
ნანული   მიქიაშვილი

მრავალარხიანი   მომსახურე   სისტემების  საიმედოობის და  

ეფექტურობის  პროგნოზირების  ადაპტური   მოდელები 

წარმოდგენილია  დოქტორის აკადემიური ხარისხის  

მოსაპოვებლად 

საქართველოს ტექნიკური უნივერსიტეტი 

თბილისი, 0175, საქართველო 

წელი 

 

 ivსაავტორო უფლება © წელი, მიქიაშვილი  ნანული 



 v

საქართველოს ტექნიკური უნივერსიტეტი 

 
ინფორმატიკისა  და  მართვის  სისტემების  ფაკულტეტი  

 

ჩვენ, ქვემორე ხელისმომწერნი ვადასტურებთ, რომ გავეცანით 

მიქიაშვილი ნანულის  მიერ შესრულებულ სადისერტაციო ნაშრომს 

დასახელებით: «მრავალარხიანი   მომსახურე   სისტემების  საიმედოობის 

და  ეფექტურობის  პროგნოზირების  ადაპტური   მოდელები» და ვაძლევთ 

რეკომენდაციას საქარველოს ტექნიკური უნივერსიტეტის ინფორმატიკისა 

და მართვის სისტემების ფაკულტეტის სადისერტაციო საბჭოში მის 

განხილვას დოქტორის აკადემიური ხარისხის მოსაპოვებლად. 

 

თარიღი  

  

 

ხელმძღვანელი: სრული  პროფესორი  ილია  მიქაძე 

რეცენზენტი:  

რეცენზენტი:  

 

 



 vi

საქართველოს ტექნიკური უნივერსიტეტი 

წელი  2008 

  

 
ავტორი:  მიქიაშვილი ნანული 

            დასახელება:  მრავალარხიანი   მომსახურე   სისტემების   

          საიმედოობის და  ეფექტურობის  პროგნოზირების   

          ადაპტური   მოდელები 

 

ფაკულტეტი :   ინფორმატიკისა და მართვის სისტემების  

                                   ფაკულტეტი 

ხარისხი:            დოქტორის აკადემიური ხარისხის  

                                    მოსაპოვებლად 

სხდომა ჩატარდა:                                      თარიღი  

 

ინდივიდუალური პიროვნებების ან ინსტიტუტების მიერ 

ზემომოყვანილი დასახელების დისერტაციის გაცნობის მიზნით მოთხოვნის 

შემთხვევაში მისი არაკომერციული მიზნებით კოპირებისა და გავრცელების 

უფლება მინიჭებული აქვს საქართველოს ტექნიკურ უნივერსიტეტს. 

 

ავტორის ხელმოწერა 

 

ავტორი ინარჩუნებს დანარჩენ საგამომცემლო უფლებებს და არც 

მთლიანი ნაშრომის და არც მისი ცალკეული კომპონენტების გადაბეჭდვა ან 

სხვა რაიმე მეთოდით რეპროდუქცია დაუშვებელია ავტორის წერილობითი 

ნებართვის გარეშე.  

ავტორი ირწმუნება, რომ ნაშრომში გამოყენებული საავტორო 

უფლებებით დაცული მასალებზე მიღებულია შესაბამისი ნებართვა (გარდა 

ის მცირე ზომის ციტატებისა, რომლებიც მოითხოვენ მხოლოდ სპეციფიურ 

მიმართებას ლიტერატურის ციტირებაში, როგორც ეს მიღებულია 

სამეცნიერო ნაშრომების შესრულებისას) და ყველა მათგანზე იღებს 

პასუხისმგებლობას. 



 vii

r e z i u m e  

 
arsebuli masalebis analizis safuZvelze dadgenilia, rom 

teqnikur sistemaTa funqcionireba, rogorc wesi mimdinareobs 
maTze destablizaciis gamomwvevi faqtorebis uwyveti 
zemoqmedebis pirobebSi, romlis Sedegadac adgili aqvs 
gamoyenebuli nakeTobaTa mdgrad da TviTlikvidirebad 
mtyunebebs. am faqtorebis sistemuri analizi, saxeldobr 
saimedoobis da xangamZleobis uzrunvelyofis da Sefasebis 
meTodebis damuSaveba, warmoadgens Tanamedrove mecnieruli 
kvlevebis wamyvan mimarTulebas. am mimarTulebiT pirvel TavSi 
miRebulia Semdegi ZiriTadi daskvnebi:  

struqturuli da droiTi darezerveba warmoadgens 
saimedoobis amaRlebis yvelaze efeqtur meTods;  

Catarebulia teqnikuri sistemebis da manqana-danadgarTa 
mtyunebebis klasifikacia da dasabuTebulia albaTobaTa 
ganawilebis zogierTi kanonebis gamoyenebis mizanSewonileba, 
roca adgili aqvs sxvadasxva saxis mtyunebebs;  

naCvenebia maCvenebliani nareviT ganawilebis nebismieri 
funqciebis aproqsimaciis miaxloebis maRali efeqtianoba.  

meore TavSi ganxilulia, rom teqnikur mowyobilobebSi 
ucabedi, myisieri mtyunebebis mimarT, saerTo CanacvlebiT da 
aRdgeniTma mudmivma rezervirebam didi gamoyeneba da gavrceleba 
moipova rezervirebis am meTodis upiratesoba Zalian farTod 
gamoiyeneba kompleqsurad sazomi mowyobilobebis dros mimRebis 
analogiur gamosasvlebebze, aseve efeqturad gamoiyeneba 
avtomatikis lokalur rTul qveistemebSi.  

Warbi informaciis gadamamuSavebeli mowyobilobebis 
qvesistemebSi Zalian xSirad gamoyenebulia aparaturuli 
saSualebebi aRdgenis funqciis sarealizaciod, roca Warbi 
informaciis algoriTmis damuSaveba daiyvaneba sxvadasxva saxis 
sazomi mowyobilobebis signalebs Soris logikur operaciebamde.  

gamokvleulia saimedoobis modeli paraleluri rezervuli 
sistemis CanacvlebiT da ara aRdgena arsebiTi SezRudvebiT, 
mtyunebis da aRdgenis ganawilebis kanonebis nairsaxeobiT.  

am TavSi ganxilulia teqnikuri sistemebis saimedoobis 
gaangariSebis analizuri meTodebi mtyunebaTa saxeebis mixedviT 
sawyisi SemTxveviTi procesebis umniSvnelo SezRudvebis 
pirobebSi, amitom am TavSi miRebul Sedegebs aqvT 
ganzogadebuli xasiaTi da isini gamosadegia teqnikis sxva 
dargebSic, kerZod ganxilulia da gaanalizebulia saimedoobis 
sxvadasxva maTematikuri modelebi, romelTa analizis 
safuZvelze:  

gansazRvrulia teqnikur sistemaTa saimedooba, mudmivad 
CarTuli rezerviT (Warbi raodenobis seqciiT). literaturaSi 
arsebuli saimedoobis gaTvlis meTodebTan SedarebiT, aq 
gaTvaliswinebulia garkveuli raodenobis seqciis dazianebis 
SemTxvevaSi mocdenis SemTxveviTi dro, romelic ganawilebulia 
nebismieri kanoniT da  romelic ixarjeba qmediTunarianobis 
aRdgenaze, roca mtyunebaTa intensivobis aqtiuri da pasiuri 
seqciebi erTmaneTisagan gansxvavdebian. gansazRvrulia 
mzadyofnis funqcia da koeficienti, aseve umtyuno muSaobis 
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saSualo dro.  
SemoTavazebulia saimedoobis maCveneblebis gansazRvris 

ori originaluri meTodi, roca adgili aqvs maCvenebliani 
kanoniT ganawilebuli ori saxis mtyunebas: aRmoCenads aRZvris 
momentSi – uecar mtyunebas da TandaTanobiTs – aRmoCenads 
mxolod perioduli kontroliT. gansazRvrulia perioduli 
kontrolis periodulobis saukeTeso mniSvneloba. sakontrolo 
mowyobilobis saxis da saimedoobis gaTvaliswinebiT. miRebulia, 
rom aRdgenis, perioduli kontrolis da kontrolis 
periodulobis dro, SemTxveviTi sididea – ganawilebuli 
nebismieri kanoniT.  

gansazRvrulia sxvadasxva teqnikuri sistemebi, saimedoobis 
maCveneblebi, roca SesaZlebelia mtyunebaTa nakadi aRiweros 
mimdevrobiT – paraleluri fiqtiuri etapebiT (e.w. erlangis 
nareviT). mtyunebaTa nakadis aseTnairad aRwera iZleva imis 
garantias, rom uzrunvelyofili iqneba saimedoobis 
maCveneblebis prognozirebis maRali sizuste.  

gansazRvrulia mudmivad CarTuli dublirebuli sistemis 
saimedoobis maCveneblebi rezervis gadarTvis drois 
gaTvaliswinebiT, roca aRdgenisa da rezervis gadarTvis dro 
ganawilebulia nebismieri kanoniT. modelis es tipi Seswavlilia 
aRdgenis Teoriis gamoyenebiT.   

mesame TavSi ganxilulia teqnikuri momsaxurebis 
racionaluri strategiis SerCevis sakiTxebi, rac saSualebas 
iZleva saukeTeso Sedegebs mivaRwioT damatebiTi Zalebisa da 
saSualebebis mozidvis gareSe.  

aseve teqnikuri sistemis drois mixedviT evoluciis aRmwer 
maTematikur modelebad gamoiyeneba SemTxveviTi procesebi, 
romelic erT-erT Semdeg klass ganekuTvnebian: regenirebads, 
naxevar markovis SemTxveviT procesebs.   

naSromSi ganxilulia teqnikuri momsaxurebis amocanebSi 
gansazRvruli, momsaxure sistemis (Semsrulebeli organos) 
xangrZlivi eqspluataciis pirobebSi misi funqcionirebas 
xarisxis Semdegi maCveneblebi: mzadyofnis koeficienti, gegmiuri 
samuSao davalebis Sesrulebis albaTuri maxasiaTebeli 
(operatiuli mzadyofnis koeficienti), sistemis 
qmediTunarianobis kontrolis da profilaqtikuri samuSaoebis 
Catarebis optimaluri wesebi, kalendaruli drois ganmavlobaSi 
teqnikuri sistemis funqcionirebis optimaluri gamoyenebis 
kriteriumi.  

aseve ganxilulia komunikaciuri teqnologiebis SerCevis 
ZiriTadi problemebi maRali mwarmoeblurobis mqone klasteris 
ganviTarebis procesSi. aRwerilia axali sakomunikacio 
teqnologiebis da qselis datvirTvis optimaluri ganawilebis 
gamoyenebiT kompiuteris klasteris mwarmoeblurobis gazrdis 
gzebi.  

sadisertacio naSromSi wamoyenebuli da Catarebuli 
kvlevis safuZvelze arsebuli masalis mimoxilviTa da analiziT 
SeiZleba davaskvnaT, rom saimedoobis amaRlebis yvelaze 
efeqtur meTodad CaiTvleba struqturuli da droiTi 
rezervireba.  

teqnikuri sistemebis mtyunebebis aseTi aRwera, saSualebas 
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gvaZlevs umtyuno muSaobis ganawilebis maCveneblebiani 
gamoyeneba. es ukanaskneli, maTSi Semavali parametrebis 
saTanadod SerCeviT uzrunvelyofs realurTan miaxloebis 
nebismier sizustes.  
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Analytical methods of calculating of technical system reliability. Results received by 
analytical methods of calculating of technician’s systems’ reliability with the 

ABSTRACT  
 

In the first chapter is discussed functioning of technical systems that passes under the 
condition of interrupted influence of destabilization causing factors, and as a result 
steady and self-elimination failures of used devices take place. Systematic analysis of 
these factors, particularly elaboration of methods of reliability and duration security 
and evaluation methods presents the leading direction of modern scientific researches. 
In this direction structural and temporary reservation is the most effective method of 
increasing reliability. Classification of technical systems’ failures is carried out and 
expediency of using of some rules of probabilities distribution is proved in the case of 
various types of failure. High efficiency of approximation of any distributive function 
with exponential mixture is shown.  
In the second chapter in automatic computer control technical devices in case of 
random failure the common constant reservation with substitution and rehabilitation is 
widely spread. The advantage of reservation method is more completely shown when 
measuring devices are supplied with analogue output. They are effectively applied in 
local subsystems of complex automatic systems.  
In such subsystems as the redundant information processing unit some devices are 
often used for realizing the function of rehabilitation. Significant increase of reliability 
is achieved in case when in the algorithm of redundant information processing, signal 
comparison logical operation of different measuring units is introduces. I in the paper.  
A model of reliability for parallel – reserved systems with the substitution and 
rehabilitation without significant limitations in the modes of failure and rehabilitation 
distribution rules is investigates.  
Second chapter discusses Indices of technical systems, coefficients of readiness, 
optimal rules of system capability control and implementation of preventive works, 
criteria of optimal use of technical system’s functioning in calendar time.  
Modern engineering methods of technical system’s creation and exploitation mean the 
active use of quantitative methods of analysis and synthesis at the every stage of their 
existence. Only such approach gives us possibility to create high effective technical 
system. The same once concern the problem of securing the reliability. The production 
is characterized by discrete-uninterrupted processes, which belong to the less learned 
technical system’s class.  
Unity of these confirmed and raised in this dissertation presents the generalization and 
solution of scientifically important actual problems, which has theoretical and applied 
significance. In particular general methodology of calculating reliability of devices, 
organization technical methods of increasing of reliability, methods of prognosis and 
estimation of reliability, various classes of generalized mathematical methods of 
reliability are elaborated as a result of approach of reliability research.  
On the base of review and analysis of exiting materials structural and temporal 
reservation must be considered as a most effective method of increasing of reliability. 
This provides any necessary accuracy of approach with real one by the proper 
selection of incoming parameters. For the first time the main indices of technical 
system’s reliability was determined, which are characterized by two types of failure: 
sudden (catastrophic) and consecutive. Original methods of reliability indices’ 
determination are elaborated in this order, and on the base of its use it is possible to 
choose the best way of controlling of system’s capability and its parameters. Obtained 
results provide: to establish evidently the demands to the main indices of reliability 
determination and to evaluate them in accordance with the use of technical devices 
and given regimes; to choose the best temporal diagram of use, to choose the 
relationship of reliability indices of device with the main characteristics, such is 
output.  
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consideration of type of failure have generalized character and in the condition of 
insignificant limitation of initial accidental processes they are suitable for other 
branches of technique. In particular, various mathematical models of reliability are 
considered and analyzed, and on the basis of these models’ analysis reliability of 
tech9ncal with permanently switching reserve (redundant quantity of section) is 
determined by comparison of calculating methods of existing reliability known from 
literature.  
The work deals with the problem of periodical and uninterruptedly controlled 
technical systems.  
The original method of calculation of ready coefficient, with the consideration of 
reliability of control systems has been discussed. The expression of economic effects 
of the given system is also defined.  
In the third chapter considers accidental time of stoppage in the case of damage of 
definite quantity of section is implied, which is distributed by any rules and which is 
used for rehabilitation of capability, when active and passive sections of failure 
intensity differ from each other. Readiness function and coefficient are determined, as 
well as average time of working without failure. Two original methods of 
determination of reliability indices are offered, when two type of failure distributed by 
expenditure rule takes a place: instantaneous failure, when is detected in moment of its 
beginning and consecutive, which is detected only by periodical control. The best 
value of periodicity of recurrent control is determined by control devices and with the 
consideration of reliability. It is accepted that recurrent control of rehabilitation and 
tome of periodicity of control are accidental value, which are distributed by any rule. 
Indices of various technical systems’ reliability are determined when it is possible to 
describe the failure flow by consecutive-parallel fictitious stages (so called Erlange 
mixture). Such description of failure flow gives us a guarantee that high accuracy of 
reliability indices’ prognosis will be secured. Indices of constantly switched duplicate 
systems’ reliability are determined. Time of switch of reserve is distributed by any 
rule. This type of model is studied by use of rehabilitation theory. All adoptive models 
examined in this dissertation are characterized by insignificant limitation concerning 
distributive function of random processes and that is the guarantee of identity of unity 
of offered mathematical models of reliability with its original. That’s why the 
boundaries of using of results obtained in dissertation are wide enough.   
Original methods of readiness coefficients calculation of periodically and 
continuously controlled technical systems are given in this work with the 
consideration of reliability of operative control systems, also determined expression of 
considered system’s economic effect is defined.  
All adoptive models of reliability considered in this work are characterized by 
insignificant limitation concerning distributive function of initial accidental processes 
and that is the guarantee of identity of unity of offered mathematical models of 
reliability with its original. That’s why the boundaries of using of results obtained in 
dissertation are wide enough.  
Reservation with general substitution concerning instantaneous, sudden failure if 
technical systems and rehabilitation constantly reservation is widely spread. 
Advantage of this method of reservation is widely used in the case of complex 
measuring devices at the analogues exit of receiver, also is effectively applied in local 
subsystem of automatic devices. Operative facilities functions are often used of 
realization of rehabilitation in the subsystems of excessive information treatment’s 
devices. Increase of reliability is achieved when the treatment of redundant 
information algorithm is coming to local operation between signals of various 
measuring devices. A model of reliability with substitution of parallel-reserved 
systems and without significant limitation in the various modes of distribution rules of 
failure and rehabilitation is investigated.  
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There are considered the basic problems of selection of communication technologies 
at development of the High Performance Cluster. The ways of increasing the 
performance of the computer cluster by using new communication technologies and 
optimum distribution of the network load are described.  
The results received in the dissertation work enable us to ascertain the demands for 
basic, defining indicators of reliability and evaluate them in accordance with the usage 
of technical equipments and the given technical regime.  
To choose carefully the connection of time diagram and reliability indicators of the 
technical equipment with the basic characteristic, such as productivity.  
All the adaptive models of reliability discussed in the dissertation work are 
characterized by some title restrictions towards the distribution function of initial 
process, which guarantees the adequacy of the unity of proposed mathematical models 
to the original. That’s why the bounds of the usage of the dissertation results are quite 
wide. Given results have the practical usage they are mainly good and effective.  
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Sesavali 
 

 disertaciis Temis aqtualoba. saxalxo meurneobis  

efeqturobis gazrdis da gamoSvebuli produqciis xarisxis 

gaumjobesebis problema saxelmwifo mniSvnelobis amocanaa. es 

aixsneba, pirvel rigSi imiT, rom mimdinare samecniero-teqnikuri 

evolucia xasiaTdeba rTuli maRali mwarmoeblurobis  marTvis 

sistemebis sul ufro farTo gamoyenebiT mrewvelobis yvela 

sferoSi, romelTa funqcionirebis efeqtianoba fasdeba 

saimedoobisa da mwarmoeblurobis maCveneblebiT.  

 miuxedavad saxalxo meurneobaSi gamoyenebuli teqnikis 

nairsaxeobisa da maTi muSaobis sxvadasxvagvari pirobebisa, 

saimedoobis maCvenebelTa formireba xdeba saerTo kanoniT, 

romelic emorCileba mtyunebaTa aRZvris erTian logikas. am 

kavSirebis aRmoCena aris ZiriTadi piroba teqnikur sistemaTa 

saimedoobis saukeTeso SefasebisaTvis, warmoebis racionaluri 

sistemebis Seqmnisa da gamocdisaTvis. saimedoobis dargSi 

Sesrulebuli da gamoqveynebuli uamravi literaturis analizma 

gvaCvena, rom saimedooba TavisTavSi moicavs  sinTezs yovelive 

imisa, rac xels uwyobs nakeTobaTa da mis elementTa 

qmediTunarianobis amaRlebas. is warmoadgens teqnikur sistemaTa 

proeqtirebis, teqnologiurobis da eqspluataciis dargSi 

arsebuli miRwevebis sarkes. saimedooba es aris nakeTobaTa 

xarisxis da usafrTxoebis erT-erTi ZiriTadi maCveneblTagani, 

romelic gamovlindeba droTa ganmavlobaSi da miuTiTebs 

eqspluataciis procesSi, teqnikur sistemebSi mimdinare 

cvlilebebze. amitom eqspluataciis mocemul pirobebSi teqnikur 

sistemaTa mosalodneli yofaqcevis prognozireba  warmoadgens 

ZiriTads, romelic gansazRvravs gamoSvebuli produqciis 

xarisxs da usafrTxoebas. 

warmoebis da marTvis Tanamedrove saimedo teqnikuri 

saSualebebis daproeqteba dakavSirebulia sxvadasxva 

kompleqsuri RonisZiebebis SesrulebasTan. cnobilia, agreTve, 
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rom sistemebisa da mowyobilobebis daxvewa, rac dakavSirebulia 

arasakmaris saimedoobasTan, uaRresad ZviradRirebulia.  

 aRniSnuli garemoeba ganapirobebs moTxovnaTa amaRlebas 

saprognozo Sefasebis mimarT daproeqtebis etapebze, rac Tavis 

mxriv, gansazRvravs moTxovnebs gaangariSebis meTodebis 

SerCevisa da SemuSavebis mimarT.  

 Tanamedrove teqnikuri sistemebis warmoebaTa saimedoobisa 

da efeqtianobis uzrunvelyofis sferoSi naSromebis analizi 

iZleva saSualebas CamovayaliboT Semdgomi kvlevebis erT-erTi 

mniSvnelovani dargis teqnikuri sistemebis saimedoobis 

maCveneblebis Sefasebis ufro daxvewili meTodebis Seqmna.  

 rTuli sistemebis saimedoobis gaangariSebisaTvis 

gamoiyeneba sxvadasxva meTodebi (analizuri, statistikuri, 

modelirebis da sxv.), romelTagan TiToeuli misadagebulia 

saimedoobis gaangariSebisaTvis, garkveuli daSvebisa da 

SezRudvebis pirobebSi, nakeTobis specifikis gaTvaliswinebiT.  

 saimedoobis Sefasebis meTodebisa da sawyisi daSvebebis 

marTebuli arCeva iZleva saSualebas amaRldes saimedoobisa da 

mwarmoeblobis prognozirebis utyuaroba. 

 saimedoobis Sesafaseblad statistikuri modelebi gvaZlevs 

saSualebas ufro moqnilad, meti sizustiT vidre analitikuri 

meTodebi, avsaxoT Sesafasebeli nakeTobis struqturis 

Taviseburebani da funqcionirebis algoriTmebi. imitaciuri 

modelirebis dros kvleva tardeba realuri obieqtis 

programuli aslis daxmarebiT, rac ueWvelad mis did Rirsebas 

warmoadgens. 

 magram, programuli modelirebis gziT miRebul Sedegebs 

yovelTvis aqvs kerZo xasiaTi da isini TvalsaCinoebas 

moklebulia.  

 analizuri modelireba, romelsac miekuTvneba disertaciaSi 

warmodgenili Sedegebi, meTodurad yvelaze rTulia. analizuri 

modelis da misi originalis adeqvaturoba yovelTvis eWvs 

iwvevs. miuxedavad amisa, im SemTxvevebSi, rodesac analizuri 
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modelis originalTan miaxloeba misaRebia, analizis Sedegebi 

aRweven iseT iSviaT siRrmes da sisrules, romelic sxva 

meTodebis gamoyenebiT miiRweva mxolod eqperimentTa didi 

moculobis da didi danaxarjebis Sedegad. 

 am naSromSi warmodgenili meTodebis gamoyenebiT SeiZleba 

gaviTvaliswinoT zemomqmedi faqtorebis didi raodenoba da 

sawyisi monacemis araeqsponencialoba, amitom isini 

uzrunvelyofen saimedoobis maCveneblis prognozirebis sakmariss 

sizustes. 

 zemoTaRniSnulis gaTvaliswinebiT disertaciis Tema 

aqtualuria. 

 kvlevis mizani. sadisertacio naSromis ZiriTad mizans 

warmoadgens principulad axali midgomis safuZvelze teqnikuri 

sistemebis saimedoobis analizisa da amaRlebis meTodebis Seqmna 

– saxeldobr, im maCveneblebis saukeTesod Sefasebis, romlebic 

uSualod ganapirobeben teqnikur sistemaTa ekonomiur 

efeqtianobas. 

 aRniSnuli miznidan gamomdinare naSromis ZiriTadi 

amocanebia:  

 originalTan saukeTesod miaxloebuli maTematikuri 

modelebis Seqmna; 

 funqcionirebis xarisxis maCveneblebis SerCeva, 

dasabuTeba da analizi sakontrolo sistemis saxisa da 

saimedoobis gaTvaliswinebiT; 

 teqnikuri sistemebis racionaluri mwarmoeblobis 

uzrunvelyofa mtyunebaTa Sedegebis likvidaciaze 

daxarjuli drois Semcirebis xarjze; 

 eqspluataciis procesSi teqnikuri sistemebis 

saimedoobis amaRlebis oragnizaciul-teqnikuri xasiaTis 

modelebis da meTodebis Seqmna. 

kvlevis obieqti. teqnikuri sistemebi. 

samecniero siaxle. sadisertacio naSromis yvela ZiriTadi 

Sedegi warmoadgens samecniero siaxles. kerZod, damuSavebulia 
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saimedoobis TvalsazrisiT maRalmwarmoebluri da 

mtyunebadmdgradi teqnikuri sistemebis Seqmnis sakiTxebi. 

miRebulia ganzogadoebuli gamosaxulebebi imis albaTobisa, rom 

mocemuli moculobis samuSao Sesrulebuli iqneba dagegmil 

droSi misi saimedoobis gaTvaliswinebiT. SemoTavazebuli 

teqnikuri sistemebis gamoyenebis saukeTeso droiTi diagrama. 

aseve teqnikuri sistemebis da sakontrolo sistemis 

maxasiaTeblebi dakavSirebulia mwarmoeblobis koeficientTan da 

ekonomiur efeqtianobasTan. 

kvlevis meTodebi. naSromSi gamoyenebulia: saimedoobis, 

SemTxveviT procesebis, operaciuli aRricxvis, diferencialur 

da integralur gantolebaTa Teoriis meTodebi. 

praqtikuli Rirebuleba. sadisertacio naSromis 

praqtikuli Rirebuleba mdgomareobs kvlevis Sedegad miRebuli 

formulebis da algoriTmebis farTo gamoyenebis 

SesaZleblobaSi. isini dayvanili arian praqtikulad misaRebi 

gamoTvlebis doneze. miRebuli Sedegebi gankuTvnilia 

mtyunebamdgradi teqnikur sistemaTa dasaproeqteblad da 

saimedoobis asamaRleblad eqspluataciis procesSi. mTlianobaSi 

sadisertacio naSromis Sedegebi Seadgens teqnikuri sistemebis 

saimedoobis analizisa da Sefasebis gamoyenebiTi programebis 

paketis damuSavebisaTvis mZlavr Teoriul da meTodur bazas, 

xolo aseTi programuli paketi Tavis mxriv ganxiluli 

obieqtebis da sistemebis avtomatizirebuli proeqtirebis 

ZiriTadi Semadgeneli nawilia. 

naSromis aprobacia. disertaciis ZiriTadi Sedegebi 

moxsenebuli da ganxilulia saqarTvelos politeqnikur 

universitetSi 2007-2008 wels gamarTul saerTaSoriso 

samecniero-teqnikuri konferenciaze .  

mecnieruli debulebebis, daskvnebisa da praqtikuli 

rekomendaciebis sarwmunoeba. miRebuli Sedegebis, formulebisa 

da gantolebebis koreqtuloba dasturdeba maTi mkacri 

dasabuTebiT, dasaxuli amocanebis gadawyvetisaTvis 
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SemoTavazebuli midgomebis maTematikuri interpretaciiT da 

cnobili amonaxsnebis mqone im praqtikuli amocanebis didi 

raodenobiT, romlebic miiRebian, rogorc kerZo SemTxvevebi. 

publikaciebi. disertaciis Temis irgvliv gamoqveynebulia 

DoTxi samecniero naSromi. Aaqedan sami stu-Si Catarebul 

saerTaSoriso konferenciebze 2007-2008 wlebSi. erTi statia 

Georgian Engeneering News samecniero JurnalSi.  

sadisertacio naSromis struqtura da moculoba. 

sadisertacio naSromi Sedgeba Sesavlis, sami Tavisagan, 

daskvnebisagan da gamoyenebuli literaturis siisagan 72 

dasaxeleba, saerTo moculoba Seadgens 123  gverds.  

disertaciis pirveli Tavi eZRvneba teqnikuri sistemebis 

saimedoobis uzrunvelyofis problemebis kvlevisadmi miZRvnili 

literaturis mimoxilvas. ganxilulia Semdegi sakiTxebi: 

saimedooba da efeqtianoba,  teqnikuri sistemebis saimedoobis 

maCveneblebi da mtyunebaTa klasifikacia. ganawilebis nebismieri 

kanonebis aproqsimaciis meTodebi maCvenebliani nareviT, rogorc 

saimedoobis gazrdis saSualeba (struqturuli da droiTi 

darezerveba). teqnikuri sistemebis organizaciul-tqnikuri da 

teqnologiuri meTodebi, saimedoobis gaTvlis meTodebi 

(masobrivi momsaxurebis meTodebi, naxevradmarkovuli procesebi, 

damatebiTi cvladis meTodi). 

meore Tavi eZRvneba teqnikuri sistemebis saimedoobis 

maCveneblebis gansazRvris sakiTxebs sawyisi SemTxeviTi 

procesebis ganawilebis funqciebisadmi moTxovnaTa minimalurad 

dasaSvebi SezRudvebiT. am TavSi ganxilulia da gaanalizebulia: 

adapturi dublirebuli sistema mudmivad CarTuli rezerviT, 

romelic gansxvavdeba literaturaSi cnobili modelebisagan 

imiT, rom gaTvaliswinebulia rezervis dro, rogorc SemTxveviTi 

sidide, ganawilebuli nebismieri kanoniT. modelebi, romlebSic 

originaluri meTodis gamoyenebiT gansazRvrulia intervaluri 

da zRvruli mzadyofnis koeficientebi sakontrolo sistemis 

saxis da saimedoobis gaTvaliswinebiT. Seswavlilia teqnikuri 
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sistemis saimedooba, roca adgili aqvs sxvadasxva saxis 

mtyunebebs. 

mesame TavSi gamokvleulia teqnikuri sistemebis 

saimedoobis amaRlebis saorganizacio-teqnikuri xerxebi, 

ekonomikuri efeqtianobis da sakontrolo aparaturis 

saimedoobis gaTvaliswinebiT. gansazRvrulia qmediTunarianobis 

kontrolis sistemis saxis da saimedoobis parametrebis gavlena 

mwarmoebulobis koeficientze. es gamokvlevebi Catarebulia 

avtoriseuli originaluri meTodis gamoyenebiT. 
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Tavi I. teqnikuri sistemebis saimedoobis 

uzrunvelyofis Tanamedrove problemebi 

 

Cvens droSi kacobrioba Sevida samecniero-teqnikuri 

evoluciis epoqaSi. teqnikuri procesi dakavSirebulia rTuli, 

srulyofili teqnikur sistemaTa da xelsawyoebis SeqmnasTan, 

maTi maxasiaTeblebis mimarT moTxovnaTa mudmiv gazrdasTan, 

sxvadasxva teqnikur mowyobilobaTa erTian kompleqsebad 

gaerTianebis aucileblobasTan. yovelive amasTan dakavSirebiT 

ismeba axali samecniero-teqnikuri problemebi. erT-erT ZiriTad 

problemas warmoadgens saimedoobis problema. 

