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The research results carried out mainly by the Institute’s scientists through 2013 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.

The work “Analysis of the matrix one-way function and two variants of its implementation” for discussion is
presented.

Hactosawmin c6opHUK TpyAOB B OCHOBHOM COLEPXWT pesynbTaTbl UCCNEeAoBaHUW, MPOBEAEHHbIX HayYHbIMU
coTpygHukamun uHcTuTyTa B 2013 rogy. TpyAbl OTpaxaloT Tpu [faBHbIX HAYYHbIX HanpaBneHWs MccriedoBaHWi
WHCTUTYTa: Teopuilo ynpaeneHus, pa3paboTky CMCTEM YnpaBreHus, B TOM 4MUCre YnpaBneHue B 3JHepreTuyeckmx
cucTemax, U MHpopmaTuky.

B obnactm Teopun ynpaBneHWs pPaccMOTPeHbl Mpobnembl BEKTOPHOW OnTMMu3auuuM, MaTeMaTU4ecKoro
NporpamMMmMpoBaHnNs, HENMHENHOW MAeHTUdUKaumMm n ap.

B cbopHuke ocBelleHbl 3a4adyvM MOAENUPOBaHNSA U MOCTPOEHUSA KOHKPETHbIX CUCTEM YMNpaBneHus, B TOM 4ucre B
TaKoW akTyanbHon 06nacTu, KakoBOW ABMSAETCS SHepreThka.

B cdepe wuHpopmaTMKM paccMOTpeHbl BOMPOChI CBSA3aHHble C nNpobnemamu WCKYCCTBEHHOrO WHTEenmnekTa,
MHPOPMaLIMOHHbIE CUCTEMbI PasnUYHOrO TWNa, 3adavu KOMMbIOTEPHOrO MPEACTaBMEHUS MMHIBUCTUYECKUX 3HAHWNA,
BOMPOCHI aHOTUPOBAHNS TEKCTOBbLIX KOPMYCOB U Ap.

A Takke npeacTaBneHa AMCKYCCUOHHas paboTa Ha Teme «AHanu3 MaTpu4HOW OOHOHAaNpPaBneHHOW PyHKUMKU 1 ABa
BapunaHTa ee OCyLLEeCTBMNEHNSI».
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ngm@ools s 3M5]Hogol,  LEsEogg®o s  ©obsdogygdo  m3Godobszool,  medsTms
0 gm@ool, sEdobolBsgoygmo dsdmgols ©s 3mbgmoddg®o  Lodgszogdol sbogmobols
Logombgdby, sg@9mgg, 9dgbo Imbmydsgos s mmbo Lobganddmgobgemm (msbssg@mmgdmsb
90m5©) Logommggeml Bgdbogn®o 960390Lodgdol LHYIbEgoolomgol.

9Om-90m0  bobgarddmgebgemmbsmgols  “m3@odsgnyg@o  ©s  sad3dydo  Lob@gdgdo”
(L33 mIggero, 1000 a390bg dgB0) dsGmb gobBobals mobssgdm@gdmsb gohmowe (3Gme.
S 399 dgomo, ogop. 3. Lognyydgedg) 2004 Fgaols dgEbogdgdols s Bgdbogol ot do
Lodo®mggerml Lobgardfogm 3mgdos dogbods.

d5@mbo  gobRobao Fargdol dobdognbyg 9Fgmes 3gmogmyoyg®d dmmgsfgmdsl mbdoaolols
Lbobgedfogm  9gbogg@dlodgddo, LoJsdmgganml Fgdboga® b0gg@lbodgddo o Lobsabm
d99Gbgmdols dsdmgols 0blBo@dY@do. ogo ogm Lododmggeml Bgdbogydo gboggdlodg@ols
Lowoligh@dozom badkml §gzdo.

d5@mbo  gob@Bobaols  bgarddmgebgemmdom  sEgmos  d@sgogmo  Lopm@mem oo
Logoboms@m oligt@dsaos.

5@ mbo  gobBobao oo 3m3Pmemmdom Lodagd@mmdls Lobmgo®as®gmsE. dob shans
bdoGop dododmsggh 3mblgm@siogdolomgol. dol gbobgd 0bgmmdszos aobmoglgdymos
5@ 39bols 36mdoe bmds®mTo “Who is Who in the World”, &mdgenoi dgg@mgdage 9@ @96 do
3odmeol.  ogo ool odg@ogols  gangd@®mbogols w©o  gangdB®m@gdbogol  0bLGo@ydob
Lods@om Fagmo, sdg@ogols 3e0obgBo@yao Lobmgowmgdols Fagmo, sdg@ogols
39Ma@0x07@0 Lobmasmgdols ©s domadsgoygmo bobmgspmgdol Lasdsgom §ggdo.

d5@mbo  gob@obyo, olggg, o®hggmos Lsgo@mggaml Lsobgobdm s3swgdools bodwgoen
V93000, sgo9dogmbsow, bowsi 0go bogmgogdew dmwgsgmdl.

Loggmom, oelbymmgbgboms s 3M0b3Eodgmmdon yodmdbgya gL dyogl slgmogy

d9bgdol  gohmagmo s dbAYbggmo  mebodgsbyemg —  Jgmggeb  gohghognsdg,  gJodo-
dogdmdomamao, dgoogobols dgEbog@dgdoms @mJ@mmo, 37domdl mdoaolols godiobgdobs
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SAOLZOIRIGIN(N (M3BH0F0DBSBOOL SMBO6IBOL S3@MILNFSGOOLS Ko
L3OR3MNDSGOOL TILOLIS

3. O0LIRSIT, 8. LS ITFSIT, 5. 85306605
wmaisuradze@yahoo.com

L. Lod&ogmol 989d@a® FaOEomms 53@mJlodsizos

gmJgom, Y oéol FOx0g0  Godmmmaogdo Logh3g, Q s@ols sOsEsMmogeo  Jgglod-

@ogarg Y -390, BCY, intB=,0€ frB o k®eY {0} 59Jpm60 sgdoymeomgdls 3o-
Omdsls:

cIB+(0,0)k° cintB. (1.1)
hogmgogmmm, Gmd £ oMol s@osedymgomo bodpgomo @oibgo.

256Lsdbmgds 1L Y, € gamgdgbdl gfmwgds Q Loddogmols &,k°- 999600 FTgo-
Gowo B Lod@sganols dodos®m, mg LOgmogds Jo@mds:

QN (y, — ek’ —B\{0) =D (12)
3obLab@g@mols Labom dogommm, Gm3
eff (OB ,)={y, eQ|QN(y, — sk’ -B\{0}) =T}. (1.3)

oy £=0. 35906 Loddogmyg eff (2, B), goblobwgagmo @oamdon
eff (2,B) = {y, Q|QN(y, ~B\{0) =D} =eff (@B, .), (14
5@l Q LodGogamol 9539dd90 Fg@domms ghmmdmonds B Loddsgmols 30dsom.
Gowash BCCIB, sopmd (L1) —oli msbobis, B+(0,00)k® cint B < B\{0}.
dgmeg dbmog, B\{O}C B, s>do@ma
B\{0}+(0,0)k® = B+(0,0)k° = cIB+(0,0)k° cint B = B\ {0},
o699 —(0, Oo)ko —B\{0} = —B\{0}, ULoowsboi godmdwobsdgmdl, @md
y—(0,00)k’ —B\{O} = y—B\{0}, y eV .
sdM0y00, JoMmgoygmos hodmgs:
y—[0,00)k® —B\{0}c y—B\{0},yeY . (1.5)
ng 0<g <g,, (15 - ©sb 3o8mdpobsdgmdl, Gmd
y—(&,—&)k’-B\{0}cy-B\{0},yeY,
b9 Bodmgdnmos  hedoggoo:  Y—&K' —B\{0}c y—gk®—B\{0}c y—-B\{0},yeY .
93565b36gmoEsb  goligghom,  @md  wy Y, €eff (Q,B), 85306 y.eQ oo
Qm(yg -B\{0})=9. Goyob do@mgdymos hodimgs Y, —é‘lko -B\{0}c y.—B \{0},
sdo@gmd QM (yg —Slko —B\{0}) =D. g 6036530, G™I y, € eff (2, Bel,ko) BN N
Y~k —B\{0}cy. — ek’ —B\{0},
530dm3 oM gdygeos FOEmdsS3 Qm(yg —82k0 —-B\{0}) =9, sby y, € eff (Q, Bsz,ko) ,
53 mogobmogo bodbogl, ™I Lobsdwgom gdo do@mgdygeos hodmgoms xodgo:
eff (0, B) ceff (,B, ) ceff (OB ,).0<5<s,. (L6)
Jmd@ogoios [IF B0 D sto@etogmo Lsgnotogo Jagboddegmols oo K® €Y \{0} 59-
JOmGolomgol, Gmdmadoi sdsgmeomadgh D+tk® = D,Vt>0 socdmdsl, @Y ->R
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8. 850635, 8. bSKIIZSIT, 8. 35306605

B96JG0mbsmo  aobolobog@gds Hmmmdon @(Y)=INf{t eR| yetkO—D}. oy B s@ol
Loggm®ogo s@so®ogmo J3gbod@sgang Y - Fo, 35306 D=CIB s@0l  Loggm@ogo séo-
GoMogmo hoggdomo Jagboddogang Y - do wo @Y —-R 296J3ombogo as5bolsbwg®gds
BOEmdom:
p(y)=inf{t e R|y etk® —cIB}. (1.7)
0gmegds 11 gozem,Q,BcY stols  os@sotogmo  Logygm@ogo  Jggloddsganggdo,
intBx3,0e frB, CcY séols 3mb5bo, intC=d, k° eintC s &2 0. hogmgsgnmm,
®md cIB+intCcintB, vy, eeff (Q, Bg,kﬂ) , bomeo @Y —> R 296 Jobsgo  2s5blob-
©gHYE0s FEEmdom:
o(y)=o(y-y,) =inflteR|y -y, etk’ —clB}. (1.8)
35d0b @ gybiombogno s@ol Laldyao d60dgbgermdgdols 3Jmbg 9Vgg980 o dgoEdow
intC - dmbm@mbymo, Gmdgmoi 53854mxzomgdl 30@mMmbdsl:
o(y,)<o(y)+e, VyeQ. (1.9
200 5©0bodbmobs, my CIB+C\{0}cintB, 35306 @ os@ob 3305000 C- dmbm@e-
by@o.

©533 303905 MoE5b B >M535M0 gm0 boggmaogo Jggloddsgemgs Y - 9o, >do@mad ciB
53M9m3g @0l sMs3sMogo, Loggm@ogo ©s hoggdomo Jggboddmsgeyg Y - 9o. domens(3,
Logdos@olos  gohggbmm,dmd clB 50l Loggmmogo  Jggloddogang Y- 9o. 0537 dgom
Voboomdpgan, g0 ©ogydgom, @md ciIB=Y, 95906 9bos  LOgmEgdmogl  30MMbs
Y +intC cintB. o560 Y +intC=Y, 5d0@m3 ggobsbgbgao hodmgosb gmgdyammdm,
omd Y cintB. 5056 intBcB, s>do@ma Y <B. o560 BcY, s>do@Bma B=Y. 9L
gVoboomBpgygds 300mdsls 0dol dgliobgd, Gmd B os@ol Loggmeogo Jggboddsgeny Y - %o.
domgdgmo Fobssmdpgymds 3@ g03g0lL, G®I ciB=Y, oby Y\cIB-J, 053 mogolmes-
go© bodbogl, @m3 cIB s@ol Loggomogo Jggboddsgang Y - Bo. 5256 intBcclIB ©5
cIB+intC cintB, >doBma clB+intC <cIB. Gowpob  C Y ool jobglbo @

koeintC, 2do@dmd 3y9oeogsigos [1]- ol gogds 110 — ol 3o@ggano 396J@ol mobobdsw,
LA gengds 306mdgdo:

VzeY,dteR:z+tk°® ¢ clB,
Rk®—cIB =Y, (1.10)

cIB +tk°® cint(cIB), V't € (0, ).
398045305 [ o mgm@gds L1 —ol (0) ©s (C) 396JB9001 mobobdow, 30650 369am0
60dbogl, dmI @ gybJaombogo  s@Ol Lol®ymo 360dgbgermdgdols dJmbg, bmam sdsgg

mgo@gdol ()  396Jpol  mobobdop @  gubjgombomo  9fygaBos Y - by Gowyoh
intC =intC\{0}, intBcint(clB) ws cIB+intC cintB, 5303

cIB+intC\{0}cint(cIB).
13565L36ga0, 3gdaogoios [1 ol mgmdgds LI1 —ob (g) 396JBob 2 39396460 mobsb-
do 60dbogl, dmI @ GybJaombsgo s@ol Igodo© intC - deobm@mbydo.
09 LOg@Egds 3000 cIB+C\{0}cintB, 35306 cIB+C\{0}cint(cIB) oo oligg 3-
303030 [1F ol mgmégds L1 —ol (g) 396430 2 J59396JB0b msbobiswe, @ &ubdiGom-

bogno s@ol oo C- dobm@mbydo. Igmdg dbmog, (1.8) goblobmgmols mobsbdsw, yge-
Jal:
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S@SL3IRNIGIRN0O (M3BHN30DOGO0L SBMBS6IBOL 53 (MILOBSBOOLS ...

o(y)=p(y-y,)=inf{teR|y-y, etk’ —clB}.
Gopoh Y=Y, €Y, VY EY 0o @ gubigombomo dbomae Lsbtgm 860836gemdgdl -
dumemdl Y -bg, sdo@od  @(Y)=@(y-Y,)eERVYEY, go. @ osé0l  Lobdygmo
36036gemdgdol 3Jmby BubJcombommo Y -y oy {Y,hN=12 ..060b yeY geogdgbpo-

Uoggh g@gdowo d0dgg@mds Y - do, 35Tob a)(yn)=(p(yn—yg) s @ gybjaombsaols
9F9390™d0l 2odm dodmgdymos Goemdgdo:

lima(y,) =lime(y, —y,) =o(y-y,) =ao(y).

N—oo N—o0
9356036900 60dbogl, MmI @ stol 9fyz9d0 KBybJEoboemo Y Logd39by. gndgom, @md
Y Y, €Y g gdgb@gdo o3dsymazomgdgb Y, =Y, € intC \{O}: iNtC  306mdsl. 95906 gbe-
wos, ®03(Y,—Y.)— (Vi —VY,)=Y, =Y, €INtC ©s, @opgsb @ os@ol dzoa0se INLC -

dmbm@mbydo, sdo@md qo(yl — yg) < (p(y2 - yg) , oby a)(yl) < a)(yz) . gL ggobalgbgano
60dbogl, Gmd @ Gybjaombogo s@ol oMo intC - dmbm@MbyMo. sbogrmpoy®oe
30 303Pgos, md o9 @ otoli IgoEdop C- dmbm@mbydo, 35T0b @ §ybjiombsgno

5309039 @0l dzo@ow C - dmbm@mbydo.
gohggbmm shans, @mI Jodmgdymos (19) g@m@mds. wogydgom Fobssmdwgyo. d5Tob

dmobobgds Y € Q, @mdgmolmgolsg Fgbogmegds gog@o g@mmemss oY) +&<a(y,).
Body dbdog, @(Y) =@(y=Y,), 2dopod @(y—y,)+e<a(y,) e a(y,)=¢0). gb
b0dbogl, @md 9bes LOYmEgdbmEgl gGmeEmds: go(y—yg)<(0(0)—&‘. >do@md, dmodgd-
bgds bs3goamo  @oibgo t<p(0)—&, 6mIgmog ©osgdogmaomgdls  9@m@ Sl
¢(y—yg)St, o6, 37g6mogoios [1]- ol mgm@gds 111 —ol msbobdow, do®mgdyao 0bgds
bodogs Y—Y, etk®—CIB. p3o43l:

yey, +(t+e)k’—ek’—cIlB=y, —ek®—(cIB+(—&-1)k°). (1.11)
dgnéy beog, t+e<@(0). (L) 306030l mobobisp, Gawpast CIB+(0,00)k° cintB,
5308 CIB+(0,00)k® cint(CIB) . 53565l36ge0wsh, 3mdmogsgos [1- ol ogmégds L1 —
ol () 3964@obs ws  fr(ClB) = fr(B) @oemdol gomgomoli§obgdom gwgdenmmdo:

{yeY|p(y)=t}=tk°— frB,vteR,

boowoboi  godmdwobosdgmdl, @md {y eY|gp(y)=O}:—frB. @owgob 0e frB, 530fmd

P(0)=0, go. (~t—&)>0. (L) 306030l Mobobdsp, CIB+(—&—t)k® CintB. Gowysb
int B < B\{0}, 5303®3 Lsds@maosbos Bsdmgs

cIB +(—& —t)k°® = B\{0}.
(L11) — ol msboblop, 7g0bsligbgemo 60Bbaglh, Gmd Ye Yy, —ek® —B\{0}. Gowpsb YeQ,
53008 QN (Y, —ek® —B\{0}) #D. 5900 dogopgm §obsswdogamds 08 god@msb wo-
338009300, @03 Y, €eff (U B o), oby dodmgdgmos (19) yoommss #

3obLobmgds 12. gndom, O3 C séob 3mbgbo Y - o, boam oY >R - bgdolidogmo
C - 30bm@mbycdo gubjgombogo, go.: Y, —Y, €C = a(y,) < @(y,). 35306 eff (Q, Cg’w)
Loddsgangl, goblsbwg@dyels Gmenmdom

eff (,C, ) =1{y. €Q|a(y,) <a(y)+&,Vy eQ},
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8. 850635, 8. bSKIIZSIT, 8. 35306605

gVmegds  Q Loddogmol &£- 9939dd90 Tgodomms ghmmdmomds @ ¢96dgombsmols
dodo@o.

0y mgmegds 1.1 — do hogmgenom, @mI B=C, 95906 53AMI>HPAoe LOgmegds 30-
@0y 0€ frC s 50603690 mgmegds Bedmysmodogds V9dwgao boboo:
0gm@gds 12. godgom, ©OmI QcY séob sM533M0gmo  Laggm@ogo  Jgglboddmsgeny,
CcyY - Lo ggmmogo 3mbgbo, intC¢@,kO eintC.,clC+intC cintC, >0,
oY >R 996J30bsgo 2oblob@gdymos Fmemdbon

o(y)=g(y-y,)=inf{t eR|y -y, etk’ —cIC}
©o Y, e eff (Q2, Cs,k")' 35dob @ s>@ol Lobdygeo 8bodgbgenmdgdols 3Jmbyg, 9Vyggdo o
EENEIONY intC - dmbm@mbymo gubjaombogo, GMmIgmoi 33sgmaomgdl 30@mMmbdsls
o(y,)<o(y)+e,VyeQ.
09 bogmegds 3odmds CIC+C\{0}cintC, 35806 @ o>@0b dzo3@00 C - d0bm@mba-
@o.

30350 sbans, G@d VY e gmgdgbdolbomgol do@mgdgmos hodmgs Y, =Y eC. 8-
dob SEPOE0 ‘dgoden gdo 3Jmbogls 9o» ‘dgdmnbgggols ‘dgdgy0 bodosb:
y.-y=0y.,-ye intC, y.—yeC \{C}. 3otggen  dgdmbgggedo ds@mgdymos  Ho@Mmbs
a(y) =a)(yg) » bogem Jgmdg s dglodg dgdmbggggddo, mgm@gds 12 —ol msbsbdsg,
doMm0gdygmos 335300 YBHMEMdS a)(y)<a)(y€) gL 603bogl, ®md Y, =y €C hodngowsb
gmggeomgols  aodmdobodgmdls @md a)(y)Sa)(yg), oby mgm@gds 12, —oli mobobdogw,
@Y >R s@ol C-  mbo@mbydo  gubjgombomo s Leumogds  gBHmmemds
o(y,)<o(y)+e,VyeQ. Goaob Y, €Q), dmygsbogmo by gemdowsb  odmBwobs-
gmol, Gmd yEGEﬁ: (Q,ngw). sdoo Lobodwgomgdo sd@GioEes, Mm3  JoMmgdyeos
hodomngs

eff (2.C_ ) ceff (.C,,).

0gmAgds 13.  godgom, ®mI Q,BcY sa@ol >M535M0 g0 Logym®ogo  Jagbod@sgen 9960,
intB=<, CcY s@ob 3mbgbo, intC =, k° eintC s €20, Bogmgogmm, G0
cIB+C\{0}cintB. wog9935m, G0 Y, €Q gangdghBo o3dogma0mgdls 306 mdsl:

o(Y,) <p(y)+&,VyeQ. (1.12)
35306 5@Lgomdl @os Jggboddsgang DcY obgmo, @mI Oe fl’D,C'D-i—C\{O}CiﬂtD
s doMmgdygmos hodmgs Y, e eff (2, Dg‘ko).
338303 30639 Gopdo gohggbmm, @M dmigdym Jo6mdgddo CIB seo Lsgym@ogo,
9.0. clB=Y 5 OgintC. doM o, MYy cIB=Y, 95906 9bos LEOY@EgdmEgl 30MHMbs
Y+C\{O}cintB. 556 Y+C\{0}=Y, sdo@md  goboligbgemo  hodmgowsb  gmgdy-
@mmdm, @md Y CintB. oo intBc B, sd0dmd Y € B. @oppeb BCY, 530
B=Y. 9L gFobso@dwgagds 3o@mdal 0dol dgbobgd, @®I B séol Loggmeogo  Jagbod-
Mogany Y - %o. dowgdyeo Foboowdwgamds 53330390, ™I ciBzY, 9.0 Y\clIBzO,
9-0. clB 50l Loggmeogo  Jggboddagany Y- 9o 09 OeintC, 95906 > Lgomols
0eY Qgd@poamol  dowsdm V olgmo, G®I VcintC [2] 935601 3bgeo@sb  gsdmdwo-
bomgmdl, @mdI V cC. sdo@md  bgoolidogdo er 90 9996@0bomgols dmodgdbgds t>0

obgmo, Gmd tyeV cC, 9-0. yEt_lC. o056 C s6ol 3mbglo  ©s t_1>0, >do@md
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t'"CcC, o6y YeC, g0. YCTC. doppob CY, s80gmd C=Y . sjgosb ps0mdpo-
bodgmdl, @md INLC=IntY =Y. @sppob INC cC\{0}, s304md Y < C\{0}, o649
cIB+Y cclB+C\{O0}cintB. g 6096ogl, @md cIB+Y cintBc B.  @swyob
ciB+Y =Y, 530@Md  ggoboligbgmowsb goliggbom, @™I YcB. dgmeg dbdog, BcY,
sdo@dmd B=Y. 9L gfobss@dwgagds 30Mmdsls 0dols dglisbgd, @ma B s@ol Loggmeogo

Jagboddogeng Y - 9o. domgdgeo  Foboomdwogamds  5d@g03gol, @mad OgintC. Boyob
intB cclB,intC cC\{0} w©s cIB+C\{0}cintB, s30¢md CIB+intC cCIB, @owysb
C Y st0l gmbalo oo Kk° eintC, odo@dmd 3gdaogs@os [1]- ol gogds 110 — ols 1 39b-
JBoL msbsbdop, bLOymwgds J0Mmdgdo:

VzeY,3teR:z+tk® ¢clB,

Rk’ —cIB =Y,
cIB +tk° cint(cIB), vt € (0, ).
obgg 3gdmogegos [ ol mgoégds LI —ob  (B) s (C) 396900  msobsbdswo,
935653690 60dbogl, MM @ @ybjaombsgo  s@ol Lob®yao 3b0dgbgarmdgdols 3jmby,
bogoe ooy ogodgdol () 396JHol mobobag @ gubjcombemo gfgganos Y - by,
@oppoh CIB+C\{0}cintB, s@b0d6ygmo LI1 —mgm@gdol (G) 396dB0L 2 J393496J30b
05bsbdo, @ gubjcomboamo s@ol dgo@ow C- dmbm@mbydo. aobgobogmm Loddsgmyg:
D={yeYlo(y,-y)<o(y,)}.

Goash LenmEgds 306mds (L1), obg CIB+(0,00)k® CintB, sd0gmd 3ndmogegos [11- ols
ngmagds 111 —ols (f) 396JB0l mobsbdow Fodmgdygemos Gmamdgdo:

{yeY|o(y)<t}=tk®-intB,vteR, (1.13)

{yeY|p(y)=t}=tk° - frB,vteR. (1.14)
(113) -6 30dmd@obo@gmdl, Gmd g T, =¢(y8), 35dob o mgdymos ggogom gb@mds:

yeDeoy, —yetk®—intBeyey, —tk®+intB.

50b0@begeo 3055 gb@mds 60bsgl, MM IsGmgdgmos Gememds: D=y, —tgk°+intB.

[ONGIN Y intB s@ol ©os  Jggloddsgang Y - 9o, >do@mad D spMgmgg ool @os Jggbod-

Mogany Y - 9o. dgmdg dbog, cIB s&ob hoggdoeo Jggbod@ogany Y - 9o, sdo@dmd [1}- Qo
ols0Ymgdyeo (120) Goanmdol mobobdop, do®mgdymos Goamds

{yeYlo(y)<t}=tk’—cIB,vteR,
boowsbsz, 0lggg Omam®E bgdmm, @ gybjaombsgol ¢fyggdmdol aomgomolfobgdom,
Y dgomE 258m30bsMgmdl, MmI saomo o]zl Bmemdgdl:

cD={yeY|o(y,-y)<o(y.)} =y, ~tk’ +cIB.
(1.14) — ob sbognmgoy@s® 3wgdyemdo, Gmd Jo@mgdymos SGHMErMdgdo(3:

frD = fr{y, ~t,k" +cIB}={y €Y [p(y, - V) = 0(y,)} -
9gobolighgmo  Homedoesh  gdgemonr  podndwobsdgmdl,  @®d  0e frD,  @owyob
(Y, —0)=(Y,). dgocy dbcog agedst  CID+C\{0}=y_ —t k°+cIB+C\{0}. @owyob
cIB+C\{0}cintB, sdopmd cID+C\{0}=y, -t k°+cIB+C\{0}cy, -t k°+intB.
Gowpob Y, —t KO +iNtB =D, 5065bgbgemo hodogopsb gogdammdon: CID+C\{0}c D. o

30blgbmo sbans, @®I yg e 9093960 5335gmgoegdl  (112) 30Mmmdsl, Loowsbs godmdwobs-
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GHgmol, Gm3 FoMmgdygmos PHMEMdS @(y) > §D(yé) - &, Vy eQ, N @(y) > tg - &, Vy eQ.
gl 93565L36g@0 60B6sgl, Gmd s63gemo Y EQCY  gangdgb@obomgol o6 L@gmogds dgoHo
YAM@ ™S §D(y) < tg —-&, o3 (1.13)-0ls 0obobdog, mnogobosgsw 60dbogls, “md
yé& (tg —8)k0 —intB. 5300 Lobsdwpgomgdo  ©odBjoGes, G®mI  JoGmgoymos  BO@®mds
Qﬁ((tg —g)ko —int B) =J. @opyob Y, —tgko +intB =D, 530fmd Lodsdmeosbos Go-
@mds (t‘9 —6‘)k0 —intB= Y. —¢k’-D, booobo  gdgomme  gsdmdobotigmdl, @md
0 0 0
QN(y,—ek” —D)=D. @spgob Y, —ek” —D\{0}c y, —ek™ =D, s30¢md
QA (y, —ek’ - D\{0P =2
L1 56bob@g@ols 0sbobdo@, #356oL3bgmo Gommds 6odbogl, Mmmd Y, €eff (€, Dg’ko) #

2. 55l goes@g@o m3G0dobsiE00l bisams®obsizool bmyswo dgmmegdo
39JBmO g0 dobodobozools sdm@Esbols Lgsms@obszos b0dbogl smbodbyao s3m@Esbols

043560l hggnemgddogo g@mo bodwgomo gybdaombs@ols dobodobozosby, obyy sbigm sdm-
3oboms  gAMMomombdoby ©oygobsl. Lgsms®sbozos 3b0dgbgermgabos 03 sb@om, G™I
9000 g9bjaombogols dobodobsigoolsmgols s@Lgdmdl @oibgom dgmmpms Lmeowgdo
> lgbsgno. oo goos,  Mmd  ggJ@mayao  dobodobsiEool  sdmzsbols  Lgs@omoboios

dgomme  agmolbdmdl aodigggeo Loddogmol 989Jd9® [godomms  goblsbrogmsl
bEobood@gm gdbAMgdogmy® sdmiobosms sdmblbols bogydggenby.

0gm@agds 2.1.  godgom, B3 Y séols fOxgog0 boghzg, OmIgamoi bofogmddog womoyg-
b sOSAMogosgy@o  sdmbbgJogmo  dsbgoeno CcyY 3mb6gbom, QcY séol ot

3oM0geo Jggloddsgemg, boenm oY >R - Loggm@ogo g9bjiombsgro, Gmdmolingolsg
Qndomo # . wsgydgeom, GmI Yo €Q gangdgb@o 53dogmaomgdl 306 mdsl:

a(Y,) <a(y),VyeQ. (2.2)
d5dob Y, eeff (Q,C), 0y Loymogds g@mo 306mds F9dwgao m@owsb:

L @Y >R s@ol C- JbmFmbydo ©s Y, €Q - ghmspgdmo TgoGomo, Gmdgmoc
>gdogmagoagol (2.1) 3o@mdsb.
2. @Y >R s6ol 3gogoow C - dmbm@mbyno QMAom@ Lod@sgmgby.

©338 303905 [obslifad dg3608bmm, @I @owysb QNndomw =, sdo@dmd dmodgobgds
yeQndomo gmgdg6@0, 6mdgmobmgobsig @(Y) <oo. @oppsh ¥, sdofmd (2.1) —

ol mobobdse @(Y,) < @(Y). gb 6036sgL, G@md @(Y,) @0l Lsbegmo bsdwgomo Goibgo,
go. Yo €dome. godsem, 6md Y, ¢eff (Q,C). 35906 QN (Y, —C) =D, go. dmodgoby-
5> gagdgbpo Y EQ  olbgmo, @md Vo—V€C. godgoom, @md Y, #Y, oby
Yo — Y €C\{0}. woggdgom, 603 Legmogds 1 396J@0l 30Gmdgdo. 35806 @ ¢46G0mb-
sswoli C- 8mbm@mby@mdol aodm  @(Y) S @(Y,). 94565L36geo0@sb, (2.1) —ob goom-
35001F069200, 25903065 9mdL, GMI 69d0ldogdo Y €Q gangdgbEolomgols Jsdmgdammos
2mmmds O(Y) Lo(y). gb gfoboswdrpgagds 306035l 0ol Ygbobgd, @md (2.1) @Emen-
@3l ghmspgdmo Yo € gegdghho  ogdsgegomgdl.  Boggdgmo  Foboowdgymds
5340l 6md Y, €eff (Q,C). dgmeg  dbdog, @opgsb  @(Y) < a(Y,). sdo@md
yedomm, go. bogmegds 3o6mdgdo: Yy, Y € Q2Mdome, y, -y € C\{0}. s308md, oy

Legmogds 2 396430l 300mds, swpomo 9bps JJmbegl @(Y) <a(Y,) 93566 HGmee-
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5L, @53 gfoboomdpgygds (2.1) 300mdsl. Jowgdgmmo Foboomdwgamds 3@ 303gdl, M3 o3
‘dgdmnbgggedoi Jodmgdygaos  hodmgs yoeef'f (Q,C) #

Bg60Bg6s 2.1 bowos, mgm@gds 2.1 otmgdynmos 2 Lod@ogmol GmaTo asbbognymo
bgdolidog@o Qn(v-C) Bo3ols Lod@sgmolbmgols, bowos(3 VeY gangdgb@o
QANV-—C) %D 306mdsl s3954m50mgdl. 396dmnw, Gowpysb Q#T ws 0€C, 5dofmd
6900L30g60 Ve gangdgb@olomgols QM(V—C) Loddsgmyg o6 sGob Gotogamo, sdo@md

0gm@gds 2.1 dotmgdygeos 03 dgdmbgggsdoi, Gm@Es Q Lod@sganols Gmendo aoboboggds
Loddogang QN(V—C),veQ. 53 993nbggzedo 300mds  (2.1) @gdymmdls Lobgl:

a(y,) <a(y),VyeQn(v-C). (2.2)
2530bLgbmm, @md o9 Y oMol @ejomadse sdmbbyJomo {@gog0 Gm3memgon@do

Log®dzg, beaom C - 3mbylo Y - 90, 95906 C 3Mbglols gy gdgeno C*J(Y)B‘g]bo &ob-
0bobmggds Gmembon [3]:

C*:{y*eY*|<y*,y>20,VyeC}. (2.3)
C™ 3mbslols gaobo Bogs Bofomo CF asbolisbuamgds Gommdon:

c*={y"eC"|(y",y)>0,vy eC\{0}}. (2.4)
3oboggd0s, MM bgdolidogmo @ e o g96Jcombogno s@ols C- dmbm@mbydo, Goysb oy
y,—y,€C, dodob, c’ Lod®ogarols 3obLobrg@ols nobsbdsw, 335J3b:

a)(yz - yl) = a)(yz) - a)(yl) >0, sby a)(yl) < a)(yz) . sbsgnmgoygdsw, bgdoldogHo @ € c*
G96JGobsgo s@ol dgomow C - dmbmgmby@o, Gopgsb mg Y, =Y, e C\{0}, 95906 c*
LodGogmol  goblabeg@ols  msboblow  agodsl:  @(y, —Y,) =a(y,)—a(y,) >0, by

a(y,) <a(y,).

@gds 2.1 godgom, @03 Y séols dogbpmagol Godol @migsmyg@se sdmbbgjoao Foxgogo

Bm3mgmaoy@o  LogAsy, CcyY- sdmbbgogo  gmbylo  s@s@s®ogmo  ggobo  dogo

6ofomom s QY - >M535M0gmo Jgglboddsgeng. d5dob Fodmgdygeos gdgogomgb@mds:
Yo eeff (QC) = IveQweC’: min (o y)=(wy,). (2.5)

yeQn(v—C)
©33930Ggds. g Y, €eff (Q,C), 35806 dstrmgdymos Gommds QN (Y,—C\{0}) =T,
Jop@sd QN (yo -C) ={y0}, Gopob Yo €Q o Yy€Y,—-0ey,—C. s803md

V=Y, €Q gmgdgbdols ©s bgdolidog@o weC” 396Jombsgmolsmgols ag5]3b:

ye£19-c><a” ¥)= yearrr\](iyro]—C) (@.y)= Q{Iy?}<a) Y)=(@Yo)-

gL, Gbowos, 6oBbogh, @md Y, eeff (Q,C)=IveQ weC’: min (o y)=(wy,).
yeQn(v-C)

3oGodom, my  sOLYdMIL gengdgh@Hgdo VEQ,(OEC#, Oedgmmnsmgolsg
min (@, y)=(®,Y,).

yeQn(v-C)

35d0ob L®« o> 30mds (@, <{w,V),yeQn(v-C), b LOgds  300mds
LY Yo Y)Y fi 2@

C

(22), 5by ot gdy@os YEO@mds a)(yO)Sa)(y),yeQm(v—C). Ooyob weC” sool
dgodop C- dmbm@mby®o, sdo@dmd mgm@gds 2.1 —wsb dgbodgbs 2.1 -l gomgogolifoby-
dom goliggbom, Gmd Y, eeff (Q,C). s3@op 0, doBmgdgeos dgomybgdagemo 0d3gogozosa:
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veQ oe c*: (I;nl(n C)<a), y> = <a), y0> =Y, € eff (Q,C) , oby dodmgdygmos (2.5) gdgo-
yeQn(v—

gomgb@mds #
3obLobwgds 2.1 gnsom, dmd Q s@ols Jagbod@sgang Y FOg03 Logdgdo, bowm C -
sdmbbgogmo  3mbylio Y -9o. 3004300, ™I Q s@ols C—oB(Y;%B(‘]doq\no, 09y Q+C s@ob

sdmbbgogmo Jggboddogang Y -9o.

0goegds 22. godsemn, @md Y s@ol  Joglem@gol  @odol  @msma@ee  5dmbbgomo
FOg0g0 Ae3mmemaog@o Loghgg 4, CCY - s@ogodogmo sdmbbgjomo dsbgogo jobe-
Lo, bmeoem Q- >M5(35M0 G0 C-oﬁm%ﬁgjng@o Jagbod@ogang Y -%o, Amdaolingolsi
INQ+C)=J. 85306 Y, €eff (Q,C) gagdgb@obomgol  dmobobgds  §16dGombago

y* eC’ \{0}, 6m3gaoG 53359050 gdl Jo6mmdslb:

(Y o) <(¥'y) vyeQ. (26)
©533 303900, Fobslifod dggb0dbmm, Gmd @opash Y, eeff (Q,C), >d0@md Lods®maosbos
BOmmds Qm(yo—C)={y0}. 3oh39bmm, M3 Lodo@mmosbos sa@gmgg Bmemds

(Q+C)N (% ~C) ={yo}- (27)
2ologgd0s, H®I Gopgob 0€C, sd0dmd Lsdodomosbos hsdmgs Y, E(Q+C)ﬂ(y0—C).
gohggbmm, @md (Q-l—C)ﬂ(yO—C) Lod@ogammyg oG  dgogogl Y, gengdgb@ologsb  gob-
Lbgoggdgm gangdgb@l. ©ogndgom Fobsswdmgyo. 35T0b dm0dgdbgds gengdgbdo Y €Y, @o-
gm0 oogdoymgomgdl Joomdgdl: Y #Y,, YeQ+C,yey,—C. gb 603bogl, 6md
sOgdmdl  9em9dgb@gdo yEQ,Cl,CZEC, GmIgmomngolsi bods@maosbo o0]bgds Gmam-
dgdo:

y=y+C.¥=Y,-C,.

@oppoh Y # Yy, 530dmd C, #0 s Lodo@omosbos Gmmmds Y=Y, —(C +C,). Gowasb
C 30bgbo @0l s8mbbgJogro, sdo@ma C=C +C, eC. 35S >bodbygaobs, c=0.
dodonmosi, oy C=0, 85906 €, =—C, € —C\{0}. doppsb C €C, 93560l369m0056 god-
d0bs@gmdl, 6md € € (—CNC)\{0}. 43065L469m0 Bodrogs gfobos@dmgagds 0d godg-
dmgdol, @md C séob dobgoano 3mbylo. s3MoasE, WoEA0bs, MM JoMmmgdbymos msobs-
©Omdgdo y= Y,—cey,-C, yeQ,y# Yo, ®53 mogobmogow bodbogl, @md Qm(yo -C)

Lod@ogmg Vgogogl € Loddogmol Y, gegdgbdologob  goblbgsggdem Y 9agdgb@U,

Go3  mogobmsgo  gfobosdpgagds 03 RoJdl, @md Y, € eff (Q,C). domgdaeo
Foboomdpgamds 3@ 30390l (2.7) Fmemdbol Losdo®maosbmdsl, @Gmdgaoi, mogol Ib@og,
b0dbogl, ®md Y, € eff (Q+C,C). dmvggdnmmdols msboblope Q+C 5ol 5dmbbyJogmo

Jagbodcsgeng e go@gdoe  >dmbbgJoen YV@CBOS BM3m@maoy®  Log®h3gdo, 5dsbmsb
IN(Q+C)=J. 3bmdomo gogdols mobobdow, IN(Q+C)  s@0l 5dmbbgjogmo Q+C

Lod@ogenol  5dmbbgogmmdols  ao8m. dgm@g  db@og, {yo}mint(Q+C):®, oy ob
Yo eeff (Q+C,C). p9m3gp@0ymo Q0G0 oA ot gdbygmo bobo-6obobols  mgm@gdols
3odmygbgoom [5], dgagodmos ©ogoliggbom, @md dJmodgdbgds os@Sbymmgsbo §@x0g30 ©o
93000 Ba6dcombamo Y €Y \{O}, Godgmos mosglogngomadl dohmdgbl:

(Y. ¥o)<(y"y+c),vyeQ,veeC. (2.8)
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oy ob yer, odo@md (2.8)- ©ob ¢ dygs@mme  godmdobs®gmdl, Gmd Lsds@mearosbos
v('](?)mp@mbo<y*,yO>S<y*,y0>+<y*,C>,VCEC, 53 mogobmogs  bodbogl, ®md  dom-
NPOGEOS 52089 GYHOEMBS <y*,c>20,VCeC, g0. Y €C’. @owpob Y #0, s808md
Yy eC\{0}. dowaob 0€C, 5309md (28) gHmmmdoesh 93smmp  353mdpobodgmdl,
“md <y*,y0>§<y*,y>,VyeQ, 9:0. bodo@maosbos g@mmemds (2.6) #

0gmAgds 23.  godgom, Gm3 Y séols YO g0g0 Gm3mammaogdo Logday, Q,BcY - 5o
3o>M0geo  Jggbod@sganggdo, boam oY >R - dgo30o B- Jmbm@mbydo gybjzom-
bogno. gndgom, 0 Y, € 9agdgbdo o3d0gme0mgdls 306MdL

a(Y,) <a(y),VyeQ, (2.9)
bogn  H :{y eY|a(y,-y)< a)(yo)} . 35906 B\{O}cH s y,ceff((LH). j9o-
doo, Y, € eff (Q,B). godws 50b08bygmols, Lodstomosbos ©gdeamgdgdo:

09 @ SImbbyJogros, 3530b H s@ol 335305© sdmbbgogno;
oy 0ecl(B\{0}), 35906 Oe frH .

1
2.
3. 09 ® 9¥939600, 36306 H s@ol wos ws CIH +(B\{0}) cH;
4

09 @ 6ol §hgogo g96JGombsgno, 35806 H U{0} s@0l 53mb6gdogno
30649Lo;

©333 30390,  d9360dbmm, @mI OgH, oAb o  LOgmegds  d3oE®o  gHm@mds
w(y0—0)=w(yo)<a)(y0). 935601369 0Esb 253mdobsmgmol, md Lsds®maosbos oyo-

ggmés H=H\{0}. gobg0bogmmn 6gd0bdogoo 9amgdgbpo Y € B\{0}. 35806 yeY o
Yo— (Yo —Y)=Ye€BV0} @opgesb @Y >R séob  dgog@oe  B- dwbmgmbyho
#96JGombomo, 5d0dmd  @(Y, —Y) <@(Y,). gb, gbowos, 60bogl, Gmd YyeH . sdom
53¢ oGS hodrmgs B \{O}C H. gohggbmm, ®m3J Lodo@menosbos BMEmdS
QAN(Y,—H)=9. wogydgom §obsowdoggo. 35306 s@bgdmdl Y €Q, Godgmog [oo-
dmogobgds Y=Y, —h Gomedol Lsbom, Lowsg heH s h#0, @owpsb 0gH.

sdM0y 0, h= Yo — Y € H 95065036900 603bogl, G0 a)(yo - (yo -y))< a)(yo). 9:0.  bo-

BoBm@osbo b 0gml gimmmds @(Y)) < @(Y,) . Gowpob ¥ €Q, dopgdymo g@mee-
b 9V oboomdmgagds (29) 300051, 9-0. dodmgdgeos BO@mdS

Qﬁ(yo -H)=0 =Qﬁ(y0 —H\{0}). 5300 ©sdf 0G0 Yo € eff (L H) podmgsg.
ogdgem, Gmd @Y > R g96Jombomo s@ol sdmbbgJogo. gohggbmm, G®d 3 gdmb-
393590 H Lboddogang ool dgoEdo  sdmbbgjogno.  ds@mesE.  gmdgem,  @md
Vi yz,ae(O,l). d590b Lodostmaosbos ¢@m@mdgodo:

aa)(yo - yl) < aa)(yo)’
A-a)a(y, - ;) <1-a)a(y,),

Vae(0,1),
boowoboi gdgomme gsdmdeobotigmdls, Gmd

am(y, —Y,) +L-a)a(y, - y,) <aw(y,) +(1-a)w(y,) = o(y,),
VYae(0,1)
oY >R %96J30mboemols s3mbbgJogmdols yodm FsBmgdymos PHmEMdS
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ao(Yo = yy) + A= a)oly, = yi) 2 o(a(Vo = Y1) + (Ve € (0D1-a)(y, - 1)) =
=a(y, —(ay, +-a)y,), Va €(0,1).
28G0gow, swpomo ofgh AgeH Yhommdst: oY, —(ay, +(1-a)y,) <a(y,), Va €(0,1).
Gopyob  ay, +(1-a) yz) eH,Vae(0,1), 946oL36g9m0 g@mmmds  60dbogl, G®I
Vae(0,1) gmg336@0bomgol dodmgdamos hodmgs ayl+(1—a)y2 eH, go. Haseob
3goGOom  5dmbbgJogno, o6 Js@mgdamos wgdmmads 1 @owash B\{0}c H, 530fmd
cl(B\{0}) —clH [6]. 935651 3bgaoEsb  odmdpobo@mgmdl, @md Oecl(B\{0}), 85906

OeclH . dowpob 0 H, s30pmd 0eClH\H = frH . 5300 ©sd@ 0G0 ©gdgemgds 2 —1

doM0gdyemmds3. gohggbmm obans wgdgmgds 3-0l Lods@maosbmds. asbgobogmm  Lod-
Gogemyg Y \H :{y eY| Cz)(yO -y)=> a)(yo)} . ogydgom,  @md {yn }io <Y \H seol
Y eY gamgdgh@ologgh  g@gdomo  30dmgatmds.  35T0b  Lods@menosbos @™ mdgdo

a)(yo - yn) > a)(yo), N=L12,.. 600356 @ os00L 9743900 B96JGombogo, 3565036900
9B Mb0Esb  gmgdygmmdm: !m a)(yo - yn) = a)(yo -y)> a)(yo) , oby YyeY \H .

935boL3bgero bodbogl, GmI Y \H s@ob hoggBomo Jaglbod@sgang Y Log®h ol BAm3menmyo-
>do, g.0. H s@ol oo Jgglboddogeng Y -Bo. dgmag dbdog, bods@maosbos hodmgs

HolyeYlo(y,—y)<aly)f, stopmd  clH ccl{yeY|a(y,—y)<o(Y,)}. o
Bdaombomob  aFyzadmdol  aede, {yeY @Y, —Y) S @(Yo)} s6ob  Bogghosmo  dagb-
oddogey Y B0, go. cl{yeY|a(y,—y) <a(Y,)}={yeY|a(y,—y) <a(y,)}. oo
Gogo,  badsdmmosbos Botmgs CIH c{yeY |a(y,—Y) S a(Y,)}. goh30600.608 dom-
mgdamos sp@gmgg hodogs CIH +(B\{0}) c H . goggom, @md ueclH +(B\{0}). 35306
dmobobgds YeCIH s veB\{0} 9a9396(930, @mdgmmsmgolbog U=Y+V. agodsl:
Yo —Y)— (Y, —Y—V)=veB\{0}. dopgsb @ o600l dgoaoow B -8mbm@mby@o, sdogmd
o0 gdmos Igom0 gAmmmds W(Y, —Y—V) <a(Y, —Y). Gopysb Y eClH ws

cH c{yeY|a(y,~y) <a(yy)}, sdopod yelyeY |a(y,—Y)<a(Y,)}. b6z ds6my
dgm0s 5M33o300 gHmmmds A(Y, —Y) S @(Y,) . 530z, Jotmgdgmos 9EmEmdgbo:
o(Yo—y-V)<a(Y,—Y)Sa(y,), by  @(Yo—(Y+V))<a(¥,), @53 oogobosgoe

6036ogL, @md U=Y+VeH go. ds@mgdgmos  bodmgs CIH+(B\{0}) cH. 5800

9B 0GRS oY gds 3 —ol JoMmmgdygmmds. my @ >®ol FOgogo gybjcombsao, 3530b
Lodo@menosbos Goamds

H={yeY|a(y,—Yy)<a(y,)}={yeY |a(y,) —a(y) <a(y,)} =

={yeY |a(y)>0}.

G056 §H50g0 BubJcombomo sdnbbgJomoi s@ol s Y€ H >0 9agdg6@950Lsmgols
Lodo@mmosbos gBmmmss ta(y) = w(ty) >0, sdogmd tyeH , bomo HU{0} sool
5dmBbgJogmo 3mbalo. sdom ©sIF oGEs Iy - 4 EgdgEgdol Lods@mamosbmds #

0goegds 24. golgom, @md Y ool Joglem@gol  Godol  @emgoma@om  5dmbbgogo
(Gg0g0  dm3mmempondo  Logdhzg, BCY - Loggmeogo hoggdomo  Jggboddogmy  s@o-
3o®ogao  Jogs boFogom, Oe frB, bogom QcY - >M535M0 9o Jggboddsganyg. woged-
gom, @md LOP@Egds gOHmo 300mds ds0bz dgdmgao mMowsb:
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. oMlgdmdl gmbylbo CcyY sM530M0gemo  dogs bofomom, Gmdmobmgobsi dotmg-
damos ho@dmgs B+intC < B;

b. B o@ol  sdmbbgfommo s o@Lgdmdl  gengdgb@o k°eY \{0}, ©mdgamog
53004mBo@gdls 306mdgdl: B+ R+k0 cB,B+ Rk° =Y.

