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5d0bs, 93mbMI0zMmo LoLEJIs TMI0WYIY0s SMLYIYO 3ME0EH03YMO LoLEJIoL sOLDY, MMIgeros
9030305 ImEgdE OHMOL 0bFGHIM3swDY. y39gms Fomsbo Fogdmwos  BMmYs©Oo 93mbmBo M-
30E0360 LobEgdosb. 3bswos, 93mbmdoz®m-3meo@olzme LobEgdsl 5J3l (303KwIMHO BsLosMO o
997109005 @OMOL 06EJMOZ5mb (30300 sb). sdoGHMmd 93mbmd03MM-3Mmo@H03Mmo Lol gdol
LmbEo FboMggdol Fglobgd 0bgm®ToE0sl bMEWME (30300l drErml 3390w MdM. 45033990 bsllosmols
9306Mm303MM-3mo@036  LobGHdsl ©OMOL  0bGYM35edo Tglodwrms 3Jmbogl  mogobo  39bgdoL
993300L 39bgbiE0s. 303356605, MM 3mEwo@03mco LolEgds dgodwgds oyml bsdo Godol: 30M39wo -
565005053054 Bogdg0, FJMEg - 39Ms3sZ50 96 Bgo@®mowmmo s Tgbsdg - bgdgdo©
5853054530 gd9wo.  3mwo@03Mo  LolEGJIoL  (33WOEYdOL  QomM35¢olfobgdom, 93mbmIozm©-
30@03M6M0 BoLEBIIOL M3GH0ToEMMmO FsOmMZ0L 53M3065 VIIMMBL (33¢O-LEAHMWIGHMEMOL dJmby
™3035 M0 JoOMZ0L 58mEsbol Bm®mIsl (Hall, Zambelii, 1958) Loli¢gdol LbGHMmwJGH«IOOL 330w gds
60dbogl 0dol, OHMA LobGHgds Foboslfo® Mi3bmd BmIgbGHTIo Tgodergds A9O30IL FMIMSMOOL JMO
396mb0qsb IgmM9bg. Mg 9B, LAHOWIGHMOOL Tgi33col 9dgy LobEIIoL Lafiyobo JEAMTsMYIMdS
5930009005 3ol fobs  BymdsmgmdsBg. gu  9MHM0sBgdL  Foo 9P  LobBHYsdo (33O
LAHOMIGHMO0m. g0 3OMOWYIgdo 6093690 M35605 Lb3oILBZS 3MOJBHOZMWo  AsmYgbgdolbmazol
(Arsenashvili, 1980; Achepkov, 1987; Calukvadze et al., 1990; Kharatishvili, 1980; Kharatishvili, 1985;
IMoutparun u gp., 1969; Hall , Zambelii, 1958).

50m3560L slids

9306mdozmemo  LobGgds 6oL  3mI3gdlve  dmddggdoms GOHMMIWOMds, MMIgEms  dmgddggds
MBHMB3gYmBL LEBMYSMIOOL Y39ws 0MOMOE FMbM360gdOL ©s3d9YgMBOEIGOIL MHMOL Yymgger
M99 9990w do. 93mbmdozmo LolEgds sMoL M3GH0TowMo, YY) ol LsbMmAsMIdOL yzgws
9mbM3zbowgdsl dm39dMe OMAo  530594Mi30egdL J0bodormo  ©IBsbsMRGd0om. Lsbmyswmgdol
X506M0 o050 INMHM360¢0900 OHMomo T 0bEgM3s5¢ol dm39dmen t dmdgb@do s©0360dbma D (t)

39J&H™® grbdzooo:
D(t) = {D1(¢), ... , D ()},

Loog D;i(t), (i = 1,2,-++,n) 560L LaBMYI™IOOL i-9HO JOOHOMOEO FMMbMzbogds t ImdgbEHdo, begrm
n 5MHoL d0MO0MO©O  dMmmMbmzbowgdgdol Momgbmds t dmdgbBHdo,  OHmIgwoi OMIo Tgodwgds
033w 9dmEL: n = n(t).

@OMOMO 06¢gM35¢00l (9.0. 3030b) Lsfgolbo dmdgb@Eo 5036036m™ th-0m, bmem demerm Imdgb@o ti-om.
9.0.T = [tg, t1]. ©53183500 K (t) 560U Lobmomgdsdo sGBGdeo do@gMosmmo MHgbrydligdol LodMegary
t 8mdgb@olbmgol. 9.0.

K (@) = {K1(8), ", Ki (D)},

bosg Ki(t), (i = 1,2,+++, k) s60b i-960 353005060 Gglbrydlo, 3odmbobvyeno dgbsdsdol gomgwangddo,
bogoem k 5606 35000 G5 9bmdss. 93199350 L(t) 560 LyBMYsMYdoL IO Moo MHglryMligdols LodMsgwry
t dmdgbEGHolom3zobl g.0.

