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samuSaos zogadi daxasiaTeba 

 

samuSaos aqtualuroba:  

sarkinigzi moZravi Semadgenlobis da maT Soris samgzavro 

vagonis usafrTxo moZraoba mraval faqtorzea damokidebuli, 

romelTa Soris umTavress warmoadgens vagonis avtomaturi 

muxruWis saimedo da umtyunebo muSaoba.  

avtomaturi muxruWis samuxruWo efeqti damokidebulia 

masSi Semavali mowyobilobebis teqnikur gamarTulobaze. 

avtomaturi muxruWi uzrunvelyofs vagonis usafrTxo moZraobas 

tarebis an nebismieri reJimiT damuxruWebisas, amitom mas 

waeyeneba gansakuTrebuli moTxovnebi. 

avtomaturi muxruWis ganviTarebas TiTqmis oraswliani 

istoria aqvs, romlis ganmavlobaSic icvleboda misi 

konstruqciuli saxeobani, magram ganviTarebis nebismier etapze 

xasiaTdeboda samuxruWo berketuli gadacemisa da xundebis 

kvanZis sxvadasxva SesrulebiT.  

dReisaTvis samgzavro vagonebis samuxruWo berketuli 

gadacema metad rTulia misi konstruqciuli Sesrulebis    

mxriv. gansakuTrebiT aRsaniSnavia samuxruWo berketuli 

gadacemis amZravi kvanZis rTuli konstruqcia. es konstruqcia 

moiTxovs sagrZnob gamartivebas, romlis drosac SenarCu-         

nebuli iqneba da SesaZlebelia gaizardos samuxruWo xundis 

dawolis Zala vagonis Tvlis gorvis zedapirisadmi. es metad 

aqtualuri sakiTxia samuxruWo Zalis gadacemisa da TviT 

samuxruWo berketuli gadacemis naklebi TviTRirebulebis 

TvalsazrisiT. am problemis gadaWriT SesaZlebelia gadacemis 

berketebis saxsruli SeerTebebis raodenobis Semcireba, riTac 

Semcirdeba samuxruWo cilindridan samuxruWo xundebamde 

samuxruWo Zalis danakargebi saxsrul SeerTebebSi xaxunis 

Zalebis daZlevaze.  

Tanamedrove etapze gaTvaliswinebuli ar aris samuxruWo 

berketuli gadacemis konstruqciuli gaumjobeseba da 
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eqspluataciisas warmoSobili movlenebi (grexa, Runva,  

gabzarva), rac wevebisa da berketebis dazianebebis ZiriTadi 

wyaroa.  

dRis wesrigSi dgas gaumjobesdes samuxruWo xundebis 

saimedo muSaobis parametrebi da gaizardos misi xangamZleoba. 

dReisaTvis gamoyenebuli kompoziciuri xundebis teqnikur-

saeqspluatacio maCveneblebi gacilebiT ukeTesia, vidre Tujis 

xundebisa, magram metad aqtualur problemas warmoadgens 

kompoziciuri xundebis masalis SerCevis amocana, vagonis Tvlis 

gorvis zedapirisa da xundis muSa zedapiris friqciuli 

parametrebis dadgena da xundebis saWiro maragis prognozirebis 

amocana. am sakiTxTa gadaWris aucilebloba ganpirobebulia 

xundebis muSa friqciuli zedapirebis araTanabari cveTebis 

diapazonis Semcirebis mizniT. gamokvleuli ar aris solisebri 

cveTebis movlena da misi aRZvris fizikuri arsi. sayuradReboa, 

rom araTanabari da solisebri cveTebis gamo samuxruWo xundis 

saeqspluatacio xangrZlivoba mcirdeba 25-30%-iT, ris gamoc 

izrdeba vagonis mocdena da danaxarjebi samuxruWo xundis 

SeZenaze.  

vagonis samuxruWo berketuli gadacemis gaumjobesebisa da 

samuxruWo xundebis gamokvleva sadReiso moTxovnebis gaTvalis-

winebiT warmoadgens metad aqtualur amocanas. avtomaturi 

muxruWis efeqturobis amaRlebisTvis aucilebelia 

ganxorcieldes samuxruWo berketuli gadacemisa da samuxruWo 

xundebis kompleqsuri gamokvleva, rac iTvaliswinebs realurad 

moqmedi gare dinamikuri Zalebis zemoqmedebiT im fizikur 

movlenaTa dadgenas, rac aRiZvreba avtomaturi muxruWis am 

elementebis xangrZlivi eqspluataciis Sedegad. aseTi 

kompleqsuri gamokvleva aucilebelia rogorc moqmedi 

samuxruWo berketuli gadacemebisa da samuxruWo xundebis 

modernizaciis, aseve axali vagonebisa da avtomaturi muxruWis 

Seqmnis TvalsazrisiT.  
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disertaciis mizania samgzavro vagonis samuxruWo 

berketuli gadacemis gaumjobesebuli variantebis Seqmna, 

samuxruWo xundebis gamokvleva friqciul zedapiris saxeobis, 

xaxunis koeficientisa da sakuTari rxevebis gaTvaliswinebiT. 

saWiroa damuSavdes samuxruWo berketuli gadacemebisa da 

xundebis kvlevis meTodika da saTanado gamoTvliTi 

eqsperimentis Catarebis Sedegad dadgindes ZiriTadi teqnikur-

saeqspluatacio maCveneblebis realuri mniSvnelobani.  

dasmuli amocanebis realizirebis mizniT sadisertacio 

naSromSi gadawyvetilia Semdegi ZiriTadi amocanebi: 

- Seqmnili iqna samgzavro vagonis gaumjobesebuli 

samuxruWo berketuli gadacema saerTo amZraviTa da gadacema 

saerTo mimmarTveliT; 

- damuSavda saerToamZraviani da saerTomimmarTveliani 

gaumjobesebuli gadacemebis dinamikuri modelebi; 

- Catarebuli iqna saerToamZraviani gaumjobesebuli 

samuxruWo berketuli gadacemis kinematikuri da dinamikuri 

analizi RreCoebisa da yvela gare moqmedi realuri Zalebis 

gaTvaliswinebiT; 

- Sedgenil iqna saerToamZraviani gaumjobesebuli RreCoiani 

samuxruWo berketuli gadacemis damatebiT moZraobaTa 

diferencialuri gantolebebi da gamoTvliTi eqsperimentis 

Catarebis Semdeg miRebuli iqna realuri gamomavali 

parametrebis mniSvnelobani; 

