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dReisaTvis produqciis konkurentunarianobis miRwevis ZiriTad saSualebas

warmoadgens kompiuterizebuli sawarmoo sistemebis (kss) gamoyeneba, romelic Tavis mxriv

konceptualurad aerTianebs kompiuterizebul sawarmoo danadgarebs - ricxviTi

programuli marTvis Carxebi, DNC, FMC, FMS sistemebi da sxv. da uzrunvelyofis

kompiuterizebul sistemebs - avtomatizebuli daproeqtebis sistemebi CAD, CAM,

CAD/CAM, CAPP da sxv.

kss-is ZiriTad amocanas warmoadgens warmoebis swrafi gadawyobis uzrunvelyofa

da mcire adamianuri  resursis gamoyeneba. amis Taobaze mowmoben - harvardis universitetis

gamokvlevebi, asociaciebis National Machine Tool Builder’s (aSS) da Manufacturing Engineers (aSS)

eqspertTa daskvnebi, aseve evropeli da iaponeli mwarmoeblebis mravalricxovani

gamonaTqvamebi.

aRniSnuli amocanebis gadawyveta uSualod dakavSirebulia teqnologiuri

procesebisa da rpm Carxebis mmarTveli programebis (mp) muSaunarianobisa da saimedobis

uzrunvelyofasTan. rogorc wesi mp-is muSaunarianoba miiRweva gamarTvis procedurebiT

romlebic xorcieldeba teqnolog-programistebis mier uSualod saamqroSi. Tavis mxriv,

es procedurebi warmoadgenen xangrZliv da Zvirad Rirebul samuSaoebs da moiTxoven

maRalkvalificiuri specialistebis monawileobas. amaze miuTiTeben sawarmoo dakvirvebis

Sedegebi da monacemebi, romlebic moyvanilia T.lolaZis, Fruhwald, Colin, Beckert da sxv.

avtorebis naSromebSi.

Sedegad, Tanamedrove warmoebis kompiuterizebuli teqnologiebi ayeneben sruliad

axal moTxovnebs sawarmos teqnologiuri momzadebisa da kerZod, teqnologiuri da

mmarTveli programebis avtomatizebuli daproeqtebis sistemebis mimarT, romlebmac unda

uzrunvelyon:

1) daproeqtebis operatiuloba, rac gulisxmobs rogorc sawyisi informaciis swraf

formalizacias aseve proeqtis swraf momzadebas, aprobaciasa da danergvas.

2) miRebuli saproeqto gadawyvetilebebis muSaunarianobas pirvelive wardgeniT, rac  xsnis

aucileblobas - erTis mxriv Secdomebis identifikaciisa, xolo meores mxriv maTi

aRmofxvrisaTvis damatebiTi procedurebis CatarebaSi.



amrigad, teqnologiuri procesebisa da mmarTveli programebis avtomatizebuli

daproeqtebis teqnologiis srulyofa da formalizaciisa da gadawyvetilebis miRebis

axali meTodebisa da saSualebebis damuSaveba, warmoadgens aqtualur amocanas.

CFVEIFJC VBPFYB

teqnologiuri procesebisa da rpm Carxebis mmarTveli programebis avtomatizebuli

daproeqtebis meTodologiis srulyofa.

RDKTDBC FVJWFYT<B

1) sakonstruqtoro-teqnologiuri avtomatizebuli daproeqtebis procesis sistemuri

gamokvleva

2) sawarmoo procesis stoqasturobis gamokvleva

3) ZiriTadi teqnologiuri SeSfoTebebis teqnologiuri procesis struqturul

elementebze gavlenis raodenobrivi analizi

4) instrumentuli gadasvlebis struqturis formalizacia da sakonstruqtoro-

teqnologiuri modulebis (stm) gamoyofa

5) sakonstruqtoro-teqnologiuri modulebis bazuri simravlis gamoyofa

6) stm-is bazaze instrumentuli gadasvlebis struqturuli sinTezisa da optimizaciis

avtomatizebuli meTodebis damuSaveba da amocanis formalizeba.

7) teqnologiuri procesebisa da mmarTveli programebis avtomatizebuli daproeqtebis

sistemebis arqiteqturis sistemuri gamokvleva da obieqtze-orientirebuli

arqiteqturis damuSaveba obieqtTa Sesabamisi klasebiT.

CFVTWYBTHJ CBF{KT

1) pirvelad damuSavda teqnologiuri procesebis avtomatizebuli daproeqtebis

meTodologiuri safuZveli sam konturiani diskretuli da uwyveti adapturi

marTvisaTvis.

2) gamoiyo gadawyvetilebis miRebis axali formalizmi teqnologiuri operaciebis

avtomatizebuli sinTezisaTvis



3) damuSavebulia teqnologiuri operaciebis avtomatizebuli daproeqtebis sistemebis

obieqtze-orientirebuli arqiteqtura, meTodebi, klasebi da obieqtebi.

GHFMNBREKB QBHT<EKT<F

1) damuSavebulia sakonstruqtoro-teqnologiuri daproeqtebis procesis klasifikacia,

gamoyofilia calkeuli etapebi da amocanebi, TiToeul etapze Sesasvleli da

gamosasvleli monacemebis simravle

2) damuSavebulia instrumentuli gadasvlebis tipiuri struqturebi (44 struqtura)

3) damuSavebulia saxarato damuSavebis 8 tipiuri zona

4) gadawyvetilebis miRebis interaqtiuli procedurebis avtomatizaciisaTvis damuSavda

predikatebisa da formaluri wesebis sistema mWreli instrumenisa da gadaadgilebis

sqemis avtomatizebuli SerCevis amocanebisaTvis.

5) sakonstruqtoro-teqnologiuri modulebis interaqtiuli parametrizaciisaTvis

damuSavda obieqtTa klasi (37 obieqti) da bazuri samomxmareblo obieqtebis sistema

programa AutoCAD-Tvis.

6)  Sandvic Coromant-is standartis bazaze, mWreli instrumentis avtomatizebuli

sinTezisaTvis, damuSavda obieqtTa klasi (34 obieqti) da bazuri samomxmareblo

obieqtebis sistema, programa AutoCAD-Tvis.

7) teqnologiuri modulebis daprogramebisaTvis damuSavda obieqtTa klasi (9 obieqti).

8) mWreli instrumentis gadaadgilebis traeqtoriis sinTezisaTvis damuSavda obieqtTa

klasi (149 obieqti) da bazuri samomxmareblo obieqtebis sistema programa

AutoCAD-Tvis.

YFIHJVBC FGHJ<FWBF

ZiriTadi Sedegebi moxsenebul da ganxilul iqna:

1) Sveicariis federalur teqnologiur universitetSi gamarTul saerTaSoriso

simpoziumze “Tools and Methods of Competitive Engineering”  13-17 aprili, 2004w. q.lozana,

Sveicaria.

2) gracis teqnologiur universitetSi gamarTul saerTaSoriso konferenciaze



”International Workshop & Project Festival on Computer Vision, Computer Graphics, New Media”

12-13 seqtemberi, 2002w. q.graci, avstria.

3) huazongis teqnologiur universitetSi Catarebul saerTaSoriso simpoziumze “Tools

and Methods of Competitive Engineering” 22-26 aprili, 2002w. q.uhami, CineTi.

4) manCesteris metropolitan universitetSi gamarTul saerTaSoriso simpoziumze “Tools

and Methods of Concurrent Engineering” 21-23 aprili, 1998w. q.manCesteri, inglisi.

5) saqarTvelos mecnierebaTa akademiaSi mowyobil saerTaSoriso simpoziumze ”Georgian

Symposium for Project Development and Conversion” 15-18 maisi, 1995w. q.Tbilisi, saqarTvelo.

6) moskovis baumanis saxelobis teqnikur universitetSi Catarebul saerTaSoriso

simpoziumze “?????????? ???????? ? ?????????????? ????” 28 oqtomberi-3 noemberi,

1991w. q. moskovi, ruseTi.

7) programuli uzrunvelyofis I respublikur konferencia-gamofenaze SofTEC’99 20-23

ivnisi, 1999w. q.Tbilisi.

8) saqarTvelos teqnikur universitetSi mowyobil samecniero-teqnikur konferenciaSi

ParametricCAD’97 27-28 noemberi, 1997w. q.Tbilisi.

9) saqarTvelos teqnikur universitetSi mowyobil samecniero-teqnikur konferenciaSi

ParametricCAD’98 20-21 oqtomberi, 1998w. q.Tbilisi.

10) saqarTvelos teqnikur universitetSi mowyobil samecniero-teqnikur konferenciaSi

ParametricCAD’99 18-19 noemberi, 1999w. q.Tbilisi.

11) saqarTvelos teqnikuri universitetis `manqanaTmSeneblobis teqnologiis~ kaTedris

gafarToebul sxdomaze (oqmi ? 1, 1Ú/10/2004w.)