Tanamedrove teqnikuri mowyobilobebisaTvis  

damaxasiaTebelia maTi ganviTarebis Semdegi mimarTulebebi: 

samuSao parametrebis gazrda, (datvirTvis, siswrafis, 

efeqturobis, saimedoobis, temperaturis da sxva), 

mowyobilobebis gaerTianeba sistemebSi erTiani marTviT.  

teqnikuri mowyobilobebis  konstruqciis garTulebam da 

maTdami moTxovnaTa gazrdam, Tavis mxriv, gamoiwvia 

aucilebloba maTi saimedoobisa da gamZleobisadmi moTxovnaTa 

mimarT. 

saimedoobis problemis gadawyveta – saxalxo meurneobis 

efeqtianobis gazrdis uzarmazari rezervia.  teqnikuri sistemebi, 

romelTa umtyuno muSaobis mimarT ayeneben maRal moTxovnebs, 

xSirad ar gamoiyeneba maTi potenciuri SesaZleblobebis 

Sesabamisad. 

drois da Tanxebis gansakuTrebiT did xarjebTan 

dakavSirebulia unikaluri teqnikuri sistemebis arasaimedo 

muSaoba, maTma arasaimedo muSaobam SeiZleba gamoiwvios 

aramarto uxarisxo da arasaimedo produqciis gamoSveba, aramed 

gamoiwvios mZime Sedegebi. 

saimedoobis problemebis Taviseburebebs warmoadgens misi 

kavSiri teqnikuri sistemis daproeqtebis, warmoebis da 

gamoyenebis yvela etapTan. aqedan TiToeul etaps Tavisi wvlili 
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Seaqvs iseT rTul saqmeSi, rogoricaa drois da saxsrebis 

minimaluri xarjebiT saimedoobis maRali donis mqone teqnikuri 

sistemis Seqmna. teqnikuri sistemis saimedoobasTan 

dakavSirebuli ZiriTadi problemebis gadawyveta uSualo 

gavlenas axdens mis saeqspluatacio da ekonomikur 

maCveneblebze, romlebic xSirad winaaRmdegobaSi modian 

erTmaneTTan, amitomac saWiroa saimedoobisa da SesaZleblobaTa 

maCveneblebs Soris arsebuli kavSirebis gamovlineba maTi 

gazrdis mizniT teqnikuri sistemis da proeqtebis, warmoebis da 

eqspluataciis yvela etapze.  

teqnikuri sistemis daproeqtebis da gaangariSebis dros 

iTvaliswineben misi saimedoobis maxasiaTeblebs. teqnikuri 

sistemis saimedooba damokidebulia sistemisa da misi kvanZebis 

konstruqciaze, gamoyenebuli masalis, sxvadasxva mavne 

gavlenebis winaaRmdeg dacviT meTodebze, mis Semgueblobaze, 

remontis da momsaxurebis mimarT. 

warmoebis dros saimedooba damokidebulia damzadebuli 

detalebis xarisxze, kontrolis meTodebze, teqnikuri sistemis 

da misi kvanZebis awyobis xarisxze, gamocdis meTodebze da sxva. 

eqspluataciis dros teqnikuri sistemis saimedooba 

damokidebulia misi eqspluataciis meTodebsa da pirobebze, misi 

remontis miRebul sistemaze, teqnikuri momsaxurebis sistemaze, 

muSaobis reJimze da saeqspluatacio faqtorebze. 

saimedoobis Sesaxeb mecniereba da gamokvlevebi bolo 

dromde viTardeboda ori ZiriTadi mimarTulebiT: 

pirveli mimarTuleba, romelic radioeleqtronikaSi 

Camoyalibda, ukavSirdeba saimedoobis Sefasebis maTematikuri 

meTodebis ganviTarebas, gansakuTrebiT rTuli sistemebis mimarT 

da agreTve, saeqspluatacio informaciis statistikur 

damuSavebas, rTul sistemaTa struqturebis SemuSavebas, rac 

uzrunvelyofs saimedoobis dones. 

meore mimarTuleba, romelic manqanaTmSeneblobaSi 

Camoyalibda, ukavSirdeba mtyunebaTa fizikis Seswavlas, 
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gamZleobas, gacveTis, da sxv. gaTvlis meTodebis SemuSavebas 

iseTi teqnologiuri xerxebis gamoyenebiT, romlebic 

uzrunvelyofen manqanis saWiro saimedoobas. 

amJamad, mimdinareobs am ori mimarTulebis Serwymis 

procesi, racionaluri ideebis gadatana erTi sferodan meoreSi 

da mis safuZvelze, nakeTobaTa da saimedoobis Sesaxeb erTiani 

mecnierebis Camoyalibeba. swored aseTi midgomaa 

ganxorcielebuli mocemul sadisertacio naSromSi. 

 

       

1.1. mtyunebamdgradi sistemebis damuSavebis 

problemebi 

 

teqnikuri sistemebis proeqtirebis dros realizdeba maT 

mier im funqciaTa CamonaTvalis Sesrulebis SesaZlebloba, 

romelic gaTvaliswinebulia teqnikuri davalebiT. struqturuli 

da aparaturuli realizacia SemuSavebis sawyis etapze 

Semoifargleba sistemis minimalurad aucilebeli variantis 

SeqmniT sistemis minimaluri variantis TiToeuli obieqtis 

kvanZis mtyuneba iwvevs erTi an ramodenime funqciis 

Seusruleblobas [5, 7, 8, 15, 18]. 

sistemis minimaluri variantis saimedoobis maxasiaTeblebi 

iSviaTad akmayofileben maTdami wayenebul moTxovnebs. amis gamo 

iqmneba aucilebloba maTi saimedoobis gazrdis sxvadasxva 

xerxebis SemuSavebisa. 

adre Catarebuli analizi obieqtebis mtyunebaTa 

warmoSobis mizezebisa da maTi arsebobis yvela etapze da 

agreTve maTematikuri Tanafardobebisa am obieqtebis saimedoobis 

maCvenebelTa da efeqtianobis kriteriumebis gaangariSebis mizniT 

saSualebas gvaZlevs gavakeToT Semdegi daskvna: Tanamedrove 

teqnikuri sistemis saimedoobis saWiro maRali donis 

uzrunvelyofa da SenarCuneba principulad SesaZlebelia 
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mxolod im SemTxvevaSi, Tu gamoiyeneba saimedoobis gazrdis 

Semdegi sami meTodi: 

1. darezerveba; 

2. mtyunebaTa intensivobis Semcireba; 

3. aRdgenis saSualo drois Semcireba. 

warmoebis obieqtebis saimedoobis gazrdis aRniSnuli 

meTodebis praqtikuli realizacia SeiZleba xorcieldebodes 

maTi arsebobis yvela etapze. 

 saimedoobis gazrdis problema pirvel rigSi unda 

wydebodes maRali saimedoobis (mtyunebis naklebi intensivobiT) 

kvanZebis, mowyobilobaTa da elementebis SemuSavebis da 

gamoyenebis safuZvelze. unda aRiniSnos, rom SesaZleblobebi am 

mimarTulebiT principSi Seuzudavia, magram saWiro saimedoobis 

uzrunvelyofis es gza maRali saimedoobis sistemebis Seqmnis 

SesaZleblobas yovelTvis ar iZleva. saqme imaSia, rom calkeuli 

elementebis saimedoobis gazrdis miuxedavad, sistemis 

struqtura mkveTrad rTuldeba. sawarmoSi eleqtro teqnikuri 

sistemis simZlavre mkveTrad matulobs. aseTi rTuli sawarmos 

marTva moiTxovs teqnikuri sistemis da avtomatikis rTuli 

sistemebis gamoyenebas. yovelive amis Sedegad  sistemis 

saimedooba mTlianobaSi mcirdeba. aRdgenis saSualo drois 

Semcirebis meTodi warmoadgens sainJinro-teqnikuri, 

saorganizacio-teqnikuri da teqnologiuri xerxebis da 

operaciebis erTobliobas, romelic uzrunvelyofs elementebis 

da teqnikuri sistemebis mTlianobaSi saimedoobis gazrdas. am 

saSualebebis gamoyenebis Sedegad mcirdeba teqnikuri sistemebis 

mtyunebaTa raodenoba da agreTve aramwarmoebluri dro, 

romelic sWirdeba teqnikuri sistemebis mtyunebaTa aRmoCenas da  

aRmofxvras. 

 teqnikuri sistemebis aRdgenis procesi Seicavs Semdeg 

operaciebs: mtyunebis arsebobis faqtis aRmoCenas, mtyunebis 

warmoSobis adgilis an mizezis aRmoCenas, aRdgenasTan 

Semgueblobis uzrunvelyofas. 
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 zogad SemTxvevaSi mtyunebis warmoSobis Semdeg aRdgenis 

dro SeiZleba gaiyos sam periodad: 

 dro mtyunebis warmoSobis momentidan am mtyunebis 

arsebobis faqtis kontrolis specialuri sistemis mier 

aRmoCenis momentamde; 

 dro mtyunebis aRmoCenis momentidan am mtyunebis 

warmoSobis adgilis an mizezis aRmoCenis momentamde; 

 dro mtyunebis warmoSobis adgilis an mizezis aRmoCenis 

momentidan mtyunebuli elementis aRdgenis an gamocvlis 

momentamde. 

teqnikuri sistemebis obieqtis aRdgenis am periodebidan 

TiToeulis xangrZlivobis Semcirebis mizniT saWiroa Semdegi 

RonisZiebebis Catareba: 

kontrolis specialuri sistemis da mtyunebuli adgilis 

aRmoCenis efeqtianobis gazrda, aparatebisa da manqanebis 

konstruqciebis xarisxis gaumjobeseba, momsaxure personalis 

kvalifikaciis amaRleba da a.S. 

teqnikuri sistemis saimedoobis gazrdis zogadTeoriuli 

meTodebi praqtikulad realizeba sxvadasxva specialuri 

saorganizacio-teqnikuri, sainJinro-teqnikuri da teqnologiuri 

RonisZiebebis ganxorcielebis dros. 

 

 

1.1.1. siWarbe, rogorc saimedoobis gazrdis  

saSualeba 

 

  darezerveba ewodeba siWarbis Semotanis gziT teqnikuri 

sistemebis saimedoobis gazrdis meTods. Tavis mxriv, siWarbe 

warmoadgens damatebiT saSualebebs da SesaZleblobebs im 

minimumis zeviT, romelic saWiroa teqnikuri sistemebis mier 

mocemuli funqciebis Sesasruleblad. siWarbis Semotanis mizania 

– sistemis normaluri funqcionirebis uzrunvelyofa mis 
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elementebSi mtyunebaTa (mdgradi an Seferxebebis) warmoSobis 

Semdeg. 

 ganasxvaveben dazvervebis or saxes: struqturul 

darezervebas da droiT darezervebas. 

 unda aRiniSnos, rom droiTi darezerveba Tavis mxriv, 

Semdgomi detalizaciis Sedegad iyofa uamrav sxvadasxva tipebad. 

 

1.1.2. struqturuli darezerveba 

 

struqturuli darezerveba, romelsac zogjer 

aparaturuls uwodeben, iTvaliswinebs Warbi elementebis 

gamoyenebas. aseTi darezervebis arsi mdgomareobs imaSi, rom 

sistemis minimalur variantSi, romlis elementebs, ZiriTad 

elementebs uwodeben, SeaqvT damatebiTi elementebi, 

mowyobilobebi anda kidev erTi mowyobilobis magivrad 

gaTvaliswinebulia, ramodenime identuri mowyobilobis 

gamoyeneba amasTan, am Warb sarezervo elementebs aqvT erTaderTi 

daniSnuleba – sistemis samuSao funqciebis Sesruleba ZiriTadi 

elementebis mtyunebis SemTxvevaSi. saWiroa ganvmartoT 

zemoaRniSnuli mtkiceba, rasac laparakoben Warbi sarezervo 

elementebis erTaderT daniSnulebaze, gulisxmoben mxolod im 

funqciebs, romlis Sesruleba ZiriTadad sistemas akisria, e.i. 

swored am funqciebis sarezervo mowyobilobebisaTvis gadacemis 

SesaZleblobas [ 5, 9, 10, 13, 18, 36].  

sarezervo mowyobilobebma, Tavis mxriv, rezervSi yofnis 

dros, SeiZleba Seasrulon sxva funqciebi, romelic sistemis 

ZiriTad funqciebTan uSualod dakavSirebuli ar aris. 
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1.1.3. droiTi siWarbe 

 

jer avRniSnoT, rom struqturuli (aparaturuli) 

rezervireba xangrZlivi periodis ganmavlobaSi iTvleboda 

universalur meTodad, romelic arasaimedo elementebisagan 

nebismieri donis saimedoobis sistemebis Seqmnis saSualebas 

iZleoda [36].  

MamJamad teqnikis ganviTarebis ufro mogvianebul stadiaSi, 

rodesac gamoiyeneben ufro rTul sistemebs da izrdeba maTdami 

wayenebuli moTxovnebi, aRmoCnda rom es meTodebi praqtikuli 

gamoyenebis dros ar aris iseTi wundaudebeli, rogorc es 

saimedoobis klasikur modelebidan gamomdinareobs Uupirveles 

yovlisa es aixsneba Semdegi mizezebiT: mtyunebis ramodenime 

tipis arsebobiT, kontrolis, diagnostikis xarvezebiT, rezervis 

gadamrTveli xarvezebiT [32]. 

zemoT aRniSnuli mizezebis gamo teqnikuri sistemebis 

proeqtirebis da SemuSavebis dros specialistebi ufro xSirad 

mimarTaven droiT darezervebas Bbolo wlebSi siWarbis es tipi 

sargeblobs gansakuTrebuli da damsaxurebuli popularobiT [8, 

12, 14, 17, 21]. 

droiTi rezervi SeiZleba ixarjebodes ara marto sistemis 

SekeTebaze, aramed mtyunebis mizezebis aRmoCenaze, mtyunebiT 

gaufasurebuli samuSaoebis gameorebaze an qmedunarian 

mdgomareobaSi myofi sistemis CarTvisTvis molodinze. 

pirveli ori mizeziT gamowveuli samuSao drois danakargs 

ewodeba pirveladi danakargi, meoradi danakargisagan 

gansxvavebiT, romelic dakavSirebulia sistemis CatvirTvis 

molodinTan da zogierTi samuSaoebis gameorebis gziT mtyunebis 

Sedegebis likvidaciasTan. 

mtyunebiT gamowveuli Sedegebis tipis mixedviT yvela 

mtyuneba SeiZleba gaiyos sam jgufad: aragamaufasurebeli; 

nawilobriv gamaufasurebeli, sruliad gamaufasurebeli. 
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Tu mtyunebis SemTxvevaSi sistemas misi qmedunarianobis 

aRdgenis Semdeg SeuZlia ganaaxlos muSaoba zustad im 

adgilidan, sadac igi Sewyvetili iyo, aseTi mtyuneba 

gamaufasurebelad ar iTvleba.  

Aaragamaufasurebeli mtyunebebis mqone sistemaSi 

samuSaoebis gameoreba ar aris saWiro, amitom yvela 

Sesrulebuli samuSao or mezobel mtyunebas Soris 

sasargeblod iTvleba. 

sruliad gamaufasurebeli mtyunebis mqone sistemebSi 

mtyunebis Sedegebi imdenad mZimea, rom mtyunebis momentisaTvis 

Sesrulebuli yvela samuSao xelaxla aris Sesasrulebeli. 

mtyunebis momentamde Sesrulebuli yvela samuSao iTvleba 

usargeblod, Tu igi mocemul sidideze naklebia da unda 

CaiTvalos samuSao drois danakargad, maSin roca sasargeblod 

iTvleba Sesrulebuli samuSaos mxolod is nawili, romelic 

mtyunebis mizeziT ar Sewyvetila. 

SesaZlebelia agreTve adgili hqondes Sualedur 

SemTxvevebs, rodesac xdeba Sesrulebuli samuSaos mxolod 

nawilis gaufsureba. 

nawilobriv gamaufasurebeli mtyunebebi damaxasiaTebelia 

qmedunarinobis perioduli kontrolis mqone sistemebisaTvis da 

agreTve uwyveti kontrolis mqone zogierTi sistemebisaTvis, 

romlebSic periodulad fiqsirdeba da inaxeba Sesrulebuli 

samuSaos Sualeduri Sedegebi. 

unda aRiniSnos, rom sistemebSi SeiZleba garkveuli 

proporciiT warmoiSvas zemoT ganxiluli mtyunebis samive tipi. 

Ddrois namati warmoadgens sistemis funqcionirebis 

uSiSroebis uzrunvelmyofel faqtors. Amis magaliTs 

warmoadgenen dacviTi meqanizmebis mqone sistemebi, romelic 

farTod gamoiyeneba teqnikur sistemebSi. 

am sistemebSi SesaZlebelia moxdes mtyunebebis ori tipi: 

mtyuneba-gaCereba da mtyuneba-avaria. 
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mtyuneba-gaCereba ewodeba sistemis iseT mdgomareobas, 

rodesac wydeba sistemis funqcionireba, magram amas ar axlavs 

sistemis didi dazianeba da arsebiTi materialuri xarjebi. 

mtyuneba-avaria ki xasiaTdeba sistemis mniSvnelovani 

dazianebiT da didi zaralis miyenebiT. avaria, rogorc wesi, ar 

warmoiSveba uceb. jer iqmneba avariuli situacia, romelic 

xasiaTdeba obieqturi simptomebiT, romelic garkveuli dasaSvebi 

periodis ganmavlobaSi (romelic ganisazRvreba sistemaSi 

Cadebuli drois rezerviT) SeiZleba aRmoCenili da aRmofxvrili 

iqnas. Aam amocanas asruleben dacviTi meqanizmebi. 

im sistemebSi ki, sadac ar aris drois rezervi da ar 

arsebobs dacviTi meqanizmebi, yoveli avariuli situacia 

gadaizrdeba avariaSi. 

rTuli sistemebis sandoobis analizisadmi da misi 

uzrunvelyofisadmi aRniSnuli midgomis siaxle mdgomareobs 

mtyunebebis ori niSnis mixedviT “awonvis” principSi. isini arian: 

mtyunebis mniSvneloba da mtyunebis Sedegebis likvidaciaze 

daxarjuli dro. 

es saSualebas iZleva sistemis normaluri funqcionirebis 

uzrunvelsayofad gamovavlinoT da gamoviyenoT TviT sistemaSi 

Cadebuli Sinagani rezervebi (kerZod, drois rezervebi). 

aRniSnuli midgomis Taviseburebebi, romelic ganapirobebs 

mis Rirsebebs, Semdegia: 

1. sistemis sandoobis maCveneblebis gaumjobeseba xSirad 

ar aris dakavSirebuli aparaturis raodenobis zrdasTan 

da damatebiTi saxsrebis xarjebTan, aramed igi emyareba 

sistemebSi Cadebuli drois rezervebis gamoyenebas. 

2. drois rezervis gaTvaliswineba SesaZlebels xdis 

sistemis realuri sandoobis gansazRvras, e.i. 

saSualebas iZleva destabilizaciis sxvadasxva 

faqtorebis zemoqmedebis pirobebSi sistemis normaluri 

funqcionirebis SesaZleblobebis gacilebiT ufro 

obieqturad Sefasebisa. 
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3. sakvlevi funqcionirebis procesebis arsSi ufro Rrma 

Cawvdoma saSualebas gvaZlevs gamoviyenoT da 

davasabuToT eqspluataciis realur pirobebSi rTuli 

sistemebis sandoobis uzrunvelyofis axali efeqturi 

meTodebi. 

kerZod, aseTi mniSvnelovani saeqsploatacio faqtoris 

gaTvaliswineba, rogoric aris drois namati, saSualebas 

gvaZlevs axleburad mivudgeT “adamiani-manqana” kompleqsis 

funqciis moSlis Sefasebas, davasabuToT RonisZiebebi sistemebis 

konstruqciis gasaumjobeseblad da avariis SesaZleblobis 

Semcirebisaken mimarTuli personalis aucilebeli qmedebebis 

gamomuSavebis meTodika. 

Ddrois rezervis mqone sistemebi xasiaTdeba garkveuli 

specifikuri niSanTvisebebiT, romlis codna aucilebelia 

sistemis mtyunebis kriteriumebis swori formulirebisaTvis, 

sandoobis maCveneblebis da maTi Sefasebis meTodebis 

SerCevisaTvis. 

teqnikuri kvanZebis, obieqtebis rezervireba xorcieldeba 

Semdegi meTodebis da operaciebis gamoyenebiT: 

1. Eeqspluataciis pirobebSi funqcionirebis 

gaangariSebuli drois gazrda imis zeviT, romelic 

sWirdeba dasaxuli miznis misaRwevad, mocemuli 

moculobis samuSaos Sesasruleblad. 

2. teqnologiuri sistemebs aproeqteben maRali 

mwarmoeblurobiT, vidre es saWiroa gaangariSebis 

mixedviT. 

3. teqnologiuri sqemis struqturaSi Sualeduri 

mowyobilobis warmoebis calkeuli aparatebs da kvanZebs 

Soris. 
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1.1.4. teqnikuri sistemebis saimedoobis amaRlebis 

saorganizacio-teqnikuri meTodebi 

 

teqnikuri sistemebis mowyobilobebis calkeuli 

erTeulebis da teqnikuri sqemebis saimedoobis zrdis zemoT 

aRniSnuli meTodebis sainJinro-teqnikuri realizaciisaTvis 

saWiroa gamoyenebuli iqnas teqnikuri sistemis obieqtebis 

saimedoobis uzrunvelyofis, dacvis da gazrdis specialuri 

saorganizacio-teqnikuri meTodebi. 

teqnikuri sistemebis saeqspluatacio periodis 

saorganizacio-teqnikuri meTodebs miekuTvneba teqnikuri 

diagnostika da  teqnikuri momsaxureba.  

kvanZebis teqnikuri diagnostika warmoadgens droSi 

kvanZebis mdgomareobis Sesaxeb informaciis miRebis da 

damuSavebis operaciebs mtyunebebis arsebobis aRmoCenis, maTi 

warmoSobis mizezebis da adgilebis dadgenis mizniT. 

teqnikuri diagnostika saSualebas iZleva rTuli 

sistemebis mzadyofnis zrdisa da amiT xels uwyobs maTi 

aRdgenis maxasiaTeblebis srulyofas. [10,15,16,43,45,] 

teqnikuri sistemis kvanZebis teqnikuri diagnostikis 

praqtikuli realizacia dakavSirebulia mowyobilobis da 

teqnologiuri sqemebis qmedunarianobis kontrolisa da 

mtyunebebis aRmoCenis meTodebis da saaparaturo-teqnikuri 

saSualebebis damuSavebasTan. 

mocemul naSromSi ganxilulia teqnikuri diagnostikis (td) 

sxvadasxva saxeebi: 

1. mtyunebebis myisieri aRmoCena mowyobilobis uwyveti 

kontrolis daxmarebiT, 

2. kombinirebuli kontroli, rodesac gacveTis 

(parametrul) mtyunebebs aRmoaCenen uwyveti saaparaturo 

kontrolis daxmarebiT, xolo myisier (katastroful) 

mtyunebebs aRmoaCenen maTi warmoSobis momentSive. 
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teqnikuri sistemis sandoobis maRali donis 

SesanarCuneblad maTi eqspluataciis procesSi mosamsaxure 

personalma unda ganaxorcielos teqnikuri momsaxurebis mTeli 

rigi RonisZiebebi. teqnikuri momsaxureba iTvaliswinebs 

saorganizacio da teqnikur RonisZiebebs, romelic mimarTulia 

mtyunebebis aRmofxvrisaken. es RonisZiebebi miznad isaxavs 

eqspluataciis procesSi obieqtebis gamarTuli mdgomareobis 

uzrunvelyofas da maTi gamosayeneblad mzadyofnis maRali 

koeficientis SenarCunebas. 

teqnikuri sistemis amocanebi Semdegia: gacveTis da 

daZvelebis Sedegebis aRmofxvra, (mowyobilobis da 

avtomatizaciis) elementebis ZiriTadi teqnikuri maxasiaTeblebis 

mocemul doneze SenarCuneba. 

YaRniSnuli maxasiaTeblebi teqnikuri sistemis sandoobis 

moTxovnebis doneze SenarCunebisa da aRdgenis saSualebas 

iZleva. Ees miiRweva obieqtebis mdgomareobis aucilebeli 

perioduli Semowmebis, zogierTi elementis gamocvlis an 

SekeTebis, parametruli regulirebis da aRmoCenili 

gaumarTaobis aRmofxvris gziT. 

mocemul sadisertacio naSromSi didi yuradReba eqceva 

eqspluataciis procesSi teqnikur momsaxurebas. 

 

 

 

1.2. teqnikur sistemaTa mtyunebaTa klasifikacia. 

