
 
 
 
 

noring molodini, revaz molodini 

 
 

 
 

 

 

samTo sawarmoTa 

satransporto manqanebi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

`teqnikuri universiteti~ 



saq

no

qarTvel

oring 

sa

satr

los te

molod

amTo 

ranspo

eqnikur

 

 

 

 

dini, re
 

 

 

 
 

 

 

sawa

orto

 
 

da

sa

sa

mi

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tbilisi

2018 

ri univ

evaz mo

armoT

o manq

 

amtkicebulia

aqarTvelos t

aredaqcio-sag

ier. 28.02.201

versit

olodi

Ta 

anebi

a saleqcio k

teqnikuri un

gamomcemlo s

18, oqmi #1 

teti 

ni 

i 

kursad  

niversitetis 

sabWos  



 

uak 

 
 

sal

cesebiT 

manqanebis

xilulia

usafrTxo

gzebi da

ratoriul

mi aparat

geologiu

naSr

studente

 

 

rece

© sagamom

ISBN 978-
http://www.g
yvela ufle

aranairi fo

nebarTvis ga
 

saavtoro uf

622.232.8 

eqcio kur

gaTvalisw

sa da dam

a TviToeu

o muSaob

 perspeqt

li samuSa

turiT. sa

uri fakul

romi gank

ebisa da s

enzentebi:

mcemlo sax

-9941-28-41
gtu.ge 
ba daculia. 

ormiT da saSu

areSe. 

flebebis dar

rsSi moce

winebuli 

mxmare mow

uli manq

is normeb

tivebi. sal

aoebis meT

aleqcio k

ltetis Sa

kuTvnilia

samTo sawa

: saqarTve

fakulte

mecniere

 

saqarTve

fakulte

mecniere

 

 

xli ,,teqn

11-3 (PDF) 

am wignis ar

ualebiT (iqn

rRveva isjeba

emulia sa

samuSaoeb

wyobilobe

ana-danadg

bis gaTva

leqcio ku

Todikuri 

kursis Se

axta-labo

a samTo-g

armoSi mo

elos teqn

etis asoc

ebaTa kand

elos teqn

etis asoc

ebaTa kand

ikuri univ

c erTi nawil

eba es eleqt

a kanoniT. 

amTo sawar

bis Sesru

ebis Teor

garis mo

aliswinebi

ursi uzr

miTiTebe

eswavlis 

oratoriis

geologiur

omuSave pir

nikuri uni

cirebuli

didati gel

nikuri uni

cirebuli

didati aka

 

 

 

 

 

 

 

 

 

 

 

versiteti

lis (iqneba e

tronuli Tu 

rmoTa miw

ulebisas 

riis safuZ

qmedebis 

iT, warmo

unvelyof

biT da Se

procesSi

s manqana-m

ri fakul

rTaTvis. 

iversiteti

profesor

la maCaiZe

iversitet

profesor

aki goCol

’’, 2018 

es teqsti, fo

meqanikuri) 

wisqveSa t

gamoyenebu

Zvlebi da

principi, 

odgenilia

filia pra

esaswavli 

 gaTvali

meqanizmebi

ltetis s

is samTo-g

ri, teqniki

e, 

tis samTo-

ri, teqniki

leiSvili 

oto, ilustr

ar SeiZleba 

teqnologi

uli satr

a gaangari

saimedo

a maTi sr

qtikuli 

sidideeb

iswinebul

i. 

amTo spe

geologiu

is  

-geologiu

is  

racia Tu sxv

gamomcemlis 

iuri pro-

ransporto

iSeba. gan-

obisa da

rulyofis

da labo-

bis gamzo-

ia samTo-

cialobis

uri 

uri 

va) gamoyeneba

werilobiTi

-

o 

-

a 

s 

-

-

-

s 

a 

i 



satransporto manqanebi                                              saleqcio kursi 

~ 3 ~ 
 

Sinaarsi 

 

Sesavali ................................................................................................................................................. 6 

1. transportis saxeebi, saSualebebi da satransporto tvirTebi. ............................. 7 

1.1. transportis saxeebi da satransporto saSualebaTa klasifikacia ...................... 7 

1.2. sazidi tvirTebis klasifikacia da daxasiaTeba ........................................................... 10 

2. satransporto danadgarebis Teoriisa da gaangariSebis zogadi sakiTxebi ... 13 

2.1. satransporto danadgarebis mwarmoebloba ..................................................................... 13 

2.2. satransporto danadgarebi muSaobis uwyveti reJimiT ............................................... 14 

2.3. satransporto danadgarebi muSaobis cikluri reJimiT ............................................ 16 

3. tvirTis gadaadgilebiT gamowveuli winaRobebi ......................................................... 18 

3.1. moZraobis ZiriTadi winaRobebi ............................................................................................. 18 

3.2. moZraobis damatebiTi winaRobebi ......................................................................................... 23 

4. sawevorganoebiani satransporto danadgarebi ............................................................. 30 

4.1. wevis Zalis gadacema sawevi organos saSualebiT ....................................................... 30 

4.2. lenturi konveieris amZravis Teoria ................................................................................. 32 

4.3. satransporto danadgaris Zravis simZlavre .................................................................. 34 

5. tvirTmzidi elementebis Teoria ......................................................................................... 35 

5.1. zogadi cnobebi tvirTmzid elementebze da maTi klasifikacia ........................... 35 

5.2. tvirTmzidi elementebis (te) optimaluri parametrebi da maTi dadgenis 

meTodika .................................................................................................................................. 36 

5.3. brtyeli te ...................................................................................................................................... 37 

5.4. sworkuTxa formis bortebiani te ........................................................................................ 38 

5.5. trapeciuli formis tvirTmzidi elementebi .................................................................. 40 

5.6. naxevarwriuli formis tvirTmzidi elementebi ............................................................ 42 

5.7. Sedgenili formis tvirTmzidi elementebi ..................................................................... 43 

5.8. daxuruli tvirTmzidi elementebi ...................................................................................... 43 

5.9. tvirTmzidi elementebis SedarebiTi daxasiaTeba ........................................................ 44 

6. tvirTis gadaadgileba sakuTari masis moqmedebiT ..................................................... 46 

6.1. gravitaciuli anu TviTmdinari transporti ................................................................... 46 

6.2. tvirTebis CaSveba sageb gverdze an wrfiv martiv mimmarTvel gamtarebze ..... 48 

6.3. tvirTis CaSveba specialur mimmarTvel gamtarebze ................................................... 52 



satransporto manqanebi                                              saleqcio kursi 

~ 4 ~ 
 

6.4. gravitaciuli transporti gadaRunul Rarebze ........................................................... 52 

7. lenturi konveieri ..................................................................................................................... 54 

7.1. sakonveiero lenti ....................................................................................................................... 55 

7.2. gorgolaWsayrdenebi ................................................................................................................... 57 

7.3. amZravi ............................................................................................................................................... 58 

7.4. damWimi mowyobiloba .................................................................................................................. 60 

7.5. lenturi konveieris gaangariSeba konturze Semovlis meTodiT .......................... 61 

8. Runvadi xvetia konveieris gaangariSeba .......................................................................... 64 

9. saskrepero danadgaris gaangariSeba ................................................................................. 68 

10. hidrosatransporto danadgarebi ...................................................................................... 69 

10.1. Teoriis sakiTxebi ...................................................................................................................... 71 

10.2. mwarmoebloba ............................................................................................................................... 71 

10.3. kritikuli siCqare ...................................................................................................................... 72 

11. bagiruli transporti ............................................................................................................. 74 

11.1. erTboloiani bagiriT zidva daxrili Sesasvlelisas ............................................. 76 

11.2. erTdoliani bagiriT zidva horizontaluri Sesasvlelisas ................................ 80 

11.3. zidva orboloiani bagirebiT ............................................................................................... 81 

11.4. orboloiani bagirebis zidvis gaangariSeba .................................................................. 82 

11.5. zidva usasrulo bagirebiT .................................................................................................... 83 

11.6. usasrulo bagirebis zidvisas gamoyenebuli jalambrebis muSaobis Teoria 85 

11.7. xalxis gadayvana bagiruli transportiT ...................................................................... 87 

12. transporti lokomotivebiT ................................................................................................. 89 

12.1. haermavlebi .................................................................................................................................... 89 

12.2. giromavlebi .................................................................................................................................. 91 

12.3. dizelmavlebi ............................................................................................................................... 92 

12.4. elmavlebi ....................................................................................................................................... 93 

12.5. elmavlis meqanikuri nawili ................................................................................................. 94 

12.6. elmavlis eleqtruli nawili .............................................................................................. 97 

12.7. wevis Zravebi ................................................................................................................................. 99 

13. maRaros vagonetebi ................................................................................................................. 101 

13.1. zogadi klasifikacia .............................................................................................................. 101 

13.2. vagonetebis mdgradoba ........................................................................................................... 102 



satransporto manqanebi                                              saleqcio kursi 

~ 5 ~ 
 

13.3. vagonis (vagonetis) ZiriTadi parametrebi .................................................................... 106 

14. saliandago gzebi .................................................................................................................... 109 

14.1. saliandago gzis wrfewiruli ubnebis mowyobiloba .............................................. 109 

14.2. saliandago gzebis SeerTeba ............................................................................................... 111 

15. mtvirTavi manqanebis mwarmoebloba ................................................................................ 115 

16. bunkerebi ..................................................................................................................................... 117 

16.1. mimRebi bunkerebi ...................................................................................................................... 117 

 



satransporto manqanebi                                              saleqcio kursi 

~ 6 ~ 
 

Sesavali 

„samTo sawarmoTa satransporto manqanebis“ kursi Seiswavlis samTo 

mrewvelobaSi satransporto saSualebaTa gamoyenebas rogorc muSaobis 

Teoriisa da gaangariSebis, aseve konstruqciuli, organizaciuli da 

saeqspluatacio TvalsazrisiT; xolo im saSualebebs, romlebic 

gamoiyeneba samTamadno sawarmoebSi ama Tu im wesiT mopovebuli tvirTebis 

gadaadgilebisaTvis: mtvirTavi, mtvirTav-satransporto, satransporto an 

damxmare satransporto manqana-danadgarebi ewodeba.  

sasargeblo wiaRiseulis mopovebis erTiani teqnologiuri procesis 

erT-erT ganuyofel da mniSvnelovan satransporto operaciebis rgolSi 

dRiTidRe izrdeba meqanizaciisa da avtomatizaciis xarisxi. swored amiT 

aixsneba is mniSvnelovani roli, romelic Tanamedrove samTo 

satransporto manqanebs aqvs wiaRiseulis mopovebisas, xolo 

„satransporto manqanebis“ kursis Seswavlas - samTo inJinris momzadebisas.  

„satransporto manqanebis“ sagnis Seswavlas win uZRvis mTeli rigi 

iseTi zogadsainJinro da specialuri disciplinebi, rogorebicaa: „samTo 

qanebis fizika“, „samTo sawarmoebis teqnologiis safuZvlebi“, 

„eleqtroteqnika da eleqtronikis safuZvlebi“, „stacionaruli manqanebi da 

danadgarebi“, „samTo manqanebi“. amitom, am sagnebis saswavlo programebis 

Sedgenisas, masalis dublirebis gamoricxvis mizniT saWiroa dadgindes 

zemoT CamoTvlili disciplinebis Seswavlis mkacrad Tanamimdevruli rigi, 

romelic ganapirobebs sagnebisaTvis saerTo sakiTxebis aucilebeli 

ganxilvis an gadavadebis konkretul SemTxvevebs. aseTi sakiTxebis 

magaliTad SeiZleba moviyvanoT: satransporto tvirTebis fizikur-

meqanikuri Tvisebebis, danadgarebis mwarmoeblobisa da maTi saxeobis, 

cveTis, SezeTvis, xaxunis da a. S. sakiTxebis Seswavla.  

Tavis mxriv, „satransporto manqanebis“ kursi warmoadgens iseTi 

sagnebis Seswavlis bazas, rogorebicaa: „miwisqveSa samTo samuSaoebis 

procesebi“, „sabados miwisqveSa damuSavebis teqnologia“, „Saxtebisa da 

maRaroebis daproeqteba“ da a.S.  
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1. transportis saxeebi, saSualebebi da satransporto tvirTebi. 
 

maRaros transportis daniSnulebaa: sasargeblo wiaRiseulis 

(ZiriTadi) da sxva danarCeni (damxmare) tvirTebis transportireba Saxtidan 

dRiseul zedapiramde da piruku (garda ZiriTadi tvirTebisa). amave 

funqciebSi Sedis datvirTvis, gantvirTvis, dasawyobebisa da tvirTebis 

transportirebasTan dakavSirebuli sxva operaciebis Sesruleba.  

satransporto manqana-meqanizmebisa da saSualebaTa SerCeva yovel 

konkretul SemTxvevaSi unda moxdes satransporto tvirTebis saxeobisa da 

maTi fizikur-meqanikuri Tvisebebis gaTvaliswinebiT. mxedvelobaSi unda 

miviRoT samTo sawarmoebis gansakuTrebulad rTuli pirobebic: 

wyalsiuxve, afeTqebis mxriv saSiSi garemo, tvirTebis modinebis 

uTanabroba da misi cvlilebis didi diapazoni, Sualedi gadatvirTvis 

punqtebis simravle, eqspluataciis specifikuri mxareebi da a.S.  

 

 

1.1. transportis saxeebi da satransporto saSualebaTa klasifikacia 

samTamadno sawarmoebSi asxvaveben ori saxis transports: Sinagans da 

garegans.  

Sinagani ewodeba satransporto meqanizmebsa da danadgarebs, romelTa 

saSualebiT tvirTebis gadaadgileba xorcieldeba samTo sawarmos 

sazRvrebSi, xolo sasargeblo wiaRiseulis gatana da sxva (damxmare) 

tvirTebis transportireba, rogorc samTo sawarmos sazRvrebidan, aseve 

garedan mis samrewvelo moednebamde xorcieldeba garegani transportiT.  

samuSao adgilis mixedviT Sinagani transporti iyofa: miwisqveSa 

(sangrevis, ubnis, magistraluri, maRaros ezos da daxrili Wauris) da 

zedapiris (Wauris piridan: datvirTvis punqtamde, Sinagani transportis 

punqtiramde, sawyobamde, sanayaromde, Sinagan momxmareblamde da a.S.) 

satransporto saSualebebad.  

samTo tvirTebis gadaadgilebas: sangrevSi nebismieri wesiT, xolo 

Semdgom konveierebiT, gamozidva ewodeba; 0...30-mde daxril sarelso gzebze 

satransporto WurWlebiT  zidva, xolo 30-ze meti daxrisas 

satransporto WurWlebiTa da konveierebiT daxril gvirabebSi (daxris 

kuTxisagan damoukideblad) - aweva.  
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tvirTis saxeobis mixedviT asxvaveben ZiriTad (ZiriTadi tvirTebis) da 

damxmare (damxmare tvirTebis) transports.  

transportirebis wesis, moqmedebis principisa da satransporto 

meqanizmebis saxeobis mixedviT asxvaveben Semdegi saxis satransporto 

saSualebebs:  

moqmedebis principis mixedviT 

a) uwyveti moqmedebis, romlis drosac muSa moZraoba (tvirTebis 

gadaadgileba) mimdinareobs uwyvetad da rogorc wesi, ucvlelad rCeba 

xangrZlivi drois ganmavlobaSi; 

b) wyvetili (cikluri) moqmedebis  tvirTis perioduli 

gadaadgilebiT, romelic sruldeba moZraobis garkveuli cikliT.  

uwyveti reJimis satransporto saxeebs miekuTvneba:  

1. yvela saxis konveieruli transporti da CamCebiani elevatorebi.  

2. usasrulo bagirebis saSualebiT (jaWvebiT) vagonetebSi, gzebze an 

kidur gzebze (maT Soris kidur sabagiro gzebze) tvirTebis gadaadgileba.  

3. pnevmatikuri da hidravlikuri transporti anu cvenadi masis 

(masalis) transportireba haerisa da wylis WavlSi.  

4. gravitaciuli transporti, anu transporti sakuTari masis Semdgenis 

xarjze (mimmarTvel Rarebze), sageb gverdze, xis mimmarTvelebze, milebSi 

da sxva saSualebebze.  

wyvetili reJimis satransporto saSualebebs miekuTvneba:  

1. saskrepero danadgarebi;  

2. sarelso gzebze bagirebiT tvirTis zidva;  

3. salokomotivo zidva;  

4. TviTgorviTi transporti sarelso gzebze da urelso transporti 

Tvlebze an muxluxoebze (satvirTo avtomobilebi, traqtorebi, TviTmavali 

vagonetebi da sxva).  

miwisqveS, zedapirze, karierebze da saerTod, samTo sawarmoebSi 

gamoyenebuli satransporto saxeebi konstruqciuli xasiaTis mixedviT 

SeiZleba davyoT Semdeg jgufebad:  

1. konveierebi - xvetia, lenturi, merxevi da vibraciuli, firfitebiani, 

CamCebiani, xraxnuli da CamCebiani elevatorebi; 

2. saskrepero danadgarebi (bagiruli da savalTvlebiani); 

3. pnevmatikuri da hidravlikuri satransporto danadgarebi;  
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4. jalambaris dolis an friqciul-diferencialuri amZravis 

saSualebiT, sarelso gzebze bagiruli satransporto mowyobilobebi; 

5. sarelso gzebze salokomotivo transporti: elmavlebiT, 

haermavlebiT, dizelmavlebiT da sxva; 

6. TviTmavali vagonetebiT; 

7. kidul-bagiriani gzebiT; 

8. saavtomobilo, satraqtoro (urelso) da agreTve TviTmavali 

vagonebiT transporti (Ria damuSavebisas).  

maRaros transportTan kompleqsSi Sedis agreTve meqanikuri 

mowyobilobani:  

1. mtvirTavi manqanebi  romelTa daniSnulebaa nayari masalis aCamCva 

da dayra. satransporto saSualebebze (konveierze an vagonetSi).  

