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reziume

Tanamedrove satransporto saSuallebebs gaaCniaT rTulli
eleqtrulli sistemebi. sistemis komponentebs Soris eleqtro-
magniturma urTierTgmedebam, agreTve garemos e Beqtromagniturma
zemogmedebam SeiZBeba Seugmnas probBemebi mis gamarTullad
Tfungcionirebas.

satransporto saSuallebis daproeqtebisas rac ufro
adreull etapze moxdeba eleqtrulli sistemebis elegtromagni-
turi Tavsebadobis diagnostika da anaBizi, miT ufro naklebi
igneba konstruqciaSi cvBlillebis aucillebBobiT gamowveuli
droiTi da materialuri danaxar jebi.

naSromSi warmodgeni B ia satransporto saSuall ebebSi eleg-
tromagnituri Tavsebadobis diagnostikisa da analizis eqgsper-
tulli sistemis EMC Expert damuSaveba da reallizacia eqspertulli
sistemis daniSnu Bebaa satransporto saSuall ebebis daproeqtebis
adreull etapze aRmoaCinos mosalodneli eleqtromagnituri Tav-
sebadobis prob Bemebi da daexmaros inJinrebs maT aRmoFfxvraSi.

sistemis Segmnis mizniT SemuSavebu B i igna satransporto
saSua B ebebis eleqtrogayvani Bobis kompiuterulli modelirebis
meTodebi, egspertulli codnis warmodgenis meTodebi, Bogikuri
gadawyveti Bebebis birTvis muSaobis meTodebi, eleqtrogayvani-
B obis komponentebs Soris elegqtromagnituri urTierTgmedebis
mode B irebis meTodebi.

SemuSavda eqspertulli1 sistemis mT Biani struqtura dapro-
eqtebis obieqtze orientirebulli da relaciuri nmeTodebis
gamoyenebiT. SemuSavda momxmareb Bis interfeisebi da sistenmis
muSaobis Sedegebis warmodgenis saSua ll ebebi.

satransporto saSuallebebSi elBegtromagnituri Tavseba-
dobis kvBevis egspertulli sistemis programulli uzrunve lyofa
damuSavebu B 1a Microsoft Visual C++ garemoSi, OpenGL, CLIPS, LibXML,
VBScript bib B 10Tekebis gamoyenebiT.

eleqtromagnituri Tavsebadobis kvHBevisaTvis ukve arse-
bulli saSuallebebi 1iyeneben ricxviT meTodebs, romBebic did
ganoTvBiIT da droiT resursebs moiTxoven. amitom maTi saSu-
allebiT SesaZzBebalia mxoBlod sistemis calkeuli komponentebis
gamokv Beva. egspertulli sistema 1yenebs egspertull codnas,
romelic mis codnis bazaSia ganTavsebuli. mas ar sWirdeba
rTulli ganoTvlebis ganxorcieleba da Sesabamisad ar moiTxovs
didi raodenobiT droisa da gamoTvBiT resursebs, amitonm
eqspertulli sistemis saSuallebiT SesaZllebelia satransporto
saSuallebis mTHiani modelis gaanaBlizeba da gamokvBeva
eleqtromagnituri Tavsebadobis probBemebze. garda amisa,
eqspertulli1 sistemis gamoyeneba ar moiTxovs inJinris maRall
kval ifikacias elegqtrodinamikis sferoSi. eqspertull sistemas
gaaCnia gafarToebis didi SesaZlebBoba, imdenad, ramdenadac
masSi SesaZ Bebe B 1a codnis Cadeba wesebis damatebis saxiT.



naSromi Sedgeba Sesavall isa da oTxi Tavisagan.

Sesavall Si ganxi Bulia Tanamedrove satransporto saSu-
alebebSi eleqtromagnituri Tavsebadobis kvBevis agtualuroba
da mniSvne Boba, am miznisaTvis eqgspertulli sistemis Segmnis
mizanSewoni Boba. dasaxu B ia naSromis ZiriTadi miznebi, amoca-
nebi, maTi gadawyvetis gzebi da Sedegebi.

pirvel TavSi ganixi Beba elBeqtromagnituri Tavsebadobis
arsi  da is mizezebi, romBembac gamoiwvia satransporto
saSua B ebebis daproeqtebis adreull etapze misi gaTvall iswineba.
Camoya 0 ibebu l i1a satransporto saSua 0 ebebis eleqtrulli
sistemebis eleqtromagnituri Tavsebadobis kvBevis agqtuallu-
robis sakiTxebi. ganxiBulia elegtromagnituri Tavsebadobis
kvBevis tradiciulli meTodebi Tavisi dadebiTi da uaryofiTi
mxareebiT. dasabuTebulia egspertulli sistemis Segmnis auci-
BebBoba ganxi Bulia ukve arsebulli sistemebi, romBebic gamo-
1yeneba e Begqtromagnituri Tavsebadobis kv BevisaTvis.

meore TavSi ganixi Beba yveBa SemuSavebu Bi meTodi. esenia:
satransporto saSuallebis elegqtrogayvani Bobis aRweris da
kompiuteris mexsierebaSi warmodgenis meTodebi, egspertis
codnis warmodgenis meTodebi produgciebis saxiT, saprobllemo
aris Sesaxeb codnis warmodgenis meTodebi TFfreimebis saxiT.
SemuSavebu Bia Bogikuri gadawyveti Bebebis birTvis muSaobis
principebi. damuSavebuBia mavTullebis sam ganzomi BebaSi
mode B irebis da sivrceSi gadanawi Bebis meTodebi, eleqtro-
magnituri urTierTgmedebis mode Birebis meTodebi.

mesame TavSi warmodgeni Bia sistemis reallizaciis meTo-
debi. Segmni Bia mT Biani sistemis struqtura da komponentebs
Soris urTierTkavSirebis sgema. dadgeni Bia kBasebis ierarqgia
da obieqtebs Soris damokidebu Bebebi. Segmni B ia momxmareb B is
grafikuli interfeisebi da Sedegebis gadamuSavebis saSua ll ebebi.

meoTxe TavSi warmodgeni Bia sistemis muSaobis Sedegebis
eqsperimentul i Semowmeba. egsperimenti Catarda i1deallur
modelze roca mavTullebi ganTavsebulia erTmaneTis paralle-
Burad da realluri avtomobilidan aRebull1 gayvani lobis
mode B ze. mode Bebi gamokvBeuli1 igna eqspertulli sistemisa da
EMC Studioss saSuallebiT da Sedegebi Sedarda erTmaneTs. agreTve
gamokv Beu 1 1gna ganoTv B ebisaTvis saliro droc.

Catarebu lma egsperimentebma gviCvena, rom EMC Expertss
SeuZBlia swrafad da didi sizustiT aRmoaCinos eleqtro-
magnituri Tavsebadobis potenciuri probBemebis mgone areebi
satransporto saSuallebis rTull eleqgtrogayvani BobaSi. aseTi
areebi SemdgomSi SesaZlBebelBia amoRebull ignas gayvani B obis
mT Biani modeBidan da gamokveBull 1ignas zusti meTodebis
gamoyenebiT.

gaweu Bi1 Sromis Sedegad realBlizebuli igna satransporto
saSuallebebis daproeqtebis adreull etapze maTSi potenciuri
elegtromagnituri Tavsebadobis probBemebis diagnostikisa da
analizis eqspertulll sistema, romelic warmatebiT igna daner-
gi b1 evropu 1 avtomwarmoeb Bebis sawarmoo procesSi.



Summary

Contemporary transport vehicles have complex electrical systems.
Electromagnetic interaction between system components, also electromagnetic
influence of the environment can cause problems for correct functionality of
electronic system components.

Electromagnetic compatibility diagnostics and analysis of the electronic
systems on the early stage its design will reduce the time and material costs caused by
the necessity of changes in the design if problems exist.

In this work is presented development and implementation of the EMC Expert,
the expert system for electromagnetic compatibility diagnostics and analysis in
transport vehicles. The destination of the system is to help engineers in discovering
and fixing electromagnetic compatibility problems of electronic system at early stage
of its development.

During development of the expert system following methods were elaborated:
methods for modeling electrical systems of the vehicle, methods for representation of
the expert knowledge, methods of functionality of the logical decisions core, methods
for simulation of the electromagnetic interaction between components of the
electronic system.

Whole system structure was defined. System was developed using object-
oriented and relational methods of design. GUI and post-processing features were
developed too.

Expert system is implemented in Microsoft Visual C++ environment using
libraries such as OpenGL, CLIPS, LibXML and VBScript.

Existing tools for electromagnetic compatibility analysis are based on
numerical computational methods that require large amount of time and computational
resources. Because of this, only part of the whole electronic system can be analyzed
using those tools. Expert System uses knowledge of the experts that is placed into its
knowledge base. It does not require complex computations, so it does not require large
amount of time and computational resources as well. Because of this fact the whole
model of the vehicle can be analyzed using expert system. Besides, usage of the expert
system does not require deep knowledge in electrodynamics from engineer. Expert
system has extension capabilities as soon as new rules can be added to its knowledge
base.

The thesis consists of introduction and four chapters.

In the introduction the necessity and urgency of the electromagnetic
compatibility analysis in contemporary transport vehicles is considered. The
reasonability of development of expert system for these purposes is discussed. The
goals of the work are specified and the ways of achieving these goals and results are
defined.

In the first chapter the electromagnetic compatibility and the reasons of its
consideration at early stage of the vehicle's design are discussed. The terms of
necessity of electromagnetic compatibility analysis in vehicles are defined. Pros and
cons of traditional methods of electromagnetic compatibility analysis are considered
and the necessity of expert system development is proved. Existing systems of
electromagnetic compatibility analysis are described.

In the second chapter all elaborated methods are described. These methods are:
methods for description and representation in the computer memory of the vehicle
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harness, methods of representation of the expert knowledge using productions,
methods of representation of knowledge about research area using frames, principles
of working of logical solver, methods of 3D wire routing, methods of electromagnetic
interaction simulation.

In the third chapter expert system implementation methods are presented. The
structure of the whole system is defined and scheme of interaction between its
components is specified. The hierarchy of classes and relationship between objects are
defined. GUI and results post-processing features are created.

In the fourth chapter the experimental testing of the system is presented. The
experiment was carried on ideal model when two parallel wires are located plane and
on real model taken from the automobile harness. Both models were investigated
using expert syssem and EMC Studio. The results of working of two tools were
compared. Also calculation time was investigated.

The results of the experiments showed that EMC Expert can quickly and
accurately discover areas of potentia electromagnetic compatibility problems in the
complex harness. Such areas lately can be extracted from the whole harness and
investigated using more accurate methods.

As the result of the work expert system for electromagnetic compatibility
diagnostics and analysis of vehicle harness at the early stage of its design was
developed. The expert system was successfully installed in the manufacturing process
of the leading European car manufacturers.
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Sesaval i

Tanamedrove satransporto saSuallebebis erT-erTi mTavari
komponenti urTullesi elleqgtrulli sistemebia. satransporto
saSua B ebebis ganviTarebis mTeli istoriis manZillze eleqtrulli
sistemebis roli ganuxreBlad izrdeba, Sesabamisad i1zrdeba is
moTxovnebi, romBebsac isini unda akmayo¥i B ebdnen.

eleqtrulli mowyobi Bobebis raodenobis da sirTullis
zrdis gamo metad aqtuaBurad dgas maTi saimedo muSaobis
sakiTxi.

imisaTvis, rom uzrunvellyofil ignas satransporto
saSualebebis saimedooba, eleqtrulli mowyobi Bobebisa da
mT Bianad eleqtrulli gayvani Bobis daproegtebisas saWiro xdeba
sxvadasxva TFTaqtorebis gaTvaliswineba maT Soris erT-erTi
umniSvne B ovanesi aris sistenis e Beqtromagnituri Tavsebadoba.
sistemis eleqtromagnituri Tavsebadoba aris misi unari
ImuSaos Seferxebebis gareSe gansazRvrull elegqtromagnitur
garemoSi. eleqtromagnituri Tavsebadobis kvBevisas ganixi leba
rogorc gare Tagtorebi, aseve sistemis komponentebs Soris
arsebu i1 eleqgtromagnituri zegav Bena

Tanamedrove saavtomobi Bo industriaSi metad aqgtualurad
dgas produgciis warmoeba eleqtromagnituri Tavsebadobis
gaTvaliswinebiT. erTis mxriv, amas moiTxovs warmoebuli
satransporto saSuallebis wusafrTxoeba, xoBoO meores mxriv
saxe Imwifo standartebi, romBebic evropis bevr qveyanaSi
muSaobs da SezRudvebs wuwesebs eleqtrull mowyobi I obebs
garemos dabinZurebis TvalsazrisiT. aseve mniSvne B ovania marke-
tingis moTxovnebic, radgan produqcia, romeBic ar muSaobs
gamarTu Bad, ver daikavebs adgi s bazarze.

satransporto saSuallebis daproeqtebisas rac ufro
adreull etapze moxdeba eleqtrulli sistemebis eleqtromag-
nituri Tavsebadobis diagnostika da anaBlizi, miT ufro nak Bebi

igneba konstruqciaSi cvBlillebis aucillebBobiT gamowveuli
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droiTi da materialluri danaxarjebi. amitom, metad did
mniSvne B obas iZens programu B 1 saSual ebebi, romBebic inJinrebs
saSuallebas miscems daproeqtebis adreull etapze moaxdinon
sistemis kompiuterulli modelireba da winaswar gansazRvron
SesaZl o el eqtromagnituri Tavsebadobis prob I emebi.

mecnierebi da inJinrebi satransporto saSualebebis
e legtromagnituri Tavsebadobis kve Bevisas iyeneben saSuall ebebs,
romBebic zust gaTvBebzea dafuZnebulli (momentebis meTodi,
damxmare wyaroebis meTodi da aS.). aseTi sistemebi moiTxoven
did gamoTvBiT da droiT resursebs, ris gamoc maTi
saSuallebiT SeuZBebelia satransporto saSuallebis mnT Hiani
eleqtrulli sistemnis kompBeqsuri gamokv B eva.

disertaciis mizans warmoadgens satransporto saSual ebeb-
iIs elegtromagnituri Tavsebadobis diagnostikis da kvBevis
eqspertu i sistemis damuSaveba, romeBic daproeqtebis adreul
etapze aRmoaCens konstrugciis SesaZl o prob Bemebs da momxmare-
be B's SesTavazebs misi gadaWris gzebs.

eqspertulli  sistema ar moiTxovs did gamoTvRiT
resursebs, ris gamoc misi saSuallebiT SesaZzlBebelia satran-
sporto saSuallebis elleqtrulli sitemis mT Bianad da erTdro-
ullad gamokvBeva. igi ar moiTxovs momxmarebBis maRal
kval ifikacias, ris gamoc masTan muSaoba im inJinerasac SeuZlia,
rome Bsac ara agvs gamocdi Beba el gtrostatikisa da elleqtro-
dinamikis sferoebSi. sistemas gaaCnia gafarToebis da masSi axHhi
saSua B ebebis damatebis didi Sesazlebll oba

disertaciaSi ZiriTadi yuradReba eqceva Semdegi
amocanebis gadaWras:

satransporto saSuallebis elleqtrulli sistemebis mode-

Birebis meTodebis SemuSaveba
codnis warmodgenis meTodebis SemuSaveba

B ogikuri gadawyveti Bebebis birTvi da Sedegebis damu-

Savebis meTodebis SemuSaveba

Xiv



eleqtromagnituri urTierTgmedebis modelirebisaTvis

meTodbis SemuSaveba

sistemis mT Hiani modelis da komponentebs Soris

urTierTgmedebis sgemis SemuSaveba

sistenis reall izacia

Catarebuli muSaobis Sedegad Seigmna satransporto
saSua B ebebis elBeqgtrogayvani Bobis modelBirebisa da kompiute-
rulli warmodgenis meTodebi; SemuSavda codnis baza, codnis
warmodgenis meTodebi, Bogikuri gadawyvetiBebebis birTvis
muSaobis principebi; SemuSavda eBegtromagnituri urTierTqgme-
debis mode B irebis saSuallebebi, monacemTa cxriBuri, samgan-
zomi Bebiani da sgematuri warmodgenis saSuall ebebi. ganisazRvra
sistemis mT Biani argiteqtura. damuSavda momxmareb Bis grafi-
kuli interfeisi. moxda mT Biani sistemis reallizacia Catarda
sistemis muSaobis sizustisa da saimedobis kvl eva.
sadisertacio naSromi Sedgeba oTxi Tavisagan. pirvel

TavSi dasabuTebu lia satransporto saSuall ebebSi el egtromagni-
turi Tavsebadobis kvBevis agqtuaBluroba ganxiBullia ukve
arsebulli1  saSuallebebis dadebiTi da uaryoFfiTi mxareebi.
dasabuTebu B ia egspertulli sistemis Segmnis aucillebBoba da
misi dadebiTi mxareebi. meore TavSi damuSavebu Bia eleqtro-
gayvani Bobis mode B irebis meTodebi, codnis warmodgenisa da
gadawyveti Bebebis miRebis meTodebi, eleqtromagnituri urTi-
erTobis modelirebis meTodebi. mesame TavSi SemuSavebullia
sistemis mT Biani argiteqtura, monacemTa da codnis bazebi,
momxmareb B is grafikulli interfeisi, Bogikuri gadawyveti Bebis
birTvis realizaciis meTodebi. meoTxe TavSi moyvani B ia sistenis

eqsperimentu Bl i Semowmebis Sedegebi.



1 amocanis anallizi da misi gadawyvetis gzebi
1.1 amocanis dasma da misi aqtualluroba

satransporto saSuallebebSi, kerZod ki avtomobi BebSi,
eleqtrulli mowyobi Bobebis roli ganuxrelad izrdeboda mTel i
misi ganviTarebis istoriis manZBze. es zrda gansakuTrebiT
sagrZnobia bolBlo 30 whis ganmavl obaSi, rac Tavis mxriv iwvevs
avtomobi BSi rogorc elleqgtronu i mowyobi B obebis raodenobis,
aseve maTi sirTullis zrdas. es tendencia momavall Sic gagrZel-
deba. Tu dReisaTvis avtomobi Bis eleqtrulli mowyobi B oba misi
Rirebu Bebis 25%-s gansazRvravs, 2010 wRisTvis es cifri 40%-s
miaRwevs [1].

Tu Tvals gadavavBlebT avtomobilebis elegtronulli
mowyobi B obebis ganviTarebis istorias, masSi SeiZBeba gamoiyos
Semdegi ZiriTadi etapebi:

1970-1ani wlebi - gamoCnda Zravis marTvis eleqtronulli
sistenmebi.

1980-iani wHBebi - gamoCnda muxruWebis antibB okirebis
sistemebi.

1990-1ani w B ebi — sahaero ball iSebi gaxda standarti.
2000-tani wHBebi — mikroprocesoruli sistemebi, gl oba-
Buri pozicionirebis sistemebi, Zravis, transmisiis da
sxva komponentebis muSaobis kontroBlirebis da marTvis
sistemebi, sateBituri radio da aS. gaxda umetesi
avtomobi Bebis standartulli nawi Bi.

magaBiTisaTvis, 1998 wlis modelBis mersedess aqvs 40
kompiuteri da 100-ze meti elBegtroZravi [2).

eleqgtrulli mowyobi Bobebis raodenobis da sirTullis
aseTi zrdis gano metad agtuaBlurad dgas maTi saimedo muSaobis
sakiTxi, ris gamoc avtomobi Bebis eleqtrulli mowyobi B obebisa

da mT Bianad e Beqtrogayvani B obis daproeqtebisas saWiro xdeba



sxvadasxva TFTaqtorebis gaTvaliswineba maT Soris erT-erTi
umniSvne B ovanesi aris sistenis e Beqgtromagnituri Tavsebadoba.

sistemis eleqtromagnituri Tavsebadoba SeiZBeba ganisa-
zRvros Semdegnairad: eleqtronulli sistenis eleqtromagnituri
Tavsebadoba aris misi unari iImuSaos Seferxebebisa da Sec-
domebis gareSe misTvis gansazRvrull eleqtromagnitur garemoSi
da ar ganaxorciellos urTierTgnedeba sxva sistemebTan da
garemoebTan [3].

arsebobs ori mizezi, ramac SeiZlBeba gamoiwvios e leqtro-

nulli sistemis mdgradi muSaobis darRveva:

1. elegqtromagnituri urTierTgmedeba sistemis e lementebs
Soris.

2. garemos e lBeqtromagnituri zemogmedeba sistemaze.

warmovidginoT, rom gvagvs ori mowyobi Boba A daB (nax. 1).

sistema igneba e Beqtromagniturad Tavsebadi, Tu orive mowyobi-
Bobis erTdroullad muSaobisas isini gavBenas ar moaxdenen
erTmaneTze da agreTve verc garemoSi arsebulli eleqtromag-
nituri vell1 Seaferxebs maT muSaobas.

e leqtromagnituri Tavsebadobis prob Bemebis tipiur maga-

B iTebs warmoadgens radioSi warmogmni Bi xmauri Zravis CarTvis
dros, xazebi tellevizoris ekranze, roca rekavs mobiluri
tellefoni da aS.

ismis kiTxva: ratom gaxda aqgtuaBluri satransporto saSu-

allebebis elleqtrull sistemebSi elBegtromagnituri Tavsebadobis
gaTval iswineba? amis sami ZiriTadi mizezi arsebobs:

1. vinaidan eleqtronulli mowyobi Bobebis gamarTullad
muSaobaze damokidebu Bia avtomobiBis usafrTxoeba,
avtomwarmoeb Bebi 1Zu B ebu Bebi arian uzrunve Byon maTi
gamarTu B i muSaoba nebismier pirobebSi.

2. arsebobs saxe Imwifo standartebi, romBebic aiZulleben
mwarmoeb Bebs maTi produqcia akmayofi Bebdes garemoze

radiaciulli zegav B enis SezRudvebs.
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nax. 1. elegtromagnituri urTierTgmedeba

3. marketingis moTxovnebi. produqcia, romelic ar
muSaobs gamarTu B ad, ver daikavebs adgi B's bazarze.

anrigad, Tanamedrove satransporto saSuallebebis in-
dustriaSi metad aqtuallurad dgas produqciis warmoeba
eleqgtronuli mowyobi Bobebis elegtromagnituri Tavsebadobis
gaTval iswinebiT.

mwarmoeb Bebis winaSe dgas amocana Semowmebu B 1 ignas maTi
produgti eleqgtromagnitur Tavsebadobaze jJer kidev dapro-
eqtebis etapze, raTa Tavidan ignas acillebulli dasrullebulli
produgtis xelaxBa daproeqteba masSi cvlilebebis Setanis
mizniT. daproeqtebis rac ufro adreull etapze moxdeba
eleqtromagnituri Tavsebadobis SeswavBla, miT ufro nakHlebi
Igneba danaxar _jebi prob Bemebis gamosasworeb lad.

amgvarad, iseTi programull i uzrunve Byofis  Segmna,
rome B ic moaxdens avtomobi Bis e Beqtrogayvani B obaSi elleqtro-
magnituri mov Benebis mode B irebas da SeswavBas daproeqtebis
adreull etapze, metad aqtualluria

naSromis mizans warmoadgens eqspertulli sistemis Segmna,
rome lic ganaxorciellebs satransporto saSuallebebis eleqtro-
magnituri Tavsebadobis probBemebis diagnostikas, analizs da

aRmofxvras daproeqtebis etapze.



1.2 arsebulli sistemebis mimoxi 0 va

e Beqtromagnituri Tavsebadobis kvBevisaTvis dResdReobiT
bazarze arsebulli progranulli uzrunvellyofa gamoyenebulli
meTodebis mixedviT SeiZBeba daiyos oTx nawi Bad:

1. programebi, romBebic iyeneben anal itikur meTodebs.

2. programebi, romBebic iyeneben ricxviT meTodebs.

3. programebi, romBebic iyeneben hibridull meTodebs.

4. eqspertulli sistemebi.

ganvixi BoT TiToeu i maTgani call-callke:

analitikuri modelirebis saSuallebebi 1yeneben martiv
gamosaxu Bebebs da/an winaswar gaTvBill amocanebs nacnobi
geometriisaTvis. aseTi programebi cdi B oben Seusabamon arsebu-
Bi probBema im probBemas, roml is amonaxsnic ukve cnobi Bia [4]

aseT1 sistemebis dadebiTi mxareebia:

gaTvlebisaTvis salWiro mcire dro.
uaryoFfiTi mxareebia:
amocanebis kWBasi, romlis gadawyvetac SeiZleba, Zall ze
SezRudu 1 ia
Sedegebis nak Bebi sizuste.

ricxviT meTodebze damyarebulli mode B irebis saSualebebi
xsnian magsve Bis gantoBebebs ricxviTi meTodebiT. ZiriTadi
meTodebi, romBebsac isini gamoiyeneben aris momentebis meTodi
(MoM) da sasrulli elementebis meTodi (FEM) [5]. aseTi tipis
programnu li uzrunve Byofis dadebiTi mxareebia:

Sedegebis didi sizuste.
uaryoFfiTi mxareebia:
gaTvlebisaTvis saWiro didi droiTi da kompiuterulli

resursebi.
sawyisi monacemebis momzadeba warmoadgens sirTules.

Sedegebis sizuste damokidebulia sawyisi monacemebis

momzadebis sizusteze.



satransporto saSualebebis mT Biani eBeqtrogayvani B obis
elegtromagnituri Tavsebadobis kvBevisaTvis maTi gamoyeneba
SeuZ B ebe B ia, radgan:

rTull ia sawyisi monacemebis momzadeba, raTa gaTvlebi
ganxorcielldes mTHRian avtomobillze mTeli misi
e Beqtrogayvani B obis gaTval iswinebiT.

romc moxerxdes monacemebis momzadeba gaTvBebisaTvis
saWiro resursebi imdenad didia, rom gamoTvRiTi
tegnikis ganviTarebis Tanamedrove donis gaTvalis-
winebiT maTi ganxorcielleba SeuZBebeli1 xdeba (avtomo-
biBis Zaris modelirebisaTvis saWiroa 20000 e Hementi,
mavTu Bebis saerTo sigrZe aRemateba 20 km-s, 1 m mavTull -
ze modis 100 segmenti. yoveBive amis gaTvaBiswinebiT
gaTvilebisaTvis salWiro cvBadebis raodenoba aRwevs
230000-s, gaTvlebisaTvis saWiro operatiulli mexsiereba
788 gigabaits, xolBo 14 gigahercis sixSiris mgone
procesorze gaTvBebs dasWirdeba 2 we I ze meti).

Tumca, wunda aRiIniSnos, rom Bokaluri amocanebis
gadawyveta (magaliTad, gaTvBebi mxoBod ramdenime mavTull ze)
warmatebiT xorcie Bl deba ricxviTi meTodebis gamoyenebiT.

programu Bi produgtebi, romBebic dafuZnebulia ricxviT
meTodebze aris: EMC Studio, FEKO, Microwave Studio, PAM-CEM da a.S.

hibridull meTodebze dafuznebu Bi programu Bi1 saSuall ebebi
Iyeneben sxvadasxva ricxviTi meTodebis Serwymas [37]. gaTv lebis
nawi B 1 xdeba erTi meTodiT, xoBo nawi Bi ki sxva meTodebiT
hibridulli programu I i saSua l ebebis upiratesobebi
ricxviT meTodebze dafuZnebu l saSualebebTan SedarebiT aris:
upiratesobebi zogierTi specifikuri amocanis gadawyve-
tisas.
sawyisi monacemebis momzadebis simartive zogierTi
hibridull'i sistemebisaTvis.

hibridull'i programu i1 saSuall ebebis uaryofiTi mxareebia



Sedegebis sizuste Zallze damokidebulia amocanis
speciTikaze.

rTull amocanebze saWiroa didi raodenobiT droiTi da
kompiuterull 1 resursebi.

avtomobi Bebis elegtromagnituri Tavsebadobis Sesaswav-
Bad hibridulli meTodebis gamoyeneba SeuZBebe B ia igive mizezTa
gamo, romeli mizezebic analitikuri da ricxviTi meTodebis
SemTxvevaSi iyo aRniSnulli.

hibridull meTodebze dafuZnebulia Semdegi progranuli
saSua l ebebi: XTalk, RHybrid, SHybrid [34].

eqspertulli  sistema es aris kompiuterulli prograna,
romelic operirebs codniT garkveull sagnobriv areSi rekomen-
daciis gamomuSavebis an porb B emis gadawyvetis mizniT [6].