1.2.1.  TandaTanobiTi da uecari mtyunebebi 

 

ZiriTadi niSani, romliTac gansxvavdeba sxvadasxva saxis 

mtyunebebi, ganisazRvreba eqspluataciis procesSi teqnikuri 

sistemis mimdinare saziano procesebis xasiaTiT, rac xdeba 

mtyunebis mizezi. 

arsebobs mtyunebebaTa Semdegi saxeebi: 
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TandaTanobiTi mtyunebebi – aRiZvreba daZvelebis procesis 

mimdinareobis gamo, romlebic auareseben nakeTobis sawyis 

parametrebs, TandaTanobiTi mtyunebebis ZiriTad niSans 

warmoadgens is, rom misi aRZvris albaToba ( )F t  mocemuli 1t  – 

dan  t2 – mde drois ganmavlobaSi damokidebulia manamde 

Sesrulebuli samuSaos xangrZlivobaze - t1, rac ufro didxans 

xdeboda nakeTobis eqspluatacia, miT ufro maRalia mtyunebebis 

aRZvris albaToba. aRniSnul saxes miekuTvneba manqanebis 

mtyunebaTa umravlesoba. isini dakavSirebulia cveTis procesze, 

koroziaze da sxva mizezebze. 

uecari mtyunebebi – aRiZvreba arasasurveli gare 

faqtorebis da SemTxveviTi Sida zemoqmedebebis Sedegad, 

romelic aRemateba nakeTobis SesaZleblobebs. mtyunebebis 

aRZvris dro warmoadgens SemTxveviT sidides. uecari mtyunebebis 

ZiriTad niSans warmoadgens misi aRZvris momentis (t1 – dan  t2 

intervalSi), t1–mde mimdinare samuSaos xagrZlivobisagan. ase 

mtyunebaTa magaliTs warmoadgens Tburi naprali, romelic 

aRiZvreba teqnikuri sistemis detalSi. manqanaTa nawilebis 

dazianeba maTi araswori eqspluataciis an datvirTvis gamo. 

nawilebis dazianeba an deformacia romlebic xvdebian iseTi 

samuSaoebis pirobebSi, rodesac TiToeuli parametri iRebs 

eqstremalur mniSvnelobas. 

rogorc wesi, mwyobridan gamosvla amis gamo xdeba 

moulodnelad dazianebis warmavali simptomebis gareSe. orive 

mtyuneba Cndeba daaxloebiT erTnairad, Tumca maTi buneba da 

Sesabamisad saimedoobis amaRlebis meTodebi sruliad 

gansxvavebulia. teqnikuri manqanebis eqpluataciis, mtyunebaTa 

uecari aRZvra mimdinare saziano faruli procesis Sedegad jer 

kidev ar niSnavs, rom mtyuneba miekuTvneba uecar mtyunebaTa 

kategorias. aq kriteriums warmoadgens FF(t) –s arseboba an 

ararseboba. 
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SesaZlebelia, mtyunebaTa mesame saxe, romelic aerTianebs 

wina ors da romelsac uwodeben rTul mtyunebas. Aaq misi 

aRZvris dro warmoadgens SemTxveviT sidides, romelic ar aris 

damokidebuli nakeTobis mdgomareobaze, xolo manqanis 

qmediTunarianobis dakargvis procesis siCqare damokidebulia mis 

winaaRmdegobaze, magaliTad teqnikur sistemaze Sida dauSvebeli 

dartymiTi zemoqmedeba (iSviaTi SemTxveviTi movlena) SeiZleba 

warmoadgendes Zabvis koncentraciis gamo bzaris aRZvris wyaros, 

bzaris TandaTanobiTi ganviTareba moxdeba teqnikuri sistemis 

Semdgomi eqspluataciis gamo. 

       

    1.2.2. funqcionaluri da parametruli mtyunebebi 

 

mtyunebaTa Sedegebi friad gansxvavebulia. isini SeiZleba 

daiyos parametrul da funqcionaluri mtyunebebad.  

funqcionaluri mtyunebebs mivyavarT iqamde, rom nakeTobas 

ar SeuZlia Seasrulos Tavisi funqciebi. xSirad funqcionaluri 

mtyuneba dakavSirebulia manqanis calkeuli elementenis 

gatexvasa da gaWedvasTan. 

parametrul mtyunebebs mivyavarT parametrebis dasaSveb 

momentebidan gamosvlamde. aseTi mtunebebi iwvevs nakeTobis 

muSaobis sizustis darRvevas, margi qmedebis koeficientis da 

maqsimaluri siCqaris Semcirebas. mtyunebaTa es saxe ar zRudavs 

nakeTobis Semadgenlobis funqcionaluri SesaZleblobebs, Tumca 

is xdeba araqmedunariani teqnikuri normativebiT gansazRvruli 

moTxovnebis mixedviT. 

Tanamedrove teqnikuri sistemebis da nakeTobebisaTvis ufro 

metad damaxasiaTebelia parametruli mtyunebebi. im nakeTobis 

eqspluataciam, romelsac gaaCnia parametruli mtyuneba, SeiZleba 

migviyvanos Zalian rTul ekonomikur da sxva Sedegebamde 

(uxarisxo produqciis gamoSveba, nakeTobis mier dakisrebuli 

funqciebis Seusrulebloba, drois da saxsrebis damatebiTi 
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danaxarjebi), Aamitom parametruli mtyuneba warmoadgens 

mocemuli disertaciis erT-erT ZiriTad ganxilvis obieqts. 

unda aRiniSnos, rom funqcionaluri mtyunebebi da 

parametruli mtyunebebi SeiZleba iyos rogorc TandaTanobiTi, 

aseve uecari. 

yoveli kategoriisaTvis dgindeba umtyuno muSaobis 

dasaSvebi albaTobis mniSvneloba. gansakuTrebiT aucilebelia 

Sefasdes parametruli mtyunebebi, radgan am SemTxvevaSi 

SesaZlebelia mosalodneli Sedegebis farTo diapazoni – 

mtyunebis teqnikuri sistemebis qmediTunarianobaze umniSvnelo 

gavlenidan katastroful Sedegamde. 

parametruli mtyunebebis gamosavlenad iyeneben 

qmediTunarianobis Semowmebis avtomatur meTodebs. 

 

1.2.3.  umtyuno muSaobis ganawilebis kanonebi 

 

teqnikuri sistemis umtyuno muSaobis drois ganawilebis 

kanoni gamosaxuli diferencialuri saxiT, albaTobis  

simkvrivis F(t)-s an integraluri formiT ganawilebis FF(t) 

funqciis saxiT, warmoadgens nakeTobis an misi elementis 

saimedoobis srul maxasiaTebels. is saSualebas iZleva 

ganvsazRvroT umtyuno muSaobis albaToba P(t)=1-F(t), 

maTematikuri lodini T=
0

∞

∫ tf(t)dt=
0

∞

∫ P(t)dt dispersia D an saSualo 

kvadratuli gadaxra Dσ = ,      D=
0

∞

∫ ( T-t)2 f(t )d t da sxva 

ricxviTi maxasiaTeblebi. [3,8,11,12,20,25,42,] 

 saimedoobis Teoriis ZiriTad amocanas Seadgens ganawilebis 

iseTi kanonis gamovlena da misi maTematikiuri aRwera, romelic 

didi sizustiT asaxavs obieqtur sinamdviles. es aucilebelia 

nakeTobis qmediTunarianobis prognozirebisTvis. mtyunebis 

aRweris TvalsazrisiT am amocanis gadawyvetis ufro martiv da 
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farTod gavrcelebul gzas warmoadgens ganawilebis kanonis 

uSualo arCeva, romelic asaxavs namdvil suraTs. albaTobis 

Teoria iZleva SemTxveviT sidideTa ganawilebis sxvadasxva 

kanonebis farTo asortiments (speqtrs), romlebic SeiZleba 

gamoyenebuli iqnas agreTve saimedoobis amocanis gadawyvetis 

dros. 

 saimedoobis amocanis amoxsnisas TandaTanobiT mtyunebebis 

aRwerisaTvis gamoyeneba hpova normalurma ganawilebam, Tumca 

xSirad gamoiyeneba ganawilebis asimetriuli kanonic. Aam 

SemTxvevaSi SeiZleba gamodges logariTmul-normaluri, 

ganawilebis kanonebi. saimedoobis Sefasebisas, rogorc wesi 

popularulia ganawilebis iseTi kanonebi, romlebsac ricxviTi 

parametrebis mniSvnelobebis Secvlis Sedegad SeuZlia miiRos 

sxvadasxva saxe. 

  ganawilebis kanoni, romelic Sedgenilia maCvenebliani 

ganawilebaTa narevisagan – etapebis (fiqtiuri fazebis) meTodi 

ricxviTi maCveneblebis gansazRvruli mniSvnelobebis 

(paraleluri da mimdevrobiTi fazebis ricxvi, fazebis 

intensivobis mniSvnelobebi da fazebSi moxvedris albaToba) 

mixedviT gardaiqmneba eqsponencialur kanonad, erlangis da 

hipereqsponencialur ganawilebad, mudmiv an normalur 

ganawilebasTan miaxlovebul ganawilebad. 

 es meTodi saSualebas iZleva mniSvnelovnad gavafarTovoT 

analizuri modelirebis gamoyenebis sfero amasTan gamovikvlioT 

ufro zogadi saxis mqone sistemebis saimedoobis modelebi.  

etapebis (fazebis) meTodis safuZvels warmoadgens 

maCvenebliani ganawilebis Tviseba mermqmedebis ararsebobis 

Sesaxeb. amgvarad, maCvenebliani ganawilebis ojaxi icvleba 

Zalian farTo diapazonSi, amitom is warmoadgens gansakuTrebiT 

sasargeblos, rogorc empiriuli aseve Teoriuli ganawilebebis 

aproqsimaciisaTvis. 

SeiZleba vaCvenoT, rom umtyuno muSaobis xangrZlivobis 

yovelgvari ganawileba SeiZleba sizustis nebismieri xarisxiT 
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aproqsimirebuli iqnas maCvenebliani ganawilebis nareviT. ufro 

metic, damdeg mtyunebebs Soris drois Sualedis ganawilebis 

mimdevrobiT-paraleluri etapebis meTodi gamosadegia nebismieri 

sistemis saimedoobi gamosaTvelelad, Tu misi ganawilebis 

laplasis gardaqmna warmoadgens -is racionalur funqcias, 

radganac SeiZleba nebismieri aranacionaluri funqcia daiSalos 

racionalur funqciaTa mwkrivis saxiT, amitom mocemul naSromSi 

gadwyvetilia zogadi amocanebi, ramdenad farTod gamoiyeneba 

etapebis meTodebi. 

S

uecari mtyunebaTa aRZvris mizezebi ar aris dakavSirebuli 

teqnikuri sistemis mdgomareobis SecvlasTan da misi Semadgen-

lobis muSaobis xangrZlivobasTan, aramed damokidebulia Sida 

zemoqmedebis doneebze, amitom uecari mtyunrbis modelis aRe-

bisas unda daxasiaTdes is mdgomareoba, romelmac SeiZleba 

mtyunebamde migviyvanos. es mdgomareoba SeiZleba Sefasdes 

mtyunebis mudmivi intensivobiT mtyunebis raodenobiT drois 

erTeulSi. aqedan gamomdinare mocemul naSromSi uecari mtyu-

nebis maTematikuri modelis saxiT gamoyenebulia maCvenebliani 

modeli.   
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             pirveli Tavis daskvna 

 

 arsebuli masalebis analizis safuZvelze dadgenilia, rom 

teqnikuri sistemaTa da manqana danadgarTa funqcionireba, 

rogorc wesi mimdinareobs maTze destabilizaciis gamomwvevi 

faqtorebis uwveti zemoqmedebis pirobebSi, romlis Sedegadac 

adgili aqvs gamoyenebul nakeTobaTa mdgrad da 

TviTlikvidirebad mtyunebebs. am faqtorebis sistemuri analizi, 

saxeldobr saimedoobis uzrunvelyofis da Sefasebis meTodebis 

damuSaveba, warmoadgens Tanamedrove mecnieruli kvleviebis 

wamyvan mimarTulebas.Aam mimarTulebiT pirvel TavSi miRebulia 

Semdegi ZiriTadi daskvnebi: 

 struqturuli da droiTi darezerveba warmoadgens 

saimedoobis amaRlebis yvelaze efeqtur meTods; 

 Catarebulia teqnikur sistemaTa da manqana danadgarTa  

mtyunebebis klasifikacia da dasabuTebulia albaTobaTa 

ganawilebis zogierTi kanonebis gamoyenebis 

mizanSewonileba, roca adgili aqvs sxvadasxva saxis 

mtyunebebs; 

 naCvenebia maCvenebliani nareviT ganawilebis nebismieri 

funqciebis aproqsimaciis maRali efeqtianoba; 
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II Tavi. teqnikuri sistemebis saimedoobis 

maTematikuri modelebi da ZiriTadi maCveneblebis 

gansazRvra  

 2.1. sazomi mowyobilobebis kompleqsuroba, rogorc    

saimedoobis da sizustis gazrdisaTvis efeqturi 

saSualeba da meTodi 

 teqnikuri sistemebis saimedoobis da sizustia gazrdisaTvis 

gamoiyeneba sazomi mowyobilobebis kompleqsuroba, romelic 

mdgomareobs imaSi, rom isini erTiandebian erT didi saerTo 

kompleqsur sistemaSi  da gamoiyenebian erTi da igive fizikuri 

parametrisTvis an funqcionalurad dakavSirebul 

sidideebisaTvis gasazomad. nebismieri kompleqsuri sazomi 

sistema (kss) iZleva saSualebas gazomvebis cdomilebis 

Semcirebas da aseve saimedoobis mkveTrad gazrdas struqturuli 

siWarbis angariSze. 

 struqturuli meTodebis gamoyenebisas saWiro sizustis da 

saimedoobis ganxorcieleba warmoSobs (aparaturul) struqtu-

rul siWarbes, romelic saSualebas gvaZlevs miviRoT 

informaciis siWarbe, romelic sakmarisia parametruli mtyunebis 

gamosaricxavad, Tu aramuSa/mdgomareobaSi myofi sazomi 

mowyobilobis raodenoba ar aRemateba dasaSveb zRvars. 

 (kss) kompleqsirebadi sazomi sistemis gamoyenebisas 

warmoSoba amocanebis mTeli rigi, rogoricaa optimaluri 

algoriTmebis damuSaveba da maTi aparaturuli realizaciis 

gzebi, (kss) kompleqsirebadi sazomi mowyobilobis struqturuli 

sqemis amorCeva da masSi Semavali sazomi mowyobilobebis, 

dasaSvebi sizustis maxasiaTeblebis da saimedoobis Sefaseba. 

[54,55,56] 
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2.1.1. saimedoobis maTematikuri modelis ageba 

 ganvixiloT teqnikuri sistema, romelic Sedgeba m muSa da n 

–  sarezervo mowyobilobisagan. muSa sazomi mowyobilobebi 

mtyunebadi α

m

1 intensivobiT, xolo rezervirebuli - α2 

intensivobiT. mtyunebuli sazomi mowyobilobebi gadian aRdgeniT 

samuSaoebs, romlis Sedegad isini iZenen pirvelsawyis sizustes 

da saimedoobas. kss emsaxureba erTi saremonto brigada. Tu 

mtyunebuli gaxdeba mowyobiloba, maSin mis magivrad CaerTveba 

rezervuli mowyobiloba,  Tu am momentSi erTi mainc muSa 

mdgomareobaSia, romelic rezervSi imyofeba. gadamrTveli 

mowyobiloba CavTvaloT absoliturad saimedod. sazomi 

mowyobilobis aRdgenis dro. miRebulia nebismieri ganawilebis 

kanoni, Tu SekeTebuli sazomi mowyobilobis raodenoba 

gadaaWarbebs m –s, maSin dadgeba mtyunebuli mdgomareoba, roca 

sistemas aRar SeuZlia gaagrZelos Tavisi funqcionaluri 

daniSnuleba. 

 maSasadame, muSaobis nebismier momentSi unda iyos m muSa 

mdgomareobaSi myofi mowyobiloba da mtyunebadmdgradi 

mowyobilobebis raodenoba ar unda aRematebodes N = n – m. aq 

mxedvelobaSi miiReba, Tu naucbaTevi katastrofuli mtyunebis 

raodenoba ar aRemateba dasaSveb raodenobas, maSin aRmdgeni 

funqcia da misi sarealizacio organo ise aris SerCeuli, rom 

gazomvis cdomileba ar aRemateba dasaSveb mniSvnelobas.

 avRniSnoT: G (u) albaTobis funqcia (remontis) aRdgenis 

drois Sesrulebis albaTobis ganawilebis funqcia.  

Rk (t)  - albaToba imisa, rom drois t momentSi kss aqvs  K  

raodenobis mtyunebadi mowyobiloba  

);1,0( +−== mnNk  

udutrk ),( - albaToba imisa, rom t momentSi sazomi 

mowyobiloba, mtyunebad mdgomareobaSi Seadgens k< N, erTerTi 

iqidan imyofeba remontSi ukve )( duuu +≤≤ ξξ  drois 

ganmavlobaSi. 
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;)( 21 αα mimai −+=                      
)(
)()(

/

uG
uGu =μ   ; 

 )()(;)(1)( / uGuguGuG =−=   

  - mtyunebadi sazomi mowyobilobebis raodenoba, 

romlis drosac warmoiSoba sistemis gaCereba - mtyuneba . 

1N n m= − +

  _ aris sazomi xelsawyoebis raodenoba, rolebc 

erTdroulad moiZebneba samuSao reJimSi. ganxiluli rTuli  

albaTuri modeli kerZo semTxvevebSi segviZlia ganvixiloT 

rogorc SemdgomSi qvemodelebi:  

m

 1. cxeli rezervireba 1 2α α=  CanacvlebiT. 

 2. civi rezervirebiT 2 0 ;α =  CanacvlebiT. 

 3. mudmivi rezervirebiT m n=  CanacvlebiT. 

 4. rezervireba aRdgenis gareSe da sxva, yvela is SemTxvevebi 

romlebic praqtikaSi xSirad xdeba.  

 SevniSnoT rom ZiriTadi maCveneblebeli saimedoobis aris is 

maTematikuri gamosaxulebebi, romlebic miRebulia qveviT. 

ZiriTadi tendencia konstruqciis da sqemur parametrebSi 

gvevlineba es gamokvlevebi rac aucilebelia am sistemebis 

optimaluri proeqtirebis da eqspulataciis dros.     

  albaTuri msjelobis gamoyenebiT sazomi mowyobilobis 

mdgomareobis SesaZlo cvlilebebis gamo sistemis cvlileba 

drois mcire intervalSi (t, t+h), ZiriTadad gamoiyeneba 

naxevradmarkovuli procesebi, Semoyvanili albaTobebis 

SedarebiT, SeiZleba (SevqmnaT) SevadginoT kerZo warmoebuliani 

diferencialuri gantolebebis sistema [2.4÷2.8]; 

uduutrtRatR
t

n ∫+−=
0

10
/
0 )(),()()( μ ,                 (2.1)   

   

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

11
11 utrua

u
utr

t
utr

n μ+−=
∂

∂
+

∂
∂

−                (2.2)  

         . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .         
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      ;),(),()((
),(),(

11 utrautrua
u

utr
t

utr
kknkkn

kk
−+−− ++−=

∂
∂

+
∂

∂
μ  

      1,2 −= Nk                                             (2.3) 

               (2.4) ;)()( 11
/ tRatR NNnN −+−=

 gantolebebis Sedgenaze aucilebelia vimsjeloT (21-2.4). 

 pirveli gantoleba miiReba aseTi msjelobiT: 

ganvixiloT SemTxveva, romelic mdgomareobs imaSi, rom t+h drois 

momentSi sistema muSa mdomareobaSia da yvela sazomi 

mowyobiloba muSa mdgomareobaSia. es SemTxveva Seicavs Semdeg 

jamur SeuTavsebad SemTxvevebs, albaTobebis Semcvelebs, 

romlebic gansxvavebulia OO (h) -gan. 

1. sistemaSi drois t momentSi aris Semowmebuli sazomi 

mowyobiloba da drois h SualedSi ar warmoiSoba uecari 

katastrofuli mtyuneba, e.i. sazomi mowyobilobebi muSa 

mdgomareobaSia, da muSaobs rogorc  rezervSi. albaToba am 

SemTxvevisTvis iqneba 

                    [ ] )(1)(0 hohatR n +−  

 

2. t momentSi sistemaSi aris erTi mtyunebadi sazomi 

mowyobiloba, romelic imyofeba remontSi drois  

(u u d )uξ ξ< < +  momentSi da  romlis remonti Sedga drois am 

SualedSi. sruli albaTobis kanonis safuZvelze am SemTxvevis 

albaToba tolia  

 

∫
+

+
ht

hohuduutr
0

1 )()(),( μ  

    

amrigad, 

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

100 hhuudtrtRhahtR
ht

n +⋅+−=+ ∫
+

μμ  

bolo toloba SeiZleba gamovsaxoT ase: 
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   ∫
+

++−=
−+ ht

n h
hoduuutrtRa

h
tRhtR

0
10

00 )()(),()()()( μ  

 

 

 

ramdenadac , tolobis marjvena nawilis zRvari  0h →

arsebobs 
⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛
=

→
0)(0lim

0 h
h

h
     

arsebobs agreTve am tolobis marcxena mxaris zRvari, romlis 

Sedegad, roca  vRebulobT (2.1) gantolebas. 0→h

mesame gantoleba. ganvixiloT SemTxveva, romelic imaSi 

mdgomareobs, rom  momentSi sistema muSa mdgomareobaSia, 

magram (k < N) mtyunebadi sazomi mowyobilobebi, romelTagan 

pirveli imyofeba remontSi 

ht +
k

(u u d )uξ ξ≤ ≤ +  drois SualedSi, es 

rTuli mdgomareoba SeiZleba warmovidginoT, rogorc jami  

Semdegi SeTavsebad SemTxvevebad:  

1. t momentSi sistemaSi imyofeba k (k < m) mtyunebadi sazomi 

xelsawyoebi, iqidan erTerTi aRdgenis procesSia ( )u u duξ ξ< < +  

drois erTeulSi. romelic ar Sedga  drois  ganmavlobaSi, da 

am dros warmoiSva arcerTi axali katastrofuli mtyuneba, am 

dros albaToba tolia:  

h

[ ] );()((1),( hohuautr knk ++−= − μ  

2. t momentSi sistemaSi imyofeba k – 1 mtyunebad mowyobiloba, 

aqedan erTi aRdgenadia drois (u u d )uξ ξ< < + , am dros 

warmoiSva kidev erTi mtyuneba, albaToba am SemTxvevis tolia : 

1 1( , ) 0( ) ;k n kr t u a h h− − + +  

maSasadame 

[ ] 1 1( , ) 1 ( ( ) ( , ) / ( , ) ( )k n k n k kr t h u h a u h t u a hr t u o hμ− − + −+ + = − + + +  
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( , ) ( , ) ( , ) ( , )k k k kr t h u h r t u r t u h r t u h

h
+ + − +− + − +

= 

1 1
0( )( ( )) ( , ) ( , )n k k n k k

ha u r t u a r t u
h

μ− − + −= + + + ; 

 

gadavideT bolo gamosaxulebaSi miviRebT (2.3). 0→h

 

 meoTxe gantoleba. ganvixiloT SemTxveva, roca t + h momentSi 

sistema aramuSa mdgomareobaSia (mtyunebis raodenoba tolia N). 

Mmoxda mtyuneba da  sistema rCeba ganusazRvreli droiT am 

mtyunebad mdgomareobaSi, e.i. sistema ar gamodis STanTqmis 

mdgomareobidan. es SemTxveva SeiZleba ganvixiloT, rogorc jami 

Semdegi urTierTgamomricxavi SemTxvevebis: 1. t momentSi sistemaSi 

aris N raodenobis mtyunebadi sazomi xelsawyoebi. am SemTxvevis 

albaToba aris ;  )( tR N

2. t momentSi sistemaSi aris N-1 mtyunebadi mowyobiloba, aqedan  

n-N+1 sazomi mowyobiloba muSamdgomareobaSia, h droSi 

mtyunebadi gaxda, am SemTxvevis albaToba tolia:  

)()(11 hotRa NNn +−+−  

maSasadame, )()()()( 11 hothRatRhtR NNnnN ++=+ −+−  

an             1 1
( ) ( ) ( )( )N n

n N N
R t h R t o ha R t

h h− + −

+ −
= − +  

roca gadavalT zRvarze miviRebT (2.4). aq  0→h

∫ −− =
t

o
NN duutrtR ),()( 11     

sawyisi da sasazRvro pirobebs aqvs saxe: 

      1)( =oRo ; 

1 2( , ) ( ) ( , ) ( ) ;
t

n o
o

r t o a R t r t u u d uμ= + ∫            (2.5)              

      . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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      1( , ) ( , ) ( ) ;
t

k k
o

r t o r t u u duμ+= ∫ 2,2 −= Nk ;                      (2.6)             

                ;),(1 ootrn =− .),( ootrn =                   (2.7) 

 

 [2.1÷2.3] gantolebebis amoxsnis Sedegad miviRebT iseT 

amoxsnebs, romelTac aqvT aseTi saxe:  

 1 1
( 1)( , ) ( , ) ( ) ( );1
nr t u r t u o G u un
−= − −l                              (2.8) 

 

 ,)()()0,()()()0,(),( )2(
12

)2(
112 uuGutruuGutrutr n

n
n

n
−
−

−
− −+−= ll        (2.9)

  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 

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

1
uuGutrutr kn

vn

k

v
vk

−
−

=

−= ∑ l   2 , 1;k N= −                  (2.10)        

aq - albaToba imisa, rom (kss), romelsac t-u momentSi 

hqonda i  raodenobis mtyunebadi mowyobiloba, t momentSi eqneba 

)()( uj
il

 j (j > i) mtyunebadi sazomi mowyobiloba. 

( ) ( )( ) ( ) ;
u

j i v j
i i i

o

u uα
υα −= −∫l l l v d u     

)()( sj
il ÷ )()( uj

il ; 

;1)(
1

1

)( ∏
+

= ++
=

j

j

j
i as

a
as

s
μ μ

μl        
i

j
i as

s
+

÷
1)()(l  ganvmartoT  

albaTobis azri erTerTi am (2.6÷2.8) gamosaxulebidan, mag. (2.8). 

es aris erToblivi albaToba imisa, rom t-u dasawyis momentSi 

aRdgenilia erT-erTi sazomi mytunebadi xelsawyo. saerTo 

raodenoba mtyunebadi mowyobilobisa Seadgens ( 1,v v k= )  .  

mtyunebadi sazomi mowyobilobis aRdgena u droSi ar Sedga, 
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xolo mtyunebadi sazomi mowyobilobis raodenoba gaxda 

.  k ( )k v≥

 Sesabamisad laplasis gardaqmnebiT, sistemas k 

mdgomareobaSi aqvs Semdegi saxe: 
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nebismier drois momentSi gveqneba Semdegi igiveoba 
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CavsvaT (2.8), (2.10), (2.5)-Si da (2.7)-Si da gadavalT laplasis 

gardaqmnaze,  
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gantolebaTa sistemas (2.13)-s  aqvs 1N −  raodenobis gantoleba 

   Tu vigulisxmebT, rom dros 

(2.13) sistemas warmovadgenT Semdegi saxiT: 
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− − − +

⎡ ⎤+ − −⎣ ⎦
( 1) ( 1) ( 1)

1 1 2 2 3 3

( 1) 1
3 3 2 2

, ) ;

( ) ( , ) ( ) ( , ) ( ) ( , ) ...

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

n N n N n N
n n n

n N n N
n N N n N N

o o

g s r s o g s r s o g s r s o

g s r s o g s r s o o
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⎪
⎪
⎪
⎪
⎪
⎪
⎨
⎪
⎪

=⎪
⎪− − − +⎪
⎪ ⎡ ⎤+ + − =⎣ ⎦⎩

(214) 

gavigoT , (2.13) sistemis pirveli gantolebidan  1( , )r s o

   
)(

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

1

0
1 sg

sRas
sr n

n

n
−
−

−+
= , 

Tu avRniSnavT 

( 1)
1 1 1 1 2( ) ( ), ( , ) ( ) , ( , ) ( , ) ,n j

i j n j k k k N Na s g s r s o x s x r s o x s o o− −
− − − − − −= − = = = =

=

 

(2.14) gantolebaTa sistemas miviyvanoT am saxemde 

[ ]
[ ]

11 1 1

21 1 22 2 2

31 1 32 2 33 3 3

3,1 1 3,2 2 3,3 3

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

( ) ( ) 1 ( ) ( ) ( ) ( ) ;
...........................................................

( ) ( ) ( ) ( ) ( ) ( ) ....

... 1
N N N

a s x s b
a s x s a s x s b

a s x s a s x s a s x s b

a s x s a s x s a s x s

a
− − −

=

+ + =

+ + + =

+ + +

+ + 3, 4 4 3, 3 3 3 ;

2,1 1 2,2 2 2,3 3

2, 4 4 2, 3 3 2

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ....

... ( ) ( ) 1 ( ) ( ) .

