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ganxilulia dinamikuri procesebi samTo warmoebis 
sxvadasxva daniSnulebis manqanebSi, teqnologiur da 
samTo eleqtromeqanikur sistemebSi.  

dinamikuri modelebis umetesoba  ganzogadebuli xa-
siaTisaa, rac iZleva maTi sxva meqanikur sistemebSi gamo-
yenebis SesaZleblobasac. warmodgenilia calkeuli teq-
nologiuri da dinamikuri procesebis  cifruli eqspe-
rimentebis Sedegebi.   

umTavresad gamoyenebulia sistemuri midgoma, rac 
zrdis dinamikuri modelebis da maTematikuri gamosaxu-
lebebis realur saeqsploatacio pirobebTan identuro-
bis xarisxs. 
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winasityvaoba 
 

Tanamedrove manqanaTmSeneblobis ganviTare-
bis procesi xasiaTdeba manqana - danadgarebis 
moZravi nawilebis siCqareebis, amZravebis sim-
Zlavreebis, detalebze da kvanZebze datvir-
Tvebis ganuwyveteli zrdiT da simtkicis, saime-
doobisa da xangamZleobis erTdrouli uzrun-
velyofis moTxovniT. 

kvlevis da gaangariSebis statikuri meTo-
debi iTvaliswineben simtkicis maragis koe-
ficientis gazrdil mniSvnelobas, rac Tavis 
mxriv zrdis manqanis nawilebis wonas da 
gabaritebs, iwvevs didi liTonSemcveli 
(araekonomiuri) manqana-danadgarebis Seqmnas, 
zRudavs moZravi nawilebis siCqareebis gazrdis 
SesaZleblobas.  

detalebis simtkiceze, maqsimaluri Zalis da 
daRlilobiT   xangamZleobaze    gaangariSebi- 
sas datvirTvebis  SerCeva   dafuZnebuli   
unda iyos konkretul manqanaSi eqsploataciis 
pirobebSi mimdinare dinamikuri procesebis 
kvlevaze. 

manqanaTmSeneblobaSi dinamikur datvir-
Tvebze gaangariSebis Teoriul safuZvels 
meqanikuri rxevebis Teoria warmoadgens, 
romelic sTavazobs mkvlevarebs Tanabrad 
misaReb zogad meTodebs sruliad gansxvavebuli 
manqana-danadgarebisaTvis, amasTan aseTi 
ganzogadebuli midgoma SesaZlebelia gan-
saxilveli manqanebis sqemebis arsebiTi gamarti-
vebiT. 
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realuri manqanidan eqvivalentur modelze 
gadasvla, rac manqanebis  gamoyenebiTi dina-
mikis sagans Seadgens, umravles SemTxvevaSi 
mniSvnelovan siZneles warmoadgens damwyebi 
mkvleva rebisa da inJinrebisaTvis. amisaTvis 
Seqmnilia manqanaTa dinamikis gamoyenebiTi 
kursebi,   sadac   dinamikuri   kvlevis   meTo- 
debi axsnilia konkre-tuli manqanebis magali-
Tebze. 

Tanamedrove teqnikaSi gamoyenebuli manqane-
bis da maTTan dakavSirebuli dinamikis amocane-
bis mravalferovneba warmoSobs maTi sistemati-
zaciis aucileblobas. 

warmodgenili wigni miznad isaxavs samTo 
warmoebaSi arsebuli zogierTi satransporto-
teqnologiuri manqanebisa da eleqtromeqanikuri 
sistemebis dinamikis amocanebis sistematizacias 
maTi tipiuri saeqsploatacio reJimebis mixed-
viT. 

wignSi dinamikuri amocanebis umravlesoba 
warmodgenilia da dayvanilia praqtikuli gamo-

yenebis doneze. AamasTan, analizur meTodebTan 
erTad mocemulia eleqtronul-gamomTvlel 
manqanebze modelirebis, amoxsnisa da kvlevis 
zogadi meTodika. 

Mmokled aris warmodgenili saimedoobis, 
diagnostikis da optimizaciis sakiTxebi manqa-

naTmSeneblobaSi da kerZod samTo manqanebSi. 
wigni teqnikuri umaRlesi saswavleblebis 

studentebs, magistrantebs da doqtorantebs 
gauadvilebs manqanebSi dinamikuri procesebis 
Seswavlas da  kvlevas  analizisa  da  modeli- 
rebis   meTodebiT.  
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   igi sasargeblo iqneba agreTve teqnikuri 
dargis specialistebisTvis. 
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Sesavali 
 

1. dinamikuri procesebis mniSvneloba 
manqanebSi. 

 
manqana-danadgarebis moZravi nawilebis 

siCqareebis zrdasTan erTad ganuwyvetliv 
izrdeba dinamikuri gaangariSebebis roli 
Tanamedrove manqanaTmSeneblobaSi. amasTan 
dakavSirebiT aseve dgeba dinamikuri gaangari-

Sebebis aucilebloba, rodesac manqana gani-

xileba kompleqsurad, erTiani eleqtrome-

qanikuri sistemis saxiT. masze moqmedi gareSe 
Zalebi ganisazRvrebian ara marto muSa 
organoze mosuli winaaRmdegobebiT, agreTve 
amZravi Zalebisa da momentebis, rogorc droisa 
da siCqaris funqciebis, cvlilebis kanonebiT. 

imis gamo, rom manqanebis drekadi sistemebis 
deformaciebi gacilebiT mcirea muSa organos 
gadaadgilebasTan SedarebiT, gaangariSebebis 
dros transmisias Rebulobdnen rogorc 
absoluturad xists da miaCndaT rom SesaZ-

lebelia deformaciebis ugulebelyofa manqanis 
muSaobis analizisas mTlianobaSi. manqanebis 
siCqareebis zrdam da muSa organoebze 
statikuri winaaRmdegobebis arastabilurobam 
gamoiwvia manqanis drekad sistemebSi rxeviTi 
procesebis aRmoceneba, romelTa ugulebelyofa 
SeuZlebeli gaxda. amasTan gamovlinda, rom 
drekadi sistemebis mcire deformaciebsac ki, 
romlebic gamowveuli iyo Tavisufali an 
iZulebiTi da miT umetes rezonansuli 
rxevebiT, SeuZliaT gamoiwvion statikurTan 
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Tanazomvadi, da rig SemTxvevebSi gacilebiT 
didi Zabvebis aRmoceneba. 

manqanebi saWiroa Seswavlil iqnan rogorc 
erTiani  eleqtromeqanikuri sistemebi, amasTan                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
dinamikur modelSi gaTvaliswinebul unda iqnas 
Semdegi  faqtorebi:  
  - winaaRmdegobis Zalebi muSa organoze, rom-
lebic rig SemTxvevaSi arastabiluria da 
icvlebian mniSvnelovan zRvrebSi (magaliTad, 
sasargeblo wiaRiseulis mompovebel manqanebSi); 

   - Sualeduri elementebis (zambarebis, Rveduri 
gadacemebis, drekadi quroebis da a.S.) Tvisebebi; 
  - manqanis transmisiis  elementebis  (lilvebi, 
kbilana borblebi) drekadi maxasiaTeblebi. 

manqanaTa dinamikis amocanaa manqanis moZrao-
bis procesis gamokvleva da im amosavali mona-
cemebis gansazRvra, romlebic saWiroa manqanis 
Semdgomi gaangariSebisaTvis simtkiceze, mwar-
moeblobaze, xangamZleobaze da amZravis sim-
Zlavreze. 

 

2. masebi da maTi ganawileba manqanis 
transmisiaSi. 

 
manqanis naxazisa da kinematikuri sqemis 

mixedviT Znelia transmisiaSi masebisa da 
sixisteebis ganawilebis Sesaxeb msjeloba. 
transmisiis Semadgeneli nawilebi moZraoben 
sxvadasxav siCqareebiT, gadascemen sxvadasxva 
grexviT momentebs, maTi kveTis sixisteebi da 
Sesabamisad mobrunebis kuTxeebi ar arian 
erTnairi. 

amasTan dakavSirebiT, moZraobis gantolebe- 
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bis Sedgenis win manqanis transmisias warmo-
adgenen pirobiTi meqanikuri sqemis saxiT; igi 
eqvivalenturi unda iyos realuri transmisiis 
da sworad asaxavdes mis dinamikur maxa-
siaTeblebs. dayvanili saangariSo sqemis Sedge-
na manqanebis gamoyenebiTi dinamikis amocanebis 
amoxsnis umniSvnelovanesi etapia. am etapze 
daSvebuli Secdoma eWvqveS ayenebs amocanis 
amoxsnisa da kvlevis Sedegebs. 

dayvanili eqvivalenturi sqemis sworad 
Sedgenis mniSvnelovan pirobas warmoadgens 
manqanis transmisiis ZiriTadi dinamikuri maxa-
siaTeblebis – sixisteebis da masebis gaTvalis-
wineba da maTi ganawileba. 

transmisiis (meqanikuri sistemis) dayvanil 
sixistes uwodeben mgrexav moments an Zalas, 
romelic aucilebelia movdoT transmisiis 
romelime gansazRvrul kveTs (dayvanis centrs), 
raTa movabrunoT igi 1 radianiT, an 
gadavaadgiloT 1  sm-ze mocemuli ubnis 
deformaciis xarjze. ubnis dayvanili sixiste 
SeiZleba gamoiTvalos, Tu cnobilia am ubnis 
absoluturi sixiste da manqanis kinematikis 
monacemebi. davuSvaT, magaliTad, transmisiis 

raRac ubans aqvs sixiste cub  da ganicdis 

grexviT deformacias - ub. aseTi ubnis 
deformaciis potencialuri energia ganisazRvr-
eba formuliT 

U=cub  

ub/2. 

 
dayvanil drekad elements unda hqondes aseTive 
potencialuri energia, e.i. 

U=cday  

day/2, 
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sadac  cday –  ubnis  dayvanili  sixiste;  day  – 

mocemuli ubnis ub kuTxiT grexvis Sedegad 
gamowveuli dayvanis centris mobrunebis kuTxe. 
   MmiRebuli gamosaxulebebis gatolebiT 
vpoulobT 

cday = cub(ub/day)2 = cub /i2, 

 

sadac i aris dayvanis centrsa da gamoyofil 
ubans Soris gadacemis ricxvi. 
   TanmimdevrobiT SeerTebuli drekadi 
elementebisTvis,  calkeuli ubnebis dayvanili 
sixisteebis cnobili formuliT gamoTvliT 
SeiZleba vipovnoT mTeli transmisiis dayvanili 
sixiste Semsrulebeli organodan eleqtroZra-
vis rotoramde 
  

               



n

i icc 11

11
,           (a) 

 

sadac c1 – transmisiis dayvanili sixiste;  ci - i-

ri ubnis dayvanili sixiste; n – gamoyofili 
ubnebis raodenoba. 

manqanebSi dinamikuri procesebis ganviTare-
baze did gavlenas axdenen masebis sidideebi da 
maTi ganawileba transmisiaSi, amZravSi, Semsru-
lebel organoSi. maTze aris damokidebuli 
manqanis kvanZebis inerciuloba. amasTan dakavSi-
rebiT, dinamikuri sqemis Sedgenisas aucilebe-
lia masebis ganawilebis gulmodgined Seswavla 
da maTi sidideebis dadgena. 

dinamikis TvalsazrisiT, ama Tu im masis 
mniSvneloba   ganisazRvreba   misi  kinetikuri 
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energiis sididiT. 

transmisiaSi masebis ganawilebis dasaxasi-
aTeblad iyeneben kvanZis dayvanili masis 
mcnebas. Aam terminiT aRniSnaven masis (an 
inerciis momentis) sidides, romelic saWiroa 
ganvalagoT dayvanis centrSi, raTa miviRoT 
mocemuli masis kinetikuri energiis toli 
kinetikuri energia im daSvebiT, rom transmisia 
aris absoluturad xisti. 

davuSvaT, magaliTad, rom det kuTxuri 
siCqariT mbrunav detals aqvs Jdet inerciis 

momenti, xolo dayvanis rgoli brunavs day 

siCqariT. Ddetalis masisa da dayvanili masis 
kinetikuri energiebis gatolebiT miviRebT 

 

Jdet

det /2 = Jday

day /2,  
 

saidanac ganisazRvreba  Jday      
          

Jday = Jdet(det/day)2 = Jdet / i2. 

 

analogiurad daiyvanebian sworxazovnad 
moZravi detalebis masebic. am SemTxvevaSi 

 

mdet(vdet)
2 / 2 = mday (vday)2  / 2  ,  

 
sadac  mdet  da vdet  Sesabamisad, sworxazovnad 
moZravi detalis masa da siCqarea. aqedan 
vRebulobT  

          

mday = mdet(vdet /vday)2. 
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transmisiis yvela ubnebis, Zravisa da 
Semsrulebeli organos inerciis dayvanili 
momentebis jami gansazRvravs manqanis jamur 
dayvanil inerciis moments, romelic formiT 
Seesabameba dayvanili sixistis gamosaxulebas 
(a). analogiurad ganisazRvreba jamuri dayvani-
li masa. 
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Tavi 1 
 

rxevebis gamoyenebiTi Teoriis 
elementebi 

 
rxevebi warmoadgenen moZraobis erT-erT 

yvelaze gavrcelebul saxeobas. rxeviTi 
moZraobis Tvisebebis Seswavla aucilebelia 
mravali fizikuri da meqanikuri movlenebis 
asaxsnelad, magram gansakuTrebiT didia maTi 
roli sainJinro saqmeSi. Mmanqanebis, satrans-
porto saSualebebis, xelsawyoebis da meqaniz-
mebis moZraobas yovelTvis Tan sdevs rxevebi, 
anu rogorc kidev uwodeben, vibraciebi. 

dasaSvebi normebis zeviT rxevebis inten-
siurobis zrda qmnis katastrofis saSiSroebas; 
rxevebis Teoriis amocanebSi da teqnikur 
mecnierebebSi,  maT  mravalferovan  danarTebSi  

       Sedis am saSiSi  movlenebis mizezebis 
Cveneba (  magaliTad,   rezonansisa  )         
maTTan  brZolis gzebi da meTodebi. 
  rxevebs warmatebiT iyeneben agreTve 
rogorc sasargeblo process,  maga-
liTad  vibraciul   manqanebSi:  kon-
veierebSi, samsxvrevelebSi,  gamam-
kvriveblebSi,  madnis  gamamdidrebel  
cxavebSi,  dozatorebSi da a.S. 
  ganvixiloT rxevebis zogierTi saxe-
ebi. 

 
nax. 1.1 
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1.1. Tavisufali harmoniuli rxevebi  
 

   umartives   SemTxvevaSi   rxeviTi   sistemis   
moZraoba SeiZleba  warmovadginoT  erTi  
koordinatis  saxiT;  aseT moZraobas uwodeben 
rxevebs erTi Tavisuflebis xarisxiT. 
   ganvixiloT SemTxveva, roca W  wonis (anu 
W/g  masis) tvirTi SeerTebulia wrfivi 
xraxnuli zambariT sayrdenTan (nax. 1.1). Tu 
CavTvliT, rom SesaZlebelia W tvirTis 
mxolod vertikaluri gadadgileba, xolo 
zambaris masa mcirea tvirTis masasTan 
SedarebiT, maSin aseTi sistema SeiZleba 
ganvixiloT rogorc erTi Tavisuflebis 
xarisxis mqone. 
   sistemis konfiguracia mTlianad ganisaz-
Rvreba tvirTis x  gadaadgilebiT wonasworobis 
mdgomareobidan. rogorc ki tvirTi miemagreba 
zambaras igi Rebulobs statikur gadaad-
gilebas 

k

W
st ,   

sadac k aris Zala, romelic iwvevs zambaris 
dagrZelebs erTeuliT da mas uwodeben 
zambaris sixistes. Tu wonas gavzomavT 
niutonebSi (n) xolo dagrZelebas metrebSi (m), 
maSin sixistis erTeuli iqneba n/m.  xraxnuli 
cilindruli zambarisaTvis mWidrod daxveuli 
n xviiT, D saSualo diametriT da mavTulis d 
diametriT zambaris  sixiste ganisazRvreba 
formuliT  

 
34 8/ nDGdk  , 
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sadac G mavTulis masalis Zvris drekadobis 
modulia. 

Tu tvirTs gamoviyvanT wonasworobis mdgoma-
reobidan da Semdeg gavuSvebT, aRiZvreba 
rxevebi. rxevebs, romlebic SenarCundebian 
mxolod zambaris drekadi ZalebiT, uwodeben 
Tavisufal an sakuTar rxevebs.  

Tu dadebiT mimarTulebad miviRebT x  

gadaadgilebas qveviT vertikalurad,  maSin 
zambaraSi aRZruli Zala iqneba W+kx. Tu 

tvirTis masaa W/g da aCqarebas  d2x/dt2  avRniSnavT  
..

x  -iT, maSin niutonis meore kanonis Tanaxmad 
SeiZleba miviRoT moZraobis gantoleba 

 

).()/(
..

kxWWxgW   
 
Tu SemovitanT aRniSvnas 
 

           
st

//2 gWkgp              (1.0) 
 

GmiviRebT: 
 

                02
..

 xpx .              (1.1) 
 
Aam gantolebis amonaxsni SeiZleba iyos  

ptcx cos1  an ptcx sin2 , sadac c1 da  c2  

nebismieri mudmivbia, p – sakuTari rxevis 
sixSire. Aam kerZo amonaxsnebis jami mogvcems 
zogad amonaxsns: 
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    ptcptcx sincos 21  .               (1.2) 

 
cxadia, rom W  tvirTis vertikalur moZraobas 
aqvs rxeviTi xasiaTi, radgan cospt da sinpt  
funqciebi periodulia da Rebuloben erTi da 
igive mniSvnelobebs τ drois intervaliT, e.i.  
 

p(τ+t) - pt=2π, 
 

saidanac rxevis periodi   
 

τ=2 π/p. 

 
 (1.0)-is gaTvaliswinebiT miviRebT  
 

gkgW /2/2 st  .         (1.3) 

 
winsvla-ukusvliTi moZraobebis raodenobas 

drois erTeulSi (e.i. ciklebis raodenobas 
wamSi) uwodeben rxevis sixSires. Tu avRniSnavT 
sixSires f,  maSin  

f=1/ τ=p/2 π= st


/
2

1
/

2

1
gWkg  . 

 
rxeviT moZraobas, romelic aRiwereba 

gantoleba (1.1)-iT ewodeba martivi harmoniuli 
moZraoba. 

c1   da c2  mudmivebis gansazRvrisaTvis saWiroa 
ganvixiloT sawyisi pirobebi. davuSvaT, rom 
moZraobis sawyis momentSi (t = 0) W  tvirTs aqvs 
x0 gadaadgileba wonasworobis mdgomareobidan, 
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xolo sawyisi siCqare tolia 0

.

x ;  t = 0 
momentisTvis (1.2) gantoleba miiRebs  saxes  

pt
p

x
ptxx sincos

0

.

0  .             (1.4) 

 
rogorc gamosaxuleba (1.4) - dan Cans, am 

SemTxvevaSi rxeva Sedgeba ori nawilisagan: 
pirveli proporciulia E cospt – si da 

damokidebulia sawyisi gadaadgilebisagan, 
xolo me-2 proporciulia  sinpt -si da damokide- 

                                      

 
 

nax.1.2 
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bulia sawyisi siCqarisagan. TiToeuli maTganis 
grafikuli gamosaxuleba naCvenebia nax. 1.2 a,b-ze. 
tvirTis sruli gadaadgileba x  miiReba pirveli 
ori mrudis  ordinatebis SejamebiT (nax. 1.2g).   
mudmivi koeficientebi c1   da c2    SeiZleba meore-
nairadac warmovadginoT c1=Asinα0,  c2 =Acosα0   da 
amonaxsni (1.4) miiRebs saxes   

 
,cossinsincos 00 ptAptAx   anu   

).sin( 0 ptAx   (1.5) 

 
Tu CavsvamT (1.5)-Si da siCqaris 

gamosaxulebaSi )cos( 0

.

 ptApx mniS- 

vnelobebs:  t=0, x = x0, 
.

x 0

.

x , miviRebT 
A da α-s gansazRvrisaTvis                                    
gantolebebs   

x0=Asin α0,  0

.

x =AAp cosα0,        sadac 

A= ;
)(
2

2
0

.

2

0

2

2

2

1
p

x
xcc  0

.

00 / xkxtg  . 

ganvixiloT magaliTi.  
  M masis tvirTi Camokidebulia 

zambaraze, romlis masac SeiZleba       
ugulebelvyoT.  rxeviTi  moZraobis  
tvirTze  moqmedebs ori Zala: 
simZimis  Zala Mg   da zambaris mier   

            Seqmnili    drekadobis   Zala    F.  

   nax.1.3          saWiroa    SevadginoT    moZraobis  
            diferencialuri gantoleba. 
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movniSnoT nax. 1.3-ze sami mdgomareoba: O1 –

zambaris qveda  bolo  aradeformirebad   
mdgomareobaSi  (lo  -  zambaris  sigrZe aradefor- 
mirebad  mdgomareobaSi), O  -  zambaraze     
dakidebuli tvirTis wonasworobis mdgoma-
reoba, M-tvirTis mdgomareoba misi moZraobisas. 
avRniSnoT O1O   st-iT (zambaris statikuri 

deformacia); mivmarToT  x  RerZi vertikalurad 
qveviT da avirCioT aTvlis dasawyisad tvirTis 

wonasworobis mdgomareoba (O wertili). 
hukis  kanonis Tanaxmad, SedarebiT  mcire 

gadaadgilebebisas  drekadobis Zalis moduli 
zambaris deformaciis proporciulia. Cven 

SemTxvevaSi zambaris deformacia tolia st + x, 

amitom  F = c(st + x), sadac c proporciulobis, 
anu zambaris sixistis koeficientia.   
  cxadia, rom sixistis koeficienti ricxob-
rivad  im Zalis tolia, romelic unda movdoT 
zambaris boloze misi deformaciisaTvis 
sigrZis erTeulze. F Zalis gegmili x  RerZze 
tolia  c(st + x). tvirTis moZraobis diferen-
cialur gantolebas eqneba saxe: 

(
..

cMgxM  st + x), 

 
Tu tvirTi imyofeba wonasworobis mdgomare-

obaSi, maSin  simZimis  Zala Mg wonaswordeba 
drekadobis ZaliT, romelic wonasworobis 

dros tolia cst (radgan am dros x=0), 
Sesabamisad,  

cMg  st; 
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amis gaTvaliswinebiT moZraobis diferencialu-
ri gantoleba miiRebs saxes: 
 

                     cxxM 
..

   

anu                  02
..

 xpx  
 

sadac  p2 = c/M.  miRebuli diferencialuri 
gantoleba Tanxvdeba gantoleba (1.1)-s, amitom 
zambaraze dakidebuli tvirTi asrulebs 
harmoniul rxevas p sixSiriT. 
   moZraobis diferencialuri gantolebis gamo-
saxulebis sirTule damokidebulia koordi-
natTa saTavis arCevaze. magaliTad, Tu koordi-

natTa saTaved arCeulia O1 wertili, maSin Fx= - 

cx  da tvirTis moZraobis gantoleba miiRebs 
saxes 

cxmgxM 
..

,    anu     gxpx  2
..

. 
 

Tu koordinatTa saTaves aviRebT zambaris 

uZrav boloSi A, maSin Fx= - c(x-l0) da moZraobis 
diferencialuri gantoleba iqneba   

)( 0

..

lxcMgxM  ,  

 
romelic gamartivebis Semdeg miiRebs saxes 

0

22
..

lpgxpx  . 

 
amrigad, aTvlis dasawyisis racionaluri 

arCeviT SeiZleba gamartivdes moZraobis dife-
rencialuri gantolebis forma da Sesabamisad 
misi amoxsna. 



 20 

H1. 2. harmoniuli ZaliT gamowveuli 
iZulebiTi rxevebi 

 
ganvixiloT SemTxveva, rodesac aRmdgen  

(drekad) ZalasTan erTad materialur wertilze 
moqmedebs agreTve harmoniuli kanoniT cvladi 
aRmgznebi Zala 

 
F(t) = Hsin(ωt + ), 

 

sadac H aris amplituda, ω- sixSire,  -aRmgznebi 
Zalis sawyisi faza. moZraobis diferencialur 
gantolebas eqneba saxe 
   

),sin(
..

  tHkxxM  
 

Aan, Tu gavyofT orive mxares M-ze, miviRebT 
 

                 ),sin(2
..

  thxpx         (1.6)    
                                  

sadac Mkp /  - Tavisufali rxevis sixSire, 
h=H/M. 

    diferencialuri gantolebis (1.6) saerTo 
amonaxsni   warmoadgens  ori  amonaxsnis  jams  
 x = x1 + x2 , romelTagan x1   erTgvarovani, anu 
Tavisufali rxevis gantolebis (1.1) amonaxsnia, 
xolo x2 - gantolebis (1.6) kerZo amonaxsni. 
Sesabamisad,  

 

ptcptcx sincos 211  , 
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xolo kerZo amonaxsns veZebT Semdegi saxiT 
 

        )sin(2   tax ;              (1.7) 
 
x2 –is CasmiT (1.6)-Si miviRebT damokidebulebas 
 

a ( p2  -  ω2)  =  h , 
 
saidanac, roca p  ω, vpoulobT 
 

              
22 


p

h
a ;                    (1.8) 

 
Sesabamisad, saerTo amonaxsns eqneba saxe 
 

  )sin(sincos
2221 





 t

p

h
ptcptcx .  (1.9) 

 
Aam gantolebis marjvena nawili warmoadgens 
Tavisufali (p sixSiriT) da iZulebiTi (ω 
sixSiriT) rxevebis jams. 

  Tu p  ω, maSin a  0 da (1.7)-is Tanaxmad 
iZulebiT rxevebs aqvT igive faza, rac aRmgzneb 

Zalas; Tu ki  p ω, maSin a   0  da (1.8) 
formulidan da (1.9) –is gaTvaliswinebiT, 
iZulebiTi rxevebisaTvis miviRebT 




 )sin(
222 


pt

p

h
x )sin(

22






pt

p

h
. 

 

amrigad, roca  p ω  iZulebiTi rxevebi 
daZrulia π faziT aRmgznebi Zalis mimarT. 
unda aRiniSnos, rom (1.7) formulis mixedviT 
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iZulebiTi rxevis amplituda ar aris 
damokidebuli moZraobis sawyisi pirobebisagan. 
   rogorc SemdgomSi gamoCndeba, winaaRmde-
gobis Zalebi, romlebic wina msjelobebSi ar 
iyo gaTvaliswinebuli, aqroben Tavisufal 
rxevebs da TiTqmis ar cvlian iZulebiTi rxevis 
amplitudas, Tu ω  mniSvnelovnad gansxvavdeba 
p –gan; amitom am pirobebSi, wertilis 
moZraobis gansazRvrisaTvis garkveuli drois 
gavlis Semdgom ASeiZleba SemovisazRvroT 
mxolod iZulebiTi rxevebiT da SevinarCunoT 
(1.9) gantolebaSi mxolod bolo Sesakrebi. 
   moZraobis sawyis da damyarebul reJimebSi 
gardamavali moZraobebis SeswavlisaTvis 
aucilebelia saerTo amonaxsnis (1.9) sruli 
ganxilva; amisaTvis xelaxlad ganvixiloT 

sawyisi pirobebi: roca t=0,  0xx   da 0

..

xx   da 
CavsvaT isini (1.6) gantolebis me-2 amonaxsnSi 
(1.9) da siCqaris gamosaxulebaSi, romelic 
miiReba am amonaxsnis diferencirebiT 
 

)cos(cossin
2221

.








 t

p

h
ptpcptpcx , 

 
aRniSnuli procedurebis Sedegad da sawyisi 
pirobebidan miiReba c1 da c2 mniSvnelobebi   

 

        ,sin
2201 




p

h
xc  

      


cos
)( 22

0

.