35306 Yo €Y gagdghdo o@ol QY Lod@sgmol bybise g89ddm60 Toodomo B Lod-
Aogeols Jodo®m d5Tob s Fbmerme d5Tob, AmEgbsig s@OLgdmdl vFy39d0 B3blaombommo
oY >R, OMIgenoi 53dogmPoagdls 300mdgdls:

(Y, —Y)<0=w(y,) <o(v),VyeintB,vwweQ. (2.10)

;903(’—)(50(336.5. g0 Jgom, Gmd DcY s6ol >M535M0gmo  Laggm@ogo s hogg@ogo  Jggl-
0d@ogemg NONENOTH TG dogo bofoanom, boam NoNENoIRICd Jagloddsgang

QY 540symgzomgdls QM (—INtD) = 306m3sl.  hogmgogmmm, G0 Logmogds g@mo
doob dgdmgao m@osb:

L o6lgdmdl gmbylbo Ccy, amdmobmgobss k° eintC ©> D+intCcD;
2. D 560l 530bbgJomo s LHgmogds 306mdgdo:

D+tk® = D,vt>0,RK°~D =Y,k Y \{0}. 2.11)
35806 @(u) =inf {t eR|u etk® - D} Aom@emdon  goblsboghgmo @Y — R 29bJ3om-
bogno o@ol 9Fy3980 o Loldyemo 360dgbgarmdgdols dJmbg [1], @mIgmoi sgdoygmyoemgodls
300391
P(-u) <0< p(v),YueintD,vweQ. (2.12)
g dgom, Gmd Y, eY, BcY J3gloddsgag sgdoymyzomgdl mgm@gds (24)-do dmmnbmgbog
3000393l s DY  gobolobeghgds Gommdon D=B-Y,. Gopgsb B séol Lo
39m&0go Jggboddsgemyg Y -Q0, s>do@md D= B_yO Y, Aopa5b Fobsomdpgy dgdmbgggsdo
Lodo@mmosbo 0dbgdmms Gomemdgso B=Y,+Y =Y, 6o gf0bsomdmgygds 306m3slL 0dols
‘dglobgo, @™ B s® séols Loggo®ogo Jggloddsgang Y -9o. >mbodbyeosb 95dmdwobo-
Ggemol, Gmd D 5pM9mgg >0l Logygmdogo Jggloddsgang Y -Bo. LodoBmarosbos Gmemds
iNt(B—y,)=intB-y,. ds0mmsg, dod@mgdnmos hotogs INtB—Yy, cB—Y,. @owysb
intB s@ols >A535M0 gm0 oo  Jggboddsgeny Y -%o, sdo@dmd intB—yO opMgmgg s@ols
s®o(3M0gmo @os Jgabod@sgmyg Y -Fo. Gopgsb IN(B—Y,) sGol dsdlodsgydo wos Jgg-
Lod@sgamyg B —Y,-T0, 580fmd intB—yO cint(B—yo). 0y Ye int(B—yO) , d0dob dmo-
bobgods  gangdgb@o beB 5 OeY F9opogols @os dowsdm u, Omd@gdo  ©os3do-
gmgomgdgb  300mdgdl:  Y=b—Y,, Yy+U =b+U —y, € B—Y,.94065036g@0056 3o
@M 25dmdEobs@gmdl, Gmd b+UcB, 9-0. beintB, 653 mogolbmsgom bodbogl, GmI
dodmgoygaos hodmgo Y € intB—yO, obe int(B—yo) C intB—yO. sddopo0 oMM gdyEos
BMErmods int(B—yO) :intB—yo. 93°65L3bgeosb g dygsmmE  odmdobs®gmol, @md
INtD=INtB-y, 0. golopgdos, ®md D=B—-Y, Jg9b0d@samyg hszgpomoi s@ol B
Lod@sgaol  hogg@dommdol  godm. sd@oysw, D=B-k° >0l s@sEsMogano  Loggm®ogo

hoggBomo Jggboddegang otsEs®ogeo dogs bofogom Y -9o. 0y bOgmegds 300mds 4,
dodob 5@Lgdmdl gmbylo CcyY >Os3oMogmo  dogs bofomom, Gmdmolngolsi ds®mg-

daos  hodmgs B+intC <B;: 9L 60dbogl, @A™ 5AOLgdMIL  gangdgb@o koeintC 5
doBmngdymos hodmgss B—y0+inthB—y0, 9.0. D+intCcD, oby LEgmgds 3o-

D

Gmos L oy Legmegds 300mds b, 35dob D:B—y0 spGgmgg >0l sdmbbgJogro B
Loddogeol sdmbbgoamdol godm o bY@ Egds 300090
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B-y,+Rk°cB-y,,B-y,+Rk’=Y -y, =Y k° Y \{0},

Mo mogobmogsw bodbogl, Gma D+tk’ < D,vt>0,-D- Rk® = —Y,ko eY \{0}. (o250
R=-R)YY=-Y, sdo@dmd Rko —-D=Y. s90m 3B oGBS, M s@bodbye dgdmbgggsdo
bOgmegds 30Gmds 2.

gmJgom, Gma yOEY 90 9dgbBo o0l QcyY Loddsgaols bybdew g839]@ 00 o do-
o B Lod@ogmol 808s6m, g.o. bEnmEgds Gomemds Qm(yo—int B)=9. gL 60dbogls,
@03 JoOmgdymos  FHommds QM (=Nt D) = dmygsbomo Ly gamdopsh  gdmdwobs-
Ggmol, @md sebodbymo  a s b 300Mm395005b6 ghmol ob ghmedgmew m@oggl dgbcg-
@gdols  Jgdmbgggsodo  8modgdbgds k®eY {0} 90939600 w5 9F93980 B96JG0mbsmo
o=¢.Y >R, wo(y)=inf {t eR|ye tk® + Yo — B} , OmIganoi o3dogmxomgdl 306Hmdgdls
(2.12)  306mdgol: wo(-u) <0< w(v),YueintB— Yo, VVEQ. 3gméy  dbdog,  gaodal:
o(y,) =inf{teR|y, etk®+y,—B} =inf {teR|0etk’ —B}. cowpob 0€ frB, sdopmd
Gbowos, ®md 0€Y ool (=B) Lod@sgmol Lobeg@ol §a@@omos, dodmd 63d0ldog@o
tk® =0 50569mmgo60 §9JHmG0om  Foddgmo  (—B) Loddogag, o6y tk®—B JagLod-
Aogemg o dgodengds  dgoaogogl Y Log®iol bygarmgsb Fgd@oeml. gl bodbogl, @®I
Oetko—B hodmgs Lods@menosbos ghmswg®o dgdmbgggsdo, Gmeglsg t=0. 590m o=
JBonOo© ©sd@goges, ®md a(y,)=1nf {t eR|0 etk® — B} =0. dmygobogno by gamdosh
golggbom, M3 LOgmgods (2.10) 306mdgdo, g.0. LOgmogds Jodmmdgdo:

(Y, —Y)<0=a(y,) <o(v),Vy eintB, Ve Q.
30mJgom, sbans, GmI LOPEgds 306mds (2.10). 35006 Gboswos, ™I JoMmgdyaos d3o3M0
B a)(yo—y)<a)(v),Vyeint B,YWeQ. 94565l369m0, Gbowos, 60dbogl, @md
dmodgdbgds bodpgoao @ogbgo T, olgmo, G®mI gb@Oygamegds gHm@mdgdo:
(Yo —Y)<7,Y(Y,—Y) €Y, —IntB,< (V) >7,Vv e,

@i, mog0l dbGog, 60Tbogl, @M Yo —INtB ©s Q Loddogmggdl Loghmm gegdgb@gdo
o®o ofgm, oby QN (Y, —INtB)=C. @oppob Y, €Q, 44065L36gmo  60Tbogl, @md
Yo €Y om0l Q Loddogmol Lybow g89ddm60 Tandomo B Lod@sgmol 80ds@o #

659ddm3do Jowgdyeo Vgogygdol sbogrmaoy®o ©gdymgdgdo Loldya asbbmdogen gdo-
obo Y =R" Log@aols, C= R: 3Mbglols ©s b3gEogosydo oY >R %96 JEombsgno-
Lomgols obsdgmgdygmos 3gdaogsios [7] — do.

Ygbodgbs  22. gologgdos, @M s@Slgomodgmo  m3BodobsiEool  sdm@Eebgdolamgols
QcyY >M535M0 g0 Jgglodcsgmyg gobolsbmgdgds Gm@mdom

Q=FU)={yeY|y=F(x),xeU},

[INCNE! U séol o390 SerGg@bo@ogoms s@d(35M0 0 gAMOdEomds X YOx0g Go-
3o@emaoq@  Log®gdo, bomm F - stobgs X Godmmmgon®o Log@gowsh  gmbagloon
bofogmddog ooy gdya Y FOgog Am3nmmyoygd  Logdhigdo. ofgosb  godmdwobs-
Agmdgl, GmdI Q Lod@ogenol LA®ygJdads sOlgdomsw asbolobmg®gds F: X =Y sbe

bgol LEGOYIHPO0m. aoBEs s@bodbymols, 0y B=C, Loz C séol s>dmbbgoaro,
hoggBoeo dsbgogmo gmbylo s@o@os®ogao dogs bofomom, 35Tob ymggmmgol Lo gewogds

Oe frB 5 cIB+intC cintB 300mdgdo0, oy b Lo geogds BMErmds
Cn(-C)={0} w» oM gdamos hodmgs C+ intC cintC.
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8. 8506I35IT, J. LS IIFSIT, & 8380660
9oy

b5dO™MITo Aoblobwgdygmos 3@o@Ggtosmyd Logdhigdo dmEgdgmo Jggbod@sgaols dos-
bepmgdomo  9g89]@9®0 Fgadomols 3bgds. dglfsgmomos s@bodbyeo  boddsgamol g5g-
JOa0 FTgoGomms dosbegmgdom  9939]da® Tt Bowms Loddsgmon  s3Gmgdbodsizool bs-

30mbgdo.  go@Es smbodbymols, aobboymos 989]@9® Fgtdomms Loddsgmols sygdols
dgmmegdo bEsbps®@Ggmo gJlE®gdomagdo sdmEebgool sdmblbol bogydggartby. dowgdy-

@0d gm0 9093900, GmImgdoi sOlgdome  gyMEbmds ogRMA ool Bogd sy
hoBo@mgdage a4odm 339390l sMosgEomgd@s® s3mbbyJogn Lod@sgmgms asbioe gdomdols
‘dgbobyo, >0 ligdomop 25dm0ygbgos NN N CNGRIGH) m3@0dobsiols sdmzobgdols
3Mmglodsioobs s bgogmas@moboioolsmgol.

TO APPROXIMATION AND SCALARIZATION OF NONSCALAR
OPTIMIZATION PROBLEMS

V. MAISURADZE, M. SALUKVADZE, V.GABISONIA
Summary

The concept of approximate effective point of given subset of criterial space is defined in the paper.
The approximation issues of the set of effective points of reference set by the set of approximate effective
points are studied. Besides foregoing, the methods of generation of the set of effective points on the basis
of standard extremal problems solution are considered. Obtained theoretical results, which substantially
rely on preceding investigations of the authors about separability of nonnecessarily convex sets are sub-
stantially applied to approximation and scalarization of the problems of nonscalar optimization.

OB ATTPOKCUMAIIAU U CKAJISIPU3AIIMA 3AJIAY HECKAJISIPHOM

OINTUMMU3ALUA
B. MAFCYPAJ3E, M.CAJIVKBAJ3E, B.TABMUCOHUA
Pe3rome

B pabore ompeneneHo moHATHE TPHOIMKEHHOW A()h()EKTHMBHOW TOYKM MHOXKECTBA, 3aJaHHOTO B
KpUTEpUaJbHOM TMPOCTpaHCTBE. V3ydeHBbI BOMPOCHI ammMpOKCUMAIUU MHOXKECTBa A(h()EKTHBHBIX TOYEK
32/TaHHOTO MHOXECTBA MHOYKECTBOM TNPHUOIMKEHHBIX () (PEKTHUBHBIX Touek. Kpome BBIIECKa3aHHOTO,
PaccMOTPEHBI METOJIBI IOCTPOCHUST MHOXKECTBA 3()(DEKTUBHBIX TOYCK Ha OCHOBE PEIICHHS CTAHIAPTHBIX
9KCTpeMalIbHBIX 3aja4.llonyueHHble TeOpeTHUEeCKUE PE3YNbTaThl, KOTOPhIE CYIIECTBEHHO OMHUPAIOTCS Ha
UCCIICIOBAaHMS O PA3JCIUMOCTH HEOOS3aTENbHO BBHITYKJIBIX MHOXKECTB, IPOBEICHHBIC PaHEE aBTOPAMH,
CYILECTBEHHO HCIMOJIb3YIOTCS VIS alllIPOKCUMALIUY U CKAJISIPU3aLUY 33]]a4 HECKAJIIPHON ONTUMU3ALIUU.
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MODEL VALIDATION AT IDENTIFICATION OF ONE CLASS OF
NONSTATIONARY SYSTEMS

B. SHANSHIASHVILI, M. SALUKVADZE
besoshan@hotmail.com, msaluk@science.org.ge

1. Introduction

Existing methods of identification of non-stationary systems, which can be divided into two principal
parts, i.e. approximating and direct methods [1-2], for the estimation of unknown parameters basically use
recurrent algorithms and procedures of the methods of the least squares, Kalman filter, the determined
and stochastic optimization (for example [3-10]).

In some works [11-13] the problem of parametric identification of linear dynamic systems with
variable parameters is considered at the determined input influences. The system of the linear ordinary
differential equations of a normal kind is considered as a structure of model of the linear dynamic
systems.

The problem of parametric identification is set as inverse problem of Cauchy’s problem [10-11], in
certain sense, for linear ordinary differential equations with variable coefficients. It is supposed that by
the results of the observation of the systems input-output, the input vector and the output vectors, which
are the solutions of the matrix differential equation at different initial conditions, are known. It is required
to determine unknown matrix of coefficients. Thus, it is meant that fundamental matrix of the solutions of
homogeneous system which corresponds to non-homogeneous system of equations, is unknown.

In this work [13] more complex structure of linear dynamic non-stationary system is considered, when
direct observation of the state vector of system is not possible. The developed algorithm of parametrical
identification is used for identification of non-stationary system of the second order.

In the given work the question of the model validation which is constructed by means of identification
method developed in work [13] is investigated.

In the work the following designations are used: R - set of real numbers; | =[a,b] (a,b € R)- the

closed interval; R" = RxRx---xR(n-time) -n-dimensional Euclidean space; R™" - space of n-
dimensional square real matrices; C(I,R")— set of continuous vector functions x:1 —R" ;Ck(I,R”)-

setof n-dimensional vector functions, whose components are ktimes continuously differentiable
functions.

2. Parametric identification

Let's consider the observable dynamic system which is described by the system of linear ordinary
differential equations of a normal form [14] which is represented in the state space equations form:

@)

where

y(t)=(yi O, )
)

C= (Cik )in,kzl )

u;andy; (i=12,...,n) are input and output variables of the systems, correspondingly, x; (i=12,...,n)
are state variables, a; and c;, (i,k=12,...,n) - variable coefficients.
If C is nonsingular matrix, then

x=Cly. ©))
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Considering (3) in (1), we shall receive:

y=A"(tly+u(t), @)
where
A*(t)=CA(t)c™,
u*(t)=Cul(t).
Admit that by the results of a priori information and observation of the system’s input —output is
known: matrix C , the input vector u: 1 — R"and the output vectorsy, : | —R" (k =1,2,....,n)which are

the solutions of the system (5) at different initial conditions. It is required to determine an unknown

continuous matrix A: 1 —R™". Thus, it is meant that fundamental matrix of the solutions of
homogeneous system which corresponds to hon-homogeneous system (5)

y =A*(t)y (40)
is unknown.
Asy,: 1 >R" (k =12,...,n) - the solution of the equation (4), we have:

Vi = A"ty +u'(t) (k=12,...n) (6)

We shall compose a matrix Y(t), columns of which are y, (t) (k =1.2,...n):

Y(t)= (v, OF )

®)

and a matrix U*(t):

U ()= Of s (Ui )= @) (®)

Then the system (3) can be rewritten as the matrix algebraic equation:
Y(t)=A*({t)Y(t)+U*(t). 9)

For determining A(t) from (9) it is enough, that Y(t) matrix be nonsingular.

Itis true [13]:

Theorem. Ifu e C(I : R”), Vi € C'(I : R") (k =1,2,...,n) there exists interval 1, — | such that
det Y(t)#0 Vt ey, and in 1, the matrix A(t) is determined single-valued, in particular

Alt)=c(¥)-u R o), vte ;. (10)
Proof of this theorem is given in [13].

The algorithm of identification of variable parameters of the linear dynamic systems described by the
system of differential equations (1) consists in the following:
e we approximate experimental data received, by the results of the observation of the system’s input —
output, by continuous and continuously differentiated functions;
o we make vectors u(t), and y,(t) (k =12,...,n);

e we compose matrix Y(t) as (7), and matrix U*(t) as (8);
o we calculate a determinant of the matrix Y(t) and we determine an interval 1, where det Y(t)=0;
e we determine a matrix of variable coefficients A(t) in 1, by the formula (10).

In the work [13] peculiarities of the parametric identification by the developed algorithm on the
example of a system of the second order is considered. System with two inputs and two outputs is
described by the following system of the differential equations:
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% = aq(t) +ag(t)z +uyt)
X, = 1(t)x, +p5(t)z + Uy (t)
Y1 = Ci1% +CipXs,
Y2 =Ca1% +Cp0X;.

o0)=[o) 0= () 40-(31) )
S s g

It is supposed, that after system‘s input - output observation it is received

ua)z(s‘Zt J, (14)

(16)

(11)

Here

—

—-4+3t
1+t
t)= , 15
y(t) L+F] (15)
2t
t)= : 16
ya(t) L+ﬁ] (16)
and a priori is known:
C= 32 17)
4 3)
Using the formula (10), as a result of some calculations, it is received, that:
6-t 5
Al)=| -0 1=t (18)
T _ 5+t
-t 1-t?

and

lo=1=}oo,-UFLIURL +[. (19)

Thus, the model constructed by means of developed identification algorithm, is represented by the
system of equations:

. 5
X = +——=X, +U4(t),
1 1—t2 1 1—t2 2 l() (20)
Xy =— ! X —ﬂx +U,(t)
27 2t 2 Y
Y1 =3X; +2X,, 1)

Y, = 4%, +3X,.

3. Model validation

Construction of a model by methods of system identification is reduced to several stages [12]. A stage
of model’s check and confirmation follows stages of the model’s structure choice and parameter
estimation. Check and confirmation of the model are closely connected with the estimation: upon
termination of the procedure estimation within the limits of the fixed model structure, and definition of
the "best" model it is necessary to find out, in what degree the model really "explains” the behavior of the
system, i.e. adequately represents the system.
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The model can be confirmed by some methods [15].The principal method among them is comparison
of output signals of the system and of the model, and introduction of a certain formal measure of the
received mistake when the same signal influences on the inputs of system and on the model.

In the given work, on the basis of the developed algorithm [13], the model of the non-stationary
system of the second order at the certain input and output variables of the system have been constructed.
With a view to confirm the model we shall determine output variables of the constructed model at the
same input signals acting on the system.

We shall present model (20), (21) in the matrix form (1), where the matrix A(t)is defined by the

expression (18):

6-t 5
% (t) |12 12 % (t) NER
Xz(t) 7 6+t XZ('[) — 44t/
-2 1-t (22)
(yl(t)}(s Zj(xl(t)j
¥2(t)) (4 3| x(t))
Taking into account (3), (5), (14), (17), let's rewrite system (22) in the equations form (4):
. 6t 5
yl(t) (32) 1@ g (3 -2Ywul)), (3 2ys-2) )
YZ(t) 43) 7 6+ti-4 3 yz(t) 4 3\-4+t
1-t2 1-t?
As a result of some calculations, we receive, that:
0 |"me e [
o el s :
[ymﬂ T )ty 9
1-t2 1-t2

We shall solve Cauchy’s problem for the equation (24) by the method of arbitrary constants variation
at initial conditions:

y(t0)=CO’ CO S Rz. (25)
The solution of this problem is defined by Cauchy’s formula:
t
y{t)=Clt,to)eo + [ Clt, (e, (26)
t

where matrix function C(t, to) is Cauchy’s matrix of the homogeneous system, which corresponds to the
non-homogeneous system (24).

It is known, that
Clt, 7)= Y, (t)Yo'(z),, (27)

where the fundamental matrix Y,(t) of the homogeneous system is defined as:

Yo(t)z(l IJ (28)

t 1

and
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1t
Yoi= 1—{2 11—t2 . (29)
1-t% 1t
Since
det Y, (t)=0 Vvt el, (30)
therefore
I =Foo—-{UFL{UR +o (31)

and input and output variables are determined in the interval (31).
Substituting expression (27) in (26), we shall receive:

y(t)=Yo(t)Yo"(to)eo + on Y (hu(z)dz . (32)

to

c
At ty =0andc, =( ! j , from (32), after series of calculations, we shall receive:
Cy

Cy+Cyt+t
(t):( tee ZJ. (33)
Determining output vectors of the model (24) with the help (33) at initial conditions
1
y(0)= (Oj (34)
and
0
y(0)= (J , (35)

we shall receive, that they are defined by the expressions (15) and (16).
To initial conditions (34), (35) of an output vector corresponds initial conditions of a state vector:

3
x(0)= , 36
0) [_ 4j (36)
-2
x(O):( ] (37)
3
and to the expressions (15) and (16) of the output vector correspond expressions of a state vector:
1+3t—2t?
X (t)= ) | (38)
—-1-4t+3t
~3+6t—2t?
X, (t)= , | (39)
3-8t+3t

Thus, the output vectors of the model (22), at the matrix of coefficients (18), at the input vector (14),
at the initial conditions (36) and (37), are defined by the expressions (15) and (16) and exactly coincide
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with the output vectors of the system when giving on the system and the model one and the same input
signals.
4. Conclusion

In the given work the question of the model validation which is constructed by means of identification
method developed in the earlier work [13] is investigated.

In that work the problem of parametric identification is set, as in the certain sense, an inverse problem
of Cauchy’s problem for linear ordinary differential equations.

The submitted method of parametric identification of non-stationary systems, as a model’s structure of
which is considered a system of linear non-homogeneous ordinary differential equations of a normal kind,
which is represented in the state space equations form, does not demand knowledge of the fundamental
system of solutions of the corresponding system of homogeneous equations.

Application of the algorithm of parameter identification, made by the developed method, for non-
stationary system of the second order and investigation of the question of the model validation has shown,
that at the existence of the exact information on input and output variables of the system, the output
signals of the system and of the model coincide when the same signals are given on their inputs.

3MRINOL ROVILBDIMTdS IB0)) 3RILOL dSHINBSGOMIEIGIRO LOLBIZIBOL
0R36BNB035C00LSL

. JS6TVSIF0R0), 8. LS IIFSII
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MODEL VALIDATION AT IDENTIFICATION OF ONE CLASS OF
NONSTATIONARY SYSTEMS

B. SHANSHIASHVILI, M. SALUKVADZE
Summary

The problem of model validation of linear nonstationary dynamic systems is considered on the
example of the second order system identification. The problem of parametric identification is stated as,
in a certain sense, an inverse problem of Cauchy’s problem for linear ordinary equations. It is shown, that
at the existence of the exact information on input and output variables of the system, the output signals of
model coincide with output signals of system when the same signals are given on their inputs.

HOATBEPXJIEHUE MOJEJIM ITPU UWAEHTUDOUKAIIUN OJJHOI'O KJIIACCA
HECTAIMOHAPHBIX CUCTEM

B. HTAHITHUAIIIBUJIN, M. CAJIVKBAJ/[3E
Pe3iome

PaccmaTpuBaeTcs 3agava MOATBEPIKICHHS JIMHEWHBIX HECTAIIMOHAPHBIX JUHAMHYECKUX CHCTEM Ha
npuMepe HAEHTH(UKAIMU CHCTEMBl BTOPOTO IOpsAKa. 3ajada NapaMeTpU4yecKod HAECHTU(HUKALUH
CTaBUTCS KakK, B ONpPEJEICHHOM CMbICIIe, 0OpaTHas 3aaava 3agadn Kommm a1 TMHeHHBIX 0OBIKHOBEHHBIX
muddepeHunansHpIX ypaBHeHUH. [IokazaHo, 4YTO NPH CYIIECTBOBAHMHM TOYHONH MH(OPMAIMU O BXOJIHBIX
1 BBIXOJIHBIX IIEPEMEHHBIX CHCTEMBI, BBIXOAHBIC CHUTHAJIBI MOJETH COBMAAAIOT C BBIXOAHBIMH CHTHAJIAMH
CHCTEMBI IIPU TOa4e Ha X BXO/AaX OJHUX U T€X e CUTHAJIOB.
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COMPUTATION OF COMMERCIAL FIRM OPTIMAL PLAN BY SIMPLEX-
METHOD

D. SIKHARULIDZE, W. MAISURADZE
Summary

The problem of commercial firm optimal type determination is turned to the problem of linear-
fractional programming, which by certain transformations [2] is turned to the linear programming
problem. The solution algorithm is illustrated by simple example.

PACYET OIITUMAJIBHOTI'O IIJIAHA TOPT'OBOM ®UPMbI CUMILIIEKC-
METOIOM

. CUXAPYVJIU][3E, B. MA[/?CYPAJIS’E
Pe3iome

3ajaya ompeAeNeHHs OINTHMAIBHOTO Hpodwis TOproBol QUPMBEI CBeJeHAa K 3amade ApOOHO-
JIMHEHHOr0 NPOrPaMMHUPOBaHHMs, KOTOpas OIpeeiIeHHbIMH MpeoOpa3oBaHusaMu [2] cBoauTcs K 3agaye
JIMHEHHOTO MPOrPaMMHUPOBaHUS. AJTOPUTM PEIICHHS 33/1a41 WIUTIOCTPUPYETCSl Ha IIPOCTOM IIPUMEpE.
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xeD ieG,I_ i ieGL i

D-DAD', D' ={%,0,(x) = q (x),i € G| UGL}.
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dmggdygmo  dgmmwo  aomgomolifobgdymos  dmdbdodmgdaols  aoM33gye  x39n by
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ON THE NONINTERACTIVE ESTIMATION OF SOLUTIONS IN AN ITERATIVE
METHOD OF VECTOR-VALUED OPTIMIZATION

N. KILASONIA
Summary

A new vector-valued optimization method is presented in the paper. Although the method is not
interactive, it implies step by step improvement of the compromise solution. The special coefficients are
introduced in order to enable the algorithm, to estimate current solutions and take decision how to
continue compromise solution searching process.

The presented method is envisaged for the type of users who for some reasons are not ready to work
with the algorithm interactively.

O HEMHTEPAKTUBHOM OLEHKE PEHIEHU B UTEPATUBHOM METO/IE
PELHIEHUSA 3ATAYU BEKTOPHOU OIITUMU3AIIUU

H. KUJIIACOHHA
Pe3iome

B crarbe npencraBiieH HOBBIM METOJ peIlIeHUs 3aJadyd BEKTOpHOW onTtumuzauuu. HecMoTps Ha TO,
YTO METO]I HE SIBJISIETCA MHTEPAKTUBHBIM, OH MPEAYCMATPUBAET MOIIArOBOE YTOUHEHHE KOMIIPOMHUCCHOTO
pemeHnsa. BmemeHwl ompenencHHbIE KO3(D(UIIMCHTHI, IMO3BOILIIONINE aNTOPUTMY OIICHUTH TEKYITHE
pELIeHHUs U pelaTh, Kak IPOAOLKATE MPOLECC OUCKAa KOMIIPOMUCCHOTO PELICHHUS.

IIpencraBneHHbld METOA NPEIyCMOTPEH IJsl TAaKOTO THUIA FO3€POB, KOTOPHIE IO OIpPEAEICHHBIM
MPUYIHHAM HE TOTOBHI pabOTaTh C ATOPUTMOM HHTEPAKTHBHO.
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THE RESEARCH OF ECONOMICCY CLES AND CRISESBY USING OF MATLAB
A. BARDAVELIDZE, KH. BARDAVELIDZE
Summary

The research of cycles and crises in economics is presented by typical library blocks of Simulink
without mathematical model. Block-scheme options of production is developed, where is described
meaning of each block. Model of economic cycles and crises is presented by plotting device blocks and
full set of experimental windows.

System stability, working ability of devices on the dynamic of production date and during the research
of initial deficit of influence production stability is established, that by increasing of delay - by
decelerating reaction on the production demand increases economical system indices — amplitude and
oscillating period, increases no stability and possibility creation of crises.

It is established that reason of cycles and crises during production, in closed economic, presents
existence of negative feedback in control system.
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HNCCIEAOBAHUE IHUKJIOB U KPU3NCOB SKOHOMMUKMU C
HUCIIOJIb3OBAHUEM MATLAB

A. BAPJIABEJIN][3E, X. FAPHABEJIH/[3E
Pe3iome

B paote mpeacTaBIeHO HCCIEAOBAHKE [UKIOB W KPU3HCOB B KOHOMHKE IPH ITOMOLIM THINYHBIX
6ubmoreuynsix 6iokoB Simulink-a 6e3 MaTemarudyeckoit Momenu. Pa3paboTansl BapHaHTHI GIOK-CXEMBI
MMHTAIIMOHHON MOJIENH IIPOU3BOJICTBA, B KOTOPBIX OIHCAHO Ha3HAYEHHE KaxIoro Oioka. [IpencraBieHa
MOJIENb SKOHOMHYECKUX IIMKJIOB W KPU3HCOB C TOJHBIM HAGOpOM Tpad)OrOCTPOUTENBHBIX OIOKOB H
9KCIIEPUMEHTAIIBHBIX OKOH.

Bo BpeMmsi HCCHENOBaHHS — BIMSHHS YCTONYHBOCTH CHCTEMBI, BPEMEHH pPabOTOCIIOCOOHOCTH
YCTPOMCTB, HaYaJIbHOTO Je(HIMTAa HA AMHAMUKY U YCTOWYHMBOCTBH IPOHM3BOJICTBA OBLJIO YCTaHOBIICHO,
4TO YBCIIMYCHUEM 3alasAblBaHUsA, T.C. OTCTaBaHUA PCAKIHU IMPOU3BOJACTBA Ha CIPOC, YBCIUYUBAIOTCHA
MoKa3aTejau SKOHOMHYECKONH CHCTEMBI - aMIUIMTyla U Nepuoa KOHC63TCHLHOCTH, YBCJIUYNBAIOTCA
HEYCTONYMBOCTH U BO3MOXKHOCTh CO3/IaHUS KPU3HCOB.

1388 (6) YCTAHOBJICHO, 4YTO B 3aMKHyTOﬁ OKOHOMUKE HpH‘{HHOﬁ IUKIJIOB W KPHU3UCOB ABJIACTCA
CYLIECTBOBAHKE B CUCTEME YIPABICHUS OTPUIIATEIBHBIX OOPATHBIX CBA3EH.
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A SIMPLE QUANTITATIVE MODEL FOR EVALUATION OF THE SUSTAINABLE
DEVELOPMENT INDEX AND ITS CORRELATION WITH THE KNOWLEDGE
SOCIETY INDEX (K-INDEX)

Z. BUACHIDZE, A. GIGINEISHVILI, A. CHIRAKADZE, N. KAVLASHVILI,
I. KHOMERIKI, Z. SIKMASHVILI, M. WIREMAN

achirakadze@yahoo.com

Introduction

Sustainable Development (SD) involves the integration of social, environmental and economic
objectives [1]. Sustainability of economic development is intimately related to environmental
consequences, social and cultural changes and financial sustainability of policies implemented for
promoting growth. Today’s understanding of SD recognizes it’s environmental (ecological), economic
and social underpinning (the so called “triangle” of SD), although previously the economic and social
origins were thought to be dominant [2, 3].However, the practical experience showed that active
environmental policies can increase employment and restrict poverty [4]. It is very important not only to
assess and forecast sustainability using a big variety of quantitative data, but also to affect the
determinants of development and facilitate achieving of sustainable development [5, 6]. Usual approach
is related with characterizing of the progress of societies and countries according to generation and use of
new knowledge for ensuring their development. This approach considers the harmonized scientific
knowledge as a main “driving force” of the progress and operates with quality and safety of life of
citizens. A quantitative characteristic of the development of society and basic conditions of its
development the index of K-society (Ix) developed and used by the Department of Economic and Social
Affairs of United Nations for their members is usually used. This index is synthetic (composite) and
determined by three main dimensions: Ia - Intellectual Assets Index; Ie- Foresightedness Index; la -
Advancement Index [7, 8, 9]:

12 = 1ip2+ 12 + 142 (3) or, usually, Ixk= (Lia+ Ir + 14)/3 Q)

Another approach [7, 9] is often utilized to evaluate the achieved progress by means of Isec which
represents the security component of sustainable development using the Minkovsky norm, which is the
aggregated degree of remoteness of the country from the totality of ten presented threats: Energy
Security, Footprint and Bio-capacity Misbalance, GINI — Inequality, Global Diseases, Child Mortality,
Corruption Perception, Water Access, Global Warming, State Fragility, Natural Disasters. Here the
maximum danger for the country corresponds to Isec = 0 and the minimum danger corresponds to 1 [7]:

|SEC3= |13+ |23 + |33+...+ 1103 (2)

Recently numerous methods and corresponding indexes characterizing Sustainable Development and
Knowledge Society progress were proposed and calculated. The most comprehensive and detailed review
of evaluation methods and indexes of Sustainable Development and methods of their application is given
in [8, 9]. A big massive of data on the indexes is systematized and placed in Tables and Appendices.

1. Asimple model for estimation of the Composite Index of Sustainable Development (Isp)

This part is devoted to the testing of the simplest method of the numerical (quantitative) calculation of
the SD Index (lsp) and its comparison with the published values of Sustainable Development Indexes and
K-Society Indexes (Ik,lsec) for a control group of countries with different levels of scientific, economical
and social development and environmental safety. A good correlation of relative values of these indices
can indicate and approve the reliability of all of them. From this perspective, countries of the former
USSR are of special interest since they all have an unprecedented gap between the relatively high level of
the scientific and industrial development (near to developed countries) and the low standard of social
living of population and environmental safety (close to developing and undeveloped countries).lt is
important to have simple models quickly giving proper information about the influence of different
factors on the Sustainable Development (or the contribution of correspondent indexes into the composite
index of SD (lsp) [5]. The proposed method is based on the following assumptions: the concept of
Sustainable Development and its characterizing composite index (Isp) have a comparative nature and may
not always be measured in absolute units, but rather - in relative terms; the indexes should to be “tied” to
the values of the basic common indicators of economic, social and environmental values and the limits of
their change in the modern world; they should consider a certain period of time (5-10 years) to be
resistant to random variations, but should be calculated quickly to study the dynamics of development;
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the calculations must be as simple as possible to be available for specialists of wide range of professional
affiliation (science, industry, management, legacy, public police) for use in everyday practice and
decision making; all input data should be easily varied and the influence of each factor should be clearly
determined; the main results should be easily understood, even by non-professionals. To fulfill the above
conditions we proposed to use the simplest (linear) approximation in the process of estimation of
Sustainable Development achieved by countries. The simplest formula corresponding to our criteria may
be expressed as follows:
Isp = I spec + | spso + | spen (3)
Where: Isp = composite index of SD; | spec = total index of SD, characterizing economical group of
factors; | spso = total index of SD, characterizing social group of factors; | spen = total index of SD,
characterizing environmental group of factors. Each of them (I spec,lspso, | spen )is calculated according
to the following formula:

n
Isp = 3 [(%- X2)il (X1-X2)i], 4)
i=1
Where: | = | spec,Ispso ol spen; X = current value (for given country) of each economical,

social/healthcare or environmental indicator respectively, for studied period of time; x, = maximal value
of each indicator observed in the studied period of time; x, = minimal value of each indicator observed in
the studied period of time; i = number of indicators; n = total amount of indicators. In the process of
summation a positive (+) or negative (-) value was given to each expression enclosed in square brackets,
depending on the positive or negative contribution of the factor to the total index. To illustrate the
proposed method 120 indicators determined by the World Bank [6] and characterizing economic, social
and environmental factors in 20 different countries. Among these factors were the most important
characteristics of economical, social and environmental situation in these countries. To verify the stability
of our estimates related with inaccuracies and incompleteness of input data calculation has been done
changing the limits (X2, x1) from the global scale to the scale of the studied group of countries. All three
components (I spec ,lspso, | spen ) Were normalized to maximum value of 300. The obtained data of the
composite index Isp are given in the third row Isp (1) of Table 1. In the next rows the data of following
indexes are given for comparison: Indexes [8] of Sustainable Development Isp(2), Knowledge Society Ik
(2) and Sustainable Development Security Isec(2) ; Index [9] of Knowledge Society I«(3) and Index [7]
of Sustainable Development Security Isec(4):

Table 1. The calculated data of Sustainable Development Composite Index Isp for 20 countries compared
with published data of Indexes of Sustainable Development, Knowledge Society and Security of
Knowledge Society. The data noted with * were calculated by the authors of the paper using data given in
(7-9).

No Country Isp(1) Isp(2) 1x(2) 1(3) Isec(2) Isec(4)
1 Sweden 812 790 776 4000 731 1467
2 Norway 772 797 719 3626 729 1412
3 Switzerland 764 844 706 3646 673 1376*
4 Canada 760 795 622 3087 801 1482
5 Australia 757 781 627 3546 696 1550
6 Denmark 749 781 763 3686 674 1380*
7 USA 741 796 632 3798 548 770
8 Japan 740 775 696 2874 645 670
9 France 723 788 616 2869 634 710
10 United 702 781 688 2921 607 600
Kingdom
11 Uruguay 650 719 500 1393 610 1403
12 Italy 640 744 563 2148 597 520
13 Brazil 619 682 390 1241 470 780
14 Russia 584 653 414 1439 421 770
15 Ukraine 572 633 393 1227 467 418
16 Azerbaijan 511 605 - 991 333 310*
17 Georgia 474 674 - 1042 401 293*
18 Armenia 450 662 - 1049 363 314*
19 Uzbekistan 404 560 - 915 326 220*
20 Moldova 397 617 415 925 452 387
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Similar calculations were made for reduced number of parameters (indexes) — 90 instead of 120.
These model calculations showed that the values of estimated Ispsignificantly depend on the choice of
limit scale (global or inherent to the group of studied countries) and number and nature of processed
indexes, although the “membership” of the three main groups (‘“high, “medium” and “low” is practically
the same in all cases. For a better overview and comparability of data the calculated indexes were
normalized to have maximal value of each kind of index equal to 1000 (see Table 2). Geometric mean
value of the index pairs | sec (2) and | sec (4) were calculated and used for determination of the two new
“complex” indexes (also given in Table 2) showing the “co-existence” of high levels of Knowledge
Society Development and Knowledge Society Security (I, sec) and high levels of Sustainable
Development and Knowledge Society Security (Isp, sec):

Ik, sec = [(1 sec (2) X I sec (4)) 7 x 1k (3)]*? ()
Isp, sec = [(I'sec (2) X I sec (4)) * x 1 sp (2)]¥2 (6)

Despite of noticeable discrepancies between the calculated and published data, as well as significant
discrepancies in ranking the control group countries, Table 2 makes it possible to make definite
conclusions on the main trends and patterns of the studied problem. It can be concluded that calculations
carried out using a very simple model give the adequate description of the situation and the reliability of
the obtained assessment can be discussed adequate with the reliability of the published data derived by
means of much more sophisticated mathematical methods. It seems to be obviously that according to all
calculated and reference data the reviewed countries form four different groups according to their SD and
K-society progress. The first group can be characterized as “very high” and includes 6 or 8 countries,
depending on the reference. The second, third and fourth groups may be classified as “high”, “medium”

and “low”.
Table 2. Normalized calculated and published data for 20 countries.
No | Country Isp(1) Isp(2) 1«(2) 1«(3) Isec (2) Isec(4) Isec(2,4) Ik sec Isp,
1 | Sweden 1000 936 1000 1000 902 946 923 1000 ;Z)
2 | Norway 958 944 927 907 910 910 910 946 967
3 | Switzerland 941 1000 910 912 840 884 862 920 968
4 | canada 936 942 808 772 1000 956 977 904 1000
5 | Australia 932 925 819 887 869 1000 932 947 968
6 | Denmark 922 925 983 922 841 890 865 930 932
7 | USA 913 943 814 950 675 497 579 773 771
8 | Japan 890 918 896 719 805 432 590 680 766
9 | France 878 923 794 717 792 458 602 683 777
10 | United 864 925 887 731 758 387 542 655 738
Kingdom
(UK)
11 | Uruguay 800 851 644 348 762 905 830 560 877
12 | rtaly 788 881 735 537 738 335 497 538 689
13 | Brazil 762 808 503 310 587 503 543 447 690
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14 | Russia 720 774 540 360 526 497 511 447 657
15 | Ukraine 704 750 506 307 583 408 584 441 690
16 | Azerbaijan 629 717 - 248 416 328 369 307 537
17 | Georgia 584 799 261 501 218 330 306 535
18 | Armenia 555 784 - 262 453 218 314 303 517
19 | Uzbekistan 497 664 - 226 407 218 299 271 464
20 | Moldova 489 731 534 231 452 205 304 282 491

2. Results and Discussions

Common patterns in the rankings of countries according to their development levels can be identified
and they can be divided into certain groups, although the observed discrepancies between the rankings
according to the different authors and indexes do not allow clear positioning within each group. The more
detailed comparative analysis of the data brings to the next conclusions: countries with high complex
index of sustainable development are characterized by equally high rates of economic, social and
environmental component; the countries with intermediate values of the index are characterized by a
sharp "lag of" of one or even two component (economic, social or environmental); the countries with low
complex index of sustainable development are characterized by relatively low rates of all (economic,
social and environmental components; Environmental threats and hazards are among the most important
obstacles on the way to sustainable development. New low-cost and high-profitable technologies of
mitigation of environmental threats are urgently needed for economical, social and environmental
development of countries with low Isp; More accuracy of calculation and determination of composite
indexes is needed for reliable ranking and decision making aimed to support SD and K-society progress;
Increasing of number of reviewed and processed indicators provides higher accuracy and reliability of
results and improves the coincidence and correlation rate of different approaches of evaluating the level
of the achieved SD and K-society progress.
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A SIMPLE QUANTITATIVE MODEL FOR EVALUATION OF THE SUSTAINABLE
DEVELOPMENT INDEX AND ITS CORRELATION WITH THE KNOWLEDGE
SOCIETY INDEX (K-INDEX)

Z. BUACHIDZE, A. GIGINEISHVILI, A. CHIRAKADZE, N. KAVLASHVILI,

I. KHOMERIKI, Z. SIKMASHVILI, M. WIREMAN

Summary

The main determining factors of Achieving Sustainable Development (SD) can be divided into three
groups: economic, social and environmental. Numerous works were done to propose a model for
achieving a composite numerical index of SD (Isp index) to track incorporated information on social,
economic and environmental dimensions of SD. Another approach is related to characterizing of the
progress of societies and countries according to generation and use of new knowledge for ensuring their
development. A gquantitative characteristic of the development of society and basic conditions of its
development is the index of K-society (lk). A third approach is often utilized to evaluate the achieved
progress by means of Isec which represents the security component of sustainable development norm,
which is the aggregated degree of remoteness of the country from the totality of ten presented threats. It
seems to be obvious that all three indices characterize the relative progress really achieved by countries
and the prospects of future successful development. Thus, a good correlation of relative values of these
indices can indicate and approve the reliability of all of them. This work is devoted to the testing of the
simplest methods of the numerical (quantitative) calculation of the SD Index (lsp) and its comparison
with the published values of Sustainable Development Indexes and K-Society Indexes (lk,lsec) for a
control group of countries with different levels of scientific, economical and social development and
environmental safety. The performed study showed that there is a proper coincidence between the
calculated SD and published K-society indices which indicates the adequateness of both SD and K-
society approaches for characterizing the achieved and relative progress of countries and societies in the
modern world and the prospective of their future development.

MPOCTBIE KOJJMYECTBEHHBIE MOJIEJIA OLIEHKY WHJIEKCA
YCTOMYMBOCTH PA3BUTUS U ETO KOPPEJISILUS C FHAEKCOM
OBILIECTBA 3HAHM (K-WHJEKC)

3. BVAYMII3E, A. THTHHEHUILIBUIIN, A. YUPAKAJ3E, H. KABJIALLIBUIH,
1. XOMEPHKH, 3.CHKMAILIBHIIH, M. YAHPMAH

Pe3rome

Pabora mocasmieHa mpoBepke MPOCTEHIIeH MO YHCICHHOTO (KOJMYECTBEHHOTO) OMpEeAeTICHUs
nHaekca YcroWuyusoro Passutusa (YP) lsp ' cpaBHEHHIO MOJTYYEHHBIX TAHHBIX C OIMYOJMKOBaHHBIMU
3HaYeHWsAMHU HHIeKkcoB YP u mHaexcoB O6mectBa OcHoBanHoro Ha 3HaHuu (K-obmectra) lk,lsec ms
paccMaTpuBaeMOil BBIOOPHOM TPYMIIBI CTPaH C Pa3IMYHBIMH YPOBHSAMH HAayYHOTO, SKOHOMHUYECKOTO U
COLMANBHOTO DPAa3BUTHS M 3KoJIOrmdyeckod Oe3omacHocTu. IIpoBeneHHOE HccnenOBaHUE IIOKAa3allo
BBICOKYIO CTEIIEHb COBIIJICHUSI MEX/ly BHIYMCICHHBIMH 3HaYEHUSIMU UHJEKCOB Y P 1 ormyOnnKoBaHHBIMA
3HaueHMsIMH nHAekcoB YP u nunexcoB K-obmectsa (lk,Isec), TeM caMbiM, ToATBEpKAask aeKBaTHOCTD
npuMeHUMOocTh o0oux mnoaxozoB (YP m K-obmectBa) 111 KOJMYECTBEHHOH OLEHKH JOCTHIHYTOTO
OTHOCHTEJIFHOTO ITPOTpecca CTpaH M OOIIECTB B COBPEMEHHOM MHUpE, a TAKXKE OIMCAHUIO MEPCIEKTHB
Oynyuiero pa3BurTusi.
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Hecmotps Ha ABHBIE MpeMMyIeCTBa B3aMMOWHAYKTHBHBIX NMEPBUYHBIX MpeoOpazoBareneir (BIIIT)
0e3 MarHWTHOTO CEeplIeYHHKA, KOTOPBIE O CETOTHSIIHETO THS, Ha HAIl B3TJIAZ, HEOMpPaBIaHHO, HO TIOKa
BCE-)Ke NMPHUHAUIeKAT K KIIACCy 3JIEKTPOMAarHUTHBIX, HE TOJBKO OO0ECHEYMBAIOT IOJHOE HCKIIIOYEHHUE
BIMSHUSA THCTEpe3uca Ha BBIXOAHYIO XapaKTepPUCTUKY, KaK Ipd IPsAMOM, TaKk U BO3BPaTHOM
MEepeMEeIeHUsIX, HO TakXe JAl0T BO3MOXHOCTb OJHOBPEMEHHOTO M INPSIMOIO KOHTPOJII OCHOBHBIX
MEXaHHUECKUX MapaMeTpoB. A €ClH Yy4ecTh, YTO BBICOKAsl MOBTOPSIEMOCTh BBIXOAHBIX XapaKTEPHCTUK
npeonpeessieT MPOCTOTY M Ha&KHOCTh NolydyaeMol HH(opmanuy, a, o3TOMy 1 MHOT00Opasue hopm
Y KOHCTPYKIIMH, 3TO MO3BOJISIET 3HAYMTENHHO PACIIMPHUTH 00JIaCTh X PUMEHEHHUS.

[orpemuocTn B mpeoOpa3zoBaTeisix, B TOW WIM WHOW Mepe, MMEIOT MECTO BCerja, Kak TpH
MIOJYYCHUH U TIOCIEIyoIeM IpeoOpa3oBaHny, TaK U IpH (OPMUPOBAHUN HH()OPMAIIMOHHBIX CHTHAJIOB.

U3 6omb1ioro pasHooOpasust pa3nuuHbiX KOHCTPYKTHBHBIX (opm BIIIT [1-5] He Tonmbko mo Ha3Have-
HUIO, HO M TIO BBINOJHAEMBIM (YHKOHSAM  BBIXOIHBIC HH(QOPMAIHMOHHBIE CHTHAJBl OOBEMHBIX
nonycpeprdeckux BIIIl Hambonee TMOTHO TOABEPKEHBI BIMAHUIO PA3IMYHBIX —Mapa3UTHBIX
COCTaBIIIONINX CHTHAJIOB B OCHOBHOM M3-32 CIOXHOCTH M3TOTOBJICHUS H HEOOXOTUMOCTH O0OCCIICUCHUS
KOHCTPYKTUBHOH COBMECTMMOCTH MEXaHMYECKHX (OSCKOHTAaKTHO CKOJB3AIMMUX OTHOCHTEIBHO JPYT
Jpyra) MOBEPXHOCTEH, Ha KOTOPBIX Pa3MeEIleHbl KOHTYPHI BO30YKACHHS W U3MEPEHHUSL.

B nenom BIIII MOXHO pa3nenuTs Ha HU3KO-, CPEIHE-, BBICOKO- M CBEPXBBICOKO- YaCTOTHBIE
JMana3oHbl (QYHKIMOHMPOBaHUS. B KkakoM Obl M3 4YacTOTHBIX [Mana3oHOB He ()YHKIMOHHPOBAIU
nepeuncieHHble BIIII ocHOBHbIE TUIBI Mapa3suUTHBIX COCTABIISIOLIMX CUTHAJIOB, B TOM WM MHOW Mepe,
OHHF OKa3bIBAalOT BO3JICHCTBUE HE TOIHKO HA YPOBEHBb BBHIXOJHOTO CHTHAJA, HO M Ha (opMy (JIMHEHHOCTBH)
BBIXOJHOM XapaKTEPUCTUKHU.

C TOYKHM 3peHHUs MHUPOKOTO NMPUMEHHUSI OCOOEHHO CIIEyeT OTMETHUTh IEePCIEKTHBHOCTh MPUMEHEHHUS
BIIII Ttuma 3D B pasnuyHBIX 0O0JACTSX TEXHUKH HE TOJNBKO HW3-3a CIIOCOOHOCTH OJHOBPEMEHHOTO
KOHTpPOJISI TPEX B3aUMHOOPTOTOHAJIBHBIX KOOPAMHAT, COBMEIIEHHBIX B OJHOM  NPOCTPAHCTBEHHOM
KOOPJAWHATHOW TOYKE, HO W CIIOCOOHOCTH KOHTPOJHPOBATh OCHOBHBIE MEXaHHMUYECKHE MapaMeTphl
MPSMBIM, @ He KOCBEHHBIM METOJIOM.

Henocratkom GonbmuHcTBa BIIIT siBNIsSieTCS OTHOCHTENHHO HU3KHUIA YPOBEHH MOITHOCTH BBIXOJIHOTO
CUTHaJIa, OCOOEHHO MpPHU YBEJIMYEHHH HX KOHCTPYKTHUBHBIX (T€OMETPHYECKHX) Pa3MEepOB COCTABHBIX
gacTeil. B HacTosmmee Bpems, 3a CUET pa3BUTHsS CIOCOOOB M MHUKPOIPOIIECCOPHBIX CPEACTB YCHIICHHS,
9TOT HENOCTATOK JIETKO MOKHO IPEOI0JIETD.

CXeMOTeXHHYECKUM TyTéM (MMeeTcs B BHAY I[OJHOE HCKIIOYEHHE MAarHUTHONPOBOIAIINX
3JIEMEHTOB, BHOCAIINX THCTEPE3HUC), C OJHOW CTOPOHBL, a C JPYTOH - OPUTHHATIHHBIM IIPAaBUIIOM HAMOTKH
2-x u3 3-X OOMOTOK HM3MEpHTENIbHBIX KOHTYpOB B BHJE YCIOBHOW BOCBMEDKM Ha moiycdepy u
CIBMHYTHIX OTHOCHTENLHO ApyT apyra Ha 180°, nmocTuraeTcs mosHoe MCKIHOUEHWE BIMSHUS HABEIEHHBIX
(MHAYIMPOBAaHHBIX) CUTHAJIOB OTAENBHBIX, JISKANIMX B OJHOW IUIOCKOCTH, 4YacTed OJHOI M TOH Xe
M3MEPHUTENIFHOI 00MOTKH, Oiaromaps 4eMy M yAaloch MOBEPHYTh MHIYIMPOBAHHBIE B HUX CHTHAJIBI HA
180° B TO Bpems , KaK B APYIUX YACTAX ITHUX KE OOMOTOK («3€PKaNbHO») PACIONIOKEHHBIE IO Pa3HLIE
CTOPOHBI OT IUIOCKOCTH CUMMETPHH MOTyc(hephl, CUTHAIB CyMMHpPYIOTCs. OOBeMHAS M KOTHYECTBEHHAS
CUMMETPHYHOCTh TMPOCTAHCTBEHHOTO PACHOJOXKEHUS COCTaBHBIX YJaCTKOB OOMOTOK HM3MEPHTEIBHBIX
KOHTYPOB, a TaKXKe 3epKajJbHasI CHMMETPHYHOCTH IIPOTHBOIIOIOKHBIX CEKIIMH APYTUX Yy4aCTKOB 0OMOTOK
MIPUBEJH K TOCTHKEHUIO MTOCTaBIEHHOH IIeNTH, 2 IMEHHO, K MCKIIIOYCHHIO BIUSHUS HA BBIXOTHON CHTHAI
HEXEJIATENBHBIX COCTABIIIOIINX, KOTOPbIE KOHIIEHCUPYIOTCSI.