N N N N N N N

N N N

N N N N N n N

s x s a s x s b

a s x s a s x s a s x s

a s x s a s x s b

− − − − − − −

− − −

− − − − − − −

⎧
⎪
⎪
⎪
⎪
⎪⎪
⎨
⎪
⎪ ⎡ ⎤ + =⎣ ⎦⎪

+ + +⎪
⎪

⎡ ⎤+ + +⎪ ⎣ ⎦⎩

       (2.15) 
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aq  

  [ ]1 0 1( ) 1 ( ) ( , ) ;n ib a R s a s r s o= − + 1 1( ) ( , ), 2, 2 .i ob a s r s o i N= = −  

  0
1

00

[1 ( ) ( )]( ,0) ;
( )
ns a R sr s

a s
− +

=  

pirveli N-3 (2.15) gantolebaTa sistemidan, Seicavs  N-3 ucnobebs 

xi(s) (i=1; N-3)),  amoxsnis Semdeg movnaxavT xi (s), P0 (s)-gan 
damokidebulebiT. Semdeg (2.15) bolo gantolebidan vpoulobT    

P0 (s) da amis Sedegad sxva danarCen albaTobebs. 

 (2.15) gantolebaTa sistemis pirveli N-3 amoxsnisas SeiZleba 

davweroT 
( )

( )
( )

i
i

s
x s

s
Δ

=
Δ , sadac ( )sΔ  aris gansazRvreba    

CavwerT argumentis gareSe) 

))(( sjiα

11

21 22

31 32 33

41 42 43 44

3,1 3,2 3,3 3,4 3, 4 3

0 0 0 0 0

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

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

(1 )N N N N N N N

α

α α
α α α
α α α α

α α α α α α− − − − − − −

+
+

+

− ; 3

,

N −

 

 

 xolo )3,1()( −=Δ Nisi   miiReba   )(sΔ   gansazRvrebidan, i-uri 

svetis -ze. 1 2 3 3( , , ,.... , )nb b b b −

 exla SegviZlia ganvsazRvroT saSualo namuSevari mtyunebis 

dros an saSualo dro (maTematikuri lodini) (kss) mtyunebad 

mdgomareobaSi moxvedramde. 

 (2.12) gantolebis Tanaxmad 

1 1( )
( ) n N N

n

R s
R s

s
α − + −=  , radgan 
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  ,)()(
0

tdtResR N
ts

N ∫
∞

−=

gvaqvs Semdegi Tanafardoba: 

,)()0()( /

0

tdtReRsRs N
ts

NN ∫
∞

−=−  

an CHONsN TtdtRtsRs −==∫
∞

= )()( /

0

/
0 , 

amgvarad  ;)( /
0=−= sNCHO sRsT  

SevniSnoT, rom stacionaluri mniSvnelobebi: 

 
0

( ) lim ( ) 0 , i = 0, N-1i is
R t sR s

→
= = roca       da 

 rac mosalodneli iyo..  
0

( ) lim ( ) 1,N is
R t sR s

→
= =

marTlac, sistema drois intervalSi ( 0 , )∞  aucileblad 

moxvdeba STanTqmis mdgomareobaSi. 

 analogiurad moiZebneba meore rigis momenti da dispresia. 

cxadia, rom (2.15) gantolebaTa sistemis amoxsna ar iwvevs 

siZneles, amitom is aq aRar moiyvaneba. 

 am paragrafis damTavrebiT SevniSnavT, rom aq moyvanili 

formulebi aris sayovelTao. 

 
 

2.1.2. mtyunebadi rezervirebuli (kss) saimedooba  

 

  mtyunebadi sistemis saimedo maCveneblebi (kss) SeiZleba 

miviRoT im formulebidan, romelic miviReT am Tavis dasawyisSi. 

amisTvis sakmarisia vigulisxmoT, rom saSualo aRdgeniTi dro 

tolia usasrulobis, e.i. 

  
0

( )b tg t dtτ
∞

= =∫ ∞
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 es piroba laplasis gardaqmnebis saxiT SeiZleba daiweros, 

rogorc g (s) = 0.   marTlac, mudmivi droiT aRdgenis( )bτ    

( ) ( ) ,bg s Exp sτ= − ,   romelic    miiswrafvis nulisaken roca 

bτ →∞. 

maSin, am SemTxvevaSi (2.13) gantolebaTa sistema miiRebs saxes. 

0 0

1 0

( )
1 1

1 1

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

( , ) , 2, 1;

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

n

n

K

n K
K n

N n N N

sR s a R s
r s o a R s

r s o o K N

R s Gg r s o K N
sR s a R s

−
−

− + −

− = −⎧
⎪ =⎪
⎪ = = −⎨
⎪ = = −⎪
⎪ =⎩

 

 

aq  
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∏ ∏
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⎫⎡ ⎤
⎪⎢ ⎥+ ⎬⎢ ⎥+ − − ⎪⎣ ⎦ ⎭

∑ ∏  

 

saSualo namuSevari mtyunebis dros SeiZleba gamoviTvaloT 

Semdegnairad: 

             
/ /

0 1( ) (0);CHO n s n N NT sR s a R= − + −= =− 1  
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/1
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⎛ ⎞
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       ×  
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p n Nn N n Nn N n N p n N p pa a a a a a a a
η
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⎫⎧ ⎡ ⎤⎛ ⎞⎪ ⎪⎢ ⎥+⎜ ⎟⎨ ⎬⎜ ⎟ ⎢ ⎥− −⎪ ⎪⎝ ⎠ ⎣ ⎦⎩ ⎭
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2.2. teqnikuri sistemebis intervaluri da  zRvruli 

mzadyofnis   koeficientis   gansazRvris  maTematikuri 

modelebi da meTodebi 

 

 aRniSnul paragrafSi SemoTavazebulia originaluri meTodi 

rTuli nakeTobebis (teqnikuri sistemebi aparatebi, teqnikuri 

mowyobilobebi da sxva) Cadgmuli aparaturuli, xelsawyoebis 

kontroliT intervaluri da zRvruli mzadyofnis koeficientis 

gansasazRvravad. ix. gv. 72 

 rogorc cnobilia  intervaluri mzadyofnis koeficienti 

ganisazRvreba, rogorc maTematikuri lodini drois im nawilisa, 

rac saWiroa nakeTobis normaluri funqcionirebisaTvis drois 

mocemul  T  intervalSi [3, 57]. 

 modeli 1. dauSvaT, gansaxilveli teqnikuri sistema Sedgeba 

ori nawilisagan: ZiriTadi da sakontrolo. ZiriTadi nawilis 

gamarTulobis maCvenebels warmoadgens mis gamosasvlelze 

gansazRvruli donis signalebis arseboba, romelic Seuwyvetlad 

mowmdeba sakontrolo mowyobilobis mier. sakontrolo 

aparaturis mtyunebebi mowmdeba periodulad, Tu perioduli 

Semowmebebis dros moxdeba ZiriTadi mowyobilobis mtyuneba, 

roca sakontrolo nawili gamarTulia, dauyovnebliv iwyeba misi 

aRdgena (remonti), xolo Tu ZiriTadi elementis mtyunebas win 

uswrebs sakontrolo aparaturis mtyuneba, maSin mtyunebis 
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aRmoCena da aRmofxvra SesaZlebelia mxolod perioduli 

Semowmebis Sedegad. ZiriTadi da sakontrolo mowyobilobebis 

mtyunebebis nakadi eqvemdebareba puasonis kanons. 

 SemoviRoT Semdegi aRniSvnebi: α – ZiriTadi aparaturis 

mtyunebis intensivoba, β  - sakontrolo aparaturis mtyunebis 

intensivoba, Г0(t) – perioduli Semowmebisas sakontrolo drois 

ganawilebis funqcia (gf), Г1(t) – nakeTobis sakontrolo da jamuri 

drois ganawilebis funqcia, G(t) – nakeTobis ZiriTadi nawilis 

aRdgenis drois ganawilebis funqcia. 

 imisaTvis, rom vipovoT saSualo sasargeblo muSaoba, 

kalendaruli T drois ganmavlobaSi, periodul Semowmebebs 

Soris, mtyunebaze yvela tipis droiTi danakargebis 

gaTvaliswinebiT droiTi danakargebi ZiriTadi da sakontrolo 

mowyobilobis mtyunebis aRsadgenad, aRmouCenadi mtyunebiT 

gamowveuli droiTi danakargebi (ZiriTadi mowyobiloba 

agrZelebs funqcionirebas araqmediTunarian mdgomareobaSi), 

perioduli Semowmebisas droiTi danakargebi da a.S.). ganvixiloT 

Sebrunebuli amocana: vipovoT realuri (kalendaruli) drois 

saSualo mniSvneloba T , yvela SesaZlo tipis danakargebis 

pirobebSi, rac aucilebelia ZiriTadi mowyobilobis mier T0  

xangrZlivobis sasargeblo muSaobis uzrunvelsayofad 

(sasargeblod iTvleba drois is intervalebi, romlis drosac 

ZiriTadi mowyobiloba gamarTulia). 

 dauSvaT, rom dro T0  dayofilia n  damoukidebel da 

Tanabar nawilebad ganawilebis funqciiT  F(t).  

 F(t)=1(t- τ0),  τ0=  0 /T n

 gadavnomroT TiToeuli droiTi monakveTi da jτ0(j =1, n )-s 

davarqvaT  j -uri etapi. SemovitanoT ganawilebis funqcia Фj(t) – 

albaToba imisa, rom ZiriTadi mowyobilobis muSaobis (n–j+1)τ0 

drois umtyuno muSaobis drois misaRebad, dawyebuli j-uri 

etapidan saWiroa t(t≥( n–j+1)τ0)-ze naklebi dro, im pirobiT, rom j-

ur etapSi ZiriTadi mowyobiloba imyofeboda gamarTul 
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mdgomareobaSi da ZiriTadi mowyobilobis mtyunebebi 

aufasureben umtyuno muSaobis dros erTi etapis sazRvrebSi. 

 cxadia, rom zemoaRniSnuli gamosaxulebidan gamomdinare 

gveqneba: 

   da  ( )
1

0

( )l im n

n
t t

∞

→ ∞
Φ∫ T 0 /uk T T=                          (2.16) 

 SemdegSi zeda indeqss n-( ( )
1

nΦ (t)) gamovtovebT. e.i. Ф1(t) mimarT 

naxevradmarkovuli procesebis safuZvelze adgili aqvs Semdeg 

integralur gantolebas: 

 

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

00 0

( ) ( 1)
* *

00 0

( 1)
* 1

0 0

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

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

( ) ( ) ( ), 1, ;

t tn j
n j u u i i

j
i

t u tn j
u u i i

j i
i

t u t u v
n j i

j i

t dF u e t u e du F u F u

dG v t u v e du e F u F u

dF v d t u v j n

α α

α β

α

α

τ τ

−
− + − − +

=

− −
− − +

+
=

− − −
− − +

+

Φ = Γ − + −

× Φ − − + − −

× Γ Φ − − − =

Σ∫ ∫

Σ∫ ∫

∫ ∫

×

×   (2.17) 

 

 sadac,  -   ganawilebis funqciis k-uri rigis 

naxvevia;  

( )
* ( )kF u ( )F u

.λ α β= +   

 ganvixiloT gamosaxuleba (2.17): 

 pirveli wevri – esaa erToblivi albaToba Semdegi 

damoukidebeli xdomilebebis: a) n – j + 1  etapis Sesruleba 

mTavrdeba  drois intervalSi  -   am drois 

ganmavlobaSi ZiriTadi elementi ar ganicdis mtyunebas . 

perioduli kontrolis dro iqneba 

( , )u u du+ ( 1)
* ( );n jdF u− +

( )ue α−

t u−  naklebi -ze. 0( ( ))t uΓ −

meore wevri _ albaToba imisa, rom u drois momentSi 

aRiZvreba ZiriTadi elementis mtyuneba da am drois ganmavlobaSi 

sakontrolo  elementi ar ganicdis mtyunebas   da 

Sesruldeba  

( eα )uλ−

( 0,i i n j= − ) ( ) ( 1) ]i i+

)

 etapi – .  ZiriTadi 

elementis aRdgenis dro Seadgens   da umtyuno muSaobis 

* *[ ( ) ( )F u F u−

( ( )v dG v
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0)1( τ+−− ijn v− − droisTvis saWiroa dro naklebi t u -ze 

dawyebuli j i+

u uα β− −

 etapidan. 

mesame wevri - albaToba imisa, rom u drois ganmavlobaSi 

moxdeba ZiriTadi mowyobilobis mtyuneba, romelic ar iqneba 

aRmoCenili, radganac am drois momentamde adgili aqvs 

sakontrolo elementis mtyunebas  . u  drois 

ganmavlobaSi Sesruldeba 

(1 )e du eα −

( 0,i i n j)= −  etapi -   _  

drois ganmavlobaSi (perioduli kontrolis Sesrulebamde 

( ) (i i+

( ( ))v n j

1)
* *[ ( ) ( )],F u F u− v

01)i τ= − −

( ( ))d

+  ZiriTadi mowyobiloba darCeba gaumarTav 

mdgomareobaSi. ZiriTadi da sakontrolo elementebis mtyunebebi 

aRmoCenili da aRmofxvrili iqneba 1τ τΓ  drois gamnavlobaSi 

perioduli kontrolis dros da umtyuno muSaobis 0( 1)n j i τ− − +

t u v

 

droisaTvis saWiroa − τ− −  - ze naklebi dro, dawyebuli j+i 

etapidan. 

sasazRvro pirobas warmoadgens: 

1 0( ) ( )n t t+Φ = Γ  

Tu gamoviyenebT laplasis gardaqmnas (2.17) gamosaxulebis 

mimarT, miviRebT: 

10

0

[ ( )(1 ( )) ( ) ( )]( )( ) ( )
in j

j in j
j

i

f s f s g s sss f s
s s

α λ λγ α
λ

−
+− +

=

+ − + Φ
Φ = + +

+Σ +
 

1
1

0

( )(1 ( ))( ) ( )
in j

n j i

i

f s f ss f s
s

α ααγ
α

−
− − +

=

⎡ + − +
+ −⎢ +⎣
Σ                                 (2.18) 

- ( )(1 ( )) ( ), 1, .
i

j i
f s f s s j

s
λ λ

λ +

⎤+ − +
Φ⎥+ ⎦

n=                                                  

aq 
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0

( ) ( ) ;
t

st
j js e t−Φ = Φ∫ dt   

0

( ) ( ),st
i s e d tγ

∞

= Γ∫        0,1;i =  

0

( ) ( );stg s e dG t
∞

−= ∫    
/0( ) ( )

0

sT nstf s e dF t e
∞ −

= =∫  

gadavweroT (2.18) ufro moxerxebuli formiT: 

10 ( ) [1 ( )]( ) ( ) ( )n j
j

s f ss f s g
s s

sγ α λα
λ

− + − +
= + + ×

+
Φ

    

 1
1

1 ( )( ) ( ) ( ) ( )i n j i
j i

i o

f sf s s s f s
s

n j αλ αγ
α

− − +
+

=

× + Φ +
+Σ

− − +
×             

      
0

( ) ( ),
( )

iin j

j i
i

f s s
f s

α−

+
=

⎛ ⎞+
Φ⎜ ⎟

⎝ ⎠
×Σ              1, .j n=                 (2.19) 

imis gaTvaliswinebiT, rom 0 1( ), ( ), ( ), ( )s s f s g sγ γ  warmoadgens 

Sesabamisi funqciebis simkvrives, amitom ( )sΦ  ( 1, )j n=  aseve 

warmoadgens ganawilebis funqcias. Aamis dasamtkiceblad (2.19)-s 

orive mxare gavamravloT s –ze da gadavideT zRvarze, da roca 

s 0→ , Sedegad miviRebT: 

1

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

n j n j
n j i i

j
s i

ss f f f f
λ 0i

αα λ α
− −

− +

→ =

=Φ + + −Σ Σ α
=

−
  

    1

0
(1 ( )) ( ) ( ) (1 ( ))i n j

i
f f f f

λ

n jα λ λ α α− +

=

−
−

− = + −Σ × 

 

1( ) 1 1
( ) 1

n jf
f

α
α

− +

× =
−

−  
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aq gaTvaliswinebulia, rom Tu 
0

( )lim j
s

s s
→

Φ  tolia erTis, 

maSin  
0

( )lim j i
s

ss +
→

Φ  ( 1, )i n ,j= −  roca s→ 0, aseve miiswrafis 

erTisken.  

gardavqmnaT (2.19) Semdegi saxiT: gamosaxulebis orive mxare 

gavamravloT ( ),f s j  SevcvaloT 1jλ+  + -iT da miRebul 

gamosaxulebas gamovakloT (2.19). Sedegad miviRebT: 

10
1

( )( ) ( ) ( ) ( )[ ( ) ( )]n
j j

sf s s s f s f s f s
s

λλ α−
++ Φ −Φ = + + − + −λ α  

 1
1

[1 ( )] 1 ( )( ) ( ) ( ) ( )n j
j

f s f sg s s s f s
s s

α λ ααλ
λ α

− +− + − +
− Φ +

+ +
×  

0

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

in j

j i j
i

f s f s f s s s
f s f s
λ α α

α

−

+
=

⎡ ⎤⎛ ⎞ ⎛ ⎞+ − + +
× Φ⎢ ⎥⎜ ⎟ ⎜ ⎟+⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦

Σ −Φ +                                

11( ) (1 ( )) ( ) ( ),n j
j

s f s f s
s

sαλ λ
λ

− ++ − + Φ
+

           1, 1j n= −                            (2.20) 

miRebuli (2.20) gantoleba gavamravloT ƒ(s+α) –ze, j isev 

SevcvaloT j+1-iT da miRebul gamosaxulebas gamovakloT (2.20), 

miviRebT: 

 1
1

1 ( ) 1 ( )1 (1 ( )) ( ) ( ) ( )n j f s f sf s g s s f s
s s
α λλ αγ
λ λ

− +⎡ ⎤− + − +⎛ ⎞− − + + −⎜ ⎟⎢ ⎥+ +⎝ ⎠⎣ ⎦s
α

α
×

+
 

2( ) ( ) ( ) ( ) ( ) ( )j js f s f s s f s f s
s
αα λ α λ
λ+

⎡×Φ = − + + Φ + + + + −⎢ +⎣
×              

1
1 ( )(1 ( )) ( ) ( ) ( ) ( ) ( )n jf sf s g s f s s f s f s

s
αλ α αγ λ

α
−− +

× − + + − + +
+

 

+ 1
1 ( )( ) ( ) ( ) ( )n j

j i
f ss f s f s s
s

λαγ α
λ

−
+

− + ⎤+ Φ⎥+ ⎦
  1, 1,j n    1

( )( )n
ss

s
γ

+Φ =   (2.21) = −
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am meore rigis gantolebas unda daumatoT kidev erTi 

gamosaxuleba (2.19)-dan, roca j ;n=  

 1 1(1 ( ))( ( ) ( ) ( )) ( ) ( )(1 ( )1 (n
f s g s s f s s f s f s s

s s
α λ γ αγ α

λ α
− + − − − +⎡ ⎤− −⎢ ⎥+ +⎣ ⎦

)Φ =  

  0 ( ) (s f s
s

)γ α= +

( ).sΦ 1j n

                                              (2.22) 

     miRebuli gamosaxulebidan SegviZlia ganvsazRvroT    ( ).n sΦ

(2.21) gamosaxulebis amoxsna ar warmoadgens sirTules.        

[46]-Si moyvanilia misi amoxsnis mza formula. Tumca 

mizanSewonilia misi amoxsna mimdevrobiTi Casmis meTodiT.  (2.22)-

dan ganvsazRvroT  (2.21)-Si CavsvavT n = −

( )sΦ 2j n= − ( )s

da ganvsazRvravT 

, Semdeg -sTvis vpoulobT 1n− 2n−Φ , vagrZelebT 

gamoTvlas manam, sanam j  ar gautoldeba erTs anu vpoulobT 

saZiebel albaTobas , Semdeg cnobili meTodebiT vpoulobT 

-is Sebrunebul gardaqmnas da vipoviT 

1( )sΦ

( )sΦ1 1( )tΦ -s,  Tu cnobilia 

, Zneli ar aris vipovoT mzadyofnis intervaluri da 

zRvruli koeficienti [46]. 

1( )tΦ

qvemoT moyvanilia martivi meTodebi mzadyofnis 

intervaluri da zRvruli koeficientis gansazRvrisa imis 

gaTvaliswinebiT, rom /
s 0( )j jT s s == − Φ   da 

0
( ) 1( 1, ).lim j

s
s s j n

→

Φ = =  (2.21) 

da (2.22) gamosaxulebidan gadavdivarT saSualo mniSvnelobis 

gasagebad gantolebaze. amisTvis (2.21) da (2.22) gamosaxulebebis 

orive mxare gavamravloT -ze da gavawarmooT -iT, roca s s 0s = . 

Sedegad miviRebT:            

2 0 1 0

0 1 0 1 0

(1 ) , 1, 1 ;

1 ( ) (1 ( ))[1 / ] [ / ] (2.9)
( ) ( )

j j j

n

T C T C T dj j n

f fT T n T n
f f
α λ ατ ατ α τ τ

α α λ α

+ +
⎧ − + + = = −
⎪
⎨ − −

= + + + − − +⎪
⎩

a

(2.23) 
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sadac /
1 1 1

0

( ) ( ) std t sτ γ
∞

0== Γ ≡∫   _ ZiriTadi da sakontrolo 

mowyobilobis (gamomTvleli manqana da aS.) aRdgenis da umtyuno 

kontrolis saSualo jamuri droa. 

/
00

0
001 )()( =

∞

+ ≡Γ== ∫ sn stdtT γτ - perioduli Semowmebisas 

mowyobilobis untyuno muSaobis kontrolis saSualo dro. 

/
0

0

( ) ( ) stdG t g sτ
∞

== = −∫a  _ araqmediTunariani nakeTobis mtyunebis 

aRdgena saSualo dro. 

/
0

0

( ) ( )i j jT td t s s
∞

s== Φ = − Φ∫  teqnikuri mowyobilobis muSaobis 

xangrZlivoba, romelic saWiroa sasargeblo 0( 1) /n j T n− +  drois 

misaRebad, ZiriTadi nakeTobis umtyuno muSaobis dros.  

nT  Sesabamisad igivea rac -is misaRebad. 0 /T n

        0
1

f ( )c λ= =  
( )0 / ;ne λ− Τ

 

                jd = 0
0 1

1 ( ) (1 )
( ) ( )

Tf a ja
f a n a n f a

λτ β τ β
λ

⎧ − ⎡ ⎤− + Τ − + + +⎨ ⎢ ⎥⎣ ⎦⎩
a ×  

 

                0 0( / ) ( / )
0

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

a T n T na f a c f a e f e
f

λλ
λ λ

− −⎡ ⎤ ⎫−
× − − = =⎬⎢ ⎥−⎣ ⎦ ⎭

          

                   0( /( ) .T nf e λλ −= )

 
      (2.23) gamosaxuleba amoixsneba analogiurad: Tavdapirvelad 

vaZlevT mniSvnelobas j = n–1 da τ0 da Tn , cnobili mniSvnelobebis 

gaTvaliswinebiT vpoulobT  Tn -1, Semdeg  j =  n–2- sTvis vpoulobT 

Tn -2  da a.S. manamde sanam,  ar vipoviT T1. Semdeg gadavdivarT 

zRvarze roca  da miviRebT: n→∞
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        [ ]1 0 0 0 1 2

1lim 1 ( )
n

aT T T Tτ β τ τ λ
λ λ→∞

⎧= = + + + − −⎨
⎩

a ×   

        0 0
0

1(1 ) ;
2
Te a e Tλ λτ β τ

λ
− Τ − Τ ⎫⎡ ⎤⎛ ⎞× − + + + − ⎬⎜ ⎟⎢ ⎝ ⎠⎣ ⎦ ⎭

a 1
0
⎥         (2.24)                

   mzadyofnis intervaluri koeficienti 

                                   ku=T0 / T ;  

     (2.24)-s gaanalizebiT miviRebT: 

  1. T0-is  gazrdiT mzadyofnis intervaluri koeficienti    

      mcirdeba da roca T0  →∞ igi tolia nulis. 

    2. idialuri ZiriTadi elementis (a = 0) dros  T= 0 0 ,Tτ +  

     miuxedavad sakontrolo mowyobilobis mtyunebisa. 

  3. idialuri sakontrolo elementis ( 1β = ) dros 

              T=  0 0( 1 ) ;a Tτ τ+ + a

  4. β = ∞  Seesabameba kontrolis uqonlobis SemTxvevas 

(ZiriTadi elementis muSaobis marTebuloba mowmdeba mxolod 

perioduli kontrolis dros): 

 

 u 0
2

0 1 0 0

k =T  
( 1 ) / 2a T a Tτ τ⎡ ⎤+ + +⎣ ⎦

 ; 

      

       am SemTxvevaSi perioduli kontrolis efeqturi mniSvneloba, 

anu roca ku Rebulobs maqsimalur mniSvnelobas, ganisazRvreba 

Semdegi gamosaxulebiT: 

   0

0 0

0

2 /

uk
T

T aτ

∂
=

∂

=ef ;
     

   Sesabamisad mniSvneloba 

                

                     [ ]
(max)

1

1 ;( 1 )
uk

a a τ
=

+ +  

 

               sadac  02a aτ= . 
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  aparaturuli kontrolis uqonlobisas T0-is mniSvneloba 

SeiZleba gamoviyenoT periodul Semowmebebs Soris drois 

xangrZlivobis saukeTeso mniSvnelobis gansazRvrisaTvis. 

    5. α  da β-s gaaCniaT dadebiTi mniSvneloba, amitom  T0 –is 

saukeTeso mniSvneloba ganisazRvreba Semdegi gamosaxulebis 

amoxsniT: 

    

[ ] 0 0 2
0 1 1 03

11 ( ) (1 )
2

T Te T eλ λα β α β α βτ τ τ λ τ τ
λ λ λ λ

− −⎡ ⎤+ + − − + − − + − =⎢ ⎥⎣ ⎦
a a 0 0T . 

miRebuli gamosaxulebebi saSualebas gvaZlevs ganvsazRvroT ara 

marto –s da –s saukeTeso (racionaluri) mniSvnelobebi, 

aramed maTi mniSvnelobebis CasmiT vipovoT aparaturuli da 

perioduli kontrolis parametrebis saZiebeli mniSvnelobebi. 

uk km

 

2.3. teqnikuri mowyobilobebis saimedoobis 

maCveneblebis gansazRvra, roca mtyunebaTa nakadi 

ganawilebulia mimdevrobiT-paraleluri erlangis 

nareviT 

dauSvaT, rom sxvadasxva tipis mowyobilobebi, teqnikuri 

sistemebi, xasiaTdebian ori tipis mtyunebiT, romelTa aRmoCenac 

xdeba maTi warmoqmnis momentSi uwyveti idealuri kontroliT: 

pirveli tipi _ TandaTanobiTi, romelic ganawilebulia 

nebismieri kanoniT, meore tipi _ uecari (katastrofuli), 

romelic ganawilebulia maCvenebliani ganawilebaTa 

erTobliobiT. magaliTad: maCvenebliani ganawilebis erlangis 

narevi. amasTan ganixileba mowyobilobis mxolod ori 

mdgomareoba: muSaobs da ar muSaobs. mtyunebad miiReba 

mdgomareoba, romelsac mivyavarT produqciis gamoSvebis srul 

Sewyvetamde. mtyunebis Semdeg mowyobiloba maSinve gadaecema 

aRdgenaze (remontze). aRdgenis Semdeg mas eniWeba Tavdapirveli 
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saimedooba da aRdgenis procesSi ar warmoiqmneba axali 

mtyunebebi.unda vipovoT mowyobilobis mzadyofnis funqcia da 

koeficienti. SemovitanoT aRniSvnebi: B( )u  - pirveli tipis 

mtyunebis warmoqmnis drois ganawilebis funqcia  

( ( ) 1 ( ),B u B= − u        ,)()( / uBub = ( )( ) ).
( )

b uu
B u

λ =  

11

( ) / ( )
lim

i i j i
ji

a s P sα α
==

= Σ ∏ j+

m

l

 - meore tipis mtyunebis warmoqmnis 

drois ganawilebis simkvrivea, laplasis gardaqmnis terminebSi. 

aq mtyunebis warmoqmnis drois ganawilebis funqcia 

aproqsimirebulia TanmimdevrobiT paraleluri fiqtiuri 

fazebiთ (etapebiT), romelTagan TiToeuli ganawilebulia 

maCvenebliani kanoniT;  - paraleluri fiqtiuri fazebis 

raodenobaa.  _ i -uri Stoze mimdevrobiT SeerTebuli fiqtiuri 

fazebis raodenobaa. 

i

i jα  - -uri Stos i j –uri fazis mtyunebis 

intensivobaa.  - -uri StoSi mosalodneli mtyunebis aRZvris 

albaToba.   - laplasis operatori. - pirveli tipis 

mtyunebis Semdeg mowyobilobis aRdgenis drois ganawilebis 

funqcia; - meore tipis mtyunebis aRdgenis drois 

ganawilebis funqcia    

iP i

m

i
i

P
=

=Σ

( )G u

1
1; s 2 ( )G u

2

)
)(

)(,)(
)(

(,)(
1

1
21

/
111 uG

ug
uuGuguGuG ==−= μ)1)((  

)
)(
)(

)(,)()(,)(1)((
2

2
22

/
222 uG

ug
uuGuguGuG ==−= μ  

unda avRniSnoT, , , , ( 1, , 1,i i i j im P l i m j lα = = ) , rom 

parametrebis saTanado SerCeviT SegviZlia miviRoT ganawileba, 

romelsac gaaCnia nebismieri sasurveli saSualo da variaciis 

koeficienti moTavsebuli 0 da ∞  Soris. 
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 dasmuli amocanis gadasawyvetad SemovitanoT Semdegi 

albaTobebi:  - albaToba imisa, rom drois t momentSi 

mowyobiloba imyofeba qmediTunarian mdgomareobaSi ukve 

( , )P t u d u

( , )u u d u u t

i j

ξ ξ< < + ≤

i

 drois manZilze, xolo meore tipis 

mtyunebis warmoqmnis mixedviT imyofeba –uri Stos j –uri 

fazaSi (SemdegSi mas vuwodebT  mdgomareobas ( )i j

1, , 1, ).ii m j l= =  

  - albaToba imisa, rom drois t momentSi 

mowyobiloba meore tipis mtyunebis mixedviT imyofeba  

mdgomareobaSi, bolo mtyunebis aRdgenis momentidan gasuli 

drois gaTvaliswinebis gareSe. saerTod, muSaobis dawyeba 

iTvleba aRdgenis dasrulebis momentidan.  - 

 drois intervalSi moxda pirveli tipis mtyuneba da 

aRdgenis dawyebis momentidan gavida 

0

( ) ( , )
t

i j i jP t P t u d u= ∫

( , )i j

)q t u d

( , )t u t u du− − +

( )u u du

1 ( , u

η <η < +

u

 dro.  

