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ABSTRACT 

 

Modern life is impossible to imagine without use of various networks. Networks 

are able to resolve many issues of economy. For example, there are banking, 

industrial, governmental, military and etc networks. All networks have their own 

topology and information is transferred according to it. Network topology plays the 

most important role in quality transfer of information. 

Determination of efficiency of network structure is difficult and very labor-

intensive. Data networks among above mentioned networks are most expensive, 

though despite of existing differences it is possible to separate a class of tasks to 

determine rational structure of networks. These tasks are common for all data 

networks and can be resolved by same means and methods. 

This dissertation includes following : creation of quantitative methods of data 

networks functional analysis, improvement of  fault tolerance of computational 

methods and provision of maximum data exchange speed by processing time 

reduction of failure corrections. Dissertation also includes evaluation of those 

parameters, which determine network reliability and economic efficiency. 

First chapter includes research subject, specifically organizational principles of 

fault tolerant informational computational processes, their technical predecessors and 

analysis. Problem of technical systems and data networks functional quality 

evaluation and provision is determined as well as its possible solutions. Particularly, 

issues of development of fault resistant technical systems, methods to improve 

system's reliability and trustworthiness, short review of research subject and current 

state of unresolved issues, stated problem's existing and new mathematical models. 

Short analysis of research literature is added.  Based on above mentioned materials, 

comparative analysis of methods of fault resistant technical systems and ways to 

improve their reliability and trustworthiness is done and conclusion is made that 

structural and time reservation is the most effective method. It is well known that this 

type of reservation does not require excessive expenses. In addition, efficiency criteria 

are determined. 

Second chapter describes mathematical models which are used in design of 

technical systems and computational network structures. Particularly, models of 

service systems' functions are reviewed, which are distinguished by control system 

organization and strategies of their use. It is assumed that amount of completed tasks 
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and recovery time are random variables distributed normally and faults and error trend 

are subject to Poisson law. 

In addition, second chapter includes mathematical models, which use Laplace 

transformation to determine mathematical expectation of packet (data) transfer time 

after taking into account communication channel errors. Several specific cases are 

included. 

Third chapter consists of research results for effective structure design 

methodology of data networks. This methodology includes three sequential stages: 

building of network using minimal length communication channel, building basic in - 

out data structure and optimal structure. 

At the end of this paper conclusions are made based on conducted research. 

 

 

naSromis zogadi daxasiaTeba 

 

Temis aqtualuroba 

civilizaciis swrafma ganviTarebam, romelic gansakuTrebiT 

igrZnoba mecnierebisa da teqnikis dargSi, gamoiwvia informaciis 

msoflio nakadis arnaxuli tempiT zrda. amasTan, adamianis _ am 

informaciis momxmareblis _ SesaZleblobebi, misi aRqmisa da 

gadamuSavebis TvalsazrisiT saukuneebis manZilze rCeba 

daaxloebiT erTsa da imave, friad SezRudul, doneze. saWiro 

informaciis droulad moZebnis SeuZlebloba ganapirobebs 

mecnierebisa da teqnikis miRwevebis arasrul gamoyenebas, e.i. 

droisa da Zalis dakargvas, progresis damuxruWebas. 

adamianis mokrZalebul SesaZleblobebsa da informaciis 

TiTqmis Tvaluwvdenel nakads Soris am Seusabamobam warmoSva 

swored Cems mier dasmuli problema: informaciuli qselebis 

maxasiaTeblebis efeqturobis amaRlebis meTodebis damuSaveba. 

ganawilebuli sainformacio – gadamcemi sistemebis farTo 

danergvis TvalsazrisiT erT-erTi ZiriTadi siZnele mdgomareobs 

maT arc Tu iaf RirebulebaSi. qselebis Rirebulebis Semcirebis 

tempebi mniSvnelovnad CamorCebian qseluri komponentebis (mag. 
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personaluri kompiuterebis) Rirebulebis Semcirebis tempebs. 

amitom qselebis Seqmnaze yovelgvari danaxarjebis Semcirebis 

SesaZleblobebis gamonaxva, agreTve ukve arsebul qselebSi gamo-

yenebuli materialuri da SromiTi resursebis efeqturobis 

amaRlebis gzebis kvleva-Zieba warmoadgens aqtualur problemas, 

romlis zogierTi nawilis gadawyvetas eZRvneba aRniSnuli 

sadisertacio naSromi. 

maRalefeqturi sainformacio – gamomTvleli qseluri 

struqturebis proeqtirebisas samecniero kvlevebis ZiriTadi 

problema mdgomareobs qselis ZiriTadi parametrebisa da im 

komponentebis maxasiaTeblebze teqnikuri moTxovnebis srulyo-

fil gansazRvraSi, romelTa safuZvelzec wydeba optimaluri 

qseluri resursebis SerCevis amocanebi, sainformacio nakadebis 

marTva da sxva problemebi. yvelaze rTul problemas sain-

formacio qselebis Seqmnis dros warmoadgens qselis efeqturi 

struqturis Seqmnis an SerCevis problema, romelic gansazRvravs 

qselze ZiriTad materialur danaxarjebs. am problemis 

gadasawyvetad saWiroa damuSavdes maTematikuri modelebi – 

ZiriTadi instrumenti sainformacio – gadamcemi qseluri 

struqturis Sesaqmnelad gadawyvetilebebis miRebaSi, romelTa 

bazazec xdeba SesaZlebeli damuSavdes optimaluri qselebis 

sistemuri proeqtirebis meTodika. 

 

samuSaos mizani 

naSromis mizans warmoadgens monacemTa gadacemis qselebis 

funqcionaluri analizis raodenobrivi meTodebis Seqmna. 

gamoTvliTi procesis mtyunebadmdgradobis amaRlebis xerxebis 

damuSaveba da teqnikuri sistemebis maqsimaluri 

gamtarunarianobis uzrunvelyofa mtyunebaTa Sedegebis 

likvidaciaze daxarjuli drois Semcirebis xarjze, aseve, im 

maCveneblebis Sefaseba, romlebic ganapirobeben maT saimedoobasa 

da ekonomiur efeqtianobas. 
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amitom, aRniSnuli miznidan gamomdinare, naSromis ZiriTadi 

amocanebia: originalTan maqsimalurad miaxloebuli 

maTematikuri modelebis Seqmna da damuSaveba; funqcionirebis 

xarisxis maCveneblebis SerCeva, dasabuTeba da analizi. 

