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რეზიუმე 

sadisertacio naSromi `mikro da nano komponentebis 

safuZvelze Tanamedrove eleqtronuli mowyobilobebis agebis 

principebi~ exeba eleqtronikis mTavari samecniero-teqnikuri 

perspeqtiuli mimarTulebis _ mikro da nanosistemuli teqnikis 

ganviTarebis ZiriTad sakiTxebs, Taviseburebebs da Tanamedrove 

avtomatizirebuli sistemebis gamoyenebiT maTi Seqmnis meTodebs. 

dReisaTvis mikrosistemuli teqnika warmoadgens erT-erT 

yvelaze dinamiurad ganviTarebad disciplinaTSoris samecniero-

teqnikur mimarTulebas, romelic gansazRvravs mikrodoneze 

Sesrulebuli sistemebis sferos axal revolucias. 

mikrosistemuri teqnologia (mst-MST) miekuTvneba `kriti-

kuli~ teqnologiebis ricxvs, e.i. im teqnologiebs, romlebic 

mimarTulia qveynis samxedro da ekonomikuri damoukideblobis 

uzrunvelsayofad da msoflio bazarze konkurentunariani pro-

duqciis Sesaqmnelad. 

mikroeleqtronikis da mikrosistemuri teqnikis nakeTobebis 

miReba nakarnaxebi iyo ara marto patara zomebiT, aramed 

teqnikur sistemebSi gamoyenebuli integraluri sqemebisa da 

mikrosistemebis axali xarisxiT. gamoTvliTi teqnikis nakeTo-

bebis procesorebSi da damaxsovrebis mowyobilobebSi axali in-

tegraluri sqemebis danergvam Seamcira maTi zomebi (amitomac 

gaxda SesaZlebeli personaluri kompiuterebis Seqmna) da ga-

zarda maTi funqcionaluri SesaZleblobebi.  erTeulovani fun-

qciis fasis mudmivad Semcirebam (magaliTad, erTi biti infor-

maciis Senaxva) gamoTvliTi teqnika gaxada xelmisawvdomi mom-

xmarebelTa farTo wrisaTvis. 

Tanamedrove mikroeleqtronikis teqnologiebisagan gansxva-

vebiT, mikrosistemuri teqnikis sferoSi mowyobilobebis fasi 

gacilebiT dabalia. es ki ganapirobebs 2-3 TanrigiT mcire fasad 

mikrosistemuri teqnikis teqnologiuri xazis Seqmnas. igi xel-

misawvdomia patara firmebisa da iseTi qveynebisaTvis, romlebic 
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arasodes ar ekuTvnodnen mikroleqtronikis liderTa ricxvs (ma-

galiTad Sveicaria, dania, norvegia da sxva). 

mikrosistemuri teqnikis kidev erTi upitaresobaa mis xel-

misawvdomoba. 

topologiuri normebis Semcirebis saerTo tendencia exeba 

mikrosistemur teqnikasac. aqac mosalodnelia topologiuri 

normebis nanometrul zomebSi gadasvlis tendencia. 

mikrosistemuri teqnika _ Zalian dinamiuri dargia. `axal-

gazrdobis~ miuxedavad, mas Tavisi mokle istoriis farglebSi 

eniWeba didi roli da mniSvneloba sabazro seqtorisa da sxva 

mimarTulebebis Zireuli  cvlilebis saqmeSi. 

mikrosistemuri teqnikis efeqturobis amaRlebis erT-erTi 

SesaZlo forma nakarnaxevi iyo mikroeleqtronikis mier. saqme 

exeba teqnologiis teritoriuli dayofis princips, romelic Sem-

degSi mdgomareobs. TiToeuli etapi (an etapis nawili) SesaZ-

lebelia gaxdes maRalefeqturi warmoeba. dReisaTvis msoflioSi 

arsebobs firmebis didi raodenoba, romlebic uSveben mikro-

eleqtronul produqcias, magram maT ar gaaCniaT sakuTari 

teqnologiuri aRWurviloba (fables). aseTi tipis warmoebis Seqmna 

SesaZlebeli gaxada axlad gamoCenilma universalurma da 

yvelasaTvis xelmisawvdomma avtomatizirebuli proeqtirebis sis-

temebma, romelTa daxmarebiTac SesaZlebelia daproeqtdes 

originaluri sakuTari integraluri sqema, bloki an aparatura, 

xolo warmoeba ganxorcieldes firmis specializirebuli ma-

siuri produqciis warmoebis teqnologiur xazze. 

samecniero kvlevebi aqtiurad mimdinareobs saerTaSoriso 

masStabiT am teqnologiis ganviTarebisa da danergis mizniT. es 

teqnologia moaxdens kompiuteruli sistemebis rekonstruqcias _ 

dabal fasad mravalricxovani mowyobilobebis gaerTianebis 

safuZvelze. es tendencia uzrunvelyofs axal kompiuterul 

SesaZleblobebs, rac aisaxeba gamomTvleli sistemebis arqiteq-

turaze da Sesabamisad moiTxovs axal midgomebs avtoma-

tizirebuli proeqtirebis sakiTxSi. 

v 



ekonomikisa da qveynis usafrTxoebis gazrdis da ganviTa-

rebisaTvis pirveli Canasaxebis droulad danaxva mikrosistemuri 

teqnikis mimarTulebaSi, emsaxureba am axali mimarTulebis 

dargis kvlevebis  gaZlierebas da Semdgom stimulirebas. 

magaliTad, aSS-s mTavrobis didma dainteresebam mikronuli 

meqanizmebis sferoSi uzrunvelyo mikroeleqtromeqanikuri 

sistemebis ganviTareba. saWiroa saxelmwifo struqturaSi 

arsebobdes organizaciebi, romlebic efeqturi ideebis `daWeras~ 

uzrunvelyofen. aseTi organizaciis ricxvs miekuTvneba amerikis 

Tavdacvis saministros perspeqtiuli kvlevebis saagento (DARPA), 

romlis erTerT startegiul punqts warmoadgens maRali riskisa 

da maRalefeqturi proeqtebis investireba (High-focus). 

didi daintereseba gamoavlina amerikis SeerTebulma 

Statebma, roca `nacionaluri nanoiniciativa~ (NNI) miiRo, CaTva-

la ra nanoteqnologiebi axali industriuli revoluciis fuZe-

mdeblad. aSS-m orjer gazarda finansireba nano-kvlevebisaTvisa 

da nanoteqnologiebisaTvis, im mizniT, rom uaxloes xuT 

weliwadSi daikavos da daimkvidros pirveli adgili msoflioSi. 

mikroeleqtronul mrewvelobaSi ukanasknel aTwleulSi 

ganxorcielebulma revoluciam gamoiwvia eleqtronuli xelsa-

wyoebisa da mowyobilobebisa iseTi nairsaxeobis gamoCena 

bazarze, rom TiToeuli maTgani yovel eqvs TveSi moralurad 

cvdeba da adgils uTmobs ufro Tanamedrove, komfortul da 

bazris moTxovnilebaze zustad orientirebul saqonels. am 

movlenis fexdafex mimdinareobs aseTive swrafi cvla da 

konkurencia im programuli paketebs Soris, romlis gamoyene-

biTac iqmneba ufro Tanamedrove da ufro kompfortuli mowyo-

bilobebi. aseTi gamudmebuli da uwyveti konkurenciis pirobebSi 

saxeze gvaqvs avtomatizirebuli daproeqtebis sistemis paketebis 

farTo asortimenti. mcireodeni damatebebis Setana da axali 

operaciuli ciklis damateba did komforts uqmnis damproeqteb-

lebs da Sesabamisad gadadian ufro daxvewili da martivad 

marTvadi sistemebis gamoyenebaze. 
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Altium Designer Summer 08  es aris yvelaze ufro ukanaskneli 

da daxvewili versia avtomatizirebuli daproeqtebis im 

mravalricxovan sistemebs Soris, romlebsac esoden didi 

warmatebiT iyeneben damproeqteblebi. eleqtruli sqemebis 

daproeqtebisas daproeqtebis avtomatizirebuli sistemas mona-

cemTa bazaSi unda arsebobdes srulyofili biblioTeka im kom-

ponentebisa, romlebis safuZvelzec ganxorcieldeba nebismieri 

sirTulis eleqtuli sqemis daproeqteba. Altium Designer Summer 08-

iT warmodgenili biblioTeka Seicavs 86000 komponents. 

radioeleqtronuli saSualebebis damuSavebisas princi-

pialuri eleqtruli sqemebis Seqmnis etapze xSirad gamoiyeneba 

ierarqiuli da mravalkristaliani struqturebi. sqemoteqnikebi 

iyeneben mravalfenovan proeqtebs sxvadasxva mizezis gamo. 

pirvel rigSi sqemebis zomebis gamo; zogierTi proeqti imdenad 

didi da rTulia, rom maTi erT fenaze ganlageba ubralod 

SeuZlebelia. da Tundac proeqti ar iyos didi da rTuli, arse-

bobs misi sxvadasxva fenaze ganTavsebis kidev sxva upiratesobac. 

sadisertacio naSromis ZiriTadi nawili eZRvneba sruliad 

axali da Tanamedrove avtomatizirebuli daproeqtebis sistemis 

Altium Designer Summer 08–is meSveobiT komponentebis biblioTekeb-

Tan muSaobis principebis damuSavebas da programis axali unika-

luri SesaZleblobebis saSualebiT rTuli mikrosistemuli pro-

eqtebis mravalfeniani sqemis fenaTSorisi kavSirebis reali-

zacias.  

disertaciaSi damuSavebulia mravalaricxovan proeqtebSi 

beWduri platebis ierarqiebSi kavSirebis Seqmnis yvela SesaZlo 

varianti kompiuteruli avtomatizirebuli proeqtirebis  siste-

mis Altium Designer-is gamoyenebiT. CamoTvlilia  programaSi gamo-

yenebuli yvela identifikatori da ganxilulia TiToeuli 

tipisaTvis  identifikatoriT marTvis yvela saSualeba. 

naSromSi miRebuli ZiriTadi Sedegebis safuZvelze 

gakeTebulia Sesabamisi daskvnebi da mocemulia rekomendaciebi. 

vii 



Abstract 

The microsystem technics is now one of the most dynamically developing 
interdisciplinary scientific and technical directions, defining new revolution in the 
field of the systems realised at microlevel. Strictly speaking, the microsystem technics 
(МSТ) is the scientific and technical direction which purpose is creation in the limited 
volume of a firm body or on its surface of the microsystems representing ordered 
compositions of areas with set structure, structure and geometry, static or which 
dynamic set provides realisation of processes of generation, transformation, a 
transmission of energy and movement in integration with processes of perception, 
processing, translation and information storage at performance of the programmed 
operations and actions in demanded service conditions with set functional, power, 
time and indicators. 
 
The microsystem technology (MST) is among "critical" technologies, i.e. the 
technologies directed on maintenance of military and economic independence of the 
country and competitiveness of production in the world market. 
 
There are some definitions of a microsystem (МS). In the European periodical press it 
was long enough accepted to define МS  so: “the Microsystem is intellectual nano the 
system possessing touch, processor and-or актюаторными functions. In it the 
combination of two or more devices operating on the basis of use of electric, 
mechanical, optical, chemical, biological, magnetic or other properties and integrated 
on one chip or to a payment” is usually used. 
In the USA the term “microelectromechanical systems”  is more often used: “MS are 
the integrated microdevices or the systems combining electric and mechanical 
components, made on the technologies compatible to technology and having sizes 
from micrometers to millimetres. Connection in such systems of computer processing 
with sensitive and components allow us to feel and supervise world around”. 
 
Unlike technology of modern microelectronics, in the field of МSТ equipment cost 
while more low. It allows to create technological line МSТ in cost on 2-3 order below 
cost of submicronic manufacture. It is accessible to small firms and the countries, 
which never were among leaders of microelectronics (Switzerland, Denmark, Norway 
etc.) Availability МSТ is its one more advantage. Certainly, the general tendency of 
decrease in topological norms concerns and МSТ. Here too it is necessary to expect 
further transition and in нано a range of topological norms. Attempts to create gauges 
on нано technology, gauges on a basis and from efficient molecules are already 
known. The microsystem technics – very dynamical branch. Despite "youth", it has 
the history of change of a role of its various directions and market sectors. 
 
One of possible forms of increase of production efficiency МSТ has prompted again 
microelectronics. The essence consists in territorial division of technologies. Each of 
stages (or at least their part) can be highly effective manufacture. It is known that now 
in the world there is a great number of the firms making microelectronic production, 
without having own process equipment (fables). It became possible after occurrence in 
the market accessible and universal computer  project systems with which help it is 
possible to design original own integrated scheme, the block or equipment, and their 
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manufacture to carry out on technological rulers of the firms specialising on 
manufacture of mass production (for example, memory or microprocessor schemes). 
 
In technology МSТ the following step of division of technologies has been taken. 
Designed МS partially it is produced at the serial microelectronic enterprise 
(superficial processing), and partially – on specialised manufacture (volume 
processing). Similar manufacture can be organised in laboratory or on a small firm as 
the process equipment can be inexpensive, and its placing does not demand clean 
rooms of microelectronic level. The further increase of production efficiency МS can 
be reached at the expense of increase in seriality of specialised manufacture, for 
example, if one technological process is used at processing of a great number of the 
same products. The idea of such deep division of manufacture МS on stages, each of 
which can be made on industrial sites territorially removed from each other, is realised 
in the USA by creation of "virtual manufacture” (Virtual fab) firm MEMS Exchange. 
The developer by means of this firm can design and make on a necessary 
technological route separate components or finished МS. Thus the firm is only the 
manager-dispatcher, providing passage of the order on technological rulers of various 
product companies. 
 
Ability in due time to see in the first sprouts prospect for development of economy or 
growth of safety of the country serves as powerful stimulus of expansion of researches 
in a new direction. For example, interest of the government of the USA to works in 
the field of micron mechanisms promoted formation of subjects of development 
МЭМС. Presence in state structures of the organisations capable of certain risk for 
"catching" of effective ideas is important. The Agency of perspective researches of the 
Ministry of Defence of the USA concerns number of such organisations (DARPA), 
for example, one of which points of strategy are investments in  highly effective 
(High-focus) projects. 
 
Depending on traditions of development of national economy, its financial power and 
the purposes the program maintenance, methods of its financing and the realisation 
form is formed. To a measure it was showed in “National нано” (NNI) the USA. 
Considering нано technology as a basis of new industrial revolution, the government 
of the USA in 2 times has increased financing of nano-researches and нано 
technology on purpose to occupy and fix an in the lead (first) place in the world the 
next five years . 
 
The complex decision from company Altium – Altium Designer – is constructed on 
uniform model of the data that allows developers to synchronise the data at all design 
stages of a product and to reflect the changes made in one module, in all process of 
designing – from data input of the electric basic scheme, working out of topology of a 
payment and FPGA before creation of the software built in ROM. Besides, it gives the 
chance convenient access to the design data of any type, management of changes in 
the project from the version to the version of the documentation, configuration and 
support of the final version of the project. 
 

Based on the basic results obtained in the work the appropriate conclusions are 
made and the recommendations are given.    
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მადლიერება 

 pirvel rigSi didi madloba minda vuTxra am gverdis 

Semqmnelebs, raTa momeca saSualeba Cemi madliereba gamomexata 

am qveynad yvelaze gulisxmieri da erTguli adamianis mimarT.  

 es adamiani gaxlavT batoni rafiel Ciqovani. 

 me RmerTma  marguna bedniereba saqarTvelos teqnikur 

universitetSi muSaobis 15 weli gametarebina am Rirseuli 

adamianis gverdiT. adamianis, romelsac uangarod SeuZlia akeTos 

sikeTe, dauRalavad iRvawos da Tavisi usazRvro energia ar 

daiSuros yoveli mis gverSi myofi adamianisaTvis. 

 gulwrfelad vusurveb baton rafiels xangrZliv da 

janmrTels sicocxles, did bednierebas Tavis mravalricxovan 

didebul ojaxTan erTad. 
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შესავალი 

    Tanamedrove mikroeleqtronikis udidesma warmatebebma 

zedidi integraluri sqemebis SeqmnaSi da bolo wlebSi 

nanostruqturebis teqnologiis warmoSobam dasabami misca 

dReisaTvis msoflioSi iseT erT-erT yvelaze dinamiurad 

ganviTarebad disciplinaTSoriso samecniero-teqnikur mimarTu-

lebas, rogorsac warmoadgens mikrosistemuri teqnika. 

 mikrosistema warmoadgens mikrodoneze Sesrulebul 

eleqtronul mowyobilobas, romelsac, masSi gamoyenebuli 

elementebisagan damokidebulebiT, SeuZlia Seasrulos 

sxvadasxva funqcia rogorc samoqalaqo, aseve samxedro 

daniSnulebis aparaturaSi. 

 mikrosistemebis farTo gamoyenebam ganapiroba misi 

ganviTarebis maRali tempi. dRes mikrosistemuri teqnika 

warmoadgens XXI saukunis teqnikis erT-erT wamyvan mimarTulebas. 

 sxvadasxva daniSnulebis mikrosistemis (rogorc 

mikroeleqtronuli mowyobilobis) Seqmnis erT-erT ZiriTad 

problemas warmoadgens Sesabamis konstruqciis arCeva, romlis 

gadawyvetis saSualebaa eleqtronuli sqemebis daproeqtebis 

sxvadasxva meTodebis (gansakuTrebiT avtomatizirebuli) 

gamoyeneba. eleqtronuli sqemebis proeqtirebis ZiriTadi mizania 

garkveuli parametrebis mqone sqemebis Seqmna. 

 aqedan gamomdinare, rogorc eleqtronuli sqemebis, aseve 

mikrosistemis ganviTarebas ganapirobebs daproeqtebis meTodebis 

gaumjobeseba da srulyofa. 

 erT-erT aseT sistemas warmoadgens Altium Designer Summer 08 

avtomatizirebuli sistema. 

sadisertacio naSromSi `mikro da nano komponentebis 

safuZvelze Tanamedrove eleqtronuli mowyobilobebis agebis 

principebi~ ganxilulia integraluri sqemebisa da Tanamedrove 

mikro da nano komponentebis, agreTve maT safuZvelze 

eleqtronuli mowyobilobebis  daproeqtebis avtomatizirebuli 
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sistemis Altium Designer Summer 08 muSaobis principebi. gamotanilia 

daskvnebi am sruliad Tanamedrove da unikaluri programuli 

paketis upiratesobis Sesaxeb aqamde arsebuli proeqtirebis 

sistemebTan SedarebiT.  

 am programuli paketis gamoyeneba mniSvnelovnad amartivebs 

Tanamedrove mravalfunqciuri da urTulesi sistemebis Seqmnas 

Zalian mcire danaxarjebiT. sistema agebulia ise, rom 

momxmarebels SeuZlia nakeTobis daproeqtebis yvela etapze 

moaxdinos monacemTa sinqronizacia da erT nebismier modulSi 

Setanili cvlileba aisaxos mTeli daproeqtebis procesze, 

dawyebuli eleqtruli principialuri sqemis monacemebis 

Setanidan saboloo produqciis miRebamde. 

 disertaciaSi ganxilulia mikrosistemebis Tanamedrove 

ganviTarebis analizi, misi elementuri bazis (rogorsac 

warmoadgens ZiriTadad mikroeleqtronika) CaTvliT, gaanali-

zebulia Altium Designer Summer 08 sistema da misi funqcionirebis 

da gamoyenebis sakiTxebi. 

 mocemulia daskvnebi am sistemis danergvis (maT Soris 

saswavlo procesSi) Sesaxeb. agreTve rekomendaciebi 

saqarTveloSi fables firmebis aRniSnuli sistemis gamoyenebiT 

SeqmnisaTvis. 
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1. ლიტერატურის მიმოხილვა 

1.1. mikrosistemebi _ problemebi da gadawyveta 

 

mikroeleqtronika, miuxedavad misi mokle, mxolod 

ramodenime aTeul wliani istoriisa, mtkiced damkvidrda 

sazogadoebrivi cxovrebis yvela umniSvnelovanes sferoSi: 

mecnierebaSi, teqnikasa da ekonomikaSi, sazogadoebrivi da 

individualuri moxmarebis sferoebSi, samedicino teqnikasa da 

samxedro saqmeSi. igi did rols TamaSobs Cveni epoqis 

inteleqtualur diskusiebSi. 

mikroeleqtronikis gamoyenebis ekonomikuri da socialuri 

Sedegebi aris bunebismetyvelebis da sazogadoebrivi mecnierebis 

sferoSi momuSave specialistebis mier organizebuli, 

nacionaluri da saerTaSoriso samecniero teqnikuri kongresebis 

da konferenciebis yuradRebis centrSi. 

mikroeleqtronika warmoadgens ZiriTad siaxles da 

sakvanZo teqnologias meoce aswleulis bolo periodisa, masSi 

aisaxeba Tanamedrove sawarmoo Zalebis ganviTarebis procesi. igi 

warmoadgens mecnierul-teqnikuri revoluciis ZiriTad 

mimarTulebas da axorcielebs mniSvnelovan zemoqmedebas 

samecniero-teqnikur, ekonomikur da socialur ganviTarebaze.  

mikroeleqtonikis ganviTareba da gamoyeneba uSualod 

mimarTulia imaze, raTa dasaqmebis mudmivi uzrunvelyofis 

pirobebSi gaumjobesdes Sromis pirobebi; gaixsnas maTi Semoq-

medebiTi Sinaarsi, gaizardos moTxovnilebaTa dakmayofileba da 

mSromelTa Tavisufali dro. igi xdeba ZiriTadi piroba uwyveti 

da yovelmxrivi ekonomikuri da socialuri progresisa. 