1 1
0

( ) ( , )
t

Q t q t u d u= ∫  - albaToba imisa, rom drois t momentSi 

mowyobiloba imyofeba remontSi im mizeziT, rom moxda pirveli 

tipis mtyuneba, remontis dawyebis momentidan gasuli drois 

gaTvaliswinebis gareSe. 

2 ( , ) ( , )q t u d u t u t u d u− − − +  drois intervalSi moxda meore 

tipis mtyuneba da aRdgenis dawyebis momentidan gavida 

( )u u dη η< < +  dro; 

  - albaToba imisa, rom drois  momentSi 

mowyobiloba imyofeba remontSi im mizeziT, rom moxda meore 

tipis mtyuneba, remontis dawyebis momentidan gasuli drois 

gaTvaliswinebis gareSe. 

2 2
0

( ) ( , )
t

Q t q t u d u= ∫ t
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 unda avRniSnoT, rom meore tipis mtyunebis Semdeg fazis 

gadaTvla iwyeba i–uri ( 1,i m= )

=

 paraleluri Stos pirveli 

fazidan albaTobiT . 1q

 normirebis pirobas aqvs Semdegi saxe: 

    1 2
1 1

( ) ( ) ( ) 1
im

i j
i j

l
t t P t

= =

+ + ΣΣQ Q

 Tu gamoviyenebT Cveulebriv albaTur msjelobas, imasTan 

dakavSirebiT, rom SesaZlebelia mowyobilobis mdgomareobis 

cvlileba  intervalSi, maSin SeiZleba SevadginoT  

da  mimarT Semdegi gantolebebi: 

( , )t t h+ ( , )i jP t u

( , ) ( 1, 2)kq t u k =

    [ ] )(0)1())((1),(),( 1,1 hhPhuhuhtPhuhtP jijjiijij +−++−++=++ −δλα (2.25)  

 1 1 1( , ) ( , ) [ 1 ( ) ] 0 (q t h u h q t u u h h );μ+ + = − +                (2.26) 

 2 2 2( , ) ( , ) [ 1 ( ) ] 0 (q t h u h q t u u h h );μ+ + = − +                (2.27) 

       i=1,m,     j=1,li

 aq  i jδ  – kronekeris indikatoria  
1, i = j
0, i ji jδ
⎧

= ⎨ ≠⎩

Tu   

Tu   

imis gaTvaliswinebiT, rom:  

0 0

( , ) ( , ) ( , ) ( , ) ( , ) ( , ) ;lim lim
h h

z x h y h z x y z x h y h z x y h z x y h z x y
h h→ →

+ + − + + − + + + −
=

 

0 0

( , ) ( , ) ( , ) ( , ) ( , ) ( , ) ;lim lim
h h

z x h y h z x y h z x y h z x y z x y z x y
h h x→ →

+ + − + + − ∂ ∂
+ =

∂ ∂ y
+

 

(2.25-2.27) gamosaxulebebis gardaqmniT miviRebT:  

1 , 1 , 1

( , ) ( , )
( ) ( , ) (1 ) ( , ),i j i j

i j i j j i j i j

P t u P t u
u P t u P t u

t u
α λ δ α − −

∂ ∂
⎡ ⎤+ = − + + −⎣ ⎦∂ ∂

 (2.28) 

1, , 1, .ii m j l= =                          aq 

),()(
),(),(

1
11 utqu

t
utq

t
utq

μ−=
∂

∂
+

∂
∂

;                            (2.29)       

     

),()(
),(),(

2
22 utqu

t
utq

t
utq

μ−=
∂

∂
+

∂
∂

;                          (2.30) 
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sasazRvro pirobebs, roca dawyebis momentSi ( 0t = ) 

mowyobiloba imyofeba qmediTunarian mdgomareobaSi 

1
1( (0) , )i

i i
ji

P i j

α
α α

α
= =Σ , aqvs Semdegi saxe:   

1 1 1 2 2 1
0 0

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

1,

t t

i j j i iP t P q t u u d u q t u u d u P t

i m

δ μ μ
⎡ ⎤

= + +⎢ ⎥
⎣ ⎦

=

∫ ∫ δ
 (2.31)       

0

1
1 1 0

( , 0) ( , ) ( ) ;
i tlm

i j
i j

q t P t u u d uλ
= =

= Σ ∫Σ                             (2.32) 

 ;                    (2.33) )(),()0,(
101

2 tPudutPtq ji

m

t
ji

t

ji

m

t
ji llll ∑∫∑

==

== αα

aq ( )tδ  – impulsuri funqciaa 
0, t 0

( ) ;
, t

tδ
≠⎧

= ⎨ 0∞ ≠⎩

Tu     

Tu     
   

     
0

( ) 1.
t

t dtδ =∫  

axla vipovoT (2.28)-s amoxsna, Tavdapirvelad dauSvaT, rom 

 anu 1j =

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

11
11 utPu

u
utP

t
utP

ii
ii λα +−=
∂

∂
+

∂

∂
                      (2.34) 

dauSvaT,  Tu CavsvavT (2.34)-Si miviRebT: 0( , )( , ) .w t u
i jP t u e=

0 0
1

( , ) ( , ) ( )i
W t u W t u u

t u
α λ∂ ∂ ⎡ ⎤+ = − +⎣ ⎦∂ ∂

                            (2.35) 

(2.35) amoxsna Caiwereba Semdegi saxiT: 

[ ] ττλα dutWutW
u

i∫ +−=
0

100 )(),(~),(  

an imis gaTvaliswinebiT, rom 
)(
)()(

/

uB
uBu =λ  miviRebT: 

)(1)(~

)(

)()(~),( 10
0

/

100 uBnuutWd
uB

uButWutW i

u

i −−−=−−= ∫ ατα . 

Sesabamisad 

1
1( , ) ( ) ( ).i u

iP t u W t u e B uα−= −                                 (2.36) 
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sadac  ,)(1)(,)( )((0
~

uBuBeutW utW −==− −  

Tu gaviTvaliswinebT, rom 1( ,0) ( ),iP t W t=  (2.36) gamosaxuleba 

miiRebs Semdeg saxes: 

1
1 1( , ) ( ) ( ).i u

i iP t u P t u e B uα−= −                                   (2.37) 

axla  CavsvaT (2.28)-Si da miviRebT:  2j =

2 2
2 2 1 1

( , ) ( , )
( ) ( , ) ( , ).i i

i i i i

P t u P t u
u P t u P t u

t u
α λ α

∂ ∂
⎡ ⎤+ = − + +⎣ ⎦∂ ∂

 

Tu CavsvavT mniSvnelobas miviRebT: 

12 2
1 2 1 1

( , ) ( , )
( ) ( , ) ( ) ( ,0).ii i u

i i i i

P t u P t u
u P t u e B u P t u

t u
αα λ α

∂ ∂
⎡ ⎤+ = − + + −⎣ ⎦∂ ∂

 (2.38) 

bolo gamosaxulebis amoxsnas vipoviT  

saxiT, Tu CavsvavT –is mniSvnelobas (2.38)-Si miviRebT: 

2 ( , ) ( , ) ( , )iP t u X t u Y t u=

2 ( , )iP t u

       
1

2 1 1

( , ) ( , ) ( , ) ( , )( , ) ( , ) ( , ) ( , )

( ) ( , ) ( , ) ( ) ( ,0) (3.15)i u
i i i

X t u Y t u X t u Y t uY t u X t u Y t u X t u
t t u u

u X t u Y t u e B u P t uαα λ α −

∂ ∂ ∂ ∂
+ + + =

∂ ∂ ∂ ∂

⎡ ⎤= − + + −⎣ ⎦

 (2.39) 

SevarCevT ( , )X t u  da  mniSvnelobebs Semdegi utolobebidan: ( , )Y t u

2
( , ) ( , ) ( ) ( , )i

X t u X t u u X t u
t u

α λ∂ ∂ ⎡ ⎤+ = − +⎣ ⎦∂ ∂ ;                      (2.40) 

1
1 1

( , ) ( , ) ( ) ( ,0) / ( , )i u
i i

Y t u Y t u e B u P t u X t u
t u

αα −∂ ∂
+ = −

∂ ∂
;            (2.41) 

(2.40)-s amovxsniT (2.28)-s analogiurad da miviRebT: 

2( , ) ( ) ( )i u
xX t u W t u e B uα−= − − ; 

Tu miRebul ( , )X t u  mniSvnelobas CavsvavT (2.41)-Si gveqneba: 

)0,(~),(),(
1

)(
1

21 utPe
u

utY
t
utY

i
u

i
ii −=

∂
∂

+
∂

∂ −− ααα ; 

sadac       )(
)0,()0,(~

11
utW

utPutP
x

ii
−

−=−
 . 

amoxsnis Sedegad miviRebT: 

 Y ; τα ταα deutPutWutY
u

iiy
ii∫ −−−+=

0

)(
11

21)0,(~),(),(
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axla SegviZlia davweroT: 

2
2 1 1( , ) ( , ) ( , ) ( , ) ( ) ( ) ( ,0)i u

i x y iP t u Y t u X t u W t u e B u W t u P t uα α−
i⎡ ⎤= = − + − ×⎣ ⎦  

  1 2( )

0

i i

u

e dα α τ τ− −× ∫ ; 

Tu CavsvavT 1( , 0iP t u )− –is mniSvnelobas miviRebT: 

2 1 1( )
2 2 1 1

0

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

u
u

i i i iP t u e B u P t u P t u e dα α α τα τ− − −⎡ ⎤
= − + −⎢ ⎥

⎢ ⎥⎣ ⎦
∫ ;(2.42) 

sadac  ; 2 ( ,0 ) ( ) (i x yP t u W t u W t u− = − − )

2)α

imis gaTvaliswinebiT, rom  

 , miviRebT: 1 2 1 1( ) ( )
1

0

1 /(i i i i

u

i ie d eα α τ α α ττ α− − − −⎡ ⎤= − −⎣ ⎦∫
22

2 1 1 2( , ) ( , ) ( ) ( ) ( ,0) ( ) ii
i i i iP t u P t u B u l u P t u B u e α τ−− = + −         (2.43) 

sadac 2 1 2( )(2)
1 1 1( ) 1 / ( )i i iu u

i il u e eα α α
2iα α α− − −⎡ ⎤= −⎣ ⎦ −  

(2.43) gamosaxuleba warmoadgens albaTobas imisa, rom u  

droSi momxdari meore tipis mtyuneba gadava i–uri Stos pirveli 

fiqtiuri fazidan meoreSi. 

(2.37) da (2.43) gamosaxulebebis amoxsna SesaZloa miviRoT 

albaTuri msjelobis safuZvelze. marTlac, albaToba imisa, rom 

 momentSi mowyobiloba qmediTunariania u  drois ganmavlobaSi 

meore tipis mtyunebis mixedviT imyofeba i  fazaSi tolia:  

t

      ( )

1
( , ) ( ,0) ( ),

j
j

i j i n n
n

P t u P t u l B u
=

= −Σ 1, ;ij l=              (2.44) 

anu  drois momentSi mowyobiloba meore tipis 

mtyunebis mixedviT imyofeba ( ) mdgomareobaSi albaTobiT 

  drois ganmavlobaSi meore tipis mtyunebam 

Seicvala faza –idan  

t u−

in

( , 0i np t u− ), u

n j –mde    da am drois ganmavlobaSi 

pirveli tipis mtyuneba ar aRiZvra 

( ) ( )j
nl u

( ).B u  

analogiurad (2.39) da (2.40) amoxsnis Sedegad gveqneba: 

11 1( , ) ( ,0) ( );q t u q t u G u= −    22 2( , ) ( ,0) ( );q t u q t u G u= −              (2.45) 
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(2.44) da (2.45) Seicaven ucnobebs  1( , )iP t u ( 1, ,j il=  1, ),i m= maTi 

 gansazRvrisaTvis gamoiyeneba Semdegi sasazRvro 

pirobebi:

1( , ),q t u 2 ( , ).q t u

1 1 1 1 2 22
0 0

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

i j j iP t P q t u G u u d u q t u G u u d uδ μ
⎡

= − + −⎢
⎢⎣

∫∫ μ +          

+ ]1(0) ( )iP tδ ;    1, ,i m=     1, .ij l=                           (2.46) 

1
1 1 0

( ,0) ( , ) ( )
i tlm

i j
i j

q t P t u u d uλ
= =

= Σ ∫Σ ;                            (2.47)   

2
1 0 1

( ,0) ( , ) ( )
i

i

ltm

i l i l i l i l
i j

q t P t u d u P tα
= =

= =ΣΣ ∫ i i
α ;                     (2.48) 

imis gaTvaliswinebiT, rom  ( ) ( ) /k ku q u Gμ = k , ( 1, 2)k =   

( ) ( ) / ( )u b u B uλ =  da ( , 0) 0i jP t = , Tu 1j ≠  (Sesabamisad 

( )
1 1( , ) ( ,0) ( ) ( ))j

i j iP t u P t u l u B u= −  sasazRvro pirobebis gamoyenebiT 

miviRebT Semdeg integralur gantolebaTa sistemas:  

 

1 1 1 2 2 1
0 0

( )
1 1 1

1 1 0

( )
2 1 1

1 0

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

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

( ,0) ( ,0) ( ) ( ) ; 1, ;

i

i

i

t t

i i i

l tm
j

i
i j

m t
l

i l i
i

P t P q t u g u d u q t u g u d u P t

q t P t u l u b u d u

q t P t u l u B u d u i m

δ

α

= =

=

⎧ ⎡ ⎤
= − + − +⎪ ⎢ ⎥

⎪ ⎣ ⎦
⎪
⎪ = −⎨
⎪
⎪
⎪ = − =
⎪⎩

∫ ∫

ΣΣ ∫

Σ ∫

(2.49) 

aq  ( ) ( )
1 1

0

( ) ( ) .i

u
vj j

i il u e l u v dαα −
+= −∫ v

Tu gamoviyenebT laplasis gardaqmnas (2.46)-sTvis miviRebT: 

[ ]1 1 1 2 2 1( ,0) ( ,0) ( ) ( ,0) ( ) (0) 1, ;i i iP s P q s g s q s g s P i m= + + =            (2.50) 

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

111
11

1

sbsPsq
jl

j

m

i
i ∑∑

==

=                                 (2.51) 

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

1
1

12

1

sBsPsq
lm

i
ji∑

=

=                                 (2.52) 

sadac 
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0

( ,0) ( ,0) ,s t
i j i jP s e P t d t

∞
−= ∫  1, ,i m=  1, ;ij l=   

0

( ,0) ( ,0) ,s t
k kq s e q t d t

∞
−= ∫   1, 2;k =  

0

( ,0) ( ),st
vg s e dG t

∞
−= ∫  1, 2;v =  

1
( ) 1( ) ,

j
j v

k
v kj v

l s
s s

α
α α

−

=

=
+ +∏   ,, ij k l=     ( ),j k≥ 1, ;i m=  

0

( ) ( ) ;sub s e b u du
∞

−= ∫  
0

1 ( )( ) ( ) ;su b sB s e B u du
s

∞
− −

= =∫  

1
( )

1
10

( ) ( ) ( ) ( )
j

j su j
i j

j

b s e l u b u d u b s τ

τ τ

αα
α α

∞ −
−

=

= = +
−∏∫ +  

 
1 11

1 1 1

( )
/ ( )

j jj
p

p
p j p

p

b s
τ τ

τ τ
τ

α
;α α α

α α

− −−

= − =
≠

⎡ ⎤+
+ −⎢ ⎥

−⎢ ⎥⎣ ⎦
∏ ∏Σ      1, ;i m=  

1
( ) ( )
1 1

10

( ) ( ) ( ) ( )
i

i i

i

i

l
l lsu

l
l

B s e l u B u du B s τ

τ τ

αα
α α

∞ −
−

=

= = +
−∏∫ +  

 
1 11

1 1 1

( )
/ ( ),

i ii

i

l ll
p

p
p l p

p

B s
τ τ

τ τ
τ

α
α α α

α α

− −−

= = =
≠

⎡ ⎤+
+ −⎢ ⎥

−⎢ ⎥⎣ ⎦
∏ ∏Σ  1, ;=i m  

1 ( )
( ) i

i

i

l
l

l

b s
B s

s
.

α
α

α
− +

+ =
+

 

(2.49), (2.50) da (2.51) gamosaxulebebi warmoadgenen 

ganzogadebul gamosaxulebebs. maT kerZo SemTxvevebs 

warmoadgens literaturaSi cnobili modelebi, romlebic miiReba 

roca: 

 1. meore tipis mtyunebis aRZvris dro ganawilebulia 

erlangis kanoniT. 

 Sesabamisi gantolebebi miiReba Tu (2.49), (2.50) da (2.51)-Si 

 11( 1).m P= =

 2. meore tipis mtyunebis aRZvris dro ganawilebulia 

hipereqsponencialuri kanoniT. 
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 Sesabamisad gantolebebi miiReba Tu (2.49), (2.50) da (2.51)-Si 

dauSvebT, rom 1 1 ( 1,l i= = ).m

=

=

 

 am kerZo SemTxvevebis modelebi disertaciaSi ar aris 

moyvanili. 

 moviyvanoT (2.48), (2.49) da (2.50) gamosaxulebebis sistemis 

amoxsna. 

 Tu aRniSnul gamosaxulebebs gardavqmniT Sesabamisad da 

 mixedviT miviRebT: 2 ( , 0)q s

            (2.53) 

1 1 2 2
1 1

1
1

1 1 2 2
1 1

1
1

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

(0) ( );

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

(0) ( );

m m

i i i i
i i

m

i i i
i

m m

i i i i
i i

m

i i i
i

Pg s s q s Pg s s q s

P P s

P g s d s q s Pg s d s q s

PP d s

α α

α

= =

=

= =

=

⎧⎡ ⎤ ⎡ ⎤− −⎪⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦⎪
⎪
=⎪⎪
⎨

⎡ ⎤ ⎡ ⎤⎪− − −⎢ ⎥ ⎢ ⎥⎪ ⎣ ⎦ ⎣ ⎦
⎪
⎪=⎪⎩

Σ Σ

Σ

Σ Σ

Σ

 sadac    )       (~)(
1

)(
1 sbs

il

j

j
i ∑

=

=α )(~)(
)(

1 sBsd
il

lii α=  

 (2.52) sistemis amoxsnas eqneba Semdegi saxe: 

 1
( ) ( ) ( ) ( )( ,0) ( ) ( ) / ( );
( ) ( ) ( ) ( )

m m m m
m m m

m m m m

E s D s E s A sq s E s N s A s
A s C s D s N s

⎡ ⎤+
= +⎢ ⎥−⎣ ⎦

        (2.54) 

 2
( ) ( ) ( ) ( )( ,0)
( ) ( ) ( ) ( )

m m m m

m m m m

E s D s E s A sq s
A s C s D s N s

+
=

−
                            (2.55) 

 sadac  

 1
1

( ) 1 ( ) ( );
m

m i
i

iA s P q s sα
=

= −Σ ∑
=

=
m

i
iim sasqPsN

1
2 )()()(

i

   

 ;      ∑
=

=
m

i
iiim saPPsE

1
1 )()0()( 2

1
( ) 1 ( ) ( );

m

m i
i

C s Pq s d s
=

= −Σ

     1
1

( ) ( ) ( );
m

m i i
i

D s Pg s d s
=

= Σ 1
1

( ) (0) ( );
m

m i i i
i

E s PP d s
=

= Σ  

 Tu  da   mniSvnelobebs CavsvavT (2.48)-Si maSin 

gansazRvravT    

1( ,0)q s 2 ( , 0)q s

1( , 0)ip s ( 1, )i m= : 
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 1 1
( ) ( ) ( ) ( )( ,0) ( ) ( ) ( ) / ( )
( ) ( ) ( ) ( )

m m m m
i i m m m

m m m m

E s D s E s A sp s p g s E s N s A s
A s C s D s N s

⎧ ⎡ ⎤+⎪= + +⎨ ⎢ ⎥−⎪ ⎣ ⎦⎩
      

   + 2 1
( ) ( ) ( ) ( )( ) (0) .
( ) ( ) ( ) ( )

m m m m
i

m m m m

E s D s E s A sg s p
A s C s D s N s

⎫+
+ ⎬− ⎭

           (2.56) 

 Tu (2.44) da (2.45)-sTvis gamoviyenebT laplasis gardaqmnas 

miviRebT: 

 ( )
1 1( , ) ( ,0) ( ) ( );s u j

i j ip s u p s e l u B u−=    1, ,ij l=     1, .i m=  

 ( , ) ( , 0) ( );su
vi j vq s u q s e G u−=  1, 2.v =  

 Sesabamis albaTobebs aqvT Semdegi saxe: 

 ( )
1

0 0

( ) ( , ) ( ,0) ( ) ( ) ;
t t

j
i j i j i jp t p t u d u p t u l u B u d= = −∫ ∫ u  

 
0 0

( ) ( , ) ( ,0) ( );
t t

v vt q t u du q t u G u= = −∫ ∫vQ v        1, 2.v =  

Tu maT mimarT gamoviyenebT laplasis gardaqmnas miviRebT: 

 
( )
11

1 ( )( ) ( ,0) ( ); ( ) ( ,0) ; 1,2
j v

ij i v
g sP s p s B s s q s v
s

−
= =vQ =           (2.57) 

 laplasis gardaqmis terminebSi normirebis pirobebs aqvs 

Semdegi saxe: 

 ssssPij

l

j

m

i

i 1)()()(
11

=++ΣΣ
==

21 QQ ;                             (2.58) 

 mzadyofnis gardaqmnis terminebSi mzadyofnis funqcias aqvs 

saxe: 

                                          (2.59) 
1 1

( ) ( )
ilm

i j
i j

k s P s
= =

=∑ ∑mz

 mowyobilobis mtyunebul mdgomareobaSi yofnis 

arastacionaluri albaToba tolia )()( ss 21 QQ +  mocdenis 

koeficienti . )(1)( sksk −=moc

 Tu gamosaxulebis Sebrunebuli gardaqmnisTvis gamoviyenoT 

koSi-melinis cnobil formulas, miviRebT: 

 
1( ) ( )

2

j
st

j

t e
j

σ

σ

γ
π

+ ∞

− ∞

= Γ∫ s ds  
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 aq moviyvanoT stacionalur mdgomareobaSi aRniSnuli 

albaTobebis mniSvnelobebi: 

 stacionaluri mniSvnelobis gansazRvrisaTvis gamoiyeneba 

Semdegi damokidebulebebi: 

 
0

0

(0) lim ( ,0) lim ( );

(0) lim ( ,0) lim ( ,0);
i j i j i jt s

v v vt s

p p t sp s

q q t sq s
→∞ →

→∞ →

= =

= =
  

  
0

lim ( , ) lim ( );i j i j i jt s
P P t sP

→∞ →
= = s

 
0

lim ( ) lim ( ) (0) ; 1,2.v v pt s
t s s q vτ

→∞ →
= = = =v v vQ Q Q  

 mzadyofnis koeficienti 

                       (2.60) 
01 1 1 1

lim ( ) lim ( )
ilm m

i j i jsti j i j
k P t s

→→∞= = = =

= =∑ ∑ ∑ ∑mz P s

 stacionalur reJimSi normirebis pirobas aqvs Semdegi saxe: 

                                      (2.61) 
1 1

1
ilm

i j
i j

P
= =

+ + =∑ ∑ 1 2Q Q

mocdenis koeficienti 

  mzmoc kk −= 1

 Tu (2.48) da (2.45) gamosaxulebebis orive mxares 

gavamravlebT -ze da gadavalT zRvarze, roca , miiRebs 

saxes: 

s 0→s

 1 1 2(0) [ (0) (0)]; 1, .i iP P q q i= + = m

1 1

 

         (2.62) 
1 2 1

1 1 1

1 2
1 1 1

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

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

m m m

i i i i i i i
i i i

m m m

i i i i i i
i i i

Pa q Pa q PP a

Pd q Pd q PP d

= = =

= = =

⎧ ⎡ ⎤ ⎡ ⎤
− − =⎪ ⎢ ⎥ ⎢ ⎥

⎪ ⎣ ⎦ ⎣ ⎦
⎨

⎡ ⎤ ⎡ ⎤⎪− − − =⎢ ⎥ ⎢ ⎥⎪ ⎣ ⎦ ⎣ ⎦⎩

∑ ∑ ∑

∑ ∑ ∑

 aq gaTvaliswinebulia, rom  )2,1(1)(lim)0(
0

===
→

vsqq vsv   da 

 
0 0

(0) lim ( ); (0) lim ( ).i i is s
a a s d d

→ →
= = i s

 (2.60) gantolebaTa sistemas rom amoxsna hqondes, unda 

daumatoT erTi gantoleba. aseT gantolebas warmoadgens 

stacionalur mdgomareobaSi normirebis piroba _ gantoleba 

(2.59). 
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2.4. dublirebuli sistemis saimedoobis koeficientis 

gansazRvra rezervze gadarTvis drois gaTvalsiwinebiT 

teqnikur sistemebSi muSa mowyobilobaTa mravalrgolian 

mimdevrobiT jaWvSi Semavali calkeul elementebisa da 

meqanizmebis arasakmarisi saimedoobis gamo mniSvnelovnad 

mcirdeba mTeli kompleqsis muSaobis sasargeblo dro.  

avtomatizebuli kompleqsebi uzrunvelyofen teqnikuri 

sistemis muSaobas adamianTa mudmivi meTvalyureobis gareSe, 

amitom teqnikuri sistemebi SeiZleba Seiqmnas mxolod saimedo 

mowyobilobaTa bazaze. 

ganvsazRvroT dublirebuli sistemis saimedoobis 

koeficienti. davuSvaT, momuSave mowyobilobis mtyunebis 

intensivoba const=α , xolo sarezervosi _ const=β . saimedoobis 

koeficienti – albaToba imisa, rom t momentSi dublirebuli 

sistema imyofeba muSa mdgomareobaSi. albaToba avRniSnoT Pi (t). 

i=1,2 sistemas emsaxureba erTi saremonto brigada. 

integraluri Tanafardoba miiRebs saxes:  

∫ ∫∫∫
− −

−−−+−− +−−+=
ut u t

vu
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u
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t
ut dQdvevhduevutPvdQdueetP

0 0
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2 *)()()()()( ταα βαβαα ∫
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. ∫ ∫ ∫∫
− −−

− −−−+−+−−
u ut xutt

u
i xutPdQxvudGdvvhdueutP
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)()()()()(* ττατ α

am gantolebis amoxsnis Sedegad vpoulobT -s. )(1 tP

∫ ∫ ∫∫
−

−−−− +−−+=
u ut t

u
i

vu
t

ut
i duedQutPdvevhdueetP

0 0 0

)(
1

0

*)()()(~)( αβαα αττα  

∫ ∫ ∫ ∫ ∫
− −− −

− +−+−−−+
ut xut t u t

u
i vudGdvvhduevdQvxutPdxxuG

0 0 0 0 0
2 ()(~)()()(* αα  

    .   ∫
−−

−−−+
xut

i dQxutPx
0

)()() ττ

radganac, muSa mowyobiloba gadaecema remontze, 

mowyobilobis saimedoobis amaRlebisaTvis gamoiyeneba, rogorc 

Warbi elementebi, ise mowyobilobis Warbi simZlavrec,   

datvirTva gaizrdeba, xolo sarezervo mowyobiloba gadaerTveba  
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muSa mowyobilobis magivrad. remontis da gadarTvis dro 

ganawilebulia nebismieri kanoniT.  

