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The research results carried out by the Institute’s scientists through 2012 year are given in the proceedings. The
presented papers are related to three basic scientific topics: control theory, development of control systems including
control processes in energy systems, and informatics.

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

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

A considerable attention is devoted to informatics. Some problems connected with machine intelligence, informa-
tional systems of different types, computer representation of linguistic knowledge are considered.

The work “New direction in construction of matrix one-way function and tropical cryptography” for discussion and an
article for history of sciences are presented as well.

Hactosawmn cOOpHWK TPYAOB COAEPXWUT pe3ynbTaTbl WCCMeOOBaHWN, NPOBEAEHHbIX HayYHbIMW COTPYAHUKaMM
nHcTuTyTa B 2012 rogy. TpyAbl OTpaxaloT TPU MMaBHbIX Hay4HbIX HamnpaBneHUs UCCIefOBaHWUA WHCTUTYTa: Teoputo
ynpasneHusi, pa3paboTky CUCTEM ynpaBfieHnsl, B TOM Yucne ynpaBneHne B 3HepreTUYecknx cuctemax, u MHpopmMaTuky.

B obnactm Teopuu ynpaBreHWs PpaccMOTPeHbl Npobrnembl BEKTOPHOM OMTUMM3auuMK, MaTemMaTUyYecKoro
NporpamMMmMpoBaHnNs, HENNMHENHOW MaeHTUdUKaumMm n ap.

B cbGopHuke ocBelleHbl 3agayv MOAENUPOBAHUSA M NOCTPOEHUS KOHKPETHBLIX CUCTEM yrnpaBneHus, B TOM 4yucrne B
TaKoW akTyarnbHOW 06nacTu, KakoBOWN ABNSETCHA SHepreTmka.

Bonblwoe mecTo B Tpyaax yaeneHo nHgopmatuke. PaccMoTpeHbl BONPOChI, CBA3aHHbIE ¢ NpO6nemMon MallnHHOro
nHTennekTa, MHPOPMAaLMOHHBIE CUCTEMBI PA3NMYHOrO TUNa, 3a4a4n KOMMbIOTEPHOTO MPeACTaBNeHNs NINHIBUCTUYECKMX
3HaHWM 1 4p.

A Takke npeacTaBneHbl AMCKYCCMOHHas paboTa Ha Teme «HoOBoe HampaBrneHWe B MOCTPOEHUM MaTpPUYHOW
OOHOCTOPOHHEW PYHKLMM 1 Tponmyeckast Kpuntorpadus» n ctaTbst 06 UCTOPUN HAYKK.
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Vi, Yo, €Y 060 gegdgb@olomgol,  @mdgmmomgolsi  sb@o ofgl f(y1)+ f(yz) K00,
oM 0 gdygmos YBHMEMbS

FOL+Y,) < T+ f(y,). (14)
3obLobwgmds LS. f:y —)F_Q 396J3ool  gfmegds wogdomse ghmygodmgsbo, my bgdol-
dogeo YEY ©o A>0 méo gmgdgbdolomgol doGmgdaamos Goemds

f(Ay)=41(y). (15)

3bmdo@o goJBols mobobdow, Kybios f:Y >R s@ob bobggmow VY3900 Jagdmwsb

d5d0b s dbmegrme 35Fob, GmEgLs3 epif  s@ols hoggdomo Y xR Logdgol @mimam-
a0sdo [2].

DcY Jagboddsgemg s@ol Lsggmmogo, oy Y\D-O, oby D=Y. Jagdmm, goble-

390G gdgao 9609360l 009Dy, bogmgommm, Gmd D s@ol s@s@s@ogmo o bsgnm@ogo

Lod®s Y boa®izado oo k2 eY \{0 M0 53354MR0a 9396 30GMdSL
39 39 3M3J90 X 3930 395 POy
D+tk® cD,Vvt>0. (16)

sbgmo  goJlo@gdyeno D Lod@sgmols o kOEY\{O} 39d&mcGobomgol D' Y xR
Lod@ogang  5bgbobmgdmon Gmamdon:

D'={(y,t)eYxR|yetk®-D}. (17)
@gds 14. JoOmgdygeos 033@0 o300
(y,)eD' t<r=(y,r)eD". (18)
©33930Ggds. (Y,1) €D’ botrngowsb 353m3w0bsdmdl, GemI
yetk’® =D =7k’ —(D+(r-t)k°%).
Gopash T—1>0, (16) - ol msbobisw, —(D+(z—1)K°)=—D, s80md yerk®—D, go.
doMmgdgmos hodmgs (y, T) eD'#
TIYXRSY sbobgs gobglobegtmn  Gomemsdom: T (Y,t) =tk® - y, (y,t)eYxR.

dodBogo dgodergds dg3m{dogl, GmI T séol Y@x0g0 ©o 9Fy3900 ™3ghs@dmeo Y xR
B30 0900 bogdoesh Y Gmdmmmgon® Logdgdo. asbgobommm Lod@sgeggdo:

TMO)={T(yv.)eY[(y.)eD}Y,

THD)={(y,t) eY xR|T(y,t) e D} Y xR.
@gds 15. do@mgdgmos dommds T(D)=D.
©3983039%>. my z€T(D), 85906 Iy,t)eD’', @mdmobmgolbsg Z2=T(Y,t), oby
2=tk —y. Gopash Yetk®—D, FheD, dmdmolmgolog —Y =—tk®+h, 5619 dscrmg-
dagmos Bomnds Z=tk®—tk® +h=heD. s3c0gop, T(D)=D. g0dzom 6md zeD
s Y=tk®—2z. 85306 yetk®—D, sby (y,t)eD'. sdopmd T(y,t) eT(D). dop@sd
T(y,t)=tk’ =y =12, s803md DeT(D")#

(19)

@gds> 1.6. Lods@menosbos dgdwgyo wgdymgdgdo:
L. o9 DcY séol hogg@oeo, 35dob D'cY xR s@ob hog9@00;
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2. o0y DcY s@ob sdmbbgogmo, d5Tob D'cY xR séol s>dmbbgJogoo;

3. oy DcY s@ol 3Mbglo, d5dob D'cY xR seol 3Mbglo.
©533 30390,

. D @qds 1.5-056 25dmdobotigmdls, Gmd Tfl(D)Z D'. 3bmdogo goJ@ol msbsbisw,
hoggBomo  Lod@ogamols Fobosloby ¢fggg9do obsbgol dgdmbgggsdo  s@ol  hoggdogo [3].
oy ob T oéob 9793980, D- hoggBomo, beoam D' s60os D Lod@oganols Fobs Lobg
T sbsbgolomgol, sdo@mad D' séol ho3gBoeo.

2. godgom, @md (Y,t), (Y1) ETil(D). 35906 T(Y, 1), T(Y,,t,)eD. cowpob D
53mbbgJomos,  sdoged AT (Y, ) +A-A)T(Y,,1,)eD,VA€[0,1]. @owpsb T scol
F6gog0 m3g0ohmo, ygodsl:

j*T(yvtl) + (1_Z)T(y2’t2) =T (ﬁ’(yl’tl) + (1_2)(y2’t2)) eD. (1.10)
Goegob A(Yt) + A=AV, ) =(Ay, + A=) Y, A +1-Dt,) €Y xR s bogmegds
(19, Y, t)+A=A)(Y,,t,) eTH(D),VAe[0,1]. gl 6036sgl, dmd T (D) s6ol sdmb-
bgJoeo, oby D' séol s>dmbbgogro.

3. nebismieri (y,t) €T (D) - sTvis marTebulia CarTva T (Y,t) € D. radgan T wrfivi operatoria, xolo
D- konusi, amitom AT(y,t)=TA(y,t)eADcD, VA>0, ei TA(y,t)eD. radgan
A(y,t) =(Ay, At) €Y xR, amitom A(y,t) eT (D), anu AT (D) =T (D), VA >0. amrigad,
T (D) aris konusi. radgan T (D) = D", amitom D" aris konusi #

godLodgdgmo DY s@s@sdogmo J3glod@sgmols ©o kY \{0} 39dBm@0bomgols
a96Jombogro @Y —> R 30bglob@g@mmn Gmemdom [4]:

o(y)=inf {teR|(y,t)e D'} =inf {teR|y etk®~D}. (111)

@gds L7. oy D soob hogg@omo  Jgglboddmogeng Y Lbog®gdo, 35Tob  Lods®omaosbos
BOEmds

domp =Rk’ -D. (1.12)
©59Hg03gds. my Y€ Rk°-D, dmobabgos t€ R, olgmo, G®I yetkO—D. Q© gabiom-
Bognols (L11) goblobwgdol mobobdsp, @(Y) <t<oo. gl 6036sgl, ®®d Yy edome, 64
RK—Dcdomg. sojsem, yedome. 85806 dmodgdbgds teR, @mdmobmgolss
P(Y)<t. (L1) Fomedol msbsbdsw, 6gd0ldogho bogm@smamo N -lmgol d00dgdbgds
fygomo  (Y,t,)€D',  G0dmol  gmdg  0I3mbgbHsG  o4009mnomgdl  JoGmbsls
P(Y) <t <@(Y)+N7", Loosbsg 390mdpobsdgmdl, @md t <t+N". mgds 14-0l 0obsb-
o, 6300L80g@0 bogmGomado N-bmgol dsGogdamos hstmgs (y,t+n‘1)e D'. @owpsh
Bodmgdgsmos ggoommds (V,t+17) > (y,t),n >0, koo D' hsggdomos D bod-
Gogmob Bogghommdol pode, sdopmd (Y,t)eD', go. yetk®—-DcRk’—D. 5800

sd@goas Gmd Y e Rko -D, 9.0. domgo —Rk°-D. 93565L3bgeo, bgdmm Y339 wo-

Lodmgdygan  d9d0969d e hodmgobmsb gomse 60dbogl, Gmd Lodo@merosbos @Goamds
(L12) #

@gds> 18. Lado@mmosbos ho®mggdo:
D'cepipcclD’ (1.13)

10
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©538g0Ggds. oy (Y,1)eD’, 85906 (Y,t) €Y xR s yetk®—D. @ gu6jcombogols
(L11) goblbaobemgmols mobobldo, Lods@meosbos g@memds (D(y)St, 9L 9339 60dbogls,
®md (y,t) eepip, go. D'eepip. godson, 6md (Y,t)eepip. 35306 (Y,t)eY xR s
P(Y) <t. bybpo Jages Lobeg@ol goblsbmgmol mobsbdsw, 63d0Ldogmo bo@mdomea@o N
Lomgol dmodgobgds t € R @ogbgo, olgmo, @md tn<(p(y)+n‘1 © yetnkO—D. ALt
603603, Gmd {(Y,t. )} D'. Gopash @(Y)<t, sdopmd t <t+n"'. sjgosh 2s9mdwobo-
Ggmol,  @m3 (y,tn)—>(y,t),n—>oo. Fop@sd  (Y,t) ecID', 5308m3  Lods@maosbos
epip CID' hotmngoi. 5300 Lodmmmmo o obos, HGm Lsds@omoskos (1.13) #
Q{]Ho 19. o9y D hoggBomos, d5dob ¢ZY — F_Q %96Jombsgo >0l Jg9dmesb
Bobgadom afugato Y Logdiaby.
599 303g0>. Gowysh D hoggdomos s D'ZTil(D), sdopmd D' syégmgg sGol
hoggBomo, g.0. ciD'=D". (L13) - wob  godmdpobs®gmdl, @md D'Cepiq)c D', sby
epip=D". gb 60Pbogl, G®I EPIP stol hoggBomo Jggboddsgayg Y X R Loghgdo, Gog,
nogols dbdog, bodbogl, @ma (D:Y —)ﬁ 39bJaombsgo s@ol Jggdmesb bsbgg@ow 9Vy-
3900 Y lLogoiggby #
0gmegds 11 @Y — R B96Jc0mboemolomgols Lodo@mmosbos Gomds:

o(y+k®) =p(y)+1,VyeY,VAieR. (114)
©33Bg0Ggde. 3od3l:

o(y+2k°) =inf{teR|y+ 2k’ etk®~D} =
=inf{teR|ye(t-A)k°-D}=inf{s+1eR|yesk’~D}=

=inf{seR|yesk®~D}+A=gp(y)+4
5800 (114) deomemds sdfgogos. #

0ngmEagds 12 (DIY—)ﬁ g9bdaombogmo  s8mbbgJogmos  35Fob s dbmenme  d5Tob,
OmEglss D s@ol sdmbbgogmo; my D s@ol 3mbglo Y Log®9do, d5Tob gDCY—)ﬁ

560l ©oEgdomsE  gBmgs®mgsbo,  go. bgdolbdog@o Y €Y gmgdgbiols s A >0
@oibgobmgol doMmgdygemos Goemds

P(Ay) = A9(y) - (115)
©598 30985 §0dzom @Y >R s@ol s8mbbyjomo. 35306 epPip=D" séol 5dmbbgJoeo.
[ONGIN S T(D'):D > {Hx030 M39@s@m@0 06350056 mo0s 5dmbbgJommdols dodsdm,
sdo@ma D séol >dmbbgJogro. 3oGodom, my D séol sdmbbgogno, 859ob D'=T71(D)
50l 5dmbbgJogno. Gowgsb D'=epi@, sdofdmd epip s@ol sdmbbgJogno. gl jo 606sgl,
®md ¢ZY —)F_Q >0l sdmbbgJogro. gmdgom, obens D s@ol 3mbglo. 3sdob bgdolidog@o
yeY oo A>0 9099963 go0bmgols gg5]3l:

p(Ay)=inf{teR| Ay etk®~D}=
. t o, 1 . o 1
=inf<teR|ye—k ' —=D;=inf{iseR|yesk" —=D;.
A A A
50256 D s@ol 30690 ©s A >0, >do@md D= D, 9:0. LEgEEgds GEEMmds:

p(Ay)=inf{iseR|yesk’~D}=iinf{seR|yesk®~D}=1p(y).
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sdoo (115) wod@goes #
gbodgbs 14. @oppob kOEY\{O}, 230@m8  >bodbymo  ggJ@mmols Jo@smgmydo o
ZeY (gadomby godogomo  §Hag ao60labmg@gds Gommdom:

1(2,k%) ={y(t) | y(t) = 2 +tK°,t € R}.
Gbowos, ™I bydoldogdo Z €Y —bmgols |(Z,kO)CY. DcY ULoddogmyg o6 dgoiogh
KeY\{0} 39d0m@0b sstomamnsd o, oq 1(Z,k°) 2 D,VZeY, by  salgdmdl
9939600 y(t)e|(2,ko),t€R, Gedmobogolbsg Y(t) € D. s360gew, DY Loddsgayg

o6 dgoiogl ko SOby@mgsbo ggdBm@ol 3o@omgmy® [dggl d5dob ©o Ibmarme Jo-
‘dob, 0y LOPEEgds 30GMbs:

vzeY,dteR:z+tk’°¢D. (1.16)

0goegds 13. o DY  hoggpoeos, @Y —-R 996 Jombogno s@ol Logym@ogo 35dob

> Jbemme 35906, Gmeglsg D o6 goegl k° 39J@mA0l 3o@smgmy®d [Aaql, oby
bOgengds 30Gmds (1.16).

598303905 Gopgob DY hoggdomos, 530fmd Lods@mamosbos Gommds (112), sby
dome = Rk°-D, sdo@md  dome = J. sd@opow, ©gdmgdols ©sLsd@ oigdmaw Lsgde-
@olos gohggbmm, @mI @(y) # —00, Vy eY. o379 dgom, @md @ Rybjgombogmo 5@ sHols
Logm®ogo. 3506 dm0dgdbgds Y €Y gmgdgbdo, @mIgmoi ©oogdogmaomgdl Jo@mdsl
o(y) =inf {t eR|ye tk® — D} =—00. 35306 6gdoldogho teR - Logol @(y)<t. (L12)

AM@®mdols gomgs@olifobgbom ¢3565L3bgemo©sb gsdmdobotgmdl, Gmd yetkO—D, 9-0.
Lods@maosbos 0d3@ogsios:

o(y)=—0o=yetk’—D,VteR.
3o®oJom, 0y bgdoldogho teR - Logol Y etk® — D, 85306 olgg (L12)- ol msbsbisw
Lodo@mmosbos g@mmemds @(Y) <t,VteR, 6mdgmoi dg0dmgds Ygborogmegl g@mso-
900 3dmbgggeoTo — Gmegbog @(Y) =—00. sdGopewp, Y E tk® — D,VteR= ¢(y) =—.

Goppob Z=—Y€eY w5 Y€ tk’-D < —y-l—tko €D, 9g0dmgds wogoliggbom, GmI Lo
dodmaosbos gdgogoamgbBmds

p(y)=—0 < z+tk’ eD,VteR. (117)
Gopob bodeagey {2+t [teR} sdob K gadomdol ssmsmamigdo Fagy Y -do, (117)
60dbogl, mmd @ gybjaombogo o@ s@ol Logym@ogo  dodob o Fbmenme 35Tdob, Gmg-
Log D 9903080 k° 39JOMO0L 3s@omgeyd FOggl. sddopom, @ Gubjiombogo  Lo-

3900305 35dob o Ibmerme  doFob, AmEglss D Loddsgang o6 dgozo8L K° 39JBm-
Aol JoGomgaad (@ggl, 567 LEgmogds JoGmds (1.16) #

0gmAgds 14. oy DcY bo3gBogos, ds5dob: (DCY —-R Q9bJaombogno s@ol Lobidyaro

360d3bgermdgdols dJmbg 35F0b s Fbmenme 35F0b, GmEglLs D s& ‘dgozogb ko 39J@m-
A0l 3o@Momgmy® FOggl s LOPmEgds 306Mds

Rk°-D=Y. (118)
0533303900 o3PS mgmdgds 13—ol 3o@mdgdo, g.0. oY —R q9b6Jaombogo s@ols
Lboggmmogo. gL bodbogl, dmd @ gubjaombogmo 56 @gdymodls —00 3bodgbganmdsls ©s

d0m§0¢@. @oppob DY hoggBomos, (L12) Geo@mmdols msbsbdow dom(oz Rk°-D.
300mds (L18) —U mobobdsw  ds@mgdgmos dOMP =Y  Gommds. sdGogsm, 09 ©oG%-

12
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oS 0 goagds 14 —obs 300md9d0, do>dob o(y) #—0o,VyeY 5
p(Yy) <o, Vyedomp=Y . g 603bogl, @03 @ gubjgombogmo Fbmmme LobGyem
3609369@mdgdlL ©gogmmdl, 569 Lobsdwgoemgdo Lods@maosbos stsbgs @Y — R. Joco-
Joo, oy @ gybjombsgmo Fbmegme  Loldyen 360dgbgermdgdl ®gdbyammdl, by be-
dodmenosbos slobgs qo:Y—)R, 35d0b  @gbowos, G®I, ghomo dbdog, @ RybJiombsgo
0G0l boggm@ogo, obe mgm@gds 13-0l mobobdow D o dgoegh k° 39JB™@0l  3o@o-
gayg®  Faggl, boam, dgmeg dbcog, d0m¢=Y. o3 (L12) @memdol msbobdow

6036ogl, @md RK—D =Y #

0goegds 15. gondgsm, DY  bogghomos. 35Tob B Y —sdo@s@ogmo  Jgglod@sgeo-
Loogol @Y —-R 396JGombsgo 560l B - 3mbm@mbydo 35306 ©o dbmmme 35T0b,
OmEgbsa LOYmEgds 300mds

D+BcD. (1.19)
©533 3033905 Fobolifod dg3bodbmm, @md Gopysb D boggBoeos, sdo@md angds 1.7 — ol
0obobdsw, d0m¢= RkO—D, bogoe (L13) —ols mobosbdsw epi¢= D" 5308®8 s@b0dbem
Lod@sgengms  30mgdiEogdo Y Log®mi3gbg 9Omdsbgml gdmbgggs. @oyeb bgdoldogmo, do-
23 goJbodgdyao teR -Logol s@bodbyen Loddsgangms 3Gmgiogdo Y LogMi9by
BgLodsdolow >Gols {y eY |¢(y)£t} s KK =D, 5308m LsdoGmosbos GmEmds

{yeY|p(y)<t}=tk°-D,vteR. (120)
396 dme, t=0 - bmgols ggogl:
{yeY|p(y)<0}=-D. (121)

30 Jgom, M3 dodmgdygaros (1.19). gohggbmm (13) -ols JoBmgdygamds. aobgobogrmm mdo
9 gdgbdo Y, Y, ey, Amdgmmsngobss Y, — Y, € B. 0y (D(yz) =00, 3d>dob ymgge-

0ngol dodmgdyaros (D(yl)ﬁ(p(yz) PAO@Mos. gndgom shens, @md (p(y2)<00. d5dob
Y, edomf . 5303md s@LGIMAL  Lobdygmo teR, @mdmobogolsg (p(y2)=t, sby (1.20)

— ol omsbsbdsp, Y, etk’-D. dgodg  dbeog, Y, €Y,—B, 580803 ds@mgdgmos
hotmggdo: Y, € tk® —-D-B=tk’ - (D+B)c tk®-D. sdom 53R 0GOS, “Hmd

yletko—D, o6y oY) St Gowpob @(Y,)=t, s3opmd @(Y,) <@(Y,). sdon Lodem-
EmmE ©05dF 03Ps, @md  (1L19)= (1.3).

30Jg50, GMIQ  g96Jzombogo 5@l B - 3mbm@mby@o, g.o. Logmogds (13), gohggbmm,
A0 bodo@mgosbos (1.19). gondgom, ®md YeD oo beB. Gopaob —ye—-DcY, 580
Bmd  (121)  Fomedowsh  golggbom, ©@md  @(=Y)<0. dgmag  dboog  agedsl:
b=(-y)—(-y—Db)eB. 5303m3 (13) —wsb golggbom, @md @(—y—b) <P(—Y). Gowysb
P(=Y) <0, 530pmd @(-y—Db)<0. @owpob —yY—DeY, 5308md (121) -0l msbsbdow
—y—be-D, go. y+beD. 6opgsb Y+b os@ol 6g50ldog@o gagdgbdo D+B  Lod-
Goganoesb, sdodmd D+Bc D, go. (13)= (1.19) #

0goegds 16. gogom, @md DY hoggdomos. 35T0b (DZY—)F_Q 39bJ3ombsgo  s@ols
bygodoo@dogmo 35dob s Ibmenme 3s5dob, Hmeglbei LOYmEgds 30GMbS

D+DcD. (122)
©59§303gds.  gobggbmm, @md (122) = (14). gobgobogmm bgdolidogdo m@o gagdgb@o

Vi, Y, €Y. gboos, G0 mg go(yl),(p(yz) 36093bgarmdgdoesb gthmo ds0bi oMol 0,
d5dob  gmggammgol  Lods@oaosbo go(y1+y2)£(p(yl)+(p(y2) YBOEemos.  sdo@mad

13
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gdogagdol  obsd@goagdmsw  Logdos@obios  hogmgogmm, @®I yl,yzedomf. dodob

dmodgdbgos 1,1, € R @oibggoo, @mdgmmomngols qo(yl) :t1,¢(y2) =1,. Gopysb oiy-
o> mgm@gds 15 — ols 30Mmdgdo, S30@md Lods@menosbos (120) s (121) Gmamdgdo.
sdo@dmd >@bodbyen 300md94do (120) - ©5b 30909 mdm, “md

y,etk®—D,y, et,k®=D, go0. Y, +Y,e(t,+1,)k® =D —D. Goppsb Logmegds (122),
530Hmd —D—D c—D, Loopsbog psdmdpobotgmdl, @md Y, +Y, € (T,l +t2)k0 —-D. (120
— ol mobobdow,  ¢3oboligbgemo  bodbogl, @m3 (p(y1 + y2) S+ Gopash

b =o(y).t, =@(Y,) . sBopmd dodmgdyeos gHomads @Y, +Y,) < @(Yy) +@(Y,) . sdoo
bodgrmme ©sd@goges, Gmd  (122)=(14).
godgom, Gmd @ gybjiombogmo s@ols Lydoo@doydo, g.0. LOygamegds (14), gohggbmn,

G0 JoGmgdamos (122).  gobgobogmme bgdoldog@o gagdgbdo Y, +Y, € D+D. 35306
Gbowos, @@ =Y,,—Y, €e=D Y, 5808m3 (121) goemmdowsb golzgbom, GmI
o(=y,) <0,9(-y,) <0.

GoEyob @ bigdowo@og@os, sdohmd (=Y, —Y,) = @((=Y,) + (=Y,)) < @(=y,) + ¢(-Y,) -
08 9356l gbgmoweb godmdobodgmdl, Gmd @(—=Y,—Y,) <0. @opash =Y, —VY, €Y, sdo-
B™M3  93oboligbgero  YHm@mdowsb (121) — ol gomgogolifobgdom  golggbom, @®I
-Y.-Y, e-D, obyy Lods®maosbos hotimgs Y, +Y, € D. 9L, @gbowos, 60dbogl @Gmd
oG gdgmos hodmgs D+D D, oby (14)=(122) #

0gmEagds 17. godgom, GmI DcY boggBogos s LOYmEgds 30MMbs:

D+tk® cint D, Vt e (0, ). (123)

35306 @Y —> R 396JGombsgo 5@l 9Fy3980 Y - by s JoGmgdgmos Gommdgdo:
{yeY|p(y)<t}=tk’—intD,vteR, (124)
{yeY|p(y)=t} =tk —FrD,VteR. (125)

©333 303905 gobgoboarma bgdolidog®o teR, Gmdmobmgobsg  Z eY 9e09d9bBo > 3do-
gogomgdl  @(Z) <t 30@mdsl. gl 60bogh, Gmd Z€ {y eY |o(y) <t} ©> dmobsbgds
6odpgomo  @ogbgo  T<L, Gmdgmog  woogdoymnomgdl  @(Z) T 300mbsl.  ofgwsh
3oL 33600, IO ze7k®-D. Goa5b t—-7>0, >do@md
yETkO—D=tkO—(D+(t—T)kO) c ctk®—intD , g0. Z ek’ —intD. gL bodbsgls,
Gmd

{er|g0(y)<t}ctk0—intD,‘v’teR. (126)
gmdgom shans, Gmd  Z etk® —intD. 35T0b tk®—zeintD. 3obgobognmm k°=0 39-
Jem@ol dgdizggemo OeY Tt Boeol bgdolidogdo \Y dosdm. @opaob intD ©OSS,  Ym-
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Gowpob ek’ e eV, sBopmd tk®—z—ek® eintDc D, go. (t—&)k®—zeD, sby dstrog-
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14



0@ ICGORIINRI] 53MB6IIOR LOBDSZRINS BdS6BIRIBSRMdS
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{yeY|o(y)=t}ctk’—frD,VteR. (127)

gmdgom, Gmd Z etk’ — frD , oby tk®—ze frD. DcY Lod@sganols hogg@ogmmdols go-

9n frDbcD, sdo@mad tk°—zeD. (120) = ols wobobdow Lodo@menosbo ¢bws oymls g@m-

@wmds @(Y) St. 93065L469mF0 56 godagds LEYmEadmEl d353H0 9HM@MdS, Gowo-
3ob  Foboomdogy dgdmbgggedo (124) — ol mobobds@ ds@mgoygmo odbgdbmes hodmgs

tk®—zeintD. oy oh intDN friD =9, 530®md  syomo ozl 330360 BmEmdsls
P(Y)=t. 5300 ©sddg0Ees, G®I tk® — frD < {y €Y |p(y) :t},Vt eR. (127) - ob
20mgo@olif06gd0m, 73560l3bgm0 hoBmngowsb golggbom. @™ Jodmgdgmos (125) #
3ob6Lobegds 16. gndgom, @Gmd B séol SM530M0 g0 Jgglodmogany Y-9. f:Y >R
q9bJaool  gfmegds dgo3Mo B- dmbm@mbydo, g bgdobdogHo mE@o yl,yzeY 90 g-
d9b@obomgols, Gmdgmmomgobsi  sbdo o3l f(yz)— f(yl) Lbgomodsl, do@mgdyemos 0d-
300 3o(300:

Yo~ ¥ € BL{Ok= T (y) < F(y,). (128)
ngmegds 18. godgom, @md DcY hoggBogos. ds5dob BCY—o(fmGo(?magr\no Jaglod-
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goigom, 6md frID+Bc D s Vi, Yo, €Y gangdgb@gdo sgodogmagomgdgb Y, —Y, € B
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Y, €k’ —(friD+B)ctk®~D, go. Yy, €tk® =D, o3, mogol dbdog, 60Bbsgl, @®d

P(¥,) St owpsb @(Y,) =t. s80pmd @(Y,) S@(Y,).  sd0por,  ©od@goGRs 0d3goge-

(30
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9356013690, bgdmm ¢339 oy boe 0d3@ogsEoslmeb ghmew, bodbogls (1.28) glgogenyg-
B™dols JoBmmgdyammdsls
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Lo o @Y —-R Lot geo 3b0dgbgermdgdols 3Jmby  #ybjiombsgolismgol Lsds@menos-
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@ >0l dgodow B- dmbm@mbymo &
= D+(B\{0}) cintD < frD+(B\{0}) cintD.

©333 303905, g dgom, GMm3 @ oMol dgo3E@oE B - dobm@mbydo. gobgoboemm bgdolidoog-
@0 meo gmgdgbpo Y e D,be B\{0}. oy Y, ==Y wo ylz—y—b, d5dob dotrmgdgemos
Hommds D=-y—(-y-b)=y, -y, e B\{0}. 6owpsb @ >@0l 33036000 B- dmbmEm-
by@o,  93oboligbgeosb  ao8mdobomgmdl,  Gmd  do@mgdyeos  dgodo  PBAMEMdS
o(Y,) <o(Y,). Gowpob Y,e-D ©> s6mgdgmos (121) DcY Uodésgaols

hog9Hosmdol godm, Js@mgdymos gEmmmds @(Y,) <@(Y,), Gog msgobmsgow 6086sgl,
@03 @(=y—Db)<0. obgg DY Lod@ogmol hoggBommdols asdm dsGmgdsgmos (1.24)
AME@mds, Gmdgmoi t=0 dgdmbgggodo wgdgemdl Lobgl

{yeY|o(y)<0}=—intD. (130)
5J9ob  gobggbom, @md  Yy+beintD. @spash Y+D  ogm 693080900  gangdgb@o
D+B\{0} ULodoogmowsh, ds@mgdamos bosdmgs D+BV{0}cintD. 9gmeg dbéog,
DcY ULoddogamol hoggdommdols godm, frDcD, sdo@md frD+B\{0}c D+ B\{0}.

sddogo, D+B\{0}cintD  300md00sb 08mdeobodgmdl, omd frD+B\{0}cintD.
sdom ©sd@oEs 0d3eno o(30900:
@ >0l dgodowE B- dmbm@mbydo =

=D+(B\{0}) cintD= frD+(B\{0}) cintD. (13D
gohggbmm, M3 doMmmgdyemos 0d3e0 o300
D+(B\{0}) cintD = ¢ s&0l 3303650 B - d0bomEmby@o. (132)

dobgoboanmm bgdolidogdo m@o gangdgbdo VY, Y, ey, Omdgammsngolsz Y, — Y, € B\{O}
[ONGIN @ Iboemwp Loldygem, 360dgbganmdgdl mgdygamdl, ododmd 13 s 14 og-
0©9dgdol mebobdo, @ s@ol Loggmdogo ©s dos@mmgdygeos Fmemds dom(p=Y, 9.0
yl,y26d0m¢. 30950, go(yz)—go(yl) Lbgomdsl sb@o oJgl bgdoldogdo VY, ¥, €Y -
Logol. @oasb yzedomgo, 530B™mI s@bgdmdl te R, @mdmobongolsg ¢(y2):t, oby,
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(120) — ol mobobdop, Y, €tk®—D. dgmey dbaog Y, € Y, —B\{0}, 530408 ds6mgdogmos
ho®mggdo:

y, etk® - D—B\{0}=tk’ — (D+B\{0}) ctk’ — D.
30350, @0 Legmegds Jodmds D+ (B\{0}) cintD. 85906 dotmgdymos  ho@o-
3y, etk®—intD. sdo@md, (124) — ol 0sbobdow, FoBmgdygmos 3353G0  PHOEMS
P(Y) <t. sdoppob @(Y,) =t. s8opmd @(Y,) <@(Y,). ab gy 60Bbogh, @M @ ol

Agog@o B - 30bm@mbado, oby mo@aobos 033gogogos (132). 94060L3bgmowsb (131) -
ol aomgomolfobgdom golggbom, @md Jo@Mmgdygmmos ggogomgb@mds

@ 6ol dgo3@op B - dnbm@mbyno<> D+ (B\{0}) cintD. (133)
gohggbmm, MM Jodmgdyeos 03300 5300
frD+(B\{0}) cintD = ¢ s@0l 3303650 B - d0bmgmby@o. (134)
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439@m30lL 5J3L sbGo ©s s@Lgdmdl Lolidymo bsdwgoemo @ogbgo € R, Gmdmolmgo-
Log @(Y,)=t. DcCY bLoddsgamol Boggommdol podm dodmgdamos Gonamds (125),
s8o@md Y, etk® —FrD. 8gmég dbcog, agedgl:
y, etk® —FrD-B\{0}=tk°’ — (FrD + B\{0}).

o benmogds Johmds fID+(B\{0}) cintD, 8s306 Yy, etk®—intD. olyg DY
Lod@sganols hogg@ogmdols godm do@mgdygmos Amemds (1.24), sdo@md (p(y1)<t. o056

t=(0(y2), doMmm gdgeos 33o3M0  YHMIEMbS (p(yl)<(0(y2) >dom sdGgoaes GmI dom-
0gogos (134), @mdmopsbsg, (1.31) — oli gomgomolifobgdom gobigbom, @md dodmngdiy-
oo 9dg0g5@gb@mds:
@ 560l 353000 B - dwbm@mbymo<> frD+(B\{0}) cintD. (135)
(133) o (1.35) - @ob 9dgogmm 458mdobstgmol, Gm Jo@mmgdyamos 0d3@osE0gdo:
@ @0l dgo3@oe B - dmbm@mby@o
< D+(B\{0}) cintD < frD +(B\{0}) cint D #

0goigds 110. godssmn, @@md DY hoggpomos. 35806 @Y —R Lsggmdogo
39bJaombsaolismgol dodmgdymos gdgogee gbBmdgdo:

@ >tol Lygdspogogho<=>D+Dcec D < frD+ frDcD. (1.36)
©533 3033905 mgm®gds 16 — ol mobsbdsw, dommgdygmos gdgogom gb@rds:
@ G0l Lygdswpogogmo<=>D+DcD. (137)

3do@dmd  gdyagdol wolbsdymgdolbomgol Logdo®olios @odBgo3egl, Gmd do@mgdyaos

3d30go52bHmd:
@ >t0l  bydopodoydo << frD+ frDcD. (1.38)
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A™d, (141) —obl wobobdsw, bgdoldogmo t= n’l, n=12,.. ®oibgobomgols  agodgl:
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int(cID) cintD . 53600, dodmgdamos INL(CID) =INtD  aommdss. gbowos spdgmgas
Omd JoBHmgdyaos 033e0 o300
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gohggbmm, @md LeOymegds 3odmds (123). wogydgom Lofobss@dpgam. 35d0b dmobsbgds

w0 gmqd96¢0 Y e D, T €(0,00), @mdgmmsngolsi V+fk°eintD. @Gopasb D s@ol
sdmbbgogmo, bobo - dsbsboli mgmmgdol gOmg@mo dgogaol mobobdse [2], >@Lgdmdls

Yogogo oo 9Fy3900 B9bJcombogo y*EY* \{0}, 6mdgaoi gobogomgdls 7+fk° Fgo-
Boels D Lod@oganolsgsb, 5byy 9bps LOYmEgdmegl gHmammds:

<y*,7+fk°>£<y*,y>,VyeD. (144)
Gowpob beymogds (16), sdopmd  Y(t) =Y +tk® € D,Vt €[0,00). g 6oFbogl, G0 doc-
oo s ool goomeds (Y T+EK)<(y 7 +k), vt e[0,%), Loogsbog gob-
ggboo, @od (T—1)(y",k°)<0,Vte[0,%). goggm, o (y',k°)>0. Gompeb T>0,
Bgdobdogio 0<t<T ybws bogmegdongh goomods (E-1)(y K )<0, asg gy
demgdgsmos, Gowgeb (YK >0 o T—t>0. godpo, 603 (y',k°)<0. amob
Bgdoldogio 0<T <t- Logol gbegempdo gommads (T -1)(y k°) <0, dog gy
degdgsmon, Gapeb (Y7, K7)<0 o T—t<0. sddopore, (T—1)(y"k°)<0,vte[0,00)
YOO Igodagds bAHgmegdbmegl geosrito Fgdnbgggsdo - Oowgbog <y*,k°>=0.
15560469600 GEmdol gomgemolbFobgdon, (144) — psb gugdammdo:
(y,y)<(y,y-tk°),vyeD,vteR (145)
dgméy bdog, (L18) 3oGmdol msbobdsw, RK®—D=Y =D—-RK’, s808md 6gd0l80g60

XeY gangdgb@do Fgodegds  [o®dmgoyobmm  Gommdon x=y—tk°,ye DteR. oo
bodbygmosb, (145) — ol gomgogolfobgoom, godmdobs@gmdl, ®md bgdoldogmo

XeY gangdgb@obomgols domgdymos QAHO@OdS <y*, 7> < <y*, X> , oby
<y*, Z> <0,Vz= )_/— xeY. 93565 3bgaro  dgodangds LEmEgdmegls 35d0b ©s dbmanme

35306, dmEglLss y* >Gols Y*bogﬁ)(gob byenmgobo g gdgb@o. 935boLgbgero gfobomdmgygds
0d 35J®L, Gmd y* EY*\{O}, 530@™I LOgEEgds Jo@mds (123) #

Ygbodgbs 17. gngds 110 — ©ob 39@dme godmdobs@gmdl, Gmd  Jo@ggemo 39bJdob 3omm-

33090 LOgmEgds (1.16) ©s (L18) 306mdgdo. @owash D s@ol hogg@omo, sdodmd mgm@g-
do 14 — ol mobosbdo @ s@ol Lolidyemo 3b0dgbgermdgdols IJmbg. @oyob s@bodbye

3639890 bEgmeEgds (123) 30Gmds3, sd0dmd @ g9bdcombsgmo s@ol 9¥935805 Y - by
gogds 110 — ol Igmedyg 396JHol 3odmdgddo @ gybdaombsmo s@ol 53mbbgogo.

Bgdmon slsdygmgdgmo god@gdols Loggydggarby goliggbom, @md  Lobsdwpgoargdo dom-
0 gogEos Ygdegao  ©gdgayos.

0gm@gds 111 hogmgosmmm, Gmd D s@ol SM5(35M0gm0 bsgm®ogo ©s Boggdomo Jggbod-
@ogewg Y -0, BCY, B o k®eY \{0} 39d@mc@0 5300gmxo@mgdgb 30@Mdsls

D+tk® = D,vt>0.

33906 @Y > R s6ol J3990©56 bobgg@om 9¥yzad0 Y  Logdgby. domg = RkO—Dng
oM gdymos Grammdgdo :

{yeY|p(y)<t}=tk°-D,vteR,
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o(y+ k) =p(y)+1,VyeY,VAieR.

300 5wbodbymobs, JosGmgdygmos ©gdymgdgdo:
@ 1. Y > R sdmbbgJomos <& D 560l 5dmbbgJogro;

2. (1Y) =2p(y),Vy €Y, VA>0< D séol jobaglo Y - do.
(b) @ s6ob Loggmdogo & VzeY,dteR: z+tk® ¢ D.
(C) ¢ aris sasruli mniSvnelobebis mqone <> ¢ aris sakuTrivida RK° —D =Y .
(d) @ s@0l B - d0bm@mbyoo < D+BcD.
() @ 60l Lydspopondo < D+DcD.

0y LOgmEgds 30GMbs. D+tk® cint D, Vt € (0,0) . 35306:

() @ s60b 9%93900 Y - by ©s JsGmgdeemos Gomemdgdo:
{yeY|p(y)<t}=tk°-intD,vteR,
{yeY|o(y)=t}=tk®—FrD,vteR.

(@)1 @ bogym@ogo wu96JGombogo  s@ol B - 8mbm@mbaydo <

<D+BcD<«< frD+BcD;
2. @ LabGymo 3609569mmdgdols 3Jmby ¢9b6JGombsgo s@ol dgoa6ee B - dmbm@m-
b0 <> D+(B\{0}) cintD < frD+(B\{0}) cintD.

() @ Loggmedogo g46dGombogmo sGol  LydswoGog@o <

<D+DcD< frD+frDcD.
0gmAgds L12. godgom, @md C séob >M533M0gemo  dogs bofomols 3Jmbg Lsgygmmogo,
5dmBbgJommo s BoggBomo jmbalo Y - Fo, bomgnem k® €intC. 85906 BM®mdom
o(y)=inf{teR|yetk’~C} (146)

3069Jd 9o 3obolobmgdgds 9Fy39d0 bLydswoBoygdo gybjiombsao (pZY—)R, -
dgemoi bgdolidogmo AeR- bmgols sgdogmegoamgol 3o®Mmdgol:
{yeYlo(y)<i}=2k"-C, (147)
{yeYlo(y)<A} =2k’ -intC. (148)
2o0Es s®bodbgmols, @Y =R s@ol intC - ImbmAmby®o.
©333 30390, dm39dgamdols msbabdag, C séol SA535M0 g0, Lsggm®ogo, sdmbbgjogmo
s hoggBogmo 3mbylo Y - 9o, 53sLorsh int(:;t@g.go k® cintC. o>fgeb gdyseme god-
3dE0bs®gdl, @mId Jo@mgdyaos C+tk0 cC,vt>0 5 C+intCcintC ho®mggdo.

dgmeg  Ibeog, intCcC, 2do™md  Fs@mgdgmos  sp@gmgg  Bodmgs C+intCcC.
dmyggobogno b gemdosb godmdobs®gmol, Gmd oy D Loddosgagl 0350303900 C

30b69bmsb, 3590b s@bodbyemo LodMsgang D, oby C 3mbylo s3dsymyzomgdls @gds 1.10
> mgm@gds L1l - do Jmobmgboenr yggas 30Mmdsl. 5do@md, ergds 110 — ol 3oéggero
396]B0l mobobds@ O ymgds JoGmdgdo:

vzeY,dteR:z+tk° ¢C, (149)

RKk°-C =Y. (1.50)

@Goppoh Leymegds (149), 5d0dmd mgmdgds LI —ol (D) 396J®0l mobsbdsp, @
s00lL Logygmogo. Goash @ s@ol Logygmdogo s dodmgdygaos 3odmds (1.50), sdo@md

53539 mgm@gdols (C) 396JHob mobobdsw @ 39bJaombsgo dbmenme  Lol@ye 3d60d-
3690 mdgol wgdyemmdl. gl bodbogl, @M Lobsdwgoegdo (146) Gmenmdon MM g]d g o©
0G0l goblabwg@agmo gbjgombogno @Y >R . ombodbyamo  gybdiombsaols aob-
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Lobg@oesb gdys@mme godmdpobs®gmdl, Gmd dodmgdygemos  (147) Fmemds. LI —ols
(f)  396J@0L mobobodo @  o@0l 9Py39H0 ©> LEYmEgds Bommdgdo (148). @owyoh
C oéob sdmbbgJogro  gmbylo, sdoBmd C+CcC. >do@dmd mgmegds L11 —ols (e)
396JB0lL mobobdo @ s@ol LydoswoRoy@o. Goash C+intCcC, >do@md  mgmagds
L1 -0l (d) 396J@0ob mobobodsw @  s@ol INLC - dnbm@mbamo #

L gdgmgdgdo Loddsgmgms dobgsmgdspmdol dglobgd

Fobodgdodg 3sMog@ogido oy gboemo @od@dgdols Logggdggenby o gobgobogsgm Lo-
Joobl oo syEomgms© sdnbbgogn Lod@sgmgms aobEsmgdsmdols dglobyd.

0gmAagds 2.1 godgom, ko GY\{O}, boam DcY ©d AcY Lod@sgen 9960
‘?68"3(‘7%” 9596 300Mdgdl: D s@ol Loggmaogo, hoggdogo jaol)o?ﬁ)o;} ) Y- %o 05
INtD=J; A 560l s@sEsdogmo Jggboddsgmg Y - o s AN(—IND)=. Bogmgo-
eom, Hmd LOYmegds ghmo 35063 gdogao mGo 3oMmdowsh:

L odbgdmol jmbylo Cccy, Amdeobmgolisg ko eintC 5 D+intCcD;

2. D 560l 530bbgjogmo ©s wogymos (16), (1.18) 306mdgdo.
35dob @  5@0l Lobdyano 360dgbgamdgdol 3Jmbyg 9Vy3900 BYbJaombsgo, @mdgmog

53904mgo@gdl 30Gmdgdl:

o(-y)<0<p(x),VyeintD,vVxeA. 2.0
3o0©s s®bodbyaols, me intA=J, Lods@maosbos d3o3E®o gHm@mds
o(X)>0,VxeintA. (22)

©333 30390 30 Jgom, GmI Laymegds oMggmo 396J@ol dodmdgdo. dsdob  angds 110 —
ol 3o@ggemo  376J@ol  mobobds, LEOPmegds (1.16), (118) wo (123) 30Mmdgdo. s80fmd

ngmdgds Lll-ols (b),(C) ©5 (f) 396JBgool mobobdow, @ s@ols Lasldyero dbodgbgerm-
dgd0ls dJmby Y- by 9V93980 gubjcombsgo, dmIgamoi 53dsgmgoggdls 3oMmdsl:
{yeY|op(y)<t}=tk°-intD,vteR, 23)
0y Legaegds dgmag 39bJ@ol 300mmdgdo. 35Tob @gds 110 —ols dgmeg 396J@ol mobob-
dog, L&mogds (116) ©s (123) 300mdgd0. 5do@dmd olgg mgmegds L1-ol (b),(C) o
(f) 396JBgd0l msbsbdo@, @ oMol bolGyao db0dgbgarmdgdols dJmbyg Y - %y 9Vy3980
996 Jombogo,  Gmdgmoi  oz3dsymazoemgdl (2.3) J0Gmdsl.  bowpos, Gm3  s@bodbyemo
sliggbs o@mgdgmos 1 o 2 300mbgdol gomp@mygmaw dgbdyamgdols dgdmbgggsdoc.
sdMoge, gggms dgdmbgggedo @ ool Loldgao 3bodgbganmdgdols  d]mbyg Y - g

9793900 BYbJaombogro, @mIgaoi sgdogmegomgdl (23) 30Mmbdsl. gg@mdme, ombodbyao
300Mds> Jo@M oY@ 0s t=0 dgdnbgggsdos, g.0. spaomo s5Jgl Goemdsls:

{yeY|p(y)<0}=—intD, (24)
(25) b  203m30bo@gmdl, ®md @(Y) <0 85806 s Tbmmme 35306, @mEglsi
ye—intD. o560 Am(—intD)=®, s>do@md bgdobdogdo XeA ¢ ‘dodgmgds 0gmls
90999660 (—INED) —do, o649 9bps LOymgdmogl 9Emmmds @(X)=0,VXe A. s0b0d-
byyao@sb g dgomme 2sdmdobsdgmdl, Gmd bHygmegds 3oGmdgdo:
o(-y)<0,VyeintD,p(x) >0,Vxe A
9L 60dbogl, GmI JoBmgdymos (2.1).
gndgomn obmo, 6md  INLA=D. Gopgsb  AN(-IND)=F ws INtAC A, 530fmd
ENGIGHE TGN iNtAN(-IND) =G Fomedss. gohggbom, @m®I int An(cl(-intD)) =Y.
5393350  LoFobosowdpgam.  3oTob  s@Lgomdls  gangdgb@o ZeintA obgmo, @md
Zecl(—intD). 99608365 1.6 —ol msbsbdsp,  Cl(=intD) =cl(-D), s303md z ecl(-D).
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09 ©og9dg9dm, Gm3 Ze—intD, 95906 0OOM3935 300Mds Am(—intD):Q, Mo 5b
ZzeintAcC A. odgeb gobggbom, @Gma ze—frD. Goaob ZeintA, odopmd s@ALgdmdL
Z F9o@omol  s@s@Es®ogemo oo  dowsdm V., obgmo  Gmd VZ c A. dgmag  dbMog,

z

Z2e—frD fhodmgowsb 9gsmme gobggbom, G0I Vv, N(=intD) = . 3000, sOligdmdls
g gdgbdo VeV, M (-intD). 9356Lgbgmo  60dbogl, ©md Ve AN(—IntD), oby
AN(=intD) #J. dopgdymo Fobssmdngymds 53@joz9dL, ®md int AN (cl(-intD)) =Y.
@oppoh D ool Boggpomo, sdo@md INLAN(=D)=D. dgmdg dbdog, ogom @ oob-
JGombomol  goblobeg@owsh  godmdwobsdgdl,  @md  @(-y)<0,VyeD. @opyob
iNtAN(=D) =9, 9406536900 60bogl, @md @(X)>0,VXeintA. 5300 ©sd@ oo
(22) 9pm@mdsi #

9603365 2.1. 0gm@gds 2.1 Lobsdwpgomgdo s@ol wgdymgds A s (—INtD) Lod@sgagms

2obgomgdols Yglobgd A s D Loddogmggdol 0dsdo a0 y399mo dmmbemgbgdols dgo-

0bgggedo. aoboggdos, @m3 D Lod@oganbg Lbgs dmmbmgbgdols dgdmbgggsdo, mgmmgds 1.11
— ol bogydgganby dgodangds hodmys@odegl aobdsogmgdgano @ gybjiobsgol bgs

0g0lgdgo0iE. mgmagds 2.1 goblbgogogds aobiomgds@mdols gensbo y@o ©gdygmgdgdologsh,
@GoEpoh 83 93065369 Po  suGomgd@mdols Lobom @ dmombmggds A s (—intD)
Lod@sgengms  s3mbbgJognmds, bomam asbds@Esmgdgemo 9Fy3960 Bybjaombogo @ jmb-
bEOgJaogmse s@ol goblabeg@ygmo bowo bobom 3530b, GmEgbsi gobEosmgdsmdols
geoobogy® ©gdgmgdgddo I@30Ggds dbmmme Asbds@omgdgmo s@sbymmgsbo, §®x030
> 9V43900 B9bJEombomols s@lgdmds.

@gds 110 — ols mobobdow, oy D séol boggmeogo s hoggdogmo Jagbod@sgeny Y-
‘do, >@Lgdmdl 3mbylio Ccy, amdaolngolbss k° eintC > D+intCc D, 85906
bOgagds 30@mos (LI8), obyy dodmgdymmos Gmemds RK°-D=Y. Jagdmo hggb gohgg-
bgdm, O™ aoMy397a 306Gmdgddo dgbodmgdgmmos  ombodbymo wgdyagdol dgdmybgdey-

00 9o gool olsdymgds.
3obLobmgds 2.1 U J3gLoddsgangls Y Yagog bogmzgdo gfmegds ddmsbmdgeno, my bg-

dolidogmo YeY gangdgb@olbomgol  dmodgobgds  Gobgo 0>0, emdmologolsg
[-0,0]lycU.

3obLobmgds 22. gmdgom, @md A séol J3gLoddsgang Y Vogog Logdhigdo. A 1o09-
@ogaols sy gdGymo Jogs bofoao AINLA ghmwegds Y Logdol 08 @ gangdgbgms 9e-
0Md@omdsl, Gmdgmmsmgolsg bod@gomy A—-a s@ol ddmsbm Jdgamo.

Ygbodgbs 22. bowos, GmI Ybog(ﬁ(;ob byemo  gmggemmgol ocols  8dmsbm Jdgeno  Lod-
Aogmols  gangdgb@o, @opasb OE[—5,5]. s>do@md, oy acaintA, 95906 0 A—a,

Looobs 9 dgogme godmdpobs®gmol, Gmd acA, 9:0. 4mggmgols dodmgdyaos ho®ro-
g0 aintAc A.
3obLab@gds 23. gngom, Gm3 A séol ddmobmJdgeo Jggboddsgang Y Vo903 Logdigdo.

d5dob U,  bodwgoe  gybiosh Y Jagog  Logdigbyg, 3oblobmgdgml  Fmenm-
d0m ,UA(y) =inf{t>0|yetA},yeY, g¥mogds A Lod@sgmol dobzmgliol @6 Gombs-

0.
gohggbmm, @md U, RybjEombsamo Jbm@me  Lol@ygm 3603bgermdgdl mgdygmmdl.

3odggee  @oado  dgg60dbmm, @M, aoblobrg@mol  mobsbdom, U, S0l s@SYGYMBOomO

39bJzombsgro Y Log39by. oy ob A s@ol ddmobmJdgaro, sdoGmd  gmggemo
BodLodgdgmo Y €Y gangdgbBolomgol dmodgdbgds O >0, @mdmolmgobsg [-J,0]y < A.
5060369@0©sh 3odmdEobsdgmdl, Gmd Jos@mgdgmos hodmgs  (0,0]y C A. 530fmd. o4
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tte (0,6]. 95906 t_ly €A, by Y etA. Gowpyob tte (0,0]. sdo@md ot<t. gbowos,
Omd  JoOHmgdbygaos HMEmds:

() =inf{t >0|y etA}<inf{t>5" |y etA}=5",
sdo@ma ﬂA(y)Sé_l, o6y 1 (Y) < 0. 530 godBor@er wsddgoGLs, Gmd Lobsdwggegdo
My gabdgombogmo Y (og03 boghgdby  dbmmme Lolénm s@og@ymgon 36086y m-
390L  ©gdg@memdl, go0. 30Ogddmmepss goblobwg@gmo slsbgs 1, 1Y =R, Gopyeb

ddmsbnJdgemo  Jggboddogamg  gmggmmngol  dgogegl  byemgseb  gengdgb@l,  sdo@md
,uA(O) =inf{t >0|0etA}=inf{t >0|0c A}=inf{t >0}=0, o6y doMmgdyamos  Gramds

1,(0)=0.

0gmAgds 22. gndgom, Gmd Y séols YA xgo0g0 Logmdg, A- ddmsbm Jdgemo Jgglod@ogang Y-
‘do, beognem AcBcY © A>0. 95906:

Ha(ty) =tu,(y), vt =0, vy eY;

Hg(Y) < 11, (y), Yy €Y ;

3 M= A7 s

4wy A=—A, 35906 1, (Y)=u,(-y).vyeY.
0y A séol >dmbbgJogno, d5dob:

5 g (X+Y) < 1, (X)+ 0 (Y), VX, Yy €Y
6. aintA={yeY|u,(y)<L};
7. Ac{yeY | 4y(y) <1
©599 303955 L agodsb a(Y)=Inf{s>0|yesA}. wy t=0, 35906 dobmgdymos Go-
@wodgdo L (YY) =1,(0) =0=tu,(y). gndgom, 6md t>0 35306:
1, (ty) =inf{s > 0|ty e sSA} =tinf{st™ > 0|y e st " A}=tu,(y).
590056 5dmdEobommEdl, Mmd 1, (ty) =tu,(y), Vt=0,vyeY .

2. GoEyob A ddmobmJdgaro  Loddogemgs o AcB, sdo@dmd B Lodogmgi oMol
3nobmJdgano. dgm@g dbdog, do@mgdamos bodmgs {t>0|y etAc{t >0|y etB}, ULso-

obo(3 FgommE  godmdpobsdgmdl, 6md INF{t>0]|yetB}<inf{t>0|yetA},VyeY .

g0- Hg(Y) < up(y), Vy Y.
3. 235J3L:

o=

() =inf{t >0|y etAA}= A" inf{At > 0|y et1A}=
=27inf{s>0|yesA}=A"inf{s>0|y esA}=2"u,(y),VyeY.
93o6oL3bgamo GHe@mds bodbogl, GmI L, :]flﬂA.

4. Gopyob A=—A, 530fm3 yA(y):,LLA(y),Vy €Y . 3gmey dbcog, JoGngdymos Fo-
Emds

wA(y)=inf{t >0]y e-tA}=inf{t >0| -y etA}= 1, (-y), Vy €Y,
90 Hp(Y) = pa(=Y).Vy €Y.
5. Gopasb U, dbmmme Lolege 360dbganmdgol @gdgemdl, >do@dmad bgdoldogmo
X, YEY m@0 gmgdgbdols ©o bgdoldogdmo N bodagdsma@o Gogbgolomgol  s@Lydmdl
bodwgogmo  @oibggdo s>0,t>0, Omdgmmongolsg  Igldgmegds gBmEMd o0

Ha(X) <Ss <, (X)+ (2n)‘1, A (y) <t<u,(y)+ (2n)‘1, Uoosbsz 9 dgomme  asdmdpo-
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bomgmdl, ®md X €& SA, y ctA 93560 3bgeoEsb  goliggbom, GmI Fo@mgdyaos Bodmggdo
(s +t)7lX es(s +t)71 A (s+t)’ly et(s +t)71A. Gopash A 5@l sdmbbgogo, sdo@md
1356036 gaoesb gogdymmdm, @md (S +t)7l(X +Yy)es(s +t)7lA+t(S +t)71A c A, sby
X+Ye(S+t)A, go. t(X+Y)<S+t. gb 6086ogl, @3 63d0bdog@Ho bo@y@omeano N -
Logol  do@mgdgmos  gdommds L (X+Y) < 1y (X)+ 1, (Y) + (n)’l. 93565136ge o
N—>00 bmgadby aoeslgmomn goliggbom, @ma ,uA(X+ y) < ,uA(X) +,uA(y), X, yeyY.

6. gojgom, ®md Ye aint A. 95906 A-— Y ool 3dmsbnJdgemo  Jggbod@sgeng Y -9o,
530md Y €Y gangdgb@olomgol dmodgdbgds 0 >0, obgmo, Gmd [-5,0]y € A—Y. sgosb

2000300bo@gmdl,  6md  (L+0)ye A, oby ye(l+ 5)_1A . gb  bodbogl, Gmd
1 (y) <@+ 5)_1. Gowpob  (1+ 5)_1 <1, 580md 1, (Y)<1. gU, gbowos, 60Pbogl, @md
aintAc{yeyY| ,UA(y) <1} gondagom, Gmd Y €Y gamgdghdo s3dogmgomgdl g@mmmdsl

Ha(Y) <L, 35906, 1 @5 5 396JHgdol  msboblow, 6gdoldogho XeY,t>0  gangdgb-
Bgoolomgol doBmgdyaos PHM@mdgdo:

Ha (Y +1X) < 2, (V) + s (X),
ﬂA(y_tX)SﬂA(y)"‘tﬂA(_X)-
@owgob Ly (X), Ua(—=X) @0l Laldygmo  s@Gon@ymgomo  Gogbggdo, sdo@dmd s@lgdmdls
51 >0, 52 >0 bodwgogmo Goibggdo, GmIgamsmngolbsg:
Ha(Y) +tu, (X) <1Vt e[0,6],
Ha(Y) + U, (-X) <LVt €[0,5,],
boowoboi  podmdpobsdgmdl, @md w1, (Y+1X) <LVt e[0,4,], (Y —tx) <LVt €[0,0,],
oby  Yy+txe AVte[0,0],y-tx) e AVte[0,5,]. 94565690  BoBbogl, G@I o9y
o=min{o,,0,}, 3536 >0 ws SXeA-Yy,Vse[0,8],sxe A—y,Vte[-5,0]. sdomn
o3GRS Bsdmgs SXe€ A—Y,VSe[-0,0], by [-0,0IXC A—Y, Gog omsgobmsgow
60d6ogl, omd  yeaintA, o6y {yeY|u(y)<DcaintA, cowpsb doGmgdgmos
Vo690 gm0 hodmgsi, sdodmd aint A={yeY | u,(y) <1}.
7. ogYe A, 9-0. yel-A 35dob U,  RybdEomboaoli  asoblobrmg@owsb  ysdmdwo-
6odgodl, 6md 1, (Y) <1, o msgobosgswe 60Bbogh, 6md Ac{yeY | u,(y) <L} #
0goegds 23. godgom, 6md D s@ol 5dmbbgomo  Jg9Loddsgmg Y §@gog Logdgdo,

aintD#  ws {K'}naintD=T. 85906 s6lgdmdl §hgogo sGobammgsbo  §mb-
Jgobogo Y §agog Logdigby ¥ obgoo, God
2(y)< x(K°),vyeD.