 

kvlevis obieqti 

kompiuteruli sistemebi, sadac gamoiyeneba paketuri 

gadacema. 

 

kvlevis meTodebi 

naSromSi gamoyenebulia: saimedoobisa da SemTxveviT 

procesTa Teoria; diferencialuri da integraluri gantolebebi; 

laplasis gardaqmnebi maTematikuri modelireba; qselebis 

proeqtirebis Teoria; SemTxveviTi sidideebis Teoria. 

 

naSromis ZiriTadi Sedegebi 

- damuSavebulia kavSiris arxis axali maTematikuri 

modelebi mdgradi da TviTlikvidirebadi mtyunebebis 

gaTvaliswinebiT, romlebic orientirebulia amocanis 

Sesrulebis drois minimizaciisaken.  

- damuSavebulia nebismieri daniSnulebis kavSiris arxebis 

saimedoobis gazrdisaTvis gankuTvnili teqnikuri da 

teqnologiuri xasiaTis  modelebi da algoriTmebi. 

_ damuSavebulia maTematikuri modelebi, qselSi paketis 

gadacemis realuri drois SefasebisaTvis, kavSiris arxebze 

warmoqmnili Secdomebis gavlenis dros; 

_ SemuSavebulia nebismieri daniSnulebis informaciuli 

qselebis efeqturi struqturis proeqtirebis meTodika. 

 

   mecnieruli siaxle 

warmodgenili samuSaos mecnieruli siaxle mdgomareobs 

monacemTa gadacemis qselebis axali maTematikuri modelebis 
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damuSavebaSi, romlebic arsebulisagan gansxvavebiT 

iTvaliswineben sawyisi monacemebis minimalur SezRudvebs. garda 

amisa am modelebis bazaze damuSavebulia sainformacio paketebis 

mimReb-gadamcemi qselebis efeqturi struqturis proeqtirebis 

meTodika.  

 

publikaciebi 

disertaciis Temis irgvliv gamoqveynebulia 7 samecniero 

naSromi. aseve sadisertacio naSromis ZiriTadi kvlevis Sedegebi 

aprobirebulia samecniero – teqnikur konferenciebze: 

 

sadisertacio naSromis struqtura da moculoba 

disertacia Sedgeba Sesavlis, 3 Tavisagan, daskvnisagan da 

gamoyenebuli literaturis siisagan. naSromis saerTo moculoba 

Seadgens 148 gverds. igi Sesdgeba ZiriTadi nabeWdi teqstis 141 

gverdisa da 8 naxazisagan. gamoyenebuli literaturis sia Sedge-

ba  103 dasaxelebisagan. 

 

                            

samuSaos Sinaarsi 

 

SesavalSi  dasabuTebulia disertaciis Temis aqtualoba, 

gansazRvrulia samuSaos mizani da kvlevis meTodebi. 

 

disertaciis pirvel TavSi ganxilulia kvlevis obieqti, 

kerZod,  mtyunebadmdgradi informaciul - gamoTvliTi 

procesebis organizaciis principebi, maTi teqnikuri 

winamZRvrebis mimoxilva da analizi. dasmulia teqnikuri 

sistemebis da monacemTa gadacemis qselebis funqcionirebis 

xarisxis Sefasebisa da uzrunvelyofis problema. mimoxilulia 

am problemis gadawyvetis gzebi. kerZod, mtyunebadmdgradi 

teqnikuri sistemebis damuSavebis problemebi, maTi saimedoobisa 

da sarwmunoobis amaRlebis meTodebi, kvlevis sagnisa da 

 7



zogierT gadauwyvetel sakiTxTa Tanamedrove mdgomareobis 

mokle mimoxilva, dasmuli problemis gadawyvetis arsebuli da 

axali maTematikuri meTodebi. Catarebulia literaturis mokle 

analizi da naCvenebia gadauwyveteli amocanebi. naCvenebia, rom 

informaciis gadamcemma qselma unda uzrunvelyos informaciis 

drouli Cabareba wyarodan - mimRebamde minimaluri 

danaxarjebiT.  

droulobis ZiriTadi maCvenebelia TCab - informaciis 

Cabarebis dro, romelic damokidebulia kavSiris arxebsa da 

teqnikuri saSualebebis siswrafeze, maT saimedoobaze, qselis 

struqturaze da sxva teqnikur maCveneblebze. Tavis mxriv qselis 

komponentebis xarisxis uzrunvelyofa damokidebulia im 

danaxarjebis sidideze, romelic gamoiyofa qselis Seqmnaze. 

aqedan gamomdinare, TCab funqcia SeiZleba gamoyenebul iqnas 

efeqturobis kriteriumad, romelic TavisTavSi aerTianebs yvela 

kerZo kriteriums.  

qselis struqturis kvlevis amocanebi dayvanili unda iqnen 

Semdegi funqciebis miRebamde: 

)K,N,P),t(F,,,,,,,,T(CC
ii i

k
i

k
ik21k1i mCab τττλλ ΚΚ=    (1) 

)K,N,P,C),t(F,,,,,,,,T(KK
iii i

k
ii

k
ik21k1 mCabm

τττλλ ΚΚ=    (2) 

sadac  _ qselis struqturis  -uri arxis Sesabamisad 

gamtarunarianobisa da mzadyofnis koeficientis efeqturi 

mniSvnelobebia, roca 

iC,K
im

i

;,...,3,2,1 μ=i  

iT Cab _ Setyobinebebis (paketebis) Cabarebis dayovnebaa –ur 

arxSi; 

i

ji τλ , _ Setyobinebebis (paketebis) nakadebis intensivobebia i –

ur arxSi Sesabamisad rogorc samomsaxureo, ise momxmarebelze 

gadasacemi informaciisa ),...,3,2,1( kj = ; 

)(tF k
i _ SetyobinebaTa Sesabamisi nakadebisa da maTi 

sigrZeebis –ur arxSi ganawilebis kanoni; i

 8



k
iP _ -ur arxSi Setyobinebebis –uri nakadis damaxinjebis 

albaTobaa; 

i k

iN  _ saabonento sadgurebis ricxvi, mierTebuli –ur arxze; i

i
Km _ saimedooba ( i -uri arxis mzadyofnis koeficienti). 

