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teqnologiuri sistemis - Carxi-samarjvi-iaraRi detalis

(Csid) - Semdgeni elementebis sabazo zedapirebis kontaqturi

deformaciebis Sedegad warmoqmnili drekad gadaadgilebaTa

gansazRvrisaTvis dReisaTvis rekomendirebulia  sami Teoriuli

modeli anu saangariSo sqema

1. modeli Tanabarsixistiani fuZiT (nax.1,a) [1,2];

2. wertilovani modeli (nax.1,b) [3,4];

3. wertlovani modelis eqvivalenturi, an ufro

mokled, eqvivalenturi modeli (nax.1,g) [5,6].

eqsperimentaluri monacemebidan [1,2] gamomdinareobs,

rom Tanabarsixistiani fuZis mqone modeli iZleva

damakmayofilebel Sedegebs im SemTxvevebSi rodesac

Sepirapirebuli sabazo zedapirebis wyvilidan orive, an

erT-erTi maTgani, mcire gabarituli zomebisaa, anda

orive Sepirapirebuli zedapirebi imdenad maRali sizustiT

aris damuSavebuli, rom maT geometriul formaze

makrogadaxrebis (arasworxazovnobis, arasibrtyeobis da

sxv.) kontaqtur drekad deformaciebze gavlena SeiZleba

mxedvelobaSi ar iqnes miRebuli.

realuri gabarituli zomebis da ekonomiuri sizustiT

damuSavebuli sabazo zedapirebis SemTxvevebSi ki, rogorc

gamokvlevebi [3,4] da analizi [5,6] adasturebs, ar

SeiZleba ar iqnes gaTvaliswinebuli Sepirapirebuli sabazo

zedapirebis urTierTkontaqtis wertilovani xasiaTi (nax.1,b)

da bazebis mcire da saSualo sididis ZalebiT datvirTvisas,
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sayrdeni wertilebis eqvsi wertilis kanoniT ganawilebac.

kontaqtur deformaciebze sabazo zedapirebis formaze

makrogadaxrebis didi gavlena aRiarebulia agreTve naSromSi

[1], magram masSi es keTdeba Sesabamis drekad gadaaadgilebaTa

saangariSo formulebSi mniSvnelovani sididis Semasworebeli

koeficientebis SeyvaniT da Tanabarsixistiani fuZis mqone

modelis (nax.1,a) gavrcelebiT makrogadaxrebiani zedapirebiT

Sepirapirebis SemTxvevebisaTvisac. gamoTvlebi da analizi

ki cxadyofs [6], rom magaliTad mimmarTvel bazad

gamoyenebuli realuri brtyeli pirapiris drekadi sistemis

wertilovani modelis (nax.1,b) Tanabari sixistis fuZis

mqone modeliT (nax.1,a) Secvla dasaSvebia mxolod erT

kerZo SemTTvevaSi - rodesac pirapiri datvirTulia

centraluri anu geometriul centrSi moqmedi ZaliT

da am centris mimarT simetriulad arian ganlagebulni

bazis sayrdeni wertilebi. yvela danarCen, praqtikulad

gacilebiT xSirad SesaZlo SemTxvevebSi, wertilovani

modelis Tanabari sixistis fuZis mqone modeliT Secvlas

Tan devs gaangariSebiT miRebul drekad gadaadgilebaTa

ara marto raodenobrivi, aramed Tvisobrivi gansxvavebac.

nax.1 mimmarTvel bazad gamoyenebuli brtyeli

pirapiris drekadi sistemis Teoriuli modelebi

(a - modeli Tanabar sixistiani fuZiT, b -

wertilovani modeli, g - wertilovanis

eqvivalenturi modeli) da maTi elementebi:

