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HAMSATH BJIAJTUMHPA AJTEKCAH/JPOBHYA JIO/IH/3E

Jaypeam I'ocyoapcmeennoii npemuu CCCP, 00kmop mexnuueckux Hayk, npogheccop, akademux,
oelicmeumenvuutii Ynen Mexcoynapoonoi Unocenepnoii Akademuu, unen npeuouyma Husicenepnoii
axkademuu I'pyzuu, euuye-npesudenm Axademuu 3xonozuveckux Hayk Ipyzuu, evioarwuiica
YUeHblll 6 001acmu AHATUMUYECKOZ0 NPUGOPOCMPOEHUS, UOHOCENEKMUBHBIX MAmMepualos,
duzuueckoit u ananumuueckol xumuu.

B.A. Jlonmunze pomuncs 25 amnpens 1932r. B TOwinncu B MHTEUIMTEHTHOH cembe. Orely
Anexcanzp [lonuaze — B BOMHY KOMaH/I0OBal MOTpaHUYHBIMU Bolickamu, Mmama Mpuna llxuanu — u3
ceMbpU CBslIeHHHKA. [locie oxkoHYaHWsA mKoabl BramuMup moctynmn B MOCKOBCKHIT XHMHKO-
texHonormdeckuit mHCTUTYT UM. JI.M. Menneneea (Poccuifckuii xumudeckuid yHHBEpCcUTeT). Ero
MIPEToAaBaTeN! - YIeHbIE C MUPOBBIMH HMEHAMH.

B umHCTUTYTE OH Y4MICS XOpPOILO, YXE TOrZla OOHApy>KMB OCHOBHBIE UYEpPTHl XapakTepa:
HaCTOMYMBOCTh B [OCTW)KEHMM 3HAHMH, MEAAHTHUYHOCTh M YIOPCTBO B TPYAE, SHEPIHMYHOCTH B
OOIIEHUN U TOPSYHOCTH B OTCTAMBAaHUM TOUYKHW 3peHusi. OCTpeIii yM, oOasHue, T10003HATENBHOCTh U
HEBEPOSATHOE CTPEMJICHHE K JOCTHKCHHIO CBOMX Ilesied. BoT TakuMm ObLI B FOHOCTH OYAyIIMiA
BBIAAIOUIUIICS YUEHBIH, YCOEIIHBIA OPraHu3aToOp U CUIIbHBIN, TPAMOTHBINA PYKOBOIUTEb.

Bnamumup Jonunze mnpormen myTs oT psgoBoro umkenepa HIIO «Anamutnpubop» a0 3am.
TeHEepaJIbHOTO TUpeKTopa. TpuaLaTh ceMb JIET OH MOCBSATHI A€ATEIHOCTH Ha 3TOM NPEATNPUATHH.

Eme MomomplM CHELMAIMCTOM OH BO3IVIABMJI PSJ OCHOBOIOJIATAIOIIMX TeMaTuk. Jlis
pazeutuss B CCCP otpacnmm anamuthdeckoro mnpubopocTpoeHuss — pH-merpum TpeboBaioch
pa3paboTaTh U OCBOUTH CEPUHHO DIIEKTPOJIBI, MPUOOPHI, KOMILJIEKCHI M CUCTEMBI. 3a aecsTh jeT (1959-
1969 r1r.) sTa 3amava Obula BBINOJHEHA. Pa3paboTaHo W IMPOKO pacmpoctpaneHo B Corose
KpYIHOCEpUilHOEe NMPOU3BOACTBO cpencTB pH-MeTpuu. DT0 NpUBEIO K OTPOMHOMY 3KOHOMHUYECKOMY
a¢dekry B MaciiTabax Bcel CTpaHbI.

B 1973 1. 3a mmkn paboT MO TEOPUM CTEKIISTHHOTO SJIEKTpOlia M OJIEKTPOJHBIM CBOMCTBAM
marepuanos B.A. lommmnze ynocroen I'ocynapctenHoit npemun CCCP B 005acTv HayKu ¥ TEXHUKH.

Hayunsrnii 1 npaktudecknid nHTepec Brnamnmupa Jlonmmaze ObUT CBSi3aH CO CTAHOBIICHHEM U
passutueM pH-merpun u nonomerpun B Coroze. OcoObIi ero MHTEpeC — IKCTPEMAJIbHBIC YCIOBHSL.
HNmenHo c 3Toii 00nacThio CBs3aHa €ro JOKTOpCKas (M KaHAWAATCKas) AWCCepTauus, KOTOPYIO
Brnagumup 3ammrnn B THOXUW um. Bepnaackoro B 1984r. Ero Tteopernueckue paOOTHI 1O
00pa3oBaHMI0 TOTECHIMANA B TBEPABIX TElNax W MHOTOYMCIEHHBIE H300pETeHUs CIOCOOCTBOBAIU
pa3BUTHIO HMOHOMETPUHM Ha COBPEMEHHOM YpOBHE, BKIIOYas BO3MOXHOCTh CO3MAaHHS IIHUPOKOM
HOMEHKJIaTypbl H3MEPSIeMbIX HOHOB, CEHCOPOB Ha OCHOBE IIOJYIPOBOJHHKOB W JATYUKOB IS
OECKOHTAaKTHOTO U3MEPEHHUS.

B uHTEpecax pa3muYHBIX OTpaciel MPOMBIIUIEHHOCTH, HAYYHBIX MCCIEIOBAaHUI MEIUINHEI,
OMOJIOTMH, HKOJOTMH COBMECTHO C JIPYTMMH PYKOBOAMTENAMU paboT Bnamummp [donmnze taxke
pasBUBaJl TPAIMLMOHHbIC HAPABIICHHSI OPraHU3aIMU: CIIEKTPOMETPHIO, aTOMHYIO a0COPOLIOMETPHIO,
TypOUINMETPHIO, KOHAYKTOMETPHIO, TUTPOMETPHIO, TATPOMETPHIO H JP.

Honrue romet B.A. [Jlomupze Obul [7MaBHBIM — KOHCTPYKTOPOM — 3JIEKTPOXMMUYECKOTO
npruOOPOCTPOCHHS.

3HaYUMBIH 3TaIl ero aesarenbHocTH B 70-80-X IT. — 3TO PyKOBOJACTBO paboTaMu 10 pa3padoTKe
MpuOOpPOB W aBTOMAaTHU3WPOBAHHBIX CHCTEM MOPCKOrO Ha3HaueHus. W ceromHs 3TH TpuOOpHI C
YCIIEXOM BBIMOJIHSIOT CBOM (DYHKIMHM Ha MHOTHX HaJIBOJIHBIX M TMOJBOJHBIX CyAax, oOecreunBas
HAJEKHYIO0 paboTy aTOMHBIX 3HEPTeTHIECKUX YCTAaHOBOK.

B 1985r. Munuctp mnpubopoctpoennss CCCP M.C. Illkabapaas B TuCbME B aapec
IIpesuauyma Axamemun Hayk ['pysunm mnomuepkHyn: «llpakmuyecku 6ce  Gulnyckaemvie
npeonpuamusimu  Munnpubopa CCCP pH-mempsi u uoHOMEmpvl CO30aHbL C  UCTIOAb30B8AHUEM
pezynromamos pabom B.A. [loruoze.

Bragumup Jlomuaze B mocneHue ros! padotan npogdeccopom Ha kadeape HHOOPMATMOHHO-
M3MEPUTENBHON TEXHUKH ['PY3MHCKOrO TEXHMYECKOTO yHUBEpcUTeTa, Obul wieHoM Komuccuu mo
MPUCYKICHUIO YUYEHBIX CTEIEHEH, a Takke - DKCIepToM AMepUKaHCKOro Oubmmorpadudaeckoro
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uncturyta (ABI), pynuncs 8 HUWM skcnepumeHTanbHOM M KIMHAYECKOH MeAMUUHBI TOMIHUCCKOTO
rOCYJapCTBEHHOI'O METUIIMHCKOTO YHUBEPCHUTETA.

B.A. Jlomumze Benm akTHBHYIO PEOAKTOPCKYIO AESTEIFHOCTD: TIPHHIMAI YIacTHE B COCTABICHUH U
BBITyCcKe Ooree Tpuauaty m3aanuid. [log ero HaydHBIM PYKOBOICTBOM M KOHCYJIHTHPOBAHHWH BBITIOJTHEHBI
PSA IOKTOPCKUX M KAaHAWAATCKHUX JUCCEPTALIUH.

B 1996r. Bnamivup AnexkcanapoBrd 1ol maTpoHaskeM VmkeHepHOW akafeMiH OCHOBAT HAYYHBINA
xypuai “Georgian Engineering News” (ISSN 1512-0287), u ObL1 ero 66CCMEHHBIM TJIABHBIM PEIAKTOPOM.
Ocnosnvie nayuynvie Ooocmudicenus B.A. Jlonudze ompascenvt ¢ e2o mpydax. Eeo paspabomku
ommeyenvt namuio 3010moimu meoanimu BIJHX CCCP. B.A. /loaudsze asisemcesi asmopom oxono 200
onybnukoganuvix pabom, 2 monozpaguu, 74 uzobpemenus u 22 3apybesxcnvix namenma 8 CILIIA,
Benuxoopumanuu, I'epmanuu, @panyuu, Anonuu u op. cmpanax.

Bnagumup Anekcanaposud Jlonuaze uMen MpaBUTEIbCTBEHHBIE Harpa sl — “OpaeH Yectu”, oprieH
“3nak [Toyera”, HECKOIBKO MeAaIEi.

Ilopoit "enoBeKy, YTOOBI MPOKUTH HACHIIICHHYIO, SPKYIO KH3Hb, XBAaTa€T TOJIHKO OJIHOTO
TalaHTa B KakoW-muOo omHoi ob6nmactu. Brnagumup [Honmnze ObuT 1ieapo ogapeH MHOTHMHU
BbITatomuMucs kadectBaMu.OH ObLT MO00CH XMMHUYECKOMY DIIEMEHTY - TUTAHY: JETKUHA U MIPOYHBIH.
HckmounTenbHON CHITBI yMa U TBEPJOCTH IyXa, HICTUHHBIA THTAH HAYKH.
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Joormgends bodgEbogdm s boobgobdm Lsbmysmgded oo wsbsgamolio aoboisme.
AoMs03gos  bodgzbogdm-¢gdbogg®o  0bGgeroggbzools  mgsgolohobe  Fomdmdswygbgaro,
LbOFL bobgardfogem 309300l @on@ge@o, bojs@mgganmbs ©s  Log@msdm@olio Laobgob®m
535009d0gdols  bodwgogmo gm0,  G9dbogzol  893bog@gdoms  mJBmmo, gy@bogn ,Georgian
Engineering News*“-ols dmogo®o @gos@mo, 30megln®o gasmodgd ©menady.

d5@Mbo  garsEodgdo gOm-gamo 3ombgdo gobawsm Ll®g-do pH- ©s ombmdgd-
@00l hodmygogodgdol s aobgomsmgdols bogdgdo. 1956 Fanowsb 1993 (ensdeyg d9domdws
b5dg36090m  Lofo®dImm  2og@m0sbgds ,,0boemobbgeliofym™-do, Lowsoi aoosds  abs
06506006 - 3090 m05bgd0l  2gbg@og @0 oMgJHmmol Jmspaoe gdwg  LadgEbogdm
s®ado (1972-1993(7.)

3. wmeodol dogd dgbegagdgmo 0dbs G9bwsdgb@omydo Lodydomgdo sbogno-
by@0 Bgdbogol Lodgogmgdgdol - 30@ggeo@o yoMEsdddbgemgdols s bgmbsFymgdols
‘d9d9doggdolomgols.

g o@odol  dog®  dowgdyeo  dgogagdo  Go@mme  sMol  godmygbgdymo
90 9JBOmEgdol, gowsdfmegdol, pH-Ig@®gdol, 0mbmdgd@mgdols dgbsdsdols badgibog®m-
®9db0gy® ©m3gdgb@oogddo. dob dogd dgleymgdagemo bodygdomgdols gogyoe dglod-
gdgeo gobes PH- ©s 0mbmdg@@ool Lodgomgdgdol RoMmmIsLI@odosbo Fo®dmgds
3mdgemol Lobmdo bgaolsfymgdol Jo@bobsdo (BUIL) s mdognoliol Lly ,,obsgrobbgen-
LoPymb™ Jo@bobodo.

doboll  gangdB®mol s dosbogngdols  gangdBOmeyeo  mgobgdgdol  mgm@ools
bodydomgdols  3ogeobomgol 1973 (Fgaols g meoodgl dogboks Lleg Lobgerdfogm
3@gdos dgibog@gdols s F9db0z0L womydo.

3 mEodg 53@m®0 ogm 200-bg dgBo bodOmdol, GmImgdoi aodmzgybgdgeos
30gLGogy  2odm39dgddo s Ladgbogdm  3mbgg®gbiogdol  dOM@Agddo;  Losg@m®m
dm{dmdgools 20dmambgdoby s Lobwgodyo®gmol 35¢gbBgdols (599, obgyanolio, pa@,
053mbos s Ubg);  Lolbfsganm  Lobganddmgobganmgdols  (gbdsby®d  gbsby  Jydgero
LHYgbgool s L3giosmoligdobmgol), dgmmeyg®o Jomomgdgdol, Lobganddmgsbgermgbdols
> dmbmy®sxgogdol.

1986 §. g em@odg ogm Lodo@mggaoml  Bgdboggdo  bogg@lbodgdol  3@meggbmeo
(L50bRMAs30m-bobemdo Bgdbogols JomgEEsbyg), bomaem 2006§. Fgeol 3mbig@lboon s@hgyeoo
06> Lege 3OHmgglm@sw.

doBMbo genoodgdo gfgmes oJ@oy® Lodgosdizom boddosbmdsl, Gmam i dmsgs®o
M905JBAMM0 s Ggesddmeo  dmbsfomgmdws 30-bg dgBo godmEgdol  Igoagbsls  ©s
3530d3905do.

3 OMED0dg X 0EOMZIdYE0  04m ,,ba3s@Gom  bodbols” o Lmomlgdol Mm@ bom*
>  Ubgs  Lobgeodfogm  xogomgdom.  dolo  bsdgiEbogdm  bgerddmgebgarmdon s
3MbLyga@ o000 IgbGgangdygmos Lom@m®m ©s bsgsbpops@m oligd@siogdo.

g egodg ogm Lsdgisbogdm ba@olbgdol dobodgdol Lawolg®@ocom Lsdkml §gg3@o
s 53M9mgg 53900390 dodeoma®msgoymo 0bbGodgdol gJudga@do (ABI).

bobp®danogo  @AMOL  aobdogarmdsdo  (1982-1993(F) g marodg  oym LGS
99JBOmJodoygdo bgeoloFymmddgbgdermdols LsdobolB®™M Jmsgs® 3mblE®YJ@m@o.

doBMbo  gensodg@o 1996 Fanowsb  ogm Ladgisbogmm gu@bsen ,,Georgian Engineering
News“-ols dmogsto Mgos@mao.

30mg9bm@o  gmmodg  Jodmygmo  boobgobdm  3g3bogdgdol  dgdds@o@o
odm@hggao  Fo®dmdswagbgamo  aobeom. dob  msgolo  doogro  dmdogmsJgmddogo
©o@lgdom FosOmm  Lobmgomgdol  3s@ogolizgds ©s  Loygedymo  sodbasbyds. dols
Lobganls o bo@gofl o® s030(ygdl dopanog@o dmodmdsgmmds.

bsgo@oggarerl Bafbozadbo 560393 bodgd0
bsgsdmggemml bsobgobder sgowydos

Jambsar ,,Georgian Engineering News “ob @gesgzos
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Y gddo xywos 3gdeols (Judea Pearl) dogd dgdm@sboano dsoglygdo Jlgangdo [1] dognosh
305JB0g9eo 0blEA®¥dgbdo sedmhbes gobylsbmgdgeo Gmebols Fo®dmbopagbow ©o
©ob3gbol 2odmbo@obo@ @S Yo 0bgmMAIs(30005b.
do09bg@0 %:(G,Q) JLgaro aobolobwg®gds dgdmgyo 3md3mbgbdgdom:
o G=(X,E) d0do@m o (MG0gb@BoMgdbymo) 53040 y@sxom, Gmdgols {g90m-

900 5353300 gdygeos dgdmbgggomo 3gmegdols X ={X1,...,Xn}lsoa(ﬁa;;gmglsmaﬁ;

3035000 300030000 SE0doMmMdgdols HZ{P(Xi | Pa(Xi))} Lod@sgeom.

SdM0yo, doogbyg®o  Jlgaol a@sxogymo bofomo sbobogl ©sdmgogdeyagdsls
ob  ©odMY0Egd@mdsl  (33eoEgdl  dm@ol o 3mEbol  [omdmwygbols  gobyomay®
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‘do®gd gm0 sendommdgdol dsbsfomgds:

P(Xg Xprins X ) = i]i[lp(xi | Pa(X;)).

ALDMdSE @0 296J3oolbs 9L ©>Jas (©94033mbo300) ICIUBNIBTOT
3odmlobymmgdgdols  bod@ogamo, G®Imgdoi  sdmogdygeos  dbmerme  dglsdsdols
3356dLs s dol  Fdmdangdby  a@oxdo, os@ol  dsogbydo  Jlgargdol  doGomowo,
99bwsdgbB®o mgoligds. gl boggydggeno aobs ©oliggbol godm@sbol 0d saam@om-
dg60lL  slodydoggoeo, MMAmgdbomsi Jmegmols bgdolidog@o gmswols sadsmmdols
3oobgo®M0dgds bpgds bbgs 33eo@gdols 5ds3g 3gMdem ©s3300390005b.

gl 3Omdangds, OmamOE  od@goaes, NP —-Logmo  s3m@Esbgdol  janslls
d0939mgbgds, dop®sd dob dopgoygobs ULbgswslbgs s@am®omdsdpyg, GmImgdoi dgod-
@agds 2o M@Egl a®593do 0bgm@Isizools gogdgegdols (3GM3sys3zool) dgmmegdl.

*  4mggeEo X, 3356dol G g@og3do  Fo@dmagbogno  dolo Pa(Xi) ddmdangdols

gbowos, gl Jgmmegdo 0ygbgdl P(Xi|Xj) 3003000 >Edsmmdols (36905 (AMAm@0s
Xi Ggmoeol smdsmmds, oy (3bmdogos, M3 ©s330Mg909mo ogm X (3gmeeo) ©o
sbggg do0gbol mgm@gdsl, GmIganoc, P(Xi | Xj) S dsmmbol (3mebobsl, do®ojom, Xj

(33 ool sEdommdols oy gbol Lsdgomgdsls odanggs X, ggmrowol 30Mmmdgddo.

9bs  S@0bodbml,  GmI  Fg@ddobo  «bsoglydo  Jlgmon  5dbggl  goys,
Lobsdwgoamgdo 0o o  [o@dmopagbl  do0gly@  dmwgeols o3 Gg@dobols  {dobws
LAoGOoLA0gYM0  goggdom, Omdgeoi yyeolbdmdl  3obmboli aoblsbmgdsl  (33eswols
33M0M@Yao  35M5dgBHgoom, boeem  dgdegy 53 Jobmbol  3geoagdsl  dowgdyano
dmbo399900L a0dmygbgdom. bylGow O™ gmdgom, dsogbygdo Juganols LobgerFmogdom
gl 3bmdogros  sEdsmydo  y@ogoggmo  dJnwgeo, GMIgaoig  dsoglbol  mgm@gdsls
049696L Ibmerme «@myozg@o sliggbolomgoly.
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30 gdol Imwgmo®gdsd dsogly®o  Jlgmom, Vgdwgy w©oliggbol godm@obols
soam@omdgdol  2odmygbgdsd, oJ3zogl  dsogby@o  JLgeo  ogs@y®  0bLE®Ydgb@ow
dbxgermdobs s ©osabmlGozobomgol s@slGYEo 0bxgm®Isi300l J0MMbgddo.

b509L9M0  Jlgemo 3geregdols Lod®sga glbmsb s ogdoMgdygeo sepdsmmdols go-
bembol 989J@da® Jmpgmodgosl obegbl. sdo@Bmd opo  goblsggmn@gdom  dglsdsdolo
Ro@dogobdos LEAmJsbGogg®o dgdhggol dgomol godmbsaygbgdmswe. gl 3o dmegeno-
Ggo0bomgol  Lokodm  Loby@ggeno dmbozgdgdol  g9b900@9d0l  bodgoggdsl  odenggs.
dodoloady, dooglby®o Jlgero dmwgmodmgdol oblEB®dgbBos, Goi Lol@gdoby ©sgg00-
3900l Lodgoemgdol odanggl  9JL3g@AL olgm goms®gdsdo, Gm@Es LobEgdol Logsenwg-
d99@m BAglBo@gdol gbodangdamds @3 o >@OLYomLL.

533bol AodmESbols sgram@omdgdmsb do@o geny@se, dgdmmsgsbgdygao oym
Lbgs dopamdgdoi obogrobolowdo, godmdwobstg dImbsgdgdomsb b 9Jldg@m@Eobgdowasb,
obggg  @bmdogoo  LE®YJH YO0l dosoglbydo  Jlgaol  (33@segdl  dmdol  ©sdmgowy-
o9 gdoms  MomEgbmdMogee  sdLobggeo  3oMMmbomo  sendommdgdowsbh. sdoGmd  sligmo
MomEgbmbd@ogo Jgxuslgdgdol dg0mEgbol ©sd3300M9ds, 2oblogym®gdomn Lowsbrmgggm
0byLE®0s5do, dbodgbganmgsbos.

domo 930053 glmdss  gJbdgd@ol hodmgols dgbodagoammds @sdwgbody wmbgby,
obggg Lododm 3oM5dgB@gdol dogosbs@ 2oblobrgds segrdommdoms gerolio@siools b
Lbbgs dgmmom, Gmdgmoi ©sdydeggdymos 3mebsms 0bgobg@osdo. Lado@olido@me
sdobs, dgodengds  slgmo  godmmgagdol hobs@o@gdbamse  dbmmme  9Jl3gMm0dgb@yero
dmbo399900m  Lodpgoemmds  LEsGobGogy® dgxaslbgdbosms dgmmegdols asdmygbgdom. o3
MO Sen@g@bos@oge Joamdsl dm@ol Jggnolgdol dsogly®o dgmmwgdo ©asl. olobo
LAsBobE0ggO0 dmbsigdgdols s g4l3g@Bol dogd owygbogo s3@om@ygeo mwebols
JOMMd@ogo© odmygbgools Lodygoagds odanggs.
bdoyMosbo b gargdgbGol dmwgmo. bmyogdm LobEgdsdo, Lowsz bpmdbdols dsogly®o
JLgemos Ggoemobgdyeo, godmoygbgds g.(. Noisy-Or gate o6 bdsy@osbo b gangdgb@ols
dgmmeo, Gmdgamoig  aodmmgmol  3GmEgbol  s@lgdomo  gsds®@oggdols  Lodyogdsls

0dgnggs. dolo s@lbo dpymds@gmdl 0dsPo, HMI Jige@o Y §g900 (98940 567 dgwgp0)
‘dgodangds 0gml 300mdoms® ©sdmyzogdgao dongmo Goyo Xi F390mbasb (Bobgbols-

3ob), Loosi 1=12,...,n. 0dobomgol, GmI dgdo6wgls 2" A5 bmMdol SEdsmMmboms
dgxolgds, @mdggdoi Loko®dms 300mMmb0m seodsmmdoms 3bGomgdols aodmygbgdolisl,
L{mégo dnEgdyer dgonmel  dods®msggb.

bdoy@osbo ob gangdgbBoli dmwgeno (Noisy-OR gate model) s@ol 30bgb-dgogemd-
®0g bgdmJdgogdolygsh ©sdmyzogdge Imwgmgdse (36mdoeno  (ICI — Independence of
Causal Influences) myobols Fo®dmdopagbgaro [2-14]. o3 dmpgeol gsdo@Boggdols dobbom
Logydgems oggl ©sdggds 0dol dglobgd, @md Lodmgmodgdger dobgbgdls ©s domo
dmdgegdols Logomm 9389JdL (dgogal) dm@ol Jobgb-dgogamddogo ©sdmowgdyamgds
56 5@ lgdmdl.

Lodygs «bdoyg@osbon sbsboglh 03 goBl, @M mobodmdgwgds dobgb(gd)ls ©s
999J6L (dgegal) dm@ol @ s@ob ©gHgMdobo®gdymo s, sdM0ys, slisodggdos 9939d-
Aol (dgogaol) s@OLgdmds Lsdmgmomgdgano Jobgbgdols ao®9dgi. dgodengds hoomgs-
@b, @md bldsy@osbo b gangdgb@o (Noisy-OR gate) sdol ©gBg®d0bodgdyemo dobo® -
@0 (OM6000) 5b Jmgenols sSEdsny®o yoRs@mnMmyods.

bdoy@osbo o6-0l (NOisy-OR) dmgeno gm@dsgy@se dgodamgds s@ofgtml bomes-

bom gobBmegdgdom @sdwgbody dglsdgom Xl’x2""’Xn dobgbols o Y 999JH0be-
0gol M@0 533900l 300mdgddo: ©) gmgge X, dobgbl dgydemos goM 339900 Sendo-

00300 g5dmofg0ml blighgdamo Y  9839JH0 ©obsdbgbo dobgbgsol s@s@lgdmdolsls ©o
d) gmggero dJobgbo Lsgdo@obse wodmygzomgdgaos Lbgs dobgbgdolgeb. dsdsbowsdy:

p; :P(y|xifmﬁlyﬂwﬁ):P(y|xl,xz,...,xi,...,xnfl,xnfz).
Pi semdsmmdsls bbgsbso@o 3dols sandommdslisi gfmwgdgb (link probability) s
030 3odmbs@ogh Jobgb-dgogamddogo Loddzocol wmbgl Lbgs dobgbgdol s@o@lgdmdbo-
Lob. bohggbgdos [1I, @md Y  g@9ddol smdsmmds dmagdgmo Xy EXp(Xi oj(?)of;{]ffm)

J39L0d@sgeols 30MmMbgddo gdwgao MmsbsgsMmdom yobolsbmgmagds:
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P(yIX,)=1- TT @-m).

ixeX,

Loo P obpgdbo X bogogosdo dggbodsdgds obymolg®  Lodggol present, o

dmgdge d9dmbgggsdo b0dbogl dodwobo®yg Jmdgb@do sBogodgdbyao (g.0. 0bgg@lools,
9o094mggol bodbol ao®9dg hofgMogro) Jobgbgbol gOMMd@omdsl.

Lopsbmgggm  gmddsbool  bo@sgmol  sendsmmdol  Yggolgds. bob.  1-by  Imzgdym
SOLEOSJH e doogbyd  Jlgeol  jmbgdgdageo  dobss®dlbo  doggm  Lowsbrgggm

06YLEAM00L 3OMde gdoms goslak®gans.

\\\ /
3 =t
LD

7/

bob. 1 3o@Fogo d50gLa@o Jligeo Lopsbmgggem gm83s600L bs@omol sadsmmdols
Ygbosgsbgdmsw

Lobgan@md®, ©ogy9dgom, @md  Lowsbwgggm  3md3sbosd  dgodangds  bo®ogno
2ob0Goml Jo@mgols Jgrmdol (X, 3dmdgmo), Lgegdcon@o Ygaemdols (boobggldo-

GomE Mdogddol g@hygolsl ©sdggdgemo Ygaemdol, X, 3dmdgemo) s ms@emonyg®o
Lo@harols (X5 39mdgemo) godm, bogm mogo boGsogo, Gmdgmoi dgodegds o3 doby-
byl mob Sbengl, hogmgsgmm Y Dgomop. mmbogg Lowowpyg dobosdge  dgdmbgggom
Ggmogdo  dogohbomm  @mmyogn@o True/dgddsdodo (Y, X, %,,X;) s False/dgos@o

(Y, X, %5, %) 360Tg69e0mdgdom.

«Noisy-OR» («bdsg@osbo ob») dmpgaoli 3090 begds 2obyglobmgmgamdols (Lo-
9&3mmd0l, 93bmdmdol) hHodgbgds (0bgm@3m@omgds) ddmdaols 3gsbdols s dgogools
3356dol Bobgb-dgegamd®og (goygbomy@) ©sdmgogdagmgdsdo - gogdo@do Idmdganlis
(J0bgblLs) s g0l (dgogal) de@ol, Gmdgalsa, hggbl dspsmomTo  Lowsbwgggm
bggOmEsb, aoshbos  dgdmbgggomo  bobosmo s Sbgmo  3ogdodo ¢339 O  sGob
©09B9MdobolFyyao. 5doGmd  bodsao, d9bgddogos, dogohbomm dgdmbggzom  m@GMdom
boowge. dos@mnmsz, Losbmgggm Jmddsbosls dgodargds aoohbpgl dos®mgol dgEomds
(Jobgbo, Idmdgero) boGogols (dgegaol, dgogol) godgdy, @oi 0dsl bodbogl, ma
Ygaemdsd Jos@mmgsdo gogegbs bodombg o3 Jgdmbgggodo o@ ofmbos. dsgogmomo gdm®-
hogngds Mm@ 303mmgbolisE. xgd gOmo, Ygkggeros, M3 ygges dglodene dobgbo (Lods-
b0, bogyydggero) swgogs 0bmd@gds. (09 bmgogdmo dobgbo agogmos, ymggmmmgols
‘Jgbodangdganos s@@lgdgemo 3356dol @sds@gds, Mg s>dmhbogds oG gaM®0sdo
«Ubgs dobgbor). Igm@g s, bgdoldog®o Idmdeols bgdmJdgogds (3mddsbools bodsmsb
303500 gdodo)  sdmygogdgeos  yggems  @obs@hgbo  Idmoemols  bgdemJdggdoliysb.
dogomomop, ol, @o3 bgal ¢damol  dodmgol dgEmdsl  gsdmofgoml  3mddsbools
565 35M0L 3MMZgmME0Mgds, ©sIMY00g09e0s 0dobash, Mo3 byl ¢deols Lgergdizoy®
dgemdsl 2odmofgoml 3md3sbools ©sbsiomygdol 3GMgmEo®gds.

od 300mdgdTo Logdo@olios gdmgodobmm s@lgdyen LEsGobEogoby b gJu3gO -
0o 5bMbYy oyMEbmbdomn dbmame Lsdo dgdpgao sepdsmmds:

* Py = bodogols 25dmd{g930 do@mgol Jgamdols saodsmmds | Lbgs dobgby-
b0l 5@ Lgdmdolisls;
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Pz = bodomol  godmdfgggo  LgmgJaoydo dgaemdol  (Loobggb@oEome
0609JBol  dg@bggzolol wodggdyemo Ygamdol) ogdsmmds | bbgs dobgbgdols
>M5@Lgdmdolials;

* Doz, = 0500l 30dmd{gg30 moomg@o Ladbgmols sepdommds | bbgs

dobgbgdoli s@o@lgdbmdolisb.
dgamgommo 53 sendommdgdolsmgol Goibgomo  360dgbgermdgdo, dogsgoms,
sbigmo:

Pas Borgs =P (‘borﬁo,qno | Bo@ogs, bgargdeos, mog)gm)mm&o) =0.4

p[fJ,Q”J o = P (‘borﬁo,(no | doGaorgs, byar gz 00, mogv,(nommdo) =038

pmogvgnmmmdo - P(
35306 306GMdom sEdsmmdsms Jmgero Lod@sgang Imizgdygao odbgds b@. 1-To.

bo@oaro | JoGmgs, byarg oo, mog),qnnmm&o) =0.9

3bOoo 1. 3000300 SEdsNMIsN> o560 3bGomo bsdsmom IgTomdol gdmbgggsTo

No | 3s@mgs | Lgengdios | ms@@onmds | dobgb-dgogamd®ogo 6dols sendsmmds
k X, X, X, Pky
(%, %, %), Y —bo@oaro
L X X, X3 Ply :1_(1_ p4)(1_ ps)(l_ p7)
1- (1- 0.4)(1- 0.8)(1- 0.9) = 0.988
21 x X, X, Py =1-(1-p,)1- p;)
1- (1- 0.4)(1- 0.8) = 0.88
3 X X, X3 P3y =1-(1-p,)d-p,)
1- (1- 0.4)(1- 0.9) = 0.94
4 Xl X2 X3 I:)4y = p4
0.4
9JL3903 0l Jgxnsbgdom
> X X, X3 I:)Sy :1_(1_ pe)(l_ p7)
1- (1- 0.8)(1- 0.9)=0.980
6 Xl X2 X3 P6y = p6
0.8
L3900l dgnslgdom
7 X, X, X, Py =0,
0.9
U390 0l dgaslgdom
81 x X, X, R, =1-(1-0)(1-0)(1-0)
1-(1-0) (1-0) (1-0)=0.0

od dgmemol bogano ol s@ol, Gmd  ogo bymmgseb dgxuslgdsl odanggl sende-

0mdsls P8y = P(‘borﬁogno | Bo@gs, bgargdz00, mogvgvomm&a), 09dze  boGoenrls  dgodargds

sa0mo  3Jmbpgl  dodmgol  Igaomdol, Lgmgdaog®o  Fgaemdol  (Lsobggl@ogome
0609JBol dg@dhggolsl ©sdggdyamo dgEomdol) s msmmmomydo bodhgaols go®9dg3.
9t 0dodmd  bpgds, @mI  Jlgmo 5@  omgoolifobgdl  Lowsbwgggm  m3g@s3090msb
©5353do@gdgen bbgs d@sgog dobgblog, Mmdganlsi bodogo sbensgl (3b®. 2).
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3bGogro 2. Lowsbwgggm ™39M5(3090056 o353d0dgd o bodsmol Jglsdgnm dobgbgdo

®adbogn®o LoobggliGoEom >M539J6039®0 Logdldg@O@m
dodwoboty L3gosmydo
05005960l >@sbos jdo- Lowsbmgggm >J®oggdols Lo 3obmbdpgdanm | ms@eomgdo
@olmds Lowsbmgggm bmdogngbdols ‘dggolgdols d5bols Lowobmgggm
M3905305ms GoJdmddogo | balosmols s SM55093350 90 | g0 gds 309 9b%ools
Fodg go0sbmdbols dods®m 3oM9dmgdoms ®ds ‘dgnobgds
(CHIUHER @ 430809
360193 96bosw
Jgaemds gogmgdygmgds- | dggomds sdBoggdols 946mdogols
0o oliogoMagom >¢30- Bs0bg9LGH0G0M 359 BoLYA 9o Logéhmm
9dgmo Losbmgggm ©309J&0b damdstgmdslio
gmbools Loabl®gdols Fg@hgasdo ob
3o 3 geoi0ols s Fobo- (bgengdiools ©5353doMgdeeo
300mdsms s®hggsdo V(30 mdd) d0bbgliols Molgo
bodogols Lowosbmgggm >J@oggdols dbmggggeols
39995300 30O ggaols AYE0 SO 0®2560bs0gm-
g gbogmdols | LoblMgddo Lodos@mangd@ogo
s LEOYIHYOL | LYdsgo R}m®don
(330 gds 3oaygobols 35b300Mdgd o
bogo®oywggmsb ‘dgndengoeomds | @olgo
‘dgo@gdom (odBonggools
SASEN0330000)
dmdygdosbmbol | do@mgols Golgo
bo@dols  @olgo
(Jmggdols
FgBotEIe
>JB0g90m5b,
3930 o@maob)
dmbofomgmdol | ©gdodmagoolasb
@oligo nobbols
sMdomgdols
(6@ o©
dowgdol) @olgo
OAHM000 HobJo

3bGogro 3. 308mdomo Sendsmmdol Jogrosbo

bGogwo aesbsgstame 393smdols d98mbgggsdo

No | 30mgs | Lgargdzos | ms@monmds | dobgb-dgegamd@ogo 3dol samdsnmds
k X1 X, X, Pky
()~(1’)~(2’)~(3)k Y —bod@ogro
1 X, X, X, Ry = Ry =1-0.988=0012
2 X X, X, sz = sz =1-0.88=0.12
3 X, X, X, P3y = ng =1-0.94=0.06
_ 9JU3gmH ol Jggnslgdbom
Xl X2 X3 PGV = P6y =1-0.8=0.2
_ _ 2JL3903 0L Yggobgoom
7 ] X, X, Yy = P7y =1-09=0.1
_ _ _ 24U390d0l dgaslgdom
8 | x X, X, Pyy = Pay =1-00=10

obggg dgodemgds  @oEa0bogl  dodmbdomo  dobgb-dggamodogo  ddols  Sgndsmm-
dg60L 3bMogro 0d dgdmbgggedoi, Gm@Es Fobs bsdo (Bo@mgol dgaomdol, Lgergdicoyg®o
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Jgaemdols  LoobggbBogome  mdogdpol  dgdhggolsl s  ms@@omnyg®o  Lbadhgarols)
R5JHM@ol 300693 do  bo@ogols syogo oG o3
od dobbom bligbgdyamo Rod@m@gdols gmggmo 3mddobsiEoobomgol Lswsbrmgggm

30335600l Yobsjotam dpamds@gmadols Pky (k=1,2,...,2n) SEONMbS  YIMOEIME  ©S0Y-

gobgds 93 gy BT sdy: Pky: Pky (k =1 2,...,2n), G5 sbsbymos 3b®. 3-do.

ggobgdsms  Tgmsobbdgdnmmdol  Fgdm§dgods.  9Jl3gdEol  Yggolgdoms  sbogmoby®
990056 mobbggo®mols dgdm{dgdol Lodygogdol ‘dgmobbdgdbyammdols Ggb@o odanggs.
Lobgan@md@, bdsyg@osbo  sb-os dmgendo  FgbEo  damdsdgmdl  gJl3gd@ols o

‘dgxoLgdygeo P(yjb.? (Y)og@&omm&ob ‘dgomgdodo Oy (xod9®) sedsmmdsms Ge@Isl-

nob P(Y) Lboowolomgol, @Gmdgebsz, dosposmomnsw, ®mnbo (Y’Xl’XZ’XB) (33 o©ols
300m398do gdwgao Lobyg gdbgde:

P(Y)= (Y VI Xy =, Xy =Xg, X3 =X ) xP
Y = y|Xl x1X2—x2,X3—x3 ><PX x1X2—x2,X3—x3+

“P(
#P(Y=yIX =0, X) = %) X3 =X
+P( :y|X1 x1X2—x2,X3 X3 "
+P(
(v
(

+P y|X1 X Xg =Xy, X3 =XgxP

:y|Xl:x1,X2:x2, xs)xP
+P(Y =y Xy =4, X5 = X5, Xg = X5 )
+P(Y =yIxy =%, X2—x2,X3—X3)><P(X1 X Xp =Xp, X3 =%3).

