelishvili, Venera Khatashvili

Summary

In this article, we give a brief overview of the use of various types of energy from time
immemorial to the present. Positive and negative aspects of the use of the main modern sources of
electricity were noted. Due to the fact that Georgia is rich in inexhaustible sources of electricity, in the
future, in order to maintain ecological balance, the use of these sources is most acceptable.
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Pe3some

B mpezmcraBieHHOIH cTaTbe IPUBOAUTCA KPAaTKHil 0030p MCIOJIB30BAaHUA PA3IMYHBIX BUIOB
SHEprHMM C He3aIlaMATHBIX BpeMEH [0 Hacrofulero BpeMeHH. OTMeYeHBI IIOJIOXKUTEIbHBIE U
oTpullaTeIbHble CTOPOHBI HCIIOJIb30BAHMA OCHOBHBIX COBPeMEHHBIX MCTOYHMKOB 3JIeKTpO3Hepruu. B
CBA3U C TeM OOCTOATEIBCTBOM, 4TO I'pysust Gorata HEMCCAKAEMBIMU HCTOYHUKAMY 3I€KTPOIHEPTUH, B
ZaJbHEMIIeM C IIeJIbi0 TOoALeP>KaHUA SKOJIOTUIeCKOTO paBHOBeCHs Haubosee IpHeMIeMO B OCHOBHOM
HCIIOIB30BaHNe STUX MCTOUYHUKOB.

©@o@gMs¢Ms — References —/Iureparypa

1. 80605658300 6., gdgodzowo b., bsmsdzowo 3. gbgMaool  9MmIEGHMIOE0WI0
2965bEgdso  HglELgdol  s030LgdolL  3gMLdgdBH03900 LodsMmggumdo. LsgsMmazganmls
39960399600 Mbogzgdlo@gBHolL s®bow 9w0sdz0ol FoMmm30L LoLEYIgdol  0blEHOEMEHOL
OHMToms 30gdyemo Nel7, 2013, ag. 89-93.

2. 80605650300 b., adgwodzowo b., 39B0M0dz30w0-bmnbsdy J., bomsdzowo 3., bmbsdg .,
Pmfimbogo-omMawodzowmo . dbol  9bgeaool  2s0mygbgdol  BHgbwgEogdo  g3m™m3sdo.
0RO 9058300l Jommzol LolEgdgdol o0blEoEMEGOL IHmIsms 3Mgdwmwo N20, 2016,
23-123-128.

94



50MEM3530M0 068MmOIs300l ImMIBo©gds 3md3owmEg™do dgyzsbolsmgols
@0bsbs 3063599, 49009356 osdg

Email : dudutsin@gmail. com,Komiadze@mail.ru

6M9bomdg

50MEMIds30d 608bsgl LogMgdo MdogIBOL smdmMBYB s Gobo sE0AEYdsMmYMBOL
5306, 030 0dggzs  LsBwgsemgdsls bsgabgdols smdoBgbolls obgo  Bsbdogby, G@IgEms
2560550000980l LoBJsMg 8g0deds 457EMeErEls da9M0l 2493037930l LoBJsMmgls.

650MEMId3E0sL oo 39mygbgds oggls bsgopsgosdo s slY3zg FgBHIMOMEMYOMO
LsAlsbomols  gs0myggbgdsdo Lsbobm dgmmbgmdols bgsalbgs @sMagdolismgol. 58 dobboom
3630l LobGgIPoL  0bLEHOBHMGH0 990gdbs  FsMmzoL  533MTsBHOBOMIPRMEo  LobBgs
Uggz5L5d0do 0MgdEols 50dmBgbols s By Bgdmddggdols Bolods®Mgders.

LoliBgds, Gsommmzs@mmo Godols MPII-5,  BsGowmmo, gsdmmgmomn  gdbogmed
Ls8wmsemgd9ddo (0guyeolbigds 330, 3md3omGgmo, s0Fmemgzombo ©sdbdsmy dmfymdogmdgdoo:
365grmm-3086MYEo s 30M0dom, sMsdlsbgdom s dgomsglindoliorgol bsgomm ob@gmagolo),
9oLsbrm@gds  3gBgmOmEmyom®mo LooEggdol gsBmadzol LoBmLGOL gsBMEL, M3gMsEome
Bg9emgdggdsls bydygol Fomdmddbols 3tmagligdby.

UBoG0580 356oboggds GoomEM3sEommo 0bgm®dssool 3md3omEg®do 8gy3sbols s
dobo  3HMyMsdmmo  ©sdM3sggdol  ImIBoEIOL  Lsgzombgdo WHWMBMOL  LEMYIGHMGOL s
Bsdmysenodgdols dgbfsgeolismgols.

153356dm bo@yggdo:

560935, 3535307905

5Q0MEM3530vIM0 3985mdoL 30063030 ©TYSMFOME0s MoEOMGIMJdol gdbgge
0099300 5M933wgdol godmygbgdol Logmdzguwby, Mol 0dergzs LodrgoEgdsl Logbgdol
50dmbBgbols obgom Jsbdow By s obgm IgEBHIMOMEMYROWG 300MdIOT0, s 50Imbgbol Lbgs
153 gdgd0  MAENYH0S. MIOMEMIS3008  Fb08369wMm3569L  TglodEgdemdsc 003w ds
ab939 50IMAGBowo MBdOYJBHIOOL FMMOHEOBIGJOOL SMZs, Fom0 LTI JOI0M MZSEYMMOL
09365 9mdGmsg md09d¢H9gdbY.
OBl BLEHOWIGHMYOOL s BTMYse0dIBdOL  FqLHogErolsmMzoL  MOEOMEIM3ISE0MO
0683m®To300L 99353905 0035 olfobdl  MOEOMEWMIs300s6  dmbLbowo  Logbserols
(Logboo 500l b5 MO Lsbob), 383099EHIMT0 (08O bobom), 89y3sb6sl godmmgzwromo
Bofoeols dgbliogMgdsdo s 899ymd 50 06xgMmEMBo300L 48mygbgdsll 3HMyMsdgddo, GMIgEwms
99039m0000  bmM309w@gds  MHOEOMEM3Is30Ho  dmbo3gdgdol sdmBsggds.  s8ols
239035¢0L{obgdom s8mEs60L FloliBMEIWHSE SMEFOWJOJLO SEAMOONIGDO0.:
1. 0500m@w®m3s30Mm0 06g30MTo300l dgyzs60l seram®omdo.
30030MGgMT0  F90535a0  MOIEOMEMISEONM0  0bBMEMTs30s gl SBOL VOO
5693woo  Logbswol  0bEHIBLOZMOOL  Fgbodsdobo  MZsmbGmOY0sbo  FoRGWWo  Jmo.
30009mboabsro  goMEslobmwo  3oxzmmer  3mEdo  3md3om@gmol  dgbblogMgdsdo  wbs
Boofigtml 8glodsdolo  3mMEmEObsGHJO0m, MomsE 2oboLsBEaMGds Folo YO TPYOSMYMDS
Lo3sgem bogMgdo. sdolomzol 3m30GHIOT0 oMS 0bFIBLOZzMBOL 3m@Ools, dgyzsbowo
Mbs 0gml 3MobMmo 0bgm®mBszos (sH0dME0, SEA0MOL JMmbg) ©s 0bgm®mTsgos s6EHgbol
9 dsmgmdol Gglisbgd.

d00sb0  BobgzoMLGBIOML  IMZ5¢0gMgdoL  30MMdYd0  JoegdMwo obrm®mdsgos 5
3939050@L MBHMEYdS. G9dbo3mMo dmboigdgdol obg300 MoEOMEM3s30Mo dodmbowgs

95


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CDYQFjAB&url=https%3A%2F%2Flogin.secureserver.net%2Findex.php%3Fapp%3Dwbe&ei=6SmeVduDNeSqywO1mYH4Cg&usg=AFQjCNFVKHCWs6ImyeUdHLTMEe6LC5qxiw&sig2=8whvz3s0NMorIfwqqYyHPg&bvm=bv.96952980,d.bGQ
mailto:Komiadze@mail.ru

@901bsbs 3063599, 9909356 280599

mbs  [omImgdogl  LodoghHm  LogOEol 00 dmEMEmdoEsb,  MMIgElsg  035390L
3505 gm3039000, Lodswoo - 12 39, GosoMbom - 6530, GMIOL B3wdg IMdI3LYBWYC0S
D308 ©MboEsb 4 30-Bg. odgod odmdEobsty  3MI30MEBHIMTo  sBOHO 50> 5J3Lb  0d
0630mMTs300L  dYz065L, MHMIgerog dmoblbgds BobgzomligggMmsb. 0bgm®Mdsgool Fobslfs®o
5999853905  geolbdmdl  LbmeMg dob dmbLbsl dm3gdmwo  sMgEsb. 38 dgdmbggzsdo
3M0309BgMdo  890535¢0  0bxzmMTo300L  Bg39Mds  gobolsbmzMgds  3sMowrgemg3o3gol
ImEMmdom s 0d doxol 960d3bgwmdom, GMIol Jobggzomsi IYMBOEros 30609
31099500 35059 93039000.

2. 36MyM00o 3993539000 SEAMOHOMI0.

5BIMbBgOHML IYMToMJMBOL MZolshobm Ho@dmyqbolismzol 3mddowEgmhbyg Mbos
39900LsbML  POYBWOL  3OHOBMBGHIWMMO O 39OG0IOWOHO 33000900,  OMIWGdOS
M39M0GHMMolL dMdsbgdol dobgzom Imbo@GHmmbg sbsbgal 33mggdl 63d0LdogMo Lodsmerol
439 3000m39GOHbBY 4-©s6, 12 30mIgEHEmol Bsm3om. MOMMYMWo 33900 dgo3egL 56
M39GHIL 16 smsLo FadGowobs. sLgmo 33900 sMob 9. sy, HMI 0bxzm®MTszo0l Fgbsbgzolomzgol
09blogmadolL LsFoMHM IMEMEMds 150 s0slo BsoBHL 035390L. 30650IB MoMMgMo 33900
2009090 M5 MIgEHgbo 16 5msbo FaOEowom, aMex030l SLogds dmbo@m®mol dgbliog®gdol
16 300Md50@0 LgLYBO Lo3ToMOLOs.

OMAMOE3 36MB0E0S MEOMEM3ISGHMOHO 393stmdl MG M:000: ,IMIRWOMIDS“ ©
»00995md5%. LHmMg 0975090 ,,0985005“ foMmIMgdl ©o330M3gdsL Lo3sgHhm bogmEgby: Bmdsgl
©OMBOXOL  MHOOMMMISFOME 5933w gdL,  FoBLBOZME3L  TolL YO YOSOYIMDL
0b@gblbogmdsl.  0bxm®o3zool  gaMm3azgdol O™ oM Mbs  909ds@gdmpgl 2 ol -
393MH™3900L gM0 (30300, (gL 5oL MM MMl d9d©gy Fgodergds d90(335¢ML MBIl
LAHOMIGHWOS), 8999y 0ffygds IgmMg (030, Lsbsd Jodmbogzol bmbsdo  SGLYdMDL
LgBHY3oLododo  30MMPDs.  sMg3owo  Lbogbswo gl oMol oabsgwowmo  Logbogro
©0MMbgdMo 2903390 EOMOL 399y, O™Iol dmGgbgoswmo gbgkyos MBGM
6039005, 30006 4oaBs3b0ols. sdoFGMa, 0w dg@gmmdogd@edg dsbdowo R - ol Gmoo,
35806 5693000 bogbswo Boowgds 08 sgm3bgdom, MMIgwoE LogoMmms 0dolsmzol,Gmd
H5©0ME5T goosbml dsbdowo 2R. 569300 bogbswol @oymazbgdol dm:

2R
Loy = >
Loog € 900L GOEOMEHOOL 353039 gdol BBJs®g s GHmeos 3.10° 3/§3. v t@)g_
39033910 356mbBMmBogHhgdom sblabmzmmos g35d3L LEdMowgds 303Mm3M® IbMOWO
Lodmey R:
c
R = Losy5
Moz dbYgg  9MOL  Bobdowro  MHOMEMIIGHMMOEIE  TgBgmMmdogdBHed©y,  H™Iwob
530 8YOMMBL HOEOMEMISAMOOL J0ToMm 25M©s R -0ls 2obLsbmg™agl 99090
LogzME3MEO 3MMOEObsEJdO:
1. s%0odn@o - o gmoby, OmIgwog Fo0dmoddbgds Bmboomgdol 0d3mwbols dsdmliboggdol
P&0wmgo-LadbMgod 085600291 gdsbs s 89¢JMMd09YIGHOL3ID F0ToM0MEgdL Fmeol
2. 500l 3Mombg - B 3moby, OHmIgwog Homdmoddbgds 3mGmobmbBHLs s Fobboliggh
900500 gdsls Mob.
3. Lodspag H, ®m3qwog 2560b5B036000s (360000 3sdmbsbwmwgdoom:
H = Rsin f.
M9OMEM3IS30MM0  0b683mMTs300l  IMIDBoEIdOLOMZOL  A5MZGO0  BoBoMgdE0s
6500 EM35¢™Mob MPJI-5 - ob ¢odolb ¢9dbogm@mo dmbsizgdgdol bogmdzguby:
390539900 bobdomg f =500 39630,
Bmbo®mgdol 03399eligdol 3gMomo - T = 2 I,
36960l gMmo derbgzol odm t = 10 {30,
500l 3Mmbob 33eowgds B — 0° b, 90° ),

96



650000MEM3530vIM0 0683mM>300l mIBogds 3nddorEg®do 9ggzsbolsmzgols

5B03NBHOL 37mbob 3gmowgds o — 0° ©sb, 360° dy.

308mbobosego Ladsghm LogMEol doduodocr®mo Lodswwrg Bezol mbowsb H=1230
©5330603900L Moombo R =100 30.

abBH9bol  BmdMsmdol Mo  Gggoddo, 9BFIbs  gPmo  dONMB30L  A9BTegzermdsdo,
2950mobboggdl Bmbomgdol 0d3w9elgdl Momogbmdoo: 10 * 103/2 = 5000, sBobmEoL 3mby
30 09033wgds 360° / 5000 = 0.072°, 6o dognosb d306gs. sd0@™a s639bol iGomw Ggg0ddo
99985md0L  EMML  Jgmobbdgdol 0sbsbdo®, 969331 gdoL  F0BOHMEO JnEol dB0dzbywmds
dgLsd5dobMdsTos 16 BmboMgdol 8ggps©  Fomgdmwo  FgEgaol  AoLsdNeEMmgdYEo
360339 md0obLsS, MMIgEog 4obobogds, Grmym®E 9Mmo bLbogo @s bboggdl dm®ol sHodmEob
3Mobob 33e00e9ds Aa = 1,2°. (ob. Bsbsbo 1).

< / Lo Mo

BMowmgmo LadbMgomo

bobs®bo 1

099056 godmBobatyg 9@ gmmdogdEHob 4398 0gweolbdgds HodEHowo, HMIwobysbss,
Lbogol asLfzMog, dmoblibgds 0930w boabswro Fobslfo® goblsbrgzdmwo doxol, AR- ob,
dobggom.

OH0aMM3 36Md0w0s, 96EIBs dMNMBIgL 5M0mbIdMS©. 2% 5MbEHNVOMMOHO TMAMIMdOL
3900bg93530 dmdGHBgdOL 31Mbol 33 oEgds EMHMOL Jobgz00 Gmeo 0dbgds dt = 1/6*2/100
dg

=1/300, bosg 1/6 36/{jor 560 ghHmo 3MHB30L MHM. 3o LobdsMg O = at

5d9sb  d@
= 0dt, ®- o) asdmglsbsgo 21N, 85306 d @ = 21tn = 360° *1/300 = 1,2°.

bbogol olf3M03 969330 gdo Bmoblbgds goM339mwo Hmol dgdwgy (t@ag.)’ [ON)
3399g3L  Logborol MgarolEMmsEool LobdoMgl s Mo30LMz5 LEBOZMIZL FadEHOwOL
53 MHOEOMEMISGMM0D. 5J9sb 259mTE0bsty, godmdmgwger bsffoendo dgdsgowo
GOBOMO MZ5056Mm0a0560 3mo gqLsdsdgds s, FgOGHO0WoH sMg3wo AsMEsJdbowl
3OBOWdo,  sbsmaw® Logbowdls, FoMdmoggbl WOHRdWOL 0bEHgblogmdal 3 {ad@Eowdo.
ym3zgwo F9h@Gowo 3md30@g@do dgool miz0lbo LozhEMwo 3mmEobs@gdom. bodsghm
bo3MEg MM 9BHO3s J0dMOboEgds. 5d0@™I dmbs3gdoms dolingo 0b6Egblogmdol Ibodzbyarmdsms
LOIMOZOLs MO Lsbol 0dbgds: InMgmEo Jodmboezol s 3B gdomo Jodmboggol
d9Lsd5dolo dsboggdo.

97



@901bsbs 3063599, 9909356 280599

MO0 HOEOMEM35309MH0  Jodmbowgs 0035woljobgdl OBl 5dmPgbsl.
5003 ™8 BmboMgds Bsdsghm LogmEg, MMmdgwog s6@Ibol fHowmw Mgg0ddo ImdEmomdol
@MML dobo dbg39w™Mdol 509805 dmgdEgeo. 58 890mbz93580 SORYMEI0s Bro, BOKO QYOO

3Mobol  33eomgdols Ay, G®Igos 033wgds BsGHawgddo 3° -©sb 87° - 8@y. sdoGHmd
3090Mdm 56EIboL drIMbzsms MoEbaL GHMEIL 29-0bs. IO oM35¢0gMHYds TmoEs3L
360 * 29 = 1044 Ubogl. 306506 momgmmyemo Lbogol gobfiztog dmoblbgds stg3wrow
Lbogbowoms 100  360036germds, LEOWmo 0bgm®mdszos  TmOIMWO  BHIQOMEMISFOIMO0
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©Odol 06@gblogmdol dglobgd.  EbMowo #2-80 3o 8mEgBwIEs 5ER0EOL s sHodEOL
(33L0g0sMd BOXO s 06gJLo300LIMZ0L LsFoMHm LoWOYgdO.

3bOowo #1 3bOoo #2
ﬁl - - 131 - - B29 AB _ 30
ol Ojg Ao = 1°
B1 =3°
i:=1+29
OL1,100 J:= 1+360
02,1 ) .
g := 1+100
013,100
0L360,10 a360,10 360,100
0 0

9l 0bg3m®Io30s 33993l Lodwgogdsl  3obolsBEZOHML  Logmaolb ol bsfowo, Losg
LgBYgoLadodo  OWRIWos  IMMogLgdMEo.  f3Mowgdomo  dodobowgol  OMML 3o
3M3309BH9Mdo dgol 0bxm®mds3os MM OBl 06EbLogMdoL Tglobgd; sdo@Hma
oOMEM3530MMH0  0bxm®mIsgool  BHYg3omds o8  Jgdombggzodo  ©sdM30gIM0s
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LogzMEoL M350 gMHGBOL sl 8godwgds  3Jmgl  Lbgosbbgs xm®ds:  Lggg®mU,
BOWOobEOOL,  35MoWgEMm3039Eol,  3MLObMLloL s  9.3. Mgl BMOTs©  Yobgobowogm
35M5germ3039L, HMIgEoE B30l mbosh dmmogligdwmos H = 4 30emdgdm by, boerm
Lbodsmerg h = 12 30mdgBHomb. OHmEs 35605¢gem3039ol §390m@sb 359s35c0 3390900
594MB0w0s B bsfowgds© s Fombg 393w gdYe0s 339M©Yd0L FoM09dE0 LOdMEHYJYOO,
090 Q504Mys 300 31999050. (ob. bob. 2).
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0M0MOMYNE0  0OMBYo  [oMdmoaqbl  LodysbbmIowrgdosh  dsbogl, GMdgwos  dgoEo3L
069330900l 36033690 MdgdL  MOMMYMEo  3OoLIMZOL  gobbmdowgdom  139%.  bmerm
0900l JodlodswHo FMEMEL™MdS GHeero 0dbgds (m * n* h)38%. Lowowg h Moglpgds 4< h<
16, bemewm m-ob s n-0b EsEEI6s bEgds sl 3mbol i1 s Pi—e 360367 ™dIOOL
dobggom. H = 439-0b ao0m35obfjobgdom Loog Ri @ gsdmom3wgds gmemdwmeood:

H
Ri = Sing; ooy m = /R? +R%, —2R;R;_.,cos8 ,  Losg 6O =P1—Bi:. bowm

i

boowy

n=+/R? + (R})2 — 2R;R}cos8' ,Losz 0’ =B — B .

dogdmo 990920  2390¢g3L  Bsdegdsls  gsbglaBrgmmom  LodMEHYoL  396GHMOL

2a+m 2b+n

3meOEobsdgdo:  Mgps = ot Myrqa = — > bsga = Ricosp; @b = Rsin; .