2. gadamtvirTavebi  romlebic erTi satransporto saSualebebidan 

satransporto masas tvirTaven meore satransporto saSualebaze.  

3. Semvsebi manqanebi  romelTa saSualebiTac xorcieldeba 

gamomuSavebuli sivrcis Sevseba.  

4. mkvebavebi  romlebic aregulireben konveierze samtvrev-

gamamdidrebel agregatebze da a.S., dozirebuli ulufebis miwodebas.  

5. saketebi - ketaven an aReben bunkeris an Rrmulebis pirebs (xvretebs) 

da aregulireben maTgan gadmocvenili tvirTis nakads.  

6. sayiravebi - clis vagonetebs maTi gadayiravebiT;  

7. kompesatorebi, mbiZgavebi, gadamaadgilebeli baqnebi (moZravi baqani), 

romelTa daniSnulebaa vagonetebis gadaadgileba zidvisas, galiaSi an 

sayiravSi miwodebisas da agreTve saZromebTan vagonetebis tvirTvisas.  

8. sagzao mowyobiloba svlis (moZraobis) mosawesrigeblad da 

vagonetebis gasaCereblad.  

zemoT moyvanili TiToeuli saxis mowyobilobas: satransportos, 

mtvirTavs, damxmares  aqvs didi raodenobis konstruqciuli 

mravalsaxeoba, damatebiTi mowyobiloba sxvadasxva samuSaos 

pirobebisaTvis da agreTve, mocemuli konstruqciis sazRvrebSi didi 

raodenobis tipuri zomebi, romlebic erTmaneTisagan gansxvavdebian 

mwarmoeblobiT, simZlavriT da gabarituli zomebiT.  

aqedan SeiZleba gakeTdes daskvna Tu raoden didia maRaros 

transportSi gamoyenebuli mowyobilobis nairsaxeoba.  
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1.2. sazidi tvirTebis klasifikacia da daxasiaTeba 

samTamadno mrewvelobaSi gadasazidia ZiriTadad masobrivi nayari 

tvirTebi, romlebic warmodgenilia garkveul zomamde damsxvreuli margi 

wiaRiseulis an fuWi qanis saxiT.  

samSeneblo masalebis mrewvelobaSi, garda nayari tvirTebisa, unda 

gadaizidos sacalo tvirTebi: marmarilos, granitis, niJaraqvis, tufisa da 

sxva samSeneblo masalebis blokebi da a. S.  

satransporto danadgaris SerCevisas, garda danadgaris mwarmoeblo-

bis, satransporto gzis sigrZisa da daxris, mxedvelobaSia misaRebi 

tvirTebis fizikur-meqanikuri Tvisebebi:  

1. natexovneba anu granulometruli Sedgeniloba.  

2. tvirTis simkvrive masivsa da nayarSi.  

3. fxvierebadoba.  

4. tvirTis nawilakebis Zvradoba (xaxunis koef. da bunebrivi ferdos kuTxe).  

5. webvadoba.  

6. gamcveTunarianoba - abraziuloba.  

7. simagre.  

8. tenianoba.  

9. tkepnadoba.  

10. TviTanTebadoba.  

gadasazidi margi wiaRiseulis (an fuWi qanis) saerTo masaSi 

gansxvavebuli zomebis natexebis Semcvelobas, granulmetruli 

Sedgeniloba ewodeba. igi procentebSi gamoisaxeba sazidi tvirTebis masis 

mixedviT. 

gadasatan tvirTSi didi natexebis Semcveloba gavlenas axdens 

satransporto danadgarebis elementebis zomebze.  

magaliTad, natexebis zomebzea damokidebuli lenturi da 

firfitebiani konveierebis mzidi organos sigane; skreperebis konstruireba 

warmoebs sazidi masalis natexebis zomebisa da formis mixedviT.  

granulometruli Sedgenilobis mixedviT ganasxvaveben rigiT da 

daxarisxebul nayar tvirTebs, Tu udidesi natexebis zoma aris amax xolo 

umciresis maSin k0=amax/amin aris nayari tvirTis maxasiaTebeli da rodesac 

k02,5 maSin tvirTi aris daxarisxebuli, xolo Tu k0>2,5  rigiTi.  
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tipuri natexebis zomebis mixedviT nayari tvirTebi iyofa ramdenime 

jgufad.  

cxrili 1 
k. alferovisa da r. zenkovis mixedviT 

№  tvirTebis jgufebi tipuri natexebis zoma, mm 

1  sacalo 1600 <a 

2  msxvilnatexovani 160 <a ≤ 1600 

3  saSualonatexovani 60 <a ≤ 160 

4  wvrilnatexovani (RorRi) 10 <a ≤ 60 

5  msxvilmarcvlovani (xreSi) 2<a ≤ 10 

6  wvrilmarcvlovani (wvrili RorRi) 0,5<a ≤ 2 

7  fxvnilismagvari (wvrili sila) 0,05<a ≤ 0,5 

8  mtvrisebri   (cementi) a ≤ 0,05 

 
satransporto danadgarebis erTi da imave moculobiTi 

mwarmoeblobisas gamotanili tvirTis masa miT ufro metia, rac ufro 

didia sazidi masalis simkvrive. simkvrives asxvaveben masivsa da nayarSi.  

Tu masalis simkvrives masivSi aRvniSnavT mas, xolo nayarSi nay, maSin 
ఊmas

ఊnay
ൌ 𝐾gaf Sefardebas gafxvierebis koeficienti ewodeba.  

sazidi masalis nawilakebis Zvradoba ganixileba ornairad:  

1. Zvradoba, romelic damokidebulia calkeul nawilakebs (marcvlebs) 

Soris Siga xaxunze.  

2. Zvradoba, romelic damokidebulia calkeuli marcvlebisa da 

satransporto danadgarebis elementebs Soris moxaxune zedapirebs xaxunze.  

pirvel SemTxvevaSi gafxvierebuli masalis nawilakebis Zvradoba 

xasiaTdeba bunebrivi ferdos 𝜌ᇱ kuTxiT, romelic Siga xaxunis 𝑓ଵ 

koeficientis tolia, e. i.  

𝑡𝑔𝜌ᇱ ൌ 𝑓ଵ. 

sazidi masalis nawilakebisa da satransporto danadgarebis moxaxune 

zedapirebs Soris ki warmoiSveba orgvari xaxuni:  

1. srialis xaxuni; 2. gorvis xaxuni.  

srialis xaxunis koeficientis mniSvnelobaze gavlenas axdens Semdegi 

faqtorebi:  

a) sazidi masalis gvaroba; 

b) moxaxune zedapirebis mdgomareoba (simqise, tenianoba da a. S.); 

g) zedapirebis fardobiTi srialis siCqare da a. S.  
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gorvis xaxuni xasiaTdeba gorvis xaxunis koeficientiT, romelic 

izomeba wrfiv erTeulebSi; mag., sufTa da kargad dagebuli foladis 

relsebze Tujis Tvlebis gorvisas, xaxunis koeficienti 𝑓ଶ ൌ 0,005 sm, 

maRaros pirobebisaTvis ki 𝑓ଶ ൒ 0,1 sm. 

tvirTebis transportirebisas uaryofiT faqtorad iTvleba webvadobis 

Tviseba.  

masalis mier moxaxune zedapirebis intensiuri cveTis Tvisebas 

abraziuloba ewodeba, romelic axasiaTebs miwisebri xasiaTis amorful 

tenian madnebs.  

margi wiaRiseulisa da fuWi qanis winaRobadoba gareSe Zalebis 

moqmedebaze cnobilia simagris saxelwodebiT.  

tenianoba aris orgvari  bunebrivi da SeZenili.  

bunebrivi tenianoba aqvs marg wiaRiseuls (fuW qans) masivSi 

damuSavebamdis, SeZenili tenianoba ki miiReba mopovebisa da 

transportirebis procesSi.  

wylis Semcveloba sazid masalaSi iwvevs tenianobas da mkveTrad 

cvlis mis transportabelurobas; mag.: Tu sazid masalaSi aris Tixis 

nawilakebi, maSin tenianobis gadideba iwvevs misi webvadobis gazrdas, 

magram Tu wyliT gadametnajerebulia, maSin xdeba misi gaTxevadeba, wylis 

Semdgomi damatebiT warmoiSveba  pulpa. pulpaSi wylis Semcvelobis 

gazrdiT izrdeba misi transportabeluroba.  

nayari tvirTis tkepnadoba ewodeba misi nawilakebis mier Zvradobis 

Tvisebis dakargvas bunkerebsa da sawyobebSi xangrZlivi Senaxvisas.  

zogierT nayar tvirTs axasiaTebs bunebrivi qimiuri reaqciebi, rasac 

Tan axlavs siTbos gamoyofa, es ki iwvevs mis aalebas. sazidi masalis am 

Tvisebas, tvirTebis TviTanTebadoba ewodeba.  
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2. satransporto danadgarebis Teoriisa da gaangariSebis 

zogadi sakiTxebi 
 

satransporto danadgarebis Teoriisa da gaangariSebis zogad 

sakiTxebs miekuTvneba:  

1. satransporto danadgaris mwarmoebloba. 

2. tvirTebis gadaadgilebis winaRobebi: 

a) ZiriTadi da b) damatebiTi (statikuri da dinamikuri). 

3. moqnili sawevi organoebis daWimuloba.  

4. moqnili sawevi organoebis gaangariSebis Teoriuli safuZvlebi.  

5. wevis (Zalebi) Zalva.  

6. satransporto danadgaris Zravis simZlavre.  

am sakiTxebis ganzogadebuli ganxilva saSualebas iZleva davasabuToT 

satransporto danadgarebis vargisianoba yoveli konkretuli 

SemTxvevisaTvis.  

 

 

2.1. satransporto danadgarebis mwarmoebloba 

satnransporto danadgarebis mwarmoebloba es aris danadgaris mier 

drois garkveul monakveTSi (saaTSi, cvlaSi da a. S.) masis erTeulSi 

gamosaxuli gadatanili tvirTis raodenoba:  

magaliTad: 𝑄ᇱ t/sT, xolo am tvirTis 𝐿 manZilze gadasaadgileblad 

Catarebuli muSaobaa 𝑄𝐿 tm an 𝑄𝐿 tkm.  

satransporto danadgarebis mwarmoebloba SeiZleba gamoisaxos 

moculobiTi erTeulebiTac mag: V m3/sT-Si. 

Tu satransporto danadgaris mocemul wliur mwarmoeblobas 

aRvniSnavT A-Ti, maSin misi saaTuri mwarmoebloba:  

𝑸ᇱ ൌ 𝑨

𝖎𝟏𝖎𝟐𝑻
 , t/sT 

sadac 𝔦ଵ aris samuSao dReTa ricxvi weliwadSi.  

𝔦ଶ - dRe-RameSi danadgarebis muSaobis xangrZlivoba, cvla.  

𝑇 - cvlaSi danadgarebis muSaobis xangrZlivoba, sT.  
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muSaobis 𝑇ᇱ „sufTa dro“-is fardobas 
்ᇲ

்
ൌ 𝐾დ , satransporto 

danadgaris drois mixedviT gamoyenebis koeficienti ewodeba da icvleba 

𝐾დ ൌ  0,75 ൊ 0,93 sazRvrebSi. 

rogorc danadgaris gamoyenebis koeficientidan Cans, samuSao drois 

calkeul momentSi danadgarze tvirTnakadebis sidide sxvadasxvaa, amitom 

maTi mwarmoeblobis angariSisas unda gaviTvaliswinoT rezervi, romelic 

saWiroa pikuri datvirTvis gadasalaxavad. satransporto danadgaris 

mwarmoebloba rezervTan erTad, anu e.w. „saangariSo“ mwarmoebloba 

ganisazRvreba formuliT: 

𝑄 ൌ 𝐾ტ𝑄ᇱ ൌ ௄஺

𝔦భ𝔦మ்
 , t/sT 

𝐾ტ aris satransporto danadgarebis muSaobis pikuri datvirTvis 

koeficienti da aiReba 1,252,5-is sazRvrebSi.  

rodesac satransporto danadgaris saSualebiT margi wiaRiseulis 

paralelurad warmoebs fuWi qanis transportireba, maSin saaTuri 

mwarmoebloba gaiangariSeba formuliT 

𝑄 ൌ
௄ტሺ஺ା஺ᇲሻ

𝔦భ𝔦మ்
ൌ

௄ტሺ஺ା஺ᇲሻ

𝔦భ𝔦మ௄დ்
 , t/sT 

sadac 𝐴ᇱ aris fuWi qanis gamosavali margi wiaRiseulis mimarT. Tu fuWi 

qanis gamosavals gamovsaxavT %-iT aSin formula miiRebs saxes:  

𝑄 ൌ
௄ტ஺ሺଵ଴଴ା௔ሻ

ଵ଴଴𝔦భ𝔦మ௄დ்
 , t/sT 

sadac 𝑎 aris fuWi qanis %-uli gamosavali margi wiaRiseulis mimarT. imis 

mixedviT, Tu rogori reJimiT muSaobs satransporto danadgari, 

saaTuri mwarmoeblurobis gaangariSeba sxvadasxvanairad warmoebs.  

 

 

2.2. satransporto danadgarebi muSaobis uwyveti reJimiT 

uwyvet reJimze momuSave satransporto danadgarebis mwarmoebloba 

warmoadgens ori cvladis funqcias:  

1. danadgaris 1 grZiv m-ze mosuli sazidi masalis masis, e.i. grZivi 

datvirTvis q dkn/m da 

2. muSa siCqaris – v m/wm amrigad,  

𝑄 ൌ 𝑓ሺ𝑞, 𝑣ሻ,                            ሺ2.1ሻ 
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a) Tu sazidi masalis kveTis farTobs konveierze aRvniSnavT F m2-iT, 

grZivi datvirTva SeiZleba ganvsazRvroT  

𝑞 ൌ 1000𝐹 𝛾ნ, dkn/m,                     (2.2) 

sadac 𝛾ნ  sazidi masalis masaa nayarSi t/m3. 

Tu masalis gadaadgileba warmoebs 𝑣 m/wm siCqariT, maSin danadgaris 

saaTuri mwarmoebloba  

𝑄 ൌ 1000𝐹𝑣3600 ൌ 3600𝑞𝑣,  kg/sT,                (2.3) 
anu 

𝑄 ൌ 3,6 𝑞𝑣,   t/sT 

Tu masalis kveTis gansazRvrisas uSualod vixelmZRvanelebT 

satransporto danadgarebis gabarituli zomebiT, maSin masalis kveTi 

konveieris Rarze iqneba 

𝐹 ൌ 𝐹଴Ψ ,   m2,                        (2.4) 

sadac 𝐹଴ aris konveieris (danadgaris) Raris an milis ganivkveTis 

farTobi, m2.  

Ψ - Raris an milis avsebis koeficienti, 

grZivi datvirTva ki 

𝑞 ൌ 1000𝐹଴𝛹𝛾ნ dkn/m.                      (2.5) 

Sesabamisad, danadgaris saaTuri mwarmoebloba 

𝑄 ൌ 3600 𝑣1000𝐹଴𝛹𝑣 t/sT.                  (2.6) 

danadgaris mwarmoebloba SeiZleba gamoisaxos moculobiTi 

erTeulebiT. Tu  

𝑄 ൌ 𝑉𝛾ნ  t/sT,                                                    (2.7) 

 maSin                     𝑉 ൌ 3600𝐹଴𝛹𝑣 m3/sT.                     (2.8) 

(2.6) da (2.8) formulebidan SegviZlia ganvsazRvroT satransporto 

danadgaris tvirTgamtari kveTis farTobi, m2  

𝐹଴ ൌ ொ

ଷ଺଴଴అ௩ஓ
                  ან                     𝐹଴ ൌ ்

ଷ଺଴଴అ௩
             (2.9) 

Tu tvirTis transportireba warmoebs 𝐺 kg tvirTawyobis vagonebiT da 

vagonetebs Soris manZils aRvniSnavT 𝑙଴-iT (usasrulo bagirebis zidvisas), 

maSin 1 grZ. m. sawevi (mzidi) organos datvirTva.  

