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CAD/CAM-is jgufSi Catarebuli samecniero--is jgufSi Catarebuli samecniero--is jgufSi Catarebuli samecniero--is jgufSi Catarebuli samecniero--is jgufSi Catarebuli samecniero-
kvleviTi samuSaoebis mimoxilvakvleviTi samuSaoebis mimoxilvakvleviTi samuSaoebis mimoxilvakvleviTi samuSaoebis mimoxilvakvleviTi samuSaoebis mimoxilva
jgufis xelmZRvaneli, t.m.k., doc. al.SarmazanaSvili

CAD/CAM-is jgufi Seiqmna 1992 wels, saqarTvelos
teqnikuri universitetis, meqanika-manqanaTmSeneblobis

fakultetze arsebul #381, samanqanaTmSeneblo warmoebis

teqnologiuri procesebis optimizaciis laboratoriaSi.

jgufis samuSao birTvs ZiriTadad aspirantebi da magistrebi

Seadgenen.

jgufSi mimdinareobs sakvlev-samecniero samuSaoebi

meqanikuri damuSavebis teqnologiuri procesebis

avtomatizebuli daproeqtebis sistemebis Seqmnaze. amasTan

dakavSirebiT samuSaoebi xorcieldeba Semdegi ZiriTadi

mimarTulebebiT:

1) teqnologiuri operaciebis struqturuli sinTezi,

aspiranti a.mamamTavriSvili, magistrebi - d.xabazaSvili,

l.Sonia, z.kaWarava, i.slobodini. damuSavda 4 samagistro

da 1 sakandidato disertaciebi.

2) teqnologiuri procesebis ads-is arqiteqturis

kvleva, aspirantebi l.megreliSvili da n.doliZe, magistrebi

- g.muCaiZe da T.nasyidaSvili. damuSavebulia 2 samagistro

disertacia.

garda amisa mimdinareobs calkeuli samuSaoebi -

namzadebis SerCevis sistemis (magistri e.griSikaSvili);

mWreli instrumentis daproeqtebis sistemis (magistri

e.razmaZe); parametruli optimizaciis evristikuli modelis

(magistri i.xaraZe), Seqmnaze.

mimdinare wels warCinebiT iqna daculi ori samagistro

disertacia: sixistis parametrebis gamokvlevisa (xelmZRvaneli

doc. g.SanSiaSvili, magistri T.wiklauri) da saxarato

zonebis sinTezis meTodis damuSavebis (xelmZRvaneli doc.

al.SarmazanaSvili, magistri z.kaWarava), Sesaxeb.

mimdinare wels, gansakuTrebuli aRniSvnis Rirsia

ori movlena, romelsac adgili hqonda jgufis samecniero

cxovrebaSi.

pirveli dakavSirebulia jgufis wevrebis monawileobasTan

q.manCesterSi, inglisi, Catarebul saerTaSoriso simpoziumSi

- Tools and Methods of Concurrent Engineering - TMCE, romelzec
moxda Catarebul sakvlev-samecniero samuSaoTa Sedegebis



6

gatana da aprobacia msoflio samecniero sazogadoebis

samsjavroze. simpoziumSi monawileobas iRebdnen mecnierebi

dasavleT evropis, amerikis da iaponiis 30 universitetidan.

meore movlena ki exeba jgufis monawileobas

programuli sistemebis pirvel respublikur konferencia-

gamofenaSi, SofTEC’99, romelic Catarda stu-Si, q.Tbilisi.
gamofenaze warmodgenili iyo jgufSi damuSavebuli

programuli paketebis kompleqsi da Jiuris gadawyvetilebiT

am naSroms mieniWa gamofenis pirveli xarisxis diplomi.

L B G K J V B
htcge,kbrehb cfvtwybthj-ntmybrehbhtcge,kbrehb cfvtwybthj-ntmybrehbhtcge,kbrehb cfvtwybthj-ntmybrehbhtcge,kbrehb cfvtwybthj-ntmybrehbhtcge,kbrehb cfvtwybthj-ntmybrehb
 rjyathtywbf-ufvjatyf  rjyathtywbf-ufvjatyf  rjyathtywbf-ufvjatyf  rjyathtywbf-ufvjatyf  rjyathtywbf-ufvjatyf SofTEC’99-b-b-b-b-bccccc

 cfjhufyb cfjhufyb cfjhufyb cfjhufyb cfjhufybpfwbj rjvbntnbpfwbj rjvbntnbpfwbj rjvbntnbpfwbj rjvbntnbpfwbj rjvbntnb

f]bkljt,c

gbhdtkb [fhbc[bc ghbpbs

rjyathtywbf-ufvjatybc rjyrehcib ufvfh]dt,ekb7 cfmfhsdtkjc
ntmybrehb eybdthcbntnbc7 CAD/CAM-bc ]ueaib itmvybkb

ghjuhfvekb gfrtnt,bc

• CF[FHFNJ JGTHFWBT,BC GHJUHFVBHT,BC CBCNTVF Turbo T

• cF[FHFNJ JGTHFWBT,BC J,BTMNPT-JHBTYNBHT,EKB GHJUHFVBHT,BC
CBCNTVF

• CF[FHFNJ PJYT,BC CBYSTPBC TMCGTHNEKB CBCNTVF

fdnjht,fdnjht,fdnjht,fdnjht,fdnjht,c 5 F 8IFHVFc 5  F 8IFHVFc 5  F 8IFHVFc 5  F 8IFHVFc 5  F 8IFHVFPFYFPFYFPFYFPFYFPFYFIdbKIdbKIdbKIdbKIdbKC ~[tkvZqdfytkb` 7C ~[tkvZqdfytkb` 7C ~[tkvZqdfytkb` 7C ~[tkvZqdfytkb` 7C ~[tkvZqdfytkb` 7
f 8 vfvfvsfdhbf 8 vfvfvsfdhbf 8 vfvfvsfdhbf 8 vfvfvsfdhbf 8 vfvfvsfdhbidbkidbkidbkidbkidbkc7 k8vtuhtkbc 7 k8vtuhtkbc 7 k8vtuhtkbc 7 k8vtuhtkbc 7 k8vtuhtkbidbkidbkidbkidbkidbkc7 y 8ljkbZtc 7  y 8ljkbZtc 7  y 8ljkbZtc 7  y 8ljkbZtc 7  y 8ljkbZtc 7  l 8[f,fc 7  l 8[f,fc 7  l 8[f,fc 7  l 8[f,fc 7  l 8[f,fpfpfpfpfpfidbkidbkidbkidbkidbkc 7c 7c 7c 7c 7
b 8ckj,jlbyc 7  k8ijybfc 7  p 8rfzfhfdfcb 8ckj,jlbyc 7  k8ijybfc 7  p 8rfzfhfdfcb 8ckj,jlbyc 7  k8ijybfc 7  p 8rfzfhfdfcb 8ckj,jlbyc 7  k8ijybfc 7  p 8rfzfhfdfcb 8ckj,jlbyc 7  k8ijybfc 7  p 8rfzfhfdfc

cfjhufybcfjhufybcfjhufybcfjhufybcfjhufybpfwbj rjvbntnbpfwbj rjvbntnbpfwbj rjvbntnbpfwbj rjvbntnbpfwbj rjvbntnbccccc
c f [ tk b sc f [ tk b sc f [ tk b sc f [ tk b sc f [ tk b s   ghja8 hfvf  ghja8 hfvf  ghja8 hfvf  ghja8 hfvf  ghja8 hfvfp [ehjp [ehjp [ehjp [ehjp [ehjptptptptpt
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Wris Zalis modebis wertilSiWris Zalis modebis wertilSiWris Zalis modebis wertilSiWris Zalis modebis wertilSiWris Zalis modebis wertilSi
teqnologiuri sistemis (Csid) sixististeqnologiuri sistemis (Csid) sixististeqnologiuri sistemis (Csid) sixististeqnologiuri sistemis (Csid) sixististeqnologiuri sistemis (Csid) sixistis
gansazRvris meTodebis analizigansazRvris meTodebis analizigansazRvris meTodebis analizigansazRvris meTodebis analizigansazRvris meTodebis analizi

saqarTvelos teqnikuri universiteti

meqanika-manqanaTmSeneblobis fakulteti, #20 kaTedra

doc. g.SanSiaSvili, magistri T.wiklauri

liTonsaWrel Carxze namzadis damuSavebuli zedapiris

geometriuli formisa da sizustis ganmsazRvreli mimdinare

zoma R (nax.1) SeiZleba gaiyos or nawilad da warmodgenili

iqnes (1) tolobis saxiT.

R=C+ Y∆                             (1)
Aam tolobaSi C teqnologiuri sistemis Csid (Carxi-samarjvi-

iaraRi-detali), e.w. statikuri gawyobis zomaa, xolo Y∆  Wris
Zalis P, an misi samive  Px, PPy, Pz mdgenelis erTdrouli

moqmedebiT, Zalebis modebis wertilSi warmoqmnili iaraRisa da

namzadis jamuri drekadi gadaadgilebaa dasamuSavebeli zedapiris

normaluri Yy  RerZis mimarTulebaze.

nax.1. Wris procesis koordinatTa statikuri sistema (xyz),
mWrel iaraRze moqmedi Zalebi da mimdinare zomis R
warmoqmnis sqema (sqemaze ar aris aRniSnuli namzadze moqmedi

Px,Py ,Pz-is toli da sawinaaRmdego mimarTulebis Zalebi).

R

cY

Y

Z
X

P xPy

P
z
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detalebias maRalmwarmoebluri reJimebiT, magaliTad, Carxis

vibromdgradobis da simZlavris mixedviT dasaSvebi maqsimaluri

Wris siRrmiT damuSavebis process Tan axlavs drekadi

gadaadgilebisas Y∆, rogorc cvlilebis siCqaris, ise sididis

mixedviT sxva cdomilebebTan SedarebiT did farglebSi cvalebadi

SemTxveviTi xasiaTis gadaxrebi.

amitom, damuSavebis procesSi Semdegi pirobebis dacviT

                    Y∆ → 0                  (2)

                    Y∆ →   const                         (3)
 ara marto uSualod izrdeba mimdinare zomis R sizuste, aramed

arsebiTad martivdeba detalebis partiis damuSavebis procesSi

temperaturuli deformaciebiT da iaraRis gacveTiT gamowveuli

jamuri sistematiuri cdomilebis kontroli da kompensaciac

statikuri gawyobis zomis saTanado koreqtirebiT.

D  damuSavebis Sedegad miRweuli mimdinare zomis faqtiuri

sizustis gaangariSebiT gansazRvrisa  da (2) an (3) pirobis

dacvis didma praqtikulma mniSvnelobam ganapiroba Carxebis

(termini “Carxis” qveS igulisxmeba teqnologiuri sistema _

Csid) sixistis problemisadmi miZRvnili mravalricxovani

gamokvlevebi da monografiebi [1,2,3,4,5,6,7,8,9,10 da a.S.].

    SedarebiT adre Sesrulebul gamokvlevebSi da kerZod

naSromSi [1] faqtiurad gakeTebulia daSveba, rom Wris Zalis

modebis wertilSi da namzadis dasamuSavebeli zedapiris

normaluri mimiarTulebiT Carxis drekadi sistema SeiZleba

ganxiluli iqnes rogorc erTi Tavisuflebis xarisxis mqone

wrfivi drekadi sistema. Aaqedan gamomdinare, igive naSromSi

Carxis sixistis gazomvisa da SefasebisaTvis arsebiTad

gamoyenebuli da rekomendirebulia Semdegi meTodi:

D    dinamometruli mowyobilobis saSualebiT Carxze dayenebuli

namzadic da iaraRic itvirTeba dasamuSavebeli zedapiris

normaluri mimarTulebiT, anu  y RerZis (nax.1) gaswvriv moqmedi
mxolod Py ZaliT; izomeba igive mimarTulebiT warmoqmnili

iaraRis namzadis mimarT drekadi gadaadgileba y ; Zalis winaswar

SerCeuli diapazonidan ( P
y
=Pmin÷ Pmax ) sxvadasxva sididis ZaliT

datvirTva (gantvirTva) da Sesabamisi drekadi gadaadgilebis y
gazomva meordeba imdenjer, rom gazomvis Sedegad miRebuli

monacemebis gamoyenebiT praqtikulad sakmarisi sizustiT agebuli

iqnes funqciis y = f ( Py) grafiki; Zalis sididis mTel an or

diapazonSi ( Py = 0÷P1;  Py = P1÷ Pmax) funqciis y = f ( Py)
gawrfivebis Semdeg ganisazRvreba Carxis drekadi sistemis sixistis
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damaxasiasTebeli mudmivi ricxvi j, anu sixistis koeficienti

fardobiT

                j = ∆Py/∆y                     (4)
sadac ∆ Py  da ∆y _funqciis y = f ( Py)  gawrfevebul nawilSi

Zalis Py  da drekadi gadaadgilebis y nazrdebia Sesabamisad .
zogjer moxerxebulia ganisazRvros sixistis koeficientis

Sebrunebuli sidide k = 1/j = ∆y/∆Py , romelsac igive drekadi

sistemis damyolobis koeficients uwodeben .

    prof. a.p.sokolovski Tavis eqsperimentalur gamokvlevebsa

da monografiaSi [3] mivida daskvnamde, rom uSualod namzadis

damuSavebis procesSi moqmedi Carxis drekadi sistemis sixistis

da drekadi gadaadgilebis Y∆   gansazrvrisaTvis gatvaliswinebuli

unda iqnas Wris Zalis samive mdgenelis (Px,Py,Pz) gavlena.

manve arsebiTad gamoTqva mosazreba, rom Wris Zalis samive

mdgeneliT datvirTvisas Carxis drekadi Tvisebebi SeiZleba

daxasiaTdes sixistis normaluri (jyy) da orTogonaluri (jyz, jyx)

koeficientebiT

              jyy= Py / y Py ;     jyz= Pz / y Pz ;    jyx = Px / y Px                       (5)

   sadac y Py  , y Pz , y Px  _ jamuri drekadi gadaadgilebis Y∆
Semdgeni nawilebia (Y∆= y Py+ y Pz+ y Px), romlebic warmoiqmnebian

Sesabamisad Px,Py ,Pz Zalebis gavleniT Carxze maTi erTdrouli

moqmedebis procesSi(nax.1).

   sixistis koeficientebTan mdgomi indeqsebidan pirveli miuTiebs

RerZs, ra mimarTulebiTac izomeba drekadi gadaadgileba, xolo

meore indeqsi _ Wris Zalis im mdgenelis mimarTulebas, romlis

mixedviTac ganisazRvreba sixistis Sesabamisi koeficientis

mniSvneloba.

