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ABSTRACT 

 

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 

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 
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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 aqtualoba 

civilizaciis swrafma ganviTarebam, romelic gansakuTrebiT 

igrZnoba mecnierebisa da teqnikis dargSi, gamoiwvia informaciis 

msoflio nakadis arnaxuli tempiT zrda. informaciis droulad 

moZebnis SeuZlebloba ganapirobebs mecnierebisa da teqnikis 

miRwevebis arasrul gamoyenebas, e.i. droisa da Zalis dakargvas. 

adamianis mokrZalebul SesaZleblobebsa da informaciis 

TiTqmis Tvaluwvdenel nakads Soris am Seusabamobam warmoSva 

swored Cems mier dasmuli problema: info-sakomunikacio qsele-

bis saimedoobis Sefasebisa da amaRlebis modelebis 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. 

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 
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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. gamo-

TvliTi procesis mtyunebadmdgradobis amaRlebis xerxebis damu-

Saveba da teqnikuri sistemebis maqsimaluri gamtarunarianobis 

uzrunvelyofa mtyunebaTa Sedegebis likvidaciaze daxarjuli 

drois Semcirebis xarjze, aseve, im maCveneblebis Sefaseba, 

romlebic ganapirobeben maT saimedoobasa da ekonomiur efeqtia-

nobas. 

amitom, aRniSnuli miznidan gamomdinare, naSromis ZiriTadi 

amocanebia: originalTan maqsimalurad miaxloebuli maTematiku-

ri modelebis Seqmna da gamokvleva; funqcionirebis xarisxis 

maCveneblebis SerCeva, dasabuTeba da analizi. 

 

kvlevis obieqti 

kompiuteruli sistemebi, sadac gamoiyeneba paketuri 

gadacema. 
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kvlevis meTodebi 

naSromSi gamoyenebulia: saimedoobisa da SemTxveviT 

procesTa Teoria; diferencialuri da integraluri gantolebebi;  

qselebis proeqtirebis Teoria; operaciuli aRricxvis meTodebi. 

 

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 

damuSavebaSi, romlebic arsebulisagan gansxvavebiT iTvaliswi-

neben sawyisi monacemebis minimalur SezRudvebs. garda amisa am 

modelebis bazaze damuSavebulia sainformacio paketebis mimReb-

gadamcemi qselebis efeqturi struqturis proeqtirebis meTodika. 

 

publikaciebi 

disertaciis Temis irgvliv gamoqveynebulia 8 samecniero 

naSromi. aseve sadisertacio naSromis ZiriTadi kvlevis Sedegebi 

aprobirebulia samecniero – teqnikur konferenciebze. 
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sadisertacio naSromis struqtura da moculoba 

disertacia Sedgeba Sesavlis, 3 Tavisagan, daskvnisagan da 

gamoyenebuli literaturis siisagan. naSromis saerTo moculoba 

Seadgens 145 gverds. igi Sesdgeba ZiriTadi nabeWdi teqstis 138 

gverdisa da 8 naxazisagan. gamoyenebuli literaturis sia Sedge-

ba  104 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 winamZRvre-

bis mimoxilva da analizi. dasmulia teqnikuri sistemebis da 

monacemTa gadacemis qselebis funqcionirebis xarisxis Sefa-

sebisa da uzrunvelyofis problema. mimoxilulia am problemis 

gadawyvetis gzebi. kerZod, mtyunebamdgradi teqnikuri sistemebis 

damuSavebis problemebi, maTi saimedoobisa da sarwmunoobis 

amaRlebis meTodebi, kvlevis sagnisa da 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. 
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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 KK=    (1) 

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

k
ii

k
ik21k1 mCabm

τττλλ KK=    (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
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 
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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. esenia masobrivi momsaxurebis Teoria, 

SemTxveviTi procesebis 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 

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
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garda amisa, am TavSi aRwerilia maTematikuri modelebi, 

romlebSic gansazRvrulia paketis gadacemis dro kavSiris arxSi 

warmoqmnili Secdomebis gaTvaliswinebiT  

modeli 1. 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

∫

∫ ∫∫
−−

−
−−

utdG

dVeudFutVeudFt

ut

t ut
uc

t
uc

p
r

pp
p
r

      (4) 