𝑞 ൌ
ீ

௟బ
 ,                              (2.10) 

xolo danadgaris saaTobrivi mwarmoebloba 

𝑄 ൌ ଷ଺଴଴ீ௩ᇲ

௟బ
, კგ სთ⁄        ან       𝑄 ൌ ଷ,଺ீ௩

௟బ
         ტ სთ⁄  .          (2.11) 
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vinaidan 
௩

௟బ
ൌ

ଵ

௧
, sadac 

ଵ

௧
 aris drois intervali vagonetebs Soris wm, 

(2.11) gamosaxuleba miiRebs saxes:  

𝑄 ൌ 3,6 ீ

௧
,  t/sT.                         (2.12) 

(2.11) da (2. 12)-dan vagonetebis tvirTamweoba 

𝐺 ൌ
ொ௟బ

ଷ,଺௩
ൌ

ொ௧

ଷ,଺
, t. 

e.i. satransporto WurWlis tvirTamwyoba, satransporto danadgaris 

saaTuri mwarmoeblobis da or WurWels Soris drois intervalis 

pirdapirproporciulia.  

b) CamCebiani elevatoris SemTxvevaSi, romelic agreTve uwyveti reJimis 

satransporto danadgars warmoadgens, tvirTis gadaadgileba warmoebs 

CamCebis saSualebiT, romelTa tevadoba i0 gamoisaxeba litrebiT. Tu 

CamCebis centrebs Soris manZils aRvniSnavT l0 m-iT, maSin CamCebis grZivi 

tevadoba iqneba 
௜బ

௟బ
 da elevatoris grZivi datvirTva iqneba 

𝑞 ൌ ௜బఊნట

௟బ
,  dkn/m.                        (2.13) 

elevatoris saaTobrivi mwarmoebloba ki, 

𝑄 ൌ 3600 𝑞𝑣𝛹 ൌ ଷ,଺௜బ௩ఊნట

௟బ
  t/sT.             (2.14) 

uwyvet reJimze momuSave yvela danarCeni satransporto saSualebis: 

penvamturis, hidravlikuris, gravitaciuli transportis, mwarmoeblobebi 

da grZivi datvirTva gaiangariSeba analogiurad.  

 

 

2.3. satransporto danadgarebi muSaobis cikluri reJimiT 

am reJimiT momuSave satransporto danadgarebis mwarmoebloba sami 

cvladis funqciaa: G kg - WurWlis tvirTamwyobis; v m/wm - WurWlis 

siCqaris da L m (km) - satransporto gzis sigrZis analizurad 

funqcionaluri damokidebuleba ase Caiwereba:  

𝑄 ൌ 𝑓 ቀீ,௩

௅
ቁ.                              (2.15) 

Tu erT SedgenilobaSi moZravi WurWlebis raodenobas aRvniSnavT n-iT, 

xolo erTi saaTis ganmavlobaSi danadgaris mier Sesrulebul ciklebis 

raodenobas ncik-iT, maSin cikluri moqmedebis transportis saaTobrivi 

mwarmoebloba  
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𝑄 ൌ 𝑛𝐺𝑛cik t/sT.                        (2.16) 

Tu WurWlis moZraobis gasaSualoebul siCqared rogorc datvirTul, 

ise carieli mimarTulebiT miviRebT vsaS-s tols, maSin  

𝑛cik ൌ ଷ଺଴଴
మಽ

ೡsaS
ା஀

ൌ ଷ଺଴଴௩saS
ଶ௅ା஀௩saS

,                        (2.17) 

xolo mwarmoebloba, t/sT 

𝑄 ൌ ଷ,଺௩saS௡ீ

ଶ௅ା஀௩saS
 .                           (2.18) 

miRebuli gamosaxulebiT ganisazRvreba danadgaris raodenobiTi 

saaTobrivi mwarmoebloba. xarisxobrivi mwarmoeblobis (t.km/sT) dasadgenad 

ki saWiroa zidvis manZilis gaTvaliswineba, e.i.  

𝑄xar ൌ 𝑄𝐿 ൌ ଷ,଺௡ீ௅௩saS
ଶ௅ା஀௩saS

   (t.km/sT) 
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3. tvirTis gadaadgilebiT gamowveuli winaRobebi 
 

tvirTis transportirebisas adgili aqvs e.w. moZraobis winaRobebis 

warmoSobas. esenia:  

a) moZraobis ZiriTadi winaRobebi da 

b) moZraobis damatebiTi winaRobebi.  

moZraobis ZiriTad winaRobebSi Sedis:  

1. satransporto danadgarebis calkeul elementebsa da tvirTis 

Tanmxleb zedapirebs Soris xaxuniT gamowveuli winaRoba.  

2. satransporto danadgarebis elementebis erTmaneTze xaxuniT 

gamowveuli winaRoba.  

danadgaris konstruqciuli Sesrulebis mixedviT, moZraobis ZiriTadi 

winaRoba SeiZleba warmodgenili iyos zeviT moyvanili, romelime erT-

erTis, an nakrebis (maTi jamis) saxiT.  

tvirTis (moZraobis) gadaadgilebis ZiriTad winaRobas miekuTvneba 

agreTve haeris garemos winaRobac.  

moZraobis damatebiT winaRobebs miekuTvneba:  

1. winaRoba, gamowveuli tvirTvis gadaadgilebiT vertikaluri an 

daxrili mimarTulebiT;  

2. winaRoba, gamowveuli moqnili sawevi organos an moZravi 

Sedgenilobis moZraobis mimarTulebis SecvliT; 

3. winaRobebi, gamowveuli gadasaadgilebeli masebis inerciiT.  

 

 

3.1. moZraobis ZiriTadi winaRobebi 

3.1.1. moZraobis ZiriTadi winaRobis koeficientebi da Zalebi 

cnobilia, rom horizontaluri mimarTulebiT, tvirTis gadaadgilebis 

Zala, mniSvnelovnad naklebia yovelTvis mis masaze.  

Tu W-iT aRvniSnavT Zalas, romelic saWiroa G kg tvirTis 

gadaadgilebisaTvis, maSin fardobas 

𝑊
𝐺

ൌ 𝜔 

ewodeba G tvirTis gadaadgilebis kuTri winaRoba, an winaRobis 

koeficienti, xolo W - sidides horizontaluri mimarTulebiT tvirTis 

gadaadgilebis winaRobis Zala.  
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tvirTis horizontaluri gadaadgilebisas winaRobis Zala 

𝑊 ൌ 𝐺 , kg. 

moZraobis winaRobis  koeficientis raobis dasadgenad ganvixiloT 

yvelaze gavrcelebuli 3 SemTxveva.  

pirveli SemTxveva (nax. 3.1)  moZraobis winaRobis Zala gamowveuli 

tvirTisa da gamyoli zedapirebs Soris srialis xaxuniT.  

Tu G kg masis tvirTs movdebT misi 

gadaadgilebisaTvis saWiro W1 Zalas, 

maSin  

𝑊ଵ ൌ 𝐺𝑓ଵ , kg 

sadac f1 aris srialis xaxunis 

koeficienti. rodesac tvirTis gadaadgileba horizontalur gzaze 

(sibrtyeze) warmoebs srialiT, maSin moZraobis winaRobis  koeficienti 

xaxunis koeficientis f1 tolia e.i. α=0; =f1 . 

meore SemTxveva (nax. 3.2)  moZraobis winaRoba gamowveuli 

savalTvlebiani (savalgorgolaWebiani, sagoravebiani) satransporto 

danadgarebiT tvirTis gadaadgilebisas. am SemTxvevis yvelaze ufro 

damaxasiaTebeli magaliTia vagonetebiani 

transporti. wrfiv horizontalur gzaze 

vagonetis moZraobis winaRoba Sedgeba:  

a) vagonetis sakisrebSi xaxunis 

winaRobisagan (ganixileba srialis 

sakisaris SemTxveva); 

b) vagonetis Tvlebis relsebze 

moZraobis (gorvis) xaxunis winaRobisagan;  

g) Tvlebis nawiburebis relsebze 

xaxunis winaRobisagan.  

vagonetis sakisrebSi xaxunis winaRobis gansazRvrisaTvis ganvixiloT 

erT Tvalze moqmedi Zalebi da Tvlis brunvisas gamowveuli winaRobebi.  

davuSvaT, Tvlis RerZze moqmedebs N1 datvirTva; Tu Tvals 

davabrunebT W1 ZaliT isriT naCvenebi mimarTulebiT, maSin N1 datvirTvis 

gamo Tvlis RerZsa da sakisars Soris warmoiqmneba xaxunis Zala F1. 

𝐹ଵ ൌ 𝑁ଵ𝑓ଵ , kg 

nax. 3.1. 

nax. 3.2. 
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f1 srialis xaxunis koeficientia RerZsa da sakisaris sadebis moxaxune 

zedapirebs Soris.  

W1 Zalis gansazRvrisaTvis saWiroa davweroT momentebis toloba 

brunvis centris mimarT, yvela Zalis dagegmarebiT.  

𝑁ଵ𝑓ଵ𝑟 െ 𝑊ଵ𝑅 ൌ 0    ൌ൐      𝑁ଵ𝑓ଵ𝑟 ൌ 𝑊ଵ𝑅 ,                 (3.1) 

sadac r aris RerZis radiusi; R ki  Tvlis radusi. 

(3.1) formulidan 

𝑊ଵ ൌ ேభ௙భ௥

ோ
 .                              (3.2) 

axla Tu ganixilavT mTlianad vagonets, maSin datvirTva N1 wyvila 

Tvalze toli iqneba  

𝑁ଵ ൌ 𝐺 ൅ 𝐺଴ െ 𝑔଴ , 

sadac G aris vagonetis tvirTamweoba (margi masa) 

G0 - vagonetis mkvdari masa;  

g0 - ori wyvila Tvalis masa.  

g0, wyvila Tvlis masis simciris gamo SeiZleba ugulebelvyoT. maSin 

(3.2.) formula miiRebs saxes 

𝑊ଵ ൌ ሺ𝐺 ൅ 𝐺଴ሻ𝑓ଵ
௥

ோ
 .                          (3.3) 

winaRobis Zala, gamowveul Tvlebis relsze gorvis xaxuniT 

ganisazRvreba 

𝑊ଶ ൌ ሺ𝐺 ൅ 𝐺଴ሻ𝑓ଶ
ଵ

ோ
 .                          (3.3) 

jamuri winaRoba, romelic iTvaliswinebs zeviT aRniSnul winaRobebs 

𝑊 ൌ 𝐶ሺ𝑊ଵ ൅ 𝑊ଶሻ ൌ 𝐶 ቂሺ𝐺 ൅ 𝐺଴ሻ ௙భ௥

ோ
൅ ሺ𝐺 ൅ 𝐺଴ሻ ௙మ

ோ
ቃ ൌ 𝐶ሺ𝐺 ൅ 𝐺଴ሻ ௙భ௥ା௙మ

ோ
 ,   (3.4) 

sadac Tu aRvniSnavT, rom  

𝐶 ௙భ௥ା௙మ

ோ
ൌ 𝐶 ௙భௗାଶ௙మ

஽
ൌ 𝜔 ;                     (3.5) 

maSin 

𝑊 ൌ 𝜔ሺ𝐺 ൅ 𝐺଴ሻ. 

am gamosaxulebebSi: 

C aris koeficienti, romelic iTvaliswinebs Tvlis nawiburebis 

relsze xaxuniT Zalis nazrds.  

r da Sesabamisad d - RerZi radiusi da diametria;  

R da D ki  Tvlis radiusi da diametri;  

 - vagonetis moZraobis winaRobis koeficienti.  
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vagonetebSi gorgolaWovani da burTula sakisrebis gamoyenebis dros 

xaxunis Zalebis moqmedeba mniSvnelovnad rTuldeba da vagonetis 

moZraobis winaRobis  koeficientis gansazRvrisaTvis zemoT moyvanili 

formulebis gamoyeneba metismetad rTuldeba. amitom, aseT SemTxvevaSi 

upiratesobas aniWeben  koeficientis eqsperientuli cdebiT gansazRvras.  

Tu gavaanalizebT (3.4) da (3.5) formulas naTlad davinaxavT, rom 

vagonetis moZraobis ZiriTadi winaRoba pirdapirproporciul 

damokidebulebaSia:  

1. vagonetis masasTan;  

2. sakisaris srialis xaxunis koeficientis sididesTan;  

3. Tvlebis relsebze gorvis xaxunis koeficientis sididesTan;  

4. Tvlis RerZis radiusTan. 

da ukuproporciulia sagoravi Tvlis radiusisa.  

zemoT moyvanili damokidebulebidan SeiZleba gakeTdes imis analizi, 

Tu romeli sidideebis regulirebiT SeiZleba moZraobis pirobebis 

gaumjobeseba, e. i. moZraobis winaRobis (Zalis) Semcireba.  

radiusebis sidideTa regulirebiT am sakiTxis gadawyveta ver 

moxerxdeba, radgan lilvis diametris gaangariSeba xdeba simtkiceze, 

Tvlis diametris gazrda ki gamoiwvevs vagonetis gabarituli zomebis 

gazrdas simaRlis mimarTulebiT da amave dros misi mdgradobis 

Semcirebas, rac samTo mrewvelobisaTvis mizanSewonili ar aris.  

amitom, vagonetis moZraobis ZiriTadi winaRobis Semcireba SeiZleba 

mxolod Semdegi ori gziT:  

1. sakisrebis konstruqciebis gaumjobesebiT da maTi sistematuri 

movliT (SezeTviT da drouli xarisxiani remontis CatarebiT).  

2. liandagebis sistematuri wmendiT.  

vagonetis winaRobis koeficienti ricxobrivad winaRobis kuTri Zalis 

tolia da izomeba n/dkn an dkn/dkn zog SemTxvevaSi (mag. lokomotivebiT 

transportirebisas) dkn/t. mag., winaRobis koeficienti 0,006 kuTri 

winaRobis 6 dkn/t-is ekvivalenturia.  

mesame SemTxveva (nax. 3.3)  moZraobis winaRoba, gamowveuli sayrden 

gorgolaWebian sawev organoze moTavsebul tvirTis gadaadgilebiT. 

transportis am saxes ekuTvnis lenturi konveieri. am SemTxvevisaTvis 

tvirTi moTavsebulia lentze, romelic Tavis mxriv eyrdnoba gorgolaWebs.  
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datvirTul Stoze gorgolaWebi ganicdian datvirTvas, romelic 

gamowveulia:  

datvirTul Stoze 

1. konveieris margi wrfivi 

datvirTviT, 

2. lentis masiT, 

3. sayrdeni gorgolaWebis mbrunavi nawilebis masiT.  

cariel Stoze ki:  

1. lentis masiT da 

2. sayrdeni gorgolaWebis mbrunavi nawilebis masiT.  

ganvixiloT horizontaluri satransporto danadgari  lenturi 

konveieri, romlis sigrZe wamyvani da damWimavi (bolo) Tavis RerZebs Soris 

aris L, m; lentis grZivi metris masa ql dkn/m, grZivi datvirTva konveieris 

muSa Stoze aris q dkn/m sayrdeni gorgolaWebis mbrunavi nawilebis masa 

konveieris datvirTul Stoze 𝑞g
ᇱ dkn/m da 𝑞

g
′′ - cariel Stoze, maSin 

sayrdeni gorgolaWebis sakisrebSi xaxuniT gamowveuli winaRoba iqneba  

𝑊1d ൌ ൫𝑞 ൅ 𝑞l ൅ 𝑞g
ᇱ ൯𝐿

𝑓1𝑑

஽g
 , dkn, 

xolo datvirTuli lentis gorgolaWebze gorvis xaxuniT gamowveuli 

winaRoba 

𝑊2d ൌ ൫𝑞 ൅ 𝑞l൯𝐿
2𝑓2
஽g

 , dkn, 

datvirTul Stoze jamuri winaRoba iqneba 

𝑊d ൌ 𝑊1d ൅ 𝑊2d ൌ ൫𝑞 ൅ 𝑞l ൅ 𝑞g
ᇱ ൯𝐿

𝑓1𝑑

஽g
൅ ൫𝑞 ൅ 𝑞l൯𝐿

2𝑓2
஽g

, dkn. 

pirvel SemTxvevaSi ganxiluli magaliTis safuZvelze moZraobis 

kuTri winaRoba (anu moZraobis winaRobis koeficienti) lentis datvirTul 

StosaTvis aris 

d ൌ
ௐd

ቀ௤ା௤lା௤g
ᇲ ቁ௅

ൌ
ቀ௤ା௤lା௤g

ᇲ ቁ௅
𝑓1𝑑
ವg

ାቀ௤ା௤lቁ௅
2𝑓2
ವg

ቀ௤ା௤lା௤g
ᇲ ቁ௅

ൌ 𝑓1
𝑑

஽g
൅

ቀ௤ା௤lቁ
2𝑓2
ವg

௤ା௤lା௤g
ᇲ  ,  

miRebul SedegSi sidide 

ቀ௤ା௤lቁ

௤ା௤lା௤g
ᇲ ൏ 1 . 

moZraobis winaRobis sididis garkveuli maragiT miRebis mizniT, 

aRniSnuli sidide gavutoloT erTs. maSin damatebiTi C1 winaRobis 

nax. 3.3 
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koeficientis gaTvaliswinebiT miviRebT II SemTxvevis (3.5) formulis 

identur formulas 

d ൌ 𝐶1
𝑓1𝑑൅2𝑓2

𝐷g
 ,                   (3.5) 

sadac C1 aris koeficenti, romelic iTvaliswinebs 

moZraobis winaRobis gadidebas sayrdeni gorgolaWis 

orive mxareze lentis CakidulobiT anu gorgolaWze lentis 

2 kuTxiT Semoxvevis Sedegad (ix. nax. 3.4).  