Mmagram a.p.sokolovskim, SeiZleba iTqvas, arasakmarisi dasabuTebiT

uaryo Carxis sixistis zemoTnaxsenebi koeficientebis cnebaTa

Semotana da kvlav mizanSewonilad da SesaZlebladac miiCnia

Wris Zalis modebis wertilSi Carxis sixistis erTi ricxviTi

sididiT daxasiaTeba. manve wamoayena idea Carxis sixistis

damaxasiaTebeli es erTi ricxviTi sidide ganisazRvros : Wris

Zalis samive mdgeneliT erTdrouli datvirTviT , mxolod

jamuri drekadi gadaadgilebis Y∆-s gazomviT da Semdegi fardobis
gamoTvliT:

                jc =  Py /  Y∆                                                 (6)
rac SedarebiT ufro detaluri formiT SeiZleba Caiweros Semdegi

saxiTac :

        jc = Py / (y Py+ y Pz+ y Px)                              (7)
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       Carxis sixistis gazomvisa da Sefasebis a.p.sokolovskis mier

wamoyenebuli meTodis arsidan Cans, rom Carxis sul mcire sami

(rogorc es naCvenebia naSromebSi [7,8,10], sinamdvileSi gacilebiT

meti) Tavisuflebis xarisxis mqone drekadi sistema icvleba

erTi Tavisuflebis xarisxis mqone drekadi sistemiT. Tu ra

Sedegebi moitana aseTma Secvlam, SegviZlia davadginoT arc Tu

rTuli analiziT. DdavuSvaT, rom Carxs gaaCnia idealurad wrfivi

sivrciTi sistema da misi sixistis normalur (Jyy) da

orTogonaluri (Jyz, Jyx) koeficientebi Wris Zalis modebis

wertilSi Carxis drekadi Tvisebebis amsaxveli arsebiTad mudmivi

ricxviTi sidideebia. Tu aseTi pirobebisaTvis me-6 an me-7

gamosaxulebaSi drekadi gadaadgilebis Y∆ Semdgen nawilebs (yPy,
yPz, yPx) me-5 fardobaTa gamoyenebiT gamovsaxavT Carxis sixistis
normaluri da orTogonaluri koeficientebis saSualebiT,

miRebuli gamosaxulebis mcireodeni gardaqmniT miviRebT Semdeg

gamosaxulebas

           Jc = (1/ Jyy + Pz/ Py Jyz + Px /Py Jyx ) 
-1                 (8)

A   am gamosaxulebaSi sixistis yvela koeficienti SevcvaloT

damyoloebis koeficientebiT :

        Kc= 1 / Jc ,     Kyy= 1 / Jyy ,      Kyz= 1 / Jyz,       Kyx=  1 / Jyx
da miviRebT  ufro martiv gamosaxulebas

K       Kc=  Kyy +  kyz Pz  /  Py +  KyxPx / Py                             (9)
M  me-8 da me-9 damokidebulebebidan aSkarad Cans , rom maSinac

ki roca normaluri da orTogonaluri sixistis

(damyoloebis)koeficientebi mudmivi ricxviti sidideebia , me-6

fardobiT gansazrvruli, a.p.sokolovskis mier Carxis sixisted

(xolo sxva avtorebis nasromebSi [8,11] teqnologiur sixisted)

wodebuli ricxviTi sidide arsebiTad aris damokidebuli Wris

Zalis veqtoris mimarTulebaze.

  Teoriuli analiziT miRebul am daskvnas adasturebs

mravalricxovani eqsperimentaluri gamokvlevebi [1,2,3,7] , romelTa

mixedviT me-6 fardobiT gamoTvlili ricxviTi sidide Wris

Zalis veqtoris mimarTulebis ptraqtikulad SesaZlo farglebSi

cvlilebisas Rebulobs Tvisebrivad gansxvavebul mniSvnelobebs

_ dadebiT, uaryofiT da praqtikulad usasrulo mniSvnelobasac.

aqedan ki Tavis mxriv cxadi xdeba , rom yvela im SemTxvevaSi,

rodesac ucnobia Carxis sixistis normaluri da orTogonaluri

kieficientebis mniSvnelobebi, me-6 fardobis mixedviT Carxis

sixistis dasadgenad saWiroa Wris Zalis samive mdgeneliT

erTdrouli datvirTvisas da jamuri drekadi gadaadgilebis Y∆
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gazomvis mizniT imdeni eqsperimentis Catareba da Carxis sixistis

imdeni maxasiaTeblis gansazRvra , ramdeni mimarTulebac SeiZleba

miiRos Wris Zalis veqtorma mocemul Carxze detalebis

damuSavebis procesSi. Eqsperimentebis da Carxis sixistis

maxasiaTeblebis es raodenoba rom Teoriulad usasruloa da

praqtikulqad ki sakmaod didi, vfiqrobT ar saWiroebs dasabuTebas.

M   maSsadame, Wris Zalebis modebis wertilSi Carxis sixistis

normaluri da orToginaluri koeficientebis gamouyeneblobam

da sami Tavisuflebis xarisxis mqone drekadi sistemis erTi

Tavisuflebis xarisxis mqone drekadi sistemiT Secvlam, Carxis

sixistis maxasiaTebelTa raodenoba sinamdvileSi ki ar Seamcira,

aramed piriqiT gazarda. SeiZleba vivaraudoT, rom faqtiurad

swored aRniSnul obieqtur garemoebaTa gamo kvlav gagrZelda

kvleva-Zieba Wris Zalis modebis wertilSi Carxis sixistis

maxasiaTebelis gansazRvris Teoriuli da meToduri safuvlebis

SesamuSaveblad.

    60-ian wlebSi, TiTqmis erTdroulad gamoqveynda gamokvlevebi

[5,6,7,8,9], romlebSic gadmocemulia Wris Zalis modebis wertilSi

Carxis sixistis maxasiaTebelTa gansazRvris erTmaneTisagan

ramdenadme gansxvavebuli midgomebi. AamasTanave, yvela

maTganSi,pirdapir Tu arapirdapir,gakeTebulia daSveba, rom Wris

Zalis modebis wertilSi Carxis drekadi sistema(an misi Teoriuli

modeli) ganxiluli SeiZleba iqnes, rogorc ori, sami an meti

Tavisuflebis xarisxis mqone wrfivi drekadi sistema. Aalizi

cxadyofs, rom dasaxelebuli gamokvlevebidan, winamdebare naSromSi

dasmuli amocanidan gamomdinare, interess warmoadgens

“mosstankinSi” prof. Bb.s.balakSinis xelmZRvanelobiT

Sesrulebuli , drekadi gadaadgilebis Y∆ marTvis problemisadmi

miZRvnili gamokvlevebi [6,9], romlebSiac naTlad aris gamokveTili

Wris Zalis modebis wertilSi Carxis damyolobis normaluri

(Kyy) da orTogonaluri (Kyz, Kyx) koeficientebis cnebaTa Semotana

da gamoyeneba. am koeficientebis saSualebiT drekadi gadaadgilebis

Y∆ Wris Zalis samive mdgenelisagan damokidebuleba warmodgenilia

Semdegi gamosaxulebiT:            Y∆=KyyPy  + KyzPz + KyxPx                (10)
D  damyolobis koeficientebisaTvis xSirad iyeneben ufro martiv

aRniSvnebs (Kyy =a,Kyz=b, Kyx=c) da me-10 gamosaxulebas weren

Semdegi saxiTac            Y∆= a Py  + b Pz + b Px                                      (11)
M me-10 an me-11 gamosaxulebaSi damyolobis koeficientebis a ,b,
c  gansazRvrisaTvis iyeneben arapirdapir, arsebiTad eqsperimentul-

saangariSo meTods, romlis ZiriTadi Sinaarsi mdgomareobs
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yt t=
0.

1  
m

m
y 

<0

SemdegSi:

mocemul Carxze irCeven damuSavebis reJimebis (t,s,v) da iaraRis
geometriuli parametrebis (ϕ,γ,r...) tipur, daaxloebiT n=10÷12
erToblivobas. SerCeul pirobebSi erTi gavliT amuSaveben

safexurian namzadebs (ix.nax.2) da zomaven damuSavebul zedapirze

fiqsirebuli drekadi gadaadgilebis Y∆ mniSvnelobas. damuSavebis

igive, praqtikulad identur pirobebSi, samkomponentiani

dinamometris gamoyenebiT zomaven Wris Zalis samive Px, Py, Pz
mdgenels.

nax.2 Carxis Wris procesiT datvirTvisas drekadi gadaadgi-

  lebis Y∆ damuSavebul zedapirze fiqsirebis sqema

aRniSnul eqsperimentebsa da gazomvebs asruleben damuSavebis

yvela winaswar SerCeul tipiur pirobebSi da miRebuli monacemebis

gamoyenebiT adgenen n raodenobis , e.w. pirobiT gantolebaTa

sistemas (12)

      Y∆
 1

 = aPy1 +bPz1 +cPx1
      Y∆ 

1

 = aPy2 + bPz2 +cPx2                                          (12)
                           ...................................
                          Y∆

1
 = aPyn +bPzn +cPxn

     sadac a, b da c Wris Zalis modebis wertilSi Carxis

damyoloebis koeficientebis ucnobi ricxviTi sidideebia.

   pirobiT gantolebaTa sistemas (12), umcires kvadratTa meTodis

Sesabamisad gardaqmnian samucnobian , samgantolebian e.w. niormalur

gantolebaTa sistemad, romelsac gansaxilvel SemTxvevaSi aqvs

Semdegi saxe:
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   (13)

gantolebaTa sistemis (13) amoxsniT Rebuloben Wris procesiT

anu Wris Zalis samive mdgeneliT erTdrouli datvirTvisas

Wris Zalis modebis wertilSi Carxis damyolobis normalur

(a) da orTogonalur (b,c) koeficientebs.
naSromebSi [6,9], sadac wamoyenebuli da (an) gamoyenebulia

damyolobis a,b da c koeficientebis gansazRvris zemoT aRwerili

meTodi, arsebiTad Riad, anu gadawyvetis gareSea datovili Semdegi

amocana:

eqsperimentebisa da gazomvaTa SerCeul pirobebSi da normalur

gantolebaTa sistemis (13) amoxsnis  Sedegad rogori sizustiT

SeiZleba iqnen miRebulni damyolobis a,b da c koeficientebi,
anda drekadi gadaadgilebis Y∆ da Wris Zalebis (Px,Py,Pz)
gazomvis  rogori sizustea saWiro imisaTvis, rom gantolebaTa

sistemaSi (13) amoxsniT miRebuli damyoloebis koeficientebi

Seicavdnen praqtikulad dasaSveb cdomilebebs.

am amocanis gadawyvetis gareSe cxadia SeuZlebelia damyoloebis

koeficientebis aRwerili meTodis safuZvlad dadebuli daSvebis

(arsebiTad hipotezis) Semowmebac imis Sesaxeb, rom Sesrulebul

eqsperimentebSi da gatolebaTa sistemaSi (13) asaxuli Wris

Zalis veqtoris 222
ZYX PPPP ++=  mimarTulebis cvlilebis mTel

diapazonSi damyoloebis koeficientebi (a,b,c) mudmivi ricxviTi
sidideebia da maSasadame, Carxis Sesabamisi drekadi sistema wrfivi.

    aRniSnuli amocanis gadawyvetis mizniT viyenebT cxril 1_Si

asaxuli eqsperimentebis monacemebs. magram, imis gamo,rom Sesabamis

naSromSi [9] (saidanac naxsenebia cxril 1_is monacemebi) Wris

Zalis mdgenelebi (Px,Py,Pz)  da drekadi gadaadgilebis (Y∆)
gazomvaTa faqtiur cdomilebebis Sesaxeb saimedo da konkretuli

monacemebi arsebiTad araferia motanili, damyolobis

koeficientebis (a,b,c) da maTi sizustis gamokvlevisaTvis viyenebT

manqanuri initaciis meTods. am meTodis sakvanZo upirveles amocanas
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warmoadgens e.w. sakvlevi obieqtis sawyisi maTematikuri modelis

formireba. gansaxilvel SemTxvevaSi mis qveS igulisxmeba Wris

Zalis modebis wertilSi drekadi gadaadgilebis Y∆ Wris Zalis

mdgenelebisagan damokidebuleba (11), romelSic damyolobis a,b
da c  koeficientebi dadgenili SeiZleba iyos Tundac pirveli

miaxloebiT (Tumca cxadia, rom sasurvelia isini gansazRvruli

iqnen praqtikulad ramdenadac SesaZlebelia maRali sizustiT).

