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Sesavali 

     kiduli bagirgzebi, transportis erT-erT gavrcelebul sa-

xeobas warmoadgens. rogorc samgzavro, ise satvirTo bagirgze-

bis eqspluataciis praqtikam gviCvena maTi didi efeqturoba da 

saimedooba. sworad daproeqtebuli da Tanamedrove teqnologiu-

ri miRwevebiT aRWurvili bagirgza, transportis yvelaze usaf-

rTxo saxeobad iqca. bagirgzebi farTod gamoiyeneba Saxtebisa da 

maRaroebis zedapirze xalxisa da sxvadasxva tvirTis gadasaadg-

iliblad. Cveni qveynis marganecis samSobloSi, q. WiaTuraSi, daa-

xloebiT samocamde satvirTo da samgzavro kiduli bagirgza ar-

sebobda. gasuli saukunis bolo periodis cnobilma movlenebma 

da arasakmarisma yuradRebam mravali moqmedi gza gamoiyvana mwy-

obridan. 

    kiduli bagirgzebi aseve farTod gamoiyeneba mrewvelobis sx-

vadasxva dargebsa da soflis meurneobaSi.  

    iseTi mTagoriani qveynisaTvis, rogoric saqarTveloa, bagir-

gzis ganviTarebas, pirvel rigSi, socialuri da strategiuli 

daniSnuleba aqvs. maT gareSe warmoudgenelia maRalmTiani regi-

onebis SenarCuneba-aTviseba, turizmisa da samTo-saTxilamuro sp-

ortis ganviTareba da sxv. amasTanave, yvela sxva satransporto 

saSualebasTan SedarebiT is ekologiurad ufro sufTa, ekonomi-

uri da usafrTxoa. 

    am problemis aqtualoba imiTac mtkicdeba, rom Cvens qveyana-

Si, bolo wlebis ganmavlobaSi, ramdenime axali bagirgza aSenda, 

xolo ramdenime ki, mwyobridan gamosuli, axali teqnologiebiT 

aRiWurva da eqspluataciaSi gaeSva. 

    kiduli bagirgzebis erT-erT yvelaze gavrcelebul saxes qan-

qarisebri bagirgzebi warmoadgens. sadgurebi erTmaneTTan dakavS-

irebuli arian sarelso bagirebiT da maTze vagonebi ukumoqcev-

gadataniT (qanqarisebr) moZraobas axorcieleben sawevi bagirebis 

saSualebiT.  

Temis aqtualuroba. bagirgzis muSaobis Seferxeba da maTSi ga- 
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Cenili uwesivrobani ZiriTadaT gamowveulia sawev bagirSi aRZ-

ruli dinamikuri ZalebiT. am Zalebis gaTvaliswineba bagirgzis 

daproeqtebisa da muSaobis reJimebis kvlevisas metad rTul amo-

canas warmoadgenda. misi gadawyveta xdeboda gamartivebuli mod-

elebis saSualebiT, romelic ar iZleoda bagirgzis elementebis 

racionalurad SerCevisa da optimaluri marTvis saSualebas.  

    amas ki Tavis mxriv SeeZlo gamoewvia: 

 1. sawevi bagiris, amZravisa da damWimi Skivis elementebis vada- 

 D   ze adre mwyobridan gamosvla; 

 2. sawev bagirSi, dinamikuri ZalebiT gamowveuli bagiris rxev- 

    is dasaSveb sidideze gadaWarbeba da avariuli Sedegi da sxv.   

   Tanamedrove kompiuteruli teqnikis gamoyeneba iZleva imis 

saSualebas, rom Tavidan aviciloT is gamartivebebi da daSvebe-

bi, romlebic maT gamoyenebamde xdeboda da SevqmnaT iseTi maTe-

matikuri modelebi, romlebic ufro srulyofilad aRweren rea-

lur suraTs. kompiuteruli teqnikis mZlavri maTematikuri uzru-

nvelyofa iZleva imis saSualebas, rom amoixsnas nebismieri sirT-

ulis diferencialur gantolebaTa sistema, romelic aucilebel-

ia qanqarisebri kiduli bagirgzis dinamikuri reJimebis kvlevis-

as.  

    samuSaos mizani. qanqarisebri kiduli bagirgzis sawev bag-

irSi dinamikuri ZalebiT aRZruli rxevebis Caqroba eleqtruli 

amZravis saSualebiT. 

    kvlevis obieqti da meTodebi. kvlevis obieqtia qanqarisebri 

kiduli bagirgza. 

    dasmuli amocanis gadasawyvetad Tavidan Seiqmna kiduli bag-

irgzis saangariSo sqema da erTiani maTematikuri modeli. Semdg-

om, am modelis saSualebiT, daiwera dinamikuri reJimis aRmweri 

diferencialur gantolebaTa sistema (releis, lagranJesa da la-

plasis meTodebis gamoyenebiT) da am sistemis amonaxsnebis saSua-

lebiT (saprogramo ena Matlab –is gamoyenebiT) Catarda kvleva ba-

girgzis optimaluri parametrebis dasadgenad. es, sabolood, mo-
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gvcems saSualebas SevirCioT eleqtruli amZravis marTvis optim-

aluri algoriTmi. 