- damuSavda samuxruWo xundebis optimizirebis amocanebi.  

sadisertacio Temis kvlevis meTodika dafuZnebulia 

gaumjobesebuli samuxruWo berketuli gadacemis kvlevis 

maTematikur aparatze, romelic Seqmnilia klasikuri meqanikis 

principebisa da debulebebis gaTvaliswinebiT. samuxruWo 

xundebis maCveneblebis optimizirebis amocanis gadawyvetisTvis 

SemuSavebulia Sesabamisi statistikuri albaTobisa da xundis 

avtorxevebis kvlevis Teoriuli sawyisebi, aseve dakvirvebaTa 

meTodebi wlis sxvadasxva periodisaTvis.  
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naSromis mecnieruli siaxle 

- gaanalizebulia arsebuli samuxruWo berketuli 

gadacemebis saeqspluatacio muSaobis dadebiTi da uaryofiTi 

mxareebi, aseve Tanamedrove samecniero gamokvlevebi am   

sferoSi; 

- damuSavebulia gaumjobesebuli samuxruWo berketuli 

gadacemebis sqemebi saerTo amZraviTa da saerTo mimmar-   

TveliT; 

- SemoTavazebulia saerTo amZraviani samuxruWo berketuli 

gadacemis kinematikuri da dinamikuri analizi; 

- Seqmnilia gaumjobesebuli samuxruWo berketul gada-

cemaTa dinamikuri modelebi da kvlevis maTematikuri aparati, 

dinamikuri modelebis Seqmnis Teoriuli safuZvlebi; 

- gadawyda saerTo amZravis mqone samuxruWo berketuli 

gadacemis damatebiT moZraobaTa sistemizirebis amocana; 

- Catarda RreCos mqone gaumjobesebuli berketuli 

gadacemis cvladi gamomavali parametrebis analizuri 

gamokvleva; 

- damuSavda saerToamZraviani gaumjobesebuli samuxruWo 

berketuli gadacemis damatebiT moZraobaTa diferencialuri 

gantolebebi; 

-  Seiqmna moZraobis diferencialur gantolebaTa amoxsnis 

kompleqsuri programa da gamoTvliTi eqsperimentis Catarebis 

Sedegad miRebuli iqna realuri dinamikuri parametrebi. 

dadginda dasaSvebi diapazonebi RreCosa da dinamikuri 

datvirTvebisaTvis; 

- damuSavda samuxruWo kompoziciuri xundebis saimedo-

obisa da xangamZleobis kvlevis originaluri meTodebi; 

- gamokvleul iqna samuxruWo xundebis solisebri cveTebis 

movlena; 

- gadawyda samuxruWo xundebis masalis SerCevis amocana 

bunikis avtorxevebis gaTvaliswinebiT. 
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naSromis mecnieruli siaxle misaRebia samuxruWo 

berketuli gadacemis modernizebisa da axali berketuli 

gadacemis Seqmnis, aseve samuxruWo xundebis optimaluri 

variantebis damuSavebisaTvis.  

disertaciis praqtikuli Rirebuleba 

disertaciaSi damuSavebuli gaumjobesebuli saerToamZra-

viani samuxruWo berketuli gadacemis praqtikuli realizaciis 

pirobebSi SesaZlebelia xundze mosuli dawolis Zalis 10%-iT 

gazrda, xolo samuxruWo gadacemis TviTRirebuleba Semcirdeba 

40%-iT, rac erT vagonze Seadgens 578.0 lars. samuxruWo xundebis 

xangamZleoba, sadisertacio naSromSi Catarebuli gamokvlevebis 

mixedviT SesaZlebelia gaizardos 10%-iT. damatebiTi 

gamokvlevebis Catarebisa da samuxruWo xundis kvanZis 

konstruqciuli gaumjobesebis Semdeg miRebuli Sedgebi did 

gamoyenebas hpovebs perspeqtivaSi.  

naSromis aprobacia 

sadisertacio naSromis ZiriTadi debulebani da Sedegebi 

ganxiluli da moxsenebuli iqna:  

saqarTvelos teqnikuri universitetis studentTa 79 Ria 

saerTaSoriso samecniero konferenciaze (2011 w.). 

saqarTvelos teqnikuri universitetis `vagonmSeneblobis, 

savagono meurneobisa da sarkinigzo transportze gadazidvebis 

procesebis marTvis~ #58 mimarTulebaze (2010, 2011 ww.), 

saqarTvelos teqnikuri universitetis sarkinigzo transportis 

departamentSi (2012, 2013 ww.).  

publikacia 

disertaciis masalebis mixedviT gamoqveynebulia 14 

samecniero naSromi.  

naSromis moculoba da struqtura 

disertacia Seicavs reziumes (qarTul da inglisur enebze), 

Sesavals, literaturis mimoxilvas, Sedegebsa da maT gansjas (5 

qveTaviT), daskvnas, gamoyenebuli literaturis sias. naSromi 
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warmodgenilia ___ gverdze, maT Sorisaa 27 naxazi da 8    

cxrili.  
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naSromis mokle Sinaarsi 

 

sadisertacio naSromis reziumeSi mocemulia dasaxuli 

amocanebis Sesrulebis safuZvelze miRebuli ZiriTadi Sedegebi 

da maTi prtaqtikuli Rirebuleba.  