cxrili 1

drekadi gadaadgilebis Y∆ Wris Zalis PX, PY, PZ mdgenelebisagan

damokidebulebis eqsperimentaluri gamokvlevis Sedegebi [9]

ϕ=300; γ=100; α=120; λ=00; r=1mm    ϕ=450; γ=80; α=120; λ=80; r=1mm
a)   b)

     ϕ=900;γ=00;α=00;λ=80;r=1mm          ϕ=1100;α=80;γ=00;λ=00;r=2mm
g)   d)

Px Py Pz Y∆

kg. kg. kg. mkm

1 89 217 295 97
2 86 205 279 89
3 83 197 270 82

4 78 181 266 69
5 71 165 258 67
6 61 142 230 44
7 53 124 198 34
8 47 115 200 42
9 41 108 195 41

10 37 106 192 42

cdis #
Px Py Pz Y∆

kg. kg. kg. mkm

1 73 113 228 20
2 71 108 218 16
3 72 111 222 17
4 70 108 214 17
5 68 102 208 15
6 61 82 193 15
7 54 85 175 15
8 49 87 185 22
9 42 81 183 20

10 35 81 185 1

cdis #

Px Py Pz Y∆

kg. kg. kg. mkm

1 170 75 263 -22
2 161 72 240 -18
3 154 73 259 -21
4 148 69 248 -21
5 140 67 240 -17
6 134 81 238 -6
7 122 75 230 -10
8 118 89 219 8
9 104 83 210 1

10 102 92 226 12
11 101 105 222 25
12 75 117 215 40

cdis #
Px Py Pz Y∆

kg. kg. kg. mkm

1 71 52 192 -5
2 63 57 186 5
3 66 59 190 4
4 59 57 184 5
5 56 55 180 10
6 59 68 183 10
7 57 66 180 5
8 56 72 172 16
9 46 68 162 15

10 42 79 153 21
11 36 86 146 28
12 26 100 135 40

cdis #
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gamokvlevis yvela seriaSi (a, b, g, d) gamoyenebulia:

Carxi-saxarato 1620; namzadi  ∅  (50-70) x 250 ; fl.45;

iaraRis mWreli nawilis masala T15K6 ; yvela seriaSi

cdis rigiTi nomris mixedviT Wris siRrme mcirdeba

t=4.8 mm-dan t=1.34 mm-mde, miwodeba izrdeba S=0.2mm/br-
dan S=0.71 mm/br-mde ; Wris siCqare V=90-130 m/wT;

(iaraRis geometriuli parametrebi ix.cxrilis a, b, g,

d nawilebi)

NnaSromidan [9] nasesxebi eqsperimentaluri monacemebis(ix.

cxrili 1) gamoyenebiT mravalricxovanma gamoTvlebma da analizma

dagvarwmuna,rom normaluri gantolebaTa sistemidan (13)

praqtikylad sakmarisi sizustis amonaxsnebis misaRebad Sesabamisi

pirobiT gantolebaTa sistema (12) Sedgenili unda iqnes rom

Wris Zalis veqtoris mimarTulebis rac  SeiZleba farTo

diapazonSi cvlilebis pirobebisaTvis. magram, Tu gaviTvaliswinebT,

Wris Zalis mimarTulebis cvlilebis diapazonis mniSvnelovan

gafarToebas Tan sdevs Carxis drekadi sistemis elementebis

datvirTvis gadanawileba da zemoTaRniSnuli daSvebis (damyolobis

koeficientebis Wris Zalis mimarTulebisagan damoukideblobis)

daucvelobis SesaZleblobis zrda, Wris Zalis veqtoris

mimarTulebis cvlilebis diapazoni ar SeiZleba aRematebodes

150-200-is farglebs.

GgamoTvlebma gviCvena, rom aRniSnul moTxovnebs mTlianad

akmayofilebs cxrili 1-is (g) seriis eqsperimentebis monacemebi

da agreTve (a)da (b) seriis experimentebis monacemebic, Tu ki

gavaerTianebT pirobiT gantolebaTa erTi sistemis Sesadgenad.

amitom, cxrili 1-is monacemebis gamoyenebiT pirobiTi (12) da

normaluri (13) gantolebaTa sistemebi SevadginoT ori SemTxvevisa

da pirobebisaTvis, kerZod (1), rodesac cxrili 1-is eqsperimentebis

seriebis mixedviT ZiriTadi cvladi parametri-iaraRis mTavari

kuTxe gegmaSi icvleba ϕ=300-450-s farglebSi da (2), rodesac

igive kuTxe tolia ϕ=900.

eqsperimentebis aRniSnuli (1) da (2) pirobebisaTvis Sedgenili

normalur gantolebaTa sistemebis amoxsnis Sedegad miRebulma

damyoloebis a,b da c koeficientebma miiRes cxrili 2-is me-3

svetSi Cawerili mniSvnelobebi, xolo saZiebelma sawyisma

maTematikurma modelebma, igive (pirveli da meore) pirobebisaTvis

Sesabamisad miiRo (14) da (15) gamosaxulebaTa saxe:

Y∆ = 0.87 PY – 0.15 PZ – 0.6 PX          (14)
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Y∆ = 0.89 PY – 0.26 PZ – 0.12 PX         (15)

sawyisi maTematikuri modelis formirebis Semdeg, meqanikuri

imitaciis meTodiT kvlevis Semdegi etapia drekadi gadaadgilebis

(Y∆) da Wris Zalebis (PX,PY,PZ) gazomvis cdomilebaTa

praqtikulad SesaZlo zRvrul mniSvnelobaTa simravlis SerCeva.

es simravle motanilia cxrili 2-is zeda nawilSi. mokled imis

Sesaxeb, Tu ra mosazrebebi udevs safuZvlad gazomvis zRvrul

cdomilebaTa SerCeul da cxril 2-Si moyanil mniSvnelobebs.

cnobilia, rom samkomponentiani ÓÄ Ì ti pis dinamometrebis

saSualebiT (romelic gamoyenebuli iqna cxril 1-Si asaxul

eqsperimentebSi PX,PY,PZ  Zalebis gasazomad) Wris Zalebis gazomvis

sizuste ar aRemateba 3%-s,Tanac es ZiriTadad exeba Wris Zalis

PZ mdgenelis gazomvas.  PX da PY Zalebis gazomvisas ki

mosalodnelia gazomvis mniSvnelovnad (daaxloebiT 2-jer) ufro

dabali sizuste. amitom PZ  Zalis zRvrul cdomilebebad SevirCieT

3 da 5%, xolo   PX da PY Zalebis zRvrul cdomilebebad 3, 5

da 10%.

saerTod cnobil siZneleebTan aris dakavSirebuli drekadi

gadaadgilebis Y∆ saWiro sizustiT gazomva ara marto uSualod

damuSavebis procesSi, aramed misi damuSavebul zedapirze

fiqsirebis meTodis (ix.nax 2) SemTxvevaSic romelic gamoyenebulia

cxril 1-Si asaxul eqsperimentebSi. aseT SemTxvevaSi Y∆-s gazomvis

sizusteze mniSvnelovan gavlenas axdens: damuSavebuli zedapiris

xorklianoba da misi arastabiluroba zedapiris, rogorc grZivi,

ise ganiv kveTebSi; Carxis drekad sistemaSi histerezisuli

movlenis da damuSavebuli zedapiris ganiv kveTSi Y∆-s

arastabiluroba maSinac ki, rodesac Wris siRrme da damuSavebis

reJimis sxva parametrebic praqtikulad ar icvlebian; Y∆-s

gazomvisaTvis gamoyenebuli mzomi iaraRis (kerZod cxril 1-Si

asaxul eqsperimentebsi gamoyenebuli 2mkm-ni danayofis fasis

mqone berketuli kavis)sizuste da sxv. ARniSnul garemoebaTa

gaTvaliswinebiT Y∆-s gazomvis zRvrul cdomilebebad SevirCieT

5 da 10%.

naxsenebi oTxive sididis (PX,PY,PZ  ,Y∆) gazomvis cdomilebebi

SemTxveviTi xasiaTis cdomilebebia da SeuZliaT miiRon rogorc

dadebiTi aseve uaryofiTi niSani. Cvens gamokvlevaSi (ix.cxrili

2) am niSanTa cvlilebis 24 variantia SerCeuli. imitaciuri

kvlevis yvela calkeul “eqsperimentSi” naxsenebi oTxive sididis

%-Si gamosaxuli gadaxrebi Cawerilia cxrili 2-is zeda nawilis

svetebSi.
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gazomvis aRnisnul cdomilebaTa gaTvaliswinebiT da sawyisi

maTematikuri modelebis (ix.me-14 da me-15 gamosaxulebebi)

gamoyenebi zemoTnaxsenebi pirveli (rodesac ϕ=300÷450 ) da

meore (rodesac ϕ=900) pirobebisaTvis: SevadginoT pirobiTi

gantolebaTa sistemis 24 - 24 (sul 48) varianti; saTanado

programebis  SerCeviTa da kompiuteris gamoyenebiT SevasruleT

pirobiT gantolebaTa sistemis yvela calkeuli variantis

samucnobian, samgantolebian normalur gantolebaTa sistemad

(13) gardaqmna da maTi amoxsna damyolobis a,b, da c Kkoeficientebis
mniSvnelobaTa Sesabamisi simravlis dadgenis mizniT.

aseTnairad, arsebiTad Carxis drekadi sistemis sawyis

maTematikur modelebze `eqsperimentebis” (imitaciuri kvlevis)

Sedegad miviReT damyolobis a,b, da  c Kkoeficientebis
mniSvnelobaTa simravle, ̀ eqsperimentebSi” daSvebuli (sinamdvileSi

SerCeuli) Wris px, p y,p z  Zalebis da drekadi gadaadgilebis Y∆
ßgazomvebis zRvruli cdomilebebisagan damokidebulebiT.

damyolobis koeficentebis swored am simravlidan amorCeuli

zRvruli (minimaluri da maqsimaluri) mniSvnelobebia Cawerili

cxrili 2-is me-4, me-5, da me-6 svetebSi. maTTan erTad frCxilebSi

miTiTebulia, Tu %-Si ra nawils Seadgenen Sesabamisi damyolobis

koeficientebis gabnevis velebi ωa ,ωb ,ωc   (anu damyolobis

koeficentebis  maqsimalur da minimalur mniSnelobaTa sxvaobebi)

sawyisi modelisaTvis dadgenili igive koeficentebTan (ix. cxrili

2_is me_3 sveti) SedarebiT.

cxril 2_Si asaxuli gamokvlevis Sedegebi saSualebas gvaZlevs

gamovTqvaT Semdegi daskvnebi da (an) mosazrebebi:

1. 1620 modelis saxarato Carxze Wris Zalis modebis

wertilSi da damuSavebuli zedapiris normaluri mimarTulebiT

damyolobis erTis mxriv normalur (à) da meores mxriv

orTogonalur koeficientebs (b,c) aqvT erTmaneTis

sawinaaRmdego niSani . damyolobis orTogonaluri

koeficientebis uaryofiTi niSani imaze ki ar miuTiTebs, rom

Carxis drekadi sistemis damyolobis Tvisebaa uaryofiTi,

aramed imaze, rom erTis mxriv p y  ZaliT da meores mxriv px
da  p z  ZalebiT sxvadasxva sibrtyeSi da mimarTulebiT

itvirTebian Carxis drekadi sistemis sxvadasxva elementebi

da Zalebis modebis wertilSi SeuZliaT gamoiwvion erTmaneTis

sawinaaRmdego mimarTulebis  drekadi gadaaadgilebebi.

2. Wris  px, p y,p z  Zalebis da drekadi gadaadgilebis Y∆
gazomvebis, Sesabamisad 3 da 5 % is cdomilebis SemTxvevaSi,
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damyolobis koeficientebis mniSvnelobaTa gabnevis velebi ar

aRematebian Carxis drekadi sistemis sawyisi modelisaTvis

damyolobis koeficientebis me_5_d nawils (anu 20%_s), xolo

Zalebis da drekadi gadaadgilebis Y∆ gazomvebis Sesabamisad

5 da 10%_is cdomilebebis SemTxvevaSi damyolobis

koeficientebis gabnevis velebi Seadgenen sawyisi modelis

damyolobis koeficientebis  ara umetes mesamed nawils (anu

33%_s).

aRniSnulidan gamomdinare , damyolobis a,b, da c koeficientebis
gansazRvris zemoT gadmocemuli eqsperimentalur_saangariSo

meTodis gamoyenebis SemTxvevaSi Wris px, py,p z  Zalebis gazomvis

cdomilebebi ar unda aRematebodes ± 3%_s, xolo drekadi

gadaaadgilebis Y∆  gazomvis cdomilebebi _± 5%_s.

damyolobis koeficientebis pirveli miaxloebiT anu

saorientacio mniSvnelobaTa gansazRvris SemTxvevebSi ki Wris

px, py,p z   Zalebis da drekadi gadaadgilebis gazomvaTa

cdomilebebi Sesabamisad ar unda aRematebodes ± 5  da ± 10
%_s .