rodesac vlaparakobT mikroeleqtronikis rolze 

sazogadoebriv progresSi, maSin ganmsazRvrels warmoadgenen 

Semdegi urTierTmWidrod dakavSirebuli aspeqtebi: mikroeleq-

tronikis adgili mecnierul-teqnikur revoluciaSi, misi roli 
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erToblivi sawarmoo Zalebis srulyofaSi, warmoebis gafar-

Toebul kvlavwarmoebaSi da socialur-ekonomikur ganviTarebaSi. 

metad mniSvnelovania mikroeleqtronikis ganviTarebis da 

gamoyenebis ekonomikuri problemebis Seswavla, misi gamoyenebis 

efeqturobis kvleva. 

mikroelqtronika _ esaa ganuyofeli da ganmsazRvreli 

Semadgeneli elementi mecnierul-teqnikuri revoluciisa, 

romelic imavdroulad udides gavlenas axdens mis sxva ZiriTad 

mimarTulebebze. kvleva ar izRudeba mikroeleqtronikis viwro 

gagebiT. e.i. mikroeleqtronuli mowyobilobaTa ganviTarebiT, 

Tumca swored ukanaskneli warmoadgens amosavals. isini moicaven 

agreTve integraluri sqemebis gamoyenebas Tanamedrove 

informaciuli teqnikis Sesaqmnelad da gamosayeneblad. mxolod 

informaciuli teqnikis wyalobiT aixsneba mikroeleqtronikis 

roli mecnierul-teqnikur revoluciaSi, misi funqcia sawarmoo 

ZalTa Semdgom ganviTarebaSi da warmoebis Tanamedrove 

materialur-teqnikuri bazis Semdgom ganviTarebaSi. 

konkretuli teqnikuri amocanis gadawyvetas Cveulebriv 

axerxebs saWiro donis sistemebis Seqmnas, romlebsac unda 

gaaCndes sakmarisi moculoba da xarisxi, efeqturi marTva  da 

sistemis amocanis rezulataturi Sesrulebis done. am amocanebis 

SesrulebisaTvis mTavaria Semdegi: sistemis mTlianobis 

SeuzRudavad mis informaciul da mmarTvelobiT nawilebs unda 

hqondeT minimaluri zomebi. teqnikur sistemebSi es miiRweva 

mikroeleqtronikis da mikrosistemuri teqnikis gamoyenebiT. 

mikroeleqtronikis da mikrosistemuri teqnikis nakeTobebis 

miReba nakarnaxebi iyo ara marto patara zomebiT, aramed 

teqnikur sistemebSi gamoyenebuli integraluri sqemebisa da 

mikrosistemebis axali xarisxiT. gamoTvliTi teqnikis 

nakeTobebis procesorebSi da damaxsovrebis mowyobilobebSi 

axali integraluri sqemebis danergvam Seamcira maTi zomebi 

(amitomac gaxda SesaZlebeli personaluri kompiuterebis Seqmna) 

da gazarda maTi funqcionaluri SesaZleblobebi.  erTeulovani 
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funqciis fasis mudmivad Semcirebam (magaliTad, erTi biti 

informaciis Senaxva) gamoTvliTi teqnika gaxada xelmisawvdomi 

momxmarebelTa farTo wrisaTvis. analogiurad mirkosistemebis 

teqnologiiT damzadebuli myari diskis damTvleli Tavakebis da 

Wavluri printerebis Tavakebis Seqmnam ganapiroba gamoTvliTi 

teqnikis periferiuli mowyobilobebis fasis Semcireba da 

saimedoobis gazrda. 

mikrosistemuri teqnologia (mst-MST) miekuTvneba 

`kritikuli~ teqnologiebis ricxvs, e.i. im teqnologiebs, 

romlebic mimarTulia qveynis samxedro da ekonomikuri 

damoukideblobis uzrunvelsayofad da msoflio bazarze 

konkurentunariani produqciis Sesaqmnelad. mst miekuTvneba 

ormagi daniSnulebis teqnologiaTa ricxvs, masSi CarTulia sxva 

ormagi daniSnulebis bazuri teqnologiis mTeli rigi 

elementebi (mikroeleqtronikis teqnologia, opto– da 

akustoeleqtronika, lazeruli teqnologiebi, preciziuli da 

meqanotronuli teqnologia, genuri diagnostika da sxv.) [1]. 

mst mikrosistemaSi erT firze an erT kristalSi 

aerTianebs daaxloebiT 20 saxis _ ramodenime milimetridan 

ramodenime santimetramde zomis _ detalebisa da elementebis 

damzadebisa da awyobis teqnologias. 

mst-s jer ar gaaCnia kanonzomieri terminologia. ms 

standartizacia jer axla iwyebs formirebas, amitomac saWiroa 

ganvsazRvroT mst nakeTobebis klasifikacia. 

arsebobs mikrosistemebis (ms) gansazRvrebis ramodenime  

varianti. evropuli gansazRvrebaa [2]: `mikrosistema _ es aris 

inreleqtualuri miniaturuli sistema, romelsac gaaCnia 

sensoruli, procesoruli da/an aqtuatoruli funqciebi. maTSi 

Cveulebriv gamoiyeneba ori an ramodenime eleqtruli, meqanikuri, 

optikuri, qimiuri, biologiuri, magnituri an sxva Tvisebebis 

mqone da erT Cipze integrirebuli an multiCipur platebze 

awyobili mowyobilobebi.~ 
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amerikelebi ufro metad xmaroben termins `mikroeleqtro-

meqanikuri sistemebi~ (mems): `mems – warmoadgens integrirebul 

mikrosistemas an sistemebs. maTSi kombinirebulia eleqtruli da 

meqanikuri komponentebi, romlebic damzadebulia teqnologi-

urad, integraluri sqemebis teqnologiasTan SeTavsebiT da aqvT 

mikrometridan milimetramde zomebi. aseT sistemebSi 

kompiuteruli damuSavebiT mgrZobiare da aqtuatoruli 

komponentebis erTianoba saSualebas gvaZlevs SevigrZnoT da 

vakontroloT gare samyaro.~ 

iaponiaSi xSirad xmaroben termins `mexatronika~ da 

`mikromanqanebi~. `mikromanqana warmoadgens ramodenime milimetri 

zomis funqcionaluri elmentebisagan Sedgenili kompleqsuri 

mikroskopuli mowyobilobebis erTobliobas.~  

 firma NEXUS-is moRvaweobis Sedegad mecnierebaSi 

damkvidrda ori ZiriTadi termini `mikroteqnologia~ da 

`mikrostruqturireba~. orive maTgani aRniSnavs masalebze 

zemoqmedebas, romlis Sedegadac miiReba ramodenime mikrometris 

zomis mikrokomponentebi. aqedan gamomdinare `mikrosistema _ 

aris ramodenime mikrokomponentis kombinacia, optimizirebuli 

rogorc erTi mTliani sistema erTi an ramodenime funqciis 

SesrulebisaTvis. igi xSir SemTxvevaSi Seicavs mikroeleq-

tronul mowyobilobas~ [2].  

 mikrosistemebis warmoebaSi gamoikveTa `momxmarebeli-

damamzadebeli~ mimarTuleba. mikrosistemebi farTod 

gamoiyenebian gamoTvliTi teqnikis, samedicino teqnikis, aero-

kosmiuri teqnikis, saavtomobilo mrewvelobis, telekomunikaciis, 

saojaxo teqnikis da sxva mimarTulebebSi. 

 mikrosistemebis Seqmnis dayofa mimarTulebebad SesaZ-

lebelia Semdegnairad: 

1. sainformacio teqnologiebi: mikrosistemis konstruireba, 

proeqtireba da modelireba; 

2. mikrosistemebis, masalaTmcodneobisa da teqnologiis 

safuZvlebi (mikroeleqtronikis masalebi, mikroeleqtro-
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nikis teqnologia da axali specifikuri mikrosistemuli 

teqnika); 

3. mikrosistemebis elementaruli baza (sensorebi da 

aqtuatorebi, mikromeqanizmebi, mikroinstrumentebi da 

mikroZravebi, kvebis wyaroebi da informaciis damuSavebis, 

Senaxvisa da gadacemis sistemebi, mikrooptika da a.S); 

4. mikrosistemebis tipebi (mikroeleqtromeqanikuri sistemebi, 

mikrobioteqnikuri, mikroanalitikuri, mikrobioteqnikuri 

da sxva); 

5. mikrosistemebis gamoyeneba (gamoTvliTi teqnika da 

informatika, medicina da farmakologia, transporti da 

navigacia, individualuri da sayofacxovrebo teqnika). 

mikrosistemebsa da mikrosistemuri teqnikis sferoSi jer 

kidev ar arsebobs sayovelTao gansazRvrebebi da standarti-

zacia. is warmoadgens erT-erT arsebiTad mniSvnelovan 

problemas am sistemebis samecniero-teqnikuri mimarTulebebis 

ganviTarebis TvalsazrisiT. 

mikrosistemebi mTlianad an nawilobriv Seicaven sam 

ZiriTad komponents: 

• urTierTqmedebis (informaciis mimRebi _ mgrZnobiare 

elementi, romelic gare zemoqmedebas gardaqmnis 

eleqtrul an optikur signalad); 

• analoguri an cifruli formis signalebis 

damuSavebisa da gadacemis mowyobiloba; 

• mikroaqtuatoris gare obieqtebze moqmedi signalebis 

gardaqmnis mowyobiloba (gardamqmnelebi). 

 am samive komponentis gamoyenebiT Seqmnili 

mikrosistemebis magaliTs warmoadgens mikroroboti da mikro-

laboratoria Cipze (kristalze an safenze). erTi an ori 

komponentis gamoyenebiT Seqmnili mikrosistemis magaliTs 

warmoadgens mikromTvleli, mikrorele, mikroZravi da sxva. 

mikroeleqtronikaSi mikrosqemis sirTule xasiaTdeba 

integraciis xarisxiT. mikromeqanikuri sistemebis sirTulis 
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Sesafaseblad Semotanilia xarisxis koeficienti, romelic 

tolia warmoebuli tranzistorebis T da meqanikuri 

komponentebis M ricxvis namravlisa MT ⋅ . 

mikroeleqtonikis warmoebaSi mikrosistemis detalebi da 

komponentebi mzaddeba jgufuri teqnologiis meTodiT, rac 

seriuli warmoebis pirobebSi uzrunvelyofs maRal 

mwarmoeblurobas da mcire fass. vargisiani monokristaluri da 

sxva monoliTuri masalebis gamoyeneba uzrunvelyofs mikro-

sistemebis saimedoobas da maT gamoyenebas eqspluataciis 

eqstremalur pirobebSi. 

yovelive es ki ganapirobebs mikrosistemebis gamoyenebas 

samoqalaqo da samxedro daniSnulebisaTvis. 

ufro konkretulad ganvixiloT sxvadasxva tipis 

mikrosistemebis ganviTarebis perspeqtivebi XXI saukunis 

aqtualuri problemebis gadawyvetisaTvis. 

erT-erTi tendenciaa _ mikrosistemebis calkeuli an samive 

ZiriTadi komponentis Semdgomi mikromianiaturizacia. magaliTad 

amerikuli `nacionaluri nanoiniciativa~ (NNI), miznad isaxavs 

mikroeleqtromeqanikuri sistemebis zomebis 10-jer Semcirebas [3]. 

swored es warmoadgens mikrosistemebis ganviTarebis etapis 

mTavar problemas. 

sazRvargareTis qveynebSi sxvadasxva farTo gamoyenebis 

mikrosistemebis Seqmna uzrunvelyo mTeli rigi nacionaluri da 

korporaciuli programebis finansirebam, maT Soris mikro-

sistemebis finansirebam samxedro biujetidan. intensiurad 

izrdeba im firmebis ricxvi, romlebic mikrosistemebs an maT 

bazaze Seqmnil nakeTobebs uSveben da Sesabamisad izrdeba 

mikrosistemebis moculobac msoflio bazarze (18-20% 

weliwadSi). 2002 wlisTvis es maCvenebeli iyo 35-40 miliardi 

amerikuli dolaris daaxloebiT 7 miliardi cali nakeToba. 

mikrosistemebis bazris dinamiuroba cxadyofs mikro-

sistemuli teqnikis tipiuri nakeTobebis fasebis Semcirebas 2,6-
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jer, 5 wlis ganmavlobaSi nakeTobaTa ricxvis 4,3-jer zrdis 

pirobebSi [4]. 

mikrosistemebis gamoCena istoriulad dakavSirebulia 

mirkoeleqtronikis teqnologiebTan. mikrosistemuri teqnikis 

warmoebis xazis gansakuTrebul formas warmoadgens samgan-

zomilebiani struqturebis SeqmnisaTvis mikroeleqtronikis 

tipiuri teqnologiuri xazis SeerTeba mikrosistemuri teqnikis 

damatebiT specifikur modelebTan. metad perspeqtiulia 

mimarTuleba, romelic uzrunvelyofs siliciumis teqnologiuri 

xazis kavSirs mikrosistemis funqcionaluri nawilebis da 

signalebis eleqtruli damuSavebis komponentebis erT 

kristalze ganlagebis SesaZleblobas, e.i. mTeli sistema 

SeiZleba Seiqmnas SiC-s kristalze. 

Tanamedrove mikroeleqtronikis teqnologiebisagan 

gansxvavebiT, mikrosistemuri teqnikis sferoSi mowyobilobebis 

fasi gacilebiT dabalia. es ki ganapirobebs 2-3 TanrigiT mcire 

fasad mikrosistemuri teqnikis teqnologiuri xazis Seqmnas. igi 

xelmisawvdomia patara firmebisa da iseTi qveynebisaTvis, 

romlebic arasodes ar ekuTvnodnen mikroleqtronikis liderTa 

ricxvs (magaliTad Sveicaria, dania, norvegia da sxva). 

mikrosistemuri teqnikis kidev erTi upitaresobaa mis 

xelmisawvdomoba. 

topologiuri normebis Semcirebis saerTo tendencia exeba 

mikrosistemur teqnikasac. aqac mosalodnelia topologiuri 

normebis nanometrul zomebSi gadasvlis tendencia. 

ukve Seqmnilia nanoteqnologiuri mTvlelebi da sxva 

nanoteqnologiuri mowyobilobebi. 

mikrosistemuri teqnika _ Zalian dinamiuri dargia. 

`axalgazrdobis~ miuxedavad, mas Tavisi mokle istoriis 

farglebSi eniWeba didi roli da mniSvneloba sabazro 

seqtorisa da sxva mimarTulebebis Zireuli  cvlilebis saqmeSi. 

Tanamedrove avtomatizirebuli sistemebis gamoyenebiT 

martivad aris SesaZlebeli Cipze damontaJdes inteleqtualur-
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birTvuli, sensoruli, aqtuatoruli da saWiroebis SemTxvevaSi 

komunikaciuri blokebic. 

mikrosistemebis gamoyenebiT Seqmnili sistemebis 

magaliTebia globaluri poziciuri sistemebi (GPS – Global 

Positioning System), internet-telefoni (VIOP – Voice over Internet 

Protocol), axali audiosistemebi, marTvisa da kontrolis 

(savtomobilo da sxva) sistemebi. 

mikrosistemuri teqnika gansakuTrebiT did mniSvnelobas 

iZens telekomunikaciebSi. aq progresi dakavSirebulia mikro-

optoeleqtromeqanikur sistemebTan (moems). linzebis, sarkis, 

sinaTlis wyaroebis da mimRebis gardamqnelis sistemebi, optikis 

tradiciuli mowyobilobebi da damzadebis mirkoteqnologiuri 

meTodebi, saSualebas iZleva daproeqtdes da Seiqmnas axali 

konkurentunariani mowyobilobebi. aseTi sistemebis naTel 

magaliTs warmoadgens proeqciuli satelevizio ekrani 1000-obiT 

mikrosarkiT. gansakuTrebiT aqtiurad viTardeba radiosixSiris 

blokebisaTvis mikrokomponentebis Seqmnis mimarTuleba, Cqari 

tempiT mimdinareobs personaluri sainformacio mowyobilobebis 

seqtoris ganviTarebac (Information applionces). samrewvelo da 

sayofacxovrebo dargSi ukabelo sakomunikacio sistemebis 

ganviTareba SesaZlebels xdis momxmareblis kompiuterul 

sainformacio qselSi CarTvas nebismier dros, nebismier adgilas. 

damkvidrebuli termini `yvelgan SeRwevadi kompiuteringi~ 

(Ubigutious computing), cifrul da ralur samyaros Soris axali 

urTierTqmedebis gamovlinebis gamomxatvelia. 

mikrominiaturizaciis saerTo tendenciaa: `iafad, mcire 

zomis da energiis mcire moxmarebis~ pirobiT mikroeleqtronikis 

da mikrosistemebis axali Taobis Seqmna da maTi Semdgomi 

ganviTarebis stimulireba. Sedegad adamianebs yoveldRiurad 

uwevT kontaqti da urTierToba yvelganSeRwevad inteleqtualur 

garemosTan samsaxurSi, transportSi, saxlSi da sxva. 

mikrosistemis elementebis warmoebis pirvel teqnologiad 

iTvleba mikroeleqtronikis teqnologia, xolo nomer pirvel 
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masalad _ siliciumi. mikrosistemur teqnikaSi dResac 

Zveleburad gamoiyeneba siliciumi imdenad, ramdenadac 

SesaZlebelia mikrosistemis detalebis damzadeba da aseve 

mTliani sqemis ganTavseba siliciumis masalaze. erTis mxriv 

mikrosistemis masalebis speqtri gacilebiT farToa: metalebi, 

narevi masalebi, plastmasebi da sxva polimerebi, SuSa da sxva, 

magram dReisaTvis siliciumis teqnologia jer kidev rCeba 

sabazo teqnologiad. 

mikroeleqtronikaSi siliciumis teqnologiidan mikro-

sistemur teqnikaze gadasvla martivia. martivia agreTve 

Cveulebrivi mikrosistemis damzadeba, romlis drosac saWiroa 

mxolod im axali procesebis Semotana, romlebic dakav-

Sirebulia moculobiTi struqturebis formacvalebasTan. am 

procesebis ricxvs miekuTvneba mowamvlis procesi, ormxrivi 

fotolitografia, korpusireba da sxva. 

ufro did sirTules warmoadgens mikroeleqtromeqanikuri 

da mikrooptoeleqtromeqanikuri elementebis da detalebis 

damzadeba, romelTac samganzomilebiani TvalsazrisiT gaaCniaT 

rTuli formebi. 

mikrosistemuri teqnikis warmoeba efeqturi xdeba mxolod 

misi jgufuri damuSavebis SemTxvevaSi, rac zrdis seriuli 

warmoebis rentabelobas. bazarze ukve gamoCnda specializirebu-

li aRWurvilobebi mikrosistemuli teqnikisaTvis. Tavdapirvelad 

mikrosistemur teqnikis aRWurvilobebs awarmoebdnen mxolod 

litografiisa da mowamvlis procesebisaTvis. sadReisod ki, ukve 

bevri firma amzadebs siliciumis mikrosistemuri teqnikisaTvis 

kompleqsur mowyobilobebs. 

mikrosistemuri teqnikis efeqturobis amaRlebis erT-erTi 

SesaZlo forma nakarnaxevi iyo mikroeleqtronikis mier. saqme 

exeba teqnologiis teritoriuli dayofis princips, romelic 

SemdegSi mdgomareobs. TiToeuli etapi (an etapis nawili) 

SesaZlebelia gaxdes maRalefeqturi warmoeba. dReisaTvis 

msoflioSi arsebobs firmebis didi raodenoba, romlebic 
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uSveben mikroeleqtronul produqcias, magram maT ar gaaCniaT 

sakuTari teqnologiuri aRWurviloba (fables). aseTi tipis 

warmoebis Seqmna SesaZlebeli gaxada axlad gamoCenilma 

universalurma da yvelasaTvis xelmisawvdomma avtomatizirebuli 

proeqtirebis sistemebma, romelTa daxmarebiTac SesaZlebelia 

daproeqtdes originaluri sakuTari integraluri sqema, bloki an 

aparatura, xolo warmoeba ganxorcieldes firmis specializi-

rebuli masiuri produqciis warmoebis teqnologiur xazze 

(magaliTad maxsovrobis sqema an mikroprocesori). 

mikrosistemuri teqnikis Seqmnis teqnologiaSi 

teqnologiis dayofis Sedegad gadaidga winsvlis Semdegi 

nabijebi. mikrosistemis Semqmneli mas awarmoebs nawilobriv 

seriul mikroeleqtronul warmoebaSi (zedapiruli damuSaveba) 

da nawilobriv specializirebul warmoebaSi (moculobiTi 

damuSaveba). amgvari warmoeba SesaZloa organizebul iqnes 

laboratoriaSi an patara firmaSi imdenad, ramdenadac Sesabamisi 

saWiro teqnologiuri mowyobiloba ar aris Zviri da maTi 

ganTavseba ar saWiroebs did da zesufTa mikroeleqtronuli 

teqnologiis pirobebSi gamoyenebuli  donis oTaxebs. 

mikrosistemebis warmoebis efeqturobis amaRlebis Semdegi 

zrda miiRweva seriuli specializirebuli warmoebis gazrdiT. 

magaliTad didi raodenobis erTi tipis nakeTobebis damuSaveba 

erTi teqnologiuri procesis gamoyenebiT. mikrosistemebis 

warmoebis etapebis aseTi Rrma dayofa, rodesac TiToeuli 

maTgani teritoriulad mocilebul sxvadasxva sawarmoo ubnebze 

mzaddeba, realizebulia mikroeleqtromeqanikuri firmis  

Exchange-s mier amerikaSi `virtualuri sawamoebis~ (Virtual Fab) 

SeqmniT. am firmis daxmarebiT damproeqtebeli aproeqtebs da 

amzadebs Sesabamisi teqnologiuri marSrutiT calkeul 

komponents an dasrulebul mikrosistemas. 

am SemTxvevaSi firma warmoadgens mxolod menejer-

dispeCers, romelic uzrunvelyofs SekveTis Sesrulebas 

sxvadasxva sawarmoo firmis teqnologiur xazebze [5]. 
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zemoTqmulidan gamomdinare vaskvniT rom: 

• mikrosistemuli teqnika Camoyalibda, rogorc XXI 

saukunis teqnikis erT-erTi wamyvani mimarTuleba; 

• ukve warmoebuli produqciis moculoba metyvelebs 

mikrosistemuri teqnikis maRali tempiT zrdis globalur 

bazarze; 

• mikrosistemuri teqnikis nomenklaturis gafarToebis 

siZnele mxolod nawilobriv aris dakavSirebuli 

warmoebis teqnologiur procesebTan, imdenad ramdenadac 

isini SeiZleba aRmoCenilni iyvnen ama Tu im gziT. 

