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 ZiriTadi moxsenebebi

 3 ivlisi, xuTSabaTi  1100 sT.

CAD-CAM jgufSi Catarebuli da mimdinare samecniero-kvleviTi  da

praqtikuli samuSaoebis mimoxilva

       jgufis xelmZRvaneli t.m.k. doc.  a. SarmazanaSvili

1. detalebis WriT damuSavebis sizustis da mwarmoeblobis amaRlebis

erTi, arsebiTad gamouyenebeli movlenis Sesaxeb

        doc.  g. SanSiaSvili

2. WriT damuSavebis teqnologiuri operaciis optimizaciis modeli

  t.m.k., doc. a.SarmazanaSvili

3. zomaTa jaWvebis gadawyvetis avtomatizebuli sistema

      t.m.k., doc. T.gegeWkori, aspiranti o.pitava

4. RerZsimetriuli sxeulebis analizi sasruli elementebis meTodiT

   aspiranti p.firosmanaSvili

4 ivlisi, paraskevi  1100 sT.

1. saCarxo samarjvebis avtomatizebuli daproeqteba

      t.m.k., g.farcxalaZe, magistranti d.nadaraia

2. samomxmareblo programuli modulebis damuSavebis meTodika Ria

arqiteqturis CAD/CAM sistemebSi

          magistranti l.megreliSvili

3. mravaloperaciul Carxebze korpusuli detalebis damuSavebis

struqturuli optimizacia

              aspiranti d.JorJoliani

4. invariantuli postprocesirebis eqspertuli sistema

        magistranti n.doliZe
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BYNTUHBHT<EKB CBBYNTUHBHT<EKB CBBYNTUHBHT<EKB CBBYNTUHBHT<EKB CBBYNTUHBHT<EKB CBCNTVBCNTVBCNTVBCNTVBCNTVBC VBVJ{BKDFC VBVJ{BKDFC VBVJ{BKDFC VBVJ{BKDFC VBVJ{BKDF

ljw8 f8ifhvfpfyfidbkb

warmoebis sakonstruqtoro da teqnologiuri momzadebis

efeqturoba mniSvnelovanwiladaa damokidebuli sakonstruqtoro-

teqnologiuri proeqtirebis procesis integraciaze.

cnobilia, rom sakonstruqtoro-teqnologiuri proeqtireba

warmoadgens mravaletapian process.  am  ierarqiaSi integraciis

yvelaze dabali done - operaciuli teqnologiis donea,  romelzec

xorcieldeba operaciis proeqtirebisa da programirebis amocanebis

gadawyveta:

� sakonstruqtoro naxazidan detalis operaciuli

naxazis miReba

� operaciul naxazze meqanikuri damuSavebis zonebis

gamoyofa da operaciis gegmis sinTezi

� instrumentis gadaadgilebis traeqtoriisa da Wris

reJimebis sinTezi

� mmarTveli programebis  postprocesireba.

operaciuli teqnologiis doneze proeqtirebis procesis

integracia saSualebas iZleva:

1. amaRldes saproeqto gadawyvetebis saimedoba, Semcirdes

mmarTveli programebis gamarTvis xangrZlioba da gamoricxul

iqnas uxeSi Secdomebi sawarmoo procesis teqnologiur

uzrunvelyofaSi.

2. Semcirdes dro operaciuli teqnologiis proeqtirebaze

da Semcirdes Sesabamis samuSaoTa moculoba.

3. gaizardos saproeqto gadawyvetilebebis xarisxi maTi

optimizaciis xarjze.

#381 laboratoriasTan arsebul CAD/CAM-is jgufSi wlebis

ganmavlobaSi mimdinareobda samuSaoebi proeqtirebis aRniSnuli

etapebis integraciaze  da Sesabamisi gamWoli proeqtirebis arxis

Seqmnaze. am mimarTulebiT Catarebulma sakvlev-samecniero

samuSaoebma asaxva hpoves 6 samagistro da 1 sakandidato

disertaciebSi. Seiqmna saxarato operaciebis avtomatizebuli

proeqtirebis  integrirebuli sistema Para/CAM. proeqtirebis
ZiriTad meTodologiad miRebul iqna parametrizebuli  daproeqtebis

koncefcia.
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operaciuli teqnologiis zemoT aRwerili amocanebis gadawyveta

xorcieldaba 5 avtonomiur blokSi (nax.1).

DXF procesori
blokis daniSnulebaa interfeisis damyareba avtomatizebuli

konstruirebis sistemasTan da sakonstruqtoro naxazidan

operaciuli naxazis procesireba. sakonstruqtoro naxazis wakiTxva

xorcieldeba DXF formatSi. aRniSnuli formati, romelic

damuSavebulia firma AutoDESK-is mier, dReisaTvis yvelaze

popularul standarts warmoadgens  veqtoruli saxiT Cawerili

grafikuli gamosaxulebebis kodirebisaTvis. DXF formatSi detalis

konturi aRwerilia  calkeuli elementaruli zedapirebiT da

DXF  ghjwtcjhbghjwtcjhbghjwtcjhbghjwtcjhbghjwtcjhb

pjyt,bcpjyt,bcpjyt,bcpjyt,bcpjyt,bc
 utythfnjhb utythfnjhb utythfnjhb utythfnjhb utythfnjhb

gfhfvtnhbpfnjhbgfhfvtnhbpfnjhbgfhfvtnhbpfnjhbgfhfvtnhbpfnjhbgfhfvtnhbpfnjhb

ntmyjkjubehbntmyjkjubehbntmyjkjubehbntmyjkjubehbntmyjkjubehb
ghjwtcjhbghjwtcjhbghjwtcjhbghjwtcjhbghjwtcjhb

gjcnghjwtcjhbgjcnghjwtcjhbgjcnghjwtcjhbgjcnghjwtcjhbgjcnghjwtcjhb

.DXF

D  dtmnjhb

{D1, D2, ..., Di }

{Φ1,Φ2, ...,Φi }

CLDATA

NC

nax. 1
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gansazRvrulia TiToeuli zedapiris geometriuli Tvisebebi. blokis

gamosasvlelze operaciuli naxazi miiReba e.w.  D veqtoris saxiT
(nax.2), romelSic detalis konturi  aRwerilia sayrdeni

wertilebis TanmimdevrobiT da maTi koordinatebiT miRebul

sistemaSi.

D={P1,P2,P3,...,P11}

aRniSnuli amocanis Sesruleba blokSi, mimdinareobs 4 etapad:

1. DXF failis wakiTxva

2. konturis gamoyofa

3. zedapirebis SeuRleba

4. koordinatTa sistemis SerCeva da  D  veqtoris generacia.
konturis gamoyofa  xorcieldeba interaqtiul reJimSi

momxmarebelTan (sur.3). amocanis Sesrulebis dros SesaZlebelia

X

Z

nax. 2

sur. 3

ParametricCAD   Para/CAM
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ParametricCAD   Para/CAM

sur. 4

redaqtirebis funqciebis - Zoom, Select, Delete-s gamoyeneba.
zedapirebis SeuRlebis Semowmeba xdeba avtomaturad da

saWiroebis SemTxvevaSi SesaZlebelia aseve avtomaturad,

ganxorcieldes SeuRleba.

koordinatTa  sistemisa da   D  veqtoris generaciis procedurac
avtomaturia, romelic sruldeba  momxmareblis mier koordinatTa

saTavis SerCevis Semdeg.

zonebis generatori

blokis daniSnulebaa detalis operaciuli naxazis  D veqtoridan
calkeuli zonebis Sesabamisi detalis fragmentebis D1,D2,...,Di
gamoyofa. procedura mTlianad avtomaturia da xorcieldeba

mxolod cilindruli tipis namzadebisaTvis (sur. 4,5).

parametrizatori

blokis daniSnulebaa veqtoruli saxiT aRwerili zonis

warmodgena parametrizebul formaSi. aRniSnuli procedura

xorcieldeba monacemTa bazidan Sesabamisi primitivebis identifi-

kaciiT. primitivebi monacemTa bazaSi warmodgenili arian e.w. D’
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veqtoriT, romlis komponentebi sayrdeni wertilebia. D
veqtorisagan gansxvavebiT, romlis komponentebic gansazRvrulia

ricxviT simravleze,  D’ veqtoris komponentebi gansazRvrulia

formalur parametrTa simravleze (sur. 6).

procedura sruldeba interaqtiul reJimSi - TiToeuli

zonisTvis dgindeba Sesabamisi primitivi monacemTa bazidan da

Semdgom amisa, zonis geometriuli Tvisebebis analiziT isazRvreba

formaluri parametrebis ricxviTi mniSvnelobebi. Sedegad, miiReba

TiToeuli zonis parametrizebuli aRwera  {ΦΦΦΦΦ1,ΦΦΦΦΦ2,...,ΦΦΦΦΦi}.

X

Z

sur. 6

ParametricCAD   Para/CAM

sur. 5
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teqnologiuri procesori

blokis daniSnulebaa instrumentis gadaadgilebis traeqtoriis

sinTezi da teqnologiuri operaciis parametruli optimizacia.

aRniSnuli gadawyvetilebebis miReba xorcieldeba winaswar

momzadebuli da aprobirebuli tipiuri gadawyvetebis safuZvelze.

TiToeuli gadawyveta imavdroulad dakavSirebulia konkretul

parametrulad aRweril zonasTan {ΦΦΦΦΦ1,ΦΦΦΦΦ2,...,ΦΦΦΦΦi} da instrumentTan,
romlis SerCevac interaqtiul reJimSi sruldeba. tipiuri

gadawyvetebi codnis bazaSi gaformebulia teqnologiuri programebis

saxiT, romelTa SedgenisTvisac damuSavebulia obieqtze

orientirebuli ideologia. am mimarTulebiT damuSavda obieqtebis

sami klasi - geometriuli, instrumentis gadaadgilebis da

parametruli optimizaciis.

geometriuli obieqtebis daniSnulebaa parametrebis mocemuli

ricxviTi mniSvnelobebisaTvis konturis geometriuli gardaqmna.

gadaadgilebis obieqtebi, gardaqmnili konturisaTvis avtomaturad

aformireben traeqtoriis sayrden wertilebs. parametruli

optimizaciis obieqtebi funqcionireben optimizaciis strategiebis

mixedviT, romelTa gansazRvra warmoebs operaciis struqturuli

sinTezis dros. parametruli optimizaciis strategia damuSavebulia

teiloris empiriuli damokidebulebisaTvis da amdenad TiToeuli

maTgani warmoadgens ori sasazRvro pirobis erTobliobas, romelTa

erToblivi amoxsna iZleva Wris reJimebis (Wris siCqare, miwodebis

siCqare) optimalur mniSvnelobebs. sinTezirebuli traeqtoria

da Wris reJimebis optimaluri parametrebi formdeba specialuri

CLDATA programis saxiT.

postprocesori

blokis daniSnulebaa CLDATA programidan konkretuli rpm

CarxisaTvis mmarTveli programis miReba da aseve saWiroebis

SemTxvevaSi uku procesis ganxorcieleba. procedura mTlianad

avtomaturia. bloks gaaCnia invariantuli postprocesirebis

SesaZlebloba. amasTan adaptacia xorcieldeba rogorc gamosasvlel,

aseve Sesasvlel formatebze anu bloki invariantulia rogorc

sxvadasxva tipis rpm Carxebis mimarT, aseve sxvadasxva formatis

CLDATA-ebis mimarTac. aRniSnuli Tavisebureba blokis

avtonomiurad gamoyenebis saSualebas iZleva, rogorc SemaTanxmebeli

kvanZisa sxvadasxva avtomatizebuli daproeqtebis sistemebsa da

rpm Carxebs Soris.
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amrigad, aRwerili saxarato operaciebis avtomatizebuli

proeqtirebis integrirebuli sistema SegviZlia warmovidginoT,

rogorc Semdegi saxis produqciuli sistema:

γ={γ1,  γ2,  γ3,  γ4,  γ5}
γ1:DXF −> D
γ2:D −> {D1,D2,...,Di}
γ3:{D1,D2,...,Di} −> {Φ1,Φ2,...,Φi}
γ4:{P1,P2,...,Pi} −> CLDATA
γ5:CLDATA −> NC

aRniSnuli produqciebis realizacia, rogorc ukve aRiniSna,

xorcieldeba nawilis, interaqtiul reJimSi momxmarebelTan, xolo

zogis ki avtomaturad. qvemoT cxrilSi, naCvenebia amocanebis

ganawileba operatorsa da kompiuters Soris Sesabamisi produqciebis

realizaciisas.

vjv[vfht,tkb

� rjynehbc fvjhxtdf
� htlfmnbht,f
� rjjhlbyfnsf cfsfdbc ithxtdf

� jgthfwbbc utuvf
� bycnhevtynbc ithxtdf
� nbgbehb uflfo.dtnbc fvjhxtdf
� jgnbvbpfwbbc cnhfntubf

ghjlemwbf rjvgbenthb

γ1

γ2

γ3

γ4

γ5

� ufypjufljt,ekb ghbvbnbdbc
   fvjhxtdf

� iteqkt,f
� rjjhlbyfnt,bc uflf.dfyf
� D dtmnjhbc utythfwbf

� pjyt,fl lf.jaf

� ajhvfkehb ghbvbnbdbc
  ufycfpqdhf
� pjybc gfhfvtnhbpfwbf

� uflfflubkt,bc nhftmnjhbbc
  utythfwbf
� gfhfvtnhekb jgnbvbpfwbf
� CLDATA ghjuhfvf
� vvfhsdtkb ghjuhfvbc
  utythfwbf



11
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ljw8 u8ifyibfidbkb

liTonsaWrel Carxze damuSavebuli detalis zedapiris

geometriuli formis da sizustis gamsazRvreli mimdinare zoma

(R∆) warmoadgens Wris procesiTa da DZaliT datvirTuli

teqnologiuri sistemis—Carxi, samarjvi, iaraRi, detalis (Csid)

zomaTa jaWvis Camket rgols.

aRniSnuli jaWvis formireba praqtikulad sruldeba SinaarsiT

da moqmedi faqtorebiT gansxvavebul or etapze – sistemis Csid

zomuri gawyobis  da uSualod damuSavebis procesis realizaciis

etapze. amitom, Tu mxedvelobaSi ar miviRebT SedarebiT neli

tempiT cvalebad, iaraRis gacveTiT (Yu) da temperaturuli

deformaciiT (Yt) gamowveul sistematur cdomilebebs , Wris

ZaliT datvirTuli sistemis – Csid zomaTa jaWvis Camketi rgoli

(�R∆) SeiZleba gaiyos or nawilad da  warmodgenili iqnes

samrgoliani zomaTa jaWvis (1) Camketi rgolis saxiT:

R∆=C∆+ Y∆   �´                      (1)

sadac  E C∆—sistemis – Csid zomaTa jaWvis Camketi rgolia

iaraRis ( an namzadis ) muSa  svlis  dasawyisSi, mas mokled

sistemis (Csid) statikuri gawyobis zomas uwodeben;

Y∆—jaWvis(1) Camketi rgolis ( R∆)SedarebiT mcire nawilia,

romelic  warmoiqmneba Wris Zalis gawonasworebis da sistemis

— Csid elemen-tebis drekadi deformaciebisa da gadaadgilebebis

Sedegad. aqedan gamomdinare  mas xSirad uwodeben teqnologiuri

sistemis  zomaTa jaWvis Camket  rgolze drekad  gadaadgilebas.

mravali gamokvlevebiT dadasturebulia, rom detalebis maRal-

mwarmoeblur  reJimebiT ( kerZod, Carxis simZlavris mixedviT

dasaSvebi maqsimaluri Wris siRrmeebiT ) damuSavebis process Tan

axlavs drekadi gadaadgilebis  (Y∆),� SedarebiT did farglebSi

SemTxveviTi xasiaTis gadaxrebi. amitom, aRniSnul reJimebze

detalebis damuSavebis procesSi Semdegi pirobebis dacviT

  � EMBED E EM          Y∆ → 0  �´ (2)

� EMBED E           Y∆ → const (3)
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ara marto uSualod da mniSvnelovnad izrdeba sistemis –

Csid zomaTa jaWvis Camketi rgolis (R∆)�sizuste da detalebis

damuSavebis mwarmoebloba, aramed arsebiTad martivdeba da

praqtikulad advilad realizebadic xdeba detalebis partiis

damuSavebis procesSi jamuri sistematiuri cdomilebis kontroli

da kompensaciac statikuri gawyobis zomis (C∆) saTanado

koreqtirebiT.

detalebis damuSavebis sizustis amaRlebisaTvis ( 2 ) an ( 3 )

pirobis dacvis gansakuTrebul rolsa da mniSvnelobas adasturebs

warmoebis praqtika . cnobilia , rom damuSavebis sizustis amaRlebis

warmoebaSi farTod gamoyenebul meTods safuZvlad  udevs namzadis

zedapiris mravaljeradi damuSavebis principi, romelic arsebiTad

gulisxmobs Wris Zalis da sistemaSi ( Csid ) deformaciebis ,

iteraciul minimizacias da maSasadame, ( 2) an (3) pirobis

moTxovnili sizustis Sesabamisi miaxloebiT dacvas .

 zedapiris mravaljeradi damuSavebis principis gamoyenebiT

damuSavebis sizustis amaRlebis meTods gaaCnia ara marto Rirsebebi

(simartive,maRali saimedoba da sxv. ),aramed seriozuli naklic –

sizustis amaRlebas Tan axlavs detalebis damuSavebis

mwarmoeblobis Semcireba da damuSavebis  TviTRirebulebis

mniSvnelovani zrda.

  am naklisgan gindac nawilobrivad  Tavidan acilebis didma

praqtikulma mniSvnelobam da aqtualobam ganapiroba WrT damuSavebis

sizustis  amaRlebis sxva gzebis Zieba [ 1,2,3. . . ] erT-erT aseT

gzad, zogierT, SedarebiT mcirericxovan naSromebSi [4,5] miCneulia

detalebis liTonsaWrel Carxebze damuSavebisas e. w. “usasrulo”

teqnologiuri sixistis movlenis gamoyeneba.magram imis gamo ,

rom mkvlevarTa umetesoba am movlenisadmi ar  iCendnen  saTanado

yuradRebas, didi xnis ganmavlobaSi aRniSnul movlenas da mis

praqtikul gamoyenebas ver moenaxa mecnierulad dasabuTebuli da

mimzidveli Teoriuli damuSaveba. am naklis Sevsebis cdebia

gakeTebuli  naSromebSi [6,7]. maTSi, ganxiluli iqna ra Wris

ZaliT datvirTuli teqnologiuri sistema ( Csid), rogorc

sivrciTi, mravali elementaruli drekadi qvesistemebisagan

Sedgenili da mravali Tavisuflebis xarisxis mqone drekadi

sistema,Teoriulad (bazirebis da zomaTa jaWvebis Teoriebis

meTodebisa da cnebebis gamoyenebiT) da eqsperimentebiT dasabuTebuli

iqna, rom sistemis—Csid zomaTa jaWvis   Camket rgolze drekadi

gadaadgileba (Y∆) SeiZleba gamosaxuli iqnes Wris Zalaze (Py)

damokidebuli  ori funqciis sxvaobiT:
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Y∆=

sadac  Yi
’ (i=1,2,3,...,m) da Yj

” (j=1,2,3,...,n) sistemis ( Csid),
Sesabamisad m da n raodenobis, elementaruli drekadi qvesistemebis

deformaciebiT da gadaadgilebebiT warmoqmnili  drekadi

gadaadgilebis (Y∆)Semdgeni elementaruli nawilebia. amaTgan

pirvelni (EY1
’,Y’2,...,Y’m j)  ganapirobeben drekadi gadaadgilebis

(EY∆ ) zrdas  da erToblivobaSi qmnian Wris Zalaze damokidebul

algebruli funqciis (4) gamadidebel Semadgenel funqcias Y’Ρ
,xolo meoreni (EY1

”,Y”2,...,Y”n)  ganapirobeben Y∆ -s Semcirebas da

erToblivobaSi qmnian igive funqciis (4) Semamcirebel Semadgenel

funqcias —EY’’Ρ.
me-4 gamosaxulebidan Cans , rom Y’Ρ  da Y’’Ρ  funqciebis

mniSvnelobaTa Tanafardobisagan damokidebulebiT drekadma

gadaadgilebam (EY∆ ) SeiZleba miiRos dadebiTi, uaryofiTi da

nulovani mniSvnelobac , xolo sistemis ( Csid) teqnologiurma

sixistem, Sesabamisad,—dadebiTi, uaryofiTi da usasrulo

mniSvneloba.  amasTanave, rogorc gamokvlevebi [4,6,7] adastureben,

nax.1. Wris ZaliT datvirTuli teqnologiuri sistemis (Csid)

zomaTa jaWvis Camket rgolze R∆ drekad gadaadgilebaTa zomaTa

jaWvis formiT modelireba.
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myof Carxebze detalebis Cveulebrivi reJimebiT damuSavebis

SemTxvevebSic. maSasadame, naxsenebi movlenebis praqtikuli

gamoyenebis saqmeSi problema mdgomareobs ara imdenad maT

realizebadobaSi, ramdenadac imaSi, Tu ra Teoriuli principebisa

da meTodebis gamoyenebiT SeiZleba Seiqmnas Wris ZaliT datvirTuli

teqnologiuri sistemis zomaTa jaWvis Camket rgolze aRniSnuli

movlenebis miRebis saimedo pirobebi da, saWiroebis SemTxve-

vaSi,rogoriqnes praqtikulad gamoyenebuli maTSi Seqmnili, an

TavisTavad arsebuli, aseTi potenciali.

me – 4 gamosaxulebis struqtura paralelur rgolebiani zomaTa

jaWvis Camketi rgolis gamosaxulebis analogiuria. amitom drekadi

gadaadgileba (Y∆) , romelic monawileobs Semadgenel rgolad

zomaTa jaWvSi (1), Tavismxriv SeiZleba modelirebuli  iqnes

naxseneb  zomaTa jaWvTan ierarqiulad  dakavSirebuli sxva (me–4

damokidebulebis adekvaturi ) zomaTa jaWvis Camket rgolad da

gamosaxuli iqnes igi zomaTa jaWvis sqemis formiTac ( ix. nax.1 )

da Wris Zalaze damokidebuli YY’Ρ ,Y’’Ρ da drekadi gadaadgilebis

(Y∆) funqciebis grafikebis formiTac ( ix. nax. 2 ).

nax.2. drekadi gadaadgilebis Y∆ da misi gamadidebeli da

Semamcirebeli Yp da Yp funqciebis Wris Zalisagan damokidebulebis

grafikebi or tipur SemTxvevaSi
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naxazebidan Cans ,rom rodesac Y∆>0 gansaxilvel zomaTa jaWvSi

Y’’Ρ    Semadgeneli rgoli asrulebs meore Semadgeneli rgolis

Y’Ρ gadaxris makompensirebeli rgolis funqcias — Y’Ρ -is zrdas
(klebas) Tan axlavs Y’’Ρ —is absolituri mniSvnelobis zrdac

(klebac) da maTi sxvaoba (Y∆) an ar icvleba , anda icvleba

gacilebiT mcire intervalSi Semadgeneli rgolebis cvlilebis

intervalebTan SedarebiT. rodesacY∆<0, makompinserebeli rgolis

rolSi gamodis ukve ara Semamcirebeli (Y’’Ρ) , aramed gamadidebeli

(YY’Ρ ) rgoli.

gansaxilvel zomaTa jaWvSi drekad gadaadgilebaTa arsebiTad

TviTkompensaciis aRniSnuli movlenis warmoSoba da arseboba imiT

aris gamowveuli da uzrunvelyofilic, rom gansaxilvel jaWvSi

gamadidebeli da Semamcirebeli rgolebi da maTi gadaxrebi

warmoiqmnebian , arseboben da icvlian TavianT mniSvnelobas erTi

da igive faqtoris – Wris Zalis moqmedebiT . amave mizeziT ,

rogorc nax . 2- ze motanil grafikebidan naTlad Cans ,drekadi

gadaadgilebis (Y∆) ara marto nebismieri fiqsirebuli mniSvneloba

(Y∆,Ρ) warmoiqmneba Y’Ρ, da Y’’Ρ funqciaTa fiqsirebul mniSvnekobaTa
sxvaobiT , aramed drekadi gadaadgilebis (Y∆)   gadaxraTa

intervalic ( ϖy∆) warmoiqmneba igive funqciebis gadaxraTa

intervalebis (ϖy’ da ϖy’’ ) sxvaobiT.  Wris ZaliT datvirTuli

teqnologiuri sistemis ( Csid ) zomaTa jaWvis Camket rgolze

drekadi gadaadgilebis (Y∆),zomaTa jaWvis saSualebiT modelireba

SesaZleblobas iZleva ara marto friad martivad da naTlad

axsnili iqnes sistemis – Csid e. w. “uaryofiTi” da ‘’usasrulo”

teqnologiuri sixistis movlenebi, aramed iZleva imis

SesaZleblobasac , rom  gavakeToT  Semdegi daskvnebic:

1. detalebis WriT damuSavebis process Tan axlavs

teqnologiur sistemaSi ( Csid ) warmoqmnil drekad gadaadgilebaTa

garkveuli xarisxiT TviTkompensaciis movlena , romelic jer

kidev sakmarisad ar aris Seswavlili , Teoriulad damuSavebuli

da praqtikulad gamoyenebuli WriT damuSavebis sizustisa da ( an

) mwarmoeblobis amaRlebisaTvis.