©59H 30390, g0daom, Gmd Y, =RK®. sbopos @md Y, o6ol  Jggbogtiy Y §eg0g
Logd39do. 35b3bsbgAM® 996Jombsgmo p:Y,—R BMEmdom
P(tk®) =tu, (K°),VteR,  @bowos, @md  Podol  §émogo  gubJgombsmo
Y, CY Jagboghgaby, sdsbmsb  P(=K®) ==, (K®) . @oppob a1, (K°) >0, 1, (k%) >0,,
sAogmd  —1, (KO <0< 11, (—K°),  go.  P(K®) < (-K®).  wmy =0, 85906
tp(—k®) <11, (—K°). 0gomgds 23 —ol 1 39630l mobobdsw  9306sl3bamoEsb gsdmdwo-
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botrgodl, ©@®d  P(k®) <, (k). oy t<0, 85906 tu, (—k°) <tp(-K°), go.
(D) (K°) S ~(DP(-K") . Gopeb (1) >0, sBoyed  —p, (k) <—tp(tk”), by
tp(tkO)SﬂA(tko). sdom  oddgoGaEs, Gmd oy S=-te—-R,, 35906 p(SkO)S,uA(SkO),
bogo oy S=-te R, \{0}, 35306 P(tk®) < 1, (tk°) . s360ps0, bgooldogao ¥ =tk® €Y, -
bogol  bogeegds  ghommds  P(Y) < (Y), VY €Yy, dopasb 4y gabjgombagmo
5390gmgoagdl mgm@gds 22 —ol 1 ©s 5 s 396J@gdl, do@dmd bobo-dsbosbols mgm@gdols

05bsbdo, s@LgdmdL FOgogo s@byemmgsbo gubdiobsemo }(ZY—)R, Omdgologobsg
‘JgbBgengds 3oGmdgdo:

(1Y) S Ha(y), vy €Y,

(2:¥)=p(y), vy eY,.
@opaob D 53mbbgJomos, sdoGmd mgm@gds 22 —ol 7 396J@ol msbobloe doGmgdaaos
bocongs D{yeY | up(Y) ST, sdopmd  u(y)<LVyeD. o6y (x,¥)<LVyeD.
@opyob aIiNtD £, 22 0gmegdol 6 396JHol msboblsw 1, (Y) <L VyeaintD. dgmey
oy, {K'}NaintD =, sdopmd o6 k®eD\aintD, s6 kK’ €Y \D. éopyob K’ €Y,
sAopod (1K) = (k) = u,(K°). o k®eD\aintD, 85806 begmmgds Hogodgdo
(2. K) =1, (K) =Leo goosmeds (7,y)<(2.k°),¥yeD. oy k' eY\D, asiob
<;(,k°>:,uA(k°) >1 o Botogdygmos goGao ghmmmds (¥, y><<;(,k°>,Vye D #
0gm@agds 24. godgom, Gmd D s@ol sdmbbgogmo  3mbylbo oligmo, GmI D«-D, beoeoe
k® €Y \{0}. 35906 Botorgdmmos gdg055ma6@E0mds:

D+RK’ =Y <{k° —k°}naintD = . (2.5)

©333 303905 gndgom, Gmd {k°,—k°}maintD¢®. gL 60dbogl, @™ o6 koeaintD,
o6 —k’eaintD. gy  hogogemmn, @md  K’eaintD. wbps  gohggbmm, Gmd

D+Rk°=Y. o056 k° eaint D, s>do@md D-k° Lod@ogeng s@ols ddmobmJdgeo, g.0.
6900Ldogmo Y €Y gagdgbBolomgol  dmodgdbgds  Gogbge 0 >0,  @mImolmgobss

[-0,0]lyc D- k°. 530dmI  o@Lgomdl  wogdomo @oibgo te (0,4], amdaolngolbss
tye D— k®. 93560L3bgaoEeb  25dmIobsdgmdl, ®mId Y e t'D-t'k°. Goeash D s@ols
3mbgbo, t*>0 ©O —t'eR ,  odo@pmd Y et’D-t"k° = D+RK°. gL bodsgl, ®m3
Y « D+RK°. [ONGINY D+RKk’cY ,» 5303™mI JsOmgoyEos BmEmos D+RK°=Y . s6o-
EM0YMoE 3HJoELegds, Hmd my —k° eaintD , 35906 D+ RK° =Y. >dom I oL
0330035300

{k°,—k°}naintD#=F=D+RK’=Y . (2.6)
3mJgom, Amd Legagds 306mds D+RKk°=Y. gohggbmm, @ma {k°,—k°}maint D+xJ.
[ONGIN S D seob 3mbylo, sdo@md YO =D-D séol Yaxgogo  Jgglogdzg Y -Bo.

oM o(: 0 EYO ; dgmeg dbdog, bgdoldogdo a,,B eR m&o bsdwgogmo  @oibgolbogols
doMmmgdymos Goamds

aY,+ Y, =(a+p)D—(a+p)D.
oy a+f20, 396 (@+f)D—-(a+pf)DcD-D. oy a+pf<0, 85306
—(a+p)>0 © —(a+p)(-D)—(a+p)D=-D+D=D-D, 9:0. ®mGogg dgdmnbgggsdo
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aYy+ Yy © Yo gb ag30 6obaglh, @md Yo=D—-D séob {égogo Jagbogday Y - o [5]
oy ob D+Rk0 =Y, sd0@3 ™3 Y —D=(D—D)+Rk0, 3bowos, GmI Y-D=Y, sdo@md
doMmgdyamos Gommmds Y =YO+Rk0. 537 dgom, Gmd Y ¢YO. aobgoboanmm  gangdgb@o
yeY, Y, coppsh Y =D+RK’, 53003 dmodgdbgos VeD ws A€R  gmgdgbegdo,

Omdgamnsngolisg y=v+/1k°. Boyob D séob 2dmbbgJogro 3mbylo, sdoGmd ygobsls-
bgemo Geo@mdoesh 3sdmdobs®gmdl, Gmd

K°=y-veY,—~D=D—-(D+D)cD-D=Y,,
go. AK® €Y,. 93603600, G0d 0y K® e R\{0} s@ol Y, Jagboghcol gegdgbio, 95806
dotmgdamos Gmmmds Y, +RK® =Y. @sppob Y =D+RK’, 93065369m0 603630, God
Y =Y,, 653, 00ogol dbdog, gfobsomdmgagds ©sdggosl 0dol dglobgd, @md Y, Jgabog@iy
56 g3mbggzs Y bogosgl. sfgesb 5s3meobsdgmdl, 6md K® @Y,. Gowash dsGmgdmnmos
hodmngs Ak° EYO © K° ER\{O}, >do@md dgodangds aoz9mwgl ©oligghs, @I A=0.
dgmég b0z, bgdme dmggsbomo by gmmdopsh golggbom, @md Y, +RK®=D+RK°.
[ONGIN A=0, >do@mad D=YO. 50956 Yo >0l Jggbogd g, >do@md YO=—Y0, 53

mogobmogom 60bogl, Gmd D =—D. 93565L369@0 gF0bowbrogagds 306mdsl 0ol Iglo-
bgd, Gmd D=-D. s80m ©53H oGS, ™I JoBmgdymos Gramds Y =Y0 =D-D.

gohggbmm, @ma aintD = . 3otgger Goado dg3b0dbmm, GmI Goyob Y=Y, >do@md
k® e (D-D)\{0}, go0. 9m0dgdbgd> ®6G0  gagdghGo V,V, €D, 6mdgmasngobsg
K° =V, -V, #0. 556 D s@ol 5dmbbgJogo jmbylo ws V,V, € D, >do@mad

V=v,+v, e D\{0}.
godgom, @md A20,1420. Gopyob AK® = 22V, —l\7,—,uk° =24V, — 1V, @0 gdeymos
BMEmdgdo:
D+ k" =D +24v, — AV,
D— Kk’ =D+2uv, — 1V,
o056 D sd@ol gmbglbo, V,V, € D s A>20,u20, >d0@md dotmgdygaos hosdmggoo
D—l—2ﬂ,Vl cD, D-|-2ﬂ.V2 cD. 9L bodbogls, A™I
D+4k°cD-AVc D-RY,
D-uk®cD-4VcD-RYV,
R ={teR|t>0}.

93560L3bgeo  o@mdgdowsb  godmdwobs®gmdl, ®md Y=D+Rk’°cD- R+\7. [ONWRINS
domgodyaos ho®mgss D- R+\7 cY, sdo@md Y=D- R+\7. @bowos, Gm3 bydolbdog®o
Yy eY - bogols y+\7 ey, 9:0. dm0dgdbgods Ae R+ , @mdaolngolbss y+\7 eD-Av, oby
Y+@+ AV eD. 5Jgosb 203mdw0bs@gmdls hodmgs (L+ A)’ly+\7 e(@+ 1)71 Dc D, sby
@+ ﬂ)’ly+\7 eD. 6Gopysb odrmgdgmos hodmgss (=y)eY, sbsgrmgon®o b geo -
dom  gwgdymmdm, GmI  dmodgdbgds T E R+ Oedmolbmgolbsi  dgberganogds  3o@mds
(1+,u)71(—y)+\7€ D. D U0o3@ogmols 53mbbgjmmmdosb 3odmdoobsdgmdl, Gmd
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a(@+ )y +7) + (L= a) @+ 7)  (-y) +7) =
=(a@+A) " -(1-a)l+n)*)y+VeD,Vae[01].
03obslgbgmo  Hmmmds  60Bbogl, Gmd  dstmgdamos  [-A+7n) T, @A+A)]y+V D
fodorgs. godgom, G0d  S={l+n) " @+A) . BB6  Ghogos, God 5>0 o
[-6,8]1c[-(A+7) ", A+ )] sdd0gep, [-0,0]ly+V c[-(1+n) ", 1+ A)y+Vc D,
b [-0,6]ycD—=V. g6 606sgl, @md VeaintD, go. aintD#D. wogndgem, Gemd

{k°,—k°}naintD=g. 9:906 {k°}naintD = {-k’}naintD=T. Gopash D o0
0bbgJoaos, d0dmd mgmegdosbh sdmbbgoen Loddsgmgms aobEomgdsmdol dglsbgd
Fog0g Logdgdo [6], obyy mgm@gds 23 - msbobdoe, dmodgdbgds FHRogo ©s s@obyam-
3560 @396J0mbogmgdo P, Y =5 R, 6mdmgdon ©o53354m50egdgh 3060393 L:

p(k?) <0< p(y),q(-k*) <0=q(y), vy € D. @7)
0y p(ko):O, 35906 0dol gomgoaolifobgoom, Gmd P oMol YOxgogo gubjiombogno,
bgdolidog@o y+/1ko e D+RK° 90 gdgbBolomgols  do@mgdygemos p(y—i—lko) = p(y)
Bo@mds. sdoGmd (2.7) - ©ob ¢Igsmme  gmgdygmmdm, @®I p(y+ik°) >0. Gowyob
Y = D+Rk0, 5d0@dmd  ggobsligbgano gHm@mds bodbogl, @md p(z)ZO, vzeY, 396G dmE
p(-z)>0,VzeY, oby p(z)=0,VZeY, sby P o@0l bymmgsbo g9bjEombsogmo
Y LogMgbg. Jowgdgemo Fobsomdwgamds ods@g03gdl, md Jodmgdygmo ybws ogml dbem-
e 335300 YAmEMds p(ko) <0. sbsgrmpog@op  dB30GLgds, O™  JsGngdymos
Q(—ko) <0 935600 9HO@EdsE. 93565L36g@0Esb  35dmI0bsMmgmdl, @™ Gowgsh (
>0l {Ogogo g9bjiombsao, sdo@mad Q(k0)>0. 50256 p(k°)<0 > Q(k0)>0,
gmggeomgols dmobosbgds wowgdomo  @oibgo ﬁ, OmIganoi oogdoygmRomgol  Fmemdsls
Pk +Aa(k’) =0, by ap(k’)+q(k’)=(ap+a)(k’)=0. bowsg a=p". dnay
bd0g, (2.7) —©sb 9Tuomme godmdrobodgmdl gEmmmds (ap+q9)(y)=0,VyeD. sdo-
B™3 bgdoldogto Z = y+lk°,ye D,AeR 333363 0bomgols dotmgdagao 0dbgds Goenem-
2930 (ap+qQ)(2)=(ap+q)(y+AKk°)=(ap+a)(y)=0. @owpsb Y =D+RKk’, gt
935653690 6odbogl, @md (ap+0)(2) 20,(ap+0)(-2)=0,VzeY, o6y ap+(
fog0g0 996 Jombsgo >0l byenmgsbo Y Log®39%by. gL bo'dbogls, “md
(p-I-a_lC{)(Z) =0,VZeY . j90dmwp, 6gdoldog@o Zz=u-veD-D,u,veD gamgdgb&o-
bomgols 235J3L: p(u—v)= 0(_1C{)(V—U) = a_lC](—U) + Ot_lC{(V) . dgmmg dbcog,
(p+ag)(-u) =0, sdopmd p(=U)=-a'q)(-u), 69 o 'q)(-u)=p(U), sdogmd s
Gogdamos  Fommds  PU-V)=a q)(Vv-u) = pu)+aq(V),Yu,veD.  Gopysh
p(U)ZO,Q(V)ZO,VU,VED, 5303 ™3 9goboligbgmo Go@mdowsb sdmdwodo@gmdl, @ma
p(u-v)>0,Yu-veD-D, @opaob Y =D—-D, 5303 p(y)>0,vyeY . O
BoOmgdgmos  gimmmdsg  P(=Y)20,Vy €Y, s305md P(Y)=0,VyeY . gb 60bogl,
®03 >0bobym Ygdnbgggodoz P o@ol bymmgebo gubjgombsgo Y - by, Jomgdemo
Foboo@dpgamds 3@ g0390L, Gmd {ko,—ko}maintD;t@. 8o 8IS 0d3en0 o300

D+RKk’ =Y ={k° —k°}naintD=J. (2.8)
(2.6) o (2.8) gHmmdanogsm bodbogl, MmI JoMmgdyamos ggogem gb@mds (2.5) #
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96 Jombsgmy@o  sboemobosb goMmmme oMol 3bmdogro bobo-doboboli mgm@gds dm-
3999800 Logdol Jggloddogangby aoblsbrgdymo Foxgogo gybjaombsgols dmgen Log®-
9%y 9obgmEmbol dgbobgd. s>@bodbymo mgm@gdowsbh godmdpobs®gmdls 5bosdgbd o
gdgagdgoo  §Ox03 Logmzgdo odmbbgdoan  Lod@ogamgms  gobiogmgdommdols  dgbobgd.
0gom >mbodbymo mgm@gds s dobasb godmdpobodyg agmdgdHogmo dgogagdo goowegl
Aol 0535dmdl JomgdoGogol IMsgoem oMy do, JgBhdme, ™3Godobsiool  mgm@osdo.
Vomdmpagboen b5dMm™mddo ghmosbo 3mboEoowsh s@ol gobbogygao bobo-dsbsbols mgmag-
dol a9mdgd®oygmo gm®dol glodanm 258oMMMgds 5Mo59(308gdes© sdmbbgJogo Lod-
539950l gobomgdomdol dglsbgd s@Mssygiomgdmoem {Mgogo 9gbjiombsgmol Lsdy-
sengdom. s@bodbymo s@sYOHBog0 BybJaombogmo sagdymos gmblE®YJEoymse. g g
b0l godmygbgds dgodargds  ggd@mdgmo o s@sligomadgeo m3BodobsiEool sdmisbgdo-
Lomgol, 3g@dme s@sbjomao@ygamo m3Godobsiool s8m@Esbgdol Lgsms@obszools s Lbgs
bogombgdol dglfogemolismgols.

SEPARABILITY OF NOT NECESSARILY CONVEX SETS
V. MAISURADZE , M. SALUKVADZE, V.GABISONIA
Summary

The Khan-Banah theorem about extension of linear functional defined on the subspace of given space
on the whole space is widely known from the functional analysis. Fundamental statements about separa-
bility of subsets of linear space follow from the mentioned theorem. The theorem independently and
geometric corollaries following from it play a large part in many sections of mathematics, particularly in
the optimization theory. The possible expansion of geometrical form of the Khan —Banah theorem about
separability of not necessarily convex sets by not necessarily linear functional from the single point of
view is considered in the presented article. Mentioned nonlinear functional has been built constructively.
Results can be applied to the problems of vector and nonscalar optimization, namely to study the scalari-
sation of nonscalar optimization tasks and other problems.

PASJEJINUMOCTD HEOBA3ATEJIBHO BBIITYKJIBIX MHOXECTB

B. MAHCYPAII3E, M.CAJIVKBAIBE, BTAFUCOHUA
Pe3zrome

N3 GhyHKIIMOHATHHOTO aHaJN3a MIMPOKO M3BECTHA TeopemMa XaHa-baHaxa o TpoIoKeHUN THHEHHOTO
(hyHKIIMOHAJA, ONPEAeICHHOTO Ha MOAMPOCTPAHCTBE JaHHOTO IIPOCTPAHCTBA, HA BCE MPOCTPaHCTBO. U3
YKa3aHHOH TEOpeMBbl CIEIyIT (yHIAMEHTAIBHBIC TPEIIOKECHUS O Pa3JeIIUMOCTH  BBITYKJIBIX
MOJIMHOXKECTB JIMHEITHOro mnpoctpaHcTBa. Cama TeopemMa M BBITEKAIOIIME W3 HEEe TIE€OMETPUUECKHE
CIICJICTBHS HWIPAIOT OOJIBIIYI0 POJb B MHOTHX pa3[ellax MaTeMaTHKU, B 4YaCTHOCTH, B TCOPHH
ontuMu3alMyd. B mpeacTaBicHHOW paboTe C EIWHOW TOYKH 3PEHUS PAaCCMOTPEHO BO3MOXKHOE
pacimpeHre reoMeTpuveckoil (opmbel Teopembl XaHa-banaxa o pa3genUMOCTH HEOOS3aTENBHO
BBIMYKJIBIX ~MHOXKECTB  HEOOSM3aTeNbHO JIMHEWHBIM (DYHKIMOHAIOM. YKa3aHHBIH  HEIWHEHHBIN
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(yHKIIOHAT MOCTPOEH KOHCTPYKTUBHO. Pe3ynpTaThl MOTYT OBITh MPUMEHEHBI K 3a7adaM BEKTOPHOH n
HECKaIIPHOW ONTHMHU3AIMHU, B YaCTHOCTH, IS CKAAPH3ALUM HECKAIAPHBIX 3a7ad W U1 H3YyYeHHS
JPYTHX BOTIPOCOB.
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STRUCTURAL IDENTIFICATION OF NONLINEAR SYSTEMS
USING BLOCK-ORIENTED MODELS

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

1. Introduction

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

The majority of real systems are nonlinear. They are generally represented by block-oriented (for ex-
ample [1-4]) or general models, in particular, the Volterra’s functional series (for example [5-7]) and the
Kolmogorov-Gabor’s continuous and discrete polynomials [8-10].

When representing nonlinear systems by block-oriented models the basic results in the sphere of struc-
tural identification are obtained at the identification by discrete models. The determination of the structure
of the model for continuous nonlinear systems is usually carried out on the certain sets of block-oriented
models consisting of different modifications of the Hammerstein and Wiener models.

In that work [11] the problem of structural identification of nonlinear continuous systems was consi-
dered on the set of continuous block-oriented models which is "greater” than the one considered earlier at
the input sinusoidal influences.

In this work the problem of structural identification of nonlinear continuous stationary systems is con-
sidered on the "great” set of continuous block-oriented models, the elements of which are: the Hammer-
stein models - simple and generalized, the Wiener models - simple, generalized and expanded, the Wie-
ner-Hammerstein cascade models - simple, generalized and expanded, the Hammerstein-Wiener cascade
model at input periodical influences having Fourier's uniformly and absolutely convergent series.

The problem of structural identification is brought in correspondence with the L. Zadeh classical de-
termination of identification, i.e. it is implied that the classes of models and input signals are set. A crite-
rion determining the model structure from the class of models is needed to be developed.

2. Classes of models and input signals
2.1. Class of models
The model structure is determined by the following class of continuous block-oriented models:

L={s]i=12...9}, Q)
where s, and s, - the simple and generalized Hammerstein models, s; and s, - the simple and general-
ized Wiener models, s; - the simple Wiener- Hammerstein cascade model, sg - the expanded Wiener
model, s; and sg - the generalized and expanded Wiener-Hammerstein cascade models, sy - the simple
Hammerstein- Wiener cascade model (Fig. 1).

The models of the set L are described by the following equations:
Simple Hammerstein model

y(t)= oW (0)+cW (plult) + W (plu*(t); v
e Generalized Hammerstein model
y(t)=co +Wo(pult)+ W, (p)u?(t); 3
e Simple Wiener model
y(t)=co +cW (plu(t) + co W ()] ; @)
e Generalized Wiener model
y(t)=co + Wy (pu(t) + co W, (Pt 5)
e Simple Wiener-Hammerstein cascade model
y(t) = coW(0)+ cWy (p W, (pu(t) + CZWZ(p)[Wl(p)J(t)]Z ; (6)

e Expanded Wiener model

y(t)=co +c Wi (plult)+ [VVZ(p)J(t)][\NS(p)u(t)]; O
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Generalized Wiener-Hammerstein cascade model

y(t) = co +Wa(pult)+Ws(p)JW (PJt)F ®)
e Expanded Wiener-Hammerstein cascade model

y(t) = co + C Wi (pu(t) + Wi (p HW, (p () W3 (pu(t)]} ©)

e Simple Hammerstein -Wiener cascade model

Y(t) =dg +Cod1W(0)+ng W2 (0)+ [Cldlw(p)+ 2cocld2W(0)N(p)}J(t)+
+ |_Czd1W(p)+C12d2W ?(p)+ 2‘30(:2d2\/\/(0)/\/(p)}J 2(t)+2c,¢,d,W 2 (p)u®(t)+c5d,W 2 (put(t). (10)

D w) — (1) 6)
—m Ju » W) —>
u(t)
C() o
& (1)
(1
=L W) :
. >
Wip)
3) - 7)
u(t) . (1) L
— ) = f—
Wip)
) 8)
4) S
u(t) )
VI{(])) u(t) W]/(p) ) ()
—>| W(p) "(p)
- Wip)
W(p)
5) 9) -
u(t) y(t) u(t) - - y(t)
— et e > — w W) L arewi—

Fig.1. The block-oriented models: 1) simple Hammerstein model; 2) generalized
Hammerstein model; 3) simple Wiener model; 4) generalized Wiener model;
5) simple Wiener-Hammerstein cascade model; 6) expanded Wiener model; 7) gen-
eralized Wiener- Hammerstein cascade model; 8) expanded Wiener- Hammerstein
cascade model; 9) simple Hammerstein -Wiener cascade model.

In the formulas (2) - (10) u(t) and y(t) are input and output variables, correspondingly. The non-
linear static elements forming the models are described by the second order polynomial functions:

f,[x(t)] = co +cyx(t)+c, X2 (t), (11)
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f [x(t)]=do +dyx(t)+dox2 (), (12)
where ¢;, d;(i=0.2) - constant coefficients, W(p) and W, (p) (i =1,2,3,4) - transfer functions of line-

ar dynamic systems in the operational form, i.e. P denotes the differentiation operation p = a
The linear dynamic elements are included in the class of block-oriented models are assumed to be
steady, i.e. the roots of their characteristic equations are placed in left half plane of the roots plane.
2.2. Class of input signals

For solving the problem of structural identification of the nonlinear systems it is supposed that the in-
put variable of the system u(t)- a real periodic function with the period T for which the integral

72
2
I|u(r}dr exists. Then on each open interval on which u(t) and u'(t) are piecewise continuous
2
2
u(t), if itis continuous in t,

Z A sin(ket + @, ) =1 u(t—0)+u(t +0)
k=0 2

: (13)
on contrary

where

_ % _
Ay = anﬂo—

A =aZ +bZ, o, :arcth—k (k=12,..) wzz_l_—”.
k

a (k=012,..), b, (k=12,..) - are the Fourier coefficients.

NN

Besides, the series z A, are meant to satisfy the conditions of absolute convergence of infinite series.
k=1
In this case the class of input signals (13) includes such signals as a symmetric triangular impulse, sym-
metric trapezoidal impulse, half-sine impulse, etc.

3. Mathematical description of forced oscillations

When a harmonic action enters the input of the nonlinear system, then the forced oscillation, having
characteristic features for different models of the set (1), is obtained at the output of the system after the
termination of the transient process in the steady state.

Let's consider analytical expressions of the forced oscillations, obtained at the output of each model of
the set (1):

e Simple Hammerstein model

o0

Y(t):[CoJrCle+02A§+%022A§JW‘/(OX+H1(’[); (14)

n=1
e Generalized Hammerstein model

Y00 A0 4+ 3% 0] 10 o

n=1
e Simple Wiener model

yt)=co + e A W)+, AEWO) 4, Y AW (njoo) + H 1) (16)
n=1
e Generalized Wiener model
Y(O)= o+ AL (0] + ML) +2 > A i)+ H(0); an
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¢ Simple Wiener-Hammerstein cascade model
y(t)=col\/vz(0)|+cle|W1(0)||W2(0)|+czA€|W1(0)|2|Wz(0)|++%czlvvz(0)|ni‘,ﬂﬁlvvl(njw)|z+Hs(t); )
o Expanded Wiener model
y(t)=co + AW,(0) ZAWMZ njo)Ws(njo) < cos[%(ne)- (el + He(t);  (19)

e Generalized Wiener-Hammerstein cascade model

y(t): Co + AOI\Nl(O)"' Aozlwz( X [Ws [Ws O)Z An[Wz ”Ja’ +H ( ) (20)

e Expanded Wiener-Hammerstein cascade model

(t) =G+ Ablwl 0) + Aglwz 0]|W3(01|W4(0] +
+= [\N4 ZA W, (nje )W (njew) cos[9; (nw)— 9, (n@)]+ Hyg (t); (21)

n=1
Simple Hammerstein -Wiener cascade model

2
1 < 1 <«
y(t)=dg +d;| co +C Ay +Co A +ECZZA§j[W(O1+d2[CO +C Ay +Cy A +ECZZA§J W) +
n=1

=1

+3 Ly ClZ[\N (Kjo)? Ak+ Ly CZZ[\N 2kjw)” A} +Holt). (22)

In expressions (14) - (22) [\N(kj o), W(kjo) - modules of frequency transfer functions of models,
and & (ko) (i=12,34) - phase shift of an output signal of a linear part concerning an input signal at k
harmonious frequency. Hi(t) (i =12, 9) - the sums of harmonics of the output forced oscillations of

s; model, expressions of which are not presented here because of their greater volume.
At the analytical reception of expressions (14) - (22) the following facts have been considered:

e The series (13) converges uniformly and absolutely on interval, [—% TEJ and while its squaring it

is possible to apply rule Cauchy;

» Because of stability of a linear dynamic part, W (kje) is the limited function on interval (_TE %)

therefore the obtained series on its output converges uniformly.

4. Criterion determining the model structure

The analysis of the expressions of output variables (14) - (22) of the models s; (i = 1,2,...,9) allow to

determine the selection criteria of the model structure on the set (1):

¢ Hammerstein models (simple and generalized) - the constant component of the output periodic
signal does not depend on the frequency variation of the input action;

e Wiener models (simple and generalized) and Wiener-Hammerstein models (simple cascade and
generalized cascade)- the constant component of the output periodic signal depends on the frequency
variation of the input action;

e Expanded Wiener model and expanded Wiener-Hammerstein cascade model - the constant com-
ponent of the output periodic signal represents a trigonometric function of the frequency;

e Simple Hammerstein -Wiener cascade model - the constant component of the output periodic signal
represents a function of the fourth degree of input signal’s amplitude. . .

The above listed values - constant components, amplitudes of harmonics of the output forced oscilla-

tion of the system can be defined by means of the numerical harmonic analysis [12 - 13].

The developed criterion of the structural identification gives possibility to choose a certain subset
from the models’ set for representing the model structure of the nonlinear system.
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5. Accuracy of the achieved results

The reliability of the achieved results at the structural identification of nonlinear systems in the indus-
trial conditions under noise and disturbances depends on the measurement accuracy of the system’s out-
put signals and on the mathematical processing of the experimental data. When running experiments it is
recommended to use in the system registering apparatuses, the inertance of which is much less than the
one of the object. When using various schemes of the numerical harmonic analysis, for example, the
Runge’s schemes [12], it is recommended to accept

1 n
y="2 Vi,
n .2—1: :
as the value of the output signal at the certain time moment, where y is an estimation of the mathematical

expectation of the value of the output function at the present time moment, n is a number of the experi-
ments or the processing periods. In the industrial conditions it is possible to use the calculators realizing
the algorithm of the Furrier coefficients calculation using the integration operation (for example [14]) for
carrying out the numerical harmonic analysis. It is well-known that, theoretically, increasing the integra-
tion time, we can decrease the interference effect to the minimum.
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STRUCTURAL IDENTIFICATION OF NONLINEAR SYSTEMS
USING BLOCK-ORIENTED MODELS

B. SHANSHIASHVILI, M.SALUKVADZE
Summary

The problem of structural identification of nonlinear continuous dynamical systems is considered on
the set of continuous block-oriented models, which is "greater” than the one considered earlier, under
input periodical influences of the system. The criterion determining the model structure is developed.

CTPYKTYPHAS WJIEHTU®UKALIUA HEJTUHEWHBIX CUCTEM
C IIPUMEHEHHUEM BJIOYHO-OPUEHTUPOBAHHbIX MO/JIEJIEHU

B. HIAHITHAILIIBUIIN, M. CAJIVKBA/[3E
Pe3iome

PaccmarpuBaroTcs 3amada CTPYKTYPHOW WACHTH(QHKAIMK HEIMHEHHBIX IMHAMHYECKHX CHCTEM Ha
Gosiee «OoOJBIIEM», YEM PACCMATPHUBAIICS PAaHEE, MHOKECTBE HEMPEPBIBHBIX OJIOUHO-OPHUEHTHPOBAHHBIX
MoJIeNIell, TP BXOJTHBIX MEPHUOIUYECKUX BO3ACHCTBHUSX CHCTEMBI. Pa3zpaboTaH KpUTEpHH OIpeneeHUs
CTPYKTYPBI MOJEIIN.

35



B. SHANSHIASHVILI, M. SALUKVADZE

10.

11.

12.

13.
14.

R0B3I0BI@d - REFERENCES - JINTEPATYPA

Billings S.A., Fakhouri S.Y. Identification of systems containing linear dynamic and static nonlinear
elements. Automatica. 1982. Vol. 18, No. 1, pp. 15-26.

Haber R., Unbehauen H. Structure identification of nonlinear dynamic systems — a survey on in-
put/output approaches. Automatica. 1990. Vol. 26, No. 4, pp. 651-667.

Shanshiashvili B.G. Frequency method for identification of a model structure of nonlinear continuous
—time systems. Preprints of the 9 th IFAC/IFORS Symposium on ldentification and System Parame-
ter Estimation. Budapest.: Pergamon Press, 1991. Vol. 1, pp. 640 — 643.

Pypya A.A., Ulanmmamsuwin B.I'. CrpykrypHas wuaeHTH(UKANWs HEIMHEHHBIX HEMPEPBIBHBIX
craioHapHeix cucteM // Tpynsl |l mexnynaponHoit xkongepenuuu “VneHTnduxanus cucreM H
3agaun ynpasienus”. M.: Uactutyt npobriem ynpasnenus, 2003K ¢. 583-592.

IIynkoB K.A., Kanmanun B.U., FOmenko A.C. OyHKIHMOHANbHBIE PSABI B TEOPUHM HEIMHEHHBIX
cucreM. M.: Hayka, 1976. 448 c.

Parker G.A., Moore E.L. Practical nonlinear system identification using a modified Volterra series
approach. Automatica. 1982. Vol. 18, No. 1, pp. 85-91.

Alper P. A consideration of the discrete Volterra series. IEEE Trans. Automat Control. 1965. AC-10,
pp. 322-327.

Konmoropos A.H. MHTepnonupoBaHue U 3KCTPANOIMPOBAHUE CTALIMOHAPHBIX CIYYalHBIX MOCIEH0-
BatenpHOCTeH. M3B. AH CCCP, cepus matematmueckas. 1941. 1. 5, Ne 1, c. 3-14.

Gabor D., Wilby P.L., Woodcook R. A universal nonlinear filter predictor and simulator which opti-
mizes itself by a learning process. IEE Proc. 1961. Vol.108, Part B, pp. 422-433.

Kortmann M., Unbehauen H. Structure detection in the identification of nonlinear systems // APII.
1988. Vol. 22, No. 1, pp. 5-25.

Shanshiashvili B., Salukvadze M. Structural identification of nonlinear continuous dynamic systems.
Archil .Eliashvili Institute of control systems. Proceedings. Thbilisi, 2009, Ne 13, pp. 40-45..
Kpyraukosa JL.I'., KpsuioB B.M CnpaBouHass KHUTa 1Mo YUCIE€HHOMY TapMOHHUYECKOMY aHAJM3Y..
Musck, Hayka u rexanka. 1968. 166 c.

Bepesun U.C., Kunkos H.I1. Mertoas! Beraucnennii. M.:Hayka. 1966. T. I. 632 c.

Artamanenko B.I'. AHammszatop mnepenaTodHBIXx (QYHKOUE // AHajoroBas W aHaioro-uudponas
BEIYUCITUTENbHAs TexHuKa. M.: MamuHocTpoenue. 1965, c. 169-181.

36



PARAMETRIC IDENTIFICATION OF ONE CLASS OF THE LINEAR
NONSTATIONARY SYSTEMS

B. SHANSHIASHVILI
besoshan@hotmail.com

1. Introduction

Identification of systems is based basically on linear stationary models which are widely applied to
production processes. At the same time, a set of real systems is characterized by change of parameters in
time, and their representation by stationary models does not give results acceptable in practice.

Existing methods of identification of non-stationary systems, which can be divided into two principal
parts, i.e. approximating and direct methods [1-2], for the estimation of unknown parameters basically use
recurrent algorithms and procedures of the methods of the least squares, Kalman filter, the determined
and stochastic optimization (for example [3-9]).

In the given work the problem of parametric identification of linear dynamic systems with variable pa-
rameters is considered at the determined input influences. The system of the linear ordinary differential
equations of a normal kind is considered as a structure of model of the linear dynamic systems.

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

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

closed interval; R" =RxRx---xR (n-time) - n-dimensional Euclidean space; R™" - space of n-

dimensional square real matrices; C(I , R”) - set of continuous vector functions x:1 —>R"; C* (I , R") -

set of n-dimensional vector functions, which components are k times continuously differentiable func-
tions.

2. Parametrical identification
Let's consider the observable dynamic system which is described by the following system of linear or-
dinary differential equations of a normal form:
dx

d_ti =D @ Ox +ui () (=12...),
k=1

n (1)
Vi = D CiX (i=12,...0),
k=1

where u; and y; (i:1,2,...,n) are input and output variables of the systems, correspondingly,
x; (i=12,...,n) are state variables, a; and ¢ (i,k =12,...,n) - variable coefficients.

Let's rewrite system (1) in the state space equations form:
x(t)= Alt)x +ult),

y=Cx )
where
u(t) = (u; (©)).
X(t)=(x ()
y(t)=(y: (W)L, ©)
At)= @y )z
C=(ci ).nk:1
If C is nonsingular matrix, then
x=Cy. (4)
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Considering (4) in (1), we shall receive:
y=A(ty+u’(t), (5)
where
A*(t)=CA(t)Cc™,
u*(t)=Cult).
Admit that by the results of a priori information and observation of the system’s input — output are
known: matrix C , the input vector u: 1 — R" and the output vectors y, : 1 - R" (k =12,...,n) which
are the solutions of the system (5) at different initial conditions. It is required to determine an unknown

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

(6).

y=A"(tly (50)
is unknown.
Asy, :1 >R"(k=12,..,n) - the solution of the equation (5), we have:
Vi = A"ty +u'(t) (k=12,...n) (6).
We shall compose a matrix Y(t), columns of which are y, (t) (k =1,2,...,n):
Y(t)= (yk,i(t)):’i:l (7

and a matrix U*(t):

U*(0)= i O s i) =i ) ®
Then the system (3) can be rewritten as the matrix algebraic equation:
Y(t)=A")Y(t)+U*(t). (9)
For determining A(t) from (9) it is enough, that Y(t) matrix be nonsingular.
Theorem. If u eC(I,R”), Yi eC'(I,R”) (k =12,...,n), there exists interval 1, — | such that
det Y(t)#0 Vte Iy, and in I, the matrix A(t) is determined single-valued, in particular

Alt)=cH(¥()- Ut o), vt e l,. (10)

Proof. Let’s admit that y,(t) (k =12,...,n) is the solution of system (5) at initial conditions:

Yilto)=cy, to e lg, ¢ eR™ (k=12,...1). (11)
It is known [12] that the solution of the problem (5), (11) is defined by Cauchy’s formula:
t
yi(t)=Clt,to o, + jC(t, tu=(r)dr, (12)
to

where the matrix function C: 1 x1 — R™" is Cauchy’s matrix of the system (5o).
As constants ¢, (k =1,2,...,n) we shall take linearly independent vectors, in particular

y(to)=cy =e, (k=12,...n), (13)
where
e =(Gu )i (k=12....n), (14)
O 1s Kronecker’s symbol.
Taking into account definition of Cauchy’s matrix, we shall receive:
det Y(t, ) =det C(ty,t,)=det E=10, (15)
where E is unity nxn matrix.
Because Y(t) is continuous matrix, and a determinant of a continuous matrix is continuous function,

therefore there exists such interval 1, — I , such that t, I, det Y(t)=0 Vt e I, . Therefore, for Vt e I
there exists inverse matrix Y (t), and the matrix A(t) can be determined by the formula (10), and this
definition will be single-valued because Cauchy’s problem (5), (11) for vk € {,2,...,n} has unique solu-
tion according to uniqueness and existence theorem.
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The algorithm of identification of variable parameters of the linear dynamic systems described by the

system of differential equations (2) consists in the following:

e we approximate experimental data received, by the results of the observation of the system’s input —

output, by continuous and continuously differentiated functions;
o we make vectors u(t), and y,(t) (k =12,...,n);

e we compose matrix Y(t) as (7), and matrix U*(t) as (8);

e we calculate a determinant of the matrix Y(t) and we determine an interval I, where det Y(t)=0;

e we determine a matrix of variable coefficients A(t) in 1, by the formula (10).

3. Parametrical identification of second order systems

Let's consider peculiarities of the parametrical identification by the developed algorithm on the exam-

ple of a system of the second order.

Assume that a system with two inputs and two outputs is described by the following system of the dif-

ferential equations:
% = ag(t) +ag(t)z + uy t),
Xp = a1 (t)Xp +8z5(t)2 + U, (t)
Y1 =CraXg +CppXs,
Y2 = Ca1X1 + CpXy.
Here

o)
)

“luy(t
y(t)=

()ﬁ(t) =(Cll Clzj
Yt Ca1 C22
Suppose that after system‘s input - output observation it is received
u(t)— 3-2t
—4+3t)’
1+t
t = 1
yl() [t-f—tzj
2t
t)= :
yZ() [1+t2]
3 2
C= .
3
1+t 2t
Y(t)= .
) (t+t2 1+t2J

det Y(t) = (L+t)1—t?).

t
C

and a priori is known:
Form matrix Y(t):

Its determinant is

It is clear, that
det Y(t)=0, whent = +1.

lo = Feor- U L]U Lo

Thus,

Inverse matrixes of the matrixes X (t) and C are defined by the expressions:
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17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)
(26)
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1+t2 o
Y—l(t): (1+t)(1t—t2) (l+t}(l—t2) , (28)
C1-t2 1-t2
3 -2
ct= : 29
23 @)
Using the formula (10), as a result of some calculations, we receive, that:
_ 6+t 5
_| o1-t? 1-t?
Alt)= - ol | (30).
1-t2 1-t2
Thus, the required system has the following form:
. 6+t 5
Xq === X +—— X, + Uy (t)
1-t 1-t (31)
X, =— X +——— Xy + U, (t),
2 1_t2 1 1_t2 2 2( )

=3X; +2X,,
Y1 1 2 (32)
The homogeneous system (50) of the differential equations corresponding to the non-homogeneous
system (5) under conditions (20) — (23) has the following fundamental system of solutions:

n0)-(3). v.0-[; @)

Xo(t):ﬁ 3 . (34)

and the fundamental matrix:

Since
det X, (t)=0 vtel , (35)
therefore
I =Foo, —UFLYJUR +od. (36)
In this case
ly=1. 37)

Thus, the mathematical model of the non-stationary dynamic system, the model‘s structure of which
is defined by the system of differential equations (16), and input and output variables — by expressions
(20) - (22), is represented by the system of linear ordinary differential equations with variable coefficients
of the kind (31).

5. Conclusion

Solution of the problems of parametric identification of non-stationary linear dynamic systems is fre-
quently connected with knowledge of the fundamental system of solutions of homogeneous differential
equations corresponding to the linear non-homogeneous ordinary differential equations with variable co-
efficients that, in the majority of practical systems is impossible.

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

The problem of parametric identification is set, as in the certain sense, an inverse problem of Cauchy’s
problem for linear ordinary differential equations. At a continuity of parameters and input variables of the
system, and continuous differentiability of output variables of the system the existence theorem of such
interval, where a continuous matrix of coefficients is identified, is proved. Application of the algorithm of
parametric identification, made by the given method, for non-stationary system of the second order has
shown.
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When using this method of parameter identification in practice, accuracy of parameter estimation de-
pends on accuracy of the mathematical processing of the experimental data.

For getting acceptable results it is necessary to use noise immunity methods, for example, the method
of the least squares and its modifications, at approximation input and output variables of the system con-
tinuous and continuously differentiated functions, and at numerical differentiation - the methods based on
A.N.Tikhonov’s [13] regularization method.
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PARAMETRIC IDENTIFICATION OF ONE CLASS OF THE LINEAR
NONSTATIONARY SYSTEMS

B. SHANSHIASHVILI
Summary

The problem of parametric identification of linear nonstationary dynamical systems is considered.
Stated is the problem of parametric identification as, in a certain sense, an inverse problem of Cauchy’s
problem for linear ordinary equations. Under some restrictions on the system’s parameters, and input and
output variables the existence theorem of such interval, in which a continuous matrix of coefficients is
identified, is formulated and proved. The parameter estimation algorithm is investigated on the example
of the second order system identification.

HMAPAMETPUYECKASA UJIEHTU®UKAIINAA OJTHOTO KJTACCA JIMHENHBIX
HECTAIIMOHAPHBIX CUCTEM

B. HIAHIITHUAIIIBUJTH
Pe3iome

PaccmaTtpuBaeTcs 3amada mapaMeTpUUYECKOM — MICHTU(QHKAMM JIMHEHHBIX  HECTAIIMOHAPHBIX
HAaMUYECKMX CHCTeM. 3ajada NapaMeTpUYEecKOd WICHTH(UKAIMK CTaBUTCA KaK, B OIPEACICHHOM
cMmbIcie, oOpaTHas 3ajada 3a7aun  Komm 1 JIMHEHHBIX OOBIKHOBEHHBIX JH(QepeHIHaIbHBIX
ypaBHeHUH. [IpH HEKOTOPBIX OrpaHMUYEHMAX Ha IapaMeTpbl M BXOJHBIE U BBIXOJHBIE INE€PEMEHHBIE
CHCTEMBI, CQOPMYJIMpOBaHa U JI0Ka3aHa TEOpeMa CYIIECTBOBAHMS TaKOTO MHTEPBaja, I/le HEIpephIBHAS
MaTpuia Kod()(UIIMEHTOB HAECHTHQHIHpYyeMa. AJTOPUTM OLEHUBAHMSA MAapaMeTPOB ITOITBEPKACHUSI
MO/IEJIN MCCIIEJOBAHBI Ha IPUMEpE WACHTU(PHUKAIINN CHCTEMBI BTOPOTO TTOPSIKA.
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ON ITERATIVE ALGORITHMS FOR SOLVING
HIGH-DIMENSIONAL LINEAR PROGRAMMING PROBLEMS

N. JIBLADZE, A. TOPCHISHVILI, M.ANDGULADZE
dep71@gtu.ge, alextopchi@gmail.com

1. Preliminary discussions.

Solving different control and engineering design problems, many problems of economics and
organization of production are connected with static optimization problems, such that their valuable part
is presented by linear programs.

General linear programming problem can be formulated as follows [1]:

Find values of independent variables x,X,,...,X, such that

i) they satisfy a system of linear inequalities
A Xy +apXy +oee 8y X, < bl’

1)
Ay X +8yX, +o o+ 8, X, <D0,
A, X +a,X, ++a, X, <b;
ii) all of them are nonnegative
X =0, X >0,..,x,20; (2
iii) they provide an objective function maximal (minimal) value, i.e.
F (X %000 %) =CX +CX, +++-+C X, — MaXx. 3

An arbitrary solution, which satisfies the inequality system (1)-(2) is referred to a feasible solution,
and a feasible solution such that the objective function (3) obtains a maximal value is an optimal
solution.

A characteristic specificity of linear programming problems is the fact that a set of feasible solutions
given by means of constraints (1), (2)

Q:{X|Zaijxj <b, i=12,.,m x, >0, j=1,2,...,n} (4)
=1

is a convex polyhedron and an optimal point is located in one of its vertices. The mentioned

piculiarity points out, that to find an optimal solution it is necessary
- to sort out the vertices of the polyhedron (4);
- to calculate values of the objective function in each vertex and
- to select the best one among them.

Solving linear programming problems is not a simple task, as it could seem at a first glance. The
difficulty is that real problems (especially economic problems) have a great number of design parameters,
which are equal to hundreds and thousands. Therefore, when dealing with high-dimensional problems the
convex polyhedron Q can possess a huge number of vertices, so that it will be practically impossible to
sort out each vertex and to calculate values of the objective function in all these points.

It is well known, that one of the most effective and common method for solving linear programs is
simplex method. This method needs rather less operations to find an optimal solution, when compared to
sorting method, in particular, we find an optimal solution after finite number of iterations k . In the given
case it has the order n, i.e. it is significantly less, than the number of iterations in the simple sorting

method of vertices, where k can be of the order 2". Despite of this fact, it is well known that solving
high-dimensional linear programming problems by means of simplex method are connected with some
difficulties.

To solve high-dimensional linear programming problems we propose in the current paper an iterative
algorithm based on the gravitation centers method [2, 3]. It provides a significant reduction of
expenditures, when searching an extremum.

Now consider the linear program (1)-(3). Suppose that the set (4), which is given by means of the
constraints (1), (2), is bounded and in addition the given problem has a unique optimal solution.

The function f (x) in linear programming is unimodal and Q compact, then based on the gravitation

centers method [2, 3], resulting from Lebesgue’s partition of the value area of the objective function
[inf f(x), sup f(x)], we obtain nested sets Q, = Q, p=12,...,%, which satisfy the relation:
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ne, =x, 5)
P

where x" is an optimal point, and for the sequence of gravitation centers of the obtained sets the relation

limx® =x". (6)
p—oR

holds.

Note, that we can apply gravitation centers method to linear programming problems only in the case,
when random generation of independent variables X is realized in the set of feasible solutions (4). The
simplest way of the practical realization of the mentioned statement could be sorting those random
variables X, that satisfy the constraints (1), (2). Then to define possible values of variables in such a way
is connected with a great number of statistical experiments and with significant losses of computer time.

To decrease losses and to increase efficiency of the method we can use an auxiliary algorithm [4]. In
this case we use an arbitrary point of the n -dimensional Euclidean space to define feasible solutions.

2.Auxiliary Method for Determining Feasible Solutions — General Steps.
The idea of the auxiliary algorithm is as follows. We treat each inequality of the constraints system of
the given problem as a subspace of the n-dimensional Euclidean space. It is bounded by a corresponding

hyperplane. We carry out consequentially orthogonal projection from an arbitrary point x© ¢ Q  of the
mentioned space, which is not located in the set of feasible solutions, on all those hyperplanes, such as
that its corresponding inequality is not satisfied. Thus, we get points on the surface of feasible solutions
polyhedron, that satisfy the given contraints system. Now we derive an analytical presentation of the
mentioned procedure.

An equation of the corresponding to the i -th inequality of the constraints system (1) hyperplane is as
follows

Zaijxj—bi =0. (7)
Now reduce the equation (7) to a normal form. For this we multiply it by a norming factor/multiplier

1 . Then we obtain

g b,

X; —-—==0. (8)

] n
j=1 2 2
2 aij aij
j=1 =1

It is well known from analytic geometry that values

b a.
L=, —— =S,

ﬁ/iaﬁ Q’iaﬁ
= =

represent correspondingly the length of the perpendicular from the origin of the coordinate plane on the
given hyperplane and cosines of the angle between this perpendicular and the coordinate axes.

Suppose, that based on gravitation centers method we obtained a random point x® ¢ Q. , which does
not belong to the feasible solutions area, that is defined by the given constraints and it does not satisfy the
i -th constraint. Now let us apply the direction cosines and draw a normal/perpendicular vector from the
point x© on the corresponding hyperplane. Next we insert the coordinates of the point x® into the
equation (8), then we get the perpendicular’s length:

>

a; b

n
N G '
e et ©)
1= 2 2
D2 &;
=1

Besides, if we take into account that cose; is a directing coefficient, then we can present the

g

=1

perpendicular’s equation in the following parametric form:
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a.
X0 —x =d——=, j=12..,n, (10)

] ]

where x® is an intersection point of the perpendicular (7) with the hyperplane.
Solving (9) and (10) together and performing primitive transformations we get

Zn:aijxgo)_bi
® _ (0 _ it i
X;' =X — a;, J=12,..,n. (11)

n
2.8
j=1
From the latter equation we can derive based on the point x® the point x® with its coordinates, which
lies on the hyperplane (7) and thus it satisfies the corresponding inequality.

Note that, when solving linear program by means of gravitation centers method, a case can occur,
when a randomly generated point x© ¢Q does not satisfy both one and more inequalities of the
constraint system. Then it is necessary to use consequentially the equation (11) in regard to each
unsatisfied inequality to construct a feasible point.

Based on the above-mentioned, we can present algorithm for determining feasible solutions of the
given problem by means of the following recurrence formula:

n
>ax’ b

L/ | 1

XEHD = Xﬁl) —5| ]:1n—aIJ y j =1, 2,...,n, (12)
2
2%
j=1

where

0, if Dax®<h,
j=1

5 = ] (13)
Lif > axP>h.
=1

Thus based on the formulas (12) and (13) we have developed an auxiliary algorithm for determining
feasible solutions, which is presented below by means of an independent procedure (subprogram).

3. Auxiliary Algorithm for Determining Feasible Solutions.
The auxiliary algorithm is given by means of a sequence of the following operations and
procedures.
Step 1.  Select a point X € R" by means of equally distributed random number software generator.
Step 2.  Check the obtained point x® for the i -th constraint of the constraint system. If the inequality
holds, then &; =0, otherwise we get that &; =1.

Step 3.  Define a value of an independent variable x® by means of the recurrence formula (12), which
satisfies the i -th constraint.

Step4. Now repeat the operations from Steps 2-3 for each constraint i =1,2,...,m . When i=m, then
we go to Step 5.

Step 5.  Check the obtained value of the independent variable vector with repect to the given constraint
system. If all inequalities are satisfied then we move to Step 6, otherwise we repeat once more
all operations described in Steps 2-4.

Step6. Thus, we get a feasible solution x e, such that it is located on the surface of feasible
solutions polyhedron or in the area, which is bounded by means of the polyhedron’s surfaces.

4.First Iterative Algorithm.

Based on the auxiliary algorithm for determining feasible solutions and gravitation centers method
we developed first iterative algorithm, which gives us possibility to solve linear optimization problems
from engineering practice with the feasible accuracy simply.

The first iterative algorithm is presented by means of the sequence of the following operations and
procedures:
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Step 1.

Step 2.
Step 3.

Step 4.

Step 5.
Step 6.

Step 7.
Step 8.

Step 9.

Step 10.

Step 11.

Step 12.
Step 13.

Step 14.

Step 15.

Step 16.

Select program parameters:

- Number N of statistical experiments;

- Number R of Lebesgue’s levels;

- Absolute limit value of the feasible accuracy error & .
Launching S =0.1N prior statistical tests.

Generate x® eQ based on the auxiliary algorithm for determining feasible solutions.
Calculate the objective function f, = f (x®).

Repeat all operations from Step 3 S times.

Based on the obtained values f,, f,,..., f define f,, = mlin{ f,} and f, = mlax{ f,}

Determine a step for Lebesgue’s levels and their values ¢,,¢,,....¢,; by means of the following
formulas:

1
Ag:;(fs_fH)’

=t pag, pe1zm

p

Launching N main statistical tests.
By means of the auxiliary algorithm for determining feasible solutions construct x® e Q.

Calculate the objective function f (x®).

Check, if the value of the function f (x(”) satisfies a constraint f(x)>¢,. If the inequality
holds, then H(X(”,gp):l and go to Step 10, otherwise H(X(”,gp)z 0 and go to Step 12.
Calculate and sum up

Z[f (X(i))_gp]z g(x(i)’gp)’

S 1) ] 0605 322,00

i=1

Repeat the operations from Steps 9-10 for different values of ¢, p=12,..,R.

Repeat the operations from Steps 8-11 N times. When i =N, then go to Step 13.
Determine by means of Monte Carlo method empirical values of gravitation centers
coordinates of sets corresponding to each Lebesgue’s level:

Zx‘”[f(x“))—gp]z Q(X(”,gp)
S -¢, T o(x.c,)

i=1

X, (5) , p=L12...R, j=12,..n

By means of a sequence of empirical points systems {xl(gp), p}, {x2 (5,) p},...,{xn (c.), p} ,
p=1L12,..,R, based on the parabolic approximation on the basis of least square method
determine approximation polynoms

X (P)=a;p*+B,p+y,, i=12..n.
When p=%R, by means of approximation polynomials calculate estimated coordinates of
extremum:

x_]f:xj(ﬂ?):ajm2+ﬂj9%+;/j, i=12,...,n

and a corresponding value of the optimization function; o f [Zx_zx_} .

Solve singlecriterion optimization problem:
max{f [x(p)]| p e[R-AR, R+AR]|
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and determine maximal p”, such that when substituting it into the polynomials of Step 15 we
get an optimal solution x" =(xj,x;,...,x;) of the initial problem and " = f(x").

Step 17.  End of search.
5.Second Iterative Algorithm.

We propose in the paper second iterative algorithm as well, which is based on constant step gradient
method, for solving linear programming problems. This method is characterized by the realization
simplicity.

Consider linear program (1)-(3). Assume that the set (4), which is defined by means of the constraints
(1), (2), is bounded and at the same time the given problem has a unique solution.

The essence of the second iteractive algorithm follows. By means of the auxiliary algorithm for

determining feasible solutions construct a feasible initial point x© :(xl“’),xgo’,...,xﬁ")), where we

determine direction towards an optimal solution of the problem by means of a gradient of the objective
function f(x). Then we perform the movement by means of the following recurrence formula:
Vi (x)
X =x® 41 - , (14)
JVE(x) 9t (x)

where 1 >0 is some positive number and k =0,1,2,... is an iteration number.
Now take into account, that partial derivatives of the linear function (3) are equal to the corresponding

variables coefficients of the objective function, i.e. ar _ C, ar_ Cyyones ar_ c,, then the expression
dx, dx, dx,
(14) can be simplified and transformed to the following one:
C.
(k4D) _ (k) i—
X =x{+l——=, j=12..n. (15)

j=1

According to the algorithm, on each step of the movement, it is necessary to check an obtained point
on constraints. If the obtained point satisfies the given constraints, i.e. is located in the feasible solutions
area, then we continue moving towards the extremum by means of recurrence formula (15). Otherwise,
we have to move in the direction of antigradient of the function; for this we have to apply the auxiliary
algorithm for determining feasible solutions (12)-(13). Defined point by means of the letter returns into
the feasible area (more precisely, on the surface of the feasible area), where from by means of the formula
(15) we perform once more movement in the direction of a gradient of the function f(x) and so on. This
process will be continued untill values of the objective function increase. As soon as value of the
objective function decreases, the algorithm provides return to the point x* and starting new movement
from this point with a decreased step 4/2. We have to decrease a step until its value becomes less than a
very small value 6 >0.

Thus, second iterative algorithm is presented by means of the sequence of the following operations
and procedures:

Step 1.  Select program parameters:
- Proportionality coefficient of movement step 1 >0;
- limit values of feasible error £ >0 and 6>0.

Step 2.  Construct x* eQ, where k =0, based on the auxiliary algorithm for determining feasible
solutions.

Step 3.  Calculate the objective function f (x(k’ )

Step 4. Based on athe recurrence formula (15) determine a new point x** , which will be checked on
the constraints (1)-(2).

Step 5.  If the constraints are satisfied, then calculate the objective function f(x(k”)), perform an

algorithmic summation k =k +1 and go to Step 4; otherwise go to Step 6.

Step 6. By means of the auxiliary algorithm for determining feasible solutions determine a point
(k+2)
X .
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Step 7. Calculate the objective function f (x**).
Step 8. Check the inequality |f(x("*2))— f(x(k*l))|§g; if it holds, then go to Step 9, otherwise

perform an algorithmic summation k =k +1 and go to Step 4.

Step 9.  Decrease now proportionality coefficient of step A 2-fold and check the relation: 1 <&. If the
inequality holds, then go to Step 10; otherwise perform an algorithmic summation k=k+1
and go to Step 4.

Step 10. Print an optimal solution x", f" = f (x*) and the number of iterations k ;
Step 11. End of search.

6.Numerical Example.
By means of developed iteractive algorithms we solved a great number of linear programming
problems. Below we present an illustrative example.
Example. Solve a linear programming problem;
f =3x% —X, +8%; +2X, — X, +9%; —> max
—6X, +9X, + 3%, —2X; — X5 <12,
—AX, +3%;, —3X, + X; — X; <5,
2X%, +8X, —5X, —6X, —8X; +4x; < 20,
— X, —3X, — 4%, —8X, +4x, <10,
5% 4+ X, + 2%, +4X, +9X; + 5%, < 24,
Xps Xgy Xgy Xy, Xg, X = 0.
Solution procedure.
First of all we have to select values of program parameters to find an optimal solution of the given
problem by means of iterative algorithms. In particular, for
first iterative algorithm:
- number of statistical experiments N = 200;
- number of Lebesgue’s levels R =10;
- absolute limit value £=0.01.
second iterative algorithm:
- proportionality coefficient A =1;
- limit values of feasible error: £¢=0.01 and & =0.00001.
We got the following optimal solution of the problem:
x, =0.16-10°, x, =054, X, =3.48,
x, =028-10°, x =011.10"°, x;=3.30, f"=57.0.
The given problem was also solved by means of simplex method, and the optimal solution is
x =0, x, =0.538, X, =3.484,
x, =0, x =0, X, =3.299, f"=57.023.
Thus, compared to simplex method the error, when solving this problem by means of iteractive
algorithms is about 0.05% .