Takum 00pazoM, TEOPETUIECKH, TOBTOPSIEMOCTh BBIXOHON XapaKTEPHUCTUKH JIETKO JIOCTUTHYTa Tak,
Kak IpH JIF000M IOJIOKEHUH NOoTyc(hephl ¢ U3MEPUTEIbHBIMU OOMOTKaMH Tapa3UTHBIE CUTHAIIBI B3AaUMHO
CKOMIICHCHPOBAHbI 0OJlarofapst B3aUMHONW OpPTOTOHAJIBHOCTH OTJEJIBHO B3STHIX YYaCTKOB KOHTYpOB
PAacCIOIOKEHHBIX B PA3HBIX, HO NEPIEHAUKYJISIPHBIX INIOCKOCTSIX.

OnHaKo, KpOME WCKIIOYCHMS BBIILICYHOMSIHYTBIX HEIOCTaTKOB, OOYCIIOBICHHBIX HPUHIHUIIOM
noctpoeHus 3-x koopauHaTHbix BIIII, cregyer Takske MCKIIOUMThL BIUSHUS IPYTUX, TENEpb YK€ Kak
BHYTPEHHBIX, YHCTO KOHCTPYKTHUBHBIX M TEXHOJOTMYECKUX, TaK M BHEUIHMX 3JIEKTPOMAarHUTHBIX
BO3MYIIAONMX (IApa3UTHBIX) MOMEX, KOTOPBIE TaKKe BIHSIOT HE TOJIHKO HAa CTAOMIBHOCTH BBIXOJHOU
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XapaKTepUCTUKH, HO M Ha TIOBTOPSAEMOCTh BBIXOJHOIO CHI'Hajla NpU HPSMOM M BO3BPAaTHOM
MepeMEIICHHSX.
K ux 4ncity MOYKHO OTHECTH:

® HJCHTUYHOCTb YHCIIA BUTKOB M TOIIOJOTHYECKHX (OPM 0OMOTOK U3MEPUTEIBHEIX KOHTYPOB;

® HETOYHOCTH KAMOPOBKM AWaMeTpa OOMOTOYHBIX IPOBOJOB NPOTSHKHBIMU MEXaHU3MAaMH ;

e HEOOXOIUMOCTb COBMEIICHHS HE TOJBKO T'€OMETPUYSCKUX LEHTPOB IOIBIDKHBIX M HEHOABIIKHBIX
3JIEMEHTOB ToTyc(hepudeckoil U chepruiIeckoil TOBEpXHOCTEH Mpeodpa3zoBareis, HO M o0ecIedeHne
UX HENPEepHIBHON MEXaHUUYECKOH CBSI3M 3a CUET OCYIIECTBICHHS IIOBEPXHOCTHOTO TPEHHS JUIsl Chephl
C O/IHOW CTOPOHBI , @ C IPYrOM, BHYTPEHHETO CKOJIBKEHUS JUIsl TTOJTychephl;

e 10n00p Marepuana CKOJB3SIIUX IOBEPXHOCTEH, KOTOPBII JOJDKEH  YZOBJICTBOPSTH
COOTBETCTBYIOIINM MEXaHMYECKUM CBOWCTBaM MaTepHaa, 00eCIeYHBAIOIINM CKOJILKEHHE C HU3KUM
KO3()UIIMEHTOM TPEHUS;

® COBMCHICHHUC OCHOBAHMH TIOJIBIX HOHyC(I)epI/I'-ICCKI/IX, UACHTUYHBIX IIO q)opMe, OJHAaKO pasHbIX IIO
KOH(HTYpalluH M Ha3HAUYCHHUIO, TIOBEPXHOCTEH, IepBast U3 KOTOPBIX- YHCTas monycdepa, Ha KOTOPOit
pa3MenIeHbl H3MEepUTEeNIbHbIE OOMOTKH KOHTYPOB, & y BTOPOIl OCHOBAaHHWE MACHTUYHO C IEPBOH M
HETOABM)KHO COBMEIIACTCS C HUM MOCIe pa3MelieHus B HEM cdepbl ¢ 0OMOTKON BO30OYXKICHUS.

Bepxymika apyroii momycepsl cpe3aHa Ha BEICOTe N JIst BHIIONHEHHS ABYX (DYHKIHiA: TIOTHOTO
COBMEMICHUS [BYX HICHTUYHBIX IO (hopMe MONBIX TModychep W BHYTPEHHEH CQephl, a Takxke,
obecrieueHNs HaTllepe I 3aJaHHOTO THAla30Ha YTIOBOTO MEPEMEIICHUS CTOWKH, KOTOpask HeTIOABIKHO
CBs3aHA C TEOMETPUYECKHM IEHTPOM BHYTPEHHEH MOIycQephl, MEepIeHANKYIIPHO KOTOPOH IO
MepUMETPy HAHOOIBIIIETO THaMETpa U PACTIONOKEHa 0OMOTKA BO30YKICHHUS.

Hexotopsie mpuémpl MOTHOM MM YaCTUYHOM KOMIIEHCALMU Mapa3UTHBIX COCTABIISIOLUIUX CUTHAJOB,
CBSI3aHHBIX C HETOYHOCTHIO HM3TOTOBIICHUS MEXaHWYECKUX KOHCTPYKIMH, MPeonoJuMbl. EXMHCTBEHHO
MPaBWIBHBIM DPEIICHHWEM, TO3BOJSIONIUM, HA Halll B3IMJIAN, MOCTPOEHHE COCTAaBHOTO TIEPBUYHOTO
npeoOpa3oBatenisi ¢ JOMOJHHUTEIBHBIMUA YIOPHBIMH JJIEMEHTaMH, OOECICUYMBAIOIIMMUA HE TOJBKO
COBMEIICHHE B3aUMHO CKOJB3SINIMX T'€OMETPHUYCCKHX IICHTPOB PAa3JIMYHBIX T'€OMETPHUYECKUX (UTYD
(BHemHsst mepBas (monas) mosycdepa, BHYTPSHHSE MOJBIKHAS cepa M YacTh CErMEHTa BTOPOM
noiycephl ¢ KPEeTEXHBIMH MPUCIOCOOICHUSIME TSI COTIPSDKEHHSI ¢ TIepBoi moiycdepoit ¢ oOMoTkaMu
U3MEpeHus), W JOBEACHHE 1O MHHAMYMa 3HadeHHA KOJI(DUIIMEHTa MEXaHWYEeCKeCKOTO TpPEHHUS
CKOJIb)KEHUS MEX]Ly HUMHU.

AHOJNOTMYHBIE 3aJla4ll KOMIIEHCALMHU U 3alIUThl OT BHEIIHUX 3JIEKTPOMArHUTHBIX MMOMEX CBA3aHbI C
W3TOTOBJICHHEM OOMOTOK BO30OYXKICHHS W H3MEPECHHH BUTHIMH mapamu. Kpome TOro, THOMEIICHHBIC B
SKpPaHUPOBAHHYIO OOOJOYKY BHTHIE Maphbl CIEAYET BBIBOJUTH JI0 BXOJOB MEPEKIIOUAIONINXCS CXEM H
PETUCTPHUPYIOMIUX IPUOOPOB.

A Kak ObITh C TAKUMH OOMOTKAaMH, H3MCHEHUE MPOCTPAHCTBEHHOW OPUCHTAIMHM KOTOPHIX HE MOXKET
ObITh HapymieHO? B 3ToM ciyyae, Ha MEPEAHUI IUIAH BBIXOAAT YXKE JICKTPOHHBIC METOMbI KYCOUHO-
JUHEHHOW amnmpoOKCUMAIIMN Ha PAa3IMYHBIX MO JJUHE, HO Hamepes Onpeae€HHbIX ydacTkax. OgHako
€CTh U Jpyrue MYyTH CXEMOTEXHHUYECKOTO W3MEHEHMsI XapakTepa, a TEeM CaMblM, M JOCTHXEHHS
JMHEHHOCTH BBIXOJHBIX XapaKTePUCTUK CHTHAJOB. IlocTaBlieHHAs 3ajada MOXET OBITh pelIcHa IMyTEM
BBEJICHUS JOIIOJHHUTEIBHBIX KOHTYPOB BO3OYXKICHHS W HW3MEPCHHUsS, B3aHMHBIC IPOCTAHCTBCHHEIC
PaCIIOJIOKEHHS KOTOPBIX TO3BOJIAT OKOHYATEIHHO PEIIUTh MPOOIIEMY JTHHEPHATH3AINH.

Cnenyer 3aMeTUTh, YTO Py4yHas TEXHOJIOTMSI HAMOTKHM JJii BBICOKOTOYHBIX M BBICOKOYACTOTHBIX
MIEPBUYHEIX TIpeoOpa3oBaTelicii HEMPHUIoHA [0 TOW MPUYUHE, YTO JIFO0BIC HEPOBHOCTH YKIIAIKH OOMOTOK
BO30YKICHHUS U U3MEPEHHUI MOTYT IPUBECTH K MOSBICHHUIO MAPAa3UTHBIX COCTABJISIONIUX B HaBEIEHHBIX
CHUTHaJIAX, YTO pe3KO YBEIMYUT HEeNWHEeWHocTh B 1enoM. CremoBaTenbHO, HEOOXOAWMO HayaTh
paszpabaTeiBaTh O0OBEMHOE HAIBUICHHWE TPOBOAOB HA JIUAJIEKTPUUYECKYIO TIOBEPXHOCTH (HAIpHUMep,
canup) momycdep. Ilpu 3ToM cpa3y BO3HHKHET TEXHOJIOTHYECKas MpobieMa MepexoJ0B W3 OJHOM
BHEITHEW TIOBEPXHOCTH IUIOCKOCTH JHMIJICKTPUUYECKOW mTonycdepsl Ha  APYryro, BHYTPEHHYIO, H
Ha000pOT.

TakuM 00pa3oM, mepevrcIeHHBIE BBIIIE COMYTCTBYIOIMNE MPe0Opa3oBaHUIO CUTHAJIOB TIOMEXH MOTYT
OBITh UCKITFOYEHBI TYTEM CO3TaHUS MPOTHUBOIIOIOKHO HAMPABICHHBIX KOMIICHCHPYEMBIX ITOJICH, 10 da3e
U aMIUTATY/Ie MPUBOSIIUX K CABHUTY (Da3bl, 0COOEHHO MPH BBHICOKOYACTOTHOM Juamna3oHe Ha 180°, u
BHEUIHUM 3KPaHUPOBAHUEM HM3MEPUTEIBHBIX KOHTYPOB OT BBICOKOYACTOTHBIX BO3MYLIEHMM, a TaKke
M3BECTHBIMHM CXEMOTEXHUYECKUMH METOIaMU.
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RECEPTIONS OF INDEMNIFICATION OF PARASITIC MAKING SIGNALS AT
CONSTRUCTION INTERINDUCTIVE OF PRIMARY CONVERTERS OF TYPE - 3D

O. LABADZE, M. TSERTSVADZE, T. LABADZE, P. MANDZHAVIDZE
Summary

The paper presents the basic receptions of indemnification of parasitic signals influencing a target
signal interinductive primary converters realisation of which increases accuracy and reduces a transfor-
mation error.
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PRINCIPLES OF CONSTRUCTION OF INTER-INDUCTIVE PRIMARY
CONVERTERS

O. LABADZE
olabadze@gmail.com

Improvement of existing technical means of information processing, enhancement of their operation
features and expansion of their functional capabilities [1-10] is an acute scientific-technological problem.
It is of key significance for the professionals in information technologies, automation, computing
equipment, instrument-making and robotics. Development of the listed sectors is impossible without
highly effective and reliable converters with relevant physical parameters and high precision.

Among technical means for collection of control and measurement information the movement
electromagnetic converters are of great significance.

Currently, among electric converters, produced without magnetic conductors, in which, at forward and
back movement of mobile elements of the converter cinematically connected with the subject, impact of
magnetic hysteresis and viscosity on the formation of converter’s output signals is excluded, the inter-
inductive primary converters (IPC) are of special significance.

Scientific justification of scrolls topology, in particular, space othogonality of certain sections,
symmetry of measuring scrolls, mutual compensation of parasite signals and their full and partial
exclusion allowed us to create various primary converters, or means of control at the fixed sections of
shift of such mechanical magnitudes, as linear and angular displacement and velocity.

One more advantage of the IPCs, except for the above ones, is the fact that due to space shift of the
vector of magnetic field of excitation scroll it is able to determine the direction of movement of the
mobile element.

High repeatability and stableness of the output characteristics, high level of the output signal, high
response speed and direct receiving of the output signal, possibility of configuration change without
disassembling of the converter, also other metrological properties allowed us to develop the conception of
construing if such electromagnetic primary converters, purpose of which is, mainly, their use in the heavy
conditions of industrial production.

On the basis of analysis of peculiarities of construing of the similar converters, which were produced
by us, there was developed the IPC classification by the construction properties [7]. According to this
classification the primary converters are divided into the converters with profiled and 3D scrolls and each
of them — into the controlling means for linear and angular displacement. By construction the profiled IPC
is divided, in case of control of linear displacement — plane-parallel, cylindrical and truncated conic
converters and in case of angular displacement control — plane-parallel, disc and hemispherical
converters.

3D IPCs controlling linear displacement are divided into plane-parallel [1], cylindrical and truncated
conic converters and those, controlling the angular displacement — into hemi-cylindrical, truncated hemi-
conic, hemispherical or quadrant-spherical converters. By forms and numbers the IPCs are divided into
one-, two-, three-, doubled, cross-type, printed, two-layer, multi-layer converters and those with coil
measuring scroll converters.

As the principle of operation of IPCs is based on the change of inter-induction between excitation
winding (EW) and measuring winding (MW), the magnitude of the induced signal and sensibility of
output signals will depend upon the change of the above parameter, what is achieved through selection of
configuration of the profiled or 3D scrolls (coils).

Sphere of application of the IPCs with profiled coils is control of medium-size (from 5 cm to 1.5 m)
linear displacement or simultaneous two or three angular displacement control.

The authors have developed the general scheme fort construing of the linear and angular displacement
controlling devices with IPCs (Fig. 1), which contain the sine wave generators, excitation and measuring
coils, converters of the frequency signals into the potential ones, signal processing units and recording
device.

Operating IPCs basically differ with the geometric configuration of the excitation and measuring coils.
The IPCs with both, profiled and 3D coils are used for control of linear and angular displacement, in
accordance with the technical requirements. For instance, in 3D hemispherical inter-induction primary
converter with the profiled coils (Fig. 2) the electromagnetic field induce the axial symmetric vector of
magnetic induction within the hemisphere, bordered with circle-shaped frame contour and this vector
induces simultaneously, in three independent measuring circuits, the induction electromotive force,
proportional to angular space condition of magnetic induction vector within the orthogonal coordinate

58



PRINCIPLES OF CONSTRUCTION OF INTER-INDUCTIVE PRIMARY ...

system, which corresponds to the signals “inclination“e, “pitch”f,and “course” y. Etalon characteristics
of each measuring channel are taken in advance and through comparison of following amplitudes there is
provided control of the coordinates [9].
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Fig. 3. Fig. 4.

In our works, specified in References, there are considered the IPCs with 3D coils: linear
displacement controlling converters with plane-parallel, hemi-cylindrical, cylindrical, truncated conical
configurations; angular displacement controlling converters with multi-layer, hemi-cylindrical truncated
hemi-conical and quadrant-spherical converters of various configurations.

For multi-layer primary converters, general formula for calculation of inter-induction, taking into
consideration additively, will be as follows:

S n m
M=>>2>M. @
k=1 i=L j=1

where M;j; —is inter-induction of i and j sections (half-arcs) located on different layers; n and n —
number of half-arc; s — number of layers of the primary converter and k — number of the layer.

For all of the above cases calculation of inter-induction is reduced to calculation of the value of inter-
inductions of half-arcs with different radiuses, located in the parallel planes shifted with angle « to each
other. Therefore, each case is considered individually, for instance, inter-induction of multi-layer,
quadrant-spherical converter (see Fig. 3) is calculated by means of formula [4, 10]

M= Ly s n-1m-1 7+a =« rkRk -C‘S~d(p1d(p2
ST
7T k=1 i=0 j=0

p=a ,=0 \/rk +R, —2n R, (C+S)

’ O]

i 7 . i 7]

where C =cos cos cos(go2 —gol) , S =sin sin ).
2(n -1 2(m 1) 2(n, =) 2(m -1)
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For the particular case, when the contour containing half-arc coil of R radius is fixed in ZOX place
and the one with r radius is simultaneously inclined with angle y, its plane | turned towards ZOX plane
with angle eand in addition, the centers located in the planes of symmetry of the contours are coincident
(fig. 4). In such case inter-induction is calculated by means of the following formula:

nbom g Tz rR.Adpdo,

M= 222> [ |

i=L =L k=Ll s=l gy =a =0 \/(hij —he)*+ rij2 +R’ —2r R cos(p, —¢,) - D, ’

A=[sing, cos(p, + @)cos(y + a)afl—sinz% cos’ y +Cos, sing, Cos y cos(p,+@,) —sing, cos ] ,
Dik = \/[(hij _hks)z + rij2 + Rk32 _2rij Rks]' B,

B =cosx, cos(;/+o:)1}1—sin2 ¢, cos” y —sing;sin gy cos y-2r, (h, —h,) sin(y +oz)ﬂj1—sin2 @,c08’ y

where 1, <r; <r,—are limits of change of the contour radius; R; <R; <R,-are limits of change of

the fixed contour radius; n, p, m, q — respectively whole numbers of turns of rectangular sections of the
internal fixed and external mobile contours; ; h;j - hys .- distance between the half-arcs; ¢and ¢, — Rgs and
rij — the angles of inclination of the radius-vectors.

In case, when on the non-magnetic axe with do diameter there is located truncated conic contours,
when inter-induction is calculated by means of the formula for inter-induction of two coaxial circles or
through division of the cone into the solenoids with finite lengths and further summarizing of the
calculated magnitudes.

In the 3D IPC solving of the stated problem is possible only through adding or subtracting of the
number of turns, in those sections, where is noticed the convexity or concavity of the output parameter,
respectively, in the PC with profiled coil this necessity does not exist, as the configuration of this type of
converters could be easily changed without changing of the number of turns. Such PCs are wedge-shaped.

Application of analytic, operation, graphic and other well-known methods for the displacement inter-
inductive functional converters with the profiled coils, in most cases is not effective and inaccurate, as in
the real converters there take place dispersion and convex of magnetic field, what could not be descried
yet.

In most practical situations, together with high sensibility, there is required linearity of output
parameters, what could be achieved through applying the composition of inter-inverse functions. There is
developed the accelerated method for linearization of the output parameters of linearization of output
parameters, which, at the next stage of iteration procedure decreases the values of calculated magnitudes
with one and the same number, which, at each following step, is determined through applying of “golden
proportion” or through division of next number from Fibonacci series with the previous number.

The essence of the method is that the numerical values of coordinate points of measuring coil are
determined in purposeful and ordered manner

yit y2, L Yty YAYA vy vl e L
In any selected n knot points X1, X2, . . ...., Xn,
Where j is total number of iteration steps. Iteration process completes, when standard error of non-

linearity &’ is less or equal to minimal acceptable value & .

Application of this method, on one hand, allows, not only to automatically exclude impact of
constructive inaccuracy on formation of the output signal, but also, based on the converter operation
principle, allows for redistribution of induced magnet fields in space and consequently redistribution of
through flux within the coil, in case of change of location of excitation coil. Researches showed that the
impact of 5-10“T induction magnetic field causes the error no more than 0.2%.

Generally, if the contour moves in the magnetic field with V velocity, Maxwell’s second equation

could be formulated as follows: & =g, (E+[V.B])dJ, where ¢ EdJ - is transformation electromotive

@)

force, caused by change of the magnetic flow in time; ¢ [¢.B]dJ -- generator electromotive force,

caused by movement of the contour with velocity v in the field. First component determines the statistical
parameter and another — the dynamic one. Dynamic parameter is associated with the sluggishness of the
converter and transition processes in the transformation electrical circuits. Taking into consideration, on
one hand, that the electromagnetic wane propagates at the velocity of light and on the other — that times of
signal transformation and saturation decrease with growth of the frequency then dynamic error is
negligible.
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The distinguishing of the errors is conditional, as they persist simultaneously and comprise non-
stationary random process, therefore, for general evaluation of the error there is applied the expression for
mean square deviation [8]:

o, = leo(a)% ij(o—(fi)w@jm P EELIENE @)
i=1 i=j=n+1 i=j=n,+1

where 1 €[1,n] - is number of non-correlated magnitudes, 1e[n, +1 n,]- numeration of
number of strictly linear positively correlated magnitudes; i €[n, +1, n ] numeration of number of

strictly linear negatively correlated magnitudes.

Significant changes in IPC are caused by change of temperature and frequency deviations. Their
compensation would decrease numerical values of the errors.

Temperature change mainly causes change of the resistance and geometrical shape of the relevant
coils. The errors caused by temperature changes belong to the systematic changes and it is easy to take
them into consideration. To reduce the temperature errors, it is necessary to stabilize the current, for
instance, through using of the barrater or such large resistance, or such material, which has low thermal
expansion coefficient and resistance towards temperature changes.

Together with growth of cyclic frequency of the power source the level of output signal, sensitiveness
and consumed energy grow. Velocity of the EW determines not only the current in the coil, but also the
inductance, what, on its side, impacts the value in inter-inductance and in addition, increases the error of
internal system error. Change of cyclic frequency impacts the value o amplitude of the output signal, what
is impermissible. There is developed the method of maintaining of quasi-stability of the output signal
amplitude and the method of compensation of the impact of frequency deviation for two-, three- and four-
turn primary converters, through creation of the contours tuned to various resonance frequencies.

Researches showed that significant change of inter-inductance and respectively, change of sensitivity
of IPC and transformation coefficient of efficiency is achieved through change of topology of profiled
coils and through increase of number of coils and/or plates in the 3D IPCs. Currently IPCs are applied for
control of medium-size (from 5 cm to 1.5 m) linear displacement or simultaneous two or three angular
displacement (from 0 to 180 and from 0 to 360 degrees) control.

Through various methods of identification it is established that the IPCs are linear rings, belong to the
simple class of Hammerstein models and are described by means of no more than quadric differential
equation

For reduction of transformation error, special attention should be paid to the high precision
technologies for producing of the elements of primary converters and accurate compatibility of their
mobile elements, also application of such materials, which have low thermal coefficient and resistance
towards temperature changes.

Application of planar technologies for production of excitation and measurement coils are quite
promising. They imply laying of the aluminum in the form of stroke lines with high precision, on the
glass, silicon, quartz or sapphire trays. By means of planar technologies there is obtained coil contour
configuration on the SiOz2 plate.

In the future, it would be reasonable to apply H technologies through micro-miniaturization of IPC
elements and knots and further automation.
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PRINCIPLES OF CONSTRUCTION OF INTER-INDUCTIVE PRIMARY
CONVERTERS

O. LABADZE
Summary

The paper is dedicated to the methods of construction and applications high-precision inter-inductive
primary converters intended as for control of mechanical parameters, and their using at creation system
managements.

MPUHIUIIBI HOCTPOEHUS B3AUMOMHIYKTUBHBIX IEPBUUYHBIX
IPEOBPA3OBATEJIEN

O. JIABA/[3E
Pe3iome

Cratbs MOCBAIIEHa MCTOJaM  IMOCTPOCHHA W MNPHUMCHEHUS BBICOKOTOYHBIX B3aUMOUWHIAYKTHUBHBIX
MNCPBUIHBIX npeo6pa303aTeneI71, NpeAHa3HAUYCHHBIX KaK IS KOHTPOJISI MEXAHUYCCKUX IMapaMETPOB, TaK U
UX IIPUMCHCHUS IPHU CO3JaHUHN CUCTEM YIIPABJICHUS.
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NPUHIMUIIBI BECKOHTAKTHOI'O ONPEJEJEHUSA IPOCTPAHCTBEHHBIX
KOOPJIMHAT KAXKJIOI'O CYCTABA U 3AXBATHOI'O YCTPOMCTBA
MHOI'OCYCTABHOI'O IPOMBIIIIVIEHHOI'O MAHUITYJIATOPA

O. JIABAJ/[3E
Pe3iome

[TpuBeneHsl MPUHIMIBI OECKOHTAKTHOT'O OIPEAEICHUs MPOCTPAHCTBEHHBIX KOOPAMHAT Ka)JOTro
CcycTaBa M 3axXBaTHOIO YCTPOMCTBa MHOIOCYCTaBHOI'O IIPOMBILIUIEHHOTO MaHumyistopa. B Mecrax
COEJMHEHHUS CYCTaBOB HCIOJB30BAaH  TPEXKOOPAMHATHBIA  OE3MHEPLMOHHBIH B3aMMOMHIYKTUBHBIN
NepBUYHBIH peoOpa3oBaTenb THna 3D, KOTOphIi obecriednBaeT HANEKHOCTh U TOYHOCTh ONpPE/ICIICHHS
KOOPJMHAT Ka)KJI0T'0 CyCTaBa M 3aXBATHOI'O YCTPOMCTBA.

PRINCIPLES OF CONTACTLESS DEFINITION OF SPATIAL COORDINATES OF
EACH JOINT AND GRIPPING DEVICES OF THE SINGLE-ROW
MULTIARTICULATE INDUSTRIAL MANIPULATOR

O. LABADZE
Summary

Principles of contactless definition of spatial coordinates of each joint and gripping devices of the
single-row multiarticulate industrial manipulator are shown in the paper. In places joints it is applied three
coordinate without the inertialinter in the primary converter of type 3D which provides reliability and
accuracy of definition of co-ordinates of each joint and gripping devices.

K0BIHDIMS — REFERENCES - IMTEPATYPA

1. Jla6amze O.C. ITpuHIMIBI TOCTPOEHHS BEICOKOYYBCTBUTENIFHOIO TPEXKOOPAMHATHOTO B3aMMOHHTyK-
THUBHOTO TOJYC(EPHUECKOTO MEPBUYHOTO Mpeodpa3oBaTeNs YIJIOBBIX NepeMelneHnid. MykayHapoa-
HeId hopym "HoBrle MHPOpMAIIMOHHBIE TEXHOJIOTHH 1 MeHekMeHT kadecTBa" (NIT&QM), HayuHas
KoH(pepeHums: “JlaTuuku M TpeoOpasoBarenn WHPOpMAIMU CHCTEM  KOHTPOJS, M3MEpEHHs |
ynpasienus” (28 mapra - 04 anpens) 2009 r., ETUIIET, r. Hlapm Oap leiix, c.94-97.

2. o @3d5dg. g gA@mIsabod o bsdgmmmeobs@dosbo ao®wsd]dbgao. 0b@gmgd@goee-
@0 Loggm®gdol geOmgbymo 3gbd®o “bodds@gb®o”. 35Bgbdgdo P 4702 da P 4703. m@ogg
aobgbowgdymos 11122006 §., LoopgbBogogsgom  bmddgdo  9753/01 oo  9754/01..
3°9mJ399bg9daros 10.06.2009F., LoddgFggenm boggmmgdols mgogosgy@o boogm@mdszom
doggarg@dgbo 2009 §., Ne 11

65



J3M6BSIBM 15533MHBOGOIAN RN6530IAN 06RND3SBGM@HOL 35@0)30L 3INNMKN
(). L585dI
olabadze@gmail.com

930635JBm  Loddmbogogdo  0bpogs@dm@ol  spgdol  gobogy®o  Loggydgangdo o
0530bgoMgdsbo  godmygmggmos  aodmdggybgd e bodO®ITo,  @mIgenToi  dmygsboanos
©0bsdogygdo  ®mdogdBol dodomswo dgdoeagbgemo  9obgdolomgols sdydoggdyemo s gdols
3M0bzodgdo [1].

3320939000 oy 9boos, @Md do@mgoo 0d33ymlgdol @maoig@se slsdygmgdymoa,
9OnEAMYmo,  0nsbdodrEgghygmo s  goblbgoggdgmo  dofmegdon  Imd@ b 1200-01s
X900 3gobyby  dodHogoe  dooefggs  FgGogBo 306G o @yl swpomydhy
3obmagligdyano dd@bogo Lod3dmanalosbo dogbo@gdols ‘d93(339800 9099963 gdols
Lbodo®obdo®m  dmd@omdol  aobbm@zoge gdom. 83 dgdmbgggedo  spgoao o3l
bod3mboigoydo,  oby  3gMomeymse 3goo  bodbgogdo  0bgm@dsEools  domgdsh.
dopomomsw, bob.1-bg dmyggobogoo 9ombgdioosbo L qds, Hmdgenog ‘dgag0s
30680953000 0gbG YO0 Mo, Jsa®sd dmamligdols msbdodwggdmdom goblbgsggdyero,
dod9bgdgaro  gangdgbBologsb. gargdgb@gdo gamIsbgmmsb ©s3sgdodmgdygemoas dogbodymo
ggeogdom. gl dopbodgdo  ggengoo  dgJdboanos  ogbgddogo (56 L3gEosmry@ow
©odbogdgao)  Fgedogo  FogboBgoolsgsb.  ddodmggeo  033gelbol  bgdmdggdolbsls
doomgds IndBomdol Loddmboiog®o dgobogHse 3gemswo Lg@omo.

390dmE, bob.l-bg dJmygsboaos gOmbgdioosbo dd@ybsgo gangdgbGgdol Ibmanmo 1200
dmd@9bgdols BMoydgb@gdo. mommgymo Lgdaos dgozogh  m@o Laboli o goblibgeggdyao

3o gligdolsgsb ((N,S,N) > (S,N,S))

T oboge dodgbog 929996690,
HmI gols >dgm 900 dsbgmoligob
©5dme goygao > M®03gg db@ogsb
©sx0JboMgdgmo  momm-mome  dAybgols
wghdo.  bgdaool  3d@gbogo  gengdgb@gdo
(353603 g60) Loggmeto dopbo@y@o
392093000 ©5353d0Mgdg@os  gHmdsbgmmsb
Ygbo@ygobo gergJB®mdspabo@gdols dogbo@m-
359 oM gdom.

9 9]@MmdogboGgdo  dBoge  s@osh
3obgoggdgamo  Lgdaosdo s 5@  gbgdosb
3gtomeygmse ddG9bsg gargdgb@gob.

3050, 3( g®0gdo 3oben o 9d9ao
%59 9603y Lgdiool 9JONOAMYED SO
LbodoGmsago mdogdBo dgoagds  mommgye
bgdgosdo Fgdagaaro mGo  Fygoa-Tygomow
35@9bogo 98093963 0bogsb, Omdge by
oagboano Vaboom 35bmoglgdaamos
dogbodgdo  (ob.bob.l). Jmbosizgerg  3meney-
Lgdom  aobanopgdyer s dmd@¢bgdols
®gdols dJmby d9edog 302608 93bg
bgdmsb  ©sdgbgdymos @y, FgLogdo,
Lodggobs 3G0bdol gm®dol s 0bgm@ds-

3ool  do@odgdgeo  ddFYgeo  Fobbspgdo.
ddodmogo  ™mdogddol Lgdaogdo dggomgdia-

@05 35@ 5 gEn)@o(.

dOpagomo  @goagdom  bohggbgdos  gom
LgJiosdo gygboeno  dogbo@gool dmddes-
mdols dodo@mnygamgdgdo 1200 Jaoboo  dmo-
@9bgd0l ggoms gBHo3bY.

O0y0@3 bob.l - ©ob hobl OO-%g oygby-
bob.1 gm0 Lgdiaos 1200 30o9gLbg Imd@ybgdols
‘d93gy 0330l bygoy® 0bgm@dsizosl.

66

a=30°

a=90°

a=120°




. L335dI

dmygobogno  dmd@ybgds 03 gargdB®mdspbodgdol bgogdol hHomgomn gobbm@ogmws,
Omd@gdoi  aobmoglgdygmos bgos  @gomydo  gm@dol s goygds,  dF3003do
30GH0bmbFsm s o Lodgd@ogmow dpgdsdyg, dogbodmasddstgdby.

sEagbo@mos, @md  JdsGmogo  0d3gmlgdols  Jodpgz@dmdol s bo'dbol  eomyozy®o
Y9agemom  mommgyee  byJaosdo  doowmgds  Lado@ol3odme  dd@ybogo  gangdgb@gools
9ONME@OMdS.

bob.2-bg dmygsboanos 3F 30330 gobmoglgdygemo s m@-m@o opgbdydo  Lgdizoolysb
Jgagboao  Loddmbogog®o s monbgmgdgbGosbo  byoyg@o  obgm@dsgools  sdLobggano
bJ9dmEgdbogamo gowsfyggdomgds — Lodogg gymbols (09 — 1209 ; 1200 — 2400 > 2400 —
360% (0%)) Fgdmd@96gd0l asbbmdEogmgdols gBs3gdo.

@bmdognos, @G0T 0y gegdOmIsgbodo  dgozegl  @edwgbody  wsdmyzomgdyen
3Mogbogols, bgdobdog®o 3d@Aybogo LolEgdol LEsGogg®o ©s obsdogy®o doymdsdgmds
500§ gdgds ghmo ob Ms3wgbodg  dodgols o ghmo Jmdgb@ols gob@mergdgdom [1-4].

5d0@md, LobEgdol sbYLFgdbymo Fmd@smdols seFgMobomgol gobsmgomalifobgdgaros
3309bsg0  3356dgd0l  gengdBO g0, dogboddo s gmblEOYIJGogmo  msgoligdy@gdsbo,
Gmdmgdoi  bogamse  aoblobeg@maggb  Bombyg dmddgoo  ImIgbBgdols  dpbgdol o
O5mEgbmbsl.  dogogmomsw, Lodo g gd@@mdsgbo@ols ddodmsgo a®spboagdol s@Lgomds
053930 306ggao, dgmeg s Igbsdg aob@megdgbol dgdm@Eobsl, bmenm xsdy@o 0bg@Eool
dmdgb@gdoll LOgmo sefghs ©o ©sdsdyboydgdgmo ©obsdoygdo dogrgdol  swo@oygdo
o gbgegdol  @oibgol  gob@ws o dom  dogd  Dgddbogno  sdo@gdomo  obadgnggo
dmd96@ 900l gomgogolifobgdom  dmd@ombol aobBmagdsms Lol@gds wsofgmgds dgdwgao
bl gdgeo Lobom:

v,
R =V,

dvy,
: +R|_2I2 =U,,

d\P3 >
: +R 13 =U;,

1

p

n dzﬂ dﬁ m ) dﬂ
ZII72+D7+Z(MM%.J+M!mJJ+M4‘>P‘)J)SIgn T :Z 0 M s
i dt dt j=1 a =l —1 ’

oo Y1 — 30M39em0 gemg]@@mdogbo@ols ddsdmggano adopbomols s dogbo@oligsb
‘dgagbogno 3@ gbogo gmblE®JEools gegdgb@gdols bsgodgddss,
Y2 — dgmdg ge0gd@®mBogbo@ols gdsgbomols ©s dopabodolash dgwagbogno
ddAbsgo 3mbbE@yJizool gangdghb@gdol bsgowdgdds,
W3 — 39bodg ge0gd®HO®Isabodol a@sabogmols s dogbo@oliash dgoygbogo
ddAbsgo  JmbLA® ]300l gengdghBgdol bsjowdgdds,
RLl— 90 9JBOmBogbo@ols ddodmggaro adspboenols sJ@oygdo Fobosmmds,

R, — 90 9J@Omdogbo@ols dgmadg adsaboaols sj@ogdo Foboswmds,
R, — 920 9]@®m3ogboGols 3gbsdg y@sgbomols sJBoydo Fobswmds,

l; — 8md@sgo 3mblgEgdaool Ygdowagbgmo o ggaeo i-9@0 gagdgbBols
0bg® 00l Imdgb@o,

£ — 3gedogo dspboBol 3Jmbg dmddsgo LolHgdol dmd@ybgdol jgmby,

U, — ge0gdd®mdspabo@ols dodmgols 3o@ggen g@ogbombyg dofmogdgamo
dodg0l Lowogy,

U, — geg]d0mdspbodol dodmgol dgmeg gdsaboanby dofmwgdgemo
dodgol Lowowy,

Us — gargd®®mdspabo@ol dodmgols gbsdy gtogboaby dofmwgdgemo

dodgols bowowy,
D — Ladosgdhm bobybols 3mggno3ogbdo,
Mﬂ?%.j — 3dM0g0 3mbLR®gJcool  j-g®o 9dbols Id@smo bobeybols dmdgbyo,

67



33063 53BM 15,533MBOGN0IA0 RN6580IB0 06R035BMBOL 8S5@MZOL 3INIKRO

M[m&j — 250gdmb  j-g@0 9360l Loodsb@ols babybols dmdgbdo,
Maﬁj — J-g®o 9360l ey Lsdggmbs 300bdol gegbols dognols dmJdgogdom
3odmFg999@o babybols dmdgb@o,
M s, — K -g60 a@oabognols dogéd dgfdboemo gengd@Gmdspbodg@o d@ybgols
dmdgbdo.
bob2 dmygoboeno LJgdol dobgrogom 1, 2 ©s 3 bmddgdomn sebodbymos 3§ 3@0gdo
3obaoagoymo s oobyydob  dodeggdymse, boam  ¢obgdl  dm@ol  Js@omgmg@s
9900 gdgeo  gangdB@mdogbo@goo, GmImgdbyi dgbsdygolbo o @myoggdoE  olsdy-
0 o0 03379 by@o bgdmddgogdomn (ob. bsb.3) doomfggs dodmgol Lolgdol:
— boFgol dpamds®gmdsdo Jmygobs;
— 396@ oyomgddo gobmoglgdygmmo dd@ybogo gangdgb@gdol Losmol oliGol dmd@omdols
05bbgrgbogno dmd@osmdols gobbmmzogmgds;
g syomgdby gobmoglgdymo oG gbsgo gangdgbBgdol Lssmol oldol dmd@smdols
Lado®obdo®m dmddosmdols gobbmmzogmgds;
— ©OMOL 2oM 33990 (Esgogdgmo) Igemgool oggom 1200 y@sweglon
‘d93mdcgbgdols gbdybggeymays;
LobJAmbobsiEools wszge.

bgdolidogmo
Bpgdadgmds

©aggbgds 0°
(LaFgolo
o gdomgmds)

JmdAgbyds 120°
(dmd@smdoli wsfygdols
Bodsdmgmgdgdo)

Bmdaghgds  120°
(Lade@me
Bpgdamgmds)

dmd@n6ads 240"
(dmddomdol ©afygdols
08ty gd950)

Jmdabads 240°
(o geno dopmde-
@gmds (bbgs dodmgols
e addBedspbodgdo
0Omggds ©sagoobgdom
w5 Lsdodobiome

Jmmadmdon!l! )

dedGbgds 240°
(bsdmanemm
A gdodymds)

BedGnbgds 360°
(AmdGsmdols @sfygdols
ooty gdgdo)

Id@bgds 360°
(Agomagatio Jppmds-
@gmds (bbgs dokmgols
950 JHHMIopbodgdo
0tmggde sggosbgdom
U] ‘130(%\00&%6073

Jomotmdon!l! )

dmdcdbgds 360°
(bodmmmm
dogdomymds)




. L335dI

U, U, , Us
T t t t
1
|
A Ul A Uz Us
t t t
2 » » -
U U U
' PR B t * t
3
U1 Uz U’
A d a
I - - l
y U P Uz ¢ Us ¢
5
A U, 3 Uz Us
t t t
6
Ul Uz U!
A o : :
| o } -
A Uy A Ua U,
t t t
8
A Uy A Uz U,
t t t
9 - - >
U], Y Uz U!
T t t t
10
|
60%. 3

Lod3mbogoygdo wobsdogdo mbdogd@ol ¥gmbHsJdm dsmmgol g g]@@mbyamo (dog@m-
30mEgboegao) LobEgds 9bagbggangmegl: obpogs@m@ol gubliogdo dgbsdegdbemmdgdols
3oBAOMMgool; ddo@mago 0d3gelols dmblbol dgdpgy ao®wsdsgoemo 3Gm3gLgdol 306y
Mbgggdol @omegbmdbdol dbodgbgenmgsb dgdzodgdols ob LEagm ao9ddgdsl s dmd@sgo
353600930 dgobog@o oGmgol  gobbm@ogmgdsl, gobsowsb [@gTodby 1200 9mbom
Foboggemgdgmo  gangd@®mdspbo@gdols  3menglgdo  Jdbosh olgm dspbody® ggarl, @®I
gOneamgmse bsdogg dmemglbo s do@Em 0bowogl dglodsdols, 3meglom Lssdodoldo®m
oA bog doabo@gdl, s®sdge goblsbwg@moglh dmd®omdol dodoMm e gdsb.

90 9JBMmBogb0Ggdbg  ©sdsFgdomo  adogbogmgdols  dgdm@sbs s do@mmgol  FHgodo
hotmgs godmofgggl @bgggdols oJBoyd ©gddxodgdsl, bsobgm@mdsizom bywools dgigerols

69



33063 53BM 15,533MHBOCNIA0 RN6580IB0 06R035BMBOL 8S5@M30L 3IMIKRO

LY @ogJdgogdol  gobdsl,  Lodbgoygdo  0bgm@dszool  Ygageol  Loodgomdsl s
9 9JBOMgbgda00l bodxol Jgdocgdsb.

Lod3mbogoydo  dAgbogo  InFymdoamds  aodmoygbgds  53@™mIsBogodo, g3odMo@gboe
06gm@do00l  sIbobgge  gangJ@@mBogbodg®  bgelofymgddo. gods  s@bodbymolbs,
YgImmogobgd e 3M0b3E03dy spgdymo do@mgol LolGgds dgodargds godmygbgdyen 0dbgls
bo0bggm@doizom Fodemgddo, gomgdoe Logbom 60dbgddo, Lodggemmsdm gomgddo wo bibgs
ddodg 309§ 39e0mbols 3J0MmmbgdJo.

F3MEBSIBHM 15533MDBOGOIR0 RD6530TGH0 06RN3SBM@OL 3d>@M30L 3N MRO
(). L535dI
®9%0dy

aobboanygaos  93mb@o@m  Lsddmbogoyg®o  obsdoy®o 0bpogo@dmaols  dodmgols
3obbmA0gagdol  3bgdo, @mdmgdo  gyOhebmds  Lbgswolbgs  Lodg@@ogemo  gm@dols
302608 90bg bo@omgdym 33e093900.

o600 mogoligdg®dgdobo  Nb@HYbggmymagb  LolEgdol  oBs  FoBFH®  Loodgom
396J300mb0@9osl, sModgn FoMmmsgo 0d37mlbgdols dmblibols dgdwge bygoy®o 0bgm@dszools
‘dgbodhgbgdols mgom dogbodydo LolGgdol gganol aodmygbgdom, @@ 33oMgol Imbds-
Moo gbgdaools bodxl.

FEATURES OF THE CONSTRUCTION OF CONTACTLESS THEE-POSITION
DYNAMIC OBJECT
O. LABADZE

Summary

Ways of realization of control of contactless three position dynamic indicator based on the spent
researches of various symmetric forms of magnets are considered in the paper.

The originality of the found and installed features will provide not only the reliable operation of the
control system, but it will also preserve the specific information of magnet system after removing the
control pulse, reducing the consumption of energy used.

METOJ YIIPABJIEHUSI BECKOHTAKTHBIM JTUHAMHWYECKUM
TPEXIIO3NIIMOHHBIM HHINKATOPOM

O. JIABA/[3E
Pe3iome

PaccMOoTpeHBl  IyTH  OCYLIECTBIICHHS ~ YNPaBIECHUS  OECKOHTAKTHBIM  TPEXIIO3MIIMOHHBIM
JUHAMUYECKMM HHIMKATOPOM, KOTOPBIE OCHOBBIBAIOTCA HA NPOBEACHHBIX HUCCICIOBAHUAX PA3IAYHBIX
CHMMETPHYHBIX (JOPM MarHuToB.

CB0e00Opa3HOCTh HAaWJCHHBIX M YCTAHOBJICHHBIX OCOOEHHOCTEH obecneyar HeE TOJIBKO Ha/l&XHOE
(hyHKIIMOHMPOBAHUE CHUCTEMBI yNPABIICHHS, HO ¥ COXpAaHEHHE BUAOBOW MH(OPMAIINN caMON MarHUTHOM
CHCTEMOM TI0CIIe CHITHS UMITYJIbCa YIPABICHHUS, YTO YMEHBIIUT PAacXo/l MOTPEOIIeMOi SHEPTHH.
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COMBINED ADAPTIVE MANAGEMENT SYSTEM PARAMETERS OF ARTIFICIAL
CLIMATE
L. GVARAMADZE, O. LABADZE , N. KAVLASHVILI, T. SAANISHVILI, G. KIKNADZE
Summary

The features of building management and control systems of artificial microclimate parameters for
objects with irregular structure of the distribution parameters in space are considered in the paper.

The possibility of using a combined method for a two-tier management of such facilities is shown in
the work.

Structure of energy-efficient systems control the parameters of artificial microclimate that gives the
opportunity to reduce the costs necessary for the implementation of the governance process.

KOMBUHUPOBAHHAS AJAIITUBHAS CUCTEMA YIIPABJIEHUSA
HAPAMETPAMHU UCKYCCTBEHHOI'O MUKPOKJIMMATA

JI. TBAPAMAJI3E, O. JIABAJI3E, H. KABJIALLIBUJIU, T. CAAHULLIBUJIU, I KHKHAJ[3E
Pe3rome

PaccmMoTpeHBI OCOOEHHOCTH TIOCTPOEHHS CHCTEM KOHTPOJII W YIpPaBICHHS IapamMeTpaMu
HUCKYCCTBEHHOTO MHKPOKIMMAara Uil OOBEKTOB C HEOJHOPOIHON CTPYKTYpoil pacrpenencHus
MapaMeTpPoB B IPOCTPAHCTBE.

IlokazaHa BO3MOKHOCTH HCIOJIB30BaHUsSI JBYXYpPOBHEBOTO KOMOMHMPOBAaHHOTO MeToja s
YIIPaBJICHUS] TAKUMH OOBEKTaMHU.

[IpuBenena crpykrypa 3HeprodpQeKTHBHOW CHUCTEMBI YNpPABICHUs IapaMeTpaMu HCKYCCTBEHHOTO
MHUKpOKJIMMaTa, KOTOpas JaeT BO3MOXKHOCTb YMEHBIIMTH 3aTpaTrhl, HEOOXOMWUMBIE Ui peau3alliu
npoliecca yIpaBIeHusl.
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MODERN TRENDS OF POWER ENGINEERING DEVELOPMENT AND THE
PROBLEMS OF OPTIMAL USAGE OF GEORGIAN ENERGY RESOURCES

T. MAGRAKVELIDZE, V. CHICHINADZE, KH. LOMIDZE, N. BANTSADZE,
A. MIKASHAVIDZE, M. JANIKASHVILI, | . ARCHUADZE

Summary

Modern trends of power engineering development worldwide are reviewed in the paper. The
appropriate data is presented and analyzed. It is shown that power generation in Georgia should reach 40-
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50 billion kw. h within nearest decades for sustainable development of the economics. Taking into
account resources of Georgia, the main priority should be done to the hydro power generation, both with
or without reservoir power plants. It is obvious that so called alternative power resources should be
developed as much as possible. However, these resources are not too much to be the base of power
engineering development in Georgia.

COBPEMEHHBIE TEHJAEHIIUU PA3BUTUS DJIEKTPOOHEPI'ETUKHU U
IMPOBJIEMbI OITUMAJIBHOI'O UCIIOJIB30BAHUS DQHEPT'OPECYPCOB
Irpy3nmn

T. MAT'PAKBEJIM/I3E, B. UHYUHA/[3E, X .JIOMW/3E, H. FAHIIA/{3E,
A. MUKALITABUJ[3E, M JOKAHUKALIBHJIU, U. APYYAJ[3E

Pe3iome

B cratbe paccMOTpeHBl TEHICHLUU pa3BUTUS DIIEKTPO3HEpreTMku Mupa. IlpuBenensl u
MIPOaHAIM3UPOBAHEl COOTBETCTBYIOIIME JaHHbIE. Iloka3aHO, YTO JUId YCTOHYHMBOIO IKOHOMMYECKOIO
pasButust ['py3ud, HEOOXOAMMO [OCTHYHh B OJIDKalIIMe JecATHICTHS YpOBHS BBIpAaOOTKH
anekTposHeprun 1o 40-45 mupn KBT.Y. YUWTHIBas HMEIOIIMECS SHEPTETHUECKUE PECYpChl CTpPaHBI,
OCHOBHOH aKIIEHT JOJDKEH OBITH CAENaH Ha OCBOCHHE THIpO3HepropecypcoB mpu momouw ['DC, kak c
BOJIOXpaHWINIAMHY, TaKk ¥ 0e3 HuX. OUYeBHIHO, YTO JOJDKHBI OBITh MAKCHMAJIbHO HCIIOJIb30BAHbI T.H.
IbTEPHATHBHBIE 3Hepropecypchl. OfHAKO 3TH PECypchl, BBUAY WX CPaBHUTEIBHO HE3HAYUTEIHHOTO
KOJINYECTBA, HE MOTYT CTaTh OCHOBOM Pa3BUTHS 3JEKTPOIHEPTeTUUECKON CHCTEMBI.
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ABOUT SOME ISSUES OF TURBULENT FLOW IN BOUNDARY LAYER
T. MAGRAKVELIDZE
Summary

Some problematic issues in the boundary layer of turbulent flow are considered in the paper.
It is suggested that modified G. Gips distribution can be used to describe turbulent pulsations. Way
pulsations in the turbulent flow are obtained on the basis of the formula for calculation side:
-7.8/n

vV'=u_e ,
where U_ is a dynamic velocity, 77 - dimensionless distance from the wall. Obtained formula is in a

good agreement with J. Laufer experimental data.
Velocity distribution unified formula is offered both for turbulent bulk and viscous/buffer layers.

O HEKOTOPBIX BOITPOCAX TYPBYJEHTHOI'O TEUEHHA B MIPUCTEHHOM
30HE

T. MAI'PAKBEJII][3E
Pe3iome

PaccMOTpeHbl HEKOTOpBIE MPOOIEMATUYHBIE BOMPOCHI TYPOYJIEHTHOTO JIBU)KEHHS B IIPUCTEHHOMN 30HE.
BbIcka3aHbl COOOpaXEHHsT O TOM, YTO JUIsl OMUCAHHS IMyJIbCAl[M CKOPOCTH BO3MOXHO HCIIOJIb30BATH
pacnpenenenue [Ix.I'n6oca B MoaubuimpoBanHoM Buje. Ha 3Toii ocHOBe mostyueHa pacueTHas popmysia
JUTSL pactpeiesicHHs OMEPEYHOM MyJIbCaIlH, KOTOPask HMEET BH/T

VI: ure—7.8/77 7

rie U, - OuHamMmyeckas CKOpPOCTb, 7] -  Oe3pa3MepHOe paccTosHME OT CTeHKH. IlomydeHHas

3aBUCHMOCTH OYEHb XOPOIIIO COTIIacyeTCsl C SKCIepUMEeHTaNbHbIMH faHHbIMHU [k Jlaydepa.
[Ipennoxena exunas ¢popMmylia Al pacueTa pacupeseseHuss CKOpOCTel, KoTopasi CIIpaBeINBa Kak
JUTS BSI3KOTO 1 OyepHOro cioeB, Tak 1 U TypOYJIEHTHOTO sIpa IOTOKa.
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PROSPECTS OFUNCONVENTIONALRENEWABLEENERGY RESOURCES
OF GEORGIA

N. MIRIANASHVILI, N. GDZELISHVILI, V. KHATASHVILI
Summary

The current state and prospects of sustainable and integrated use of non-traditional, removable Energy
Resources of Georgia are analyzed in the paper.
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THE ANALYSIS OF MOVABLE DEVICE VIBRATIONS AND THEIR UTILIZATION
T.TROKASHVILI
Summary

The paper presents frequency characteristic feature of the noise while engine processing. The scheme
of the main signal of noise is shown in the work. Research is carried out on the example of the reduction
engine. It is shown that it’s possible to define the main frequency (number of rotations) f and the signal of
errors Af. The results can be utilized in diagnostics, in the engine and generator managing.

