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ganxilulia eqsperimentuli kvlevis maTematikuri damu-

Savebis sakiTxebi. kerZod, mocemulia kombinatorikis, alba-
Tobis Teoriisa da maTematikuri statistikis elementebi. 

Camoyalibebulia eqsperimentuli kvlevis mizani, eqspe-
rimentis dagegmvisa da kvlevis obieqtze sxvadasxva Ziri-
Tadi da gareSe faqtorebis gavlenis sakiTxebi. 

naSromSi mocemulia mecnieruli kvlevis erT-erTi  
mniSvnelovani etapis  teqnologiuri sistemebis dinamikuri 
kvlevis amocanebis maTematikuri modelis Sedgenis 
sakiTxebi kinematikur wyvilSi RreCosa da dartymebis 
gaTvaliswinebiT.  

gankuTvnilia saTanado specialobis magistrantebisa da 
doqtorantebisaTvis. 
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Sesavali 

 
samecniero-teqnikuri progresi mniSvnelovnadaa 

dakavSirebuli mecnierebis miRwevaze. warmoebis 
efeqturobis amaRlebis erT-erTi gzaa fundamenturi 
da gamoyenebiTi mecnierebaTa kvlevebis Catareba da 
Sedegebis danergva sawarmoo praqtikaSi. 

samecniero-teqnikuri progresi specialistebis winaSe 
ayenebs SemoqmedebiTi potencialisadmi did moTxov-
nebs, axali samecniero meTodebis aTvisebas, konst-
ruqtorul, teqnologiur da organizaciul sakiTxe-
bis racionalurad gadawyvetas. am amocanebis gadaw-
yveta profesiuli momzadebis garda moiTxovs dakvir-
vebaTa Sedegebis damuSavebis meTodebis, eqsperimentis 
dagegmvis, modelirebisa da optimizaciis maTemati-
kuri meTodebis codnas. xis masalis dasamuSavebel 
warmoebebSi umetesad kvlevis eqsperimentuli meTodebi 
gamoiyeneba. 

 mrewvelobaSi gaerTianebulia sxvadasxva 
teqnologiuri procesi: meqanikuri da qimiuri 
damuSaveba, detalebis awyoba da mopirkeTeba, merqnis 
burbuSelisa da merqnis boWkos filebis warmoeba, 

faneris  warmoeba, poligrafiuli da msubuqi 
mrewvelobis procesebi da sxva. marto merqnis 

meqanikuri damuSaveba  18 process moicavs.  merqnis 
damuSavebis procesebis mecnieruli SeswavlisaTvis 
gamoiyeneba maTematikis, fizikis, qimiis, biologiis da 
sxvaTa kvlevis meTodebi. TviT merqani biologiuri 
warmoSobisaa, romelsac  metad rTuli makro  da 
mikrostruqtura aqvs. amitom, kvlevaze mravali 
sxvadasxva faqtori axdens gavlenas. kvlevisas auci-
lebelia sistemuri midgomis principis gamoyeneba, 
romlis Tanaxmad kvlevis obieqti ganixileba: 1) rogorc 
erTmaneTTan dakavSirebuli ramdenime elementis – 

 



 4 

sistemis erToblioba da 2) kvlevis obieqti aris  
rTuli sistemis nawili. aqve unda aRiniSnos, rom 
sistemaSi Semaval qvesistemebTan  erTad Seswavlili 
unda iqnes maT Soris arsebuli kavSirebi. 

mecnieruli kvlevis erT-erTi yvelaze mniSvnelo-
vani etapia obieqtis maTematikuri modelis Sedgena 
(ageba). 

maTematikuri modeli  aris maTematikur damoki-
debulebaTa erToblioba, romelic aRwers sistemis 
funqcionirebas.  aigeba Teoriuli da eqsperimentuli 
kvlevis Sedegebis mixedviT. modelis ndobis sakiTxi, 
nebismier SemTxvevaSi, aris is, Tu ramdenad 
Seesabameba igi realur obieqts, romelic mowmdeba 
eqsperimentulad modelsa da obieqtze miRebuli 
Sedegebis Sedarebis gziT. maTematikuri modelis 
saSualebiT ganisazRvreba sakvlevi obieqtis maxa-
siaTeblebi, maTze sxvadasxva faqtoris gavlena, 
obieqtis funqcionirebis optimaluri reJimebi da 
marTvis xerxebi. ganasxvaveben modelebs, romlebic 
agebulia movlenis meqanizmis Seswavlis safuZvelze 
da empiriul modelebs, romlebic miRebulia mxolod 
eqsperimentul monacemebis safuZvelze. optimizaciis 
modelebi gamoiyeneba teqnologiuri procesebis, 
teqnikur-ekonomikuri problemebis optimizaciis 
amocanebis gadasawyvetad. e.i. iseTi amocanebis 
gadasawyvetad, sadac saWiroa romelime funqciis 
maqsimumis an minimumis povna. merqnis meqanikuri 
damuSavebis procesebis Seswavlisas gamoiyeneba 
sagnobrivi modelireba. ukanasknel xans farTod 
viTardeba e.w. imitaciuri modelireba. 

eqsperimentuli kvlevis mizania kvlevis obieqtze 
sxvadasxva zemoqmedebis gavlenis Seswavla. am zemoq-
medebas faqtorebi ewodeba. faqtorebi SeiZleba iyos 
ZiriTadi da gareSe. eqsperimentSi monawileobs Ziri-
Tadi faqtorebi. Tu zogierTi maTgani ganicdis 
varirebas eqsperimentSi, maSin  varirebad faqtorebs 
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uwodeben. sxva ki garkveul doneze stabiluria. 
gareSe faqtorebi umjobesia SeZlebisdagvarad acile-
bul iqnes, Tumca yvela gareSe faqtori ver iqneba 
acilebuli. gazomvis Sedegi yovelTvis gansxvavdeba 
namdvili mniSvnelobisagan, e.i. iseTi mniSvnelobisa-
gan, romelic miRebuli iqneba mxolod ZiriTadi 
faqtorebis zemoqmedebiT, e.i. miiReba SemTxveviTi 
sidide. SemTxveviT sidideebs, romlebic Rebulobs 
erTmaneTisagan gansxvavebul mniSvnelobebs da 
SeiZleba gadanomril iqnes ewodeba diskretuli. 

SemTxveviT sidideebs, romelTa mniSvnelobebi 
uwyvetad  avsebs raime Sualeds uwyveti ewodeba (mag, 
merqnis  simkvrive, xis simaRle) da a.S.  

 namdvili mniSvnelobidan gazomvis Sedegis gadax-
ras ewodeba cdis Secdoma, romelic SemTxveviTi 
sididea. arsebobs sistematuri Secdomebi, romlebic 
meordeba mTeli dakvirvebis manZilze da dakavSi-
rebulia mudmivad moqmed faqtorebze. garda amisa, 
aris SemTxveviTi Secdomebi – gamowveuli mra-
valricxovani faqtorebis zemoqmedebiT, romlebic 
mJRavndeba araregularulad, maTi warmoSobis mize-
zebi ucnobia da sxvadasxvanairad axdens gavlenas 
eqsperimentis Sedegebze. garda sistematuri da 
SemTxveviTi cdomilebisa, gvxvdeba uxeSi Secdomebi – 
isini dakavSirebulia eqsperimentis pirobebis mkveTr 
darRvevasTan. 

cdebs, romlebic tardeba erTnair pirobebSi, 
ZiriTadi faqtorebis mudmivi mniSvnelobebis dros  
erTgvarovani ewodeba. 

cdebis erTgvarovneba erT-erTi mniSvnelovani 
pirobaa imisa, rom statistikuri meTodebi swored 
iqnes gamoyenebuli dakvirvebaTa dasamuSaveblad. 
imisaTvis, rom uzrunvelyofil iqnes cdebis erT-
gvarovneba, saWiroa TiToeuli seria Catardes erTi 
da igive danadgarze, ucvleli meTodikiT, erTi da 
igive mkvlevaris mier realur droSi. amasTan 
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gasaTvaliswinebelia, rom mravali faqtori mniSvne-
lovnad icvleba droSi, rac iwvevs gamomavali 
gasazomi sididis Tavisi mniSvnelobidan acdenas. Tu 
es movlena Tavidan ver iqna acilebuli, maSin igi 

gaiTvaliswineba, rogorc ZiriTadi faqtori. 
amrigad, erTeulovani cdebi ar iZleva zust 

warmodgenas Sesaswavl movlenasa da misgan 
gamowveul garemoebebs Soris kavSirze. rac metia 
cdebis raodenoba, miT ufro saimedoa misi Sedegebi. 
imaze, Tu ramdenad sworadaa damuSavebuli es 

Sedegebi, damokidebulia gasazomi maxasiaTeblebis 
namdvili mniSvnelobis gansazRvris obieqturoba, 
sizuste, saimedooba da Sesabamisi daskvnebi da Sede-

gebi. aqedan gamomdinareobs, cdebis Sedegebis dasamu-
Saveblad maTematikuri statistikis gamoyenebis auci-
lebloba. 

maTematikuri statistika aris mecniereba dakvir-
vebaTa Sedegebis damuSavebis meTodebze, sistemati-
zaciasa da gamoyenebaze. 
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YTavi 1. kombinatorikis, albaTobis Teoriisa 

           da maTematikuri statistikis elementebi 

 

1.1. kombinatorikis elementebi 

 
sasruli simravlis elementebisagan saWiroa 

sxvadasxva kombinaciis Sedgena da raime wesiT 
Sedgenili yvela SesaZlo kombinaciis raodenobis 
gamoangariSeba. aseT amocanebs kombinatoruls uwode-
ben, xolo maTematikis nawils, romelic dasaxele-
buli amocanebis amoxsnas Seiswavlis – kombinato-
rikas. 

gadanacvleba. erTi da igive sasruli simravlis 
elementebi SeiZleba davalagoT sxvadasxva rigiT imis 
mixedviT, Tu simravlis romel elements avirCevT 
pirvel elementad, romels – meored da a.S. 

gansazRvra. sasrul simravleSi dadgenil rigs 

misi elementebis gadanacvleba ewodeba. n- elementiani 

gadanacvlebaTa ricxvis gamosaTvleli formulaა: 
!nPn   

wyoba. vTqvaT, gvaqvs n elementi da vadgenT m- 
elementian jgufebs )( nm  . am SemTxvevaSi saqme gvaqvs 

wyobasTan. 
gansazRvra. n elementisagan m - elementiani wyoba 

ewodeba saganTa iseT jgufebs, romelTagan TiToeu-
li Seicavs mocemul n elementisagan aRebul m 
elements da erTmaneTisagan gansxvavdeba elementis 
rigiT an TviT elementiT. 

n elementidan m-elementiani wyobaTa ricxvi 

aRiniSneba m

n
A -iT 

)!(

!

mn

n
Am

n


                       (1.1) 

es aris wyoba n elementisagan m-ad. 
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jufTeba. n elementisagan m- elementiani jufTeba 
aris saganTa iseTi dajgufeba, romlebic Sedgenilia 
mocemuli n elementidan aRebuli m elementiT da 
jgufebi gansxvavdeba erTi elementiT mainc. 

n elementidan m-elementian jufTebaTa ricxvi  
m

n
C -iT aRiniSneba: 

)!(!

!

! mnm

n

m

A
C

m

nm

n


 .                   (1.2) 

 

1.2. albaTobis Teoriis elementebi 

 
albaTobis Teoria aris mecniereba, romelic Seis-

wavlis masobriv SemTxveviT movlenaTa raodenobrivi 
xasiaTis kanonzomierebebs. albaTobis Teoriis pirve-
ladi cneba xdomilobaa. 

movlenas, romelsac garkveul pirobebSi SeiZleba 
hqondes adgili, xdomiloba ewodeba. 

iseT xdomilobas, romelsac ar eqneba adgili 
garkveuli pirobaTa kompleqsis Sesrulebis dros, 
SeuZlebel xdomilobas uwodeben. 

SemTxveviTi ewodeba xdomilobas, Tu mas cdis 
Catarebis Sedegad SeiZleba hqondes an ar hqondes 
adgili. 

or A da B xdomilobas ewodeba araTavsebadi, Tu 
cdis Catarebis Sedegad maTi erTad moxdena 
SeuZlebelia. Tu cdis Catarebis Sedegad maTi erTad 
moxdena SesaZlebelia, maSin aseT xdomilobebs  
Tavsebadi ewodeba. 

ori A da B xdomilobis jami ewodeba iseT 
xdomilobas, romelic niSnavs  A an B xdomilobis 
moxdenas da aRiniSneba BA  -Ti. 

ori A da B xdomilobis namravli ewodeba iseT 
xdomilobas, romelic niSnavs A da B-s erTad 
moxdenas da aRniSneba AB-Ti. 
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ori A da B xdomilobis sxvaoba ewodeba iseT 
xdomilobas, romelic niSnavs A-s moxdenas da B-s 
armoxdenas da aRiniSneba BA -Ti. 

 n
AAA ,,,

21
  xdomilobaTa erToblioba qmnis srul 

sistemas, Tu cdis Catarebis Sedegad erT-erTi mainc 
aucileblad moxdeba. 

xdomilobebs ewodeba tolSesaZlo, Tu cdis 
Catarebis Sedegad romelime moxdenas ar eZleva 
upiratesoba. 

gansazRvra. xdomilobis albaToba tolia wiladis, 
romlis mniSvnelia yvela SesaZlo SemTxvevaTa ricxvi, 
mricxveli ki am xdomilobisaTvis xelSemwyob 
SemTxvevaTa ricxvi, e.i. 

n

m
AP )( .                      (1.3) 

aucilebelis xdomilobisas 0m , amitom 1)( AP .  

SeuZlebelis xdomilobis 0m , amitom 0)( AP . 

SemTxveviTi xdomilobisaTvis nm  , amitom 
1)(0  AP . 

sazogadod, 1)(0  AP . 

ramdenime, wyvil-wyvilad araTavsebad xdomilobaTa 
jamis albaToba TiToeuli Sesakrebis albaTobaTa 
jamis tolia, e.i. 

)()()(),,,(
2121 nn

APAPAPAAAP   .         (1.4) 

araTavsad xdomilobaTa srul sistemaSi Semavali 
xdomilobebis albaTobaTa jami  1-is tolia. 

1),,,(
21


n

AAAP  . 

A xdomilobas ewodeba B xdomilobisagan 
damoukidebeli, Tu A xdomilobis albaToba ar aris 
damokidebuli imaze, moxda Tu ara B xdomiloba. 
winaaRmdeg SemTxvevaSi, rodesac A xdomilobis 
albaToba icvleba imis miuxedavad, moxda Tu ara B 
xdomiloba, A iqneba damokidebuli B-ze. aRvniSnoT A 
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xdomilobis albaToba im pirobiT, rom B moxda )(AP
B -

Ti da vuwodoT  A xdomilobis pirobiTi albaToba.  

pirobiTi albaTobis formulaა:  

)(

)(
)(

BP

ABP
AP

B
  an 

m
AP

B


)(  ,           (1.5) 

sadac                

n

l
ABP )( , 

n

m
BP )( , 

sadac n aris yvela SesaZlo SemTxvevaTa ricxvi. B 
xdomilobis xelSemwyob SemTxvevaTa ricxvia m 

)0( m , xolo AB xdomilobis xelSemwyob SemTxvevaTa 

ricxvi – l. 
SemTxveviTi  ewodeba sidides, romelsac mocemul 

pirobebSi SeuZlia miiRos sxvadasxva SesaZlo 
ricxviTi mniSvnelobebi saTanado albaTobebiT. 

Tu SemTxveviTi sidide Rebulobs ricxviT mniSv-
nelobaTa sasrul raodenobas an iseT usasrulo 
raodenobas, romelTa danomvra SeiZleba,  diskretuli 
ewodeba. 

Tu SemTxveviT sidides SeuZlia miiRos ricxviT 
mniSvnelobaTa usasrulo raodenoba, romelTa 

danomvra ar SeiZleba, maSin is  uwyveti tipis iqneba. 
diskretuli SemTxveviTi sididis ganawilebis 

kanoni ewodeba Sesabamisobas SemTxveviTi sididis 
SesaZlo ricxviT mniSvnelobebs da saTanado 
albaTobebs Soris. igi SeiZleba mocemul iqnes 
cxriliT, analizurad da grafikulad. 

cxriluri wesis dros pirveli striqonSi moce-
mulia SesaZlo mniSvnelobebi, xolo meoreSi maTi 
albaTobebi: 

x

n

PPPP

xxxX





21

21  

Pi aris albaToba imisa, rom X SemTxveviTi sidide 
xi mniSvnelobas miiRebs: 
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P )(
ii

xXPP  , 

1
21


n

PPP  . 

 
1.3. diskretuli SemTxveviTi sidideebis  

maTematikuri lodini 

 
diskretuli SemTxveviTi sidideebis maTematikuri 

lodini ewodeba am SemTxveviTi sididis SesaZlo 
ricxviT mniSvnelobaTa Sesabamis albaTobebze nam-
ravlTa jams. 

nn
pxpxpxXM  

2211
)( , e.i. 




n

i
ii

PXXM
1

)( .     (1.6) 

maTematikuri lodini SemTxveviTi sididis erT-
erTi ZiriTadi maxasiaTebelia. igi daaxloebiT 
SemTxveviTi sididis saSualo mniSvnelobis tolia. 

e.i. maTematikuri lodini daaxloebiT SemTxveviTi 
sididis mniSvnelobebis saSualo ariTmetikulis 
tolia. 

Tvisebebi: CCM )( ; 

           )()( XCMCXM  ; 

           )()()( YMXMXYM  ; 

           )()()( YMXMYXM  . 

SemTxveviTi sididis dispersia 

 ganvixiloT SemTxveviTi sididis gadaxra maTe-
matikuri lodinidan. igi ewodeba sxvaobas SemTxveviT 

sididesa da mis maTematikur lodins Soris:  
)(XMX  .                     (1.7) 

gadaxris maTematikuri lodini nulis tolia 
0)]([  XMXM . SemTxveviTi sididis dispersia ewodeba 

SemTxveviTi sididis maTematikuri lodinisagan 
gadaxris kvadratis maTematikur lodins, e.i. 

2)]([)( XMXMXD   
22 )]([)()( XMXMXD  . 



 12 

Tvisebebi: 0)( CD ; 

           )()( 2 XDCCXD  ; 

           )()()( YDXDYXD  . 

1.4. saSualo kvadratuli gadaxra 

 
SemTxveviTi sidideebis SesaZlo mniSvnelobebis 

gafantvis SefasebisaTvis, saSualo mniSvnelobidan 
dispersiis garda, gamoiyeneba saSualo kvadratuli 
gadaxra, romelic tolia kvadratuli fesvisa disper-
siidan 

)()( xDx  .                     (1.8) 

Tviseba: )()()()( 2

2

2

1

2

21 nn
xxxxxx    . 

 

1.5. uwyveti tipis SemTxveviTi sididis  

    ganawilebis funqcia da simkvrive 

 
zogjer SemTxveviT sidides SeuZlia miiRos yvela 

mniSvneloba raime Sualedidan. aseTi SemTxveviTi 
sididis dasaxasiaTeblad ganawilebis kanonis Sedgena 
praqtikulad SeuZlebelia (SeuZlebelia yvela mniSv-
nelobis CamoTvla). am SemTxvevaSi mis dasaxasia-
Teblad gamoiyeneba ganawilebis funqcia an simkvrive. 

vTqvaT, x aris namdvili ricxvi. albaToba xdomi-
lobisa, rom X miiRebs x-ze nakleb mniSvnelobas, e.i. 
albaToba imisa, rom xX  , aRiniSneba )(xF -iT da 

ewodeba ganawilebis anu integraluri funqcia. 
amrigad, ganawilebis funqcia ewodeba iseT )(xF  

funqcias, romelic gansazRvravs imis albaTobas, rom 
cdis an dakvirvebis Sedegad miRebuli SemTxveviTi 
sidide miiRebs x-ze nakleb mniSvnelobas, e.i. 

)()( xXPxF  .                    (1.9) 

ganawilebis funqciis Tvisebebi: 
1) 1)(0  xF ; 
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2) Tu 
12

xx  , maSin )()(
12

xFxF    araklebadi funqciaa. 

3) )()()( aFbFbxaP  . 

X uwyveti SemTxveviTi sididis albaTobebis gana-
wilebis simkvrive (an diferencialuri funqcia) )(xf  

aris ganawilebis funqciis )(xF -is pirveli rigis 

warmoebuli: 

)()( xFxf  .                       (1.10) 

)(xf -is ganawilebis simkvrivis gamoyenebiT SeiZleba 

vipovoT ganawilebis funqcia )(xF  formuliT: 





x

dxxfxF )()( .                     (1.11) 

ganawilebis simkvrivis Tvisebebi: 
1) 0)( xf ; 

2) 1)( 




dxxf . kerZod, 1)( 
b

a

dxxf . 

 
1.6. uwyveti SemTxveviTi sidideebis ganawileba 

 
X uwyveti SemTxveviTi sididis maTematikuri lodini, 

romlis SesaZlo mniSvnelobebi ekuTvnis [a, b] mona-

kveTs, ewodeba gansazRvrul integrals: 


b

a

dxxxfxM )()( .                   (1.12) 

Tu SesaZlo mniSvnelobebi ekuTvnis mTel ricxviT 
RerZs 






 dxxxfxM )()( ,                   (1.13) 

maSin uwyveti SemTxveviTi sididis dispersia ewodeba 
misi gadaxris kvadratis maTematikur lodins: 

 
b

a

dxxfxMxxD )()]([)( 2 ;                (1.14) 
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 dxxfxMxxD )()]([)( 2 .                (1.15) 

saSualo kvadratuli gadaxra 

)()( xDx  .                     (1.16) 

)(x  funqciis maTematikuri lodini  






 dxxfxxM )()()(  .                (1.17) 

k rigis sawyisi momenti ewodeba SemTxveviTi 
sidideebis k xarisxis maTematikur lodins: 






 dxxfxMX kk

k
)( .               (1.18) 

I rigis sawyisi momenti 1  aris x-is maTematikuri 

lodini. mas  agreTve ewodeba x sididis ganawilebis 

centri. normaluri ganawilebisaTvis 



2

2

2

1
)(

x

exf


  

ganawilebis centri nulia. 
22

2)(

2

1
)( 



ax

exf




  normaluri 

ganawilebis  centri a
1

 . k rigis centraluri 

momenti ewodeba centridan x sididis gadaxris  amave 
rigis maTematikur lodins. 






 dxxfxMxxMxM kk

k
)())(())(( .         (1.19) 

0
1
 . dispersiebi II rigis centraluri momentebia. 

 

1.7. normaluri ganawileba 

 
normaluri ganawileba aris uwyveti SemTxveviTi 

sididis albaTobebis normaluri ganawileba, romelic 
ganisazRvreba simkvriviT: 



 15 

222)(

2

1
)( 



axexf  .               (1.20) 

normaluri ganawileba ganisazRvreba ori  a da  

parametriT. a aris maTematikuri lodini,  - nor-
maluri gadanawilebis saSualo kvadratuli gadaxra. 

simkvrivis normaluri ganawilebis grafiks norma-
luri mrudi (gausis mrudi) ewodeba. 