 

3.1.2. haeris garemos winaRoba 

satransporto danadgarebis moZraobis winaRobis sidideze gavlenas 

axdens haeris masebi.  

maRaros satransporto danadgarebisaTvis haeris garemos gavlena 

jerjerobiT dausabuTebelia (moZraobis siCqaris simciris gamo).  

moZravi SedgenilobisaTvis haeris garemos winaRobis saorientacio 

sidide ki SeiZleba ganisazRvros empiriuli formuliT 

𝑊h ൌ 0,6𝐹t ቀ௩sT

ଵ଴
ቁ

ଶ
, dkn 

sadac Ft aris moZravi SemadgenlobisaTvis (vagonetis, lokomotivis) 

torsuli kedlis farTobi m2; 

vsT  moZravi Sedgenilobis haeris Wavlis mimarT moZraobis 

saaTuri siCqare, km/sT.  

haeris Wavlis mimarT Tu matareblis moZraobis siCqares erT wamSi 

aRvniSnavT v m/wm-iT, maSin  

𝑣sT ൌ 3600𝑣
1000

ൌ 3,6𝑣 km/sT  

da 

𝑊h ൌ 0,6𝐹t ቀ௩sT

ଵ଴
ቁ

ଶ
ൎ 0,08𝐹t𝑣ଶ, dkn. 

 

 

3.2. moZraobis damatebiTi winaRobebi 

3.2.1. tvirTis vertikaluri an daxrili mimarTulebiT gadaadgilebisas 

gamowveuli winaRobebi 

pirveli SemTxveva (nax. 3.5) G kg masis tvirTis srialiT gadaadgileba 

raime  kuTxiT daxril zedapirze. am SemTxvevaSi G masa iSleba or 

mdgenelad: sibrtyis paralelur Gsin, romelic xels uwyobs tvirTis 

nax. 3.4 
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moZraobas daRmarTSi da sibrtyis normalur Gcos, romelic Tavisi 

moqmedebiT warmoSobs tvirTis moZraobis winaRobis Zalas, e.i. tvirTsa da 

daxrili sibrtyis moxaxune zedapirebs Soris srialis xaxunis Zalas, 

romelic Tavisi sididiT tolia Gfcos-is. 

 

 

 

nax. 3.5 

 

 

 

daxril zedapirze srialiT moZravi tvirTis winaRobis jamuri Zala, 

𝑊 ൌ 𝐺𝑓𝑐𝑜𝑠𝛼 േ 𝐺𝑠𝑖𝑛 ൌ 𝐺ሺ𝑓𝑐𝑜𝑠𝛼 േ 𝑠𝑖𝑛 ሻ, dkn .                    (3.6) 

Gfcos sidide yovelTvis aiReba dadebiTi niSniT (radgan yovelTvis 

erTi mimarTulebiT moqmedebs).  

Gsin sidide dadebiTi (+) aiReba tvirTis aRmarTSi moZraobisas, 

tvirTis daRmarTSi moZraobisas ki Gsin aiReba minus (-) niSniT.  

zemoT moyvanil (3.6) formulaSi Cawerili gvaqvs orive niSani, rac 

rekomendebulia formulis zogadad Cawerisas.  

meore SemTxveva (nax. 3.6)  G kg masis tvirTis gadaadgileba 

savalTvlebian (savalgorgolaWebian, sagoravebian) satransporto 

danadgarebiT raime  kuTxiT daxril gzaze. wina SemTxvevis analogiurad, 

datvirTuli vagonetis (G+G0) kg masa iSleba or mdgenelad: (G+G0)sin, 

romelic sibrtyis paraleluria da yovelTvis mimarTulia qveviT. Tu 

vagonetis gadaadgileba warmoebs zevidan qveviT, maSin es mdgeneli xels 

uwyobs moZraobas da aiReba (-) niSniT; Tu piriqiT zidva aRmarTSia, maSin 

igi ewinaaRmdegeba moZraobas da aiReba (+) plus niSniT.  

meore (G+G0)cos 

Tavisi moqmedebiT 

warmoSobs winaRobis 

(G+G0)dcos  Zalas. 

 

 

nax. 3.6 



satransporto manqanebi                                              saleqcio kursi 

~ 25 ~ 
 

amrigad, daxril wrfiv gzaze moZraobis jamuri winaRoba iqneba:  

𝑊d ൌ ሺ𝐺 ൅ 𝐺଴ሻ𝜔d𝑐𝑜𝑠𝛼 േ ሺ𝐺 ൅ 𝐺଴ሻ𝑠𝑖𝑛 ൌ ሺ𝐺 ൅ 𝐺଴ሻ൫𝜔d𝑐𝑜𝑠𝛼 േ 𝑠𝑖𝑛 ൯, dkn.   (3.7) 

carieli vagonetis SemTxvevaSi, rodesac G=0. 

𝑊c ൌ 𝐺଴൫𝜔c𝑐𝑜𝑠𝛼 േ 𝑠𝑖𝑛 ൯, dkn                       (3.8) 

mesame SemTxveva (nax. 3.7)  G kg masis tvirTis gadaadgileba 

gorgolaWebze dayrdnobili  kuTxiT daxrili, sawevi da amave dros 

tvirTmzidi organos saSualebiT (magaliTad, lenturi konveieriT). 

 

nax. 3.7 

Tu satransporto danadgaris damWimav da amZrav kvanZebs (sadgurebs) 

Soris manZili aris L, m danadgaris margi datvirTva q, dkn/m lentis grZivi 

metris masa ql, dkn/m, xolo sayrdeni gorgolaWebis mbrunavi nawilebis 

masa 𝑞g
ᇱ  , dkn/m  

maSin  
𝑊d ൌ ൫𝑞 ൅ 𝑞l ൅ 𝑞g

ᇱ ൯𝐿𝜔′𝑐𝑜𝑠𝛼 േ ൫𝑞 ൅ 𝑞l൯𝐿𝑠𝑖𝑛 , dkn . 

konveieris horizontaluri proeqcia aRvniSnoT LT-iT, xolo 

vertikaluri proeqcia H-iT. 

maSin SegviZlia davweroT 

𝑊d ൌ ൫𝑞 ൅ 𝑞l ൅ 𝑞g
ᇱ ൯𝐿T𝜔′ േ ൫𝑞 ൅ 𝑞l൯𝐻 , dkn.                  (3.9) 

analogiurad SegviZlia ganvsazRvroT satransporto danadgaris 

carieli Stos winaRobis Zala, e. i. rodesac q=0. 

𝑊c ൌ ൫𝑞l ൅ 𝑞g
ᇱᇱ൯𝐿T𝜔′ േ 𝑞l𝐻 , dkn,  

sadac 𝑞g
ᇱᇱ aris konveieris carieli Stos sayrdeni gorgolaWebis mbrunavi 

nawilebis masa, mosuli danadgaris erT grZiv metrze.  
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(3.9) formulis analizi gviCvenebs, rom marjvena nawilis pirveli 

Sesakrebi ൫𝑞 ൅ 𝑞l ൅ 𝑞g
ᇱ ൯𝐿T𝜔′ warmoadgens lenturi konveieris datvirTuli 

Stos ZiriTad winaRobas (anu horizontaluri lenturi konveieris 

datvirTuli Stos winaRobas), xolo meore Sesakrebi ൫𝑞 ൅ 𝑞l൯𝐻 aris 

damatebiTi winaRoba, gamowveuli tvirTis H simaRleze aweviT.  

 

 

3.2.2. sawevi organos an moZravi Sedgenilobis gadaadgilebis 

mimarTulebis SecvliT gamowveuli winaRoba 

sawevi organos moZraobis mimarTulebis Secvlas adgili aqvs amZrav 

da damWimav kvanZebze, agreTve satransporto danadgarebis horizontalur 

an vertikalur sibrtyeSi mrudwriul ubnebze (mrudwriuli: firfitovani 

an lenturi konveierebi da sxva); gansaxilvelia moqnili sawevi organos 

(konveieris lentis, bagiris an jaWvis) moZraobis winaRoba, maT mier 

satransporto danadgarebis Semdegi elementebis movlebisas.  

a) RerZis garSemo mbrunavi dolis an borblis (nax. 3.8); 

b) RerZis garSemo mbrunavi mravalwaxnaga dolis an varskvlavas (nax. 3.9); 

g) uZravi gluvi saltis (nax. 3.10); 

d) stacionaruli gorgolaWis batareis (nax. 3.11). 

 

a) moqnili sawevi organos dolze (borblebze) movlebisas warmoiSveba 

damatebiTi winaRoba, romelic gamowveulia: sawevi organos sixistiT, dol-

ze movlebis gorvis xaxuniT da dolis (borblis) sakisrebSi xaxuniT.  

b) jaWvuri sawevi organos SemTxvevaSi damatebiTi winaRoba 

warmoiSveba jaWvis saxsrebSi jaWvis elementebsa da varskvlavas kbilebs 

Soris Semxebi zedapirebis xaxuniT da varskvlavas sakisrebSi.  

g) (1) moqnili sawevi organos uZravi gluvi mimmarTveli saltis 

movlebisas warmoiSveba damatebiTi winaRoba, gamowveuli sawevi organos 

sixistiT da misi xaxuniT salteze (nax. 3.10 a,b).  

d) (2) rodesac uZrav gluv salteze moZraobs jaWvi, warmoiSveba 

agreTve damatebiTi winaRoba, romelic gamowveulia jaWvis saxsrebsa da 

misi salteze xaxuniT (nax. 3.10 g).  
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e) mrudwirul ubnebze gorgolaWebis batariis arsebobis SemTxvevaSi 

warmoiSveba damatebiTi winaRobebi: sawevi organos sixistiT, gorgolaWebis 

mimmarTvelze gorvis xaxuniT da gorgolaWis sakisrebSi xaxuniT (nax. 3.11. a,b).  

 

 

 

      

 

nax. 3.8 nax. 3.9 

nax. 3.10 nax. 3.11 
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wamyvan borbalze damatebiTi winaRobis sidide miRebulia swrafobisa 

da Camoqanebis Stoebis daWimulobis jamis 3...5 %-is toli: 

𝑊amZ ൌ 𝐾൫𝑆sw ൅ 𝑆C൯ ൌ ሺ0,03 … 0,05ሻ൫𝑆sw ൅ 𝑆C൯ . 

sawevi organos swrafobisa da Camoqanebis Stoebs Soris daWimulobaTa 

damokidebulebis Teoria daamuSava da 1765 wels gamoaqveyna warmoSobiT 

Sveicarielma, peterburgis mecnierebaTa akademiis wevrma leonard eilerma. 

davuSvaT, Zafis AB elementaruli ubani (nax. 3.8 a), romelic moevleba 

uZrav bloks raime d0 kuTxiT, Zafsa da bloks Soris xaxunis gamo 

wonasworobaSi imyofeba; Zafis am ubanze moqmedebs S da S+dS Zalvebi. maTi 

moqmedebiT warmoiSveba normaluri Zala, romelic zemoT aRniSnuli 

Zalebis tolqmedis tolia. dN Zalis moqmedebiT Zafis elementarul ubansa 

da bloks Soris warmoiSoba xaxunis dT Zala, romlis sidide Semdegnairad 

ganisazRvreba aob-dan 

𝑑𝑁
2

ൌ 𝑆𝑠𝑖𝑛
𝑑𝛽଴

2
 

an 

𝑑𝑁 ൌ 2𝑆𝑠𝑖𝑛 ௗఉబ

ଶ
 ,                         (3.9) 

xaxunis Zala 

𝑑𝑇 ൌ 𝑑𝑁 ∙ 𝜇 ൌ 2𝑆𝑠𝑖𝑛 ௗఉబ

ଶ
∙ 𝜇 ,                   (3.10) 

sadac  aris Zafisa da blokis zedapirebs Soris xaxunis koeficienti.  

radgan d0 kuTxe mcirea, amitom SegviZlia pirdapir CavweroT, 

𝑑𝑇 ൌ 𝑑𝑆 ൌ 𝑆𝜇𝑑𝛽଴   aqedan    
ௗௌ

ௌ
ൌ 𝜇𝑑𝛽଴ .             (3.11) 

miRebuli gamosaxuleba gavaintegraloT zRvrebSi moqmedi ZalebisaTvis 

S1-dan S2-mde, xolo Semoxvevis kuTxisaTvis – 0-dan -mde 

න
𝑑𝑆
𝑆

ௌమ

ௌభ

ൌ 𝜇 න 𝑑𝛽଴

ఉ

଴

 . 

miviRebT 

ௌమ

ௌభ
൑ 𝑒ఓఉ .                           (3.12) 

Tu amZrav da sawev organoebs Soris srials adgili ara aqvs, sawevi 

organos swrafobisa da Camoqanebis Stoebis daWimulobaTa Sefardeba, 

zemoT moyvanili gamosaxulebidan gamomdinare, SeiZleba ganisazRvros 

Semdegi formuliT 

ௌsw

ௌC
൑ 𝑒ఓఉ   saidanac   𝑆sw ൑ 𝑆C ∙ 𝑒ఓఉ,             (3.13) 
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sadac e neperis ricxvia mniSvnelobiT 2,7182818284;  - amZravze lentis 

Semoxvevis kuTxe gamosaxuli radianebSi. -s gradusebSi gadasayvanad 

iyeneben Semdeg gamosaxulebas: 

𝛽 ൌ 2𝜋 ఉ°

ଷ଺଴°
 , radiani;  aqedan 𝛽° ൌ ଷ଺଴°ఉ

ଶగ
ൌ ଵ଼଴°ఉ

గ
 . 

ganvixiloT mrudwiruli mimmarTveli salte. centraluri kuTxe 

aRvniSnoT -Ti (radiani), maSin sawevi organos swrafobisa da Camoqanebis 

Stoebis daWimulobaTa Soris damokidebuleba ganisazRvreba eileris 

formuliT 

𝑆C ൌ 𝑆sw ∙ 𝑒ఓఉ 

SeniSvna. danadgaris mimmarTveli elementis sawevi organoTi movlebis 

SemTxvevaSi Camoqanebis Stos daWimuloba swrafobis Stos daWimulobaze 

metia, mimmarTvel elementebze winaRobis zrdis gamo, amitom formulaSi 

Ssw da SC sidideebs adgilebi aqvT Senacvlebuli.  

saval gorgolaWebze sawevi organos moZraobis an stacionaruli 

gorgolaWebis batareaze Semovlis SemTxvevaSi, xaxunis  koeficientis 

nacvlad miviRebT winaRobis m (mrudwirul) koeficients da formulas 

eqneba saxe:  

𝑆C ൌ 𝑆sw𝑒ఠmఉ . 

mrudwirul ubanze sawevi organos moZraobis winaRobis Zalis sidide 

𝑊m ൌ 𝑆C െ 𝑆sw ൌ 𝑆sw𝑒ఓఉ െ 𝑆sw ൌ 𝑆sw൫𝑒ఓఉ െ 1൯ an  𝑊m ൌ 𝑆sw൫𝑒ఓఉ െ 1൯. 
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4. sawevorganoebiani satransporto danadgarebi 
 

sawevorganoebiani satransporto danadgarebis gaangariSebisaTvis 

saWiroa ganvixiloT am tipis danadgarebis specifikuri sakiTxebi, 

romelTac miekuTvneba:  

1. wevis Zalvis gadacema sawevi organos saSualebiT da sawevi organos 

daWimuloba; 

2. amZravis adgilmdebareobis dadgena da sawevi organos umciresi 

daWimulobis wertilis moZebna (ganvixilavT lenturi konveierebis 

Seswavlis dros). 

 

 

4.1. wevis Zalis gadacema sawevi organos saSualebiT 

wevis Zalis gadacema sawevi organos saSualebiT SeiZleba warmoebdes: 

modebiT, xaxuniT an kombinirebuli meTodiT (xaxuniT da modebiT 

erTdroulad). ganvixiloT wevis Zalvis gadacema modebiT.  

 

4.1.1. wevis Zalvis gadacema modebiT (nax. 4.1) xorcieldeba amZrav kbila 

muSta bloks (kbilana bloks), an brtyelwaxnaga bloksa (kbilebis an 

brtyeli waxnagebis ricxvi 4-6 an metia) da sawev organos Soris.  

amZravi organos brunvis dros misi kbilebi itacebs jaWvs saxsarze 

modebiT da gadaaadgilebs mas erT rgolze, romelic kbilana blokis 

mobrunebis centralur 0 kuTxes Seesabameba. blokis wrewiris radiusi 

aRvniSnoT R-iT; blokis O1 radiussa da OY RerZs Soris kuTxe ki - 1 

(gradusi). wrfivi siCqare msaxvel 

wrexazze v0, m/wm-iT, blokis 

kuTxuri siCqare ki - , m2wm-1-iT.  

amZravidan jaWvze moZraobis 

gadacema garkveul rTul kanons 

eqvemdebareba, magram praqtikuli 

miznebisaTvis SeiZleba davuSvaT, 

rom jaWvs aqvs gadataniTi 

moZraoba, maSin misi siCqare:  

𝑣ᇱ ൌ 𝑣଴𝑐𝑜𝑠𝜑 ൌ 𝑅𝜔b𝑐𝑜𝑠𝜑 .                    (4.1) 

nax. 4.1 
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rodesac kuTxe =0, jaWvis moZraoba miaRwevs udides mniSvnelobas, e.i. 