2



pp

h

p

x
c  
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Dda gantoleba (1.9) miiRebs saboloo saxes 
 

).sin()sincoscos(sin

sincos

22

22

0

.

0321





















t
p

h
pt

p
pt

p

h
pt

p

x
ptxxxxx

 (1.10) 

 
(1.10) tolobiT warmodgenili moZraoba SeiZleba 
ganvixiloT, rogorc Semdegi Sesakrebebis jami: 
1) wertilis Tavisufali rxevebi, romlbic 
aRmocendebian aRmgznebi Zalis moqmedebis 
gareSe, Tu sistemas gamoviyvanT wonasworo-
bidan 

pt
p

x
ptxx sincos

0

.

01   

 
2) aRmgznebi Zalis mier gamowveuli rxevebi 
sakuTari sixSiriT 
 

)sincoscos(sin
222 pt

p
pt

p

h
x 








  

 
3) AaRmgznebi Zalis sixSiresTan Tanxvedrili 
iZulebiTi rxevebi 
 

).sin(
223 





 t

p

h
x  

 
Tu aRmgznebi Zalis sixSire ω  sididiT 

Tanxvdeba sakuTari rxevis sixSires  p  aRmo-
cendeba rezonansuli rxeva. rezonansis dros 
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aRmgznebi Zala moqmedebs “taqtSi” sakuTar 
rxevebTan, rac iwvevs  wertilis gansakuTrebiT 
intensiur gaqanebas. rezonansis dros rxevebi 
izrdeba, raSic SeiZleba davrwmundeT 
Semdegnairad:  mivuaxlovoT  ω  - s  mniSvneloba  
 p-s    (1.10) tolobaSi; amasTan ori bolo rxe-
vis Sejameba, rodesac   ω = p  warmoadgens  0/0 
saxis ganusazRvrelobas. 

Tu gavxsniT am ganusazRvrelobas cnobili 
wesiT (SevcvliT mricxvels da mniSvnels maTi 
p –Ti warmoebulebiT), miviRebT 

 

)]cos(sin[cos
2

2

)cos(sincos)/1(
][

2

32































ptptpt
p

h

ttptp
hxx

p

p

 

 

amrigad, rezonansis SemTxvevaSi (ω = p), 

wertilis moZraoba ganisazRvreba gantolebiT  
  

 

)],cos(

sin[(cos
2

sincos
2

0

.

0









ptpt

pt
p

h
pt

p

x
ptxx

   (1.11) 

 
romelic Seicavs rezonansisTvis damaxasiaTe-
bel rxevis mdgenels 
 

)],cos(
2

 pt
p

ht
 

romelSic t dgas mamravlad kosinusis win. Aam 
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mamravlis wyalobiT materialuri wertilis 

abscisa x, gadava ra dadebiTi mniSvnelobebidan 
uaryofiTSi, ganusazRvrelad iwyebs zrdas.  

kerZo SemTxvevaSi, roca 0,0,0 0

.

0  xx  rezo-

nansuli rxevis grafiki naCvenebia nax 1. 4- ze 

 
Nnax. 1.4 

 
rezonansis movlena zrdadi amlitudis 

Tanmxlebi rxevebiT SeiZleba konstruqciis 
rRvevis mizezi gaxdes an Seqmnas masSi saSiSi 
Zabvebi; amitom mniSvnelovan amocanas warmoad-
gens rezonansis aRmocenebis SesaZleblobis 
Tavidan acileba; amisaTvis aRmgznebi Zalebis 
sixSireebi SeZlebisdagvarad Sors unda iyvnen 
sakuTari rxevebis sixSireebisagan. 

warmovadginoT aRmgznebi Zalis rxevebis (1.8) 
amplituda  

22 


p

h
a , 

 
rogorc ori Tanamamravlis namravli 

 

                 
22

)/(1 p

h

p

h
a


 .         (1.12) 
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SevniSnoT, rom pirveli mamravli warmoadgens 
wertilis statikur gadaadgilebas mudmivi 

Zalis H moqmedebiT. marTlac, 2p
m

c
  da  

cmg /st  gamosaxulebebis mixedviT 

 
2

22 c

H

mp

h

p

h
 .   

 
SemoviRoT  dinamiurobis koeficienti     λ , 

romelic miiReba iZulebiTi rxevis amplitudis 
A SefardebiT im statikur gadaadgilebasTan 

2p

h
, romelic miiReboda  Tu aRmgznebi Zala 

iqneboda  mudmivi sidide H ; z= / p vuwodoT 
rRvevis anu gaSlis koeficienti. axali 
aRniSvnebiT toloba (1.12) miiRebs saxes 

 

               
21

1

z
 .               (1.13) 

 
λ -is  z-ze damokidebulebis grafiki naCvenebia 
nix.5-ze, roca z=0, λ=1,  roca z=1, (rac rezonanss 
Seesabameba), λ = .   
  mxedvelobaSi unda miviRoT, rom aRmgznebi 
Zalis sixSiris areSi, romelic axlosaa 
Tavisufali rxevis sixSiresTan ar SeiZleba 
ganvixiloT rogorc mxolod iZulebiTi rxevebi 
da ugulebelvyoT Tavisufali rxevebi, radgan 
Tavisufali da iZulebiTi rxevebis 
urTierTqmedebisas,  roca  ω  =  p,    aRmocendeba 
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nax. 1.5 
 
moZraoba drois proporciulad zrdadi 
gadaxrebiT. rezonansi warmoadgens moZraobebis 
Sekrebis  (zeddebis) movlenas da ara “iZule-
biT rxevas usazRvrod didi amplitudiT”. 
avRniSnavT kidev, rom  λ 0,  roca z  , e.i.  
Zalian didi sixSiris aRmgznebi Zalis dros 
iZulebiTi rxevebi Zalian mcirea. 
 

1.3. Tavisufali rxevebi blanti 
winaaRmdegobiT 

 
  wina paragrafebSi, Tavisaufali da iZulebiTi  
rxevebis ganxilvisas ar iyo gaTvaliswinebuli 
disipatiuri Zalebis gavlena, rogoricaa maga-
liTad, xaxunis Zalebi an haeris winaaRmdegoba. 
Sedegad miviReT, rom Tavisufali rxevebis 
amplituda rCeba ucvleli droSi; magram 
rogorc eqsperimentebi gviCvenebs, amplituda 
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drois mixedviT mcirdeba da rxevebi Tanda-
TanobiT qrebian. 
   iZulebiTi rxevebis Teoriidan gamomdi-
nareobs, rom rezonansis SemTxvevaSi amplituda 
SeiZleba usazRvrod gaizardos, magram rogorc 
cnobilia, praqtikulad amplitudas dempferebis 
Sedegad yovelTvis aqvs garkveuli sasruli 
mniSvneloba rezonansis drosac ki.  

imisaTvis, rom Catardes rxevis analitikuri 
ganxilva realur porobebTan SesabamisobaSi, 
aucilebelia gaTvaliswinebul iqnas winaaRmde-
gobis Zalebi. Ees Zalebi SeiZleba iyos 
sxvadasxva warmoSobis: xaxuni mSral 
zedapirebs Soris, xaxuni SezeTil zedapirebs 
Soris, haeris an siTxis winaaRmdegoba, 
eleqtruli dempfireba, masalebis arasruli 
drekadobiT ganpirobebuli Sinagani xaxuni da 
a.S. energiis ganbnevis yvela CamoTvlili 
mizezebidan SemTxveva, rodesac winaaRmdegobis 
Zala siCqaris proporciulia warmoadgens 
yvelaze martiv SemTxvevas maTematikuri kvlevis 
TvalsazrisiT. Aamitom ufro rTuli saxis 
winaaRmdegobis Zalebs cvlian eqvivalenturi 
blanti dempfirebiT. eqvivalentur dempfirebas 
sazRvraven im pirobidan, rom erTi ciklis 
ganmavlobaSi moxdes imdenive energiis ganbneva, 
ramdenic moxdeba winaaRmdegobis realuri 
Zalebis moqmedebisas.  

ganvixiloT sistema, romelic Sedgeba masisa 
da zambarisagan dempferiT (nax. 1.6). am 
SemTxvevaSi diferencialur gantolebas aqvs 
saxe 
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...

)( xckxWWx
g

W
       (1.14)   

                
c  warmoadgens dempfirebis koefici-
ents da aqvs erTeul siCqareze 
mosuli ganzomileba. niSani “ – “ 
niSnavs, rom am Zalas yovelTvis aqvs 
siCqaris sawinaaRmdego mimarTuleba. 
Tu gavyofT  orive mxares  W/g -ze da   
SemoviRebT  aRniSvnebs  p2 = kg/W;  2n =  

   nax. 1.6       cg/W,   miviRebT  Tavisufali  rxevis  
            gantolebas blanti winaaRmdegobiT 
 

                 02 2
...

 xpxnx ;          (1.15) 
 
am  gantolebisaTvis  gamoviyenoT  mudmivkoefi- 
cientebiani   wrfivi   diferecnialuri ganto-
lebebis amoxsnis Cveulebrivi meTodi da saZebni 
amoxsnisaTvis SevirCioT Semdegi forma 

 

                             x = C ert                                    (1.16) 
 
sadac e - naturaluri logariTmis fuZe, t –  
dro, r – mudmivi, romelic ganisazRvreba 
pirobidan, rom gamosaxulebam (16) daakmayo-
filos gantoleba (15). (16) – is (15) – Si CasmiT 
miiReba 
 

22 pnnr  . 

jer ganvixiloT SemTxveva, rodesac n2 p2, maSin   
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p1 = p2 – n2  aris dadebiTi sidide da 
gantolebis amonaxsnebi iqneba 
 

r1  =  - n + i p1;   r2  =  - n – i p1; 

 
Tu am amonaxsnebs CavsvamT (1.16)-Si miviRebT 
gantolebis (1.15) or amonaxsns; maTi jami an 
sxvaoba gamravlebuli nebismier mudmivze 
agreTve iqneba amonaxsni. Aam SemTxvevaSi 
gveqneba 
 

;cos)(
2

11
1

1
21 tpeCee

C
x nttrtr      

tpeCee
C

x nttrtr

12
2

2 sin)(
2

21  . 

 
am amonaxsnebis SejamebiT miviRebT gantolebis 
(15) saerTo amonaxsns 
 

     ),sincos( 1211 tpCtpCex nt              (1.17) 

sadac C1 da C2 – mudmivebia, romelTa 
gansazRvra xdeba sawyisi pirobebidan. 

   mamravli nte  mcirdeba drois gazrdiT, 
amitom dasawyisSi aRmocenebuli rxevebi 
TandaTan iwyeben Caqrobas. 
   amonaxsni (1.17)-is frCxilebSi moTavsebuli 
gamosaxuleba formiT Tanxvdeba Tavisufali 
rxevis amonaxsns dempferebis gareSe (1.2); igi 
warmoadgens periodul funqcias wriuli 
sixSiriT 
 

22

1 npp   
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da ewodeba milevadi rxevebis wriuli sixSire 
dempferebisas; Sesabamisad, misi periodi 

 

)/(1

122

22
1

1

pnpp 



 . 

 
Tu SevadarebT am sidides Tavisufali rxevis 

periods 
p




2
  dempferebis gareSe, davinaxavT  

τ1     τ.  magram, Tu n    p, periodis zrda 
umniSvneloa da SeiZleba ugulebelvyoT. 
   gantoleba (1.17)-Si mudmivebis C1 da C2 
gansazRvrisaTvis miviRoT, rom roca 

0,0 xxt  da 0

..

xx  ; Tu CavsvamT maT (1.17)-Si da 

mis warmoebulSi droiT, miviRebT 

.;
1

00

.

201
p

nxx
CxC


  

miRebuli mniSvnelobebis (1.17)-Si SetaniT 
miviRebT 

      ),sincos( 1

1

00

.

10 tp
p

nxx
tpxex nt 
        (1.18) 

Ggamosaxuleba (1.18) SeiZleba CavweroT 
eqvivalenturi formiT 
 

                 )cos( 11   tpxAex nt .       (1.19) 

 

sadac  2

1

2

00

.
2

0

2

2

2

1 /)( pnxxxCCA  - amplitu- 
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dis   maqsimaluri   mniSvneloba;  
1

2

1
C

C
arctg  

= )(
01

0

.

xp

nxx
arctg o

. SeiZleba CavTvaloT, rom gamosa-

xuleba (1.19) asaxavs fsevdoharmoniul moZrao-
bas eqsponencialuri kanoniT klebadi amplitu-
diT Ae-nt, fazuri kuTxiT α1, periodiT  τ1 = 2n/p1 
(nax. 1.7). 
 

 
 

Nnax.1.7 
 
momvlebi, romlis gamosaxulebaa ±Ae-nt exeba 

rxevis grafiks '

22

'

11 ,,, kkkk , . . . , wertilebSi, 
romlis ordinatebi daSorebulia erTmaneTisa-
gan drois Tanabari intervalebiT τ1/2. 
   rxevis Caqrobis siCqare damokidebulia 

dempferebis koeficientisagan n/p, amasTan, 
rogorc nax. 1.7 –dan Cans ori momijnave 
amplitudis fardoba  
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      .1

1

)1(

)(




ee

Ae

Ae

x

x
n

tn

nt

k

k

i

i

i

i 






        (1.20) 

 
sidides  =nτ1   ewodeba Caqrobis  logariTmuli 
dekrementi da ganisazRvreba Semdegi formuliT: 

.
22

ln
1

1

)1(
p

n

p

n
n

x

x

k

ki










 

 
gantoleba (1.20)-is gamoyeneba SeiZleba  n-is 
eqsperimentuli gansazRvrisaTvis. amisaTvis 
aucilebelia eqsperimentulad ganisazRvros 
rxevis mxolod ori mezobeli amplituda. ufro 
didi sizuste miiReba im SemTxvevaSi, Tu 
visargeblebT j cikliT daSorebuli ori 
amplitudis SefardebiT. Aam SemTxvevaSi  

.ln
1

)( ji

i

k

k

x

x

j


  
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Tavi II 
 

sarelso transportis dinamika 
 

Sesavali 
 

sarelso transporti farTod gamoiyeneba 
samTo warmoebaSi rogorc miwisqveSa, ise 
miwiszeda satransporto samuSaoebisaTvis. 
sarelso transporti warmoadgens erTian 
sistemas, sadac sarelso gzasTan urTierTkav-
SirSia saSaxte vagonetebi, sakariero da 
sazogadoebrivi vagonebi, Tbomavlebi, elmavle-
bi da a.S.A 

arsebobs samTamadno sarelso transportis 
saxesxvaobebi:  

1) saSaxte vagonetebi – satvirTo, samgzavro, 
specialuri (mag. saxanZro) da a.S., rogorc 
horizontaluri, ise daxrili gvirabebisaTvis; 

2) saerTo baduri da karieris satransporto 
vagonebi: daxuruli, Ria, baqnebi; 

3) saSaxte da karieris saelmavlo 
transporti – misi saSualebiT SesaZlebelia 
nebismieri tvirTis nebismier manZilze trans-
portireba; 

4) karieris saTbomavlo transporti da a.S. 
rogorc samTamadno warmoebaSi, ise 

samoqalaqo satransporto meurneobaSi sarelso 
transportis moqmedebis principi erT saerTo 
safuZvelzea agebuli: es aris gzisa da moZravi 
Semadgenlobis urTierTqmedebis principi.   

amasTan   dakavSirebiT   praqtikulad  dgeba  
sakiTxebi:  
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1) matareblebis moZraobis dros aRmocene-
buli moZravi Semadgenlobisa da gzis rxevebis 
Tvisebebisa da sidideebis gansazRvra;  

2) relsebsa da borblebs da gzis sxva 
konstruqciul elementebs Soris aRmocenebuli 
Zalebis sidideebisa da mimarTulebebis gansaz-
Rvra;  

3) moZrav Semadgenlobasa da gzis elementebs 
Soris deformaciebis sidideebis gansazRvra. 

arsebuli gamokvlevebi ZiriTadad dakavSi-
rebulia moZravi Semadgenlobisa da gzis 
dinamikuri procesebis calkeuli elementebis 
gansazRvrasTan da kvlevasTan. amasTan, Tana-
medrove midgoma iTvaliswinebs meqanikuri sis-
temebis da maT Soris moZravi Semadgenlobisa 
da gzis urTierTmoqmedebis kvlevas erTiani 
midgomis safuZvelze.  

daproeqtebisas aucilebelia gaTvaliswine-
bul iqnas ZiriTadi moTxovnebi, romlebic 
waeyeneba moZrav Semadgenlobas:  

a) lokomotivis SigniT mowyobilobebis 
dinamikurad racionaluri ganlageba; 

b) usafrTxo moZraobisa da ekipaJis saime-

doobis gazrda; 
g) moZrav Semadgenlobaze tvirTebis ganla-

gebis wesis damuSaveba; 
d) ekipaJis relsze Zalovani zemoqmedebis 

Semcireba; 
e) moZraobis simdovris uzrunvelyofa; 
v) tvirTebze meqanikuri zemoqmedebis Semci-

reba; 

z) mgzavrebis gadayvanis komfortis moTxov-

nebis uzrunvelyofa. 
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yovelive es moiTxovs Tvisobrivad da rao-
denobrivad zustad da sworad aiweros ekipaJis 
gzaze moZraobis dros ganviTarebuli dinami-
kuri procesebi da SesaZlebeli iyos am proce-
sebis marTva.  

Nnebismieri satransporto sistemis ZiriTadi 
teqnikuri principi da amocana mdgomareobs 
maqsimaluri raodenobis adamianebis da tvirTis 
erTi punqtidan meoreSi umokles vadebSi 
saimedo da usafrTxo miyvanaSi minimaluri 
danaxarjebiT. am miznebs emsaxureba mecniereba 
gzisa da moZravi Semadgenlobis urTierTmoq-
medebis Sesaxeb. 

gzisa da moZravi Semadgenlobis urTierT-
moqmedebis procesebis Seswavlisas ikvleven 
erTian dinamikur sistemaSi “gza-ekipaJi” ganvi-
Tarebul rxevebsa da dinamikur Zalebs. 

gzisa da moZravi Semadgenlobis rxevebis 
Seswavlisas adgenen iseT saangariSo sqemebs da 
modelebs, romlebSic es rTuli  procesi 
SeiZleba daiyos calkeul mdgenelebad: verti-
kaluri, horizontaluri ganivi, horizontaluri 
grZivi da zogierTi nawilebis brunviTi rxevebi 
da galopireba. 

horizontalur ganiv rxevebs miekuTvneba 
ekipaJis qneviTi (klaklini) moZraoba Seresore-
buli nawilebis ganzidviTi rxeva, gverdiTi 
qanaoba. 

horizontalur grZiv rxevebs miekuTvneba 
ekipaJis biZgiTi moZraoba. M 

moZravi Semadgenlobis gzaze zemoqmedebis 
Sefasebisas sazRvraven ekipaJze moqmedi Zalebis 
(vertikaluri, horizontaluri, ganivi da 
grZivi), gadaadgilebebis, ekipaJis elementebis 
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siCqareebis da aCqarebebis, maTSi daZabulobe-
bis, narCeni deformaciebis dagrovebis intensi-
vobis mniSvnelobebs. 

 

2.1. relsuri transportis (ekipaJis) 
drekadi kavSirebi. 

 
ekipaJis drekad elementebs miekuTvneba fur-

clovani resorebi, zambarebi, rezinmetaluri 
elementebi. Ffurclovani resoris sixiste gani-
sazRvreba formuliT 

 

)3/(3

)23(4 3

aL

nmEbh
C z




 , 

 
sadac b - resoris furclis sigane,  m – 

erTnairi sigrZis zeda furclebis  raodenoba;  n 

– nakrebi furclebis raodenoba;  L  gasworebuli 
resoris sigrZe;   a – caluRis sigane;     T – 

foladis drekadobis moduli; F da P Zalebis 
fardobas uwodeben resorebis fardobiTi 
xaxunis koeficients 

 

 = FF / P,  

 
sadac  F - xaxunis Zalaa, P – resorebze moqme-
di vertikaluri Zala. 

fardobiTi xaxunis koeficienti damokidebu-
lia resorSi furclebis raodenobaze, fur-
clebs Soris xaxunis koeficientze da reso-
rebis moWeris Zalaze. 
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Lhnmn /)/1)(1(2   , 
 

sadac  - furclebs Soris xaxunis koeficien-
tia. 

Ffurclovani resorebis ZiriTadi naklia 
maTi didi Sinagani xaxuni da misi aramudmivoba 
droSi. amitom rig SemTxvevebSi upiratesoba 
eniWeba furclovani resorebis nacvlad zamba-
rebis gamoyenebas. 
   cilindruli zambarebis sixiste ganisaz-
Rvreba formuliT  
 

),8/( 34 nDGdC z    

 
sadac G – zambaris masalis Zvris moduli; D- 
zambaris saSualo diametri, d- zambaris xviis 
diametri, n- zambaris muSa xviebis raodenoba. 

Mmatareblebis siCqareebis mniSvnelovan 
zrdasTan dakavSirebiT samgzavro vagonebze 
ayeneben pnevmatikur resorebs: maT aqvT mcire 
masa, TiTqmis mTlian izolacias ukeTeben 
vagonebs urikaSi aRmocenebuli xmaurisa da 
vibraciebisagan. 

 

2.2. zogierTi ganmartebebi 
 
xmauris Camqrobebi. xmauris CaqrobisaTvis an 

rxevis amplitudis SezRudvisaTvis ZiriTadad 
iyeneben ori tipis rxevis Camqrobebs – 
friqciuls da hidravlikurs. furclovani 
resorebi umetes SemTxvevaSi warmoadgenen 
agreTve rxevis Camqrobebs.  
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Ggzis sixiste.Ggzis vertikaluri sixiste 

,
g
zC n/m ganisazRvreba relsis Tavis SuaSi 

modebuli vertikaluri Zalis Q fardobiT 

vertikalur gaRunvasTan ,gz  am Zalis modebis 

wertilSi. HgzaSi relsis horizontaluri 
ganivi (gvrdiTi) sixiste damokidebulia 
Suasadebebis sixisteze relssa da qvesadebs 
Soris, qvesadebsa da Spals Soris, relsis 
Ziris sayrdenis ganiv sixisteze samagrebSi, 
agreTve vertikaluri datvirTvisagan, romelic 
gadaecema sayrdenebs relsebisagan. 

Ggzis dayvanili masa. gzisa da moZravi 
Semadgenlobis urTierTmoqmedebis miaxloebiT 
gamoTvlebSi da kvlevebSi Cveulebrivad 
Tvlian, rom relsisa da moZravi borblis 
kontaqtis wertilSi borbalTan mudmivad 
urTierTmoqmedebs am wertilSi Seyursuli gzis 
dayvanili masa; misi moqmedeba “gza – borbali” 
rxeviT sistemaze eqvivalenturia gzis ganawi-
lebuli masis moqmedebisa did sigrZeze. 

Ggzis masis dayvanisas moZravi borblis 
kontaqtis wertilze, iyeneben dayvanili para-
metrebis saangariSo sqemas, an gzisa da moZravi 
Semadgenlobis e.w. wrfiv sqemas (nax. 2.1) [25].  

k. Smidtis gansazRvriT [ 6 ] borblis kon-
taqtTan dayvanili gzis masa ganisazRvreba 
formuliT:  

 

mr.Sp=3Pr.Sp / 2g
g
zk , 

 

sadac Pr.Sp – 1 m relsi-Spalis gisosis dayvani- 
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li wona; g
zk - uwodeben relsisa da relsis qveda 

fuZis  fardobiT  sixistes  (izomeba sm-1, an m-1). 
   aseve ganisazRvreba  mb : 

 

 
 

nax. 2.1 
 

mb=3Pb / 2g
g
zk  [zb / zr ], 

 

sadac  Pb – 1 m balastis prizmis dayvanili wo-
na; zb – balastis fenis dayvanili masis drekadi 
vertikaluri gadaadgileba; zr  - borblisa da 
relsis kontaqtis wertilis drekadi 
gadaadgilebis saSualo mniSvneloba. 
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2. 3. ekipaJis zogadi dinamikuri 
modeli 

 
sxeulis   moZraobis   sruli  aRwerisaTvis 

mizanSewonilia misi ganxilva sivrceSi [4]. 
aseTi midgoma gansakuTrebiT mniSvnelovania 
relsuri transportis mimarT, vinaidan am 
sistemaSi ZiriTadi kvanZebi erTmaneTTan 
drekadi kavSirebiT urTierTmoqmedeben (Tvali-
relsis wyvilis garda).  

nax. 2.2a – ze mocemulia sarelso 
Semadgenlobis sqema: m1 - Spalebi, m2 - relsebi, 
m3  - Tvlebi, m4  - urika, m5 – vagoni; nax. 2.2b – 
ze mocemulia Sesabamisi gamartivebuli sqema: Oi 

xi yi zi  - sivrciTi koordinatTa sistema ( i =0, 1,  

2,  3,  4,  5); ki ,  ci  - drekadi elementebis sixistisa 
da winaaRmdegobis koeficientebi; mi – masebi.   

myari sxeulis moZraobis aRwerisaTvis 
saWiroa ganisazRvros am sxeulis Tavisufali 
wertilis mdgomareoba drois nebismieri 
momentisaTvis [ 4 ]. 
nax. 2.3a –ze warmodgenilia nax. 2.2a-s Sesabamisi 
sqema , sadac TiToeli masisTvis aRniSnulia 
Sesabamisi Tavisufali wertilebi: Ai, Bi, Ci, Di, Ei  

da maTi radius-veqtorebi, rogorc sakuTari 
koordinatTa saTavis mimarT, ise masTan 
uSualod dakavSirebul meore masis koordi-
natTa saTavis mimarT – rij,  Rij  (i = 1, 2, 3, 4, 5; j = 1 n) 
[2]; nax. 2.3 – ze warmodgenilia  TiToeuli  
drekadi kavSiris   gaSla  sivrceSi  Sesabamisi  
masisL koordinatTa RerZebis mimarTulebiT, 
rac iZleva, moZrobis diferencialur ganto-
lebaTa Sedgenisas, drekadi Zalebis mdge-
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nelebis miRebis saSualebas koordinatTa 
RerZebze. 

nax. 2.3 g-ze mocemulia TiToeuli masis 

brunviTi moZraobebi eileris kuTxeebis  I, I, 

I  (i = 1, 2, 3, 4, 5) saSualebiT. 

Amasebis m1, m2, m3, m4, m5  Tavisufali 
wertilebis Ai,  Bi, Ci, Di, Ei  siCqareebis  veqtorul  

 
 

nax. 2.2 
 
gamosaxulebebs aqvs saxe: 
 

iOOAi rVV 111   , iOOBi rVV 221   , 

iOOiOOCi rVRVV 333322   ,   

iOODi rVV 444   ,  iOOEi rVV 555   ,      (2.1) 
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sadac VAi,…, VEi – wertilebis Ai, …, Ei -

absoluturi siCqareebi; VO1,…, VO5 –masebis m1, . . . , 

m5 -  centrebis xazovani siCqareebi; O1,…, O5 – 

masebis m1, . . . , m5  brunviTi moZraobis siCqareebi; 
r1i,…, r5i – masebis Tavisufali wertilebis 
sakuTari centrebis  mimarT radius - veqtorebi; 

 
nax. 2.3.  