SesavalSi dasabuTebulia Temis aqtualuroba da 

gadmocemulia sadisertacio naSromis ZiriTadi arsi.  

literaturis mimoxilvaSi ganxilulia samgzavro vagonebis 

moZraobis usafrTxoebasTan dakavSirebuli avtomaturi muxruWis 

ganviTarebis mokle istoria. gaanalizebulia am dargis pirveli 

mkvlevarebis, didi mecnierebis n. k. Jukovskis, n. p. petrovis, v. f. 

egorCenkosa da sxvaTa samecniero naSromebi, agreve gasuli 

saukunis 30-iani wlebidan mecnierTa axali Taobebis Rvawli 

vagonebis saxsrul-meqanikuri gadacemebis rxevaTa Teoriis 

ganviTarebis saqmeSi.  

avtomaturi samuxruWo sistemebis mkvlevarTa naSromebis 

Rrma analizisa da Sesabamisad samuxruWo berketuli gadacemebis 

Tanamedrove sqemebis ganxilvis Sedegad Camoyalibda daskvna imis 

Sesaxeb, rom aucilebelia:  

- Seiqmnas samuxruWo berketuli gadacemebis martivi 

konstruqciebi vagonis Tvalze samuxruWo Zalis gadacemis 

gazrdis unariTa da amasTan naklebi TviTRirebulebiT; 

- damuSavdes gaumjobesebuli samuxruWo berketuli 

gadacemebis kvlevis realuri maTematikuri aparati realuri 

saeqspluatacio pirobebis gaTvaliswinebiT; 

- samuxruWo berketuli gadacemebis gaumjobesebis para-

lelurad aucilebelia Catardes samuxruWo xundebis muSaobis 

analizi, gamokvleuli iqnas maTi araTanabri cveTebis movlenis 

fizikuri arsi da daisaxos Sesabamisi RonisZiebani am cveTebis 

Semcirebis TvalsazrisiT.  

Sedegebisa da maTi gansjis pirvel qveTavSi ganxilulia 

samgzavro vagonebSi gamoyenebuli avtomaturi muxruWis sqema da 

misi moqmedebis principi. Camoyalibebulia mtkicebuleba imis 
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Sesaxeb, rom vagonis efeqturi damuxruWeba damokidebulia 

avtomaturi muxruWis bolo elementis – samuxruWo berketuli 

gadacemis saimedo muSaobaze.  

naCvenebia, rom arsebuli samuxruWo berketuli gadacema 

gamoirCeva Semadgeneli wevebis, berketebisa da saxsruli 

SeerTebebis didi raodenobiT, rac ganapirobebs mis 

konstruqciul sirTulesa da saxsrul SeerTebebSi samuxruWo 

cilindridan ganviTarebuli Zalis sagZnob danakargebs xaxunis 

Zalebis daZlevaze. miRebulia mosazreba imis Sesaxeb, rom 

gadacemis samuxruWo efeqtis amaRlebis mizniT aucilebelia misi 

konstruqciuli gamartiveba da saTanado maTematikuri 

gamokvleva gaumjobesebuli samuxruWo berketuli gadacemis 

sinTezis amocanis gadawyvetisaTvis. 

dasmuli amocanis realizaciis mizniT sadisertacio 

naSromSi Seqmnilia gaumjobesebuli samuxruWo berketuli 

gadacemis ori saxeoba – samuxruWo berketuli gadacema saerTo 

amZraviTa da vagonis Tvalze samuxruWo xundebis ormxrivi 

dawoliT (nax. 1), aseve gadacema saerTo mimmarTveliTa da 

Tvalze xundebis ormxrivi dawoliT.  

gaumjobesebuli samuxruWo berketuli gadacema warmoad-

gens ori identuri BCDKFEO2 da MNPRSTO3 sistemebisa da AM 

saerTo amZravis erTobliobas. samuxruWo cilindridan 

ganviTarebuli Zala modebulia saerTo amZravis A saxsarSi, 

xolo B da M wertilebSi saxsrulad mierTebulia BC da MN 

wevebis saSualebiT sruldeba sruli damuxruWebis procesi, 

romlis drosac xdeba jer K da R, xolo Semdeg F da S 

samuxruWo xundebis miWera vagonis Tvlis gorvis zedapiris 

mimarT. arsebuli gadacemis amZravi rTuli sistema Secvlilia 

mxolod erTi saerTo AM amZraviT. ganxiluli sqemis (nax. 1) 

mixedviT samuxruWo berketuli gadacemis berketebis raodenoba 

arsebulTan SedarebiT mcirdeba 2 erTeuliT, xolo brunviTi 

saxsruli SeerTebebis raodenoba – ori saxsriT.  
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nax. 1. samgzavro vagonis gaumjobesebuli samuxruWo berketuli gadacema 

saerTo amZraviTa da vagonis Tvalze samuxruWo xundebis ormxrivi 

dawoliT.  

 

gaumjobesebul samuxruWo berketul gadacemaSi saerTo 

mimmarTveliT rTuli amZravi Secvlilia saerTo mimmarTvelis 

gaswvriv gadaadgilebadi saxsrulad SeerTebuli ori berketiT.  

amave qveTavSi Catarebulia gaumjobesebuli saerToamZra-

viani samuxruWo berketuli gadacemis kinematikuri da dinamikuri 

gamokvleva idealuri parametrebis mixedviT. dadgenilia 

TiToeuli berketis masebis Si centrebis gadaadgilebis (Li), 

xazovani siCqarisa (Vi) da aCqarebis (ai) mniSvnelobani, rac 

zogadad aRiwereba tolobebiT:  

 

  



























2/122

22

2/122

;

;
2/1

sisii

sisii

sisii

YXa

YXV

YXL



                    (1) 

sadac siX  da siY , siX  da siY , siX  da siY  aris Sesabamisad il  

berketebis masebis Si centrebis gadaadgilebis, siCqarisa da 

aCqarebis gegmilebi sakoordinato XOY  sistemis RerZebis mimarT.  
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miRebulia dinamikuri maxasiaTeblebis analizuri gamosa-

xulebani. mi masis mqone berketisTvis.  

sabolood, gamokvleulia idealuri kinetikuri energia T, 

romelic Seicavs gadacemis idealur monacemebs.  

Sedegebisa da maTi gansjis meore qveTavi eTmoba realurad 

moqmedi Zalebisa da saxsrul SeerTebebSi arateqnologiuri 

RreCoebis gaTvaliswinebiT gaumjobesebuli gadacemebis realuri 

dinamikuri modelebis formalizacias. am mizniT damuSavebulia 

dinamikuri modelebis Seqmnis Teoriuli aspeqtebi, rac, pirvel 

rigSi, gulisxmobs saxsruli SeerTebebis elementebis realuri 

ganlagebis sqemis SemuSavebas. damuSavebuli daSvebebis mixedviT 

aucilebelia berketebi warmodgenili iqnas erTgvarovani Reros 

saxiT masebis Tanabari ganawilebiT; berketebis simZimis centri 

masebis erTgvarovnebis gamo emTxveodes maT geometriul 

centrebs; saxsruli SeerTebis Siga elementi aRiniSnos 

sakontaqto wertilis saxiT.  