(1) da (2) gamosaxulebebis miReba warmoadgens Catarebuli 

kvlevis ZiriTad amocanas, radgan maTi mdgenelebi warmoadgenen 

qselis ZiriTad parametrebs. mTavar parametrebad maTi mikuTvneba 

aixsneba imiT, rom isini axasiaTeben informaciis gadamcemi 

qselebis xarisxobriv da raodenobriv Semadgenlobas da mis 

ekonomikur maCveneblebs. 

sadisertacio naSromSi Catarebuli kvlevis miznisa da 

amocanebis maTematikuri formulireba yovelgvari 

zemoTxsenebulis gaTvaliswinebiT SeiZleba Caiweros Semdegi 

saxiT: 

vipovoT pirobebi, romlebic uzrunvelyofen miznobrivi 

funqciis minimums: 

⎪⎩

⎪
⎨
⎧

≤

==

Cab.m.Cab

m

 da TT

min)N,M,Ц,C,K,m,Q(ЦЦ riiiiс

          (3) 

sadac, Cab.m.Cab TT ,  _ Sesabamisad realuri da mocemuli 

SemkveTis mier dayovnebaa qselSi. 

aRniSnul paragrafSi formulirebuli problemebis gada-

saWrelad saWiroa SeirCes efeqturi meTodebi sakvlevi amo-

canebis gadasaWrelad, masobrivi momsaxurebis Teoria, 

SemTxveviTi sidideebis Teoria, maTematikuri programireba. 

 

meore TavSi aRwerilia maTematikuri modelebi, romlebic 

gamoiyeneba teqnikuri sistemebisa da gamoTvliTi qselebis 

struqturebis proeqtirebaSi. kerZod, ganixileba momsaxure 

sistemebis funqcionirebis modelebi, romlebic gansxvavdebian 

kontrolis sistemis organizebiT da misi gamoyenebis miRebuli 

strategiiT, im varaudiT, rom Sesrulebuli amocanis moculoba 
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da aRdgenis dro warmoadgens SemTxveviT sidides ganawilebis 

nebismieri kanoniT, xolo mtyunebebi da SeferxebaTa nakadi 

emorCileba puasonis kanons. 

ganxilul modelebSi miRebulia, rom, momsaxure sistemas 

aqvs erTi qmediTunairiani mdgomareoba ( 1=m  an ); amocanis 

gadawyvetis drois  ganawilebis funqciaa - 

1=n

)(tΨ . yoveli etapis 

Sesrulebis sruli dro (ganawilebis funqciiT  ) 

moicavs 

)(tFj ),1( nj =

η  dros, romelic aucilebelia ganawilebis  

funqciis mqone etapis warmoqmnisaTvis da agreTve moicavs 

ganawilebis funqciis mqone etapis amoxsnis sakuTar dros.  

)(1 tFj

)(2 tFj

garda amisa, am TavSi aRwerilia maTematikuri modelebi, 

romlebSic gansazRvrulia paketis gadacemis dro kavSiris arxSi 

warmoqmnili Secdomebis gaTvaliswinebiT  

modeli 1. Setyobinebis gadacemis drois gansazRvra uwyveti 

kontroliT 

kompiuterze gadasawyveti amocana dayofilia  etapebad. 

TiToeuli etapis Sesrulebis dro warmoadgens damoukidebel 

SemTxveviT sidides, romelic ganawilebulia nebismieri  

kanoniT. SeiZleba aRiZras ori saxis mtyuneba (xelisSemSleli 

faqtori) 

n

)(xF

α  da β  intensivobiT. pirveli saxis α  mtyuneba 

warmoadgens mdgrads, xolo meore β  saxis-TviTmocilebads. 

kompiuterSi gamoyenebulia specialuri kodi, romelic aRmoaCens 

ormag Secdomebs da koreqtirebas ukeTebs calkeul Secdomebs. 

aRmoCenis Semdeg warmoebs remonti. remontis dro warmoadgens 

SemTxveviT sidides, romelic ganawilebulia nebismieri  

kanoniT. mdgradi xelisSemSleli faqtorebis aRZvris dros 

xdeba damaxinjebuli etapebis gadaTvla, xolo 

TviTlikvidirebadi xelisSemSleli faqtorebis aRZvris Semdeg 

gagrZeleba xdeba Sewyvetili adgilidan. mocemul droSi 

amocanis gadawyvetis ganxorcielebadoba 

)(uG

),( xtjΦ , gansazRvreba  

Semdegi integraluri gantolebebidan:  
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sadac )(1)( uFuF −= ;  

laplasis gardaqmnaze gadasvliT da maTi amoxsniT, miviRebT 

gantolebaTa sistemas oTxi ucnobiT: 

[ ]

⎪
⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪
⎪

⎨

⎧
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sadac: 
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viciT, ra , SegviZlia ganvsazRvroT Setyobinebis 

gadacemis drois maTematikuri lodini cnobili formuliT: 

)0,(sjΦ

;  
s

ssss sj
)0,(1lim)0,( 0`

Φ−
=′Φ−=Τ =  

am modelSi grafikis saxiT warmodgenilia Setyobinebis 

gadacemis maTematikuri lodinis α  mtyunebaze damokidebuleba. 
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modeli 2. paketis gadacemis drois gansazRvra kavSiris 

arxSi warmoqmnili Secdomebis gaTvaliswinebiT 

am modelis mixedviT kavSiris arxSi gamavali Setyobineba 

iyofa paketebad. gadacemis boloSi TiToeuli paketi mowmdeba 

mimRebis mier. gaumarTaobis aRmoCenis SemTxvevaSi, kavSiris arxi 

gadaecema aRdgenaze, ris Semdegac ganmeordeba paketis gadacema. 

saWiroa ganisazRvros: paketis gadacemis drois ganawilebis 

funqcia, misi saSualo mniSvneloba, Setyobinebis paketebad 

dayofis efeqturi mniSvneloba da gadacemis siCqare, romelic 

uzrunvelyofs kavSiris arxis maqsimalur gamtarunarianobas. 