09 9gp0 LYmeo 5@ s@ol, g.o. P(Y)i PJU(Y)’ 35906 Ladodms dggoligdms
6515%’(*)(4)365

ob bgmom - gJl3g@Gol Fogd sendommdgdol  gowonslgdom, g.0. bgmsbanse

‘dggnoligdom;

*  ob 53HMASHYOS® - SEdSNMbSMS (330 gb0m oMo MeboRsHMdol woYM®ag3-
o, goEMg 50 Jgbdymegds dolbomgdo LobylbBom ®E0 abomn sy bogn
SEENMESMS BEIEMdS.

09 Loobegggm 3md3sbools Y bodogl gsbo300mdgdl dbmemme Lsdo goddm®o
- X, 3sdmgs, X, Lgmggos s X; os@monmds, 35dob bszdo@olos momnmggmo 53

monbo (Y, X, Xy, X3) (3ge0ools do@yobogy@o sadsmmdgdo oblisbmgaml gJb3g®@Eds
Lomobo@m msbsgo®omdgdon:
Jjb?(Y) (]j[ ;(Y y) = P(botogno = «j0»)
P(X1 =%) = P(3s60m3> = «30»)

)
P(X2 = X2) =P(bgegdcos = «go»)

P(X3 = X3) = P(wo@@monmds = «j0»)

300390 BmAdgeols gmggeo dgm@g mobodsd@sgmmobomgol o ygoJgL:
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P(Xy =%, Xp =35, X3 = 5) = P () (1-POxp) ) (1-Px3)
P(Xg =% Xp = %0, Xg =43 ) = (1-P () Pxp)P(x3)
X1 =4, X5 =X, X3 = X5) = (1-P () ) P(y) (1- P(x3))
Xy =%, Xp = Xp, X3 = 4| = Px) (1-P (1)) P(x3)

(%4

( )=

(%4 %)=

( )

P(Xy =4, X5 = %5, Xq x3) (1-Pxp))(1-P(x)) P(x3)
( %)=

(*4 %) =(

P(x

P

()

P(Xy =% Xy =%y, X = Xg P(xl)P(xz)(l P(x3))
Xy =X, Xy =%y, Xg =X ) = (1-P(x))(1- P(XZ))(l P(xg))
1 =% Xp =X, Xg =43 ) =P (3 ) Py)P(xg)

935boLgbgero Lodo gm@IPaols s 30Mggeo 3bMogols dmbsi3gdms aomgomol-
Fobgdom, dJogowgdm:

P(Y)=P(Y =y1Xy =, X, = x5 X3 = x3)P(x,) (1~ P(x)) (1-POxg)) +
+F>(Y=y|x1=g,x2=x2,x3=x3 (1-P(x)) P(xp)P(x) +
+P(Y = y1 Xy =29, Xg = x5, X3 = X3 )(1-P ) | P(xy) (1- P i) +
#P(Y =y1%y =, Xp =%, X3 = x5 ) P0x) (1-P0xp) | Plxg) +

)
)
)P
+P(Y =YXy =4, X5 = X5, Xg =% ) (1-P(x) ) (L= P(x5) ) Plxg) +
)P
)

+P(Y =y 1X; =14, X) =X Xg = x5 ) PP (1) (L-POxg) ) +

+P(Y=y|X1=x1,X2=x2,X3=x3 (1-Pexp)) (2~ P(xz))(l P(x3))

+ P(Y =y| X1 =X, Xy =Xy, Xg = x3)P<xl) P(xz)P(x3).
sbans 3o gL P(Y) sendommds Logdo®olbos dggasbogl gJu3g@@ol dogd demzgdyan

P&fm (Y = y) ooyl s oeaobogl 53 m@ 360dgbganmdsms msbbdmdols badolibo.
(4)0(35300)0 3535@000. Lodo®Bogolomgols 3 saogm@omndol Logdmbl@®some, dsgsmo-
050, 5393350, MM Y bodsgls 3obs30@mdgdl, 3g-[14] 6o3@mdols Jglsdsdolow, Tbmenme
M0 goJdmao - X, dgaemds o X, bybio ds@mgs, bogm gdlidgm@l goblsbogdgamo
5J3b mommgyeno Gap@o;{)ob 80&)2)06,5;@‘3](4)0 e dsmmdgdo dgdgao 05bsBs@OMdgdom:

P(Y =y) = P(botogmo = «3o») = 0.0002

P()(l - )(1) = P(‘HUBQMBO = «do») =0.001

P(X5 =X5) = P(bygbiho do@mgs = «go») = 0.0001

hogmgommm  sp®Mgmgg, Gmd 9Jl3g@@ds o3 dgdmbgggsdo Iglodengdgemo mmbo
30030000 sendosmmdbdowsb Jgdgao M@0 aoblsbmgme:

P(“oo&)og@o = «30» | dgomds = «go», Lygbo domgs = «oﬁ)o») =0.1

P (“ooﬁ)ogmo = «30» | gamds = «es@o», LylGo dotmgs = (<d°») = 0.99} .
d530b 59056 ©ogoygbm obs@bgbh Mm@ sadsmmdslise:

P(%a(ﬁog\no = «go» | dgomds = «go», gb@o dodmgs = «d"») =

=1-(1-0.1)*(1-0.99) =1-0.009 = 0.991

P ("ooﬁ)og\ho = «g0o» | gaomds = «s@o», LybEo dodmgs = «o(f)o») =0.0
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OMamA (3 gbgoogm, od dgmmeols bylGo dbodg ol s@ol, M3 00 byeols Fmensw
doohbggls P(%aﬁ)og\no = «go» | Ygomds = «s@o», LgbEo gmbd®mao = «oﬁ)o») S0 dsMMdS L.
0y 53 dogoomdo dogdo@mogmn GglBo®gdsl, d5dob dogomgdm;

P(Y =y)=P(Y = yIXy =2, X5 = xp )xP(Xy =g, Xp =3 ) ¢
P(1 231X =X =3Py =3 =)
#P(Y =y IXg =03, Xp =% )P (Xy =00, Xp = %) ) ¢

(
+P(Y:y|X1=ayxzzg)XP(X1:g'X2:g)

80650006 o

P(Xy =%, X, =% ) = P(X; = %)% P(X, = %,) = P(X; =) *(1-P(X, =,)) =
— 0.001% (1—0.0001) = 0.001 * 0.9999 = 0.0009999

P(Xy =3, Xy =%, ) = P(Xy =x)*P(X, = Xp) = (1= P(Xy = )} P(X = X,) =

= (1-0.001) * 0.0001 = 0.999 *0.0001 = 0.0000999 ,
P(Xy =% X5 =%y ) = P(X; = %) * P(X, = X,) = 0.001+0.0001 = 0.0000001

F>(x1 =%, Xy = x2) = P(Xy = %) * P(Xy = X)) = (1— P(X, = xl))*(l— P(X, = x2)) -
— (1—0.001) * (1—0.0001) = 0.999 *0.9999 = 0.9989001
S 06(*)8

P(Y = y) = 0.1*0.0009999 + 0.99* 0.0000999 + 0.991* 0.0.0000001 + 0.0* 0.9989001

= 0.00009999 + 0.000098901 + 0.0000000991 + 0.0 = 0.0001989901.
9Ju3gaBd>  go gl semdommds Dgoggols  P(Y =y) = P(boGogro = «go») =0.0002  Lowo-
00, @53 Logdom sbenml s@ol sbogroby®o® o gbomsb ws, d5dsliowsdyg, Jolowmgdos.
©3b3ghs. «bdoy®osbo ob» Impgaro 3oMggmse 3gAeols dog® ogm  dgdmmsgsbg-

daeoo [1] o 208mygbgdyero Imdwggbm 3gangggddo [9, 11, 12, 13]. dop@sd dmgaools aog-
O3Mos  Jmbes,  Imog@glo, bsdgoobm  @ospbmbBogsdo —  dgdmbgggoby, @m@e

©0036mbol s@Lol 3Jmbg Y  gemswo (Yg0ao0) k93ds@o@o Fgodmgds 0gml gmggmage@o

Lod3@mdol s@Lol dJmbg  X; (1=1,n) Idmdmols 20099y ([2] ggobobdsg@osbo ob-gang-

d96@0) o slggg 03 gdmbggzgabyi, OMES (geregdo dAS35bodbos s oMS dobs@yano
([2, 3] = gobbmgswgdymo bdsy@osbo ob-gergdgb@o, [4] - bdsy@osbo MAX-ga0g396@0).

sbgmds Joamdsd oo dggagdo aodmomm bmy Lgg@mTo. dspsmomse, 03539
b5dgo30bem  ©osabmbBogol  Godaagddo dg-[5] s 8g-[6] bsTOMIgdol  S3B™M@gdds
bgaosbogno  go@dgmomgos dolgl Internist LsgJL3g@m@dem  LobEgdsl Imwg@mbobgdyao
b509Lg@0  Jlgemols Loboo bdoyg@osbo «sb» dmpganol  godmygbgdom. 3g-[7] bsde™Ido
53B™@9d0  J0do@moggh  odogg  Godol  dmpgeo®gdsls  godmygegdoms  aodmgangbols
(0909JB00gdol) 3Omdargdolbomgols Lolbol gowslbdol @M. dsm dsogly®d  Juganls
16 3356d0 oJgl. glgbos: 10 gemobogg®o ob domemaoyg®o Lodd@mdo s 6 Jmbsgnmobg-
0 oOMYoo.

mgodeol (3g3530@ol) 3Omdgagdoms ©oogbmlbRogol godaagddo [10] o0ygbgdl
b50gby@  Jlganl 73 33obdom (doom dm@ols 66 3356do @godgols mgolgdoms gls ey ol
dobslioomgdgeos, boem ©sbs®hgbo 7 - ©ospbmlEosa®o). bligbgdygen Jlgendo 27 3o-
OMd000 sgdsmmbol Lbodyggmogg 73-ob Fo®dmwygbognos «bdoyg@osbo sb» dmganom.

CPCS (Computer-based Patient Case Simulation system) Lol@gds, Gmdgeno Internist
LolBgdol gOm-gOmo ImIwggbm aogo@mmgdss, sliggg 0ygbgdl dsogly@ Jlgenl dobopsb
Lbgyangdoms IgoiEobolbomgol ogodgmamdsls s Lod3Gmdgol dm@ol ©sdm owgda-
@ gooms  dmgao@gdbom NOISYy-OR s Noisy-MAX  Hodol d@sgsmombosh  9angdgb@gdby
Pgo@gy@0 (2oMsds350) 3geregools 2sdmygbgdoliols Lod3@mdgdls s ©osabmbgdls
(0oliggbgol) ool [8]. 448 3gobdol ws 908 @ goanols 306mdgddo slgmo Jlgeols Jo@m-
500 d>Edsmmbdoms bMomgdols LYo bogdgbols dolowgdoe Logdo®obos dbmerme 8
254 sgodsmmds 133 931 430 sgodommdbols bozgensw.
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sd@0yo, d50gLgdo Jlgmobs s dobo g.f. «bdsgg@osbo sb» Jmpgaols ao@s@obs
d90030b0©sb Lowsbwgggm LgJLEmm@do dgbodsdolbo 3@mdagdgdols dmwgmomgdolsmgols,
degangdgemo 5@ >@ol 0bGg®gll.
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SUMMARY

BAYESIAN NETWORK FOR EVALUATION OF THE INSURANCE COMPANY LOSSES BASED ON
THE "NOISY-OR” MODEL

Prangishvili A.l. and Namicheishvili N.O.

Georgian Technical University

Noisy-OR is a special case of the specification of the the conditional probability table (CPT) in the Bayesian
network, where the number of parameters is linear on the number of parents of a node. The idea is that each
parent is capable to execute its influence on the node independently of other parents, whereby the individual
effects are then summarized with the Boolean function OR. In this paper, the assessment of the insurance
company loss is being studied, based on the noisy-OR model. The central component in a model-based decision
support system is the noisy-OR gate. A loss estimation model specifies dependence relations between the loss
and a set of characteristics, including a fraudulent claim, control and selection. The model calculates the
probability of loss based on the given information about the control errors, selection errors of the object
investment (selective errors) and fraudulent claims of the customer. In principle, the model can include any
number of variables and have any graphical structure of the noisy-OR gate. Experience has shown that even the
model with relatively few indicators and a simple structure can o perate with impressive accuracy. The model is
constructed from expert experience and domain knowledge, or historical data, or a combination of the sources.
The typical process of development of a loss model consists of the following sequence of steps: Data collection
and preparation; Network structure specification; Specification of expert knowledge and parameter estimation;
Model evaluation; Consistency test of expert judgement with numeric analysis of a task. Generally speaking, the
loss model can have any acyclic directed graph structure. The simple structure of the noisy-OR gate, however, is
the most admissible structure of the insurance loss model, and this paper shows that this type of a model is well-
suited for loss prediction.

Keywords: loss, insurance loss, Bayesian networks, noisy-OR gate model, insurance, fraudulent claim,
conditional probability, expert judgment.
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bIRTITIRHIRdGSR0O 3(IRTOL S3Id0L FILOIRNIBR(M3Id0 3ILIGDHI

Bogye00dg L.o., Fogamondo a.%., sSbsbodg o.3., dmgHsmsBgommo 0.0.

Lodotmnggaeml &9dbos9600 96ogg@Lodagdo
1. Yglogoamo

dgbg@gdo [1] ©ogzo3d0@gdaos bbgowsolbgs g9mdgd@oyge 5dm3ebgdbmsb, olggy
Omam®O3 domgdsBogol Lbgs dodo@mnygagdbgdmsb, dsgsmomsw, Gogbgms mgm@osls ©s
30330653MM035b;sb. sdobmsb, dglg®gdols dmsgoo godmygbgds [dobps domgds@ogzy®o
©560dbyyangdols gods Lbgs ULoobgob@m Lsgombgdol goak@olisl, gl o®ol s@bols
30950l s My sios-gmeo®gdol Lol gdgool dgdyndeggds aoyglols Godol bsgm-
396045300 5Obgbobomgol. gmegdols dgdydoggds o3 3OMdem gdolomgol gdgogoegb@ydos
LbggOgmo  dgRu9ngol 3Omdmgdobs: syEomgdgeos 3gdmbogls bogggmglem  Lygdyao
J9BYmgs oo MomEgbmdols yobbmdoagbgdolsmgols oms mgm@oygmse  godmgoys-
oo Loobgm®dszom  godBomgbodosbmds  L3g@@omydem  gbmyogmo  s®bgbdo-
Lomgol, Lowsi bgdmddgogdsl sbegbl aoglol mgm@o  bldsydo. bggdgmo dgugmggdo
dgpodgdom  J3o0g  Oomegbmbols  2sbbmdoangdolomgols  Sbggg  godmygbgdymos
305JBogummo  Mgomobgdoo  Logbsaad-jgmoagdo  3mblg®gdiogdol  dgdygdsggdolsl.
beopowse, dglgdgoo dgodangds aodmygbgdygemo 0dbsl N-as6bmdoengdosbo Igiamdgdols
do40b@OMEgdgeo jmegbol spgool 3OmEglido s @mam®E sligm gmegdo, dglg@gdo
‘dgodgrgds sbggg Foddmagbogo odbols Fo®dmdJdbgaro s dgddm§dgdgaro ds@d@oigools
dgdggmdom.  obggg  dglodangdganos  Iglg@gdolbomgol  g839]@du®0  ©ggm©odmgdols
sgam@omdgdols dgdygdoggos. 0dol gomgoaolifobgdom, @md ylowgbm Jlgagdo FOxRogo
LolBgdgdos s bdsy®o dgodangds gobboameygao ogml Gmyme G aogbols mgmeo bdsydo,
dglgMgdo  dgodangds  aodmygbgdygemo  0dbol  o@boli  2od@s®ybs®osbmdbol, o6 olgmo
LohJoggdol  dobow(ggoe, Gmdamgdoz  dognbg  sbegpmbes  gobbogngemo  s@bols
359BoO9b5@056MdSLmsb.

Logbogog@o  LobEgdgools  (3mblEgesiogdol)  3geggel, @Omdgmmss  ofgm
S 9d@ Yo 0golgdgdo, goshbos Logdome boba®danogo olGm@os. M@ aobbmdogngdosb
Loabosgrms  3mbl@gesogdols dspomomgdos Boby®o dJnwyamsigos [2], aogbol dmgao
@oibggdo  [34],  gobgbdBgobol  dmgawo  @oibggdo  [S]. Sbgmo  3mblGgmszogoo
Foddmpagboan  0bs  @oms  oggdygmo  gmxgomoym  FOg030  ob  xayguco  gowogdo
3033g0gJly@o  Goigbggdol VgdEggee  o@Rsdg@by. aoglbol s gobgbd@gobol dmgano
0033900  (o@dmoeagbgb  3mI3agJlby®  @oibggdl,  Omdgams  @gomyg@o  ©o
Jo®dmbobgomo  bofogro  dmgano  @oibggdos.  dgbsdodolop, d@sgogro  (3bmdogno
300090l s ©g3MmEoMgdols sepamdomdo 0dbs dobswoggdgmo oligm  oeasdg@ by
03909 3mEgdbg  [3-5].  @mam@iE bohggbo  oym  [6]-do  d@ogegr  mbosbo
3Mo®gdolomgols  d@sgoen  gobbmdoangdosh  Lopbsgrms  3mblEgaers3zogdl  goshbosm
930053 gbmdgdo @  gobbmdoggbosh  Lopabsgms  mblFgams30gdmsb  dgos@mgdom.
‘dgbododobo, hggb dogd dgdydoggdymos sbogno gmeodgdbymo Loabsgygdo 3mblidg-
5309008 og9d0l, 3mEoM ool s WyzMEoMgdol dgmmwgdo ®monb  obbmdoagbosh
eoxdozol Jmger @oibggobyg [7]1 Lbgs gmwydo gmblEeg]cogdo eoxdozols dmgen
M03bggdby dmEgdgeos Jogsmomsw [8]-do.

J398mm bobggbgdo 0dbgds, @md gbgdgdols Fo®dmdJdbgaro do@@®oigdol do®Eogo
300935303900  2oM©sJdbgdol  Lodygsmgdom, gobgbdBgobol, aoglol ©s @oxdoiols
dogao Goibggdo gdgogo@gb@g®o Loboom dgodangds [o®dmwygbogmo 0dbsl, Gmyma s
‘Ygbodsdobo gbgMgdo. s3ygoMo, sbigm LEAOYIHMgddg spgogeo bgendgdesdoy@swo
3M©gd03 dgodangds aobbogoyeo 0bsl, Gmam@i dgbgmgdbyg spgdyeo gmegdo, Go53
hggboli ob@om dmdsgoendo dmagi9dl 0dols LoDy gdsl, Goms dggodydogmm sligmo
30930l 52960l, 3ME0Mgd0l s WYMPoMgdols 9RgJB YO0 3OME Y gdo.
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2. A2 33LgMo > mMydbbmBoangdosbo (2D) gobgbdggobols dmgmo Goibggdo.
N-256%mdoangdosbo A,  dgbg@gdol Lod@sgmyg gobolsobwgmgds n+1 3obbmdo-
a9domn dgdpgao godmbsbyangdom [1]
A ={[xpxqcc0x,] € T | x4 x, +-+x, =0},
Omdgebsi doggogodn N Xn+ 1 (omdnddbge dsi@ogsbomsb (hggh goggbgom
39JBM®-bA®0Jmbgdl)

-1 1 0 0 - 0
o -1 10 - 0
G, = 0
0 0 —1 1
09 235J3b Az, g.0. 3gdlsgmbognygdo Igbg@o, hggb Jogowgdm
G. = [—1 1 0 ] '
- 0 -1 1
>dgsb,  @53-ddow@ols  3OmEgEY®ol  godmygbgdom, @mIgmoi  dggbsdsdgds
3OMOE0bsE o0l (3geomgdsl, 2X 2 Dmdgdol  (o@mdmdgbgemo  ds@d@ois  Jggdm

Lod39mbgool go@dom dgodargds 0dbsls domgdoeo. sdobsmgols hggb dmgombmgon:
[bi] :[—1 1 III] :[bn 0 i||:b;.i|
b, 0 -1 1 byy byl Lbyl
bogo(s
Bl =Bl v,
(Lobdobobm  ggdBm@gdol Loa®dg o6 o@Egmgds, Jbmemme domo s@fg@s s@ob
Fomdmea gboano asblbgoggoya dsboli'do).
hggb agod3L:
bi=by=[-1 1 0 by=1

b

boosbs gowgdm

by = by (b)) /IIbYI=[0 -1 1]-[-1 1 0] /2=-1/2

©o

by =b,—b,bi=[0 -1 1]-(—-1/2)[-1 1 o]l=[-1/2 —-1/2 1],
bowog B IIF=3/2 . 5906, Loby@ggano Lsdsbobem  g9Jm@ols dolowgdsw, hggb
demgombemgm

_
B2 _ [z _vs

27 B2 Nz 2z
r
b, =

rs

b

N
b= f[-1/2 —1/2 1]=[-1/V3 —1/V3 2/V3]
by © 43

bodm@mm xoddo hggb gowgdm godmbsbyegdsls
o 4=l wallbos s ol
0 -1 i7" l-1/2 V32l [-1/V3 —1N3 2/43

5Jgob dmmbmgbogo gm@dol 2 X 2 (o@dmdfdbgao do@@ogs Az Iglg@olomgols
doowgdls dgdwgy Lobgl

z _[ 1 0 ]
2 l-1/2 V32
> lob0dbsgos, MM gobgbdBgobols dmgano Goibggdo aobolisbmg@gds Gmama3

E=35, +ws,,
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boo By F2 €L o w = (—1+jV3)/2= e/

w=j=el™? 9bs ogml s@hg@o). gl go Lbgs s@oxg@os, 09 s 3mddmgJly@o
(4)0(313336013 Loboow Az dgbg@ols 35@383663601} ho{gdo, ob%

V3
= [ A== 3*][ 1/2 1.,.-"_,:‘2] [31 292 3 32]
‘dgodangds 0b@gA3GgB0MgoYo 0gml, Geym@3

Ayt jA, = (31—%3:)4-}'[‘;—? 3:) =3 -I-(——-I-_}ﬂ)::r,. =3, tws, .

3. 4y 39bgPo @s mobysbbmdogngdosbo (4D) @ogdozol dmgmo @Goibggdo.
dgbg®gdo aobolisbmg®gds Voﬁ)amajHBdg\no do@®ozom, bemdgdom 5 x 4 Nl
1 0 0 0
o0 -1.1 0 0

o 0 -1 1 0
0 0 0 -1 1
odgob,  ®53-ddow@oll  3OmEgEg®ol  asdmygbgdom, @mIgaoi  dggbsdsdgds

3OMOEobs@gdols  (3gamomgdsls, 43X 4 Dbmdgdol  FomImdgbgemo  do@d@ozs  Jagdm
bodgmbgool ge®doon dgodangds 0dbsl dJowgdgano. hggb gg53l
by, =1,
bi=b,=[-1 1 0 0 0] |,
39degy jomgeoo, -
b,y = b (BY)T/IIBYII=[0 —1 1 0 o]-[-1 1 0 o0 0]"/2
——1f3,
by =b; — by by
=0 -1 1 0 0ol—-(-1/2)F1 1 0o o0 o]

(po9Lol dmgano @obggdbobomgols,

=[-1/2 -1/2 1 0 0],
by =|Ib”ll /Mb,1I7 = /3/4=+3/2,

b bn’n’
- bm.

=2//3[-1/2 —-1/2 1 0 0]
=[-1/V3 —1/V3 2/43 0 o].

s>dols dgdwgey gomgom

31 = by [bfij_fllbfill _
=0 0 -1 1 o0]-[-1 1 0 o0 0]'/2
=|:|’
bsy = by (by)7/IIbsl -
=0 0 -1 1 ol-[-1/V3 —1/V3 2//3 0 o] /2
=—1/v/3,
by = by — byy by — by, b}
=0 0 -1 1 0]l—(—1/N3)[-1N3 —-1/V3 243 0 o]
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SUMMARY

THE POSSIBILITY OF CONSTRUCTION OF ERROR-CONTROL CODES OVER LATTICES
Shavgulidze S.A., Tsiklauri G.Z., Asanidze A.V. and Mtvralashvili T.I.

Georgian Technical University

The paper deals with the possibility of construction of lattice channel codes. We showed that the known channel
coding constructions based on Gaussian, Eisenstein and Lipschitz integers can be viewed from the standpoint of
lattice codes. This result will allow developing new efficient encoding-decoding procedures for such
constrictions.

Keywords: coding, signal constellations, Gaussian, Eisenstein and Lipschitz integers.
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U3MEHEHUE CBOMCTBA D-ONITUMAJIBHOCTH JIBYXKOMIIOHEHTHOI'O
CUMILTEKCHOT'O IILTAHA TEPBOTI'O NOPSIIKA ITPH HAJTIO)KEHAH
OT/IMYAIOIUXCSA IIOI'PEHTHOCTEU

Bouopunse E.B., bepast H.O., I'Bapamus E.T'.
I'py3unckuii TeXHMYECKUH YHUBEPCUTET

M3menenneM mponopiinii (OTHOCHTETBHBIX COMEP)KaHUN) OTICIHHBIX KOMIIOHEHTOB CMECCH,
M3 KOTOPBIX COCTOUT OOJNBITMHCTBO OKPYKAIONIMNX HAC B MPUPOJE U TEXHUKE BEIIECTB, MOXKHO IPH-
JIaTh UM >KeJlaeMbIC CBOMCTRA.

[InanupoBaHue SKCIEPUMEHTA MTO3BOJISIET CTPOUTH CTPATETHIO UCCIICIOBAHUS, OCHOBAHHYIO Ha
MOCJIEIOBATEIBbHOCTA UYETKHUX, JIOTUYECKH OCMBICICHHBIX OIEpalui, HCKII0YaeT MOCTAHOBKY
6OHBIHOI‘O KOJIMYECTBA JIMIIHUX OIIBITOB, U TEM CaMbIM 3HAYUTCJIHLHO COKpalmlaCT CPOKHU PCHICHUA
3aJa4u.

OnHo W3 HampaBJeHHUH, B KOTOPOM IJIAaHUPOBAHUE SKCICPUMEHTA PA3BUBACTCS IPUMEHU-
TEIbHO K 3aJadaM CO CMECSIMH, 3aKJI0YaeTcs B M3YUYEHUH JUarpaMM COCTaB-CBOMCTBO M COCTaB-
COCTOSTHHE.

st 5TOTO HampaBIICHUS XapaKTEPHO MOJTHOE OMHCAHHE CUCTEMEI, PU KOTOPOM MPUXOIUTCS
YUUTBIBATH YCJIIOBUC HOPMUPOBAHHOCTU CYMMBI HE3aBUCHUMBIX IIEPEMEHHLIX

Xi X+ +Xg=1, x>0 (1=1,2,...,q). (1)

[Ipu mMaTemaTHYeCKOM OMUCAHUM CBOWCTB JBYXKOMIIOHEHTHBIX cMecel paboTaloT OOBIYHO B
CUMITJICKCHOH cucTeMe KoopiauHat [1]. BceM BO3MOXKHBIM KOMOHWHAIIUSM TPOTIOPIMIA JBYX HC-
CJIeTyeMbIX KOMIIOHEHTOB COOTBETCTBYIOT TOYKH, PacIHOJIOKEHHBIE Ha KOHIAX W BHYTPH KOHIIEHT-
PalMOHHOTO OTPE3KAa, T.€. TOYKH, YAOBICTBOPSIOIINE YCIOBHIO

x1+x2=1 XiZO (i:]., 2) (2)

C y4ueTOM CHeI_H/I(i)I/IKI/I CHMIIJICKCHOM CHCTEMBI KOOpAWHAT CBOICTBa ABYXKOMIIOHCHTHBIX
CMeCeH OIUCHIBAIOT MNPUBCACHHBIMU MMOJIMHOMAaMHU nepBoﬁ CTCIICHU

)7 = ﬂ1X1 + ﬂz X, (3)

s oneHKkHn K03(h(GHUIHUEHTOB 3TOT0 YPaBHEHUS! PETPECCHM PEaU3yIOTCS JBa OIBITA B BEp-
IIMHAX OTpe3Ka.

Peanuzanus mo0BIX TJIAHOB SKCIIEPUMEHTa TpeOyeT TOYHOM yCTaHOBKM ypOBHEH Hccienye-
MBIX (PaKTOpOB (KOMIIOHEHTOB). Y CTaHOBKA K€ NMPOU3BOAUTCS ¢ NPUMEHEHUEM CPEACTB M3MEPEHHH,
KOTOpBIE, KaK H3BECTHO, XapaKTEpU3YIOTCS ONPEAEICHHBIMU MOrpemHOCTIMUA. COOTBETCTBEHHO
M3MEHSETCSl Kak IUIaH »JKCIEPUMEHTa, MaTpula IUIAaHUPOBAaHWSA, TaK M HHPOpManUOHHAs U
KOBapHallMOHHAS! MaTPHULBI, a, COOTBETCTBEHHO, U CBOWCTBA IUIAHOB, CBSI3aHHBIEC, B CBOEM OOJIBIINH-
CTBE, KaK pa3 co CTpOCHHEM 3TuX MaTpull. Tak, Hanpumep, D-onTuManbHOCTE, 0 KOTOPOH UAET peyb B
3TOH paboTe, CBA3aHA C MUHUMAJILHBIM 3HAYCHUEM ONPEEINTEIS KOBAPUALIMOHHON MaTpUIIbL.

B mpoBomumbIx paHee mcciiegoBaHHMAX [2] ObUIM pacCMOTPEHBI CIy4ad, KOTZa HMpPOHM3BOAM-
Jach MMHTALMs IOTPEHIHOCTEH MyTeM HAaJOXKEeHUS Ha KOOPAMHATHI Hele(OpMHUPOBAHHOTO IUIaHA
ClIydailHBIM 00pa3oM CTeHEpHUPOBAHHBIX MOTPELIHOCTEH OAMHAKOBBIX MO BenuuuHe. OJHAKO B pe-
AIBHOCTU NPUOOPHI, KOTOPHIMH OTMEPSIOTCA OTHAENbHBIE KOMIIOHEHTBI CMECEH, MOTyT HMEThb pa3-
JMYHBIE, OTIMYAroIuecs APYr OT Apyra norpemHocTd. IloaTomy umMeeT cMmbIci 00paTHTh 0coboe
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BHUMAaHHUE Ha CUTYallUH, KOI'Zla HA KOMIIOHEHTHI IUIAHOB HAKJIAIbIBAIOTCS] OTHOBPEMEHHO Pa3/Ind-HbIe
10 BEJINYMHE MOTPELIOCTH.