L(®) = {L1(0), -, L (D)}

Looi Li (), (i = 1,2,++, k) 560b i-96H0 30000 Hglwy®lo, 459mbsboeno Ggbsdsdol gemgmergddo, bmem
k 8500 LogHmm Momgbmdss.
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5060250, 93MbMI03MmO LobBHYIoL IEYMIsMYIMdS OMOL ymgzqer t Imdgb@do ©sdm30wYdwo 0gbgds
0900099 (33500DY: Lofyol ty ImIgBBHBY; ©OHMmoL T 0bGHIM35¢0l Logy®dgby, 9.0. t; Mg dy;
LoBMYPsMYOOL oMM JM056 INPbM3boEgdgdbg MMOL ymggewr dmdgb@do, g.0. D(t) D(t)-by;
LoBMYPMYOOL b539NMGOST0 5OLBYDME? ToBJMH0SWIH MGlMLYdDBY POHMOL ymgzgge dmdgb@do, 9.0. K (t)-
B9; LoBMASPMGOOL LH3MIMYBSTo SOLYdIME FBMTom MHYLOLYdDBY OMOL ymgger dmdgb@Hdo, 9.0. L(t)-
b9 s 0639L3H03090B9 O™OL ymzgen dmdgbEHTo, HMIGEbsg 5036086530 I(t), I(t) = {I1(t), -, I} (t) }-oo,
Loog [;(t), (i = 1,2,-+, k) 9oL t O™ -6 ©s6do 456bmM309wgdmwo 0bgglGoEool dmawanmds.
BoBMYPoMgdolL  93mbmB03MMHo LoLEJIol FEAMI>MYIMdS 63d0LB0YM dm3gdmee 8mdgbGHdo s©0360dbmm
Y(t)-0m. 3b5000s, Y(t), OHMamO3 9bmaqbm®mo 33wso ©sdm30©gdmo 0dbgds: ty s t;  Mogbgzom
35029990y s D(1), K(t), L(t), I(t) 39d&mOe 9abmygby® 33wegddy. g.0. 396 8ga30de0s
©33090mm Y = Y (tg, t1, D(t), K(t),L(t),I(t)). Y(t) gmbjgool 3gMdm Lobg 8900gds oymlb Lofo®dmm
30bdgos:
Y(t) = AK - K52 - o KT Lfl .le?z . Lfln RS IR 1

936md03mM0 LolEgdol B6J30mbocmgdol 9n39JGIOMBOL TguoRsbYdWSE LsFoMMS FO30M35oLFObM™
9306mdo3zmeMo LolBgdol 9139JGIOMdOL doB396909w0. OMOL dm3gde t dmdgbEdo i-M0 JoMOMSEO
9mbM3b0gd0l ©s3d59Mmzogdol 06o3sG ™Mo sM0ol

s5i(t) = D;(t) — Y;(t),

bosg  Yi(t), (i =12,--,n) 6oL 3500m3z900L dmEwemds FoMdmgdmwo t dmdgbEHobmgol i-w6o
3mmbm3zbowgdol  olo3doYmBowgdws©. v 5;(t) =20 - dmobmzbowgds  ©5305YMBOEGEX0S
BMLEO© t 3m3gbBHobm3z0L. M9y 5;(t) < 0 - IMbM3boEIPds 5050530594MBOEGdGE0s t ImIgHEOLmZOL.
9390  Y39masb 0golbdgds, MH™I g3gws BOWOEY, NS OMOLS, [FoMmImEygbowos VMW
9607999090 d0.

2963sm@gds 1. 93mbmdozmMo  LobBHgdol  9x9dBMOMdOL  oBggbadgwo T : ty <t <t; ©OOMOL
06@ 93509 560l
t1 n
Re(M = [ Y sioyat

to =1

39635MBgds 2. 93mbmdogMMo LobEBgds M0l M3GH0sIMo T OMOL 0bEgM3zstwby, vy LEOYIEXYdS
99900920 3060do:
si(t)=0,vi=1.2,-,n;teT.

5060350, T O™OoL 063)M135c0Bg M3E085¢0w)® 930mbmdo3w® LolEgdal 99dwos s93859MmaB0wml yggas
do6M005©0 INMbM3bogds 58 EOHMOL 0bE M350l Bydoldoge dmdgbEdo.

335H0M33H085¢MH0 9306m303MM0 bobEgdgdo, Gmym®s Halo, NYBOM BIOMNMD 5OHOL Fo3MEILYIOO,
30069 M3G03>wIMH0 930bMmTo3zMEmo Lob3gdgdo, HMIgdoE BMYX IO 396 QobbmM309w©Yds.

396356905 3. 93063037960 LoLEYIs 5MOL 335D0M3E0ToOO T EOMOL 0bEYMZoWbg, M) LB EIds
9990090 306MdY:
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n

Zsi(t)zo, VteT.

i=1

Bom9w0s, HMI 099 9360803960 LoLEYIs M3EH0ToME0S, 0L 515939 335B0-M3GH0T>WIM0s. LE3OMOLIOOM
909905 56 5OOL LETIOPNE060, M5YSL 335B0-M3EH0To Mo 93mbmTozmEo LobEgdol dgdmbgzgzsdo,
doM0m5@O 15FOMMYOIOOL HBMY0YMHPO 06EOIsEHMMO s;(t) 90dEgds 0gml 1sMYMBOMO (5647 BMYogMmO
dmmbmgbs 990dgds LOMEISE 9O 0gmb ©o309YMBOEgdro). 58 dgdmbggzsdo Mbos Fglitrmergl
23963563905 3-0b 3oMmds.

n

Zsi(t)ZO, VEET.

i=1

doM005©O dMmmbmgbowgdgdols xsdo t dmdgb@do «bws ogmlb sMsrstymzomo, Moz bodbsgl, MHmA t
9396 do  Dma0gmHm0 oMo Jmmbm3zbomgdgdolmzol FoMmdmgdmwo  3OHMYJ30s, dmwosbo
§om3mgdmo 36300l ImnEmEwmds by gdmbgzgmEal (BWWws© JMmYMEgddo) 3OMEJ3ool 0d
InEMMdL, GMIgeog LsFo®ms bbgs doMomso Jmmbmzbowgdgdol ©olivzdoymBowgdws©. 0¥
B99m0b0dbmo 30OHMds 003935 39M3IZIMNWO EOMOL BMYoghm 0bFIM35wwbY, FoaMsd oly, HmA
9990090 306035 MBRYds doensdo:

t1 n

R,(T) = f Y st = 0

to i=1

05906 sbgmo 93mbm3o3MMo LobGHgds 06EJAMIW MO 335HD0M3EH0TIEM0S. 9.0. IROGOGHO, OMIJEO;
§o03m0ddbgds bbgesalibgs doM0050 LoFoMMmgd0sb, 0x8MGds FoMdo [o®mdmgdom s6s dyolbogMoq, s6vw
gmgz9ge t dmdgb@do, 96599 dmgwo T 0b@gm35¢ol 356353¢mds580. sbgmds 930mbmdozwm®ds Lolidgdsd
9903905 259m0(300mL LOoMMMEggd0, 1Y) POMOL 0b6FIMNZ5wo T EOEOs. MY 0BEJAMI OO 306MdS3
0003935, 05006 93mbmdogMmMo  LoLEJDs 96T 5300YMBOWGdJos - ol 3gMsbsoGo  39M
0553059530 qdL T 063 96m35¢00l Yy39ws doMmoms© dmmbmzbowrgdqdl. sdMoys dog300900 99d90:

93Mbm803m6 LolEgdol gwydaros 3mGHIBEFOIMI 53059MBOML Y39ws SMBYOOMO dmmMbmzbowgdgdo
©@OMmoL T 0bGgM3oembBg s dbmmE 35806, GmELsg 59 LoLEgIoOL 9x9gIEIOMdOL BsB396909wo
365795604 B0m0s T OMOL 063 gM35¢by, 9.0.