 
 

 
 
 
 

 
 

nax. 1.1. simkvrivis normaluri ganawilebis grafiki 

)(xf  da )( axf   funqciebs erTnairi forma aqvs. a 

parametris cvlilebiT ar 

icvleba normaluri mrudis 

forma. -s gazrdiT maqsima-

luri ordinata mcirdeba, 

mrudi ki ufro damreci 

xdeba. rodesac 0a  da 

1 , maSin 


 2

2

2

1
)(

x

ex


  

normalur mruds ewodeba 

normirebuli. 

SemTxveviTi cdomilebis 

)  ;(
11

xx  simetriul intervalSi moxvedris albaToba 

gamoiTvleba formuliT: 












1

111
2)|(|)(

x
xxPxxxP ,          (1.21) 

f(x) 

O a x 

f(x) 

O x 

 =1 

 =3 

 =7,5 

nax. 1.2. simkvrivis normaluri 
ganawilebis mrudebi 
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sadac 

)|(|
2

1

2

1
)(

0

2

2




txPdtet
t t

 


, )0( t . 

)(t  funqcias ewodeba albaTobebis integrali. 

maTi mniSvnelobebi mocemulia cxrilebSi (danarTi). 

22

2)(

2

1
)( 



ax

exf




 -s ewodeba zogadnormaluri gana-

wilebis kanoni a centriT, xolo 
22

2

2

1
)( 



x

exf


  

ganawilebis normaluri kanonia. 
  

1.8. uxeSi Secdomebis gamoricxvis 

 meTodebi 

 
Tu gazomvis Sedegad miRebuli sidide mkveTrad 

gansxvavdeba yvela sxva Sedegisagan, maSin aris eWvi, 
rom daSvebulia uxeSi Secdoma. am SemTxvevaSi unda 
Semowmdes, aris Tu ara darRveuli gazomvis ZiriTadi 
pirobebi. Tu  Semowmeba Tavis droze ar Catarda, 
maSin `amovardnili~ mniSvnelobis Sesaxeb sakiTxi 
wydeba misi SedarebiT gazomvis danarCen SedegebTan. 

1) gamoricxvis meTodi, rodesac  cnobilia. 
aRvniSnoT x gazomvis Sedegad miRebuli `amovardni-

li~ mniSvneloba x*, danarCeni ki n
xxx ,,,

21
 . gamov-

TvaloT saSualo ariTmetikuli  

n

xxx
x n

,,,
21


  ;                  (1.23) 

SevadaroT || * xx   da 
n

n 1
 , e.i. 

n

n

xx
t

1

|| *








.                     (1.24) 
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 )(21 t  gamovTvaloT cxrilebidan (danarTi 1). es 

mogvcems albaTobas imisas, rom aRniSnuli fardoba 
miiRebs t-ze aranakleb mniSvnelobas im pirobiT, rom 
x* mniSvneloba SemTxveviTia. Tu gamoangariSebuli 
albaToba iqneba Zalian mcire, maSin `amovardnili~  
Seicavs uxeS Secdomas da  unda gamovricxoT gazomvis 
Sedegebis Semdgomi damuSavebidan. rogori albaTobaa  
mcired damokidebuli konkretuli amocanis pirobebze. 
Cveulebriv, mcire albaTobas iReben Semdegi 3 
donidan:  
5% done (gamoiricxeba Secdomebi, romelTa movlenis 
albaToba 0,05-ze naklebia).  
1 % done (gamoiricxeba Secdomebi, romelTa movlenis 
albaToba 0.01-ze naklebia). 
0,1% done (gamoiricxeba Secdomebi, romelTa movlenis 
albaToba 0,001-ze naklebia).  

gamoricxvis meTodi, rodesac  ucnobia. Tu  
sidide winaswar ucnobia, maSin gamoiyeneba empiriuli 
standarti: 








n

i
i

xx
n

s
1

2)(
1

1
.                (1.25) 

ganvsazRvroT  

S

xx
t

|| * 
                     (1.26)  

da es mniSvneloba SevadaroT )(P
n

t -s (danarTi 2). 

  SerCeuli donea. maSin  )(21 t . 1P , 

maSin P )(2 t  aris P  saimedoobis dros t fardobis 

kritikuli mniSvneloba. Tu mocemul n SedegSi (1.26) 

fardoba aRmoCndeba 1
P  da 2

P  ( 12
PP  ) saimedoobis 

mqone or kritikul mniSvnelobas Soris, maSin 
`amovardnili~ mniSvneloba Seicavs uxeS Secdomas da 
unda gamovTiSoT Semdegi damuSavebisagan. 

 

1.9. saSualo mniSvnelobebi, maTi gamoTvlis 
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meTodebi 

 

n
xxx ,,,

21
  sidideebis saSualo ariTmetikuli (an 

saSualo mniSvneloba) gamoiTvleba formuliT: 








n

i
i

n x
nn

xxx
x

1

21 1,,
 .             (1.27) 

n
xxx ,,,

21
  sidideebis saSualo kvadratuli gadaxra  








n

i
i

n xx
nn

xxxx
S

1

2

22

1 )(
1)()(

*


.      (1.28) 

saSualo kvadratuli gadaxrisas sargebloben for-
muliT: 

2

1

2

1

2 )()(
1

)(
1

cxxx
n

cx
n

n

i
i

n

i
i

 


.        (1.29) 

Tu gazomvis Sedegebi tolia, maSin maT Sesabamis 
formulebSi gavaerTianebT. 

Tu x1 gvxvdeba m1-jer, 22
mx  -jer, kx  ki km -jer 

)(
21

nmmm
k
  , maSin 





k

i
ii

xm
n

x
1

1
,                     (1.30) 





n

i
ii

xxm
n

S
1

2)(
1

* .               (1.31) 

 

1.10. saSualoebis gamoTvla 

 
saSualoebis gamoTvla mniSvnelovnad martivdeba, 

Tu xi mniSvnelobebis aTvlas movaxdenT yvelaze 
xelsayreli (Sesaferi) c-dan Sesabamis masStabSi. e.i. 

ii
hucx  ,  ),,2,1( ki  , 

h

cx
u i

i


 .         (1.32) 

Tu aseT Secvlas gamoviyenebT, maSin saangariSo 
formula ase Caiwereba : 

uhcx  ,                    (1.33) 
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sadac                   



n

i

iium
n

u
1

1
. 

x saSualo mniSvnelobaa. 

22

1

2 )()(
1

* uuhuum
n

hS
n

i
ii

 


 ,         (1.34) 

sadac 





n

i
ii

um
n

u
1

22 1
. 

garda ariTmetikuli mniSvnelobisa da saSualo 
kvadratuli gadaxrisa, gamoTvlebisaTvis saWiroa 
agreTve mesame da meoTxe rigis centraluri momen-
tebi, romlebic gamoiTvleba formulebiT: 





n

i

ii xxmM
1

3

3 )( ;                  (1.35)     





n

i
ii

xxmM
1

4

4
)( .                  (1.36) 

 
1.11. gasazomi sididis namdvili mniSvnelobis  

Sefaseba 

 
vTqvaT, mocemulia romelime sididis n damou-

kidebeli gazomvis Sedegi. CavTvaloT, rom  n
xxx ,,,

21
  

Sedegebi Tavisufalia rogorc uxeSi, aseve sistema-
turi cdomilebisagan.  

a gasazomi sididis namdvili mniSvnelobis Sefa-
seba niSnavs: 
a) movZebnoT gazomili Sedegebis iseTi funqcia 

),,,(
21 n

xxxg  , romelic iZleva a mniSvnelobasTan 

sakmarisad karg miaxloebas. aseT funqcias ewodeba 
wertilovani Sefaseba anu ubralod Sefaseba. 

b) movZebnoT intervalis sazRvrebi )  ,(
21
  gg , 

romelic mocemuli P albaTobiT faravs a namdvil 
mniSvnelobas. aseT Sefasebas ewodeba ndobis 
Sefaseba, P albaTobas - ndobis albaToba anu 
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Sefasebis saimedooba, )  ,(
21
  gg  intervals_ 

ndobis intervali, xolo mis sazRvrebs _ ndobis 
sazRvrebi. 
uzrunvelyofili rom iyos sakmarisad kargi 

miaxloeba a namdvil mniSvnelobasTan, Sefaseba 

),,,(
21 n

xxxg   unda akmayofilebdes Semdeg Tvisebebs: 

1) maTematikuri lodini emTxveva a-s, e.i. aMg  . 

2) gazomvaTa ricxvis usasrulod zrdisas g miisw-
rafvis a-saken, e.i. roca n  da 0 , albaToba 

1)|(|  agP . 

wertilovani Sefaseba. Tu a sididis yvela n gazomva 
Catarebulia erTi da igive sizustiT (tolzusti), maSin 
a gasazomi sididis namdvili mniSvnelobis Sefasebi-
saTvis gamoiyeneba gazomvis Sedegebis saSualo 
ariTmetikuli. 

Tu gazomva ar aris tolzusti, magram cnobilia 

maTi wonebi, e.i. n
PPP ,,,

21
 , maSin 

22

2

2

1

21

1
::

1
:

1
:::

n

n
PPP


              (1.37) 

da a gasazomi sididis namdvili mniSvnelobis 
SefasebisaTvis gamoiyeneba Sewonili saSualo ariTme-
tikuli mniSvneloba: 










i

ii

n

nn

P

xP

PPP

xPxPxP
a





21

2211 .           (1.38) 

 

1.12. dakvirvebaTa Sedegebis statistikuri  

Sefaseba 

 
statistikur erTobliobas, romelic Seicavs SemTx-

veviTi sidideebis yvela SesaZlo mniSvnelobas,  
generaluri statistikuri erToblioba ewodeba. amor-
CeviTi statistikuri erToblioba ewodeba iseT 
erTobliobas, romelic Seicavs generaluri erTobli-
obis nawils. cdebis ganmeorebis SemTxvevaSi, erTi da 
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igive pirobebSi, SeimCneva ama Tu im Sedegebis 
sixSiris kanonzomiereba. SemTxveviTi sidideebis 
zogierTi mniSvneloba xSirad miiReba, amasTan 
jgufdeba romelime mniSvnelobis mimarT – dajgufe-
bis centris mimarT, romelic warmoadgens maTe-
matikur lodins. magram maTematikuri lodinma ar 
SeiZleba asaxos statistikuri erTobliobis yvela 
damaxasiaTebeli sakiTxi. SemTxveviTi sidideebis 
gafantva maTematikuri lodinis mimarT dispersiiT 
xasiaTdeba.  

vTqvaT, cdebis erTi seriis Sedegad miRebulia 

SerCeviTi statistikuri erToblioba n
xxx ,,,

21
 , maSin 

saSualo ariTmetikuli iqneba: 

n

xxx
x n

,,,
21


 ,  

n cdis ricxvia; x  aris SerCeviTi saSualo mniSv-

neloba. 

dispersiis Sefaseba anu empiriuli dispersia 

















 



n

i
i

n xnx
nn

xxxxxx
D

1

22

22

2

2

1

1

1

1

)()()( 
. (1.39) 

1n  aris Tavisuflebis xarisxi. 








n

i
i

xx
n

S
1

2)(
1

1
                   (1.40) 

gamosaxulebas saSualo kvadratuli gadaxris 
Sefaseba anu SerCeviTi standarti ewodeba. 

SemTxveviTi sidideebis cvalebadobis (variaciis) 
SefasebisaTvis xSirad iyeneben V variaciis 
koeficients. 

%100
x

S
V  .                   (1.41) 

variaciis koeficienti axasiaTebs ara absolutur, 
aramed SemTxveviTi sididis fardobiT gafantvas 
saSualo mniSvnelobis mimarT.  
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statistikaSi didi mniSvneloba aqvs agreTve saSua-
lo mniSvnelobebis saSualo kvadratul cdomilebas 

n

S
S

x
 . 

saSualo mniSvnelobis sizustis maCvenebeli 

n

v

x

S
x  %100 .                (1.42) 

saSualo kvadratuli gadaxris cdomileba 

n

S
S

S

2
 .                       (1.43) 

x  SerCeviTi saSualos da D  SerCeviTi dispersiis  
mosaZebnad saWiroa monacemebis dajgufeba. amasTan, 

SemTxveviTi sidideebis mniSvnelobebis minx -dan maqx -mde 

diapazoni davyoT intervalebad. intervalebis ricxvi 
daaxloebiT tolia: 

nK lg2,31 .  

K  unda davamrgvaloT. 

TiToeuli intervalis sigrZe 
K

xx
h

minmaq 
 . miviRebT 

intervalebs: 

1
xx min , sadac hxx  min1 ; 

21 xx  , sadac hxx  12  da a.S. 
 TiToeuli intervalisaTvis gamovTvaloT saSualo 

2

)( 1* ii
i

XX
X


  ,  ki ,,2,1  .           (1.44) 

Semdeg gamovTvaloT TiToeul intervalSi moTav-  
sebul dakvirvebaTa ricxvi i

m   





k

i
i

nm
1

.                     (1.45) 

SerCeviTi saSualo  





k

i
ii

mX
n

X
1

*1
                   (1.46) 

SerCeviTi dispersia 
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k

i
ii

XXm
n

D
1

* 2)(
1

1
.             (1.47) 

     statistikuri rigis monacemebi 

intervalis 
# 

intervalis 
sazRvari 

intervalis 
saSualo 

ix
*
 

intervalSi 
dakvirvebis 

ricxvi, im  

fardobiTi 
sixSire, 

n

m
P i

i 
*

 

1 1xx min  
1

*
x  1m  

1
*
P  

2 21 xx   
2

*
x  2m  

2
*
P  

          

i ii xx 1  
ix

*
 im  

iP
*

 

          

k kk xx 1  
kx

*
 km  

kP
*

 

 

TvalsaCinoebisaTvis xSirad sargebloben SerCevis 
statistikuri ganawilebis grafikuli warmodgeniT. 

poligoni. Tu dekartis marTkuTxa koordinatTa 
sistemis abscisaTa RerZze gadavzomavT xi variantis 
mniSvnelobebs, xolo ordinatTa RerZze Sesabamis mi 

sixSireebs da miRebul ),(,),,(),,(
2211 nn

mxmxmx   

wertilebs SevaerTebT monakveTebiT, miviRebT texils, 
romelsac sixSireTa poligoni ewodeba. 

 ),(,),,(),,(
2211 nn

PxPxPx   wertilebis SeerTebiT ki 

miviRebT texils, romelsac fardobiT sixSireTa 
poligoni ewodeba. 
 

 
 
 
 
 
 
 
 

Pi 

xi x1 x2 x3 x4 xn 
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nax. 1.3. fardobiT sixSireTa poligoni 

histograma. histogramis asagebad abscisaTa RerZze 
gadazomilia intervalebis sazRvrebis mniSvnelobebi 
da TiToeulze, rogorc fuZeze, ageben marTkuTxeds, 
romlis farTobi fardobiTi sixSiris tolia da 
Seesabameba mocemul intervals. TiToeuli marTkuT-
xedis simaRle fardobiTi sixSiris da intervalis 
sigrZis fardobis tolia. 

   nax. 1.4. histograma              nax. 1.5. ganawilebis mrudi 

 
Tu n cdebis  ricxvis zrdasTan erTad gavzrdiT 

intervalebis raodenobas, maSin texili, romelic 
SemosazRvravs histogramas, uaxlovdeba mruds, 
romelsac ewodeba ganawilebis anu albaTobis 
simkvrivis mrudi da mas ewodeba statistikuri gana-
wileba (nax. 1.5). 

 

1.13. maTematikuri lodinis ndobis intervalis  

gamoTvla 

 
x , romelic SerCeviT ganisazRvra, mniSvnelovania, 

radgan misi meSveobiT msjeloben namdvil saSualoze 
– maTematikuri lodinze. unda ganvsazRvroT is 

maqsimaluri cdomileba , romelsac adgili aqvs 
maTematikuri lodinisa da x  SerCeviTi saSualos 
gatolebisas, e.i. 

x2 Pi 

x x1 x2 x3 x4 x5 

P 

x 
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 xMx
x .                  (1.48) 

am intervals ewodeba ndobis intervali maTemati-

kuri lodinisaTvis. rac metia n, miT mcirea . 
Tu x sididis dispersia ucnobia, xolo SerCeviTi 

dispersia D  cnobilia, maSin 

n

D
t .                       (1.49) 

t sididis mosaZebnad saWiroa statistikuri cxrilebi.  
t sidides ewodeba t stiudentis kriteriumis cxriluri 
mniSvneloba. ganisazRvreba pq 1  da 1 nf  formu-

lebiT. 
p –ndobis albaToba. 

am saxiT Sefasebul maTematikur lodins, xSirad 
intervalur Sefasebas uwodeben. 

 

1.14. SerCevis aucilebeli moculobis  

gansazRvra 

 
davuSvaT, saWiroa cdebis im minimaluri n raode-

nobis gansazRvra, romlis drosac saSualo 
ariTmetikuli x , gansazRvruli am raodenobis cdebis 

Sedegad, gansxvaveba lodinisagan araumetes  
sididiT. amisaTvis gamoviyenoT n-is gansazRvra 

2

2




Dt
n .                       (1.50) 

 mricxveli da mniSvneli gavyoT 2x -ze, maSin 

2

22



vt
n  ,                       (1.51) 

sadac %100
x


 , v

x

D
 %100  variaciis koeficientia. 
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1.15. korelaciis koeficienti 

 
bevr SemTxvevaSi eqsperimentuli kvlevis mizans 

Seadgens sxvadasxva sidides Soris damokidebulebis 
Seswavla da dadgena. Tu TiToeuli maTgani SemTxve-
viTi sidideebia, maSin gamoiyeneba korelaciuri 
analizis meTodebi. 

or SemTxveviT sidideebs Soris arsebobs statis-
tikuri kavSiri, Tu erTis cvlileba iwvevs meoris 
ganawilebas. statistikuri kavSiris Sesafaseblad 
eqsperimentuli monacemebis mixedviT gamoiyeneba kore-
laciis SerCevis koeficienti. vTqvaT, Catarebulia n 
dakvirveba da TiToeulSi gansazRvrulia ori x da y 
parametris mniSvnelobebi. maSasadame, gvaqvs ori 
erTdrouli SerCeva:  

n
xxxx ,,,,

321
  da 

n
yyyy ,,,,

321
 . 

TiToeulisaTvis vipovoT x  da y  saSualo 

ariTmetikuli, agreTve SerCeviTi standarti x
S  da 

y
S . 

korelaciis SerCevis koeficienti r gamoiTvleba 
formuliT: 

yx

n

i
ii

SSn

yyxx

r
)1(

))((
1







 ,                 (1.52) 

romelic gamoTvlebisaTvis ufro xelsayreli formiT 
ase Caiwereba: 































































  



  



n

i

n

i
ii

n

i

n

i
ii

n

i
i

n

i
i

n

i
ii

yynxxn

yxyxn

r

1

2

1

2

1

2

1

2

111 .        (1.53) 
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korelaciis SerCevis koeficienti ar icvleba x da 
y gazomvebis masStabisa da aTvlis sawyisis cvlile-
bisas. 

korelaciis koeficienti moTavsebulia 11  r  Sua-
ledSi. is axasiaTebs ara yovelgvar, aramed mxolod 
wrfiv damokidebulebas SemTxveviT sidideebs Soris. 
Tu r dadebiTia, maSin erTi SemTxveviTi sididis 
zrdisas izrdeba meore SemTxveviTi sidide. Tu r 
uaryofiTia, maSin erTi SemTxveviTi sididis zrdisas 
meore mcirdeba. Tu 0r , es niSnavs, rom ar arsebobs 
SemTxveviT sidideebs Soris wrfivi statistikuri 
kavSiri. aseT SemTxveviT sidideebs ewodeba 
arakorelirebuli. Cveulebriv, 0r . imis dasadgenad 
aris Tu ara arakorelirebuli SemTxveviTi sidideebi, 
saWiroa gamovTvaloT sidide: 

21

2
||

r

n
rt




gamoT. .                 (1.54) 

miRebul gamoT.t -s adareben t stiudentis kriterium-

Tan SerCeuli q da 2 nf -is mixedviT. Tu cxr.gamoT. tt  , 

e.i. arakorelirebulia. winaaRmdeg SemTxvevaSi 0r  
da am sidideebs Soris statistikuri kavSiri 
arsebobs. 