)t(Фp
r _paketis gadacemis realuri drois ganawilebis 

funqcia ganisazRvreba Semdegi integraluri gantolebebidan:   

)()(

)()1)(()()()(

0

0 0

)(

0

)(

ηνη

ν

ν

αα

−−−Φ×

×−+−=Φ

∫
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−−

−
−−

utdG

dVeudFutVeudFt

ut

t ut
uc

t
uc

p
r

pp
p
r

      (7) 

sadac: _idealuri kavSiris SemTxvevaSi paketis 

gadacemis drois ganawilebis funqcia 

)(uFp

( );)u(F)u(f ′=  

)c(α _kavSiris arxebis mtyunebaTa intensivoba, romelic 

damokidebulia monacemTa gadacemis siCqareze; _paketis 

gadacemis sisworis kontrolis drois ganawilebis funqcia 

 _paketSi sainformacio simboloebis ricxvia 

)t(V

( ;)t(V ′= ) pN)t(V
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( ) )u(G;nNN Sp =  _mtyunebadi kavSiris arxis aRdgenis drois 

ganawilebis funqcia ( );)u(G)u(g ′=   

(7)-is mimarT laplasis gardaqmnis gamoyenebiT, miviRebT: 

)](()()[()(()( csfsfsss αα +−Φ+Φ pp
p
r

p
r )(/)()) gsssc νν +(sf= p          (8) 

romlis amoxsnis Sedegad, viRebT: 

[ ]{ })(()()()(1)())()( csfsfsgssscs αννα +−−Φp
r (sf += p

(sf +p

)(sfn =

                   (9)        

sadac,   );()(    ;))(
0

/))()(( tdesec stnccsnNN Υ∫
∞

−++− == να αdS

         ).()(      ;
0

/)( tdGesge stncsnNN
∫
∞

−+− =dS

)(sp
rΦ -is miRebiT, Cven SegviZlia miviRoT ( ) SsSs n)()( p

r
p
r Φ=Φ . 

 paketis gadacemis drois maTematikuri molodini, roca 

 mcc γα =)(

[ ]nCcnNN
С

nNN
nnaR ⎜

⎜
⎝

⎛
+nT /)()(exp ατττ dS

dS

aRk
S
r +⋅⎟

⎟
⎠

⎞+
++−=            (10) 

sadac, /
0s)s(g =−=aRτ  - mtyunebis aRmofxvris drois maTemati-

kuri molodini; /
0s)s(V =−=kτ  - uSecdomod gadacemuli paketis 

kontrolis drois maTematikuri molodinia. 

n

),c

-is da -s saukeTeso mniSvnelobis sapovnelad, rodesac 

 miiRebs umcires mniSvnelobas fiqsirebuli  dros, 

amoxsnilia Semdegi gantoleba: 

c

(nT S
r SN

              .0
),(

      ;0
),(

∂n
cnT S

r =
∂

∂
=

∂
c

cnT S
r                                                     (11) 

),( cnT S
r  mniSvnelobis (11)-Si CasmiT, miRebulia:  
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[ ]

⎪
⎪
⎪

⎩

⎪
⎪
⎪

⎨

⎧

≠−=+++

=+×

×
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ +
++−+++−

−

−

−

(12)                                 .1     ),1()()(

                                                                   ;0/)(exp

/

1

1

21

mmnCnNNCn

nCnNN

nNC
С

nNN
nn

С
N

mm

m

m

γττ

γ

γτττττ

dSaRk

dS

S

dS

aRk

d

aRkaR

 

modeli 3. Setyobinebis gadacemis drois gansazRvra boloSi 

kontroliT  

kompiuterze gadasawyveti amocana dayofilia  etapebad. 

TiToeuli etapis Sesrulebis dro warmoadgens damoukidebel 

SemTxveviT sidides, romelic ganawilebulia nebismieri  

kanoniT. SeiZleba aRiZras erTi saxis mtyuneba 

n

)(xF

α  intensivobiT. 

kompiuterSi gamoyenebulia makontrolebeli kodi, romelic 

aRmoaCens ormag Secdomas TiToeuli paketis gadacemis bolos. 

Secdomis aRmoCenis Semdeg warmoebs remonti. remontis dro 

warmoadgens SemTxveviT sidides, romelic ganawilebulia 

nebismieri kanoniT. moiTxoveba mocemul droSi amocanis 

gadawyvetis ganxorcielebadobis gansazRvra. 

)(uG

dasmuli amocanis gadasawyvetad ganxilulia - 

albaToba imis, rom moTxovnaTa damuSaveba damTavrdeba - ze 

nakleb droSi. paketis gadacemis drois ganawilebis 

)(tjΦ

t

)(tjΦ  

funqciisaTvis, adgili aqvs Semdeg integralur damokidebulebas: 

    ; )(

 (13)                      ; 

(1) ∫ ∫ ∫

∫∫ ∑

∫ ∫

−
−

+
−

−∞

=

−

+
−

+
−

−−Φ−⋅+−Φ=Φ

−−Φ⋅×⋅+

+−Φ+−Φ=Φ

t t ut

j
u

j
u

j

ut

j

t

i

ui

j
u

t t

j
u

j

vutvdGeudFuteudFt

vutvdGeuudF

uteuudFuteuFdt

0 0 0

)1(
1

00 2

)1(
1

0 0
1

)()()1()()()(

)()()()(           

)()()()()(

αα

α

αα

α

α

 gamoviyenebT ra, laplasis gardaqmnas (13)-Tvis, miviRebT: 

           (14) [ ]τα

τα

ατα
ατα

)(

)1(
1

)(
1)(

)()(              
)()()()()()(

+−
+

+−
+

−+−×
×Φ+Φ++Φ=Φ

s
jj

s
jj

esfsf
ssgsesfss

   [ ] )()()()()()()( )1(
1

)1( ssgsfsfsfss jjj Φ⋅+−++Φ=Φ + αα    
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(14)-Si saSualo mniSvnelobaze gadasvliT, miviRebT: 

)()(
)]()(1[)()( )1(

11

αατα
τααταταατα

ff
ffTffT

T jj
j +

+−−++
= ++ ar

           (15)     

        ar ταταα +−+−+= + )](1[)](1[)()1(
1

)1( ffTfTT jjj

(15) gantolebaTa sistemis amoxsnis Sedegad miviRebT: 

    

])))((1[()(

])([)(

0

)1(

1

)1(
1

0

τταα

αατα

++−=

+
=

−

−

=

−−

+−

+−

−

=

−−

∑

∑

rin

jn

i

ijn
j

jn

i
in

jn

i

ijn

j

TffT
B

BATff
T   

am modelSi grafikis saxiT warmodgenilia Setyobinebis 

gadacemis drois maTematikur lodinis α -ze damokidebuleba. 