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

(Np = ) )u(G;nNS  _mtyunebadi kavSiris arxis aRdgenis drois 

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

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

)](()()[()()(/)())(()( csfsfssgssscsfs αννα +−Φ++=Φ pp
p
rp

p
r          (5) 

romlis amoxsnis Sedegad, viRebT: 

[ ]{ })(()()()(1)())(()( csfsfsgssscsfs αννα +−−+=Φ p
p
r                    (6)        
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sadac,   );()(    ;))((
0

/))()(( tdesecsf stnccsnNN
U∫

∞
−++− ==+ να αdS

p

         ).()(      ;)(
0

/)( tdGesgesf stncsnNN
n ∫

∞
−+− == 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
nnnT /)()(exp ατττ dS

dS

aRkaR
S
r +⋅⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ +
+++−=            (7) 

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
),(

=
∂

∂
=

∂
∂

c
cnT

n
cnT S

r
S
r                                                     (8) 

),( cnT S
r  mniSvnelobis (8)-Si CasmiT, miRebulia:  

[ ]

⎪
⎪
⎪

⎩

⎪
⎪
⎪

⎨

⎧

≠−=+++

=+×

×
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ +
++−+++−

−

−

−

(9)                                 .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

 

ganvixiloT SemTxveva, roca: 0   ;2m === aRk ττ . maSin  

miviRebT: 

)nNN(nС dSopt += γ      (10) 

toloba miiRebs Semdeg saxes: 

0CN)nNN(nN 2 =+− optSdSd γ      (11) 

Tu (11) gamosaxulebas CavsvavT (10)-Si, miviRebT:    dSopt N/N=N
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da dopt N2/1C γ=

4)C,N( optopt =

. Tu am optimalur gamosaxulebebs CavsvavT (7)-Si, 

miviRebT paketis Cabarebis optimalur dros 

. eNNT dS
S
r γ

nax1. naCvenebia paketis gadacemis drois grafiki. aRniSnuli 

grafiki agebulia cxrili 1-is safuZvelze. naxazidan Cans, rom 

 optimalur mniSvnelobas miiRebs, rodesac n=900 da C=1600.       s
rT

-

2,000.00

4,000.00

6,000.00

8,000.00

10,000.00

12,000.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

 nax. 1. paketis gadacemis efeqturi dro, qselSi warmoqmnili  

               Secdomebis da damaxinjebebis aRmofxvris drois  
              gaTvaliswinebiT 

 

cxrili 1 

# n aRτ  kτ  SN dN S
rT  C  

1 300 10 1 100000 100 1000 9,905.72 
2 400 10 1 100000 100 1100 5,980.94 
3 500 10 1 100000 100 1200 4,574.78 
4 600 10 1 100000 100 1300 3,942.13 
5 700 10 1 100000 100 1400 3,638.50 
6 800 10 1 100000 100 1500 3,506.91 
7 900 10 1 100000 100 1600 3,480.04 
8 1000 10 1 100000 100 1700 3,525.19 
9 1100 10 1 100000 100 1800 3,625.27 
10 1200 10 1 100000 100 1900 3,771.04 
11 1300 10 1 100000 100 2000 3,957.60 
12 1400 10 1 100000 100 2100 4,182.66 
13 1500 10 1 100000 100 2200 4,445.60 
14 1600 10 1 100000 100 2300 4,747.02 
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15 1700 10 1 100000 100 2400 5,088.40 
15 1800 10 1 100000 100 2500 5,471.94 
16 1900 10 1 100000 100 2600 5,900.49 
17 2000 10 1 100000 100 2700 6,377.50 
18 2100 10 1 100000 100 2800 6,906.97 
19 2200 10 1 100000 100 2900 7,493.51 

 

modeli 2. 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:  

 duuxutuxFeutuxFdext
t

j
u

t

ju
u

j ∫∫ +−Φ++−Φ+=Φ −
+

−

0

)1(

0
1 ),()()0,()(),( αα α  (12)  