 
 

R3i -   Ci wertilis radius-veqtori Sesabamisad O1 
da O2 centrebis mimarT, e.i. asaxavs am 
wertilebis brunviT moZraobas O1 da O2 
centrebis mimarT. 
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m1, . . . , m5  masebis moZraobebi aRiwereba 
sakuTar koordinatTa RerZebze Oi xi yi z i  (i = 1,...,5). 

rogorc nax. 2.3 da gantolebaTa sistemidan 

(2.1) Cans uSualo kontaqtSi imyofebian  m2    da 
m3    masebi (liandagi da wyvilTvali), xolo 
danarCeni masebi erTmaneTTan dakavSirebuli 
arian drekadi elementebiT. amitom inerciuli 

urTierTzemoqmedeba eqnebaT  m2    da m3   masebs, 
xolo danarCeni mosazRvre masebis urTierT-
qmedeba ganxorcieldeba drekadi ZalebiT. 

koordinatTa sistemis RerZebs (masebs) 
Soris brunviTi moZraoba aRiwereba eileris 
kuTxeebis   saSualebiT   (cxr. 2.1),  sadac   ij 

 
                        cxrili 2.1 

 xj yj zj 

xi   

yi   

zi   

 
warmoadgens mimmarTvel kosinuss RerZebs 

Soris. misi gaSla eileris  kuTxeebiT  , ,  , 
kvadratuli miaxloebiT, gamoisaxeba cxr. 2.2-is 
mixedviT. 

                                                          
cxrili 2.2 

 xj yj zj 

xi 2/2/1 22

ii    iii    i  

yi i  2/2/1 22

ii    i  

zi 
iii    iii    2/2/1 22

ii    
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   TiToeuli masis kinetikuri energiis gamosa-
xulebebs eqneba saxe: 
 


1

2

2

11

n

i

Ai

i

V
MT ,  

2

2

2

22

n

i

Bi

i

V
MT , . . . ,    

        
5

2

2

55

n

i

Ei

i

V
MT .               (2.2) 

 
VAi,…, VEi  mniSvnelobebis CasmiT gamosaxule-

bebSi (2.2), miviRebT: 
 

  
1

)](2)([
2

1
111

2

11

2

111

n

i

iOOiOOi rVrVMT  ; 

 
2

)](2)([
2

1
222

2

22

2

222

n

i

iOOiOOi rVrVMT  ; 

2

3333322233

3

])([
2

1
 
n

i

iOOiOOi rVrOOVMT 

 
(sididis gamo kvadratuli frCxili  ar aris 
gaxsnili); 

 

 
4

)](2)([
2

1
444

2

44

2

444

n

i

iOOiOOi rVrVMT   

 
5

)](2)([
2

1
555

2

55

2

555

n

i

iOOiOOi rVrVMT  . 

 
kinetikuri energiebis miRebuli gamosa-

xulebebis SejamebiT miiReba relsuri sistemis 
moZraobis saerTo kinetikuri energiis gamosa-
xuleba: 
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                        T = T1  +  T2  + T3  +  T4  +  T5 .                  

 
nax. 2.3g -ze mocemuli sistemis moZraobis 

diferencialur gantolebaTa erTiani (urTi-
erTdakavSirebuli) sistemis misaRebad saWiroa 
TiToeuli masis kinetikuri energiis veqtoruli 
gamosaxuleba Seicvalos maTi proeqciebiT 
(gegmilebiT) Sesabamis koordinatTa sistemis 
RerZebze da Semdeg moxdes maTi gadatana erTi 
romelime (garkveuli pirobiT – mTavari) masis 
(mag. relsebis) koordinatTa RerZebze cxr. 2.1 - 
is saSualebiT. 

vinaidan ekipaJi gadaadgildeba relsebis 
mimarT, sasurvelia mTeli moZraoba ganvixiloT 
liandagis mimarT, anu masebis moZraobis 
gegmilebi daviyvanoT  O2x2y2z2  koordinatTa 
RerZebze. 

amave dros, vinaidan masebis ZiriTadi 
nawili moZraobs damoukideblad, ar miviRebT 
did uzustobas, Tu TiToeuli maTganis 
moZraobas ganvixilavT sakuTar koordinatTa 
sistemaSi.  

aseTi midgomiT miiReba kinetikuri energi-
ebis Semdegi analitikuri gamosaxulebebi [4]: 

 

;
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1
)(

2

1

1

.

1

.

1

.

1

.

1

.

1

.

2

1

.2

1

.2

1

.2

1

.2

1

.2

1

.

11





yzxzxy

zyx

JJJ

JJJzyxMT


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 (2.3) 
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 gantolebebis (2.3), . . . , (2.7) mimarT 

lagranJis me-2 rigis gantolebis gamoyenebiT 
miiReba TiToeuli masis sivrceSi moZraobis 
diferencialuri gantolebebi:  

 

1
)(

1

. qQ

q

T

dt

d





,  q1 = x1,  y1,  z1,  1, 1, 1 

'
1

..

1 11 xx QQxm  ; '

1

..

1 11 yy QQym  ; '
1

..

1 11 zz QQzm  ; (2.8) 
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111  QQJ z   
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. qQ
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T

dt
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
,  q2 = x2,  y2,  z2,  2, 2, 2 
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dt
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


,  q4 = x4,  y4,  z4,  4, 4, 4 
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4545344   ckk  

      )( 5

.

4

.

5   c  

5
)(

5

. qQ

q

T

dt

d





,  q5 = x5,  y5,  z5,  5, 5, 5             (2.11) 
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5454 xxcxxk xx    

5

..

5 ym )()(
4
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5

.

5454 yycyyk yy        

5

..

5 zm )()( 4

.

5

.

5454 zzczzk zz   

5

..

xJ )()( 4

.

5

.

5454    ck  

        
5

..

yJ )()( 4

.

5

.

5454    ck  

..

5zJ )()( 4

.

5

.

5454    ck                      (2.12) 

miRebuli gantolebebi SeiZlba gamartivdes  
calkeuli moZraobis simciris xarisxis gaTva-
liswinebiT. 

 

2.3. ekipaJis vertikaluri rxevebi 
resoruli dakidebiT 

resoruli dakidebis ekipaJebis rxevebis 
Teoriul gamokvlevebSi SeiZleba gamoyenebul 
iqnas Semdegi midgomebi: 1. ekipaJis, rogorc 
mudmiv parametrebiani wrfivi sistemis rxevebis 
gamokvleva, determinirebulad mocemuli 
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funqciebiT. 2. ekipaJis, rogorc mudmiv 
parametrebiani wrfivi sistemis rxevebis 
gamokvleva, stoxastikurad mocemuli funq-
ciebiT. 3. ekipaJis rxevebis gaangariSeba 
eqsperimentalurad miRebuli Sedegebis safuZ-
velze. 
   ganvixiloT determinirebuli meTodi (nax. 
2.2a). 
   am meTodebis mizania ekipaJis rxevis 
funqciis analizuri gansazRvra masze gzis 
mocemuli aRmgznebi zemoqmedebiT. amasTan 
cnobili unda iyos misi yvela meqanikuri da 
geometriuli parametrebi, agreTve analizurad 
mocemuli aRmgznebi funqcia; aseT aRmgzneb 
funqcias ganekuTvneba uswormasworobebi pro-
filSi da gegmaSi sarkinigzo gzis TiToeul 
relsze, usworobebi am relsebis urTierTgan-
lagebebze, usworobebi borblebis gorvis 
zedapirebze, borblebis eqscentrikuli an 
paraleluri Casma RerZebze. 

Tu ekipaJze impulsuri Zalis moqmedebiT 
gamoviyvanT Zaras (vagons) wonasworobis mdgo-
mareobidan, ekipaJis yvela elementi daiwyebs 
milevadi rxeviT moZraobas sakuTari sixSiriT, 
romlis mniSvneloba damokidebuli iqneba mase-
bis sididisa da ganlagebisagan, inerciis momen-
tebisagan, Sesabamisi kavSirebis sixisteebisagan 
da rxevebis Camqrobebis maxasiaTeblebisagan. 

ekipaJis rxevis sakuTari sixSireebis codna 
aucilebelia gzisa da moZravi Semadgenlobis 
urTierTqmedebis nebismieri gamokvlevisaTvis. 
elementaruli mosazrebidan gamomdinareobs, 
rom ekipaJis xtunaobis sakuTari sixSiris 
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mniSvneloba ekipaJis erTsafexuriani dakidebiT 
ase gamoisaxeba 

 

st

==
f

g

m

ci

z

∑
ω , 

 

sadac  ic - ekipaJis yvela resoris jamuri 

sixiste; m – resorszeda mowyobilobis masa;  fst – 

resorebis statikuri gaRunva. 
Zaris ganivi rwevisa da galopirebis 

sakuTari sixSireebi ekipaJis erTsafexuriani 
dakidebiT SeiZleba gamoiTvalos dalamberis 
principiT. nax. 2.4-ze galopireba aRiwereba 
gantolebiT: 

 

 
 

nax. 2.4. 
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0=+ MJ y

..

γ ;    ])(2[ 2

2

2

1 cmghllcM  gar , 

 
sadac Jy – vagonis inerciis polaruli momenti 
misi simZimis centris mimarT;  2c – erTi urikis 
resorebis jamuri sixiste; Mgar – gare Zalis 
momenti; hc – simaRle romelzec mdebareobs 

Zaris masis simZimis centri C;  - galopirebis 
dros Zaris (vagonis) mobrunebis kuTxe. 
Sesabamisad, galopirebis sakuTari rxevis 
sixSire iqneba 
 

y

c

J

ghmllc )(2 2

2

2

1 
 ; 

 
am formulis gamoyeneba SesaZlebelia urikis-

Tvisac, mxolod am SemTxvevaSi m da yJ -gani-

sazRvrebian urikis monacemebiT. 
    ekipaJis moZraobisas, rodesac aris uswor-
masworobebi relsis gaswvriv an borblebze, 
aRmocendebian borblebis, urikebis, resorzeda 
mowyobilobis da sarkinigzo gzis rxevebi. aseT 
SemTxvevaSi dinamikuri procesebis analizisaT-
vis gamoiyenebian sistemis wonasworobis dife-
rencialuri gantolebebi [12]. 
   ekipaJis ZarisTvis (vagonisTvis): 
              

0)(
2

1 ''

2

''

1

''
....

2121
 zzzz CCCCgmzzm ;              
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1  yyyy CCCCyym ;             

 212

''

2

'

11

''

2

'

1

..

()(-)( yyzzxzx CCbCCbCCJ 

0)-)( '''

2

''

1  hhCC yy ; 

0)(-)( 2

''

2

''

11

'

2

'

1

..

 aCCaCCJ zzzzy ; 

0)(-)( 2

''

2

''

11

'

2

'

1

..

 aCCaCCJ yyyyz  . 

sadac – z1,   z2, …   - Zaras vertikaluri da ganivi 
gadaadgilebebi pirveli da meore urikebis 

mimarT;  ,...., '

2

'

1 zz CC  -   vagonis drekadobis da 
dempfirebis vertikaluri da ganivi Zalebi 
urikebis mimarT; a1, a2, b1, ……  - manZilebi drekdi 
sistemebidan Zaris simZimis centris mimarT 
grZivi da ganivi mimarTulebebiT. 
    pirveli urikisTvis gveqneba: 
                

022211211

'

2

'

11

..

1 1  QQQQCCgmzm zz ; 

0'

2

'

1222112111

..

1  yy CCYYYYym ;  

0)( '

2

'

2

'

1

'

1122122111

'

1
 bCbCsQQQQJ zzx

; 

0)( 122211211

'

1
 aQQQQJ y ; 

0)( 122211211

'

1
 aYYYYJ z . 

sadac m1 - pirveli urikas masa; '

1xJ , '

1yJ ,... –urikis 

inerciis Zalebis momentebi x, y, z RerZebis 

mimarT; ,...,, '

2

'

1 zz CC - drekadobis da demferebis 
vertikaluri Zalebi Zarasa da urikebs Soris; 

,...,, '

2

'

1 yy CC - drekadobis da demfirebis 

horizontaluri Zalebi  wyvil-Tvalsa da 
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urikas da urikasa da Zaras Soris; ,...,, 1211 QQ - 

vertikaluri datvirTvebi borblebidan relseb-

ze; ,...,, 2111 YY - borblebidan relsebze gadacemu-

li gverdiTi Zalebi; 2s1 – borblebis gorvis 
mTavar wreebs Soris manZili. 
    analogiuri gantolebebi miiReba meore 
urikisTvisac. 

warmodgenili gantolebebidan SeiZleba 
ganisazRvros inerciis Zalebi da maTi momen-
tebi Zaris, urikisa da wyviTvalis wrfivi da 
kuTxuri gadaadgilebebis da maTi warmoebu-
lebis mixedviT. Tu vivaraudebT, rom kavSirebis 
deformaciebsa da maTze moqmed Zalebs Soris 
damokidebuleba wrfivia, maSin borblebidan 
relsebze gadacemuli arainerciuli Zalebi 
vertikaluri da gverdiTi  mimarTulebebiT Se-
iZleba ase warmovadginoT: 

.

.

,

;

ykycY

zkzcQ

yy

zz




 

sadac cz, cy – wyvil Tvalis relsTan drekadi 
kavSirebis sixisteebi vertikaluri da ganivi 
mimarTulebebiT; kz, ky – blanti xaxunis 
koeficientebi igive mimarTulebebiT. 

analogiuri formiT SeiZleba iqnan warmod-
genili resorebis mier urikidan Zarisadmi 
gadacemuli  reaqciis vertikaluri da horizon-
taluri Zalebi; aq cz, cy, kz, ky  ganisazRvrebian 
wyvilTvali - urikas Soris arsebuli drekadi 
kavSirebis mixedviT. 

 
 



 57 

Tavi 3 

 

Aamwevi saSaxte danadgarebis 
dinamika 

 

3. 1. amwevi danadgarebis daniSnuleba 
da gamoyenebis sferoebi. 

 
   saSaxte sawarmoo procesebis saerTo kom-
pleqsSi mniSvnelovani adgili ukavia trans-
ports da awevas, romelic xorcieldeba amwevi 
manqanebiTa da jalambarebiT. saSaxte amwevi 
manqanebi daniSnulia Saxtis vertikaluri da 
daxrili Waurebis saSaxte-amwevi danadgarebis 
aRWurvisaTvis, romlebic gamoiyenebian: qanebisa 
da sasargeblo wiaRiseulis awevisas amwevi 
WurWlis gadaadgilebisaTvis, adamianebis, masa-
lebis, mowyobilobis  aweva-CamoSvebisaTvis, Wa-
uris reviziisa da daTvalierebisaTvis, amwevi 
da gamawonasworebeli bagirebis dakidebisa da 
SecvlisaTvis.  
    daniSnulebis mixedviT samTo manqanebs 
ganasxvaveben: ZiriTadi (sasargeblo wiaRise-
ulis, qanebis  amosaRebad); damxmare (adamiane-
bisa da sxvadasxva tvirTebis CasaSvebad da 
amosatanad); gvirabgamyvani (Waurebis gayvanisa 
da CaRrmavebisTvis); sainspeqcio an avariuli 
(Wauris SemowmebisaTvis da avariis SemTxvevaSi 
adamianebis amosayvanad). amwevi WurWlis tipis 
mixedviT: galuri, skipuri, baduri. amwevi 
bagirebis masebis gawonasworebis mixedviT: 
sistema gauwonasworebelia, statikurad gawo-
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nasworebulia, dinamikurad gawonasworebulia. 
amwevi bagiris damxvevi organos tipis mixedviT: 
daxvevis mudmivi radiusiT (cilindruli 
dolebi, xaxunis Skivebi); daxvevis cvladi 
radiusiT (bicilindrul-konusuri).  
   amwev manqanebSi Cveulebrivad gamoiyenebian 
5000 kvt da meti simZlavris eleqtroZravebi; 
maTgan asinqronuli 2000 kvt-mde, xolo ufro 
zeviT – mudmivi denis eleqtroZravebi [20]. 
   samecniero-teqnikuri progresis ganviTarebas-
Tan erTad saSaxte mrewvelobaSi didi 
mniSvneloba SeiZines amwevma manqanebma da 
jalambrebma. 
   mTeli samTo-saSaxte mowyobilobebidan amwev 
danadgarebs ukaviaT gansakuTrebuli adgili, 
radgan warmoadgenen transportis ZiriTad 
saxeobas, romelic akavSirebs miwisqveSa 
saSaxte gvirabebs gare zedapirTan.  saSaxte 
amwevi bagirebis gaangariSebisaTvis farTodaa 
gavrcelebuli e.w. gaangariSebis statikuri 
meTodi. am meTodis arsi imaSia, rom bagiris 
angariSi xdeba ubralo gaWimvaze, rogorc 
erTgvarovani Rero, datvirTuli mxolod 
sakuTari woniTa da bolokiduli tvirTis 
woniT. imisaTvis, rom gaTvaliswinebul iqnas 
danarCeni Zalebis gavlena iyeneben simtkicis 
gazrdil marags. 
   igulisxmeba, rom es maragi faravs bagirSi 
ganviTarebul yvela Zalas, rogorc statikurs, 
ise dinamikurs. am maragis sidide dgindeba 
saorientaciod da amitom aradamakmayofileb-
lad asaxavs bagirSi mimdinare realur 
(namdvil) procesebs. simtkicis gazrdili 
maragis Sedegad izrdeba bagiris diametri, 
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Skivebis, dolebis zomebi da a.S. saWiro xdeba 
didi simZlavris Zravi.  
  aRniSnulidan naTeli xdeba saSaxte amwevi 
bagiris da mTlianad sistemis dinamikuri 
Teoriis mniSvneloba. 

 

 
nax.3.1.  

 

 
nax.3.2. 

 
nax. 3.1-ze naCvenebia amwevi danadgaris sqema: 

1, 9 –kabinebi (WurWlebi), 2 – SaxtszemoTa 
samTo kompleqsi, 3 – mimmarTveli Skivebi, 4 – 
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amwevi bagirebi, 5 – amwevi manqana, 6 – amwevi 
manqanis Senoba, 7 –saSaxte urnali, 8 – 
Waurmimdebare ezo, 10 – nulovani horizonti. 
   nax. 3.2-ze naCvenebia amwevi danadgaris 
zedapiruli nawili:  1- doli, 2- reduqtori,  
3- eleqtroZravi, 4- marTvis pulti.     

 

3.2. amwevi saSaxte danadgarebis 
muSaobis principi da moqmedi 

datvirTvebi. 
 
xaxunis Skiviani rogorc mravalbagiriani, 

ise erTbagiriani amwevi manqanebi dafuZnebuli 
arian xaxunis Zalis gamoyenebaze, romelic 
viTardeba bagirsa da wamyvani Skivebis amonags 
Soris. gansxvaveba maT Soris isaa, rom 
erTbagirian amwev manqanebSi tvirTs amagreben 
erT bagirze, romelic gadadebulia amwev 
manqanis Skivze, xolo mravalbagirian manqanebSi 
_ ramdenime bagirTan, romlebic gadadebulia 
saerTo mravalRarian xaxunis Skivze. 

xaxunis Zala bagirsa da Skivs Soris 
SeiZleba ganisazRvros cnobili damokidebule-
bidan, romelic eilerma daadgina moqnili 
ZafisTvis: 

 
                   Fxax= S0(e

f  - 1)                (3.1) 
 

sadac S0 - bagiris daWimuloba carieli 
WurWlis mxridan; e _ naturaluri logariTmis 
fuZe; f _ bagiris Skivis amonagTan xaxunis 
koeficienti;   _ bagiris Skivze Semoxvevis 
kuTxe. 
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rogorc  formulidan (3.1) Cans bagiris Zala 
bagirsa da Skivis amonags Soris damokidebulia 
bagiris daWimulobaze cariel WurWlis 
mxridan, bagiris Skivze Semoxvevis kuTxeze da 
bagiris Skivze xaxunis koeficientze. 

Aamrigad xaxunis amZrav-Skivian amwev manqa-
nebSi, mamoZravebeli Zala Skividan bagirze 
gadaecema mxolod xaxunis Zalis zemoqmedebiT, 
romelic aRmocendeba Skivsa da bagirs Soris. 
   ganvixiloT bagiris Skivze moZraobis da 
Zabvebis ganawilebis sqema (nax.3.3).  
B bagiris Skivze Sesvlis wertilidan da 
Semdeg raRac nawilze SenarCundeba igive Zabva, 
rac Sesvlis wertilSi hqonda bagirs e.i. 

S=Sa=const. amrigad wertili saidanac iwyeba 
Zalvis Semcireba mdebareobs Skivze. b 
wertiliT Semoxvevis rkali iyofa or nawilad.  
rkalis bc nawils ewodeba srialis rkali, 
radgan masze Zalvis cvlilebis Semdeg xdeba 
bagiris drekadi asrialeba Skivze, xolo ab 
monakveTs ewodeba uZraobis rkali, radgan aq 
bagiris sriali ar xdeba. amavali bagiris 

daWimulobis Sa -is gazrdiT srialis rkali 
izrdeba uZraobis  rkalis Semcirebis Sedegad; 

zRvrul SemTxvevaSi sr =  0, da maSin:  
 

  Sa max   =   SC * ef ,                (3.2) 
 

sadac 0 aris bagiris Skivze Semoxvevis sruli 
kuTxe (radianebSi). Tu srialis rkali 

gautolda Semoxvevis  ac  rkals, moxdeba mTeli  
bagiris asrialeba Skivze misi brunvis sawina-
aRmdego    mimarTulebiT.    aseT   SemTxvevaSi 
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nax. 3.3  

 
amZravi Skivis muSaoba aramdgradia da ar 
SeiZleba misi gamoyeneba. 

xaxunis amZravi Skivis saimedo muSaobisaTvis 
unda iyos uZraobis rkalis raRac mcire 
monakveTi mainc, rogorc tvirTis awevis, ise 
daSvebis dros. mxedvelobaSia misaRebi, rom 
uZraobis rkali yovelTvis mdebareobs bagiris 
Skivze Semavali Stos mxares, solo srialis 
rkali _ Skividan gamomavali Stos mxares. 

xaxunis Zalis Semcirebis SemTxvevaSi 
warmoiqmneba bagiris Skivze asrialebis saSiS-
roeba, ramac SeiZleba mZime Sedegi gamoiwvios. 

bagiris Skivze wonasworobis piroba ganisaz-
Rvreba tolobiT: 
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             Sa - SC= SC(e
f  - 1)           (3.3) 

 
sadac Sa da SC _ amavali da Camavali Stoebis 
daWimulobebia. am tolobis marcxena mxare 
Stoebis daWimulobaTa sxvaobaa, romelic 
cdilobs gamoiwvios asrialeba, xolo marjvena 
_ xaxunis Zalaa, romelic cdilobs Seakavos 
bagiri Skivze. 

rom ar moxdes bagiris Skivze asrialeba 
saWiroa, rom xaxunis Zala meti iyos Stoebis 
daWimulobaTa sxvaobaze, anu asrialebis 

sawinaaRmdego usafrTxoebis koeficienti  , 
romelic am Zalebis fardobis tolia meti unda 
iyos erTze 

 

                = SC (e
f -1) / Sa-SC > 1              (3.4) 

                           
usafrTxoebis koeficienti warmoadgens 

mTeli amwevi danadgaris usafrTxoebisa da 
ekonomiurobis erT_erT mTavar ganmsazRvrels.  

imis mixedviT, Tu rogoria xaxunis 
koeficienti ( f ) asrialbis sawinaaRmdego sta-

tikuri koeficienti SeiZleba iyos  st 1,5 _ 2,3. 

usafrTxoebis gazrdis mizniT  st unda iyos 
rac SeiZleba didi, xolo amwevi danadgaris 

ekonomiurobis TvalsazrisiT  st unda iyos 
rac SeiZleba mcire. 

ganasxvaveben statikur da dinamikur 
asrialebis  sawinaaRmdego usafrTxoebis koe-
ficientebs. pirvel SemTxvevaSi mxedvelobaSi 
miiReba mxolod statikuri daWimulobebi, 
xolo meore SemTxvevaSi gaTvaliswinebuli 
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unda iyos dinamikuri maxasiaTebeli, anu 
aCqarebebi gaSvebisa da Senelebis dros. 

unda aRiniSnos, rom asrialebis sawinaaR-
mdego koeficientis gansazRvraSi aCqarebiTa da 
SenelebiT gamowveuli damatebiTi datvirTvebis 
garda SesaZlebelia monawileobdnen aseve 
bagiris rxeviT gamowveuli datvirTvebi. 

 
  3.3. dinamikuri datvirTvebi da maTi 

gamomwvevi mizezebi. 
 
   erT_erTi  mniSvnelovani  problema  saSaxte 
amwevi danadgarebis muSa procesebis  ganxilvis 
dros dakavSirebulia bagirSi damatebiTi dina-
mikuri procesebis aRmocenebasTan. 

saSaxte awevis specifika iseTia, rom mxolod 
statikuri procesebis ganxilva an mrewvelobis 
sxva romelime sferoSi miRebuli kanonebis aq 
pirdapiri gadmotana ar iqneba marTebuli. 
marTlac tvirTamwev meqanizmebs Soris mxolod 
saSaxte amwev manqanebSi gvxvdeba: 1) aseTi didi 
sigrZis bagirebi, 2) WurWlis moulodneli 
gaCereba raime winaaRmdegobiT, romelTa 
damyolobis winaswar gansazRvra SeuZlebelia, 
3) danadgaris gaSveba SeCerebuli (gaWedili) 
amwevi WurWlis dros, 4) mbrunavi da moZravi 
nawilebis Zalian didi datvirTvebi, siCqareebi 
da dayvanili masebi. 

yoveli saSaxte amwevi danadgari (gansakuT-
rebiT mravalbagiriani) Seicavs erTmaneTTan 
dakavSirebuli masebis rTul eleqtromeqanikur 
sistemas, romelTa gadaadgilebas da gaCerebas 
Tan sdevs milevadi rxeviTi procesebi. aqedan 
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gamomdinare, amwevi danadgarebis bagirebSi 
Zalvebs aqvT rxeviTi xasiaTi da warmoadgenen 
statikuri da dinamikuri mdgenelebis jams. 

kvleviT miRebuli (arsebuli) meTodebi 
umeteswilad dinamikuri datvriTvebis Sefasebas 
axdenen dinamikurobis koeficientiT, romelsac 
Rebuloben bagirebSi maqsimaluri da statikuri 
datvirTvebis fardobiT. 

aRniSnuli koeficientis gamoyeneba ar iZleva 
amwev manqanebSi dinamikuri datvirTvebis 
gavlenis srulfasovani asaxvis saSualebas. 

 

3.4. dinamikuri procesebis kvlevis 
problemebi da amocanebi. 

 
dinamikuri procesebis ufro srulfasovani 

aRwera xdeba moZraobis diferencialuri 
gantolebebis saSualebiT, sadac gaTvaliswine-
bulia amwevi danadgaris Semadgeneli ele-
mentebis urTierTgavlena da sxva konstruq-
ciuli da dinamikuri parametrebi. 

unda aRiniSnos rom literaturul wyaroebSi 
arsebuli moZraobis gantolebebi xSir 
SemTxvevaSi ganixilaven WurWlis (da Sesa-
bamisad bagirebis) grZivi mimarTulebiT 
moZraobas, maSin rodesac aseT sistemebs 
axasiaTebs, rogorc ganivi aseve brunviTi 
moZraobebi. 

amave dros aRniSnuli dinamikuri datvir-
Tvebi asrialebis sawinaaRmdego usafrTxoebis 
koeficientis gamosaxulebaSi SeyavT gamarti-
vebuli saxiT, rac ar iZleva realuri dinami- 
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kuri procesis aRniSnul koeficientze gavle-
nis Sefasebis saSualebas. 

aRniSnuli xarvezebis aRmofxvrisa da awevis 
procesis srulfasovani Sefasebis mizniT 
mizanSewonilia Semdegi sakiTxebis ganxilva da 
damuSaveba: 

1) damuSavdes amwevi saSaxte danadgaris 
zogadi dinamikuri modeli, sadac warmod-
genili iqneba danadgaris Semadgeneli nawile-
bis moZraoba sivrceSi. 