AHAJIN3 KOJEBAHUN MEXAHU3MOB U UX UCITOJIb3OBAHUE
T. TPOKALIBHITH
Pe3iome

B craree paccMmaTpuBaeTcs YacTOTHAs XapaKTepUCTHKAa IIYMOB JBHIaTeNisi B Mpouecce padOTHI.
Jaercs cxema BBIZIETICHUs] OCHOBHOTO CHTHasa mryma. MccienoBanne npoBeeHo HA MpUMeEpe JABUTaTems
C PEAyKTOpOM IIOCTOSIHHOTO TOKa. [loka3aHo, YTO MO IIyMy JIBHIaTesii BO3MOXKHO OIIpEAeieHHe
OCHOBHOH 4acToTh! T (4ncno 0bopotoB) u curHana norpemHoctd Af. I[TonydeHHBIE pe3ylbTaThl MOXHO
WCTIONIb30BaTh B IMArHOCTHKE M YIIPABJICHUH JBUTATEISIMA M T€HEpaTOpaMH.
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THE ACTIVE LINEAR FILTERS SHIFTING INTO THE RESONANCE
FREQUENCY

T. TROKASHVILI, G. URUSHADZE, N. SHENGELIA
Summary

The paper presents the analysis of the complex signal into constituents. The scheme that is constructed
using the active linear filter is shown in the paper. It’s possible to single out the main signal. The
frequency of the main signal can be changed in a certain range. The scheme of filter shifting into
resonance frequency is also shown in the work.

HACTPOMKA AKTUBHOT' O ITIOJIOCOBOI'O ®UJIHTPA HA PE3OHAHCHYIO
YACTOTY

T. TPOKALIIBUJIU, I'. YVPVIIIA/[3E, H. IIIEHT'EJIUA
Pe3iome

PaccmarpuBaeTcsi BbIEIEHHME OCHOBHOIO CHUTHaja U3 CIOXXHOIO HHM3KOYAaCTOTHOTO curHana. B
KayecTBE MpUMEpPA INOKa3zaHa CXeMa, KOTopas IOCTPOEHA C HCIOJBb30BAHUEM AKTHUBHOIO IOJIOCOBOIO
¢dunpTpa. Cxema gaeT BO3MOKHOCTh BBIJISIMTh OCHOBHOW CHUTHAN. YacTOoTa OCHOBHOT'O CHUTHAJla MOXKET
MEHSIThCSI B ONpeleNieHHbIX mpenenax. [lokazaHa cxemMa HAacTpOWKM QHIBTpa IPU HM3MEHEHUI
PE30HAHCHOW YacCTOTHI.
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MODELING OF DYNAMIK SYSTEMS BASED ON COMPUTERS
D. TSINTSADZE
Summary

The paper represents the issues of dynamic object simulation based on several computers and
possibility of using the software interface.

MOJEJUPOBAHUE JUHAMUYECKHX CUCTEM HA BA3E KOMITBIOTEPOB
J1. IUHIJAT3E

Pe3iome

B crathe paccMOTpEHBI BOIMPOCHI MOJACTMPOBAHHS JMHAMHUYCCKUX OOBEKTOB Ha 0a3e HECKOIBKHX
KOMIIBIOTEPOB ¥ BO3MOKHOCTh HCIIOJIb30BAaHHUS MPOTrPaMMHOT0 HHTepdeiica ¢ 3Toi Ielbio.
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MOBILE ROBOT CONTROL SYSTEM
D. PURTSKHVANIDZE
Summary

The article considers advantages of use of an electric motor in the operation of the mobile wheel
robot. The function chart of the mobile robot, the general scheme of a sensor subsystem is developed. The
issues of design for informational-measuring and operational subsystems are discussed.

CUCTEMA YIIPABJIEHUSI MOBUJBHBIM POBOTOM
. IYPL[XBAHHUJ[3E
Pe3iome

B cratne PaCCMOTPEHBI MPEUMYIICCTBA UCIIOJIB30BAHUA DJICKTPUICCKOr0 ABUTATEIA JId YIPABJICHUA
MOOWJIBHBIM ~ KOJIECHBIM poOoTOM. Pa3spaboraHa (yHKIHMOHANBbHAs CcXeMa MOOWIBHOIO po0OOoTa,
00001IEHHasT cXeMa CEHCOPHOM TOACHCTEMBI. [IpuBeIeHBI BOMPOCH! MPOEKTUPOBAHKS HH(OPMAITHOHHO-
HU3MEPHUTENTLHOM M YIIPABISIONIEH TOICHCTEMBI.
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3. 6OIMNOII
gogichikoidze@yahoo.com

“@ogddog  bLEOYJHYMsTdo”  oayaolbdgds  Fobswswgdol  Fgg09d0L  LgdsbBogydo
Gm@gdoll  oygbs.  mogol  dbMog, [obowowgdols  Fgg@goom  sbsbymos  gybiogdo
(Bm@gb0), O®MImgdlsi obobo Fobswswgbom godmigdygee LodysiEosdo, by 3GmEgldo
ob  dppamdo@mgmdsdo  Slidyamgdgh. dogomomse, 3GmEglols “Fodygzsbo” Fggdo, “dmsgsdo
‘dgabO g gdgemo” s@ol AG (s5p9bLo), GmdgmoE gdgommm “bgdmJdgogdsls” sbpgbl dgmmyg
doGoms  dmbsfoamgbyg —  mdogddby (OB) o osloboglh  3gbdGomyg®o  Gmengdols
3oboFoggdols 3@mizgl'do (PROC). 30miglols obpogooygsgmy@o bobosmols @olsbyli@gdmsw
5930 gdgemos  0d  (bIby@o) @gdlgdol  oagbs, Gmdgmoi 53 3gddm  dgdmbgggsdo
30m3gbols  mogolyramgdsl  godmbs@oegl:  Fobswswgdol  dglbodsdolbo  3md3mbgb@ols
‘Joboo@lol Legao Ly@osmol dobomgdo gmggeo @Gmwobongolsg gbos wogdsymyzomegls
sbogrmyoy@o  dmmbmgbs.  obyg, dosgomomsw, g “@gagmotigeo”  Lydgd-3o@amoadols
dgdmnbgggedo  dobo  39bH@s@ @0 3mI3mbgbBo  baloosmwgds  Jgdwgao  Gmegddogo
bEOgJdgeom (bob. 1):

PROC

.

bob. 1

0933, 0dolbogol, @md  UJgds  Jobso@lol  aodmbo@dgol @M  dogsbemgogl,
>9300 gdgemos dobdo Lomsbsm @glbogn®o gomgnmgdol sbobgsi (bob. 2):

NUCL

PROC

N
N1 N2
bob. 2

dgmag bobobbg V, N1 wo N2 Loddbmgmgdo dgbsdsdolse bdbyd ©s bobgmyg®d @gdlgdgdls
a9olbdmdl. odogg ©@ml bgdsbBoggto Gmegdols dohggbgdagdo (AG, OB) aowsn]ibgb
0d GOgomgdol koggos, AmIamgdoi osbsboggh Gmagdols dododmgdsl gdol “dodmgmsb”
(NUCL) b9 %dbobmob (V). 53 dgdmbgggsdo bdbol dodomswo dobslbosmgdgero  s@ols
PROC, &mdgamoi dogmomgdls Lydg@-3s@ewogdsdo bdbydo 3odoswopdol swgoembg, dols
“Ugdab@ogn® Omeby”’. bob. 1-2-0L 3mbi®g@yeno dspsmomos Fobowsowgds:
FIOFIT Jr @bdws o5y,
oo d9dsppgbgero @gdlbgdgoo (Jgds, 3gBd®g s 3ogemg) ogbgdl bob. 1-0l Lgdsl:

l PROC
AN
39669 308

0930 30maglo 9339 ©osbdgmes s Mgomobgdgmos,  sdsGgdomo  Ligdsbdosydo
boyoblgdo  (“Gmeol?’, “3GmEgbo  sl®YP@Es?”, “dmbs/dnbrgl/dmdbps@oym(l)  ols?”
s 5.9) Bogmomgdl Fyggdowol 3F3003%g (o fm/emsobdms). gl s@hggsbo, mogol dbdog,
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3obLobwg@agl dmbosfFomgms (396@g, Jogary) d@Oybgsl, GmIgamms bolbosmo (Fbmemdomno

@oibgo, dg-3 3060) dogmomgdl  bIbol IF3M0g0L  gmbigd e Fgz@bg, o3 xoddo
33>de g3l bgdol:

(dg)odem

AG / \OB

39699 353429

dopomomo do®Eogo ©s bommow shgbl Lgdsb@Gogydo @magdol (AG ws OB) {ganomls
Lo@yoEool doboso®@lbdo wo dglsdsdolse doli gbmddog aodmbos@agdsdo: Ibmenmo o0dols
3Ebs, ®m3d Jodwobs®ydmdbpsdo 3GMmEgbol (Jgdo) dmbofoemggdo s@osb  jmb i@ 9@ a0
300930  (39HMg ©o 3ogarg) oG oMol Logdodolo s@@E  dgbodsdolo  aodmbomdgedols
spgdobomgols, o3 os@lgdgmo  Fobswowgdols  Dobss@liol  Leyao  sdmgombgolongols,
OoEasbs3 53 mMogg 3OmEgeg®ol (Lobngbo/sbogobo) olslMYmgdms® 5930 gdgEos
3M©bs
“306-g01s?” (o3 Ygdmbgggsdo) o5Jgdls?
03039 305353057 ooi  sdmgblbgmo  asdm@Esbs  sbansgl  mob  Lbgs  3dmgligdols
3odmbo@goliog,  Omdgandoi  olbgmo  LgdobBogydo  “msbsdodo”  dmddgowo  3ocgdo
dmbofoagmdgh, Gmgmai3 “398Mg° o “dogmg™:
BSbI@S, 3370365, @z, Sy@mmbs, dgog0bs, bigds s o. 4.
09d3s 03 dgdmbggzsdoE, OmEs 3003003y dmbsb®gdgdo dogmomgdl Lo@dgsEosdo
dm3gdygeo dmbsFoemol “Fganommbg”, Lgdob@ogy®o @mao gxGm bommsp s Gogbsboe
30dmbo@ogl o8 dobsliosmgdagdl. Lobgmemd®, dmEgdgee  LodygsEosdo ol 3oMEsdod
doygmomgdls  ImboFomols  spaomby ©s  sdom  STsBm@gdl  “dobso@dlols”  0b@goioy®
3o8g90ol,  Gmdgmoi  sgamos  AMswogogee  Lob@oJlyg®  dobosloomgdmgdls  (Jggdwgdemy,
3003000 ©sdo@gds s 0.9) gohmmdmombdols Eomyggee  §g3dgddo. 3ol dmdyggods
bg3g@-3o@s@opadol  godymgddo  oli  “dpg@omds”,  LEsdomygdmds, @mdgamoi  (olgg
B®>L0(3090 Lob@oJlbolaob 3obbbgoggdom) sdsbalosmgdgaos LgdobBogydo
Omagdobmgols.
gl LEsdomy@mds  yymolbdmol  0dsl, @md  bgdsbBogyg®o  Gmmo  gEgeges©
30dmboBogl ghmbs ©s 0dogg dmbosfomgl bydgd-3odooadols bgdoldogto 3o@soadols
3063 9db@ddo. b9 bgdolidogd 3o@Mooadsl, Gmdgamoi s@oli bofo@mdmgdo ghmo ©s 0dogy
Ddby@o  @gJlgdobopsb s  sdygodo ool 0d  Loddsgmols  Fggdo,  @mIganog
Fomdmopagbls Lydgd-3s@aoadsl [1], [2]. 3g@doE, dgodamgds omgsl, @md LydgH-3o@momopds
9Onmdaog go@O@Ps@g®  3GmEgbl osbobogl, @mdmols Gomgggmo s3gd@goo, gHo3gdo,
bEowogdo  solobgds  ghomdmomdols  @gomiggee  §gg@-3o@opopdgddo.  dspsmomasg,
gy gms@gmo  byd3g@-3o@swoadols dgdmbgggsdo ganmdsmygdo god@gs@ado  3GmEgbol
o§g90s “LRAsME0” 93530t gds dol go@EYsa® LRodgmotgdsl goybs@maols (CAUS)
db@ogsb:
CAUS: gooygmgdobs (856 (CS) st (AG), ob (OB) dobmgols (AD)),
oo CS gogbos@mmoas, AG spa9blio, OB mdogd®o ©s AD spdgbs@o, to3 gyeolbdmdls,
omd CS L@odygal odeoggl AG-l 0dobmgol, Gmd dsb dgoldrgemml 3@maglo (PROC),
Omdgaoi Fomdmseagbls dmizgdymo @gdlgdol dodmgl, dob doGomo Bobss@ll (390gds).
30miglbols (PROC) dgbdrgengdols s@lo go dpamds®gmdls AG-ol bgdmdgogdsdo OB-byg. »d
bg9dmJdggdol dgegao (RES) go gs30bbyamos AD-obmgol. xoddo gowgdom xodgl:
CS— AG — OB — AD,
Looi  godmbobygmos  gogamgbs, @mdgebon xodkgol gmggewo @gmao  obpgbl  mogols
dodx 3965 “d9bmboganbyg”.
sbogompyoy®do xodkgo dgodamgods sobobml Lg3g@-3o@o@ogdsls aamdsgy®o 3GmEgbol
9003900L 20dmdbs@ggmo 3o@oeogdgdol msbsdodwgz®mbdoms(s:
CAU S— PROC — RES.
o9 xodg0l 39-2 s 393 Aamal sbaslbosmgdl sbgmo Gmengddmogo LEGJEPGs:
PROC: go(s/a)pgms (356 (AG) ol (OB) dobmgolydst (AD));
RES: go( /@) s90@5 (0b (OB) Jobomgol/dsl (AD)).
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sbgmo  doamds, msogol  30MggaTys®mbasb [3] aoblbgoggdom, o dbodgbgmrmdsls
560&gdl MM gool gogm®dgdol sds myy 03 Jo@soadol 3mbGgJuHTo. 3gMdmw, Gmargdols
dodomow Lod@sgmgdo, d0Mggee @oydo, hso®oibgds dbmame oligmo Gma@o, GMdgembss
gbs oy ol 3o@oogds mogobo sxgoflgdom  dododmagl  gJldemoEod e, dogomomsw,
CAUS 30dstmogl CS-l s AG-l, PROC — AG-l s OB-L o6 AD-l, RES — OB-U s
(‘dgbodarms) AD-L. mgdias gl 0@ aodm@oibogl 0dol, G®MI bmgo 3o@oopds s3> my od
Aol 9Jl3moEod o “yu@smgdols” as®gdy Gmggol (dsp. OB s AD CAUS-msb, OB
o6 AD — PROC-mob @o 5.9). 53539 @@l s@Lgomdl dmdgmammpog@o  Lsdgemmgdgdo,
Gmdgemms  dgdggmdom  gbsdengdganos  bgdoldog@o do@omswo Gmenols  9db3goiody®o
3odmhgbs bg3g@-3o@owogdol bgdolidogmo Gymaol gmbdgdl@do. aoM33gye aodmbsgmolls
Fomdmopagbls  dbmame  CS, @mdmols dmblgbgds PROC-ob s RES-oli  3mbdgJl@do
‘dgbsdangdgamo begds dbmmme bmaswo gogbsgool ghmageto wozmbimg@gdols dgogasw:

395G97 mog0bo 35byomg aargd00/mberghooy/@sbds@ydom/ ... gos gmgdobs gl bofdy —
298G9 364508 a0 d00/ 0 bagboo/ s bIs@ 000/ ... gogssgoyg gb boddy —
39809 3564508 amgdo0/mbmgboo/ s bs@gdoo/ goggmes gb boddy ..

dopomomopsb  hsbl  oboi, @m3  3odggeo  oSb  Igm@g  3o@ol  bIby@o  ox0]lgdo
hogbogergdosh dgbsdsdolo Mmegdol gJldmoEod @ aodmbo@gol. Lobgemomd@d, 9dgdagl
‘dgdmnbgggedo o3 boggomlsbgemgdols gJldmoio@dyg®o bligbgds Lolgmggeo bogds domby
5J9b@0L gos@obols @MU

gl bogddg 9 gog5,9m9 (@5 5@ “395G99", “Bogargd” wos o.9.).

Omegools 1gdobBogn® LEsdo@y@Mmosl domo Im@gmemyogdo goxm®dgdol sligmogy
YEgEgEmds 0@  dggbododgds. o8 mgogbsbdolon  LEsdomy@mds  garobpgds  Yuem®
Qm@dgdol  Jobmbbmdog®  (33momgdgddo.  3obmbbmdogmgds  goblsggmdgdom  dgoiMo0
53705 He@gdol 03 3mbozosdo, Gmdgalsi bdbs Fododmogh msgolo sgolgdom. sbg,
dopomoms, AG Gmeol  aoxm®dgds CAUS 3odopoydol  3mbdgdb@do  gEgemgmos —
0609]dgM0  Fymds, doigdomo  ddgbgs, o6 PROC 3s@owoadsdo:  bydogddado  Fymds,
Lobgermdomo 6@gbgs I bg®osdo, dmonbdmbdomo d@aygbgs I LgHosdo. o3 dgdmbgggsdo
258mM3930L bobosml aoblobwg@sgh mgom Ly3gm-3s@soydol Jobsgobo LEMYJH @S 569
dobo @gmengdo (CAUS, PROC) w©o oMo dgbodsdolo bBdbydo @gdlgdol bgdsb@oggco
39308045300, Lodge@os oggegds RES 3o@opopdol 3mb@gdl@do, @mdaols sxgoflgdo
“0gbm@odgdols 939096967 AG @ma@bl. slgm  3mb@gJlddo  hbpgds  ©sdmgogdimgds
Omam®O3  bdbol, oly mogse AG-ol  LgdsbGogyn® dobsbosmgdengdbyg:  Lymogdo  AG,
Omama3  Fabo, goxm@dgdsl  dJmombmgl  “dog@®”  mobpgdymom;  bdbs,  @Gmdgamog
doolfoggol  wopgdom,  “Loliygdggar”  Jgogal, o0ggdl  aoxm@dgdsl  Lodygom  —
“Tyommdom” o badodolidodm dgdmbgggedo gudm asds@mmgdgmaw doohbggl “godm”-l
bdo®gdols ob bmaxg® mMogg goMosb@do sOoqgoeaommE gyl “dgogaom”.

0930 dogdodmogm [4]-ol Gg@dobmamaosl, dgodengds omdgel, Gmd bdbydo sx0Jlgdbom
doblgbgoyga  @m@gdl gguam  ddopdm  gogdodo  ghbpgds Fobswowgdol  “dysyygeols”
(Core) dodmgmsb (Nucleus), by  b3bolosh, @3  godmgods  “Tyogymol”  g9bmgeb
bAOYJB9@sdo  (layered structure) sobobml, o9dzs gl 9gobolgbgamo  3bgds ol

30039 Fyodmdo  “Igopgmols” (Core) dobospasb LEOYJ@dody o6 goEgmogds. sligm
doamdsls dgodengds doggm d9degyo Moxosgmo slsbgs:

NUCL
{ res
lo BOdINR
AG OB AD

|

' ol
|
2 dols dogd dobogols

bob. 3
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oo li Loddmemgdo  dmbod6oggh  Tglodsdol  “g3gbgdl” ©o  odygodom  >mbodboggh
Lomobom  @mmol “@obBsbaosl”  39b@®smygdo  LE®yJA @l  (Core)  dodmgmmnsh
(Boggos).  odsgg  ©OmL, dg-3 300l dmbsFomgms  godm@Gmggds  ohgbl  gerosdlbols
Ynodgkoomgdsol, 3Jodggen @ogdo, 0d gmbdg9dbEdo, Lowsiz BIbs msgolo osx0dbgdom
9Jb3emoEodgaoe dods@msogl dmbsfoen gl

oo dgbs bobaro: smdgbs [bobaro] ...

bgdmm dmygoboano bsbobgdo (bob. 1-3) ds@Bogo Fobowowgdol “dysyye” LE®YJB YOS
sbobogl. 3g@dme, dm@em bobobdo (bob. 3) gl jmd3mbgbdo ogmgomos “ggbgdep” —
lo, I, 2. 583500 “9bmgobo” LE®YJB 9GS Fobopopgdol “39M05g@0s5T0i3” (396@G S 9@
“aoMg9dmgd9ddo”) hbpgds, mygo Vg393ego0mn  3gMoggdogmo G gdol sbas®olbgdsls
Omegomogo LEAOYJH 0ol 3gbd®omy@m (Core) 3m33mbgbBmsb domo wodmowydye gdols
mbols s Losbaomgol  dobgegom.  Gmegdols  mgogbsb@olbon  ®@  3md3mbgbdl
(U903 90”, “396M08gM057)  dm@ol  oliGobios gobrgds 0dols dobgogom, @sdwgbsw
Jgbsdangdgamos  ods oy 0d  3g@oxggHogmo  Gowmolb  gosbsgmgds  (39bHM o
bEOYJBg®sTdo, 569 Lobmbodymo Foboswswgdols hsdmysaodgds, Gmdgedoi 39MH0xg@Hoymmo
Ammo  mogobo  Lgdeb@ogydo  s@lol  dgbo@dbybgdom  (3gb@®omy®o  Gmaols  LEs@yll
0dgbls:

od wsbon (1) 390 (OB) po@goe @ood@s — o8 @obsd(AG) godgoe wod@s saio (OB).
Loddmam I — “oblEmydghdo” 3gdogghoge @mel agmolbbdmdl. sbogrmyoydo, ob
4eggeo ‘d9dmbgggsdo, 335boliobmbodydo oM sJdbgdo ‘dglbodangdgemos obgmo
39Mm08gM0gmo  Gm@gdobmgolsE, OmamdoEss “dobgbo/bodsdo” (C) s “dobobo/dgwgao”
(R):

306 Il gz0655 godxodo (OB) B@odgols 3odm (C) — BGogdsd (CS) dysfyzadobs dsb (AG)
goxcodo (OB);

Jogasbanmgwon 353Gy 5935/ Fo@3sBgdsl  (AD) — osbarml  godGor  gods@xggdsbosob/
Fomdsdgds bosb R).

dmem bodydo Fo@mdmeagboemos 335bo-bobmbodydo godmwsJdbom, mydzs, go@Isamagdo
2oblbgoggdols dogbgoogo, AD s R @megdols dobogobo Lgdsb@doggdo dbasgbgds gigl
o gbps 0f39309L. Lfmégo gl dobspasbo dlpgoglgds, Gmgmag hebl, gobsdo®mmdgols
bgdmo Imygsboan bodyddo aodmgegbogr ddowdm gogdo@l Fobs m@o Fygoaol §Fgzdgol
dodol, Lobgmomd®, R-Ls s AD-U, ghmo dbdog, ©s I-bs s AG- dm@ol, dgm@g
db@og.

o3 30300 gdgdols Yglodsdolo@ dgodengds ©og5©A0bmMm JoM 33990 JMAJES30S 1339
dobboanygan  39@Moggdogm Amagol (C, I, R) oo bgdmo hHsdmysmodgdygar  dmbsfomgms
xokgl  (Actor Chain) dmeol, @ol dgogasesi dogowgom  gbsodsdolo  3g@Mogg@oyao
Omegool dgdogy xokgl:

C—-I—R,
mmdgaoz, bofgolo (3gbGMomy@o) @Gmagdol xodgol dbgoglow, sbm@odgds LydgH-
3oMooadols  goAR o y@o  aamdsgydo 3GmEglol sbsfyolmsb, sbg dol Jobgbmsb
(CS, R), 256300050905L056 (AG, ) @ @obslidgmmsb, by dobsbmsb (AD, R).

(3960 Bs@ Y0 LE®YJB 6ol OO 9305b LYoo go sdolmobs Lom®doligyao
‘Jobos@lbmd@ogo  gm@gmoizools sGo@bgdmds “5dzgomgdl” mdo sbs®hgbo, msgolmsgew
bogdome  dbodgbgermgsbo, 3gMogg@ogmo Gmmols mbgl, gl Gmegdos “em” (T) ©s
“spgomo” (L), @mdmgdoz  gobbobmgmoggh “@meol” o “Low”  ojgl/djmbus/gbgds
sa0mo  Lodgo@osl, gmmmds@a®  godGgomy®  30migll/doymdstgmdst, @mdgmlss
3odmbo@eggb dmEgdgmo bydgd-3es@owoydols Fg3do 3s@owoadgdo.

b9dm0  >bodbymo dmbab®gdgdols Loggydgzge by 3gGoxgg@osl dgodamgds dogsbokmm
begowo “ggbmgebo” LM YJBdS:

|y—> C—I->R
L, ———> T,L

6ob. 4
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30bLEOJ3oobmsb  Fobssmdpgymdsdo o6 dmwol, Gmd bemy gmbdgJledo T wo L

0momJob gbsgangodosh, 3oMggen @oydo, OB @Gmals:

Fsbligbwyds ol woans;

IIfmbl dsBGogro.
mGogg dgdmbgggedo  Lom@dolbgymo mgomlbsb@obom  bsddg a3o]gl os @@mobs ©o
saomols 396]Bgo0ol blgbgdoliomsbh, stodgro o8 396]@gomsb wsjzogd0Mgdgem @omsiaslonsb,
53 o3 3mbdgJlRdo  Foddmowggbl dom  Jobos@ll, doom  Low@dobgyae  Lgdsb@ogsl:
390dmw, Jmzgdge 60dgdgodo gl gbws ogml “dmambgdgdols” s “dmsdgdwoggdgdols”
d9doxm@gdo s oM “JOmbmdgdmygmo  agmegboyg®mo”  dmbsgdgdo,  @mdmgdoc
3963 9db@ddo ganobpgds:

aadob (T) ga@olb dowdo (L) dgdbgos ghmo dggaro bsb6eado (OB).

doogney oo LJgdol  (bob. 34) «xod0 odenggs do@Bogo  Fobswowgdol @mengd@ogo
bEOyJ@geol “dodggee HmbhblL”. dolo “bm@d3dglbds” 0dol gomgsmolifobgdsls dmombmgls,
Aamd 53 Lgdob 3gobdgdo Lobsdwgogmgdo dgglgdygmo gbws ogml s@s V, Ni Loddmeno oo,
ostodge — VP, NPi. sb9 Ggomygdse obobo dgbsdsdolo bdbydmo (VP) o9 Lobgangdo (NPy)
RM5bgd0s, MM gdliog Loggmoto @magdbdogo LEOYJGHGOS goshbosm.

9l LEAOYIAHHgoo  Fobowowgdol  bmgowo  Gmangddogo  LEOYJBYO0L  asbyydgmo
bofoaros. 530l Jogbgoogem, o3 ob3gdl ©Egdng bogargdo ygydomgds gJEgmws, oG,
dgbsdanms, Logombol LoGmgemon ogml godo@mmdgdygmo. 935b5l3bgmo gomgdmgdols as3m
30 gdol aoeslofyggdow 9396 g00m dbm@mme oM 33990 goMsyegbdol hodmysmodg-
ools.

[4]-0L 0obobdo, “g@sbgdols” (VP, NP) LEegddadslt gomygggeo sbogmmaos gasshbos
dom@ogo Fobswogdol dmeosh LEHGYIHPOHolosh s, 3oMggen @oydo, dob “Pembhbmsb”,
amdgaoi Foddmpagbogos (bob. 3, 4)-0m. domo LEOYJH YO0l “do@mngl”, oby “mogl”
(Head) o3 dgdobgggedo  Fo@dmowagbl (V, N) 3md3mbgbdo, @mdgmoi 9dysame
hodmygaos “bmbhbol” Ujgdsdo, Lowsi GmIgaody Lgdsbdogyn® @menls (CS, AG, OB, AD)
Sbdygan gol.

QM5bgdol  yggaoby bmpsw  LgdebGogydo  mgolgdss dobo  3md3mbgb@gdol  dogm
“do®mgols” 5ds my 08 Fobolbosmgdaol asdmbo@gs o sdagotse dobo sGB0dyEgdol (A)
Omol dgbdygagds. sy, dsasmoms, o3 dJodosdmgdol 9do@Boggl bodydl Foddmowy 9bls
Lo@ygsdgbsgdo goo:

@380 bo gege/dsmoano dogo / boobBygdglber Fogbo/sbsgro g9bbsidgamo s Im. bbgo.
Lo@ygsdgbsg@mgdols Lobmbodyd 3mbLE®yJEogdsw a393e0bgds:

8m8m @odsbos/dodo dowsgos/ .,

OmI@ 9603 sliM Y@ gdygm asdmbomJgedgdl Fo®dmawygbgb.

sdagodo  Lobmbodydo  BASELRm@dszogdol  Lodygsmagdom  dgbodargdgamos  gogogs@-
0Mg0m ©s 53539 @AM gogods®@ogmm olgmo asdmbsmgedol LY@ gds, Gmam@oaiss,
dopo@omso:

amdob (T) [Gg (AG)] gogoiobo ansdsbo (A) gmgm (OB) — godob (T) gogocobo [ (AG)]
amam (OB) + gmgm (OB) @sdsbos (A).

9L dodomowo Jmddobozos

bgobsdmsgo + s@lgdomo,
gmggngol  9d399gos@gds  sbgm  B@Eoblgm@dsizosl,  dop®sd  ULbgs  gyogm@dgdols
‘dgdmnbgggedo bmax g 2033990 yoOmmgdgdo hbgods.
sbg, dopomomsw,
Ng+N
obyy 5@lgdomo bsmglsmdom 6@ybgodo (Ng) ©s Ubgs s@lgdomo bgdolidog® d@9bgsdo (N)
bdodo Jdbol “g@sbol” (NP), @mdgmoi “s@os@osmbsbs” 308s0mgosl aodmbs@ogh dols
93090 dm@ol, Golsi dmdyggos Lbgomslbgs Labols G@sblgm®@ds3z0go0l S0 gdbmmdbs:
g040@g bolb bobano; gogofodsgy ds8ol bobeno; smgo@goby gaerdaGolb bsbao; ..
30Mg9em  dgdmbgggodo  dodo@mgds dgodargds @ogobsliosmmmn @mam@ “dsbsms” (“bols
dologom odgbes?), dgmeg b60odyddo — @@amOE “gumgbomgds” (“dsdol ggumgbmes”),
dmam Jodos@mgds 3o 5ol “sbodbymgds” (3ym@g®obmgols ©sbodbymoa/ysdobbyao).
dodmgmds gdgemme bafyol Bgdb@doi dgodangds ogml sbobyyaoo:
e @05 Qb oGSbmsb (L) sl deomepsbo dgfq0l Jadbddo bocdaao Joamdsdmbo;
53 65Yy3930L bAOYJH 9GS dgodengds sgbsbmm LJgdom:
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592)

I2

L (]ogr\nbo@)mﬁo

St Qb sBSlmsb

Sz
6ob.5

Sii .. o3g800 Jaddo ( — S2)

Soi .. dggz9domos dgFg0basb ((— S3);
S3: ... dgo@ggslios;

Syl @oo;

‘dobos@lbol sbigm sbsfgzdgdya Fod8mwygbol ol g30Gs@glmds aoshbos, Gmd dsb
‘dgodengds bAbggmyml Logygdggero 53 Foboos®lols Lbgswslbgs Lobmbody®o ob 33obo-
Lobmbodymo  Fo@dmpygbolmgol.  g9@dme, olgmo  Fomdmpagbolmgobss,  Gmdganos
039m0gdL  LodysEool  gggms ©gdoml, oydas mommgye  domyobl  slobogl  omgg
3odmygmazo@ ©sdmy 00gdge asdmbsm Jgoddo:

Qb oM bmsb gl Jogro (So). gobao@s @oss (Sa). Jogol sig0s Jaddo (S2). Jaddo
Bgfg0bss (S3) [m5bs¢3] dgomasbo dgfgobs (S3).

do®0)IN0 T065RSRIBOL HMRIBH030 L&H@IIBIGS
8. 603(0II
©g%oydy

b5dO™MITo  dmEgdygmos  Jodmgemo do@Gogo Foboswswgdols @mengddogo LG PG Y®ols
3obLobwgds. LGB g@dol  Jmsgodo  3md3mbgbGgdos  Fobowowgdols (396G s@ o
LAOgJdaes (Core) s 39Mm0xg@os, Gmdmgdos, dsgg ©OML, ©ogmgomos “@gbgdoe”
(layers). om0  0ob680dgg@mds  sbobogl  Yglododol  LgdsbBogy®d  gogdo@dl, oby  dom
“Bosbanmggl” LE®yddaool sodmgmsh, dmdgabsi b3bs Fo@Imowagbl.

OmEgodogo  bLEOYJB@ol  Bmogs®  @o@lgdese  (LobdsJly®  LE®YJBBolmsb
‘Jgomgdom) gbos hsomgsmml dJolo 9xuGem ddo®m 3ogdodo Jobsos@bmsb.

THE ROLE STRUCTURE OF GEORGIAN SENTENCE
G. CHIKOIDZE
Summary

The paper presents some schemes of role structure for Georgian simple sentence. The main
components of this scheme are its core with its Nucleus (verb) and the Periphery, which includes such
characteristics of situation, expressed by the utterance, as Instrument, Time, Place and so on. The both
main components have the “layered structure”, and the order of these layers is defined by the degree of
“nearness” to the verb, that is to the Nucleus of the Core.

The essential advantage of the role structure is its immediate relative unite the meaning of utterance
differently from traditional and syntax, it defines the semantic functions of meaning components and
unites there in one system.
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POJIEBBIE CTPYKTYPBI I'PY3UHCKOI'O ITPEJIOKEHU A
I YUKOHJ[3E
Pe3iome

[IpesncTaBneH HAOPOCOK POJIEBOM CTPYKTYPHI MPOCTOTO TPY3UHCKOTO INpeioxkeHus. OCHOBHBIMU €e
COCTaBJISIOLIMMH SBJSIFOTCS LIEHTPaJbHBIH KoMroHeHT (COore) m «muepudepus», pasjielieHHbIE Ha CIIOU
(layers), mociemoBaTEIbHOCTh KOTOPBIX 3aBUCUT OT CTEHEHH OJU30CTH K SAPY UECHTPaIbHOTO
KOMITOHEHTA K TJIaroiy.

JIOCTOMHCTBOM 3TOH CTPYKTYpHI SIBISCTCS TO, ITO OHA (110 CPABHEHUIO C CHHTAKCHCOM) NIPECTaBIISACT
c000i1 JOTIOTHUTEIBPHBIH IIar K COMMKECHUIO C COAEPKAHUEM, CMBICIIOM BBICKa3bIBaHUSI.
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6aJud oo 30H39Lgdo. 0565390039 960m3g36094905do 3033093 gO e
gobygobBogol  LggOmdo  I@jocge  ©sdggom@s  shogro oMo - 3m@3ylols
0bag0lB0gs, GmIgols doBomswo EmEboL dsbs @l Gyl ydo 3m@3gbo. go@3ylLo
5@l oo Jngymndol gargh@mbam HgduHgdby wegudbgogmo LHOIH G0t gd o
b506gmM@do30m-bos3bmdsmm LobFgds. Fbmgaoml Idsgse Jggyebsl 9439 d9ddbogmo oJgl
05300 boombsgydo jm@3gligbdo. bogmggammome 3bmdogas d@o@sbygao bsgombsamydo
JoA39Lo  British National Corpus (BNC) [1], @mdgebyg ®@ogb@odgoygmos  dgg360
0obsdgmmgg  gm@a3ygbo: hgby@do — The Czech National Corpus (CNC) [2], @&ylyeno —
Hanponanenelii kopmyc pycckoro ssbika [3] o Ubgs gboli gm@3glgdo. 3o0Mggemo bodoxgdos
dooEadymo  Jo@mgmo  3m®m3yglgdol dgledbgams@si. wwgolmgol s@bgdbmdl: TITUS-
ARMAZI [4], oobodgodmgg Jodmygmo  gbols gm@3ylo — GEKKO [5], Usds®mggeomls
g0byg0L@ Mo 3mOFGgRo — JoMmygmo osmgda®o gm@3glo [6].

bo@ombsgdo jm@3ylgdol dmogodo @obodbyagdss gbol @gdlogobs wo yMsdsGogsdo
Lodgzbogdm ggemgggdol gb@gbggenymes, sbggg 96590 9Fyzgdow 80dpobodmyg 3MmmgLgdols
‘dgb{ogeno-poggoJlodgods.  jm@3ylol  gOm-gomo  dJoGomswo  sdmEsbss,  sp®gmgg,  gbols
dglobgd gmggemags®o (@gdbogn®o, adsds@oggero, obEm@oygmo) 3bmdgdol {omdmoygbs.
bbgs gengd@d®mbymo  Bgdbdgdologeb goblbgsggdom, gm@3yglo dgoiegh 360dgbgermgsb
3ob3oM@Bgdom, @obygzolB Y@ 0bgm@dsizosl dol'do dgdsgomo BgdlGgdol Iglobgd.

30A379Lok  Sbm@o@mgds.  bogswswe,  sbm@s@os  dmoEsgh  BgJbBolb  gbol  dgbobgd
bgdolidog@mo Lobols sbogo@ogy® 0bgm®dsizosh. Ebmdogos sbm@sEools Gsdwgbodg Bodo:
doOgmbobdoJdoggo, Lobdsdby®o, LgdsbGognco, ©obig@lygmo s @gds@yto. Be®
bdoGoe 25dmoygbgds Im@gmLob@sJdognmo (mommggemo bodygol g@sdodoggemo geosbols
3obdLobwgdgemo) o  Lob@oJdogn®o  (Fobswopgdol  LobdsJlydmo  LEOYIH b
3obdLobwgdgeno)  sbm@oegoo.  gm@3glol  sbm@omgds  HaJbdu®o  gm@3gLolmgol
3ob35MBgd0m0, 2oblLogym®gdomn @obygolB o, 0bxgm®dsEools sBsGgdsls Fomdmswagbls,
Omdgoi  goeodgdols Lodgemgdom mgomn  GgJlRol gagdd®mbya  smfgdsl  gds@gde.
303790l sbmGodgdol Fodyd dgdmbggzsdo dm@gmbobBsddogn®o sbm@saool (sl sbggy
@035 039 Bga0Mgdslo 9Fmwgdgh) bodygsmgdomn ostamogo ob Bgao @ogogdoMgoygmos
B9Jbddo  mommgymo  Lodygol  FHmygbmsb  dolo  a®sds@ogyo  jenslbogogsgools
sbobodbo@.  sbm@odgool  dodBogo  dogogomos  FgJbBol  Bgaogds  3gdyggergdols
bofogmgdols o6 g@msdo@doggeo godgammogdols dobgogom, Lowsx mommgyge Lodygobmsb
3odgger  dgdmbgggedo  domomgdygmos  0bgm@dsizos  dgdyggmgdols  bsfomol  dglsbgd
(boabgano, bdbs, bgobodmsgo bLobgamo s 6.9.), dgmeg dg8mbgggedo go a®sds@ogsyeo
3°09am@00l  dgbobgd (d@9bgs, 300, Goibgo, ago®o o o.9). SbmBodgdol Dgogaow©
‘Ygbsdemgogamos FgduE by bgdoldogmo Godol sbogno@ogydo 0bgm@mdsizool domgds.

bESbRIAG0bSG0s. sOLgdmol ddsgogo bog@msdm@olem 3dmgldo, @mdgams dobsbos
96mddogo  gm@3ylLgool  gomwodgdols s sdydeggdolmgol LEobodEgdols o
0bbAOYJ30900L  Bsdmyo@modgds, satgmgg, od  LRsbs™mHgdol  goblobm@zogm gd@s©
9bmd@ogo  Ggly@lgdol, gl udo 3m@3yglgdols s Lbgs bodgoemgdgdols gobgomsmgds.
RIONME 253039 JdY@0s  gMEoMgdols  Log@msdmmolem  LEsbps®@gdo: Text Encoding
Initiative (TEI) (d@o@sbgamo 3om®3gbo gmoomgdynmos >3 bEsbps®Gom), The Corpus Encoding
Standard (CES), International Organization for Standardization (ISO), Expert Advisory Group on
Language Engineering Standards (EAGLES), Multilingual Text Tools and Corpora (Multext) s Ubg.
bEobpodBobs@ools  dJmogodo  gegao  s@ol  3md3og@dgdobogol  gobspgdo  Fgdb@olb
3M0M950l 3g00mEgdol 2s5bdLsbmgdgaro 3G0b303gd0l hodmysemodgds.

300339900 Lobol  LEsbpodBobogos  aowoyogdgemo  s3m@Esbss,  aobloggmn®gdom
JoOgmbob@oddoggdo sbm@sgools bgg@mdo. 53 dbdog dgzdo Lodydoms Bo@omgdymo s
JoOgmbobod®oggdo  Bgao®gos 9339 dMogsgo  gbobmgol s@Lgdmdl. sbm@o®gdyao
303796950l POM0gAHmmsglgdosmdols s domo aobdgm@gdomo aodmygbgdols  0bBgdglg-
d0@sb aodmdpobodyg, YBO®m o IGsgoagbmgsobo 3m@3yligdols aobgomsmgdolmgols, 360dgbg-
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Emg560s  Bgy009d0l 3OmEgLdo megolyggemo ho@mgmmdols 3@sdBogzol msgol s@opgds.
dgmeg  dbdog, 9I3oEM0  LEbs®B0bsE0s o Log®mboggl  dmomnbmgl, gobsowsb
Sbm@odgdolols  Lbgopslbgopgodo  Loboll  dmmbmgbgdo s dgbmyoggdo  hbwgdo.
bEobpod@ygmo  b3gEogogo@mmgdols  dgmsegsbgds  dbodgbgemgobos, oy  gbsdo  dolo
domgds-dgmgoligds dglodergdgaos s LESbEs@Bol godymgol Jobgbo 0@ s@LgomdL.

dobomgoaolifobgdgemos  owgdymo  LEsbes@Gol 23900l sgaols  syEomgda@mdse.
Boaxg® gbol L3g3ox0gs dmombmgl doboslbosmgdamgdbol oBsGMNMYdsls s gOmo ©s 0dsgy
3b0dgbgermdols goblbgoggdygemo  ggmbom  Fo@mdmbgbsl. obm@omgdol LEsbpsd@goobmgols
dognosh  d3o3Mo bo@dsGoygmo Hg3g3Ggo0 o6 sOLgdbmdl, bdodow dgodengds Fbmenme
30000mgds  LAHbsM@GBY.  SbmGoGm@l  3mbgdgHgmo  dJobbgdologol  dggdanos  dobob-
‘dgfmboaow doohboml s 2osx835GNMML dobsbosmgdgamms Lod@sgey.

bEsbpsd@o EAGLES (Expert Advisory Group on Language Engineering Standards) [7]

9l LEobo®m@o @obagzol@yto gamrgggdobs s Bgdbogndo 3Omymsdol godaagddo
930m3ymmo  gmdobools  0bogzos@ogss, @mdmols  dJobobos  LEbsd@gdols  Foddmwygbs
9bo@dobodo  FgdbBydo  Ggly@Lgoolbomgol, Gmgm@oass dopsmomsw,  3m330YEgH Yo
w9JLogmbgdo, B9l gmo o Lodgdyggem Jmm3yglgdo.

Sbm@sEool yggemadyg hggumgd®ogo s3gd@o s@ol sds my 0d gbmdcdogo dmgegbols
dOodgdagmo  dobslbosmgdagdom  Foddmwygbs.  @mdgarody  gbmd@ogo  dmgengbols
3Oodgdolmgol  bgooldogdo dgmmpo  s@ols  mogolbyggemo s  dglodengdgemos  dobo
53BMBoG YOS 3mbggdBomgds. smbodgbgdo 9bps ogml Jmd3sdBydo, spgomse {sbsgombo
S 0@ S>E 3odmbaygbgdgano. 0993, Lolgggemoo, 00 oA 0 9bmd@ogo
dobolioomgdargdo  moglgdswo  oyml EAGLES U@obpo®@gdmoeb  dgogmgogdo  Ggagdols
Lodygoegdoom.

@0by30LB G0 3oBgyM®0950l/ LA YJd M gool Logtmm LRsbpsm@gdol L3gEogogsEos
Lbogdome  @ogmos. gl dgodangds  bogargdoe  3Gmdmgdyndo  ogml  Lobgemobmgols ob
Vobrgdyamosbo  g@sbgdobmgols (Prepositional Phrase), ®mdangdoiz msgobo  dmaEymmdom
9bo@dobodo  3oGgam®ogdos. dmagmbobGsJdoggdo Bgyodgdol mbg LEsbLs@B0bsiools
bodolibgol  dm@ols  ghm-ghmo  gggemsobg  dmlobg@bgdgemos o dolby  Logdhom
bEobpomBgool wogqdbgds dognbg Loko®m ©s dbodgbgmrmgsbos.

doagmbobdoddoggdo  Bgagdol  360dgbgamdols  dobgogom  Lodygol  go@gam@ogdols
>mfgdsdo 3bmdogmos Igboywggdoll mmbo ©mby:

bogogmpgdamem dobsbosmgomgdo/dbodgbgarmdgdo;

930396 gd9mo dsboliosmgdmm gdo/db0dgbgenmdgdo;

b3g0s@ B0 3o8sONMJdgd0 — sds@gdomo Logdhme Isbolosmgden gdo/360dgbgenmdgdo;

b3gG0sm@gBo 2o5x850mmgdgdo — gbolmgol L3gEoxgozg@o wsds@gdomo dsbasliosmgdengdo/
3b0dgbgemdgdo.

bogogmegdagmem  dobolosngdmgda/860dgbgmmdgdo  byoolidogdo  dm@BmLob@sJGoggdo
B939%0L  Loddsgagdo gbps dgoomegl. doGomspsw, Logsgogdgam  dobsbosmgdangdo

3909390900l bofFoagdos.

1. N [salgoomolisbgeno]; 2.V [b3b6s]; 3. Al [byolbommago Lsbgenol;
4. PD [boggommlob/ogpg@d.]; 5. AT [s@@ogerol; 6. AV [b36obys];

7. AP [m5bpgogeal; 8. C [gogdocdoa]; 9. NU [@oibgomo Lsbganoa];
10. I [Bmeobpgdgaal; 11. U [604990]; 12. R [3o693s®ogo];

13. PU [396d®&9o09];

300390 0o dgByggergdol boFoamo 3mdgb@Bodl o@ Lododmgdl, Goi dggbgos dmenm
Lodl: U Loowgdo (11) opyeolbdgos dsbobosmgdangdo, dmdgmgdoz 0dg0smo@ obdodgds b
dbo@eme dzodg x3980Lmgol sMol asbizymgboao; R (12) dmoiogl Lodyggdl, Gmdmgdoi
HO>oE0IE  3OodoHoggm  Jeslbigol o6 dogyggmgbgds (9aber LoGygaso, domgdodhogzgo
RO gb0, >30Mmbodgdo, Loddmmmgdo, S6Mgg05@Ms ©s 5.9.) s OMIgmms HgyoMgdss
o5pM9mgg Logod@ms; PU (13) — 39b6@gs@ool 60dbgdo o aoboboangds dmdgmbiobdsddogygo
SbmEoiEool bofomsw, @oeasbs3  G9agdol 53@mIs@ydsw dmbodgbolmgol dom bdodow
bodyggol gdzogomgbdore owodgedgh.

©93mgbgdymo 95bolosmgdmgdo/dbodgbgmmdgdo NOIIONS 3303980 gd g0

305350490 35 JpMM0gdos, GmImgdoi  gggms hggnmgo@og a@sdsogedo  azbgogde
(3040, @oibgo, LJglo).
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1593®0)5IMAOLC) LBIERIGDO EAGLES Jod0)IR0 BHIIDHIB0 3M@3IL0L ...

gbodgbs:  Pgboawggddo  Jmpgdaamo  bigaosemamo  goRsGmmydgdo  RodB0dGogee
@odsBgdomo  Jsbsbosmgdargdos, mmdamgdoi dowgdaeos mdGo d9bmawgol — bogmom @
gbobogols b3giz050paG0 dsbobosmgdagdol — gog@mosbgdom. bsgmmem dsbsbosmgdagdoly
Jbo Ggbgarmdgdol  yoodgds, Gmgemd;  Fabo, o6 bpgds  bogndy,  dsgdsd  dmorbmg-
boangdgdols gomgoarolbfobydom dybsdangdgaros Jsmo sdsBgds. bmgo dosmgsbo boarwgds
IBRmbobBJ B3040  §oE@YImb o  @wRGm  Lobdogbol sb  bydsbBoyolygb 0bdgds. gbolb
bagionogado  dobsbosmgdamgdo  jo  dgodargds  jeby@gdaamo  gbolbmgol  ogel
360 dgbganmgsbo, dog@sd s@s gboms 9dmsgangbedolbogolb. EAGLES bBsbosdmdo dbo@ml o
adg@lb  b3gi0oema@m  dsbsbosmydargdl, Jog@sd [omdmowggbl  Gogomdm;  booanglbd@oiom
bowowygdb.

bogGoem  baydomo  9u@m  ogogrbsbobr  Gmd  gobogl,  bBodosdo  bigiosgr i
80R5OMmY398L  @g099693aar  Jsbsbosmydangdmsb ghEmo@ ghmo bsbolb godmEmggdom
fo@mdmgowggbor  bomsbsm  Jomomgdgdom.  JsGorman  Jm@mamenmgon®  dsbsbosmgdenydl,
Aodangdoz  bBobos@Bgddo,  @obog0@0g9am05,  gomgoamolbffobgdyamo oG om0l s
sbmBsioobmgol bogomomw  Joggohibos, EAGLES bBobps@Bmst dobowsggdom 3bmognyddo
wob@ogno s dyfo dHogdom s@Golb Jmigdaamo. ogsg mbws o@obodbml, Gmd ;3bGoangd Jo
Jmggsboaro  Jodogao  Jobosboomygdargdo  Jmgnosbop  JoGomyar  dmGamenmaond
Fsbobosmgdangdl 5@ SImfadogh.  of  goboboangds  Jboarme  obobo,  Gmdengdoi
8590499696 305 bBoBool sgBmGms (mobssgdm@gdmsb ghmow) dogm dmms @Gaybomoggerols
JoEmgbagamo  bodgbogmer  gmbools  Jogi  ©0o930b56bgdaamo  3Gmy G0l “ogBmdsdamo
856850593000~ y09880b5BMmG o @gfboymbo  GmgmdG  Jommaao  9bol  Jmgaromydol
bogyodggemo” qomgengddo  dyfdboano  Jodmmmao 960l 3083050590 gm0 dmGamarmgondGo
3003960 G0bmgol, Gmdanol b Jgoagdomsi go4900@0905 JsGormemo B95669300 sbeaBscoo.