• ufro arsebiT problemas warmoadgens warmoebisaTvis 

gansazRvruli tipis mikrosistemis da mikrosistemuri 

teqnikis tipis amorCeva, ramdenadac dammzadeblisa da 

momxmareblis urTierTobis sfero teqnikis am dargSi 

nel-nela ixveweba. 

 

 

1.2. mikrosistemuri teqnikis ganviTarebis 

perspeqtivebi XXI saukuneSi 

 

 dReisaTvis mikrosistemuri teqnika warmoadgens erT-erT 

yvelaze dinamiurad ganviTarebad disciplinaTSoriso samec-

niero-teqnikur mimarTulebas, romelic gansazRvravs mikro-

doneze Sesrulebuli sistemebis sferos axal revolucias. 

 mikrosistemuri teqnika _ es aris samecniero-teqnikuri 

mimarTuleba, romlis mizansac warmoadgens myari tanis Semo-

sazRvrul moculobaSi an mis zedapirze iseTi mikrosistemis 

Seqmna, romelic uzrunvelyofs generaciis, gardaqmnebis, energiis 

gadacemis, daprogramebuli operaciebis Sesrulebisas 

informaciis damuSavebis, transliaciis da Senaxvis da 

eqspluataciis moTxovnil pirobebSi davalebuli funqcio-

naluri, energetikuli, droiTi da saimedobis maCveneblebis 
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moqmedebis principebs. mikrosistemebs SeuZliaT Seasrulon 

yvela zemoT CamoTvlili funqcia an funqciaTa nawili. 

 mikrosistemuri teqnikis nakeTobebis magaliTebi, rogorc 

tradiciuli, aseve perspeqtiuli moyvanilia cxrilebSi 1 da 2. 

 

 

cxrili 1 mikrositemuri teqnikis `tradiciuli~ nakeTobebis     
struqtura da bazris dinamika [7] 

bazris moculoba 1996 

wels 
bazris moculoba 2002 

wels. 
nakeToba 

milioni 

cali 
milioni 

dolari 
milioni 

cali 
milioni 

dolari 

myar diskze damgroveblis 

Tavakebi 
530 4500 1500 12000 

Wavluri printerebis Tavakebi 100 4400 500 10000 

kardio-peismeikerebi 0,2 1000 0,8 3700 

“in-vitro”diagnostikuri 

xelsawyoebi 
700 450 4000 2800 

sasmeni aparatebi 4 1150 7 2000 

wnevis maCveneblebi 115 600 309 1300 

qimiuri sensorebi 100 300 400 800 

infrawiTeli videosignalis 

formirebis mowyobilobebi 
0,01 220 0,4 800 

aqselerometrebi 24 240 90 430 

hiroskopebi 6 150 30 360 

magnitorezistuli sensorebi 15 20 60 60 

mikrospeqtrometrebi 0,006 3 0,150 40 

sul   13033   34290 
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cxrili 2. mikrositemuli teqnikis `perspeqtiuli~ nakeTobebis 
struqtura da bazris dinamika 

 

bazris moculoba 1996 

wels 
bazris moculoba 2002 

wels. 
nakeToba 

milioni 

cali 
milioni 

dolari 
milioni 

cali 
milioni 

dolari 

wamlebis miwodebis sistemebi 1 10 100 1000 

optikuri gadamrTvelebi 1 50 40 1000 

laboratoria Cipze: dnm,  maRali 

SesaZleblobebi Txevadi 

qromatografia 

0 0 100 1000 

magnitoooptikuri Tavakebi 0,01 1 100 500 

proeqciuli qseluri Camketebi 01 10 1 ЭСО 

induqciurobis koWa Cipze 20 10 600 100 

mikrorele - 0,1 50 100 

mikroeleqtroZravebi 0,1 5 2 80 

inklinometrebi  (kuTxmzomi) 1 10 20 70 

dajaxebis gamafrTxilebeli 

sensorebi 
0,01 05 2 20 

eleqtronuli nasosebi 0,001 0,1 0,05 5 

sul: 107   4200   

 

 mikrosistemuri teqnikis ganviTarebis iniciatori gaxda e.w. 

mikroeleqtromeqnikuri sistemebi (MEMS – mikroelectromechanical 

systems), romlebSic galvanuri kavSirebi mWidro urTierTqme-

debaSia meqanikurTan. 

 SeiZleba gamovyoT Semdegi faqtorebi, romlebmac Seuwyo 

xeli mikrosistemuri teqnikis, rogorc samecniero-teqnikuri 

mimarTulebis, ganviTarebas: 

• 1982 wels IBM-is firmis TanamSromlis k.petersonis [6] sta-

tiis gamoqveynebam, romelSic siliciumi ganxiluli iyo 

ara marto rogorc naxevargamtari, aramed rogorc 

konstruqciuli meqanikuri masala; 
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• mTeli rigi firmebis mier 70-iani wlebis bolos damuSave-

buli samrewvelo teqnologia - siliciumis moculobiTi 

Txevadi mowamvla - membranebis, simebis, wnevis maCveneb-

lebis detalebis da sxvaTa formirebisaTvis; 

• 70-iani wlebis dasarulsa da 80-iani wlebis dasawyisSi q. 

karlsrueSi (germania) birTvul kvlevebis centrSi sinqro-

nuli gamosxivebis, galvanuri daleqvis da preciziuli po-

limerebis dawnexvis gamoyenebiT moculobiTi struqture-

bis formirebis teqnologiis damuSavebam, romelmac miiRo 

saxelwodeba LIGA – teqnologia (LIGA _ germanuli sityve-

bis abreviaturaa da ase iSifreba: litographia – litografia, 

galvanoforming – galvanodamuSaveba, abformung – dawnexva); 

axali Taobis mikrosistemuri teqnikis yvelaze naTel 

konstruqciul-teqnologiur gansakuTrebulobas warmoadgens: 

• mesame ganzomilebis aqtiuri gamoyeneba (3 Dsistemebi); 

• eleqtruli da optikuri kavSirebis meqanikurTan integra-

cia; 

• mikro da biotenologiis da fiziko-qimiuri teqnologiuri 

bazisebis integracia; 

• mikromoculobaSi da myari tanis zedapirze Semsrulebel-

teqnologiuri da kontrol-diagnostikuri procedurebis 

integracia; 

mikrosistemuri teqnikis msoflio dinamikis ganviTarebis 

analizi mocemulia naxazze 1. igi Sesrulebulia organizacia 

NEXUS mier da naCvenebia, rom 1996-2002 wlebSi mikrosistemuri 

teqnikis nakeTobebis bazari saSualod 18%-iT gaizarda da 2002 

wels 38 miliard dolars miaRwia. xolo 2002 wlidan dRemde es 

maCveneblebi ormagdeba yovelwliurad. 

crilSi 3 mocemulia mikrosistemuri teqnikis mimarTulebis 

saerTo struqtura, xolo cxrilSi 4 _ axali Taobis mikro-

sistemuri teqnikis damuSavebis mimarTulebebi da gamoyenebis 

sferoebi. 
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naxazi 1. mikrositemuri teqnikis obieqtebis bazris dinamikis analizi 

NEXUS [7]. 

  

 

 

 

 

 

32 



 

 

 

 

  

cxrili 3. mikrosistemuri teqnikis mimarTulebis struqtura 

mikrosistemuli teqnikis 

obieqtebis klasi 
damuSavebis mimarTuleba 

mikroeleqtromeqanikuri 

sistemebi da manqanebi 
mikromeqanizmebi, mikroZravebi 

optomeqanikuri 

mikrosistemebi 
mikrooptika,optomeqanikuri integraluri 

sqemebi 

bioteqnikuri 

mikrosistemebi 

organizmis diagnostikisa da organoebSi 

Carevis miniaturi avtonomiuri sistemebi 

energomomaragebis 

mikrosistemebi 
avtonomiuri minaturuli energiis 

wyaroebi, mikroturbinebi 

sensoruli mikrosistemebi multisensorebi, inteleqtualuri 

sensorebi, ukukavSiris sensorebi 

mikroanalitikuri 

sistemebi 

miniaturuli analitikuri xelsawyoebi 

teqnologiuri 

mikrosistemebi 

mikroreqtori, mikroinstrumenti, 

mikroreguliatori, mikrotumbo. 

mini da mikro 

robototeqnikuri sistemebi 

avtonomiuri mravalfunqciuri 

diagnostikuri da teqnologiuri mini-

sistemebi specialur pirobebSi 

eqspluataciisaTvis.  
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cxrili 4. mikrosistemebi axali Taobis teqnikisaTvis 

daniSnuleba damuSavebis 

mimarTuleba sayovelTao specialuri 

orientaciis, navigaciis da marTvis miniaturuli 

sistemebi 

saavtomobilo da 

sarkinigzo transporti 

aerokosmiuri da raket-

saartilerio sistemebi 
sensorebi da 

transduserebi 
aqselerometrebi, miniaturuli avtonomiuri 

navigaciis sistemebi, GPS kosmiur sistemebTan 

Sereuli sistemebi, katapultirebis sistemebi. 

miniaturuli marTvadi elementaruli baza 

samoqalaqo 

xelsawyoTmSenebloba 

specialuri 

xelsawyoTmSenebloba 

miniaturuli 

marTvadi radio- 

da 

optoeleqtronuli 

komponentebi, 

mikromanqanebi 

miniaturuli mmarTvadi kondensatorebi, 

rezistorebi, sarke, moduliatorebi, miniturbinebi, 

mikroZravebi, mikrogeneratorebi 

miniaturuli analitiko-diagnostikuri Cipebi da 

mikroqimiuri reaqtorebi 

analitiko-

teqnologiuri 

mikrosistemebi 

bioteqnologia, medicina, 

navTobqimia, kvebis 

mreweloba 

qimiuri dacva, 

SeiaraReba, 

gansakuTrebulad 

saSiSi nivTierebebis 

aRmoCena da 

utilizacia 

mikro-da nanomanipulatorebi, mikroteqnologiuri 

mowyobilobebi 

mikro- da 

nanoinstrumentebi medicina, mikrobiologia, 

nanoeleqtronika 

medicina, specialuri 

daniSnulebis nano-

eleqtronuli 

sistemebi 

miniaturuli 

robototeqnikuri 

miniaturuli avtonomiuri marTvadi TviTmoZravi 

sistemebi 
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sistemebi medicinaSi 

diagnostikisaTvis 

minirobotebi, birTvul 

energetikaSi, qimiuri 

mrewvelobaSi 

saomar moqmedebaSi 

minirobotebi 

dazvervisaTvis 

 

 

 mikrosistemuri teqnikis ganviTarebis xelSemwyob 

faqtorebs da am sferoSi Tanamedrove mdgomareobis gaTvalis-

winebiT aseTi didi miRwevebis fonze SeiZleba gamovyoT: 

• samecniero da teqnikuri kulturis erToblioba, formire-

buli mikro- da optoeleqtronikis aRorZinebisa da 

ganviTarebisa periodSi; 

• bazuri aRWurvilobis erToblioba, sawarmoo simZlavre da 

mikroeleqtronuli warmoebis organizebuli infra-

struqtura, romelis gamodgeba mikrosistemuli teqnikis 

realizaciisTvisac; 

• sxvadasxva funqcionaluri daniSnulebisa konstruqciuli 

gamoyenebis sensoruli sistemebis aqtiuri bazari; 

• arqiteqturis sferoSi mikro- da bioteqnologiuri 

procesebis integraciis tendenciebi, funqcionirebis 

principebi; 

• bazarze informaciis damuSavebis iseTi sistemebis gamoCena 

da perspeqtiuli Taobis integraluri sqemebis marTva, 

romlebic uzrunvelyofen `inteleqtualuri~ SesaZleb-

lobebis axal dones da mikrosistemebis swrafqmedebas misi 

wonagabarituli da energetikuli maCveneblebis SenarCuebis 

an gaumjobesebis pirobebSi; 

• axali aqtiuri bazris perspeqtivebi miniaturuli arc Tu 

ise Zviri diagnostikuri sistemebis sferoSi, adamianis 

janmrTelobis kontrolisaTvis da masiuri profilaqtiki-

saTvis; 
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• aRWurvilobebis bazris formireba mikrodoneze mkacr 

samuSao pirobebSi, radiaciul, toqsikur da feTqebadsaSiS 

nivTierebebTan muSaobis teqnologiisaTvis. 

qveynebSi, romlebic Tanamedrove pirobebSi faqtiurad 

gansazRvraven samecniero-teqnikur progress, `mikrosistemuri 

teqnikis~ mimarTulebaSi iyeneben termins `kritikuli teqnolo-

giebi~, amiT kvlevisa da damuSavebis programebs aniWeben `nacio-

nalur~ da `prioritetul~ statuss. 

dReisaTvis sayovelTaod cnobilia, rom mikrosistemur 

teqnikas aqvs prioritetuli mniSvneloba Tavdacvis mrewvelo-

bisaTvis, uzrunvelyofs saxelmwifos birTvul da ekologiur 

usafrTxoebas, bioteqnologiis ganviTarebas da  mosaxleobis 

samedicino momsaxurebas. 

Seqmnili `mikrosistemuri teqnikis~ mimarTulebis 

sazRvrebSi produqcia xasiaTdeba: 

• siaxliT; 

• mecnierebadtevadobiT; 

• konkurentunarianobiT; 

• damuSavebis etapze investiciebis potencialiT; 

• tiraJirebiT, masiuri warmoebiT; 

• dabali masalaTmoculobiT; 

• dabali energomoculobiT; 

• moTxovnis farTo bazriT. 

efeqti mikrosistemuri teqnikis sferoSi samuSaos 

realizaciidan ganisazRvreba: 

• axali Taobis manqanebisa da xelsawyoebis SeqmniT, mcire 

masaliTa da energomoculobiT, romlebic uzrunvelyofen 

tradiciul da adre miuRwevadi amocanebis gadawyvetas 

garemo pirobebze ekologiuri datvirTvis SemcirebiT da 

adamianis samuSaos usafrTxoebis gazrdiT; 

• warmoebaSi integralur-jgufuri principebis gamoyenebiT, 

romelic gamoiwvevs produqciis TviTRirebulebis 
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Semcirebas, es ki xelmisawvdoms gaxdis mas momxmarebelTa 

farTo spqetrisaTvis, maT Soris samecniero sferosTvis, 

ganaTlebis, medicinis, mcire da saSualo biznesisaTvis; 

• teqnologiuri mikrosistemebis Seqmnis dros mikroeleq-

tronuli mrewvelobis standartuli aRWurvilobebis 

gamoyenebiT; 

• mikroobieqtebis da zemcire raodenobis nivTierebebis 

gamoyenebis pirobebSi (adre miuRwevadi) ralizaciis 

SesaZleblobiT, rac amcirebs danaxarjebs kvlevebis 

warmoebis stadiaze da amcirebs moTxovnebs ZviradRirebul 

masalebze; 

• analitiko-diagnostikuri mikrosistemebis maRali 

efeqturobiT, daavadebebis profilaqtikis amocanis 

gadawyvetis pirobebSi, e.i. `adamianuri kapitalis~ 

SenarCunebisaTvis. 

mikrosistemuri teqnikis ganviTareba iseT Sedegs moaxdens 

samecniero-teqnikur progresze, rogoric moaxdina mikroleqtro-

nikam mecnierebisa da teqnikis wamyvani sferoebis aRorZinebasa 

da Tanamedrove mdgomareobaze. 
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2.  შედეგები და მათი განსჯა 

2.1. mikrosistemuri teqnikis elementuri baza 

 

aRsaniSnavia, rom didi moTxovna sensoruli elementebze 

da maTi Semdgomi ganviTarebis naTeli koncepcia mikrosistemuri 

teqnikis obieqtebis kvlevis gafarToebisa da warmoebis 

ganviTarebis  ZirTadi mastimulirebeli faqtori gaxda. 

sensorebi da transduserebi 

mocemuli koncepciis ZiriTadi etapebi `sensoridan 

transdiuseramde~ SeiZleba CamovayaliboT Semdegi saxiT: 

• multisensorebis Seqmna da damuSaveba, mgrZnobiare 

elementebis _ pirveladi gardamqmnelebis _ gaerTianebiT. 

• integrirebuli sensorebis Seqmna da damuSaveba, mgrZno-

biare elementebis da meoradi gardamqmnelebis gamoyenebiT, 

erTiani teqnologiuri sistemis farglebSi gamoyenebis 

pirobebSi. 

• mgroZnobiare elementebze aqtiuri ukukavSiris Sesrulebis 

funqciiT integrirebuli sensorebis Seqmna da damuSaveba. 

• analitikuri SesaZleblobebis integraluri sensorebis 

Seqmna da damuSaveba. e.i. gazrdili mgrZnobiarobiT da (an)  

aratradiciuli sensoruli saSualebebis kvlevis xarjze 

maTi seleqciurobiT, sinjis, registraciis meTodebis da 

informaciis damuSavebis Seyovnebis da dayofis meTodebiT. 

am ukanaskneli mimarTulebis formulirebam faqtiurad 

gansazRvra iseTi mikrosistemuri teqnikis Seqmna, rogoricaa 

mikroanalitikuri sistemebi. aseTi sistemis pirveli naTeli 

warmomadgenelia gazis mikroqromatografi, romelic Seiqmna 

siliciumis teqnikis elementebis gamoyenebiT samocdaaTiani 

wlebis bolos (planaruli konstruqcia). 
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analitiko-teqnologiuri mikrosistemebi 

mikrosistemebis Seqmnis da gamoyenebis erT-erT 

perspeqtiul mimarTulebas warmoadgens analitiko-teqnologiuri 

mikrosistemebis damuSaveba, orientirebuli zemcire moculo-

bebiT nivTierebebis raodenobiT, rac saSualebas iZleva ener-

getikuli da drois parametrebis gaTvaliswinebiT gazardos 

realizaciis procesebis efeqturoba, uzrunvelyofs mavne da 

toqsikur nivTierebebTan muSaobis SesaZleblobas, amartivebs 

narCenebis utilizacias. es yvelaferi erTad ki ganapirobebs 

aseTi sistemebis maRal ekonomikur efeqturobas. 

axali Taobis analitiko-teqnologiuri mikrosistemebisaT-

vis damaxasiaTebelia: 

• teqnologiuri da kontrol-diagnostikuri qvesistemis 

blok-moduluri unifikacia; 

• moqniloba, romelic ganisazRvreba produqciis mraval-

nomenklaturobiT da sxvadasxva momxmareblis pirobebSi 

mravalferovani amocanaTa klasis gadawyvetis SesaZleb-

lobiT (qimia, bioteqnologia, medicina, xelsawyoT-

mSenebloba, manaqanaTmSenebloba); 

• analitikuri da teqnologiuri modulebis integrireba 

erTi samuSao adgilis farglebSi., romelic iZleva 

samuSao zonaSi rogorc dayofis, aseve sxvadasxva tipis 

urTierTqmedebis koncentraciis SesaZleblobas.  

• mikroaRWurvilobis inteleqtualuroba, romelic ganisa-

zRvreba kontrol-diagnostikuri modulebis ganviTarebis 

sistemiT da moqnili kavSiriT analitikur da teqnolo-

giur modelebs, agreTve informaciuli da energetikuli 

uzrunvelyofis qvesistemebs Soris. 

• lokaluroba, romelic iZleva zemcire moculobebTan da 

nivTirebebebis raodenobebTan muSaobis saSualebas, 

amcirebs energetikul danaxarjebs, amaRlebs efeqturobas 

da procesis mimdinareobis siCqares. 
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• ekologiuroba, romelic iZleva zemcire raodenobis mavne 

da toqsikuri nivTirebebis pirbebSi muSaobis saSualebas, 

agreTve uzrunvelyofs narCenebis utilizaciis simar-

tives.   