2) miRebuli iqnas aRniSnuli dinamikuri 
modelis Sesabamisi moZraobis diferencialur 
gantolebaTa sistema, sadac Seva, rogorc 
amavali, ise Camavali tvirTebis da Skivis 
sivrceSi moZraobis gantolebebi maTi urTi-
erTkavSirebis gaTvaliswinebiT.  

3) damuSavdes kompiuteruli programa 
miRebuli maTematikuri gantolebebze cifruli 
eqsperimentebis CatarebisaTvis. 

4) Catardes cifruli amoxsnebi (eqspe-
rimentebi) kompiuterze romelime amwevi danad-
garis parametrebis magaliTze da miRebul 
iqnas, rogorc ricxviTi aseve grafikuli 
amonaxsnebi. 

5) ganisazRvros asrialebis sawinaaRmdego 
koeficientis damokidebulebis grafikebi dat-
virTvebisa da moZraobebis Semdegi SemT-
xvevebisagan: 1) statikuri, 2) statikuri + 
Tanabar aCqarebuli an TanabarSenelebuli, 2) 
statikuri + TanabaraCqarebuli an TanabarSe-
nelebuli + dinamikuri datvirTvebi. 

Catardes miRebuli Sedegebis analizi da 
gakeTdes Sesabamisi daskvnebi. 

am sakiTxebs Cven qvemoT davubrundebiT. 
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A3.5. amwe manqanis jalambaris 
 moZraobis xasiaTi bagiris 

 sixixstisgan damokidebulebiT 
 
ganvixiloT  jalambaris moZraoba bagirze 

modebuli tvirTiT. bagiris parametrebisgan 
damokidebulebiT aq SesaZlebelia sxvadasxva 
daSvebebis ganxilva, razedac damokidebuli 
iqneba miRebuli Sedegebis sizuste. 

 
daSveba I.  tvirTiani jalambaris moZraoba 

usasrulo sixistis bagiriT, rodesac bagiris 
wona gaTanabrebulia nolTan. 

 
Aam SemTxvevaSi iTvleba, rom tvirTis moZra-

oba zustad Tanxvdeba dolis wreze wertilis 
moZraobas. 

vinaidan bagiri miiRba usasrulo sixistis, 
asawevi tvirTis masa SeiZleba SevajamoT 
bagiris daxvevis wreze dayvanili jalambaris 
masasTan. Tu ganzogadebul koordinatad 

miviRebT dolis mobrunebis kuTxes , miviRebT 
Semdeg gantolebas 

 

         12

..
2

21 )( MgRmRmm   ,        (3.5) 
 

sadac m1 - bagiris daxvevis wreze dayvanili 
jalambaris moZravi nawilebis masa;    R - bagiris 
dolze daxvevis radiusi;    M1 - amZravis mier 
Seqmnili, dolze dayvanili mudmivi momenti. 
   gantolebis  (3.5)  amonaxsns aqvs Semdegi saxe  
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daSveba II.  tvirTiani jalambaris moZraoba 

sasruli sixistis bagiriT.  
 
Aam SemTxvevaSi, nacvlad erTisa miviRebT or 

ganzogadoebul  koordinats: dolis mobrune-

bis kuTxe  da tvirTis gadaadgileba y. 
moZraobis gantolebebi miiReben saxes: 

 

11

..
2

1 )( MfyRkRRm   ; 

)(
..

2 yRkym   , 
 

sadac k = EF/l –bagiris sixiste, kg/m;  E - bagiris 

drekadobis moduli kg/sm2;    F - bagiris kveTis 
farTi – sm2;     l - bagiris Tavisufali sigrZe, m; 
f1 - asawevi tvirTisgan gamowveuli bagiris 
sawyisi deformacia. 

es gantolebebi SeiZleba Semdegnairad 
gadaiweros: 

     












.

,

..

2

..

1

kykxym

Pkykxxm
    (3.7)     

am gantolebebis amoxsnis Sedareba (3.6)-Tan 
gvaCvenebs, rom (3.6) gantolebaSi aRwerili 
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dolisa da tvirTis moZraobas zed edeba  
rxevebi, romlebic xasiaTdebian gansxvavebuli 
faziT da toli sixSireebiT. 
   Nnax.3.4-ze agebulia siCqareebis mrudebi 
ganxiluli SemTxvevebisaTvis Semdegi maxasia-
Teblebis pirobebSi: P=5500 kg ;  v1= 0, m1=5000kg 
wm2/m; m2=500kg wm2/m; k=60000 kg/m.   
 

 
 

nax.3.4  
 
swori 1 ganisazRvreba (3.6) gantolebis 

gawarmoebiT droiT, roca v1= 0 da am swors 
edeba sinusoidaluri rxevebi ( mrudi 2 - 
bagiris daxvevis wreze wertilis moZraoba da 
mrudi 3 – tvirTis moZraoba). 

rogorc grafikebidan Cans, normaluri 
muSaobis pirobebSi am rxevebis amplitudebi 
didi araa; amasTan Tu gaviTvaliswinebT 
tvirTis rxevis Caqrobas xaxunis Zalisa da 
haeris winaaRmdegobis Sedegad, naTeli gaxdeba, 
rom bagiris usasrulo sixistis daSvebiT 
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sistemis moZraobis kinematikaSi didi Secdomebi 
ar miiReba. igive ar SeiZleba iTqvas dinamikis 
TvalsazrisiT, razedac qvemoT gveqneba saubari. 

 
 
M3. 6. manqanis muSaoba damuxruWebis 

reJimSiMmanqanis mqnevaruli Senelebisas 
 

Mmqnevaruli Seneleba warmoadgens Senelebas, 
romliTac manqana moZraobs inerciiT Zravis 
gamorTvis Semdeg. aseTi Seneleba iqmneba muSa 
organize statikuri winaaRmdegobiT da TviT 
manqanis konstruqciaSi xaxunis ZalebiT. sxva 
raime samuxruWe Zalebi am dros ar gamoiyene-
bian. 

Mmqnevaruli Senelebis dros manqanis 
moZraobis xasiaTis asaxsnelad visargebloT 
lagranJis formuliT 

 






M
TT

dt

d















.

,           (3.8) 

 
sadac T – manqanis kinetikuri energia;   П – 

manqanis sistemis potencialuri energia;  - 

rotoris mobrunebis kuTxe;    
.

  - rotoris 

kuTxuri siCqare; M  - rotoris lilvze gare 

Zalebis statikuri momenti. imis gamo, rom 
mqnevaruli Senelebis dros es momenti 

ewinaaRmdegeba  koordinatis gazrdas, igi 
aiReba “ - “ niSniT. 

Mmanqanis kinetikuri energia 
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2

2.

J
T   

 

da Sesabamisad,      
..

.




j
T

dt

d





. 

ganvixiloT mqnevaruli Senelebis procesi 
saSaxte amwevi manqanis SemTxvevaSi. Nnax. 3.5 –ze 
mocemuli manqanisTvis J  da M mudmivebia, xolo 
potencialuri energia – cvladi. 

 

 
 

nax. 3.5. 
 
amavali da Camavali WurWlebis potencia-

luri energiis cvlileba iqneba 
 

                 ,)( 21 QxxQQQ                        (3.9) 
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sadac Q1 da Q2 – Sesabamisad am WurWlebis 
mTliani wonebia; Q – maTi sxvaoba, romelic 
sasargeblo tvirTis wonis tolia. 

Bbagiris potencialuri energiis cvlilebas 

vpoulobT Semdegi mosazrebidan. x  Ggzis 
gavlis Semdeg amavali bagiris wona tolia 

)( xHp   ) (p – bagiris erTi grZivi metris wona), 
xolo misi simZimis centris mdebareoba I – I 
donidan ganisazRvreba koordinatiT: 

 
(H - x)/2 + x = (H+x)/2. 

 

Camavali bagiris wona tolia px , xolo 

simZimis centris koordinata - H = x/2. 
Sesabamisad bagiris sruli potencialuri 
energia  

 

pHxxH
p

x
Hpx

xH
xHpk








)2(
2

)
2

(
2

)(

22

.        (3.10) 

 

statikuri momenti M iqmneba xaxunis 
sakisrebSi da haeris winaaRmdegobiT. imisaTvis, 
rom (3.9) da (3.10) formulebSi gadavideT x 

koordinatidan  ganzogadoebul koordinatze, 

gamoviyenoT damokidebuleba /i = x/R, sadac i 
reduqtoris gadacemis ricxvia; sistemis jamuri 
potencialuri energia iqneba 
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gantoleba (3.8) axla SeiZleba ase gadavweroT 

 

0.
M

T

dt

d














, 

 anu       0
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2
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i

R
HpQ

i

R
J 


 .       (3.11)                   

 
gavaerTianoT simartivisaTvis marjvena nawi-

lis pirveli da bolo wevrebi da CavweroT 
Semedegi saxiT 

 

i

R
kQM

i

RQ
 0 , 

 

sadac k  koeficienti iTvaliswinebs damate-
biT winaaRmdegobas:  

 

QR

iM
k 01 . 

 
Ggantoleba (3.11) miiRebs saxes 
 

)(
2

2

2..

pHkQ
i

R

i

pR
J   ; 

misi amonaxsni tolia: 
 

i
pR

pHkQ
BchrtAshrt

2


 , 
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sadac   
J

p

i

R
r

2
 . 

 
integrirebis mudmivebi ganisazRvreba pirobi-

dan, rom, roca t=0 da =0, maSin 1

.

  , sadac 1   
rotoris kuTxuri siCqarea Zravis gamorTvis 
momentSi. Aam SemTxvevaSi miviRebT: 

 

)1)((
2

1 chrtpHkQ
pR

i
shrt

r



 ; 

shrtpHkQ
pR

ri
chrt )(

2
1

.

 . 

 

sistema imoZravebs t drois ganmavlobaSi, 
vidre kuTxuri siCqare ar Semcirdeba nulamde. 

G  gamorbenis xangrZlivoba t1 ganisazRvreba 
pirobidan: 

 

11 )(
2

shrtpHkQ
pR

ri
chrt  ,  

 
saidanac miiReba 
 

)(

2 1
1

pHkQri

Rp
thrt





                             (3.12) 

 
nax. 3.6 –ze mrudi 2 gviCvenebs siCqaris 

cvlilebas amwevi manqanis mqnevaruli 

Senelebisas Semdegi monacemebis SemTxvevaSi: 1 
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=72 wm-1; J = 44,5 kgm.wm2;   Q = 400 kg;    k = 11,15;    p = 6 

kg/m;    H = 200 m;   I = 30 [13]. 

 

 

 
nax. 3.6 

 
formula (3.12) – is mixedviT ganisazRvreba 

dro t =8,7 wm, ris Semdegac manqana gaCerdeba. 
siCqaris agebuli mrudi umniSvnelod gansxvav-
deba  sworisagan (SedarebisaTvis, Sesabamisi 
swori agebulia wyvetiliT). 

 
 

3.7. amwe saSaxte danadgaris dinamikuri 
procesebis modelireba. 

 
3.7.1. xaxunis Skiviani amwevi saSaxte 

danadgaris zogadi dinamikuri modelis 
damuSaveba. 

 
rogorc aRiniSna, samTo manqanebs da maT 

Soris amwev danadgarebs bagirTa sistemebiT 
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rTuli dinamikuri procesebis pirobebSi 
uxdebaT muSaoba. bagirebze modebuli masebi, 
garda ZiriTadi (muSa) gadaadgilebebisa, 
ganicdian garkveul Tanamdev moZraobebs, 
romelTa gamomwvevi mizezi SeiZleba iyos: 
bagiri_Skivis xaxunis zedapirebis uswor_mas-
worobebi, amZravidan Skivze brunviTi moZraobis 
araTanabari gadacema da sxva. normaluri 
muSaobis pirobebSi aseTi rxevebis gavlena 
umniSvneloa, magram maTi gavlena izrdeba 
danadgaris gaSvebisa da damuxruWebis dros da 
gansakuTrebiT SesZlo winaaRmdegobebisa da 
avariuli SemTxvevbis (damuxruWebis) pirobebSi. 

mniSvnelovania dinamikuri datvirTvebis 
gavlena bagiri_Skivis kvanZebSi, sadac bagiris 
deformaciiT gamowveuli dinamikuri Zalebi 
SesaZloa mniSvnelovnad aRematebodes statikur 
datvirTvebs. Sesabamisad, datvirTvebis araTa-
nabrobis pirobebSi adgili aqvs bagiri_Skivis 
wyvilis urTierTmoqmedebis proeqtiT gansaz-
Rvruli kanonzomierebis darRvevas aqedan 
gamomdinare, yvela SesaZlo uaryofiTi movlene-
biT. 

aRniSnulidan gamomdinare, didi mniSvneloba 
eniWeba saSaxte amwevi danadgaris dinamikuri 
modelis Sedgenas da moZraobis Sesabamisi 
maTematikuri gamosaxulebebis miRebas maTi 
Semdgomi kvlevis mizniT. 

arsebuli dinamikuri modelebi da Sesabamisi 
gamokvlevebi [13] dafuZnebelia bagiris 
deformaciis gansazRvraze statikuri damokide-
bulebiT, sadac bagiris masebi gaTvaliswi-
nebulia releis meTodiT. winaaRmdegoba 
gaTvaliswinebulia koeficientiT, romelic 
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axasiaTebs WurWlis damyolobas da winaaR-
mdegobebs Saxtis WaurSi. aseve aRsaniSnavia, 
rom arsebul modelebSi WurWlis moZraoba 
ganixileba mxolod grZivi mimarTulebaT, maSin, 
rodesac realurad mas SeiZleba hqondes ganivi, 
brunviTi da a.S. moZraobebi (normaluri 
muSaobis dros, aseTi moZraobis sidide mcirea). 

aRniSnulis gaTvaliswinebiT damuSavebul 
iqna zogadi, sistemur midgomaze dafuZnebuli 
sqema. igi iTvaliswinebs amwevi danadgaris 
“amZravi _ bagirTa sistema _ tvirTebi” 
Semadgeneli nawilebis bagirTa deformaciiT 
gamowveul SesaZlo moZraobebs sivrceSi da am 
moZraobebis diferencailur gantolebaTa 
sistemis miRebas. sqema saSualebas mogvcems 
miRebuli da ganxiluli iqnas danadgaris 
moZraobis esa Tu is kerZo SemTxveva imisda 
mixedviT Tu ra daSvebebi iqneba amocanis 
moTxovnebidan da realuri mdgomareobidan 
gamomdinare.    

ganvixiloT nax. 3.7 a_ze mocemuli amwevi 
danadgaris zogadi sivrciT dinamikuri modeli, 
romlis Sesabamisi klasikuri modeli mocemu-
lia nax. 3.7 b_ze.    

mocemul naxazze M1 da M2 WurWlis masebia 
(tvirTTan erTad an mis gareSe); M3 _ Skivze 
dayvanili amZravi danadgaris masebi; Mb1, Mb2 _ 
bagirebis masebi; 1 da 2 koeficientebiT 

gaTvaliwinebulia Mb1 da Mb2 bagirebis is e.w. 
misaerTebeli masebi (1, Mb1) romlebic 

monawileobas iReben M1,  M2,  M3 masebis 
moZraobaSi. 
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TiToeuli masis sivrceSi moZraobis 

misaRebad saWiroa am masis Tavisufali i 
wertilis (nawilakis) ganxilva. aseTi 
wertilebia Ai, Bi, Ci, Di, Ei, romelTagan TiToeuli 
mierTebulia Sesabamisi masebis simZimis 
centrebTan ri veqtorebiT, amasTan  Di,  da Ei, 
wertilebi veqtorulad dakavSirebuli arian 
agreTve WurWlebis da Skivis dayvanili masis 
simZimis centrebTan (Ri  veqtorebiT). 

mocemul sqemaSi masebTan M1, M2, M3 uZravad 
dakavSirebulia koordinatTa RerZebi  O1x1y1z1,  

O2x2y2z2,  O3x3y3z3, romelTa moZraoba ganixileba 
Oxyz RerZebis mimarT. bagiris Seyursuli 

(misaerTebeli) masebis Mb da Mb moZraoba 

M1, M2, M3  masebis mimarT ganixileba rogorc 
fardobiTi da bagirebis deformaciebis 
sidideebiT ganisazRvreba. amrigad, adgili 
eqneba M1, M2, M3  masebis damoukidebel 

moZraobebs da Mb da Mb masebis fardobiT 

moZraobebs M1, M2, M3  masebis mimarT [4]. 
TiToeuli masis Tavisufali nawilakis 

(wertilis) moZraobis siCqaris veqtorul 
gamosaxulebebs eqneba forma :  

Ai  wertilisTvis    

         iOAi rVV 11    

. . . . . . . . . . . . . . . . . . . . . . . .         (3.13) 
Ei  wertilisTvis  
 

    
'

2

'

333 '
2

'
2

iOOiOOEi rVRVV   . 

 
Sesabamisi kinetikuri energiebis gamosaxule-

bebi iqneba: 
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Tu CavsvamT gamosaxulebebSi (3.14) siCqareebis 

mniSvnelobebs gamosaxulebidan (3.13) da 
movaxdnT maT gaSlas Sesabamis koordinatTa 
RerZebze da gaviTvaliswinebT wrfivi 
koordinatebis namravlebs ara umetes me-2 
rigisa, miviRebT: 
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lagranJis gantolebis gamoyenebiT kinetiku-

ri energiebis gamosaxulebebidan miiReba TiTo-
euli masis (M1, M2, M3) inerciuli Zalebis 

gamosaxulebebi Mb da Mb masebis fardo-
biTi moZraobebis gaTvaliswinebiT: 
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bagirTa sistemaSi aRmocenebuli drekadi 

Zalebis miRebisaTvis unda ganisazRvros 
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bagirebis masebTan modebis wertilebis 
koordinatebi sawyis da deformaciis Sedegad 
miRebul mdgomareobebSi da sxvaobebi 
gamravldes bagiris sixistis koeficientebze. 

masebis sivrceSi moZraobis SemTxvevaSi 
bagiris SkivTan modebis a wertilis 
koordinatebi Oxyz RerZebis mimarT 
ganisazRvreba gamosaxulebebiT: 

 

          1312111)(  aaaOxa zyxxx  ,  

          
2322211)(  aaaOya zyxyy  , 

          3332311)(  aaaOza zyxzz  , 

 
sadac  xO1, yO1, zO1 – M1 masis O1  centris bagiris 
deformaciiT gamowveuli moZraobis koordi-

natebia,  xa, ya, za  -  a wertilis koordinatebi 
Ox1y1z1 koordinatTa sistemis RerZebis mimarT; 

131211 ,,   - Ox1y1z1 RerZebis Oxyz  sistemis 

mimarT mobrunebis kuTxeebis mimmarTveli 
kosinusebi [ 4 ]. 

                                   
 
 

cxrili 3.1          cxrili 3.2       cxrili 3.3 

 
 

analogiuri gamosaxulebebi miiReba M2 da M3  
masebis mimarTac. 
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imis mixedviT, Tu masebis ra saxis da ra 
sididis sivrciT moZraobebs aqvs adgili 
realurad ij mimmarTveli kosinusebi eileris 

 kuTxeebisgan damokidebulebiT gamoisa-
xebian sxvadasxva miaxloebiT. magaliTad, Tu 
mimmarTveli kosinusebis gaSlisas davtovebT 
mxolod pirveli rigis wevrebs, cxr.3.1 M1 masis 
mimarT miiRebs cxr.3.2-is saxes, xolo, Tu 
miviRebT, rom gadaadgilebebi xdeba mxolod  x1, 

x2, da x3  RerZebis mimarTulebiT da adgili ar 
aqvs ganiv da brunviT moZraobebs – miiReba  
cxr.3.3. amasTan unda aRiniSnos, rom winaaR-
mdegobis Zalebis gauTvaliswinebloba ar 
iZleva rxeviTi moZraobis realur suraTs 
rxevis Caqrobis TvalsazrisiT, vinaidan 
meqanikuri (lokaluri) winaaRmdegobis aRmof-
xvris Semdeg (iseve rogorc gardamaval 
reJimebSi) sistema agrZlebs moZraobas Tanmdev 
Tavisufal rxeviT reJimSi. 

mniSvnelovan sakiTxs warmoadgens gareSe 
Zalis (Zravis) zemoqmedebis gaTvaliswineba 
rxeviTi moZraobis procesSi. avariul reJimSi, 
rogorc wesi, xdeba damuxruWeba da Zravis 
gamorTva, xolo sistema ganagrZobs moZraobas 
Tavisufali rxevis reJimSi misi sabolood 
Caqrobamde. garda gardamavli procesebisa da 
avariuli SemTxvevebisa sabagiro amwevi 
danadgarebi, maTSi arsebiTad drekadi 
sistemebis arsebobis gamo, normalur samuSao 
pirobebSic xasiaTdebian Tanmdevi rxeviTi 
movlenebiT. igi SeiZleba mimdinareobdes 
rogorc transmisiis konstruqciaSi kvanZebisa 
da gadamcemi meqanizmebis arazusti urTierT-
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kavSiriT, aseve Skivisa da bagiris wyvilis 
urTierTmoxaxune zedapirebis araTanabrobiT 
da a.S. 
 

  
 

nax. 3.7.  
 

3.7.2. saSaxte amwevi danadgaris 
sivrceSi moZraobis gantolebebis miReba. 

                                          
gansakuTrebul yuradRebas imsaxureben 

rxeviTi procesebi bagiris Skivze asrialebis 
TvalsazrisiT, radgan am dros SeiZleba 
mniSvnelovnad dairRves Tanafardoba xaxunis 
Zalasa da bagiris daWimulobebs Soris da 
moxdes manqanis angariSiT gaTvaliswinebuli 
muSa procesebis darRveva. 

kinetikuri energiebis lagranJis gantole-
baSi SetaniT da drekadi da winaaRmdegobis 
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Zalebis standartuli formebis gamoyenebiT 
amwevi sabagiro sistemis rxeviTi moZraobis 
gantolebebs eqnebaT Semdegi saxe [16]: 
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1232 frFQxxhxxhxxk      (3.15) 

 
miRebuli gantolebebi asaxaven amwevi danad-

garis moulodneli gaCerebis dros ganviTare-
bul rxeviT procesebs. 

mniSvnelovani roli normaluri muSa 
reJimebis ganviTarebaSi ganekuTvneba xaxunis 
Zalas da mis damokidebulebas bagiris Stoebis 
daWimulobaTa sxvaobisagan. 

Tu dairRva Tanafardoba xaxunis Zalasa da 
daWimulobebs Soris moxdeba bagiris Skivze 
asrialeba da SeiZleba aRmocendes avtorxevebi 
(Tu Zravma gaagrZela muSaoba), romlebic Tavis 
mxriv ganpirobebuli iqnebian bagirebSi drekad 
Zalebsa (daWimulobebs) da xaxunis Zalebs 
Soris cvladi urTierTdamokidebulebiT (avto-
rxevebis klasikuri SemTxveva).  

Tu moxdeba WurWlis gamodeba raime dabrko-
lebaze da Zravis gaCereba ar moxerxda swra-
fad, daWimulobaTa Tanafardobis (sxvaobis) 
sidide gadaaWarbebs xaxunis Zalas da moxdeba 
asrialeba (normalur raJimSi xaxunis Zala 
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yovelTvis metia bagirebis daWimulobaTa sxvao-
baze). 

 xaxunis Zalis damokidebulebas bagiris 
daWimulobisagan gansazRvraven Semdegi gmosa-
xulebiT [1]: 

 
                   Fxax = S2st ( e

e  - 1 )          (3.16) 
 
sadac  S2st _ bagiris Camavali Stos stati-

kuri daWimuloba,   _ bagiris Skivis Raris 
zedapiris mimarT xaxunis koeficienti,  _ 
bagiris wamyvani Skivis mimarT Semoxvevis kuTxe.  

wonasworobis mdgomareobaSi xaxunis Zalis 
damokidebulebas bagirebis Stoebis daWimulo-
baTa sxvaobisagan aqvs Semdegi saxe: 

 

      S1st _ S2st = Fxax                                        (3.17) 
 

sadac S1st _ amavali Stos statistikuri daWimu-
loba.  

amrigad, rom ar moxdes asrialeba statikur 
mdgomareobaSi, daculi unda iqnas piroba: 

 

              1
21


 stst

xax

SS

F
    1

 Ca SS

F fr          (3.18)        

 
bagiris StoebSi sxvadasxva mizezebis gamo 

deformaciis SemTxvevaSi aRmocendeba Sesabamisi 
dianmikuri procesebi, rasac arsebiTi gavlenis 
moxdena SeuZlia (3.18) damokidebulebaze.  

amwevi danadgaris statikuri mdgomareobis 
dros daWimulobebi bagirebis SotebSi ganisaz-
Rvreba Semdegi gamosaxulebiT:  
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S1st= P1 + P2 + Pr1;    S1st= P1 + P2 ;            (3.19) 
 

sadac P1 _ asawevi WurWlis wona, P2 _ sasar-
geblo tvirTis wona, Pb1_ amavali bagiris Stos 
wona, P2 _ Camavali WurWlis wona, Pb2_ bagiris 
Camavali Stos wona, Pb1=PL1,  Pb2=PL2 , L1, L2 
Stoebis Tavisufali sigrZeebi, P _ bagiris 1 
grZ. metris wona.  

(3.15) da (3.19) gamosaxulebebidan gamomdinare 
sruli daWimulobebi bagirebSi ase gamoisaxeba:  

 

S1= S1st  - ( a11

..

X 1+ a13

..

X );    S2= S2st  - ( a22

..

X 2+     

   +a23

..

X 3); 
 
gantoleba (3.18) Sesabamisad miiRebs saxes: 
 

Fxax = S2 ( e
  -1 ) 

 
gantolebebi (3.15) saSualebas iZlevian 

ganxilul iqnas sabagiro amwevi danadgaris 
moZraobis TiTqmis yvela realuri da 
Teoriuli SemTxveva. maT Soris: 

1) danadgaris (Zravis) moulodneli gaCereba 

(QZr=0,  Fxax  S1+ S2 - asrialebis gareSe)  am dros 
tvriTebi inerciiT ganagrZnoben moZraobas 
(Q=Qmux) da (3.14) gantolebebidan moxdeba 
pirveli oris amoxsna QZr = 0 pirobis gaTva-
liswinebiT. 

2) Tu moxdeba amavali WurWlis raime 
winaaRmdegobis gamo gaCereba, bagiris daWimva 
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da Semdeg gaSveba, am SemTxvevaSi ganviTardeba 
rxeviTi procesebi (3.15) gantolebaTa sistemis 
Sesabamisad (asrialebis gareSe). 

3) Tu moxda amavali WurWlis gaWedva 
SeiZleba ganvixiloT ori periodi:  

a) gaWedvidan Zravis gaCerebamde (damuxruWe-
bis paralelurad) _ imuSavebs II da III gan-
tolebebi. 

b) Zravis gaCereba (QZr=0,  Q= Qmux) _imuSavebs II 
gantoleba. 