 

1.16. ranguli korelacia 

 

zogjer saWiroa urTierTkavSiris damyareba or 
xarisxobriv niSans Soris, e.i. iseT niSnebs Soris, 
romlebic ricxobrivad uTanazomoa. am ori niSnis 
gamokvlevisas TiToeul i-ur obieqts mieniWeba ori 
rangi: xi da yi , Sesabamisad x da y niSnebisa, e.i. gvaqvs 
ori mimdevroba: 

x niSnis mixedviT - n
xxx ,,,

21
 ; 

y niSnis mixedviT  - n
yyy ,,,

21
 . 
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or xarisxobriv niSans Soris kavSiris Sesafa-
seblad vawarmoebT spirmenis ranguli korelaciis 
koeficientis gamoTvlas: 

nn

d

R

n

i
i






3

1

26

1 ,                   (1.55) 

sadac iii
yxd  . 

koeficienti moTavsebulia 11  R  SualedSi. am 
koeficientis mniSvnelobis Sefaseba Catardeba ise, 
rogorc r korelaciis koeficientisa. 

am SemTxvevaSi sakvlevi obieqtebi davnomroT 
niSnis zrdadobis an klebadobis mixedviT. obieqtis 
am nomers mis rangs vuwodebT. 
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Tavi II. teqnologiuri sistemebis eqsperimentuli 

kvlevis sakiTxebi 
 
2.1. teqnologiuri sistemebis eqsperimentuli 

kvlevis ZiriTadi cnebebi da amocanebi 
 

kvlevis eqsperimentuli meTodebi anu eqsperimentis 
dagegmva aris im xerxebis erToblioba, romelic 
mkvlevars saSualebas aZlevs gonivrulad daayenos 
eqsperimenti, SezRuduli raodenobis cdebis SemTxveva-
Si miiRos maqsimaluri informacia, sworad moaxdinos 
eqsperimentis Sedegebis damuSaveba da interpretacia. 
obieqtze moqmedi faqtorebi cvlis mis mdgomareobas. 

obieqtis gamomavali parametri vuwodoT iseT para-
metrs, romlis mixedviTac msjeloben obieqtis mdgo-
mareobaze. varirebadi faqtorebi aRvniSnoT X-iT, 
gamomavali ki -  Y-iT. garda amisa, kvlevis obieqtze 

moqmedebs aramarTvadi faqtorebi. esenia: n
zzz ,,,

21
 , 

romelsac sakontrolo faqtorebi da n
www ,,,

21
 , 

romelsac arasakontrolo faqtorebi (SemaSfoTebeli 
zemoqmedeba) ewodeba. 

sqematurad kvlevis obieqti xSirad warmoidgineba, 
rogorc e.w. `Savi yuTi~, e.i. obieqti, romelSic 
dakvirvebisaTvis misawvdomia mxolod Semavali da 
gamomavali sidideebi. saxelwodeba `Savi yuTi~ miuTi-
Tebs kvlevis obieqtis Sinagani struqturis srul an 
nawilobriv arcodnaze. faqtorebi SeiZleba iyos 
raodenobrivi da xarisxobrivi.  

raodenobrivi faqtorebi SeiZleba Sefasdes raode-
nobrivad, e.i. gazomviT, awoniT da sxva. amasTanave, 
raodenobrivi faqtoris nebismieri mniSvneloba amomwu-
ravad da calsaxad xasiaTdeba erTaderTi ricxviT. 
raodenobrivi faqtorebia: temperatura, wneva, simkv-
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rive, siCqare, tenianoba da sxva. raodenobrivi 
faqtorebisagan gansxvavebiT, erTi da imave xaris-
xobrivi faqtoris sxvadasxva mniSvneloba Soris 
arsebobs ara raodenobrivi, aramed xarisxobrivi gansx-
vaveba. xarisxobrivi faqtorebia: merqnis jiSi, fiWvis 

merqani, naZvis mer-
qani da a.S. an Se-
makavSireblis Sed-
geniloba, damuSa-
vebis xerxi da sxva. 
   eqsperimentSi Ti-
Toeuli faqtori 
Rebulobs erT an 
ramdenime mniSvne-
lobas. am mniSvne-
lobebs  faqtoris 

dones uwodeben. 
faqtoris mniSvnelobebis are ewodeba mis mniSvne-

lobaTa simravles, romelsac Rebulobs eqsperimentis 
dros. 

faqtoris varirebis diapazoni umciresi monakveTia, 
romelSic moTavsebulia eqsperimentis dros am 
faqtoris mier miRebuli yvela mniSvneloba. mag., xerxis 
sisqe eqsperimentSi aris 1,8; 2; 2,2; 2,5 mm. misi varire-
bis diapazonia 1,8...,2,5 mm. 

marTvadi ewodeba iseT faqtorebs, Tu eqsperimen-
tators saSualeba aqvs misces da SeinarCunos maTi 
saWiro mniSvneloba mTeli cdis ganmavlobaSi. 
aramarTvadi faqtorebia: garemos temperatura, moris 
woweba, mowyobilobis cveTis xasiaTi.  

eqsperiments, sadac TiToeuli cdis faqtorebis 
done mocemulia mkvlevaris mier gansazRvruli gegmis 
Sesabamisad,  aqtiuri ewodeba. aqtiuri eqsperimentis 
Casatareblad faqtorebi marTvadi unda iyos. aqtiuri 
eqsperimenti saSualebas iZleva visargebloT eqsperi-

z1 z2 

x1 

z1 

x2 

x3 

y1 
y2 

y3 

w1 w2 
w3 

kvlevis 
obieqti 

nax. 2.1. kvlevis obieqtis sqematuri 
gamosaxuleba 
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mentis dagegmvis Teoriis rekomendaciebiT, faqtore-
bis varirebis donis optimaluri mniSvnelobebiT. 

eqsperiments, rodesac TiToeuli cdis faqtorebis 
donis registracias mkvlevari awarmoebs, magram ver 
iZleva mis mniSvnelobas, pasiuri ewodeba. pasiur 
eqsperimentSi SeuZlebelia faqtorebis varirebis 
optimaluri donis SerCeva. am SemTxvevaSi eqsperimen-
tatori awarmoebs Semavali da gamomavali sidideebis 
fiqsacias. 

damoukidebeli ewodeba iseT faqtorebs, romlis 
drosac eqsperimentators saSualeba aqvs nebismieri 
maTgani daayenos saWiro doneze sxva faqtorebis 
donisagan damoukideblad. 

SeTavsebadoba niSnavs faqtorebis donis nebismieri 
kombinaciis realizaciis SesaZleblobas maTi mniSvne-
lobis aridan. 

SeTavsebadobis Sesrulebis moTxovna iwvevs faqto-
rebis varirebis diapazonis Semcirebas. 

Tu eqsperimentSi vikvlevT obieqtze erTze meti 
faqtoris gavlenas, maSin arsebobs eqsperimentis 
organizaciis ori sxvadasxva xerxi. pirvel SemTxve-
vaSi faqtorebis gavlena warmoebs rigrigobiT. jer 
warmoebs erTis varireba, Semdeg mxolod meoris 
varireba da a.S. aseT eqsperiments ewodeba erTfaqto-
riani. 

mravalfaqtoriani eqsperimentis SemTxvevaSi yovel 
Semdeg cdaze gadasvlisas icvleba ara erTis, aramed 
erTdroulad ramdenime faqtoris done. e.i. mraval-
faqtoriani eqsperimentis dros warmoebs yvela an 
TiTqmis yvela faqtoris erTdroulad varireba. 

erTfaqtoriani eqsperimenti aris dagegmvis tradi-
ciuli xerxi. igi TvalsaCinoa, eqsperimentis Sedegebi 
xSirad prognozirdeba, amitom eqsperimentatori 
advilad amCnevs cdomilebebs da mimarTavs aucilebel 
zomebs. ama Tu im meTodis arCevis kriteriumi misi 
efeqturobaa. is eqsperimentia efeqturi, romelic 



 32 

Tanabar pirobebSi maRal sizustes iZleva. maRali 
efeqturobis gamo, eqsperimentis dagegmvis TeoriaSi 
ganixileba mravalfaqtoriani eqsperimenti. 

 

2.2. eqsperimentis dagegmvis ZiriTadi amocanebi 

 
1) eqsperimentis dagegmva obieqtis maTematikuri 

aRweris mizniT. am SemTxvevis mizania obieqtis empi-
riuli maTematikuri modeli, e.i. moiZebnos obieqtis 
TiToeuli gamomavali sididisa da varirebadi faqto-
rebis damokidebuleba. mag., Sponis simqisis damoki-
debuleba Semdeg varirebad faqtorebze: danis alesvis 
kuTxeze; kotris diametrze, Wris ukana kuTxeze. 

2) ganTesviTi eqsperimentis dagegmva. varirebadi 
faqtorebis raodenoba pirveli saxis amocanebSi 6_8-s 
ar unda aRematebodes. winaaRmdeg SemTxvevaSi eqspe-
rimenti Sromatevadia cdebis didi raodenobis gamo. 
rTuli teqnologiuri procesebis Seswavlisas masze 
moqmedebs aTobiT da zogjer asobiT faqtori. mag., 
CarCoxerxze daxerxili masalis saWiro zomis 
warmoqmnaSi 20-ze meti faqtori moqmedebs: xerxis 
svla, kbilebis dablagvis xarisxi, kbilebis kuTxuri 
parametrebi, forma, kbilebis biji, ganaxerxis sigane 
da simaRle, jiSi, xerxis daxra, Cawodeba da a.S. unda 
gaviTvaliswinoT, rom saerTo faqtorebidan zogierTi 
maTgani procesze arsebiT zemoqmedebas axdens. pirvel 
rigSi am faqtorebis gavlenis kvlevaa saWiro. 
amrigad, mivediT eqsperimentis dagegmvis orsafexu-
rian ideaze. 

pirvel etapze varirebadi faqtorebidan gamovyoT 
is mniSvnelovani faqtorebi, romlebic gansazRvraven 
procesis mimdinareobas. amisaTvis tardeba ganTesviTi 
eqsperimenti. meore etapze Seiswavleba gamoyofili 
mniSvnelovani faqtorebis gavlena kvlevis obieqtze. 
es eqsperimentis dagegmvis pirveli amocanis gada-
wyvetiT SeiZleba. 
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3) eqsperimentis dagegmva optimaluri pirobebis mo-
saZebnad. am eqsperimentis mizania moiZebnos varire-
badi faqtorebis is mniSvnelobebi, romlis drosac 
obieqtis gamomavali sidide Rebulobs eqstremalur, 
e.i. maqsimalur an minimalur mniSvnelobas. mag., unda 
SeviswavloT merqnis daxerxvis procesi CarCoxerxze. 
saWiroa gairkves, rogori unda iyos miwodeba kbilze, 
xerxis sisqe da biji, raTa miviRoT daxerxili 
masalis udidesi sizuste. aseTi amocanebis gadasa-
wyvetad eqsperimentis dagegmvis meTodebi saSualebas 
iZleva rekomendacia mivceT eqsperimentebis TandaTa-
nobiT Casatareblad, romelic migviyvans optimalur 
mniSvnelobamde. 

4) eqsperimentis dagegmva Tvisebrivi faqtorebiT. 
eqsperimentebi Tvisebrivi faqtorebiT gamoiyofa calke 
jgufad, radgan maTi damuSavebiT miRebuli meTodebi 
(dispersiuli analizi) gansxvavdeba eqsperimentisagan 
(raodenobrivi faqtorebi). aseve, specifikuria 
meTodebi, romlebic saSualebas gvaZlevs daigegmos 
aseTi eqsperimentebis Catareba araerTgvarovan 
pirobebSi, cdebis SezRuduli raodenobis SemTxvevaSi. 

5) eqsperimentis dagegmva narevi Tvisebebis Sesas-
wavlad. vTqvaT, kvlevis obieqtia ramdenime komponen-
tis narevi, varirebadi faqtorebia narevSi Semavali 
TiToeuli komponentis procentuli Semcveloba. yvela 
am faqtorebis jami 100%, e.i. am SemTxvevaSi damouki-
debeli varirebadi faqtorebi ar aris. aseTi amocane-
bis gadasawyvetad damuSavebulia specialuri meTodebi. 

 

2.3. samrewvelo sawarmoebSi gamoyenebuli 

maTematikuri modelebis ZiriTadi saxeebi 
 

aqtiuri da pasiuri eqsperimentebis (raodenobrivi 
faqtorebiT) Sedegebis damuSavebis safuZvelia regre-
suli analizi. igi Seicavs maTematikuri modelis 
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parametrebis moZebnis meTods (umcires kvadratTa 
meTodi) da monacemebis statistikur damuSavebas. 

y gamomavali sidideebis damokidebilebas k
xxx ,,,

21
  

varirebad faqtorebze, romelic miRebulia regresuli 
analiziT, regresuli modeli ewodeba: 

),,,(
21 k

xxxfy  ,                   (2.1) 

sadac ),,,(
21 k

xxxf   aris varirebadi faqtorebis funqcia.  

regresuli modeli aris obieqtis maTematikuri 
modelis kerZo SemTxveva. gamomavali sidideebi SeiZ-
leba iyos ramdenime. mag., damuSavebis procesSi 
SeiZleba gazomil iqnes detalis zomebi, Wris Zalebi 
da zedapiris simqise. (1) damokidebuleba aigeba 
TiToeuli gamomavali sididisaTvis. agebuli regre-
suli modeli saSualebas iZleva miviRoT informacia 
TviT obieqtsa da marTvis xerxebze. am modelis 
daxmarebiT advilad Sefasdeba TiToeuli faqtoris 
gavlena da xarisxi gamomaval sidideze. modeli 
SeiZleba safuZvlad daedos procesis optimizacias. 
mniSvnelovania, rom regresuli modeli mocemuli 
unda iyos winaswar an eqsperimentis dawyebamde 

SevarCioT romel klass ekuTvnis ),,,(
21 k

xxxf   

funqcia. mag., regresuli modeli mravalwevris 
(gansazRvruli rigis), eqsponentis da  
trigonometriuli saxis mravalwevria da a.S. amrigad, 
eqsperimentis dagegmvisas, cdebis Sedegebis mixedviT, 
obieqtis maTematikuri aRwerisaTvis gamoiTvleba 
mxolod regresul modelSi Semavali mudmivebis 
mniSvnelobebi. ismeba kiTxva, rogor airCeva 
regresuli modelis saxe. cdis Catarebamde mkvlevarma 
unda moipovos informacia kvlevis obieqtis Sesaxeb, 
e.w. aprioruli (cdamde) informacia, adre Catarebuli 
cdebiT da gamokvlevis safuZvelze dagrovili 
masalebiT. 

radgan regresuli modelis saxe moicema eqsperi-
mentis Catarebamde, saWiroa gairkves aseTi modelis 



 35 

ndobis sakiTxi, mis Sesabamisoba sakvlev obieqtTan. 
eqsperimentis dagegmvisas gaTvaliswinebulia specia-
luri procedura, romelsac ewodeba regresuli 
modelis adekvaturobis Semowmeba. am Semowmebis Sede-
gad mkvlevars saSualeba aqvs gansazRvros ramdenad 
misaRebia agebuli modelis kvlevis obieqtis aRweri-
saTvis. yvelaze gavrcelebulia eqsperimentis dagegm-
vis meTodi, romlis drosac obieqtebis regresuli 
modeli warmodgenilia varirebadi faqtorebis pirveli 
da meore rigis mravalwevrebis saxiT. pirveli rigis 
mravalwevris saxiT warmodgenil models wrfivi 
ewodeba . k zogad  varirebadi faqtorebis SemTxvevaSi 
obieqtis wrfiv regresul models aqvs Semdegi saxe: 

kk
xBxBxBBy  

22110 ,            (2.2) 

sadac k
BBBB ,, ,  ,

210
  aris koeficientebi, romelTa 

ricxviTi mniSvnelobebi eqsperimentis SedegebiT gani-
sazRvreba. maT ewodeba regresiis koeficientebi, xolo 

(1) gantolebas regresiis gantoleba. k
BBB ,, ,

21
  regre-

siis wrfivi koeficientebia, B0 -Tavisufali wevri. wrfivi 
regresuli modeli iZleva obieqtze faqtorebis 
gavlenis Sesaxeb informacias. aseTi modelis gamoye-
neba gamarTlebulia Semdeg SemTxvevebSi: 1) kvlevis 
sawyis etapze an rodesac wrfivi miaxloebis sizuste 
misaRebia; 2) rodesac SezRudulia cdebis raodenoba; 
3) rodesac eqsperimentatori darwmunebulia, rom 
wrfivi modeli utyuaria (mag., Teoriuli kvlevis 
Sedegad). 

ganvixiloT 3 faqtorisagan Sedgenili meore rigis 
modeli (kvadratuli) 

    
2112

2

332

2

222

2

1113322110
xxBxBxBxBxBxBxBBy  

     
32233113

xxBxxB  .                                  (2.3) 

meore rigis modeli cud Sedegs iZleva Semdeg 
SemTxvevebSi:  
1) rodesac gamosavali sidides sinamdvileSi aqvs erT 

eqstremumze meti; 
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2) )(
i

xfy   damokidebulebas aqvs gadaRunvis wertili; 

3) rodesac gamosavali sidide xi zogierTi mniSvne-
lobisaTvis naxtomisebrad icvleba.  
pirvel or SemTxvevaSi obieqtis aRwerisaTvis 

rekomendebulia mesame da maRali rigis mravalwev-
rebi. meore SemTxvevaSi faqtorebis varirebis 
diapazoni davyoT calkeul Sualedebad da TiToeuli 
cal-calke SeviswavloT. 

 

2.4. empiriuli formulebis parametrebis  

    gamoTvla umcires kvadratTa meTodiT 

 

 
y da x sidideebs Soris funqciuri damokide-

bulebis empiriuli (eqsperimentuli) Seswavlisas awar-
moeben y sididis gazomvas x-is sxvadasxva mniSvne-
lobisaTvis. Sedegebi SeiZleba warmovadginoT 
cxrilis an grafikis saxiT. amocana mdgomareobs 
saZiebeli funqciuri damokidebulebis analizuri saxiT 
warmodgenaSi, e.i. SevadginoT formula, romelic 
eqsperimentis Sedegebs aRwers. 

arCeuli funqciuri damokidebuleba aRvniSnoT 

),,,;(
10 n

aaaxfy  -iT.                (2.4) 

n
aaa ,,,

10
  parametrebi ar SeiZleba zustad ganisaz-

Rvros N
yyy ,,,

21
  empiriuli monacemebiT, vinaidan 

Seicavs SemTxveviT cdomilebebs. umcires kvadratTa 

meTodi saSualebas iZleva SevafasoT n
aaa ,,,

10
  

parametrebi. 

Tu N
yyy ,,,

21
  funqciis mniSvnelobebi gazomilia 

erTnairi sizustiT, maSin n
aaa ,,,

10
  parametrebi gani-

sazRvreba im pirobiT, rom k
y  gazomili sidideebis 

),,,;(
10 nk

aaaxf   saangariSo sidideebidan gadaxris 
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kvadratebis jami, e.i. sidide 
2

10
1

][ ),,,;(
nk

N

k
k

aaaxfYS 


  

Rebulobdes umcires mniSvnelobas. 
Tu gazomvebi Catarebulia sxvadasxva dispersiiT 

da cnobilia sxvadasxva gazomvis dispersiaTa 
Sefardeba, maSin 

 

knk

N

k
k

aaaxfYS 
2

10
1

][ ),,,;( 


 ,             (2.5) 

sadac k  Tanamamravli aris gazomvaTa wona, romelic 

dispersiebis ukuproporciulia, 
N

 :::
21
  

22

2

2

1

1
::

1
:

1

B


 . Tu funqciis mniSvnelobebis yvela 

gazomva Catarebulia erTnairi sizustiT da xk 
argumentis yoveli mniSvnelobisaTvis Catarebulia mk 
gazomvebis seria, xolo yk seriaSi aiReba gazomvis 
Sedegebis saSualo ariTmetikuli, maSin gazomvebis 
wona SeiZleba iyos seriaSi gazomvebis raodenoba 

kk
m  ),,2,1( Nk  . Camoyalibebuli piroba ZalaSia 

mravali cvladis funqciis parametrebis Sefasebis 
gansazRvrisas. mag., ori cvladis (x, y) funqciisTvis 

n
aaa ,,,

10
  parametrebi  

knkk

N

k
k

aaayxfZS 
2

10
1

][ ),,,;,( 


            (2.6) 

jamis minimumis pirobidan ganisazRvreba. 

n
aaa ,,,

10
  parametrebis moZebna, romelic uzrunvel-

yofs 

),,,(
10 n

aaaSS   

funqciis umcires mniSvnelobas, daiyvaneba Semdegi 
gantolebaTa sistemis amoxsnaze: 

0
0






a

S
; 0,,0

1











n
a

S

a

S
 .             (2.7) 
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Tu (2.4) empiriul formulaSi Semavali parametrebi  
wrfivia, maSin (2.7) gantolebaTa sistema aseve wrfivi 
iqneba. radgan wrfivi sistemebis amoxsna ufro 
martivia, vidre arawrfivisa, SeZlebisdagvarad unda 
vecadoT SerCeuli empiriuli formula gardavqmnaT im 
saxiT, rom ganmsazRvreli parametrebi wrfivi iyos. 

 
 

2.5. mravalwevris parametrebis gamoTvla 

 
1) wrfivi funqciis parametrebis moZebna. wrfivi  

funqciis grafikia wrfe. umcires kvadratTa meTodiT 
am funqciis parametrebis gansazRvrisas unda gaviTva-
liswinoT, rom wrfe yovelTvis gadis ),( yx  werti-

lebze, romelTa koordinatebia mocemuli wertilebis 
koordinatebis saSualo  

k

kk
x

x







 ,  

k

kk
y

y







 ,                (2.8) 

sadac 



N

k 1

, 
k

 gazomvis wona ),,2,1( Nk  . 

wrfis gantoleba umjobesia ase CavweroT: 
)( xxayy  . 

a parametri ganisazRvreba formuliT: 

22 )(

 

xx

yxxy
a




 , 

sadac 

k

kk
x

x









2

2 , 
k

kkk
yx

xy







 .               (2.9) 

Tu yvela gazomva erTnairi sizustiT warmoebs (e.i. 

yvela wona 1
k

 ), maSin parametrebis formulebi 

martivdeba da aqvs saxe: 





N

k
k

x
N

x
1

1
;  




N

k
k

y
N

y
1

1
, 




N

k
k

x
N

x
1

22 1
, 




N

k
kk

yx
N

xy
1

1
. 
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aTvlis saTavisa da masStabis cvlilebisas, e.i. 
wrfivi gardaqmnebisas 

uhxx 
0 , vhyy

10
 , 

22

1

)(uu

vuvu

h

h
a




 , 

sadac u da  saSualo mniSvnelobebi gamoiTvleba (2.8) 
da (2.9) formulebis analogiurad. 

kontrolisaTvis gamoTvlebi unda gavimeoroT 
aTvlis sxva sawyisi mniSvnelobisaTvis. 

Tu consthxx
kk


1  )1,,2,1(  Nk   da yk funqciis 

mniSvnelobebi ganisazRvreba erTnairi sizustiT, 
maSin 

2

1 N
xx

x


 . 

am SemTxvevaSi 
h

xx
agyy


 .  

rodesac 12  MN , maSin  




 



 )(2)(
)(

1
)(

)1(

12
2211

11
2

[ MMMM

N

k

k YYYY
NH

MKY
NN

ah  

]))(1(
1

YYM
N
 .                                  (2.10) 

rodesac MN 2 , 

    







 )(
)(2

1
)12(

)1(

6
1

11
2

[
MM

N

k
k

YY
NH

NKY
NN

ah  

    ]))(1()(3
112

YYNYY
NMM



 .                 (2.11) 

2. kvadratuli funqciis parametrebis gamoTvla 

cbxaxy  2  kvadratuli funqciis parametrebi 

ganisazRvreba Semdegi wrfiv gantolebaTa sistemidan: 



















N

k
kk

N

k
kkk

N

k
kkk

YcSbSaS

xYcSbSaS

xYcSbSaS

1
012

1
123

1

2

234

,

;

;
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sadac 



N

k
k

m

km
xS

1

 )4,3,2,1,0( m ; ),,2,1( Nk   gazomvis 

wonaa.  
gamoTvlebi sagrZnoblad martivdeba iseTi dagegm-

visas, roca 



N

k
kk

xx
1

3)(   nulis tolia, maSin kvadra-

tuli funqcia  

cxxbxxay  )()( 2 ,              (2.12) 

sadac 






N

k

N

kk
x

x

1

1





, 

       







 



N

k
kkk

ySxxY
D

a
1

2

2)(
1

 , 

       



N

k
kkk

xxY
S

b
1

2
)(

1
 , 

0

2

S

aS
yc  , 

       



N

k
k

m

km
xxS

1

)(   )4,2,0( m , 

       



N

k
kk

Y
S

y
10

1
 ,  

0

2

2

4
S

S
SD  . 

Tu 1
21


N

  , 

    



N

k
k

X
N

x
1

1
;  




N

k
k

Y
N

y
1

1
, NS 

0 . 

gamoTvlebi ufro martivdeba, Tu consthxx
kk


1  

)1,,2,1(  Nk   da Yk funqciis mniSvnelobis gazomva 

warmoebs erTnairi sizustiT, maSin 
2

1 N
xx

x


  da  

11

2

1
c

h

xx
b

h

xx
ay 







 








 
 .             (2.13) 

rodesac 12  MN  (monacemebi kentia) 
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N

k

N

k
kk

Y
N

MKY
H

a
1 1

2

2

2

1
4

1
)(3

3

1
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N

k
k

MKY
H

b
11

1
)(

1
, 

1

1

1
a

N

H
yc  , 

        
12

)1( 2

1




NN
H ,  

180

)4)(1( 22

2




NNN
H . 

Tu monacemebis ricxvi luwia, MN 2  

         







  

 

N

k

N

k
kk

YNNKY
H

a
1 1

22

2

1
)1()12(3

12

1
, 

         



N

k
k

NKY
H

b
11

1
)12(

2

1
, 

1

1 a
N

H
yc  . 