Tuki zemoT aRniSnull'i programu i1 saSuall ebebi garkveull -
wi Bad universalluria da maTi meSveobiT SesaZBebelia eleqtro-
magnituri Tavsebadobis amocanis gadawyveta sxvadasxva sferoSi,
eqspertull sistemebs gaaCnia viwro speciallizacia. es gamowve-
ullia TviT egspertulli sistemebis specifTikiT. programa SeiZleba
CaiTvalos egspertull sistemad, Tu mas gaaCnia codna. es codna
koncentrirebulli unda i1yos garkveull sagnobriv areze. codnidan
unda gamomdinareobdes prob Bemis gadawyveta [7]

zemoT aRweriBi saSuallebebi dafuZnebulia maTematikur
meTodebze, amitom maTTvis mTavaria Sesabamisi sawyisi monace-
mebis momzadeba (modelis ageba), gaTvBebisTvis sxva rames
mniSvne Boba ar gaaCnia. maTi saSuallebiT SeiZBeba gadawydes
prob Bemebi manganTmSeneb B obis, e Begqtronikis da aS. sferodan.

eqspertulli sistemebi dafuZnebulia egspertull codnaze,
rome Bl ic sxvadasxva sferoSi sxvadasxvaa. eqspertulli sistemebis
codnis baza moicavs wesebis erTob B iobas, rome l Ta amogmedebac
xdeba saprobBemo aris model ze. wesebi, romBebic gamoiyeneba
e BeqtronikaSi, SeuZBebelia gamoyenebull ignas manganaTmSeneb-

l obaSi da aS. garda amisa sawyisi monacemebic (nodeli, romell-



zec xdeba wesebis amogmedeba) momzadebu @i unda iyos konkre-
tulli sferos speciftikis gaTvall iswinebiT.

eqspertu 1 sistemebis dadebiTi mxareebia

ar sWirdeba didi raodenobiT kompiuterulli da droiTi
resursebi.
ar moiTxovs momxmareb B is maRall kval ifikacias.
aqvs gafarToebis didi SesaZleb I obebi.
uaryoFfiTi mxareebia:
viwro speciallizacia.
eqspertu i codnis Segrovebis sirTulle.

dReisaTvis SegmniBia egspertulli sistemebi, romBebic
gamoiyeneba e Beqtromagnituri Tavsebadobis kvBevisaTvis elleg-
tronull platebSi (Quiet Expert da aS), magram maTi gamoyeneba
SeuZlebelia satransporto saSuallebebis eleqtrogayvani 1 obis
Sesaswav B ad.

ganvsazRvroT mizanSewoni Bia Tu ara eqspertulli sistenis
Segmna da gamoyeneba satransporto saSuallebebis el egqtromagni-
turi Tavsebadobis prob Bemis gadawyvetis sferoSi.

im  saprobBemo areebis dasadgenad, sadac SeiZleba
eqspertulli1 sistemis gamoyeneba, mravalli Tagtoris gaTvalis-
wineba aris saWiro. magaliTad, Tu saprobBlemo aris codnis
stero Zallze didia, misTvis SeiZleba SeuZBebelic iyos eqsper-
tulli sistemis Segmna. Tu prob Bemis gadawyveta SeiZ B eba moxdes
maTematikuri meTodebis gamoyenebiT, am SemTxvevaSic ar aris
saWiro da mizanSewoni Bi eqspertu i sistemebis midgomis gamoye-
neba. sagnobrivi sferos Sesabamisoba eqspertulli sistemebis
midgomisaTvis ganisazRvreba ori ZiriTadi kriteriumiT: saprob-
Bemo aris xasiaTi da sazRvrebi, sistemis pragtiku ll oba [7].

codna, romelBic SeiZlBleba gadaeces egspertull sistenmas,
SemosazRvru B ia. amitom misi gamoyeneba, rogorc zemoT 1iyo
aRniSnu b1, SesaZllebelia mxoBlod viwro speciallizaciiT. agedan

gamomdinare, saprobBemo are aucillebBad unda iyos Semo-



sazRvrul'i. Cvens SemTxvevaSi saprobBemo are SemozRudullia da
igi moicavs mxoBod satransporto saSuallebis elegqtrogayva-
ni B obas da gareSe gamosxivebis wyaroebs.

eqspertu 1 sistemebis mogmedebis principi dafuZnebull ia
simboBur gansjaze da ara pirdapir ricxviT gamoTvHlebze,
amitom probBemis arCevis erT_erTi kriteriumi unda iyos misi
warmodgenis SesaZlebBoba simboBuri saxiT [8]. es niSnavs, rom
monacemebis warmodgena unda iyos SesaZlebeli simboBuri saxiT,
romBebic gamoiyeneba informaciis misaRebad da ara ricxvebis
saxiT, romBebic gamoiyeneba gaTvBebis dros. satransporto
saSuallebis eleqgtrogayvani Boba Sedgeba uwvamravi mavTu B isgan,
konegqtorisgan, terminallisgan, kontagtisgan da aS. TiToeulli
maTgani Tavis mxriv warmoadgens rTull oObieqts, amis gamo
satransporto saSuallebis mT Biani modelis warmodgena iseTi
saxiT, rom ganxorcieldes vricxviTi meTodebiT gaTvala,
SeuZBebelia misi warmodgena SeiZBleba moxdes relaciuri
mode B is saxiT, rome B ic kargad miesadageba eqspertulli sistenmis
ideo B ogias.

Tuki probBemas gaaCnia potencialli gadawydes ricxviTi
meTodebiT, maSin misTvis eqgspertulli sistemis Segmna ar 1igneba
gamarT Bebulli. marTallia, Teoriullad SesaZlebeBlia Cveni
amocanis ricxviTi meTodebiT gadawyveta, magram gamoTvHRiTi
tegnikis dRevande B i ganviTarebis donisa da iseTi TFagtorebis
gamo, rogoricaa sawyisi moncemebis momzadebis sirTulle, es idea
ar aris ganxorcie Bebadi.

sxva Fagtori, romelic mxedve BobaSi unda miviROT, aris
prob Bemis warmoSobis sixSire. probBlema unda warmoiSvebodes
sakmaod xSirad, raTa gamarT Bebuli1 1yos misTvis eqspertulli
sistemis Segmna. Tu probBema warmoiSveba iSviaTad, maSin
ekonomikurad ufro gamarT Bebuli igneba (rogorc drois, aseve
xar jebis mxrivac) egspertis mowveva mis gadasalreBad. rogorc

zemoT 1yo aRniSnulli, eleqtromagnituri Tavsebadobis kvHBevis



probBema aqtualBuria nebismieri axalli satransporto saSu-
alebis daproeqtebis dros.

eqspertull sistemas yovelBlTvis ar SeuZlBia optimaBuri
gadawyvetis povna. Tu probBema mudmivad moiTxovs optimalur
amonaxsns, eqspertulli sistema ar gamogvadgeba. xoBo Tuki
prob Bemis miax BoebiTi amonaxsni misaRebia da zemoT aRniSnulli
yvela sxva kriteriumi dakmayofilebullia, sagnobrivi sfero-
saTvis SeiZleba Seigmnas eqspertulli sistema. Cvens SemTxvevaSi,
umetesi problemis dafigsireba SesaZlebelBia eqgspertulli
sistemis saSuallebiT. Tu mainc gaChda moTxovni Beba uzustesi
ricxviTi gamoTvBebisa, maSin eqspertulli sistemis saSuallebiT
dadgindeba probBemuri komponentebi da avtomobiBis mT Biani
mode B idan gamoiyofa mxo B od isini. anrigad mT Biani mode l idan
miviRebT mxoBod mis mcire nawills, romellzedac ukve
SesaZlebeli igneba gamoTvHBebis ganxorcielleba ricxviTi
meTodebis gamoyenebiT.

anrigad, Cveni saproblemo are, kerZod ki eleqtro-
magnituri Tavsebadobis analBlizi da diagnostika satransporto
saSua B ebebSi, akmayofillebs yvelBla Kkriteriums, raTa mizanSe-
woni Bi 1yos masze eqspertull 1 sistemis Segmna.

ganvixi BOT sistenmis praqtiku I oba.

pirvel1 nabiji, romell ic unda gadaidgas, mdgomareobs imis
gansazRvraSi, sistema unda Seigmnas eqspertis SesacvBellad Tu
mis damxmare iaraRad [7]. Seqmni BT egspertulli sistema daxmarebas
gauwevs rogorc kvalificiur  egsperts, aseve  nak Bebi
gamocdi Bebis mgone inJinersac. aseve mas saSualleba eqgneba
Secvall os eqgsperti garkveull SemTxvevebSi.

codnis bazis ganviTareba ar unda warmoadgendes
sirTulles. advillad unda 1i1yos SesaZllebeli axalli codnis
gadacema sistemisTvis da misiT manipu Bireba. Segmni B sistemas
egneba moxerxebu li da intuiciuri interfeisi axali codnis

damatebisa da codnis bazasTan muSaobisaTvis.



SesaZlebeli unda 1yos sistemis Semowmeba testebis
saSuallebiT. damuSavebu Bi sistema SeiZBeba Semowmdes adre ukve
Catarebulli realuri egsperimentebis saSuallebiT.

sistema megobrulli da adviBad gamosayenebe B1 unda iyos
momxmareb B isTvis. damuSavebu Bi1 sistema mnT Banad daakmayofi-
Bebs am kriteriums, radgan mas egneba konFigurirebadi momxma-
rebBis interfeisi, monacemebis sxvadasxva saxiT warmodgenis
TarTo SesaZBlebBoba (cxrilebi, sanmganzomi Bebiani vizualiza-
cia, sgematuri warmodgena), angariSebis, codnis bazis redaqti-
rebis, Sedegebis damuSavebis mZBavri meganizmebi da asS.

rogorc yovelive zemoT TgmuBlidan Cans, satransporto
saSua B ebebis elBeqtrogayvani Bobis eleqtromagnituri Tavseba-
dobis kvBevisaTvis egspertulli sistemis Segmna gamarT Bebullia
da egneba didi pragtikulli mniSvneBoba eqspertulli sistema,
romelic orientirebulli 1igneba satransporto saSualebebis
e Begtrogayvani Bobis elegtromagnituri Tavsebadobis proble-
mebis diagnostikasa da gamosworebaze jer jerobiT ar arsebobs.
misi Segmna warmoadgens naSromis mizans.

sistemis saSuallebiT:

SesaZlebeli igneba eleqtromagnituri Tavsebadobis
prob Bemebis gamov Bena satransporto saSuallebis dapro-
eqtebis etapze.

SesaZlebeli 1igneba analBlizi gaukeTdes satransporto
saSuallebis mTell eleqtrull sistemas, radgan mas ar
esaWiroeba didi raodenobiT gamoTvRiTiI resursebi.
SesaZlebeli 1igneba eqspertulli sistenis gafarToeba
codnis bazaSi axall1 wesebis damatebiT.

SesaZlebe i igneba e Beqtrogayvani Bobis rogorc eleg-
tromagnituri, aseve topo Bogiuri probBemebis aRmoCena
da aRmofxvra.

sistenma

mosaxerxebe B i igneba momxmareb B isaTvis da ar moiTxovs

mis maRall kval iFikacias.
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saSuallebas miscems momxmarebels Tavidan aicillos

rTulli gaTvilebi.

masSi integrirebulli igneba anaBitikuri da ricxviTi

meTodebi zusti gaTvBebis saWiroebis SemTxvevaSi.

eqneba monacemTa vizualizacils, Zebnis da angariSebis

generaciis mZBavri saSuall ebebi.

anrigad, dResdReobiT satransporto saSuallebebis warmo-

ebaSi mkveTrad dgas produgciis e Beqgtromagnituri Tavsebadobis
Seswav B is amocana, ukve arsebuli saSuallebebi ki ar aris
sakmarisi am amocanis gadasawyvetad. damuSavebu B i1 eqspertulli
sistema saSuallebas miscems avtomobi Bebis konstrugtorebs da
inJinrebs daproeqtebis adreull etapze gamoavBinon gayvani-
B obaSi arsebulli elleqgtromagnituri Tavsebadobis prob Bemebi

da droull ad moaxdinon maTi aRmoFfxvra.

1.3 sistemis argiteqtura

tipiuri eqgspertulll sistema Sedgeba Semdegi ZiriTadi
komponentebisagan: amomxsne B isagan (interpretatori), monacemTa
bazisagan, codnis bazisagan, codnis mniRebisaTvis saWiro
komponentebisagan [9].

satransporto saSuallebebSi elBeqtromagnituri Tavsebado-
bis diagnogistikisa da anBizis eqspertulli sistema EMC Expert
aris rTulli progranulli kompBegsi [35][36] masSi erTmaneTTan
dakavSirebu Bl ia codnis baza, e Beqtrogayvani obis mode R irebis
birTvi, Bogikuri gadawyveti Bebebis birTvi, elBeqtromagnituri
gaTvlebis modulli, samganzomi Bebiani vizualizaciis saSu-
alebebi, Sedegebis damuSavebis saSuall ebebi, mZBavri angariSebis
generaciis birTvi, gayvani Bobis sgematuri warmodgenis modulli,

sistemisTvis codnis gadacemis saSuallebebi, konFigurebadi

11



momxmareb B is interfeisi, monacemTa Zebnisa da Tiltraciis
saSua l ebebi da aS.

eqspertull  sistemas SeuZBia mT Bianad aiRos sakuTar
Tavze +TFungciebi, romeBTa Sesrullebac moiTxovs gamocdili
specialistis codnas, an Seasrullos gadawyvetiBebis mimRebi
adamianis asistentis roli. sxva sityvebiT rom vTqgvaT, amocanis
gadawyveta SeiZlBeba miRebull ignas TviT programis mier, an
adamianis mier programisagan SeTavazebulli rekomendaciis
safuZvel ze. EMC Expert-Si realizebulia orive saxis Tfungci-
ona B uroba.

zogadad, egspertulli sistemis Sesagnne Bad SemuSavebu il
unda 1ignas meTodebi da saSuallebebi sistemisTvis codnis
gadasacemad, codnis warmosadgenad, gadawyvetiBebis miRebis
procesis samarTavad, Sedegebis momxmareb B isaTvis mosaxer-
xebe B 1 FormiT warsadgenad.

EMC Expert sistemis zogadi sgema mocemu B ia nax. 2.-ze.

momxmareb B is grafikuli interfeisis saSuallebiT Xxorci-
el deba diaBlogi momxmarebe Bsa da eqgspertull sistemas Soris.
pirobiTad i1gi SesaZzlBebelia gavyoT or nawi Bad. pre-procesorad
da post-procesorad.

pre-procesori Sedgeba saSuall ebebisagan, rome I Ta daxmare-
biTac momxarebe i axorciellebs sawyisi monacemebis momzadebas:
stransporto saSuallebis e Beqtrogayvani B obis sistemaSi
CatvirTvas da masTan muSaobas, codnis bazasTan muSaobas
(wesebis  Segmna, redaqtireba, waSHBa, dajgufeba da aS),
eqspertu 1 sistemis birTvis amuSavebas da aS.

pre-procesori Sedgeba elBeqtrogayvani Bobis tabullarulli
saxiT  warmodgenis, samganzomi Bebiani saxiT  warmodgenis,
sgematuri saxiT warmodgenis, redaqtirebis, infFormaciis Zebnisa
da Fill traciis, codnis bazis redagtirebis modu 0 ebisagan.

post-procesori axorciellebs Bogikuri daskvnebis birTvis
muSaobis Sedegebis damuSavebas da mis wardgenas

momxmareb B isaTvis. eqspertulli sistenmis daskvnebi da
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rekomendaciebi  momxmarebeBs waredgineba ramdenime saxiT:
cxrillebis saxiT, sadac mas SeuZBia sakuTari komentarebis
damateba, riskebis gansazRvra da aS., grafikebis saxiT sadac
mocemulia elegqtro dinanikuri gaTvBebis Sedegebi da

angariSebis saxiT.

momxmareb B is graFikulli interFfeisi
(pre_procesori)

satransporto damxmare

saSuallebis
elegtrulli
sistenebi

egspertulli

Fungciebi codna,
warmodgeni B i
wesebis saxiT

wesebi

interpretatori

daskvnebi da
rekomendaciebi

!

momxmareb Bis graFikulli interFfeisi
(post_procesori)

nax. 2. sistemis zogadi sgema

codnis baza warmoadgens egspertulli codnis sacavs.
eqspertis codna sistemaSi warmodgeni B ia wesebis saxiT.

e Begtrogayvani B obis baza inaxavs informacias satranspor-
to saSuallebis eleqtrogayvani B obis Sesaxeb. mas gaaCnia reBaci-

uri struqtura
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interpretatori axorciellebs wesebis amuSavebas eleqtro-
gayvani Bobaze. igi aris sistemis inteleqtualluri nawiBi. mas
Sesasv B e I ze gadaecema Faqtebi e Begqtrogayvani Bobis bazidan da
wesebi codnis bazidan. am wesebisa da Faqtebis saSuallebiT xdeba
B ogikuri gadawyveti Bebebis miReba da Sesabamisi mogmedebebis
ganxorcieleba. mas agreTve saSualleba agvs gamoiyenos damxmare
Tfungciebi, rogoricaa eleqtrodinamikuri gaTvBlebi, eleqtro-
statikuri gaTvlebi, geometriulli gaTvlebi, informaciis Zebnis
fungciebi da aS. interpretatoris muSaobis Sedegad gamomuSav-
deba daskvnebi, romeBic gadaecema post-procesors momxmareb-
B isaTvis warsadgenad.

momxmareb B is eqgspertull sistemasTan muSaobis scenari
Semdegia:

sistemas gaaCnia codnis baza, romell Sic inaxeba eqspertebis
mier Segmni @1 wesebi. codnis bazis redagtirebis modullis
saSuallebiT SesaZBebeBia masSi axall1 wesebis damateba, ukve
arsebulis redagtireba, waSBa da dajgufeba. codnis bazaSi
infFormacia inaxeba mudmivad.

momxmarebe B 1 sistemasTan muSaobis seansis dasawyisSi gmnis
axal proeqts da tvirTavs monacemebs avtomobi Bis
e Beqtrogayvani Bobis  Sesaxeb. es inFormacia moTavsdeba
elegtrogayvani Bobis  bazaSi. erTi proeqtis  farglebSi
SesaZlebel ia ramndenime e Begtrogayvani B obis CatvirTva.
e Beqtrogayvani B obis redaqtirebis modullis saSuallebiT
momxmarebe Bi SeZMBebs sxvadasxva gayvani Bobebis gaerTianebas,
misgan nawi Bis gamoyoTfas, erTmaneTTan Sedarebas, komponentebis
modificirebas da aS.

CatvirTulli ellegtrogayvani Bobis vizuall izaciis ramdenime
SesazlebBoba arsebobs: tabulBlarulli, roca gayvanilobis
komponenetebi warmodgeni Bia cxrilebis saxiT, sgematuri, roca
gayvani Boba warmodgeniBlia elleqgtrulli sgemis saxiT da
samganzomi Bebiani, roca gayvani 1 oba warmodgeni Bia samganzomi-

B ebiani model is saxiT.
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gayvani Bobis Semadgenel TiToeulli tipis komponents
(mavTu B 1, konegtori da aS.) gaaCnia redaqtirebis callke fanjara
garda amisa, momxmarebeBs SeuZBia CatvirTos avtomobi lis
an sxva satransporto saSuallebis Zaris mode i1 da antenebi.
momxmarebe s SeuZBia Segmnas wesebi TviT proeqtSi an
gadmoitanos isini codnis bazidan.
momxmarebe B 1 gaaagtiurebs erT-erT gayvani B obas, moniSnavs
wesebs, romBis amogmedebac surs da gauSvebs SesruBlebaze. am
dros programa gmnis Taqtebs gayvani Bobis bazis monacemebze
dayrdnobiT, iRebs moniSnull wesebs da gadascems HBogkiuri
daskvnebis birTvs. birTvis muSaobis Sedegebi Sesrullebulli
wesebis Sesabamisad SeiZBeba 1yos Semdegi saxis:
gamomuSavdes rekomendaciebi da waredginos momxmare-
bells.
ganxorcieldes gayvani Bobis modificireba da amis
Sesaxeb Setyobineba gadaeces momxmarebe I s.
Catardes elegtrodinanikuri da elegtrostatikuri
gaTv B ebi da Sedegebi gadaeces momxmarebe I s.
moxdes angariSebis generacia (teqsturi, grafikulli).
Sedegebis vizualizaciis modullis saSuallebiT eqspertulli
sistemis muSaobis Sedegebi waredgineba momxmarebells. am
infFormaciis safuZvelze mas SeuZBia gaakeTos Sesabamisi
daskvnebi da moaxdinos gayvani Bobis modificireba agreTve
SesaZBebBoba agvs gaakeTos angariSebi sistemis Sedegebis
muSaobis Sesaxeb.
SesaZlebelBia proeqtis damaxsovreba da momavall S muSa-
obis gagrZe B eba
imisaTvis, rom realizebulli iyos zemoT aRweri B i sistema,
saWiroa gadawydes Semdegi amocanebi:
SemuSavdes  satransporto saSuallebis eleqtrulli

sistemebis mode B irebis meTodebi

SemuSavdes codnis warmodgenis meTodebi
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danuSavdes B ogikuri gadawyveti Bebebis birTvi da
Sedegebis damuSavebis meTodebi

damnuSavdes meTodebi eleqtromagnituri urTierTqgme-
debis mode B irebisaTvis.

danuSavdes sistemis mT Biani modelBi da komponentebs
Soris urTierTgmedebis sgema.

moxdes sistemis progranulli reallizacia

14 daskvna pirvel i1 Tavis Sesaxeb

Camoya 0 ibebu B 1a satransporto saSualebebSi eleqtro-
magnituri Tavsebadobis kvHBevis agtuaBlluroba ganxi-
Bullia mizezebi ris gamoc aucilebelia aseTi kvHlevis
Catareba dapreoqtebis adreull etapze.

ganxiBulia kvBevis arsebuli meTodebi  Tavisi
dadebiTi da wuaryofiTi mxareebiT. dasabuTebulia
eqspertulli  sistemis Segmnis mizanSewoni Beba da
moyvani B 1a misi upiratesobebi.

warmodgeni Bia eleqtromagnituri Tavsebadobis diag-
nostikisa da analizis eqspertulli sistemis arqgiteg-
tura. Camoyall ibebu B ia misdami ZiriTadi moTxovnebi da
dasaxu Bi1a amocanebi, romelB Ta gadawyvetac aucile-

be B ia eqspertulli sistenis realizaciisaTvis.
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2 egspertulli sistemis reallizaciis meTodebis

damuSaveba

21 satransporto saSuallebis el egqtrogayvani B obis

mode B 1reba

eqspertull  sistemaSi umniSvne Bovanesi adgilli ukavia
monacemTa bazas, romeBic Seicavs informacias saproblemo aris
Sesaxeb. Cvens SemTxvevaSi saproblemo ares warmoadgens
satransporto saSuallebis elegqtrogayvani Bloba yvella nmisi
Semadgene B i komponentiT. udidesi mniSvne B oba eniWeba
saprobBlemo aris modelis sworad SemuSavebas, radgan masze
mniSvne B ovnad aris damokidebu I'i eqspertulli sistenis
warmadoba, Sedegebis sizuste, saimedoba da momxmareb B is mier
misi gamoyenebis sirTullis xarisxi.

satransporto saSuallebis eleqtrulli sistemis modeli,
erTis mxriv, zustad da amomwuravad unda asaxavdes reallur
obieqts, xoBlo meores mxriv, unda iyos kompagturi da kargad
organizebu i, raTa ar moiTxovdes did resursebs da swrafad
xdebodes saWiro informaciis moZieba.

satransporto saSuallebis eleqtrogayvani Boba warmoad-
gens rTull sistemas, romeBic Sedgeba erTmaneTTan dakavSirebu-
Bi mravali komponentisagan. amas Tan erTvis TviT komponentebs
Soris kavSirebis sirTullec.

satransporto saSuallebis eleqgtrogayvani Bobis maTemati-
kuri modelis SesagmneBad saWiroa 1igi Bogikurad davyoT
sxvadasxva tipis nawi Bebad da davadginoT maT Soris kavSirebi.
satransporto saSuallebis eleqtrogayvani BobaSi  SeiZleba
gamovyoT  Fizikuri komponentebi (mavTu Bebi, koneqtorebi,
terminallebi da aS), elleqtrulli kavSirebi (romeBi mavTuli

rome I koneqtorTan aris dakavSirebulli da aS), komponentebis
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gan Bageba sivrceSi (koneqtorebis mdebareobebi, mavTu Bebis
gayvanis traeqtoriebi da aS.). maSasadame miviRebT:
H ={P,C,L,G} (2.11)
sadac H aris satransporto saSuallebis eleqtrulli
sistema, P aris satransporto saSuallebis eleqtrogayvani Bobis
Semadgene Bi1 komponentebi, C aris elleqtrulli kavSirebi, L aris
komponentebis sivrceSi ganBagebis aRwera, G aris komponetebis
dajgufeba maTi FungcionaBluri daniSnu Bebis mixedviT.

e Beqtrogayvani Bobis Semadgeneli komponentebi P warmo-

adgens sxvadasxva saxis komponentebis erTob B iobas:

P=(Py, Pyress Py -Py) (2.12)
sadac, p, aris gayvani Bobis SemadgeneBi1 konkretulli

komponenti.
koponentebi SeiZBeba davaggufoT maTi tTipis mixedviT.
satransporto saSuallebis elgtrull sistemaSi gamoiyeneba
Semdegi tipis komponentebi: mavTulli, mravalguliani mavTuli,
konegqtori, terminali, kontagtis SemamWidrovebeli, kontagtis
sarqve b1, kontagtis terminali, Figsatori, damxmare komponenti
[10] Tu ganvixi BavT komponentebs tipebis mixedviT maSin
miviRebT, rom
P=T,ET,E..ET (2.1.3)

sadac, T aris konkretulli tipis komponentebis erTob-

lioba

TiToeull komponents gaaCnia parametrebi, romBebic mas
aRwers. es parametrebi SeiZlBeba gavyoT or nawi Bad, komponentis
Fizikur parametrebad (misi forma, zoma, masalla da aS., el
TviTon Tizikuri obieqti) da misi konkretulli gamoyenebis
parametrebad (mavTullis sigrZe, romelic gamoiyeneba SuSis
e legtroamwevis kvebisaTvis, romelBime koneqgtorSi Casmulli

kontagtebis raodenoba da aS.). maSasadame:

p=(vo) plP i=1n (2.1.4)
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sadac p, aris gayvani Bobis Semadgene B 1 komponenti, v aris

komponentis Tizikuri Tvisebebis aRmweri parameterebi, o aris
misi gamoyenebis aRmweri parametrebi, xoB o n aris gayvani I obaSi
komponentebis raodenoba. maSasadame, satransporto saSualebis
eleqtrulli  sistemis SemadgeneBi TiToeulli  komponentis
aRsawerad saWiroa misi TFizikuri (v) da gamoyenebis (0)
parametrebis aRwera.

magalBiTad, vTqvaT ©p, aris mavTulli, romelBic kvebis

wyaros aerTebs minis e BeqgtroamwevTan. maSin, v = (kveTis FarTobi,
izolBaciis sisqe, Teri, nivTiereba, .) xolBlo o=(sigrze,
identifikatori, mavTu B is nomeri, ..).

unda aRiIniSnos, rom komponentis Semadgeneli v nawili
SesaZzllebelia erTnairi iyos ramdenime komponentisTvis, xollo
gamoyenebis nawi Bi1 ki unikaBuri igneba TiToeu i maTganisaTvis.
magaliTad, erTi da imave tipis mavTulli, rombis Teric aris
mwvane, gullis diametri 1 mm, xoBo izolaciis sisge 05,
gayvani B obaSi SeiZl eba gamoyenebu 1 ignes mravall Jer
(magaliTad, rogorc avtomobilis marcxena Kkaris minis
e leqgtroamwevisTvis, aseve marjvena karis minis elegqtroamwe-
visTvis).