Tak, B Ta0. 1 mpencTaBieHbl MUHUMATbHBIE M MaKCHMalbHBIC 3HAYCHHUSI, MTOMYUYCHHBIE MPH
WCCIIeIOBAaHNH BIUSHUS XapakTepHbIx nmorpemnoctei (ot 0,01 go 0,09%) u3mMepuTenbHBIX CPEACTB Ha
Kputepuid D-oNTHMaIbHOCTH IBYXKOMIIOHEHTHBIX CHMIUIEKCHBIX IUIAHOB MEPBOrO MOPSIKA, a TaKKe
cpeaHee apuMETHYECKOE TMONYYCHHBIX 3HAUEHWH — CpenHssl JMHHUS KOpHIOpa U CpeaHee
KBaJpaTHYECKOE OTKIIOHECHHE.

Kak Buaum, mpu BceX (PUKCHPOBAHHBIX 3HAUCHHAX TIEPBOH M3 MOTPEIIHOCTEH yXyIIIeHUE
cBoiicTBa D-onmTHMManibHOCTH paccMaTpyBaeMOro CHUMIDICKCHOTO IIaHa IMPH H3MEHEHWH BTOPOH
norpemHoctd B aunanasoHax 0,01-0,09% cocrasnser Bcero 0,13%. B memom e, mpu n3MeHEeHUH
ob0enx morpemnocteir or 0,01 o 0,09% yxyamenue cBoiicTBa paccMaTpHUBAEMOT0 KPHUTEPHUS
ontuMaabHOCTH coctaBigeT 0,24%.

AHAIIOTUYHBIE HMCCIEAOBAHHUSA OBUIM TMONYYECHBI W JUIS APYTOH TPYIIbl XapaKTEPHBIX IIOT-

pelIHoCTeH, pacnoaratonuxcs B auanaszone ot 0,1 10 0,9%. Pesynbrarsl cBeneHb! B Ta0. 2.

Ta6auna 1. Bausinue morpemrnocreii B auanasone 0,01-0,09% na cBoiicTBo D-onTuManbHoCTH
ABYXKOMIIOHEHTHOT0 CUMILIEKCHOT'O MJIAHA MEPBOT0 MOPSAKA

Eorp emHOCT“’If min max cp. apudm. CKO
1 2
0.01 1.00001354 | 1.00067836 | 1.00029648 | 0.00014417
0.03 1.00000275 | 1.00164202 | 1.00062189 | 0.00038238
0.01 0.05 1.00012270 | 1.00257693 | 1.00088283 | 0.00052645
0.07 1.00013076 | 1.00386733 | 1.00128651 | 0.00087862
0.09 1.00015130 | 1.00455991 | 1.00157149 | 0.00101946
0.01 1.00002135 | 1.00131553 | 1.00058298 | 0.00031748
0.03 1.00000726 | 1.00220752 | 1.00092740 | 0.00050302
0.03 0.05 1.00018977 | 1.00296413 | 1.00120682 | 0.00059152
0.07 1.00022255 | 1.00417768 | 1.00155071 | 0.00091719
0.09 1.00024873 | 1.00536898 | 1.00186338 | 0.00105947
0.01 1.00002915 | 1.00218608 | 1.00086966 | 0.00051370
0.03 1.00001177 | 1.00290446 | 1.00123312 | 0.00068543
0.05 0.05 1.00024866 | 1.00335156 | 1.00153107 | 0.00075088
0.07 1.00026993 | 1.00448817 | 1.00181508 | 0.00099713
0.09 1.00030697 | 1.00620851 | 1.00215545 | 0.00113389
0.01 1.00003696 | 1.00305777 | 1.00115652 | 0.00071436
0.03 1.00001629 | 1.00372295 | 1.00153907 | 0.00089273
0.07 0.05 1.00030755 | 1.00412558 | 1.00185558 | 0.00095890
0.07 1.00028069 | 1.00504319 | 1.00207961 | 0.00110964
0.09 1.00036522 | 1.00704909 | 1.00244771 | 0.00123663
0.01 1.00004476 | 1.00393060 | 1.00144357 | 0.00091669
0.03 1.00002080 | 1.00470876 | 1.00184524 | 0.00111125
0.09 0.05 1.00036645 | 1.00515201 | 1.00218036 | 0.00119057
0.07 1.00029145 | 1.00567748 | 1.00234431 | 0.00124603
0.09 1.00042347 | 1.00789073 | 1.00274016 | 0.00136138
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Ta6auna 2. Bausinue morpemnocreii B ananasone 0,1-0,9% na cBoiictBo D-onTuManabHOCTH
JABYXKOMIIOHEHTHOT0 CUMILIEKCHOI0 IJIAHA NMEePBOro NopsiaKa

(1)
Tlorpeurtiocri, % min max cp. apudm. CKO
ki ke
0.1 1.00013547 1.00681483 1.00297220 0.00144778
0.3 1.00002747 1.01660402 1.00625505 0.00386410
0.1 0.5 1.00122800 1.02622447 1.00890007 0.00534672
0.7 1.00130875 1.03970615 1.01303071 0.00899079
0.9 1.00151453 1.04704091 1.01595490 0.01047072
1 1.00021353 1.01327310 1.00585963 0.00320090
2 1.00007261 1.02240851 1.00934958 0.00510298
2 3 1.00190014 1.03024487 1.01219114 0.00602309
4 1.00222891 1.04298428 1.01572893 0.00940992
5 1.00249152 1.05569838 1.01894863 0.01092753
1 1.00029161 1.02218764 1.00876583 0.00520240
2 1.00011776 1.02962385 1.01246679 0.00698683
3 3 1.00249078 1.03428893 1.01550914 0.00767739
4 1.00270431 1.04627794 1.01844440 0.01026033
5 1.00307611 1.06478449 1.02196183 0.01174618
1 1.00036969 1.03122033 1.01169098 0.00726748
2 1.00016291 1.03818590 1.01560695 0.00914745
4 3 1.00308195 1.04243298 1.01885444 0.00985853
4 1.00281227 1.05220070 1.02117730 0.01145883
5 1.00366122 1.07398840 1.02499471 0.01286949
1 1.00044778 1.04037329 1.01463528 0.00936854
2 1.00020807 1.04862650 1.01877034 0.01144784
5 3 1.00367363 1.05336723 1.02222743 0.01231484
4 1.00292024 1.05902498 1.02392782 0.01292027
5 1.00424684 1.08331217 1.02804747 0.01423643

CornacHo aHanu3y AAaHHBIX BBILICTIPUBEICHHOW TaOMHLbI, NPH (UKCUPOBAHHOM 3HAYECHUH
0,1% mepBoil M3 morpemHocTell yxyaiieHue cBoicTBa D-onTHManbHOCTH paccMaTpHUBaeMOro CHM-
IUIEKCHOTO IUIaHa MEepPBOro MOpPsIKa NP M3MEHEHHHM BTOPOHM morpemHoctd B auanazoHe 0,1-0,9%
cocrasisieT 1,29%, npu 3nauenun 0,3% — 1,30%, npu ¢uxcupoBaHHbix 3HaueHusax 0,5 u 0,7% mnep-
BOH M3 MOrpelIHOCTEN yXyIIIeHHe IpU U3MEHEeHHH BTopoil norpemuocty ot 0,1 1o 0,9% cocrasnser
1,31%. Ipu k;=0,9% cBoiictBa miana yxyamaercs Ha 1,31%. M3MeHeHHe 00eHX MOrpeHIHOCTEH B
muanaszone 0,1-0,9% npuBoaut k yxymieHuro cBoiicTBa D-ontumanbHocTH yke Ha 2,50%.

B Tab. 3 mpesacramieHbl NAaHHBIC, MMOJyYEHHBIC JJISI TPEThEH W3 PaccMaTpUBAEMBIX TPYIIT
norpenrHocTel, m3Mensromuxcst ot 1% mo 5%. AHann3 gaHHBIX MOKa3al, YTO MpU (PUKCHUPOBAHHOM
3HaueHnu (1%) mepBoW M3 MOTPENIHOCTeW yXyIIIeHWe CBOMCTBA IUIaHA TPU W3MEHEHHH BTOPOI
norpenrHoctTy B uHrepsaie 1-5% cocrasnsier 7,10%. [Ipu GpukcupoBaHHOM 3HAa4YeHWH, paBHOM 2% B
TOM K€ MHTEpBaJie M3MEHEHUsI BTOPON morperrHocTH — 7.19%. [lns 3HadeHnii epBoil MOrpenrHoCcTH
3, 4 u 5% yxynuenue cocraisger 7,28; 7,38 u 7,48% COOTBETCTBEHHO. A yBelIMUYEHHE O0EHUX
norpemHocTelt ¢ 1% mo 5% mpuBOAWT K YXyAIIeHWIO cBoiictBa D-omrmmanbHOCTH IS pac-
CMaTpHBaEMBIX IBYXKOMITOHEHTHBIX IIJIAHOB IIEPBOTO MOpsiiKa yxke Ha 14,23%.
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Tab6auna 3. Bausinne norpemnocreii B 1nana3one 1-5% Ha cBoiicTBo D-onTumManbHoCTH
JABYXKOMIIOHEHTHOT'0 CUMILIEKCHOTO IJIAHA NMEePBOro NopsiaKa

o
li(l)rpemHOCTn,kf min max cp. apudpm. CKO
1 1.00135600 1.07141251 1.03047674 0.01510511
2 1.00025844 1.12758883 1.04878863 0.02926968
1 3 1.00909137 1.18408588 1.06302047 0.03583054
4 1.01000763 1.27240076 1.08631665 0.05937556
5 1.01198202 1.33547449 1.10367514 0.06870021
1 1.00174712 1.09825156 1.04585458 0.02402764
2 1.00048427 1.16486121 1.06571181 0.03736077
2 3 1.01208174 1.20932371 1.08125077 0.04173808
4 1.01397306 1.29483116 1.10164852 0.06341195
5 1.01495185 1.40209177 1.12106913 0.07374173
1 1.00213847 1.14561466 1.06175797 0.03482439
2 1.00071019 1.20976144 1.08329968 0.04860941
3 3 1.01508542 1.23537711 1.10028394 0.05242438
4 1.01568080 1.31785995 1.11751186 0.06983314
5 1.01793476 1.47382085 1.13908624 0.08101324
1 1.00253006 1.20076223 1.07821585 0.04669164
2 1.00093618 1.25730866 1.10159632 0.06197022
4 3 1.01810249 1.28648126 1.12018123 0.06651950
4 1.01623128 1.36331005 1.13393800 0.07844594
5 1.02093084 1.55119845 1.15776492 0.09040721
1 1.00292187 1.25998984 1.09525946 0.05943436
2 1.00116224 1.32701886 1.12065010 0.07698448
5 3 1.02113304 1.36330108 1.14101084 0.08319553
4 1.01678220 1.41480443 1.15096100 0.08901944
5 1.02394017 1.63483359 1.17714721 0.10179276

Ha ocHoBaHMM TpPOBENEHHBIX HCCIEAOBAHUHA JKCIIEPUMEHTATOPY INpeaocTaBieHa HHHOp-
Malys O CTENEeHM YXyALIeHus! cBoiicrBa D-onTuManbHOCTH B 3aBUCHMMOCTH OT BEIMYHMHBI MOTPEI-
HOCTH CPEICTB M3MEPEHHA. DTO IMOMOXKET €My, UCXOIs U3 TpeOyeMoil TOUYHOCTH OLEHKH Kod(du-
[UCHTOB YPaBHEHUS PETPECCHH, MPABHIBHO MOJOMPATh TOYHOCTH (IOTPEITHOCTH) CPENCTB H3MEpe-
HUSI, IPUMEHSEMBIX Ul YCTAaHOBKM YPOBHEH (hakTOpPOB (KOMIIOHEHTOB).
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SUMMARY

CHANGES IN THE D-OPTIMALITY PROPERTY OF THE FIRST-ORDER TWO-COMPONENT
SIMPLEX DESIGN WITH IMPOSITION OF DIFFERENT ERRORS

Bochoridze E.V., Beraia N.O. and Gvaramia E.G.

Georgian Technical University

As is well known, for realization of the experimental design under real conditions, they measure the components of
the mixture by using the measuring devices having different measurement accuracy. As it is impossible to observe
the exact proportions according the design, we performed the simulation of imposition of different errors on the
coordinates of the nondeformed first- and second-order simplex designs with two variables. For this purpose, the
developed software was used. Based on the obtained results, the experimenter acquires the information about the
degree of deterioration of the D-optimality property depending on the measuring device error.

Keywords: simplex design, D-optimality, measurement error, measuring device.
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OINIPEAEJIEHUE HAJIMYNS PABBPOCOB U BBIBPOCOB I1PU
MEXKJIABOPATOPHBIX CIMMEHUAX C IIOMOIIBIO KPUTEPUSA 'PABBCA

Kaposaun U.b., bepas H.O., Toxanze JL.III.

I'py3unckuii TeXHMYECKUH YHUBEPCUTET

[IpoBepka maboparopuii Ha KadyecTBO MPOBEIACHHUS HCIBITAHHN IOCPEACTBOM MeEKIadopa-
TOPHBIX CIMYCHUH MPHUMEHSETCS IJIsl ONpeleNieHHs KauecTBa BBITIONHEHHUsI OTACIbHBIMU Ja0o-
paTopusiMM ONPENENICHHBIX MCHBITAHUN WM W3MEPEHUH, U JJIsI MOHUTOpPUHTA JajbHEeHIIen mes-
TEIBHOCTH J1Ta0OpaTOpUi.

Me:xnabopaTopHbIe CIMYEHHs] — ATO OpPraHW3alHs, MPOBEICHNE M OIEHKA HCIBITAHUN WIIH
M3MEpEeHNH Ha MICHTUYHBIX WM MOJOOHBIX HCIBITATENBHBIX 00paslax AByMs WM Oojee iabopa-
TOPUSMHU B COOTBETCTBUH C 3apaHee yCTaHOBJIEHHBIMU YCJIOBHUAMU. [IpoBepka Ha KadyecTBO NpoBe-
JICHUS UCTIBITAHUHN — OTpeielieHHue CIIOCOOHOCTH JTa00paTOPHH MPOBOIUTE HCITBITAHUS TIOCPEICT-BOM
MEXJIA00PATOPHBIX CIIMYCHUN.

CornacHo ctarmapty MCO 5725 ogHUM W3 YHCIOBBIX METOJIOB IJISl TIPOBEPKH J1a00pATOPHIA
Ha Ka4eCTBO MPOBEIICHUS MCIILITAHUH SByIsIeTCs Kputepuii ['padOca [1].

[Tpu momomm xputepust ['pab0ca mpoBepsieTcsi Ha KKIOM YPOBHE pa3lelbHO SBISIETCS JIH
BBIOPOCOM HAWOOJBIINI WM HAMMEHBIIUI pe3yabTaT U3MEpeHUs (MCIBITaHHUs) — HAHOOJbIlee MU
HaMMEHbBIIIEe cpeaHee apupMeTHIeCKOe 3HAUYEHHE Pe3y/bTaTOB HaOMI0JeHui B i-Toit mabopatopuun
CpeIu pe3yNIbTaTOB M3MEpPEHHH (CpeqHIX apu(hMETHIECKHX) HA TaHHOM ypOBHE.

JInst IpOBEpKU MOXKET JIM OJJMH HAHOOJNBIINI pe3ybTaT U3MEPEHUN Ha j-TOM YpOBHE OBITh
BEIOPOCOM, CIIEeTyeT pacCUUTaTh CTaTUCTUKY [ pabOca

_ :(yjmax_ﬁj) (1)
j max s, '

G

T€ Yjnx — Haubonmblmii pesynbrar u3MepeHuil (Hauboibluee cpennee apudmernyeckoe) us Yy

pe3yJIbTaTOB Ul YPOBHS J;

P
Zl:nij yij

Y, = 'p— — obriee cpeaHee apupMETHISCKOE 3HAUCHHUE PE3Y/IbTATOB M3MEPEHUH (CpeIHUX

apuMeTHIecKnX) BcexX p abopaTopuil;

p 2
= ﬁ_z(y” -y j) - CTaHIApTHOE OTKIOHEHHE pPE3yJbTaTOB HW3MEPEHHUH J1abopaTopHii,
i=1l
YYACTBYIOIIUX B MEKITA00PATOPHBIX CITUUCHHUSIX.
JIyis pOBEpKH Ha BBIOPOC HAUMEHBIIECTO PE3yibTaTa M3MEPEHUH (MCIBITAHUN) PACCUUTHI-
BalOT CTAaTHCTUKY [ pabbca

Sj

(y'min _ﬁ)
Gjmin ==, (2)
S

TA€ Y, — HAaNMCHBILIMH Pe3yNbTaT M3MEPEeHUH (HauMeHblIee cpeiHee apupmernyeckoe) us Y
PEe3yJIbTaTOB JUIsl YPOBHS j.

CpaBHenune paccunrtanubix 3Hauenuii G, u G,

jmex jmin € KPHTHYCCKMMH 3HAYCHUSIMH, [PUBE-

JCHHBIMH B Ta6m/1ue Fpa66ca, MO3BOJIACT CACIATh CICAYIONIUC BbIBOABI:
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1. ecnu 3HAYEHUE CTATUCTHKU MEHbBINE WJIM PaBHO CBOETO 5% KPUTUYECKOTO 3HAYCHHS, Pe-
3yJIBTAT UCTIBITAHUN CIICAYET CUUTATh KOPPEKTHBIM;

2. eclld 3HAY€HHE CTATHCTUKKU OOJble CBOEro 5% KPUTHUYCCKOrO 3HAYCHUS M MCHbBINE HJIH
paBHO cBoeMy 1% KpPUTHYECKOMY 3HAUCHHIO, TO UCCIEIyeMOW MO3WIUK MPHCBAaUBACTCS HAa3BAHHE
pa3bpoca ¥ OHa OTMEYaeTCs OJHOW 3BE3/I0OYKOM;

3. eciam 3HAYCHHE CTATUCTUKHM OoJyblle CBOETO 1% KPUTHYECKOTO 3HAYCHHUS, TO ITO3HIIHH
MPUCBANBAETCS HA3BAHHE CTATHCTUYECKOTO BBIOPOCA M OHA OTMEUACTCS IByMS 3BE3JI0YKAMH.

JlJis IpoBepKU JABYX BBIOPOCOBBIX PE3YJIbTATOB M3MEPEHUH CIEAYET PACCUUTATh CTATUCTHKY
I'pab0Oca

G=s;,,/s; 3)
, & = 2 , P2, _ 2 _ =
rae S, :;(yij - Yj) ) spfl,p =;(yij - yp—l,p) , yp—l,p :j;yij .

3neck cpenHue apu(METHUSCKHUE Ui YPOBHS | PACIONIOKCHBI B TOPSIKE BO3pACTaHHs
Yijr1YpajrYpj ¥ UHACKC P BOBCE HE COOTHOCUTCS C HOMEPOM JIabOPATOPHH.

B kauecTBe anmbTepHATHBBI, YTOOBI MPOBEPHUTH BA HAMMEHBIINX pPE3yJabTaTa HU3MEPEHUS,
He00X0IMMO paccuuTath cratucTuky ['padoea G

G=s.,/s; , (4)

2

2 _ = — 1 &
rae S, =Z(yij - yjl,z) Y2 = 0 2Z‘,yij .
i )

p
i=3

Hcnonb3yst naHHbIe HA OJHOM YPOBHE, ClIeAyeT NMPUMEHUTh kKputepuil ['pabbca k cpeqHHM
3HAYCHUSM sYeeK. B ToM ciydae, ecnu npu JTaHHOM MpOBEpKE OOHAPYKUTCS, YTO CpeHEe 3HAUEHUE
SAYEHKH SIBISIETCS BBIOPOCOM, HEOOXOOMMO MCKIIIOUUTH €0 M IMOBTOPUTH NPOBEPKY HPU APYroM
IKCIEPUMEHTAILHOM CpEeIHEM 3HAYCHUH SUEHKHU (HAmpUMp, eCIM HauOOJIbIlee SBISIETCS BHIOPOCOM,
TO TOT/a CJIEAYET MPOBEPUTHh HAUMEHBIIIEE, a HAUOOJIbIIIEe MMPH STOM HCKITIOYHTH), OJTHAKO HE CIIeyeT
npuUMeHsTh Kputepuid ['pabbca k IByM BBIOPOCOBBIM pe3yibTaTaM H3MepeHui. B Tom ciydae, ecnu
Ipy NPOBEpKE C HUCIONb30BaHMEM Kpurepus ['pabbca He OOHApYXHTCS, YTO CpeJHEe 3HaUCHUE
SYEHKH SBISIETCS BHIOPOCOM, TO HEOOXOAMMO MPHUMEHHTH MPOBEPKY C WCIONB30BAaHHEM KPHTEPHUS
I'pab6ca amst ABYX pe3yIbTaTOB U3MEPEHHUSL.

Hnst BeluMcineHus: craTuCcTHKM ['pab0ca M ee cpaBHEHUS] ¢ KPUTHYECKUMH 3HAYCHUSIMH B
aBTOMATHYECKOM peskuMe B cpeie MatLab Osima paspadorana ciemyromias mporpaMmma:

clear; pp=input ('BBeaute K0J-BO JTabopaTopuii P="); j1=input('BBeauTe KOI-BO ypOBHEil j=');
foru=1:j1 format compact  UR.uroven_nomer=u; disp(UR)

fori=1:pp NOM.lab_nomer=i; disp(NOM)

Y=input ('BBemute pe3ynbrarhl u3Mepenus nad Y='"); if numel(Y)>1 y(i)=mean(Y); st(i)=std(Y);
n1(i)=numel(Y); elseif numel(Y)<=1 y(i)=[0]; st(i)=[0];n1(i)=[0]; end end

grabs2=[0 0; 0 0; 0 0; 0 0.0002; 0.0018 0.0090; 0.0116 0.0349;

0.0308 0.0708; 0.0563 0.1101; 0.0851 0.1492; 0.1150 0.1864; 0.1448 0.2213;
0.1738 0.2537; 0.2016 0.2836; 0.2280 0.3112; 0.2530 0.3367; 0.2767 0.3603;
0.2990 0.3822; 0.3200 0.4025; 0.3398 0.4214; 0.3585 0.4391,; 0.3761 0.4556;
0.3927 0.4711, 0.4085 0.4857; 0.4234 0.4994, 0.4376 0.5123; 0.4510 0.5245;
0.4638 0.5360; 0.4759 0.5470; 0.4875 0.5574; 0.4985 0.5672; 0.5091 0.5766;
0.5192 0.5856; 0.5288 0.5941; 0.5381 0.6023; 0.5469 0.6101; 0.5554 0.6175;

0.5636 0.6247,; 0.5714 0.6316; 0.5789 0.6382; 0.5862 0.6445];
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grabsl=[ 0 0; 0 0; 1.1551.155; 1.496 1.481; 1.764 1.715; 1.9731.887; 2.139
2.020; 2.274 2.126; 2.387 2.215; 2.428 2.290; 2.564 2.355; 2.636 2.412; 2.699 2.462; 2.755
2.507; 2.806 2.549; 2.852 2.585; 2.894 2.620; 2.932 2.651; 2.968 2.681; 3.001 2.709; 3.031 2.733;
3.060 2.758; 3.087 2.781; 3.112 2.802; 3.1352.822; 3.157 2.841; 3.178 2.859; 3.199 2.876;
3.218 2.893; 3.236 2.908; 3.253 2.924; 3.270 2.938; 3.286 2.952; 3.301 2.965; 3.316 2.979;
3.3302.991; 3.3433.003; 3.3563.014; 3.369 3.025; 3.381 3.036];
st100=st; n100=nl; y100=y; ul=find(y<=0);y(ul)=[]; st(ul)=[];
nl(ul)=[]; rl=numel(ul); p=pp-rl; yy=sort(y); a=dot(nl,y)/ sum(nl);
chisl=y-a; znaml1=sqrt((sum(chis1.72))/(p-1)); nn=1;G1=(max(y)-a)/znam1l,
if Gl<=grabsl(p, nn+1) GG1=G1,; elseif G1>grabsl(p,nn) GGl=deal('vibros");
elseif G1~=grabs1(p,nn) & grabsl(p, nn+1) GG1l=deal('razbros’); end
G2=(a-min(y))/znaml; if G2<=grabsl(p, nn+1) GG2=G2;
elseif G2>grabs1(p,nn) GG2=deal('vibros");
elseif G2~=grabs1(p,nn) & grabsl(p, nn+1) GG2=deal('razbros’); end
foril=1:p-2 yyy(il)=sum(yy(1,i1)); end
Yp=(L/(p-2))*sum(yyy) ; Sp=sum((yyy-Yp)."2);
So=sum((y-a)."2); G21=Sp/So; if G21>=grabs2(p, nn+1) GG21=G21,
elseif G21<grabs2(p,nn) GG21=deal(‘vibros’);
elseif G21~=grabs2(p,nn) & grabs2(p, nn+1) GG21=deal('razbros’); end
yy(1,1)=0; yy(1,2)=0; Ypp=(1/(p-2))*sum(yy);vsp=(yy-Ypp)."2;
vsp(1,1)=0; vsp(1,2)=0; Sl=sum(vsp); G22=S1/So;
if G22>=grabs2(p, nn+1) GG22=G22; elseif G22<grabs2(p,nn) GG22=deal('vibros');
elseif G22~=grabs2(p,nn) & grabs2(p, nn+1) GG22=deal('razbros’); end
if u1>0 I=struct('lab_kotorie_ne_prinesli_rezultati',ul); disp(l) end
disp(" xputHueckue 3HaueHus I'pabbcea’)disp(’ I'pab6cl  T'pab6c2')
KK={"1%" grabs1(p,nn) grabs2(p, nn);'5%' grabsl(p, nn+1) grabs2(p, nn+1)};
disp(KK) disp(' pacueTHble 3HaueHus ['pabbca ')
disp(' amox HUMHU — Pe3yJIbTAThl HX CPABHEHUSI C KPUTHUSCKUMHU')
disp(' G1 G2 G21 G22')
GF={ GG1, GG2, GG21, GG22 ; G1, G2, G21, G22}; disp(GF) end
y100(ul)=NaN; [Ym,l2]=nanmax(y100); [Y,I3]=nanmin(y100);
switch(GG1) case{'vibros'} disp(struct(‘vibrosovaia_laboratoria',12))
case{'razbros'} disp(struct(‘'razbrosovaia_laboratoria',12)) end
switch(GG2) case{'vibros'} disp(struct('vibrosovaia_laboratoria',13))
case{'razbros'} disp(struct(‘razbrosovaia_laboratoria',13)) end
y100(I12)=NaN; y100(I13)=NaN; [Ym,l22]=nanmax(y100);
[Y,133]=nanmin(y100); switch(GG21) case{'vibros'}
disp(struct(‘vibrosovaia_laboratoria',122))
case{'razbros'} disp(struct(‘razbrosovaia_laboratoria',122)) end
switch(GG22) case{'vibros'} disp(struct('vibrosovaia_laboratoria’,133))
case{'razbros'} disp(struct('razbrosovaia_laboratoria’,133)) end

Hwuxe mpuBeneH KOHKPETHBINM MPHUMEP HCIIOJIB30BaHUS pa3paOboTaHHOW mporpammebl. [laH-
HBIE JI1 00pabOTKH MPEICTaBICHEI B TAOIHIIE.

Jannble 151 npoBepku no kpurepuio I'padoca

JlaGopatopus 1 yPOBZeHL 3
1 2.5 2.2 5.6 4.8 6.7 7.5
2 2.2 2.3 5.7 4.2 7.6 7.2
3 2.8 2.6 7.2 7.8
4 1.2 0.8 4.6 3.9 7.3 6.9
5 2.6 2.9 3.5 3.7 9.8 8.7
6 2.1 2.7 5.3 4.7 7.1 7.0
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BBEJIUTE KOJI-BO JIabopaTopuii P=6
BBE/IUTE KOJI-BO YpOBHEH j=3
uroven_nomer: 1
lab_nomer: 1 BBeaute pe3ynabraThl n3Mepenus 1ab Y=[2.5 2.2]
lab_nomer: 2 BBeaute pesynbraThl n3Mepenus 1ab Y=[2.2 2.3]
lab_nomer: 3 BBeauTe pe3yabTaThl n3Mepenus 1ab Y=[2.8 2.6]
lab_nomer: 4 BBeaute pe3yabraThl n3Mepenns 1a6 Y=[1.2 0.8]
lab_nomer: 5 BBeaute pesynbraThl n3Mepenus 1ab Y=[2.6 2.9]
lab_nomer: 6 BBeaute pesynbTaThl H3Mepenus 1ab Y=[2.1 2.7]
KpUTHYECKHE 3HaueHus1 [ 'pabbca
I'pab6cl  I'pabbc2
'1%" [1.9730] [0.0116]
'5%" [1.8870] [0.0349]
pacdeTHble 3HadeHHUs1 ['pabbca
a MoJ] HUMHU — PE3YJIbTAaThl X CPABHEHUS C KPUTUICCKUMHU
G11 G12 G21 G22
[0.7944] ‘'razbros' [0.6570] [0.0611]
[0.7944] [1.9405] [0.6570] [0.0611]
razbros_v_laboratorii: 4
uroven_nomer: 2
lab_nomer: 1 BBeauTe pe3ysbpTaThl H3MepeHus 1ad Y=[5.6 4.8]
lab_nomer: 2 BBemute pe3ynbTarhl u3Mepenus 1ad Y=[5.7 4.2]
lab_nomer: 3 BBemute pe3ynbTarsl u3MepeHus ad Y=[0]
lab_nomer: 4 BBemute pe3ynbTarsl H3MepeHus 1ad Y=[4.6 3.9]
lab_nomer: 5 BBemute pesynbrarsl m3Mepenus 1ad Y=[3.5 3.7]
lab_nomer: 6 BBemute pe3ynbTarhl m3MepeHus 1ad Y=[5.3 4.7]
lab_kotorie_ne_prinesli_rezultati: 3
KpuTHieckue 3HadeHus: ['paboca
I'pab6cl  I'paboc2
'1%" [1.7640] [0.0018]
'5%" [1.7150] [0.0090]
pacueTHble 3HaueHus [pabOca
a MO/1 HUMH — PE3yJIbTaThl HX CPABHEHUSI C KPUTHICCKUMH
Gl1 G12 G21 G22
[0.9033] [1.5054] [5.6333] [0.0198]
[0.9033] [1.5054] [5.6333] [0.0198]
uroven_nomer: 3
lab_nomer: 1 BBemute pe3ynbTarhl H3MepeHus 1ad Y=[6.7 7.5]
lab_nomer: 2 BBemute pe3ynbTarhl H3MepeHus 1ad Y=[7.6 7.2]
lab_nomer: 3 BBemute pesynbrarhl 3MepeHus 1ad Y=[7.2 7.8]
lab_nomer: 4 BBemute pesynbrarsl m3Mepenus 1ad Y=[7.3 6.9]
lab_nomer: 5 BBemute pe3ynbTarsl H3MepeHus 1ad Y=[9.8 8.7]
lab_nomer: 6 BBemute pesynbrarhl m3Mepenus 1ad Y=[7.1 7.0]
KpuTHieckue 3Hadenus: ['paboca
I'pab6cl  I'pabbc2
'1%" [1.9730] [0.0116]
'5%" [1.8870] [0.0349]
pacueTHble 3HadeHus ['pabbOca
a 10J1 HUMHU — PE3YJIbTaThl X CPABHEHUS C KPUTUICCKUMHU
Gl1 G12 G21 G22
'vibros' [0.6116] ‘razbros' [0.7964]
[1.9926] [0.6116] [0.0215] [0.7964]
vibros_v_laboratoria: 5
razbros_v_laboratoria: 3

AN DNk W
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[Ipu u3ydyeHUn pe3ynbTaToB, MOIYYCHHBIX IpU 00pabOTKE NaHHBIX, OOHAPYKUIUCH JIBa pa3-
Opoca, KOTopbIe IPUHAIISKAT JJadopaTopusiM 3 u 4; 1 BEIOPOC, COOTBETCTBYIOIIUI JIabopaTopuu 5.

JIUTEPATYPA
1. CTBb UCO 5725-5-2002. ToyHocTs (PaBUIBHOCTB U MPEUU3NOHHOCTh) METOJIOB U PE3yJIbTaTOB U3MEPECHUIH.
YacTs 5. AnbTepHaTUBHbBIE METO/BI ONPEEICHHS MPEHU3NOHHOCTH CTaHAAPTHOTO METOAa U3MEPEHNUH.

SUMMARY

DETERMINATION OF THE PRESENCE OF SCATTER AND EXTREMA IN INTERLABORATORY
COMPARISONS BY GRUBBS’ CRITERION

Karoyan 1.B., Beraia N.O. and Tokadze L.Sh.

Georgian Technical University

Interlaboratory comparisons are performed to check the accuracy of experiments or measurements performed by
separate laboratories and for further monitoring of the laboratory activity. The paper deals with the software
developed in MATLAB environment that allows determining the critical and computing values of the Grubbs’
criterion, and their correlation. Based on the obtained data, they draw conclusions about the precision of the
method and the quality of the laboratory.

Keywords: interlaboratory comparison, Grubbs’ criterion, scatter, extrema.
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MHOT'OLIEJIEBOE MOBWJIBHOE 30HJIOBOE YCTPOMCTBO
Muxuptuusin AJL, Tyrynaksan A.A.

HNHCTHTYT MEUKPO- H HAHO3JIEKTPOHUKH
HNHcTHTYT NPUKJIATHON MOJYNPOBOAHUKOBO TexHoorun, TOMINCCKOro rocy1apcTBeHHOr 0
YHUBepCHTETa

1. BBEAEHUE U IIOCTAHOBKA 3AJAYN

Wzmepenne areKTpUIecKUX MapaMeTpoB SIBISIETCS 00s3aTeIbHBIM 3TAllOM NP pa3paboTKe U
W3TOTOBJICHUH U3JICINH MUKPOAJIEKTPOHUKH.

CymiecTByeT wENbIil Psl CTAlMOHAPHBIX MHOTO30HAOBBIX YCTPOMCTB, TaK Ha3bIBAEMBIX
n3MeputenbHbIX cToyioB (tunma 30H/I-5M m ap.), KOoTophie MO3BOISAIOT B aBTOMATHYECKOM PEKUME
MPOBOJHUTH MEKOIEPAIIMOHHBI KOHTPOJIb MapamMeTpoB MHUKPOCXEM W MPUOOPOB MOIIArOBO MO Bcel
wiactuHe. KpoMe Toro, mpoMbIIeHHOCTBIO pa3padoTaHbl U PyYHbIE 30HJOBBIE CTAHIINH IS IUIACTUH
nmuametpoM a0 150-200mMm (tuma 450PM, 4060, 8060 u mp.). U Te u npyrue, Kak mpaBmiio, TPEOYOT
HAJIMYHUS 3JICKTPOITUTAHUS, C)KATOTO BO3AyXa U Bakyyma. Kpome TOro, oHM pacduTaHbl, B OCHOBHOM,
Ha paboTy ¢ UENBIMU TUIACTHHAMH OIPEICIICHHOTO THaMeTpa U He MO3BOJISIOT IPOBOJIUTH H3MEPCHUS
Ha parMeHTax IJIacTHH.