 

2.6. monacemebis aRebis intervali da pasiuri 

eqsperimentis xangrZlivoba 
 

t -iT aRvniSnoT droiTi intervali eqsperimentis 
gamosavali sidideebis momdevno gazomvebs Soris. t -s 
gansazRvrisaTvis saWiroa y sididis cvlilebis 
diagrama t droSi. masze ganvsazRvroT diagramis y 
sididis saSualo mniSvnelobis xazTan gadakveTis 
wertilTa ricxvi t droSi. drois erTeulSi 
gadakveTis wertilTa ricxvi 

t

F
f 

0
,                       (2.14) 

maSin 
0

2

f
t  . 

f0-is gansazRvrisaTvis sakmarisia drois is 
intervali, rodesac 7040F . 

eqsperimentis xangrZlivoba T ganisazRvreba formu-
liT: 

vtT   , 
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sadac t   monacemebis aRebis intervalia,  - paramet-
ri, romelic tolia: 

)1ln( P ,                  (2.15) 

P  dakvirvebis sididis cvlilebis albaTobaa; 
v – y sididis moxvedris albaToba misi cvlilebis 
diapazonis zeda da qveda intervalebSi.  

rodesac 95,0P , maSin 68,3 ; 99,0P , 3,5 . 
 

 

2.7. sruli da wiladuri faqtoruli  

gegmebi 

 
eqsperimentis dagegmvisas mniSvnelovania pasuxi 

gaeces SekiTxvas: rogor, ra doneze da rogori 
SexamebiT movaxdinoT faqtorebis varireba. es ki 
maSinaa SesaZlebeli, rodesac varirebadi faqtorebi 
marTvadia. 

sruli faqtoruli gegma (sfg) ewodeba iseT gegmas, 
romelSic yvela faqtoris varirebis donis ricxvi 
erTnairia da am doneTa yvela SesaZlo kombinacia 
erTnairi raodenobiT gvxvdeba. iseTi gegmebi, 
romelSic TiToeuli faqtoris donis ricxvi oris 
tolia, aRiniSneba 2k-Ti, sadac k faqtorebis ricxvia. 
2k sruli faqtoruli gegmis Sedegebis mixedviT 
SeiZleba miviRoT wrfivi modeli. 

2k faqtoruli gegmis agebis idea ganvixiloT x1 da 
x2 varirebadi faqtorebis SemTxvevisaTvis. 
eqsperimentis dagegmvis pirvel etapze saWiroa 
SevarCioT TiToeuli faqtoris varirebis diapazoni. 
vTqvaT, x1 faqtorisaTvis SerCeulia diapazoni 

maq 1min 1 xxx 
1

, xolo x2 faqtorisaTvis - maq 2min 2 xxx 
2

. 

srul faqtorul gegmaSi TiToeuli faqtoris 
varireba xdeba mxolod or doneze – zeda da qveda. 
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eqsperimentSi faqtorebis SerCeuli doneebis yvela 

SesaZlo Sexameba xdeba. cdebis raodenoba kN 2 . 
Nori faqtorisaTvis sruli faqtoruli gegmis 

matrica mocemulia 2.1 cxrilSi. sruli faqtoruli 
gegmis matrica, ori faqtorisaTvis (gegma 2k), 
normalizebul aRniSvnebSi naCvenebia 2.2 cxrilSi. 

TvalsaCinoebisaTvis gamoviyenoT geometriuli 
cnebebi. vTqvaT, tardeba eqsperimenti x1 da x2  
varirebadi faqtorebiT da mocemulia am faqtorebis 

varirebis diapazonebi:  maqs 1min 1 xxx 
1

; maqs. 2min 2 xxx 
2

. 

 
 
 
 
 
 
 

 
 
 
 

faqtoruli ewodeba sakoordinato sibrtyes, sadac 
abscisaTa RerZze gadazomilia x1 da ordinatTa 
RerZze x2. am SemTxvevaSi nebismier cdas, romlis-

Tvisac 11
xx  ; 22

xx   faqtorul sibrtyeSi Seesabameba 

M wertili 1
x , 2

x koordinatebiT . amasTan, imis gamo, 

rom TiToeuli faqtoris varireba xdeba maq min iii
xxx  , 

2,1i , SemosazRvrul diapazonSi faqtoruli sibrtyis 
yvela wertili, romelic Seesabameba cdas, ar gamova 
1243 marTkuTxedis sazRvrebidan 2.2,ªa naxazze igi 
daStrixulia). am marTkuTxedSi da mis sazRvarze 
mdebare wertilebi Seesabameba yvela cdas, romelic 
SeiZleba dasmul iqnes faqtorebis varirebis moce-
muli diapazonebis gaTvaliswinebiT. aseT wertilTa 

cxrili 2.1 

cdis 
# 

faqtorebis 
mniSvneloba 

gamosavali 
sididis 

mniSvneloba 
y 

x1 x2 

1 x1 min x2 min y1 
2 x1 maqs x2 min y2 
3 x1 min x2 maqs y3 
4 x1 maqs x2 maqs y4 

 

cxrili 2.2 

cdis 
# 

x1 x2 

1 _1 _1 

2 +1 _1 

3 _1 +1 

4 +1 +1 
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simravles faqtorebis varirebis are ewodeba. 
ganvixiloT SemTxveva, rodesac faqtorebis varirebis 
are SemosazRvrulia marTkuTxediT. Tu gadavalT 
normalizebul faqtorebze, maSin TiToeulis varireba 

xdeba standartul diapazonSi: 11 
i

x  2,1i . 

analogiurad sakoordinato RerZebze gadavzomoT 
normalizebuli faqtorebis 1x  da 2x YmniSvnelobebi da 

avagoT faqtoruli sibrtye (nax. 2.2, b). am SemTxvevaSi 
faqtorebis varirebis are SemosazRvrulia 1243 kvad-
ratiT. davitanoT faqtorul sibrtyeze wertilebi, 
romelic Seesabameba 1_4 cdas. miviRebT marTkuTxedis 
1234 wveroebs. normalizebuli faqtorebis msgavsad 
faqtorul sibrtyeze cdis Sedegebi gamosaxulia 
kvadratis wveroebiT. 23 sruli faqtoruli gegmis 
mixedviT, am koordinatebSi cdebi gamoisaxeba kubis 
wveroebiT, xolo naturalur aRniSvnebSi – paralele-
pipedis wveroebiT. gamosavali sididis varirebad 
faqtorebze damokidebulebas, romelic mocemulia 
regresuli modeliT, ewodeba gamosavali sididis 
funqcia. 

          a                                        b 
  nax. 2.2, a, b    

 

2.8. wrfivi modelis sigrZis koeficientebis 

gamoTvla 2
k
 sruli faqtoruli gegmis  

Sedegebis mixedviT 

x2 maqs 

x2 min 

x1 min x1 maqs 

x2 

x1 O 

1 

3 
4 

2 

3 4 

1 _1 2 

O 

x2 

x1 
M 

_1 

+1 

+1 
2x  

1x  
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sruli faqtoruli gegma 2k eqsperimentis TeoriaSi 

ikavebs mniSvnelovan adgils, rac dakavSirebulia mis 
Rirsebaze, sxva gegmebTan SedarebiT: regresis koefi-
cientebis Sefasebis erTmaneTisagan damoukidebloba, 
maTi minimaluri dispersiebi, agreTve eqsperimentis 
Sedegebis damuSavebis simartive.  

2k sruli faqtoruli gegmis  matricebs normali-
zebul aRniSvnebSi aqvs Semdegi Tvisebebi: 

1) gegmis centris mimarT simetriuloba – nebis-
mieri faqtoris svetis elementebis algebruli jami 
nulis tolia 





N

j
ij

x
1

0 ,                     (2.16) 

sadac 
ij

x aris i-uri faqtoris mniSvneloba j-ur cdaSi; 

ki ,,2,1  ; Nj ,,2,1  ; N cdebis ricxvia. 

2. normireba – nebismieri faqtoris svetis elemen-
tebis kvadratebis jami cdebis ricxvis tolia: 





N

j
ij

Nx
1

2 , ki ,,2,1  .                 (2.17) 

3. orTogonaluroba – matricis ori nebismieri 
svetis wevr-wevrad namravlTa jami nuls udris : 





N

j
ujij

xx
1

0 ;  ui  ; kui ,,2,1,  .         (2.18) 

gegmebis matricebs me-3 TvisebiT orTogonaluri 
ewodeba.  

maTematikuri modelis regresis koeficientebis ga-
moTvla umcires kvadratTa meTodiT xdeba. 

gamovTvaloT wrfivi maTematikuri modelis regresis 
koeficientebi: 

kk
xbxbxbby  

22110 .               (2.19) 

k
bbb ,,,

21
  regresis koeficientebi gamoiangariSeba 

Semdegi formulebiT: 
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N

j
jijNiNiii

yx
N

yxyxyx
N

b
1

2211

11
 ,       (2.20) 

             ki ,,2,1  . 





N

j
j

Y
N

b
1

0

1
.                                  (2.21) 

(2.20) da (2.21) formulebi gadavweroT 22 sruli 
faqtoruli  gegmisaTvis  ori faqtoriT (cxrili 2.2).  
am SemTxvevaSi wrfivi modeli miiRebs saxes: 

22110
xbxbby  .                  (2.22) 

regresis koeficientebi gamoiTvleba formulebiT: 

)(
4

1

4

1
4321

1
11

YYYYyxb
N

j
jj

 


;          (2.23) 

     )(
4

1

4

1
4321

1
22

YYYYyxb
N

j
jj

 


;          (2.24) 

   )(
4

1
43210

YYYYb  .                     (2.25) 

srul faqtorul matricaSi SemovitanoT x0 
fiqtiuri faqtori, romelic yovel cdaSi Rebulobs 
+1 mniSvnelobas. miviRebT wrfivi modelis sabaziso 
funqciis matricas. sfg 22-saTvis igi Rebulobs saxes: 
                                                cxrili 2.3 

cdis 
nomeri 

x0 x1 x2 y 

1 +1 _1 _1 y1 
2 +1 +1 _1 y2 
3 +1 _1 +1 y3 
4 +1 +1 +1 y4 

 

regresis nebismieri koeficienti vipovoT (2.23) (2.24) 
da (2.25) formulebiT: ki ,,2,1,0  . 

erTi faqtoris gavlenis xarisxi damokidebulia 
sxva faqtoris doneze. am SemTxvevaSi amboben, rom 
adgili aqvs am faqtorebs Soris urTierTqmedebis 
efeqts. 22 sruli faqtoruli gegmis SemTxvevaSi gvaqvs 
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erTaderTi wyvili urTierTqmedeba 1x  da 2x  faqto-

rebs Soris. am SemTxvevaSi SeiZleba avagoT maTema-
tikuri modeli:  

211222110
xxbxbxbby  .            (2.26)  

SevadginoT sruli faqtoruli gegmis sabaziso 
funqciis  matrica (cxrili 2.4). 
                                                   cxrili 2.4 

cdis 
nomeri 

x0 x1 x2 x1x2 y 

1 + _ _ + y1 
2 + + _ _ y2 
3 + _ + _ y3 
4 + + + + y4 














 



N

j

jjj yxxb
1

2112
4

1
.                  (2.27) 

2.4 cxrilSi mocemuli gegmisaTvis    

  )(
4

1
432112

yyyyb  .              (2.28) 

zogadad 2k gegmisaTvis              









 



N

j
jujju

yxx
N

b
1

11

1
.                (2.29) 

 

2.9. wiladuri faqtoruli gegmebi 

 
zogierTi Sromatevadi eqsperimentis Catarebisas 

aqtualuria cdebis raodenobis Semcireba. am SemTx-
vevaSi gamoiyeneba wiladuri faqtoruli gegma (wfg). 
cdebis raodenobis Semcireba miiRweva maTematikuri 
modelis gamartivebiT. wiladuri faqtoruli gegmebi 
saSualebas gvaZlevs cdebis ricxvi, srul faqtorul 
gegmasTan SedarebiT, SevamciroT im SemTxvevaSi, Tu 
regresis gantolebebSi winaswar ugulebelvyofT 
zogierTi faqtorebis urTierTqmedebas. 
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vigulisxmoT, rom SeiZleba ugulebelvyoT 
21

xx  

zemoqmedebis wyvili, maSin 
21

xx  svetSi SeiZleba 

gamoviyenoT 3x  elementis varireba. 

amrigad, samfaqtoriani eqsperimentisaTvis miviRebT 
gegmas 4 cdisagan, romlis SedegiT SeiZleba avagoT 

wrfivi modeli: 3322110
xbxbxbby  . 

2.6 cxrilSi 2-iT mocemuli gegmis matrica, iseve 
rogorc 2.5 cxrilSi mocemuli, akmayofilebs Semdeg 
pirobebs: 

1) gegmis centris mimarT simetriuloba – nebis-
mieri faqtoris svetis elementebis algebruli jami 
nulis tolia: 





N

j
ij

x
1

0 ,                     (2.30) 

                                          cxrili 2.5 

cdis 
nomeri x0 x1 x2 

(x3) 

21xx  

1 +1 _1 _1 +1 
2 +1 +1 _1 _1 
3 +1 _1 +1 _1 
4 +1 +1 +1 +1 

 
                                       cxrili 2.6 

cdis 
nomeri 

x1 x2 x3 

1 _1 _1 _1 
2 +1 _1 _1 
3 _1 +1 _1 
4 +1 +1 +1 

 

sadac 
ij

x i-uri faqtoris mniSvnelobaa j-ur cdaSi; 

ki ,,2,1  ; Nj ,,2,1  ; N _ cdis ricxvi. 

2. normireba – matricis nebismieri ori svetis nam-
ravlTa jami nulis tolia: 
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N

j
ij

Nx
1

2 , ki ,,2,1  .               (2.31) 

3. orTogonaluroba – matricis nebismieri svetebis 
wevr-wevrad namravlTa jami nulis tolia: 





N

j
ujij

xx
1

0 ;  ui  ; kui ,,2,1,  .          (2.32) 

aseTi tipis gegmebi wiladuri faqtoruli gegmaa. 
 

2.10. II rigis eqsperimentuli gegmebis  

gamoyeneba  

 
sruli da faqtoruli gegmebiT SesaZlebelia 

faqtorebze damokidebulebis wrfivi aRwera. xis  

masalis damuSavebisas es uxeS Sedegs gvaZlevs, 

amitom mivmarTavT meore rigis eqsperimentul gegmas, 

romlis meSveobiT SeiZleba miviRoT obieqtis 

maTematikuri aRwera, meore rigis polinomis saxiT. 

zogadad, rodesac faqtorTa ricxvia k, maSin 

modeli miiRebs Semdeg saxes: 

 






k

i

k

ji
ji

jiijiii

k

i
ii

xxbxbxbby
1

1,

2

1
0 .           (2.33) 

(2.33) saxis regresul models ewodeba meore rigis 

anu kvadratuli modeli. regresis koeficientebis 

ricxvi 

2)2()1(2)1(21  kkkkkp .         (2.34) 

(2.34) gamosaxulebidan Cans, rom meore rigis gegmis 

realizacia saSualebas gvaZlevs aRvweroT TiToeuli 

faqtoris gamomavali sidideebi parabolis ganto-

lebis saxiT. 

xis masalis damuSavebaSi efeqturia e.w. B gegma.  
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B gegmaSi TiToeuli Xi faqtori icvleba sam 

doneze: min ix , maqs. ix  
2

0 maqs min ii

i

xx
x


 . es sidideebi norma-

lizebul aRniSvnebSi iqneba: _1; +1; 0. cdis pirobebs 

vuwodoT sakvanZo wertilebi B gegmaSi,  romlis 

drosac faqtorebi Rebulobs normalizebul 

mniSvnelobebs. 

samfaqtorian gegmaSi gveqneba Semdegi wertilebi: 

1) 1
1

x ;  0
2
x ;  0

3
x , 

2) 1
1

x ;  0
2
x ;  0

3
x , 

3) 0
1
x ;   1

2
x ; 0

3
x , 

4) 0
1
x ;   1

2
x ;  0

3
x . 

K faqtoris SemTxvevaSi gvaqvs 2K wertili. cdis 

saerTo ricxvi KN k 22  . cxrilebSi mocemulia 

2K  da 3K  SemTxvevebi. 

   2K  

cdis£# x1 x2 cdis£# x1 x2 

1 
2 
3 
4 

_1 
+1 
_1 
+1 

_1 
_1 
+1 
+1 

5 
6 
7 
8 

_1 
+1 
0 
0 

0 
0 
_1 
+1 

    
   3K  

cdis£# x1 x2 x3 cdis£# x1 x2 x3 
1 
2 
3 
4 
5 
6 
7 
8 

_1 
+1 
_1 
+1 
_1 
+1 
_1 
+1 

_1 
_1 
+1 
+1 
_1 
_1 
+1 
+1 

_1 
_1 
_1 
_1 
+1 
+1 
+1 
+1 

9 
10 
11 
12 
13 
14 

_1 
+1 
0 
0 
0 
0 

0 
0 
_1 
+1 
0 
0 

0 
0 
0 
0 
_1 
+1 

 
B2 gegma faqtorul sibrtyeze gamoisaxeba Semdeg-

nairad: 

3 
8 

4 

5 

_1 

+1 

x2 

x1 
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regresis koeficientebi am gegmebisaTvis gamoiTv-

leba formuliT: 































),(

);()()(

);(

);()(

6

1
254

3

1
210

iuyTb

oyTiiyTiiyTb

iyTb

iiyToyTb

iu

k

i
ii

i

k

i

          (2.35) 

sadac 0
b Tavisufali wevria; ib regresis wrfivi 

koeficientebi; ki ,,2,1   
ii

b regresiis kvadratuli 

koeficientebi; ki ,,2,1   
iu

b koeficientebi wyvil 

urTierTqmedebebSi. 
ui  ; i

T  koeficientebis, mniSvnelobebi mocemulia 

qvemoT: 










































.    )(

;)(

;)(

;)(

1

1

1

2

1

N

i
kujiy

N

i
jij

N

i
jij

N

i
i

uiyXxiuy

yxiy

YXiiy

Yoy

             (2.36) 

regresis koeficientebis dispersiebi da maT Soris 
kovariaciebi gamoiTvleba formulebiT: 
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}.{)(;cov

};{)(;cov

};{)(

};{)(

};{)(

};{)(

2

5

2

20

2

6

2

2

54

2

2

3

2

2

10

2

][

ySnTbb

ySnTbb

ySnTbS

ySnTTbS

ySnTbS

ySnTbS

ijii

ii

ij

ii

i

            (2.37) 

 

 

 

 

 

 

 

 

 

 

       

Tavi III. samrewvelo sawarmoebis Carxebisa da 

      mowyobilobebis maTematikuri modelis   

  Sedgena 

     3.1. CarCoxerxis Wris 

meqanizmis moZraobis 

            maTematikuri 

modelis Sedgena 
 

vertikaluri CarCoxerxis Wris 
meqanizmi mrudmxara cocia 
meqanizmia. 

mrudmxara CavTvaloT xistad 
da mxedvelobaSi miviRoT barbacas 
drekadoba (barbacas drekadobas 
viTvaliswinebT grZivi defor-
maciebis doniT). 3.1 naxazze naCve-
nebia CarCoxerxis Wris meqanizmis 
saangariSo sqema. 

nax. 3.1. CarCoxerxis 
Wris meqanizmi 

P 

3 
B 

G 

O 
e 

1 

 A 

2 
 

Pi3 

Mel 
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CarCoxerxis Wris meqanizmis dinamikuri movlenebis 
maTematikuri aRwerisaTvis saWiroa SevadginoT 
mcocisa (CarCos) da mrudmxaras moZraobis 
diferencialuri ganto-lebebi.  

CarCos moZraobis diferencia-luri gantolebis 
Sesadgenad gan-vixiloT mcocis dinamikuri wonas-
woroba (nax. 3.2). 

CarCos moZraobis diferencia-luri gantoleba 
miiRebs saxes: 

PGPP 
23iv ,           (3.1) 

sadac 23P barbacas drekadi Zalis grZivi 

deformaciebiT gamowveuli gegmilia z RerZze; G _ 
winsvliT-ukusvliT moZravi masebis wona; P _ teq-

nologiuri datvirTva (Wris Zala); ivP winsvliT-

ukusvliT moZravi masebis inerciis Zala, romelic 
tolia: 

 Cdayiv amP  ,                     (3.2) 

sadac daym wisvliT-ukusvliTi moZravi masebis mcocze 

dayvanili masaa da gamoiTvleba Semdegi formuliT: 

L
mmm As


2

 vday ,       (3.3) 

sadac 3
m  mcocis masaa; 2m bar-

bacas masa; ASl manZili A-sa da 

barbacas simZimis s wertilebs 
Soris; L _ barbacas sigrZe; Ca  

CarCos aCqareba barbacas drekadi 
deformaciis gauTvaliswineblad, 
romelic CarCos gadaadgilebis 
meore rigis warmoebulia droiT. 

 )()(
2

2

1
 ffra  C ,     (3.4) 

sadac r aris mrudmxaras ra-
diusi;  mrudmxaras kuTxuri 

P 

G 

 

Pi3 

P23 

z 

nax. 3.2. saxerxi CarCos 
dinamikuri wonaswo-

robis sqema 



 54 

siCqare;  mrudmxaras kuTxuri aC-qareba. 

)(
1
f  da )(

2
f  funqciebi gani-sazRvreba Semdegi 

damokidebu-lebiT: 

22
1

)sin(2

cos22sin
sin)(

erL

er
f









 ;               (3.5) 

          





22

2

2

)sin(2

sinsin
cos)(

erL

er
f




  

  2222

22

)sin()sin(

cos

erLerL

rL







,            (3.6) 

sadac e aris dezaqsialis sidide. 
barbacas drekadi Zalis gegmili z RerZze 

cos
2323

PP  .                      (3.7) 

barbacas drekadobis Zala 


2323

CP , e.i.   cos
2323

CP  ,             (3.8) 

sadac 23
C  aris barbacas sixiste kumSva-gaWimvaze; 

 barbacas drekadi deformacia;  barbacas mobru-

nebis kuTxe vertikaluri mdebareobidan 

L

er 





sin
arcsin .                    (3.9) 

CarCos (mcocis) namdvili koordinati 

11
 zz ,                       (3.10) 

sadac 1
 barbacas drekadi deformaciis gegmilia z 

RerZze. 
(3.10) gamosaxulebis 2-jer droiT gadiferencirebiT 

miviRebT: 

11
  zz .                      (3.11) 

CavsvaT (3.2), (3.7) da (3.11) gamosaxulebebi (3.1)-Si. 

gamartivebiT miviRebT: 

  PCrfrfmm   cos)()(
1231

2

21


dayday .      (3.12) 

SevadginoT mrudmxaraze dayvanili masebis moZrao-

bis gantoleba. 
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ganvixiloT mrudmxaraze dayvanili masebis dinami-

kuri wonasworoba (nax. 3.3): 

 
 
 
 
 
 
 
 
 
 
 
 

 
nax. 3.3. mrudmxaraze dayvanili masebis 

  dinamikuri wonasworoba 

2312
MiMI  el. ,                    (3.13) 

2

1212
iIII  ,                         (3.14) 

sadac 2
I  mrudmxaraze dayvanili masebis inerciis 

momentia; 
2

I eleqtroZravas rotoris inerciis momenti; 


12
i gadacemis fardoba eleqtroZravadan mrudmxaraze; 


23

M mrudmxaraze barbacas mxridan moqmedi drekadi 

Zalis momenti 






cos

)(
)( 1123

12323

rfC
rfPM  .               (3.15) 

CavsvaT (3.14), (3.15) gamosaxulebebi (3.13)-Si, miviRebT: 






cos

)(
)( 1123

12

2

1212

rfC
iMiII  el.

