
(cfvtwybthj  rjyathtywbbc   vj[ctyt,fsf

     rht,ekb7  #-$  bdkbcb7 !))* otkb)

ParametricCAD'97

vj[ctyt,fsf rht,ekbvj[ctyt,fsf rht,ekbvj[ctyt,fsf rht,ekbvj[ctyt,fsf rht,ekbvj[ctyt,fsf rht,ekb

s,bkbcb  !))* otkb

  cfmfhsdtkjc   ntmybrehb   eybdthcbntnb

       vfubcnhfnehbc  ltgfhnfvtynb7

       vfymfyfsvityt,kj,bc  ntmyjkjubehb ghjwtct,bc
     jgnbvbpfwbbc  kf,jhfnjhbf7

CAD/CAM-bc  ]ueab
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LTNFKT<BLTNFKT<BLTNFKT<BLTNFKT<BLTNFKT<BC ZHBS LFVEIFDT<BC ZHBS LFVEIFDT<BC ZHBS LFVEIFDT<BC ZHBS LFVEIFDT<BC ZHBS LFVEIFDT<BCCCCC
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FVFQKT<BFVFQKT<BFVFQKT<BFVFQKT<BFVFQKT<BC THSB 7 FHC THSB 7 FHC THSB 7 FHC THSB 7 FHC THSB 7 FHCT<BSFLCT<BSFLCT<BSFLCT<BSFLCT<BSFL
UFVJE>TYT<TKB VJDKTYBUFVJE>TYT<TKB VJDKTYBUFVJE>TYT<TKB VJDKTYBUFVJE>TYT<TKB VJDKTYBUFVJE>TYT<TKB VJDKTYBC ITC ITC ITC ITC ITCF[T< 8CF[T< 8CF[T< 8CF[T< 8CF[T< 8

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)
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� EMBED E           Y∆ → const (3)

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
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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
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