Tuki TiToeull komponents aRvwerT call-callke, miviRebT
inFormaciull siWarbes, radgan v nawi Bi1 ganmeordeba TiToeuli
erTnairi komponentisTvis. amitom, umpobesi igneba, Tu
komponetebis v Tizikur parametrebs aRvwerT callke da maT o
gamoyenebebs gayvani BobaSi _ callke. es saSuallebas mogvcems
TiToeulli saxis TFizikuri obieqgti aRvweroT erjer, xollo
komponentis aRwerisas ganvsazRvroT mxoBod misi gamoyenebis
nawi B1 da mivuTiToT ukve aRwerill im TFfizikur obieqtze,
rome Bic gamoiyeneba. zemoT ganxi Buli1 SemTxvevisTvis mavTulli
aRiwereba erTjger, xolBlo im komponentisTvis, romelic
gamoiyeneba marcxena karSi, aRvwerT mxoBod gamoyenebis

parametrebs (sigrZes, damontalebis parametrebs da aS) da
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mivuTiTebT, rom gamoiyeneba konkretulli tipis ukve aRwerili
Tizikuri mavTulli. aseve marjvena karisaTvis aRvwerT mxollod
gamoyenebis parametrebs da mivuTiTebT igive Fizikur obieqtze.

garda amisa, saWiroa aRiniSnos is Tagtic, rom zogierTi
komponenti SeiZleba Seicavdes sxva komponents. es Seexeba
rogorc Tizikur obieqtebs, aseve maT gamoyenebebsac. pirvelis
magal iTia koneqtori, romelic Seicavs sBotebs, xolo sl otebi
Seicavs kontaqtebs. meores magaliTia mavTullis gullebis
gamoyeneba mravaBgu l ian mavTu 0 Si.

maSasadame  miviRebT, rom satransporto saSualebis
eleqtull sistemaSi Semavall1 komponentebi P aRiwereba Semdeg-
nairad:

P ={V,0,RCV,CO} 2.15

sadac, V =V, Vo, Vi ynn V) aris Fizikuri obieqtebis
aRweri B obebis erTobBioba, n aris mnTHRianad gayvani l obaSi
gamoyenebu 01 sxvadasxva tipiis Fizikuri obieqtebis raodenoba.
O0=(o,,0,,...,0,...,0,,) aris komponentebis gamoyenebis aRweri I obebi,
m aris komponentebis raodenoba gayvani B obaSi,

R=(r,,r,,...,r;,..r)aris simravlis mimarTeba V simravBeze. misi

SemadgeneB1 TiToeulli r elementi asaxavs kavSirs o obieqtis

gamoyenebisa v; Fizikur obieqtTan. maSasadane,
rn="f@©,v,) rTR,i=1mj=1n (2.1.6)

sadac m aris komponentebis raodenoba gayvani BobaSi, n
aris Tizikuri obieqtebis raodenoba, xoBlo f aris kavSiri i
komponetsa da mis Sesabamis j Fizikur obieqts Soris. sgematurad
es gamosaxu B 1a nax. 3.-ze.

CV =(cv,,v,,...,CV,,...,CV. ) aris mimarTeba V  Fizikuri
obieqtebis simravlisa sakuTar Tavze da aRwers erTi Fizikuri
obiegtis meores SigniT gamoyenebas.

o, =g(v,,v,) cov 1 CV,i=1nit jk=1m (2.1.7)
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nax. 3. kavSirebi komponentebis gamoyenebebsa da Fizikur obieqtebs
Soris

g aris kavSiri v, obieqtisa mis Semadgenel v, obieqtTan.

n aris Fizikuri obieqtebis raodenoba, xolo m aris obieqtebs
Soris kavSirebis raodenoba.

CO =(co,,c0,,...,C0O.,...,c0,) aris mimarTeba O komponentebis

gamoyenebis simravlBlisa sakuTar Tavze da aRwers erTi

komponentis meores SigniT gamoyenebas.
co, =g(0,0;,) co 1 CO/i=1n,it jk=1Lm (2.1.8)
g aris kavSiri o komponentis gamoyenebisa mis Semadgene il

0, komponentis gamoyenebasTan. n aris obieqtebis gamoyenebaTa

raodenoba, xolo m aris gamoyenebaTa Soris kavSirebis
raodenoba.

modelis aseTi saxiT organizeba damatebiT iImiTac aris
mosaxerxebelB i1, rom Tu SeicvBeba obieqtis raime Tizikuri
parametri, misi SecvlBa saWiro igneba mxoBlod erT adgillas V
simravBeSi, rac avtomaturad aisaxeba yvella komponentsSi,
romelic am tipis Fizikur obieqts warmoadgens.

satransporto saSuallebis Semadgenel komponentebs Soris

arsebobs eleqtrulli1 kavSirebi, romBebsac gaaCnia damatebiTi
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parametrebi. eleqtrulli kavSiri aris virtualluri cneba, igi
Tizikurad warmodgenillia mavTullisa da mis boloebTan
mierTebuli ori koneqtoris saxiT. misi damaxasiaTebeli
parametria signallis saxeli, romelic gansazRvravs Tu risTvis
gamoiyeneba es kavSiri (magaBliTad, Tu signalis saxeBi iwyeba 31-
IT es niSnavs rom mavTulll uerTdeba damiwebas). eBeqtrulli

kavSirebi warmovidginoT Semdegi saxiT:
C ={(c,, Ps;Cq, Per W), (Cq, PssCos PosW) 5 1ees(Cy Psy Cos Pes W)} (2.1.9)

sadac, c,c, aris koneqtorebi Sesabamisad mavTullis

dasawyisSi1 da dasasrullSi, p,,p, aris kontaqtebi romBebTanac

mavTulli aris mierTebulli sawyis da saboBloo konegqtorTan,
waris TviT mavTull 1.
satransporto saSuallebis elleqtrulli sistemebis Semadge-
ne B 1 komponentebis sivrceSi ganBagebis aRsawerad salWiroa ori
saxis meganizmis damuSaveba. erTi aris iseTi komponentebis
mdebareobis gansazRvra  sivrceSi rogoricaa koneqtori,
terminali da aS. (maT gaaCniaT garkveuli koordinatebi
sivrceSi). xoBlo meores mxriv sivrceSi gavlis traeqtoriebi
mavTu BebisaTvis. amisaTvis SemovitanoT kvanZisa da segmentis
cnebebi. kvanZi aris virtualuri wertilli sam ganzomi Bebian
sivrceSi. kvanZze miebmeba konkretu li komponentebi. magall iTad,
vTqvaT gansazRvrulia kvanZi koordinatebiT (100,30,50) da masze
mibmu B ia konegqtori, maSin am koneqtoris koordinatebi igneba
(100,30,50). segmenti aris mrudi sivrceSi, igi Sedgeba bi-spRainuri
[11] mrudebisagan. segmentic, iseve rogorc kvanZi, virtualluri
obieqtia, radgan TFizikurad 1igi ar arsebobs satransporto
saSuallebis e lBegtrogayvani B obaSi. sivrceSi ganBagebis aRwera
warmovadginoT Semdegi saxiT:
L={N,S} (2.1.10)
L aris sivrceSi obieqtebis ganBagebis aRwera, N aris

kvanZebis simravle, S _ segmentebis simraville.
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segmentebis mimdevroba gmnis mavTullis traeqtorias
sivrceSi. aRsaniSnavia, rom erT segmentSi ramdenime mavTulli
SeiZleba gadiodes da piriqiT, erTi mavTulic SesaZlBebelia
randenime segmentSi gadiodes.
garda amisa, saWiroa SemovitanoT meganizmi, romelic
erTmaneTTan daakavSirebs mavTu B ebs da segmentebs. am meganizms
vuwodoT mavTulis trasireba
T=(w,S( (2.1.11)
sadac, wl P aris mavTulli, xoBlo S( S aris segmentebis
mimdevroba.
satransporto saSuallebis elleqtrull sistemaSi Semavali
komponentebi daggufebu l ia modu Bebad da anakreb komponentebad
maT mier Sesasrullebeli Funqgciis mixedviT. magaliTad, yvela is
eleqgtrulli komponenti, romelic emsaxureba Zravis muSaobas,
gaerTieancbullia erT modullSi, eleqtrominebis momsaxure
koponentebi sxva modu B Si da aS. komponentebis aseTi daggufeba
mniSvne B ovania maTi eBeqtromagnituri Tavsebadobis analizisas

Tungcional obis gaTvall iswinebiT.

22 WBogikuri daskvnebis meganizmebis damuSaveba

eqspertu 1 sistemis Segmnisas udidesi mniSvne B oba eniWeba
B ogikuri daskvnebis birTvis (interpretatoris) damuSavebas.
satransporto saSuallebebis elegqtromagnituri Tavsebadobis
kvBevis egspertulli sistemis Bogikuri daskvnebis birTvi unda
gamoiyenebdes gadawyveti BebaTa pirdapir jgaWs [12], romBis
drosac monacemebze (e Begtrogayvani Bobis parameterebi da gare
Tfaqtorebi) dayrdnobiT sistema aformirebs hipoTezebs
potenciuri eleqtromagnituri Tavsebadobis prob B emebis Sesaxeb.

maga Bl iTad, “Tu mavTulis zogadi kBasi aris “antena” da manZi R i
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antenidan mavTullande nakBebia dasaSvebze, maSin mavTulli
arasworadaa gayvani Bi1”.

interpretatori interpretacias ukeTebs codnis bazaSi
arsebull  wesebs da satransporto saSuallebis elleqtrulli
sistemis modelis mixedviT Tormirebuli TFagtebis safuZvell ze
akeTebs B ogikur daskvnebs. imisda mixedviT, Tu rogoria wesebSi
aRwerili Bogika, SesaZBlebeBia daformirdes axalli Taqtebi,
rom B ebic gamoiyeneba Semdgomi gadawyveti Bebebis misaRebad.

stransporto saSulebebSi elBegtromagnituri Tavsebadobis
diagnostikis eqspertulli sistemis interpretatori muSaobs
Semdegi principiT:

1. codnis bazidan SeirCeva wesi, rombBis interpretaciac

unda moxdes.

2. Xxdeba Taqtebis SesabamisobaSi moyvana wesSi aRweril
I ogikasTan.

3. Tu wina pungtis Sedegi damakmayofiBebellia, xdeba
gadasv B a pungt 4-ze, winaaRmdeg SemTxvevaSi punqt 6-ze.

4. xdeba wesSi aRweri i I ogikuri mogmedebebis
Sesru B eba

5. wina pungtis muSaobis Sedegad TFormirdeba axali
Taqtebi an xorcie B deba daskvnebis gamomuSaveba.

6. Tu arsebobs kidev wesi, romelBic unda amogmeddes,
xdeba gadasvBa pungqt 1-ze, winaaRmdeg SemTXxvevaSi
srulldeba interpretatoris muSaoba.

ase rom, Bogikuri daskvnebis birTvis Sesagmne Bad saWiroa
SemuSavebu B ignas Faqtebis Formirebis meTodebi, wesebSi codnis
aRweris da maTi interpretaciis meTodebi, gadawyveti Bebebis
miRebis meTodebi.

Tagtebi, erTis mxriv, TFTormirdeba saproblemo aris
mode Blis safuZzvelze, xolo, meores mxriv, TviT Bogikuri
daskvnebis birTvis muSaobis procesSi. amitom:

F =FmE Fe (2.2.1)
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sadac, F aris Tagtebis simravle, Fm aris Taqtebi,
Tormirebuli modelis safuZvelze, xoBlo Fe aris Taqtebi,
formirebuli wesebis amogmedebis Sedegad. Fm simravlle
formirdeba interpretatoris amuSavebande da igi ar 1icvleba
misi muSaobis damTavrebamde. xoBo Fe simravlle interpre-
tatoris muSaobis dawyebis momentisaTvis cariellia, xollo
muSaobis procesSi TandaTan emateba e B ementebi.

Taqtebi Formirdeba saprobBemo aris modelis safuzZvel ze.
satransporto saSuallebis eleqtrulli sistemebis eleqtro-
magnituri Tavsebadobis kvBevis eqgspertulli sistemisaTvis
SemuSavebu B igna Faqtebis warmodgenis meTodebi Freimebis saxiT
[13]. e Begtrogayvani Bobis Semadgenel TiToeull komponents (2.12)
SevusabamebT sakuTar Treims. Freimebic SeiZleba davaggufoT
gayvani Bobis komponentebis tipebis mixedviT (213). TiToeulli
tipis obieqtisaTvis miviRebT prototip Ffreims, rombis TiTo-
eullt shotiT igneba aRweri 01 obieqtis TiTo parametri.

amrigad, freimi SeiZleba warmovidginoT Semdegi saxiT:

Fr =(T,S) (2.2.2)

sadac T aris Tfreinis prototipis identifikatori. vinaidan

TiToulli komponentis tips Seesabameba Freimis sakuTari

prototipi, swored T gansazRvravs am Sesabamisobas. S aris

s B otebis simravle.
S={g (2.233)
sBots, Tavis mxriv, gaaCnia saxeBwodeba, romelic
unikaBurad gansazRvravs mas, mniSvne B oba da mniSvne B obis tipi.
s=(i,v,t) (2.2.4)
s aris sBoti, sadac, iaris sBlotis dasaxeleba, varis misi
mniSvne B oba, taris mniSvne B obis tipi.
magaliTad, zemoT aRwerilli meTodis mixedviT satran-
sporto saSuallebis eleqtrogayvani B obaSi Semavalli iseTi kompo-
nentis tips, rgoricaa mavTulli, Seesabameba erTi TFreimis

prototipi, igi saerTo igneba yvella mavTulisaTvis, xoBl o roca

25



prototipSi sBotebis mniSvnelBobebs SevavsebT konkretulli
mavTu Bebis Sesabamisi maxasiaTeb Bebis mniSvne B obebiT, miviRebT
konkretull freimebs, romBebic Seesabameba ukve konkretull
obiegtebs. mavTu BisTvis Freimis prototips eqgneba Semdegi saxe:

(mavTu b1

(<saxe B 1> <> <simbo B OTa masivi>)

(cgulis kveTis FarTobi> <> <ricxvi mcuravi mZimiT>)

(<nomeri> <> <mTel1 ricxvi>)

)

rogorc vxedavT, TFreimis prototipi saerToa yvela
mavTu BisTvis. konkretull mavTulls ki Seesabameba Semdegi
konkretulli freinmi:

(mavTu B i

(<saxe Bi> <WR_1 37> <simbo B oTa masivi>)

(<gulis kveTis FarTobi> <025> <ricxvi mcuravi mZimiT>)

(<nomeri> <5> <mTel 1 ricxvi>)

)

es Freimi aRwers Tagts, rom sakvBevi obiegtis elleqtrul
sistemaSi arsebobs mavTulli, romBis saxeBlia WR 1 37, gullis
kveTis FarTobia 0.25, nomeria 5 da aS.

agve unda aRiniSnos, rom mxoBod statikuri monacemebi
satransporto saSuallebis eleqtrull i sistemis Sesaxeb sakmarisi
ar aris, interpretators esaWiroeba sxvadasxva tipis monacemebi,
romBebic gaTvBebis Sedegad miiReba. ZiriTadad es aris
geometriulli maCveneb Bebis (manZi Bebi sxvadasxva oObieqtebs
Soris da aS) da eleqtromagnituri maxasiaTebBebis gaTvla
(magnituri velebi, urTierTgmedebis denebi da aS.) am monacemebis
miReba  Faqtebis safuZvelze SeuZBebelBia, amitom isini
realizebullia gare TfungciebiT, romfll ebsac gamoiZaxebs
interpretatori.
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anrigad, interpretatorisaTvis informaciis wyaros warmo-
adgens faqtebi da gare Funqciebi.
eqspertulli1 codna satransporto saSuallebebis eleqtrulli
sistemebis eleqtromagnituri Tavsebadobis kvBevis eqgspertul
sistemaSi Inaxeba da gamoiyeneba wesebis saxiT.
wesebSi codnis warmodgena damyarebu B ia produqciebze [13]
prodqucia SeiZ B eba warmovidginoT Semdegnairad:
U:A® B (2.2.5)
sadac, U aris piroba, romelic unda Sesruldes
produgciis asamogmedeb Bad, A® B aris produqgciis birTvi _ A
aris piroba, xoblo B aris mogmedeba. pirobiT nawi Bs sxvanairad
marcxena nawi B sac uwodeben, xo 1 o mogndebis nawi Bs ki mar jvena
nawi B s.
imis gansazRvra, amogmeddeba Tu ara konkretulli wesi,
damokidebu B ia TFagtebisa da produqciis pirobiT nawilSi
aRweril cvBadebze. produgciis marcxena nawi Bi1 warmovadginoT
Semdegi saxiT:
A={Cf,Ca} (2.2.6)
sadac, Cf aris piroba, romelic mowndeba TFagtebis
safuZzvelze, xolo Ca aris damatebiTi piroba, romelic
SeiZleba 1yos nebismieri Bogikuri gamosaxuleba. produqcia
amogmeddeba mxoBod im SemTxvevaSi Tu dakmayofillda orive
piroba. e.l.
U =Cf UCab TRUE (2.2.7)
unda aRiniSnos, rom SeiZlBleba arsebobdes pirobebis
Semdegi kombinaciebi: marcxena nawi BSi arsebobs rogorc Cf
aseve Ca, marcxena nawi BSi arsebobs mxoBod Cf, marcxena
nawi BSi arsebobs mxoBlod Ca, marcxena nawi BSi ar arsebobs
arc Cf da arc Ca. bolo SemTxvevaSi produgcia aris upirobo
da igi amogmeddeba yoveB Tvis. vinaidan Ca aris nebismieri
B ogikuri gamosaxu Beba, igi ganxi Bvas ar saWiroebs. ganvixi BoT

rogor aris reallizebulli Cf.
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Cf warmoadgens freimebze mimarTvebis simrav les.

Cf =(Rf,Rf,,...,Rf) (2.2.8)
sadac Rf aris freimze mimarTva.

freimze mimarTva SeiZlBeba iyos warmatebulli an waruma-
tebeli. vTVRIT, rom piroba Cf dakmayofilBda, Tu warmatebulli
aRmoCnda yve Ba freimze mimarTva

Res(Cf ) = Res(Rf,) URes(Rf,) U...URes(Rf ) (2.2.9)
sadac Res(Cf) aris Cf -is dakmayofi Bebis Sedegi, Res(Rf)
aris freimze mimarTvis warmatebu ll oba.

Treimze mimarTvebis ganxorcielleba xdeba pirobebis
SesabamisobaSi moyvaniT arsebull fagtebTan. Tu arsebullma
Tfaqtebma daakmayofilla yveBla piroba, maSin Ffreimze mimarTva
CaiTv B eba warmatebu Bad, winaaRmdeg SemTxvevaSi _ warumateb I ad.

TiToeuli Ffreimze mimarTva warmodgeniBia Freimis
prototipis identifikatoriT, cvBladebisa da cvBladebis
gansazRvrebebis saxiT.

Rf. ={Fid,Vv,D, f(V,D)} (2.2.10)
sadac Rfaris TFfreimze mimarTva, Fid aris TFreinis
identifikatori, V aris cvBladebis simravlle, D aris cvBladebis
gansazRvrebebis simravlle, xoBlo f(V,D) akavSirebs TiToeul
cvBlads Tavis gansazRvrebasTan. unda aRiniSnos rom TiToeulli
viV cvladi V simravlidan Seesabameba Freimis erT slots.
TiToeul cvBads Seesabameba TiTo di D gansazRvreba D
simrav B idan. gansazRvreba Sedgeba sBotis identifikatorisagan
da SemzRudavi pirobebisagan.
d ={Sd, Rst} (2.2.11)

sadac S9Sd aris sBotis identifikatori, xolo R«
SezRudva.

sBotis identifikatori gansazRvravs Tu romeli
sBotidan unda ignas amoRebulli cvBadis mniSvneBoba, xollo
SezRudva gansazRvravs Tu ra pirobas unda akmayofi Bebdes es

mniSvne Boba. Tu mniSvne Bobam SemzRudavi piroba ar daakma-
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yofila, maSin cvBadSi ar xdeba sBotis mniSvne Bl obis amoReba
da Treimze mimarTva iTvBeba warumatebBad. maSasadame, Tu
freimze mimarTvaSi arsebulli yvela cvBladis mniSvne B obis aReba
moxda warmatebiT, +Freimze mimarTva warmatebullia, xollo
winaaRmdeg SemTxvevaSi _ warumatebe B 1.

Res(Rf) = g(Rst,) Ug(Rst,) U...Ug(Rst, ) (2.2.12)
sadac g(Rst)) aris Rst. SezRudvis dakmayofi Bebis Sedegi.
freimze mimarTvis procesi unda warmovidginoT Semdeg-

nairad:
1. Ffreimis prototipis identifikatoris mixedviT aiReba
konkretulli freimi.

2. TiToeuli v 1V cvBadisaTvis moiZebnaba d 1 D

gansazRvrebis Sd nawi BSi aRwerilli sBoti da aiReba
masSi Caweri B i mniSvne I oba.

3. xdeba Semowmeba, aRebu Bi1 mniSvne B oba akmayofi lebs Tu

ara RS Ti gansazRvrull SezRudvebs.
4, Tu piroba dakmayofilda, aRebulli mniSvnell oba

mieniWeba v, cvBads. winaaRmdeg SemTxvevaSi xdeba

momdevno konkretull Freimze gadasv la

im  SemTxvevSi, Tu produqciis amogmedebis piroba
dakmayofi B da, ganxorcieldeba produgciis B nawili. unda
aRiniSnos, rom marcxena nawi BSi aRebulli cvBadebisa da maTi
mniSvne B obebis gamoyeneba SesaZ B ebe B ia mar jvena nawi B Sic.

magaliTad, +¥Treimze mimarTva SeiZBleba mocemuli 1iyos
Semdegi saxiT:

(mavTulli  (x <gulis kveTis TFTarTobi> [<05] ) (y
<nomer 1>[=5]))

es mimarTva eZebs mavTulls, rombBis gullis kveTis FarTobi
nak Bebia 0,5-ze da nomeri aris 5 Tu aseTi mavTulli moiZebna, x-s
mieniWeba misi gulis kveTis FarTobi, xolo y-s nomeri.

TviT wesebi Tavisi Sinaarsis mixedviT, pirobiTad SeiZleba

davagjgufoT or nawi Bad: wesebi, romBebic gmnian axall Faqtebs

29



da wesebi, romell Ta muSaobis Sedegad xdeba mxo Bod daskvnebis
ganotana da hipoTezebis SeTavazeba eqspertulli sistenmis
momxmareb B isaTvis. pirvel rigSi interpretatori asrullebs
wesebs, romBebic gmnian axall TFagtebs, xoBlo Semdeg xdeba
danarCeni wesebis amogmedeba.

B nawi B Si gansazRvrull'i aris ukve konkretulli
mogmedebebi, romBebic unda ganxorcie Bl des wesis amogmedebisas.
mogmedebebTan erTad am nawi BSi SeiZBeba gamoyenebull ignas
pirobiTi gamosaxu Bebebic, rac SesazBebBobas i1ZBeva Seqgmnill
ignas ufro rTulli Bogikis wesebi, es ki, Tavis mxriv, afarToebs
eqspertulli  sistemis SesaZlebBobebs. produgciis marjvena
nawi B 1 SesaZ Bebe B 1a warmovidginoT Semdegi saxiT:

B={0,C,F,V} (2.2.13)
sadac O operatorebia, C _ pirobiTi gamosaxu Bebebi, F _
gare Ffunqciebi, xolo V _ cvladebi.

gamoviyenebT oOri saxis operatorebs: maTematikurs da
B ogikurs. pirobiT gamosaxu Bebebs aqvT saxe: Tu (piroba), maSin
(mogmedeba), winaaRmdeg SemTxvevaSi (mogmedeba), sanam (piroba)
manamde (mogmedeba). gare Fungciebi, rogorc zemoT 1iyo
aRniSnu i, gamoiyeneba sxvadasxva saxis geometriulli da
el egtromagnituri gaTvlebis ganxorcielebisaTvis, aseve saprob-
Bemo aris modeBSi cvlilebebis Sesatanad. cvBadebi arsebobs
sami  tipis: cvBadebi, romBebic gadmodian marcxena (A)
nawi Bidan da vromBebic zemoT 1iyo aRwerili; cvBladebi,
romBebic gansazRvrullia BokaBlurad B nawi BSi da gamoiyeneba
mxo Bod mis SigniT; ghobaluri cvBladebi, romBebic gamoiyeneba
sxvadasxva wesebs Soris monacemTa gasacvBellad da maTi
gamoyeneba SeiZ B eba yve Ba wesSi.

zemoT aRweri Bl saSuallebebsa da meTodebze dayrdnobiT
B ogikuri daskvnebis birTvi Iinterpretacias ukeTebs wesis B
nawi Bs da iRebs WBogikur gadawyveti Bebebs predikatebis H0o-
gikis meTodebze dayrdnobiT [14]
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2.3 el egtrogayvani B obis komponentebs Soris
el eqgtromagnituri urTierTgmedebis model irebis

meTodebis SemuSaveba

satransporto saSuallebebis elegqtromagnituri Tavseba-
dobis potenciuri probBemebis gamovBena SeuZBebeBia maTi
eleqgtrulli sistemebis komponentebs Soris eleqtromagnituri
zemogmedebis mode B irebis gareSe. rogorc wina paragrafSi iyo
aRniSnu b1, eqspertulli sistemis birTvi iyenebs gare Fungciebs,
romBebic gamoiyeneba e Beqtrogayvani Bobis komponentebs Soris
urTierTgmedebis 1iseTi elegqtromagnituri parametrebis da
sidideebis gamosaTvBelad, rogoricaa mavTullebs Soris
urTierTtevadobebi da urTierTindugciurobebi, urTierTgmedebis
kvazistatikuri denebi da Zabvebi, S parametrebi [15] da aS.

qgvemoT  moyvani Bia meTodebi, romBebic gamoiyenaba
e Beqtromagnituri paramtrebis gamosaTvilellad:

kvazistatikuri eqvivallenturi denis wyaros deni, romelic
kvebavs antenas gamoiTv Beba Semdegi FormulliT:

|
| =C,, - 231
T (23.)

m
min

C__ aris mavTull sa da antenas Soris urTierTtevadoba.

m

| .. _ magsimaBuri deni (parametri aRweri B ia gayvani Bobis

max

mode 0 Si).

T.. _ minimaBuri gadasvlis dro (parametri aRwerilia
gayvani B obis mode 1 Si).

kvazistatikuri egvivallenturi Zabvis wyaros Zabva, romelic

kvebavs antenas, gamoiTv B eba Semdegi formuliT:

m
min

Vv
V=L, - 232
= (232)

L aris mavTullsa da antenas Soris urTierTindu-

m

gqciuroba.
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V . magsimaBuri Zabva (parametri aRweri B ia gayvani B obis

max

mode 0 Si).

T.. _ minimaBuri gadasvlis dro (parametri aRwerilia
gayvani B obis mode 1 Si).

mavTullsa da antenas Soris urTierTtevadobisa da
urTierTindugtiurobis gamoTv BebisaTvis gamoiyeneba samganzomi-
Bebiani eleqtrostatikuri gaTvBlebis birTvi Static3D, romelic
callke programis saxiT aris reallizebulli. antena da mavTulli
eleqtrostatikuri gaTvBebis birTvs gadeacema nastranis [16]
formatis mgone TFaillis saxiT. Tu modelSi aRwerilia
satransporto saSuallebis Zara, maSin misi gaTvall iswinebac xdeba
gaTvlebisas. mavTullis 1zoBaciis SeRwevadobis gaTvall iswineba
ar xdeba.

S parametrebis gamoTvHBebisTvis mavTullsa da antenas
Soris gamoiyeneba samganzomi Bebiani e Begtrodinamikuri gaTvile-
bis birTvi TRID, romelic callke programis saxiTaa reallize-
bull'i. S11 parametris gamoTv B is procesi moicavs Semdeg bi jebs:

1. unda ganisazRvros antenis porti. porti ganisazRvreba
antenis segmentiT da winaRobiT am segmentze.

2. unda aigos modeli elBegtrodinamikuri gaTvBebisaTvis.
mavTuBis bo B oebze generirdeba damiwebis segmentebi,
romBebic mavTullis boBoebs aerTebs satransporto
saSuallebis Zaris triangulirebull badesTan. segmentisa
da Zaris aRmweri badis SeerTebis wertilSi xdeba
badis triangulireba 1ise, rom Sexebis wertili
aRmoCndes samkuTxedis wverosSi. programaSi
gansazRvrull1  wredi mieniWeba pirvel damiwebis
segments, xoBo meore damiwebis segments mieniWeba
Zabvis wyaro (1 v) da winaRoba (50 omi).

3. dagenerirebulli modeli gadaecema elBegqtrodinamikuri
gaTvlebis birTvs gaTvlebis gansaxorcielleblad.

4. eleqtrodinamikuri gaTvBebis Sedegad viRebT:
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dens mavTu B is meore damiwebis segmentSi (porti 1) _ Il
Zabvas mavTu B is meore damiwebis segmentSi (porti 1) _
V1
winaRobas mavTu B is meore segmentSi (porti 1) _ Z1
miRebu B 1 mniSvne Bobebidan Sl11 parametri gamoiTv B eba
Semdegi fFormuliT:
V1

Zin=2=_ 71
11

sii=24n-21 (233)
Zin+ 71

S12 parametris gamoTv B is procesi moicavs Semdeg bi jebs:

1. unda ganisazRvros antenis porti. porti ganisazRvreba
antenis segmentiT da winaRobiT am segmentze.