LBCTHNFWBBC VJWEKJ<F LF CNHEMNEHF

disertacia Sedgeba Sesavlisagan, eqvsi Tavis, saerTo daskvnebis, literaturis

CamonaTvalisa da danarTisagan, romelic gaformebulia calke tomis saxiT. samuSao Seicavs

311 nabeWd Tabaxs, 181 suraTs, 37 cxrilsa da literaturis CamonaTvals 214

dasaxelebisagan.
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disertaciis I TavSi   ganxilulia sakonstruqtoro-teqnologiur daproeqtebasTan

dakavSirebuli sainJinro amocanebis Tanamedrove ganviTarebis tendenciebi.

daproeqtebis procesi gamokvleulia sistemuri midgomiT, risTvisac SemoRebulia

ori zogadsistemuri Tviseba:

     • Tviseba, romelic axasiaTebs nakeTobas (detals) mTlian anawyobSi

     • Tviseba, romelic axasiaTebs namzadidan mza detalSi gadayvanis teqnologiur

process.

Sedegad, gamoyofilia sakonstruqtoro-teqnologiuri daproeqtebis 12

mimdevrobiTi etapi, romelTagan pirveli 5, miRebulia I sistemuri TvisebiT, xolo

danarCeni 7,  me-2 TvisebiT:

etapi 1: winasaproeqto kvleva

etapi 2: geometriuli modelireba

etapi 3: funqcionaluri modelireba

etapi 4: sainJinro analizi

etapi 5: naxazebis momzadeba

etapi 6: sawyisi namzadis SerCeva

etapi 7: principialuri sqemis gansazRvra

etapi 8: marSrutis daproeqteba

etapi 9: operaciis daproeqteba

etapi 10: gadasvlis daproeqteba

etapi 11: mmarTveli programebis momzadeba

etapi 12: mmarTveli programebis gamarTva.

TiToeuli etapisaTvis gansazRvrulia proeqtirebis amocanebi, aseve Sesasvleli

da gamosasvleli parametrebis simravle.

Semdeg moyvanilia gadawyvetilebis miRebis avtomatizebuli meTodebis mimoxilva

sakonstruqtoro-tqnologiuri daproeqtebis TiToeul etapze. danarTSi moyvanilia

Sesabamisi avtomatizebuli daproeqtebis sitemebis (ads) mimoxilva.

Sedegad gakeTebulia daskvna daproeqtebis iteraciuli bunebis Seasaxeb da

moyvanilia procesis informaciuli struqtura pirdapiri da uku kavSirebis CvenebiT.



pirdapiri kavSiris qveS igulisxmeba etapebs Soris iseTi kavSiris tipi roca etapis gamo-

sasvleli monacemebi miewodeba ramodenime etapiT Semdeg mdgom etapebs. Sedegad, keTdeba

daskvna daproeqtebis e.w. gamWoli arxebis Seqmnisa da integrirebuli sakonstruqtoro-

teqnologiuri daproeqtebis meTodebisa da saSualebebis damuSavebis aucileblobaze.

amasTan dakavSirebiT moyvanilia lokaluri ads-ebis erTian sistemaSi integraciis

meTodebis mimoxilva. ganxilulia sami midgoma: horizontaluri, vertikaluri da

obieqtze-orientirebuli integracia. horizontaluri integraciis dros lokaluri

ads-ebi erTiandebian sistemebs Soris unificirebuli failuri standartebiT, iseTebiT

rogoricaa -  STEP, IGES, DXF, SAT, XT, APT, CLDATA  da sxv. interfeisis damyarebis gziT.

aRniSnuli midgomis ganviTarebas warmoadgens e.w. interfeisis procesorebis Seqmna -

PDM (Product Data  Management) sistemebi, romelTa saSualebiTac lokaluri sistemebi

axorcieleben manipulirebas daproeqtebis obieqtis erTian informaciul modelTan.

disertaciaSi moyvanilia Sesabamisi sistemebis mimoxilva.

vertikaluri integraciis dros sistemebi erTiandebian Sida failuri kavSirebiT.

Sedegad, erTiani informaciuli modeli erTiani sistemis Semadgeneli nawili xdeba.

disertaciaSi moyvanilia Sesabamisi sistemebis mimoxilva.

horizontaluri da vertikaluri integraciebisTvis damaxasiaTebelia is, rom am

dros ver xerxdeba sistemebis gaerTianeba gadawyvetilebis miRebis modelebis doneze.

aRniSnuli SesaZlebelia lokaluri ads-ebis obieqtze-orientirebuli integraciiT. am

dros sistemis arqiteqturaSi gamoyofilia `mSobeli~ da `Svili~ sistemebi. `Svili~

sistemisaTvis xelmisawvdomia `mSoblis~ yvela funqcia, amitom keTdeba daskvna

sakonstruqtoro-teqnologiuri daproeqtebis ads-is obieqtze-orientirebuli

arqiteqturis damuSavebis mizanSewonilobaze. moyvanilia Sesabamisi sistemebis mimoxilva.

disertaciis me-2 TavSi ganxilulia saproeqto gadawyvetebis muSaunarianobis

problema, romelic ganpirobebulia Secdomebis arsebobiTa da maTi identifikaciisa da

aRmofxvris aucileblobiT. amitom, igi gamomdinareobs Tavad gadawyvetilebis miRebis

teqnologiidan.

formalurad, gadawyvetilebis miRebis mTavar komponentebs daproeqtebis i-ur

etapze warmoadgenen: etapis Sesasvleli monacemebi (Φ i), damoukidebeli monacemebi (α i),



gadawyvetilebis miRebis maTematikuri modelebi (λi) romlebic axorcieleben Sesasvleli

monacemebis gadayvanas gamosasvlel monacemebSi ( ) iiii ϑαφλ ⇒,: , teqnikuri saSualebebi

(ts) da operatori romelic teqnikuri saSualebebiT manipulirebs Φ i, α i, ϑι, λi -ze.

amrigad, saSualedo saproeqto gadawyvetebis muSaunarianoba damokidebulia:

1) Sesasvleli monacemebis sizusteze (Φ i)

2) (α i)-s sizusteze

3) modelebis sizusteze (λi)

4) teqnikuri saSualebebis umtyuno muSaobaze

5) operatoris kvalifikaciaze da uSecdomo muSaobaze.

Sesasvleli monacemebis uzustobebi ganpirobe-

bulia daproeqtebis wina etapze daSvebuli SecdomebiT,

xolo  α i-is uzustobebi ganpirobebulia SeSfoTebebis

moqmedebiT anu parametrebis mocemuli α ’
i   da faqtiuri   α ’’

i  mniSvnelobebis sxvaobiT
'''

iii ααα −=∆

formaluri msjelobiT, uzustobebi daSvebuli (i-1) daproeqtebis etapze gadaecema

i etaps da maTi gamovlena  i-ur etapze ufro Znelia vidre  (i-1) etapze, Sesabamisad, rac

ufro `gvian~ xdeba Secdomis aRmoCena miT ufro izrdeba droisa da saSualebebis

danaxarjebi mis gasworebaze. amasTan dakavSirebiT gansakuTrebul interess warmoadgens

ricxviTi programuli Carxis mmarTveli programebi (mp), vinaidan mp warmoadgens

sakonstruqtoro-teqnologiuri daproeqtebis saboloo dokuments da rogorc Sedegi

masSia Tavmoyrili yvela uzustoba, romelic daSvebulia daproeqtebis wina etapebze.

mp-Si Secdomebis aRmoCena da gasworeba moiTxovs rpm Carxebze gamarTvis operaciebis

Sesrulebas da warmoadgens mravaliteraciul process, romelsac Tan erTvis mp-s

calkeuli fragmentebis mravaljeradi sacdeli gaSvebebi, sakontrolo gazomvebi,

Secdomebis gamovlenisa da Sesworebis procedurebis Sesruleba.