aRniSnul daSvebaTa gaTvaliswinebiT damuSavebulia 

saerTo amZraviani da saerTomimmarTveliani gadacemebis, aseve 

maTi samuxruWo kvanZebis realuri dinamikuri modelebi, 

saxsrebSi moqmedi reaqciis, xaxunis, berketebis wonebisa da gare 

moqmedi Zalebis gaTvaliswinebiT. RreCos areSi Siga elementis 

moZraobis kontaqturi da Tavisufali moZraobebis gansazRvris 

mizniT Semotanilia moZravi sakoordinato sistemebi 

ganzogadebuli kuTxuri i  da xazovani ix  da iy  koordinatebiT.  

nebismier saxsrul SeerTebaSi i RreCoTi aRiZvreba 

sxvadasxva sididis realuri dinamikuri datvirTvebi, berketebis 

inerciis Zalebi da momentebi, rac did zians ayenebs gadacemis 

saimedoobas. mizanSewonilia gaangariSebuli iqnas am SeZenil 

datvirTvaTa mniSvnelobani, rac dakavSirebulia metad rTul 

damatebiT moZraobaTa diferencialur gantolebaTa sistemebis 

Sedgenasa da maT amoxsnasTan, amitom savsebiT sakmarisia Seiqmnas 

gadacemis dinamikuri modeli erTi RreCoTi yvelaze metad 
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datvirTul saxsrul SeerTebaSi da dadgindes udidesi 

dinamikuri datvirTvebi.  

ganvixilavT saerTo amZravis mqone realur dinamikur 

models yvelaze datvirTul C saxsarSi 1  RreCoTi (nax. 2).  

 

 

nax. 2. gaumjobesebuli saerTo amZravis mqone samuxruWo berketuli gadacemis 

dinamikuri modeli RreCoTi erT saxsrul SeerTebaSi.   

 

RreCodan 1-2 saxsruli SeerTebis centrSi modebulia 

moZravi x, o, y sakoordinato sistema kuTxuri i  da xazovani ii yx ,  

ganzogadebuli koordinatebiT, ase, rom daculia ZiriTadi XOY 

da cvladi sakoordinato sistemis erTsaxela RerZebis 

mdebareoba, e.i.  





OYyo

OXxo

||

||

11

11                  (2) 

berketebis masebis iS  centrebSi modebulia G1, G2, G3 da G4 

simZimis Zalebi. am naxazzeve warmodgenilia realuris Sesabamisi 

O1BO1DKFEO2 idealuri modeli nF )0(1  da 21
)0(


xaxF  ZalebiT 

parametrebis sizustis mniSvnelobaTa dasadgenad. 

1 RreCos arsebobis gamo 1-2 saxsris Siga elementi 

asrulebs kontaqtur an Tavisufal moZraobas am RreCos areSi, 
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e.i. adgili aqvs gadacemis kinematikuri jaWvis wyvetisa da 

kontaqtis movlenebs. adgili aqvs gadacemis kontaqtur da 

Tavisufal (wyvetil) damatebiT moZraobebis warmoSobas. 

dadgenilia, rom TiToeuli damatebiTi moZraoba SesaZlebelia 

aRiweros moZraobis diferencialuri gantolebebiT. mocemulia 

damatebiT moZraobaTa klasifikacia da am damatebiTi 

moZraobebis diferencialuri gantolebebis saxeobani.  

kontaqturi moZraobisas daculi unda iqnas gadacemis 

Caketilobis geometriuli da Zaluri pirobebi:  








 .0;0 21
1

2
1

2
1

2
1

xaxFF

yx
n                       (3) 

damatebiTi Tavisufali moZraobisaTvis ki es pirobebia:  








 .0;0 21
1

2
1

2
1

2
1

xaxFF

yx
n                  (4) 

am sistemis mixedviT ganzogadebuli x1 da y1 koordinatebi 

ganisazRvreba tolobebiT:  








,sin

;cos

111

111




y

x
                      (5) 

rac amave dros warmoadgens kontaqturidan Tavisufal damatebiT 

moZraobaze gadasvlis sawyis pirobas. kontaqtur moZraobaze 

gadasvlis piroba aseTia: 
















.arcsin

;arccos

1

1
1

1

1
1

y

x





                    (  6) 

realuri dinamikuri modeli saSualebas iZleva 

ganxorcieldes gadasvla erTi saxis damatebiTi moZraobidan 

meoreze da Catardes dinamikuri kvlevis uwyveti cikli.  

Sedegebisa da maTi gansjis mesame qveTavSi Catarebulia 

cvladi realuri parametrebis gamokvleva da damatebiT 

moZraobaTa diferencialuri gantolebebis formirebis amocanis 

gadawyveta.  
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pirvel rigSi, gadacemis (nax. 2) berketebis rTuli da 

martivi moZraobebis, aseve moqmedi Zalebisa da RreCos 

gaTvaliswinebiT, gansazRvrulia am gadacemebis cvladi 

kinetikuri energia.  

ganzogadebuli Zalebis gansazRvrisTvis ganixileba aqtiur 

ZalTa muSaoba SesaZlo 1, x1 da y1 virtualur 

gadaadgilebebze. am principis safuZvelze miiReba 

ganzogadebuli Zalebis mniSvnelobebi Q1, Qx1 da Qy1.  

RreCos mqone 1-2 saxsruli SeerTebis elementebis urTierT 

moZraobisas normaluri da xaxunis Zalebis ganisazRvris mizniT 

vadgenT ZalTa momentebis gantolebas B  saxsris mimarT.  

miRebuli Sedegebis gamoyenebiT damatebiTi Tavisufali da 

kontaqturi moZraobebis diferenciuri gantolebebis 

formirebisaTvis vsargeblobT lagranJes meore rigis 

diferencialuri gantolebiT. rTuli algebruli gardaqmnebis 

Sedegad miviRebT damatebiTi moZraobebis diferenciur 

gantolebebs ganzogadebuli koordinatebis mimarT:  
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xolo 
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A , 1yA  da 1A  warmoadgenen mravalwevrTa jams 

ganzogadebuli koordinatebis pirveli rigis diferencialebiTa 

da gadacemis geometriuli parametrebiT.  
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Sedegebisa da maTi gansjis meoTxe qveTavi eTmoba 

gaumjobesebuli samuxruWo berketuli gadacemis gamoTvliTi 

eqsperimentis Catarebasa da kvlevis Sedegebis ganxilvas. am 

amocanaTa realizebis mizniT Sedgenilia kvlevis kompleqsuri 

programa Tavisive qveprogramebiT da am gantolebebis 

amoxsnisTvis gamoyenebuli iqna runge-kuttas meTodi, romlis 

mixedviTac am gantolebebs mieca koSis forma da amoixsna 

pirveli rigis warmoebulebis mixedviT.  