• ekonomiuroba, romelic ganisazRvreba teqnologiuri 

sistemebis Seqmnisas gamoyenebuli jgufuri warmoebis 

principebiT, mcire energomoculobebi, aseve mikroteq-

nologiuri sistemebis miRebisas zemcire nivTierebaTa 

raodebobeze muSaobis  maRali efeqturobiT.  

analitiko-teqnologiuri mikrosistemebi warmoadgenen 

axali saxis mowyobilobebs, romlebic uzrunvelyofen araor-

ganuli da organuli bunebis zemcire nivTierebaTa raodenobebis 

urTierTqmedebis lokalizaciis maRali xarisxs, mikro-

moculobis pirobebSi myari tanis mikroteqnologiuri meTodebiT 

Seqmnili fiziko-qimiuri procesebis integracias da diferen-

ciacias. integrirebul klasterul teqnologiur mikrosistemebs 

miekuTvnebian: 

• teqnologiuri modulebi; 

• kontrol-diagnostikuri modulebi; 

• utilizaciisa da Senaxvis modulebi; 

• satransporto magistralebi; 

• energouzruvnelyofis qvesistemebi; 

• sainformacio-mmarTveli qvesistemebi. 

 klasteruli mikrosistemebis ZiriTad niSanTvisebas 

warmoadgens: 

 teqnologiuri modelebis daxasiaTeba da nomenlkatura; 

 kontrol-diagnostikuri modelebis daxasiaTeba da 

nomenklatura; 

satransporto magistralebis daxasiaTeba da nomenklatura; 

muSa poziciis raodenoba da maTi gazrdis SesaZlebloba; 

struqturl-komponirebuli sqemebi da agregatirebis 

principebi; 

40 



modulebis urTierT-sivrculi ganlageba (xazobrivi, 

radialuri, Sereuli) da modulTSorisi kavSirebis meTodis 

uzrunvelyofa; 

funqcionirebis principi (mimdevrobiTi, paraleluri, 

paralelur-mimdevrobiTi). 

klasteruli kompleqsis agebis magistralur-moduluri 

sistema, teqnologiuri, kontrol-diagnostikuri modulebis da 

satransporto magistralebis konstruqciis unifikacia, aseve ma-

Ti dublireba da proeqtirebis etapze modulebs Soris topo-

logiuri kavSirebSi cvlilebebis Setanis SesaZlebloba, ise rom 

teqnologiaSi ar iyos raime radikaluri cvlilebis Setana sa-

Wiro, gansazRvravs klasteruli analitiko-teqnologiuri siste-

mebis moqnilobas, es ki uzrunvelyofs maT srul funq-

cionirebas. 

 

mikroinstrumentebi 

mikroinstrumenti warmoadgens teqnologiuri mikro-

modulebis kompleqss maRali lokaluri moqmedebis sxvadasxva 

operaciis SesrulebisaTvis. kompleqsi Sedgeba mikromowyobilo-

bebisagan, romlebic uzrunvelyofen mikrodoneze CaWeras, 

miwodebas da gawovas, gaxurebas, daorTqvlas, stimulacias da 

zelokalur (nanodonemde) diagnostikas. es ki iZleva dozirebis, 

SeerTebis, mocilebis, modificirebis, gazomvis da sxva 

operaciebis Sesrulebis saSualebas.  

 faqtiurad preciziul mikromanipulatorSi Cayenebul 

minimaluri raodenobis mikroteqnologiur kompleqts SeuZlia 

sami ZiriTadi tipis mikrooperaciis lokalurad warmarTva. es 

operaciebia: dafena, mocileba da nivTierebis modifikacia. cal-

keuli operaciebisa da specifikuri procesebis warmarTvisaTvis 

ki saWiroa bazuri teqnologiuri mikromodulebis Secvla. 

 mikroteqnologiuri instrumentis bazuri kompleqti 

uzrunvelyofs individualuri mikrooperaciebs da SezRuduli 
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da SeuzRudavi bunebis obieqtebis mikromanipulirebas, aseve 

teqnologiuri mikrosistemebis muSaobis moqnilobas. 

 teqnologiuri daniSnulebis mikrosistemebi warmoadgenen 

erTerT yvelaze perspeqtiul da `masStabur~ teqnologiur 

mimarTulebas, orientirebuls `Txel~ da `zust~ mecnierebad-

tevad procesebze, gansazRvraven ra saxelmwifos samecniero-

teqnikur da Tavdacvisunarianobis potencials [8]. 

 axali Taobis, mikrodoneze SezRuduli da SeuzRudavi 

bunebis obieqtebTan muSaobisaTvis gankuTvnili, analitiko-

teqnologiuri mikrosistemebis da mikroinstrumentebis Seqmna 

iTavliswinebs: 

• analitiko-teqnologiuri mikrosistemebis funqcionirebis 

da organizaciis axali prinicpebis damuSavebas, konstruq-

ciis modifikaciis da moqnilobis uzrunvelyofis mizniT 

gadasawyveti amocanis  nomenklaturis gaTvaliswinebiT. e.i. 

erTgvarovani konstruqtorul-teqnologiuri da mraval-

funqcionaluri sistemebis harmonizacias; 

• teqnologiuri mikrosistemebis da mikroinstrumentebis 

konstruirebis axali principebis Ziebas masStabirebis 

efeqtebis gaTvaliswinebiT. igi gansazRvravs teqnologiuri 

da diagnostikuri modulebis miniaturizacias, rac warmoa-

dgens aucileblobas mikroobietebis manipulirebisaTvis da 

zemcire obieqtebSi SezRuduli raodenobis nivTirebebis 

procesebis realizaciisaTvis; 

• teqnologiuri mikrosistemebis da mikroinstrumentebis 

Seqmnisas mirkoeleqtromeqanikisa da mirkooptikis elemen-

taruli bazisa da principebis farTod gamoyenebas, Semosa-

zRvrul moculobaSi Semsrulebeli da mgrZnobiare elemen-

tebis eleqtruli, optikuri, meqanikuri da magniruli 

kavSirebis integraciis gansakuTrebulobis gaTvalis-

winebiT; 

• tradiciuli mikroradioeleqtronuli komponentebis, 

teqnologiuri, kontrol-diagnostikuri modulebis da 
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informaciuli da energetikuli uzrunvelyofis qvesistenis 

konstruirebisas da Seqmnisas gamoyenebuli klasikuri 

konstruqciuli gadawyvetilebebis farTod gamoyenebas; 

• teqnologiuri mikrosistemebis da mikroinstrumentebis 

Seqmnisas iseTi axali masalebis nomenklaturis Seqmnas, 

romelTac uwevT qimiurad aqtiur, maRali energiis da 

xangrZlivi drois ganmavlobaSi rTul samuSao garemoSi 

yofna. es moiTxovs gare zemoqmedebisagan gazrdili 

medegobis mqone masalebis gamoyenebas.  

• mowyobilobebis adaptacias, modernizacias da mikro-

eleqtronikis nakeTobis klasikuri teqnologiis ZiriTadi 

procesebis amocanis gadawvetas teqnologiuri mikro-

sistemebis da mikroinstrumentebis SeqmnisaTvis. 

 

mikromanqanebi da mini-robotebi 

 mikroZravebis Seqmnis sferoSi ukve aTwleulze metia rac 

mimdinareobs samuSaoebi. ukanasknel wlebSi Sesrulda 

mikrosistemebis sferoSi unikaluri samuSaoebi avtonomiuri 

miniaturuli sistemebis energouzrunvelyofisa da ara-

tradiciuli Zravebis problemeTan dakavSirebiT. gansakuT-

rebulad sainteresoa am sferoSi mikroturbina _ klasikuri 

turbinis miniaturuli analogi, romlis brunva xorcieldeba 

maRal temperaturaze gazis wviT,magaliTa wyalbadi, rac 

uzrunvelyofs aTeulobiT vati simZlavris generacias ramo-

denime milimetri zomis mikromanqanis pirobebSi. naxazze 1. 

warmoadgenilia mSrali Rrma mowamvlis meTodiT mikroturbinis 

rotoris realizacia [9].  

 

43 



 
 

naxazi 2. mikrosistemuri teqnikis obieqtebis praqtikuli realizacia. 

 

 did interess iCens robototeqnikis mimarTulebiT 

warmoebuli samuSaoebi. miniroboti, rogorc wesi, gankuTvnilia 

im pirobebSi eqspluataciisaTvis, sadac adamians ar ZaluZs 

muSaoba (cocxali organizmebi, gazrdili radiaciisa da 

momwamlavi nivTirebebiT dabinZurebuli garemo, feTqebadsaSiSi 

zonebi). miniaturuli robototeqnikis ganviTarebis mastimu-

lirebeli faqtorebia maTi gamoyeneba saxelmwifos usafrToebisa 

da TavdacvisunarianobisTvis. 

 

2.2. teqnologiuri modulebi mikrosistemur  

teqnikaSi 

 

 300 eqspertis wianaswarma gamokiTxvebma gviCvena, rom speci-

alistebis 57% Tvlis mikrosistemur teqnikas da nanoteqnikas 

Cveni drois inovaciuri ganviTarebis mamoZravebel Zalad. 

informaciuli teqnika, qselebisa da mobiluri kavSirebis 

CaTvliT 50%-ikavebs, bioteqnologia da mecniereba - 47%-s. am 
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mimarTulebebis gavlena mrewvelobaze `didia an yvelaze didia~ 

_ arniSnavs gamokiTxulTa 90%. `teqnikisa~ da `teqnologiebis~ 

ganviTarebam Camoayaliba ori axali mimarTulebis ganviTarebis 

aucilebloba: `mikrosistemuri teqnika da nanoteqnologiebi~. 

 teqnologia _ es aris axali teqnikis Seqmnis aqtiuri 

elementi. 

 nanoteqnologiis principuli gansxvaveba yvela sxva 

winamorbedi teqnologiebisagan mdgomareobs mis samuSao 

mimarTulebebSi fundamentur obieqtebTan _ atomebTan. es ki 

iZleva imis sababs, rom nanoteqnologia ganvixiloT rogorc 

axali revoluciuri mimarTuleba teqnologiaSi, romelic did 

gavlenas moaxdens adamianis moRvaweobis yvela sferoze da TviT 

adamianze. 

 amis gaTvaliswinebiT aSS iswrafvis daikavos lideris 

pozicia nanoteqnologiis sferoSi [10]. mikrosistemuri teqnika, 

darCeba rogorc axaldabadebuli bavSvi, samecniero-teqnikuri 

progresisi CrdilSi. molekulur da ujredul doneze 

nanoteqnologia did gavlenas moaxdens adamianze, oRond im 

pirobiT, rom es zemoqmedeba unda ganxorcieldes konkretul 

adgilas, amis SesaZlebloba ki gaaCnia mikrosistemebis 

gamoyenebaze dafuZnebul meTodebs. swored am mizezebis gamo, 

nanosistemebi mTlianad ver Caanacvleben mikrosistemebs. amdenad 

mikrosistemebi warmoadgenen erTaderT xids mikro da nano 

samyaros Soris. es orive mimarTuleba unda ganviTardes maT 

Soris sinergetikuli kavSiris bazaze. rogorc eqspertebi 

varaudoben maT Soris winaaRmdegoba gamowveulia ufro 

politikuri motivebiT (kerZod brZola finansirebisaTvis), vidre 

am or mimarTulebas Soris realuri antagonizmiT. 

 am brZolis Sedegad yalibdeba saerTo programebi `nano-

mikro~ an `mikro-nano~ sistemebisaTvis. 
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naxazi 3. teqnologiebis sinergetika. 

 

 rogorc ki mikrosqema daproeqtdeba, Semdegi etapia, 

moiZebnos saukeTeso teqnologia, raTa damzaddes konstruqciis 

detalebis saWiro raodenoba. konstruirebis yvelaze martivi 

meTodia misi awyoba modulebiT. 

 moduli _ unificirebuli kvanZia, gaformebuli rogorc 

damoukidebebli nakeToba [11]. moduluri principi farTod 

gamoiyeneba eleqtronikaSi. modulebi _ mikroprocesorebi, 

mexsierebis integraluri sqemebi, gamaZliereblebi da sxva _ 

saSualebas iZlevian SevqmnaT saWiro eleqtronuli mowyobiloba. 

amitomac modulireba konstruirebis etapze damaxasiaTebelia 

mikroeleqtronikisaTvis. 

 konstruqciebSi klasikuri mikrosistemebis triadaa: 

• mogrZnobiare elementi (gare informaciis mimRebi sensori, 

mTvleki); 

• mgrZnobiare elementis signalis damusavebis sistemebi 

(gamaZlierebeli, gardamqmneli, procesori); 

• ukukavSiris mowyobiloba (aqtuatori, kavSiris arxi da 

sxva). 

modulirebis ideologia orientirebulia komponentebis da 

subsistemebis procedurebisa da teqnologiebis standartiza-

ciaze. realurad es aris modulirebis principebis realizacia 
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axali mikrosistemebis Seqmnis yvela etapze: proeqtirebis, 

konstruirebis da warmoebis. 

mikrosistemuri teqnikis nairsaxeobam mikrosistemebis 

warmoebis sxva mimarTulebebi warmomadgenlebi gamoafxizla da 

bevri maTgani aqtiurad CaerTo moduluri sistemebis 

programebis Seqmnisa da ganviTarebis procesSi.  

mikrosistemebis teqnologiebSi modulirebis realizacia 

moiTxovs procesebis Sesaferis dokumentirebas, nakeTobebisa da 

produqciis Sesasvleli da gamosasvleli parametrebis specifi-

kacirebas. am bazaze dayrdnobiT sxvadasxva teqnologiuri 

modelebisaTvis fasdeba ekonomika da igegmeba sabazro 

produqtis warmoebis strategia. `konstruqciul-teqnologiuri 

bazisi~ kargad unda iyos morgebuli efeqtur `konstruqciul-

teqnologiur modulze~. mst saboloo produqtis Seqmna 

SeiZleba moiTxovdes ramodenime teqnologiuri modelis 

gamoyenebas. 

mikrosistemebis teqnikaSi modulirebis ideologiis 

logikuri dasasruli unda iyos misi gavrceleba damamuSavebeli 

da amwyobi mowyobilobebis warmoebaze. am mimarTulebiT 

samuSaoebi mimdinareobs mTel rig qveynebSi (germabia, avstria, 

aSS). amgvarad modulireba mikrosistemebis konstruirebaSi da 

teqnologiaSi warmoadgens mst-s ganviTarebis aucilebel 

faqtors. es ki aerTianebs mas mikroteqnikis sxva 

mimarTulebasTan –mikroeleqtonikasTan.   

principialuri gansxvaveba mikrosistemur teqnikasa da 

mikroeleqtronikas Soris aris is, rom mikrosistema (ara 

calkeuli mTvleli an aqtuatori) iqmneba momxmareblis 

calkeuli jgufebis dakveTiT, e.i. warmoadgens SekveTas. 

mikroeleqtonikis ganviTarebis generaluri xazi ki 

orientirebulia  masiur warmoebaze. mikroeleqtronikis is 

nakeTobebi, romlebic damzadebulni arian rogorc modulebi, 

warmoadgenen universalurs.  

47 



im faqtma rom universaluri teqnologiis bazaze 

SeuZlebeli iyo mikrosistemebis modulebis Seqmna, mecnierebis 

da inJinrebi miiyvana im daskvnamde, rom mirkosistemuri teqnikis 

modulireba saWiroa ara marto konstruqciis, aramed 

teqnologiis doneze. naxazze naCvenebia axali teqnikis Seqmni-

saTvis modulebis konstruqciuli da teqnologiuri variantebi. 

 

 

naxazi 4. konstruqciuli da teqnologiuri orientirebuli 
modulireba teqnikaSi. 

 

 pirvel SemTxvevaSi SesaZlebelia Seqimnas sxvadasxva 

konstruqciebis didi ricxvi mcirericxovani konstruqciuli 

modulebis bazaze. es modulebi iwarmoebian universaluri 

teqnologiis bazaze specifikuri teqnologiuri modelebis 

gamoyenebiT. am variants miekuTvneba nanoteqnika da 

mikroeleqtronika. ralurad, progresi mikroeleqtronikaSi 

ganpirobebulia universaluri teqnologiebis ganviTarebiT da 

igi xasiaTdeba erTi globaluri parametriT _ litografiuli 

suraTis minimaluri zomebiT (1,0; 0,8. . .0,05 mkm). am parametris 

mixedviT SeiZleba Seiqmnas mikroeleqtronuli universaluri 

48 



konstruqciuli moduli (saSualod yovel 18 TveSi integraciis 

xarisxis gaormagebiT). meore varians ganekuTvneba 

mikrosistemuli teqnika. am SemTxvevaSi axali konstruqciis 

warmoebisaTvis (specifikuri konstruqciuli modulebis 

gamoyenebis safuZvelze) misi daniSnulebis da warmoebis tiraJis 

gaTvaliswinebiT, irCeven yvelaze Sesaferis teqnologiur 

moduls xelmisawvdomis universaluri modulebis rixcvidan. 

 sxvadasxva teqnologiuri modulebis Seqmna Cveulebrivi 

movlenaa sazRvargareTuli warmoebis praqtikaSi. rogorc wesi, 

maT bazaze iqmnebian e.w. `warmoebis centrebi~ da maTi ricxvi 

mudmivad izrdeba [12]. amasTan unda aRiniSnos, rom 

mikrosistemebis ganviTarebis problemebs teqnologiuri 

modelebis Seqmna veranairad ver gadawyvets. mikrosistemebis 

komponentebis konstruqciis biblioTeka da teqnologia (e.i. 

konstruqciul-teqnologiuri bazisi) arsebobis pirobebSi 

saWiroa modulebis SesaZleblobebis SeTavazeba potenciuri 

momxmareblisaTvis. 

  mecnierebisa da teqnikis ganviTarebis tendencia gviCvenebs, 

rom aranairi zRvari nano-, mikro- da makroteqnikas Soris ar 

arsebobs. realurad am sferos teqnologiebis ufro axlosaa 

TeTri Suqis brtyel speqtrTan, vidre maxaiaTebeli speqtris 

zolebTan an xazebTan. TiToeuli mimarTulebis gansakuTrebu-

lobis da gamorCeulobis codna saSualebas iZleva mizan-

mimarTulad movaxdinoT maTi ganviTareba drois gansazRvrul 

intervalSi. mikrosistemuri teqnikisaTvis dReisaTvis gadamwyvet 

rgols warmoadgens teqnologiuri modulebis qselis Seqmnis 

aucilebloba. 

amrigad,  

1. ar arsebobs mikrosistemuri teqnikis erTiani teqnologia, 

romlis drosac masalebze erTi tipis operaciebis 

zemoqmedebiT Seiqmneba sxvadasxva konstruqcia; 
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2. mikroeleqtronikisagan gansxvavebiT mikrosistemuri 

teqnika xasiaTdeba, pirvel rigSi, teqnologiuri da ara 

konstruqciuli modulebis nakrebiT; 

3. mikrosistemuri teqnikis nakeTobebi orientirebulia 

konkretuli gamoyenebisaTvis, e.i. warmoadgens SekveTils. 

calkeuli nakeTobebisaTvis SerCeuli unda iyos 

optimaluri teqnologiuri modelebi; 

4. mikrosistemuri teqnikis ganviTarebis safuZvels 

warmoadgens teqnologiuri modelebis sakmaod farTo 

speqtris Seqmna. 

 

 

2.3. mikro da nano sistemebis sawarmoo kompaniebis 

warmatebis principebi da analizi. 

 

investiciis arCevaSi erT-erT mniSvnelovan sakiTxia da 

gansakuTrebiT sariskod iTvleba investiciis kapitalis 

investiciaze dabrunebis niSani. warsulSi maRali teqnologia 

did zemoqmedebas axdenda sazogadoebaze. dRes, rodesac uamravi 

samrewvelo dargia, maRali teqnologia agrZelebs adamianTa 

cxovrebis gansazRvras dedamiwaze. es mTavrdeba erTi 

teqnologiuri revoluciis meoreTi SecvliT 

`biznes kvireuli~ axlaxan aqveynebs specialur ganxcadebas 

da cdilobs iwinaswarmetyvelos, rom mTavari siZneleebi ukanaa, 

cvlilebebi mosalodnelia 21-e aswleulSi. daskvna metad 

sainteresoa teqnologiisaTvis. sainformacio revolucia, 

rogorc mosalodnelia ganagrZobs mwarmoeblobis zrdas 

ekonomikis momdevno 10 welSi. `biznes kvireuli~ elodeba, rom 

informaciaze damokidebuli samrewvelo dargebi, rogoricaa 

finansebi, matareblebi, sabiTumo da sacalo vaWroba, mniSvnelov-

nad Seicvleba. mravali msxvili teqnologiebis miRwevebis talRa 

mosalodnelia bioteqnologiebis da mikro eleqtro meqanikuri 
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sensorebis Sedegad, axali mrewvelobis dargebi, rogorc 

mosalodnelia gamoCndebian Semdgom aTwleulSi. 

 qveynebi, romlebic arian siaxlis danergvis politikis 

mimdevrebi, aTavisufleben vaWrobas da xsnian finansur sistemebs 

iqnebian konkurentunariani kompaniebi. mwarmoeblebi, romlebic 

floben axal teqnologiebs, SeZleben saukeTeso mogebas da 

yvelaze maRal sabazro wils. mTavari dislokacia da 

gaurkvevloba muSebisaTvis iqneba gardauvali, radgan 

gamoyenebul iqneba axali teqnologiebi. teqnologiis aqciebi 

gazrdian ekonomikur da finansur energo damokidebulebas, 

rogorc amerikaSi, aseve mTels msoflioSi.  

 `biznes kvireulSi~ nawinaswarmetyvelebi axali 

teqnologiebi uzrunvelyofs warmatebas Semdeg sferoebSi: 

• sainformacio teqnologia; 

• bioteqnologia; 

• mikro eleqtro meqanikuri sensorebi. 

aRniSnuli sakvanZo teqnologiebi moicaven Semdeg sabazro 

wilebs: 

• finansebi; 

• matareblebi; 

• sabiTumo da sacalo vaWroba; 

• axlad warmoqmnil dargebs safuZvlad daedeba 

bioteqnologia da mikro eleqtro meqanikuri sensorebi. 

 es gaxlavT yvelaze optimaluri prognozi teqnologiebze 

da maT kompaniebze. es niSnavs, rom aTwleulis manZilze 

gamarTlebulia am biznesSi kapitaldabandeba. 