7. Conclusions.

Based on the numerous tests for linear optimization problems we can conclude. Despite of the fact,
that the developed iterative algorithms are approximate, it is rather worth-while in most cases to apply
them, when solving high-dimensional linear problems, as they are characterized by positive properties,
such as simplicity of the algoritm and the program, high-speed performance and the most important is the
fact, that the appropriate software is free of an unpleasant specific for simplex method event such as
“loop”.
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ON ITERATIVE ALGORITHMS FOR SOLVING HIGH-
DIMENSIONAL LINEAR PROGRAMMING PROBLEMS

N. JIBLADZE, A. TOPCHISHVILI, M. ANDGULADZE
Summary

Two developed iterative algorithms for solving high-dimensional linear programming problems
are proposed: the first one is based on the gravitation centers method, and the second one is realized on
the basis of the constant step gradient method. Though the developed iterative algorithms are
approximate, in most cases they are worth being applied while solving high-dimensional linear
problems, as they are characterized by positive properties, such as simplicity of the algorithm and the
program, high-speed performance and the most important, the appropriate software is free of such an
unpleasant, specific for simplex method event as a “loop”.
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UTEPAIIMOHHBIE AJITOPUTMBbI PEHIEHUS 3ATAY JIMHEWMHOI'O
MMPOr'PAMMMUWPOBAHUS BOJIbIIIOM PASMEPHOCTH

H.JDKUBJIAJ[3E, A. TOINYULIIBUIIU M AHIT'VIIAII3E
Pe3iome

Jyist pelieHus 3a1a4 JIMHSHHOTO MPOrpaMMHUPOBaHUs OOJIBIIION Pa3MEPHOCTH B paboTe MpeIoxKe-
HBI JIBa UTCPAI[MOHHBIX AJITOPUTMa, KOTOPBIE COOTBETCTBCHHO pa3paboTaHbl Ha 0a3e METojJa LCHTPOB
TSKECTH U TPAJUCHTHOI'O METOJIa C TIOCTOSHHBIM I1aroM. HecMoTpst Ha TO, YTO pa3pabOTaHHBIC METObI
SIBIISTIOTCSI PUOJIMKCHHBIMU, WX MPUMEHEHHE B 337auaX OOJIBION Pa3MEPHOCTH, 3a4acTyH0 OIMpPAaBaHO,
TaK KaK OHU XapaKTePHU3YIOTCs TAKKUMH TOJIOKUTEILHBIMU CBOMHCTBAMH, KaK MPOCTOTA aJITOPUTMA U MPOT -
paMMBbl, OBICTPOICHCTBHE U, YTO INIABHOE, B MPOrPAMMHOM O0ECIICUCHUH OTCYTCTBYET TAKOE HEMPHUSITHOS
JUTSI CHMITJIEKC-METO/Ia sIBJICHHE, KaK “3al[HKIMBaHUe .

R0B®ID0BI@S - REFERENCES — IMTEPATYPA

1. A Topchishvili. Introduction into Static Linear Linear Optimization. Thilisi, Technical University,
2001.

2. N.lJibladze, A. Topchishvili A. Numerical Methods of Static Optimization (in Georgian). Thilisi, A.
Eliashvili Institute of Control Systems of Georgian Academy of Sciences, 2001.

3. M. Salukvadze, N. Jibladze, V. Maisuradze, A. Topchishvili. Multicriteria Optimal Design Problems
of Ecologically Dangerous Objects and Numerical Methods Their Solving. In: P. Knopov and P.
Pardalos (Eds.). Simulation and Optimization Methods in Risk and Reliability Theory. New York,
Nova Science Publishers, 2009, pp. 239-274.

4. N.Jibladze, N. Kurkumuli. On Approximate Solution of Linear Optimization Problems (in
Georgi- an). Proceedings of A. Eliashvili Institute of Control Systems, Nr. 15, Thilisi, 2011, pp.
67-72.

49



LOJ3TNIL 396056 BOL dIB6OL IMOO SRIM@NMANL ILObId
M&036B0MISIR d3®>BI0

A0S T50(0)
kkutkhashvili@yahoo.com

8060l sbds. aobgoboansgm m3Bodobszools dgdge sdmEsbol: dmgdymo ggodgl n

9209996B0s560  Lodmogarg {&}H=1,...n, GmImol gegdgbRgdox FoMmdmowagbgb ogsmgdoms
Loldgdsl. mommgygmo i- @0 ©sgoegool IgbslBrgegdms®  Lako®ms I GomEgbmdols

Agbygalbo s spMgmag T4 OM. dmEgdgmos, spMgmgg, Gowsi T 3gMomwo, Gmdgmos

[ k
‘dgodgngds  @oymxzomo  0gml  0sbsds®  0bFGgMgomgdoe T= ZTj , Sdsbmsb T Zztj

j=1 j=1
(1. nommgymmo Tk s®ol  Lod@sgey ['[;;j ,tgl_] 06 gMgomgdobs, [t;gj ,tgj 1Ty,

tgj —téj‘ﬁré , Loog 7, §-960 mdogd@ol dg9ddbolomngol Lagodm @momo 3gMomwo; té]

— 25660300 Jo@ydygmo EOMomno INdgbGo, GmEglsig dgodmgds ofygdgeo 0dbgl  j-gc0

md0gJdol  dgJabs; tgj— OmMomo dmdgbdo, @mdganTog Fmnsg@wgds  J-gdo  mdogdol

9J6s. go@@s sdobs, mommgye TK 3g@omedo ZI’JI :W-|!k ‘g3 lobegdyeo Lowowgs,
jely

9.0. WTIKSA%( (2), Lowsgs ATIk ®50d9 Fobolfod dmzgdymo dyedogos. k  scols od

03093 9d0L bod@sgarg, @mdgmmms gJdbs TK 3g@omeol gsbdoganmdsdo dgodangds ogml

©oFggdgawo.
Lboko®ms  dmizgdgero  bod@sgmowsh  godmoyml  dsdlodoany@o  Jagbod@sgang o o3

Jagboddsgeols 90 9396@ 900 OO S gdUEI0 04l ©®edo domo gL gdols
056308ggOmdols dobgogom, 569 gmggemo Tk-Logol 9bos sogmb &k Jggbod@sgemg s o3

Jaglboddsgmols ymggemo gargdgb@olsmgols dmodgdbmls t;] 05 tgl Lbowopggdo oly, @®I
‘gl gengls ‘dgdgy0 300mdgdo: vl {f, }i:1 n s el FEI%N

’ " ’ " I I — —_—
Q(t):{e;‘jex,tfj,t,;j|§jelk,‘t§j -t |<T, oWl <Al =Ll kel Koo odsbooh,

539990 Loldgds 9bos  ogml Loyizgmgbm. gl 0dsls bodbogl, Mmd gbps Jgb@Oyewgls
9OmgBmo  JoGmds  min T(X) = min max{t;;j| el (B (Lobpgdol  FgJdbol @M

xeQ(t) xeQ(t) Iy
d0b0dobozos)  ob rr;inA = (/—\ITk - Za)igj (tgj ))/Alrk, k=1..K I=1...L &) (359;mgmgomo
i gjel

by bgdol badxgol bodolbo).

0y dm3gdge  LobEgdsl Fomdmgopagbo ddymo, m@ogbBodgdgemo a®ogols Loboo,
Omdgmoi  dgoagds N Fgg@mbogsb s o dgoEegl  dodyynggol, odsbmob  mommgye
F390mb  dgglodsdgds m@o  Lowowg: Tg R ri, 35906 3oMggen Goado bps Sgoamm

doJLodogydo Jagbod@ogeng, Gmdgemoi osgdsgmegomgdl (1) s (2) 300mdgdl. 53 dobbom
badodms  sgosgmo  dobsdygao by, @mdmols ggbgo o@ o0dbgds Lod@sgarols @mdgarody

9 gdgbBo, oMsdg  0dbgds  glLggemgmgdgb@o, ®mdgaoi  FoEOdsmY@o®  ogdsBgds
dogdge Lod®ogergl o @mdgols 3o@M53gBMgdoi byemols Gmanos. dgdmgommon Lowowy

T1, @mdaols 360dgbgarmds  Lofyolo (ggmmTo byaol Gmeos, bowem  gmggen  i-96

1
F390mdo  aoposwyomgdol  Oml  0bOEgds 7, Lowowom, TIZZTJ- ,  bodmeneme
=1
V390mbmab dolgerols dgdogy 9bws dgbdyerogl g@mermds TI<T.
Agbgo §390ml dgoemmdomo 3356dgdo gobolsbmgmgds dgdmgyboodoe: dombgbs 3gobdo
‘dgoogl Imgdygero  Loddogeols &1 gangdgb@l, boam dodyggbs ggobdo &1 —ols gods

50


mailto:kkutkhashvili@yahoo.com

55I3INILC 35@06BOL dIB60L IO SRBIMBNMB0L LIS ...

939> ©obo@hgh  gagdgb@gol. dodEbgbs  @gomol {mbgoo ofbgds 7. @o 1, beogm
dodxggbs  @gomols  Fmbgdo  byarols  Fmeoos.  Ygdpgy  dogbg  gomsligems  bogds
Jgdgabootse, domibgbs  3gobdol  dgogmdogo @0 ggobdowsb  dodmibgbs  0gbgds
dmgdygmo  Loddogmols &2 gangdgbdo o dolbo dgbsdsdolio @gogmols Fmbgdo aobogds
Tt Tz @0 It r2. JoGxgabo 33obdol gengdgb@gdo 0dbgdosh dmigdgmo Lod@sgmol yggms

90 9dgbBo, gods &1 s &2 gangdgb@gdols s dglodsdolo @goeol Fmbgdo aobpgds
Tg @5 I Jobs  d@ols dodxggbs  33obdol (Amdganoi o@  dgoogsds gargdgb@l)

‘dgognmdo@o M@0 gobdo@sb dodzbgbs 3gobdol gargdgbBo 0dbgds dmzgdynmo Loddsgarols
&2 gengdgbdo @o dobo dglisdsdolo @gomols Fmbgdo yobwgds Tg @ 2. dodxggbs 33obdols

9093963900 0dbgdosh  dm@igdgeo  Lod@mogmol  yggaos  gargdgb@o, aots &1 s &2
9 gdgbBgools o dglodsdobo @gomol Fmbgdo o0dbgds byeol Gmao. oy Gmdgarody
A gomolongol o®wgggs (D) o (2) Ydmmdgdowsh ghmo dsobz, 35dob o3 I@mb
2oLVgM0g bol spgds [ymgds, doysb dgbsdsdolio spgdamo Jggbod@sgemg s@sgm®gddgeno
Jagboddogamgs, bmam  ©sbs@bgbo  YBmgool  golfghog gog®Mdgargdm  dobsdygmo  bols
53905l Sbogmpogdoe, Lobsd dmigdygmo Loddsgang o6 sdmofydgds ob yggmrs I@mb
dgbsdsdolo @goagdols Fmbgdo o osMmgggab (1) o (2) YHmmmdgdowsb gohml doobe.
OmEgbsig ggges Bl spgos d9Fyegds yggaobg gddgamo d@ml aslifgdog oggdymo
J39808pg30mds 0dbgds Ladogdgero doJlbodsaado Jgglbod@sgemy.

sdols Vgdgy Spgdgeo doJlodsemgdo Jggloddmsgaols gengdgb@gdl wog@mggom, boanm
5bs®hgb F390mgdl 8mgdamom adogowsb ©s sbans hggbo dobobos sgogmm sepamdomdo,
Omdgaoi Lodgomgdols JmggiEgdl dgdmgosdmm  dmEgdgemo a@sxols yggams §Fg90m ©s
S35bmob, mommgye F390mTo dmgbgogom Jbmmme ghmbge, olig, Gmd Jglageogls (3) b
4) 306mdgdo. o3 Jobbol Jobowfggom sygdgeo sanam@ondo gobggnmgbgds  ©obsdoy®o
30maMdoMgool s adogms  mgm@ool, Jghdme, Log@dgdo dgobols  jmddobodgdyen
dgmmel. ©obsdogmo 3Gma@sdomgdols dgomel Mm3BodobsiEool dgmmegdl dm@ol  gHo-
gomo  3b0dgbgarmgsbo  sgogo  ggogos.  od  dgmmwols  dodomoo  s@bo  0dsdo
dogmdodgmdl, ®@md oo  GomEgbmdol  35ModgRMgdols  ghmedmygmo  gobbogngols
bogenag, domo doGoagmdom sdm@hggs bogde. >dM0y0, m3B0dobsiools
dAogomasbbmdogrgdosbo sdmobs ddogomboggbyds ©5 bogen gdyobbmdoagbdosh
5dm 3065y onygebgds.

Esbsfgoldo X Lobdgds woggmm Ji wagagde, X :UJi , “<” 30dotmgdols woiEgom
i

> 0dols dobgogom, oy Gmdgmo mdogdGgoos 3M0mMoRgBgmo. gndgom sbgmo xa9ngdols
O5mEgbmds s@ol IN . Gmam®E 3bmdogmos, mommgymo mdogdo bsbosmgds ©@mols 0d

tgi dmdgbBom, @GmIgamdoiz dglodamgdgmos ©sFygdne odbgl 53 mdogddol dgJdbs. oy
sbdyamo  sdm@Esbol  L3gEogogel  gogomgsgmolifobgdom  (BOmMEglm@gdols  Aosmegbmds
3obglobmgdgaos)  gggems  mdogddol  dgddbs  dgodangds  wsofyml  dobo  Lol@gdsdo

Si
gbowos, @m3  Fobsowdwgy dgdmbgggodo s8m@Esbs bpgds s®s3m®gl@geo.

dmbggeaolnsbsgg. sdo@md, msgesdomggmap t ztgj , bogom tg ztgj T,
i

i

Yggoa0bmm 1 Loddogarg yggms oSlgmo  j-gcdo  mdogddgdobs Exel o msgosh
dmzgdygemo X Loddsgmol  dopqogdoe, gobgobommn X = X VI bod®ogang. Ji
J39b0d@sge 9900006 a5dmggmo  gggews olgmo Ji X (i=1,...,IN) Jg9lodcsganyg, @mdeols

K
9093963 go0bosmgols LOgeegds JoMmds Z Z:a)léJ ) < ZA-:-k, i=12,...IN. (5.
£jed; teTy k=1

asbgobogrmm  dbmerme ol Ji, i=1,...,IN, X39BIo0, OmImgdoi  Sgdogmyzomgdgh  (5)
30005l mommggeo  Ji (i€lN)  xaggo  ©oggme  olgm  ®@  Jggboddsgemgo, @md
Ji=3"UI, wo 3PN =3, towsg  IF(€IN) @0l Jg9boddogamy, G@dgmog
dmoiogh obgm  ®dogdgdl, @mdmgdlog ofgm  3Gomcodgdo, oby domo  dgb@dyagdols

51



JSINbS TG00

30900  dgdmbobmgdgemo  Lopowggdos, bmenm JiNP(ielN) obgmo  Jagbod@sgangs,
Memdgmoi Imo3eglh gggers wobs®hgh ®mdogd@l Ji(iel ) Lod@msgemowsb.

gbowos, @M sgagmdomdols  sagds  bpgds JiNP(ielN) Lod@sganolasmgol, ©sbs®hgh
90 939bBgolsi  gMogowsb sdmgdmom. sdMmoyom, dgzoeagbo  J3ga®enl, @mdmolngolbss
30dmgoggbgdm Logy®dgdo dgdbol sanam@omdl.

sgoam@omdo “Loa@dgdo dgobs” sbpgbl {ggdmgdols aoblbsl @o3 dgodangds “@@dsw”,
53 bpgds dgdegabsodsm: Gmdgamodg V §F390ml goblibol dgdwgy gowosmaomgds bogds
0d Fodmgdols golfgdog, AmIamgboi dmenm goblbomo §g90mesb 2sdmdwobotigmdgb. gL
doasaomgds dgfywgds 35Tob, Gmegbsg aodmyggmgggmo Fodm oswo® wombgds. sdols
dgdgy  bgds ©oddybgds 03 sppomsl, Losopebsi dmbps  aopslgms Vo {ggdmdo.
30M3EgeYOs  39domdsl osdmogigdl 3s5Tob, GmEglsg sOEgtmo  goyblibgeo  Fggom
smo®  s®hgds, Gmdmgdoi bofgolo s Fgg@mesb doomfggs. o9 odol dgdpgy  Jowgg
5GNgd056  aoyblbgaro  §g90mgdo, 35Tob doom dm@ol gomgBmo sdmodhggs Gmamas
Lofgolo F390m s 3OmEgegs mogosb ©sofygds o8 Fg9dmgdolomgol. senam@omndols
d9domds dgfgogods ol dgdega, OmEgbsg 3Moxgol yggamms Fg90m smdmbbrgds goblibogno.

53G0po0, smam@omndol dgdomds ofygds G =(V,E_) Jaga@ogol 99J3600m, Lowss
E, = {(#[V], v):veV wo v]~NIL }

0dobomgol, ®m3 JoMmBogo ogml AMol bgoobdogd teT dmdgbddo Ymbomo
596J30900l wosmgas, Logo®ms olobo FoMmdmgoaobmm, Gmam®G Igodogo gybliogdo
dogao asblobognggano 3g@Momeols aobdogenmdsdo dgdwgabsodo:

| ' ”
D¢, t e[téj ,tézj],

I
g (t) =
S0 te[0T] telty 12 )

T

Jgaes & eJip -mgol ‘dg308m§8mm A+ —z Za)iej (t)=0, (6) 30Mmds. 9y glByegds

t=0 &3P
6) 9AmEmds, 35906 Slgmo =90 bmd@ols glsdsdolo J3gloddsgmols  asbboangs
Ygbsdengogamos. oy Gmdgeody  i-logols (6) 300mos 5@ LEgmegds, 35dob 3 0bpgdlols
‘dglsdsdolo Jagloddsgarg sdmgodgds gobboggosh, bmem 0d dgdmbgggedo, oy
obgmo 1 bmdgdo oO s@dmhbps, Gmdmobmgolsi (6) 30Mmds  LOgmEgds ©s 1 350Mdgbl
dogee 1 Loddogagl, 35dob dgodengds omdgol, Gmd dmbsigdgdo sMszmmg]dueos s
dommgol aMogq030l oy9ds Vgden gdgemos.

Low®dgdo dgoboli  Jgga®eggo  Jdbol Low®@dgdo dgdbol Bygl, @mdgmoi Low®dgdo
dgobols bggdolopob dgoggds. Ex F0omgdls boli Fodmgdo gfmogdsm.

Lboemdgdo dgobols 3Mm@Egeg®ol dglogamgdols 3GmEgbdo bpgds gmoxgol Fg96mgdols
Lbgoalbgs g3@o dgmgdgs. mogowsb yggas Fgg6m mgmn@os. Gmdgemodg F390mb goblibols
dgdmnbgggedo, ol owgdgds bosaMobygdsw, boam oy oF Fg90ml  dglsdsdolo  dobo
dgbmdgaro F390mgdol dglodsdolbo @bdogo odbgds SInFydgano, dsTdob ol dgowgdgds
dogo. sligmo  dgmmeon  mommggmo  F3g90m dbmemmeo  gOm  bgdo dnbgogds s o
dobogds bggdol mobogggms. sdslmsb, bpgds §390mgdbdo g9.f. ©dmomo Frggdol ©slids.
060 sbgmo Fog s0lgomdl. Jo@ggmo s@ols d[v], @mdgenToi 0bsbgdonbgm@dsizos, mg gl
73900 @meol as0blbs s 35Tsbowsdy, dnbes dobo bsa@moxn®ew dgmgdgs. dgmes Fog o
s@ol T [v], @dmdgemoi sxoJbodgdl dmdghdl, Gmglsg Lpgds Vv §gg@ml dglodsdolo
d9bmdgao Fgg0mgdols Lool sdmFydgs wo dglodsdolop, V F3g0mlb dogow dgmgdgs.

DSF 3tm@goges dlu] ggerdo sbpgbl u {ggdmb asblbol dmdgbdol hofg@sl, bomenm f
[u]l gge@o go 08 BmIgbEL oxgoJlo@gol, @megleE Vyogds U §3g@ml ©sdydsggos. gl
09950 5M0sb dmngmo @oigbggdo 1-sb 2[V-deg, Goysb gggms Fggdmbomgol bpgds dobo
9ombgan asblibs s gombge obg@gs. mommgymo 9 Fg9@mbomgols dfu] <f [u].

dlu] 3m3dgbdsdreg V390ml o5Jgl mgmdo (WHITE) ¢g9@o, dlu] oo flu] 3mdgbdgol dm@ols
5dab bo@molgg@o (GRAY), boane flu] 3mdgbdol d9dwmgy >Jalb dogo (BLACK) g39do.

52



55I3INILC 35@06BOL dIB60L IO SRBIMBNMB0L LIS ...

09 gggms e JiNP-maob ‘dgo@hggs  dgbsdsdolo t:;_ , 35906 oslgmo  INP xamq0

]
53d0gmgo@gdl sbidya s8m@Esbsl. dobodsanydo t'gj -l dg@bgge bpgods dgdmgyboodsw.
053005b, AMAMA3 9339 S00bodbs, téj -0l omhggs bgds Jggdmm dmyggsbogno 3@Mobodols

2omgo@olifobgdom: oG ghmo mdogddo @opdo 5@ aol s AmamGE go mdogddo
dobgwgds  Lob@gdsdo, ds5Tobgg woofygds dobo ©sdydoggds. oby téjztgj , bogem

SEDIIAC

t<T, jeIN1

e JiNP. nq sbgmo t;;j -mgols do@@oiol Gmdgemody gengdgb@o

9oBYMIBomos, 35d0b t'§ =t, +1 o bgamobars bpgds IN2 Lod@sgamols gm@do@gds.

T 9b

C

30m3glo 356050 3Mdgengds, Lobod gl genogds 300 M0 tgi +7; >T

ob dgodbggs IN2 Loddsgeng olg, @md ol s@sEs®ogeos. oy Loddogeng IN2 go@ogeno
o>mdmhbs, 35T0b  aobboggen  sdmEoboli  o@  aoohbos  sdmbsblibo.  my  ogo  gopgds
dbo@meme  gomo  gegdgbGolsash, 35dob Jowgdygmo glsdsdolbo wageo Ji 9bos ogml
©obdgeo sdmEobol Mm3Godsgy@o 5d3mboblbo s Loko®ms gowobgms g539Jd9®Omdol 0d
3903 gM099dgd0l aobboargaby, @mdmgdoi 0danggosh M3G0dogy@  Sdmboblibl. oby gbos
dgodhgl ol xa9%8960, M gdoi 5335g4mBo gdgb (3) ob (4)- 306Mdgdl.

LS33IMNILM 35@0S6BOL  dJd60L IHDN SRKRdMAHNMZOL GILOLId
M@0I6BENAISIR d*>BT0

d.3INbS G010
“9boydy

ddogomo 3Mo]@ogumo sdmEsbol sdmblibs dmombmgl oligmo sergm@omdgdol oggdsls,
Omd@goloi Logydgmaw 9oggb a®oxgms mgm@ools dgmmegdo.

doboboangds  m3Bodobosigools gomo s3mEsbol sdmblbols sarym@omdo m@ogb@omgdye
3M003bg.  3gddme, dm@Egdgmos N {ggdmbogeb  dgoagbogo  ddgmo  m@ogbGodgdymo
25530, Mol Ggomgdbys  aoblsbwgdygmos Fmbomo  gybjazogdo T(N) w©s R(N).
Loko®mes sgogmm sgoym@omdo, Gmdgaoi bsdygomgdsl dmggigdl godmgmm abs, Gmdeols
Lodygoegdomsi  dgdmgogemon  a@oxqols yggems Fggoml, sdslbmeb, mommgye  {g90mTo
9bos  dmgbgogm  bybRe  ghmbga, olg, Gmd  YglOgmegl  Fmbom  5yb3ogddby
59090 35033990 dgboygeggdo s gl abs ogml Logggogbeo ghmo Gmdgenody
39039030l mgselsb@obom.

ON AN ALGORITHM OF FINDING THE BEST VARIANT OF THE ORIENTED
GRAPH

K.KUTKHASHVILI

Summary

Various practical problems need algorithms to be written that are based on the methods of Graph
Theory. Solution of the optimization problem by an algorithm of oriented Graph will be considered here.
Namely, there is a given n vertex linked oriented Graph on which arcs there are defined weighted
functions T(n) and R(n). We need to construct an algorithm, which enables us to find a way, by which we
can rout all the vertices only each time, so that definite restrictions are attached to the weighted functions
and this way is the best in terms of one of any criteria.
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Ob OJHOM AJI'OPUTME HAXOXJIEHUSA HAUJITYUYIIEI'O BAPUAHTA B
OPUEHTUPOBAHHOM I'PA®E

K KYTXAILLIBUIIN
Pe3iome

MHorue npakTHYecKue 3a/1a4i PeIaroTcsl C MOMOIIBIO aJIrTOPUTMOB, KOTOPbIE OCHOBAaHBI Ha METOJIaX
Teopuu rpadoB. B crarke paccMOTpeH alnropuTM OJHOW 33Jauyd ONTUMM3AIMHM HA OPUEHTHPOBAHHOM
rpade. B wacTtHOCTH, 3amaH CBS3HOH OpHMEHTHPOBAaHHBIN Trpad, COCTOSAMMI W3 N BEpIINH, HAa Ayrax
KOoTOporo ompeneneHsl BecoBsle ¢yakmmu T(n) m R(n). Hamo moctpouth anroput™, KOTOPHIH mact
BO3MOXKHOCTb HalTH HAWIy4IIHH IMyTh 00X0Ja BCEX BEPIIHNH, TaK, YTOOB! YAOBICTBOPSIINCH HEKOTOPHIE
OTPaHWICHUS, HAJO)KCHHBIC HAa BECOBBIC (DYHKINH, a TAKIKE HEKOTOPHIE KPUTEPUH ONTHMAILHOCTH.
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IDENTIFICATION OF THERMAL DYNAMICAL OBJECTS BY REGRESSION
AND RECURSION METHODS
KH. BARDAVELIDZE, A. BARDAVELIDZE

Summary

In the work is discussed the task definition of identification for thermal dynamic object. For
determination coefficients object’s of transfer function is used the least squares method. In resulting
of active identification received curve is approximated by aperiodic element of second order. The
transient response is considered as parametrical dependence on model’s coefficient. It’s established
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that continuous model of object causes some determined difficulties, so it’s more convenient to use
the object discrete model.

Object identification is researched by regression and recursion procedures of the least squares
method. It’s established that recursion procedure have better accordance to real object response than
received response with regression method.

NIAEHTUOUKALUSA TENNJIOBBIX TUHAMHWYECKUX OBBEKTOB 110
PEI'’PECUMOHHBIMUM U PEKYPPEHTHBIMU METOJOMMA

X. BAPJJABEJIN]I3E, A. BAPJJABEJINJ[3E

Pe3iome

B pabote paccMOTpeHHa ITOCTaHOBKA 3aJaddl MIACHTH()HKAIMK TEIUIOBOTO ITUHAMHYECKOTO OOBEKTA.
Jns onpenenenus k03(hGUINEHTOB 00BIKTA MEpPeNaToOYHON (QYHKUUHM NMPUMEHEH METOJ] HaMMEHBLIMX
KBaJpaTroB. B pe3ynbrare akTUBHON HACHTH(UKALWU IOJy4YeHHAs KpUBas anpOKCUMHPOBaHHA C
alepuoAUYECKUM 3BEHHOM BTOpOro mnopsaka. IlepexonHas XapakTepUCTHKa pacCMOTPUBAETCS Kak
napaMeTpuuecKas 3aBUCUMOCTb Ha KOI(QQUIIMEHTOB MOAEIbS. Y CTAHOBJICHHO, YTO HEIIPEPhIBHAS MOJIENb
00beKTa BBHI3BIBAET ONPENECNICHHBIX TPYIHOCTEH M 0oJiee MOAXOASIIMM SBISIETHCS MPUMEHEHHUE
JMCKPETHOI MOJenH 00beKTa.

Wnentndukanms oOBEKTa HCCIENIOBAHHO MO PETPECCHOHHBIMH W PEKYPPEHTHBIMH IIPOLELypaMu
METOJa HAaWMEHBIINX KBaApaToB. YCTAaHOBICHHO, YTO PEKYPPEHTHBIH METOA COAEPKUT JIydllee
COOTBETCTBEHHOCTh K pEalbHOM XapaKTEpPUCTHKE OOBEKTa, YeM NpHHATas XapaKTEpHCTHKA IO
PErpeCCUOHHBIM METOAOM.
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LL0bSEHGIR0II

OB AHAJIMTUYECKOM PEIIEHUA MHOTI'OKPUTEPUAJIBHOM 3AJTAYH
IINTAHUPOBAHUS TOBAPHBIX 3AIIACOB

N, CUXAPYJIU][3E
Pe3iome

PaccmarpuBaeTcst onHa W3 MOJENEH yNpaBJICHUS 3amacamMH, B KOTOPOM INOApPa3yMEBAETCs, YTO B
IUTAaHUPYEMBIH TTEPHO TIOCTOSIHHBI 00BEMBI TAPTHH TOBAPOB, 3aTPAThl HA HUX M PACXOMbl HA XpaHEHHE,
XOTsI PBIHOYHAs IeHa KaKJOH mapTuM pasiauyHa.3agada (opMmylnupyeTcs, Kak 3ajada C JIBYMs
HEJIMHEHBIMU KPUTEPUSMHU U JTMHEHHBIMHM OTpaHUYEHUSIMU.B ciydae IByX THUIIOB TOBApOB MPUBOAUTCS
AQHAJIUTUYECKOE pPellIeHUE.

TO ANALYTICAL SOLVE OF GOODS RESERVE PLANNING MULTICRITERIA
PROBLEM

D.SIKHARULIDZE
Summary

One model of goods reserve control is considered in the paper. It implies, that in planning period the
scopes of consignments of goods, their costs and storage expenditure are constant, although the prices of
all consignments are different. The problem is formulated as a problem with two nonlinear criteria with
linear constaraints. Analytical solution is given in the case of two types of goods.
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30098960l dgdmbgggsdo go gmEE-dgadsbols.

COMPARATIVE ANALYSIS OF SEARCHING FOR THE SHORTEST
ROUTS OF GRAPH
Summary
N.ANANIASHVILI, N.OTKHOZORIA

Counting the shorsest routs in graphs is very useful and important task. The practical realization of
the taks is possible due to already existed and tested approashes. We thought algorithm realizations of two
— Deixtry and Ford-Belman important. We considered algorithm of Deixtry in case of positive-weighted
graphs to be preferable as it it much better by complexity of time. As for in case of negative-weighted
graphs we prefer algorithm of Ford-Belman.

CPABHUTEJIBHBIN AHAJIN3 AJITOPUTMOB IIOUCKA KPATUAMILEIO TYTHU
B I'PA®E
HAHAHUALIIBHJIU, HOTXO30PUA
Pe3rome

Pacuer kparuaitmiero myTtu B rpade sBiseTCS BaXKHEWIIEH M 4YacTo BCTpedarolleiics 3ajaaueii.
[IpakTHueckas peanu3anysi peUIeHHs 3TOW 3a7aud BO3MOXHA C HCIIOJIb30BaHWEM CYHIECTBYIOIIUX H
anpoOMPOBAHHBIX YK€ METOAOB. MBI COWIN Ba)XKHBIM PEANN3AIMI0 JIByX W3 HUX: alNrOpuTMOB JlelkcTpa
u Gopna-bemmana. Tak Kak M0 BPEMEHHON CII0)KHOCTH 3HAYUTENBHO Jydlle aaroput™ Jleikcrpa, ero
BBITOIHEE HCIIOJIB30BaTh B Cilydae rpadoB C IOJOXKMTEIbHBIMH BecaMu, a B ciydae rpadoB c
OTPHIATEJILHBIMH BECaMHU JIy4llle HCIONb30BaTh anroputM dopra-bennvana.
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INTEGRATE-OPTIC SWITCHER 4x4
Z.BUACHIDZE, A.GIGINEISHVILI, A CHIRAKADZE, N.KAVLASHVILI
Summary

This article describes the commutating switcher 4x4 based on an integrated-optical strip waveguide.
Switching of coherent light emission from one channel to another is performed due to linear electro-optic

effect. Switching speed is of the order of s and control voltage power - of the order of uW.

HUHTETPAJIbHO-ONITUYECKHA KOMMYTATOP 4x4
3. BYAYHJ]I3E, A. THTHHEHIIIBHJIH, A. YU PAKA/I3E, H KABJIAIIIBUJTH

Pe3iome

B craThe paccMOTpeH KOMMYTaTOp-TIePEeKII0UaTeNIb CO3JaHHbI Ha OCHOBE II0JIOCKOBOIO BOJHOBO/A
LiNbO3:Ti. TlepeknrodeHre KOTEPEHTHOTO ONTHYECKOIO H3IY4YEHHS C MOJOCKOBOTO BOJHOBOIA B
COCEIHUI MOJIOCKOBOM BOJHOBOZ IPOMCXOAWT HA OCHOBE JIMHEIHOrO 3JIeKTpoonTHueckoro 3¢dexra
ITokensca. CKOPOCTh MEPEKIOUCHHs - MOPsIKa TC-0B. MOIIHOCTh MEPEKIOYAIOLIETO IEKTPHISCKOro
CHTHAJIa- MOPS/IKA [ BT-OB.
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DEVELOPMENT OF CONTROL SYSTEMS OF THE PARAMETERS OF THE
ARTIFICIAL MICROCLIMATE BY MEANS OF MODERN OPPORTUNITIES OF
CIRCUITRY
N. KAVLASHVILI, O. LABADZE, L. GVARAMADZE, G. KIKNADZE, T. SAANISHVILI
Summary

The features of the construction of control systems of the parameters of the artificial microclimate are
considered.

Possibilities of using Arduino platform in the design of technical control systems are presented.

Using such circuit solutions proposed implementation of a control system of artificial climate
parameters, which on the basis of information received from 2-5 discrete points (temperature, humidity)
allows to sell up to 8 control actions on the object.

PABPABOTKA CUCTEM YIIPABJIEHUS TAPAMETPAMUN HCCKYCTBEHHOI'O
MUKPOKJIMMATA C UCIIOJIb30BAHUEM COBPEMEHHBIX BO3MOKHOCTEM
CXEMOTEXHHUKHA

H. KABJIALLIBHIIU, O. JIABAJJ3E, JI. TBAPAMAJ[3E, I. KHKHA/[3E, T. CAAHUIIIBUIIU

Pe3iome

PaccMOTpeHBI OCOOCHHOCTH TIOCTPOCHHSI CHCTEM KOHTPOJII W YIPaBICHHS IapaMeTpaMu
HCKYCCTBEHHOTO MUKPOKIHMATA.

[IpencrapneHbl  BO3MOKHOCTH —HCIONBb30BaHUs riatrhopmbl  Arduin0 mpu  KOHCTPYHPOBaHHH
TEXHUYECKHUX CUCTEM YTIPaBICHHUS.

Ha ocHOBe MCTIONB30BaHUS TaKUX CXEMOTEXHHYECKHX PEUICHHH INpe/IoKeHa peajn3alus CHCTEMbI
yIpaBJIeHUs MapaMeTpaMH UCKYCCTBEHHOTO MHUKPOKJIMMATa, KOTOpas MO3BOJISIET HA OCHOBE MOJYYCHHOU
uHdopmanuu ¢ 2-5 AMCKPETHBIX TOUEK (TEMIIEpaTypa, BIQKHOCTb) peau30BaTh 10 8 YIPaBIISIOLIMX
BO3JIEHCTBHI Ha OOBEKT.
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RESEARCH OF DISTRIBUTIONS OF STATIONARY MAGNETIC FIELD,
THEIR PROPERTIES AND SCOPE OF APPLICATION

O. LABADZE, A. LOMIA., D. EREMYAN, V. BAKHTADZE, T. KHUTSISHVILI
Summary

Distribution of magnetic field lines on the surface of the tripole permanent magnets made from
hemispherical, spherical and prism magnets are obtained. Their characteristics, properties and scope of
application are established.

HNCCIEAOBAHUE PACIIPEAEJEHUS CTAIIMOHAPHOI'O MA'HUTHOI'O
1HOJIsA, EI'O OCOBEHHOCTHU U YCTAHOBJIEHUE C®EPbBI IPUMEHEHUWSA

O JIABAJ[3E, A. IOMHUA, J]. EPEMAH, B. FAXTA/[3E, T. XVIIUIIIBUIIH
Pe3rome

Ilonydyensl pachpelneneHUs] MarHUTHBIX CHJIOBBIX JIMHUI Ha IOBEPXHOCTU TPEXIOJIOCHBIX
MOCTOSSHHBIX MarHUTOB, COCTaBJIEHHBIX M3 MarHWTOB, MMeOMMX (opMmy mpusMm, moimychep u  cdep.
YcTaHOBIIEHBI UX XapaKTEPUCTUKH, CBOMCTBA U 00JIaCTH UX MPUMEHEHHS.
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PHYSICAL BASICS AND FEATURES OF THE CONSTRUCTION OF CONTACT-
LESS THEE-POSITION DYNAMIC OBJECT
O. LABADZE, M. TSERTSVADZE,T. LABADZE, P. MANJAVIDZE

Summary

The physical basics and the implementation of a contactless control of three-position dynamic object,
based on studies of various symmetrical shapes of magnets are considered.

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

OUBNYECKHUE OCHOBBI U OCOBEHHOCTH ITIOCTPOEHMUA
BECKOHTAKTHOI'O TPEXIIO3UIIMOHHOT O JUHAMUYECKOI'O OFBEKTA

O. JIABAJ[3E, M. IJEPIIBAJ[3E, T. JIABA/3E, II. MAHI[’KABH/[3E
Pe3iome

PaccMoTpeHsl  (u3MYECKHE OCHOBBI M IYTH OCYLIECTBIICHHS YIpaBlIeHHS OECKOHTAKTHBIM TpPEX-
MNO3UIUMOHHBIM JUHAMHYCCKUM O6’BCKTOM, KOTOPBIC OCHOBLIBAIOTCA Ha IMPOBCIACHHBIX HUCCICIOBAHUAX
Pa3IMYHbIX CHMMETPUYHBIX ()OPM MarHUTOB.

CB0ec0oOpa3HOCTh HAWICHHBIX U YCTAHOBJICHHBIX OCOOCHHOCTEH oOecmeyaT HE TOJBKO HAAEKHOE
(HhYHKIIMOHMPOBAHUE CUCTEMbI YIPABIICHHS, HO M COXPaHCHHE BHIOBON MH(OPMAIMK CaMOW MAarHHUTHOM
CHCTEMOM TI0CJIe CHATHS UMITYJbCa YIPABICHUS, YTO YMEHBIIUT PacXo]l MOTPeOIieMOi SHEPTHH.
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NIEHTUOUKALUA U YCTAHOBJIEHUE MOJIEJIN B3BAUMOWHAYKTUBHOI'O
MMPEOBPA3OBATEJISI KAK 3BEHA ABTOMATHYECKOM CUCTEMBI
YIIPABJIEHUSA

O.JIABA/[3E
Pe3ome

PaccMoTpeHs! BONPOCH MICHTU(UKALNKE B3aMMHOMHIYKTHBHOTO TIpeoOpaszoBaresns. BBumy Toro, 4ro
IPY M3MEHEHNH TEepPHOJa TapMOHHYECKHUX KOJIEOaHMH MOCTOSHHAS COCTABIIIONIAS BBIXOAHOTO CHUTHAla
ocTaéTCsl HEM3MEHHOW, IT03TOMY OH ONMCHIBACTCS OJHOPOAHBIM IHU(PEPEHIMATEHBIM YpaBHEHHEM HE
BBIIIE BTOPOTO TOPSAKA.

YCTaHOBIIEHO, YTO MOJENbh PACCMOTPEHHOTO B3aMMOWHIYKTUBHOTO MPEOOpa3oBaTelsl MPHHAUICKUT
K YHUCIly KJ1acca IpOCThIX Mojenel 'aMMepiureiina.

IDENTIFICATION AND ESTABLISHMENT OF MODEL OF INTERINDUCTIVE
CONVERER AS UNIT OF AUTOMATIC CONTROL SYSTEM

O.LABADZE
Summary

Questions of identification of interinductive converter are considered. Due to the fact that when the
period of harmonic oscillations of the constant component of the output signal remains constant, so it is
described by the homogeneous differential equation of no more than second order.

It is established that the model of considered interinductive converter belongs to the class of simple
models of Hammerstein.
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Eoygboamo  gobogydo s  3mblOYJEogmo  mogolgdydgdsbo b Ybggaymae3gb
9A009gMn0b ]300 Godol dgmeglgdygeo dodwgd-gowsdigdo  obGgbgdol godmygbgdsls
0> Jodm@Mm  gobmdgedo s 0bgm@Isizool  Jomgds-aowsgdsdo  (dosom  dm@ols Imd@og
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OU3NYECKHUE OCHOBBI, OCOBEHHOCTU U1 CO®EPHI IPUMEHEHUSA
B3AMMOWHIYKTUBHOT'O TUITA COBMEIEHHBIX TPUEMO-ITEPEJAFO X
AHTEHH

OJIABAIBE, T. MAXAPALIIBUJIU,. I' MAT JIAKEJIHJ[3E

Pe3iome

PaccMoTpensl  u3nuecKkue OCHOBBI M OCOGEHHOCTH IIOCTPOEHHSA COBMEIICHHBIX B3aWMOMHIYK-
TUBHBIX TNpUEMO-TIEpeNaloIuX aHTeHH. [loigydeHHble pe3yJbTaTbl OCHOBBIBAIOTCS HA MPOBEIEHHBIX
UCCIICIOBAHHSAX PA3IMIHOTO BHJIA KOHTYPOB CHMMETPHYHON (POPMBI PACIIOJIOKEHHBIX B TIPOCTPAHCTBE.

YcraHoBneHHBIE  (U3NYECKHE W KOHCTPYKTHBHBIE OCOOCHHOCTH o0ecredar INpHMEHEHHE
COBMEMICHHBIX MPHEMO-TICpEalONNX AaHTEHH HE TOJBKO IS H3MEPEHHS W TpHUeMO-TIeperadn
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uHbopManuu (B TOM YKCIC U Ha MOABHKHBIC OOBEKTHI), HO U IS TIOCTPOCHUS CUCTEMbI TUHAMHUYECKOTO
yIpaBeHUsI.

PHYSICAL BASICS, FEATURES AND APPLICATIONS OF INTERINDUCTIVE
COMBINED ANTENNA
O.LABADZE, TMAKHARASHVILI, G.MAGHLAKELIDZE

Summary

The physical principles and features of construction of combined interinductive antennas are con-
sidered. The results are based on the researches of different circuits of symmetrical form located in the
space.

Established physical and structural features provide the use of combined antenna not only for
measurement and reception and transmission of information (including the moving objects), but also for-
build a system of dynamic control.
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THE GENERAL PRINCIPLES OF CONSTRUCTION OF THE INDUCTIVE THREE-
COORDINATE PRIMARY CONVERTER

O.LABADZE
Summary

The general principles and features of construction of the inductive three-coordinate hemispherical
primary converter with odd quantity of sections of measuring windings are considered. It was established
that by means of selection of the form of topology of measuring windings and replacement of odd
quantity of sections on hemisphere the increase in a threshold of sensitivity and level of a target signal
can be achieved.

OBIIME ITPUHIUAIIBI HOCTPOEHUA UHAYKIIMOHHOI'O
TPEXKOOPJIUHATHOI'O NEPBUYHOI'O IIPEOBPA3OBATEJIA

O.JIABAJ[3E
Pe3rome

PaCCMOTpeHH O6H.[I/I€ MNPUHLUIIBI 1 0COOCHHOCTH MNOCTPOCHUSA HHAYKTHBHOI'O TpéXKOOpZ[I/IHaTHOFO
nonycq)epﬂqecxoro NEPBUYHOTO npeo6pa30BaTenﬂ C HCYCTHBIM KOJIHYCCTBOM CeKL{I/Iﬁ HU3MCPUTCIIbHBIX
00OMOTOK. YCTaHOBJ'IeHO, YTO C IIOMOIIBIO noz[60pa (][')OPMBI TOIIOJIOTHH  H3MCEPUTCIIbHBIX 00MOTOK H
3aMCHON HEYETHOIO0 KOJIMYCSCTBA CEKIMH Ha Honyctbepe MOJKET OBIThH AOCTUTHYTO YBCIWYCHHUC NOpOra
YYBCTBUTCIIbHOCTU U YPOBHSA BBIXOJHOT'O CUTHAJIA.
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ABOUT NECESSITY OF USAGE OF ENERGETIC POTENTIAL OF RIVER EN-
GURI AND SOCIAL AND ECOLOGICAL PROBLEMS RELATED

T.MAGRAKVELIDZE, V.CHICHINADZE, KH.LOMIDZE, 1. ARCHUADZE, M.JANIKASHVILI
Summary

Current level of development of Georgian electric power engineering is reviewed in the paper. It is shown
that in electric power generation Georgia is far from leading countries, and is on the one of the last positions
among former Soviet countries. It is mentioned that in the future electric power generation in Georgia should
be increased due to hydro power plants.

It is analyzed the existing scheme of usage of hydro energetic potential of river Enguri and the problems
related to implementation of this scheme. It is shown that there is no alternative of hydro power production
with dams on the river Enguri, but together with this social and ecological problems should be solved.

O HEOBXOJNMMOCTHU OCBOEHUSA DHEPTETUYECKOI'O IOTEHLUAJIA PEKH
HHT'YPU N CBA3AHHBIX C OTUM COLNUAJIBHBIX 1
IKOJIOI'NMYECKUX ITPOBJIEMAX

T MAI'PAKBEJIN/3E, B.YUIHHA/3E, X JIOMUJ[3E, U.APYYAJ[3E,
M. JPKAHUKALIIBUJIN

Pe3rome

B craTtbe paccMOTpeH CeroaHAIIHUN YpOBEHb pa3BUTHS ANEKTpoIHepreTuueckon cucremsl I'py3un. IToka-
3aHO, YTO 110 BEIPAOOTKE 3IIEKTPOIHEPTur [ py3ust 3SHAYUTEITHHO OTCTAET HE TOIBKO OT PA3BUTHIX CTPaH MHUPA,
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HO W HaXOJWUTCSA Ha OJHOM W3 MOCJIETHHUX MeCT cpenu crpal ObiBiiero Coerckoro Coro3a. OTMEUYCHO, YTO
pa3BUTHE JIICKTPOIHEPTETHKH B I py3UH TOMKHO OBITh OCHOBAHO HA OCBOCHHUE THIPOPECYPCOB.

[IpoaHaTM3UPOBaHbI CYIIECTBYIOIIAsl CXeMa OCBOCHHSI THPOIHEPTropecypcoB pekr MHrypu U mpoOieMsbl
CBSI3aHHBIE C OCYIIECTBICHHEM 3TOH cxeMbl. [TokazaHo, 4To OCBOeHHE MoTeHIana MHrypu myremM nocrpoe-
Hust ['DC ¢ BOJOXpaHUITUIAMH HE UMEET ajbTePHATUBBI, HO, IPH ATOM, MAKCUMAIIbHO [TOJDKHBI OBITh YUTCHBI
COLMAJIbHBIE K IKOJIOTHYECKHE TTPOOICMBI.

R0BIB0DH IS — REFERENCES — JIMTEPATYPA

L. 3sp@sdggeodg ., kodobodg 3., @mdodg b, Jododsgodg o, wxobogsdgomo 3., s@Aysdy o.
boJommggemlb  gangd@®mgbg@ag®ogol aobgoms@gool bmaogdmo oj@gsmyco  Lsgombol
dgliobgd  o.gerosdgoanols dodmgols Lol gdgdol oblo@ydo. JOmsms 3B goygmo. mdognolbso,
2011, og.134-140.

2. Yorosamze I'U., Xagarypsn P.A. Hcnons3oBaHHE HETPaJUIMOHHBIX BO300HOBISEMBIX MCTOYHHMKOB B
sHepretuke ['pysunckoit CCP. Menauepena. 1989. 247c.

111



3o®M3d60L JIRAN3SL FILOBTd BIASINRI6GBIH 6539RT0O LOKISHINS
0065V0RISNL RMASAH0MIIR BMAHIIRST()

0).958@5I3IL0II
gvelit@rambler.ru

39-20 Loygybol 20-006 Fengddo @.3@5bp@eol, m.30Mmdsbol s 0.60379@sdols dsgrolibdggom
hodmygos@mods  Fyaodoygmgb@g®o  ©obgdoli  bobggdo  gddodogmo  mgm@os,  Gmdgelss
boggydgmom  ©ogem  3Gsbp@mol dg@mggol dobdognols Jodm@gbs [1,2]. Lolbobwg®hm d&gdo
BYHIYgbB Yo ©obgool godo@Boggdye gobBmegosl MmymA 3 3bmdomos o3l dgdgao
Loby:

_ B du L |
T—T?)—FT(;)—de—_pUVa ()
oo T ool Legero dbgdo dodgs, 75 — Lombols Lodamsb@om godm§fgggeo dbgdo dsdgs, T
—A0dgmgbdydo  dbgdo  dodgs, p—  Lombol  Lodggdogg, Vv —-bodmsbGols 3obgds@ogygdo
39980309600, U - Lombols aolsdgeggdgemo Lobdsdyg, Y - dsbdogrols dognol jgeenopsbh, u' —
LohJodols yddogo 3y9emlsiogdo, v - LobJodol gobogo 3ygaliszogdo.
m.3G5bp@aol g ggol mgm@ool mobsbds:
2
_u-v-:|2(d_”J , @
dy
bows | ool dgmggols dsbdogno.

smbodbyamo  mgm@os  Lods@menosbos  dogndo  ©obgdoll  A®L  Ay@dgemgbd@o

dodmgolomngol, bowss Ty >> Ty sdol  gomgomolifobgdom (2) Km@dygaols (1)-do  Hsldom

du ?
T:T‘?’:pl2[d_yj . 3)

dogomgdm:

3Mobp@ ol d03m@gboli moboblsw
l=ky, “

bowsi K s@ols go®mdsbols dywdoge.
@)-ob gomgogolifobgdom, (3) gm@Igmopsb doomgds g.f. LobJo@ol wgxnoEoGol Gm@dygu.s:

Umax — U 1. 1
= - =— In— N 5
u Prex @ = N7 ®)
u

oo Orex = —= >0l gaobbmdogrgdm  bobjodg  dognol 3gb@d®do, @ = U

u, u,

RO u,
9aobbmdogmgdem  Lohfodyg, 1mg=—=— - 9a5bbmdogngdm dsbdogno  ggo@opsb  dogrols
14

u
(3963 @8y, U, = /‘ri/p - obsdog@o  LobJs@y, n= YU - 9aobbmdoangdem  Bobdogno
¢ v

390@0©sb, Umax - LobBJs®g doenol 963®Po, Ro - dogooli @opoqglo, 13 — 8bgdo dodgols
360d3bgmmds 399 msb.

0.6039M5dgd  bgdmm  dmygoboano  mgm@ools, Loggms®  gJl3gModgbd e  Imbogdgdmsb
Jgomgdols  Logydgganbg doowm, @md k=04. 530l Dgdgy ULbgopbbs s3@m@ms dogd
YgImmogobgdgmo  ogm k-l Lbgseslbgs  860dgbgarmdgdo,  dom ool mgm@ogeee
olsdymgdymagdoi [3.4]

[5] bLodygdomdo os@bodbyeno oym, @GmI Jo®dsbol dywdogs 0dgbl aoM3399e Bobogy®
sbAl, oy ©ogyndggom, @mI k=el . 53sLmob gOmeE, Amamaa 1 bsbobowsb hobls, (5)
Q@I s 93909l mobbgg@sTos  bogy@sdol  gl3g@odgbB e Bmbogdgdbmsb  0d

112


mailto:qvelit@rambler.ru

3503560 3IR035L FILObId BIMBINIEDIH 6535RT0 LORISGIMS . . .

‘dgdmbgggedo, GmEgloi k=e1 BYOOYgbRto dodmgol aodg Lobwgdol >®9Tdo. dy@ddy-
@abd @0 dodmgol 396HGMsy® bofomBo (5) gmmdgms bgdmm swbodbygmo K- m®ogy
3b0dgbgermdols  Jgdmbgggsdo  mebsy  Bdm  Jopanss  9Jl3gM0dgbB e Imbs3999dmab
‘dgoodmgdom. o8 goblbgeggdols dobgbo sblbogno ogm [5] godmggenggsdo.

ST ]
e 4
%8 _ 0
SE_ \ ® -3

7 % o -4

A -5

6 g A -6 |

\ ¢ -7
5
4 \\
AN
3
\Q\

2

1

0 T T

0O o1 02 03 04 05 06 07 08 09 1
nMo

6ob.1. LobJs@mol ©g8o30E0L ©s3moEgdgmgds ool JgrmoEsh Bs@EMmdomn 356domby.
L (5) goadymols dobgogom, k=el; 2. (5) gm@dymols Jobgogom, k=0.4.

0.6oggMsdol 9Jb39®0dgb@yao Imbsizgdgdo:

3. Re=410%; 4. Re=6.110%; 5.Re=43.410%; 6. Re=2.0510%; 7. Re=3.24 10%.

LgBombye  gy@oemgdsl  0dlsby®gol, op@gmgg, dogdo  dsJbodsgry@o  LobJoMowsb
bodygoemm  LobJo@ol  wgxnogodol  Logombo.  @Gmgmeig  3bmdogros,  bodgoemm  Lohjodg
3odmobobgds gm@Igaom:

7 Q. (©)
f
Lbowsiz Q s®ol Lombol bodxo, f — Joanols g560339000 ROOMO.

OmamO3 3bmdoaos, bsdygomm Lohdsdy

0 =% I u-2ar dr )
0
(5)-0L qomgseolifobgdom (7)-0l 0bFga®gdols Igogyom dogowgdm, G®I
_ 3
U = Upax _EUT , (8

113



0).958@5IFITR0II

ob

T ©
3bowos, 03 d9dnbgggsdo, Gmeglsi k=0.4

Uy —U

X~ -3.75 (10)

T
(10)-g0b goblbgoggdom, 0.6oggMadols gJb3gMmodgbd o dmbsigdgdol msbsbdsw

M:Mﬂ (11)

uz'
03 d9dnbgggedo, GmEglos k=e1=0.368
U _

mx —Y _ 4077, (12)
uT
G053 dgbobodbog mobbggo®msdos 0.60gyMsdols gJl3g@H0dgbB e 3mbsigdgdmsb.

sddogo,  dgodengds  ©ogolggblom,  Gmd  o@3sbols  dyrdogel  Igdmmogobgdymo
db0dgbgermbds  — k=e1=0.368 3509 99990l odarggs  gJL3g@modgb@ o dmbsigdgdols
3obbmysgdol mgsglbsb@olion.

30®M3560L IRAN3oL FILOBId BIMSIRI6GBIGH 65359RT0 LOBISAHIN)S
0065V0RISNL RMISAH0MIIR BM&HIIRST()

0).853GSIFIKLN0II
®3%0939

bEo@osdo aobbogygmos  Gogobp®yge dogdo Lombols ©obgool @AM Byedyagbd e
dodmgdo  Lobdodgms  aobofomgdol  Logombgdo.  bohggbgdos, @md, Tgdggol  dsbdogrols
0gmosby ©oxydbgdyamo LobJs@gms aobsfoemgdols @mas@omdygmo gm@dgmols msbbggoms
9JU39M0396@ ge0  Imbo399gomab yogomgdom gzgmgbos 0d dgdmbgggzsdo, GmEglsE goMdsbols
I9odogs k=e1=0.368, gowey 85T0b, Gmwglsi k=0.4.

ABOUT KARMAN CONSTANT IN THE LOGARITHMIC FORMULA OF VELOCITY
DISTRIBUTION IN THE TURBULENT FLOW

T.MAGRAKVELIDZE
Summary

Some issues of velocity distribution in the turbulent bulk in case of liquid flow in the cylindrical pipe are
considered in the paper. It is shown that coincidence with experimental data of logarithmic formula of
velocity distribution based on the theory of mixing range is better when Karman constant k=e'=0.368, than in
case when k=0.4.
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O IMOCTOSIHHOM KAPMAHA B {IOFAPHTMH‘IECKOFI ®OPMY.JIE
PACHPEJEJEHUSI CKOPOCTEM B TYPBYJEHTHOM ITOTOKE

T.MAI'PAKBEJIU][3E
Pe3rome

B crarbe paccMOTPEHbI BOIPOCHI, PACIIpeeeH st CKOPOCTE B TypOYJIEHTHOM sApe TIOTOKA, IPY TEYEHUH
JKUJIKOCTH B LMJIMHAPUYECKON TpyOe. IToka3aHO, YTO COOTBETCTBUE IOJYYEHHOW HA OCHOBE TEOPUH IYTH
HepEMENIUBAHKA JIOrapU(PMUIECKOH (POPMYJIBI ¢ IKCIEPUMEHTAIBHBIMU JAHHBIMH TOpPA3n0 JIydlle IpU
3HaYeHUHU NocTosHHOM Kapmana - k=e1=0.368, uem cnyuae, koraa k=0.4.
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INFLUENCE OF PRANDTL NUMBER ON HEATTRANSFER
IN THE APPARATUS WITH STIRRER
T. MAGRAKVELIDZE, N. BANTSADZE, A. MIKASHAVIDZE, N.LEKVEISHVILI,
J. RUSISHVILI, KH. LOMIDZE
Summary

According to the results of experimental investigation represented in the paper, in case of liquids with high
viscosity relation of heat transfer intensity on the Prandtl number both for smooth and rough surfaces is the
same as in case of distilled water.

BJIMAHUE YNUCJIA ITIPAHATJIA HA TEIVIOOTAAYY
B ATIITAPATE C MEIIAJIBKOI

T .MAI'PAKBEJIU][3E, H BAHIIA/[3E, A MUKAIIIABHUJI3E, HJIEKBEUIIIBUJIU,
JPK.PYCHIIIBUIIN, X.JIOMHUJ[3E
Pe3tome

B cratne MpEACTABJICHBI PE3YJIbTAaThl SKCHEPHUMCHTAJIBHOI'O UCCIICIOBAHUA, COTJIACHO KOTOPBHIM B ClIy4dac
KUIOKOCTH C OOJIBIIION BS3KOCTHIO 3aBUCUMOCTh HMHTEHCHBHOCTH TCIJIOOTAAQYN KakK FHa)IKOﬁ, TaKk H
HJepOXOBaTOﬁ HOBCpXHOCTeﬁ MPAKTUYCCKU TaKasd KE€, KaK B CJIydae IIHCTPIHHPIpOBaHHOﬁ BOJIBI.
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ISSUES OF MANAGEMENT MOTORS AND GENERATORS
T.TROKASHVILI,G.URUSHADZE
Summary

The scheme of hydraulic controlled by frequency is considered in the paper. The scheme includes the
ballast resistance, which is switched by a triac. In the control triac enabled optrorezistor, the resistance of
which is controlled by the frequency error.

BOITIPOCHI YIIPABJIEHUSA I[BI/IFATEJIEﬁ U TEHEPATOPOB
T.TPOKAIIIBUJIN, I'. YPVIIIAJI3E
Pe3iome

PaccmaTpuBaeTcsi cxema yIpaBlICHHs THIpoarperaTa mo udacrore. B cxemy BKIIOYEHO OamiacTHOE
COTIPOTHBJIEHHE, KOTOPOE KOMMYTHUPYETCS IIPHU MOMOIIN CUMHUCTOpa. B KOHTYp ympaBieHHs CHMHCTOpa
BKIIIOYEH ONTOPE3UCTOP, COMPOTUBIIEHUE KOTOPOTO YIPABISAETCS 10 CUTHAILY YaCTOTHI.
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LOW-FREQUENCY SIGNAL IS PRODUCED LOCALLY BY THE FIRST AND SECOND
ORDER

T.TROKASHVILI, D. TSINTSADZE
Summary

The scheme of obtaining the derivative of the low-frequency signals using a comparator and integrator
is considered in the article. The block diagram for the frequency, errors and derivative voltage is shown in
the paper.