reaqciis, xaxunis Zalisa da maTi sizustis gaangariSeba 

Catarebuli iqna 1-2 saxsrul SeerTebaSi 1=4510-2 mm, 2=3010-2  mm 

RreCoebisa da xaxunis koeficientebis K=0 da K=0.01 

mniSvnelobebisTvis. dadgenil iqna, rom didi RreCosa da 

nulovani xaxunis pirobebSi reaqciisa da xaxunis Zalebis 

mniSvnelobani ramdenjerme aRemateba nominalurs imave saxsarSi 

SedarebiT mcire RreCosa da gazrdili xaxunis koeficientis 

dros. reaqciis Zalis cvalebadobis grafiki SeiZleba mocemuli 

iqnas aseTi saxiT (nax. 3): 
 

 
nax. 3. reaqciis Zalebis cvalebadobis grafikebi RreCoiani saxsris 

elementebis 01.0K  xaxunis koeficientisTvis. 

 

msgavsi maCveneblebiT xasiaTdeba Sesabamisi xaxunis Zalis 

cvalebadoba igive RreCosa da xaxunis koeficientis SemTxvevaSi 

(nax. 4), roca  1=4510-2 mm (mrudi 1) da 2=3010-2 mm (mrudi 2).  
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gaangariSebebiT dadginda, rom reaqciisa da xaxunis 

Zalebis optimaluri Sualedis SenarCunebisTvis aucilebelia 

RreCos sididis Semcireba da xaxunis koeficientis gazrda.  

 

 

nax. 4. xaxunis Zalebis cvalebadobis grafikebi RreCoiani saxsris 

elementebis xaxunis 01.0K  koeficientisaTvis. 

 

gamoTvliTi eqsperimentis bolo etapi daeTmo reaqciisa da 

xaxunis Zalebis sdizustis gaangariSebas. aqac gamoyenebuli iqna 

RreCos mniSvnelobani 1=4510-2 mm da 2=3010-2 mm. 

dadginda, rom reaqciis sizustesa da RreCos sidides 

Soris arsebobs ukuproporciuli damokidebuleba.  

gamoTvliTi eqsperimentis Catarebisas aRebuli iqna 

RreCoTa sidideebis da xaxunis koeficientebis garkveuli 

kombinacia. dadgenil iqna, rom gaumjobesebuli samuxruWo 

berketuli gadacemis RreCoian saxsrul SeerTebaSi RreCos 

gavrcelebis dasaSvebi diapazonia 2010-2 – 3010-2 mm, romlis 

drosac xaxunis koeficientis K=0,01 mniSvnelobisaTvis, dasaSvebi 

datvirTvebi ganlagdeba 11102 _ 14102 n SualedSi, xolo xaxunis 

kloeficientis gazrdiT (K=0,02) dasaSvebi datvirTvebi 

moTavsdeba 6102 _ 9102 n intervalSi.  
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Sedegebisa da maTi gansjis mexuTe qveTavSi mocemulia 

samuxruWo xundebis teqnikur-saeqspluatacio muSaobis 

gamokvleva. dadginda, rom samuxruWo xundebis cveTebi aixsneba 

ara marto xundis masaliTa da misi damzadebis teqnologiiT, 

aramed vagonis Tvlis gorvis zedapiris damuSavebis xarisxiT, 

misi uTanabrobebis gavleniT da amave dros samuxruWo 

berketuli gadacemebis saxsrul SeerTebebSi arsebuli 

arateqnologiuri RreCoebiT. am RreCoTa gavleniT warmoiSveba 

gadacemis ganivi rxevebi, rac uaryofiTad moqmedebs xundis 

Tanabar cveTaze.  

kompoziciuri samuxruWo xundis maxasiaTebeli 

parametrebis dadgenis mizniT Catarebuli iqna dakvirvebani 

xundis cveTebis mimarT vagonis garbenis mixedviT zafxulisa da 

zamTris periodisTvis. gamovlenili iqna xundebis arsebuli da 

nominaluri maCveneblebi (simkvrive brinelis mixedviT, Tvlis 

gorvis zedapirTan xaxunis koeficienti, simtkicis zRvari 

kumSvisas, geometriuli parametrebi, masa da a.S.).  

dakvirvebebisa da SemkeTebeli depos statistikuri 

monacemebis safuZvelze gamokvleuli iqna damokidebuleba 

vagonis garbensa da xundebis cveTebs Soris (nax. 5). 

 

 

nax. 5. samuxruWo xundebis (n) da vagonis garbenis (S) damokidebulebis 

diagramebi.  
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diagramebiT 1, 2, 3 asaxulia Sesabamisi cveTebi Tujis, 

kompozituri 8-2-66 da arsebuli kompozituri 2TP-11 tipis 

xundebisTvis. saukeTeso moqmedebiT xasiaTdeba arsebuli xundi, 

romlis saeqpluatacio maCveneblebis gaumjobeseba SesaZlebelia 

misi masalis simkvrivis, simtkicis zRvrisa da cveTamedegobis 

gazrdiT. 

statistikur masalaze dayrdnobiT damuSavebulia cxri-

luri monacemebi vagonis garbenis mixedviT Tvlis saSualo 

cveTisa da samuxruWo xundis masalis mimarT.  

amave qveTavSi gamokvleulia samuxruWo xundebis 

saimedoobis amocana statistikuri albaTobis principebis 

gamoyenebiT. saimedoobis maCveneblis dadgena metad aqtualuri 

amocanaa, radgan gamoyenebuli xudebis 30% kargavs Tavis 

teqnikur SesaZleblobas da icvleba saeqspluatacio vadis 

mxolod 55-60%-is gasvlis Semdeg. 

xundebis saimedoobas vaxasiaTebT xundebis mtyunebebis 

sixSiriT, mtyunebebis intensivobiTa da gamarTuli, umtyunebo 

muSaobis albaTobiT droSi. am parametrebis dadgenis mizniT 

gamoyenebuli gvaqvs kvlevis albaTuri statistikis meTodi. 