2. drekadi gadaadgilebis (Y∆)  gadaxraTa intervalis (ϖy∆)
nulovan mniSvnelobasTan miaxloebisaTvis aucilebeli ar aris

namzadis zedapiris mravaljeradi damuSaveba da Wris Zalis nulovan

mniSvnelobasTan miaxloeba . arsebobs principuli SesaZlebloba

drekadi gadaadgilebis (Y∆)  gadaxraTa intervalis (ϖy∆)  nulovan

mniSvnelobasTan miaxloeba miRweuli iqnes Wris Zalis mniSvnelovan

farglebSi cvlilebis pirobebSic. amisaTvis sakmarisia



16

uzrunvelyofili iqnes  drekad gadaadgilebaTa zomaTa jaWvis

gamadidebeli (Y’Ρ) da Semamcirebeli (Y’’Ρ) rgolebis , rogorc

Wris Zalis funqciebis praqtikulad sakmarisi identuroba. amasTan

dakavSirebiT ,sainteresoa aRiniSnos, rom arsebobs am funqciaTa

aseTi (identuri ) wyvilebis Teoriulad usasrulo da praqtikulad

sakmaod didi raodenoba. ëãð� EMBED �´

3. teqnologiuri  sistemis ( Csid ) calkeuli elementebis

sixistis gazrdis an Semcirebis drekad gadaadgilebaze (Y∆)
gavlenis xasiaTi damokidebulia imaze , Tu gansaxilveli

teqnologiuri sistemisa da damuSavebis pirobebosaTvis ra niSani

aqvs drekad gadaadgilebas (Y∆)  rodesac Y∆> 0 maSin funqciaTa
YY’Ρ  da Y’’Ρ  identurobis xarisxi SeiZleba gaizardos da Y∆-s
gadaxraTa intervali (ϖy∆) Semcirdes gamadidebeli funqciis YY’Ρ
formirebaSi monawile drekadi qvesistemebis sixistis gazrdiT

da ( an ) Semamcirebeli funqciis Y’’Ρ formirebaSi monawile

drekadi qvesistemebis sixis-tis SemcirebiT rodesac Y∆< 0 ,maSin
gvaqvs aRniSnulis Sebrunebuli pirobebi – drekadi gadaadgilebis

(Y∆) gadaxraTa intervalis  (ϖy∆)  Sesamcireblad saWiroa

gamadidebeli funqciis  Y’Ρ formirebaSi monawile drekadi

qvesistemebis sixistis Semcireba da (an )Semamcirebeli funqciis

Y’’Ρ  formirebaSi monawile drekadi qvesistemebis sixistis gazrda.

Tu zemoT motanil daskvnebTan erTad gaviTvaliswinebT im

garemoebasac , rom mocemuli  konkretuli ( eqspluataciiaSi

myofi ) teqnologiuri sistemis (Csid) zomaTa jaWvis Camket

rgolze drekad gadaadgilebaTa jaWvSi gamadidebeli Y’Ρ  da
Semamcirebeli Y’’Ρ funqciebis mniSvnelobaTa Tanafardoba arsebiTad

aris damokidebuli Wris Zalis mimarTulebaze , cxadi xdeba , rom

drekad gadaadgilebaTa TviT kompensaciis movlenis saimedo

mecnieruli safuZvlebis Seqmnisa da efektiani praqtikuli

gamoyenebisaTvis saWiroa arsebiTad erTi problemis ori Semdegi

amocanis gadawyveta :

a) drekadi gadaadgilebis (Y∆)gamadidebeli Y’Ρ da Semamcirebeli

Y’’Ρ      funqciebis formirebaSi monawile teqnologiuri sistemis

( Csid ) yvela elementaruli drekadi  qvesistemis sixistis

sakuTar maxasiaTeblebis gansazRvrisaTvis saimedo Teoriisa da

praqtikuli meTodikis damuSaveba;

b) drekadi gadaadgilebis (Y∆) Wris Zalisagan iseTi analizuri

damikidebulebis damyareba , romelSic  asaxuli iqneba Wris Zalis

sididisa da mimarTulebis  gavlenac da zemoT naxseneb orive

funqciis (Y’Ρ da Y’’Ρ )   formirebaSi monawile yvela elementaruli
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drekadi qvesistemis sixistis sakuTari maxasiaTeblebis gavlenac.

analizma da gamokvlevebma cxadyo , rom Wris ZaliT datvirTuli

teqnologiuri sistemis zomaTa jaWvis Camket rgolze drekadi

gadaadgilebis (Y∆) warmoqmnis meqanizmis zomaTa jaWvis formiT
modelireba saSualebas iZleva  gadaiWras agreTve aRniSnuli

orive amocana, magram, imis gamo, rom isini imsaxureben specialur

ganxilvas da ver Tavsdebian winamdebare naSromis CarCoebSi,

aRniSnuli amocanebis gadawyveta moxsenebuli iqneba  stu-s

profesor maswavlebelTa da ( an ) magistrantTa momaval

konferenciaze .

                                                                                       3.09.1997w

                      literatura

1= Cfvjgjlyfcnhfbdf.obtcz cnfyrb eghfdktybz egheubvb
gthtvtotybzvb cbcntvs cgbl= Gjl htl= <= C= <fkfribyf V=
@Vfibyjcnhjtybt=_ 1970= 415c=
2= Flfgnbdyjt eghfdktybt cnfyrfvb= Gjl htl= <= C= <fkfribyf V=
Vfibyjcnhjtybt=_ 1973= 684c=
3= Mukthy R L  Interaction of   Machine Tool and Workpiece Rigidites Int I
Mach Tool Desvol 10   317-325 Pecyma Press 1970 Printed in Great Britain.
4= Xthybitd T= B= Bccktljdfybt htuekbhjdfybz ;tcnrjcnb njrjhys[
cnfyrjd chtlyb[ hfpvthjd^ rfr chtlcndj gjdsitybz njxyjcnb
j,hf,jnrb=  DPGB 1956=
5= Htitnjd L= Y=    Dkbzybt abpbrj-nt[ybxtcrb[ afrnjhjd yf
njxyjcnm j,hf,jnrb d vfibyjcnhjtybb= C< Jcyjdyst djghjcs njxyjcnb
dpfbvjbpvtyztvjcnb b nt[ybxtcrb[ bpvthtybb d vfibyjcnhjtybb-
V= Vfiubp 1958=
6= Ifyibfidbkb U= L=    R ntjhbb bydfhbfynyjcnb hfpvthyjb wtgb
ghjwtccf htpfybz=  Nhels UGB #1 1967= 199-218c=
7= Kjkflpt N= Y=  Ifyibfidbkb U= L=
Ghbywbgs eghfdktybz hfpvthyjb njxyjcn. ghb j,hf,jnrt ltnfktb
yf vtnfkkjht;eob[ cnfyrf[=  C< fdnjbfnbpfwbz ghjuhfvb- hjdfybz
b rjlbhjdfybt d vfibyjcnhjtybb= V= Yferf 1969= 134-148c=



18

universaluri saamwyobo samarjvebisuniversaluri saamwyobo samarjvebisuniversaluri saamwyobo samarjvebisuniversaluri saamwyobo samarjvebisuniversaluri saamwyobo samarjvebis

konstruqciis avtomatizirebuli sinTeziskonstruqciis avtomatizirebuli sinTeziskonstruqciis avtomatizirebuli sinTeziskonstruqciis avtomatizirebuli sinTeziskonstruqciis avtomatizirebuli sinTezis

meTodikameTodikameTodikameTodikameTodika

g.bokuCava, T.gegeWkori, d.nadaraia, li cun-bini

liTonsaWreli samarjvis proeqtirebis mTeli

procesi SeiZleba dayvanil iqnas sami SedarebiT

urTierTdamoukidebeli amocanis gadawyvetaze (nax. 1):

1. detalis bazirebis sqemis dadgena;

2. detalis Zaluri Caketvis sqemis dadgena;

3. samarjvis konstruqciis sinTezi.

nax 1 – samarjvis avtomatizirebuli daproeqtebis procesi

mocemul naSromSi warmoadgenilia pirveli ori

amocanis gadawyvetis Sedegebze (bazirebisa da Zaluri Caketvis

sqemebi) dayrdnobiT universaluri saamwyobo samarjvis

konstruqciis avtomatizirebuli sinTezis meTodikis

mimoxilva.

liTonsaWreli samarjvis konstruqciis

avtomatizirebuli sinTezis eqspertuli sistemis sqema

moyvanilia nax 2-ze.

eqspertuli sistema sawyisi monacemebis saxiT iRebs

garkveul monacemebs, romlebic sqemaze moyvanili arian
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blokSi “sawyisi monacemebi”.

es monacemebia:

1.1.1.1.1. teqnologiurteqnologiurteqnologiurteqnologiurteqnologiuri procesii procesii procesii procesii procesi: damuSavebis tipi, Carxi,

mWreli iaraRi, misi gadaadgilebis traeqtoria,

Wris reJimebi, damuSavebis procesSi warmoqmnili

datvirTvebi, moTxovnili sizuste da sxva;

2.2.2.2.2. dasamuSavebeli detalis geometriuli arweradasamuSavebeli detalis geometriuli arweradasamuSavebeli detalis geometriuli arweradasamuSavebeli detalis geometriuli arweradasamuSavebeli detalis geometriuli arwera:

detalis naxazi, samganzomilebiani modeli,

zedapirebis ti pebi, maTi daniSnuleba,

urTierTganlagebis sizuste da sxva

3.3.3.3.3. detalis bazirebis sqemadetalis bazirebis sqemadetalis bazirebis sqemadetalis bazirebis sqemadetalis bazirebis sqema: sabazo zedapirebis

tipebi, maTze ganlagebuli sabazo wertilebis

raodenoba da ganlagebis koordinatebi da sxva;

4.4.4.4.4. detalis Zaluri Caketvis sqemadetalis Zaluri Caketvis sqemadetalis Zaluri Caketvis sqemadetalis Zaluri Caketvis sqemadetalis Zaluri Caketvis sqema: moWeris Zalebis

modebis zedapiris tipebi, moWeris Zalebis sidide,

modebis wertilebis koordinatebi, mimarTuleba

da sxva.
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samarjvis konstruqciis sinTezi xorcieldeba rva ZiriTadi,

urTierTdamokidebuli modulis saSualebiT:

1.1.1.1.1. samarjvis seriis SerCevasamarjvis seriis SerCevasamarjvis seriis SerCevasamarjvis seriis SerCevasamarjvis seriis SerCeva:

rogorc wesi universaluri saamwyobo samarjvebis kompleqtebi

dayofilia ufro mcire qvekompleqtebad, seriebad (mag. seriebi

310, 412, 516 – Blüco-s magaliTze da M8, M12, M16 - Kipp–is
magaliTze ), romlebic Seicaven erTi da igive tipis elementebs,

gansxvavebuli gabaritebiTa da xraxnebis diametrebiT. samarjvis

seriis SerCevis ZiriTadi kriteiumebi dasamuSavebeli detalis

gabaritebi da damuSavebis dros warmoqmnili datvirTvebi. am

monacemebsa da seriis SerCevis wesebze dayrdnobiT eqspertuli

sistema axdens samarjvis seriis gansazRvras. sxvadasxva seriis

detalebi ar aris urTierTTavsebadi, amgvarad seriis gansazRvris

Semdeg sxva elementebis SesarCevad saWiro monacemTa bazis moculoba

mcirdeba samjer, rac aadvilebs Semdgom muSaobas.

2.2.2.2.2. ZiriTadi sabaziso detalis SerCevaZiriTadi sabaziso detalis SerCevaZiriTadi sabaziso detalis SerCevaZiriTadi sabaziso detalis SerCevaZiriTadi sabaziso detalis SerCeva:

ZiriTadi sabaziso detalebi – sabaziso filebi, kuTxedebi,

kubebi, warmoadgenen im bazas, romelzedac iwyoba mTeli samarjvis

konstruqcia. sabaziso detalebis SerCevaze moqmedebs iseTi

faqtorebi, rogoricaa detalis gabaritebi, misi dasayenebeli bazisa

da mWreli iaraRis orientacia da sxva.

3.3.3.3.3. dasayenebeli elementebis SerCevadasayenebeli elementebis SerCevadasayenebeli elementebis SerCevadasayenebeli elementebis SerCevadasayenebeli elementebis SerCeva:

dasayenebeli elementebi uzrunvelyofen dasamuSavebeli detalis

bazirebas. maTi SerCeva xorcieldeba detalis geometriis, bazirebis

sqemis, sabazo zedapirebis tipebis da sxva analogiuri monacemebis

mixedviT.

4.4.4.4.4. mosaWeri meqanizmebis SerCevamosaWeri meqanizmebis SerCevamosaWeri meqanizmebis SerCevamosaWeri meqanizmebis SerCevamosaWeri meqanizmebis SerCeva:

mosaWeri meqanizmebis daniSnulebaa moaxdinon dasamuSavebeli

detalis Zaluri Caketva. maTi tipi damokidebulia moWeris Zalis

sidideze, mis orientaciaze, Zalis modebis zedapiris tipze da

sxva.

5.5.5.5.5. Sualeduri elementebis SerCevaSualeduri elementebis SerCevaSualeduri elementebis SerCevaSualeduri elementebis SerCevaSualeduri elementebis SerCeva:

Sualeduri elementebi es is elementebia, romlebic akavSireben

samarjvis sxvadasxva detalebs erTmaneTTan da sabaziso filasTan.

Sualeduri elementebis SerCeva SedarebiT rTul da Znelad
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formalizebad amocanas warmoadgens, radgan, Tu dasayenebeli da

mosaWeri elenmentebis SemTxvevaSi arsebobs savsebiT gansazRvruli

wesebi, romlebic iZleva saSualebas sakmaod viwro zRvrebSi moxdes

saTanado elementebis Zieba, Sualeduri elementebis SerCevisas

aseTi wesebi araa cxadad Camoyalibebuli, rac qmnis erTgvari

arCevanis Tavisuflebas, xolo es ukanaskneli qmnis garkveul

problemebs amocanis formalizacisas da misi realizaciisas.

Sualeduri elementebis SerCevis blokSi yvelaze ufro farTod

gamoiyeneba eqspertuli sistemis “inteleqtualuri” SesaZleblobebi.

6.6.6.6.6. samagri elementebis SerCevasamagri elementebis SerCevasamagri elementebis SerCevasamagri elementebis SerCevasamagri elementebis SerCeva:

samagri elementebi – xraxnebi, qanCebi, sayelurebi da sxva,

gankuTvnilni arian samarjvis sxvadasxva detalebis erTmaneTTan

dasamagreblad. am etapze praqtikulad ukve Seqmnilia samarjvis

konstruqcia , cnobilia misi calkeuli elementebis

urTierTganlageba sivrceSi da damokidebuleba sxva elementebTan,

swored es monacemebi moqmedeben samagri elementebis SerCevaze.

garda amisa am ukanasknelTa  standartuloba, mcire arCevani da

is faqti, rom samarjvis yvela elementi praqtikulad erTnairi

principiT ukavSirdeba erTmaneTs, sagrZnoblad aadvilebs am amocanis

gadawyvetas.

7.7.7.7.7. samarjvis testirebasamarjvis testirebasamarjvis testirebasamarjvis testirebasamarjvis testireba:

wina eqvsi etapi praqtikulad axorcielebs samarjvis

konstruqciis sinTezs. Tumca daproeqtebis procesi amiT ar

mTavrdeba, radgan aucilebelia Semowmdes, SesZlebs Tu ara

daproeqtebuli samarjvi muSaobas realur pirobebSi. samarjvis

testirebisas unda Semowmdes ori faqtori: Seesabameba Tu ara

samarjvis konstruqcia geometriul moTxovnebs (SesaZlebelia Tu

ara masSi detalis Cayeneba, xom ar uSlis misi romelime elementi

mWreli iaraRis gadaadgilebas xels da sxva), da ramdenad uZlebs

daproeqtebuli samarjvi damuSavebis procesSi warmoqmnil

datvirTvebs (Wrisa da moWeris Zalebs). Tu samarjvis testirebisas

aRmoCndeba raime geometriuli an dinamikuri uTanxmoebani, maSin

sistema iteraciulad daubrundeba proeqtirebis blokebsa da

Seecdeba gamoasworos Secdomebi. Semdgom ganxorcieldeba axali

testireba da ase, imoqmedebs sistema manam, sanam ar miiRebs

srulyofil samarjvis konstruqcias.

8.8.8.8.8. Sedegebis gamotanaSedegebis gamotanaSedegebis gamotanaSedegebis gamotanaSedegebis gamotana:
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bolo etapi proeqtirebis procesSi es aris Sedegebis gamotana.

am dros xdeba daproeqtebuli samarjvis naxazebisa da

samganzomilebiani modelebis Seqmna, teqnikuri dokumentaciis

gaformeba, TviTRirebulebis angariSi da sxva. yovelive es Sedegebis

saxiT miewodeba momxmarebels, rogorc pasuxi mis mier manqanisaTvis

gadawodebul sawyis monacemebze.

garda zemoTganxiluli blokebisa eqspertul sistemaSi aseve

Sedian monacemTa da codnis bazebi.

monacemTa bazebi aris is “wyaro”, saidanac sistema

axorcielebs monacemebis, mocemul SemTxvevaSi – samarjvis

elementebis SerCevas. codnis bazebi warmoadgenen eqspertuli

sistemis “tvins”, mis inteleqtualur SesaZleblobebs. aq faqtebisa

da “Tu-maSin” wesebis saxiT Sekrebilia informacia imis Sesaxeb,

Tu sistemam rogor unda gaakeTos garkveuli daskvnebi da miiRos

gadawyvetilebebi.

eqspertuli sistemebisaTvis erTerTi damaxasiaTebeli

blokia konsultaciebisa da ganmartebebis bloki. imis gamo rom

SeuZlebelia proeqtirebis mTeli procesis sruli avtomatizacia,

aucilebeli xdeba muSaobis warmarTva dialogur reJimSi, anu

momxmarebelTan dialogSi. swored am dialogis procesSi sistemam

garkveuli konsultaciebi unda gauwios momxmarebels da aseve

momxmareblis survilisamebr, unda misces mas garkveuli ganmartebebi,

Tu ris safuZvelze akeTebs sistema amaTuim daskvnebsa da iRebs

gadawyvetilebebs.

da bolos am blokTan da aseve sistemis yvela sxva ZiriTad

modulebTan mWidrodaa dakavSirebuli samomxmareblo interfeisis

bloki, romelic uzrunvelyofs urTierTobas adamiansa da manqanas

Soris da aseve axorcielebs muSaobis dialogur reJims.

imis gamo rom samarjvis daproeqtebis amocana

ganekuTvneba e. w. “inteleqtualuri” amocanebis rigs, anu

Znelad eqvemdebareba formalizaciasa da miT umetes

algoriTmizacias, zemoT aRwerili sistemis realizaciisaTvis

aucilebeli xdeba logikuri programirebis gamoyeneba.

logikuri, “aRwerilobiTi” programirebis, faqtebiTa da

wesebiT, informaciis predikatuli saxiT warmodgenis

saukeTeso saSualebaa programirebis ena prologi (Prolog).
am enaze  Seiqmneba codnis bazebi.
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nax. 3 – eqspertuli sistemis realizaciis sqema

 Tumca eqspertul sistemaSi garda logikuri nawilisa

iqneba gadasawyveti iseTi sakiTxebic, romlebic

dakavSirebuli iqnebian maTematikur gamoTvlebTan, monacemTa

bazebTan muSaobasTan, codnis obieqtur-orientirebuli saxiT

warmodgenasTan, sxvadasxva detalebis grafikul

gamosaxvasTan da sxva. garda amisa sistemas aucileblad unda

hqondes samomxmarebli interfeisi, im saSualebebis

erToblioba, romliTac moxdeba informaciis mimocvla

adamiansa da manqanas Soris. aseTi modulebis dasawerad

saukeTeso saSualebaa obieqtur-orientirebuli

programirebis enebi, magaliTad iseTi, rogoricaa java

(Java™). am ukanasknels gaaCnia mZlavri saSualebebi

obieqtur-orientirebuli programirebisaTvis, maTematikuri

gaangariSebebisaTvis, grafikuli samomxmareblo interfeisis

SeqmnisaTvis, monacemTa bazebTan muSaobisaTvis da sxva.