 

 

2.5. zogierTi teqnikuri sistemebis efeqturoba da 

saimedooba 

 

mrewvelobis efeqturi zrdis problema da gamomuSavebuli 

produqciis xarisxis gaumjobeseba nebismieri saxelmwifosTvis 

iTvleba erT-erT ZiriTad amocanad.  

imiT, rom Tanamedrove samecniero teqnikuri 

progresisaTvis damaxasiaTebelia rTuli, maRali mwarmoeblobis 

da marTvis sistemis gamoyeneba. maTi funqcionirebis efeqturoba 

fasdeba rogorc saimedoobisa da mwarmoeblobis maxasiaTebeli.  

samuSaos ZiriTad miznad gvevlineba, universaluri 

midgomis safuZvelze Semdgomi efeqturi meTodiT mzadyofnis 

koeficientis gansazRvra perioduli teqnikuri sistemebisaTvis. 

• amocanis dasma. rogorc cnobilia, mzadyofnis 

koeficienti – KГ  ganisazRvreba, rogorc zRvari 

maTematikuri lodinis da drois nawils Soris 

mowyobilobis normaluri funqcionirebisTvisAT 

drois intervalSi, roca T ∞ . 

⎭
⎬
⎫

⎩
⎨
⎧

= ∫∞→Γ

T

T
TtdtxgEK

0

/)(lim  

sadac E – maTematikuri Llodinis simbolo. ( )x t  – 

SemTxveviTi veqtori, romelic aRwers sistemis 

mdgomareobas t momentSi. Cvens SemTxvevaSi ()x t  aris 

erTganzomilebiani cvladi, romelic iRebs yovelTvis 

or mniSvnelobas, “1”, Tu sistema muSa mdgomareobaSia 

da “0” – sistema ()x t  mtyunebad mdgomareobaSia. 
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g( ()x t )  – romeliRaca ricxviTi funqciaa veqtoris 

mdgomareobisa, ganxilul SemTxvevaSi miRebulia, rom 

g (1)=1 da g (0)=0. 

• modeli 1. vTqvaT, gansaxilveli sistema Sedgeba ori 

nawilisagan: ZiriTadi (muSa) da CaSenebuli 

mowyobilobisagan (aparaturuli-sakontrolo). 

sistemis muSaunarianoba mowmdeba uwyvetad da 

periodulad. periodul dakvirvebebs da Semowmebebs 

Soris, Tu ZiriTadi mowyobiloba gamova mwyobridan, 

mtyunobis dros, aparaturis sakontrolo nawili, 

myisierad aRmoaCens mtyunebas da maSinve iwyebs mis 

aRdgenas (remonts). 

Tu aparaturis ZiriTad nawilis mtyuneba uswrebs 

aparaturis sakontrolo nawilis mtyunebas, maSin moxdeba 

sistemis mdgomareobis mTliani mtyuneba, romelic iqneba 

aRmoCenili mxolod perioduli Semowmebis dros. sakontrolo 

da ZiriTadi nawilebis mtyunebebis nakadi eqvemdebarebian 

puasonis kanons. perioduli kontrolis procesSi (mcire 

xangrZlivobiT) albaTobis warmoSoba miRebulia nulis tolad. 

aRdgenis (remontis) procesSi axali mtyuneba ar warmoiSoba. 

sistema remontis Sedegad iZens periodul pirvel sawyiss 

saimedoobas. moiTxoveba optimaluri pirobis (wesis), gansazRvra 

perioduli Semowmebisa, romelic uzrunvelyofs mzadyofnis E 

koeficientis maqsimalur mniSvnelobas [57]. 

avRniSnoT: α  - ZiriTadi aparaturis mtyunebebis 

intensivoba,  

β - sakontrolo aparaturis mtyunebebis intensivoba, 

( )v t - sakontrolo drois ganawilebis funqcia ,  
/( ( ) ( ))v t v t=

G1(t)- ZiriTadi nawilis aRdgenis drois ganawilebis funqcia 

( (t)=1g  G1
/(t)); 
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G2(t)- jamuri drois ganawilebis funqcia sakontrolo nawilis da 

Zir. nawilis aRdgenisa (g (t)=2  G2
/(t)); 

kG (t) - drois ganawilebis funqcia sakontrolo nawilis 

aRdgenisa  

/( ( ) ( ));k kg t G t=  

/
nT - drois xangrZlivoba mezobel periodul Semowmebebs Soris 

(perioduli kontroli aris SemTxveviTi sidide);  

τ - drois perioduli kontrolis maT. lodini  

 [ ]( )n ;M Tτ =  

imisaTvis, rom Tn perioduli kontrolis (Tn< t) realur drois 

monakveTze, miviRoT Sesworebuli ZiriTadi nawilis jamuri dro 

(sasargeblo saSualo namuSevari) 0τ -is toli droiT erTeuliT 

0( const)τ = , drois danakargebiT ZiriTadi da sakontrolo 

nawilis mtyunebis aRdgeniT, nebismieri saxeobis 

gaTvaliswinebiT. drois danakargebi gamowveulia SeumCneveli, 

mtyunebiT (sistema mainc agrZelebs funqcionirebas aramuSa 

mdgomareobaSic), perioduli Semowmebisas, SemovitanoT 

ganawilebis funqcia 
(01)

0( , ),x t τΦ  ( 0,1i )=  albaToba imisa, rom 

 perioduli kontrolis dros ZiriTadi nawilis 

aRdgenili samuSaos jamurma drom Seadgina 

( 1nT T ≤ )

0τ  droiTi erTeuli 

(romlis Semdeg maSinve iwyeba perioduli kontroli), im pirobiT, 

rom t = 0 momentSi Seadgina 0(x x )τ≤  droiTi erTeuli, Tanac 

sistemis ZiriTadi nawili imyofeboda muSa mdgomareobaSi 

(mdgomareoba “0”), xolo sakontrolo nawili i–ur  

mdgomareobaSi  ( i = 0 – Sesworebuli mdgomareoba,  i = 1- 

Seusworebeli mdgomareoba). pirveli indeqsi ekuTvnis muSa 

mdgomareobas, xolo meore indeqsi sakontrolo nawils. 

 
(00)

00 0 0
0

( , );td tτ τ τ
∞

= =∫ Φ     
(01)

01 0 0
0

( , );td tτ τ
∞

=∫ Φ  
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⎩
⎨
⎧

=

>
=Φ

0

0
0

00

,)(
,0

),(
τ
τ

τ
xtv
x

tx
Tu

Tu
ττ /0=iK  

 
 

SemdegSi oτ  arguments gamovtovebT, e.i. magivrad davwerT 

 xolo  

),( 0
0 τti
xΦ

0
0( ) ( , ) ( 0,1),i

X it t x iΦ Φan =

Tn_ magivrad sistemis mdgomareobaze damokidebulebiT 0t =  

moments 

)00(
xσ _ drois mimdinareobaSi, romlis drosac sasargeblo 

namuSevari Seadgens 0 xτ −  droiT erTeuls, ZiriTadi 

sistemisTvis da sakontrolo nawilebisTvis ( 0t =  momentSi), 

)10(
xσ _ drois mimdinareobaSi, roca sasargeblo namuSevari 

Seadgens 0 xτ −  droiT erTeuls, ZiriTadi Sesworabadi da 

mtyunebadi sakontrolo nawilisTvis ( 0t =  momentSi).  

vTqvaT:  

kυ - sakontrolo nawilis aRdgenis dro; 

0υ - ZiriTadi nawilis aRdgenis dro; 

1υ - perioduli kontrolis aRdgenis dro; 

2υ - orive nawilis aRdgenis dro; 

v1- perioduli kontrolis sawyisi momenti, Sesworebuli 

sakontrolo nawilisaTvis; 

v2- ZiriTadi nawilis mtyunebis warmoSobis momenti 

Sesworebuli  sakontrolo nawilis aRdgenisaTvis; 

v3- sakontrolo nawilis mtyunebis warmoSobis momenti ZiriTadi 

nawilis aRdgenisaTvis; 

v1
(1)- perioduli kontrolis dawyebis momenti, sakontrolo 

nawilis mtyunebis dros;  

v2
(1)- ZiriTadi nawilis mtyunebis warmoSobis momenti, 

Seusworebeli sakontrolo nawilis dros. 
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λ α β= + ; {0
t0 , o( ) ( ) t>1 , o

F t I t ττ τ
≤

= − =
Tu 
Tu            ( ) 1 ( )F t F t= − ; 

σx
(0 0) da σ x

(0 1) –Tvis gvaqvs Semdegi stoxasturi gantolebebi: 

)()()( )01(
33

)00(
022111

)00(
uxuxx vvv ++ +++++++= σσσυσυσσ ;          (2.63) 

)()( )00(
21

)1(
251

)1(
14

)01(
uxkx vvvv ++++++++= συσυυσσ ;            (2.64) 

aq, )3,1( =iiσ da  calcalke qmnian damoukidebel 

indikatorebis sistemas _ 

( 4,5i = )

I , qvemoT moyvanilia SemTxvevebi 

kvadratul  frCxilebSi; 

[ ]
[ ]
[ ]

1 1 2 3

2 2 1 3

3 3 1 2

(1) (1)
4 1 2

(1)
5 1

min ( , ) ;

min ( , ) ;

min ( , ) ;

;

.

I v v v

I v v v

I v v v

I v v

I v u v

σ

σ

σ

σ

σ

= <

= <

= <

⎡ ⎤= <⎣ ⎦
⎡ ⎤= = +⎣ ⎦

   

es gantolebebi akmayofileben  

1

1

n

i
i

n
i

i
i

e e
σ

σ=

=

∑
=∑

iQ
Q          ( 3, 2n n= = ) (2.65) 

miRebul SemTxvevisaTvis:  Q 

1 1;1 v υ= +Q  

2 2 0v υ= +Q
(00)

;x uσ ++   
(0 1)

3 3 x uv σ += +Q ; 

(1)
4 1 1 ;kv υ υ= + +Q   

(0 0)
(1)

5 2 1 2 x uv v υ υ σ += + + + +Q .   

    
 indikatorebi ( 1,5i iσ = )  Rebulobs or mniSvnelobas: “0” da 

“1”, 1-iani Sesabameba qvemoT moyvanil albaTobebs: 

[ ] u
x e

xF
uxFdvvvuduuP λυ −+

=<+<<
)(

)(),(min; 3211 ;                           (2.66)                       

[ ] ud
xF

uxFdevvvuduuP u
x )(

)(),(min; 3222
+

=<+<< −λαυ ; (2.67)                        

[ ] ud
xF

uxFdevvvuduuP u
x )(

)(),(min; 3233
+

=<+<< −λβυ ;                            (2.68)                        
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[ ] u
x e

xF
uxFdvvuduvuP α−+

=<+<<
)(

)(; )1(
2

)1(
1

)1(
1                                                   (2.69)  

[ ]
.

)()(
)()(

; )1(
1

)1(
21

uxFxF
vuxFduxFude

vdvuvvuuduvuP

u

x

+
+++

=

=++<<++<<

−αα
                                                     (2.70) 

         

SevniSnoT, rom (2.70) bolo gamosaxulebaSi, drois ganmavlobaSi 

sistema agrZelebs funqcionirebas, mtyunebad mdgomareobaSi 

yofnas (mtyuneba ar aRmogviCenia), amisaTvis v dro iTvleba 

dakargulad). 

(2.63) da (2.64)-dan gamomdinare davweroT gantoleba  

00(
xse σ−
 da  - Tvis, sadac S aris laplasis operatori. 

)10(
xse σ−

(2.65 ) -is gaTvaliswinebiT miviRebT, rom 

)(
3

)(
2

)(
1

120211
)00( yxvsxvsvss eeee x +++−++−+−− ++= υυυσ σσσ        (2.71)                 

         (2.72) 
)(

5
)(

4

)00(
21

)1(
21

)1(
1

)01(
uxkx vvsvss eee− +++++−++− += συυυυσ σσ

2

      Tu (2.71) da (2.72)-dan gadavalT maTematikur lodinze, 

(2.66÷2.70) gaTvaliswinebiT, rom 0 1, , ,kυ υ υ υ  damoukidebeli 

SemTxveviTi sidideebia, xolo maTematikuri  lodini aris  ori 

nebismieri η ξda  SemTxveviTi  sidideebis namravli. 

[ ]( . ) . ( / )E E Eη ξ η ξ η=  _  SemTxveviTi  sidideebia, laplasis 

gardaqmnebis terminebSi  gveqneba 

             

)73.2(;),()(

),()()()(

)()(),()(

)10(

0

)(

)00()(
1

0

)()00(

uduxsuxFe

uduxsuxFesgsa

uxFdesxsxF

us

us

us

+×++

++++

++=

∫

∫

∞
+−

+−

∞
+−

ϕβ

ϕυ

υϕ

λ

λ

λ

 (2.73) 
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×+++

++=

+−

∞
+−∫

uduxuxFesgsa

uxFdesgsxsxF

us

us
k

)()()()(

)()()(),()(

)00()(
2

0

)()10(

ϕυ

υϕ

α

α

          

                                                       (2.74) (0 0)

0

( ) ( ,d F x u s x uυ ϕ
∞

× + + +∫ ).

u(0 1)( 1)

0

( , ) ( , ) ,xso s
o is x E e e d t xσϕ

∞
− −⎡ ⎤= = Φ⎣ ⎦ ∫   0 , 1 ;i =  

          
0

( ) ( );s ts e d v tυ
∞

−=∫    
0

( ) ( );s t
k kg s e dG t

∞
−=∫

∫
∞

−=
0

1 )()( tGdesg ts
i  ( 0 ,1 , 2)i .=  

avRniSnoT  τ=+ )( ux  da gaviTvaliswinoT, rom  

0( ) ( ) ;F x I x τ= −  

/

0

, x 0
( )

0, x  ;
F x

,τ

τ

∞ =⎧⎪= ⎨ ≠⎪⎩

Tu 

Tu 
 

⎩
⎨
⎧

≤

>
=

0

0)(
τ
τ

x
x

xF
Tu1,

Tu0,
  

(2.73) da (2.74) gantolebebi SeiZleba daviyvanoT 

0

0

( )( ) (00) ( ) (00)
1

( ) (01)

( , ) ( ) ( ) ( , )

( , ) ;

o
ss x s

x

s

x

e s x s e g s e s d

e s d

τ
λ τλ λ

τ
λ τ

ϕ υ α ϕ τ

β ϕ τ τ

− +− + − +

− +

= +

+

∫

∫

τ τ +

 (2.75)            

( ) (01) ( , )s xe s xα ϕ υ− + = ( )
1( ) ( ) os

ks g s e α τ α υ− + + x                                 [ ]00, .x τ∈  

x ττϕ
τ

τατ dseesgs
x

s ),()()( )00(
2

0

0 ∫ −−
                                                  (2.76)                  

             

(2.75) da (2.76) gantolebebi Sedgenilia SemTxveviTi saZiebeli 

sidideebis fardobiTi simkvriveebisaTvis. 
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imis gaTvaliswinebiT, rom 

( ) ( )( ) ( , ) ( , )oi oi
x ois s x s x

s
ϕ ϕ=Φ =

 

)1,0( =i  da (2.75)-dan da (2.76)-dan gadavdivarT ganawilebis 

funqciis fardobiT gantolebebze ( , )oi s xΦ  ( 1, 2i )= . amisaTvis 

sakmarisia (2.75) da (2.76) gavyoT S-ze.  

 daviyvanoT es gantolebebi (gamoviyenoT aRniSvna  

da 

( , )o i s xΦ

(0 )( )i
x sΦ -T  ( 0  da SevcvaloT, ,1)i= )

                                                               (2.77) 

0

0

0

( )( ) ( )
01

0

( )
1 00

0

(15)

( )( , ) ( , )

( ) ( , ) ;

ss x s
o o

x

ss x e e e s d
s

g s e s d

τ
λ τλ λ τ

τ
λ τ

υ β τ τ

α τ τ

− +− + − +

− +

Φ = + Φ +

+ Φ

∫

∫
 

0

0

( )( )
01

1 2 0 0
0

( )( , ) ( )

( ) ( ) ( , ) ;

ss x
k

v ss x e g s e
s

s g s e s d

α τα

τ
α τα υ τ

− +− +

−

Φ =

+ Φ∫ τ

+

                                          

)()(),(;)(),(
001

000 sg
s
sss

ss
k

υτυτ =Φ=Φ ;                                  (2.78) 

 

 (2.77) da (2.78) gavadiferencialoT x-iT, miviRebT: 

/
1 0 0 01( , ) ( ) ( ) ( , ) ( , ) 0 ;oo s x s g s s x s xλ α βΦ − + − Φ + Φ =          (2.79)

    

( )/
01 01 2 00( , ) ( ) ( , ) ( ) ( ) ( , ) 0.o x ss x s s x s g s e s xτα αυ − −Φ − + Φ + Φ =     (2.80)

  

qvemoT mogvyavs realuri droisTvis maTematikuriLlodinis 

gamosaxulebis gansazRvra, romelic aucilebelia sasargeblo 0τ  

namuSevris misaRebad, imis gaTvaliswinebiT, rom 
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( ) /( , ) ( )oi

s o ois s x xτ=⎡ ⎤Φ =−⎣ ⎦  da

     
(0 )

0
lim ( , ) 1, (0) 1, (0) 1, ( 0 ,1)i

is
s s x g iυ

→
Φ = = = =

(2.79)-dan da (2.80) gantolebebidan gadavdivarT maTematikuri  

lodinis gantolebebze: 

 
00

01 00 1

( )
( ) ( ) (1 ) ;

d x
x x

d x
τ

βτ βτ ατ+ − =− +    (2.81)  

  

 ( )01
01 0 0 2 0

( )
( ) ( ) 1 .k

d x
x x x

d x
τ

α τ ατ α α τ τ τ⎡ ⎤− + = − + + +⎣ ⎦   (2.82) aq 

sasazRvro pirobebia: 00 0( ) kτ τ τ=  da  01 0( ) k nkτ τ τ τ= +  ; 

/
1 0;i sgτ ==−  );2,1( =i  0)( == =osK svτ  2 1 ;kτ τ τ= +  

/
0( ) ;n k k sg sτ == −  

 

(2.81) da (2.82) amoxsnis Semdeg gveqneba: 

2
( ) 1

00 1 2 2

(1 )2 ( )( ) ;
2( ) ( )

x dx xx A A e xα β ατ αα β α β α βτ
α β α β

− + + ++ +
= + + −

+ +
          (2.83) 

 

⎩
⎨
⎧

+⎥
⎦

⎤
⎢
⎣

⎡
+

++
−

+
++

+++−= +− x
dxeAx x

βα
ατα

βα
βαβααββατα

β
τ βα )1(

)(2
)()()1(1)( 1

2
)(

2110

 

}00 ( ) ;xβτ+                                                       (2.84)             

aq )](1[ 02 ττταβ +++= kd  
0

2
( )( )

A A
e α β αα β + ;

=
+

 

01
12

( )(1 ) (1 ) ;
( )

dA α β α β α βτατ α ατ
α β α β

⎡ ⎤+ ++ +
= − − +⎢ ⎥+ +⎣ ⎦
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⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

+−⎥
⎦

⎤
⎢
⎣

⎡
+

++
−

+
++

−= )/(
)1(

)(2
)1(2

0
1

2

2
00

1 βατ
βα
ατα

βα
τβαβαβτ

τ A
d

A k                 

Sesabamisad 

;)0( 2100 AA +=τ

1
01 11 ) (τ ατ

⎧ ⎡
+ −

⎩ ⎣

(2.85)

2 2

00

(1 )1(0) ( )
( )

(0) ;

d
A

ατ ααβα β
β α βα β

βτ

+ + ⎤
= − + + −⎨ ⎢ ⎥++ ⎦

⎫
+ ⎬

⎭

        (2.86)          
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meore Tavis daskvna 

 

 am TavSi ganxilulia teqnikuri sistemebis  saimedoobis 

gaangariSebis analizuri meTodebi mtyunebaTa saxeebis mixedviT 

sawyisi SemTxveviTi procesebis umniSvnelo SezRudvebis 

pirobebSi, amitom am TavSi miRebul Sedegebs aqvT 

ganzogadebuli xasiaTi da isini gamosadegia teqnikis sxva 

dargebSic, kerZod ganxilulia da gaanalizebulia saimedoobis 

sxvadasxva maTematikuri modelebi, romelTa analizis 

safuZvelze:  

 gansazRvrulia teqnikur mowyobilobaTa saimedooba, 

mudmivad CarTuli rezerviT (Warbi raodenobis seqciiT). 

literaturaSi arsebuli saimedoobis gaTvlis 

meTodebTan SedarebiT, aq gaTvaliswinebulia garkveuli 

raodenobis seqciis dazianebis SemTxvevaSi mocdenis 

SemTxveviTi dro, romelic ganawilebulia nebismieri 

kanoniT da romelic ixarjeba qmediTunarianobis 

aRdgenaze, roca mtyunebaTa intensivobis aqtiuri da 

pasiuri seqciebi erTmaneTisagan gansxvavdebian. 

gansazRvrulia mzadyofnis funqcia da koeficienti, 

aseve umtyuno muSaobis saSualo dro. 

 SemoTavazebulia saimedoobis maCveneblebis gansazRvris 

ori originaluri meTodi, roca adgili aqvs 

maCvenebliani kanoniT ganawilebuli ori saxis mtyunebas: 

aRmoCenads aRZvris momentSi – uecar mtyunebas da 

TandaTanobiTs – aRmoCenads mxolod perioduli 

kontroliT. gansazRvrulia perioduli kontrolis 

periodulobis saukeTeso mniSvneloba. sakontrolo 

mowyobilobis saxiT da saimedoobis gaTvaliswinebiT 

miRebulia, rom aRdgenis, perioduli kontrolis 

periodulobis dro SemTxveviTi sididea – ganawilebuli 

nebismieri kanoniT. 
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 gansazRvrulia sxvadasxva saimedoobis maCveneblebi, 

roca SesaZlebelia mtyunebaTa nakadi aRiweros 

mimdevrobiT – paraleluri fiqtiuri etapebiT (e.w. 

erlangis nareviT). mtyunebaTa nakadis aseTnairad aRwera 

iZleva imis garantias, rom uzrunvelyofili iqneba 

saimedoobis maCveneblebis prognozirebis maRali 

sizuste. 

 gansazRvrulia mudmivad CarTuli dublirebuli 

sistemis saimedoobis maCveneblebi rezervis gadarTvis 

drois gaTvaliswinebiT, roca aRdgenisa da rezervis 

gadarTvis dro ganawilebulia nebismieri kanoniT. 

modelis es tipi Seswavlilia aRdgenis Teoriis 

gamoyenebiT. sakontrolo aparaturis mtyunebas am 

samuSaoSi aqvs SemTxveviTi xasiaTi, amitom sistemis 

mdgomareobis sandooba SeiZleba davamtkicoT 

perioduli kontrolis moqmedebis Sedegad. 

perioduli kontrolis dros xangrZlivobasTan 

damokidebulebiT, saSualo namuSevris mocemuli 

mniSvnelobiT, icvleba gamoyenebuli sistemis efeqtiuroba, 

miRebuli Sedegebi gvaZleven saSualebas ganvsazRvroT 

sistemis gamoyenebis koeficientis ukeTesi mniSvneloba, 

rogorc eqspluataciuri danaxarjebis gamoyenebiT aseve mis 

gareSec. 
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Tavi III. ტექნიკური სისტემემების saimedoobis amaRlebis 

organizaciul-teqnikuri meTodebi 

 

teqnikuri sistemis sqemebis saimedoobis amaRlebis 

inJinerul - teqnikuri realizaciisaTvis, maTi arsebobis yvela 

etapze aucilebelia specialuri organizaciul-teqnikuri  da 

mowyobilobebis obieqtebis saimedoobis amaRleba. 

teqnikuri sistemebis eqspluataciis periodSi 

organizaciul-teqnikur meTodebs warmoadgens teqnikuri 

diagnostika da teqnikuri uzrunvelyofa [15]. 

teqnikur diagnostika warmoadgens droSi mowyobilobis 

mdgomareobis Sesaxeb teqnikuri operaciebis amaRlebis da 

gadamuSavebis informacias im mizniT, rom gamovlenil iqnas 

mtyunebis moxdenis faqtebi da aseve maTi adgili da mizezebi. 

teqnikuri diagnostika saSualebas gvaZlevs avamaRloT rTuli 

teqnikuri sistemebis mzadyofna, rac uzrunvelyofs maTi 

aRdgenis Tvisebebis gaumjobesebas, romelic miiRweva mtyunebuli 

elementis aRmoCenaze daxarjuli drois SemcirebiT da misi 

gamomwvevi mizezebis da aRmofxvris drois SemcirebiT. teqnikuri 

mowyobilobebis diagnostikis praqtikuli realizacia 

damokidebulia meTodebis damuSavebaze da teqnologiur sqemebSi 

da mowyobilobebSi mtyunebaTa aRmoCenis da qmediTunarianobis 

teqnikuri saSualebebis kontrolze. 

teqnikuri momsaxureba es aris organizaciuli da teqnikuri 

RonisZiebebis erToblioba, romelic mimarTulia mtyunebaTa 

aRmoCenaze, eqspluataciis procesSi gamarTuli mdgomareobis 

uzrunvelyofaze da teqnikuri mowyobilobebis gamoyenebis 

mzadyofnaze. t.eqnikuri mowyobilobebis ZiriTad amocanebs 

warmoadgens: Setyobineba daCqarebul cveTaze, siZveleze, Cvevis 

da siZvelis  gamomwvevi mizezebis aRmofxvraze mowyobilobis 

ZiriTadi teqnikuri Tvisebebis SenarCuneba nebismier  doneze.   
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ZiriTadi teqnikuri Tvisebebis aRdgena da teqnologiuri 

sqemebis da mowyobilobebis qmediTunarianoba, xorcieldeba 

gegmiuri gamafrTxilebeli remontis sistemis organizaciiT. ukve 

arsebuli gegmiuri gamafrTxilebeli remontis sistema 

iTvaliswinebs ori tipis remonts: mimdinares da kapitalurs da 

aseve remontebs Soris momsaxureba (mdgomareobis Semowmeba). 

gegmiuri gamafrTxilebeli remontis sistemis saSualebiT xdeba 

TiToeuli tipis remontamde. mowyobilobis garbenis da remontze 

mocdenis drois dadgena. 

aseT gegmiuri gamafrTxilebeli remontis sistemas gaaCnia 

mTeli rigi naklovanebebi. 

1. remontebs Soris periodSi ar xdeba mowyobilobis 

teqnologiuri sqemebis pirobebis gaTvaliswineba. isini 

warmoadgenen metad ganzogadoebuls. 

2. saremonto normativebis nawili dadgenilia ZiriTadad 

empiriulad mowyobilobaTa mtyunebis mimarT, sakmarisi 

statistikuri informaciis dagrovebisa da maTematikuri 

damuSavebis gareSe. 