 .            (3.16) 

maTematikuri modeli (diferencialur gantole-

baTa sistema), romliTac aRiwereba dinamikuri movle-

nebi CarCoxerxis Wris meqanizmSi miiRebs Semdeg saxes: 

O 

 
A 

Mel. 
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).cos(
1

)()(

;
cos)(

)(

1231

2

21

2

1212

1123

2

1212

12

PC
m

rfrf

iII

rfC

iII

iM
g








day





   (3.17) 

PD75-6 CarCoxerxis winsvliT-ukusvliTi moZravi 

masebis inerciis Zalis cvlilebis grafiki gamosa-

xulia 3.4 naxazze, xolo Wris Zalis (teqnologiuri 

Zalis) datvirTvis grafiki - 3.5 naxazze. 

PD75-6 CarCoxerxis mrudmxaras brunvis (muxla 

lilvis) kuTxuri siCqaris cvlilebis grafiki naCve-

nebia 3.6 nax -ze, xolo barbacas drkadi deformaciis 

cvlilebis grafiki 3.7 nax -ze. 

 

 

 

 

 

 

 
 
 

 
 
 
 

 
nax. 3.4. inerciis Zalis cvlilebis grafiki 

Pi3(n) 
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nax. 3.5. Zalis datvirTvis grafiki 
nax. 3.6 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 
 

nax. 3.7 

 

3.2. CarCoxerxis Wris meqanizmis moZraobis 

4


 

2


 

4

3
 

4

5
 

 2 
 

4

7
 

2

3
 















wm

rad
  

35,5 

 35 

34,5 

 34 

33,5 

 33 

32,5 

 32 

31,5 

 31 

4


 

2


 

4

3
 

4

5
 

 2 
 

4

7
 

2

3
 

 (m) 

0,00035 

0,0003 

0,00025 

0,0002 

0,00015 

0,0001 

0,00005 

0 

-0,00035 

-0,0003 

-0,00025 

-0,0002 

-0,00015 

-0,0001 
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    maTematikuri modelis Sedgena eleqtro_     

Zravas maxasiaTeblebis gaTvaliswinebiT 
 

 rogorc aRvniSneT, vertikaluri CarCoxerxis Wris 
meqanizmi mrudmxara cocia meqanizmia. Wris meqanizmSi 
mimdinare dinamikuri movlenebi damokidebulia ara 
marto winsvliT-ukusvliTi moZravi masebis inerciis 
Zalebze, aramed eleqtroZravas momentis cvlilebis 
kanonzec. 

ganvixiloT Wris meqanizmis eleqtromeqanikuri sis-
tema, romelSic mrudmxara CavTvaloT xistad, barbaca 
ganvixiloT rogorc drekadi (grZivi deformacia), 
mxedvelobaSi miiReba drekadi gadacemis (Rveduri 
gadacema) maxasiaTeblebi da eleqtroZravas momentis 
cvlileba. 

imisaTvis  rom  SevadginoT  aRniSnuli  meqanizmis  
maTematikuri modeli, ganvixiloT sammasiani saanga-
riSo sqema (nax. 3.8). 
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nax. 3.8. CarCoxerxis Wris meqanizmis sammasiani 
saangariSo sqema 

 
eleqtroZravas eleqtromagnituri mbrunavi 

momentis rotoris kuTxur siCqareze damokidebuleba 
gamoisaxeba Semdegi diferencialuri gantolebiT [1]: 

0)(
1

01

0

 



v

M
dt

dM
T               (3.18) 

anu 

T

M

Tv
M 




0

10



  ,                    (3.19) 

sadac T  drois eleqtromagnituri mudmivaa 

krS
T

0

1


 ,                       (3.20) 


1

 eleqtroZravas rotoris kuTxuri siCqare; 

v statikuri maxasiaTeblis simrudis pirobiTi koefi-

cienti; 
0

 sinqronuli kuTxuri siCqare. 

kr

kr

M

S
v

2
 ,                       (3.21) 

krM  kritikuli maqsimaluri momentia. 

kritikuli sriali  

)1( 2  KKSS nkr ,                 (3.22) 

sadac nS aris nominaluri sriali. 

,

;1

nom

maqs

n

M

M
K

n

nn
S






                      (3.23) 


1

n sinqronul brunTa ricxvi; n _ nominalur brunTa 

ricxvi. 
 
 

I1 

M 

1 

R1 
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nax. 3.9. eleqtroZravas rotoris dinamikuri 
wonasworobis sqema 

 
eleqtroZravas rotoris moZraobis diferencia-

luri gantoleba (nax. 2.9) ase Caiwereba: 

))((
2211

2

12111
 RRRCCMI  ,         (3.24) 

sadac  

 00

0

2

1

1









e
E

R

E

l

F
C ;                  (3.25) 

 100

0

1

2




 


e

E

R

E

l

F
C ,                 (3.26) 

1
C  da 2

C  mniSvnelobebi aRebulia [2], [3]-dan.  

R1 Rveduri gadacemis wamyvani borblis radiusia; R2 _ 
Rveduri gadacemis amyoli borblis radiusi; E _ dre-
kadi kavSiris (Rveduri gadacemis) masalis drekado-

bis moduli; 
0

 drekadi kavSiris borbalze drekadi 

asrialebis kuTxe; 
0

 borbalze drekadi kavSiris 

xaxunis koeficienti; l _ drekadi kavSiris sigrZe; E _ 

drekadi kavSiris ganivkveTis farTobi; 
1

 drekadi 

kavSiris wamyvani rgolis (eleqtroZravas rotoris) 
mobrunebis kuTxe. 
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mrudmxaraze dayvanili masebis moZraobis ganto-
lebis Sesadgenad ganvixiloT mrudmxaras dinamikuri 
wonasworobis gantoleba (nax. 10): 

232

2

21212122
))(( MRRRCCI   ,         (3.27) 

sadac I2 mrudmxaraze dayvanili masebis inerciis 
momentia; 

23
M  drekadobis Zala, romelic modebulia 

mrudmxaraze barbacas mxridan. ganisazRvreba Semdegi 
formuliT: 





cos

)(
21223

23

fRC
M  ,                  (3.28) 

 sadac 23
C  barbacas sixistea gaWimva-kumSvaze;  

 barbacas drekadi deformacia;  barbacas mobru-
nebis kuTxe vertikaluri mdebareobidan 

L

eR 
 22

sin
arcsin


 ,                  (3.29) 

e  dezaqsialis sididea; L _ barbacas sigrZe. 
 
 
 
 
 
 
 

 

 
 

 
nax. 3.10. mrudmxaras dinamikuri wonasworobis sqema 

 

funqcia )(
21

f  ganisazRvreba formuliT: 

2

22

2

222

221

)sin(2

cos22sin
sin)(

eRL

eR
f









 .            (3.30) 

CarCos moZraobis diferencialuri gantolebis 
Sesadgenad ganvixiloT misi dinamikuri wonasworoba 
(nax. 3.8). 

2 

I2 

22I  

M23 
R2 

A 

O 
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Ca CarCos aCqareba barbacas drekadi deformaciis 

gauTvaliswineblad, romelic CarCos gadaadgilebis 
meore rigis warmoebulia droiT: 

)]()([
2222122

 ffRa  C ,              (3.31) 

sadac 
2

R  aris mrudmxaras radiusi; 
2

 mrudmxaras 

kuTxuri siCqare; 
2

 mrudmxaras kuTxuri aCqareba. 

)(
22

f  funqcia ganisazRvreba Semdegi damokidebu-

lebiT [4]: 

     





2

22

2

22

2

2

222

)sin(

sin2sin
cos)(

eRL

eR
f




  

2

22

22

22

2

2

2

2

2

)sin()sin(

cos

][ eRLeRL

RL







,          (3.32) 

sadac e aris dezaqsialis sidide. 
barbacas drekadi Zalis gegmili z RerZze gamoiTv-

leba (3.7) formuliT. 
mocemul SemTxvevaSi (3.12) gamosaxuleba miiRebs 

Semdeg saxes: 

PCfRfRmm   cos)()(
123221222221

][ 
dayday .  (3.33) 

gantolebebi (3.19), (3.24), (3.27) da (3.33) qmnis  dife-
rencialur gantolebaTa sistemas, romelic CarCo_ 
xerxis Wris meqanizmSi mimdinare dinamikuri 
procesebis amsaxveli maTematikuri modelia. masSi 
gaTvaliswinebulia barbacas drekadoba, Rveduri 
gadacemis (drekadi kavSiris) drekadoba da eleqtro_ 
Zravas dinamikuri maxasiaTeblebi. 

amrigad, miviReT Semdegi gantolebaTa sistema: 
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     (3.34) 

CarCoxerxis Wris meqaninizmis amZravis (wamyvani 
lilvis) siCqaris cvlilebis grafiki naCvenebia 3.11 
naxazze, xolo CarCoxerxis Wris meqanizmis 
mrudmxaras brunvis siCqaris cvlilebis grafiki - 3.12 
naxazze. 

CarCoxerxis Wris meqanizmis drekadi barbacas 
deformaciis cvlilebis grafiki naCvenebia 3.13 
naxazze. Wris meqanizmis amZravi eleqtroZravas 
mbrunavi momentis cvlilebis grafiki - 3.14 naxazze. 

grafikebidan Cans, rom CarCoxerxis Wris meqanizmis 
barbacas drekadi deformaciis amplitudebi,  muxla 
lilvis kuTxuri siCqareebi,  eleqtroZravas kuTxuri 

 
 
 
 
 
 
 
 
 
 
 
 

 

nax. 3.11. CarCoxerxis Wris meqanizmis wamyvani 
      lilvis siCqaris cvlilebis grafiki 
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   nax. 3.12. CarCoxerxis Wris meqanizmis mrudmxaras 

       brunvis kuTxuri siCqaris cvlilebis grafiki 
 

siCqareebi da mbrunavi momentebi mniSvnelovnad 
izrdeba muxla lilvis kuTxuri siCqareebis zrdisas, 
winsvliT-ukusvliT moZravi masebis inerciis Zalebis 
mkveTi matebis gamo. 
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nax. 3.13. CarCoxerxis Wris meqanizmis drekadi 
       barbacas deformaciis cvlilebis grafiki 

 

 
nax. 3.14. eleqtroZravas mbrunavi momentis cvlilebis  

grafiki 
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(3.34) gantolebaTa sistemidan SeiZleba ganisazRv-
ros CarCoxerxis Wris meqanizmis maxasiaTebeli 
parametrebis optimaluri mniSvnelobebi. 

 
3.3. torsuli safrezavi Carxis maTematikuri 

modelis Sedgena 
 

Carxis Semadgeneli nawilebis drekadoba masSi 
drekad rxevebs iwvevs. am rxevebma SeiZleba gamoiw-
vios iseTi gadatvirTva, romelic mniSvnelovnad 
moqmedebs detalebis simtkicesa da xangamZleobaze. 
amitom, dinamikur kvlevas, rgolebis drekadobis 
gaTvaliswinebiT, didi mniSvneloba aqvs. 

Carxis ZiriTad mWrel meqanizmSi, romelic aris 
rotoruli tipis manqana (nax. 3.15), mimdinare dinami-
kuri movlenebi damokidebulia ara marto meqanikur 
parametrebze, aramed eleqtromeqanikur parametrebzec. 

am manqanis maTematikuri modelis Sesadgenad ganvi-
xiloT saangariSo sqema (nax. 3.15, a) diskosa da lilvis 
dayvanili masa m-iT aRvniSnoT.  diskos damagrebis 
wertilSi lilvs mivaniWoT nebismieri gadaadgileba 
ganivi mimarTulebiT (nax. 3.15, b). O1 aris kveTis 
centri, s - diskos da lilvis dayvanili masebis centri. 

uZravi koordinatTa sistemis saTave iyos O 

wertilSi, amave wertilSi movaTavsoT moZravi 11
oyx  

sistemis centri (nax. 3.15, g). 
lilvis moZraobis gantoleba gamoviyenoT xoy 

koordinatTa sistemaSi. O1 wertilis koordinatebi 

aRvniSnoT ),(
00

yx -iT, diskis damagrebis wertilis 

koordinatebi - ),(
00

yxO .  

diskos masis centris koordinatebia 

cos
0

exx  ;                      (3.35) 

sin
0

eyy  .                      (3.36) 

diskos kinetikuri energia 
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2222

2

1

2

1

2

1
 mrymxmT  .                (3.37) 

gaRunuli lilvis potenciuri energia 

2

2

2

1
)sin(

2

1
)cos(

2

1
 eycexc  ,       (3.38) 

nax. 3.15. rotoruli meqanizmi 

sadac c1 da c2 aris lilvis sixiste ori urTierT-
perpendikularuli ox da oy mimarTulebiT;  r – diskos 
radiusi. 

lagranJis funqcia 

2

2

2

1

2222 )sin()cos(
2

1
[  eycexcmrymxmTL   . (3.39) 
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diskos moZraobis diferencialur gantolebebs 
SevadgenT lagranJis meore rigis gantolebis safuZ-
velze, romelic ase Caiwereba: 

                  
x

Q
x

L

x

L

dt

d



















, 

y
Q

y

L

y

L

dt

d



















,                   (3.40) 

                  win.amZ. MM
LL

dt

d



















, 

sadac amZ.M eleqtroZravas amZravi momenti; win.M wina-

Robis Zalebis momenti. 
movaxdinoT (3.40) gantolebaTa sistemis diferen-

cireba: 

        xm
x
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L

dt
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        ym
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;    ym
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dt
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2mr
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dt
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        cos
11
ecxc

x

L





; 

        sin
22
ecyc

y

L





; 

        


2sin
2

)sincos( 221

12
e

cc
xcyce

L 





. 

Tu miRebul mniSvnelobebs SevitanT (3.40) gantole-
baTa sistemaSi, miviRebT: 

,sin

;cos

22

11

y

x

Qecycym

Qecxcxm












                          (3.41)    

       win.amZ. MMe
cc

ycxcemr 


  2sin
2

)cossin( 221

21

2  . 
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radgan meqanikuri da eleqtruli parametrebi 
erTmaneTTan aris dakavSirebuli, amitom mxedvelobaSi 
miiReba eleqtroZravas maxasiaTeblebi. asinqronul 
eleqtroZravSi mbrunavi momenti gamoisaxeba Semdegi 
integraluri damokidebulebiT: 

 dstSMtM
t

)()(exp2)( ][
1

1

0

1
  kk ,            (3.42) 

sadac )(
1
tM  eleqtromagnituri mbrunavi momentia; 

kM kritikuli mbrunavi momenti; kS asinqronuli 

Zravas kritikuli sriali; 
1
t sriali. 

  t uganzomilebo dro  

tt s1 ,                       (3.43) 

sadac s  qselis wriuli sixSirea 

f 2s ,                      (3.44) 

f _pirveladi wredis denis sixSire. 

gansazRvruli integralis t1 parametriT diferen- 

cirebiT miRebul (3.42) damokidebulebas ase 
gadavwerT: 












 )(

2
)(2

)(
11

1

1 tM
M

s
tsM

dt

tdM

k

k

k .            (3.45) 

gadavideT absolutur droze, s gamosaxulebisaTvis  
miviRebT: 

1

0
1 S ,                     (3.46) 

sadac  eleqtroZravas rotoris kuTxuri siCqare; 


0

 magnituri velis brunvis kuTxuri siCqare 
1

0

 Ps ,                    (3.47) 

sadac P eleqtroZravas wyvil polusTa ricxvia. 
diferencialur gantolebas, romliTac gamoisaxeba 

asinqronuli eleqtroZravas eleqtromagnituri 
mbrunavi momentis damokidebuleba rotoris kuTxuri 
siCqareze aqvs (3.18) da (3.19) saxe. 
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(3.23)-Si Semaval nomM  moments,  romelic Seesabameba 

nominalur siCqares, ewodeba nominaluri da ganisaz-
Rvreba, sapasporto monacemebidan, formuliT: 

n

P
M 975nom ,                    (3.48) 

sadac P eleqtroZravas momentia; n _ brunvis siCqare. 
kritikuli maqsimaluri momenti 

nmkr MKM  .                    (3.49) 

eleqtroZravas mier ganviTarebuli momenti 
ganisazRvreba (3.18) gantolebiT da rotoris brunvis 
gantolebiT.  

amrigad, torsuli safrezavi Carxis Wris meqaniz-
mis maTematikuri modeli, eleqtroZravas maxasia-
Tebeli parametrebis gaTvaliswinebiT, ase Caiwereba: 
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2sin
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 (3.50) 

sadac x
Q , 

y
Q , QM win ganzogadebuli Zalebia. 

ganzogadebuli Zalebi gamoiTvleba formuliT: 


 




n

i i

i

ij
q

r
FQ

1


Q ),,2,1( kj   

an sakoordinato formuliT: 
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i j
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z
Z

q

y
Y

q

x
XQ

1

,             (3.51) 

sadac i
X , i

Y , i
Z  aris i

F -uri Zalis gegmilebi 

dekartis koordinatTa RerZebze. 

i
x , i

y , i
z  aris i

r -uri radiusis gegmilebi koordi-

natTa RerZebze. torsuli frezvis dros frezze 
moqmedebs garkveuli Zalebi (nax. 3.16). 



 71 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 3.16. torsul frezze moqmedi Zalebi 

 
frezze moqmedi P  Zala ganisazRvreba formuliT: 

222

vmr PPP P ,                  (3.52) 

sadac rP  radialuri Zalaa; mP mxebi Zala; vP verti-

kaluri Zala. 
3.16, b naxazidan Cans, rom 

rPM  mwin ,                         (3.53) 

 cossin rm PPP
x

 ,                  (3.54) 

)sincos(  rm PPP
y

 .                (3.55) 
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Wris Zalebi frezvis dros 

 
davuSvaT, TiToeuli mWreli wibos mier aRwerili 

traeqtoria nakeTobis mimarT aris cikloiduri mrudi 
(nax. 3.17). frezis TiToeuli kbiliT moixsneba ia sisqis 

cvalebadi sisqis burbuSela, romelic 0-dan maqa -mde 

icvleba. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

nax. 3.17. Wris Zalebi frezvisas 
 

sakiTxis gamartivebis mizniT cO
1  mrudi CavTvaloT 

O centridan frezis radiusiT Semowerili wrewire-
bis momvlebad. O centri damuSavebis procesSi 
gadaadgildeba. aseve miviRoT, rom OB wrfe, romelic 

gavlebulia O centrsa da k wertilze cO
1  mrudisadmi 

normalis mimarTulebiT k wertilSi. a burbuSelas 
sisqe sxvaobaa Ok normalsa da frezis radiuss Soris. 

davuSvaT, raRac momentSi kbilebis kontaqtis  
kuTxis dros xsnis ia  sisqis mqone burbuSelas. 

SevcvaloT AK mrudi k wertilSi gavlebuli mxebiT, 
maSin sakmarisi sizustiT AKB -dan 

U 

Sz Sz ai 

k 
A 

b/2 

c 

O1 O 

0 

 

 

B 
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sin
zi

Sa  .                      (3.56) 

kontaqtis kuTxe 

D

b
arcsin2 ,                    (3.57) 

D

b
arcsin90

0
 ,                 (3.58) 

sadac b dasamuSavebeli masalis siganea;  D _ frezis 
diametri. 

burbuSelas sisqe 

sin
zi

Sa  ,                     (3.59) 

z
Sa 

max .                        (3.60) 

Wris Zala damokidebulia moxsnili burbuSelas sisqeze 
da erTi kbilisaTvis ganisazRvreba Semdegi formuliT: 

sinmaqPP
i
 , rodesac               (3.61) 

k
D

b
nk

D

b






2arcsin

2
)1(2arcsin

2
0


















 . 

yvela sxva -Tvis  0
i

P . 

miwodeba erT kbilze 

z

S
S

z
 , 

sadac S  erT brunze miwodebis siCqarea;  z _ frezis 
kbilTa ricxvi. 

frezis erTdroulad momuSave kbilTa ricxvi, 
romelic damokidebulia frezis kontaqtis rkalze 
dasamuSavebel masalasTan, gamoisaxeba Semdegi formu-
liT: 

0





z
i , 

sadac  kontaqtis kuTxea; 
0

 centraluri kuTxe, 

romelic Seesabameba frezis wriul bijs 

z

360
0
 . 
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kuTxe erTdroulad momuSave kbilebisaTvis gani-
sazRvreba Semdegnairad (nax. 3.18): 

                

.)1(

___________,2

,

,

0

03

02

1

















n
n

                  (3.62) 

 
 
 
 
 
 
 
 
 
 
 

 
 

nax. 3.18. erTdroulad momuSave kbilebis gansazRvris 
sqema 

 
Wris Zala 

])1(sin[
0

  nPP maq .                (3.63) 

Wris Zala, romelic moqmedebs erTdroulad 
momuSave kbilebze 





z

n

nPP
1

0
])1(sin[ maq ,               (3.64) 

mxebi Zala 





z
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nPP
1

0
])1(sin[ maq mm ,              (3.65) 

radialuri Zala 





z

n

nPP
1

0
])1(sin[ maq rr ,              (3.66) 

vertikaluri mdgeneli 

1 

0 

2 
3 

4 

5 
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z
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nPP
1

0
])1(sin[ maq vv .               (3.67) 

Cveni SemTxvevisaTvis 

),sincos(

,cossin
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PPPY
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              (3.68) 

maSin 
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n
xx
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,                           (3.69) 





z

n
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PQ
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,                           (3.70) 

])1(sin[
0

1

  


nPrQ
z

n
maq m .            (3.71) 

(3.69), (3.70), (3.71)-is gaTvaliswinebiT (3.50) sistema 
miiRebs saxes: 
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    (3.72) 

(3.72) gantolebaTa sistema torsuli safrezavi 
Carxis ZiriTadi meqanizmis maTematikuri modelia 
eleqtroZravas maxasiaTeblebis gaTvaliswinebiT. 

x rotoris simZimis centris koordinatis cvli-
lebis grafiki naCvenebia  3.19 naxazze; y rotoris 
simZimis centris koordinatis cvlilebis grafiki ki_ 
3.20 naxazze. 
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nax. 3.19. x rotoris simZimis centris  koordinatis  
cvlilebis grafiki 

 
  
 
 
 
 
 
 

nax. 3.20. y rotoris simZimis centris koordinatis  
cvlilebis grafiki 

 

3.4. saxarato Carxis amZravis maTematikuri  

modeli 

 
saxarato Carxis amZravis sqema naCvenebia 3.21 

naxazze. 
damyarebul reJimSi eleqtroZravas mbrunavi 

momenti gawonasworebulia Wris Zalis momentiT. 10
  

da 20
  Rveduri gadacemis totebis Sesabamisi Zabvebia. 

saRvede borblebis rxeviT warmoqmnili dama-
tebiTi ZabvebiT gamowveuli Rvedis totebis wagrZeleba 
gamoiTvleba  Semdegi formulebiT: 

 
11

0

2

11
001 


 












ae

E

R

E

l
l ;           (3.73) 
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22
100 


 









 ae

E

R
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l
l ,           (3.74) 

x(m) 

2  
0 

2


 

2

3
 

 

0,004 

0,002 

-0,004 

-0,002 

y(m) 

2  0 

2


 

2

3
 

 

0,004 

0,002 

-0,004 

-0,002 
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sadac E  drekadi kavSiris drekadobis modulia; l _ 

saRvede borblis centrebs Soris manZili; 
1

R  da 
2

R  - 

saRvede borblis radiusebi; 
0

 drekad kavSirsa da 

saRvede borbals Soris xaxunis koeficienti; 
0

 dre-

kadi kavSiris saRvede borbalze drekadi srialis 

kuTxe; 
1

  wamyvani totis Zabvis nazardi; 
2

  

amyoli totis Zabvis nazardi. 

 
nax. 3.21. saxarato Carxis amZravis sqema 

 

meore mxriv, drekadi gadacemis zeda da qveda 
totebis wagrZeleba saRvede borblebis rxevisas  

22111
 RRl  ;                    (3.75) 

II 

M 

I 

R2 
2 

1 

R1 

0 

l 
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22112
 RRl  ,                   (3.76) 

sadac 1
R  da 2

R  saRvede borblis radiusebia; 1
  da 

2
  saRvede borblis mobrunebis kuTxeebia. 

rxevis dros TiToeul saRvede borbalze moqme-
debs inerciis Zalis momenti )( I  da gadacemis 
totebis daWimulobis Zalis momenti. 

saRvede borblebis Tavisufali rxevis diferencia-
lur gantolebebs aqvs saxe: 









)78.3(                               ,0)(

)77.3(                                ;0)(

12222

21111





FRI

FRI




 

sadac 1I  da 2I  wamyvani da amyoli saRvede borblis 

masebis inerciis momentebia; F _ drekadi kavSiris 
(Rvedis) ganivkveTis farTobi. 