R.(T) = 0.
59J90056 016900350 25dMAObIGGMBL:

3963503905 4. 93mb6M303ME LoLEBGISL OMOL T 0bEHIMZ5¢BY 3Mfmmo:

"300MOJLs©  ©353059MmR0egdgo 56 9gx39dBHMc0, vy R.(T) > 0;  ©5953059mx30¢09dgwo 56
690GH®o@®0, ) R, (T) = 0; 5605005353054mEBowgdgo 56w s59%39dBHMM0 vy R.(T) < 0. bsogeos,
0 M3EH08oM0 (515939 339B0M3BH0T5wM0) Lol gds 990degds 0gml 9R39dGHWIMOE s bgoE®IMMOg.
239635mFgds  1-09b 3065306  459mIE0bsMYMOL, MM™MI  93mbmdozMMo  LolEgdol  9x39dEBHIOMdOL
0563969090 (30300 M0 HoLsMOLYS s FgdMOGsMYgds T EMMOL 0bEHYMZoom. 5do@EMmd ol 0dgg3s
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Y aanens amsdd ey
wwwwwwwwwwwwwwwwwwwww

063006 35300L  93mbMT03MMHo LobGdol dmdsmdols Tglobgd Fbmerm® (30300l draeml s 96 0dEg3s
36530056 0b6xzMMT5305L 93mbmdozMemo LoliEgdol gmbdiombomgdols Igbobgd T Mmoo 0b@gmzswols
6900L30ge t Imdgb@do. 53 0bBMMTs300L Jobomgds® LsFoMms 99dm3z039bmm MMOL sHswro Bwbdsos,
MMIgebsg 9hm©ads 9306m3o3mMo LobiEgdob 9839JE0bMmdoL dobgzgbgdgwro.

396850905 5. 93063037960 LolEYIoL 9x39JEH0bMdOL sB3969d9wo 3MhHimmo BWbdiE0sl, MMdgwos
9399005 99900930 06@gaMswom

t n
X(t)=£[;si(r)dr, tET.

296356393096 259m30bsMrgmdL
Re(T) = X(ty),

9.0. 93mbM30 39960 LolEBHAoL 9BIJBHIOMdOL 0bEoZsGHMMO T : ty < t < t; EOHMOL 0bEHIMHZ5ebY gdmbggls
99%399GH096MmdoL 35396980l 36033690 MdIL (30300l dragmls, 564 1 8MdgbGHT0. 93mbmdo3MMo LobiEgdol
99%399GH096mdoL 3563969090 0deng3s 0bBMEOTo305L LobiEYdob Tglobgd ™ol bgdolbdogh to <t <t (t <
t1) 06GHO35¢DY. F5g90Mo©, vy X (t) > 0, 930mb6m303mM0 LoLEYIs BgIYEI© T3TIYMTBOEIGOI0S,
b6 9539dHMM0s @™ol [ty, t]obBHgzombg; mvg  X(t) =0, 85906 g3mbmdozmeo  LobEgds
©5053059m5B0wgdgo 56 6go@®momm®mos Mmool [ty t] 063)M35wDy; oy X(t) <0, 93:m6m803w960
Lob3H9ds 50505353059MB0EGIGE0 56 5059839 HIM05 @OMOL [t, t] 0bEHIMOZoWBY. oM339w0 baliosmol
93060803996 LobEgdsb OMOL t' < t < t” 0b6EHIMZsebg Bgodangds 3Jmbogl msgobo d69d0L G933l
A969b30s. 90 0bxm®ds3ool  AoLorgdo  LoFoMms  Jgdmz0@bMmm  93mbmdozmeo  LobEgdol

99%399GH096Mmd0L 4M50096¢ o 5B39690go.

3963mBgds 6. 93mbm3o3MMo LobGHdol 9x39dE0sbMdOL  FMeogbdmewo BsB3969d9wo T M™MOMO
06@96M35¢00l 6700L3096 t dmIgbEHT0 G0l

digt) ; sit),  ty<t<t,. )

03060303760 LolBgdolmzol Mm3GH0TsEMo F5MMZoL STM3bOL BsFMYsEodYdS

9306md03mEM0 LolGgdol 9B9JEH06MdOL AMsogbEmGmo 358396930l 3608369wMds, MMl Bgdoldog
90396 do T Mmoo 0b@gM35¢000sb, 0derg3s 3999 0bBmETs30sl:

dX(t) ax(t)

=0, 05906
dt
33(*)5(*1803‘36) bob@gaob 5gJ3L 3$9bgbEos 99;335wml msgzolo dBgds 9.0. 593l BgoG®smEmo dbgdols

>0, 95906 93mbm3ozme LobEgdol o543l 3MmBoGoMMo  3H9bwgbisos; v

A9b9b30s; vy ——= ) <0, 85806 9306mdozme LobGgdsl od3b s@ymzgomo dbgdol Egbwgbios. (1)
RMOIN0b 306)(90306) 3090)MO”

dX (t)
dt

=u(t), to<t<t, (2)

Loo3
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u(t) = ;smt) = ;Yi(t) - ;Di(t) = ;(w) D), toSt<t,  (3)

5oL Yz9ws oMM X53MO dmmbmgbowgdol s dobo Moo KsdMYMHO ©S3ToYMBOGdIOL
0563969090 T oMmomo 0b@gemgzsol bydolidogm t dmdgb@do.