miRebulia analizuri gamosaxulebani, romelTa saSualebiT 

SeiZleba Catardes samuxruWo xundebis ZiriTadi maxasiaTebeli 

parametrebis gaangariSeba. Sedegebis mixedviT xundebis 

maxasiaTebeli parametrebis albaTuri damokidebuleba vagonis 

garbenasTan SeiZleva aisaxos Semdegi diagramebiT (nax. 6).  

sadisertacio naSromSi Camoyalibebulia mosazreba 

samuxruWo xundebis solisebri cveTebis aRZvris Sesaxeb. es 

cveTebi araviTar kanonzomierebas ar emorCileba da yvelaze 

mavnea xundis dazianebis TvalsazrisiT misi sigrZis mixedviT. 

xundis sawyisi da saboloo nawilebis cveTebis sxvaobam am dros 

SeiZleba miaRwios 15-20 mm-s, romlis Sedegadac aucilebelia 

samuxruWo xundis Secvla.  
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nax. 6. vagonis samuxruWo xundis umtyunebo muSaobis (PX), mtyunebebis 

sixSiris (Fs) da mtyunebebis intensivobis (HX) sidideTa albaTobis 

vagonis garbenasTan damokidebulebis grafiki.  

 

sadisertacio naSromSi solisebri cveTebis fizikuri 

arsis gamokvlevis mizniT ganxilulia samuxruWo kvanZis sqema 

metad datvirTul saxsrul SeerTebaSi da arateqnologiuri 

RreCoebi. damuSavebulia samuxruWo xundis dawolis sqema 

vagonis Tvlis gorvis zedapirisadmi. 

miRebulia am cveTebis aRZvris ZiriTadi Zalebis 

analizuri gamosaxulebani. dadginda, rom solisebri cveTis 

sidide damokidebulia SeerTebis RreCos geometriul zomasTan, 

xolo ufro zusti Sedegebis miRwevis mizniT SesaZlebelia ori 

da meti raodenobis RreCos ganxilva.  

rkinigzis moZravi Semadgenlobis siCqaris zrdasTan erTad 

xundisa da Tvlis friqciul masalas waeyeneba gansakuTrebuli 

moTxovnebi maTi cveTamedegobis mimarTa. amis gamo samuxruWo 

xundis masalis SerCevas gansakuTrebuli mniSvneloba aqvs. 

dadginda, rom samuxruWo kvanZis muSaobaze did gavlenas 

axdens damuxruWebis procesSi aRZruli meqanikuri realaq-

saciuri avtorxevebi.  
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avtorxevebis asaxvis mizniT ganxilul iqna sakidis grZivi 

drekadobis movlena damuxruWebis dros. Sedga avtorxevebis 

gantoleba. dadginda samuxruWo xundisa da bunikis wonasworo-

bisTvis aucilebeli xaxunis mniSvnelobani, aseve xundisa da 

bunikis statikuri gadaadgileba. ganisazRvra avtorxevis 

amplituda.  

kvlevis analizuri Sedegebis mixedviT dadginda 

realaqsaciuri avtorxevebis parametrebis damokidebuleba 

samuxruWo xundis friqciul maxasiaTeblebTan.  

dadginda avtorxevis sixSirisa da vagonis Tvlis brunvis 

siCqaris funqcionaluri damokidebuleba (nax. 7), aseve friqci-

uli zedapirebis xaxunis Zalis cvlileba xundis ori saxis 

masalisTvis (nax. 8). aRmoCnda, rom vagonis 30-35 m/wm siCqariT 

moZraobisas Tujis xundis rxevis sixSire ganisazRvreba 450-460 

hc-iT, xolo kompoziurisa ki 150-250 hc-iT.  

 

   

 

nax. 7. avtorxevis sixSirisa da 

vagonis Tvlis brunvis 

siCqaris urTierTdamokide-

bulebis garafiki Tujisa 

(mrudi 1) da kompozituri 

xundisaTvis (mrudi 2). 

 nax. 8. friqciuli zedapirebis 

xaxunis Zalis cvlilebis 

mrudebi xundis ori saxis 

masalisTvis. 

 

dadginda, rom avtorxevebis sidide damokidebulia Tvlis 

brunvis siCqareze, xundisa da Tvlis friqciuli zedapirebis 
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gvarobaze, samuxruWo xundis kvanZis konstruqciul Tvisebebze 

da sakidis sixistis maCveneblebze. xundis masalis SerCevisas 

aucileblad unda iqnas gaTvaliswinebuli friqciuli zedapiris 

xaxunis koeficientebi da cveTamedegoba, aseve urTierTSemxebi 

masalebis xaxunis Zalis sixSireTa mniSvnelobebi.  
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naSromSi Camoyalibda Semdegi ZiriTadi daskvnebi:  

 

1. Catarebulma analizma, romelic iTvaliswinebs gamoCenil 

mecnierTa da rkinigzis specialistebis naSromebis ganxilvas 

vagonis usafrTxo moZraobis uzrunvelyofis, avtomaturi 

samuxruWo sistemisa da samuxruWo berketuli gadacemis 

saimedoobis Sesaxeb, aucilebeli gaxada dagvemuSavebina 

samgzavro vagonis samuxruWo berketuli gadacemis 

gaumjobesebuli sqemebi da mogvexdina maTi kinematikuri da 

dinamikuri gamokvleva samuxruWo xundis vagonis Tvlis gorvis 

zedapirisadmi arsebuli dawolis Zalis SenarCunebiTa da am 

Zalis gaumjobesebiT, aseve mogvexdina samuxruWo kompozituri 

xundebis cveTebis dadgena da zogierTi parametris 

eqsperimentuli gamokvleva Catarebul dakvirvebaTa safuZvelze.  

2. samgzavro vagonis gaumjobesebuli samuxruWo berketuli 

gadacemis ori saxeobis Seqmnam cxadyo, rom axali 

gaumjobesebuli samuxruWo berketuli gadacemebi saerTo 

amZraviTa da saerTo mimmarTveliT akmayofileben samuxruWo 

berketuli gadacemebisadmi wayenebul moTxovnebs masSi Semavali 

berketebisa da saxsruli SeerTebebis racionaluri raodenobis 

Sesaxeb. gaumjobesebuli samuxruWo berketuli gadacemebi 

Seicaven ori berketiTa da Sesabamisad ori saxsrul SeerTebiT 

nakleb raodenobas arsebulTan SedarebiT, rac uzrunvelyofs 

samuxruWo cilindridan samuxruWo Zalis naklebi danakargebiT 

gadacemas samuxruWo xundebis  mimarT. Catarebuli iqna 

saerToamZraviani samuxruWo berketuli gadacemis kinematikuri 

da dinamikuri analizi Semdgomi sinTezis amocanis gadawyvetis 

mizniT.  