 
 
 

sawarmoo kapitalis mizani 

 

 samrewvelos sawarmoo kapitalis mTavari mizani 

mdgomareobs imaSi, rom investorebs daubrunos maqsimaluri 

mogeba. saukeTeso fondebi aRweven aqciebisa dabrunebis umaRles 
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normas. magaliTebi, romlebic naCvenebia cxrilSi asaxaven erT-

erTi prestiJuli firmis `Kleiner-Perkinsis~ siliciumis velis 

sawarmoo kapitals. 

kompania investiciebi 
investiiciis 

dawyebis dro 
dabruneba 

@Home $6.4 mil. 1995 8700% 

Netscape $5.0 mil. 1995 8000% 

Amazon.com $8.0 mil. 1996 4400% 

Exite $3.0 mil. 1994 7200% 

Rambus $2.8 mil. 1990 5100% 

Citrix Systems $3.3 mil. 1989 4000% 

cxrili 5. kompaniebis sawarmoo kapitali 

  

did warmatebas Tan axlavs warumateblobac. Kleiner-Perkins-is 79 

sazogadoebrivi kompaniis sainvesticio porTveli iTvlis: 19 did 

warumateblobas, 5 kompania daubrunda amerikis safondo birJas 

da 55 kompania gadakeTda sxva kompaniad. klainer parkinsma 

daamuSava da gamosca rekomendaciebis krebuli, raTa Semcirdes 

warmoebis sawarmoo kapitalis warumateblobis albaToba, xolo 

misma megobarma jon doerma Seajama es rekomendaciebi aseTi 

TanmimdevrobiT: 

1. teqnikuri mxare 

• Rebulobs saukeTeso teqnologias samuSaosTvis. 

investiciaze didi mogebebi wamierad ar xdeba. 

2. warmatebuli marTva 

• saukeTeso xalxi saSualo teqnologiebiT iqnebian 

ufro warmatebulni, vidre saukeTeso teqnologiebi 

susti marTviT. 

• kargi menejerebis ukmarisobis gadalaxvis strategia. 

• SeiZineT saukeTeso operaciuli sistemebi metad 

warmatebuli kompaniebisagan. 
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• gadauxadeT maT, raTa Caifiqron idea bazris 

moTxovnis Sesabamisad. 

• maSin SesTavazeT maT gaSvebis dafinanseba. 

3. strategiuli sabazro centri: 

• didi sabazro zoma; 

• swrafadmzardi bazari (weliwadSi 20%-iT zrdiT da 

100%-iT gazrdis SesaZleblobiT); 

• samomxmareblo bazari (Ria karebiT axlad 

momsvlelTaTvis). 

4. finansirebis Wkvianuri strategia 

• mcire finansireba ayovnebs nakeTobis gaSvebas da 

talantebis daqiravebas. 

• umaRlesi finansireba amcirebs warmatebis SimSils 

da amcirebs investiciebze dabrunebas. 

5. gadauxdelobis arsi 

• bazari ar icdis: an damaarsebeli miawodebs an viRac 

kidev sxva. 

 

samrewvelos sawarmoo kapitali, finansirebuli marTva 

 

firmis sawarmoo kapitaliT axali kompaniis finansireba 

dakavSirebulia bevr mistikasa da undoblobasTan maRal-

teqnikur mwarmoeblebs Soris. mwarmoeblebi sruliad 

darwmunebulni arian, rom maTi teqnologia damTavrda da unda 

moaswron bazarSi. 

 sawarmoo kapitalis firmebma ician, rom nakeToba veRar 

gasaRdeba, da bevris gamoSvebas ver gauZlebs bazari da 

ramdenadac kargi teqnologia ar unda iyos igi, mainc daiketeba. 

maT ician, rom teqnologia es aris kompaniis warmatebis mxolod 

erTi standartuli bloki. maT isic ician, rom ar arsebobs 

Semdegi axali gamoSvebis momavali warmatebis garantia. amis 

mixedviT, maT unda icodnen, rom Semdegma warumateblobam 
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SeiZleba moutanos kompanias mTeli investiciis saSualo 

Semosavali. 

 sabolood finansirebis marTvaSi SeiZleba gamovyoT 

Semdegi: 

 mosalodneli saSualo Semosavali yvela investiciisaTvis. 

• finansirebidan 5 welSi 10-jer sainvesticio raodenoba. es 

warmoadgens 30-60% mogebas weliwadSi. 

 minimum safinanso done: 

• 5 milioni dolaris farglebSi, sadazRvevo kompaniebisa da 

sapensio fondebis mier. didi safinanso donis gamo, 

TiToeul sawarmoo kapitalis firmas SeuZlia mxolod 

SezRuduli raodenobis axal gaSvebebze mxardaWera. 

kompaniis momavali mniSvneloba. 

• gayidva droSi, anu (damokidebuleba fasi/Semosavali) * 

(sufTa Semosavali dabegvris Semdeg). 

tipiuri siliciumis velSi, finansurad SeTanxmebulia, rom 

kompaniis damfuZvneblebi yiduloben kompaniis Cveulebriv 

aqciebs fasis garkveul wilSi. investorebi yiduloben 

privilegirebul aqciebs SedarebiT maRal fasSi. (daaxloebiT 10-

20 jer meti). samagierod ufro didi fasis sanacvlod, 

aqcionerebi iReben mogebas, romelic damfuZneblebs ara aqvT. 

axali kompania tipiurad uzrunvelyofs vrcel sasamarTlo 

periods damfuZneblebisaTvis, romelic eqvemdebareba mTlian 

gadaxdas sazogadoebis sawyisi winadadebidan an aRmoCenidan [13]. 

 kompaniis procenti sawarmoo kapitalis firmidan 

gaTvlilia ZiriTadad mosalodneli saSualo Semosavlidan, 

yvela investiciaze 5 wlis Semdeg kompaniis mosalodneli 

sabazro fasidan. magaliTad: 

• damfuZneblebi gegmaven moTxovnilebas 10 milion dolars 

finansirebuli aqciidan. 

• damfuZneblebi gegmaven 75 milion dolars 5 wlis Semdeg 

10% mogebiT, dabegvris Semdeg. 
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• warmoeba, romelsac axali kompania ganekuTvneba, eqneba 

saSualo ricxvi P/E 20. 

• es 5 wlis Semdeg dagegmil axal kompanias moutans 150 

milion dolars, mosalodneli iyo sawarmoo kapitalis 

dabruneba 100 milioni dolari. 

• damfuZneblebi da mosamsaxureebi dautoveben kompanias 33%. 

 Tu damaarseblebs ara aqvT araviTari Zveli angariSebi 

fulis keTebis kursis, riskis koeficientma SesaZlebelia es 

sakuTreba Seamciros mniSvnelovnad. 

 axali kompaniis sakuTrebis procenti – xSirad sayrdeni 

wertilia mwarmoeblisaTvis. kompaniis marTva gansazRvrulia, 

rogorc monopoliuri gamoyeneba 50%-ze meti aqciebiT, romelic 

iZleva xmis micemis uflebas. damfuZneblebs undodaT 

SeenarCunebinaT kompaniis mflobeloba. investorebs erTiT, 

Cveulebriv ar SeuZlaiT gaakeTon es, ramdenadac isini unda 

iyvnen uflebamosilni, rom moxsnan an gadaayenon damaarseblebi. 

 sawarmoo kapitalis firmebs SeuZliaT uzrunvelyon 

marketingis arsebuli mxare Semdegi tipis axali gaSvebisaTvis: 

• am mimarTulebis regulireba metad saimedoa 

warmatebisaTvis; 

• pirvelive niSnisTanave problemis gamosworeba; 

• marketingis konkurentunariani strategiis formulireba da 

damuSaveba; 

• maRali donis marTvis Sevseba; 

• kompaniis gawonasworeba swori infrastruqturis 

formirebisas mizandasaxuli bazrisaTvis; 

• strategiuli Tanamegobrobis Semsubuqeba, romlebic sxnian 

kars didi bazrisaken; 

• gamyidvelebisa da klientebis garantiebis uzrunvelyofa. 

amis sanacvlod, isini iTxoven maTi aqciebis maRal 

Sefasebas, korporatiul partniorebTan SedarebiT, romlebic 

Cveulebriv interesdebian mxolod axali teqnologiebiT. 

55 



 bevri teqnikuri mwarmoebeli upiratesobas aniWebs, rom 

hqondeT 100% kuTvnileba kompaniaSi umniSvnelo sabazro 

SefasebiT, vidre patara procenti kompaniidan didi sabazro 

SefasebiT. am ukanaskneli meTodiT SesaZlebelia adamiani 

mdidari gaxdes. siliciumis velis bevrma kompaniam 

damaarseblebi datova mcire wiliT. xolo mcirewiliani 

kompaniebi dResac milionerebad xdian investorebs. 

mikrosistemebis maRali interesebi damokidebulia Semdeg 

koeficientebze: 

• sabazro moTxovnilebaa iafi, msxvilmasStabiani, meqanikuri 

komponentebi; 

• bevri bazrebi hpirdebian gamarjvebis oqros Tass, magram 

rogorc mosalodnelia, mikro eleqtro meqanikuri 

sensorebis teqnologia iqneba 21-e saukunis ekonomikis 

zrdis mkvebavi; 

• 1C industriam Seqmna mikrosistemebisaTvis xelmisawvdomi 

teqnologiebis infrastruqtura; 

• akademikosebma dakarges unari ganaxorcielon progresi 1C 

mikroeleqtronul teqnologiebSi. 

 mikro mikrosistemebis bazarma iwinaswarmetyvela, rom igi 

gaizrdeba momaval wlebSi SesamCnevad. SemuSavebul iqna sabazro 

datvirTva. erT-erTi axali movlenaa proeqtirebis sistemebis 

Seswavla, romelic dafinansebulia amerikis Tavdacvis 

saministros mier. 

 mikrosistemebis sruli bazari gviCvenebs, rom 2003 welSi 

igi unda gaizardos 20-30%-iT, da igi miawevs 10 miliard dolar-

ze mets. yvelaze mzard wils moicavs mikro opto eleqtro meqa-

nikuri sensorebi da radio sixSiris mikro eleqtro meqanikuri 

sensorebi. 

 mikrosistemebis sabazro zrdis saerTo raodenoba 

nawinaswarmetyvelebia, 5 dolariT zrdisas 8,5 miliardi  

dolari 1996-dan 2003 wlamde. Tu es proeqtireba datvirTulia 
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didi SecdomebiT, unda iyos didi SesaZlebloba sawarmoo 

kapitalis investiciebis mikrosistemebis biznesTan. 

 

gayidvebi zrda xelsawyoebi 

1996 2003  
wnevis maCveneblebi  $390-$760 mil. $1,100- $2, 150 mil. 10-20%/w. 
inerciuli maCveneblebi $350 - $540 mil. $700-$1,400 mil. 10-20%/w. 
siTxeebis mikro 
gamzomebi $400 - $550 mil. $3,000 - $4,450 mil. 25 - 35 %/w. 
optika  (mikro opto 
eleqtro meqanikuri 
sensorebi)  

$25 - $40M mil. $440-$990 mil. 40 - 60 %/w. 

radio sixSiris mikro 
eleqtro meqanikuri 
sensorebi  

- $40-$120 mil. N/A 

sxvebi $510-$1,050 mil. $1,230-$2,470 mil. 10 - 20 %/w. 
saerTo raodenoba $1,675-$2,940 mil. $6,500-$11,540 mil. 20 - 30 %/w. 

cxrili 6. biznes statistika 

 
produqcia gayidvebi zrda 

 1995 2005  
wnevis maCveneblebi $1,OOO mil. $2,500 mil. 10%/w. 
siCqaris maCveneblebi $400 mil. $800 mil. 7%/ w. 
siTxeebis gamzomebi  $10 mil. $100 mil. 26%/ w. 
monacemTa Senaxva  - $1,OOO mil. N/A 
displei - $1,OOO mil. N/A 
bioCipebi - $200 mil. N/A 
radio sixSiris da mikro opto 
eleqtro meqanikuri sensorebi $10 mil. $1,OOO mil. 58%/ w. 
sxvebi $30 mil. $100 mil. 1 3 %/ w. 
 mikro eleqtro meqanikuri 

sensorebi saerTo raodenoba  $1,450 mil. S6.700 mil. 17 %/ w. 
 mikro eleqtro meqanikuri 
sensorebis arasensoruli saerTo 
raodenoba 

$50 mil. $3,400 mil. 52%/ w. 

cxrili 7. brizekis mier catarebuli kvlevis monacemebi 

 

 sxva sabazro prognozi SemuSavebuli iyo brizekisagan 1995 

wels. es iyo maSin yvelaze pesimisturi prognozi, ramdenadac es 

orientirebuli iyo nakeTobaze, romlebsac mikrosistemebis 

kompania gayidis. umetesi sxva informacia orientirebulia mikro 

eleqtro meqanikuri sensorebis teqnologiebis sistemebis da 
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qvesistemebis gayidvaze. brizekis es informacia gviCvenebs, rom 

SesamCnevi potencialis zrda arsebobda wnevis maCveneblis 

bazarze, monacemTa Senaxvaze, displeize, bioprincipebze da 

mikrosistemebze.  

maSin ra aris mTavari? marketingis problemebis ramodenime 

tipi: 

• vin iyidis amas? 

• ratom iyidian klientebi amas? 

• bazari arsebobs; 

• ramdenad didia mTlianad misawvdomi bazari; 

• ramdenad didia momsaxurebisaTvis misawvdomi bazari (mmb); 

• mmb-dan mosalodneli procenti, romelic iqneba 

dabrunebuli; 

• ra warmoadgens bazris zrdas? 

• rogoria bazris zrdis sawvavi? 

• ra warmoadgens kompaniis konkurentunarianobis 

upiratesobas? 

• realuri konkurentunarianoba, upiratesoba sicocxlis-

unarianobaSi ufro xangrZlivi droisaTvis; 

• konkurentunarianobis upiratesoba (patentebi, savaWro 

saidumloebebi, resursebTan SeRweva da sxva); 

• visTan konkurirebs kompania? 

• ra warmoadgens konkurentebis did sazRvars? 

• marketingis rogori strategia iqneba gamoyenebuli 

(Rirebulebis lideroba, diferenciacia, centri). 

bevri inJineri Tvlis, rom maTi `pirmSo~ Seuqmnis axal 

bazars. Tu saqme asea, finansirebis warmatebis albaToba 

SesamCnevad Semcirebulia, axali bazris Seqmnis moTxovnilebis 

gamo, axali nakeTobis Seqmnis damatebiT. amis garda bazris 

Semqmneli pionerebi xSirad mimarTaven sxva gzas, itaceben axlad 

damuSavebul bazrebs [14]. 

 erT-erTi metad naTeli magaliTia am strategiis Apple 
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kompiuteri, romelmac Seqmna bazari personaluri 

kompiuterebisaTvis. 

 

warmatebuli kompaniebis ganviTareba. 

 

 kompaniis dawyebisas yvelam unda icodes, sxvadasxva 

siaxleebi iTxoven kompaniis zrdis sxvadasxva stadiebs. es exeba 

yvela mosamsaxures, gansakuTrebiT ki damaarseblebs. kompaniis 

ganviTarebis sawyis stadiaze yvelaze aucilebeli 

gamocdilebebi dakavSirebulia Canafiqris realur nakeTobad 

gardaqmnaSi, an momsaxurebaSi. ar arsebobs xelmZRvaneli, rom 

winaswar Tqvas rogor da ra gakeTdes. es stadia aris stadia, 

sadac mwarmoeblebis gamocdileba yvelaze sasargebloa. 

rodesac kompania izrdeba, igive gamocdilebebi, romlebic iyvnen 

safuZveli kompaniis sawyisi miRwevebisaTvis, xdebian problemebis 

birTvi. Cveulebrivi damfuZneblebi ver xedaven cvlilebebis 

saWiroebebs, magram amas investorebi mSvenivrad amCneven. 

investorebi xSirad axdenen cvlilebebs, marTvis axali jgufis 

CamoyalibebiT. SemoqmedebiTi damaarseblebi SeiZleba iyvnen 

gadayenebulni an ganTavisuflebulni. 

 umetes warmatebul kompaniebSi axali mTavari 

administratori axorcielebs strategias, amyarebs diqtaturas 

operaciis TiToeuli aspeqtis marTviT. aseTi mTavari 

administratorebis moqmedebebi warmatebulia. siliciumis velis 

gaSvebebSi CarTulebi arian bob svansoni da jek mifordi, orive 

cnobilni arian piradi marTviT, gaSvebebis rekvizitebiT 

nakeTobis ganviTarebis xelmZRvanelobaSi.  

 xangrZlivi droiT, rodesac erTpirovnul diqtators aRar 

SeuZlia ganaxorcielos kidev didi saqmeebi dgeba momenti, roca 

kompaniam unda daiwyos axali problemebis damuSaveba. isev 

mTavar administrators ar unda, an ar SeuZlia, rom Secvalos 

da am dros investorebi erTvebian cvlilebebSi. am stadiaSi 

CarTulia ramodenime adamiani, romelic  pasuxismgebelia 
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kompaniis biznesis wilze. mTavari administratori valdebulia 

yuradReba miaqcios am direqtorebs da CarTos isini saerTo 

xelmZRvanelobis strategiaSi. aris kidev ori stadia kompaniis 

warmatebuli zrdisTvis, magram isini ramdenadac Zalian 

globalur masStabebs exeba, ar arian gaTvaliswinebuli gaSvebis 

procesSi. 

 
 
 
 

 

naxazi 5. sawarmoos marTvis sqema 

 

amrigad SeiZleba gamovitanoT Sedegebi: 

axali sawarmoo kapitali afinansebs maRal teqnikur 

gaSvebas avsebda amerikul bazars, moaxdina nakeTobebisa 

daprogramebis msoflio evolucia, revolucia da aaRorZina 

amerikuli ekonomika. finansirebis done ukanasknel wlebSi 
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Seadgens 15 miliard dolars weliwadSi, raTa Seqmnas axali 

msoflio saqmiani liderebi [15]. 

  am sawarmoo kapitalis investiciebidan SeiZleba gamovitanoT 

saintereso daskvnebi: 

  gaSvebis kompaniebma unda misdion sawarmoo kapitalis 

dafinansebis mimarTulebas, rogorc:  

  firmis sawarmoo kapitali qiraobs saukeTeso marketings. 

  isini Tavs uflebas aZleven, raTa Seqmnan Zvirfasi sabazro 

adgili. 

  isini deben kapitals seqtorSi, romlebic metad damajerebelia 

da moitanen did finansur dabrunebas. 

  sawarmoo kapitalis mimarTulebis Tvalis devnebisas 

aucilebeli moTxovna ar aris, rom SevqmnaT sawarmoo kapitalis 

dafinansebuli kompaniis nakeTobis kopireba. es niSnavs, rom 

gaSveba axlos unda iyos sk dafinansebis kompaniasTan, an iyos 

misi strategiuli partniori, klienti da SesaZlebelia 

pirdapiri konkurentic ki. biznes_gegmis ganviTarebis stadiis 

periodSi damfuZneblebma unda gadasinjon myari investiciebi 

sawarmoo kapitalis mwvervalebis sia. Tanamedrove mikro 

eleqtro meqanikuri sensorebis da mikro opto eleqtro 

meqanikuri sensorebis   teqnologiebis arsebuli wili 

dResdReobiT modis aSS_ze, evropuli da aziuri mTavrobebidan. 

  momdevno 5 wlis ganmavlobaSi mosalodnelia mikro eleqtro 

meqanikuri sensorebis gayidvebis didi zrda. mosalodnelia, rom 

sabazro zrda elis saavtomobilo sferos, kavSirgabmulobas, 

bioteqnologiebs da sxva. mikro eleqtro meqanikuri sensorebi 

iTvleba msoflio mrewvelobad, swored mis safuZvelze 21 

saukuneSi amerikuli kompaniebi gaakeTeben dominirebas, radganac 

misi sabazro SesaZleblobebi realuria. 
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2.4. mikrositemebisa da nanoteqnologiebis 

nacinaluri da regionaluri programebisrealizacia da 

formirebis organizacia 

 

axal samecniero-teqnikur mimarTulebaSi (mikrosistemuri 

teqnika da nanoteqnologiebi) nacionaluri da regionaluri 

formirebis msoflio gamocdilebis analizi cxadyofs, rom unda 

arsebobdes ramodenime aucilebeli organizaciuli elementi. am 

elementebs ganekuTvnebian: 

• axali samecniero-teqnikuri mimarTulebis ganviTarebaSi 

sazogadoebis im moTxovnilebebis gamovlena da formireba, 

romlebic gavlenas moaxdenen ekonomikaze, teqnikaze, 

warmoebaze, jandacvaze, ekologiaze, ganaTlebaze, 

Tavdacvasa da nacionalur usafrTxoebaze; 

• am moTxovnebis sayovelTaoba da maTi Sefaseba nacionalur 

an sxva donis programebis formaSi; 

• programebis realizaciis saSualebebis amorCeva, 

masStabebisa da dafinansebis wyaroebis CaTvliT; 

• marTvis sistemebis, Sesrulebis meTodebisa da evoluciuri 

programebis Seqmna. sistema unda iyos moqnili da gaxsnili 

farTo momxmareblisaTvis; 

• damxmare sainformacio qselis Seqmnis uzrunvelyofa. 

yvelaze sapasuxismgeblo pirveli etapi iwyeba 

fundamenturi da demonstraciul-gamoyenebiTi kvlevebis 

akademiur (sauniverstiteto) samecniero centrebSi rezultatebis 

Segroveba. 

ekonomikisa da qveynis usafrTxoebis gazrdis da 

ganviTarebisaTvis pirveli Canasaxebis droulad danaxva 

mikrosistemuri teqnikis mimarTulebaSi, emsaxureba am axali 

mimarTulebis dargis kvlevebis  gaZlierebas da Semdgom 

stimulirebas. magaliTad, aSS-s mTavrobis didma dainteresebam 

mikronuli meqanizmebis sferoSi uzrunvelyo mikrosistemebis 
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ganviTareba [16]. saWiroa saxelmwifo struqturaSi arsebobdes 

organizaciebi, romlebic efeqturi ideebis `daWeras~ 

uzrunvelyofen. aseTi organizaciis ricxvs miekuTvneba amerikis 

Tavdacvis saministros perspeqtiuli kvlevebis saagento (DARPA), 

romlis erTerT startegiul punqts warmoadgens maRali riskisa 

da maRalefeqturi proeqtebis investireba (High-focus). 

da mainc ratomaa pirvel etapze saWiro da aucilebeli 

saxelmwifos finansuri daxmareba? nakeTobebis damuSavebasa da 

bazarze maT gamotanas sWirdeba 5-10 weli (cxrili 1). Tu 

saxelmwifo dainteresebulia am mimarTulebis swraf 

gaviTarebaSi, maSin man Tavis Tavze unda aiRos sawyisi xarjebi, 

romlebic am inovaciis kvlevaze da formirebaze daixarja. rac 

farToa samuSao fronti, miT ufro saimedoa danaxarjebis 

anazRaureba sagadasaxado sistemidan da/an axali produqciis 

gayidvidan. 

nacionaluri ekonomikis ganviTarebis tradiciebis 

gaTvaliswinebiT, misi finansuri simZlavreebi da mizani, 

dafinansebis meTodebi da realizaciis formebi yalibdeba 

programebis SemadgenlobaSi. aq did rols TamaSobs 

saxelmwifos ambiciebi. magaliTad samxreT korea, dainaxa ra 

mikrosistemuri teqnologiis SesaZleblobebi, Sevida maRali 

teqnologiebis qveynebis SvideulSi (G7-proeqti) 17]. aseTive didi 

daintereseba gamoavlina amerikis Seertebulma Statebma, roca 

`nacionaluri nanoiniciativa~ (NNI) miiRo, CaTvala ra 

nanoteqnologiebi axali industriuli revoluciis fuZemdeblad. 

aSS-m orjer gazarda finansireba nano-kvlevebisaTvisa da 

nanoteqnologiebisaTvis, im mizniT, rom uaxloes xuT weliwadSi 

daikavos da daimkvidros pirveli adgili msoflioSi [18]. 
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cxrili 8. mikrosistemuri teqnikis produqciis evolucia 

№  produqti kvlevebi 
produqtis 

ganviTAreba 

fasis 

vardna 

sruli 

komercializacia 

1. wnevis 

maCveneblebi 

1954-

1960 ww. 