    naSromis mecnieruli siaxle. aqamde arsebul bagirgzis 

maTematikur modelebSi, dinamikuri reJimebis aRwerisas, ar gaiT-

valswineboda bagirgzis vagonis rxeva savali urikis mimarT, ro-  

mlis saSualebiTac moZraobs vagoni mzid bagirze. vagonis masa, 

saval urikasTan erTad, daiyvaneboda amZrav an damWim Skivebze. 

    sadisertacio Temis siaxlea is, rom bagirgzis maTematikur 

modelSi gaTvaliswinebulia vagonis rxeva savali urikis mimarT 

sawevi bagiris, amZravi da damWimi Skivebis rxevis dros.  

     sakiTxis aseTi gadawyveta, ra Tqma unda, gaarTulebs bagir-

gzis maTematikur models da gazrdis dinamikuri reJimis aRmwer 

diferencialur gantolebaTa sistemis rigs, samagierod miRebu-

li Sedegebi, Cveni azriT, sakmao sizustiT  dauaxlovdeba bagir-

gzaSi arsebul realurad mimdinare procesebs.  

    Sedegebi da maTi gamoyenebis sfero. SerCeuli algoriTmis 

mixedviT, asinqronuli mokled CarTuli  rotoriani  Zravas sa-

SualebiT, sixSiruli gardaqmnelis daxmarebiT, moxda amuSaveb-

is dinamikuri reJimis optimizacia (sawev bagirSi aRZruli rxev-

ebis Caqroba). miRebuli Sedegebis gamoyenebis sferoa qanqarise-

bri kiduli da rgoluri bagirgzebi. 

   samuSaos aprobacia. samuSaos ZiriTadi debulebebi moxsenda  

or seminarze da studentTa 79-e Ria saerTaSoriso samecniero 

konferenciis samTo teqnologiis seqciaze. I adgili. 2011 w. Tema 

” moqnilkavSiriani ormasiani sistemis dinamikuri reJimis kvleva 

qanqariseburi kiduli bagirgzis magaliTze’. 

   publikaciebi. disertaciis Temaze gamoqveynda 7 dabeWdili na-

Sromi, maT Soris - 2 patenti. 

   disertaciis struqtura da moculoba. disertacia Seicavs Se-

savals, literaturis mimoxilvas, Sedegebsa da maT gansjas, Ziri-

Tad nawils, saerTo daskvnebs, gamoyenebuli literaturis nusxas 

(29 dasaxeleba) da danarTs. sadisertacio naSromis saerTo mocu-
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loba Seadgens 120 gverds, maT Soris 36 naxazs, 2 cxrils. dana-

rTebi warmodgenilia 16 gverdze. 

 

 

samuSaos ZiriTadi Sinaarsi 

1. literaturis mimoxilva 

     kiduli bagirgzis dinamikuri reJimebis kvlevisaTvis da Sem-

dgomSi am reJimebis optimizaciisaTvis, saWiroa misi maTematiku-

ri modelis Sedgena da Semdgom am modelis saSualebiT miRebu-

li moZraobis amsaxveli diferencialur gantolebaTa sistemebis 

amoxsna da kvleva.  

zogadad, dinamikuri reJimis optimizaciis cnebaSi igulis-

xmeba sistemis Siga meqanikuri rxevebis Caqroba gardamavali per-

iodis dros.  

     rTuli eleqtromeqanikuri, maT Soris kiduli bagirgzis kv- 

levisas, didi daxmareba SeiZleba gaswios meTodma, romelic re-

lies saxels atarebs. aseve cnobilia, rom releis meTodis gamo-

yenebisas sxva, ufro srulyofil meTodebTan SedarebiT, gaanga-

riSebis sizuste mcirdeba, magram gansxvaveba 10%-s ar aRemateba. 

iseT meqanizmebSi, sadac dinamikuri zemoqmedebis dros bagiris 

sigrZe umniSvnelod icvleba, am meTodis gamoyeneba, Tavisi sima-

rtivis gamo, did praqtikul mniSvnelobas iZens. 

    moZraobis aRmweri diferencialur gantolebaTa sistemis Se-

dgenisaTvis gamoyenebulia lagranJes meTodi, romelic dafuZne-

bulia ganzogadebuli koordinatisa da Zalis cnebaze. 

    literaturis mimoxilvisas, aRwerilia releisa da lagranJes 

meTodebis zogadi aRwera, praqtikaSi maTi gamoyenebis magaliTe-

bi. imis mizanSewoniloba, rom Cvens mier gamosakvlevi kiduli ba-

girgzis dinamikuri reJimebis kvlevisaTvis, yvelaze misaRebia aR-

niSnuli meTodebi.  