3. iaraRis gegmaSi mTavari kuTxis ϕ=30°÷45°_dan ϕ=90°_mde
gazrdiT da Wris Zalis veqtoris mimarTulebis Sesabamis

farglebSi cvlilebiT damyolobis normaluri koeficienti

(a) praqtikulad inarCunebs mudmiv (0,87_0.89mkm/kg.)

mniSvnelobas, maSin rodesac damyolobis orTogonaluri

koeficientebi mniSvnelovnad icvlian TavianT mniSvnelobas.

ϕ kuTxis aRniSnul farglebSi gazrdiT b koeficientiT
gamoxatuli drekadi sistemis damyoloba izrdeba TiTqmis

orjer, xolo c koeficientiT gamoxatuli damyoloba mcirdeba

5_jer. sakiTxi imis Sesaxeb Tu riT aris gamowveuli aRniSnuli

movlena scildeba winamdebare naSromis CarCoebs, magram saWirod

migvaCnia avRniSnoT, rom eqsperimentalur_saangariSo meTodiT

dadgenili aRniSnuli movlena xarisxobrivad ar aris

moklebuli obieqtur (kanonzomier) safuZvlebs.

4. Wris Zalis modebis wertilSi Carxis dreakdi sistemis

damyolobis a,b, da c  koeficientebis zemoT gadmocemuli

arapirdapiri, anu eqsperimentalur_saangariSo meTodiT

gansazRvra sakmaod Sromatevadia da saWiroebs droisa da

saSualebaTa mniSvnelovani xarjebis gawevasac. zemoT

gadmocemuli moTxovnebis dacviT igi SeiZleba gamoyenebuli

iqnes ZiriTad Carxebis sacdeli nimuSebis drekad sistemaTa

damyolobis koeficientebis gansazRvrisaTvis. seriulad
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gamoSvebuli Carxebis damyolobis (an sixistis) koeficientebis

gansazRvrisaTvis saWiroa SemuSavebuli iqnes SedarebiT martivi

da ekonomiuri meTodi.
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sakonstruqtoro-teqnologiuri daproeqtebissakonstruqtoro-teqnologiuri daproeqtebissakonstruqtoro-teqnologiuri daproeqtebissakonstruqtoro-teqnologiuri daproeqtebissakonstruqtoro-teqnologiuri daproeqtebis
sistemuri kvlevis sakiTxisadmisistemuri kvlevis sakiTxisadmisistemuri kvlevis sakiTxisadmisistemuri kvlevis sakiTxisadmisistemuri kvlevis sakiTxisadmi

saqarTvelos teqnikuri universiteti

meqanika-manqanaTmSeneblobis fakulteti, CAD/CAM-is jgufi
doc. al.SarmazanaSvili

sakonstruqtoro-teqnologiuri daproeqteba warmoadgens

daproeqtebis erTerT nairsaxeobas, romelic sruldeba

warmoebis teqnologiuri momzadebis stadiaze. amasTan

daproeqtebis obieqts Tavdapirvelad warmoadgens nakeToba,

anu sruldeba sakonstruqtoro daproeqteba, xolo

Semdgom xorcieldeba teqnologiuri daproeqteba, romelzec

obieqti am nakeTobis dasamzadeblad  auicilebeli

warmoebis teqnologiuri procesia.

Tvisebebis detalizaciis donis mixedviT, daproeqtebis

obieqts Seesabameba ierarqiulad daqvemdebarebuli,

mravaldoniani aRwera. amitom sakonstruqtoro-teqnologiuri

daproeqteba xorcieldeba  etapobrivad, TiToeul etapze

saSualedo saproeqto gadawyvetebis formirebiT. obieqtis

aRweris TiToeul dones Seesabameba daproeqtebis garkveuli

etapi, romelic aerTianebs gadawyvetilebis miRebis modelebs,

amocanis dasmasa da saproeqto procedurebs, daproeqtebis

enebsa  da dokumentirebis formebs. sistemuri TvalsazrisiT

daproeqtebis TiToeuli etapi SesaZlebelia  warmovidginoT

rogorc sistema, romelsac gaaCnia Sesasvleli monacemebi

- Φ , gamosasvleli monacemebi 

ϑ

 da gadawyvetilebis

miRebis modelebi - 

λ

, romlebsac gadahyavT Sesasvleli

monacemebi gamosasvlel monacemebSi

ϑλ ⇒Φ:

Sedagad, sakonstruqtoro-teqnologiuri daproeqtebis

mTliani procesi formalurad SegviZlia warmovidginoT

Semdegi  sistemis saxiT:

{ }{ } { }[ ]

{ }{ }{ }[ ]














Φ=

Φ=

iiii λϑψ

λϑψ

,,
...........................

,, 1111
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sadac, Ψ1, Ψ2,...,Ψι - proeqtirebis  etapebia; 1...i -
proeqtirebis obieqtis aRweris ierarqiuli doneebia.

am ierarqiaSi formalurad SegviZlia warmovidginoT

rom gamosasvleli  parametrebi (i-1) donidan, Seadgenen

i - etapis Sesasvlel parametrebs, vinaidan (i-1) donis
gamosasvleli parametrebi aRweren daproeqtebis obieqts

detalizaciis i donidan. magram, miuxedavad amisa Φ
i
=ϑ
i-1

warmoadgens kerZo SemTxvevas, radgan daproeqtebis TiToeul

etapze arseboben e.w. ̀ damoukidebeli~ Sesasvleli monacemebi

{α
i
} , romlebic ar arian damokidebuli daproeqtebis

wina etapebze (mag. sacnobaro-normatiuli informacia,

ukukavSiris an kontrolis monacemebi da sxv.) amasTan

etapis Sesasvlel monacemebad SeiZleba gamoyenebul iqnas

gamosasvleli monacemebi ara mxolod wina etapidan,

aramed ufro adrindeli etapebidanac.

maSasadame, zogadad daproeqtebis i etapis Sesasvlel
monacemTa simravle SesaZlebelia CavweroT rogorc

Φ
i 
= { (ϑ
i-1
, ϑ
i-2
,ϑ
i-3
, ..., (α
i
) }

daproeqtebis procesis sistematizaciisadmi miZRvnilia

mravali naSromi  - ZiriTadi debulebebi Camoyalibebulia

v.cvetkovis mier; aseve cnobilia koncefciebi damuSavebuli

v.komisarovis, n.kapustinis, T.lolaZis, r.gJirovis, t.mostaliginis,

m.gruveris mier. magram aRniSnul naSromebSi daproeqtebis

procesi ar ganixileba erTiani, sakonstruqtoro-teqnologiuri

daproeqtebis procesis poziciidan, Sedegad aRniSnuli

avtorebis mier damuSavebuli sistematizaciebi ganekuTvneba

calkeul  etapebs da ar iTvaliswinebs gamWoli daproeqtebis

moTxovnebs.

s a ko n stru qtoro -t e q nolog iuri proc e s i s

sistematizaciisaTvis Tavdapirvelad logikurad gavaerTianoT

parametrebi, romlebic Sedian daproeqtebis TiToeuli

etapis Sesasvlel da gamosasvlel  monacemebSi. amasTan

parametrebi, romlebic aRweren dasaproeqtebeli obieqtis

sxvadasxva Tvisebas detalizaciis erTsa da imave doneze,

gavaerTianoT logikuri funqciiT - ‘∧ ’ (logikuri `da~),
xolo parametrebi, romlebic aRweren  obieqtis erTsa
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da igive Tvisebas detalizaciis miRebul doneze, gavaerTianoT

logikuri diziunqciiT - ‘∨ ’ (logikuri `an~).
obieqtis dayofisa da detalizaciis doneebis

gamoyofisaTvis aucilebelia sistemuri Tvisebebis qona,

romlebic  sakonstruqtoro-teqnologiuri daproeqtebis

SemTxvevaSi gvaqvs ori saxis:

1) Tviseba, romelic axasiaTebs nakeTobas mTliani meqanizmis

(awyobis) SemadgenlobaSi

2) Tviseba, romelic axasiaTebs sawyisi namzadis mza

nakeTobaSi gadayvanis process.

aRniSnuli Tvisebebisa da  literaturuli wyaroebis

mimoxilvis safuZvelze  gamoyofil iqna sakonstruqtoro-

teqnologiuri daproeqtebis Semdegi etapebi (nax. 1).

I. winasaproeqto kvleva
ganekuTvneba pirvel sistemur Tvisebas da mis

mizans Seadgens daproeqtebaze detaluri teqnikuri davalebis

Sedgena, romelic iwyeba axali nakeTobis damzadebaze

moTxovnilebis faqtis dadgeniT (φ1-1). aRniSnuli SeiZleba
ganpirobebuli iyos sami faqtoriT - sazogadoebrivi

moTxovna (φ’
1-1), sabazro moTxovna (φ’’

1-1) an  eqspluataciaSi

myofi meqanizmis konstruqciis gaumjobeseba (φ’’’
1-1).  garda

amisa teqnikuri davalebis Sedgenisas mxedvelobaSi miiReba

samecniero-teqnikuri ganviTarebis done (φ1-2) da arsebuli

sawarmoo resursebi (φ1-3).
amrigad, etapis Sesasvleli monacemebisaTvis gveqneba

Φ1 = { φ1−1   ∧  φ 1−2   ∧  φ 1−3 }

sadac φ1−1 =  { φ’1−1   ∨  φ
’’
1-1  

∨  φ ’’’
1-1 

}
teqnikuri davaleba Seicavs dasaproeqtebeli obieqtis

detalur  aRweras (ϕ1-1),  mis  parametrebs (ϕ1-2),

romelic Tavis mxriv iyofa funqcionalur (ϕ’
1-2), fizikur

(ϕ’’
1-2) da saeqspluatacio (ϕ’’’

1-2). garda amisa teqnikur
davalebaSi gansazRvrulia im qarxnis sawarmoo parametrebi

(ϕ1-3), romelSic navaraudevia  nakeTobis damzadeba.
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teqnikuri davalebis garda, aRniSnul etapze, samecniero-

teqnikuri miRwevebis safuZvelze, formirdeba tipiuri

gadawyvetebi (ϕ1-4), romlebic gamoiyeneba daproeqtebis
Semdgom etapebze, rogorc gadawyvetilebis miRebis modelebi.

amrigad, gamosasvleli monacemebisaTvis gveqneba:

ϑ1   = { ϕ1−1   ∧  ϕ 1−2  ∧  ϕ 1−3   ∧  ϕ 1−4 }

sadac ϕ1−2= { ϕ ‘
1-2  

∧  ϕ ‘’
1-2   

∧  ϕ ‘’’
1-2   

}

II. geometriuli modelireba.
ganekuTvneba  pirvel sistemur Tvisebas da mis

mizans warmoadgens dasaproeqtebeli obieqtis geometriuli

modelis Sedgena.  geometriuli modeli maTematikuri

formalizaciis meTodebiT asaxavs obieqtis geometriul

Tvisebebs.

geometriuli modelis Sesaqmnelad saWiro monacemebs

Seadgenen - obieqtis aRwera (φ2-1), parametrebi (φ2-2) da

geometriuli primitivebi (φ2-3), romlebic Tavis mxriv
SeiZleba Seicavdnen standartul geometriul elementebs

(φ’
2-3), rogoricaa wertili, xazi, rkali da sxv., an

tipiur geometriul  primitivebs (φ’’
2-3) - tipiuri

zedapirebi, zedapiris kompleqsebi an tipiuri konturebi.

maSasadame,

Φ2   = { φ2−1   ∧  φ 2−2   ∧  φ 2−3  }

sadac φ2−3  = { φ’
2-3  

 ∨   φ ’’
2-3 

 }
Tavis mxriv, geometriuli modeli SeiZleba iyos

sami sxvadasxva tipis: karkasuli (ϕ2-1), romelSic gamoyofilia
sayrdeni wertilebi da maTi SemaerTebeli zedapirebi;

CGS modeli (ϕ2-2), romelic igeba calkeuli primitivebisagan,
romelTa geometriuli Tvisebebi mocemulia formaluri

parametrebis ricxviTi mniSvnelobebiT; B-modeli (ϕ2-3),
romelic igeba sasazRvro zedapirebidan.

amrigad, ϑ2  = { ϕ2−1   ∨  ϕ 2-2   ∨   ϕ
2-3 

}

III.  funqcionaluri modelireba
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ganekuTvneba pirvel sistemur Tvisebas, romlis

mizanic nakeTobis funqcionaluri modelis dadgenaSi

mdgomareobs. funqcionaluri modeli gamoxatavs TiToeuli

zedapiris daniSnulebas, xarisxobriv da sizustis parametrebs.

TiToeuli zedapiris funqcionaluri daniSnulebis,

xarisxobrivi da sizustis parametrebis dadgenaSi mdgomareobs.

etapis Sesasvlel parametrebs warmoadgenen, nakeTobis

geometriuli modeli (φ3-1) da winasaproeqto kvlevis

stadiaze formirebuli obieqtebis parametrebi (φ3-2)

Φ3  = { φ3−1   ∧  φ 3−2  }
gamosasvleli monacemebis simravle Sedgeba - zedapiris

simqisis parametrebisagan (ϕ3-1); sizustis parametrebisagan

- dasaSvebi gadaxra zomidan (ϕ3-2) da formidan (ϕ3-3);
zedapiris fizikuri maxasiaTeblebis aRmweri parametrebi

(ϕ3-3) da masalisagan (ϕ3-5)

ϑ3   =  { ϕ3−1  ∧ ϕ 3−2  ∧ ϕ 3−3 ∧ ϕ 3−4 ∧ ϕ 3−5}

IV. konstruqciis sainJinro analizi
ganekuTvneba pirvel sistemur Tvisebas da mis mizans

warmoadgens konstruqciis analizi sizusteze da

teqnologiurobaze; nakeTobis modelireba mTliani awyobis

SemadgenlobaSi da misi fizikur-meqanikuri Tvisebebis

gamokvleva.