09956 998m3obstg, mommgme  3MOOBMBEHIWG 339l OWRBIOLY,  gdbgds
2396Bmdogds N x M, GMIgwos Lsbwgz®gdos @ 0<m <50, 0<n<50. sy, ™I
dodmbo@vyero 35g§bodsMMO BoMMO GHMeo 0dbgds S = 2500397 - obs.

Preparation of radar information for input to a computer
Dudukhana Tzintzadze, Ketevan Omiadze

Summary

Radar means searching for an object in space and determining its location. This allows
detection of objects at a distance where the speed of movement can be equal to the speed of sound.
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Radar is widely used in navigation and meteorological services for various sectors of the
national economy. To this end, an automated control system was created at the Institute of Control
Systems for the detection of hail clouds and their impact on them.

The system, such as the MRL-5 radar-computing device (computer, analog-to-digital, digital-to-
analogue converters and the corresponding interface) serves to improve the accuracy of
meteorological measurements, operational impact on hail generation processes.

The article discusses the preparation of questions for the introduction of radar information into
a computer and the development of software for studying the formation and structure of clouds.

IToaroroBka pafHoNOKALMOHHOM MHGOPMALIMH 11 BBOJA B KOMITEIOTED
Ayzayxara [{unnaznse, Kerepan Ommazgse

Pe3rome

Panuonokanus o3HavyaeT IOMCK OOBEKTa B MPOCTPAHCTBE U OIPEIETICHHE €0 MECTOIONOKEHHUS.
Ot0 1mo3BOJIsIET 00HApYKEHHE OOBEKTOB Ha PACCTOSHUH, TJE CKOPOCTh JIBIIKEHHS MOXET OBbITh paBHa
CKOPOCTH 3BYKa.

Pagnonokarys MIMPOKO HCIIONIB3YETCsl B HABUTAIMM M METEOPOJIOIMYECKOT0 OOCITYKMBAaHHS UIS
pasIMuHBIX oTpacyieil HapoxHoro xossaiictBa. C aroi menpto B MHCTUTYTE CHCTEM YIpaBieHHs Obuia
CO3/laHa ABTOMATH3MPOBAaHHAS CHCTEMa YINPABICHUS A8 OOHApyXXEHWS Tpaja OMACHBIX OOIAKOB M
BO3/ICIICTBUSI HA HUX.

Cucrema, Trna pamuonokarop MPJI -5 — BerucnuTenpHas YCTpPOHCTBa (KOMIIBIOTEpP, aHAJIOTO-
mu(poBble, IHU(PPO-aHATOTOBbIE MPE0OPa30BaTeNd W COOTBETCTBYIOIIUM WHTEP(EHC), CIYXKUT IS
MOBBIMIEHUSI TOYHOCTH HM3MEPEHHUs] METEOPOJOTHYECKHX BEIMYHMH, OINEPATUBHOTO BO3/ACHCTBUS Ha
MIPOIIECCHI TEHEPALNH TPafa.

B crarbe oOcyxaaercst MOIroToBKa BOIPOCOB BBEACHHE DPAIMOJOKAMOHHOW WH(OpMauuu B
KOMITBIOTED M pa3paboTKH MPOTrpaMMHOr0 oOecredeHus Uil u3yueHHs (OPMHUPOBAHUS U CTPYKTYpBI
00J1aKOoB.
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Language-Content-Expression
G. Chikoidze
Summary

The simplest and "ordinary" context of the realization of separate speech act is the dialogue,
i.e. the “giving—getting” process of language expressions between two people: the speaker expresses
some idea, "content" that is "packed" with language expressions; The listener, in turn, analyzes the
expression, which results in getting the "packed" content.

Units that describe situations and are not represented by a "clear" verb form are often
unambiguously related to a certain semantic role. The main objective of the work is to identify and
express the respective components of this kind of situation.

The paper also provides an outline of identifying sensential primitives and identifying existing

relations between them.

SAspix-Copmep:xanue-Bripaxenue
I'. Quxouose

Pe3rome

Juanor sBigeTcs CaMBIM IIPOCTHIM M OOBIKHOBEHHBIM KOHTEKCTOM /IS Pealn3alliy KaKZOTOo
aKTa A3BIKOBOTO IIpollecca: T.e. «IlepeJaBaThb—IIONydaTh» A3BIKOBOE BBIPAKEHHME MEXIy /IBYMA
JUIAMU: TOBOPAIIMI  BBIpa)KaeT MBICTb, COJZiepKaHHe, KOTOpOe «yIIOKOBAaHO»  S3BIKOBBIMU
BeIpaXeHHAMY; CIIyIIamyii, B CBOIO OYepelb, aHAIU3UPYeT 3TO BEIPAKEHUE, B Pe3yJbTaTe 4ero OH
OCO3HAaeT cofepkaHue. EIMHUIIBI, OIMCHIBAIONINE CUTYalUIO, KOTOPhe He IIPefCTAaBIEHBI «IBHO»

JIUIEBOI GOPMOI TIaroja, 4acTo OGHO3HAYHO COOTBETCTBYIOT KaKOM T1O0 ceMaHTUYeCKOH POJIH.
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I'maBHas memp paGoThI BhIJEEHHE COCTABJIAIONIUX, KOTOpPBIE BBIPAXKAIOT TaKUe CUTYalUUd U
olpefieJIeHHe OTHOLIEHWH MeXJy HHMMU. B paboTe Taicke IpeZCTaBleHbl HAaOPOCKU BBIIEICHUA

CEeHTEHIIMBHBIX ITPUMUTHBOB M YCTAaHOBJIEHN OTHOILIEHUH CYIIECTBYIOIINE€ MEXAYy HUMH.
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Somatic Vocabulary According to Otar Tchiladze Text Corpus

Nino Javashvili

Summary

The vocabulary of any language consists of diverse, differently organized thematic groups,
which are the part of the unified lexical system. One of these thematic groups of lexemes is somatic
names — the words related to body parts that play an important role in organizing a lexical system of a
language. Somatic names are analyzed on the basis of Otar Chiladze's Text Corpus.

The general overeview and statistical data of the somatic names used by the writer in the
novels are given in the paper. The names derived from somatic stems and composites with somatic
stems are considered as well.

Composite models consisting of somatic lexemes and somatic stems are distinguished. The
description of each model is given. A table of statistical data of the usage of somatic vocabulary is
presented.

Comarudeckas JIeKCHKa B TEKCTOBOM Kopiryce mpousBesenuii Orapa Yrrazze
Huro /[xapamBrimn

Pesiome

ComaTnyeckas JIEKCMKA HIPaeT BWKHYIO POJb B OPraHM3alUU sA3bIKOBOM JIEKCHYECKOU
cHuCTeMBI. B craThe paccMaTpuBaeTcs TeMaTHdYecKas IPYIIa JIEKCEM - COMATUYeCKUe HMeHa Ha
Marepuage TeKCTOBOro kopmyca mnpousBesenuit Ortapa Ywiagse. Comarndeckue ¥MMeHa, CJIOBA
CBsI3aHHBIE C YaCTAMHU TeJIa.

B paGorte mpencraBieHsl OOt 0630p M CTaTUCTUYECKMeE IaHHBIE COMAaTUYECKUX HMeH,
KOTOpBIe aBTOP MCIOJIb3yeT B cBomx paborax. Taxske paccMaTpuUBAaIOTCS HMMeHA, OOpasOBaHHbBIE U3
COMaTHYEeCKIX OCHOB ¥ KOMIIO3UTHI C COMaTHIeCKUMU OCHOBAMU.

BriesiA10TCs KOMITO3UTHBIE MOJENIN, COCTOSIIME U3 COMATUYECKUX JIEKCEM M COMATUYeCKUX
ocHoB. JlaHO omnwmcanuve Kaxzaou wmogenu. IlpexcraBieHa TabnaMUA CTATHCTUYECKUX HAHHBIX
yIOTpeOJIeHUsI COMAaTUYeCKOM JIEKCUKH.
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I'pysusO-AHTIMIICKMI AByHANPABIeHHBIHA aBTOMAaTUIECKHUH IT€PEBOJ,
ZepHUBaIMOHHBIX (opm

JI Jloparunanngse, H. /Drapampainn, A. Yyrkepamsrrn, 1. Angapamsarn

(I_lordkipanidze, ninojavashvili, annachutkerashvili)@yahoo.com
Pesiome

PaGora xacaerca mpo6reM aBTOMAaTHYeCKOrO IE€PeBOAA CJIOBOOGPasoBaTeNbHBIX — (opM
TPY3MHCKOTO M aHIJIMICKOrO A3BIKA M CIIOCOGOB KX pemeHus. Jljia pemeHns faHHOM 333a49H, B IIEPBYIO
odepess, HAMH OBLIa CO37jaHa 6a3a AaHHEIX CJIOBOOGpazoBaTeNbHBIX athdrKCcoB rpysuHCKOro A3bIKa [1]. B
Heil oObesuHeHB MOp(dEMBI, KOTOpHIE SBASIOTCS POAHBIMK i1 COBPEMEHHOTO IPY3HHCKOTO
JINTEPAaTypPHOTO f3KIKA WJIM BBEJIEHBI C [pPYTHMX A3bIKOB. Jlis aBroMarmdeckoro ¢GoOpMUpOBaHUSA
COOTBETCTBEHHBIX [ py3HMHO-AHITMICKUX [JepHUBAllMOHHEIX (GOpM ORUIM  CO3JAHBI MOZENH
CJI0BOOGPA30BaHUI DasHBIX CEMAaHTMYECKMX TPYNII Ay 00OMX s3bIKOB. Takke ObuTa cosfaHa Gasa
Amramiickux gepuBanoHHEIX ad¢UKCOB.

B craree paccMOTpeHBI M3BECTHBIE MOZAEIM HOPMAIM3ALMU CJIOB JUIf PasHbIX A3bIKOB. Omucan
ITOPHTM IOJYYeHNI HOPMAJIBHOM (JOPMBI M3 IPY3MHCKYX JepHBALMOHHEBIX CJIOB. IIpHBe/ieHEI MpaBuIa
HOPMAIM3aLMH TPYSHHCKMX JEPUBALMOHHBIX M (AEKTUBHBIX (POPM, C IOMOINBIO KOTOPHIX MOXKHO
TIOJIyIUTH KaK JIEKCHIEeCKHe, TaK i HOBbIe (JOPMBI, IOy YeHHbIE IPOAYKTUBHEIM (HOpMOOOPa3OBaHHUEM.

KuaroueBnle cJioBa:

CrroBoo6pa3oBanmne, [EPHBATEL, MODQEMEI, ABTOMATHIECKHH IIEPEBOK, MOP@POTOTHIECKHE
aHAIH3ATOP.

Bo Bpems mepeBoza ONIpefeNEHHYIO CIOXKHOCTh CO3JAIOT IIPOM3BOAHBIE CJIOBA ([EPUBATEHI).
ITpoGema B mepUBAIlMOHHBIX (OPMAX, TaK KaK J0OaBIeHIe CI0BOOOPasyOMuX ap(PHKCOB BHI3BIBAIOT
JIMHTBUCTHYECKHE U3MeHeHud B coBax. Hexoropsie apduKCH CHHOHMMUYHEL, IPYTHie OMOHUMUYIHEI,
U pelINTh 3Ty IpoGJeMy OdYeHb BAXHO B IIpPOIlecce IIOCTPOEHMA KOMIIBIOTEpPHBIX Mogeieii. Hamo
o6paTuth 0CO6Oe BHHMMaHWe Ha (OHETHYEeCKHMe COOBITUS M HM3MEHEHHs KOPHS INPU CO3LAaHUU
QJITOPUTMOB II€PEBOJA U AaTbHEHIIEeT0 MIPOrpaMMHUPOBAHUA.

Ms1 paccMaTpuBaeM CI0BOOOPA30BaTEIbHYIO MOJENb KAK QITOPUTM, CIeAys KOTOPOMY MOXKHO
IIOJIyYUTHh IIPOM3BOJHOE CIOBO-AEPUBAT M3 HMCXOLHOTO, UCIOJIB3Ys IIpaBuia IpeobpasoBanus (word
formation rules). [lns aBToMaTHuecKoro (GpOpMHUpPOBAaHUA COOTBETCTBEHHBIX | Py3MHO-AHTIIHUHCKUX
IepUBAILOHHBIX (HOPM GBLIK CO3ZAHBI MOJEIU CIOBOOOPA30BAaHUI Pa3HbIX CEMAHTUIECKUX IPYILI I
060X SI3BIKOB. B X0jie mMcCiemoBaHMA MbI IIPOAHATU3UPOBAIN KaK IPY3MHCKMe, TAK U aHTJIUHCKUE
ZepHBaThl YTOOBI OIIPEEINTh ‘KaKue IPU3HAKN O0BEKTa BKIIOYAIOTCSA B CEMAHTUUIECKYIO CTPYKTYPY
ero o0o3HauYeHMs U KaKue KOHIEIITyaJabHBIE COCTaBIAiOIIMe 0o0pasyioT ero ocHoBy  [2]. as
TPY3MHCKOTO  fA3bIKa  BBIJEIMJIOCH TPHUALATH OBa OCHOBHBIX MOJeNell  IPOSYKTHBHOTO
CI0BOOOpa30BaHUA.

ITpuBenmeM HeKOTOpble M3 HUX C YKasaHMEM MOJeENU TPY3HMHCKHX AEepPHBATOB, CEMaHTUKU

CJI0BOOOPA30BAHMA, COOTBETCTBYIONIEH MOJIeIN aHTIHICKOTO TIePeBOa 1 IPUMePaMIL.
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Mogenb CemanTHKa Mogenb
IPY3HHCKOR IIpumep CI0BOOOpa3oBaHU aHTJIMICKOMI ITepesop,
ZepUBaThI s ZepUBaThI
Nl+oba — TOT, KTO
tojin-oba ’ being+a+N1 being a puppet
N2 ) 3aHuMaercsa N1 8 & @ ptpp
ant’i + N1— TOT, KTO IIPOTUB
ant’i-xalxuri ’ anti- + N1 anti-people
N2 N1 peop
TOT, KTO ZeJIaeT
rana + tanaavt’ori N1 Bmecre ¢ co+ N1 coauthor
vt'ori BMECT u
N1-N2
IpyTuM
Mecro, rme
. . a place, where a place, where
na-Nl-ar-i na-sopl-ar-i KOTZja-To OBLIO .
N1 once wasa+ N1 | once was a village
N1 . lari Kro-T10, XKTO smb who used to smb who used to
na-N1-ar-i na-saqvarl-ar-i e
q korza-To 6sur N1 be a+ N1 be a boy/girlfriend

s aHIIMHACKOTO A3bIKA BBIAEIMIOCH IBAZIATH OCHOBHBIX MOJeNeH IIPOAYKTHUBHOTO
CJI0BOOOpa30BaHUA.

I'pysuHCcKuii 351K U3BeCTeH 00mwIreM Mopdoaorudeckux ¢opm. g IOTHOIEeHHOTO TepeBoja
IepUBALIMOHHBIX (POPM BO3HUKJIA HEOOXOAUMOCTh HOPMAJIM3AIIMH CJIOB, T.e. IIPUBeJeHUE CJIOBA K
HavagpHOI opme. Kak usBecTHO, 114 3TOM 11e/IM UCIIOIB3yeTCS aBTOMATHIECKHH MOP(OIOrHnIeCcKuit
aHanusarop. Paszmesnaior aBa moaxozna K MOpGhOIOrHYeCKOMY aHaIU3y.

ITepssiit MeTOA — cTeMMUHT, paboTaeT B Ge3 CIOBAPHOM PeXKUMEe U HAXOAUT OCHOBY CJIOBA I
uckomoii ciosodopmsr. Hanbosee momyssapHBIN CTeMMUHT-aHaau3aTop — aaroputM Iloprepa, GvL1
omy6aukosaH B 1980 r. Mapturom [lopTepoM Aj1d aHIIMHICKOTO A3bIKA. AJITOPUTM He HCIIOJIb3YyeT 6a3
OCHOB CJIOB, a paboTaer, II0CIe0BaTeIbHO IIPUMEHSS PsZ IPABUJI OTCEUeHHs KOHEIHBIX CyPPUKCOB
(mozmpasyMeBaeTCs, 4YTO OKOHYAHUeE CI0BOGOpPM TOXe CyhHKC).

O6uee mpaBuiIo 3aMeHbI Cy(hGUKCOB HMeeT CIeLYIOIYIO0 CTPYKTYPY:

<yCJIOBHE> <KOHEUHBIH cypdukc> — <3ameHAromH cybduKc>.

OcuoBHas upges anxropurMa I[lopTepa 3akiio4aeTca B TOM, YTO CYILECTBYeT OrpPaHHYEHHOE
KOJIMYeCTBO CJI0BO u/unu (opmoobpasyromux cyddukcoB, ¥ OCHOBa cioBa Ipeobpasyercs 6e3
HCIOJIB30BAaHUA KAaKUX-JIUOO CIOBapeil OCHOB: TOJIBKO MHOXXECTBO CYIIECTBYIOIIUX CY(GUKCOB U
BPYYHYIO 3alaHHbIe IIPaBHIA.

To, ¥ro anroputm [loprepa He MCIIONB3yeT HUKAKUX CIOBapel U 6a3 OCHOB, ABIAETCA ILTIOCOM
IJis GBICTPOZEMCTBUA M CIIEKTpa IpUMeHeHud (OH HEIUIOXO CIIPAaBJIgeTCsS C HeCyLIeCTBYIOUIMMU
CJIOBAMU) M OZHOBPEMEHHO MHHYCOM C TOUYKH 3PEeHHSI TOYHOCTH BbIe€HUsI OCHOBBL. Kpome Toro, K
MuHycaMm axropurma [loprepa 4acTo OTHOCAT UenoBedeCKHUil paKTOp: TO, YTO TPaBUIa AJA IPOBEPKU
33Jal0TCA B PYYHYIO M MHOTZA CBA3AHBI C TPAMMATHYECKUMU OCOOEHHOCTAMHU fA3BIKA, yBEIHYHUBAET
BEPOATHOCTH OLINOKY.

Bropoit meTon — JleMMaTH3aIus — Ipoliecc IpUBeeHIe CI0BA K IeMMe (K IEKCH4eCKoi popme),
KOTOpBIiI paboTaeT co cioBapeM (B YaCTHOCTH, paspabOTaHHBIN B HalleM OTZAese, MOP(OIOrUIeCcKUui
mpoueccop [3, 4]). Mopdosorudeckuii mporieccop faeT pelreHue AByX OCHOBHBIX 3aad:

* 339y aHAJIU3a — OIIpejie/IeHe HOPMaIbHOM (OPMBI CJI0Ba IO IIPOU3BOIBHOMN CI0BOdOpMe,

* 3aZaYM CHHTe3a — IOCTPOEeHMeE BCeX CI0BOGOPM II0 HOPMaIbHOH dhopme.

3ajaun  MOP(OIOTMYECKOTO aHaaM3a CO CTONPOLEHTHBIM NPUOIIDKEHMEM pelIaloTcsa
CJI0OBapHBIMM aHanusaTopamu. OZHAKO 3TOT MeToj, 00JafaeT OLHUM IJIaBHBIM HEJOCTATKOM: €C/IU
aHaIM3UPyeMOI IEKCEMBI HET B CJIOBApe, TO MOJTY4IUTh KaKyi0-1160 MOPGhOIOTHIeCKYI0 NHGHOPMAIIUIO

0 Hell HeBO3MOXKHO.
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ITosToMy maa pelreHUs NPOGIEeMBI HOPMATIM3ALUU [EPUBAIIMOHHBIX CIOBOGOPM CTaBUTCA
3a/a4ya pa3paboTaTh METOLBI BBIJEIEHNS OCHOB JIEePUBALIMOHHBIX (GOPM U BIIOC/IEICTBUH, UCIIONB3YS
MOZeNMH IPOLYKTHBHOTO  CJIOBOOOPA3OBaHHA, HAXOXJeHHE JIEMMBI B  COOTBETCTBEHHOM
JIMHTBUCTHYECKOM CJIOBape (aHIIUICKOM UJIU TPY3HHCKOM).

B aHTIMIICKOM S3BIKE JTEMMOU SABJISIOTCS:

1) cymecrBurenstoe — o6mwmit magex (The Common case) [5]
2) mpuIaraTeIbHOE — IIPOCTOE WIK COCTABHOE

3) MecTomMeHHe — OCHOBHas Gopma

4) rnaron — iHQUHUTUB.