Sedegad, mp-s gamarTva warmoadgens rTul, xangrZliv da ZviradRirebul operacias.

germaneli mwarmoeblebis Tanaxmad, mp-s gamarTvaze modis  teqnologiuri mowyobilobebis

gadawyobisas mTeli samuSaoebis 80%. Sedegebi miRebulia 800 gadawyobis procesis analizis

Sedegad. amerikuli statistikuri kompaniis Dun&Bradstree-is Tanaxmad, amerikeli

mwarmoeblebi yovelwliurad xarjaven 1.8 mlrd. dolars mp-Si Secdomebis

αi

Φ i

ϑι

operatori

  

λi



aRmosafxvrelad.

mp-Si Secdomebis intensiobis analizma cxadyo, rom ZiriTadi nawili (57%) modis

e.w. gauTvaliswinebel Secdomebze  Y1, romelic Tavis mxriv ganpirobebulia SeSfoTebebiT

da kerZod sxvaobiT teqnologiuri sistemis - Carxi YC, samarjvi  Ys, instrumenti  Yi,

detali/namzadi Yn, (Csid) parametrebis faqtiursa da gegmiur mniSvnelobebs Soris

Y1 = YC + Ys + Yi + Yn = 12% + 9% + 9% + 27% = 57%

xolo, danarCeni 43% modis prognozirebad Secdomebze, romlebic dakavSirebulia  Ym -

daproeqtebis mimdinare etapze gadawyvetilebis miRebis modelebis uzustobasTan, YSes -

winamorbedi etapebis modelebis uzustobebze, romelic rogorc Sedegi ganapirobebs mcdar

saSualedo gadawyvetebs da Sesasvleli monacemebis uzustobebs mp-s daproeqtebisas, Yop

- operatoris Secdomebi,  Yts - teqnikuri saSualebebis Secdomebi

Y2 = Ym + YSes + Yop + Yts = 29% + 11% + 2% + 1% = 43%

amasTan dakavSirebiT, Catarebul iqna ZiriTad teqnologiur SeSfoTebebis - namatisa

da namzadis sisalis aramdgradobis, analizi. gamokvlevebi Catarebul iqna 3 damoukidebeli

mimarTulebiT - sacnobaro masalis, sawarmoo monacemebisa da literaturuli wyaroebis

mimoxilviT.

Sedegad dadginda, rom namatis arastabiluroba Tanazomadia gavlaze daniSnul

Wris sirRmis mniSvnelobasTan, xolo sisalis gabnevam SeiZleba Seadginos saSualo

mniSvnelobis 45%. maSasadame, keTdeba daskvna imis Sesaxeb, rom meqanikuri damuSavebis

sawarmoo procesi warmoadgens stoqastur process da rom teqnologiur SeSfoTebaTa

moqmedeba, romlebic  ganapirobeben gauTvaliswinebel Secdomebs mp-Si, aris mniSvnelovani.

Semdgom Catarebulia SeSfoTebaTa kompensaciis arsebuli meTodebis

urTierTSedareba da dasabuTebulia adaptirebadi modelebisa da maT safuZvelze agebuli

adapturi sistemebis gamoyenebis mizanSewoniloba. aseTi sistemebi saSualebas iZlevian

moxdes SeSfoTebaTa kompensacia rogorc drois realur masStabSi aqtiuri kontrolis

sistemebis gamoyenebiT, aseve uSualod damuSavebis dawyebis win, Sesasvleli kontrolis

informaciis safuZvelze. Sedegad, SesaZlebelia, teqnologiuri procesis sinTezis

nawili amocanebis gadatana warmoebis teqnologiuri momzadebis stadiidan  damuSavebis

stadiaze da Tavidan acilebul iqnas stoqastizmis gavlena sakonstruqtoro-teqnologiur

daproeqtebis procesze.



disertaciis me-3 TavSi  mocemulia teqnologiuri SeSfoTebebis gavlenis

raodenobrivi analizi Wris reJimebze, mWreli instrumentis gadaadgilebis traeqtoriis

geometriul parametrebze, gadaadgilebis sqemaze da mWreli instrumentis SerCevis

pirobebze.

analizi Catarebul iqna praqtikaSi SedarebiT farTod gavrcelebuli, saxarato

damuSavebis 5 variantisaTvis:

I varianti : namzadi - foladi 45, sisale HB180, cilindruli 100mm; instrumenti - T15K6;

dasaSvebi Wris Zalebi -  [Pz]=300kgs  [Py]=40kgs

II varianti: namzadi - ??437B, sisale HB260, cilindruli 100mm; instrumenti - BK8;

dasaSvebi Wris Zalebi -  [Pz]=300kgs [Py]=70kgs

III varianti: namzadi - BT-4, sisale HB200, cilindruli 100mm; instrumenti - T15K6;

dasaSvebi Wris Zalebi -  [Pz]=300kgs [Py]=70kgs

IV varianti: namzadi - D16T, sisale HB100, cilindruli 100mm; instrumenti - T15K6;

dasaSvebi Wris Zalebi -  [Pz]=300kgs [Py]=70kgs

V varianti: namzadi - K418-36, sisale HB170, cilindruli 100mm; instrumenti - BK8;

dasaSvebi Wris Zalebi -  [Pz]=250kgs [Py]=70kgs

SefasebisaTvis gamoyenebul iqna SeSfoTebis moqmedebisas parametris koreqciis

SedarebiTi efeqturobis  kriteriumi. kerZod, Wris reJimebis damokidebulebis analizisas

gvaqvs %1001
0

⋅




 −= S
Sk

sψ  - miwodebis koreqciis efeqturobis Sefasebisas, xolo

%1001
0

⋅




 −= V
Vk

vψ   Wris siCqaris koreqciis efeqturobis analizisas. sadac, indeqsi

“k” gamoxatavs parametris mniSvnelobas koreqciis Semdeg, xolo indeqsi “o” , koreqciamde.

analogiurad, gadaadgilebis traeqtoriisa da sqemis koreqciis efeqturobis

SefasebisaTvis gamoyenebul iqna  %1001 ⋅




 −=

K

?
Q

Qψ   kriteriumi, sadac Q0 da Qk

gamoxataven danaxarjebs damuSavebaze Sesabamisad koreqciamde da koreqciis Semdeg.

Sedegad gamoiyo raodenobrivi analizis muSa modelebi, romlebic gamoxataven

damuSavebis tipiur SemTxvevebs. nebismieri Wris Zalis SezRudvis moqmedebisas [Px]=Const,

[Py]=Const, [Pz]=Const  miwodeba  S  Zlieraa damokidebuli Wris siRrmis cvlilebaze

%1001
0

⋅




 −= t
tkφ ,  [HB]=Const  SemTxvevaSi, rac ar SeiniSneba Wris siCqarisaTvis V..



simZlavris  SezRudvis moqmedebisas [N]=Const,  S da V arian Zlier damokidebuli

? t-ze, aseve Zlieri damokidebuleba iqna aRmoCenili [Pz]  da [N] aqtiuri SezRudvebisas

[PzN]=Const, xolo zedapiris simqisis SezRudvis moqmedebisas [Rz]=Const, Wris reJimebi

sustad arian damokidebuli ? t-ze.

namzadis sisalis cvlilebisas %1001
0

⋅




 −= HB
HBkφ  da Wris siRrmis

mudmivobisas  t=const - Wris Zalis SezRudvebis dros [Px]=Const, [Py]=Const, [Pz]=Const,

S da V Zlier arian damokidebulni  ? HB-ze. igive SeiZleba iTqvas danarCeni

SemTxvevebisTvisac - roca aqtiuria [Rz]=Const, [N]=Const da erTdroulad [PzN]=Const.

traeqtoriis geometriuli parameterbis SeSfoTebebze damokidebulebis analizisas

ganixileboda ori SemTxveva: I - Wris siRrmis cvlilebisas Wris reJimebis koreqcia

traeqtoriis koreqciis gareSe da II - Wris siRrmis cvlilebisas Wris reJimebis koreqcia

traeqtoriis koreqciasTan erTad.

Sedegad, yvela SezRudvisaTvis garda medegobisa [T]=Const, gamovlenil iqna Wris

siRrmis iseTi kritikuli mniSvnelobebi romlis Semdegac koreqciis efeqturoba ψ ,

mkveTrad mcirdeba, xolo traeqtoriis koreqciisas (me-2 versia), aseTi ubnebi ar SeiniSneba

radganac SeSfoTeba nawildeba xelaxla gadaTvlil gavlebze da rogorc Sedegi faqtiuri

Wris siRrme, mniSvnelovani SeSfoTebebis drosac ki, ar mcirdeba im zRvramde, romlis

iqiTac SeiniSneba kritikuli ubnebi.

rac Seexeba instruments, namzadis sisalis gabneva (maT Soris mniSvnelovanic)

umniSvnelod, 10-15%-is farglebSi moqmedebs normaluri burbuSelis warmoqmnis pirobaze.

aseve umniSvneloa namatis cvlilebis gavlena gadaadgilebis sqemis koreqciis

efeqturobaze.

amrigad, keTdeba daskvna, rom amocanebi, romlebic dakavSirebulia Wris reJimebisa

da traeqtoriis geometriuli parametrebis gamoTvlasTan gadatanil unda iqnan warmoebis

teqnologiuri momzadebis stadiidan damuSavebis stadiaze da maTi gadawyvetisaTvis

gamoyenebul unda iqnan adaptirebadi modelebi, xolo danarCeni amocanebis gadawyveta

unda ganxorcieldes warmoebis teqnologiuri momzadebis stadiaze da maTTvis

gamoyenebul unda iqnan determinirebuli modelebi.



disertaciis me-4 Tavi   eZRvneba gadawyvetilebis miRebis axali formalizmis

damuSavebas sakonstruqtoro-teqnologiuri modulebis (stm) saxiT.

tp-s sinTezis amocanis zemoT moyvanili gayofis Tanaxmad, aucilebelia

ganxorcieldes modelebis formalizeba instrumentuli gadasvlis struqturis doneze.

amasTan, Tavdapirvelad ganxorcielda damuSavebis zonebis tipizacia da damuSavda ori

geometriuli struqtura: STHO - naxevradRia safexuri da STCL - daxuruli safexuri.