amgvarad dagegmili liTonsaWreli samarjvebis

avtomatizirebuli daproeqtebis eqspertuli sistema Seiqmneba

ori proegramirebis enis prologisa da javas sinTezis

safuZvelze (nax. 3). logikuri, “inteleqtualuri” nawili

ganxorcieldeba prologze, xolo grafikuli samomxmareblo

interfeisi, da sxva msgavsi nawilebi – javaze. urTierToba

am or enas Soris ganxorcieldeba specialuri saSualebebiT.
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zomaTa jaWvis gadawyvetis avtomatizirebulizomaTa jaWvis gadawyvetis avtomatizirebulizomaTa jaWvis gadawyvetis avtomatizirebulizomaTa jaWvis gadawyvetis avtomatizirebulizomaTa jaWvis gadawyvetis avtomatizirebuli

qvesistemaqvesistemaqvesistemaqvesistemaqvesistema

T.gegeWkori, d.nadaraia, o.pitava

awyobis procesis daproeqteba nakeTis damzadebis

saerTo ciklis erT-erTi mniSvnelovani etapia. am procesis

ganxorcielebisas xdeba iseTi mniSvnelovani amocanis

gadaWra, rogoricaa mTlianad nakeTisa da misi Semadgeneli

nawilebis-kvanZebis, qvekvanZebis, kompleqtebis da detalebis

zomaTa jaWvebis gadawyveta da Semadgeneli rgolebis sizustis

qvalitetis da simqisis parametrebis gansazRvra. amocanis

optimalur gadawyvetaze mniSvnelovnad aris damokidebuli,

rogorc nakeTis awyobis, aseve misi calkeuli detalebis

damzadebis teqnologiuri procesis Sromatevadoba da

TviTRirebuleba.

zomaTa jaWvis cnobili xuTi meTodiT gadawyveta

(sruli urTierTSecvladobis, arasruli urTierT-

Secvladobis, jgufuri urTierTSecvladobis, morgebisa da

regulirebis meTodebiT) da Semadgeneli rgolebis sizustis

qvalitetis gansazRvra friad rTuli, Sromatevadi amocanaa

da ZiriTadad xorcieldeba konstruqtoris Sromis xarjze,

rac ar gamoricxavs garkveul cdomilebebs amocanis gadawyve-

tisas. amitom kompiuteruli teqnikis gamoyeneba mniSvne-

lovnad aadvilebs zemoaRniSnuli amocanis gadawyvetas.

am mizniT Seiqmna zomaTa jaWvis gadawyvetis

avtomatizirebuli qvesistema DL-CAD  d.nadaraia, misi

ganxorcielebis algoriTmi (ix. nax. 1), dawerilia programa

programirebis enaze Visual Baisic da Sesabamisi monacemTa

bazebi.

algoriTmis muSaobis sawyisi monacemebis nusxa

damokidebulia zomaTa jaWvis gadawyvetis meTodsa d meTodis

ganxorcielebis wesze (erTnairi da sxvadasxva qvalitetis

wesi).

sawyisi monacemebi zomaTa jaWvis sruli

urTierTSecvladobis  meTodis erTnairi qvalitetis wesiT

gadawyvetisas Semdegia:

1. warmoebis tipi;

2. zomaTa jaWvSi Semavali rgolebis raodenoba;

3. moTxovnili teqnikuri piroba mm;

4. rgolebis nominaluri zoma mm;
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5. rgolebis tipi (gamadidebeli Tu Semamcirebeli).

erTnairi qvalitetis wesis gamoyenebisas cnobili ar

aris arc erTi rgolis qvaliteti, yvela rgoli mzaddeba

erTnairi qvalitetiT, romelic iangariSeba formuliT

sadac TAo moTxovnili teqnikuri pirobaa,  Ai
rgolebis nominaluri zoma,   a

saS
  daSvebis erTeulTa saSualo

ricxvia.  asaS-s  mixedviT monacemTa bazidan SeirCeva uaxloesi

umciresi qvaliteti, romelic gansazRvravs Semadgeneli

rgolebis nominaluri zomis daSvebebs da Sesabamisad simqisis

parametris mniSvnelobas mkm-Si.

sawyisi monacemebi zomaTa jaWvis sruli

urTierTSecvladobis meTodis  sxvadasxva qvalitetis wesiT

gadawyvetisas Semdegia:

1. warmoebis tipi,

2. zomaTa jaWvSi Semavali rgolebis raodenoba;

3. moTxovnili teqnikuri piroba mm;

4. rgolebis nominaluri zoma mm;

5. winaswar cnobili qvaletetis mqone rgolebis zeda

   da qveda gadaxra mm;

6. rgolis tipi.

teqnikuri piroba erTnairi qvalitetis mqone rgolebisaTvis

danarCeni rgolebis qvaliteti iangariSeba formuliT

sadac P cnobili qvalitetis mqone rgolebis raodenobaa.

qvalitetis da simqisis SerCeva erTnairi qvalitetis wesis

gamoyenebis analogiuria.

arasruli urTierTSecvladobis meTodi moicavs

erTnairi da sxvadasxva qvalitetis wess. zomaTa jaWvebis am

meTodiT gadawyvetisas gaiTvaliswineba ganawilebis kanoni,

romelic xasiaTdeba  koeficientiT, amitom misi mniSvneloba

Sedis sawyis monacemebSi.

sawyisi monacemebi, zemoaRniSnuli orive wesis
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SemTxvevaSi, sruli urTierTSecvladobis meTodis

analogiuria.

erTnairi qvalitetiT angariSisas

sxvadasxva qvalitetiT angariSisas

a
saS-

s  SerCeva wina meTodis analogiuria.

zomaTa jaWvis jgufuri urTierTSecvladobis

meTodiT gadawyvetisas sawyisi monacemebi Semdegia:

1. warmoebis tipi;

2. rgolebis raodenoba;

3. moTxovnili teqnikuri piroba mm;

4. rgolebis nominaluri zoma mm;

5. rgolebis tipi;

6. winaswar mocemuli rgolis zeda da qveda gadaxra mm.

warmoebis tipis gaTvaliswinebiT winaswar SeirCeva

Semadgeneli rgolebis qvaliteti, gaiangariSeba jgufebis

raodenoba

sadac P winaswar cnobili qvalitetis mqone rgolis

raodenobaa,  TAi warmoebis tipis mixedviT SerCeuli

rgolebis daSvebaa. TAo moTxovnili teqnikuri piroba.

gaangariSebiT miRebuli jgufebis raodenoba

mrgvaldeba mTel ricxvamde metobiT e. i.  

am dros daculi unda iyos toloba

zomaTa jaWvebis morgebis da regulirebis meTodiT

gadawyvetisas sawyisi monacemebi Semdegia:

1. warmoebis tipi;

2. moTxovnili teqnikuri piroba mm;

3. rgolebis zoma mm;
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4. rgolebis raodenoba;

5. sakompensacio rgoli;

6. rgolis tipi;

7. winaswar cnobili rgolis zeda da qveda gadaxra.

winaswar SeirCeva Semadgenele rgolis qvaliteti da

sakompensacio rgoli gaiangariSeba. kompensaciis sidide

sadac:

sawyisi monacemebis kompiuterSi Seyvanisa da

programis ganxorcielebis Semdeg, gamosavalze miRebuli

iqneba rgolebis qvaliteti da qvalitetis Sesabamisi simqise

zomaTa jaWvis gadawyvetis nebismieri meTodisaTvis.

qvemoT moyvanilia avtomatizirebuli sistemis

gamoyenebis konkretuli magaliTi zomaTa jaWvisaTvis (ix.

nax. 2) da gamosavalze miRebuli Sedegi (cxrili1)
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Bccktljdfybt j,mtrnyj-jhbtynbhjdfyyjqBccktljdfybt j,mtrnyj-jhbtynbhjdfyyjqBccktljdfybt j,mtrnyj-jhbtynbhjdfyyjqBccktljdfybt j,mtrnyj-jhbtynbhjdfyyjqBccktljdfybt j,mtrnyj-jhbtynbhjdfyyjq
fh[nbtrnehs CFGH-NGfh[nbtrnehs CFGH-NGfh[nbtrnehs CFGH-NGfh[nbtrnehs CFGH-NGfh[nbtrnehs CFGH-NG

fcgbhfyn K  Vtuhtkbidbkb

         Òðàäèöèîííûìè çàäà÷àìè ïðîåêòèðîâàíèÿ ÿâëÿþòñÿ çàäà÷è ñèíòåçà

è àíàëèçà. Ïðè ýòîì ïîä ñèíòåçîì ïîíèìàåòñÿ ïðîöåññ ïðèíÿòèÿ
ðåøåíèÿ, à ïîä àíàëèçîì ïðîöåññ îöåíêè ïðèíÿòîãî ðåøåíèÿ.
        ÑÀÏÐ(Ñèñòåìà àâòîìàòèçèçîâàííîãî ïðîåêòèðîâàííèÿ) - ýòî
÷åëîâåêî-ìàøèííàÿ ñèñòåìà, êîòîðàÿ ðåøàåò çàäà÷è
àâòîìàòèçèðîâàííîãî ñèíòåçà è àâòîìàòèçèðîâàííîãî àíàëèçà.Â
ïðîöåññå âçàèìîäåéñòâèÿ ñî ñðåäñòâàìè ÑÀÏÐ â èíòåðàêòèâíîì ðåæèìå
ïðîåêòèðîâùèê îñóøåñòâëÿåò ïîëó÷åíèå ïðîåêòíîãî ðåøåíèÿ íà
îñíîâå ìîäåëåé ñèíòåçà è àíàëèçà. Ìîäåëü - ýòî ôîðìàëèçîâàííîå
îïèñàíèå çíàíèé, ïðè ïîìîùè êîòîðûõ ñèñòåìà  îñóùåñòâëÿåò
èíòåðïðåòàöèþ è ôîðìèðîâàíèå ðåøåíèé.
Òåðìèí ÑÀÏÐ ÿâëÿåòñÿ ñìûñëîâûì àíàëîãîì  - ýêâèâàëåíòîì
àíãëèéñêîãî CAD (ñîêðàùåíî Computer Aided Desinged) è îçíà÷àåò
ïðîåêòèðîâàíèå ñ ïîìîùüþ êîìïüþòåðà, ÷åëîâåêó â ýòîì ïðîöåññå
îòâîäèòñÿ àêòèâíàÿ ðîëü.
      ÑÀÏÐ - ñîñòîèò èç êîìïëåêñà ñðåäñòâ àâòîìàòèçèðîâàííîãî
ïðîåêòèðîâàíèÿ (ÊÑÀÏ), âçàèìîñâÿçàííîãî ñ íåîáõîäèìûìè
ïîäðàçäåëåíèÿìè ïðîåêòíîé îðãàíèçàöèè.
     ÑÀÏÐ - ýòî ñèñòåìà ïðîåêòèðîâàíèÿ, â êîòîðîé îðãàíè÷íî
îáúåäèíåíû òâîð÷åñêèå óñèëèÿ êîëëåêòèâà ïðîåêòèðîâùèêîâ è
âîçìîæíîñòè ìàòåìàòè÷åñêèõ ìåòîäîâ è êîìïüþòåðíûõ ñèñòåì íà
âñåé ñîâîêóïíîñòè âçàèìîñâÿçàííûõ ýòàïîâ ïðîåêòèðîâàíèÿ ñ
ïðèìåíåíèåì ðàçâèòûõ ñðåäñòâ ïðîãðàììíîãî è èíôîðìàöèîííîãî
îáåñïå÷åíèÿ äëÿ êîðåííîãî óëó÷øåíèÿ  êà÷åñòâà ïðîåêòíûõ  ðàáîò
è ñîêðàùåíèÿ èõ ñðîêîâ, ÷òî äîñòèãàåòñÿ áëàãîäàðÿ :
z ñèñòåìàòèçàöèè è ñîâåðøåíñòâîâàíèþ ïðîåêòíîãî ïðîöåññà,
êîòîðûå ñîïðîâîæäàþòñÿ ïåðåñòðîéêîé ñòðóêòóðû è êàäðîâîãî ñîñòàâà
ïðîåêòíûõ îðãàíèçàöèé;
z ïðèìåíåíèþ ýôôåêòèâíûõ ìàòåìàòè÷åñêèõ ìîäåëåé
ïðîåêòèðóåìûõ îáúåêòîâ;
z êîìïëåêñíîé îïòèìèçàöèè ïðèíèìàåìûõ ðåøåíèé;
z óëó÷øåíèþ èíôîðìàöèîííîãî îáåñïå÷åíèÿ ðàçðàáîòîê;
z àâòîìàòèçàöèè òðóäîåìêèõ ðóòèííûõ ðàáîò;
z ÷àñòè÷íîé çàìåíå ìàêåòèðîâàíèÿ.
Ìîæíî âûäåëèòü äâà îñíîâíûõ íàïðàâëåíèÿ èññëåäîâàíèé â ðàçðàáîòêå
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ÑÀÏÐ:
1.  Èçó÷åíèå ìåòîäîëîãèè àâòîìàòèçèðîâàííîãî

ïðîåêòèðîâàíèÿ ;
2.  Ðàçâèòèå íîâûõ ìåòîäîâ îðãàíèçàöèè è ðàçðàáîòêè

ñàìèõ ÑÀÏÐ .
Ïåðâîå íàïðàâëåíèå ñâÿçàíî ñ èçó÷åíèåì òåîðåòè÷åñêîãî,

àêñèîìàòè÷åñêîãî è àëãîðèòìè÷åñêîãî àñïåêòîâ ÑÀÏÐ, ò.å. ñ
ðàçðàáîòêîé òåõíîëîãèè ïðîåêòèðîâàíèÿ êàê íàóêè, âòîðîå - ñ
ðàçðàáîòêîé òåîðåòè÷åñêèõ è ïðàêòè÷åñêèõ ìåòîäîâ ðåàëèçàöèè ñàìèõ
ñèñòåì â ðàìêàõ óæå èçâåñòíûõ òåõíîëîãè÷åñêèõ ïîäõîäîâ, äîñòàòî÷íî
õîðîøî çàðåêîìåíäîâàâøèõ ñåáÿ â óñëîâèÿõ ïðîìûøëåííîãî
ïðèìåíåíèÿ.

Îäíèìè èç îñíîâíûõ ïðèíöèïîâ , íà êîòîðûõ îñíîâàíû
ïðîìûøëåííûå ÑÀÏÐ ýòî:
Êîíöåïòóàëüíîñòü .

Â îñíîâó ðàçðàáîòêè ïîëîæåíà ëîãè÷åñêè çàâåðøåííàÿ ñèñòåìà
âçãëÿäîâ, îïðåäåëÿþùèõ îðèãèíàëüíûå íàó÷íî - ìåòîäè÷åñêèå
ïîëîæåíèÿ ïî êîìïëåêñíîé àâòîìàòèçàöèè êîíñòðóêòîðñêî -
òåõíîëîãè÷åñêîãî ïðîåêòèðîâàíèÿ â óñëîâèÿõ ìåëêîñåðèéíîãî è
ñåðèéíîãî ìàøèíîñòðîåíèÿ.
Êîìïëåêñíîñòü.

Ôóíêöèîíàëüíàÿ ñòðóêòóðà ñèñòåìû îðèåíòèðîâàíà íà
ïîäãîòîâêó êîìïëåêòà òåõíîëîãè÷åñêîé äîêóìåíòàöèè ïî âíîâü
îñâàèâàåìîìó èçäåëèþ èëè äëÿ åãî òåõíîëîãè÷åñêîãî ñîïðîâîæäåíèÿ
â ïðîèçâîäñòâå.
Óíèâåðñàëüíîñòü.

Êîíöåïòóàëüíûé, ôóíêöèîíàëüíûé, ïðîãðàììíûé, òåõíè÷åñêèé
è îðãàíèçàöèîííûé êîìïëåêñû ñèñòåìû íå èìåþò êàêèõ - ëèáî
ïðèíöèïèàëüíûõ çàâèñèìîñòåé îò ñïåöèôèêè ýêñïëóàòèðóþùèõ åå
ïðåäïðèÿòèé. Ñîáñòâåííî ïðîåêòèðîâàíèå òåõíîëîãè÷åñêèõ ïðîöåññîâ
îñóøåñòâëÿåòñÿ ñ èñïîëüçîâàíèåì ðàçëè÷íûõ ôîðì âçàèìîäåéñòâèÿ
÷åëîâåêà ñ êîìïüþòåðíîé ñèñòåìîé. Îòíîñèòåëüíàÿ ïðîñòîòà -  îíà
îòðàæàåòñÿ â ìåòîäèêàõ ñîçäàíèÿ è ðàçâèòèÿ ïðîãðàììíî -
èíôîðìàöèîííîãî êîìïëåêñà ñèñòåìû, à òàêæå áûñòðîé àäàïòàöèè ê
ñèñòåìå åå íåïîñðåäñòâåíîãî ïîëüçîâàòåëÿ.
Èíòåãðèðóåìîñòü.

Èñïîëüçóåìîé êîíöåïöèåé ïðåäóñìîòðåíà âîçìîæíîñòü ñêâîçíîãî
è ïðîèçâîëüíîãî êîìïëåêñèðîâàíèÿ ÷åëîâåêî - ìàøèíûõ ôóíêöèé
ñèñòåìû êàê ïî ãîðèçîíòàëè (ðàâíîïîä÷èíåííûå ôóíêöèè), òàê è ïî
âåðòèêàëè (ñîïîä÷èíåííûå ôóíêöèè) áåç íåîáõîäèìîñòè â êàêèõ
ëèáî ñïåöèàëüíûõ ïðîãðàììíî - èíôîðìàöèîííûõ  áëîêàõ
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ñîïðÿæåíèÿ.
Îòêðûòîñòü.

Åñëè ðàíüøå àâòîìàòèçèðîâàííûå ïðîöåññû ïðîåêòèðîâàíèÿ
ñîçäàâàëèñü äëÿ ðåøåíèÿ ïðîáëåì, îðèåíòèðîâàííûõ íà èçäåëèå èëè
ó÷èòûâàþùèõ ñïåöèôèêó ïðîèçâîäñòâà òî ïîñëåäíèå ðàçðàáîòêè
ñâèäåòåëüñòâóþò î âñå óâåëè÷èâàþùåéñÿ ïåðåîðèåíòàöèè íà ñîçäàíèå
óíèâåðñàëüíûõ ìåòîäèê è ðåøåíèÿ çàäà÷ âûõîäÿùèõ çà ïðåäåëû
îòäåëüíûõ îòðàñëåé ïðîèçâîäñòâà. Öåëü òàêîé ïåðåîðèåíòàöèè -
ïðèãîäíîñòü îòäåëüíûõ ñèñòåì äëÿ ðàçëè÷íûõ îòðàñëåé.
Óíèâåðñàëèçàöèÿ áàçîâûõ ñèñòåì îáóñëàâëèâàåò ñíèæåíèå ðàñõîäîâ
ïîëüçîâàòåëÿ. Ïîýòîìó ýòî ñâîéñòâî ÑÀÏÐ îáóñëîâëåííî
íåîáõîäèìîñòüþ äîñòèæåíèÿ ãèáêîñòè ñèñòåìû, êîòîðîå ÿâëÿåòñÿ îäíèì
èç âàæíûõ ñâîéñòâ ÑÀÏÐ.