B rpy3uHCKOM A3bIKe JIEMMOM ABJISIOTCS:

1) cymecTBUTEIBHOE — IMEHUTEIBHBIH IaZIEX, e JUHCTBEHHOE YHCJIO;

2) mpuiaraTeabHOEe — UMEHUTEIbHBIN IafieX, e JIMHCTBEHHOe YHCIIO;

3) YUCIUTEeNIBHOE — MMEHUTEIBHBIH Iafie)X, eJUHCTBEHHOE YHCJIO;

4) mpuYacTHe — IMEHUTEIbHBIH a/ie), eJUHCTBEHHOE YHCIIO;

5) oTriarompHOE CylecTBUTETIbHOE (MacZap) — MMEHUTENbHBIH IafieX, eLUMHCTBEHHOe
YHCIIO;

6) rIaroi — TpeThe U0 OYLyIIero BpeMeH!, e S HCTBEHHOe IHCIIO.

s TOHMMAaHMA BO3MOXHOCTEH INPUMEHEHHUS PAaCCMOTPEHHBIX MeTOJOB aHaliu3a K
IPY3HHCKOMY f3BIKY HEOOXOAMMO PACCMOTPETD €r0 IMHIBUCTHYECKOEe OITMCAHKE C TOYKU 3PeHUS TUIIOB
MOpdOTIOTUIECKUX CTPYKTYP.

I'pysuHCKUil A3bIK — arrIIOTHHATUBHO-CUHTeTHYeCKUi. Kak M3BeCTHO, [ arrIIOTHHATUBHBIX
S3BIKOB XapaKTepHA PasBUTas CHCTEMa CII0BOOOPa30BATEIFHOM U CIIOBOM3MEHUTENFHON abduKcany.
CrnoBodopMbl 00pasyioTcs IIyTeM KOHKaTeHauuu KopHsa u abdukrcoB (mpeduxcos, cyhduxcos u
okonuanwuit). Kaxzasrit apdukc cBa3an ¢ HabopaMy ceMaHTHYeCKUX IIPU3HAKOB U IIOPALOK HOOaBIeHUA
abdukcoB crporo ompezeneH. Hampumep, mjgs HMeH CYIECTBUTETIBHBIX, IIOMYYEHHBIX IyTEM
JepUBAllH K OCHOBE CJI0BA CHadaua A00aBIfeTCsA CI0BOOOpa3oBaTeIbHBIN ahUKC, Talee OKOHYAHHE
MHOXXeCTBEHHOTO YHUCJIA, U Jajlee CIefyeT afie)KHOe OKOHUYaHUE.

O6mas mopdomorudeckas popma onpeseIeHNUs COCTaBa BRITIALUT TaK:

na-minist’r-al-eb-s

na (adduxc na--al) + minist’r (kopers) + al (adpduxc na--al) + eb (oxonu. Mu.4.) + s (OKOHY. JaT.
o).

Kak wm3BecTHO, MOpGdeMBI ABIAIOTCA HAUMEHBIIMMU CEMAHTHYECKU 3HAYAIIUMH eJUHUIAMHI
A3bIKA, U3 KOTOPHIX COCTAaBIAETCA CI0BodOpMA, a Jajiee, COOTBETCTBEHHO, U jeKceMma. [IpeduxcHbie
MopdeMbI Oy AYT OIpee/IATCS Ha IIEPBOM LlIare aJITOPUTMA U OYZYT BBIABIEHBI [JIaTOIbHBIE JEePUBATHI.
CoorBeTcTBeHHO OyAyT HCIIONB30BAaHBI KOHeUHble (opmMoobpasoBaTenbHble CYy(HGHUKCH TOIBKO
MMeHHBIX TPYIIIL.

O6o3HauuM uepe3 Ai— cilefyIolye MHOXeCTBAa OKOHYaHui (addukcos), anai=1, 2, u r.a.

Brimenumocs 5 BuzoB adpdukcos:

Al —adduxcs! magexa;

A2 — adduKcs! e IUHCTBEHHOTO U MHOXXECTBEHHOTO YKCIIa;

A3 — apdukcs npocosuii;

A4 — addwukce! ocrenora;

A5 — adpduxcs yactuiy;

A6 — adduKCHI KOCBEHHOM peyn.

A7 — addUKCHI COCTAaBHOTO CKa3yeMOro.

B ta6nuue npuseser MopdemusIit coctaB adpduxcos (Ai, raei=1, 2, ... u @ HyneBoit ahduxc):
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Bun adduxca appuKCh
Ai maziex -g, -i, , -m, -ma, -s, -is, -it, -d, -ad, -0, -v
A; en. U MH. 4. -@,-eb-, -t-, -n-
As mpocouu g,a

g, -vit, -tan, -ze, -$i, -tvis, -gan, -

A4 TIOCIIENIOTH i
+ k’en, -dan, -mde

As 4acTHUILIbI g, -C, -ve, -ya
Ag KOCB. peun -0, -tko, -metki
A7 COCT. CKas3. g, -a

C y4eroMm Bcex koMOuHanui abdUKCOB B OKOHYAHUN TPY3UHCKOTO S3BIKA OBLIH OIpe/esIeHbI
npubmusurensHo 2400 rpymm. Kaxmyro cioBodopMy MOMXKHO IONYyYHTH C IIOMOLIBIO KOHKAaTeHALUU
addUKCOB K OCHOBe HOPMAaTIbHOM (POpMBI (JIeMMBI):

(1) L+Al1+A2+A3+A4+ A5+ A6+ A7 ->WF, 3mecs cobm0faeTcs IpaBUIO IOPSIAKA
IIpUCOeTUHEHUs CyPPUKCOB.

ITycrs

P — IIpon3BoIbHEII OZHOMECTHBIN ITpeIHKAT.

L — MHuo)xecTBO HOpMaIbHO# POPMBI CIOBA.

Kaxgoe c10BO W IIpeicTaBUM B BUZie W=S + S, KaK KOHKaTeHalUus OBYX (UIu GoJee) CIOB.

Eciu cioBo S €A, To 0603Haunm Kak Ai(S) s Beex i =1, ...,7.
Eciu cioBo s €L, To 0603HaunM kak L(S).
Ecnu cioBo S €P, To 0603HaunM kak P(S) .
Torma wamu mnpaBmwia (1) aHATHTHYECKOTO BBIACICHUS OCHOBBI M0 IIaraM yIOBJIETBOPSIOT
cnenyroumM Gopmysiam.
IIycTh NpOU3BOJILHOE CIIOBO
Z— 5ot s+ spt... + sk
Si — MAKCMMAJIbHOE KOJIMYECTBO OYKB B OKOHYaHHHM cJioBa S. [Tooxum i = K, S=S;
[Mar 1. IlpoBepsieTcs Ha NPHUMEHUMOCTH (YCIOBHS COYETAEMOCTH), W €CIHM OHO HE MPHUMEHHMO, TO
MEePexoanM K mmary 2.
4, = {A7(x) — P(z\s),rnez\s = sy + s; + Sy+...+ sy
Ag(x) » P(z\x),rae z\s = so+ s; + sp+...+ sy
[ar 2.
A = {A6(x) — P(z\s),raez\s = sy + s; + S;+...+ s
As(x) » P(z\x),rae z\s = so+ s; + sp+...+ sy
[ar 3.
As(x) - P(z\s),rne z\s = sy + s; + Sy+...+ sy

Ay = {A4(x) — P(z\x),rae z\s = sy + s; + sy;+...+ s,
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[ar 4.
4, = (A4(x) = P(z\s),toe z\s = sy + s; + Sp+...+ 54
(A3(x) = P(z\x),rae z\s = so+ s; + sp+...+ sy

[ar 5.
4, = As(x) > P(z\s),rmez\s = sy + s; + Spy+...+ s,
A,(x) » P(z\x),roez\s = sy + s; + S;+...+ s,

[Tar 6.

A = {Az(x) — P(z\s),rae z\s = sy + s; + sy+...+ 54
L7 A,(x) » P(2\x),tae z\s = sy + s; + Sy+... + 54

[Tpumenstorcs BeiOpaHHBle IpaBuwiaa (mar 1-6) ¥ IpoBepsieTcs ero KOHEYHBIH CHUMBOJ, B
3aBHCHMOCTH OT KOTOPOTO aJTOPUTM JHOO OCTaHABIMBAETCH, THOGO OCYIIECTBIAETCA IIEPeXOf K
crepgyiomeMy mary. Ha BsIxoze MbI IIOIy4aeM OCHOBY aHamusupyemoii cioBodopmsl. Ilocie
IPUMEHIeTCsA CII0BOOOpasyiolas MOZeNb [ IPY3HHCKOTO S3bIKA M COOTBETCTBEHHAS MOJENb I
QHIJIMHACKOTO, O KOTOPHIX MbI YIIOMHHAJIH B Ha4aje CTaThH.

Takum 06pasom, IPOU3BOAKTCS aBTOMATUYIECKast JIEMMATH3AIUA IPY3HHCKIX CJIOB, IIOCIE Y€ro
HICITOJIB3YIOTCS aJITOPUTMBI PACIIO3HABAHUA MO JePUBALINY U aBTOMaTHIeCKOrO IIepeBoja. ToT xe
IIPOLieCC, TOIBKO B OOPATHOM HAIIPaBIEHUH HCIIONB3YETCS [JIf aHIJIMICKON JepUBaLOHHOM GOpMbI
cioBa. B o6oux cirydasx mosydaeM OJHY, WM HECKOJIBKO (B CIyYae OMOHUMMU B UCXOLHOM dopme u

CHHOHUMUU — B UTOTOBOI1) JIEMMY J€pUBAIIOHHOM (HOPMBI CIIOBA.
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Bidirectional Georgian-English automatic translation of derivative forms

L. Lortkipanidze, N. Javashvili, A. Chutkerashvili, G. Aidarashvili

Summary

The work deals with the problems of automatic translation of derivational forms of the Georgian
and English languages and ways to solve them. To solve this problem, first we created a database of
derivational affixes of the Georgian language [1]. It combines morphemes that are native to the modern
Georgian literary language or introduced from other languages. For the automatic formation of the
corresponding Georgian-English derivational forms, word-formation models were created for different
semantic groups for both languages. A database of English derivation affixes was also created.

The article deals with well-known word normalization models for different languages. An
algorithm for obtaining a normal form from Georgian derivation words is described. The rules for the
normalization of Georgian derivational and inflectional forms are given, with the help of which one
can obtain both lexical and new forms obtained by productive formation.
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Demyxg® dmoMadbgero 0dwegdEos Gglodsdolmds gdgdml msMadabol gbol bbgs mbgby,
505 JMobobmb MmMo gbol gMsds@03gdl dmemol 4sblibgeggdol 30839bLs0s.

3M5853ozolb  dgalfogargero  sbowo  d0doMmengdgdo  (gMbigombowrm®o, 3mdmboge-
3000, 19YFsbEH03MMO) 500MYOID MMYABOLEL FMToEH030L 3608369 M3ob MM, Modgbs-
53 0Lobo  YMMmOEEYdLL  535b30wgd96  AMTsBH0ZMo  JOMIMNWIdOL  Bbdi305Hy s
96003690 ™d5Bg s 565 JoMGHM Fo GMEOBsbY.

9399 bAsGH0s80 obgobowsgm 3MHMdWGIgdL, HmIwgdoz 33b3wgds 0bywoldo
35L0M0 335MOL HBI6JOOL MMRBEOLLL JoMmE 9bsBY s HMTGBOEG PolsmZoolfiobgdgros
033MT5GH OO 06I6OL MM,

396 35¢0060L gm0l Msbobds [2], Bbs oMoyl Foboswsowgdol bEMmvdEwGOL
bgoo »89gbob“ doOM3L (core - 309930900, 396GHGMMO 3MBLEHMWI30s). 3. 30bmyMomgzol
sB6om [3] 30, 080 ,,943900bg 3MI3E9JuwIHO s BHY3900 F9BY39egdolL bofoeos”. BIBoLm3zOL
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535bolosMPIG 0TGN 35BaMMH0gdL dmeol gMo-gMmo 3608369wm3zsbo  syowo
24390L M FoMogl.

30585803580 BdboL 23500, OHMIgELsg bBmAxIH ©OsMYBoLdE MM dgh, SMHgML
MODO0YONMIL  HBIbom  Asdmbsdyee  Imddggds/dymdatgmdslls s dob  s6yw)dgbEgoL
(Ld09dBHo, Md0gIHO) FmEOL. GMmEgLbsg bLIBOg]BHO MOL s396L0, dmddggdol Rsdwgbo, BIbs
3JBHoMEmo  335M0Lss. beawrm GmEgbsg bBogBHO MOl 35309bLo, Bmgdggdol Lbsdobby 6
300006 29603oL dmgdgqdsl, Babs 350 435MOLSS.

05051500537, 4M9TBH0IMWO 335M0L  3539MMH0580 39 39EPOlbIMOM  Q9MSTIZow
©dboly s ol LvdogdE-mdogdBHL MmOl oMLYdIMEO EITMI0IOEgdOL  QodMUobo@sg3s0
Lo FotMem Lbgasabbgs 4Msds@03we Lsdw)segdal [4]:

Volunteers clean the beach Grbserolggbo (96096 bsbsdotol’ — s3d@og0;

The beach is cleaned by volunteers 15653062 0fpdobgds deabseroliggdob dogé’ —35b03o0.

0bgobm®do oMoz BBl 3obogol BMEOTOO 56O dosbbos. [obosogdsls — She
seemed very unhappy ‘ol ds¢r0s6 dmfggbocro Bsbs’ 396 256053J0b0m 35L030L BMGTsdo.

G0boslol dobgzom, Bgdab@olzmemo ™m3swlsBOHOLom, Fgodwgds Asdm3zgmm 3sL0wGO
bdbob 498mygbgdols 999ga0 99dmbggzgdo:

1. 8mgdggdol Bsdgbo o6 sG0oL 3bmdowo, 6 o6 sMol 9603369cm3s60, 96 ologagdos
306(dbH0ws6;
These clothes are made in Italy 9b §s60b53mbo @sdbs@IBwIem05 0BSCP05T0,
The new laws will be discussed tomorrow 5bscro 3566980 bzs¢» 3s60b0¢n93s”.
2. 900535605 dmddngds s 0o dobo Rsdwgbo;
The mail is delivered every day ‘@mU®o y239¢70 09 80255307
3. 65053 95LoL058M3bM BrMbs s 56 a3LML 30699l oEObsTsmEgds.
The party was spoiled §39:9¢7985 B50ds¢ms’.

35L0MM0  BMMIJO0  oblogmMYd0m  bdoMo  0bdoMgds  Logsbgomm  LEs@0gddo,
2963bogdg0d0, 0bLEHMWI3090d0, LaMg3zwsdm Fgdu@gddo, sbogn 58d9dd0, 569 oligm GgduEgddo,
LooE dmgddggdss dmozsmo s 8mgddgo 300930 LEWMWOosE MiEbmgdo b MIBodzbgwmgdo
3605b. 51900 FMEOHTYOO 0030505 33H3JdS LELaMdG™ 9bsdo.

3mOHIMOOH030 M35 LsHBOOLOM  3oLOYMHO 43500 SMOL M3MboEool Bodbosbo fgzco:
3500 Bdbs 0ffo@dmgds 89990 BMOIMoo:

gmzbs (to be) BIboL Fglsdsdobo EMMOL FmMTsL TsGJOMo doGomso Hdbol
foOlwyemol d0dwgmds (BIbob 111 gm®ds).

Indefinite Continuous Perfect Perfect
2496mLsBL3zmgwo 24963Mdmdomo bEo Continuous
to be (am, is, are, was, were, ...) + III-gm®ds
Present I+ am III; I + am being III; I, we, you, they | -
sfdym he, she, it + is IT[; he, she, it + is being III; |+ have been III;
we, you, they + are III |we, you, they he, she, it
+ are being III + has been III
dsgserooo: |I am asked I am being asked 1 have been asked
Past I, he, she, it + was III; |1, he, she, it + was L, he, she, it, we, you, |  -----
Podlyewo  we, you, they+ were III |being IIT; they + had been III
(Bo9ym) we, you, they
+ were being II1
dsgserooo: |1 was asked I was being asked 1 had been asked
I, we + shall be III; I, we + shall have
Future he, she, it, you, they been III;
dmdogoero | +willbeIll | - he, she, it, you, | = -----
(89mx35000) they + will have
been III
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dsgserooo: |1 shall be asked 1 shall have been asked
Future in the I, we + should be III; I, we + should have
Past he, she, you, they been III;
dmdsgsewo | +wouldbe Il | he, she, it, you, they |
Poodlyendo + would have been III
dsgscrooo: |1 should be asked 1 should have

been asked

O@amO3 BJgdosb Bsbl, 3sL0MHO BMMTGIO 56 43543l TYMBsO obyMIMdOMOL, SHAYm
LMo obaMdMdOMOL, bsdygm LMo obaMdmdomols s FYMmRBsEO LEWWO 2s6aMAMBdOMO
©OHMOL 3mMHIGOT0. 35B0MMO BMOTIO0S S3MHJNZY:

going to to he+ going to + be + P.P A book is going to be read
am, is, are
Modal verbs Modals + be + P.P The Project must be done

»To be“ Bdbob 3m3dobsgos FoOlyeEol B00wgmdslmsb ymgguwmzol o6 sdmbo@sgl
35boE 3MOTsL. ol Jgodwgds 50b0dbsgzgl gygboero 8gdslidgberols Lsbgwow boffoenls).
doooms, The window was opened ‘Rsbys®s @05 oy’ o6 990dwgds BsoMZomlb 35L0M
REOMT5. 09358 05MHHIOMZ0L s FBHIWobyol sBGMom [5], slgoo Godol Fobswswgdgdo
35005 s 3500 FgbodsToLO SJEHOMMO BMMTJOO 56 2o5RB0S.

»4mxbs“ BIBom Fodmbo@re 35L0MEM BMMIGOD gHmow 0bywol®mdo 335J3L saMgm39
~get” 35b0ggdo: There was a fight at the party but nobody got hurt $39-9¢985bg Fbogdo oy,
058050 5635306 ©3T53s". B350 0bgm 2odmbs0g300900, OmymMogss: get dressed Bsgds, get
divorced 3doyts, get married ‘©s7(p0bg8s’ 8obssOLOm 35LOMMO o sMOL. Get 3sb0g9d0,
doMOMOOE, 053egds©  39dM0Ygbgds MBOEOIME LomdMddo S 300  9MORMOTSE
0630l o 30. 030 bdoMo sLobsgl dmgdggdolisodo sMobgElsyMger sdM3I0YINIEGDL.

39630bomm Lszombo 0dol dglsbgd, 09 0byol)MH0Eb Js®me 9bsbg MsMABOLSL
0baoly®o HBIbol 30630gE M 35B0ME BmMTsL JsMomneo Bdbol MmOl GMmIgwo BmEs
399L5ds0g0ds:

Present — 5{0ym, gbwsbogwo o

1. Present simple - s{jdym doG@ogz0
This window is cleaned every day 9U 9sbxsts gmzgarog opdobrgds’ — 1 bgHool
sfdym.

2. Present continuous - 5{jdgm go63®dmdomo
The window is being cleaned at the moment ‘Qs6xs(s ofdobgds 58 dmdybBHdo — 1
Lg@ool sfidym.
6039 B0OIL JoHnwendo ggbodsdgds I bgMool sfidym (Mol 9g36gds?) — offdobogds
(3065 ymzgmeg s 0bs 58 ImIgbEHT0), JoMmEo 56 SbbzeggdL 0 BMEOIGOL
9H6900Lob.

3. Present perfect - 5{dgm LEo
The room looks nice. It has been cleaned ‘™mosbo sdsbs gsdmoy=@m9ds. ol
35p09bocns’— 111 LyBHoob I ;mGHIgmdomo.

Past- 65dgm, FoOlryemo e
1. Past simple - 65dg4m dséEHogz0
This house was built in 1930 bsbgero s89b6cos 1930 fgerl’— 11 Lgoob $yzg@owo.
2. Past continuous - 659g4m goba®dMmdomO
Yesterday when you came to me the car was being washed 39006 Gaggbog dmbggo,

Gsbsbs 069569602005 — 1 LgMoob Mfy39@Egero.
3. Past perfect - 659gm LGwero
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Yesterday the water in the bowl had been boiled ‘g~900b fyscro ycsddo 5980y’
— IIT bgGHoob II MHYHIGMdOMNO

Future - 8m3s35¢m0
1. Future simple - 33535¢00 do0&H030
The room will be cleaned later ‘momsbo 808305696000 3s50pdobrgds’ — 1 LgMool
994mx35000
2. Future perfect - 808535¢00 LOH-LIEO
The letter will have been written by 5 o'’clock Pgmocro 5 bssooborz0lb sfgtmoero
096985 890939600 Gqds10969e0 (©odbdatg Babs I LgMHool Igmgswdo)

Future in the past - 3m3s35¢0 foGbmemdo

1. Future in the past simple — dmds35¢00 fo®lryendo domEHogz0
He said that the letter would be written the next day 0sb6 0435, ®m3 [96G0mo
@s0pI(98ms Idpg360 o@gb’— 1 bgeHhool I bomedgmdomo

2. Future in the past perfect — 835350 Fo@bmerdo bLOwEro
He said that the letter would have been written by 5 o’clock ‘956 oglzs, Hmd f9Goero 5
bssoobmgol sfgtoero of698m@s’ — 99ygboro dqdslidgbgwo (sdbdstyg Bdbs I
LgHOOL beEdgmdomdo)

RO §9306:0306900L bsxz3mdzge by ERObEYds, HBMI bmyoghmo gztm3wo gbol
39089d@oL  Fgbodsdols,  JoBowydo  MHMGIIMBOMGO0  dsdmoygbgds  [6].  OMAMO3
052500037006 b, 0bgEolvy@o Present perfect Jo®ormedo I w®dgmdomoom gsdmobo@gds,
begoem Past perfect — II 0y639gmdomoom.