4) Tu moxda gaWedva, xolo Zravis gaCereba 
ar moxerxda daWimulobaTa sxvaoba gadaaWar-
bebs xaxunis Zalas da moxdeba asrialeba. 

am dros Skivis moZraoba srialis xaxuniT 
ukavSirdeba Stoebis tvirTebis moZraobas da 
adgili eqneba StoebSi avtorxevebis aRmoce-
nebas (ukve damyarebuli moZraobis dros), rac 
ZiriTadad xaxunis Zalisa da daWimulobaTa 
sxvaobis urTierTdamokidebulebiT iqneba ganpi-
robebuli. 

cxrili 3.1 da warmodgenili procedura 
saSualebas iZleva miRebul iqnas amwevi 
danadgaris sivrciTi moZraobis mTliani 
analizuri gamosaxuleba (sididis gamo ar aris 
warmodgenili [16]). igi SeiZleba dayvanil iqna 
moZraobis konkretul SemTxvevaze: sibrtyeze, 
erT romelime RerZze da a.S. 

kvlevis aRniSnuli midgomiT SesaZlebelia 
ricxviTi eqsperimentebis farTo speqtris 
Catareba. es Seexeba rogorc sistemaSi 
aRmocenebuli drekadi deformaciebis da 
xaxunis Zalebis urTierTgavlenis, aseve masebis 
moZraobis muSa mimarTulebebidan gadaxrebis 
gavlenis kvlevas manqanis saeqspluatacio 
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parametrebze (siCqare, tvirTamweoba, asrialeba 
da a.S.). 

 

3.7.3. sistemis “Skivi_bagiri_tvirTis” 
dinamikuri urTierTqmedebis cifruli 

gamokvleva  
rogorc cnobilia asrialebis SesaZlebloba 

damokidebulia xaxunis Zalasa da bagiris 
Stoebis daWimulobaTa sxvaobis Tanafardobaze. 
ganvixiloT aRniSnuli Tanafardobebis Camoya-
libebis sxvadasxva pirobebi: 

1. statikuri mdgomareoba (uZraobis an 
Tanabari moZraobis SemTxveva); 

2. gaSvebis, gaCerebis an damuxruWebis 
mdgomareoba, rodesac moZraoba TanabaraCqa-
rebulia an TanabarSenelebuli. 

3. rodesac vagonis gadaadgilebas Tan 
axlavs bagiris (Skivis) rxeviTi moZraobebi. 

pirvel SemTxvevaSi asrialebis sawinaaR-
mdego usafrTxoebis koeficienti ganisazRvreba 
Semdegi damokidebulebiT: 

 

            st=SC(e
f Sa - SC)          (3.20)   

    

sadac SC da Sa _ Camavali da amavali Stoebis 
statikuri daWimulobebia;  

e _ naturaluri logariTmis fuZea; f _ 
bagiris Skivis amonagTan xaxunis koeficientia; 
 _ bagiris Skivze Semoxvevis kuTxea. 

imisaTvis, rom asrialebas ar hqondes adgili 
usafrTxoebis koeficienti meti unda iyos 
erTze,   st> 1. 
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me-2 SemTxvevaSi, e.i. rodesac ganvixilavT 
SeCerebis, gaSvebis an damuxruWebis procesebs, 
statikur datvirTvebs daemateba dinamikuri 

datvirTvebi da   koeficienti gamoisaxeba 
Semdegnairad: 

 

        din= 
)(

)1)((

CaC.sta.st

CC.st

mmaSS

eamS f



 

             (3.21) 

sadac a _ mudmivi Seneleba an aCqarebaa, ma _ 
amavali tvirTis, xolo mC _ Camavali tvirTis 
masa. 

me-3 SemTxvevaSi ganixileba vagonis moZra-
obis iseTi mdgomareoba, rodesac adgili aqvs 
bagirSi drekad deformaciebs (rxevebs), rac 
SeiZleba gamowveuli iqnas sxvadasxva mizezebiT 
(manqanis gaSveba, gaCereba, uecari damuxruWeba 
da a.S.).  

am SemTxvevaSi asrialebis sawinaaRdego 
usafrTxoebis koeficienti miiRebs Semdeg saxes:  

 

    

2

..

1

..

2

..

)(

)1(

xmxmmmaSS

exmamS f

CaCaCa

CCC
din








    (3.22) 

 
sadac x1 da  x2 _ amavali da Camavali Stoebis 
gadaadgilebebia.  

ganxiluli mdgomareobebidan interess iwvevs 
da naklebad aris Seswavlili me-3 SemTxveva, e.i. 
rodesac statikur da TanabaraCqarebiT an 
SenelebiT gamowveul datvirTvebs emateba 
rxeviT gamowveuli dinamikuri deformaciebi. 
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aRniSnuli procesebis kompiuteruli mode-
lirebisaTvis visargebloT Semdegi Tanmim-
devrobiT. 

gaangariSebis safuZvelze unda ganisazRvros 
gantolebaTa sistemis koeficientebi danad-
garis ZiriTadi parametrebis mixedviT. aseTi 
midgomiT aRniSnuli gantolebebi faqtiurad 
aRweren garkveuli konkretuli manqanis (Cvens 
SemTxvevaSi zemoT SerCeuli manqanis) moZraobis 
(dinamikur) process da SesaZlebelia 
parametrebis cvlilebebis safuZvelze Catardes 
muSa procesze maT gavlenis kvleva. 

koeficientebis ricxviTi mniSvnelobebis 
dadgenis Semdeg damuSavdeba miRebuli 
gantolebebis kompiuteruli modelirebis 
programa. SeirCeva diferencialuri ganto-
lebebis amoxsnis ricxviTi meTodebi magaliTad, 
runge kutas me_4 rigis ricxviTi meTodi. 

amjerad cifruli (kompiuteruli) gamok-
vlevebis mTavari mizania dadgindes asrialebis 

sawinaaRmdego koeficientis   damokidebuleba 
dinamikuri datvirTvebisagan da zemoT-
aRniSnuli SemTxvevebis urTierTSedareba.  

TiToeuli SemTxvevisTvis gamoiyeneba Sesaba-
misi gantolebebi:  

1) statikuri datvirTvebis SemTxvevaSi _ 
gantoleba (3.20); 

2) statikuri da bagiris mudmiv aCqarebuli 
an mudmivi Senelebuli moZraobebis SemTxvevaSi 
_ gantoleba (3.21); 

3) bagiris rxeviTi moZraobis SemTxvevaSi 
(statikur da mudmivaCqarebul, mudmivSene-
lebul moZraobasTan erTad) _ gantoleba (3.22). 
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TiToeul SemTxvevaSi icvleba Semoxvevis 
kuTxe da bagiris Skivze xaxunis koeficienti. 

 

3.7.4. cifruli eqsperimentis zogierTi 
grafikuli da ricxviTi Sedegebi 

 
nax. 3.7 _ ze mocemulia xaxunis Zalisa da 

asrialebis sawinaaRmdego koeficientis damoki-
debuleba Semoxvevis kuTxeze 

 

 
Nnax. 3.7 

 
nax. 3.8 _ ze mocemulia xaxunis Zalisa da 

asrialebis sawinaaRmdego usafrTxoebis 
kodeficientis damokidebuleba xaxunis 
koeficientze, roca   icvleba 0_dan 0,5_mde, 
xolo Semoxvevis kuTxe mudmivi sididisaa   
=3,14. 

nax. 3.9 _ ze warmodgenilia xaxunis Zalisa 
da asrialebis koeficientebis cvlileba 
dinamikuri datvirTvebis zemoqmedebis pirobeb-
Si.  gantoleba  (3.22)  _  is  mixedviT.  rogorc 
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Nnax. 3.8 

 
naxazidan Cans dasawyisSi didi amplitudis 
rxevebis dros asrialebis sawinaaRmdego 
koeficients aqvs arawrfivi saxe da perioduli 
asrialebis mdgomareoba bagiris calkeul 
monakveTze. aseTi procesi xasiaTdeba friq-
ciuli avtorxevis msgavsi movlenebiT, rac 
arasasurvelia, magram ar iwvevs saerTo 
asrialebas, Tu Caqrobas aqvs wrfivi xasiaTi da 
rxevis amplituda ar aris mniSvnelovnad 
maRali. garkveuli periodis Semdeg xdeba 
rxevebis Caqroba da procesi ubrundeba 
Cveulebriv (normalur) mdgomareobas. 

nax. 3.10 _ ze mocemulia gantolebaTa 
sistemis (3.15) amoxsnis grafikuli gamosaxu-
lebebi dinamikuri (rxevis) procesebis gaT-
valiswinebiT. kerZod xaxunis Zalebi, bagiris 
Stoebis daWimulobebi, dinamikuri datvirT- 
vebi bagirze da Skivze (inerciis Zalebi:   

..

33

..

22

..

11 ,, xmxmxm )  ganicdian  rxevis  Sesabamis 
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Nnax. 3.9 

 
periodul cvlilebebs. 
 

 
 

Nnax.3.10. 
 
 

msgavsi procesi rxevis Caqrobis SemTxvevaSi 
(rodesac gaTvaliwinebulia winaaRmdegobis 
Zalebi) mocemulia nax. 3.11 _ ze. 
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Nnax. 3.11. 

 
normaluri   muSaobis  SemTxvevaSi  dinami-

kur  datvirTvebs  aqvs  milevadi xasiaTi da 
ver axdenen mniSvnelovan gavlenas muSa 
procesze, magram rogorc miRebulma gamok-
vlevebma gviCvenes sxvadasxva darRvevebis 
SemTxvevaSi (uecari gaWedva, uecari damux-
ruWeba, gawyveta, cveTiT gamowveuli darRvevebi, 
da a.S.) SesaZlebelia dinamikuri datvirTvebis 
procesi gagrZeldes droSi da gamoiwvios 
seriozuli uaryofiTi Sedegebi. 

nax. 3.12-ze mocemulia cifruli eqsperimentis 
grafikuli amonaxsni, sadac naCvenebia xaxunis 
Zalisa da daWimulobaTa sxvaobis cvlilebis 
kanonzomierebis xasiaTi dinamikuri datvir-
Tvebis (rxevebis) pirobebSi. 
    rogorc naxazidan Cans dasawyisSi, rodesac 
moxda raRac winaaRmdegobasTan tvirTis kontaq-
ti da Semdeg winaaRmdegobis moxsna, ganviTarda   
rxeviTi  procesi,  romelic  gagrZelda ram-
denime periodis ganmavlobaSi  da   Semdeg  re-
alur   sistemaSi   arsebuli   winaaRmdegobis  
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nax. 3.12. 

 
gavleniT daiwyo mileva (Caqroba). Bbolos, 
rogorc naxazidan Cans procesi daubrunda 
sawyis (normalur) muSa mdgomareobas. 
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Tavi 4 
lenturi konveierebis dinamika 

 
4.1. konveierebis saxeebi da gamoyenebis 

sferoebi 
 

lenturi konveierebi masiuri tvirTebis 
transportis gansakuTrebuli, mwarmoebluri da 
saimedo saxeobaa. isini warmoadgenen uwyveti 
moqmedebis manqanebs da gamoiyenebian fxvieri, 
natexi an erTeuli masalebis gadatanisaTvis. 
samTo sawarmoebis mwarmoeblobis zrdas Tan 
sdevs konveieruli danadgarebis simZlavris, 
mwarmoeblobis, da sigrZis zrda da maT farTo 
gavrceleba aqvT mTel msoflioSi. 

konveierebi mwarmoeblobis  (2000 t/sT) da 
sigrZis (11-13 km) zrdasTan erTad 
gansakuTrebul mniSvnelobas iZenen gaSvebis 
dinamikasTan dakavSirebuli sakiTxebi [1], rac 
ganpirobebulia lentis muSaobis xelsayreli 
pirobebis Seqmnis aucileblobiT. 

konveierebi ZiriTadad  gansxvavdebian erTma-
neTisgan gamwevi da tvirTgadamtani organoebis 
tipebis mixedviT (nax. 4.1.,...,4.5) .  

 

 
nax.4.1.  
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nax. 4.2.  

 

     
 

nax. 4.3. 

  

nax. 4.4. 
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nax. 4.5. 
 

ganasxvaveben konveierebs gamwevi organos 
mixedviT: lenturi (nax.4.1), jaWvuri, sabagiro, 
da sxva. gamwevi da aragamwevi organoTi: 
xraxnuli (nax.4.3), inerciuli, vibraciuli 
(nax.4.5), gorgolaWovani (nax.4.4). tvirTgadamtani 
organoTi: lenturi, firfitovani (nax.4.2), 
xvetia, sauriko da sxva.  

firfitovani da lentur-jaWvuri konveierebi 
Cveulebrivad aRWurvili arian ramdenime 
amZraviT, romlebic ganlagebuli arian 
konveieris dgaris gaswvriv da dakavSirebuli 
arian erTmaneTTan mxolod drekadi gamwevi 
organoTi-konveieriT.  aseTi amZravebis fardo-
biTi rxevebi konveieris wreze friad arasa-
survelia, radganac aRmocenebuli dinamikuri 
Zalvebi zrdian datvirTvebs gamwev organoze. 

 

4.2. samamZraviani konveieris dinamika 
gaSvebis procesSi 

 
ganvixiloT samamZraviani konveieris  (nax. 4.6 

a,b) moZraobis dinamikuri procesi gaSvebis 
momentSi.                                                                                       
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nax. 4.6 
 

amZravebis moZraobis gantolebebs aqvs saxe 
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(4.1) 

 
sadac m1 – I amZravis moZravi nawilebis 
dayvanili masa + konveieris  uqmi  Sto  da misi  
“7 - 8” datvirTuli ubani; m2 – II amZravis 
moZravi nawilebis dayvanili masa; m3 – III  
amZravis moZravi nawilebis dayvanili 
masa+datvirTuli Stos 2 - 3 ubani; m12   da m23 – 
datvirTuli  Stos 3 - 5 da 5 - 7 ubnebis masebi; 
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c12   da c23  - 3 - 5 da 5 - 7 ubnebis sixisteebi [13]; x1 , x2 

, x3 – ganzogadoebuli koordinatebi, romelTa 
rolSic mocemul SemTxvevaSi Sesabamisi 
amZravebis muxluxebis muStebis gadaadgi-
lebebia; Q1 , Q2 , Q3 – Sesabamisi amZravebis 
ganzogadoebuli Zalebi (Q1 = 0,8 Wn ,  Q2 = 0,8 Wn,  

Q3 = -Wn + kt, sadac - Wn - erTi amZravis 
nominaluri wevis Zala, k – III amZravis mwevi 
Zalis zrdadobis intensivobis koeficienti). 

dinamikuri datvirTvebis gansazRvra daiyva-
neba (4.1) sistemis amoxsnaze da gamosaxulebebis   

S12 = c12 (x1 - x2)  da S23 = c23 (x2 - x3) gamoTvlaze.  
nax. 4.7 -ze  mocemulia gamwevi organos Zal-

vis droSi cvlilebis grafikebi (S12   da S23 - nax. 
4.6). rogorc am grafikebidan Cans konveieris 
wredSi Zala maqsimalur sidides (Smax  = 10500kg = 
1,65  WnH) aRwevs 0,7 wamis Semdeg me-2 da me-3 
amZravebs Soris ubanze muxruWis gamorTvidan. 
SemdgomSi wredSi viTardeba qrobadi (milevadi) 
rxevebi da dinamikuri Zalebis amplitudebi 
swrafad iwyeben Semcirebas. 

 
4.3. oramZraviani lenturi konveieris 
moZraobis procesi releis meTodis 

gaTvaliswinebiT. 
 

konveieris eqvivalenturi sqemis SedgenisaT-
vis unda  gaviTvaliswinoT  wredis ganawilebu- 
li masa releis meTodis mixedviT. 

amisaTvis saWiroa wredis sigrZeze statiku-
ri deformaciis ganawilebis codna. Tu ganvixi-
lavT   gaSvebis  moments  ZiriTadi  datvirTva 
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nax.4.7.  

 
modebulia konveieris wredis sapirispiro 
boloebze, SeiZleba miviRoT, rom deformacia 
ganawilebulia trapeciuli kanoniT. am SemTx-
vevaSi kinetikuri energia ganisazRvreba gamosa-
xulebiT 

23

2

2

.

2

.

1

.2

1

.

xxxxL
Tk





, 

 
sadac x1, x2 –Sesabamisi amZravebis wredebis 

gadaadgilebebia; 2

.

1

.

, xx - wredis am kveTebis 

wrfivi siCqareebia; wredis 1 m grZivi masa; L- 
konveieris sigrZe. 

kinetikuri energiis gamosaxulebis lagran-
Jis gantolebaSi CasmiT miviRebT: 
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sadac mday-amZravis wredze dayvanili masa, E0-
wredis grZivi sixiste;  Q2- me-2 amZravis gamwevi 
Zala, romelic gaSvebis momentSi SeiZleba 
CaiTvalos mudmivad da ase gamoisaxos 
 

V
MQ H




max2 ; 

 

aq maxM - quros maqsimaluri momenti; H - misi 

turbinis borblis nominaluri siCqare;  - 
reduqtoris da jaWvuri modebis m.q.k.;  V -
lentis siCqare. 
(a) sistemaSi pirvel gantolebas Tu gamovak-
lebT me-2-s miviRebT 
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am gantolebis amoxsna lentis deformaciis 

x2 - x1-is mimarT moxdeba sawyisi pirobebisaTvis: 

t=0, x2=x1;   2

.

x =V,  1

.

x =0. 
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Tavi 5 
 

sabagiro gzis dinamika 
 
mTian da Znelad misasvlel adgilebSi 

kiduli sabagiro gza warmoadgens samgzavro da 
satvirTo transportis erT-erT yvelaze 
ekonomiur da efeqtur saxeobas. 

satvirTo bagirgzebi ZiriTadad gamoiyeneba 
qvanaxSiris da qimiuri mrewvelobis sawar-
moebSi, samTamadno damuSavbaSi, kaSxlebisa da 
eleqtrosadgurebis mSeneblobaSi, mTian 
raionebSi xe-tyis gadasazidad da a.S. maTi 
ZiriTadi Tavisebureba imaSi mdgomareobs, rom 
satvirTo saSualebebi – vagonetebi, kabinebi – 
gadaadgildebian garkveul manZilze miwis 
zedapiridan foladis bagirebis saSualebiT. 

 

B5.1. bagiris saangariSo modeli 
 
vinaidan bagiri xasiaTdeba didi sigrZiT da 

mcire sixistiT, Runvisas igi SeiZleba 
miviCnioT absoluturad moqnilad da misi 
gaangariSebisas gamoviyenoT moqnili Zafis 
Teoria. 

moqnili Zafi warmoadgens cvalebad sistemas 
grZivi mimarTulebiT. gaangariSebas isic aZne-
lebs, rom moqmedi datvirTvisas ucnobia ara 
marto Zalvebi, aramed Zafis forma da zomebic. 

ganvixiloT Tavisufali vertikaluri ZaliT 
datvirTuli moqnili Zafi (nax. 5.1). 

ZafSi warmoqmnili Zalvebis gansazRvri-
saTvis winaswar pouloben sayrdenis TA  da  TB 
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reaqciebs, romlebic iSleba vertikalur da 
horizontalur Semdgenebad. Ees Zalebi sididiT 

A da B  wertilebSi Zafis daWimulobis tolia, 
xolo mimarTulebiT - sawinaaRmdego.  

sistemis statikuri wonasworobis pirobebi 
Caiwereba Semdegnairad: 

 

 
 

nax.5.1. 
 

    ;0BA HHX  MB =VAl - MBg - HAh=0;   

  MA = -VBl -MAg- HB h=0;          ( 5.1 ) 
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sadac MBg  da  MAg Zafze moqmedi mocemuli 
gare Zalebis momentebia A da B wertilebis 
mimarT.  

(5.1 ) gantolebidan miiReba  
 

                BA HH  .                (5.2) 

 
Zafis nebismier  x  kveTSi gaWriT  (nax.5.1b) da 

Semdeg mokveTili nawilis ganxilviT miiReba 
 

                .0Bx HHX    

              
( 5.2 )-is gaTvaliswinebiT ganisazRvreba   
 

               ,HHHH ABx             (5.3) 

 
saidanac Cans, rom vertikaluri Zalis 
moqmedebiT gamowveuli Zafis daWimulobis 
horizontaluri Semdgeni Zafis yvela kveTSi 
erTnairia. 
   (5.1). . . …(5.3) gamosaxulebebidan miiReba 

 

                VA = MBg / l+H h / l; 

VB = MAg / l – H h / l.                 (5.4) 

 
miRebuli tolobebis marjvena mxaris 

pirveli wevrebi Zafis msgavsad datvirTul or 
sayrdenze mdebare koWis reaqciis Zalebia 
(nax.5.2). 

Tu avRniSnavT koWis sayrdenis reaqciebs   
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VAk= MBg / l,    VBk =MAg / l 

 

da gaviTvaliswinebT, rom H / l = tg , SeiZleba 
daiweros: 
 

                         VA = VAk + H tg ;                             (5.5) 

                         VB = VBk - H tg .                              (5.6) 

 

     ganvixiloT Zafis Tavisufali kveTi (C 

wertili) marcxena sayrdenidan x manZilze. Tu 
gaviTvaliswinebiT, rom Zafi absoluturad 
moqnilia, mRunavi momentis nulTan tolobis 
piroba gansaxilvel kveTSi Caiwereba Semdegi 
saxiT: 

MC = 0;  VA  x - H y - Mxg = 0, 
 

sadac Mxg yvela gare Zalis momentebis jamia 
(sayrdenis reaqciis momentis garda), romlebic 

moqmedeben Zafis AC ubanze. VA  da  y = x tg  + fx 

mniSvnelobebis CasmiT miiReba  
 

VAk x – H fx - Mxg = 0, 
saidanac 

 

fx = (VAk x - Mxg) / H = Mx / H; 

 

aq fx Zafis Cazneqaa C kveTSi;  Mx - Zafis 
analogiurad datvirTuli koWis mRunavi 
momenti x kveTSi.  
  amrigad, nebismieri vertikaluri tvirTiT 
datvirTuli Zafis Cazneqa (Cakiduloba)  x 
koordinatis   mqone   mis  romelime wertilSi, 
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nax. 5.2 

 
Cveulebrivi koWis igive kveTSi analogiuri 
tvirTiT gamowveuli mRunavi momentis Zafis 
daWimulobis horizontalur SemdgenTan fardo-
bis tolia. 
   Zafis Cazneqis mrudis gantolebas koor-
dinatTa saTavis mimarT (zeda A sayrdeni)  aqvs 
saxe 
 

y = x tg  + fx = x tg  + Mx / H, 

 
   xolo mrudis mxebis daxris kuTxes – saxe 
 

tg = dy/dx = tg  + (dMx / dx)H. 
 

   Runvis Teoriidan cnobilia, rom dMx / dx =  Qx, 

amitom 
 

dy/dx = tg  + Qx / H, 
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sadac Qx  martivi koWis x kveTSi x  RerZisadmi 
normaluri gadamWreli Zalaa, e.i. Zafis 
analogiurad datvirTuli martivi horizon-
taluri koWis gadamWreli Zala x kveTSi. 

 
5.2. sabagiro gzis dinamikuri modelis 

Sedgena 
     

sabagiro gzis muSaobis procesSi bagirze 
moqmedi datvirTvebi gamowveulia vagonis, masSi 
moTavsebuli tvirTis da TviT bagiris wonebiT, 
rac ganapirobebs mis statikur datvirTvebs; 
aRniSnuli datvirTvebis garda, dinamikuri 
datvirTvebi, bagiris deformaciis gaTvalis-
winebiT, SesaZlebelia aRmocendes Semdegi 
mizezebiT: 1) gardamavali procesebi bagirgzis 
gaSvebisa da gaCerebis periodSi, 2) vagonis 
bagirze moZraobis winaRmdegobis Zalebis 
cvlilebebi, 3) vagonis moulodneli damuxru-
Weba, 4) qaris winaaRmdegoba, 5) vagonis 
datvirTvisa da gantvirTvis procesebi da a.S. 
   sistemis “bagiri – urika – vagoni” dinami-
kuri modeli, misi moulodneli damuxruWebis 
procesSi,  warmodgenilia nax. 5.3 – ze. vagonis 

 kuTxiT gadaxris Sedegad bagiris statikuri 
gaRunva fst Seicvleba gamosaxulebiT – fst   +  fdin, 
sadac fdin moulodneli gaCerebis Sedegad 

gamowveuli bagiris deformaciaa. 
    m2  masis (vagonis) absoluturi gadaadgile-
ba - Sabs  Sedgeba Semdegi komponentebisgan: 

bagiris gadaxra - Sbag, vagonis gadaadgileba 
urikasTan erTad – S1, vagonis moZraoba 
urikasTan mimarTebaSi – S2 ,  
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Sabs =  Sbag + S1 +  S2. 

 
    erTiani sistemis moZraobis gansazRvri-
saTvis saWiroa ganisazRvros: 1) sistemis 
kinetikuri energia, @2) – potencialuri energia,  
3) sistemaze moqmedi aqtiuri Zalebi. 
    m1  da m2 masebis mdgomareobebi ganisaz-

Rvrebian  x , y da  x , y ,    - koordinatebiT, 
Sesabamisad. 
    sistemaze moqmed ganzogadebul Zalas eqne-
ba Semdegi saxe: 
 

Q  =  Fw + Fxax + Fmux + Mg, 

 

 

sadac Fw winaaRmdegobis Zalaa,  Fxax - xaxunis 
Zala, Fmux - damuxruWebis Zala,  M = m1 + m2 + mb, 
m1 - vagonis masa, m2 - urikis masa,  mb - bagiris 

masis nawili vagonis masasTan mimarTebaSi, g - 
Tavisufali vardnis aCqareba. 
   kinetikuri energiis zogadi gamosaxulebis 
misaRebad visargebloT klasikuri meTodiT da 

ganvsazRvroT m2 masis Bi Tavisufali   
wertilis moZraobis absoluturi siCqaris 
veqtoruli gamosaxuleba [ 4, 21]: 
 

iOOiOOOB rVrOOVV
i


111  , 

 

sadac VO aris  m1  masis wrfivi siCqare, O - m1   

masis brunviTi siCqare O wertilis irgvliv, VO1 

– m2 masis moZraobis wrfivi siCqare, O1 - m2  
masis brunviTi siCqare. 
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     Tu  m1  ar asrulebs brunviT moZraobas 

1111 zyxO  RerZebis mimarT, maSin es veqtoruli 
gamosaxuleba ase Caiwereba: 
 

iOOOB rVVV
i


11

 . 

 
     vagonis kinetikuri  energiis veqtorul 
gamosaxulebas eqneba saxe:  
 

    2

1 1

2

2

22 )(
2

1
)(

2

1
11 iOOO

n

i

n

i

iBii rVVmVmK   
 

 .  (5.7) 

 
miRebuli gamosaxulebis mimmarTveli kosinu-

sebis gamoyenebiT  1111 zyxO  koordinatTa Rer-
Zebze gaSlisa da LlagranJis me-2 rigis 
gantolebis gamoyenebiT SesaZlebelia miRebul 
iqnas sabagiro gzis warmodgenili modelis 
sivrceSi moZraobis ganzogadoebuli diferen-
cialuri gantolebebi xazovani da brunviTi 

mimarTulebebiT (x, y, z, , , ) [4, 21]. maTi 
saSualebiT SesaZlebeli iqneba gamokvleul 
iqnas rogorc sivrciTi moZraoba mTlianad, 
aseve misi kerZo SemTxvevebi – ama Tu im 
calkeuli mimarTulebiT. 
     ganvixiloT nax. 5.3 – ze mocemuli modelis 
moZraobis kerZo SemTxveva – moZraoba  xOy 
sibrtyeSi. aseT SemTxvevaSi urikis (m1) 

kinetikuri energia iqneba 

2

1
1 K  m1 )(

2.2.

zx  . 

   gantolebis (5.7)  1111 zyxO  RerZebze gaSlisas 

miviRoT Semdegi daSvebebi: 1) masa m2  ar 
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asrulebs moZraobas sakuTari ( 1111 zyxO ) RerZebis 

irgvliv; 2) masis m2  mobruneba xdeba  O  

wertilis mimarT Oy  RerZis paraleluri 
wrfivis irgvliv; 3) masis m1 (urika) moZraoba 
xorcieldeba x da y RerZebis mimarTulebiT; 4) 
O2 wertilis (masa m2) grZivi mimarTulebiT 
moZraoba ganisazRvreba x da y cvladebisgan 
damokidebulebiT (nax. 5.3): 
 

       )sin(   LxX ,  )cos(   LzZ ;      (5.8) 

 
    gamosaxulebis (5.7) gaSlisa da miRebuli 
daSvebebis gaTvaliswinebiT, sistemis saerTo 
kinetikuri energiis gamosaxuleba miiRebs saxes: 
 

 )())((
2

1 ....