3. ar aris Seqmnili mowyobilobebis mtyunebis Sesaxeb 

monacemebis stacionaluri banki, romelic saSualebas iZleva 

gavTvaloT saimedoobis maxasiaTeblebi, romlebic SeiZleba 

gamoyenebul iqnan mowyobilobis teqnologiuri sqemebis 

saimedoobis asamaRlebel rekomendaciebis dasamuSaveblad. 

es naklovanebebi amcireben mowyobilobis da misi 

teqnologiuri sqemebis muSaobis efeqturobas. ganvixiloT 

mowyobilobebis momsaxurebis sami strategiis arsi: 

1. “jgufuri strategia”, romelic xorcieldeba 

kalendaruli vadiT, mowyobilobis teqnologiuri sqemebis 

umtyuno muSaobis droze damoukideblad; 

2. “individualuri strategia”, romelic xorcieldeba 

remontTa Sorisiresursebis gamoyenebis winaswari SerCeviT; 

3. “nulovani strategia”, roca remonti xdeba teqnikuri 

mdgomareobiT mtyunebis warmoqmnis momentSi. 
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teqnikuri gamoyenebis koeficientis mniSvneloba aRniSnuli 

strategiisaTvis Sesabamisad tolia:  

individualurisTvis - ( ) ;p m p пл pK T T Tτ τ⎡ ⎤= Ω + +⎣ ⎦  

jgufurisTvis – ( ) ( )m m п л п лK T T P Tτ τ τ ;⎡ ⎤= + − − +⎣ ⎦  

nulovanisTvis –KK=Kmz= ( )T T .τ+  

sadac Тр – mowyobilobis dadgenili remontSorisi 

resursia, плτ  - saSualo dro gegmiuri gamafrTxilebeli 

remontis Sesasruleblad, )( pTΩ  - mtyunebaTa nakadis wamyvani 

funqcia, mτ  - gegmis gareSe remontis saSualo dro, romelic 

aRadgens mxolod obieqtis mtyunebul elements, bτ - obieqtis 

aRdgenis saSualo dro, Tu - umtyuno muSaobis saSualo dro, 

Semowmebul gegmiur da gegmisgareSe RonisZiebebs Soris, T – 

umtyuno muSaoba,  Тпл  - gegmiuri RonisZiebebis Catarebis Soris 

gegmiuri vada,  Р(Тпл) – t = [O,Tпл] drois intervalSi umtyuno 

muSaobis albaToba. 

aqedan, gamomdinare teqnikuri sistemebis funqcionirebis 

efeqturobis da saimedoobis amaRlebis problemis gadasaWrelad 

warmoiqmneba amocana dafuZnebuli eqspluataciis strategiaze. 

eqspluataciis strategia (teqnikuri momsaxurebis wesebi) 

dafuZnebulia: 

1. teqnikuri sistemis monacemebze (usafrTxoeba da 

saremontod vargisianobis Tvisebebi); 

2. sistemis Taviseburebis specifikaze (sistemis struqtura, 

Cadgmuli kontrolis arseboba); 

3. eqspluataciis strategia unda flobdes sxvadasxva 

maxasiaTeblebis mixedviT optimalurobis Tvisebas, romelic 

xasiaTdeba sistemis eqspluataciis da funqcionirebis xarisxiT. 

teqnikuri momsaxurebis optimaluri strategiis arCeva 

saSualebas gvaZlevs mivaRwioT saukeTeso Sedegebs 

eqspluataciis wesebis reorganizaciis sanacvlod, damatebiTi 

Zalebis da saSualebebis mizidvis gareSe. 
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maTematikuri modelis saxiT, romelic aRwers droSi 

teqnikuri sistemis evolucias, gamoiyeneba SemTxveviTi procesi --

( )tξ , romelic ekuTvnis erT-erT SemTxveviTi procesebis klass: 

regenerirebuli SemTxveviTi procesebi, markovuli SemTxveviTi 

procesebi, naxevradmarkovuli SemTxveviTi procesebi. 

aRniSnul disertaciaSi, teqnikuri momsaxurebis amocanebSi 

ganixileba funqcionirebis eqspluataciis pirobebi: 

1. mzadyofnis koeficienti; 

2. amocanis Sesrulebis albaToba (operatiuli   

   mzadyofnis koeficienti); 

3. sistemis qmediTunarianobis kontrolis optimaluri         

wesebi; 

4. mowyobilobis gamoyenebis koeficienti  

kalendaruli drois ganmavlobaSi. 

zemoT aRniSnulidan gamomdinare am TavSi ganxilulia 

Semdegi sakiTxebi: 

1. mowyobilobaTa eqspluataciis saimedoobis amaRleba 

uecari da TandaTanobiTi mtyunebebis mimarT; 

2. mowyobilobaTa gamoyenebis koeficientis optimaluri 

mniSvnelobis gansazRvra; 

3. mowyobilobaTa mzadyofnis kontrolი aparaturis 

saimedoobis gaTvaliswinebiT. 

 

 3.1. teqnikuri sistemebis gamoyenebis koeficientis 

optimaluri mniSvnelobis gansazRvra 

 

teqnologiuri procesis SedarebiTi simartivis miuxedavad 

misi samrewvelo warmoebis proeqtireba warmoadgens rTul 

teqnikur sistemebSi sainJinro amocanas. aRniSnuli miznis 

misaRwevad gamosayenebeli teqnikuri sistemebi TandaTanobiT 

rTuldeba. misi eqspluataciis Sedegebis Sepirispirebam gviCvena, 

rom teqnologiuri sqemebis garTulebasTan erTad ecema am 
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teqnikuri sistemebis  saimedooba. saimedoobis Sefasebis 

kriteriumad SerCeulia mowyobilobis samuSao drois fondis da 

simZlavris gamoyenebis xarisxi. 

Tanamedrove pirobebSi rTuli teqnikuri sistemebis Seqmna 

warmoadgens aucilebels, radganac isini uzrunvelyofen 

kapitaluri dabandebebis, energodanaxarjebis Semcirebas. amocana 

mdgomareobs imaSi, rom maqsimaluri xarisxiT moxdes teqnikuri 

sistemis muSaobis saimedoobis uzrunvelyofa. am maxasiaTebelze 

gavlenas axdens bevri faqti: samontaJo samuSaoebis xarisxi, 

personalis momzadebis xarisxi, saxvadasxva sqemebis, kvanZebis, 

teqnikuri gadawyveta, Tumca am faqtorebis mniSvnelobebi 

gansxvavebulia. 

mowyobilobis  damzadebis xarisxi da sxvadasxva sqemebis, 

kvanZebis, teqnikuri gadawyveta warmoadgens ZiriTad 

maxasiaTeblebs, romlebic gansazRvraven  sistemis saimedoobas. 

rogorc cnobilia, saimedoobis asamaRleblad mocemul 

SemTxvevaSi SesaZlebelia gamoyenebul iqnas ramdenime tipis 

Warbi informacia: aparaturuli, droiTi da datvirTviTi. 

droiT siWarbeze laparakoben im SemTvevaSi, roca 

funqcionirebis procesSi sistemas eZleva saSualeba daxarjos 

raRac dro sistemis aRsadgenad. SesaZlebelia avRniSnoT 

droiTi rezervirebis ramdenime ZiriTadi wyaro. upirveles 

yovlisa mas SeuZlia Seqmnas რეზერვი drois gazrdis xarjze, 

romelsac რეზერვი sistema gamoyofs dakisrebuli davalebis 

SesrulebisaTvis. meore ZiriTad wyaros warmoadgens 

mwarmoeblurobis maragi, romelic saSualebas gvaZlevs 

SevamciroT amocanis Sesrulebis minimaluri dro. 

mwarmoeblurobis maragi SesaZlebelia warmovqmnaT 

mowyobilobis simZlavris amaRlebiT. im sistemaSi, sadac 

muSaobis xarisxi fasdeba gamoSvebuli produqciis moculobiT, 

droiTi rezervi SesaZlebelia Seiqmnas gamoSvebuli produqciis 

Sida maragis xarjze. 
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droiTi rezervi SesaZloa daixarjos ara marto 

remontze, aramed ganmeorebiT samuSaoze, mtyunebaTa aRmoCenaze. 

sxvadasxva sistemebSi droiTi rezervirebis gamoyenebis 

saSualebebi SesaZloa iyos sxvadasxvagvari. Cvens mier ganxilul 

sistemebSi droiTi rezervis mniSvneloba SeiZleba ganvsazRvroT 

winaswar, muSaobis dawyebamde, dayenebuli simZlavrisa da 

samuSao drois fondis gamoyenebis xarisxze damokidebulebiT. 

droiTi rezervi gankuTvnilia samuSao drois nebismieri 

danakargis kompensaciisaTvis. samuSao drois danakargebis 

dagrovebis SemTxvevaSi rezervis mimdinare mniSvneloba mcirdeba 

manam, sanam ar miaRwevs nuls.  

droiTi rezervi saWiroa ganvixiloT, rogorc, erT-erTi 

tipis siWarbe, romelic SesaZloa gamoviyenoT erTad an calke 

teqnikuri sistemis saimedoobis asamaRleblad, rogorc sxva 

tipis siWarbes, droiT siWarbes Seaqvs axali elementebi 

saimedoobis Teoriis da mtyunebis ZiriTadi mcnebebis 

ganxilvaSi.  

aq moyvanilia sistemis saeqspluatacio saimedoobis 

modeli. 

 modeli 1. davuSvaT, mowyobilobas gaaCnia mtyuneba: 1. 

TandaTanobiTi, romlis aRmoCena SesaZlebelia mxolod 

perioduli kontrolis procesSi an sistemis aRdgenisas; 2. 

uecari, romlis aRmoCenac xdeba uwyveti kontrolis dros misi 

warmoqmnis momentSi. Ddro, mtyunebis aRZvris momentidan misi 

damTavrebis momentamde, iTvleba gaufasurebulad (dakargulad), 

romelic akldeba mTlian kalendarul dros. 

modelis sizustis (adekvaturobis) amaRlebisaTvis 

parametruli mtyuneba, ukve arsebuli modelebisagan 

gansxvavebiT, ganawilebulia erlangis specialuri kanoniT (aq 

mxedvelobaSi miiReba SemTxveva, rodesac variaciis koeficienti 

metia erTze), uecari mtyuneba ki ganawilebulia maCvenebliani 

kanoniT. 

 89



saWiroa gamovTvaloT mTliani dro Ts, romelsac 

gamoimuSavebs mowyobiloba mTliani kalendaruli droidan 

profilaqtikur remontebs Soris da mowyobilobis teqnikuri 

gamoyenebis koeficienti. 

KT = Ts / (Ts+Tr+Tmom+Tk)  ,                                                              (3.1) 

romelic ganisazRvreba rogorc sasargeblo umtyuno 

muSaobis - Ts fardoba, eqspluataciaSi yofnis srul periodTan, 

romelic Sedgeba sasargeblo dros mimatebuli remontis dro - 

Tr mosaxurebis dro - Tmom,  qnediTunarianobis kontrolis dro - 

Tk. avRniSnoT: mT /=∋τ  - mowyobilobis kontrolis 

periodulobis xangrZlivoba, m – etapebis raodenoba, )(1)( ∋−= τttF  

- etapis ganawilebis funqcia, α – uecari mtyunebis intensivoba, 

( ) ( ) ( )!n i u
ib u u e n iββ β − −⎢ ⎥= −⎣ ⎦  

parametruli mtyunebis warmoqmnis drois ganawilebis 

funqciis simkvrive, Tu u=0 momentSi igi imyofeboda i fazaSi (n 

fazebis saerTo raodenoba), V(t) - perioduli kontrolis drois 

ganawilebis funqcia (yoveli etapis boloSi mowmdeba perioduli 

kontroli, raTa moxdes parametruli mtyunebis aRmoCena),  Gp  )(v

mowyobilobis aRdgenis drois ganawilebis funqcia. Tu adgili 

hqonda parametrul მტყუნებას, Gu  - )(v uecari (katastrofuli) 

mtyunebis Semdeg mowyobilobis aRdgenis drois ganawilebis 

ფუნქცია, Gpu -)(v orive tipis mtyunebis Semdeg mowyobilobis 

aRdgenis drois ganawilebis funqcia. aRdgenis Semdeg 

mowyobilobas eniWeba Tavdapirveli saimedooba anu fazebis 

gadaTvla. parametruli mtyunebisas iwyeba pirveli fazidan, 

- albaToba imisa, rom u droSi parametrulma mtyunebam 

Seicvala faza i-dan -mde 

( ) ( )v
il u

v );,1( nv =  aRniSnuli amocanis 

amosaxsnelad SemoviRoT Semdegi ganawilebis funqciebi 

),1;,1(),()( mjnixti
j ==Φ  - albaToba imisa, rom davalebis 

Sesruleba, romelic Sedgeba m – etapisagan TiToeuli sigrZiT ∋τ  

damTavrdeba t droze nakleb droSi, Tu t=0 momentSi 1. ukve iyo 
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Sesrulebuli j-1 etapis x nawili 2. parametruli mtyunebis 

aRZvris mixedviT sistema imyofeboda i fazaSi. 
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aqvs Semdeg integralur gantolebaTa sistemas: 
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   )(1)( uFuxF −=+ .    

ganvmartoT gamosaxuleba (3.2) pirveli wevri _ es aris 

erToblivi albaToba imisa, rom 1. )),0(,,( tuduuu ∈+  drois 

intervalSi pirvelad moxdeba parametruli (TandaTanobiTi) 

mtyuneba, anu warmoqmnili parametruli mtyuneba gaivlis 1− +in  
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fazas ; 2.  drois ganmavlobaSi ar aRiZvreba uecari 

mtyuneba  da ar damTavrdeba davalebis 

))(( duubi
)(n

uα−

u

)(e j  etapis Sesruleba 

);(/)( xFuxF +  3. TandaTanobiTi mtyunebis Semdeg pirveli 

damTavrdeba j  etapis Sesruleba.   

)(/)()),0(,, xv( uxFvuxdFutvdvvuux +++−−∈+++++

vα−

)())0,0(,,(

 drois 

intervalSi, xolo v  droSi ar aRiZvreba uecari mtyuneba ;            

4. perioduli kontroli, romelic xdeba davalebis  Sesrulebis 

TiToeuli etapis bolos damTavrdeba 

e

τττ dVutd −−−τ τ ∈+  

drois intervalSi; 5. ),0(,,( τη ηηη −−∈ −+ vutd

))(

 drois intervalSi 

damTavrdeba mtyunebuli mowyobilobis aRdgena ( ηTdG , mTliani 

amocanis aRdgena iwyeba j  etapidan da damTavrdeba 

= + +τ η+)( τ η−−−− vut  droSi, im pirobiT, rom vut  momentSi ukve 

Sesrulebul iyo j –uri etapis ux +  nawili da sistema 

mosalodneli TandaTanobiTi mtyunebis mixedviT imyofeba pirvel 

fazaSi  Φ ;  ),()1( tj uxvu +−−− ητ −

meore wevri – es aris erToblivi albaToba imisa, rom 1. 

Tavdapirvelad damTavrdeba amocanis j  etapis Sesruleba 

 drois intervalSi; 2. u  droSi mosalodneli 

TandaTanobiTi mtyuneba Seicvlis fazas –dan 

)),0(,,( tuduuu ∈+

i ),1( nvv = –Si ;  

3. am drois ganmavlobaSi ar aRiZvreba uecari mtyuneba ;   

4. perioduli kontroli damTavrdeba 

)(uli
)(v

uα−

)()),0(,

)(e

,( τττ dVutd −−∈ττ +  

drois intervalSi; 5. amocanis Sesruleba damTavrda τ−− ut  

droze nakleb droSi, dawyebuli 1+j

)(v

 etapidan sistemis v  

mdgomareobiT mosalodneli mtyunebis mixedviT ; 

analogiurad ganixileba mesame da meoTxe wevrebi, amitom maT 

aRweras aq aRar moviyvanT. Tu gamoviyenebT laplasis gardaqmnas 

(2.88)-sTvis miviRebT: 

)0,(1 τ−−Φ + utj

 92



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

( )!

n i
si s x

j
x

s x e e g s v s e x
n i

α τα β β ξβ ξ
∞− +

− ++ + − −∋Φ = −
− ∫T

n i × 

∑
=

−
∋

−
−++

+⎢
⎣

⎡
+−

−
Φ+Φ× ∋

n

iv

iv
iv

xsv
jj x

iv
essvds )(

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

1
)1( τβξξ τβα

 +Φ−Φ⎥
⎦

⎤
−

+ −++

=

++ ∫∑ ξξξβα ξβαβα dsxe
iv

eg v
j

iv

x

s

iv

xs ),()(
)!(

)()()(
uT

− ∋τn iv

           

⎢
⎣

⎡
−Φ−

−+
+ ∫

∞
+−−

+−
++ ξξξβ

α
α ξαξββα dsexe

in
e

s
sg

x
j

sin
in

xs ),()(
)!(

)( )1()(
1

)(uT
 

;),()( )1()(
⎥
⎦

⎤
Φ−− ∫

∞
−−+− ∋

x
j

ins dsxee ξξξξβτα    ).,1;,1( mjni ==    (3.3) 

sadac  );,(),( )()( ηη ts i
j

i
j Φ÷Φ );(')( sVsv ÷  ( ) ( );g s g t÷T

÷ es aris 

laplas-stiltesis gardaqmnis simbolo. SeviswavloT (3.3), roca 

0=α  (roca ar arsebobs uecari mtyuuneba), amitom (3.3) laplasis 

gardaqmnis terminebSi miiRebs saxes: 
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j js s j mτ ∋ +Φ = Φ = −   ./1)0,(1 ssm =Φ +

( ) ( , ) ( 1, ; 1, )i
j s x i n j mΦ = =  gansazRvrisaTvis miviReT 

integraluri gantolebebis sistema sasazRvro pirobebiT. Tu 

(3.4)-is orive mxares gavadiferencialebT x –iT, –jer 

SesaZloa gadavideT 

1+− in

1− +in

n

 rigis wrfivi diferencialuri  

gantolebebis sistemaze cvladi koeficientiT, romlis amoxsnac 

didi –is dros warmoadgens sakmaod rTul amocanas. 
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praqtikuli TvalsazrisiT sakmarisia  ganawilebis 

ricxviTi maxasiaTeblebis codna: maTematikuri lodini, 

dispersia da sxva maxasiaTeblebi. amitom imis gaTvaliswinebiT, 

rom 
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 3.2. teqnikuri sistemis mier davalebis Sesrulebis 

SesaZleblobis Sesaxeb misi saimedoobis 

gaTvaliswinebiT 

aseve Seswavlilia teqnikuri sistemebi, romlebic Seicaven 

arasaimedo xelsawyoebs, efeqturi funqcionirebis erTerT Ziri-

Tad aspeqts warmoadgens. aramwarmoebluri drois danakargebis 

minimizacia, rogoricaa: momsaxure obieqtis (momsaxure xelsawyo, 

manqana-danadgarTa da a.S.) aRdgenis drois, mtyunebis aRmoCenis 

drois da mtyunebiT gaufasurebuli samuSaos nawilis 

ganmeorebiTi Sesrulebis drois minimizacia. maRalwarmoebuli 

da maRalsaimedoobis mqone teqnikuri sistemebis Seqmnis ZiriTad 

sistemur ideologias warmoadgens sistemebis teqnikuri da 
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programuli kontrolis, misi diagnostikis saSualebebis 

SerCevis meTodis damuSaveba, romelic uzrunvelyofs sistemis 

funqcionirebis maRal efeqturobas. am paragrafSi 

SemoTavazebulia aparati, romelic saSualebas iZleva: 

1. safuZvlianad dadgindes saimedoobis TvalsazrisiT 

wayenebul moTxovnaTa samarTlianoba da Sefasdes is momsaxure 

organos  gamoyenebis dadgenili reJimis gaTvaliswinebiT; 

2. SemoTavazebuli aparati uzrunvelyofs momsaxure 

organos gamoyenebis saukeTeso drois diagramas, romelic 

mniSvnelovan mogebas iZleva saimedoobis gazrdis TvalsazrisiT. 

Ees gazrda miiRweva, upirvelesyovlisa Warbi drois gamoyenebis 

Sedegad, xolo meores mxriv davalebis etapebad dayofis 

Sedegad; 

3. miRebuli Sedegebi sakmarisia imisaTvis, rom 

mizanSewonilad SevarCioT kontrolis sistemis maxasiaTeblebi 

(kontrolis saxe,  kontrolis perioduloba da Aa.S.); 

4. miRebuli Sedegebi uzrunvelyofen saimedoobis 

maxasiaTeblebis kavSirs iseT mniSvnelovan maxasiaTeblebTan, 

rogoricaa teqnikuri sistemis mwarmoebluroba. Aam mizniT 

Semotanilia teqnikuri sistemis realuri mwarmoeblurobis 

koeficienti, romelic warmoadgens sufTa (idealuri) drois 

fardobas realur drosTan, romelic sWirdeba teqnikuri 

sistemis raTa Seasrulos davaleba. qvemoT ganvixilavT 

teqnikuri sistemis erT-erT models.                         

modeli 1. ganvixiloT teqnikuri sistema arasaimedo da 

arasarwmuno aparaturuli kontroliT. Ooperatiuli 

aparaturuli kontroliT mowmdeba gamoTvlebis sworad 

Sesrulebis (davalebis Sesrulebis) procesi, Tu aRmoCnda 

Secdoma (aRmoCenadi mtyuneba), maSinve iwyeba teqnikuri sistema 

aRdgena, romlis Semdegac iwyeba programis damaxinjebuli 
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nawilis ganmeorebiTi Sesruleba; Tu aparaturulma kontrolma 

ver aRmoaCina yvela saxis Secdoma an teqnikur sistemaSi 

Semavali yvela mowyobiloba ar Seicavs aparaturul kontrols, 

maSin adgili eqneba aparaturuli  kontrolis mier aRmouCenad 

mtyunebas; aseT SemTxvevaSi agrZelebs davalebis Sesrulebas 

manam, sanam ar aRiZvreba aRmoCenadi mtyuneba an ar dadgeba 

perioduli kontrolis dawyebis momenti. orive SemTxvevaSi 

teqnikuri sistema gaivlis testur kontrols da Cautardeba 

aRdgeniTi samuSaoebi. Aam modelSi gaTvaliswinebulia TviT 

aparaturuli kontrolis arasaimedooba. 

dauSvaT, rom mtyunebaTa nakadi ganawilebulia puasonis 

kanoniT λ intensivobiT, romelic moicavs sakontrolo 

aparaturis mtyunebaTa nakadis kλ  intensivobas. Mmtyunebis 

aRmoCenis albaToba avRvniSnoT aRdgenis drois ganawilebis R, 

aRdgenis drois ganawilebis funqcia avRniSnoT GG (t), xolo 

perioduli kontrolis xangrZlivobis ganawilebis funqcia 

( ).tϑ  teqnikuri sistemis mier Sesrulebuli davaleba Sesdgeba 

erTnairi kanoniT ganawilebuli  etapisagan, romelsac 

avRniSnavT GF(t). SesaZlebelia yoveli etapis bolos miRebuli 

Sedegebis saimedod damaxsovreba. 

n

( ),R

Aadvili misaxvedria, aRmoCenili mtyunebebis intensivoba 

kλ λ λ= + − (1 )( ).R xolo aRmoCenadis ki k=α β λ λ− −  

Aadgili aqvs α β λ+ =  tolobas. Tu SemovitanT albaTobas 

 imisa, rom davaleba Semdgari n  etapisagan, TiToeuli 

ganawilebuli GF (t) kanoniT, Sesruldeba t -ze nakleb droSi, Tu 

misi Sesruleba daiwyeba 

( )tΦ j

( 1, )j j n=  etapidan maSin adgili eqneba 

Semdeg funqcionalur Tanafardobas: 
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*

0

( ) ( ) ( )
t

s t n j
j t e t u d F uϑ− − +Φ = −∫ +

ϑ +     ( ) ( 1)
* *

0 0

1

0
( ) ( ) ( ) ( )

t ut
s t i i

i j

n j

i
e F u F u d u t u d Gα ϑ

−
− +

+

− +

=
⎡ ⎤+ − Φ − −⎣ ⎦ ∫Σ ∫

     ( 1)
*

0 0

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

u n j
je d F u t u v d vβ ϑ

−
− − ++ − Φ − −∫ ∫ +                

         (3.6) ( 1)
*

0 0

(1 ) 1 ( ) ( ) ( ),
t ut

st u n j
je e F u d u t u v d G vβα

−
− − − +⎡ ⎤+ − − Φ − −⎣ ⎦ ∫∫

sasazRvro pirobiT 1( ) ( ).n t tϑ+Φ =  

aq  aris  ganawilebis funqciis i–rigis naxvevi. ( )
* ( )iF u ( )F u

(3.6) integraluri gantoleba miRebulia albaTuri 

msjelobis safuZvelze.  

Tu (3.6)-is mimarT gamoviyenebT laplas-stiltesis 

integralur gardaqmnas miviRebT: 

  1
1

( )( ) ( ) ( ) / ( ).
n

j j
j

sH s s b s a s
s

ϑϕ
=

= = ∏                     (3.7) 

aq       ( ) 1 ( ) ( ) ( )ja s s s sα λ⎡ ⎤= − + − + −⎣ ⎦
n- j+1 n- j+1f f ϑ

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

s g s s s a g s
s s s

α λ λ α
λ λ α

− + ⎡ ⎤+ − + −
− − −⎢ ⎥+ + +⎣ ⎦

n- j+1 n- j+1f f f
             

    ( ) ( ) ( ) ( )ib s s a g s sλ λ= + − +f f ×   

     
( ) 1 ( ) 1s s
s s

λ α
λ α

⎡ ⎤+ − + −
× − −⎢ ⎥+ +⎣ ⎦

n- j n- jf f
 

      ( ) ( ) ( ) (s s sα λ λ⎡ ⎤− + − + +⎣ ⎦
n- j n- jf f f );sϑ
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0

( ) ( ) ( ) ;s t
j j jH s s e t d t

∞
−= Φ = Φ∫

0

( ) ( );s tg s e d G t
∞

−= ∫

       
0

( ) ( );s ts e d V tϑ
∞

−= ∫
0

( ) ( );s ts e d F t
∞

−= ∫f  

      /
1 0

1
( ) /

n

i s k
j

T s s d aϕ τ=
=

= ≡ +Σ j j ; 

sadac      [ ] [ ]{ }1 1 ( ) ( ) ( ) ( )b
jd α τ λ α λ α

α
+

= − − − n-1f f f f +  

 [ ]( ) ( ) ( ) ;kτ α λ α+ − n- jf f f  

 ( ) ( ) / ;λ β λ α⎡ ⎤= +⎣ ⎦
n- j

ja ff λ      ( )/ 0 ;kτ ϑ= −      ( )/ 0 .b gτ = −

 

 

3.2.1. momsaxure organo sxvadasxva saxis mtyunebiT. 

 

vTqvaT, saerTod teqnikuri sistemebis gamoTvlis procesSi 

SeiZleba moxdes mtyunebis ori tipi, Sesabamisad mudmivi α da β 

intensiobiT. 

mtyunebis pirveli tipi dakavSirebulia Semsrulebeli 

organos cveTasTan ris Sedegadac, uaresdeba teqnikuri 

sistemebis muSaobis sizuste. CavTvaloT, rom am tipis mtyunebis 

Sedegebi SeiZleba aRmovfxvraT saboloo damuSavebis dros, e.i. 

mtyunebis es tipi CavTvaloT aragaufasurebad, radgan mtyunebis 

es tipi dakavSirebulia damuSavebis cdomilebis dadgenasTan, 

amitomac damuSavebis sizustis kontroli tardeba gansazRvrul 

momentebSi. (etapebad), romlis bolos aRmoCndeba cveTis 

mtyunebis arseboba. am tipis mtyunebis aRmoCenis Semdeg myisve 

iwyeba misi warmoSobis mizezis aRmofxvra. mtyunebis am tips 

SemdgomSi vuwodebT uwyveti aparaturuli kontrolis 

saSualebebiT aRmouCenel mtyunebas.   
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mtyunebis pirveli tipisgan gansxvavebiT meore tipis mtyunebas 

uwyveti kontroli aRmoaCens myisve misi warmoSobis momentSi. am 

mtyunebis Sedegebi imdenad mniSvnelovania (katastrofulia), rom 

iqmneba aucilebloba garkveuli RonisZiebebis Catarebis Semdeg 

damuSavebis Tavidan dawyeba.   