50539 ©MML, 930M3Mo gbsms 390x89JBHob I have written... 360630300 bsfjo@mdmgdo
53900 dzgwo 396HABmEol 3bom daamefigmws JoOmmwdog s 39089JG0L Boswmyomo
§om8mads goBgbows: @sfgMmocro dsgial — sdofgmos; gsgmboero Bsgzlb — godogmbos; bsbsbo
0553l — Gobsbogl [7]. sbgoo Godob 3698009goL smfighowmdom (396H0x3MslEwwo) BmMIGd©
dmoblgbogdgb, Loog Lowmgdgemo Bdbs Jodrgmdol Lsbomss FoMdmoygbowo, df3Hoz30L
fom3mgds 30 d9839¢ BIBsL 930LMYds. B39 Jog gobborem dogoeomgddo Future perfect s
Future in the past perfect doGoredo ULfimGgo sbgmo GHodol gm®Igoom  4sdmobo@gds.
50H9MoMmdomo 3690000l 4sdmyqbgds  Msbsdgdmzgy  JoMmdo  mobEomsb  MgG™
RBIOHOMZ0S.

doe0osb bdoto  0bawolvymo  3sbowGo  3mblEHMmMJ30900  JoOHDMWo©  MeMRdboLLL
53BHoMMo BIboL BmOIGP0m 0MMTBIDS, MoEYPD JoMmmEo 3sloMMo BmE@Ts bgurmzby®o
bogds. dogomomoqo: Nick was sent to London last week. g fobosogds 3sbomeo gm®doo GmI
3056dbmm, 80300g0m  JoM0IMEOLMZ0L  3M5EOTobILOSMYOJE, bgEMmzbme 3mBLEHMWI30slL
6030 8s3Ysz60¢cr0  0fbs  qrmboombdo  goboyer  33065L. gl Foboowgds  MIxMmdILoS
239050m5MRQI6ML g — 600 gssg Bsgbgl crmbrombdo gsbiryer 330605b. sbgzg: Hockey is played in
winter 3e2390L Ds0m5GI0 005059896° (5 5605 3390 DsFmsGI0 000505898s). This bone will be
given to my dog tomorrow ‘699 dsel 53 dgzsel bgogr dobgdgh’ (s 0o gl dgsero A9d dsererls
b35¢» 8093905). Asg93L0 BoRIXOMNYI0.:

I was told - 89 300009L,

I was shown — 0q 95B3969U,

He was brought — ol 9moyg3s69U,

We were asked — 6396 933000bgl,
We were answered — $396 430355+9bqls,
We were sent — B3qb 2023525369L,
They were given — dso dobgl,

He was helped — 95U ©ogbdo0byb,
She was suggested — 9ol m@BogL,

He was forgotten — ols ©s530{y@om,
She was remembered - obs go0bligbgls,
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We were invited - B39b doggzofj30qU,
We were corrected — B3gb goag0Lfmeql,
He was cured — 95 «9936bognqls,
He was called - 95U oov)dabgql.
sbgmo  BHo3ob 0bawolw®mo 35L0M0 3MBLEHMWI30900L JoOmwe gbsbg McYIBOLSL,
MMM 3b9s3m, d00sbo 033wgds HBAboL AMmTsGHo3Mwo gm®mds: 1. Jodormwo bdbs
5430605, 2. FbmEmdomol 9530305 335438 IM3wMd0MOL BMMTs, FoMed 58539 MM,
065050090590 5396l 69 dmddggdol Bsdgbo Bsgz5MbOW0s, MiEbmdos.
LbAoG0sdo 993939090 296a39bos 3GHMdIYTYd0, MMIgdog 33b3wIds 0byrol®o
35L09M0 33500l HBIbgOOL MMRTECLLL JoMmnr 965%Yg s MMIGdOE AOBIMZseobFobdgEos
333M5GOHO 0660l MM,

Correspondences between english and georgian passive verb forms
N. Amirezashvili

Summary

The problems occurring while translating English passive verbs into Georgian are considered. The
correspondences between English and Georgian forms of the passive verb tenses are shown. The
considered issue should be taken under account during the automatic translation. The problem is
discussed on the concrete examples.

CooTBeTcTBHE MEXAY AHTIMHACKUMHU U IPY3HHCKUMYU BpeMeHHbIMYU (opmamu [TaccuBrbX
TJIarojIOB

H. Amupezaweunu
Pesrome

B cratse paccmarpuBaercs mpoOiieMbl, KOTOpBIE BCTPEYAlOTCS BO BpeMs IEepeBOJa aHTIIMHCKUX
MIACCHBHBIX TJIarOJIOB Ha TPY3WHCKHUH s3bIK. [lokazaHo, Kakas BpeMeHHas (GopMa Trpy3HHCKOIO IJiaroia
COOTBETCTBYET KOHKPETHOH (hOpMe aHIIIMICKOro MacCHBHOTO Tiarosa. PaccMOTpeHHbIe BOIIPOCHI HAJIO
YUUTBHIBATh BO BPEMsl aBTOMaTHYECKOro nepeBoia. Bompoc 00cyxknaercst Ha KOHKPETHBIX IPUMEpPax.
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33510-10bMmb0dgd0ols Mo mstMydbols LOmymaolismzols
0 bsdbebsdg

liasams@yahoo.com
M9bomadg

bomolbosbo s LOHEygmaowo msmydsbo 39 doomfgzs, vy dob Lgdsb@ozsdo 56 ogdbs
259mygbgdwmo ol bowsbligdo, Gomsi boliosmEgds bsfatdmgdols LGHowo ©s MomsEg Msfydsbo
bgds LsobBHgMgbm Logombago s, 59539 MM, MBOM gEsE FosbErmgdMo MBOYOBsEb.
94m39e 3mb6309GHMer dmgagbsl dmofMydbgerds mbs Fgmlisdsdml LimMg ol gs8mbsmggsdo,
6090l BLEsE sLsbsgl dmagdmen Lodsgosl. 59580 3o Esghdstgds Lobmbodm@o s 335Bo-
LobmbodmMo Goggdo, Lasg Lo@yggdol oligmo LodMsgwrgs, GmI 6gdolidogh 3mbEJuGdo dsmo
MON0YOMBIB33mgd0m g59mbscmg3zsdol Gobsstlio 56 oM®z93s.

1553396dm LoGyggdo
Uobmbodgbo, 335 bo-Lobmbodgdo, ligdsbhos

L59939009LM BofoMmMIBO (30 MMYTBOL odm Ao JoHRO3L O30l WOMYGIYGDL.
“09Mo0” 0bOMBOL A9MS 3300b3gwo 396 00gdL bLMEymaowr FoMdmygboli MmMoyobsw by,
6oL 400m3 1303560 565L50bEHIMIIM© 030mMbgds. MoMRIEOLEMZOL 5930 gdgo MO39 gbol
(6030050l - Lo0@bs3 bs 0MIMYIBML s LEMsMPIBOL - GMIgE 9bsbgz Mbos
3005M36mm) FbmEmE WgdbogMMO FoMoQ005 S INOHRMEIMRO0LS S LOBEJUOL 3MmEbom 390
0000935 ba®olbosbo s Fsmso Mbol MsMATsbo, v 56 0dbs 4s9mygbgdwyaro ol bowsblgdo,
M0m3 LHmOHgo gobemdl dbsG3Mmwo bafo®dmgdo, Homoi boliosmgds s3@™Mmol LG o ©s
(03 0008560 bgds LEobEIMILM bo3ombago. gb 3o BYBsbEH03ss, HMIgEbsE, IMOmBMEIMYOOLS
5 bLObEHoJLOLYSE AoBLLZ39B0m, 565 5d3l 335360 396MbgdO s BoMbmgdo. gmggw 3mb3MgEH e
9mggbsls d0oMmpdbgeds Mbs 9gmLsdsdml LmMmgo ol asdmbosmgdgzsdo, GmIgwos bBbEe©
abobogl  dm3gdmer Lodwogost. gl 30 sOBRgMwo Mbs ogml Lobmbodwm® Hobswowgdoms
LoIMSZWOb.

Lobmbodool gmbdaow®mo ™m30Lgds Tglsdegdgarls bol smfigMml dmgargbs, LodwysEos
49BLbge390o gbmdMoz0 BsdwsEgdgdom oLy, MHMI JoMOMIEO SHBOO IMRIL 33w gwo,
0019b99350 030bY, ©935GJ0s, ) 30M0dom, 0abmMoMmYdIMEo 0dbgds dolo bgdsbEHozwdo,
361530530390 09 bEH0OLEHWMO BobsbosMgdgdo. LfimMgo gl M30Lgds 560390l JmscRIBYL
530bBswo  5MPBY3560L Fglodergdemdsls dglsdsdols@ 2odmbo@ml Lomddgwo oby, MMI 56
503563l @5 Fobobx gl dg@Ymd0bgdol  doMomowo  1gdsbGHozMMo  doMmM3o o,
00530000, bbgoolbgs JMombom 2558w9dmlb 0o, dobEglb qbs vy ol odsmmegds,
496500 0S 5595b30¢ml 535 ) 08 YGHIWDBY. 9bol 499mygbgdols 3Gmigldo Lobmbodool gl
®30L905 3603369 m356qL MMl M5ToTMBL, s 999D 9dMBEObIMY, HoMmBmoygbl gbol
30©bol  gM0-gMm  BMbsdgbEmem  dobsliosmgdgwl. sdoGmdss svg30wgdgwo  Lobmbodool
Botrngs 63dolidogMo, 1153050 LOYYEO s MYIMOHOESE FOTIMCGOMEO JBMOdMOZ30 FmEgEol
©adbozmbdo. 39M0ME, BMYs-3M5T5BH03ME? s bEHbIOEHWW 1gTsbEH03MM 0bRMMTo30gdMb
9050, LEgdlozmbm gHmgMEo Mbs dg03Es3IL CBBMM T30l 03 wgdlogMemo 1ydsbEozM®o
L59v)9¢098900L GgLobgd, MMIMgdoE gbLEBEOZM396 BmEgdwwo gdlgdol godmygbgdsl [6]. b
@adbogmeo  LsdMegdgdo  dgodmgds  FoMdmpygbowo 0dbgl  Lo@yzgdoom, HMIWgdo3
B9b5(33e090056 LomogM gdlgdols s 5oL, Fodmbsmd35980 FgbstBmbgdwmo 0gbgds Jolio sGo

oG 1gdobBH03MMO 30w, 5Ms9gE Y39 FMToEH03MEo FobslismgdEgdoE. sdmLsgso
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335D0-106mb0dgdol MHrgro msmdbols LHmmymuolismgol

9db9gdol doBomso 3MB3mbybEoL dgbsPBMbgds smE30WgdgEo 30MMBIS Y39ws IBsMhgBo
LobMbOTMOO  JoMOJIbOLOMZOLSE, 0MFEs 200l PobbmME0gwgdsd Fgodwgds Bmombmgml
MOAMOE 305053030 Bobolosmgdwgdol  33owgdgdo, oby  dgfiyzowgds  Bmaoghom
9Jb03MM GOMINW DB, HMIWIOOE 5O 536069096 5353500 Q8Mbsm 3500l Gobss®mUU.[1]

LobmbodmGmo BH3M03900L 36905 2o6ToMEHIOME0s, OMYMOE LOGHYIMd JOHNMOLOMDS
dboglo Bgdsb@ozoom [3], aoblbgsgqdom sdLMEIWEHMEGO Lobmbodoolysb, Gmdgwois bgdoldogm
36®39JuGHdo  MOMogMHmIGbo33gdol  gbsdwrgdemdsl 0dewggs. (Gobo bodmdgdo, JoMzgge
603300, olgm §Yy30egddo Azbz9ds, HMIGEMS gOHm-9ghmo 9300 bsbglbbgdos bbgs 9bosb,
0MmMH0E: 30HDOGO-LEHMIOMdS, 30M9D96E0-LBMIM0, BHMULE-LsEMIHMIg®, 3GMB3gIE0-
2398D0M0, 5MMToE0-LwMbgagds, bmzgmws—dmmbmmdy, ...). “Qbasgligds” 30  awolbdmdl 0dsl,
Mmd 59 boEYzgdol LYdsbEHogsl odgl s®LYdOMO LogPmm doMM30, FogMsd sdsLosbsgg, sl
890dgds  3Jmbgl  @sds@gdomo  BgdabGHozmemo  Tsboboomgdergdo,  Momsg  obobo
296Lb3530g00s6  GOHMTobYOLOYD. T0GHMT 0LObO M0 9P ,LHBLMWNEMGO Lobmbodgdo®,
36589© 56056 159ds63H03MM© 0IBEGHMMO LobMb0TGdo b, HMmAMEE o0 Mfimgd9b, ,335%0-
Lobmbodgdo®.

339H0-bobmb0dgdol d9d39Mmd0m JMoMABBL Tglsdwrgdemds gdwggzs sbobmlb gHmo ©s
09039 dmggbs  a56Lbgs39dwo 3Mmbom, 4sblsbrzm o bbgoslibgs gdmaom®mo bowsbloom
0y, O™ sbon 298mbs0g35990L 56 ©993956RML 353000 08 30H39e9 FM3WBILML, HMIgEros
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The Role of Quasi-Synonyms for Perfection of Tanslation

L. Samsonadze

Summary

High-quality and accurate translation will not be achieved without providing those nuances of
semantics which characterizes the style of the work and what makes the translation interesting and closer
to the original. Each specific event should correspond to the expression that accurately describes the
situation. This will help synonymous and quasi-synonymous series containing sets of paired words, which
in any context so replace each other, that the meaning of the expression remains unchanged.

Posb xBa3u-CHHOHHMMOB B YCOBepIIEHCTBOBAHMH IIepeBoAa
JI. Camconaose

Pe3iome

KauecTBeHHBI M yCOBEpIIEHCTBOBAHHBIM IEPEBOA HE JOCTUTHETCS 0€3 TNPEeoyCMOTPEHHUS B
CEMaHTHUKE TEX HIOAHCOB, €M XapaKTEpU3YyeTCs CTHIb INPOU3BEICHUS M YEM IIEPEBOJ CTAHOBUTCS
MHTEPECHBIM U Onmke K opuruHamy. KaxnaoMmy KOHKpETHOMY COOBITHIO JOJIKHO COOTBETCTBOBATH TO
BBIPaKEHUE, KOTOPOE TOYHO ONHUIIET JAHHYIO CUTYAIUIO, YIUThIBAasi TOHKOCTH IEPEBOANMOI0 MaTepHaa.
B 3TOM momoryT CHHOHMMHBIE M KBa3U-CHHOHUMHBIE DPSJIBl, COJEpIKallde MHOXKECTBA MapHBIX CIIOB,
KOTOpBIE B JJFOOOM KOHTEKCTE TaK 3aMEHSIIOT JIPYT JIPYTra, YTO CMBICI BBIPAKEHHUS OCTAETCSI HEU3MEHHBIM.
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Outside noise effect on perception of letters frequency specter in young population

Nana Saralidze, Nino Sharashenidze, Irakli Khundadze, Natia Svanidze,
Ala Tushishvili, Mikheil Tushishvili, Zurab Khevanishvili

Summary

Hearing function has been estimated in 38 students of the age from 18 till 30 years. Among 22,
them were regular periaural player music users, while remainder 16 did not use any local audio-de-
vice and constituted thus the control group. The player service in separate music fans covered the
time from 1 to 8 hours per day. Hearing thresholds were measured by the pure-tone audiometry at 1-
16-kHz frequencies. On the pure-tone audiometry, every participant had normal hearing on all
hearing thresholds. The data of the speech auditory in the noise became more interesting. The words
consisted of one or two grains and intensive of speech audiometry was 62 db. The noise was, like
street noise and intensive of noise — 82 db. Difference between speech audiometry and noise was 20
db. The 100% outcome of 100 words did not have any research participants. But the study showed
high difference between mp3 users and nonusers. Most of the mp3 users could not understand 68% of
the words, and nonusers - 35%. We can conclusion that regular stimulation of sensoneural part of ear

is reason impair of olivocochlear system and person cannot understand words in the noise.

BusHue BHemnrmero ITyMa Ha JaCTOTHBIH CIIEKTP BOCIIpHATHSA CJIOB CpeAH MOJIOZEXH

Hana Caparngse, Huro llapamernngse, Hparrus XyHzazgse, Harna Carmgse,
Amra Tymrrmsran, Muxamr Tymmmsurm, 3ypab Keparumsrrm

Pe3siome

CrnyxoBylo dyHKuuio wuccremoBanu y 38 crymentoB B Bospacre 18-30 mer. 22 wu3
06CIeJOBaHHBIX OBLIM PETYJIAPHBIMU II0JIb30BATeIIMU IIepHUaypaIbHON MY3BIKU, OCTaJIbHBIE Xe 16
TaKoe He IPAKTUKOBAIHU M, COOTBETCTBEHHO, M I TECTUPYEMBIX MY3BIKAIbHBIX (DAaHOB COCTAaBIIIU
KOHTpONBHYIO Tpymnmy. [IpoJo/KUTeNbHOCTh IepUaypalbHBIX CIYIIAHUE Y  OTAENbHBIX
IIpUBEP)KEHIIEB COCTaBIANA OT 1-To mo 8 wacoB B JeHb. CIyXOoBble HMOPOTH OIpeJeNsiId B IOJOCe
gacror 1-16 xI'm. Ayzguonormdecku Ha BceX YacTOTaX IIOPOTH CJIyXa ObUIM B HOpMe, Pesyisrarsr
pedeBoii ayJHOMeTPUU B CBOGOLHOM 3BYKOBOM II0OJIe Ha (DOHE IIyMa OKa3aIuCh 6ojiee MHTEPECHBIMHU.
ITpu wmccremoBaHMM IOZABAINCH ONHOCIOXHBIE M ABYXCJOXHBIE CIOBA HMHTEHCHUBHOCTBIO 62 nb.
®oHOBBIM IIyMOM OBLT BBIOpAH YIMYHbIM BAPHAaHT MHTeHCUBHOCTHIO 82 Ab T. e. pasHuIa coCTaBIAIa
20 nb. V3 momaBaemsix cioB 100%-as paz6opuuBOCTh He ObLIa 3aMKCHPOBAHA HU B OJZHOM CIIydae.
Xors mccaes0BaHYe IOKA3aJ0 BHYIIUTEIBHYIO Pa3HHUIy MeXZy BOCIPUATHEM CJIOB y HOJIb30BaTeIeH
IlepUaypaJbHO! MY3bIKM KM KOHTPOJBHOM Tpymnmoii. Ilonp30BaTey HEIPABHJIBHO CIBIIAIA WX
BooGuIe He cisimanu 68% cioB. B KoHTponbHO#M rpymie sToT mapaMeTp cocrasiii Bcero 35%. Ha
OCHOBaHUU IpeACTAaBIEHHOTO MaTepHaja MOXXHO IIPeZIIONIOXKHTh, UTO PEryIipHOe pasipakeHHe
BBICOKOMHTEHCHBHBIM 3BYKOM CEHCOPHOTO ammapara CIyXa BBI3BIBA€T HapylIeHWe 3alllUTHOM
GYHKINMY OJIMTOKOXJIEAPHOTO KOMILIEKCA, YTO MPOSIBIAETCS B IOHIDKEHUY PasbOPUMBOCTH PEUU TOZ,

BINSHHEM ITyMd.
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M9bomadg
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On the naturalization of the Georgian text compilation synthesis
Alla Tushishvili, Mikhael Tushishvili, Maka Tsertsvadze

Summary

When auding the Georgian orthographic text we had to carry out the speech signal amplitude
normalization (compression) during the standards forming. After that transformation the perception
of the timbre and the intonation practically was not changed, the forming of the standards was
simplified, and the areas of the phonemes jointing started to sound more naturally.