BMmecte ¢ TeM, mMeeTcs uenblid pan Oojiee MPOCTHIX B KOHCTPYKTHBHOM IUIAHE 3ajad, Tak
HanpuMep, MpH pa3padoTKe TaKUX AMCKPETHBIX MPHUOOPOB, KaK (OTOJMOABI, COMTHEUHBIE AIICMEHTHI,
pasIn4Hble CEHCOPhl M ApPYrHe H3ICNUsl DJICKTPOHHOW TEXHHKH, Ui HU3MEPUTEIBHOTO KOHTPOJISL
KOTOPBIX IOCTaTOYHO BCEr0 HECKOJBbKHUX 30HAOB. [IprMeHeHHEe CI0KHBIX YCTPOHCTB B 3TOM Cilydyae
HEKOPPEKTHO, KaK B IUIAHE WX CTOMMOCTH M CJIOXHOCTH OOCIYXMBaHUS, TaK W B IUIaHe yI0oOCTBa B
pabote, He TOBOPS y’Ke O HEBO3MOXKHOCTH MaHUITYJIMPOBAHMUS C HEOOIBLIIMMU (pparMeHTaMu IUTACTHH.

B 5T0i1 cBSI3U U3BECTHBI aBTOPCKUE CBUJIETENBCTBA U NATEHTHI [1,2], HOCBSIIEHHBIE CO3IHUIO
0oJtee MPOCTHIX 30H/IOBBIX TOJIOBOK U YCTPOWCTB, OJTHAKO W OHH, Ha HAIIl B3MJIS, HE IO KOHIIA PEIIaloT
BOMPOC ONTHMU3AIMK TpPOlecca M3MEPEHUH DIIEKTPUYECKUX UM ONTHYEKUX XapaKTEPHCTHK
JUCKPETHBIX TPHOOPOB.

B Hacrosmei paboTe npeaiararoTcs NpoCcThie 30HI0BBIE YCTPOICTBA, PEeAHA3HAYEHHBIE IS
KOHTPOJISI U OTOPAKOBKU JMUCKPETHBIX YHIIOB COJHEYHBIX 3JIEMEHTOB, ()OTOJMIIOB, TPAH3UCTOPOB U
JpYTUX H3JeNuil 3JeKTPOHHOW TEXHHUKH, a TaK >K€ JJIS NPOBEACHHMS HM3MEPEHHH Ha (parMeHTax
MOJYIPOBOAHUKOBBIX IUTACTHH PA3IMYHON KOH(PUTYpaLHH.

ABTOpBI cTaBWIM Tepes coboi 3amady CO3JaHusl MajoradapuTHOrO, MOOWIIBHOTO,
MHOTOIIENICBOTO, yJOOHOTO B paboTe 30HAOBOIO YCTPOMCTBA Jisi DKCIpECcC aHalln3a OCHOBHBIX
napaMeTpoOB AUCKPETHBIX MPUOOPOB B CTATUIECKOM PEXKHUME.

2. OCHOBHAS YACTD.

3a OCHOBY 30HIOBOTO ycTpoicTBa (puc.l) ObLT B3AT (HOJBIHPOBAHHBIA TeTHHAKC (WA
TEKCTOJNNT). MenHOe MOKPBITHE CIYXHJIO, NMPU HEOOXOTUMOCTH, HIDKHHUM 3JIEKTPOAOM. 3OHIBI
M3rOTaBIMBAIIMCh U3 BOJLGPAMOBOM MpoBojoku auameTpoM 0,5-0,8MM M 3aTauyMBaIMCh U3BECTHBIM
AIIEKTPOXUMHUYECKHM criocoboM B pactBope KOH . BonbdpamoBrlii 30HA &KECTKO KpENHIICS B BEpXHEH
YacTH JIeprKaTelisd, KOTOPhIM IapHUPHO COEAMHSIICSA C HIKHEH 4acThio, YTO MO3BOJISIIO MOAHUMATE H
oImycKath 30HA. Mexay BepxXHEH W HIDKHEW dYacTsMH Jiep)arens Oblla YCTaHOBIIEHa IPY)KUHA,
KOTOpasi 1mociie TOJHATHS 30H/1a OIyCKala e€ro Ha UCCIeAYeMBbIH O0OBEKT ¢ IOCTOSTHHON YHPYTOCTBIO.
HwxkHsis yacTe JepkaTenss WMeNa JIalKW, KOTOpble (PUKIMOHHO KPENWINCh Ha TETHHAKCOBOM
TUTACTUHE W TIO3BOJISLIM MPH MOAHATOM 30HJE MEepEeMeniaTh MOCIETHIA KaK BAOJb, TaK M ITOIEpPEeK
MOBEPXHOCTH JUCKPETHOTO YW WK ()parMeHTa IUIACTHHBI.
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Pucl. Icku3 30HI0BOrO ycTpoiicTBa:
1 - ¢honprupoBaHHbI TETUHAKC; 2 - HCCIIEAYEMbI YuIl; 3 - BOIb(PPaMOBBIil 30H[; 4 - MeHAS TPOBOJIOKA;
5 - BepXHss yacTh AepKaTeNs; 6 - HIKHASA YacTh ACPKaTeNs; / - IPYKUHA; 8 - GUKCUPYIOIIHE JIAITKH
JIep>KaTeIIs.

IIpy NOArOTOBKE 30HIOBOTO YCTPOMCTBA IUIsi KOHKPETHOTO THUIIOpa3Mepa KpucTrauia
BOJIb()paMOBBIC 30HIBI YCTAHABIUBAJIHNCH I0J] HEOOXOAWMBIM YIJIOM. YUHTBHIBAs XPYIKOCTb
BoIb()paMa Ha HUX B MECTE MX M3rnda IUIOTHO HaMaThIBaJach MeIHAs MpoBoJIoKa quamerpom 0,5-
1,0mM (nopsiika 10 BUTKOB), KOTOpast MO3BOJIsUIA CrHOATh U (PUKCUPOBAThH 30H/ MOJ HYKHBIM YIJIOM.
BEIBOZIBI OT 30HI0BOTO YCTPOICTBA MOAKIIOYATIICH K COOTBETCTBYIOIIMM U3MEPHTEIBHBIM IPHOOpaM
(myneTumetp, ITHXT, JI2-56 u ap.).

Hactpoiika 30HZOB Ipu 3aMeHE KPHUCTALUIOB OCYIIECTBIISIACH BU3YaJbHO, JIMOO
HEBOOPY)KEHHBIM I'1a30M, JT100 1o MUKpockonoM (tuna MBC ¢ 6osbinM GoKyCHBIM pacCTOSIHUEM),
B 3aBHCUMOCTH OT Pa3MEepPOB KOHTAKTHBIX IIJIOIIA/IOK.

Puc.2. 3ou10BbI€ YCTPOICTBA, pa3padoTaHHbIE MO Pa3JINyYHble KOHKPETHbIE 3a1a4u
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Ha omHoM pepkaTene, TNpH HEOOXOAUMOCTH, MOXKHO YCTaHOBHTH HECKOIBKO 30HJIOB,
H30JUPOBAHHBIX JPYT OT APYyra, KOTOPBIE CMOTYT OJIHOBPEMEHHO TOJHHUMATHCS W OMYyCKAaThCS Ha
KOHTaKTHbBIE IJIOMIAJKH HCCIeTyeMoro Kpucramia. Kpome Toro, BO3MOXKHA YCTaHOBKA HECKOIBKHX
JiepKaTelieii ¢ pa3HbIX CTOPOH YHIIA.

Ha pwuc.2 npescrasieHa HEMOMHAS CEPHS 30HI0BBIX YCTPOMCTB, M3TOTOBICHHBIX IO/ PA3HbIC
KOHKPETHBIC 33JauH.

3. 3AKJIIOYEHME

B 3akmroueHne MOXHO OTMETHTH, YTO pa3paboTaHHBIE 30HIOBBIC YCTPOWCTBA HAILIM CBOE
NPaKTUYECKOEe NPUMEHEHHE B psAle HaydyHbIX opraHuzauuili r.TOwmmcu ans skcmpecc M3MEpeHuit
napaMeTpoB AUCKPETHBIX MPUOOPOB.

[IpocToTa 1 gemMBH3HA, BO3MOXKHOCTD M3TOTOBJICHUSI B TaOOPATOPHBIX YCIOBHSX, MOOHIBHOCTh
BBITOJHO OTJIMYAIOT 3TH YCTPOWCTBA OT JOPOTOCTOSIIEIO 3HEPrOEMKOro  CTalMOHAPHOTO
o0opynoBaHUsL.

Konrenms 1TaHHOTO YCTPOMCTBA MO3BOJISET, IIPU HEOOXOIUMOCTH, MIPOBOIUTH €r0 MOTU(PHUKAIIUIO
JUISL KaXKI0W KOHKPETHOM 3aJa4uH.
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SUMMARY

MULTIPURPOSE MOBILE PROBE DEVICE

Mikirtichyan A.L. and Tutunjiyan A.A.

Institute of Micro- and Nanoelectronics

Institute of Applied Semicondictor Technology, Iv. Javakhishvili Thilisi State University

The paper deals with the design and capabilities of the developed series of portable multipurpose mobile probe
devices that alow rapid control of the main parameters of discrete microelectronic devices in the static mode.
Keywords: design, tungsten probe, measurement, discrete chip.
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SUMMARY

THE ALGORITHM OF SEPARATION OF REDUNDANT PACKETS BY THEIR DURATION
Natroshvili O.G. and Robitashvili A.G.

Georgian Technical University

The paper deals with the algorithm of separation of redundant packets by their duration. New approaches to
network transmission of the packets accumulated in switch node interfaces during rush hours are offered.
Keywords: transmission of redundant packets, separation algorithm, duration.
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bobydenomdgdls (6t,3t,10t) aodmsgerogds dglsdg g@Ao3by dg@dbgyeo 3539GHgo0L 9dEodglo
bobpdaromdgdo 3t Jgegase Rm@dodegds dgbsdg bsdmo, go. Igmmbg  gGo3obomgols
s®hgbogo Log@mm 3539Hgo0l Gomegbmds dgoopgbl o3 dmdgbBolomgol 9339 ™@
35390 (9000 353900 3t bobademogmdsl, bmeoem dg-7 t-l). o3 s@hgbogro  ™m@o
35396 0ob dgodhggs 35390 MMAgenlbsi goshbos ¥dizomgbo @@momo bsbyderogmds (3t)
s> gb 3t aod@ogmgds o3 gBo3by woMhgboaro 3539Hgo0L Log@mm @omgbmdsby.
3t*¥2t=6t. o3 dg-4 bodMogenol 3bodgbgarmds (61) ods@gds 5dxsdogdo o3 dmdgbGolomgols
oOlgoym xodl 45t o dobo dgdEggermds yobpgds S1t. (45t+6t=51t). dg-5 gBs30bomgols
@bhgds ghmo 35390 (Ig-8 353930), @mdaols bobadanogmds dgopagbl 4t-U. gobsowsb
35390900L  @o@ibgos dbmeme  gOmo  dolo  bobpdmogmds  asddogangds gOmby  ©o
At¥1=4t. odp®mgdgen odxodogl oloi d0gds@gds s basdmamm xodo doomgdl dgdwgy
Lobgl  (B1t+4t=55t). 53M0yo, ©odaMMggdgeo  odxsdogol  godmlolgmgenbyg  gowgdm
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d60dgbgenrmdsols  55t-I,  @mdgaoi  gdmbgggs  dogogomdo  domomgdygm  yggeos 8
5 bmdols 3539900l ©goRsaModgdols xodyg® bobydaogmdgdls, g.0. 55 t-L.

3. obygbs
35390900L 3b@BOmeols dgdmmsogbgdymo dgmmeols LOYmo Ggs@mobsioobsmgols
Lboko@ms  s@omdgBogyeo  dnfymdogomds,  @Gmdgmoi  dgogogh  ©go@oy®sdgdols
dongmgel, 208mdgmgd-Lod@sgm  In(ymdommdgdl s  ©sdam®ggogaen  sdyxodogl.
5M0:m3dgB0g9eo dmTymdogrmdgdol 3g5bdgdo sl gdgb Ly dgoo m3g@s3E0sL.
bgdemm aobbogrygeno 3mbB@maols dgmmeols g30@o@gbmds Jamdo@mgmdls 0dsdo
Omd yggens 353900l ©@AMomo bobyderogmdgdo 03M0dgds 3oGomganyy@e gl e gbey-

@0 9gBo39d0l g mdsbgmbg sdmy o gdens.
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SUMMARY

ON A METHOD OF CONTROLLING THE DATA TRANSMISSION IN INTRA AND EXTRA
COMPUTER NETWORKS

Natroshvili O.G. and Robitashvili A.G.

Georgian Technical University

The paper discusses the method of controlling the network server interface unit. The example confirming the
validity of the method is given.

Keywords: computer network, server, interface unit, control.
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353(M653ROLIBOL LS3INSH() 3RSLIBOL FIFITFS3Jdd JAVA 36530
aohghognady @.g., 3963939mo b.p., bmbogsdgomo @.o.
bsJodmggerels ¢gdbogndo 9bogg@dlodgdo

3590bs gemolio s@LEGHbEsAOF Yo LodgsiEoss, GmIgmoi 3Oma@sdymo ool dg-
Loy gdol @Omb [o®dmodbgds. Lbgs Lodyggdom @mId gmdgom, godmbsgeobo dgc-
mdss, OMdgmoi  30ma@sdol  Jgbegegbol  AML  0hgbl  moglh. @o3GMY@STgdols
96900, Lowsi 20dmbsgeoligbols ob9  aoblsgym@gdygemo  Lo@dyeogool ©odydsggods
53B™MISH YOS 0@ brgds, dgaemdgdo 3Gmy@sdolEol dog@ L bgmmon™ 9bws dgLTme-
©gl, @03 bogdome @odmagamo s dOMdoGggoeo 30mEglos. aodmbsgeoligbols ©ody-
d53900L  mgoelsob@obom, ©s3GMyMsdgdols gbs  Java o3  3@mdagdgdolipsb  ggome-
30bR@ 9ol @s domo JoMmgs mdogdBby MMogb@Bodgdbym Lodys®mTo gowssdgl [1].

Java-do godmbsgemolio s@ol mdogddo, GmIgaroi 0d dgEemdomo bolosmol Lods-
3ool s@(gal, @o3 3Oma@sdymo gmeol sds M9 0d BOoxdgbddo [o@dmoJdbgds. sligm
Ol dgaemdol gsdmd(ggg dgomeTo 0ddbgds ©s gopsongds ™mbdogddo, GmIgemos
3590bs genoll (o®@dmopagbl. o3 dgdmbgggedo dgmmwo ob  mogoe, ©sdMY 00 o S©
obgbl 2odmbogmolol ©odydoggdol ob Yo@MogrmE Aos5@oMmgdl Iob.

25dmbsgmobms  gggens  @Godo  Throwable Bspadymo  ganslol  Jgggeosll  Foo-
dooEagbls oby o0go  godmbsgmoloms  ganslgdol og@odJool yggansbg oo  Logg-
bygdbge (3739035@0bgs) gobmoglgdyemo. 9dygsgme Throwable seosbols Jggzesbse m@o
geoobo dmosb®gds, @mdmgdoi ygges godmbsgmmol Lo@ygsEosl m6 o ggye IGHme
goggl. g®o dBmb Exception genslio a0l Lomsggdo™. gl geosbo 03 aodmbsganolio
300md9d0Lmgol  godmoygbgds,  GmImgdoz  LodmIbdoMgommm  3GMaMsdSd  ybwo
©50k0MOML. ol sdoge@mymos, oMol gmobo,  @md@olysbsi  godmbsgerolio
Lodgo3zogool  boggmsdo  Godgdol  dgddbol @Ml Loggms®o  Jgggemslgdo
399330060 9mdom  9bos dogommm. Exception gansbo dgoegl 360dgbgamgeb  Jgg3e0oLls,
Lobgen{megdomn  Runtime Exception.  s@bodbyeno  Godol  godmbsgmolo  Lo@dysEogdo
53GMISHYAS©  2obolabg@gds 03 3Oma@sdgdobmgol, O®Awgdlsi hggb gFgom, ©o
dmoi3og9b  obgm  gEemdgdl, Gmam@oEss bymby goymas s doboggools dELsmo
0bpgJbsoios.

dgmdg dBm Error geosbosb ofggds. ol 0d godmbsianolgdl goblsbmg®egl, @md-
geoms  [odmdbsl 3Gma@sdgdols be@dsggdo dgbdygengdol wO™ML s ggewom. Error
Ao3ol  2sdmbsgamolgbo  mogo  Java-ll od3dmp@sdgdol  go@mgdmdo  dodwobody
Jgaemdgdols s@dmbshgboo godmoygbgds. sligmo dgEemdol bodydl LbEggol gowsoglgds
Fo@dmopaqgbl.  Error  @odol  godmbogmoligdo, @mgmeig  Fglbo,  3o@slemygeo
Lo@go30900L 3sbgboe Fo®dmodbgds, Gmdgmms ©sdydoggds hggbo 3@ma@sdgdols dog
‘dggdengdganos [2].

dodmognos, Java  LobEgdol godmbsgenolgdol  LEsbs@@ymo  ©sdsdydsggdgaro
30ma@5dol  godo@mgol mgo@bab@olbom bsgdome dJmbgdbgdyaos, doa®sd, Gmam®3
Vabo,  Loggmo®  30my@dsdgddo  [o®ddmJdboano  aobloggm@gdgmo  Lodysiogdols
05379 doggds  Jmdbdodgdgerls  mogoe  Lydl. gl ggoboligbgero Mm@  ¢30@s@glmdsls
335dmagl.  J0Mggee  @oado, Losdygoemgds 2353l Jgaomds  godmgolfmdmm, boem
dgmegl dbdog, 3Omy@sdol IgbO g gdols 53@mIs@® gTy39BoL sa0o smo® ogl.
gbowos, dmIbIsGgdbgemms 9YIMogemglmds ymggemgol 3dsgmxzoemm odbgds, oy hggbo
3Oma@sds  aohg@gdols s LEggzol  FOsLodgdsl  Igaemdol  ymggano  Fo@mdemJdbols
dgdmnbgggedo  Dguoagds. mgdas, o3 Logombol godmbfm@gds Logdome  do@@ogo@ss
Jgbodgmgdgano.  Logdodmobos Exception  genslbol (Gmdgaroi, omsgol db®og  Throwable
geoobol  Jgggemobos)  Jagggeoobol  aoblobwg®s. o@ oMol Logogmegdygenm, @md  od
J393800Lgd3s  Go0dgl  @gogobgds  Jmobeobml, @owysb  Bo3gdol  LoliEgdsdo domo
sOlgomobdss  Jmogo®o, o3 Lodygomgdols dJmggigdl  obobo  godmbsjanoligdol  Lobom
3odmg094gbmo.
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Exception jenslo Loggoms® 390m@gdl o6 asblobmg®agl. d9bgddogos, ol dgd 3 g0c-
Ggmdomn owgol Throwable jenslido [omdmpagboen dgmmegdl. 335000, yggems godm-
bogeololbmgol, dsm dm@ols Jmdbdodgderols dog® dgJdbogno godmbsganoligdolmgobsg,
Throwable 3eosldo goblsb@g@yemo dgmmegdo [gomdowos. 25dmbsgenoligdols s gme®
g0oligddo dmdbdomgdganls 53 Jgmmegdols bgansbogno asblsbrgms dgydanos.

439039 bgdmm mJdgemols Loogyglg®saome (omdmgoaobmon 36my@sds, G®Ag-
o3 dmdbdo®gdgerls  Lodygomgdols  odenggl  LYm@osw  dgo@sbml  ©am  Losmgddo,
Vagmgdls s (od93d0 [3]. 30my@msdsdo dgJdboanos Exception genslols Jgggerslbo Lobgen-
Vopgdom MyException. gsdmbsgenolols Bggh dogd dgJdbogno gaosbols 3mblEEY]BmAL
String @o3ol message Lobgenols dJmby sa9dgbBo ao©sgg30m ©s dgg0dydoggm dgmmeo,
Omdgemoi  dmdbdo®gdgels Amol sy 9dgb@gdl L{m@sw dgo@obobgdl. gl 9zobsl-
3690 3Mmy@sdol bm@do@y®  oldY@gbsl  obs30MMdgdl. MmOl oM dgbRgdols
s@obfm@s©  dgBobols  dgdmbgggsdo 3o 0ddbgds  MyEXceptionggoobols mdogddo o
dmdbdodgdgemo  dgBymdobgdsl  owgol  Igaemdols  dglobgd.  gobsowsb  dgmmeds
Jgbodanms >@d@ols godmbsgeolio, MmAgelbsi ol gg® ©osdydoggdl, sdo@md dgmmwols
osfg@sl  dglodsdolo  gobsiaboo  ©ogydmgm  (Jogdodmgm  throws  m3g@s@mab).
3odmbsgemoliol wodg®s s ©sdydaggds go dgmmeol aodmddobgdgar  jmel dggolicry-

g 9d0bgo.
59235M5©, 3OMaMsdygm 3mel dgdegyo Lobg ojgb:

class MyException extends Exception{
MyException (String message) {
super (message) ;}
inthour, minute, second;
publicvoid methodl (inthour, intminute, intsecond)throws MyException{

if (hour<0 || hour>23|| minute<0 || minute>59 || second<0 ||
second>59)

thrownew MyException("Invalid Number") ;

else{

this.hour=hour;
this.minute=minute;
this.second=second;
System. out.println ("360Hma®530L bm®Asgr®Ho Ealslovmo™) ;}}}
publicclass Lela {
publicstaticvoid main(String []args) {
try{
Scanner ob=new Scanner (System.in) ;
MyException obl=new MyException ("My Exception") ;
System. out.print ("hour=") ;
obl .hour=ob.nextInt () ;
System.out.print ("\nminute=") ;
obl .minute=ob.nextInt() ;
System.out.print ("\nsecond=") ;
obl.second=ob.nextInt() ;
obl .methodl (obl.hour, obl.minute, obl.second)
}catch (MyException e) {
System.out.println ("@s3gbowos " + e); }}}

Bgregpo-l:

hour=2

minute=3

second=4

3602530L M50 EsLILEOWWO



42 bS3SANIILON bSObIN6H(™) 0SS I60, GEORGIAN ENGINEERING NEWS, 423, 2016

Tgga0-2:
hour=1
minute=60
second=-34

sFgMowosexcep .MyException: Invalid Number

odygo05©, dmgobobgm asdmbogmolol Lsgygmo®o gaslbol dgddbs ©s dobo o-
b0dbyengdoliodgd® aodmygbgds.
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SUMMARY

CREATION OF OWN EXCEPTION CLASSES IN JAVA LANGUAGE

Gachechiladze L.P., Kurkumuli N.G. and Nonikashvili L.A.

Georgian Technical University

The paper deals with the possibilities for creation of own exception classes in the object-oriented JAVA
language.

Keywords: exceptions, runtime exception, inheritance, stack, object-oriented programming language.
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MANAGEMENT OF MACROECONOMIC DYNAMIC PRODUCTION SYSTEMS
Kadagishvili L.G.

V. Chavchanidze Institute of Cybernetics, Georgian Technical University
Georgian Engineering Academy

Abstract. Quasi-optimal relations in the pricing model, where the bank plays an important part, are of primary
importance for balanced management of the free market. The bank is able to influence the price change in a
certain or purchasing currency. The price of the products offered for sale is determined depending on what was
the supply the previous day, i.e. how the product was sold the previous day. This is a characteristic function
representing the entropy state of the free market. Entropy is a more realistic characteristic of the state than the
statistical characteristics which are determined by probability values. In this case the existence of the range of
types and the criteria of their realization comes into question. Management is of primary importance for
balancing the macroeconomic dynamic production systems. This paper deals exactly with this process.
Keywords: free market, dynamic systems, bank, management.

Quasi-optimal relations in the pricing model, where the bank plays an important part, are of
primary importance for balanced management of the free market. The bank has the ability to influence
the price change in a certain or purchasing currency. A separate dealer does not have such
opportunities. It could be that the price of the products offered for sale was predetermined depending
on what was the supply the previous day, i.e. on the price at which the product was sold the previous
day. This is a characteristic function representing the characteristic of the entropy state of the free
market [1]. It is noteworthy that entropy is a more realistic characteristic of the state than the
statistical characteristics which are determined by probability values. In this case the existence of the
range of types and the criteria of their realization comes into gquestion. Just these operations are to be
considered, though in this case delay is crucial. Here the i currency is introduced. If we have fixed
currency, the purchase and sale of products is balanced in currency units.

Say, we have demand D, supply S, and P(t) — the currency price at moment t. Let us determine
D=D(t, P(t)) with the same price P(t). At moment t, some boom, caused by different S=S(t, P(t)), could
happen at moment t, and P(t)=P(t - 1) could take place, though we can neglect t, because the event
could happen too soon to introduce the difference:

r(t)=D(t, P(t)) — S(t, P(t))
This will be the disbalance formula, i.e. in this case the integral satisfaction index is

considered
t

q(t)=r(z)+[r(s)s
t
The study should be continued, and, from the standpoint of generality, the linearity modulus
will be

D(t,P): f(t)+aP+7/
S(t,P)=q(t)+pP+6

This situation means that r(t), representing the difference between D and S, is the derivative
of q(t) which is a linear function in relation to the price and a continuous function in relation to time

dq(t
Q- p)(p(e) h(o)
h(t)=f (t)-q(t)+y—5 (1)
In this case the banker can operate within certain limits. He can raise the price or reset it (by
increasing the supply)

where

de—Et):u(t—Q) 7, <t<r
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Q is the operation time. The delay factor of Q has no significance. There may arise the question of
generalization, say, a certain currency should be converted into another (with gaining in the process).
We need initial values for the banker to set a certain price at moment t;

{P(ro):ﬁo

2
a(e,) = @

This is a problem with fixed ends

Moment t; could be fixed or not.
The third type is
. max
J(P)=|P(t)dt- 3
)= ferm-{ T @
Its aim is to find 1, 1, at the moment of variable u, and, knowing the values D and S at the initial
moments, to determine the maximum and minimum values. To sell and buy with optimal adequacy is
an important task.

Let us consider the problem for the fixed time which is similar to all above-mentioned cases only
that t; is given. There could be the situation when these values are not preliminarily given, but the

links between them are known.
P(t)=mr, {}LP(TO)Jr,uP(Tl) =p
Q(Tl):"‘el UQ(TO)'FVQ(Tl):f

i.e. the second condition will change. Hence let us write a new problem that combines all above-
mentioned ones.

X

Assume that smooth varieties >, and ', are given on the plane. The combining function

looks like
LP((Ti))Jezi i=0,1

als
From Eq. (2) we can derive that
-1
P (T. ) _ P AT,

)= =
y7,
It should be noted that a transition to other plane is possible, i.e. the banker is not interested in

7, and ;. The problems of 7 types will be to be solved. These are the problems with free ends. Why
the banker may need to solve this problem?
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If we omit &, J(P) could increase. The banker gets more profit, because he does not pay
attention to what happens (0 disbalance. If we omit both ends, J(P) can increase even more.

Let as consider other method — the dealer’s problem. The dealer’s task is to sell or to buy the
dollar. It is desirable to make big profits, but he does not always succeed. For success, differential
modeling is necessary.

Let us introduce the notions: S=S(t, P) are the dollars offered on the market at time t at the
price P. The t dependence may be determined not only by the price, but also t can be determined due
to the political situation or the economic boom. P=P(t) is the market price. If we have i in different
currencies, then i dollars are purchased, say, in GEL, and we introduce u(t) — the amount of sold
currency at moment t, because the dealer either sells or buys the currency, and does not do both
actions at the same time. To be specific, let us say that he first buys and then sells the currency

7, <t<g <t<rt,
| | | |

buys sells

Let us consider the problem: t; is not specified, i.e. the dealer does not know when he must
stop buying and begin selling, or the moment f when he must stop the process. It is a daily cycle. The
dealer may not know the time of termination of the operation t. We can specify time t. Purchase/sale is
associated with the daily cycle. Perhaps it is not limited by time, but by the dealer’s property. At the

given moment of time o, 0 <@ < u(t)Sn, one does not buy more and at the next moment n one
cannot buy more. Similarly, one does not sell more at moment Z), 0<w< u(t) < 7_7 and one cannot

sell more at moment 7; The termination points for u(t) are to<t<t; for the first case, and t;<t<t; for

the second case.
When the dealer buys the dollar, the currency price increases

dP(t)
dt
Thus, we expressed currency operations with the remaining amount of currency

S(t,P(t)-u(t)), z,<t<u
S(LP(t)-u(t)), n<t<r,
The dealer is interested in getting the most profit. His desire will be

y[iu(t)P(t)—Tu(t)P(t)dtJ—>max

%o 5]

=au(t), a>0

In short, it is necessary to reduce the class of management — u(t), 7, <t <z, which satisfies
the condition
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dP(t) e
\ dT:au(t) T, <t<rg,
B s (1.p(p)-u(1)

q(t)= =, +jr(S)dS

Actually, this is an integral remainder.

{P(TO) = os P(Tl):ﬂ-l
2)
Q(to): &y Q(Tk): &1
Whether we knowq(rk ) =1{ @1 10t, assume that condition 2) is not given beforehand. Then

the problem divides (splits) into two parts, because m; and e, are not given. If we know condition 2),
then we will have two independent problems. Conditions (2) can be generalized.

In these problems, there appears the product u(t)P(t) which gives a nonlinear problem.That is
why we will not dwell on its analysis. There exists an approximate solution to this problem, but it is

not worth powder and shot.
When the dealer buys the currency, the time interval must be min, when he sells the currency,

the time interval must be max

3(t)= [ P(t)dt - min
|(t)=rjf P(t)dt — max

When buying, there can be two cases.

F E

f

min Max

¥
L J

This is the win-win strategy, and it is unprofitable when it is multiplied by u.
With management, the objective function is

3) J(P)=[P(t)dt > min
) 0<w<u(t)<np, 7,<t<g

These are the first group requirements.
The second group of requirements are

dP(t)
Cdt

dqd_it):s(t,P(t))w(t)

=—,uu(t) T, St<r7

5)
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and

7) 1(P)= [ P(t)dt - max

5]
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PE3IOME

YHOPABJIEHUE MAKPOOKOHOMMWYECKUMHU JUHAMHUYECKUMHU IMTPOU3BOJCTBEHHBIMH
CUCTEMAMHA

Kaparnmsuiau JI.I'.

Hucruryr um. B. Yasuyanuase, I'py3MHCKHN TeXHHYECKHI YHUBEPCUTET

I'py3uHckas MHKeHepHasi akaAeMus

B cOanaHcupoBaHHOM YIpaBJICHUH PHIHOYHOW 3KOHOMHKOH OOJNBIIOE 3HAUCHHE UMEIOT KBa3H-ONTHMAIIbHBIC
CBSI3M MOZENH LIEHOOOpa30BaHMs, IJie 3HAUUTEIBHYIO pOJb MrpacT OaHK. BaHK MOXKET BIUATH Ha W3MEHEHHE
LEHBI ONpEeAEICHHON UM 3aKyIIOYHON BaMIOTHL. lleHa BBIHECEHHOIO Ha PBIHOK TOBapa 3aBHCUT OT TOTO, KaKHe
OBUTBI TIOCTABKM B IPEABIAYIIMH JICHb, T.€. OT TOTO Kak 3TOT TOBAap NMPOJAABAJICS B MPEABIAYIIMH NEHb. JTO
XapaxTepHast QyHKIHUS SHTPOIMHHOTO COCTOSTHHS CBOOOIHOTO pBHIHKA. B 3TOM ciydae sHTpomnms Goiiee peanbHast
XapaKTEpUCTHKA COCTOSHUS, YEM CTATUCTHYECKHE JaHHBIE, ONPEACICHHBIE BEPOATHOCTHBIMU BeIMUMHAMU. B
9TOM CJIy4ae II0JL COMHEHUEM OKa3bIBACTCS TUIIOBOM CIEKTP U KPUTEPUU €r0 pealu3alrd. YIIPaBICHUE UTPAcT
TJIABHYIO POJIb B OaNaHCHPOBAaHWM MaKpOIKOHOMHUYECKHX JUHAMHUYECKUX MPOU3BOACTBEHHBIX cHCTeM. MIMEeHHO
9TOT IIPOLECC SABJIACTCS NPEIMETOM UCCIIE0BAaHUS JaHHOM CTaThU.

KuroueBble cjioBa: cCBOOOTHBIN PHIHOK, THHAMUYHBIE CUCTEMBI, 0aHK, YIIpaBJICHUE.
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TUIIOTE3A O BA30OBOM OIIEPATOPE MHJIYKTUBHOM JIOTUKH

Jexana I'.I'., Kamxamunaze U.111., bepuxkumsuau 3.1., Mkpteiusan 3.M., Kannenaku M.K.,
Bapnocanunase A.K.

HucrutyT kubepueruku uM. B.B. UaBuanunse, I'py3uHckuii TexHnyeckuii yHMBepCUTET
1. Berymienue

KubepHeTnka mo3Bonmia MPUMEHUTh HOBBIA MOIXOA K HM3BEYHOH mpobieme ¢unocoduu:
«KaKuM 00pa3oM OCYIIECTBJISICTCS OTPXEHUE SBICHHUM, NPOUCXOINIIIMX BO BHEIIHEM MHUPE,
MOCPEICTBOM IIPOLIECCOB, MPOUCXOAAIINX B HAILIEM pa3zyMe».

B 70-x romax mpouwioro cronetus Brnagummup YaBuanuaze copMymupoBal MpOTrpaMMmy
UCCIIeIOBaHUM, B KOTOPOH aKLEHT JeJalcsl Ha TO, YTO «B3aUMOOTHOIICHHUS YEJIOBEKa, KaK CyObeKTa 1
MHUpa, KaK OOBEKTa MO3HAHUS, CIEAYET OCBETUTh HE C TOYKH 3peHHs (HIOCOPCKONH THOCEOJOTHH,
TEOPHH MTO3HAHUS, a C TOUYKH 3PEHHUS TEXHOJIOTHUH, KOHCTPYKTHUBHOM, UMUTHUPYIOIIEH, MOAEIUPYIOLICH
TEOPUH U MpaKTUKU» [1].

Takum 06pa3oM, Ha TOBECTKE JTHS CTAHOBUIJIMCH HE TOJILKO OTHOILIECHHS CYObEKTa 1 BHEIIHETO
MHpAa, HO U MOMCK IyTeH CO3aHUs MCKYCCTBEHHOI'O pa3yMa, NCKYCCTBEHHOTO MHTEIJICKTa Ha OCHOBE
3TUX UCCIICIOBAHUMN.