1960-

1975 ww. 

1975-

1990 ww. 
1990 w. 

2. aqselerometrebi 1974-

1985 ww . 

1985-

1990 ww. 

1990-

1998 ww. 
1998 w. 

3. gazis sensorebi 1986-

1994 ww. 

1994-

1998 ww. 

1998-

2005 ww. 
2005 w. 

4. sarqvelebi 1980-

1988 ww. 

1988-

1996 ww. 

1996-

2002 ww. 
2002 w. 

5. mfrqvevelebi 1972-

1984 ww. 

1984-

1990 ww. 

1990-

2002 ww. 
2002 w. 

6. fotonika/displei 1980-

1986ww . 

1986-

1998 ww. 

1998–

2004 ww. 
2004 w. 

7. bioqimiuri 

sensorebi 

1980-

1994 ww. 

1994-

2000 ww. 

2000-

2004 ww. 
2004 w. 

8. radiosixSiruli 

komponentebi 

1994-

1998 ww. 

1998-

2001 ww. 

2001-

2005 ww. 
2005 w. 

9. donis 

maCveneblebi 

1982-

1990 ww. 

1990-

1996 ww. 

1996-

2002 ww. 
2002 w. 

10. mikrolere 1977-

1982 ww. 

1993-

1998 ww. 

1998-

2002 ww. 
2002 w. 
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Tumca veranairi ambicia Sedegebamde ver migviyvans Tu ar 

arsebobs organizaciuli safuZvlebi da ar xorcieldeba maTi 

realizacia nacionaluri marTvis sistemebis SeqmniT da 

programebis Sesrulebis mxardaWeriT. am sistemis calkeuli 

elementebi mimarTulia programis sxvadasxva etapis 

realizaciaze. sqematurad sistemis elementebi asaxulia naxazze 

1. aRsaniSnavia, rom nacionaluri programis ganviTarebis doneze 

damokidebulebiT icvleba mocemuli elementebis wili da ricxvi. 

ilustrirebis mizniT naxazze 2 mocemulia mxardaWeris 

evropuli qseli Minanet. kidev erTxel aRsaniSnavia, rom 

nacionaluri programis organizaciis da marTvis sistemis 

mkacrad da mowesrigebulad warmarTvis da mxardaWeris gareSe 

SeuZlebelia iqneboda axali samecniero-teqnologiuri 

mimarTulebis aTviseba da ganviTareba. NNI-Si xazgasmiT aris 

aRniSnuli infrasturqturis ganviTarebis mxardaWera. izrdeba 

ara marto  siliciumis teqnologiis bazaze SekveTebze momuSave 

warmoebebis centrebis ricxvi, aramed axdeba da inergeba maTi 

teqnologiuri baza naxazi 3) [19].  

 

 

 naxazi 6. nacionaluri marTvis sistemebebisa da programis 
Serulebis uzrunvelyofis elementebi 
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 naxazi 7. evropaSi programebis Caketili sistema mikrosistemebis 
sferoSi 

 

 

 

 

 

naxazi 8. mikrosistemuri teqnikis sferoSi investiciebis zrda
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mikrosistemuri teqnikis am axali samecniero-teqnikuri 

mimarTulebis ganviTareba moiTxovs yvela monawile mxarisgan 

sistemur midgomas misi ganviTarebis procesSi. am monawileebs 

warmoadgenen saxelmwifo marTvis organoebi, organizaciebi 

(samecniero-kvleviTi institutebi, universitetebi, didi da mcire 

sawarmoebi, asociaciebi da sxv.), kvleviTi jgufebi, 

damproeqteblebis da specialistTa sxva jgufebi. 

mikrosistemuri teqnikis sferoSi monawileTa Soris 

urTierToba realizdeba Sesabamisi organizaciuli struqturiT 

(doniT). 

nacionaluri programis pirveli done. programis amocana _ 

gansazRvros mikrosistemuri teqnikis ganviTarebis veqtori 

qveyanaSi. programa xdeba qveynis samecniero-teqnikuri da 

ekonomikuri politikis nawili. amasTan dakavSirebiT igi Tavis 

amocanebSi asaxavs am politikis ZiriTad maxasiaTeblebs. Tavis-

Tavad es amocanebi balansirebuli unda iyvnen mTavrobisa da 

sxva finansirebis wyaroebis finanuri mxardaWeris SesaZleb-

lobebi doneze. 

NEXUS-is kvlevis masalebze dayrdnobiT SesaZlebelia 

daskvnebis gamotana [20]. sam regionaluri lideri (samxreT 

amerika _ aSS da kanada, iaponia da dasavleT evropa) 

yovelwliurad mikrosistemebis teqnikis ganviTarebisaTvis 

xarjavs ramodenime aseul milion dolars. CineTma, taivanma da 

samxreT koream, miuxedavad imisa, rom ar gaaCniaT detalurad 

damuSavebuli nacionaluri programebi, didi adgili dauTmes  

mikrosistemur teqnikas nacionaluri ekonomikis ganviTarebaSi. 

centraluri da aRmosavleT evropis qveynebSi jer mxolod exla 

iwyeba mikrosistemuri teqnikis Canasaxebis ganviTarebis 

demonstracia, magram isini miekuTvnebian axali asociaciuri 

saxelmwifoebis ricxvs (NAS – newly associated States) da avtomaturad 

xdebian 1ST (User-friendly information Society) programis monawileni. 

dsT-s qveynebi ki jer Zalian Sors arian aseTi nacionaluri 

programebis dafinansebisgan. 
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mikrosistemuri teqnikis ganviTarebis konsolidaciis 

gaZlierebis meore donea _ asociaciis Seqmna, romelic 

zemoqmedebas moaxdens qveyanaSi mikrosistemuli teqnikis 

ganviTarebaze. rac maRalia nacionaluri programis done, miT 

metia asociacia da monawileTa didi wrea CarTuli masSi. 

mesame done _ firmebs Soris SeTanxmeba qveyanaSi 

mikrosistemuri teqnikis nakeTobebis jgufis ganviTarebaze. am 

process aqvs rogorc nacionaluri, aseve saerTaSoriso xasiaTi. 

meoTxe done _ saorganizacio struqturebis amocanebis 

realizaciis efeqturoba. es done ZiriTadad gansazRvravs 

qseliT uzrunvelyofas da internetis bazaze informaciis 

gavrcelebas. 
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3. ექსპერიმენტული ნაწილი 

3.1. Altium Designer Summer 08 – sistemaSi 

komponentebis modelebisa 

da biblioTekis damuSaveba 

 

mikroeleqtronul mrewvelobaSi ukanasknel aTwleulSi 

ganxorcielebulma revoluciam gamoiwvia eleqtronuli 

xelsawyoebisa da mowyobilobebisa iseTi nairsaxeobis gamoCena 

bazarze, rom TiToeuli maTgani yovel eqvs TveSi moralurad 

cvdeba da adgils uTmobs ufro Tanamedrove, komfortul da 

bazris moTxovnilebaze zustad orientirebul saqonels. am 

movlenis fexdafex mimdinareobs aseTive swrafi cvla da 

konkurencia im programuli paketebs Soris, romlis 

gamoyenebiTac iqmneba ufro Tanamedrove da ufro kompfortuli 

mowyobilobebi. aseTi gamudmebuli da uwyveti konkurenciis 

pirobebSi saxeze gvaqvs avtomatizirebuli daproeqtebis sistemis 

paketebis farTo asortimenti. mcireodeni damatebebis Setana da 

axali operaciuli ciklis damateba did komforts uqmnis 

damproeqteblebs da Sesabamisad gadadian ufro daxvewili da 

martivad marTvadi sistemebis gamoyenebaze. 

 

Altium Designer Summer 08  es aris yvelaze ufro 

ukanaskneli da daxvewili versia avtomatizirebuli 

daproeqtebis im mravalricxovan sistemebs Soris, romlebsac 

esoden didi warmatebiT iyeneben damproeqteblebi. eleqtruli 

sqemebis daproeqtebisas daproeqtebis avtomatizirebuli sistemas 

monacemTa bazaSi unda arsebobdes srulyofili biblioTeka im 

komponentebisa, romlebis safuZvelzec ganxorcieldeba 

nebismieri sirTulis eleqtuli sqemis daproeqteba. Altium 

Designer Summer 08-iT warmodgenili biblioTeka Seicavs 86000 

komponents   
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(www.altium.com/Community/support/Libraries/Designer6libraries - yvela 

biblioTekis aRwera).  

Altium Designer Summer 08  -is biblioTekis koncepcia 

komponentebi warmoadgenen eleqtronuli nakeTobebis 

ZiriTad blokebs. proeqtis momzadebisa da damuSavebis dros 

saWiroa maTi warmodgena sxvadasxvagvarad: logikuri simbolo 

sqemaze (lss), paltaze dasmis adgili (Footprint), modelirebisaTvis 

Space formatSi aRwera, IBIS-modelSi aRwera, samganzomilebian 

sivrceSi mza platis  moculobiTi warmodgenisaTvis da 

signalebis srulyofilebis analizisaTvis. Altium Designer –Si 
logikuri simbolo aris sawyisi wertili. TiToeuli komponenti 

gansazRvrulia minimum dasaxelebiT mainc sqemebis biblioTekaSi. 

is SeiZleba Seicavdes gamomyvanebs da grafikul simbolos 

erTeulovani an mravalseqciuri warmodgeniT da gaaCndes 

alternatiuli asaxva. aRsaniSnavia rom iqamde sanam komponentSi 

ar aris damatebuli modeli, maTi praqtikaSi gamoyeneba ar 

SeiZleba. 

 Altium Designer–is farglebSi erTmniSvnelovni 

gagebisTvis ganvmartoT xSirad gamoyenebuli terminebi.  

 komponenti: proeqtSi gamoyenebuli obieqtis saerTo 

dasaxeleba. 

 simbolo: sqemaze ganlagebisaTvis komponentis grafikulad 

warmodgenis saerTo dasaxeleba. simbolo SeiZleba Seicavdes 

grafikul obieqtebs, romlebic gansazRvraven mis garegnul saxes 

da gamomyvanebs eleqtruli SeerTebebisaTvis.  

 fizikuri komponenti SesaZlebelia damontaJebuli iyos 

plataze. 

logikuri simbolo: fizikuri komponentis sqemuri 

warmodgena. 

 nawili (seqcia): zogierTi komponenti, rogorebicaa 

rezistorebis jaWvi an rele, SeiZleba agebuli iyos seriulad 

calke seqciebis (nawilebis) saxiT, romlebic Tavis mxriv 
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SesaZlebelia ganlagebulni iyvnen sqemaze damoukideblad 

(ganixileba, rogorc mravalseqciuri komponenti). 

 modeli: warmoadgens komponents, romelic gamoiyeneba 

praqtikuli moqmedebis sxvadasxva sferoSi.  

 

 

 

naxazi 9. komponentis modelebis failSi warmodgenis sxvadasxva 
varianti 

 

dasmis adgili: es dasaxleba gamoiyeneba modelebisaTvis, 

romelic warmoadgens komponents damzadebul beWdur plataze. 

dasmis adgili erTad ajgufebs sqemaze kontaqturi velebs da 

komponentis korpusis gamosaxulebebs. is gansazRvravs platis 

nawils, romelic saWiroa montaJisa da plataze komponentis 

fizikuri SeerTebebisaTvis. 

71 



 biblioTeka: es aris faili, romelic Seicavs 

komponentebisa da modelebis krebuls. 

modelebis biblioTeka: faili, romelic Seicavs 

komponentebis modelebis krebuls. 

  komponentebis biblioTeka: faili, romelic Seicavs sqemuri 

komponentebis krebuls. 

 integrirebuli biblioTeka: faili, romelic Seicavs 

sqemuri komponentebis da maTi asocirebuli modelebis krebuls. 

 monacemTa bazebis biblioTeka: komponentebis biblioTeka, 

sadac yvela simbolos aqvs miniSneba, kavSirebis modeli da 

parametruli informacia, romelic inaxeba ODBC (Open database 

connectivity – Ria monacemTa bazebTan dasakavSirebeli interfeisi) 

safuZvelze arsebul monacemTa bazaSi, ADO (ActiveX Data Objects – 

ActiveX –is komponentebis krebuli, romelic gamoiyeneba 

monacemTa bazebSi SesaRwevad) an Exel-is cxrilis warmodgenil 

bazaSi. 

 sqemaze ganlagebis stadiaSi proeqti warmoadgens im 

komponentebis krebuls, romlebic erTmaneTan dakavSirebulni 

arian logikuri kavSirebiT (nax.1). proeqtis testirebisa da 

realizaciisaTvis saWiroa funqcionirebis Semowmebis sxva 

sferoSi gadasvla. es aris modelireba, platis formireba, 

signalebis srulfasovani analizi da sxva. 

 praqtikuli realizaciis TiToeuli sfero moiTxovs 

informacias komponentebis Sesaxeb, aseve am informaciis gamyvani 

simboloebis gadanawilebis gzebze. am informaciis zogierTi 

nawili realizaciisaTvis ganTavsebulia modelebis failSi, 

romlis formati Cveulebriv winaswar gansazRvrulia.  

 aRsaniSnavia, rom signalebis srulyofis modeli IBIS da 

VRML (Virtual reality modeling language _ vituauri realobis 

saerTaSoriso ena) an IGES 3D (grafikuli informaciis gacvlis 

saerTaSoriso ena) windawin unda iyos importirebuli Altium 

Designer-is modelis formatSi. IBIS modeli importirdeba 
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uSualod Signal Integrity Model dialogis fanjridan, romelic 

ixsneba SI modelis damatebisas komponentSi. VRML da IGES 

modeli ki Semotanili unda iyos PCB3Dlib-Si manamde sanam isini 

daematebian sqemis komponentebSi.  

 domenis yvela saWiro informacia inaxeba sqemis 

komponentis SigniT, romelic calkeuli damatebuli 

modelisaTvis Seinaxeba calkeuli interfeisis saSualebiT (sur. 

2). dakompleqtebuli modeli warmoadgens komponentSi Senaxuli 

modelebis gavrcelebuli informaciis kombinacias, xolo 

modelebis domenis Sesaxeb informacia inaxeba modelebis 

biblioTekaSi. 

 

 

naxazi 10. kavSirebi TiToeul modelSi da misi nebismieri gadanawileba 
moiTxovs modeli gansazRvras Sesabamis dialogis fanjaraSi 

 

Altium Designer-is saSualebiT xelmisawvdomia oTxi tipis 

biblioTekis gamoyeneba.  

 modelebis biblioTeka _ calkeuli olqebisaTvis modelebi 

inaxebian `sacavebSi~, e.w. modelebis biblioTekaSi. SPICE –is 
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sistemaSi erTi modeli inaxeba erT failSi da asevev ganixileba 

rogorc erTi damoukidebeli faili (*.MDL, *.CKT). sxva 

sistemebSi modelebi jgufdebian Cveulebrivad failebis 

biblioTekaSi, momxmareblis davalebis mixedviT (*.PcbLib). 

 simboloebis biblioTeka _ Seicavs sqemis komponentebs da 

maTi modelebis ganmsazRvrel interfeiss (*.SchLib). yoveli 

modelis ganmsazRvreli interfeisi mierTebulia Tavis Sesabamis 

modelebis biblioTekasTan.  

integrirebuli biblioTeka _ es aris simboloebis 

biblioTekis krebuli, romelic masTan mierTebuli modelebis 

biblioTekebTan erTad `kompilirebulia~ integrirebul 

biblioTekaSi (*.IntLib). integrirebuli biblioTekebis Seqmnis 

upiratesoba isaa, rom komponentebis sruli informacia 

xelmisawvdomia erT failSi. integrirebuli biblioTekebis 

redaqtireba SeuZlebelia wyaroebis gaxnisa da xelaxali 

kompilirebiT.  

 

 

 

naxazi 11. komponentebis redaqtoris interfeisi 
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naxazi 12. simboloebis redaqtoris samuSao sivrcis gawyoba 

 

monacemTa bazebis biblioTeka _ es aris biblioTeka, sadac 

yvela simbolo, dakavSirebuli modelebi da parametruli 

informacia inaxeba ODBC, ADO an Exel-is cxrilis formatis 

monacemTa bazebSi. bazaSi monacemis yoveli Canaweri, aseve yvela 

Senaxuli parametri warmoadgens calkeul komponents. Canaweri 

SeiZleba Seicavdes miniSnebas inventaris uwyisze an 

komponentebis sxva korporaciul monacemebze. 

aseTi midgomiT sqemuri komponentebi gamoiyenebian mxolod 

simboloebis saxiT (maT ar gaaCniaT modelze miniSneba, 

aRwerilia sqemur biblioTekaSi) stantartul biblioTekebSi 

Senaxuli dasmis adgilebis, 3D komponentebis da sxv. modelebis 

gamoyenebiT (dasmis adgilebi an 3D-modelebi). 

monacemTa bazebis biblioTekis interfeiss warmoadgens 

*.DBLib dokumenti, romelic aRwers, Tu monacemTa bazebis 

romeli velebi saWiroa da komponentis romel paramatrs asaxavs 
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baza. DBLib monacemTa baza, iseve rogorc sistemis sxva 

bibilioTekebi, programaSi CairTveba Libraries punqtidan. 

ganTavsebis moqmedebis Sesrulebisas, monacemTa bazis 

biblioTekaSi mowmdeba komponenti da simbolo CaitvirTeba 

mocemuli sqemuri biblioTekidan da modeli daemateba nebismier 

miTiTebul models, iseve rogorc xdeba parametrebis 

SemTxvevaSi. 