OINPEJAEJEHHME ITPOU3BOJHBIX TIEPBOT'O U BTOPOT'O
MOPAJKA HU3KOYACTOTHOI'O CUTHAJIA
T.TPOKAILIIBUJIA, JI. (TUHIIA/[3E
Pe3rome

PaCCManI/IBaeTCﬂ cXeMa IMOoJy4YCHUs HpOH3BOﬂHOI>i HU3KOYAaCTOTHBIX CHUI'HAJIOB C HCIIOJIb30BAHUCM

KoMIaparopa U HUHTETpaTopa. IToka3ana CTPYKTypHas cxXema Jid ONpeAC/ICHUsI 4aCTOTHI , OIIMOKH U
HpOHSBOL[HOﬁ HaIps>XKCHUA CCTH.
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MEASURING THE MASS OF LIQUID GAS IN A CLOSED RESERVOIR
Z. AZMAIPHARASHVILI, N. OTKHOZORIA, V. OTKHOZORIA, M. NARCHEMASHVILI
Summary

The system of measuring the mass of liquid gas and the algorithm of its performance is discussed
in the article. The system enables to measure the mass of liquid gases by means of electromagnetic
waves raised by the resonator put in a reservoir.

The system has high precision of measuring and it is distinguished with its simple construction.
The high precision of measuring is provided by the type of a resonator and the microprocessor in
which three own frequencies of a resonator are shown and the algorithm of measuring the mass of
liquid gas is realized.
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OIIPEAEJIEHUE MACCBHI ’KUJKOI'O I'A3A B 3AKPBITOM PE3EPBYAPE
3. ASBMAHTIAPALIIBUJIN, HOTXO30PHA, B. OTXO30PHUAM HAPYEMALIIBUIIH

Pesome

B craTpe paccMoTpeHa cHCTeMa M3MEpPEeHMsS MAcChl KUIKOTO Tasa M aJropurM ee paborst. C
VCIONB30BAHMEM OSTONM CHCTEMBI BO3MOXKHO H3MepeHHe MacChl JKHIKMX Ta30B IO
3JIEKTPOMAarHUTHBIM KOJIeOaHUAM, BO30YKIeHHbIM B PE30HATOPE, OIIYIIEHHOM B pe3epByap.

Cucrema o6y1afiaeT BEICOKOI TOYHOCTBIO M3MEPEHUH M OTIMYAETCA IPOCTOH KOHCTPYKIUEH.
JocTikeHre BBICOKOH TOYHOCTH U3MepPeHMH obecleduBaeTcs THUIIOM pe30HAaTopa U
MHUKPOIIPOLIECCOPOM, B KOTOPOM GHUKCUDPYIOTCA TpPU COOCTBEHHbIE YAcTOTHI pe30HaTOpa Hu

peannsyercsa aJITOpUTM OIIpeneIeHNA MaCChl )KHIKOTO ra3a.
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DEVELOPMENT OF HYDROJET PUMP
D. PURTSHVANIDZE
Summary

The article is dedicated to the development of a new type of pump. The principle of hydrojet pump
operation is based on the pressure forces that appear during the electric discharge in water. At the electric
discharge the waves similar to the shock waves produced by explosions are created, that transmit pressure
in all directions. The main part of the pump is a cylinder with two valves. Water flows into the pump
through the one valve and it comes out of the pump through the other one. At discharge the arising
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pressure pushes water from the pump after what the first valve is closed and the second valve lets the
water into the pump.

With the help of the hydrojet pump it is possible to develop high pressure and, accordingly, pump
water at high altitudes.

PABPABOTKA I'NIPOPEAKTHBHOI'O HACOCA
. [IYPL[XBAHUJ[3E
Pe3ome

Crarbst mOCBsIIaeTcsi pa3pabOTKe HOBOTO Tuma Hacoca. IIpmHIMI AEHCTBUS THAPOPEAKTUBHOTO
Hacoca OCHOBAaH Ha BO3HMKHOBEHHM CHJI JABICHHS IIPHU DIEKTPUYECKOM paspsae B Boxe. Ilpum
NEKTPHUUECKOM Pa3psiiec BOSHUKAIOT BOJHBI, NMOJOOHBIC yIapHBIM BOJHAM, BO3HHMKAIOIIUM IIPH B3PHIBE,
KOTOpBIE TIEpEaloT JaBICHHWE IO BCeM HampapieHUsM. OCHOBHas 49acTh HAcocCa- LIWIMHAP C JBYMS
KJIanaHaMmu. Yepes ofMH KiamaH BOJa MOXET IOCTYIaTh B HACOC, a 4Yepe3 BTOPOMH- BBIXOJUTH U3 Hacoca.
IIpu pa3psiae BO3HUKILAS CUJIa JaBIEHUS BBITAIKUBAET BOAY M3 HAacoca, MOCIE Yero KianaH 3aKpbIBaeTcs,
U 4epe3 BTOpOH KilanaH BoJa MOCTYIAaeT B HAacoC.

C noMoIbp0 rHIPOPEaKTUBHOTO HACOCA BO3MOXHO Pa3BUTh OOJNBIIOE JIABJICHUE U, COOTBETCTBEHHO,
KauaTh BOJY Ha OOJBIIYIO BEICOTY.
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5(x.t) = ;_D'l:.r, t)—1

09 Gomeydo bgosdo@ols Fobsigergdss #(x) 85906
6t = -3 (1)

Bommudo  gobdmagdol  godmlsggebom  ogfgdimm  gmadgo@mbols  aob@mengds
dog@obomgols PV=RT  lLowsi P §bggos, V. dm@ygmmds, T Ggdd3gds@dygds s R=const
dmendobols Igodogss.

09 25bdmegdols  m@ogg  dbodol  oggmgbo®gdsl  dmgsbwgbm s Lofyol

3obBM@gdsbg aogymam dogowgdm
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bodmgdby. 3Oma@sdgmo  dodmgols Igbliogdgdowsb dmbygmmo dMdobgdgdbom  LEgm©gds
3OOSEA0Egdgo0  Mmgmai3  bodmgdol  hodkgdols  Lodydom  Logdigbdo  sbggg
Yo @sdagtomo  Jodwgdgdols OX, OY o OZ @g@dgdols golifgdog. dgbdrgen gdyemo
aowasanmagdol dgdpgy brgds dgdm{dgds heddg@ol G go@edo  gmm@pobs@gdols  ©s
30maGsdom  gomgomolfobgdyga  jmm@obs@gol  dm@ol.  aoblbgeggdol  dgdmbgggsdo
ddsMmggee denmgl dogfmpgds dglisdsdolo Logbseno.

AJJAIITUBHASL CUCTEMA YIIPABJIEHUS I'MBKOI'O MAHUITYJIATOPA
»XO0BOT ”’

. IIVPIIXBAHU][3E
Pe3iome

B Tpyne paccMoTpeHa amanTHBHAs CHCTEMa YIPaBIEHUS YJIBTPAa3BYKOBBIMHU JaTYMKaMH OOpaTHON
cBs3u. [IpoaHanu3upoBaHa HEOOXOAMMOCTh IPUMEHEHUS aIaITUBHON CHCTEMBI YIIPaBIICHUSI.

OCOOCHHOCTBIO pa3pab0TaHHOW CHCTEMBI YIPAaBJICHUS SBIICTCS peam3alds MOJCIH OOBeKTa B
caMOM OOBEKTe. YIIBTPa3BYKOBbBIC JAaTYUKH YIPABIIIOTCS TEMH K€ CUTHAIAMHU, KOTOPHIMHU YIIPABISACTCS
X000T , HO TIPH 3TOM Ha HErO HE JNEHCTBYIOT BO3MYILNAIOIINE BO3aeiicTBrA. [1o KoMaHe, MOCTyHaromeH
U3 MaMATH MPOrPAMMHOIO YIPABJICHUS, MPOU3BOAATCS MEPEMEIICHUS KaK CXBaTa X000Ta B pEaJbHOM
paboueMm 00beMe, TaK U YIbTPa3BYKOBBIX pueMHHUKOB BA0Ib OX, OY u OZ ocell COOTBETCTBEHHO.

Ilocne BbIMOJIHEHHS MEPEMELIEHUS MPOU3BOAUTCA MPOBEPKA COOTBETCTBHUS MEXKAY peajbHbIMU
KOOpAWHATaMH M KOOPAMHATAMH, IPEIyCMOTPEHHBIMHU TIporpaMmMoii. [Ipu oOHapykeHNH pa3HOTIacHs Ha
OJIOK yIpaBJICHHUS TTOAAETCS COOTBETCTBYIOIINI CUTHAT KOPPEKITHH.
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ADAPTIVE SYSTEM OF CONTROLLING FLEXIBLE ROCKER “ TRUNK"
D.PURTSHVANIDZE
Summary

The paper discusses the adaptive system of controlling ultrasonic feedback sensors. The necessity for
using adaptive management system is analyzed in the article.

The realization of the object model in the object itself constitutes the specificity of the designed
control system.

Ultrasonic sensors are controlled by the same signals that control the trunk, but it is not affected by
disturbances. At the command coming from the program control memory the movement of both the
gripper trunk in real working volume and of the ultrasonic receivers along OX, QY and OZ axes, are
implemented respectively.

After the movement is implemented, the correspondence between the real coordinates and the
coordinates provided by the program is checked. In case difference is noticed, the corresponding
correction signal is sent to the control unit.
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AUTOMATED MEASUREMENT CONTROL DEVICE FOR STUDYNG
METALLURGICAL PROCESSES OF RAW

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

The paper considers the problem of automation of the process of measuring charges physical
parameters at various temperatures in the furnace of the metallurgical processing equipment.

The functional scheme of the plant is given in the work and the principle of its operating is also
described.

ABTOMATHU3UPOBAHHASA YCTAHOBKA VISI U3YYEHA METAJIYPITHYECKHX
CBOUCTB CbIPA

H.ITJ[BEJIMIIBUJIN, K. ITEPETEJIU, H MUPUAHAILIIBUIIU, B XATAILIIBUJIU
Pe3ome

PaccmarpuBaeTcsi BOIpoC aBTOMATH3AIlMHM MpoIecca H3MEpeHUs (PU3MYECKHX MapaMeTpoB IIMXT
(charge) npu pasnuuHbIX TeMmepaTypax B M€Y METALTYPTHUECKOTO TEXHOIOTHIECKOTO 000PYI0BaH S
IIpuBenena ¢pyHKIMOHANBHAS CXeMa YCTPOHCTBA U OMHcaHa e€ pabora.
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CEMAHTUKA JIBYX I'PY3UHCKHUX IMAJIEXKE: TBOPUTEJIBHOT'O U
OBCTOATEJBCTBEHHOI'O

E. JOKBAJ3E, I'. YUKOHJ[3E
gogichikoidze@yahoo.com

Jnst S13bIKOB, UMEIOIMX JOCTATOYHO PAa3BUTYIO MAIEKHYIO CHCTEMY, HAleXKH SBISIOTCS OJHUM M3
BOKHEHIINX CPEICTB CBSI3M MEXTY OTACIbHBIMH WICHAMH BBICKA3bIBAaHMS, IPHYEM 1Ta CB3b HECET B
ce0e IOIOHUTENBHYI0 CeMAaHTHUECKYI0 Harpy3Ky, He BCera JISTKO M YeTKO NPOCMAaTPUBAEMYIO, OTHAKO
OIIPEeNIeISIFONIYI0 BeChbMa CYLIECTBEHHBIN BKJIaJ B CEMaHTUKY INpPEAJIOKeHUs B mesoM. Hemocratkom
pabotsr Unkonmze 2010 (y>xe oTMedaBIIMMCS B HEll) OBIJIO OTCYTCTBHE MOIBITKA CHCTEMAaTH3aNHN 00IIeH
COBOKYITHOCTH IaJISKHBIX 3HAYCHUI M UX OTHOLICHUH C APYTHMH, TECHO C HHUMH CBS3aHHBIMH KJIacCaMU
SIUHUIIL: TPEIOTaMHU/TIOCIIEIIOTAMH U TJIar0JIbHBIMHU PHCTaBKAMH.

Bce ke HeOONBIIMMHU IIAaraMM K PELICHHI0 3TOI HEMpOCTO# 3aayd MOXHO CUUTaTh HAOPOCKH
OITHCAHUsSI CEMAaHTUKH OT/ETbHBIX Majekell TPy3MHCKOro s3bika: Tak, yxe Chikoidze 2003 mocesimieHa
PacCMOTPEHUIO 3HaueHWd poauTenbHoro mazexa, Chikoidze 2007 nemaer momeITKy aHanm3a posid
HanboJee «IPUOPUTETHBIX» MajAeKeld (MMEHHUTENbHOTO, MMOBECTBOBATEIHHOTO, MHaTEIbHOTO) B
MapKHpOBAaHHHU TJIarojbHO-aKTAHTHBIX M COOTBETCTBYIOIIMX KM HPEIUKATHO-POJEBBIX OTHOIICHU.
JameHeiimee pa3BuTHe 3Ta HombITka nomydmwia B Yukongse 2010, Ymkxommze 2010a. 3aBepimas 3ToT
0030p 3HAUCHWH OTHENBHBIX Majexed, Hacrosmwas paboTa oOpamaercs K IByM HaHMEHee
«IPUOPHUTETHBIMY», U Haubojee «mepudepuifHpiM», a HMEHHO TBoputenbHOMy (Mokmedebiti) wu
obcrositenscTBeHHOMY (Vitarebiti) rpy3uHCKuM mamexam.

OCHOBOH MoAxona K CTPYKTYPHPOBAaHHIO CEMaHTHUKH ITHUX NMAJSKeH, KaK M BO BCEX MPEABIAYLIHX
CITy4asix, CIY>KUT BBIOOP HEKOTOPOTO MPOCTEHINET0, «IPUMUTHBHOTOY, KaK MPAaBHUIIO, IPOCTPAHCTBEHHO-
BEIICCTBEHHOTO B KaueCTBE HCXOJHOTO C NajbHEUINCH MOMBITKOW pasBUTh M3 HETO BCE OCTAJbHBIC,
BTOPHYHBIC, MMEPCHOCHBIC 3HaueHUs eAWHUIBL. COBOKYIHOCTh ATHX OTHOLICHHH 3aTeM OTOOpa)kaeTcs
rpaduyeckoi, Kak TPaBUIIO, JPEBOOOPA3HONH CXEMOH, KOTOpas, B YAaCTHOCTH, CIYXKHT H IUIAHOM
JAJbHEHINer0 W3IOKEHUS: maparpadbl TEKCTa, BBIICISIOTCS W O3aIJIABIHBAIOTCA B COOTBETCTBUH C
UHJIeKcalel 0JI0KOB 3TON CXEMBI.

1. TBopuTenbHBbIN NAaEK

IIpennaraemas cxema 3Ha4eHW 53TOoro mnazaexa mpexacrasieHa Ha Puc.l. OcHOBHOH »sieMeHT
CHUMBOJIHKH 3TOM cxembl — | (instrumental) — npeacrasnser 3HaUeHKHE CYIIECTBUTENHLHOTO, O)OPMIIEHHOTO
TBOPUTEIBHBIM TIaJIS)KOM, KOTOPBIH MOXET COOTBETCTBOBAaTh KaK «IIPEIMETY» (BEIICCTBCHHOMY
00BEKTY), TaK U «IPOLECcCy» (JIEHCTBUIO, COCTOSIHUIO) MIIH «KadyecTBY» (Kak IpeaMeTa, TaKk U Ipolecca).
X u Y 3TO cOCTaBismOIIHE KOHTEKCTa | TPOM3BONBHOTO OGOpMIIEHHS, TECHO CBsA3aHHble ¢ | u
OTIPEJICIISAIONINE XapaKkTep ero KOHKPETHOTO 3HA4YEeHHs; B YACTHOCTH, OHHU MOTYT TPEICTaBIAThH
CEMaHTHUYECKUE POJIH, XapaKTEPU3YIOIINE YIACTHUKOB CUTYAIMH, BhIpakeHHOH BhickasbiBaHueM (CS, Cl,
AG, OB, AD (Yuxoumze, 2010)). Kak yxe oTmeuanoch BbIlle, 3arjaBusi mnaparpados OynyT
OTIPEJIeNIATLCST MHACKCAIMe OJIOKOB cXeMbl Puc.l, KOTOPBIM COOTBETCTBYIOT 3TH Maparpadsl: TOUYHEE,
9T maparpadsl OyayT momevarhCs moclienoBatenbHoCcTAME Buaa 1.n (n=1,2,...5), rae N Homep Oioka
Puc.1, nogpaszymesaromiero 3Hauenue |, paccmarpruBaeMoe B TaHHOM maparpade Tekcra.

1.1 |- «comyrcTBYyeT» X-y

Kopens nepesa Puc.1 00pa3yroT 3HaYeHUS] TBOPUTEIBLHOTO 113/1€%Ka, COOTBETCTBYIOIIME TPOCTEHIIEMY
otHomenuto | u X: | mpocTo «comyTcTBYeT» X-y, HAXOAUTCSI IPUMEPHO TaM e M TOTJa Ke, «BMecTe C
X», Kak OBl «IOMOJHAS» €ro CBOMM MpUCYTCTBHEM. [Ipu 3TOM 06e croponbl 3toro otHomeHus (I, X)
MOT'YT B Pa3JIM4YHBIX KOHTEKCTaX UMETh 3HAUCHHE KIIPEIMETa», KIIPOLECCay HIIH «KauecTBay.

a) | —«mpenmer».

- is (X) semovida kolgit (I) xelsi/mteli o3axit anu colit da svilebit (-urt) (I) —‘Ou (X) Bomen ¢
sontukoM (I) B pyke/(BMecTe) co Beeil cembeid, T.e. ¢ xkeHoi u getbmu (1)’;

- es iqo bregginvale fexburteli (X): scrafi sirbilit, burtis zusti gadacemit da karsi 3lieri dartgmebit (1) —
‘Oro Obln Onectsamuii Gyrodonuct (X): ¢ OBICTPIM OEroM, TOUYHBIMH IepefadaMH Ms4a M CHIIbHBIMU
ynapamu 1o Boportam (1)’;

- mdivnis tanamdebobaze aiqvanes esxit da silamazit (I) Semkuli axalgazrda kalbatoni (X) — ‘Ha
JOJDKHOCTh CEKpEeTapIly Ha3HAYMITH OJIHMCTABILYIO H3sIIecTBOM U KpacoToit (1) mononoro namy (X)’.
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B stEx Tpex mpumepax, rae X MpPEACTaBICH «IpeaMeTom», | mocimemoBaTenbHO NPHOOpETaeT
3HAYCHHUS «IIPESIMETay», KIPOIECCa» U «KaueCTBay. JTa iKe MOCIeI0BaTeIFHOCTh CMeHa 3HaYeHMi | Oynet
COOITIONAThCS U B OCTANBHBIX MyHKTaX (b, C) ¥ B HanbHEHIIeM.

| — «comyrcTBYeT» X-y
1
| — «MHCTPYMEHT, CPENCTBO
Bo3xeiicTBust X-a Ha Y
2
v | — mepa BpemeHH,
| — Mepa «IUCTAHIMI» MEKIY Koria mpoucxoaut X
A 4 COOTHECCHHBIMHU APYT IPYTY 5
| — mpuuuHa, moBox Ay X X-om u Y-oM
3 4

Puc.1 Cxema 3Hauenuii TBoputenbroro (mokmedebiti) mamexa.

b) X — «iipouece».

- mombezrda mkurnaloba (X) misi gautavebeli camlebit da dieturi fafebit (I), menatreba kalakgaret
gaseirneba (X) tavisi zurg¢antebit, karvebit, koconit da kargi m¢vadebit (1) — ‘Hamoeno mue neuenne (X)
C ero JjiekapcTBaMM M aueTnueckumu Kamamu (l), Tockyio mo 3aropomHbiM mporyiakam (X) ¢ ux
PIOK3aKaMH, NajaTKaMHu, KOCTPOM M XOPOIUIHM anuisikoM (1)’;

- otaxsi boltas scemda (X) xan mxiaruli stvenit, xan ki oxvrit da kvnesit (1) — <(Ou) xomun (X) mo
KOMHATE TO C BECEJIbIM IIOCBUCTHIBAHUEM, TO C B30XaMH U cToHamHu (1)’;

- mommarta/ $emxvda/ momekca / ... (X) moulodneli siketit/ borotebit/ sitboti/ gulgrilobit/ ... (I) —
‘(Ona) obparmiack K0 MHe/ BeTpeTia MeHs/ obonuiack co MHOH/ ... (X) ¢ HeoKuIaHHON MOOPOTOM/
311000#/ TermnoToi/ xomoaHocTwio / ... (1)’.

C) X — «Ka4yecTBO».

- misi rainduli gamoxedva (X), misi xmlit, xan3lit da muzaradit (-urt) (I) ukve soridan asinebda mters
— ‘Ero pemapckuii Buj (X), BMecTe ¢ ero cabneil, KumkanoMm u nuieMoM (1) yxe m3manexa HaBOIFITH
CTpax Ha Bpara’;

- mis saxeze gamoxatuli sikete (X) misi kvelmokmedebit (-urt) (I) icvevda xalxis pativiscevas —
‘Mobpora (X), BBIpaXaBILAsACS Ha €€ JIMIE BMECTE C €€ O0JaroTBOPHUTENbHOM aesTenbHOCTBIO (1),
BBI3BIBAIH B HAPOJIE YBaXKEHHE ;

- am pirovnebas axasiatebs chiereba (X) misi ¢veulebrivi danamatebit: sisastikit da gaizverobit (1) —
‘OTy JUYHOCTh XapaKTepu3yeT KoBapcTBO (X) C ero OOBIMHBIMHU «J00aBKaMM»: JKECTOKOCTHIO U
xutpoctsio (1)’

IIprMepsl 3TOrO MOCIEIHEr0 MyHKTa MPEICTABISIOTCS 00Jee 3aTPyIHUTCIHHBIMI U COOTBETCTBEHHO
MeHee ynoTpeOUTeIbHBIMU, YeM IPUMEPHI JIBYX MPEIBbIAYIIUX MyHKTOB (a, b).

Oco0BIM cryyaeM KadeCTBEHHON XapaKTEPHUCTHKH «mporeccay (X) sBISIOTCS KOHTEKCTHI, Tae |,
xapakrepusyroniee X HpeacTaBiseT co0OH HEKOTOPBHIH KOMIIOHEHT CaMoOro «Ipolecca». JTO MOTYT
OBITh, HATIPUMEP, OTICIBHBIC AKTHI, U3 KOTOPBIX COCTOUT «Iporeccy X:

- dadis scrafi/ neli/ didi/ patara/ ... nabi3(eb)it — ‘(On) xomur ObicTpbIM/ MeIIEHHBIM/ OOJBIIHAM/
MEIKHUM / ... IIIarom’;

- svams didi/ patara / glupebit — <(OH) nbeT GoIBLIIMMYI/ MAJIEHBKMMH IIIOTKAMH;

B CIIEAYIOIIEM TIPUMEpPE «COMYTCTBYIOIIMIA» TIpOIecc, HE SBILICH COCTaBHOM dYacThio X,
«BKJIMHUBACTCSA» B HETO, IPEPHIBAsI €T0 U IMEPEMEKasiACh C HUM:

- gveboda/ laparakobda/ metqvelebda gr3eli/ mokle frazebit/ sicilit/ xarxarit/ kvnesit da oxvrit/ xsiri
xan mokle, xan gr3eli pauzebit — ‘(OH) paccka3biBan/ rOBOPHI IUTENBHBIME/ KOPOTKUMHE (pazamu /co
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CMEXOM/ ¢ XOXOTOM/ TO CO CTOHaMH, TO CO B3J0XaMH/ C YaCTBIMH TO KOPOTKHMH, TO JIMHHBIMH
nay3aMu’.

1.2. | — <uHCTpYMeEHT», cpeAcTBO Bo3aeiicTBus X-a Ha Y

[Iupoknii Anama3oH KOHTEKCTOB 3TOTO 3HAYCHMS BMECTE€ C €r0 HAaINIAQHOCTBIO, I10-BHINMOMY,
TIOBITUSITA Ha BBIOOP «MEXIyHApOIHOTO» UMeHHM Tameka | — instrumental (‘mHCTpyMeHTaIBHBIN’), a He
TBOpUTENBHBIH (MOkmedebiti), xors TecHas cBs3b «TBOpeHWs» W «ueiicTBus» (Mokmedeba) c
«UHCTPYMEHTOM» KaK CpEIICTBOM BBIIIOJIHCHHS 3THX IPOLECCOB HE BBI3BIBaCT coMHEHHA. CTOnb ke
HaIJIAHBIM BBINJISAMT M MIEPEX0J] OT MPOcToro «comytcTBus» (0ok 1) | m X k ymorpebnenuto X-om
9TOTO «COIYTCTBYIOWIETO | B KauecTBe cpecTBa BO3AEHCTBUS HA HEKOTOPBII 00BEKT Y.

B poneBoM KOHTEKCTE TPY3MHCKOM IiarojbHOM cymnep-napaaurMel (Ynkonnze2010, 2010a) nHaudomnee
€CTEeCTBEHHBIM 00pa3oM BO3HHMKAaeT BapHaHT, B KOTOPOM X-y COOTBETCTBYET OJHO W3 aKTHBHBIX
«3BeHbeBY poseBoit «ienoukm» (CS, Cl, AG), a Y-y — onxo u3 mapst maccuBHbix (OB, AD):

CS/CI/AG — 1—- OB/ AD

Ilyakter pmamHOoTO pazmena (A,B) OymyT coOTBEeTCTBOBaTh IBYM UACTHBIM CIIydasM 3TOTO
JU3BIOHKTHBHOTO BBIPa)KCHHSI.

A)AG —- 1- 0OB/AD

B 3ToM myHKTE OyZHeT HMpOMILIIOCTPHUPOBAHO YHOTpEOJIEHHE B 3arjJaBHOM KOHTEKCTE ITYHKTA W B
paMKax HEKOTOPBIX €ro TpaHchopmanuii.

[Mopsiiok pacrosoKeHHs: MPUBOIUMBIX HIDKE IPUMEPOB, KaK U B MIPEABIYILIEM MOJpa3zee, CleayeT
pany 3HaueHud |, uMerommx OOLIYI0 XapaKTepUCTHKY: «IpeaMeTa», «Ipoleccay, «kauecTBa». B
COOTBETCTBHU C TPHIMCHIBAEMOI 3/IeCh 3TOMY Majexy poiu ero cumpoin (I) OymeT mOMONHUTETBHO
noMedaThcsi BEpXHUM uHekcoM i(nstrument) - I,

3arsaBHOMY KOHTEKCTY COOTBETCTBYIOT:

- xorci (OB) (me-AG) davceri (am) danit (I') — ‘(I — AG) napesan msco (OB) (3tum) Hoxom (1')’;

- gaaftrebuli setevit (I') mat (AG) gaaryvies miris dacvis xazi (OB) — ‘SIpoctroii atakoii (I') onu (AG)
npopsau JuHU0 000poHs! (OB) nmpoTnBHMKA’;

- tavisi msaxioburi ni¢it da daxvegili silamazit (I') am gogom (AG) miaygia did carmatebas (AD)
scenaze — ‘CBOUM aKTepPCKUM TaJaHTOM M M3bIcKaHHOH kpacotoii (I') sra meBymxa (AG) mobumach
6onpmoro ycnexa (AD) Ha cuiene’.

Hanmo ormeruts, uTo mocnennss mapa npumepos (1= «mpomecc» / «kadecTBO») B 3aBUCUMOCTH OT
nparMaTuky 0oJiee HIMPOKOT0 KOHTEKCTa MOXKET UCTOJIKOBBIBATHCS M KaK BhIpQKEHHE NPUYNHHON CBA3H,
KOTOPBIH «BBIIaeT» ciexyrontui (3-it) 6mox cxemst Puc.1.

Tak, HampuMep, B cily4yae IMOCJIEAHEro NpHMepa KauecTBa NEBYIIKH MOTYT paccMaTpHUBaThCs M Kak
«IPUYMHA» JIOCTIIKEHUs yCIieXa; OJHAKO, B TIEPBOM Cilyyae TOHKHM, HO BCE )K€ IPHUCYTCTBYIOIIUHA B
OIpEe/IeJICHHOM MPAarMaTH4ecKOM KOHTEKCTE HIOAHC MOJXKET IPHIABaTh MPOLECCY JOCTHKEHUS «yCIeXa
OTTEHOK CO3HATEJLHOT'O HCIIOJIB30BAHHS JEBYIIKOM CBOMX «TAJAaHTOB» M «KPacOTBD» B XOJE 3TOTO
mporecca, Toraa Kak B Oojiee HEHTpaIbHOM KOHTEKCTE, JIMIICHHOM 3TOTO HIOAHCA, TOT K€ Hpolecce
JIOJDKEH BBITJISIIETh KaK €CTECTBEHHOE Pa3BHTHE «yCIIEXa» HA OCHOBE, IO «IIPUYMHE» JIOCTOMHCTB,
NPUCYIIUX 3TOH I0HOH akTpuce. boiee Toro, onpeneneHHbI KOHTEKCT MOXKET IEPEHOCUTH AKLEHT Ha
caMy «IEBYLIKY» H €€ «yCIIeX», OTMedast «MEXly MPOUYNM» U €€ YIIOMSIHYThIE JOCTOMHCTBA, IIPOCTO KaK
NPUCYTCTBYIOIINE y HEE «COITyTCTBYIOLIME» €i KadecTBa, T.€. MHTEPIIPETHPYS ATO OTHOIICHHE B JyXe
3HaueHus 6yoka 1 (Puc.1).

HaxkoHelr, aHanoruyHple KoJieOaHust aKI[EHTa B 3aBUCHMOCTH OT KOHTEKCTa MOTYT XapaKTepHU3HUpOBaTh
1 HEKOTOPBIE BHICKA3BIBAHMS, MIUTIOCTPHUPYIOIINE CEMaHTHKY Ooka 1 B ciydasx, korna X w/min | mverot
CMBICI «IIPOLIECCa» U KKAYeCTBaY.

TOT WM WHOM HI0OAHC MOXET ObITh, B ONpPEICICHHON CTENEHH, MOJYEPKHYT HEKOTOPBIMU KBa3u-
CHHOHUMHMYECKUMH TpaHCPOpMAlMsIMH. TaK, MEPEeHOC YINOMHHAHMS TallaHTa M KPacoThl MOJIOMOM
aKTPUCHl B KOHEI| BBICKAa3bIBAaHMS HECKOJBKO YCHJIMBAET AaKIEHT Ha «HHCTPYMEHTAIBHOCTB)» ITHX
Ka4ecTB:

- carmatebas miaygia tavisi ni¢it da silamazit — ‘JoGunace ycrnexa CBOUM TaJaHTOM M KPacoTOM;

9TOT aKUEHT MOXET ObITh YyCWIEH J00aBIEHHEM CBOCOOpa3HBIX «IIOCIENOroB» B (opMme
TBOPUTEIILHOTO CJICAYIOLIHUX 32 POANUTEIBHBIM I1a/1€KOM BBIPAXKAIOLINM «IOCTOWHCTBAY 3TOU JICBYIIKH:

... miaycia misi ni¢is da silamazis meoxeobit/ saSualebit — ‘... mocturia ¢ moMomupo/ MOCPEICTBOM
TaJaHTa U KPacoThl’;

Ha000pOT, 10OaBICHNE B TOH K€ TIO3UITIH

... ¢galobit — ‘Giaromaps’

C/IBUTACT B CTOPOHY OLICHKHU 3THX Ka4ECTB KaK «OCHOBAHUS M «IIPUYNHBD) TOCTIDKCHUS «YCIEXa».
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Hakonern, Bech TpOItHOM KOMIUTEKC 3HAYCHUH «HAINYKE (4€r0-TO Y KOT0-TO)»; «UCIIOJIb30BaHKE (KEeM-
TO 4YEro-To) B KadyecTBE CPENCTBa» M <«JIOCTIDKEHHE pe3ylbTaTa (Ha OCHOBE MCIIOJIb30BaHUS STOTO
HAJIMYHOTO YETO0-TO)» CTAaHOBHUTCS OoJee OLIyTHMBIM B KBa3sH-CHHOHMMHYHOM  BBICKa3bIBAaHHH, TIE
«Ka4ecTBa» CaMH BBICTYMAIOT B POJH HAIMYHOTO (DAKTOpA, SIBISFOMIETOCS M CIIOCOOOM NMPOABIKEHHS K
KOHEYHOMY Pe3ylbTaTy U MPUYUHOMN €r0 JOCTHKEHHS:

- (sgored) misma ni¢ma da silamazem miigvana igi ¢armatebamde — ‘(MMeHHO) ee TajaHT W KpacoTa
MIPUBEJH €€ K YCIexy .

MHorHe U3 9THX 3Ha4YeHUH CpaBeTMBLI U IS ciydas, koraa | mpeacrasieH «mporeccom» (BTopoit
NpUMep JaHHOTO IyHKTa); OJHAKO, HauboJjiee eCTECTBEHHBIH, MPOCTOH M PAacHpOCTPAaHEHHOH BapHaHT
«UHCTPYMEHTAJIBHOCTHY», IPEICTABICHHOW IEPBBIM NPUMEPOM, Majo IIOJBEPXKEH 3TUM KojeOaHHueM
aKIEHTOB, 10 KpaiiHel Mepe, B TOH HelTpanbHOU (GopMe, B KOTOPBIH 3TOT MPUMEP 34eCh MPEACTaBIICH.
He3nauuTenbHbIl COBUT B CTOPOHY «IPUYMHHOCTH» BCE K€ MOXET BO3HHKaTh, HaIpuMep, B
crenudUIecKuX KOHTEKCTax, IJie MCIIOJNb3yeMblil B KauecTBE MHCTPYMEHTa KOHKPETHBIN «IIpeaMeT»
paccMaTpuBaeTcs Kak «0Co0bIH» (0c000 yIauHBIN MITH HEYIAYHBIN) BEIOOD:

- (scored) am/ ¢emi danit dai¢ra xorci — ‘(MMeHHO) 3TUM/ MOUM HOKOM Hape3ajoch/ Hape3aHo MsIco’;

3/IeCh yIAa4HbI BBIOOP «3TOTO / MOEro» HOXa, a OTYACTH U CaM «HOXX», pPacCMaTpHBAeTCAd M Kak
«IIPUYHHAY», 00YCIOBINBAIOIIAS KYCIEX» MPEIIPHUATHS.

Hapsiy ¢ 5THM OTKJIOHEHMEM HHTEpIpeTalMy 3HavdeHui |', cOMMKaomuM X CO 3HAYEHHEM JBYX
coceHUX O10Kk0B (l-ro M 3-T0), MOXHO YNOMSHYTh M DA 3HA4YCHUH |, XOTI W HE HICHTUYHBIX
OCHOBHOMY 3HaueHuIo |' («MHCTPYMEHT», CPEICTBO), HO BCE e HACTOJBKO OIM3KUX K HEMY, 4TO OHHM (IO
HalleMy MpeAIoI0KeHHI0) MOTYT OBbITh BKIIIOUEHBI B CEMaHTHYECKYI0 00acTh Ooka 2.

B kauecTBe MHHMMAJIBHOTO M3 3THX BAPHAHTOB OTKJIOHEHMH OT LIEHTPaTbHOTO 3HadeHHs I' MOkKHO
NPEINONOoXKUTs Cilydail, korja | TpeacTaBiseT HE «OpyAue» BO3AEHCTBUA Ha HEKOTOPBIM yxe
CYIIECTBYIOIHH OOBEKT, @ MATEPHAII JIJIS €T0 «CO3IaHMSD»:

- asenebs saxls kvit/ xis masalit/ agurit/ betonit/ ... — ‘ctpout gom u3 kKamHs/ nepeBa/ Kupmuuei/
Oerona/ ...”;

- ksovs cindebs salis 3afit — ‘(ona) BsKeT HOCKH HIEPCTSHBIMU HUTKAMU

- 3ercavs tixit/ plastelinit/ ... — ‘(on) nenut u3 rimHel/ miacTuauHa/ ...".

B03MOHO, Ha TOCTaTOYHO BBICOKOM YPOBHE aOCTpaKIUH «MaTepHall» MOXHO PAacCMaTpHBATh Kak
OCHOBHOE CPECTBa NPpeoOpa3oBaHus 00BEKTa «U3 HEOBITHS — B OBITHEY.

Boslee KOHKPETHBIM BBINVIIMT OTHOIEHWE K I, BooGme rosops, Gonee abCTPAKTHOTO ueM
«MaTEpPHUANLHOI0» TMOHSITUSl «CIOC00a» BBINOJHEHHS HEKOTOPOro Mpolecca, JISHCTBHS BEAYIIMX K
HEKOTOPOH IeJIM; XOTSI 3TOT «CII0CO0» OTYACTH MEPEKIMKAETCS C OO0JACThI0 «COMYTCTBUS» B JIAHHOM
cllydae YIOMSHYTOMY <«IIPOLIECCY», BCE K€ ero OJIM30CTh K TMOHSATHSIM «CPEICTBa» U Jaxe
«MHCTPYMEHTa» MPEACTABISIETCS TOpa3o 0oJiee 3HAUYMTEILHOM:

- vmusaobt/ vaketebt/ vasrulebt (rayacas)/ ... am metodit/ gegmit/ skemit/ cesit ... — ‘paGoraem/
JienaeM/ BBIIONHSEM (Y4TO-TO) ... 3TUM METOJOM/ IO ITOMY IUIaHy/ MO 3TOH cXeme/ Mo I3TUM IpaBuiiam/

2.
A

CrOJ1a K€ MOYKHO OTHECTH KaK «IIEPBHYHOEY, TaK U MIEPEHOCHOE 3HaYeHHE | B BEIpaKEHHAX:

- mivdivart sgori/ mcdari gzit/ mimartulebit — ‘uzem no npaBumibHOMY/ NOXHOMY myTH/ B
NPaBUILHOM/ JIOKHOM HAINpPaBICHUH .

Croza ke MO>KHO NPUYHCIINTD U BIIOJTHE KOHKPETHBIE MOHATHS CPEJICTB, CIIOCO0a NEepeIBIKCHHUS:

- davdivar/ vmogzaurob fexit/ mankanit/ matareblit/ ... — “xoxy/ e3xy/ myremecTByro memkomM/ Ha
aBToMoOmMIe/ moe3goM/ ... .

Ipemnoxenus «crmocoba» ASHCTBHUS, MCXO/s U3 OLUEHKH HAIMYHON CHUTYallMH, MOTYT MPEIBAPSITHCS
BBOJIHBIMH BBIP@KEHHUSMH, TAK)KE OCHOBaHHBIMU Ha (JOPMaxX TBOPUTENHHOTO MaJIexKa:

- ¢emi tvalsazrisit/ tvaltaxedvit/ azrit/ varaudit/ ... — ‘c mMoeii Touku 3peHHs/ MO-MOEMy/ MO MOUM
MPENIOJIOKESHUAM/ ... ;

B 3THX IIPUMepax O4YEBU/ICH U CHIIBHBIN CABHUT B CTOPOHY CEMAHTHKH «COITyTCTBHs» (010K 1).

B)CS/Cl - 1—- AG

31ech  paccMaTpUBAIOTCS NPUMEpPBI, BhIpaXKawliue BosdedcTBHe «kaysatopa» (CS) wim
«mpomexyTouHoro kayszaropa» (Cl) na arenca (AG) mocpeacrBom Hexotoporo |. CormacHo 0ObIYHOM
¢bynkunn kaysatuBa CS/Cl crumynupyrot aeiictBus AG, CTaHOBICh €ro HPUYMHON WM BBITOJHSS
HEKOTOpoe ycioBHe HeoOxoxumoe st nearenbHocTH AG. Ilpu aToM | BeIpakaeT TOT «HHCTPYMEHT», TO
cpencTBo, croco0, kotopeiMu CS/Cl o6GecrieunBaroT HEOOXOMMOCTE /BO3MOKHOCTD 3TOM JA€ATEIBHOCTH.

B osrom kay3aTHBHOM KOHTeKcTe |, Kak IpaBmiIo, OBIBaeT IPEICTaBICHO <«IIPOLECCOM» MIIH
«KAueCTBOMY; JJaXKe B TEX PEAKHX Ciydasx, korga | ¢hopManbHO IpencTaBiseT «IpeaMery, Jalle BCero
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OKa3bIBa€TCA, YTO OJTOT IMpEeAMET MOoJpa3yMeBaeT BIOJHE OJHO3HAYHBIM 00pa3oM HEKOTOpoe
Hepas/ielIbHO CBS3aHHOE C HUM JICHCTBHE!

- tgviamfrkvevebit da xelqubarebit ukan daaxevines mters — ‘Ilynemeramu W rpaHaTamu (OHH)
BBIHYIVJIA IPOTHBHUKA OTCTYITUTH .

(04eBHIHO, YTO NPUINHONW «OTCTYILICHHUS» OBLIO TO, YTO «ITyJIEMETHI CTPOUYMIIN) IO psiiaM Bpara, a
«TpaHaTBD) JETENH B €TO CTOPOHY).

B cBoeM 0OBIMHOM JUT 3TOTO KOHTEKCTA BHjIe «Hpolieccy |' BO3sHHKAeT B BRICKa3bIBAHUAX BPOJIE:

- fondi (CS) tavisi dafinansebit (1Y) gvasrulebinebs (¢ven - AG) am proekts (OB) — ‘@onx cBoEM
¢unancuposanuem (I') nenaet (s Hac -AG) BO3MOXKHBIM BBITIONHEHHE 3Toro npoekta (OB)’.

(mpouecc  «puUHAHCHPOBAaHHS MOT OBITH W 3[€Ch MNPEACTABICH WICHTUYHBIMK/ —cpeacTBamu/
¢unaHcamu HoHIAR).

- bavsvebma (CI) civil-kivilit da kvebis srolit (1') aaqefes ezos 3aylebi (AG) — ‘letu (Cl) kpukamu u
mBbIpsiiueM kamueit (1) BeI3Bamu Jait 1BopoBbIX cobak (AG)’.

Pons CS/CI B hopMme |' MOKET BBHINONHATE U «KAYECTBON:

- ufrosma (CS) tavisi simkacrit da uxesobit (I') damaggebina (me — AG) sxva samusaos 3ebna (OB) —
‘Hauanehuk (CS) cBoeii crporoctsio u rpydocthio (I') 3actasun mens (AG) nHauath nouck (OB) apyroit
paboThr’;

- advokatma (CS) tavisi gamosvlis m¢ervetqvelebit da dama3ereblobit (I') ayiarebina sasamartlos
(AG) braldebulis udanasauloba (OB) — ‘Ansokar (CS) xpacHopeunem u y6eautenbHocthio (1Y) cBoero
BhICTYIUIeHNUs 3acTaBui ¢y (AG) npusHath HeBUHOBHOCTH (OB) o6BHHsIEMOTO’.

Kak um B cioyyae mpuUMEpoB MpeAblIyliero MmyHKTa (A) BO3MOXHBI KBa3U-CHHOHMMHUYECKHE
Tpancdopmanuu, nepeHocsume poab AG Ha I' 1 3aMensioNMe Kay3aTUBHBIA TIAarol akKTHBHBIM. Tak,
Harpumep, «(hUHaHCHUPOBaHKE» «(POHIOM» HEKOTOPOTO IIPOEKTa» MOXKET OBITh HapsAy C MPUBEICHHON
BBILIE Kay3aTHUBHOW (OPMOI BBHIPAKEHO U BHICKa3bIBAHUEM:

- fondis dafinansebit (I' =AG) mogveca &veni proektis sesrulebis sesazlebloba — ‘@unancuposanue
(I'=AG) ¢doHIa naro/odecnedrmTio HaM BO3MOKHOCTD BBIITOJTHEHHS MIPOCKTA’;

nepenoc (I'=AG) MOKeT BBIIOIHATLECA U C COXPAHEHHEM Kay3aTUBHOM (hOPMBbL:

- fondis dafinansebam (I'=>AG) segvaslebina .. — ‘@®unancupopanue (I'=>AG) pamo Ham
BO3MOYHOCTb ... .

AKIEHT B 9THX BapHaHTaX MEPEHOCUTCS Ha IIPUYMHHOCTBY» «(PHHAHCUPOBAHUS» KaK «HEOOXOMMOTO
YCIIOBUSI» ISl BBIIIOJIHUMOCTH «IIPOEKTA».

1.3. | — npuumHa, MOBOA s (A5 Y€ro-TO)

Mpenpimymmit  mynkr (1.2) cozepskal MHOTO INPHUMEPOB, KOTOPBIE B  COOTBETCTBYIOIIEM
IParMaTHYecKOM KOHTEKCTE MOTYT MpuiaBath |' MpeMMyIecTBEHHOE 3HAYEHHE IPUYUHBD) (UEro-To),
XOTSI B OOBIYHBIX, HEWTPAIBHBIX» KOHTEKCTaX |' COXpaHSET CBOE «MHCTPYMEHTAILHOE» 3HaUeHHUE (OJI0K
2). B npOTHBOIOIOKHOCTE 3TOMY 37€Ch B CBSI3U CO 3HaueHHEM OiloKa 3 OyayT paccMaTpHBaThCs CIIydau
NPEMMYLIECTBEHHOTO MM BOOOIIE €JMHCTBEHHO BO3MOXXHOTO MCTOJKOBaHHs | kak «mpuuusbly (I°—
C(aus)) HeKOTOPOTO MEHCTBHUSI MITH COCTOSIHUS, KaK MPABHIIO, BRIPAKCHHOTO TJIar0JIoM, CKa3yeMbIM, Jallie
Bcero B ¢opme 1maccuBa. B OONBIIMHCTBE CIy4aeB OSTH TIJIAarojibl BBIPAKAIOT HEKOTOPYIO
«HEXeNATeJIbHYI0, OTPUIATEIBHYIO» CUTYAIINIO, BO3HUKIIYIO B CIIEACTBUH - |

- mokvda/ gardaicvala/ daiyupa c¢lekit/ infarktit/ travmit (I°) — ‘(On) ymep/ ckonuancst/ moruG ot
4axoTKH/ MH}papKTa/ TpaBMBbI’.

- gemi (OB) daiyupa/ cai3ira rifebze dartgmit (I°) — ‘Kopa6as (OB) noru6/ yronyn B pesynbrare/ B
CIIEICTBHHU CTOJNIKHOBeHHE ¢ pudamu (1°)’;

- saxli/ enoba (OB) daingra migcis3vrit/ karborbalati / dabombvit/ ... (1°) — ‘dom (OB) pa3pymuncs/
ObLT pa3pylIeH 3emierpsceHneM/ TopHano/ 6omoexkoi/ ... (1°);

- dasustda/ dau3lurda/ dainvalidda ... avadmqofobit/ simsilit/ gagirvebit/ siyatakit/ ... (I°) — ‘On
ocnaben/ obeccwien/ cTal WHBAIMAOM/ ... B pe3yibrare/ B CICACTBUU Ooyie3HHM/ Tojiona/ HYXIbI/
oemuoctw/ ... (I°)’;

6oJiee «ONTUMHUCTHYHBINY», XOTS M BIIOJIHE «OTPULIATENBHBII» ITpUMep:

- gamdidrda/ daginaurda/... taylitobit/ mlikvnelobit / mekrtameobit/ enataniobit/ ... (I) — ‘Omn
paszboratesi/ TOBBICHICS B JOJDKHOCTH/ ... JXYJbHHYECTBOM/ TMOIXAIMMCTBOM/ B3STOYHHYECTBOM/
mqounocamu/ ... (1°)’.

OTHOLIEHHE TPUYMHHOCTH B ITUX BBICKAa3bIBAHMAX IIOJITBEPXKIACTCS BO3MOXHOCTBIO 3aMeHBI |°
(bopMOil POIUTENBHOrO B COMPOBOXKACHHH MOCIENOroB (gamo — ‘m3-3a’), Sedegad (‘B cimencteun’);
«OTPHUIATEIFHOCTh UX COJCPHKAHHS [eTaeT HEYMECTHBIM ymoTpebnenue (¢galobit — ‘Gmarogaps’); auiib
MOCJICIHUH  «OTPHULATEIEHO-ONTUMUCTUYHBII» TpHUMep JonyckaeT o(opMIIeHHE, BbIpaXKaiomee Hu
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«MHCTPYMEHTANBHOCTH»: (me§veobit — ‘c momomipio’), (sasualebit — ‘mocpenctBom’). Bee mpumepst
UMEIOT CTPYKTYPY

OB<—Vpass—> IC.

B cBsBu ¢ paccMoTpeHHEM 00JacTH 3HAYEHHH, MPEICTAaBICHHBIX OJOKOM 3, MOXHO YHOMSHYTH
TIPHMEPHI, KOTOPBIE MOYKHO HCTOJKOBATh Kak «cMech» (blend) Bcex 3mavenwmit neBoit BeTBu cxemsl Puc.1
(6moxm  1,2,3), T.e. chmygam ymotpeOneHus |, wuMeromme OTTEHKH W = «CONMYTCTBHSA», U
«HHCTPYMEHTAILHOCTHY, ¥ «IIPUIAHHOCTI:

- trabaxobs/ amagobs/ kmaqofilia (rayacit) — ‘(On) xBacraet/ ropauThcst/ MOBOJICH (d4eM-T0) .

[To-BuIuUMOMY, TO, YeM «XBacTarOT» W/WIM «TOPIATCS» U TPHCYTCTBYeT (B MEHTaIUTETE), U (B
HEKOTOPBIX CIydasiX) MOXET CIy)KHTh «CPEICTBOM» JUIS AOCTH)KEHHS 4Ero-To, W, HAKOHELl, SIBISETCS U
«OPUYMHON», «IIOBOJOM» ISl «XBACTOBCTBA» W «ropAoCcTW»; B mocieanem ciydae (kmagofilia -
‘IOBOJIEH’) MCTOYHHMK 3TOTO YYBCTBA BBINOJHAET U (DYHKLIHIO «CPEACTBA» JOCTHKEHHS COCTOSIHUS
«IIOBOJILCTBA» CAMOI'0 CyOBEKTa ITOT0 OLIYIICHHS.

Hapsimy ¢ paccMOTpeHHBIMH, B HEKOTOPOM CMEBICIIE - OCHOBHBIMH 3HAa4eHUSMH |, KOTOpBIM
COOTBETCTBYIOT TpH OJIOKa JIeBOH BeTBH cxeMblI (Puc. 1) 3aciykuBaioT BHUMaHHe, IO KpaifHel Mepe, emie
JIBE 00JIaCTH 3HAYEHHI ATOTO Tajeka, HEMOCPEACTBEHHO Pa3BUBAIOIINECS U3 UCXOMHOW €ro CEeMaHTHUKU
(670K 1) m IpeaCcTaBICHHBIC B cXeMe Onokamu 4, 5.

1.4. | — Mmepa «IHCTAHIHMY» MEKIY COOTHECEHHBIMHU APYT APYry X-om u Y-om (19)

[MonsTue «aucraHmum» Mexay oobekramu (X,Y) Kak MpaBuio, NpuodOpeTaeT CBOW UCTUHHBINA CMBICI,
KOT/Ia pe4b WJET O HEKOTOPHIM 00pa3oM COOTHECEHHBIX O0BEKTaX, CBS3aHHBIX KaKHM-TO OTHOIICHHEM,
KOTOPBIM B YaCTHOCTH MOJKET OBITh M TO, YTO 3TH OOBEKTHI HA KAKOM-TO 3Tale «COMYTCTBOBAIM» APYT
JIpyry, ObLIM «BMeCTe», B OJHOM MECTEe WJIH, 110 KpailHed Mepe, J0CTaTOYHO «OJHM3K0» JpYyr OT JApyra.
Ecnu Ha mocienyromem 3tane 3TH 00BEKThl «PACXOIATCS», HAIIPUMEp, OJWH U3 HUX MOKUAAET IpEeKHEe
of1ee JJIsl HUX «MECTO», TO 3TOT (pakT MOXKeT OBITh BBIPaKEH TPY3UHCKUM MOCIHENoroM -gan (ot1/mus/c);
KOTOPBIN B CIIydae aKkTa, HHTEPIPETUPYEMOTO KaK «yXoa» C OOIIero MecTa, MpHcoequHsieTcs K dopme
TBOPHTEIIFHOTO Ma/IeXa:

it + gan — dan;

OCHOBHOE 3HaueHHe KOTopoil (Osok 1) kak OBl HalmOMHMHAET O IPOLUIOM EJUHCTBE, IPOILIOH
OIM30CTH 3TUX OOBEKTOB, NOCITYXHUBIIEH «CTAPTOM» AJIsl BO3HUKIICH «IMCTAaHIIMOHHOCTH»:

- (viyaca) gamovida otaxidan/ saxlidan/ bayidan ... (1) — ‘(kro-To) BbIleN n3 KOMHaTHI/ 10Ma/ caza/ ...
(1%

- (viyacam) amoiyo rayaca 3ibidan/ u3ridan/ ... (1) — ‘(kTo-T0) BBIHYJ YTO-TO M3 KapMaHa/ SUIUKa/ ...
(19).

B cooTBeTcTBHM co cxemamu, mpeasiokeHHbIME B Yukouaze 2010, oauH U3 mapbl «pacCTaBIIMXCS
00BEKTOB MOXKET paccMaTpUBaThCs KaK «OPHEHTHUDP» OTHOCHUTEIBHO KOTOPOTO OMPEAENSETCS MO3MIMS
WIM HalpaBJICHWE JBW)KEHHS BTOpPOro oObekTa. B mpuBeneHHBIX NpuMepax poJb «OPHUEHTHPA»
€CTEeCTBEHHO OepeT Ha ce0si 0OBEKT, OCTAIOIIUICS Ha MPEXHEM MECTe, KOTOPOE OH OIpEAEISIET CBOMM
NPUCYTCTBHEM («IOM», «KapMaH» H T.J.). OTOT «OPHEHTHp» Kak pa3 M Iomedaercss (opMamu C
nociuesorom -dan.

VIMEHHO 5TO OTHOLIEHWE «OPUEHTALMM» JIEKHUT B OCHOBE KOHTEKCTOB YNOTPEOJICHUS 6e3
nocyienora; npu 3tom 19 xapakrepusyer He cam «opuentup» (OR), a «ructanuuioy» (d) MexITy HUM U
«OPUEHTHPOBAHHBIM)» Ha HETO MPOU3BONILHBIM 00bekTOM (OB):

- mankana/ 3ixuri/ policieli/ ... (OB) dgas saxlis/ ¢is/ bo3is/ .. (OR) gverdit (19) — ‘mammna/ mapex/
nomuneiickuit/ ... (OB) crout psaom ¢ (19) momom/ komoxuem/ crondom/ ... (OR)’;

- venaxi (OB) i¢qeba saxlisgan/ saxlidan (OR) mosorebit (IY) — ‘BunOrpamauk (OB) Haumnaetcs B
otnanennu (19 or noma (OR)’;

-es sofeli (OB) didi/ mcire man3ilit (1) mosorebulia kalak-(s/ idan /isgan) (OR) — ‘3ta nepesus (OB)
HaxoauTcs Ha 6onbuiom/ Manom paccrosuuu (19) ot ropona (OR) .

B xoHTEeKcTax cpaBHEHHMs NMpocTpaHCTBEHHBIX pazMepoB OR u OB wimn nx ypaneHus OT HEKOTOPOTO
Tpetbero oobekTa (OR’) 19 BEIpaKaroT €IMHUIIBI, B KOTOPBIX H3MEPSIOTCS STH NPOTKEHHOCTH:

- mexeta (OB) 60 kilometrit (19) ufro axloa thilistan (OR) vidre fasanauri (OR’) — “Muxera (OB) na 60
kunometpos (1%) 6mmke k Tounucu (OR) yem [acanaypu (OR')’;

- es 3oxi (OB) 10 santimetrit (19) ufro gr3elia/ moklea vidre is (OR) — ‘3ta manka (OB) ma 10
cartumetpos (19) wmuHEEee/ KOopoue, uem Ta (OR)’.

OmeHKa COOTHOUIGHHWS CpPaBHMBACMBIX IAaHHBIX MOXET OBITh M NPHONU3UTENBHOH, CKOpee
«Ka4eCTBEHHOW» YeM KOIMYECTBEHHOM:

|d
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CEMAHTHKA JIBYX I'PY3UHCKHX MAJEXKENA: TBOPUTEJBHOTO ...

- es bi¢i (OB) daaxloebit (1) igive simaylisaa rogorc mamamisi (OR) — ‘stot napens(OB) npumepHo
(19) Toro e pocra, uto u ero oren (OR)’;

- everesti (OB) gacilebit (1) ufro mayalia mqvinvargverze (OR) — ‘dsepect (OB) ropaszo (1) Beime
Kaz6eka (OR)’;

- mar3venastan (OR) sedarebit (1Y) marcxena gza (OB) ufro vigroa/ fartoa — ‘Tlpasas mopora(OB)
ysxe/ mmpe 1o cpasaenuto (1%) ¢ nesoii (OR)’.

CpaBHHBATLCS MOTYT M KauecTBa 00BEKTOB, BRIPAKEHHBIX mocpeacTsoM |19, ompenensiomero B aToM
KOHTEeKCTe MeTaopy, MOMEHSIOIIYIO 3[I6Ch HCXOIHbIE TPOCTPAHCTBEHHBIC OTHOIICHUSI:

- es gogo (OB) silamazit/ ¢kuit/ codnit/ siketit/ ... (1) s3abnis/ ¢amor&eba imas (OR) — ‘Jta aeByiuka
(OB) kpacotoii/ ymom/ 3uanuem/ no6potoit/ ... (1) mpeBocxoaur Ty (OR)/ yerymaer Toit (OR)’;

- me (OB) ver va3obeb mas (OR) xelgaslilobit da stumartmoqvareobit (I9) — 51 (OB) me mory
npessoiitu ero (OR) menpocTsio u roctenpunmctsom (19)’.

B ciyuasx, Korma «KadecTBay OKa3bIBAIOTCSH KOIMYCCTBEHHO M3MEPHMBIMH,
3HAYCHHE CIUHULBI H3MEPEHHS:

- sayamos ¢emi ¢neva (OB) aymocénda 10 erteulit (1) ageuli/ davardnili dilandeltan (OR) sedarebit
(19 — ‘Beuepom moe nasnenue (OB) oxasanoch Ha 10 enunu (19) Bbime/ Hixe no cpasuenuio (1) ¢
yrperanM (OR)’;

- temperatura garet (OB)10 gradusit (I%) dabalia vidre bina&i (OR) — ‘Temneparypa cHapysxu (OB) na
10 rpaaycos (1%) nuxe yem goma (OR)’.

Takum oOpazom, B ceMaHTHuecKoil obnactu 4-ro Gioka cxembl (Puc.l) OTHOLIEHHE «COMYTCTBHS»
0o0bEeKTa CBOEMY «OpUEHTHpY» IiepepactaeT B Oozee OOIIyI0 CBsI3b MEXAY HHMH, KOTOpas
MO/Ipa3yMeBaeT BO3MOXHOCTh BOSHHUKHOBEHHA (-it + gan — -dan) wim Hajgudre MEXIy HUMH HEKOTOPOH
«muctanmuny (19). Tocnenor -dan mapkupyer «opueHTHp», a (opmbl 19 Ge3 Hero HaieneHsl Ha
«AUCTAHIIUIO» MEXAYy HHM W OPHCHTUPOBAHHBIM HA HETO0 OOBEKTOM, SIBISIICh, TO KAayeCTBEHHOW
(daaxloebit, gacilebit), To konuuecTBeHHO# MEpoii 3TOI IPOCTPAHCTBEHHOM TUCTAHIIHH.