Ãèáêîñòü ÑÀÏÐ ñ òî÷êè çðåíèÿ ðàñøèðåíèÿ âîçìîæíîñòåé åå
èñïîëüçîâàíèÿ ìîæåò áûòü óâåëè÷åíà, åñëè ïðîãðàìíîå îáåñïå÷åíèå
ÑÀÏÐ ÿâëÿåòñÿ óíèâåðñàëüíûì è îòêðûòûì,  â îñíîâó ñòðóêòóðû
òàêèõ ñèñòåì ïîëîæåí ïðèíöèï - îòêðûòîé àðõèòåêòóðû,  ïîçâîëÿþùèé
àäàïòèðîâàòü è ðàçâèâàòü ìíîãèå ôóíêöèè ïðèìåíèòåëüíî ê
êîíêðåòíûì çàäà÷àì è òðåáîâàíèÿì  êîíå÷íîãî ïîëüçîâàòåëÿ.
Êàæäàÿ ÑÀÏÐ èìååò ñâîå öåëåâîå íàçíà÷åíèå, ò.å. ïðåäíàçíà÷åíà
äëÿ ðåøåíèÿ îïðåäåëåííîãî êëàññà ïðèêëàäíûõ  çàäà÷  êîíå÷íîãî
ïîëüçîâàòåëÿ. Ïîýòîìó îäíîé èç âàæíûõ õàðàêòåðèñòèê
ôóíêöèîíèðîâàíèÿ ÑÀÏÐ ÿâëÿåòñÿ ñïîñîáíîñòü ñèñòåìû
àäàïòèðîâàòüñÿ íà êîíêðåòíûå çàäà÷è êîíå÷íîãî ïîëüçîâàòåëÿ.
Àíàëîãè÷íûé âûâîä ñäåëàí àìåðèêàíñêèì àíàëèòèêîì â îáëàñòè CAD/
CAM Ðàëüôîì Ãðîáîâñêèì [3], ïî ñâåäåíèÿì  êîòîðîãî íà÷èíàÿ ñ
1993 ãîäà âåäóùèå ïðîèçâîäèòåëè ñèñòåì CAD/CAM îñíîâíûì
òðåáîâàíèåì  ê ñîáñòâåííîé ïðîäóêòàì ñòàâÿò îáåñïå÷åíèå ñâîéñòâà
‘èñïîëüçóåìîñòè’ (‘Usability’), ÷òî îçíà÷àåò ñïîñîáíîñòü ñèñòåìû
àäàïòèðîâàòüñÿ íà êîíêðåòíûå  çàäà÷è êîíå÷íîãî ïîëüçîâàòåëÿ. Ïî
ñâîéñòâó àäàïòèðóåìîñòè ñèñòåìû  ìîæíî ðàçäåëèòü íà äâà êëàññà:
ñèñòåìû ñ æåñòêîé àðõèòåêòóðîé è ñèñòåìû ñ îòêðûòîé àðõèòåêòóðîé.
        Â ñèñòåìàõ ñ çàêðûòîé àðõèòåêòóðîé ïîëüçîâàòåëü íå èìååò
âîçìîæíîñòè ìîäèôèöèðîâàòü ïðîãðàìíî-ìàòåìàòè÷åñêîå îáåñïå÷åíèå
è àäàïòàöèÿ ïðîèñõîäèò íà óðîâíå ôàéëîâ áàçû äàííûõ  ïîñðåäñòâîì
çàïîëíåíèÿ ñîîòâåòñòâóþùåé èíôîðìàöèè, ò.å. êîíå÷íûé ïîëüçîâàòåëü
ìîæåò àäàïòèðîâàòü ñèñòåìó òîëüêî íà óðîâíå èíôîðìàöèîííîãî
îáåñïå÷åíèÿ.
        Â ñèñòåìàõ ñ îòêðûòîé àðõèòåêòóðîé ó ïîëüçîâàòåëÿ åñòü
âîçìîæíîñòü èñïîëüçîâàíèÿ ñîáñòâåííûõ ðåøåíèé íå òîëüêî íà óðîâíå
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èíôîðìàöèîííîãî îáåñïå÷åíèÿ , íî è íà óðîâíå ôóíêöèîíèðîâàíèÿ
càìîé ñèñòåìû ïîñðåäñòâîì èçìåíåíèÿ ïðîãðàììíî-ìàòåìàòè÷åñêîãî
îáåñïå÷åíèÿ. Òàêèå ñèñòåìû äàþò áîëåå øèðîêèå âîçìîæíîñòè ïî
àäàïòàöèè íà êîíêðåòíûå çàäà÷è êîíå÷íîãî ïîëüçîâàòåëÿ, ò.ê íå
òðåáóþò âìåøàòåëüñòâà ñî ñòîðîíû ðàçðàáîò÷èêà ñèñòåìû.
       Ñòåïåíü âìåøàòåëüñòâà ïîëüçîâàòåëÿ â âèäû îáåñïå÷åíèÿ ÊÑÀÏ
ïðîïîðöèîíàëüíà ñïîñîáíîñòè ñèñòåìû àäàïòèðîâàòüñÿ íà çàäà÷è
êîíå÷íîãî ïîëüçîâàòåëÿ.
       Ïî ñòåïåíè îòêðûòîñòè ìîæíî âûäåëèòü ñëåäóþùèå ïîêîëåíèÿ
ñèñòåì  ñ îòêðûòîé àðõèòåêòóðîé :
     1-å ïîêîëåíèå - ñèñòåìû, èìåþùèå íàñòðàèâàåìóþ êîíôèãóðàöèþ.
Òàêèå ñèñòåìû ñòðîÿòñÿ ïî ìîäóëüíîìó ïðèíöèïó. Ïðè ýòîì
âûäåëÿþòñÿ îòäåëüíî ïðîãðàììèðóåìûå ìîäóëè, ãäå ïîëüçîâàòåëü èìååò
âîçìîæíîñòü ñôîðìèðîâàòü êîíôèãóðàöèþ ñèñòåìû ïóòåì âûáîðà
îòäåëüíûõ ìîäóëåé, ò.å îñóùåñòâèòü àäàïòàöèþ ïðîãðàììíîãî è
òåõíè÷åñêîãî îáåñïå÷åíèÿ. Îñíîâíûì ýëåìåíòîì â òàêèõ ñèñòåìàõ
ÿâëÿåòñÿ  ìîäóëü, êîòîðûé äîëæåí óäîâëåòâîðÿòü òðåáîâàíèÿì
óíèâåðñàëüíîñòè è èíôîðìàöèîííîñòè. Èíôîðìàöèîííîå ñîãëàñîâàíèå
ñ äðóãèìè ìîäóëÿìè îñóùåñòâëÿåòñÿ ñ ïîìîùüþ ñïåöèàëüíûõ
ïðîãðàìì- äðàéâåðîâ, à äëÿ èíôîðìàöèîííîé ñîãëàñîâàííîñòè
òåõíè÷åñêèõ ìîäóëåé èñïîëüçóþòñÿ ñïåöèàëüíûå óñòðîéñòâà-àäàïòåðû.
Òèïè÷íûìè ïðåäñòàâèòåëÿìè òàêîé ñèñòåìû ÿâëÿåòñÿ ÑÀÏÐ
ýëåêòðîííûõ ñõåì PCAD .
        2-å ïîêîëåíèå - ñèñòåìû, â êîòîðûõ àäàïòàöèÿ íà êîíêðåòíûå
çàäà÷è êîíå÷íîãî ïîëüçîâàòåëÿ ïðîèñõîäèò áëàãîäàðÿ
ôóíêöèîíèðîâàíèþ ñèñòåìû íà îñíîâå ïîëüçîâàòåëüñêèõ ìîäåëåé
ïðèíÿòèÿ  ðåøåíèÿ. Òèïè÷íûìè ïðåäñòàâèòåëÿìè òàêèõ ñèñòåì
ÿâëÿþòñÿ ýêñïåðòíûå ñèñòåìû. Ñòðóêòóðíî ýêñïåðòíûå ñèñòåìû
ñîñòîÿò èç äâóõ ÷àñòåé:
1. Ìàøèíà  ëîãè÷åñêèõ  âûâîäîâ.
2. Áàçà  çíàíèé.
Èññêóñòâåííûé èíòåëëåêò (ÈÈ) - ýòî ïðîãðàììíàÿ ñèñòåìà,
èìèòèðóþùàÿ íà êîìïüþòåðå ìûøëåíèå ÷åëîâåêà. Äëÿ ñîçäàíèÿ
òàêîé ñèñòåìû íåîáõîäèìî èçó÷èòü ïðîöåññ ìûøëåíèÿ ÷åëîâåêà,
ðåøàþùåãî îïðåäåëåííûå çàäà÷è èëè ïðèíèìàþùåãî ðåøåíèÿ â
êîíêðåòíîé îáëàñòè, âûäåëèòü îñíîâíûå øàãè ýòîãî ïðîöåññà è
ðàçðàáîòàòü ïðîãðàììíûå ñðåäñòâà, âîñïðîèçâîäÿøèå èõ íà
êîìïüþòåðå. Ñèñòåìà ÈÈ , ñîçäàííàÿ äëÿ ðåøåíèÿ çàäà÷ â êîíêðåòíîé
ïðîáëåìíîé îáëàñòè, íàçûâàåòñÿ ýêñïåðòíîé ñèñòåìîé (ÝÑ). Èñòî÷íèêîì
çíàíèé äëÿ íàïîëíåíèÿ ýêñïåðòíûõ ñèñòåì ñëóæàò ýêñïåðòû â
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ñîîòâåòñòâóþùåé ïðåäìåòíîé îáëàñòè. Ðàáîòà âñåõ ýêñïåðòíûõ ñèñòåì
îñíîâàíà íà ýêñïåðòíîé èíôîðìàöèè, ïîëó÷åííîé â êîíêðåòíîé
ïðåäìåòíîé îáëàñòè.
      Îäíèì èç ïóòåé óëó÷øåíèÿ õàðàêòåðèñòèê ïî ïðîèçâîäèòåëüíîñòè
è íàäåæíîñòè, ñîêðàòèòü ñðîêè èññëåäîâàíèé è ðàçðàáîòîê íîâûõ
âèäîâ ïðîäóêöèè ìàøèíîñòðîåíèÿ, ÿâëÿåòñÿ ñîçäàíèå ïðîáëåìíî -
îðèåíòèðîâàííûõ  ýêñïåðòíûõ ñèñòåì.
      Âàæíûì ôàêòîðîì, îïðåäåëÿþùèì âîçìîæíîñòü èñïîëüçîâàíèÿ
ÝÑ, îñîáåííî â ñôåðå ïðîåêòèðîâàíèÿ, ñëåäóåò ñ÷èòàòü ðàçâèòèå
âçàèìîñâÿçè ìåæäó ÝÑ, è òðàäèöèîííûì ïðîãðàììíûì îáåñïå÷åíèåì.
Ñïîñîáíîñòü ÝÑ, âçàèìîäåéñòâîâàòü ñ ñèñòåìàìè ðàçðàáîòêè, àíàëèçà,
áàçàìè äàííûõ ÿâëÿåòñÿ íåîáõîäèìîé äëÿ åå óñïåøíîãî
ôóíêöèîíèðîâàíèÿ. Öåëåñîîáðàçíî óñòàíîâëåíèå îáðàòíîé ñâÿçè ÝÑ
ñ ïîëüçîâàòåëåì äëÿ äîïîëíåíèÿ áàçû çíàíèé. Âîçìîæíîñòü
ðàñøèðåíèÿ áàçû çíàíèé -  ãëàâíîå ïðåèìóùåñòâî ÝÑ.
       Ïðè òàêîé àðõèòåêòóðå ðàçðàáîò÷èêàìè ÑÀÏÐ ðàçðàáàòûâàåòñÿ
ìàøèíà ëîãè÷åñêèõ âûâîäîâ, à áàçà çíàíèé ôîðìèðóåòñÿ êîíå÷íûì
ïîëüçîâàòåëåì, òåì ñàìûì îñóùåñòâëÿåòñÿ ïðîáëåìíàÿ îðèåíòàöèÿ
ñèñòåìû. Ò.î. ýêñïåðòíûå ñèñòåìû ïîçâîëÿþò àäàïòèðîâàòüñÿ íà
óðîâíå ìîäåëåé ïðèíÿòèÿ ðåøåíèé.
    Ðàçâèòèå ÝÑ çàâèñèò îò ðåøåíèÿ òàêèõ ïðîáëåì , êàê
ïðåäñòàâëåíèå çíàíèé , ðàçðàáîòêà ôóíêöèîíàëüíûõ ÿçûêîâ è
ìàøèííûõ ñïîñîáîâ èçâëå÷åíèÿ çíàíèé, îáîáùåíèå íà åñòåñòâåííîì
ÿçûêå, ïîñòðîåíèå ïðîòîòèïîâ ÝÑ.
       Ñîâåðøåíñòâîâàíèå ÝÑ â çíà÷èòåëüíîé ìåðå ñâÿçàííî ñ óñïåõàìè
â ðàçðàáîòêå ÷åëîâåêî-ìàøèííîãî èíòåðôåéñà , òåõíè÷åñêîãî è
ïðîãðàììíîãî îáåñïå÷åíèÿ ÝÑ.
    3-å  ïîêîëåíèå - êîìïèëèðóåìûå ñèñòåìû- ñèñòåìû ñ âîçìîæíîñòüþ
êîìïèëÿöèè èñïîëíÿåìûõ ìîäóëåé, ÷òî ïîçâîëÿåò ïîëüçîâàòåëþ
àäàïòèðîâàòü ñèñòåìû íà óðîâíå ïðîãðàììíî-ìàòåìàòè÷åñêîãî
îáåñïå÷åíèÿ, ò.å. â òàêèõ ñèñòåìàõ ó ïîëüçîâàòåëÿ åñòü âîçìîæíîñòü
èçìåíèòü èñõîäíûé âàðèàíò ïðîãðàììíî-ìàòåìàòè÷åñêîãî
îáåñïå÷åíèÿ.
        Êàê îáû÷íî, òàêèå ñèñòåìû äåëÿòñÿ íà ÿäðî ïðèêëàäíûõ
ìîäóëåé, êîòîðûìè ðåøàþòñÿ îñíîâíûå ïðèêëàäíûå çàäà÷è è
èíòåðôåéñíûå ìîäóëè, îñóøåñòâëÿþùèå ñâÿçü ïðèêëàäíûõ ìîäóëåé ñ
ïåðèôåðèéíûìè óñòðîéñòâàìè (hbc=1). Ñëåäîâàòåëüíî, ïî ñòåïåíè
“âìåøàòåëüñòâà” ïîëüçîâàòåëÿ â ìîäóëè ñèñòåìû ìîæíî âûäåëèòü
ñëåäóþùèå êëàññû ñèñòåì:
1. Ñèñòåìû ñ âîçìîæíîñòüþ ìîäèôèêàöèè òîëüêî íà óðîâíå
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èíòåðôåéñíûõ ìîäóëåé áåç ÿäðà ïðèêëàäíûõ ìîäåëåé. Ê òàêèì
ñèñòåìàì ìîæíî îòíåñòè ñèñòåìû âèçóàëüíîãî ïðîãðàììèðîâàíèÿ
Delphi,Visual C, Visual Basic, ñðåäà Wi ndows.
2. Ñèñòåìû, â êîòîðûõ ïðèñóòñòâîâàëî ÿäðî ïðèêëàäíûõ çàäà÷
è âìåøàòåëüñòâî ïîëüçîâàòåëÿ îñóùåñòâëÿëîñü òîëüêî íà óðîâíå
îáåñïå÷åíèÿ êàíàëîâ èíòåðôåéñà. Òèïè÷íûìè ïðåäñòàâèòåëÿìè
ÿâëÿåòñÿ  Mini Studio, â êîòîðîì ïîëüçîâàòåëü èìååò  âîçìîæíîñòü
ñîçäàâàòü ñîáñòâåííûå äðàéâåðû äëÿ ïðèíòåðà è ïëîòåðà, îñóùåñòâèòü
íàñòðîéêó èíòåðàêòèâíîãî ðåæèìà ñ ïîëüçîâàòåëåì.
3. Ñèñòåìû, ïîçâîëÿþùèå âìåøèâàòüñÿ íå òîëüêî íà óðîâíå
êàíàëîâ èíòåðôåéñà, íî è íà  óðîâíå ÿäðà ðåøåíèÿ ïðèêëàäíûõ
çàäà÷. Òèïè÷íûì ïðåäñòàâèòåëåì ÿâëÿåòñÿ ïàêåò CADKey.
Â ñòàòüå Ðàëüôà  Ãðîáîâñêîãî  “Íàñòóïàþùàÿ ðåâîëþöèÿ â CAD”,
ïîä÷åðêíóòà âàæíîñòü äâóõ òåðìèíîâ “Usability”- èñïîëüçóåìîñòü è
“Customizable”- àäàïòèðóåìîñòü.
    Îñíîâíîé ñìûñë, çàêëþ÷åííûé â ýòèõ òåðìèíàõ ÿâëÿåòñÿ
ñëåäóþùåå: âìåñòî òîãî ÷òîáû ïîêóïàòü ïîëíûé ïàêåò CAD Key,
êîíå÷íûé ïîëüçîâàòåëü ìîæåò ãàðàçäî äåøåâëå âûáðàòü è êóïèòü
íóæíûå åìó ïðèëîæåíèÿ â âèäå îòäåëüíûõ  DLL - ôàéëîâ. Êðîìå
ýòîãî ïîñðåäñòâîì äîáàâëåííûõ íîâûõ ôóíêöèé, êîíå÷íûé
ïîëüçîâàòåëü ìîæåò îñóøåñòâèòü íàñòðîéêó èíòåðôåéñà , ïîëíîñòüþ
èëè ÷àñòè÷íî èçìåíèòü âíåøíèé âèä ôóíêöèîíèðîâàíèÿ ñèñòåìû,