STHO safexuris parametrizaciis sqema (nax.2) da struqturuli formula

( ){ }22111 LCLCPSTHO ∨∨∨∧= , romelic axasiaTebs mis sistemur Tvisebebs, saSualebas

iZleva miviRoT 16 kerZo struqtura da 58 kerZo modifikacia, romlebic aRwerilia

disertaciis danarTSi.

STCL safexuris parametrizaciis sqema (nax.3) da struqturuli formula

( ) ( ){ }43322111 CLCLCLCPSTCL ∨∨∧∨∨∨∧=  saSualebas iZleva miviRoT 128 kerZo

struqtura da 1798 modifikacia.
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Sedegad, STHO da STCL struqturebis safuZvelze miRebul iqna saxarato

damuSavebis 8 tipiuri zona:

)(STHOZ E
HO ψ= - naxevradRia gare zona

)(
180oSTHOZ I

HO ψ= - naxevradRia Sida zona

)(STCLZ E
CL ψ= - daxuruli gare zona

)(
180oSTCLZ I

CL ψ= - daxuruli Sida zona

)(
90oSTCLZ P

CL ψ= - daxuruli torculi zona

)(
180oSTCLZ E

OP ψ= - Ria gare zona

)(STCLZ I
OP ψ= - Ria Sida zona

)( 0270
STCLZ P

OP ψ= - Ria torculi zona.

instrumentuli gadasvlis iseTi elementebi rogoricaa mWreli instrumenti da

instrumentis gadaadgilebis sqema sakmarisi sisruliT aris tipizebuli da sasurveli

simravle SeiZleba dadgenil iqnas sacnobaro-normatiuli da sawarmoo masalebidan. amitom

stm formalizmis damuSavebis Semdeg etaps Seadgens Wris reJimebis gamoTvlis muSa

modelebis gamoyofa. muSa modeli warmoadgens ori faqtoris erTobliobas, romelTaganac

erTi aris miwodebis [S]-is funqcia, xolo meore ki Wris siCqaris [V]-s funqcia.

faqtorebis sistematizaciis mizniT damuSavebul iqna klasifikacia, romelSic erTis

mxriv moyvanilia teqnologiuri sistemis Csid elementebi, xolo meores mxriv masTan

asocirebuli faqtorebi - geometria, sixiste, cveTa, kinematika da datvirTva. Sedegad

miRebul iqna faqtorebis 20 jgufi (cxrili 1). TiToeuli jgufisaTvis Sesabamisi

empiriuli formulebi miRebul iqna sacnobaro-normatiuli da Semdegi avtorebis

cxrili   1

X C B L

UTJVTNHBF L ?-? L ?-? L?-? L ? -?

CB{BCNT L ? - ? L? -? L? -? L ? - ?

WDTSF L ? - ? L ? - ? L? - ? L ? - ?

RBYTVFNBRF L ?-? L ?-? L? - ? L ?-?

LFNDBHSDF L ? - ? L ? - ? L? - ? L ? - ?



literaturuli wyaroebidan - granovski, bobrovi, lolaZe, isaevi, tverskoi, kovani,

kapustini, gJirovi, komisarovi, valikovi.

Sedegad miRebul iqna 33 faqtorisgan Semdgari sruli simravle, romelic aRwerilia

disertaciis danarTSi. Semdgom amisa faqtorebi iqna ganTesili da dajgufebuli  [S] da

[V] parametrebis mimarT mgrZnobiarobis mixedviT:

jgufi [V]   = { L1
?-? }

jgufi [S]    = { L2
?-? ; L

7
?-? ; L

8
?-? ; L

1
?-? ; L

1
?-? ; L

4
?-? ; L

1
?-? ; L

4
?-? ; L

5
?-? ; L

1
?-? }

jgufi [VS] = { L1
?-? ; L

4
?-? ; L

1
?-? ; L

1
?-? ; L

2
?-? } (1)

[S] jgufSi arsebuli faqtorebi SeiZleba gamoxatuli iqnan  So  zRvruli

mniSvnelobis saSualebiT. analogiurad,  Vo -iT SeiZleba gamoxatuli iqnan [V] jgufSi

Semavali faqtorebi. maSasadame SesaZlebelia faqtorebis dawyvileba [VS] jgufidan, Vo

da So parametrebTan da aseve [VS] jgufis SigniT. Tumca aseT SemTxvevaSi SesaZlebelia

iseTi muSa modelebis miReba, romlebic an ver asaxaven realurad arsebul damuSavebis

pirobebs, an axlos iqnebian erTkonturian marTvasTan da rogorc Sedegi iqnebian

araefeqturebi. amitom aucilebelia [VS] jgufSi Semavali faqtorebis ganTesva. ganTesvis

kriteriumebad miRebulia - VxS  sibrtyeze faqtoris Sesabamisi mrudis orientacia

(kuTxe  β) da faqtoris mdgradoba, romelic gamoxatavs faqtoris unars darCes jgufis

SigniT  S-is mniSvnelobebis gabnevisas.  β-s mniSvnelobebi gamoTvlilia wertilebSi

romlebic axlosaa optimalurTan. isini Seesabameba granovskis mier aRweril sacdel-

eqsperimentalur monacemebs -  winaswari, operaciaTaSorisi da sufTad damuSavebisaTvis.

dadgenilia, rom faqtori  L1
?-? ,  

6120
ZPV

N
⋅

=   - Carxis mTavari amZravis simZlavre,

romelic damaxasiaTebelia Savad damuSavebisaTvis, gansakuTrebiT mgrZnobiarea V

parametris mimarT -  0≤β≤450 (nax.4). faqtoris mdgradobac aseve maRalia.

faqtori  L4
?-? , damuSavebuli zedapiris simqise, gansakuTrebiT mgrZnobiarea S

parametris mimarT -Wris siCqareTa diapazonSi 
52.0

243
19310

r
S

V
⋅

−<<     (nax.5).

faqtori  L1
?-? ,   ( )

2

75.0 








⋅⋅⋅⋅
⋅

=
StlC

FQ
V

?P σ
  gamoxatavs instrumentis wveros



mm

mm
mm

Kt=2??=70%  K t=4??=13%  K t=8??=73%
nax . 4

V  m/wmñåê

S  mm/br

II  varianti
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Tbur deformacias siTburi balansis wonasworobis dadgomamde. Tanaxmad gamokvlevebisa,

faqtori SesaZlebelia iyos aqtiuri mxolod mcire Wris kveTebis SemTxvevaSi (nax.6) da

aris gansakuTrebiT mgrZnobiare   S  parametris mimarT.

faqtori L2
?-? ,  ρ

π γβ ⋅⋅⋅⋅
⋅

⋅⋅⋅⋅=
XXX

X

n
P

?

HBtSC
gF

L
l

DV
][

10   - sakisrebze

dinamiuri  datvirTva,  damaxasiaTebelia SedarebiT didi Wris kveTebisaTvis da

gansakuTrebiT mgrZnobiarea  V  parametris mimarT (nax.7).

t=0.1mm

t=0.2mm

nax. 6
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2mm

mm

8mm
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faqtors  L1
?-? ,   ρνµ tSV

C
T T

⋅⋅
=   - instrumenis medegobas axasiaTebs iseTi Tviseba,

rom Wris kveTis gazrdasTan erTad is ufro metad mgrZnobiare xdeba V parametris mimarT,

xolo mcire kveTebisas,  S parametris mimarT (nax.8). amitom Savad damuSavebisas mivakuTnoT

faqtori [V] jgufs, xolo sufTad damuSavebisas [S] jgufs.

amrigad, miviRebT faqtorebis or jgufs:

},,,{][
},,,{][

0

0

v

sZ

TFNV?
TRQSH

=
=

saidanac dawyvilebis Sedegad, saxarato damuSavebis tipiuri pirobebis gaTvaliswinebiT,

miRebul iqna Wris reJimebis gaangariSebis Semdegi muSa modelebi:

sufTad damuSaveba :  M1={[V0S0],[V0Q],[V0RZ]}

Savad damuSaveba :  M2={[V0S0],[S0N],[S0F],[S0T]}

naxevradsufTa damuSaveba:  M3={[V0T]}

amrigad, damuSavebul iqna stm-is bazuri simravle, romelic Sedgeba 8 modulisagan

da romelic aerTianebs instrumentuli gadasvlis 44 tipiur struqturas.
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disertaciis V TavSi    damuSavebulia stm-is bazaze teqnologiuri operaciebis

avtomatizebuli sinTezis meTodebi. kerZod, damuSavebis zonebis identifikacia da

parametrizacia, instrumenisa da gadaadgilebis sqemis avtomatizebuli SerCeva,

teqnologiuri operaciebis parametruli da struqturuli optimizacia.

parametrizebuli zonebis sinTezis amocana dayvanilia saxeTa gamocnobis amocanaze,

roca xorcieldeba gamosacnob saxeze sawyisi monacemebis ganTesva gansazRvrul klasebSi

saerTo Tvisebebidan ZiriTadi Tvisebebis gamoyofiT. obieqtTa klasis qveS igulisxmeba

kategoria, romelsac gaaCnia klasis yvela danarCen obieqtTan saerTo Tvisebebi.