39630bomm 93mbmdozmo LolEgdol FoMmmM30L 3MMEILO ABBMYsIdMWo BmMdom T : th <t <t
O™ 0b6GHgM35wDY. 23593L:

dX(t
) @) = u(t), tySt<ty;
dt
un X(to) =Xo , X(t1) =X ;
(110 u<u(t) <U, to <t <ty

bos3 Xo, X1, to, u, U 8m3gdmemo Gogbggdos. B3960 30%sbos 303m3m0 olgmo dsGmgs u(t):ty <t < tq,
(9o 93059ma30gdl (I), (II), (III) 306:md9gdl s t; — ty MM 0g69ds dobodswrvy®o g.0. 396 243060
930bm303MEmo LobBHgdol Imgdweo 9B9dEHMOMBdOL doB396909w0 X (ty) = Xy (GMBgeog oblsbmzmagl
9306m303mEM0o LobiEgdob 89b9gdsl) ollsdgzgdo Joermzol 39dzgmdom (Omym®s bsB39b9d00s (III) 306>Md5d0)
29005304356mm  Lobvygger  9539dG«O™dOL  3sbg9bgdgdo X (t;) = X;806005¢0m6G ™o  (t; — tg
906005 005).  052500mo©, bgas@omcmo  3bgdol  93mbmdozmMo LobGgds (Xo < 0)  gogbomo
690350 56 3mBoGH0MMHO 93:mbmIozmEmo bLobGgds (X; = 0) MI306M9L L3390 GMMTo.

B396 a3LMOL F93339wMmm 930mbMI03MMO LobEBHYdolb ImEgdmwo X(ty) = Xo 98IIGHMIOMDS (BMIgEos
296L5BO3M3L 93mbMT03MMO LobBHYAoL BEYMIsMYMBL) ©oledzgdo u < u(t) < Uty <t <t doGmM30L

U539 GOOm O J9WO30439bmm  BmEgdnee X (t1) = X1 9839dGHWOMdsTo, GMIgwoa  3obloBEgMogL
39bLb35390 e 930mbMTo3zME BEYMIsMYMBSL MIMIeg L3900 EMMT0. FoROMOMOW, J95309356Mm
690G MH0sb (9gmM9) 8yMIoMmgmdo©sb 9539JGwe (AgLsdg) dMBsMgmdsdo sb 3oModoom.

b 5mob  MFsMmGH039L0  M3G0TWEmO  FsOM30L  sdME3sbs  LiMexs©ddggdol  sBMom. vy Bgzgb
399030996900 3MbEM0s30b60L doduoddol 30106303L [8], 35306 33976905 96 u(t) =u ob u(t) =U
d000sb ty < t < t; 06¢gMHZ5DY. 30M3ge Fgdmbgg3zsdo 339469ds

X1 =Xo + (&1 —tou, (4)
dgmMg 99dmnbggzsdo 33996900
Xy = Xo+ (ty = t)U . Q)

3bo©0s, vy BmEgdos sbbowmo  Mm3E0Tomo  FsMmM30L  5TMEIBOL  sdMbsbLbo  (Im3gdmero
X0, X1, to,u, U 860836900mdgd0bmgol) s oy X; > Xy , 35006 m3@0To®o s6m3d o 390sy3960L

330850 @O® 0gbgds u(t) = U, to <t < ty, sty —ty = Xl;XO 99L5d530bS.
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fam) NI

®SRE
099 X; < Xp, 05906 033H005¢00 3o0M035 5 M3BH0ToMM0 O™ 0dbgds u(t) =u, to <t <ty, sty —
X=Xt 39bsds80bsc.

u

t():

89600365 1. 306500056 u(t) = ?zl(Di(t) — Yi(t)), to<t<t;, s Di(t),(i=12,,n) 9m3gdywwo
1L0OJYd0s  (BMMbM3zbowWwgdgd0), sdoFGHM™I  3MMEgLoL  FsMMZL  3BMOE0gEgdm  HomBmgdol
3mEMMd9d0L Lsdwswgdoom g.0. Y;(t), (i = 1,2,---,n.) LofoGdmm gwbdz09000.

09600365 2. 07900 InbsbMgd0sb gsdmdobsty, vy Y;(t), (i = 1,2,---,n.) Fobsbfo® dmgdwyeo
10O0YJd0s  (FoMTMgdOL  IMEFMMBYO0s), 8580b 3MMEILOL FoMIMNZOL  ZobMOEF0YJWgdo  dmmbmgbols
9603369 mdgdom g.0 D;(t), (i = 1,2,---,n.) dmombmgbol gmbjsogdoom..

096008365 3. 396 56 358M3003bsgm 93mbz9390L, HMEgLsE BGIM30L BrMY0gMmO 383mbgbEO Foedmgdols
IMEMMd5S, DMao 30 Immbmgbs.

39630bomm 0ligmMo M30LMOdM030 BogBHMOO, HMYPMOOEBS 3MWOEH03M0 LoLEITs 96, MBOM To6E0350,
30@03M0M0 M97000. B39b 335M0M©MOm, MM 3mwo@032m0 LolEgds dg0dwgds oyml bsdo Godob:
3063900, 3967 5699 4500053535¢00 s Igbsdg.