Sesasvlel monacemebs aseTi analizis Casatareblad

warmoadgenen geometriuli modeli (φ4-1), sawarmoo parametrebi

(φ4-2), funqcionaluri modeli (φ4-3) da mTliani awyobis

aRwera (φ4-4)

Φ4   =   { φ4−1   ∧  φ 4−2   ∧  φ 4−3 ∧  φ 4−4}

konstruqciis analizi sizusteze (ϕ4-1) umravles

SemTxvevaSi daiyvaneba zomaTa jaWvisa (ϕ’
4-1) da zedapirebis

urTierTganlagebis (ϕ’’
4-1) Semowmebaze.

teqnologiurobaze analizi (ϕ4-2) tardeba ori,

awyobisa (ϕ’
4-2) da damzadebis (ϕ’’

4-2) teqnologiuri
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procesebisaTvis.

nakeTobis analizi mTlian awyobaSi (ϕ4-3) iTvaliswinebs
dasayenebeli kvanZis elementebis adgilmdebareobis kontrols

(ϕ’
4-3) da kinematikur analizs (ϕ’’

4-3), romlis drosac
xorcieldeba mTlian awyobis, muSaobis dinamikis warmodgena.

nakeTobis fizikur-meqanikuri Tvisebebis analizi

sruldeba ori meTodiT - mas-analiziT (ϕ4−4), da

sasruli elementebis meTodiT (ϕ4−5). mas-analizi saSualebas
iZleva gamokvleul iqnas nakeTobis iseTi Tvisebebi,

rogoricaa zedapiris farTobi (ϕ ’
4-4

), masa (ϕ ‘’
4-4

),

simZimis centri (ϕ‘’’
4-4

), moculoba (ϕ‘’’’
4-4

)
 
 da inerciis

momenti (ϕ‘’’’’
4-4 

); xolo sasruli elementebis meTodiT

SesaZlebelia meqanikuri daZabulobebis (ϕ‘
4-5

), daWimulobis

(ϕ‘’
4-5

), siTbosa da velis gavrcelebis (ϕ‘’’
4-5

)
 
 da

dinamiuri maxasiaTeblebis (ϕ‘’’’
4-5

)
 
 gamokvleva.

amrigad,

ϑ4 =  {  ϕ4−1    ∧   ϕ 4−2   ∧  ϕ 4−3   ∧  ϕ 4−4  ∧  ϕ 4−5 }

sadac ϕ4−1  = {ϕ ‘4−1  ∧  ϕ
‘’
4-1 

}

ϕ4−2  = {ϕ ‘4−2  ∧  ϕ
‘’
4-2 

}

ϕ4−3  = {ϕ ‘4−3 ∨  ϕ
‘’
4-3 

}

ϕ4−4  = {ϕ ‘4−4  ∨  ϕ
‘’
4-4 

∨  ϕ ‘’’
4-4

∨  ϕ ‘’’’
4-4

∨  ϕ ‘’’’’
4-4

}

ϕ4−5  = {ϕ ‘4−5  ∨  ϕ
‘’
4-5 

∨  ϕ ‘’’
4-5

∨  ϕ ‘’’’
4-5

}

V.  naxazebis momzadeba
ganekuTvneba pirvel sistemur Tvisebas da misi

mizania sakonstruqtoro naxazis momzadeba (ϕ5−1). romelSic
garkveuli wesiT formdeba geometriuli da funqcionaluri

modelebi. amasTan ZiriTadad sruldeba iseTi procedurebi

rogorebicaa zomebis gansazRvra, daStrixva, masStabireba,

proeqciis miReba, izometriisa da perspeqtivis ageba da

sxv.
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etapis Sesasvlel parametrebs warmoadgenen, geometriuli

(φ5−1) da funqcionaluri modelebi (φ5−2)

Φ5   =   { φ5−1  ∧ φ 5−2 }
xolo gamosasvlels

ϑ5   =  { ϕ5−1  }

VI. sawyisi namzadis SerCeva
ganekuTvneba meore sistemur Tvisebas da mis mizans

warmoadgens namzadis miRebis optimaluri meTodis SerCeva.

Sesasvleli monacemebi Seicaven - geometriul(φ6−1)

da funqcionalur ( φ6−2 )  modelebs,  partiis sidides

(φ6−3) da sawarmoos maCveneblebs (φ6−4)

Φ6   =   { φ6−1   ∧  φ 6−2   ∧  φ 6−3 ∧  φ 6−4 }
teqnikur-ekonomiuri analizis Sedegad dgindeba namzadis

tipi (ϕ6−1), miaxloebiTi geometriuli parametrebi (ϕ6−2),

sizustis kvaliteti (ϕ6−3) da zedapirebis sisufTave

(ϕ6−4).
amrigad,

ϑ6   =  { ϕ6−1 ∧   ϕ 6−2 ∧   ϕ 6−3 ∧   ϕ 6−4 }

VII..  teqnologiuri procesis principialuri sqemis SerCeva
ganekuTvneba meore sistemur Tvisebas. teqnologiuri

procesis principialuri sqema Seicavs namzadis damuSavebis

etapebs saboloo nakeTobis misaRebad. damuSavebis etapi

Tavis mxriv warmoadgens teqnologiuri procesis nawils,

romelic moicavs calkeuli zedapirebisa da mTlianad

detalis, xasaTiTa da sizustiT erTgvarovan damuSavebas.

Sesasvlel monacemebs am etapis amocanebisaTvis

Seadgenen, nakeTobis geometriuli (φ7−1) da funqcionaluri

(φ7−2) modelebi, monacemebi nakeTobis Sesaxeb (φ7−3), namzadis

parametrebi (φ7−4), partiis sidide (φ7−5), sawarmoos

parametrebi (φ7−6) da tipiuri gadawyvetebi (φ7−7)
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Φ7   = {φ7−1∧  φ 7−2 ∧  φ 7−3  ∧  φ 7−4 ∧  φ 7−5 ∧  φ 7−6∧ φ 7−7 }
gamosasvlel monacemebSi Sedian, racionalurad

SerCeuli damuSavebis etapebis erToblioba (ϕ7−1) da

maTi Sesrulebis Tanmimdevroba (ϕ7−2), romelic aucilebeli
da sakmarisia nakeTobis sawyisi namzadis mdgomareobidan

saboloo saxeSi gadasayvanad

ϑ7 =  { ϕ7−1    ∧  ϕ 7−2  }

VIII.  teqnologiuri marSrutis daproeqteba
ganekuTvneba meore sistemur Tvisebas da mis mizans

Seadgens teqnologiuri operaciebis Semadgenlobisa da

Tanmimdevrobis gansazRvra.

etapis sawyis monacemebs Seadgenen, nakeTobis geometriuli

(φ8−1) da funqcionaluri (φ8−2) modelebi, teqnologiuri

procesis principialuri sqema (φ8−3), nakeTobis

sakonstruqtoro naxazi (φ8−4),  namzadis  parametrebi

(φ8−5), danadgarebisa (φ8−6) da samarjvebisa da instrumentebis
kompleqsis Semadgenloba da  teqnikuri maxasiaTeblebi

(φ8−7), partiis sidide (φ8−8) da tipiuri  gadawyvetebi

(φ8−9)

Φ8  = { φ8−1∧φ 8−2 ∧φ 8−3 ∧ φ 8−4  ∧ φ 8−5 ∧ φ 8−6 ∨ φ 8−7 ∧ φ 8−8∧ φ 8−9}
marSrutis daproeqtebisas xorcieldeba operaciebis

Semadgenlobisa (ϕ8−1) da Tanmimdevrobis (ϕ8−2) dadgena;
TiToeuli operaciisaTvis isazRvreba gadasvlebis simravle

(ϕ’
8−1), danadgari (ϕ ’’

8−1), namzadisa (ϕ’’’
8−1) da detalis

(ϕ’’’’
8−1) operaciaTaSorisi zomebi, namzadisa (ϕ ’’’’’

8−1) da

detalis (ϕ’’’’’’
8−1) zedapirebis sizustis parametrebi

ϑ8 = { ϕ8−1 ∧ ϕ 8−2}

sadac ϕ8−1 =  { ϕ’
8−1   ∧  ϕ

’’
8−1   ∧  ϕ

’’’
8−1  ∧  ϕ

’’’’
8−1  ∧  ϕ

’’’’’
8−1

   ∧  ϕ ’’’’’’
8−1}
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IX. teqnologiuri operaciis daproeqteba
ganekuTvneba meore sistemur Tvisebas. etapis Sesasvlel

monacemebs warmoadgenen, gadasvlebis simravle (φ9−1) romelic
sruldeba operaciaSi, forma da operaciaTaSorisi zomebi

namzadis (φ9−2) da detalis (φ9−3), namzadisa (φ9−4) da

detalis (φ9−5) sizustisa da xarisxis parametrebi,

danadgarebisa (φ9−6) da samarjvebis (φ9−7) Semadgenloba da

tipiuri gadawyvetebi (φ9−8).

Φ9  = { φ9−1  ∧  φ 9−2   ∧  φ9−3  ∧  φ 9−4  ∧  φ 9−5  ∧  φ 9−6  ∧  φ 9−7  ∧  φ 9−8 }
daproeqtebis Sedegad,  xdeba nametebis angariSi

(ϕ9−1), iniSneba dayenebisa da bazirebis sqemebi (ϕ9−2),

irCeva Carxi (ϕ9−3) da samarjvi (ϕ9−4), formirdeba

operaciis  struqtura (ϕ9−5),  dgindeba instrumenti

(ϕ9−6) da Wris reJimebi (ϕ9−7).
amrigad,

ϑ9 = { ϕ9−1  ∧  ϕ 9−2  ∧  ϕ 9−3  ∧  ϕ 9−4   ∧  ϕ 9−5 ∧  ϕ 9−6∧  ϕ 9−7}

X. mmarTveli programebis daproeqteba
ganekuTvneba meore sistemur Tvisebas. mmarTveli

programa warmoadgens teqnologiuri procesis, Carxis

saSemsruleblo organoebisTvis saWiro elementaruli

brZanebebis donemde detalizebul, aRweras. amasTan, ZiriTadi

informacia mmarTvel programaSi Seicavs, instrumentis

gadaadgilebis traeqtorias, romelic mocemulia sayrdeni

wertilebis koordinatTa TanmimdevrobiT da damuSavebis

reJimis parametrebs.

Sesasvleli monacemebi Seicavs - detalis (φ10−1) da

namzadis (φ10−2) geometrias, gadasvlebis Semadgenlobasa

da Tanmimdevrobas (φ10−3),  instrumentis  parametrebs

(φ10−4), Wris reJimebs (φ10−5), Carxis teqnikur maxasiaTeblebs

(φ10−6) da tipiur gadawyvetebs (φ10−7)

Φ10  = { φ10−1  ∧  φ 10−2   ∧  φ10−3  ∧  φ 10−4  ∧ φ 10−5  ∧  φ 10−6 ∧ φ 10−7 }
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etapis gamosasvlel monacemebs Seadgenen, instrumentis

gadaadgilebis traeqtoriis geometriuli parametrebi

(ϕ10−1), Wris reJimebis Sesworebeli mniSvnelobebi      (ϕ10−2)

da mmarTveli programis listingi (ϕ10−3)

ϑ10 = { ϕ10−1  ∧  ϕ 10−2  ∧  ϕ 10−3}

XI.  mmarTveli programis gamarTva
ganekuTvneba meore sistemur Tvisebas da mis mizans

warmoadgens muSaunariani, anu iseTi mmarTveli programis

miReba, romelic vargisiani detalis miRebis saSualebas

iZleva. gamarTvis dros xdeba mmarTvel programaSi

Secdomebis gamovlena, romlebic dakavSirebulia instrumentis

muSaobis TanmimdevrobasTan, gadaadgilebis sqemasTan, damatebiTi

instrumentebis raodenobasTan, Wris reJimebTan, instrumentis

gavlebTan da gadarbenebTan. amave dros xorcieldeba am

uzustobebis gasworeba.

etapis Sesasvlel monacemebs warmoadgens, mmarTveli

programis listingi (φ11−1), sistemis - Carxi_samarjvi_instru-

menti_detali faqtiuri parametrebi (φ11−2)

Φ11  = { φ11−1  ∧  φ 11−2}
xolo gamosasvlel monacemebs Seadgens gamarTuli

mmarTveli programa (ϕ11−1)

ϑ11 = { ϕ11−1}

daskvnebi
1. sakonstruqtoro-teqnologiuri daproeqteba warmoadgens

rTul, mravaletapian process, romelSic SesaZlebelia

gamoiyos 11 ganzogadoebuli etapi.

2. rogorc cxadhyo analizma, calkeuli etapis amocanebi

mWidrod arian dakavSirebuli erTmaneTTan, amitom maT

gadasawyvetad saWiroa kompleqsuri meTodebis damuSaveba.

3. daproeqtebis procesi, rogorc sistema ganicdis Rrma

ukukavSirebs calkeul etapebs Soris.