93m3gbpgdyga  dsboboomgdemgddo  dg@yggergdol  bofomms  Lobgemgdols  bmddgdo
Lbogogmegdgenm  3o@gam@ogddo  domomgdyen  bmddgdl  gmobspgds. mommgyeo
dobolioomgdaols 360dgbgenmdgdo 5@ [oMdmowygbl sby@yen Loddmogegl s bbgomslibgs
gbols  mgolgdgool  dgbodsdobo  dgbsdgrgdgaros domo  2oBMNMYds. YMmggEno
dobolioomgdmolngols 0 5mbodbogl jmbydgd e gbsdo o8 139305035@MA0L sHoMlgdmdsl.
93M39bpgdygmo dobslosmgdagdoli/dbodgbgemmdgdolmgol bEsbos®Bo os®ol ol, Gm3 oy
gL dobobosmgdgemo 3mbimg@d e 9bsdo o@lgdmdl, 35Fob Lolygmggenos, 53 gbol Ggagools
Lod@sgangd (tagset) dobo gmeo®gds dgdenmls.

1. Nouns (N) — s@lgdomo bsbgero

| 0] || Bo3o: || L. babemysom ||2 Lo ggms®o || || || |
| (i) ” L Jgbo: H 1. 35dmdomo ||2 3 gomMmdomo ||3 Lodygoem “ “ |
|(iii) “ Mo@ibgo: “ 1. dbmamdomo ||2 dD5g@Mmb0m0 || “ “ |

|(iv) ” & bgo: ” 1. 135133;@(0?)00)0”2. bomglsmdomo ||3 do393000 “4 @@ ©Hb0m0 HS V’mgg;]?mmn|

[L3g30R039M0 sds@gdomo dsbsliosmgdbangdo/3bodgbganmdgda]

() J[eoso: [3bgemogio ][4 gbgee | I | |
|(iv) ||2>(f)‘g]63o: ||6.a’7mmbr6m30mo ||23m(7’3(7gu(730m0 ||8.30mor6350m0 || || |
I(V) ||(7)3Qn5gm)?m: Hl.mggmog)o ||2 HOIGEDSWO || || || |
(vi) Rzdols 1.58mgs6- 2.b8mgs6- 3.056b3mgs6-  ||4. 056b3mgsb- |5 bImgsb-
B030: Rdosbo Rdosbo R5d0560 Rdosbo gadosbo
JIIG>R0 JIICIZ0 d99F35000 Jo99 %3800 d99F350-
JIIC>R0
(i) |[bgegoso|[Lbgarogdo |2 gbger | [ [ |
(i) _|lgob-cis o[£ 506 xa930 |2 &> xogm0 | [ [ |
(iX) ||xaa99%0 1 y@580m0 2.bogmag@gdoms || 3@gamogondo ||4.8908GsR0aam0 ||5.96G0 00
Jobssibol J065036935
Jobgwgomn
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L. LOIGNIOBS60IT, 6. X535850<0

[s853gd0m0 Lsg@mm obsbosmgda gdo/dbodgbgarmdgdo]

I 3obLob@gdgamdsy| 1. goblobmgdgaol| 2. ‘(5‘56"3150'1)5335)3?\”0| 3. Mﬁoﬁo(’)doﬁ)aﬁﬂswol [QOB()"{J(’)‘HOH
2. Verbs (V) — %3d6s
| 0] || 3o®o: ||1 30 ggeo || 2. dgmdg || 3. 393y || |
I (i) ” bgbo: “1 3590 md0mo H 2. 30g®H®md00m0 || 3. LoBgogm || |
I (iii) ” ®oibgo: “1 dbmamdomo H 2. 3dsgemdoma || || |
I (IV) ” sb3gd@o: “1 LG go H 2. yliGygao || || |
| bdbols Br@ds/ jognm: |1. 0bGMd0m0 || 2. 3o380Ggdomo || 3. 6&)(]06;]60000” 4. 3060md0m0 |
| || ||5 0bgobo@ogo || 6. dodogmds || 7. 349%9b©o0g0 || 8. byy30byydo |
| (vi) H OAHM: ||1 o§dym || 2. gliGygao || 3. dmdsgogo || 4. 6odym |
| (vii) ” 33560: ||1 dmJdgegdomo H 2. 3bgdomo || || |
| (viii) ” bEsdyLo: ||1 doM0mo©0 H 2. sdbdotmy || || |

V) B3g30g0350m@0 m@o bosfomolysebh dgopgds, Gopasbsi Lbgopslbgs gbsdo gogmml
bdo®gdoli goblbgoggdygemmo @@swozogdos. 1-4 bagmo bdbgdos, 5-8 — gl geo.

(Vi) (pgom0) gbgds  FOFME@EY0P@S©  Jmodgdyge  Isbogl, 3oy, @oboy®@To o
dgtdbygendo. Lopsi 3sbogo ghomdg dgBo bdbomn @gogobegds, Bgao®gods Lokodm o6
NG

03089 0mJdol @mge Ombys (Vi) bogswew Gmgmo ©Omgdo 3mGOFmLobESIGH0sY®
Ombgbg @ asboboargds, @oysh gambg FgHo bBIbol jmBdobsigos pogBmosbgdygmos
YBA® o 4mblEO3osdo.

[L3g30R03YM0 EsTs@gdoma obslinsmgdagda/dbodgbganmdgdo]

| (vii) |[ago@o: ||3. s Fgogmo | [ I
| (ix) |[>U3gddo: | T |2 gbegeo I I

|
|
| (x) ”g)oa(ﬂﬂm«{;oggmboz |1. 6080)“330)13(*)65Q)0||2. AL BTN || ” |
[4) |[agemadbaceds][l Ggpeadbaso |2. sGoGaperadbaso | |
|
|
|
|

[ (xii) |[c0s8b356: ||1. Have |[2. Be | I
|(Xiii)”j@ggo: ”I bss@gobey ”2 bososgolber ||3 l;.)ltbgobm”4. bo bgosm
[(xiv)||ger6B5d50: 2 z@goemer |[2. FgoenemBdomo [ I
L0 | [Pygerdo: L2 bgdogdsgdo |2 mdogdsgdo || |

(vii)  3obsbosmgdgeo  Jodmygmobmgol  dgodangds  asogml  dgomsd@ogee s
dgom3dsbiogo.

(ix) oboslosmgdgaro, olggg GmamaE  Jesdomygmolmgol, ULbgs gbgdolmgolsi  s@ol
Loko®m. dog. Lbansgy@o gbgdolbmgol, dg@dbyamolingol.

(X)  Ggeg3obdu@os  9g@dsbymo  Goygmo  BI6gdolmgol, Slggg  sboy@dls o
0bamolby®do g@>bymo bdbgdolmgol.

(xiii)  dsbolosmgdganls  g9@lLool  Lobgamomsi  dJmoblgbgdgh.  Jaggs  Jodogendo
d60dgbgermgobos  byo0gd@ls o  ®dogddl, o6  ™dogdgdl  dméol  yyomgbogngde-
©560dbyyangdols dobgwgo0m YO0 gHNMbdol godmbs@gol mgsebsb@olboom.

(xiv) dsbsbosmgdgemo Jodmygado a30hg9690L Lydogd®y®o oMo 30®Es30® ™d0g]d by
9 dgomme dnddgegdl oy Lbgs oMol Lodygsmgdom. Iygsmmdom 3mbBsddl goygbo@doglsi
9¥m©g96. (Xiii) s (XiV) do® 39900 FomdmJdbol 3@ gam®ogols 30g39mgbgds.

(xv) podmyopgdymos 0dsbg, Imddgwo 3o@o Lygdogddados myg moéogddgmo.
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1593®0)5IMAOLC) LBIERIGDO EAGLES Jod0)IR0 BHIIDHIB0 3M@3IL0L ...

[s853gd0m0 Lsg@mm obsbosmgda gdo/dbodgbgarmdgdo]

(xiii)  obobosmgdgenls  Ygodmgds  ©ogds@dml  Jmpoamy®o s  ©sdbdomy  bdbgdo,
bobgg@o-sdbdsdy bdbs, (V)-80 jo — obg@olby®mo gbobmgols ing-sbo gm®@dgdo.

3. Adjectives (AJ) — bgpbstimnsgo Lobgmo

| Q) Hbaﬁmbbm”l. YIS0 ||2 ‘F9sM930m0 “3 >@d5@gd0m0 “ |
| (ii) “bdab(): ”1 dodO™mdomo ||2 dgoOMmdomo “3 Lodygoam “ |
| |
| |

(iii) ||(¢10(3l]30: ||1 dbmemdomno ||2 dD0g@Mmb0m0 || ||

(iv) Hbﬁ)';-]Bgoz ||1 Labganmdomo ||2 bomglomdomo “3 do393000 “4 dH>@©Jo0m0

[L3g30R0ZYO0 sds@gdomo dobslinsmgdbmngdo/dbodgbganmdgda]

| (iv) ” d@9bge: ||6 Jmor bGeadomo ||7 ImfB993000 “8 J0N5GJS00m0 || |
V) ||negdbools L bygbBo-gagdlos||2. demogo-gagdlos 3. g gyao
Bodo:

| (vi) ||;503m;]363?m: ”1 >B®0d Y0 ||2 34900 3oB Y0 ||

(vii) [|NP g9bdos: ||1. 3gsmommgdsdog (12, geoagdols dgeg 3. dgmoyg®o
g9bdGo

| (viii) ” qadols Goso: ”1 b3mgsbxmdosbo ||2 036b3m35699d0560 ”3 JIIGOP0 ||4.(;27¢92’73<>g00|

(V) dobslosmgoemols  dgmogdo s Lylgo bodsbo  ©sboy@ol, Jm@osbpoygdols s
393s5boggeo 9bgdolmgols bgolotmomdmogo g gdlools godmdbs@ggero Lowowggdos.
(Vi)  Lobdodlydo  5@®0dydo  aobslbgeggol,  doposmomse  obyenoly®do,  main

(53®0dyF ) s asleep (3M9p035@ ) 360dgbgarmdgol.
(viii) g39dols B0o3gol Jodmymdo oo 360dgbgamds 5l Lobgmms d@mybgdolmgols.

4. Pronouns and Determiners (PD) — bs3gombabgamgdo o ©9@g@dobs@m@gdo

0dol godm, Gmd boggombsbgagdols ©s ©gRgHIobo@mmgdol @ybjiombsgymdo s
Ro@Odoyg®@o mgolgdgoo bofommdmog gdmbgggs bmedg 9®mmdsbgmnl, EAGLES LEsbos®@o
30033999800 dnlbobMgdgdols godm dom ghm 3o@gammosdo sg@mosbgdl.

| (|) || 3060: ||1 30639e00 || 2. 3gméy ||3 dglody || |
i Lqbo: 1. 3sddmdomo 2.9 @mdomo [[3. LoTnoemm
L GiD) |[ bda | 12 Aene B Loty || |
|(|||) || ®o@bgo: ||l dbmemdomno || 2. 3B5ge0mdomo || || |
|(iv) H 39mgbogn gds: ||1 dbmemdomno || 2. G530 md0mo || || |
vV A@Mbas: 1. Lobaemmdomo 2. bomabomdomo |[[3. dozqdomo 4. ddo domo
| (v) | 2@abs [ bobgan | 9 13- 8oy | @gd00o |
| H ||5 aﬁmﬁomalmm%omo” 6. 0®0d0 ?)(1)°363o|| || |
|(Vi) 3°093MM0s: ||1 bogombobgao || 2. bsbwgdgao ||3 0®039 || |
vii) || Boso: L. hggbgdomo 2. 25byglobegd. |3. 3gomgboggdomol|[d. gody/Ggensgd.
(vii)
Ll 5 dodob/@gpeyd | | [ |
(viii) Hlﬁ‘g%maﬁag“()li 1. hg96930m0 2. 2067obwga. (3. jumgboggdomo|d- 9SOY/ BYEDSEH.
Aodo:

5. oo §g3009eo
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[L3g30R03YM0 ©sds@gdomo sbsliosmgdangdo/8bodgbgenmdgda]

| (v) || 6&)”{}630:”6 Hmmbrf’lm&oo)o”Z dergfdggdomo ||8 Jom@Gg300m0 || |
|(Vii)“ Bo30: ||6 Jonbgomo “7 dombgom—J;ﬂmgbb@g&omo”& gﬁmogﬁmm&omt)”g.aob'bo‘b,@gﬁg&omd
| || ||10. ga(ﬂgmgomo” 11. Jods@ogdomo || || |

[s35@gd0m0 Lagtmm sbsbosmgdagda/dbodgbgarmdgdo]

|153;](3. Bodo: ”1 3060l ||2 (413(3@3;]150"3@0”3. "83@;]";]5@(4
|Wh-€)030: ”1 "306)300930(7)0”2. dodsdmgdomo ||3 d()ml‘)gnmn|
|%\4)Q0va?>006m?m:”1. mogobosbo ||2 RodogsO Y0 || |

(xi) obslosmgdgeo dgmeg 3000l boggombsbgmmgdom  dgdmogomamgds. 0d  gbgddo,
Lo mogobosbmdols  godmdbos@ggeo  boggogmbobgmgdo  o@lgdmdl  ([@maobe. U ©s
9L3sby@o usted), sds@gdomo Fobslosmgdgaro dmombmggds.

5. Articles (AT) — s&@ogero

‘(?)030; Hl aaEl)o%gg;}ﬁ”{]QmHZ. aaBﬂlsa%g{)gﬁ)ag@oH H
‘@0(3},30;”1. dbmeEmbdomo HZ 305305000 H H
‘2"1’3680:“1' Labganmdomo HZ bosmglsmdomo H3 80(5080000“4. A Ho0m0

|
bgbo: Hl 353G mbdomo HZ dpgoamdomo H3 lm?’]”;]ogf\an ‘
|
|

6. Adverbs (AV) — %360bgps

“ (i) “ljo(’mbljo: ||1 05056000 ||2 Ygs®goomo ||3 508593000 ”

[L3g30R03YB0 sds@gdomo dobsliosmgdbangdo/3bodgbganmdgdo]

|(ii)“6030: ”1 begowo “2 bodolibo ” “ |
|(iii)”lmVnanQHQ)J‘ém: ”1 Wh-@&o3o ||2 >Mo-Wh-@odo ” || |
|(iV)||Wh-@)o.30: ”l 95MYMB00NO “2 303561 9d000 ”3 300bg000 “ |
V) [|x8 3980 1. sgomob 2. péemol 3. gobglbs dwgm. |4 yoorbgomo
Jobss@bols
dobywgom:
3. Jods@mgdomo ||6. Jomomgdoma 7. 80vgbob 8. Gogmdom-
L g@md0b
| || ||9 ASOIIR0N0 ||10.(700).>r‘f)‘760b || || |
(Vi)||x¢8 792980 1 doggdom0b 2. bsoglsemdomol || 3.dmf8gwgdomol ||4. goms@gdomols
G0l ROGI00) R0GI00 206500 20G500
o bgwgom:
5. bsbgaoolb 6. bogaomsmo
R2d00 Fo@dmgdoor

(i)  dsbolbosmgdgemo  BIbobgools  bodolbols  asblbgoggool  Lodygoamgosl  odanggs,
Oemdgmbsi bbgswalbgs Lobdodby@o gybjaos ofgb (dsy. very, so, too), (iv) dsbsbosmgogero
30 — Wh- 56 Qu- @odob (godygmzomo, dods@mgdomo ob  gombgomo) b3bobgogdol
dmbodgbols (0baeoliyg@o when, where, how s why).

(V) o (Vi) 35@ 390900 Jommeendo b3bobgrgdl 3oblsbegmsggh gm®dols s K9bJiEools
dobgogom.
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7. Adpositions (AP) — 05bgpgdgaro

“ (i) “@)030: ||1 Fobpgogemo ”

3@5JBoggme, 9ddsgamgl  YgdmbgggeTo, gg@m3gan  9bgddo  Adpositions, by g.§.
309009590 3mb0(30960, >0l Msbegdye gdo. sdo@mI Mg3mdgbogdyar dobslosmgden gddo
dbmeme 9l Lopopgs  domomgdygao.  ©sbo@bgbgdo, @mammoEss  3mbi@3mboiogdo
(Postpositions) s 30603933mbogoygdo  (Circumpositions),  sds@gdom  dobsbosmgoangd o
aobobogangds.

8. Conjunctions (C) — 3s380d0

‘|(§030: ||1 do9mmgdgeoo ||2 80;]338@3605)38;]@0 ”

[o5@gd0m0 Log@mm dsbslosmngdemgdo/dbodgbgermdgdo]

|303(4)m.-(§030:”1‘ doMBogo ||2 d(*)ﬁ)amogo';-](ﬁo”& Lo{golio ||4 dmIdwggbem |
I:“ ||5 3«)30!601130@75(7,@0”6 Ioxca ggg&ggnonz Hogog'dggga(ygnong. 3080893900 |

gl dobosloosmgdgemo  Fogtimgdgar  353dodl  3gmgxl  JgxagBgos. ROMM  SgoEos
506036l g Lodygody gomo Bgao ©s 89y 8m0bodbml  @sbomhgbo:  ds@Eogo
2530M04ggbgds  Ggynmodygamo  Godobmgol, Isp. ag@dsbyao und. Gmegbsi 0pogg Lodyge
ol 3odggamo  gogdodols  Fob, dop.  g@sby. ou..ou.., Fobs dmizgdgmos  Gmymes
3OO g@ms3og®o  bowowpyg, ©o dmdpggbm — @Gmam® g do®d@ogo. dgbodyggdsdo, Gmamoiss
2963sbyao  weder...noch..., 3o@ggels  gbokgds  LoFTgolo (Initial)  Lowowyg, dgmegl —
dmIwggbem (Non-initial).

|(iii)“80d338@.—@)030:”1. bﬁ)VL']QOHZ. 49L& a0 ||3 Ygs®goomo “[63(4)8067]530150)3013]” |

| |4 @dGe0b||5. 8obg%0b |6, obbols ||7 o030 |8 @o08edol |

m@0gg Bo30l  3og30alL  (Ioghmgdgemlo ©s 35]39dwgdomgdgmbsg)  Jommygmolngols
59350 J39xa9%8900. 35]3990gooMgdge 3ogd0Mgdo LYoo as8moygbgds dods@mgdomo
D3bobggoo  ©s  sdo@dmd, dglodsdobow, bB3bobgogdogom oo dobss@liols dobgwgom

0ddbgds Jaaxaasgoo.

9. Numerals (NU) — @oibgomo bsbgano

|@o30: ||1 50 bmdomo ||2 03005000 H 3. Foavedomo || |
|15(~];]150: Hl 353G mdomo ||2 8;9;];9(6(*)600)0”3. bodygogmm “ |
|
|

|@0(3b30: ||1 dbmamdomo ||2 8(4)035;"(0600)0” ||

|614)°L']63m: Hl Lobgenmdomo ||2 Bamalmm&mm||3. do393000 “4 dG>@©Hb0m0
I:H ||5 oo bseadomo ||6 Hmjﬂg,gugéomo” 7. 5005593000 ||8 Hmmbﬁméoma|

|q3°363@no:||1. 60(331\@151\1‘)8@()”2. 3135%@3\635@0”3. bgbs®msgo hok.H |

by gbodo (Bogomomsw 3mAFgyomoyg®@do) gl 3oBgam@os @ yobobogngds, Gmam@3
GO39 998Ygge0gdol  bofoeo,  @opgsbsi  dobo  dogyumgbgds  dgbsdangdganos  Lbgs
39093920960l boFoolswdo (3oy. Gomgbmdomo @Goigbgomo Lobgemo odigge olg, Gmgmas
bogomlbsbgano, @oamdomo — Gmam®E  bygobs@msgo  Lobgero). EAGLES LEsbps®@o
smosMgol, @md  Fgagdol  bmy  Loddogmgdo @ogbgomo Lobgaro  dgodengds  dmbgegl

OmamO3 Gmdgamodg IgBgggegdol boFomol Jggzo@gamdos. odogg @mml, dgbsdan gdgemos
doibgomo Lobganols go@gam@osdo dolio yodmygbgds bgolbsdmsgo Lobgmmol gybjioom.
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10. Interjections (1) — YmGolrgdyero

EAGLES L@obpos®@don @93mdgbogdyen dobobosmgdemgddo gb J3945@ 930008 o0 s@ol.
Jomyga  do@obEgdymgdl, @Gmdmgdoa  XaYRJooE oMol wogmxgoeo  Jobss@lols
dobgegom, sds@gdom dosbobosmgdemgddo Fo@mdmgswygbo.

[L39308039M0 ssBgdomo dsbobosmgdbangdo/dbodgbgamdgda]

(i) |ls@dbmdoms ||1 bobs@Ggavo, sedopgds (2. dFgbodgds ||3. defebgds 4. Fag6s

X3 JF
| || ||5 8574300303, 8503905 ||6 6533 ||7 5656785 ||8 B8OXSIFISS |
9. 35355 Bgds 10. Jgewyds ||IL Bodwo 12. b0Fbob
g g3
| H ||]3. Podlg bgds, as9bbgggds ||14. R0(00 “15 SJIdSEmgs “16 dgds bogoo |
17. dmgoorbgs- 18. bssangdbes, ||19. dmfewgds
8o0mmbrggdols bodsaremdganes

11. Unique/Unassigned (U) — 603230

J39350930M09d0  G93mIgbgdgmo  s@os,  mydEs,  dmbsgmbgaos, G®I  Ggagdols
Lod@ogenggdl  obpogoesmygmo  gbgoobmgol sldomegl gom{ggmosh Lo@dygoms olbgmo
geobgool Ggao®gds, Gmym@oiss: gomymazomo bsfomsjo, 0bgoboGogols domyzgdo s ».9.

12. Residual (R) — s@bgbogro Lodgggdo

i) ||®o3o: L 93bm Lo@yggdo 2.0y 3.50ddmenm(|4.5 36mb0do||5.50M gg05G @S
()

Ll 6 >6oge2obogogodyduso | [ [ [ |
|6)0(31‘130:||1. dbmeEmbdbomo ||2.8€)a;3g@m?mm0|| || || |
bgbo: Hl 3530 mdomo ||2.8Q3Q(4;m?)0m0||3.lm'3";]a;@m“ “ |

st gasllogoEo®gd e 350 9amM09ddo 20dm04969ds AadubBol Lo@ygolidsagomo
bofogmgdo, @mdamgdoi dbgemos  dosgymgbm  bgdmombodbye  Lowowggdl. dogbgosgsw
0dobs, GmI o3 3o@gam@ool Lodyggdo gdlogmbols dmenmboss, dom gydenosm doowmb
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INTERNATIONAL STANDARD “EAGLES” FOR ANNOTATION OF A GEORGIAN
TEXT CORPUS

L. LORTKIPANIDZE, N. JAVASHVILI
Summary

The main purpose of text corpora is to provide scientific researches in vocabulary and grammar of
language. As a result of corpora annotation, it is possible to get any analytical information about the text.
There is a set of the international projects that develop standards and instructions for coding and
development of language corpora. One of them is EAGLES standards (Expert Advisory Group on
Language Engineering Standards), which is an initiative of the European commission within Linguistic
Research and Engineering program. Its aim is to accelerate the provision of standards for very large-scale
language resources (such as text corpora, computational lexicons and speech corpora).

Morphosyntactic features of EAGLES standard are described in this article. According to the
standard, the Georgian morphosyntactic features, which are necessary for annotation of a Georgian text
corpus, are submitted.
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MEKIYHAPOJHBII CTAHJAAPT EAGLES JIJISI AHHOTALIUU F'PY3UHCKOI'O
TEKCTOBOI'O KOPITYCA

JI. JIOPTKUIIAHHUJ[3E, H. [PKABAIIIBUJIA
Pe3iome

I'maBHOE Ha3HaYCHHME TEKCTOBBIX KOPITYCOB OOCCIIEYMBATH HAYYHBIC HCCIICAOBAHHS B JIEKCHKE H
rpaMMaTHKE s3bIKa. B pesymbTaTe aHHOTHPOBaHHWA KOPITyca, BO3MOXKHO, TOJYYHTH JHOOYIO
aHanmUTHYecKyto MH(popMaruio o Tekcre. CymecTByeT MHOKECTBO MEXIYHAPOIHBIX IPOEKTOB, HENBIO
KOTOPBIX SBIACTCS pa3pabOTKa CTAaHIAPTOB W MHCTPYKIMH JJIST KOIUPOBAHUS U pa3pabOTKH S3BIKOBBIX
koprycoB. Onun u3 atux cranmaproB EAGLES (Expert Advisory Group on Language Engineering
Standards), xoTopsrit 66T CO3/1aH 110 HHAIMATHBE EBPOIEHCKON KOMICCHH B paMKaX JTHHTBHCTHICCKHUX
I/ICCJ'ICILOBaHI/Iﬁ M TEXHUYECKOU porpaMMEl. Ero 1ejib NOpeaACTaBUTh CTaHdapTbl I OTrPOMHBIX
TCKCTOBBIX PCCYPCOB, KaKMMU SABJIAKOTCA, HAIPpHUMCP, KOMIBIOTEPHBIC CJIOBApU, TCKCTOBBIC U PCUCBLIC
KOPITYCHI.

B pabote onucanbl MOpOCHHTAKCHUECKUE XapakTepucTuku cranaapta EAGLES. B cootBercTBHU C
JAHHBIM CTaHAApPTOM, PAcCMOTPEHbI TPY3WHCKHE MOP()OCHHTAKCHYECKHE XapaKTEPUCTHKH, KOTOpBIE
HEOOXOTUMBI 111 aHHOTUPOBAHHSA IPY3HHCKOTO TEKCTOBOTO KOPITyca.

R0B3IA0BIS — REFERENCES — JIUTEPATYPA

http://www.natcorp.ox.ac.uk;

http://ucnk.ff.cuni.cz;

http://www.ruscorpora.ru;
http://armazi.uni-frankfurt.de/indexe.htm?index.htm#georgian;
http://iness.uib.no/gekko/overview?session-id=231054467571963,;
http://www.mygeorgia.ge/gdc/Default.aspx;
http://wwwe.ilc.cnr.ittEAGLES/home.html.
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S, BIOIIGS JF0K0)
annachutkerashvili@yahoo.com

965l s 3mbEgJLAL @0l Fods@mmgdol slsbgs gbol LEYJHYOsTo gggemsby gue®
bomgow  gobolol g9bmdgbols Losbom s@ols Fomdmeygboamo. g Gg®dobo (goJLobo)
Vo@dmoJdbs dg@dbyaro Lodygowsbh, @mdgaoi 60dbogl Jomomgosl ob smbodgbsl.

©goJlolbo  Foddmopagbl  9bol 03 Lodyoargdgdl, OmdmomsE  gMEoMgdyenos
(2o9mbo@geos) gsdmbsmJgsdol 56 Loyddol 3mbdgdldol aodyggnero bodbgdo. wgoJlobol
30mAMA03Yao  sasmomgdos  Hggbgdbomo s  3odoli  boigomlisbgangdo, ©@Mols s
saomols  b3gEogogg@o  Bdbobgogdo (dsp., ‘sbens’ b of) o Ubgs acsds@ogyemo
bo'dbgdo, OmI@ 603 doMEsdo®d  gddols LodgByggenm 3005M gdsbs. dogomomsw,
boggolobgemo  ‘gl’ dolo godmygbgdol ymggen xgdbg Gmdgerody gOmbs s 0dogg
3063098 ghmgym by (Lbogobby) go o@ doagobodbgdl, o@sdgo oo Foddmowygbls
(3gsool ob “sgoals” 3068 9JL@ o dmz93gao AQINN 35 3397900 Lobols
gOmn ggaoliongol.

©90JB M0 068m®Md5i300lL 360dgbganmds 2s3mbsmJgedol 0b@gH3MgHo0obsmgols oMysw
hobls B,  Gogdm@ol  dgdgao  Ispomomopsh:  Fo@dmopaobgm, Gmd  mxgolol  3odby
s bgoom gudEgmo sbgmo dobsFgdom: “dmgog gohm Losmdo”. 0dol aodm, @m3d figgh @
303000 OOl oym sFgdomo gl doGomoa, sO@E oli gogom, my Gmeols Jngs od dodomols
533 ™0, GoEash 53 BgJbEAL Sgeos sy gdgeo (Lom®ogbGoEom) 0bgm®dsios.

©godbobol ddsgsmo godBo obgmo aoddmeos s ol w@doe oMol hodyxs®o gbols
3M0ds@ogodo, “md olsobo Lgdsb@Bogols 05g0lmsgo© @abowo ©S >0 ligdomo
dobolinomgdargdos. dog@ed wgoJbolo s@ol 3Mogds@ogols dgbfogmols bopsbo, @sdwgboms
030 300300 35300l yodmbs@ogl 3mb@gJlRLs s asdmbomgsdls dma@ol.

©godbobol @glg@odEoymo sofghs

©godbobol F@soEoygmo 3o@gam®ogdos 30Mol, syomols s AMOl 3oGgym®ogdo.

3000L  golobo aoEdmliigdl Loyo®mol dmbsfommgms Gmagdl IgByggergdol @M
300390 3000 FoMmdmoagbls dmmasds®sgol dogd msogolo mogols a®sds@oga swbodgbsls
dgmeg 0G0 - Jmsds@ogol dogd g@mo ob Igdo dbdgbgmoli os@bodgbsls dgbsdg oMo
3odmbgdl 30Mgdl ob gHmgymgdl, @mImgdol O3 Jnmsds@sggs ©s >3 dbdgbgano
Im9d7e0 asdmbomndgsdol Fomdmmddol wdmb.

Loggd@ols dmboFomgms >d Ao gdols 3M0Mgds 96590, hggger gddog,
boggomlsbgemgdoms s Jommsb sgzogdo®gdymo 3Mgogo@ o dgmsbbdgdom bpgds.

saomols @godbobo dggbgds Logd@ol @Ml Logdaymo gobsfomgdol (@misiool)
5mbodgbol  Loyddols  dmbsfomgms  swyogols  dodsdm.  Gmgmai  hobl,  yggamsby
393039 gd gm0 a®sdsBoggmo  gom@ds  Logdagmo  w©goJbobolmgol s®ol  aoblbgsggds
30mJbodognyg@o  (Bm@sdodsggbmsb  sbanml)  ©o  @olGsmydo  (sMo-3Gm Jlodsaydo,
Boaxg® sAgloGmsb sharml) Jpgmdsmgmdsl dm@ols Logmigdo. mydas, gbps omdgsl,
amd  oOlgdmdl  LogdhEygmo  gobsfomgdols dggdoe  gx®m  Gogmo  ©s  ©sbggfoao
30dmbodgoi. gl goblbgoggdgdo, hggumgd®og, asdmobs@gos hggbgdomo boigomlisbgemgdom
(353, “gb” ©s “oli”; ob obyeoliy@o this s that), sbggg swyomols goddu®o HBIbobgwgdo
(35 “oF o6 “0J”, ob 0baaroliyg@o: here 6 there).

ool gobolo dggbgds @Omom ImIgbGgols wo Bmbogggmgdl 03 AMLmsb
dodommgdsdo, GmIgemPoi  bpgds aodmbomdgedol  Foddmmds (56 GmEglsi  0Jdbgds
Vgtommdomo  dgdgmdobgos). ©@ml, @meglsg  dgoddbs  asdmbomdgsdo,  gyfmegom
3O0Mgdols amls (coding time or CT), @mdgamoi dgodengods aobbbgogogomegl dogmgdols
Amolysb (receiving time or RT). w@mol @godbolo, ©A®L s@bodbogl 08 jmmeEobs@gdby,
Omdgaoi doddgmos  Logd@ol  dmdgbdmsb. ©@mol  wgoJbolol a@sds@ogymmo  sbobgs
hggaergdog begds OMol g@sds@doggmo  bdbobgogdomn (Bog., “obans”  ob  “dgHg7;
“2970b”, “do@Pob”, “aoolio” s Lbgs).

o0 Mooy 3o@gam@ogdl L. @ggoblbmbo  9gds@gol  (x.  oombbols o
. gogdm@ol bgoglow) ©oligg@bol (HgJlEol) wgoJbolls s LmEosgyd ©goJboll [4].

oligg@bol ©gololo obEgbls FgJbBol (b olgy@bLol) sbsfomgdol s@bodgbsls
B9bBOL aodaols, aobgomsdgdols PAML. @g306Lmbl dmdysgl Jgdwgao dogogomgdo:

d59., Puff puff puff: that is what it sounded like.
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8. BIBIIFSI500

This is what phoneticians call creaky vioce.
addmgmagomo Lodyggdo LYmogo GaJleolb ©ebs{ggmgool smdbodgbgano Lodyggdos [3].
bomgosagdo  ©goflolbo  gbgds bm@oseygdo  gsoblbgsggdgdol  s@bodgbsl, @mdargdoi
QOEMG0m0s>  doboygddgms  Gmmgdobomgol.  aoblogym@gdomn  s@obodbgds  bemendyg
Jmesdo@ogols o dbdgbganol, ob Jmensds@sgols o Loygd@ol mdogddol LmEosgyg®o
dodo@mgdgdo.

dOogogn  gbsdo dJmansds®sgobs wo Abdgbgarols LmEosmy@o dJods®@mgdol godomdomo
bodolibol smbodgbs bpgds Ggyyms@ymse, doqsmoms, dm®Ogmmmyony®  Loli@gdsdo,
3ol 3Jgos  mbm@ogogo;  dog@ed  Slgmo  aoblbgeggogdo  sa@gmgg  godmobs@gds
boggomlabgmmms s@hggsdo, odobgdols gm@dgddo ob Fmogdomn gm@dgddo.

©goJLolol a@sds@ogygee BmMIgdls o @gdlogy®d oMl godgoe aobslbgeggol
X o0mbbo:

“g90dLobols  g@sdsGogomoboizos ©s  @gdlogomoboigos yggamsbyg  godgo  oblibgds
253mbsm Jgodol 9§, gobmbogy®  Lodgocoslmsb  d0ds@mgdsdo, Gmdgemoi  dgoygde
3M39bogo3ooll @AMl dagdomo  gBymdobgdoli gowsigdom  Lobdm o Lalidgh >@bdo,
OmEgbsig  gggems dmbsfommg s@OLgdmdl ghmls o 0dogg Ggomy®  Lodysaosdo; dom
‘dggdanosm 900 dsbgmols obobgs 5 s>dgbo, dggdgr0om >M539M oo,
3oMogobygobg®o  bodbgdols  omdds.  gmdygbogogools  gmggan  dmbsfFoangls  dgydanos
Jgobdgemml  bob  dJmasds®ogols o  bob  dldgbgarols @meno. d@dsgoao  @od  gbols
bEOgJdg®edo  dgodargds  sSoblbol  dbmame  0dols  bogydzgerbyg, Gmd  ImEgdygao
dobolinomgdgemo Fo®Imodmds s gomodpgds 3oMolidod, gmdygbogsgools M. gl sGol
LY m@go ©goddgmo 360dgbgenmdols To®dmJdbols Logydggeno” [4].

Lobmgsme, dohbggmmos, @md ©goflolo sFymdomos gamEgb@@gemaw. dsTdobswsdy, my
domogos,  Gmd  ©godbobo  doddgmos  Logmdybogsgom  gomomgdol  b3g3090496
dmdgb@gdby,  35Tdob  ©goddudo 396Gl sMsdoM3oMgdygamo  ddols  Fg@Boagdo
©05353d0Mgdgeos M@ ods@oggbmsb, 39@dmo, gl asdmobs@gds gdwgydo:

L bogmdygbogocom gomsmgdol 39b@®omy® Qo ydoli Fomdmapygbls dmmsdssjg;

2. 39bdGd@ Yo @AM ool ol oM, GmEglsg  dm@msdstslg  Fo®dmdbols
3odmbom Jgodls;

3. 39bHBds@ Yo saomo (@mis3Eos) oli saomos, Losi3 dm@msds®sygg 0dymeygds
3odmbsmJgodols Fomdmdbols wdml;

4. obgnabol (569 BgJuBol) ypdopwgdol 39bB®L ol Jdbol, @sloE Tm@sds®s gy
53803 mogolo godmbomJgsdols FoddmJdbols dmgdgen dmdghd do;

5. bm@gosgoyg@o  3360®0  go s@ol  Jmgsds@sgols bmgosggdo Lseyglbo w©s @sbyo,
amdgaoms dododm Jbdgbgemols Lmgosgg@o LEsG Lo ob @obyo dbmame Godomdomnos;

3obmob  ghmsw, bps omdgol, AmI s@ligdmdl 53 Jobmbbmdogdgdowsb Lbgswslbgs
Loboli gopob®gdoi. dogomomse, bmy 9bsdo s@bgomdls hggbgdomo Lodyggdo, GmIagdoc
boFogmd@og mogl 0gdol (mAasbobgoymos) o@s dmasdsmsgol, s@sdge  LodgByggenm
Lo@ygozool  bbgs dmbosfoamgms odggaog (godgom, dbdgbgarols omygamog). s@Lgdmals,
o5pMg9mgg, olbgmo dgdmbggggdo, OmEglsiz ©goddg®o godmbomdgedgdo olig godmoygbgds,

0md ©90JBYHo 3963900 Aosnbsigmgdl badgByggerm Lodgoiool Lbgs dmbofomggdby,
ob booddmdols bbgs LoobGgdgbem mdogd® by.

N @oombbo o3 dmgargbol  ©@g0dd Y  3OmEglbosl  (yowobsigmgdsl)  yfmwogol,
h. gogdm@o g0 —  ogobsbdolols (mgsamobgrgol) gowsboagemgdol.  3@m3glgdo,
Omd@gooi Sbgm  aosbsigmgdsdo  dmbsFomgmdl, o@lgdom 0bGgaglhl Foddmowygbgb
bbgoslbgs  ©goddado  Lodyggool  wosddmbogmo  dglfsgmoll  @ml, sy@gmgy,
5M8mAog o Loygddols osbogobol Ml [4]

bgdmnJdgmols Jobgogom, Jmgmsdsdogg dgodemgds Fomdmgowaobmon s@sdsmo®gdyao
0B M0 396@®ol dyop e do, bowsi Fomdmwygbognos Lsdo LogMaygmo gobbmdoagds
3eols g@mo e@momo mg@do. o539 dgodengds Fomdmgowaobmm 3mbi@mg@umo Fagbsbgdo,
amd@goo3 bogdE g Losbamggl godmbo@oggb dmesds@sgol dods@m.

EOMon  mgddbyg, Gmdgamoig  googaol  dm@sds®sigby, dgodengds  Fomdmgowaobmn
domgegboms Fobl{@gds 56 dmdwggbmds Jmeado@msgols Loyddols 3mdgb@ols dododm. s3539
OOMomno mgadol golfgdog gomodpgds mgom wobizg®dlbos (Bgdudo).

bogosggdo godbobol aodmbsigdee 53 jgdsl gowgg ghmo gobbmdoargds do0b3
9bs 83535 Mm, Lowsi FoMdmwygbognos dmemsds®sgol Yud®m domomo, PROM ©S65E0
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Ra(MOL RKAOILOLO I>H0)IRBO

b mobsdo®o  Lm@gosenygdo @sbyo ILdgbgaols ob ULbgs 3o@ms dods@m. sbigm ©god@y®
‘B0boo@ll, Mo mJds gbrs, 9dbgds GoMmdoma 3bodgbganmds.

OmEglsi dmmsdsmsygg o Ildgbgamo oiEgmosh Gmegdl, jom@obs@ms dmgmo gl
LAOYIAYOS 2oEs0b53309dL  gmaggogno FLdgbgarols (sbens go Jmaolds@osgol) Log@gyeo-
OAOMom-LeEosmg® JmmaEobs@gdby. ©godd o Bgmdobgdol sbgmo geomgdgools s@Jds
(o BadbBol LYmeo oseddsiz) Gomoi Lobsgml 3gsgl. dsgdgobmgol gbol smgoligdols
OMb 5d5To godggggs bdodo 3Omdmgdo@y®os bowdg (453930 Jodas bobl Loygd@mmodls
0nogol  mogbg  dglodg  ob  dgmeg  300To, ggosh  omgolgdl  dmgmgbsms @™ Jo
056303930 md0l GoBmdom boliosmls, LogdhEym ©sbsfgg@mgosl s ».9.).

©90dB 00 g53mbsmnJgedgdol bds@gds dgodangds Lbgswobbgs ogmb: gabEogaemsEoom
2odmbs@ymo s Loddmeygdo (Fdobws gbmdMogn), sdsgg oMl ©goddado Lodyggdol
bdo®gds dgodargds 0gml sbogm@ygmo s s@osbsgm@gao.

amol ©goJLobo

EOmobs s seaomol goJlolols gopgds darogd GmymEgds OHMobs s sSEyomols
©g0ddamo  mgddgdols s  domo  sMoEgodBMo,  3mbEg3GPsmgdo  Fomdmwy gbgdols
(3609gbgemdgdol) dods@mgdols aodm. ©goJlobol o3 sL3gddgdol @MAdo gopgdobomgol
5930 gdgemos  gotyo  a39bdmegl  sesdosbols  3bmdogdgdsdo  LogdEols ©s wAMmOL
LgdobBoggdo oo gds (MMysbobs30s), Mo3 aobbomygmo sfgm x. @obhl, h. Qoadm@l,
§- @o0mbblo o bbggol. gboms ¢ddsgagbmdsdo @mol aoob®gdols ©s sbmdgols
bd9bgddog  Logydggarls Jdbol wobs ©o @odol d9bgdMogo ©s segogmsw  smbsdgaro
(303 gdo,  dmgsdol  mgggdo, Fgmofooll amgdo s  Fangdo. osligmo  goomgyegdo
2530M04ggbgds  gmIgbogsioobsmgol  Lsob@ghgbm  Gmdgenody  goJlbo@goygmo  dmIgb@ols
(dosgomomo,  ©goJdu®o  (3960®ol)  Bodomm  BoMemdol  gsdmlbsbo@ogo o6 obobo
‘dgodgngds  aodmgoygbmm o gbo@ol dobgogom dmgargbgdol goblsmoglgdmse. w@moOl
©godbobl 38 FoMmEmdom ob o gbps®ym gOHmgymgdmsb 5Jgl dododmgde.

gggms  ©godda®o  3b0dgbgarmdols  Abgoglo  @@mols  wgololo  ggogdodogds
3M39b0go300l dmbosFomagms @mal. oblg, dogomomsp, “sbans” dgodemgds gobods@@Gml,
OmamO3 ‘WOHm, Gepgbsg Fo@sdsmsygg Fo®dmnmzedl asdmbomgsdl.” 3b0dgbgmrmgsbos
2530650 J3530L Fo@dmmJdol (o6 ©sfgmol) w@m by gmpo@gool @m (CT) gobgsbbgogmm
2530650 J35d0L  dowgdol  @@mobash (RT). dgodangds as8mbomdgsdol  dowgdol  ©@m
©5gdnbggl  dobo  [omdmmdol  @ml  — 585 @sombbo  gfmegdl  ©goddu@
9OmEOMY@mosl (deictic simultaneity).

Lodoygaggdo 0ogls ohgbls 3530b, @mEgbsg Mol gm®@dgdols aodmygbgds, w@mOL
Bdbobggdol o ULbgs w@emol ©goddado Indxgdgdol blsmgds oO ©sgdmbgggs oI
sdmbogoa gdymgdsl, dspqomoms, Omam®3 begds Fgdomol Fgdhol ool Fg@oao
of9M90s gohm @Ombl, bomm ojombgds Lbgs, bmaxgd CT-Lash Legmosw asblbgeggoye
OO, ob Los@dgmggobom ob Lbgs dgwool 3Gmydsdgdols Foboslfsmo hofgmols w@mb. I
dgdmnbgggedo  gbws aoesfywgl, @mdgemos wgoddydo 39bdMo — Jm@osds@sgols @

3O0Mgd0l MM, 56 dJnbegl ©goddgdo 3GmEgbos s ©godda® 39bGHS hsomgmgds
dLdgbgmolis s  Aodmbomdgodol dowgdol @™, B Qoedm@l [2] dmdgogh  dgdwgyo

dogomomgdo:
a. This programme is being recorded today, Wednesday April 1%, to be relayed next Thursday.
b. I write this letter while chewing an apple.
>
a. This programme was recorded last Wednesday April 1st, to be relayed today.
b. I wrote this letter while chewing an apple.
3odmbomJgodols Jowgdols O™ o@ gdmbgggs jmo®gdol WAML @smoby®do, GmEgLss
dogogmoms, “g3olFmms@yger  AMYddo” IJmgegbgdol selofgdo smwodgdol @Ml
homgaom aodmoygbgdmes Fodlbiymo ©dmydo, 3my3g@egddo go o3 Imgamgbgdobsmgol,
Omdammgoos Fob glYegowbgh jmeomgdol @M, by ©goddu®o 396@®M0 dmmeglgdyao
04e 8mdsgogby, as8mbsmJgedol dowgdol wA™bY.
sbans  asbgobogmm  Lodyggdo: gL, bgog, a3dob. gl Lodyggdo 3odmoygbgds
odobomgol, @mI EAHM  Esogml  GYPGHobyw, AMmom  dmbsgggmgoswe  hggyegd@ogo
dmJdggdgdol gldgangdolomgol, ob ol Imbsgggmgosw; “mgl” s@bodbogl WMl
0653390 gmeodgdols Imdgb@ol homgmom; “a9dob” s@oli w@mol dmbsiggmo, G®Igao
Fob 9LF@90L gmeomgdbol @AM, s ».9.
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8. BIBIIFSI500

bgdmo hodmmgmomo Lodygzgdol blo@gds s@obsko®me bpol gomgbpos@yemo ©mggdols
sobm@ G y@ blos®gdol, dspsmoms, my bymndodsml godygom — absbog bymdodoml —
gL 035l 60dbogl, @md dgbggods dgodagds g gl dbmwme Jgdogy bymdsdsnl (ob
30093 9BOm  dmdmegdbyga  Gmdgamodg  bymdsdoml), bbgs  dgdmbgggedo  goGymwom:
“omgl”. sbggg, 09 mnbdsdsnl  gsddmodm, absbog bgoam, gl dogmomgdl  bgseobogen
byndodombyg ©s o bgdgdos goggbpodgmo  GgMdobols wolsbgmgds, @o@ash  odsl
3boel beol wgoddydo “bgse”.

96900 9@m3obgmoligsb  aoblbgegwgods 0dom, oy ©Eol @sdgbo obgmo  ©godydo
sebsb0dbgoo ofgm: hobsb@ol sdgBoggen gbsdo oMol slgmo mmbo Lodygs: m@-m@o ol
dmgdgeo  jmeodgdol dmdgbdol oJgm ©s oom; 083mby@ddo Ygodengds @olobgmrgls
bodo ey “omggebpmsdeg” s m@o g “mgol dgdpgy”s dobpodo s@oli gBmo s
03039 bodygs (60dsbo) a9dobpgeo ©s bgsgobpgmo ol osmbsbodbsw, oyo bodbogls
‘D9 g35bB Mo’ ey, Gmdgmoi Pdgomm  Loosbemggl s@ol Logmdygbogogom ©mgbmsb
3M©oMgdols 3mdgbGols homgaom.

JoOmgando a3od3l: gL, bgosar, bgy, dobgy ©s a9dob, a9dobfob, y9dobFobolifob;
Vgwob, sdomsd, Fybgm. sbgmogg ©god@dado Lodyggodo s@Lgdmdls Jodmymdo §gaofomabs
> dobmsb ©sgzogdoMgdymo @Ml godomdomo 3mbsizgmgdols  sbisbodbogew: §ganls,
Po®dob, do@TobFob, aoolow, ggamsg. slggg, dgodergds gbsdo oyml Jgeggbogno @Ml
BdbobgpgooE: 83 Fganl, od ogsl, o3 bymdsdoml, bLoesa o3 odol  wgo@dgdo
obegdgmo, @OmIganlog  dgodgwgds  ©ogdo@ml  sMopgoddg®o  Lodygs, dogsgmomsw,
oo, bymdsdomo. 03039 omJdol mgggo0l Loggms® Lobgargdbg: 0sbgoto, m@mddgdo,
093990900 s  ULbgo. o3 o5a30L@mlL  bodbogh 03 goamgbpdygmo  Fanol  spgz0lLGmU,
Omdgardoi dgool jmodgdol M ©s ».9.

odag dmgemge  gbos o0mdzsl gbmdmogo @mol  dglobgd, @GmIgmoi  L3gEogogycos.
bopopse, wam — tense — bdOybggargmal 0dsl, Gmd momndol gggms Fobswomgds
‘©od3Ye0s” as8mbsmgedol Jmb@gJuE by.

- @o0mbbo gobolbgeggdl w@mol LgdsbBoiyn® b mgm@oyge jodgammosl, @mdgelsg
dgodangds gafmomm dg@saobygolgy®o a@sds@dogygao ©@m — metalinguistic tense (M-
tense) o 9bmdMog Baogdbogdl, GmImgdlsi JmEgdymo gbol F@soEoygmo aMsdsGogs
gfmegol  gdsdsdogyger ©AMmgdl,  gboll  ©®mgdls  —  language tenses  (L-tenses).
d9@omobygolRyd  ©OMgdl dgodangds dogagb Fdobps ©goddydo, IgoEde  wO®omo
06BgH3OgB>30s, dog@ad gbols wmomo 3b0dgbganmdgdolmgol gl gmggmmgol o@ s@ols
sbg.  @maogg®o  sbOmgbgds  ggohggbgdl, @md  Fgo-dm s  gbol O™  bdoGow
900 dsbgmls dognosh Lgomgds s Ig@o-edmbg Jbxgmmds o0 s@ols dggdols 3md@sbo
Omomno  3b0dgbgamdgdols @obsbosmgdobomgols gbsdo. FgGo-@m  aobodhiggl Fodlgels
(Imgengbgdo, @Gmdmgdoz bpgds CT-by sedyg), oFdgml s dmdsgoenl. obggg dgodmngds
900 dobgmoligeb 2obgolbgogmm ©@mols dmdgb@gdo, w@mol Jmbsgggmgdo ©s Lbgs. dop@sd
sbgmo  JgHo-EaMmgoo oM  gmobswgds  bmadg  gboll MM, @owpash  gbols  Hmgdo

5353 go0m ymggmmngol godmbo@oggb s3gd@du® ©s Imsmad Joboo@llsE. dogsgmomnsw,

gbols dmdsgomo Amgdo momJdols gmggemgols dmoEegl dmsmey® gargdgb@l. gg9esby
dosbenmgd o mobsgo@omds dg@o-gbsls s gboll wA®Ydl dmdol dgodengds godmhbegls

m3mboigosdo — Fodbygao/s@sfodliygano.

boaxg® F9096, @0 oalgdmdl gbgdo, @M gddoi o s@OLgdbmdls bodwgoemo MMgdo,
dopomoms hobyddo. gl LFm@oi @0l 03 sbGom, AmI Amgdo 56 s@ol Loli@gds-
AP  JnAgmmemaogdse domzo®gogmo, dogMsd @sbsdwpgomgdom  dgodangds omgsls,
Omd 5O oAlgdmdl  gbgdo, @mImgddoi gHo-e@mmgdbol  LolEgds o@ ogml sbobyyano,
09bps  @@mol  bB3bobgogdoll  mbgbg, o6 ofdym  IgBo-@mols  0d3goiod@o
360d3bgemdom, OmEglsg 5@ s@ol Fomdmagboaro Lbgs wdmomo L3gEogogsos.

dmemb  gbos  omgbodbmm, @m3  wAmol  wgodbobo  Gganggzeb@ydos  gbol  Lbgs

©g0d® gm0 gagdgbdgdol dgbfegemol @™, dsgomomsw, dolbogdgds s@ols gmggmmgol
Omdo Igbogoygmo: ‘woas ddzomdols’ gmggmmgol godmoygbgds Jbmenm  ©ogoom.
9boyg@os, Jog@sd ‘modg ddgomdols’ o@ bodbogl doloadgdsls sMsdgm woddgomdgdsls,
obg, @md o gOH®3sbgonl mobbgegds wAmoLs o  obyg@Lol  wgoJbobo  (Lowsdm
ddgomdolls go s@ol dobogndgds).
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9bol> s gmbdgJLAL Im@ol JodoBmgdol sbsbgs gbol LE®YJHYHsTdo yggesby gyuem
bomgnow  gobolol ggbmdgbols Losboom s@ols Fo@mdmeygboamo. g Gg®dobo  (goJLobo)
Vo@dmoJdbs  6g@dbyano  Lo@dygowsb, @mdgmoi  60dbogl  domomgdsls b s@bodgbsl.
©goJLolol  FMooEoymo  JoHIamMogdos  30@ob, oEyomol o AMOL  3oGgam®0gdo.
AHmol  ©godbolo dggbgds  @Omom  Imdgbh@gdls s  dmbogggmgdl  0d  @A®MLmSL
dodomgdsdo, @mIgandoiz  bpgds odmbomgsdol  Fo@dmmdds (b @mgbsi  0dbgds
Vghommdomo  dgHygmdobgds).  @ml,  @Omegbsg  d990ddbs  gsdmbsmgsdo,  g¥mwgds
JO0Mgdols @em (coding time or CT), @mdgemoi dgodangds g5blbgogogdmegls dowgools
Amolysb (receiving time or RT). @®mol ©golobol g@dsds@ogyemo sbobgs hggumgdcog
bgds @m0l g@msds@ogyeo bdbobgogdom (5., “obans” ob “89Mmg7 “49dob”, “Jo@dsb”,
“ao0bog” s bbgs).