 

komponenetebis pirobiTi grafikuli  

aRniSvnis damuSaveba 

 vTqvaT, programa Altium Designer ukve gaSvebulia 

kompiuterSi. axali biblioTekis SeqmnisaTvis saWiroa 

SevasruloT Semdegi operaciebi: File>new>Library>Schematic Library. 

simboloebis biblioTekasTan muSaobisaTvis saWiora gavxsnaT 

fanjara da ganvaTavsoT igi samuSao sivrcis marcxniv, ris 

Semdegac saWiroa gavawyoT samuSao sivrce, e.i. avirCioT sazomi 

erTeulebi da bade. aseTi gawyoba SesaZlebelia movaxdinoT 

fanjridan Library Editor Workspace, romelic gamoiZaxeba brZanebiT 

Tools>Document Options. gamosul fanjaraSi Units velSi airCeva 

zomis erTeulebi, romlebic SeiZleba iyos metruli an diumuri 

(Cvens SemTxvevaSi saWiroa davayenoT milimetri). Library Editor 

Options velSi saWiroa davayenoT badis biji 2,5 milimetri badis 

ori saxeobisaTvis (Snap – kursoris gadaadgilebis bade 

grafikuli brZanebis reJimSi, Visible _ ekranze gamosaxuli bade). 

am velSi badis garda SesaZlebelia kidev sxva parametrebis 

dayenebac.  

 ganvixiloT komponentis Seqmnis magaliTi mikrosqemis 

magaliTze, romelic gamosaxulia naxazze 5.  komponentis 

SeqmnisaTvis mocemuli biblioTekis komponentebis siis 

fanjaraSi SCH Library saWiroa davaWiroT Rilaks Add da gamosul 

axal fanjaraSi CavweroT axali komponentis dasaxeleba. Sedegad 
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axali komponenti daemateba biblioTekis siis CamonaTvalSi. 

komponentis Seqmnis Semdegi procesi SesaZloa gavyoT sam etapad: 

• komponentebis gamomyvanebis dayeneba; 

• simbolos grafikis daxatva; 

• parametrebis (atributebis) dayeneba. 

 

 

 

naxazi 13.  komponentis magaliTi _ K1554LA3 mikrosqema 

 

1. komponentebis gamomyvanebi iqmneba brZanebiT Place>Pin, am 

brZanebis SesrulebisTanave gamomyvani miebmeba kursors da 

am momentSi saWiroa davaWroT klaviSs Tab, raTa movaxdinoT 

gamomyvani Tavisebeurebebis dadgena. gaxsnil fanajaraSi 

(naxazi 6), saWiroa mivuTiToT dasaxeleba da im gamomyvanis 

poziciuri aRniSvna, romelic Seesabameba mikrosqemis 

korpusis gamomyvanis nomers. aucilebeli agreTve gamomyvanis 

sigrZis miTiTebac, sul mcire 2,5 mm; danarCeni parametrebi, 

rogorebicaa gamomyvanis eleqtruli tipi da specialuri 

simboloebi, mieTiTeba mogvianebiT. gamomyvanis dayenebis 

dros igi mimagrebulia kursorTan didi vertikaluri jvriT, 

meore mxares patara diagonaluri jvari ki gviCvenebs 

gamomyvanis eleqtrul daboloebas (naxazi 7). komponentis 

pirveli gamomyvanis sqemaze dasmisaTvis saWiroa igi 

SemovabrunoT 180 gradusiT, romelic xorcieldeba Space 
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(probeli) klaviSiT. gamomyvanis dasma xorcieldeba Tagvis 

marjvena Rilakze daWeriT, ris Sedegadac gamomyvanis 

eleqtul daboloebaze Cndeba oTxi TeTri wertili. 

amgvarad gakeTdeba samive gamomyvani ise, rogorc es 

naCvenebia me-5 suraTze, mxolod me-3 gamomyvans unda 

mivuTiToT inversia, romelic komponentebis parametrebis 

Tvisebebidan Outside Edge (konuris sazRvarze simbolo 

garedan) velSi Dol (inversiis niSani) niSnis amorCeviT xdeba.  

 

naxazi 14. komponentis gamomyvanebis Tvisebebi 
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naxazi 15. gamomyvanebis Seqmna 

 

2. meore etapze iqmneba pirobiTi grafikuli aRniSvnis Seqmna, 

risTvisac gamoiyeneba brZanebebi (line, Eliipses, Arc da sxva) 

Cvens SemTxvevaSi avirCioT brZaneba Place>Line da davxatoT 

marTkuTxedi, ise, rogorc es naCvenebia me-5 naxazze. dasaxazi 

xazis sisqe da Tvisebebi SesaZlebelia vcvaloT xatvis 

procesSi Tab klaviSze daWeriT. xazis sisqe mieTiTeba 

pirobiTad Smallest, Small, Medium da Large (Small Seesabameba 2,54 

mm sisqes). xatvis dros SesaZlebelia gamoviyeneoT xuTi 

rejimi, romelzedac gadarTva xorcieldeba Space klaviSiT. 

grafikuli simbolos xatvis dros SesaZlebelia  saWiro 

gaxdes badis bijis Secvla, romelic xdeba G klaviSiT (am 

dros bade ciklurad gadaerTveba 1, 2,5 da 5 mm-is 

mniSvnelobebze). saWiroebis SemTxvevaSi CavrToT badis biji, 

davaWiroT klaviSebs V da G mimdevrobiT, ris Sedegadac 

CamoiSleba meniu, sadac avirCevT brZanebas Set Snap Grid. 

mikrosqemis pirveli kvanZis Seqmnis msgavsad saWiroa 

gavimeoroT yvela zemoT aRwerili operacia da SevqmnaT 

danarCeni samic, amasTan erTad simboloebze gamomyvanebis 

aRmniSvnelebs unda mivceT saTanado realuri numeracia. 

komponentis SigniT yoveli axali kvanZis Sesaqmnelad 

sruldeba brZanebaTa Semdegi cikli Tools>New Part. Cveni 

sqemis pirobebSi 7 da 14 gamomyvanebi miekuTvneba damiwebas 

da kvebas da maT Cveneba sqemaze ar warmoadgens 

aucileblobas. uxilavi gamomyvanebis daproeqtebisaTvis 

saWiroa (brZanebiT Place>Pin) Tab klaviSiT komponentebis 

Tvisebebis punqtidan Sesabamisi aRniSvnis da dasaxelebis 
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amorCevis Semdeg CavrToT opcia Hide da velSi Connect To 

mivaniSnoT im kvanZis dasaxeleba, romelsac unda miuerTdes 

mocemuli gamomyvani. aseTi gamomyvanebisaTvis iyeneben 

aRniSvnas 0 Part Number velidan, rac niSnavs rom mocemuli 

gamomyvani ar ekuTvnis mikrosqemis erT-romelime kvanZs. 

simbolos Seqmnis rezultati naCvenebia naxazze 8.  

 

 

 

 

 

 

naxazi 16. uxilavi gamomyvanebis Seqmna 
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naxazi 17. komponenis Tvisebebi 

 

3. PCad PprogramiT sqemis daproeqtebisas zemoTaRwerili 

moqmedebebis Sesrulebis Semdeg saWiroa iyo SeerTebis 

wertilis miTiTeba da aucilebeli atributis RefDes dayeneba. 

Altium designer programaSi SeerTebis adgili ganisazRvreba 

samuSao aris koordinatis sawyisiT, poziciuri aRniSnva 

(RefDes) ki avtomaturad daemateba mikrosqemis korpuss. 

simbolos Seqmnis mesame etaps ki warmoadgens atributis 

damateba, romlebic SemdgomSi SeiZleba gamoyenebulni iqnen 

teqsturi dokumentaciis gaformebisaTvis. PCAD-Si es etapi 

mikrosqemis komponentis Seqmnis bolos sruldeboda Library 

Executive danarTSi. Altium designer programaSi ki iqidan 

gamomdinare, rom biblioTekis strutura Seicvala komponenti 

iqmneba ukve am etapze. komponentis atributebis Sesaqmnelad 

saWiroa SevasruloT SCH Library velSi mis dasaxelebaze 

Tagvis Rilakze orjer dawkapuneba. gamosul komponentebis 
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Tvisebebis fanjaraSi (naxazi 9) saWiroa mieTiTos komponentis 

poziciuri aRniSnvis prefiqsi da saWiroebis SemTxvevaSi 

davamatoT parametrebi, romlebic SemdgomSi SesaZloa 

gamoyenebul iqnes specifikaciis Sesaqmnelad an elementebis 

CamonaTvalisaTvis. OK Rilakze daWeris Semdeg saWiroa 

movaxdinoT biblioTekis monacemebis Senaxva disketis formis 

piktogramaze dawkapunebiT. 

 

komponentebis damagrebis adgilebis (Footprint) 

damuSaveba 

 

SpCad programaSi komponentebis bazebis realizaciisaTvis 

gamoiyeneboda erTi tipis biblioTeka (.lib gafarToebiT). es 

bibilioTekebi warmoadgenda integrirebul biblioTekebs, radgan 

masSi inaxebeoda simboloebi, komponentis damagrebis adgilebi 

da TviTon komponentebi) Altium Designer programaSi rogorc 

ukve aRvniSneT, calkeuli tipis obietebisaTvis arsebobs calke 

biblioTeka, amasTan erTad simboloebis biblioTEka warmoadgens 

komponentebis biblioTekas, mxolod damagrebis adgilebis 

biblioTekas gaaCnia gansxvavebuli gafarToveba. yvela sxva tipis 

modelebs (3D; Spice, IBIS) ar gaaCniaT Tavisi tipis biblioTekebi 

da inaxebian calkeuli failebis saxiT. 

maSasadame, SevqmeniT komponenti K1554LA3 mikrosqemis saxiT, 

axla ki saWiroa SevqmnaT am mikrosqemisTvis damagrebis adgili. 

daviwyoT axali biblioTekis Seqmna, risTvisac SevasruloT 

brZaneba File>New>Library>PCB Library.  

damagrebis adgilis redqtorTan muSaobisaTvis gamoiyeneba 

PCB Library fanjara, romelic avtomaturad ar gaiSveba. am 

fanjris gamoZaxebisaTvis saWiroa movZebnoT PCB fanjara ekranis 

marcxena qveda mxareSi, ris Sedegadac programis interfeisi 

miiRebs naxazze 10 gamosaxul saxes. 
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naxazi 18. damagrebis adgilebis redaqtoris interfeisi. 

 

parametrebis dayenebisaTvis SevasruloT brZaneba 

Tools>Library Options, da ekranze gamova fanjara, romelic 

naCvenebia 11 naxazze, sadac gamofenilia zomis erTeulebi (velSi 

Units), badis biji (Snap Grid), da badis biji komponentebis 

damagrebisaTvis (Component Grid, biblioTekebisTvis es bade ar 

gamoiyeneba) da ori xiluli bade (Grid1 da Grid2). xiluli bade 

CairTveba Snap Grid badis mimarTebaSi, pirveli toli unda iyos 

badis bijis, meore _ aTjer meti. am dros badis gawyoba Altium 

Designer sistemaSi identuri iqneba PCAd sistemaSi badis gawyobisa. 

mocemul fanjaraSi sxva parametrebis am momentisaTvis ar aris 

mniSvnelovani amitom OK RilakiT vadasturebT cvlilebas. axla 

ekranze gamoCndeba naTeli bade, xolo masStabis gazrdiT 

gamoCndeba muqi bade. 
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naxazi 19. damagrebis adgilebis redaqtoris samuSao sivrcis gawyoba. 

 

 

 

axla gadavideT uSualod damagrebis adgilebis Seqmnaze, 

romelic xorcieldeba ori ZiriTAdi etapis saSualebiT:  

• kontaqturi velis mowyoba; 

• komponentis korpusis grafikuli gamosaxulebis 

Seqmna. 

damagrebis adgilis Seqmna SesaZlebelia ori meTodiT: 

xeliT da ostatis daxmarebiT. jer ganvixiloT rezistoris 

damagrebis adgilis Seqmna xeliT, xolo Semdeg zemoT aRwerili 

mikrosqemis damagrebis adgilis realizacia ostatis daxmarebiT. 
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naxazi 20. kontaqturi velis parametrebi. 

damagrebis axali adgilis SeqmnisaTvis SevasruloT 

brZaneba Tools>New Blank Component, Semdeg PCB Library fanjaraSi 

gamoCndeba axali damagrebis adgili pirobiTi dasaxelebiT. 

imisaTvis rom mivaniWoT sasurveli dasaxeleba Sesaqmnel 

korpuss, saWiroa PCB biblioTekaSi mis warweraze orjer 

davawkapunoT Tagvis Rilaki da davaweroT sasurveli warwera 

(Cvens SemTxvevaSi Resistor). 
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1. kontaqturi velebis SeqmnisTvis SevasruloT brZaneba 

Place>Pad da Tab klaviSis daxmarebiT movaxdinoT kontaqturi 

velebis aRwera. gamoCenil fanjaraSi (naxazi 12) saWiroa 

SeviyvanoT xvrelis parametrebi (velSi Hole Information) da 

kontaqturi velebis parametrebi (velSi Size da Shape). amis 

garda, SesaZlebelia mivuTiToT sxva parametrebic, amasTan 

erTad saWiroa mieTiTos fena im zedapiris qveSi sadac 

sruldeba montaJi. Tavdapirvelad unda mivaniSnoT fena velSi 

Layer, ris Sedegadac Hole Information veli iqneba SeuRwevadi. 

kontaqturi velebis numeracia saWiroa daviwyoT 1-dan. 0 

nomeri Cveulebriv gamoiyeneba Casamagrebeli xvrelisTvis. 

rezistorisaTvis keTdeba ori kontaqturi veli, romlis 

drosac erTi aris koordinatis dasawyisSi, xolo meore 10 

milimetris marjvniv (ZiriTadi badis 4 biji). 

2. damagrebis adgilis Seqmnis meore variants warmoadgens 

grafikis damuSavebaa. igi unda Sesruldes gansazRvrul 

fenaSi. Cvens SemTxvevaSi komponentis korpusis konturi 

Sesrulebuli unda iqnes Top Overlay. fenis amorCeva 

xorcieldeba maTi Sesabamisi dasaxelebis RilakebiT, 

romlebic ganlagebulni arian ekranis qveda nawilSi (naxazi 

10). amis Semdeg amorCeul fenaSi SevqmnaT komponentis konturi 

Place>Line brZanebis daxmarebiT, romelsac gansxvavebulia 

simboloebis Seqmnis analogiuri brZanebebisgan. pirvel rigSi, 

G klaviSiT badis gadarTva xdeba ara winaswar miTiTebuli 

mniSvnelobebiT, aramed siidan badis amorCeviT (SesaZlebelia 

mivaniWiT samomxmareblo mniSvneloba Set Snap Grid). meore rigSi 

ki xatvis xuTi reJimis nacvlad, TiToeuli reJimi gayofilia 

qvereJimebad, romelic gamosaxulia naxazze 13. reJimebis 

gadarTva SesaZlebelia Shift+Space klaviSebis kombinaciiT. 

qvereJimebis gadarTva ki xorcieldeba Shift klaviSiT. xatvis 

dasrulebis Semdeg rezistoris korpuss eqneba naxazze 14 

naCvenebi gamosaxulebis saxe. 
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naxazi 21. xazis daxatvis reJimebi 

 

am redaqtoris gansakuTrebulobas (PCAd redaqtorTan 

SedarebiT) warmoadgens Semdegi: 

ar idgmeba atributi RefDes, aq, iseve rogorc simboloebis 

redaqtorSi, igi avtomaturad ganTavsdeba komponentis korpusis 

qveS. 

 

 

naxazi 22. damagrebis adgilis saboloo saxe. 
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naxazi 23. damagrebis adgilebis Seqmnis ostati. 

 

ar mieTiTeba damagrebis wertili, Sesabamisad ar 

funqcionireben elementebi: Glue Point (damagrebis wertili), Pick 

Point (CaWeris wertili avtomaturi damagrebisaTvis)) da Test Point 

(testirebis wertili). damagrebis wertili avtomaturad 

fiqsirdeba koordinatis dasawyisSi, xolo wertilebi Glue Point 

da Pick Point emTxvevian am wertils. amitomac Tu aucilebeli 

xdeba maTi gamoyeneba, saWiroa koordinatis dasawyisi 

ganvaTavsoT komponentis geometriul centrSi. aseTi operacia 

mosaxerxebelia gamoviyenoT damagrebis adgilebis damuSavebis 

dasasruls (brZanebiT Edit>SetReference> center). 

 axla, mas mere, rac rezistoris damagrebis adgili 

damuSaveba SevasruleT, ganvixiloT ufro rTuli mikrosqemis 

damagrebis adgilis momzadeba ostatis daxmarebiT. ostatis 

funqciis gaSveba xorcieldeba brZanebiT Tools>Component Wizard. 

ekranze gamoCndeba damagrebis adgilebis Semqmneli ostatis 

dialoguris fanjara. Next Rilakze daWeris Semdeg 

SemoTavazebuli iqneba koprusis tipis da ganzomilebis 

erTeulis amorCevis veli. (naxazi 14). amis Semdeg, nabij-nabij 
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SemoTavazebuli iqneba parametrebis krebuli, romelic aRwers 

Sesaqmnel models, magaliTad _ kontaqturi velebis parametrebi, 

gamomyvanebis ricxvi, koprusis xazis sisqe da a.S. Cvens SemTxve-

vaSi SevqmnaT 14 gamomyvaniani korpusi. bolo etapze Semo-

Tavazebuli iqneba damagrebis adgilebis dasaxelebis miniWeba. 

 ostatTan muSaobis damTavrebis Semdeg saWiroa biblio-

Tekis monacemebis Senaxva, romelic xorcieldeba disketis for-

mis piktogramaze dawkapunebiT. amis Sedegad ukve gveqneba ori 

tipis biblioTeka: erTSi Senaxuli iqneba mikrosqemis simbolo, 

xolo meoreSi rezistoris da mikrosqemis damagrebis adgili. 

Cveni samuSaos bolo etapi, romlis Sedegadac SesaZlebeli iq-

neba sruladfunqcionirebadi komponentis gamoyeneba sqemaze an 

plataze, uzrunvelyofs komponentis modelis damagrebis adgi-

lebze SeerTebas. es procedura SesaZlebelia ganxorcieldes 

sxvadasxva saSualebebiT da meTodebiT. arsebobs biblioTekebis 

realizaciis ramodenime varianti. ganxilul varianSi naCvenebia 

meTodi, romelic gvTavazobs yvela komponentisa da modelebis 

Senaxvas integrirebuli biblioTekebis saxiT. 

 integrirebuli biblioTekebis SeqmnisaTvis SevasruloT 

brZaneba: File>New>Project>Integrated Library, ris Sedegadac Project 

velis struqturaSi Caemateba axali dokumenti, romelic saWiroa 

SevinaxoT Semdegi meTodiT: masze Tagvis marjvena Rilakis daw-

kapunebis Semdeg SevasruloT brZaneba Save Project. axala aucile-

belia davamatoT Seqmnili proeqtis struqturaSi adre Seqmnili 

biblioTekebi maTi Project velis xeSi gadaTreviT (naxazi 16). 

 rogorc ki yvela saWiro biblioTeka aRmoCndeba integ-

rirebuli biblioTekebis struqturaSi, SesaZlebeli iqneba mo-

delebis SeerTeba Sesabamis komponentTan. Cvens SemTxvevaSi auci-

lebelia gavxsnaT simboloebis biblioTeka: modelebis SeerTebis 

fanjaraSi davawkapunoT Rilakze Add Footprint (naxazi 3).  
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naxazi 24. integrirebuli biblioTekis Seqmna. 

 

 

 

 

naxazi 25. damagrebis adgilebis SeerTeba. 

 

 

 

 

 

90 



3.2. Altium Designer  programul paketSi 

sxvadasxva ierarqiul doneze 

kavSirebis realizacia 

 

am TavSi mravalricxovan proeqtebSi beWduri platebis 

ierarqiebSi kavSirebis Seqmnis yvela SesaZlo varianti  kompiu-

teruli avtomatizirebuli proeqtirebis  sistemis Altium Designer-

is gamoyenebiT. CamoTvlilia  programaSi gamoyenebuli yvela 

identifikatori (jaWvis niSnulebi) da ganxilulia TiToeuli 

tipisaTvis  identifikatoriT marTvis yvela saSualeba. 

  radioeleqtronuli saSualebebis damuSavebisas 

principialuri eleqtruli sqemebis Seqmnis etapze xSirad 

gamoiyeneba ierarqiuli da mravalkristaliani struqturebi. 

sqemoteqnikebi iyeneben mravalfenovan proeqtebs sxvadasxva 

mizezis gamo. pirvel rigSi seqmebis zomebis gamo; zogierTi pro-

eqti imdenad didi da rTulia, rom maTi erT fenaze ganlageba 

ubralod SeuZlebelia. da Tundac proeqti ar iyos didi da 

rTuli, arsebobs misi sxvadasxva fenaze ganTavsebis kidev sxva 

upiratesobac. magaliTad, SeiZleba CarTulia sxvdasxva 

funqcionaluri modulebis elementebi, organizacia, romelSic 

erTi proeqtis damoukidebel sqemebze muSaobs sxvadasxva 

inJineri. da kidev erTi martivi mizezi, SeiZleba gamoyenebuli 

iyos mxolod A4 formatis zomis sabeWdi mowyobiloba. 

programa Altium Designer-Si mravalfeniani proeqtis 

SeqmnisaTvis arsebobs problemis gadawyvetis ori gza: fenebs 

Soris struqturuli gawyoba da am fenebze sqemis fragmentebs 

Soris kavSirebis gamoyeneba. konkretuli arCevani damokidebulia 

TiToeuli proeqtis zomaze da tipze. 

sxvadasxva donis fenebs Soris signalebis gadacemis 

erTaderT meTods warmoadgens identifikatorebis gamoyeneba, 

romlebic qmnian sqemis elementebs Soris ufro iol logikur 

SeerTebas, vidre es SeerTeba fizikuri (gamtarebiT) SeerTebebiT. 
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identifikatorebi SesaZlebelia gamoviyenoT erTi fenis 

farglebSi, rogorc es naCvenebia naxazze 1. magram maTi ZiriTadi 

daniSnulebaa _ mTeli proeqtis SigniT globaluri kavSirebis 

realizacia.  Cven dawvrilebiT ganvixilavT  identifikatorebis 

saSualebiT yvela obieqtis kavSirebs. 

zogierT konstruqtors miaCnia, rom sxvadasxva tipis 

identifikatorebs (rogorebicaa kavSirebis niSnulebi da por-

tebi), romlebsac gaaCniaT erTidaigive dasaxeleba logikurad 

iqnebian dakavSirebulni. faqtiurad es ase ar aris.  sxvadasxva 

tipis identifikatorebs SesaZloa hqondeT sxvadasxva 

dasaxeleba, magram miuxedavad amisa, erTiani kavSiris (jaWvis) 

formirebis mizniT erTiandebian. 

sxvadasxva tipis identifikatorebi, SesaZloa fizikurad 

SeerTebulni iyvnen erT fenaze, magram amave dros arc erT 

maTganze vizualurad ar SeiZleba iTqvas, Tu rogori kavSiri 

gaaCniaT  maT mravalfenian proeqtSi. fenaTSorisi kavSirebis 

realizacia damokidebulia proeqtSi gamoyenebul identifika-

torebze da maT moqmedebaze dadgenil SezRudvebze. 