2

2

1

.2

1

.

2121 ZzXxmzxmmKKK  

)(
2

1
)(

2

1
2.2.

2

2.

11
YXmJJ O

yO y
                     (5.9) 

 

sadac  O

yyO JJ
11

,  masis m2  inerciis momentebia  OY 

da O1y1  RerZebis mimarT. 
GAgavawarmooT gamosaxulebebi (5.8): 

);cos(
...

  LxX     );sin(
...

  LzZ  (5.10) 
 
   Tu CavsvamT Ggamosaxulebebs (5.10) (5.9)-Si, 
miviRebT mxedvelobaSi, rom masa m1  ar 
axorcielebs brunviT moZraobebs sakuTari 

RerZebis  1111 zyxO  - is mimarT (am SemTxvevaSi 
O

yJ
1
=0)  da  gamoviyenebT  lagranJis  me-2  rigis 
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nax. 5.3 

 
gantolebas, miviRebT moZraobis gantolebebs x, 

z,   mimarTulebebiT: 

 )](sin)(cos[)4(
2...

2

..

21  LLmxmm  

Fxax - Fw  -  Fmux + g ( m1+m2 ) sin; 

;cos)(

)](cos)(sin()4(

21

2...

2

..

21





mmgzk

LLmzmm



  

;0sin])cos(

)sin()sin()(cos[

2

......

......

2









gLmJLz

zxxLm

y

    (5.11) 
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Qx  =  Fxax -Fw  - Fmux -  g ( m1+m2 ) sin; 

  

Qz  =  g ( m1+m2  ) cos ; 
  

.sin2  gLmQ   

 
    miRebuli diferencialuri gantolebebi 
aRweren sabagiro gzis vagonis moZraobas 
moZraobisadmi grZiv vertikalur sibrtyeSi 
mobrunebis gaTvaliswinebiT. 
    gantolebebi (5.11), cnobili gantolebebi-
sagan [22] gansxvavebiT, aRweren agreTve vagonis 
da urikas rxeviT moZraobas z RerZis 
mimarTulebiT (me-2 gantoleba). amasTan, pirveli 
gantoleba aRwers vagonis da urikas sworxa-
zovan moZraobas  x RerZis mimarTulebiT rxe-
viTi moZraobis gareSe. 
    gantolebebis (5.11) amoxsna SesaZlebelia 
kompiuterze Sesabamisi programis safuZvelze. 
amoxsnebi, e.i. cifruli eqsperimentebi SesaZleb-
lobas mogvcems gamovikvlioT sabagiro gzis 
kvanZebze da muSa procesebze dinamikuri 
datvirTvebis gavlenis Semdegi aspeqtebi: 1) 
dinamikuri datvirTvebis gavlena sabagiro gzis 
amZravze; 2) dinamikuri datvirTvebis gavlena 
bagiris daWimulobaze; 3) rogorc statikuri 
ise dinamikuri daWimulobebis Sedareba 
kritikul mdgomareobasTan da maT Soris kore-
lacia; 4) dinamikuri datvirTvebis gavlena 
gardamaval procesebze; 5) dinamikuri datvir-
Tvebis gavlena asrialebis SesaZleblobaze.  
 
 



 113 

Tavi 6 
vibraciuli satransporto-

teqnologiuri manqanebis dinamika 
 

6.1. vibraciuli teqnologiuri 
manqanebis muSaobis arsi da gamoyeneba 

 
vibraciuli satransporto-teqnologiuri man-

qanebi gamoiyenebian warmoebis sxvadasxva 
sferoSi sxvadasxva masalisa da nakeTobis 
transportirebisa da damuSavebisaTvis. moqme-
debis principi mdgomareobs tvirTis mimarTul 
moZraobaSi inerciuli Zalebisa da tvirTis 
transportirebis zedapirTan xaxunis Zalebis 
saSualebiT. vibraciuli manqanis muSa organo, 
romelic SeiZleba iyos Raris formis sibrtye, 
mili da sxva, asrulebs ciklur moZraobas, 
xolo masze mdebare masala yoveli ciklis 
bolos garkveuli mimarTulebiT gadaadgil-
deba. 

muSa organos perioduli moZraoba 
xorcieldeba vibraciis saSualebiT, risTvisac 
manqanas aqvs vibroamZravi, romelic warmoqmnis 
martiv harmoniul an rTul kombinaciur 
rxevebs.  

muSa organo vibroamZravTan dakavSirebulia 
drekadi sistemiT, romelic SeiZleba warmo-
adgendes zambarebs, resorebs, pnevmatikur an 
hidravlikur elementebs. rxeviTi reJimebi 
SeiZleb iyos rezonansuli an ararezonansuli 
(iZulebiTi). pirvel SemTxvevaSi manqanis 
konstruqcia isea awyobili, rom iZulebiTi da 
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sakuTari rxevebis sixSire erTnairia, xolo 
meore SemTxvevaSi aRniSnuli sixSireebi gan-
sxvavdebian erTmaneTisagan. 

iZulebiT rxevebze momuSave manqanebis 
eqsploatacia gaadvilebulia, magram saWiroeben 
did simZlavres da gabaritebs. rezonansuli 
manqanebi simZlavris da gabaritebis Tvalsaz-
risiT ufro ekonomiuria, magram saWiroeben 
manqanis zust awyobas, rac garkveul sirTules 
warmoadgens. 

vibraciuli manqanebi Sesasrulebeli 
samuSaos xasiaTis da  gare winaaRmdegobis da 
mowyobilobis mixedviT SeiZleba daiyos 
ramdenime Tanrigad: a) vibraciis gadacema 
Tavisufal mdgomareobaSi myofi sxvadasxva 
garemosTvis, fxvieri masalebisa da disper-
siuli sistemebisaTvis; b) vibraciuli elemen-
tebis SeWra gruntSi, qanSi; b) qanebis, gruntis, 
liTonis vibroWra da vobrorRveva; g) 
sxvadasxva masalebis vibromsxvreva da vibro-
daqucmaceba. 

 
6.2. nawilakis gadadgileba 

harmoniulad merxev sibrtyeze. 
 

ganvixiloT masalis vibraciuli gadaadgi-
lebis principi. 

ganvixiloT horizontis mimarT α kuTxiT 
daxrili sibrtye (nax.6.1), romelic asrulebs 

harmoniul rxevebs sibrtyisadmi   kuTxiT. 
SemovitanoT moZravi koordinatTa sistema 

xOz, romelic uZravadaa dakavSirebuli sibr-
tyesTan da Ox RerZi Tanxvdeba sibrtyis 
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mimarTulebas. SemovitanoT agreTve uZravi 

koordinatTa sistema O1, romlis RerZebi 
sawyis mdgomareobaSi Tanxvdeba xOz sistemis 
RerZebs. 

sibrtyis moZraobis gegmilebi uZrav koordi-

natTa sistemaSi (O1) iqneba 
 

       = Acossinωt;     =A Asinsinωt,               (6.1) 
 

 
 

Nnax. 6.1 
 

sadac A - sibrtyis rxevis amplituda, xolo  

rxevis sixSirea;  da   kuTxeebis cvlilebis 
zRvrebia:  
 

-



   ganvixiloT vibraciul sibrtyeze m masis 
materialuri wertilis moZraoba (masalis 
brtyeli nawilaki). 
   mocemul nawilakze moqmedeben simZimis Zala 
P = mg; mSrali xaxunis Zala F da normaluri 
reaqciis Zala  N; amitom nawilakis fardobiTi 
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moZraobis gantolebebi moZrav koordinatTa 
sistemaSi Caiwereba Semdegi saxiT: 

;sin
....

Fmgmxm    

.cos
....

Nmgmzm    
 
   Tu gamoviyenebT tolobebs (6.1), miviRebT 
 

;sinsincos2
..

FmgtmAxm    

       .cossinsin2
..

NmgtmAzm       (6.3) 
 
   rodesac nawilaki gadaadgildeba sibrtyeze, 
z=0, xolo xaxunis Zala ganisazRvreba fardo-
bebiT 
 

                 (6.4) 
 
sadac f – srialis xaxunis koeficienti. 
aRniSnuli pirobis dros ( z=0 ), normaluri 
reaqcia N = N (t) ganisazRvreba (6.3) - dan  
 

tmAmgtNN  sinsincos)( 2     (6.5)                
 
nawilaki vibraciul sibrtyes ar mowydeba 

mxolod N –is dadebiTi mniSvnelobisaTvis. es 
piroba (6.5) gamosaxulebidan gvaZlevs Semdeg 
Tanafardobas 
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               tsin  
02 sin

cos
z

A

g







         (6.6) 

 
nawilakis fardobiTi uZraobis dros, rodesac  

0,0
.

 zx , mSrali xaxunis Zala da misi mniS-
vneloba ganisazRvreba (6.3) sistemis  pirveli 
gantolebidan 
 

      .sincossin)( 2

00 tmAmgtFF       (6.7) 

 
nawilaki fardobiT uZraobaSi darCeba mxolod 
im SemTxvevaSi, Tu xaxunis Zala (6.7) 
absoluturi mniSvnelobiT ar aRemateba 
statikuri xaxunis Zalis zRvrul mniSvnelobas  
  

NfF 1max  , 

 

sadac 1f -uZraobis xaxunis koeficienti). es pi-
roba SeiZleba ase Caiweros   

  

 )()()( 101 tNftFtNf  ; 

 
Tu CavsvamT xaxunis Zalis  (6.4) gamosaxulebas 
(6.3)-is pirvel gantolebaSi da gaviTvalis-
winebT (6.5)-s miviRebT nawilakis moZraobis 
gantolebas vibraciul sibrtyeze 
 

   .sin
cos

)cos(

cos

)sin( 2
..

tAgx 







 



      (6.8) 
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Aaq  arctgf  aRniSnulia srialis xaxunis 
kuTxe; zeda niSnebi Seesabamebian nawilakebis 

srials win (
.

x   0), qveda niSnebi- srials ukan 

(
.

x   0). 
   Ggantoleba (6.8) samarTliania mxolod, roca 

0z  da 0
.

x , e.i. drois im momentSi, roca 
nawilaki srialebs sibrtyeze misgan mouw-
yvetlad. (6.5) da (6.6) fardobebidan gamomdi-
nareobs, rom rodesac daculia piroba 
 

          1
sin

cos
20 





A

g
z              (6.9) 

 
normaluri reaqcia N ( t )  drois nebismier 
momentSi dadebiTia da nawilaki rCeba sib-
rtyeze; Tu (6.9) piroba ar aris Sesrulebuli  

e.i. z0  0, maSin gantolebidan  
 

              00sin zt                (6.10) 

 
gamoiTvleba drois is t0  momenti, rodesac 
normaluri reaqcia N(t) gaxdeba nolis toli da 
nawilaki mowydeba sibrtyes (daiwyeba frenis 
stadia). 
   nawilakis sibrtyis mimarT frenis diferen-
cialuri gantolebebi miiReba (6.3)-dan, rodesac  
F = N = 0  













.cossinsin

,sinsincos

2
..

2
..





gtAz

gtAx
         (6.11) 
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   nawilakis gadaadgilebisas frenis reJimebSi 
adgili aqvs Sejaxebas sibrtyesa da nawilaks 

Soris, ris Semdeg icvleba 
.

x  da 
.

z  siCqareebi; 
amitom gantolebebis praqtikuli gamoyene-
bisaTvis winaswar saWiroa siCqaris grZivi da 
ganivi Semdgenebis cvalebadobis kanonebis 
gansazRvra dartymis Semdeg, e.i. siCqareebis 
aRdgenis koeficientebis gansazRvra[5]. 
   nawilakebis vibraciuli gadaadgilebis 
procesebis Seswavlisas mniSvneloba eniWeba 
masalis formasa da fizikur Tvisebebs, muSa 
organos zedapiris simqises, haeris winaRobas 
da sxva faqtorebs [ 5 ]. 

   sawarmoo daniSnulebis mixedviT vibraciuli 
manqanebi SeiZleba daiyos: satransporto, 
satransporto-teqnologiuri, CamtvirTavi, bun-
keruli; manqanebi msxvrevisaTvis, daqucmace-
bisaTvis, fxvieri da mravalfazuri masiuri 
masalebis dayofisaTvis – cxavebi, sacrebi; 
mravalfazuri masalebis SerevisaTvis – betoni, 
sakvebi masalebi da a.S.; masalebis Wrisa da 
qanebis rRvevisaTvis. 
   madnis sabadoebis miwisqveSa damuSavebisas 
vibrosatransporto manqanebi gamoiyenebian  
iseTi ZiriTadi samuSaoebisaTvis, rogoricaa 
madnis CamoSveba (CamotvirTva) xvrelebidan, 
afeTqebuli madnis gamozidva da CatvirTva. 
amasTan, arsebiTad izrdeba am procesebis 
mwarmoebloba, izrdeba muSaobis usafrTxoeba, 
umjobesdeba madnis xarisxi da advildeba 
aragabarituli naWrebis gancalkeveba (dayofa). 
   rRvevisa da daqucmacebisaTvis, gruntebisa 
da samTo qanebis WrisaTvis gamoyenebas 
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pouloben samsxvrevelebi, randebi (samTo), 
eqskavatorebis cicxvebi vibraciuli kbilebiT, 
saxvretelebi, solebi, CamtvirTavebi, uroebi, 
saburRi danadgarebi. 
   vibraciuli mowyobilobebi gamoiyenebian 
metalurgiaSi sxmulis xarisxis gaumjobese-
bisaTvis, liTonis wneviT damuSavebisaTvis 
(vibraciuli dapresva, adidva, glinva). 
   damxmare vibraciul mowyobilobebs 
ganekuTvnebian: dozatorebi, bunkerebis da 
Rarebis aRmgznebebi, fxvieri tvirTebisa da 
sxvadasxva teqnologiuri narevis SemamWidro-
veblebi ( gamamkvriveblebi), sarkinigzo vagone-
bis ganmtvirTvelebi, satvirTo vagonebisa da 
samadne vagonetebis, aseve konveieruli lente-
bis gamasufTaveblebi.    
    vibraciul manqanaSi mniSvnelovan rgols 
warmoadgens vibroaRmgznebi (vibratori). 
    vibroaRmgznebi gadascems moZraobas rxeviT 
sistemas da qmnis aRmgzneb Zalas, romelic 
aucilebelia Sinagani da garegani winaaRmde-
gobebis gadasalaxavad. ganixilaven vibroaR-
mgznebebis Semdeg ZiriTad tipebs: inerciuli, 
eqscentrikuli, eleqtromagnituri, hidravlik-
uri, pnevmatikuri. moqmedebis xasiaTis mixedviT 
vibroaRmgznebebi SeiZleba daiyos Semdeg saxe-

obebad: Zaluri, kinematikuri, dartymiTi [23]. 

 

6.3. zogierTi vibraciuli danadgaris da 
mowyobilobis principuli sqemebi. 

 
    vibraciuli wisqvili (nax.6.2). vibraciul 
wisqvilebSi xorcieldeba daqucmaceba damquc-
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macebeli sxeulebis garemoSi. martivi, erTdo-
liani vibraciuli wisqvilis sqema debalansuri 
inerciuli   amZraviT  mocemulia nax. 6.2-ze. igi 
 

 
 

Nnax. 6.2.  
      
Sedgeba: konteinerisagan 1, romelic Sevsebulia 
damqucmacebeli sxeulebiT 2, romelTa saxiTac 
xSirad inerciuli burTulebi gamoiyenebian; 
eqscentrikuli lilvebis 3 boloebze ganlage-
bulia debalansebi 4, romlebic Tavis mxriv 
sakisrebiT mierTebulia konteinerTan. 

inerciuli vibratoris lilvis brunva 
xorcieldeba elastikuri quros 6-is saSua-
lebiT 7 eleqtroamZravidan; konteineri idgmeba 
CarCoze drekadi elementebiT 8. inerciuli 
vibratoris lilvis brunviT konteineri modis 
rxeviT moZraobaSi, amasTan rxevis forma 
arsebiTad damokidebulia drekadi sistemis 
parametrebisagan. konteineris vibraciis 
gavleniT burTulebi modian swraf rxeviT 
moZraobaSi da erTdroulad mTeli damfqvavi 
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sxeulebisa da dasafqvavi produqtis masebi 
asruleben Senelebul wriul gadaadgilebas.  
produqtis rRveva (dafqva) miiRweva damfqvavi 
sxeulebis  da dasafqvavi masalis  urTierT-
fardobiTi gadaadgilebiT  dartymebisa, ga-
Wyletisa da cveTis Sedegad. 

nax. 6.3-ze naCvenebia samsxvrevelas sqema ori 
moZravi ybiT-1, romlebic dakidebulia CarCo 3-
ze. ybebi moZraobaSi modian 2 debalansuri 
vibramZravebiT; qanis msxvreva xorcieldeba 
moZrav ybebs Soris; 4 - torsuli drekadi 
elementebi; 5-zambaruli drekadi elementebi; 6-
vibrosaizolacio sayrdenebi.   

 
 

Nnax. 6.3 
 
vibraciuli satransporto manqanebi farTod 

gamoiyenebian fxvieri da calobiTi tvirTebis 
gadaadgilebisaTvis warmoebis sxvadasxva sfe-
roSi. aseve aranaklebi ganviTareba aqvs 
satransporto-teqnologiur manqanebs, romlebic 
transportirebasTan erTad axorcieleben 
agreTve teqnologiur damuSavebas ( Sroba gaum-
tveruleba, klasifikacia, granulireba, gauw-
yloeba da a.S.). nax. 6.4-ze warmodgenilia 
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ormasiani da mravalmasiani eleqtromagnituri  
vibraciuli satransporto manqanebi. 

 
 

 
 

Nnax. 6.4 a,b. 
 
ormasiani manqanis (nax. 6.4a) ZiriTadi 

kvanZebia: tvirTis gadamtani organo 1, 
romelTanac mimagrebulia eleqtromagnituri 
vibratori aqtiuri 2 da reaqtiuli 4 nawilebiT 
da maTSi CaSenebuli drekadi kavSirebiT 3.  

Nnax. 6.4 b-ze warmodgenil mravalamZravian 
da mravalmasian manqanas aqvs tvirTis gadamtani 
organo 1, romelzedac damagrebulia ramdenime 
eleqtromagnituri vibroamZravi 6, drekadi 
kavSirebiT 3; sayrdeni konstruqciebisgan manqa-
nis izolacia xdeba amortizatorebiT 5.  
 

 
6.4. vibraciuli manqanebi samTo 

teqnologiur procesebSi 
 
   mZlavri, vibraciuli satransporto-teqno-
logiuri manqanebi (vstm) daxrili da 
horizontaluri muSa zedapirebiT farTod 
gamoiyenebian gamongreuli samTo masebis CamoS-
vebisa da gamozidvisaTvis sasargeblo wiaRise-
ulis sabadoebis miwisqveSa damuSavebisas; maTi 
saSualebiT arsebiTad mcirdeba samTo 
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samuSaoebis Sromatevadoba, aRmoifxvreba mad-
nis Cakideba da misi ganmeorebiTi msxvrevis da 
gvirabis Semdgomi ganiavebis aucilebloba; 
izrdeba maRaroebSi samTo samuSaoebis usaf-
rTxoeba. 

madnis sabados miwisqveSa damuSavebis 
efeqturobis gazrda SeiZleba miiRwios agreTve 
madnis CamoSvebisa da gamozidvis nakaduri 
teqnologiis SeqmniT gamwmendi blokis 
farglebSi Semdegi sqemiT: “vibromimwodebeli – 
gamomzidavi vibrokonveieri – CamtvirTavi 
vibromimwodebeli – vagoni [8]. aseTi 
teqnologiuri sqemis gamoyenebiT gamoSveba-
gamozidvis mwarmoebloba mniSvnelovnad izrde-
ba, xolo madnis TviTRirebuleba skreperul 
gamozidvasTan SedarebiT mcirdeba [9]. 

amJamad Seqmnilia sxvadasxva tipis vibraci-
uli mimwodeblebi, baqnebi, konveierebi, agreTve 
maTi kompleqsebi, romlebic maTi samTo masebze 
zemoqmedebis saxisa da funqcionirebis 
pirobebis mixedviT SeiZleba daiyos Semdeg 
jgufebad: 

1) vstm, romlebSic vibracia gamoiyeneba 
mxolod Siga xaxunis Sesamcireblad fxvier 
masebSi, misi gamodinebis pirobebis gasaum-
jobeseblad da TviTdinebis kuTxis Sesamci-
reblad – vibrobaqnebi da vibrolentebi (nax. 6.5 
a, b: 1-muSa organo, 2-vibroamZravi, 3- 
eleqtroZravi); 2) vstm, romlebSic vibracia ara 
marto amcirebs Siga xaxunis Zalebs gamo-
dinebisas, agreTve uzrunvelyofs gamoSvebuli 
samTo masebis   iZulebiT   vibrogadaadgilebas   
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nax. 6.5.  

 
muSa organoze – vibromimwodeblebi, vibrolu-
kebi (nax. 6.6a,b: 1- muSa organo; 2- vibroamZravi; 
3- eleqtroZravi; 4- drekadi elementebi; 5- sayr-
deni CarCo; 6- resorebi; 7- gamawonasworebeli 
CarCo);  

 

    
nax. 6.6:  

 
3) vstm, romlebSic vibracia uzrunvelyofs 

gvirabSi samTo masebis  fenebis iZulebiT 
mimarTul gadaadgilebas – gamomzidavi vibro-
konveierebi (nax. 6.7 - miwisqveSa samuSaoebis vst 
xazis principuli sqema:I- vibrobaqani; II- vibro-
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mkvebavi; III- gadamzidi vibrokonveieri; IV- vib-
rosaceri; V- vibroluki.). 

 

 
 

nax. 6.7.  
 

vstm-is pirveli ori jgufis ganmasxvavebel 
Taviseburebas warmoadgens maTi muSaoba 
fxvieri tvirTis Camonaqcevi svetis qveS. 
amasTan muSa organo Camonaqcevis zonaSi  
ganicdis dawnevas 45 - 60 kpa-is farglebSi. 
vibraciuli mimwodeblebi (mkvebavebi) aseve 
farTod gamoiyenebian bunkerqveSa mowyobilo-
bis saxiT mrewvelobis sxvadasxva sferoebSi 
fxvieri tvirTis gamoSvebisaTvis. 

me-3 jgufis vstm-Si horizontaluri an 
daxrili dayenebiT xdeba regularuli vibro-
gadaadgilebis reJimebis realizacia mikroga-
dasrolebiT, rac ganapirobebs intensiur, 
dinamikur urTierTmoqmedebas fenebsa da muSa 
organos zedapirs Soris. 

dinamikuri sqemis tipis mixedviT ganxiluli 
vstm miwisqveSa samTo samuSaoebisaTvis iyofa 



 127 

erTmasianad (nax. 6.5 a,b; nax. 6.6a; nax. 6.7) da 
ormasianad (nax. 6.6 b).  

drekadi sistemis saxiT gamoiyenebian rezinis 
da rezinmetalis elementebi, agreTve resorebis 
paketebi. 

vibroamZravebis saxiT ZiriTadad gamoiye-
nebian inerciuli debalansuri an TviTbalan-
suri vibroaRmgznebebi. gadamzid vibrokonve-
ierebSi gamoiyenebian agreTve eqscentrikuli da 
pnevmatikuri vibroaRmgznebebi. 

aRniSnuli vstm-is muSa organoebi pirobiTad 
SeiZleba daiyos: xistad da drekadad. 
struqturulad analogiuri mZlavri erTmasiani 
vibromimwodeblebi da cxavi-mimwodeblebi 3-4 
aTasi t/sT mwarmoeblobiT gamoiyenebian samTo 
masebis transportirebisa da klasifika-
ciisaTvis (daxarisxebisaTvis) samTo sawar-
moebSi, romlebic axorcieleben sasargeblo 
wiaRiseulis sabados Ria damuSavebas. 

D 
 

6.5. dinamikuri procesebi vibraciul 
manqanebSi. 

 
vibraciuli manqana muSaobis xasiaTiT 

SeiZleba daiyos Semdeg sakvanZo mdgenelebad: 
Semsrulebeli (muSa) organo, vibroaRmgznebi 
(vibroamZravi), teqnologiuri datvirTva 
(dasamuSavebeli masala). mdgenelebi rogorc 
statikur, ise dinamikur mdgomareobaSi dakavSi-
rebuli arian erTmaneTTan. vibroamZravis an 
Semsrulebeli organos moZraobis darRveva 
(gadaxra kanonzomierebidan) iwvevs mTeli sis-
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temis moZraobis (muSa procesis) kanonzomiere-
bis darRvevas.. 

energia Semsrulebel organos gadaecema 
drekadi elementebiT, romelTa swor moZrao-
baze bevrad aris damokidebuli muSa organos 
zusti muSaoba. drekadi elementebi (gansakuT-
rebiT zambarebi) xasiaTdebian sivrciTi tolsi-
xisteebiT da sivrceSi rxevis unariT maTze 
damagrebul masebTan erTad, maSinac ki, 
rodesac maTze modebulia erTi mimarTulebis 
Zalebi. Cveulebrivad aseTi rxevebi mcirea, 
magram zogierT SemTxvevaSi SeiZleba gaizardon 
da daarRvion muSaobis normaluri reJimi. 
amitom didi mniSvneloba eniWeba ganzogadebuli 
sivrciTi dinamikuri modelebis damuSavebas da 
gamokvlevas[4]. 

nax.6.8 -ze mocemuli sqema warmoadgens 
eleqtromagnituri vibraciuli manqanis zogad 
sivrciT sqemas, sadac m1 da m2  aqtiuri da 
reaqtiuli masebia, xolo m3 – gadasaadgilebeli 
tvirTis masa, e.i. SeiZleba ganvixiloT rogorc 
sammasiani rxeviTi sistema; ZiriTadi drekadi 
sistema 1 gadascems energias vibroamZravidan 
muSa organos; 2 aris pirobiTi drekadi sistema, 
romelic aRwers fxvieri masalis Siga fenebs 
da nawilakebs Soris, aseve muSa zedapirebTan 
maT urTierTqmedebas; 3 aris amortizatorebi 
vibromanqanis sayrdenebTan izolirebisaTvis.   
m1,  m2, m3  masebis moZraoba ganixileba Oxyz  uZrav 
koordinatTa sistemis mimarT; amave dros, masa 
m3 (tvirTi) axorcielebs fardobiT moZraobas 
muSa organos anu  O1x1y1z1  koordintTa sistemis 
mimarT;  α  da   arian muSa organos daxris da 
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vibraciis gadacemis kuTxeebi Sesabamisad. 

gansakuTrebul rgols warmoadgens m3 masa 
(tvirTi), romelic dakavSirebuli m1 masasTan  
(muSa organo) calmxrivi drekadi kavSirebiT 
(wertili A); igi axorcielebs moZraobas m1 
masis inerciis gadataniTi ZalebiT da amitom 
misi moZraobis xasiaTi mTlianad ganpirobe-
bulia m1 masis moZraobis xasiaTiT; Tavis mxriv, 
m1 masis moZraobis xasiaTze gavlenas axdens m3 
masis moZraoba, romlis wneva muSa organoze 
zogjer SeiZleba Q aRmgznebi Zalis Tanazom-
vadi gaxdes. 

urTierTqmedebisa da kavSirebis safuZvelze 
erTi masis dinamikuri mdgomareobis cvlileba  
uSualod aris dakavSirebuli meore masis 
cvalebadobasTan da Sesabamisad, erT-erTi 
maTganis  rxeva sivrceSi gamoiwvevs mTeli 
sistemis Sesabamis moZraobas. 