O
1
 - bazis geometriuli centri; À -

Tanabarsixistiani fuZe;  4 da 5 - bazis
sayrdeni wertilebis drekadobis eqvivalenturi

zambarebi; 0 - bazis sixistis centri;  Ã -
sixistis centris drekadobis eqvivalenturi

zambara da sixistis mTavari RerZi;  Ï  - bazis
xy  sibrtyeSi kuTxuri Semobrunebis drekadobis
eqvivalenturi zambara.
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amave dros, realur teqnologiur sistemebSi (Csid) praqtikulad

gamoyenebuli konstruqciis bazebis da maTi SepirapirebaTa

drekadi sistemebis wertilovani modelis  (nax.1,b) maxasiaTeblebi

- bazebis sayrdeni wertilebis koordinatebi da sixistis

(an damyolobis) koeficentebi, rogorc wesi, ucnobi sidideebia

da eqsperimentaluri meTodebiT maTi gansazRvra seriozul

praqtikul siZneleebTan aris dakavSirebuli [4]. ZiriTadad

swored am garemoebiT aris nakarnaxevi naSromebSi [5,6]

bazebiT Sepirapirebis drekadi sistemis wertilovani modelis

nacvlad misi eqvivalenturi modelis cnebis Semotana da

gamoyeneba.

qvemoT gadmocemulia rekomendirebuli modelis  (nax.1,g)

arsi da wertilovan modelTan misi eqvivalenturobis

damadasturebeli damokidebullebebi. gamovlenili da naCvenebia

agreTve is meToduri xasiaTis Tavisebureba da upiratesobac,

rac gaaCnia rekomendirebul models rogorc Tanabari

sixistis fuZis mqone modelTan, ise wertilovan modelTan SedarebiT.

aRniSnuli sakiTxebis gaSuqebisaTvis friad moxerxebuli

aRmoCnda saxarato Carxis wina (marcxena) da ukana

centrebiT Seqmnili, e.w. centrebis xazis drekadi sistema

(ix.nax.2). saqme imaSia, rom centrebze dayenebuli xisti

namzadisaTvis naxsenebi centrebis xazi horizontalur xy
sibrtyeSi asrulebs iseTi mimmarTveli bazis funqcias,

romlis sayrdeni wertilebis (wina da ukana centrebis)

koordinatebi cnobili sidideebia da arc maTi sixistis

(an damyolobis) koeficentebis eqsperimentaluri meTodiT

gansazRvra warmoadgens raime siZneles. amitom nax.2,a

sqemaze motanili centrebis xazis (xy sibrtyeSi namzadis
mimmarTveli bazis) drekadi sistemis wertilovani modelis

maxasiaTeblebi - sayrdeni wertilebis koordinatebi da

maTi sixistis (an damyolobis) koeficentebi, SeiZleba

miviCnioT cnobil da mocemul sidideebad.

nax.2,b sqemaze motanilia centrebis xazis drekadi

sistemis wertilovani modelis eqvivalenturi sqema. am

modelis mixedviT centrebis xazis drekadi sistemis

maxasiaTeblebia: sixistis centris koordinatebi (x0,0),
sixistis mTavari RerZis mimarTulebiT sixistis centris

damyolobis (Ko) an sixistis (Jo=1/Ko) koeficenti da

sixistis centris mimarT centrebis xazis kuTxuri drekadi Semobrunebis

damyolobis (Km) an sixistis (Jm=1/Km) koeficenti.
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saxarato Carxis xy sibrtyeSi (ix.nax.2) centrebis xazis
drekadi sistemis eqvivalenturi Teoriuli modelis ZiriTadi

Tavisebureba mdgomareobs bazis drekadi sistemis sixistis

centris cnebis Semotanasa da gamoyenebaSi. sixistis

centri, kerZod Carxis centrebis xazisaTvis, misi is

wertilia, romelic moqmedi Zalebis nebismieri kombinaciisas

asrulebs mxolod sworxazovan drekad gadaadgilebas, da

ar monawileobs centrebis xazis drekad kuTxur

SemobrunebaSi. amitom, rodesac moqmedi Zalebis tolqmedis

moqmedebis xazi gadis sixistis centrSi, maSin centrebis

xazi da maSasadame mocemul SemTxvevaSi xy sibrtyeSi
namzadis mmimmarTveli baza (da TviTon namzadic) asrulebs

mxolod Tavisi Tavis paralelur sworxazovan drekad

gadaadgilebas da misi kuTxuri Semobruneba nulis

tolia. centrebis xazis da saerTo SemTxvevaSi mimmarTveli

bazis drekadi sistemis swored es Tviseba SeiZleba da

Cvens mier kidevac aris gamoyenebuli: sixistis centris xo
koordinatis (ix.nax.2,b), sixistis mTavari RerZis mimarTulebiT

sixisitis centris damyolobis (Ko) an sixistis (Jo=1/Ko)

koeficentis da sixistis centris mimarT centrebis xazis

kuTxuri drekadi Semobrunebis damyolobis (Km) koeficentis

uSualod (eqsperimentuli meTodiT) gansasRvrisaTvis. amisaTvis

sakmarisia centrebis xazis drekadi sistema davtvirToT y

nax.2.