B nene co3maHus HMCKYCCTBEHHOTO pa3yMa CYLIECTBEHHOE 3HAYCHHE HMEET (PU3NYECcKOoe,
MaTeMaTHYecKoe ¥ KOMIBIOTEPHOE MOJECIMPOBAaHMAE 3TaloOB ABOJIONHUOHHOTO PAa3BUTUS TEX
byHaaMeHTaNbHBIX (QYHKIWUH, 3apOABIINIM KOTOPHIX OBUIM 3alIOKEHBI yXKe B TMEPBBIX IKUBBIX
00pa30BaHMAX U KOTOPBIE B KOHEYHOM HTOTe 00YCIIOBUIM BO3HUKHOBEHHE ()eHOMEHA MBIILICHHUSI.

WuTennexryanbHass aKTUBHOCTh YeJIOBEKAa OCYHIECTBISIETCS MyTEM B3aMMOCOTIIACOBAHHON
paboThl IBYX pPAa3IUYHBIX IO CBOEH MPHUPOAE JIOTMYECKHX CHCTEM — CHCTEeM HHIAYKTUBHOIO M
JEeIyKTHUBHOrO BBIBOOB. COOTBETCTBEHHO, MMEEM JBE JIOIMKH: HHIAYKTUBHYIO M JEIyKTHBHYIO,
KOTOpBIE OTPAXKAIOT 3aKOHBI MBIIIUICHHUSI.

WHcTtpymeHTanbHOe obecrieyeHrne — «XapBeay, ¢ IOMOLIbI0 KOTOPOTO OCYILECTBIISIETCS ATa
AKTUBHOCTBh— 3TO UEJIOBEUECKHH T'OJIOBHOM MO3r. M3BECTHO, YTO MpaBoe W JIEBOE MOJYIIApUs MO3Ta
(GYHKIMOHUPYIOT O-pa3HOMY, ¥ X (DYHKLIHH, B OCHOBHOM, Pa3JIHYHbI.

JleBoe momymiapue MoO3ra OTBETCTBEHHO 3a 00paboTKy BepOanbHOW HMH(GOPMALUH;, OHO
OTBETCTBEHHO 32 JIOTUKY W aHanu3. [Ipu 3TOM clieyeT OTMETHTh, YTO 00paboTKa HHPOPMAITUH JIEBBIM
NOJyIIapueM HPOUCXOAUT TMOCIeN0BaTeNbHO BO BpeMeHH. CienoBaTenbHO, JIEBOE MOJIyLIapHe
yrpaBisieT TeMd (QYHKIUSMHU MBIIIICHUS, KOTOPbIe, B OCHOBHOM, OTHOCSTCS K cdepe JeTyKTUBHON
JIOTHKH.

[IpaBoe momyniapue OTBETCTBEHHO 3a 00pabOTKy MH(OpMaIyy, IpeiCTaBICHHOH 00pa3Ho B
BUjie m3o00pakeHuit. O0paboTka MHPOPMAIMK JIEBBIM MOJTYIIAPHEM MPOUCXOJUT TMapaIUICIbHO; IS
HeE XapaKTepHO pacCMOTpeHHe MNpoOJieMbl B IeloM, 0e3 MOoCIeJOBaTeNbHOr0 — aHalu3a.
COOTBETCTBEHHO, TpaBoe TMOJyIIApUe YIpaBisieT TeMH (QYHKIHUAMU MBIIUICHHS, KOTOpBIE, B
OCHOBHOM, OTHOCSITCS K c(hepe NHAYKTUBHOM JIOTHKH [2].

JlenyKTuBHasI JIOTUKA pacIojlaraeT MHOTOBEKOBBIMU TPAAULIUSAMH, CTPOTUM MaTeMaTHYECKHM
anmapaToM BBIBOJIA M COBEPICHHBIMU CPEJCTBAMH aBTOMATH3AIMU OIEPaIlii B BUJIC COBPEMEHHBIX
OBM.

HecmoTpss Ha TO, 4TO WMHAYKTHBHAS JIOTHMKa ObUIa M OCTaeTCsi HE3aMEHHMBIM Oa30BBIM
METOJIOM U IIUPOKO TPUMEHSETCS MOYTH BO BCeX cdepax COBPEMEHHOW HayKHu, Be3Je, TIe
HEOOXOIUMBI OLEHKa W HCKIIOYEHHUE TUIOTE3, OHAa JONr0 HAXOIWIach BHE MpPEAETIOB BHUMAaHUS
yueHbIX. Jlo CHX IOp HE yAaloCh CO31aTh TEOPUIO MHAYKTHBHOM JIOTMKH M, NOJOOHO AEIYKTUBHOM



LSISANZIRI bS506IN6H( bLOSELI60, GEORGIAN ENGINEERING NEWS, A23, 2016 49

JIOTHKE, OCHACTUTH €€ COOTBETCTBYIOIIMM MAaTEMATHUSCKHM aIlliapaToM M TEXHUICCKUMH CPEICTBAMHU
ABTOMATH3AI[UH BBIBOJIA.

Tak kak pabora Mo3ra OOYCIIOBJICHA COBMECTHOH COIJIaCOBaHHOH paboToil 00oux
MOJIyIIApHi, T. €. COTJIACOBAaHHOW PabOTOW MHIYKTUBHOW M JCTYKTHBHOW CHCTEM, MOXHO IIOJIArath,
YTO HCKYCCTBEHHO CO3/JaHHas pasyMHas CHCTEMa TakKe JODKHA COAEpXKaTh JBE OCHOBAHHBIC HA
PasNIMYHBIX MPHIKNAX 00paboTkM HH(POPMAIMKU TOACUCTEMBI: MOJCHCTEMbl HHIAYKTHBHOTO U
JIETyKTUBHOTO BBIBOIOB.

2. T'unore3a 0 6a30BOM ornepaTope HHAYKTUBHOTO BBIBO/A

@DeHOMEH MBIIIJICHUS] BOSHUK ITyTEM 3BOJIIOLMOHHOTO Pa3BUTH aJalTallMOHHBIX MEXaHU3MOB
MPOCTENIINX JKUBBIX 00pa3oBaHUM. M3 HBOIONMOHHON 300TICHXOJIOTHHA H3BECTHO, YTO MPOCTEHIIINE
OJTHOKJICTOUHBIC PpEarupyroT JHIIb Ha TE pPa3IpaXHUTENH, KOTOpbIe WMEIOT 3HauYeHue IS HX
CYLIECTBOBAHUSI, OCTaBasACh MHAU(EPEHTHBIMHU [0 OTHOIIEHHIO K PA3IPaXKUTENAM, KOTOPhIe HUKAK HE
YYacCTBYIOT B UX JKU3HEJEATENFHOCTH [3, 4].

WnnykTHBHAS M JeIyKTHBHAs JIOTHKH KOPEHHBIM 00pa3oM OTJIMYAKOTCS ApYyr oT npyra. OHu
BO3HMKJIM HAa Pa3HBIX 3Talax 3BOJIIOLUHM M MpeIHAa3HAa4YeHbl IJIsl PEICHHs Pa3IMYHOIro TUIa 3ajad.
Jnst MHIYKTUBHOW JIOTWKH paboueil cpemoi SBISeTCS BOCIPHHUMAEMBIA pElenTOpaMH pPealbHBIN
mup. s AeTyKTHBHOHN K€ JIOTHKH pabodeld cpefod SBISIeTCS MPOCTPAHCTBO OMHCAHUN CO BCEMH
¢dbopMHUpYyEeMBIMH B HEM MOCPEICTBOM WHAYKTHBHOM JIOTMKH KjacTepamy, o0pa3aMH U MOHITHSAMH,
OTKyZla OHa 4epIaeT BCe INPUHUMAEMBIC 32 BEPHbIC IOCBUIKM. Y UMUTHIBAs CYIIECTBCHHOE pa3jinine
MEXIy MHIYKTUBHON M JeIyKTHBHOW JIOTMKaMH, MOXHO IIOJIarath, 4TO K 3ajade pa3paboTKH OCHOB
MHIYKTUBHOW JIOTHKU CIIEAYyeT HNPUMEHUTH IOJXOJ, COBEPIICHHO OTIMYAIOIIUIICS OT NPHHLUIIOB,
3aJI0KEHHBIX B (yHIAMEHTE ACIyKTUBHOMN JIOTHKH.

PaccmoTpuMm crieayromyro Mozeib: UMEETCsl TUIIOTETHYECKOe 00pa3oBaHue — OMOOPTaHHU3M,
KOTODPBIM CYyIIECTBYeT B HEKOTOpPOH cpene, B KOTOpOH [A0OBIBaeT NHILYy W CHAacaercs OT
CYIIECTBYIOLIMX TaM omacHocTeil. JlanHoe oOpa3zoBaHue 001aJaeT CEHCOPaMH, C OMOIIBI0 KOTOPBIX

OHO BOCHPHHHUMACT TCKYILICE COCTOSAHUEC CpCAbl B BHJC n-MepHOFO BCKTOpa )(77 :{Xi}’

1=12,..,N, T.e. KAXKIOMy KOHKPETHOMY COCTOSIHHIO CPEJIbl COOTBETCTBYET TOYKAa B N -MEPHOM
CCHCOPHOM MPOCTPAaHCTBE, WJIM B T.H. HPOCTPaHCTBE onucaHui. MHmexkc 77 moka3biBaeT

NPUHAJIEKHOCTh JAHHOTO KOHKPETHOT'O COCTOSIHHMS K HEKOTOPOMY KJIACCy COCTOSIHMH, O ueM OyneT
CKa3aHO HMXKE.

JlonycTuM, 4TO HaIll TUIOTETHYECKUH OMOOpPraHU3M B IPOLECCE «HAKOIUICHUS ONBITa» — B
nporecce «00ydEeHUs» pearupyer 1 3allOMUHAET TOJBKO CYLIECTBEHHBIE ISl €T0 KU3HEACSATEIbHOCTH
— JUI1 €ro YCTOMYMBOCTH — COCTOSIHASA CpPEIbl; JUIsl MPOCTOTHI JOIMYCTUM TaKKe, 4TO Yy HAIIEro
Onooprann3ma BBIpa0OTalaCh CHOCOOHOCTH pa3iMyaTh COCTOSHHSA CpPEAbl  TOJNBKO JBYX THIIOB:
«IJIOXME», COAEpXKALIUE OIACHOCTb, U «XOPOILIME», CBA3aHHbIE C BO3MOXHOCTBIO OBJIAJETh
HEOOXOIUMOMN UIsl KU3HENEesATeIbHOCTH A00bueil (mumeit). lomycTuMm, 4TO B Cilydae «IUIOXHX»
COCTOSIHMI MHJIEKCY 7) PUCBAaMBAIOTCS 3Ha4eHH ,,0%, a B CIydae «XOPOIINX)» COCTOSIHUIN — 3HAYCHUS

»1%, T.e. OMOOpPraHU3M 3aTIOMHHAET ¥ METHT YIOMSHYTHIM 00pa3oM TOJBKO CYIIECTBEHHBIC ISl €T0
JKU3HENEATEIIbHOCTH Pa3IpakKUTeIIN.
B Tedenune Bcero BpeMeHHM KU3HEIEATEIBHOCTH OMOOPraHU3M CPaBHHUBAeT BO3HHKAIOLICE Ha

€ro CCHCOpax TCKYLICC COCTOSAHUEC Cpeabl X (¢{0) BCEMH q)HKCI/IpOBaHHI)IMI/I B nmaMsaTH
HWHACKCUPOBAHHBIMU COCTOSAHUAMM. CYTL CpaBHCHUA  3aKJIHOYACTCd B YCTAHOBJICHUH 110
OHpe,E[eJ'IéHHOMy KpUTCPpHUIO CTCIICHU CXOACTBA, T. €. B OIPCACICHUU B CCHCOPHOM IPOCTPAHCTBC

A

pacCTOSHMI MEXIy TOYKOW X W BCEMH 3allMCaHHBIMU B IpOLECce O0yYEHUsS WHIEKCHPOBAHHBIMU
TOYKAMHU.
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Pesynprar cpaBHEHHWS OIpeneiseT peakiuio OOpa30BaHUS; €CITH OKAXKETCS, YTO HHIEKC
Omwkaiimero cocrosuus 77 =0, T.e., ecliu TeKyllee COCTOSHHUE NOX0JCe HA PAHEE 3aIlOMHMBIIEECS
«IIJI0X0€» COCTOSIHHE, 00pa3oBaHHE IMOMBITACTCS HW3MEHHUTHh CHUTYAIlMIO0 IIyTeM IepeMElIeHHUs B
MPOCTPAHCTBE. AHAIOTHYHO, €CIM WHIEKC Onmkaiiero cocrosuus 77 =1, T.e. ecmu Tekyiee

COCTOSIHUE NOX0Jce Ha «XOpOIIee», CBSI3aHHOE, HAallpUMEp, C OBJIAJCHUEM IUINEH 3allOMHMBLIECECS
COCTOsIHUE, 00pa30BaHKE MONBITAETCS OBJIAAETH MUIIEH.

Omnepauysi CpaBHEHHMS ONMCAHHOTO THIIA 3aJ0K€HA B OCHOBBI JIIOOOI0 SHTPONHUIHO
ycToiunBoro obOpaszoBanus. OHa JaeT BO3MOXHOCTH OOpPa30BAaHHUIO OCYIIECTBISTH OIEPEKAOIIYIO
peaknuio, u30eraTb OMAaCHOCTH, M A0ObIBaTh NHILy. JTa CIHOCOOHOCTh 3HAYMTENIBHO IIOBBIIIAET
YCTOMYMBOCTh 00pa30BaHuUs B Cpelie, B3aUMO/EICTBHE C KOTOPOIl sIBJIsIeTCS 00sI3aTENbHBIM YCIOBHEM
€ro CyIllecTBOBaHUA. FIMEHHO B CBSI3U C 3TOM onepauuell NposSBUIUCH BIEPBBIEC Y NPOCTEHIINX TaAKUE
(heHOMEHBI, KaK 3aloMUHAaHHE-O0y4YeHHe, T.. HAKOIUIEHHE 3HAaHWN W BBIPA0OTKA pEIICHHHA Ha
OCHOBaHUH 3TUX 3HAYECHHH.

Ha ocHoBanmm s5THX (eHOMEHOB, Kak Ha (yHIAMEHTE, BO3HHUKIA IICMXHKAa — CHadaia
CHOCOOHOCTh JKMBBIX OOpa30BaHUI aJEKBaTHO pearupoBaTh Ha BHELIHME BO3ICHCTBHS, a IOCIE
JUTNTENLHON 3BOJIIOLMH BO3HUK MUHTEJUIEKT T.€. CHOCOOHOCTH MBILIICHHUS.

CornacHO JaHHOW THIIOTE3€, ONMMCAHHAS OTIepallvsi CPABHEHUS SBJsieTCS 0a30BOM orepanmei
MHIyKTUBHOMU JIOTUKU.

Takum o0pa3oM, omepausi CpaBHEHUSI TEKYILIETO COCTOSHUS C (PMKCHPOBAHHBIMH B HaMSATH
HHACKCUPOBAHHBIMU COCTOAHUAMHU MW Ha OCHOBAHMH 3TOTO CPABHCHHA MNPUHATUC PCUHICHHUA O
COBEpILIEHUU TOTO WM MHOTO JICHCTBUS sBIsieTcs: 0a30BOM oneparueil HHAYKTUBHOMN JIOTHKH.

3. 3akirouenue

[Moxxon K mpobiieMe cO3aHKsT UCKYCCTBEHHOTO pa3yMa, OCHOBAHHBIN Ha W3JI0KESHHOMN BBIIIIC
TUIOTe3e 0 0a30BO¥ ONEepalvi WHAYKTUBHOM JIOTHKH, KOTOpas 3aKJII0YaeTCs B CPAaBHEHUU CEHCOPHOM
uHpOpMaIuu ¢ nHpopMale, PUKCUPOBAaHHOW B MaMSTH NpU 00yUSHHUH, UMEET PsiJl IPEUMYIIECTB.
OH 1O3BOJISIET HpI/I6J'II/I31/ITB MOACIIU UCKYCCTBEHHOI'O MHTCIIJIEKTA K CCTCCTBCHHOMY.

Ha ocHoBaHuu JaHHOTO MOJX0Aa ObUT pa3paboTaH IMPOIECCOP MHIYKTUBHOTO BBIBOAA [5,0].
[MapamienbHOCTh ¥ OAHOBPEMEHHOCTh OCYIIECTBJICHUS OINEpallii  CPaBHEHHUS MHOTOMEPHBIX
BCEKTOPOB JCJIACT MPOUECCCOP YHUKAJIBHLIM B CMBICIIC PCIICHUA AKTYAJbHBIX MPAKTUYCCKUX 3aJiad B
peasibHOM BpeMeHH. [Ipolieccop yImoMsHYTOro BhIIie THIIA ObUT UCIIOJIB30BAaH B 3aja4ye OCCIUIOTHON
HaBUTalluH.

FI/I6pI/IILHaH HWHTCIJICKTyaJIbHasd CUCTEMA, B KOTOpOﬁ POJIb a}:[aHTPIBHOP'I YaCTHU BBIITOJIHACT
IMpoueccCCop MHAYKTHUBHOI'O BBIBOJIA, ABJISACTCA B OIIPEACIICHHOM CMBICIIC YHHBepcaHBHOﬁ CHCTCMOﬁ,
KOTOpad € TOYKH 3pCHUA XapaKTepa (1)YHKIII/IOHI/IpOBaHI/I$[ Onm3Ka K €CTCCTBCHHOMY HHTCIIICKTY U
o0ecrieurBaeT pa3BUTHE MOJICIEH HUCKYCCTBEHHOTO HMHTEIIJICKTA IO CXEME, aHAJIOTMYHOU DPa3BUTHIO
€CTECTBEHHOT0 HWHTEIUIEKTa B IPOIECCE HBOIIOLMH, YTO CBHICTEILCTBYET O IEPCIIEKTUBHOCTH
MoJIX0/1a.
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SUMMARY

HYPOTHESIS ON THE BASE OPERATOR OF INDUCTIVE LOGIC

Lezhava G.G., Kamkamidze 1.Sh., Berikishvili Z.1., Mkrtichan E.M., Kandelaki M.K.

and Vardosanidze A.K.

V. Chavchanidze Institute of Cybernetics, Georgian Technical University

The hypothesis on the base operator of inductive logic which consists in the comparison of the current touch
information with the information fixed in the memory of on intellectual system is offered. As the arguments
confirming the hypothesis, the known positions from evolutionary zoopsychology and from research on the
creation of artificial intellect are considered. The approach which the hypothesis is based on allows solving the
practical problems in real time and approaching in the artificial intellect models to the natural intellect.
Keywords: artificial intellect, inductive reasoning, inductive logic, deductive logic, hybrid inyellectual system.
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_ dz(x) _ d*z(x)
= dx ’ P2 = 3 - dx? . (2]

X=Xp X=Xp
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SUMMARY

CALCULATION OF THE SYMMETRICAL CONCENTRATOR WITH ASPHERICAL SURFACES
Shalamberidze D.M., Zardiashvili D.G., Avaliani I.M. and Kordzakhia I.I.

LEPL Institute “Optica”

The paper deals with a mathematical method of calculation of aspherical lens surfaces. We derived a recursive
scheme for serial calculation of the coordinates of points of symmetric profiles. This scheme allows calculating
and producing the high-quality aspheric lens-concentrators without aberrations with a minimum number of
expensive puncheons, which greatly reduces the cost and simplifies the process of manufacture.

Keywords: optics, aspherical surface, lens.
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SUMMARY

ANALYSIS OF THE METHODS OF LENS CENTERING

Ivanidze 1.D., Kordzakhia I.1., Dekanozishvili G.G. and Avaliani .M.

LEPL Institute “Optica”

The paper deals with mechanical and autocollimator methods of lens centering. LEPL Institute OPTICA mainly
uses mechanical centering method during lens manufacture. Therefore, this paper focuses on identifying the
main limitations of this method, in particular, on the definition of allowable values of diameters and radiuses of
curvature.

Keywords: lens, centering, mechanical method.
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O MAJIEOI'EOI'PA®UUN AKBATOPUU OJIMTOLEH - PAHHEMUOIIEHOBOT' O
ITAJIEO-YEPHOI'O MOP

I'ocynapcTBennsblii yaupepenter Axkakus Lleperesm, Kyrancn
Maxapanze A.H.

Bonpoc maneoreorpaduu axBaTOpPUU OJIMTOLICH-PAaHHEMHOLIEHOBOTO BpeMenu Ilaneo-
YepHoro, Tak Ha3piBaeMoOro MaiKOICKOro, MOpsl TeppUTOpuH ['py3un sBIsieTcS 4acTbio oOmien
MPOoOJIEMBI TEOJIOTHYECKOH UCTOPUH YepHOMOpPCKOTO OacceliHa, I0 KOTOPOH HET €MMHOTO MHEHHUSI.

UepHoe MOpe OJUIOLEH-PAHHEMHOLICHOBOIO BPEMEHHM SBISIETCS TPYIHO H3y4aeMbIM
PETHOHOM, TaK Kak Juis HaOJIrOAEHHS TOCTYITHBI TOJIBKO JIUIIL OTIIOKEHUS! KPaeBhIX YacTel OacceiHa.
OOpa3oBaHusl, OTAAJCHHbIE OT STHX 30H, HE BBICTYNAIOT HAa TIOBEPXHOCTH M HEIOCTYIHBI IS
UCCIICIOBAHUS.

Ha cymectByrommx mnaneoreorpaguueckux cxemax akBaTOpWH MaMKOIICKOTO MOps, B €&
LEHTPaJbHON YacTH BBIPUCOBBIBAETCS CYyIla, WIM CBEICHHHA BOOOINEC HE NMPHUBOAUTCS M OCTACTCS
OCJIBIM IATHOM.

[IpoBeneHHble HamMM [AETalbHBIE JHMTOJOIMYECKHE MCCIEIOBAHMS IIOKa3ajiH, 4To 00JjacTh
Yepuoro mops n Konxuackas HU3MEHHOCTh B OJIUTOLIEH-PAHHEMHOLICHOBOE BpeMsl ObUIN MOKPBITHI
MopeM. B onmuroneH-paHHEMHOIIEHOBBIX OTIOXKEHHUIX AOXaznu u Merpenuu ¢ tora, ['ypuu ¢ 3anazaa u
ceBepa MPUHOC TEPPUTEHHOTO MaTepuana He QUKCHpYeTCs. YKpyIHEHHE TEPPUTeHHOTo MaTepuana B
HEKOTOPBIX IOKHBIX pailoHax AOxasum u Merpenuu CBS3aHO C OCTPOBAaMH M ITOJBOIHBIMHU
HNOJHATUSIMH U SIBJISIETCS] NPOLYKTOM UX JeHyaauun. O0 oTcyTCcTBUM Cylin B obnactu UepHOro Mopst
TOBOPAT TaK)K€ 3aKOHOMEPHOCTH U3MEHEHHSI MOIITHOCTEH Ha MPOTHUBOMOJIOXKHBIX CKIOHAX OCTPOBOB H
MOJIBOJHBIX TMOJHATHN. ACHMMETpPUSI MOIIHOCTEH OCaJKOB XOpOIIO BBIpaXKEHa Ha OopTax
Opaxuantukiaunoneil Lanmu, Oku u Ypra, KoTopsle okaMmiIsiioT Merpenbekyro aenpeccuio ¢ rora. Ha
CEBEPHBIX CKJIOHAX 3THUX OpaxWMaHTUKIMHOJEH, OOpallleHHbIX K MHUTAIOIIEMy CyOCTpaTy, MOIIHOCTh
0CaJIKOB 3HAYMTEIHHO Ooublie W 0ojee KPYMHO3EPHUCTOW CTPYKTYpHI, YEM Ha MPOTHBOIOIOKHBIX
I0XHBIX CKJIOHaxX. JlaHHas KapTHHA aCUMMETPUH MOIIHOCTEH HaOI0AaeTCsl He TOJIBKO JUIsl OJMTOIeH-
PaHHEMHOLICHOBBIX, HO M MO3/IHEIOLEHOBBIX 1 TOCTPAHHEMUOLIEHOBBIX OTJIOKEHHH.

CyuiecTBOBaHHE OTAEIBHBIX OCTPOBOB W MOJBOAHBIX HOIHATHI HE HCKIIOYEHO TaKXKe B
Konxunckom mope. Konxuackas HHU3MEHHOCTh HMMEET MO3aMYHOE TEKTOHHUYECKOE CTPOEHHE C
BEPTUKAIBHBIMU JH(D(DepeHIMaTbHBIMHA JBUKEHUSIMUA OTJCIBHBIX OJIOKOB, KOTOPOE MPOUCXOJTUIIO KaK
B OJIUTOIICHOBOE, TaK M J0- U MOCJICOINTOIIEHOBOE BpeMs. BepTukanbHas amMIumuTyda mepeMenieHs
oTaenbHbIX 010K0B 10 150 M. [Ipn 5TOM HEKOTOpbIE MPUIIOAHATHIE OJIOKH TITyOOKO 3pOANPOBAHBI U
Ha HUX OTJOXEHMs OJHUIOllEHa-paHHETOMHOLIEHA OTCYTCTBYIOT. Hampumep, Ha 3amafiHOM Kpblie
Bapruxckoro cOpoca, KOTOpBI OrpaHHYMBaeT KBUPHIBCKYIO JENMpeccHio ¢ 3amaja, Ha OTIIOKEHUS
BEPXHEro MeJa-CPEeIHEro30IeHa 3aJIeraloT OTJOXKEHHWs MEOTHCa, a Ha BOCTOYHOM KpbUIE, B
Ksupunsckoii nenpeccuu, NpoOypeHbl OTJIOKEHHS OT BEPXHEr0 J01IeHa 10 KOHIIA BEPXHET0 MHUOIIEHA
BKIItOunTEeNbHO. Takum obOpasoMm, Ha Konxmackoil HM3MEHHOCTH HE HCKJIIOUEHO CYLIECTBOBAHHUE
OITYIIEHHBIX OJIOKOB, KOTOPHIE TIO CTPOSHHIO HE OTINYAI0TCA 0T KBHPMIIBCKON AeTIpeccHn 1 SBISIOTCS
MEePCIeKTUBHBIMU Ha Mapranen. OJHroneH-paHHeMHOIIEHOBOe Mope KBUpWIIbCKOi ienpeccuu ObIIO
11ea6(GOBOE U MEIKOBOJIHOE.

B npobneme ruapoxuMuu MaiiKorckoro Mopsi BBIAEIAETCS JBa KapAMHAIBHBIX BOIPOCA — O
COJIEHOCTHU M CEPOBOAOPOIHOM 3apaKCHUH.
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Ha ocHoBanum ¢mnopsl u QayHbl yCTaHABIMBAeTCS MHOTOKPAaTHOE H3MEHEHHUE COJICHOCTH
oymroreH-paHHeMuorniecHoBoro Mopsi Kaskaza. A.I'. JlanueBeiM (1964) Ha ocHOBaHmH GJIOPHI |
(ayHBI YCTaHOBJIEHO BOCHMHKPAaTHOE W3MEHEHHE COJICHOCTH OJIUTOLEH-PAaHHEMHOIIEHOBOTO MODSL.
A.T. JlanueB omnpecHEHHWE CUMTAET PE3yJbTATOM IIPEKpAIIEHHUS CBSI3U MOpPSI C OKEAaHOM H3-3a
perpecui, a MOBBIIIEHUE COJICHOCTH BO3OOHOBICHHEM CBS3H C OKEAaHOM B pe3yJIbTaTe TPaHCTPECCHH.
Ilo ero MHEHHIO TIpeKpalIeHWs W BO30OHOBIIEHHUS CBSI3M MOpPS C OKEaHOM OBUIM OOYCIIOBJIEHBI
TEKTOHMYECKUMH JIBWKEHUSIMH. Kak MOKa3bIBarOT HAIIW HAONIONEHUS, W3MEHEHHUS COJIEHOCTH
OJIUTOLIEH-PaHHEMUOIIEHOBOrO YepHOro Mopsi HE COBMNAAAIOT C IMEpHOJaMH TEKTOHHYECKHX
JBUKCHUH.

OnuroneH-paHHEMHUOIIEHOBOE BpeMsI OXBATHIBAET OJWH TOJHBIA IUKI OCEIKOHAKOILICHHS
(MaxKpoIMKiI) OT Hadala TPAHCTPECCUH PAaHHETO OJHUTOIeHa, 0 KOHI[A PEerpecCHH paHHEero MHOIEHA
(mepuo MeXAy NUPEHEWCKOH M INTHUPUHCKOM (Da3aMbl, aJIbLIIMHCKON CcKiaamyatocTv). B maHHOM
MaKpOLMKJIIE BBIIESIOTCS JiBa ME30OLMKIIA — OT Havaja /10 KOHIIAa paHHEr0 OJUTOIIeHa U OT CPETHETo
OIIMTOIlEHa 10 KOHI]a paHHero MuoleHa. Ha OpaxuaHTHKIMHAX, TTOABOAHBIX MOTHSATHSIX U B
MPUOPEKHBIX 30HAX (PUKCHPYIOTCS CeNbl CIa0bIX BEPTUKAIBHBIX IBHKCHHU 3MEUPOTeHHYECKOTO
XapakTepa, KOTOpbIe BPSJ JIM MOTJIHM BIUATH Ha CBS3HM UepHOro Mops ¢ okeaHoM. Takum oOpaszom,
U3MEHEHHUs] COJIEHOCTH  OJIUTOLIEH-PaHHEMUOIIEHOBOr0  YepHOro Mops HE COBMNAAAIOT C
TEKTOHMYECKUMH JIBWKCHUSIMHU U OTH W3MEHEHUS HeNb3s 00BsICHUTH CBs3bI0 [lameo-UepHoro mops ¢
OKEaHOM.

B TeueHue omuroneHa-paHHero mMuoueHa Maiikorickoe Mope ['py3um HMMeNo MOCTOSHHYIO
CBSI3b C OKEAHOM H, CJIEIOBATENLHO, OHO JOJKHO 00JIalaTh HOPMAIbHOW OKEaHMYECKOH COJEHOCTBIO.
OTnenpHBIE TEPUOIBI OIMPECHEHUS B TEOJOTMYECKOW WCTOPHHA MAWKOIICKOTO MOPS  SBISIFOTCS
JIOKAJILHBIMA U OHO OBUIO 00YCIIOBIIEHO MHTEHCHUBHBIM IIPUTOKOM PEYHBIX BoA. CHIBHO M3pe3aHHas
6epeFOBax JIMHUA, MHOT'OYMCJICHHBIC 3aJIMBbl, BBICTYIIbI CyIIM, OCTpPOBa, IIOJABOJHBLIC TOAHATHUA
000COOMISIIT  OTHENBHBIE YYAaCTKH C Pa3IMYHBIMH THUAPOXUMUYECKUMHU pexuMamu. OTMeueHHEIe
¢hopMBbI penbeda mpensaTCTBOBAIH CBOOOTHOMY PACIIPOCTPAHEHUIO PEUHBIX BOJ 10 BceMy OacceiiHy u
WX CMEIINBAaHUIO C MOPCKOH BOJIOH. 3acTOMHbIE yCIOBHA OacceiiHa MpernsaTCTBOBAIN BO3SHUKHOBEHUIO
BEPTHUKAJIBHBIX LUPKYJSAIUN U MPOUCXOJIWIO paccianBaHHe BOJ OacceifHa mo cosieHocTd. [IpecHble
BOJIBI 3aHUMAaJll BEpPXHHE CIIOM BOJOEMa, rje Obuia pa3BuTa mnpecHoBomHas (ayna. [Ipm oOmmx
KoJIe0aTeNbHBIX JIBKEHHUAX 3TO PAaBHOBECHE HAPYIIANOCh — OOpPa30BBIBAINCH KOHBEKIIMOHHEIC
MOTOKH, MPOUCXOJUIIO CMEIIMBAHWE IPECHBIX W COJICHBIX BOJ, CMEHA COJICHOCTH W OWOIIEHO3a.
IIpecHoBO/tHAsT (hayHa MUTPUpPOBANA B MECTaX CIUSHHS pEK, T/I€ COXPAHWINCH IPECHOBOJHBIC
ycnoBusi. [Ipu mocnenyromeM onpecHeHUH (ayHa OT dTHX pailOHOB PacHpOCTPaHsUIach MO BCEMY
Oacceliny.

Bropoii runpoxumuueckoit mpoOieMoir YepHOTro Mops SIBISIETCSI CEPOBOIOPOIHOE 3apaKeHUE
Box OacceiiHa. CepoBOAOpOJHOE 3apakeHHe, MPOsBUBIIEECS CO CpegHero omuronena Oomnee 30
MUJLUTHOH JIET Ha3aJ, MPOAOIDKAETCS /IO HACTOAIIETO BPEMEHH.

CrnenuduryecknmMu  00pa30BaHUSIMH  3aPaXKCHHOTO CEPOBOJOPOAOM MaiKOICKOro Mopsi
ABJSIFOTCA TaK Has3bIBaeMble MAaWKOICKHE IJIMHBI, SBJISIONIMEecS HedTe- M Ta30NpOU3BOAALIMMU
nopojaMu MectopoxxaeHuit Kaskasa.

O06 WuCTOYHHMKE CepoBOJOpOJAa HET eAWHOTo MHeHHus. JlomyckaroTcs Kak OWoreHHoe
oOpa3oBaHHe B pe3yJibTaTe Pa3jioKEeHUS OPraHUYECcKOro BEMIeCTBa B aHAIPOOHBIX YCIOBUSX, TaK W
BYJIKAHOT€HHOE — IPUHOC Ta3aMH U THAPOTEPMaMH.

Haxomnnenne cepoBogopoaa NPOMCXOANUT KaK B IIIyOOKOM, Tak W B MEJIKOBOJHOM OacceiHax
pH crienndraeckol 00CTaHOBKE (3aCTOWHBIE YCIIOBHS OCAIKOHAKOIICHUS ¢ aHA3POOHBIM PEKHUMOM;
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HE3HAYMTEIBHBIA NPUHOC TEPPUTSHHOTO MaTepualla M TO B TOHKOJUCIICPCHOM BUJE;, OOMIIHE
OpPTaHUYICCKOTO BEIIECTBA).

Takum 00pa3zoM, TEPPUTOPHS COBPEMEHHOT0 UepHOro Mopsl ellle ¢ OJIUroneHa Oblia OKPhITA
MOpeM, B KOTOpPOM (OPMUPOBAIHCH He(dTe- U Ta30MPOU3BOJAIIME IMOPOMALI, YTO JACNAeT 3Ty
TEPPUTOPHIO TIEPCIICKTUBHON Ha MOBOHBIC MECTOPOXKICHHS HE()THU U Ta3a.

JINTEPATYPA
1. JlanmeB A.T'. Maiikonickas cepus ['py3un. —M,Henpa,1964.