(3.77) da (3.78) gantolebaTa sistema (3.73), (3.74), (3.75) 
da (3.76) damokidebulebebis gaTvaliswinebiT miiRebs 
saxes: 
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sadac  001
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1






 e

E

R
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l
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        100
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1
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e

E

R

E

l
a . 

ganvixiloT  SemTxveva, rodesac amyol saRvede 
borbalze moqmedebs perioduli amgznebi Wris Zalis 
momenti tMM sin

0
 . am SemTxvevaSi mcire iZulebiTi 

rxevis gantolebebi ase Caiwereba: 
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am gantolebaTa sistemis amonaxsni Caiwereba Semdegi 
saxiT: 

t sin
101

 ;                      (3.83) 

t sin
202

 .                      (3.84) 

Tu (3.83) da (3.84) gamosaxulebebs CavsvavT (3.81) da 
(3.82)-Si, maSin gamartivebis Semdeg miviRebT: 
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 ;            (3.85) 
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 ,             (3.86) 

sadac 
21

21

3
aa

aa
a


 . 

gadacemis totebis sruli Zabvebi: 

t sin
10101

 ;                  (3.87) 

t sin
20202

 ,                  (3.88) 

sadac 10
  da 20

  Zabvebia gadacemis totebis damyare-

bul reJimSi. 
gadacemis totebis Zabvis cvlileba: 

1

202101

1

10

10
a

RR

a

l 






 ;               (3.89) 

2

101202

2

20

20
a

RR

a

l 






 .               (3.90) 

3.22 naxazze naCvenebia saRvede borblebi, romlebzec 
moqmedebs damatebiTi Zalebi. 

Tu 1
a  da 2

a -is mniSvnelobebs aviRebT Semdegi saxiT: 

E

l
aa 

21
,                      (3.91) 

maSin (3.77) da (3.78) gantolebebi ase Caiwereba: 



 80 

 
 
 
 
 
 
 
 
 

nax. 3.22. saRvede borblebze moqmedi Zalebi 

 









)93.3(                           ,)(

)92.3(                              ;0)(
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gardaqmnis Semdeg miviRebT: 

0
2121111
  aa ;                    (3.94) 

2

2221212
I

M
aa   ,                   (3.95) 

sadac 
lI

EFR
a

1

2

1

11

2
 ;   

lI

EFRR
a

1

21

12

2
 ;   

lI

EFR
a

2

2

2
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2
 . 

sakuTari sixSireebia: 

      0
1
P ; 













2

2
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1

2

1

2

2

I

R

I

R

l

EF
P .                 (3.96) 

 

3.5. mrgvalxerxa Carxis Wris meqanizmis 

maTematikuri modeli 
 

ganvixiloT mrgvalxerxa Carxis Wris meqanizmi, 
romlis sqema naCvenebia 3.23 naxazze.  

xerxis diskos eqscentrisiteti lilvis mimarT 
CavTvaloT nulis tolad. ganvixiloT diskos rxeviTi 
moZraoba da SevadginoT mcire rxevebis diferen-
cialuri gantolebebi xyz koordinatTa sistemaSi, 

rodesac igi brunavs  kuTxuri siCqariT (nax. 3.24). 

R1 R2 

M 

1F 
1F 

2F 
2F 
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davuSvaT, t drois nebismier momentSi diskos cent-
ris mdebareoba ganisaz-
Rvreba r


 veqtoriT. misi 

moZraobis aRwerisaTvis 
gamoviyenoT meore rigis 
lagranJis gantoleba, 
romelic mocemuli SemTx-
vevisaTvis ase Caiwereba: 

,0

,0

















y

L

y

dL

dt

d

x

L

x

dL

dt

d




   (3.97) 

sadac  TL  lagranJis funqciaa; T _ diskos kine-

tikuri energia;  _ lilvis Runvis potenciuri energia. 
diskos kinetikuri energia 

22

)( 2

0

22
Ivvm

T
yx



 ,                  (3.98) 

sadac x
v  da 

y
v  diskos simZimis centris absoluturi 

siCqareebis gegmilebia x da y RerZebze; I0 _ diskos 
masis inerciis momenti diskos sibrtyis perpen-
dikularuli da diskos simZimis centrSi (O1 wertili) 
gamavali RerZis mimarT. m _ diskos masa. 

l l 
d

 

 

nax. 3.23. mrgvalxerxa Carxis  
         Wris meqanizmi 

x 

y 

y 

x O 

 

j


 

r


 

i


 

nax. 3.24. xoy koordinatTa 
sistema 
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diskos simZimis centris moZraobis absoluturi 
siCqare 

][ rjyixv







  ,                (3.99) 

sadac 

0

00][

yx

kji

r 




 ,   i


, j

, k


RerZebis ortebi. 

siCqaris proeqciebi x da y RerZebze ganisazRvreba, 
rogorc skalaruli namravlebi: 
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xyjvv

yxivv
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                   (3.100) 

lilvis Runvis potenciuri energia 

)(
22

22

2

yx
ccr

 ,                 (3.101) 

sadac 
3

6

l

EI
C x lilvis sixistea. 

 (3.100) CavsvaT, (3.98)-Si, miviRebT: 

         2
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22 )()(
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 Iyxyxxyyxm   .    (3.102) 

lagranJis funqcia 
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miRebuli mniSvnelobebi CavsvaT (3.97) gamosaxule-
bebSi, gamartivebis Semdeg miviRebT: 











,02)(

;02)(

22

0

22

0

xypy

yxpx








              (3.104) 

sadac 
m

c
p 2

0
. 

(3.104) sistema amoixsneba Semdegi saxiT: 
iptAex   da iptBey  .               (3.105) 

 miviRebT sixSiris gantolebas: 

0
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2)(
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ippp
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anu  

  222222

0 4)( ppp   .              (3.107) 

(3.107)-dan vRebulobT 
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001









pp

pp
 

e.i. miviReT diskos rxevis ori sixSire. 
Tu mxedvelobaSi miviRebT diskos wonas (diskos 

masaa m), maSin diskos moZraobis diferencialur 
gantolebebs aqvs saxe: 
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         (3.108) 

amoxsna CavataroT Semdegi formulebiT tAx sin , 
tBy cos , maSin damyarebuli rxevis amplitudebia: 
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lilvis kritikuli kuTxuri siCqare 
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0
24 pp  . 
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3.6. xerxis diskos rxevebi 

 
SevaTavsoT xerxis disko xy sibrtyesTan. xerxis 

diski ganvixiloT, rogorc membrana. 
SemovitanoT Semdegi aRniSvnebi: 

v _ membranis nebismieri wertilis CaRunva xy sibrtis 
perpendikularul sibrtyeSi; 
S _ konturis sigrZis erTeulze Tanabari daWimuloba;  

 _ membranis erTeuli farTobis wona. 
membranis Runvisas potenciuri energiis nazardi 

gamoiTvleba s Tanabari daWimulobis gamravlebiT 
membranis zedapiris farTobze. membranis zedapiris 
farTobi daRunul mdgomareobaSi: 

 
























 dxdy

y

v

x

v
A

22

1 .             (3.109) 

Tu miviRebT, rom rxevis dros CaRunvis sidide 
mcirea, maSin 







































 dxdy

y

v

x

v
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1
1 .          (3.110) 

maSin potenciuri energiis nazardi 







































 dxdy

y

v

x

vs
V

22

2
.             (3.111) 

rxevis dros membranis kinetikuri energia 

 dxdyv
g

T 2

2



.                     (3.112) 

membranis sakuTari rxevis sixSireebis gansazRvri-
saTvis sasargebloa relei-ritcis meTodi. am meTodis 
mixedviT rxevis dros membranis CaRunva aRiwereba 
gantolebiT:Y 

ptvv cos
0

 ,                     (3.113) 

sadac v0 aris membranis Runvis formis ganmsazRvreli 
funqcia  x, y koordinatebSi. 
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CavsvaT (3.113) gamosaxuleba (3.111)-Si, miviRebT: 







































 dxdy
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x
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V
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2
maqs .           (3.114) 

(3.112)-dan miviRebT udides kinetikur energias: 

 dxdyvp
g

T 2

0

2

2


maqs .                (3.115) 

(3.114) da (3.115) gantolebebidan, miviRebT: 
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.           (3.116) 

Tu gamoviyenebT relei-ritcis meTods, miviRebT v0 

membranis gaRunuli zedapiris gamosaxulebas mwkrivis 
saxiT: 

 ),(),(),(
3322110

yxayxayxav  ,       (3.117) 

romlis TiToeuli wevri akmayofilebs sasazRvro 
pirobebs. membranis konturze CaRunvebi unda iyos 

nulis toli. ,,,
321

aaa  koeficientebi ise unda 

SevarCioT, rom (3.116) gamosaxuleba iyos minimaluri, 
e.i.  daakmayofilos Semdegi gantolebebi: 
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 dxdyv

a
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n

.        (3.119) 

(3.119) gamosaxuleba (3.117) gaTvaliswinebiT miiRebs 
saxes: 
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02
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 dxdyv
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.       (3.120) 

amrigad, miiReba (3.120) tipis imdeni gantoleba, 
ramdeni koeficientic aris (3,117) mwkrivSi. yvela es 

gantolebebi wrfivia ,,,
321

aaa . am gantolebebiT 

Sedgenili sistemis determinantis nulTan gatolebiT 
miviRebT membranis sixSirul gantolebebs. 

ganvixiloT xerxis diskos rxevis martivi SemTx-
veva, rodesac gaRunuli zedapiri centris mimarT 
simetriulia. am SemTxvevaSi CaRunvebi damokidebulia 
mxolod a radialur manZilze da sasazRvro pirobebi 
dakmayofildeba, Tu  


r

a
a

r

a
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2

3
cos

2
cos

210


 ,           (3.121) 

sadac r aris konturis radiusi. 
radgan vsargeblobT polaruli koordinatebiT, 

amitom (3.114) gantoleba am SemTxvevaSi SevcvaloT 
Semdegi gantolebiT: 
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maqs. .                (3.122) 

(3.115)-is nacvlad gveqneba: 
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maqs. .                 (3.123) 

(3.120) gantoleba miiRebs saxes: 
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.         (3.124) 

aviRoT (3.121) mwkrivis mxolod pirveli wevri da 
CavsvaT (3.124)-Si, miviRebT: 
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gs

p

r
 

anu 



gs

r
P

415,2
 .                   (3.125) 

zusti amonaxsni am SemTxvevaSi Semdegia: 



gs

r
P

404,2
 .                    (3.126) 

cdomileba pirvel miaxloebasTan %
2

1
-ze naklebia. 

imisaTvis, rom miviRoT ufro zusti miaxloeba rxevis 
ZiriTad formebsa da rxevis formis sixSireebisaTvis, 
(3.121) mwkrivSi unda aviRoT meti raodenobis wevri. 
rxevebis umaRles formebs eqneba erTi, ori, sami, ... 
sakvanZo wrewirebi, romel-zedac v rxevisas 
gadaadgileba nulis tolia. centris mimarT 
simetriuli rxevis formebis garda xerxis disks 
SeiZleba hqondes erTi, ori, sami, ... diametriani 
formis rxevebi, romlebsac ewodeba sakvanZo xazebi 
da romelTa gaswvriv CaRunvebi nulis tolia. 

nax. 3.25 
     n _ sakvanZo diametrebis ricxvi; 

 S _ sakvanZo wrewirebis ricxvi (konturis wrewiris CaTvliT) 

n=1 S=1 n=0 S=2 n=0 S=3 

n=1 S=1 n=2 S=1 n=1 S=2 
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3.25 naxazze naCvenebia xerxis diskos rxevis 
ramdenime forma, sadac wyvetili wirebiT naCvenebia 
sakvanZo wrewirebi da diametrebi. 

yvela SemTxvevaSi rxevis sixSire P gamoiTvleba 
formuliT: 



 ds

r
P ns

ns
 .                     (3.127) 

ns  mudmivas mniSvnelobebis cxrili 

      n 

S 
0 1 2 3 4 5 

1 
2 
3 
4 
5 
6 
7 
8 

2,404 
5,520 
8,654 
11,792 
14,931 
18,071 
21,212 
24,353 

3,832 
7,016 
10,173 
13,323 
16,470 
19,616 
22,760 
25,903 

5,135 
8,417 
11,620 
14,796 
17,960 
21,117 
24,270 
27,421 

6,379 
9,760 
13,017 
16,224 
19,410 
22,583 
25,749 
28,909 

7,586 
11,064 
14,373 
17,616 
20,827 
24,018 
27,200 
30,371 

8,780 
12,339 
15,700 
18,982 
22,220 
25,431 
28,628 
31,813 

 
 

3.7. CasatvirTi mowyobilobis mimwodi 

meqanizmis maTematikuri modeli 

 
CasatvirTi mowyobilobis mimwodi meqanizmis 

(mrudmxara-barbaca meqanizmi) sqema naCvenebia 3.26 
naxazze. 

nax. 3.26. mimwodi meqanizmis sqema 

 

A 

O 

B 
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ganvixiloT mrudmxara OAB meqanizmis moZraoba bar-
bacas (AB) grZivi da ganivi deformaciebis erTdrouli 
moqmedebiT. aseTi moZraobis diferencialur ganto-
lebaTa sistema miiReba mcocis moZraobis, barbacas 
grZivi da ganivi rxevebis gantolebebisagan. am mizniT 
ganvixiloT ormasovani saangariSo sqema (nax.3. 27). 

mrudmxaraze dayvanili masis moZraobis gantole-
bas aqvs saxe: 

23
MMI  ,                    (3.128) 

 
nax. 3.27. ormasovani saangariSo sqema 

 
sadac I  aris mrudmxaraze dayvanili masebis iner-

ciis momenti;  _ mrudmxaras mobrunebis kuTxe; M _M 
amZravi momenti; M23 _ mrudmxaraze modebuli drekadi 
Zalis momenti barbacas mxridan 





cos

)(,
123

23

RfUC
M  ,                  (3.129) 

23
C aris barbacas sixiste kumSva-gaWimvaze; U1 _ bar-

bacas drekadi deformaciis gegmili ox RerZze. 

22
1

)sin(

cos22sin
sin)(

eRLR

eR
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 ,            (3.130) 

 _ vertikaluri mdgomareobidan barbacas mobrunebis 
kuTxe 

x1 

2 

M 

y1 
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S L 

 
O 

A 

2I  
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L

eR 





sin
arcsin ,                  (3.131) 

L  barbacas sigrZea, e _ dezaqsialis sidide. 
(3.128) gamosaxuleba (3.129)-is gaTvaliswinebiT miiRebs 

saxes: 






cos

)(
1123

I

RfUC

I

M
 .                 (3.132) 

barbacas drekadi deformacia 

cos

1

1

U
U  .                      (3.133) 

ganvixiloT barbaca, rogorc saxsrulad dayrdno-
bili Rero, romelzedac moqmedebs P grZivi Zala  
(mcocze moqmedi Zala detalebis gadaadgilebis 
dros) (nax. 3.28). 

barbacas moZravi 
bolos sruli grZivi 
gadaadgileba 

21
UUU  , (3.134) 

sadac U2 ganivi 
RunviT gamowveuli 
damoklebaa. 

grZivi gadaadgi-
leba U2 RerZis ganiv 
CaRunvasTan dakavSi-

rebulia arawrfivad da ganisazRvreba, rogorc sxvaoba 
L sawyis sigrZesa da moRunul RerZis gegmils Soris: 

 









LL

dx
dx

dy
LdxLU

0

2

0

2
1cos .         (3.135) 

 radikalis mwkrivad daSliT da wevr-wevrad 
integrebiT, miviRebT 

         








































L L

dx
dx

dy

dx

dy

dx

dy
LU

0 0

242

2
2

1

8

1

2

1
1   

 









L

dx
dx

dy

0

4

8

1
                            (3.136) 

nax. 3.18. barbacas saangariSo  
sqema 

y 

x 

A 
B P 

L 

 y(x,t) 
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drekadi wiri miiReba rogorc sinusoidis naxevari 

L

x
tVtxy


sin)(),(  ,                 (3.137) 

sadac )(tV  ucnobi funqciaa (drois). 

(3.137) -is (3.136)-Si CasmiT da integrirebiT miviRebT:  


3

4422

2
64

3

4 L

V

L

V
U


             (3.138) 

maSin  

3

4422

1
64

3

4 L

V

L

V
UU


 .                (3.139) 

barbacas grZivi rxevis gantolebas eqneba saxe: 

23
PPum  ,                    (3.140) 

sadac ti PPP  ,                                   (3.141) 

  Pi  mcocis inerciis Zalaa;  Pt _ teqnologiuri 
winaRobis Zala;   m _ mcocis masa. 

)]()([
2

2

1
 ffmRP  i .             (3.142) 

barbacas drekadi Zala 

cos
2323
UCP  .                      (3.143) 

SevadginoT barbacas ganivi rxevis diferencia-
luri gantoleba. 

ganvixiloT barbacas elementi A1A2B2B1 (nax. 3.29) da 
SevadginoT am elementis moZraobis gantoleba 
dalamberis principis safuZvelze. 

B1B2 kveTze moqmedebs grZivi Zala dx
x

Q
Q




  da 

momenti dx
x

M
M




 . 

X1BY1 koordinatTa sistemis moZraoba Sedgeba B 
centrTan erTad winsvliTi moZraobisa da amave 
wertilis garSemo brunvisagan. 

B wertilis moZraobis gantoleba 

 cos)sin( 22 ReRLx  ,               (3.144) 

                0y  
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nax. 3.22. barbacas elementi 

 

B wertilis garSemo brunva gamoisaxeba (3.131) kanoniT. 
A1A2B2B1 elementis gadataniTi da brunviTi moZrao-

bis inerciis Zalebis gegmilebi y1 RerZze: 

),(

,cos

,sin

2

2

1

2

2

1

2

2

1

xL
t

dx
g

F

t

y
dx

g

F

t

x
dx

g

F

























                 (3.145) 

sadac F1  barbacas ganivi kveTis farTobia;  _ barbacas 
masalis kuTri wona.  

dx _ A1A2B2B1 elementis sigrZe 

)]()([
4

2

32

2

 ffR
t

x
 




,              (3.146) 

0
2

2






t

y
,                             (3.147) 

)]()([
6

2

52

2




ffR
t

 



,              (3.148) 

sadac 

Q 

A2 

A1 

M 

dx 

B1 

B2 

dx
x

M
M




  

dx
x

Q
Q
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22

2

2

)sin(

sinsin
cos)(

eRL

eR
f




  

2222

222

)sin()sin([

cos

eRLeRL

RL







;         (3.149) 

22
3

)sin(2

sin22sin
sin)(

eRL

eR
f









 ;              (3.150) 

       



2222

22

4

)sin()sin([

cos
cos)(

eRLeRL

RL
f




  

22

2

)sin(

sinsin

eRL

eR









;                     (3.151) 

22
5

)sin(

cos
)(

eRL
f







 ;                       (3.152) 

222222

2

6

)sin(

cos

)sin()sin([

)sin(cos
)(

eRLeRLeRL

erR
f
















 .(3.153) 

CavsvaT (3.146), (3.147), (3.148) mniSvnelobebi (3.145)-Si, 
miviRebT: 











L

e

L

R
ffdxR

g

F



sin)()( ][

4

2

3

1  ,          (3.154) 

         xLffdxR
g

F
 ][ )()(

6

2

5

1 


 . 

moZraobis gantolebis Sesadgenad viyenebT 
dalamberis princips. 

elementze moqmedi Zalebis gegmilebis jami verti-
kalur RerZze: 

      








 ][ )()(

4

2

3

1

2

2

1 


ffdxR
g

F
dx

t

y

g

F
dx

x

Q
QQ   

      







 )()()(sin ][

4

2

5

1 xLffdxR
g

F

L

e

L

R



   

    0cos
1

  dxF                                 (3.155) 



 94 

anu 

     


















L

e

L

R
ffR

g

F

t

y

g

F

x

Q



sin)()( ][

4

2

3

1

2

2

1   

2

16

2

5

1 sin1)()()( ][ 









L

l

L

R
FxLffR

g

F



 . (3.156) 

Tu Rero rxeviTi moZraobasTan erTad ganicdis P 
RerZuli Zalis moqmedebas, maSin Reros Runvis wiris 
gantoleba miiRebs saxes: 

pyM
x

y
IE 



2

2

1
.                   (3.157) 

(3.157) formulaSi `+~ Seesabameba mkumSav Zalas, `_~ 
gamWimav Zalas. (3.157) gantoleba orjer gavawarmooT, 
miviRebT: 

2

2

2

2

4

4

1
x

M

x

y
p

x

y
IE














 ,               (3.158) 

sadac E1 barbacas masalis drekadobis modulia;  E1I _ 
barbacas sixiste Runvaze.  

masalaTa gamZleobis kursidan cnobilia, rom 

Q
dx

dM
 .                      (3.159) 

Tu gaviTvaliswinebT (3.159)-s da (3.158) gamosaxu-

lebaSi CavsvavT 
x

Q




-is mniSvnelobas (3.156)-dan 

miviRebT: 

      













)(
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1

2

2

1

2

2

4

4

1
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g

F

t

y

g

F

x

y
p

x

y
IE   

      







 )()()(sin)( ][]

4

2

5

1

4

2 xLffR
g

F

L

e

L

R
f 


   

2

1
sin1 










L

e

L

R
F  .                         (3.160) 

(3.160) gantoleba amoixsneba galerkinis variaciuli 
meTodiT. 
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amrigad (3.132), (3.140) da (3.160) gantolebebidan 
garkveuli gardaqmnebis Semdeg miviRebT diferencia-
lur gantolebaTa sistemas, romliTac aRiwereba 
dinamikuri procesebi mocemul meqanizmSi da Caiwereba 
Semdegi saxiT: 

     
































,1),(

);(
2

;
cos

)(

1

1

2

12

1

2

2

1

2
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1123
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             (3.161) 

sadac  

     









L

e

L

R
ff
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F
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 sin)()(),( ][
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2

16
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5

1 sin1)()()( ][ 
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e

L
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FxLffR
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 , 

1
 grZivi rxevebis sakuTari sixSirea 

m

C
23

1
 ,                         (3.162) 

pP 
1  Zalis kritikuli mniSvneloba 

2

1

22

1
L

IEk
P


 ,   ),3,2,1( k .               (3.163) 
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   IV Tavi. CarCoxerxis Wris meqanizmis dinamikuri 

            kvleva kinematikur wyvilSi RreCosa da 

dartymebis gaTvaliswinebiT 

       4.1. CarCoxerxis Wris meqanizmis dinamikuri 
kvleva kinematikur wyvilSi RreCos 

gaTvaliswinebiT 
 

Tanamedrove pirobebSi meqanizmebis muSaobis sizustis 

zrda da saimedoobis sakiTxi sakmaod aqtualuria.  

eqspluataciis procesSi sxvadasxva meqanizmebi unda 

asrulebdes garkveul teqnikur maxasiaTeblebs, romelTa 

gadaxra garkveul zRvarze metad iwvevs muSaunarianobis 

drRvevas. eqspluataciis procesSi SeerTebebSi adgili aqvs 

cveTas, romelic cvlis rgolis geometriul zomebs da 

konfiguracias iwvevs RreCos gadidebas. 

kinematikur wyvilSi RreCos arseboba iwvevs meqanizmis 

Tavisuflebis xarisxis zrdas da dgeba sakiTxi cvadebadi 

struqturis meqanizmebis kvlevisa. 