𝑣௠௔௫
ᇱ ൌ 𝑣଴ , 

xolo 𝜑 ൌ ஒబ

ଶ
 an 𝜑 ൌ െ ஒబ

ଶ
 kuTxisas moZraobis siCqare iqneba umciresi e.i.  

𝑣௠௜௡
ᇱ ൌ 𝜔b𝑅𝑐𝑜𝑠 ஒబ

ଶ
 .                      (4.2) 

maSasadame, jaWvis moZraoba aris pulsirebuli, pulsaciis t0 periodiT. 

naxazze (4.2) mocemuli gvaqvs jaWvis moZraobis siCqaris da aCqarebis 

diagramebi. jaWvis aCqareba:  

𝛼 ൌ ௗ௩ᇲ

ௗ௧బ
ൌ ௗሺோఠb௖௢௦ఝሻ

ௗ௧బ
ൌ െ𝑅𝜔b𝑠𝑖𝑛𝜑 ୢ஦

ௗ௧బ
 ; m/wm2                     (4.3) 

magram            
ୢ஦

ௗ௧బ
ൌ 𝜔b 

e.i.  𝛼 ൌ െ𝑅𝜔b
ଶ𝑠𝑖𝑛𝜑; m/wm2. (4.4) 

 - aCqarebis maqsimalur 

sidides 𝜑 ൌ ஒబ

ଶ
 an 𝜑 ൌ െ ஒబ

ଶ
 

kuTxeebis mniSvnelobebisas 

aRwevs e.i 

 𝛼௠௔௫ ൌ േ𝑅𝜔b
ଶ𝑠𝑖𝑛 ஒబ

ଶ
 ; m/wm2.  (4.5) 

 

 

 

4.1.2 wevis Zalebis gadacema xaxuniT 

ganxiluli masalis Tanaxmad, Tu amZravsa da sawev organos Soris 

buqsaobas adgili ara aqvs, maSin:  

𝑆sw

𝑆C
ൌ 𝑒𝜇𝛽, saidanac 𝑆sw ൌ 𝑆C𝑒ఉ .                (4.6) 

swrafobis Stos maqsimalur SesaZlo mniSvnelobasa da Camoqanebis 

Stos daWimulobaTa sxvaoba gamosaxavs, gadasacemi wevis Zalis udides 

SesaZlo mniSvnelobas da 

𝑊b௠௔௫ ቀ1 െ ଵ

𝑒𝛽ቁ ൌ 𝑆sw௠௔௫
𝑒𝛽െ1

𝑒𝛽  ;                  (4.7) 

saidanac 

𝑆sw௠௔௫ ൌ ௐb೘ೌೣ𝑒𝛽

𝑒𝛽െ1
 . 

amgvarad, amZravi dolis swrafobis wertilis daWimulobis 

maqsimaluri mniSvneloba damokidebulia dolze tvirTmzidi da mwevi 

nax. 4.2 
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lentis CaWidebis koeficientze  da dolze sakonveiero lentis SemTxvevis 

 kuTxeze 𝑒ఉ-s dolis wevis faqtori ewodeba.  

 

 

4.2. lenturi konveieris amZravis Teoria 

sawevi organos daWimuloba (ix. nax. 4.3. epiura). 

lenturi konveieris amZravis gaumjobeseba cnobili saSualebebiT 

dakavSirebulia moqnili sxeulebis xaxunis Teoriis miRwevebTan.  

moqnili tanis xaxunis ZiriTadi kanoni dadgenili iyo XVII saukunis 

Sua xanebSi, peterburgis mecnierebaTa akademiis wevris leonard eileris 

mier. 1765 wels gamoqveynebul SromebSi, romelic mieZRvna moqnili uwonado 

 uWimadi Zafebis uZrav cilindrze wonasworobis pirobis ganxilvas, 

eileri gamoxatavs zRvrulad dasaSvebi sididis saxiT erTi Stos meoris 

mimarT udides daWimulobas.  

𝑆sw ൑ 𝑆C ∙ 𝑒ఠmఉ,                                (4.8) 

sadac e naturaluri logariTmebis fuZea.  

udidesi, gadacemuli mwevi Zala tolia swrafobis Stos udidesi 

daWimulobis sxvaobisa Camoqanebis Stos daWimulobasTan 

𝑊0௠௔௫ ൌ 𝑆sw௠௔௫ െ 𝑆C ൌ 𝑆Cሺ𝑒𝛽 െ 1ሻ ൌ 𝑆sw௠௔௫
𝑒𝛽െ1

𝑒𝛽  ;              (4.9) 

saidanac 

𝑆sw௠௔௫ ൌ ௐ0೘ೌೣ𝑒𝛽

𝑒𝛽െ1
 .                         (4.10) 

Zneli araa imis danaxva, rom  da -s, da Sesabamisad, 𝑒ఉ-s gadidebiT, 

mudmivi wevis ZalebisaTvis mcirdeba swrafobisa da Camoqanebis Stoebis 

daWimulobebi. konturSi Ssw warmoadgens danadgarSi yvelaze metad 

daWimul Stos, romelzec xdeba mwevi organos mtkice zomebis gaangariSeba; 

amitom, am sididis Semcirebas arsebiTi praqtikuli mniSvneloba aqvs.  

asrialebis gamovlinebis kvlevisas, profesorma n.p. petrovma 1893 wels 

gamoaqveyna statia. am statiaSi pirvelad iyo Setanili „xaxunis rkali“-s 

Sesaxeb cneba, romelzedac xdeba asrialebac da wevis Zalis gadacemac da 

„simSvidis rkali“, romelzedac arc wevis Zalebis gadacema xdeba da arc 

asrialeba. amave 1893 wels rusma mecnierma nikoloz Jukovskim 

politeqnikur sazogadoebaSi gaakeTa moxseneba „Rvedebis Skivebze srialis 

Sesaxeb“, romliTac sabolood dadginda moqnil sawev organoebze amZravi 
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Zalebis gadacemis kanoni. man rogorc eqsperimentuli, aseve Teoriuli 

gziT aCvena, rom namdvilad arsebobs „srialisa“ da „simSvidis“ rkalebi.  

am Teoriam miiRo kidev erTi eqsperimentuli mxardaWera 

oscilografiuli Canawerebis gziT. es Canawerebi gakeTda moskovis samTo 

institutis, maRaros transportis laboratoriis mowyobilobebze 

specialuri gadamwodis saSualebiT.  

„srialisa“ da „simSvidis“ rkalebis Sesabamisi sidideebis sazRvars, 

e.w. dolebze „xaxunis Zalebis maragi“ ewodeba, romlis gansazRvris wessac 

Cven ganvixilavT qveviT.  

rogorc aRvniSneT, lentis daWimulobis Secvla, xorcieldeba dolze 

swrafobis wertilidan Camoqanebis wertilamde (ix. naxazi 4.3) 

nax. 4.3. 

daWimulobis sidide Ssw, romelic 𝛼ଵ
ᇱ kuTxiT gansazRvrul nebismier 

Sualed wertilSi warmoiSveba, SegviZlia vipovoT gamosaxulebiT 

𝑆sw ൌ 𝑆C ∙ 𝑒ఓ𝛼1
′
.                                (4.11) 

kvlevis Sedegad miRebulia agreTve, rom Tu 

Ss=′′=0,2 ,                                (4.12) 

maSin amZravi muSaobs maragiT da buqsaobis gareSe.  

amZravis parametrebis urTierTdakavSirebisa da sakiTxis kompleqsuri 

gadawyvetis mizniT Catarebulma kvlevebma uCvena, rom Tu  

Ss ൌ
ସ଴௛

஽
 ,                                (4.13) 

maSin amZravis „xaxunis Zalebis maragi“ Seesatyviseba zemoT aRniSnuls.  

gamosaxulebebSi Ss=′′ SedarebiTi simSvidis rkalia da ganlagebulia 

swrafobis wertilis maxloblad (ix. naxazi 4.3). h lentis sisqea, mm, xolo 

D dolis diametria, mm.  
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amgvarad, Tu miviRebT, rom dolze lentis maqsimaluri Semoxvevis 

geometriuli kuTxea  da gaviTvaliswinebT, rom wevis Zalebis realizacia 

xdeba ds ൌ 𝛼ଵ
ᇱ drekadi srialis rkalze, maSin lentis nominaluri 

daWimuloba dolze lentis swrafobis wertilSi  

𝑆sw ൌ 𝑆C ∙ 𝑒ఓds ൌ 𝑆C ∙ 𝑒ఓሺ஑ିSsሻ ൌ 𝑆C ∙ 𝑒ఓቀ஑ିସ଴
౞
ీ

ቁ, 

xolo Sesabamisi wevis Zalebi, romlis realizacia xdeba D, mm dolis 

SemTxvevaSi h, mm sisqis lentze saTanado SC ganisazRvreba 

𝐹 ൌ 𝑆C ൬𝑒ఓቀ஑ିସ଴
౞
ీ

ቁ െ 1൰,                                (4.14) 

rac praqtikuli mniSvnelobis saangariSod sruliad misaRebia.  

 

 

4.3. satransporto danadgaris Zravis simZlavre 

Zravis simZlavre ganisazRvreba danadgaris Zravur an generatorul 

reJimze muSaobisaTvis.  

Zravuri reJimisaTvis:  

𝑁 ൌ ி௩

଻ହ
 ; cx.Z     an    𝑁 ൌ ி௩

ଵ଴ଶ
 ; kvt 

mwarmoeblobisa da zidvis manZilis mixedviT 

LT gzaze transportirebisas 

𝑁ଵ ൌ
ሺொାொTሻ௅T

ଷ,଺∙଻ହ
ൌ ொ1௅T

ଶ଻଴
 ; cx.Z   an   𝑁ଵ ൌ

ሺொାொTሻ௅T
ଷ,଺∙ଵ଴ଶ

ൌ ொ1௅T
ଷ଺଻

 ; kvt 

tvirTis H simaRleze awevisaTvis ki  

𝑁ଶ ൌ ଵ଴଴଴ሺொାொTሻு

ଷ଺଴଴∙଻ହ
ൌ ொ1ு

ଶ଻଴
 ; cx.Z   an   𝑁ଶ ൌ ଵ଴଴଴ሺொାொTሻு

ଷ଺଴଴∙ଵ଴ଶ
ൌ ொ1ு

ଷ଺଻
 ; kvt 

jamuri simZlavre 

𝑁 ൌ 𝑁ଵ ൅ 𝑁ଶ ൌ ொ1௅T
ଶ଻଴

േ ொ1ு

ଶ଻଴
 ; cx.Z   an   𝑁 ൌ 𝑁ଵ ൅ 𝑁ଶ ൌ ொ1௅T

ଷ଺଻
േ ொ1ு

ଷ଺଻
 ; kvt 

generatoruli reJimisaTvis:  

simZlavris angariSisas, danadgaris mqk -  yvela zemoT moyvanil 

gamosaxulebaSi mniSvnelidan gadaadgildeba mricxvelSi, ase mag:  

𝑁 ൌ ி௩
଻ହ

 ; cx.Z     an    𝑁 ൌ ி௩
ଵ଴ଶ

 ; kvt   da a. S. 



satransporto manqanebi                                              saleqcio kursi 

~ 35 ~ 
 

5. tvirTmzidi elementebis Teoria 
 

5.1. zogadi cnobebi tvirTmzid elementebze da maTi klasifikacia 

satransporto manqanebisa da danadgarebis tvirTmzidi elementebis 

daniSnulebaa satransporto tvirTebis Sekaveba da maTi moZraobis mimar-

Tulebis gansazRvra. zogierT satransporto manqanaSi ki am ukanasknelis 

saSualebiT xorcieldeba tvirTis wevac (mag., lentiT – lentur 

konveierebSi; RariT – merxev, moqanave, vibraciul konveierebSi da a.S.). 

tvirTnzidi elementebi unda uzrunvelyofdnen minimaluri zomebiTa 

da masiT satransporto manqanebis maqsimalur mwarmoeblobas, datvirTva-

gantvirTvis operaciebis moxerxebulobas, saWiro simtkices, cveTamedegobas 

da akmayofilebdnen manqanebis kvanZebze zogad moTxovnebs.  

 

tvirTmzidi elementebi (te) iyofa: 

a) moZraobis xasiaTis mixedviT: moZravad – rodesac te gadaadgildeba 

tvirTTan erTad (sakonveiero lenti, vagonetis an avtomanqanis Zara, 

elevatorisa da skreperis CamCa, skipi da a.S.); uZravad – rodesac 

tvirTis mimarT te asrulebs winsvliT-ukusvliT moZraobas, 
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biZgebis saSualebiT gadascems mas wevis Zalebs da mimarTavs mis 

moZraobas sivrceSi maTTan gadaadgilebis gareSe (vibraciuli da 

merxevi konveierebisa da mkvebavebis tvirTmzidi elementebi). 

b) ganivkveTis formis mixedviT: Ria  brtyeli, sworkuTxa, trapeciuli, 

naxevrad wriuli da Sedgenili (trapeciuli da naxevrad wriuli-

sagan Sedgenili) formisa; daxuruli – milebi, daxuruli Rarebi. 

g) konstruqciuli niSnebis mixedviT: lentebad, Zarebad, Rarebad, 

milebad, safenebad (fenilebad), firfitovan brtyelad. 

 
 

5.2. tvirTmzidi elementebis (te) optimaluri parametrebi da maTi 

dadgenis meTodika 

te-is optimaluri parameterebi ewodeba P perimetris, B siganis, H 

saerTo simaRlis,  bortis daxris kuTxisa da daxrili l simaRlis an 

simrudis R radiusis da kveTis TaRis gaxsnis (gaSlis)  kuTxis iseT 

urTierTTanafardobas, romlis drosac masalis kveTi da Sesabamisad 

satransporto danadgaris mwarmoebloba iqneba maqsimaluri. 

udidesi praqtikuli mniSvneloba aqvs optimaluri parametrebis 

dadgenas, vinaidan maTi gaTvaliswinebiT damzadebuli tvirTmzidi 

elementebi masalebis gadaxarjvis gareSe mniSvnelovnad zrdis 

satransporto danadgaris mwarmoeblobas. 

satransporto manqanebze wayenebuli moTxovnebis Sesabamisad Seiqmna 

da eqspluataciaSia zemoT moyvanili rva formis te. gansaxilveli 

sakiTxis mizania TiToeuli formisaTvis optimaluri geometriuli 

parametrebisa da zogadad te-is optimaluri formis dadgena. amisaTvis 

saWiroa moiZebnos 

T ൌ φሺP, B, H, … ሻ. 

funqciis maqsimaluri da Sesabamisad, perimetris 𝑃 ൌ 𝑐𝑜𝑛𝑠𝑡 

SemTxvevisaTvis ganisazRvros perimetriTve ሺ𝑃ሻ gamosaxuli te-es danarCeni 

cvladebis (B sigane, H simaRle da a.S.) optimaluri pirobebi. 

T aris te-ze tvirTis ganivkveTis Teoriuli farTobi. 

sxvadasxva formis te-is urTierTSedarebisaTvis Semogvaqvs ganivkveTis 

kuTri farTobis cneba 

𝑓kf ൌ 

௉మ ,                          (5.1) 
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romlis mniSvnelobaTa codna saSualebas gvaZlevs gansazRvroT Sesabamisi 

formis te, masze satransporto tvirTis ganikveTis Teoriuli farTobi da 

Sesabamisad upiratesi mwarmoebloba, WeSmariti zomebis dadgenis gareSe, 

amasTan movaxdinoT sxvadasxva formis te-is urTierTSedareba. 

 

5.3. brtyeli te 

brtyel te-s miekuTvneba: erT sayrden gorgolaWze ganlagebuli 

sakonveiero lenti, firfitovani brtyela. brtyeli tvirTmzidi elementis 

mqone sakonveiero danadgarebis maRali mwarmoebloba, sxva Tanabari 

pirobebisaTvis damokidebulia siganesa da lentis tvirTiT Sevsebis 

SesaZleblobaze. 

brtyel ubortebo te-ze tvirTis ganivkveTis realuri forma 

gaurkvevelia, vinaidan igi damokidebulia satransporto tvirTebis 

fizikur-meqanikur da sxva Tvisebebze; mniSvnelovan gavlenas axdens 

datvirTvis wesi, moZraobis siCqare, danadgaris daxris kuTxe da sxva 

faqtorebi. yovelive zemoT Tqmulis 

gamo, tvirTis ganivkveTis formad 

pirobiTad miRebulia tolferda 

samkuTxedi (nax. 5.2) b fuZiT da 

dafuZnebis  kuTxiT, romelic 

nayari moZravi tvirTis bunebrivi 

ferdos kuTxis tolia. b saangariSo 

siganis saxelwodebiTaa cnobili. 