    praqtikuli magaliTebisaTvis, kerZod, martivi amwevi meqani-

zmisaTvis, am meTodebis gamoyenebiT, Sedgenilia amuSavebis peri-

odis aRmweri diferencialur gantolebaTa sistema. gamoyvanilia 



 7 

am sistemidan aCqarebisa da siCqareebis gamosaTvleli formule-

bi, rogorc damxvevi organosaTvis, ise amomavali (Camavali) tvir-

TisaTvis.  

    dawvrilebiTaa ganxiluli dinamikuri reJimebis kvlevisa da  

maTi optimizaciis meTodebi. naCvenebia, rom optimizacia SesaZle-

belia ganxorcieldes, rogorc damatebiT CarTuli elementebis 

(amortizatori da zambara) saSualebiT, ise TviTon Zravas opti-

malurad marTviT.  

     kiduli bagirgzis amuSavebis dinamikuri reJimis optimizac-

iisaTvis Cven avirCieT TeoriaSi erT-erTi yvelaze metadD gavrce-

lebuli meTodi. kerZod, amZrav Skivze modebul dinamikur Zalas 

vcvliT vagonis maqsimaluri gadaxris mixedviT. es meTodi sakma-

od didi xania cnobilia eleqtruli amZravis TeoriaSi, magram 

misi praqtikuli gamoyeneba ver xerxdeboda amZravi Zravas srul-

yofili marTvis ar arsebobis gamo. am bolo dros, Zravas marT-

vis saSualebebis arnaxuli warmatebebis gamo, ukve SesaZlebelia 

praqtikaSi yvelaze saimedo da iafi mokled Caketil rotoriani 

Zravas saSualebiT ganvaxorcieloT TiTqmis nebimieri saxis amo-

cana. Cvens SemTxvevaSi, Zravas sixSiruli marTvis saSualebiT Se-

saZlebelia warmatebiT gadavWraT Cveni amocana, kerZod kiduli 

bagirgzis amuSavebis dinamikuri reJimis optimizacia. 

 

2. qanqariseburi kiduli bagirgzis amuSavebis dinamikuri reJimis 

kvleva da optimizacia 

2.1 kiduli bagirgzis maTematikuri modelisa da Sesabamisi 

diferencialur gantolebaTa sistemis Sedgena 

 
     moZraobis amsaxveli diferencialur gantolebaTa sistemis 

Sedgenisas (lagranJes meTodi) miRebulia garkveuli saxis daSv-

ebebi, romelTagan aRsaniSnavia: 

     1. amZravi Skivi, reduqtori, Zravas lilvi da saerTod, amZ-

ravis yvela elementi absoluturad xistia. 
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     2. winaaRmdegobebis Zalebi, romlebic warmoiSveba savali 

urikis sarelso bagirze gadaadgilebisas, mudmivia da simciris 

gamo SesaZloa maTi ugulebelyofa. 

     3. bagirgzis vagoni, saval urikasTan, qanqariseburadaa dak-

avSirebuli da misi rxevis sixSiris gamoTvlisas, vangariSobT 

eqvivalentur sixistis koeficients rogorc vagonis wonis fard-

obas mis Camokidebis sigrZesTan.  

     4. mxedvelobaSi ar aris miRebuli bagiris Sinagani xaxunis 

anu disipatiuri Zalebi da process vixilavT rogorc araqrob-

ads. 

    5. gardamavali procesis ganxilvisas mxedvelobaSi ar viRebT 

sawevi bagiris sigrZis cvalebadobas.                                                        

    6. mxedvelobaSi ar miiReba sarelso bagiris rxevis gavlena 

sawev bagirze. 

    orbagirian, orvagonian, qanqariseburad moZrav kidul bagir-

gzas, zogadad, SesaZlebelia aseTi saxe hqondes - 

              

nax. 1. orbagiriani, orvagoniani qanqariseburi kiduli 

bagirgzis kinematikuri sqema 

 

sadac - 1- xaxunis amZravi Skivia; 

         2 - mimmarTveli Skivebi; 

         3 - damWimavi tvirTebi; 

         4 - savali urikebi; 

         5 - vagonebi; 

         6 - sawevi bagiri;   
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         7 – sarelso bagirebi. 

     aRniSnulis gaTvaliswinebiT, SesaZloa warmovidginoT bag- 

irgzis  saangariSo sqema: 

 

nax. 2. orbagiriani, orvagoniani qanqariseburi 

kiduli bagirgzis saangariSo sqema 

 

    SevadginoT diferencialur gantolebaTa sistema amuSavebis 

iseTi reJimisaTvis, roca vagonebi mimReb sadgurebSi arian. amuS-

avebis es reJimi, ra Tqma unda, kerZo SemTxvevaa iseTi amuSavebis 

reJimisa, roca vagonebi malis nebismier adgilas SeiZleba iyos. 