3. gaumjobesebuli samuxruWo berketuli gadacemebisa da 

maTi samuxruWo kvanZebis dinamikuri modelebis damuSavebiT 

miRweul iqna am gadacemebis realuri dinamikuri datvirTvebis 

gamovlenis SesaZlebloba RreCoian saxsrul SeerTebaSi. 

Semotanili iqna moZravi damatebiTi sakoordinato sistema 
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ganzogadebuli xazovani da kuTxuri koordinatebiT, romelTagan 

pirvelis saSualebiT SeiZleba aixsnas RreCoian saxsarSi Siga 

elementis Tavisufali moZrTaoba, xolo meoreTi ki – 

kontaqturi moZraoba. Seiqmna Tavisufal kontaqtur moZraobaSi 

da kontaqturidan Tavisufal moZraobaSi gadasvlis formulebi, 

dadginda am gadasvlebis sawyisi pirobebi geometriulad da 

Zaluri parametrebis, aseve saerTo amZravis mobrunebis kuTxis 

gaTvaliswinebiT.  

4. saerToamZraviani gaumjobesebuli samuxruWo berketuli 

gadacemis realuri dinamikuri modelis mixedviT Catarebulma 

analizurma gamokvlevebma saSualeba mogvca dagvedgina am 

gadacemis cvladi kinetikuri energia, ganzogadebuli Zalebi da 

saxsrul SeerTebebSi aRZruli reaqciisa da xaxunis Zlebi. 

dadginda, rom maTi realuri mniSvneloba gansazRvrulia RreCos 

sididisa da gare moqmedi cvladi dinamikuri Zalebis 

mniSvnelobaTa mixedviT. damokidebuleba reaqciisa da xaxuns 

Soris mocemuli iqna saTanado algebruli gamosaxulebebiT.  

5. damuSavda RreCoiani saxsrul SeerTebis zemoqmedebiT 

aRZruli Tavisufali da kontaqturi moZraobebis 

diferencialuri gantolebebi saerToamZraviani samuxruWo 

berketuli gadacemebis dinamikuri modelis gamoyenebiT. 

Tavisufali moZraobis aRweris mizniT Sedga damatebiTi 

moZraobis diferencialuri gantolebebi saerTo amZravis 

mobrunebis kuTxisa da ganzogadebuli xazovani koordinatebis 

mimarT. gamoyenebuli iqna cvladi kinetikuri energiis, 

ganzogadebuli Zalebis, reaqciisa da xaxunis Zalebis  realuri 

gamosaxulebani. damatebiTi kontaqturi moZraobis 

diferencialuri gantoleba Sedgenil iqna cvladi kuTxuri 

ganzogadebuli koordinatis mimarT. gantolebaTa Sedgenisas 

gaTvaliswinebuli iqna erTi saxis moZraobidan meoreze 

gadasvlis sawyisi pirobebi da sakoordinato gadasvlis 

formulebi. 
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6. Seqmnilma kompleqsurma programam amoxsnis ricxviTi 

meTodebis gamoyenebiT SesaZlebeli gaxada damatebiT moZraobaTa 

amsaxavi meore rigis diferencialuri gantolebebis erToblivi 

amoxsna. gamoTvlebi eqsperimentis Catarebisas gaTvaliswinebuli 

iqna gadasvlis pirobebi da misi gamoyenebiT moZraobidan 

moZraobaze gadasvlis avtomatizebuli qveprogramebi. miRebuli 

iqna Sedegebi, romlis mixedviTac dadgenili iqna gadacemaSi 

mimdinare realuri dinamikuri movlenebi, dadginda reaqciis da 

xaxunis Zalebis mniSvnelobani saerTo amZravis mobrunebis 

nebismieri kuTxisaTvis, ganisazRvra maTi maqsimaluri da 

minimaluri sidideebi. dadgenil iqna RreCosa da moqmedi 

dinamikuri Zalebis diapazonebi, romlebic dasaSvebia samuxruWo 

berketuli gadacemis umyunebo muSaobisaTvis RreCoian saxsrul 

SeerTebaSi Siga da gare elementebis xaxunis kloeficientebis 

nulovani da nebismieri mniSvnelobisTvis. mocemuli Sedegebi 

asaxuli iqna grafikebis, cxrilebisa da diagramebis saxiT. 

gamoTvliTi eqsperimentis Catarebis Sedegad dadgenil iqna 

gadacemis gamomavali parametrebis sizuste, rac amZravis 

mobrunebis nebismieri kuTxisTvis aisaxa diagramebis saxiT.  

7. avtomaturi muxruWis efeqtianobis amaRlebis mizniT 

Catarebuli gamokvlevebiT samuxruWo kompoziciuri xundebis 

saimedoobisa da xangamZleobis maCveneblebis uzrunvel-

yofisadmi dadginda am xundebis rigi teqnikur-saeqspluatacio 

monacemebi, riTac sabolood ganpirobebulia samuxruWo 

berketuli gadacemis muSaobis xarisxi. analizuri gamokvlevebiT 

gansazRvruli iqna kompozituri xundebis gavlena vagonis 

wyvilTvlis muSaobis xangZlivobaze, Catarda samuxruWo 

xundebis saimedoobis gamokvleva statistikuri albaTobis 

principebis gamoyenebiT, dadginda samuxruWo berketuli 

gadacemis RreCos gavlena xundebis solisebri cveTebis 

movlenaze da gadawyvetil iqna samuxruWo xundebis masalis 

SerCevis amocana xundis bunikis avtorxevebis gaTvaliswinebiT. 

kvlevis saboloo Sedegebi mocemuli iqna analizuri 
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gamosaxulebebis, cxrilebisa da diagramebis saxiT. zogierTi 

teqnikuri parametris gamokvleva Catarda eqsperimentuli 

dakvirvebebis saSualebiT. miRebuli Sedegebis gamoyenebiT maTi 

saeqspluatacio vada izrdeba 10%-iT.  