Sedegad, parametrizebuli zonebis sinTezi SesaZlebelia warmovadginoT, rogorc

procesi romelic Sedgeba 4 Tanmimdevruli etapisagan:

1) konturis sawyisi aRwerilobidan arsebiTi Tvisebebis gamoyofa

2) im simravlis gansazRvra romelic akmayofilebs aRniSnul Tvisebebs

3) gamosacnobi saxis mikuTvneba Tvisebis mixedviT erTerT simravlesTan

4) SerCeuli obieqtiT gamosacnobi saxis aRwera.

sinTezis Sesabamiss meqanizms eqneba saxe (nax.9): Tavdapirvelad, detalis

konturidan xdeba savaraudo zonebis gamoyofa, anu xdeba garkveuli hipotezis generireba.

Semdeg xdeba hipotezis Semowmeba anu savaraudo zonis Sedareba biblioTekaSi arsebul

stm-is parametrizebul primitivebTan. Tanxvedris SemTxvevaSi savaraudo zona aRiwereba

parametrizebulad, stm primitivis parametrizaciis sqemis Sesabamisad, winaaRmdeg

SemTxvevaSi xorcieldeba axali hipotezis generireba da a.S.

maTematikuri TvalsazrisiT, sinTezis aRniSnuli meTodi daiyvaneba gadarCevis

amocanamde. amocana mravalvariantiania, amitom sruli gadarCevis realizacia
 

hipoteza Sedareba

stm biblioTeka

aRwera

nax . 9



mizanSeuwonelia da aucilebelia mizanmimarTuli gadarCevis ganxorcieleba. Zebnis

iteraciebis raodenobis Semcirebis mizniT, mizanmimarTuli Zebnis I starategiad

gansazRvrulia zonis maqsimaluri ganzomileba, rac gamoixateba zonaSi Semavali sayrdeni

wertilebis maqsimalurad dasaSvebi raodenobiT, xolo II strategiad miRebulia zonis

tipi - Ria, naxevradRia da daxuruli, raTa uzrunvelyofili iyos teqnologiuri

operaciis swori struqtura.

nax . 10
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Sedegad, damuSavebul iqna or-parametriani mizanmimarTuli gadarCevis

funqcionaluri blok-sqema (nax.10).

Tavdapirvelad xorcieldeba  namzadisa da detalis geometriis wakiTxva

(bloki 1). Semdeg isazRvreba Zebnis strategia (bloki 2). Zebna iwyeba Ria tipis zonisaTvis

da  stm  biblioTekaSi arsebuli primitivebis maqsimaluri ganzomilebis Sesabamisad.

Semdgom iteraciebze Zebna xorcieldeba ukve naxevradRia da daxuruli zonebisaTvis.

Semdgom etapze mowmdeba mdgomareobis veqtoris mimdinare mniSvneloba da miiReba

gadawyvetileba gadarCevis gagrZelebis Sesaxeb. Tu detalisa da namzadis sawyisi

konturebiT aRwerili mTliani zona parametrizebuli aRmoCnda, gadarCeva mTavrdeba.

Semdgom, zonis mocemuli tipisa da ganzomilebisaTvis xdeba savaraudo zonis gamoyofa

(bloki 4) da stm biblioTekidan primitivis identifikacia (bloki 5). savaraudo zonis

gamoyofis SeuZleblobis SemTxvevaSi xdeba ukanve me-2 blokze dabruneba da Zebnis

ganzomilebis Semcireba. iteracia grZeldeba manamde sanam Zebnis ganzomileba ar Semcirdeba

minimalur dasaSveb mniSvnelobamde, romlis Semdegac iTvleba rom mocemuli zonis tipi

mimdinare konturSi ar arsebobs da Semdgomi gadarCevisaTvis isazRvreba zonis axali

tipi. Sesabamisad axali tipisaTvis isazRvreba Zebnis maqsimaluri ganzomileba.

me-6 blokSi xorcieldeba gamoyofili savaraudo zonisa da stm biblioTekidan

identificirebuli primitivis erTmaneTTan Sedareba. dadebiTi Sedegis SemTxvevaSi xdeba

savaraudo zonis parametrizacia (bloki 7) e.i. misi geometria aRiwereba stm primitivis

parametrizaciis sqemis meSveobiT. Semdgom amisa parametrizebuli zona akldeba konturs,

mdgomareobis veqtori ganaxldeba (bloki 8) da sruldeba parametrizaciis axal

iteraciaze gadasvla. mdgomareobis veqtoris ganaxlebisas Tu aRmoCnda rom konturze

yvela zona ukve parametrizebulia, algoriTmi amTavrebs muSaobas.

savaraudo zonisa da primitivis Sedarebis uaryofiTi Sedegis SemTxvevaSi zonis

mocemuli tipisa da ganzomilebisaTvis xdeba biblioTekidan axali primitivis amorCeva

(bloki 9) da isev xorcieldeba Sedareba savaraudo zonasTan. iteracia grZeldeba manam,

sanam Zebnis mocemuli parametrebisaTvis ar iqneba amorCeuli yvela primitivi, ris Semdegac

Zebnis ganzomileba mcirdeba erTiT (bloki 10) da xdeba axali savaraudo zonis gamoyofa

(bloki 4). Tu Zebnis ganzomilebis Semcireba SeuZlebelia e.i. mas ukve aqvs minimalurad

dasaSvebi mniSvneloba, maSin iTvleba rom zonis mocemuli tipisaTvis yvela SesaZlo



varianti ukve gadarCeulia da Zebna iwyeba sxva strategiiT - axali zonis tipisa da

Sesabamisi Zebnis ganzomilebisaTvis.

disertaciaSi aRwerilia TiToeuli blokis SigniT realizebuli meTodebi romlebic

damuSavebul iqna avtoris xelmZRvanelobiT Sesrulebul disertaciebSi magistrebis -

a.mamamTavriSvili, v.SeyrilaZe, d.xabazaSvili, z.kaWarava, a.Sonias mier.

instrumentuli gadasvlis struqturaSi mWreli instrumentis avtomatizebuli

SerCeva xorcieldeba formaluri wesebis safuZvelze, romlebic Tavis mxris axorcieleben

konkretuli pirobebisaTvis, instrumentis Tanmimdevrul ganTesvas konstruqciuli,

fizikur-meqanikuri da geometriuli Tvisebebis mixedviT. ganTesvis wesebi agebulia

predikatebis safuZvelze da Seesabameba instrumentis SerCevis tipiur SemTxvevebs. amasTan

dakavSirebiT gamoyofil iqna predikatebisa da Sesabamisi formaluri wesebis 3 jgufi:

I jgufi: Sedgeba 24 predikatisa da 30 wesisagan, romlebis axorcieleben instrumentis

sruli simravlis ganTesvas konstruqciuli niSnis mixedviT

II jgufi: aerTianebs 10 predikatsa da 7 wess instrumentis ganTesvisaTvis

fizikur-meqanikuri Tvisebebis da kerZod ki tipis mixedviT

III jgufi: Seicavs 12 predikatsa da 7 wess instrumentis gansaTesad geometriuli

parametrebis mixedviT.
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Sedegad, damuSavebul iqna instrumenis avtomatizebuli SerCevis meTodika (nax.11),

romelic axorcielebs instrumentis saboloo variantTan 3 etapian Tanmimdevrul

miaxloebas. Tu ganTesvis Sedegad aRmoCndeba erTze meti varianti, saboloo variantis

SerCeva xdeba ekonomikuri kriteriumebis gaTvaliswinebiT.

gadaadgilebis sqema calsaxadaa damokidebuli instrumentis tipsa da

konstruqciaze. amitom instrumentis ganTesvis I jgufis wesebi konstruqciuli Tvisebis

mixedviT, SeiZleba ganxilul iqnas rogorc gadaadgilebis sqemis SerCevis wesebi.

damatebiT, SemTxvevebis konkretizaciisaTvis damuSavebul iqna 7 predikati da 12 wesi.

aRniSnuli wesebi Seadgenen mWreli instrumentisa da gadaadgilebis traeqtoriis

avtomatizebuli SerCevis interaqtiuli procedurebis damuSavebis safuZvels.

operaciis parametruli optimizaciis amocana stm-is bazaze sruldeba 3 etapad:

I - Tavdapirvelad, damuSavebis mocemuli pirobebisaTvis isazRvreba Wris siRrme gavlaze.

amisaTvis gamoyenebulia v.cvetkovis rekomendaciebi.