123 fardobs ewodeba saangariSo da ganisazRvreba formuliT 

ΩT ൌ 𝑏 ୠ

ଶ

௧௚ఘ
ଶ

ൌ ௕మ௧௚ఘ
ସ

 .                          (5.2) 

Tu gaviTvaliswinebT, rom lentis mTliani B siganis mxolod 

garkveuli b, e.w. saangariSo siganea gamoyenebuli, maSin 

𝐶 ൌ
𝑏
𝐵

൑ ሺ0,8 … 0,9ሻ 

fardobas SeiZleba vuwodoT te-s siganis gamoyenebis koeficienti da 

(5.2) formula SeiZleba CavweroT asec: 

ΩT ൌ ஻మ஼మ௧௚ఘ
ସ

 .                          (5.3) 

123 farTobs ewodeba Teoriuli da gamoiTvleba formuliT 

nax. 5.2 
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ΩT ൌ 𝐵 ୆

ଶ

௧௚ఘ
ଶ

ൌ ஻మ௧௚ఘ
ସ

 .                          (5.2) 

cnobilia, rom uwyveti moqmedebis satransporto danadgarebis 

mwarmoeblobaa Q=3600v, xolo grZivi simkvrive q=1000, maSin (5.3)-sa da 

(5.4)-is gaTvaliswinebiT SeiZleba CavweroT, rom 

Qs ൌ 3600 ௕మ௧௚ఘ
ସ

 𝛾𝑣 ൌ 900𝑐ଶ𝐵ଶ𝑣𝑡𝑔,              (5.5) 

xolo 

Qs ൌ 3600 ஻మ௧௚ఘ
ସ

 𝛾𝑣 ൌ 900𝐵ଶ𝑣𝑡𝑔 .              (5.6) 

mocemuli (5.4) da (5.5) gamosaxulebebidan Cans, rom saangariSo 

mwarmoebloba 
ଵ

஼మ-jer naklebia Teoriul mwarmoeblobaze. 

Tu aRvniSnavT Cg=900c2tg da vuwodebT mwarmoeblobis koeficients, maSin 

Qs ൌ 𝑐g𝐵ଶ𝑣 .                               (5.7) 

mwarmoeblobis koeficientis sidide (cm) damokidebulia tvirTmzidi 

organos siganis (C) gamoyenebis koeficientsa da moZravi tvirTis bunebrivi 

ferdos () kuTxeze; amasTan, Tu gaviTvaliswinebT C-s gasaSualoebul 

mniSvnelobas (C=0,85), maSin cm=650tg-sa da sxvadasxva -Tvis SeiZleba 

ganvsazRvroT cm. vinaidan brtyeli uborto tvirTmzidi elementis sigane B 

da perimetri P urTierTtoli sidedeebia, amitom (5.1) da (5.3) formulebis 

safuZvelze gveqneba 

𝑓k.f ൌ ஐT

௉మ ൌ ஐT

஻మ ൌ ஻మ௧௚ఘ
ସ஻మ ൌ ௧௚ఘ

ସ
 .                          (5.4) 

, grad 10 12 15 17 20 22 23 24 25 

cm 115 138 175 200 255 265 275 290 300 

(5.8) gamosaxulebidan SeiZleba viangariSoT: 

𝑓k.f ൌ ሺ𝜌 ൌ 17ሻ ൌ 0,076 

𝑓k.f ൌ ሺ𝜌 ൌ 25ሻ ൌ 0,116 . 

 

 

5.4. sworkuTxa formis bortebiani te 

aseTi formis te-ze tvirTis ganivkveTis maqsimaluri (Teoriuli) 

farTobi miiReba 0134 da pirobiTad miRebuli tolferda 123 

farTobebis SejamebiT. 



satransporto manqanebi                                              saleqcio kursi 

~ 39 ~ 
 

samkuTxedis farTobi ganisazRvreba wina SemTxvevis msgavsad. tvirTis 

ganivkveTis maqsimaluri jamuri farTobis mniSvneloba ki P=const-Tvis 

damokidebulia B siganisa da te-is H simaRlis urTierTTanafardobaze 

(nax. 5.3). te-is perimetri 

P=B+2H             (5.9) 

tvirTis ganivkveTis Teoriuli farTobi 

T ൌ 𝐵𝐻 ൅ ஻మ௧௚ఘᇲᇲ

ସ
       (5.10) 

T-Si SevitanoT H-is mniSvneloba, 

gamosaxuli (5.9)-is saSualebiT: 

T ൌ ௉஻ି஻మ

ଶ
൅ ஻మ௧௚ఘᇲᇲ

ସ
 .   (5.11) 

imisaTvis, rom vipovoT B da H-is optimaluri urTierTTanafardoba, 

saWiroa miRebuli (5.11) gamosaxulebis diferencireba B-Ti da pirveli 

warmoebulis nulTan gatolebiT vipoviT rogorc optimalur 

urTierTTanafardobas, aseve Sesabamisad tvirTis maqsimalur kveTs: 

ௗT

ௗ஻
ൌ ஻௧௚ఘᇲᇲ

ଶ
൅ ௉

ଶ
െ 𝐵 ൌ 0                      (5.12) 

saidanac tvirTmzidi elementis optimaluri sigane 

𝐵opt ൌ ௉

ଶି௧௚ఘᇲᇲ                          (5.13) 

Sedegis (5.11) formulaSi SetaniT miviRebT ganivkveTis maqsimalur farTobs: 

T.max ൌ

୔

ଶି௧௚ఘᇲᇲ P െ ቀ ୔

ଶି௧௚ఘᇲᇲቁ
ଶ

2
൅

ቀ ୔

ଶି௧௚ఘᇲᇲቁ
ଶ

𝑡𝑔𝜌ᇱᇱ

4
 

T.max ൌ ௉మ

ସሺଶି௧௚ఘᇲᇲሻ
                      (5.14) 

(5.1) formulis Tanaxmad ki sworkuTxa formis bortebiani te-is 

ganivkveTis kuTri farTobi 

𝑓k.f ൌ T.max

௉మ ൌ ൫4ሺ2 െ 𝑡𝑔𝜌ᇱᇱሻ൯
ିଵ
                    (5.15) 

(5.15) formuliT SegviZlia viangariSoT, rom: 

𝜌ᇱᇱ ൌ 17௢, => 𝑓k.f ൌ 0,147; 

𝜌ᇱᇱ ൌ 25௢, => 𝑓k.f ൌ 0,163. 

Tu gaviTvaliswinebT (5.13) formulaSi (5.9)-s, miviRebT bortis 

optimalur simaRles, romlis dros T iqneba maqsimaluri: 

𝐵opt ൌ
஻ାଶு

ଶି௧௚ఘᇲᇲ ;  𝐵optሺ2 െ 𝑡𝑔𝜌′′ሻ ൌ 𝐵opt ൅ 2𝐻opt ; 

nax. 5.3 
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𝐻opt ൌ 𝐵opt
ଵି௧௚ఘᇲᇲ

ଶ
 ,                    (5.16) 

B da H-is urTierTTanafardoba, romlis drosac gveqneba T.max, 

iangariSeba (5.16) formulidan gamosaxulebiT 

ுopt

஻opt
ൌ

ଵି௧௚ఘ
ଶ

 .                            (5.17) 

dadgenili optimaluri zomebis Semdeg SeiZleba ganisazRvros tvirTis 

saangariSo kveTi te-ze: 

s ൌ 𝐵opt𝐻 ൅ 𝐵opt
ଶ ௧௚ఘ

ସ
 .                (5.18) 

(5.18) formulaSi H-s dadgena xdeba eqsperimentuli gziT im angariSiT, 

rom ar moxdes tvirTis gzaze gabneva, e.i. yovelTvis H<Hopt (5.17) formulis 

marTebulobas gviCvenebs analizi, romlis mixedviT siTxisaTvis (=0) 

𝐻opt

𝐵opt
ൌ 0,5 

xolo tvirTisaTvis, romlis =45. 

𝐻opt

𝐵opt
ൌ 0 

im satransporto danadgarebisaTvis, romelTa saSualebiTac 

xorcieldeba naxSirebisa da sxva tvirTebis transportireba, romelTa 

=17, urTierTTanafardoba  
ுopt

஻opt
ൌ 0,347 ଵ

ଷ
 

 

 

5.5. trapeciuli formis tvirTmzidi elementebi 

am formis te-is (nax. 5.4) 

ZiriTadi konstruqciuli zomebia: 

sigane B, daxrili bortis sigrZe l 

da daxris kuTxe . tvirTis ganiv-

kveTis Teoriuli farTobi te-ze 

T ൌ Bଶ ௧௚ఘ
ସ

൅ ሺ𝐵 ൅ 𝐵ሻ ு

ଶ
 .     (5.19) 

te-is sqemis mixedviT, 

൝
H ൌ 𝑙𝑠𝑖𝑛𝛿

B ൌ P െ 2𝑙
B ൌ P െ 2𝑙ሺ1 െ cosδሻ

          (5.20) 

𝑃 ൌ 𝐵 ൅ 2𝑙;      𝑃 ൌ 𝐵 ൅ 𝐴;  

nax. 5.3 
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A𝐴 ൌ 𝑃 െ 𝐵 ൌ 𝐵 ൅ 2𝑙 െ ሺ𝐵 ൅ 2𝑙𝑐𝑜𝑠ሻ ൌ 2𝑙ሺ1 െ 𝑐𝑜𝑠𝛿ሻ;   

𝐵 ൌ 𝑃 െ 𝐴 ൌ 𝑃 െ 2𝑙ሺ1 െ 𝑐𝑜𝑠𝛿ሻ. 

(5.19)-Si (5.20) gamosaxulebis gaTvaliswinebiT, miviRebT: 

T ൌ ൫𝑃 െ 2𝑙ሺ1 െ 𝑐𝑜𝑠𝛼ሻ൯
ଶ

𝑡𝑔
𝜌
4

൅ ൭ሺ𝑃 െ 2𝑙ሺ1 െ 𝑐𝑜𝑠𝛿ሻ ൅ 𝑃 െ 2𝑙ሻ𝑙𝑠𝑖𝑛
𝛿
2

൱ 

T ൌ ଵ

ସ
𝑡𝑔𝜌 ∙ ൫𝑃 െ 2𝑙ሺ1 െ 𝑐𝑜𝑠𝛿ሻ൯

ଶ
൅ ൫𝑃 െ 𝑙ሺ2 െ 𝑐𝑜𝑠𝛿ሻ൯𝑙𝑠𝑖𝑛𝛿 . 

𝑃 ൌ 𝑐𝑜𝑛𝑠𝑡 da 𝜌 ൌ 𝑐𝑜𝑛𝑠𝑡 SemTxvevisaTvis T farTobi ori cvladis funqciaa 

- daxrili bortis 𝑙 sigrZisa da misi daxris δ kuTxis, Tu aviRebT am 

funqciis kerZo warmoebulebs 𝑙 da δ cvladebiT da gavutolebT nuls, 

miviRebT  𝑙 da δ mniSvnelobebs, romlis dros T iqneba maqsimaluri: 

ௗT

ௗ௟
ൌ 𝑃𝑡𝑔𝜌 ሺ1 െ 𝑐𝑜𝑠𝛿ሻ ൅ 2𝑡𝑔𝜌 ሺ1 െ 𝑐𝑜𝑠𝛿ሻଶ𝑙 ൅ 𝑃𝑠𝑖𝑛𝛿 െ 2𝑙ሺ2 െ 𝑐𝑜𝑠𝛿ሻ𝑠𝑖𝑛𝛿 ൌ 0 . 

saidanac miviRebT (5.21) 

𝑙ଵ ൌ
𝑃ሺ𝑡𝑔𝜌ᇱᇱሺ1 െ cos δሻ െ sin δሻ

2𝑡𝑔𝜌ᇱሺ1 െ cos δሻଶ െ 2ሺ2 െ cos δሻ sin δ
; 

𝑑T

𝑑𝛿
ൌ െ𝑃𝑡𝑔𝜌ᇱᇱ ∙ 2 sin δ ൅ 𝑡𝑔𝜌ᇱᇱ𝑙ଶ sin δ െ 2𝑡𝑔𝜌ᇱᇱ𝑙ଶsin δ cos δ ൅ 𝑃𝑙 cos δ െ 2𝑙ଶ sin δ െ 𝑙ଶ𝑠𝑖𝑛ଶδ

൅ 𝑙ଶ𝑐𝑜𝑠ଶδ ൌ 0, 

saidanac miviRebT (5.22) 

𝑙ଶ ൌ
𝑃ሺ𝑡𝑔𝜌ᇱᇱ sin δ െ cos δሻ

𝑡𝑔𝜌ᇱᇱሺ2 sin δ െ sin 2δሻ ൅ cos 2δ െ 2 cos δ
 

𝑙ଵ aris daxrili bortis sigrZe, rodesac δ ൌ const ∙ 𝑙ଶ sidide, romelic 

(5.21) da (5.22) gamosaxulebas akmayofilebs, 

Seesabameba T_is maqsimalur mniSvnelobas 

da SeiZleba moiZebnos analizuri an 

grafikuli wesiT. 

5.5 nax-ze mocemulia amoxsnis 

grafikuli meTodi 𝜌ᇱᇱ ൌ 17௢ da 𝜌ᇱᇱ ൌ 25௢-Tvis. 

A da B gadakveTis wertilebi Seesabameba 𝑙opt 

da δopt mniSvnelobebs, romlis drosac T ൌ

T௠௔௫ .  

rodesac 𝜌ᇱᇱ ൌ 17௢, 𝑙opt ൌ 0.325𝑃, δopt ൌ 52௢, 𝐹T.௠௔௫ ൌ 0,179𝑃ଶ, 𝑓kf ൌ 0,179 ; 

rodesac 𝜌ᇱᇱ ൌ 25௢, 𝑙opt ൌ 0.335𝑃, δopt ൌ 44௢, 𝐹T.௠௔௫ ൌ 0,21𝑃ଶ, 𝑓kf ൌ 0,21 . 

nax. 5.5 
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rogorc 5.5 naxazidan Cans, bortebis optimaluri daxris kuTxe δ 

izrdeba 𝜌ᇱᇱ-is SemcirebiT, xolo daxrili bortis sigrZe l TiTqmis 

ucvleli rCeba da daaxloebiT  
௉

ଷ
 is tolia. 

trapeciuli formis te-is SemTxvevaSi tvirTis saangariSo kveTis 

gansazRvra warmoebs ganivkveTis Teoriuli farTobis analogiurad im 

gansxvavebiT, rom (5.19)-Si Setanili unda iqnes 𝐵ᇱᇱ,  𝐻ᇱ da 𝑙ᇱ. 

 

 

5.6. naxevarwriuli formis tvirTmzidi elementebi 

am formis tvirTmzidi elementebi 

xasiaTdeba simrudis R radiusiTa da kveTis 

TaRis gaxsnis (gaSlis) 𝜑 kuTxiT (nax.5.6.), 

romlebic 𝑃 ൌ 𝑐𝑜𝑛𝑠𝑡-Tvis gansazRvravs tvirTis 

siganesa da masze tvirTis kveTis farTobs. 

tvirTis ganikveTis Teoriuli farTobi 

T ൌ
1
2

𝜑𝑅ଶ െ
𝐵ଶ

4
∙ ቀ𝑡𝑔

𝜋 െ 𝜑
2

െ 𝑡𝑔𝜌ቁ 

an Tu mxedvelobaSi miviRebT, rom 𝑅 ൌ ௉

ఝ
, maSin miviRebT (5.23) 

T ൌ
𝑃ଶ

2𝜑
െ

𝐵ଶ

4
∙ ቀ𝑡𝑔

𝜋 െ 𝜑
2

െ 𝑡𝑔𝜌ቁ 

(5.23) gamosaxulebis analizi gviCvenebs, 

rodesac 
஻మ

ସ
∙ ቀ𝑡𝑔 గିఝ

ଶ
െ 𝑡𝑔𝜌ቁ ൑ 0, maSin T ൌ T௠௔௫ , saidanac 𝜑 ൒ 𝜋 െ 2𝜌ᇱᇱ, 

magram  kuTxe unda iyos minimaluri, amitom 𝜑 ൌ 𝜋 െ 2𝜌ᇱᇱ. 

T௠௔௫ ൌ ௉మ

ଶఝ
ൌ ௉మ

ଶሺగିଶఘᇲᇲሻ
                            (5.24) 

 

𝜌ᇱᇱ ൌ 17௢ ൌ 0,297 rad.
𝜌ᇱᇱ ൌ 25௢ ൌ 0,466 rad.

𝑓
kf

ൌ 0,197

𝑓
kf

ൌ 0,228 ⎭
⎪
⎬

⎪
⎫

                            (5.25) 

 

 

nax.5.6. 
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5.7. Sedgenili formis tvirTmzidi elementebi 

Sedgenili formis te (nax 5.7 da 5.8) trapeciuli da naxevrad 

wriulisagan gansxvavdeba sworkuTxa bortuli ℎ nawilebiT. aseT 

SemTxvevaSi T-is mniSvneloba yvela danarCeni toli parametrisas (nax. 5.7) 

trapeciuli formisagan Sedgenili te-Tvis 𝑙, δ da ℎ funqciaa, xolo 

naxevrad wriuli formisagan Sedgenili te-Tvis (nax. 5.8) – 𝑅, 𝜑 da ℎ. 