  

  

 

 

 

 jT  

 

 

 

 

 

α   

 

modeli 4. arasimedo da arasarwmuno momsaxure sistema 

operatiul -  aparaturuli kontroliT 

operatiul-aparaturuli kontroliT mowmdeba gamoTvlebis 

mimdinareobis siswore da gaumarTaobis aRmoCenis SemTxvevaSi  

momsaxure sistema aRdgeba, ris Semdegac ganmeorebiT sruldeba 

programis gansazRvruli nawili. Tu aparaturuli kontroli ver 

aRmoaCens  yvela Secdomas an momsaxure sistemis yvela kvanZs 

ver moicavs, aseT SemTxvevaSi momsaxure sistema agrZelebs 
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gamoTvlas iqamde, sanam Tavs ar iCens aRmoCenadi mtyuneba, an 

dadgeba perioduli kontrolis momenti. ganxilul modelSi 

gaTvaliswinebulia, rogorc momsaxure sistemis, aseve  sakon-

trolo aparaturis saimedooba. ganxilulia SemTxveva, roca 

momsaxureoba iwyeba qmediTunariani momsaxure sistemiT. mtyu-

nebaTa nakadi ganawilebulia puasonis kanoniT λ  intensivobiT, 

romelic moicavs agreTve sakontrolo aparaturis mtyunebebis 

intensivobas kλ ; uwyveti kontrolis  mtyunebebis aRmoCenis 

albaToba Seadgens R; sakontrolo aparaturis mtyuneba Tavis 

SedegebiT ekvivalenturia momsaxure sistemis ZiriTadi 

aparaturis mtyunebebis; aRdgenisa da perioduli kontrolis 

dro warmoadgens SemTxveviT sidides Sesabamisad  da  

ganawilebis funqciebiT; yvela n etapis gadawyvetis dro 

warmoadgens erTnairad ganawilebul  SemTxveviT sidides. 

aRmoCenadi mtyunebebis intensivoba Seadgens 

)(tG

k

)(tV

)k

)(tF

( λλλα −+= R , 

aRmouCenadis ki Seadgens _ )k)(1( λλβ −−= R  ). aSkaraa, rom adgili 

aqvs tolobas λβα =+ . momsaxure sistemaze amocanis 

Sesrulebis procesi aRwerilia Semdegi naxvevis tipis 

integraluri gantolebiT:    

            

,,1   

    ),()()](1][1[

)()(]1)[(

)()()]()([

)()()(

0 0

)1(

0 0

)1(

0 0 0

)1()(

0

)1(

nj

vutvdGuFedue

vutVdeeudF

vutvdGduuFuFe

utVeudFt

t ut

j
jnuu

j

t ut
uujn

jn

i

t ut

ij
iiu

t
ujn

j

=

−−Φ−−+

+−−Φ−+

+−−Φ−+

+−=Φ

∫ ∫

∫ ∫

∑∫ ∫

∫

−
+−−−

−
−−+−

−

=

−

+
+−

−+−

βλ

αβ

λ

λ

α

ν

α

                 (16) 

sasazRvro pirobiT )()(1 tVtn =Φ + . 

gamoviyenebT ra (16) sistemis mimarT laplasis gardaqmnas da 

amovxsniT mas )()( 11 ts Φ÷ϕ  mimarTebiT, miviRebT: 

 16



∏
=

=
n

1j
ji1 (s),(s)/ab

s
v(s)(s)              ϕ        (17) 

  

∫ ∫

∫∫
∞ ∞

−−

∞
−

∞
−

−−

−−

+−+−

+−+−

==

==Φ=

++−+−

−⎥
⎦

⎤
⎢
⎣

⎡
+

−+
−

+
−+

+−+=

⎥
⎦

⎤
⎢
⎣

⎡
+

−+
−

+
−+

−
+
+−

−

−+−+−=

0 0

00

)()(

)()(

)1()1(

)1()1(

)()(    ),()(

,)()(     ),,1(      )()(

);()()]()([

1)(1)()()()()(

),(1)(1)()()](1[

)()]()([1)(

tdFesftdVesv

tdGesgnjdttes

svsfsfsf

s
sf

s
sfsfsgsfsb

sg
s

sf
s

sf
s

sgsf

svsfsfsa

stst

st
j

st
j

jnjn

jnjn

i

jnjn

jnjn
j

ϕ

λλα

α
α

λ
λλαλ

α
α
α

λ
λ

λ
λα

λα  sadac

       

advilad vrwmundebiT rom )(1 sϕ  warmoadgens ganawilebis 

funqcias.  

n etapis mqone amocanis Sesrulebis  drois maTematikuri 

lodinis gamosaxulebas, Tu misi amoxsna iwyeba gamarTuli 

momsaxure sistemis pirveli etapidan, aqvs Semdegi saxe:  

1T

∑
=

= +=′Ψ−=
n

j
jjks adssT

1
011 ,/)( τ                     (18) 

{ }
λαλβλαλατ

αλαλ
α
ατ

/])()[(),()]()([                    

)()()()][(1[
1

  

+=−+

+−−
+

=

−−

−

jn
j

jn

jn
j

ffafff

ffffd

     

 sadac

k

aR

 

)0(      )0(      gv ′−=′−= aRk daaq ττ  Sesabamisad periodul 

kontrolisa da aRdgenis saSualo droa. 