2. unda aigos modeli elegtrodinanikuri gaTvBebisaTvis.
mavTuBis bo B oebze generirdeba damiwebis segmentebi,
romBebic mavTullis boBoebs aerTebs satransporto
saSuallebis Zaris triangulirebull badesTan. segmentisa
da Zaris aRmweri badis SeerTebis wertilSi xdeba
badis triangulireba 1ise, rom Sexebis wertili
aRmoCndes samkuTxedis wverosSi. programaSi
gansazRvru B1 wredi mieniWeba orive damiwebis segments,
antenis ports mieniWeba Zabvis wyaro (1 v) da winaRoba
(50 omi).

3. dagenerirebulli modeli gadaecema elegqtrodinamikuri
gaTvlebis birTvs gaTvlebis gansaxorciellebllad.

4. eleqtrodinamikuri gaTvBebis Sedegad viRebT:
dens mavTu B is meore damiwebis segmentSi (porti 1) _ Il
Zabvas antenis portis segmentSi (porti 2) _ V2
winaRobas antenis portis segmentSi (porti 2) 22

miRebu B 1 mniSvne Bobebidan S12 parametri gamoiTvleba

Semdegi formuBiT:
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Si2=2+ 72+ 1L (23.4)
V2

S21 parametris gamoTv R is procesi moicavs Semdeg bi jebs:

1. unda ganisazRvros antenis porti. porti ganisazRvreba
antenis segmentiT da winaRobiT am segmentze.

2. unda aigos modeli elegtrodinamnikuri gaTvBebisaTvis.
mavTu Bis bo B oebze generirdeba damiwebis segmentebi,
romBebic mavTullis boBoebs aerTebs satransporto
saSuallebis Zaris triangulirebull badesTan. segmentisa
da Zaris aRmweri badis SeerTebis wertilSi xdeba
badis triangulireba 1ise, rom Sexebis wertilli
aRmoCndes  samkuTxedis wveroSi. programaSi gan-
sazRvrull'i wredi mieniWeba pirvel damiwebis segments,
xo B o meore damiwebis segments mieniWeba Zabvis wyaro (1
v) da winaRoba (50 omi).

3. dagenerirebulli modeli gadaecema elegqtrodinamikuri
gaTvlebis birTvs gaTvlebis gansaxorciellebllad.

4. eleqtrodinamikuri gaTvBebis Sedegad viRebT:
dens antenis portis segmentSi (porti 2) |1
Zabvas mavTu B is meore damiwebis segmentSi (porti 1) _
V1
winaRobas mavTu B is meore segmentSi (porti 1) _Z1

miRebu B 1 mniSvne Bobebidan S21 parametri gamoiTv B eba

Semdegi fFormuBiT:

s21=2+ 71+ 12 (2.3.5)
V1

S22 parametris gamoTv R is procesi moicavs Semdeg bi jebs:

1. unda ganisazRvros antenis porti. porti ganisazRvreba
antenis segmentiT da winaRobiT am segmentze.

2. unda aigos modeli elegtrodinamikuri gaTvBebisaTvis.
mavTulis boBoebze generirdeba damiwebis segmentebi,
romBebic mavTullis boBoebs aerTebs satransporto

saSuallebis Zaris triangulirebull badesTan. segmentisa



da Zaris aRmweri badis SeerTebis wertilSi xdeba
badis triangulireba 1ise, rom Sexebis wertili
aRmoCndes  samkuTxedis wveroSi. programaSi gan-
sazRvrull'i wredi mieniWeba orive damiwebis segments,
antenis ports mieniWeba Zabvis wyaro (1 v) da winaRoba
(50 omi).

3. dagenerirebulli modeli gadaecema elBegqtrodinamikuri
gaTvlebis birTvs gaTvlebis gansaxorcielleblad.

4. eleqtrodinamikuri gaTvBebis Sedegad viRebT:
dens antenis portis segmentSi (porti 2) _ 12
Zabvas antenis portis segmentSi (porti 2) _ V2
winaRobas antenis portis segmentSi (porti 2) _ Z2

miRebu B 1 mniSvne Bobebidan S22 parametri gamoiTvHleba

Semdegi fFormubiT:

anyg-zz
12

9p=4N- 22 (23.6)
Zin+Z2

kvazistatikuri eqvivallenturi denis wyaros deni, romelic
aRiZvreba erTi mavTu B idan meore mavTu B Si, ganoiTv B eba Semdegi
TformuliT:

| =C Jm (23.7)

m
min

C__aris mavTullebs Soris urTierTtevadoba.

m

| .. _ magsimaBuri deni (parametri aRweri B ia gayvani Bobis

max

mode 0 Si).

T.. _ minimaBuri gadasvlis dro (parametri aRwerilia
gayvani B obis mode 1 Si).

kvazistatikuri egvivallenturi Zabvis wyaros Zabva, romelic
aRiZvreba erTi mavTu Bl idan meore mavTu B Si, ganoiTv B eba Semdegi

FfFormuliT;

V=L (2.3.8)
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L aris mavTullebs Soris urTierTindugtiuroba.

m

V. . _ magsimaBuri Zabva (parametri aRweri B ia gayvani Bobis
mode 0 Si).
T., _ minimaBuri gadasvlis dro (parametri aRwerillia

gayvani B obis mode 1 Si).

mavTulebs Soris urTierTtevadobis da urTierTindug-
ciurobis martivi gaTvBebisTvis vTvRiIiT, rom mxolod
paraleBuri mavTullebi (mavTullebi romBebic erT segmentSi
gadis) urTierTgmedeben miwis sibrtyis gaTvaliswinebiT. Jjer
xdeba mavTulBebis avtomaturi dallageba TiToeuli segmentis
kveTaSi da Semdeg urTierTtevadobebis da urTierTindug-
ciurobebis dadgena TiToeull segmentSi. sigrZis mniSvne B obebi
D, a da a aiReba rogorc nmudmivi (nax. 4). tevadobis da
induqciurobebis mniSvne Bobebi  ikribeba saboBoo Sedegis

misaRebad.

2d

‘IF. .

nax. 4. kveTa, romel zec xdeba urTierTtevadobebis gamoTvla

mavTu Bebis radiusebs vTvBiT erTnairad da nmis
mniSvne Bobad VviRebT yveBla mavTullis radiusebis saSuallo
mniSvne B obas. sigrZis erTeull ze tevadoba gamoiTvBeba Semdegi
formulliT:

_ 2pe, In(at/ a)
In*(D/d) - In?(ad/ a)

(23.9)
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sigrZis erTeullze urTierTindugciurobebi gamoiTvHleba

Semdegi fFormuBiT:

M = 30 (2:310)
2 eag

SesaZlebelia ganoTvElili1 ignes geometriis sami varianti:

cudi, saSuallo da kargi.
cudi: D=0.02m; a=2.1*d; a¢=+va®+D?.
saSuallo: D =0.02m; a=R Tu R > 2.1*d, winaaRmdeg SemTxvevaSi

a=2.1*d sadac R— aris segmentis jamuri radiusi; a¢=+a®*+D?.
kargi: D=0.02m;a=2*R Tu 2*R > 2.1d, winaaRmdeg SemTxvevaSi

a=2.1*d sadac R— aris segmentis jamuri radiusi; a¢:\/m.

sivrceSi nebismier or mavTulls Soris urTierTtevadobisa
da urTierTindugciurobis ganoTv BebisaTvis gamoiyeneba
samganzomi Bebiani elBeqtrostatikuri gaTvBlebis birTvi Static3D.
mavTu Bebi gaTvBebis birTvs gadeacema nastranis formatis mgone
faillis saxiT. winaswar xdeba mavTullebis avtomaturi
gadanawi Beba segmentis kveTaSi (algoriTmi aRweriBia qvemoT).
Tu modeBSi aRwerilia satransporto saSuallebis Zara, maSin
misi gaTvaliswinebac xdeba gaTvBebisas. mavTullis i1zolaciis
SeRwevadobis gaTvall iswineba ar xdeba.

Sparametris gamosaTvlelad or mavTulls Soris gaoiyeneba
samganzomi Bebiani e Beqtrodinamikuri gaTvBebis birTvsi TRID.
S11 parametris gamoTv R is procesi moicavs Semdeg bi jebs:

1. unda aigos modeli elegqtrodinamikuri gaTvBebisaTvis.
mavTu Bebis bo B oebze generirdeba damiwebis segmentebi,
romBebic mavTullis boBoebs aerTeben satransporto
saSuallebis Zaris triangulirebull badesTan. segmentisa
da Zaris aRmweri badis SeerTebis wertilSi xdeba
badis triangulireba 1ise, rom Sexebis wertili
aRmoCndes  samkuTxedis wveroSi. programaSi gan-
sazRvrull'i wredi mieniWeba meore mavTullis orive da

pirveli mavTullis pirvel damiwebis segments, xollo
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pirveli mavTullis meore damiwebis segments mieniWeba
Zabvis wyaro (1 v) da winaRoba (50 omi).

2. dagenerirebulli modeli gadaecema elBegqtrodinamikuri
gaTvlebis birTvs gaTvlebis gansaxorcielleblad.

3. elegtrodinamikuri gaTvBebis Sedegad viRebT:
dens pirvelli port 1-Si _ |1
Zabvas port 1-Si _ V1
winaRobas porti 1-Si _ 71

miRebu B 1 mniSvne Bobebidan Sl11 parametri gamoiTv B eba

Semdegi formuBiT:

Zinzv—l- Z1
1

_Zin- Z1
Zin+Z1

(23.11)

S12 parametris gamoTv R is procesi moicavs Semdeg bi jebs:

1. unda aigos modeli eleqtrodinamikuri gaTvBebisaTvis.
mavTu Bebis bo B oebze generirdeba damiwebis segmentebi,
romBebic mavTullis boBoebs aerTebs satransporto
saSuallebis Zaris triangulirebull badesTan. segmentisa
da Zaris aRmweri badis SeerTebis wertilSi xdeba
badis triangulireba 1ise, rom Sexebis wertili
aRmoCndes samkuTxedis wveroSi. programaSi gansazRvru-
Bi1 wredi mieniWeba pirveli mavTullis orive damiwebis
segments da meore mavTulis pirvell damiwebis segments.
meore mavTullis meore damiwebis segments mieniWeba
Zabvis wyaro (1 v) da winaRoba (50 omi).

2. dagenerirebulli modeli gadaecema elBegqtrodinamikuri
gaTvlebis birTvs gaTvlebis gansaxorciellebllad.

3. elegtrodinamikuri gaTvBebis Sedegad viRebT:
dens port 1-Si _ 11
Zabvas port 2-Si _ V2
winaRobas port 2-Si _ Z2
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miRebu B 1 mniSvne Bobebidan S12 parametri gamoiTvleba

Semdegi fFormuBiT:

Si2=2+z2+ 1L (23.12)
V2

S21 parametris gamoTv R is procesi moicavs Semdeg bijebs:

1

unda aigos modeli elegtrodinanikuri gaTvBebisaTvis.
mavTu Bebis bo B oebze generirdeba damiwebis segmentebi,
romBebic mavTullis boBoebs aerTebs satransporto
saSuallebis Zaris triangulirebull badesTan. segmentisa
da Zaris aRmweri badis SeerTebis wertilSi xdeba
badis triangulireba 1ise, rom Sexebis wertili
aRmoCndes samkuTxedis wverosSi. programaSi
gansazRvru i wredi mieniWeba meore mavTullis orive
damiwebis segments da pirveli mavTullis meore
damiwebis segments, xolBlo pirveli mavTullis meore
damiwebis segments mieniWeba Zabvis wyaro (1 v) da
winaRoba (50 omi).

dagenerirebulli modelBi gadaecema elBegqtrodinamikuri
gaTvlebis birTvs gaTvlebis gansaxorcielleblad.

e leqtrodinamikuri gaTv B ebis Sedegad ViRebT:

dens port 2-Si _ 12

Zabvas porti 1-S1 _ V1

winaRobas port 1-Si _ Z1

miRebu B 1 mniSvne Bobebidan S21 parametri gamoiTv B eba

Semdegi formuBiT:

s21=2+ 71+ 12 (2.3.13)
V1

S22 parametris gamoTv R is procesi moicavs Semdeg bi jebs:

1

unda aigos modeli elegtrodinanikuri gaTvBebisaTvis.
mavTu Bebis bo B oebze generirdeba damiwebis segmentebi,
romBebic mavTullis boBoebs aerTebs satransporto
saSuallebis Zaris triangulirebull badesTan. segmentisa

da Zaris aRmweri badis SeerTebis wertillSi xdeba

39



badis triangulireba 1ise, rom Sexebis wertili
aRmoCndes samkuTxedis wveroSi. programaSi gansazRvru-
Bi wredi mieniWeba pirveli mavTullis orive damiwebis
segments da meore mavTulis pirvell damiwebis segments.
meore mavTullis meore damiwebis segments mieniWeba
Zabvis wyaro (1 v) da winaRoba (50 omi).

2. dagenerirebulli modeli gadaecema elBegqtrodinamikuri
gaTvlebis birTvs gaTvlebis gansaxorcielleblad.

3. elegtrodinamikuri gaTvBebis Sedegad viRebT:
dens port 2-Si _ 12
Zabvas port 2-Si _ V2
winaRobas port 2-Si _ Z2

miRebu B 1 mniSvne Bobebidan S22 parametri gamoiTv B eba

Semdegi fFormubiT:

anyg-zz
|2

22:Z!n-ZZ
Zin+Z2
eleqtrostatikuri da elegtrodinanikuri gaTv il ebis

(23.14)

birTvebi saWiroeben mavTulebis modeBirebas sivrceSi. KBL
standarti mavTulebis gatarebis traeqtorias sivrceSi aRwers
segmentebis saSuallebiT. TiToeull mavTulls mieTiTeba segmentebis
mimdevroba, romeBSic igi gadis, xolo TviT segments aqvs
RerZzullt nmrudi, romeBlic warmoadgens splains sivrceSi.
mavTuls ar mieTiTeba misi mdebareoba segmentis kveTSi, ase rom
yvela mavTullis gatarebis +traeqtoria emTxveva segmentis
RerZulla xazs. e.d. segmentis kveTaSi, masSi gamavall yvella
mavTuls aqvs pozicia (0,00 es imiT aris gamowveulli, rom KBL
standarti Segmni Bia satransporto saSuallebebis eleqtrogayva-
ni Bobis topolBogiis warmosadgenad da ar aris gaTvalis-
winebu Bi misi gamoyeneba e Beqtrostatikiuri da elBegtrodinami-

kuri gaTvBebisaTvis.
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imisaTvis, rom ganvaxorcieloT eleqtrostatikuri da
elegtrodinamikuri gaTvBebi, saWiroa mavTullebi sivrceSi ar
emTxveodes da ar kveTdes erTmaneTs. SemuSavebulli igna
allgoriTmebi, romBebic erTis mxriv mavTullebs anawi Bebs
segmentis kveTSi ise, rom isini ar emTxveodes erTmaneTs, xolo
meores mxriv, atarebs maT sivrceSi RerZulli traeqtoriis
gaswvriv kveTaSi gadanawi BebiT miRebu @ manZi Bze TanakveTebis
gareSe (nax. 5.).

mavTu Bebis segmentis kveTaSi gadanawi Bebis algoriTmis
mizania yvela mavTulli rac SeiZleba mWidrod gaanawill 0s
segmentis or ganzomi Bebian kveTaSi. mavTullis kveTa sibrtyeze
warmoadgens wres. simWidrovis kriteriumad aRebulia mavTullis
centris siaxBove ukve dallagebulli mavTullebis centrebis
simZimis centrTan. maSasadame, saWiroa wreebi ganvalagoT rac
SieZBleba mWidrod erTmaneTisgan gansazRvrul manZi  ze.
SemovitanoT Semdegi aRniSvnebi: O — ukve daBagebu Bi mavTu Bebis
simravle, U_ dasalagebe B i1 mavTu Bebis simravBle Tavdapirvellad
O aris carieli, xolo U moicavs kveTaSi arsebull yvella
mavTulls. allgoriTmis muSaobis Semdeg ki O moicavs yvela
mavTulls, xolo U aris carieli.

“mavTull Ta wyvi B11” vuwodoT iseT or mavTulls, rome l Tagan
erT-erTma miiRo monawi Beoba meoris mdebareobis gansazRvraSi

da romBebic mndebareoben uSuallod -erTmaneTis gverdiT.

mavTull Ta wyvi i aRvniSnoT Semdegnairad Pair(o,,0;)
ol 0,01 O,itj. mavTulBTa wyvilTa simravle aRvniSnoT P-Ti.

manZi ki, romeBic unda iyos mavTullebs Soris aRvniSnoT d-Ti.
ganBagebu i wreebis centrebis simZimis centri aRvniSnoT W-TI.
algoriTmis arsi mdgomareobs SemdegSi:
1. aviROoT dasalagebeli mavTullebis U simravlidan
pirveli1 mavTulli, ganvaTavsoT koordinatTa saTaveSi
(0,00 da gadavitanoT O dalagebull mavTull Ta simrav-
BeSi.
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nax. 5.

pozicionirebamde 3D-Si

pozicionirebis Semdeg 2D-Si pozicionirebis Semdeg 3D-Si

mavTu Bebis avtomaturi pozicionirebis algoriTmis muSaobis

Sedegebi

aviROT dasalagebeli mavTulebis U simravl idan meore

mavTull1 da ganvaTavsoT koordinatebiT (R +R,+d)0),

sadac R aris pirveli wris radiusi, xolo R, _ meore

wris. gadavitanoT O dalagebull mavTull Ta simrav BeSi.

SevgmnaT wyvil1 Pair(o,,0,) da mivanivoT P wyvillTa

simrav Bes.

gamoviTvaB OoT simZimis centri W (nax. 6.).

aviROT dasalagebel1 mavTullebis simravBlidan U erT-

erTi maTulli u (u T U)

P wyvillTa simravBidan aviRoT erT-erTi wyvilli
Pair,(0,,0,),0,1 O,0,1 O,it j da vipovoT masSi Semavalli

mavTu Bebis gverdiT axali mavTullis Sesazllo

gan Bagebis ori wertilli C da C, (nax. 7.).

u, wres ganvaTavsebT Cl1 wertillSi, O dalagebulli

wreebis simravBidan mimdevrobiT viRebT yvella

el ements da vamowmebT, xom ar kveTen u, wres. Tu
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TanakveTa ar moiZebna, maSin vpouBlobT manZills C1
centrasa da W simZimis centrs Soris DistW. igives

vimeorebT C2 wertillisTvis.

nax. 6. mavTu Bebis ganBageba pozicionirebis algoriTmis me-3 bijis
Semdeg

7. Tu DistW nakBebia agamde ganxiBuli sxva Pair (0,,0))
wyvi BebisaTvis napovn minimaBur manZiBze MinDistW,
maSin MinDistW = DistW.

8. gadavideT me-3 bigze vidre ar ganvixi BavT P simravlis
yve Ba el ements.

9. wu, mavTulis Sesabamis wres ganvaTavsebT im centrSi
Cmin, romBisTvisac dafigsirda simZimis centramde

minimaBuri  manZiBli1 MinDissW. u, mavTulls ViRebT

dasalagebeBi mavTulebis U simravl idan da gadagvagvs

dalBagebu i mavTu Bebis O simrav BeSi.
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nax. 7. mavTu Bebis SesaZzll o gan B agebis werti Hebi

10. viRebT im wyvi BsPair, (0,,0,), romelmac monawi I oeoba
miitRo mavTul is centris fFormirebaSi da vaFformirebT

axal wyvilebs axBad ganTavsebuli o, 1 O mavTulli-
saTvis: Pair (0.,0,)da Pair (0,,0,). vamatebT maT P

wyvi B Ta simrav BeSi.
11. vpou B obT axall simZimis centrs W (nax. 8).
12. gadavdivarT me-4 bijze vidre dasalagebe B i1 mavTu B ebis
U simravle ar gaxdeba carieli.
an allgoriTmSi gamoyenebu R i iyo wreebis wyvillis
max BobBad mocemull manZi B ze mesame wris ganTavsebis
werti Bebis (C1, C2) povna da wreebis centrTa W simZimis centris
povna.
vTqvaT, gvagvs ori wre centriT (xLyl), radiusiT Rl da
centriT (x2y2), radiusiT R2 gvinda vipovoT centrebi wrsiTvis

radiusiT R3 ise rom igi exebodes orive wres (nax. 9.).



nax. 8. mavTu Bebis ganBageba da simZimis centri pozicionirebis
algoriTmis me-11 bijis Semdeg

0.0

nax. 9. mxebi wreebis centrebis gansazRva

Cl da C2 wertillebis koordinatebi gamoiTvBeba Semdegi
TormulebiT:
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_ (RL+R3* +(RL+ R2)* - (R2+R3)*

X3, = X3, 2* (RL+R2)

Y3, = /(R1+ R3)* - X3,°

Y3, =-Y3,
X2- X1
cos@)=——-— 2.3.15
s) R1+ R2 ( )
. Y2-Y1l
sn(a) =
RL+ R2

Clx= X1+ X3,*cos(a)- Y3,sn(a)
Cly= X1+ X3, *sin(a)+Y3, cos@)
C2.x=X1+X3,*cos@)- Y3, sn(a)
C2.y= X1+ X3, *sn(a)+Y3, cos@)
vTgvaT mocemulBi1 gvagvs wreebis centrebis mimdevroba

(X, 1), (X, ¥,),.-(X,,Y,). maTi simZimis centri moiZebneba Semdegi

FformuliT;
g
a X
x =12 (2.3.16)
n
g
avy
— i=1
y n

mas Semdeg, rac mavTuBebi gadanawi Bdeba segmentis or
ganzomi Bebian kveTaSi, saWiroa kveTaSi segmentis centridan
mavTulis centrebis daSorebebis gaTvaliswinebiT gavataroT
Isini segmentTa mimdevrobis centraluri RerZebis gaswvriv sam
ganzomi Bebian sivrceSi (nax. 10.).

segmentebis RerZulli xazis traeqtoria Sedgeba erTmaneTze
gadabmu B1  monakveTebisagan. mavTullebi unda gavataroT am
monakveTebis paraleBurad 1ise, rom Tu aviRebT TiToeullli
monakveTis perpendikuBarull kveTas, miviROT segmentis kveTaSi

mavTu Bebis ganTavsebis suraTi.
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mavTu Bebis gadanawi Beba kveTaSi segmentebis RerZu li xazebis
traeqtoria

mavTu Bebi, romeBic gatarebu l ia segmentebis RerZulli xazebis gaswvriv kveTaSi
arsebu Bi gadanawi Bebis mixedviT

nax. 10. mavTu Bebis gatareba sivrceSi

mavTu Bebis sivrceSi gatarebis algoriTmi Sedgeba sami

etapisagan:

1

3.

ganisazRvros iseTi veqtori, romelic RerZulli xazis
TiToeull segments gadaitans sivrceSi ise, rom Tu
aviRebT segmentis perpendikuBarull kveTs, axali
segmenti ganTavsebulli 1ignes mavTullis ganTavsebis
adgi B as.

traeqtoriis Semadgene b1 yve Ba segmentis paralleBurad
gavataroT axalli segmentebi sivrceSi ise, rom isini
miRebul 1 ignes +traeqtoriis Semadgeneli segmentis
paraleBlurad gadataniT wina punqtSi miRebuli
veqtoriT.

miRebu B 1 segmentebi SevaerToT erTmaneT Tan.

vTqvaT mocemu B i aris nax. 11-ze gamosaxu 01 traeqtoria da

or ganzomi Bebiani kveTa

imisaTvis, rom vipovoT gadatanis veqtori, saWiroa pirvel

segments mivabaT koordinatTa sistema ise, rom Z RerZi emTxve-
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odes segments, xoBo koordinatTa saTave _ Pl wertills. anm

SemTxvevaSi, XoY sibrtye daemTxveva kveTas (nax. 12.)

traeqtoria kveTa

nax. 11. mavTu Bebis sawyisi traeqtoria da kveTa

nax. 12. koordinatTa sistenis gansazRvra

Qveqtori igneba  saZiebeli gadatanis veqtori. mis

sapovne Blad viqceviT  Semdegnairad: jer vsazRvravT mas

standartull koordinatTa sistemaSi. 1gi 1igneba Q:(dx,dy,O).

Semdeg ki standartulli koordinatTa sistemis transformacias
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vaxdenT 1ise, rom misi Z RerZi daemTxves traeqtoris segmentis
Sesabamis P1P2 veqtors.

maSasadame, am bijis Semdeg miRebu B i gvaqvs gadatanis v
veqtori traeqtoriis pirveli P1P2 segmentisTvis. Tu segments
paraleBurad gadavitanT am veqtoriT, miviRebT saZiebeli

traeqtoriis pirvell segments C1C2 (nax. 13)).

P3

nax. 13. traeqtoriis segmentis paralle lurad gadatana

P3

nax. 14. gadtanis veqtoris Formireba meore segmentisTvis

49



anis Semdeg saWiroa ganisazRvros gadatanis veqtori meore
segmentisTvis. amisaTvis gadatanis veqtors vabrunebT S1 da S2
segmentebs Soris arsebulli kuTxiT P1P2P3 sibrtyis perpen-
dikularis i1rgvhiv (nax. 14).
veqtoris mobruneba meore veqtoris irgvliv xdeba misi
gadamrav BebiT mobrunebis matricaze. mobrunebis matrica aris
3X3 ganzomi Bebis da misi e Bementebia:
a, =cos@)+(1- cos@))* x
a, =(1- cos@))*x*y-sn(a)* z
a, =(1- cos(@))* x* z+sn(a)*y
a, =(1- cos@))* x*y+sn(a)* z
a,, =cos(a) +(1- cos(@))* y* (2.3.17)
ay, =(1- cos@))* y*z- sin(a)* x

ay =(1- cos@))* x*z- sn(a)*y
ay, =(1- cos@))* y* z+sn(a)* x

a,, =cos@) + (1- cos@))* z°
sadac (x,y,2) aris veqtori, romBis 1irgvlivac xdeba
mobruneba, xolB 0 a aris mobrunebis kuTxe.
anis Semdeg vaxdenT RerZulli traeqtoriis segmentis ga-

datanas igive principiT rogorc pirveli segmentisTvis (nax. 15)

nax. 15. traeqtoriis segmentis paralle lurad gadatana

50



igive proceduras vimeorebT +traeqtoriis Semadgeneli
yve Ba segmentisTvis.

rogorc vxedavT, mxoBod segmentebis gadatana sakmarisi
ar aris, radgan warmoigmneba segmentebs Soris wyvetebi da
TanakveTebi (nax. 16). saWiroa traeqtoriis kuTxeebSi miRebulli
segmentebis erTmaneT Tan SeerTeba.

SeerTebis wertilis povnis algoriTmi ganvixi BOT nax. 17.-
IS mixedviT.

nax. 16. segmentebis SeerTebis werti lebi

nax. 17. segmentebis SeerTebis werti Bebis povna
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Cvens mizans warmoadgens P SeerTebis wertilis povna
anisaTvis saWiroa vipovoT v veqtori, radgan P=C2+v, C2is
koordinatebi ki ukve cnobi Bia saWiroa davadginoT v veqtoris

mimarTuBeba da sigrZe. radgan v veqtori warmoadgens C1C2
monakveTis gagrZe Bebas, amitom misi mimarTuBeba igneba: (C2.x-

Cl1l.x,C2y-Cly,C2.z-Cl.z) veqtoris koRinearulli.

v veqtoris sigrZis gansazRvrisaTvis gamoviyenoT is Tagti,
rom C1PC2 samkuTxedi aris tolferda da cnobillia a kuTxe.

veqtoris sigrZe L, igneba:

- J(C2x- C2x)2 +(C2.y- C2y)? +(C2.z- C2.2)?
a
2* cos(—
S(2)

(2.3.18)

Im SemTxvevaSi, roca segmentebs Soris arsebobs TanakveTa

(meore wertili Cvens magaBiTSi), v veqtors vpoulobT igive
gziT, mxo Bod mimarTu Bebas viRebT sapirispiros.
amrigad, samive bigis gavlis Semdeg viRebT mavTullis

gatarebis traeqtorias, romelic paraleBurad miyveba RerZul
xazs (nax. 18.).