∫ ∫ ∫

∫ ∫
− −

−−

−−
+

−−

+−−Φ++−−Φ⋅×

×++−Φ+=Φ

ut t ut

j
uu

j

t t
uu

ju
uu

j

uxvutvdGuxFdueevutvdG

duuxFeeutuxFdeext

0 0 0
21

0 0

)1(
1

)1(

),()()()0,()(

)()0,()(),(

βα

βαβα

β

α
(13) 

sadac )(1)( uFuF −= ;  

laplasis gardaqmnaze gadasvliT da maTi amoxsniT, miviRebT 

gantolebaTa sistemas oTxi ucnobiT: 
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[ ]

⎪
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⎪
⎪
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⎪
⎪
⎪
⎪

⎨

⎧
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+−−++
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=−+=Φ

−
−+−++−++

=Φ

−
⋅+
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    ; 

  ; 

; 

 ; 

s

eAeA
c
deAeAs

s

sc
deAeAs

KM
KMAAAAKKMAAss

KM
MAAs

j

j

j

j

1)())((
),(

1),(

)(
))(()(())(()()0,(

)()0,(

2121

21

221121
)1(

21

22112121)1(

21

α

λλα
τ

τ

α
λλα

τλτλτλτλ

τλτλ
  (14) 

sadac: 

;    ;    K; )0,()()()())(( 11
2

2 ssgdsgKsgssM jΦ==−+++= αααββαα  

      ;   ;    ; ⎥⎦
⎤

⎢⎣
⎡ −

+++
−=

++
=−= )())((221

2 sgsscsba β
α

βαα
α

βα
α

 

. ; 
)() kM

fd
−

==′
αα

viciT, ra )0,(sjΦ , SegviZlia ganvsazRvroT Setyobi

 ;   ;  ;  

  A;   ;  ; 1

)())((
(

)()(

)()_()(1

)(1

2
4

2
4

22211

21

21

2

1

2

2

2

KMesKKeMe
KM

KMeKKeMe

KM
KKMeb

KM
kkMea

bdfa

dasA

bdfa

bfsA
a

acbb
a

acbb

−−++−
−

−−+−

−
+−

=′
−

+
=′

′′−′

′−′
=

′′−′

′−
=

−−−
=

−+−
=

λαλ

λλ

τλτλτλτλτλτλ

τλτλ

nebis 

gadacemis drois maTematikuri lodini cnobili formuliT: 

;  
s

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

Φ−
=′Φ−=Τ =  

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

0,000001 0,2 0,4 0,6 0,8 1  
  
nax2. Setyobinebis gadacemis drois maTematikur lodinis  
      α -ze damokidebuleba.  
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cxrili 2 

α  β  )s(g1  )s(g2  s τ  )0,s(Φ  T 

0.8 1 0.99999 0.99999 0.00001 1 99998.48979 1.51021 

0.6 1 0.99999 0.99999 0.00001 1 99998.65563 1.34437 

0.4 1 0.99999 0.99999 0.00001 1 99998.79621 1.20379 

0.2 1 0.99999 0.99999 0.00001 1 99998.9116 1.08840 

1 1 0.99999 0.99999 0.00001 1 999 7 98.2973 1.70263 

0.000001 1 0.99999 0.99999 0.00001 1 99999 1.00000 

 

modeli 3. Setyobinebis gadacemis drois gansazRvra boloSi 

kont

bel

roliT  

kompiuterze gadasawyveti amocana dayofilia n  etapebad. 

TiToeuli etapis Sesrulebis dro warmoadgens damoukide  

SemTxveviT sidides, romelic ganawilebulia nebismieri )(xF  

kanoniT. SeiZleba aRiZras erTi saxis mtyuneba 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 )(uG kanoniT. moiTxoveba mocemul o  amo  

gada

dr Si canis

wyvetis ganxorcielebadobis gansazRvra. 

dasmuli amocanis gadasawyvetad ganxilulia )(tj - 

albaToba imis, rom moTxovnaTa damuSaveba damTavrdeba t

nakleb droSi. paketis gadacemis drois ganawilebis )(tj

Φ

- ze 

Φ  

funqciisaTvis, adgili aqvs Semdeg integralur damokidebulebas: 

 gamoviyenebT ra, laplasis gardaqmnas (15)-Tvis, miviRebT: 

    ; 

 (15)                      ; 

(1)