 

modeli 2. momsaxure sistema programuli kontroliT 

Sesasrulebuli samuSao dayofilia  nawilad, TiToeuli 

nawili  erTnairad ganawilebul etapad. momsaxure sistemis 

muSaobis Sedegebis sisworis Semowmeba xdeba yovel etapze 

amoxsnis gameorebis gziT, ori iseTi Sedegis gamoCenamde, romle-

bic erTmaneTs emTxveva. amis gamo mcirdeba gamoTvlis Sedegebze 

Seferxebis gavlena. gamoTvlis Sedegebis dacva mdgradi 

mtyunebebis gavlenisagan xdeba drois gansazRvrul SualedebSi 

perioduli kontrolis saSualebiT. perioduli kontroli 

N

n
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moicavs aucileblobis SemTxvevaSi momsaxure sistemis 

sakontrolo aparaturis aRdgenas.  

analogiuri ganxilvebis safuZvelze )(1 tΦ  da  funqcia 

ganisazRvreba Semdegi integraluri gantolebebiT: 

)(1 tΨ

;1)(     ,,1,)()()(              

)1)(()1)(()()(              

)1)(()()()(              

)()1)(()()()()(

)(
11

00

0 0
1

0

000
1

000
1

0

=Φ=+−−−−Φ×

×−−+−−−Φ×

×−+−−−Φ×

×−+−−Φ=Φ

++

−−−
−

−−
−

−
−−

+

−−
−

−
−−

−−

+
−

−
−−

−

+
−−

∫∫

∫ ∫∫

∫∫∫

∫∫∫∫

tnjvutedFedF

evdFeudFvutedF

evdFeudFvutedF

evdFeudFvutevdFeudFt

i
nj

vutvut

t ut
vu

j

vut

ut
v

t
u

vut

j

ut
v

t
u

ut

j
v

t
u

j

 Lντντ

ττ

ττ

τ
αατ

ααατ

ααατ

αααα

  (19) 

   )()()1)(()()()(
0

1
0

1
0

11 ννββ −−Ψ−Φ+−Φ=Ψ ∫∫∫
−

−− utdVeudutVeudt
utt

uu
t

sadac, -aris perioduli kontrolis ganawilebis funqcia; )(tV

α – TviTmocilebadi mtyunebebis intensivoba; β –mdgradi 

mtyunebebis intensivoba; )(1 tΦ  - t -ze nakleb droSi n  etapebis 

Sesrulebis albaToba, mxolod TviTmocilebadi mtyunebebis 

dros;  - etapebis amoxsnis drois ganawilebis funqcia, 

rogorc TviTmocilebadi, aseve mdgradi mtyunebebis dros. 

ganvixiloT SemTxveva, roca momsaxureba iwyeba qmediTunariani 

momsaxure sistemiT. 

)(1 tΨ n

(19) gantolebaTa sistemis gardaqmniT da )(1 sϕ  da )(sΨ  

mimarT maTi amoxsniT, miviRebT:  

),()()]()(1[          
)()()]()(1[()](          

)(1{[/)()()]()(1[)(

,)]}()(1/[)({)(

22

222

22
1

21
1

λα

ααλ

βλα

ααϕ

+++−+

++−++−++

++−+++−=Ψ

++−+= −

sfsvsfsf
sfsvsfsfsf

sfssfsvsfsfs

sfsfsfss

nn

nnn

nn

n

     (20) 

sadac:        ,)()(),()(,
0 0
∫ ∫
∞ ∞

−− ==+= tdVesvtdFesf stst       βαλ

∫∫
∞

−
∞

− Ψ=ΨΦ=
0

1
0

11 )()()()( dttesdttes stst
1   , ϕ       
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gaviTvaliswinebiT ra, rom 011 )( =
′−= s

n ssQT da 011 )( =
′Φ−= sssT , 

miviRebT: 

           (21) 
),(/)]()(1[)]0()()0(2[

)()0(2
221

1

1
1

λλβα

α
nn

n

fffvffnT

ffnT

+−×′+′−=

′−=
−

− da      

sadac,  da )0(f ′ )0(v′  – aris Sesabamisad etapis amoxsnisa da 

perioduli kontrolis maTematikuri lodini. 

mTeli amocanis amoxsnis sruli saSualo dro: 

   10 NTT =                                                                          (22) 

modeli 3.  momsaxure sistema programul _ aparaturuli 

kontroliT 

am modelSi Seferxebebis aRmoCena SesaZlebelia amocanis 

TiToeuli etapis ormagi realizaciis meTodiT, xolo 

mtyunebebis ki - aparaturuli saSualebebiT drois imave 

imtervalSi, romelSic Seferxebebi. Sesrulebuli samuSao 

gayofilia araTanabar etapebad maTi amoxsnis drois ganawilebis 

nebismieri , )(tFj nj ,1=  kanoniT, xolo Seferxebebisa da 

mtyunebebis intensivobebi α  da β , nj ,1= , Sesabamisad 

damokidebulia gadasawyvet  etapebze.  

dasmul amocanas Seesabameba Semdegi integralur 

gantolebaTa sistema:  

∫ ∫

∫ ∫

∫ ∫

−
−

−
−−

−

+
+−

−−Φ−+

+−−Φ−+

+−−Φ=Φ

t xt

j
x

j

t xt

j
xx

j

t xt

jj
x

yxtydGdxxFe

yxtydGeexdF

yxtydGxdFet

j

jj

jj

0 0
12

*
2

0 0
1

*
2

0 0
11

*
2

)(
1

)()()](1[           

)()(]1[)(           

)()()()(

β

αβ

βα

β

       (23) 

          ;  1)(1 =Φ + tn nj ,1= ,   

sadac  aris  ganawlebis funqciis orjeradi 

naxvevi. 

)(*
2 xFj )(xFj

gamoviyenebT ra (23) - Tvis laplasis gardaqmnas, miviRebT: 
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⎪⎩

⎪
⎨
⎧

==Ψ
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+

+

nj
s

s

sscssbssa

n

jjjjjj

,1;1)(

0)()()()()()(

1
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                  (24)       

sadac:  

        

.;);()()(

)];()()[(1)(

;
)](1[)(

)(

212
2

1

2
2

1
2

1

1

1
2

2

jjjjjjjj

jjjjj

j

jjj
j

spsppfsgsc

pfpfsgsb

p
pfsg

sa

βαβ

β

++=+==

−−=

−
=

       

  (25) 

(24) sistemis amoxsnas -is mimarTebaSi, aqvs saxe: jT

.1;111)( 0

1

1 11
1 =⎥

⎦

⎤
⎢
⎣

⎡ −
−⎥

⎦

⎤
⎢
⎣

⎡
=Ψ

−

= ==
∑ ∏∏ c

sb
ca

b
cs

n

m

m

i i

i
m

n

i i

i                  (26) 

Tu amocanis gadawyveta iwyeba j -uri etapidan, maSin (24)-is 

gardaqmniT -s mniSvnelobasTan mimarTebaSi, miviRebT:  jT

  
⎪⎩

⎪
⎨
⎧

=+−
==

+

+

010010

1 ,1;0

jjjjjj

n

dTcTbTa
njT      

                              (27) 

sadac:  ganisazRvrebian (25)-dan da isini tolia 

 roca , 

000 ,, jjj cba   

0=sjjj cba ,, 00 =
′

+−=∂ jd sjjj cba .  