Haxownerr, npu MeTaOpHYECKOM MEPEX0/ie OT MPOCTPAHCTBEHHOTO PACCTOSIHUS K PA3IMUIHI0 MEKIY
CTENEHAMU HEKOTOPOTO «KAYECTBAY, MIPUCYIIUMU «OPUEHTUPY» U 00beKTy, 19 MOXKeET yKa3blBaTh KaK Ha
€aMo 3TO Ka4eCTBO, TaK M HA PA3HUILY B CTEHICHU €r0 Pean3allii y «OPUSHTHPA» U OOBEKTA.

Bce 9310, MO-BHIMMOMY, [O3BOJIIET paccMarpuBarh oOnacte Oioka 4 Kak HEKOTOPbIH
MeTaopHIecKHuid CIBUT UCXOHOM 001acTu cxeMbl Puc.1 (010K 1).

19 onsaTe mpHOGpeTaeT

1.5. | — Mepa BpeMeHn, koraa npoucxogut X

Konrekctsl ymorpebmenusts | co 3HaueHmeM w3 oOmactu 3Toro mocnemHero (5-ro) OGioka
NPEJICTABISIIOT cO00H Mpolnecc, COObITUE MIIH MTOCIEA0BATENBHOCTh COOBITHIH, 3alOJIHSIONINX HEKOTOPBIH
OTPE30K BPEMEHU WJIK PAJ] BPEMCHHBIX MHTCPBAJIOB U TaKUM 06pa30M, «COMYTCTBYIOIIUX>» DTOMY XOOYy
BPEMEHH, CITY’KAILEro AJIsl HUX CBOCOOPa3HBIM «OPHEHTUPOMY.

I' MOXET OTMEYaTh MEPUOJ BPEMEHH, B TEYEHHME KOTOPOrO MPOTEKAl HEKOTOPBIA MPOLECC W/HIIH
MPOU30IILIO KAKOE-TO COOBITHE:

- gusin dilit (I rom vsauzmobdi, ucbad gaiyo kari da ... — ‘Buepa yrpom (IY), xorga s 3aBrpakan,
BAPYT OTKPbLIACH JBEPH H ... .

Ipouecc/coObITHST MOTYT OBITh MPEICTABICHBI W KaK aOUTyasJbHbIC, NPUYEM 3Ta HTEPATHBHOCTH,
[OBTOPSIEMOCTh MOXKET OBITH TIOAYEPKHYTA MPUCYTCTBUEM B (hopme I' mononuutensHoro cydpdukca -ob-,
pa3pelamiero HeoHO3HAYHOCTh, IPUCYIIYIO TJIaroJIbHOMY 3HAYSHHUIO BH/IA:

- dilaohit (1Y) vsauzmob, dyisit/ suadyisit (I') vsadilob, sayamoobit (I') vvaxsmob — ‘mo yrpam (I%) (1)
3aBTpakato, g1aeM/ B nonzess (1Y) o6enaro, Beuepom (1Y) yxunaw’;

HEO/IHO3HAYHOCTb, CBSI3aHHAs C ynoTpeOsieHneM (OpM riiarojia HECOBEPIIEHHOTO BHUJIA, TPOSIBISETCS
B IIpHMepax BpoJie:

- sayamos/ sayamoti (IY) vvaxsmob, uchad rekavs zari — ‘Beuepom (I') yxunaro, Bapyr pasgaercs
3BOHOK’,

rae B OTCyTCTBHH cyddukca -0b- Ta ke rmaroynpHas popma (VWax§mob — ‘yxuHar’) COOTBETCTBYET
€IMHUYHOMY ITporeccy/ COOBITHIO.

®opmy I' ¢ cypdurcom -0b- MOryT UMeTh ¥ MMEHA KOHKPETHBIX JHEH HENENH MM CE30HOB, KOTa
aOUTyaJIbHO IIPOUCXOIUT YTO-TO:

- orsabatobit (1) vescrebi samecniero sab¢os sxdomebs — ‘no nonenensaukam (1Y) (s) npucyTcTBYIO Ha
3acelaHusAX YYCHOI'O CoBeTa’;

- zafxulobit (I%) visveneb zyvaze — ‘(Kaxnsim) netom (1Y) (s1) oTapixaro Ha Mope’.

Amnanormano 19 6mokxa 4 |' MOXeT MPeNCTaBIATh M EAWHHIIE, KOTOPHIMH H3MEPSAETCS BPEMEHHOM
MEePHOI:
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- 10 dyit/ 3 kvirit/ 1 clit (IY) mivdivar/ vigavi mivlinebasi sazyvargaret — ‘(ua/) 10 nueit/ 3 nenenn/ 1
rog (1Y) exy/ GbUT B KOMAaHIUPOBKE 32 MPAHULICH;

- ¢lobit/ atclobit/ (I') vi3eki kompiutertan — ‘ronamu/ necatunerssamu (1Y) cunen (1) 3a KOMIBIOTEPOM;

- saukuneebit/ ascleulobit/ atascleulobit (I') velodebit rayac sascauls — ‘Bexamw/ croneTbsamu/
ThicsiuesieTbamu (1Y) sxmeM (Mbl) KaKOro-To uyzaa’;

- erti saatit/ cutit/ camit (I') $emoixeda ¢ventan — ‘(o) 3arasHys K HaM Ha 1 yac/ MUHYTY/ MTHOBEHUE
(1.

I' MOJKET OTMEYATh U €MHULBI H3MEPEHHS BPEMEHHOM «IUCTAHIIUKY MEKLY JBYMS COOBITUAMH, OIHO
U3 KOTOPBIX BBIMONHSET poib «opueHtupay (OR):

- davbrundi $vebulebidan/ mivlinebidan (OB) ramdenime dyit/ kvirit (IY) vadaze (OR) adre/ gvian —
‘(1) Bepuyics u3 ornycka/ komanaupoeku (OB) na meckonbko aueit/ enens (1Y) pansure/ mosxe cpoxa
(OR)’. Mosxer I'ormMeuars, 1 uIb caM GakT «OMo3JaHus 6€3 YTOUHEHUS €T0 BETUIUHEL:

- movida dagvianebit (1Y) — ‘(on) mpumen ¢ onosnanuem (1%)’;

- gnaxavt mogvianebit (I') — ‘(s) yBmxkycs ¢ Bamu nosske (1%)’.

Hakonen, I' MOXeT yKa3biBaTh M Ha TO, YTO HEKMH paHee HAYABIIMMCA MMPOLECC MPOJOIDKAETCA U B
HACTOSIIIEEe BPEeMsI:

- 3er3erobit (1Y) ver gamoikvlies vin mokla kenedi — ‘noka e ycranosieno, kro youn Kennenn’;

- dyesdyeobit (I') gr3eldeba fasebis zrda — ‘Ceroaus/ ceiiuac mpomoKaeTcs pocT LEH”;

OpUYeM HMMeeTcs M crenuduueckuii BapuanT 31oro |', ToguepKUBAarOLIMH YCHIIEHHWs, POCT
MHTEHCUBHOCTH IIpoliecca:

- fasebi dyitidye (1') izrdeba — ‘Llens! pacTyT ¢ KaxabIM qHEM .

YromsiHyTeIe B TpEABIAYINEM MpuMepe 3er3erobit (‘moka’) B otnuume ot mocienuero dyitidye (‘c
KaXK/IBIM JHEM’) COACPXKUT HEOOMBIIOH OTTCHOK HAIEK/IBI/OMACEHHUS, YTO 3TO YCHICHHE HHTCHCHBHOCTH
WJIM BOOOIIE caM MpOLECC CO BPEMEHEM MOXKET NPEKPaTUThCS, WM, 110 KpaiHel Mepe, CTa0HIN3yeTcsl.
DTOT HIOAHC, MO-BUANMOMY, OOYCIOBHI HCIIONIb30BaHHE 3er3erobit (‘moka’) mpu paccTaBaHWU JIHIIL,
HAJICIOLIMXCS HA BO3MOXHOCTH OyJylleil BCTpedH, T.e. Ha MPEKPALICHHE COCTOSHHS «Pa3IyKu», YTO
OTJINYAET ITO CIIOBO OT OOJIee «IIECCUMUCTUYHOT 0

msvidobit (‘c mupom”)

T.€. «IpOIIaii», a He

naxvamdis — ‘1o cBuganus’

KBa3U-CHHOHHMHUYHOTO ¢ 3er3erobit (‘moka’).

3aBepIas pacCMOTPEHHE CeMaHTHKK TBopuTenbHOro (mokmedebiti) manexa B menom, HamoMHHM
olmme 4YepThl MpeqIokeHHOH 31ech cxeMbl (Puc.l): mcxomusiM ee 3HadeHHeM (OJoK 1) ciyxwur
OTHOIIEHHE «COITYTCTBHSI» HEKOTOPOro o0beKTa (Ipeamera, Ipolecca, KauecTBa) CBOEMY «OPHEHTHPY»;
3TO «COIYTCTBHE» B JAIbHEHIIIEM Pa3BUBACTCS CHAYala B «MHCTPYMEHTAJIBHOE» OTHOIICHHE 0OBEKTa C
«OpHUEHTHPOM», a 3aTeéM B IIPUYMHHO-CIEICTBEHHOE (OyoKkH 2, 3), 3aBeplIarolee JIEBYI0 BETBb CXEMBI;
MIOMUMO JIEBOM BETBM HCXOMHBIH ONOK 1 («comyTcTBHE») DOMHHHPYET Haa IOByMs Onokamu (4, 5):
nepBblii U3 HUX (4) COOTBETCTBYeT 3HaueHMaAM |9, ompemensromMM JeTanu «IUCTAHIMHY» MEXKLY
O00BEKTOM U «OPHUEHTUPOMY, CBSI3AHHBIMH HEKOTOPHIM OTHOIIEHUEM, COOTHECEHHBIMH APYT C IPYrom, a
nocnennuit (5-i) O1OK XapakrepusyeT poib I' B OTHOLIEHHSX HEKOTOPOTO MPOIECCa C BPEMEHEM,
KOTOPOMY OH «COMYTCTBYET», POUCXO/S B €r0 X0/€, TCUCHHUH.

2. O0CTOATEILCTBEHHBIH MaJeK

OTOT BTOpPOW MameX TakXke SBIACTCS «IepuPepUiHBIMY», HHUKOT/Ia HE ToMedas akKTaHTOB M
COOTBETCTBYIOIIMX UM DOJIEH, K KOTOPBIM TIJIaroy, oOpa3ymoluii cynep-napaaurmy, HermocpeaCTBEHHO
aapecyetcs cBouMH adPurcamu.

HeCMOTpH Ha 3Ty O6U.IHOCTB 3HAYCHUA YJICHOB IPCIJIOKCHUA, TTOMECYCHHBIX O6CTO$[TCJ'IBCTBCHHI)IM
(vitarebiti) mame:xom, B HEKOTOPBIX BeChbMa CYIIECTBCHHBIX ACIEKTAX OHU MPEACTABISAIOT COOOM
MPOTHBOTIOIOXHOCTh 3HAYCHHUSM TBOPUTEIHHOTO, KOTOPHIM OBLI MOCBSIICH MPeabIIyuid pa3aen. Tak,
€CIM OCHOBHAasT BETBb CXeMbl Puc.l, HaAYaBIINCh C «COMYTCTBUS», TIEPEXOMUT 3aTeM K
«MHCTPYMEHTAILHOCTH» U 3aKaHYMBACTCS «IIPUIMHHOCTBIO», TO IICHTPAIBHBIM 3HAYCHHEM CXeMBbI Puc.2,
MPEJCTABISIIOICH  CTPYKTYpy  3HAuYeHUH  OOCTOSTENbCTBEHHOTO, HYXHO CUYHTAaTh OJNOK 3,
COOTBETCTBYIOIIUI 3HAYCHHUIO «IICITU MPOIIECCa»; MOMUMO 3TOTO, €CJIM OJHHM W3 Ba)KHBIX MOMCHTOB
cxembl Puc.l sBnsercss OOk 4 cO 3HAYEHUEM «PACTOPXKEHUS» CIWHCTBA «COMYTCTBUs» (OoK 1)
MOCPENICTBOM TOOABIEHUS K IOKA3aTeII0 TBOPUTEIHHOTO IMOcjeyora -gan, To HWCXOAHBIM 3HA4YeHHEM
cxembl Puc.2 (O6mox 1) sBISETCS «IOCTMDKEHHE» HEKOTOPOW TIO3WIIMHM, MECTa B IPOCTPAHCTBE,
BEIpKEHHOE HanboJiee ONpeIelIeHHO JTONMOHEHNEM K (opMe 00CTOSITeThCTBEHHOTO TIocienora -mde co
3HAYCHHEM TIPSIMO TIPOTHBOIIOJIOKHBIM MOCIIEOTy -gan.
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ConepxkaHue pasjena, Kak ¥ B IpeIbIAyIIEM ciiydae, OyIyT COCTaBIATh naparpadsl, ONpeaesonne
U WUIIOCTPUPYIOLINE KOMIOHEHTHI cxeMbl Puc.2. MeTku »Tux naparpadoB OyayT MpsMoO yKa3bIBaTh Ha
COOTBETCTBYIOIINE UM OJIOKH CXEMBI.

MPUATH KyOa-To /
OCTaHOBHTBCS IIE-TO

1
cTaTh/ OBITH KEM-TO /
YeM-TO MIPOLIECC — KaK IeIb
2 3
XapaKTCPUCTHKH
nporecca
4
v
Ka4yecTBO BpeMs 000CHOBaHHE pe3ynbpTaT —
4a 4c 4d JeJICHUE Ha YacTHU
4e

|

Mepa KauecTBa
4b

Puc.2 Cxema 3nauenuii oocrostenscTBennoro (Vitarebiti) magesxa. O6macTu 3HaUYEHUIHA,
COOTBETCTBYIOIINE KaXIOMY OJIOKY, @ BMECTE C TEM U CMBICI «CKYIIBIX» OIpe/Ie/IeHHI OII0KOB
B CXEeMe JIaHbI B Iiaparpadax TeKCTa, IOMEUEHHBIX HHIEKCAMH 3THX OJIOKOB, PE/IBAPEHHBIMU

udpoii 2, ykassIBarole Ha JaHHBIA pa3/ied.

2.1. «IIpuiiTH Kyaa-TO / 0CTAHOBUTHLCS IIE-TOY.

IIpocTpaHcTBeHHBIE 3HaYEHUsI 3TOTO 1-T0 OJ0Ka 00pa3yloT MCXOJHYIO 00JIacTh /sl CEMAaHTUKH BCEH
OCTaJIbHOM CXEMBI B IIEJIOM.

Kak yxe ynommuHanmoch BO BBOAHOW 4YacTH pasjiella, «IOCTHKEHHE» HEKOTOPOH IO3WIMH, MeCTa B
TPOCTPAHCTBE C HAMOOIBIIEH OUEBHAHOCTHIO W YETKOCTBIO BBIpakeHO mocienorom -mde (ad + mde —
(a)mde):

- mivida/ miaycia/ ... soflamde/ mdinaremde/ rumde/ mdelomde/ ... (V+mde) — ‘(on) momien/
Jo0paics g0 aepeBHu/ pexu/ pyubs/ ayra/ ... (V+mde)’.

3nech u B ganpHeimeM (opmsl obcTositenscTBenHoro (Vitarebiti) o6osmawarorcst mepBoii GykBoi
TPY3MHCKOTO HMMEHH 3Toro manexxa — V. IlpuBeneHHblE TpUMeEpbl AEMOHCTPHPYIOT, B YacTHOCTH,
COXpaHeHHe ITIacHO# -a B OKOHYaHMH -ad Tocje OCHOBBI, OKaHUYHMBAIOIICHCs Ha coryacHyro (sofel-i —
‘IepeBHs’), U ee yCeUeHHUE MOocIIe 000 OCHOBBI C IJIACHOW B KOHIIE.

[Ipumepsl «1OCTHXXEHUS» ONpPEeNIeHHOro MecTa, BhIpakeHHOro V 6e3 -mde HeynoTpeOHTeNbHBI U
Jla’Ke BBI3BIBAIOT COMHEHHE!

- ¢a(mo)vida soflad*/ barad™* - ‘(on) npubbLT B AepeBHIO/ TOIUHY .

BrionHe npremiieMbIM 1 yIOTPEOUTENBHBIM BEITVILAUT BIPOYEM, MOTY HAHNOMATHIECKOE BBIPAKEHHE:

- gaicra velad — ‘(on) BeIpBaCH B TI0JIE’,

MeTadOpHIECKOE 3HAYEHNE, KOTOPOTO HMEET CMBICIIBL:

‘BBIpBAJICS Ha cBOOOIY/ pa3OyrieBancs’.
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[IprMepamMu 3HAYEHHUS «OCTAHOBKU» B HEKOTOPOW MECTHOCTH MOTYT CIIYXKUTh:
- dasaxldnen soflad/ dabanakdnen barad/ ... (V) — ‘(oHn) mocenuiucek B AepeBHe/ (B) CTaju jarepeM B
nmomane/ ... (V).

2.2. «Crtatb/ OBITH KEM-TO / 4eM-TO».

bnmxaiiiine BTOpUYHBIE 3HAYEHHS IPOCTPAHCTBEHHOIO «HOCTIIKEHHS» BO3HHKAIOT IOCPEICTBOM
HepeHOCca 3TOTO MOHATHUS B 00JACTH, OTINYHBIE OT IIPOCTPAHCTBEHHOTO, U, B IIEPBYIO OYepeb, B 001acTh
«COLTHAIIBHYIO»:

- air¢ies/ daniS$nes prezidentad/ ministrad/ tavm3domared/ tamadad/ ... (V) — ‘(ero) wuzbGpamu/
Ha3HAYWIN IPE3UICHTOM/ MUHHCTpOM/ Ipencenarenem/ Tamanoi/ ...(V)’;

- ayikveca berad (V)/ moinatla myvdlad (V) — ‘(on) moctpurcs B moHaxu(V)/ cTan CBSIICHHHKOM
V)

- gaxades matxovrad/ monad/ dacinvis sagnad/ ... (V) — ‘npespatunu (ero) B Huiiero/ paba/ MUIICHb
st Hacmerek/ ... (V)’.

«CTaTh» 4eM-TO HHBIM MOXKET ¥ HEKOTOPOE BELIECTBO HJIH IPOLIECC:

- dazvelebuli yvino 3mrad (V) gadaikca — ‘mocrapesiiee BuHO npeBpaTuioch B ykcyc (V)’;

- ¢veni Sexvedra ¢xubad (V) gadaikca/ seirnoba — sirbilad (V) — ‘Hama BcTpeua npeBparuiach B ccopy
(V)/ mporyska — B 6erothio (V).

HoBrpli conmanpHBIl cTaTyc MOKET BO3HHMKATh WM B CO3HAaHMM OOIIecTBa 03 IPaKTUYECKUX,
MaTepHAaIbHbIX CIICICTBHIA:

- Seracxes ¢mindanad/ angelozad/ gmirad/ ... (V) — ‘(ero) mpu4ucIuiz K JUKY CBATHIX / K aHTenaM/ K

reposM (V)’.
B PAA€ KOHTCKCTOB 3HAYCHUE «CTAaTh» 3aMECHACTCA CBOUM CIMHCTBCHHBIM CJICACTBHUCM — ((6I)ITI)»:
- muSaobs dalakad/ oficiantad/ mecnier muSakad/ ... (V) — ‘(oH) pabotaer mapukMaxepom/

odunmanToM/ HayuHBIM paboTHHKOM! ... (V)’;

- monagileobs proektsi xelm3yvanelad/ mene3erad/ konsultatad/ ... (V) —(oH) y4gacTByeT B MmpoeKTe
KaK pyKOBOJIUTEH/ MeHekep/ KOHCYIbTaHT/ ... (V) .

U B 3TOM cilyuae OCHOBOW HAJIMYHOTO CTATYCa MOXKET CIIY>KUTh OOIECTBEHHOE MHEHHUE:

- ayiares kurdad/ taylitad/ mekrtamed/ karg sportsmenad/ br¢qinvale msaxiobad/ ... (V) — ‘(om)
MIPU3HAH BOPOM/ JKYITUKOM/ B3ITOYHUKOM/ XOPOIIAM CIIOpTCMEHOM/ OiecTsmuM aktepom/ ... (V).

Kak u B ciyuae npensiayiiero (1-ro) 0yoka 3HaYCHHE «IOCTHIKEHUSI YE€r0-TO» YaCTO BBIPAKACTCS
nocyesioroM -mde, OJHaKO Ha cell pa3 B MEPEHOCHBIX KOHTEKCTaX, TJE «UYTO-TO» MPEACTABICHO
HEKOTOPHIM COCTOSIHUEM, YTO B OOJIBIIMHCTBE CIIy4aeB OKa3bIBaeTCsl OJIM)KEe K MHTEPIPETAlMU «CTaTh
KaKUM-TO»:

- miay¢ia mayal tanamdebobamde/ sagoveltao ayiarebamde/ ¢empionis ¢codebamde/ ... (V+mde) —
‘(OH) TOCTHT BBICOKOH JIOJKHOCTH/ BCeOOIero npu3Hanus/ 3sanust yemnuona/ ... (V+mde)’;

- mivida siyatakemde/ gakotrebamde/ sasogarkvetamde/ ... (V+mde) — ‘(on) momen mo GeaHOCTH/
6ankporcTBa/ otuasHus/ ... (V+mde)’;

BO3MOJXKHBI M BAPHAHTHI «BEIIECTBEHHBIX» KOHTEKCTOB:

- gacxelebam miigvana c¢qali 100 gradusamde/ duyilamde/ aortklebamde/ ... (V+mde) — ‘narpeBanue
nosesio Boay 1o 100 rpagycos/ kunenust/ ucnapenus/ ... (V+mde)’.

2.3. «IIpouecc — Kak meJb».

EcrecTBeHHO# MeTadopoif MPOCTPAHCTBEHHOTO «MecTa Ha3HAYCHHA», KyAa KTO-TO/ YTO-TO
«mobupaetcs» (610K 1), CIYKHUT MOHATHE IIETN», KOTOPOH, B YaCTHOCTH, MOXKET SIBJIATHCS BBITOJIHEHUE
HEKOTOPOTo Tpoliecca, ero 3aBepiieHue, T0BEACHHE 0 ero JOrH4ecKoro KOHIa:

- aSenebs saxls/ ksovs ¢indebs/ xatavs surats/ ... gasaqidad/ (tavistvis) gamosaqeneblad/ gasartobad/ ...
(V) — “(ou (a)) crpour moM/ BSKET HOCKH/ PHCYeT KapTHHKY/ ... HA MPOIaxy/ IS COOCTBEHHOTO
nonb3oBaHus/ uist passiedenus (V).

Hapsiny ¢ mapexusiM cydoukcom (-ad) B oOpaszoBaHMM 3THX (DOpM ydacTByeT Hpedukc -Sa-,
3HaYCHHE KOTOPOTO XOTs ¥ OJIM3KO K MOHATHIO ILIEJIN», HO BCS XK€ ONPEIETICHHO OT HETO OTIINYAeTCs:

asasenebeli saxli

O3Ha4aeT, BO-TIEPBBIX, YTO «JIOM» HE JOCTPOEH M, BO BTOPBIX, JIMIIL MOAPA3yMEBAET HEKOTOPYIO
MO/JIaJIbHOCTh, HAMPUMEP, KEIaTeIbHOCThY WM «HEOOXOIUMOCThY JIOBEICHUSI €ro CTPOMTENILCTBA /10
koHia. JloGasnenne nagexuoro cydpdukca V(ad) npumaer sroil GopMme OTHO3HAYHO ONPEIECICHHOE
3HAYCHHE (IEITH:

- visovet fuli/ masala/ nakveti/ ... saxlis asaseneblad (V) — ‘(MbI) 106bUIH AeHBIH/ MaTepHaN/ y4acTOK/
... WISl TIOCTPOWKH JJIOMa/ JUIS TOTO, 4TOOBI TOCTPOUTH oM (V)’.
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Kak mpaBwWio, 3TOT «IEJIEBOI» MPOILECC CBA3BIBACTCA C MPOIECCOM, COCTOSHUEM, (HaKTOM,
00eCTIICYMBAOIIUME BO3MOXKHOCTh €0 BBIIOJHCHUS: TaK, B TIOCJICAHEM MPUMEPE BO3MOKHOCTBY «BECTH
U «3aBEpIINTH» IIOCTPOUKY «I0Ma» OCHOBBIBACTCS Ha pPe3yibTaTax Ipolecca «IOOBIBaHUM» (JICHET,
MaTepHaia, yqacTka).

IIpuBenem emie HECKOJIBKO BBHICKa3bIBaHUI ¢ 0OIIeH CeMaHTHKON BECbMa OTIMYHOM OT IPEIbIIyIIIX
TIPUMEPOB, HO MTOTYMHEHHBIX TOU JK€ «IIEIIEBOI CXeMe:

- mestumra/ momakitxa mosalocad/ (rayacis) satkmelad/ dasams$vidobeblad/ sa¢xubrad/ ... (V) — ‘(on)
3amen KO MHe/ HaBeCTHWJI MEHS Ui TOTO, YTOOBI MO3APaBHTH/ (UTO-TO) COOOIIMUTH/ MOMPOINATHCS/
noccoputbest/ ... (V)’;

- mivdivar sazyvargaret samusaod/ sascavleblad/ dasasveneblad/ ... (V) — ‘(4I) eny 3a Tpanuiy
paborats/ yanutbes/ oTasixats/ ... (V).

OO0x0as1 3[eCh CIIOKHBIA BOMNpOC KBasu-cuHOHMMUM V U (opMm poauTensHOro manexa (g) ¢
nocinesorom tvis (‘is’), Bce e OTMETHM, YTO TOJBKO 3Ta MOCHEHss (PopMa BOZMOXKHA ISl BEIPAKEHUS
«Uemy» SBIIOMICHCS «aApecaToMy KOHETHOTO pe3yibTaTa Iporecca:

- saxli (a)sendeba viyacistvis (g + tvis) — ‘nom (10) crpoutcs st koro-to (g + tvis)’;

C APYTOH CTOPOHBI, MOKHO YKa3aTh M TO, YTO B KOHTEKCTaX BPOJIE MIOCIIEAHETr0 ipuMepa 3aMeHa V Ha
g + tvis yacTo MPUBOIMT, K, XOTS U MPABHIBHBIM, HO CTUIMCTUYECKU «HEYKITFOKUMY BBIPAKEHHSM:

- mivdivar musaobistvis/ s¢avlistvis/ dasvenebistvis (g + tvis) — ‘(5I) eny mist paboTbl/ yueObl/ OTABIXA
(g + tvis)’.

2.4, «XapakTepHUCTHKH MPoIecca.

3HaueHus Ooka 2, 3 paccMaTpUBAIINCh, KaK HEMOCPEACTBEHHO BBHITEKAIOIINE N3 MPOCTPAHCTBEHHBIX
3HauyeHul Oj0Ka 1, oMHAKO CBsA3b OJIOKa 4 C NOMHHHUPYIOUIMM Haj HUM OJIOKOM 3 MpeacTaBisieT coOoi
OTHOIIICHHE MHOTO POjia: OBITh «IIEJbIOY» 3TO JIHMIIL YACTHBIM, XOTS M BeChbMa BaXXHBIA I ciydas V,
BapUaHT XapaKTePUCTHKU TIporecca, a OJok 4 sBiseTcs 00OOLIEHHEM S5TOr0 YacTHOTO Ciyyas,
JIOMHHHUPYIOIIMM HaJl OCTAILHBIMH XapaKTePUCTHUKAMHU MPOLEcca, BBIPaXKEHHBIM TocpencTBom V (010ka
4a-¢).

B 10 e Bpems 3HaueHust 0110K0B 44, C, d, a BMecTe ¢ HuMH U OJ0Ka 4D, MOXHO paccMarpuBaTh U Kak
pa3BUTHE CEMaHTUKH OJI0Ka 2 C 3aMEHOM B ero (hOPMYIHPOBKE KKEM-TO/ YEM-TO» Ha «OBITh KAKHM-TOY,
MOCIIE/IHUI Ke B PsIIy 3TUX OJIOKOB (4€), pa3BuBas oOIlee MOHATHS «IEIN», COCTABISAET My YaCTHBIN
Cily4aii ee «IOCTHKEHHS — «/IeJICHHUE HA YaCTH» - B KAUECTBE «PE3yiIbTaTay.

2.4a. «KadecTBo (mpoimecca)».

3uadyenuss V' 9TOro OJOKa SIBISIOTCS HauOOJiee MNPSIMBIMH M OYCBHIHBIMU «HACICIHUKAMU)
ceMaHTUKU Ojoka 2. Dtu Haubosee ymnorpedurtenbHble (Gopmbl V NpeACTaBIsIOT cO0OH IepuBaTh
MpUIaraTejbHbIX, OOCTOSTEIbCTBEHHBIH IaNeX KOTOPBIX BBIMOJHSACT (YHKIMH Hapeyws, T.C.
oIpezieieHue NpoLecca, BRIPAXKEHHOTO IIIarojioM:

- kargad/ cudad/ brcginvaled/ sazizyrad/ ... (V) (rayacas) aketebs/ myeris/ cekvavs/ ikceva/ ... — ‘(on)
xoporto/ wioxo/ 6nectsme/ orBpatutensHO/ ... (V) (4T0-T0) nemaet/ moet/ TaHIyeT/ BeneT cedst/ ... .

2.4b. «Mepa kauecTBay.

Iponomkas eme ©Ha onuH mar oO0OOOMIEeHHWEe, CEeMaHTHKAa JTOr0 OJOKa COOTBETCTBYET
«KOJMYCCTBEHHBIM» XapaKTCPUCTUKAM «KadeCTBa», YKa3blBas HA CTENCHb JTOTO «KA4eCTBay,
BBIPAKEHHOTO, KaK MPaBUIIO, TIPUIIaraTeIbHBIMHU:

- metad/ naklebad/ ... (V) kargi/ cudi/ ... — ‘6onee/ menee/ ... (V) xopormmii/ mioxoi’;

- sakmaod/ metnaklebad/ (metis)metad/ ¢arbad/ ... (V) ¢kviani/ suleli/ ... — ‘noBonbHO/ Gonee wim
MeHee/ Ype3BbrdaitHo/ caumkom/ ... (V) yMHBIH/ TITyTIBIi’;

- usazyvrod/ uzomod/ usasrulod/ ukiduresad/ ... (V) didi/ farto/ grzeli/ ... — ‘Ge3rpannuno/ Ge3mepHo/

6eckoHeyHO/ ipeAenbHO/ ... (V) OONMBIION/ MMPOKUN/ AITHHHBIN/ ... ;

- Seudareblad (V) uketesi/ uaresi — ‘necpasaerno (V) JTydmuii/xXyanmii’.

- ¢igni/ ¢ekmebi vigide tumnad (V) — () kynun kaury/ canoru 3a uepsoser (V)’.

B nocieanem npumepe 1ieHa (tumnad -‘3a uepBoHeIl’) J0JKHA KOPPEIUPOBATh CO CTENCHbIO KauecTBa
(«copra») ToBapa.

2.4c. «Bpemsi».

310T U cnepyromue 32 HUM (4d, €) GIIOKK MPUHAANEKAT K PSY, HEIOCPEACTBEHHO MOJIMHEHHOMY
010Ky 4 U XapaKTepH3YIOIIEMY C TOM MM WHON TOYKH 3peHus «mpoueccay. CeMaHTHKa HaHHOro (4C)
6JI0Ka COOTHOCHT BBINIOJHEHHUE MPOIIECCa C HEKOTOPHIMU ACTASIMKU TEUSHUs] BpeMeHU. B vacTHOCTH, B
cilydae IMpolecca, COCTOSIIEr0 M3 psiia IMOCIEAOBATENbHBIX aKTOB, (Gopmbl V MOTYT ONpenensiTh
MO3UIHMIO KAXK/IOT'0 aKTa B 3TOW BPEMEHHOI M0CIIe0BaTeIbHOCTH:
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- (¢em cinadadebaze) pirvelad (V) uari mitxra, meored (V) damtanxmda, mesamed (V) isev uari, da
ase gautaveblad (V), tumca sabolood (V) mainc damtanxmda/ mitxra uari — ‘(Ha Moe TpemIoKeHHE) B
nepBbiii pa3 (V) (0H) OTBETHI 0TKa30M, BO BTopoii pa3 (V) cormacuem, B Tpetuii (V) — OISATH OTKa30M, U
Tak 6e3 koH1a (V), Ho B KoHIIe KOHIIOB (V) cormacuiicst/ oTKazaucs’.

- “pirvelad iqo sitqva/ simyera ...” — ‘«BHauase 6bu1 (0/a) CIIOBO/ IIECHS... .

®opmbl V MOTYT OTIPEIENISTh M OPHEHTAIINIO €IUHOTO MPOIECCa OTHOCHTEFHO HEKOTOPOTO MOMEHTA
BPEMEHH:

- mobr3anda naadrevad/ droulad/ udrood (V) — ‘(om) 3asBWiiCS paHbIle BpeMeHH/ BOBpeMs/
HecBoeBpeMeHHO (V)’;

- 3velad (V) ambobdnen, rom ... — ‘B ctapuny (V) roeopuny, 4To ...";

- vamzadebt/ vinaxavt/ vgegmavt/ ... (rayacas) sagazafxulod/ sazafxulod/ sasemodgomod/ saaxalglod/
sasobaod/ ... (V) — ‘(MbI) TOTOBBIM/ XpaHUM/ TUIAHUPYEM/ ... (YTO-TO) HA BECHY/ JIeT0/ OCEHb/ HOBBIH ro/
poxaectBo/ ... (V).

Hapeuusi V MOTyT BBIpaXkaTh U OJIHOBPEMEHHOCTH JICUCTBHIA:

- ertad/ ertdroulad (V) gamoc¢ndnen scenaze da (a/i)mavdroulad (V) ikuxa maqureblebis tasma —
‘(oum) omHOBpeMeHHO/ BMecTe (V) MOSBIIINCE Ha cuieHe U B (3)T0 ke BpeMs (V) TpsHyIH aruioAuCMEHTHI
3pureneit’.

2.4d. «O6ocHoBaHHUE».

Ecnu  «Bpemsi» 1O CpaBHEHHIO C «Ka4eCTBOMY» MPECTABISICTCS XapaKTEPUCTUKOW Oolee
OTCTPaHEHHOW OT CaMOro Ipolecca, KOTOPOro OHHM KacaloTCs, TO B elle OOJbIIeH CTENeHu 3TO
CBOMCTBEHHO «OOOCHOBAHHUIO» M «OIICHKE», KOTOPhIC «aBTOP» BBICKA3bIBAHHS MPHIACT TEM HIH HHBIM
JIEUCTBHSM, COOBITHAM, (hakTaM. DTH «aBTOPCKHE COOOpaXKCHUS» yallle BCero Beipaxatorcst hopmamu V:

- savaraudod/ faktobrivad/ namdvilad/ ¢esmaritad/ aucileblad/ ... (V) es asea — ‘mpeamonoxurenbHo/
(hakTHUecKu/ IEHCTBUTENBHO/ HCTHHHO/ He00xoaumo/ ... (V) 3To Tak’.

Hcnons30BaHWe HEKOTOPHIX MPEIBIAYIINX BHICKA3BIBAHHUMA, IaHHBIX B KaueCTBE OCHOBAHHS IS
JIATbHEHIIINX pacCykACHUH, MOXKET BBIPAXKATHCS IIOCPEICTBOM:

- amgvarad/ amdenad/ imdenad, ramdenadac (es asea)/ ... (V) sei3leba (sabolood) davaskvnat, rom ...
— ‘TakuM 00pa3oM/ MOCTOJBKY/ MOCTONIBKY, MOCKONBbKY (3T0 Tak)/ ... (V) MoxHO/ B KOHIe KOHIOB (V)
C/IeNaTh BbIBO, 4TO ...".

®opMbl V' MOTYT CIYXHTh «yKa3aHHEM» U Ha HCXOJHBbIE MOJIOKEHUS WU (aKThl MO3BOJISIONINE
JIeNaTh «BBIBOJB», YIOMSIHYTBIC B MIPEBLIYIIEM IPHMEPE:

- miviyot/ ¢avtvalot/ mivi¢niot/ ... amosaval/ saqrden gertilad/ punktad/ debulebad/ mosazrebad/ ... (V)
is, rom ... — ‘mpumem/ courem/ ... 3a ucxoaH(yr0/bIii/0€)/ OMOPH(YIO/bIi/0€) TOUKY/ MyHKT/ MONOKeHHE/
coobpaxenwue/ ... (V) 10, 4T0 ...".

2.4e. «Pe3yJbTaT — JeJIeHHE HA YACTHY.

3HaueHHs1 TOro OJIOKa XapaKTEepPHU3yeT yKe HEe CTOJIBKO caM IIPOIECC, CKOJIIBKO €ro pe3yibTaT, a
MMEHHO TOT €r0 YaCTHBIN CIy4ail, KOTOPBIN BBIPAXKACTCS B Pa3/IeieCHUH HEKOTOPOTO «IIETIOro» o0beKTa
WM MHOXKECTBa OOBEKTOB Ha OMpEIEICHHOE WM HEOIpEeeIeHHOe KOIM4ecTBO 4acteil. OmHako, He
Kacasch JeTajieil pa3BUTHs CaMOro Mpolecca, JaHHbIE O €ro «Ienu» U «Pe3ylibTartax» COJAepIKar
BaKHeiyro uHbopManu 00 o0LIeM CMBICIE BBIIOJHEHHs TAHHOTO mpolecca. B paccMarpuBaeMom
371eCh ciTydae 3Ta HHGOpPMAIHs MOKET ObITh BHIPAXKEHA BBICKA3bIBAHUAMH CYILECTBEHHBIM KOMIIOHEHTOM
KOTOPBIX SBIISIIOTCS GOPMBI V'

- dacra ksovili/ kayaldi zolebad/ na¢rebad (V) — ‘(on) Hape3san Tkans/ Oymary Ha mosocsl/ Kycku (V)’;

- daxerxa toti/ 30xi mokle na¢rebad (V) — ‘(on) Hamusm BeTKy/ masky Ha Kopotkue Kycku (V)’;

- dafxrica/ dagli3a rayaca nagle3ebad (V) — ‘(on) pazopsai/ pazoapai 4to-To B Kiaoubs (V)’;

- daapo mori nafotebad (V) — ‘(on) Hakoso noseHo Ha menku (V) .

®opmbl V MOTYT yKa3sIBaTh HE TOJIBKO HA3BAHUS YACTEH, Ha KOTOPBIC Pa3IEIMIOChH IIENOE», HO U
KOJIMYECTBO 3TUX YacTeil:

- dacra toki orad/ samad/ ... (V) — ‘(oH) pa3pe3an BepeBKy HaaBoe/ Ha Tpoe/ ... (V)’;

- mat gaqves nadavli/ fuli/ ... sanaxevrod/ tanabrad (V) — ‘onu noxenuan 100bI4y/ ASHBIH MOHOIAM/
noposny (V)’;

- titoeuls ergo meoredi/ mesamedi/ ... (V) — ‘kaxnoMy I0CTaloCh MONOBUHA, TPETH ... (V) .

3aBepias pacCMOTPEHUE ITHX ABYX Hanbojee «mnepruepHidHbIX» IPY3UHCKUX MaJekKel, HUKOTIa He
aJIpecyeMbIX  HEMOCPEJCTBEHHO TIJaroibHbiMH  addUKcaMy, OTMETHUM, 4YTO JaHHas pabora
MPE/ICTABISIETCS JMIIb HEOOJBLUIMM TPOJBMKCHHEM 0 HANPABJICHHIO K CO3JaHUIO OOLICH CXeMbl
CEeMaHTUKU TPY3MHCKOW TMaJEKHOW CHUCTEMbI, «IPUOPHUTETHBIMUY» UICHAMH KOTOPOH SIBISIOTCS
[OBECTBOBATENbHbIN (MOtXrobiti), umenurensHbiii (Saxelobiti) u marensmbiit (Micemiti) maxexwu,
oopmIIsIOIIEe AKTAHTBI «UEHTPAIbHOW» (COrE) KOHCTPYKLHH MPOCTOr0 MNpeiokeHus. VIcXoaHbIM
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CEMAHTHKA JIBYX I'PY3UHCKHX MAJIEXKENA: TBOPUTEJBHOTO ...

MaTepuaoM Ul CHCTEeMaTH3allM 3HAaYCHUH 3THX TpeX NaJeKed MOTYT CIIy)KHTh HaOpPOCKH POJIEBOU
CTPYKTYpbl LIEHTPaJIbHOM KOHCTpyKUUHU, coiepxamuecs B Yukommze 2010, 2010a. B coueranuun
TIOTIBITKOM aHAJIN3a CEMaHTHKH poauTenapHoro manexa (Chikoidze 2003) u npemmonaraeMoii CTPYKTYpHI
CEMAHTHKHU TPY3MHCKHX TOCIETIOroB mperokeHHoi B Ynkonmsze 2010. DTH OMBITEI MOTYT HOCIYXKUTh
OCHOBOW M CTHMYJIOM JUIS CO3JAaHUSI €IMHONW CXEMBI POJIEBON CTPYKTYPBI TPY3MHCKOTO MPEATIOKEHUS 1
OTIPEZICTICHUSI €€ HEMOCPEACTBEHHOrO (0e3 MpOMEXyTOYHOTO YPOBHS MOBEPXHOCTHOTO CHHTAKCHCA)
OTHOIIEeHHs K Mopdoaoruueckomy yposaio (Amirezashvili et al. 2009).

MA0 35A0IR0 3&IG30L (3(MIFIRIB00M0LS RS 300)5@Id000L) LIBS6BN3S
ILMIESIT, 8.603(00I
9boydg

mM0gg 009630l LgdsbGogy®o LE®YJ@ds stobygmos bolgodo LJgdgdols Lodgoemgdom
(bob. 1, 2); mdogg dgdmbgggodo LoFyol (“dodgyen”) 39bj@ow dohbgyaros Log@Emddogo
3b0dgbgermdgdo: Inddgogdomols dgdmbgggodo gliss m@o mbdogd@ol “msbbangdols” (36gbs,
goms@gdomol  bgds 3o ofygos Logdigdo @owsi  swpaomol, 3mboiool “dowmfggols”
360d3bgemdom; domaob 3odggmols bgdsb@Gogydo ggmoli 39bG@Mo@y@ oMgl sbolioosmgdls
“0bbBmydgb@ol” s “dobgboli” 360dgbganmdgdo, dgmegl go — “dobbols”.

CEMAHTHKA JIBYX I'PY3UHCKHX IAJIEXKE: TBOPUTEJIBHOTO U
OBCTOSATEJBCTBEHHOTI'O

E. JOKBAJ[3E, I YUKOHJ[3E
Pe3rome

CrpyKTypa CeMaHTHKM O0OMX Majekedl MpeiacTaBieHa «apeBooOpasHbiMm» cxemamu (Puc.l, 2);
HUCXOOHBIC 3HAYCHUSI B O6OI/IX clIydasax HMCHOT HpOCTpaHCTBeHHO-BeH.[eCTBeHHBIﬁ XapaxkTep: jid
TBOPUTEIHLHOTO UCXOIHBIM SIBJISIETCS «COMYTCTBUE» OOBEKTOB JAPYT IPYTY, a JJisi 00CTOSATEIbCTBEHHOTO —
«IOCTHXXEHUE» HEKOTOPOr0 MeCTa B IPOCTPAHCTBE; IEHTPAlbHAs 00JaCTh CEMAHTHUYECKOrO MOJIs
MEepBOr0 M3 HUX MPEACTaBlICHAa MOHATHSIMU «UHCTPYMEHTA» W «IIPUYHUHBI», & BTOPOr0 — 3HAYCHUEM
«UEIuy.

THE SEMANTICS OF TWO GEORGIAN CASES: INSTRUMENTAL AND
CIRCUMSTANTIAL
E. DOKVADZE, G. CHIKOIDZE

Summary

Semantic structures of both cases are represented by “tree” schemes (Fig.1, 2); both schemes begin by
spatial meanings: the former — by concepts of the “attendance” of one object to the other, the latter — by
meaning “to reach” some place in the space; the central area of the former are concepts of “instrument”
and of the “cause”, while the center of the latter is represented by meaning of the “aim”.
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The lion share of mental (philosophical, logical) concepts has its origin in the natural language -
“body of thinking”. The most important of those concepts should have their origin in all languages,
though with some possible additional nuances which make them more understandable and near for usual
users of this language. Particularly, a short review of Georgian conjunctions with semantics
corresponding to the logical implication will be given here.

The present work is only an "experiment" of the system approach to intrinsically units and an
"attempt" of their systematization on the basis of their semantic organization. These "experiment” and
"attempts" are tested only on separate classes of these units and can't be considered as an exhaustive
examination of fullness of all language classes.

Coordinative conjunctions (da ‘and’, an ‘or’ and their quasi-synonyms), and also group of the
conjunctions attaching subordinated clause of a condition, reason, cause are considered only. This set can
be correlated (rather approximately) with the set conjunctive, disjunctive and implicative connectives of
formal logic.

The conjunction da ‘and’ as an ‘or’ unites homogeneous members of the sentence, i.e. the groups of
words having the identical syntactic status (predicate, subject, object, attribute etc.). However in the frame
of this quite strict syntactic restrictions operate less categorical pragmatic-semantic assessments making
this or that combination of homogeneous members quite natural, acceptable, inconvenient, possible only
in some specific contexts, ridiculous or, at last, in general impossible, or rather admissible only in the
most unusual and improbable context demanding special reservations.

Examples of such, almost absurd, impossible statements in “the ordinary” situation, containing da
‘and’, can be:

otaxsi idga dabali taxti da mayali, tancerceta gogo - ‘There were a low ottoman and a tall, slender girl in
the room’,
... grzeli cxvirit da mokle kabit — ... with a long nose and in a short dress’.

As the justification of the general context of these phrases we can consider them ironical, poetical or
even fantastical.

These examples, particularly, also demonstrate that the coincidence of spacetemporal characteristics
of the members of the sentence which are united by this conjunction isn’t necessary for using of da ‘and’.
It is necessary or at least it is rather desirable their belonging to the common category of objects of
characteristics or processes. So, in the first case to "ottoman" could “join” a drawer, a dresser, chairs, a
table and etc., to a "girl" very naturally — a "guy"; in the second, with “a long nose” could be mentioned
“pale cheeks” or “blue eyes”, and in connection with “a short skirt” — “high boots” and etc.

In case of the homogeneous verbs expressing a number of actions, which are simultaneously carried
out by the same subject appears the additional requirement of compatibility of these actions, i.e.
possibilities of their simultaneous, parallel performance:

cekvavda da myeroda — He was dancing and singing,
cekvavda da rayacas yegavda — He was dancing, something chewing,
myeroda da rayacas yedavda — He was singing, something chewing.

Unlike the first pair of actions (not too easy, but nevertheless feasible), the second is obviously
inconvenient, and the third — is almost impossible.

In a context of simultaneous actions da ‘and’ has got preposition tan ‘together with’ and particles kide
‘as well” in a combination with particles -C and -ve as quasisynonyms, which additionally emphasize this
simultaneity.

tan(ac) cekvavda, tan(ac) myeroda — (He) was dancing and singing (at the same time),
kide(va)c myeroda, kide(va)c cekvavda —(He) was singing and dancing (at the same time),
cekvavda da kide(va)c myeroda — (He) was dancing and singing as well.

The same preposition tan ‘together (with that)’ and the same particles -c,-ve are used in various
combinations and with other homogeneous parts of speech:

lamazicaa da ketilic — ‘(She) is both pretty and kind’,
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lamazicaa da tanac ketili — ‘(She) is pretty and kind (at the same time)’,
isic movida da esec — ‘That one came and this one came too’,
is movida kidec da esec — ‘That one came and this one came as well’.

It is possible to consider as the nearest step of development of time structure transition from
simultaneity to sequence of events:

isini xan myerodnen, xan cekvavdnen, xan ki isev sufras miusxdebodnen — They went on singing or
dancing or sat at the table again.

xan es gamocndeboda/aqvirdeboda, xan is — At one moment he appeared/shouted, then other one did.
es ksovili xan muki ¢ans, xan mbzinavi, xan nacrisferi, xan (ki) momcvano — This material now seems
dark, now shining, now sulfur, now greenish’.

In the first case actions of the same group of persons alternate, in the second — persons of the same
actions, and in the third — characteristics of the same object.

Compatibility of characteristics of the same object (“material” can't be “clever/silly” or “tall/short”) is
most limited.

Thus, the course of consideration of meanings of the conjunction da ‘and’, which began with space-
time coincidence of objects, with their characteristics and actions, then was switched to cases of their
periodic repeatability, recurrence of their occurrence and as a result has addressed to sequence of the
actions. However the conjunction da ‘and’ itself and in these last cases expresses only the general aspect
of following (time and/or logic), without reflecting specificity of relations between separate stages of
sequence: it implicitly comes only from relation of content of these consecutive stages. Explicit
expression of meanings of these relations is given by such conjunctions as tu ‘if’, radganac ‘as’, imifom,
rom... ‘because...” and etc.

As starting point it is used the usual conditional sentence with the conjunction tu (‘if’):

fuls tu iSovis, mankanas iqidis — If (he) gets money, he’ll buy a car. (D)

Its quasi-synonymous variants differ from each other, first of all, by increasing of an accent on the
importance of this connection, desirability/ necessity of its realization (in pragmatic context of the given
situation). Expressions, close to (1) by meaning, can be formed by means of the conjunctions roca/rodis
‘when’, rom ‘when/so that’, da ‘and’ sometimes in combination with a particle -c, which increase the
accent on this connection and on the importance of its result:

fuls rodesac/roca/rom isovis, mankanas(ac) iqidis — When (he) gets money, he’ll buy a car. (2)

(The conjunctions rodesac/roca, unlike rom, can stand at the beginning of the sentence: rodesac/roca
fuls iSovis...);

(imistvis) rom mankana iqidos, fuli unda isovos — To buy the car, (he) should get money. 3)
(Here appears inversion of the condition and the result);
fuls(ac) iSovis da mankanas(ac) iqidis — (He) will get money and buy a car as well. 4

Unlike complete uncertainty of possibility and probability of realization of a condition of the "etalon"
clause (1), the following example (2) considers this possibility, most likely real, leaving indefinitely only
term of this future realization. The clause (3) approaches the condition (“getting of money”) to the status
of necessity for result (“car acquisition”), unusual for (1) (actually the car can be bought by instalments:
you can "buy" first, and then “get money” to pay debt). Most “optimistic” looks (4) which (especially in a
combination with a particle-c) quite definitely confirm that both conditions and result will be performed.

Despite of these distinctive nuances, meaning of the most general and neutral clause (1) is presented
in the content of other examples (2-4), representing their basis to which they implicitly are addressed.

This implicit basis is implied even more in examples (5), (5", first of which uses the fact of realization
of a condition as the basis for the assumption of result realization, and the second, inverting (1), offers
realization of result by a sign of possible satisfaction of conditions:

vinaidan/radgan(ac)/raki fuli iSova, (efqoba/albat) mankanas(ac) iqidis — So as/because (he) got money,
(it seems/ probable) he will buy a car’, (5)

vinaidan/radgan(ac)/raki mankana iqida, (efqoba/albat) fuli usovia — So as/because (he) bought a car, (it
seems / probably) he got money as well’ (5)
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Without implicit-pragmatic knowledge (1) conclusions (5), (5') would be deprived any sense. On the
other hand, yet not reached, but “the desired” result can be the cause (but not the reason or the basis) for
orientation to realize a condition which can be presented by one more inversion (1):

mankanis qidva tu unda mankana rom iqidos, fuli unda isovos — If (he) wants/to buy a car (he) needs to
get money’. (6)

The desire to buy the car is only a cause to aspiration “to get money” which, firstly, can have other
stimulus, and, secondly, it may not be a necessary condition of the final result of the “purchase”, just “to
become the owner of the car” as this result can be reached, generally speaking, by realization other
conditions: the car can be received as a gift, won on a lottery or even stolen from someone...

In its turn, the chain of the facts can lead to this cause “to become the owner of the car” which is
connected by cause-effect relations, expressed by means of the conjunction gamo ‘because of” and
Sedegad ‘as a result’:

mas gadasasvlelze mankana daejaxa, ris gamo(c) fexi dauzianda, ris Sedegad(ac) dakodda da ris
gamo(c) fexit siaruli gaudrda — At the crossing way (he) was struck by the car as a result his foot got
injured as a result he became lame as a result it was hard for him to walk. )

Last link of a chain (7) could serve as direct “push” to “aspirations to car acquisition”. At the same
time this last link is only “occasion” to this cause as its purpose isn't exclusive and necessary solution of a
problem at all. However, if this occasion is initiated by a chain (7) then it will give sensibility and
relevance to all set of the previous examples (1-6) immediately.

If we refuse to allocate the separate links of a cause-effect Chain (7), it is possible to avoid
“awkwardness" of the statement (7) by means of the same conjunctions:

mankanastan Sejaxebis gamo/Sedegad fexi ise dauzianda, rom dakodda da zlivs dadis — ‘Because of
crash with a car he damaged his foot so that he became lame and hardly walks’.

It is possible to do it with only one conjunction da ‘and’:

mankanastan Sezaxebam daakoda da zlivs dadis — *Crash with a car made him lame and now he hardly
walks’.

However in the latter case the conjunction da ‘and’ defines, as usual only sequence of events, leaving
expression of specific communication specific between them on a share of pragmatic knowledge: car
crash can cause foot trauma , foot trauma — lameness which itself, makes walk difficult.

Unlike this implicative conjunctions, according to the examples mentioned above, definitely correlate
with specificity of the connections marked by them between events. In general, this distribution of
meanings between implicative conjunctions may be presented as follows:

1.1. tu “if” — expresses the most general, neutral connection between a condition and (possible) result
of its implementation; being focused on the uncertain future this connection looks like a plan, the scheme,
the sample for the future events, without hinting at possibility/probability of their realization;

1.2. roca/rodes(ac) ‘when’ — expresses some “hope” of implementation of a condition and some
confidence that it will be followed by result realization;

1.3. (imistvis) rom ‘(for) that’ — emphasizes necessity of connection and consequently requires modal
units — unda ‘must be’, sagiroa ‘it is needed’, aucilebelia ‘it is necessary’...;

2. vinaidan/radganac/raki ‘because/so as/even so’ — a conclusion about possibility of implementation
of a condition/result, proceeding from already realized result/condition;

3. (imis) gamo/Sedegad ‘that is why/in result (of it)” — the cause-effect connection between the events
the example of which will be presented below.

All the above considered examples use implicative conjunctions and rely on conjectural character of
realization of component implication: condition and result. Even in case of examples (5), (5" only one of
them is assumed to be realized. It is a basis for the assumption of possible realization of its “partner”.
Below will be considered marking by the conjunctions of the statements which come from the assumption
of presence of certain information about current event status, forming their meaning: if it has been carried
out its realization, i.e. in terms of formal logic — whether the components of the statement expressing
these events are “true” or “false”.

As starting point and basis of the further consideration of the expression marked by linking word — the
conjunction tu ‘if” will serve again:

Tu C, (masin) R — “if C, (then) R’ 8)
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(it is obvious, what means this implication of logic symbols: X—Y, or using symbols (8): C(ondition) —
R(esult)). As an illustrative material, in this part of section, we will use more simple and evident example:

miciszvra tu moxda/moxdeba, es Senoba daingreva — ‘If there is an earthquake, this building will
collapse’, 9)

i.e. here C “earthquake”, and R “building collapse”. Denoting cases of realization of these events by their
own symbols (C, R), and opposite variants of absence of this realization by adding of prefix “~” (~C, ~R),
we will get symbolic for all four possible combinations by which the text parts will be marked. Thus the
first pair of points corresponds to combinations with the implemented condition (C), and the second —
with unimplemented (~C). The combination is symbolized also by a usual logic sign of conjunction — &.
C&R
This situation can be expressed by statements:

miciszvra(c) moxda da Senoba(c) daingra — ‘(Both) earthquake happened and the building collapsed’,
miciszvra moxda da amis gamo/Sedegad Senoba daingra — ‘There was an earthquake and that’s why/as a
result of it the building collapsed’.

Senoba daingra micisgvra gamo/Sedegad — ‘The Building has collapsed because/as a result of
earthquake’,

micisgvram daangria Senoba — ‘Earthquake has destroyed the building’ (10)

The first of these examples expresses simultaneity or time sequence R with C by conjunction da ‘and’
only on the background of the conditional statement (9) can be considered as a cause-effect expression of
connection between these events C and R. At the same time it is a special case confirming and justifying
this general scheme, carrying out function of its particular realization, i.e. doing it “true” from the logic
point of view.

All the same can be repeated concerning other three examples (10) the only difference is that in these
cases language means explicitly express existence of cause-effect connection between C and R: in the
second and third examples — by means of the conjunction gamo ‘because of” and Sedegad ‘as a result’,
and in last, fourth case determining C (“earthquake”) as an agent (Ag), influencing object O (“building”)
and bringing it in condition R (“destructions”).

C&~-R

Language connectors in this case explicitly express the contradiction of the general implication (9) by
conjunctions and particles: magram ‘but’, tumca ‘though’, miuxedavad ‘despite’, mainc ‘nevertheless’, ki
‘as well’, -Cc ‘and’:

miciszvra (ki) igo, magram Senoba ar daingra/dangreula — ‘There was an earthquake, but the building
didn’t collapse’,

miciszvra tumca moxda, (magram) Senoba (ki) (mainc) ar daingra/dangreula — There was an earthquake
though (but/however) (the building (nevertheless) didn't collapse’,

miuxedavad miciszvra Senoba (mainc) ar daingra/dangreula — ‘Despite the earthquake, a building didn't
collapse’,

micisgvra moxda, Senoba (ki) (mainc) ar daingra/dangreula — ‘However earthquake happened, the
building didn't collapse’, (11)

All these expressions deny, and call the general implication into question (9), declaring that it is “not
true” at least in this special case; less “critical” and “categorical” conclusion can be made If we realize
that the general conditional scheme offered (9), actually, doesn't define connection between C and R as
“unconditional”, not dependent on a number attendant factors: the building initial condition, its
orientation relatively to the epicentre, power of the earthquake (magnitude according to the Richter scale)
etc.

It is significant the absence of expression with the conjunction da ‘and’ in these examples, which
besides a simultaneity or time sequence, contains nuance of coordination, harmony between elements
connected by it, this contradicts relation between C and R on the background of the general statement (9).

~C&R

One more contradictory situation also criticizing (9), however from a bit different position: according
to this contradiction C isn't necessary condition for R which can be carried out without it by any other
reason:

miciszvra ar gofila, magram Senoba (mainc/ki) daingra/dangreula — ‘There was not an earthquake but yet
the building collapsed’,
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tumca/miuxedavad imisa, rom miciszvra ar gofila, Senoba (mainc) daingra/dangreula — ‘Though/in spite
of the fact that it was an earthquake, the building has collapsed’,

miciszvra ar qofila, Senoba ki (mainc) daingra/dangreula — ‘There wasn't an earthquake but yet the
building collapsed’ (12)

Here it is remarkable repeatability of all language means of connections in the previous case, showing
their general orientation on the contradiction between C and R (on the background (9)), and not on its
particular variants (R&~C or ~R&C).