 

 

3.3. efeqturobis kriteriumi 

 

nebismier rTul sistemas ganvixilavT, rogorc erT mTlian 

obieqtebs (elementebs, qvesistemebs da sxva), romlebic asruleben 

mkacrad gansazRvrul, garkveuli klasis amocanebs. Tu sistemis 

mizani da amocana gansazRvrulia da garkveulia, maSin SeiZleba 

davsvaT kiTxva misi funqcionirebis Sefasebis Sesaxeb.  

rTuli sistemis funqcionirebis xarisxs SevafasebT 

efeqturobis maCveneblis daxmarebiT. efeqturobis maCveneblad 

unda gavigoT iseTi ricxobrivi masaxiaTeblebi, romelic 

Seafasebs sistemis Semgueblobis xarisxs dasmuli amocanis 

winaSe.  

arsebiTad, efeqturobis maCveneblad gvevlineba sistemis 

amocanis da mizanis stadiis dasrulebis formulireba. 

Tanamedrove rTuli sistemebi Sedgeba didi raodenobis 

elementebisagan, nebismieri elementi funqcionirebis procesSi 

SeiZleba gamovides mwyobridan, romlebic unda Seicvalos an 

remonti dasWirdes.   

saimedoobis Sefaseba xdeba specialurad amorCeuli 

funqcionalebiT, romlebsac ewodeba saimedoobis maCveneblebi.  

rTuli sistemis saimedoobis Sefaseba, rogorc magaliTad: 

mtyunebis saSualo raodenoba, mimdevrobiTi mtyunebis drois 

ganawilebis kanoni da a.S. es maxasiaTeblebi gansazRvreba 

eqsperimentulad an saimedoobis Sefasebis sxvadasxva meTodebiT.  

teqnikur sistemebSi abstraqtuli modelebis analizs aqvs 

bolo miznis misaRwevad optimaluri gadawyvetis zemoqmedeba 
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sistemis proeqtirebis an eqsploataciis dros. rogorc wesi, 

damproeqteblebi da mwarmoeblebi miiltvian struqturuli 

sistemis yvelaze ukeTesi variantis amosarCevad, ramodenime 

SesaZlebeli variantebidan. imisaTvis, rom ramodenime alterna-

tiuli meTodebidan an moqmedebebidan SeirCes Sedarebis gziT 

efeqturobis maCveneblebi, gamomdinare pirveli monacemebis 

xarjze aucilebelia sistemis muSaobis dasawyisSi miRebuli 

iqnas gadawyvetileba ramdenad saimedoa gadawyvetilebis miReba 

sxvadasxva miznebis Sesasruleblad.  

ganxiluli masalebis analizma aCvena, rom saimedoobis 

faqtori gaTvaliswinebuli unda iqnes proeqtirebis etapze 

teqnologiuri gadawyvetilebis damuSavebisas, amJamad gamoyene-

buli saproeqto gadawyvetilebebis teqnikur ekonomikuri ana-

lizis meTodebi iZleva saimedoobis xarixsianad Sefasebis 

saSualebas.  

 

 

3.4. paraleluri tipis ormanqaniani gamoTvliTi 

sistemis  mwarmoebloba misi saimedoobis 

gaTvaliswinebiT. 

 

ganvixiloT teqnikuri sistema paraleluri tipis, ori 

damoukidebeli gamomTvleli manqaniT, romelic gadawyvitavs 

metad saWiro amocanas.  

gaerTianeba ori gamomTvleli manqanis erT sistemaSi, 

gansakuTrebiT efeqturia informaciuli _ saZiebo amocanebis 

amosaxsnelad, aseve samrewvelo da samecniero obieqtebis 

marTvis amocanebisaTvis. amis gamo amocanis amoxsnis saimedooba 

izrdeba da mcirdeba realizaciis dro. 

igulisxmeba, rom gamoTvlebis moculoba, am amocanis 

amoxsnisaTvis, aris SemTxveviTi sidide. 
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programa Sedgeba ori damoukidebeli nawilisagan, 

romlebic amoixsneba calcalke or gamomTvlel manqanaze. 

gamoTvliTi procesis optimaluri organizaciis mizniT, 

programis TiToeuli nawili Tavis mxriv iyofa Sesabamisad  da 

 mimdevrobiTi etapisagan Sesrulebis dro, aris damoukidebeli 

SemTxveviTi sidide, 

n

m

μ  intensiobiT erTnairi ganawilebiT 

maCvenebliani kanonis mixedviT. 

teqnikuri sistemis mtyunebis nakadi emorCileba puasonis 

kanons, xolo aRdgenis dro _  λ  da μ  intensivobiT 

maCveneblian kanons. igulisxmeba, rom teqnikuri sistemis 

mtyundebian mxolod amocanis amoxsnis procesSi. teqnikuri 

sistemis muSaobis siswore mowmdeba aparaturuli xerxiT, 

romelic myisierad, maSinve aRmoCndeba. kontroli aris 

idealuri. erTerT teqnikuri sistemis mtyunebis aRmoCenisTanave, 

dro ixarjeba uqmad amovardnili etapis gameorebisaTvis da am  

teqnikuri sistemis mytunebis aRdgenaze. TiToeuli teqnikuri 

sistema amTavrebs Tavisi nawilis damuSavebas damoukideblad 

imisa, meore teqnikuri sistemis remontSi iyo Tu ara. amis Semdeg 

iwyeba damuSaveba amocanis darCenili meore nawilis, Tu ar 

damTavrda gasaremontebeli teqnikuri sistemis aRdgena. dro, 

romelic saWiroa amocanis meore amovardnili etapis 

damuSavebisaTvis, roca meore manqana ar muSaobda ar iTvleba, ar 

miiReba mxedvelobaSi. teqnikur sistemaze muSaobs erTi 

saremonto brigada. miRebulia, rom Tu  orive teqnikuri sistemis 

aRmoCndeba erTdroulad remontSi, maSin is teqnikuri sistema, 

romelic adre gamovida remontidan gaagrZelebs amocanis 

amoxsnis pirvel etaps. 

amocanis amoxsnis etapi gamomTvlel sistemaSi ganixileba, 

rogorc naxevradmarkovuli procesi mdgomareobis saboloo 

raodenobiT da Semodis _ iseTi albaTobis ganawilebis 

funqcia, rom gamoTvliTi sistemis amocanis amoxsna damTavrdeba 

droSi, romelic naklebia t–ze, Tu amocanis amoxsnis pirveli 

βα
kjΦ
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etapi daiwyeba j –uri etapidan, xolo meore _ _uri etapidan, 

intervalis dasawyisSi 

k

t÷0 , gamomTvleli manqanis Semdegi 

droebiTi mdgomareobiT.  

⎪
⎪
⎩

⎪
⎪
⎨

⎧

=

remontSia. manqana meore  _01

manqana, igamomTvlel orive remontdeba  _11

manqana, igamomTvlel pirveli remontSia  _10

,aRdgenilia manqana igamomTvlel orive  _00

βα  

Cveulebrivad,  albaTuri msjelobis saSualebiT miviRebT 

–sTvis Semdeg integralur gantolebaTa sistemas. )( tkj
βαΦ

 

[∫ +Φ+Φ=Φ +

t

kjkjkj ttt
0

0000
,1

00 ))()(()( μ  

]10 01( ( ) ( )) ( 2( ) )jk jkt u t Exp u duλ μ+ Φ − +Φ − + ;λ  

[∫ +−Φ+−Φ=Φ +

t

kjkjkj ututt
0

10
1,

0010 )()()( μγ  

]11 ( ) ( ( ) )jk t u Exp u duλ μ λ+ Φ − − + + ;γ

u +

 

01 00 01
1,

0

( ) ( ) ( )
t

jk jk j kt t u tγ μ +⎡Φ = Φ − + Φ −⎣∫  

]11 ( ) ( ( ) )jk t u Exp u duλ μ λ+ Φ − − + + ;γ

du

u du+

 

11 01

0

( ) ( ) ( ) ;
t

jk jkt t u Ex p uγ γΦ = Φ − −∫  

00 00
1, 1, 1

0

( ) ( )
t

n k n kt tμ+ + +⎡Φ = Φ −⎣∫  

]01
1, ( ) ( ( ) )n k t u Exp u duλ μ++ Φ − − + ;λ  

[∫ +−Φ=Φ +++

t

mjmj utt
0

00
1,1

00
1, )()( μ  

 102



]01
, 1 ( ) ( ( ) )j m t u Exp u duλ μ++ Φ − − + ;λ

;γ

μ+ + +Φ = Φ∫

 

[∫ +−Φ+−Φ=Φ ++++

t

knknkn ututt
0

00
,1

01
1,1

01
,1 )()()( γμ  

11
1, ( ) ( ( ) )n k t u Exp u duλ μ λ++ Φ − − + +  

[10 10
, 1 1, 1

0

( ) ( )
t

j m j mt t u− +−Φ+ + )(00
1, utmjγ  

] ;))(()(11
1, udupxEutmj γλμλ ++−−Φ+ +  

∫ −−Φ=Φ ++

t

knkn udupxEutt
0

01
,1

11
,1 ;)()()( γγ  

∫ −−Φ=Φ ++

t

mjmj udupxEutt
0

01
1,

11
1, ;)()()( γγ     ,,1;,1 nknj ==  

sadac  da  albaTobis ganawilebis 

funqcia imisa, rom erTerTma gamomTvlel manqanam daamTavra 

Tavisi nawilis damuSaveba da darCa sxva nawilis etapis 

damuSavebis damTavreba 

)(1, tmj
βα
+Φ )(,1 tkn

βα
+Φ

j -uri an  etapis Sesabamisad 

gamomvTleli manqanebis gansazRvruli mdgomareobis dro 

k

)11,10,01,00( =βα . 

sasazRvro pirobebad gvevlineba 

1)()( 10
1,1

01
1,1

00
1,1 =Φ−Φ=Φ ++++++ mnmnmn tt . 

gamoviyenoT mocemul integralur gantolebaTa 

sistemisaTvis laplas-stiltesis gardaqmnebi, miviRebT: 

 

);)()(()()(()( 011000
1,

00
,1

00
1 sssssP kjkjkjkjkj ϕλϕμϕ +Φ++Φ= ++  

;)()()()( 1110
1,
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2 ssssP kjkjkjkj ϕλϕμϕγϕ ++= +  

;)()()()( 1110
1,

0001
2 ssssP kjkjkjkj ϕλϕμϕγϕ ++= +  
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01 01 00 11
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S
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sadac 1
0

( ) ; 2( );st
jk jke t d t P sαβ αβϕ μ λ

∞
−= Φ = + +∫  

;2 γλμ +++=sP       ;3 γ+=sP         4 .P s μ λ= + +  

 bolo gantolebaTa sistemebis amoxsnis Sedegad miviRebT  

, e.i. mocemul t droSi Sesruldeba albaTobis 

ganawilebis funqciis operatiuli gamosaxuleba, Tu gamoTvliTi 

sistemis davalebis Sesruleba iwyeba sawyisi 

)(11 sβαΦ

)1,1( == kj  

Sesabamisi mdgomareobis etapebiT. 

jer erTi, praqtikuli gamoyenebisTvis ZiriTadad 

moiTxoveba mocemul pirobebSi aucileblad codna mocemuli 

davalebis saSualo mniSvnelobisa, amitom amis gaTvaliswinebiT 

1)( 0 ==skj ss βαϕ  da 
βαβαϕ kjkj Tss =/)(  SeiZleba davweroT 
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 (3.8) sistemis ramodenime gardaqmnebis Sedegad  mimarT 

vRebulobT mis Semdeg saxes:  
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(3.9) sistema warmoadgens gantolebaTa rekurentul sistemas, 

amisaTvis mimdevrobiT, dawyebuli nj =  da  mk = , vZebniT yvela 
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da gamoTvlebis gagrZelebis Semdeg, mocemuli 

mniSvnelobebis n da m gansazRvravT , xolo (3.8) sistemis sami 00
11T
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gantolebis , ,  gamoyenebiT. e.i. amocanis amoxsnis 

saSualo dro mis Sesabamis mdgomareobaSi amocanis amoxsnis 

dasawyis momentSi (orive gamomTvleli manqana muSa 

mdgomareobaSia, SekeTebulia, aqedan erTi an orive gamomTvleli 

manqana imyofeba remontSi).  

10
11T 01

11T 11
11T

analogiurad, SeiZleba movnaxoT amocanis amoxsnis dros 

gamoTvliTi sistema, roca programa maTi amoxsnisas ar SeiZleba 

warmogvidges ori damoukidebeli nawilisagan, aramed daiyofa 

ramodenime paralelur-mimdevrobiT nawilebad, drois albaTobis 

ganawilebis amoxsnas TiToeuli paralelur an mimdevrobiT 

nawilebad dayofis dros vnaxulobT da viTvliT zemoaRniSnuli 

xerxiT. TiToeuli Semdegi nawilis amoxsnis dros albaTobis 

ganawileba, romlebic Sedis gamomTvlel sistemaSi, gvevlinebian 

wina nawilisaTvis Sesabamisad sasazRvro pirobebad.  

bolos aRvniSnavT, rom amocanebis amoxsnisas saSualo 

drois codnas saimedoobis gaTvaliswinebiT, mocemuli 

ormanqaniani gamoTvliTi sistemisaTvis didi praqtikuli 

mniSvneloba aqvs, swori ZiriTadi parametrebis amorCevaze misi 

proeqtirebis procesis dros. aseve, eqspluataciis periodSi 

gamoTvliTi procesis optimaluri organizaciisaTvis Sesabamisad 

n da m da mniSvnelobis amorCeviT.  

      

3.5. Tanamedrove qselur teqnologiaSi gamomTvleli 

klasteris mwarmoeblobis amaRlebis SesaZleblobis 

analizi misi gamoyenebis xarjze 

  

tradiciuli superkompiuteri warmoadgens rTul da Zalian 

ZviradRirebul sistemas, romlis SeZena nebismier organizacias 

ar SeuZlia. amgvari sistemis Rirebuleba aRemateba ramodenime 

milion dolars. miTumetes bazarze naklebad Rirebul, efeqtur, 
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komunikaciur teqnologiebSi gamoCnda SesaZlebloba Seiqmnas 

SedarebiT iafi superkompiuteruli klasis mowyobilobebi _ 

maRali mwarmoeblobis gamomTvleli klasterebi.   

maRalmwarmoebluri klasterebi warmoadgenen gamomTvlel 

kvanZebs, romlebic gaerTianebuli arian erTmaneTSi 

maRalsiCqarian sakomunikacio qselSi.  

mwarmoeblobis gazrda miiRweva კlasteris kvanZebSi 

paraleluri gamoTvlebis Sesrulebis xarjze.   

gamomTvleli sistemebi msgavsi aseTi sistemebisa, faqtiurad 

waroadgenen  iaffasian  sarealizacio  masiur-paralelur 

kompiuterebs.   

cxadia, sxva nebismier gamomTvlel sistemas da 

maRalmwarmoeblobis klasterebs aqvT Zlieri da susti mxareebi.   

gamomTvleli klasterebis gamoyeneba mniSvnelovnad amcirebs 

maRalmwarmoeblobis tradiciul superkompiuterebis fass. es 

mniSvnelovnad afaroebs aseTi kompiuterebis gamoyenebis 

SesaZleblobas. ubraloeba da gamoyenebuli teqnologiebi 

xelmisawvdomia klasteris agebis dros.   

miTumetes, rom nebismieri mravalprocesoriani sistema 

yuradRebiani analizis da gamarTuli programis algoriTmis 

dros sistemis gamoTvliT resursebs maqsimalurad da efeqturad 

unda gamoiyenebdes.   

amis garda, multiprocesoruli sistemebis mwarmoebloba 

gamoTvliTi aqtivobisa da klasteris kvanZebis daxmarebiT 

monacemis gacvlis dros balansirdeba.   

ganvixiloT mTavari mizezebi, romlebic amcireben 

efeqturobas, rogorc klasterebSi aseve multiprocesorebSi.   

magaliTad, klasterze gaSvebuli programa Semdgari 100 

kvanZisgan, Cven arasodes ar mogvcems mwarmoeblobis gazrdas 100-

jer. saqme imaSia, rom nebismier programaSi yovelTvis aris 

mkacrad gansazRvruli mimdevrobiTi nawilebi, aseve 

gansazRvrulia paraleluri nawilebic, romlebic muSaoben 

erTad. programaSi am nawilebis yofna gansazRvravs ramdenad 
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izrdeba paralelur arqiteqturaSi programis Sesrulebis 

siCqare.   

davuSvaT, rom Cvens programaSi operaciebis wili, romlebic 

unda Sesruldes mimdevrobiT tolia f, sadac 0<=f<=1 

(aucilebelia gvaxsovdes, rom  wili aiReba statistikurad 

kodis striqonis ricxvidan, xolo operaciebis ricxvi samuSaos 

Sesrulebis procesSi).  

ukanasknel SemTxvevaSi f mniSvnelobas Seesabameba mTlianad 

paralelur programas (f=0) da mTlianad mimdevrobiT programas 

(f=1).   

imisaTvis, rom SevafasoT rogori S aCqareba SeiZleba iyos 

miRebuli kompiuterze P procesorebidan mocemul f mniSvnelobis 

dros SeiZleba gamoviyenoT amdalis kanoni: S<=1/(f+(1-f)/p).  

sxva problema _ es aris gamoTvliT procesebs Soris 

monacemebis efeqturi gacvla. imisaTvis, rom gavigoT es 

problema Rrmad, aucilebelia ganvixiloT klasteris 

aparaturuli mowyobiloba detalurad.   

gamomTvleli klasteri Cveulebrivad Sedgeba erTi mmarTveli 

manqanisgan da mravali kvanZisgan.   

gamomTvleli kvanZebi bazarze Cveuleberivad gamoyenebas 

poulobs. erTgvarovan procesorebian kompiuterebSi, aseve ori an 

oTxprocesorebiani SMP-serverebi. TiToeuli kvanZi muSaobs 

Tavisi msgavsi operaciuli sistemis marTviT. TiToeuli 

kompiuteri gaerTianebulia erTmaneTSi maRalmwarmoebluri 

kompiuterebis qselSi.   

ranairic ar unda iyos qselis efeqturoba da SesaZlebloba, 

klasteris gamomTvleli nawilis mwarmoebluroba jer kidev 

mniSvnelovnad efeqturia sistemaSi gaerTianebul kvanZSi.   

ZiriTadad ricxviTi maxasiaTeblebi, romlebic gamoxataven 

sakomunikacio qselebis mwarmoeblobas da aseve klasterul 

sistemebSi, aris latentnoba _ sawyisi Sekavebis dro, roca 

informaciis gadagzavnisas qselis  gamtarianunarianoba, 

 109



ganmsazRvrelia qselis arxebidan informaciis gadacemis 

siCqarisa.   

amitom, aucilebelia ara marto pikuri maxasiaTeblebi, 

mwarmoeblis mier gancxadebuli, aramed realuri momxmareblis 

doneze gancxadeba, magaliTad MPI-is doneze.   

amasTan, cnobilia, rom garkveuli droidan mcire latentnoba 

gaxdeba sistemis sakmaod mniSvnelovani, efeqturi muSaobis 

dros, vidre qselis gamtarianunarianoba, radgan latentnoba 

gansazRvravs im faqts, rom maqsimalurma gadacemis siCqarem 

qselSi ar SeiZleba miaRwios gzavnilis gadacemis mcire sigrZes.   

maSasadame, Tu gamoTvliTi procesi dakavSirebulia 

monacemebis mcire paketebTan gacvlaSi, maSin sistemis efeqturi 

muSaoba mkveTrad ecema, ramdenadac sistema iwyebs drois 

dakargvas komunikaciebze, xolo misi procesorebi gaxdebian 

dautvirTavebi.   

amJamad, qselSi klasteris kvanZebis gaerTianebisTvis 

gamoiyeneba sxvadasxva efeqturobis da sxvadasxva fasis qseluri 

teqnologiebi.   

magaliTad, SedarebiT iafi, magram samwuxarod latentnur 

teqnologiebSi aris farTod gavrcelebuli Fast Ethernet, romelic 

SedarebiT mimzidvelia, amasTan ZviradRirebulad gvevlineba SCI 

da Myrinet teqnologiebi.   

amgvarad, Sesrulebul naSromSi aRweril amoxsnil amocanebSi 

gakeTebulia kanonzomierebis Zebna, sakomunikacio sxvadasxva 

parametrebis dros da klasterSi kvanZebis raodenobis, Aaseve 

sxva  gamoTvlebis mwarmoeblobis mTeli rigi parametrebi.   

muSaobis saboloo miznad gvevlineba klasterebisTvis 

optimaluri gamoyeneba erTi an meore teqnologiebis, raTa 

amoxsnili iyos sxvadasxva amocanebi. aseve ganixileba negatiuri 

movlenebis Semcireba maRal latenturobaze, gamomTvleli 

klasteris mwarmoeblobis dros.   
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III Tavis daskvna 

     ganxilulia teqnikuri momsaxurebis racionaluri strategiis 

SerCevis sakiTxebi, rac saSualebas iZleva saukeTeso Sedegebs 

mivaRwioT damatebiTi Zalebisa da saSualebebis mozidvis gareSe. 

aseve teqnikuri sistemis drois mixedviT evoluciis aRmwer 

maTemetikur modelebad gamoiyeneba SemTxveviTi procesebi, 

romelic erT-erT Semdeg klass ganekuTvnebian: regenirebadi, 

markovisebuli, naxevradmarkovis, SemTxveviTi procesebi. 

naSromSi ganxiluli teqnikuri momsaxurebis amocanebSi 

gansazRvrulia momsaxure sistemis (Semsrulebeli organos) 

xangrZlivi eqspluataciis pirobebSi misi funqcionirebis 

xarisxis Semdegi maCveneblebi: mzadyofnis koeficienti, gegmiuri 

samuSao davalebis Sesrulebis albaTuri maxasiaTebeli 

(operatiuli koeficienti), sistemis qmediTunarianobis 

kontrolis da profilaqtikuri samuSaoebis Catarebis 

optimaluri wesebi, kalendaruli drois ganmavlobaSi teqnikuri 

sistemis funqcionalobis optimaluri gamoyenebis kriteriumi. 

agreTve ganxilulia gamomTvleli mowyobilobis mier 

davalebis Sesrulebis ganxorcieleba dautvirTavi rezerviT. 

mocemulia rezervirebuli teqnikuri sistemis mier mocemul 

droSi davalebis Sesrulebis SesaZleblobis analizi. 

daSvebulia rom dautvirTavi sarezervo teqnikuri 

mowyobilobebi aramuSamdgomareobaSi ar ganicdian mtyunebas, 

aseve ar eqvemdebarebian aRdgenas. amdenad SesaZlebelia miviRoT 

amocanis Sesrulebis SemTxveviTi drois ricxviTi 

maxasiaTeblebi, rogoricaa maTematikuri lodini, dispersia da 

a.S.   

disertaciaSi gadawyvetilia mniSvnelovani praqtikuli 

sakiTxi. paraleluri sistemis mier mocemul droSi davalebis 

Sesrulebis SesaZleblobis analizi. moZebnilia albaTuri 

maxasiaTebeli Cawerili laplas-stiltesis terminebSi, romelic 

iZleva saSualebas vipovoT ricxviTi maxasiaTebeli, romelic 
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Zalze mniSvnelovania aseTi sistemebis proeqtirebisaTvis. 

gaTvaliswinebulia, rom davalebis Sesrulebis procesSi 

mowyobilobebi ganicdian mtyunebas. 

naSromSi miRebuli aris darezervebuli mowy-bis mier 

davalebis mocemul droSi Sesrulebis albaTuri maxasiaTeblebi. 

isini Cawerili arian laplas-stiltesis gardaqmnebis saxiT, 

romlis mixedviT araqmedi mowyobilobebi eqvemdebarebian 

aRdgenas. SesaZlebelia miviRoT amocanis Sesrulebis 

SemTxveviTi drois ricxviTi maxasiaTeblebi, rogoricaa 

maTematikuri lodini da dispersia. 

ganxilulia gamomTvleli klasterebis gamoyeneba, romlebic  

mniSvnelovnad amcireben maRalmwarmoeblobis tradiciul 

superkompiuterebis fass. es mniSvnelovnad afaroebs aseTi 

kompiuterebis gamoyenebis SesaZleblobas. ubraloeba da 

gamoyenebuli teqnologiebi xelmisawvdomia klasteris agebis 

dros.   
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daskvna 

teqnikuri sistemebis Seqmnis da eqsploataciis Tanamedrove 

sainJinro meTodebi gulisxmoben maTi arsebobis yvela etapze 

analizisa da sinTezis raodenobrivi meTodebis aqtiur 

gamoyenebas. mxolod aseTi midgoma gvaZlevs saSualebas Seiqmnas 

maRalefeqtiani teqnikuri sistemebi. igive Seexeba teqniluri 

sistemebis  saimedoobis uzrunvelyofis problemas, rac 

xasiaTdeba diskretul _ uwyveti procesebiT, romlebic 

saimedoobis  TvalsazrisiT yvelaze naklebad Seswavlil 

teqnikuri sistemebis klass miekuTvneba. 

sadisertacio naSromSi wamoyenebuli da dasabuTebuli 

debulebebis erToblioba warmoadgens mecnierulad 

mniSvnelovani aqtualuri sakiTxebis ganzogadoebas da 

gadawyvetas, romelsac aqvs Teoriuli da gamoyenebiTi 

mniSvneloba. kerZod, teqnikuri sistemebis saimedoobis  kvlevis 

midgomis Sedegad damuSavebulia: mowyobilobebis saimedoobis 

gamoTvlis zogadi meTodologia, saimedoobis amaRlebis  

organizaciul teqnikuri xerxebi, saimedoobis prognozirebis da 

Sefasebis meTodebi, saimedoobis ganzogadebuli maTematikuri 

modelebis sxvadasxva klasebi. 

zemoaRniSnulis gaTvaliswinebiT Catarebuli kvlevis 

safuZvelze, SeiZleba Camoyalibdes Semdegi ZiriTadi daskvnebi: 

 arsebuli masalis mimoxilvisa da analizis safuZvelze 

SeiZleba davaskvnaT, rom saimedoobis amaRlebis yvelaze 

efeqtian meTodad unda CaiTvalos struqturuli da 

droiTi rezervireba. 

 literaturaSi aRwerili teqnikuri sistemebis mtyunebebis 

aRZvris mizezebis klasifikaciis Seswavlis safuZvelze 

gakeTebulia daskvna, umtyuno muSaobis ganawilebis 

kanonebis maCvenebliani nareviT aproqsimaciis 
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mizanSewonilobaze. es ukanaskneli, maTSi Semavali 

parametrebis saTanadod SerCeviT, uzrunvelyofs 

realurTan miaxloebis nebismier sizustes. 

 pirvelad ganisazRvra teqnikuri mowyobilobebis 

saimedoobis ZiriTadi maCveneblebi, romlebic xasiaTdebian 

ori saxis mtyunebiT: uecari (katastrofuli) da 

TandaTanobiTi. am mizniT damuSavebulia saimedoobis 

maCvenebelTa gansazRvris originaluri meTodebi, romlis 

gamoyenebis safuZvelze SeiZleba saukeTesod SeirCes 

sistemis qmediTunarianobis kontrolis saxe da misi 

parametrebi. 

 disertaciaSi miRebuli Sedegebi uzrunvelyofen: 

dasabuTebulad dadgindes saimedoobis ganmsazRvrel 

ZiriTad maCveleblebze moTxovnebi da movaxdinoT maTi 

Sefaseba teqnikuri mowyobilobebis gamoyenebis da 

teqnikuri momsaxurebis mocemuli reJimis Sesabamisad. 

saukeTesod SeirCes teqnikur mowyobilobaTa gamoyenebis 

droiTi diagrama da saimedoobis maCveneblebis kavSirი 

iseT ZiriTad maxasiaTebelTan rogoricaa mwarmoebloba. 

 disertaciaSi ganxiluli saimedoobis yvela adapturi 

modelebi xasiaTdebian sawyisi SemTxveviTi procesebis 

ganawilebis funqciebis mimarT umniSvnelo SezRudviT, rac 

SemoTavazebuli saimedoobis maTematikuri modelebis 

erTianobis da originalTan adekvaturobis garantiaa. 

amitom disertaciaSi miRebuli Sedegebis gamoyenebis 

farglebi sakmaod farToa. 
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