(27) gantolebis -is mimarTebaSi amoxsniT, miviReT: 1T

  

1
1 1 0

0,1
0

1 1 0

0,1
0

1

−⎥
⎦

⎤
⎢
⎣

⎡
=

∑ ∏

∑ ∏

= =

−

= =

−

n

m

m

i i

i
m

n

m

m

i i

i
m

b
c

a

b
c

d
T                                    (28) 

sadac miRebulia, rom  100 =c .  

 

mesame TavSi damuSavebulia efeqturi qseluri struqturebis 

proeqtirebis meTodika. es meTodika moicavs Semdeg etapebs:  

sawyisi monacemebis analizi da gaTvlebi;  

qselis sabazo struqturis gaTvla. sabazo struqturis 

arCeva damyarebulia Semdegi damokidebulebis gansazRvriT: 
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∑ =++
f

i
min)l(ЦЦKE

ii n.Ra.Rssssn        (29) 

sadac,  _ saabonento sadgurebis raodenobaa “magistral-

Si” (“maryuJSi”); _ erTi saabonento sadguris Rirebulebaa; 

_ _ gaWimulobis mqone kavSiris arxis arendis 

Rirebulebaa qselis erTi wliT eqspluataciis dros; _ 

normatiuli koeficienti. 

ssK

i
ln.R

ssЦ

)l(Ц
ii n.Ra.R

nE

qselis sabazo struqturis warmoqmnisa da gaTvlis Tanmim-

devroba daiyvaneba Semdegze: 

1) xismagvari struqturidan saboloo punqtebis SeerTebis 

gziT warmoiqmneba minimaluri SesaZlo raodenobis “maryuJis” 

erToblioba, romelic uzrunvelyofs struqturaze danaxarjebis 

minimums. 

2) miRebuli struqturis TiToeuli variantisaTvis aigeba 

struqturuli matrica. 

3) gamoiTvleba im nakadis maqsimalurad dasaSvebi intensioba 

maxiλ , romelic SeiZleba mimarTuli iqnes TiToeul –ur arxSi; 

-uri arxis gamtarunarianoba; Setyobinebis Cabarebis dro . 

i

i
i

TCab

4) struqturis TiToeuli variantisaTvis yvela  wyarodan 

 mimRebisaken ganawildeba sainformacio nakadebi 

ta

sa maxiλ  

mniSvnelobis gaTvaliswinebiT.  

5) arsebuli struqturebisTvis gamoiTvleba qselis yvela 

arxebis gamtarunarianoba absoluturad saimedo arxebis dros 

da kavSiris im arxebisaTvis, romlebsac gaaCniaT sakuTari 

mzadyofnis koeficienti. 

6) gamoiTvleba sabazo struqturebis kavSiris yvela arxebis 

mzadyofnis koeficienti; 

7) sabazo struqturis TiToeuli variantisaTvis 

ganisazRvreba warmoqmnili “maryuJis” mzadyofnis koeficientis 

mniSvneloba. 
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8) ganisazRvreba “maryuJis” mzadyofnis koeficienti, warmoq-

mnili arasaimedo arxebisagan. 

9) swarmoebs s –uri “maryuJis” dublirebis aucileblobis 

Sefaseba. 

10) ganisazRvreba gzebis (kavSirianobis) saWiro ricxvi 

kvanZebis (saabonento sadgurebis) TiToeuli ta a sa  wyvilisaT-

vis. 

 d

11) warmoebs me-10 punqtSi gaTvlili kavSirianobis mniSvne-

lobis uzrunvelyofis Semowmeba. 

12) ganisazRvreba danaxarjebi gansaxilveli sabazo 

struqturis TiToeuli variantisaTvis.  

13) sabazo struqturis SesaZlo variantebidan amoirCeva is, 

romelic xasiaTdeba naklebi danaxarjebiT kavSiris arxebis 

saerTo gaWimulobaze, romelsac gaaCnia arxis gamtarunarianobis 

saWiro mniSvneloba. 

14) warmoebs qselSi Setyobinebebis drouli Cabarebis 

piroba. 

bazuri variantis amorCevis Semdeg gaiTvleba qseluri 

struqturis optimizaciis meTodika.  

qselis struqturis meTodika Seicavs etapebis Semdeg 

Tanmimdevrobas paketebisa da Setyobinebebis komutaciis reJimSi 

qselis muSaobisaTvis: 

1. arxebSi informaciis Cabarebis mocemuli  drois 

mcire mniSvnelobebisa da datvirTvis didi mniSvnelobis dros 

zustdeba  gamtarunarianobebis sidideebi, romlebic gansa-

zRvruli arian me_5 punqtSi (bazuri struqturis gaTvlisas) 

kavSiris arxebis gamtarunarianobebis SesarCevad diskretuli 

diapazonidan amoirCeva realuri mniSvnelobebi.  

iTCab

iC

2. xdeba arxebis mzadyofnis koeficientis mniSvnelobis 

gansazRvra 

3. kvanZebis TiTeuli  da  wyvilisaTvis ganisazRvreba 

mwyobridan erTdrouli gamosvlis sixSire Semdegi formuliT: 

ta sa
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∑ ∏
= =

−=
sM

1s

Ms

1i
si

bs
Ms )K1(

t
1Z mm.g.   )M,...,2,1S( s=   (30) 

4. ganisazRvreba  da  kvanZebis TiTeuli wyvilisaTvis 

mwyobridan gamosuli gzis mtyunebis aRmofxvris saSualo dro 

Semdegi formuliT: 

ta sa

1
M

bct
1

sM

−

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
= ∑m.g.τ E               (31) 