4. calkeuli etapis amocanebis kompleqsuri gadawyveta

da ukukavSirebis realizacia, warmoadgenen ZiriTad

moTxovnebs romlebic unda daakmayofilos sakonstruqtoro-
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teqnologiuri daproeqtebis avtomatizebulma sistemebma.

literatura
1 .  Öâåòêîâ Â\Ä\ Ñèñòåìà àâòîìàòèçàöèè ïðîåêòèðîâàíèÿ
òåõíîëîãè÷åñêèõ ïðîöåññîd$V\|Vfibyjcnhjtybt\-1972\-239c\
2\ Rfgecnby Y\V\ Hfphf,jnrf nt[yjkjubxtcrb[ ghjwtccjd
j,hf,jnrb ltnfktq yf cnfyrf[ c gjvjom. ÝDV\-
V\|Vfibyjcnhjtybt= 1 9 76\_28 8c\
3\ Vjcnfksuby U\G\= Njkvfxtdcrbq Y\Y\ Nt[yjkjubz
vfibyjcnhjtybz\V\ |Vfibyjcnhjtybt\- 1 9 90 \_ 2 8 7c \
4\ Kjkflpt N\Y\ Jcyjdyst djghjcs jgnbvbpfwbb nt[yjkjubb
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rjvgktrcs\-V\|Dscifz irjkf= 19 8 9\-ry\2\- 108c\
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“BUGATTI D’FACTOR”  - 3 ganzomilebiani- 3 ganzomilebiani- 3 ganzomilebiani- 3 ganzomilebiani- 3 ganzomilebiani
rTuli zedapirebis proeqtirebarTuli zedapirebis proeqtirebarTuli zedapirebis proeqtirebarTuli zedapirebis proeqtirebarTuli zedapirebis proeqtireba AutoCAD-Si

damoukidebeli dizaineri z. cikolia

1997 welSi qalaq frankfurtSi saerTaSoriso avtosalonze

wardgenili iyo, `cikolia dizaini~-s mier pirvelad

saqarTvelodan avtomobilis istoriaSi avtomobilis modeli

masS. 1:1, romelic daproeqtebuli iyo AutoCAD-Si 18
dReSi.

rogorc mogexsenebaT yoveli proeqti moiTxovs zusti

naxazis Sesrulebas (anu 2D-Si muSaobas), rac sakmaod
zustad SeiZleba gakeTebuli iyos AutoCAD-Si. igi

sakmaod zustia da moxerxebuli eseTi samuSaoebisaTvis,

advilad SeiZleba masStabireba, grexilebisa Tu sxva

sirTulis geometriuli figurebis Seqmna. aqedan gamomdinare

es programa idealuri iyo manqanis Zaris saproeqteblad.

manqanis Zaris dasaproeqteblad saWiroa aseve 3D-Si
proeqtireba, rasac AutoCAD-i nawilobriv amis saSualebas
gvaZlevs. iseTi rTuli zedapiri rogoric aqvs avtomobils,

moiTxovs gansakuTrebul midgomas, rac gamoixateba Zaris

grZivi da ganivi kveTebis sizusteSi

imisaTvis, rom droSi movigoT da Secdoma gamoiricxos

realur modelTan muSaobisas saWiroa SevqmnaT virtualuri

3D modeli kompiuterSi, sadac SevZlebT yoveli monakveTis
Semowmebas da redaqtirebas. virtualuri modeli iseve

rogorc namdvili modeli imeorebs yovel detals,

romelic SemdgomSi unda gakeTdes realurad. aqedan

gamomdinare igi aseve unda Sedgebodes zedapirisa da ama

Tu im mkvrivsxeuliani detalisagan.  AutoCAD-i iyenebs sami

kveTebi Zara
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tipis princips 3D sxeulebis Sesaqmnelad:Tavisuflad

Zerwvad anu zedapiruls, mkvrivsxeulian anu moculobiTs

da karkasuls anu ConCxiseburs. Cven SemTxvevaSi ZiriTadad

gamoyenebulia Tavisuflad Zerwvadi zedapiri.

  zedapiri rom imeorebdes mocemuli naxazis mixedviT

formas, saWiroa 4 monakveTisagan, naxevarkalisagan, an

grexilisagan warmoadgendes erTmaneTTan boloebiT SeerTebul

CarCos, razedac Semdeg moxdeba zedapiris gadakvra.

Semdeg am meTodiT xedba Zaris detalebis proeqtireba.

AutoCAD-i gvaZlevs saSualebas miviRoT detalis kveTa,
mxolod im SemTxvevaSi Tu igi warmodgenilia rogorc

moculobiTi sxeuli. winaaRmdeg SemTxvevaSi kveTebis miReba

SeuZlebelia, aqedan gamomdinare proeqtirebam moiTxova

jer kveTebis Seqmna da maTi koreqtireba sasurveli

zedapiris misaRebad. mag.

 proeqtirebis dros aseve warmoiqmna sxva uamravi

winaaRmdegoba, rac gamoixateba erTi sxeuliT meoris

amokveTaSi, da ori sxeulis gaerTianebaSi  e.w. BOOLEAN.
es procesi saWiroa roca vqmniT rTuli formis

sxeulebs da SesaZlebelia rodesac sxeulebi warmoadgenen

moculobiT obieqtebs, arc zedapirulSi da arc ConCxisebur

obieqtebis agebis dros SesaZlebeli ar aris. aman

gamoiwvia is, rom TiToeuli Zaris detali mag. karebi

romelic am SemTxvevaSi martivi formisaa, Sedgeboda

ramodenime detalisagan, rac iwvevs manqanis detalebis

sfecifiur danawevrebas, rom SevqmnaT sasurveli zedapiri.

am procesma sakmaod gaarTula proeqtireba da sizustis

dacva.

1 2

3

4
4 monakveTi zedapiri
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 iseTi detali rogoricaa borblis frTa, erTi

SexedviT SeiZleba mogveCvenos rTul zedapirad, magram

misi ageba moxda sakmaod martivad. aigo mxolod misi

kveTa romelic SemdgomSi iyo RerZis garSemo datrialebuli

1800-iT.

sabolo jamSi manqanam miiRo aseTi iersaxe.

miuxedavad amisa AutoCAD-i sakmaod mouxerxebelia

rTuli zedapirebis formebis Sesaqmnelad, igi mainc

ufro gamosadegia zusti naxazis Sesaqmnelad vidre 3D
obieqtebisaTvis.

RerZi

kveTa
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vibrodamcavi saxeluris axali konstruqciavibrodamcavi saxeluris axali konstruqciavibrodamcavi saxeluris axali konstruqciavibrodamcavi saxeluris axali konstruqciavibrodamcavi saxeluris axali konstruqcia
da kiduli saCortn-saxexi Carxis dinamikurida kiduli saCortn-saxexi Carxis dinamikurida kiduli saCortn-saxexi Carxis dinamikurida kiduli saCortn-saxexi Carxis dinamikurida kiduli saCortn-saxexi Carxis dinamikuri
analizianalizianalizianalizianalizi

saqarTvelos teqnikuri universiteti

#43 kaTedra

maZ. a. diasamiZe, prof. T. mWedliSvili, aspir.

d.sulamaniZe, doc. n. sulamaniZe

Tanamedrove teqnikis ganviTarebis erT-erT

mniSvnelovan mimarTulebas warmoadgens xelis

meqanizirebuli instrumentis damuSaveba da misi farTo

gamoyeneba mrewvelobasa da mSeneblobaSi. evropeli

eqspertebis azriT xelis meqanizirebuli instrumentis

gamoyeneba kidev ufro gafarTovdeba momaval saukuneSi

da amasTan dakavSirebiT farTovdeba misi asortimenti.

msoflioSi ukve arseboben uzarmazari teqnikuri da

finansuri siZlieris mqone firmebi, romlebic mxolod

xelis meqanizirebuli instrumentebis damuSavebiTa da

damzadebiT arian dakavebuli.

rac dro gadis asortimentis gazrdasTan erTad

izrdeba xelis meqanizirebuli instrumentis simZlavre

da mcirdeba maTi metalomoculoba, rac SesaZleblobas

iZleva sagrZnoblad gaizardos maTi warmadoba da

operatoris Sromis nayofiereba, magram am process Tan

axlavs uaryofiTi movlena, rac gamoixateba gazrdili

xvedriTi simZlavris mqone xelis manqanebis gadidebuli

vibroaqtiurobiT. vibroaqtiuri manqaniT xangrZlivi

muSaoba iwvevs operatoris vibrodaavadebas. es

profesionaluri mZime saxis daavadebaa da sakmaod

gavrcelebulia teqnikurad ganviTarebul qveynebSi. aseTi

viTarebidan gamomdinare , xelis manqanebis

vibrousafrTxoebis uzrunvelyofa sakmaod aqtiuri

teqnikuri problemaa, romlis erT-erT kerZo sakiTxs

exeba winamdebare samuSao.

kiduli saCortn-saxexi Carxi – kssC - meqanizirebuli

instrumentis klasis erT-erTi warmomadgenelia. aseTi

Carxebi gamoyenebas pouloben metalurgiaSi ,

gemTmSeneblobaSi, eleqtroteqnikur mrewvelobaSi da

sxva dargebSi. magaliTad xarisxovan metalurgiaSi

specialuri sxmulebis winaswar damuSavebis naxevarze
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meti aseTi tipis CarxebiT warmoebs.

saqarTvelos teqnikuri universitetis #43 kaTedris

avtorTa koleqtivis mier damuSavebulia kiduli

saCortn-saxexi Carxis originaluri konstruqciebi,

romlebic teqnologiuri SesaZleblobebiT ar

Camouvardeba arsebul Carxebs da amasTan erTad iZleva

vibraciis doneebis sagrZnoblad Semcirebis saSualebas,

mis konstruqciaSi pasiuri vibroizolaciis elementebis

organulad CarTvis saSualebiT. am mimarTulebiT

muSaobis gagrZelebis Sedegad damuSavda warmodgenili

CarxebisaTvis axali vibrodamcavi saxeluris

konstruqcia , romelic adre arsebuli

konstruqciebisagan momgebianad gansxvavdeba.

nax.1-ze warmodgenilia zemoTxsenebuli saxeluris

konstruqcia. sqematurad igi saerTo moxazulobiT

warmoadgens “Ï”-s msgavs saxelurs, romelic farTod

gamoiyeneba transportSi (velosipedi, motocikli) da

xelis meqanizirebul instrumentebSi (kidul saxex,

gadamWreli da sxva saxis CarxebSi).

saxeluris centraluri nawili SeduRebulia ori

milisgan, romelTagan erTi - pozicia 1 (nax.1) -

gankuTvnilia caluRebiT an miduRebiT instrumentze

dasamagreblad, xolo meoreSi - poz.2 – romlis orive

gaWrili bolo aRWurvilia momWerebiT – 3 maTi da

agreTve WanWikebis – 4, qanCebisa da sayelurebis

meSveobiT, xdeba erTi an ori U-s magvari nawilis

Camagreba.

Ã-s magvari nawili - 2 Sedgeba milisebri korpusisagan

5, romlis erT boloze miduRebulia konusuri grZiv

Rarebiani Sida zedapiris mqone milisa 6, xolo meore

boloSi Camagrebulia kvadratuli naxvretis mqone

milisa 7. Tbo da vibrodamcavi 8 safaris mqone

xelCasaWidi nawili 9 sferuli formis mqone

daboloebiT 10, romelSic konusuri wkiris 11, xraxnuli

SeerTebisa da makontrebeli qanCi 12-is meSveobiT uZravad

magrdeba torsioni 13, ebjineba milisa 14-is konusur

torsul zedapirs, xolo gare konusuri grZivkiloebiani

zedapiriT igi Sedis grZivi Sverilebis mqone Siga da

gare konusuri zedapirebis mqone drekad elementSi 15,

romelic Tavis mxriv moTavsebulia milisaSi 6.
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qanCebiT 16, torsionis 13, RerZis gaswvriv korpusis

5 mimarT gadaadgilebis meSveobiT xdeba sferuli

zedapiris konusurze (sferulze) mibjenisa da Suasadebis

(drekadi elementis) kumSvis Zalebis regulireba.

  

nax.1. vibrodamcavi saxeluri

muSaobis procesSi detalebis 14 , 15 da 6

urTierTmobrunebis Tavidan asacileblad drekad

elements 15 gaaCnia grZivi Sverilebi, xolo milisebs

14 da 6 grZivi kiloebi.