Cven ar ganvixilavT am zogad SemTxvevas Semdegi mosazrebebidan 

gamomdinare. amZravs amuSaveba malis nebismier adgilas, SesaZloa 

mouxdes mxolod avariuli damuxruWebis Semdeg- an Zabvis uecari 

Sewyvetisas, an TviT bagirgzis romelime elementis dazianebisas. 

aseT SemTxvevaSi amZravis amuSaveba xdeba an sarezervo ZravaTi, 

an ZiriTadi amZraviT, mcire aCqarebebiT. ase, rom Cven ganvixil-

avT amZravis amuSavebis normalur reJims, anu roca vagonebi mim-

Reb sadgurebSi dganan. aseT SemTxvevaSi saangariSo sqemas eqneba 

aseTi saxe (ix. nax. 3)     

    SevadginoT am SemTxvevisaTvis amuSavebis aRmweri diferecia-

lur gantolebaTa sistema.         

     sistemis sruli kinetikuri energia - 

       1 2 3 r1 r2 w1 w2T = T + T + T + T + T + T + T .                    (1) 

    Sesabamisad- 
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2 2 2

1 1 1 2 2 2 3 3 3

2 2 2 2

1 1 2 2 1 1 2 2
R1 R1 R2 R2

2 2

w1 w1 4 w2 w2 5

1 1 1
T m X ; T m X ; T m X ;

2 2 2

X X X X X X X X1 1
T m ; T m ;

2 3 2 3

1 1
T m X ; T m X

2 2


     


     

   



   


      (2) 

    Sesabamisi ganzogadebuli Zalebi - 

    

   

   

   

 

 

x1 mot st 1 1 2 3 2 2 1 3

x2 1 1 2 3 2 2 1 3

x3 1 1 2 3 2 2 1 3

x4 w1 1 4

x5 w2 2 5

Q F Q C X X X C X X X ;

Q C X X X C X X X ;

Q C X X X C X X X ;

Q C X X ;

Q C X X .

          


       


       


  
   

           (3) 

     r1 r2m ,m  bagirebis sixisteebi ( 1 2C ,C ) gamoiTvleba formulaSi 

2 2

3

ES
C =

q L EScosγ
L 1+

12H

 
 
 

,  LsigrZisa da asvlis   kuTxis Sesabamisi 

mniSvnelobebis CasmiT, xolo vagonis saval urikasTan eqvivalen-

tur sixistis koeficients gamovTvliT  gamosaxulebebiT 

W1
W1

W

m g
C =

h
 da W2

W2

W

m g
C =

h
; sadac Wh - vagonis Camokidebis sigrZea.  

    nax. 3. orbagiriani, orvagoniani qanqariseburi kiduli bagirgzis 

           saangariSo sqema, rodesac vagonebi mimReb sadgurebSi dganan 

 

    lagranJes gantolebis Tanaxmad, mocemuli dinamikuri proc-

esis aRmwer diferencialur gantolebaTa sistemas eqneba saxe: 
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x1

11

x2

22

x3

33

x4

44

x5

55

d T T
- = Q ;

dt XX

d T T
- = Q ;

dt XX

d T T
- = Q ;

dt XX

d T T
- = Q ;

dt XX

d T T
- = Q .

dt XX

  



  



  



  



  




                          (4) 

    diferencialur gantolebaTa sistemaSi imis gaTvaliswinebiT, 

rom 1 2 Rc = c = c  da R1 R2 Rm = m = m  iqneba – 

                  

11 1 12 2 1

21 1 22 2 2

33 3 3

44 4 4

55 5 5

a X + a X + 0 + 0 + 0 = Q ;

a X + a X + 0 + 0 + 0 = Q ;

0 + 0 + a X + 0 + 0 = Q ;

0 + 0 + 0 + a X + 0 = Q ;

0 + 0 + 0 + 0 + a X = Q .











            (5) 

sadac – 

11 1 C R 12 R 21 12 R

22 2 C R 33 3 44 w1 55 w2

2 1 1
a = m +m + m , a = m , a = a = m ;

3 3 3

2
a = m +m + m , a = m , a = m ; a = m ;

3







 

 

xolo – 

     

   

    

1 mot st R 1 2 w1 1 4 2 R 1 2

3 R 3 4 w1 1 4 5 w2 2 5

0 mot st mot w2 c 2 w1 c 1

Q = F - Q - 2C X - X - C X - X , Q = 2C X - X ;

Q = -2C X , Q = C X - X ; Q = C X - X ,

F = F - Q = F - m +m gsinγ - m +m gsinγ .







   

 

   0F -sistemaze modebuli Zalis dinamikuri mdgeneli; 1γ - vagonis 

asvlis kuTxe sarelso bagirze zeda sadgurTan, xolo 2γ - qveda 

sadgurTan.   

     radganac, Cveni saeqsperimento gza erTvagoniania, saangariSo 

sqema gamartivdeba da eqneba aseTi saxe (ix. nax. 4). nacvlad x  

gamosaxulebis sxvadasxva indeqsebisa, SemoviRoT axali cvlade-
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bi - 1m  masis gadaadgilebisa - x ; 2m -isa - y ; wm  vagonisa - z  da 

3m  damWimi Skivisa - s . 