8. gaumjobesebuli samuxruWo berketuli gadacemis sqemis 

mixedviT SesaZlebelia Catardes arsebulis modernizacia, rac 

iTvaliswinebs berketuli gadacemis mxolod amZravi sistemis 

gamartivebas. dadginda, rom gaumjobesebuli samuxruWo 

berketuli gadacema uzrunvelyofs ara marto muxruWis 

efeqtianobis amaRlebas da Sesabamisad moZraobis usafrTxoebas, 

aramed misi gamoyenebisas miRebuli iqnas sagrZnobi ekonomikuri 

efgeqti. miaxloebiT gaangariSebis mixedviT samgzavro vagonis 

erT urikaze teqnikuri ekonomikuri efeti Seadgens 239 lars, 

xolo vagonze – 478 lars. garda amisa, gaumjobesebuli 

samuxruWo berketuli gadacemis kvlevis maTematikuri aparati 

SesaZlebelia gamoyenebul iqnas sxva saxis samuxruWo berketuli 

gadacemis realuri dagegmarebis procesSi.   
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ABSTRACT  

 

Working of railway rolling stock and passenger carriages are influenced by 

many factors. Security of the carriage is depended on the “Carriage-Gauge” and by the 

index of its dynamic, which by itself is depended on the profile of gauge, on the center 

of gravity,  on the reliability of the Carriageway and the importance of unevenness of 

the wheels and the rails surface. Besides these factors, important one is having the 

automatic brake in order. 

Automatic brake is the complex of the different pneumatic operation of the 

devices, which the last performer is the transmission of brake lever. It begins to work 

via brake force developed from the brake cylinder and after the pressing the pads the 

result is that the brake force is transferred increased to the wheel. 

There are different types of brake levers which operate on the surface of the 

wheel using single-acting or double- acting pressure of the pads. The first is used in 

the cargos carriage and the second in the locomotive, passenger train and in other 

special carriages.  

The transfer of the brake lever is characterized by the transportable pressure 

and vertical lever, also by the many hinged connections in the passenger train.  Some 

amount of force developed in the brake cylinder is spent to overcome the friction of 

the hinged connections. It is complex system and production and fix is connected to 

the economic expenses. The famous scientists have calculated the transmission of the 

brake lever, but during the calculation is considered only the ideal parameters, but it 

isn’t close to reality because it didn’t take into account the exploitation procedure. 

During the exploitation is increased the technological gapes (the species of insertion in 

the hinged connections) there is considered only the process of composition of the 

levers. After the depreciation there increases the dynamic pressure of the levers and 

they experience a twist, bend and often even the breaking through. 

 To exclude such kind of unwilling facts it is necessary to create the 

transfer of improved brake lever, to decrease the use of the levers and the hinged 

connections. It is necessary to be conducted the research on this transmission and 

examined the depreciation in the connections.  
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 To solve these problems was created two types of the transmission of 

the brake levers in the passenger carriages. General movable brake lever transmission 

and the general directed brake levers using the double press on pads. 

 These two models were created to endurance the real dynamic pressure 

and to increase the effectiveness of the brake levers. ---The hinged connections were 

presented by the external elements of the given circumference and internal elements 

by the point. In every hinged connection was given the movable coordinate systems 

with their generalized coordinates. This gave us the chance to characterize gaps brake 

lever additional moves. There was classified and was established the differentiated 

equations moves and quantities to set the rules which will help to show the additional 

pressure and to characterize the possible amount of gaps which ensure the normal 

transmission and the effectiveness of the brakes. 

 There was selected for the research improved transmission brake lever 

of passenger carriage and was the most pressured hinged connection taken into 

consideration the stalk also. The decision was taken that the transmission levers are 

the stalks with equally distributed the masses. for the additional move differentiated 

equations was studied the variable of transmission  kinetic energy. Generalized 

energies by generalized coordinates. Also friction forces changes general starter’s  

turn point, the friction coefficient of the hinged connection elements. There is taken 

appropriate representations.  

To get the real results, there was prepared the complex research program with 

its sub-projects. For equation solution was used the integration method of Runge-

Kutta, for this the equations were given. Experiment showed that the increase of the 

dynamic forces is proportionally connected with the gap geometric significance.  

Was declared the friction’s and reaction’s forces spread area by the turning 

point of the gaps and the starter. The results were represented in the dissertation using 

diagrams and tables. There was taken the size of dynamic pressure and gaps, which 

are needed for the effective brake lever.  The results showed the optimum meaning. 

Everything was expressed in the diagrams.   

The effectiveness of the automatic brake in the passenger carriage is not only 

depended on the transmission brake lever, but also the arrangement of the technical 

conditions of the pads. Nowadays in the carriages are used the compositions of brakes, 

pads and they don’t satisfy the demands. 
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The problems of the pads in the carriage exploitations are the increased equally 

and at the same time frictional surface with the wedge-shaped coils. 30% of the pads 

are changed because of this problem before its time comes. The effectiveness of the 

brake is depended on the surface rolling of the wheel and the degree of depreciation 

on the surface of the pads, components of the frictional surface and on the knot of the 

pad.  

There was done the theoretical research, which take into account the duration 

of the carriage work and the pads and brakes. There is declared the depreciation size 

of the rolling wheel on the surface. Defined the run by and the brakes work duration, 

also the technical significant. All these are defined by diagrams and tables.  

There was studied the pads security using the probability principles. There 

were declared breaks of the pads, their frequency and probability. The great attention 

was paid to the stocks wedge-shaped depreciation. Was created the research model 

and were used the vertical size balance conditions, was taken into consideration the 

gaps in the hinged connections and were declared relevant representations.  

In this work the attention was given to the selection of the pads materials, the 

way how to solve the problems. Was created the pads knot relaxation auto-oscillation 

calculation scheme. By the result of the analysis were conducted the calculations and 

by the experiment was defined the dependence of the auto-oscillation to the stocks 

frictional meaning. The results were reflected on the diagrams. The result was that this 

kind of auto-oscillation had negative effect on the working of the stocks knot and 

itself the auto-oscillation is depended on the speed of the wheel rolling degree, on the 

wheel and the stocks frictional surface.  

There was established that during the selecting stocks, there must be 

considered  In this work have done the research which have the great importance for 

the increased effectiveness of the carriage automatic brake. At the same time we can 

get the economic effect if we use the proposed calculations. 
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