ÏG-sebri saxeluris Sesaqmnelad centralur nawilSi

analogiurad magrdeba ori Ã-s magvari nawili, rodesac

saWiroa orive xeliT momuSave operatorisaTvis asawyobi

vibrodamcavi saxeluri.

rodesac operatori meqanizirebuli instrumentiT

manipulirebas awarmoebs erTi xeliT, maSin centralur

nawilSi magrdeba erTi Ã-s magvari nawili.

warmodgenil saxelurs adre arsebul saxelurebTan

SedarebiT ramodenime saxis upiratesoba aqvs. maTgan
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erT-erTi yvelaze mniSvnelovania konusuri drekadi

elementis arseboba, romelic Tavidan gvaSorebs adre

arsebul saxelurebSi moqmed egreTwodebul “akustikur

xids”, romlis meoxebiTac vibracia, miuxedavad

torsionis arsebobisa, mainc gadaecemoda nawilobriv

xelsakids. garda amisa, arsebobs xelis instrumentis

iseTi saxeobebi, romelTa gamoyeneba xdeba mxolod erTi

xeliT. operatoris meore xeli dakavebulia sxva

funqciiT (magaliTad Txeli saxexi diskoebiT

aRWurvili gadamWreli Carxebi). SemoTavazebuli axali

tipis saxeluri saSualebas iZleva aseTi tipis Carxebis

operatoric iqnas daculi vibraciis zegavlenisagan

warmodgenili naxevarsaxeluris gamoyenebis meSveobiT.

stu-s #43 kaTedris avtorTa koleqtivis mier

ramodenime wlis win damuSavda Cveulebrivsaxeluriani

kiduli Carxis dinamikis maTematikuri modeli (1),

   

nax.2. kiduli saCortn-saxexi Carxis struqturuli

sqema vibrodamcavi saxeluriT
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romelic saxeluris vibroefeqts ar iTvaliswinebda,

amitom warmodgenili vibrodamcavi saxeluriT

aRWurvili kiduli saCortn-saxexi Carxis dinamikuri

kvlevisaTvis saWiroa maTematikuri modelis ageba.
  

Carxis struqturuli sqema axali saxeluriT

mocemulia nax.2-ze.

dinamikuri modelis damuSavebisas miRebulia, rom

kiduli saCortn-saxexi Carxis sivrciTi meqanizmi

daWerilia gansazRvrul dadgenil mdgomareobaSi da

am dros gawonasworebul mdgomareobaSi imyofeba statikuri an

statikurTan miaxloebuli Wris saSualo Zala  da  woniT

aRZruli statikuri momentebi, amasTan miRebulia, rom

dadgenili mdgomareobis-e.w. sayrdeni traeqtoriis-mimarT

sruldeba swrafad aRmgznebi zemoqmedebebisagan aRZruli swrafad

dinebadi dinamikuri rxeviTi procesebi.

adre Catarebuli kvlevebis safuZvelze miRebuli iyo Semdegi

diferencialur gantolebaTa sistema

a11·q1+a13·q3+a15·q5+a16·q6+a1,11·q11+a1,12·q12+a1,13·q13+ a1,14·q14+
+h1·q1+Cq1=0
a31·q1+a33·q3+a35·q5+a35·q6+a3,11·q11+a3,12·q12+a3,13·q13+a3,14 ·q14+
h3·q3+C q3·q3=0
a51·q +a53·q3+a55·q5+a56·q6+a5,13·q13+ a3,14·q14+h5·q5+
+h56 ·q6+Cq5 ·q5=0
a61 ·q1+a63 ·q3+a65 ·q5+a66 ·q6+a6,13 ·q13+ a6,14 ·q14+h6 ·q6+
+h65 ·q5+C·q6 ·q6=0
a77 ·q7+a79 ·q9+a7,11 ·q11+a7,12 ·q12+a7,13 ·q13+a3,14 ·q14+h7 ·q7+
+Cq7 ·q7=Mq7
a97 ·q7+a99 ·q9+a9,11 ·q11+a 9,12 ·q12+a 9,13 ·q13+a 9,14 ·q14+h9 ·q5+
+C q9 ·q9=Mq9
a11,1·q1+a11,3·q3+a11,7·q7+a11,9·q9+a11,11 ·q11+a11,12 ·q12+a11,13 ·q13+
+a11,14 ·q14+h11·q11+ h11,12 ·q12+C q11 ·q11=Fq11
a12,1 ·q1+a12,3 ·q3+a12,7 ·q7+a12,11 ·q11+a12,12 ·q12+a12,13·q13+
(1)
+a12,14 ·q14 +h12·q12+ h12,11 ·q11+C q12 ·q12=Fq12
a13,1 ·q1+ a13,3·q3+a13,5·q5+a13,6·q6+a13,7·q7+a13,9·q9+a13,11·q11+
+a13,12 ·q12+a13,13 ·q13+a13,14 ·q14 +h13 ·q13 +C q13 ·q13=Fq13
a14,1·q1+a14,3·q3+a14,5·q5+a14,6·q6+a14,7·q7+a14,9·q9+a14,11·q11+
+a14,12·q12+a14,13 ·q13+a14,14 ·q14 +h14 ·q14 +C q14 ·q14=Fq14

    sadac aij,  hi da ci – koeficientebia, romlebic

ganisazRvreba Carxis sistemis geometriuli, sixistis
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da inerciuli maxasiaTeblebidan gamomdinare.

ganzogadebuli Zalebi da momentebi ganisazRvreba

solRveduri gadacemis, Spindelisa da Zravis mbrunavi

detalebis da operatoris zemoqmedebis Zalis mier

gamowveul aRmaSfoTebel zemoqmedebebTan kavSirSi.

    imisaTvis, rom warmodgenili maTematikuri

modelidan gadavideT vibrodamcavi saxeluriT

aRWurvili Carxis maTematikur modelze, saWiroa

warmodgenil diferencialur gantolebaTa sistemas

daematos gantoleba, romelic Seicavs ganzogadebul

koordinats, gansazRvruls Carxis korpusis mimarT

saxeluris kuTxuri moZraobis ϕp-is ϕ
2
 kuTxuri

koordinatis sibrtyeSi (nax.3).

  

nax.3. dinamikuri saangariSo sqema
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am mizniT, zogad SemTxvevaSi, ganvsazRvravT rr mp

da poo radius veqtorebs, amasTan miRebulia rom mpo-

aris saxeluris mbrunavi nawilis masis centris ra-

dius-veqtori, xolo poo aris operatoris xelis Zalis

Fpo-s modebis wertilis Po- is radius-veqtori

koordinatTa absolutur (“nulovan”) sistemaSi.

zemoTxsenebul SromebSi miRebuli iyo p radius-

veqtoris gamosaxuleba, amasTan dakavSirebiT SeiZleba

miviRoT, rom

                      mpo= p +  mp                                (2)

                      poo=  p + ϕp                                     (3)

ukanasknelis gaTvaliswinebiT damatebiTi dinamikuri

gantoleba iRebs Semdeg gamosaxulebas:

              (4)

sadac

    
ΤΩ⋅⋅Ω+










=Τ ϕϕϕϕ

rr
r

J
2
1

dt
d

m
2
1

2

mp
p

r
     (5)

    
2C

2
1

pϕϕϕ ⋅=Π                        (6)

    
2

2
1

pϕµϕϕ ⋅=Φ                         (7)

sistemis disipatiuri funqciis Sesabamisi kinetikuri

da potencialuri energiis Semadgeneli nawilebia,

romlebic ganisazRvreba saxeluris moZraobiT, ϕΩ
r

xolo  aris saxeluris rgolis kuTxuri moZraoba masebis

simZimis centrze gamavali RerZis mimarT.

Mϕ p – ganzogadoebuli Zalaa , romelic
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ganpirobebulia Fpo Zalis zemoqmedebiT Po wertilSi.

Tu miviCnevT, rom operatoris zemoqmedebis

Zalaa Fpo Carxis sadgarze gamavali Oc - Oc RerZis

perpendikularulia da amave dros Po wertilis

koordinatebi koordinatTa absolutur (nulovan)

sistemaSi cnobilia da warmoadgenen 

rr

po radius-

veqtoris komponentebs, maSin Fpo Zalis mier gamowveuli

ganzogadoebuli Zalebis gansazRvris procedura yvela

saWiro koordinatis mimarT araa rTuli.

vertikalur sibrtyeSi muSaobisas es koordinatebia

ϕp , ϕ
2
 da ϕ

X0O
.

pirvel miaxlovebaSi dinamikis damatebiTi gantolebis

SedgenisaTvis SegviZlia visargebloT Zp  da  Zpo
koordinatebiT, romlebic warmoadgenen mcire rxeviT

gadaadgilebebs Carxis dgarze gamavali Oc - Oc RerZis
mimarT perpendikularuli mimarTulebiT.

Zp (t) – gadaadgilebebis gansazRvrisaTvis saWiro

damokidebulebani damuSavebulia warmodgenil CarxTan

dakavSirebiT adre Catarebul samuSaoebSi.

Tu miviRebT, rom

F p= [ F p;O ] T ( 8 )
da masTan mp ise mcirea, rom SesaZlebelia misi

ugulvebelyofa, pirvel miaxlovebaSi gantoleba

SeiZleba Caiweros Semdegi saxiT:

µ ϕ (Z p+Z p o) + Cϕ (Z p
_Z p o) = F p (9 )

sadac µϕ – blanti xaxunis koeficientia saxsrul

SeerTebaSi, C
ϕ
 ki torsionis grexiT gansazRvruli

sixistea.

Tu visargeblebT cnobili monacemebiT operatoris

xelis impedansis Sesaxeb, SeiZleba Fp warmovadginoT

Semdegi saxiT:

                  F p = Ku Zpo + µu Zpo                 (10)

sadac:

                   Ku – adamianis xelis sixistea,

             µu – adamianis xelis blanti winaRoba.

  me-8 gantolebisa da adre Catarebuli kvlevebis

analizis safuZvelze SeiZleba gakeTdes Semdegi daskvna:

warmodgenili vibrodamcavi saxeluriT aRWurvili

Carxis dgarSi aRZruli rxevebi operatoris xelTan
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miRwevamde gaivlis vibroCaxSobis damatebiT safexurs,

rac mowmobs kiduli saCortn-saxexi Carxis sqemaSi

vibrodamcavi saxeluris CarTvis efeqturobas.

zemoTmoyvanili kvlevebis safuZvelze miRebulia

didi ganzomilebisa da rTuli mravalkavSiriani

struqturis mqone dinamikis maTematikuri modeli.

aseTi sistemebis inJinruli gaTvlis meTodikebis

agebisaTvis mizanSewonilia sawyisi saangariSo sqemis

– dinamikuri modelis gamartiveba.

am mizniT Seqmnilia garkveuli meTodebi. maT Soris

SeiZleba aRiniSnos saangariSo sqemis gamartivebis

amocanis dayvana CebiSevis miaxloebis amocanamde [3] da

umaRlesi parcialuri sixSireebis mqone qvesistemebis

Tanmimdevruli gamoricxvis ganzogadebuli meTodi [4],

romelTa gamoyeneba SesaZlebelia rogorc mwkrivisebri,

aseve ganStoebadi dinamikuri sistemebisaTvis.

CebiSevis miaxloebaze gamartivebis amocanis dayvanis

meTodSi gamartivebisaTvis sawyisi monacemebis saxiT

gamoiyeneba sawyisi saangariSo sqemis sakuTari

sixSireebis da Tavisufal rxevaTa formebis inerciis

jamuri momentebis mniSvnelobebi.

gamartivebuli saangariSo sqemis saxeoba (mwkrivisebri

Tu ganStoebadi, ganStoebaTa ricxvi, maTi adgili) da

rigi (Seyursuli masebis raodenoba) ganisazRvreba

sawyisi sqemis saxiT, Casatarebeli kvlevebis miznebiT

da dinamikuri sistemis rxevaTa sakuTari sixSiris

ricxviT, romelTa erToblioba Tavsdeba sakvlev

sixSireTa diapazonSi [4].

gamartivebuli saangariSo sqemis Tavisufali rxevebis

gantoleba ganixileba matriculi formis mqone Semdegi

saxiT:

{q}+A{q}=0
da saangariSo sqemis gamartivebis amocana daiyvaneba

iseTi A matricis Ziebis amocanamde, romlisganac

SemdgomSi SeiZleba ganisazRvros gamartivebuli

saamgariSo sqemis parametrebi (Seyursuli masebi, drekadi

kavSirebis damyoloba).

gamartivebuli da sawyisi saangariSo sqemebis jamuri

masebis (inerciis momentebis) tolobis pirobebis

Sesrulebisas gamartivebuli sqemis sawyisTan miaxloebis
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xarisxi fasdeba gamartivebuli sqemis λ i – sakuTari

ricxvebisa da µi – sakuTari veqtorebis komponentebis

siaxloviT maTi Sesabamisi sawyisi saangariSo sqemis

λ iu – sakuTar ricxvebsa da µiu – sakuTari veqtorebis

komponentebTan.

maSin, vsargeblobT ra matricebis Teoriis

saukunovani gantolebiT

A·µ i=λ i·µ i
da viRebT ra A matricisaTvis (n×n) ganzomilebas,

λ i sakuTari ricxvebisa da µi sakuTari veqtorebis

komponentebis magier λ iu sakuTar ricxvebsa da µiu
sakuTari veqtorebis komponentebs. rodesac i = 1,2,...n,
vRebulobT A matricis elementebisaTvis Semdeg

gantolebas

A·µ iu=λ iu·µ iu
naCvenebi meTodis analizi aCvenebs, rom (9) gantoleba

savsebiT misaRebia ganxiluli kiduli Carxis

dinamikisaTvis. am meTodis gamoyenebiT SesaZlebelia

mizanmimarTuli parametrebis sinTezis agebis

procedurisaTvis gamartivebuli damokidebulebebis

miReba.
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ECNHJQCNDJ B DJGHJCS LBYFVB-XTCRJUJECNHJQCNDJ B DJGHJCS LBYFVB-XTCRJUJECNHJQCNDJ B DJGHJCS LBYFVB-XTCRJUJECNHJQCNDJ B DJGHJCS LBYFVB-XTCRJUJECNHJQCNDJ B DJGHJCS LBYFVB-XTCRJUJ
BCCKTLJDFYBZ DB<HJBPJKB-HE>OTQBCCKTLJDFYBZ DB<HJBPJKB-HE>OTQBCCKTLJDFYBZ DB<HJBPJKB-HE>OTQBCCKTLJDFYBZ DB<HJBPJKB-HE>OTQBCCKTLJDFYBZ DB<HJBPJKB-HE>OTQ
GKJOFLRB C LBYFVBXTCRBV UFCBNTKTVGKJOFLRB C LBYFVBXTCRBV UFCBNTKTVGKJOFLRB C LBYFVBXTCRBV UFCBNTKTVGKJOFLRB C LBYFVBXTCRBV UFCBNTKTVGKJOFLRB C LBYFVBXTCRBV UFCBNTKTV