 

 

nax. 4. orbagiriani, erTvagoniani qanqariseburi kiduli bagirgzis 

saangariSo sqema, rodesac vagoni mimReb sadgurSi dgas 

                            

     (5) gantolebaTa sistemac ufro gamartivdeba da miiRebs 

saxes- 

 

   

 

 

1 R C R 0 r w

R 2 R r

3 r

w w

2 1
m + m + m x + m y+ 0 + 0 = F - 2c x - y - c x - z ;

3 3

1 2
m x+ m + m y + 0 + 0 = 2c x - y ;

3 3

0 + 0 + m s+ 0 = -2c s;

0 + 0 + 0 + m z= c x - z ;

 
 
 
  

 
 





   (6) 

aq  0 mot st mot w c 1F =F - Q =F - m +m gsinγ . 

     rogorc ukanaskneli gantolebaTa sistemis mesame gantole-

bidan Cans, es ukanaskneli warmoadgens Cveulebrivi harmoniuli 

rxevis gantolebas. am gantolebis amonaxsni nulovani sawyisi pi-

robebisaTvis aseve nulia. aqedan SegviZlia gavakeToT mniSvnel-

ovani daskvna: rodesac bagirgzis orive Stos bagirebis masebi da 

sixisteebi Sesabamisad tolia, sawevi bagiris damWimi tvirTi, am-

uSavebis dasawyisSi, gardamaval periodSi monawileobas ar Rebu-

lobs. 
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     aseTi daskvnis Semdeg, amuSavebis gardamavali periodis ams-

axveli diferencialur gantolebaTa sistema kidev ufro gamart-

ivdeba da miiRebs saxes   

 

 

   

 

 

1 R C R 0 r w

R 2 R r

w w

2 1
m + m + m x + m y+ 0 = F - 2c x - y - c x - z ;

3 3

1 2
m x+ m + m y + 0 = 2c x - y ;

3 3

0 + 0 + m z= c x - z ;

 
 
 
  
  

 




  (7) 

 

2.2 SerCeuli maTematikuri modeliT Sedgenili diferencialuri 

gantolebaTa sistemis kvleva 

        

     diferencialur gantolebaTa sistemebis kvlevisas vixilavT 

or SemTxvevas: pirveli, rodesac vagoni amZrav SkivTanaa da meo-

re, roca vagoni damWim SkivTanaa. saangariSo sqemas da amuSavebis 

Sesabamis gantolebaTa sistemas eqneba saxe: 

         pirvel SemTxvevaSi  

                      nax. 5. vagoni amZrav SkivTanaa 

                     

 

                (8) 

 

xolo meore 

SemTxvevaSi- 

   

 

 

1 R C R 0 R W

R 2 R R

W W

2 1
m + m +m x + m y = F - 2C x - y - C x - z ;

3 3

1 2
m x + m + m y = 2C x - y ;

3 3

m z = C x - z .
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nax. 6. vagoni damWim SkivTanaa 

        

                

     

                                               (9) 

      

 

 

      rodesac daviwyeT gantolebaTa sistemebis amoxsna, aRmoCn-

da, rom roca amZravi Skivi aCqarda, damWimavi Skivi aCqarda saw-

inaaRmdego mimarTulebiT (gaxda uaryofiTi). 

         Seiqmna problema da daviwyeT am mimarTulebiT damatebiTi 

literaturis moZieba. moviZieT rusi mecnieris a. d. stepanovis 

naSromi ”manqanebis dinamika”, romelSic avtori amwevi manqanis 

amuSavebis magaliTis ganxilvisas waawyda igive problemas. 

     am problemis gadasaWrelad avtorma SemogvTavaza diferenc-

ialur gantolebaTa sistemaSi, ugulebelyoT zogierTi wevri.  

     a. stepanovis mier SemoTavazebuli meTodiTa da Cvens mier 

gakeTebuli koreqtirebiT (9) amuSavebis amsaxveli  diferencial-

ur gantolebaTa sistemebi miiReben saxes 

     -roca vagoni amZrav SkivTanaa   

       

     

   

 

1 R C 0 R W

2 R R

W W

m + m + m x = F - 2C x - y - C x - z ;

m + m y = 2C x - y ;

m z = C x - z .







               (10) 

 

   

 

1 R r 0 R

R 2 R C R W

W W

2 1
m + m x + m y = F - 2C x - y ;

3 3

1 2
m x + m + m +m y = 2C x - y - C y - z ;

3 3

m z = C y - z .

 
 
 
  
  

 






 15 

     -roca vagoni damWim SkivTanaa  

 

   

     

 







1 R 0 R

2 R C R W

W W

m +m x = F - 2C x - y ;

m +m +m y = 2C x - y - C y - z ;

m z = C y - z .