∫∫ ∑

∫ ∫

−
−−

−∞

=

−

+
−

+
−

−−Φ−⋅+−Φ=Φ

−−Φ⋅×⋅+

+−Φ+−Φ=Φ

t t ut
u

ut

j

t

i

ui

j
u

t t

j
u

j

vutvdGeudFuteudFt

vutvdGeuudF

uteuudFuteuFdt

0 0 0

)1(

00 2

)1(
1

0 0
1

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

)()()()(           

)()()()()(

αα

α

αα

α

α

)( ∫ ∫ ∫+ j
u

jj 1
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           (16) [ ]τα
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ατα
ατα

)(

)1(
1

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

+−
+

+−
+

−+−×
×Φ+Φ++Φ=Φ

s
jj

s
jj

esfsf
ssgsesfss

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

)1( ssgsfsfsfss jjj Φ⋅+−++Φ=Φ + αα       

(16)-Si saSualo mniSvnelobaze gadasvliT, miviRebT: 

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

11

αατα
τααταταατα

ff
ffTffT

T jj
j +

+−−++
= ++ ar

           (17)     

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

)1( ffTfTT jjj

(17) gantolebaTa sistemis amoxsnis Sedegad miviRebT: 

    

])))((1[()(

])([)(
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)1(

1

)1(
1

0
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+
=

−
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=
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=
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∑

∑
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i
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i
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j

TffT
B

BATff
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cxrili 3 

α rτ  τ )(αf  )1(
jT  jT  

0.1 1 1 0.90 1.19 1.01

0.2 1 1 0.82 1.37 1.04

0.3 1 1 0.74 1.54 1.08

0.4 1 1 0.67 1.70 1.13

 

jT  

nax3. Setyobinebis gadacemis drois maTematikur lodinis  
      α -ze damokidebuleba. 
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0.5 1 1 0.61 1.86 1.20

0.6 1 1 0.55 2.03 1.28

0.7 1 1 0.50 2.19 1.37

0.8 1 1 0.45 2.36 1.47

0.9 1 1 0.41 2.54 1.59

1 1 1 0.37 2.72 1.72
 

zemoT ganxiluli modeli 2 da modeli 3-is SedarebiTi 

analizis safuZvelze miRebuli Semdegebi moyvanilia cxril4-Si.  

  cxrili 4 

n Tj koreqciiT 
Tj koreqciis 

gareSe sxvaoba 
1 0.0870128711561 0.4648253308878 0.377812459731687
2 0.0849462235012 0.4214142538390 0.336468030337829
3 0.0844986805003 0.4083973069035 0.323898626403234
4 0.0843606941048 0.4022891098084 0.317928415703587
5 0.0843339728230 0.3988420970720 0.314508124249013
6 0.0843597276276 0.3966981305029 0.312338402875304
7 0.0844143900959 0.3952888216359 0.310874431539997
8 0.0844866783001 0.3943343755899 0.309847697289831
9 0.0845705145566 0.3936810664058 0.309110551849274

10 0.0846623350435 0.3932374233781 0.308575088334590
11 0.0847599118902 0.3929456144791 0.308185702588941
12 0.0848617808067 0.3927672852864 0.307905504479697
13 0.0849669397542 0.3926759959878 0.307709056233613
14 0.0850746798718 0.3926529283562 0.307578248484393
15 0.0851844855547 0.3926843241368 0.307499838582135
16 0.0852959727915 0.3927598914947 0.307463918703228
17 0.0854088496960 0.3928717780045 0.307462928308561
18 0.0855228904403 0.3930138883425 0.307490997902211
19 0.0856379175649 0.3931814188551 0.307543501290238
20 0.0857537896848 0.3933705326270 0.307616742942215
21 0.0858703927636 0.3935781279365 0.307707735172874
22 0.0859876338044 0.3938016702183 0.307814036413923
23 0.0861054362092 0.3940390680988 0.307933631889564
24 0.0862237363158 0.3959719371568 0.309748200841016

 

cxrilidan Cans, rom T  koreqciis gareSe optimalur 

mniSvnelobas miiRebs, rodesac n=15 da  koreqciiT - n=5, roca 

C=800, N

j

jT

d=100, xolo NS=100000.   
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modeli 4. 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 

moicavs aucileblobis SemTxvevaSi momsaxure sistemis 

sakontrolo aparaturis aRdgenas.  