O HaTypanmsanuy KOMIIWIATUBHOTO CHHTE3a IPY3MHCKOTO TeKCTa
Aswra Tymumsurn, Muxanr Tymamsrra, Maka Llepripagse

Pesiome

ITpu o3ByuMBaHWHM TIPY3HHCKOTO oOpdorpaguyeckoro TeKCTa HaM IIPUIIIOCh BO BpeMd
(bOpMUPOBaHUA 3TAJOHOB IIPOBECTH AMIUIUTYZHYIO HOPMaIU3anUIo (KOMIIPECCHIO) PeYeBOTO CUTHAA.
ITocne sroro mpeoGpa3oBaHUA BOCIpUATHE TeMOpa M WHTOHAIIUM IIPAKTUYECKU HE H3MEHUJIOCH,
yTpocTunocs (hOpMUPOBAHIE TATOHOB, @ YIACTKU CTHIKOBKY (pOoHeM Iprobpesy 60yiee HAaTypaabHOE
3By4aHUe.
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Using a binary decision tree in the problem of medical diagnostics
Vadim Radzievski, Maia Mikeladze, Nora Jaliabova, Dimitri Radzievski

Summary

In this paper, a method for diagnosing diseases using a binary decision tree is described. The
construction of a binary tree and division of diseases into classes and subclasses is carried out with the
help of key signs identified in the descriptions of diseases. The method described is used to diagnose
endocrine system disorders associated with thyroid disorders. The construction of an intelligent diagnostic
system is carried out on the basis of the knowledge of the doctor (expert). Knowledge of the diseases are
presented in the form of productive rules. On the basis of the key signs revealed in the patient, a diagnosis
is made.
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Hcnosb3oBanne OMHAPHOTO iepeBa pelleHuii B 3a1a4e MeTUIIMHCKON TUATHOCTHKH
Baoum Paozuesckuii, Maiisa Muxenaose, Hopa Jocanabosa, Imumpuii Pad3uesckuii

Pe3rome

B pabote onucan MeTo/| TMarHOCTUKH 3a00JIeBaHHUH, CTIONIB3YIONIHI OMHAPHOE IEPEBO PEIICHNUH.
[TocTpoeHue OMHApHOTO JiepeBa U JieJeHUe 3a00JICBaHMI Ha KJIACChl U IMOJIKIACCH OCYIIECTBISIETCS C
MOMOUIBIO KITIOUEBBIX IPHU3HAKOB, BBISABJICHHBIX B ONHCaHUSAX 3a0oneBaHMi. OINUCAHHBIA METOX
UCTIONB3YeTCs JUIsl JIMarHOCTHKHM 3a00JICBaHUM HSHIOKPHHHON CHCTEMBI, CBSI3aHHBIX C HapylICHHEM
IIATOBUIHON >Kene3bl. [locTpoeHHEe WHTEIIEKTyalbHOW CHCTEMa JMarHOCTUKH OCYIIECTBIIETCS Ha
OCHOBE 3HaHUH Bpaya (3kcnepra). 3HaHKS 0 3a00JIeBaHMUSX MPECTABICHBI B BU/IE MpoAyKimid. Ha ocHoBe
BBIBJICHHBIX Y TAI[EHTA KITIOYEBHIX MPU3HAKOB MPOHUCXOIUT IIOCTAHOBKA TUArHO3a.
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IIpu4YHUHHO-CJIeACTBEHHBbIE CETH MPEACTABJICHHUS 3HAHUI B 3a/1a4e CO31aHUs
HHTEJVIEKTYAJIbHOM CHCTEMbI MeIMIIMHCKOI TUATHOCTHKH
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Pe3iome

PaccmaTpuBaeTrcss  MepapXH4yecKHM  OPraHU30BAaHHAsi  HHTE/JIEKTyalbHAas  CHCTeMa
JMATHOCTHKM 3a0oseBaHuil. JIMAarHOCTHKAa HAYMHAeTCs C YPOBHA cCeMeHHOro Bpaya WM
TepaneBTa, I/ie pacCMaTPHBAIOTCS KJIACCHI 3200J1eBaHMIl. DTH KJIACChI YTOUHAKOTCS Ha CIeIyH0IHX
HHKHHX YpoBHAX. CHcTeMa HMCIO/IB3yeT 3HAHMSI Bpaya - CHEeNHMAINCTa B KOHKPeTHOIl o0JjacTH.
3HaHMs CHCTeMBbl NPeACTABJIEHbI B BHAe NPUYNHHO-CJIEACTBEHHON ceTH, KOTOpasi B KOMIbIOTepe
npeacrasasercs B Buje (0,1)-oit MaTpuibl 3a601€BaHMii WK B BHE MATPHIIBI, 3JIEMEHTHI KOTOPOii
NpeACTaBJISIOT c000# K03 (uuueHTHl yBepeHHocTH. PemieHue 3axaym ocymecTBjsieTcsl NMyTEM
NpOBeJeHUs] JUHEIHOro Npeodpa3oBaHUs BEKTOPa, 0TOOPA’KAIOLIEr0 CHMITOMBI KOHKPETHOIO
00JIbHOI0 ¢ MOMOIIBLI0 MATpHIbI 3a0oaeBaHuil. Mepapxuueckasi CTPYKTypa HHTENJIEKTYaJIbHOMH
CHCTEMBI IO03BOJISAET OTCEKATh OOJIbIINE YYACTKH CeTH, OCYIIECTBJSASA JMATHOCTHKY ¢ OoJibIiei
CeJIeKTHBHOCTBIO.

KiaroueBble ci1oBa

Cucmema npooyKyuil, CUMRHOM, UHMEIEKMYAIbHAS CUCHEMA, NPUYUHHO-C/IEOCHECHHAA
cemo, 0a3a 3HAHUUL.

BaxxHpIM 3TanoM co3JaHus MEIMLMHCKOM MHTEUIEKTYalbHOM CHCTEMBI, I103BOJISIOLIEH
MpeayNpexaaTs 3a00JeBaHNE W OCYIIECTBIISATH €r0 JICUCHHE, SABISCTCS MEIUIMHCKAs JHAarHOCTHKA.
Jleuenne  OGONBHOTO HAYMHAETCS C JAMATHOCTHKH, T.€. C HCCIEIOBAaHUS OONBHOTO U OIpENeNCHHS
Oosne3nn U e o0003HaueHWs. MEQUIIMHCKAs JUArHOCTHUKA MPEACTABIIeT COOOM CIIOXKHBIN mporece,
TpeOyIOIUiA MPOBENCHUST CEepPbE3HOIO O0CIEeOBaHHUsI OOJILHOTO, MO3BOJISIOIINI BBISIBUTh TNPH3HAKU
(cumrnToMel) Oo0JIe3HH, HAa OCHOBAaHMM COBOKYITHOCTH KOTOPBIX JeNaeTcs 3aKII0UEHHE O CYLTHOCTH
Oosie3HH U e€ MpUYMHAX, T.€. CTaBUTCA auarno3. Cieayer, 0HaKO, OTMETUTh YTO 3HAYEHUs] NPU3HAKOB,
BBISIBJSIEMBIX TIPH JAMArHOCTHKE, 4acTo OBIBAIOT NpEACTaBIEHB HEe(OPMAaNbHO, W 3aJadd, KOTOpHIC
MPUXOJUTCS PELIaTh Bpauy, HOCAT, KaK MPaBUIIO, HEUETKUH, pa3MBITBIN XapakTep. DTU 33a4l OTHOCSATCS
K Kiaccy He(OpMaIM30BaHHBIX WM ci1abo (opmanmu3oBanHbix 3amau [1 — 3]. HedbopmanuzoBaHHbIH
XapakTep 3aJad MEIWIWHCKOW TUATHOCTHKH CO3MaéT TPYOHOCTH KOMIBIOTEPHOTO MOJCIMPOBAHUS
JIUArHOCTHYECKOTO TIpoIiecca.

OnHa 13 BO3MOXKHOCTEH MIPEOIONICHISI STHX TPYIHOCTEH CBsS3aHA C CO3MaHUEM MHTEIUIEKTYaIbHON
CHCTEMBI THATHOCTUKH, Oa3upyromeiics Ha 3HAaHUAX Bpada, MOIYICHHBIX B pe3yJbTaTe KBATU(HUKAINA H
nprobperéHroro omsita [4]. MoaenupoBanusi mporiecca THATHOCTHKH HAaYHEM C YPOBHS CEMEHHOTO
Bpayva WM ¢ YPOBHS TEpareBTa, K KOTOPOMY OOJIBHOM oOpaliaercs B MepByro odepens. CeMeiiHbI  Bpad
WIM TEpameBT, HCIOJB3YyS CBOW ONBIT W 3HAHUS, AHAJIM3UPYEeT HAOOp CHMIITOMOB M Ha OCHOBE
HOJTyYeHHOW MH(OPMAIMU CTABUT MPEIBAPUTENbHBIA TuarHo3 [5]. B cOOTBETCTBHM C 3THM IHATHO30M
OH WK caM OepéTcs 3a JieueHue, WM HalpaBiisieT OOJBHOTO K Y3KOMY CIIEIAAIIUCTY.

J1J1sl KOMIIBFOTEPHOTO PEelIeHHsT 331a4H JMarHOCTHKH MOTYT OBITh HCHOJIB30BaHbl CTPYKTYPBI THIIA
MPOAYKIUH, XpaHsSIuecss B 0a3e 3HAHUH. Y KaKIOH TaKOH MPOIYKIWMH B YCIOBHOM YacTH 3aJaHBI
CHUMIITOMBI, @ B 3aKJIOUMTEIbHOW — Ha3BaHHE COOTBETCTBYIOIIEH Ooie3Hu. Jliosi JMarHOCTHKH
KOHKPETHOTO OOJIBHOT'O HA/I0 CPAaBHUTH OIMCAHHUE €ro 0O0JIE3HEHHOTO COCTOSHHSI CO BCEMH OITMCAHMSIMHU,
XpaHsIImMUMUCS B 0a3e 3HaHWI. Kak TOMbKO BXOIHOE OMHCAaHUE COBHANET C OMMCAHWEM YCIOBHON YacTH
KaKOH-THO0 M3 MPOMYKINK, cpabOTaeT 3aKIFOUNATEIbHAS YacTh STOU MPOAYKINH, KOTOpasi YKa3bIBaeT Ha
muarHo3. CienyeT, OJHaKO, OTMETHUTh, YTO MPH CPAaBHECHUH BXOIHOTO OMHCAHUS C OMHCAHUEM YCIOBHOM
4acTH KaKOW-THOO NPOMYKIMH, IIOJHOEC COBIAJCHHE OIHCAHWN CIy4aeTcs PEeAKO M TPHXOTUTCA
OTIPEeNeNIATh CTENEeHb OJHM30CTH AITHX OmWCaHWW. JlJIsi 3TOr0 MPUXOAWUTCS HCIIONB30BaTh PA3IUYHBIC
MaTeMaTHYeCKHEe METOJBI, MCIONb3yeMble B pacmo3HaBaHuH. OJHAKO, WCHOJIH30BAaHUE TPAIUIIOHHBIX
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MaTeMaTHIECKUX METOJIOB PpAaClO3HaBaHMs TPeOyeT HAIMYMS NPU3HAKOB, 3HAYCHHE KOTOPBIX
MIPEACTaBICHbl B KOJHMYECTBEHHOW ¢opme. Ecnm mnpu3HakM WMEIOT Ka4deCTBEHHBI XapakTep, TO
UCTIONIb30BaHNE MAaTEMaTHYECKUX  METOJOB CTAHOBHUTCS HEBO3MOXHBIM M IPOLEAypa PacHo3HABAHHS
OCJIOXKHSIETCSI.

B nanHOI paboTe B KadecTBE MOJENHN NPEICTABICHHS 3HaHUH OyAeM HCIOIb30BaTh NMPUIMHHO-
CJIC/ICTBEHHYIO CETh, BEpIIMHBI KOTOPOH MPEICTABISAIOT CUMITOMBI M OOJIE3HM, a JYTH - MPUYUHHO-
CIICJICTBEHHBIC OTHOILIEHUS, CBS3BIBAIOLINE BEPIIMHBI-CUMITOMBI C HX BO3MOXHBIMH NPUUYUHAMHU
BEpIIMHAMU-00JI€3HEH, T.e. TIOCTPOMM  NPUYUHHO-CIEJICTBEHHYIO  CE€Th, KOTOpas  SIBJSIETCS
Pa3HOBUIHOCTHIO CEMaHTHUEeCKO# ceTu [6]. DTy ceTh OyaeM Ha3bIBaTh CEThIO 3aboseBanuii. T.K. BCskas
CEeMaHTHYeCKasi CeTh IPENCTaBIsIeT co00i rpad, TO OHa, KaK M BCSIKUHA rpad, MOKET OBITH BBIpaXKeHa B
BUJI€ HOJIb-€IMHUYHOM MaTpHIbl OTHOLIEHWI. DTy MaTpuiy OyleM Ha3blBaTh MaTpulel 3a0oseBaHuMil.
Ha puc.1 npezncrasnen abcTpakTHBIN TpuMep 0A00HOI ceTH, a Ha pHc. 2 IpUMEp COOTBETCTBYIOLIEH eit

S1 Sz S3 Ss Ss Se A Ay As
S1 1 0 0
Sy 1 1 0
S3 0 1 0
Sy 1 1 1
Ss 1 0 1
Se 0 0 1
A1 Az A3
Puc. 2
Puc. 1
MaTpHIIBL.

Y4uuTeIBas, YTO BCSAKOE 3aKJIIOYEHHE O NPHYMHE OONE3HH ObIBAET ONMPAaBJAHO C HEKOTOPOH
CTENEHBI0 YBEPEHHOCTH W HMEET HEUETKUU XapakTep, NPUIHUIIEM KaKIOW Iyre CETH HEKOTOPBII
KO3 HUIUEHT YBEPEHHOCTH, NPHUHUMAIOMNN 3HadeHne u3 mpomexytka (0 — 1). Oto MoxkeT OBITH
BBIPAKCHO TaK.: €CJIM Yy OOJBHOIO MMEETCSl KOMIUIEKC CHUMIITOMOB S, TO €ro BO3MOXKHOH NPUYMHOM
sBJIsieTCst 60e3Hb Ri O CTeneHbio yBepeHHOCTH Ki; Wik qaéTcst yKa3aHue Ha Kiace 00Jie3Hel, HanpuMmep,
ecii 'y OOJBHOI'O MMEETCSI KOMIUIEKC CUMITOMOB S, TO €ro BO3MOXKHOW IPUYMHOM SIBIsIETCS OOJIE3HB,
OTHOCAIIAsICS K KJIACCy HEBPOJOTHUYECKUX 3aboneBaHMili co cTemeHbro yBepeHHoctd K;. Ceth, ¢
NPUIHACAaHHBIMU €€ Jayram Kod(pQHUIMEHTaMH YBEPEHHOCTH Ha30BEM HEUETKOH ceThio 3a0o0JeBaHUM, a
COOTBETCTBYIOIIYI0O MAaTpHUIy — HEUETKOW Marpumedl 3aboyieBaHWA. Y 3TOH MAaTPHIEI BMECTO HYJCH H
EUHAUIl CTOAT KOI(P(HUIMEHTH YBEPEHHOCTH, B3sAThie u3 mpomexytka (0 — 1). Koadouiments:
YBEPEHHOCTH 33/1a€T BpPay-3KCIEPT, OMHUpasch HAa CBOM ONBIT W 3HAHUS, WIM CHCTEeMa 3a1aéT HX
CaMOCTOSITEIFHO Ha OCHOBE aHainW3a HCTopum Ooye3HH W oOydaromed BoiOopku. [Ipm 3ToM
UCTIONB3YIOTCSI Pa3lUYHbIE ANTOPUTMbI OOY4YEHUs, HalpHMeEp, alrOpUTM OOYUCHHS C HCIPaBICHUEM
omu6ok [7].

[lpu pemieHun 3amaud AMATHOCTHKA HA OCHOBE HAONIOJaeMBbIX HapyIIEHHH — CHMIITOMOB
CTPOMUTCS 3aKJIFOUSHUE O BhI3bIBaMOLICH uX npuunHe. [IycTh nMeeTcsi MHOXKECTBO CUMIITOMOB  S5157...Sy,
a TaK)K€ MHOXECTBO BO3MOXKHBIX MNPHUYUH AlAz...Ak, BbI3bIBAKOIIUX 3TH CUMIITOMBI. CHMIITOMBI U UX
BO3MOXKHBIC IPUYMHBI IIPEACTABICHBI B BEPUIMHAX CEMAHTHUYCCKOH CETH M CBSA3aHbl IMPUIMHHO-
CIIeZICTBEHHBIMU OTHOmeHuAMH RiR>...R| (ayrm cemantmdeckoit cerm). Ecmm Hekoropas myra R
CBSI3BIBACT CHUMIITOM S; C IPUYMHONW Aj, TOTIa MOXKHO CKa3aTh, 4To A - BO3MOXKHAS NpHUYMHA Si, a
CHUMIITOM S; eCThb ciencTBue Oone3Hu Aj. SICHO, 94TO MPOM3BOIBHBINA CHMIITOM Sk MOXET OBITH BBHI3BaH
Pa3sHBIMH IPHYHHAMH.

JlonmycTrMm, TOCTpOeHa CeMaHTHYecKasi CeThb Ha OCHOBE 3HAHWH CIIEIHANINCTa OTHOCHUTEIHHO
B3aUMOCBSI3ell MEXIy CHMITOMaMH W BBI3BIBAIOIIMMH HMX INpHYMHaMu — Oose3Hsmu. Ha srtoii cetm
0TOOpaKEHbI BO3MOXKHBIE 0OJIE3HU M COOTBETCTBYIOIIME UM CHUMOTOMBI. CHMITOMBI, OOHAPYKEHHBIE Y
KOHKPETHOT'O IaluCHTa, 6y,l:[eM Ha3bIBaTb AKTUBU3UPOBAHHBLIMHU, a COOTBETCTBYIOHIWME BEPUIMHBI —
aKTHBU3HPOBAHHBIMH BeplIMHaMU. JlomycTuM, y O00JIbHOr0 OOHApy»XeHbl CUMOTOMEL Si, Sj, Sk. Hyrw,
UCXOJSIIIINE W3 3THX AKTUBM3MPOBAHHBIX BEpIIMH, INepecekaroTcs B BepmuHax AiAz...Ap, KoTopble
0TOOpPaXXKaIOT BO3MOXKHBIC NPUYMHBI HAOM01aeMbIX cUMNTOMOB. CyMMa BECOBBIX KO3()(HUINEHTOB 3THX
IyT 3a/1aET OICHKY BepIIMHBI Aj. DTH OIEHKH XapaKTEePU3yIOT KOHKPETHOTO OOJIBHOTO M MEHSIOTCS IPU
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KaXIOM HOBOM TmamueHTe. BepmmHe Ay, NONTyYHBIIEH MaKCHUMalbHOE 3HAYCHHE JTOH CyMMEI,
COOTBETCTBYET IPEABAPUTEIBHEINA JHAarHO3 3a00JI€BAHMUS - TUIIOTE3a O OOJIC3HU.

[Ipu MaTprYHOM MPEICTABICHUN YCTAHOBIICHHUE JIUATHO3, T.C. HAaHOOJIee BEPOSITHOW THIIOTE3BI O
3a00JICBaHUH, OCYIICCTBIIICTCS MyTEM TMPOBEACHUSA JUHEWHOTO MPeoOpa3oBaHUS HOIb-CAMHUYHOTO
BekTOpa X = X1.Xm, OTOOpa)XaroIIero HAIWYHe CHMIITOMOB Yy KOHKPETHOTO MAIMEHTa, C IOMOIIBIO
Matpuisl C. IlopsakoBEIA HOMEp MaKCHMAaJbHOTO 3JEMEHTa BEKTOpa, IMONYYCHHOTO B pPE3yNbTaTe
JTUHEHHOTO TIpeoOpa3oBaHmsl, yKaKeT Ha TUATHO3.

A, A, A,
S C11 C12 Cin
C= S, C21 €22 Con
Sn Cm1 Cm2 : Cmn

Puc. 3

X:-C= (X1C11 + x2621 + -+ mem1 = Dl’ x2C12 + x2C22 + -+ xmcmz = Dz, ...,xlcln + xzczn +
X Cmn = Dy);

X-C=(Dy,Dy, .., D) max (D, D, ..., D,,) yka3pIBaeT Ha THarHo3.

Crenyer, 0JHaKO, OTMETUTh, YTO HA HAYAILHOM 3Tare 00CIeI0BaHHS CUCTEMA CTPOUT IMITOTE3Y O
00Jie3HN HAa OCHOBE Ka00 0OJILHOTO, aHAMHE3a U CaMbIX MMPOCTHIX 00CIEI0OBAaHMI, IPH KOTOPOM HE BCE
CHMITTOMBI MOTJIM OBITh BbISBICHBI. [109TOMYy Ha HadalbHOM JTane OOCIIEAOBAHUS, YCTAHOBJICHHUE
JIMarHO3a OCYILIECTBIIICTCS HA OCHOBE OrPAHUYEHHOTO KOJHMYECTBA JAHHBIX, W JIHATHO3 HOCHUT
Mpe/IBAPUTENbHBINA XapaKTep, U MPEACTABISIET CO00H HEKOTOPYIO TUIOTe3y Ooe3nu. [ mpoBepKu 3TOoM
TUIIOTE3bl, HA OCHOBE aHAIU3a CEMAHTHYECKOM CETH WM MATPUIIBI 3a00JIeBaHMM, BBISCHSICTCS, KaKue
CHMITTOMBI JIOJDKHBI OBITh Y MAlMEHTA YISl TIOATBEPXKICHUS TUIIOTE3bI 0 3a00eBaHuU. J[yis BbISBICHUS
9THX CHUMIITOMOB IPOBOAMTCS JOMOJHUTEIbHOE OOCHeNoBaHHe MalueHTa. B ciydae WX BBISIBICHUS
co31aéTcsi HOBBIM HAOOp JAHHBIX, M MPOIENypa TUATHOCTUKU OCYLIECTBUTCS HA OCHOBE 3TOTO HOBOTO
Habopa. Ecnum HOBBIN IMarHo3 COBIIAAAET C IMpeanoiaraeMoil 00Je3HbI0, TO TUIOTE3a MOATBEPKIACTCS.
B HpOTI/IBHOM cnyqae BCA Hpouenypa l'[OBTOpHeTCS[ N 3aKaH4YMBaACTCs TOI'Ja, Koraa HO}ITBep)K}IaeTCﬂ
Kakas-1100 U3 THIIOTES.