II - gamoTvlili Wris siRrmisa da damuSavebis pirobebisaTvis gamoiyofa yvela aqtiuri

SezRudva da isazRvreba V da S-is dasaSveb mniSvnelobaTa veli  G . Tavdapirvelad

formirdeba  Go  marTkuTxedi Wris reJimebis zRvruli mniSvnelobebisagan. amasTan Savad

damuSavebisaTvis, S-is SesazRudad gamoyofili 10 faqtoridan (1), aqtiuri SeiZleba iyos:

1) faqtori  2
??L −  - miwodebis zRvruli mniSvnelobebi

2) faqtori  1
??L −  -  miwodebis meqanizmis sixiste

3) faqtori  1
??L −  - instrumenis saWerelas sixiste

4) faqtori  4
??L −  - wina centrze miwolis momenti

5) faqtori  5
??L −  - Carxis uavario muSaobis pirobebi

6) faqtori  1
??L −  - saWrisze dasaSvebi datvirTva mWreli nawilis sixistidan

       gamomdinare

7) faqtori  4
??L −  - detalis sixiste.

Smax -isa da Smin sawyisi mniSvnelobebi ganisazRvreba  2
??L −  faqtoridan. Semdgom  Smax

mniSvneloba zustdeba Tanmimdevrulad, TiToeuli faqtoris mixedviT zRvruli

mniSvnelobis gansazRvriTa da  Smax -is mimdinare mniSvnelobasTan SedarebiT. Tu gamoTvlili

mniSvneloba aRmoCndeba naklebi vidre  Smax , maSin Smax -is mniSvnelobas eniWeba miwodebis

gamoTvlili mniSvneloba da a.S. analizi xorcieldeba yvela faqtoris mixedviT. Vmax da



Vmin mniSvnelobebi ganisazRvreba  1
??L −  faqtoriTa da modelis adeqvaturobis pirobidan

gamomdinare  Vmin≥V? .

Semdgom amisa  Go  marTkuTxedi waikveTeba im faqtorebis Sesabamisi mrudebiT,

romlebic warmoadgenen rogorc  V -s aseve  S -is funqciebs. gamoyofili M1 muSa modelebis

simravlis Tanaxmad aseTi SeiZleba iyos 3 faqtori:

1) faqtori  1
??L −  - mTavari amZravis simZlavree  N

2) faqtori  2
??L −  - sakisrebze dinamiuri datvirTvaa   F?

3) faqtori  2
??L −  - instrumentis medegoba  Tv

maSasadame  Vmax  mniSvneloba zustdeba TandaTanobiT faqtorebis mixedviT da

sabolood ganisazRvreba aqtiuri faqtori e.i.  sabolood formirdeba  G  veli (nax.12 a).

nxevradsufTa damuSavebisas aqtiurebi SeiZleba iyos faqtorebi M3 = [VoTs]

jgufidan, amitom   G  vels eqneba saxe (nax.12 b).

sufTad damuSavebisas aqtiuri SeiZleba iyos SezRudvebi M1 = [VoSo] [VoQ] [VoRz]

jgufidan, amitom Tanaxmad (1)-sa miwodebis zRvruli mniSvnelobebi SeiZleba gamoTvlil

iqnas faqtorebidan:

1) faqtori  8
??L −  - formis uzustoba

2) faqtori  7
??L −  - damuSavebis sizuste

3) faqtori  4
??L −  - mWreli wibos formamedegoba

4) faqtori  2
??L −  - miwodebis zRvruli mniSvnelobebi.

V -s zRvruli mniSvnelobebi isazRvreba analogiurad Savad damuSavebisa da Sedegad

formirdeba Go veli. Semdgom  Go  veli waikveTeba ori faqtoris Sesabamisi mrudebiT:
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1) faqtori  1
??L −  - instrumentis Tburi deformacia

2) faqtori  4
??L −  - damuSavebuli zedapiris simqise.

Sedegad, ganisazRvreba saboloo  G  veli (nax.12 g).

III - aqtiuri faqtorebis gamovlena, romelTa TanakveTaze imyofeba optimumis wertili.

amisaTvis xorcieldeba miznis funqciis gamoTvla faqtorebis gadakveTis wertilebSi da

Sedegad im faqtorebis amorCeva romelTa TanakveTazec miznis funqcias aqvs minimaluri

mniSvneloba.

miznis funqciisaTvis miRebulia parametri  q  romelic axasiaTebs moculobis

erTi erTeulis moxsnisaTvis aucilebel danaxarjebs teiloris medegobis formulis

SemTxvevaSi
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operaciis struqturuli optimizaciis amocana TiToeuli instrumentuli

gadasvlis struqturis saboloo dadgenasa da maTi Sesrulebis optimaluri mimdevrobis



SerCevaSi mdgomareobs.

Savad damuSavebis gadasvlebis optimizaciis pirvel nabijs warmoadgens

struqturebis normalizacia, rac uzrunvelyofs erTi tipis instrumentebis maqsimalur

gamoyenebas. amisaTvis mimdinare gadasvlisaTvis mowmdeba piroba alternatiuli

struqturebis arsebobaze. aseTis aRmoCenis SemTxvevaSi TiToeuli alternativa mowmdeba

struqturaSi, sxva gadasvlebSi gamoyenebuli instrumentis arsebobaze. aRmoCenis

SemTxvevaSi stm-is parametrizebuli safexuris damuSavebisaTvis xdeba Sesabamisi

struqturis SerCeva.

Semdgom nabijze xdeba gadasvlebis Sesrulebis Tanmimdevrobis mowesrigeba

teqnologiuri sistemis Csid-is maqsimaluri sixistis uzrunvelyofis mizniT, risTvisac

mimdevrobaSi TavSi xvdeba Ria, Semdeg naxevradRia da bolos daxuruli zonebis damuSaveba.

Sedegad viRebT operaciis optimalur struqturas pirvel miaxloebaSi.

Semdgom erTi da igive instrumentiT dasamuSavebeli mezobeli gadasvlebisaTvis

xorcieldeba gadasvlaze gadaadgilebis traeqtoriis bolo wertilis SeTavseba Semdegi

gadasvlis sawyis wertilTan. amiT mcirdeba instrumentis damatebiTi damxmare gavlebi.

Semdgom bijze xdeba struqturebis gaerTianeba. amisaTvis mowmdeba struqturaSi

e.w. elementaruli safexuris arseboba. safexurisa, romlis simaRlec Tanazomadia Semdeg

gavlaze daniSnul Wris siRrmesTan. Sedegad, elementaruli safexuris dasamuSaveblad

saWiro gavlis gaerTianeba Semdeg gavlasTan ar zrdis gavlaTa raodenobas. maSasadame

mcirdeba gadasvlebisa da muSa gavlebis raodenoba da viRebT operaciis optimalur

struqturas meore miaxloebaSi.

ramdenime alternativis arsebobis SemTxvevaSi saukeTeso variantis SerCva xdeba

miznis funqciis minimizaciis pirobiT. miznis funqciad miRebulia parametri Q  -

damuSavebaze gaweuli danaxarjebi

∑
=

⋅=
n

i
iiqQ

1

σ

sadac, qi  - moculobis erTi erTeulis moxsnisaTvis aucilebel danaxarjebia i-ur gavlaze

iσ - i-ur gavlaze mosaxsneli masalis moculobaa

n  - gavlaTa raodenoba.



sufTad damuSavebis operaciis struqturuli optimizaciisas aucilebelia iseTi

struqturis miReba, romelic uzrunvelyofs zomiT sizustesa da damuSavebuli zedapirebis

xarisxs, amasTanave zedapirebis urTierTganlagebis sizustes, minimaluri danaxarjebiT.