30030300 LolEgdol 33wowgdol Asm3zswolfjobgdom, Bgdmm Bs3MmYs0dIdWWo MIEH0TsGO

9o6m30L 5dm3sbs (I), (II), (III) 800wgdlL (330500 LEHMWIGHOOL dJmbg M3E0TsEOO FoMM30L sTm3560L
RO,

335BAMMIGMO0560 M3EH0BsErMGo FoMm30L 59mEsbs Mfyzg@Eo 8mowgEMmo 306HMd00

39630bomm 93mbm8039MH-30mw03039M0 LoLEGHIIOL M3GH0ToEOO FoMM30L 3GMMmEgbo T : th <t <ty
@OMOL 0639350y 99090 BMYsO BmOHIom:

ax(t
dg ) = ul(t), t() <t< 91 ) (7)

dx(t
dE ) = u,(t), 0, <t<0,, €)

dx(t)

k = uz(t), O, <t<t, )
dt
X(to) = Xo, X(61) = X(61), X(62) =X(62), X(t)) =X, ;  (10)

uq < ul(t) < Ul, to <t< 91;
U, Suz(t)SUz, 91 Stgez:
Us < U3(t) < U3; 92 <t< tl'
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B5sG Xo, X1, to, Uy, Uy, Uz, Us, us, Us 8m3gdegemo 603bggdos; 01,0,,t; €T Gobslfot <3bmdo @6mols
0m0963gd0s  ©@MOMoL  dmEgdo  063HIM35¢0sb.  ©3dzsm  (7)  gobdHmegds  s©fgdl
565005053059MmBogdge  93mbm303MH-3m0B03e  LobGgdsl, 8)  3bFHMgds  sEfgOL
5853054530909 5699 6go@ MMM 93060 T03M-3Mm0EH03M Lol s (9) PobBHMEYdS >S9Ol
FoMd5 ©58530594MB0gd9w 56v) 93394BH6 930bM303M-3M0GH03M LOLEYISL.

Bggbo ToBobos olLg gzs0Bomm Uy (L), tg <t < 0;,uyx(t),0; <t < 6,,uz(t), 0, St <t;, ULSToO»O
1996930900 ©s 936MT03MM-3003 03290 LobiBYIol LAHOMIGHOOL (33e0Wwgdol b4, 8;, € T dmdgxbEgdo
9 t1 8m396@0, ®mA (7), (8), (9) LOLEYIOL S3MBsLLBYOTs 5305YMmBOEMb (10) 30HMDS S 9g3mbMI03W®-
30m0@037M0 LobLEds dmEgdnwo X(ty) = Xy 8amIsmgmdob 250504356mb Lalwdggw X (t;) = X;
900 M35M9gMdsdo 3060dse® MMPo.

3bGM0sg0b0L dogdloddol 3M0b3030L godmygqbgds Bgdmm Bsdmysw0dgdwwo sdmasbobmgzols dmygigdl:

ob uy (t) = Uy 96 uy(t) = uyg, tg < t < 61 OOMOL FoegBY. vy Uy (t) = Uy, 35806  X(t) = Xo + U1 (t —
to), to <t<6; bowmn o u(t) =ug, 85806 X (t) = Xo +u (t —ty), to <t <61, 9650MA0MGS©
33996905 01 < t < 0, 5 0, < t < t; 06FgM35¢9dDY Fglisdsdolsc:

Uy (t) = Uy 96 uy(t) = uy, 6; < t < 0; ©O®OL 375e90Bg. 09 Uy (t) = Uy, 35906 X (t) = X(0,) + U, (t —
91), b(*)@(*) 0)‘:3 U, (t) = Uy, 80{606 X(t) = X(@l) + U, (t - 01).

u3(t) = Us 6 uz(t) = us, 6, < t < t; @O®OL o9, 09 uz () = Us, 35306 X(t) = X(0,) + Us(t —
92), b(*)@(*) 0)‘3 ug(t) = us, 03590b X(t) = 2(92) + ug(t - 92)

23996905 6 356Lbga39dvyeo Ggdmbgzggs. 2bgzobowmm JOM-gHmo Fomyebo: uy (t) = Uy, tg <t < 01, ©d
X(t) = XO + Ul(t - tO)) to <t< 91, uz(t) = Uy, 61 <t< 92, @b X(t) = X(Bl) +u2(t - 01); 91 <t< 92,
U3(t) = U3. 92 <t< t17 @D X(t) = )?(92) + U3(t - 92), 92 <t< tl'

Lofigolo 306mds X (ty) = Xp 05 MPY39H9® 35sd30L oMo 30MHMdIdO 335dwg3L, GmI X(6;) =
X(01), X(8;) = X(83). 53 306mdgd0©sb s X(t;) = X; 306md0sb d000qds 99000930 35BGHMMds0s
Lob@gds:

Xo + Uy (6, — to) = X(61) +uy(6; — 6y), Xo + Uy (6, — to) = X(6y),
X(02) + uz(0; — 01) = X(6;) + Us(6, — 67), X(02) + uy(8, — 61) = X(6,),
X(02) + Us(t; — 02) = Xq, X(0z) + Us(ty — 02) = Xy,
0, = X(01)-Xo+Uqtg ,

Uy

_ X(02)-X(62)+u,6, =0

= =6,,
Uz

_ X1—X(62)+U36,

= —U3

0,
ty

X1-X(6,)+U30,

50 99000b393580 M33H0ToYMHO ool MM 04bgds: £ — ty = m
3

- to.

©565MR6 5 Fqdmbgzgzsd03 9bseMyom®ms©  godmom3wgds Mm3GH0doermo  JoMM3900, M3GH0TIWIMHO
39056MmM30L dm396EJd0 s M3EH0TSIMO oILZEPOL MM.

232



@) GRUNI

sssssssssssssssssss

398mygbgdEo wodIMaB Mo
Arsenashvili A.I. (2022). Modeling of the economic-political systems. The Business and Management Review,

vol. 13, Number 1, April 2022, pp. 15-20.

Arsenashvili A. (1980). Optimal control problem for step systems with delay. Works of Institute of Control
Systems of AS GSSr, ss. 24, v.1, 17-29.

Achepkov T.L., (1987). Optimal control of discontinuous systems. Moscow, Nauka, 1987.
Calukvadze M., Gabisonia V., Arsenashvili A.(1990). Optimal control of the main electric locomotive traffic.

11* JFAC World Congress, “Automatic Control in the Service of Mankind”, Tallinn, Estonia, USSR, August 13-
17, 1990, volume 10, pp.211-213.

Kharatishvili G.L. (1980). Maximum principle for optimal problems with switching. Works of Institute of
Control Systems of AS GSSR, 1980, iss. 19, V. 1, 5-17.