Nnax. 6.8-ze warmodgenili sammasiani sistemis, 
anu  datvirTuli  vibraciuli   satransporto- 
teqnologiuri manqanis dinamikuri mdgomareoba 
aRiwereba aRmgznebi, inerciuli, drekadi da 
winaaRmdegobis Zalebis urTierTkavSiriT, rac 
SeiZleba dalamberis principis safuZvelze 
Semdegnairad gamoisaxos 

 

,

321321321

excfr

qmqmqm

FF

QQQPPPJJJ




  (6.12)  

   

sadac  qmqmqm JJJ
321

,,  - m1,  m2, m3  masebis  

inerciuli  Zalebia q RerZebis mimarT (q = x1, x2, 

x3,  y1,  y2,  y3,  z1,  z2,  z3 , ),  321 ,, PPP  - 1, 2, 3   drekadi          
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NAnax. 6.8    
 

elementebis drekadobis Zalebi; 321 ,, QQQ  - igive 

elementebis winaaRmdegobis Zalebi;  xaxF  - xaxu-

nis Zala; vibF - vibroamZravis aRmgznebi Zala. 

masis m3 moZraobis formebi (grZivi mimar-
TulebiT, sibrtyeSi, sivrceSi) ganisazRvreba  
m1 da  m2  masebis moZraobis formebisagan 
damokidebulebiT (sworxazovani, brunviTi, 
sibrtyeSi, sivrceSi). Ggantolebis (6.12) gaSla 
analizuri formiT moyvanilia  [ 4 ] -Si; aqve 
aris amoxsnis kompiuteruli programa; maTi 
saSualebiT SesaZlebelia gamokvleuli da 
gansazRvruli iqnas gadasaadgilebeli masalis 
moZraobis damokidebuleba  sistemis “vibroam-
Zravi – muSa organo – teqnologiuri  tvirTi”  
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nebismieri parametris  (konstruqciuli, dinami-
kuri) cvlilebisagan; amasTan, imis mixedviT, Tu 
manqanis sivrciTi moZraobis romeli mimar-
Tulebaa mniSvnelovani (masalis moZraobaze 
gavlenis mixedviT), zogierTi sakoordinato 
RerZis mimarTulebiT moZraoba SeiZleba ugu-
lebelyofil iqnas da gantolebaTa sistemam 
miiRos gamartivebuli forma.  
 

6.6. vibraciuli manqanis muSa organos 
sivrciTi rezonansuli rxevebis gavlena 
fxvieri teqnologiuri tvirTis qcevaze. 

 

zambarebze dakidebul rxeviT sistemebs 
mTavari rxevebis garda yovelTvis Tan sdeven 
rogorc xazovani, ise brunviTi xasiaTis 
sivrciTi rxevebi. es ganpirobebulia drekadi 
elementebis specifikiT – ganaxorcielon 
rxevebi ara marto Zalis moqmedebis, aramed 
sxva mimarTulebebiTac [ 4 ]. garda amisa, 
manqanis konstruqciuli elementebis da 
kvanZebis damzadebisa da montaJis cdomi-
lebebisa da gadaxrebis Sedegad, formirdeba 
jamuri gadaxrebis ori mimarTuleba, romelTa 
daxmarebiTac unda moxdes rxeviTi sistemis 
saangariSo (Teoriuli) sivrciTi modelis 
koreqtireba; es mimarTulebebia: 1) Sesabamis 
masebTan (manqanis nawilebTan) uZravad 
dakavSirebuli koordinatTa RerZebis gadaxra 
saangariSo ( nominaluri) mdgomareobidan, 2) 
aRmgznebi Zalis gadaxra saproeqto mimarTule-
bidan. 
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ganvixiloT am TvalsazrisiT vibraciuli 
rezonansuli manqanis (nax. 6.8) da Sesabamisi 
sivrciTi dinamikuri modelis (nax. 6.9) moZraoba.  

 

 
nax. 6.9.  

 
am modelis safuZvelze miiRebian m1  da   m2  

masebis urTierTdakavSirebuli moZraobis 
gantolebebi inerciuli da drekadi xasiaTis 
arawrfivi wevrebiT, imis mixedviT, Tu ra 
miaxloebiT aiReba eileris kuTxeebiT gamoxa-
tuli mimmarTveli kosinusebi (wrfiviT an 
garkveuli rigis arawrfiviT [ 4 ] ). 

xazovani da brunviTi moZraobis gantolebebi 
miiRebian kinetikuri energiis gamosaxulebebSi 
m1  da  m2  masebis Tavisufali wertilebis (Ai, Bi 
) siCqareebis CasmiT, amasTan m1 axorcielebs 
gadataniT, xolo m2 fardobiT moZraobas (ix. 
Tavi 2), e.i.  
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iOOA rVV

i 111
   ; 

        
iOOiOOB rVRVV

i 22 2211
   .          (6.13) 

 

 n masiani sivrciTi urTierTdakavSirebuli 
rxeviTi sistemis mdgomareoba ganisazRvreba 
masebis simZimis centrebis koordinatebiT, 
drekadi elementebis damagrebis wertilebiT da 
maTi dayvaniT romelime gansazRvrul koordi-
natTa sistemaSi mimmarTveli kosinusebis 
gamoyenebiT (cxr.6.1)  

                           cxrili 6.1 
 xi yi zi 

x (i)11 (i)12 (i)13 

y (i)21 (i)22 (i)23 

 
 magaliTisaTvis, moviyvanoT mTavari drekadi 

sistemis damagrebis  A wertilis koordinatebis 
gamosaxulebebi  Oxyz koordinatTa sistemaSi 
dinamikuri gadaadgilebis procesSi 

                1311211111
 AAAOA

zyxxx   

           2312212111
 AAAOA

zyxyy              (6.14) 

           3313213111
 AAAOA zyxzz  , 

 

sadac  
111

,, OOO zyx  wertilis О1  koordinatebi  

Oxyz sistemaSi; AAA zyx 111 ,,   -  А  wertilis 

koordinatebi  O1x1y1z1  sistemaSi; 3311 ,........,  - 

cxr. 6.1 - iT gansazRvruli mimmarTveli kosinu-
sebi. 
   am   modeliT   miiReba   m1     da   m2      masebis 
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moZraobis urTierTdakavSirebuli gantolebebi 
inerciuli da drekadi xasiaTis arawrfivi 
wevrebiT mimmarTveli kosinusebis eileris 
kuTxeebis gaSlis miaxloebisagan damokidebu-
lebiT (gawrfivebuli Tu arawrfivi).  

warmovadginoT cxr.6.1-iT ganszRvruli 
mimmarTveli kosinusebi eileri-krilovis kuTxe-
ebis formiT [4] da maTi gaSlisas gaviT-
valiswinoT ara umetes meore rigis simciris 
namravlebi. avRniSnoT sawyisi gadaxrebi kuTxe-

ebiT  oioioi  ,,   xolo muSa organos dinamikuri 

mdgomareobis gansazRvrisaTvis visargebloT 
Semdegi gamosaxulebiT miRebuli mimmarTveli 
kosinusebiT 

 

                   '

ijijij   ,                       (6.15)     

             

sadac αij  mimmarTveli kosinusebi ganpirobe-
bulia konstruqciis sawyisi arasrulyofi-

lebiT (cdomilebebiT) - oioioi  ,, , xolo α’
ij  - 

dinamikuri moZraobiT - iii  ,, ; gamosaxulebis 

(6.15) gaxsna  sruldeba pirveli msazRvrelis 
strofebis gadamravlebiT meore msazRvrelis 
svetebze 
 

           '

3113

'

2112

'

111111   , 

                     '

3213

'

2212

'

121112                     (6.16) 

 

da a.S. aseT SemTxvevaSi ''

1

''

1

''

1

''

1 zyxO  koordinatTa 

sistemis mdebareoba  1111 zyxO  sistemis mimarT 
ganisazRvreba cxrili 6.2 –is saSualebiT, 
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sadac gaTvaliswinebulia muSa organos 
daxrisa da vibraciis kuTxeebi (am SemTxvevaSi 
moyvanilia sruli cxrilis fragmenti – 

mxolod 1x  mimarTulebiT; koordinatTa sxva 
RerZebis mobrunebebi ganisazRvreba Sesabamisad. 

                                                                                                                                                       
cxrili 6.2 

 ''

1x  
''

1y               
''

1z  

 

1x

 













sin)

(cos

)

//

//(

11

1111

11

1111

2

1

2

1

2

1

2

1

22

221











OO

OO

OO

OO

 











sin)

(cos

)

(

111

111

11

1111

1111











OOO

O

OOO

O

 











sin)/

//

2/

1(cos

)(

2

22

2

1

2

1

2

1

2

111

11

1111

O

O

O

O

OOO











 

 
siCqareebis (6.13) da cxr. 6.2-iT mocemuli 

mimmarTveli kosinusebis gaTvaliswinebiT  m1  

da m2  masebis moZraobis kinetikuri energia  

gaiSleba O1x1y1z1 koordinatTa RerZebis mimarT. 
mTavari gansxvaveba warmodgenili sistemisa 

klasikuri n – masiani sivrciTi sistemisagan 
mdgomareobs SemdegSi: a) masis m2 specifika 
(sxvadasxva saxis da Sedgenilobis masalebi, 
romlebic calmxrivad arian mierTebuli  m1  

masasTan), b) masebis m1 da m2 garkveuli sawyisi 
ganlageba (α da β kuTxeebi, sawyisi kuTxuri 

gadaxrebi oioioi  ,, , aRmgznebi Zalis gadacemis 

eqscentrisitetebi zyx eee ,, ), rac asimetriuls 

xdis maTematikuri modelis damuSavebis 
Tanmimdevrobas, g) m1   da  m2 ,  rogorc erTma-
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neTTan pirobiTi drekadi elementebiT dakav-
Sirebuli masebis urTierTmoqmedebis specifi-
kuroba, rac yovel konkretul SemTxvevaSi 
ganpirobebulia teqnologiuri datvirTvis maxa-
siaTeblebiT da TvisebebiT, d) drekadi 
kavSirebis gadaxris gaTvaliswineba aradefor-
mirebadi mdgomareobidan (didi deformaciebis 
SemTxvevaSi). 

qvemoT warmodgenilia m1   da  m2  masebis 
sivrciTi moZraobis  lagranJis meTodis gamoye-
nebiT miRebuli gantolebebi [ 4 ]. 

muSa organosaTvis (m1) (moyvanilia xazovani 
da brunviTi moZraobebis TiTo-TiTo ganto-
leba):  
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sadac Qq   da  Mq  -  drekadi xasiaTis, xolo  '

qQ   

da '

qM   - araderekadi xasiaTis Zalebi da 
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momentebi; koeficientebi А1θ,  А2θ,    А3θ..... – da  a. 
S. warmoadgenen masebis Sesabamisi RerZebis 
mimarT  inerciis momentebis funqciebs, ase 
magaliTad,  
 

;;
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O

x
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2122113 zzyzyx JJJJJJA       da a.S.       (6.18) 

 
gantolebis (6.17) marcxena nawilis mdgenelebi 
Seicaven inerciul Zalebs, romelTa aRmoceneba 
gamowveulia m1 , m2 masebis urTierTqmedebiT; 
amasTan pirvel gantolebaSi arawrfivi wevrebi 
(namravlebi) gamoCndnen  m2 masis fardobiTi 
moZraobisa da realuri manqanis damzadebisa da 

awyobis cdomilebebis ( 010101 ,,   da a.S.) xarjze. 

im SemTxvevaSi, Tu  m2 = 0 gantolebis es wevrebi 
qrebian.  
    Semdeg gantolebaSi (brunviTi moZraoba) 
arian arawrfivi mdgenelebi, romlebic gamow-
veulia rogorc m2 masis brunviTi moZraobiT, 
ise m1 masis sakuTari moZraobiT, rac 
gamomdinareobs myari sxeulis moZraobis 
maTematikuri gamosaxulebis miRebis zogadi 
wesidan. 
    teqnologiuri tvirTis (m2), romelic 
axorcielebs fardobiT moZraobas koordinatTa 
O1x1y1z1 sistemaSi da absolutur moZraobas Oxyz 
sistemaSi,  moZraobis diferencialur ganto-
lebebs eqnebaT saxe (warmodgenilia xazovani 
da brunviTi moZraobis TiTo-TiTo gantoleba): 

         11

..

011

..

111

..

011

..

1

..

2

..

2 (cos)([  xxzzxxm  



 138 

;]22

sin)

'

2

.

1

.

21

..

2

.

1

.

21

..

1

..

1011

..

11

..

22 xx QQyyz

zyyz








                (6.19) 

                                                                                                                                                 

.)(

)(

'

21

..

011

..

11

..

13

011

..

1211

..

1111

..

102

.

1

.

9

12

..

8012

..

72

.

2

.

622

..

5

2

.

1

.

412

..

3012

..

21

..

2

..

1

22 xx MMC

CCCC

CCCC

CCCC

























 

 

   wina gantolebebis msgavsad, Ciq koeficientebi 
warmoadgenen masebis inerciis momentebis 
funqciebs. 
   gantolebebi (6.17) da (6.19) urTierTdakav-
Sirebulia potencialuri da inerciuli 
xasiaTis arawrfivi mdgenelebiT, xolo kavSi-
rebis forma gantolebaTa orive sistemisTvis 
analogiuria; gansxvaveba mdgomareobs sistema 
(6.17)-Si m1 da m2, masebis jamis arsebobaSi, maSin 
rodesac (6.19) – Si figurirebs mxolod erTi 
masa m2. damokidebulebis swored aseT formaSi 
mdgomareobs erTi sxeulis meoris mimarT 
vibraciuli gadaadgilebis principi. 
   unda aRiniSnos, rom sistemebi (6.17) da (6.19) 
aRweren m2  masis moZraobas m1 masis mimarT maTi  
mudmivi urTierTkavSiris pirobebSi; potenci-
aluri Zalebi Qq saxiT – es aris  m2  masis 
drekad – dempferuli maxasiaTebeli (fxvieri 
masalis SemTxvevaSi) da misi tipisa da m1 – is 
mimarT  mdebareobisgan damokidebulebiT  Qq -s 
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maxasiaTeblebi miiReben sxvadasxva mniSvne-

lobebs.  amas garda, m1 da m2-s dinamikuri 
damokidebuleba SeiZleba iyos xtomiTi 
xasiaTis – aseT SemTxvevaSi gantolebebi (6.17) 
da (6.19) Sesabamisi koreqtirebis gareSe veRar 
iqnebian samarTliani. 

   Zalebi  '

qQ  ar arian dakavSirebuli drekadi 

sistemis deformaciasTan anda gansaxilveli 
rxeviTi sistemis inerciulobasTan. isini 
warmoadgenen gareSe Zalebs, simZimis Zalebs, 
gare xaxunis tipis winaaRmdegobis Zalebs. 
ganvixiloT maTi gaSla koordinatTa RerZebze 
manqanis damzadebisa da montaJis sawyisi 

kuTxuri gadaxrebisa oioioi  ,,  da aRmgznebi 

Zalebis modebis Sesabamisi  eqscentrisitetebis 

zyx eee ,,  gaTvaliswinebiT (nax.6.11).  

   muSa organosa (mo) da teqnologiur 
datvirTvas (td) Soris xaxunis Zalis aRwe-
risaTvis gamoiyeneba sxvadasxva midgomebi, 
romelTa arsi mdgomareobs imaSi, rom td – s 
reaqcia  mo –ze td –is siCqarisa da defor-
maciis proporciulia; amasTan gaTvaliswine-
bulia rogorc Sinagani  ise im garemos 
winaaRmdegoba, romelSic xorcieldeba moZra-
oba 

              ).,(
.

qqfNq                               (6.20)    

 

td-is sivrciTi moZraobisas (xazovani an 
brunviTi), normalur reaqciebTan erTad, 
rogorc Sedegi,  aRiZvrebian am Zalebis momen-
tebi    
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qqтрqтрqqтр rFMfNF  )()(;)( ,          (6.21)                              

 

sadac f -  td –is xaxunis koeficientia mo-s 

zedapirze (f  Cveulebrivad miiReba, rogorc 
cvladi, moZraobis yovel ciklSi td-is 
dinamikuri mdgomareobis mixedviT: sriali 
zedapirze, gaCerebebi da a.S.); rq - manZili 
xaxunis zedapiridan td –is simZimis centramde 
Sesabamisi koordinatis mimarTulebiT (nax. 6.10- 
-td –is ( m2 ) modelis ganlageba vibraciuli 
manqanis muSa (m1) organoze); xaxunis Zalis 
mdgenelebi SeiZleba Semdegnairad gamoisaxos:   

   );( 2
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2
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2

.

2
ysignNfF yyy   

         )( 2

.

2
zsignNfF zzz  ,                                       (6.22) 

 

sadac fx , fy ,  fz –  td da mo-s Soris xaxunis 
koeficientebia x, y, z mimarTulebebiT;  Ny - 
tvirTis normaluri reaqcia gverdiT 
zedapirebze; Nz - tvirTis normaluri reaqcia 
mo-s fskerze; sign warmoadgens arawrfiv 

funcias da ganisazRvreba siCqaris  V niSnisagan 
damokidebulebiT: sign =1 roca  V< 1  da    sign = -1  

roca   V  >  0. 

       xaxunis Zalis momentebs koordinatTa 

RerZebis  2222 zyxO  mimarT aqvT saxe: 
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signrFM yxzтр  ,                                                (6.23) 
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nax. 6.10.. 

    

sadac ry, rz - manZilebi xaxunis zedapirebidan 

sistemis 2222 zyxO  RerZebamde. 

   koordinatTa sistemis O1x1y1z1 RerZebis mimarT  
(mo-s RerZebi) xaxunis Zalis momentebs aqvT 
saxe: 
 

        );()(
221 zyyzxтр hFhFM       ;)(

21 zxyтр hFM         

        ,)(
21 yxzтр hFM                                                (6.24)  

 
sadac hy,  hz  - manZilebi xaxunis zedapirebidan 
sistemis O1x1y1z1 RerZebamde. 
   gansaxilvel SemTxvevaSi mo SemosazRvrulia 

ori mxridan (O1x1y1 da O1z1x1 sibrtyeebidan) 
xolo O1x1 mimarTulebiT igi Riaa; am 
SemTxvevaSi, zedapirze O1x1y1 xaxunis Zala ar 
arsebobs da Sesabamisad, (6.23) da (6.24) 
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gamosaxulebebSi Semavali wevrebi  mamravlebiT 

rx, hx,  agreTve ar arseboben.  
 

 
nax.6.11  

 
       nax. 6.11-ze mo warmodgenilia sam 
sxvadasxva mdgomareobaSi: I - sawyisi (idea-
luri) mdgomareoba, rodesac  Q -s mimarTuleba 
Tanxvdeba aradeformirebadi zambaris RerZs da 

gadis mo – s simZimis centrze О1 ; II- Seesaba-
meba realur mdgomareobas, e, i, gadaxrebis 
gaTvaliswinebiT, romlebic ganpirobebulia 
manqanis damzadebasa da montaJze daSvebebiT da 

Zalis Q gadacemis eqscentrisitetebiT;  III  -
Seesabameba dinamikuri gadaadgilebis mdgomare-
obas.  
   aRniSnuli sawyisi da dinamikuri gadaxrebis 
gaTvaliswinebiT, sistemis O1x1y1z1 koordinatTa 
RerZebze Q  Zalis gegmilebs eqnebaT saxe:   
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   Q Zalis momentebi ganisazRvrebian veqtoru-
li algebris TeoriiT; Tu dadgindeba werti-

lis ''

1O  koordinatebi, romelzedac realurad 

gadis Q Zalis veqtori, maSin am veqtoris 
momentebs, sistemis O1x1y1z1 RerZebis mimarT 
eqnebaT saxe: 

11111 yzzyx QeQeM   ;     
11111 zxxzy QeQeM  ;  

                                  
11111 xyyxz QeQeM  .          (6.26) 

 
    gantolebebi (6.17) da (6.19) (6.24), (6.25) da 
(6.26)-is gaTvaliswinebiT iZlevian teqnologi-
uri vabraciuli procesis srulfasovani (kom-
pleqsuri)  gamokvlevis SesaZleblobas. 
   kerZod, manqanis muSa organos sivrciTi 
rxevebis gavlenis Seswavla vibrotransporti-
rebis procesze ganxorcieldeba ama Tu im 
sivrciTi rxevis rezonirebiT, sxva parametrebis 
fiqsirebuli mdgomareobis pirobebSi. 
   nax. 6.12, 6.13, 6.14 –ze warmodgenilia fxvieri 
tvirTis gadaadgilebis siCqaris damokide-
buleba rezonansuli vibromanqanis calkeuli 
sivrciTi rxevebis sixSireebisgan (amplitude-
bisgan), romlebic miRebulia kompiuteruli 
gamokvleviT. kerZod, nax. 6.12-ze mocemulia td-
is moZraobis siCqarisa (Vx) da traeqtoriis (Y2) 
damokidebuleba vibromanqanis mo-s ganivi 
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rezonansuli rxevisagan (y1), nax. 6.13-ze - td-is 
moZraobis siCqaris (Vx) damokidebuleba mo-s 
brunviTi rxevisagan (ψ), nax.6.14-ze- td-is grZivi 
(Vx)  da ganivi (Vy) moZraobis siCqareebis 
damokidebuleba vibromanqanis mo-s brunviTi 

rezonansuli rxevisagan (φ). rogorc mocemuli 
damokidebulebebi gviCveneben, mo-s ama Tu im 
sivrciTi (aramuSa) rxevis amplitudis 
gadidebiT garkveuli sididis zeviT, td-is 
ZiriTadi (grZivi) gadaadgilebis siCqare 
arsebiTad icvleba an Semcirebis, an gadidebis 
mimarTulebiT; es gansakuTrebiT SesamCnevia 
rezonansis ( = 50 hc) gavlisas, rodesac xdeba 
rxevis fazis cvlileba sawinaaRmdegod. 
   unda aRiniSnos, rom yvela SemTxvevaSi 

manqanis muSa reJimi iyo erTnairi ( = 50 hc) da 
damatebiTi rezonansuli rxevebi procesSi 
erTvebodnen ZiriTad reJimTan erTdroulad.  
   moyvanili damokidebulebebi gviCveneben, rom 
rezonansul vibraciul manqanebSi sivrciTi 
rxevebi, romlebic Tan sdeven ZiriTad muSa 
reJims, arRveven fxvieri masalis vibraciuli 
gadaadgilebis kanonzomierebas. amasTan, rezo-
nansze gavlisas gadaadgilebis siCqare mkveT-
rad icvleba da sixSiris (amplitudis) zogierT 
zonebSi siCqaris cvlileba Tanazomvadia mis 
saangariSo sididesTan.  
   SeiZleba davaskvnaT, rom moyvanili maTema-
tikuri aparatis gamoyenebiT (kerZod mo-s 
kombinaciuri rxevebis realizebiT) SesaZlebe-
lia vibraciuli teqnologiuri procesis mar-
Tva da misi optimizacia.   
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nax. 6.12.  

 

 
nax. 6.13.  
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nax. 6.14.  
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Tavi 7 
 

gamoyenebiTi meqanikis elementebi  
 

7.1. samTo manqanebis da mowyobilobebis 
saimedooba. 

 
samTo sawarmoebSi procesebis kompleqsuri 

meqanizacia iTvaliswinebs rTuli struqturis 
mqone sxvadasxva teqnikuri saSualebebis 
erTdroul muSaobas da urTierTmoqmedebas. 
Aamis Sedegad, calkeuli manqanebisa da 
meqanizmebis arasakmarisi saimedooba iwvevs 
mTeli kompleqsis mwarmoeblobis arsebiTad 
Semcirebas. 
    arasakmarisi saimedoobis gamo mowyobilo-
bis remontze yovelwliurad ixarjeba mniSvne-
lovani saxsrebi, xolo danaxarjebi remontze 
muSaobis mTeli drois ganmavlobaSi ramdenime-
jer aRemateba mis sawyis Rirebulebas. 

aRniSnulidan gamomdinare, samTo inJinrebs 
da specialistebs unda hqondeT garkveuli 
codna, rogorc zogadad, ise kerZod  samTo 
manqanebisa da mowyobilobebis saimedoobaze.   

teqnikuri nakeTobis saimedooba warmo-
adgens misi xarisxis umniSvnelovanes elements. 
maRali saimedoobis gareSe ar SeiZleba iyos 
maRali xarisxis nakeToba. saimedooba gulis-
xmobs sistemis Tvisebas Seasrulos mocemuli 
funqcia drois gansazRvrul intervalSi da 
amasTan SeinarCunos sawarmoo maxasiaTeblebis 
dadgenili mniSvnelobebi mocemul zRvrebSi 
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eqsploataciis, remontis, Senaxvisa da trans-

portirebis Sesabamis pirobebSi. 

obieqtebis muSaobis efeqturobis uzrun-
velyofis meTodebi eqsploataciis pirobebSi 
muSavdeba da Seiswavleba saimedoobis Teoriis 
saSualebiT. samTo manqnaTmSeneblobaSi saime-
doobis Teoria dafuZnebulia  ZiriTadad deta-
lebis simtkiceze da cveTamedegobaze, aseve 
proeqtirebisa da gaangariSebis meTodebze. 

saimedoobis gansazRvrisaTvis mniSvnelo-
vania obieqtis mdgomareobis Sefaseba.  

obieqtis mdgomareobis dasaxasiaTeblad 
gamoiyenebian Semdegi mcnebebi: 
- vargisianoba – obieqtis mdgomareoba, romlis 
drosac igi Seesabameba yvela moTxovnebs, 
romlebic dadgenilia normatiul-teqnikuri 
moTxovnebiT. 
- uwesivroba – obieqtis mdgomareoba, romlis 
drosac igi ar Seesabameba normatiul-teqnikuri 
dokumentaciis erT moTxovnas mainc. 
- muSaunarianoba – obieqtis mdgomareoba, 
romlis drosac mas unari aqvs Seasrulos 
mocemuli funqciebi da am dros SeinarCunos 
yvela ZiriTadi parametrebis normiT dadgenili 
mniSvnelobebi. 

samTo manqanebSi umravles SemTxvevaSi 
mtyuvneba warmoadgens araskmarisi sawyisi 
simtkicis an detalebis mier eqsploataciis 
procesSi simtkicis dakargvis, aseve detalebis 
intensiuri cveTis Sedegs. 

daRlilobiTi rRveva aRmocendeba cvladi 
datvirTvebis dros drekadobis zRvrebSi. 
daRlilobiTi dazianebis kera SeiZleba iyos 
umniSvnelo zedapiruli defeqtebi, kveTebis 
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mkveTri gadasvlis adgilebi, SeduRebis, 
Camosxmis defeqtebi da a.S., romlebic iwveven 
daZabulobis koncentracias detalis mcire 
sivrceebSi. 
    manqanis detalebis cveTa iwvevs: 
- simtkicis daqveiTebas detalis kveTis 
Semcirebis gamo (cicxvis korpusebi, kbilanis 
kbilebi da a.S.); 
- dinamikuri datvirTvebis gadidebas detalebis 
SeuRlebis adgilebSi RreCoebis warmoqmnis 
gamo ( Slicuri da saxsruli SeerTebebi, unagi-
ra sakisrebi da a.S.); 
-  muSaunarianobis amowurvas geometriuli 
formebis dakargvis gamo. 

samTo manqanebisaTvis umetesad damaxasi-
aTebelia meqanizmebis moxaxune wyvilebis 
abraziuli cveTa, romlis drosac muSa 
zedapirebze abraziuli nawilakebis moxvedris 
Sedegad xdeba maTi rRveva Wris an kawvris 
Sedegad. 

samTo manqanebisTvis agreTve friad 
damaxasiaTebelia intensiuri abraziuli cveTa 
muSa organoebis samTo qanebTan uSualo 
urTierTqmedebis gamo. 

saimedobis Teoriis erT-erTi ZiriTadi 
mcnebaa mtyuvnebis mcneba; misi analizisaTvis 
gamoiyeneba Mmtyuvnebis statistikuri modelebi. 

mtyuvnoba ewodeba movlenas, romelic 
gulisxmobs muSaunarianobis mTlianad an nawi-
lobriv dakargvas. 

maTi aRmocenebis  mizezebis mixedviT ans-
xvaveben mtyuvnobebs: 1) mtyuvnobebi konstruq-
ciuli defeqtebis mixedviT; 2) mtyuvnobebi 
teqnologiuri defeqtebis mixedviT; 3) mtyuv-
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nobebi eqsploataciuri defeqtebis mixedviT; 4) 
mtyuvnobebi TandaTanobiTi daberebis (cveTis) 
mixedviT 

drois xangrZlivoba (ciklebis ricxvi), 
romlis ganmavlobaSic nakeToba asrulebs 
mocemul funqcias mtyuvnebis dadgomamde, 
warmoadgens SemTxveviT sidides da ewodeba 
umtyuvno muSaobis dro.  
     gansaxilveli nakeTobis mtyuvnebis statis-
tikur models warmoadgens umtyuvno muSaobis 
drois albaTobis ganawileba.  

 umtyuvno muSaobis drois albaTobis 
ganawileba ganisazRvreba ganawilebis funqciiT 
da misi warmoebuliT, romelsac ganawilebis 
simkvrive ewodeba.   

umtyuvno muSaobis drois albaTobis 
ganawilebis funqcias aqvs saxe: 

 

  0,)(  ttPtF  ,   (7.1) 
 

sadac   t  umtyuvno muSaobis droa. 
(7.1) gamosaxulebas aqvs Semdegi azri: 

ganawilebis funqcia tolia  albaTobisa, rom 
umtyuvno muSaobis dro  iqneba mcire raRac t 

droze da amasTan t  0. 

ganawilebis anu albaTobis simkvrive zoga-
dad ase gamoisaxeba: 

 

t

tFttF
tFtf

t 






)()(
)()( lim

0

' . 

 
albaTobas, rom nakeToba ar umtyuvnebs 

drois t momentamde: 
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  0),()(1  ttRtFtP   
 

ewodeba umtyuvno muSaobis albaToba anu 
saimedoobis funqcia. 