~C&~R

This situation restores, however negative, but still “harmony” between C and R: both events seem to

be failed:

arc micisgvra ar moxda/momxdara, (da) arc Senoba ar daingra/dangreula — ‘There was neither an
earthquake nor the building was destroyed’,

vinaidan/radgan (ac)/raki miciszvra ar qofila, arc Senoba ar dangreula — ‘As there was no earthquake the
building wasn’t collapsed either’,

imis cqalobit, rom miciszvra ar momxdara, Senoba ar dangreula — ‘Due to that there was no earthquake,
the building did not destroy’ (13)

These statements don't contradict the general implicative scheme (9) at all. Moreover, their sensibility
completely depends on this general statement as they, as a matter of fact, inform that due to absence of C
(It hasn’t been an earthquake “the threat” has been avoided) which contains (9), i.e. conditions of R (to be
destroyed). At last, it is possible to assume that (13) contains a weak hint on necessity of C for occurrence
of condition R: R isn't without C.

Only on the background of (9) the character of correlation of events C and R which are connected by
the conjunction da ‘and’ gets clear and the statement addressed to ~C (“There wasn't an earthquake™)
becomes quite reasonable as to the cause, the reason, the basis due to that didn’t take place R (“the
building didn’t destroy™).

Examples of particular combinations of meanings of (not) implemented C and R, on the one hand,
didn’t require strict necessity of following R from C, and, on the other hand, they appear “obliged” to this
scheme with their sensibility regardless of whether, they contradict this scheme or support and confirm it.

The combination of meanings of all examples (1-13) suggests that real (pragmatic) meaning of
general-implicative (conditional) statements (1-9) is only the assumption of possibility/probability of
occurrence R as a result of implementation of C, and, generally speaking, C may not be only (necessary)
cause or reason of realization R. The level of probability of realization of this C—R dependence can rely
on many factors characterizing these events, but not mentioned in its verbal formulation (in case of the
last examples — parameters of earthquake and a building condition). At the same time, this “ignoring” of
particular details transforms all examples considered above and, first of all, implication (1-9) into the
general utterance, common without these details specifying a situation (pragmatic, encyclopedic,
technical, every day) they can be a subject of the further (not language) analysis.

Let's notice, that application of rather convenient symbolic of formal logic in the context doesn't mean
identity of language meanings and their formally corresponding logic statements at all. The abstract
meanings of the latter (at least on the level of calculation of statements) are meanings “true”/“false”, they
differ from the meanings of language expressions. The concretization of this general scheme given by
examples (10-13) is based first of all on concept implementation/unimplementation of their components
(C, R). The Same can we say about examples (10,11), first of which corresponds to a special case of
realization of the general scheme (9), i.e. it makes “true”, and the second, on the contrary, points to
mismatch between the concrete case (11) and the general scheme (9), accuses it of being “false” for the
given situation.

However in case of last pair of examples (12, 13) scheme (9) in general stops being relevant to define
significance (but not meaning) of these expressions, on the one hand, and doesn't depend on their “true”
meanings at all as its basic common content dependence of implementation (“true”/“false”) R from the
realized condition (C), and in this latter pair of examples according to C definition is not realized. And
this “irrelevance” (9) for (12,13), in return, doesn't associate in any way with meaning “true”, which is
attributed to an implication of formal logic in case if C is “false” regardless of whatever R means.

It is characteristic that this arbitrariness of choice R is ignored also by the base operator of
programming languages:

if C then R1 else R2,
in which unimplementation of C (“false”’) control goes to the operator R2.
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The conjunction magram ‘but’, focused on the contradiction of implication tumca ‘though’ in
combination with particles ki ‘as well’, mainc ‘nevertheless’ mark in certain contexts the connection
between homogeneous parts of the sentence as well. This analogy between contexts of implication and
homogeneous members, apparently, can be explained by that: the previous homogeneous members
semantically limit the choice of the subsequent ones in certain degree; this restriction is peculiar
presumable (as well as in case of implication) “condition”, demanding a choice of the subsequent member
from some limited (as a rule, rather indistinct) semantic class of units.

If we accept this scheme, it will be obvious that “condition” (C'), i.e. presence of the previous member
which demands some requirements to the subsequent, always will be implemented and as a result for the
context of homogeneous members only two variants of realization of special case analogy of the general
implicative schemes are possible.

C'->R'and C'—>~R'
The first corresponds to an example (10) and the second — (11).

The first version shows certain semantic and not just syntactic homogeneity of consecutive members
which can be considered, apparently, as a special case (“figurative”) of meaning coincidence (in
time/space) for which basic marker, is coordinative conjunction da ‘and’:

nino da sandro cavidnen saseirnod da kalakis dasatvarieleblad — ‘Nino and Sandro have gone to take a
walk and see some sights of the city’,

gzad Sexvdat lamazi, fancerceta da kargad cacmuli gogo, romelsac mohgavda moxucebuli kodi da
naxevrad brma kaci — ‘On the way they met a beautiful, graceful and well dressed girl, who was walking
with an old, lame and half blind man’. (14)

To underline semantic compatibility of these homogeneous members, counterexamples showing
possibility of absence of such coordination and causing strangeness, absurd or even inadmissibility of
linkage of such pairs by the conjunction da ‘and’ are given here:

sandro da kaga/nino da zayli cavidnen saseirnod... — ‘Sandro and a cat/Nino and a dog have gone for a
walk...’,

nino seirnobs da sandros szinavs — ‘Nino is walks and Sandro is sleeping’, ... (mat gadacqvites eseirnat
da gamoezinat — ‘(They) have decided to take a walk and sleep out’,

kodi da lamazi gogo/moxucebuli — ‘the lame and beautiful girl /old man’. (15)

At the same time, there are the language means returning to these combinations a normal, neutral
form. So, “inequality” of human being and an animal can be reconciled by expressions like

is zayltan ertad cavida saseirnod — ‘he has gone for a walk with a dog’;

Distinction of participant actions character in the situation can explicitly be underlined by addition
particle — conjunction da ‘and’, which makes this expression more acceptable:

sandro seirnobs (da) ninos ki szinavs — ‘Sandro is walking but Nino is sleeping’

The impossibility of a simultaneity for processes “walking” and “sleeping” can be expressed more
clearly by the same ki ‘and’ in combination with preposition ser ‘first” and mere ‘then’:

gadacqvties Fer eseirnat da mere ki gamoezinat — ‘They have decided first to take a walk, and then sleep’;

At last, an evident contradiction of positive estimation of “lameness”, is ignored when it is connected
with “beauty” by the conjunction da ‘and’, expressing coincidence of positions in time and spaces,
“estimated” generality of homogeneous members as well: this distinction should be expressed by stronger
oppositional conjunction magram ‘but’

kodi, magram lamazi — ‘lame, but beautiful’.

These restrictions have a character of not grammatical (syntactic) interdictions, but semantic
preferences, can confirm an example of an emotional estimation of character of some object/subject:

kodic aris da lamazic, ketilic da borotic — ‘She is beautiful and lame, kind and malicious at the same
time’.

As peculiar confirmation of a semantic role in the determination of its status of homogeneity can serve
the absence of the general semantic component:

mas ecva axali tetri sadyesascaulo abresumis kaba — ‘She was wearing a new white festive silk dress’;
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In this text all the four definitions belong to different semantic areas (time (“new”), colour (“white”),
purpose (“festive”), the cloth (“silk™)) that are expressed in the text by absence of commas between these
definitions and, more essentially, it is practically impossible to insert conjunction da ‘and’, between them,
at least in a neutral context from the emotional point of view (“What a dress! new, and white, and...!”).

The second variant of the relation between the previous and subsequent homogeneous members (C' —
~R"), notes that just the language expression of this discrepancy, contradictions confirm with the greatest
evidence analogy to the same particular variant of the general implication. Counter-examples (15) of
variant (C' — ~R'"), presented by samples of statements (14), demonstrate repetition of the language
means used by statements (11), expressing the same variant of implication (C— ~R). Below there are
some additional examples and notes, and the main attention is given to more difficult cases of
homogeneous verbs. Examples are listed according to increasing of contradiction intensity, i.e. at first ki
‘and’, then tumca ‘though’, and at the end — magram ‘but’:

am sameuls friads davucer, danarcenebs ki ufro dabal nisnebs — ‘1 will give "excellent" to these three
(pupils) and to the rest — lower marks’,

tumca es teksti satutad Seviscavle, mtavari azri mainc ver gamovitane — ‘Though 1 have studied this text
diligently, I still can’t manage to reach to its main meaning’,

gogo ki momcons, magram mas tavad didad ar movconvar — ‘I like the girl but she herself doesn’t like
me’,

am sabuts karga xans vezebdi, qvela uzra amovkeke, ((magram/da mainc ver movzebne/bolos ki cems
ubis sibesi aymovacine — ‘1 had been looking for this document for a long time, | dug over all the boxes,
(but/and) jet I couldn’t find / and eventually I discovered it in my breast pocket’,

Semosvlisas fexi zyurbls camohkra, vardeboda, magram dacemas gadaurca,semovida, gadmogvxeda,

magram, etqoba, mistvis sasurveli pirovneba ¢ven Soris Ver aymoacina da m¢ared amoioxra... — ‘While
Entering he bumped into a threshold, he was just about to fall, but he avoided falling, entered, looked at
us but, apparently, not having found the desired person among us, sighed heavily...”. (16)

The mentioned three of the conjunctions in most cases are replaceable to each other from the
grammatical point of view, however, as a rule, with such replacement some pragmatic-semantic nuances
are changed at the same time as well. So, for example, if more neutral variant of the first example
containing the conjunction-particle ki ‘and’ is replaced by statement, which begins with tumca ‘though’,
we will get:

tumca am sameuls friadi davucere, danarcenebs... — ‘Though I have given “excellent” to these three but
to the rest...,

it would be more appropriate, for example, in case when “I”” wants to justify himself: “I have not given
“excellent” to all of them”;

On the other hand, substitution of ki ‘and” with magram ‘but’ will underline the opposition of “the
selected triplet” honour pupils against other pupils.

In the second example tumca ‘though’ sounds as an attempt to justify himself: “though I did my best,
but...”. In the third example the most intensive conjunction magram - ‘but’ expresses the fatal
“contradiction” between feelings of “the guy” and “the girl”. In the fourth example the variant with
magram ‘but’, corresponding to the “failure” of the attempt of finding a “document” (may be, rather
significant), confronts amusing, “comical” variant of detection of this paper in own pocket, marked by
essentially more “tender” conjunction ki ‘and’.

At last, “narration” of the fifth example is presented by the sequence of homogeneous verbs as a
whole united by the conjunction da ‘and’, but containing two couples, each of which is connected by
oppositional implicative magram ‘but’, points to the possibility of a combination of these (implicative and
conjunctive) conjunctions within the frame of the common sequence of homogeneous members.

Similar examples for homogeneous definitions:

yaribi ki ar aris, ubralod suncia — ‘(He) isn't poor, he is just mean’,
suncia, tumca mdidaria — ‘He is mean, however he is rich’,
mdidaria, magram usindisod gamdidrebuli — ‘He is rich, but he became rich dishonestly’. a7

In the end we express the assumption that the set of the examples given here with sufficient evidence
supports a hypothesis about implicative character of connections between homogeneous members of the
sentence.

In conclusion we underline once more that this work is oriented, in the first instance, on the semantics
of the Georgian conjunctions, the general structure of which was given in [1] (To the best of our
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knowledge, it was a first try to describe and structure this semantic domain). This work represents a try to
make more obvious and understandable one of the central points of this description — implicative
conjunctions.

Particularly, just for this aim are addressed the relations between NL and logic conjunctions: it is
supposed that likeness and distinctions of them may serve as means for more distinctive structuring of
semantic domain under consideration.
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GEORGIAN “ANCESTORS” OF THE LOGICAL IMPLICATION

G.CHIKOIDZE, N. AMIREZASHVILIL, N. JAVASHVILI
Summary

Many (if not all) essential abstractions have their roots in natural languages. Taking into account, that
"true™ abstract concept must not lose its connection with the bases, from which it is developed, it is quite
important to compare the current state of some concepts with the semantics of language units, which can
be considered as its "ancestors".

The paper considers the particular case of this general relation on the example of logical implication
and its semantic correspondences in Georgian language.

However, given here English glosses show, that considered relations between logical implication and
corresponding Georgian conjunctions take place in many other languages as well.

I'PY3UHCKUE «IIPEJKW» JIOTUYECKONW UMILJIUKAIIAMA

T"HYUKOHJ[3E, H. AMUPE3ALLIBUJIN, H. [[PDKABALLIBUJIH
Pe3iome

HcTounnkom ornueckrux abCTpakTHBIX OTHOIIEHUH SBJISIETCS] €CTECTBEHHBIN A3bIK. Hamo ydecTs, 4To
abcTpakTHOE MOHATHE "UCTHHA" HE JOJDKHO MOTEPSTh CBOIO CBS3b C 0a3MCOM, U3 KOTOPOTO OHO UCXOJIUT.
JIOBOJIbHO Ba)KHO CPaBHUTH TEKYILEE COCTOSIHUE HEKOTOPOTO TIOHSATHUSI C CEMAHTUKOM SI3bIKOBBIX €JIMHULI,
KOTOpPBIC MOKHO PacCMaTpPUBATh KakK ero "mpeaKoB'.

31ech paccMaTpUBAETCsl OCOOBIH Citydail 00MIero OTHOIICHHUS, Ha IPUMeEpPe JIOTHYSCKOW UMILTHKAIHA
Y €€ CEMaHTHYECKUX MPEIIECTBEHHUKOB B TPY3UHCKOM SI3BIKE.

AHaJOTUYHBIE OTHOIICHHUS MEX]Ty JTOTHYECKOW M SI3bIKOBOM CEMAHTHKaMH JOJKHBI XapaKTepHU30BaTh
MHOTHE JIPYTHUE A3BIKU.
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THE COMPUTER COMMUNICATION SYSTEM FOR PERSONS WITH SPECIAL
NEEDS

L. LORTKIPANIDZE, L. SAMSONADZE
Summary

The offered computer communication system will be developed for Windows as software and will
help a person with a severe communication disorder to communicate by using symbols.
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THE COMPUTER COMMUNICATION SYSTEM FOR PERSONS WITH SPECIAL
NEEDS

L. LORTKIPANIDZE, L. SAMSONADZE
Summary

The offered computer communication system will be developed for Windows as software and will
help a person with a severe communication disorder to communicate by using symbols.
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J. BMIZSII

DESCRIPTION OF LEXICAL UNIT “SNOW?” BY THE LEXICAL FUNCTIONS
E. DOKVADZE
Summary

In the paper is given definition of a lexical unit tovli (‘snow’), which belongs to the lexical units
expressing “natural phenomenon”; its description is formulated in the terms of “lexical functions”,
synonimical series”, etc.

OIINCAHME JEKCEMBI “CHEI"”’TIOCPEJCTBOM JJEKCHYECKUX ®YHKIINHN
E. JIOKBAJ[3E
Pe3iome

B craThe maHO ompeneneHue OHOM U3 JICKCHYESCKUX CIUHHUII, 0003HAYAIOIINX “‘SIBJICHUS TPUPOIBI”, a
uMeHHO Jiekcembl toOvli (‘cHers), ompeneseHHe MOCTPOCHO B TEPMHHAX “TIEKCHYECKUX (DYHKIMI”,
“CHHOHUMUYECKUX PSAIOB” U .
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THE CONCEPTIONS OF THE GEORGIAN LANGUAGE COMPUTERIZATION
L. MARGVELANI
Summary

The conceptions of both computerization and modeling of the Georgian language, also the ways of the
solution of related to them problems are considered in the work..

KOHIEINIIUU KOMIIBIOTEPU3AIIMU I'PY3UHCKOI'O A3BIKA
JI .MAPI'BEJIAHH

Pe3rome

PaCCManI/IBaIOTCiI KOHICIIIUH MOACIHMPOBAHUA U KOMIBIOTECPU3ALINN rpyBI/IHCKOFO sA3bIKa U IIYTH
pCHICHU KaCarONXCA np06neM.
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VERBAL MODELS OF MEDIOACTIVE VERBS WITH i THEMATIC MARKER
FOR ELECTRONIC DICTIONARY

N. JAVASHVILI
Summary

Data basis filled with proper knowledge and rules is necessary for electrical dictionaries as well as for
any other dictionaries. Due to our knowledge storing computational expert system bases are filled with
rules which are based on grammatically correct paradigms. The medium voice models with i thematic
marker which are one of the subgroups of verb component of Georgian language data basis are
considered in the work.

MOJIEJIA I''TATOJIOB CPEJJTHEI'O 3AJIOT'A C TEMATHYECKHUM MAPKEPOM i
JJI5 SJIEKTPOHHOI'O CJIOBAPA

H. JPDKABAIIIBUJTH
Pe3iome

Jis 3IIeKTpOHHBIX ClIOBapeil, Tak jke Kak Uil JIIo00ro cioBaps, HEOOXOAuMbl 0a3bl JaHHEIX,
3aIIOJIHEHHBIX COOTBETCTBYIOIIMMH 3HAHMSAMH W TpaBWiIaMH. [IpH HMCIONB30BaHUM KOMITBIOTEPHOU
SKCHEPTHON CHUCTEMBI HAKOIUICHHBIX 3HAHWK 0a3bl 3aIOJHAIOTCS IMPaBHIAMH, KOTOpPHIE OCHOBAaHBI Ha
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6. XS3S5IF0L0

rpaMMaTH4YeCKH MpPaBUIBHBIX MapagurmMax. B craThe mpejacTaBiieH I1arojibHbIM KOMIOHEHT OJHOW U3
noArpynn 6a3bl JAHHBIX TPY3MHCKOTO $I3bIKa, B YaCTHOCTH, MOJEIH CpeaHero 3ajnora (B OCHOBHOM
MEANOAKTHBBI) C TEMAaTHIECKUM MapKEepPOM I.
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IMMEDIATE CONSTITUENT STRUCTURE OF A SENTENCE AND SYNONYMIC
SUBSTITUTIONS IN NP

A. CHUTKERASHVILI
Summary

Immediate constituent structure of a sentence is one of the most common representations of one or the
other syntactic structure, when a sentence is represented by models and relations between their
extensions. The paper considers synonymic substitutions in the noun phrase of a sentence. The
constituents of noun phrase, which define noun, the nucleus of NP are ordered in logical line, in case of
stylistically and informationally neutral sentences. If we substitute constituents of noun phrase by their
synonyms the word order might be changed.

HEIIOCPEACTBEHHAS COCTABHASA CTPYKTYPA IIPEIJIOXEHUA U
CUHOHUMHWYHOE 3AMEIIEHUE B UMEHHOM ®PA3E
A. YYTKEPALLIBUJIN

Pe3iome

HenocpenctBeHHass cocTaBHas CTPYKTypa TIPEAJIOKCHHs, OJHO W3 Hambojee paclpocTpaHHOE
Mpe/iCTaBiIeHUe TOW WIM MHOM CHHTAKCHYECKOH CTPYKTYpBl, KOTJa NpPEICTaBICHHE MPEIIONKEHHS
MMPOUCXOAUT MOACTAMU U UX OTHOCUTCIBHBIMH PACKPBITUAMU. B crarne pPacMOTPEHbBI CHHOHUMHWYHHE
3aMeIleHnr B UMEHHOU Ppaze npeioxenns. CocTaBHBIE YaCTH UMEHHOU (ppasbl, KOTOPEIE ONPeneIaroT
MMEHU CYIIECTBUTEIHHOTO T.€. siipo NP, pasMenaroTcst o JIOTHYECKOH MOCIeI0BaTeIbHOCTHO SICHO, YTO
y Hac B BHJy CHHTaKCHYeCKWH W WHPOPMATHYECKHI HEWTpallbHOEe mpenioxkeHue. Ecnm 3aMeHUTH
COCTaBHBIE YaCTH UMEHHOU q)pa31)1 CHUCOHMMaMH1 MOXET U3MECHUTCA MOPAJOK MPCATIOKCHUA.
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0 0 0 0 0 0
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0 0 0 0 1 0
0 1 1 0 1 1
1 1 0 1 0 0
1 0 1 1 0 1
1 0 0 1 1 1
1 1 1 1 1 0
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d a
b b
C c & ab
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803960l samgmGondo

obggg Omam®O G gaeobogg®o  sgdsmydo  senam@omdgdo,  JgebGyco  senam@omdgoo
3odmloboggb dgmdomgmdgdls bbgoslbgs S0 dsm @0 3oboFoggdgdom. 3500
Lbodygoemgdomn  dpamds@gmdols bOgmse sefgms o@ begds. Jpgmdsdgmdol Legmsw
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sgoam@omdoon  dgbsdangdgano  aobos  gaology®  godmmgargddo  s@ligdygmo  dggdo
3ooYkGgao 3Omd@mgdol gowsfyggds. gemslbogygdo dgommegdom semdsmmdol mgmGosby
oyMEbmoom  dgagodaos gmdgom, ®md bgdoldogBHo M gengdgb@ol womgogog®goolsls,
sendommods  0dobs, GmI hobsfgmo gdmbgggs dmmbmgbsl  Gmewos MIN. bsmgaros, G®3
35b5T0  Lodo®ms aobbm@iogeegl OLNI2® dmmbmgbs Lodko®m  gangdgb@dol dmbodgdbow.
3003900l sanam@omndol  godmygbgdom 3o dgagodanos  gohggbmm, @Amd  dmmbmbgdols
bodomem Gomegbmds (dox0) s@ols O(vVN) ={2§)

sdm3obols dgodengds obgmo gem@Igmomgds dogiagm: dmagdgmos A Lobggds  N=2»
dgmdomgmdgdom. momnmgymo Jpamdsdgmdol dglsdsdolo dbodgbganmdgdos Si, Sz,... Sn o3
dgmdomgmdgdoesb s@ol  ghmo gbogogy®o Jpamds@gmdbs, @GMmdgmon  ogdeymyzomgols
300035L:  flsu)=1 Ibmgme gOmo SEA gegdgb@olsmgol, ©s £(5)=0 yggmrs ©sbsmhgbo
90 939b@ goolsmgols.
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Jnoodom, boem dgmeg 1 Jydodosbo  @gaoldeo. 25dmyggbgdmos  symgmgg Oracle
Gmdgemoi 5ol fgubiooby wodmgogdgamo gbodosdygamo m3ghodmeao O

HOH2>HOH?, Ot (,j)=[i, ] @ f(i)).
J3560 90 dgdbols saaym@omddo dnlobg@bgdgenos Oracle D_‘_.z.l Lofgol dpamdsmgmodsdo. od
30030056 253mdwobsmyg Jgyg0damos wogfgmmm:
O (LU0 (IEL] i Frive—ii Fri F iy s
Or=(fi) (G5 (0)-{ 1) AL T 1y ) = (10) — 1)

303900l seraym@omdols 39domdolsls godmoymaes dgdogao gdodgdo [5], [6]:
. 300390 @ga0LE@0l doboliy®d N dJpamdodgmdoms ydg@dmboigools Jobsw§ ggsw,

‘dgag0d@os  dmgosbpobme  dolo oboigosgmobszos (0,0,0, . . . 0) s godmgoygbmo e d-

sEada@ol  m3gdodmeo  W=H®" slggg 200mgoggbgom dowsdo@ol  gg0dl  mommgsgeo
Javo@dolsmgol. mommgymo Jpgmdsmgmdol  sd3mod s Gmaos é,
gmdg Gga0LEA0L 0boosaobozos Yglodegdgemos dmbegl dpamds@gmdom ||1), bogem

doadomols 3900l godmygbgdols dgdwmgy go dobo dpymdsdgmds olbgds |g0}=—n'_".,_z_1"

3odmgoggbmm bodsdyao ﬂ{w‘ﬁ} 03905(30960.
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LolRgds @hgds g geno.
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ao>dmgoygbmm Oracle:

3°dmgoggbmo woxgbogdo GAsblygm@mdsigos, dmdgmoi swofghgds  JoGdoiom:

DijI; 0yiFj, Dij=-1+j.

©0ggboyg®o AASblgm®mdszos dgodargds Foddmgowyobmm @Gmamdi D=WRW, bswsg
R s@0l 0ol d9dmd@bgdol ds@@ois [4], bogm W s@ol geo@d-spsdotiol gomos]dbs.

Ri=0 oyiFj

Rii-1 o9 i=0, Ri=-1 o¢yi #0,

Wi=2220 1), Lo 1. ] o@b0@bogl @0 doggeo LE®modnbol dogy@ U gomsom
boddoganls.

e dogem g@odo sMol 3odggmo @gaolE@ols Lodmeme  dpamdsdgmdols asbmdgs.
C(Su)=1 >@0l ybogomy@o dpamdomgmds, O®am®E Bobsg o Jpamdo@gmds Su, GmImols
S dsmmda3 0dbgds Lyen dizomyg 172 [5].

J3o6@ @0 LobBgdol  gmggamo  obsgro  Jpamds@gmds  gobolabmggds  Lodygsmmm
sendosmyg®o  Fgbom, by Lob@gdol Lodgogem  s33go@yools goblsbrmg@olsl  Loli@gdol
dgmdodgmds sMol o3 sd3emo@geols ‘dglbsdsdobo.
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‘dgdmbggggdobomgol, Gmegbsg o®  gogom  Lofyobo  g@odol  dgaomdol  sendosmmds
(Abmenme 3bmdogos aobsfomgds s Lobmgmgdo). dmbogmebgmo dmmbmgbgdol Moibgo
d300g> s vdsgg PAOML Yymggmo ©sdsGgdbomo dmmbmgbs bgodgd botxgol ofgg93l. slgmo
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goobog®o godmmgangdols LEMsGgy0s g8dbgds senam@omdgdl, Gmdemgdoi oby 9bos
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dgmdsdgmdgdols 3gb. gl Yglodemgdgemos, oy  aodmygbgdagmo  o0dbgds  0@gdszogero
SMSBM0305@ M0 35MoJdbgdo, Logymsmo Goibggdo s@osh -0l Gmeno dsybo@ygws.

gl Jolowgdos 03 300mMdgool asmgoamolifobgdom, @mId ygodgl “Limit cycle” ©s o6
“fixed point”.

dobolinomgdagdo, GmIagdoi 9bos yodmgoygbmm:

" Jobdogmwols  goblbobegdms  Fobbol  Jppmdo@gmdsdwg. gl dggolgds  dgodargds
30dmygbgoge 0dbgl Gmama i dgdogao GOSbLEm®A8szo0ls gJuBgbEol jmb@®mena.

" glododolop o3y doggdgemo, dopa@sd aoblbgoggdygmo  m3gMsEogdo o6  LEgmogds
3039306000 0@ gH5309dbg. Slgmo Fgmmpom godengds sd3@o@Egdo 03M0d50m0 L
goJbodgdygmo  Tgd@omaolsggh. odsl dgygodanos  dogswFomm d9dbols  sgmam@omnddo
9b0BoM o 2oMsddbgdom T3 gsbom.

" Y99d3agoo hoJOmdomds  aomgomolfobgdammos sanym@omdTo, dop®ed s3ogg @AM
doogmgds dbgoggmmosdo dobbol dpamds@mgmdols mgoligdgdo.
0d dgdmbgggedo, GmEglLsa Loggmdogo  Goigbggool d60dgbgenmdgdo  godbodgdyeo

09905300 oMo ddbgdolbomgols <1, sargm@omdo  Agdswos. JgobGy®  aodmmge gddo

sbgmo  Yg9daggooemds  dgodangds  [omdmagbogmo  0dbgl  m3g@szogdol  3Gmgdaogero

a>bmdggdom (Projective measurement).

dgobolisl  goJlo®gdgmo  Fgh@omols dobowgos  Loko®ms  godmgmm  senam@omndo,
Omdgeo3 mobsd®o 5330098l 5@edobbmdMogo Iwymds®gmodgdol dowgdol sepdosmmdgdls.

aobgobogmm  Jgob@ydo  Ggyobdmo, ®mdgemdo  Jmwodgoymos  dmbsigdms  dsbols

90 939b@ o0 [7, 8, 9] gmdgom @gaolddbg obozosmobo®gdymos bofyolo dpamds®gmds:
U|sy = sin@ |t} + cosB|f
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THE ADVANCED QUANTUM SEARCH ALGORITHM
M.ARCHUADZE, G.BESIASHVILI, M.KHACHIDZE

Summary

In quantum computation the Grover’s algorithm is of most importance. The present paper considers
the quantum computing based on the mathematical machines of quantum groups and quantum logic gates.
Such computing is used in unstructured data bases in one of the options for the iterative Grover’s search
algorithm, where m is replaced by u: and the minimization of error probability happens on stage wise in

the process of convergence of the aléorithm.

PACIHIUPEHHBIN KBAHTOBBIN AJITOPUTM MMIOUCKA
M.APYYAJ3E, I BECHAIIIBUJIN, M. XAYH/3E

Pe3iome

B kBaHTOBBIX BBHIYHCICHHAX anroput™M [poBepa mMmeer Hambojee BakHOE 3HaueHHe. B HacTosmen
pa60Te pacCMaTpuBaAOTCAd KBAHTOBBLIC BBIYUCJICHUA HAa OCHOBE MATEMATHYCCKUX MalIMH KBAaHTOBBIX
Tpynmm u KBAHTOBOM JIOTHKHU. Takne BBIYUCICHUS HCIIOJIB3YIOTCAa B HECTPYKTYPUPOBAHHBIX 0azax JaHHBIX
C OJHMM U3 BApHAHTOB HTEPAIMOHHOTO AIrOpHTMa IOWCKa [poBepa, rae T 3aMEHEHO Ha E u

MUHUMU3ALHA BEPOATHOCTU OIIHOOK MMPOUCXOJUT IMOITAITHO B MPOUECCE CXOAUMOCTHU.
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POJIb U MECTO CBOEB B MTH®OPMAIIMOHHOM BE3OITACHOCTH
COBPEMEHHBIX CJIOKHBIX CUCTEM

M. CYPI'VJIAI[3E
sfm12@mail.ru

PazButre snmeMeHTHOHW 0a3bl, YCJIOKHEHHE IPOTPAMMHOTO OOECHEUYECHUS] pEIIacMbIX 3afad |
y’KECTOUEHHE YCIIOBHI KCIUTyaTallMl COBPEMEHHOW ammapaTypbl (BBIYUCIUTENbHAS TEXHHUKA, JATINKH,
UCTIOJTHUTENbHBIE MEXaHN3MBI, ONTHKO-TEICBU3HOHHBIE KOMIUICKCHI U T.JI.) TPEOYET COBEPIICHCTBOBAHUS
CYIIECTBYIOIIMX M IOMCKA HOBBIX ITOXO/0B B ITOBBIMICHUN HAJECKHOCTH U Oe3omacHOCTH. Oc0060 MHOTO
NpOOJIEMHBIX BONPOCOB BO3HHKAET IIPH CO3JaHWM  BBICOKOHAAC)KHOW ammapaTypel Uil OOBEKTOB
PaKeTHOH, KOCMHYECKON M aBUAIMOHHOW TEXHUKH, B YACTHOCTH TP 00ECIICYCHUH BRICOKHX TpeOOBaHUN
0€30TKa3HOCTH U JIOJITOBEYHOCTH B YCIOBHSX BO3JCHCTBHSAX CBEPXHM3KHX M CBEPXBBICOKHX (O COTEH
TPagycoB) TEMIIEPATYp U BBICOKHX ypoBHel Harpy3ok [1]. Cpenu nepedHsi 0TKa30B anmapaTypbl CAMbIMU
NpOoOJIEMHBIMU U1l KOHTPOJIS U JUaTHOCTHKH CIIe/TyeT MPU3HATH IEePEeMEeKaloIrecs OTKa3bl, Ha3bIBacMbIe
TaKXKe KpPaTKOBPEMEHHBIMH, CKPBITHIMH, IUIABAIOIIMMU, CaMOYCTPAHSIOUIMMUCS WIH MEPIAOLIMU
otkazamu. Takue 0TKa3bl MPUBOIAT K cO0SM B paboTe Bcero 000pyA0BaHUS U MOTYT PUBECTH HE TOJIBKO
K CYIIECTBEHHBIM MaTEpHaJbHBIM MOTEPsIM, HO M K 4YejoBedeckuM jxepTBaM. Ilox cOoem moHmMaroT
CaMOYCTPAHSIOIIEECsT HapylIEeHHEe HOPMAIbHOTO (YHKIMOHWPOBAHUS  anmapaTrypsl  BCJIEACTBHE
KPAaTKOBPEMEHHBIX BO3/ICHCTBUI Ha HEKOTOPHIH 3JIEMEHT (WJIM COBOKYITHOCTH 3JEMEHTOB) BHEIIHHX M
BHYTPEHHHUX (haKTOPOB.

[Tocne c6os anmapaTypa JTUTENEHOE BPeMsl MOXKET padoTaTh HOPMAIBHO, HO NP 3TOM MOXET OBITh
HCKa)KeHa MHPOPMAIHS TIPH ONIEpalMsiX Nepetadu, XpaHeHNs Wi 00pabOTKH.

IIpobnemoii cOboeB B ammapaType ydYeHbIC 3aHHMAIOTCS HECKOJBKO JECATKOB JIET, HaumHas ¢ 60-x
rojoB 20-ro crosetus. Ho oHa MOMHOCTBIO HE pellieHa 10 Hamwux aHeil. bonee Toro, B mocienHee Bpems
el yjaelsdeTcs MOBBIIEHHOEC BHUMaHWe. Tak, Hampumep, OJHOM U3 BAXKHEUIIMX XapaKTEPUCTUK
aBTOHOMHOM CHCTEMBl HaBUTAllMM B CO3JABACMOW CErOJHSA MEXAYHapOJHOH KOCMHUYECKOM CTaHLUU
SBJISIETCS €€ YCTOMYHMBOCTh K COOSIM, IPHYEM MPUOPUTETHOCTD 33724 0OecTieueH s BBICOKOM Ha/le)KHOCTH
O TmapameTrpy cOOeB BBINE, Ye€M IPUOPUTETHOCTh 33Jad YIpaBieHHS OOBEKTaMH, KIACCHYECKH
CTOSIBLIMX Ha IIEPBOM MECTE.

IIpn paspaboTke ammaparypbl, HMEIONIEH B CBOEM cOCTaBe OOJbHIOE (IO HECKOJNBKUX THICAY H
JIECATKOB ThHICAY) YHCIO IOTCHIMAIbHBIX HCTOYHHKOB c0OS (MHOTOKOHTaKTHBIE  COCAWHHTEIH,
koHTakTupytomue ycrporictea BUC u CBUC, neuarHple MpOBOTHUKY, JIMHUH CBS3W — HHTep(eHCHEBIC
IIMHBI, IIMHBI SJEKTPOIMTAHMSA M 3a3eMJIEHHS W T. J.), KIIOYEBOM MpoOIeMoi KapAWHAIBHOTO
TIOBBIIICHHSI HAICKHOCTH SBJISIETCS AUATHOCTHKA COOEB, YTO HEMOCPEICTBEHHO CBA3aHO ¢ OOHAPYKCHUEM
U perucTpanyei HCTOYHUKOB cOOEB B ammaparype.

AHann3 OTEYECTBEHHBIX MU 3apyOEKHBIX HCCIEIOBAHMN [0 JAaHHOMY BOIIPOCY TMOKa3ad, dYTo
CYIIECTBYIOT MHOTOYHCIICHHbIE METOJBl KOHTPOJIS, HAlpaBICHHBIC HE HAa BBIABICHHE U YCTpaHEHHE
HCTOYHUKOB c0O04, a Ha Pe3yJIbTaThl UX NMPOSBJICHHUS, IPH 3TOM yCTpaHAeTCA He caMa NpHUYnHa (B JAHHOM
cllydae HMCTOYHHMK cOOeB), a ee cieacTBue (T.e. ommOKa, BbI3BaHHAs COOEM), OCTaBIIsAsA TEM CaMbIM
MOTEHIMAJIbHYI0 BO3MOKHOCTB CYILIECTBOBAHHS B anmaparype CKpbhIThIX nedextos [4].

[IprHIMNManbHast 0COOEHHOCTH HOBOH KOHIENIINH PE3KOTO TOBBIICHNS HAJIEKHOCTH arapaTyphl 3a
CUeT WCKIIIOYEHHs BO3JICHCTBHA Ha Hee cOOEB COCTOMT B TOM, 4YTO B  OTJIMYHE OT BCEX paHee
UCTIOJIb3YEMBIX TTO/IX0/I0B K PEIICHHIO JaHHO Mpo0iIeMbl 0OHApY>KMBAIOTCS U PETUCTPUPYIOTCS HE MECTa
cboeB, a wuCTOUYHMKM cOoeB. B 3aBucuMocTH OT NpPHUHOMNOB (OPMUPOBAHUS M TOJIYYCHHS
MH()OPMATHUBHBIX NMPHU3HAKOB, 110 COBOKYITHOCTH KOTOPBIX OLICHHBAETCS! COOMHOE COCTOSHHE 3JIEMEHTOB
amnmaparypbl Kak MCTOYHHMKOB COOEB, MPEUIOKEHBI Pa3IMUHBIE METOMAbl OOHapy)KeHHS W PErHCTpaluu
HCTOYHUKOB c00eB (puc. 1), IMeroIMe 3HauNTeNbHBIN IPHOPUTET.

IIprumaaMu c6oeB B maccuBHBIX 3neMeHTax (I19) coBpeMeHHOW paaMO3JEKTPOHHOW ammapaTypsl
(PDA) MoryT OBITH KaK pa3iIMYHBIC BHEIIHHE BO3ACHCTBHS (BHOpAINH, CHIIOBBIE HJIEKTPHUYECKHE IO,
TEeMIepaTypHbIe M XUMUYECKHE BO3JEHCTBUSA), TAK M MHOTOYHCIIEHHBIE CKPBITHIEC Ae()EKTHI ammaparypsl,
YCKOPEHHO MPUBOAIINE K e€ nerpaganui. Hanbomnee ClI0MKHBIM JIJIsi ONTUCAHMSI SBIISIETCS TAKOW BasKHBIHN
3JIEMEHT anmnapaTypbl KaK COeJUHUTENb (JIEeKTpUUecKiid KOHTAKT). COBpeMEHHas TeOpusl MpeJCTaBIIseT
JJIEKTPUYECKUH KOHTAKT B BUJE KoJjieOaTenbHOro KOHTypa ¢ aineMentamu Rn, Ln n Cn — cooTBeTcTBEHHO
OMMYECKHM, UHAYKTHUBHBIM U €MKOCTHBIM CONPOTHBIIEHHUEM NE€PEXOJHON 30HBI KOHTAKTOB (TIEPEXOTHBIM
conporuBiieHreM) [4]. JlaHHble mIapaMeTphl, ONpECISIONINe PEe30HAHCHBIE KoyebaHus B oOyacTh
BBICOKHX YacTOT, SBJSIOTCSI 3aBHCUMBIMH OT MHOECTBa (PAaKTOPOB, TPYAHO KOHTPOJMPYEMBIX IIPH
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OKCITyaTalluu W, CJICAOBATCIIbHO, CJIArOIINC aKTyaJ'ILHOﬁ 3agavy I/IHTeraJlLHOfI u OHepaTHBHOﬁ ux
OLICHKH.

| METO/AbLL OGHAPYJIKEHIS H PEI HCTPALIHMH HCTOUYHHKORB CEOEB ‘

f 1
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Puc.1. Knaccugukanus MeTo0B 00Hapy»KEHUs U PETUCTPALIMA HCTOYHUKOB cOOEB

JlmarHocTupoBaHue MACCUBHBIX AJIeMEHTOB POA Kak mporecc omnpeneneHuss ux cOOMHOTO COCTOSIHUS
BKJIIOYAET pEIleHHEe TPeX 3ajad: M3yueHHEe IaCCHBHBIX JJIEMEHTOB KaK OOBEKTa AMAarHOCTHPOBAHUS
c00eB, IOCTPOCHHE aJrOPUTMOB JHArHOCTHPOBaHMs cOOEB; pa3paboTKa CPEACTB IHAarHOCTHPOBAHMS
cboes.

Teoperndeckoe 0000IIEHNE TpoIecca TUATHOCTHPOBAHUS COOCB IMACCHUBHBIX AJIeMEHTOB POA mpu
orpaHHYeHHOH wWH(popMarmMu 00 WX TEXHHYECKOM COCTOSIHHH TIPENOTPENeNIeT HCIOIh30BAHNE
(hopmansHOTO ommcanus [19 PDA, To ecTh X MaTeMaTH4eCKOH MoAenH AuarnoctupoBanus. [locnenHss
JOJDKHA OO0eCTIeYnBaTh AMAarHOCTHPOBAaHHE cOOEB W OBITh NMPHUTOJHON I JANbHEHIEro CHHTE3a |
peanu3zanuy aaropuTMOB AUArHOCTUPOBAHUS.

Jis mocTpoeHHsI MaTeMaTHIECKONH MOJIENI TUarHOCTHPOoBaHUs cOoeB B [1D POA B kauecTBe OCHOBHI
UCIIOJIb30BaHbl CTPYKTYpPHBIE CXEMBI KOJO—MMITYJIbCHOTO YNPaBJICHHS ACHHXPOHHBIMH ABYX(a3zHbIMU
JBUTATEJISIMM, TaK KaK OHHM JaloT BO3MOXXHOCTh 3aJaTh HE TOJBKO MAaKCUMaJbHYIO TIIyOHHY
JUarHOCTHPOBAHUS, MO3BOJIAIOUIYI0 PETHCTPUPOBATh COOM, HO M OTPa3uUTh KOHCTPYKTHBHBIE PELICHUS
peansHOro 119, OmycKaromnye penuTs BOIPOCH IPAaKTHUECKOH peaan3allii CUCTEMbI THAarHOCTUKY.

DKCrepUMEHTaNbHbIE J0Ka3aTeabcTBA. Ha OCHOBaHMHM MPEIOKEHHON KOMO-UMIYJIbCHOW MOJAETH
HUCTOYHHUKOB COOCB IKCIICPUMEHTAIEHO O0HAPYXKEHO COOIHOE COCTOSHUE M TOTYYeH HOPMANBHBIA 3aKOH
pacrmpenielieHusl TlapaMeTpoB M ITyaCCOHOBCKHM 3aKOH TIOSBJICHUS CcOOCB Ha TpuMepe Hambojee
IEPCHEKTUBHBIX coenunuTenel Tuma PIIIIM 27'. KoianmdecTBO KOHTAKTHBIX map «N» OBLIO BBEIOPAHO
nopsiaka 100 (tounas mudpa — 88), Kak T0CTATOYHO TpeACTaBUTEIbHAS BRIOOPKA. [IMHaMUKa U3MEHEHUS
MapaMeTPOB KOHTAKTOB B MPOCTEHIIEM ciydae oOecredmBaNach MX YCKOPEHHBIM H3HOCOM 3a CYET
W3MEHECHUSI YHUCla BKIFOYCHHUH-BBHIKIIOUCHHH W HAONIOJCHHWEM 3a W3MEHCHHEM OJHOTO W3 HUX —
OMMYECKOTO CONPOTHBIEHHUS. VCHBITaHMS KOHTAKTHBIX IMap TPOBOAMIACE B COOTBETCTBHH C
TeXHHYeCKUMH ycioBusamu (TY) MeTo oM MIIIITHOMMETpa JUII U3MEPEHHUS MIEPEXOAHOTO CONPOTUBIICHUS
KOHTAaKTHBIX Hap R u MeromoMm majaromeil M OTpaKeHHON BOJHBI Ui HM3MEpEeHHs Kod(pQHIMEHTa

orpaxenus K°™ . Tumbl ucnonb3yeMmblx npu 3ToM u3Meputeneid — E7-8 (morpemnocts +0,001o01
M3MEPEHHOro 3HaYeHuss +1 eAMHUIlA cueTa Ha TabJI0 UHIMKATOPA) U CTPOOOCKOMUYECKUi ocuuuiorpad
(rpannynas yacrora f, <10 ITn).

[Ipu 3KCrEpUMEHTaX MO YCTOWYMBOMY IMOJYYEHHIO PEKHMa COOsl pEelIaiCh CIEAYIOIHE 3aauu:
orpejieJieHHe 3aKOHA PACIPEICICHUS COMPOTUBIICHUN KOHTAaKTHBIX Map Kak (YHKIMU BKIFOUYCHHN-
BBIKITIOUeHHH N; pacyer CTaTHCTHYECKHX XapaKTEPUCTHK MaTemarudeckoro oxuianus M*(R) wiun R*,
mucriepcud D*(R) WM D*; CpeIHEKBAIAPATHYHOTO OTKIOHCHUS o*(R) WIH G¥F; MPOBEpPKa IOIYICHHBIX
9KCIEPUMEHTAILHO 3aKOHOB PACIPEACIICHHUS CYIIECTBYIOIUM TEOPETHUECKUM 110 KputepusM: I[lupcona
(x?) nu Konmoroposa A.H.. Kpome Toro, pemanuch 3aa4u 3KCIEPUMEHTAILHOIO OIpeeIeHUs YHCia
cepuii ombIToB N, MPUBOMSNIMX TapaHTHPOBAHO K COOWHOMY COCTOSIHHIO KOHTAKTHBIX MMap, a TaKKe
OTpeeIeHUE 3aKOHA MOSIBJIICHUS CO0EB U MPOBEPKA JOCTOBEPHOCTH MOJYICHHBIX PE3yJIbTaTOB.

Pacuer marematruueckoro oxkuaanus m*(R) ocymiecTsisics mo Gopmyie:

1 n
*(R)== .
m ; ; R,

Y Paboma evinonnsaace ¢ HUM «Keanmy, 2. Mockea. Hayunwiii pykosooumens axademux PAH Jlesun B.K.
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aucnepcun D*(R):
D*R)=_ L Zn: [R -m*(R)J .
l 1

T4

o*(R)=[D*(R) -

B cooTBercTBHMM € CyMIECTBYIOIIMMH HOPMaMH OJHHM H3 Ba)KHEHWIIHMX IIOKa3aTeNe KadecTBa
SBISICTCS HANEKHOCTh TEXHHYECKOW cucteMbl (00bekra). C apyrod cTOpoHBI, pabora Jr000M
TEXHUYECKON CHUCTEeMBl MOXET XapaKTepHU30BaTbCcid €€ KauecTBOM, IOJ KOTOPHIM ITOHHUMAeTcs
COBOKYIIHOCTb CBOMCTB, ONpEACISIONINX CIHOCOOHOCTh CHCTEMBI BBINOJNHATHE MPU €€ CO3AaHUU
orpezielIeHHbIe 3a1a4i. B cBOO o4epeb, 0JTHOI N3 XapaKTePHCTHK HA/IS)KHOCTH SIBJIsieTCS] 0€30TKa3HOCTh
— CBOMCTBO OOBEKTa HENPEPHIBHO COXPAHATh pabOTOCHOCOOHOCTh B TEYEHHWE HEKOTOPOIO BPEMEHH.
Xapaxktepusyercsi cooit B coorBercTBHH ¢ 'OCToM Kak caMOyCTpaHHMBI OTKa3, MOITOMY OUYEBH[HO,
4YTO B TOHATHE «OE30TKa3HOCTH» BXOAMT M NOHATHE «cOoi». Takum 00pa3oM, BBOAS aKTHBHYIO
JMarHOCTHKY cOoeB (IocpencTBOM (HKCAIIMH WX HWCTOYHHKOB) Yepe3 PETHUCTPALHIO MPOMEKYTOUYHOTO
cocrostHUS («TIpencOoit») u pa3nuuHble MH(POPMATHBHBIE MapaMEeTPHl BBHIBOIWUM MOHATHE «cOOW» B
CaMOCTOATENbHYIO KaTeropuio («0eccOOMHOCTHY»). YUHTBIBAs, YTO IMOHATHE «KAYECTBO» OIEPHPYET C
TaKUMHU MOHATHAMH Kak Ae(eKThl IBHbIC U HESABHBIC, T.C. HE BBIABIISIEMBIC 110 HOPMATHBHO-TEXHUYECKOMN
nokymentaimn (HT/I), ycraHaBmmBaeMm CBsi3b MEXIy cOOSAMH U CKPBITBIMH aAedexTamu. IlosTomy
CYIIECTBYIOII[IE OCHOBHBIC CBOWCTBA HAJIe)KHOCTH TEXHMYECKHMX CHCTEM LEIecoo0pa3Ho J00aBUThH
HOBBIM CBOICTBOM — «0OeccOOiHOCTh». BBelqeHHE Takoro MOHATHS B KAuyeCTBO, B YACTHOCTH dYepe3
M3MEpEeHUs apaMeTpoB cOOEB OECKOHTAKTHBHIMU M KOHTAKTHBIMH METOJaMH, MO3BOJIUT YIPABIATh UM,
UCIIONIB3Ysl TOHKHMH (ManbiX, 10 10-15 MKM, pa3MepoB) MOTpaHUYHBIA CIIOW NMPEeacOOWHOr0 COCTOSHHMS
MIACCUBHBIX 3JIEMEHTOB ammaparypsl. B COOTBETCTBHM C H3JIO0XKEHHBIM, JAaHHYIO CTPYKTYpPY MOXHO
MPEJICTaBUTh B CIIEAYyIOIIeM BUe (puc. 2).

Ha puc. 2 Hane)XHOCTB CBSI3aHA C Ka4eCTBOM 4epe3 0eccOOMHOCTh M 6€30I1acHOCTh 00PAaTHOM CBSI3bIO,
npudeM N — 9HCII0 ONAacHBIX BO3ACHCTBHH.

Poms n Mecto cOoeB B MeTOAax 3IEKTPOMAarHUTHOH coBMecTMMOCTH. C TOYKH 3peHHs NpodieM
3JIEKTPOMarHuTHOH coBMecTHMOocTH (OMC) ammapaTypsl BaKHO OTMETHTh, 4TO cOOil mpeacraBiser
co00i KpaTKOBPEMEHHOE HEBBINOIHCHHE TPEOOBAHUH IO 3JIEKTPOMATrHUTHON HM30JIALUM OT BHELIHUX
HCTOYHHKOB (IIOMEX), KOTOpBIE BeAyT K cOosiM. C Apyroi CTOPOHBI, BHYTPEHHEE COCTOSIHUE anmaparypbl
MOXET caMO OBbITh HCTOYHHKOM DJEKTPOMarHWTHBIX NOMeX. Jlpyrumu cioBamu, MEXIy
3JIEKTPOMArHUTHBIMH TTIOMEXaMH U COOSIMU CYIIECTBYET TeCHasl B3aMMHas CBA3b. PaccmMoTpuM mpobiemy
OMC npu c00sIX Ha MpHUMEpe MHOTOCTIONHBIX (B YaCTHOM Clly4yae, OQHOCIOWHBIX) MeYaTHbIX miat. OxHa
U3 NPUYMH cOOEB B MPOBOJHMKAX MHOTOCIOMHOM MEYaTHOW IUIaThl — 3TO YAaCTHYHOE HapyIICHHE
KOHTaKTa IIPOBOJIHUKA C KOHTAKTHBIMHM IUIOIAIKAMU BHYTPEHHUX CIIOEB. I3BECTHBIM CITOCOOOM OLIEHKH
Ka4yecTBa JJIEKTPUUECKHX COEAWHEHHUH SIBIISETCS aHAIM3 MOJEINEH, XapaKTepHU3YIONINX JIHHHUIO CBS3H, B
YyacTHOCTH, coenunstomyo bBUC mMexy co0oif, o 3aJjaHHBIM ITapaMeTpaM OMHYECKOTO COIIPOTHUBIICHUS
R n nosyyeHHBIM mapamerpam mapasuTHBIX MHAYKTHBHOCTH L u emxoctn C. B cocraB Takux mozenen
BXOJUAIT: TEPEaTunK — TeHEePaTop HMMIIYJILCOB, IPHEMHHK — OJOK BBICOKOYACTOTHBIX JIOTHYECKUX
CX€M, COCIMHEHHBIH C TEHEepaTopoM dYepe3 JMHHUIO CBS3M. AHAIN3 TAaKUX MOJENedl HpOBOIMTCS
BpPEMEHHBIM MeToJIoM. OJTHAKO MPEACTaBISIETCS] MPOOIeMaTHYHBIM HCIOIB30BAHUE JAHHOTO METOJA JUIs
oOHapyxeHHs U (uKcaruy cO0eB B JIMHUAX CBS3M IO ABYM npuunHaMm. [lepBas n3 HUX 3aKI04aeTcs B
MalbIX JWama3oHaX MW3MEHEHHS IapaMeTpoB pexuMa '"cOoi", MO’TOMYy H3MEHEHHS, BHOCHMEIE,
HampuMep, 3a cYeT ocialleHus KOHTAaKTa B JIMHHUAX CBSI3M, COM3MEPUMBI C H3MEHCHHSIMHU
CONPOTHUBIICHUH, BEI3BAHHBIX JJOIYCTUMBIMH U3MEHEHHUSIMH F€OMETPUH NEUYaTHBIX JIEMEHTOB BCIIE/ICTBHE
HECTaOWJIBHOCTH TEXHOJOTMYECKHMX TIPOLEeccCOB. BTopad mnpuumHa 3ariiodaeTcsi BO BHOCHMOM
MOTPEIIHOCTH CPEACTB TECTUPOBAHUS IIPH KOHTAKTUPOBAHUH C JHATHOCTHPYEMBIMHU 3JIEMEHTaMH.

[ox cboem nim cOOMHBIM COCTOSTHHEM BJIEKTPHUYECKOTO COSIMHEHHS ITeYaTHOH IUIaThl (JIMHUH CBSA3H
WIN COeMHMTENS) OyJeM IIOHMMATh MPOMEKYTOUYHOE COCTOSHHE COSJAMHEHUS] MEXIy ABYMs JAPYTUMH
IpeeNIbHBIME COCTOSIHUSIMU. OJTHO M3 HUX — OTKa3HOE COCTOSIHUE — COOTBETCTBYET OOPBIBY JIMHUH
CBS3M WM COCTOSHHIO BBIKJIIOYEHHOIO COEIUHMUTENS C IapaMeTpoM OMUYECKOTO CONpPOTHUBICHHS,
paBHBIM OeckoHeuHocTH (R = o0), a mapasutHbIMH MHAYKTHBHOCTBHIO (L) M emkocthio (C), paBHBEIMU
Hymo (L, C = 0). Ipyroe ycToifunBoe COCTOSIHHE COOTBETCTBYET UCIIPABHOMY COCTOSIHUIO JIMHHH CBS3H
WM COCTOSIHHIO BKJIFOYCHHOTO COEAWHHUTENSI C TapaMeTpoM OMHYECKOTO COINpPOTHBICHHS MEHBIIE
HOMHuHaNBHO nomyctuMoro (R < RHOM) M ¢ MHAYKTHBHBIM ITapaMETPOM ITapasUTHON pPEaKTHBHOCTH.
Torma Tperse (cOOHHOE) COCTOSIHHE XapaKTepU3yeTCs] MPOMEXKYTOUHBIM 3HAUYCHHEM OMHYECKON

CpEeIHEKBAAPATUIHOI0 OTKIOHEHHUS 6*(R):
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COCTaBJISIOIIECH U €MKOCTHBIM XapaKTepoMm Hapa?,P[THOﬁ PCAKTUBHOCTH. DTO cocTOsHUE COOTBETCTBYCT,
Hanpumep, MI/IKp006pI>IBy, MUKPOTPCUINHE UJIN MUKPO3a30pPYy IMEUYaTHOr'0 IMPOBOJHUKA.

Texnunueckas
cucrema (0GBeKT)

KauectBo

Besonacnocth HanesxHocts

BesoTkasHoCTh
Beccooitnocts

Puc. 2. HoBoe CBOHCTBO TEXHHYECKHX CHCTEM — «OECCOOHHOCTB» - U €€ CBSA3b C CYIIECTBYIOIICH
CTPYKTYpOi 1 6€3011aCHOCTHIO

JlaHHOE OOCTOSTENIBCTBO SIBISETCS MPUYMHOW TOTO, YTO COMNPHUKACAIOIINECS TOYKH MMEIOT pa3Hble
sHaueHus R, L u C. IlapamnensHoe coemunenue sneMeHToB R, L m C obpasyer mnapasuienbHbIH
KOJICOATENBHBIA KOHTYP ¢ MOTepsiMu. B 001eM ciiydae Takux KOHTypoB OyaeT N. Ha puc. 3 0603HaueHo:
ZB - BOJHOBOE COTIPOTUBIICHHE COCAMHUTENHHOTO Kabenst; ZH - comporusnenue Harpysku; Ri, Li, Ci (i
=1, 2 .., N) — COBOKYMHOCTH JHUCKPETHBIX 3HAYCHHUH COMPOTHUBIICHHUS, UHAYKTHBHOCTH U €MKOCTH B
mpoliecce Aerpajaliy COeAUHUTEN COOTBeTCTBeHHO. O1HaKo, KOTla AMarHOCTUKA c00eB BO BPEeMEHHOMH
o0ylacTi HEBO3MOXKHA, MOXXHO HCIIOJIB30BaTh JAPYrod HMHGOPMATHBHBIA NHapaMeTp - PE30HAHCHYIO
4acToTy.

I[Ipumep peructpamuu pexxnma "cooi" coemuHmTens twuma PIITIM 27, npumeHseMoro B
oTedyecTBeHHOH cymepDBM cepum "DnpOpyc”, mpu TecTHpoBaHWU ToOKa3aH Ha puc. 4. Kpusas 1 Ha
YKa3aHHOM PHCYHKE — 3TO TECTHPYEMOE COeIMHEHHE (B KauecTBE NMPUEMHHUKA BBIOpaH OJWH W3 KaHAJIOB
ociiutorpada), KpuBas 2 — perucTpupyemble (Ha BTOPOM KaHaie ocHuuiorpada) AaTYAKOM-
coenuHuTeNeM (MMPOBOJHUKOM) B pexkuMe "cOoi" wyacToThl. M3 puc. 4 BuaHO, 4TO cOOMl COeTUHUTENS
MMeeT HECKOJBbKO PE30HAHCHBIX MaKCHMyMOB Ha 4dacTtoTax 4, 15, 55 MI'n. Tennennus k ob6pa3oBaHHUIO
"cOOMHBIX" PE30HAHCHBIX YacTOT HAOJIOAAeTCs W NPU TOBBIIICHHHM pPadoOyvero Jauana3oHa 4acToT.
[Mupokuil Auanma3oH Kak T€HEPUPYEMBIX, TaK M IPUHIMAEMBIX YacTOT B pexuMe '"cOoil" mo3Boiser
cAenaTh BBIBOA O HAJEXKHOCTH DPETHCTPALlUU JAaHHOTO DPEXHMa OIMCAHHBIMM METOJaMM, a TakKkKe
MIO3BOJISIET BBITIOJIHATD alapaTypy IJIs pETHCTPALMU TOPTATHBHOM.