P3

nax. 18. mavTulis miRebulli traeqtoria
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rogorc zemoT 1iyo aRniSnulli, mavTullebs Soris da
mavTu B sa da antenas Soris urTierTtevadobebisa da
urTierTindugciurobis dasadgened gamoiyeneba gamoTv HBebis
birTvi Static3D, romeBic callke programis saxiT aris
realizebulli. gamoTvHBebis birTvi dafuZnebullia momentebis
meTodze (MoM) elleqtrulli velebis integraluri ganto Bebebis
(EFIE) ricxviTi meTodebiT amosaxsneBad [17]. Tu mavTulebi
erTmaneTTan an zedapirTan ZalBian axB osaa ganBagebuli, maSin
gamoiyeneba momentebis meTodisa da damxmare wyaroebis meTodis
(MAS) kombinacia. induqciurobebi ganisazRvreba
eleqtrostatikur da magnitostatikur probBlemebs Soris
anall ogiis safuzve l ze. mT B ian struqturaze muxtebis
ganawi Bebis aprogsimaciisaTvis gamoiyeneba biguri bazisuri
Tunqgciebi. Tavdapirve Bad xdeba muxtebis gabnevis koeFicientebis
dadgena wrFivi ganto Bebebis sistemis amoxsnis meSveobiT, xolo
Semdeg am koeficientebze dayrdnobiT  xdeba  muxtebis
ganawi Bebis povna da mT Biani sistemis salWiro parametrebis
gansazRvra [18].

programis muSaoba damyarebullia Semdeg meTodebze:
zedapirebi modelirebulia sankuTxedebis badis meSveobiT.
Tvhian, rom TiToeull sankuTxedze muxtis simkvrive mudmivia
[17][19].

jer ganisazRvreba zedapirulli muxtebis ganawi Beba
TiToeulli obieqtisTvis integralluri gantoBlebebis MoM
meTodiT amoxsnis meSveobiT, Semdeg generirdeba momentebis
matrica, romelBic Seesabameba potencialls TiToeulli samkuTxa
patCis centroidSi. saboloo gantoBebaTa sistemis amoxshas
mivyavrT centroidebSi muxtis simkvrivis povnamde [20].

N gamtari obieqtisaTvis VviRebT gantolebaTa sistemas.
saboBlood vpoulobT muxtebs obieqtebze potenciallebis
TiToeu 1 ganawi BebisaTvis [20].

rodesac obieqtebi erTmaneTTan Zall ian ax B osaa

ganBagebu i, isini ufro ZBierad urTierTgmedeben erTmaneTze,

53



rac iwvevs muxtebis ufro araTanabar ganawi Bebas. aseT
SemTxvevaSit muxti icvBeba TiToeulli elementis SigniT, amitom
Tu gamoviyenebT MoM meTods, saWiro gaxdeba e Bementebis zomis
Zhier Semcireba samkuTxedebis badis SemTxvevaSi saWiro igneba
samkuTxedebis zomis igande Semcireba, vidre TiToeull maTganze
muxti Tanabrad ar igneba ganawi BebuBi. magram aseTi midgoma
SeuzZlebelia mavTullis SemTxvevaSi, am dros muxtebi
araTanabradaa ganawi Bebuli mis perimetrze. aseT SemTxvevaSi,
mavTullis zedapiri unda daiyos zolebad da muxtebi
ganisazRvros TiToeull'1 maTganisTvis damoukideb Bad (nax. 19.). am

dros gamoiyeneba damxmare wyaroebis meTodi.

mavTuI!s damxnare wrfivi wyar;
segmentn\ ‘

SezRudvis piroba

SenzRudavi pirobis xazi

mavTulis segnenti

a) - damoukidebel i MASsegnenti b) standartulli MASsegnenti

nax. 19. damxmare wyaroebi

TiToeul damxmare segmentze vaTavsebT M*™  wrFfiv

damxmare wyaros. TiToeuli damxmare wyaro Sedgeba Tanabrad
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danuxtuli zolisagan, romelic segmentis sigrZisaa. TiToeullli
damxmare wyarosaTvis vagenerirebT Sesabamis xazs mavTullis
zedapirze. aseTi xazebis raodenoba tolia damxmare wyaroebis
raodenobisa. muri mavTullis segmentis potencialli gani-

sazRvreba Semdegi formuliT:

_ Mas
in(xy)=aai rxy) (2.3.25)
n=1

sadac, q, aris muxti n damxmare wyarosi, romelic

m
n

asocirebullia m mavTullis segmentTan. | "(x,y) aris damxmare
wyaros potencialli [21].

eqspertulli sistemis gaTvBebis modulis kidev erT-erTi
umniSvne B ovanesi nawi Bia magnituri velebis gamoTvla sivrcis
mocemu B werti B Si.

magnituri velebis gaTvlebisaTvis gamoiyeneba biot-savaris

meTodi [22]
'r

r I o r
H=—38 =~
4pa r3

(2.3.29)

sadac, | aris magsimaBuri deni mavTullis kveTaSi, DI
veqtori, romelsac gmis mavTullis segementi, faris veqtori
mavTuBis segmentis centridan im wertilande sadac vzomavT

magnitur vells (nax. 20.).

—
—

ol Bl |

SI=T00 2eHMISOL
y FdRS0ED0

233020

T

nax. 20. magnituri velis gamoTvla
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2.4 daskvna meore Tavis Sesaxeb

1. SemuSavebu B1 1igna saproblemo aris modeli, romelic
aRwers satransporto saSuallebis elleqtrull sistemas. es model i
aRwers, erTis mxriv, TviT komponentebs da maT Soris elleqtrul
kavSirebs, xolo, meores mxriv, maT ganBagebas sivrceSi da
dajgufebas fungcionalluri daniSnu Bebis mixedviT. igi
saSuallebas 1ZBeva, swrafad da efeqturad moxdes rogorc yvella
saxis monacemis mopoveba satransporto saSuallebis elleqtrul
sistemaze, aseve didi ZalBisxmevis gareSe ganxorciel des masSi
cv il bebi.

2. SemuSavebu Bi1 igna codnis warmodgenisa da gadawyveti-
B ebebis miRebis meTodebi, romBebic damyarebulia TFfreimebis,
produgciebisa da predikatebis gamoyenebaze.

3. SemuSavebuBi1 igna meTodebi, romBebic saSuallebas
iZBeva movaxdinoT elBeqtromagnituri urTierTgmedebis modeli-
reba elegqtrostatikuri da eleqtrodinamikuri gaTvHlebis
saSuallebiT, romBebic Tavis mxriv momentebis meTodsa da

damxmare wyaroebis meTods eyrdnobian.

56



3 eqspertulli sistemis sainJinro reallizacia

31 egspertulli sistemis Semadgene B 1 modu Bebi da maT

Soris kavSirebi

satransporto saSuallebebSi elBeqtromagnituri Tavsebado-
bis diagnostikisa da analizis egspertulli sitema warmoadgens
rTull programull kompBegss, romelic damuSavebu lia obieqtze
orientirebulli tegnoBogiis gamoyenebiT [23]. igi Sedgeba
mravalli modulisagan, rogoricaa satransporto saSuallebis
eleqtrulli sistemebis monacemTa baza, eqspertulli codnis baza,
eleqtrulli sistemis Semadgene i1 komponentebis momxmareb B is-
Tvis cxrilluri saxiT warmodgenis modulli, interfeisebi
sxvadasxva komponentebis warmodgenisa da modificirebisaTvis,
samganzomi Bebiani  vizual izatori, sgematuri vizualizatori,
wesebis redaqtirebis modulli, interfeisebi codnis bazasTan
muSaobisaTvis, Bogikuri gadawyveti Bebebis birTvi, cvlillebaTa
istoriis modulli, triangulirebull badeebTan muSaobis moduli,
B ogikuri gadawyvet Bebebis birTvi, Sedegebis post-procesori,
angariSebis TFormirebis modulli da programis centraluri
marTvis modull i.

TiToeulli zemoT aRwerilli modulli warmoadgens rTul
k Basebis strugturas. maTSi reallizebulia sxvadasxva allgoriT-
mebi da gamoiyeneba i1seTi bib B 10Tekebi, rogoricaa OpenGL, CLIPS,
LibXML. programis zogadi strugtura mocemu B ia nax. 21.-ze.

zogadad, programis modullebis daniSnulleba da maTi
urTierTkavSiri SeiZleba Semdegi saxiT warmovidginoT:

programis mTavari birTvi aris centralluri marTvis
modu b1, i1gi koordinacias uwevs yvela sxva modullis muSaobas
da warmoadgens programis Semkvrell ZiriTad ConCxs. satran-
sporto saSuallebis elleqtrulli sistemis kompiuterulli modeli

real izebu B ia gayvani Bobis monacemTa bazis saxiT, masSi inaxeba
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e Beqtrogayvani B obis srulli aRwera. aRsaniSnavia, rom
erTdroullad programaSi SesaZlebelBia CaitvirTos ramdenime
gayvani Bobis mode B i, SesaZ B ebe B 1a komponentebis gadatana erTi
mode B idan meoreSi. realizebullia infFormaciis Zebnis
allgoriTmebi. gayvani Bobis bazaSi informaciis  Semotana
xorciebldeba XML da ASC formatis mgone Fai Bebidan [24] bazas
gaaCnia relaciuri da obieqtze orientirebulli strugtura
[23][25][26].

codnis bazis -
<« redagtirebis nodulli logikuri
codnis baza gadawyvetti
el gtrogayvani I obis I ebebis

<«—» tabularuli
vizualizatori

birTvi

el gtrogayvani I obis
<«—» san ganzoni Bebiani
vizualizatori

el gtrogayvani I obis

<> sgenaturi elleqtro
vizualizatori progranis dinamikuri
mmar Tve B i gaTv Bebis

el eqtrogayvani I obis

<«—» redagtirebis moduli birTvi

birTvi

Sedegebis
<«—» vizualizaciis
nodulli

grafikulli momxmarebBis interfeisi

angariSebis modulli elleqtro

A
A 4

cleqtro statikuri
- i, _ n?l bi gaTv lebis
— informaciis Zebnisa gayval onis birTvi

da filtraciis
nodulli

baza

nax. 21. programis zogadi strugtura

satransporto saSuallebis elleqtrulli sistemis modeli
eqspertu i sistemis momxmarebe Bs waredgineba sami sxvadasxva
saxiT. cxriBurad, sam ganzomi B ebaSi da sgematurad.

gayvani Bobis monacemTa bazaSi arsebulli informaciis

momxmareb B isaTvis cxriluri saxiT warmodgenas uzrunve Byofs
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cxriluri warmodgenis modulli. eleqtrulli sistemis Semadgene i
TiToeull1 tipis komponents Seesabameba TiTo cxrilli. esenia
modu B ebis O j axebi, modu N ebi, konegtorebi, mavTu B ebi,
mravaBlgu B 1ani mavTu Bebi, terminalebi, kontaqtis termine Bebi,
kontagtis SemamWidroveb Bebi, kontaqtis sarqveBebi, damxmare
komponentebi, damatebiTi komponentebi, TFigsatorebi, anakrebi
komponentebi, mavTu B is dacvebi, segmentebi, kvanZebi, magnituri
ve Bl is mzomebi, triangulirebuli badeebi, antenebi, kontaqtebi,
qse B is kBasebi. TiToeulli cxrilli ganTavsebulia TiTo gverdze.
cxrillis TiTo sveti Seesabameba Sesabamisi tipis komponentis
TiTo parametrs. SesaZllebelia cxrillebSi informaciis Zebna
sxvadasxva parametrebis an maTi kombinaciis  mixedviT.
Sesazllebelia informaciiis sortireba sxvadasxva svetebis
mixedviT rogorc zrdadobiT, aseve kBebadobiT. SesaZBebelia
gamoCndes mxoBod moniSnulli xazebi. agreTve SesaZzlBebelia
kavSirebis dadgena komponentebs Soris. magall iTad, momxmarebe I s
SeuzZ 1 1a moniSnos mavTu Bebi, airCios menius Sesabamisi pungti da
moZebnos am mavTu Bebis Sesabamis koneqtorebi da aS.

TiToeull1 tipis komponentis parametrebis modificirebi-
saTvis da maTi ganxiBivisaTvis damuSavebulia dialoguri
Tangrebi. momxmarebels SeuZBia moniSnos komponenti da
Sesabamisi dialoguri fangris saSuallebiT modifikacia
gaukeTos mis parametrebs.

eleqgtrulli sistemis momxmareb BisaTvis warmodgenis kidev
erTi saSuall ebaa misi samganzomi Bebiani vizuall izacia, rome Bsac
uzrunve Byofs samganzomi Bebiani vizualizaciis modulli. igi
OpenGL bibBi10Tekis gamoyenebiT igna realizebulli [27][28].
vizual izatoris saSuallebiT momxmarebe B's waredgineba
satransporto saSuallebis realluri modeli, SesaZBlebelia misi
Semobruneba sxvadasxva kuTxiT, miax Boeba da daSoreba, kveTis
sibrtyeebiT manipuBireba da aS. agreTve masSi SesaZlBebelia
komponentebis moniSvna da igive operaciebis ganxorcielleba rac

cxriBluri warmodgenis modu l idanaa SesaZBebelli.
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damatebiT moxerxebu i saSua l ebas warmoadgens
gayvani Bobis sgematuri vizualizacia, romelic realizebulia
sgematuri warmodgenis modullis saSuallebiT. SesaZlBebelia
sgemis miax B oeba-daSoreba, masSi komponentebis moniSvna da igive
mogmedebebis ganxorcielleba, rac cxrilluri da samganzomi le-
biani vizual izaciis modu B ebidanaa SesaZBebeli.

anrigad, cxriluri, samganzomiBebiani da sgematuri
vizualizaciis modullebi saSuallebas aZBeven momxmarebells
mosaxerxebeli FormiT ganixiBlos da redaqtireba gaukeTos
satransporto saSuall ebis el eqtrogayvani B obis modells.

eqspertull  sistemaSi satransporto saSuallebis Zara
warmodgeni Bia triangulirebulli badis, ew. meSis saSuallebiT.
meSebTan muSaoba uzrunveBlyofilia specialuri modullis
saSuallebiT. 1i1gi uzrunvellyofs triangullirebulli Dbadeebis
imports NAS da STL Tfaillebidan [16][29] uzrunvellyofs
samkuTxedebze Tvisebebis miniWebas da a.S.

eqspertis codnis warmodgena reallizebullia codnis bazis
saxiT. TviT codna warmodgeniBia CLIPS is enaze Cawerili
wesebis sSuallebiT [30][31] codnis bazaSi reallizebull ia wesebis
dajgufebis da Zebnis algoriTmebi. codnis baza dayofilia or
nawi Bad: bibBioTekad, romell Sic wesebi 1inaxeba mudmivad, da
proeqtull nawi Bad. proeqtull nawi BSi ganTavsebuli wesebi
Inaxeba proeqtTan erTad, SesaZlBlebelia bibBioTekasa da proeqts
Soris wesebis ormxrivi gacvBa amisaTvis SemuSavebullia
specialluri interTfeisebi.

wesebis Segmna da codnis bazaSi Senaxva xorcielldeba
wesebis redagtirebis modullis meSveobiT. 1igi warmoadgens
tegstur redagtors da gaaCnia damxmare saSualebebi, romelic
uadvi Bebs momxmarebe Bs CLIPS-is enaze Caweros wesebis B ogika
es damxmare saSuallebebia sintagsis Seferadeba, Trixilebis
ganoyofa, bHBokebis gamoyofa da xe_asistansi. asistansSi

mocemu Bia yvelBla obieqti da TFTungcia, romeBic SesaZlebelia
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gamoyenebu i ignas wesSi. aseve SesaZllebelBia daxmarebis
gamoZaxeba TiToeu i Funqciis Sesaxeb.

Bogikuri gadawyveti Bebebis birTvis uzrunvellyofis
modullis daniSnu B ebaa gayvani B obis bazaSi arsebull i
infFormaciis safuZve l ze moaxdinos TFTaqtebis Formireba, codnis
bazidan aiRos wesebi, gadasces isini Bogikuri gadawyveti-
0 ebebis birTvs da aamuSaos igi.

l ogikuri birTvi arsebu Tfaqtebze dayrdnobiT
axorcie lebs wesebSi gansazRvrull mogmedebebs da aformirebs
faills, romelsac SemdgomSi iyenebs post-procesori, raTa
Sedegebi warudginos eqspertulli sistemis momxmarebels da
ganaxorciellos cvlilebebi satransprto saSuallebis elleqtrul
sistemaSi. Bogikuri daskvnebis birTvi reallizebullia CLIPS
bib B 10Tekis gamoyenebiT.

post-procesoris daniSnu l ebaa I ogikuri daskvnebis
birTvis muSaobis Sedegebi warudginos momxmarebels da
ganaxorciellos cvililebebi elegtrogayvani Bobis bazaSi. Sede-
gebi momxmarebe Bs waredgineba cxri Bebisa da grafikebis saxiT.

iIstoriis Senaxvis modulli uzrunvelyofs proeqtis
arsebul1  mdgomareobis damaxsovrebas wesebis Sesrullebaze
gaSvebis yovel1 sesiis win igi saSuallebas iZBeva aRdges
proeqti nebismier etapze arsebull mdgomareobaSi.

angariSebis generirebis modulli saSuallebas 1ZlBeva
formirebuli ignes Semdegi saxis angariSebi Excd-Si: cxri Bebi,
detalluri infFormacia, Januri infFormacia, infFormacia
komponentebis gamoyenebaze (BOM), angariSi proeqtis Sesaxeb.

anrigad, sistema realizebulia erTmaneTTan dakavSirebu i
sxvadasxva modulebis saxiT, romellTagan TiToeulls gaaCnia
mkveTrad gansazRvrulli Tungcia. sistemis muSaoba uzrunvel-
yofiBia maTi muSaobis koordinaciiT da maT Soris informaciis

gacvliT.
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32 satransporto saSuallebis eleqtrulli sistenis

monacemTa bazis reallizacia

satransporto saSuallebebis eleqtrulli sistemebi metad
rTullia da moicaven didi raodenobiT komponentebs, romlebic
Tavis mxriv warmoadgenen kompBegsur mowyobi Bobebs mravali
maxasiaTeb BiT. elegtrogayvani Bobis informaciulli modeli
SemuSavebul igna Firma VDA-s mier Segmnil KBL standartze
dayrdnobiT [10]. es aris standarti, romelic gamoiyeneba
germaniis avto mwarmoebe Bebis mier eleqtrulli sistemebis
Sesaxeb informaciis gasacvBelad. misi arCevis mizezi 1yo Iis,
rom igi gavrcellebulia evropis umsxvilles saavtomobillo
sawarmoebs Soris da Bakonurad aRwers satransporto
saSuallebebis eleqtrull sistemebs. unda aRiIniSnos, rom es
standarti aRwers elegqtrogayvani Bobis mxoBlod topologias,
anitom agreTve SemuSavebuli1 igna damatebiTi parametrebi
gayvani Bobis elleqtrull i maxasiaTeb Bebis aRsawerad.

gvemoT aRweriBia komponentebi, romBebic gmnian satran-

sporto saSuallebis elleqtrull sistemas da romBebic aRwerilia
KBL standartiT. eleqtrulli sistemis aRweraSi SeiZleba
ganovyoT ramdenime ZiriTadi SemadgeneBi nawi B i:

1. komponentebis saerTo atributebi da maxasiaTebBebi -
aRweri Blia eleqtrogayvani Bobis Semadgene B i1 komponen-
tebis 1s maxasiaTeb Bebi, romBebic saerToa yvela-
saTvis.

2. gayvani Boba da modullebi - aRweriBia gayvani Bobis,
rogorc obieqtis maxasiaTebBebi da agreTve Iis
modu Bebi, romBebadac is aris dayofili.

3. komponentebi - aRweriBia gayvani Bobis Semadgeneli
komponentebi: mavTu Bebi, konegqtorebi, terminallebi da
a.S.

4. kavSirebi - aRwers komponentebs Soris elleqtrul

kavSirebs.
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5. komponentTa gamoyeneba — aRwers Tu rome B i komponenti
sad da rogor aris gamoyenebu Bi gayvani l obaSi.

6. topologia _ aRwers komponentebis ganBagebas sivrce-
Si. magaliTad, mavTu Bebis gayvanis gzebs, koneqtorebis
mdebareobas da aS.

7. damxmare saSualebebi — damatebiTi saSuall ebebi, romlle-
bic gamoiyeneba ZiriTadi infFormaciis warmosadgenad.
magal iTad, bispBain mrudebi, ganzomi Bebebi da aS.

rogorc zemoT iyo aRniSnulli, mocemulli aRweris
safuZve l ze SesaZlebelia satransporto saSuallebis elleqtrulli
mowyobi B obis mxo Bod topo Bogiuri modelis Segmna. amitom igi
ar aris sakmarisi. mis safuZve B ze egspertulli sistema sakvBevi
obieqtis mxo Bod topo Bogiur probBemebs da EMC prob lemebis
uncires nawills aRmoaCenda. vinaidan sistemis ZiriTadi
daniSnu Bebaa e Beqtrogayvani Bobis eleqtromagnituri Tavseba-
dobis SeswavBa, aucillebeli1 gaxda damatebiTi parametrebis
SemoReba, romBebic aRweren komponentebis elegtromagnitur
maxasiaTeb l ebs.

standartSi aRwerill TiToeulli komponenti sistemaSi
ralizebullia konkretull'i kBasis saxiT.

mok Bed ganvixi BoT standartSi aRwerilli obieqtebi da
maTi maxasiaTeb W ebi:

komponentebis saerTo atributebi da maxasiaTeb 0 ebi:

“sxva komponenti” (Alias Pat) — aris meganizmi, romelic
komponentTan asociacias ukeTebs sxva komponentis nomers (Part
Number), rome B ic gamoiyeneba sxva kompaniaSi. misi parametrebia
kompaniis dasaxe B eba, komponenti da komponentis nomeri.

“damtkiceba” (Approval) _  amtkicebs im komponentebis da
modu Bebis xarisxs, romellsac 1gi Seexeba. misi parametrebia:
TariRi, ganyofi Beba, saxe b1, tipi da damtkicebis obieqti.

“cvilileba” (Change) _ aris meganizmi, romelic saSuall ebas
gvaZ Bevs davafigsiroT cv i 0 ebebi konstruqciaSi. misi

parametrebia.  damamtkicebe N i ganyofi Beba, damamtkiceblis
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saxeli, cviBlillebis TariRi, cvhlillebis moTxovna, aRwera,
dizainis ganyofi Beba, komponenti, inJinris saxel .

“Segmna” (Creation) — modulls an gayvani Bobas aniWebs
inFormacias  Segmnis  Sesaxeb. misi  paramatrebia. TariRi,
ganyoTi Beba, komponenti, dasaxe Beba.

“gare mimarTvebi” (External References) - aris meganizmi,
romelic saSuallebas 1i1ZBeva komponentTan davakavSiroT 1is
dokumentebi, romBebic mas Seexeba misi parametrebia dokumentis
versia, sistema romellzedac SegmniBia dokumenti, monacemTa
Tormati, dokumentis nomeri, dokumentis tipi, Failis saxeli,
dokumentis mdebareoba.

“damontalebis instrugcia” (Ingalation Instruction) — aRwers
komponentis damontalebis meTodebs. misi parametrebia montalis
tipi, montalis mniSvne I oba

“masala” (Materia) - masalla, romBisganac komponentia
Seqmni Bi. misi  parametrebiaz masalis kodi, masalis kodis
gansazRvris sistema.

“komponenti” (Part) - warmoadgens im saerTo nawils,
romelic yvela konkretulli saxis komponents (koneqtors,
mavTulls da aS) gaaCnia. misi parametrebia: mokBe dasaxelleba,
saavtoro ufleba dasrullebulobis xarisxi, aRwera, informacia
cvililebebze, dakavSirebulli dokumentebi, masa, iInformacia
masa 0 aze, komponentis nomeri, wina komponentis nomeri,
informacia damuSavebaze, versia.

“komponenti dasaTaurebiT” (Pat with Title Block) _ aris
meganizmi, rome B ic aniWebs damatebiT informacias gayvani B obas
an modulls. misi parametrebia kBasifikaciis me-2 done,
k Basifikaciis me-3 done, kBasifikaciis me-4 done, kompaniis
dasaxe B eba, sanode B o we b i, proegtis nomeri.

“damuSavebis instruqcia” (Processing Instruction) - aRwers
meTodebs romBebic gamoiyeneba komponentis SesagmneBad. misi

parametrebia instruqciis tipi, instruqciis mniSvne I oba



“mavTulis sigrzZe” (Wire Length) _ mavTulis sigrZe aris
meqanizmi, romelBic gansazRvravs mavTullis sigrZes sigrZis
tipTan erTad. misi parametrebia: tipi, mniSvne I oba

gayvani I oba da modu 0 ebi:

“gayvani Boba” (Harness) - gayvaniBloba aris awyobili
komponentebis erTobBioba, romBebic gmnian satransporto
saSuallebis elleqtrull  sistemas. 1igi dasaTaurebis mgone
komponentis tipisaa da “komponenti dasaTaurebiT”-Si aRwerili
parametrebis garda gaaCnia parametri _ Sinaarsi.

“gayvani Bobis konfiguracia” (Harness Configuration) — aris
gayvani B obis varianti. misi parametrebia l ogistikuri
informacia, SemadgeneBi modullebi, mis mier gansazRvrulli
gayvani B obis identifikatori.

“gayvani Bobis komponenti” (Harness Part) — gayvani B oba,
rome Bic SeiZlBeba ignes SekveTili. igi aris komponentis tipis
da “komponentSi” gansazRvrulli parametrebis garda gaaCnia
parametri _ konfiguracia

“moduli” (Module) — modullt aris gayvani Bobis nawili,
rome Bsac gaaCnia FunqcionaBuri daniSnulleba. igi aris
“komponenti dasaTaurebiT” tipis da garda parametrebisa,
romBebic gansazRvrulia “komponenti dasaTaurebiT”-Si, gaaCnia
Semdegi parametrebi: konFiguracia, Sinaarsi, modull Ta ojaxis
identifikatori romellsac igi ekuTvnis, gayvani Bobis identifi-
katori rome Bsac igi ekuTvnis.

“modulis konfiguracia” (Module Configuration) - aris
komponentebis erTobBioba, romBebic gmnian modulls da aqvT
gansazRvru 1 fTungcionalBluri daniSnulleba gayvani BobaSi. misi
parametrebia: konFiguraciis tipi, masSi Semavalli komponentebi,
B ogistikuri kontrolis informacia.

“modu Bebis ojaxi” (Module Family) — aris meganizmi, romelic
ajgufebs modu B ebs. misi parametrebia identifikatori, aRwera.

komponentebi:
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“damxmare komponenti” (Accessory) — damxmare komponenti aris
nebismieri komponenti, romelic Tan erTvis koneqtors da
exmareba gayvani Bobas Tavisi TFfungciis SesrullebaSi. igi aris
“komponentis” tipis da masSi gansazRvrulli parametrebis garda
agvs parametri _ damxmare mowyobi B obis tipi.

“anakrebi komponenti” (Assembly Part) — anakrebi komponenti
aris komponenti, romelic awyobi Bia sxva komponentebisagan. igi
aris “komponentis” tipis da damatebiT gaaCnia parametri
komponentis tipi.

“kontaqtis sarqve B1” (Cavity Plug) — kontagtis sarqve i1 aris
wyaBgaumtari araeleqtrulli  komponenti, romelBic Taravs
Tavisufall kontaqts. igi aris “komponentis” tipis da damatebiT
gaaCnia Semdegi parametrebi: Fferi da sarqvelis tipi.

“kontagtis SemamWidrovebeBi” (Cavity Sea) - kontagtis
SemamWidrovebe i1 aris wyallgaumtari araelleqtrulli mowyobi-
Boba, romeBlic Taravs ara Tavisufall kontagts. igi aris
“komponentis” tipis da damatebiT gaaCnia Semdegi parametrebi:
Teri, SemanWwidrovebe B is tipi, mavTull is zoma

“damatebiTi komponenti” (Co Pack Part) _ damatebiTi kompo-
nenti aris mowyobi Boba, romeBic Tan mohyveba gayvani B obas da
ar gaaCnia elleqtrulli kavSiri. igi aris “komponentis” tipis da
damatebiT gaaCnia parametri _ komponentis tipi.

“koneqtoris korpusi” (Connector Housing) _  koneqtoris
korpusi aris koneqtori CasmuBi kontagtebis gareSe. igi aris
“komponentis” tipis da gaaCnia damatebiTi parameterebi: korpusis
kodi, korpusis Fferi, korpusis tipi.

“mavTullis gulli” (Core) _ mavTullis gulli aris mravallgu-
Biani mavTulis Semadgenel i1 gamtari izoBaciiT. misi paramet-
rebia. moRunvis radiusi, mavTullis mimTiTebeli, Feri, kveTis
TarTobi, identifikatori, gare diametri.

“samagri” (Fixing) _ samagri aris komponenti romelic
gamoiyeneba gayvani Bobis dasamagreb Bad. igi aris “komponentis”

tipis da gaaCnia damatebiTi parametri _ samagris tipi.
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“terminali1” (General Terminal) _ terminal i aris mowyobi 0 oba,
rome B ic magrdeba gantaris bo B oze, raTa Sewyvitos kontagqti an
miuerTos sxva gamtars. igi aris “komponentis” tipis da gaaCnia
Semdegi damatebiTi parametrebi: kveTis FarTobi, gare diametri,
dafarvis masalla, terminalis tipi.