    

rodesac 𝑃 ൌ 𝑐𝑜𝑛𝑠𝑡, da 𝜌ᇱᇱ ൌ 𝑐𝑜𝑛𝑠𝑡, erTmaneTs SevadaroT trapeciuli 

trapeciulisagan Sedgenil formas da naxevrad wriuli – naxevrad 

wriulisagan Sedgenils.  

advili SesamCnevia, rom trapeciuli da naxevrad wriuli formis te-ze 

tvirTis kveTis farTobebi yovelTvis ufro meti iqneba, vidre maTi 

Sesabamisi formebisagan miRebul Sedgenil te-ze da maSasadame, T (𝑙, δ, 

ℎ … 𝑅, 𝜑, ℎ … ሻ funqciebis maqsimumi iqneba ℎ ൌ 0 SemTxvevisaTvis, rodesac  𝑙,

δ, da  𝜑, 𝑅  mniSvnelobebi ganisazRvreba (5.21), (5.22) da (5.24) formulebiT. 

 

 

5.8. daxuruli tvirTmzidi elementebi 

milebsa da daxurul RarebSi transportirebisas tvirTis ganivkveTis 

Teoriuli farTobi aris Sesabamisad: 

a) milebSi _ T ൌ 𝜋𝑅ଶ ൌ గ஽మ

ସ
 ,                                   (5.26) 

b) daxurul RarSi _ T ൌ 𝐵𝐻 .                                 (5.27) 

milis kveTis saangariSo farTobi tvirTis mSrali (gravitaciuli) 

transportirebisas damokidebulia saWiro mwarmoeblobaze, tvirTis 

gadaadgilebis siCqaresa da gadasatani tvirTis natexis sisxoze. 

nax.5.7. 
nax.5.8. 
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Tu tvirTebis transportireba xdeba siTxis an airis samuSao areSi, am 

SemTxvevaSi milsadenis kveTis (diametris) gaangariSebisas iTvaliswineben 

gaTxevadebis miRebul koeficientebs (hidrotransportisas) da haeris kuTr 

xarjs (pnevmotransportisas). 

daxuruli Rarebis ganivkveTis farTobi sxva danarCeni erTnairi piro-

bebisaTvis damokidebulia 𝐵 siganisa da 𝐻 simaRlis urTierTSefardebaze. 

Tu 𝐵, 𝐷, ℎ gamovsaxavT 𝑃 perimetris saSualebiT da maT mniSvnelobebs 

SevitanT (5.26) da (5.27) formulebSi, miviRebT: milebisaTvis T ൌ ௉మ

ସగ
; 𝑓kT ൌ

0,796 ሺ𝑃 ൌ 2𝜋𝑅ሻ, daxuruli RarebisaTvis 

T ൌ ቀ௉

ଶ
െ 𝐵ቁ 𝐵.                        (5.28) 

Tu 5.28-s vadiferencirebT 𝐵-Ti da pirvel warmoebuls gavutolebT 

nuls, miviRebT 𝐵-s mniSvnelobas, romlis drosac T ൌ T௠௔௫  

𝑑T

𝑑𝐵
ൌ

𝑃
2

െ 2𝐵 ൌ 0;   𝐵 ൌ
𝑃
4
 

miRebulidan SeiZleba davaskvnaT, rom daxuruli Rari unda iyos 

kvadratuli formis. 

Tu 5.29-s SevitanT 5.28-Si, miviRebT 

T௠௔௫ ൌ ൬
𝑃
2

െ
𝑃
4

൰ ∙
𝑃
4

ൌ
𝑝ଶ

16
;   𝑓R ൌ 0,0625 . 

𝑓R Raris ganikveTis kuTri farTobia. 

 

 

5.9. tvirTmzidi elementebis SedarebiTi daxasiaTeba 

tvirTmzidi elementebis urTierTSedareba da perspeqtiuli rigis 

dalageba masze tvirTis maqsimaluri kveTis mixedviT warmoebs te 

ganivkveTSi 𝑃 ൌ 𝑐𝑜𝑛𝑠𝑡-is SemTxvevaSi da bunebrivi ferdos 𝜌ᇱᇱ ൌ 17௢ da 𝜌ᇱᇱ ൌ

25௢ kuTxeebisaTvis. qvemoT moyvanil cxrilSi mocemulia tvirTis kuTri 

kveTis mniSvnelobebi. 

cxrilSi te-ebi dalagebulia perspeqtiuli rigis mixedviT, romelic 

gamosaxulia 5.9 nax-ze grafikis saxiT. davuSvaT, rom yvelaze naklebi 

kuTri kveTis mqone te-is masaliT Sevseba aris 100 %, maSin danarCeni 

elementebi ganlagdeba Semdegnairad: wyvetiliT mocemulia q′′=25, 

konturuli uwyveti xazebiT - q′′=17. 
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# tvirTmzidi elementebis saxeoba =17 =25 

1 daxuruli Rari 0,0625  

2 brtyeli 0,0760 0,116 

3 wriuli (mili) 0,0796  

4 sworkuTxa bortebiani 0,147 0,163 

5 trapeciuli 0,179 0,210 

6 naxevrad wriuli 0,197 0,228 

 

 

 
 

nax.5.9. 
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6. tvirTis gadaadgileba sakuTari masis moqmedebiT 
 

6.1. gravitaciuli anu TviTmdinari transporti 

gravitaciuli anu TviTmdinari transportis moqmedebis principi 

emyareba daxril sibrtyeze moTavsebuli tvirTis masis mdgenelebis 

moqmedebiT mis gadaadgilebas gorviT an srialiT, an vertikalurad 

Tavisufali vardniT.  

vertikaluri mimarTulebiT Tavisufali vardnis cnebaSi unda 

ganvixiloT tvirTis iseTi moZraoba, rodesac masala moZraobs vertikalur 

gvirabebSi (mag., gezenki, Suro da sxva) an specialur mowyobilobebSi da am 

dros adgili aqvs mxolod satransporto tvirTebis natexebis erTmaneTTan 

an gamtari mowyobilobis kedelTan SemTxveviT Sejaxebas.  

daxril sibrtyeze masalis moZrdobisas masis ZiriTadi nawili 

moZraobs srialiT da mxolod calkeuli didi natexebi gadaadgildeba 

gorviT.  

samTo masebis zemoT ganxiluli TiToeuli moZraoba garkveulwilad 

kanonzomieria da moqmedebs tvirTgamtarobis SesaZleblobebsa da 

danadgaris cveTaze, satransporto tvirTebis daqucmacebasa da 

sacobwarmoqmnaze.  

gravitaciuli transporti SeiZleba ganxorcieldes: 

1. uSualod sageb gverdze; 

2. xis safenebze;  

3. foladis: a) brtyel, b) calbortian, g) orbortian furclebze, 

d) Ria larebze, e) daxurul RarebSi, v) milebSi (nax. 6.1);  

4. xraxnuli CaSvebiT (nax. 6.2); 

5. kaskaduri CaSvebiT (nax. 6.3).  

 

maRaroebsa da naxSiris SaxtebSi gravitaciuli anu TviTmdinari 

transporti did gamoyenebas povebs uSualod sangrevebsa da brensbergebze, 

nax. 6.1. 
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gezenkebsa da SuroebSi rogorc margi wiaRiseulis, ise samagri an mvsebi 

masalebis transportirebisas. 

gravitaciuli satransporto danadgarebi Tavisi moqmedebis principis 

mixedviT iyofa or jgufad: 

1. gravitaciuli satransporto danadgarebi tvirTis moZraobis 

siCqaris regulirebis gareSe da 

2. gravitaciuli satransporto danadgarebi tvirTis moZraobis 

siCqaris regulirebiT.  

pirvel jgufs miekuTvneba:  

a) tvirTis CaSveba uSualod sageb gverdze 

an wrfiv martiv mimmarTvel gamtarebze.  

b) tvirTis CaSveba specialur mimmarTvel 

gamtarebze.  

meore jgufs miekuTvneba:  

gravitaciuli transporti:  

a) gadaRunul Rarebze,  

b) kaskaduri CaSveba,  

g) xraxnuli CaSveba,  

d) damamuxruWebeli konveierebi.  

gravitaciul satransporto danadgarebis dadebiT mxared unda 

aRiniSnos: misi simartive, ar saWiroebs eleqtromeqanikur mowyobilobas, 

didmwarmoebluria da sxva.  

naklovan mxareebs ki miekuTvneba: mxolod erTi saxis tvirTis 

transportirebis SesaZlebloba, transportirebisas tvirTis daqucmaceba-

danawevreba, satransporto danadgarebisa da gvirabebis intensiuri cveTa 

da tvirTis fizikur-meqanikuri Tvisebebisadmi mgrZnobiaroba.  

gravitaciuli anu TviTmdinari transporti warmoadgens martiv da 

yvela satransporto mowyobilobaze ufro iaf saSualebas. amitom 

transportis es saxe unda gamoviyenoT yovel SesaZlo SemTxvevaSi, Tu araa 

tvirTis daqucmacebiT xarisxis gauareseba da tvirTnakadebis siCqaris 

gamo, avtomaturi regulirebis saWiroebiT gamowveuli SezRudva.  

 

 

nax. 6.2. 

nax. 6.3. 
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6.2. tvirTebis CaSveba sageb gverdze an wrfiv martiv mimmarTvel 

gamtarebze 

cnobilia, rom daxril sibrtyeze tvirTis gadaadgileba iwyeba maSin, 

rodesac  

𝐺𝑠𝑖𝑛 ≫ 𝐺𝑐𝑜𝑠𝛼 ,                                 (6.1) 

sadac Gsin mdgeneli iwvevs tvirTis gadaadgilebas zevidan qveviT, xolo 

Gfcos binormaluri Gcos ZaliTa da xaxunis Sesabamis f koeficientis 

Sedegad gamowveuli xaxunis Zalaa, romelic moZraobas amuxruWebs. Tu (6.1) 

formulis orive mxares gavyofT Gcos-ze, maSin miviRebT sibrtyis daxris 

im min kuTxes, romlis drosac warmoebs tvirTis TviTmdinareba 

(TviTmoZraoba)  

tgmin=f . 

imisaTvis, rom transportireba iyos saimedo da Seuferxebeli, 

formuliT miRebuli min kuTxis mniSvnelobas vzrdiT 5-10-iT. 

 

Tu haeris garemos winaaRmdegobas ugulebelvyofT, maSin tvirTis 

gadaadgilebis winaRobis Zala 

𝑊 ൌ 𝐺𝑠𝑖𝑛 െ 𝐺𝑓𝑐𝑜𝑠𝛼 ൌ 𝐺ሺ𝑠𝑖𝑛 െ 𝑓𝑐𝑜𝑠𝛼 ሻ, anu  𝑊 ൌ 𝑚𝑔ሺ𝑠𝑖𝑛 െ 𝑓𝑐𝑜𝑠𝛼 ሻ  

daxril sibrtyeze moZravi tvirTis moZraobis diferencialur 

gantolebas ki eqneba saxe:  

𝑚 ௗ௩

ௗ௧
ൌ 𝑚𝑔ሺ𝑠𝑖𝑛 െ 𝑓𝑐𝑜𝑠𝛼 ሻ ,                            (6.2) 

sadac m - moZravi tvirTis masaa, kg.wm2/m,  

g - simZimis Zalis aCqareba m/wm2 da tolia 9,8110 m/wm2-is. 

nax. 6.4. 
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(6.2) gantolebaSi 𝑑𝑡 ൌ ௗ௅

௩
 (6.4) naxazis mixedviT AOB-dan SeiZleba 

davweroT, rom  

𝑑𝐻 ൌ 𝑑𝐿𝑠𝑖𝑛, aqedan  𝑑𝐿 ൌ ௗு

௦௜௡ఈ
 , 

xolo dt-s gamosaxva miRebuli SedegiT mogvcems, rom  

𝑑𝑡 ൌ
𝑑𝐻

𝑣𝑠𝑖𝑛𝛼
 . 

dt-s es mniSvneloba SevitanoT (6.2) formulaSi da amasTan, formulis 

orive mxare gavyoT m-ze, miviRebT: 

௩ௗ௩
೏ಹ

ೞ೔೙ഀ

ൌ 𝑔ሺ𝑠𝑖𝑛 െ 𝑓𝑐𝑜𝑠𝛼ሻ   anu   𝑣𝑑𝑣 ൌ ௚ሺ௦௜௡ି௙௖௢௦ఈሻ

௦௜௡ఈ
𝑑𝐻. 

movaxdinoT miRebuli gamosaxulebis integrireba zRvrebSi: 

siCqarisTvis sawyisi v1-dan saboloo v2 siCqaremde, xolo dH sididisa  0-

dan zeawevis maqsimalur H simaRlemde, e.i.  

න 𝑣𝑑𝑣

௩మ

௩భ

ൌ න
𝑔ሺ𝑠𝑖𝑛 െ 𝑓𝑐𝑜𝑠𝛼ሻ

𝑠𝑖𝑛𝛼
𝑑𝐻

ு

଴

 . 

tolobis marjvena mxares integralqveSa gamosaxulebaSi frCxilebidan 

sin-s gamotaniT da Semdgom gamosaxulebis integrirebiT miviRebT:  

𝑣ଶ
ଶ െ 𝑣ଵ

ଶ

2
ൌ 𝑔ሺ1 െ 𝑓𝑐𝑡𝑔𝛼ሻ𝐻 . 

e. i. Tu gvecodineba sawyisi v1 siCqare da daxris  kuTxe, SegviZlia 

ganvsazRvroT saboloo siCqare 

𝑣ଶ ൌ ඥ𝑣ଵ
ଶ ൅ 2𝑔𝐻ሺ1 െ 𝑓𝑐𝑡𝑔𝛼ሻ , m/wm. 

saboloo siCqare SeiZleba gamovsaxoT daxrili satransporto gzis 

mixedviTac  

𝑣ଶ ൌ ඥ𝑣ଵ
ଶ ൅ 2𝑔𝐿𝑠𝑖𝑛𝛼ሺ1 െ 𝑓𝑐𝑡𝑔𝛼ሻ , m/wm. 

sawyisi siCqaris gansazRvrisas ki ganixileba ori SemTxveva:  

1) Rarze tvirTis vardna mrudxazovani traeqtoriiT, romlis 

moxazuloba damokidebulia satransporto danadgaris (mag. lenturi 

konveieris) tipze da Rarze tvirTis miwodebis siCqareze.  

2) Rarze tvirTis vardna, mkvebavidan, bunkeris saZromidan da a.S. - 

vertikalurad.  

ganvixiloT lenturi konveieriT masalis Rarze miwodebis SemTxveva. 

davuSvaT, rom am dros Wavlis mobrunebis kuTxe     =90-(R-0) , 
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sadac R aris Raris daxris kuTxe horizontaluri sibrtyis mimarT, 

gradusi. 0 kuTxe masalis Wavlis 

Rarze gadavlis konturis mxebsa da 

vertikalur RerZs Soris; misi 

sidide damokidebulia satranspor-

to danadgaris sawevi organos 

siCqaresa da mis horizontalur 

sibrtyesTan daxris k kuTxeze.  

6.5 nax.-is mixedviT 0 wertilSi 

modebulia v0 siCqaris proeqcia horizontalur RerZze, e. i.  

𝑣଴T ൌ 𝑣଴𝑐𝑜𝑠𝛼k , m/wm.                         (6.3) 

v0 siCqaris vertikaluri proeqcia ki  

𝑣଴S ൌ 𝑣଴𝑐𝑜𝑠൫90 െ 𝛼k൯ ൌ 𝑣଴𝑠𝑖𝑛𝛼k m/wm,                 (6.4) 

romelic mimarTulia zeviT da vv (vertikaluri) - siCqare tvirTis 

vertikaluri mimarTulebiT Tavisufali vardnisas. SevkriboT yvela siCqare 

tvirTis vardnis mimarTulebaze. winaswari dagegmilebis Semdeg (nax. 6.6) 

gamovaxatoT v0T da (vvv0S) siCqareebi jamuri P siCqaris saSualebiT, 

miviRebT:  

𝑣v െ 𝑣଴𝑠𝑖𝑛𝛼k ൌ 𝑃𝑠𝑖𝑛𝛼R , 

xolo 

𝑣0T ൌ 𝑣଴𝑐𝑜𝑠𝛼k ൌ 𝑃𝑐𝑜𝑠𝛼R .   (6.5) 

aqedan 

𝑃 ൌ
௩vି௩0௦௜௡ఈk

௦௜௡ఈR
 . 

gamosaxulebaTa marcxena 

mxareebis tolobis gamo,  

𝑃 ൌ
௩vି௩0௦௜௡ఈk

௦௜௡ఈR
ൌ

௩0௖௢௦ఈk

௖௢௦ఈR
 .        (6.6) 

vinaidan Tavisuflad vardnili sxeulis siCqare 𝑣v ൌ ඥ2𝑔ℎ଴ , amitom (6.6) 

SeiZleba gadavweroT  

ඥ2𝑔ℎ଴ െ 𝑣0𝑠𝑖𝑛𝛼k

𝑣0𝑐𝑜𝑠𝛼k
ൌ

𝑠𝑖𝑛𝛼R

𝑐𝑜𝑠𝛼R
 , 

e.i. miviRebT, rom Raris daxris optimaluri kuTxe 

𝑡𝑔𝛼R ൌ
ඥଶ௚௛బି௩0௦௜௡ఈk

௩0௖௢௦ఈk
 .                         (6.7) 

nax. 6.5.  

nax. 6.6 

90-R 
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 (6.3) da (6.4) formulebisa da 6.6 nax.-is mixedviT, SegviZlia davweroT 

proporcia:  

𝑣v െ 𝑣0𝑠𝑖𝑛𝛼k

𝑣0𝑐𝑜𝑠𝛼k
ൌ

𝑠𝑖𝑛𝛼0

𝑐𝑜𝑠ሺ90 െ 𝛼0ሻ
 , 

saidanac miviRebT, rom  

𝑡𝑔𝛼0 ൌ
௩0௖௢௦ఈk

ඥଶ௚௛బି௩0௦௜௡ఈk
 .                         (6.7) 

masalis Rarze vertikaluri vardnis SemTxvevaSi, 0=0. 

amgvarad, Tu gvecodineba lenturi konveieris lentis v0 siCqare da 

daxris k kuTxe, agreTve lenturi konveieridan gravitaciul satranspor-

to danadgarze masis vardnis h0 simaRle, SegviZlia 0 kuTxis gansazRvra 

da Tu amasTan erTad mocemuli gveqneba masalis Wavlis mobrunebis  

kuTxec, maSin SesaZlebelia daxril Rarze sawyisi siCqaris gamoTvla:  

𝑣ଵ ൌ 𝐾s𝑐𝑜𝑠𝛿ඥ𝑣଴
ଶ ൅ 2𝑔ℎ଴ , m/wm 

sadac K aris koeficienti, romelic iTvaliswinebs tvirTis Wavlis mier 

moZraobis siCqaris Semcirebas, rac gamowveulia Wavlis Rarze moxvedrisas 

mimarTulebis SecvliT. Ks sidides Rebuloben Ks=0,970,98. 