C 3Toi TOYKM 3peHnsi Oojiee YHUBEPCAIbHBIM M JIMIICHHBIM YKa3aHHBIX HEIOCTATKOB SIBISETCS KOJ
BrromkoBa-/[naHoBa, Ha3BaHHBIA 1O (aMIIIMSIM aBTOPOB, BIIEPBBIC MPEATIOKUBIINX €r0 Ui PEHICHHS
3a7a4 npsMoro ugpoBoro ynpasneHus oobekTaMu. OcHOBHas naes — "IUPPOBU3UPOBATE" OOBEKT (B
JTAHHOM CITydae WCIIOJIHHUTENbHBIH MEXaHW3M) M YIPaBIATh UM OT IHM(PPOBOH MAaIIMHBI, MUHYS IH(PO-
aHAJOTOBBIM TpeoOpas3oBarens. PaspaboraHHas Teopus, OCHOBOW KOTOPOH SIBHJIOCH COBMECTHOE
paccMOTpeHne Mpeodpa3oBaHMs CHTHAJIIOB KaK B YaCTOTHOW, TaK M BO BPEMEHHOM 001acTsIX, MTO3BOJIMIIA
HE TOJIFKO YHHUBEPCAIN3UPOBATh yIpaBieHne oT udporoit OBM c¢ 1r00bIM 9HCIOM pa3psAa0B, HAYMHAS C
BOCBHMH (IIPH MEHBIIEM YHCIIE II(PPOBOE WM KOJOBOE YIPABICHUE BBHIPOXKIACTCS B YHCIO-UMITYIIBCHOE
WM MIMPOTHO-MUMITYJIECHOE), HO M ONTHMH3UPOBATh €r0 C TOYKH 3PEHUS JJEKTPUYECKON Harpy3Ku
WCTIOJIHUTENIFHOTO MEXaHHW3Ma. B 9acTHOCTH, NMpenioKEeHHBIH METOJ YHpaBJICHUS HCHOTHUTEIBEHBIMU
MEXaHU3MaMH, Ha3BaHHBI KOIO-WMIYJIbCHBIM YIpaBICHHEM, OKa3aicsid J(GEKTUBHBIM Kak MpH
YIPaBICHUH UCTIOIHUTEIbHBIMU JIBUTATEISIMI MaJloN (IECSATKH M COTHH BaTT) MOIIHOCTH (JIETaTelIbHbIC
anmapaTbl), TaK U OOJIBIION (TBHICSYM KWIJIOBATT) MOILIHOCTH (OJIIOMHMHIH, IPOKaTHBIE CTaHbI). Mmeer
MECTO M JpYyrod BaKHBIM MapaMeTp YHHBEpCAIM3alMM - TaKTOBBIE YacTOTHl padoraromux IBM (or
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HU3KHX YacTOT J0 JECATKOB M COTEH Merarepil) M 4acTOThbl NMUTAIOIIMX HANpsDKEHWH Harpysku (oT
HYJIEBBIX M HU3KUX, 50-reproBbix uactoT a0 400 u 1000 I'm). XapaktepeH u TOT (akT, 4TO JAHHBINA
MeToJl 00pabOTKH CHUTHAJIOB MPEIIOKHIA B KOHIE 80-X roJ0B MPONUIOTO CTOJIETHS OJHA M3 BELYLIHX
3apyOexXHBIX (UPM B OOJACTH BBIYUCIUTENFHOH M KOHTPOJIBHO-IMATHOCTHYECKOW ammapaTypel —
Xspronet-I1akkap — M HUCTIONB30BaNA €T0 NMPH MMOCTPOCHUH CHTHAJIBHBIX aHAJIW3aTOpoB. B obmiem Buze
kox OBM, "mpuBs3aHHBIH" K Harpys3ke, IpPEACTaBISIET COBOKYITHOCTh €OUHHIl (MMITYJIbCOB) W HYJCH
(OTCYTCTBHE UMITYJIECOB) U MOKET HMETh (popMy:
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Puc. 3. Mozenb coeMHUTENST KaK COBOKYITHOCTB «(1» PE30HAHCHBIX KOHTYPOB
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Puc.4. Coeaunurenb-usnyvarens (KpuBas 1) U cOeAMHUTENb-TIPUEMHHK (KpUBas 2) B pexxime "cooit”

IIpemyaraemslii MeToA A7 MHTEIUICKTYAIbHOM THArHOCTUKM COOEB JATYMKOB U HCIOTHUTEIBHBIX
MEXaHU3MOB 3aKJIOUaeTCsi B TOM, 4YTO COOHHBIE COCTOSHHS OHNPENENIOTCA 10 00pa30BaHUIO
PE30HAHCHBIX YacTOT B JJATUYMKAX M MCIOJHUTENBHBIX MEXaHH3MaxX M HaJUYHIO MOBBIIIEHHOTO (6onee 2-
4 pa3a) 3J€KTPOMArHUTHOTO H3JIy4EHUs, JOIOJHHUTEILHOMY CIOBHIY (DPOHTOB MMITYJIbCHBIX CHIHAJIOB,
cMeHe (ha3bl TAPMOHUYECKUX CHTHAJIOB NMPOXOJSIINX 4Yepe3 NaTYMKU M HCIOJIHUTEIbHBIE MEXaHU3MBI,
HaJIMYMIO CYOrapMOHMYECKHMX KOJIeOaHMH, W3MEHEHHMIO aMIUIUTYIHO-4aCTOTHBIX XapaKTepHCTHK,
M3MEHEHHIO COOTHOILCHHMS MAAI0IIeil N OTpaskeHHOW BOJIHBI, MOSIBICHUIO d3pdexTa nuddepeHupoBanms
U VHTETPUPOBAHUS CHUrHANOB. M3 Bcex pacCMOTPEHHBIX NEPCHEKTHBHBIX HANpPABICHUH pa3BUTUS
BOIIPOCOB M3YUYEHUS U HCCIIEIOBAHUS COOEB B COBPEMEHHBIX CHCTEMax aBTOMAaTHKH 0c000 XOTENOCh OBl
OTMETUTH HallpaBJeHHE pa3paboTKu cOOEYCTONUMBOI ammaparypbl JUIsi KOCMHYECKHX anmaparoB. B
YAaCTHOCTH, OJTHUM M3 BXHEHIINX JOMOIHUTENBHBIX TPEOOBaHUH K OOPTOBOM BBIYUCIUTEIBHON TEXHUKE
SBJISIETCS HEOOXOJMMOCTh pa3pabOTKU TOBBIIIEHHBIX Mep 3aluThl OT cOoeB. [Ipu 3TOM HE0OX0aMMO
YYUTBIBAaTh PA3IMYHBIC YCIIOBHMS BO3HUKHOBEHHS COOEB BO BpeMs IoJieTa (B MEPBYIO OuYepelb, BHBI
opOuT, paguanroHHbIE yCI0BHA). B uacTHOCTH, Hanboiiee moaBepKeHa cO0sIM anmapaTypa KOCMHYECKHX
ammaparoB, BPALIAIONIMNXCS 110 BEICOKOUTUNTHYECKHM opOuTaM. BmecTe ¢ Tem, ciexyeT OTMETHTb, YTO,
HapsAIy C WCCIIeZIOBaHNEM cOOEB B aKTMBHBIX dJIeMeHTax ammaparypsl (Hanpumep, CBMC nunrammueckoit
NaMsTH), HEAOCTATOYHO YJeNseTcss BHUMaHMS "'NAacCHBHOHM" dYacTH amnmaparypbl (JIMHHUSIM CBSI3H,
KOHTaKTHPYIOIIMM yCTPOWCTBAaM, KOHTAKTHBIM IUIOIIAZKaM, IIPOBOJHAKAM IEYaTHBIX IUIAT | T.1.). [Ipn
9TOM ClleJlyeT UMETh B BHIY, YTO €CJIM JJIsI aKTUBHBIX JIEMEHTOB almapaTypbl NEpBONPHINHON cOOeB
3a4acTyIo SIBJIAETCS paauanus (HarmpuMmep, BEICOKOIHEPreTHYHBIE YaCTHII XUMHYECKUX 3JIEMEHTOB), TO
JUIL TIACCHBHBIX 3JIEMEHTOB IEPBONPHYMHONH COOEB MOXET BBICTYNATh BHOpanus (Hanpumep, B
JUTUTEJIEHBIX KOCMHYECKUX T0JIETax).

3a mepuox 1975-2010 romoB He0OX0ANMO yKa3aTh Ha MIUPOKOE BHEAPEHHE PACCMOTPEHHBIX B paboTe
pe3ysibTaToOB B HApOJHOE  XO3fAHCTBO, BKIIOYas OOOpDOHHBIE OTpAaciM: AaBHAMA, TSKENOe
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MAaIIMHOCTPOEHHE, KOCMHYECKOE NPHOOPOCTPOCHHE, MOPCKOE NPHOOPOCTPOCHUE, BBIYUCIHMTENIbHAS
TEXHHKa, TPAHCIIOPT, XUMHYECKOE MAITMHOCTPOCHHE, Fe0/Ie3NIECKOe MPUOOPOCTPOCHHUE U PSIIT IPYTHUX.

B Hacrosmiee BpeMst B MOCKOBCKOM TOCYAAapCTBEHHOM HWHIYCTPHAIBHOM yHHBepcuTeTe (Kadempa
«ABTOMATHKH, WHPOPMATHKH M CHUCTEM YIIPABICHHUA») COBMECTHO C MOCKOBCKMM 3SHEPreTHUECKHM
MHCTUTYTOM (Kadenpa «DIEKTPOTEXHUKN U HHTPOCKONNM») U BeraucnurensHeM LleHTpoM nmeHn A.A.
Hoponauiinaa PAH (otnen «HenmuHeiHOTO aHamm3a u mpobieM 0e30IacHOCTHY) BeIyTCs pa3paboTKh
annapaTHBIX U MPOTPAMMHBIX CPEACTB IO MOBBIICHUIO 0E30MAaCHOCTH alNapaTypbl CUCTEM YHPaBICHHS
3aIUUTON AJIEPHBIX PEAKTOPOB.

FIBIEHIBIB0L SRIOKR0 RS AMRO 0)5603IRAM3ZI ANIR0O LOLGIFIBOL
063M®35COIN 5B NH(MIdST0
8. bIFSILRSII
0903y

dobbogngaros s Ygmogobgdgmos S3sMe@Ye-3Mma@sdygmo Lol gdgdols “dgagtbgdg-
o0l 5JBogdo  ©osabmbEogol dgmmpgdo: 0b@gegd@omgto s g g]BMmmdsybo@d o
dgmoglgdombol.  Fomdmeggboaos  Lobdodgms C-osdsbmbdo  dmdydegg  gmbdmbydo
5000900 9JBOMbyg@o 535M5@ M0l 03g0sbmdols sdomargdols 3mbizgyEos.

ROLE AND PLACE OF FAILURES IN INFORMATION SAFETY
OF MODERN COMPLEX SYSTEMS

M. SURGULADZE
Summary

Intellectual and electromagnetic compatibility methods of active diagnostics of failures of hardware-
software systems are considered and offered. The concept of the complex decision of a problem of in-
crease of reliability of the space radio-electronic equipment in C-frequency range is presented.

POJIb U MECTO CBOMEB B TH®POPMAIIMOHHOM BE3ONMACHOCTH
COBPEMEHHBIX CJIOKHBIX CUCTEM

M . CYPI'VJIAJ[3E
Pe3iome

PaCCMOTpeHI)I U TOpEaIOKEHBI METObI AKTUBHON JIMArHOCTHKH cboeB armnapaTHoO-IporpaMMHBIX
CUCTEM: HWHTCJUICKTYyaJIbHbIC, SJ'IeKT‘pOMaFHI/ITHOﬁ COBMECCTHUMOCTH. Hpe,ﬂCTaBHeHa KOHICIIIHA
KOMIUIEKCHOTO  pCIICHUA 3aJladyd  TOBBIIICHUA  HAJICXKHOCTHU KOCMHYECKOH pa,IlPIOC)J'IeKTpOHHOfI
armaparypsl B C-Z[I/IaHaSOHe HacCToT.
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CLOUD COMPUTING, THEIR VISION AND NATURE
T.BAKHTADZE, . MARGALITADZE, M.GEGECHKORI, T.KAISHAURI

Summary

Cloud services are getting more and more popular and they are predicted to have a great future by
computer experts.

Almost everything can be done my means of the cloud technologies. All we need is a web browser
and access to the internet.

The cloud conception, cloud calculations/computations and its benefits are considered in the paper.

OBJAYHBIE BBIYUCJIEHUSA, UX KOHIEITIIH S I/IvCYTI)
T.FAXTAJ[3E, U MAPI'AJIUTA/[3E, MI'ETEYKOPU, T. KAUIIIAYPU
Pe3rome

“ObnayHble CEpPBHUCH” CTOHOBSTCA BCe Oojee MOMYISPHBIMA W JKCIEPTHI, pasOuparomiuecs B
KOMJIBTEPHBIX TEXHOJIOTHSIX, MPEJICKA3bIBAIOT 00IIbIIOE Oy ayIiiee 00JadHbIM CEPBHCAM.

C IIOMOLIBIO O6J'la‘-IHBIX TEXHOJIOTHI MMPAKTUYECKNU MOKHO CICJIaTh BCE. 21)'[5[ 3TOr'0 TJIaBHOC HUMETH
BeOOpay3ep U AOCTYI K UHTEPHETY.

B mpencraBnsieMoil cTaThe PAacCMOTPEHBI KOHIEMUMS oO0jaka, OONayHble BBIYUCICHHS W HX
OeneduThI.
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FREE PROGRAMS IN EDUCATIONAL AND SCIENTIFIC ACTIVITY
M. GEGECHKORI, V. BAKHTADZE, T.ZHVANIA, J.GAGLOSHVILI, N. NARIMANIDZE,
T. BURCHULADZE

Summary

The list of some priority and qualitative free programs for today is given. Preferences of these
programs in comparison proprietary programs and positive sides of transition to the free software are
considered.

CBOBOJHBIE TIPOI'PAMMBI B OBPA3OBATEJIbHOM U HAYYHOM
AEATEJBHOCTH
M. I'ETEYKOPH, B. FAXTAJ[3E, TKBAHUA, /DK TATJIOLIBAJIN, H. HAPUMAHUJ[3E,
T. BYPYYIIA/[3E

Pe3iome

[IpuBeneH mnepedeHb HEKOTOPHIX MPHOPUTETHBIX W KAaYSCTBEHHBIX CBOOOIHBIX IIPOTpaMM Ha
CEroJIHSAIIHNN 1eHb. PacCMOTpEHbI X MIPEUMYIIECTBA [0 CPABHEHHUIO C IIPONPUETAPHBIMU MpPOrpaMMaMu
U MOJIOXKUTEIbHBIE CTOPOHBI ITepexo/ia Ha cBOOOJHOE MPOrpaMMHOE 0OeceYeHHeE.

R0BIBoBI@S - REFERENCES - IUTEPATYPA

1. Francesco Potorti. Free software and research. http:/fly.isti.cnr.it/sl/fs-and-research, 2008.
AnekceeB E.P. Mcnonn3oBanue CB060,Z[HI>IX nporpaMM B HAYYHBIX HCCJIICAOBAHHUAX. IIPUKIIAJAHAA
uHpopmartuka Ne6 (24), 2009, cT. 61-79.

http://en.wikipedia.org/wiki/Linux

http://www.google.ru/chrome

http://ru.wikipedia.org/wiki/Mozilla_Firefox

http://www.openoffice.org/why/
http://www.softozone.net/131-paket-freeoffice-2012-besplatnaya-alternativa-ms-office.html
http://www.docs.google.com

. http://www.stardict.sourceforge.net

0. http://www.scilab.org

>

Boo~No O ~W

211


http://fly.isti.cnr.it/sl/fs-and-research
http://en.wikipedia.org/wiki/Linux
https://www.google.ru/chrome
http://ru.wikipedia.org/wiki/Mozilla_Firefox
http://www.softozone.net/131-paket-freeoffice-2012-besplatnaya-alternativa-ms-office.html
http://docs.google.com/
http://www.stardict.sourceforge.net/

UHTEJUIEKTYAJIBHASI CACTEMA MEJUIIAHCKOM TUATHOCTHKHA U
BbIBOPA JIEYEHUA

B. PAJI3UEBCKHH, H. JDKAJIAEOBA J]. PAIJ3UEBCKHH
v_radzievski@yahoo.com, noraj@mail.ru, dradzievski@gmail.com

1.BBenenne

Pemenne 3amaum JMUAarHOCTHKH, TECHO CBA3aHO C aHAJIW30M HAOJIOMacMbIX HapYIICHUM
JMarHOCTHPYEMOTo 00BEKTa M BBIBOAOM 3aKIIFOYCHHUN O BBHI3BIBAIONINX MX NMpHYuHaX ClemyeT Ipu 3TOM
OTMETHTH, YTO CBOWCTBA AMATHOCTHPYEMOTO OOBEKTa U CIOCO0 €ro 3alaHWs AWKTYIOT HCIIOIB30BaHHE
Pa3IMYHOTO poOJa METOJOB MPHU PEUICHHH MOCTaBIECHHBIX 3adad. [Ipu pemieHUH 3aaad JUArHOCTUKHU
CIOKHEIX CHCTEM, TaKHUX, KAKUMH SBISIOTCS: OHMOJOTMYECKHE CHUCTEMEI, JKOJOTMYECKHE CHUCTEMEI,
SKOHOMHYECKHE CHCTEMBI M T. JI. UCIOJB30BAaHHE CTPOTHX KOJHYCCTBEHHBIX METOIOB, KaK IPaBUIIO,
HEBO3MOXKHO. 3adaydl MOJOOHOr0 poJa OTHOCATCS K  Kiaccy He(hOpMaTU30BaHHBIX — HJIH

CJ'Ia60(1)OpMaJ'II/I30BaHHHX 3a1a4 [1, 2] U Opu HUX PCHICHHU IMNPUXOAUTCS OINMUPATHCS Ha HEYETKHE

KaueCTBEHHbIE COOTHOIIEHHS, MPEJCTaBIAIOINE OOBEKT B BH3YaJbHOW (OpMe, KOTOPYIO MOXKHO
HaOmonaTe, WM B (OpMe €ro OmMcaHus Ha ECTECTBEHHOM SI3bIKE. JTO MPUBOJAUT K TOMY, 4TO
YIOMSHYTBIE 33Jja4l PEIIAIOTCs, KaK NPaBUJIO, YEIOBEKOM HA OCHOBE €r0 3HAHUS, OMNbITA, HHTYULNH U
CIIOCOOHOCTH aHaJNM3MpOBaTh HeopMalbHO 3aJaHHYI0 CHTYallMI0 ¥ OIEpPHUpOBAaTh HEYETKUMHU
MOHATHSAMHU, HHCTPYKIUSIMHU, OITUCAHUSIMHU.

ABTOMaTH3amus 3TOM cgepsl CBA3aHA C CO3JAaHWEM WHTEIUICKTYalbHBIX CHCTEM, CIIOCOOHBIX
npuoOpeTaTh W XpaHWTh 3HAHUS, IOJYYCHHBIE OT CIICIUAINCTOB, M HCIOJB30BATh MX MPU PEIICHUH
MIOCTaBJIEHHBIX 3a]1ay.

2. ®opMUPOBAHME MO/eJIM 3HAHMII 0 JUATHOCTHPYEMOIi ccTeMe U pellieHHe 3a1a41 JUATHOCTHUKHU

C uenpi0 pemieHust 3Toi 3agauu OyaeM (OpMUpOBaTH B MAllMHE 3HAHUS O COOTBETCTBYIOIICH
cucreMe. XapakTepHOH 0COOEHHOCTBIO CHCTEM PaccMaTpHBAaEMOIo Kilacca SIBISIETCS HAIMYNE CII0XKHOU
CeTH B3aMMOCBS3€Hl MEXIY COCTOSHUSIMU 3JIEMEHTOB cUcTeMbl. I[103TOMy 3HaHHSA O CHCTeME JOJDKHBI
BKJIIOYAaTh HH(QOPMAIMIO O TOM, KaK pa3jMYHbIC M3MEHCHHS COCTOSHHH BIHSIOT Ipyr Ha apyra B

JaTbHEeHIeM 3TH M3MEHEHHs OyJaeM HasbIBaTh HapyIICHUSIMHU [3] n OyzneM paccMaTpuBaTh BIMSHHE

Pa3IMYHBbIX HapyIICHUH HA COCTOSIHME CUCTEMBI U €€ KOMIIOHEHTOB. B kauecTBe IIpUMEpPOB HAPYyIIEHUI
TaKOTO pOAa MOKHO YKa3aTh TaKHe, KaKUMH SBISIOTCA: YBEJIMYCHHE KOJIHMYECTBA HPOTPOMOMHA,
YBEJIMYEHUE caxapa B KPOBHU, U3MEHEHHE HANpsDKEHUS! B CETH, NEPErpeB ABHUraTelsl, pe3KOe U3MEHEHHE
YHCIIEHHOCTH KaKOro-Iu0o BHIAa B PEruoHe, IajeHHE Kypca Joiuiapa, pocT uHduamuu T.4. Bee atn
MPUMEPBI  SABIAIOTCS HAPYIICHUSIMM, OTHOCSIIUMHCA K CaMbIM pAa3JIMYHBIM 00JacTaM 3HAaHUH U
NPE/CTABISIONIMMH  COOOH OTKJIOHEHHE OT HOPMBI KakHX-THOO XapaKTepHUCTHUK CHUCTEMBI U €&
KOMIIOHEHTOB. PeleHue Bompoca, 4To SIBJISIETCS M UYTO HE SBJIACTCS HAPYIIEHHUEM, MPENOCTaBISETCS
CHENHANTHCTY-3KCIEPTY, HOPMHUPYIOIIEMY YIIOMSIHYTHIEC BBIIIE 3HAHHS.

B nanHO# paboTe B KayecTBE CIOKHOH CHCTEMBI pacCMaTpHBAETCs OOJILHOIM OpraHM3M M peIaeTcs
3ajJjaya aBTOMAaTH3allMM [IWArHOCTUKM 3aboyeBaHMil M BbIOOpa MeToAa JeueHus. B aToM ciyuae
YIOMSHYTBIE BBIIIE 3HAHUS BKIIOYAIOT OMHMCAHUS HApymICHWH (DYHKIIMOHHPOBAHWS OpPTaHW3MAa W €ro
KOMIIOHEHTOB, B3aUMOCBA3U MEXIY DPa3JIMYHbIMH HAPYLICHUSAMH, a TAKKE MEXAY HAPYLICHUSIMU U
BO3MOHBIMH MeTOAaMH jiedeHus. C Leblo NPeICTaBICHHS YIOMSIHYTHIX 3HaHUI B MaIlIMHE, MHOXKECTBO
BO3MOJKHBIX HapyIICHWH, NPUCYIIHX CHCTEME-OPTaHW3M, pa3OMBaeTcsi Ha KIacChl W IMOIKIACCHI U
HpPEeJCTaBIsIeTCS B BHUJE HEKOTOPOHW HEpapXUUeCKOW CTPYKTypsl - JepeBa HapymeHuid. Kaxaelid us
YHOMSIHYTBIX MOJKIJIACCOB B JEPEBE HapYIICHUIl KOHKPETU3UPYETCs M YTOUHSAETCS 10 Mepe mepexoja K

cienyronieMy, 6oiee HUI3KOMY YPOBHIO [3]
Jis peiienys 3aauy TMarHOCTUKU Oy/IeM HCIOJIb30BaTh METOJI ONMCAHHBIN €ro aBTOpoM B paboTe
[4] U HCIOJIB3YEMBbIH IIPY PELICHUHU 3a]ad ONUCAHHBIX B [5, 6,7, 8] B sTOM MeToze B KauecTBE MOJEIN

JUISL TIPENICTaBICHHUS] 3HAHWW MCIIOJB3YETCsS HMEepPapXUUEeCK OpraHU30BaHHAs CEMAHTHUYECKas CeTb,
BEPIIMHBI KOTOPOW TMPEACTABIIOT CO0OM TMOHATHSA, XapaKTepH3YIOIIMEe BO3MOXHBIE HAPYIICHUS
CUCTEMBI-OPTaHU3M U €€ KOMIIOHEHTOB, a JIYTd - OTHOILEHHUS MEXAY TOHATUSAMU (HapyIIEHUsIMHU), a
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TaKKe MEXAY HApYIICHUSAMH M METOAaMHU JieueHHsl. B KauecTBe OTHOIICHHH UCIIONB3YIOTCS TaKUe, KaK
noustue — moanonarue (SUP u SUB), 3anaromye uepapxuio MOHSATHH, a TakXKe Takue HEUETKHe
OTHOIICHHSA, KaK «BO3MOKHAs MNPUYMHA», «BO3MOXKHOE CIIEICTBHE», «CHOCOOCTBYET», «IIOKa3aHO»,
HO3BOJIAIONIME OoJiee TOUHO ONMCATh CUTYAIHIO, CBA3AHHYIO C OOJNE3HBIO M HPOLECCOM €€ JICUSHUS.
Takass cTpykTypa MOXeT OBITh INpeJICTaBlIeHa Ha NapauIeNbHbIX TI'OPU30HTAIBHBIX IUIOCKOCTSX,
PAacTIONIOKEHHBIX cnosiMA. Ha KakIo# MIIOCKOCTH MMEeM IIOJICETh, MPEACTABIAIONIYI0 co00i rpadoByro
CTPYKTYpPY, COOTBETCTBYIOLIYIO ONHCAHHUIO ONPENEIEHHOTO YpOBHSA. B 3TOH ceTw BepIIMHBI-TIOHSTHS,
0003HayaroIe HapyLIeHUs, CBA3aHbl MEXIy COOOH YNOMSHYTHIMU BBIIIE HEYETKMMH OTHOIICHUSMH
(ropuzoHTanbHEIE cBA3W). Ha puc.1 nan obmtwii Buz rpada, mpecTaBIeHHOTO Ha OHOHN U3 IJIOCKOCTEH, a
Ha pHC.2 COOTBETCTBYIOIIAS 3TOMY rpadyy MaTpUIla OTHOIICHIH.

1 2 3 4 5 6 7 8
1 2 3 1 0 0 0 0 0 0 0 0
O O O 2 0 0 0 0 0 0 0 0
4 / >\ 3 0 0 0 0 0 0 0 0
o oK 6 4 1 0 0 0 0 0 0 0
~ ) 5 0 1 0 0 0 0 0 0
O O 6 0 0 1 0 0 0 0 0
7 g 7 0 0 0 1 1 1 0 0
8 0 0 0 1 1 1 0 0

Puc. 1 Puc. 2

[oHsTHs, HaXOMAIIMECS HA Pa3IMYHBIX IUIOCKOCTSX, CBA3aHBI MEXAy coboil otHomeHusmu SUP u
SUB, 3amaromumu Mepapxuro NOHATHH (BepTHKalbHbIC CcBs3M). Ha kaxnoil u3 moncereld BBIACISAIOTCS
BEPILUMHBI, 3aJalOle HENOCPEJCTBCHHO HA0IIoJaeMble HApYIICHUs U COJAEpXKAI[He HCXOIHYIO
nHdopmanuio (BEpIIMHBI-CUMIITOMBI), a TAK)KE BEPIIMHBI, 33Jal0LI1e BO3MOXKHBIE MPUYNHBI CUMIITOMOB
(BeplIMHBI — THIOTE3bl). BepmimHbl — THIOTE3Bl  CBS3aHBI C BEPIIMHAMH-CHMITOMAMH JyraMH,
OTOOpaXAIOIUMH  OTHOILIEHUSI «BO3MOJXKHAasi MNpHYMHAY. VIMEIoTCs Takke BEpIIMHBI, KOTOpbIE
oToOpaxaroT GpakTopbl, CIOCOOCTBYOLINE KAKUM-TTHO0 HapylIIeHUsIM (CriocoOCcTByoIue Gakropsl). OHK
CBSI3aHBI C BEPLIMHAMH — TUIIOTE3aMH AyTraMu, NPEACTABIAIOIIMMHI OTHOILEHUE «CII0COOCTBYET.

Hcnonb3oBaHue 3HAaHWII MOJpa3yMeBaeT HCIOJB30BAaHWE HE TOJNBKO HMH(POPMAIMU  SIBHO
NPUCYTCTBYIOIIEH B CETH, HO U TOM, KOTOpas B HEH SBHO HE NMPHUCYTCTBYET, HO KOTOpPask MOXET ObITh
BBIBEICHA W3 MMEIONIMXCS AaHHbIX. C 3TOH LEebl0 Ha CEMAHTHYECKOH CETH TNPOBOJUTCS OIeparys
MIOTIOJTHEHMS 3HAHUH 3a CYET MCIOJIB30BAHUS aNreOpandecKux CBOMCTB OTHOIICHHUH, IPUCYTCTBYIOIUX B
cern. Tak, HampuMmep, ecli HM3BECTHO, YTO R — HEKOTOpoe OTHOIICHHE, 3aJlaHHOE HAa MHOXECTBE
HApYILICHHUH, a TaKXKe M3BECTHO, 4YTO R —TpaH3HTHBHOE OTHOILIEHHE, TO U3 (pakta (Ci R C2)&(C2 R ¢3)
cienyer ¢akr (C1 R €3), koTopblii B cetn sBHO He mpucyTcTBoBain. OH ObUI BBIBEJEH Ha OCHOBaHHMHU
umerotuxcst ¢axrtoB. s nonyuenus rpada, B KOTOPOM OJHOBPEMEHHO MPHCYTCTBYIOT KAk SIBHbIC
OTHOIICHHUS MEX/Iy HapyUICHUSIMA KOMIOHEHTOB, TaKk M Te, KOTOpble ObUIM BBISBICHBI B IPOIIECCEe

A

HONOIHEH s ONMCAHUM, IIPOBOAUTCS ONEPALMs TPAH3UTUBHOTO 3aMbikanus R .
5 2 3 n
R=RUR*UR’U..R"U...
Hpouecc BO3BCACHUS B CTCIICHDb OTHOIIIEHUH 3aKaHYMBAETCS IIPpU BBITIOJTHEHUS YCIIOBUA
R™ =R" /4/
IIpu npencraBieHnn rpadoBOK CTPYKTYPHI CEMAHTHUYECKOH CETH B BHIIE KBaJIpaTHOW MaTpPHIIBI
o 2 3 n
otnomenuii, crenenam R°,R”,..,R" orromenus R coorsercTByeT BO3BENEHME B CTENEHD 1BA, TPU U

T.J. B CTENMEHb N KBaJpaTHOW MaTpHIIbI, 3ajaloliei OoTHOIIeHHWe R, a uIsi BBIIOTHEHWS OTepauu
TPaH3UTUBHOTO 3aMBIKaHUs, MPOBOJUTCS OIEpanus OObETUHEHHsS 3THX MaTpull. B ciydae Hamuaus

213



UHTEJUIEKTYAJBHASI CACTEMA MEJUIIAHCKOM TUATHOCTHUKMN...

HEYETKUX OTHOHICHI/II7I, yTOo Hamboiee XapakKTepHO i1 CHUCTEM YIIOMSAHYTOI'O KJlacCa, KaxXIOMY
OTHOIICHUIO MPUINHUCBIBAOTCA HCEKOTOPHLIC BCCOBLIC KOS(l)(I)I/IHI/IeHTLI oo U E[O,l] , KOTOpBIC
1 1

TPaKTYIOTCS KaK CTEIICHH YBEPEHHOCTH. Tak, AJSI OTHOIIEHHWS «BO3MOKHAs NPHYMHA» 4 3aJaéT

CTETIeHb YBEPEHHOCTH B TOM, YTO Hapywenne O sBIseTCss BO3MOXKHON npuanHoi cumnroma S . Ipu

HaJIMYNK HEYETKUX OTHOIICHHWH BMECTO HOJb-€AMHHYHON MATpPHUIIBI, YKa3bIBAIOIICH Ha HAIUYUC WIH
OTCYTCTBHC OTHOLICHHI, IMEEM MATpHILY, SJICMCHTAMU KOTOPOM SBIISIOTCS CTCIICHH YBEPEHHOCTH /L,

Torma, mpu BBINOJHEHUHM OIEpallMU, COOTBETCTBYIOIEH OIepaluy TPAH3UTUBHOTO 3aMBIKAaHUS Ui
HEUETKUX OTHOIICHUI, BMECTO HOIb-CAUHUYHON MAaTpHUIIBI, UMEEM MaTpHIly, 3JIEMEHTaMH KOTOpOH
SIBISIFOTCS 3HAYCHNUS CTENeHell ysepenHoctd 4, . Ilpu oToM Bee omepamun ¢ STUMH — MaTpHLI@MH

MPOBOMATCA B COOTBETCTBHH C TEM, KakK 3TO INPHHATO B TEOPHHM HEYETKMX MHOXecTB. IIpoBenenme
orepalyy TPAaH3UTUBHOTO 3aMBIKaHUS Kak sl 4ETKOTO, TaK M Ul HEYETKOro ciydas, Aaér HamOoiee
MOJHYI0 MHGOPMAaIMIO O CBA3SX MEXKIY pasJIMuHbIMM HApYIICHHUSMH B CHCTEME, MOATOMY aHaJu3
CHCTEMHBIX B3aMMOCBSI3€H, NMPOBENEHHBIX C IIETBI0 TUATHOCTUKH COCTOSIHMH, OCYIIECTBISETCS IIOCIE
MPOBEICHUS YKAa3aHHBIX ONEpaInii.

C menplo penleHMs 3aJaudl AMATHOCTHKU PAacCMATPUBACTCS CEMAHTHYECKas CEeTh, OTOOpajkaromias
3HaHHUA O OOJILHOM opraHum3Me. Ha MHOXeCTBE BEpPIIMH CETH, ONPEICISIONINX BO3MOXKHBIE CHMIITOMBI
3a00IeBaHNi, BBIIENIACTCS HEKOTOPOE IOJMHOXKECTBO BEPIIMH, OTOOPAKAIOIIUX  CHMIITOMBI,
COBIIJAIONINE C TeMH, KOTOpble HAOMIONAIOTCA Y PeaIbHOrO OONBHOr0. DTH BEpUIMHBI OyJeM Ha3bIBaTh
AKTUBU3UPOBaHHBIMHU. C II€TIbI0 YCTAHOBJICHHUS IHArHO3a pacCMaTPUBAIOTCS JTyTH, 3a1al0lI1e OTHOLICHUS
«BO3MOXKHAsl TIPUYHMHA», HMCXOMAIINE W3 aKTHBH3MPOBAHHBIX BEPUIMH M CXOAAIIMECS B BEpIIMHAX
di ,i=1..m, rme M — 4YHCIO BO3MOXKHBIX HapylieHui (Oosie3Hen), SBIAIONMXCS BO3MOKHBIMU

npudMHAMU cuMITOMOB. CyMMa BECOBBIX KOA(DMUIIMEHTOB 3THX AYI 3a1aéT oreHKy Bepumn d . Ortu
1

OIICHKM XapaKTEPU3YIOT KOHKPETHOro OOJBHOIO M MEHSIOTCS MPH KaXIOM HOBOM TmanueHTe. B
YaCTHOCTH, B CIlydae YETKUX OTHOIICHUH, 3TH BECOBBIC KO3(P(PHUIMCHTH UMEIOT TOJIBKO JBA 3HAYCHUS —
equHWIlAa W Houb. Ecim BepmmHa CBsi3aHA HE TONBKO C BEPIIUHAMH, XapaKTePU3YOIUMH
CUMMTOMBI(CIIEACTBYSI), HO W C JPYTMMH BEpIIMHAMH, XapaKTePU3YIOUIUMH, HampuMep, Kakue-Tudo
noOoyHbIe 3a00JIeBaHUS MAlMEHTa, WM Kakue-Tru00 BpeIHbIe MPUBBIYKH, CIOCOOCTBYIONUE OOJE3HU, TO
Beca, TPUITHCAHHBIE 3THM CBA35M, NOOABISAIOTCS K Becy BepmmHbl d

, UTO yBEIMYMBACT CTEIEHb
JlOBEpHs K OTOH BepunHe. DTH CrocoOCTByrOmue (HakTopbl CBA3aHbl ¢ BepmmHOd O OTHOIIEHHEM

«CTIOCOOCTBYETY.
Jnst ycTaHOBIEeHHUsI HauOoliee BEPOSITHOIO JMArHo3a B IpeJesiax AaHHOTO YPOBHS PacCMOTpPEHMS,

0oTOHMpaeTcs BEpIINHA, TOJYYUBINAS MAKCUMAIBHYIO OIICHKY [4, 5] .Ota BepiuHa 0TOOpakaeT Hauboee

MPaBAONOIO0HYIO THIOTE3y O MPUYMHAX HAOIIOZaeMbIX CHMITOMOB. st €€ MpoBEepKH, ABUTASICH TIO
JyraM, HCXOJANIMM OT pPAcCMAaTPUBAEMOW BEPIIWHBI, BBIABISIOTCS CHMITOMBI, KOTOPBIC HE OBLIH
BBISIBIICHBI Ha HAaYallbHOW CTaJWU OOCIeNoBaHUS OONBHOIO, HO KOTOpPBIC IOJDKHBI HAOMIOATHCA Y
MalMueHTa B Cily4ae, eclid UCXOJHasi TUIIOTe3a OKaxkeTcsi BepHo. Ha ocHOBE 3TUX JaHHBIX BBIYHCIISAETCS
HOBas OIICHKA YMOMSHYTOH BEPIIMHBI, a TaKKe APYIMX BEPIIMH C y4ETOM BHOBBH OOHApyKEHHBIX
cuMntoMoB. OTOHMpaeTcss BeplIMHA, MOJYYHBIIAS MAaKCHMAIbHYIO OLEHKY. Ecimu 3ToH BepIiuHON
OKa3bIBaCTCS YNOMSIHyTas, TO THUIIOTE3a CUMUTAETCs NOATBEPXKIAEHHON. B mpoTMBHOM ciydae Bcs
mpoiieaypa TOBTOpPSIETCS C HOBOW BEpIIMHOW, MOJIYYMBIIEH MakcuMmalbHyro oueHKy. [Iponeaypa
YCTAaHOBJIEHUSI JIMarHo3a Ha 3a/laHHOM YPOBHE PAacCMOTPEHMS 3aKaHUMBAETCS, KOI/A IOATBEPIKIAETCS
Kakas-mm0o u3 rumnote3. Ha 3TomM ypoBHE, Ha OCHOBE aHajM3a U BBISIBICHHS CHMIITOMOB, XapaKTEPHBIX
JUISL 9TOTO YPOBHSI, YCTAHABJIMBACTCS MEPBUYHBIN IMAarHO3, YKa3bIBAIOUINH, KaK MPAaBUIIO, HA HEKOTOPBIN
Kiacc Oone3He#l (BEpIIMHBI TEPBOTO CIIOS), MPOUCXOTUT MEPEXOJ Ha CICAYIONIHHA YpPOBEHb M BCS
rpoieaypa noBTOpseTcs.

Jlamee, Ha OCHOBE aHAJIN3a CHMIITOMOB, XapaKTepHBIX JJIS TOTO WM MHOTO Kiacca 3a0oJeBaHUit
(ypoBHs1), BBISBISCTCS MOAKIACC 3a00JICBaHWA W T.JA. J0 MEPEXoJa Ha TCPMHUHAIBHBIC BEPIIMHEI,
MPEJICTaBISIOIUE co00i cymHocTh 3a0oneBanus. C TEPMHUHAIBHBIMU BEPUIMHAMH JIyTOW C METKOMN
“HmoKa3aHo” CBS3aHBI BEPINMHBI, XapaKTEPH3YIOMIHE METOIBI JIedeHHs . B wacTHOCTH, 3TO MOTYT OBITH
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BEPIIUHEI C YKa3aHUEM JICKQpPCTBCHHOTO MpernapaTa, MoKa3aHHOTO MPH TaHHOM 3a00JIcBaHUH. DTH CBS3H
SKBHUBAJICHTHBI MPOYKIIUSIM THIIA!
«Ecnmn y manmenta Gomesnp di, TO Juis €€ JedeHWS MOKHO HCIONB30BaTh JICKapCTBa

RVR, v..vR, »

3.3anaua Bp10Opa pelieHus
C menbl0 panMoOHAIBHOTO BBIOOpa MeToNa JICYCHHs WM JEKapCTBEHHBIX MPENapaToB, ITOKa3aHHBIX

IIpU TaHHOM 3a6OJIeBaHI/II/I, HCIIOJIB3YETCSI METO [9] 5 OCHOBaHHBIN Ha TEOpUHN HEYETKUX MHOKECTB [10]

ITycts mMeeTcss N BO3MOXKHBIX JIEKAPCTBEHHBIX CPENICTB, KOTOPHIC IOKa3aHbl OOJIBHOMY C IIETBIO
n3nedeHus. I[1ycTb 3(EeKTUBHOCTD Ka)XJI0T0 U3 HUX OLEHUBAETCS SKCIEPTOM IO PA3INYHBIM KPUTEPHUSIM
Q1, Qz,..., Qm , OueHku mpencTaBieHbl B BUJE CTENECHEH NMPUHAIEKHOCTH K PasMBITOMY MHOXECTBY
JIEKapCTBEHHBIX NIPENapaToB M NPUHUMAIOIINX 3HAUYeHHe n3 uHtepsaina [0,1] /9/.

Q = {4

Q, ={i2... 2y

IAe [uj 3aJar0T CTENEHb IPHUHAJUICKHOCTU K Pa3MbBITOMY MHOKECTBY JICKAPCTBEHHBIX IIPEIApaTOB,
a¢dekTuBHBIX B oTHOImEHNU KputepueB Qi. Torma pasmpIToe MOAMHOMXKECTBO JIEKAPCTBEHHBIX CPEJICTB,
yIOBIETBOpsIIOIIee cpa3y BceM Qi i=1,..,n kpurepusMm, OyaeT HPEACTABICHO B BHIC HHTEPCCKLIHH
Pa3MBITBIX MHOXECTB

Q:Qlﬂ Qzﬂ .......... ﬂ Om= {mi;/’ii mmmi;,um}

n

B kauectBe peKOMeHZ[yeMOfI AJIbTCPHATHUBLBL PCHICHUSA HOJUKHO CTAaTh TO, KOTOPOEC HMECT CaMOC
BBICOKOC 3HAYCHHUEC (1)YHKLII/II/I MNPpUHATICIKHOCTHU B Q, IMNOCKOJIbKY OHO YAOBJICTBOPACT MHOXKECTBY OLCHOK
C MakcHMalibHbIM 3HadeHueM /9/. B ciyuae, ecnm mcxons U3 COCTOSHHSL OOJBHOTO, KPUTEPHUSIM, IO
KOTOPBIM OLCHUBAKTCA JICKapCTBCHHBIC npenaparnl, MNPpUIKCBIBACTCA  pa3Has HEHHOCTD, Ty
OTHOCUTCJIbHYIKO HEHHOCTb MOXHO YUYCCTH IIpH TeOpeTPIKO-MHO)KeCTBeHHOfI ornepanru KOHUCHTPpALUU
pa3MI>ITI>IX MHOXKECTB.

Con A=A

Onepaunﬂ KOHICHTpaluu PA3MBITBIX MHOXCCTB IpUBOAUT K BO3pacTaHUIO (I)yHKI_[I/II/I
MIPHUHAATICKHOCTH NPH 3HAYeHUH O.<| M K yMEHBIIEHHUIO NpH 3HaueHHH o>1. [Ipnuém >TH n3MeHeHus
HC3HAYUNTCIIbHBI l'[pI/I BCJIIMYMUHAX, 6J’II/13KI/IX K CAUHUIIC, HOCAT BECbMa CyHIeCTBeHHLIf/'I xapaKTep 1o Mepe
YMCEHBUICHNA BCIINYUNHBI (I)YHKLII/II/I MPUHAAJICIKHOCTHU. I[J'ISI BBIYUCIJICHHUSA BCIIMYWHBI ITOKA3aTCJIsA CTCIICHU B
onepamm KOHHeHTpaHI/II/I paBMLITOFO MHO>XECTBaA HQOGXO}II/IMO l'IOCTpoeHI/Ie COOTBCTCTBy}OHIGﬁ ManI/IHBI.
Ora MaTpuia CTPOMTCS HAa OCHOBE IIONMAPHOTO CPaBHEHHUS aibTepHATHUB. IlycTh paccMOTpEeHHEIE
XapaKTCPpUCTHUKU UMCHOT CIICAYIONINe K03(1)(1)I/IHI/I€HTLI IIEHHOCTH:

Q.=f; Q= ----iimmeee - - Qm=fm

HOHapHO CpaBHHUBAs 3THU IIapaMETPhI MOJYUYUM CICAYIOLIYI0 M pa3psaHy0 MaTpUIy

Q Q | ... Qm

Q L L i
fy f, fn

Q2 f Lo fp
f1 fz fm

Qm m om e fn
1 2 fm
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IIpoBenst B cooTBeTBHU C [9]p;m olepanyii ¢ AIEMEHTaMH 3TOI MaTPHILBI, MOJYINM UYHUCICHHBIC

3HAQUYCHMS TIOKa3aTelie CTeIeHU al, 02,..., Om  JJIA KaX oM CTPOKH. OTU TMOKa3aTelad CTEleHU
HCIIOJIB3YIOTCSL JIsI BBIIIOJIHEHUA TeOpeTHKO-MHO)KeCTBeHHOﬁ onepanun KOHIOEHTPAUU Pa3MBITBIX
MHOJXECTB. BEITIOTHNUB OTy oOne€panmuo Haa HCXOAHBIMH pPa3sMBITBIMH MHOXXECTBaAMH, IIOJIyYUM
MHOKECTBA:

a Y
1051 :{(/1}?11) (,um) }

Qr?]‘m ={(/Umél) N (/—lmRnn) }

HpOBeJISI HaJl 9TUMHU MHOKECTBAMM OICpaliui0 MHTEPCCKIUH, TOJTYINM:

Q* =Q* NQse ... Qpn ={Mluw) | M)’} rrei=12,..m.

BeiOpaB W3 MOMYYEeHHOrO MHOXKECTBa JeMeHT R;, j=1,2,...,N, COOTBETCTBYIOIINA MaKCUMAaIbHOMY
3HAYEHHIO CTETICHH NPHHAIICKHOCTH, HAXOIUM JICKApCTBEHHBIH INpemnapar, HanOomnee 3¢ QeKTHBHBINA B
OTHOILICHUH BCEX 3alaHHBIX KPUTEPHEB, C YIETOM UX IIEHHOCTEH.

Ha ocHOBe paccMOTpPEHHBIX BBIIIE METOMOB ObIIa pa3zpaboTaHa MOAENb MHTEIUICKTYaIbHON CHCTEMBI
JUIS penieHust HepopMabHO 33aHHOM 3aa4d MEIUIIMHCKON JHAarHOCTHKH M BBIOOpA METO/a JICUCHNUS,
KoTOpas ObUla peald30BaHa Ha IpHMepe 3a00JeBaHMII Kilacca racTpUTOB. 3HaHHMA 00 3TOM Kiacce
3aboneBaHuil MPUOOpETANUCh CHCTEMOH B Ipoliecce Auajnora ¢ JKCHeproM. B kadectBe Mozpenu
MPE/ICTABICHUS 3HAHWH HCIIOJIB30BAIach MOJAPOOHO ONMHMCAHHAS BBIIIC, HEPAPXUUECKH OPraHW30BAaHHAS
CEMaHTHUYECKasi CeTh C HEUETKUMH OTHOIICHHSMH, TNpEJCTaBIeHHass B MallMHe B BuAe Marpuubl. K
HACTOSIIEMY MOMEHTYy B MAIIMHY BHECEHBI 3HAaHUSA O |2 pPa3sHOBUIHOCTSAX TacTpUTa TaKHX, Kak
AITIEPTHYCCKIA, SPO3UIHBIN, KOPOSHAHBIA SHIOTEHHBIH W T.O. M 83-X MpOsBICHUSAX OoNe3HeH, u3
KOTOpBIX 20 CBsI3aHBI C PEHTTCHOJIOTMYECKUMH M TaCTPOCKOIMYECKUMH obOcienoBanusamMu. Jis
YCTaHOBJICHHUS JMArHO3a HCIIOJIB30BAIUCH TaKWE NMPOSABICHUS Ooyie3HEl, KaKUMHU SIBIISIOTCS TOIIHOTA,
OLIYIICHWE MEPETONHEeHNUs, PBOTa, ITOTEPs aIleTHTa, OJEJHOCTH,r0JIOBOKPYXKEHHUE,3aTPyJHEHHE IPH
TJIOTaHNM,001b B 00JIACTH JKEITyIKa U T. J., a TAK)XKE JaHHbIE PEHTTCHOJIOTMYECKUX U TaCTPOCKOITMYECKUX
o0cnenoBaHui. BONBIIEHCTBO CUMIITOMOB HOCUT KaueCTBEHHBIN XapakTep B MamnmHy BBOAMINCH TaKXke
3HaHMSA O (DAKTOpax, CIIOCOOCTBYIONIMX OCHOBHOMY 3a00JieBaHHMIO. DTO MOTYT ObITh 3a00jeBaHMS,
COITYTCTBYIOIIME OCHOBHOW 0OJIE3HH, a TaKKe HEKOTOPbIE BpeIHbIE NPUBBIUKY (KypeHHUE, yHOTpeOieHue
AJIKOTOJId, IepeefaHue, IJI0Xoe pa3KEBbIBAHWE, NMPUHATHE TOpsiueill MWIMM U T.1.), HAJIMYHE KOTOPBIX
MO3BOJISIET € OOJbIIEHl BEPOSTHOCTHIO YCTAHOBUTH IPAaBWIBHBIM IUAarHo3.9TH (akTopbl Takxke
KauyecTBeHHbIe. OHM CBSI3aHBI C BEPIIMHOM, XapaKTEepU3yIONeH JHarHO3UpyeMyto 00JIe3Hb OTHOLIIEHHEM
«c1ocobCTByeT», KOTOPOMY TakKe, KaK W OTHOIICHUSIM «BO3MOXKHAs MPUYMHA» TPHUIHCAHBI BECOBBIE
K03 umeHTsI. TN K03 GUIMEHTH HECYT BKJIA B OLIEHKY BEPIIMHEI, XapaKTepu3yromnleil 3a0onepanue,
M COOTBETCTBEHHO B IOJJIEPXKKY TOH WM MHOW TWHoTe3bl. [yt BeIOOpa JIEKapCTBEHHOTO IIperapara
UCTIONIB3YIOTCS 3HaHUSI O COOTBETCTBYIOIIMX IIpenaparax, B3sATble U3 CIPaBOUYHUKOB. Kaxnoe nekapcTBo
OIIGHUBAETCA IO OIpPENEeNEHHBIM KPUTEPHSIM W BBIOMpaeTcs JeKkapcTBo, Hamboisee 3(h(dexkTuBHOE B
OTHOIIIEHUH BceX kpurepueB. Ilpu BbIOOpe IPOTHBOraCTPUTHBIX MpENapaToB JIEKAPCTBA OLCHUBAIOTCS,
HarpuMmep, IO TaKUM KpHUTEpUsIM, Kak 3((EeKTHBHOCTP B OTHOLIEHHWH IPOTHBOBOCHIAINTEIBHOTO
nericTBus, 3PpPEKTHBHOCTE B OTHOIICHHUH PEreHepaTUBHOTO IEHCTBUS, 3()P()EKTHBHOCTS B OTHOIICHHUH
CHa3MOJIMTHIECKOTO ICHCTBHUA .

Ecnm, ncxonst U3 cocTosiHUST OOJIBHOTO, KaXKAOMY M3 yKa3aHHBIX KPHTEPUEB IPHUIHCAHA HEKOTOpas
OIIEHKA, HEKOTOPBIH IPHOPHUTET, TO B COOTBETCTBMH C PACCMOTPEHHBIM BBINIE METOIOM, BBHIOOP
JIEKApCTBEHHBIX IPENapaToB MPOUCXOINT C YIETOM STHX HMPHOPHTETOB M MOXKET OBITH HpOBenEH Oojee
a¢pexTuBHO. PaccMOTpeHHbIE METOABI OBUIM HCIOJIB30BaHBI TAK)Ke IPH INPOrPaMMHOM peann3aiuu
CHCTEMBI MEIUIIMHCKON JUAarHOCTUKH IS Kilacca 0oJe3Hel, 00beANHEHHBIX OOINM Ha3BaHUEM «OCTPBIH
KHUBOTY.
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INTELLIGENT SYSTEMS MEDICAL DIAGNOSIS AND TREATMENT OF CHOICE
V.RADZIEVSKI, N.JALIABOVA, D. RADZIEVSKI
Summary

The method of the computerized diagnostics of the state of complex systems based on the diagnosed
system knowledge is offered in the work. Such knowledge includes the descriptions of possible breaks of
components of the system, and also the information concerning the correlations existing among the
breaks. The problem of the decisions automation, directed to the removal of the breaks under the criteria
given and estimated by experts, is solved. The problem solution is illustrated by the example of medicine
diagnostics, and the choice of treatment mode. The most probable diagnose algorithm, at the given level
of consideration, is worked out. The method of the choice of medical products, prescribed to the given
disease on the basis of multiple criteria, is offered.

UHTEJUIEKTYAJIBHASI CACTEMA MEJJUIIMHCKOM TUATHOCTUKHU U
BbBIGOPA JIEYEHUSA

B. PAJ[SUEBCKHH, H. [DKAJIAFOBA J. PA/{SUEBCKHUH
Pe3zrome

IIpemnokeH METOA KOMITBIOTEPHOW JUATHOCTHKH CIIOXKHBIX CHCTEM,0a3MpYIOIIUIiCS Ha 3HAHUAX O
JUarHOCTHPYEMOH CHcTeMe. DTH 3HAHHS BKIIFOYAIOT OMHCAHUS BO3MOKHBIX HApPYIICHHA KOMIIOHEHTOB
CHCTEMBI, a TaKXKe MH(POPMAaIMIO O B3aMMOCBS3SX, CYIIECTBYIOLUIMX MEXAY HapylleHWsMH. Penraercs
3aja4a aBTOMAaTH3allid BHIOOpA pEIICHWI,HANPaBICHHBIX HA yCTpaHEHHE HapyLIeHUH 10 KpUTepuam,
KOTOpbIE 3ajJaHbl JKcrIepToM.PemieHne  3agaud NpOWIIIIOCTPUPOBAHO HA IpPHUMEPEe MEAMLIUHCKON
JIMarHOCTHKK U BBIOOpA MeToJa jedeHus. Pa3paboTaH anroputM ycTaHOBJIEHHs HanOoJee BEpOSTHOTO
quarnosa. [IpeanoxkeH Merox BbIOOpa JICKApCTBEHHBIX MPENapaToB IIOKa3aHHBIX IPH  JITAHHOM
3a00JICeBAHNM HA OCHOBE MHOTHX KPUTEPHEB.

R0B3I0B IS — REFERENCES - JIUTEPATYPA

1. New ell A. Heuristic programming ill-structured problems. Progress on operation research — New
York: Willy and Sons, 1969 — V.3 p. 362-414.
2. Simon H. The structure of ill-structured problems .Artifical Intelligence —1973. — v.4 — p.181-201.

217



R5535RI3SMS RNBIGI6GNAHTdS 06BHIRIIB ISR IGN LOLBGIAOL 33F3IMN00
6. X53L053(VES 3.55I0IFLI)
v_radzievski@yahoo.com, noraj@mail.ru

©053b6mboMgdol sdmEoboms sdmblbs FLo@AmMEss ©ozo3d0Mgdyamo  ©osabmbodgdswo
0609JB0L 5330039050  ©oMM3g3omS(L0d3Fmagbol) sbogobmeb ©s Fomo  2odmdfggg0
dobgbgdols wopagbolimsb. dbmmme wodwggzoms Jobgbgool aodmgegbols Logydggenby
‘dgodgngds  s@bgyua  odbsl Lol@gdaby bgdmdgrogdol dgmmwgdo, @M3agdlog  g9dbgdem
9bo@0 o3 oMmEMggzoms s@omgdols. ¥bws 5m0bodbml, G™I ©osgbmbodgdso mbdogd@ol
0golgdgdo, domo  Fomdmpagbol  bgdbo  3o@bobmdl  sldyemo  sdm@Esbols  sdmblbols
bbgoalbgs 3900mogdl. 09 mdbdogddo Foddmswygbl oy Loli@gdsl, GmIganlsg goshbos
bmaoghmo  mgoligds  hedmmgaogno  [1,2]-do0 s  odol godm  Fod3mwggbognos
SM>BMAog Mo, 35Tdob 53 sdmoboms sdmblbs LOygmegds, Gmamm {gbo, dgbsdsdolo
G0l b3ggosmoligol  dogd, dobo  @mebol, godmapoemgdols  ©s  0byoiools
boggdggeeby.

o3 sdm@Eobols  sdmblbol  o53@MmIsGobsizool  dobbom  gsdmgoygbme dobgbmdmogo
sbogmobols  dgmmwo,  sefgdoao  [3]do  dolo  sg@m@ol  dog® s  @mIgmoi  0ym
3odmygbgogmo  @oao  sdmEsbgdols  sdmblbsdo  [4,5,6,7.8]. o3 8gomeols  asdmygbgdolols
303309 9o hodmgogsgadmm 3mbs dgooizobols dglsdsdolo wosdaol dglobgd.

3MEbs d903o8L osabmbodgdswo LoliGgdgdols Jagbob@gdgdol s®@gggoms s@f g@sls,
353306 Lod3@mdgdl o ©oogogdgdl dm@ol, ©ssgsgdygmo m®asbobdol Lbgopslibgs
3033mbgbBgdl dm@ol ©sdmogdmgdgdl. dob]sbsdo swbodbygmo mebol {o®dmwygbols
dobbom, LobEgdo-mdasbobdol dglsdegnm om®gggoms Loddogamg ooymas genslgdos@ ©s
J393e05bgd00 s (omdmopaobgds 0g@sdJogemo LEGYIH YO0l — psdEgggsms boli Labom
(930eoby Fooge bygmmgeb ©Mbyby sbodbymos yzgms ©s@@ggge, Igdrge, SoGgge
Ombgbg — sMmgggoms  Jgggerolgoo s 5.9). bligbgdym oM@gggoms  mommgyeo
Ja9geobo 3mbgdgdrgds gy, 9BH™ edsm wmbyby yowslgmobob.

3mebols  dmegaol  spgdol  dobbom  SyEomgdgmos  3mEbols  Fo@dmagbols  gbo.
dmagdyge  65dOmddo  sbigmo  gboll  @m@To  asdmoygbgds  dybgddogo  gbols  @oms3
Jaglboddsgarg, Gmdganoi dgozogh 3bgdgdl, @mImgdoi LobEgdo—m@ysbobdol ©s dobo
3M33mbgbBgdols ‘dgbodenm 5M39390L sbhabosmygdghb, 50 gmgy sbolosmgdgb
05303009079 9d90L  oMMmgggoms  dm@ol.  Embol  {o®Impagboll dmegmol  @mando
304996960  LgdsbBogn®  JLgenl, @mdgeoi oowgds  blgbgdymo @ommgggoms  bobiopsh
bodbgool o  Bodo@mgdgdol  Ygglgdol  bodx by, o3 Jugendo  (3bgdgd0—  {3gdmgdo,
Omd@mgolsz  8ogfgmgdsm  bodbgdol  860dgbganmdgdo,  aoblsb@g@meggb  Loli@gdol
Lbgoalbgs 3md3mbgb@dgdol wommgggol, dbmeme Jods@mgdboms Gmedo @s8m0ygbgdosb
obgmgdo, Gmym@osg oMol ,,3690o—]J3936905¢, MMImgdoi (3bgosms 0g@e@Josls sloboggb
> opMgmgg obgmo 5Msdgoxom  Jods®mgdgdo, AmamA0E oGOl »dglsdgom  dJobgbo®,
»dglsdaom ‘D990 obobo ©055350g05Lmsb 5 3390bsgnmdols 30m39Lbmsb

©ogo3do@gdyamo  Lodysaool ggdm  bybBo sefg@mol Lsdysagdols odarggosh. JLganby
3odmoymxs Fggtmgdo, Gmdmgdoi dgodmgds gdgomme  ©s330M390000 S@dmhbebgbh ©s
sdmlsgoa 068mOI>3001 3cm0(30306496. >d V390m9dL Lod3@mdgodo 39Vmemon.
Loldgdo—m@aobobdol  mommgyao  JggbolbBgds  bolbosmwgds  mogobo  3gEoxoydo
60dbgdom, dolio Jpamdsmgmds bosbosmegds dmEgdgmo JggbobEgdobsmgol  L3gEogoy®o
bod3@mdgdol  sdmbsgdgdbom, @MImgdoi  9d39dwgdemgdosb  Fgdm§dgdsl  ymeabsbyg b
>09mazbobg.  Lodd@mdgdo @oggdosh 0dol dobgogom oy @sdegbo  sgogos  dsmo
3odmga gbos.

gmggee bgdmm blgbgdyem s®sdzex0m dodo@mgdsl d0gfg@gos Ymbomo gmgxocogbdo ai,
Omdgeoi osbobogl Lo@{dybmgool bodolbl. dspsaomsw  dododmgdobomgols ,,dglsdgom
dobgbo®, ,,dgbodarem dgogyo” gl 3mgx030gbdgdo sbsbsggb Lo@Fdgbmgdol bo@olbl odobs,
03 Gedgmows3 ©sMEgggs i s®ol Lod3@dmdols si-l dobgbo, b @mIgeowsi Lod3Gmado
i oMol ggyo di wodEgggols.