DEIXIS OF TIME IN GEORGIAN
A. CHUTKERASHYVILI
Summary

The relation between language and context in a language structure is most clearly represented by the
phenomenon of deixis. The term (deixis) if of the Greek origin and it means indicating, denoting. The
traditional ones are personal, place and time categories of deixis. Deixis of time describes time moments
or sections with respect to the time on which an expression is uttered. The time when the expression is
created is called Coding Time (CT) that is different from Receiving Time. Deixis of time is generally
expressed by adverbs of time.

JENMKCHUC BPEMEHHA B I'PY3UHCKOM
A. YYTKEPAILIIBUJIN
Pe3iome

B s3BIKOBOI CTPYKTYpe CBA3b MEXIy SI3BIKOM M KOHTEKCTOM JIydIlle BCEro IpeacTaBiIeHa (eHOMEHOM
Jeukcuca. OTOT TEpPMHH  IIPOMCXOAUT OT IPEUECKOr0 CJIOBAa M O3HAYaeT CCHUIKY, OOO3HaueHHE.
TpaguunoHHBIE KaTETOPHH AEUKCHCA - KaTeTOPHUHM JIMIA, MECTa M BpeMeHH. JlenKcHuc BpeMEeHH KacaeTcs
BPEMEHHBIX MOMEHTOB W OTJEIOB COOTHOCHTENFHO C TEM BpPEMEHEM, B KOTOPOM MPOHMCXOIHT
MPOU3HOIIEHUE BBICKA3bIBaHMS. Bpems, B KOTOPOM CO3/aeTcsd BBICKA3bIBAHUE, HA3bIBAETCS BPEMEHEM
KOJMPOBaHMS, KOTOPOE MOXET OTJIMYAaThCS OT BPEMEHHM NPUHATHS. ['paMMaTHUecKoe OTpaKeHHE
JCUKCHCA BPEMEHH, KaK OOBIYHO, MPOUCXOAUT rPaMMATHYSCKUMM HapeuusMH (Hamp. «ceddac» WM
«IIOTOMY», «3aBTpay).

R0B3I00BInd — REFERENCES — JIUTEPATYPA

I 9gbygemons b,  o@slAgmo  Lodyggdo s BgfbEol  LgdsbGogydo  do@osbmds
ndogrobo, 2000.

2. Fillmore Ch. J. Types, of Lexical Information. Studies in Syntax and Semantics. Dordrecht —
Holland, 1970.

3. Levinson S.C. Pragmatics. Cambridge University Press, 1987.

4. Lyons J. Deixis and Anaphora. The Development of Conversation and Discourse. Edinburgh, 1977.
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b. SH0FIbSIF0R0, L. bSI(I6SII
ninomaskh@yahoo.com, liasams@yahoo.com

05b53g0Mmgg 3md309H g0 9o Bgdbmmmyogdol Lsgomgdbom aoiowgdomn s®Bogo ©s
sho@mgdagmo gobes oo dmEgmmdol G9JlEgdol @obagol@ygdo ©sdydoggods.

Badbdado  doboggdol  obedydoggomo s  Bompsh  ddsgs@dbmogo  Logodm
06gm@doz00l Jobswgdo  Vgoddbs Lbgoolbgs Lobols @obagol@ydo  3m@39Lgdo, b9
B9dLBgool  gmangdaos, @GmIgaoi  b3gaosmy@se  odbs  dg@bgumo,  sbm@o®gdyeno
Lbbgoalbgs @obygol@gdo 3s®sdgd®gdom s bBbggmymazomo badogdm bobdgdgdom.

30®3gbo  s@ol  boobgm@dszom-Lsabmds®m  Loliggds, @mdgmoi  ©ogydbgdymos
1393080490 g g@Ombya Gm@ds@do hofghom oo @osmEybmdols BgdlBgdbg. opo
‘90303l goblsgnm@gdyge ©sds@gdbom 0bgm@dsgosls dsldo dgdsgoamo Ggjl@gdol dgbobgd
9V obm@odgdgmo {9l gdo). obmBodgds  Jm@3ygLol  doGomswo  Jsbosbosmgdganos.
90 9]@®mbygemo  dodaommggzologeb  goblbgeggdom,  gm@3ygLo  o@  s@ol  Ibmenmo
bs0bBgdgbm  BgdlBgdol  bogdmgdo. ogo olgmo EgdbBgool gohmmdmomdss, @M gdoc
Loob@gmgbm o godmbopgaos  gbols  dglifogamolbomgol.  Go3  ¢udm  dpopsdo s
dOogomagdmgsbos  gboli sbm@odgdol  Lodygemgdgdo, dom gguem  dswogos  gm@3gbols
d93b0g@ gm0 mo®gdymgods.

Jodmygao gboli bosgombogy@o 3od3glol s@Jmbs sOMYmgdl 33egg960l Fo@do®mgols
Jomggamenmaools  dodsdmnygagdbon s  Jo@mgmo  gbmd®ogo  dobsgmol  go@®dsggdyen
‘dgbifogensl Abmgmomdo swos@gdygao LGsbps®m@gdols s dgmmegdols godmygbgdom.

30@3gbo, @mam®g  Fgbo, ¢bps odmgmegl dobo GoBmmE ©s> FOSFOEK JAS©OS©
30dmygbgool  Lodyomgdsl.  ULbgopslbgs  Bodol  3m®3gLgdmsb  d9domdols  9gboggoge-
3oobomgol,  odobsmgol, @md  3e@d3gbols  Jmbogdgdo o6 oygml 0530300 gd 700
30630980 30ma@sdol Mgomobozosby o jm@3Ylmeb  dgdomdols  0b@gmxgolity,
d9dogogds  Bgdldato  3m@3gLgdol  sSbm@odgdol  LEbps®Egdo.  s@lgdmdl oo
3bmdogro 3meoMmgdol Lolidgdgdo: gm@3ylol gmeomgdols bEsbos®Eo — The Corpus Encoding
Standard (CES), ¢gJLupol gmwodmgdols obogos@ogs (3oMggmo d@ogemds) — Text Encoding
Initiative (TEI), EAGLES-oli Lobgeddwgsbgermgdo (Expert Advisory Group on Language
Engineering Standards (EAGLES), s 5.9, @mdmgdoi dmbsggdms jmwodmgdols — dmbodgbols
gbogg@logry@  gbsl SGML (Standard Generalized Markup Language) oy49b9d96. ogo
Fomdmowagbls  (ISO 8879 - International Organization for Standardization) Usg@msBm@olio
bEAobsdAl, dmdgamoi Lodgomgdol ggodamggl HgdbBol gmeodgdol bgds gergdgb@gdols
> SAM0dYA ool s GgJlEdo Jomo aobamsagdols Lodgogmgdom Fomdmgswaobmm.

3Oodgdols gl LobEgdgdo dgddbogos  3m@3gLdy obgmo do@Fogo  ®3gHsiEogdols
YgbobOygamgomaw,  Gmam@ogss: Gmdgmody  3mbidgdamo  Jg94003 Lol sdm@gds,
BadJbBdo  Lokodm  Lodogdm  Lodygdomgdol  gobbmdEogamgds  ©o  g30b ©56M9bgds,
Omdgerodg Lodygol mbimdwsblols 3mdgobs ws .9.

3O0Mgds A geobbdmdl GgJl@ol bgdoldogdo Lobols byl sblibo-gobds®@gdsl.

dodgodgds  oby  dmbodgbs  s@ol  FgJlBol  gmwodgdol  Lodgogngds,  Gmdgmog
BJa0Mgdgmo by do®30@9dgmo G9JlEol LgadgbBgool msbsdodogg@mdsls Fomamswagbl.

06gm®A3o300l Lodo godmm  Jo@gam@os yodmogmegs: 0bgmddsaos Ggjl@ol dgbsbgd,
dobo  Joboo®lio, dolbo Jmwodgds. 3o@Mggemse  dmbszgdgddo dgodengds  godmgygmo  m@o
Labolb 0bgm@dsigos, Gmdgemoi Jmogdgmo 9bos odbsl:

l. oo dmEgembdol LE®J@gos, dmdgmoi dgodangds dgoiogogl:
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o) AadLeol LM B O gOmgymgol Gmamaoiss Bmdo, msgo s 5.9, slggy
3oMogMogo, hodm@oboano dgbodgbgdo o 3mdgbBomgdo, Lomaymgdo, 3bMogngdo,
QoA YMgdo s . 9.

d) Godmg@ogoqar dobobosmgdangols;

3) 550 JLA YO — aGogogym 0bgxm@dsigosl.

2. Jgg3ooy@og3gdol  LEOgdads. Isldo  gooll  m@mma@sgogmo  Fobswawgdgdo,
GO®SOJO0;  MOMNMYMSBOYEO Lo@yg900; 586 93053 M gd0, Lobgagdo,  msMomgodo,
bobaolidygamo Lo@yggoo.

The Corpus Encoding Standard (CES) Lob@gdom ©migdgb® 8o ggges gegdgbdo Bgagdol
Lodygoemgdomn  os@ols  goblobmgdgemoa. CES-L@sbpsm@yge  LobEgdsdo FgJbBol dgbobgod
bmaopo 0bxgm@dszools sbm@omgdols Gsdwgbody doysgomo:

90 gdgbBol  obofyobo ©s dmam swobodbgds Fgygdom: "< s ">". ol dgoiegl
90 gdgbBol Lobgeols gi— generic identifier — bmaoo o bBogogs@m®o, GmIgmoiE Jgwygds
OMAMO(3 oo, Sbggg 35@sMS slimgdols o (0xMgdologsb 0-pob  9-dpg. my Fgyol
babgeno m@bodyggosbos, 3gmmg Lodygge oo sbmmo ofygds. dogp., <fileDesc>. gl gegdgb@o
‘dgooglh gm@3gbol o6 GgJlEol Lege dodmomadsgoyge s> gmsl; gmggmo gergdgb@ols
bY@ gds s@bodbygaos /" bodbom s Jologg Lsbganol aodgm@gdom: </fileDesc>. yggans
dobobosmgdganls oJgl wosbamgdom sbigmo gm@ds:

"attributeName=value".

3O0Mgdogmo  gegdBOmbymo BgJlEol dgbsbgd 0bgmmdsizos Imigdygemmo agodsl 9.y
dgg@do. <cesHeader> gangdgb@o dgozoglh d9dwga mmb dJmogs® gergdgbd L

<cesHeader>
<fileDesc></fileDesc>
<encodingDesc></encodingDesc>
<profileDesc></profileDesc>
<revisionDesc></revisionDesc>
</cesHeader>

<fileDesc> — dgoizoglh gm@3ygLbol o6 FgJlEol LEge dodmoma@sgoge sof g@sls

<encodingDesc> — 5@bodbogls 3ogdodl  m@oaobogy® B9dLEALs ©s ol geng)BHO®byen
390Losls demdols.

<profileDesc> — pag5d@ggl 9gOM FoOmm 0bgm@dscosl FgJbBol gg@dLool Dglobygd,
5ol gbols L3gizoggogol, dobo asdmigdole@mmobegen Lo@ysEosl s moMoel, ggodmggl
06g3m@8o305L godm39dsdo dmbsfoemggdol dgliobyod.

<revisionDesc> — >@{ 9Ol goool Gggobools olGm@osl.

30A39L30 mommgge Bl ofgl megolo Jdgog@o (header) (<cesDoc> gangdgbdo),
olggg Bo@osh  gm@3ygllsg o3l mogolo Jgrpgmo corpus header, @mdgmoi  dgoEogl
06gm®doz0ol  Jmgeo  3m@3gbol  Jglobgd. mdogg go@3ylol s  FgJlGob  Igpgdo
Vomdma gbogros (<cesDoc> element) gangdgb@dgdom.

<cesHeader> dgozogl dgdga Fobolosmgdangdls:

type — 2oblLobmgdogh ©mgydgbBol o3l o@ol ol jm@dglo oy GgJbdo: CORPUS
50b0dbogl, mmd Logdyg agodgl Jm@3yglmeb, bognm  TEXT — @9JL@msb.

creator — o@bodboglh  ofgligdyamgdsl, @mdgmoi  dmEgdymo  dgog@ol  dgJdbols
3obyybolidy gdganos.

version — ag0bggbgdl 0d CES header.elt-ol  g9@lLosl, @mdgmoi  godmygbgdagenos
dogdgmo 3geg@aols gmoodgdolsb.

status — a30h39693L 3gg@ol LEGPLL — sbogros my dggeo:

NEW — 390960l 306390 390 Los;
UPDATE — paobobgngdgemo gg@bos.

date.created — doygmomngdl GmEol s@ols dgJdbogno.

date.updated — GmEol sGols asbsbengdeyao.

ool 8m3yggds gm®3gLol Lomoy@ols Foddmeygbs — Title statement.

gl geng39bBo Ygwagds <hititle> gangdgb@Bobogsb, Gmdgabsi dmidygggds 0 ob <respStmt>—
ol gengdgb@gdo.

137



3MR0®IBOL LBIERSGBIR(N LOLB IS CES RS JodMIRO RO6330LBHIAN ...

<htitle>-do  {o@3meagbomos g gddO®bygmo  gooemols  Lomsymo  Jagbsmoy@gdols
homganoom.
<respStmt> —  dgoizogl  0bgm@dsgosl bgdboldogdo  3ommgbgdols ob  ©@oFgligdbymgbols
‘dgliobgd, Gmdgeoi 3obygbolidagdgemos FgJuEbdg, 3odmgdaby ob gangdd®mbye 39dlosby.
nogols dbdog <respStmt> dgoiogl dgdwgy gergdgb@gols:
<respType> —  opfgdl  300mgbgdol  ob  ©oFglgdyemgdols  0b@gergd@om e
3olgbolidy gdamdsls.
<respName>-do  {oddmwygbogmos  3m@3yglol  godmdEgdol  3oMmgbgdol  agodo s
Lobgaro, sgoeo ©s ©sFgbgoygagdols Lsbgano.
<extent> gangdgb@do omfgdl Lodyggool Gomgbmdols Jmgen jm@3gbdo ob jmbs®gd e
Aadbddo. oyo Jgoizegl:
<wordCount> — Lo@yggdol @Gomwgbmds @b do;
<byteCount> — 6508900l Gompgbmds @94 do.
units — g30hg9690L Gs gOMgPE gdom 0bmdgds ds0dgodo:
BYTES bytes
KB kilobytes
MB megabytes
GB gigabytes
<extNote> — Ygoogh b9d0ldogd ©sds@dgdom 0bgm@dsEosl jm@3glbol o6 BgJbBol
‘dglobygd.
<publicationStmt> — gen9dgbdo dgoegl dgdwge Jg99209996HgdL:
<distributor> — EgJLEol 56 3m@3gLol PoliBMmodyGMEls Labgano;
<pubAddress> — ©oliAodgEm@ol bsgmbEm dolsds@mo;
<telephone> — olE®0dyEM@0l b ©oFglgdyegdol Ggerggnmbol bmdg@o;
<fax> — g5 JLbols bmdg@o;
<eAddress> — 30036950l 56 ©s{gbgogmgdol gergdd@mbymo dobsds@mo;
type 335dem 93 9@ gd@®mbyamo dobsds@mols Godl (email address, web site, ftp site etc.).
<availability> — >e{90L HgJleolb byadobsofgomdmdsl, dogomomsw dolo asdmygbgdols
bgdoldogdo sgddogngs ob gowofgms s ».9.
region — o>efgdlb 03 Gg@odmcosl, Lswsa dgodangds godmygbgdage olbol dmzgdyao
BaduBo. Ispsmomag,
WORLD - the text is freely available — @gJb@o bgendobsfgomdos gggansbomgols;
EU — European Union only — bmame 9360ma590000569065d0;
status 230hg9693L dodwobotg 3gMmomedo §g9JlHol byemdolsfgomdmdsls:
RESTRICTED - the text is not freely available — o0 o@0l  oogolyggmsw
bgendolof gomdo;
UNKNOWN- the status of the text is unknown — L@s@glbo gEbmdos.
<sourceDesc>-do {o@mdmagboanos Fgodmgdol s@{gds. ogo dgo3ogh me Jaggergdgb@dL:
<bibIStract> — LA YJHYO0MJoPEo  dodEoMAGSROYE0 300000 35G3IYLD0
A0200;
<biblFull> - dodmomg@sgoymo  Godsdgoo 03 HgJleobsmgol, @mIgemog
Fobslfod odbs  gmpodgdymo g gd@Ombyge  gm@dsdo. gl gergdgbdo  Jgoogl
03089 360dgb9@mdsls, Mslo <fileDesc> gangdgb@o.
0y ggddOmbygao  dgdbBo  domgdygm  odbs  Fobs  geg@@mbymo  gg@looliogsh,
T9o0mgdols s g@sTo a394b90s <bibIFull> gengdgb@o, bogem mey ogo Jowgdymos bodgdoo
Vgo@meob — <biblStract> gen9dgb@o.
dggols  dgmeg  dmosgo®o  3md3mbgbBos  gmomgdol  sfgds, @mdgmoi  dgoaogh
06gm®A3o305L Jmodgdgm BgJlGls s ol Fysdmlb dmdol sdmgowgdygmmgdols dglsbgd
> 3m@3ygldo aobbm@zogmgdygm Ggosd@odmgdols 3M0bi3dgol s g@b.
<encodingDesc> ge0939b@L ol dgdwgao 6 3083mbgb@o:
<projectDesc>  ©g@omy@o© smf 9@l Fobobl, @olmgol ofbs Mmoot gdyaro

90 9JBOMbgeo gsogo;
<samplingDecl>  dgoizogh  @maogy®  sblbsl 03 dgmmpgdols,  Gmdggdos

30dmygbgogmos jm@3ylol dmEgdge GgJu@do;
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<editorialDecl>  so{gol  @905]@0®go0ol  3Mm0b30390L, Gmdmgdoi  aodmygbgoygmos
B9dbBoL gmodgdobsl;
<tagsDecl> agodenggl  ©gdoey®  0bgm@dszosl  Bgarmdgdol  Yglbsbgs  SGML
©m39396¢ 0L dobgogom;
<refsDecl> gg0hggbgol oy @maymed  gbps  sogml  gobmbogy@o  Bodmomgdangdo
Imi9dgeo BgdbEolomngol;
<classDecl> ‘dgoogl <category>-ols gargdgb@gdl, >@bodbsgl gensbogogsEool jmwgdl,
OmI@go0i3 g®3gbols doabom yodmoygbgdo.
56mmeb, ©slggbol Lobom omgbodbogm, @m3 bsdmmdols 8obsbos (CES) wo (TEI)
3OoMgdoll  LHsbpod@yge  LobEgdgddy  oydwbmbomn  Jodmygao  @obygzol@ o
30A3gLobsmgol dgbsdsdolo sbm@odgdols LolEgdol dgddbs, GmIgeoi Log@msdmdolio
bEoboom@gool godmygbgdom Jodmyar 9bsbyg dgbdygagdnmo bgdoldogto gergddmbyano
B9JbBoL s gMmol dgbsdagdemdsls dmygi9dL.

3MRO@IBOL CES bdO6RIGB IR0 LOLBHIZS RS Jd@I)IIR0O R 06d30LB ()

3M®3IL0
6. SI0BIbS IR0, L. LSIL(I6SIT
®9%b09dg

B9JLAH M0 sboggdol  sbodydoggdmo s domyob  d@ogoemdb@ogo  Lako®m
0bgm@doool  Jobowgodo  dg0ddbs  Lbgoswoslbgs  Lobol  @obygolgydo  gm@a3ylgoo.
3oblbgoggdyamo  Bodol  jm@3yLgdbmsb  Igdomdols  ¢bogogsioolomngol, odobsmgol, @md
3mA3gLols dmbozgdgdo NQ) 0ygols 0530 o gdeeo 3Mb3M 9@ 9o 3ma@sdols
Ogomobozoshy s gm@3gbmeb  IPdomdols  0bGgMxgolby,  dygdogwgds  BgJLBaco
303796950l sbmBo@mgdols LEsbps®Egdo.

bsdOMITo s@§gHogos CES bEsbpos®@ol dndxmbobdsJlygmo dsboliosmgden gdo.

hggbo  dobobos  gmeodmgdol  LESbEosGA e  LobEgdgdby ©oydbmdomn  dg3]dbom
Jomygao  @obygobyg@o  jm@3ylobomgol dgbsdsdolo sbm@odgdol LobFgds, G®Igaoc
Yglod@mgdbemmdsls  dma33gdl  Log@msdm@olm  bEobps®@gdols  asdmygbgdom  s@gfgdmn

Jomyga gbsbg dgldgagdygmo bgdoldogdo gengd@®mbyemo FgJbdo.

CES ENCODING STANDARD SYSTEM AND A GEORGIAN LINGUISTIC CORPUS
N. AMIREZASHVILI, L. SAMSONADZE
Summary

Different kinds of linguistic corpora have been created to work on large amount of texts and take out
the necessary information. For working unification with different kinds of corpora, and for the fact, that
the data of a corpus were not depended on the realization of a certain program and on the interface of
working with the corpus, standards of annotation of textual corpora are being developed.

In this article morphosyntactic features of CES standard are described.

Our goal is to create a corresponding annotation system for Georgian linguistic corpus on the basis of
encoding standard systems, which enables us to describe any electronic text, written in Georgian language
by international standards.
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CTAHJAPTHASI CHCTEMA KOJIJMPOBAHUS CES U T'PY3UHCKUI
JMHTBUCTUYECKHUI KOPITYC

H. AMUPE3AIIBUJINA, JI. CAMCOHA/[3E
Pe3iome

Jist 06pabOTKHM TEKCTOBBIX MAaCCHBOB W JUIS MOJYYCHHS W3 HUX HEOOXOOMMOHN MH(OpMAIuu, OBLIO
CO3JaHO MHOXXECTBO JMHIBHCTHYECKHX KopmycoB. [lns yHupukarmum paboTbl ¢ pa3HBIMH THIIAMH
KOPIIyCOB, JUIi TOTO, YTOOBI JaHHBIC KOPIyCHl HE OBUIM 3aBHCHUMBI OT pEalM3alidl KOHKPETHOH
IporpaMMbl M OT HWHTepdelica pabOTBI ¢ KOPIyCOM, pa3pabaThIBAIOTCSI CTAHAAPTHI aHHOTUPOBAHUS
TEKCTOBBIX KOPITyCOB.

B pabote ommcansl MmophocurTakcraeckue xapakrepuctukn CES cranmapra.

Hama wenh Ha OCHOBE CTaHIAPTHBIX CHCTEM KOJUPOBAHUS CO3JaTh MJIsl  TPY3HMHCKOTO
JIMHTBUCTHYCCKOTO KOPIyCa COOTBETCTBYIOIIYIO CUCTEMY aHHOTHPOBAHUA, KOTOpasd JaCT BO3MOXKHOCTD,
WCIIONB3YSl MEXyHApOIHBIE CTaHAAPTHl, OMUCATh JIOOOW JJIEKTPOHHBIA TEKCT, HAMHCAHHBIA Ha
IPY3UHCKOM $I3BIKE.
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ABOUT THE MOLECULAR SWITCHES OF NANOELECTRONICS
M. SURGULADZE
Summary

One experiment for creation of basic element of the future computing devices is described in the
work. Problems of modeling of nanoelectronic circuits are presented. The factors needed for using
supercomputers for modeling the elements of molecular electronics are considered in the paper.

O MOJIEKYJIAPHBIX IIEPEK/TIOYATEJIAX HAHOSJEKTPOHUKHU
M. CYPI'VIIAJ[3E
Pe3iome

OnucaHn OIWH W3 OKCIIEPUMEHTOB IS CO3JAHHs 3JIEMEHTHOH 0a3bl OyAymIMX KOMIBIOTEPHBIX
ycrpoiicts. IlpeacraBneHsl mpoOneMbl MOAEIUPOBAHUS HAHOIJIEKTPOHHBIX CXeM. YKa3aHbl (DaKTOPHI
HEOOXOMMOCTH HCIIOJb30BAHUS CYIIEPKOMIIBIOTEPOB IIPH MOJICIMPOBAHUN 3JIEMEHTOB MOJICKYJIIPHOM
SNEKTPOHUKHU.
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MEPCIEKTUBBI PA3BBUTHUS OBJIAYHBIX BBIYMCJIEHU B COEPE
OBPA30BAHUA

M. I'ETEYKOPH, B. BAXTA/[3E, T. IOMUHHAI[3E, M. APYYAJ[3E, M. OJJUJIA/{3E
Pe3iome

PaccMOTpeHBI NEpCIIEKTHBEI Pa3BUTHS OOJIAUHBIX BBIYHCICHHH B cepe oOpa3oBaHMS M HAyKH.
[Tokxa3aHbI BO3SMOXHOCTH NMPUMEHEHHS 00JIaYHBIX BRIYHCICHNH B yueOHOW W HAYYHO-HCCIIEOBATEIIECKOM
JEATEIIBHOCTH.

PERSPECTIVE OF DEVELOPMENTS OF CLOUD COMPUTING IN EDUCATION
M. GEGECHKORI, V. BAKHTADZE, T. LOMINADZE, M. ARCHUADZE, M. ODILADZE
Summary

Perspective of development of Cloud Computing in the fields of education and sciences are
considered in the work. Innovative potential of Cloud Computing are shown.
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OB JEKTPOHHOM I'OCYJIAPCTBE
T. BAXTAJI3E, U. MAPI'AJIUTAJ/[3E, M. T ETEYKOPH
Pe3iome

B pabore paccMOTpeHbl BaKHEHIIME KPUTEPUU DIEKTPOHHBIX CEPBUCOB, HEOOXOJUMBIX  JUIS
CYIIECTBOBAHU JJIEKTPOHHOTO FOCyJapCTBa.
[TpensosxeHbl METO/IbI CHATHUS 0apbEePOB, COMYTCTBYIOLIMX CO3/IaHHIO 3JIEKTPOHHOTO IOCY/AapCTBa.

ABOUT ELECTRONIC STATE
T. BAKHTADZE, I. MARGALITADZE, M. GEGECHKORI
Summary

The most important criteria of e-services that are necessary for e-states to exist are considered in the
paper. The methods how to move away barriers that accompany the process of e-state creating are given
in the work.
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K BOITPOCY O BUHAPU3ALIUU KOJIMYECTBEHHBIX ITPU3HAKOB J1JIA
JIOTHYECKHUX METO/J10B PACIIO3HABAHUS

M. MUKEJIAJ[3E
mikeladzemaia@yahoo.com

3amauy, cBOIAIIMECS K KIACCy 3aad PAcIO3HABAHUS 0Opa3oB, BO3HHKAIOT B PasJIMYHBIX 001acTAX
YeJIOBEYECKOM AEATENPHOCTH: MEIHIMHE, 3KOHOMEKE, TEXHHYECKOHl JHarHOCTHKE, POOOTEXHHUKE,
reojorud ¥ T.1. Co3qaHHe MHTEIUICKTYAIBHBIX CHCTEM II0 PACIIO3HABAHUIO 00pa30B OCTadTCs CIOXHOM
TEOPETHICCKOI M TeXHUIECKOH mpobiemoii. [ peneHns 3Toi mpobieMbl B KaueCTBE MaTEMaTHIECKOTO
ammapara OBUIM NIPHBJICYSHBI MHOTHE pasfeibl HMHGOPMATHKA M TNPHUKIATHON MAaTEMaTHKH: TEOPHs
CTATHCTUYECKUX PELICHUH, Teopus HHPOPMAaLlK, METOABI adreOpsl JIOTHKH U T.J. B mpouecce pemenus
NPUKJIAJHBIX 33/1a4 paclio3HaBaHHs Ha OCHOBE NPELEICHTOB (3a1au KiacuUUKauu) chopMUpOBAIICS
LeNbIi PsJi CEeMEICTB alrOpUTMOB: ITOPUTMBI PAcliO3HABAHHMsS HAa OCHOBE IPHHIIMIIA pPa3JelCHUs,
ITOPUTMBI  KJIaCCU(HUKALMK Ha OCHOBE BBIYHMCICHUsS OICHOK, CTaTUCTUYECKHE, JIOTHYECKUE U
CTPYKTYPHBIE METOJIbl paclio3HaBaHMs. B yCIOBUSX Takoro MHOTrooOpas3usi METOJIOB DPacIio3HaBaHHs
BBIOOP KOHKPETHOT'O aIrOPUTMAa AUKTYETCS Crielin(UKON M THIIOM JAHHBIX MTPEAMETHOM 00JIacTH.

B nmaHHOHM cTaThe OCHOBHOC BHHMAaHHE YJCJICHO JIOTHYECKHM METOIaM pacno3HaBaHus. OCHOBHOE
NPEUMYILIECTBO 3THX METONOB 3aKJIOYaeTCs B TOM, YTO HMX MOXKHO HCIIOJB30BaTh HPH OTCYTCTBUH
CBeIeHUH O (QYHKIMAX paclpeneNeHUs] U MPH MalblX o0bemax oOydaromieil BEIOOpKH. B aTHX Meromax
TaKKe OTHNagaeT HEeOOXOAWMOCTh BBHIOOpPa METPUKH B INPOCTPAHCTBE OIMMCAHMI OOBEKTOB, TaK Kak
NPH3HAKH OOBEKTOB PACCMATPUBAIOTCS KAaK JIOTHYCCKHE MEPEMEHHBIC, a OIMCAHUS KIAaCCOB HA S3bIKE
NPH3HAKOB TPEACTaBISIOTCS B (QopMe OyneBbIX CcOOTHomIeHWH. Bce 3To  oOycnaBiuBaeT
NPEANOYUTAEMOCTh JIOTHYECKHX METOJIOB pACIO3HABAHUSI B CJydasX KayeCTBEHHOW (HEYHMCIIOBOI)
uHdopmanuy, HampuMep, B 3aJadax MEJUIMHCKOM JMarHOCTUKH, KOTJa COCTOSIHAE NalUeHTa
OIUCHIBAETCA KaK HAJIMYME WM OTCYTCTBUE Psifa CUMIITOMOB (TOJIOBHOW 00H, ciabOCTH, TOIIHOTHI U
T.1.). B ciyyae KonuyecTBeHHOMU (YHCIIOBOM) MHGOPMAIMK TAK)KE BO3MOYKHO MPUMEHEHHE JIOTHYSCKUX
METOJIOB — B pe3yJibTaTe OMHApH3alMK WCXOAHBIX NpU3HAKoB. [Ipu OMHApU3aLMU KOJIMYECTBEHHOTO
NpU3HAKa MHOXKECTBO 3HA4YCHHH HCXOJHOTO MNpU3HAaKa pa30MBaeTCs HA HMHTEPBaJbl, a caM HpPU3HAK
3aMeHseTcss Ha psn  OMHApHBIX MPU3HAKOB — OJIHOMECTHBIX IPEJUKATOB, ONPENCIIIOLINX
NPHHAIUISKHOCTh 3HAYCHUH TPH3HAKAa COOTBETCTBYIOLIMM HHTepBayiaM pasobuenus [1, 2]. Tak kak
BapHaHTOB pPa30HMEHWs] IOBOJBHO MHOIO, BO3HHMKAaeT 3ajaya BbIOOpA «ONTHUMAJBHOTO» BapHAaHTA
pa3OHeHUs] MHOXKECTBa 3HAUCHHI OMHAPHU3yeMOro NpH3HaKa.

B naHHOW crTaThe mpeIaraeTcs AJIrOPUTM OHWHAPH3ALMU KOJMYCCTBEHHBIX MPH3HAKOB JUIA
JIOTHYECKUX METOJIOB paclo3HaBaHusl, odecneurnBaromnii 3G dexTHBHOCTh MpaBuia —KiaccupukaTopa ¢
TOYKH 3PECHUS KaK JUArHOCTUPYIOIICH, TaKk U Tu(GepeHIMPYIOICH CIIOCOOHOCTH.

['pynmna Joru4eckux METOZ0B pa3HOOOpa3Ha M BKIIOYAET METO/bl PAa3IMYHON CIOXKHOCTH. B 001em
BUJIE JIOTMYECKUE METOJbl MpEJCTaBISIIOT CO00 MNOMCK MO oOyuaromied BBHIOOPKE JIOTMYECKUX
3aKOHOMEPHOCTeH JuIsl KiaccoB. Kak mpaBuiio, JOrn4eckue 3aKOHOMEPHOCTH SIBJISTIOTCS. KOHBIOHKIMSMH
AJIEMEHTAPHBIX BBICKa3bIBaHUil (B 00ILEM cilydae — IpeuKaTaMu), IPUHUMAIOIINME HCTHHHOE 3HAYCHHE
JUIL  JIOCTaTOYHO OOJIBIIOro uYKciaa OOBEKTOB M3 COOTBETCTBYIOLIETO Kiacca (AMAarHOCTHPYIOIIAs
CIIOCOOHOCTB) W JIO)KHOE 3HAaYeHHE ITOYTH Ha BCeX OOBEKTax APYrux kiaccos (auddepeHumpyromas
crocoOHoCcTh). M TyT BO3HMKAaeT BONPOC: COTJIACHO KaKOMY KPHTEPHUIO CIIEAYET Ha3blBaTh IPEIUKAT
JIOTHYECKON 3aKOHOMEPHOCTHIO TOTO MIT MHOTO Kilacca 00bEeKTOB?

Jns sToro BBOASATCS MOHSATHE HWH(POPMATHBHOCTH W KpuTepuid HMH(MOPMATHBHOCTH, W 3ajaya
MOCTPOEHMsI WH(OPMATUBHOTO TpeauKara (JIOTMYeCKOW 3aKOHOMEPHOCTH) CBOJHUTCS K 3ajaade
ONTHUMU3AINU KPUTEPHUSI HHPOPMATHUBHOCTH.

Ilycte Ha OcHOBe OOyd4aromieil BRIOOPKH X ! clielyeT ONpeneauTh WHPOPMATUBHOCTh NpeauKarTa ¢
10 OTHOIIEHHMIO K KJIacCcy 0OBEKTOB C.
P, - konm4yecTBo 00BEKTOB Kiacca C B BEIOOpKe X .
N, - KonugecTBO 0OBEKTOB BO BCEX OCTANBHBIX Kaccax B BEIOOpke X h
P. () - xomm4yecTBO 06BEKTOB KiIacca C, At KOTopeix @(X) =1;

N, () - KoIHMIecTBO OOBEKTOB BO BCEX OCTANBHBIX Kiaccax, s KOTopsix ¢(X) =1.
Pasznuarot cieyromue onpeaeaeHus U Kpurepun uadopmarusaocty [3]:
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BBPHCTH‘ICCKl/Iﬁ. I/IH(i)OpMaTI/IBHOCTI) npeaukara TEM BBILIC, YCM OoJIbllIe OH BBIACIACT 00BLEKTOB U3
«CBOCTO» KJIacCa U YE€M MCHBUIC — M3 APYIUX KIIACCOB. T.o. I/IH(I)OpMaTI/IBHHﬁ NpEeaAuKaT (P MOXET OBITH

IIOJy4€H B pe3yJIbTaTe ONITUMHU3ALNHN 110 IBYM KPUTEPUIM:
p. (@) > max u n; (@) — min.

CTaTHCTHYeCKHId. I[J'IH OLICHKH I/IH(I)OpMaTI/IBHOCTI/I HCIIOJB3YETCA METOA MPOBCPKU CTATUCTUYCCKHUX
THUIIOTC3. HH(IJOpMaTPIBHLIfI npeaukat @MO)KCT OBITE MOJIy4eH B Ppe3yJibTaTe€ OITUMU3ALUN

CTaTUCTUIECKOTO KPUTEPU:

n n Pch
l.(#)=—Inh Pc(@) ne() e h[ P _CeCn
P; N, P N CF‘,’IE

IHTpOoNuiiHbIA. /IJis OLleHKH MHPOPMATHBHOCTH UCIIONIB3yeTCs TeopHs: nHpopManuu. MHpopMaTHBHBINA
MpPEANKaT () MOXET OBITh MOJYYEH B PE3yIbTATE ONTHMU3AINN SHTPOIHMHHOTO KPUTEPHS:

IGain, (¢) = H(P,N)~H,(P,N,p,n),

rxe  H(P,N) - surporms seiGopku X', a HW(P, N, p,Nn) - SHTpOMHs BCel BHIOOPKU MOCIIE MONyICHHS

uHopMaLUH @ .

Tak Kak mpeaUKaThl, COOTBETCTBYIOLIME HMHTEPBAJIAM pa3OHeHus OWHAPM3YEMOrO MpPHU3HAKA,
YYaCTBYIOT B [OCTPOEHUH JIOTHYECKHX 3aKOHOMEPHOCTEH JUIA Kiacca OOBEKTOB, TO «ONTHMAaJbHBIM»
€CTEeCTBEHHO CUUTaTh pa3dueHue, obecreynBaroiiee Hanbonee MHGOPMATUBHBIC MPEAUKaThl. B o0iiem
BHJIE QITOPUTM pa30UeHHs MHOKECTBA 3HAUCHHH KOJIMYECTBEHHOTO MpH3HAKa HAa HMH(OpPMAaTHBHbIE
HHTEPBAJIBI BRITJISLANT ClIeAYOIUM 06pazom [3]:

1. pasOueHHe MHO)KECTBA 3HAYCHHI IPU3HAKA HA «MEJIKHE» HHTCPBAIIBI;

2. BBIOOp TPOMKH COCENHHX HWHTEPBAIOB, [l KOTOPBIX HMH(QOPMATHBHOCTH  IIPEAHKATa,
COOTBETCTBYIOLIEr0 WX  OOBCOWHEHWIO,  NPEBOCXOAWUT  HWH()OPMATHBHOCTD  IPECIHMKATOB,
COOTBETCTBYIOLINX MCXOIHBIM HHTEPBAIaM pa30ueHus;

3. ciwsHEE TaKHX TPOEK WHTEPBAIOB, IUISI KOTOPHIX HH()OPMATHBHOCTD [IPEIUKATA, COOTBETCTBYIOIIETO
UX 00BEINHEHUIO, MAKCHMAJIbHA.

Ha npaktvke B KauecTBe pa3sOMEHMs HAa «MEIKHME» WHTEPBAIbI, KaK MPABHIIO, BHIOUPAETCS pa3OueHue

BHJIA:

f(x)<d;;
d<f(x)<dy,, i=1...,r-1
f(x)>d, ,
rae f(X)- konMuecTBEHHBI IPU3HAK,
0 4 G0
j=—— ,i=1,...,r - moporu,
2
fO <. <fO - ynopspouennsie no Bospacranuio 3HaueHus mpusHaka f , IpUHUMAeMble UM Ha

00BbeKTax BEIOOPKH Xy, ..., X| . [loporu onpenemnsrorest TOIBKO I Hap TOYeK X, X 1, OJHA U3 KOTOPBIX
NPUHAJIEKUT Ki1accy ¢, a Apyras - kiaccy He c (puc.l).

He C C He C c

diy d, d

i+1 f

Puc. 1. Pasbuenue MHOXeCTBa 3HAYEHUHI IIpHU3HAaKa Ha «MEJKHEe» HHTEPBAJIBIL.

CnenyeT OTMCTUTH, YTO IIPU HUCIIOJb30BAHWHU BBIIICIIPUBEACHHOIO aJIrOpUTMa 61/1Hap1/13au1/m B
PpCaljibHBIX 3aJladuax BO3HHUKAKOT OIPCACIICHHBIC TPYAHOCTH. Kak npaBuiio, 3aKOHBbI pacnpe,ueneﬂnifl
peanmaunﬁ 00BEKTOB HCHU3BCCTHBI, a Malblii  00beM 06yanOIH€ﬁ BI)I60pKI/I He o0ecrneunBacT
JAOCTATOYHYIO0 HAACKHOCTb OLCHKH MapaMETpOB pacnpez[eneHI/H‘/i U, COOTBCTCTBCHHO, OILCHKU
I/IH(I)OpMaTI/IBHOCTI/I. I[axce npu HAJIU4YUU I/IH(l)OpMaHI/II/I O 3aKOHax paCHpeHCJ’IeHI/Iﬁ BBIYHUCJICHUC TOYHBIX
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M. MHKEJTAJI3E

KpHUTEpHEB MH()OPMATUBHOCTU [IOCTATOYHO CJIOXKHO, @ HMPUOIMKECHHBIE KPUTEPUH, BBIYHUCIISIEMBIC MO
CPaBHHUTEIBHO TNPOCTHIM (OpMyJIaM, IOMYCKAIOT 3HAYMTEIBHYIO MOTPEIIHOCTh IPH MalblXx 00beMax
BEIOOpKH. B Takoif cuTyarmm mpearnoYTHTENbHEE HCIOIh30BATh IBPUCTHUECKUN KPUTEPHH, KOTOPHIH
OLICHWBACT HH()OPMATUBHOCTH MpEAMKAaTa II0 KOJIWYECTBY OIIMOOK, MOIYYEHHBIX Ha KOHTPOJIBHOM
BBIOOPKE OOBEKTOB.

OnHako, B Cilyyae O3BpPUCTHYECKOTO KpPHUTEpUS OTOOp MpPEIUKAaTOB OCYLIECTBISETCS IO JBYM
kputepusM  Pc(@) > max u n;(@) — min oqHOBpeMeHHO. BbimencHue mpenukaToM 00BEKTa H3

«IyXOTO» Kiacca sBisiercss ommOkoil. HeBeimemeHme mpennkaToM OoOBEKTa M3 «CBOETo» Kiacca, B
MPUHITUIE, HE CUUTACTCS OIIMOKOM, TaK KaK 3TOT OOBEKT MOXKET OBITh BBIACICH JPYIHMM MPEIUKATOM.
XoTs, yeM OoJblle 0OBEKTOB M3 «CBOCTO» Kjacca BBIICIACT MpEIuKaT, TeM oH mHpopmaTuBHee. Ha
MIPAKTUKE HCIIOJIB3YIOTCS pa3iIM4YHbIC CBEPTKHM KPUTEpUEB P WU N, BHIOOp TOH HIM HHOM CBEPTKH
00YyCJIOBJICH OCOOCHHOCTSMH MPEIMETHON 00JacTH HIIM K€ OCOOCHHOCTSAMH IOCTaHOBKH 3aauu
pacro3HaBaHusl.

B pabote [4] ans XapakTepUCTUKHU KayecTBa TUArHOCTUUECKOTO MpaBuiia (KOHBIOHKIIUU) () B 3a/1a4e
MEIUIMHCKOM JHArHOCTUKU BBOJSTCS CBOUCTBO CyliecTBeHHOCTH P(¢) u cBolicTBo auddepenimaum
D(¢ ) npasuna:

Pp) =22 pg)=1-10),

DaKTUYECKH, CBOUCTBO CylecTBEHHOCTH P(@) — 910 00nacth oxsara mpasuia @, a Beauduny D(¢)
MOKHO ITIPUHATH 3a CTENEeHb YBEPEHHOCTH B JMArHO3€, MOCTABJIEHHOM IO NpaBwily @ . OueBUIHO,
tpeboBanne P. (@) > Max u N, (@) — min st moncka Hanbosee MHGOPMATHUBHOTO Hpeaukara Oymer
BoIOJHATEC pr P(@) &> max u D(@) — max. OxHako Ha NPakTHKE B 3aj1auax PaclO3HABAHHA C

HETOYHBIMH, HEUSTKUMH U HETIOJHBIMU JIAaHHBIMH U HEKaTeTOPUYHBIMU 3HAHHMAMH (HAIpHMep, B 3a1a4ax
MEJHMIIMHCKOH JUArHOCTHKH) BMECTO MOKMCKA MPEIUKATOB, 00CSCIEYHNBAIOIINX MAKCHMAaJBbHYIO CTEIICHb
YBEPEHHOCTH B JIMarHo3e, BHIOMPAIOT MPEIUKATHI, MPOCTO OOSCIeYHBAIONINE PUEMIIEMBIH ypoBeHb D
creneHn yBepeHHoctd (Hamp., D = 0.95). Dr1o mno3BomseTr wu30ekKaTh PpEIICHHS ~ CIIOXKHOM
ONTUMHM3ALMOHHOW 3a7aud. VIMEHHO STOT IOAXOJ HCIONb3YeTCs B IpPEAJaracMoM alrOpHTME
OMHapHU3alnK KOJUYECTBEHHOTO IIPH3HAKA.

Kpome 3Toro, B peanbHbIX 3ajiadax, BCJIEACTBHE HETOYHOCTH, HEYETKOCTH W HEONpPEeNIeHHOCTH (1,
BO3MOJXXHO, OIIMOOYHOCTH) JIaHHBIX, NPU3HAK MOXET NPHUHUMATh OJIMHAKOBBIC 3HAUEHHs Ha pPa3HBIX
Kiaccax. B aTom ciydae TpeOoBaHue, YTOOBI MOPOTH MPOXOJMIM MEXKIY TOYKaMHM, MPUHAJIEKAIUMA
pa3HbIM KiaccaM, MeHseTcs Ha TpeOoBaHHe, YTOObI TOPOTH IPOXOJMIM MEXKAY TOYKAMH,
BCTpEUAOLIMMHUCS B pa3HbIX Kiaccax. BmecTo kapTuHBI, H300pakeHHOW Ha pHc.l, OyaeT MMeTh MecTo
crietyronias KapTiaa (puc.2):

He cC
dix

Puc. 2. Pa36ueHue MHOXXeCTBa 3HAYEHUH ITPU3HAKA HAa «MeJIKHE» MHTEPBAJIbI
IJLSL CTy4asi OAMHAKOBBIX 3HAYEHUH HA PA3HBIX KJIACCAX.

OKOH‘IaTeJ'ILHO, npez[naraeMLIﬁ AJIrOPUTM 61/1Hap1/13au1/11/1 KOJIMYCCTBCHHBIX HNPU3HAKOB COCTOUT B
CJICAYIOUICM:
1. pa36MeHne MHO>KECTBa 3HAYCHUI NpU3HaKa Ha UCXOAHbIC UHTCPBAJIbl BUJa
f(x)<dy;
d; < f(x)<d; i=1,...,r-1

+1
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f(x)>d, ,
fO 4§D
j=——————,i=1,...,r- IOpPOrH, KOTOPhIE OMpPEAEISAIOTCS TOJABKO ATA Map TOYeK Xi, X q,
2
BCTPEYAOLIUXCS B pa3HbBIX Kilaccax;
- _ Pc(9)
2. BBIOOp HWHTEpBaNa, ST KOTOPOTO CBOMCTBO CymIieCTBeHHOCTH P() —TCOOTBeTCTBy}OHIeI‘O

c
npeauKara ¢ MaKCHMalbHO,

3. BBIOOpP COCENHET0 ¢ HUM WHTEpBala, KOTOPHI oOecrednT HanOojbllee CBOWCTBO CYIIECTBEHHOCTH

P(y) = # NpeanKaTa i, COOTBETCTBYIOIETO 0ObEANHEHUIO STHX HHTEPBAJIOB;
c

n
4. eciu D(y) :1—# > D - creneHb yBepeHHOCTH MIPEAMKATA ¥, COOTBETCTBYIOLIETO O0bEINHEHHIO
C

HWHTCPBAJIOB, HC HHKXC HNPUCMIICMOT'O YPOBHA D crenenu YBCPCHHOCTH, CJIUTH OTU HHTCPBAJIBI U
MNPOAOJIKUTD BBIMIOJTHCHHUC 1Iara 3 JJI1 HOBOI'O MHTEPBaJid; B IPOTUBHOM CiIydac HepeﬁTI/I K mary 2.
B pe3yiabTare 6y,IlGT MOJY4YCHO p336I/IeHI/Ie MHOXXECTBa 3HAYCHUH KOJUYSCTBEHHOT'O IpU3HAKa Ha

n. ()

UH(pOPMATUBHBIC HHTEPBATEL [, () — MaX ¥ OTHOCHTENIBHOE YHCIIO OLINOOK <1- D 6mu3ko k 0

c
1pH (PUKCHPOBAHHUH JIOCTATOYHO BBICOKOT0, OJIM3KOTO K 1, ypoBHs D cremenu yBepeHHOCTH.
[IpenmymiecTBO TMPEANIOKEHHOTO aNrOPUTMa 3aKII0YaeTcss B TOM, YTO IPH Malblx o0beMax

oOyuatomieil BbIOOPKH, NMPHU OTCYTCTBHMM HMHGOpPMAalMy O MapamMerpax paclpeielicHuil, B YCIOBHAIX
MepeceKaroIuXcsd MHOXKECTB 3HA4YCHHMH IpHU3HAKa Ha pa3HBIX Kjiaccax M 0e3 pelIeHUs CI0XKHOM
ONTHUMH3AIIMOHHON 3aJaud MOXKHO MOJYYHTh pa30HMeHHe MHOXECTBAa 3HAUYEHUH KOJIMYECTBEHHOTO
MpHU3HaKa Ha HHGOPMATUBHBIE HHTEPBAJIBL.
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ON THE ISSUE OF A BINARIZATION OF QUANTITATIVE FEATURES FOR
LOGICAL METHODS OF RECOGNITION

M. MIKELADZE
Summary

The algorithm of a binarization of quantitative features for logical methods of recognition is
considered in the paper. The heuristic criterion of in formativeness, that allows to receive splitting of a set
of quantitative feature values into informative intervals without the solving a complex optimization
problem, is used in this algorithm.
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M. MHKEJTAI3E

K BOITPOCY O BUHAPU3ALIUU KOJIMYECTBEHHBIX ITPU3HAKOB J1JIA
JIOTHYECKHUX METO/J10B PACIIO3HABAHUS

M. MUKEJIAJ[3E
Pe3iome

[Ipennoxxen anropuTM OWHApPU3AIUN KOJWYECTBEHHBIX MPHU3HAKOB MJIs JIOTHUECKHX METOJO0B
pacrio3HaBaHMs HAa OCHOBE IBPUCTHICCKOTO KPUTEPHS HHPOPMATUBHOCTH, KOTOPHIH MTO3BOJISIET ITOIYIUTh
pa3bueHne MHOXXECTBAa 3HAYCHHWH KOJMYSCTBEHHOTO TpPH3HAKa Ha WH(GOpPMATHBHBICE HHTEPBAJbl 0e3
pELIeHUs CI0XKHONW ONTUMHU3ALIMOHHON 3aJauH.
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SOLUTION OF INFORMALIZED PROBLEM OF MEDICAL DIAGNOSIS APPLIED
TO THE STOMASH GASTRITIS KLASS OF DISEASES

V. RADZIEVSKI, M. MIKELAZE, N. JALIABOVA, D. RADZIEVSKI
Summary

The problem of computer diagnosis of gastritis class stomach diseases, on the basis of knowledge
about the disease is considered in the paper. This knowledge includes a description of possible alterations
in the components of a sick organism, as well as information about the relations that exist between the
symptoms and their causes. Appling this knowledge, casual analysis of alterations in a sick organism is
performed on the basis of which a final diagnosis is given.