Kak ObLIO CKa3aHO, pelleHHe 3afa4yd JAUATHOCTHKH MPOBEAEM HA MPHUMEPE TEpPAleBTHUECKHX
3aboneBanuii. [{7st 3TOro OyaeM HCMONB30BaTh 3HAHUS Bpava OTHOCHTENIBHO BHYTPEHHHX OouesHeit [4],
BXOJAIIUX B c(hepy KOMIETEHIMH CEMEWHOro Bpaua wmiu TepaneBra. K aToii cdepe OTHOCITCS Takue
Kimaccel Ooie3He#d Kak 3a00JieBaHUSI JIBIXATENIbHONW CHCTEMBI, CEpACYHO-COCYAUCTON CHUCTEMBI,
SHJIOKPUHHOU CHUCTEMBI, 3a00JIEBAHUS JKEIYJOUHO-KUIIIEYHOTO TPAKTA U MOUYCBBIICIUTEIBHON CHCTEMBI,
COE/IMHUTENILHON TKaHH, MOYEK, MEYEeHH, a Takke HHPEKIHOHHBIX Oosie3Hei. [IpeacTaBum 3HAHUS O
HEKOTOPHIX W3 HUX B BHUIE MaTpHIlB! 3aboneBanuii (prc. 4). Mcmonb3ys 3TH 3HaHWS U TIPEIIOKEHHBIH
BBIIIIE METO/, MOXHO pa3paboTaTh HHTEIJICKTYyaJbHYIO CHCTEMY, KOTOpas YCTaHABIMBAET KIIacC
3a00JIeBaHUi, K KOTOPOMY OTHOCHUTCSI COCTOSIHUE MAIMEHTA.

Tabnmia A1 yCTaHOBIEH!S KJIacca 3a00/1eBaHMIA

IMpusnaku 3abosieBaHus 3ab6oneBaHust 3abosieBaHus 3abos1eBaHus
3a0o/ieBaHusA JAbIXaTeJabHOI cep/ieyHo- JKeJIYI0YHO- IHAOKPHHHOI
(cummTOMSEI) CHCTEMbI COCYAUCTOM KHIIEYHOI'0 CHCTEMbI
CHCTEMBI TpaKTa

Karuresp 1 1 0 0

Bone B ropie 1 0 0 0
OppbIKa 1 1 0 0
VYayuibe 1 0 0 0
KpoBoxapkanbe 1 0 0 0
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IToBrIICHHAS
IOTJIMBOCTD WU 0 0 0 1
CYXOCTb KOXH

UpesmepHas
BO30YIMMOCTD

Peskoe n3menenue
Macchl Tena

N3menenne
HaCTpOEHUS

N3menenne
HOPMAaJILHOTO 0 1 0 1
CEep/ICYHOr0 PUTMA

Hapywenue 0 0 0 1
naMsaTHu

JIuxopanka 0 0 0 1

N3menenne
TEeMIIepaTyphl Tena

Brictpas
YTOMJISIEMOCTh 0 0 0 1

Cnabocts u 0 1 0 1

COHJIMBOCTH

ITocTrossHHAs 0 0 0 1
Kakaa

TlosBnenune Hanéra 0 0 1 0
Ha SI3BIKE

Puc. 4

Ora WHTEJUIEKTyallbHasi CHCTEMa COCTOMT M3 HMEPAPXMUYECKU DPACIIOJIIOKEHHBIX OJIOKOB —
cnenuanucToB. Kaxmprii 610k cnenmanm3upyeTcs Ha O0Ne3HHM KOHKpeTHOro kimacca. Ilosromy mocie
TOr0, KaK YCTAHOBJIEH KIIACC, K KOTOPOMY OTHOCHUTCSI 0OJI€3Hb, OJIOK-CIEIHATIUCT, COOTBETCTBYIOIINI
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3TOMY KJIacCy, OCYIIECTBISIET IPOLEAYpy AMArHOCTHKH KOHKPETHOTo 3aboseBaHus. JlmarHoctnka
KOHKPETHOTO 3a00JIEBaHMSI OCYIIECTBIETCS TOYHO IO TOH K€ CXeMe, 10 KOTOPOH OCYIIECTBISIACH
JMAarHOCTHKA Ki1accoB 3aboneBannii. Cnemyer, OMHAKO, OTMETUTD, YTO ISl BBIABICHUS Kiacca Ooye3Hei
OKa3aJI0Ch JOCTATOYHBIM HCIONB30Banue kodpduiuentos (0, 1). OxHako 1 YTOYHEHHs AMAarHO3a Ha
CIIEAYIONIEM HIKHEM YpPOBHE, HEOOXOIMMO WCIIONIBb30BaTh CTEIICHH YBEPEHHOCTH, B3ATHIC W3
npomexytka (0 — 1). Hepapxndeckasi CTpyKTypa CHCTEMBI MO3BOJISIET OTCEKATh OOJBIINE YYaCTKU
CeTH, OCYIIECTBIISIS IMarHOCTUKY C OOJIBIIEH CEIEKTHBHOCTBIO.
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Cause-effect Networks of Knowledge Representation in the Task of Creating an Intelligent
System of Medical Diagnostics

Vadim Radzievski, Maia Mikeladze, Dimitri Radzievski

Summary

A hierarchically organized system for the diagnosis of diseases is considered. Diagnosis begins
with the level of a family doctor or therapist, where classes of diseases are considered. These classes are
refined at the following lower levels. The system uses the knowledge of a specialist doctor in a particular
field. The knowledge of the system is presented in the form of a cause-effect network, that is represented
in the computer as a (0,1)-th disease matrix or as a matrix, the elements of which are the confidence
coefficients. The solution of the problem is carried out by a linear transformation of the vector that
displays the symptoms of a particular patient using the disease matrix. The hierarchical structure of the
intelligent system allows to cut large sections of the network, performing diagnostics with greater
selectivity.
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MemnunHckass HHQOPMALMOHHASI CHCTEMAa BbIOOPA JIeKAPCTBEHHBIX MPeNnapaToB
JJIS JIeYeHUsl IePBUYHBIX IOJIOBHBIX 00J1€eil

Maiis Muxenaosze, [{mumpuii Paosuesckuil, Baoum Paodszuescxuti, Hopa /[icansbosa

Email: mikeladzemaia@yahoo.com, dradzievski@gmail.com, v_radzievski@yahoo.com,
noraj@mail.ru

Pe3iome

PaccmaTpuBaercs 3aJa4ya NPHHATHS PellleHHs] MO BBIOOPY JeKAPCTBEHHBIX MpPenapaTos,
HauOos1ee 3¢ (PeKTUBHBIX ¢ TOYKHM 3peHHs] MHO:KecTBa KpurepueB. /st pemieHusi 3Toil 3amxaum
HCIO0JIb30BAH METOJ MHOTOKPHTEPHAJbHOTO INPHHATHS PpelleHUH ¢ HCNO0JIb30BAHHEM TEOpPHUH
HeYeTKHX MHoxecTB. Ha ocHOBe mpeIoskeHHOro MeToJa pa3padoTaHa MeIULIHMHCKAs
HHGOPMANMOHHAS CHCTeMa BbIOOPAa JIEKAPCTBEHHBIX MNpenaparoB s JiedeHHs TNepPBHYHBIX
ToJIOBHBIX Oouieil. J[laHHasi uHpopMamMOHHasi cHcTeMa sBJseTCH MOJCHCTEeMOW paHee
pa3paGoTaHHOI HHTENIeKTYyaJbHON CHCTeMbl N0 AMATHOCTHKE U NMPOTHO3MPOBAHUIO NMEPBUYHBIX
TOJIOBHBIX 00Jiell M CIy:KMT A8 00JieryeHMsi HMHIMBHAYAJIbHOTO IOAOOpa JIeKapCTBEHHBIX
NpenapaTos AJisl KaKI0Tr0 NanueHTa.

KiaroueBble ci1oBa

Dppexmusnocms  neKapcmeeHHbLIX Npenapamos, Kpumepuu  8bl6opa  J1eKAPCHIBEHHBIX
npenapamos,  Memoo  MHOZOKPUMEPUAILHOZ0 ~ NPUHAMUA  PEUIEHUN  UHQOPMAYUOHHAA
UHMENIeKMYanbHaAA CUCHIEMA.

B Hacrosiee BpemMs coBpeMeHHasi MEAMIMHA BCE OOJIBIIE UCIIONIB3YET MHIUBHYIBHBIH TTOAX0/
OpU JICYCHUH pa3invHbIX 3aboneBanuii. Kak u3BecTHO, 3()(EKTHBHOCTD JICKAPCTBEHHBIX IIPENapaToB
JlKe ISl JICUSHUS] OJIHOTO M TOTO e 3a00JIeBaHUsI y PA3IMUYHBIX JIIO/CH pa3nuuHa. DTO CBA3AHHO C
UHIUBUIYAIbHBIME ~ OCOOCHHOCTSAMHM TOTO WJIM WHOTO OpraHW3Ma, HAIWYMs [PUBBIKAHUS K
OTpeeIEHHOMY THITY [IPENaparoB, CTENCHU TSDKECTH TAaHHOTO 3a00JieBaHus U T.J. [loMHMO 3TOro, 4acTo
BO3HUKAIOT HEKOTOPHIC WHIUBHIYAIbHbIE MPOTUBOMOKA3aHUS K JAHHOMY THITy MPENaparoB, CBsI3aHHbBIE
KaK C pa3In4HBIMH COMYTCTBYIOHIMMH 3a00JICBAHUSIMU, TaK U C WHIMUBHIYAIbHOH HETEPEHOCHMOCTHIO
TOTO WJM HMHOTO Ipenaparta. Kpome 3Toro, moutu Bce TNpemnapaTbl MUMEIOT MHOMXKECTBO MOOOYHBIX
3(b(beKTOB, KOTOPBIC JId OAHUX MAIIUEHTOB MOTYT 6BITI) COBEPUICHHO HE3HAYUTECIBbHBIMU, TOTAA KaK JJId
JPYTHX — MOTYT BBI3BIBaTh CEPhE3HBIE HAPYILICHUS! B OPTaHU3ME BILIOTH JI0 JIETAIBHOTO HCXO0/1A.

CoBpemeHHast (hapMaKoJIOTHsl IIpeaiaracT OrpoOMHOE YHCIIO Pa3IMYHBIX JIEKApPCTB JUIS JICYECHUS
OJTHOTO W TOro >xe 3aboneBanus. Kaxnoe M3 HUX HMMEET CBOM COOCTBEHHBIC ILIIOCBI M MHHYCHI, H
KOJINYECTBO KPHUTEPUEB OICHKH JIEKApPCTBA MOXET JOXOJHWTH /0 HECKOJBbKHX JEeCATKOB. B Takmx
YCIIOBUSIX Bpady OBIBaeT OYEHBb TPYAHO NMPOAHATIM3NPOBATh 3()(PEKTHBHOCTH JIEKAPCTBEHHOTO IMpernapara
C TOYKU 3pEHHsI BCEX KPUTCPHUEB W IPU 3TOM YYECTb BCE MHIMBHAyaJbHbIE OCOOCHHOCTH IAIMEHTA.
MenunuHckas HHOOPMAIMOHHAS CHUCTEMa BBIOOpA JIEKAPCTBEHHBIX MPEMapaToB HAMHOIO OOJIErduT
Bpadvy BBIMOJHEHUE TOH 3a1a4H.

Hns pemenns 3amaun BbIOOpa 3(PQEKTHBHBIX JIEKAPCTBEHHBIX IIPEMApPaToOB OBUT WCIOIH30BaH
(MeTOT MHOTOKPUTEPHATBHOTO MPHHATHSA PENICHUH C UCIIOIh30BAHMNEM TEOPHH HEUETKHX MHOXKECTB [1,
2, 3]. CormacHo 3TOMy MeTOY, 3P (HEKTUBHOCTE JICKAPCTB MO I-My KPUTEPHIO MOXKET OBITH TpecTaBIeHa
B BH/JIE€ HEUETKOro MHOXKecTBa Q!

— (i1 By
Qi_{Rl“‘Rn}" 1,...,m.

3neck 1, i=1,....m, j=1,....n — >bdexTHBHOCTH JeKapcTBEHHOrO Tpemapata Rj mo kpurepuio Qi ,

KOTOpas IpuHUMaeT 3HaueHus u3 nurepsaia [0,1]. Torma 3¢ eKTHBHOCTE JIEKAPCTB MO BCEM KPUTEPHSIM
MOXeT ObITh IOJy4eHa KaK IepeceueHrne HeYeTKUX MHOXKeCTB Q:

163


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CDYQFjAB&url=https%3A%2F%2Flogin.secureserver.net%2Findex.php%3Fapp%3Dwbe&ei=6SmeVduDNeSqywO1mYH4Cg&usg=AFQjCNFVKHCWs6ImyeUdHLTMEe6LC5qxiw&sig2=8whvz3s0NMorIfwqqYyHPg&bvm=bv.96952980,d.bGQ

Maita Mukenaoze, Imumpuii Paozueeckuii, Baoum Paosueesckuii, Hopa /[>canabosa

Q=0:NQ2N..NQp

Crhenyer OTMETUTh, YTO CYLIECTBYIOT pAa3lUYHBIC OINPEICICHUS MEPECEUCHUs] HEUCTKUX
MHOXECTB. B maHHOM citydae GbIIO HCIOIB30BaHO ONpeeieHue Yepe3 QyHKIo MUHIMyMa [2]:

minp;;  Mmingin)
- flove M,
Ry Rp

B xauecTBe peKOMEHIyeMOro JIEKapCTBEHHOTO Iperapara ciemyeT Oparh mnpemapar R c
MaKCUMAJIBHOW CTEIeHbI0 NPHHAUISKHOCTH K MHOXecTBY Q. B sTom ciyuae mpemapar R oGmamaer
MaKCHMaIIbHOM 3()()EKTUBHOCTBIO 110 BCEM KPUTEPHUSIM.

Ha ocHoBe BhIlICONMCAaHHOIO MeToja pa3paboTaHa MeIUIMHCKas HWH(QOPMAIMOHHAs cuUcTeMa
BHIOOpa JICKApCTBEHHBIX IpenapaTroB Uil JICYCHUS TMEPBUYHBIX TOJOBHBIX Ooneil. [laHHas
nH(popManMOHHAsl CHCTeMa SIBIISICTCS TOACUCTEMON paHee pa3paOb0TaHHOW WHTEIJIEKTYaJbHOW CHCTEMBI
10 TMAarHOCTUKE U MPOTHO3UPOBAHHMIO MIEPBHYHBIX TOJOBHBIX 00JIeH, OMUCAaHHBIX B paboTax [4 — 7].

C uespio BeIOOpa 3G PEKTHBHOTO JEKAPCTBEHHOTO MpenapaTa sl ICYSHHs NEPBUYHBIX TOJOBHBIX
Goieii OBLTN UCIIOIB30BAHBI CIICIYIOIINE KPUTSPHH:

1) neiicTBUe npenapara Ha JJIUTEIBHOCTD TOJIOBHON 60H;

2) peiicTBHe IpenapaTa Ha HHTEHCHBHOCTB TOJIOBHOW 60uH;

3) nmeiicTBHeE mpenapara Ha 9acTOTy TIPUCTYIOB TOJIOBHOM 6OH;

4) Bpewms Hauaia IEHCTBHS [PEmapaTa;

5) mmmTensHOCTH 06e360MMBaromIero agdexra.

OTH KpUTEpUH BXOJAT B TPYIIILY OCHOBHBIX KpuTepueB. KpoMe 3Toro, MMenuch eme JBe IPyIIbl
kpurepueB. OfHa W3 ATUX TPYON OIICHWBAaET BO3MOXKHOCTh NMOOOYHBIX ACWCTBUI mpemaparta — 4eM
MEHBIIIE BO3MOXXHOCTh IOOOYHOTO JNEWCTBHS, TeM BbIIIe oOLEHKa (K0d((uiumeHT 3(pPEeKTUBHOCTH)
npenapara 1o COOTBETCTBYIOLIEMY KpHTepuio. Bropas rpymmna KpurepueB OllEeHHBAET MPOTHBOIIOKA3aHUs
npenapara UCXO0/Isl U3 COCTOSHUSI KOHKPETHOTO MallueHTa:

— eclM y TMandeHTa uMeercst 3aboyieBaHWE, NPH KOTOPOM JAHHBIM IIpenapar NpOTHBOIOKAa3aH,
Torna ero Kod(pQuuueHT 3(P(EeKTHBHOCTH 1O COOTBETCTBYIOIIEMY KPHTEPUIO NPHUHUMAETCS
pasHotii 0;

—  eCliM y TalMeHTa He UMeeTcs 3a00JIeBaHusl, IIPH KOTOPOM JaHHBIHA MpenapaTr MpOTHBOMOKA3aH,
Torga ero KodGGUIUEeHT 3(PYEKTHBHOCTH II0 COOTBETCTBYIOLIEMY KPUTEPHIO MPUHUMACTCS
paBHO# 1;

—  eCIIM y TalMeHTa uMeeTcs 3a00JIeBaHus, IPH KOTOPOM JAHHBIH MpenapaT ciIeayeT IPUMEHSTh ¢
OCTOPOKHOCTBIO, TOTJa ero Kod3(h(GUIHeHT Y3PPEKTHBHOCTH MO COOTBETCTBYIOIIEMY KPUTEPHUIO
BbIOMpaercs u3 naTepBana (0, 1) u ee ycTaHaBiIMBaeT Bpad B 3aBUCHMOCTH OT TOTO, C KaKUM
PHCKOM COMPSDKEH MPUEM ITOTO JIEKapCTBA KOHKPETHBIM ITAIIUEHTOM.

Ha puc. 1 oToOpakeHa HCXOIHOE OKHO HH()OPMAIIMOHHON CHCTEMBI. DTa MPOTpaMMa BhI3BIBACTCS
JJIA4 KOHKPETHOT'O MalME€HTa U3 OCHOBHOT'O OKHAa MIpOorpaMmsel, B KOTOpOﬁ NMaquCeHTY CTaBUTCA JUATrHO3. B
JAHHOM Cllydae OTOOpakaeTcsi OKHO MpOorpaMMbl Uil TalMeHTa ¢ AuarHo3oM [ onosnas 60716
Hanpsicenusi. B 6a3e TaHHBIX NMPOrpaMMBbl XpaHUTCs MH(OpPMALUS O PEKOMEHIYEeMBbIX Ipenaparax yis
JieYeHus, NpOQUIAKTUKK W OOJIer4eHHs COCTOSHMS TNalMieHTa NpW JIaHHOM 3abosieBaHud. JlaHHas
IporpaMMa OTOOpaXkaeT B JIGBOH KOJOHKE C Ha3BaHHUEM: QUS35dw)mdol ms30l  G3030¢ols
3935058)gd0 Bech 3TOT CIUCOK JIGKAPCTBEHHBIX IpenaparoB. [loyib30BarTesb HMPOrpaMMbl, B JaHHOM
cilyyae Jiedaliuii Bpay, MOXET IMPOCMOTPETh BECh ITOT CHHMCOK W BBIOpAaTh M3 3TOTO CIUCKA TE
npenaparbl, KOTOPbIC OH CUUTACT HeO6XOZ[I/IMI)IMI/I JJIA JICYCHUS AAHHOI'O ITallMCHTA. BI)I60p JaHHOT'O
npenapara OCyIIECTBIISIETCS yCTaHOBKOH (ila’kka ciieBa OT BeIOMpaeMoro npemnapata. [locie 3aBepiieHus
BBIOOpa II0JIB30BaTENb HAXHUMAaeT KHONKY 3M039M0owdgdol 58m@obs u BEIOpaHHBIE IpemapaTsl
0TOOpaXAIOTCS B MPABOH KOJIOHKE ¢ HasBaHHeM 39MBgweros. [ToMuMO 3TOTO, KaXKIblil U3 BHIOPAHHBIX
npenaparoB oToOpaxkaeTcs B CIICIMANbHON TaOJIMIE, HaJ KOTOPOM yKa3bIBacTCs Ha3BaHUE Ipenapara.
Tabnuua cOCTOMT W3 IBYX CTONOLOB — B IEPBOM YKA3bIBAIOTCS KPUTEPUH HaHHOTO Ipenapara, a BO
BTOPOM — COOTBETCTBYIOIMHKE UM K03 duireHTs! 3¢ dexrnBHocTH (puc. 2). Creayer OTMETHTH, YTO MPH
HAJWYUM XOTS OBl ONHOTO YKAa3aHHOTO BPa4yoM IPOTHUBOIIOKA3aHMs Ui JAQHHOTO IIperapara, 3TOT
npernapar B IporpaMme yAISETCs U3 PACCMOTPEHUSL.