N

n

analogiuri ganxilvebis safuZvelze )(1 tΦ  da  funqcia 

ganisazRvreba Semdegi integraluri gantolebebiT: 

)(1 tΨ

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

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

)1)(()()()(              
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t
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j
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t
u

j

 Lντντ

ττ

ττ

τ
αατ

ααατ

ααατ

αααα

  (18) 

   )()()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

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

mimarT maTi amoxsniT, miviRebT:  
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     (19) 

sadac:        ,)()(),()(,
0 0
∫ ∫
∞ ∞

−− ==+= tdVesvtdFesf stst       βαλ

∫∫
∞

−
∞

− Ψ=ΨΦ=
0

1
0

11 )()()()( dttesdttes stst
1   , ϕ       

gaviTvaliswinebiT ra, rom 011 )( =
′−= s

n ssQT da 011 )( =
′Φ−= sssT , 

miviRebT: 

           (20) 
),(/)]()(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 =                                                                          (21) 

modeli 5.  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:  
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          ;  1)(1 =Φ + tn nj ,1= ,   

sadac  aris  ganawlebis funqciis orjeradi 

naxvevi. 

)(*
2 xFj )(xFj

gamoviyenebT ra (22) - Tvis laplasis gardaqmnas, miviRebT: 
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(23) sistemis amoxsnas -is mimarTebaSi, aqvs saxe: jT
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i                  (24) 

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

gardaqmniT -s mniSvnelobasTan mimarTebaSi, miviRebT:  jT

  
⎪⎩

⎪
⎨
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=+−
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010010

1 ,1;0

jjjjjj

n

dTcTbTa
njT      

                              (25) 

sadac:  ganisazRvrebian (23)-dan da isini tolia 

 roca , 

000 ,, jjj cba   

0=sjjj cba ,, 00 =
′

+−=∂ jd sjjj cba .  

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

∑ =++
f

i
min)l(ЦЦKE

ii n.Ra.Rssssn        (27) 

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: 

 

 

 

 

 

 

 

 

 

 

 

nax. 4. qselis sabazo struqturis warmoqmnis magaliTi. 

a

a

a

a
a

aa

b

l 23

l

l

l

l
l

l

l

ll 57l 17

l 13

2
1b

4
nb

6
nb

6
1b7

nb7
1b

1
1b

 21



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 T . 

i

i
iCab

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. 

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. 
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12) ganisazRvreba danaxarjebi gansaxilveli sabazo 

struqturis TiToeuli variantisaTvis.  

13) sabazo struqturis SesaZlo variantebidan amoirCeva is, 

romelic xasiaTdeba naklebi danaxarjebiT kavSi arxebis 

saer

niSvneloba. 

is meTodika Seicavs etapebis Semdeg 

Tanm

ris gaTvlisas) 

kavS

 amoirCeva realuri mniSvnelobebi.  

3. kvanZebis TiTeuli  da  wyvilisaTvis ganisazRvreba 

mwyobridan erTdrouli gamosvlis sixSire Semdegi formuliT: 

ris 

T

To gaWimulobaze, romelsac gaaCnia arxis gamtarunarianobis 

saWiro m

14) warmoebs qselSi Setyobinebebis drouli Cabarebis 

piroba. 

bazuri variantis amorCevis Semdeg gaiTvleba qseluri 

struqturis optimizaciis meTodika.  

qselis struqtur

imdevrobas paketebisa da Setyobinebebis komutaciis reJimSi 

qselis muSaobisaTvis: 

1. arxebSi informaciis Cabarebis mocemuli iCab  drois 

mcire mniSvnelobebisa da datvirTvis didi mniSvnelobis dros 

zustdeba iC  gamtarunarianobebis sidideebi, romlebic gansa-

zRvruli arian me_5 punqtSi (bazuri struqtu

iris arxebis gamtarunarianobebis SesarCevad diskretuli 

diapazonidan

2. xdeba arxebis mzadyofnis koeficientis mniSvnelobis 

gansazRvra 

ta sa

∑ ∏
= =

=
1s

Ms

1i
si

bs
Ms )K(1Z   )M,...,2,1S( s−

sM
1

t mm.g. =   (28) 