“ä!%
C!,*ë=ä…/.
ì%ä3ëåL

HHbc=1
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ñîáðàííîé èç âûáðàííûõ ïîëüçîâàòåëåì  DLL - ôàéëîâ, èìåþòñÿ
òàêæå äîñòóïû ïî âñåì âûçîâàì ñèñòåìû  Windows, â êîòîðîé
ôóíêöèîíèðóåò CAD - ïàêåò. Ïîìèìî ýòîãî âîçìîæíî îñóøåñòâèòü
íàñòðîéêó  äðàéâåðîâ ïëîòåðà, íàñòðîèòü ôóíêöèîíèðîâàíèå CAD -
ïàêåòà ñ áàçîé äàííûõ. CAD - ïàêåò èìååò 3D - ñèñòåìó.
       CAD Key - ýòî ïàêåò ñ èñïîëüçîâàíèåì  COD (CAD Key
Object  Developer) òåõíîëîãèè, îáåñïå÷èâàåò ÿäðî ãðàôè÷åñêîãî
ïðîöåññîðà. Ýòî îáúåêòíî - îðèåíòèðîâàííûé ïðîäóêò , ñîçäàííûé
íà ÿçûêå C++ è ïîääåðæèâàåìûé DXF è DWG ôîðìàòàìè è ñèñòåìàìè
Windows è Windows NT.
    Êîðïîðàöèÿ Bentley Systems (Ýêñòîí,øòàò Ïåíñèëüâàíèÿ)
àíîíñèðîâàëà î÷åðåäíóþ âåðñèþ ñâîåé ñèñòåìû òâåðäîòåëüíîãî
ìîäåëèðîâàíèÿ Micro Station Modeler.Â íåå âêëþ÷åí öåëûé ðÿä íîâûõ
ôóíêöèé, à êðîìå òîãî, â ýòîì ïðîäóêòå âïåðâûå ðåàëèçîâàíà
âîçìîæíîñòü “íåïðåðûâíîé ìîäåðíèçàöèè”. Ïîëüçîâàòåëè,
ïîäïèñàâøèåñÿ íà ýòó óñëóã , ñìîãóò ñîîáùàòü î íåîáõîäèìûõ èì
óñîâåðøåíñòâîâàíèÿõ ÷åðåç Web-ñòðàíèöó Bentley Select. Ðåçóëüòàòû
ðàçðàáîòîê, âûïîëíåííûõ ïî ýòèì çàïðîñàì, áóäóò ðàñïðîñòðàíÿòüñÿ
ïî Internet, à òàêæå íà åæåêâàðòàëüíî èçäàâàåìûõ êîìïàêò-äèñêàõ.
Â êà÷åñòâå îòäåëüíîãî ïðîäóêòà Bentley àíîíñèðîâàëà Migration
Package, ñ ïîìîùüþ êîòîðîãî îáëàäàòåëè ïàêåòà CADKEY ñìîãóò
îñóùåñòâèòü áûñòðûé è äåøåâûé ïåðåõîä íà ñèñòåìó
ìàøèíîñòðîèòåëüíîãî ÷åð÷åíèÿ Micro Station. Âîçìîæåí òàêæå áûñòðûé
è äåøåâûé ïåðåõîä ñ CADKEY íà ÏÎ òâåðäîòåëüíîãî ìîäåëèðîâàíèÿ
Micro Station Modeler. Â ñîñòàâ îáîèõ ïðîäóêòîâ âõîäèò óòåëèòà
DRAFT-PAK, ïðåäíàçíà÷åííàÿ äëÿ ïðîåáðàçîâàíèÿ ôàéëîâ CADKEY
â ôîðìàò Micro Station.
     Ñèñòåìà Micro Station Modeler ñïîñîáíà ôóíêöèîíèðîâàòü íà
ìíîãèõ ïëàòôîðìàõ, âêëþ÷àÿ ÏÊ, ïîä óïðàâëåíèåì Windows 3.õ,
Windows WT, à òàêæå ìàøèíû Apple Power Macintosh, SunSPARC,
HPRISC, SGI è DEC Alpha.
      Âàæíîå ìåñòî ñðåäè ñèñòåì àâòîìàòèçèðîâàííîãî ïðîåêòèðîâàíèÿ
çàíèìàþò ñèñòåìû àâòîìàòèçèðîâàííîãî ïðîåêòèðîâàíèÿ
òåõíîëîãè÷åñêèõ ïðîöåññîâ (ÑÀÏÐ ÒÏ).Îáúåêòîì ïðîåêòèðîâàíèÿ
ÑÀÏÐ ÒÏ ÿâëÿåòñÿ ñàì òåõíîëîãè÷åñêèé ïðîöåññ, êîòîðûé ìîæíî
ïðåäñòàâèòü â âèäå ñèñòåìû, êîòîðàÿ ïî ñòåïåíè äåòàëèçàöèè îïèñàíèÿ
ñâîéñòâ ïðåäñòàâëÿåò ñîáîé èåðàðõè÷åñêè - ñîïîä÷èíåííóþ
ìíîãîóðîâíåâóþ ñèñòåìó. Ñëåäîâàòåëüíî, ïðîåêòèðîâàíèå òàêîãî
îáúåêòà îñóøåñòâëÿåòñÿ â íåñêîëüêèõ ýòàïàõ è ðàçëè÷íûìè
ïîäñèñòåìàìè. Íàïðèìåð: ÑÀÏÐ ìàðøðóòîâ, ÑÀÏÐ îòäåëüíûõ
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îïåðàöèé, ÑÀÏÐ çàãîòîâêè, ÑÀÏÐ èíñòðóìåíòîâ è ò.ä.
        Òåõíîëîãè÷åñêèé ïðîöåññ â ñëó÷àå ×ÏÓ(÷èñëîâîå ïðîãðàììíîå
óïðàâëåíèå) äåòàëèçèðóåòñÿ äî óðîâíÿ ÓÏ (óïðàâëÿþùèõ ïðîãðàìì)
äëÿ ñòàíêîâ ñ Ó×ÏÓ(óñòðîéñòâîì ÷èñëîâîãî ïðîãðàììíîãî
óïðàâëåíèÿ). Ïðèíöèïèàëüíàÿ îñîáåííîñòü ñòàíêà ñ ×ÏÓ çàêëþ÷àåòñÿ
â òîì, ÷òî äâèæåíèå èíñòðóìåíòà îòíîñèòåëüíî îáðàáàòûâàåìîé
çàãîòîâêè çàäàåòñÿ ïîñëåäîâàòåëüíîñòüþ ïîëîæåíèé è ñêîðîñòÿìè
ïåðåìåøåíèé åãî ðàáî÷èõ îðãàíîâ , çàïèñûâàåìûõ â ÷èñëîâîé ôîðìå
íà ñïåöèàëüíîì ïðîãðàììîíîñèòåëå.
     Âíåäðåíèå ×ÏÓ â òåõíîëîãèþ ìàøèíîñòðîåíèÿ  îáóñëîâèëî
íåîáõîäèìîñòü ïîñòðîåíèÿ ÷èñëîâûõ ìîäåëåé òåõíîëîãè÷åñêîãî
ïðîöåññà, à ñëåäîâàòåëüíî è øèðîêîå èñïîëüçîâàíèå ìàòåìàòè÷åñêèõ
ìåòîäîâ è ÷èñëîâîé âû÷èñëèòåëüíîé òåõíèêè. Ýòî ïðèâåëî ê
ðåâîëþöèîííûì èçìåíåíèÿì â òåõíîëîãèè ìàøèíîñòðîåíèÿ.
Òåõíîëîãèÿ ìàøèíîñòðîåíèÿ èç íàóêè, íîñèâøåé ïî ïðåèìóøåñòâó
êà÷åñòâåííûé õàðàêòåð, ñòàëà ïðåâðàùàòñÿ â íàóêó òî÷íóþ.
Òåõíîëîãè÷åñêèé ïðîöåññ îáðàáîòêè íà ñòàíêå ñ ×ÏÓ â îòëè÷èè îò
òðàäèöèîííîãî òåõíîëîãè÷åñêîãî ïðîöåññà òðåáóåò áîëüøåé
äåòàëèçàöèè ïðè ðåøåíèè òåõíîëîãè÷åñêèõ çàäà÷ è ó÷åòà ñïåöèôèêè
ïðåäñòàâëåíèÿ èíôîðìàöèè.
         Çàäà÷è ðåøàåìûå â ÑÀÏÐ ÓÏ õàðàêòåðèçóþòñÿ äâóìÿ
îñíîâíûìè ñâîéñòâàìè: îðèãèíàëüíîñòü è ìíîãîâàðèàíòíîñòü.
Ñëåäîâàòåëüíî ðåøåíèå çàäà÷è â ÑÀÏÐ ÓÏ äîëæíî îñóøåñòâëÿòñÿ ñ
ó÷åòîì çàðàííåå ïîäãîòîâëåííûõ ýêñïåðòíûõ çíàíèé, êîòîðûå
âûðàæàëè áû îïûò ñïåöèàëèñòîâ òåõíîëîãîâ.
         Îäèí èç âîïðîñîâ èçó÷àåìûõ â ðàìêàõ ðàçâèòèÿ íîâûõ
ìåòîäîâ îðãàíèçàöèè è ðàçðàáîòêè ÑÀÏÐ, ïðåäñòàâëÿþùèõ
çíà÷èòåëüíûé íàó÷íûé è ïðàêòè÷åñêèé èíòåðåñ -èññëåäîâàíèå ñïîñîáîâ
ïðåäñòàâëåíèÿ â ÑÀÏÐ ÒÏ òåõíîëîãè÷åñêîãî îïûòà íåçàâèñèìî îò
ìåòîäîâ, ëåæàùèõ â îñíîâå ïðèìåíÿåìîãî ïðèíöèïà ïðîåêòèðîâàíèÿ.
Ëþáàÿ ñèñòåìà äåéñòâóåò â ñîîòâåòñòâèè ñ çàëîæåííûìè â íåå
àëãîðèòìàìè ïðîåêòèðîâàíèÿ, êîòîðûå ïðåäñòàâëÿþò ñîáîé ýëåìåíòû
çíàíèé  ñïåöèàëèñòîâ â ïðåäìåòíîé îáëàñòè è ÿâëÿþòñÿ ôîðìàëüíûì
âûðàæåíèåì èõ ïðîèçâîäñòâåííîãî îïûòà. Ïîñêîëüêó òåõíîëîãè÷åñêîå
ïðîåêòèðîâàíèå çà÷àñòóþ ïðåäñòàâëÿåò ñîáîé íàáîð ïëîõî
ôîðìàëèçîâàííûõ ýâðèñòèê, êîòîðûå â íàèáîëüøåé ñòåïåíè
ïîäâåðæåííû âëèÿíèþ òðàäèöèé è íå÷åòêî îïðåäåëåííîé èíôîðìàöèè,
òî èìåííî òåõíîëîãè÷åñêèå çíàíèÿ, õðàíÿùèåñÿ â ñèñòåìå
ïðåòåðïåâàþò ñêëîííûå èçìåíåíèÿ â òå÷åíèå åå æèçíåííîãî   öèêëà,
à òàêæå ïðè ïåðåíîñå åå ñ îäíîãî ïðîèçâîäñòâà íà äðóãîå. Áûëî áû
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ëîãè÷íî, ó÷èòûâàÿ ñïåöèôèêó òåõíîëîãè÷åñêèõ çíàíèé è íåîáõîäèìîñòü
èõ ïîñòîÿííîå îáíîâëåíèÿ èñïîëüçîâàòü ñïåöèôèêó è (êàê óæå
îòìå÷àëîñü âûøå) ãëàâíîå ïðåèìóøåñòâî ÝÑ - âîçìîæíîñòü ðàñøèðÿòü
áàçó çíàíèé.
     Îäíàêî íåäîñòàòî÷íûé íà ñåãîäíÿøíèé äåíü óðîâåíü
ôîðìàëèçàöèè òåõíîëîãè÷åñêèõ çàäà÷, íåçàâåðøåííîñòü
òåõíîëîãè÷åñêèõ çàäà÷ è òåîðåòè÷åñêèõ îñíîâ ïðîöåññîâ îáðàáîòêè,
íåïîëíîòà ýêñïåðèìåíòàëüíûõ äàííûõ íå ïîçâîëÿþò ïîëíîñòüþ
àâòîìàòèçèðîâàòü ïðîöåññû ïîäãîòîâêè òåõíîëîãèé è ÓÏ äëÿ ñòàíêîâ
ñ ×ÏÓ.
       Ïîýòîìó â áîëüøèíñòâå ñëó÷àåâ ïðè ïîäãîòîâêå ÓÏ îïòèìàëüíîé
ÿâëÿåòñÿ ðàáîòà â òàê íàçûâàåìîì äèàëîãîâîì ðåæèìå. Â çòîì ðåæèìå
íàèáîëåå ôîðìàëèçîâàííàÿ ÷àñòü òåõíîëîãè÷åñêèõ çàäà÷ ðåøàåòñÿ
ïðîãðàììíî ñ èñïîëüçîâàíèåì ñðåäñòâ âû÷èñëèòåëüíîé òåõíèêè, à
äàëüíåéøèå ïóòè ðåøåíèé íà óçëîâûõ ó÷àñòêàõ ïðîåêòèðîâàíèÿ
âûáèðàåò òåõíîëîã - ïðîãðàììèñò.  Ýòî ïîçâîëÿåò ïðåîäîëåòü
íåäîñòàòî÷íóþ ôîðìàëèçàöèþ òåõíîëîãè÷åñêèõ çàäà÷, çíà÷èòåëüíî
ñîêðàùàåò âðåìÿ ïðîåêòèðîâàíèÿ, îäíàêî òðåáóåò òâîð÷åñêîãî ó÷àñòèÿ
îïûòíîãî çíàþùåãî òåõíîëîãà.
     Ñîîòâåòñòâåííî, îñîáåííîñòüþ èñïîëüçîâàíèÿ ÝÑ â ìàøèíîñòðîåíèè
ÿâëÿåòñÿ íåîáõîäèìîñòü ðåøåíèÿ çàäà÷ ïðè íàëè÷èè
íåôîðìàëèçîâàííûõ äàííûõ è çíàíèé, à òàêæå â óñëîâèÿõ
ëèíãâèñòè÷åñêîé íåîïðåäåëåííîñòè. Êðîìå òîãî, ÝÑ äîëæíû áûòü
îðèåíòèðîâàííû íà ðåøåíèå òàêèõ õàðàêòåðíûõ äëÿ ìàøèíîñòðîåíèÿ
çàäà÷, êàê äèàãíîñòèêà, èíòåðïðåòàöèÿ äàííûõ, êîíòðîëü, ïëàíèðîâàíèå,
ïðîåêòèðîâàíèå è óïðàâëåíèå.
      Ò.î. ôîðìàëèçàöèÿ çíàíèé â ÝÑ ïîäãîòîâêè  ÓÏ ÿâëÿåòñÿ ñëîæíîé
è òðóäîåìêîé çàäà÷åé, òðåáóþùåé îò  òåõíîëîãà âûñîêîé
ïðîôåññèîíàëüíîé ïîäãîòîâêè íå òîëüêî â ðÿäå òåõíè÷åñêèõ äèñöèïëèí,
íî è â îáëàñòè ìàòåìàòèêè è ïðîãðàììíîé èíæåíåðèè. Ïðîãðàììíîé
èíæåíåðèåé íàçûâàþò  èíæåíåðíî - íàó÷íóþ äèñöèïëèíó, ïðåäìåòîì
êîòîðîé ÿâëÿåòñÿ òî, ÷òî äîëæíû çíàòü è óìåòü  ëèöà, çàíèìàþùèåñÿ
ðàçëè÷íûìè âèäàìè èíæåíåðíîé äåÿòåëüíîñòè ïî ñîçäàíèþ è
èñïîëüçîâàíèþ ÏÎ äëÿ ïðîôåññèîíàëüíî êà÷åñòâåííîãî è
âûñîêîïðîèçâîäèòåëüíîãî âûïîëíåíèÿ ñâîåé ðàáîòû.
        Ôîðìàëèçàöèÿ âûøåóêàçàííûõ òåõíîëîãè÷åñêèõ àëãîðèòìîâ
äëÿ ÝÑ ïîäãîòîâêè ÓÏ òðåáóåò ðàçðàáîòêè ïðîãðàììíûõ ìîäóëåé
ïðè ïîìîùè ñïåöèàëüíûõ ÿçûêîâ ïðîãðàììèðîâàíèÿ.
     ßçûêè îïèñàíèÿ òåõíîëîãè÷åñêèõ àëãîðèòìîâ îáëàäàþò
äîñòàòî÷íî îãðàíè÷åííûìè âîçìîæíîñòÿìè ò.ê. â íèõ íàáëþäàåòñÿ
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îòñóòñòâèå â áîëüøåé èëè ìåïüøåé ñòåïåíè àëãîðèòìè÷åñêîé ïîëíîòû.
Ýòî îçíà÷àåò, ÷òî ñóùåñòâóåò ðÿä êëàññîâ ïðîåêòíûõ àëãîðèòìîâ,
íåðåàëèçóåìûõ â ðàìêàõ  òàêèõ ÿçûêîâ, ò.å. àëãîðèòìîâ, êîòîðûå
íåâîçìîæíî ñìîäåëèðîâàòü íèêàêèìè êîìáèíàöèÿìè ñðåäñòâ,
èìåþùèõñÿ â äàííîì ÿçûêå.
       Èòàê, ñ îäíîé ñòîðîíû ìû èìååì òåõíîëîãè÷åñêèé ïðîöåññ,
êîòîðûé îïèñûâàåòñÿ ñëîæíûì ïðîãðàììíî - ìàòåìàòè÷åñêèì
àïïàðàòîì, à ñ äðóãîé ñòîðîíû ÿçûê ïðîãðàììèðîâàíèÿ
òåõíîëîãè÷åñêèõ àëãîðèòìîâ, èìåþùèé îãðàíè÷åííûå àëãîðèòìè÷åñêèå
âîçìîæíîñòè.
     Ïîýòîìó ïðè ïðîãðàììèðîâàíèè ÓÏ âîçíèêàþò áîëüøèå òðóäíîñòè,
êîòîðûå â êîíå÷íîì ñ÷åòå îêàçûâàþò îòðèöàòåëüíîå âëèÿíèå íà
êà÷åñòâî ïðîèçâîäèìîé ïðîäóêöèè, ïîíèæàåòñÿ êà÷åñòâî è íàäåæíîñòü
ïðîãðàììèðîâàíèÿ, óâåëè÷èâàþòñÿ ñðîêè îòëàäêè ïðîãðàììíûõ
ìîäóëåé, ÷òî óâåëè÷èâàåò âðåìÿ íà òåõíîëîãè÷åñêóþ ïîäãîòîâêó
ïðîèçâîäñòâà.
     Ïîýòîìó àðõèòåêòóðà  ÑÀÏÐ NG äîëæíà èìåòü àðõèòåêòóðó
ýêñïåðòíîé ñèñòåìû, â áàçå çíàíèé êîòîðîé ýêñïåðòíûå çíàíèÿ
ôîðìàëèçóþòñÿ â âèäå òåõíîëîãè÷åñêèõ àëãîðèòìîâ.
     Íàèáîëåå ïåðñïåêòèâíûìè â ýòîì îòíîøåíèè ïðåäñòàâëÿþòñÿ
èäåè àáñòðàêòíûõ òèïîâ äàííûõ (ÀÒÄ ). Îñíîâíûå âàðèàíòû áûëè
ïðåäëîæåíû âî âòîðîé ïîëîâèíå 70-õ ãîäîâ : ( Õàð, Ëåñêîâ,
Ëîíäîí,Ïàðíàñ,Øî è äð.),íà êîòîðûõ îñíîâûâàþòñÿ èäåè îáúåêòíî-
îðèåíòèðîâàííîãî ïðîãðàììèðîâàíèÿ (ÎÎÏ).
    Ðåàëèçîâàòü âûøåîïèñàííóþ èäåþ âîçìîæíî ïðè ïîìîùè èäåîëîãèè
ÎÎÏ ñîçäàíèåì ñèñòåìû îáúåêòîâ ìàòåìàòè÷åñêèõ âû÷èñëåíèé è
îòäåëüíî -òåõíîëîãè÷åñêèõ ìîäóëåé, ïðè ñîçäàíèè êîòîðûõ
èñïîëüçîâàëèñü áû óêàçàííûå îáúåêòû â ïðîöåññå ñâîåãî
ôóíêöèîíèðîâàíèÿ .
     Îñíîâíûå ïðèíöèïû îáúåêòíî - îðèåíòèðîâàííîé èäåîëîãèè, ýòî:

1. Èíêàïñóëÿöèÿ.
2. Íàñëåäîâàíèå.
3. Ïîäêëàññû.
4. Ïîëèìîðôèçì.

Èíêàïñóëÿöèÿ - îáúåäèíåíèå â îäíîì ýëåìåíòå äàííûõ è ïðîöåäóð
èõ îáðàáîòêè.
Íàñëåäîâàíèå - ñîõðàíåíèå, ïåðåäà÷à àòðèáóòîâ äàííûõ è âûïîëíåíèå
íàä íèìè îïåðàöèè îò îáúåêòà ê îáúåêòó.
Ïîäêëàññû - âñå îáúåêòû ñîçäàþòñÿ íà îñíîâå êëàññîâ è íàñëåäóþò
ñâîéñòâà è ìåòîäû êëàññîâ. Êëàññû ìîãóò â ñâîþ î÷åðåäü ñîçäàâàòüñÿ
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íà îñíîâå äðóãèõ êëàññîâ. Òàêèå êëàññû íàçûâàþòñÿ ïîäêëàññàìè,
îíè íàñëåäóþò âñå ñâîéñòâà è ìåòîäû êëàññà. Ïîäêëàññû ïîçâîëÿþò
íàì ñîêðàòèòü îáúåì ïðîãðàììèðîâàíèÿ è ìàêñèìàëüíî èñïîëüçîâàòü
ïðåäûäóùèé îïûò ðàáîòû. Êðîìå òîãî èçìåíåíèå ñâîéñòâ è ìåòîäîâ
ðîäèòåëüñêîãî êëàññà îòñëåæèâàåòñÿ è â ïîäêëàññàõ. Ò.î. ìîæíî áåç
îñîáûõ çàòðàò èìåíèòü õàðàêòåðèñòèêè âñåãî ïðèëîæåíèÿ.
Ïîëèìîðôèçì - â òðàäèöèîííîì ïðîöåäóðíîì ïðîãðàììèðîâàíèè
àíàëîãîì ÿâëÿåòñÿ èìÿ âûçûâàþùåé ïîäïðîãðàììû.
       Èñõîäÿ èç õàðàêòåðà çàäà÷, ðåøàåìûõ â òåõíîëîãè÷åñêèõ
ìîäóëÿõ, è îñíîâûâàÿñü íà îáúåêòíî - îðèåíòèðîâàííîé èäåîëîãèè,
ìû äîëæíû îïðåäåëèòü êëàññû îáúåêòîâ, ìåòîäû è ñâîéñòâà îáúåêòîâ,
õàðàêòåðèçóþùèõ, îïèñûâàþùèõ è ñîñòàâëÿþùèõ  òåõíîëîãè÷åñêèé
ïðîöåññ. Ò.å. âûäåëèòü ñîñòàâëÿþùèå òåõíîëîãè÷åñêîãî ïðîöåññà,
êîòîðûå ñðàâíèòåëüíî ëåãêî ïîääàþòñÿ ôîðìàëèçàöèè è íàèáîëåå
ïîëíî îïèñûâàþò îòëè÷èòåëüíûå õàðàêòåðèñòèêè óêàçàííûõ
ñîñòàâëÿþùèõ.
       Ïðè ñîçäàíèè ïðîãðàììíûõ ìîäóëåé ïðîèçâîäÿòñÿ
ãåîìåòðè÷åñêèå âû÷èñëåíèÿ äëÿ îïðåäåëåíèÿ jgjhys[ njxtr,
ñîñòàâëÿþùèõ êîíòóð äåòàëè è ýêâèäèñòàíò, âû÷èñëåíèÿ, ñâÿçàííûå ñ
îïðåäåëåíèåì jgjhys[ njxtr òðàåêòîðèè ïåðåìåùåíèÿ èíñòðóìåíòà,
è âû÷èñëåíèÿ, ñâÿçàííûå ñ ðàñ÷åòîì ïàðàìåòðîâ ðåæèìîâ îáðàáîòêè.
Ñëåäîâàòåëüíî, ìîæíî âûäåëèòü òðè êëàññà îáúåêòîâ: êëàññ
ãåîìåòðè÷åñêèõ îáúåêòîâ, êëàññ îáúåêòîâ ïåðåìåùåíèÿ è êëàññ
îáúåêòîâ ðàñ÷åòà òåõíîëîãè÷åñêèõ ðåæèìîâ îáðàáîòêè. Ïðè ýòîì
êàæäûé êëàññ äîëæíà ñîñòàâëÿòü ñèñòåìà îáúåêòîâ ñ
õàðàêòåðèçóþùèìè äàííûé êëàññ ñâîéñòâàìè, è îïðåäåëåííûìè
ìåòîäàìè èñïîëüçóþùèìèñÿ â êîíêðåòíîì êëàññå.
Óêàçàííûå âûøå îáúåêòû îáðàçóþò òàê íàçûâàåìóþ OBJECT -
ñèñòåìó. Ïðîãðàììíûå ìîäóëè, êîòîðûå ïðîãðàììèðóþòñÿ òåõíîëîãîì
è èñïîëüçóþò îáúåêòû OBJECT - ñèñòåìû , îáðàçóþò òàê íàçûâàåìóþ
X-sistem-ó (Õ-ñèñòåìå).Ïðè ïðîãðàììèðîâàíèè ïðãðàììíûõ ìîäóëåé,
ïðèíàäëåæàùèõ Õ-ñèñòåìå , òåõíîëîã îïåðèðóåò òåõíîëîãè÷åñêèìè
çíà÷åíèÿìè,âåñü ñëîæíûé ïðãðàììíî-ìàòåìàòè÷åñêèé àïïàðàò
ïðèñóòñòâóåò â OBJECT - ñèñòåìå , ÷òî íå òðåáóåò îò òåõíîëîãà
ñïåöèàëüíûõ çíàíèé â îáëàñòè ìàòåìàòèêè è ïðîãðàììíîé èíæåíåðèè,
äîñòàòî÷íî ëèøü îñíîâ ïðîãðàììèðîâàíèÿ.
     Õ-ñèñòåìà è Object-ñèñòåìà ôóíêöèîíèðóþò â ñðåäå ÝÑ
ïîäãîòîâêè ÓÏ, êîòîðàÿ äîëæíà âêëþ÷àòü ëèøü áàçîâûå ôóíêöèè;
ìîäåëèðîâàíèå òðàåêòîðèè ïåðåìåùåíèÿ èíñòðóìåíòà, âèçóàëèçàöèè,
ïîñòïðîöåññèðîâàíèÿ è äîêóìåíòèðîâàíèÿ.
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       Ôóíêöèè Object-ñèñòåìû çàêëþ÷àþòñÿ  â îðèåíòàöèè ÝÑ íà
îïðåäåëåííûå âèäû ìåõàíè÷åñêîé îáðàáîòêè: òîêàðíàÿ, ôðåçåðíàÿ ,
ñâåðëèëüíàÿ, øëèôîâàëüíàÿ, ðàñòî÷íàÿ è ò.ä. Ò.ê. óêàçàííûì âèäàì
ìåõàíè÷åñêðé îáðàáîòêè ñîîòâåòñòâóþò ðàçëè÷íûå ìåòîäû çàäàíèÿ
êîíòóðà äåòàëè(òåë âðàùåíèÿ, òðåõìåðíûå êîîðäèíàòû äåòàëè,
îòâåðñòèÿ, êîðïóñíûå è ò.ä.),êðîìå òîãî ðàçëè÷àþò ñõåìû
ïåðåìåùåíèÿ è ãåîìåòðèþ ðåæóùåãî èíñòðóìåíòà.
         Äëÿ âûøåîïèñàííûõ âèäîâ ìåõàíè÷åñêîé îáðàáîòêè äîëæíû
ñóùåñòâîâàòü ñîáñòâåííûå ìàòåìàòè÷åñêèå ìåòîäû âû÷èñëåíèÿ è êàê
ñëåäñòâèå ìíîæåñòâî îáúåêòîâ, ò.å. Object- ñèñòåìà.
         Îïèñàííàÿ àðõèòåêòóðà ÝÑ ïîäãîòîâêè ÓÏ ïîçâîëÿåò ñîçäàòü
äîïîëíèòåëüíûå îáúåêòû èëè ñîçäàòü äðóãèå object- ñèñòåìû, è íà
áàçå object- ñèñòåìû äîïîëíèòåëüíûå ïðîãðàììíûå ìîäóëè â X- ñèñòåìå
èëè ñîçäàòü äðóãèå X- ñèñòåìû.
         Èìåÿ â ñâîåì ðàñïîðÿæåíèè ñèñòåìó îáúåêòîâ  òåõíîëîã
èìååò âîçìîæíîñòü áîëüøå óäåëèòü âíèìàíèÿ ôàêòè÷åñêîé ñòîðîíå
çàäà÷è ïðè ïðîãðàììèðîâàíèè îáðàáîòêè äåòàëåé, ò.å. ÷àñòü çàäà÷è
êîòîðàÿ ïðåäïîëàãàåò ñîçäàíèå ïðîãðàììíî-ìàòåìàòè÷åñêîãî
îáåñïå÷åíèÿ çíà÷èòåëüíî îáëåã÷àåòñÿ èñïîëüçîâàíèåì  âûøå îïèñàííîé
ñèñòåìîé îáúåêòîâ ïðè ñîçäàíèè ïðîãðàìíûõ ìîäóëåé. Ò.î. ïðîöåññ
îòëàäêè ïðîãðàììíûõ ìîäóëåé çíà÷èòåëüíî óïðàùàåòñÿ òåì ÷òî:
1) îáúåì ëèñòèíãà ïðîãðàììû çíà÷èòåëüíî óìåíüøàåòñÿ
2) òåêñò ïðîãðàììû óïðàùàåòñÿ òàê êàê ïðåäñòàâëÿåò ñîáîé
ïðîñòåéøèå êîíñòðóêöèè ïðè ïðîãðàììèðîâàíèè.
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fcgbhfynb f8vfvfvsfdhbidbkb

´´ sakonstruqtoro naxazis saxiT mocemuli detalis sawyisi

aRwerilobis damuSaveba meqanikuri damuSavebis teqnologiuri

procesebis avtomatizebuli proeqtirebisas moiTxovs sxvadasxva

amocanebis gadawyvetas:

detalis klasifikacia da mikuTvneba ama Tu im kompleqsuri

detalisaTvis; sakonstruqtoro naxazidan detalis operaciuli

konturis gamoyofa da redaqtireba; meqanikuri damuSavebis zonebis

gamoyofa da sxva.

Cvens mier damuSavebul iqna detalis konturidan

meqanikurad damuSavebis zonebis gamoyofis meTodi, romlis

saSualebiTac SesaZlebelia am etapis procedurebis mniSvnelovani

gamartiveba da proeqtirebis rogorc procesis saimedobis amaRleba.

meTodis struqtura sakmaod martivia da igi saSualebas

iZleva egm-is gamoyenebiT detalis konturidan gamoiyos meqanikuri

damuSavebis TiTqmis yvela tipis zona (garda Riasi). amisaTvis,

nax. 1. klasifikacia
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viyenebT meqanikuri damuSavebis zonebis klasebad da qveklasebad

dayofis meTods, romelic warmodgenilia grafis saxiT(nax. 1).

grafis mTavar elments warmoadgens zona(1), romelic Sedgeba

sami ti pis qveklasisagan, romlebic gaerTianebulni arian

teqnologiur zonaTa klasSi (2).

brunviTi tanis detalebisaTvis SesaZlebelia teqnologiur

zonaTa tipebis gamoyofa imisda mixedviT Tu rogor iqneba

ganpirobebuli instrumentis gadaadgileba. brunviTi tanis

detalebisaTvis instrumenti gadaadgildeba nax. 2-ze mocemul

koordinatTa sistemaSi.

nax. 2. saxarato Carxis kordinatTa sistema

manqanaTmSeneblobis teqnologiaSi gansazRvrulia [3] zonaTa

Semdegi tipebi:

1). gare naxevradRia zona.

ganapirobebs instrumentis gadaadgilebas OX da OZ RerZebis mxridan.
2) Sida naxevradRia zona

ganapirobebs instrumentis gadaadgilebas -OX da OZ  RerZebis
mxridan.

3) gare Ria zona

X

-X

Z-Z
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ganapirobebs instrumentis gadaadgilebas -OZ, OX  da OZ RerZebis
mxridan.

4) Sida Ria zona

ganapirobebs instrumentis gadaadgilebas -OZ, -OX   da  OZ RerZis
mxridan.

5) gare daxuruli zona

ganapirobebs instrumentis gadaadgilebas OX  RerZis mxridan.
6) Sida daxuruli zona

ganapirobebs instrumentis gadaadgilebas -OX  RerZis mxridan.
7) Ria torculi zona
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ganapirobebs instrumentis gadaadgilebas OX, OZ  da -OX RerZebis
mxridan.