saxarato Carxis centrebis xazis

XY sibrtyeSi moqmedi mimmarTveli

bazis drekadi sistemis  modelireba:

  a) wina (marcxena) da ukana

centrebis drekadobis

eqvivalenturi ori gadataniTi

moZraobis zambaris (1,2)

saSualebiT;

  b) igive centrebis drekadobis

e q e v i v al e ntur i erT i

gadataniTi (3) da erTi

brunviTi (4) moZraobis

z a m b ar i s s aSuale b iT .

(nagulisxmevia, rom centrebze

dayenebulia imdenad maRali

sixistis namzadi, rom misi

sakuTari deformacia SeiZleba

mxedvelobaSi ar iqnes

miRebuli).
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RerZis paraleluri ZaliT, gavzomoT centrebis xazis

nebismier urTierTdaSorebul (mizanSewonilia maqsimalurad

daSorebul) or werilSi y RerZis paraleluri

mimarTulebiT drekadi gadaadgilebebi da movnaxoT Zalis

modebis iseTi x koordinati, rodesac aRniSnul or
wertilSi drekadi gadaadgilebebi gautoldeba erTmaneTs.

cxadia, rom Zalis modebis swored aseTi wertilis

koordinati iqneba sixistis centris x0 koordinati

(ix.nax.2,b). sixistis centrSi    y  RerZis paralelurad
moqmed Zalasa da igive mimarTulebiT sixistis centris

drekad gadaadgilebas Soris damokidebulebis safuZvelze

SegviZlia ganvsazRvroT TviTon sixistis centris damyolobis

(Ko) koeficenti sixistis mTavari RerZis mimarTulebiT,

agreTve sixistis centris mimarT moqmedi Zalis momentisa

da centrebis xazis drekad kuTxur Semobrunebas Soris

damokidebulebis safuZvelze ki SegviZlia davadginoT

centrebis xazis xy sibrtyeSi drekadi kuTxuri Semobrunebis
damyolobis (Km) koeficenti.

amasTanave Teoriuli analizi da gamoTvlebi cxadyofen,

rom nax.2,b saangariSo sqemis, anu wertilovani modelis

(ix.nax.1,b da nax.2,a) eqvivalenturi modelis zemoTaRniSnul

maxasiaTeblebsa da centrebis xazis (xy sibrtyeSi) sayrdeni
wertilebis (gansaxilvel SemTxveveSi wina da ukana centrebis)

sixistis maxasiaTeblebs Soris arsebobs Semdegi

determinirebuli damokidebulebebi:

sadac K1, K2 da j1, j2 – mimmarTveli bazis (gansaxilvel

SemTxvevaSi Carxis, Sesabamisad wina da ukana centrebis)

damyolobis da sixistis koeficientebia bazis drekadi

sistemis wertilovani modelis anu nax.2,a saangariSo

sqemis mixedviT; l – mimmarTveli bazis (gansaxilvel SemTxvevaSi
centrebis xazis) sayrden wertilebs Soris manZilia.

maSasadame, Tu winaswar gazomili da cnobilia saxarato

Carxis wina da ukana centrebis, anu saerTo SemTxvevaSi
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mimmarTveli bazis sayrdeni wertilebis damyolobis K1, K2
koeficientebi da bazis sayrden wertilebs Soris manZili

l, maSin (1), (2) da (3) formulebis gamoyenebiT SegviZlia
davadginoT gansaxilvel SemTxvevaSi Carxis centrebis xazis

da saerTo SemTxvevaSi mimmarTveli bazis drekadi sistemis

eqvivalenturi modelis damyolobis (x0,K0,Km) an sixistis
(x0, ,j0=1/K0, ,jm=1/Km) maxasiaTeblebi.
cxadia,rom arsebobs praqtikulad SedarebiT ufro