“mavTulli” (General Wire) _ mavTulli aris Fizikuri komponen-
ti, romebic gnnis SeerTebas. igi SeiZleba iyos erT an mravall gu-
Biani. igi aris “komponentis” tipis da gaaCnia Semdegi damatebi-
Ti parametrebi: moRunvis radiusi, mavTullis mimTiTebe B, Feri,
kveTis FarTobi, gare diametri, mavTullis tipi.

“sBoti” (Sot) _ sBoti aris meganizmi, romeBic ajgutfebs
kontagtebs koneqtoris korpusSi.

“mavTulis Feri” (Wire Color) _ mavTullis Teri aris
meqanizmi, romelic gansazRvravs mavTullis fers Teris tipTan
erTad. misi parametrebia feri, feris tipi.

“mavTulis dacva” (Wire Protection) _ mavTulis dacva aris
meqanizmi, romelBic aRwers mavTullebis SefuTvas. igi aris
“komponentis” tipis da gaaCnia damatebiTi parametrebi: tipi,
tipze damokidebu B 1 parametri.

kavSirebi:

“kontagti” (Cavity) _ kontaqti aris Casmull1 koneqtoris
korpusSi da mas wuerTdeba mavTulli. misi parametrebia
dakavSirebull i komponentebi, identifikatori, koneqtoris
identifikatori, pozicia mavTullze, sBoti romellsac igi
ekuTvnis.

“kavSiri” (Connection) _ kavSiri aris meganizmi, romelic
gansazRvravs elleqtrull kavSirs or kontaqtis wertills Soris.
misi parametrebia: gayvani Bobis identifikatori, identifikatori,
dakavSirebu 1 kontaqtebi, damontalebis informacia, Segmnis
infFormacia, signallis saxeli, mavTulis identifikatori.

“mavTullis gulis arseboba” (Core Occurrence) ~ mavTullis
gullis arseboba aris mavTullis gulis gamoyeneba mravalgull ian

mavTuBSi. misi parametrebiaz mavTullis gulis komponenti,
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mravalgu B 1ani mavTullis gamoyenebis identifikatori, mavTullis
nomerti.

“komponentis SecvBla” (Part Substitution) _ komponentis Secvla
aris meganizmi, romelic aRwers kontagtis sarqvelis Secvlas
terminaliT. misi parametrebia: SesacvBeli komponenti, Semcvle-
B 1 komponenti.

“mravalgu B i1ani mavTu B is arseboba” (Specia Wire Occurrence)
mravalgull 1ani mavTu B is arseboba aris mravalgu B iani mavTull is
gamoyeneba modullSi. igi aris zogadi mavTullis arsebobis
(ganxi Bul1a qvemoT) tipis da damatebiT gaaCnia parametrebi:
mavTu B is identifikatori, gulebis sia

“mavTu Bl is arseboba” (Wire Occurrence) _ mavTu B is arseboba
aris erTguliani mavTulis gamoyeneba modu B Si. igi aris zogadi
mavTu Bl is arsebobis tipis da damatebiT gaaCnia parametri
mavTu B is nomeri.

komponentTa gamoyeneba:

“damxmare komponentis arseboba” (Accessory Occurrence)
damxmare komponentis arseboba aris damxmare komponentis
gamoyeneba modu B Si. misi parametrebia: damatebiTi
identifikatorebi, gayvani Bobis identifikatori, identifikatori,
installaciis informacia, komponenti, mdebareoba, elementi
rome B zedac igia mimagrebu l'i.

“damxmare komponentis specifiuri arseboba” (Specified
Accessory Occurrence) _ damxmare komponentis specifiuri arseboba
aris misi gamoyeneba anakrebSi. misi parametrebia: dakavSirebulli
arseboba, dakavSirebu Bi anakrebi.

“anakrebi komponentis arseboba” (Assembly Part Occurrence)
anakrebi  komponentis arseboba aris anakrebi komponentis
gamoyeneba modu BSi. misi parametrebia damatebiTi identifika-
torebi, gayvani Bobis identifikatori, identifikatori, installa-
ciis informacia, komponenti, mdebareoba.

“kontaqgtis sarqvellis arseboba” (Cavity Plug Occurrence)

kontagtis sarqvelis arseboba aris kontagtis sarqvelis
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gamoyeneba modu B Si. misi parametrebia gayvani Bobis identifi-
katori, komponenti.

“kontaqtis sarqvelis specifiuri arseboba” (Specified Cavity
Plug Occurrence) _ kontaqtis sarqveBis specifiuri arseboba aris
mis gamoyeneba anakrebSi. misi parametrebia: dakavSirebulli
arseboba, dakavSirebu Bi anakrebi.

“kontagtis SemamWidroveb Bis arseboba” (Cavity Seal Occurrence)

kontagtis SemamWidroveb Bis arseboba aris kontagtis Sema-
mVidrovebe B is gamoyeneba modu BSi. misi parametrebia gayvani-
I obis identifikatori, komponenti.

“kontaqtis SemamWidroveb B is specifiuri arseboba” (Specified
Cavity Plug Occurrence) _ kontaqtis SemamWidrovebBis specifiuri
arseboba aris misi gamoyeneba anakrebSi. misi parametrebia
dakavSirebu B 1 arseboba, dakavSirebu B i anakrebi.

“damatebiTi komponentis arseboba” (Co Pack Occurrence)
damatebiTi komponentis arseboba aris damatebiTi komponentis
gamoyeneba modu B Si. misi parametrebia gayvani Bobis identifi-
katori, identifikatori, installaciis informacia, komponenti.

“damatebiTi komponentis specifiuri arseboba” (Specified Co
Pack Occurrence) _ damatebiTi komponentis specifiuri arseboba
aris misi gamoyeneba anakrebSi. misi parametrebia: dakavSirebulli
arseboba, dakavSirebu Bi anakrebi.

“koneqtoris arseboba” (Connector Occurrence) _  koneqtoris
arseboba aris koneqtoris korpusis gamoyeneba modu B Si. misi
parametrebia: damatebiTi identifikatorebi, gayvani Bobis iden-
tifikatori, identifikatori, installaciis informacia, kompone-
nti, mdebareoba, gamoyeneba.

“koneqtoris specifiuri arseboba” (Specified Connector
Occurrence) _ koneqtoris specifiuri arseboba aris misi gamoyeneba
anakrebSi. misi parametrebia: dakavSirebuli arseboba, dakavSi-

rebu B i1 anakrebi.
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“samagris arseboba” (Fixing Occurrence) _ samagris arseboba
aris samagris gamoyeneba modu B Si. misi parametrebia damatebiTi
identifikatorebi, gayvani B obis identifikatori, identifikatori,
installaciis informacia, komponenti, mdebareoba, gamoyeneba.

“samagris specifiuri arseboba” (Specified Fixing Occurrence) _
samagris specifiuri arseboba aris misi gamoyeneba anakrebSi. misi
parametrebia dakavSirebu B i arseboba, dakavSirebu B i anakrebi.

“zogadi mavTu B is arseboba” (General Wire Occurrence) _ zogadi
mavTu B is arseboba aris mravalguliani an erTguliani mavTullis
gamnoyeneba  gayvani BobaSi. misi  parametrebia: gayvani Bobis
identifikatori, instalaciis informacia, sigrZe, mavTullis
komponenti.

“specialluri terminallis arseboba” (Specia Terminal Occurrence)
_ specialluri terminalis arseboba aris terminallis gamoyeneba
modu B Si identifikatoriT. misi parametrebias damatebiTi
identifikatorebi, gayvani Bobis identifikatori, identifika-
tori, instalaciis informacia, komponenti, mdebareoba.

“specialluri terminalis specifiuri arseboba” (Specified
Special Terminal Occurrence) _ specialluri terminalis specifiuri
arseboba aris misi gamoyeneba anakrebSi. misi parametrebia
dakavSirebu B 1 arseboba, dakavSirebu i anakrebi.

“terminalis arseboba” (Terminal Occurrence) _ terminallis
arseboba aris terminall is gamoyeneba modu B Si. misi parametrebia
damatebiTi i1dentifikatorebi, gayvani Bobis identifikatorti,
identifikatori, installaciis informacia, komponenti, mdebareoba.

“terminalis  specifiuri arseboba” (Specified  Terminal
Occurrence) _ terminall is specifiuri arseboba aris misi gamoyeneba
anakrebSi. misi parametrebia: dakavSirebuli arseboba, dakavSi-
rebu li anakrebi.

“mavTulis dacvis arseboba” (Wire Protection Occurrence)
mavTulis dacvis arseboba aris mavTullis dacvis gamoyeneba

modu B Si. misi parametrebia damatebiTi i1dentifikatorebi,
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gayvani Bobis identifikatori, identifikatori, dacvis sigrZe,
installaciis informacia, komponenti.

“mavTullis dacvis specifiuri arseboba” (Specified Wire
Protection Occurrence) ~_ mavTu B is dacvis specifiuri arseboba aris
misi gamoyeneba anakrebSi. misi parametrebia. dakavSirebulli
arseboba, dakavSirebu Bi anakrebi.

“mavTulis specifiuri arseboba” (Specified Wire Occurrence) _
mavTulis specifiuri arseboba aris misi gamoyeneba anakrebSi.
misi  parametrebia: dakavSirebuli1 arseboba, dakavSirebuli
anakrebi.

topo 1 ogia

“samagris miniWeba” (Fixing Assignment) _ samagris miniWeba
amyarebs kavSirs samagris arsebobasa da segments (aRwerilia

qvemoT) Soris. misi parametrebia samagris arsebobis

identifikatori, segmentis identifikatori, mdebareoba,
orientacia.
“kvanZi” (Node) _ kvanZi warmoadgens segmentis boBos an

sxva komponentis mdebareobis ganmsazRvrell sayrdens. misi
parametrebia: koordinatebi, identifikatori, damuSavebis
infFormacia, masze dayrdnobi Bi1 komponentebi.

“dacvis are” (Protection Area) _ dacvis are aris meganizni,
rome Bic gansazRvravs mavTullis dacvis arsebobiT dafarul
segmentis  zedapirs. misi parametrebias mavTullis dacvis
arsebobis identifikatori, segmentis identifikatori, damuSa-
vebis informacia, sawyisi pozicia, saboB oo pozicia dafenis
mimarTu Beba, gradienti.

“gayvanis traeqtoria”’ (Routing) _ gayvanis traeqtoria
gansazRvravs mavTullis gzas segmentebSi. misi parametrebia:
mavTu B is identifikatori, segmentebis sia.

“segmenti” (Segment) _ segmenti aris virtualluri
traeqtoriis monakveTi sivrceSi romelBSic gadis elleqtrulli

kavSirebi. misi parametrebia identifikatori, centralluri mrudi,
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sawyisi kvanZi, sawyisi veqtori, saboBoo kvanZi, saboloo
veqtori, realluri sigrZe, warmosaxviTi sigrZe.

damxmare saSua l ebebi:

“bi splainuri mrudi” (B_Spline Curve) _ parametrebia:
sakontro Bl o werti Bebis sia, xarisxi.

“kartezianulli wertilli” (Catesan Point) _ parametrebia:
koordinatebi.

“ricxviTi mniSvne Boba” (Numerical Vaue) _ ricxviTi sididis
da misi ganzomi Bebis gaerTianeba. parametrebia: mniSvne I oba,
ganzoni Beba.

“transftormacia” (Transformation) _ geometriuli
transformacia parametrebia: koordinatebi, mobrunebis kuTxeebi.

“ganzomi Beba” (Unit) _ parametrebia prefigsi Sl sistemaSi,
aRniSvna S| sistemaSi, aRniSvna ara Sl sistemaSi.

“mniSvne B obaTa are” (Vaue Range) _ parametrebia minimaBuri
mniSvne B oba, magsimaBuri mniSvne B oba, ganzomi B eba.

Tu davakvirdebiT obieqtebs, romB ebic aRweren
satransporto saSuallebis eleqrtrogayvani B obas, SesaZzlBebelia
maT Soris, erTis mxriv, relaciuri, xolo, meores mxriv,
memkvidreobiTi kavSirebis dadgena. magaliTad, erTi mravall Tan
reBlaciuri kavSirebi arsebobs komponentebsa da maT arsebobebs
Soris, vinaidan erTi da igive komponenti mravall Jer gamoiyeneba
gayvani B obaSi. meores mxriv, memkvidru 01 kavSiri arseobs zogad
koponentsa da konkretull komponentebs Soris.

e Begtrogayvani B obis mode B irebisaTvis gamoviyenoT
obiegqt-orientirebuli proeqtireba [23][25] =zemoT aRwerili
TiToeull komponenti aRvweroT Sesabamisi kBasiT. kBasebs Soris
arsebobs Semdegi saxis damokidebu N ebebi: asociaciuri
(relaciuri), memkvidreobiTi, agregacia, gamoyenebi T,
instancireba. es damokidebu Bebebi kBasebs Soris sakmarisia
gayvani Bobis modelirebisaTvis. standartSi aRwerill TiToeul
obieqts warmovadgenT kBasis saxiT da maT Soris vamyarebT

memkvidreobiT, asociaciur da agregaciull damokidebu H ebebs.
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memkvidreobiToba aris k B asebs Soris 1seTi
damokidebu Beba, roca erTi kBasi iImeorebs meoris qcevasa da
strugturas [23] rogorc zemoT moyvani 1 obieqtebis aRweridan
Cans, yvela konkretulli komponenti aris zogadi komponentis
tipis, el. gaaCnia zogadi komponentis yve Bla Tviseba da damatebiT
afarToebs mas sakuTari TvisebebiT. es aris memkvidreobiTi
damokidebu B ebis tipiuri magaliTi, anitom zogadi komponentisa
da konkretuli komponentebis kBasebs Soris vamyarebT
memkvidreobiT damokidebu Bebas (nax. 22).

reBlaciuri kavSiri arsebobs komponentis kBasebsa da maT
arsebobebs Soris. es kavSirebi ZiriTadad aris erTi mravall Tan,
Tumca gvxvdeba sxva tipis kavSirebic. magaliTad, erTi tTipis
mavTulli (komponenti “mavTulli”) mravall Jer SeiZBeba iqgnes
ganoyenebu 1 (“mavTullis arseboba”) gayvani BobaSi, amitom
“mavTullsa” da “mavTullis arsebobas” Soris aris relaciuri
kavSiri  erTi mravalTan. “mavTullis arseboba” SeiZlleba
ekuTvnodes ramdenime “modulls”, aseve erT modullSi SeiZleba
iyos mravalli  “mavTullis arseboba”, amitom “modullsa” da
“mavTu B is arsebobas” Soris aris mravalli mravall Tan relaciuri
kavSiri. es msge B oba SeiZleba gavavrce B OT sxva obieqtebzec.

arsebull1 relBaciebi SeiZleba davyoT Semdeg nawi B ebad:

1. kavSirebi komponentebsa da maT arsebobebs Soris (1-N).

2. kavSirebi komponentis arsebobebsa da modullis
konfiguraciebs Soris (N-N).

3. kavSirebi komponentebis arsebobebs, komponentebis
specifikur arsebobebs da anakrebi komponentebis
arsebobebs Soris (1-N-1)

4. sxva relaciuri kavSirebi.

nax. 23.-ze mocemu B ia obieqtebs Soris relaciuri kavSirebi.

agregacia aris klasebs Soris iseTi damokidebu B eba, roca

erTi  kBasi Seicavs meores. Cvens SemTxvevaSi, magalliTad,
“mravallguliani mavTull1” Seicavs “mravallguliani mavTullis

gu Bebs”, “gayvani B oba” Seicavs yve Ba komponentis “arsebobas” da
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aS. klasebs Soris arsebulli ZiriTadi agregaciulli damokidebu-

B ebebi mocemu l 1a nax. 24.-ze.

stransporto saSuallebis modelSi,

garda gayvani B obisa,

warmodgeni B 1a antenebi da Zaris triangulirebulli bade. isinic

Sesabamisi kB asebiTaa realizebulli.

Part
komponenti
| |
Part with Title Block Accessory
komponenti dasaTaurebiT damxmare komponenti
A A
|
Assembly Part
anakrebi komponenti
Harness Module ]
gayvani I oba modulli Cavity Plug
kontagtis sarqveli
]
Cavity Seal
kontaqtis SemamWidrovebe i
[ ]
General Terminal Co Pack Part
terninalli damatebiTi komponenti
[ ]
General Wire Connector Housing
mavTulli konegtoris korpusi
[ ]
Wire Protection Fixing
mavTulis dacva samagri

nax. 22. komponentebis k Basebis ierargia
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Accessory Occurence
damxmare komponentis
arseboba

Accessory
damxmare komponenti

Assembly Part Occurence
anakrebi komponentis
arseboba

Assembly Part
anakrebi komponenti

Cavity Plug Occurrence
kontagtis sarquellis
arseboba

Cavity Plug
kontagtis sarqvel i

Cavity Seal Occurrence
kontagtis
SemamWidrovebe B is arseboba

Cavity Seal
kontagtis SemarWidrovebel i

Co Pack Part Occurrence
damatebiTi komponentis
arseboba

Co Pack Part
damatebiTi komponenti

Connector Occurrence
koneqtoris arseboba

Connector Housing
koneqtoris korpusi

Fixing Occurrence
samagris arseboba

Fixing
samagri

Terminal Occurrence
terminalis arseboba

Special Terminal Occurrence
terminalis arseboba
identifikatoriT

Genera Terminal
terminalli

Genera Wire Occurrence
zogadi mavTullis arseboba

Genera Wire
mavTull i

Wire Protection Occurrence
mavTu lis dacvis arseboba

Wire Protection
mavTul is dacva
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Specified Accessory
Occurence
specifiuri danxmare
komponentis arseboba

Accesory Occurrence
danxmare komponentis
arseboba

Specified Cavity Plug
Occurence
specifiuri kontagtis
sarqvelis arseboba

Cavity Plug Occurence
kontagtis sarqwelis
arseboba

Specified Cavity Seal
Occurence
specifiuri kontagtis
SemamWidrovebe Bis
arseboba

Cavity Seal Occurrence
kontagtis
SemamWidrovebe b is
arseboba

Specified Co Peck Part
Occurence
specifiuri damatebiTi
komponentis arseboba

Co Pack Part
Occurence
damatebiTi

komponentis arseboba

Assembly
Part
Occurence
anakrebi
komponentis
arseboba

Specified Connector
Occurence
specifiuri konegtoris
arseboba

Connrector Occurrence
koneqtoris arseboba

Specified Fixing Occurrence
specifiuri samgris
arseboba

Fixing Occurence
samnagris arseboba

Specified Terminal
Occurence
specifiuri terninalis
arseboba

Terminal Occurrence
ternminalis arseboba

Specified Special Terminal
Occurence
spec. terminalis arseboba

identifikatoriT

Special Terminal
Occurence
terminalis arseboba

identifikatoriT

Specified General Wire
Occurence
specifiuri zogadi
mavTulis arseboba

General Wire
Occurence
zogadi mavTullis
arseboba

Specified Wire Protection
Occurence
specifiuri mvTulis

dacvis arseboba

Wire Protection
Occurence
mavTull is dacvis

arseboba
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Connection Wire Occurrence
kavSiri 1 mavTu Bis arseboba
1
1
Routing Core Occurrence
gayvanis traeqtoria N mavTullis gullis
arseboba
Fixing Assignment N Segment
samagris miniWeba segmenti
1 N
1
Fixing Occurrence Node
samagris arseboba kvanZi
N
Protection Area N Connector Occurrence
dacvis are konegtoris arseboba
1
1 N

Wire Protection Occurrence
mavTu Bis dacvis
arseboba

nax.

Accessory Occurrence
damxmare komponentis
arsehoba

23. relaciuri kavSirebi komponentebis kBasebs Soris
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Accessory Occurrence Harness
damxmare komponentis L ) gayvani I oba
arseboba
Assembly Part Occurrence Specia Wire Occurrence
anakrebi komponentis mravaBgu Biani mavTullis
arseboba arseboba

Cavity Plug Occurrence
kontagtis sargvelis

arseboba
Cavity Seal Occurrence Core Occurrence
kontagtis mavTulis gulis arseboba

SemanWidrovebe B is arseboba

Co Pack Part Occurrence Genera Wire
damatebiTi komponentis mavTu i
arsehoba

Connector Occurrence
konegtoris arseboba

Fixing Occurrence Core
samagris arseboba mavTullis gulli
Terminal Occurrence Connector Occurrence
terminalis arseboba konegtoris arsehoba
Specia Terminal Occurrence T
terninalis arseboba |
identifikatoriT Slot
sloti
General Wire Occurrence
zogadi mavTullis arseboba L J
Wire Protection Occurrence Cavity
mavTulis dacvis arseboba kontagti

nax. 24. komponentebis kBasebs Soris agregaciull i damokidebu N eba

rogorc zemoT iyo aRniSnu 1, KBL standartsSi
warmodgenil  TiToeull obieqts Seesabameba kWBasi, romlis
atributebic zemoT aRweriBi obieqtebis parametrebia agreTve
naCvenebi iyo kWBasebs Soris arsebulli sxvadasxva tipis
damokidebu B ebebi da kavSirebi. magram KBL standarti ar aRwers
obiegtebis eleqtrull maxasiaTeb Bebs, anitom, zogierTi obieqtis
kBasSi damatebul1 1igna specialluri atributebi elleqtrulli
maxasiaTeb B ebis aRsawerad. es atributebia:
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“koneqtoris arseboba” _ zogadi kWBasi, manZi Bi damiwe-
bamde, damiwebasTan SeerTebis done, infotainmenti, mosti.

“kontaqti” _ zogadi kHlasi, qgselis identifikatori,
sayrdeni kontagqti, kontagtis kBasifikacia, utilizacia, tipiuri
winaRoba, tipiuri, minimaBuri da magsimaBuri Zabva, tipiuri,
minimaBuri da magsimauBiri deni, daSHBis Zabva, daSHis deni,
damcavi wredi, signallis kBasi, magsimaBuri sixSire, dakavebis
cikBis minmaBuri da magsimaBuri mniSvne B obebi, gamosxivebis
Zabvis amp B ituda, zrda da dacema, gamosxivebis denis amp B ituda,
zrda da dacema, tevadoba, indugciuroba, winaRoba, done, manZi Bi
saTavemde.

“mavTulis arseboba”, “mavTullis gulis arseboba”
zogadi kWBasi, qvekBasi, signallis kBasi, mgrZnobiarobis kHlasi,
gamosxivebis kHlasi, sawyisi koneqtori, saboBoo koneqtori,
magsimaBuri sixSire, gadacemis minimaBuri dro, winaRoba,
indugtiuroba, tipiuri, minimaBuri da magsimaBuri Zabva,
tipiuri, minimBuri da magsimau Biri deni, agreTve kontaqtis
yve la atributi.

anrigad, monacemTa strugtura, romellic damuSavebull'i igna
satransporto saSuallebis elegtrogayvani Bobis kompiuteruli
mode B is Sesagmne Bad, aris obieqtze orientirebulli da efuZneba
e Begtrogayvani Bobis aRweris KBL standarts. kBasebs Soris
arsebobs memkvidreobiTi, asociaciuri (relaciuri) da
agregaciu li damokidebu Bebebi. modeli1 optimaBuria obieqtis
aRweris sizustiT, obieqtze nebismieri informaciis nmiRebis
siadvi 11T da siswraFiT, resursebze minimaBuri moTxovniT. igi
advi lad gamoyenebadia  programaSi arsebulli sxvadasxva
Tfungcional obis uzrunve B sayofad: martivia axalli obieqtebis
damateba, arsebullis waSBa da modificireba, monacemTa Zebna da
Tilltracia, obieqtebs Soris urTierTkavSiris gansazRvra,
mTBiani modelis da misi nawi Bebis samganzomi Bebiani
vizualizacia da sgematuri warmodgena, Tagqtebis generacia

eqspertu i1 sistemis birTvisTvis.
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3.3 eqgspertulli sistemis birTvis reallizacia

eqspertull  sistemaSi mTavari adgilBi ukavia Bogikuri
daskvnebis birTvs, radgan igi gansazRvravs, erTis mxriv, codnis
bazis warmodegnis meTodebs (wesebis sintagsi, wesebis Segmnis
Bogika da aS), xolo, meores mxriv, TFagqtebis TFormirebebis
wessac.

zogadad rom iTqgvas, B ogikuri daskvnebis birTvi
warmoadgens interpretators, romelic interpretacias ukeTebs
garkveul  enaze Cawerill wesebs da asrullebs garkveul
mogmedebebs maTi mixedviT.

arsebobs codnis warmodgenis sxvadasxva enebi, romBebic
gamoiyeneba eqspertull i sistemebis daskvnebis birTvebis Segmnisas.
magal iTad: OPS5 ART, LISP da aS. satransporto saSualebebis
el egtromagnituri Tavsebadobis kvUBevis egspertulli sistenmis
B ogikuri daskvnebis birTvis SegmnisaTvis arCeull igna codnis
warmodgenis ena CLIPS

CLIPS aris codnis warmodgenis ena, romelic Semdegnairad
iISifreba: C Language Integrated Production System. igi SemuSavebu Bi
NASA-s kosmosuri kvBevis centrSi 80-tani  wHBebSi. nmisi
interpretatori realizebulia C daprogramebis enaze, rac imiT
aris gamowveu Bi, rom misi Iintegracia ufro advilli xdeba
sxvadasxva pBRatformebsa da sxvadasxva daprogramebis enaze
Seqgmni B programu il produgtebSi [6]. igi aris kargad
dokumentirebulli produgti, vromelic TarTod gamoiyeneba
eqspertu 1 sistemebis Segmnisas.

Bogikuri daskvnebis birTvis bazisad CLIPSis arCeva
ganapiroba Semdegma Faqtorebma:

masSi realizebull ia saSuall ebebis FarTo speqtri.
mas aqvs sakmaod mkaFiod gansazRvrulli sintagsi,

rome B ic aRebu l ia LISP-dan.
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mis bazaze Segmni l sistemebs gaaCniaT kargi warmadoba
da muSaoben swrafad.

masSi realizebullia gare fungciebis (sxva
programirebis enaze dawerili) gamoZaxebis SesaZleb-
I oba, rac auci Bebe Bad gvWirdeba Cvens SemTxvevaSi.

mas aqvs saSuallebebi, romBebic SesazBlebBobas iZleva
wesebisa da obieqtebis kombinirebisa

mok Bed ganvixiBoT CLIPS is ZiriTadi maxasiaTeblebi:
rogorc zemoT 1iyo aRniSnulli, CLIPS aris wesebis aRweris ena,
rome Bsac Semdeg interpretacias ukeTebs interpretatori, amiT
igi garkveu Bwi Bad mogvagonebs daprogramebis enas. mas gaaCnia
sami ZiriTadi elementi wesebis dasawerad: monacemTa tipebi,
fungciebi monacemebTan muSaobisaTvis, konstruqciebi codnis
bazis FormirebisaTvis [30].

CLIPS_Si gansazRvrulia Semdegi monacemTa tipebi: ricxvi
(number), simbo B o (symbol), strigoni (string), gare misamarTi (external
adress), Faqtis misamarTi (fact adress), egzempBaris saxeli (instance
name) da egzemp Baris misamarTi (instance adress) [31].

Tfungciebi aris saxeBiIT identificirebadi Sesrullebadi
kodi, romelBic abrunebs riame sidides an asrullebs raime
mogmedebas. CLIPS_Si arsebobs ori saxis Fungciebi: sistemuri da
momxmareb B is mier gansazRvruli. sistemuri TFunqciebi iseTi
fungciebia, rombBebic CLIPS-is garemoSia gansazRvrulli, xollo
momxmareb B is mier gansazRvruli1 FTungciebi ki CLIPSis garemos
gareT ganisazRvreba.

Tunqciebi CLIPSSi1 gamoiZaxeba prefigsulll notaciiT, rac
imas niSnavs, rom jJer iwereba “Fungciis saxeli, Semdeg
argumentebi da es yveBaferi TrCxiBebSia Casmu B i. argumentebi
erTmaneTisgan da T¥Tungciis saxeBisgan gamoiyofa Tavisufali
ariT. argumentad SesaZlBebelia gadacemuli ignes sxva fungcia.
magalBliTad: (+ 3 2), (* 3 (+ 55 2)).
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konstruqciebi, romBebic CLIPSSi gamoiyeneba, aris wesebi,
Taqtebi, Sab B onebi, modullebi, ghlobaluri cvBladebi, funqciebi,
k Basebi, egzempBarebi, Setyobinebebis dammuSavebBebi da aS.
konstruqciebic moTavsebu B 1a Frixi BebSi.

codnis warmosadgenad CLIPS-1 produqciebs iyenebs [13].
produgcia CLIPS-Si warmodgeniall ia wesiT (Rule). wesi gamoiyeneba
evristikis warmosadgenad, romeBic gansazRvravs mogmedebaTa
simravles konkretulli situaciisaTvis [3l] radgan wesi aris
produgcia, igi Sedgeba ori nawi Bisagan: marcxena nawi Bi1 (LHS),
rome Bsac sxvanairad “Tu nawi Bsac” uwodeben, Seicavs pirobas,
da marjgvena nawiBisagan (RHS), romeBsac “maSin nawi Bsac”
uwodeben da Siecavs mogmedebas.