SUMMARY

ON THE PALEOGEOGRAPHY OF THE AQUATORY OF THE OLIGOCENE-EARLY MIOCENE
PALEO-BLACK SEA

Makharadze A.l.

Akaki Tsereteli State University, Kutaisi

The modern territory of the Black Sea was covered with water as far back as in Oligocene. Sedimentation of oil-
and gas-forming strata took place in this sea. Hence the modern aquatory of the Black Sea could be promising in
respect to underwater oil and gas fields.

Keywords: paleogeography, the Black Sea, oil and gas fields.
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SYNTHESIS AND CHARACTERIZATION OF Fe-DOPED CARBON NANOBELTS

Kutelia E.R., Rukhadze L.N., Jalabadze N.V., Dzigrashvili T.A., Gventsadze D.I.,
Tsurtsumia O.0O. and Kukava T.G.

Republic Center for Structure Research, Georgian Technical University

Abstract. One-dimensional (1D) nanostructures such as Fe-doped carbon nanobelts were synthesized by a novel
technology combining the pyrolysis of ethanol vapor and metal catalyst-assisted thermal chemical transport of
the pyrolysis products in a horizontal continuous reactor, operating in the mode of recirculation of basic
reagents. The scanning electron microscopic (SEM) and energy-dispersed X-ray spectrometric (EDX) studies on
the products synthesized on the ground surfaces of iron plates at the pyrolisis temperature 1200°C and the
temperature of the substrate 750°C showed that the obtained product is a mixture of two different fractions. The
major fraction (~70%) is composed of carbon nanobelts (CNB) of almost uniform width ~300+2000 nm and
thickness ~60~100 nm, and the length that ranges from several tens of microns to the order of millimeters.
Another fraction (~30%) represents an agglomeration of core-shell-type Fe-doped spherical carbon nanoparticles
(CNP) ~100+200 nm in diameter. The EDX analysis showed that both fractions of the synthesized products were
composed only of C, O and Fe. However, the ratios of these elements in the characteristic morphological
particles of the fractions are considerably different.

Keywords: carbon nanobelts, synthesis, CNP, SEM, EDX, nanoforms.

Introduction. Radushkevich and Lukianovich were the first to discover a new one-
dimensional nanoform of carbon in the products of carbon oxide thermal decomposition on an iron
catalyst in 1952 [1]. The TEM study conducted by the authors showed that all the morphological
features of the discovered, new carbon structure corresponded to those of currently well-known carbon
nanotubes (CNT). However, the authors of this pioneering work did not name the discovered and
described 1D carbon nanoparticles “CNTs”. This type of the carbon nanoform, called CNT, became
well-known just 40 years later when S. lijima rediscovered it [2]. Later, the spherical, planar, and
fibrous carbon nanoforms, so-called 3-, 2- and 1-dimensional nanostructures have been intensively
studied for the last two decades owing to their unique physical-mechanical properties and great
potential of technologies for modifying their properties by doping them with various atoms and
clusters [3-8]. The recent development of nanotechnology for production of carbon nanoforms and
their nanocompositions has come up to new frontiers by creating new functional nanomaterials and
structures for the range of their prospective application fields covering almost each area of human
activities [9-11]. Extensive interest in the production and processing of carbon nanoforms, and in their
properties, reflected in the publications for the last five years [10, 11], is caused by the following two
major circumstances: first, the new technological possibilities for production of carbon nanoforms
doped, coated or decorated with catalyst materials, to design new nanostructured micro/nano-porous
functional materials using the advanced powder metallurgical technology, so-called spark plasma
sintering [3]; and the second, the promising applications of the above carbon-based new materials in
the fields of gas capture/storage [12-14] and the advancement of high-performance energy
conservation/storage systems [11]. Based on the existing literature, it is clearly evident that the
catalyst-doped/decorated/coated carbon nanoform particles and the nanostructured porous functional
materials based on them (micro/nano filters, membranes, “carbon papers” etc.) are considered to be
ideal for many practical applications. That is why the development of the effective methods of
production of bulk quantities of separate fractions of carbon nanoforms and their doped
nanocompositions in the form of powder is necessary and requires systematic studies. Hence the
development of technologies for production of functional materials and components using a new solid-
state design is critical for the development of the next-generation structural materials. In our previous
works [5-7, 15] the possibility of the synthesis of core-shell-structure carbon nanoparticles doped with
ferromagnetic atoms (and clusters), CNPs and carbon nanotubes (CNTSs) by using a novel technology
that combines the pyrolysis of ethanol vapors and chemical vapor deposition (CVD) on the
ferromagnetic metal plate substrates was demonstrated for the first time. In relation with the above-
noted, the objectives of the this research were to develop a simple technology of production of the
synthesized Fe-doped carbon nanopowders composed of nanobelt (CNB)-shaped particles, and to
provide their morphological and compositional characterization using SEM and EDX techniques,
respectively.
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Experimental. The determination of relevant technological parameters for the synthesis of the
Fe-doped carbon nanopowder composed of nanobelt-shaped particles, and for production of its
sufficient quantity for characterization, the laboratory setup, described in our previous works, was
used [5,6]. The synthesis was conducted using a novel technology combining the pyrolysis of ethanol
vapor and metal catalyst-assised thermal chemical transport of the pyrolysis products in the horizontal
continuous close-loop reactor, operating in the mode of recirculation under constant flow of basic
reagents. The products were synthesized on the fine-ground surfaces of an iron-plate-substrate at the
pyrolysis temperature 1200°C and the temperature of the substrate 750°C. The samples for SEM-EDX
analyses were taken from the synthesized nanopowders obtained in a free poured state after shaking
off the surfaces of the iron-plate-catalyst substrates. The fractional composition, morphology, sizes
and chemical composition of nanoparticles of the synthesized products were studied by the SEM
JSM6510LV (JEOL, Japan) with the EDX analyzer.

Results and Discussion. In our experiments, the gas product of ethanol vapor pyrolysis
produced in the high-temperature (1200°C) zone for its further deposition on the surfaces of Fe-plate
substrates arranged in chain was transported in the downstream direction in different temperature
zones ranging from 1200°C to 500°C, which resulted in the formation of specific carbon
nanostructures in the specific temperature zones. Then, by SEM analyses of the synthesized products,
taken from different substrates in different temperature zones, the location of the temperature zone in
the horizontal tubular reactor (distance from the source of the pyrolysis product and the width of the
zone), where the synthesis of the nanopowder composed of carbon nanobelts took place, was
determined on the surface of the catalyst — iron-plate-substrate. Figure 1 shows typical SEM images of
the fractional composition of carbon nanopowder synthesized at the temperature of ethanol vapor
pyrolysis 1200°C, and the temperature of iron-plate catalyst substrate 750°C (a), and a magnified
image of area A (b) selected in (a). It is obvious that the obtained product is a mixture of two different
fractions, the major one (70%) of which is composed of carbon nanobelts (CNB) of almost uniform
ribbon-shaped particles (Fig.1.a), and the another one (~30%) represents an agglomeration of core-
shell-type Fe-doped spherical hanoparticles (CNP) ~100+-200 nm in diameter (Fig.1.b). The possibility
of the synthesis of similar spherical CNPs doped with Fe and other ferromagnetic atom clusters over a
wide temperature range, their magnetic properties and the mechanism of their formation on the
metallic plate-substrate were studied in our previous works [5-8, 15]. The SEM study on the products
synthesized on the substrates located in different zones of the reactor showed that the synthesis of
carbon nanobelts occurred in the narrow temperature range near 750°C as opposed to carbon
nanoparticles (CNPs) and nanotubes (CNTS) the synthesis of which is possible as at higher, so at much
lower temperature than 750°C [6, 7]. In Fig.2 is shown a typical SEM image of the product,
synthesized at 750°C on the surface of the iron-plate-substrate, exhibiting a high volume percentage of
nanobelts (a), and the magnified image (b) displaying the width-to-thickness ratio of the rectangular
cross-section of the ribbon-shaped carbon nanobelts.

BEC 20kV WD15mm  SS60 x20,000 1pm

Fig. 1. Typical SEM images of the Fe-doped carbon nanopowder synthesized at the temperature of ethanol
pyrolysis 1200°C and the temperature of the iron-plate-substrate 750°C (a), and the magnified image of area
A (b) selected in (a).
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Fig.2. Typical SEM image of the fraction of synthesized carbon nanobelts showing a high volume
percentage of nanobelts (a), and the magnified image of Fe-doped carbon nanobelts displaying the width-
to-thickness ratio of the rectangular cross-section of the ribbon-shaped belts (b).

The direct measurements of the width and length of each carbon nanobelt, projected on the
SEM images, showed that they represent the ribbon-shaped particles with the almost uniform width
~300+2000 nm and the length that ranges from several tens of microns to the order of millimeters. As
to the thicknesses of the observed ribbon-shaped nanobelts, their evaluation is possible, because the
belts oriented with the habit planes perpendicular to the initial electron beam in the microscope are
transmittable by the electron beam of the SEM, accelerated with the energy of 20 KeV, and hence it is
possible to reveal the contours of the belts located one under another and oriented in different
intersecting directions (Fig.1.a and Fig.2.a, b). Thus, it can be concluded that the thickness of the
majority of carbon nanobelts is less than ~100 nm. Direct measurements of some properly oriented
SEM images of nanobelts show that their thicknesses vary in the range ~60+100 nm. In addition to the
above-described morphological and dimensional peculiarities, it should also be noted that each
examined carbon nanobelt is free from defects and their surfaces (growth habit planes) are atomically
flat, even without atomic steps. Figure 3.a, b depicts the EDX spectra of the carbon nanobelts fraction
synthesized at 750°C on the iron-plate-substrate (b) and the same of carbon nanoparticles fraction (a),
where only characteristic peaks of carbon, iron and oxygen are present. These spectra confirm that
both fractions of the synthesized product are composed of only C, O and Fe. However, the ratios of
these elements in the characteristic morphological particles (CNP and CNB) of the investigated two
fractions are considerably different. Particularly, the average composition of nanobelts is 86%C,
4%Fe, 10%0, while for the core-shell-type spherical nanoparticles it amounts to 74%C, 20%Fe, 6%0.

W spectrum 5 a

Wt% o

(< 854 04 C 743 03
0 103 04 Fe 188 02
Fe 43 01 = o 69 04

Fig.3.The EDX spectra of the fraction of spherical Fe-doped carbon nanoparticles (CNP) (a), and the
major fraction of Fe-doped carbon nanobelts (CNB) (b).

The observed peculiarities of morphology, dimensions and location of the dopant in the
spherical CNPs and in the ribbon-shaped CNBs lead to the assumption that the synthesis of carbon
nanopowders on the surface of the iron- plate-substrate at 750°C starts with the formation of the core-
shell-type Fe-doped CNPs by the mechanism similar to the vapor-liquid-solid (VLS) process, we
described in [15]. Therefore, the synthesis continues through the nucleation and fast growth of carbon
nanobelts in the length (1D) on the spherical Fe-doped nanoparticles and their agglomerates via vapor-
solid (VS) process. Some details of the VS process, for example, how the dopant atoms or clusters can
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be assembled into/on the 1D carbon nanoforms with ribbon-like morphology is still not fully
understood, and more special model experimental studies are required.

Conclusion. The Fe-doped carbon nanobelts were synthesized by a novel technology combining
the pyrolysis of ethanol vapor and metal catalyst-assisted thermal chemical transport of the pyrolysis
products in the horizontal continuous reactor, operating in the mode of recirculation of basic reagents.
The fractional composition, morphology, sizes and elemental composition of nanoparticles in the
products synthesized on the surfaces of iron plates at the temperatures of pyrolysis 1200°C and the
temperature of the substrate 750°C were studied by SEM and EDX methods. The obtained product is a
mixture of two different fractions, the major one (~70%) of which is composed of carbon nanobelts of
almost uniform width ~300--2000 nm and thickness ~60+100 nm, and the length that ranges from several
tens of microns to the order of millimeters. The another fraction (~30%) represents an agglomeration of
the core-shell-type Fe-doped spherical carbon nanoparticles ~100+200 nm in diameter. The synthesized
characteristic particles are composed of only C, O and Fe with the following average percentages: in
nanobelts - 86%C, 4%Fe, 10%0, and in nanoparticles - 74%C, 20%Fe, 6%0.
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PE3IOME

CUHTE3 U UCCJEAOBAHMUE YTJIEPOAHBIX HAHOJIEHT, JOITUPOBAHHBIX KEJIE30M
Kyreans J.P., Pyxanze JI.H., [xana6anze H.B., /3urpamsuin T.A., I'Benuanze .H.,

Oypuymus O.0., Kykasa T.T.

Pecny6inkaHCcKuii IEHTP CTPYKTYPHBIX HCCIE0BaHNH, ['py3HHCKII TeXHUYeCKHI YHUBEPCUTET
W3ydeHue yriepoiHbIX HAHOJICHT, CHHTE3MPOBAHHBIX Ha IHUIM(OBAHHOH MOBEPXHOCTH Kelie3a IpU TeMIeparype
mpoim3a 1200°C u Temmnepatype nomnoxkn 750°C Meronamu pacTpoBOH 3JIEKTPOHHON MHKPOCKOITMH M 9HEpro-
JICTIEPCHOHHOTO PEHTI€HOBCKOTO aHaJIN3a TI0Ka3aJio, YTO TOJIyYEeHHAs! CMECh COCTOUT M3 JIBYX PA3JIMYHBIX (DPaAKIIUA.
Bonbmias u3 HuX (~70%), cocrout u3 yrieponusix HanoleHT (CNB) moutn onuHakoBoit mupunst ~300-2000 HM U
TonmmHbl ~60-100 HM, ¥ ITMHOH OT AECATKOB MHUKPOHOB JI0 JAECATKOB MIJUTUMETPOB. BTOpas dpakiust npencras-
asieT coboit arnomeparuio chepuueckux yriepoansix Hanodacturl (CNP) tuna siipo-o6omouka.uamerpom ~100-
200 HM, DOTTMPOBAHHBIX KEJIE30M. DHEProIUCIIEPCHOHHBIA PEHTTEHOBCKUN aHAIM3 TMOKa3all, 4To 00e (paKIimu
CHHTE3UPOBAHHOT'0 NMPoayKTa coctodT Toibko u3 C, O n Fe. Oqnako, COOTHOIICHNUS STHX JIEMEHTOB B XapakTep-
HBIX MOp(]oIOrnuecKrX YacTuIax (Ppakiyii 3SHAYUTENBHO OTIMYAIOTCS IPYT OT ApyTa.

KoaioueBble cioBa: yriepoaHble HAaHOJICHTBI, CHHTE3, yriiepoanble Hanodactulpl, SEM, EDX, HaHodopMmsl.
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POLYMERIC COMPOSITIONS OBTAINED ON THE BASE OF BISPHENOL -
FORMALDEHYDE OLIGOMERS

Papava G.Sh., Gurgenishvili M.B., Dokhturashvili N.S., Chitrekishvili I.A.,
Gavashelidze E.Sh., Gelashvili N.S. and Chubinishvili Z.N.

P. Melikishvili Institute of Physical and Organic Chemistry, Iv. Javakhishvili Thilisi State
University

Abstract. Thermal neutron absorbing composites were obtained on the base of resol-type thermoreactive
oligomers based on cardo-polycyclic bisphenols. In polymeric composites, modified diatomite and boron carbide
were used as fillers. It is shown that, in polymeric composites, diatomite is not a neutral component. It contains
active functional silanol groups that form chemical bonds interacting with resol oligomers, which determines
high physical-chemical properties of the composites. The oligomer as well as diatomite and boron carbide are
chemically and radiation resistant materials. The composites obtained on their base are characterized by high
physical-mechanical and thermophysical properties.

Keywords: polymeric composites, phenol, bisphenol, formaldehyde, oligomer.

Polymers and polymer-based composites are widely used in various fields of science and
technology, including nuclear engineering [1, 2]. In the literature there are papers on the application of
the compositions of this type in specific areas such as thermal neutron absorption [3-5]. In particular,
they could be used for biological shielding which is an integral part of neutron radiation sources and
devices.

There is no universal material of this type that is suitable for any operation conditions. The
material is selected to meet concrete technical requirements. Hence it is important to expand the range
of this type of materials.

To this end, we obtained polymeric compositions based on the resol-type bisphenol
formaldehyde matrix oligomer. Thermally modified natural diatomite and boron carbide were used as
fillers. Thermally modified diatomite is of interest, because it contains active amorphous silica and is
a light porous cheap material. The compositions of this type can be used in various environmental

conditions for shielding the thermal neutron radiation of different power and intensity.

It is well known that such shielding means must meet certain requirements: required
mechanical strength, certain neutron absorption ability, and high radiation, chemical and heat
resistance. These parameters must also be stable under operation conditions.

The polymeric composition matrix, resol-type thermoreactive oligomer, is quite chemical and
radiation resistant [5, 6]. Diatomite used for improvement of the mechanical and thermophysical
properties of the polymeric composition has the same properties that exceed those of the matrix. At the
same time, boron carbide used for controlling the neutron absorption ability of the composition is a
well-known reactive material [7, 8]. We used diatomite from the Kisatibi Deposit (Georgia) and 50
um dispersed boron carbide (B4C) as initial materials. The process of thermal modification of
diatomite was studied by using a vacuum electric device. The composition of diatomite was
determined by a chemical method. Both cylindrical and prism-shaped samples obtained by
compression consolidation of the composition were used. Testing of the samples for thermal neutron
absorption ability and long-term exposure of the samples to thermal neutrons was carried out by using
a device for neutron activation analysis with the thermal neutron flux (E,=0.025 eV) of maximum
density (Ng=2.5-10° n/cm?). The measurement accuracy made up 10-16%. The higher was the
absorption coefficient, the higher was the measurement accuracy. The mechanical strength of the
samples was determined. Based on the obtained results, the optimal conditions of thermal modification
of diatomite, its composition and properties were determined. The technology of production of
polymeric compositions was developed. Some physical-mechanical and radiation properties of the
compositions obtained by heat treatment were studied in a wide concentration range of their
components. The investigation results are presented below.

Natural diatomite contains 3.5-8.0% bound water. Dehydration was performed by heating

in the air at 150°C for 1.5 hour. The thermal modification of diatomite was studied at 450°C.
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In Table 1 is given the composition of diatomite in the oxide form under optimal
conditions (t — 450 °C; t—4 h).

Table 1. Chemical composition of thermally modified diatomite in the oxide form (wt.%)"

No. | Component | Wt.%
1 SiO, 92.03
2 Al,O4 4.05
3 CaO 1.27
4 Fe,0; 1.05
5 MgO 0.12
6 R,0 0.18
7 | Heatingloss | 1.3

"R=K, Na, etc.

The chemical composition of diatomite changes during the process of thermal modification.
During this process, burning of organic impurities occurs, and porosity increases from 75% to 85%.
The volume of micropores varies within the range from 0.7 to 2.4 cm?/g, the effective pore radius is
0.3-1.6 um. The existence of such fillers in boron carbide-containing composites could be useful for
long-term construction operation, as the pores of this kind absorb helium released in the result of the
°B(n,a) Li reaction, which excludes swelling of the material and hence deterioration of its properties.

In Table 2 the content of initial materials in polymeric compositions is given. By compression
consolidation, the samples for subsequent investigations were produced.

Table 2. Content of the initial materials in polymeric compositions, wt.%

Resol Thermally modified Diatomite | Boron carbide
1 60 5 35
2 60 10 30
3 50 20 30
4 50 10 40
5 40 20 40
6 40 30 30
7 20 30 50
8 20 20 60

Table 3. Some characteristics of the composites

- Composite No.
Characteristic 1 > 3 7 5 6 7 8
Liquidity, mm 160-200 | 150-195 | 130-190 | 140-200 | 120-190 | 110-180 | 90-160 | 100-170
Resilience, kJ/m? 10.0 8.5 12.0 10.0 13.0 12.0 7.0 7.5
F'exuriz;gength* 60.0 60.0 90.0 80.0 95.0 95.0 70.0 70.0

As is seen from Table 3, the composites containing 40 wt.% thermoreactive oligomer possess
the optimal physical-mechanical properties. Their flexural strength makes up 95 MPa. Therefore, only
the composites containing the matrix of this concentration were chosen for subsequent investigations.
For comparison, the composites of two compositions are included into Table 3. Both composites
contain 40 wt.% resol oligomer. The rest 60 wt.% of one of them made up thermally modified
diatomite, of the another — boron carbide. All composites turned out to be heat resistant up to 450°C.
Variations in the concentration of diatomite and boron carbide hardly affected the thermophysical and
mechanical properties of the composite.
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Table 4. Impact of the composite composition on the thermal neutron absorption ability*

Composition of the composite . sample Test duration, min Order of ragjlatlon
thickness, mm attenuation
40 wt.%TRO+60 wt.%TMD 6 20 1.05
40 wt.%TRO+30 wt.%TMD+
30 wt.%B,C 5 20 7
40 wt.%TRO+20 wt.%TMD+
40 wt.%B.,C 5 20 23
40 wt.%TRO+60 wt.%B,C 6 20 39

*TRO — thermoreactive oligomer; TMD — thermally modified diatomite

As is obvious from the data given in Table 3, the composite that does not contain the thermal
neutron capturing component hardly attenuates the neutron flux. As the concentration of such a
component in the composite increases, the neutron flux density considerably decreases. This index
will deteriorate during long-term operation because of burning of boron from the composite, but the
rate of deterioration will depend on the neutron source strength.

The impact of long-term exposure to thermal neutrons on the mechanical strength and weight
loss of obtained composites was studied under the conditions of the above-mentioned energy and flux
density of neutrons. The integral dose was equal to 5.04-10*n/cm?® The measurements showed that the
flexural strength did not change and there was slight weight loss. Hence the accumulated amount of
thermal neutrons was not sufficient for destruction of the polymeric matrix and changes in filler
properties.
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PE3IOME
MNOJUMEPHBIE KOMIIO3UIIUU ITOJYYEHUE HA OCHOBE
BUC®EHOJ-®OPMAJIAETNHbBIX OJINTOMEPOB
Hanaga I'.III., I'ypreanmeuim M.B., Joxrypumsmwm H.C., Untpexamsuiau U.A.,
I'apamenuaze E.II., I'eramsuan H.C., Yyounumsuiau 3.H.
HnacTuryT dusndeckoii u opranndeckoii xumuu uM. [lerpe Mennkumsunn Tounucckoro
I'ocynapcrBenHoro ynusepcurera uMm. B. Jl>kaBaxuuiBuain

Ha ocHOBe TepMOPEaKTUBHBIX PE30JIBHBIX OJUTOMEPOB, CHHTE3UPOBAHHBIX HA OCHOBE KapIOBBIX MOJUIIMKIH-
YeCKHX OMC(EHOIOB, TTOIYIeHBI KOMIIO3UTHI, TIOTJIONIAIONINE TEIUIOBBIE HEUTPOHBI. B TOIMMEpHBIX KOMITO3UTAX
B KaueCTBE HATOJHWUTENS WCIIOJIB30BAHBI MOAMMHIIMPOBAHHBIM THATOMHT M Kapbun Oopa. [lokazano, uro B
MOJIMMEPHBIX KOMITO3UTaX AMATOMUT HE SBISIETCA HEUTPalTbHBIM KOMIIOHEHTOM. OH COAEpP)XKHUT aKTHUBHBIE
(hyHKIMOHATBHBIE CHWIAHONBHBIE TPYIIBI, KOTOPHIE NPHU B3aUMOJCHCTBUU C PE30JBHBIMH OJHUTOMEpaMHu
00pa3yloT XUMHYECKHE CBS3H, YTO OOYCIIOBIMBACT BEICOKHE (DM3MKO-MEXaHNUECKHE CBOMCTBA KOMIIO3UTOB. Kak
OJIUTOMEp, TAKXKE M AMATOMHT M Kapoua Oopa SIBISIOTCS PaJUallMOHHO M XUMHYECKH CTOWKUMH MaTepHaIaMH.
Kommo3utsl, nosydeHHbIE Ha MX OCHOBE, XapaKTepU3YIOTCS BBICOKMMHU (H3MKO-MEXaHWYECKHMMH M TEIUIO —
(u3MYECKUMH CBOHCTBAMH.
KaioueBble ci10Ba: mojgrMepHble KOMITO3UIUH, (eHOI, OucdeHom, GopManbIeru, OJIUroMep.
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PLASTIC MATERIALS BASED ON NOVOLAC COMPOSITIONS FORMED IN MELT

Molodinashvili Z. P., Khetsuriani N.T., Chkhaidze M.N., Topulia E.N.,
Mchedlishvili 1.J. and Shatakishvili T.N.

P. Melikishvili Institute of Physical and Organic Chemistry, Iv. Javakhishvili Thilisi State
University

Abstract. New-type polymeric compositions based on novolac and diatomite in melt were produced. It was
revealed that, the higher is the content of diatomite in the composition, the higher is its heat resistance. Both the
rate of macromolecule crosslinking and the content of diatomite affect the thermal stability of the composition.
The compositions containing 40-60% diatomite are optimal. Phenolplast-type plastic materials were produced.
Their properties were studied. It is shown that they possess better physical-mechanical and dielectric properties
than similar industrial-grade phenolplasts,

Keywords: polymeric composition, dispersion, consolidation, hardening, novolac, diatomite.

L.H. Baekeland and H. Lebach were the first who, at the beginning of the XX century,
technically justified the possibility of industrial production of phenol-formaldehyde oligomes and
plastics on their base.

Of heat-resistant polymers having a spatial structure, phenol-formaldehyde polymers play a
special role in practical terms. They are widely used in the form of polymeric compositions
comprising the components which allow producing the plastic materials with a wide range of
properties, decreasing considerably the proportion of a polymer in the polymeric composition, and
reducing the cost of polymeric materials.

The use of diatomite as a filler in polymeric compositions is of interest. It is characterized by a
high absorbing ability, low thermal and sound conductivity, infusibility, and acid resistance. Georgia
possesses large reserves of diatomite: the Kisatibi Deposit located in the Akhaltsikhe Region, Uraveli
ravine.

We prepared the polymeric compositions containing different proportions of diatomite from
10 to 80 wt.%. Hardening of the compositions occurred under identical conditions with the same
amount of the hardener. An increase in the hardener amount at the strain temperature hardly had any
effect, while the introduction of diatomite into the composition increased its heat resistance. The
higher was the content of diatomite, the higher was the heat resistance. This can be explained by the
fact that the motion of separate fragments of macromolecules and macromolecules in a whole was
impeded, which increased the strain heat resistance of the polymer.

100
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Thermogravimetric curves of the polymeric compositions containing the novolac oligomers hardened with
hexamethylenetetramine in terms of organic mass: hexamethylenetetramine -15 wt.%. The content of
diatomite in the polymeric composition, wt.%: 1 - 0; 2 — 20; 3 - 40; 4 — 60; 5 — 80.
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The heat resistance of polymers was studied by thermogravimetric testing with heating in air
under dynamic conditions. The change in the temperature was equal to 4.5°C/min. The obtained
results are listed in Table 1 and shown in the Figure. As is evident from the presented data, for the
polymers hardened (with 15 wt.% hexamethylenetetramine) under identical conditions, the polymer
destruction temperature decreased with the increasing content of diatomite in the composition.

Both the rate of macromolecule crosslinking and the content of diatomite affected the thermal
stability. With heating of the composition up to 500°C, the amount of coke decreased to 73% with the
increasing content of diatomite, and - to 32% when the content of diatomite was 80% (Table 1). Heat
destruction of compositions at < 500°C was accompanied by formation of more thermostable diphenyl
oxide and phenyl bonds, which resulted in the improvement of the system structure quality.

Table 1. Thermal characteristics of the novolac-type diatomite-containing oligomers
hardened with hexamethylenetetramine (15 wt.%)

. o Decrease in the weight Amount of coke with
V| Someotawone e 1301 20 [0 [ 80} i s,
Temperature, "C
1 0 380 | 450 | 530 | 630 73,00
2 10 370 | 440 | 510 | 610 64,00
3 20 350 | 420 | 490 | 560 59,00
4 30 330 | 410 | 465 | 540 55,00
5 40 310 | 400 | 440 | 500 49,80
6 50 280 | 410 | 435 | 485 46,00
7 60 270 | 390 | 420 | 460 44,20
8 70 260 | 370 | 390 | 445 40,00
9 80 - - 310 | 400 32,78

The spectroscopic analysis of the novolac and 20% diatomite-containing resit was performed.
As is seen from the data on the IR spectra, the absorption band characteristic of phenolic hydroxyl was
detected in the region of 3300-3600 cm™, valence oscillations characteristic of the methylene group -
in the region of 2970 cm™ and 2880 cm™, and the absorption band characteristic of the carboxylic
group — in the region of 1600 cm™. The presence of diatomite in the composition did not influence the
hardening mechanism [1-7].

Phenolic (novolac) polymeric compositions containing natural diatomite were produced on the
base of novolac oligomers produced by condensation of formaldehyde with phenol in melt. Finely
dispersed natural diatomite (particle size — 0.005-0.22 mm) and calcium stearate were used as a filler.
The use of pigments was allowable. Different lots of filled polymeric compositions grade A, B, C and
D containing 30-80% natural diatomite were prepared. Based on these compositions, disk- and bar-
shaped articles were consolidated.

In Table 2 are given the physical-mechanical and dielectric parameters of plastics produced by
processing of phenolplast polymeric compositions based on novolac and diatomite.
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Table 2. Physical-mechanical and dielectric characteristics of diatomite-containing polymeric
compositions based on novolac oligomers

Standard for phenolplasts
Ne Parameter Grade
A | B | C | D
Dispersed powder, colored with
! Appearance a wide range of colors
2 Sieve residue after sieving, %, sieve N0.018 - 5,0 5,0 -
3 Water absorption ability, mg, no more than 55 55 40 50
4 Fluidity, mm 120-190 100-170 | 100-170 120-190
Flexural breaking load, kgf/cm?, no less than 600 707 600 600
Dielectric strength, kW/mm, no less than - 14,0 14,0 16,0
7 Dielectric loss tangent at 50 Hz frequency, no ) ) ) 0.06
more than ’
8 Surface resistivity, Ohm, no less than - 1.1013 10.1013 5.104
9 Impact viscosity with the sazmple having no 45 58 50 55
dent, kgf/cm
10 Martens heat resistance, °C, no less than 120 130 130 140
11 Volume resistivity, Ohm, no less than - 1.1012 1.1012 2.1013

As a result of the investigation, it was revealed that the compositions containing 40-60%
diatomite were optimal. In a number of cases, the articles produced based on these polymeric
compositions had better indices than those made of similar industrial-grade phenolplasts.
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IJIACTMACCOBBIE MATEPUAJIBI HA OCHOBE HOBOJIAKOBBIX KOMITIO3ULIUA,
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HHeTuTyT pusuyeckoii u opranuyeckoi xumuu um. Il. Meauxkumsuiau Tonaucckoro rocyiapcTBeHHOT o
yHuBepcuTera uM. UB. [xxaBaxumsunin

TTony4yensl mMmonMMMEpHBIE KOMIIO3WIIMA HOBOTO THWIIA B paciulaBeé Ha OCHOBE HOBOJAKAa W JIHATOMHTA.
VYcTaHOBNEHO, YTO, YEM BBIIIE COJAEp)KAaHUE AMATOMHUTA B KOMIIO3ULIMH, TEM BBIIE €€ TemIocToiikocts. Ha
TEPMHUYECKYIO0 CTAaOMILHOCTh KOMITO3UIIMU BIIMSIIOT KaK 4acTOTa CIIMBAHUS MaKpOMOJIEKYJI, TaK U COJEp)KaHUE
JIMaTOMUTa B KOMIO3UMUMHU. ONTUMajgbHBIMU SIBIISIIOTCS KOMIIO3ULMH, conepxamue 40-60% auaromura.
ITony4eHs! mIaCTMACcCCOBBIE MaTepUaTbl THITA (DEHOTUIACTa, H3yYeHBI X CBOMCTBA. [loka3aHO, UTO MO CPaBHEHHIO
C aHAIOTWYHBIMH ()CHOIUTACTAMH NPOMBIIUICHHBIMU, OHH OOJNAJAal0T JIYYIINMHA (PUINKOMEXaHUYCCKHUMHU H
JIUBJIEKTPUIECKUMHU TTOKA3aTEISIMHU.

KualoueBble cioBa: mosmMepHas KOMIO3MIMS, AMCIEPTUPOBAHUE, KOHCOJWAALMS, OTBEPXKIEHHE, HOBOJAK,
JINaTOMMUT.



LSISAN3IR I bS5S06IN6(M bLOSELI60, GEORGIAN ENGINEERING NEWS, M23, 2016 71

THE EFFECT OF THE HARDENER AND FILLER ON THE PROPERTIES OF NOVOLAC
COMPOSITIONS

Molodinashvili Z.P., Khetsuriani N.T., Chkhaidze M.N., Goderdzishvili K.G.,
Mchedlishvili 1.J. and Usharauli E.A.
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Abstract. It was revealed that, at the same degree of crosslinking, the introduction of diatomite into the
composition increased its heat resistance. The higher is the content of diatomite in the composition (80%), the
higher is its heat resistance. An increase in the amount of the hardener hardly affected the strain temperature.
Keywords: polymeric composition, hardening, hexamethylenetetramine, novolac, diatomite.

Since the beginning of the XX century, of thermoreactive polymers, phenolic resins have
acquired special significance and widespread application in almost all fields of the economy due to
their unique properties. They were synthesized by the polyconsendation reaction. They were obtained
by the reaction of phenol with aldehyde, mainly with formaldehyde. Along with phenol, were used
cresols, xylenols, polyatomic phenols, alkylphenols, polynuclear compounds, e.g. bisphenols, etc. as
phenolic raw materials [1].

Novolac is usually obtained by the reaction of phenol with formaldehyde in aqueous solution,
in acid medium. The process is periodical [2, 3].

We obtained novolac in melt by a new continuous method. Being obtained, this novolac can
be used immediately. Besides, we avoid removal of water from it, its drying, which is associated with
high energy costs and environmental pollution.

The properties of a polymer depend on the origin of groups and atoms it contains, as well as
on its spatial structure, polymeric composition, and the origin of the filler. Hence we studied the
dependence of the properties of polymeric composition on the oligomer structure and composition
components, the dependence on the rate of macromolecule crosslinking, which was controlled by
varying both the amounts of the hardener and filler in the polymeric composition. Thus, we obtained
the data on the high temperature behavior of the polymer depending on the spatial structure [4, 5].

Hardening of the novolac oligomer was performed by using hexamethylenetetramine. The
samples under study were prepared as follows: the novolac oligomer was melted at 160-165°C, and,
with intensive stirring, a certain amount of the hardener was added. Resitol formed in 10-15 min. At
the same time, the polymer lost solubility, but retained liquidity. Resitol-based compositions with
different content of unmodified diatomite were produced. Finally, the polymer was transformed into
resit by its consolidation at 200°C under pressure 7-8 kg/cm? for 1 hour. The obtained compositions
practically did not contain acetone-soluble low-molecular products, which pointed to that the polymer
compositions were fully cured. The strain temperature dependence of the hardened compositions was
studied by using the Tseitlin device under load of 1.05 kg/cm?, the temperature change was equal to
1.5°C/min.