                   (11) 

    

   ganvixiloT SemTxveva, rodesac vagonis rxevas ar iRebdnen mx- 

edvelobaSi da sistemis optimizacias (rxevis Caqrobas) axdend-

nen mxolod bagiris sixistis koeficientis gaTvaliswinebiT, xo- 

lo vagonis masa urikiT dayavdaT amZrav an damWim Skivze. 

    am SemTxvevaSi, amuSavebis aRmwer gantolebaTa sistemas eqne-

ba saxe:  

    roca vagoni amZrav SkivTanaa  

 

   

   

1 R c W 0 R

2 R R

m m m m x F 2C x y ;

m m y 2C x y .

      


  

            (12) 

     maxasiaTebeli gantoleba operaciul formaSi iqneba  

 2 2 2

0 110 220D = a a p p +ω , 

 

sadac - 110 1 R c Wa m m m m    ; 220 2 Ra m m  ,  

 

xolo 
 R 110 2202

110 220

2C a +a
ω =

a a
 - sistemis rxevis kuTxuri sixSirea. 

    optimizacia unda ganxorcieldes am sixSiris mimarT, anu ze- 

moT moyvanili ganmartebis Tanaxmad dinamikuri Zala unda gao-

rmagdes  
0

π
t =

ω
 droSi. 

    saeqsperimento bagirgzis parametrebis mixedviT daprograme-

bis sistema MATLAB–Si avagoT gardamavali reJimis grafikebi am 

SemTxvevisaTvis. 

     nax. 7-ze naCvenebia amuSavebis gardamavali reJimis grafiki, 

rodesac vagonis masa urikas erTad dayvanilia amZrav Skivze. si-
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stema ganixileba rogorc ormasiani. ormasian sistemas ki mxol-

od erTi ωkuTxuri sixSire gaaCnia da bunebrivia am sixSiris mi-

xedviT unda moxdes gardamavali reJimis optimizacia. naxazidan 

naTlad Cans, rom amuSavebis reJimi gaxda dinamikurad optimalu-

ri.  

    nax. 8-ze ki naCvenebia amuSavebis gardamavali reJimis grafi-

ki, rodesac amZrav Skivze dayvanilia mxolod urikis masa, xolo 

vagoni urikasTan mierTebulia drekadi elementiT, romelsac e.w. 

W W W
C G / h 7857   n / m  “sixistis” koeficienti gaaCnia. dinamikuri 

reJimis optimizacia ki xdeba igive ω sixSiris mimarT. naxazidan 

Cans, rom ver ganxorcielda amuSavebis dinamikuri reJimi optimi-

zacia. 

    aqedan SegviZlia gavakeToT mniSvnelovani daskvna: vagonis 

rxevis ugulebelyofa amuSavebis dinamikuri reJimis ganxilvisas, 

dauSvebelia. sistema unda ganvixiloT, rogorc minimum sam masia- 

ni. sam masian sistemas ki ori kuTxuri sixSire gaaCnia da optim- 

izacia unda ganxorcieldes, rogorc Teoriidanaa cnobili, da- 

bali (mcire) sixSiris mimarT. 

     Cven qvemoT gaCvenebT am meTodis realizacias saeqsperimento 

bagirgzis magaliTze. 

0F const  
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0F var  

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

nax. 7. amuSavebis gardamavali reJimis grafiki, rodesac 
vagonis masa urikas erTad dayvanilia amZrav Skivze. 

 
 

  0F const  
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0F var  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

nax. 8. amuSavebis gardamavali reJimis grafiki, rodesac 
mxolod urikis masaa dayvanili amZrav Skivze, xolo 
vagoni urikasTan mierTebulia drekadi elementiT 

      

       

     daprogramebis sistema MatLAB -is saSualebiT warmovadginoT 

amuSavebis gardamavali  reJimebis aRmweri mrudebi: 

1. amZrav da damWim Skivebis gadaadgilebebs Soris sxvaobis 

gavlena CaRunvis isarze dinamikuri da statikuri reJimebisas – 

     f m 0mΔ = f - f ,  

sadac  

  2

0 xy

m 4

3L cos S 3L
f

8cos

     



;  

xy X Y   - amZravi da damWimi Skivebis gadaadgilebebia; 

3
2

0 0m

L 8cos
S f

cos 3L


  


- sawevi bagiris erTi Stos sigrZe;  

2

2
0m

2

q L
f

8H cos



 -sawevi bagiris maqsimaluri CaRunvis isris mniSvne-
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loba statikur reJimSi; Cvens SemTxvevaSi - 

2 2

2
0m

2

q L 0.013 800
f 20.3

8H cos 8 52.58 cos0.232


  

  
 m. 

2. vagonis gadaxra savali urikis mimarT gradusebSi dinamikur 

reJimSi -  

    gr

W

X Y 180

h pi


   ; 

3. vagonis siCqaris cvlileba dinamikur reJimSi - zV . 