4. ganisazRvreba  da  kvanZebis TiTeuli wyvilisaTvis 

mwyobridan gamosuli gzis mtyunebis aRmofxvris saSualo dro 

Semdegi formuliT: 

ta sa

1
M

bct

−
1

M s ⎥

⎤

⎢

⎡
m.g. ⎥

⎦
⎢
⎣

= ∑τ E               (29) 
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5. ganisazRvreba dayovnebis saSualo dro ZiriTadi gzis 

TiTeul, absoluturad saimedo _ur arxSi  da  kvanZebis 

TiT vil a

i ta sa

euli wy is Tvis Semdegi formuliT: 

i

iis wT
λis
ρ

+=                   (30) 

sadac isw _ _uri arxiT Setyobinebebis uprioriteto gada-

cemaze rigSi lodinis saSualo droa, romelic ganisazRvreba 

i

s –uri gzisaTvis Semdegi gamosaxulebiT: 

⎟
⎟
⎞

⎜
⎛
−⎟

⎞
⎜
⎛
−

=

∑∑
′

⎠
⎜
⎝⎟⎠

⎜
⎝

+⋅∑

=

′

=
KK

1l
iii

112

w

ρρ
p

   (31) 

1l
l

l
l

K
2
l

c
ll

ii

is

)K1(τρ

p

p

sadac K ′ _ prioritetuli da araprioritetuli araerTgva-

rovani nakadebis saerTo raodenobaa, r somlebic miewodeba –uri 

gzis –ur

6. ganisazRvreba qselSi Setyobinebebis Cabarebis drois 

saSu vneloba  formuliT: 

i  arxs; 

alo mniS TCab

∑
=

=
M

i

i TT
1 γ
λ

iCab       ( ) 

 sadac

7. ganisazRvreba TiToeul 

32

, Cab.SCab TT ≤  

s –ur arxSi saSualo dayovnebis 

dro, arxebis SesaZlo mtyunebaTa gaTvaliswinebiT, formuliT 

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  wyvils 

Soris  da 

minM

 da ta sa

SMZm.g. SMm.g.τ  gaTvlebis safu  

iseT niSvn

Zvelze da SeirCeva maTi

i m eloba, romelic uzrunvelyofs tolobas 

iiis TTT =Δ+       (Cab.S.Cab. 33) 
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9. minM  mniSvnelobebisaTvis zustdeba arxebis mzadyofnis 

optimaluri  koeficientebis sidideebi. 

10. ganisazRvreba danaxarjebi qselis Seqmnil struqturaze 

formuliT 

sadac,  _ komutaciis an koncentraciis (saabonento sad-

guris) 

i
Km

)c,l(Цc,l(ЦЦЦ kki kij ∑∑ += k.ak.as.sRir    (34) )
M

1k
i

M

1i

M

1j
∑
===

+
d ms.s.

 
j

Цs.s

j –uri kvanZebis Rirebuleba;  _ qselSi gamoyenebuli 

odenoba;  _ kavSiris maRal-

siCqari  

ebiT;  _ qs lsiCqariani arxebis 

raod ic aerTeb m o sadgurebs; 

 _ kavSiris daba ni arxebis Rirebuleba maT 

debulebiT;  _ 

qsel

bulobebis gaTvaliswinebiT jer aigeba 

qselis xismagvari struqtura, Semdeg sabazo, xolo bolos ki es 

ukan kneli optimizirdeba im TanmimdevrobiT, romelic ganxilu-

lia aRniSnul paragrafSi 

 
 
 
 

s.s

iiik.a

arxebis Rirebuleba maT gaWimulobasa da gamtarunari-

m

),c,l(Ц
kk.a

gaWimulobasa da gamtarunarianobasTan

M

l(Ц

el

eT

 d

saabonento sadgurebis ra

anobasTan damokidebul

a, romleb

)c,

Si maRa

an Tan saabonent

ria

amoki

ani

enob

k

M

en erT

lsiCqak

dM

Si dabalsiCqariani arxebis raodenoba, romlebic gamoiyeneba 

saabonento punqtebis saabonento sadgurebTan da saabonento 

sadgurebis erTmaneTTan misaerTeblad. 