To study the effect of the amount of the filler on the composite structure, we produced the
polymeric compositions containing different amounts of unmodified diatomite from 10 to 80 wt.%.
Hardening of compositions occurred under identical conditions with the same amount of the hardener.
The polymeric compositions differed considerably in heat resistance with the increasing content of
diatomite. The investigation results are given in the Table and shown in the Figure below.

Dependence of the polymeric composition strain on the content of diatomite*

Ne 1 2 3 4 5 6 7 8 9

Content of cﬁgtomnte in the 0 10 20 30 40 50 60 70 80
composition, wt.%

Strain temperature, °C 155 | 175 | 190 | 200 | 210 | 285 | 310 | 330 | 350

*10% deformation according to thermomechanical curves;
amount of hexamethylenetetramine — 15 wt.%
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Thermomechanical curves of the polymeric compositions containing novolac hardened with
hexamethylenetetramine. The amount of the hardener — 15 wt.%. The content of diatomite in the
composition, wt.%: 1 - 0; 2 -20; 3-40; 4 - 60; 5 - 80.

When the amount of the hardener was made up to 15 wt.%, the strain temperature was equal to
155, 190, 210, 310 and 350°C, respectively (see Table). The increase in the amount of the hardener
hardly affected the strain temperature.

From the obtained results, it is obvious that, with the same degree of polymer crosslinking, the
introduction of diatomite into the composition increased its heat resistance. The higher was the content
of diatomite in the composition, the higher was its heat resistance.

The dependence of the increase in the heat resistance of hardened compositions with the same
amount of the hardener on the content of diatomite can be explained by impeding of the motion of
separate fragments of macromolecules and macromolecules in whole, which increased the strain heat
resistance of the polymer.
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VYcTaHOBNIEHO, YTO NpPU OAMHAKOBOH CTENEHU CIIMBAaHUS MOIMMEpa BKJIIOUEHHE AMATOMUTA B KOMIIO3UIIHIO
TIOBBIIIACT €€ TePMOCTOMKOCTh. UeM Oonpmie copepikanue nuaromura (80%) B KOMITO3WIINH, TEM BHINIE €€
TEPMOCTOMKOCTh. YBEIWYEHHE KOJMYECTBA OTBEPAMTENIA TPAKTUUECKH HE BIHUAET Ha TeMIeparypy
nedopManuu.
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Abstract. Mathematical-chemical investigation of halogenbenzenes was carried out within the scope of the
quasi-ANB-matrices method. Four correlation equations of the “structure-properties” type were derived.
Correlations are satisfactory.

Keywords: halogenbenzenes, quasi-ANB-matrix, correlation equation.

Contiguity matrix of molecular graph and its various modifications are widely used in
mathematical chemistry for investigation of molecules and their transformations (chemical reactions)
and ANB-matrix falls into this type [1-2].

The diagonal elements of the ANB-matrix represent the atomic numbers of the chemical
elements, and the nondiagonal elements are the multiplicities of the chemical bonds. For an arbitrary
XYV molecule, the ANB-matrix has the form:

Zy Axy Ay
Avy Zy Ay (1)
Ayy Ay Zy

where: Zy ,Zy,Zy are the atomic numbers of the X,Y,V chemical elements, respectively; Axy, Axv,Ayv
are the multiplicities of the chemical bonds X ~ Y, X ~ V, Y ~ V, respectively.

For large molecules, the calculations based on the ANB-matrices are labor- consuming.
Hence a modernized form of the ANB-matrix — a quasi-ANB-matrix (ANE) was elaborated. Its diago-
nal elements are the sums of the atomic numbers of those chemical elements, which the structural
fragments of the molecule contain; the nondiagonal ones are the multiplicities of the chemical bonds
between those structural fragments.

Halogenbenzenes were investigated within the scope of ANB-matrices method.

A simple model was elaborated:

R-X )
where R=C¢Hs;; X=F,CI,Br,l.
The corresponding ANB- matrix has the form:
Zn 1

A 3)

In the table the data on Ig Axre ) T et da°, 1 2 [3] and A, [4] for halogenbenzenes are given.

The values of Ig { Aar® :',Tmen,, d,°, n ¢® A, for halogenbenzenes

Compound Ig Aoz ) Treit °C d,® n > Ay, Ev
CsHsF 2.57 85.0 1.0240 1.4646 -1.0
CsHsCl 2.84 132.0 1.0660 1.5246 -0.70
CsHsBr 3.15 156.0 1.4951 1.5577 -0.67
CeHs| 3.34 (179.2) (1.6760) (1.5910) (-0.56)
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Four correlation equations were derived by using a computer:

T =122.4 1g (A432)-229.6 @)
d.2=0.8467 Ig(As=).1.1520 )

n®=0.1641 Ig(AD®)+1,0429 (6)
A=056 Ig(Adm )2 44 )

The correlation coefficient r is to 0.982; 0.984; 0.985; 0.983, respectively. Thus, in accordance
with Japhe’s criterion [5], the correlations are satisfactory.

The values for CgHsl were calculated theoretically (are given in brackets) by equations (4)-(7).

Shennon’s information entropy Hs can be calculated by formula:

Hs=-YPilog,P; (8)

where, P; is the probability of the event.
For halogenbenzenes, Hs=1.3242.
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PE3IOME

MATEMATHUKO-XUMHUYECKOE UCCJIIEJOBAHHUE I'AJIOT'EHBEH30J10B

I'Bepauuresn M.U., Jlo6:xkanuaze JI.B., Puxuaanze H.H.

TOunnucckuii rocygapcTBeHHbli yHuBepcuteT uM. UB. lzkapaxumBuian

HenTp 3xcnepuMeHTANbHON OMOoMeaMuUuHbI MM. UB. BepuTamsuiu

IIpoBeneHO MaTeMaTHKO-XMMHUYECKOE HCCIEIOBAHNE TaJOr€HOCH30/I0B B paMKkax merona kBazu-AHC-marpui.
ITocTpoens! yeThIpe KOPPETSIIMUOHHBIX YpaBHEeHNUs. Koppensaiun y10BIeTBOPUTEIIHEL.

KuroueBble ciioBa: rajoreH0eH30b1, kBasu-AHC-Matpuiia, KOppensiMoHHOE YpaBHEHHE.
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MODELING OF THE SYNTHESIS OF SULFANILAMIDE DIGLUCOSIDE BY A
QUANTUM CHEMICAL METHOD

Shengelia N.G., Pachulia Z.V., Tabatazde L.V. and Gakhokidze R.A.

Sokhumi State University
lv. Javakhishvili Thilisi State University

Abstract. Quantum chemical method AM1 was applied to the interaction of sulfanilamide with two molecules
of D-glucose in the alcohol medium with formation of sulfanilamide diglucoside. It is shown that hydrogen
atoms split off completely from nitrogen atoms and bind with the oxygen atom, and two water molecules are
formed. Between the N13 and C1 atoms, as well as between the N21 and C24 atoms, single bonds are set with
formation of sulfanilamide diglucoside. The reaction activation energy made up AAH# = 781.03 kJ/mol and
AAH = 110.66 kJ/mol.

Keywords: sulfanilamide, glucose, diglucoside, quantum chemical method AM1.

In the previous paper, we applied the quantum-chemical method to the interaction of
sufanilamide with D-glucose with the formation of sulfanilamide monoglucoside [1].

This paper deals with the interaction of sulfanilamide with two molecules of D-glucose in the
absolute alcohol medium with the formation of sulfanilamide glucoside.

CH,OH CH,OH
H o. OH (I? H o. OH

Hon H + NHQ—ﬁ NH, + K HoH H —_—
OH H o OH H

H OH H OH

CH,OH CH,OH
H @) (l? o) H
E—— HoH H NH—ﬁ NH H  onHy + 2H,0
OH H O H OH
H OH OH H

In parallel similar calculations were performed by semi-empirical quantum chemical method
AML1 [2] for binding of N3 and N; atoms to C; and C,, atoms with formation of sulfanilamide
diglucoside and two molecules of water (Fig. 1).

The distance between the sulfanilamide Cy4 atom binding to the N3 atom of amino group and
the atoms of the first molecule of glucose C;, and the distance between the N,; atom of amino group
and the atoms of the second molecule of glucose C,4 binding to sulfonamide S,, atom were taken by
1.0 A more than the bond distances in the final product. The change in the distance Rc.y between Ny,
and C; atoms, between N,; and C,, atoms, the distance Ry.y between Ni; and Hag atoms, and between
N,; and Hss atoms, and the distance Rc.o between Og and C; atoms, and between O3, and C,4 atoms
was happening in the 0.05 A intervals. The dependence of energy alteration system (AH) between
nitrogen and carbon atoms in the Rc.y distance is shown in Fig. 1.
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Fig. 1. Dependence of the energy alteration system between nitrogen and carbon atoms in the Rc.y
direction during the interaction of sulfanilamide with two molecules of glucose

As is seen from Fig. 1, the energy system increases as the N3 atom approaches the C; atom
and the N,; atom approaches the C,, atom to the distance of Re.n= 1.74 A. The bond order between
N.; and C, atoms increases from 0.008 to 0.742, and between N,; and C,, — from 0.009 to 0.713. At
the same time, the bond order between N3 and Hyy atoms (Py.= 0.882-0.430), between Nj; and Hss
atoms (Pn.4=0.894-0.863), Og and C; atoms (Po.c= 0.958-0.121), and Os; and C,, atoms (Po.c= 0.965-
0.101) decreases. The formation of a new bond (Po.x= 0.011-0.435 Po = 0.001-0.025) with possible
formation of two water molecules is noteworthy. The system energy acutely decreases in the 1.44 A
distance between Nyzand C; atoms, as well as between N»; and C,, atoms. The bond order between N3
and C; atoms reaches 0.974, between N,; atom and C,, atoms - 0.945, between Og and Hyg atoms -
0.935, and between O3; and Hss atoms - 0.919, while between N;3 and H.g atoms it reduces to 0.0086,
and between N»; and Hss atoms — to 0.001. Thus, the hydrogen atoms are entirely separated from the
nitrogen atoms and bound to the oxygen atoms with formation of two water molecules. Sulfanilamide
diglucoside will be formed by making a single bond between N5 and C; atoms, as well as between N,;
and Cy, atoms. The activation energy of the reaction is AAH# = 781.03 kJ/mol, and the reaction heat
effect is AAH =110.66 kJ/mol. Initial, intermediate and final conditions are shown in Fig. 2-4.
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Fig.3. Intermediate condition of interaction of sulfanilamide glucose with two molecules
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H{46)

Fig. 4. Final condition of interaction of sulfanilamide glucose with two molecules

Proceeding from the comparison of activation energy (AAH# = 427.77 kJ/mol,
AAH# = 781.03 kJ/mol) and the reaction of thermal effects (AAH = 109.02 kJ/mol, AAH = 110.66 kJ/
mol), the sulfanilamide interaction with a single molecule of glucose in the diluted alcohol medium
with formation of sulfanilamide monoglucoside is energetically more favorable. It is possible to
provide the formation of diglucoside by sequential reactions under more favorable conditions, which is
the subject of further research.
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PE3IOME

MOAEJIUPOBAHUME CUHTE3A JUTJIIOKO3UJ CYJIb®AHUITAMUNIA
KBAHTOBO-XUMHWYECKHNM METOJA0OM

Menrenust H. I'., Ilauynus 3.B., Ta6aranze JI.B., I'axokuze P.A.

CyxyMcKnii rocy1apcTBeHHbI YHUBEPCUTET

Tonauckmii rocygapcrBeHHblil yausepeuter uM. UB. JlzkaBaxuiiBuin

KBanToBO-XxuMHueckuii Meroq AMI mnpuMmeHW M it 0Opa3oBaHUs AMIIIIOKO3WI Cyinb(haHWIaMHUIa ITyTeM
B3aUMOJICHCTBUS Cyib(aHUIaMuia ¢ AByMs MoJieKyidaMu JI-Tiroko3sl B cnimproBoil cpexe. IlokaszaHo, 4To
aTOMBI BOJIOPO/1a TIOTHOCTHIO OTHICTIISIIOTCS OT aTOMOB a30Ta M COSTUHSIOTCA C aTOMOM KHCJIOPOAa, BCICACTBUE
4ero o0pa3yroTces Be MOJIeKyJbl Boabl. Mexay atmamu N13 u Cl, a takke mMexny mexay atomamu N21 n C24
YCTaHaBIMBAIOTCS OAWHAPHBIE CBSA3UM C 00pa3oBaHMEM IUINTIOKO3W[ CylbhaHWIaMuAa. DHEPTus akTHBALUU
peakuuu AAH# = 781.03 kI / moms 1 AAH = 110,66 k[ / MOIIb.

KaroueBble cioBa: cynbdaHmIamMu, rtoKo3a, AUTIIOKO31 I, KBAaHTOBO-XUMHUYecKuid metoq AM1.
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POJIb OKUCJIUTEJBHBIX TPOIIECCOB PACTEHHUS B YCTOMUYHUBOCTH K
NHOEKIINMOHHBIM 3ABOJIEBAHUAM

Kanuageau HI.C.
Hay4yHo-ucciaenoBarenbckuii neHTp MUHHCTEPCTBA CeJILCKOT0 Xo03siicTBa I'py3nu

B3aunmoneiicTBue napasura u pacTeHUA-XO035IMHA, HAUMHAIOLIEECs! C MOMEHTA [IPOHUKHOBEHHUS
[IaTOT€Ha B KJIETKY PacTEHHs, IPUBOAUT K M3MEHEHUIO B OOMEHE BELIECTB pacTeHus. V3MeHeHUs B
oOMeHe BeIEeCTB, BRI3BAaHHBIE 3apaKCHUEM, Y HEyCTOMUMBBIX ()OPM pPacTeHUH KaK OBl CIIOCOOCTBYIOT
pasBUTHIO MHQEKIUM, TOrZa KakK Yy YyCTOWYMBBIX ()OpM OHM HampaBiIieHbl Ha IIOAABJICHHE
nHpeknoHHoro Hadama. OgHO W3 HamOojiee XapaKTEePHBIX NPOSBICHUN 3a00JICBAaHHUS PaCTCHHS
3aKJII0YAETCsl B IMOBBILIEHUMM HWHTEHCHBHOCTH [bIXaHHWS M AaKTUBHOCTH POAA OKHCIHTEIbHBIX
(dhepMeHToB.

3alIUTHYIO POJIb OKUCIHMTEIbHBIX (PEPMEHTOB OTMEYAOT MHOTHe wuccienoBarean [1-3].
HccnenoBanusi MOKaszaiM, YTO y YCTOMYMBBIX pPACTEHMH BO3pAcTaeT MHTEHCHUBHOCTH IBIXaHUS.
IlpuyeM wuHTeHCHU(UKALMS IBIXATENbHOW CHCTEMbl PACTCHUSI-XO3SHMHA MPOHCXOAWT B pE3yJbTaTe
B3anMO/IeiicTBHS (DEPMEHTHBIX CHCTEM XO3sMHA U mapasuta. Ha mpumepax rpubos Botritiscinerea u
Phomarostrupii, Bo30ymureneii ¢oMo3a MOPKOBH, MOKa3aHO, 4TO (DEPMEHTHbBIE CHCTEMbI ITapa3suTOB
AKTUBH3HUPYIOT TAKOBBIE Y MOPaKEHHBIX pacTeHUH. CTeneHb akTUBU3aLUH 1O AeiicTBUEM HMH(EKIuU
ornpeensieTcs] yCTOWYMBOCTBIO PACTUTENBHON TKaHU K JaHHOMY BHJy TATOT€HHOI'0 MUKPOOPraHU3Ma.
VY yCTOHYMBBIX COPTOB aKTHBHAs PEaKIUsl PACTEHHUS CONPOBOXKIAETCS YCHUIEHHEM 3HEPreTHYECKOTro
oOMeHa. Y BOCHPHUMMYHMBBIX PACTCHUH IO BO3ACHCTBHEM HWH(EKIUM HAOIIONAIOTCA paclaj H
HapylIeHNe OTJENbHBIX 3BEHbEB OOMEHa BellecTB. PONIb OKUCIUTENBHOM CUCTEMBI PACTCHUS-X03IMHA
B OTHX pEaKIUsiX MPOSBISETCS B CHIDKEHHH aKTUBHOCTH THPOJIMTHYECKHX (PEPMEHTOB Mapas3wTa, B
HEUTpaJIN3alMu €r0 TOKCUHOB.

AHTHTOKCHYECKasl peakiisi MMeeT OCHOBHOE 3HaueHHE B ciydae 3a0olieBaHHN, BO30OYAUTENN
KOTOPBIX (DaKkylbTaTUBHBIE MAPa3UThl MM HEKPOTPOPHI XapaKTEPU3YIOTCS MOTyCanpOPUTHBIM
00pa3oM Ku3HU. THIUYHBIM MPEICTABUTEICM MMaTOrEHOB ATOTO THIIA sBJsseTcs Tpud Botritiscinerea.
[Tpy u3yyeHWH B3aUMOOTHOIICHUN YCTOHYMBBIX M HEYCTOWYMBBIX COPTOB KAMyCTHI C BO30YAMTEIIEM
cepoii THHHM Botritiscinerea ObLI0 yCTaHOBJIEHO, YTO TPUO BCerja MPOHUKACT B MPEIBAPUTEIBHO
yOUTBIE €ro TOKCHYECKUMH BBIJCICHHSAMH WJIM OclaOJeHHblE KAaKMMHU-TUOO BHEIITHHUMHU
BO3/IEMCTBUAMU KIIETKH JIUCTHEB KAITyCTHI.

[Tpu BHeapenun rud Botritiscinerea B MHUCThAX HEYCTOWYMBBIX COPTOB KAIYCThI MOSIBIISETCS
3aMEeTHOE, OBICTPO paclpoCTpaHsoleecss MOTEMHEHUE TKaHEH BOKpYr mecta MHGEKIuH. [ paHuIbl
MTOTEMHEBIIET0 yYacTKa TKaHU PACIIUPSIOTCS C KaKIBIM JHEM. Pa3BuTne MuienueB Ha MOBEPXHOCTH
JUCTHEB OOHAPYKUBACTCS TAaKXK€ C MEPBBIX K€ THEH 3apaxeHus. Y YCTOWYMBBIX COPTOB KaITyCThI
nepBple 6-7 THEH TOcie 3apakeHWsl JIUCT OCTaeTCsl BHEIIHE COBCEM 370POBBIM, HECMOTPS Ha
OJIaronpusATHBIE YCIOBUS, B KOTOPHIX HAXOIUTCS Mapa3uT MPU UCKYCCTBEHHOM 3apakeHnu. TobKo Ha
BOCBMbIE CYTKH B MECTE HaHECeHUs] MHOEKIINN TKaHb TEMHEET W TIOSIBIISIETCS] HAET KOHUINEHOCIIEB.

YcToiiuuBOCTE NPOTUB  WMHQEKIHMU ONpeleNnseTcss YCTOHYMBOCTBIO KJIETOK MPOTHB
TOKCHUYECKHX BbLIeNeHud Botritiscinerea. Bompmas pasHunma B pasMepax IUIOMIAIH, 3aHATOH
MHUIIETIMEM U OTMEpILEil B pe3ybTaTe JeHCTBUS TOKCHHOB M MOTEMHEBILEH TKaHBIO, Y HEYCTOWYHBOTO
COpTa Y TOYTH IOJHOE COBIAJECHUE 3TUX IOKa3aTeJeell y yCTOHYMBOTO COpTa CBHJETENIBCTBYIOT O
TOM, YTO MMEHHO HHAKTHBAaLUS TOKCHHOB OINpeAeNseT 3alluTy OT maroreHa. lIpomcxomut 3to
CleAyIomuM o0pa3oM. B kieTkax BOCIPHMMYKBOIO COPTa MOCTYMAIOIIME TOKCHHBI BO30YAWTENs
BBI3BIBAIOT HEOOpaTUMBIA MPOILECC, BCIEACTBHE YEro KJIETKM MOrmdarT. BiusHHEe TOKCHHOB
pacrpocTpaHseTcsi Ha 3HAYUTENbHOE pAcCTOSHHME OT MecTa IPOHUKHOBEHMS T'H(BI HapasuTa.
MepTBBI€ KIETKU IUPOKOH 30HOH OKPYKalOT MECTO MH(EKINH, pOCT MHULIEIHS apa3uTa HE YCIIeBaeT
3a pa3pyLIUTEIbHBIM ACHCTBHEM TOKCHMHOB, IMO3TOMY W HaONIONAETCs MOCTOSHHBIA paspblB MEXIY
pacmnpocTpaHeHHEM 30HBI TOTEMHEBLICH TKAHH M IUIOINAABIO, 3aHATON muuenueM rpuba. [lo-unomy
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CKJIA/IBIBAIOTCS B3aWMOOTHOIICHUSI PACTEHUsI M IapasuTa B Cjydae YCTOMYMBOTO copTa. 30Ha
JCUCTBUSI TOKCHHOB B TKAHW YCTOWYHMBOIO COpPTa OrPaHHUYCHA JBYMS-TPEMS CIIOSIMH KIICTOK,
OPUICTAIONIMX K MECTy HAaXO)KICHUS MHICIHUs Tapa3uTa. JTO OOBACHIETCS TEM, YTO B KICTKaX,
rpaHpYamux ¢ rudamu mapasura, IPOUCXOJUT 00E3BPEKMBAHME TOKCHYSCKUX BEHIECTB MATOTCHA, B
pe3yJbTaTe Yero paclpoCTpaHCHUE WX JAJIbIIIe [0 TKAHU HE MPOUCXOANT. I MOeb y3KOi 30HBI KIETOK
JIa€T BO3MOXHOCTH ITaTOreHy MPOJABUHYTh MHUIIEIHI U HaYaTh aTaKy TOKCHHAMH Ha CJICIYIOIINI CIIOM
KJIETOK, KOTOpBIE B CBOIO oO4epenpb, OepyT Ha cebs pomp Oapeepa uid TOKCHMHOB. Taxue
B3aMMOOTHOIICHUS] MEXKIy NapasuTOM W KJICTKAMH PACTECHHS CICPXKUBAIOT pa3BHTHE OOJIE3HH,
OrpaHUYMBAas PACIPOCTPAHCHNE HHPEKIIHOHHOTO TIPOIIeCcca.

Boprba pacTeHHii C TOKCHYCCKMMH BBIJICICHHSAMH IATOI€HOB, CXOIHBIX TI0 XapakTepy
mapasuTu3Ma ¢ Botritiscinerea, mpoMcXOmWT aHATOTMYHBIM 00pa3oM 3a CYEeT CIIOCOOHOCTH
PACTHTEIBHBIX KJICTOK Pa3pyliaTh TOKCHHBI ITATOT€HA.

VCTOWYHNBOCTh Ha OCHOBE AHTHTOKCHYECKHMX pPEaKeHUil MOXKET ObITh TOCTHTHYTa IyTeM
OKHCJICHHS TOKCHYECKUX BEHIECTB 10 OC3BPEMHBIX COCIUHEHHH. Y YCTOWYHMBOIO COpPTA KamyCThl
npeodaagaloT OKUCIUTEIbHBIE (EPMEHTBI, HEYYyBCTBHTEIBHBIC K TOKCHYHBIM M K TOMY JKE
AKTHBU3UPYIOIINECS IO WX BIMSHHEM (TEpOKCHaa3a W (DEpPMEHTBI OCTATOYHOTO IEUCTBHs). Y
HGYCTOﬁqHBBIX JKE€ COpPTOB Hpeo6na,ua}0T OKHCJIIUTCIIbHBIC (pepMeHTI)I, ImogaBJIIEMbIC TOKCHUHaAMHU
rpuda, a TpyIa OKCHIa3, yCTOWYMBas K TOKCHHAM, TIPEeICTaBlIcHA Cl1ado.

Takum 00pa3oM, ACHCTBHE OKUCIUTEIBHBIX (YPMEHTOB B aKTUBHBIX 3AIIUTHBIX PEaKIUSIX
paCTCHI/Iﬁ MOXKET 6I>ITI> HalpaBJICHO Ha OKHUCJICHHUEC TOKCHUHOB 10 HCI\/'ITpaJ'H)HI)IX BC€IICCTB, T.C. HUX
o0e3BpexkuBanre. B cocTaB TOKCHMHOB BXOAAT HEJOOKHCICHHBIE TPOAYKTHI 0OOMEHa (OpraHHYecKue
KUCJIOThI, aMWHbI, aMMHUAaK U T.H.). IlonHoe okucieHne TakKuxX BCIICCTB MPUBOAUT K UX pa3pylICHUIO U
HOTEPE TOKCHYHOCTH.

VCTaHOBIEHO, YTO YCTOWYMBOCTH PACTEHHS MOXET OBITh CBsi3aHA W C HHAKTUBALUEH
(epMEHTOB Mapa3uTa WM C IOJABJICHHUEM HX CHHTe3a. TaK, YCTOHYMBOCTH COPTOB SIOJIOHH K
BO30yauTemo TurtogoBoit ramam Moniliafructigena cesizana ¢ uX CIOCOOHOCTBIO WHAKTHBHPOBATH
MEKTOJIMTUICCKUE (PEPMEHTBI, CAHTE3UPYEMbIC IPUOOM.

Takoe xe BIUAHUE HaA (bepMeHTbI MOTYT OKa3bIBaTh q)eHOJ’IBHBIe COCAMHCHHA, aMHHOKHUCJIOTBI
UM METaJlJIbI. OHI/I IIOAABJIAIOT aKTUBHOCTHh MHOI'MX q)epMeHTOB, B TOM YHUCJIC U IICKTOJIHUTUYCCKHUX,
UTPAIOIINX BAXHYIO POJIb B Mapa3sUTU3ME MHUKPOOPTAaHMU3MOB. Y CTOWYMBOCTH MOXET OBITh CBSI3aHA C
WHaKTHBaIMel (eHoIaMH BHEKIIETOUHBIX ()EPMEHTOB, TIO3BOJISIOIINX MMATOT€HAM 3acelsTh PacTCHUSI.
CriocoOHOCTh  KJIETOK PACTeHHS MPOTHUBOCTOSITH  PAa3BUTHIO  THIPOIUTHYECKHX MPOIIECCOB,
BBI3bIBACMBIX HeﬁCTBHeM BHCKJICTOYHBIX (bepMeHTOB napasura, HUMECT 60.]11)1].[03 3HAYCHUC B
ycToHunBOCTH. Takas 3alMTHas peaknus HE TOJIBLKO O00ECHeYMBaeT COXPAHEHHWE HOPMAIbHOM
CTPYKTYPbl LUTOIUIa3Mbl H HOpMaHBHOﬁ KHU3HCACATCIBPHOCTH KIJICTKHM, HO H JIMIIACT IIaTOT'CH
HeO6XOIIPIMOI7[ €My IUIIy. I/IHFH6HpOBaHI/Ie TUAPOJIUTUYCCKUX TTPOUECCOB MOXKET AOCTUTATHCA ABYMSL
OyTSMH: pa3pylIeHHEM BHEKJIETOYHBIX (DEPMEHTOB MapasvTa M MX MOJABICHUEM M aKTHBUPOBAHHEM
CHHTETHYECKHMX IMpoleccoB. Kak TOT, Tak JIpyrod MyTh CBSA3SHBI C MOTPEOJIEHHUEM OSHEPTHUH,
0CBOOOXKIAIOMIENCS B TPOIECCE JbIXaHUS, MHTEHCHBHOCTH KOTOPOTO BO3PACTACT Y YCTONYMBBIX
pacTeHWii B mpoliecce 3apakeHus. VHTeHCH(pUKAIMS JbIXaTeIbHON CHCTEMbI PACTECHHS-XO3SHMHA
[POUCXOJUT B pPe3yJIbTaTe B3aMMOIEHUCTBUS (DEPMEHTHBIX CHCTEM XO35iMHA W mnapasura. CTerneHb
AKTHBHU3AIMU JIBIXaTEIbHON CHCTEMbI O] JCHCTBHEM HH(DEKIUH OMPEICIACTCS YCTONUMBOCTHIO
KJIETOK PAaCTeHWs] K JIAHHOMY IaTOTeHy. Y YCTOMYHMBBIX COPTOB AKTHBHAS PEaKIUS pPaCTCHHS
CONPOBOJKIACTCS YCHJICHHEM DHEPreTHYECKOro oOMeHa. Y BOCIPHHUMYEBBIX PACTEHHH TOJ
BO3/ICHCTBHEM MH(DEKIMN HAOIIOMAI0TCS PACIajl ¥ HapylIeHHe OT/EIbHBIX 3BEHbEB OOMEHA BEIIIECTB.
PoJib OKHCITUTEIBHON CUCTEMBI MPOSIBISIETCS B CHU)KEHUH THIPOIMTHYCCKUX (DEPMEHTOB MapasuTa.

OkwucuTeNbHbIE (PEPMEHTHI B AKTHBHBIX 3AIIUTHBIX PEAKIMAX PACTEHHUI MPUHUMAIOT YIacTHE
B IpOIlECCaX CHHTE3a BELIECTB, BOCCTAHABJIMBAIONIMX MOBPEXKICHUS, HAHOCHMbIEC MApa3sUTOM, U
CMOCOOCTBYIOIIMX 00pa3oBaHUIO MexaHHueckux mperpaa. Ocoboe 3HaYeHHE TPUOOPETAIOT 3TH
IPOIECCHl B YCTOWYMBOCTH PACTEHHMi K MAaTOreHaM, NMPOHHMKAIOIIAM B PACTCHUS 4Yepe3 MOPaHCHUS.
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THUNNYHBIM TIPEICTABUTEIIEM DPAaHEBBIX IApasuTOB sABIsgeTcs rpuO Fusariumsolani, mopaskarommit
KITyOHU KapToQels B IepruoI XpPaHeHHS.

PacturenbHas TkaHb OOBIYHO pearupyer Ha MOpaHEHHE 3ajeyrBaHueM paH. [loBpexIeHHBIC
KJICTKH BBIICIISIFOT CIICIHATbHBIC BEIECTBA, KOTOPHIC BBI3BIBAIOT MPOIECCHI, IPUBOISANINE K JCICHUIO
KJIETOK W 3aXKUBJICHUIO PaHbI, YacTO 3TO CBS3aHO ¢ oOpa3oBaHMeM NpoOKU. PaneBas mepuiepma
UTpacT BAKHYIO 3aIUTHYIO POJIb B YCTOWYMBOCTH PACTEHUH, TaK KaK ¢ KICTKU MPEICTaBISIOT CO00H
MEXaHWUYECKHi Oapbep Ha MyTH MPOHHKHOBCHHS IMApa3WTOB, W, KPOME TOTO, COJIEPXAT BEUIeCTBA
pa3HON XMMHUYECKOW TIPUPOJBI, 00Iaafoe aHTHOMOTHIECKAM aericTBreM. CKOpOCTh 00Opa3oBaHUs
PaHEeBOI MepUIEPMBI H pa3Mephl 3TOTO CJIOS UMEIOT 3HAUCHHE B YCTOHYMBOCTH PACTCHUN K PaHEBBIM
napasuraM. D¢PGHEeKTHBHOCT paHEBOW MEPUACPMBI B KAUSCTBE 3AIMUTHOTO Oaphepa MOXET 3aBHCETHh
OT COOTHOIIICHHUSI CKOPOCTH 00pa30BaHMUs 3TOW TKAHH M CKOPOCTH POCTA BHEAPSIONIETOCS Mapa3uTa.

JlesaTeNnbHOCTh OKHCIUTENLHBIX EPMEHTOB Kak (PaKTOPOB aKTHBHOTO MMMYHHUTETA PACTCHUH
MOXET TpOSIBIATHCS W B IpoIeccax, BEIyHNIMX K OOpPa30BAHWIO 3AIIUTHOTO CJOS KIETOK MEXTY
MapasuTOM W PACTHUTEIBHOW TKAHBIO, CJIOS, KOTOPOM HA3bIBAIOT JCMapKallMOHHBIM. B oTBeT Ha
3apakeHHe BOKPYT MOPAKECHHOTO YYaCTKa MOXKET HauaTh OOPa30BBIBATHCS CIOW MPOOKH, KOTOPHIH
NpU  JOCTATOYHO OBICTPOM O00Opa30BaHMM MOJNHOCTHIO HM30JMPYET NAaToreH. B apyrux ciydasx,
HalpuUMep y HEKOTOPBIX MOpaXKaloUMX JUCThs BUIOB Alternaria, rpu® mnpoHHKaeT uepe3 Cloi
NpOOKH, U TOT/Ia BOBHUKAET BTOPOH CIIOH, KOTOPBI IpHO TaKKe MPEoA0NIEBAET, U TaK MPOAOIIKAETCS
nanee. B pesynbTare BO3HMKAIOT TOPAXKECHUS C XapaKTEPHBIMUA KOHIEHTPUYECKUMH KOJBLAMH.
[Ipeononenue ouepeHOro Gapbepa B 3HAYUTEILHOW CTEMIEHU 3aMEAJIsieT CKOPOCTh pacpoCTpaHEeHUs
natoreHa. [lpm 3apaxkenun KiIyOHel Kaprodens BO30yIUTENEM OOBIKHOBESHHOW — MapIiu
(Streptomycesscabies) y ycToHuHBOro copta BOKPYT mapasuTa ObICTPO BO3HHKAET CJIOH MPOOKH, TOrIa
Kak y BOCHPUUMYHMBOTO COpTa pa3BUTHE NPOOKM MPOUCXOJUT MEJICHHEE M OKa3bIBAeTCS
HeaddexkTuBHBIM. YcnemHoe oOpa3oBaHue Oaphepa W3 MPOOKH MPHUBOAMUT K JIOKAM3AIMKd OYaroB
0oJIe3HH, Kak 3TO HaONIOAaeTcsl B clydyae Napiid OOBIKHOBEHHOW. bapbep M3 MPOOKH MOXKET
NPEMNSTCTBOBATh PACIPOCTPAHEHUIO TOKCHHOB W3 IOPAKEHHBIX TKaHeW. Tak, MpH TOpaKeHUH
KOCTOUYKOBEIX IIIOMOBEIX JepeBbeB rpudoom Clasterosporiumcarpophylum rpu6 BBI3BIBaET ABIPUATYIO
NSATHUCTOCTh JIMCThEB. JIncT MMpOABIPABIIMBACTCA BCJIICACTBUE TOI'0, 4YTO IOpPaXCHHBIC MCECTa B
KOHECYHOM HTOI'C BBIIIAAAarOT. FpI/I6 BBIJICTIACT B TKAaHW JIMCTAa TOKCHH, BI)ISBIBaIOHlI/II\/'I OTMHpPAHUC
KJIETOK, TI0CJIE YEeTO MPOUCXOJIUT JIOKAIHM3aIKs ouara 3a00JIeBaHus, B pe3yJibTare KOTOPOH BO3HUKAET
BTOpPHYHAs MEepHCTEMa, 00pa3yroas 3alIUuTHBIN CIIOW. DTOT CIIOW MPOXOAUT Yepe3 BCIO TOJILY JIHCTa
W M30JIUpYeT ovar OOJIE3HW BMECTE C TPOJyKTaMH 0OMEHa BEUIeCTB Mapa3uTta. B KOHIIE KOHIIOB o4ar
3a60neBaH1/15{ BBITCCHACTCA U NOpAKCHHAA TKaHb BBINAACT, @ MECTO BbIIIACHUA SaPYGHOBBIBaeTCH.