PEIIEHUE HE®OPMAJIM30BAHHOM 3AJJAYN MEJULIMHCKOM
JTUATHOCTUKHU HA IPUMEPE 3ABOJIEBAHUI KJIACCA TACTPUT JKEJY IKA

B. PA,ZZB’HEBCKHFI, M.. MUKEJIA/[3E, H. [DKAJIIBOBA, /. PA,ZZBHEBCKHFI
Pe3iome

PaCCManHBaeTCH 3aJga4da KOMHB}OTepHOﬁ JUArHoCTUKHU  KEITYAOYHBIX 3a00JICBaHMM  KJlacca
TracTpuTOB, Ha OCHOBE 3HaHMH O 3a00JieBaHMSIX. OTH 3HAHUSA BKIIIOYAIOT OIIMCAHUS BO3MOXKHBIX
HapyIHeHI/Iﬁ KOMIIOHEHTOB OOJILHOI'O OpraHmnisMma, a TakiKe I/IH(l)OpMaHI/IIO O B3aMMOCBA34X, CYHECTBYIO-
mux MExXAy CUMIITOMaMHu U HUX NOpUIXHAMMH. OCYHICCTBJ'IHGTCH HpH‘IHHHLIﬁ aHaJIn3 HapyIHeHI/Iﬁ
0OJILHOTO OpranniMma, Ha OCHOBC KOTOPOI'O CTaBUTCs OKOHYATCIbHBIN JHUAarHo3.
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MPOJIYKIIMOHHBIE MOJIEJIV 3HAHUIA B 3AJIAYAX MEJIULAHCKOMI
JTUATHOCTHUKHU U IMMPOTHO3UPOBAHUSA

B. PAJI3UEBCKHH, ] PAJ3UEBCKHUH
v_radzievski@yahoo.com, dradzievski@gmail.com

OnuH W3 TNOOXOJOB, CBA3AaHHBIM C CO3JAHHEM CHUCTEM [HATHOCTHKH, OCYIIECTBIACTCA ITyTEM
HaOMIOAEHUST 32 CYOBEKTOM, OCYLIECTBIIIOIIMM JWAarHOCTHKY. Ecim pedp uMA€T O MOAEIUpOBAaHHH
nporecca MEJULIMHCKON JUarHOCTHKH, TO OCYIIECTBISIETCS HaOJIOJEHME 3a IIOBEJCHUEM Bpada Ipu
MOCTaHOBKe auarno3a. CliefyeT Npu 3TOM OTMETHTh, 4TO HaOJIOJEHHE 3a IOBEJCHHUEM CYObeKTa,
KOTOPBII OCYIIECTBISIET AMAarHOCTUKY, CBOAMUTCS K PAcCMOTPEHHMIO CTHUMYJIOB, KOTOpBIE IOJydaeT
UCIIBITYeMBIH (BXOJOB) M ero peakuuii (BeixonoB). Ha aToii ocHOBe cTpouTCs (DyHKLUS, OT KOTOPOU
TpeOyeTcsl MMUTALUs IIOBEJCHUSI MCIBITYEMOro, T.€. Bblada Ha OJHH U TE K€ CTUMYJIbI OJJMHAKOBBIX
peaknuii ¢ ucmbITyeMbIM. Emé BakHOe TpeOoBaHME NMpeabsABIIeMOe K 3TOH (YHKIMH 3aKJIIOYaeTCs B
TpeOOBaHMM [aBaTh O3KCTPANOJLIIHIO, T.6. YMETh JHAarHOCTHPOBaTh OOBEKTHl, HE BXOIIINE B
o0y4aromyro BEIOOPKY. OTa (YHKIHSA, KaK IPaBmiIo, GOpMHUPYETCs ITyTEM OOydYeHHS, YTO B KOHEYHOM
uTore Na€T BO3MOKHOCTH IHOCTPOUTH CHCTEMY, MOJCIHMPYIOIIYIO NESTeILHOCTh dYeloBeKa (Bpada) B
IpoLecce yCTAHOBIICHUS IWarHo3a. Takod e pe3ysbTaT MOXKET OBITh IOydeH Ha OCHOBE H3Y4CHHS
ucropun OoxesHeil. Cremyer OTMETHUTh, YTO Ha O3TOT  IMOJAXOJ OOJBIIOE BIMSHUE OKa3aja
OMXEBHOPHCTCKasl TICUXOJIOTHsI, B KOTOPOM M3y4yaeTcsi MOBEACHHE YesoBeKa MyTEM (HKCAIlMU CTUMYJIOB
(BXOOB), TIOJTy4aeMBIX HCIBITYEMBIM W peakuuil (BbIX0IOB). B kubepHeTHKE Takoil Moaxon W3BECTEH
Kak MeToJ uépHoro smuka. CymecTByeT O0JbIIoe KOJINYECTBO CUCTEM PAClO3HABAHUSA, U JTUATHOCTHUKH,
IPU CO3/aHHU KOTOPBIX HCIOJB3YIOTCS METOJbl OMXEBHOPUCTCKOW IICUXOJOTMH WM YEPHOTO SIIMKA.
Oro mepuentpoH Pozen6nara /1/, O0yuaemas marpuna lltemnOyxa /2/, AnmanTHBHBIA JTHHEHHBIN
MOPOTOBBIH 31eMeHT Buapoy /3/ n apyrue. Caenyer, o1HaKo, OTMETUTb, YTO BCE 3TH CHCTEMBI TPEOYIOT
6O0JIBIIOrO KOJTMYECTBA CTATUCTUUECKUX AAHHBIX (IMPUMEPOB) HEOOXOIMMBIX JUIsl OOyUSHHSI.

B nanHoO# pabote juisi pemeHHs MOAOOHBIX 33ja4 MPEANPUHSTA TIONBITKA HCIIOIb30BAHHS 3HAHMI
CIEIMAINCTa COOTBETCTBYIOMIEH NpeaMeTHOl obOacTu. B Hamem ciydae /Uit yCTaHOBJIEHUS JHarHo3a
WIM PpEeIIeHUs 3aJa4d MEAMUIUHCKOTO IPOTHO3MPOBAHUS HCIONB3YIOTCS MEAWIUHCKHE 3HAHU.
ITpuoputer, KOTOPHI IpHCBaMBaeTCs 3HAHUSAM, OCHOBAaH Ha MPHHLUIAX, BHICKa3aHHBIX MHOTHUMH
CHELUAINCTAMU HMCKYCCTBEHHOT'O MHTEIJIEKTA U SKCIEPTHBIX CHCTeM, B yacTHocTH, Deiirenbaymom /4/.
OmMH M3 3TUX NPHUHLUIOB KacaeTcsl MOLTHOCTH CHUCTEM, 0a3MPYIOUIMXCS Ha 3HAHHMAX WIHM SKCHEPTHBIX
cucteM. B HEM TOBOPHUTCS, YTO MOIIHOCTh O3KCIEPTHOW CHUCTEMBI OOYCIOBIIEHA B MEPBYIO OUEPENb
MOIIHOCThIO ©0a3bl 3HAaHMH M BO3MOXHOCTHIO €€ TIIOTIOJNHEHUs, W TOJbKO BO BTOPYIO O4Yepelb
UCIIONIb3YEMBIMH €10 MeToaamu (npouenypamu). OTBIT MOKa3al, YTO BaKHEE MMETh pa3HOOOpasHbIC
CrielMajibHble 3HaHWs, a He o0uMe mpoueaypsl BeiBoja. IIpu 3ToM, He MTHOPUPYS JaHHBIE BXOJOB H
BBIXO/IOB (CTUMYJIOB M PEaKIMii), IPH PEIICHUN JaHHOW 3ajayd OyleM HMCIOJb30BaTh 3HAHWS Bpaua,
MOJyYeHHBIE UM B pe3yJbTaTe KBAIN(HUKALMH, KOTOPbIE HE CBOJSTCS K COOTHOIICHHIO BXOIHBIX JaHHBIX
(cTUMYJIOB) M BEIXOJTHBIX PEAKIIHNH.

CymecTBYIOT pa3iIudHbIe MOJEIH MPEACTaBICHUS 3HAHUH — ATO NMPOIYKIMOHHBIE TIpaBMIIa, GperiMsl
CEMaHTHYECKHEe CETH U T. 1. BeIOOp TOrO MIIM MHOTO METOJIa CBSI3aH CO cneluduKoi 3anaun. B manHO#
pabore Hambosee ymOOHBIM OKAa3aJlOCh HCIOJNB30BaHUE TPOAYKIMOHHBIX MpaBwi. Ilpomykius
npeAcTaBIsieT co00i MpaBWIIo, MMEIOIIee BHI: eciu — mo WIH o — [3, TAe O 03Ha4aeT HEKOTOpOoe
YCIIOBUE WA COBOKYITHOCTH YCIOBHH (yCIIOBHAas YacTh MPOAYKIIMH), MPEICTaBICHHBIX OOBIYHO Ha
€CTECTBEHHOM S3BIKE WM Ha (POPMAITN30BAHHOM S3BIKE, OJIM3KOM K €CTECTBEHHOMY, a [3 03Ha4aeT HOBBIH
¢akT (KOHCTAaTHpYyIOIas YacTb NPOJYKLMH), BHIBEACHHBIH W3 YCIOBUH o. OTOT (aKT MOXeT
paccMarpuBaThCs Kak 3aKJII0YEeHHE BBIBOJIA, THM00 KaK orepaTop, IPOU3BOSLINN HEKOTopoe JelcTBue. B
YAaCTHOCTH 3aKJIIOYEHHE MOXKET OBITh  JUarHo3oM 3a0oneBaHuil. [IpoaHann3mpyeM Ha HEKOTOPBIX
OpUMepax pacCyXICHUs Bpada MpHU YCTAHOBIGHWH  JUarHo3a  WMIM  IpU PpEIUICHUH 334a4u
MPOTHO3UPOBAHUSL.
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B. PA/I3HEBCKHH, JI. PA/JT3UEBCKHH

PaccmoTtpuM, HanpuMep, 3HaHUSA, KaCAOIUECS SHAOKPUHHOM CUCTEMBI OPraHU3Ma U MPEICTaBUM 3TH
3HaHHA B (JOpME NMPOAYKIMOHHBIX MIPaBWII. ICTOYHNKOM 3TOTO 3HAHHUS MOKET OBITH Bpad SHJOKPHHOJIOT
WIA KHHTHM M CIPAaBOYHHKHM [0 DHIOKPHUHONOIMH. PaccMOTpHM B KadecTBe MNpHUMepa OIHO U3
3a00IeBaHN HIOKPUHHOM CHCTEMBI, CBSI3aHHOE C W3MEHEHHEM (YHKIMU MapaniTOBHIHON KENE3BI.
[NapamuToBHAHAs Keye3a BbIpabaThlBacT TaK HAa3bIBACMBIN MAPATUPCOHIHBIH TOPMOH (MApaTTOPMOH).
[loHwxeHHOE BBIEIEHHE TOPMOHAa BeAET K YMEHBIICHHIO BblAEIeHUs (ocharoB ¢ MOUOH H K
YBEIMYCHUIO YpOBHA (pocaToB B KPOBH. DTO NMPUBOJIUT K YMEHBILICHHIO COJCPKaHUS KabIHA B IIa3Me
KpOoBHU. B pe3ynbpTate NosABISAIOTCSA CyJOPOTH (TETaHUS).

[oBbImeHHOE BBIEICHHE TOPMOHA BEET K YBEJIMYEHHIO BBIIECNICHHUST HeopraHudeckoro ocopa c
Mouoii. [Ipu 3TOM conep:kaHue HEOPraHUIECKOTO (pocdopa B IIa3Me KpoBU HMOHIKAETCA. B cBs3M ¢ 3THM
(ocdater KanpLUsl 13 KOCTHOH TKaHM MEPEXOIST B KPOBb M OBICTPO BBIBOAATCS W3 OPTAaHU3Ma C MOYOH.
Comn Kanmp¥sl BBLIENAIOTCSA MEJUIEHHEE, MMO3TOMY HMX KOHILEHTpalys B IIa3M€ KPOBH M B MBIIIIAX
NOBBIIACTCS, MOSBISACTCA TCHACHIUS K OTIOKCHHIO COJed Kaublus B MOYKaxX (MOYeYHOKaMEHHas
6osie3np). [IpencraBuM 3HaHHE, CBSI3aHHOE C MOHI)KEHHEM (YHKIIMU MapaluTOBUIHON JKEIe3bl B BUAE
NPOJYKIUOHHBIX MPaBWI U OyAeM MPOrHO3MPOBATh MOCIEACTBHA 3Toi cutyauuu. Ilpu stom Benércs
mpsMasi IIeTIoYKa pPAcCyXAEHUH OT YCIOBHOM uYacTM K KOHCTaTHpyOmIeH. 3/1ech, Kak MbI BHIUM,
paccyXIeHus, UMEIOT KaTerOpUYHBIN XapakTep.

1. ECJIN pyHKIUS MapaniTOBUIHON KeJe3bl OHMKEHA
TO ymenpImaercs BoigencHne GpochaToB ¢ MOIOH
2. ECJIN ymenbmaetcs BeigeneHue Gocdator ¢ MOUOH
TO yBennunBaercst ypoBeHb pocaToB B KPOBH
3. ECJIM yBenmuuBaeTcs ypoBeHb (ochaToB B KPOBH
TO ymeHnbIIaeTcs cofepikaHue KaJabIMs B IUIa3Me KPOBU
4. ECJIN ymeHbIaeTCsl COACpkKaHUE KAJIbIUS B TIa3Me KPOBH
TO nosBIAIOTCS CyA0POTH (TETaHNU)
31ech paccykIeHHe TIPOBOAUTCS MO U3BECTHOM CXeMe JIOTHYECKOTro BhIBoa (Modusponens).
U3 A cnenyet B
A MCTUHHO
CnenosarensHo B ucTHHHO

ITomoOHast cxema, Kak MBI BHIUM, OCYIIECTBISICTCS B HPOAYKIMOHHBIX CHCTeMaX W €€ Ha3hIBAIOT
MPSAMOM IETTOYKOH paccyxaeHuil. JlomycTuM BO3HHKIA cUTyanus ((HYHKIHS MapanuTOBUIHON JKEIe3bl
MOHM)KEHA), T.K. BO3HHKIIAS CUTYalHs YIOBJIETBOPSET YCIOBHOW YacTH MEPBOTO IIPaBHIIa BO3ZHHKAET
HOBas cuTyanms (yMeHbIIaeTrcs BeigereHHe (ocdaroB ¢ Mouoif). PaccyxmeHUs TPOMOIDKAIOTCS, H
BO3HHKAET HOBas CUTyanus (yBeJMuuBaeTcsi ypoBeHb (hocdaro B kposu). Ecau yposens (ocdaros B
KPOBH, MIPaB/a, YBEIUIHBAETCS, TO B COOTBETCTBHHU C MIPABHIIOM 3 YMEHBIIACTCSA COACPIKAHHIE KAJIBIU B
mia3Me KpoBu. Ecnu mpasna, 94TO yMEHBIIAETCs CoepKaHMe Kalblus B IUTa3Me KPOBH, TOT/IA JeNIaeTcs
3aKJIFOYCHNE YTO, TMOSIBISIIOTCS CyINOporH (TeTaHus). TakuMm oOpazoM, mpsiMas LEHOYKa PacCyXISHHH
NPUBOAWUT K TpEACKa3aHWio Oyaymed CcuTyanud, T.e. K [POTHO3MpoBaHWIO. [Iporpamma,
OCYILECTBIISIIONIAs MPOTHO3UPOBAHUE, JOJKHA OTBETUTh Ha BOINPOCH! MOdb3oBaTens. s 3TOro oHa
JIOJDKHA 3allpOCHUTh y TI0JIb30BATENS JJaHHBIE O BO3HUKINEH CHTyaluy M MMs 0a3bl 3HAHWH, IPOCMOTPETh
nHdopmanuio B 0a3e 3HaHMH M Ha STOH OCHOBE CZAEJIATh BHIBOA, YTO MOSBSTCS CYAOPOTH (TE€TaHUs).
Takum 00pa3zoM, MopenUpyeMble PAacCy)KACHUsI Bpada HOCST YETKWH, OJHO3HAYHBIA XapakTep M TaKKe
y€TKUH, OJJTHO3HAYHBIA XapaKTep HOCAT MOJEIUPYIOIIKUE 3TOT NPOLECC NMPOAYKIUOHHBIE IIPaBUIIA.

[IpencraBuM Temeps 3HAHWE CBS3aHHOE C MOBHIMIEHHEM (DYHKIMHM TapaIluTOBHIHOM JKeIe3bl B BHJIE
MPOAYKIIMOHHBIX TPABHI U PACCMOTPHUM 3a/ady AWArHOCTHKH. CIenyeT MpH 3TOM OTMETHTbh, YTO IS
pemeHns 3ajad AWarHOCTHUKH, HYXXKHO BECTH OOpaTHYIO IIETIOYKY PacCyXICHHH OT KOHCTAaTHPYIOIICH
YacTH K YCIOBHOH, BBISABIISISI TEM CaMBIM TPHYNHY CIIOKHBIIEHCS CHUTYallHu.

1.ECJIN dyHKIMs mapamyTOBUIHON Kee3bl OBhIIICHA
TO BblAENEHUE MAPAaTUPEONIHOTO TOPMOHA YBEIUUUBACTCA
2.ECJIMBbIAEnCHNE TapaTUPEONIHOIO TOPMOHA YBEIHUUBACTCA
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TO yBennumBaeTcs BBIACICHAE HEOPTAaHUIECKOTO (pocdopa ¢ MOUOH

3.ECJIN yBenmuuBaeTcs BHIICICHIE U3 OpraHU3Ma HeopraHuaeckoro ocdopa

TO copeprxanme Heopraumdeckoro ¢pochopa B mIasMe KPOBH NOHIKACTCS

4.ECJIA conepxanue HeOpraHMIECcKoro docdopa B I1a3Me KPOBH MOHIKACTCS

TO munepansHbie conu (Gocdatsl Kanbuys) U3 KOCTHOW TKaHU MEPEXOJAT B KPOBb

5.ECJIUdochaTl kanapLust nepexo st B KPOBb

TO ¢ocaTs OBICTPO BBHIBOAATCS U3 OpraHu3Ma MOYOi

6.ECJIdocdaTel ObICTPO BHIBOASTCS U3 OpraHn3Ma

TO xoHIEeHTpanus coneit KanbLus B Ja3Me KPOBU U MBIIIIAX YBEIUUUBACTCS

7.ECJIkoHIIeHTpaIus COoJIel KaIbIHUs B IJIa3Me KPOBH M MBIIIIAX YBEIHIUBACTCS

TO nosiBiIIeTCS TEHACHIINSA K OTJIOKEHHUIO COJIeH B TTOUYKax (TIoYeYHOKaMeHHas 00JIe3Hb).
CumnToMmsl: OOJIM B TIOSICHUYHOHN 00JaCTH, TOIIHOTA, PBOTA, HHOT/AA TIOBBIIICHHE TEMIIEPATYPhI, 03HOO.

[TycTs, HanpuMep, y OOJIBHOTO CUMIITOMBI TTOYE€YHOKAMEHHOW Ooie3Hn. CHTyanus NmpeacTaBlicHA B
KOHCTaTHpyome yactu npasuia 7 JIpuauHy BO3HUKIIEH CUTyallnu cIEoyeT UCKaTh B yCIOBHOM YacTH
3TOTO JXK€ MpaBmia. ITa NPUYMHA 3aKII0YaeTCs B TOM, YTO KOHLEHTpAIMs coJieil Kalblus B IIIa3Me
KPOBH M MBIIIIAX YBEIUYMBAETCS. JTa HOBas CUTYyallds ONKCaHa B KOHCTATHUPYIOIIEH Y4acTH mpaBuiia
6.E€ mpuumnHa mpejacTaBieHa B YCIOBHOU yacTu mpaBuia 6 (Gocdarel ObICTPO BeIBOAATCS). [Ipomomkas
MOJ00HBIE PACCYXKICHHS, ielaéM OKOHUYATeIbHBIN BBIBOJ O MIPUYMHAX BO3HHUKILIEH CUTYyaIlMH, KOTOPBIH
3aKJIFOYaeTCcsl B TOM, 4YTO (DYHKLMS HMapalluTOBUIAHOW Keje3bl oBbIeHa. Tak u3BiIeKas HHPOPMAIHIO
B 0a3e 3HaHMM M aHANMM3UPYsS NOCIENOBATEIBHOCTh MNPUYMH, MPOTpaMMa CTPOUT OKOHYATEIHHOE
3aKIIOYeHHe. 37ech Oblla HCIONBb30BaHA OOpaTHas MEModYKa pacCyKACHWH TP KOTOPOH OT
KOHCTATHPYIOIIEH YacTH NEpexoauM K yciaoBHOH. Takke Kak M B MpebIAyIIEM CiIydae, Iporpamma,
OCYIIECTBIISIONIAs TUArHOCTUKY, I0JDKHA OTBETHTh HA BOIPOCHI MOJb30Baressl. /i 3TOro oHa J0JDKHA
3alpOCUTh Yy TMOJb30BaTeNs JAaHHbIE O BO3HMKIIEH CHTyalluM W uMs 0a3bl 3HAHUH, IMPOCMOTPETH
nHpopManyio B 0a3e 3HAHWH W Ha OTOW OCHOBE CHIeJaTh BBIBOJ,, YTO NPUYMHONW HAOIIOTaeMbIX
CHMIITOMOB SIBJISIETCS IOBBIIICHUE (YHKIMH TapalMTOBUIHON JKeIe3bl.

CpaBHMBas 3TH 2 ciydasi, OTMETHM OJHO Ba)KHOE OOCTOATENBCTBO. B mepBoMm ciyuae 3axitodeHne
UMeeT YETKUN OJIHO3HAYHBIM XapakTep, BO BTOPOM XK€ 3aKIroueHue He uérkoe. Tak, Hanmpumep, eciu
BBIJICJIEHHE MTApaTHPEOUTHOTO TOPMOHA YBEIWYHMBAETCS TO HENb3sl CKa3aTh OJHO3HAYHO, YTO NMPHYMHA
3TOTO 3aKJOYAETCsl B TMOBBIIEHUN (YHKIMH MAapalIUTOBUAHON kene3bl. OUeBHIHO, YTO MOTYT OBITH U
JpyrHe IPUYUHBI OBBIIIEHHOTO BBIICICHHS NapaTHPEONTHOTO TOPMOHA. AHAJIOTHYHBIH BBIBOJI MOXKHO
C/leNnaTh U B IPYTUX CiIydasx oOpaTHOM IEMOYKH paccykaeHui. PaccykneHus OT crelcTBUs K IPUIMHE
B COOTBETCTBHH C /5/ Bceraa HOCAT NMPaBAONOAOOHBIN XapakTep. 31eCh Mbl IMEEM JIETIO CO CIICTYIOIINMHU
CXEeMaMH yMO3aKIIOUCHHUI:

U3 A cnenyer B U3 A cienyer B

B ucrunHo B noxHO

A ©Oostee paBIoONIO00HO A JTOKHO
ITowck mpuunH, BBI3BABIINX 3a00JIeBaHME, C TOMOIIBI0 OOPATHOM IETIOYKU pacCyKACHUH—TIPEKPaCHBIH
croco0 HaCTPOHKHU CHCTEMBI IPOTHO3UPOBAHMS, B KOTOPOH peann3oBaHa MpsiMas HEMoYKa PacCyXKICHHUH.
YTouHeHne TpUYMH MaET BO3MOXHOCTH JeNaTh Oojiee TOYHBIE MPOTHO3bI Ha Oymymee. OOpaTHas
[ET0YKa PACCYXACHUH NCTIOIB3YeTCs IS BBISBICHUS IPUYUH, TIPAMasi—IJIs IPOTHO3UPOBAHHSL.

Crenyer, ofHaKo, OTMETHTb, 4TO 00JIaCTh, B KOTOPOH HCHOJNB3yeTcsi 0a3a 3HAHWH, HOCHUT, Kak
MPaBUJIO, HECTPOTWH, HEYETKHH XapakTep, IMOATOMY 3[€Ch YacTO HCIIOJIB3YIOTCS METOIBI  TEOPHH
BEPOSATHOCTH M Heu€TKoW normku. [IpmBeném emeé psx mpuUMEpoB, CBS3aHHBIX C 3a00ieBaHUAMHU
SHIOKPUHHON CHCTEMBI, TAe OyIyT MCIOJB30BAaThCSA METOIBI TEOPHH BEPOSTHOCTH W HEUETKOW JIOTHKH.
PaccMoTpuMm HapylIeHUs] B OpraHU3MeE, CBSI3aHHBIC C I3MEHEHNEM (DYHKIMH IIUTOBUIHOM KEIE3bl.

Paccmotpum ciyudail, korna QyHKIUA ITUTOBUAHOM >KeJle3bl IIOBhINIEHA.

1.ECJIN ¢pyHKIMA IMUTOBUIHOM XKeJle3bl IIOBBIIIEHA

TO yBenwumBaeTcs BeIfeeHHE THPOKCHHA
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2.ECJIY yBenmuuBaeTcs Bblie/IeHUE TUPOKCHUHA

TO nossImaercs UHTEHCUBHOCTH OCHOBHOTO OOMeHa

3.ECJIMnoBeIIaeTcss HHTEHCHBHOCTH OCHOBHOTO OOMeHa

TO ceppuebuenue, XelygOYHO-KUIIEYHbIe PACCTPOMCTBA, IOBBINIEHUE JABIEHU,
HEpPBHOE HaNpsDKeHWe, PpasApakUTeIbHOCTh, MbIIIeYHass CIa60CTh, APOXKE,
BBIITYMBAHME IJIA3HBIX AGJIOK, IIyderyjasue, GECCOHHMIA, IOXyJaHUe, 300.
ITpuuuba 3TOro fABNEHUA CBA3aHA C IOBBIIEHHWEM (YHKIUU UIMTOBUIHOU
JKej1e3bl (KOMILJIEKC CHMIITOMOB S).

Iockonbky 3Bpuctnueckue npasmina ECJIN - TO ocHOBBIBAIOTCS HCKIIIOYHUTENIHHO Ha YEJIOBEUECKOM
OTIBITE C TIOJIHOHM OTPEICICHHOCTHIO HEMNb3s CKa3aTh YTO OHU BEPHBL. Bpad Toxe He MOXKET OBITh yBEPEH,
YTO 3HAYCHMS, KOTOPHIE OH NPHCBAaWBAET NMEPEMEHHBIM aOCONIOTHO KOpPPEKTHHI. JIioboe u3 mpaBui
NpUBEIEHHBIX BBIIIE BEPHO HE BCETAa, IOITOMY MOXHO IIPUIATh €My 3HAYCHHE HEKOTOPOTro
kodpdunuenra yBepenHoctrn KV, KoTopsiii MoxkeT mMeTh 3HaueHue ot 0 mo 1. Paccmorpum ommH U3
METOJIOB mozacuéra Ko3(h(UIMEHTOB YBEpEHHOCTH Ha INPHMEpE IOBBIIICHUS (DYHKIMH HIIMTOBUAHON
xkenes3bl. [lycTh KakJIOMy W3 TpaBHJ HPUIKCAHBI KOI(PQUIMEHTHl YBEPEHHOCTH, IIOJyYeHHBIE OT
skcnepTa. IlycTs kaxmoe U3 npuBeAEHHBIX BbIme npaBuia umeeT KY= 0.9, a ycnoBHOH 9acTé mepBOro
npasuna npunucan KY=0.8. Torma xo3(¢UIMEHT yBEpPEHHOCTH, YTO YBEIUYHBAETCA BbIJEICHUE
THpOKCHHA (TlepBoe 3aKitoueHne) Oyner  paBHO mnpousBeneHuio KY ycnosHoi wactu u KY Bcero
npaBmia, T.e. 0.8%0.9 =0.72. Teneps 3nauenne KY =0.72 npunuceiBaeTcsi K yCIOBHOH 4acTH BTOPOTO
IpaBwia U T.J. B COOTBETCTBUM CO 3HAYCHUSIMU NPUBEIEHHBIMH BBIIIC. B pe3ynbTaTe ycTaHaBIMBaeM,
yto KVY okonuaTtenbHoro 3akitoueHuss paseH 0.6.

1.ECJIN ¢yHKIus mMUATOBUAHOM x)ene3sl noBbimeHa KY= 0.8

TO yBenmumBaercs BeIgeneHe THpokcunHa KY=0.8 * 0.9 =0.72.

2.ECJIN yBenuunBaeTcs BbleneHue Tupokcuaa KY=0.72

TO noBbIIAETCS UHTEHCUBHOCTH OCHOBHOTO 00OMeHa KY=10.72 * 0.9 = 0.65
3.ECJIN noBsIaeTcss HHTECHCUBHOCTh OCHOBHOTO oOMena KY = 0.65

TO nosiBsercs Komiuiekce cumnromoB SKY =0.65*0.9 = 0.6

B ciyuae, xorga ycioBHas 4acTh IpaBMJIa COCTOUT M3 JIBYX BBICKa3bIBaHMHU ¢ AByMs KVY cBsi3aHHBIX
KOHBIOHKIIHNEH, To BbIOMpaercs muHUManbHbI KY u ymHO)aeTcs Ha KY Bcero mpasmma. Ecmu BMecTo
KOHBIOHKIIMM CTOMT AM3BIOHKIMSA, TO BbIOMpaercst MakcuMmanbHbIH KY n ymuoxaercst ma KY Bcero
npaBwia. [lpumuceiBas  ko3pUIMEHTHI 3JIeMeHTaM KaXIoro mpaBwia, mnoiaydaemM KV  mis
OKOHYATEJIbHOTO 3aKIII0YEHUSI.

Kak Obuto cka3aHo Bblme, oOpaTHasi LETOYKA PAcCyXAEHHH He AaéT TOYHBIX 3aKIIOYEHHH; OTH
3aKJIFOYCHNST MMEIOT BEPOSTHOCTHBIM xapakrtep. [lo3ToMy, TpeacTaBisis 3TH PacCyXIEHHS B BHIC
MPOAYKIIMH HEOOXOIMMO TPUIMCATh BEPOATHOCTH €€ KOMIIOHEHTaM. B TakoM ciydyae mpoayKuuio BUAA
“ecnu y 6onbHOro 3a0oneBanue di, TO y HEro JAOMKEH OBITH KOMILIEKC CUMIITOMOB S MOXHO 3aMEHHTh

ycinoBHo# BepositHocTbto P(S/d;), mpunuceiBas BepositHocTs P koMIuIekcy cumnromoB S. OpHako,

peliiasi 3aja4y JUATHOCTUKH HAa OCHOBE CHMIITOMOB HYKHO BBISSBUTH MPHUUYUHY, T. €. Kakas 0O0Je3Hb
BBI3bIBACT 9TH cumiToMbl. [lostomy Hac Gyner uHTepecoBarh BepostHocTs P(d;/S). Dra BeposiTHOCTH

HaxoauTcst o (opmyrne baiieca, B KOTOpO#l OmpenensieTcsi BEPOSTHOCTh HEKOTOPOTO COOBITHS TpH
YCIJIOBUH, YTO MPOM30IILIO HEKOTOPOe Apyroe coobiTie. OHa BBITISANT TakK:

P(d;)- P(S/d;)
X1P(d)-P(5/d)

P (d;/5) =

Ota ¢dopMyna TO3BOJSAET (PAKTUUIESCKH ONMPEACIUTh CTEIEeHb MPaBIOMOA00US HCXOIHOM ITOCHUIKH.

O6o3HaunM  3aboJeBaHue “MOBbILICHHE QYHKIMHU IIUTOBUAHOI jxene3bl” yepe3 O, a ero oTpulaHue -
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d, oGosnaumm uepes do (d; =d,). B namem cayuae P(d1) BepositHOCTH 3a00seBanus “HOBBIIEHME
byuxuuy wuroBuAHON Kenessl”, P(S/d;)BeposTHOCT KOMIUIEKCa CHMITOMOB S MHPH YCIOBHH

MOBBINIEHNA (YHKIUM IUTOBUJLHOM JKejle3bl. OTH BEPOSTHOCTH IODKHBI  OBITH  3aJaHBEI.
P(d,/S) BeposiTHOCTh moOBblIeHUs (QYHKIMM IMWTOBUAHOM >Kele3bl IPU  HAIMYUKM KOMIUICKCA
CHMIITOMOBS KOTOpyIO Hy>XHO ompezenutb. Popmyna baiieca mo3BoisieT Ha OCHOBE HAOIIOJAEMBIX
JAaHHBIX ONPECIIUTh BEPOATHOCTh UCXOMHOM IOCHUIKU. PaccMOTpPHM HCIIONB30BaHME 3TOM (HOPMYIIBI IS

cirydasi, Korna GyHKINS IIUTOBUIHON KeJe3bl MOBHIMIeHa (TTPEeIbIAYIINAN TIPIMED).
YV Hac uMeeTcs 2 TUIIOTE3bI OTHOCUTEIBHO 3a00I€BaHU I

runotesa 1 y 6onbHOro 3a6onesanue 01

rurnoresa 2 y 60mbHOro 3a6onepanue d; =d,

YCIIOBHBIE BEpOSATHOCTH 3THX rumote3 P(S/d;) =095 u P(S/d,)=0,7
BBIYHCIAM BepositHocts P(d;/S)u P(d,/S)

Mycts P(d1) = 0,8 u P(d2) =0,2,

P(S/d;)=0,95 u P(S/d,)=0,7 . Torga:
P (dy/S) = P(dy)-P(S/dy) _08-095 _ 076 _ 0.84

0.8-0.5540.2-0.7 0.9 0.9

P(dy)-P(5/ds) _ 0.2-0,7 014
P (d./5) = = =— =0.15
L8 135+0.2-0.7 0.5 0.9

Takum 00pa3oM, cTermeHb MPaBaONOA00Ms rumore3sl (1 mpu ycmoBuu S paBHa 0.84, a cremeHb
npasgonoao0us runote3sl  d; mpu yciaosum S paBua  0.15. CrenoBarenbHO, Hanbosiee BEpOSTHAs

NpUYMHA KOMILIEKCA CHMMOTOMOB S ecTh 3a0oyieBanue (i M CTemeHb MPaBIOMOA00US THUIOTE3bl (i
olieHMBaeTca aercTBuTenbHbIM unciaoM 0.84, a runoressl d nmedictBuTenbHBIM uncioM 0.15. Takum
00pa3oM, MPHUIUCHIBAs BEPOSTHOCTHBIC OINCHKH KOMIIOHEHTaM NPOMYKIMA ¥  HCIONB3YysA (OPMYITy
Baifeca ompenmensiercss HanOosee BEpOsTHAS NPUYMHA KOMIUICKCA HAONMIOZaeMBIX CHMITOMOB, T. €.
JIMarHo3 3a00JIeBaHuUs.

GMKGBOL 36(MIRIIGOIRN0 MRINKIBO 1LH3IRNGO6C) RNSI6MILBOBIBOL RS
36M36MDBOMDIASOL SAMBS633E0

8. 35d0IS630, L. GSINITLI0
®9%0%93dg

bohggbgdos, M  osybmlBomgdol s 3Gmybmbodmgdols 3GmEgbgools dmpgangdo,
OmI@ 9603 994Obmds  bdobggzom@olbGymo  gloJmemyools  3®0ob303gdL >0l
stobsgdo@mobo 939G 90, Fgdmmsgsbgdgmos  Lodgoozobm  wosgybmlgo®gdol  ©s
300mabmbodgdol 3MmEglgdol dmpgaro, worydbgdygmo dgbsdsdobo 3Gmdmgdy®o  s@ols

3MEbsby. gmeboll Fomdmlopagbom  aodmoygbgds 9B g6HdobodMgd o, sandosmy®o s
>Modgo580m 3OMmEYJiaool dnwge gdo.

PRODUCTION MODEL OF KNOWLEDGE IN THE PROBLEMS OF MEDICAL
DIAGNOSIS AND PROGNOSIS

V. RADZIEVSKI, D. RADZIEVSKI
Summary

It is shown in the paper that the models of the processes of diagnosis and prediction based on the
principles of behavioral psychology are not effective enough. A model of the process of medical
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diagnosis and prognosis, based on the knowledge on the subject field is suggested. Models of
deterministic, probabilistic and fuzzy productions are used to represent knowledge.

MPOJYKLIMOHHBIE MOJIEJIY 3HAHU B 3AJJAYAX MEJIUIIMHCKOM
JUATHOCTUKA U NPOTHO3UPOBAHUSI

B. PAJI3MEBCKHH, J]. PAII3UEBCKUH
Pe3iome

[TokazaHo, 4TO MOAENHN Tpoliecca JUArHOCTHKH M NPOTHO3UPOBaHHMsI, Oa3upylomyecs Ha IPHHIHUIAX
OMXEBHOPHUCTCKOM MNCHXOJNOTMM HenocTatoyHo d¢¢exTuBHB. [Ipeanmoxkena Monens Iporecca
MEIUNMHCKOM [OUAarHOCTUKM W IIPOTHO3MPOBAHMS, OasMpyIOMascss Ha 3HAHMAX COOTBETCTBYIOLICH
npeaMeTHOH obmactH. st TpeACTaBICHUS 3HAHMH  HCHONB3YIOTCS MOJENU ACTCPMHHUPOBAHHBIX,
BEPOSITHOCTHBIX, & TAK)KE HEUETKUX MPOAYKIHH.
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CUCTEMA IITPHYUHHOI'O AHAJIM3A COCTOSHUA HABJIIOJAEMOT'O
OBBEKTA HA IPUMEPE AHAJIU3A 3KOJOI'MYECKOU UHO®OPMAIINMHN

JI. PAIIBUEBCKHH
dradzievski@gmail.com

DKOJIOrMYEeCKOe COCTOSHUE HEXHMBBIX KOMIIOHEHTOB OKDPYKAMOILICH Cpe/ibl OMpeessieTcs], Mpexe
BCEro, CTEMEHBI0 UX 3arpsi3HEHUs, KOTOPOE CKIA/bIBACTCS M3 3arps3HeHHs TPEX e€ KOMIOHEHTOB—
BO3/lyxa, BOJAbI M TMOuYBbL. Kakablii M3 3THX KOMIIOHEHTOB MOXET OBITh 3arps3HEH MHOXXECTBOM
pa3nuuHbIX BeulecTB. [Ipy 3TOM BO3HHMKAET CIOXHBIN MPOIECC 3arps3HEHUsT U OYMUCTKH, TPEOYIOIINit
CEpBE3HOTO aHAJIN3A.

st ycTpaHeHHs 3arpsA3HEHUN HEOOXOMMMO MPEXIE BCEr0 BBIIBUTh HCTOYHHMKU 3arpsA3HEHUS U
HUCKIKYUTh HUX )IeﬁCTBHe. OTCIOZ[a BO3HUKACT 3aava BLIABJIICHUSA MPUYUHBI 3arpsA3HCHUSA Opr)KaIOHleﬁ
cpelsl KOHKPETHBIMH 3arps3HUTENAMHU, KOTopas SBIAETCS MJOCTaTOYHO TpyRoéMKoH u Tpelyer
aBTOMaTu3aluu.

B pabote /1/ omucana TeopeTHdyeckas OCHOBa MOJECIU HWHTE/UICKTYadbHON CHCTEMBI ITUATHOCTHUKU
COCTOSIHHS 9KOJIOTUYECKOM CHCTEMBI C TOUKH 3pCHUS paBHOBecHs. E€ mporpaMMHas peann3anusi COCTOUT
u3 AByX 4acteil. [lepBast 4acTh — MporpamMma pacrno3HaBaHUs CTEMICHH 3arps3HEHUS OKPYIKAOLIeH Cpe/ibl
[0 OT/ENIbHBIM ¢€ KOMIIOHEHTaM — BO3/lyXY, BOJie U mouBe /2/. B Heil uConb30BaiCs KOHIENTYa bHbIN
METO]I OLICHKH 3arps3HEHHs OKPYKAIOIEeH cpe/ibl Mo 00pasiam, MOCTPOCHHBIM MPH MTOMOIIHU IKCIIEPTOB
/3/. Bropas 4acTh — mporpaMma MPUYMHHOTO aHAIN3a JAHHBIX O 3arps3HEHHU OKPYXKAaIOIIEH cpembl,
KOTOpasl pacCMaTpUBACTCS B IaHHOM padoTe.

IlycTh WMEIOTCS MNPUYUHBI M TOCIEACTBHUS HEKOTOPOrO SIBICHHUS, HANpPHUMEp, 3arpsA3HEHUs
OKpY>Karolel cpesbl.

Oo6o03Hayenne | McTOYHUKY 3arpsi3HeHUS
a Tennoble 3IEKTPOCTAHIIUH. Oo6o3nauenue | 3arpssHsioniee
a 3aBompl 4EpHOM W IBETHOM BellleCTBO
METaJLIypPIHH. p1 ITbuts.
as 3aBo/ibl HUCKYCCTBCHHOTO p2 SO,
BOJIOKHA. P3 NO;
2 CaxapHsle 3aBOJbl. P4 NO
as KokcoxuMmuyeckue KOMOUHATEL. Ps MnO,
as HedTrenepepabaTeiBaroriue Ps SO,
NpSANPUATHA. p7 H,S
ar Coxuranue YIS, He(TH, Ps CO,
NPUPOJHOTO  Tasa,  I[BETHas Po cO
METaJLTyprus, MIPOM3BOJICTBO P10 CS,
CEpHOH KUCIIOTHL. P11 CoenuHeHusT xJIopa.
as [IpousBoxacTBa A30THBIX P12 Coeanenns Gropa.
yI0OpEHHH M a30THOM KHUCIIOTHI. P13 Coe/MHEHNs PTYTH.
ag [IpousBoxacTBa CTPOUTEIBHBIX P1a CoenuHeHNs
MaTepuasoB. MBIITLSKA.
aio [IpousBoxacTBa AIIOMUHNS,
IMaIIH, CTEKIIa, cranu Tabnuua 2
(hochopHBIX yI0OpeHMIA.
an Brixsionsl  aBTOTpaHcnopra U
CXXUTaHUC TBép)ILIX OTXO0B.

Ta6muma 1

B rtabmumax 1 W 2 [naroTcd MCTOYHUKM 3arpsi3HEHHS M NIPUYMHBI, KOTOPBIE MOTYT HX BBI3BIBATh.
PaspaGoTaHHas mporpaMma HCIOIb3yET CUCTEMY yIpaBiieHus 0a3 nanubix Paradox /4/. B Gasax maHHBIX
XpaHuTcs MH(pOpPMaUs 00 NCTOUYHHMKAX 3arpsi3HeHus (Tabumna 1), 3arps3Haomux BemecTsax (tadi. 2) n
k03¢ dUINeHTaX, YKa3blBAIOIIMX MPUYMHHYIO CBS3b 3arps3HSAIONIMX BEUIECTB M MCTOYHUKOB
3arpsisHeHus. Eciu oHu cBsi3ansbl, To KoaddunmeHT paseH 1, a eciu HeT, To k03¢ dunneHT paseH 0.
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. PAJIBUEBCKHH

Pa3paboTaHHas cucteMa COCTOMT W3 TPEX YacTell — afMHUHHCTPAaTHBHAs 4acTb (puc. 1), OCHOBHas
4acTh (puUC. 2) ¥ IporpamMma CBSI3M aIMHUHUCTPATUBHONW U OCHOBHOM JacTH (puc. 3).

m Form2

dobgbL-dggamd®ogo sbogobo
>dobol@ds@meo

opgbfogozafmetio wadobdyéigdgere bogmogmgdgdo wmadobdyegdol Fyotimpde 3maBoEogbfo

11 353750 | |cna>FJ g adyemleampghgde | | 0
> (2] + - rs [
habafgeob bmdgfio|madebdy@gdaero bogmog&gdgdo |gaauﬁd‘aﬁaaul\ Faodmgdo ||3adbmﬁu| -
}—!J 33000 @mdm g gdEtmbapyg@gde 0| |2
12 | pepotmol geban (IV) Bogo me g@emo grommbgdol dgfemghaogema b 0
B 13| sbmgol gebpa (IV) bymmogbnen dmfgel medbempdal Lofo@dem 0
B 14| obmgol gebpa () Bodtnl medbogpdal Lol o@mdn 0
B 15| Batpebgrzal gabaa (IV) amgbmgndog@n Lefomdm 0
B 16 pepotmal gsbge (VD) Bogmmdal pemedydoggdol LaTamdm 0
B 17 | e tmFyssmdemn BebBninl, bagomdnl catol mafge. ggheme oo 0
u 18 |babdndmdgebpn sbm@ol Labydel, sbemfdgegeb bofaomdm 0
B 19 |bebBnmiopnl dmbmjloga Leddgpderem dabogrgdol Fo@dmpds 0
B 20 | babdn@domals Lymmaomygéa (IV) spro7dnbol, gleoenl, Gnbol gmememol, gobgons 0
B 21| Jeremals Bogdoa s3fmdebebgdnl pedmbodmendan me Jyedy Bodfigh 0
B 22 | mhmtnl bagdon 23hmBebJebdol pelmbodmendzn me Jyody Bodhgh 0
B 23 | zabmobfymol Bagdma 23@debJebgdnl pelmbedmen e me Jyemy Bodfigh 0
B 24 mathnBbebols bagtoo 233™3:6 b 20l pedmbodmendze mo yemyg Badfigh 0| |,
Puc. 1

B agMUHHCTPAaTHBHON 4YacTH HPOrPaMMBI MPOUCXOMUT 3amuch B 0asy NaHHBIX BCEX MapaMeTpOB
NpOrpaMMbl — HAMMEHOBAHUI 3arps3HAIOIIMX BEIIECTB, HCTOUHUKOB 3arpsi3HEHUI ¥ KO HHUIMEHTOB UX
c3u. B mome ¢ HasBaHmeM 33060709590  60gmog®gdgdo  3amECEIBAIOTCS HCTOUHHKH
3arpsisHenns (Taba. 1). B mone ¢ HasBanueM ©560bdg®gdols Fyo@mgdo 3amuceiBaloTCs 3arpA3HAONINE
Bemectsa (Tabn. 2). B mome @goj@meo 3ammchBaroTCa KOI(PGUIMEHTH — 3HAUECHHS CBA3U MEXIY
MCTOYHHMKAMH 3arpsi3HEHUS] M 3arps3HSIONIMMHU BellecTBaMHU. JlaHHBIC O CBSI3M MEXIY HCTOYHHKaMHU
3arpsI3HEHUS U 3arpsA3HSIONINX BEIIECTBAX AAI0TCS AKCIIEPTaMU.

Coxpanénnple B 0a3e JaHHBIX IMapaMeTphl UCIIOIBL3YIOTCSI B OCHOBHOM MOJYJIE IPOrpamMMmsbl (puc. 2).
B sTOoM Moayine mporpamMbl IOJIB30BATENIO IIPEUIAracTcsi BHIOpaTh W3 CIHMCKA OIHO WM HECKOJIBKO
3arps3HAIONINX BEIIECTB, KOTOPbIe OB 0OHAPY)KEHBI B IPpo0Oax BO3yXa, BOJIBI MIIH MOYBBI. J{JIst Kax 101
W3 cpel — BO3/AyXa, BOABI U TIOUBHI OepeTcs OTAeNbHBIM HAOOp BemecTB. Bee maHHbIe OepyTes u3 6a3bl
JIAHHBIX, KOTOpas ObUla MOCTpOEHa NpH MOMOIIM aIMUHHCTPATHBHOW YacTH NporpaMmsbl. JlaHHbIE
BeIOMparorcst mpu oMo smementa Windows checkbox. 3aBepiaercst BBIOOp 10 HaKaTHM KHOIKH C
Hagnucelo “Ygohgyeoos”. BriOpaHHble JaHHBIE IIOMEIIAIOTCA B OTACNBHBIM CIHMCOK, a BHH3Y

BBIBOJHTCS Pe3yJIbTaT PabOTHI MTPOTPaMMEI.

176



CHUCTEMA NIPUYNHHOI'O AHAJIN3A COCTOSHUSI HABJIOJAEMOI'O OFBEKTA...

B Fomz =[E] =]

dobgbli—Ugmgamddogo sbogmobo

>3%hogmn Loowsb Ygebgaemoa:
sbdobdy@gdemjdols

¥ 3p3a0 R 33360 _
¥ arpnfigol gebao (IV) &g&nﬂrlenh E%&\E?J
¥ beagol gsbao AV) fm?‘?ﬁt a=te0 (170
7EEINETC . |trot e (O
Bathaebgael gebae (IV)
amantmel gsban (VD)
aoa0GEFysmdame
Esbdotimigsban
EsbBotdemol dmbojlog
EsbBomddomols bymgomy
JmeGol baghao
gEntalb Baghno
376EbmolFamols Gagao]
@atoBhabol baghon

Bgehgemos

Fyotimgdo >3 sd0bdyeigdemgdls s@osb:
mdm gemajdanbaeygegée fwbom 1,

Asgo s> gg@emo mommbgdol gfsmacigogmo LaFamdmgdgdo Fobom 2.

Puc. 2

3 Form2 I

d0bgb-dggamd@0g0 sbogrobol 3GMy@sds

Lalifagerm dmpyero

30%3%-'33;933,@@030 sbhogrobo

Puc. 3

Hanmpumep, Ha puc. 2 mokazaH ¢parMeHT IporpaMMbl, B KOTOPOM IIOJIb30BaTellb OTMETHI 4
3arpsI3HSAIONICTO BEIIECTBA — 3TO Mmbuib, okcun cepbl (1V), okeua asota (IV) u okeun azota (I1). ITocne
TOTO KaK II0JIb30BATENb BHIOPAN 3arpsA3HSAIONINE BELIECTBA M HAXall KHOIKY C HAIUCHI0 “dg@hgneos”,
BBIOpaHHBIC BJIEMEHTHI NEPEHOCATCA B KOJOHKY CIlpaBa. A B HIDKHEH YacTH OKHa IpOrpaMMa BhIIA&T
pesynbrar. B maHHOM cilydae nMeeM pe3ysbTaT, CBA3aHHBII C BEIOOPOM I10JIb30BATENS, TOKA3aHHBIA Ha

puc.2; “fys0mgdo o3 ©5606d9@gd0l s@056: Mdmgm gI@OMmbopagtgdo Fmbom 1, Fsgo o
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. PAJIBUEBCKHH

B9O5©0 @ommbgdols gGomg@yogemo LsFs@dm Fmbom 2”. D10 o3HagaeT, uTO NporpamMma BbIIAET
pe3ysbTaT paboThl — HCTOYHMKAMH 3arps3HeHHs SBJSIIOTCS TeIUIOBbIe 3JIEKTPOCTAHIUU C BeCOBBIM
K03(pULIHEeHTOM, paBHBIM 1 1 IPOM3BOACTBA LBETHOM METAJUIYPrHU € BeCOBbIM K03 (puuueHTOM,
PaBHBIM 2.