Kharatishvili G. (1985). Poliatomic optimal systems. “IPM TGU” collection of transactions. Optimal problems
in systems with a variable structure, 1985, pp.3-47.

IMourpsrun JI.C., Bonrauckuit B.I., Tamxpenuznze P.B., Mumenko E.®. (1969). Marematiueckas Teopus
ontuManabHbIX mpoueccoB. Hayka, Mocksa. (L. S. Pontryagin, V. G. Boltyanskii, R. V. Gamkrelidze, and E. F.
Mischenko, “The Mathematical Theory of Optimal Processes,” Wiley Interscience, New York, 1962.)

233



@ CRUN!

GRIGOL ROBAKIDZE UNIVERSITY

Variable Structure Optimal Control Problem for the Economic-Political Systems with Continuous
Intermediate Conditions

Akaki Arsenashvili
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Summary

Investigation of variable structure optimal control problems is one of the important directions of the optimal
control theory. Change of the structure of a system means that the system at some beforehand unknown moment
may go over from one law of movement to another. Moreover, after changing the structure the initial condition
of the system depends on its previous state. This joins them into a single system with variable structure. Such
problems are important for various practical applications. In this article we consider the general economic
system, the main purpose of which is to meet all the basic needs of society. It also takes into account the fact
that the essence of the economic system depends on the political system in society, which is constant at certain
intervals of time, but can change at any time unknown in advance. This feature of the economic-political system
allows us to consider this system as a variable structure optimal control system with continuous intermediate
conditions. We introduce indicators of efficiency and effectiveness of the economic system, which give us
information about the state of the economic system at a given time interval and at a given point in time,
respectively. One simple linear variable structure economic-political system optimal control problem is
presented for illustration.

Keywords: variable structure, control problem, economic system, political system, effectiveness of the
economic system, system efficiency.
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06m35309M0 MLsgHmNbrMgdol HGreo bsbgwdfoxml gHmgzbrmo MsBOEMBMGdOL LoliEgdsdo

0295 @5 bs®sg0¢m0
00253500 G9360960 056599628900
by 355095 3913909320¢0b bsbgermdol 930260280306 obbhodeiho
93608030l 0 HMG0, SbeagoMI8rIemo 3R GO
39335b00b bsgkorsdecober #9bo396bodgdo
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3bmdogos.  Ubhshosdo  gsbbogreiemos 06035300900  bsRGobmgdols  (35¢1399¢m0  09MHOLICO O
49002030290 sU399Ag80 @5 dobo 860d369¢cnmBs  Lsbgerdfhogeml g96mmzbscmo  olsgGobrgdol
bobdgdsdo. 935609 30689800, 0bm3530296% H9602¢m3098bs ©5 Jsoo ©s696g30L 36Gpglindl
3563 3290069849¢m0 36033690785 960398500 3b6236980L  bsmobbol  s8s0¢m98olsorz0l. 899 gbebs
36000379050 3563000569829¢ 39969800 OO bsbos Jodpobs®gmdl 33¢n93980, Hmdcmgdog gbgds
90360900 05 9302600003796 9bsRZGObGBSL. sT5L0256 #)bs 5©0boTbMU, H2b 0bM353029H0 30203269690
30 3307939000 8s60boergBs, Ggmms 9300600032900 5b/s bsdgpbogemer-9976037960 9bsgzmorbmgdol
d90sqa969¢70 bsfoero. mgolsmz0L s sGlg8mBlL 0bmzsszool bydmi1dwgdolb 960dbodz69¢ 3560 sGbo
90360900 @5 930602803290 sRGIbIBsYY. sb3¢r0bo 330839698L, Gd 0bmgsiorGH0 3563000569800
3bsbg 3oslizerolsl 33¢70em98980 bgds 565 dbeagrer 93260803565 s dob Jgdscoggbgc» bspoc»9ddo,
36090 RloFgmemmgon®, 302¢0H0396, beag 03y -930260000396, bsGpbogt0r-H9760390,
b5g36056500¢m98¢m @5 3B bggihegddo,  s3M9m39 ULsbgerpogembs s bsbmgswomgbol
0bbyodIo® LAGHHIH98bs ©5 3060326980l 8b330005(98500. 08 IH335¢»bGOZ0 3GB¢98980b
35UsFH9cms, H0e9803 3¢20b0IB036 06023530960 9326080,30L FEHF06980bs s dobo bsREGIbe
356300056980L  3Gmpgldo,  [s680003985 936090 sRGobmgbol  bolidgdsdo  olgomo  sbsero
Jods6:0029¢980L RG30980b MBI AP0 bsFotm98s, Hgm®mogss 0bmzs3029m0 #bsgn®0bmgds.

Us33060m  bodg3980: 06035609600  #bsgmobmgds, 9302608037960  bsR®obeagds,  bsbgerdfozmb
90369¢70 9bsRGObMYBS.

dbmgwoml  MIgBHabmds  J39969ddo oo  bsbos  B08EobsMgMBL  ghMzbmer s 93MEMAOO
MBOBODBMYOILE 5353000900 330093900, BoO3  0bM3530MOHMds  Jobobowgds, MM
93060303160 56 LsdgEbogMH™m-39d60396M0 MLsTROHPBMGdOL doMOMSO 9ds9bgero bsffowro. 53 MmOl
0sbdoebg  093M0s3s  9M™3bMo, 93mbmdozmmo s  LsdgEbogdm-GHadbozmMo  MLOIBOHDbMYdOL
d9L0o3e0l  FGOOMPMEMYP0s,  BsFMYo0d©s  JOHM3bmwo  MLsgOmMbMgdol, Lsdgsboghm-@Egdbozmeo
MBOBOHDHMYGOOL s 06398EH0EOIMO0 MBsBOMbMYIOL 35GJAMM09d0L BEMWMIGHMES. J0bYL35 1Yo
1539950 gd0LY, MBS 500b0dbML, HMI JMHM3bMwo VLsBROMLMYdOL MYBOWb3gEYMmaol 3MIMdMYT]dm6
90856090530 LoLGHYIMOMO 330935 9O BoEIMGOMs. 9Bl MmEGO0m  slsboTbsz0s  gBMgbme
MbsBROOLMYBLS s 06M3530296 Logd0s6MdIL FMGOL »MOHMNO0YHMIS3d0MOL BBl gYmzol 3MMEgLgdo
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® 2N