 

 

identifikatorebi 

 

programa Altium Designer-Si sxvadasxva donis ierarqiebze 

kavSirebis realizaciisaTvis gamoiyeneba ramodenime tipis 

identifikatori da TiToeul maTgans gaaCnia Tavis daniSnuleba. 

yvelaze ubralo identifikators warmoadgens kavSiris niSnuli. 

maTi pirveladi amocanaaa fenaze gamtarebis SeerTebis 

funqcionaluri daniSnulebis gamosaxva (ix. cxrili).   

manam, sanam SesaZlebelia da proeqti ar zRudavs, kavSiris 

niSnulebi SesaZlebelia gamoviyenoT ara mxolod lokaluri 

SeerTebebisaTvis, aramed fenaTSoris kavSirebisaTvis. 

portebic kavSiris niSnulebis analogiurad, SesaZlebelia 

gamoviyenoT lokaluri SeerTebebisTvis erT dokumentSi, magram 
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kavSiris niSnulebisgan gansxvavebiT, Tavidanve portebi 

gankuTvnilia fenaTSoris SeerTebebisTavis. isini axorcileleben 

horizontalur da vertikalur kavSirebs. 

horizontaluroba warmoadgens farTod gavcelebul 

funqcias, imdenad, ramdenadac is ar aris mgrZnobiare 

maravalfenovan struqturaSi erT kavSirSi aerTianebs 

erTsaxelian portebs mTels sqemaze. vertikaluri SeerTebebi ki 

aris advilad marTvadi, radgan isini aerTianeben kavSirebs 

mxolod daqvemdebarebul da monaTesave fenebs Soris. portis 

SeerTebis adgilas, vertikaluri SeerTeba sruldeba 

daqvemdebarebuli fenis portsa da Sesasvleli fenis simbolos 

Soris monaTesave dokumentze. es fenis Sesasvleli ganTavsebuli 

unda iyos fenis simbolos farglebSi miniSnebiT gansazRvrul 

daqvemdebarebul fenaze. aseTnairad, vertikaluri SeerTeba 

gamoiyeneba ierarqiis sxvadasxva doneze fenebis SeerTebisaTvis. 

fenaTSorisi SeerTeba warmoadgens Sualedur rgols, 

romelic saSualebas iZleva proeqtis farglebSi arCeuli 

fenebis jgufs Soris daamyaros horizontaluri kavSirebi. am 

fenebis dajgufebisaTvis saWiroa mravalricxovani fenebis 

dasaxeleba ganvaTavsoT fenis erTi simbolos Fileneame-s velSi 

da gamovyoT erTmaneTisgan wertil-mZimiT. am signalebisaTvis 

fenaTSorisi SemaerTeblebi unda ganvalagoT ise, rom isini 

imyofebodnen am jgufibis fenebs Soris. erTsaxeliani 

fenaTSorisi SemaerTeblebi SeerTebulni iqnebian mxolod im 

fenebis farglebSi, romelnic dajgufebulni arian monaTesave 

fenis simboloze. Tu fenis simboloze warmodgenilia mxolod 

erTi daqvemdebarebuli fena, maSin misi fenaTSorisi 

SemaerTeblebi ar iqnebian dakavSirebulni erTnairi tipis 

SemaerTeblebiT, romlebic SesaZlebelia arsebobdnen proeqtis 

sxva adgilebSic.  

Zalovani portebi ar arian mgrZnobiareni proeqtis 

struqturis mimarT da erTsaxelian Zalovan portebs aerTianeben 
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yvela dakavSirebul fenas Soris (magaliTad, kvebis da damiwebis 

porti). 

uxilavi gamomyvanebi simbolosaTvis SesaZlebelia Seyvanil 

iqnas biblioTekaSi da CarTuli iqnas gansazRvruli jaWvis 

mimarT mniSvnelobis uSualo dayenebiT velSi Connect to 

(dialogSi Pin Properties). proeqtSi Zveli versiebidan uxilavi 

gamomyvanebis Semotanis SemTxvevaSi maT aqvT jaWvis dasaxeleba 

da ganTavsebulni arian am velSi avtomaturad.  

kavSirebis niSnulebze, portebze, fenis Sesasvlelebze, 

fenaTSoris SemaerTeblebze da Zalovan portebze ufro 

dawvrilebiTi informaciis miReba SesaZlebelia Tu kursors 

ganvaTavsebT identifikatorze da F1 klaviSze daWeriT 

gamoviZaxebT sqemis redaqtors.  

 

jaWvis inversiuli identifikatori 

 

Tu saWiroeba moiTxovs kavSiris niSnuli, fenis 

Sesasvleli an porti aRniSnuli iyos inversiis niSniT, es 

SesaZlebelia ori meTodiT: 

1. SeviyvanoT simbolo `\~ jaWvis saxelSi yoveli 

simbolos Semdeg (magaliTad, E\N\A\B\L\E\);  

2. gavaaqtiuroT opcia Single ‘\’ Negation, Semdeg 

Schematic>Graphical Edtting dialogis fanjaraSi 

DXP>Preferencec, Semdeg SeviyvanoT erTi simbolo `\~ 

jaWvis saxelis dasawyisSi (magaliTad, \ENABLE). 

 

 

SeZRuduli moqmedebis identifikatorebis dayeneba 

 

 programa Altium Designer platebis yovel axal proeqtSi 

identifikatorebis moqmedebis SezRudvisTvis iyenebs gansazRvris 

avtomatur reJims. 

 Tu kompilaciisas aRmoCenili iqneba warmodgenil 

damuSavebul proeqtSi fenis mxolod erTi Sesasvleli mainc, 
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maSin avtomaturad iqneba amorCeuli ierarqiuli SezRudvebi 

vertikaluri kavSirebisTvis. kavSiris niSnulebi da portebi 

gamoyenebul iqnebian erT fenaSi (Cveulebriv)  lokaluri 

SeerTebebisaTvis, magram portebs eqnebaT mxolod fenaTSoris 

kavSirebi, Tu mTavari fenis simboloze ganTavsebuli iqneba 

Sesabamisi fenis Sesasvleli. Tu mocemulia ierarqiuli 

SezRudva, portebi da kavSiris niSnulebi ar amyareben logikur 

kavSirs proeqtis sxva fenis jaWvis erTsaxelian 

identifikatorebTan. 

 Tu sqema Seicavs portebs, magram ar gaaCnia fenis 

Sesasvleli, maSin avtomaturad CaiTveba portebisaTvis 

globaluri SezRudva. es niSnavs, rom mTel proeqtSi portebi 

CaiTvlebian horizontalurad miuxedavad mravalfeniani 

struqturisa da gaaerTianeben erTsaxelian portebs erT 

kavSirSi (jaWvSi). kavSiris niSnulebi am dros Seqmnian mxolod 

lokalur SeerTebas.  

 Tu proeqtis sqema ar Seicavs fenis arc Sesasvlels da 

arc ports, maSin avtomaturad ganisazRvreba kavSiris 

niSnulebis satatusi globaluramde. 

 fenaTSoris SemaerTeblebs, Zalovan portebs da specialur 

uxilav gamomyvanebs identifikatorebis SezRudvis miuxedavad 

gaaCniaT mudmivi daniSnuleba da moqmedebis principi. 

 Altium Designer-s SeuZlia awarmoos sruli kontroli 

kavSiris identifikatorebis SezRudvebze (Net Identifler Score). 

kontroli SesaZlebelia punqtiT Options, dialogis fanjridan 

Options for Project, Semdegi operaciebis Sesrulebis Sedegad 

Project>Project Option. Option punqtis gadarTvebis Sedegad 

SesaZlebelia SevitanoT cvlileba mTels proeqtSi 

identifikatorebis SezRudvis gansazRvrisa da avtomaturi 

gawyobis TvalsazrisiT. kontroli gulisxmobs SezRudvebs, ris 

Sedegadac identifikatorebi (niSnulebi, kavSirebi da portebi) 

mTel proeqtSi miiReben SeerTebebis gansazRvrul tips 

(globalurs an lokalurs). 
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 struqturis TvalsazrisiT, yvela mravalfeniani proeqti 

organizebulia ierarqiulad, Tundac ierarqia Seicavdes or 

fenas (magaliTad, zeda fena, romelic Seicavs im fenis 

simboloebs, romelic mas eqvemdebareba da warmoadgens mis qveda 

fenas). amasTanave proeqti SeiZleba Sesruldes an erT fenaze, an 

ierarqiuli struqturiT. maT Soris ZiriTadi gansxvaveba isaa, 

rom ierarqiul proeqtebSi signalebi Seqmnili struqturis 

Sesabamisad gadairTvebian fenebs Soris, im dros, roca 

erTdoniani proeqtebi ar saWiroeben fenebis struqturul 

organizacias [22]. 

 aRsaniSnavia, rom Tanamedrove sqemebis proeqtirebisas 

aucileblad iyeneben ierarqiul struqturas, radgan igi 

amcirebs xarjebs da sqemis zomebs, rac metad mniSvnelovani 

faqtoria Tanamedrove eleqtronuli aparaturis Seqmnis 

sakiTxSi. 

 

 

erTdoniani proeqtebi zeda donis fenis gareSe 

 

 Tu dasamuSavebeli proeqti ar aris ierarqiuli, 

magaliRad, sqemis yvela fena ganfenilia erTsa da imave doneze, 

furclis simbolos gareSe, romelzedac miTiTebulia 

daqvemdebarebuli fena, maSin aseT proeqts ewodeba erTdoniani 

proeqti. am SemTxvevaSi aucilebeli ar aris zeda donis fenaSi, 

romelic Seicavs mxolod fenis simboloebs, mieTiTos sqemaze. 

zeda donis fenis arsebobis aucilebloba gamowveuli proeqtis 

failis ar arsebobiT, programuli uzrunvelyofis faili ki 

damokidebulia umaRlesi donis fenis simboloebze, proeqtSi 

arsebuli dokumentebis gansazRvrisaTvis. iseTi proeqtis 

testirebisaTvis, romelsac zeda donis fena ar gaaCnia, saWiroa 

opciaSi Projects davaWiroT failis saxels da CamoSlil meniuSi 

mivuTiToT brZanebaze Remove from Project. 
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 erTdoniani proeqti, romelic Seicavs zeda donis fenas, 

iqneba koreqtulad kompilirebuli, magram Altium Designer programa 

saWiroebis SemTxvevaSi iZleva SesaZleblobas proeqti gakeTdes 

zeda fenis gareSec.  

 

 

kavSirebis tipebis proeqtebis magaliTebi 

 

 Semdegi oTxi magaliTi gviCvenebs, rogor ganvsazRvroT an 

amovirCioT identifikatorebis SezRudva, romlebic calkeuli 

jaWvis niSnulebis da portebis ierarqiul struqturaSi 

moaxdens gavlenas kavSirebze. mexuTe magaliTi gviCvenebs, Tu 

rogor muSaobs fenaTSorisi SemaerTeblebi. moyvanil 

magaliTebSi naCvenebia identifikatorebis moqmedebis SezRudvis 

dafiqsireba, romelic xorcieldeba dialogis fanjaraSi Options 

for Project (Project>Project Option), opciaSi Options, CamonaTvalidan Net 

Identifier Scope-s amorCeviT. 

 pirvel magaliTSi (naxazi 2.) sqemis proetis avtomaturad 

iqneba gansazRvruli, ise rogorc mTavar sqemaze aris adgili 

fenis Sesasvleli fenis simboloebSi. jaWvis niSnulebi C1 da C2 

yovel daqvemdebarebul fenaze ar iqneba SeerTebuli sxva fenis 

Sesabamis jaWvis niSnulebTan, magram moqmedebs TiToeuli fenis 

sazrvrebSi. am magaliTSi portebs gaaCniaT sxvadasxva saxeli, 

magram Tundac maTi saxelebi erTmaneTs emTxveodnen, isini mainc 

ver daamyareben horizontalur kavSirs sxva fenis erTsaxelian 

portebs Soris, im martici mizezis gamo, rom SezRudulia 

identifikatorebi mocemuli tipis ierarqiisaTvis. amitom es 

portebi Seqmnian mxolod vertikalur kavSirs sqemis zeda 

monaTesave fenasTan. imisaTvis rom moxdes SeerTeba, ports 

daqvemdebarebul fenaze unda hqondes erTsaxeliani Sesasvleli 

fenis SigniT Sesabamisi fenis simbolo. 

 meore magaliTSi (naxazi 3) mTavari fenis Sesasvleli 

elementebi SeerTebulia sxvadasxva fenasTan (kidev erTxel 
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aRvniSnavT, rom maT ar aqvT erTnairi dasaxeleba: es aris 

fizikuri da ara logikuri CarTva). struqturulad damuSavebul 

proeqtSi es signalebi grovdeba portTan da utoldeba 

Sesasvelebis mixedviT fenis sxva simbolebs monaTesave fenebze. 

 am proeqtSi fenebis Sesasvlelebis ar qonis SemTxvevaSi 

erTiani kavSirebis realizaciisaTvis gamoiyeneba avtomatizire-

buli daniSnulebis globaluri portebis varianti. es aris 

erTdoniani proeqti gansakuTrebuloba: imdenad, ramdenadac 

portebi arian SeerTebulni, isini iReben logikur kavSirebs 

yvela erTsaxeliani portebidan proeqtis yvela fenaze. jaWvis 

niSnulebi ar uerTdebian am process, isini arian lokalurni 

sqemis yovel fenaze. 

 ramdenadac es proeqti ertdoniania, zeda fena SesaZloa 

movaciloT proeqts da is iqneba konkretulad kompilirebuli. 

aRvniSnavT, rom Altium Designer iyenebs proeqtis fails proeqtSi 

fenebis raodenobis gansazRvrisaTvis, rac aucilebelia 

erTdoniani damuSavebisaTvis Flat tipis SezRudvebiani 

identifikatorebisaTvis. 

 magaliT 3 (naxazi 4) ar gaaCnia fenis Sesasvlelis da 

portebis elementebi. es erTaderTi SemTxvevaa, roca jaWvis 

niSnulebi avtomaturad qmnian globalur CarTvas mravalfeniani 

proeqtis yvela sqemaze. es jaWvis niSnulebi, miuxedavad mati 

struqturisa, proeqtSi SeerTebulni iqnebian erTsaxeliani 

jaWvis niSnulebiT. da isev, radganac proeqti erTdoniania, 

proeqtidan zeda fenis mocileba SesaZlebelia da proeqti iqneba 

koreqtulad kompilirebuli. 

 Semdegi variantia, magaliTi 4 (naxazi 5), romelic 

ierarqiis avtomatur gansazRvras ar eqvemdebareba, magram Altium 

Designer-Si SesaZloa miRebul iqnas gamokvleuli proeqtebis 

mxardaWerisaTvis. masSi rogorc jaWvis niSnulebi, aseve portebi 

proeqtSi Sesabamisi identifikatorebiT iReben globalur 

kavSirebs horizontalurad. erTaderTi gza aseTi tipis 

SeerTebebisa miiRweva opcia Option-s Options for Projects dialogis 
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fanjris Net Identifier Score punqtis Global (Netlabels and ports global) 

punqtiT SecvliT. 

 ramdenadac es aris erTdoniani proeqti, zeda fena 

SesaZlebelia moscildes proeqtidan da proeqti iqneba 

koreqtulad kompilirebuli (proeqtis faili iseve, rogorc wina 

or magaliTSi, TviTon Seicavs informacias proeqtSi 

formirebuli gamosavali dokumentebis Semadgenlobaze) [23]. 

 mexuTe magaliTSi (naxazi 6) zeda fena mxolod fenis ori 

simbolos daxmarebiT ukavSirdeba meoTxe daqvemdebarebul fenas. 

es xorcieldeba fenis simboloebis Name velSi ramodenime 

sqemis failebze gzavnilebis dakavSirebiT, romlebic 

erTmaneTisagan gamoiyofian wertil-mZimis saSualebiT. 

fenaTSorisi SeerTebebi fenis erT simbolos farglebSi  

Seqmnian erTdonian SeerTebas yvela dajgufebul fenas Soris, 

maSinac ki Tu proeqtis sxva fenebi iyeneben erTsaxelian 

vertikalur SeerTebebs. 

 dajgufebuli fenebi ar iyeneben raime sxva saxis jaWvebis 

identifikatorebs. es SeerTebebi dgindeba mxolod jgufis 

farglebSi. 

 dRes jer kidev sqemis yvela Semqmneli ar iyenebs 

fenaTSoris SeerTebebs, romlebic adre SemoRebuli iyo mxolod, 

rogorc sqemoteqnikuri proeqtirebis sxva programuli 

paketebidan proeqtis Semotanis saSualeba. arada Tanamedrove 

sqemebis proeqtirebaSi aseTi kavSirebis ganxorcieleba Zalian 

mosaxerxebelia. magaliTisaTvis ganvixiloT maRalmoduluri 

proeqti, romelSic yoveli fena warmoadens proeqtis logikur 

nawils. fenis simboloebis ganlageba Seqmnis aramarto sasurvel 

kavSirebs, aramed dasamuSavebeli proeqtis sxva monawiles 

naTlad aCvenebs mTel proeqtSi ganxorcielebul SeerTebebs. 

 axla warmovidginoT, rom erTerTi aseTi funqcionaluri 

blokis sqema scdeba erT fenaze ganlagebis SesaZleblobis 

farglebs. ierarqiis Sesaqmnelad saWiro xdeba jaWvis 

niSnulebis garkveuli raodenoba, romlebic unda gadavidnen 
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fenidan fenaze da portebi, romlebmac unda gadascen jaWvebi 

zeviT fenis Semosasvlels,  gamtarebiT SeerTdes. am amocanis 

magaliTi moyvanilia naxazze 6, sadac proeqti gayofilia or 

fenad, romelTagan TiToeuli gadanawilebulia ramodenime 

sxvadasxva fenaze. am meTodiT xdeba jaWvebis niSnulebis iseTi 

ganlageba, romelic SesaZlebels qmnis fenaTSorisi SeerTebis 

daxmarebiT Seiqmnas kavSirebi mTeli proeqtis farglebSi.   
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4. დასკვნა 

sadisertacio naSromSi ganxilulia integraluri sqemebisa 

da Tanamedrove mikro da nano komponentebis, agreTve maT 

safuZvelze eleqtronuli mowyobilobebis daproeqtebis 

avtomatizirebuli sistemis Altium Designer Summer 08 muSaobis 

principebi. gamotanilia daskvnebi am sruliad Tanamedrove da 

unikaluri programuli paketis upiratesobis Sesaxeb aqamde 

arsebuli proeqtirebis sistemebTan SedarebiT.  

 am programuli paketis gamoyeneba mniSvnelovnad amartivebs 

Tanamedrove mravalfunqciuri da urTulesi sistemebis Seqmnas 

Zalian mcire danaxarjebiT. sistema agebulia ise, rom 

momxmarebels SeuZlia nakeTobis daproeqtebis yvela etapze 

moaxdinos monacemTa sinqronizacia da erT nebismier modulSi 

Setanili cvlileba aisaxos mTeli daproeqtebis procesze, 

dawyebuli eleqtruli principialuri sqemis monacemebis 

Setanidan saboloo produqciis miRebamde. 

 Altium Designer damuSavebis unificirebuli saSualebaa, 

romelic aerTianebs aparaturul, programul da programirebul-

aparaturul damuSavebas gaerTianebuls erTian avtomati-

zirebuli daproeqtebis sistemaSi, uzrunvelyofs sqemis 

dammuSavebeli jgufebis efeqtur erTian muSaobas. proeqtis 

monacemebis marTva SesaZlebelia ganxorcieldes damuSavebis 

unificirebuli interfeisis farglebSi, rac warmoadgens 

saukeTeso gadawyvetas proeqtuli monacemebis erTiani 

damuSavebisa da marTvisaTvis anu ar aris saWiro sxva 

programuli produqtis gamoyeneba da integracia. es ki 

gacilebiT amartivebs rTul proeqtebze muSaobas. 

 Cemi rekomendacia aris aRniSnuli programuli paketis, 

rogorc yvelaze Tanamedrove da daxvewili sistemis danergva 

saswavlo procesSi, romelic gansakuTrebiT did daxmarebas 

gauwevs sqemoteqnikis sferoSi niWieri kadrebis momzadebas. am 

sferoSi momuSave warmatebul sul ramodenime adamiansac ki 
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SeuZlia fables tipis sawarmos Seqmna. aseTi sawarmoebis ricxvi ki 

msoflioSi ukve didi siswrafiT izrdeba da arian erT-erTi 

yvelaze rentabelurni. Cvens qveyanaSi arsebobs inteleqtualuri 

potenciali da, Cemi azriT, Zalian marTebuli iqneba am 

potencialis swori mimarTulebiT warmarTva.   
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