danaxarjebis miRebuli sidide Sedardeba xismagvar da 

sabazo struqturebze danaxarjebTan. am danaxarjebis sxvaoba 

axasiaTebs Seqmnili struqturis efeqturobas. 

yovelive am gansakuTre

as
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daskvna 

Teor
 

iuli da praqtikuli Sedegebi 

ebis meTodebi, zogierTi gadauwyveteli 

saki

ebis Sesrulebis 

(gamo

 SemTxveviTi sidides nebismieri 

ganaw

 qselSi paketis 

Cabar

i struqturis gaTvla, qselis sabazo struqturis gaTvla 

da monacemTa mimReb-gadamcemi qselis efeqturi struqturis 

gaTv

sadisertacio naSromSi miRebulia Semdegi mecnieruli da 

praqtikuli Sedegebi: 

1. 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 amaRl

Txebis 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 daval

Tvlebis) maRal efeqturad marTvis organizaciis xerxi, 

romelic maqsimalurs xdis gamtarunarianobas. 

am modelebSi Sesasrulebeli davalebis moculoba da 

aRdgenis dro warmoadgens

ilebis kanoniT, xolo mtyunebaTa da SeferxebaTa nakadebi 

emorCileba puasonis kanons. 

3. damuSavebulia maTematikuri modelebi

ebis realuri drois SefasebisaTvis kavSiris arxebze warmo-

qmnili Secdomebis gavlenis dros.  

4. damuSavebulia nebismieri daniSnulebis efeqturi stru-

qturebis gaTvlis meTodika, romelic moicavs sam TanmimdevrobiT 

etaps: kavSiris arxebis minimaluri gaWimulobis mqone qselis 

xismagvar

la. 

 

 26



 27

i

ks. XI Всероссийская 

конф

44. 

В о .

Л. Ш. Элиаури, Н. Арабули. 

Крип

ia., N. Arabuli. Protection of Information In Compiuter Networks. 

საქარ

ი უნივერსიტეტი. საერთაშორისო სამეცნიერო კონფერენციის 

„ინფ

რი 

უნივ

а . к

ისო კონფერენცია. მიმდინარე გამოწვევები 

ცოდ

a, V. Adamia, N. Jojua. On the Downtime of Some 

Standby Systems. საქართველოს ტექნიკური უნივერსიტეტი. შრომები 2010.  

(ჩაშვებულია გამოსაცემად).  

disertaciis ZiriTadi Sinaarsi gamoqveynebulia Semdeg 

samecniero statiebS :  

1.  V. Adamia, N. Arabuli. Protection of Data in Networ

еренция молодых ученых по математическому моделированию и 

информационным технологиям. 2010 г., г. Красноярск. c.43-

2. . Адамиа, Н. Арабули. Технология передачи голоса п  IP  Georgian 

engineering News, 2007, №2, ISSN 1512-0287. p.138-140; 

3. В. Адамиа, Н.В. Мачаварияни, 

тографическая защита информации в  локальной сети. Georgian engineering 

News, 2007, №3, ISSN 1512-0287. p.106-110; 

4. V. Adam

თველოს ტექნიკური უნივერსიტეტი. შრომები. ISSN1512-0996 N3(465). 

2007. გვ. 34-37; 

5. В. Адамиа, Н. Арабули,  Л. Ш. Элиаури.  Об одном методе определения 

предельного интервального  коэффициента готовности. საქართველოს 

ტექნიკურ

ორმაციული ტექნოლოგიები 2008“ მოხსენებათა კრებული. 2008.  გვ. 

169-172.  

6. В. Адамиа. Технология беспроводной связи. საქართველოს ტექნიკუ

ერსიტეტი. საერთაშორისო სამეცნიერო კონფერენციის „ინფორ-

მაციული ტექნოლოგიები 2008“ მოხსენებათა კრებული. გვ. 275-277. 2008 

7. В. Адами , Н. Арабули,  Л Ш. Элиаури.  Определение оэффициента 

производительности технической системы с учетом ее надежности. პირველი 

ყოველწლიური საერთაშორ

ნის მართვაში - „ცოდნა ცხოვრებისათვის“. გორის უნივერსიტეტი. 

საქართველო 2008. გვ. 52-54. 

8. R. Xurodze, R. Kakubav


	daskvna