RJKT<FYBQRJKT<FYBQRJKT<FYBQRJKT<FYBQRJKT<FYBQ
Ãðóçèíñêèé Òåõíè÷åñêèé Óíèâåðñèòåò

Êàôåäðà ¹43
Lbfcfvblpt F\F\= Vxtlkbidbkb N\A\= Cekfvfyblpt Y\L\=

Cekfvfyblpt L\Y\

Bccktljdfybz db,hfwbjyys[ [fhfrnthbcnbr yf celf[
Uhepbycrjuj vjhcrjuj gfhj[jlcndf gjrfpfkb= xnj dj vyjub[
ckexfz[ bvtkb ltkj c ibhjrjgjkjcysvb cgtrnhfvb
rjkt,fybq= [fhfrnthbpetvsvb ghtdsitybzvb
db,hjcrjhjcntq yf ljdjkmyj ybprb[ xfcnjnf[ db,hfwbjyys[
ldb;tybq\

Bpdtcnyj= xnj rkfccbxtcrbt c[tvs ghjcns[ gfccbdys[
db,hjpfobnys[ gkjofljr= ibhjrj bcgjkmpetvs[ d
ghjvsiktyyjcnb lkz pfobns jgthfnjhf ghb hf,jnt cnjz=
ýaatrnbdys lkz ufitybz db,hfwbq c xfcnjnfvb= ytcrjkmrj
ghtdsif.obvb xfcnjns cj,cndtyys[ rjkt,fybq
db,hjpfobnyjuj ecnhjqcndf= xnj yt htfkbpetvj lkz
hfccvfnhbdftvs[ rfhnby ibhjrjgjkjcys[ db,hfwbq=
j[dfnsdf.ob[ xfcnjns djpltqcndbq c 1-2 Uw\ b dsit [2,3].

Yf jcyjdt rfxtcndtyyjuj fyfkbpf bpdtcnyjq c[tvs
vyjujpdtyyjq db,hjbpjkbhe.otq gkjoflrb [1] lkz
db,hjpfobns jgthfnjhjd yf vjhcrb[ celf[ ghtlkj;tyf
c[tvf ecnhjqcndf gfccbdyjq pfobns c vt[fybxtcrjq wtgm.
lbyfvbxtcrjuj ufitybz rjkt,fybq yf vfks[ xfcnjnf[=
,kbprb[ b hfdys[ xfcnjnt cj,cndtyys[ rjkt,fybq
rjycnherwbb ,tp ufcbntkz\

Cnhernehyfz c[tvf hfphf,jnfyyjuj ecnhjqcndf c
gjcktljdfntkmyjq wtgm. ddtltybz ufcbntkz=
ghtlcnfdkz.ofz cj,jq jghtltktyyjt hfpdbnbt
rkfccbxtcrjq c[tvs lbyfvbxtcrjuj ufitybz= ghbdtltyf yf
hbc\ 1\

Yf c[tvt pdtyj 1 – pfoboftvsq ýktvtyn= yf rjnjhjv
,fpbhetncz xtkjdtr – jgthfnjh= f cvt;yjt pdtyj 2= egheuj
ghbcjtlby/yyjt c gjvjom. ltnfkb 9 r jcyjdyjq vfcct 1
xthtp egheubt ýktvtyns 5= dsgjkyztn aeyrwb. ufcbntkz
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Hbc\1 C[tvf db,hjbpjkbhe.otq gkjoflrb
 c lbyfvbxtcrbv ufcbntktv rjkt,fybq
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rjkt,fybq\ Pdtyj 1 c gjvjom. egheub[ ýktvtynjd 4 cdzpfyj c
ghjvt;enjxysv pdtyjv – gkbnjq 3= rjnjhfz= d cdj. jxthtlm=
jgbhftncz yf jgjhye. gjdth[yjcnm 10 c gjvjom. egheub[ ýktvtynjd
7\ Ýnb ýktvtyns hfccxbnfys nfrbv j,hfpjv= xnj ghb yf[j;ltybb
jgthfnjhf yf gkbnt 1 bc[jlysq pfpjh= gjrfpfyysq yf hbceyrt vt;le
gkbnjq 3 b jgjhyjq gjdth[yjcnm.= zdkztncz gjkyjcnm. ds,hfyysv=
n\ t\ gkbnf 3 c gjvjom.  ,ehnjd 6 yf[jlbncz d ghb;fnjv r jgjhyjq
gjdth[yjcnb 10 gjkj;tybb\ Cbkf ghb;fnbz nfrjdf= xnj d ghjwtcct
db,hfwbjyys[ ldb;tybq rjynfrn vt;le gjdth[yjcnm. 10 b ,ehnfvb
6 yt yfheiftncz= n\ t\ pdtyj 3 b jgjhyfz gjdth[yjcnm 10 ghtlcnfdkz.n
cj,jq jlyj db,hbhe.ott pdtyj\

Vt;le pdtyzvb 1 b 3 vjynbhjdfys nhjcs 8= yfpyfxtybt rjnjhs[-
evtymitybt dthnbrfkmys[ gthtvtotybq gkbns 1 ghb ldb;tybz[
jgthfnjhf\ Ddtltybt ljgjkybntkmyjq gkbns 3 b egheub[ ýktvtynjd 7
d rjycnherwb. hfccvfnhbdftvjuj ecnhjqcndf gjpdjkztn cj[hfybnm
ýaatrn lbyfvbxtcrjuj ufitybz b lkz nt[ ckexftd= rjulf cbcntvf
yf[jlbncz d hfpuhe;tyyjv jn vfccs jgthfnjhf cjcnjzybb\ <tp ýnb[
ljgjkybntkmys[ ýktvtynjd ghb hfpuheprt gkbns 1 jn vfccs jgthfnjhf
hfccvfnhbdftvfz db,hjpfobnyfz cbcntvf ghtdhfoftncz d j,sxye.
lde[vfccjde. cbcntve= crkjyye. r htpjyfycysv zdktybzv\

Yf hbceyrt njxrfvb F gjrfpfys d gkfyt vtcnjyf[j;ltybz jctq
egheub[ ýktvtynjd 4 b 5\

Ghb gjcnhjtybb vfntvfnbxtcrjq vjltkb lbyfvbrb
hfphf,jnfyyjuj ecnhjqcndf bvttv ltkj c nhtvz
cjchtljnjxtyysvb vfccfvb|

m01 – vfccf pdtyf 3=
m0

I – vfccf pdtyf 1=
m1 – vfccf ufcbntkz (pdtyf 2)
b M

0
 – vfccf jgthfnjhf=

Ddjlz d hfccvjnhtybt j,j,o/yyst rjjhlbyfns|
Z01 – gthtvtotybt vfccs m01= Z0 - gthtvtotybt vfccs

m0
I b Z1 - gthtvtotybt vfccs m1 c yfxfkmysvb eckjdbzvb

cjjndtncndtyyj hfdysvb Z01H= Z0H= Z1H b O= f nfr;t b
ytkbytqyst eckjdbz|

 Z01(t)- Z00 < ∆
0
     Z01(t)- Z00  ≥ ∆

0
    Z0- Z01 < ∆

C0
   b

 Z0- Z01 ≥ ∆
C0 

ult ∆
0
 - bc[jlysq pfpjh vt;le pdtyjv 3 b jgjhyjq gjdth[yjcnm.=

∆
C0
 -  pfpjh= htukfvtynbhetvsq lkbyjq nhjcjd= cjtlbyz.ob[ pdtymz

1 b 3= ,skf gjkextyf cbcntvf lbaathtywbfkmys[ ehfdytybq ldb;tybz|
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D ehfdytybz[ lbyfvbrb ddtltys cktle.obt j,jpyfxtybz|
0
0c , c0 b c1 - cjjndtncndtyyj fgghjrcbvbhe.obt

rjtaabwbtyns ;tcnrjcntq [4] pdtymtd 4= 5 b 7= M = m0
1 +

M0,  0
0h  , h0 b h1 - fgghjrcbvbhe.obt rjtaabwbtyns dzprjuj

nhtybz ýnb[ ;t pdtymtd\
Bcgjkmpez vfntvfnbxtcrbt ghjwtlehs kbytqyjq ntjhbb

cbcntv fdnjvfnbxtcrjuj htuekbhjdfybz d ghbkj;tybb r
hfccvfnhbdftvjq lbyfvbxtcrjq cbcntvt ,skb gjkextys
cktle.obt dshf;tybz lkz jghtltktybz fvgkbnels
rjkt,fybq pfoboftvjq vfccs|
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ω
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a4 = m1 M,

,)mh(h)Mh(ha 1101
0
13 +++=

2
110110112 h)(m)h(haMa ccc −++−−=

111101011 cccc h2)h()h(ha −+−−=

2
11010 cccc )(a −+=

ω  - xfcnjnf djpveoftvjuj djpltqcndbz=
j  - vybvfz tlbybwf\
Lfkmytqibt bccktljdfybz cnhjbv yf jcyjdt bpdtcnys[

vtnjlbr b htpekmnfnjd gj ds,jhe jgnbvfkmys[ gfhfvtnhjd
cbcntv c lbyfvbxtcrbv ufitybtv rjkt,fybq\ [5,6].

D rfxtcndt ,fpjdjq ,skf ds,hfyf vtnjljkjubz
jgnbvbpfwbb gfhfvtnhjd lkz ufcbntkz c dzprbv nhtybtv
ghb ex/nt lbccbgfwbb d pfoboftvjq cbcntvt bp eckjdbz
vbybvbpfwbb jhlbyfn fvgkbnelyj-xfcnjnys[ [fhfrnthbcnbr
(FX{) d ljcnfnjxyj ibhjrjv lbfgfpjyt xfcnjn dytiyb[
djpltqcndbq\

D jnkbxbt jn pflfx= htiftvs[ d hf,jnt [5] d
hfccvfnhbdftvjv ckexft ytcnf,bkmyjq zdkztncz yt njkmrj
xfcnjnf djpveoftvjuj djpltqcndbz= yj b vfccf
pfoboftvjuj jn db,hfwbjyys[ djpltqcndbq ýktvtynf
db,hjbpjkbhe.otq cbcntvs\

Tcntcndtyyj= xnj ghb nfrjv gjl[jlt ghb bpvtytybb vfccs
V gfhfvtnh jgnbvbpfwbq f - jnyjitybz xfcnjns cj,cndtyys[
rjkt,fybq rjycnherwbb ,tp ufcbntkz r xfcnjnt cj,cndtyys[
rjkt,fybq ufcbntkz-,eltn jcnfdfnmcz ytbpvtyysv – kbim
ghb jghtltk/yyjv hfcx/nyjv pyfxtybb M=Mp.

D htpekmnfnt ghjdtl/yys[ ntjhtnbxtcrb[ b
ýrcgthbvtynfkmys[ bccktljdfybq ecnfyjdktyj= xnj ghb
jghtltktybb gfhfvtnhf jgnbvbpfwbb bcgjkmpez hfcx/nyjt
pyfxtybt

ult V
Y
 b V

D
 – cjjndtncndtyyj yb;ytt b dth[ytt

ghtltkmyst pyfxtybz dfhbfwbb vfccs  V= lkz xfcntq
rjhf,kz= yf rjnjhs[ ghtdsitybt yjhv db,hjcrjhjcntq
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yfxbyftncz c 6 ¼ 8 Uw djpvj;yj cnhjujt cj,k.ltybt yjhv db,hjpfibns
j,cke;bdftvjuj gthcjyfkf\ F lkz vfibyys[ jnltktybq
[fhfrnthbpetvs[ cgtrnhjv db,hfwbjyys[ ldb;tybq c ghtdsitybtv
yjhv c 4-[ Uw= hfphf,jnfyyst rjycnherwbb gjpdjkbkb gjkexbnm
cyb;tybt db,hjcrjhjcntq yb;t ljgecnbvs[ yjhv ghb xfcnjnf[
djpveotybq= ghtdsif.ob[ 5 Uw c yt,jkmibv ghtdsitybtv ghb
vtymib[ xfcnjnf[ djpveotybq\

Bccktljdfybz nfr;t gjrfpfkb= xnj hfphf,jnfyyfz c[tvf d
ghbywbgbfkmyjv gkfyt gjpdjkztn dkbznm yf ibhjrjgjkjcyst cgtrnhs
djpveotybq rfr d dthnbrfkmyjv z, nfr b d gjgthtxyjv x b d ghjljkmyjv
y yfghfdktybz[\ Gjkextyj= xnj ghb jlyjdhtvtyys[ djpltqcndbz[ gj
dctv ýnbv yfghfdktybzv jghtltkz.obv zdkztncz cj[hfytybt
ghbvthyj jlbyfrjds[ cjjnyjitybq vt;le ;/cnrjcnysvb
[fhfrnthbcnbrfvb jnltkmys[ egheub[ ýktvtynjd\
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