8) daxuruli torculi zona

ganapirobebs instrumentis gadaadgilebas OZ RerZis mxridan.

zonebis gamoyofisaTvis principuli mniSvneloba ara aqvs

gare naxevradRia da Sida naxevradRia zonas, amitom maT vaerTianebT

naxevradRiaTa qveklasSi. aseve gaerTianebulia gare daxuruli da

Sida daxuruli zonebi daxurulTa qveklasSi. torculi zona

gamovyaviT calke qveklasSi. amasTanave, Ria zonebis gamoyofa ar

sruldeba, radgan algoriTmi funqcionirebs mxolod cilindruli

namzadebisaTvis.

Sedegad, Cvens mier, gamoyofil iqna teqnologiur zonaTa

klasi, romelic Sedgeba naxevradRia, daxuruli da torculi

qveklasisagan.

Tavis mxriv, TviToeuli qveklasi(magaliTad, naxevradRia)

primitivebis raodenobis mixedviT iyofa qveklasebad, romlebic

gaerTianebulni arian ganzogadebul primitivTa klasSi (3). es

imas niSnavs, rom ganzogadebul primitivTa klasis yovel qveklasSi

moTavsebulia naxevradRia qveklasis erTi primitivi da qveklasebis

raodenoba tolia naxevradRia qveklasSi primitivebis raodenobisa.

ganzogadebul primitivTa klasidan gamoiyofa

TanabarwertilianTa klasi (4), romelic Sedgeba qveklasebisagan.

amasTan TiToeul qveklasSi moTavsebulia ganzogadebul primitivTa

klasis qveklasebidan gamoyofili Tanabari sididis (sayrdeni

wertilebis raodenobis mixedviT) primitivebi. da bolos, viRebT

TanabarwertilianTa klasis qveklasis primitivebs (5).

ganvixiloT zonebis gamoyofis algoriTmi, romelic

funqcionirebs zemoT ganxilul klasifikaciaze dayrdnobiT. amasTan

aq viyenebT midgomas, romelic mdgomareobs garkveuli pirobebis

gaTvaliswinebiT, ase vTqvaT, didi bijis gadadgmaSi da SesaZlo

maqsimaluri zonis gamoyofaSi. rogorc muSaobis msvlelobam

gviCvena, Tu gamovyofT SesaZlo maqsimalur zonas (gadavdgamT
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did bijs) da misiT daviwyebT primitivebTan Sedarebis process,

ar Sedarebis SemTxvevaSi misi TandaTan Semcirebis xarjze, Tavidan

avicilebT mraval arasasurvel iteracias, drois mcire monakveTSi

naklebi Sromis fasad gamovyofT maqsimalur zonas da amasTan es

zonebi teqnologiuri TvalsazrisiT misaRebia.

zonebis gamoyofis meqanizmi naCvenebia nax. 4-ze. meTodis

ZiriTadi Tavisebureba mdgomareobs imaSi, rom zonebis gamoyofa

xorcieldeba winaswar aRwerili tipiuri zonebiT. amisaTvis

Tavdapirvelad xdeba detalis konturze savaraudo konturis

gamoyofa, anu garkveuli hipoTezis daSveba, Semdeg xdeba hipotezis

Semowmeba anu savaraudo konturis Sedareba yvela SesaZlo tipiur

zonebTan. Tu Sedareba dadebiTia maSin xdeba savaraudo konturidan

zonis gamoyofa. winaaRmdeg SemTxvevaSi xorcieldeba axali

savaraudo konturis gamoyofa anu axali hipoTezis daSveba.

nax. 4.  zonebis gamoyofis meqanizmi

maTematikuri TvalsazrisiT, es amocana daiyvaneba gadarCevis

amocanamde, rodesac winaswar gansazRvrulia SesaZlo tipiuri

gadawyvetebi da sinTezis amocana warmoadgens garkveuli mosazrebiT

(kriteriumiT) saukeTeso alternatiuli variantis amorCevas.

maTematikurad aRniSnuli amocana Caiwereba Semdegi korteJis saxiT:

α={Ω,Ν}α={Ω,Ν}α={Ω,Ν}α={Ω,Ν}α={Ω,Ν}
sadac  ααααα  miRebuli gadawyvetileba,  ΩΩΩΩΩ amorCevis kriteriumia,

xolo  ΝΝΝΝΝ  SesaZlo alternatiuli variantebis simravlea.

rogorc cnobilia gadarCevis amocana gamoirCeva SedarebiTi

simartiviT, magram aqve unda aRiniSnos rom SesaZlo alternatiuli

variantebis didi simravlis gamo meTodis realizeba xSirad Zalzed

problematuria. amitom umravles SemTxvevaSi saqme gvaqvs

mizanmimarTul gadarCevamde, rodesac amorCevis kriteriumis garda

?BGJNTPF ITLFHT,F

NBGBEHB
PJYT,B

FQOTHF
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xorcieldeba e.w. Zebnis strategiis gansazRvra. am SemTxvevaSi

gansakuTrebuli mniSvneloba eniWeba swori strategiis gansazRvras,

vinaidan winaaRmdeg SemTxvevaSi, miRebuli kriteriumis

TvalsazrisiT, SesaZloa arasasurveli gadawyvetilebis SerCeva.

Cvens SemTxvevaSi sakonstruqtoro primitivebis SesaZlo

didi simravlis gamo mizanSewonilia mizanmimarTuli  gadarCevis

ganxorcieleba, rac SegviZlia warmovidginoT rogorc saxeTa

gamocnobis amocana [1], romelic dayrdnobilia TvisebaTa  saerToobis

princi pze [4] da romelic savaraudo fragmentis Tvisebebis

gaTvaliswinebiT sakonstruqtoro primitivebis (etalonTa) saerTo

masidan, maTi Tvisebebis Sedarebis safuZvelze,  gamoyofs

optimalurs da  aRniSnul fragments miakuTvnebs mas.

zonebis gamoyofis procesSi xdeba detalis da namzadis

konturis etapobrivi gardaqmna, amitom konturebis Sualeduri

mdgomareobis dasaxasiaTeblad SemoRebulia e. w. mdgomareobis

veqtori, romelic aRwers detalis da namzadis mimdinare konturebs

(nax.5, bloki 1), amasTan algoriTmi funqcionirebs mxolod

cilindruli tipis namzadebisaTvis, rac warmoadgens SezRudvas

meTodisaTvis. Tumca, unda aRiniSnos rom sxva ti pis

namzadebi(naStampi da Camosxmebi) ZiriTadad gamoiyeneba masiuri

tipis warmoebaSi Tavisi siZviris gamo, xolo cilindruli saxis

namzadebi damzadebis SedarebiT martivi teqnologiis xarjze ufro

iafia da Sedegad ufro xSirad gamoiyeneba wvrilseriul da saSualo

seriul warmoebaSi.

Tavdapirvelad xdeba Zebnis strategiis gansazRvra. vadgenT

gamosayofi zonis ti ps(naxevradRia, torculi, daxuruli)

teqnologiur zonaTa klasidan (nax. 1) da vpoulobT maqsimaluri

sayrdeni wertilis sidides(bloki 2). rogorc gvaCvena Catarebulma

analizma, teqnologiur zonaTa klasSi qveklasebis Zebnis strategiis

gansazRvra unda iyos Semdegnairi: jer unda gamoiyos naxevradRia

zonebi, Semdeg  daxuruli da bolos torculi. nebismieri sxva

mimdevrobiT aRniSnuli qveklasebis gamoyofas mivyevarT

teqnologiuri TvalsazrisiT ararealuri zonebis gamoyofamde.

amis Semdeg xorcieldeba mdgomareobis veqtoris analizi

(bloki 3). im SemTxvevaSi Tu detalis konturze aris kidev

aRsaweri konturebi, maSin gadavdivarT Semdeg blokze, Tu ara

davasrulebT muSaobas (bloki 11).

mdgomareobis veqtoris analizis Semdeg, teqnologiur

zonaTa qveklasisa da am qveklasisaTvis Zebnis maqsimaluri

ganzomilebis mixedviT gamovyofT savaraudo zonas da vadgenT
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Zebnis ganzomilebas primitivis identifikaciisaTvis (bloki 4).

Tu savaraudo zonis gamoyofa ver moxerxda Tavidan viwyebT Zebnis

axali strategiis gansazRvras anu teqnologiur zonaTa klasSi

gadavdivarT Semdeg qveklasze (bloki 2). vaxdenT primitivis

identifikacias (bloki 5), anu vagebT nax. 2-ze mocemulis msgavs

nax. 5. funqcionaluri blok-sqema
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grafs konkretuli amocanisaTvis Semdegi TanmimdevrobiT, jer

naxevradRia, Semdeg daxuruli, bolos torculi da virCevT

primitivebs (obieqtebs) primitivis identifikaciisaTvis Zenis

ganzomilebis mixedviT.

amrigad, am etapisaTvis savaraudo zona gamoyofilia da

SedarebisaTvis saWiro primitivebic napovnia. am SemTxvevaSi

aucilebelia moxdes gamoyofili zonis Sedareba primitivebTan,

anu rac igivea misi erTerTisaTvis mikuTvneba (bloki 6). im

SemTxvevaSi Tu pirvel primitivTan Sedareba ver ganxorcielda

gadavdivarT Semdegi primitivis identifikaciaze igive Zebnis

ganzomilebisaTvis (bloki 9) da Tavidan vaxdenT Sedarebas (bloki

6). Tu moxda ise, rom arcerTi primitivi ar Seudarda Zebnis

ganzomilebas vamcirebT erTiT (bloki 10) da Tavidan viwyebT

savaraudo zonis gamoyofas (bloki 4), xolo Tu Zebnis ganzomilebis

Semcireba SeuZlebelia maSin Tavidan viwyebT Zebnis axali strategiis

gansazRvras (bloki 1), anu teqnologiur zonaTa klasSi gadavdivarT

Semdeg qveklasze. Tu Sedareba warmatebiT ganxorcielda (bloki

6) vaxdenT gamoyofili zonis parametrizebul aRweras, anu viTvliT

zonis parametrebis ricxviT mniSvnelobebs (bloki 7).

amis Semdeg, vaxdenT mdgomareobis veqtoris gardaqmnas

(bloki 8). detalisa da namzadis konturidan viRebT aRweril

monakveTebs da darCenili konturisaTvis vanxorcielebT aRweras

Tavidan (bloki 2) da mTeli cikli meordeba manam, sanam detalis

mTliani konturi ar aRiwereba, an manam, sanam detalis konturis

aRwera SeuZlebeli gaxdeba. amis Semdeg sistema daasrulebs muSaobas

(bloki 11).

kbnthfnehfkbnthfnehfkbnthfnehfkbnthfnehfkbnthfnehf

1. a.SarmazanaSvili, a. mamamTavriSvili.  detalis geometriis

gardaqmna saxeTa gamocnobis     meTodiT.\stu-Sromebi. 1(417).
Tbilisi-199 gv. 161—169.  SSNN 0201-7164.
2. Ðàçðàáîòêà ÓÏ ñ ïîìîøüþ ìèêðî ÂÌ recis ker.-
1987.-5.-N3.- 148-160.
3. Äå!ÿá,… À. Ë., òå!ç%… . …,ÿ
äåò   =. å,
1989.-288ñ.
4. Äæ .Òó, ÐÐ. Ãîíñàëåñ.  Ïðèíöèïè ðàñïîçíàâàíèà îáðàçîâ. 1978
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Hfphf,jnrf vjlekz bydfhbfynyjujHfphf,jnrf vjlekz bydfhbfynyjujHfphf,jnrf vjlekz bydfhbfynyjujHfphf,jnrf vjlekz bydfhbfynyjujHfphf,jnrf vjlekz bydfhbfynyjuj
gjcnghjwtccbhjdfybz eghfdkz.ob[ ghjuhfvvgjcnghjwtccbhjdfybz eghfdkz.ob[ ghjuhfvvgjcnghjwtccbhjdfybz eghfdkz.ob[ ghjuhfvvgjcnghjwtccbhjdfybz eghfdkz.ob[ ghjuhfvvgjcnghjwtccbhjdfybz eghfdkz.ob[ ghjuhfvv
d CFGH NGd CFGH NGd CFGH NGd CFGH NGd CFGH NG

     fcgbhfyn  Y  Ljkblpt

Ýôôåêòèâíîñòü êîìïüþòåðèçèðîâàííûõ ïðîèçâîäñòâåííûõ ñèñòåì
(ÊÏÑ) â áîëüøîé ñòåïåíè çàâèñèò îò óðîâíÿ è êà÷åñòâà ðåøåíèÿ
ïðîáëåìû àâòîìàòèçàöèè ïðîãðàìèðîâàíèÿ ñèñòåì ÷èñëîâîãî
ïðîãðàìíîãî óïðàâëåíèÿ (Ñ×ÏÓ) äëÿ ðàçëè÷íûõ âèäîâ
òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ - òîêàðíûõ, ôðåçåðíûõ è äðóãèõ
ñòàíêîâ.

×èñëîâîå ïðîãðàìíîå óïðàâëåíèå (×ÏÓ) ýòî ïðîöåññ âî âðåìÿ
êîòîðîãî ïðîèñõîäèò óïðàâëåíèå òåõíîëîãè÷åñêèì ïðîöåññîì
ïðîèçâîäñòâà ïîñðåäñòâîì óïðàâëåíèz ñïåöèàëüíûõ ÷èñëîâûõ êîäîâ,

ïîñëåäîâàòåëüíîñòü êîòîðûõ îáðàçóþò òàê íàçûâàåìóþ
óïðàâëÿþùóþ ïðîãðàììó (ÓÏ).  Êîìàíäû ÓÏ îïðåäåëÿþò
òðàåêòîðèþ äâèæåíèÿ è ðåæèìû ðàáîòû èñïîëíèòåëüíûõ îðãàíîâ
òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ.

Ñîçäàíèå ÓÏ îñóùåñòâëÿåòñÿ íà ýòàïå òåõíîëîãè÷åñêîé ïîäãîòîâêè
ïðîèçâîäñòâà ïðè ïîìîùè ñïåöèàëüíûõ ñèñòåì àâòîìàòèçèðîâàííîãî
ïðîýêòèðîâàíèÿ (ÑÀÏÐ ÓÏ).

Â ñîñòàâ ÑÀÏÐ ÓÏ âõîäèò òðè îñíîâíûõ ìîäóëÿ:
1. Òåõíîëîãè÷åñêèé ïðîöåññîð
2. Ãåîìåòðè÷åñêèé ïðîöåññîð
3. Ïîñòïðîöåññîð.

Âçàèìîñâÿçü îïèñàííûõ ìîäóëåé ïðåäñòàâëåíà íà  ðèñóíêå.
Òåõíîëîãè÷åñêèé ïðîöåññîð ïðåäíàçíà÷åí äëÿ îïðåäåëåíèÿ

ïàðàìåòðîâ ðåæèìà ðàáîòû èñïîîëíèòåëüíûõ îðãàíîâ
òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ, òàêèõ  êàê íàïðèìåð: ñêîðîñòü
ïåðåìåùåíèÿ, êîëè÷åñòâî îáîðîòîâ øïèíäåëÿ è ò. ä.

Nt[yjkj-
ubxtcrbq
ghjwtccjh

Utjvt-
nhbxtcrbq
ghjwtccjh
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fv
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f
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CLDATA (Cutter Location Data) ÿâëÿåòñÿ ïðîìåæóòî÷íûì óðîâíåì
îïèñàíèÿ ÓÏ, êîòîðûé ïðåäñòàâëÿåò ñîáîé ìàññèâ ñîäåðæàùèé
ïîñëåäîâàòåëüíîñòü ëîãè÷åñêèõ çàïèñåé ïåðåìåííîé äëèíû. Êàæäàÿ
çàïèñü ýòî ïîñëåäîâàòåëüíîñòü ëîãè÷åñêèõ ñëîâ ñîäåðæàùàÿ
èíôîðìàöèþ îïðåäåëåííîãî âèäà, íàïðèìåð: êîîðäèíàòû,
îïðåäåëÿþùèå òðàåêîòðèþ äâèæåíèÿ èíñòðóìåíòà, óêàçàòåëè
òåõíîëîãè÷åñêèõ ðåæèìîâ îáðàáîòêè, êàíîíè÷åñêèå ôîðìû
ãåîìåòðè÷åñêèõ ýëåìåíòîâ êîíòóðà, ñâåäåíèÿ î äîïóñêàõ, î ðåæóùåì
èíñòðóìåíòå è ò. ä.

Ñòàíî÷íàÿ óïðàâëÿþùàÿ ïðîãðàììà ïðåäñòàâëÿåò ñîáîé âòîðîé
óðîâåíü îïèñàíèèÿ  ÓÏ äëÿ êîíêðåòíîãî ñòàíêà ñ ×ÏÓ.

Ïîñòïðîöåññîð ÿâëÿåòñÿ ïîãðàìíÿì ìîäóëåì ïðåäíàçíà÷åííûì äëÿ
îáðàáîòêè çàïèñåé CLDATA è âûäàþùåì íà âûõîäå ñòàíî÷íóþ
ïðîãðàììó äëÿ êàæäîãî îòäåëüíîãî óñòðîéñòâà ×ÏÓ, êðîìå òîãî â
ôóíêöèè ïîñòïðîöåññîðà âõîäèò îñóùåñòâëåíèå ò. í. îáðàòíîé
êîìïèëÿöèè èç ñòàíî÷íîé ïðîãðàììû â CLDATA, ÷òî ïîçâîëÿåò
âåðèôèöèðîâàòü âèçóàëüíûìè ñðåäñòâàìè ÑÀÏÐ ÓÏ, óæå èíåþùóþñÿ
ñòàíî÷íóþ ïðîãðàììó.

Õîòÿ ìåæäóíàðîäíûì ñòàíäàðòîì ISO è ðåãëàìåíòèðîâàííû
îïðåäåëåííûå ïðàâèëà êîäèðîâàíèÿ ÷èñëîâîé èíôîðìàöèè â ñòàíî÷íûõ
ÓÏ, òåì íå ìåíåå ISO ñòàíäàðòû íå âñåãäà ñîáëþäàþòñÿ.

Ñòàíî÷íóþ ïðîãðàììó çàïèñûâàþò â âèäå ïîñëåäîâàòåëüíîñòè
êàäðîâ (ñîäåðæàíèå êàäðîâ ñòàíî÷íîé ïðîãðàììû òàêæå
ðåãëàìåíòèðîâàííî). Èíôîðìàöèîííûå ñëîâà â êàäðå îáû÷íî
çàïèñûâàþò â ñëåäóþùåé ïîñëåäîâàòåëüíîñòè:

1. Ïîäãîòîâèòåëüíàÿ ôóíêöèÿ - (G);
2. Ðàçìåðíûå ïåðåìåùåíèÿ ïî ðàçëè÷íûì êîîðäèíàòàì -
    (X,Y,Z,U,V,W,P,Q,A,B,C);
3. Ïàðàìåòðû èíòåðïîëÿöèè èëè øàã ðåçüáû - (I,J,K);
4. Ôóíêöèÿ ïîäà÷è - (F);
5. Ôóíêöèÿ ãëàâíîãî äâèæåíèÿ - (S);
6. Ôóíêöèÿ èíñòðóìåíòà - (T);
7. Âñïîìîãàòåëüíàÿ ôóíêöèÿ - (M);

Êðîìå òîãî , â ðàçíûûõ óñòðîéñòâàõ ×ÏÓ íåêîòîðûå êîìàíäû
èìåþò îäèíàêîâîå ôóíêöèîíàëüíîå íàçíà÷åíèå. Êàê ïðàâèëî, ýòî
êîìàíäû ïîäãîòîâèòåëüíîé (ãðóïïà G) è âñïîìîãàòåëüíîé  (ãðóïïà
M) ôóíêöèé, íàïðèìåð:

G00 áûñòðûé õîä
G01 ëèíåéíàÿ èíòåðïîëÿöèÿ
G02 êðóãîâàÿ èíòåðïîëÿöèÿ ïî ÷àñîâîé ñòðåëêå
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G03 êðóãîâàÿ èíòåðïîëÿöèÿ ïðîòèâ ÷àñîâîé ñòðåëêå
G90 ââîä àáñîëþòíîãî çíà÷åíèÿ
G91 ââîä îòíîñèòåëüíîãî çíà÷åíèÿ
G94 ïîäà÷à íà ìì/ìèí
G95 ïîäà÷à íà ìì/îá
M03 âðàùåíèå øïèíäåëÿ ïî ÷àñîâîé ñòðåëêå
M04 âðàùåíèå øïèíäåëÿ ïðîòèâ ÷àñîâîé ñòðåëêå
M05 îñòàíîâ øïèíäåëÿ.

Îñòàëüíûå êîìàíäû ðàçíûõ óñòðîéñòâ ×ÏÓ ìîãóò îòëè÷àòñÿ íå
òîëüêî ôîðìàòîì çàïèñè, íî è íàçíà÷åíèåì. Êðîìå òîãî êîìàíäû
îáîçíà÷àþùèå îïðåäåëåííîå äåéñòâèå ó îäíèõ Ó×ÏÓ ìîãóò
ñîâåðøåííî îòñóòñòâîâàòü ó äðóãèõ óñòðîéñòâ ×ÏÓ.

Âíèçó ïðèâåäåíû ïðèìåðû äåìîíñòðèðóþùèå ðàçëè÷èÿ êîìàíäíûõ
ñëîâ â ñëåäóþùèõ  óñòðîéñòâàõ ×ÏÓ:

• Sinumerik 7T
• CNC - Y
• Hunor PNC 712
• Ýëåêòðîíèêà ÍÖ 31-01.

F - ôóíêöèÿ ïîäà÷è

S in u m e r ik  7 T C N C - Y H u n o r  P N C  7 1 2  Y W31

F 0 2 3 F 0 5 F 1 .3 F 0 6

Äàííàÿ òàáëèöà äåìîíñòðèðóåò ðàçíîñòü ôîðìàòîâ çàïèñè ôóíêöèè
ïîäà÷è ó ðàçíûõ Ó×ÏÓ, íàïðèìåð: ó Sinumerik 7T ôîðìàò F023,
lfyyjt îçíà÷àåò ÷òî âî âðåìÿ çàïèñè ôóíêöèè ïîäà÷è ïîñëå F
êîìàíäíîãî ñëîâà ïèøåòñÿ ÷èñëåííîå çíà÷åíèå ïàðàìåòðà, ãäå öåëîå
÷èñëî íå äîëæíî ïðåâûøàòü  2 åäåíèöû, à äðîáíàÿ ÷àñòü - 3 åäåíèöû,
êðîìå òîãî 0 îáîçíà÷àåò ÷òî â ñëó÷àå åñëè öåëîå ÷èñëî ýòî öåëîå
äâóçíà÷íîå ÷èñëî òî íà ìåñòå ñîòåííîãî ÷èñëà ïèøåòñÿ 0  (íàïð:
F01.706).