RreCos gavlenis mizniT meqanizmis kinematikasa da 

dinamikaze adgenen maTematikur models lagranJis II gvaris 

gantolebaTa gamoyenebiT. 

gamoTvliTi maTematikis ganviTareba da gamoTvliTi 

teqnikis srulyofa iZleva meqanizmebis sizustisa da sai-

medoobis sakiTxebis kvlevis warmatebiT ganxorcielebis 

SesaZleblobas. 

CarCoxerxis Wris meqanizmis barbaca-mrudmxara kinema-

tikur wyvilSi RreCos arseboba mniSvnelovan gavlenas 

axdens meqanizmis dinamikaze masze moqmedi didi dinamikuri 

datvirTvebis gamo. 

idealur (RreCos gareSe) meqanizms aqvs erTi Tavi-

suflebis xarisxi. yvela rgolis mdebareoba ganisazRvreba 

 kuTxis saSualebiT. realur (RreCoian) meqanizmSi RreCos 

arseboba sakmaod arTulebs moZraobis analizs. 

rogorc aRvniSneT Wris meqanizmis winsvliT-ukusvliT 

moZravi masebis inerciis Zalebi sakmaod didia. am Zalebis 
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moqmedebis gamo yvelaze datvirTulia barbacas qveda 

sakisari. amis gamo vixilavT Wris meqanizms RreCoTi 

`barbaca-mrudmxara~ kinematikur wyvilSi (nax. 4.1). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
nax. 4.1. CarCoxerxis Wris meqanizmis sqema RreCoTi 

     `barbaca-mrudmxara~ kinematikur wyvilSi 

 
RreCos arsebobis gamo RreCos velSi adgili aqvs 

damatebiT moZraobas. am SemTxvevaSi gvaqvs moZraobis or 

saxes: 

1. kinematikur wyvilSi kontaqti. am SemTxvevaSi damatebiTi 

moZraoba ganisazRvreba koordinatiT ; 

 

D1 

z1 

x1 

D C 

z 

P 

B 

x 

G3 

 

G2 

Pi3 

C4 
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S
2
 

1 
e 

C3 

O 

 

 

A 

1 

C2 

S1 

A1 

R
1
 

 

C1 
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2. kinematikur wyvilSi adgili aqvs moZraobis wyvetas. am 

SemTxvevaSi damatebiTi moZraoba ganisazRvreba koor-

dinatebiT x1; z1-iT. 

moZraobis erTi saxidan meoreSi gadasvlisas aucile-

belia ganisazRvros sawyisi pirobebi TiToeuli moZraobis 

gantolebis amosaxsnelad. 

rodesac kinematikur wyvilSi kontaqti irRveva am 

SemTxvevaSi reaqciis Zalis normaluri mdgeneli nulis 

tolia. sawyisi pirobebi RreCos velSi  Tavisufali 

moZraobisas ganisazRvreba formulebiT 

.sin

;cos

1

1









z

x
                      (4.1) 

(4.1) formulebis gadiferencialebiT droiT, miviRebT  

.cos

;sin

1

1













z

x
                    (4.2) 

  aris damatebiTi moZraobis kuTxuri siCqare muxla 

lilvis sakisris zedapirze kontaqtis wyvetis momentSi. 

RreCos velSi Tavisufali moZraobis gadasvlisas kon-

taqtur moZraobaSi kuTxuri koordinatis sawyisi mniSv-

neloba ganisazRvreba formuliT 




















.0  ,arccos2

,0  ,arccos

2
1

1
1

z
x

z
x

 rodesac

 rodesac



           (4.3) 

1x  da 1z  aris sakisris wertilis koordinatebi, romlis 

drosac aRdgeba kontaqti RreCos velSi. 

kuTxuri siCqaris sawyisi mniSvneloba   ganisazRvreba 

(4.1) formulebis gamoyenebiT polaruli (, ) koordi-

natebidan dekartis ( 1x , 1y ) koordinatebze gadasvlisas 

            
.sin

;cos

1

1









z

x
                       (4.4) 

gaviTvaliswinoT, rom 


 1sin
y

 , 


 1cos
z

 , maSin 
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.)(

,)(

1111

2
1111





zzxx

zxxz








                  (4.5) 

  aris barbacas TiTis moZraobis siCqare wrewiris mimarT 

normaluri mimarTulebiT. 

Wris meqanizmSi dinamikuri procesebi ganisazRvreba 

(3.18), (3.34), da gantolebaTa sistemebiT. RreCos velSi 

damatebiTi moZraobis gantolebebis misaRebad gamoviyenoT 

lagranJis meore gvaris gantoleba 

i

ii

Q
q

T

q

T

dt

d
























,                  (4.6) 

sadac T aris xerxi CarCos da barbacas kinetikuri energia, 

romelic gamosaxulia ganzogadebuli iq  koordinatiT; 

iQ ganzogadebuli Zala. 

22

2
2

2
2 2 IVm

T
S

b ,                    (4.7) 

sadac 2m  aris barbacas masa, 
2SV barbacas simZimis 

centris winsvliT moZraobis siCqare xoy sistemaSi; 


2SI barbacas inerciis momenti masebis centris mimarT; 

 barbacas brunvis kuTxuri siCqare. 
222

222 SSS zxV   ,                      (4.8) 

sadac 2

2Sx  da 2

2Sz  uZravi koordinatTa xoy sistemis RerZebze 

2SV  siCqaris gegmilebi 

 sinsin 212
ASxrX S  ,               (4.9) 

 coscos 122
rzASZ S  .               (4.10) 

gavadiferenciroT (4.9) da (4.10) droiT, miviRebT 

 coscos 212

 ASxrX S  ,            (4.11) 

 sinsin 122
 rzASZS  .            (4.12) 

(4.11) da (4.12)-is gadiferencirebiT droiT, miviRebT: 
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)sincos()sincos( 2
21

2

1
   ASxxrX S ;   (4.13) 

)cossin()cossin( 2
1

2
22

xrzASZS    .  (4.14) 

gavigoT . 

sin212 BSDS   

meores mxriv 

        4342112 )( ACeACACeCCeCOODDS  

            )sin( 211 SAx   sinsin 211 SAxre  . 

aqedan 

 sinsinsin 2112 SAxreBS  .     (4.15) 

gavadiferencialoT (4.15) droiT, miviRebT 

 coscoscos 2112
 SAxrBS  , 

aqedan 










cos

sincos

cos

cos 1

L

r

L

xr  



 ,           (4.16) 

54321
222

222
MMMMMZXV SSS   ,     (4.17) 

sadac 22
21

22
1   SArM  ; 

2
1

2
12 zxM   ; 

)cos(2 213   rSAM ; 

)cossin(2 114  xzrM   ; 

)sincos(2 11215  zxSAM   . 

CavsvaT (4.7)-Si (4.16) da (4.17). miviRebT 

      )(
222

54321

22
2

2
2 2 MMMMM

mIVm
T

S 
b    

2

7

62

2 














M

MI
,                               (4.18) 

sadac 16 cos xrM    ; 

       cos7 LM  . 

saxerxi CarCos kinetikuri energia  
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2

2

3
BV

mT C ,                       (4.19) 

sadac 3m saxerxi CarCos masa; BV saxerxi CarCos masebis 

centris siCqare. 

1coscos zrLZB   ; 

aqedan vRebulobT 

1sinsin zrLZV BB
   .            (4.20) 

saxerxi CarCos kinetikuri energia 

2

23Mm
T C ,                      (4.21) 

sadac  sinsin1
2
8

 LrZM  . 

kinetikuri energia 

          )(
2

54321
2 MMMMM

m
TTT Cb  

2

7

622
8

3

22 














M

MI
M

m
.                    (4.22) 

polarul koordinatTa sistemaSi kinetikuri energiis 

gamosaTvlelad saWiroa gaviTvaliswinoT Semdegi Tana-

fardobani. 

(4.1) da (4.2) gamosaxulebaTa gaTvaliswinebiT kineti-kuri 

energia tolia 

 )(
2

1110391
2 MMMMM

m
T

2

7

1222
13

3

22 














M

MI
M

m
,  (4.23) 

sadac 

22222222
9 cossin   M ; 

)sin(210   rM ; 

)sin(2 2111   SAM ; 

 sincos12
  rM ; 

 sinsincos13
 LrM  . 
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RreCoian kinematikur wyvilSi reaqciis gansazRvrisa-

Tvis reaqciis Zala unda davSaloT normalur da mxeb 

mdgenebad. normaluri mdgeni mimarTulia Semxebi wrewi-

rebis saerTo normalis gaswvriv, xolo mxebi mdgeni 

xaxunis Zala mimarTulia Semxebi wrewiris saerTo mxebis 

mimarTulebiT. 

normaluri mdgenis gansazRvrisaTvis dalamberis prin-

cipis Tanaxmad yvela Zalebis momentebis jami B werti-lis 

mimarT gavutoloT nuls. dadebiT mimarTulebad miviRoT B  

kuTxis zrdis mimarTuleba 

0 BM ,                       (4.24) 

          cossinsin 21 BSPMLFRL xi2ix  

0sin 22  GBSP z i2 .                     (4.25) 

sadac xPi2  da zPi2  barbacas inerciis Zalebis gegmilebi x 

da z RerZebze, romelic modebulia masebis centrSi; 

2G barbacas wona; iM barbacas inerciis Zalis momenti B 

wertilis mimarT. 


12

2 Lm
M i ;                        (4.26) 

22 Sx xmP i2 ;                         (4.27) 

22 Sz zmP i2 ;                         (4.28) 

2
7

6776

7

6

M

MMMM

M

M 
 

















 ;            (4.29) 

1
2

6 )sincos( xrM    ;             (4.30) 

  sin7
 LM  ;                        (4.31) 

 90 ,                         (4.32) 

)(180901   .              (4.33) 

(4.25)-Si CavsvaT saTanado mniSvnelobebi. gamartivebis 

Semdeg  
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 12212222 sincos)cos(

)cos(

1
zBSmxBSmBrSm

L
R  


 














 26

2
22

2
222 )sin()sin(

12
GLFBSm

Lm
BASSm  .(4.34) 

ganvixiloT I saxis moZraoba. moZraoba kontaqtiT. am 

SemTxvevaSi damatebiTi moZraoba ganisazRvreba  koordi-

natiT. aqtiuri Zalebis elementaruli muSaoba  virtu-

alur gadaadgilebaze 

  xFzPGzGQ BS )( 32 2
.          (4.35) 

(4.9) da (4.10), (4.1)-is gaTvaliswinebiT miiRebs saxes 

 sincossin 22
ASrX S  ,              (4.36) 

 cossincos22
rASZS  .              (4.37) 

(4.36) da (4.37)-dan vRebulobT 

 cossin 22
ASX S  ,                (4.38) 

 cossin22
 ASZ S .               (4.39) 

-s gasagebad (4.15) ase gadavweroT 

 cossinsin  reL , 

aqedan 

 sincos L , 

aqedan 







cos

sin

L


 ,                      (4.40) 

e.i. 





 cos

cos

sinsin2

2





L

AS
ZS ,         (4.41) 

                sincoscos  rLZB , 

aqedan 

       


 





cos

sinsin
coscossin

L

L
LZB  
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 )sincos( tg .                         (4.42) 

(4.35) miiRebs saxes 

            






 
 






cos

sinsin
cos 2

2
L

AS
GQ  

             xFtgPG  )sincos)(( 3 , 

saidanac 


















 xFtgPG

L

tgAS
GQ )sin)(cos(cos

sin
3

2
2 


 . (4.43) 

ganvixiloT II saxis moZraoba. moZraoba wyvetiT. am 

SemTxvevaSi damatebiTi moZraoba ganisazRvreba 1x  da 1z  

koordinatiT. 

aqtiuri Zalebis elementaruli muSaoba x1, virtua-lur 

gadaadgilebaze 

    )sin()( 223211 2
 ASGyPGyGxQx BS t  

 ]sin)(sin[)sin)(( 3223 LPGGASLPG  .     (4.44) 

magram  sinsin 1 Lxr  , saidanac 






cos

1

L

x
 .                      (4.45) 

(4.44), (4.45)-is gaTvaliswinebiT ase Caiwereba 

1
223

11

)(
xtg

L

GASLPG
xQx 


 , 

saidanac 

tg
L

GASLPG
Qx 223

1

)( 
 .              (4.46) 

analogiurad miviRebT 

PGGQz  321
.                  (4.47) 

FRreCos velSi damatebiTi moZraobis gantolebebs 

vadgenT lagranJis II gvaris gantolebebis (4.6) saxiT. 

kontaqtiT moZraobis gantoleba ase Caiwereba 
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Q
TT

dt

d




















.                  (4.48) 

kinematikur wyvilSi wyvetis SemTxvevaSi moZraobis 

gantolebas aqvs saxe 

1

1

Qx
x

T

x

T

dt

d




















,               (4.49) 

1

11

Qz
z

T

z

T

dt

d






















.               (4.50) 

qvemoT mocemulia (4.22) da (4.23) gamosaxulebebSi 

Semavali elementebis mniSvnelobebi (4.48), (4.49) da (4.50) 

gantolebebis Sesabamisad. 
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(150)-Si saTanado mniSvnelobaTa CasmiT da gamartive-bis 

Semdeg (170)-is gaTvaliswinebiT (175) gantoleba miiRebs 

Semdeg saxes 

 










 


 sincoscossin)cos(

cos

2
)sin(2 32

21 rm
L

SA
r  

 






 )sin(2

cos

cossin2
cos 212

2
212

3 



 SA

L

SA
m   

 











 )cos(2

cos

sinsin2
sincos 212

2
212

3





 SA

L

SA
Lm   

 











 )cos(2cos)sin(

cos

2
coscos

2

212
3 


 r

L

SA
m   

 



 ]cossincos[coscos

1333
2

3  tgMmmm   












 


 sinsin)coscos(cos

cos

2
32

2
21 Lm

L

SA  



 110 

 










 )cos(sinsincos)sin(

cos

2
2

2
21 



L

SA  

 






 




 sinsin)cos(2)1cos(

cos

)cos(2
32

21 rmrr
L

SA
   

 




















2
7

122
133

cos
sin)cos(2

M

MI
MMr


   





















 63

21
2

2

)sin)(cos(cos
sin2

FtgPG
L

tgSA
G

m



.  (4.51) 

 

























cos
cos2

cos

sin2
12 21

211
2121

1
L

SA
SAz

L

SA

L

SA
x   

 




















 
 









 sin2

cos

sin

cos

)cos(2
cos2 212

221 SA
LL

rSA
r   

 









 
 








 

2

21212

cos

)2sin(2

cos

)sin(2
sin2

L

rSA

L

rSA
r  

 



 tg

Lm

GSALPG

L

SAm

2

2213

2

21

2

3 )(2

cos

2

cos2


  ,            (4.52) 

  )2(sinsin)2()2( 332131 mrLmSAmz    

2

22
321

2
3

2 )(2
)2(cos)1(cos

m

PGG
LmSArm


   .    (4.53) 

amrigad, RreCos velSi kontaqtiT moZraobis ganto-

lebas aqvs (4.51) saxe. 

wyvetis SemTxvevaSi ki (4.52) da (4.53). (4.51), (4.52) da (4.53) 

gantolebaTa analizi gviCvenebs, rom adgili aqvs ganzo-

gadebuli koordinatebis mimarT arawrfiv damokidebule-

bas. maTi analizuri amoxsna SeuZlebelia, amitom 

aRniSnuli sistemebi amoixsneba kompiuteruli teqnikis 

saSualebiT. 
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        4.2. CarCoxerxis Wris meqanizmis dinamikuri 
           kvleva kinematikur wyvilSi RreCoebisa da 

dartymebis gaTvaliswinebiT 

 
dartyma aris moZraoba, romlis drosac drois mcire 

monakveTSi sistemis siCqare Rebulobs garkveul mniSvne-

lobas. dartymis Sefaseba xdeba dartymiTi impulsiT 




0

)( dttFS ,                      (4.54) 

sadac )(xF  aris dartymis Zala;  _ drois Sualedi, 

romlis ganmavlobaSic mimdinareobs dartyma. 

siCqareTa mniSvnelobebi dartymis dasawyisSi aRvniS-noT 
i indeqsiT, xolo dartymis bolos 1i -iT. gansa-xilvel 
meqanizmSi 1-2 kinematikur wyvilSia RreCo (nax. 66) 1 
rgolis moZraobis raodenoba dartymis dasawyisSi 

aRvniSnoT iQ1


-iT, xolo dartymis boloSi 11 iQ


-iT. meore 

rgolis moZraoba dartymis dasawyisSi aRvniSnoT iQ2


-iT, 

dartymis bolos ki 12 iQ


-iT. 

dartymis dros moZraobis raodenobis Senaxvis Teore-

mis Sesabamisad vwerT 

iiii QQQQ 


211211   ,                  (4.55) 

sadac 

ii VmQ 111


 ;                            (4.56) 

11111 
 ii VmQ


;                          (4.57) 

ii VmQ 222


 ;                            (4.58) 

12212 
 ii VmQ


.                          (4.59) 

(4.56) da (4.57)-is gaTvaliswinebiT (4.55) miiRebs saxes 

iiii VmVmVmVm 2211122111




 ,              (4.60)   

sadac 
OA

OS
mm 1

11  , 
BA

SA
mm

1

21
22   aris dartymaSi monawile 

rgolebis masebi; iV1


 da 11 iV


 _ 1 rgolis siCqareebi 
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dartymamde da dartymis Semdeg; iV2


 da 12 iV


 _ 2 rgolis 

siCqareebi dartymamde da dartymis Semdeg. 
radgan 2 rgolis moZraobis raodenoba dartymis 

dasawyisSi nulia (4.60) miiRebs saxes 

iii VmVmVm 11122111




 .                (14.61) 

gamovyofT dartymis or fazas (nax. 4.2). 

pirveli – datvirTvis faza 

Sexebis momentidan maqsimalur 

deformaciamde, rodesac rgo-

lebis fardobiTi siCqareebi 

nulia, xolo maTi saerTo abso-

luturi siCqarea 0V

. meore faza 

gantvirTvis maqsimaluri defor-

maciis momentidan rgolebs Soris 

kavSirs gawyvetamde. SejaxebaSi 

monawile rgolebis masebis cen-

tris siCqare, e.i. orive saerTo 

siCqare pirveli fazidan meore 

fazaSi gadasvlis momentSi 

21

122111

21

11
0

mm

VmVm

mm

Vm
V

n
i

n
i

n
i









  ,              (14.62) 

sadac n
iV1  da n

iV 11   aris 1 rgolis siCqaris normaluri 

mdgeni Sesabamisad dartymamde da dartymis Semdeg.  
n
iV 22   _ 2 rgolis siCqaris normaluri mdgeni dartymis 

Semdeg. 

normaluri mimarTulebis dadebiT mniSvnelobad aiReba 

TiToeuli rgolis centrisken mimarTuleba 

 sincos 111 ii
n
i zxV   ;                  (4.63) 

 sincos 111111   ii
n
i zxV  ,               (4.64) 

 sincos 121212   ii
n
i zxV  .               (4.65) 

nax. 4.2. 1_2 kinematikur 
wyvilSi RreCos sqema 

2 

1 

 

 

O 
x 

n 

z 
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pirvel fazaSi 1 rgolis masis centris siCqaris nor-

maluri mdgeni icvleba n
iV1 -dan 0V -mde, amitom dartymis 

impulsi am fazaSi aris 1S  

1101 )( SVVm n
i  .                  (4.66) 

CavsvaT (4.66)-Si (4.62), miviRebT 

n
iV

mm

mm
S 1

21

21
1




 .                    (4.67) 

meore fazaSi 2 rgolis masebis centris siCqaris 

normaluri mdgeni icvleba 0V -dan n
iV 12  -mde 

2012
1
2 )( SVVm n

i  .                  (4.68) 

(4.62)-is gaTvaliswinebiT (4.68) miiRebs saxes 

)( 1112

21

21
2

n
i

n
i VV

mm

mm
S  




 .             (4.69) 

gantvirTvisa da datvirTvis normaluri impulsebis 

sidideTa Sefardeba warmoadgens aRdgenis koeficients 

n
i

n
i

n
i

V

VV
R

1

1112
0

 
 .                  (4.70) 

Tu rgolebi absoluturad drekadia, maSin 10 R , xolo 

00 R  aradrekadi rgolebisaTvis. 

realurad 10 0  R . 