5 35000 3M5JBH030 M9oe0Bs300L 3Hgdo. 5bsB0TbsZ0s, MMI EYIY 5O sOLYGdMBIL 0bmzgsgool
9603603836900 3560 2sb63o03H9ds s dobo Bgdmddngds 9MHm3bme s 93mbmdozN® MLsxmmbmgdsby.
600 3936096M900Ls Hobs 3esbbyg Fodmfiagl 0b39LEHOEOWME MLOROMbMGIL, GMyMEE 93mbmdozm®o
MBOBOHPHMYOOL J39LoLE I, HMIgEoa YBOHMB3gYmRL 06Mm35309M0 3OMEgLYIdOL LoodgEMMdOLS
MLBOFOHPHMIOOL EMBIL: YT 5O 9OLYGdMBIL 9HPT60TZ69M3z560 FMbEBEOYdS, FoMTmMogbls M 56
06035309960 MLsBOMbMYdS ©sdMY3000909w MB0GIBHL, ) 080 MBS obbow e 0dbsl g3mbmadozm®o
MLBOBOHPHBMYOOL 935090 Md5d0. bdoMmos dmboBOmgds 0dol dglobgd, M 0bmgzs30mMo bogdosbmds
9306m303MM0 MBsgmMbMmgdol LobEgdsdo 3e0bwgds gurgdgb@gdol bszdsmm MMYEo d93509bwMmdOL
Loboo. dbmermE Bmyogeo 3936096L 9dmsdal GgMdobo ,,06m353099M0 MLOIBOHDLMYDdS” 2o6dsMHs396 Mo
AL, OMAMOE 93630308 IEMYWMOOL  dEYMIsMIMIL, MHMIgEoE MHBOMB3gwymal Lsdggbogmm-
3309300 s LOEEIE-L53MBLEOWJEHMMM 53 Tomgdol Fggad0Ls S SAOWMIM0Z s ALMGTOM
05H6M50bg  499Mdz90wo  3OHMYJ300L  3MB63MOHI6EHMBIMOBMBL.  s3Mgm3g  93mbmdozol  »bsML
MBOHMB3grygml Moo 356306705 s §Hob s0MYJL EMBIME dIBMGIBY OGN BgRSEHOO
R BHMOGOL.

303 3mIMboLEGHMO0 Logm oL J399bgdl 5039 56 59300 58 3OIMBEGIOL Joagdol 835530m 3603369 Mds.
936™3530060L, 93M™M30L s  sBool 3996930l gzqgws  IMMAEMSTsT0, 0bmzszoGmO  93mbmdozol
MBOBODHMIGOOL  BMOT0MGOOLS s o630l MBOB3gYMmRs  gobbowgds  gPmgbmen  96/o
93060303160 MBsnMmMbMgdol BsMBmgddo.

50bB0dbs30s, MHMB  0bM3530mO  93mbmdozol  BmMIoMYdoL 3MMEgldo  [oMmBmodzgds  Lb3zsalbgs
9w9996@ 900,  OMIwgdoi 9600369 m3zs6  bgdmddggdsl  obgbab  Lobgwdfoxml  LmEoswyH-
93bm803MEM0 LolEBgdol BEAMTsMIMIBS S MLIBOMHMYPIIDBY, M3 5308 Fodmbo@wagdsls 33m39dl
(Cusos, 2004):

- d94960¢» 06m35:3096M0 g963005M9d0L gMM36w LolE)dgddo, GMIwdo3 (33e0sb Lobgwdfogmdo
73bJ3omboMmgdo®  BHMooEowo  93mbmdozol  93mbmdozm®  LoLEGIYOL s STV HMIW39396
9039939 gbgdls s dogngdol dosblLl;

- O30l Lobgedfoxzm LobEgdgddo, MMIIdoE 9O 50056 5©IOGH0MGOMWBo  0bmgsgom®o
239630056900 L5A0;

- 06035300960 30:395930L 0BBMEOTs30vE0 OEGLIMdOL LobEYIYOLS s d9dsboBTgddo;

- 0 B0bsbLYGH EbsHIGINIOLS o TGP0 MHOL3IHOT0;

- 939469080, GMIYdoE @696 0bM3zs30MGmO  F9B30m5MGOOL bl o  FB0B3bgmgbaco
39099569l MBEoM 35HMYdbY 3mb63M96GHMWwo 3:mBoE0gd0;

- 06m35307960 30MmIGJdoL 30639096 BHMbsM05BMOOL oMol Fggao©, 3mB3MHgbEHIdOL
dbm»0s6 935360 J§99909d0L 45dm3zwgbsdo.

056599060™M39 MBS0 BI300L  30MMdYdT0, OMEILSE 0BOEIYds A5dM{ 393900 s LA0IOMGdJOO,
9039300905 MBSO 3MHMdEYINd0, OHMIJWDs 4oIHY39E0LS s F0B0B0BEOOLIMZOL dmomMbmzgds
993600 06M3530M0 9GO0 s Tgbsdsdolbo 0bLEGHOGGHI00, 50bodb o Bs300mbgdol 5gEvoEmds
360093¢gm3bs 0BM©9ds.

5023505, 0b6M353099M0 93mbmIogol BMMIoMmgdol 3MMEgldo  MgMmMools s 3Mogd@ozol  Hobsdy,

06353076 Lsxmd3zgebg ©Eg0s, 9OHM3bmwo 93mbmdogol MLsBODbM 49630050900l  MIMNszGglo
3600l 2ooFMoL  aBgdoL  sdmEsbs, 9GS FBMwmE  J39ybol  Fogbom, sMsdg  gH™3bMEo
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MBOBODBMIdOL  Logsdgm  LggOmdo, Gguombme ©s  AbmBwom E™bggdby  Lobgwdfoxml
3063760963vb56056md0L  45BMm@OL  doBbom.  5dgsb  98mIobomyg, 0bmzgsgomMo  93mbmdogzol

3MOI0MJOOL yz9wms bGoosby 8)3539® Y gOHM3bME0 MLsROMbMYdOL MHBOWb39wYMmaol STm3sbs.