4. amZravi da damWimi Skivebisa da vagonis aCqarebebi dinamikur 

reJimSi - xa , ya  da za . 

        es oTxive grafiki avagoT ori SemTxvevisaTvis: pirvel SemT-

xvevaSi, rodesac dinamikuri Zala mudmivi sididea da meoreSi - 

rodesac dinamikuri Zala icvleba Cvens mier SemoTavazebuli 

kanoniT. 

   aseve, orive SemTxveva ganvixiloT, rodesac vagoni savsea, anu 

N 25  da rodesac carielia (marto gamyolia) - N 1 . 
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  nax. 9. vagoni amZrav SkivTanaa; NN=1; 0F = const  

 

 I - gamwevi bagiris CaRunvis isris sididis gadaxra nomina- 

        luridan  nomf 20.4 m  

  II  – vagonis gadaxra savali urikis mimarT, gradusebSi 

  III _ vagonis siCqaris cvlileba 

  IV _ savali urikis (wiT),  damWimi tvirTis (lurj.), da va-    

        gonis (mw.) aCqarebebi 
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 nax. 10. vagoni amZrav SkivTanaa; NN=1; 0F = var  

 

   I - gamwevi bagiris CaRunvis isris sididis gadaxra nomina- 

        luridan  nomf 20.4 m  

  II  – vagonis gadaxra savali urikis mimarT, gradusebSi 

  III _ vagonis siCqaris cvlileba 

  IV _ savali urikis (wiT),  damWimi tvirTis (lurj.), da va-    

        gonis (mw.) aCqarebebi 
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nax. 11. vagoni amZrav SkivTanaa; NN= 25 ; 0F = const  

 

I - gamwevi bagiris CaRunvis isris sididis gadaxra nomina- 

        luridan  nomf 20.4 m  

   II  – vagonis gadaxra savali urikis mimarT, gradusebSi 

   III _ vagonis siCqaris cvlileba 

   IV _ savali urikis (wiT),  damWimi tvirTis (lurj.), da va-    

        gonis (mw.) aCqarebebi 
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                  nax. 12. vagoni amZrav SkivTanaa; NN= 25 ; 0F = var  

 

I - gamwevi bagiris CaRunvis isris sididis gadaxra nomina- 

        luridan  nomf 20.4 m  

   II  – vagonis gadaxra savali urikis mimarT, gradusebSi 

   III _ vagonis siCqaris cvlileba 

   IV _ savali urikis (wiT),  damWimi tvirTis (lurj.), da va-    

        gonis (mw.) aCqarebebi 
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nax. 13. vagoni damWim SkivTanaa; NN=1; 0F = const  

 

I - gamwevi bagiris CaRunvis isris sididis gadaxra nomina- 

       luridan  nomf 20.4 m  

   II  – vagonis gadaxra savali urikis mimarT, gradusebSi 

   III _ vagonis siCqaris cvlileba 

   IV _ savali urikis (mw.),  damWimi tvirTis (lurj.), da va-    

        gonis (wiT.) aCqarebebi 
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nax. 14. vagoni damWim SkivTanaa; NN=1; 0F = var  

 

I - gamwevi bagiris CaRunvis isris sididis gadaxra nomina- 

        luridan  nomf 20.4 m  

    II  – vagonis gadaxra savali urikis mimarT, gradusebSi 

    III _ vagonis siCqaris cvlileba 

    IV _ savali urikis (mw.),  damWimi tvirTis (lurj.), da va-    

        gonis (wiT.) aCqarebebi 
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nax. 15. vagoni damWim SkivTanaa; NN= 25 ; 0F = const   

 

I - gamwevi bagiris CaRunvis isris sididis gadaxra nomina- 

        luridan  nomf 20.4 m  

   II  – vagonis gadaxra savali urikis mimarT, gradusebSi 

   III _ vagonis siCqaris cvlileba 

   IV _ savali urikis (mw.),  damWimi tvirTis (lurj.), da va-    

        gonis (wiT.) aCqarebebi 
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nax. 16. vagoni damWim SkivTanaa; NN= 25 ; 0F = var  

 
 

I - gamwevi bagiris CaRunvis isris sididis gadaxra nomina- 

        luridan  nomf 20.4 m  

   II  – vagonis gadaxra savali urikis mimarT, gradusebSi 

   III _ vagonis siCqaris cvlileba 

   IV _ savali urikis (wiT),  damWimi tvirTis (lurj.), da va-    

        gonis (mw.) aCqarebebi 
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daskvnebi 

1. sixSiruli gardamqmnelis gamoyeneba kiduli bagirgzis am- 

Zravi Zravas samarTavad, praqtikulad erTaderTi gadawyvetaa am-

uSavebis periodis dinamikuri reJimis optimizaciisaTvis. sixSir-

uli gardamqmnelebi udidesi sizustiT asruleben micemul dava-

lebas. davalebis Sesrulebis sizustis gadaxra programulidan, 

siCqaris mixedviT ukukavSiris arsebobisas, 0.1 %-ia, xolo ar ar-

sebobisas- 1.5 %. maT SeuZliaT agreTve, aCqarebis (Senelebis) per-

iodis ganmavlobaSi Seasrulon mravalsafexuriani taqogramebi 

aCqarebisa da Senelebis sxvadasxva sidideebiT da sxv.  