335J3b  @s  Yggelgogdo  gmggmo  @goeolamgol,  gobglabmg@mogm  dga3eligdgdls
F390mgdolomgol.  gmggar  {39dml, @mdgmoi  obsboglh  gmbgdgdamo  sgodymaols
Lod3@mdgools dglodam dobgbl gbodgds dgxzobgos Ai, @o3 Foddmowagbl 0d @jgoggdols

219



6. X5L0S3()35, 5. G5I0ITLI)

fobomo  3mggzo3ogbdgool  xsdl,  @mdmgdoi godmwosh  Fgg@m—Lod3@mdgdologsb
(M3 gdoi 3mb3®gdue  ©350dgmal asshbos) ©s dgposh di Fgg@mdo. gl ggobgdgdo
sboloosmgdgh 3mbdgd e 535dgmal s 033 gdosh ymgge shogr 3s3zogb@olbmgol. o9y
V3960 di ©5353dodgdgemos  os  JoBFm  F390mgdmsb,  @mdmgdoiz  Lod3@mdgols
sboloosmgdgh, o@edge  Ubgs  F390mgdmsbsi,  Gmdmgdoi  sbobosmgdl,  dspsmomsm
3530960l G503y ©@ods@gdom  EoogoEgdol, b Mo0dg  Lobosbm  hgggsl, d5Tdob  Fmbo,
amdgaroi Jogfgdgos o8 3ogdodgdl gds@gos dgbodsdolo §Fggmml Fmbol, Goi spoegdls od
V390mb Lo@§dygbmgdols bamolibl.

4390y omdsmyo  osabmbol  obspagbse  (gobbogngol  dmzgdymo  @mbols
QoBa@mgddo), sdmodbhggs (gg6m, @mdgmox ©gdogemmdls dslodsayd dggoligdsl (8). gL
V3900  439eobg  LodFdgbm  Jodmmgbsls obsbogl. o3 Jodmmgbol  dgdm{dgool  dobbom
gomgomog@gdm 03 §g90mgol  (Lod3dmmdgdl), @mImgdol o33 doMgdgmbo  sMosb
aobboenggan (390mbmeb ©s  godgmagbgdm 08 Lod3dmmdgol, @mdmgdoi bafgol LEswosby
o6 0ygbgb godmgemgboenbo, dop®ed GmImgdo ©sgg0Mggdsm0 ghos 0ygbgb oy LaFyolo
do3dmmgbs LYmmgs. o3 sdmbogdgdols bogydggemby godmomgamagds swbodbygmo {390ml
sbogno dggoligds, satgmgg bbgs (ggdmgdols shogno dge3oligdgdo bgansbans as8mgargboano
L0od3mmdgdol  aomgoeolifobgdom. sdmodhggs (g90m, @mIgeds doowm  dobodsaydo
‘dggoligds. 0y 9L No!) >mbodbyeo V3900, 35dob  do3mmgbs 0mgen gdo
5EsLAOJOgmse. Fobsswdwgy d9dmbggzsdo dmgamo 3OmEgEYGs dgm@Egds 03 sbagno
V390mbowdo, @mdgmdsi doowm doflodogy@mo dggoligds. osabmbol ©olidol 3Gmgoycs
dm3gdge ©mbgby dmegmmgds, GmEglsE MmIgerody dodmmgbs sLFYO©YdS.

dobboanygano  dgmmegdol  Logydgganbg  ©odydogos  0b@gamgd@gomygdo  Lol@gdol
dopgaro, 25d0bbygao  LodgoEobm  osybmbodmgdol, @mdgmoi  oym  @gomobgdymo
I9Emol @O gl ssgsgdosms dogsmomby.

3mebols dgdgbs 53 garoliols osgswgdoms dgliobgd bm@ogmegdmes Loligdol dog@
39609l Lodgoggdom osammaol 3Gm3gldo.

3mebols  Fo®dmbopygbo  aodmygbgoygao  obs  bgdmm  sFgdogmo  0g@edJogeaw
G2560bgogao Lgdsb@ogygdo Jbgemo M58 3oR0M dododm gdgdom, Omdgao3
Fomdmpagboeno ogm 3md30g@gado ds@d@oiols Laboo.

Igamol Ayl ssgsgdsms 3§39 Bm®Igool woxrgmgbio®gds bdod dgdmbggggddo
9J0dolomgol  bogdosmp  aodbgemgdaeos, gobsosh osgomgdol  Lbgopslbgs  gm@doms
goboggdo Lyg@osmo gohmdsbgmols dbasglbos — geobpgds 3F3039 Ggogosmgdom dyEeools
>4 gdo.

“Fg539 I939e00” — 5@ >@ob bodm@mm ©osgbmbo, gl o@ol Ibmeme Igaaols a4yl
3ommenmgools Lobogsmem  Logbogno, Goi s0dgegdls  9Jodl, doomml Lobf@ogm bmdgdo

5350dymx0ls gopsgmgdgmmo dmlido@omobsioolsmgol.

398 Fomo  danogdo  ©s  3Fg539 BJogomgdo  Iggmol  @el s®gdo  ghmswgdmo
dohggbgdgemos  sgoedymezols dpamdo@mgmdol  oboagbs. wasybmlodgdols  3Go@osye
9603bg  9Igaemdne  gbos  aobolabeg@ml  Loko®mgdls  mg oy sgodymagols
dogmdodgmds  aosgegdge  Jodgdyoge homggol. gModoggm  @oogbmlGogyd  g@edby
sobfm@oe slidygmo wosybmbo godengds swsdosbobsmgoli badgoolifgmm asbogl.

hggbli dogd dgdydoggdyeo 0b@Ggmgd@ o gdo Lob@gds dgodangds wogbds®ml gJodls
o3 3Mm0Bogge gHo3by wosgemgdol Lfm@sm wosgbmliGo®gdsdo.

0@ g gddgoagdo  LolRgdol  obsggoo  Yglfogmoge  obs  Iygmol @@yl
EoogoEgooms  dFgog39 BmAdgdol  byomo  bobgmds:  3Fg039 o3gbwoigodo, 3§33
boagsob@odo, 873039 3563095030, bofansgol  3(g089 aoygoemds,  Lodgognmlbmls
sbodo@gdol (3039 obwygde.

00mmgYeo beybmamaoygdo gm®dolbomgol, gJl3g@odgbGol Lobom, ©sdydoggdym ofbs
20-20 ge@ds@obgoygmo olGmmos. momnmgymmo Fo@dsmobgdygmo obGm®os dgoisgos 130
b0dsb-mgoligdol.  ofgeb 71 boBob-mgolgds ogm obsdbgbols Imbozgdgdo, wobs®hgbo 59 o
— 9J030L Jogd sgodymegols asliobyxgol dgogase Jowgdyao dmbsigdgdo.

LoFgolo 130 bodsb-mgoligdowsh mommgymo bombmemmyoygdo ge@dobsmgol bogdmos
dommamgools  dglodsdolo  bodsb-mgoligdgdol @sdoblimg®gds ©s sdydaggdols dgdegy
Lomobosm Fmbgdols dobodgds 0dol dobgogom, oy s Lobdodmon agbgrogdmes ImEgdymo
oog50g60bsmgols gls m oli bodsb-mgoligde.

220



R5530R3350)d RNBIAIEBN@IdS 06BINIIB ISR IGO0 LOLBIBOL...

00mMgYeo benbmammaogdo gomnggmmolongol spgdge 0dbs dglodsdobo ggJdmeo, o3
Vo@dmopagbos 0b@ g gd@gommyo LobBgdol zmebol dobsl.
©052bmLA0Mgds  BoMEgomes MG  gHgse. 30Mggm  gHo3by  brgdmps  5bs3bgbols
dmbo3gdgdols odydoggds s Logo®oygom ©osabmbols sbds, dgmegby go — ©ooabmbols
5bYbEgds gJodol Jog® sgodymazols gobobyxgol dggasw domgdbygao dmbsigdgdom.
069 9B goey®o LolEgds 39domdls wosenmay@d Gggoddo d9bgddog 9bsby.
39 domdols ©oFygoobmobagg g300bbg godmbbrgds Bobyxsds, Gmdgedoi dgols dgboyls
RlanFom = Uodo dodomswo 396J@0: New, Edit, Diagnose.
b Lo & Lo New — 396J@0 aodmoyggbgds sbogno dmbszgdgools
slods@gdmom s mogobmsgs  dgoegl  byom
J39396JpL: Desease, Symptoms, Questionarie,
DSymptoms, DQuestionarie.

Desease — sbogno 5535090l sliobgangdols
©53o( 900
NewDeseaseForm NewSymptomForm E
Arothabym abamo maagamnols Lakomo Arpabnm abamo boddgodal baknma

I Y-~ | T — |

Symptoms — sbogro Lod3@mdols ©sdo@gds

Questionarie — jombgs@msb d9domds. omgs@olifobgols jombgs o ©535Hgosls, {odasls,

NewqstForm [ %]
d2. aftmmasipanl Thgs wmegumabaos Al IQN:SMEQE?DBU% asméabok s

[]d43. mangnppal asdimagfgbs Bedfamba el
maagemnbals mabab

O 4. maghal gefopgs gespadal Fbs dpfaegda
[] d5. Flpsslba Bfaapbe Hedkgbaa

[ 46, mﬁal\ qoea.xg‘ab.s .36.595315'30 Vg Joatg

L1 47 Byl @tegls smosgsnpal Fabe dpfaenyBa gy sifgagaga S2AGIT2

E:g {iga;r_\?abn'b E;QQ«MQI(:& Q?&*&&T&:F‘%& 33&0{':%30 FFgemn sighmassafha G2L77

0O 50_' Qﬁgm;ﬁmﬁ;ﬁﬁf‘m ety Jhea Figean Hifmmagafa ARQST7Y

[]5L apemal b .3033(‘}@0}60‘3;:30 mpaegenhnba H6e35 ¥ Faesg *dfangafo B4

O 32. Bafiggyeentiyprgn iigabingial qasgenobe sBadbgbda Fgeq sdfgagafa 1424077

[ 53 LeBgamerlhonl gobodagbal SBorghs 2badbgtda SiBeanata 19577

[ 54 afbigerperytn gabiunat asbogge Fpzy Sipaoged -
[] 55 6“&"5"5236“ 'I.L.s'ﬂmgq.sﬁ ql I »
[] 56. mybabybs

[57. Ea&-nGa&-nh TbBafy (misegfemal

[] 58 fophabipbal LahBasy (&‘u&a@xaﬁwg&a)
[]59. adedbapppn Dobgha gqdnl Angaagloos dnmba.!f"‘:dh E}"E'ZI;"QDE"’ | ;&mﬁaéar}a |
[]60. seBepgba Dbgda Talhmal Sibsfgsan

[]al sdbponbn delyba Bepgrmal Babafggnar

[ 62, shofommpba Solipa goboqraal baybaeaacs bl dabals gababimpba | fatma |

63. gueanlbage

[ &4 THafaema

65, peBegarnn Geidapnfia F’Cﬁ“d&pﬁﬂz’“ |

[] 66 g g dRalodfa
a7 kg oo, Bdafa
[] 68, pdBeginal Tygennbs

a9, aba pedenngmps

T pebppa o8 pednnynge

71

S [ o | |
| o OK X Canceal
[

-

Mg05]B0Mgdols s 3mEbol dobol aobobangdsls dglodsdolo woasigool Lodysmgdom
DSymptoms — gJodol dog® sgoedymgols  asbobyxgol dgogasw dggbgdogamo obzgdol Lods-
Ji: NewDSymptomForm = =] E3 (?)mB(]ES()b (H{](%OE’O

HAootabnm abamo Lodigodal babgma oiedal Babata Dquestionarie — gjodol dog®  gabigdye
| Jombgo@mob dgdomds. sbggg omgogol-
Fobgol gowbgo®@o @odo@gosl, Fodansl,
(9005]H0Mgdols s 3mEbol dsbol go-

«/OK 3¢ Cancal

221



6. X5L0S3()35, 5. G5I0ITLI)

bobangool dglsdsdolo @ogsggdols bodgoggdom

Edit - 3996J@0 dgoiogh Lsed Jgg3796J@L: Desease, Symptoms, DSymptoms.
Desease — ©oogo0gdol obsbgangdol Ggos@domgds
Symptoms — Lod3@mdol @sbobgargdols Mgs@o®gos

L NewDqgstForm (=] E3

W] 99, mada oabs gos a Sl Fla -
oo %ﬂ%‘}; s, B g}%@ e iz | ool Bonés Brpbodmo masgamnddols o ndndols o
[ 1oL, wagadmmeds @ Fgnea Sxfgafs oydel BagednBa Qﬂﬂaﬂmﬁﬁn‘h ;Q.ﬂ.iab
L1102, gedadyupeds e Pangoegn ool Befggfe beligpes FWgeqy >3
C1103. megadyenets @s fhgogrena Bsiybafs poradsd e -
[ 1od. spadadmoembe s Fangoma Leohghs o s Fgsgy Sfagaha 246/78
[ LGS sagadyents me dangoea Tl RafhgBe Bahigged FFasan Mofeagaha aZl77
[ 106, meda e g a als > Galia da
[] Lo7. gagngﬂﬂgm g.s g??gn %gg{iﬁ{f'b Sndgg;v}'ﬁn Foesd® T Sdfgogaide 89777
[ 108, "dhggal bds" Syopamal memgda Faegn ~degagathe SB8STT
Eilﬂg BgBob-denaddyigal Tadigeda Fgag sdfmagama AB4NTT
L Frabobanl Tnddgedn
oL am'l.gﬁai%ﬁbanh ",?Mn'b" Todigerda s sigpsagaio 424777 _|LI
U2 m&ameghal badimoda »

CI U3 gl - badigod
L. gngnen - Feablenbal Ladigeods
[ 115 sl giBogignl Ladighenda
(1116, Ssmapnn Gerdisba@ol wbegha Bypeal meeyda gombgatiol gabrmmnda | madahgha |
17 wegndpnal Beryipbe

[] L1E Ay e Fryemal gl w880

[ U8, Befpnagysia hiegfa dyienal sqlageafagaalsl padmng prmmbol dabal gobabironda | Fatma |
[ 120 Ealfinagy@a hls@a Fynmal slgefagaalsl Tylias

121 Bafmegn@a blsyfa Foemal sqbgneadepoalsl o% a0 |
[1122. hatbaba e e émad@nﬁa&a

123 Bsgalyygdal Tabidasy B0-L00
[ 124, BeaalyygBals babdasy ].00-153 A
[ 125 Thigeal oddgaehyse 37138

[ 126, Thgpgemal §oddgssinse 38-‘153 Fggnes
[1127. Bpybebedads Bsgalpgiil TakBafigbs me Hyld Bod

[ 128 Trybordpal babBasy HaeBa 2?.-%3 Ay
[1129. shfigpagema Fogge 100+0d6 1400y N ' 0K X Cancel
[ 130 Ll e T = e 140-aT TBaggnes =
YiewDeseasesForm [ %] YiewSymptomsForm [ x]
] - = [ - - s i I - = = - - Eg B
rangompbals. el bommnbo - beigrdol mababgmgds <]
Inenn 23fganafa 62, almbamoba Bxbgha pebsmenal TmpdBgmoo
| |Fama 6500 63. gumabéagys
| |FFaran besmgaaligade 4. Fpyfigmn
yFnfeba o 5. adBagamn Bewhdamfa
| [Pt T goupengede 86, gbagama ppdfalgbdo
LoBgapmerbborl gobedafgbal Faas) shorbs 67. aBagama arbiag@a, Wlaska
BE gebagenal Bgespbe
B 69, i gl
|| BED aeboba a8 galmagegs
o | |71 matyfagma gfmyypbe
L
= » J
S OK X Cancel o DK X Canceal

Dsymptomas - gJodols dog@ sgopdymaol  gobobxgol dgogase domgdgemo Lodd@mdgdols
O gs]BoMgds.

©053bmbol  slobdgmow  9Jodl o6 Ldodegds 3odggao m@o 33bJBol  gsdmygbgde.
bsgdomobos dbmame d9lsdg Diagnose pungtis gsdmdsbgds. Diagnose — 3960 dgoagds ©osy-
bolBodgdol Mo J3939b]Bol by m@o gGodobopsh. 3omggen  gBo3bg brpgds sgowdymagols
5ba3bgbol Lod3dmdgdol ©sdydaggds, boeem Jgmegby go - gJodols ogd sgowdgmazols
3oLobxgols Jgegase domgdagmo Lod3dGmdgdols ©sdydaggds.

222



R5530R3350)d RNBIAIEBN@IdS 06BINIIB ISR IGO0 LOLBIBOL...

053©s30Mggmoe  g3Mobby  aodmhbpgds  Jodggaro  gHodol  Dglosdsdolo  bodeb-
ngolgogdo. 9dodds  gbws BmboIbmlL  Ibm@me ol Lod3Gmdgdo, Lo  sOLgomdL

BODOEO0.

I8 mugagnl asfagls (geia) I
19, goopmgial o Bnera)

3odmodgls  Logo@oygom  osybmbo

L 'S o g0l ca q oy -
E ! @@??ﬂi{g; Eeggﬂ%ﬁgﬂa%%yh TARIAl g sspsmrich smbsmcdel Bbmaen 9J0dols dog® Imbodbyao bodob
[ § brwans gaslgeni ﬂDesTeﬂ 0goligdgdo  ©sOEgLS  MOMMYYEO
O s A sfiga a 0o P aen a-
o %??ﬁ% %ﬁ%ﬁ%gﬂaﬁ% bebmemgoydo  ghnggmols  30dgg
: g gﬁgﬁ ﬁﬁﬁ %ﬁﬁ‘fﬁ%“ o gBo3ol  Ygbododol  g9d@m@L.
D 5 Srmpe ogh gt s 0dols dobgwgom, 0y Hmdgeo
o e B e 30160006, 56 §9]HmGgo06
113 Fyoin LBy ol BedblEa o P
i Egﬁmsggﬁgﬁﬁgéf;ﬁ%%% | dobps  9xOm  dgdo  Gomwgbmdols
16, S e e % iyt ool ol dosgmo  Fmbgdols  3Jmbg  Lod3@m-
Dy sabte dppe sk Soifigfo dgools nobbggods, Lol gdsls
0
0
0
0
0
0
0

20 b al 1 aala b
20ty e e S ST 3o6ggmo gBado: 9600 o6 3980
22 ey dgrangin szl asbyiio J ) JOo-
ETRC ol st it} sosgBelofpds sardgonl gmdyg  gBo3dy  brgds wosabmbols
25 fbonesin bt et SRy fiogorzgholis s haffiphol osbelsdad
Fgi e = Sadalgssgsny ¢ ¢ © ¢ ¢
= b Mt m;ogimaﬂéﬂzm"’& 934056y godmhbrgds 53 g@sdols
LD e s Balissgen; ¢ -0 € a0 ¢
1130 fypgpengin igafs pmiagls soialasspny Vo | m ‘gbodsdolbo  bodsb-mgolgdgdo s
L3 Sangormghn Bbghif agiob dagallolalysspsgc == sdx 9o 9Jodo Imbodbogl sgomdym-

D32 fnapengn b Sk Gsfnrdalgsssg

ol gobobxgol  Fgwgpow

TEIT2. spalyrued Gugiohgmin sy rgrpaes o] domgdye bodob-mgolgdgol.
C173. spoadprmnl Sopeilstigads bBomner baBdadabos Bomopo meagempbols ambamedob dobgmpes o3 gBe3bga gdodol Bogm
Egg PN N A DesTer ! dmbodbyemo  bodsb-mgoligdy-
»
] 76, gohal Togsfial id )
oo g;mmm Em N Q)o(ﬁpga&; mg)m( );mgg»l(;
- oy 3Rl MbOE@Mma0m@0 » 0
EEE s ?ﬁﬁ TRy 83(0@352) g)@)?(%b 8'331512?8015
CI8L g elgfsnly Thsgmas
o e Mﬁma o 30dOMOL  ©s  gamog  yobo-
[] 8d. :?jgﬁah aﬁ?ﬁm 3.5&\'};,:;0:0;@“ 1)0 bQ’Sﬁ’(ae’o 1)080({)0'2‘];9(*)
1 85 Aphghagmebs dogena Bygemal gl ©05abmbo gBmo o6 Fg@o.
[[] 86, Bpgfnmeds Fypemal bgme BefampdBa 8 8 6
LI 87, Appgiameds Fygmal dages Befomgbda moagbiebob malid | s>dols ‘d9d© 90 bgds
AR N = 304 > d9m@ >3%b
D)5, el Bk ot | 30 ©> dgmOg  gBHos by
O g]é Bﬂ{{jga'b Fabs ﬁgab ;&a&aﬂagméa gedergggonag a 6 .53 . 8053863@0 (885982)32)01) {HUQ)O'
03 sema et g0 gGsdo: Gade-
SH ggmals ggaﬂaaga"nmﬁ igﬁg:;mmmm i’f’ﬁ mospBebol mabgliggds gindols 09 306 g9 963y
R sanoL e g | IR et ocbaro o aGon o8
- spadnBeeds me Hnguna Sagema e S c
[J98. medadymeds g Gpgemn PopebifoyTaa 860( QOHE) b0 QO am 8
189, megadyemeds @s fangoimn bogslifhoTia 96o3bg dowgdymo gBhmo ob
L1100, gagadymeads g Hagrme Sfngps apfedsd 90609 2B 6
S e e OS] | ke | | Ol ospbobos
C103 goobyesets 55 araen s moomde] | - : dbogwne  ghmno  ©sgdnbgs

30039  gBo3bg dowmgdyanls,
Loldgds ombabo goblobg®agh @osbmbl. o5390gdlL ©obigbol, @M sgodymaul ofab

Lfmégo ol ghomo ©osgowgds s  g36ebby  godmhbogds o3  @oogopgdols  Igbodsdolo
©05260%o0.

09 3o 3003g@ls s dgmdg gBodby gomo ob dg@o wosgegds sgdmbgs gHMIsbgmls,
Lob@gds byul@ powsfyzgdoergdsl g6 ©gdyemdl s 93056%g go8mhbwgds Msdmogbody
Logo®onom ©ospbmbo.

03 d9dmbgggedo, OmEs 3o@ggebs s dgmayg gBo3by dowgdymo ospbmbgdowsb o3
9gomo o0 gdmbggges  gOmIsbgml, Lolgdsl g3@sbbg  asdmadsl  IgBymdobgds, G®I
5393539090 dmbs3gdgdol Logydggabyg osgogdols sdmEbmds o6 by®bogdo.
Geoam®3  swgbodbgm, Imagdgmo  0bdgmgd-

safidaggbaeme Sembaggiphols Lagndgraty goma@o  bolEgds dbmamme  gbdsdgds  gJodls
RegIRgel sdmpbmds 46 bbghs g)']]( g()]b OO ]b(?)g\?(;o(;{] Qigi\gy{]baomo gl)mg)<)g(1)m()
Lobgmdol  ©0g89M9300Mg65d0. Lodmmmm  yowsf-

43960809351, @ mJds gbws, gJodo wgdyamol.

223



6. X5L0S3()35, 5. G5I0ITLI)

539990 LobFgds  gdgs®gos  ogodymazms  Jpamds@dgmdol  dbmmme  geobogy®
Lyg@omb. ‘dgdamddo bogo®oywggos Lol gdols dmbogdms 6obols ‘dg3bgds
E5OMASGMA0Y@0 2530 JZEng3900m(3.

30mg®sds dgoagbognos CBuilder — ze. aodmygbgdyenos Borland Paradox-ols dmbsigdms
dobgo0. 3Mma@sds I7domadl Windows-ob m3g@sioge Loli@gdsdo.

C

R535R3350)0 ROBIMI6GBNMATdS 06BHINIIBISRIA0 LOLBIINL 3Id3IMSO0)
b. X6L058(M3S 8. @5INISLS0
gboydg

5390905 0b@gagd@gomygdo  Lobdgds, Gmdmol  Lodysmgdomsi bpgds  Iygaeols
Ol osgogdoms 3Fg539 BMMdgdols @oxgdgbcomgds. gosd@omos gowsFyggdomgdols
domgdols 53¢™IsB0bogools sdmEabs. ©sdygdoggdygmos gggemodyg seodsmydo ©osabmbols
52960l sargm@omdo aobboagols dmzgdym wmbgby.

Loldgds  d9domdl  os@myy®  Gggoddo.  gJodmsb  wosgmmgo  dybgddog  gbsby
d0d@obos®gmdl. od osammaol Logydggabg LobEgds sdmoEbmdl osgowgdols o sy gbls
©00526DL.

DIFFERENTIATION OF DISEASES BY MEANS OF INTELLECTUAL SYSTEM
N.JALIABOVA, V.RADZIEVSKI
Summary

The intellectual system by means of which diseases of a sharp stomach are distinguished is
constructed. The problem of automation of a choice of decisions is solved. The algorithm of
establishment of the most probable is developed, at the set level of consideration, the diagnosis.

The system works in a dialogue mode. Dialogue with the doctor is conducted in a natural language.
Being based on this dialogue system distinguishes an illness and makes the diagnosis.

JIA®EPEHIIUALIAA 3ABOJIEBAHUM C IOMOIIbIO UHTEJUIEKTY AJIBHOM
CUCTEMBbI

H. JUKAJIIBOBA, B. PAJ[SUEBCKHUU

Pesiome

ITocTpoeHa cuctema, ¢ TMOMOIIBI0 KOTOPOW MPOUCXOAHMT AuddepeHnuanus 3a00JeBaHUNl OCTPOTO
kuBOTa. PemaeTcs 3amadya aBTOMAaTH3alldyd BBIOOpa pemieHWil. Pa3paboTaH anropuT™M yCTaHOBICHHS
HanOoJiee BEpOSATHOTO, IIPH 3aJaAHHOM YPOBHE PACCMOTPEHHS THarHO3a.

Cuctema paboTaeT B IMAJOrOBOM pekume. [luanor ¢ BpauoM BeAETCS HAa €CTECTBEHHOM SI3bIKE.
OCHOBBIBasICh Ha 3TOM JIHAJIOTe. CUCTEMa PACIO3HAET O0JIE3Hb U CTABUT JUATHO3.
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DIAGNOSTICS OF ECOLOGICAL SYSTEM FROM THE POINT OF VIEW OF
BALANCE AND THE CAUSAL ANALYSIS OF ITS POSSIBLE INFRINGEMENTS

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

The problem of diagnostics state of ecological system from the point of view of balance is solved.
Revealing of the reasons and sources of observable infringements with use of the causal analysis is
carried out. The decision of a problem of diagnostics and the causal analysis gives possibility to avoid
infringement of balance of ecological system or to promote its restoration. Examples of the decision of
real problems are given.

JANATHOCTHUKA 3KOJIOFI/J‘IECKOI71 CUCTEMBI C TOYKH 3PEHUA
PABHOBECHS U TIPUYNHHBIN AHAJIN3 EE BOSMOZKHBIX HAPYHIEHUHU

B. PAJ[BUEBCKUH, H. JDKAJIABOBA, M. MUKEJIAJ[3E, J.PAIIBUEBCKUH
Pe3iome

Pemaercs 3ajaya  JUArHOCTHKU COCTOSIHUSL DKOJIOIMYECKOH CHCTEMBI C TOYKHM 3PEHHUS PaBHOBECHSL.
OcymiecTBisieTcsl BBISIBIICHHE NPUYMH M MCTOYHUKOB HAONIOJAaeMbIX HAPYIIEHHH C HCIIOJIB30BAHHEM
IIPUYMHHOIO aHaiu3a. PenleHue 3ajauu JUArHOCTMKM U INPUYMHHOIO aHajau3a Ja€T BO3MOXKHOCTb
n30eXaTh HAPYIICHNS PAaBHOBECHS KOJIOTMYECKONH CHCTEMBI I CLIOCOOCTBOBAThH €r0 BOCCTAHOBJICHUIO.
IIpuBeneHsl npuMeEpsbl pELICHUs PEAJIbHBIX 3aad.
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NPOT'PAMMA PACIIO3HABAHMSA CTENNEHU 3AT'PSAI3HEHUSI OKPYXKAIOIIEN
CPEJbI IO OTAEJBbHBIM EE KOMIIOHEHTAM - BO3YXY, BOJE U IIOYBE

JI. PAIIBUEBCKHH
dradzievski@gmail.com

DKOJIOTHYECKOE COCTOSHIE HE)XKUBBIX KOMIIOHEHTOB OKPYKAIOIIEH CPebl OIPEeAeISIeTCS] CTETICHBIO e¢
3arps3HEHNs, T.€. 3HAUCHWEM KOHIICHTPALU Pa3InIHOTO poja 3arpsi3HuTeneil. s Bo3ayxa TaKOBBIMH
SBIISTIOTCSL  SIAOBUTHIE Ta3000pa3HbIC BEIIECTBA, TaKWe KaK YIJCKUCIBIA Ta3, OKCHI YIJIepona,
YTIAEBOOOPOABl (METaH, 3TaH, MpomaH, OyTaH W T.1.), OpTaHWYECKHE COCIMHEHHUS, CEPHUCTHIH ra3
W IpyTHe, & TakKe IPOU3BOIHBIC CEPbl, NMPOM3BONHBIC a30Ta, PAJNOAKTUBHBIC BEIECTBA, TSDKEIBIC
METaJUTbl, MUHEpaJIbHBIE COeAMHEHMSI, OPTaHUIECKUE BEIIECTBA ECTECTBEHHBIE M CHHTETUYECKHE, a TAaKXKe
neUTb. JII BOJBI OCHOBHBIMH 3arps3HUTENIAMHU SIBJISIOTCS: PaJHOaKTHBHBIE YaCTHIIBI, MBUIb U Ta3bl,
MOCTYNAIOIINE U3 aTMOC(EPHI ¢ 0CaJKaMH, KUCIOTHl U IPyTUe XUMHYECKUE BEIIECTBA. 3arps3HUTEIIMU
BOJBI SIBISIFOTCSl TAaK)K€ OpPraHMYECKHE WHCEKTULIMABI, (QYHTHUMABL, TepOMUIUIbl U YIOOpeHus,
pacTBOpeHHBIE B BOJAX, IECTHLUABI, OCTaTKM JKHUBOTHOTO MPOHCXOXACHUS, METaH, TOpOJICKUE
OpraHHYeCKHe U HEOpraHWYeCKHe OTXOJbI, BBIXJIONHBIE Ta3bl JBUTaTeNeld BHYTPEHHETO CTOpaHHi,
pa3uBEL HEPTH OT MOPCKUX HE(PTAHBIX CKBKUH U U3 TAHKEPOB.

B otmmume ot 3arps3HeHHMS aTMOC(EpHl U BOABI, 3arpsA3HEHHUE TOYBBI HOCHT TOJBKO TEXHOTCHHBIH
xapakrep. TexHoreHHas HHTCHCH()UKALINS POU3BOJCTBA CIIOCOOCTBYET 3aTrPs3HEHHIO U JeTyMHADUKAITUH
(YHUYTOXKCHHIO IIIOIOPOAHOTO CIIOSI TOYBEI — TyMyca), BTOPHYHOMY 3aCOJICHUIO, 3PO3HH IOYBHI
3arpsA3HATEISIMH TTOYBEI TAKXKE SBILIFOTCS MECTUIUIBL, TIPUMEHSIEMBIE 111 OOpBOBI C COPHIKAMH.

B nanHoOIT paboTe paccMaTpuBaeTCs MporpamMMa, pa3paboTaHHAsS IJIs OICHKH 3arps3HEHUS BO3IyXa,
BOJIbI U TIOYBHI OCHOBHBIMU IISITHIO 3arpsA3HUTENSIMH, XapaKTEPHBIMU ATl JaHHOTO pernoHa. B kauectse
3arpsi3HUTEINCH, U BO3ayxa OepyTes: mbuib, okcua cepbl (IV), okcun cepsr (11), okena asota(Il) u okenp
mapradua (IV). [lns Bogsl — aMMoHUi, HUTpatThl, (ochaThl, KOIUYECTBO PACTBOPEHHOI'O KHUCIOPOIA U
6roxumMuueckoe MoTpediieHne KUCIopoaa. SICHO, YTO BpeAHbIE BEIIECTBA YXYALIAIOT Ka4eCTBO BOABI U
4eM uX OOoJblle, TeM HHUXKe KauyecTBO BOABI. UTO ke KacaeTcs pPAacTBOPEHHOTO KUCIOPOJa, TO OH
yIIydIlaeT KadecTBO BOABI M YeM €ro Oojblle, TeM BojAa cUMTaeTcs uuiie. Bomoémsl ¢ OOmbIINM
KOJIMYECTBOM KHCJIOPOAA CUHTAIOTCS Ooiee YUCTHIMU. [ TMOYBEI B KauyecTBe 3arps3HUTENEH OepyTcs:
Melb, HHUKENb, LWHK, KoOambT W cBuHEN. Pa3spaboTaHHas mporpamMma INPOW3BOAUT pPAacHO3HABAHUE
9KOJIOTHYIECKOTO COCTOSHUS KKIOW M3 KOMIIOHCHT OKPY)KAIOLICH Cpelbl — BO3MyXa, BOIBI U MOYBHI H
BEIBOAWT HAa OKpPaHE €ro OICHKY: «HU3KOE 3arps3HCHHE», «yMEPEHHOE 3arps3HEHUE», «CHIIBHOE
3arpsi3HEHUE» U «OYCHBb CHIILHOE 3arpsi3HCHUC).

Pa3paborannbie nporpamma /1/ cocToAT M3 IBYX OTIENbHBIX MOANPOTrPaMM — 3TO IOJNPOrpaMma
BBOJIa B 0a3y JaHHBIX MH(DOPMAIH U HOJIpOorpaMMa caMOOOyUeHHs U BBIBOAA PE3YIbTaTOB.

Hoanporpamma BBoaa HH(poOpMALHUHU

B moxamporpamMMe HCTIONB3YIOTCA T.H. PEIMOHHBIE 0a3bl NAHHBIX — 3TO, NMPEXAE Bcero, Habop
Ta0IHI, KOTOPBIE MOTYT OBITH CBSI3aHBI APYT C APYroM. B Takylo 0a3y maHHBIX Tak)Ke MOTYT BXOJHThH U
HEKOTOpbIE NpoLeypsl 00paboTkn naHHEIX. [locTpoeHHas 6a3a JaHHBIX SBJISETCS aBTOHOMHOM, T.€., OHa
HaxOAMTCSI Ha JIOKaJIbHOM KomIbloTepe. Vcronbs3yemas cucrema ynpasienus: 6azamu gaHaeix (CYBJ) —
cuctema Paradox. B cucreme Paradox maHHble momeniaroTcs B Tabauipbl. B pa3paboTaHHO#N nporpamme
MPOU3BOJIUTCS BBOJ JaHHBIX, 00pab0TKa HEKOTOPHIX JAHHBIX M 3aIHCh IAaHHBIX B TaOJIUILy 0a3 JTaHHBIX.
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. PAJIBUEBCKHH
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Pue. 1

ocymecTBIAThCS Kak B eauHunax I1IK, Tak um B xoHnentpauusx. [Ipu BBoJEe KOHIIEHTPALMI BEIIECTB
Tpebyercs Take BBox [IJIK sTux BemecTs. B nmanpHeiimem B mporpamMme MpPOWU3BOANUTCS BBIYUCIICHHE
KOHIICHTpaIi 3tux BemecTB B eauHUIax [1JIK. B 0a3y maHHBIX BBOISATCS JaHHBIC O KOHIICHTPAIUIX
BEIIECTB W METOJIOM OMOWHAMKAIIMU WM SKCIIEPTOM OLCHUBACTCS CTEIICHB 3arpsI3HCHUS OKPY KaloIIeH
cpeIsl MO 3HAYCHUSIM BBEIEHHBIX KOHIGHTpanuid. Takum o0pa3oM, MBI MOJTyYaeM T.H. OOydYalomIue
BEIOOpKH. [{1s momyueHust 0000MEHHON MOJIENIH PAa3IUYHBIX YPOBHEH 3arpsa3HEHUs TpeOyeTcss UMETh IS
00paboTkH OOJNBIIOE KOIMHYECTBO OOpa3IoB A KAXKAOTO W3 YpPOBHEH 3arpsA3HCHHH — HHU3KOTO,
MOBBIIIIEHHOT'O, BBICOKOTO M YPE3MEPHO BHICOKOTO. B maHHOM OJ0KE MpOTrpamMMBbl MPOU3BOIUTCS] BBOJ
3HAUEHUH KaXKO0T0 U3 3arps3HEHH B 0a3y JaHHBIX, a TaKke B 0a3y MaHHBIX 3aHOCHUTCS OIEHKA dKCIIepTa
OTHOCHTEIILHO CTETeHH 3arps3ueHus — «0» — HU3Koe 3arpsisHeHue, «1)» — MOBBIIICHHOE 3arpsA3HEHHE, «2»
— BBICOKOE 3arps3HeHHE W «3» — 4pe3MEpHO BBICOKOe 3arpsizHeHue. [Iporpamma paspaboTaHa Tak, 9TO
JIaHHBIE MOTYT OBITh BBEACHBI OMEPATOPOM OTIENIBHO, a 3aTeM, YK€ B JIPYroe BpeMs, SKCIEPT MOXKET
BHECTH TyJa CBOW JaHHBIE O CTeneHHW 3arpssHeHus. Criemyer oOpaTHUTh BHHMAaHHE, YTO BBICOKHE
3HAYCHUS HEKOTOPBIX BEIIECTB TOBOPAT O cilaboM, a He HA0OOPOT, O CHIBHOM 3arpsA3HCHHU. Takum
BELIECTBOM siBJsieTcst kuciopon. Ha puc. 2 mokazaHo BBenéHHoe ero 3HayeHue, pasHoe 4 IIIK,
TOBOpSIICE O CI1a0OM 3arpsi3HCHUU BOJBL. M, HA000pOT, PU CHIIEHOM 3arpsi3HCHUU BOJBI KOHIICHTPAIIHS
KHCJIOPOJia OKa3bIBaeTCs O0Jiee HU3KOU.
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. PAJIBUEBCKHH

B riaBHOM MOJyJe MporpamMMbl MPOU3BOAUTCS CaMOOOYYCHUE CHUCTEMbI U MPUHUMACTCS PCIICHHE
OTHOCHUTEIILHO CTEIICHH 3arps3HEHUS OKpykaromiei cpeapl. Ha puc. 4 — 6 m3o0paxkeHa padoTa TIaBHBIX
MoOJyJieH mporpamm. B 1ot BBoa mporpaMMbl BBOJSTCS 3HAYCHUS KOHIIEHTPAIIWA BEIIECTB B SAMHAIIAX
I[IJAK, u mo BBeAEHHBIM 3HAYCHHSM NpOTrpaMMa BHITAET ONWH W3 4 OTBETOB OIEHKH ASKOJOTHYECKOTO
COCTOSIHUSI OKPYXKAroIlell cpeasl — BO3AyXa, BOABI M TOYBHL «Cia0oe 3arpsA3HEHHE», «IIOBBIIICHHOE
3arps3HEHUE», «CIJIBHOE 3arps3HeHHe» W «OYCHb CHJIBHOE 3arps3HeHue». Pacmo3HaBaHUe
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HKOJIOTHYECKOTO COCTOSHUS OKPYXafomel cpeasl MPOM3BOAUTCA IO 3HAYEHHSM O00ydJarommnx
BBIOOPOK, KOTOpBIE OB 3aHECeHBl B 0a3y JaHHBIX. B mporpamMme 3HadeHHs] 00ydYaromnXx BBIOOPOK
OLM(POBLIBAIOTCS, T.€. HENPEPHIBHbIE 3HAYCHUS [TApaMETPOB IEPEBOAATCS B JUCKPETHBIE 3HAYCHHS.
Hanpumep, ecnu 3HaueHHe HEKOTOPOro mapaMmerpa momajnaer B uHTepBan oT 0 mo 1, To 3HadeHHIO
napameTpa npucBanBaeTca 4uciao 8. Ecnu 3HadeHMe mapameTpa momagaeT B MHTepBan oT 1 1o 2, To
3HAYEHUIO MpHUCBauBaeTcs 3HaueHue 4. Ecnu 3HaueHMe mapameTpa MmomnajaeT B MHTEpBal oT 2 A0 3, To
3HAUCHMIO MapaMeTpa NMPHCBaMBaeTCs YHMCIO 2, a eclM 3HaueHWe napamerpa Oousplne 3, TO 3HAUYEHHIO
rapameTpa IpUCBaMBaeTCs 3HaUeHue, paBHoe 1. 3nauenus 8, 4, 2 u 1 34761, mockoIbKy 8 — ecth 1000 B
NBOMYHOUN cucteme cumcieHus, 4 — ectb 100, 2 — ectb 10, a 1 — ectp 1. Ha ocHOBe momydeHHBIX
OWHAPHBIX 3HAYCHUI MPU3HAKOB cTpostes GpyHkiuu i, o, f3, fa, kaxmas u3 xoToprix ompemenser kace.
Otu GYHKIMN TMPUHUAMAIOT WCTHHHOE 3HAYCHHWE Ha OO0BEKTaX 00ydJaromiedl BBIOOPKH, OTHOCSIIEHCS K
COOTBETCTBYIONIEMY Kiaccy. Takas QyHKIMA MOXKeT OBITh MOTy4deHa MyTEéM (pOPMHUPOBAHIS JU3BIOHKINN
CTpOK oOydJaromell BBIOOPKH, OTHOCSAIIMXCS K OAHOMY Kiaccy. CTPOKH IIPEACTaBICHBI B BHAE
KOHBIOHKIIMM OMHApHBIX 3HAYCHUH MPHU3HAKOB, B3SATHIX C OTPUI[AHHUEM WM O€3 HEro B 3aBUCHMOCTH OT
TOTO0, SIMHULIC WK HYJI0 PaBHO 3HauYeHHe mpu3Haka /3/. Takum oOpa3oM, HCIOb3Ysl 3aMiCaHHbIC B 0a3y
JIaHHBIX 3HAUEHUsI IaPaMEeTPOB U OLIEHKHU 3KCIIEPTOB, B IPOrpaMMe CTPOSITCS BBIPAXKEHUS I KX 0T0 U3
4eThIpEX COCTOSHUHN OKpYyXKarolled cpeabl, NPeaCTaBICHHbIE B BUAE IU3BIOHKTUBHOM HOpPMalIbHOM
¢opmbl. B OCHOBHOM MoJyine NpOrpaMMbl BBOASTCS pealbHBIE IapaMeTphbl, MO KOTOPBIM YXKe
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. PAJIBUEBCKHH

[POM3BOAUTCS OLCHKA OSKOJIOTMYECKOrO COCTOSHHUS KAKOrO-TO PErHoHA.  OJTH 3HAYEHUS TaKkKe
OMHAPU3UPYIOTCS U TOJCTABIAIOTCS B KKIOEC U3 MOIYYCHHBIX JTU3bIOHKTHBHBIX HOPMaJbHBIX (GopMm. To
U3 BBIPOKEHUH, B KOTOPOM IM3BIOHKTHBHAs HOpMaibHas (opMa jgact | u OymeT COOTBETCTBOBATH
3HAYCHHIO COCTOSHHUSI OKPYIKAIOLIEeH Cpelibl B TPEOYEMOM PETHOHE.

Iporpamma peanmzoBana Ha s3bike C++ B cucteme CodeGear™ C++ Builder 2007 /2/.

053J3ML R33069IBTB0L LSAOLLOL  353MBEMBOL 3MMIASBS BOLO GOR3IIINR(
(353@0, VIS0, 600R030) 3(33(M6I6BIdOL 30HIR3N0)

L. 35d0IFLS0
6g%099g

doboboangds  3Omg@adgdols  spgdol  3Mobiodo  dmbsgdms  dobgdols  Asdmygbgdom.
doygobogmos  go@gdml  ©sdobdydgdols  bodolboli  godmEbmdols  3@ma@sdols s g@e.
3ob60d5@@9ds  3ma@sdol  sedoboliG@oxogmo  ©s doGomswo  dmgmols  ©sbodbyagds.
doygobogmos  og@gmgg Sblibo—gobdo@m@gds 3Mmy@sdols sEdoboli®Eoygmo s doBomswo

doogmols d9domdols ‘dglobygd. dmygobognos 0bbB®yJios dmdbdo@gdaolomgols
300 Adobmob Igdomdols dglsbygd.

PROGRAM OF RECOGNITION EXTENT OF ENVIRONMENTAL POLLUTION
ACCORDING TO ITS INDIVIDUAL COMPONENTS - AIR, WATER AND SOIL

D. RADZIEVSKI
Summary

The principle of application building by using databases is considered in the paper. The article also
describes the recognition program of environmental pollution. The purpose of administration and the

main module of the program are explained. It also provides an explanation for the user to work with the
program.

IMPOIT'PAMMA PACIIO3HABAHUWSA CTEIIEHU 3ATPA3HEHUS OKPYKAIOIIEN
CPEJIBI IO OTJEJBHBIM EE KOMIIOHEHTAM - BO3YXY, BOJE U IIOYBE

JI. PAIIBUEBCKHUH
Pe3iome

PaCCMOTpeH OPUHIUIT TOCTPOCHUA TMPOTrpaMM C HCHOJb30BaHUCM 6a3 JaHHBIX. HpI/IBO,HI/ITCH
OlmMCaHue MporpaMMbl pPACIIO3HABAHUA CTCHCHU 3arpsA3HCHUA Opr)KaIOIIICfI Cpeanl. OOBsCHSIETCS

npeaHasHa4CeHue aIMMHUCTPATUBHOIO U OCHOBHOI'O MOAYJISI IPOTrpaMMBbI. Taxoke MPUBOJAUTCA MMOACHCHHUE
1o pa60Te IIOJIB30BATEJIA C nporpaMMoﬁ.
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ABOUT THE ROLE OF MATHEMATIC IN PHYSICS
A.GIGINEISHVILI, G. GODERDZISHVILI, T. GEGECHKORI
Summary

The amazing effectiveness of mathematics in natural sciences, especially in physics, is a mystery and
doesn’t subordinate to any rational explanation.

Natural laws subordinate to mathematical regulatory with great accuracy. Mathematical discussion
joins a physical text together with its act of interpretation of physical conception and this is the act that is
amazing in modern physics.

Due to mathematics any theory of physics is given universal, general unique character; if we suppose
that mathematics has its own serious basis and it represents certain structure which is controlled by own
rules, we can say, that matematics plays important role in learning natural phenomena of the physical
world, namely inn creating universal theory.
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O POJIM MATEMATHUKH B ®PU3UKE
A TUTUHEAIIIBAJIA, I'. TOQEPI3UALLBUIIN, T. 'EIEYKOPH

Pe3rome

Henocriwkumas: 3¢ (GeKTUBHOCTh  MaTeMaTHKd B €CTECTBEHHBIX HayKaX, OCOOCHHO B (H3HKe
Npe/ICTaBIsIeT cOOOH 3arajiky U He MOJYNHIETCS] HUKAKOMY PallMOHAJIbHOMY OOBSCHEHHIO.

3aKOHBI NPUPOJBI C OOJIBIIOW TOYHOCTBIO MOAYHMHSIOTCS MaTeMaTHYECKUM 3aKOHOMEPHOCTSIM.
MaremaTnyeckoe paccykKleHHE BXOAMT B (DU3MYECKHH TEKCT BMECTE C aKTOM €ro HCTOJIKOBAaHUS,;
VIMEeHHO 3TOT W ecTh caMoe Hapa3uTelIbHOe B COBPEMEHHOH (u3uke.

C moMomupi0 MaTeMaTHKH (U3MYECKUM TEOPHUSIM JIAeTCsl YHUBEpCalbHBIM, 0000meHHbIi Bua. Ecin
JOIYCTHM, 9TO MaTeMaTHKa UMEET Apyrue, Ooyiee cepbe3HbIe OCHOBAHUS U IIPEACTABISET COOOH HEKYIO
CTPYKTYpY, YIPaBIIIEMyI0 COOCTBEHHBIMH 3aKOHAMH, MOXKHO CKa3aTh, YTO B HM3YYCHHH (DHU3MIECKOTO
MHpa MaTeMaTHKa CUTPAET PEHIAOIIYIO POJIb.
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NEW DIRECTION IN CONSTRUCTION OF MATRIX ONE-WAY FUNCTION AND
TROPICAL CRYPTOGRAPHY

R. MEGRELISHVILI

Javakhishvili Thilisi State University, University St. 13, 0186 Thilisi, Georgia
Tel.: (995-95) 55-91-59, E-mail: r_megreliishvili@yahoo.com; Website: www.crypto.ge

I. INTRODUCTION

For the first time this matrix one-way function were printed in [1] presented as a multiplication of the
vector by a matrix. Based on this one-way matrix function in the same paper [1] was first described for
the new key exchange algorithm via an open channel (the algorithm represented as an alternative for the
Diffie-Hellman protocol [2]). Further results were published in subsequent papers [3-7]. The answer to
the question of the one-way matrix function speed posed in the abstract section of this paper directly
follows from the answer to the other question - what do represent operations of a one-way matrix
functions themselves? According to the author, after reading the subsequent section no doubts will risen
about the high speed of the one-way matrix function itself, neither about the speed of the appropriate key
exchange algorithm via an open channel. Below there are also the results of construction of cyclic
multiplicative groups for the operation of the matrix key exchange algorithm. Also considered are the
issues of intra-matrix recursion and stability of algorithm. In addition, the article provides a new operation
(for simplicity, these operations are considered only over the field GF (2)). This leads us to tropical
operations, which increase resistance of key exchange algorithm and systems of encryption and
decryption. Tropical operations are a well known issue in mathematics, for example [8-10], but the
interest in using these operations in cryptographic processes arises only at the present time. In this paper
we introduce a new joint tropical system of additive and multiplicative operations. These operations can
improve the stability of the one-way matrix function even in the presence of intra-matrix recursion (i.e.
the result of tropical operations’ application will be obtainment of stable matrixes, which have intra-
matrix recursions [3-7]).

11. THE ONE-WAY MATRIX FUNCTION AND THE KEY EXCHANGE ALGORITHM FOR AN
OPEN CHANNEL
The one-way matrix function has the following form:

v A=u Q)
where each A € A is a secret parameter, that is selected randomly from the set A high cardinality; the
initial matrix of the set A (i.e. the generator matrix A) is open, so we can say that A is open; v, u € Vi,
where A matrixes and V, vector space are over GF (2); v and u parameters are open (for simplicity,
considered is GF (2) field).

Note that while the one-way function of the Diffie-Hellman algorithm

a*=ymodp 2
is based on the problem of the discrete logarithm. For the function (1) the problem is intro-matrix
recursion. This issue was studied in details [3-7].

Evaluating the relative performance (speed-factor) of the functions (1) and (2) we can judge, as it was
mentioned above, the high speed of operations for these functions. The function (1) is fundamentally
different from the function (2). The function (1) uses the operation of multiplication, while the function
(2) is an exponential function. Therefore, the function (1) will be implemented with a much faster rate
than the function (2).

Let us consider the key exchange algorithm based on our one-way matrix function (1). Matrix
algorithm for key exchange in an open channel is as follows:

« Alice (randomly) selects the n x n matrix A; € A and sends to Bob the following vector

U = VA1, (3)

« Bob (randomly) selects the n x n matrix A 2 € A and sends to Alice the vector
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U2 = VA2, (4)
where v, uz, U, are open, A; and A; are the secret matrix keys.
* Alice computes

k1 = U2A1. (5)
* Bob computes

kz = LI1A2, (6)
where ki and k; are the exchanged secret keys, ki = k; =k, since k= v A; Az = v A’As.

We affirm that there are matrixes of two types: the matrixes with recursion and matrixes without
recursion. Below, we consider the matrixes of the both types and demonstrate that the one-way function
(hence the algorithm) can be broken, if we apply a matrix with a recursion, but since we have one-way
function (hence the algorithm) it can’t be hacked, if for the A matrixes are used the matrixes that do not
have a recursion.

From the above statement assumed is that the intra-matrix recursion in (1) plays the same role as a
module in an expression (2). Below we consider how easy it is to break a matrix with a recursion, and
afterwards we show an example of a cyclic group whose function (1) cannot be broken if the matrixes are
free from recursion.

It is demonstrated in the works [3-7] that the function (1) can be broken in case the A matrix contains
internal recursions. Such matrixes can be built up with a field GF(2") representation [11]. For example,
the matrixes (7) that were constructed as a field representation (which are based on primitive p (X) = 1+
x+ x3 polynomial):

010 001 110 100
A=[0 0 1|, A°=[1 10|, A=[0 1 1]..,A=[010
110 011 111 001
()
Every matrix from (7) consists of N> =9 unknowns:
Xll X12 X13
A= X1 Xpp  Xpz |- @)
X3l X32 X33

Given what recursions in the matrixes we can easily obtain the A' matrix (8) from (7) with 3
unknowns:

Xy X X3
i
A1 = Xz Xy X Xp |- 9)
Ko XigtXp Xy tXg

Obviously, the one-way function (1) is easy to break if as a matrix are used the matrixes of the form
(7). Continuing this argument, we consider the matrices that contain no recursion:

101 110 001 100
A=|1 0 0|, A°=[1 0 1|, A=|1 1 0[,..,A=|0 1 0|.
011 111 010 001

(10)

Below we will examine functioning of our key exchange algorithm using matrixes (10) and trying to
break it.

Let’s assume, that A is set of n x n dimension square matrixes (10), where n= 3. Suppose, that Alice
selects the matrix A; = A?as the secret matrix. Bob, for his part, chooses the matrix A= A%, and we also
assume that v = (110). Then our algorithm will be functioning as follows:

Alice computes and sends to Bob the following vector:

ur=v A; = (011); (12)
Bob computes and sends to Alice the following vector:
Uz = VA, = (111); (12)

Elice computes the exchanged key
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ki=uA; = (100) (13)
_Bob computes the exchanged key

ko = u1A2 = (100). (14)

As we can see ki = ky, and the results are correct.

There are also some opponents of particular importance assigned to Companion matrixes [11]. They
suggest that our algorithm can’t survive the attack by this method. Now, consider an attack by the method
of a Companion matrix for the same situation, i.e. for the same sample of the algorithm. First, consider
the algorithm and then we define the matrixes A; and A; in the (11) and (12) equations with the field
representation [11], i.e. we can find the companion matrixes that correspond to the vectors v, ui us.
According to the author, this correspondence can be made only on the first line of vectors v, uj, us.
Therefore, equation (11) takes the form:

A3 Ay(x) = A% (15)

Similarly, the matrix A is chosen as a Companion matrix for uz vector and, by analogy with equation
(15) we get:

A3 Ax(x) = AS, (16)

Solving the equation (15) and (16), we obtain values of the unknown matrixes, namely: Ai(x) = A,
Az(X) = A2,

In this way if the analyst calculates the values Ai(X) = A, and Ax(X) = A? of the matrixes he will
discover, that the resulting matrixes do not coincide with the true values of matrixes and we also see that
the keys will also differ from the true (exchanged) keys. Indeed, as a result of the calculations, we have
the following values of keys:

ki = uAr = (101), (17)
ko = u1Az = (101). (18)

Therefore, using this method did not reveal the true values exchanged keys and the algorithm was not

broken.

111. TROPICAL CRYPTOGRAPHY
We introduce tropical operations, which for simplicity are considered for systems over the GF (2) field.
In the binary case the additional operation remain the same as in the classical operations:

0+0=0;0+1=1;1+0=1;1+1=0, (19)
but the multiplication is fundamentally changing:
0*0=0;0*1=1;1*0=1;1 *1=1. (20)

Studies have shown that these operations can be applied to improve the resistance of the one-way
matrix function. For example, in order to break the matrixes (9) we can use the system of equations
(assume that the one-way function (1) is being broken based on the example: v = (110) and u = (011)

(12)):
1*X1+1*X3+0*X12=0,
1*Xp+1* (X11 + X13) +0* (X13 + X12) =1, (21)
1*X13+1*X12+0*(X11+X13)=1.

Obviously, the system of equations (21) is usually solved without problems for classical operations
since it has only three unknowns in three equations. However, for tropical operations introduced by the
conditions (19) and (20) the situation changes radically. The system (21) shows that the multiplication of
each zero component of the v vector by the component of the vector u causes the appearance of a new
unknown and the system (21) becomes unsolvable.

We use the properties of the newly introduced operations (19) and (20) also in other areas of
cryptography, such as encryption and decryption of information, etc., but a detailed consideration of these
issues is beyond the scope of this paper.
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NEW DIRECTION IN CONSTRUCTION OF MATRIX ONE-WAY
FUNCTION AND TROPICAL CRYPTOGRAPHY
R. MEGRELISHVILI
Summary

The goal of this paper is to substantiate the original high-speed one-way matrix function and key
exchange algorithm for an open channel which is considered on the basis of the mentioned one-way
matrix function. It is connected, obviously, to the existing global problem. This problem lies at the root of
the fact that at present time there are no other one-way functions (known and accepted) with a higher
speed than the same functions in the algorithms of Diffie-Hellman and RSA. The author concludes that
such a function can be the one-way matrix function that is described in this paper. The paper also
examines the new tropical operations for building up the systems of tropical cryptography.

HOBOE HAIIPABJIEHUE B IOCTPOEHUN MATPUYHOM
OJTHOCTOPOHHEMN ®YHKIIMU U TPOITUYECKAS KPUTITOT PA®US

P. MET'PEJIUIIIBHITH
Pe3iome

I'maBHO# 1enbl0 JaHHOW pabOTHI SABISETCS OOOCHOBAHWE BBICOKOW CKOPOCTH OpPHUTHHAIBHOM
MaTPUYHOW OJHOCTOPEHHEH (OJHOHANPABICHHOW) (YHKIMH H alropurMa OOMEHa KIIoYaMH Ui
OTKPBITOTO KaHajla CBS3W, aJITOPUTMA, KOTOPHI paccMaTpUBAeTCS Ha OCHOBE YIMOMSHYTOH MaTpHYHOM
¢dyHKIIMKA. DTO CBS3aHO, OYEBHIHO, C CYIIECTBYIOIICH ToOampHOW mpobnemoil. OTa mpobiema
3aKJII0YaeTcss B TOM, YTO B HACTOSIIEE BpPEMSI HET JPYTrHMX OJHOCTOPOHHHMX (YHKIHMH (M3BECTHBIX H
NPU3HAHHBIX), KOTOpBIE MMeNH Obl Ooiiee BBICOKYIO CKOPOCTh, YeM Te ke (YHKIHH B alrOpUTMax
Judpu-Xemnmana u RSA. ABTOp NpUXOAWT K BBIBOAY, YTO TaKOH (pyHKIHEH MOXET ObITb MaTpU4Has
OJTHOCTOPOHHSS (DYHKILIMS, KOTOpasi ONKcaHa B JaHHOM craThe. B cTarhe Takke paccMaTpUBAIOTCSI HOBBIC
TPONUYECKHE OlIEPaALMH [UIsl [IOCTPOCHUS HOBBIX CUCTEM TPOIMYECKON KpUnTorpaduu.
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