600 39360960900l SBOOm, 9gHM3bMWwo WBOIBOHPbMGOOML OO 0bmgsE0ME Lbxgdmdo dgodwrgds
23960LsBE3OML  0bmgsomMo  93mbmdozol  s®lom, gHmzbmwo s 9g3mbMI03MMHo  MBgMMbMIdOL
MBHMB3gYmBol MMMl S 3MJGH030L 2939006 godmd0bsmy. 0bmgs30Mm0 93:mbmdozol sGLO
3wwo0bgds LsdgmEbgm LobGgdol sbow GHo3do, MmEalsg ol Lsxgmd3zgedo EMIoboMmgdl Fomswo

3996mwmy0gd0  [omdmgdsdo s oo @gdbmemmaom®o  3OHMmd3os  9JudmMEGHT0  ©HTsEHYOOMO
©00MOMEgdol  Jopswo  fowom, gMmzbmmo  0bGgargd@ob  §odyzebo  Omeo. b, 0bmgsgom®o
9306030306 30OHO0MS® GodEHMM 35dm©OoL dg3bogegds s 3m©bs (Hukurenko, Byrasko, 2009).

0bm35306M0 93mbmdozol sMLo Fgodwgds gobgzobowmom 08 3996900l gOHM3zbmwo 93mbmdozgdols
3MLgdMwo IMYEgdol JogowomBy, HMIGd03 MMm0IbEHOMGOME0 50056 (3mbOL 93mbmMd03sHy o
(3 gdo3 30039 Mogdo 994969996 06m3530990L 3MOMOOGHIGME 39630mMGdL s Tgmeg TbGO3
3513 E90 35303 dIBYOIOL F)3B0gMHYOT0, 29b50IGIBS S X 90633580, MMM MsbsTgEMM™M3Y
LoBMPoMgdoL  Y3zgeobg  LogmEbwobybsosh Lygdmgddo; dglsdg dbGMOg obgmo  Lsbgedfogm
30@030L  39A9Mgds, MMIgog  80dsOmo  0gdbgds 963000009008  3M0MMmOFGHIGJOoLS o
9608369 ™3560 bsmolbom gobsblivy®o 9630056900l godmdds3905Dg. 3s5w0mMs 533-b 3 oE03ol
053059009093l 393b0gMgdoLs s 0bmzgsool  LEgHmdo, FoMImoygbl Lobgadfogzgml  sdEHowm®o
dmbsfogmds  3gdbmemaom®o  0bRMSLGHMIGHMOOL,  LadsGHIbBHm  0blGoGHMGJOOL  Fsm30L
395G 0Bgdmwo LobEGHgdol BmOI0MmYdsd0, 30bGHOMEOL BMb300l 53BW0Mmgds s Lydgabogem-
39960360 0bgmMTs300L LoLE IOl FobsbloMgds.

0635309960 9306mdoz0l sOLo 3e00bgbs saMgm3g 08 36gdgdLY WS 35GJMMH0YdOL FDom, BT gdo;
063530796  930bmdogsls sLoboggh Mmam®E LoLEJING IM3Wgbsl, GMIgEoE 9O INEP0sbMBdSTO
59MH®05690L  0bMm35309M0  BogddosbMmdol  yzgws TboMglh  dolo  BMEOI0MmIOOL,  A9B30M5MGOOLS o
33w530oMmdmgdol 3Omagbdo (www.Pandia. ru/texst/77/195/40526.php).

©90000J3990sb 498mIobscg 89odwgds 00g3sL, HM3 0bmgs30M0 93mbmdozol sOL SMgM39
3393006905  0bm3z5309M0  LsdgMbgm  LobBgds, M™IgEoE ©IRMdbgdmwos 0bmgzsgool  MHyzgd
9m0bg05%y, 893b0gMgd0Ls s sboero 3MEBOL 3M0MMOGIGI 39630000905BY, FobgzoMoMGdME
0bm3gs306, Ls393b0gMHM-39d603M6, A99bmemyome Qo 0bxzm®Isgome JLowgd%bY,
0505563000009 50530560l 3530FOBY. 0bM35309M0 93mbMBozoL (36900, 353)9yMM0gdOLS
5 bbgs 9009896@ 900 65¢00B0 s 06m353099MH0 LolEYIob SGLO, FobssMLO s LEBHMWIEHMES LodroEgdsls
3359936 3963LsbBP3OM™m  0bM3o30M0  MLIROMbMGIOL  B9bMTgbol  Fglolfegws,  JOMOMOEO
903900 s Jobo Bggdmddgqds gHM3bMw, MHgr0MbM s LogMMSTMGOLM EMbYgdBY 9HM3bmwo

MBOgzOHbMgdoL MHOHWb39wlLsYmRBs.
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Summary

The article discusses individual theoretical and methodological aspects of innovative security and its importance
in the state's national security system. In today's conditions, innovative technologies and their implementation
processes are of special importance for raising the quality of life. Most of the economically developed countries
have been conducting research related to national and economic security for a long time. In addition, it should
be noted that the innovative component in these studies is considered as a component of economic and/or
scientific-technical security. To date, there is no unambiguous essence of the impact of innovation on national
and economic security. The analysis shows that when moving to the path of innovative development, changes
occur not only in the economy and its constituent parts, but also in the psychological, political, socio-economic,
scientific-technical, educational and cultural spheres, as well as in the institutional structures of the state and
society and the development of personality. In order to solve the multifaceted problems that appear in the
process of forming an innovative economy and its safe development, there is an objective need to form a new
direction in the national security system, such as innovative security.

Keywords: innovative security, economic security, national security of the state.
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