Tu marcxena nawillis piroba kmayofiBdeba, maSin
amogmeddeba margvena nawiBSi gansazRvrulli procedurebi.
marcxena nawi Bis pirobis dakmayofilleba _ ar dakmayofi leba
ganisazRvreba: Fagtebis siaSi Faqtis arsebobiT an ararsebobiT,
an egzemp Barebis arseboba _ ararsebobiT egzempBarTa siaSi.
erT-erTi pirobis tipi aris “paterni” [30]. paterni Sedgeba
SezRudvaTa simravBisgan, romBebic gansazRvraven Tu romeli
Taqtebi an obieqtebi akmayofi Beben paterns. process, romelic
Seusabamebs Fagtebs an obieqtebs, “paternTan SeTanxmeba” ewodeba.
CLIPS-Si realizebulia meganizmi, romelic avtomaturad
axorciellebs paternTan SeTanxmebas Taqtebis siis da obieqtTa
siis mimdinare mdgomareobaze dayrdnobiT da gansazRvravs
romel i wesia gamoyenebadi. weslis mar _jvena nawi B Si
gansazRvru l ia mogmedebebi, romBebic unda ganxorcie B des maSin,
roca wesi aris gamoyenebadi. CLIPSis daskvnebis birTvi
Seasru Bebs gamoyenebad wesebs rogorc ki miiRebs instruqcias
amis Sesaxeb.

CLIPS agreTve uzrunve Byofs codnis  warmodgenis
procedurull meganizms. Funqciebi abruneben saWiro mniSvne l o-
bebs an asrulleben sxvadasxva saWiro mogmedebebs. Tungciebi

SeiZleba gansazRvrulli ignas  momxmareb Bis  mier. aseT
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SemTxvevaSi 1sini gamoiZaxeba iseve, rogorc sistemuri Ffungciebi.
Tfungciebi SeiZbleba gansazvrulli i1yos TviTon CLIPSis garemoSi
(deffunction ) konstrugciis gamoyenebiT, an realizebulli iyos
programirebis sxva garemoSi (C, pasca da aS) da daskvnebis
birTvi maT iyenebdes gare Funqciebis gamoZaxebis meqganizmiT.
moviyvanoT wesebis aRweris enaze Caweri 01 wesis magaBiTi.
vTqvaT aris Semdegi wesi: “Tu mavTullis zogadi kBasi aris
“antena” da manZi Bi1 antenidan mavTu Bamde nak Bebia 10-ze, maSin
ganoitane Setyobineba, rom mavTulli axBosaa antenasTan”. igi
CLIPS-is enaze Semdegnairad gamoisaxeba:
(defrule sample _rule
(wire (id w_id) (genera_class 7gen_class))
(antenna (id 7a_id))
(test (eq 7gen_class “antenna’) )
=>
(if (< (get_wire_antenna_distance w_id 7a_id) 10) then

(report_warning “Wire” Av_id “is close to antenna’)

wesis nawi i “=>" simboBomde aris marcxena nawili,
simboBlos Semdeg _ margvena nawili. marcxena nawi lSi

gansazRvru B 1a paterni freimebis saxiT da piroba, rom mavTull is
zogadi kBasi unda iyos “antena”. aiReba yveBa mavTulli da yvella
antena wyviB-wyvillad. Tu piroba srulldeba (mavTullis zogadi
kBasi aris “antena”), maSin amogmeddeba wesis mar jvena nawi l1.
mar gvena nawi BSi  gamoiZaxeba gare Ffunqcia (get_wire anten-
na_distance), romelic gamoiTvlhis manZills mavTullsa da antenas
Soris. xdeba am Fungciis amogmedebis Sedegis Sedareba 10-Tan da
Tu i1gi masze nakBebia, gamoiZaxeba meore gare TFungcia
(report_warning), romeBic momxmarebels gamoutans Setyobinebas,
rom mavTulli ax B osaa antenasTan.

wesebis aRweris enis ZiriTad komponentebs warmoadgens

Tfaqtebis baza da wesebis baza Taqtebis baza aRwers probHBenmis
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sawyis mdgomareobas, xo B o wesebis baza Seicavs operatorebs,
romBebic gardagmnian probBemis mdgomareobas da mihyavT igi
amoxsnamde [6]. agedan gamomdinare, erTis mxrive, saproblemo aris
modelis mixedviT unda daFformirdes TFaqtebi, romlebic
Caweri Bi igneba wesebis aRweris enaze da meores mxriv, codnis
bazaSi ganTavsebu 01 wesebic amave enaze unda ignes Sedgeni B 1.

ase rom, egspertulli sistemis Bogikuri gadawyveti lebebis
birTvis Sesagmnelad saWiroa gadawyvetil ignas  Semdegi
amocanebi:

1. saproblemo aris modelis safuZvelze daformirdes

Tagtebi CLIPSis sintagsis gamoyenebiT.

2. eqgspertulli codna daformirdes wesebis saxiT CLIPSis

sintagsis gamoyenebiT.

3. damuSavdes gare TFungciebi, romBebsac gamoiZaxebs

B ogikuri gadawyveti Bebebis birTvi.

4. damuSavdes Sedegebis warmodgenis da gadamuSavebis

saSua 0 ebebi.

Tagtebi unda warmovadginoT TFreimebis saxiT [13]. Freimi
aris informaciulli strugtura, romelic Seicavs iseT
infFormaciull erTeulls, rogoricaa sloti. sBoti aris
sicarielle, xvreli, romelic Seivseba informaciiT. sBotebis
mniSvne B obebiT Sevsebis SemTxvevaSi, Freimi aRwers konkretull
obieqts an situacias. Tu Ffreimis sBotebi ar aris Sevsebulli
mniSvne B obebiT, maSin aseT Freims uwodeben prototips.

Cvens SemTxvevaSi TiToeull obieqts, romell ic gamoiyeneba
saproblemo aris (satransporto saSuallebis eleqtrulli
sistemis) aRsawerad, SevusabamoT callkeulBi TFreimi. obieqtis
TiToeull parametrs ki SevusabamoT sHoti.

Tfreimebi unda Caiweros iseTi FformatiT, rome lic gasagebia
CLIPS is interpretatorisTvis. es Formatia

(Freimis saxeli

(sloti 1))

(shoti 2)



(shoti N)
)

magal iTisaTvis moviyvanoT TFreimis prototipi,

Seesabameba konegqtors:

(deftemplate MAIN::connector

(dot id (type STRING))

(dot name (type STRING))

(dot part_number (type STRING))

(dot usage (type STRING))

(dot description (type STRING))

(dot number_of_dlots (type NUMBER))
(dot number_of_cavities (type NUMBER))
(dot housing_code (type STRING))
(dot housing_type (type STRING))

(dot add_on text (type STRING))

(dot comment1 (type STRING))

(dot egt_part_number (type STRING))
(dot eqt_reference _id (type STRING))
(multidlot cavity terminals)

(dot assembly (type STRING))

(dlot general_class)

(dot length_to_ground (type NUMBER))
(dot level (type NUMBER))

(dot infotainment)

(slot most)

(dot base_node (type STRING))
(multislot processing_information_type)
(multislot processing_information_text )
(multidot installation_information_type)
(multidot installation_information_text )
(multidot alias_part_number )

(multidot alias_part_company _name )
(multislot alias_ids)

romelic
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(dlot abbreviation (type STRING))

(dot version (type STRING))

(dot degree_of _maturity (type STRING))

(dot predecessor (type STRING))

(dot copyright_notes (type STRING))

(dot mass_information (type NUMBER))

(dot material_key (type STRING))

(dlot material_reference_system (type STRING))
(multislot associated_cavities)

(multislot associated wires)

)

mxo Bod TFreimebis saxiT warmodgeni Bi1 Taqtebi sakmarisi
ar aris saproblemo aris Sesaxeb srulli informaciis misaRebad.
garda amisa, saWiroa sxvadasxva elegqtromagnituri Tu
geometriulli gaTvBebis ganxorcielleba, wesebSi aRwerili
B ogikis mixedviT eleqtrogayvani Bobis mode B Si cvlilebebis
Setana, Sedegebis warmodgena momxmareb BisTvis cxrilebis,
grafikebis da aS. saxiT. yovelive amisaTvis gamoiyeneba gare
Tungciebi, rombBebic realizebulia eqspertull sistemaSi CLIPS
IS garemos gareT, daregistrirebullia CLIPSi1s garemoSi da
roml ebsac gamoiZaxebs B ogikuri daskvnebis birTvi.
damuSavebu 1 Funqciebi  SeiZBeba davyoT  ramdenime
Joutfad:
1. Funqgciebi saproblemo aris  Sesaxeb  damatebiTi
infFormaciis mosapoveb B ad.
2. TFunqgciebi satransporto saSuallebis eleqtrogayvani-
B obis mode B Si cvlilebebis Sesatanad.
3. TFunqciebi Bogikuri gadawyveti Bebebis birTvis muSa-
obis Sedegebis warmosadgenad.
4, gamoTvRiTi Fungciebi.
ganvixi BoT TiToeull JgufSi Semavalli Funqciebi da maTi

daniSnu l eba;
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Tungciebi saprobBemo aris Sesaxeb damatebiTi informaciis
mosapoveb Bad: am FungciaTa JguFfSi Sedis Funqciebi, romBlebic
e Beqtrogayvani B obis Semadgene Bi komponentisaTvis abrunebs mis
Sesabamis sxva komponentebs. magaliTad, mavTulisaTvis im
koneqtorebs, romBebTanacaa dakavSirebulli; koneqtorisTvis Im
mavTu Bebs, romBebic masTan aris dakavSirebulli; modu RisTvis
masSi Semavall mavTu Bebs, koneqtorebs, terminallebs da aS. es
Tfungciebi realizebulia CLIPSis garemos gareT da iyenebs
relaciur bazebSi informaciis Zebnis algoriTmebs. sull
realizebulia aseTi tipis 144 +Tunqcia, romelic TagtebTan
erTad saSuallebas 1i1ZBeva miRebull ignas saprobBemo aris
Sesaxeb amomwuravi da yove Imxrivi informacia

Tfungciebi satransporto saSuallebis e legtrogayvani B obis
mode BSi cvlilebebis Sesatanad: eqspertulli sistema aramarto
aRmoaCens prob Bemebs, aramed wesebSi Cadebu B1 Bogikis mixedviT
SeuzBlia aRmofxvras kidec 1isini. amisaTvis mas esalWiroeba
Tfungciebi, romBebic saSuallebas miscemen cvliBebebi Seitanos
satransporto saSuallebis elegtrogayvani Bobis mode B Si. aseTi
Tungciebic realizebulia CLIPSis garemos gareT. sinamdvi BeSi
es Tungciebi gamoZaxebisTanave ar cvBlian modell's. isini gmnian
faills, romelBSic garkveulli TormatiT Cawerillia Sesatani
cvililebebi. rogorc ki Bogikuri daskvnebis birTvi amTavrebs
muSaobas, eqspertulli sistemis post-procesori kiTxuBobs am
Tails da axorciellebs Sesabamis cvlilebebs modeBSi. aseTi
tipis Tunqciebis magaBiTebia mavTulis sawyisi da saboloo
koneqtorebis SecvlBa mavTullis tipis Secvla, sxvadasxva
eleqgtrulli parametrebis miniWeba da aS. sull damuSavebull ia
aseT1 tipis 175 Funqgcia

Tunqciebi Bogikuri gadawyveti Bebebis birTvis muSaobis
Sedegebis warmosadgenad: Bogikuri daskvnebis birTvis muSaobis
Sedegebi unda gadamuSavdes da moxerxebuli1 saxiT miewodos
momxmarebe Bs. amn Fungcias asrullebs eqspertulli sistemis post-

procesori. saWiroa garkveuli kavSiris damyareba Bogikuri
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daskvnebis birTvsa da post-procesors Soris. amisaTvis
damuSavebul igna  specialluri gare Tungciebi. es TFunqciebi,
Tavis mxriv, SeiZBeba daiyos ramndenime nawiBad: TFungciebi
angariSebis TormirebisaTvis, TFTungciebi grafikebis dasaxazad,
Tfungciebi cxrilebis Sesadgenad, TFungciebi Setyobinebebis
momxmareb B isaTvis warmosadgenad.

angariSebis Tormirebis Tungciebis saSuallebiT pirdapir
wesidan SesaZlebelia moxdes angariSebis formireba
e Beqtrogayvani B obis komponentebis Sesaxeb Excel-is cxrilebis
saxiT. damuSavebu B ia aseTi tipis 19 Funqgcia.

grafikebis dasaxazi TFunqciebis saSuallebiT SesaZlebelia
sxvadasxva saxis grafikebis daxazva da momxmarebBisaTvis
warmodgena pirdapir wesebidan. SesaZBebelia mieTiTos garTfikis
saxe, warwerebi da aS. damuSavebu B i1a aseTi tipis 15 Ffungcia.

cxrilebis Sesadgeni Funqciebis saSuallebiT SesaZlBebelia
nebismieri Sinaarsis cxrilis Formireba Segmni Bia aseTi tipis 8
Tungcia

Tfungciebi momxmareb BisaTvis Setyobinebebis warsadgenad,
modelis SemcvBeli Tungciebis msgavsad, Setyobinebebs weren
specialuri Tormatis mgone +TailSi. Bogikuri gadawyvetile-
bebis birTvis muSaobis damTavrebis Semdeg es Taili ikiTxeba
post-procesoris mier da xdeba Sesabamisi Setyobinebebis
momxmareb B isTvis wardgena. Setyobineba SeiZBeba iyos zogadi
xasiaTis an Seexebodes konkretullad romelime oObieqts.
SemuSavbu B 1a am daniSnu Bebis mgone 3 Fungcia.

gamoTvliTi Tungciebi: gamoTvRiTi +FTungciebi aris ori
tipis: geometriuli da elegtromagnituri. geometriuli
Tfungciebi gamoiyeneba e Beqtrogayvani B obis sxvadasxva komponen-
tebs Soris manZi Bebis dasadgenad, agreTve mavTu Bebis saerTo
da paraleBuri monakveTebis sigrZis saangariSod. magBiTad,
manZi B 1 koneqtorebs Soris, manZi B'i mavTullsa da antenas Soris

da aS. damuSavebu Bia 14 geometriulli Ffungcia
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e legtromagnituri gaTv B ebis Tunqciebi gamoiyeneba
sxvadasxva tipis gaTv il ebis gansaxorcie leb lad. esenia
eleqtrostatikuri da elegtrodinamikuri gaTvBebi. magalliTad,
mavTu Bebis urTierTtevadobebis da indugciurobebis gansazRvra,
mavTullsa da antenas Soris S11, S12, S21, S22 parametrebis
gansazRvra da aS. SemuSavebu B ia aseTi tipis 26 fungcia

B ogikuri daskvnebis birTvis Sedegebi aris ori tipis:
daskvnebi da  Setyobinebebi, romelic unda waredginos
momxmarebels da cviBilebebi, romBebic avtomaturad unda
ganxorcieldes elegtrogayvani Bobis model Si da amis Sesaxeb
Setyobineba miewodos momxmarebeBs. orive SemTxvevaSi saWiroa
B ogikuri daskvnebis birTvis muSaobis Sedegebi gadamuSavdes
garkveu i saxiT. amas axorciellebs egqspertulli sistemis post-
procesori. Bogikuri daskvnebis birTvis muSaobis Sedegebi
post-procesors gadaecema Ffaillis saxiT, romellsac igi
kiTxu B obs da gadaamuSavebs.

eqspertulli1 sistemis pre-procesori aformirebs Tagqtebs
e Beqtrogayvani B obis bazaSi arsebulli informaciis safuZve l ze,
rac imas niSnavs, rom stransporto saSaullebis Sesaxeb yvela
monacemi Caiwereba +Freimebis saxiT. Semdeg codnis bazidan
aiReba arCeulli wesebi da iwereba Tailis saxiT. Ffaqtebi da
wesebi  gadaecema  Bogikuri daskvnebis birTvs. Bogikuri
daskvnebis birTvi interpretacias ukeTebs Taqtebs da wesebSi
aRweriBi Bogikis mixedviT axorciellbs sxvadasxva mogmedebebs.
muSaobis procesSi Bogikuri daskvnebis DbirTvi  1iyenebs
eqspertulli  sistemebis sxva modullebis daxmarebas gare
Tfungciebis saSuallebiT (sxvadasxva gaTvBebi da aS). Bogikuri
daskvnebis birTvi wesebSi gamoyenebuli muSaobis Sedegebis
warsadgeni da modelis SesacvBeli Tunqciebis saSuallebiT
afFormirebs specialluri Tformatis Taills, sadac 1iwereba
Setyobinebebi, romBebic waredgineba momxmarebe Bs da brZanebebi,

rome B Ta mixedviT unda moxdes elBeqtrogayvani Bobis model Si
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cvililebebis ganxorciellebas am Faills kiTxullobs post-
procesori da axorcielbs Sesabamis instruqciebs.

Sedegebis fai l's agvs Semdegi Formati:

$obiegtis tipi $obieqtis identifikatori $Setyobineba
$wesi, romb is Sedegicaa

SET:. $obieqtis tipi $obieqtis identiFfikatori $parametri$

mniSvne B oba $Setyobineba $wesi, roml is Sedegicaa

faillis TiToeulli striqoni Seesabameba mogmedebas an
Setyobinebas. mogmedebis SemTxvevaSi striqoni iwyeba gasaReburi
sityviT “SET:”, romellsac mosdevs im oObieqtis tipi da
identifikatori, romelic unda Seicvalos, Semdeg modis
parametri, romelic unda Seicvalos da misi mniSvne B oba, bol os
Caweri Bia Setyobineba, romeBic unda miewodos momxmarebells.
Setyobinebis SemTxvevaSi gansazRvrulia obieqti, romellsac
Seexeba Setyobineba da TviT Setyobineba. 1igive TFormati
gamoiyeneba Sedegebis dasamaxsovreb lad maTi Semdgomi
gamoyenebis mizniT.

post-procesori kiTxullobs TiToeull strigons, aanall izebs
mas da asru B ebs masSi Caweri l mogmedebebs.

anrigad, eqgspertulli sistemis gadawyveti Bebebis birTvi
Segqmni Bia codnis warmodgenis ena CLIPS-ze dayrdnobiT,
rome Bsac gaaCnia rigi upiratesobebi sxva enebTan SedarebiT.
damuSavebu I 1a e Beqtrogayvani B obis modelis Sesabamisi
wrmodgena Tagtebis saxiT, xollo eqspertulli codna
warmodgeni B ia wesebis meSveobiT. wesebi dafuZnebu ll ia
produgciebze, xoBo Tagtebi ki _ Ffreimebze. garda amisa,
SemuSavebu B 1a gare Tunqciebi, romBebsac 1iyenebs RBogikuri
daskvnebis birTvi muSaobis procesSi. Bogikuri daskvnebis
birTvis Sedegebis gadasamuSaveb Bad da adeqvaturi mogmedebebis
gansaxorcei lebBad SemuSavebu Bia post-procesori, romelic
urTierTgmedebs Bogikuri daskvnebis birTvTTan specialluri

Tformatis mqone Fai Bis saSuallebiT.
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34 momxmareb Bis grafFikull1 interfeisis damuSaveba

eqspertu 1 sistenmis, iseve rogorc nebismieri progranulli
produgtis, Segmnisas umniSvne B ovanesi adgi Bi ukavia momxmareb-
Bis interfeisis damuSavebas [32][33]. interTfeisi aris programis
swored is nawi Bi, romell Tanac urTierToba uwevs momxmarebe I s.
radganac sistemis daniSnullebaa swored momxmarebels gauwios
rekomendaciebi da daxmareba samuSaos Sesru lebaSi, mniSvne l o-
vania momxmareb Bis interfeisi rac SeiZleba mosaxerxebeli da
sasiamovno iyos momxmareb BisTvis. erTis mxriv, igi unda iyos
martivi da advi B od gamosayenebe Bi, xo B O, meores mxriv, FarTo
SesaZ B eb B obebs unda aZz B evdes momxmareball s.

damuSavebu 01 eqgspertulli sistemis momxmarebBis interte-
isi SeiZleba daiyos ramdenime nawi Bad:

1. programis mTavari Tangara, romelic moicavs yvella

sxva interfeisull obieqts

2. saSuallebebi proegqtTan, wesebis bibBioTekasTan da
proeqtis istoriasTan samuSaod
monacemTa cxriBuri vizual izatori
monacemTa samganzomi Bebiani vizual izatori
monacemTa sgematuri vizual izatori
komponentTa Tvisebebis dialBloguri Fanjrebi

wesebis redagtori

© N o ok~ w

Sedegebis post-procesori.

ganvixi BoT TiToeulli maTgani da momxmarebBis maTTan
muSaobis scenari.

programis mTavari Ffangara mocemu l ia nax. 25.-ze.

programis mTavari Ffanjara Sedgeba ramdenime nawi B isagan.
fanjris zeda mxares ganTavsebulBia mTavari meniu. misi
saSua B ebiT momxmarebe B i1 i1Zaxebs programis sxvadasxva fungcias.
menius qvemoT moTavsebulia instrumentTa paneli, romelic
dub B irebas ukeTebs menius ZiriTad pungtebs da saSuallebas

aZ B evs momxmarebe B's swrafad gamoiZaxos saWiro funqciebi.
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nax. 25. eqspertulli sistemis mTavari fanjara

instrumentTa panelis qvemoT ganTavsebuBlia monacemTa
cxrilluri vizualizatori. masSi xdeba monacemTa bazaSi
arsebulli  eleqtrogayvani Bobis komponentebis parametrebis
vizualizacia cxrilebis saxiT.

fangris marjvena mxares moTavsebulia iInterfeisulli
komponenti, romeBic Sedgeba sami gverdisagan. pirvell gverdze
ganTavsebulia xe, romelBic gamoiyeneba proeqtTan samuSaod.
meore gverdze ganTavsebulia xe, romelBic gamoiyeneba wesebis
bibBioTekasTan samuSaod, xoB o mesame gverdze _ Xxe proeqtis
istoriasTan samuSaod.

Tangris udidesi centralluri nawi Bi uWiravs ares, sadac
muSaobis procesSi xdeba sxvadasxva Svillobilli Tanjrebis
gaxsna. esenia: samganzomi Bebiani  vizualizatori, sgematuri
vizualizatori, wesebis redagtori da grafikebis vizuali-
zatori.

Tangris gveda nawi BSi moTavsebu B ia Setyobinebebis dafa.

igi Sedgeba sami gverdisagan. pirvell gverdze gamodis zogadi
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Setyobinebebi (romeBi1 faili CaitvirTa da aS.), meore gverdze
mimdinareobs Setyobinebebis gamotana proeqtSi ganxorciellebull i
cvililebebis Sesaxeb. mesame gverdze gamodis Setyobinebebi,
rome B Tac gzavnian elegqtrodinanikuri da eleqtrostatikuri
gaTv B ebis birTvebi.

rodesac momxmarebeBi iwyebs eqgspertull sistemasTan
muSaobas, igi gmnis proeqts. proeqti Sedgeba CatvirTulli
satransporto saSuallebis eleqtrogayvani B obebisagan, satran-
sporto saSuallebis Zaris triangulirebulli badeebisagan,
antenebisagan, proeqtSi mimdinare wesebis amogmedebis sesiebi-
sagan, eqgspertulli sistemis muSaobis Sedegad Tormirebuli
cxri Bebisagan da grafikebisagan.

proeqtTan muSaoba mimdinareobs xis saSuallebiT (nax. 26.),
rome Bic programis mTavari Ffanjris mar jvena nawi B Sia ganTav-

sebu li.

] ﬁ Harnesses
----off[#] sample
+- [ Module Families
1O Final Assemblies
[0 Groups
£ Meshes
- II Antennas
I Rod_antenna
= E Sessions
= [ Example 1 Session
- & Rules
E‘ distance_between_wire_and_antennas
[Z fine
[Z table
= Wi Results

distance_between_wire_and_antennas
+ Uﬁl Example 2 Session
+ [ Example 3 Session
- B Tables
B Total Length
- @ Graphs
= plot1
= plotz

off Harnesses IS Rulez Libraryl @_ Histar_l,l]

nax. 26. proeqtis marTvis xe
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proeqtis marTvis xis saSuallebiT xorciel deba eqspertulli
sistemis proeqtis Semadgene B i1 kopmonentebiT manipu Bireba. igi
Sedgeba xuTi ZiriTadi kvanZisagan. esenia:

1. satransporto saSuallebis e Beqtrogayvani I obebi
2. meSebi
3. antenebi
4. sesiebi
5. cxrilebi
6. grafFikebi

e Beqtrogayvani B obebis kvanZis qveS moTavsebu B ia proeqtSi
CatvirTulli elegtrogayvani Bobebi. erTdroullad proeqtSi
SesaZlebelia CatvirTulll iyos ramdenime eBegtrogayvani Il oba,
magram drois garkveull momentSi mxoBod erT-erT agtiurTan
mimdinareobs muSaoba. xis saSuallebiT SesaZllebelBia agtiuri
gayvani Bobis arCeva, misi vizualizacia cxrillurad an
sivrcullad sam ganzomi BebaSi, agreTve ramdenime gayvani B obis
gaerTianeba, erTmaneTTan Sedareba, proeqtidan waSHa, egsporti
da aS.

meSebis kvanZis qvemoT ganTavsebu B ia proeqtSi CatvirTulli
triangulirebu i1 badeebi, romell Ta saSuallebiTac xorciell deba
satransporto saSuallebis Zaris modelireba. SesaZlBebelia
meSebis parametrebis naxva, maTi waS Ba proegtidan da aS.

antenebis kvanZis qveS moTavsebu Bia proeqtSi CatvirTulli
antenebi. SesaZlBebelia antenebis parametrebis naxva, maTi waSHa
proegtidan da aS.

sesiebis kvanZis qveS moTavsebu B ia wesebis amogmedebis
sesiebi. TiToeu i1 sesia Sedgeba wesebisagan da maTi amogmedebis
Sedegebisagan. rodesac momxmarebels surs aamogmedos raime
wesebi da miiRos Sedegebi, igi gmnis sesias. Semdeg sesiaSi
aformirebs wesebs. wesebi SesazBlebeBia gadmotanili ignes
codnis bazidan, an Seigmnas TviT sesiaSi. SesaZBebe Bia wesebis
daggufeba garkveuli1 jJgufebis saxiT. mas Semdeg, rac sesiaSi

ganisazRvreba wesebi, momxmarebe Bs SeuZBia amuSaos isini call-
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callke an erTdroullad. miRebuli Sedegebic ganTavsdeba sesiis
kvanZis qvemoT 1igive JgufSi, ra jgufis wesic iyo amuSavebu B 1.
momxmarebe Bs xis meSveobiT aqvs saSualeba Segmnas, waSall os da
aamuSaos sesia, Segmnas wesebis jggufebi, Segmnas, redaqtire-
bisTvis gaxsnas da waSall os wesebi, aanuSaos wesebi da wesebis
JgutTebi, naxos wesebis amogmedebis Sedegebi.

cxrilebis kvanZis qveS moTavsebulia cxrillebi, romlTa
Tormirebac SeiZlBleba moxdes wesebis amuSavebis Sedegad. xis
saSuallebiT momxmarebels SesaZBlebBoba agvs naxos 1iIsini an
waSa ll os.

grafikebis kvanZis qveS moTavsebu Bia grafikebi, romBTa
Tormirebac SeiZBleba moxdes wesebis amuSavebis Sedegad. xis
saSuallebiT momxmarebels SesaZBlebBoba agvs naxos 1isini an
waSa ll os.

xis saSuallebiT operaciebi xorcielldeba mis kvanZebze
mausis mar jvena RilBakis daWeriT da kontegsturi menius
pungtebis arCeviT.

codnis bazaSi arsebulli wesebis marTva xorcieldeba
agreTve xis saSuallebiT, romeBic meore gverdzea ganTavsebu i
(nax. 27.).