ITonp30Batenb MpOrpaMMbl (Bpad) MOMKET BBIACIUTHh KAaKOW-THMOO KPUTEPUH i BHIOPAHHON UM
TPYIBI JIEKAPCTBEHHBIX MPENapaToB, U IPOBEPUTh UX UMEHHO IO 3TOMY KPUTEPHIO, JHOO 10 KaKOW-TO
rpymne kpurepues. [IponyieHHbIe KPUTEPUU MPOCTO HE OYIYT YUHUTHIBATHCS B IMpoOrpamme. 3aTeM 3TH
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K€ JIEKapCTBEHHBIE TPENapaThl MOKHO IPOBEPUTH IO APYTMM KPHUTEPHSM. BBIBOJ O MpUMEHEHUH TOTO
WM MHOTO JIEKApPCTBEHHOTO Mpernapara HOCUT JIMIIb PEKOMEHATENbHBIN XapakTep.
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MenuuuHckas ”HGOPMANMOHHASI CHCTEMA BbIOOPA JeKAPCTBEHHBIX MPENAPaTOB AJIs JeYeHH ...

Medical Information System for the Selection of Drugs for the Treatment of Primary
Headaches

Maia Mikeladze, Dimitri Radzievski, Vadim Radzievski, Nora Jaliabova

Summary

The problem of making a decision on the choice of drugs, the most effective in terms of a variety
of criteria, is considered. To solve this problem, the method of multi-criteria decision-making on the basis
of fuzzy sets theory was used. Based on this method, a medical information system for the selection of
drugs for the treatment of primary headaches has been developed. This information system is a subsystem
of a previously developed intelligent system for the diagnosis and prediction of primary headaches and
serves to facilitate the individual selection of drugs for each patient.
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Real-world solution of MDVRPTW problem by using Autonomic Components
Ensembles approach

Tengiz Bakhtadze, Irakli Rodonaia
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ABSTRACT

In the paper the concept of Autonomic Components Ensembles (ACE), applied to the real-
world Multi Depots Vehicle Routing Planning with Time Windows (MDVRPTW), is proposed.
Each vehicle is associated with the corresponding autonomic component AC (a virtual machine in
datacenter) and exchange on-line information with other vehicles. Besides, ACs can reschedule routes
in order to find the acceptable alternative routes that enable vehicles to meet time windows
requirements and, at the same time, avoid the congested roads. Implementation of DEECo
(Distributed Emergent Ensembles of Components) model to create dynamic ensembles of vehicles
and non-congested route segments is also proposed in the paper. Detailed description of components,
components’ know ledges, processes and interfaces is given.

Keywords: Multi Depots vehicles routes planning with Time Windows, autonomic component
ensembles, datacenter, virtual machines

1. Introduction

In [1] we described the adaptive algorithm to solve Multi Depots Vehicle Routing Planning with
Time Windows (MDVRPTW) problem. The algorithm is aimed to account for realistic real-world situation,
such as presence of various congestion types. The congestions are the most important critical factors for
the successful and practically acceptable solution of the MDVRPTW problem. ]. Since traffic congestions
cause heavy delays, it is very costly for intensive road users such as logistic service providers and
distribution firms. In particular, such delays cause large costs for hiring the truck drivers and the use of
extra vehicles, and if they are not accounted for in the vehicle route plans they may cause late arrivals at
customers or even violations of driving hour’s regulations. Therefore, accounting for traffic congestion has
a large potential for cost savings. We have developed a modification of the ALNS algorithm [2] (written in
the Jsprit framework). Namely, our algorithm takes into account a probability of links’ congestion,
estimation of probability of their release of busy route sections. Our modification of the algorithm can plan
routes for any starting and finishing nodes.

To provide the real-time adaptability the proposed approach uses the concept of autonomic
components (AC) and autonomic component ensembles (ACE)[1]. Each vehicle is associated with the
corresponding autonomic component AC (implemented as a virtual machine in datacenter) and exchange
on-line information with other vehicles. This allows a vehicle to notify other vehicles about expected and
actual congestion. Besides, ACs can reschedule routes in order to find the acceptable alternative routes that
enable vehicles to meet time windows requirements and, at the same time, avoid the congested roads. It is
necessary to point out that the algorithm of adaptation is able to reschedule and find alternative routed for
several vehicle in parallel. The latter significantly increases the performance of proposed approach. ACs
are entities with dedicated knowledge units and resources that can cooperate while playing different roles.
ACs are dynamically organized into ACEs. AC members of an ACE are connected by the interdependency
relations defined through predicates (used to specify the targets of communication actions).

The ACs in an ACE may be implemented as virtual machines (VMs) in datacenters (ACE). Each AC is
associated with the concrete vehicle and comprehensive information of the current location of the vehicle on
the route, relevant data on its current state and etc. In our approach the knowledge repository is used to store
these data and exchange them with other ACs. Occasionally so called spatial-temporal event (that is, a
vehicle arrives to a certain service point at a certain time) occurs. The equipment in the car (GPS receivers
and GSM telephones (or some similar wireless communications technology)) determines location using the
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GPS receiver and sends the coordinates and other relevant data to the Web server. The general infrastructure
of our approach id shown in the Fig.1:

Web server
Vrtual machines

Fa)
/

B

Databases server

Servers

& &

TCMD and SRD databases

Fig.1 . General infrastructure

The base virtual machine VM, hosts all main structural components of proposed system: JSpirit, MatSim,
travel and congestion management database (TCMD), database of simulation results (SRD), web servers
for connection with vehicles, GPS, etc. Although VMg is permanently used and maintained, it is convenient
to represent it as a virtual machine because it will intensively interact and exchange data with other virtual
machines. each of which represents autonomic component (AC). As it will be shown later, autonomic
components are associated with concrete vehicles and constitute an Autonomic Component Ensemble
(ACE). The base VM, executes the initial solution of MDVRPTW problem and generates the initial set
of routes RI. The input parameters, such as time windows for each service points, are held at VM, as
well. After generating the initial set of routes, new virtual machines, enumerated from 1 to nr (where nr is
the amount of routes in the initial set RI), are created. The recourses of the datacenter’s servers are
dynamically allocated to virtual machines. In this paper we describe the usage of DEECo (Distributed
Emergent Ensembles of Components) component model [3] and its framework. This framework is applied
to the MDVRPTW’s case.

2. DEECO general concepts applied to the MDVRPTW problem

DEECo is built on top of two first-class concepts: component and ensemble [3]. A component is an
independent and self-sustained unit of development, deployment and computation. An ensemble acts as a
dynamic binding mechanism, which links a set of components together and manages their interaction. A
grounding idea in DEECo is that the only way components bind and communicate with one another is
through ensembles. The two first-class DEECo concepts are in detail elaborated below. An integral part of
the component model is also the runtime framework providing the necessary management services for both
components and ensembles.

A component in DEECo comprises knowledge, exposed via a set of interfaces, and processes[3].
Knowledge reflects the state and available functionality of the component (lines 6-19). It is organized as a
hierarchical data structure, which maps knowledge identifiers to values. Specifically, values may be either
potentially structured data or executable functions. In this context, the term belief refers to the part of a
component’s knowledge that represents a copy of knowledge of another component, and is thus treated
with a certain level of uncertainty as it might become obsolete or invalid.

A component’s knowledge[3] is exposed to the other components and environment via a set of interfaces
(lines 5, 60). An interface (e.g., lines 1-2) thus represents a partial view on the component’s knowledge.
Specifically, interfaces of a single component can overlap and multiple components can provide the same
interface, thus allowing for polymorphism of components.

Component processes are essentially soft real-time tasks that manipulate the knowledge of the component.
A process is characterized as a function (lines 23-27) associated with a list of input and output knowledge
fields (line 21,22). Operation of the process is managed by the runtime framework and consists of
atomically retrieving all input knowledge fields, computing the process function, and atomically writing all
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output knowledge fields [3]. Being active entities of computation implementing feedback loops, component
processes are subject to cyclic scheduling, which is again managed by the runtime framework [3]. A process
can be scheduled either periodically (line 74), i.e., repeatedly executed once within a given period, or as
triggered (line 28), i.e., executed when a trigger condition is met.

1. interface RouteSegmentsCongestionAware:
2. initialSP, routeSegment, congestionStatus, expectedCongestioninducedDelay

3. interface RouteSegmentAvailabilityAggregator:
4. position, timetable, routeSegmentsAvailability

5. component Vehicle features RouteSegmentAvailabilityAggregator:
6. knowledge:

7. position = GPS(...),

8. currentSP=(position, ...),

9. routeSegmentsAvailability=List<segmentsStatus>

10. timetable = List<TimeWindowsForSPs>,

11. route = {

12. List<SPs>,

13. onSchedule=TR

14. isFeasible=TRUE

15. ,

16. expectedCongestionInducedDelay=(...),

17. vehicleParameters=List<Parameters>,

18. costDriverWaitPayment=(....),

19. costViolationTimeWindows=(....)

20. process computeNewRoute:

21. in routeSegmentsAvailability, in timetable,

22. inout route

23. function:

24. if ('route.isFeasible A (costDriverWaitPayment

25. >costViolationTimeWindows))

26. route «— ME.ALNS.computeRoute (position, timetable,
27. routeSegmentsAvailability)

28. scheduling: periodic(2000)

29. process checkRouteFeasibility:

30. in route, in position, in timetable, in routeSegmentsAvailabilities,
31. out route.isFeasible

32. function:

33. route.isFeasible «— ME.checkRouteFeasibility (route, position, timetable,
34. routeSegmentsAvailabilities)
35. scheduling: triggered(changed(routeSegmentsAvailabilities) V

36. changed(onSchedule))

37. process computeCostDriverWaitPayment:

38. in routeSegment,

39. in CongestioninducedDelay,

40. in vehicleParameters,

41, out CostDriverWaitPayment

42. function:

43. CostDriverWaitPayment«— ME.computeCostDriverWaitPayment(routeSegment,
44, vehicleParemeters, CongestioninducedDelay)
45, scheduling: triggered(changed(changed(routeGenerated.isFeasible) V
46. changed(onSchedule) V

47, changed(routeSegmentsAvailabilities) )

48. process computeCostViolationTimeWindows:

49. in routeSegment,

50. in CongestioninducedDelay,

51. in vehicleParameters,

52. out costViolationTimeWindows

53. function:

54. costViolationTimeWindows «—

55. ME.computeCostViolationTimeWindows(routeSegment,

56. CongestionInducedDelay, vehicleParameters)

57. scheduling: triggered(changed(changed(routeGenerated.isFeasible) V
58. changed(onSchedule) V
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59. changed(routeSegmentsAvailabilities) )

60. component RouteSegmentsCongestion features RouteSegmentsCongestionAware:
61. knowledge:

62. initialSP=(...),

63. endSPs =L.ist<adjacentSPs>,

64. routeSegment =(initialSP, endSP €endSPs),

65. segmentAvailability=(...),

66. congestionStatus=[congestionStatus, type, startingTime,

67. expectedCongestionClearanceTime,

68. congestionClearanceProbability],

69. expectedCongestionInducedDelay=(....)

70. process observeSegmentAvailability:

71. out segmentAvailability

72. function:

73. segmentAvailability < MessageFromVehicle.getSegmentCurrentAvailability
74. scheduling: periodic(1000)

75. process computeCongestioninducedDelay:

76. in routeSegment,

77. in congestionDuration, in segmentNonCongestedCapacity,
78. in segmentCongestedCapacity, in arrivalRate,

79. out CongestioninducedDelay

80. function:

81. CongestionInducedDelay «—

82. ME.computeCongestionIinducedDelay(routeSegment,
83. congestionDuration, segmentNonCongestedCapacity,
84. segmentCongestedCapacity)

85. scheduling: triggered(changed(congestionStatus) )

Referring to the MDVRPTW running example, the components (each occurring in multiple instances) are
the Vehicle and the RouteSegmentsCongestion. A Vehicle maintains a belief over the availability of the
relevant  RouteSegmentsCongestion (routeSegmentsAvailability, line 9). It uses a Adaptive Large
Neighborhood Search (ALNS) library to (re-) compute its route according to the availability belief

and its timetable (lines 20-28) every time the availability belief or route feasibility changes (line 28). The
Vehicle also checks if its route remains feasible, with respect to the corresponding
routeSegmentsAvailabilities and its route’s onSchedule propertycurrent position (lines 29-36). A
RouteSegmentsCongestion just keeps track of its available route’s segment availability and computes

the expected Congestion Induced Delay time (lines 60-85).

An ensemble (see the description below) implements a dynamic binding among a set of components and
thus determines their composition and interaction [3]. In DEECo, composition is flat, expressed implicitly
via a dynamic involvement in an ensemble. Among the components involved in an ensemble, one always
plays the role of the ensemble’s coordinator while others play the role of the members. This is determined

dynamically (the task of the runtime framework) according to the membership condition of the ensemble.
1. ensemble UpdateRouteSegmentAvailabilityInformation
coordinator: RouteSegmentAvailabilityAggregator
member: RouteSegmentsCongestionAware
membership:
I vehicle € coordinator. routeSegmentsAvailability:
isAvailable(member.routeSegmentsAvailability)= =TRUE
knowledge exchange:
coordinator: routeSegmentsAvailability < member. routeSegmentsAvailability
coordinator: expectedCongestionInducedDelay « member.
expectedCongestionInducedDelay
scheduling: periodic(2000)

REBOoo~NooRr LN

P o

As to interaction, the individual components in an ensemble are not capable of explicit communication with
the others [3]. Instead, the interaction among the components forming the ensemble takes the form of
knowledge exchange. Specifically, definition of an ensemble consists of:

e Membership condition. Definition of a membership condition includes the definition of the interface
specific for the coordinator role — coordinator interface (line 2), as well as the interface specific for the
member role (and thus featured by each member component) — member interface (line 3), and the
definition of a membership predicate (lines 4-6). A membership predicate declaratively expresses the
condition under which two components represent a coordinator-member pair of the associated

171



Real-world solution of MDVRPTW problem by using Autonomic Components

ensemble. The predicate is defined upon the knowledge exposed via the coordinator/member interfaces
and is evaluated by the runtime framework when necessary.

e Knowledge exchange. Knowledge exchange embodies the interaction between the coordinator and all
the members of the ensemble (lines 7-8); i.e., it is a one-to-many interaction (in contrast to the one-to-
one form of the membership predicate). Being limited to coordinator-member interaction, knowledge
exchange allows the coordinator to apply various interaction policies. In principle, knowledge exchange
is carried out by the runtime framework; thus, it is up to the runtime framework when/how often it is
performed. Similarly to component processes, knowledge exchange can be carried out either
periodically or when triggered (line 11). Based on the ensemble definition, a new ensemble is
dynamically formed for each group of components that together satisfy the membership condition.

The only ensemble of the running example is the UpdateRouteSegmentAvailabilitylnformation
ensemble . Its purpose is to aggregate the route segments availability information of the members, i.e.
RouteSegmentsCongestions, on the side of the coordinator, i.e., Vehicle (lines 9-10). The ensemble is
formed only when a route segment is available and the expected congestion induced delay time is
acceptable.

By building on Java annotations, the mapping of DEECo concepts relies on standard Java
language primitives and does not require any language extensions or external tools [3]. The jDEECo
runtime framework is primarily responsible for scheduling component processes, forming ensembles, and
performing knowledge exchange. It also allows for distribution of Components [3].

Component
processes &
Ensemble
knowledge
exchange
ll Schedulmg| ‘ }: Schedullng| } Schedu Ilng‘
Management + Knowledge 11 Knowledge I Knowledge
i access / i access . i access
T . T TT
; L] N / b e TN
Knowledge | { - } ! | ]
Repository : CK] :: CKZ = \“1 CK3 i : CK4 :
S L — —— p—
Runtime framework
‘ Java VM ‘ ‘ Java VM ‘ e ‘ Java VM

JDEECo Instance JDEECo Instance JDEECo Instance

Figure 2: DEECo runtime framework architecture.

As illustrated in Figure 2, it is internally composed of the management part and the knowledge repository.
The management part is further composed of two modules. One is responsible for scheduling and execution
of component processes and knowledge exchange of ensembles. The other is responsible for managing
access to the knowledge repository. The role of the knowledge repository is to store the component’s
knowledge (e.g., CK1 — knowledge of component C1 — in Figure 2). Its responsibility is also to provide
component processes and knowledge exchange of ensembles with access to this knowledge.

The approach described above was implemented by using cloud computing service provider Google Cloud
Platform. Namely, laaS (Infrastructure-as-a-Service) was used for creation and deployment Virtual
Machines (VM), associated with the vehicles (totally 17 VMs) and the Virtual Machine, associated with
the base Virtual machine VM [1]. The VM, hosts all main structural components of proposed system:
JSpirit, MatSim, ALNS, travel and congestion management database (TCMD), database of simulation
results (SRD), web servers for connection with vehicles, GPS, etc. VMs, associated with vehicles, run local
reduced copies of ALNS algorithm, and local copy of TCMD and SRD databases [1]. Payments Pay-as-
you-go for consumed resources of the Google Cloud Platform datacenter are on average 60% less for many
compute workloads than other clouds.
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MDVRPTW  360dgdol  Hg5emobE®o (8osbanmgduymo Hgseonme 1sdys®emliosh)
50mblibs 33GHMbBMBom™mo 3m83mbgbEgdol sblsddgrgdols doymdols s0mygbgdom
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M9bomdg

659630 g m35H90wos 53@MbMB0MMO 30m33mbg6EJIOLAE Fgdysmo SBLETdOL
(ACE) 3mb393300l 250mygbgds Mgow® 306Mmdgddo IM535¢©I3tM0sb0 MHMOL  BsbYXMGdOL
99D0©3900L dJmbg LoGEmBLEMOGHM FoOHTMEGHODIE00L ©o3gATMgdoL (MDVRPTW) s8m3s-
Bobmz0l. oMMy 3sbJsbs sGOL SLmEOMmYOMEo gbsdsdol s3EMbmTowE 3ma3mbgbEmsb AC
(396eogqdmo dmbszgdoms ©sdw9ds39d0L 39bG®oL (datacenter) go®@Ewowwy® 356Jobsbg) o
M3965G0 (on-line) sbgbl 068m®MTs300L 533wl bbgs 3s645690ms6. yots s8obs, AC-U
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396bMmM 300905 203500 b QoIGHZ0MMNMEO FoHIOEGHOL dMbs339mgdol s FobJobgdols
©0b530MM0  5BLLTdEgdOL  FgLogdbgers. BsdO™MITo dmEgdmeros 3m33mbgbEgdol, 3mEbol
d5Hgdol, 36MMm3EgLgdIOL s 0bEINFBIOLIOOL IGO0 SOFIMS

PeanucTuunoe (npud/in;KeHHOE K yCJI0BUAM PeajibHOr0 MUpPa) pelieHne npoodjaeMbl
MDVRPTW ¢ ucnojb30BaHneM NMoaxXoxa aHCaAaMO0JIeH aBTOHOMHBIX KOMIIOHEHTOB

Tengiz Bakhtadze, Irakli Rodonaia
Pestome

B crarpe mperoxeH MeTOz IpuMeHeHUA KOHIennuy AHcam6ieli ABToHOMHEIX KoMIoHeHTOB
(ACE) pna mnpoGneMbl IITAHMPOBAHHA MYJIBTH-TaDaXHBIX aBTOMOOGIJIBHEIX MApLIPYyTOB CO
BpeMeHHBbIME orpaHmdeHuaMu (MDVRPTW) B peamucruyeckux ycmoBuax. Kaxzpserii aBroMmo6uis
aCCOITMMPOBAH C COTBETCTBYIONIMM aBTOHOMHBIM KoMIoHeHTOM AC (IIpe/icTaBIeHHBIM BUPTYaJIbHOMN
MalIMHON B LeHTpe 06paGoTku maHHbIX (datacenter)) U OmepaTUBHO OOMEHMBAETCs MH(POPMAIHe C
IpyruMy aBTOMOOMIAMHU. Kpome TOro, aBTOHOMHBIE KOMIIOHEHTBI MOTYT IIOBTODHO ITPOM3BOJUT
IUIAaHMPOBaHME MApLIPYTOB MJIA HAaXOX/JEeHWA IIpHUeMJIEeMBIX aJbTepDHATHBHBIX IyTeii, KOTOpHIe
IIO3BOJIAT y/OBJIETBOPATH BpeMEHHbBIE OTPAHMYEHHA U, B TO )K€ BpeMd, OOXOJMTH HeIPOXOJMMEIe
y49acTKM MapuIpyToB. B craThe Tarke mpepjoxeHa peamusanusa maardopmel Mogeneit DEECo
(Pacmipenenennsre  Upesppryaiineie AHcamM6au KoMIOHeHTOB) [y  CO3JaHMA JUHAMHYECKUX
aHcaM6ieif aBTOMOGHIIEH 1 He3aTOPEHHBIX YYaCTKOB MapIIPyTOB. B cTaThe JaHO feTaibHOE ONMCAHYIE
KOMIIOHEHTOB, 6a3bl 3HaHU, IIPOLECCOB U UHTePGEICOB.
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(x ﬂ Elements Console Sources Network Performance  Memory  Applicati
<html>
P <head>..</head>
¥ <body>
canvas id-"myCanvas' width-"578" height-"400"> == %8

P <script>..</script>

PR | S P

function repainin() {
var el2 = document.getElementByld('viewport2');
var el = document.getElementByld('viewport'),
context = el.getContext('2d'),
context2 = el2.getContext('2d'),
width = el.width,
height = el.height,
imageData2,
imageData,
pixels,i=0,
XY;

LYYBSMOEIB 5TMPIOMEO FJHO LOIBME MM Y5O string BmMIs@do. LobiMogobmgol
39bgbo 4 30dlgol gHmEOHMYE 53MmEgdL s BboE3EYdL. 2odmdobatyg 0dowsb, GmI
0000MJMEX0 BIOO FoMImapqbl fomeol df3s60L s mGxol 3mdobsigosls Lvyemsmosb ggmol
50mgdsl bgds 899¢gabsotsc:
for (i = 0; i < pi.length; i+=4) {

pili] = 255 - pili];
/1 853569
pili + 1] = 255 - pi[i + 1];
Il @wo6xo
pifi + 2] = 255 - pili + 2];
Hoomgwo
context.putimageData(imageData, 0, 0);
}
3b5o30m 4 39MLosL:
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Web page visualization for the color blind people
D. Modrekelidze, T.Bakhtadze

Summary

Web pages visualization software provides visual representation of web pages that help web
designers and developers, as well as users to find weaknesses and bugs on the pages.In the article are
reviewed modern technologies which analyzes sites faster and with less delay. The result photos are
combined and adjusted after the analyzing pixels and are placed into the relevant category of the drafts.