SemTxveviTi sididis  ganawilebis Tvise-
bebi gansazRvraven mtyuvnebis modelebis 
Tvisebebs da nakeTobis saimedoobis maxasia-
Teblebs [ 24 ]. 

 
M7. 2. manqanebis teqnikuri diagnistika 
 
teqnikuri diagnostikis mTavari amocanaa 

sistemis mdgomareobis gamocnoba SezRuduli 
informaciis pirobebSi.   

informacia miiReba gadamwodebis Cvenebebis 
saxiT: vibraciis, temperaturis, wnevis, aseve 
vizualuri daTvalierebis gziT da a.S. 

rTuli teqnikuri sistemebisaTvis paramet-
rebis Cawera xdeba diskretulad an uwyvetad. 

amas garda, teqnikur diagnostikaSi axor-
cieleben uwesivrobebis Zebnas da avtomatur 
kontrols. es dakavSirebulia kontrolis meTo-
debisa da saSualobebis damuSavebasTan, diag-
nostikuri testebis damuSavebasTan, teqnikuri 
sistemebis kontrolunarianobis SefasebasTan. 

teqnikuri diagnostika eqsploataciis piro-
bebSi gaxda erT-erTi, sistemebis saimedoobis 
amaRlebis im umniSvnelovanesi meTodebidan, 
rodesac moiTxoveba vixelmZRvaneloT gansaz-
Rvruli xerxebiTa da wesebiT gadawyvetilebis 
misaRebad. igi uSvebs sapasuxismgeblo nake-
Tobis eqsploatacias da maT teqnikur momsa-



 152 

xurebas “mdgomareobis mixedviT”, rac iZleva 
mniSvnelovan ekonomikur efeqts. 

manqanis diagnostirebis procedura Tavis-
TavSi Seicavs Semdeg  ZiriTad etapebs: 

1) obieqtis pirveladi aRwera; 
2) mdgomareobis Sefasebis niSnebis gamoyofa; 
3) gadawyvetilebis miReba (diagnozi). 
pirvelad aRweras asruleben eqsperimentuli 

informaciis safuZvelze, rac aucilebelia 
gadawyvetilebis misaRebad.  
   sadiagnostike obieqtis mdgomareoba gani-
sazRvreba diagnostikuri niSnebiT, xolo 
niSnebi – sxvadasxva fizikuri bunebis diag-
nostikuri signalebiT. efeqturi niSnebis povna 
warmoadgens diagnostikis centralur amocnas, 
mis mTavar problemas. 
   rac meti cnobebia sadiagnostike obieqtis 
Sesaxeb, miT ufro utyuaria diagnozi.  
M manqanis Tvisebebis, diagnozis miznebisa da 
arsis Rrma Seswavla warmoadgens diagnostikis 
efeqturobis winapirobas. 

niSnebis moZebnisas saWiroa ganvasxvavoT 
teqnikuri mdgomareobis sami aspeqti: struq-
turuli, funqcionaluri da vibraciuli. 

struqturuli mdgomareoba xasiaTdeba 
struqturis Tvisebebis erTobliobisagan: kon-
struqciuli elementebis geometriiT (zomebiT 
da formiT), detalebis urTierTkavSirebiT 
(CasmebiT, RreCoebiT, kuTxeebiT da a.S.), masalis 
mdgomareobiT (daZabulobiT, temperaturiT, 
struqturiT). 

funqcionaluri mdgomareoba ganisazRvreba 
funqcionirebis Tvisebebis erTobliobiT: 
saeqsploatacio maCveneblebiT, regulirebis 
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procesebisa da muSa procesis mimdinareobis 
statistikuri da dinamikuri maxasiaTeblebiT 
da a.S. 

vibraciuli mdgomareoba ganisazRvreba 
obieqtis vibraciuli maxasiaTeblebis 
erTobliobiT. igi warmoadgens obieqtis 
struqturuli da funqcionaluri mdgomareobis 
da dinamikuri Tvisebebis Sedegs. normaluri 
struqturuli da funqcionaluri mdgoma-
reobisas vibraciuli mdgomareoba SeiZleba ar 
iyos damakmayofilebeli. amis magaliTad 
SeiZleba gamodges rezonansuli rxevebi. 

obieqtis Seswavlis xarisxisa da diag-
nostikis miznisgan damokidebulebiT diagnozi 
SeiZleba Seicavdes sxvadasxva Sinaarss. saan-
gariSo sqemaSi nakeToba SeiZleba ganxilul 
iqnas rogorc erTiani fizikuri sistema ucnobi 
struqturiT moqceuli garegani da Sinagani 
aRmgznebi zemoqmedebebis qveS. gamomavali 
signalebis mixedviT SeiZleba davadginoT misi 
mdgomareoba uwesivrobebis mizezebisa da 
adgilis Cvenebis gareSe. aseTi integraluri 
diagnostika zogjer SeiZleba misaRebi iyos 
eqsploataciaSi. 

proeqtirebis, warmoebisa da eqsploataciis 
etapebze moiTxoveba daisvas gaumarTavi ele-
mentis (detalis) diagnozi da dadgindes 
uwesivrobis mizezebi. amisaTvis saWiroa kvanZi 
warmodgenil iqnas urTierTdakavSirebuli 
detalebis erTobliobis saxiT. miiReba samsa-
fexuriani modeli “nakeToba – kvanZi – detali” 
da Sesabamisad diagnozis siRrmis sami xarisxi. 

kvanZis mdgomareobis diagnozi SeiZleba 
dadgindes diagnostirebis gansxvavebuli 
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meTodebiT. ase magaliTad,  sakisris mdgomare-
oba SeiZleba Sefasdes zeTis qimiuri mdgo-
mareobiT, masSi burbuSelis SemcvelobiT, 
zeTis temperaturiT an sakisris korpusis 
temperaturiT, vibraciis mixedviT da a.S. 

diagnostikis bevr meTodebSi cnobili unda 
iyos sakontrolo parametris ganawileba 
sistemis mocemuli mdgomareobisaTvis. sistemis 
mdgomareobis garCeva warmoadgens diagnozis 
dadgenis process da mdgomareobs niSnebis 
wardgenili erTobliobis mikuTvnebaSi erT-
erTi tipiuri mdgomareobisaTvis. aseTi 
mdgomareobebis ricxvi damokidebulia amocanis 
Taviseburebebisgan da garCevis (SerCevis Tu 
Secnobis) miznebisagan. garCevis Teoria 
mWidrod aris dakavSirebuli saxeebis garCevis 
problemisagan, romelic Seiswavleba kiber-
netikaSi. am amocanebis gadawyvetis meTodebs 
ganekuTvneba: albaTuri, metruli, logikuri,  
dayofis meTodebi niSnebis sivrceSi. yvela es 
meTodebi dafuZnebulia mkacr matematikur 
aparatze da ganixilebian manqanaTa teqnikuri 
diagnostikis specialur kursebSi [ 24 ]. 

 
7. 3. optimizacia 

 
optimizaciis meTodebi efeqturad gamoiye- 

neba adamianis saqmianobis mraval, sruliad 
sxvadasxva sferoebSi. gansakuTrebiT mniSvne-
lovani  warmatebebia miRweuli rTuli teqni-
kuri sistemebis daproeqtebasa da analizSi. 
Teoriuli  miRwevebis sainJinro praqtikaSi 
danergvis daCqarebuli tempebi mniSvnelovan-
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wilad ganpirobebulia gamoTvliTi teqnikis 
saSualebebis farTo gavrcelebiT da inten-
siuri srulyofiT. 

Tanamedrove pirobebSi optimizaciis meTo-
debis codna inJinrisTvis iseve aucilebelia, 
rogorc maTematikuri analizis safuZvlebis, 
fizikis, qimiis, masalaTa gamZleobis Teoriis, 
radioeleqtronikis da rigi sxva tradiciuli 
disciplinebis codna. 

optimizaciis cneba ganixileba rogorc 
yvela SesaZleblidan saukeTeso variantis 
SerCevis procesi. magaliTad, sainJinro-
teqnikuri amocanebis gadawyvetisas optimi-
zaciis meTodebi saSualebas iZlevian SeirCes 
manqanis konstruqciis da misi muSa 
parametrebis saukeTeso varianti. aseT para-
metrebs sainJinro amocanebis gadawyvetisas 
uwodeben saproeqto parametrebs, xolo eko-
nomikuri amocanebis SemTxvevaSi – sagegmo 
parametrebs. optimizaciis amocanis sirTule 
damokidebulia saproeqto parametrebis n 
raodenobaze – x1, x2, x3, ….. , xn.  

optimaluri amonaxsnis (gadawyvetilebis) 
arCeva xdeba saproeqto parametrebiT gansaz-
Rvruli funqciis saSualebiT, romelsac 
miznobriv (miznis) funqcias an xarisxis 
kriteriums uwodeben. Ooptimizaciis amocanis 
gadawyvetisas unda moinaxos saproeqto para-
metrebis iseTi mniSvnelobebi, romelTa SemT-
xvevaSic miznobriv funqcias aqvs minimumi (an 
maqsimumi). amrigad, miznobrivi funqcia warmo-
adgens optimalurobis mTavar kriteriums maTe-
matikur modelebSi, romelTa meSveobiTac aRi-
wereba inJinruli an ekonomikuri amocanebi. 
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miznobrivi funqcia SeiZleba Semdegnairad 
gamoisaxos: 

).,.....,,,( 321 nxxxxFV   

 
gansaxilveli problemis mixedviT miznobriv 

funqcias SeiZleba warmoadgendes konstruqciis 
masa, simtkice, dinamikuri datvirTva manqanaze, 
Zravis simZlavre, eleqtruli energiis xarji, 
mwarmoebloba, Semosavlis sidide da a.S. 
parametrebis raodenobis mixedviT miznobrivi 
funqcia SeiZleba iyos erTi, ori an meti 
parametris funqcia. 

unda aRiniSnos, rom miznobrivi funqcia 
SeiZleba gamosaxul iqnas ara marto formulis 
saSualebiT, aramed cxrilebiT an raime sxva 
formiTac. 

miznobrivi funqcia SeiZleba iyos ramdeni-
mec. magaliTad, manqanaTmSeneblobaSi raime 
manqanis daproeqtebisas SesaZloa saWiro iyos 
uzrunvelyofil iqnas maqsimaluri saimedooba, 
minimaluri liTonSemcveloba, maqsimaluri 
mwarmoebloba, Zravas minimaluri simZlavre, 
eleqtroenergiis minimaluri xarji da a.S. 
amasTan, zogierTi miznobrivi funqcia SesaZloa 
urTierTSeuTavsebadic iyos. aseT SemTxvevaSi 
saWiroa romelime maTgans mivaniWoT priori-
teti. 

optimaluri proeqtis agebisaTvis miRebuli 
dasaSvebi proeqtebidan SeirCeva garkveuli 
azriT saukeTeso. termini “saukeTeso” SeiZleba 
gagebul iqnas raRac )(bF funqciis umciresi an 

udidesi mniSvnelobis azriT, sadac b cvladi 
aiReba B simravlidan. Tu )(bF  funqcia asaxavs 
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dasaproeqtebeli obieqtis Rirebulebas, maSin 
saWiroa misi minimizacia, magram, Tu es funqcia  
axasiaTebs produqciis raodenobas, danadgaris 
mqk-s, an miRebul Semosavals, maSin saWiroa 
misi maqsimizacia.  

namdvili cvladis funqciis  )(bF  maqsimumis 

moZebna eqvivalenturia “- )(bF ” funqciis 

minimumis moZebnisa; amitom, optimaluri 
daproeqtebis amocanebi SeiZleba ganxilul 
iqnas, rogorc miznobrivi funqciis 
minimizaciis amocanebi. 

magaliTis saxiT ganvixiloT miznobrivi 

funqcia 2)2()(  bbF , sadac b saproeqto 
parametria.  

 
nax. 7.1 

 
7.1 naxazze mocemulia am funqciis damoki-

debuleba b parametrze. cxadia, rom miznobrivi 
funqcia minimums aRwevs, roca b=0  da am dros 
igi nulis tolia. optimizaciis amocanebi 
SeiZleba iyos upirobo da pirobiTi. 

upirobo optimizaciis amocanis dros iZeb-
neba funqciis minimumi an maqsimumi da Sesa-

bamisi argumentis mniSvneloba n ganzomilebiani 
sivrcis raRac  simravleze. 



 158 

optimizaciis pirobiTi amocana gulisxmobs 

 simravleze parametrebis garkveul SezRud-
vebs, romlebic SeiZleba mocemuli iyos 
tolobebiT an utolobebiT, magaliTad: 

 

          0),...,,,( 3211 nxxxxf ; 

232111 ),...,,,( axxxxfa n  . 

 
optimizaciis praqtikuli warmodgenisaTvis 

ganvixiloT magaliTebi. 
1. konteineris minimaluri moculobis 

gansazRvra. 
davuSvaT saWiroa V = 1 m3  moculobis 

sworkuTxa paralelepipedis formis konteine-
ris daproeqteba, amasTan, sasurvelia mis 
damzadebaze daixarjos rac SeiZleba naklebi 
masala. Tu miviRebT, rom kedlebis sisqe 
mudmivia, maSin optimizaciis moTxovnis 
dasakmayofileblad saWiroa konteineris sruli 
farTobi S iyos minimaluri. Tu konteineris 
wiboebis sigrZeebs avRniSnavT x1,  x2,  x3, maSin  
amocana daiyvaneba Semdegi amocanis minimizaci-
aze 

).(2 313221 xxxxxxS   

 
es funqcia am SemTxvevaSi warmoadgens miznob-
riv funqcias, xolo V = 1 –SezRudvas, romelic 
saSualebas iZleva gamoiricxos erTi paramet-
ric 
 

1321  xxxV ,   

saidanac  213 /1 xxx    da  Sesabamisad,  miviRebT     
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)./1/1(2 2121 xxxxS   

 
amrigad, amocana dayvanil iqna orucnobiani 
funqciis minimizaciaze. bolo gantolebis 
amoxsnis Sedegad ganisazRvreba x1 da  x2,  xolo 
Semdeg x3. 

SesaZlebelia am amocanis garTuleba da 
damatebiTi pirobebis Semotana; magaliTad, Tu 
saWiroa , rom konteiners hqondes sigrZe aranak-

leb 3 metrisa, e.i. x1  3. 
optimizaciis amocana, romelic gansazRvru-

lia erTi cvladis funqciiT, ganekuTvneba 
optimizaciuri amocanebis yvelaze martiv tips.  
2. damWimi tvirTis maqsimaluri wonis 
gansazRvra saSaxte amwev danadgarebSi. 

mravalbagirian saSaxte amwev mowyobilo-
bebSi, bagiruli gamyolebis daWimvas, rogorc 
wesi, axdenen bolokiduli tvirTiT. Ggarkveuli 
pirobebisaTvis, Wauris raRac siRrmeze, damWimi 
tvirTis wona aRwevs maqsimums. Wauris siRrmis 
Semdgomi gazrdiT tvirTis moTxovnili wonis 
sidide mcirdeba [ 14 ]. 

bagiruli gamtaris sigrZesa (LL ) da damWimi 
tvirTis wonas ( Q ) Soris damokidebuleba 
gamoisaxeba Semdegi formuliT: 

 

       )/(ln))(4/( 0000 LLLLLKQ  ,      (7.1)  

 

sadac  K0 gamyolis ganivi Zalis mimarT winaaR-
mdegobis koeficientia;LL0 - gamtaris zRvruli 
sigrZe.  

L cvladis kritikuli mniSvnelobis, anu Sax-
tis siRrmis kritikuli mniSvnelobis gansazR-
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vrisaTvis vaxdenT  Q(L) funqciis warmoebulis 
gamoTvlas 

 

)]./(ln1)[4/(

}1)]/(){[ln4/(])(/)()

()/(ln)1)[(4/(])'/(ln)()

/(ln)')[(4/()]/(ln))(4/)[(/(

000

000

2

0000

0000000

00000000

LLLK

LLLKLLLLLLL

LLLLKLLLLLL

LLLLKLLLLLKdLd









 
misi 0-Tan gatolebiT miiReba L – is kritikuli 
mniSvneloba 
 

0)/(ln1)[4/( 000  LLLK ,  

 
saidanac 

Lkr = .00 63,0)/11/( LeL  . 

 
damWimi tvirTis maqsimaluri wonis gansaz-

RvrisaTvis Lkr – is miRebuli mniSvneloba Sevi-
tanoT (7.1) gamosaxulebaSi 

 

Q ),63.0/(ln)63,0)(4/( 000000max LLLLLKQ   

 
saidanac sabolood miviRebT 
 

00max 092.0 LKQ  . 

 
7. 4. gamoTvliTi teqnikis gamoyeneba 

dinamikuri procesebis kvlevaSi 
 

   gamoTvliTi teqnikis saSualebebis Seqmnasa 
da ganviTarebasTan dakavSirebiT sul ufro 
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izrdeba gamoyenebiTi maTematikis roli mecni-
erebisa da teqnikis sxvadasxva sferoSi.  
   didi raodenobis rTuli amocanebis ricxvi-
Ti amoxsnis aucileblobam migviyvana axali 
ricxviTi meTodebis Seqmnamde, romelTa saSua-
lebiTac xdeba ama Tu im amocanis amoxsnis 
uSualo raelizacia. amasTan gamomTvlel 
manqanasTan muSaobisas saWiroa fizikis, meqani-
kis, ekonomokis, sainJiro da sxva konkretuli 
amocanebis maTematikuri formulireba, e.i. 
saWiroa gansaxilveli amocanis maTematikuri 
modelis Seqmna da Semdeg misi gadayvana 
gamomTvleli manqanisTvis gasageb Sesabamis 
enaze. 
   maTematikuri gamosaxulebis cifrul 
manqanaze programirebisaTvis gamoiyeneba sxva-
dasxva algoriTmuli enebi: beisiki, paskali, 
delfi, asembleri da a.S.  
   samanqano enis gamoyenebiT SesaZlebelia 
personalur kompiutersa da momxmarebels 
Soris muSaobis dialoguri reJimis organizeba. 
amasTan, kompiuteri atyobinebs momxmarebels ra 
SesaZleblobebi aqvs mas, rogor SeiZleba misi 
gamoyeneba, ra TanmimdevrobiT unda Sesruldes 
esa Tu is konkretuli programa da a.S., xolo 
dialogi manqanasTan mocemuli unda iyos 
momxmareblis mier damuSavebul programaSi. 
   ganvixiloT konkretuli dinamikuri amocanis 
magaliTze programis Sedgenis, misi manqanaSi 
Seyvanis da amoxsnis Tanamimdevroba. nax. 7.2 –ze 
mocemulia erTi Tavisuflebis xarisxis mqone 
rxevadi sistema. Mmisi moZraoba SeiZleba 
gamowveul iqnas myisieri impulsiT, anu raime 
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Zalis moulodneli modebiT da misi Semdgomi 
SewyvetiT. 
   rogorc mocemuli magaliTis, aseve zogadad 
sainJinro amocanebis amoxsnis procesi cifrul-
gamomTvlel manqanebze SeiZleba aseTi Tanmim-
devrobiT warimarTos:  
1) amocanis fizikuri Sinaarsis analizi – ra 
fizikuri faqtorebi unda iqnas gaTvalis-
winebuli; romeli parametrebis ricxviTi 
mniSvnelobebia misaRebi; moTxovnebis sizuste; 
Semavali parametrebis raodenoba da maTi 
SesaZlo cvlilebebis zRvrebi; sasurvelia 
agreTve imis codna, Tu Tvisobrivad ra saxis 
amoxsnebis miRebaa mosalodneli. nax. 7.2 –ze 
mocemuli sistemis SemTxvevaSi fizikuri 
faqtorebia: k – sixiste; c – winaRobis 
koeficienti;  m –masa, romelTa mniSvnelobebi 
SeiZleba icvlebodes  0 – dan grkveul sidide-
ebamde; amasTan, SeiZleba winaswar miviRoT, rom 
fizikuri procesi rxeviTi xasiaTisaa, xolo 
amplitudis sidide damokidebulia sawyis piro-
bebze. 
 2) mocemuli sainJinro (teqnikuri) amocanis 
matematikuri gamosaxva – iseTi maTematikuri 
gamosaxulebis miReba, romelic erTmaneTTan 
daakavSirebs amocanis fizikur (pirvel punqtSi 
mocemul) parametrebs da mis dinamikur (muSa) 
process. nax. 7.2 – ze mocemuli meqanikuri 
sistemis moZraoba aRiwereba me-2 rigis Semdegi 
diferencialuri gantolebiT 

0
...

 kxxcxm       (7.2) 
 

da igi warmoadgens Tavisufali rxevis gan- 
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tolebas. imis mixedviT, Tu ra mniSvnelobebi 
eqneba gantolebaSi Semaval koeficientebs 
(parametrebs), miviRebT sxvadasxva sixSiris 
rxevebs, xolo amplitudis mniSvneloba 
ZiriTadad ganisazRvreba sawyisi pirobebiT (ra 
saxis impulsi miiRo sistemam, an ra sididis 
sawyisi gadaadgileba mieniWa m masas). 
3) ricxviTi algoriTmis damuSaveba – es aris 
amoxsnis zustad Camoylibebuli wesi, romelic 
sruldeba cifrul gamomTvlel manqanaze 
(kompiuterze) Tanmimdevrulad ganxorciele-
buli operaciebis safuZvelze; algoriTmis 
erT-erTi ZiriTadi Semadgeneli nawilia 
rixviTi meTodi, romelic unda SeirCes 
amocanis tipis da sirTulis mixedviT; 
mocemuli (7.2) tipis diferencialuri ganto-
lebisaTvis amoxsnis erT-erT meTods runge-
kutas [18]  meTodi  warmoadgens, romlis 
upiratesobad iTvleba amoxsnis bijis cvlile-
bis siadvile. 
4) programireba – am etapze xdeba algoriTmis 
gadatana romelime, cifruli manqanisaTvis 
misaReb samanqano enaze (paskali, beisiki d a.S.); 
amave dros programaSi Sedis TviTon amocana 
da masTan dakavSirebuli sawyisi monacemebi da 
pirobebi, e.i. es etapi iTvaliswinebs manqanis 
enaze Sedgenili amocanis amoxsnis mTeli 
procesis cifrul manqanaSi Seyvanas, mis 
gaSvebas da pasuxebis miRebas. 
   qvemoT mocemulia gantolebis (7.2) amoxsnis 
programis teqsti, romelic Sedgenilia beisikis 
enaze da amoxsna Sesrulebulia runge-kutas 
ricxviTi meTodiT kompiuterze; moyvanilia 
amoxsnis grafikuli (nax. 7.4).  



 164 

   Semdeg magaliTSi mocemulia eleqtromag-
nituri vibraciuli satransporto manqanis (nax. 
7.3) tvirTTan erTad moZraobis gantolebebi (7.3) 
da maTi erTdroulad amoxsnis oscilogramebi 
(nax. 7.4). mocemuli sistemis pirveli gantoleba  
 

        
                   nax. 7.2 
 
aRwers  muSa  organos 2 rxeviT moZraobas, me-2   
gantoleba – vibroamZravis eleqtromagnituri  
nakadis cvlilebas sxvadasxva parametrebisgan 
damokidebulebiT, me-3 gantoleba – gadasaad-
gilebeli    masalis    muSa  organos zemoqme- 
debiT gamowveul moZraobas vibraciis da 
daxris kuTxeebis da xaxunis koeficientisgan 
damokidebulebiT. rogorc cxadad Cans, es 
gantolebebi urTierTdakavSirebulia da iden-
turad aRweren nax. 7.3 –ze mocemul vibraciuli 
transportirebis  fizikur process. nax. 7.4 –ze 
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mocemulia gantolebis (7.3) kompiuterze amox-

snis oscilogramebi:  X - masalis gadaadgi-
leba,  x  - muSa organos rxeva,  Ф  - eleq-
tromagnituri nakadis cvlileba.  
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nax. 7.3 

 

 
nax. 7.4 
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   amrigad, zusti maTematikuri gamosaxulebisa 
da sworad Sedgenili programis saSualebiT 
SesaZlebelia nebismieri sirTulis teqnikuri 
amocanis gamokvleva kompiuterze da eqspe-
rimentTan miaxloebuli Sedegebis miReba.  
   es erTxel kidev miuTiTebs studentebis da 
teqnikuri specialistebis mier manqanebSi 
dinamikuri procesebis da maTi maTematikuri 
aRweris elementaruli codnis aucileblobaze.  
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