M02 - êîíåö ïðîãðàììû

Êàê âèäíî èç òàáëèöû  ó Sinumerik 7T, CNC - Y è Ýëåêòðîíèêà
ÍÖ 31-01 ôóíêöèÿ M02 îïðåäåëÿåò êîíåö ïðîãðàììû, íî ýòà æå
ñàìàÿ ôóíêöèÿ  îòñóòñòâóåò ó Hunor PNC 712.
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Ïîäãîòîâèòåëüíàÿ ôóíêöèÿ G60

S in u m e r ik  7 T C N C - Y H u n o r  P N C  7 1 2  Y W31

nj xy= j cnf y j d j nce ncnde t n wbr k j nce ncnde t n

Â òàáëèöå äåìîíñòðèðóåòñÿ ðàçíîå ôóíêöèîíàëüíîå íàçíà÷åíèå
ïîäãîòîâèòåëüíîé ôóíêöèè G60:

• Sinumerik 7T  - ïîäãîòîâèòåëüíàÿ ôóíêöèÿ  G60 îïðåäåëÿåò
òî÷íûé îñòàíîâ
• CNC - Y è Ýëåêòðîíèêà ÍÖ 31-01 äàííàÿ ôóíêöèÿ îòñóòñòâóåò
• Hunor PNC 712 - ïîäãîòîâèòåëüíàÿ ôóíêöèÿ G60 èìååò
äðóãîå  ôóíêöèîíàëüíîå íàçíà÷åíèå è îïðåäåëÿåò îðãàíèçàöèþ
öèêëà.

M06 - ñìåíà èíñòðóìåíòà

S in u m e r ik  7 T C N C - Y H u n o r  P N C  7 1 2  Y W31

M 0 6 j nce ncnde t n j nce ncnde t n j nce ncnde t n

Ôóíêöèîíàëüíîå íàçíà÷åíèå M06 ôóíêöèè ýòî ñìåíà èíñòðóìåíòà.
Äàííàÿ ôóíêöèà ìîæåò îòñóòñòâîâàòü ó íåêîòîðûõ Ó×ÏÓ êàê
íàïðèìåð îíà îòñóòñòâóåò ó CNC - Y, Hunor PNC 712 è Ýëåêòðîíèêà
ÍÖ 31-01.

M46 - ðàáîòà ñ èíñòðóìåíòàëüíûì ìàãàçèíîì

S in u m e r ik  7 T C N C - Y H u n o r  P N C  7 1 2  Y W31

j nce ncnde t n M 4 6 j nce ncnde t n j nce ncnde t n

Êàê âèäíî èç òàáëèöû M46 âñïîìîãàòåëüíàÿ ôóíêöèÿ îòñóòñòâóåò
ó Sinumerik 7T, Hunor PNC 712 è Ýëåêòðîíèêà 31-01.

Òàê êàê, îñíîâíîé çàäà÷åé ïîñòïðîöåññîðà ÿâëÿåòñÿ ñîçäàíèå
ñòàíî÷íîé ïðîãðàììû, òî ðàçëè÷èå êîìàíä â ðàçíûõ óñòðîéñòâàõ
×ÏÓ ïîðîæäàåò ïðîáëåìó ïîñòïðîöåññîðîâ äëÿ ðàçíûõ ÑÀÏÐ ÓÏ,
ñîñòîÿùóþ â òîì, ÷òî êàæäîå íîâîå òåõíîëîãè÷åñêîå îáîðóäîâàíèå
òðåáóåò ðàçðàáîòêè ñîîòâåòñòâóþùåãî ïîñòïðîöåññîðíîãî ìîäóëÿ.

Ðåøåíèå äàííîé ïðîáëåìû âîçìîæíî äâóìÿ ñïîñîáàìè:
Ñîçäàíèå íîâûõ ïîñòïðîöåññîðíûõ ìîäóëåé ðàçðàáîò÷èêàìè
ÑÀÏÐ ÓÏ.  Òàêîå ðåøåíèå õàðàêòåðíî äëÿ ÑÀÏÐ ÓÏ ñ
æåñòêîé àðõèòåêòóðîé, ïðè ýòîì àäàïòàöèÿ ïðîãðàìíî-
ìàòåìàòè÷åñêîãî îáåñïå÷åíèÿ (ÏÌÎ) íà êîíêðåòíûé ïàðê

•
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Ó×ÏÓ ïîëüçîâàòåëÿ íå ìîæåò áåòü îñóùåñòâëåííà ñàìèì
ïîëüçîâàòåëåì.
Íàñòðîéêà ïîñòïðîöåññîðíîãî ìîäóëÿ íà êîíêðåòíîå
òåõíîëîãè÷åñêîå îááîðóäîâàíèå ñàìèì ïîëüçîâàòåëåì, ÷òî
ñîîòâåòñòâóåò êîíöåïöèè ÑÀÏÐ ÓÏ ñ îòêðûòîé àðõèòåêòóðîé.

Ñîçäàíèå ÑÀÏÐ ÓÏ ñ îòêðûòîé àðõèòåêòóðîé ïðèâîäèò ê
íåîáõîäèìîñòè ðàçðàáîòêè èíâàðèàíòíîãî ïîñòïðîöåññîðà,
íàñòðàèâàåìèãî íà êîíêðåòíóþ ìîäåëü Ó×ÏÓ. Îäíàêî ïðèìåíåíèå
òàêîãî èíâàðèàíòíîãî ïîñòïðîöåññîðà ñíèìàåò ïðîáëåìó â ðàìêàõ
îïðåäåëåííûõ ÑÀÏÐ ÓÏ. Êàê îáû÷íî ÑÀÏÐ ÓÏ îòëè÷àþòñÿ
ïðàâèëàìè îïèñàíèÿ ïðîìåæóòî÷íîãî ÿçûêà CLDATA. Íåñìîòðÿ íà
îïðåäåëåííûå óíèôèêàöèè ïðîìåæóòî÷íûå äàííûå  CLDATA
ðàçëè÷íûõ ÑÀÏÐ ÓÏ (íàïðèìåð: APT, MODAPT, EXAPT, 2CL,
TEXTPAH, ÀÏÒ ÅÑ, ÀÏÒ ÑÌ, ÑÀÏÑ - 9 È ÄÐ.) èìåþò ñâîè
îñîáåííîñòè: êîëè÷åñòâî ñëîâ â çàïèñè, ïîðÿäîê îïèñàíèÿ, ðàçíîñòü
ôîðìàòîâ, ðàçíîñòü êîäîâ; â ðåçóëüòàòå âîçíèêàåò íåîáõîäèìîñòü
ðàçðàáîòêè ñîáñòâåííîãî èíâàðèàíòíîãî ïîñòïðîöåññîðà äëÿ êîíêðåòíîé
ÑÀÏÐ ÓÏ.

Èñõîäÿ èç âûøåñêàçàííîãî, âîçíèêëà èäåÿ ñîçäàíèÿ òàêîãî
èíâàðèàíòíîãî ïîñòïðîöåññîðà, êîòîðûé ïðåäñòàâëÿë áû èç ñåáÿ
íåçàâèñèìûé ìîäóëü àäàïòèðóåìûé ê ðàçëè÷íûì ÑÀÏÐ ÓÏ  â áàçå
äàííûõ êîòîðîé áóäóò çàëîæåíû ìîäèôèöèðóåìûå äàííûå î
ðàçëè÷íûõ óñòðîéñòâàõ ×ÏÓ è î CLDATA  ðàçëè÷íûõ ÑÀÏÐ ÓÏ.

Êàê âèäíî èç ñëåäóþùåãî ðèñóíêà ìîäóëü èíâàðèàíòíîãî
ïîñòïðîöåññîðà âûäåëåí èç ÑÀÏÐ ÓÏ è ñëóæèò ñâÿçóþùèì çâåíîì
ìåæäó ÑÀÏÐ ÓÏ è  ãðóïïîé Ó×ÏÓ.

Ïðîöåññ ðàçðàáîòêè èíâàðèàíòíîãî ïîñòïðîöåññîðà ìîæíî
ðàçäåëèòü íà ñëåäóþùèå îñíîâíûå ýòàïû:

•

Bydfhbfynysq
gjcnghjwtccjhysq

vjlekm

Vyj;tcndj
CLDATA

Vyj;tcndj
EXGE
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1. Ðàçðàáîòêà ìåòîäèêè êîìïèëÿöèè ñòàíî÷íîé ïîãðàììû.
2. Ðàçðàáîòêà ìåòîäèêè êîìïèëÿöèè CLDATA èç ñòàíî÷íîé
ïîãðàììû.
3. Ðàçðàáîòêà áàçû äàííûõ èíâàðèàíòíîãî ïîñòïðîöåññîðà.
Ðàñìîòðèì âûøåñêàçàííûå ýòàïû ïîäðîáíî.
ÌåòîäèêàÌåòîäèêàÌåòîäèêàÌåòîäèêàÌåòîäèêà êîìïèëÿöèè ñòàíî÷íîé ïîãðàììû ìîæåò áûòü

ïðåäñòàâëåíà â âèäå  ñëåäóþùèõ ïîñëåäîâàòåëüíûõ øàãîâ, êîòîðûå
ïîçâîëÿþò ñ÷èòûâàòü è èäåíòèôèöèðîâàòü çàïèñ CLDATA è â èòîãå
ôîðìèðîâàòü ñòàíî÷íóþ ïðîãðàììó:
1. Ñ÷èòûâàíèå çàïèñè CLDATA
2. Èäåíòèôèêàöèÿ ôîðìàòà CLDATA
3. Îïðåäåëåíèå ôóíêöèîíàëüíîãî íàçíà÷åíèÿ çàïèñè CLDATA
4. Èäåíòèôèêàöèÿ ïàðàìåòðîâ è âñïîìîãàòåëüíûõ ñëîâ CLDATA
5. Èäåíòèôèêàöèÿ ïðîäîëæåíèÿ çàïèñè CLDATA
6. Íàõîæäåíèå ñîîòâåòñòâåííîé ñòàíî÷íîé ôóíêöèè
7. Îïðåäåëåíèå ôîðìàòà çàïèñè ñëîâ ñòàíî÷íîé ïðîãðàììû
8. Îïðåäåëåíèå ïîñëåäîâàòåëüíîñòè ñëîâ â ñòàíî÷íîé ïðîãðàììå
9. Ôîðìèðîâàíèå ïàðàìåòðîâ àäðåñíûõ ñëîâ ñòàíî÷íîé

ïðîãðàììû
10. Çàïèñü êàäðà ñòàíî÷íîé ïîãðàììû
11. Èäåíòèôèêàöèÿ íàëè÷èÿ  ñëåäóþùåé çàïèñè CLDATA .
12. True: ïåðåõîä íà ïóíêò 1.

ÌåòîäèêàÌåòîäèêàÌåòîäèêàÌåòîäèêàÌåòîäèêà êîìïèëÿöèè CLDATA èç ñòàíî÷íîé ïîãðàììû ñîñòîèò
èç ñëåäóþùèõ øàãîâ:
1. Ñ÷èòûâàíèå êîìàíäíîãî ñëîâà â êàäðå ñòàíî÷íîé ïîãðàììû.
2. Èäåíòèôèêàöèÿ ôîðìàòà êîìàíäíûõ ñëîâ ñòàíî÷íîé

ïîãðàììû.
3. Îïðåäåëåíèå ôóíêöèîíàëüíîãî íàçíà÷åíèÿ êîìàíäíîãî ñëîâà

ñòàíî÷íîé ïîãðàììû.
4. Íàõîæäåíèå ñîîòâåòñòâåííîãî ôóíêöèîíàëüíîãî íàçíà÷åíèÿ

çàïèñè CLDATA.
5. Îïðåäåëåíèå ôîðìàòà çàïèñè CLDATA.
6. Èäåíòèôèêàöèÿ ïàðàìåòðîâ è âñïîìîãàòåëüíûõ ñëîâ

CLDATA.
7. Ôîðìèðîâàíèå çàïèñè CLDATA.
8. Èäåíòèôèêàöèÿ ôîðìèðîâàíèÿ ìíîãîñòðî÷íîé çàïèñè
9. True: ïåðåõîä íà ïóíêò 1.

Ðàçðàáîòêó áàçû äàííûõ èíâàðèàíòíîãî ïîñòïðîöåññîðà óïðîùåííî
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ìîæíî ðàçäåëèòü íà äâà îñíîâíûõ ýòàïà:
• Ðàçðàáîòêà êîíöåïòóàëüíîé ìîäåëè áàçû äàííûõ.
• Ðàçðàáîòêà è  ñîçäàíèå ôèçè÷åñêîé ìîäåëè áàçû

äàííûõ.
Âî âðåìÿ ðàçðàáîòêè êîíöåïòóàëüíîé ìîäåëè áàçû äàííûõ áûëî

ðàñìîòðåííî è àïðîáèðîâàííî íåñêîëüêî ïîäõîäîâ.

Íà ðàííåé ñòàäèèÍà ðàííåé ñòàäèèÍà ðàííåé ñòàäèèÍà ðàííåé ñòàäèèÍà ðàííåé ñòàäèè ðàçðàáîòêè êîíöåïòóàëüíîé ìîäåëè âîçíèêëà
èäåÿ ñîçäàíèÿ èíôîðìàöèîííîãî ìàññèâà äëÿ ðàçíûõ ãðóïï
êîìàíäíûõ ñëîâ âñåõ ìîäåëåé Ó×ÏÓ, íàïðèìåð: èíôîðìàöèîííûé
ìàññèâ “Ïîäãîòîâèòåëüíàÿ ôóíêöèÿ” äîëæåí èìåòü ñëåäóþùèå ïîëÿ:

{Ôóíêöèÿ}  {êîä Ó×ÏÓ}  {êîä CLDATA}   {ïîä-êîä CLDATA}
Ãäå:
• Ôóíêöèÿ - Îçíà÷àåò êîìàíäíîå ñëîâî
• Êîä Ó×ÏÓ - Êîä ïðèñâîåííûé êîíêðåòíîìó ñòàíêó
• Êîä CLDATA - Ãëàâíûé êîä CLDATA
• Ïîä-êîä CLDATA - Êîä âñïîìîãàòåëüíîãî ñëîâà  CLDATA.

Êðîìå òîãî ñóùåñòâóåò åùå îäèí èíôîðìàöèîííûé ìàññèâ
ñâÿçûâàþùèé èìÿ Ó×ÏÓ ñ êîäîì ñòàíêà, ñî ñëåäóþùèìè ïîëÿìè:

{Ñòàíîê}  {Êîä ñòàíêà}
Ãäå :
• Ñòàíîê - Îçíà÷àåò èìÿ Ó×ÏÓ
• Êîä ñòàíêà - èìÿ êîíêðåòíîãî Ó×ÏÓ óïîòðåáëÿåìûé â

ìàññèâàõ êîìàíäíûõ ñëîâ

Ïðè äàííîì ïîäõîäå, äëÿ òîãî ÷òîáû â ðåçóëüòàòå êîìïèëÿöèè
ïîëó÷èòü ñòàíî÷íóþ ïðîãðàììó â ïîñòïðîöåññîðå ñëåäóåò æåñòêî
îïðåäåëèòü ïîñëåäîâàòåëüíîñòü ÷òåíèÿ èíôîðìàöèîííûõ ìàññèâîâ,
íàïðèìåð:

1. Íîìåð êàäðà;
2. Ìàññèâ ïîäãîòîâèòåëüíîé ôóíêöèè;
3. Ìàññèâ ðàçìåðíûõ ïåðåìåùåíèé;

è ò. ä.
Êðîìå òîãî, êîëè÷åñòâî èíôîðìàöèîííûõ ìàññèâîâ íåáîëüøîå, íî

ñàìè ìàññèâû äîâîëüíî áîëüøîãî îáúåìà òàê êàê îíè ñîäåðæàò
èíôîðìàöèþ î âñåõ ìîäåëÿõ Ó×ÏÓ.

Äàííûé ìåòîä òàêæå ïîòèâîðå÷èò ðàçðàáîòàííîé ìåòîäèêå
êîìïèëÿöèè ñòàíî÷íîé ïîãðàììû èç CLDATA, íàïðèìåð:
1.  Íå ó÷èòûâàåòñÿ ìîäàëüíîñòü êîìàíäíûõ ñëîâ (ìîäàëüíîå êîìàíäíîå
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ñëîâî äåèñòâóåò è íà ïîñëåäóþùèé êàäð), òàê êàê îòñóòñòâóþò
ñîîòâåòñòâåííûå èíôîðìàöèîííûå ïîëÿ, êîòîðûå ó÷èòûâàþò
ìîäàëüíîñòü ôóíêöèé.
2.  Íå âîçìîæíî èäåíòèôèêàöèÿ ôîðìàòà CLDATA (îòñóòñòâóåò
èíôîðìàöèîííîå ïîëå ó÷èòûâàþùåå ôîðìàò CLDATA).
3.   Îòñóòñòâóåò èäåíòèôèêàöèÿ ïàðàìåòðîâ è âñïîìîãàòåëüíûõ
ñëîâ (îòñóòñòâóþò èíôîðìàöèîííûå ïîëÿ îïèñûâàþùèå ïàðàìåòðû
è âñïîìîãàòåëüíûå ñëîâà).
4.  Îòñóòñòâóåò èäåíòèôèêàöèÿ ïðîäîëæåíèÿ çàïèñè (îòñóòñòâóþò
ñîîòâåòñòâåííûå èíôîðìàöèîííûå ïîëÿ).

Äðóãàÿ îòðèöàòåëüíàÿ ñòîðîíà ðàçðàáîòàííîé êîíöåïòóàëüíîé
ìîäåëè ýòî îòñóòñòâèå âîçìîæíîñòè êîìïèëÿöèè CLDATA èç ñòàíî÷íîé
ÓÏ, ò. å. Íå ó÷òåíà ðàçðàáîòàííàÿ ìåòîäèêà êîìïèëÿöèè, òàê êàê
îòñóòñòâóþò èíôîðìàöèîííûå ïîëÿ ïîëíîñòüþ îïèñûâàþùèå
CLDATA.

Íà âòîðîì ýòàïåÍà âòîðîì ýòàïåÍà âòîðîì ýòàïåÍà âòîðîì ýòàïåÍà âòîðîì ýòàïå ðàçðàáîòêè â îòëè÷èå îò ïðåäûäóùåé
êîíöåïòóàëüíîé ìîäåëè áûëî ðåøåíî ñîçäàòü îòäåëüíûé
èíôîðìàöèîííûé ìàññèâ äëÿ êàæäîãî îòäåëüíîãî Ó×ÏÓ, ñîäåðæàùèé
îïèñàíèÿ êàæäîãî èíôîðìàöèîííîãî ñëîâà äàííîãî îáîðóäîâàíèÿ.
Òàêîé èíôîðìàöèîííûé ìàññèâ äîëæåí  èìåòü ñëåäóþùèå ïîëÿ:
{Êîä èíôîðìàöèîííîãî ñëîâà}  {Ïñåâäî-êîä} {Èíôîðìàöèîííîå ñëîâî}
Ãäå:
• Êîä èíôîðìàöèîííîãî ñëîâà - îïðåäåëÿåò ïðèíàäëåæíîñòü

ïîñëåäóþùèõ êîìàíäíûõ ñëîâ ê îïðåäåëåííîé ãðóïïå;
yfghbvth:  G - ïðèíàäëåæíîñòü ê ïîäãîòîâèòåëüíûì

ôóíêöèÿì
• Ïñåâäî-êîä - êîä íàçíà÷åííûé ïîñòïðîöåññîðîì äëÿ

ñâÿçûâàíèÿ êîäà CLDATA è îïðåäåëåííîãî êîìàíäíîãî ñëîâà
Ó×ÏÓ;

• Èíôîðìàöèîííîå ñëîâî - êîìàíäíîå ñëîâî Ó×ÏÓ, íàïð. G00

Êðîìå òîãî ñóùåñòâóåò èíôîðìàöèîííûé ìàññèâ ñâÿçûâàþùèé
ïñåâäî-êîäû ñ êîäàìè CLDATA, ñî ñëåäóþùèìè ïîëåìè:

{Ïñåâäî-êîä} {êîä CLDATA}
Ãäå :
• Ïñåâäî-êîä - êîä íàçíà÷åííûé ïîñòïðîöåññîðîì äëÿ

ñâÿçûâàíèÿ êîäà CLDATA è îïðåäåëåííîãî êîìàíäíîãî ñëîâà
Ó×ÏÓ;

• êîä CLDATA - êîä ãëàâíîãî ñëîâà  CLDATA.
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Òðåòèé èíôîðìàöèîííûé ìàññèâ ñâÿçûâàåò ïñåâäî-êîäû ñî ñëîâàìè
ÀÏÒ è èìååò ñëåäóþùèå ïîëÿ:

{Ïñåâäî-êîä}   {ñëîâî ÀÏÒ}
Ãäå:
• Ïñåâäî-êîä - êîä íàçíà÷åííûé ïîñòïðîöåññîðîì äëÿ

ñâÿçûâàíèÿ êîäà CLDATA è îïðåäåëåííîãî êîìàíäíîãî ñëîâà
Ó×ÏÓ;

• Ñëîâî ÀÏÒ - èíôîðìàöèîííîå ñëîâî îïðåäåëÿþùåå
ôóíêöèîíàëüíîå íàçíà÷åíèå êîìàíäíîãî ñëîâà èëè çàïèñè

CLDATA;
Ïðè äàííîì ïîäõîäå îïÿòü íå ó÷èòûâàåòñÿ ìîäàëüíîñòü ôóíêöèé

è ðàçðàáîòàííûå ìåîäèêè êîìïèëÿöèè CLDATA èç ñòàíî÷íîé ÓÏ è
ñòàíî÷íîé ÓÏ èç CLDATA, òàê êàê îòñóòñòâóþò ñîîòâåòñòâåííûå
èíôîðìàöèîííûå ïîëÿ à òàêæå óâåëè÷èâàåòñÿ êîëè÷åñòâî
èíôîðìàöèîííûõ ìàññèâîâ.

Íà òðåòüåì ýòàïåÍà òðåòüåì ýòàïåÍà òðåòüåì ýòàïåÍà òðåòüåì ýòàïåÍà òðåòüåì ýòàïå ðàçðàáîòêè êîíöåïòóàëüíîé ìîäåëè áàçû äàííûõ
â èíôîðìàöèîííûé ìàññèâ Ó×ÏÓ áûëî äîáàâëåííî íåñêîëüêî
èíôîðìàöèîííûõ ïîëåé. Â ðåçóëüòàòå èíôîðìàöèîííûé ìàññèâ èìååò
ñëåäóþùèå ïîëÿ:

{Êîä èíôîðìàöèîííîãî ñëîâà}
{Ïñåâäî-êîä} {Ìîäàëüíîñòü} {Ôîðìàò} {Èíôîðìàö. ñëîâî ñ ôîðìàòîì}
Ãäå:
• Êîä èíôîðìàöèîííîãî ñëîâà - îïðåäåëÿåò ïðèíàäëåæíîñòü

ïîñëåäóþùèõ êîìàíäíûõ ñëîâ ê îïðåäåëåííîé ãðóïïå
• Ïñåâäî-êîä - êîä íàçíà÷åííûé ïîñòïðîöåññîðîì äëÿ

ñâÿçûâàíèÿ êîäà CLDATA è îïðåäåëåííîãî êîìàíäíîãî ñëîâà
Ó×ÏÓ

• Ìîäàëüíîñòü - îïðåäåëÿåò ìîäàëüíîñòü äàííîãî
èíôîðìàöèîííîãî ñëîâà, íàïð. 0-íå ìîäàëüíûé, 1-ìîäàëüíûé

• Ôîðìàò - îïðåäåëÿåò ñóùåñòâîâàíèå ïàðàìåòðîâ ó äàííîãî
êîìàíäíîãî ñëîâà

• Èíôîðìàöèîííîå ñëîâî ñ ôîðìàòîì - îïðåäåëÿåò ñàìî
êîìàíäíîå ñëîâî è åãî ôîðìàò åñëè òàêîâîé ñóùåñòâóåò;

Èíôîðìàöèîííûé ìàññèâ äëÿ CLDATA èìååò ñëåäóþùèå ïîëÿ:
{Êîä CLDATA}  {Ïîä êîä  CLDATA}  {Ïñåâäî-êîä}

Ãäå:
• Êîä CLDATA - êîä ãëàâíîãî ñëîâà CLDATA
• Ïîä êîä CLDATA - êîä âñïîìîãàòåëüíîãî ñëîâà CLDATA
• Ïñåâäî-êîä - êîä íàçíà÷åííûé ïîñòïðîöåññîðîì äëÿ
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ñâÿçûâàíèÿ êîäà CLDATA è îïðåäåëåííîãî êîìàíäíîãî ñëîâà
Ó×ÏÓ.