xe Sedgeba kvanZebisagan, rome B Tagan TiToeull1 Seesabameba
an wess an wesebis jJgufs. wesebi SesaZlBlebelBlia daggufebulli
Ignes nebismerad. SesaZzBebelia rogorc callkeuli1 wesebis, aseve
mT Biani Jgufebis gadatana proeqtis sesiebSi. momxmarebe Bs
saSualleba agvs Segmnas axa Bl 1 wesebi, moaxdinos maTi importi da
eqsporti, waSallos an gaxsnas redagtirebisTvis. obieqtebze
mogmedebebis ganxorcielleba am xeSic xdeba kvanZze mausis
mar gvena RiBakis daWeriT da Sesabamisi kontegsturi menius

pungtis arCeviT.
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- 'i:-} Examples
@ set_general_dass_for_actuator_connectors
El set_general_dass_for_wires_with_name_31
.@ signal_class_of_wires_with_net_30_must_be_power
@ loudspeaker_wires_must_be_twisted
.@ sensor_connectors_should_have_length_to_ground_less_than_0.3
@ CAM_to_antenna_wires_distance_should_be_mare_than_5_cm
- 4% FUNCTIONS RULES
- ;:1-': Set Functions
.@ set_antenna_functions
.@ set_cavities_functions
@ set_connector _functions
.@ set_wire_functions
@ set_net_class_functions
—| 4% Get Corresponding Elements Functions
get_families_corr_elements
get_assemblies_corr_elements
get_fixings_corr_elements
get_cavity_seals_corr_elements
EJ get_terminals_corr_elements
E get_cavity_terminals_corr_elements
EJ get_segments_corr_elements
get_nodes_corr_glements
get_wires_corr_elements
get_connectors_corr_elements
get_net_dasses_corr_elements
ﬂ get_wire_protections_corr_elements
ﬁ get_accessories_corr_elements
ﬂ get_cavity_plugs_corr_elements
The Calculstion Functions
Tk Plot Functions
;:1-': Reporting Functions
;E-} Geometry Functions
Tk Table Functions
Dema
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+
|
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off Hamesses &5 Fules Library & History

nax. 27. wesebis bibBioTekis xe
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-
- Harnesses
—-ofy sample
+-I Module Families
[T Final Assemblies
@y Groups
# Meshes
=11 Antennas
I Rod_anterna
-l Sessions
+ Uﬁl Example 1 Session
+ Df:j Example 2 Session
+ Dﬁl Example 3 Session
+-EEg Tables
- @ Graphs
[=£ plot 1
=X plat 2
|- 42 Executed Rules
—I-[f7) Example 1 Session
- % Rules
distance_between_wire_and_antennas
|- Step 2
+ ﬁ Harnesses
# Meshes
+ II Antennas
+ E Sessions
+-BBg Tables
+-|B& Graphs
|- Executed Rules
- Uﬁl Example 1 Session
- @ Rules
lime

+- %% Step 3

of Harnesses] 9 Rules Library @ Histary ]

nax. 28. istoriis xe

programas SeuZBia daimaxsovros proeqtis mdgomareoba
wesebis yoveli amogmedebis win da ganaTavsos istoriaSi.
momxmarebe Bs saWiroebis SemTxvevaSi saSualleba eZBeva aRadgi-
nos proeqtis mdgomareoba nebismier bigze. amis ganxorcie leba
xdeba 1storiis xis meSveobiT (nax. 28.).

xis TiToeult mTavari kvanZi  Seesabameba TiToeul
damaxsovrebu l mdgomaroebas. kvanZebi emateba qrono B ogiurad

yove Bi1 wesebis amogmedebis win. mTavari kvanZis qvemoT moTavse-
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bullia proeqtis xe im mdgomareobaSi, ra mdgomareobaSic igna
damaxsovrebu B i da agreTve im wesebis sia, romell Ta
amogmedebamdec  damaxsovrebu i igna proeqtis mdgomaroba.
momxmarebe Bs SeuZWlia aRadginos nebismeri mdgomareoba, Tu igi
mausis mar gvena Ri Baks daaWers kvanZze da airCevs kontegsturi
menius pungts “aRdgena”.

proeqtSi CatvirTulli satransporto saSuallebis elleqtro-
gayvani B obis, meSebisa da antenebis Sesaxeb informacia momxmare-
be s waredgineba cxrillebis saxiT. amisaTvis SemuSavebull igna
cxrilluri vizualizatori (nax. 29). is, Tu romeli gayvani I oba
an misi nawi 01 igneba vizuaBizebulli cxrillebis saxiT,

momxmarebe Bs SeuZ l ia gansazRvros proeqtis xis meSveobiT.
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nax. 29. cxribluri vizualizatori

cxrilluri vizualizatori Sedgeba ramdenime gverdisagan.
TiTo gverdze moTavsebulia TiTo cxrili, romelic Seesabameba
erTi  tipis komponents. es cxrillebia modullebis ojaxebi,
modu Bebi, mavTulebi, mravalguliani mavTulebi, konegtorebi,
terminalebi, kontagtis SemamWidroveb Bebi, kontaqtis sarqve Bebi,

kontagtis terminallebi, damxmare komponentebi, damatabiTi
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komponentebi, anakrebi komponentebi, TFigsatorebi, kvanZebi,
segmentebi, kontaqtebi, gqse B is k B asebi, meSebi, antenebi.
momxmarebe s saSualleba agvs Secvallos cxrillebis
mimdevroba, TviT cxrilebSi SesaZBebellia svetebis mimdevrobis
gadaadgi Beba. cxrilSi informaciis sortireba xdeba svetebis
mixedviT. Tu momxmarebeBi1 mausis marcxena Rilaks daaWers
svetis dasaTaurebas, cxriBSi arsebulli informacia dallagdeba
an svetis mixedviT zrdadobiT, meored daWeris SemTxvevaSi
da l ageba moxdeba k B ebadobiT. SesaZlebelia cxrilSi
informaciis moZebna. Zebnis kriteriumebis gansazRvra

xorcie Bdeba specialuri fangris meSveobiT (nax. 30.).

. Search Wires

Parameter | Operation Walue ” Search
Wire Mumber
Wire Mame
Part Mumber
Special "Wire Ma...
Crozs Section A

Initial Connectar
Initial Connector ...

L b

In!t!al Connector .. Roset

Initial Connectar ...

Initial Connector ...
Final Connector

Final Connector ...

Fimszl T ammantar

~100000000000al=

| Casesensitive [ OR

f

| Group Mame Cloze

nax. 30. Zebnis Fanjara

Zebnis TangaraSi SesaZlBlebelBia 1Im parametrebis arCeva,
romnBiTac mimdinareobs Zebna, maTi mniSvne B obebis da sxva
kriteriumebis gansazRvra moZebni Bi komponentebi SesaZBebellia
avtomaturad gaerTiandnen JgufSi.

Sesazlebelia cxrillSi gamoCndes yvela komponenti an
mxo B od moniSnu Bebi. cxriBebis safuZve l ze SesaZ B ebelia Exce-

is angariSebis Formireba
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cxri B Si komponentis moniSvnisa da masze mausis mar_jvena
RiBakis daWeris SemTxvevaSi gamoiZaxeba kontegsturi meniu,
romBis saSuallebiTac SesaZBlebelia komponentze operaciebis
ganxorcie Bl eba. es meniu sxvadasxva komponentisTvis sxvadasxvaa,
magram maTSi aris iseTi saerTo pungtebi, rogoricaa
“dakavSirebu Bi komponentebis naxva”, “komponentis redagtirebis
TfangaraSi gaxsna”, “komponentis JguTisaTvis miniWeba”,
“komponentis sxva gayvani I obaSi gadatana” da aS.

yove Bive zemoT aRwerilli +Tunqcionaluroba cxrillur
vizualizators xdis Zallze ZBier da mosaxerxebel saSuallebas
satransporto saSuallebis eleqtrulli sistemebis kvBevisaTvis.

gayvani Bobis kvBevis kidev erT mZBavr saSualebas
warmoadgens samganzomi Bebiani vizuall izatori, romell ic momxma-

rebe I's warmoudgens gayvani Bobis realur mode s (nax. 31).

o] G o o T ST ey R O e B Tl

b gt [ R T 2

nax. 31. samganzomi Bebiani vizaull izatori

momxmarebe s saSualleba aqvs vizualBlizacia gaukeTos
rogorc mT Bian gayvani Bobas, aseve mis nawi ls. SesaZlBebelia
mode B is mobruneba nebismeri kuTxiT, gadatana, masStabireba,

kveTis sibrtyeebis dayeneba, ganaTebiT da gamWirvaBlobiT
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manipu Bireba da aS. garda amisa, momxmarebe Bs saSualleba aqvs
moniSnos oObieqtebi mausis marcxena RiBakis meSveobiT da
ganaxorcielos maTze operaciebi. unda aRiniSnos, rom obieqtis
moniSvna cxriBur vizualizatorSi, samganzomi Bebian vizual i-
zatorSi da sgematur vizualizatorSi xdeba paralleBurad. erT-
droullad SesaZBebelia gamoZaxebul 1ignas ramdenime vizuali-
zatori.

gayvani Bobis kvBevis kidev erT saSuallebas warmoadgens
sgematuri vizualizatori (nax. 32). masSi gayvani B oba warmodge-

nilia eleqgtrulli sgemis saxiT.

HE|k il & o # 8 5 7 x|a-n

T YT =T

nax. 32. sgematuri vizuall izatori

momxmarebe Bs SesaZBeb Bl oba agvs masSi moniSnos obieqtebi,
agreTve gaakeTos gamosaxu B ebis gadatana da masStabireba.

satransporto saSuallebis elleqtrulli sistemis TiToeuli
komponentis parametrebis naxvisa da redagtirebisaTvis
SemuSavebulia dialoguri TfTanjrebi. maTi agtivacia xdeba
komponentis moniSvniT da konteqsturi menius Sesabamisi pungtis
gamoZaxebiT. nax. 33.-ze da nax. 34.-ze gamosaxu Bia mavTullisa da

koneqtoris Sesabamisi dialoguri fanjrebi.
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wiire Mumber |43

“wire M ame ACOM_#.2_2_1
Part Nurmber {W_037_004_5
Bend Radius {48

Outzide Diameter l'I.E

Crozs Section Area JD.E

Signal Name facoN

Start Connectaor |><.2..-’-‘«

End Connector 1"ESL2

Start Cavity |.f3«:2

End Cavity |B:5

Advanced << ‘

k. | Apply

| cancel |

General  EMC Parameters l I ser-defined F'arameters1 End|*

Gerneral Class ]Suppl_l,l
Subclazs ]none
Signal Clazs ]Grnund

Susceptibility Class ]nnne

LedLeflefledlefLe] Lo Lo

Fiadiation Class ]none
Initial Connectar ]nnne
Final Connector ]nnne
Utiliztion | none
Maw Frequency ID

Min Transition Time |D

Resistance |0

Inductance ]D
—Woltage -

Typ |0 Min |0 Max |0
- Curent

Typ |0 Mir |0 Max |0

ire Properties 3]

nax. 33. mavTulis redagtirebis diall ogi

Connector Properties @

Name |"C5L2

ﬂ'h

34 X421

1 {300

1
20

(e
20

= 10

L

Baze Mode

*BS1_2934635

Part Mumber  |140_973_100

|lzage ]
D escriptian |MEHF|F.-’-‘~I:HSTEEKEF|#!\UFN
Advanced <4 ]
] I Apply ‘ Cancel ]

General l EMC Parametem] User-defined Parameters] Cet|*

Abbreviation |rw

Wersion |'| 0

Degree of Maturity |

Predecessor J

Copyright Motes J

Mass Infarmation |0

taterial Infarmation J

Houzing Code JESL

Housing Type |

Housing Calor |

Placement-

Pasition ¥ 232 v [39 z |33
| u ¥ |0.9% v |0 z [nna7
| ® |0 v z o

nax. 34. koneqtoris

redaqtirebis diall ogi
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msgavsi diall ogebia damuSavebu R i sxva danarCeni
komponentebisTvisac. maTi saSuallebiT momxmarebels SesaZlleb-
Boba agvus mosaxerxebeli TormiT ganixi Bos komponentis
parametrebi da Secvall os zogierTi maTganis mniSvne B obebi.

eqspertu 1 sistemis umniSvne B ovanes nawi Bs warmoadgens
wesebis redaqtori, romlis saSuallebiTac SesaZlebell ia sistemas
gadavceT eqgspertulll codna wesebis redagtori warmoadgens
tegstur redaqtors, romelBic samganzomi Bebiani vizualliza-
torisa da sgematuri vizuallizatoris msgavsad ixsneba Svillo-
bili Fanjris saxiT (nax. 35).

wesebis redagtori Sedgeba ori nawiBisagan. TviT
redagtorisa da asistantis xisgan. redagtorSi xdeba gasaReburi
sityvebis sxva TFerad gamoyofa, TFriCxillebis da bHlokebis
ganoyofa, rac Zallze mosaxerxebe B ia momxmareb BisTvis wesebis
daweris dros. agreTve SesaZlebel ia redagtorSi sityvebis Zebna

da avtomaturi Secvla

|EApOYE RAFRATS SHire® Tidl (acy-oar * atd wire ¥ Tramed ®

& {IIH Wi Protectors
@ Hode

v T Gegestis
o Wshes

v 1 snenves

¥ A5 e Cemen

& fig Cablan

& feg Cormaciza

& g e
-

nax. 35. wesebis redagtori
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marcxniv.  ganTavsebuli1 asistantis xis daniSnu lebaa
gauadvi Bos momxmarebe s gare TFfungciebisa da gayvani Bobis
komponentebis gamoyeneba wesebSi. masSi CamoTvBilia yvella
komponenti Tavisi yvela parametriT da agreTve yvela gare
Tunqcia. komponentis parametrze an Tunqciaze mausis Orjer
dawkapunebiT Sesabamisi parametri an fungcia avtomaturad jdeba
teqstSi kursoris adgi B ze. agreTve SesaZBebe Bia xeSi Fungciis
moniSvna da masze daxmarebis gamoZaxeba (nax. 36.).

eqspertu i sistemis muSaobis Sedegebis wardgena momxma-
reb B isTvis xdeba post-procesoris saSuallebiT. Sedegebi momxma-
rebells waredgineba cxrilluri da grafikulli saxiT. post-

procesoris fanjara Sedgeba ori gverdisagan (nax. 37.).

E? Functions Reference

set_wire_resistance

Description:

The function changes resistance of the wire.
Syntax:

{set wire resistance <wire id> <resistance>)

Parameters:

<wire_id> - id of the wire

=resistance> - resistance of the wire

Example:

(defrule =et_resistance_of _the_wire
{wire (id 7id))
==

(=zet_wire_resistance ?id 150.0)

nax. 36. daxmarebis Fanjara
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nax. 37. post-procesoris Ffnjara (pirveli gverdi)

pirvel gverdze mocemulia detaBluri informacia igi
Sedgeba ori cxrilisagan. zeda cxrillSi mocemulia wesebi,
romBebic amogmedda, xoBo qveda cxrillSi maTi amogmedebis
Sedegad miRebu Bi Setyobinebebi. qveda cxri li Sedgeba ramdenime
svetisagan. esenia: obieqtis tipi, romelmac ar daakmayofilla
raime kriteriumi, misi dasaxe Beba, Setyobineba, romell ic aRwers
prob Bemas, elBegqtromagnituri Tavsebadobis riski da momxma-
rebBis komentari. rodesac obieqti iIniSneba cxrillSi, misi
paralleBlurad moniSvna xdeba cxrilBur, samganzomi Bebian da
sgematur vizuallizatorebSi. SesaZBebelia Sedegebis angariSis
formireba

meore gverdze warmodgeni Bia ukve komponentebis mixedviT
dagjgufebulli gamuri informacia (nax. 38).

pirve I svetSi mocemu llia komponentis tipi, meoreSi misi
dasaxe B eba, mesameSi im wesebis raodenoba, romel@mac aRmoaCina
komponentis prob B ematuroba, Semdeg jamuri eBeqtromagnituri
Tavsebadobis riski, xolo Semdeg modis svetebi, romBebic

aRwers TiToeu 1 wesis mixedviT Tu ra riski hgonda komponents.
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nax. 38. post-procesoris Fanjara (neore gverdi)

cxrilebSi SesaZzlblebelia riskebis gansazRvra, komentarebis
gakeTeba, Zebna, dalageba da aS.

wesebis amogmedebis Sedegad Formirebuli grafikebi
waredgineba momxmarebels callke Svillobili Tanjris saxiT.

SesaZ B ebe B ia grafikebis egsportireba da redagtireba (nax. 39).

Line Ml

L

ko

nax. 39. Sedegebis grafikulli vizuall izatori
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anrigad, eqspertulli sistemisTvis SemuSavebuli igna
mosaxerxebe b1 grafikuli momxmareb B is interfeisi. igi moicavs
saproblemo aresTan da codnis bazasTan muSaobis mZBavr
saSual ebebs. informacia momxmarebe Bs waredgineba sxvadasxava
saxiT (cxrilurad, vizualBurad, sgematurad, grafikullad).
SemuSavebu B ia eqgspertulli codnis sistemisTvis gadacemis da
muSaobis Sedegebis momxmareb BisTvis wardgenis mosaxerxebe I i
saSua B ebebi. yoveBive es satransporto saSuallebebis eleqtro-
magnituri Tavsebadobis kv Bevis eqspertull sistemas xdis mZBavr

da advi Bad gamosayenebe B saSua l ebad.

3.5 daskvna mesame Tavis Sesaxeb

1. Seigmna satransporto saSuall ebebis e Beqtrogayvani B obis
Semadgene Bi1 komponentebis da maT Soris kavSirebis monacemTa
baza.

2. moxda eqspertulli sistemis Bogikuri daskvnebis birTvis
da codnis warmodgenis meTodebis reall izacia.

3. Seigmna satransporto saSuallebebis eq B gtrogayvani I obis
samganzomi Bebiani, sgematuri da cxriBluri saxiT vizualizaciis
saSua B ebebi, eqspertulli sistemis muSaobis Sedegebis post-
procesori.

5. SemuSavda momxmareb B is grafikulli interfeisi.

6. moxda mTHiani eqgspertulll sistemis realizacia

obieqtze orientirebu i meTodebis gamoyenebiT.
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4 sistemis eqsperimentu 1 Semowmeba

41 elegtromagnituri Tavsebadobis kvBevis arsebulli
meTodebi

satransporto saSuallebebis daproeqtebisas dResdReobiT
gamoiyeneba rogorc sacdeli eqgsperimentebi reallur mode lebze,
agreTve kompiuterulli modelirebis sxvadasxva meTodebi. unda
aRiniSnos, rom realluri eqgsperimentebis ganxorcielebas gaaCnia
mTelBi rigi uaryofiTi mxareebi. aseTi eqgsperimentis Catarebi-
saTvis auci lebelia satransporto saSuallebis mza prototipis
arseboba, rac, erTis mxriv, did TFinansur danaxar jebTanaa
dakavSirebulli, xolo, meores mxriv, SesaZlBlebeBlia ganxorci-
el des mxoBod daproeqtebis bolo etapze. am dros aRmoCeni i
prob Bemebis aRmofxvra ki gacillebiT ufro did droiT da
Ffinansur danaxar jebTanaa dakavSirebuli vidre daproeqtebis
adreull etapze.

anitom sull ufro xSirad gamoiyeneba stransporto
saSuallebis eleqtromagnituri Tavsebadobis kvHBevis kompiute-
rulli meTodebi. proegtirebadi satransporto saSuallebis
kompiuterulli modelis Seqmna SesaZllebelia daproeqtebis
adreull etapze da bevrad nak Beb danaxar gebTanaa dakavSirebu i
vidre realluri prototipis ageba ZiriTadad kvHBevebisaTvis
gamoiyeneba kompiuterulli programebi, romBebic ricxviT
meTodebzea damyarebuli1 maTi didi sizustisa da Sedegebis
realur egsperimentTan siax Bovis gamo.

aseTi programuli1 saSuallebebis ricxvs miekuTvneba EMC
Studio, FEKO, Microwave Studio. maTi muSaobis principi damyarebull ia
momentebisa da sasrulli elementebis meTodze, amitom isini
muSaobis procesSi moiTxoven did gamoTvBiT da droiT
resursebs. Sesabamisad, maTi saSuallebiT SesazlBebelBia mxollod

mcire zomis modellebTan muSaoba. mTHRiani satransporto
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saSuallebis eleqtromagnituri Tavsebadobis kvBeva ricxviTi
meTodebiT SeuZBebelBia, swored amitom Seigmna eqspertulli
sistema, romelsac SesaZBlebBoba aqvs ganixilos nTHRiani
satransporto saSualleba da aRmoaCinos probBematuri areebi,
romBebic SemdegSi ufro zusti kvBevis mizniT SesaZlBebelia
amoRebull  ignes modelBidan da gamokvBeull ignes zemoT
aRniSnu b1 saSuall ebebis gamoyenebiT.

stransporto saSuall ebebis e Beqtromagnituri Tavsebadobis
kvBevis egspertulli sistemis muSaobis sizustis Semowmebis
mizniT erTi da igive amocanebi gadawyvetill 1igna eqspertulli
sistemisa da EMC Studio-s meSveobiT da moxda Sedegebis Sedareba.
EMC Studio aris msofBioSi mowinave programulli sistema,
rome Bic gamoiyeneba avtomobi Bebis elBegqtromagnituri Tavseba-
dobis kv BevisaTvis. misi muSaobis principi damyarebu ll ia momen-
tebis meTodze. Sedarebu B i1 Sedegebi erTmaneTs daemTxva didi
sizustiT, vrac adasturebs egspertulli sistemis maRal
efeqturobas.

eqspertu 1 sistema warmatebiT aris danergi i msoflios
iIseTi cnobi i avtomwarmoebe Bebis sawarmoo procesSi, rogo-

ricaa fo Bksvageni, audi da reno.

42 eqsperimentu B 1 Semowmebis Sedegebi

eqsperimentis Catarebis mizniT gamokvBeull igna mavTu Bebs
Soris urTierTgmedeba satransporto saSuallebebSi maRali denis
matarebe i1 mavTullebi xSirad ganTavsebulia mgrZnobiare
mavTu Bebis maxBobBad, Sesabamisad, maRalli denis gavlena
mgrZnobiare mavTullze SesaZlBebeBia aRmoCndes kritikulli da
gamoiwvios aparaturis muSaobis Seferxeba eqsperimenti Catarda
idealur modellze, roca mavTullebi ganTavsebuBia erTmaneTis

parallelurad da realuri avtomobi Bidan aRebu i gayvani B obis
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mode B ze. mode Bebi gamokvBeull igna egspertulli sistemisa da
EMC Studioss saSuallebiT da Sedegebi Sedarda erTmaneTs. agreTve

gamokv Beul igna gamoTv BebisaTvis saliro droc.
pirvel SemTxvevaSi ori mavTulli moTavsebullia erTmaneTis

gverdiT. erT mavTull Tan mierTebuBia denis wyaro. vikvBevT

meore mavTu B Si aRZrull dens (nax. 40.).

nax. 40. ori erTmaneTis gverdiT ganTavsebuli mavTulli

Sesabamisi sgema mocemu B ia nax. 4l-ze

TN SOM_

T, — T

L =

i

nax. 41. mavTu BebTan mierTebu Bi mowyobi Nl obebis sgema
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programebis muSaobis Sedegebi warmodgeni Bia Semdegi
grafikebiT (wiTel1 grafiki aris EMC Studio-s gaTv Bebis Sedeqgi,

xo B o mwvane _ eqspertulli sistenmis).
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nax. 42. Zabva gamomsxivebe Bi mavTulis pirvell kontagtze
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nax. 43. Zabva mgrZnobiare mavTullis pirvell kontagqtze
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nax. 44. Zabva gamomsxivebe Bi mavTu B is meore kontagtze
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nax. 45. Zabva mgrZnobiare mavTull is meore kontaqtze

rogorc egsperimentis Sedegebis Sedarebidan Cans ori
programis muSaobis Sedegebi sakmaod didi sizustiT daemTxva

erTmaneTs.
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nax. 46. avtomobi Bis e Begtrogayvani Bobis nawi Bi

meore  egsperimentis dros aRebul igna  namdvi Bi
avtomobi Bis el egtrogayvani Bobis nawi B1 (nax. 46.). ori mavTulli
aris gamomsxivebel'i, xolo ori _ mgrZnobiare.

Sesabamisi eBeqtrulli sgema mocemu B 1a nax. 47.-ze.

nax. 47. mavTu B ebTan mierTebu Bi mowyobi Nebebis sgema
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eqsperimentis Sedegebi warmodgeni Bia Semdegi grafFikebiT

(wiTeli grafiki aris EMC Studio-s gaTv Bebis Sedegi, xo 1 0 mwvane

__egspertulli sistenmis).
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nax. 48. Zabva pirveli gamomsxivebe i mavTulis pirvell kontagtze

nax. 49.
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Zabva meore gamomsxivebe Bi mavTullis pirvell kontagtze
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nax. 53. Zabva meore gamomsxivebe B 1 mavTulis meore kontagtze
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nax. 54. Zabva pirveli mgrZnobiare mavTull is meore kontaqtze
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nax. 55. Zabva meore mgrZnobiare mavTull is meore kontaqtze

rogorc moyvani B

grafikebidan

Cans,

am

SemTxvevaSic

Sedegebi didi sizustiT emTxveva erTmaneTs. mcire gansxvavebebi
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ganowveu Bia im TFaqtiT, rom EMC Studio-sa da EMC Expert-Si
SeuZ B ebelia zustad identuri modelis Segmna.

gaTvlebisaTvis saWiro drois dasadgenad aRebull igna
mavTu Bebis rTulli sistema 5 gamomsxivebe B1 da 40 mgrZnobiare
mavTu Bi1T (nax. 56.).

nax. 56. avtomobi Bis rTulli eleqtrogayvani B obis nawi li

gaTvlebis dro arsebull SemTxvevaSi Seadgenda 3 wuTs, rac
sakmaod kargi Sedegia. programebSi, romBebic iyeneben ricxviT
meTodebs msgavsi sistemis gamokv Beva pragtikuBad SeuZBebellia

Zalian didi droiTi da ganoTvRiTi resursebis saWiroebis gamo.
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4.3 daskvna meoTxe Tavis Sesaxeb

1. Catarebu @ma egsperimentebma gviCvena, rom EMC Expertss
SeuzBlia swrafad da didi sizustiT aRmoaCinos elegqtro-
magnituri Tavsebadobis potenciuri probBemebis mgone areebi
satransporto saSuallebis rTull eleqgtrogayvani BobaSi. aseTi
areebi SemdgomSi SesaZlBebelBia amoRebull ignas gayvani B obis
mT Biani modeBidan da gamokveBull 1ignas zusti meTodebis
gamoyenebiT (ricxviTi meTodebi).

2. egspertulli sistemis warmatebiT danergva 1iseTi
avtomwarmoeb Bebis sawarmoo procesSi, rogoricaa Fo Bksvageni,
audi da reno, metyve Bebs mis udides pragtikull mniSvne I obasa

da mis warmatebiT reall izaciaze.
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daskvna

sadisertacio naSromSi warmodgeni Bi eleqtromagnituri
Tavsebadobis diagnostikisa da analizis egspertulli sistenis
samecnireo da praqtikulli Sedegebis ganxiBvis safuzZvell ze
SeiZ B eba gakeTdes Semdegi daskvnebi:

1. Camoya B ibebu B ia satransporto saSualebebis eleqtrulli
sistemebis eleqtromagnituri Tavsebadobis kvBevis agqtuallu-
robis sakiTxebi. ganxi Bulia elegqtromagnituri Tavsebadobis
kvBevis tradiciulli meTodebi Tavisi dadebiTi da uaryofiTi
mxareebiT. dasabuTebu B ia eqspertulli sistemis Segmnis auci leb-
I oba

2. SemuSavebu B igna satransporto saSuallebebis eleqtro-
gayvani B obis warmodgenis mode i, eqspertulli codnis warmodge-
nisa da gadwyveti Bebebis miRebis meTodebi, eBeqtromagnituri
urTierTgmedebis modeBirebis meTodebi elBegqtrodinamikur da
eleqtrostatikuri gaTvlebis birTvebze dayrdnobiT,

3. SemuSavebu l igna kompBeqsuri progranulli uzrunvel-
yofa obigtze orientirebulli da relaciuri meTodebis
gamoyenebiT. SemuSavebu I igna struqturebi monacemTa
SenaxvisaTvis, Informaciis Zebnis, samganzomi Bebiani vizualli-
zacils, sgematuri warmodgenis saSuallebebi da momxmareblis
grafikulli interfeisi.

4. eqgspertulli sistemis muSaobis Sedegebis Sedarebam
realur eqgsperimentebTan da eleqtromagnituri Tavsebadobis
sxva meTodebiT kveBevebis SedegebTan gviCvena misi muSaobis
sakmaod didi sizuste. sistema warmatebiT igna danergili

evropu Bi1 avtomwarmoeb Bebis sawarmoo procesSi.
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