AHTHTOKCHYECKHMH SIBIISIIOTCSL TPOOKOBBIE CJIOM, OOpa3yroluecss Ha KOpHAX Tabaka IpH
IMMOPAXKECHUN HUX qepHoﬁ THHUJIBKO, a4 TAaKXKC 3alllUTHBIC CIIOHM U3 BTOpH‘IHOﬁ MEPUACPMBI Ha KOPHIAX
HEKOTOPBIX APEBECHBLIX IMOPOJ MPH 3apaXCHHUU HX OIICHKOM. TokcHHBI OIeHKa OYeHb SAOOBUTHI U
MOTYT CHJIBHO 0cla0naTh AepeBbs. [loaToMy, npensTcTBue AJs UX PacIpOCTpaHEHHs MPeJoTBpalaeT
OTpaBJICHHE TKaHEH U OCJIabJIeHUE UX CONPOTUBIIEMOCTH.

Takum 00pa3oM, OKHCIUTENBHBIE (EPMEHTH SBISIFOTCS aKTUBHBIMH  yYaCTHHKAMH
OMOXMMHUYECKUX MPOLECCOB, MPOUCXOISIINX B pe3ybTaTe B3aWMOJCHCTBUS pacTEeHHs W IMapas3ura.
WHTEeHCUBHOCTD M XapaKTep 3THX MPOLECCOB, X BIUSHUE HA KOHEYHBIN UCX0J 3a00JIeBaHUS 3aBUCAT
OT NPUCYIIMX KaKAOMY M3 HUX OCOOCHHOCTEH 0OMEHa BEIIECTB, a TAKXKE OT TeX M3MEHEHUH, KOTOpbIE
BO3HHMKAIOT B OOMEHE B pe3yJbTaTe B3aMMOJEHCTBHS XO35MHA W Mapa3ura. JDTH CIOBUTU B OOMEHe
00yCJIOBJIEHBl U3MEHEHUSIMU B I€ATEILHOCTH (PEPMEHTOB.
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SUMMARY

THE ROLE OF OXIDATION PROCESSES IN PLANT RESISTANCE TO INFECTIOUS DISEASES
Kanchaveli Sh.S.

Scientific-Research Centre of the Georgian Ministry Agriculture

It was revealed that plant oxidative enzymes neutralize pathogen enzymes and their toxic activity, which results
in the reduction of pathogen virulence. Besides, they participate in those biological processes that result from the
interaction between the plant and the pathogen. The intensity and character of these processes as well as their
influence on the disease depend on the peculiarities and changeability of the metabolism that occurs in the
process of plant-pathogen interaction.

Keywords: oxidation processes, plant disease resistance, oxidative enzymes, pathogen.
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CBEPXYYBCTBUTEJBHOCTb KAK ®AKTOP MUMMYHUTETA PACTEHUI
Kanuagenu HI.C.
Hay4yHo-ucciaenoBarenbckuii neHTp MUHUCTEpPCTBA CeJILCKOI0 Xo03s1iicTBa I'py3uu

CBepX4yBCTBUTENFHOCTh KakK (DakTOp HMMMYHHTETa pAcTeHHH pPACCMCTPHBAIOT MHOTHE
ucciemosarenu [1-3].

CBepX4yBCTBUTEIEHOCTh 0003HAYAET MOBBIIICHHYIO YYBCTBUTEIBHOCTD, MPOSBIISIONLYIOCS B
OBICTPOI THOENH KJIETOK XO3sMHAa B HEMOCPEICTBEHHOH ONM30CTH OT MecTa 3apakeHHs. biaromaps
3TOMY BHEIPSIOIIUICS MMapa3uT OKa3bIBACTCS M30JMPOBAHHBIM OT JKMBOW TKAaHHM PAaCTEHHSA-XO3IMHA
0apbepoM M3 MEPTBBIX KJIETOK. CBEpXUyBCTBUTEILHOCTh BO3HHKAET B OTBET HA 3apayKCHUE TPHOAMH,
OaKkTepysiIMU, BUPYyCAaMH, MUKOIUIA3MaMH U aKTHHOMHIETaMH. Y CTOHYUBOCTD HPH 3TOM (haKTHUeCKH
o0ecrieynBaeTCs TEM, YTO B Pe3yJbTaTe OYeHb CHIIBHON YyBCTBUTEIHFHOCTH BO3HHUKAIOT XapaKTEPHBIE
MeJKie HeKpo3bl. [10j00HOT0 posta MeXaHU3M YCTOWYMBOCTH OCOOCHHO Ba)KEH B CIIydae OOJMIaTHBIX
Hapa3uToB M ONM3KMX K HUM MO TUIY NMUTAHUS (HaKyIbTATUBHBIX CapO(UTOB, TAK KaK 3TH TPYIIIHI
MaTOTeHOB CHOCOOHBI HCIMOJIb30BATh Uil THUTaHUsT TOJNBKO JKWUBBIE KJIETKU. JleHCTBHUTENBHO,
OTMHUpaHHE OKPYKAIOIIMX TKaHEH BeeT K TOJIOJIaHMIO, a 3aTeM U K rubenu 6uotpodoB. Hekpotpodst
— ¢akynbTaTHBHBIEC TAPA3UTHI CITIOCOOHBI POJIOIKATh PA3BUTHE B KIIETKAaX KaK CalpO(HUTHL.

Ho HammMu uccnejoBaHUSIMA YCTAHOBJICHO, YTO PEAKIHs CBEPXUYBCTBHTEIBHOCTH SIBISIETCS
BOXHBIM (aKTOPOM HMMYHHTETa M K (PaKyIbTaTHBHBIM Mapa3WTaM, B TOM 4YHCIe K Tpubam H
¢uronaroreHHBIM  OakTepusiM, THOETb KOTOPHIX HACTymaeT B  pe3yidbTare  OTpaBIICHUS
00pa3ylomuMics TOKCHYECKHMH BellecTBaMH. B 3TOM cilyyae 3alUTHAs peakius HalpaBieHa
HETOCPEACTBEHHO MPOTHB BO30YAUTENST HHPEKIIUH.

Haubonee pacnpocTpaHeHa HeJeTEPMUHHUPOBAHHAS CBEPXYYBCTBUTEIBHOCTH, MPH KOTOPOU
HEKpO3 KIETOK XO3sIMHA COYETAeTCs] C OrPaHHMYEHHBIM, HO MPOJOJDKAIONIMMCS POCTOM Tpuda.
JeTepMrHIpOBaHHAsI CBEPXUYBCTBUTEIbHASL PEAKIUS BEACT K TIOJHOW OCTAaHOBKE pocTa rpuda.

BHenrHe peakiysi cCBepX4yBCTBUTEILHOCTH MPOSIBIISIETCS B 00pa3oBaHuK HEKp030B. OcoOeHHO
YeTKO OHAa TMPOSBISIETCS NPU BHEJAPCHWW B pacTeHHe OOJNUraTHBIX MapasuToB U (PaKyIbTaTHBHBIX
canpo(duTOB, OTIIMYAIOIIMXCS BEICOKOW MPUCIIOCOOICHHOCTIO K OOMEHY BEIIECTB PACTEHHUS-XO35IMHA.

MBI MpOBENM ITUTOJIOTHYECKUE MCCIIEJOBAHMSI TIPOLlecca 3apasKeHHsI JTHCTHEB YCTOWYHMBBIX U
HEYCTOWYMBBIX COPTOB KiIeBepa Bo30yquTesieM My4HUCTON pockl Eresiphepolygoni.

B Havane mHQeKnnn nepBbie 3Tambl MaTOJOTHYECKOTO MPOoliecca, a UMEHHO MTPOHHKHOBEHHE
BO30yIUTENS B TKaHH, IPOUCXOST OJJUHAKOBO U Y YCTOHYMBOIO, H 'y HEYCTOHUMBOrO copta. Ho 3arem
KapThHAa pPe3KO MeHsieTcs. Y BOCIPHUHMYHBBIX COPTOB MH(EKIMOHHAs TH(a, MPOHUKHYB B KIETKY,
o0pa3yeT raycropmio, KoTopas oOecreunBaeT NHTaHuWEe BceMy Munenuio. Kierka pacTteHus, B
KOTOPYI0 TNPOHUK TpuO, MNpoAorKaeT (YHKIMOHHMPOBaTh, HaOdIomaercs Kak Obl MHpHOE
CUMOMOTHYECKOE COXKHUTENILCTBO MIATOTEHHOTO OPTaHU3Ma C BBICIIUM PacTEHHEM.

Wnyio kapTuHy &aeT 3apakeHHE JIMCTbEB YCTOMYHMBOIO COpTa KieBepa. ToTdac e mociie
NPOHUKHOBEHUSI TH(QBI B KIETKY, SIPO M BCE COACPKUMOE KJIETKM HAuMHAIOT TeMHeTb. Hekpos
OBICTPO OXBATBHIBAET BCIO KIETKY, KOTopas rHOHeT BMecTe ¢ rudoil. B HEKOTOpBIX ciyuasx peakuus
CBEPXUYYBCTBUTEIBHOCTH HE OTPaHUYMBACTCS THOEBI0 HEMOCPEICTBEHHO MH(DHUIIMPOBAHHBIX KIETOK,
a 3aXBaThIBACT TAKXKE KJIETKH, IPaHUYAIINE C MHOUIMPOBAHHBIMU. Tak OCYIIECTBISETCS 3alIUTHAsS
peakuusi (CBEpXUyBCTBUTEIBHOCTB), KOTOpas SBISETCS PE3YJIbTaTOM aKTUBHOM OMOXMMHYECKON
peaKnny, BO3HUKAIOIIEH B KJIETKE B OTBET Ha BHEAPEHHE B Hee mapas3uta. | mesb KIeTKu BMecTe ¢
Napa3uToM MpepbiBaeT HHPEKIHMOHHBIN polecc, U 00JIe3Hb JaJlbIlIe HE Pa3BUBACTCH.

CKOpoCTh M HWHTEHCHBHOCTH PEaKIUH CBEPXUYBCTBUTEIBHOCTH pAa3IUYHbI MPU Pa3HBIX
COYETaHUsIX PACTEHUS U NIapa3uTa, a UMEHHO: YeM yCTOWYHMBEE COPT, TEM ObICTpee MPOTEKAET PeaKLus
CBEPXUYYBCTBUTEIBHOCTH. XapaKTep HW3MEHEHHs XOJIa peaklHH CBEPXUYBCTBUTEIBHOCTH B
3aBHCUMOCTH  OT YCTOMUYMBOCTH COpPTa YETKO MPOSIBISETCA NPU 3apaKEHUH COPTOB MLICHUIIBI
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pkaBurHON. Kak mpaBuiio, mpu NPOHUKHOBEHHH PXKABUMHHBIX TPHOOB HA JIMCTHAX PACTEHHS- XO3SMHA
TOSIBIISIFOTCS. XJIOPOTHYHBIE TISITHA, B TOCIEJCTBUU IMEPEXOAsIINe B HEKpoTHueckue. [Ipu 3ToM y
YCTOWYKBBIX COPTOB HEKPO3bl BHIPAKEHBI 00JIee YETKO, YeM Y BOCIIPHUMYHUBBIBIX. Y HEYCTOWYHBBIX
COPTOB IMYCTYJBI PKAaBYNHHOTO Tpuba KpyIHbIe, 0apXaTUCThIe, 00eCBEUNBAaHUE TKAHU BOKPYT MyCTYI
00OBIYHO OTCYTCTBYET, & JIJISl COPTOB OY€Hb BOCTIPUMMYMBBIX 3TO XapaKTepPHO. Y BBICOKOYCTONYMBBIX
COPTOB HEKPO3bl B BUJIC MEIKUX TOYEK, MHOT/IA MX Ja)Xe HE yJaeTcsi OOHAPYKUTh HEBOOPYKEHHBIM
IJIa30M, MYCTYJbI HE Pa3BHBAIOTCS. DTO BBICIIUM THUI YCTOMYHMBOCTH — KIMMYHHOCTh. MEXIy STHMHU
JBYMsl KpAWHUMH TUTIAMH HAXOJWTCS IIeas raMMa MEepeXOJI0B OT CIA0O0BBIPAXKCHHOW XJIOPOTUYHOU
30HBI, MOSIBJIICHIE KOTOPOIH CBONCTBEHHO MAIOYCTOMYHBBIM COPTaM, IO YeTKO BBIPAXKECHHBIX HEKPO30B
¢ 00pa30BaHNEM OYECHb MEJKHUX MYyCTYJ (YyCTOHYMBEIE COpTa ).

AHaNOTHYHBIC SBJICHUS OBUIM YCTAHOBICHBI MpPU B3aMMOJCHCTBUU W (HaKyIbTaTUBHOTO
campodura — rpuda Phytophthorainfestans ¢ Tkausimu kaprodens pa3HbIX MO yCTOHYHUBOCTH COPTOB.
TkaHH YCTOHUYUBBIX COPTOB Kaprodess TMOcCie NPOHHKHOBEHHS B HHUX TpHOa TMOJBEPraroTcs
BO3JICHCTBHIO PEAKIMH CBEPXUYBCTBUTEILHOCTH OTMHPAIOT, BBIACISIOT COSIUHECHUS, TIOABISIOIINE
POCT MaTOreHa U MpeAynpexkIarolue qanpHeiee ero pacnpocrpanenue. OTMepiiasi TKaHb He MOXKET
CIyXHTh cyOcTpaToM uist pocta kKak Ph. Infesnans, tak u MHOTHX Apyrux rpuboB , KOTOpbIE OOBIYHO
CIOCOOHBI pa3BUBaThCA B KadecTBe canpouToB. KIIeTKH yCTOHUMBBIX COPTOB MOTHOAIOT B TEUCHHUE
OJTHOTO-JIBYX JIHEH IOClie MPOHWKHOBEHHUS TaToreHa, oOpasys Melbuaillline HEKPOTHU3UPOBAHHBIE
Y4aCTKH, KOTOPBIC HC BCErAa MOKHO 3aMCTUTH JaXXE 11O MHUKPOCKOIIOM. Yy BOCIIPUUMYHMBBIX COPTOB
KapTO(I)eHSI KIIETKM OCTAarOTCA JKHMBBIMU JOCTATOYHO JIWUTCIBHOC BpEMA U FpI/I6 yceBacT
pacrpoCTpaHUTHCSI U 00pa3oBaTh CIOPBL. B HEKOTOPBIX CIydasx peakius CBEPXUYBCTBHTEIBHOCTH
MOJXET IpOTeKaTh B YCTOWYMBOM COpTEe KapTo(ess HACTOJIBKO 3aMeJIEHHO, YTO /0 MOMEHTa
o0pa3oBaHMs YETKHX HEKPO30B I'puO ycreBaeT 00pa3oBaTh HEKOTOpPOE KoindecTBO crop. OaHako
JAIBHEHIIET0 pacpoCTpHEHHS MHPEKIMH, KaK TpaBuiio, He HabmoaaeTcs. [laromoruueckuii mporecc
3aBepIaeTcsi 00pa3oBaHUEM OTAEIBHBIX CIIOp Ha TKAHU C HEKPO3OM.

VY pakoyCTOMUYMBBIX COPTOB TMpollecc OOE3BPEKHMBAaHUS Iapa3uTa 3a CHET peakiuu
CBCPXUYBCTBUTCIBHOCTU MOXKET HMATU PpPasHbIMH IIYyTAMHU. HauvanpHple 3Tambl I/IH(i)eK]_[I/IOHHOFO
mporecca y yCTOMYHMBBIX M BOCIHPHMMYUBBIX COPTOB OMWHAKOBEL. OJHAKO TOCJIE TOrO Kak Tpud
IMPOHUKACT B TKaHHU, KapTUHA pPa3BUTUA IIapa3duTa B TKaHAX pPa3HbIX 110 YCTOﬁQHBOCTH COpTOB
MCHSACTCA.

Y BOCHPUUMYMBBIX COPTOB NApa3uT NMPOJOJIKAET HOPMAJIBHO PA3BUBATHCS, YTO B KOHEUHOM
HUTOI'C NPUBOJAUT K IMOABJICHUIO PAKOBBIX HAPOCTOB, YTHETCHUIO paCTeHI/Iﬁ, CHMIKCHUIO ITapa3uTa.

B Takux yCTOHYMBBIX K paKky COPTOB pPEaklMs CBEPXUYBCTBUTEIBHOCTH MOXET HJITH
CIIEAYIOMINM 00pa3oM. Y OJIHUX COPTOB BHEJPEHUE B TKAHU IMapaa3nuTa MPUBOAUT YKe K OTHMUPAHHIO
AMUIEPMATBHBIX KIeToK. CopepsKuMoe 3THX KIIETOK MPEBpalaeTcsl B OJHOPOIHYIO MAaccCy, KIETKH
TEPAIOT TYprop, CxKHUMaiaCb HOA AABJICHHUECM COCCAHUX KUBHCACATCIILHBIX KIIETOK. HerOFeHHaH
peakuus y Takux COPTOB MPOMCXOJUT Ha CaMbIX PAaHHMUX A3TalaxX MaTOJOTHYECKKOro Ipolecca — B
MOMEHT BHE/IPEHHUSI IIapa3uTa B TKaHU.

VY Apyrux pakoOyCTOHUYMBBIX COPTOB PEAKIHMH CBEPXUYBCTBHTEIBHOCTH NPOTEKAIOT TaKUM
o0pa3om, 4TO SHHUJIEpMalIbHBbIE KJIETKH, B KOTOpPhIe NPOHUK MapasuT, HE MPETepHeBalOT HEKOTOPOE
BpeMsl HUKakuX u3MeHeHuil. CocenHue He3apakKeHHbIE KJIETKH MOCTENEHHO HAYMHAIOT OTMHUPATh.
Bokpyr ouara 3apaxkeHus: oOpa3yercsi 30Ha MEPTBBIX KJIETOK, KOJIBIIOM OXBAThIBAIOLIasl KIETKU C
napaszutoM. [logaua muTaTenpHBIX BEIMIECTB M3 COCEAHUX OTMEPIIMX KJIETOK MpPEKpalaeTcsi, Kpome
TOrO, B TOTHOIIMX B pE3yNbTaTe CBEPXUYBCTBUTEIBHOW peakIuM KIETKaX o0pa3yloTcs
cnenn(puIecKue BeIecTBa, T'yOUTeNpHO ASHCTBYIOINE Ha Tapa3uTa.

B pe3ynbrare OTCYTCTBHSI MUTATENbHBIX BEIIECTB M IEHCTBUS TOKCHYECKHX BEILECTB MaPa3HT
norubaer. Hekporuueckass TkaHb 0OBOJIAKMBAET KIETKY C Mapa3sHTOM, IyTEM YCHJIEHHOTO AEJICHUS
KJIETOK B 30HE HEKPO3a MPOMCXOIUT KaK Obl BHITAJIKUBAHUE OYara 3apaKeHUs U3 KITyOHsI.

[IpomomkuTENbHOCTS TPOSIBICHUS HEKPOTEHHBIX PEaKLUWil 3aBUCHT OT COPTa, BHEIIHUX
YCIIOBUH M MOXKET JAJTUTHCS PazIrnyHOe BpeMs (0T HECKOJIBKUX YacOB O HECKONBKUX CyTOK). Ilmomans
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HEKpo3a OOBIYHO OTPaHWYMBAETCS 30HOW BHEApeHUs mapaszuta. [loaToMy HEKpo3bl OOBIYHO, HOCST
MECTHBIN XapakTep, 3a Mpenesl HEKPOT€HHOM 30HBI TApa3uT He PAaCIPOCTPAHSIETCS.

[IprunHa BO3HUKHOBEHHSI PEAKIIMH CBEPXIYBCTBUTEIHHOCTH 3aKIFOYACTCS B TOM, YTO KIETKH
pacTeHnii  00JamalOT TIOBBIMIEHHOW UWYBCTBHUTENBHOCTHIO K MPOAYKTAM IKHU3HEACSITEIHhHOCTH
mapasuToB-OHOTPO(dOB.

Hekportrdeckue peakiinu kak pakTop MMMYHHUTETa MIPH 3aPaKEHIH WX Mapa3uTaMi W3BECTHBI
Y MHOTUX pacTeHH{. ToueyHble HEKPO3bl CBOMCTBEHHBI BUAAM M COPTaM BHUHOIPaAd, YCTOWYUBBIM K
MUJIJIBIO.

CBepXx4uyBCTBUTENIbHBIE DPEAKINH HAOMIOAAIOTCI y YCTOWYHMBBIX pPAaCTEHHWH B OTBET Ha
MIPOHUKHOBEHHE BUPYCOB. Tak, HEKPO3bl Ha JINCThIX UMMYHHBIX K TaDa4HON MO3anKe BHIOB Tabaka
BO3ZHUKAIOT B OTBET Ha BHEJIPEHHE BHUPYCa, BBI3BIBAIOMIETO ATO 3aboieBaHue. CBEpXUyBCTBUTEIbHAS
peaxius orpeaenseT yCTOMINBOCTh K BUPyCaM pacTeHUN KapTodes.

AKTHBHBIMH DPEaKIHAMH, JOKATU3YIOIMIMMH BHEIPSIOIIErOCs B TKAaHU Mapas3wra, 00JamaroT
COpTa MOJCOTHEYHIKA, YCTOMYHBEIE K 3apa3uxe. 3alluTHAs peaKius yCTOHINBOTO COPTa MPOSBIISETCS
B TOM, YTO B MECT€ BHEAPEHHUS B TKaHb KOPEIIKA IMOJCOJHEYHHKA IMPOPOCTKA 3apa3uxu o0pa3yroTcs
B3IIyTHA, B KOTOPBIX MTApa3uT MOTHOAET.

Bo Bcex ciuydasx peakiusi CBEPXUYBCTBUTEIBHOCTH MPEACTABISIET COOOH KOMIUIEKC
6I/IOXI/IMI/I‘ICCKI/IX IMpoueCCOB, BO3HUKAIOMIUX B KJIICTKAX paCTCHUA-XO3dWHA 110/ I[CI\/'ICTBI/ICM [maToreHa.
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SUMMARY

HYPERSENSITIVITY AS AFACTOR OF PLANT IMMUNITY

Kanchaveli Sh.S.

Scientific-Research Centre of the Georgian Ministry Agriculture

At the moment of infection penetration, in disease-resistant plants a hypersensitive reaction develops, which
results in the death of cells of tissues surrounding the pathogen and hence in the localization of the spread of
infection. Eventually the pathogen dies from the lack of nutrition. The rate and intensity of the hypersensitive
reaction is different for various plants, namely, the more resistant is the plant the faster is the hypersensitive
reaction. The duration of the hypersensitive reaction exposure depends on the plant species and environmental
conditions, and it may last from several minutes to several days. Hypersensitivity as a factor of plant immunity is
of great importance for plant disease resistance.

Keywords: plant immunity, hypersensitive reaction, disease-resistant plants.
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MEJUIIAHCKUMA U BUOAKTUBHBIN TEKCTHUJIb
Manaonze H.O., bByanze E.II., bouopumsuiau P.1.
I'ocynapcrBennsblii ynuBepcutetr um. Ak.leperenu, Kyraucu

TexcTunp 1 MeIUIIMHA JaBHUE COIO3HUKH, MTOCKOJBKY BOJIOKHA W MaTepHalbl HA HX OCHOBE C
JIABHUX BPEMEH HCIOJB3YIOTCS YSIOBEKOM B KAUeCTBE MEPEBA30YHBIX CpeacTB. [loaTomy, paspaboTka
MIEPEBSI30YHBIX MaTEPHAJioB, OO0JaNaloONIMX MPOJOHTUPOBAHHBIM JICUeOHBIM 3(dekToM, crana
aKTyaJIbHOW 3a/1aduell He TOJIBKO /ISl MEIUKOB, HO U TSI TEKCTHIIBIITHKOB.

O0BbeKTbI 1 METOBLI UCCJIEJOBAHUS

MeaunuHCKANR TEKCTHIb — IMAPOKOE TOHSATHE, OXBATHIBAIOIIEE KPYT MATepHAOB, KOTOPHIE
WCTIONB3YIOTCSI HE TOJNBKO B JIEYEOHOM MpaKTHKe, HO U BO MHOTHX JAPYTUX cdepax >Ku3HEeIesTelb-
HOCTH 4YeJIOBeKa. B 3aBHCHMOCTH OT TPUPOJLI M CBOHCTB BBOJMMOTO COCAMHCHHUS WM KOMIIO-
3UIMOHHOTO TIpernapara, TeKCTHIIBHBI MaTeprall MOXKHO ITO/Ipa3JelInTh Ha JIB€ OOJNBIINE TPYIIIIHL:
nedeOHBIN (METUIIMHCKIN) 1 OMOAKTHBHBIN (aHTHOAKTEPHATBHBIN MIIH OAKTEPHUOCTATHIECKUN ).

AHTHOAKTepHAIbHBIC TEKCTWJIBHBIC MaTepHabl MPEIHA3HAYCHBI IPEXKIEC BCEro JyIs
MOJIABJICHHS PA3MHOXKEHHUS M JKU3HEJCATCILHOCTH TPUOKOB, THWJIOCTHBIX OAaKTepUl W T.A. 32 CUET
NEUCTBUSI BBEJNEHHBIX B HHUX OWOJIOTHMYECKHM aKTHBHBIX BemecTB. Hawmbonee mpovHbIi
OakTepuocTaTuieckuii 3(P(PEKT TEKCTUIBLHBIM MaTepuajaM H3 ICJUIFOJIO3HBIX BOJIOKOH MOXKHO
MpHUJIATh MMyTeM 00pa30BaHMUsS XMMUYECKOW CBS3M MEXKIY HAHOCUMBIM MPEHapaToM M BOJIOKHOM C IO
CIIETyIOIAM TIOCTENEeHHBIM THAPOIU30M. s ero peann3anuy HEOOXOAWMO HaJW4YWE B Tpemnapare
(yHKIIMOHANBHBIX TPYMITAPOBOK, CIOCOOHBIX BCTYNATh B XUMHUYECKHE B3aNMO/ICUCTBHUS C aKTUBHBIMHA
rpynnamMu BojokHa. [Ipomecc rumponmsa m MaccorepeHoc OWOaKTUBHOTO TMperapara JOJKHBI
MPOUCXOANTh C ONPENEICHHOH CKOPOCTBIO, PETyJIMpOBaHHE KOTOPOH TOXKE SBISETCS BechMa
HenpocTol 3amaueil. K ToMy e, 3Ty TEXHOJOTHIO MOXHO HCIIOJNB30BATh TOJBKO U MaTepUAIIOB,
COJIEp KAIIMX [IEJUTIOIO3HbIE BOJIOKHA.

Hcnione3yst ans  akTHOaKTepUaTbHOH OTACIKHM TEKCTWIIS OOBIYHOE allpeTHpOBaHHE,
HEBO3MOXKHO TIOJIYYUTh OTJENKY, COXPAaHSIONIYI0O CBOM CBOWCTBA B TEUEHHE BCETO CpOKa
skcrutyatanmu u3genus. [loatomy, B 3apyOexHON NMpaKkTUKE MPOU3BOJICTBA OaKTEPHUOCTATHUYECKUX
MaTEepUAJIOB MPUMEHSIOT JAPYrue TEXHOJOTHYECKHE MPUEeMbl. AHTHOAKTEPUAILHOE BEIIECTBO MOXKHO
BBOJIMTH HEMOCPEICTBEHHO B PACILIaB MIIM PACTBOP MOJIMUMEPA, U3 KOTOPOTO 3aTeM (DOPMHUPYIOT HUTH
wi BollokHa. Hambounpliee pacrpocTpaHeHHe TMOYYUIIO HCIIONB30BaHNE HHKEKTOPOB — CTPYHHBIX
HacocoB. [Ipemapar kak OBl BIPBICKMBAIOT B BOJIOKHO B TIpoliecce ero (GopMupoBaHHUsi TOCIHE
NPOJIaBIMBaHUs pacTBOpa WM paciulaBa uepe3 Quibepbl Iepel TOCTYIUIEHHEM BOJOKHA B
0CaJINTENLHYIO BaHHY.

Takum 00pa3oM, B BOJIOKHO MOXXHO BBECTH HE TOJBKO OTAENbHBIC BEIIECTBA, HO U MX
KOMITO3UIIMK. Marepuanbl, TpOIIe/IINe HHXEKTOPHYI0 00pa0OTKy, HCHOJB3YIOT B CMECSAX C
[EJUTIONO3HBIME WU JIPYTUMH XUMHYECKUMHU BOJIOKHAMH, a TAKXKE OTIEIBHO YISl BRIPAOOTKHM TKaHH
WIH HETKAaHBIX TOJIOTeH. B mporecce SKcIUlyaTallid W3JIEIMA aHTUOAKTEPUANIBHBIA IpermapaT
MEJIEHHO MUTPHUPYET U3 BHYTPEHHUX CJIOEB K TIOBEPXHOCTH MaTrepHaja H, 10 Mepe pacxoJI0BaHUsl, B
HapY>KHBIE CJIOW TIOCTYIAIOT €r0 HOBBIC TIOPITHH.

TexcTunbHbIE MaTepuanbl ¢ AHTUMHKPOOHBIMH CBOMCTBAMH HIMPOKO HWCHOJB3YHOTCS JUIS
W3TOTOBJICHUS OJICXKIbI, OCJIbsS U MIEPBUYHBIX CPEACTB 3alUThl, CAHUTAPHO-TUTMEHUYSCKUX U3JCIINH.
Onu > PeKTHBHBI KaK CPEACTBO 3alUThI TPOTUB MHDeKuit [1].

ITocTanoBKa 3axa4n

W3 BBIIEyKa3aHHOTO OYEBHIHO, HACKOIBKO Ba)KHA dTa MpoOiieMa IS 370POBHS YEJIOBEKa.
IToaTromy MBI IOcTaBMIIM TIepea cOOOH 3amady pa3paboTaTh JiedeOHbIe TEKCTUIIBHBIE MaTepHalbl B
BUJIe CalI(DETOK U MIEPEBSI30YHBIX CPEICTB, JUIS TIOTYYSHHS KOTOPHIX OyIyT NPUMEHSATHCS MPUPOIHBIC
pecypcsl I'py3un, KOTOpBIE 10 CETOIHSIIHETO JHS HUKEM U HUTJE HE TPUMEHSUIUCH JIJIS 3TOM LETH.
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Pe3yabTaThl 1 UX 00CYy:KIeHUE

Hamu BemyTcs uccnemoBanusi Mo pa3paboTKe NpOPUIAKTHYECKUX JieueOHBIX canderok u
NEPEBA30YHBIX MAaTEPHATIOB C HCIOJIb30BAHHMEM MECTHBIX OCHTOHMTOB. TeKCTHIBHBIN MaTepual u
OCHTOHUT, KOTOPBIC B OTIEJIBHOCTH IIMPOKO IPUMEHSIOTCS B MEAWLMHCKON HPAKTUKE, SIBIISIOTCS
WHTEPECHBIMU M HYKHBIMH 00BbEKTaMH HcclieioBanui [2]. 3rotoBneHHas Hamu candeTka UMeeT TpU
cnosi. TlepBblil — TeKCTWIbHAs OCHOBAa, BTOPOM- MOJHMMEpPHAas OCHOBAa U TPETHH — 3TO JIEKapCTBO,
KOTOPO€E HETOCPEICTBEHHO PACIOjIaraeTcsl Ha MOBEPXHOCTH calpeTKH U 00eCIIeYnBaeT MOCTYIICHUE
B paHy NepBOH ,,yJapHOI‘ O3B! JIEKapCTBa.

Ha panHoM sTame paboThl HamMHu MOAOOpaHa CTPYKTypa TEKCTHIBHOW OCHOBHI [3], BHI
OCHTOHHTA, U3y4YEeHBI TUTPOCKOITNYHOCTb, )KECTKOCTh, KalMJUIIPHOCTD TpeiaraeMoi cainderku [4] u
METOJ HaHECCHMs KOMIIO3ULIMY Ha TKaHb. Hamm nccnenoBanus mokasaliu, YTo NpeylaraeéMblii HAMU
METOJ HM3TOTOBJICHUS JIe4eOHBIX ca(heTOK MpUeMIIeM Il METUIIMHCKUX TIeTICH.

[IpencraBienHas paboTa HOCUT 0O30PHBIH, 03HAKOMUTEILHBIN XapakTep, B Hel OTCYTCTBYIOT
MOIPOOHOCTH IKCIIEPUMEHTA, KOTOPHIe OYJET pacCMOTPEHBI B AallbHEHIINX paboTax.

BriBoabI

AHanM3 MaTepualioB NaHHOW pPalOOTHI TMO3BOJSAET CHAENATh BBIBOA O CBOEBPEMEHHOCTH H
aKTYyaJbHOCTH IMOCTABICHHON 3a/1a4d U MPABUIBHOCTHU €€ PELICHHUS], O YEM CBUICTEIBCTBYET CO3JaHUE
HOBBIX MEJUIIMHCKUX MaTE€pPUaJIOB.
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SUMMARY

MEDICAL AND BIOACTIVE TEXTILES

Pailodze N.O., Buadze E.P. and Bochorishvili R.1.

Akaki Tsereteli State University, Kutaisi

The paper represents a survey dealing with new technologies of medicinal and bioactive textiles and the actuality
of relevant studies. A brief survey of the studies carried out at Akaki Tsereteli Kutaisi State University is
presented. The analysis of the obtained experimental results showed the prospects and efficiency of investigation
of tissues with various medicinal preparations for treatment and prophylaxis of affected areas of the body.
Keywords: medicinal textile, bioactive textile, new technology.
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SUMMARY

INNOVATIVE METHOD OF FABRICATION OF THE ORTHOPEDIC INSOLE FOR TEENAGERS
Katamadze A.G. and Kiknavelidze L.G.

Akaki Tsereteli State University, Kutaisi

The paper deals with a rational method of fabrication of orthopedic insoles for teenagers. The method is based
on wool dump. The orthopedic insole is comfortable for teenagers during the whole period of wearing. It is
highly hygienic and cheap.

Keywords: orthopedic insole, innovative method, wool dump.
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