Äàííûé ìåòîä íå ó÷èòûâàåò ðàçðàáîòàííóþ ìåòîäèêó êîìïèëÿöèè
CLDATA èç ñòàíî÷íîé ÓÏ, ñëîâà Ó×ÏÓ.

Äàííûé ìåòîä íå ó÷èòûâàåò ðàçðàáîòàííóþ ìåòîäèêó êîìïèëÿöèè
CLDATA èç ñòàíî÷íîé ÓÏ, òàê êàê:

1.Íå îïðåäåëÿåòñÿ ôîðìàò çàïèñè CLDATA
2. Íå èäåíòèôèöèðóþòñÿ ïàðàìåòðû ñëîâ CLDATA.

Â èòîãå íåâîçìîæíî ñôîðìèðîâàòü çàïèñü CLDATA, ïîýòîìó
âîçíèêëà ïîòðåáíîñòü ñîõðàíèòü äîïîëíèòåëüíóþ èíôîðìàöèþ î
CLDATA è êàê ðåçóëüòàò ìîäèôèöèðîâàòü ìàññèâ  CLDATA.

Èñõîäÿ èç ñêàçàííîãî íà ñëåäóþùåì ýòàïå ðàçðàáîòêè ïîëÿ ìàññèâîâ
êàæäîãî Ó×ÏÓ îñòàþòñÿ áåç èçìåíåíèé, íî äîáàâëÿåüñÿ íîâûé
èíôîðìàöèîííûé ìàññèâ ñâÿçûâàþùèé ïñåâäî-êîä ñî ñëîâàìè ÀÏÒ.
Ýòîò ìàññèâ èìååò ñëåäóþùèå ïîëÿ:

{Ïñåâäî-êîä}  {ñëîâî ÀÏÒ}
Ãäå:
• Ïñåâäî-êîä - êîä íàçíà÷åííûé ïîñòïðîöåññîðîì äëÿ

ñâÿçûâàíèÿ êîäà CLDATA è îïðåäåëåííîãî êîìàíäíîãî ñëîâà
Ó×ÏÓ

• Ñëîâî ÀÏÒ - Êîìàíäíîå ñëîâî ÀÏÒ.

Êàê ñêàçàíî âûøå èíôîðìàöèîííûé ìàññèâ CLDATA
ìîäèôèöèðóåòñÿ è èìååò ñëåäóþùèå ïîëÿ:

Ïñåâäî-êîä =  {(êîä èíôîð. ñëîâà, ìåñòî À, ôîðìàò À, íîìåð
ñòðîêè, êîä CLDATA, ìåñòî Â, ôîðìàò Â, ïàðàìåòð 1, ìåñòî 1,
ôîðìàò 1,ïàðàìåòð 2, ìåñòî 2, ôîðìàò 2,. . . , ïàðàìåòð n,
ìåñòî n, ôîðìàò  n)}

Ãäå:
• Ïñåâäî-êîä - êîä íàçíà÷åííûé ïîñòïðîöåññîðîì äëÿ

ñâÿçûâàíèÿ êîäà CLDATA è îïðåäåëåííîãî êîìàíäíîãî ñëîâà
Ó×ÏÓ

• Êîä èíôîð. ñëîâà - êîä èíôîðìàöèîííîãî ñëîâà CLDATA
• Ìåñòî À - ìåñòîïîëîæåíèå èíôîðìàöèîííîãî ñëîâà CLDATA
• Ôîðìàò À - ôîðìàò èíôîðìàöèîííîãî ñëîâà CLDATA
• Íîìåð ñòðîêè - íîìåð çàïèñè CLDATA
• Êîä CLDATA - Êîä êîìàíäíîãî ñëîâà íîãî ñëîâà CLDATA
• Ìåñòî Â - ìåñòîïîëîæåíèå  êîìàíäíîãî ñëîâà CLDATA
• Ôîðìàò Â - ôîðìàò êîìàíäíîãî ñëîâà CLDATA
• Ïàðàìåòð n - ïàðàìåòð êîìàíäíîãî ñëîâà CLDATA
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• Ìåñòî n - ìåñòîïîëîæåíèå ïàðàìåòðà êîìàíäíîãî ñëîâà
CLDATA

• Ôîðìàò n - ôîðìàò ïàðàìåòðà êîìàíäíîãî ñëîâà CLDATA.

Äàííûé ìåòîä èìååò ñóùåñòâåííûé íåäîñòàòîê - äóáëèðîâàíèå
çàïèñåé â èíôîðìàöèîííîì ìàññèâå CLDATA, ïîýòîìó âîçíèêëà
íåîáõîäèìîñòü èçìåíåíèÿ ñóùåñòâóþùåãî èíôîðìàöèîííîãî ìàññèâà
CLDATA íà áîëåå ñîâåðøåííûé ìàññèâ. Â èòîãå ðåêîíñòðóèðîâàííûé
èíôîðìàöèîííûé ìàññèâ CLDATA ñîäåðæèò ñëåäóþùèå ïîëÿ:

Ïñåâäî-êîä ={Ãëàâíàÿ ÷àñòü}[Îïèñàíèå]{Ïàðàìåòðû};
Ãäå:
• Ïñåâäî-êîä - êîä íàçíà÷åííûé ïîñòïðîöåññîðîì äëÿ

ñâÿçûâàíèÿ êîäà CLDATA è îïðåäåëåííîãî êîìàíäíîãî ñëîâà
Ó×ÏÓ

• Ãëàâíàÿ ÷àñòü - îïèñûâàåò êîä èíôîðìàöèîííîãî ñëîâà
CLDATA, ìåñòîïîëîæåíèå èíôîðìàöèîííîãî ñëîâà CLDATA,
ôîðìàò èíôîðìàöèîííîãî ñëîâà  CLDATA, êîä êîìàíäíîãî
ñëîâà  CLDATA, ìåñòîïîëîæåíèå  êîìàíäíîãî ñëîâà  CLDATA,
ôîðìàò êîìàíäíîãî ñëîâà  CLDATA;

• Îïèñàíèå - àíàëèçèðóåò âñïîìîãàòåëüíûå ñëîâà  ãëàâíîãî
êîìàíäíîãî ñëîâà  CLDATA;
• Ïàðàìåòðû - îïèñûâàåò ïàðàìåòðû êîìàíäíîãî ñëîâà

CLDATA, ìåñòîïîëîæåíèå ïàðàìåòðà êîìàíäíîãî ñëîâà
CLDATA, ôîðìàò ïàðàìåòðà êîìàíäíîãî ñëîâà  CLDATA,
íîìåð çàïèñè  CLDATA;

Ñëåäóþùèì ýòàïîì ðàçðàáîòêè áàçû äàííûõ ÿâëÿåòñÿ ðàçðàáîòêà
ôèçè÷åñêîé ìîäåëè áàçû äàííûõ èíâàðèàíòíîãî ïîñòïðîöåññîðà
Ôèçè÷åñêàÿ ìîäåëü áàçû äàííûõ èíâàðèàíòíîãî ïîñòïðîöåññîðà
âêëþ÷àåò ñëåäóþùèå ôàèëû:
1.  Ôàèë èíôîðìàöèîííûõ ñëîâ ÀÏÒ ðàçðàáîòàííûé â ñòàíäàðòíîé
ñðåäå dBaseIV ñ ðàñøèðåíèåì dbf. Ñòðóêòóðà äàííîãî ôàèëà ïîêàçàíà
íà ñëåäóþùåì ðèñóíêå:
Ãäå:
• Field name  - èìÿ ïîëÿ
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• Type - òèï ïîëÿ
• Size - ðàçìåð ïîëÿ
• Ñ - îáîçíà÷àåò ñèìâîëüíûé òèï;

• Word - èíôîðìàöèîííîå ñëîâî ÀÏÒ;
• Old_new - ïîëå îïðåäåëÿþøåå  ïðèíàäëåæíîñòü ê
íåìîäèôèöèðóåìûì ñëîâàìðóåìûì ñëîâàì;
• MM_word - ïîëå îïðåäåëÿþøåå ïðèíàäëåæíîñòü ê
èíôîðìàöèîííûì ñëîâàì
• M_word - ïîëå îïðåäåëÿþøåå ïðèíàäëåæíîñòü ê ãëàâíûì
ñëîâàì
• Score - ïîëå îïðåäåëÿþøåå ïñåâäî-êîä
• Word_id - èíäåêñíîå ïîëå;

2. Ñòàíäàðòíûé òåêñòîâûé ôàèë Ó×ÏÓ ñ ðàñøèðåíèåì txt ñî
ñëåäóþùèìè ïîëÿìè:
* Codd
PC_codd     Modal   Format    Fword

Ãäå  :

• * - ñèìâîë îòäåëÿþùèé ðàçëè÷íûå ãðóïïû êîìàíäíûõ ñëîâ
• Codd - îïðåäåëÿåò ïðèíàäëåæíîñòü ïîñëåäóþùèõ êîìàíäíûõ
ñëîâ ê îïðåäåëåííîé ãðóïïå
• PC_codd - êîä íàçíà÷åííûé ïîñòïðîöåññîðîì äëÿ ñâÿçûâàíèÿ
êîäà CLDATA è îïðåäåëåííîãî êîìàíäíîãî ñëîâà Ó×ÏÓ;
• Modal - îïðåäåëÿåò ìîäàëüíîñòü äàííîãî èíôîðìàöèîííîãî
ñëîâà, íàïð.  0-íå ìîäàëüíûé1-ìîäàëüíûé.
• Format - îïðåäåëÿåò ñóùåñòâîâàíèå ïàðàìåòðîâ ó äàííîãî
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êîìàíäíîãî ñëîâà
• Fword - îïðåäåëÿåò ñàìî êîìàíäíîå ñëîâî è åãî ôîðìàò
åñëè òàêîâîé ñóùåñòâóåò;

3. Ñòàíäàðòíûé òåêñòîâûé ôàèë  CLDATA ñ ðàñøèðåíèåì txt ñî
ñëåäóþùèìè ïîëÿìè;

Code={Main} [Ques] {Desc}

Ãäå:
• Code - Ïñåâäî-êîä
• Main - îïèñûâàåò êîä èíôîðìàöèîííîãî ñëîâà CLDATA,
ìåñòîïîëîæåíèå èíôîðìàöèîííîãî ñëîâà CLDATA, ôîðìàò
èíôîðìàöèîííîãî ñëîâà CLDATA, êîä êîìàíäíîãî ñëîâà  CLDATA,
ìåñòîïîëîæåíèå  êîìàíäíîãî ñëîâà  CLDATA, ôîðìàò êîìàíäíîãî
ñëîâà  CLDATA ;
• Ques - àíàëèçèðóåò âñïîìîãàòåëüíûå ñëîâà ãëàâíîãî
êîìàíäíîãî ñëîâà  CLDATA;
• Desc - îïèñûâàåò ïàðàìåòðû êîìàíäíîãî ñëîâà CLDATA,
ìåñòîïîëîæåíèå ïàðàìåòðà êîìàíäíîãî ñëîâà CLDATA, ôîðìàò
ïàðàìåòðà êîìàíäíîãî ñëîâà CLDATA, íîìåð çàïèñè  CLDATA;

Â ñâîþ î÷åðåäü ïîëÿ Main, Qeus è Desc ñîäåðæàò ñîáñòâåííûå ïîä-
ïîëÿ.
Main ñîäåðæèò:
• P1=P1>T:Cn:F;
• P2=P2>T:Cn:F;
Ãäå:

P1 - îñíîâíîå ñëîâî  CLDATA,
P2 - ãëàâíîå ñëîâî  CLDATA,
T - òèï ñëîâà,
Cn  - ìåñòîïîëîæåíèå ñëîâà
F -  ôîðìàò ñëîâà.

Qeus ñîäåðæèò cëåäóþùóþ ñòðîêó:
• Cn=sbcode1>code, Cn= sbcode2>code+1;
Ãäå:

Cn  - ìåñòîïîëîæåíèå ñëîâà
sbcode1 - êîä âñïîìîãàòåëüíîãî ñëîâà



63

sbcode2 - êîä âñïîìîãàòåëüíîãî ñëîâà;
code - ïñåâäî-êîä
code+1 - èçìåíåííûé ïñåâäî-êîä;

Desc ñîäåðæèò cëåäóþùóþ ñòðîêó:
• D1/D2/…/Dn;
Ãäå:
Dn â ñâîþ î÷åðåäü ñîäåðæèò èíôîðìàöèþ î ïàðàìåòðàõ è íîìåðå
ñòðîêè

Dn=N(n)-{Pole};
N(n) - îïðåäåëÿåò íîìåð ñòðîêè;
Pole - ñîäåðæèò èíôîðìàöèþ î ïàðàìåòðàõ;
Pole= {a():Cn:F / x():Cn:F /y ():Cn:F / z():Cn:F /
         ztool():Cn:F / I():Cn:F / J():Cn:F / K():Cn:F /
         R():Cn:F / nst():Cn:F / nm():Cn:F}

• a - ëþáîé ïàðàìåòð
• x,y,z - x,y,z êîîðäèíàòû;
• I,J,K - I,J,K êîîðäèíàòû;
• R - êîîðäèíàòû;
• nn - íîìåð ñòðîêè  CLDATA;;
• nst - êîëè÷åñòâî ñëîâ â çàïèñè  CLDATA;

Äëÿ çàïîëíåíèÿ áàçû äàííûõ áûëà ñîçäàíà èíòåðàêòèâíàÿ ñèñòåìà â
âèçóàëüíîé ñðåäå ðàçðàáîòêè ïðèêëàäíûõ ïðîãðàì Windows - Delphi.
Ãëàâíîå ìåíþ â èíòåðàêòèâíîì ðåæèìå èìååò ñëåäóþùèé âèä:
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Âûáèðàÿ îïöèþ “New” ïîëüçîâàòåëü ïîëó÷àåò âîçìîæíîñòü
ðåäàêòèðîâàòü áàçó äàííûõ cëîâ ÀÏÒ, CLDATA è Ó×ÏÓ ñîîòâåòñòâåííî
âûáèðàÿ îïöèè APT,CLDATA è DEVICE.
Åñëè âûáðàíà îïöèÿ ÀÏÒ, òî ôîðìà ãëàâíîãî ìåíþ çàêðûâàåòñÿ è
ïîÿâëÿåòñÿ ôîðìà ïîçâîëÿþùàÿ ìîäèôèöèðîâàòü ñóùåñòâóþùèé íàáîð
ñëîâ ÀÏÒ, íàïðèìåð äîáàâëÿòü, èçìåíÿòü è ñòèðàòü ñëîâà. Äàííàÿ
ôîðìà  ïîêàçàííà íà ñëåäóþùåì ðèñóíêå:

Ds,bhfz pfrkflre jghtltkztncz ghbyflkt;yjcnm ckjdf
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r rjyrhtnyjq uheggt jgthfnjhjd (yfgh= ghbyflkt;yjcnm
r uheggt utjvtnhbxtcrbv jgthfnjhfv)=
List of the main words - âûõîäèò ñïèñîê (ïåðå÷åíü) ãëàâíûõ ñëîâ;
List of additional words - âûõîäèò ñïèñîê (ïåðå÷åíü) âñïîìîãàòåëüíûõ
ñëîâ
Informational word - ââîä æåëàåìîãî ñëîâà;
Main word - 1; additional word - 2 - ââîä êîäà ñëîâà (åñëè ýòî
ãëàâíîå ñëîâî - 1, åñëè âñïîìîãàòåëüííîå - 2);
Insert - êëàâèøà ââîäà â áàçó äàííûõ âûáðàííîãî ñëîâà;
Delete - êëàâèøà óíèñòîæåíèÿ çàïèñè èç áàçû äàííûõ;
Okbtn - êëàâèøà âîçâðàòà â ãëàâíîå ìåíþ;
Helpbtn - êëàâèøà âûçûâàþùàÿ èíôîðìàöèþ î äàííîé ôîðìå;

Åñëè â îïöèè FILE ãëàâíîãî ìåíþ âûáèðåòñÿ îïöèÿ CLDATA, òî
òîãäà  ïîÿâëÿåòñÿ ôîðìà ïîçâîëÿþùàÿ ìîäèôèöèðîâàòü ôàèë
CLDATA. Äàííàÿ ôîðìà ïîêàçàíà íà ñëåäóþùåì ðèñóíêå:

Ïðè çàïîëíåíèè áàçû äàííûõ â “Position”  çàïèñûâàåòñÿ
ìåñòîïîëîæåíèå ââîäèìîãî ñëîâà, ñàìî ñëîâî äîëæíî ásòü çàïèñàíî â
“Meaning”, ôîðìàò èíôîðìàöèîííîãî ñëîâà ïèøåòñÿ â  “Format”,
åñëè çàïèñü èíôîðìàöèîííîãî ñëîâà â  CLDATA ñîäåðæèò íåñêîëüêî
ñòðîê, òî íîìåð êàæäîé ñòðîêè äîëæåí áûòü çàïèñàí â “Line num-
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ber”.
“Choice - 1”  - ïîçâîëÿåò îïðåäåëèòü ôóíêöèîíàëüíîå  íàçíà÷åíèå
ñëîâà (ÿâëÿåòñÿ ëè ââîäèìîå ñëîâî ïàðàìåòðîì, êîäîì èëè ïîä-êîäîì
CLDATA  ò. ä.).
“Choice - 2” - îïðåäåëÿåò ïðèíàäëåæíîñòü ñëîâà ê êîíêðåòíîé ãðóïïå
îïåðàòîðîâ (íàïð. ê ãðóïïå  ãåîìåòðè÷åñêèõ îïåðàòîðîâ, îïåðàòîðîâ
äâèæåíèÿ è ò. ä.).
“Choice - 3” - îïðåäåëÿþùåå ïðèíàäëåæíîñòü ââîäèìîãî ñëîâà ê
ãðóïïå ãëàâíûõ èëè âñïîìîãàòåëüíûõ ñëîâ
OK - êëàâèøà ôèêñèðóþùàÿ ââåäåííûé êîä èëè ïîä-êîä.
Insert - êëàâèøà ââîäà çàïèñè CLDATA â áàçó äàííûõ CLDATA.
Cencel - êëàâèøà ïîçâîëÿþùàÿ âåðíóòüñÿ â ãëàâíîå ìåíþ.

Åñëè â îïöèè FILE ãëàâíîãî ìåíþ âûáèðåòñÿ îïöèÿ DEVICE, òî
òîãäà ïîÿâëÿåòñÿ ôîðìà  ïîçâîëÿþùàÿ ðåäàêòèðîâàòü ñóùåñòâóþùåå
Ó×ÏÓ èëè ââîäèòü äàííûå î íîâîì Ó×ÏÓ. Ôîðìà ìîäèôèêàöèè
Ó×ÏÓ ïîêàçàííà íà ñëåäóþùåì ðèñóíêå:

Kbnthfnehf

1. Shigley J.E. Mechanical Engineering Design/ 3-d ed., McGgraw Hill Bok
Company.
2= Ushlsvjd U=G=- Vjkjxybr D=B=- Ujkintby F=B=
Ghjtrnbhjdfybt gjcnghjwtccjhjd lkz ub,rb[
ghjbpdjlcndtyys[ cbcntv=
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]ueabc  itcf[t,  888]ueabc  itcf[t,  888]ueabc  itcf[t,  888]ueabc  itcf[t,  888]ueabc  itcf[t,  888

jgufi ParametricCAD Seiqmna 1992wels stu-s #381

laboratoriaSi. jgufis xelmZRvanelia laboratoriis wamyvani mecnier-

TanamSromeli, t.m.k., doc. al.SarmazanaSvili. jgufis samuSao birTvs

ZiriTadad aspirantebi da magistrebi Seadgenen:

1. avTandil mamamTavriSvili - aspiranti

2. neli doliZe - aspiranti

3. leri megreliSvili - aspiranti

4. iva xaraZe - magistri

5. zviad kaWarava - magistranti

6. Tea wiklauri - magistranti

7. koba kaxeTeliZe - magistranti

8. eka razmaZe - magistranti

9. ela griSikaSvili - magistranti

10. paata mamforia - magistranti

11. giorgi mariamiZe - magistranti

jgufSi mimdinareobs sakvlev-samecniero samuSaoebi meqanikuri

damuSavebis teqnologiuri procesebis avtomatizebuli sistemebis Seqmnaze.

momzadda da warmatebiT dacul iqna 6 samagistro disertacia. jgufSi

iqmneba samomxmareblo daniSnulebis programuli paketebi. damuSavda

saxarato operaciebis avtomatizebuli daproeqtebis sistema Turbo T
(inglisur da rusul enovani versiebi), romelic mzadaa komerciuli

tiraJirebisaTvis.

jgufis wevrebi regularul monawileobas iReben samecniero-

teqnikur konferenciebSi. gansakuTrebiT sagulisxmoa saerTaSoriso

samecniero forumebSi jgufis wevrebis monawileoba - 1995 wels,

mecnierebaTa akademiis mier gamarTul simpoziumSi ̀ proeqtebis SemuSavebisa

da konversiis Sesaxeb~, 15-18 maisi, q.Tbilisi da 1998 wels manCesteris

universitetSi gamarTul simpoziumze “Tools amd methods of Concurrent
Engineering - TMCE’98”, 12-15 maisi, q.manCesteri, inglisi.

damyarebulia kavSirebi, monaxulia saerTo samecniero interesebi

da mimdinareobs erToblivi proeqtebis momzadeba sxvadasxva qveynis

samecniero centrebTan - manCesteris universiteti, inglisi (Prof.M.Latif),
delfis teqnologiuri universiteti, holandia (Prof.I.Horvath), derbis
universiteti, inglisi (Prof.T.Bendiab), hiustonis universiteti, aSS

(Prof.L.W.Chen), moskovis teqnikuri universiteti, ruseTi (Ghja=D=Ujhytd)=
am mxriv aRsaniSnavia, rom jgufis erTerTma wevrma (l.megreliSvili)

miiRo miwveva grZelvadiani samecniero staJirebis Catarebaze derbis

universitetis sainJinro skolaSi (School of Engineering).
ParametricCAD jgufi yovel wels awyobs samecniero

konferenciebs sadac xdeba jgufSi Catarebuli samuSaoebis prezentacia,

aprobacia da gamocdilebis urTierTgaziareba.
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