Buzyanuzauus BeG-cTpaHuLbI AJ1s1 JAJIbTOHUKOB
. Moopekenuose, T. baxmaosze
Pe3tome

[Iporpammuoe  ofOecriedeHHe  BU3yalW3allil  BeO-CTpaHMIl  0OeCIeYMBaeT  BHU3yaJIbHOE
MpeACTaBIeHAE BeO-CTPaHMI, KOTOpHIE ITOMOTAlOT BeO-AM3alfHepaM W pa3padoTdmKaM, a TaKxKe
MOJTb30BATENsAM HAXOAWUTh HEJOCTATKM M OMMOKM Ha CTpaHMIAX. B craThe paccMaTpHBAIOTCS
COBPEMEHHBIC TEXHOJOTHH, KOTOpBIE aHAIM3HUPYIOT CalWTBl OBICTpEe M C MEHBIIEH 3aJep>KKOI.
dotorpadun pe3ynbTaToB 00BEANHSIOTCS U KOPPEKTUPYIOTCS MOCIIE aHAIN3a MUKCENe U TOMEIAI0TCS B
COOTBETCTBYIOIIYIO KATETOPHIO Y€PHOBUKOB.
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User recognition system integration into personal software

D. Sirbiladze, T. Bakhtadze

Summary
Microsoft Windows Active Directory is a powerful tool for managing users, sharing their
rights and sharing all of these in different systems - intranet, mailbox, calendar, communicator, and
Microsoft or personal software. It enables us to fill in and fill out data. Memorized as built-in fields

can also create and fill out personal fields.

WuTerpamus crcTeMbl OO3HAHNUA II0Ib30BATEIA B IMIHOE IIPOTPAMMHOE 00eCIIedeH e
. Cupbrmragse, T. baxragse

Pesiome

Microsoft Windows Active Diretory - 5To MOIIHBI HHCTPYMEHT JJ YIPaBlIeHUA
TI0JIB30BaTeIIMH, COBMECTHOTO MCIIOAB30BAaHUA UX IIPaB M COBMECTHOTO HCIIOJIB30BAHUSA BCEX ITHX
GyHKUMI B pasHBIX CHCTeMax - MHTPAceTH, IOYTOBOM AIIMKe, KaleHJape, KOMMYHHKaTOpe MU
Microsoft miu nu4HOM IIPOrpaMMHOM OGecIledeHHH. DTO IIO3BOJIIET HAM 3AIOJHATH M 3aIIOIHATH

AJaHHBIE. 3arnoMuHaeMbIe KaK BCTPOEHHBIE ITOJIA TAKXE MOI'yT CO34aBaTh UM 3allOJIHATH JIMIHbBIE ITOJIA.
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Ananu3 BO3MOXHOCTE COBEpIIEHCTBOBAHMS DIEKTPOHHEIX TEHZIEPOB
Amnna Kobnanrsuin, Mamyxa Merukunzgse

Pe3ome

CoBepieHCcTBOBaHHE Chepbl TOCYAAPCTBEHHBIX 3aKYIIOK OCOOCHHO B)KHO JJISI Pa3BUTHS MAJIOTO U
cpenHero 6musHecca. EnuHas 37eKTpoHHAs cMCTeMa 3aKyIoK, BHEAPEHHAs B ['py3un B mociegHHue TOIpl,
3HAYUTEIBHO YIPOCTHIA JOCTYI K OOIIECTBEHHBIM TeHAepaM. HecMOTps Ha Takylo JOCTYITHOCTb, ceidac
OIHON M3 mpoOieM SBISETCA CO3JAaHUE Ha/UIeXKaIled MOTHBAIMU AN 3aKyNOYHBIX OpPraHM3alUi K
CTUMYJIMPOBAHUIO yYacTHsl MAJbIX M CPEIHUX NPEANPHATHH B TeHAepax. bonee mupoxoe BoBIedeHUE
MalbIX U CPEIHMUX MPEANPHUITHI B MPOIECC rOCYIapCTBEHHBIX 3aKYIMOK MOJ0XKHUTEIBHO OTpPa)KaeTcsl He
TOJIKO Ha PEe3yJIbTaTax OTIENBHBIX 3aKyIOK, HO M CIIOCOOCTBYET POCTY 3aHATOCTH M YCOBEPILEHCTBO-
BaHHUIO ’KOHOMHMYECKHX IoKa3aTenel cTpaHbl. [103ToMy O4YeHb akTyalbHO CO34aHNE HOBBIX M MHHOBAIIH-
OHHBDK OM3HEC-MOeNeH W TIOMCK HOBBIX CIOCOOOB JOCTYIA K YCIIyraM, ¢ TIOMOIIBIO KOTOPBIX peajbHO
o0ecrieunBaeTcsi COOTBETCTBYIOIIEE JKEJaHUE M HACTPOCHUE ISl MOTHUBHPOBAHMS MAaIbIX M CPEIHHX
MIPEANPUATHI K YYaCTHIO B TEHJIEpax, YTo OyAeT crocoOCTBOBAThH Pa3BUTHIO OM3HECA U SKOHOMUKH.

B crarbe 00Cy)XIat0TCs MPEUMYIIECTBA U HEOCTATKU CYIIECTBYIOIINX JICKTPOHHBIX TEHIEPOB B
I'py3nn, npuBeIeHbI KOJIMYECTBEHHBIE TTOKa3aTenn 3(p(heKToB, MOIyIEHHBIX B pe3yJIbTaTe HCIOIb30BaHUS
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OJIEKTPOHHBIX TEHACPOB, CACIAH aHaJIN3 HEAOCTATKOB, IIPEATIOKCHBI CITIOCOOBI IIPEOJOJIEHNS 3TUX HEQOC-
TaTKOB.

Analysis of improvement of electronic tenders
Ana Kobiashvili, Mamuka Melikidze

Summary

Improvement of the state procurement sphere is especially important for the development of small
and medium businesses. The unified electronic system of procurement6 implemented in Georgia in recent
years6 has significantly simplified access to public tenders. Despite of such availability, nowadays, one of
the challenges is to establish appropriate motivation for procurement organizations to stimulate
participation of small and medium enterprises in electronic tenders. The broader involvement of small and
medium enterprises in the state procurement process positively reflects not only the outcomes of
individual procurements but also increases its beneficial impact on employment and the growth of
economics of the country. Therefore, it is extremely actual to create new and innovative business models
and find the new ways to access to services which actually provide establishing willingness and attitude
of small and medium enterprises to participate in tenders which will contribute to development of
business and economics.

The article discusses the advantages and disadvantages of existing electronic tenders in Georgia,
gives the qualitative indicators of impacts, received as a result of using the electronic tenders, analysis of
the shortcomings is made, ways of overcoming these deficiencies are proposed.
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Vi \ In(Vy) In(Va) In(N(1)) N(t) (Vi-Visg)? (Vi-N(1)?
1 6 0 1.792 2.209 9.104 232516.840 9.633

2 32 0.693 3.466 3.258 25.996 36.049 36.049
3 65 1.099 4.174 3.872 48.025 288.155 288.155
4 78 1.386 4.357 4.307 74.232 14.195 14.195
5 95 1.609 4.554 4.645 104.062 82.121 82.121
6 120 1.792 4.787 4.921 137.137 293.671 293.671
7 188 1.946 5.236 5.154 173.179 219.657 219.657
8 239 2.079 5.476 5.356 211.974 730.428 730.428
9 278 2.197 5.628 5.535 253.346 607.807 607.807
10 315 2.303 5.753 5.694 297.153 318.506 318.506
1 380 2.398 5.940 5.839 343.273 1348.899 1348.899
12 421 2.485 6.043 5.970 391.599 864.391 864.391
13 454 2.565 6.118 6.091 442.042 142.990 142.990
14 482 2.639 6.178 6.204 494.520 156.745 156.745
15 505 2.708 6.225 6.308 548.960 1932.500 1932.500
16 601 2.773 6.399 6.406 605.299 18.478 18.478
17 624 2.833 6.436 6.497 663.476 1558.385 1558.385
18 723 2.890 6.583 6.584 723.440 0.194 0.194
19 769 2.944 6.645 6.666 785.140 260.511 260.511
20 810 2.996 6.697 6.744 848.532 1484.752 1484.752
21 872 3.045 6.771 6.817 913.575 1728.451 1728.451
22 932 3.091 6.837 6.888 980.228 2325.955 2325.955
23 991 3.135 6.899 6.955 1048.457 3301.299 3301.299
24 | 1068 3.178 6.974 7.019 1118.227 2522.780 2522.780
25 | 1157 3.219 7.054 7.081 1189.508 1056.746 1056.746

Vinbsd. o Co C1 R? TSS RSS
488.20 | 1.2533 | 2.20868 | 1.51376 0.916066 253810.50 21303.3
No b F-2600. o
9.10370 | 1.51376 | 251.0253 372.15
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Statistical modeling of commercial site user traffic
Tengiz Macharadze, Giorgi Kuchava

Summary

The paper considers a statistical model for the evaluation and prediction of user traffic of a
commercial Internet site. The model describes the dynamics of traffic and allows at the design stage to
choose the right structure of the site, to make a forecast for the future, to assess the feasibility of
investment in the Internet resource. Research and practical testing of the model is carried out for
statistical data of user traffic of the new online store. The results of regression, statistical and dispersion
analysis obtained in the course of the study, confirm the adequacy, statistical reliability and effectiveness
of the practical application of the model.

CraTucruueckoe MOACTHUPOBAHHUE IMTOJB30BATEJILCKOI'O Tpaq)mca KOMMEPUYECKOIo caiita
Teneuz Mauapaosze, I'uopeu Kyuasa

Pestome

B pabore paccMOTpeHa CTAaTHCTHYECKass MOJENb Ml OLEHKH M  MPOTHO3UPOBAHUA
MOJIB30BATENBCKOI0 Tpaduka KOMMEPUYECKOTro UHTepHeT-caiita. Moieb ONMUChIBAET JUHAMHKY TpaduKa
Y TO3BOJISIET YK€ Ha CTaJMU NMPOSKTHPOBAHUS MPABUIILHO BBIOpATh CTPYKTYpY caiiTa, caeiarh NMpOTrHO3
Ha OyJyliee, OLIEHHUTH 11eJeCO00pa3HOCTh BIOXKEHUs MHBecTUlMH B MIHTepHET-pecypcee. MccnenoBanue u
MIpaKkTHYeCKask arpoOalsi MOJIETH MPOBEJICHA JUIS CTaTHCTHYECKUX JAHHBIX MOJIb30BATENILCKOTO Tpaduka
HOBOTO MHTEpHeT-MarasuHa. llodydeHHBle B NpoOLECCe HUCCIEAOBaHMS PE3yJIbTaThl PErPECCHOHHOIO,
CTaTUCTUYECKOTO M JUCIEPCHOHHOTO aHajlu3a MOATBEP)KAAIOT aJEKBATHOCTb, CTaTUCTHUYECKYIO
JOCTOBEPHOCTH 1 3(P(PEKTUBHOCTH MPAKTUIECKOTO MPUMEHEHHS MOJIEIIH.
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58030l 300MdYIF0 sbogro 3MMYMdMwo MbBOWb3gwymaol Lsgwydzguwby dmdmdsgg obd—
9MB9B-0505D00b Bbd30MmdoL IgBH0 9539]EH0bMds PrestaShop, Joomla, Wordpress, Drupal dot—
®390bg 938539 LEOGHJOMIB TgsMgd0m. 390-LEOGHOLEH035D 330P39bs, MMd Python—byg saq—
0o doMM30L IJmby 06EHMBYEH-T505B00L byoETs gdwm mgzgdo 7931 Wbozswrw®o dmdbds—

6900l (visitors) Imdbobe@gds olg, G LIMZIHO JODHYSG 5O FoPOTHYs.

196



063gMbgB—8505B00l 360530 MHOHMB3gEYMBs ©d Fomaeo GBIl 30HGMdYDTO. ..

Python—ob Hgdmom 50603bme 3065EHgbmdgdmsb gOHmo, Fo®owo GHMR030L 30MHMdI—
090 LsoBob 95399E096 BMb30Mdsl bgwo Tgmfigm 08 gocgdmdsdss, Mmd hggbl doge dgdwydsgzs
3mbo3gdms dsBoLmb 3Fomdol L3gEoswMo d9dsboHdo. Forowo GHEMsx3030L 30MMdYdT0, o
DoBHMOHGIOL BOELMD JMHMo, FoEMEMmdl B gdol 4s8mygbgdol 0bEgblogmds s 99—
Lodsdolo 0BMHEYds IMbsEgdoms d9Bsdo FmIbTsMYdgMs IMbM3bgdol ogHagbols Lgbosme
om©gbMds. 59 30MHMBYBT0, 053000 MMI 533930 gd0bs IMbE7TMS BOBOL SWMPMEO FOIG—

1. 3g0-8505Bool Lsbgero CompShop/

2. byo@Gob 9mddggdsdo dmdygsbo __init__.py

3. 099gdo templates/

4. bL5MIBISMYOEM 239O0 layout.html

5. 305 ©0MHgIEHMM0s home/

6. LYIMIBTSMYO M 23900 layout.html
7. Lafigobo 239MmO index.html
8. 0bgmMdogos about.html
9. H930LGHM(300 signup.html
10 .36mgodo dgligems login.html
11. 50806-3063H G0 dashboard/

layout.html

news_feed.html

welcome.html

find_products.html
profile/

layout.html

timeline.html

12. 500806-2396M©0

13 .Losbmggdol gobymmomgds

14. 8oLoedgdol Bsbx oG

15. 36mJGob dogds

16. 3®m@owo

17. b5 THBoMgOCM 39O

18. 8mdbdocnderols 306Mso LogMEg

19. 0bgm®3dsiz0s about.html
20. gmEH™gd0 photos.html
21. 36m©MJGH9d0 products.html
22. 33¢00gd0b dg@)sbo edit.html

23. 356539 Mgd0 settings/

24. 153 T5TboMYOM 439MO
25. Loo@ob fgbgdo

26. 53D
27. 80753560 339640

layout.html

privacy.html
security.html
general.html

28. bgo views/

29. 95993900 __init__.py
30. 353960 home.py

31. 5d0b-3569wo0 dashboard.py
32. 365800 profile.py

33. 356539@ 900 settings.py
34. LEBSGHOIMOMDS static/

35. bBogdo style.css

36. o™ logo.png

37. 9m@9gdo models.py

Bob. 3. 06¢g6mb9E)-0505B00L LMWy EHmE

300m39, 999019535 b3gEoswwmo Cache 3OMAMTE0 FmEWEo, HMIGEoa MBOH63gLYmal
dmboigdomos dsBol dogh 3OMEgLMMOL OGHIOOMZOL M3IHGHOMEo dgblogMgdoLMZOL Fosbs—
fogdsl. gb Ggbsdergdgaro gobs 0dob 3sdm, ®md Python—o 56 dmombmgl LyMzgmol GglmmUL
0653mM 5300l 3mI30¢s305HY O 3005306 Fs34s3L bytecode-do. s8Ybs, MglvGLO, Grer—
99003 6o ImbBoMgdm©s 3MI30Ws30sl, 3odmygbgdreos 0bxzm®dsgool Vg™ LHMono o
0053900L5m30L s LYIMZ9MHOL OEZOMMZ0L TGLodbvdJgdES.
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30030 3F535

353365
6590M™3To gobbowmo 39O E0o sbodbmgdol 0bEIMBYGH-Ls0G0lL d3OMyMmsdeo
MBOHD3gyma3s, 35050 LsdMIbISMHIOM BHEMOx030L 306MdJBT0 BYMZgMOL 535MOGMEOHIXO
MaLwOLYdIOL 9839dGH060 Fodmygbgdol Lodwsegdsl a35dwgal. dob Lsgmdzguw by 239890 S
65dMddo 999498539090 LEGHIGMGOL dmbg 06EgMbgEH—0s0sB0s, godegds dobbowwe od-
Bal BmymOE Indagd0s60 Fgmagzsbgds gergdGHOmbrwo 3m39MHE00L LRIOML ELAHYgdo s gob-
30056985000 30DBbgLOLIMZOb.

Software of the online story and analysis of its efficiency in conditions of high traffic
Giorgi Kuchava

Summary

The problems facing the hardware and software of commercial sites caused by the increasing
consumer traffic are analyzed. A method of improving the software of the commercial site and the
corresponding software product based on the use of the Python programming system has been
developed. The file structure and user interface are developed, program codes are made and
improved. The developed software has been tested for the website of the online store designed on its
basis. The results of the study show that in the case of high consumer traffic significantly reduces the
load of hardware resources of the site server.

IIporpammHoe o0ecneueHHe MHTEPHET-MAra3uHa U aHAJIU3 ero 3¢ peKTHBHOCTH
B YCJIOBHSIX BBICOKOI0 Tpaduka

I'mopru Kyvasa

Pestome

[Tpoananu3upoBaHbl NPOOIEMBl, CTOSIIME IEepe alapaTHBIM M NPOrpaMMHBIM obecriedeHHeM
KOMMEpYECKUX CaiiTOB, BBI3BaHHBIE BCE BO3PACTAIOIIMM IOTpeOHTENnbCKMM TpadukoMm. Paspaborana
METOAMKA  COBEPLICHCTBOBAHUS  NPOrpaMMHOrO  obecliedeHHs  KOMMEpUYecKoro  calta H
COOTBETCTBYIOIIMH  IPOTPaMMHBIIl  NPOAYKT,  OCHOBAaHHBIH  Ha  WCIONB30BAaHHE  CHUCTEMBI
nporpammupoBanus Python. PaspaGorana ¢aiinoBasi CTpyKTypa W IOJB30BAaTEIBLCKHIA HHTEpQEHcC,
COCTaBJCHBI W YJIydlIEHbl NpOrpaMMHbIE KOZbl. Pa3pa0oTaHHOe TmporpaMMHOEe OOecredeHue
anpoOMpOBaHO /ISl CIIPOSKTUPOBAHHOTO Ha €ro OCHOBE caliTa HMHTEpHET-MarasuHa. Pe3ynbrarsl
WCCJIEJIOBAHMS IIOKa3bIBAIOT, YTO M B CIy4ae BBICOKOTO IOTPEOHMTENLCKOrO TpadUKa 3HAYUTEIHHO
COKpalllaeTcs Harpy3Ka alapaTHhIX PecypcoB cepBepa caifra.
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