mniSvnelovani, aRniSnuli amocanis Sebrunebuli amocanis

gadwyvetis SesaZleblobac. marTlac, Tu miviCnevT,rom (1),

(2) da (3) formulebSi mimmarTveli bazis drekadi

sistemis eqvivalenturi modelis damyolobis  maxasiaTeblebi

(x0,K0,Km)  zemoT aRwerili eqsprtimentaluri meTodikiT
gazomili da cnobili sidideebia, xolo Carxis centrebis

xazis, anu saerTo SemTxvevaSi mimmarTveli bazis drekadi

sistemis wertilovani modelis maxasiaTeblebi (K1, K2  da l)
ucnobi sidideebia, maSin am ukanasknelTa gansazRvrisaTvis

SegviZlia visargebloT (1), (2), (3) gantolebaTa sistemis

amoxsnis Sedegad miRebuli Semdegi formulebiT:

analizi cxadyofs, rom Carxis centrebis xazis x
koordinatis mqone wertilis y RerZis parareluri
mimarTulebiT drekadi gadaadgilebis (yx) Wris Zalis px
da py mdgenelebisagan damokidebulebiT ganisazRvreba:
a) nax.2,a-ze warmodgenili modelisa da saangariSo

sqemis mixedviT, formuliT (7)

b) nax.2,b-ze warmodgenili modelisa da saangariSo

sqemis mixedviT ki formuliT (8).

saxarato Carxis centrebis xazis drekadi sistemis

parametrebis erTi da igive ricxviTi mniSvnelobebisaTvis,

zemoT ganxiluli orive saangariSo sqemisa da Sesabamisi

( )
xvx p

l
kkx

l
kdpk

l
xk

l
xlY ⋅⎥⎦

⎤
⎢⎣
⎡ +

−−+⋅
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⋅⎟

⎠
⎞

⎜
⎝
⎛+⋅⎟

⎠
⎞

⎜
⎝
⎛ −

= 2
211

2

2

1

2

2
(7)

MKxKK ⋅+= 2
001 (4)

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅

+⋅=
MKx

KKK 2
0

0
02 1 (5)

MKK
Kxl
⋅

+=
0

0
0 (6)

( ) ( ) xmvmxx pkxxdpkxxpkY ⋅⋅−⋅−⋅⋅−+⋅= 0
2

00 2
(8)



7

formulebis (7,8) gamoyenebiT, cxrilSi (1) Sedarebulia

centrebis xazis oTx damaxasiaTebel wertilSi drekadi

gadaadgilebis (yx) gaangariSebis Sedegebi.
cxrili 1-is monacemebi saSualebas iZleva gakeTbuli

iqnes Semdegi daskvna: saxarato Carxis centrebis xazis

nebismier wertilSi y RerZis parareluri mimarTulebiT
jamuri drekadi gadaadgilebis mixedviT nax.2-is (a) da (b)

saangariSo sqemebi erTmaneTis eqvivalenturia, e.i. sxva

erTnair sawyis pirobebSi iZlevian centrebis xazis

erTidaigive jamur drekad gadaadgilebas. amasTanave, (b)

sqemaze warmodgenili modeli, (a) sqemisagan gansxvavebiT,

iZleva SesaZleblobas centrebis xazis nebismieri wertilis

saerTo drekad gadaadgilebaSi gamoyofili iqnes centrebis

xazis drekadi gadataniTi gadaadgilebiT da drekadi

kuTxuri SemobrunebiT warmoqmnili nawilebi, agreTve

gansazRvruli iqnes damyolobis (an sixistis) Sesabamisi

maxasiaTeblebic da am gziT da saSualebiT, SedarebebiT

detalurad iqnes Seswavlili ara marto saxarato Carxis

centrebis xazis sayrdeni wertilebiT(wina da ukana

centrebiT) horizontalur (xy) sibrtyeSi Seqmnili

mimmarTveli bazis drekadi sistema, aramed saerTod

wertilovani modelis Sesabamisi drekadi sistemebis mqone

Carxis sxva elementebis bazebis sakuTari sixistis maxasiaTeblebi

da drekadi gadaadgilebebi.
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