ZiriTad princips romelic gansazRvravs gadasvlebis Tanmimdevrobas operaciaSi

warmoadgens teqnologiuri da sakonstruqtoro bazebis Tanxvedra. amitom Sesabamisi

mimdevrobis dadgenisaTvis aucilebelia safexurebis dajgufeba sakonstruqtoro bazebis

mixedviT zomaTa jaWvidan gamomdinare. amisaTvis Tavdapirvelad dgindeba marjvena ganapira

sakonstruqtoro baza detalis konturze da zomaTa jaWvis Sesabamisad formirdeba I

rangis safexurebi. Semdgom gamoyofil jgufSi xdeba Semdegi ganapira marjvena

sakonstruqtoro bazis dadgena da zomaTa jaWvis Sesabamisad gamoiyofa II rangis

safexurebi da a.S. maSasadame viRebT gadasvlaTa jgufebs romelSic indeqsis nomeri

calsaxad gansazRvravs jgufebis Sesrulebis Tanmimdevrobas (nax.13).

amis Semdeg isazRvreba gadasvlebis Sesrulebis Tanmimdevroba jgufis SigniT,

risTvisac gadasvlebi jgufdeba jgufis SigniT instrumentis saerToobis principidan

gamomdinare da qvejgufebis Sesrulebis Tanmimdevroba ganisazRvreba ganapira marjvena

safexuridan TanmimdevrobiT marcxniv.

disertaciis VI  Tavi  eZRvneba stm-is bazaze operaciis avtomatizebuli

daproeqtebis sistemebis arqiteqturisa da Sesabamisi qvesistemebis damuSavebas.

pirobiTad arqiteqturaSi SesaZlebelia gamoiyos programuli modulebis ori

klasi: bazuri modelebi, romlebic Seadgenen sistemis birTvs da gankuTvnili arian iseTi

nax . 13
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amocanebis Sesasruleblad rogorc interfeisis uzrunvelyofa, dokumentireba,

vizualizacia, monacemTa bazebis organizacia da programireba; samomxmareblo modulebi,

romlebic asocirebulia stm-is safuZvelze agebuli gadawyvetilebis miRebis modelebTan.

Sedegad, ads-is samomxmareblo programuli uzrunvelyofis xSiri cvalebadoba

ganapirobebs ads-is iseTi arqiteqturis damuSavebis aucileblobas romelic SesaZlebels

gaxdis ganxorcieldes axali programuli modulebis operatiuli da ioli damuSaveba

da danergva.

ads-is samomxmareblo programuli modulebi gankuTvnilia teqnologiuri

amocanebis Sesasruleblad da rogorc wesi asruleben geometriuli gamoTvlebis did

moculobas, gaaCniaT rTuli logikuri ganStoebani da Seesabamebian tipiuri teqnologiuri

procesis moTxovnebs. aseTi programuli modulebis damuSaveba moiTxovs maRal

kvalifikacias erTdroulad rogorc maTematikur logikaSi, geometriasa da

daprogramebaSi, aseve manqanaTmSeneblobis teqnologiaSic.

problemis gadawyveta SesaZlebelia obieqtze-orientirebuli midgomis gamoyenebis

gziT, vinaidan am dros obieqtebis inkapsulaciiTa da sxvadasxva qveklasebis gamoyofiT

SesaZlebelia amocanebis gadanawileba sxvadasxva klasebSi da Sedegad, ads-is iseTi

arqiteqturis Seqmna romelic axali samomxmareblo programuli modulebis damuSavebis

process gaxdis optimalurs.

dReisaTvis arsebuli obieqtze-orientirebuli ads-ebi, rogoricaa AutoCAD,

CADKEY, MicroSTATION da sxv. axali samomxmareblo modulebis Seqmnis gamartivebis

saSualebas ar iZlevian, vinaidan ar Seicaven problemurad orientirebul obieqtTa

klasebs, Tumca ki gaaCniaT yvela instrumentuli saSualeba maT dasamuSaveblad.

maSasadame, aucilebelia damuSavdes samomxmareblo bazuri obieqtebis klasi,

romelic iqneba pirobiTad-mudmivi, anu iseTi, romelic Zlier ar iqneba damokidebuli

stm-Si gadawyvetebis tipizaciis pirobebis cvlilebaze da Seasrulebs trivialur

maTematikur amocanebsa da geometriul gardaqmnebs.

Sesabamisad, ads stm-is arqiteqtura Semdgari iqneba Semdegi ZiriTadi sistemebisagan

(nax.14):

1) bazuri obieqtebis sistema, ads-is birTvi - gankuTvnili ads-is bazuri programuli

uzrunvelyofis funqciis Sesasruleblad



2) samomxmareblo bazuri obieqtebis sistema (sbos), romelic Sedgeba pirobiTad-mudmivi

obieqtebisagan da romelic axorcielebs funqcionalur kavSirs bazur obieqtebsa da

ads-is samomxmareblo modulebs Soris.

3) samomxmareblo X-obieqtebi, romlebic gamoxataven tipiuri teqnologiuri procesis

mTel teqnologiur specifikas.

aRniSnuli arqiteqtura saSualebas iZleva mkveTrad gaimijnos obieqtTa klasebi

maTi daniSnulebis mixedviT, ganisazRvros maTi cvalebadobis sixSire da rogorc Sedegi

ganawildes droSi maTi damuSavebis procesi. Sedegad martivdeba ads-is axali

samomxmareblo programuli modulebis damuSaveba geometriuli da teqnologiuri

amocanebis calcalke klasebad ganawilebis xarjze da aseve SedarebiT xSirad cvladi

X-obieqtebidan rTuli maTematikuri da logikuri amocanebis mocilebiT. funqciebis

ganawileba sistemebSi da maTi modificirebis sixSire moyvanilia cxrilSi 2.

sbos obieqtebis modifikacia damokidebulia teqnologiuri procesis tipze. ase

magaliTad, saxaratodan safrez damuSavebaze gadasvlisas icvleba sakonstruqtoro

elementebisa da Wris reJimebis saangariSo muSa modelebis simravle. Sedegad aucilebelia

geometriuli gardaqmnebis axali algoriTmebis damuSaveba da sxv., maSin roca
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teqnologiuri procesis tipis farglebSi isini ucvlelia. X-obieqtebis cvlileba

damokidebulia detalebis nomenklaturaze, vinaidan teqnologiuri procesebis tipizacia

xorcieldeba garkveuli nomenklaturis detalebisaTvis. amitom nomenklaturis yoveli

Secvlisas X-obieqtebis Semadgenloba icvleba. samomxmareblo proeqtebi, romlebic

iqmneba X-obieqtebis safuZvelze dakavSirebuli iqneba TiToeul konkretul detalTan

nomenklaturidan.

bazuri samomxmareblo obieqtebi ar gamoxataven tipiuri teqnologiuri procesis

mTel specifikas. stm-is elementebi romlebic asocirebulia sbos-Tan, winaswar cnobilia

da isini ar eqvemdebarebian cvlilebebs teqnologiuri procesis yoveli axali

tipizaciisas. maSasadame aRniSnuli obieqtebi xasiaTdebian SedarebiT naklebi

teqnologiuri sirTuliT (nax.15). amasTanave, maTematikuri da logikuri sirTulis done

SedarebiT maRalia, vinaidan es obieqtebi asruleben geometriuli gamoTvlebis did

moculobas dakavSirebuls sakonstruqtoro elementis konturis gardaqmnebTan da

mocemuli sqemisaTvis gadaadgilebis traeqtoriis gaTvlisas, konturTan gadakveTis

wertilebis angariSTan. aseve maRalia logikuri sirTulis donec, radganac obieqtebi

arian maqsimalurad ganzogadoebulni da kerZo SemTxvevebis identifikacia moiTxovs didi

moculobis logikuri gadawyvetebis damuSavebas. rogorc Sedegi, izrdeba daprogramebis

moculoba geometriuli gardaqmnisa da logikuri algoriTmebis damuSavebis, testirebisa

da gamarTvis aucileblobis xarjze.

nax . 15

 

??????? ??? ?????? ????????????

100%

50%

C
??

??
??

??

? -???????

?????????????? ?????????
?????????? ?????????
??????????????? ?????????
????? ????????????????