   2. amuSavebis dinamikuri reJimis optimizaciisaTvis gamoyenebu-

lia meTodi, romlis ganxorcieleba asinqronul mokled CarTul 

rotorian Zravas saSualebiT, sixSirul gardamqmnelTan erTad, 

Zalzed martivad gadawydeba winaswar micemuli algoriTmis mi-

xedviT.   

   3. amuSavebis aRmweri diferencialuri gantolebaTa sistemis 

Sedgenisas aRmoCnda, rom releisa da lagranJes cnobil meTod-

ebs, romelTa meSveobiTac xdeboda gantolebaTa sistemis miReba, 

fizikurad ararealur Sedegebamde mivyavdiT. amis gamo, Cveni mci-

re koreqtirebiT, gamoviyeneT profesor a. stepanovis mier SemoT-

avazebuli meTodi, romelic moyvanili aqvs naSromSi “manqanaTa 

dinamika”. 

   4. amuSavebis aRmweri diferencialuri gantolebaTa sistemis 

kvlevis Sedegad dadginda, rom dinamikuri reJimis optimizacii-

saTvis SerCeuli meTodi praqtikulad erTaderTi swori gada-

wyvetaa. 

   5. dadginda, rom samgzavro vagonis rxevis gauTvaliswineblo-

ba savali urikis mimarT, amuSavebis aRmweri diferenciluri gan-

tolebaTa sistemis Sedgenisas, dauSvebel Secdomamde mivyavarT. 

   6. gantolebaTa sistemis amonaxsnebis grafikuli warmodgenis 

Sedegad dadginda, rom dinamikuri reJimis optimizacia gacileb-

iT ukeTesia im SemTxvevaSi, rodesac vagoni amZrav SkivTanaa. gam-
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okvlevam gviCvena, rom amis mizezi amZravi da damWimi Skivebis da-

yvanili masebis mniSvnelobebs Soris didi gansxvavebaa.    
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Abstract 

The dissertation discusses the investigation and optimization of operation dy-

namic regime of a hanging floating lever type rope way as a complex mining electric-

mechanical system. 

Generally, the concept of dynamic regime optimization involves stilling of in-

ternal mechanical oscillation within the system during the transitive period.  

The specification of the operation of the hanging floating lever type rope way 

does not give a possibility to those main (important) achievements directly, adopted in 

the general theory of machines operation. 

One of the most spread methods of the hanging rope way is represented by the 

floating lever type rope way. In such rope ways the stations are interconnected with 

each other by means of rail ropes on which the carriages perform backward-transitive 

(floating lever type) movement with the help of lifting ropes.  

Delay of the operation of the rope way and the disarrangements developed 

there are mainly caused by the dynamic forces provoked in the lifting rope.  Consider-

ing these forces during the investigation and projection had been a difficult task and 

this task was solved by simplified models, which didn’t give a possibility to select the 

rope way elements rationally and to manage it optimally.  

By using the modern computer technologies it is possible to avoid those sim-

plification and adoptions which have been applied before their usage and to develop a 

mathematical model that could completely describe a real picture. Mathematical feed-

back of the computer techniques gives a possibility to solve the system of differential 

equation, which is necessary to investigate the dynamical regimes of hanging rope 

way.  

In the mathematical models of the rope way existed before, during description 

of the dynamic regimes, vibration of the rope way carriage haven’t been considered 

against the mobile part, by which the carriage actually operates on the railway rope.  

The carriage mass, with the weight of the mobile part had been identified at driving or 

tensioning pulleys. The innovation of the given dissertation theme is the fact, that in 

the mathematical model of the rope way the carriage vibration was considered against 

the mobile part during the vibration of lifting rope, driving and tensioning pulley vi-

bration.  
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Such an approach to the question of course complicated mathematical model 

of the rope way and increased the differential equation system describing dynamic re-

gime and the received results were precise enough to reflect the real processes taking 

place in the rope way. 

During development of the differential equation system describing dynamic 

regime there are certain adoptions taken, including: 

1. Driving pulley, reduction gear, break shaft and generally every element of 

driving mechanism which are absolutely hard; 

2. Resistance forces, which are developed upon movement of the mobile part 

on the rail rope, they are constant and it is possible to ignore them due to 

their shortage. 

3. Rope way carriage has a floating lever type connection to the mobile part, 

and during calculation of the vibration frequency we calculate the hardness 

ratio as a relation of carriage volume to the length of its hanging. 

4. Internal friction forces or dissipation forces have not been taken into con-

sideration and we discuss the process as a non-stilling process. 

5. During the discussion of a transitive process we do not take the fluctuation 

of the lifting rope length into consideration. 

6. The influence of rail rope fluctuation on the lifting rope is not also taken 

into consideration.  

 