5. ganisazRvreba dayovnebis saSualo dro ZiriTadi gzis 

TiTeul, absoluturad saimedo i _ur arxSi  da  kvanZebis 

TiTeuli wyvilisaTvis Semdegi formuliT: 

ta sa

i

iis iswT
λ
ρ

+=                   (32) 

sadac isw _ _uri arxiT Setyobinebebis uprioriteto gada-

cemaze rigSi lodinis saSualo droa, romelic ganisazRvre

i

ba 

s –uri gzisaTvis Semdegi gamosaxulebiT: 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
−

+⋅
=

∑∑

∑
′

=

′

=
K

1l
l

K

l
l

K

1l

2
l

c
ll

ii

iii

is

112

)K1(
w

ρρ

τρ

p

p

p

   (33) 

sadac K ′ _ prioritetuli da araprioritetuli araerTgva-

rovani nakadebis saerTo raodenobaa, romlebic miewodeba s –uri 
gzis i –ur arxs; 

6. ganisazRvreba qselSi Setyobinebebis Cabarebis drois 

saSualo mniSvneloba  formuliT: CabT

∑
=

=
M

i
i

i TT
1 γ
λ

Cab       (34) 

 sadac,  Cab.SCab TT ≤

7. ganisazRvreba TiToeul s –ur arxSi saSualo dayovnebis 

dro, arxebis SesaZlo mtyunebaTa gaTvaliswinebiT, formuliT 
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iis TT Cab.Δ+  romelis mniSvnelobac naklebi an toli unda iyos 

iT Cab.Δ -is.   

8. ganisazRvreba optimaluri kavSirianoba  (gzebis an 

arxebis optimaluri ricxvi) qselis yvela  da  wyvils 

Soris  da 

minM

ta sa

SMZm.g. SMm.g.τ  gaTvlebis safuZvelze da SeirCeva maTi 

iseTi mniSvneloba, romelic uzrunvelyofs tolobas 

iiis TTT Cab.S.Cab. =Δ+       (35) 

9.  mniSvnelobebisaTvis zustdeba arxebis mzadyofnis 

optimaluri  koeficientebis sidideebi. 

minM

i
Km

10. ganisazRvreba danaxarjebi qselis Seqmnil struqturaze 

formuliT 

)c,l(Ц)c,l(ЦЦЦ kk

M

1k
ii

M

1i

M

1j
kij ∑∑∑

===
++=

d ms.s.

k.ak.as.sRir    (36) 

sadac,  _ komutaciis an koncentraciis (saabonento sad-

guris) 

j
Цs.s

j –uri kvanZebis Rirebuleba;  _ qselSi gamoyenebuli 

saabonento sadgurebis raodenoba;  _ kavSiris maRal-

siCqariani arxebis Rirebuleba maT gaWimulobasa da gamtarunari-

anobasTan damokidebulebiT;  _ qselSi maRalsiCqariani arxebis 

raodenoba, romlebic aerTeben erTmaneTTan saabonento sadgurebs; 

 _ kavSiris dabalsiCqariani arxebis Rirebuleba maT 

gaWimulobasa da gamtarunarianobasTan damokidebulebiT;  _ 

qselSi dabalsiCqariani arxebis raodenoba, romlebic gamoiyeneba 

saabonento punqtebis saabonento sadgurebTan da saabonento 

sadgurebis erTmaneTTan misaerTeblad. 

s.sM

l(Ц iik.a )c, i

mM

),l(Ц kkk.a c, k

dM

danaxarjebis miRebuli sidide Sedardeba xismagvar da 

sabazo struqturebze danaxarjebTan. am danaxarjebis sxvaoba 

axasiaTebs Seqmnili struqturis efeqturobas. 
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yovelive am gansakuTrebulobebis gaTvaliswinebiT jer aigeba 

qselis xismagvari struqtura, Semdeg sabazo, xolo bolos ki es 

ukanaskneli optimizirdeba im TanmimdevrobiT, romelic ganxilu-

lia aRniSnul paragrafSi 

 
daskvna 

 
Teoriuli da praqtikuli Sedegebi 

sadisertacio naSromSi miRebulia Semdegi mecnieruli da 

praqtikuli Sedegebi: 

1. damuSavebulia maTematikuri modelebi, romelTa analizis 

Sedegad SerCeulia funqcionirebis xarisxis maCveneblebi. 

arsebuli literaturis analizis safuZvelze Sesrulebulia 

momsaxure sistemis mtyunebaTa klasifikacia; gaanalizebulia 

diskretuli informaciis gadacemis dros Secdomebis aRZvris 

xasiaTi, mtyunebadmdgradi monacemTa gadacemis arxebis Seqmnis 

problemebi, saimedoobisa da sarwmunoobis amaRlebis meTodebi, 

zogierTi gadauwyveteli sakiTxebis Tanamedrove mdgomareoba da 

mocemulia maTi gadawyvetis gzebi.  

2. damuSavebulia kavSiris arxis axali maTematikuri 

modelebi mdgradi mtyunebisa da TviTlikvidirebadi mtyunebebis 

gaTvaliswinebiT, romelic orientirebulia amocanis Sesrulebis 

drois minimizaciisaken. ganxilulia davalebis Sesrulebis 

(gamoTvlebis) maRal efeqturad marTvis organizaciis xerxi, 

romelic maqsimalurs xdis gamtarunarianobas. 

am modelebSi Sesasrulebeli davalebis moculoba da 

aRdgenis dro warmoadgens SemTxveviTi sidides nebismieri 

ganawilebis kanoniT, xolo mtyunebaTa da SeferxebaTa nakadebi 

emorCileba puasonis kanons. 

3. damuSavebulia maTematikuri modelebi qselSi paketis 

Cabarebis realuri drois SefasebisaTvis kavSiris arxebze warmo-

qmnili Secdomebis gavlenis dros.  

4. damuSavebulia nebismieri daniSnulebis efeqturi stru-

qturebis gaTvlis meTodika, romelic moicavs sam TanmimdevrobiT 
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etaps: kavSiris arxebis minimaluri gaWimulobis mqone qselis 

xismagvari struqturis gaTvla, qselis sabazo struqturis gaTvla 

da monacemTa mimReb-gadamcemi qselis efeqturi struqturis 

gaTvla. 
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