?????????????? ?????????
?????????? ?????????
??????????????? ?????????
????? ????????????????

sbo sistema X- sistema momxmareblis proeqti 

maTematikuri sirTule 
logikuri sirTule 
teqnologiuri sirTule 
daprogramebis moculoba 



samomxmareblo X-obieqtebi ki gamoxataven tipiuri teqnologiuri procesis mTel

specifikas. maT Sesaqmnelad saWiroa teqnologiuri codnisa da gamocdilebis maRali

done. amasTanave maTematikuri sirTulis done aseTi obieqtebisa SedarebiT dabalia vinaidan

ZiriTadi maTematikuri amocanebi gadatanilia sbos obieqtebSi, xolo X-obieqtebSi amocana

dayvanilia obieqtebis Sesasvleli da gamosasvleli monacemebis miniWebis SesrulebasTan.

aseve araa maRali logikuri sirTulis done, radganac es obieqtebi Seicaven naklebad

ganzogadoebul gadawyvetebs. daprogramebis moculobas ZiriTadad gansazRvravs

teqnologiuri algoriTmebis testireba, Tumca geometriuli gardaqmnis amocanebTan

SedarebiT isini martivia da X-obieqtebis daprogramebis moculoba mcirea.

aqedan gamomdinare  AutoCAD-is birTvisaTvis damuSavebul iqna sbos obieqtTa

klasebi sakonstruqtoro-teqnologiuri daproeqtebis Semdegi amocanebisaTvis:

I. meTodebi da obieqtTa klasebi stm-is interaqtiuli parametrizaciisaTvis. amasTan

damuSavebuli iqna ori meTodi: 1) parametrizacia detalis mocemuli konturis mixedviT.

am dros parametrizaciis Sedegia axali konturi romelic geometriulad Tanxvdeba sawyis

konturs, saidanac ganxorcielebuli iqna parametrizacia. aseTi meTodebi literaturaSi

cnobilia rogorc  Feature Recognition  2) parametrizacia geometriuli modelirebisas.

aseTi meTodebi literaturaSi cnobilia rogorc  Feature-based Design.

Sedegad, I meTodis mixedviT magistr d.miqaZis disertaciaSi, romelic Sesrulda

avtoris xelmZRvanelobiT, damuSavda meTodi da obieqtTa klasi Semdgari 17 AutoCAD-is

VBA obieqtebisagan. II meTodis mixedviT, magistr b.CixraZis disertaciaSi, romelic

Sesrulda avtoris xelmZRvanelobiT, damuSavda meTodi da obieqtTa 7 klasi Semdgari 20

AutoCAD-is obieqtisagan ObjectARX resursis bazaze.

II. meTodi da obieqtTa klasebi mWreli instrumentis avtomatizebuli sinTezisaTvis.

samuSao Sesrulebulia magistr a.surmavas disertaciaSi, romelic Sesrulda avtoris

xelmZRvanelobiT. informaciuli masivebi damuSavda Sandvic Coromant-is katalogis

safuZvelze, romelic warmoadgens ISO9001-iT sertificirebul saerTaSoriso standarts.

Sedegad, gamoiyo 4 informaciuli masivi Sesabamisi konceptualuri da fizikuri modelebiT:

firfitisa da saWerelas geometria, firfitis tipi da mWreli instrumenti, romelic

miiReba zemoTmoyvanili masivebidan Canawerebis sinTeziT. amasTan dakavSirebiT damuSavebul

iqna obieqtebi informaciul masivebSi Canawerbis Zebnisa da amorCevis da instrumentis



3-ganzomilebiani vizualizaciis interaqtiuli procedurebisaTvis. sul damuSavebul

iqna 34 VBA obieqti AutoCAD-is birTvisaTvis.

III. meTodi da obieqtTa klasi stm-is bazaze agebuli teqnologiuri modulebis

daprogramebisaTvis. teqnologiuri modulebi asruleben gadaadgilebis sqemis mixedviT

instrumentis gadaadgilebis traeqtoriis sinTezs. amitom stm-Si warmodgenil TiToeul

gadaadgilebis sqemas Seesabameba traeqtoriis geometriis gaTvlis calke teqnologiuri

moduli. aseTi modulis Sesaqmnelad saWiroa specialuri daprogramebis enis arseboba

romelis saSualebiTac aRiwereba gadaadgilebis sqemiT gansazRvruli traeqtoriis

kanonzomierebani.

Sedegad, damuSavebul iqna teqnologiuri daprogramebis ena romelic Sedgeba:

teqnologiuri brZanebebis 7 operatorisagan; logikuri funqciebis 3 operatorisagan;

ariTmetikuli moqmedebebis 6 da standartuli funqciebis 7 operatorisagan. damuSavebul

iqna aRniSnuli operatorebis interpretaciisa da daprogramebis obieqtebi. kerZod,

interpretaciis  3 klasi da 13 obieqti. daprogramebis obieqtebi asruleben operatorebis

daprogramebis e.w. Wizard-funqciebs, romelTa muSaobis Sedegsac warmoadgens programis

listingis mza fragmentebi. damuSavebul iqna 9 Wizard-funqcia da AutoCAD-is birTvis

Sesabamisi VBA obieqtebi.

IV. meTodi da obieqtTa klasi stm-is bazaze instrumentis gadaadgilebis traeqtoriis

sinTezisaTvis. instrumentis gadaadgilebis traeqtoriis gamoTvla miznad isaxavs

traeqtoriis sayrdeni wertilebis gansazRvras Carxis koordinatTa sistemaSi. isini

dayofilia 2 klasad - geometriuli da gadaadgilebis obieqtebi. obieqtTa klasifikacia,

Tavad obieqtebi da maTi programuli realizacia damuSavebul iqna magistr

l.megreliSvilis disertaciaSi, romelic Sesrulda avtoris xelmZRvanelobiT.

geometriuli obieqtebis funqcias warmoadgens stm-is formaluri parametrebis

mniSvnelobebis mixedviT detalis konturis sayrdeni wertilebis gansazRvra. Sedegad,

geometriuli obieqtebis I klasi damuSavda STHO struqturis mixedviT da Seicavs 16

obieqts. geometriuli obieqtebis II klasi damuSavda STCL struqturis bazaze da Sedgeba

128 obieqtisagan.

gadaadgilebis obieqtebis  funqcias warmoadgens detalis konturisa da



gadaadgilebis sqemis Sesabamisad traeqtoriis sayrdeni wertilebis gansazRvra. detalis

sayrdeni wertilebi gansazRvrulia geometriuli obieqtebis mier da inaxeba buferSi,

saidanac gadaadgilebis obieqtebis mier isazRvreba konturis is fragmenti sadac unda

moxdes traeqtoriis gadakveTa detalis konturTan da xdeba Sesabamisi gadakveTis

wertilis koordinatebis angariSi. stm-is bazuri simravlidan gamomdinare damuSavebul

iqna gadaadgilebis 3 klasi da 5 obieqti.

LBCTHNFWBBC  LFCRDYT<B

1) damuSavebulia gadawyvetilebis miRebis axali formalizmi sakonstruqtoro-

teqnologiuri modulebis saxiT teqnologiuri operaciebis avtomatizebuli

daproeqtebisaTvis

2) damuSavebulia or-parametriani mizanmimarTuli gadarCeviT saxarato damuSavebis zonebis

sinTezis meTodi.

3) gadawyvetilebis miRebis interaqtiuli procedurebis avtomatizaciisaTvis

damuSavebulia predikatebisa da formaluri wesebis sistema mWreli instrumentisa

(47 predikati, 43 formaluri wesi) da instrumentis gadaadgilebis sqemis  (7 predikati,

18 formaluri wesi) avtomatizebuli SerCevis amocanebisaTvis.

4) damuSavebulia sakonstruqtoro-teqnologiuri modulebis bazaze teqnologiuri

operaciebis avtomatizebuli daproeqtebis sistemis obieqtze-orientirebuli

arqiteqtura, romelSic gamoyofilia obieqtTa 3 ZiriTadi klasi: sistemis birTvi,

bazuri samomxmareblo obieqtebisa da X-obieqtTa sistemebi.

5) damuSavebulia meTodi da obieqtTa klasi (37 obieqti) sakonstruqtoro-teqnologiuri

modulebis interaqtiuli parametrizaciisaTvis

6) damuSavebulia meTodi da obieqtTa klasi (34 obieqti) mWreli instrumentis

avtomatizebuli sinTezisaTvis Sandvic Coromant standartis bazaze.



7) damuSavebulia meTodi da obieqtTa klasi (9 obieqti) teqnologiuri modulebis

daprogramebisaTvis

8) damuSavebulia meTodi da obieqtTa klasi (149 obieqti) mWreli instrumentis

traeqtoriis sinTezisaTvis.

9) mocemulia sakonstruqtoro-teqnologiuri daproeqtebis procesis klasifikacia da

gamoyofilia 12 mimdevrobiTi etapi, Sesasvleli da gamosasvleli parametrebi TiToeul

etapze.

10) gamoyofilia ori geometriuli struqtura - naxevradRia safexuri STHO da daxuruli

safexuri STCL , romlebic saSualebas iZlevian ganxorcieldes brunviTi tanis

nebismieri zedapiris parametrizebuli aRwera.

11) gamoiyo mecnierulad dasabuTebuli simravle Wris reJimebis gamoTvlis 8 tipiuri

muSa modelisa - Savad, naxevradsufTa da sufTad axaratebisaTvis.

12) damuSavda sakonstruqtoro-teqnologiuri modulebis bazuri simravle romelic

aerTianebs instrumentuli gadasvlebis 44 tipiur struqturas.

13) damuSavda sakonstruqtoro-teqnologiuri modulebis bazaze saxarato operaciebis

parametruli da struqturuli optimizaciis meTodebi.
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