B ocHOBHOW dacTH mporpaMMbl  IPOHWCXOJUT CYUMTHIBAHME M3 0a3bl MAaHHBIX M 00paboTKa
nHpopmanuy, KoTopas ObLTa 3ammMcaHa B aJMHHHCTPATHBHOW 4YacTH IpOrpamMbl. PesympTatoM
00paboTku WHQpOpMaAUUU SBISETCS 3aKIIOYCHUE, KOTOPOE BBHIIAETCS II0JIb30BATENI0 00 MCTOYHMKAX
3arpsi3HEHUS OKPYKAIOIIEH W BEPOSTHOCTHBIX Becax JaHHOTO pe3ysbTara. Tak, B paCCMOTPEHHOM BBIIIE
IpUMepe MBI UCXOJS U3 BBEAEHHBIX JAaHHBIX (IbUIb, okcua cepsl (1V), okcun azora (IV) u okena asora
(1)) monmyuaem, YTO HMCTOYHHMKAMH 3arps3HEHHS SBISIOTCS TEIJIOBBIC 3JEKTPOCTAHIUHM C BECOBBIM
K03((UINEHTOM, PaBHBIM | M IIPOM3BOJCTBA LBETHOW METAJUTyprHM C BECOBBIM KOX(QHUIIHEHTOM,
paBHbIM 2. T.e. MBI noJTy4aeM MH(GOPMAIUIO O TOM, YTO YKa3aHHBIC BBILIE MPEANPUATHS B TOW WIM HHON
Mepe 3arps3HAIOT OKPYXKAIOIIYI0 Cpeny, NPHYEM BEPOSTHOCTh BIUSHHAS Ha OKPYKAIOIIYIO Cpemy
NPEANpPUATHS  IIBETHOH METaTyprum B 2 pa3a OoJsibIME, YeM TEIUIOBBIX 3JIEKTPOCTaHIMH. Takum
00pa3oM, pazpaboTaHHas IPOrpaMMa MO3BOJISICT BEIIBUTH HAH0OOJIEE BEPOSITHBIE HCTOYHUKH 3aTPSI3HEHUS
OKPYXKaIOMIEH Cpelbl NCXOS U3 CHIENIAaHHBIX NTPOO OKpYKaroIei cpeapl.

Ha puc. 3 mokasaHn TpeTHii MOZYJb IPOrpaMMBL. DTOT MOJYJIb CIYKHT AJIS CBA3M aIMHHUCTPATHBHON
¥ OCHOBHOHM 4actu mporpammel. [Ipu Haxatuu mnomb3oBateneM Ha KHOIKY “Lsbfsgere 8emgeeygeo”
BBI3BIBACTCS  aJMHHUCTPAaTHBHBIA  MOJYJIb  NPOrpaMMbl, a [pPW  HAKATUM HA  KHOIKY
“d0bgb—Tggamdcogo obsew0b0” — BBI3BIBaETCA OCHOBHOH MOJIynh HporpaMMsl. IIporpamma
peanu3oBaHa Ha si3bike C++ B cucreme Code Gear™ C++ Builder 2007 /4/.

[Tono6GHBIM METOIOM MOTYT PEIIATHCS HE TOJIBKO 3a/1auH, CBA3aHHBIE C 3KOJIOTHEH. DTO MOTYT OBITH
TaKOKe 3aJayd MEIAWIMHCKOW IUAarHOCTHKH, NUATHOCTUKH TEXHWYECKHMX CHCTEM M Apyrue 3anaqyd. B
3aJjadax MEJUNMHCKOIN AMarHOCTUKM MO Ha3BaHHBIM CHMIITOMaM CTaBHTCS AWarHo3. B stom ciywae
KOMITBIOTEPHBI aHalM3 HE 3aMEHSCT Bpada, a IOMOraeT Bpady IOCTABUTHh IPABUIBHBINA JHATHO3.
Hexoropsle 3a001eBaHus XapaKTEpPU3YIOTCSI OYEHb OOJIBIIMM KOJMYECTBOM CHMIITOMOB U PE3YJIbTaTOB
MPOBEEHHBIX aHAM30B M 00cneaoBaHuil. YenoBek (Bpau) MOXKET HE CIPABUTHCS ¢ 00pabOTKON TaKoro
OTPOMHOTO KOJMYECTBA HMH(POPMAIMU M, CJIEA0BATENBHO, TOCTABUTh BepHbI nuarxo3. IlomoOHble
MPOTPaMMBbI 3HAUUTENBHO YIPOLIAIOT paboTy Bpaya, YBEJIMYUBAIOT TOYHOCTh TIOCTABJIEHHOTO AUArHo3a U,
CJI/IOBATENIbHO, BBIOOpA IMPABWIILHOTO JICYEHHs. AHAJIOTMYHBIM 00pa30oM JaHHBIE METOJbl MOTYT
3HAYUTEJBHO YCKOPHUThH TUATHOCTUKY CIIOMKHBIX TEXHHYECKUX CHCTEM, BBISBUTH HEIMOJAIKU B MX paboTe
U, CJIE/IOBATENILHO, 3HAUUTEIBHO YCKOPUTh YCTPAHEHHE ITHX HEIIOJIAIOK.

33MRM30IG0 06BMIH3SGO0L S65R0BOL 3535RN0) I R5330@3Td5R(N (V0IIBOL
3%3(785@IM30L 30LIBMBdMO30 S65ROBOL LOLBIZS

L G5d0ITLI0
@303y

doyggobogmos  0bgm®dozools  ©sdygdoggbols Lol gdol sfgds, @mdgmoE  opgogmos
d0bgbmbd@mogo sbosgobol Logydgganbdy. dmEgdygmos mommgymo 3Gmy@sdygmo Jmogaols
s{g@oamgdomo sefgde. 3mbi®g@yer dopsmon by bgds 3OMyMsdol v39d0L s I9domdols
300630301 gobdo®@gdo.

SYSTEM OF A CAUSAL ANALYSIS OF THE OBSERVED OBJECT BY ANALYZING
ENVIRONMENTAL INFORMATION

D. RADZIEVSKI
Summary
The description of an information processing system, built on the basis of causal analysis is
considered in the paper. Detailed description of each software module is provided. The principle of

construction and operation of the program is explained on the example of the analysis of environmental
information.
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CUCTEMA NIPUYNHHOI'O AHAJIN3A COCTOSHUS HABJIOJAEMOI'O OFBEKTA...

CUCTEMA NIPUYNHHOI'O AHAJIU3A COCTOAHUS HABJTIOJJAEMOTI'O
OBBEKTA HA IPUMEPE AHAJIM3A 3KOJOI'MYECKOU UHOOPMAIIUHN

JI. PAIIBUEBCKHH
Pe3iome

[IpuBomuTcst omucaHue CHCTEMBbl 00pabOTKM MHGOPMALUH, ITIOCTPOSHHONH Ha OCHOBE INPUYHMHHOTO
a"anmsa. [laércs moapoOHOe ONHMCaHWe KaXIOro MPOrpaMMHOrO Moxmyis. Ha KOHKpeTHOM mpumepe
0OBSCHACTCS IPUHLIUT IIOCTPOSHISI X paboTa MPOrpaMMEI.
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3096633533 RdOBII6ISINRN BMREOL SIM3@IBOL 3A0)MKRO TIBSLASOMO
BAJLBIL0R56

8. bS60IT, 8. S@ISIT, 8. 3ITLOSITOK0)
manana.khachidze@tsu.ge, maia.archuadze@tsu.ge, gela.besiashvili@tsu.ge

gLogoeo

99°65Ugbga - Fargddo  Lgar  ggom  gogo  3boTgbgmmos  gdcgze  do@g9H0by g
3320939030 dggobgdomo BgdbBgool asdmygbgosl. @myma Fgbo, 3Fs@dmgdgaro gomdgdo,
835 09 03 sbagno 3MmEgJEool glogsligdmse, dmdbdsmgdgmmms aodmgombgsl 0yg969096.
23mg0mbgol 30mEglbdo  dmdbdodgdgmo  swod  0y4gbgdl  GoJLodgdygmo  3oMadgBdgdols
goJbodgoygae  360dgbgenmdgdl. 3ol Lmogobmogh  dggobgdbomo  FgJbBol  Lobow
30m9Jcool  ©osbsbosmgdsl. obgmo  Gg9dlGgdo  3bodgbgarmgsbos  olgmo  g@ogdols
sedmlshgbse, GmImgdox Bgdbmemyogdse swgoeo dobow{ggos, dog®med s3dmygldgools
30m39Ld0  gpdopmgds 5@  0dbs  asdsbgomgdyao. glsdsdobse  0ddbgds  dgxeligdomo
B9JbBYdL sOSLAGYIBNH0MYoPE Bmbszgdms 65630, A®Igeoi ,,LgdsbGogy® Sbogobl*
dmombegl obgmo Lobom, Gmd dgxslgdomo Ggdldgdol sbosgobol Loggydgganby dogommm
9000 3obbmasmgdygmmo  dggoligds. gl 3OmEgEgds  Fo®dmewygbl meboli sdmmgdols
30m3gbols sbognmyosl.

Gbol s3mzdgns Ygxnsbgdomo @gJlGgdowsh

bodOmdo ool 3mEbols  Fo®dmwygbols  dgmmwols  dgJdbols  dapgamds,  @®Iaols
253049690 gbadangdgaro 0dbgds Lbgswolbgs wobodbyamgdol Jggsligdomo @gdbEgoowsb
3gMEbols  sdmgmgxols o  Fo@mdmeagbolomngol. gl dgmmwo  ggx9dbgds  3mb3g3@gools
Qm@do@gdols sbogodogg®o  ggdoldoggool dgmmel ©s Explicit Semantic Analysis (ESA)
dgmmeols hggbgya 0bGg@m3GgBsEost [1].

sbogmo@oggdo  g3@oliGoggdbol  dgommwols  godmygbgds  dgbadangdgamos oM 339700
0ngolgdgool dJmbg Loddmogemgdo, @OmIganloi s Loddsgamgl ¢fmegdgb [2]. dgmmeols
boaowo  Loboom  Foddmpygboliomgol o3 Loddsgegl  dgggbsdsdmm  sds oy od  gbols

bogygoms  boddsgmyg  #1 . gmggmo sbgmo  Lod@sgmwyg  dgbsdagdgmos  msgol  dbcog

Fomdmgowaobon A1 E=LLE (I 998939ag30l  boFomgdols Gomegbmdss  3mbg@gdum
96530)  39Byggegool boFoagdols dgbsdsdolo Lodyggool Jgglod@sgmoli aog@mosbgdow
(1. s@bgdomo  Lobgamo, 2. Bdbs, 3. bgolbodmsgo Lobgano, 4. @ogbgomo  Lobgaro, 4.
boggoelobgemo, 6. BIbobgws, 7. 3ogdodo, 8. Fobwgdymo (sb msbpgdyeo), 9. boFowsgo,
10. do@olbpgdyao).

Jagboddsgmmgms  @smEgbmds  sdmgogdygmos  gmbi®gdgmo  gbol  b3gEogogotby.

4eg9e0o A s@ol i J=1LN; 90 99gb@ goobogsb  dgdeas®o  Loddsgamyg, bowsg M
s60lL Lo@ygoms Gompgbmos 3mbydgd e Ai 393 y3gegdols bofoendo.

‘dggolgdomo GglRgoo Gmgmai Fabo, asdmoygbgds Logbol, 3dmey]@ol ob dJmgangbols
sobofgdo. 0dobps dobgogom, o9 gob Jdbol o3 FgJudl (Aggyegddogo  swsdosbo,
dmdbdodgdgeo, gJl3gH@Bo s 5.9.) s @G> Jobobl olobogh gl dggoligds, dgbodangdgenos
Lofgol  gBodby wooml  (ob o6  sopmbl)  as®ggggemo  dgdboygrggdo. gl odaoggs
3obLbgoggd g LolGo®@m 300mdgdl, Gmdgmoi dgodagds woxaawegl dgdwgeboodaw:

dgdggoligdgads  BgdlGol  dglsddbgemo  godmoygbml  goJlo®gdgmo  Gomgbmds
Lo@yggoobsaob dgdoasdo BgdlBo. dgdmobobmgdmlb Lodyzgdol Gomwgbmds Jggdmesb w©s

bgdmsb;

‘dgdg3oligdgads 253moggbml Lodyggdol asblobmgdgmo bsgdgdo (s@lgdomo Labgangdo,
bgobodmsgo  Lobgangdo, Bdbgdo) — oy gxaolgdsl obwgbl  3mbimgdymo  ©smyols
b3gaosgoligo, dodob  slgm  dgxaolgdsl  sbdo  gdbgds  @Embol  Fomdmoagbolomgols
9JU390@ g LobEgdgddo;

‘dggolgdomo BgdbGo gmggmygemo dgboygoggdols gomgdy.

Fomdmgopaobmo  gmbidgdgeo  dmgengbol (o6 o@Lol)  omdfgmo  dgxslgdomo

®9JbBgd0L  Loddogang TZ{Tl,TZ,...,TM}, M — Bggbl bgmo o@Lgogmo  BgJbBgdols

OomEgbmbdss.  gmggero T; {":=1'M} AaJbdo  Foddmgoyobmm {w.-"li}, (-‘ri:LHEL),
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Lod@sganols Labom, Lowss WJ}L oM0ls gggems goblibgoggdymo Lo@dygs T A9JLEdo, bmegom
K oot T B9dudo A [=1LL1 990939930l 6oFomols Fglodsdolo  goblibgsggdamo
Lodyggool Gomgbmds. yggems slgmo Lod@sgmg FoMdmopagbl bosFyolio A Lod@sganols

Jagboddogagl. bggb dgagodemos gl Lod@ogeng aogogo@mmmme  sa-Lod@sgargdwyg. slgm
‘dgdmbgggedo dggdergdm LOgmaw godmgoygbmo sbogro@Gogygdo gzdolBogzol dgmmeo.

3OEbol s3megds goJboMgdamo dmEymmdol Ggdl@goowsb
aobgobognmm  dgdmbgggs 30390 LobGo@Bm Jo@mdbdom. 3mbi@g@gao dmgagbols (ob

s@bol) dggaobgdomn  @gdlEgddo s@OLgdgmo @Gmpbol dgbsdsdobo s@dfgmo  jmbgd@ob

Rm@dodgdobomgols hggh wopgdomogds TF—IDF'I:V.-"L}I 39J@maols dgddbs [3]. ymggemo sbgmo
B9JbHo  FoMmdmgoaobmm  Fmbomo  bog@mgogools Lsboo TFIDF scheme-ol  Lsdgoagdom.
Lgdob@Boggco 3oadygobo obgbls A9dLBol Lo®yggdol 0B gHoEosl, 0@gols
0639030 gogmo  0bpgJbgdobopsb dgdwae®d  dglodsdols hsbo(ghl ©s sgBmosbgdl dsl
36900l 39d®™®Po, AmIgmoi FoMdmowygbl Bgdu@L.

09 hogmgmom, G®I gmggeo BgdbGol s g@olomgol Lgdsb@ogzg®o mgsalsb@obom
bogdo@mobos s@lbgdomo Lobgangdo, d5dob hggb dgygodaros yodmgoygbmo Explicit Semantic

Analysis (ESA) dgommwo s {omdmgoaobmm gmggao T; {i:l,M} ®9JbBo  Logyggool

Lod@sgenol  Lobom I = {w.f},j=1,...,]\fi (N' s@ols T: Ygaolgoom  HgJbEgodo  dgdsgogmo
3oblbgoggdyamo  Lodyggdol, o3  Jgdmbggzsdo  s@lLgdomo  Lobgemgdol, @omwgbmds),
Omdgaoloi  dgglodsdgods TF-IDF{¥; } 39J@mc0 (boox  ymgger Wi Lodygs swofgmgds
Vi §mbom).

Lo@ygol (Bgmdobol) Fmbs sdmzowgdgeos dol Lobdomgby. g@mo ©s 0go3g9 Bg®dobls
bbgoolbgs  ©mygydgbddo  dglodemgdgmos  bbgoslbgs (mbs  aoohbogl.  g9d@m@ygeo
Log®@ol  dmpgedo  ©migdgbddo  §g@mdobol  Fmbgdo  (,,HgMm8obgdol  LogMgdo”)
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KNOWLEDGE ACQUISITION METHOD FROM EVALUATION TEXTS ON THE
BASIS OF CONCEPTS

M. KHACHIDZE, M. ARCHUADZE, G. BESIASHVILI
Summary

The paper considers the method of Knowledge acquisition from evaluating texts. The said method has
been worked out by synthesizing two existing methods: Explicit Semantic Analysis (ESA) and analytical
heuristics. The article examines a new and more convenient method for concept describing (its attributes)
and calculating. This method describes concepts more compactly and semantically more precisely. The
described method together with other methods can be used in formation process of knowledge basis.

METO/J U3BJEYEHUSA 3HAHUA U3 ONEHOYHbBIX TEKCTOB HA OCHOBE
KOHIEIITOB

M XAYUJI3E, M. APUYYAJ[3E, I" BECHAILIBUITH
Pe3iome

B cratee paccmarpuBaeTcsi METOJ] M3BJIeY€HUS 3HAHUM M3 OIEHOYHBIX TEKCTOB. YKa3aHHBIH METO]
pa3paboTaH Ha OCHOBE CHHTE3a JIBYX CYIISCTBYIOIIMX METOJOB: SIBHBIHA ceMaHTHYeckuil aHanu3 (Explicit
Semantic Analysis - ESA) u ananuTHueckue 3BPUCTHKU. B cTaThe paccMaTpHBaeTCs HOBBIA M Ooliee
yIOOHBIA CTOCcO0 Ul ONMHMCAaHWA KOHIENIWM (ee aTpuOyTOB) M A pacyeTa MOHATHH. DTOT MeTon
OTHCHIBAET KOHIIENITH 00Jiee KOMITAKTHO M CEMaHTHUYeCKu Oojiee TouHO. ONUCaHHBIN CIIOCO0 COBMECTHO
C IpYTMMHU METOAaMH MOXET ObITh HCIIOJIB30BaH B Ipoliecce (OpMUPOBaHUs Oa3bl 3HAHUH.
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LOGICAL FRAMEWORK OF MEDICAL INFORMATION SYSTEM FOR CANCER
DIAGNOSIS

M. KHACIDZE, D. KHACIDZE, N. KHACIDZE
Summary

The logical structure of medical information system is considered in the work. Software modules are
built for each logical element. These modules provide: the collection of patient data (including the
analysis that is the result of micro calorimetric analysis), analysis of the data of a patient with the purpose
to diagnose cancer diseases. Diagnostic is basis on two methods - the new micro calorimetric method of
diagnosing and analytical-heuristic method of knowledge representation.
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JIOTHYECKASI CXEMA MEJUIIMHCKOW HHO®OPMAIIMOHHOI CUCTEMBI
JTUATHOCTHUKH 3JJOKAYECTBEHHBIX 3ABOJIEBAHMIA

M. XAYU[3E, . XAYHUJ[3E, H. XAYU[3E
Pe3iome

PaCCManI/IBaeTCﬂ JIOTHUYCCKasa CXEMa Q)yHKHHOHI/IpOBaHI/IH OCHOBHOM CTPYKTYPbL MEIUIUHCKOM
HH(l)OpMaHHOHHOﬁ CHCTCMBI. ,Z[J'Iﬂ KaX0oro JOrudycCkKoro 5SJEMCHTa CO3JaH l'[pOFpaMMHLIﬁ MoAyJib,
KOTOpLIfI obecreunBaer C60p JaHHBIX ITallUCHTa (BKJ'IIO‘IaH JaHHBIC MHKPOKAJIOPHUMETPUYCCKOI'O
aHanma) 1 aHaJIM3 JaHHBIX C HCJIBIO JUArHOCTUPOBAHUA 3JIOKAYCCTBCHHBIX 3a00JI€BaHMIA. I[I/IaFHOCTI/IKa
OCHOBAaHa Ha JABYX METOAAaX — HOBOM MHUKPOKAJIOPUMETPUYCCKOM METOAC NUArHOCTUPOBAHUSA U METOAC
AHAJIUTUYICCKUX OBPUCTUK NPEACTABICHUA 3HAHUM.

L0BIH0BIHS — REFERENCES - IMTEPATYPA

1. Kalandadze I, Topuridze, 14" JUPAC, Conference on Chemical Thermodynamics, Osaka, Japan,
1996.

2. Khachidze D. and Monaselidze J. "Microcalorimetric study of human blood serum™. Biophysics
[IF SES 10(r)], vol. 45, Ne2, pp. 312-316, (2000).

3. Khachidze D. and Monaselidze J. "Independent denaturation of albumin and globulin in human
blood serum". Biophysics, vol. 45, Ne2, pp. 317-319, (2000)

4. Khachidze M.. Data Unification Algorithm for Representing Infomplete and Indefinite
Information in Medical Expert System.Computing and Computational Intelligence. Proceedings
of the European Computing Conference (ECC’09) Proceedings of the 3™ International
Conference on Computational Intelligence (CI’09). Thbilisi, Georgia, June 26-28, 2009,
pp.348-352.

5. Mukenamze M., Xaunmze M. MoauduuupoBaHHBIH KOHIENITYyalbHO-BEPOATHOCTHBIH METOT
(bOpMI/IpOBaHI/IH npaBuj JJd MCEIUINMHCKUX JUATHOCTUYCCKHUX OKCHEPTHBIX CUCTEM. Q)OQ)O

Lol gdgdols dodmgol XIV bog@msdm@olem Loddmboydo, mdognolio 2000 §. og.162.

190



HEARING FUNCTION IN INDUSTRIAL WORKERS: OCCUPATIONAL NOISE
INFLUENCE

M. TUSHISHVILI, N. SHARASHENIDZE, A. TUSHISHVILI, Z. KEVANISHVILI
mish_tush@yahoo.com

Noise-induced hearing loss by the prevalence rate keeps the second place in the list of inner-ear pa-
thologies, the first position being occupied by the age-related alterations [1]. Disturbing effects of high-
intensity sounds on health, generally, on the cochlea, specifically, have been searched for a long time. The
influence of occupational noise on a hearing in industrial workers was in particular the topic of some
distinctive studies (e.g. [3, 4, 6]). The noise-induced hearing impairment seems to be the major avoidable
inner-ear disorder [2]. Systematic audiometric inspection appears thus important for detection just of
incipient hearing abnormality stages. If revealing any dysfunction hints, the existing protective technical
procedures are necessary to reinforce and additional items to introduce while the definite medical ma-
noeuvres have to accomplish in parallel aiming the prevention of actual hearing complaints and rehabili-
tation of happened confusions or at least the blockage of their progression. Background control and
systematic recurrent examination of a hearing should particularly be carried out on subjects professionally
involved in noisy job affairs [5].

The goal of the present paper was the estimation of a hearing in workers systematically involved in
construction of trans-Caucasian oil-pipeline over Georgia and subjected therefore to regular envi-
ronmental working noise influences. The distinct purpose of accomplished investigations was the
evaluation of hearing thresholds in industry workers while within a wide spectral range, including 10- and
12-kHz frequencies. This has been dissimilar from habitual clinical probes where the high-frequency
audiometric border is limited as a rule by 8 kHz.

Material and methods

The test share of explored subjects included 157 workers actively involved in trans-Caucasian pipeline
manufacturing jobs. The referent team was represented by 115 employees of local non-industrial, in the
main of humanitarian and educational institutions. Either the test and control sample was divided into five
consecutive age decade subgroups: 20-29, 30-39, 40-49, 50-59, and 60-69 years. Trans-Caucasian
pipeline is relatively a new development. In most test subjects the job-linked ambient noise effects were
thus limited in total time frame and covered usually months up to the pair of years. In rare occasions only,
the service term amounted to 3, 4, 5 years.

The general characteristics of noises polluted over by the industrial working devices (power shovels.0,
tractors, bulldozers, excavators, compressors, crushers, loaders, drills, conveyers, trucks) have been
checked applying a set of the Bruel and Kjaer acoustic measuring devices. Both intensities and frequency
spectra of noises demonstrated the dependence upon the essence and number of concomitantly
functioning machines. At near distances from, the noise levels reached 90-100 dB SPL while sometimes
105-110 dB SPL even. The frequencies, on the other hand, rather evenly covered the principal hearing
range, starting from 0.063-0.125 kHz up to 6-8 kHz.

Participants of both the test and control samples have been checked at first otoscopically and then
tympanometrically and all were proved to own normal outer- and middle-ear. None subjects of the control
group recalled any high-intensity sound-exposure incident in past while all individuals of both samples
were recalled any alternative potentially confounding hearing disturbing affair, e.g. intake of ototoxic
drugs, hormonal imbalances, bilirubinaemia. Hearing indices have been assessed in a sound-proof room
by the tonal audiometer (ITERA, Madsen). Air- and bone-conduction thresholds were established in both
ears within the expanded frequency band, 0.125-12 kHz. The audiometric data in separate age subgroups
of the test and control samples were matched statistically via the Student’s t test.

Results

At lowest audiometric frequencies measured, 0.125, 0.25, and 0.5 kHz, hearing thresholds in the test
and control individuals were close to each other proving no reliable perception changes under high-
intensity occupational noise exposures within the respective spectral band. At 1-, 2-, and 3-kHz frequen-
cies hearing thresholds appeared generally also similar, although a trend to the greater their values in the
test vs. control sample was traced likely. At higher frequencies, 4, 6, 8, 10, and 12 kHz, on the other hand,
hearing thresholds in workers systematically exceeded those in non-workers. The 4-12-kHz frequency
band seemed thus selectively sensitive to the high-intensity industrial noise exposures. To focus the atten-
tion of readers just to the intrinsic sample dissimilarities, in documental materials offered (Table 1;
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Figs.1, 2) the data of steady 0.125-0.5-kHz frequencies have been omitted while of dubious 1-3-kHz and
of reliable 4-12-kHz frequencies have been presented only.

In three initial age subgroups, 20-29, 30-39, and 40-49 years, the differences in hearing thresholds
between the test and control samples appeared proportional (Table 1; Figs. 1, 2). In each subgroup the de-
viations systematically lessened from the higher to the lower frequencies.

Table 1 Hearing thresholds (dB; means + standard errors) in industrial workers (test sample) and non-
workers (control sample) of different age subgroups (years) at various sound frequencies (1-12 kHz)

1 kHz 2 kHz 3 kHz 4 kHz 6 kHz 8 kHz 10 kHz 12 kHz

20-29 years
test 8.7£0.5 | 52405 | 5940.7 | 7.9+1.2 | 12.3+1.2 |11.741.1|12.8+1.7 | 23.7+2.1
control| 7.5+0.6 | 5.540.7 | 5.7+0.7 | 7.8+0.6 5.0+0.6 | 4.8+0.7| 8.7+0.6 | 6.7+0.6

30-39 years
test 9.6+0.5 7.1+0.4 | 115+1.3| 15.9+1.6 | 18.2+1.7 | 19.4+1.7 | 28.7+1.6 | 37.0£2.3
control| 8.8+0.7 | 9.3+0.9 |10.0+1.4 | 13.4+15 | 17.0£1.7 | 15.141.8 | 19.142.2 | 26.2+2.8

40-49 years
test 12.9+0.6 | 12.5+0.9 |17.8£1.4 | 25.9+1.5 | 30.6+1.9 | 29.1+2.0 | 43.0+2.1 | 56.8+2.1
control| 10.4+0.8 | 12.7+1.1 | 14.5+1.4 | 18.7+1.7 | 22.6£1.8 | 22.6+3.1 | 28.44+2.3 | 39.8+2.7

50-59 years
test 16.1+0.7 | 17.3£1.4 | 26.3+1.9 | 37.5+2.3 | 43.5+2.2 | 47.6+2.2 | 51.743.4 | 70.3£2.0
control| 11.1+0.8 | 15.8+1.1 | 20.9+2.1 | 26.0+2.6 | 34.4+2.8 | 38.6+2.8 | 47.9+3.2 | 64.7+2.8

60-69 years
test 22.5+2.9 | 25.0+¢5.7 | 32.5£3.7 | 45.0+5.0 | 50.8+4.8 | 55.0+4.8 | 65.8+13.1| 76.7+8.7
control| 20.6x1.8 | 27.3+1.8 | 34.7+2.0 | 41.5+2.0 | 47.5+2.3 | 52.6+2.6 | 61.5+2.4 | 76.2+1.6

The greatest gaps between were correspondingly seen at the highest frequency components of the ap-
plied band, 12 and 10 kHz. At 12-kHz frequency, in particular, the test vs. control threshold variances in
the age subgroups of 20-29, 30-39, and 40-49 years amounted on the mean to 17.0, 10.8, and 17.0 dB, re-
spectively, while at 10-kHz frequency to 4.1, 9.6, and 14.6 dB, respectively. At 12-kHz frequency the
differences were statistically significant in all three considered age subgroups (p<0.01, <0.01, and <0.005,
respectively). At 10-kHz frequency, on the other hand, the sample divergence was significant in the age
subgroup of 40-49 years only (p<0.01). Those in the subgroups of 20-29 and 30-39 years remained non-
significant although looked still attractive. At lower components of the noise-sensitive frequency band, 8,
6, and 4 kHz, the test vs. control sample variations were smaller. In the age subgroup of 20-29 years the
disparities between amounted on the mean to 6.9, 7.3, and 0.1 dB, respectively, in that of 30-39 years to
4.3, 1.2, and 2.5 dB, respectively, and in that of 40-49 years to 6.5, 8.0, and 7.2 dB, respectively. All the
latter differences were statistically non-significant. Taking into account the general audiogram patterns in
the test and control individuals, in all three considered subgroups the sample dissociations seemed never-
theless systematic within the whole band of 12-4-kHz frequencies while the absence of statistically
significant distinctions could be attributed to the limited numbers of observations in separate age
collections.

In the following age subgroup, 50-59 years, as in previous ones, hearing thresholds in the test sample
at high boarder frequencies, 12 and 10 kHz, exceeded those in the control sample (Table 1; Figs. 1, 2).
The differences between were however quantitatively lesser, on the mean 5.6 and 3.8 dB, respectively,
and statistically non-significant. At preceding components of the noise-sensitive frequency band, 8, 6, and
4 kHz, on the other hand, the threshold deviations among the test and control individuals preserved both
the signs and magnitudes. The most reliable difference from occurred at 4-kHz frequency. It amounted on
the mean to 11.5 dB and reached the statistically significant level (p<0.05). At two remainder components
of the critical frequency band, 8 and 6 kHz, somewhat poorer sample divergences, 9.0 and 9.1 dB, respec-
tively, looked also regular although failed to reach statistically significant grades.

In the utmost age subgroup inspected, 60-69 years, hearing threshold differences between the test and

control samples were limited (Table 1; Figs. 1, 2). At all constituents of the noise-sensitive spectral band,
12, 10, 8, 6, and 4 kHz, the trends towards the worse thresholds in the test vs. control subjects were pre-
served nevertheless. The mean differences amidst were though petty, only 0.5, 4.3, 2.4, 3.3, and 1.0 dB,
respectively, and statistically far not significant.
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samples of different age subgroups (years) at 1-12-kHz frequencies

Discussion

The data of accomplished investigations have demonstrated that in industrial workers of relatively
young and elderly ages, 20-29, 30-39, and 40-49 years, high-intensity job-related noise primarily disturbs
the perception of sounds of 12- and 10-kHz frequencies. Sensation of remainder constituents of the high-
frequency spectral band, 8, 6, and 4 kHz, also undergoes confusing influences although consecutively of
lesser and lesser degrees. Perception qualities of still lower frequencies, 3 kHz and less, on the other hand,
are hardly subjected to any regular noise effects. In individuals from 20 up to 50 years of age the
sensitivity of 12-4-kHz frequency perception band to high-intensity industrial noise appears in the main
similar.

In subjects of the next decade generation, 50-59 years, age-related inner-ear pathological changes are
advanced noticeably resulting in a marked hearing loss, particularly at the utmost high audiometric fre-
quencies, 12 and 10 kHz, as being expected (cf. [7]). Due to age-linked increments in sensation thresholds
over critical border limits, the environmental noise fails to exert additional disturbing effects on percep-
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tion of sounds just of 12- and 10-kHz frequencies. Conversely, with respect to the preceding constituents
of the noise-sensitive spectral band, 8, 6, and 4 kHz, age-related threshold alterations do not reach still the
intrinsic limits. In the age subgroup of 50-59 years, as in previous species, hearing thresholds at 8-4-kHz
frequencies due to noise influences continuo to increase regularly therefore. In general, thus, in individ-
uals of 50-59 years of age the noise-effects are in principal preserved although the exposure-sensitive
spectral field is narrowed and is restricted by the inferior part of the intrinsic frequency band: 8-4 kHz
instead of 12-4 kHz.

In the oldest workers checked, 60-69 years of age, because of further age-related inner-ear alterations,
hearing sensation capacities are reduced additionally while now within the whole noise-sensitive fre-
quency band, 12-4 kHz. Just due to the wider age-linked hearing threshold increments over the critical
border magnitudes, the job-related noise becomes actually ineffective for exerting supplemental
disturbing influences on cochlear receptors. Hearing threshold differences between workers and non-
workers are minimized therefore and pass consecutively into the unreliable boundaries.

Due to better hearing qualities, younger individuals, up to 50 years of age, are more subjected thus by
to the noise exposure influences. In older subjects, more than 50 years of age, due to critical age-related
increments in high-frequency auditory thresholds, the job-linked noises exert consecutively lesser and
lesser effects on a hearing. Correspondingly, noise effects become slighter in degrees and narrower in
spectral widths. Moreover, in subjects over 60 years of age the job-related noise actions on a hearing are
actually dissipated.

Summarising the obtained results, it could be concluded that the hearing disturbing consequences of
regular noise exposures in industrial job workers concern the perception of high sound frequencies, 12-4
kHz. Noise-induced hearing deterioration invades particularly 12- and 10-kHz frequencies. Systematic
inspection of a hearing within expanded spectral band, covering 10- and 12-kHz constituents, seems
essential for detection of initial hearing disorder hints even. In-time revealing of negative trends should be
followed by organization of the complex of reliable technical and medical services aiming neutralization
of harmful noise influences on a hearing and rehabilitation of already happened dysfunctions or at least
prevention of their progressing.
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HEARING FUNCTION IN INDUSTRIAL WORKERS: OCCUPATIONAL NOISE
INFLUENCE

M. TUSHISHVILI, N. SHARASHENIDZE, A. TUSHISHVILI, Z. KEVANISHVILI
Summary

Hearing function has been estimated in workers engaged in construction of trans-Caucasian pipeline
over Georgia and subjected therefore to regular environmental noise exposures. The control group was
represented by the employees of local humanitarian institutions. Auditory thresholds were measured
within 0.125-12-kHz frequency band. Perception of 4-12-kHz frequencies was found to be selectively
disturbed in workers group. Hearing deterioration particularly concerned 12- and 10-kHz frequencies.
Younger individuals, 20-29, 30-39, and 40-49 years of age, demonstrated higher sensitivity to the job-re-
lated noise. In older subjects, 50-59 and 60-69 years of age, due to age-linked threshold increments
primarily in a high-frequency hearing band the noise effects became lesser in degree and narrower in
spectral width. The testing of 12- and 10-kHz perception qualities is considered to be essential for re-
vealing even of initial hints of hearing disorders under the noise exposures and for an in-time start then of
respective prevention and/or rehabilitation services.

CJHYXOBASA ®YHKLUA Y PABOUYUX UHAYCTPUAJIBHOI'O CTPOUTEJIBCTBA:
BJIMSTHUE IITYMOB PABOUYEM CPE/IbI

M. TYHIUIIBUJIA, H. ILIAPAIIIEHU][3E, A. TVIIIALIIBUIIN, 3. KEBAHUIIIBUJIU
Pe3iome

CiryxoBy10 (YyHKIIHIO HCCIIEO0BANIN y pabOUMX, yJacTBYIOUIMX B CTPOUTEIHCTBE TPAHCKABKA3CKOTO
HedrenpoBoa Ha TeppuTOpUH ['py3un 1, COOTBETCTBEHHO, ITOJ[BEPTaeMbIX CUCTEMATHYECKHM IIIyMOBBIM
BO3JICHCTBUSIM HHAyCTpUaNbHOM paboueit cpensl. KoHTponbHYyI0 Tpymnmy o0pasoBain —CirysKalue
MECTHBIX TYMaHUTapHBIX yupexaeHuil. [loporn ciayxa ompenensiay B pacHIMPeHHOH IOJIOCE YaCTOT —
0.125-12 xI'u. B rpymnmne pabouux W30upaTenbHO HAPYIICHHBIM OKa3ajoCh BOCIIPHUSATHE 3BYKOB YaCTOTOU
4-12 xI'n. MakcuManbHOE MOBBIIIEHNE CIIYXOBBIX IOPOTOB MMEJI0 MECTO, KaK MPaBHIIO, HA YacTOTax 12 u
10 xI'u. Paboune oTHOCHTENBHO MOIOHOro Bo3pacrta, 20-29, 30-39 u 40-49 ner, okasamuch Ooiee
MOJBEPKCHHBIMHA ITYMOBBEIM H(dextaM. Y Oosee moxwiblx pabounx, 50-59 m 60-69 ner, m3-3a
CHIDKEHUH ciIyXa BO3pacTHOTO TIeHe3a, IOCIENCTBUS INyMOB ObumM ciabee 1O crenmeHH U Ooiee
OTpaHMYEHBl 0 YacTOTHOH mosioce. [ NUarHOCTHKHM HadalbHBIX K€ IPOSBICHHH IATOJIOTHYECKUX
CABUIOB B CIyXOBOM CHCTEME COBETYETCS PErYSIPHOE ayJUOMETPUYECKOE TECTUPOBAHUE HUHIUBHIOB B
pacIIMpeHHON CHEeKTpalbHOW 30HE, Bkimtodas uvacToTsl 12 u 10 x['m. Ilpu mepBeIX ke mNpu3HaKax
JUCOYHKIMH, PEKOMEHIYeTCsl He3aMeUIMTENbHOE IPOBEICHHE COOTBETCTBYIOIIMX IPEBEHTHBHBIX H
peadMINTaIMOHHBIX IPOLIEAYD.
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ANALYSIS OF THE MATRIX ONE-WAY FUNCTION AND TWO VARIANTS OF ITS
IMPLEMENTATION

R. MEGRELISHVILI
r_megreliishvili@yahoo.com

I. INTRODUCTION
The analysis showed that the matrix-way function is broken, if it is used without a joint application with
Tropical cryptography or without the use of one-way function (ie, the function is not a carrier of
properties one-way function if it is applied without any special versions of, see below).
Matrix one-way function is as follows:

V-A =u (1)
Where A' € A, a A is a set of high power from an n-dimensional quadratic commutative matrices [1].
Along with this, v, u € V.. Where V, vector space of dimension n (for simplicity A and V, is considered
over the Galois field GF(2)). In expression (1) v and u are open and A' is secret, although A - initial
matrix is open with which may be formed a plurality A (e.g., a plurality A can be produced with degrees
of matrix A). Therefore, if the expression (1) is considered as a one-way function, then it can break down
in the following ways: 1. If the matrix set A contains recursion (that was identified by us), then the
expression (1) can easily be broken with the help Companion matrices, that is, the set of n? unknown can
be lead to a matrix with n unknowns, for any square matrix A' € A can be bring to n unknown, i.e., using
the equation (1) can obtain a system of n equations in n unknowns, etc. These issues have been discussed
in [2-5, 6].2. If the matrix of set of A does not contain recursion (or hard to find), then the matrix one-way
function can be broken with the use of the basic matrixes of A, Al, A%..., A™*which is not hard to get, if
we know the initial matrix A.

I1. ON THE POSSIBILITY OF BREAKING THE MATRIX ONE-WAY FUNCTION

We want to show that though (1) the matrix one-way function is broken without additional versions, but
this is exceptional function. It is special function because of its speed and therefore deserves special
attention. We are convinced that the additional versions will not reduce the speed and efficiency of the
entire system. It is interesting, how it is can be possible with additional means maintained the speed, the
efficiency and the strength of the system? In addition, for this article we consider the ability to break of
matrix one-way function, and then we will discuss the possibilities of using tropical cryptography and
exponential one-way function. We'll look at how break the matrix one-way function with the use of said
of basis matrixes (other questions, how to hack the function (1), were considered in [2-5,6]). We will
consider breaking this function in the particular example.

Suppose, it is given the multiplicative group A of the commutative matrices of dimension 3x3 (the group
has a maximal order,e =23-1=7):

101 110 001 100
A=|1 0 0|, A*=[1 0 1| A*=[1 1 0|..,A"=[0 10|
011 111 010 001

@)
Suppose, the two subjects X (Alice) and Y (Bob) can form the secure key k with matrix one-way
algorithm via public channel (This algorithm is based on a matrix one-way function (1)). Then Alice
selects matrix A; = A? as the secret matrix in (2). Bob, for his part, chooses the matrix A.= A3, we also
assume that v = (110). Then our algorithm will be functioning as follows:

_ Alice computes and sends to Bob the following vector:

Up=VAL = (011). (3)
_ Bob computes and sends to Alice the following vector:
u=VvA; = (111). (4)

_ Elice computes the exchanged key:
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K1 = WA = (100) (5)
_ Bob computes the exchanged key:
k2 = u1Az= (100). (6)

As we see k = k; = kpand the results are correct (The matrixes are commutative: VA1A; = VAA1).
As noted above, we plan to break the algorithm by means of the basis matrix comprising a multiplicative

-0 a1 ATl—1
set A={cg A .c;A” .. g, A%} (where {cg, €4, ..., €1} € GF(2)). For a set of (2) we
form an appropriate basis:

Ad= |, AL, A2, @)

Where A° = [ is the identity matrix. In the beginning we define the matrix A, = A? selected by Alice. The
required matrix is denoted by Ai(x), then we will have:

A1(X) = Co A’ + c1A + ¢ A, 8
Since Ellis opened calculates the value of u; = v Ai(x), then we have:

Uz =V Ag(X) = Co VA® + ciVAT + CovAZ = Cowyp + C1Wi + CoWs. 9
Considering (2), (3) and (9) we can determine the values of u; and wo,w1,w-:

VA = (110)A° = (110) = wp,

VA!=(110)A! = (001) = wy, (10)
VA? = (110) A2 = (011) = w»,
us = (011).

Using (9) and (10) we may form a system of equations for the coefficients co, C1, C2:

1co+ Ocy +0cz =0,
1co+0cy+1c =1, (11)
Oco+1cy + 1co=1.

Solving the system of equations (11), we define the values of the coefficients: co =0, ¢1 =0, ¢, = 1. Then,
from (8) we obtain the value of the ratio of the desired matrix: Ai(X) = A?, i.e. get the matrix A? of (2).
The answer is correct. (Similar we can find the matrix Az, chosen by Bob).

I1l. TWO EMBODIMENT OF THE ONE-WAY FUNCTION MATRIX

As stated above, this paper first announced two special versions of the matrix one-way function. First
option, as a result of the natural development of cryptography, involves the use of new tropical arithmetic
operations in cryptography. When applying was found that the new tropical operations apart from a
general purpose can be thought integral part of our matrix one-way function. Therefore, if earlier, for the
construction of matrices A had to use classical arithmetic operations, it is now necessary to apply our new
tropical arithmetic. With new tropical operations, we must build a set of matrices A with the properties
with the same as before: high dimension and order, i.e. we should construct a multiplicative group A that
is formed by degrees of an initial matrix A of new form (of a new structure). Construction of a new
matrix of A, as noted above, is already a meaningful (traditional) problem and we would not have shown
any effect if there was not having contact with her. Consider the issues of the first option, that we have
introduced, or questions about Tropical Cryptography.

The obtained tropical operations, for simplicity, considered over the Galois field GF (2).Additive
operations, in this case, are the same as the classical operations:

0+0=0;0+1=1;1+0=1;1+1=0. (12)
But the multiplicative operations are fundamentally different from the classical operations [7]:

0%0=0;0*1=1;1*0=1;1 *1=1. (13)
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Interestingly, what feature and utility of our proposed tropical operations? Must be stated that the new
operations cause so impressive effect in their application that raises another question? It is about ensuring
the stability of the matrix one-way function (1), i.e. on the solubility or insolubility of the system of
equations (11), depending on what kind of arithmetic operations will be applied - the classic or offered by
us? For example, in our opinion, the system of equations (11) does not have a unique solution, matrix-
way function (1), with tropical operations will not be broken, and satisfies the conditions of stability
(under appropriate conditions, implying the proper dimension and higher order for a set of matrices A).
Indeed, when using the new operations (12) and (13), a system (14) has not a unique solution in real time
(to the counterweight (11)), since by multiplication coefficients of wo, wi, w> on the coefficients co, €1, C2
will not cause the formation of null values but on the contrary, causes the formation of new unknowns
(While, in the classical operations and using the Gauss method, the system (11) is rapidly soluble):

1*co+0*c1+0*c =0,
1*co+0*cr+1%c=1, (14)
0*co+ 1*ci +1*co = 1.

For example, the first line of system (14) has the six unknowns, therefore, when dimension has high order
(and there are used our tropical operations), the system (14) does not has a solution in real time.
Therefore, our matrix one-way function according to the first embodiment ensures durability, since it is
not can to break in real time (Take into account the fact that tropical group (15) is a multiplicative group
and not a field). As an example we present the multiplicative group (in (14) are used: A°, Al, A%, which
are a base of (15) matrixes and the corresponding u = vA3, where v = (110)):

10
A=l1 0 s, AT=A = (15)
0 1

o o -
>
N
Il

o o -

o~ o
=
Il

o~ o

0
1
1

=
N = o)
= =
o R K

The implementation of the algorithm according to (15) does not differ from the implementation of the
algorithm (3) - (6), since the main issue here - the generation of the multiplicative group of maximal
order, which meets the requirements of Tropical Cryptography (12) - (13).

Interestingly than can one explain that - the second embodiment has, too, a high efficiency and

durability as the first, whereas radically different from the first? In a second embodiment, with respect to
the matrix of our one-way function is used a different one-way function (i.e. there is a new problem), but
as a method of processing, it shows identity with the decision of other cryptography tasks, which, in our
opinion, deserves attention (see. below).
For example, EIGamal uses a one-way function to solve their problems, but the thing is - how? He uses a
one-way function periodically, for a certain length of time [8]. The similarity with our second option is a
period of time for which use the function [9]. In the algorithm of EIGamal degree one-way function is
used within a certain time period, to meet the challenges of authentication and verification, we use it also
within a certain time period, to resolve the problem of the steady of our matrix one-way function. To do
this periodically, by using a degree one-way function is occurs a key exchange via the open channel and
the exchanged key is use as secret parameter (k = v) in the same time period, when we realized exchange
the keys with our algorithm. In this case, in (1) parameters v, A’ are secret and only parameter u is open.
This change defines the steady of (1) one-way function and - of (3) - (6) the algorithm and it does not
cause decrease in the rate of operations.
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ANALYSIS OF THE MATRIX ONE-WAY FUNCTION AND TWO VARIANTS OF ITS
IMPLEMENTATION

R. MEGRELISHVILI
Summary

In this article we first announced about two versions of the new matrix one-way function (With
respect to the issue of relevance, we repeat, that the main advantage of the matrix one-way function is
high speed operation). The first variant is the result of the natural development of cryptography and it is
associated with the use in the cryptography of new tropical arithmetic operations. The results of their
applications may be named as "Tropical Cryptography." But at the same time, regardless of the general
algebraic values "Tropical Cryptography", it is fact, that the construction of multiplicative groups, based
on the our tropical operations, may be accepted as an integral part of the realization of the matrix one-way
function. Therefore, its adoption and an implementation can be associated with its recognition.

The second option, at this stage, is the result of repeated analysis of matrix one-way function and it is
associated with the use of exponential one-way function within a certain time frame (Assuming the
exponential one-way function, which Diffie-Hellman took from Number Theory). However, it is obvious
that the use of the degree (exponential) one-way function, in a certain time interval is not associated with
loss of speed for the matrix one-way function, therefore, and - for the corresponding key exchange
algorithm via an open channel communication or to perform other actions.

AHAJIN3 MATPUYHOM OJTHOHATIPABJJEHHOW ®YHKIIUU 1 JIBA BAPUAHTA
EE OCYWECTBJIEHUSA

P. MET'PEJIMIIIBHTIH
Pe3iome

B oat0ii paboTe BIEepBBIE 3afBICHO O [BYX BapHUaHTaX OCYIIECTBICHUS HOBOH MAaTpHYHON
OTHOHATIPABICHHOW (YHKIMM (YTO KacaeTcsi BOIPOCa AaKTYaIbHOCTH, IOBTOPSieM, YTO OCHOBHOE
JIOCTOMHCTBO MaTPHYHOI OJTHOHAIIPaBIEHHOHM (YHKIMH, 5TO - BBICOKas CKOPOCTh (YHKIIMOHUPOBAHHUS).
[lepBBIii BapuaHT SBISETCS PE3YJIbTATOM €CTECTBEHHOTO pa3BUTUS KpUnTorpaguum M CBS3aH C
NPUMEHEHHeM B Kpunrorpaduu HOBBIX ONEpalid TPONHWYECKoW apupMeTHku. Pesymprar 3TOTO
NPUMEHEHHUs] MOXKeT ObITh Ha3BaH '"Tpomuueckoit kpunrorpadueii”. Ho, B To sxe BpeMsi, HE3aBUCHMO OT
ee obmero anreOpaMyeckoro  3HAYCHMs, TpPONHUYECKas  Kpunrorpadus, T.e.  I'eHepauus
MYJIbTHUILITMKATUBHBIX TPYII, OCHOBAHHBIX Ha TPOIMYECKUX OINEPAIMAX, MOKET OBITh BOCIIPHHSATA, KaK
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COCTaBHasl YaCTh OCYLIECTBIICHHSI MAaTPUYHON OfHOHanpasieHHON (yHkumu. [TosTomy, ee mpuHsTHE M
BHEIPEHHE aCCOLIUHPOBAHO C €€ UCCIICJOBAHUEM U IPU3HAHUEM.

Bropoii BapuaHT, Ha [JaHHOM »JTame, €CTb pPE3yJbTar MHOTOKpPaTHOI'O aHaju3a MaTpU4YHOU
OJTHOHAIPABJIICHHOW (YHKIMM W CBA3aH C NPUMEHEHHWEM CTEIECHHON OJHOHAMPABICHHOW (QyHKIHH B
TEUCHHE OMNpEIEICHHOTO BPEMEHHOTO HHTEpBaia (MOgpa3yMeBacTCsl OJHOHANpaBJICHHAS (DyHKIHS,
B3stas [uddu-Xemmmanom u3 Tteopum umcen). OmHAKO, OYEBHUAHO, YTO IPHUMEHEHHE CTEIIEHHON
OJTHOHAIIPABJICHHOHN (DYHKIINH, B TEUCHUE ONPEICICHHOTO BPEMEHHOTO HHTEPBaJla, HE CBA3aHO C IOTepeit
CKOPOCTH MAaTpPUYHON OJHOHANPABICHHOM (YHKIMM M, CIEIOBAaTEIbHO, I COOTBETCTBYIOILETO
JIropuT™Ma 0OMeHa KJII0YaMH [0 OTKPHITOMY KaHaJy CBSI3H WU JUIsl OCYIIECTBIICHUS WHBIX JCHCTBUM.
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