(4.63), (4.64) da (4.65) CavsvaT (4.70)-Si miviRebT 

             sincossincos 11111212 iiii zxzx   

)sincos( 110  ii zxR   .                   (4.71) 

siCqareTa tangencialuri mdgenebis Sefaseba warmoebs an 

dartymaSi, an myisa xaxunis koeficientis Sesaxeb hipoTe-

ziT an mSrali xaxunis hipoTezidan. 

davagegmiloT (4.61) xoz koordinatTa RerZebze, miviRoT 

iii xmxmxm 11122111
 

 ,              (4.72) 

iii zmzmzm 11122111
 

 ,              (4.73) 
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sadac ix1
  da iz1

  _ 1 rgolis siCqareTa gegmili ox da oz 

RerZebze dartymamde; 11 ix  da 11 iz  _ 1 rgolis siCqareTa 

gegmili ox da oz RerZebze dartymis Semdeg; 12 ix  da 12 iz  _ 

2 rgolis siCqareTa gegmili ox da oz RerZebze dartymis 

Semdeg; ix1
  da iz1

  mniSvnelobebi ganisazRvreba (4.51), (4.52) da 

(4.53) gantolebaTa sistemidan. 

ganvsazRvroT dartymis Semdeg rgolebis siCqareebi 

absoluturi sigluvis hipoTezis mixedviT. radgan datymiTi 

impulsis am SemTxvevaSi mimarTulia zedapiris mimarT 

saerTo normalis gaswvriv. moZraobis raodenobis gegmili 

mxebze TiToeuli rgolisaTvis ar icvleba. 

amrigad  


12111 


ii VmVm  

anu 

 cossincossin 111111   iiii zxzx  .        (24.74) 

(4.71), (4.72), (4.73) da (4.74) warmoadgens gantolebaTa 

sistemas, saidanac ganisazRvreba 11 ix , 11 iz , 12 ix  da 12 iz . 
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 .         (4.78) 

sadac 
2

1

m

m




 . 

dartymis Semdeg rgolebis siCqareebis gansazRvra myisa 

(blanti) xaxunis koeficientis hipoTezis mixedviT, romlis 

Tanaxmad dartymis impulsis tangencialuri mdgeni araa 



 115 

damokidebuli mis normalur mdgenze da ganisazRvreba 

fizikuri mudmivaTi , romelic damokidebulia zedapirebis 

Tvisebebze. am SemTxvevaSi siCqareTa tangencialuri 

mdgenebi dartymamde da dartymis Semdeg dakavSirebulia 

Semdegi tolobiT 

  ii VV 111 )1(  ,                   (4.79) 

sadac  aris myisa xaxunis koeficienti )10(   ; 

 cossin 111 iii zxV   ,                (4.80) 

 cossin 111111   iii zxV  .            (4.81) 

(4.80) da (4.81)-is gaTvaliswinebiT (4.79) miiRebs saxes: 

)cossin)(1(cossin 111111  iiii zxzx    .     (4.82) 

(4.71), (4.72), (4.73) da (4.82) gantolebaTa sistemidan 

vRebulobT: 
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dartymis Semdeg rgolebis siCqareTa gansazRvra mSrali 

xaxunis hipoTezis mixedviT. 

am hipoTezis (rausis hipoTeza) mixedviT dartymis dros 

normaluri da mxebi impulsebi dakavSirebulia tolobiT 

nfSS  .                       (4.87) 

normaluri da mxebi impulsebi Caiwereba Semdegi saxiT 

.)(
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ni
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SVVm
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                  (4.88) 

(4.87)-dan (4.88)-is gaTvaliswinebiT vRebulobT 

)( 111111
n
i

n
iii VVfVV  

 ;                 (4.89) 

)( 212212
n
i

n
iii VVfVV  

 .                (4.90) 

Tu gaviTvaliswinebT, rom 022  n
ii VV  , (4.89)-dan vRebu-

lobT  

n
ii fVV 1212   .                       (4.91) 

siCqareTa normaluri mdgenebi n
iV1 , n

iV 11   da n
iV 12   dakavSi-

rebulia (4.70) tolobiT, amitom 

n
i

n
i

n
i VRVV 101211   .                     (4.92) 

(4.89)-is gaTvaliswinebiT (219) miiRebs saxes: 





  

n
i

n
iii VRVfVV 1012111 )1( .             (4.93) 

(4.91) da (4.93)-dan vRebulobT 

n
iiii VRfVVV 1012111 )1(  

 .                (4.94) 

CavsvaT (4.94)-Si (4.63), (4.80), (4.81) miviRebT 

        cos)(sin 12111211 iiii zzxx   

]sin)1([cos]cos)1([sin 0101  RfzRfx ii   .   (4.95) 

(4.71), (4.72), (4.73) da (4.95) gantolebaTa sistemidan vRebulobT 



 117 

       



 ii x

R
x 1

2
0

2

11
1

cos)1()sin1)(1(





 

iz
R

1
)1(2

2sin)1(1[









 ;                        (4.96) 

       



 ii z

RR
z 1

2
00

11
1

cos)1()1(





 

ix
R

1
0

)1(2

2sin)1(









 ,                      (4.97) 

        



 ii x

R
x 1

2
0

2

12
1

cos)1(sin)1(





 

iz
R

1
0

)1(2

2sin)1(1[









 ,                    (4.98) 

         



 ii x

R
z 1

0
12

)1(2

2sin)]1()1([





 

iz
R

1

2
0

1
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 .          (4.99) 

(4.74)_(4.77), (4.82)_(4.85), (4.95)_(4.96) gamosaxulebidan SeiZleba 

miviRebT rgolebis siCqareebi dartymis Semdeg aradrekadi 

da absoluturad drekadi dartymisaTvis am gamosaxule-

bebSi Sesabamisad 00 R  da 10 R  CasmiT. 

 

     4.3. kinetikuri energiis cvlileba CarCoxerxis 
         Wris meqanizmis RreCoian kinematikur wyvilSi 

dartymebis gaTvaliswinebiT 

 

dartymis dros narCeni deformaciisa da gaxurebis gamo 

adgili aqvs dartymaSi monawile rgolebis (nax. 4.3) sawyisi 

kinetikuri energiis cvlilebas, romelic dartymis dros 

ganisazRvreba, rogorc kinetikuri energiis sxvaoba 

dartymis dasawyisSi da dartymis boloSi 

11  iTTT ,                     (4.100) 
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sadac 

2
22

2
111

2

1

2

1
ii VmVmT  ,                 (4.101) 

2
122

2
1111

2

1

2

1


 iii VmVmT .                (4.102) 

Tavis mxriv 

2
1

2
1

2
1 iii zxV   ,                          (4.103) 

02
2 iV ,                               (4.104) 

  2
11

2
11

2
11   iii zxV  ,                       (4.105) 

2
12

2
12

2
12   iii zxV  .                      (4.106) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 4.3. Wris meqanizmis drekadi deformaciis 
grafiki 

 

i indeqsi aRniSnavs sidides dartymamde, xolo 1i  dart-

ymis Semdeg (4.101), (4.102)-is gaTvaliswinebiT (4.100) miiRebs 

saxes: 

_2 

2 

1 

4 

3 

_ 1 

  0 

_ 3 

U,10-4m 

2  

2


 

2

3
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2
122

2
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11

2

1
)(
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1


 iii VmVVmT ,            (4.107) 

xolo (4.102)_(4.106) gamosaxulebebis mxedvelobaSi miRebiT 

(4.107) ase Caiwereba 

)(
2

1
)(

2

1 2
12

2
122

2
11

2
11

2
1

2
11   iiiiii zxmzxzxmT  .    (4.108) 

2
1ix  da 2

1iz  aris 1 rgolis siCqareTa gegmili ox da oz 

RerZebamde dartymamde. misi mniSvneloba ganisazRvreba 

(4.51), (4.52) da (4.53) sistemidan. (1) da (2) rgolis siCqareTa 

gegmili ox da oz RerZebze dartymis Semdeg 11 ix , 11 iz , 12 ix  

da 12 iz  mniSvnelobebi gamoiTvleba (4.75)_(4.78), (4.83)_(4.86), 

(4.96)_(4.99) gamosaxulebebiT. 

ganvsazRvroT kinetikuri energiis cvlileba darty-

misas masSi monawile rgolebis absoluturi sigluvis 

hipoTezis mixedviT. am mizniT 2
11 ix , 2

11 iz , 2
12 ix , 2

12 iz  mniSv-

nelobebi (4.75)_(4.78) CavsvaT (4.105) da (4.106)-Si, maSin 

garkveuli gardaqmnebis Sedegad miviRebT: 
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.                           (4.109) 

dartymebis dros kinetikuri energiis cvlileba myisa 

(blanti) xaxunis hipoTezis mixedviT ganisazRvreba am 

hipoTezis Sesabamisi 11 ix , 11 iz , 12 ix , 12 iz  mniSvnelobebi 
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(4.83)_(4.86) CavsvaT (4.105) da (4.106)-Si. garkveuli 

gardaqmnebis Semdeg miviRebT 
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ganvsazRvroT kinetikuri energiis cvlileba dartymis 
dros mSrali xaxunis hipoTezis gamoyenebiT. amisaTvis 
(4.105) da (4.106) gamosaxulebaSi CavsvaT mSrali xaxunis 

hipoTezis mixedviT 11 ix , 11 iz , 12 ix , 12 iz  (4.96)_(4.99) mniSvne-

lobebi, maSin 
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sadac    
nS

S
f  ,  S  da nS  Sesabamisad dartymis dros 

normaluri da mxebi impulsebia. 
amrigad, miRebulia dartymaSi monawile rgolebis 

kinetikuri energiis cvlilebis gamosaxulebebi, romelic 
gamoiyeneba margi qmedebis koeficientis gansazRvrisaTvis.  

nax. 4.2-4.8-ze mocemulia RreCoiani Wris meqanizmis 
dinamikuri procesebis amsaxveli diferencialuri ganto-
lebaTa sistemis amonaxnebi. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

nax. 4.4 Wris meqanizmis barbacas mobrunebis 
kuTxis grafiki 
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nax. 4.5. Wris meqanizmis muxla lilvis brunvis 
kuTxuri siCqaris grafiki (n =320 br/wT) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 4.6. Wris meqanizmis el. Zravis amZravi  
momentis cvlilebis grafiki 
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nax. 4.7. Wris meqanizmis muxla lilvis brunviTi kuTxuri  
siCqaris grafiki (n=330 br/wT) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 4.8. Wris meqanizmis muxla lilvis brunviTi  
      kuTxuri siCqaris grafiki amortizaciis  

Zalis gaTvaliswinebiT 
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naxazebze mTliani xaziT naCvenebia Wris meqanizmis 

maxasiaTebeli parametrebis cvlilebis grafikebi RreCos 

gaTvaliswinebiT, xolo wyvetili xaziT naCvenebia igive 

maxasiaTebeli parametrebis cvlilebis grafiki kinemati-

kur wyvilSi RreCos gareSe. 

grafikebidan Cans, rom RreCoiani Wris meqanizmis 

dinamikuri procesebis maxasiaTebeli parametrebis cvli-

lebis saxe sakmaod gansxvavdeba RreCos gareSe meqa-nizmis 

maxasiaTebeli parametrebisagan. 

zemoaRniSnulidan gamomdinareobs, rom Wris meqaniz-mis 

dinamikuri kvlevisas arsebiTi mniSvneloba aqvs gaT-

valiswinebuli iqnas dartymiTi movlenebi RreCos velSi. 
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danarTi 1 

)(t  albaTobis integralTa damakavSirebeli 

sididebi 

t )(t  )(21 t  P1  )(Ptt   P  

2,5 
2,6 
2,7 
2,8 
2,9 
 

3,0 
3,1 
3,2 
3,3 
3,4 
 

3,5 
3,6 
3,7 
3,8 
3,9 
 

4,0 
4,1 
4,2 
4,3 
4,4 
 

4,5 
4,6 
4,7 
 

4,8 
4,9 
5,0 

0,49379 
0,49534 
0,49653 
0,49744 
0,49813 

 
0,49865 
0,49903 
0,49931 
0,49952 
0,49966 

 
0,499767 
0,499841 
0,499892 
0,499927 
0,499952 

 
0,499968 
0,499979 
0,499987 
0,499991 
0,499995 

 
0,499966 
0,499979 
0,499987 

 
0,499992 
0,499995 
0,499997 

0,01242 
0,00932 
0,00693 
0,00511 
0,00373 

 
0,00270 
0,00194 
0,00137 
0,00097 
0,00067 

 
0,000465 
0,000318 
0,000216 
0,000145 
0,000096 

 
0,000063 
0,000041 
0,000027 
0,000017 
0,000011 

 
0,0000068 
0,0000041 
0,0000025 

 
0,0000016 
0,0000009 
0,0000006 

0,05 
0,04 
0,03 
0,02 
0,01 
 

0,009 
0,008 
0,007 
0,006 
0,005 

 
0,004 
0,003 
0,002 
0,001 
0,0009 

 
0,0008 
0,0007 
0,0006 
0,0005 
0,0004 

 
0,0003 
0,0002 
0,0001 

 
10-5 
10-6 
10-7 

1,960 
2,054 
2,170 
2,326 
2,576 

 
2,612 
2,652 
2,697 
2,748 
2,807 

 
2,878 
2,968 
3,090 
3,291 
3,320 

 
3,353 
3,390 
3,342 
3,481 
3,540 

 
3,615 
3,720 
3,891 

 
4,417 
4,892 
5,327 

0,95 
0,96 
0,97 
0,98 
0,99 
 

0,991 
0,992 
0,993 
0,994 
0,995 

 
0,996 
0,997 
0,998 
0,999 
0,9991 

 
0,9992 
0,9993 
0,9994 
0,9995 
0,9996 

 
0,9997 
0,9998 
0,9999 

 
1_10-5 
1_10-6 
1_10-7 
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danarTi 2 

nt ( P ) sididis kritikuli mniSvnelobebi 

P  
n 

0,95 0,98 0,99 0,999 P  
n 

0,95 0,98 0,99 0,999 

5 
6 
7 
8 
9 
10 
11 
 
12 
13 
14 
15 
16 
 
17 
18 

3,04 
2,78 
2,62 
2,51 
2,43 
2,37 
2,33 
 

2,29 
2,26 
2,24 
2,22 
2,20 
 

2,18 
2,17 

4,11 
3,64 
3,36 
3,18 
3,05 
2,96 
2,89 
 

2,83 
2,78 
2,74 
2,71 
2,68 
 

2,66 
2,64 

5,04 
4,36 
3,96 
3,71 
3,54 
3,41 
3,31 
 

3,23 
3,17 
3,12 
3,08 
3,04 
 

3,01 
2,98 

9,43 
7,41 
6,37 
5,73 
5,31 
5,01 
4,79 
 

4,62 
4,48 
4,37 
4,28 
4,20 
 

4,13 
4,07 

20 
25 
30 
35 
40 
45 
50 
 
60 
70 
80 
90 
100 
 

 

    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 127 

Lliteratura 

1. i. sxirtlaZe, T. tuRuSi, a. osiZe, m. nadareiSvili.  
albaTobis Teoria da maTematikuri statistika. 
Tbilisi, 1990. - 196 gv. 

2. m. xvingia. meqanikuri rxevebis gamoyenebiTi Teoriis 
safuZvlebi da manqanaTa dinamika. Tbilisi, 1981. – 456 gv. 

3. i. zedginiZe. sainJinro eqsperimentis organizacia da 
dagegmva. Tbilisi, 2000. - 239 gv. 

4. v. abaiSvili. vertikaluri CarCoxerxis Wris meqanizmis 
dinamikuri kvleva pnevmoamortizatoris gaTvaliswi-
nebiT. ganaTleba. 2016. 

5. v. abaiSvili. vertikaluri CarCoxerxis Wris meqanizmis 
dinamikuri kvleva barbacas drekadobisa da kinemati-kur 
wyvilSi RreCos gaTvaliswinebiT. transporti da 
manqanaTmSenebloba, @ 2(14), 2009. 

6. v. abaiSvili. kinetikuri energiis cvlileba CarCo-xerxis 
Wris meqanizmis RreCoian kinematikur wyvilSi 
dartymebis gaTvaliswinebiT. ganaTleba. 2016. 

7. Руминский. Математическая обработка результатов эксперимента. 

М., 1991.  – 192 c. 
8. Вейц В.Л. и др. Динамические расчеты приводов машин. Л., 1991. – 

352 c. 
9. Светлицкий В.А., Стасенко И.В. Сборник задач по теории колебаний. 

М., 1979.  – 368 c. 
10. Светлицкий В.А. Передачи с гибкой связью. М., 1987. – 156 c. 
11. Тимошенко С.П. Колебания в инженерном деле. М., 1987. – 560 c. 
12. Абаишвили В.В. Динамическое исследование некоторых меха-

низмов. Издательство Тбилиссского университета. 1981. 

13. Артоболевский И.И. Теория механизмов и машин. М., «Наука», 1988. 

639 с. 

14. Бидерман В.Л. Теория удара. М., 1962. 

15. Бидерман В.Л. Теория механических колебаний. М., 1980. 

16. Дубовский С., Гарднер. Расчет и анализ многозвенных механизмов с 

упругими звеньями и несколькими зазорами в соединениях. Труды 

американского общества инженеров и механиков, №1, 1987.  

17. Кобринский А.Е., Кобринский А.А. Виброударные системы. М., 

1973.  

18. Кильчевский Н.А. Теория соударений твердых тел. Изд-во «Наукова 

думка», Киев, 1969. 



 128 

19. Луканин В.И., Гаврилин В.В. К анализу ударных явлений в 

шатунном подширнике. Изд-во «Машиностроение». № 7. 

20. Сергеев В.И., Юдин К.М. Исследование динамика плоских 

механизмов с зазорами. М., Изд-во «Нвука», 1974, 111 с. 

21. Фролов К.В. и др. Теория механизмов и машин. М., «Высшая 

школа», 1987. 496 с.  

22. Davitashvili N.S., Folmer Y. Analise kinematicher parameter 

vielgliedxiger einmaschiger spharischer und ebener Koppelgetriebe. 

“Maschinenbartechnik”, n. 1, 1981. 

23. Davitashvili N.S. Designing fine-link hinged mechanisms teking into 

account the angle drive. Mechanism and Maschine Mheory. Vol. 18, n. 6, 

1983. 

24. Sieker K.H. Über Toleranzen bei Getrieben VDI, Getziebetechnik, 1953. 

25. Kraner R. Das fünfgliedzige Zweikurbelgetriebe und sein Antrieb. 

Maschinenbautechnik, 14. 1965. 

26. Kuba G. Druckwechsel und Stösse an Kolbenmaschinen mit 

Actubkurbelgetziebe, Wein, 1931. 210 c. 

27. Reuleanx F. Theoretische Kinematik. Braunschweig. 1975. Bd. 1. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 129 

Sinaarsi 

 

Sesavali .....................................................................................................................   3 
Tavi 1. kombinatorikis, albaTobis Teoriisa 

         da maTematikuri statistikis  

  elementebi  
1.1. kombinatorikis elementebi ................................................   7 
1.2. albaTobis Teoriis elementebi ...................................   8 
1.3. diskretuli SemTxveviTi sidideebis  
    maTematikuri lodini .............................................................   11 
1.4. saSualo kvadratuli gadaxra ......................................   12 
1.5. uwyveti tipis SemTxveviTi sididis  
   ganawilebis funqcia da simkvrive .......................     12 
1.6. uwyveti SemTxveviTi sidideebis ganawileba ...   13 
1.7. normaluri ganawileba ...........................................................   14 
1.8. uxeSi Secdomebis gamoricxvis meTodebi ............   16 
1.9. saSualo mniSvnelobebi, maTi gamoTvlis 
    meTodebi ...............................................................................................   17 
1.10. saSualoebis gamoTvla .........................................................  18 
1.11. gasazomi sididis namdvili mniSvnelobis  
    Sefaseba .................................................................................................   19 
1.12. dakvirvebaTa Sedegebis statistikuri  
    Sefaseba .................................................................................................   20 
1.13. maTematikuri lodinis ndobis intervalis  
    gamoTvla ..............................................................................................   24 
1.14. SerCevis aucilebeli moculobis gansazRvra.  25 
1.15. korelaciis koeficienti ....................................................   26 
1.16. ranguli korelacia .................................................................  27 
Tavi II. teqnologiuri sistemebis eqsperimentuli 

        kvlevis sakiTxebi  
2.1. teqnologiuri sistemebis eqsperimentuli  
    kvlevis ZiriTadi cnebebi da amocanebi .............   29 
2.2. eqsperimentis dagegmvis ZiriTadi amocanebi ...   32 
2.3. xis masalis damuSavebaSi gamoyenebuli maTema- 
   tikuri modelebis ZiriTadi saxeebi .......................... 33 
2.4. empiriuli formulebis parametrebis moZebna 
    umcires kvadratTa meTodiT ..........................................   36 



 130 

2.5. mravalwevris parametrebis gamoTvla ...................     38 
2.6. monacemebis aRebis intervali da pasiuri 
    eqsperimentis xangrZlivoba ............................................     41 
2.7. sruli da wiladuri faqtoruli gegmebi .........     42 
2.8. wrfivi modelis sigrZis koeficientebis 
    gamoTvla 2k

 sruli faqtoruli gegmis  

       Sedegebis mixedviT .....................................................................     44 
2.9. wiladuri faqtoruli gegmebi .......................................     47 
2.10. II rigis eqsperimentuli gegmebis gamoyeneba....   48 
              
Tavi III. samrewvelo sawarmoebis Carxebisa  

   da mowyobilobebis maTematikuri  
         modelis Sedgena  
 3.1. CarCoxerxis Wris meqanizmis moZraobis 
    maTematikuri modelis Sedgena ....................................     52 
 3.2.CarCoxerxis Wris meqanizmis moZraobis 
    maTematikuri modelis Sedgena eleqtro Zravas 
    maxasiaTeblebis gaTvaliswinebiT .............................     57 
 3.3. torsuli safrezavi Carxis maTematikuri 
    modelis Sedgena .................................................................     65 
 3.4. saxarato Carxis amZravis maTematikuri  
    modeli .................................................................................................     75 
 3.5. mrgvalxerxa Carxis Wris meqanizmis 
    maTematikuri modeli ...........................................................   79 
 3.6. xerxis diskos rxevebi..........................................................     83 
 3.7. CasatvirTi mowyobilobis mimwodi 
    meqanizmis maTematikuri modeli ..............................    87 
 
Tavi IV. CarCoxerxis Wris meqanizmis dinamikuri 

         kvleva kinematikur wyvilSi RreCosa da 

         dartymebis gaTvaliswinebiT .................................     95 

4.1. CarCoxerxis Wris meqanizmis dinamikuri kvleva 
   kinematikur wyvilSi RreCos gaTvaliswinebiT     95 

4.2. CarCoxerxis Wris meqanizmis dinamikuri kvleva 
    kinematikur wyvilSi RreCoebisa da dartymebis 
    gaTvaliswinebiT ..........................................................................    110 



 131 

4.3. kinetikuri energiis cvlileba CarCoxerxis 
   Wris meqanizmis RreCoian kinematikur wyvilSi 
   dartymebis gaTvaliswinebiT ........................................................   116 

danarTi 1 .......................................................................................................   124 
danarTi 2 ................................................................................................  125 
literatura ...........................................................................................  126 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sarCevi 

 

IV Tavi. CarCoxerxis Wris meqanizmis dinamikuri 

         kvleva kinematikur wyvilSi RreCosa da 

         dartymebis gaTvaliswinebiT ................................. 96 

4.1. CarCoxerxis Wris meqanizmis dinamikuri kvleva 
   kinematikur wyvilSi RreCos gaTvaliswinebiT ....... 96 

4.2. CarCoxerxis Wris meqanizmis dinamikuri kvleva 
    kinematikur wyvilSi RreCoebisa da dartymebis 
    gaTvaliswinebiT .................................................................................... 111 



 132 

4.3. kinetikuri energiis cvlileba CarCoxerxis 
   Wris meqanizmis RreCoian kinematikur wyvilSi 
   dartymebis gaTvaliswinebiT ........................................................ 117 

literatura ........................................................................................................... 125 

 