Tu sawyis siCqares miviRebT nulis tolad, maSin saboloo siCqaris 

gamomsaxveli formula miiRebs saxes:  

𝑣ଶ ൌ ඥ2𝑔𝐻ሺ1 െ 𝑓𝑐𝑡𝑔𝛼ሻ , m/wm   an   𝑣ଶ ൌ ඥ2𝑔𝐿𝑠𝑖𝑛ሺ1 െ 𝑓𝑐𝑡𝑔𝛼ሻ , m/wm.    

ganvsazRvroT  j aCqarebis sidide, romliTac raime G kg masis tvirTi 

imoZravebs daxril sibrtyeze. (6.2) formulis Tanaxmad, viciT rom  

𝑚 ௗ௩

ௗ௧
ൌ 𝑚𝑔ሺ𝑠𝑖𝑛 െ 𝑓𝑐𝑜𝑠𝛼 ሻ , 

sadac 
ௗ௩

ௗ௧
ൌ 𝑗 amitom 𝑗 ൌ 𝑔ሺ𝑠𝑖𝑛 െ 𝑓𝑐𝑜𝑠𝛼 ሻ. 

gavyoT gamosaxulebis orive mxare cos-ze, maSin  

𝑗
𝑐𝑜𝑠𝛼

ൌ 𝑔ሺ𝑡𝑔 െ 𝑓 ሻ. 

ukanasknelis analiziT miviRebT, rom  

rodesac 𝑡𝑔 ൌ 𝑓 maSin j=0 moZraoba Tanabaria; 

rodesac 𝑡𝑔 ൏ 𝑓 maSin j=0 moZraoba Tanabrad Senelebulia; 

rodesac 𝑡𝑔 ൐ 𝑓 maSin j=0  moZraoba Tanabrad aCqarebulia.  

Tu aCqarebis gamomsaxvel formulas    𝑗 ൌ 𝑔ሺ𝑠𝑖𝑛 െ 𝑓𝑐𝑜𝑠𝛼 ሻ 

warmovadgenT Semdegi saxiT             𝑗 ൌ 𝑔𝑠𝑖𝑛ሺ1 െ 𝑓𝑐𝑡𝑔 ሻ 
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maSin saboloo siCqaris gamomsaxveli formula miiRebs Semdeg saxes:  

𝑣ଶ ൌ ට𝑣ଵ
ଶ ൅ 2𝐿𝑗 . 

sawyisi siCqare v1=0, maSin 𝑣ଶ ൌ ඥ2𝑗𝐿 . rogorc zemoT ganxiluli 

masalidan Cans, xaxunis koeficientis sidides mniSvnelovani adgili ukavia 

gravitaciuli transportSi. misi sidide damokidebulia gadasatani masalis 

fizikur-meqanikur Tvisebebze da mimmarTveli gamtaris zedapiris 

gvarobaze. xaxunis koeficientis sidide yoveli kerZo SemTxvevisaTvis unda 

ganisazRvros cdebis saSualebiT. misi saorientacio mniSvneloba ki 

moyvanilia Sesabamisi sacnobaro literaturis specialur cxrilebSi.  

 

 

6.3. tvirTis CaSveba specialur mimmarTvel gamtarebze 

gadasazid masalasa da mimmarTvel tvirTmzid elementebs Soris 

xaxunis koeficientis Semcirebis mizniT, gamoiyeneba specialuri 

mimmarTveli gamtarebi, magaliTad, mominanqrebuli reStakebi, romlebic 

koroziis mimarT mdgradia. korozia ki, rogorc cnobilia, iwvevs xaxunis 

koeficientis zrdas, rac reStakebze masalis gadaadgilebas aZnelebs.  

foladis reStakebze antracitis transportisaTvis saWiroa reStaki 

daxrili iyos sul mcire 16-17-iT. rigiTi naxSirebisaTvis ki es kuTxe 24-

mde izrdeba. 

specialuri (УЭР‐1, E”P-2, ОЭР) mominanqrebuli reStakebis gamoyenebisas 

es daxris kuTxe antracitebisaTvis mcirdeba 11-mde, xolo rigiTi 

naxSirebisaTvis - 18-mde.  

e. i. specialuri reStakebis gamoyeneba amcirebs xaxunis koeficients 

25-35 %-iT da koroziamedegobis gamo zrdis misi amortizaciis vadas.  

 

 

6.4. gravitaciuli transporti gadaRunul Rarebze 

gravitaciuli transportis praqtikaSi gamoyenebis gamocdilebidan 

cnobilia, rom rig SemTxvevaSi, rodesac tvirTis moZraobis saboloo 

siCqare dasaSvebs aWarbebs, iyeneben vertikalur sibrtyeSi gadaRunul 

Rarebs, romelic ori nawilisagan Sedgeba: zeda nawils gaqanebis (aCqarebis 
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moZraobis) ubani ewodeba, xolo qvedas - damamuxruWebeli ubani. 1 da 2 

Raris daxris kuTxeebia gadaRunvamde da gadaRunvis Semdeg. rogorc wina 

masalidanaa cnobili, tvirTis moZraobis saboloo siCqare pirdapirpro-

porciulia satransporto gzis sigrZis da daxris kuTxis 

௩మ
మି௩భ

మ

ଶ
ൌ 𝑔ሺ1 െ 𝑓𝑐𝑡𝑔𝛼ሻ𝐻. 

am formulis Tanxmad, gaqanebis 

ubnis sawyis da bolo wertilebs 

Soris vertikaluri simaRle  

ℎଵ ൌ
𝑣ଶ

ଶ െ 𝑣ଵ
ଶ

2𝑔ሺ1 െ 𝑓𝑐𝑡𝑔𝛼ଵሻ
 . 

Tu gamosaxulebaSi ctg1-s 

SevcvliT 
ଵ

௧௚ఈభ
-iT, maSin saTanado 

gardaqmnebiT miviRebT:  

ℎଵ ൌ
ሺ𝑣ଶ

ଶ െ 𝑣ଵ
ଶሻ𝑡𝑔𝛼ଵ

2𝑔ሺ𝑡𝑔𝛼ଵ െ 1ሻ
 . 

2 kuTxes ki ganvsazRvravT 6.7 naxazis mixedviT 

𝑡𝑔𝛼ଶ ൌ
𝐻 െ ℎ

𝐵′𝐶
 , 

sadac 

𝐵𝐶 ൌ 𝐿 െ 𝐴B ൌ L െ hଵctgαଵ ൌ L െ
hଵ

tgαଵ
 . 

SevitanoT B′C-s mniSvneloba tg2-is formulaSi: 

𝑡𝑔𝛼ଶ ൌ
𝐻 െ ℎଵ

𝐿 െ ௛భ

௧௚ఈభ

ൌ
ሺ𝐻 െ ℎଵሻ𝑡𝑔𝛼ଵ

𝐿𝑡𝑔𝛼ଵ െ ℎଵ
 . 

 

nax. 6.7. 
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7. lenturi konveieri 
 

lenturi konveieri, miekuTvneba uwyvet reJimze momuSave transports; 

misi ZiriTadi nawilebia: 1. lenti, 2. lentis satvirTo da carieli Stoebis 

gorgolaWsayrdenebi, 3. amZravi doli (dolebi) reduqtoriT, 4. bolo doli 

(zog SemTxvevaSi igive damWimavi), 5. damWimavi mowyobiloba da 6. liTonis 

(an xis) konstruqciebi, romelic konveieris zemoT CamoTvlil yvela 

Semadgenel elements erTmaneTTan aerTebs.  

lenturma konveierebma Tavisi mravali dadebiTi Tvisebebis gamo didi 

gavrceleba pova qvanaxSirisa da samTamadno mrewvelobaSi rogorc miwis 

qveS aseve zedapirze.  

dadebiT mxared unda aRiniSnos Semdegi:  

1) didi mwarmoebloba, romelic aRemateba - 5000 t/sT-Si 

2) zedapiris danadgarebSi udidesi sigrZe aRwevs – 4000-mde,  

3) damatebiTi winaaRmdegobis gadalaxvaze (xvetia konveirebTan 

SedarebiT) energiis mcire kuTri xarji,  

4) sazidi masalis natexebis mcired danawevreba (wvetia da vibraciul 

konveierebTan SedarebiT).  

5) uxmauro muSaoba, meti usafrTxoeba da gadidebuli saimedooba.  

xolo uaryofiTi mxareebia:  

1. mwevi da amave dros mzidi organos - lentis intensiuri cveTa;  

2. zedasatvirToStoiani konveieris lentis ufro maRla mdebareoba, 

vidre sxva danarCen konveierebSi, rac arTulebs konveiris 

datvirTvis pirobebs.  

lenturi konveierebi, Tavisi niSanTvisebebisa da daniSnulebis 

mixedviT, SeiZleba davyoT:  

a) gamoyenebis mixedviT: 

1. wmendiTi sangrevebis; 2. Strekebis; 3. daxrili gvirabebis 

(bresmbergebis qanobebis, daxrili Waurebis).  

b) danadgaris xasiaTis mixedviT: 

1. stacionaruli; 2. naxevarstacionaruli da 3. mimoZravi  

g) lentis satvirTo Stos formis mixedviT:  

1. brtyeli lentiT; 2. Rara lentiT;  

d) lentis zedapiris mixedviT: 



satransporto manqanebi                                              saleqcio kursi 

~ 55 ~ 
 

1. gluvzedapiriani lentiT da 2. Sverilzedapiriani lentiT.  

e) lentis satvirTo Stos ganlagebis mixedviT 

1. zeda satvirTo StoTi da 2. qveda satvirTo StoTi.  

v) lentis gantvirTvis xerxis mixedviT.  

1. bolo (kidur) dolze gantvirTviT 

2. Sualed malSi gantvirTviT:  

a) danisebri CamomyreliT;  

b) doluri CamomyreliT.  

g) amZravis tipis mixedviT.  

1. erTdoliani amZraviT; 2. ordoliani amZraviT; 3. samdoliani amZraviT; 

4. specialuri tipis amZraviT.  

ganvixiloT lenturi konveieris Semadgeneli elementebi cal-calke.  

 

 

7.1. sakonveiero lenti 

lentur konveierebSi, mwevi da amave dros tvirTmzidi organo  lenti, 

aris ZiriTadi elementi; amitom, misi swori SerCeva-gaangariSeba 

axangrZlivebs samsaxuris vadas da qmnis lenturi konveierebis gamoyenebis 

ekonomiurad xelsayrel pirobebs.  

lents waeyeneba Semdegi moTxovnebi:  

lenti unda iyos mtkice da moqnili rogorc grZivi, ise ganivi 

mimarTulebiT;  

unda iyos cveTagamZle; hqondes SeZlebisdagvarad naklebi wona da 

sisqe; iyos datvirTvis punqtSi natexebis dartymis (vardnis Sedegad) 

mimarT medegi.  

damatebiT SeiZleba waeyenos moTxovnilebebi: iyos xanZris mimarT 

gamZle da usafrTxo, hqondes Sromisunarianoba maRal (120-mde) da dabal 

(-45-mde) temperaturaze, konveieris daxris kuTxis gazrdis SemTxvevaSi 

transportirebis SesaZlebloba da sxva.  

lentis klasifikacia SeiZleba:  

a) daniSnulebisa da b) konstruqciuli Senebis mixedviT. 

daniSnulebis mixedviT gvaqvs: Tbomedegi; yinvamedegi; zeTis mimarT 

mdgradi; specialuri  didi daxris kuTxeebze transportirebisaTvis da 

sxva.  
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konstruqciuli Senebis mixedviT:  

I - rodesac karkasi damzadebulia safeiqro qseliT:  

1) mcenareuli boWkodan:  

a) bambis qsovilidan (beltingidan) damzadebuli mravalSuasadebiani 

(mravalSriani) safeiqro qseliT;  

b) zonariani qseliT;  

2) xelovnuri boWkodan: kapronidan (perlonidan), anilidan 

(neilonidan) lavsanidan da sxva.  

II - rodesac karkasi damzadebulia liTonis qseliT.  

1) liTonis bade;  

2) foladis lentiT (garezinebuli); 

3) kombinirebuli qseliT. 

lentis saorientacio monacemebi (miaxloebiTi gaangariSebisaTvis 

aiReba (2.4) cxrilidan), xolo dazustebuli angariSi Catardeba (4.1 ... 4.7) 

cxrilebis mixedviT [1]. 

lentis atmosferuli da meqanikuri zemoqmedebisagan dasacavad 

rezinis Semosafenebi, mis muSa da aramuSa mxares mzaddeba sxvadasxva 

sisqis.  

lentis Suasadebis ricxvis damokidebuleba mis simtkicis maragTan 

mocemulia [1] literaturuli wyaros Sesabamis cxrilebSi.  

Sreebis raodenoba ki iangariSeba formuliT 

𝑖l ൌ
S୫ୟ୶ ∙ ml

B ∙ Kz
 

sadac Smax aris lentis udidesi daWimuloba,  

ml - simtkicis maragis koeficienti, 

B - lentis sigane, sm,  

Kz - erTi Suasadebis siganis erTi sm-is simtkicis zRvari.  

foladis gvarlakebiani garezinebuli lentis dasaSvebi daWimuloba 

𝑆max ൌ
Sg

ml
 , 

sadac Sg aris lentis gamwyveti Zala, dkn. 

foladis gvarlakebiani garezinebuli lentis zogierTi maxasiaTebeli 

mocemulia 4.7 cxrilSi [1]. 
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amgvarad, zemoT moyvanili cxrilebis saSualebiT SegviZlia 

gamoviangariSoT lentis sisqe, mm 

𝛿l ൌ 𝑖l𝑆 ൅ 𝑆ᇱ ൅ 𝑆ᇱᇱ. 

erTi grZivi metri beltingis qseliani lentis masa ki, dkn/m 

𝑞l ൌ 1,1𝐵൫𝑖l𝑆 ൅ 𝑆ᇱ ൅ 𝑆ᇱᇱ൯ , 

sadac 1,1 - aris lentis saSualo moculobiTi masa, dkn/dm3 

B - letis siganea, m 

S - Sua Sreebis sisqea, mm 

S′ da S′′ - Semonafenebis sisqea lentis muSa da aramuSa mxridan, mm.  

zemoT moyvanil formulaSi pirveli Sesakrebi gamosaxavs rezinis 

masas, xolo meore nawili – gvarlebis nakreb masas. 

 

 

 

7.2. gorgolaWsayrdenebi 

lenturi konveierebis klasifikaciidan viciT, rom isini SeiZleba iyos 

– 1) brtyeli lentiT; 2) Rara lentiT. vinaidan gorgolaWsayrdeni 

warmoadgens lentis uSualo dasayrdens, amitom brtyeli lentis 

SemTxvevaSi gveqneba erTi grZeli gorgolaWi rogorc satvirTo, ise 

cariel Stoze. 

Rara lentis SemTxvevaSi satvirTo Stoze gamoiyeneba sam- an xuT-

gorgalaWiani sayrdeni, xolo carieli StosaTvis  igive erTi grZeli 

gorgolaWsayrdeni, iseve rogorc brtyeli lentis SemTxvevaSi. 

gorgolaWis sigrZis gaangariSeba xdeba Semdegi formuliT: 

𝑙m ൌ 𝐵 ൅ 1500, mm. 

gorgolaWsayrdenis mbrunavi nawilebis wona, rodesac gorgolaWebis 

diametria 89, 108 da 152 mm, saTanadod tolia: 

samgorgolaWiani sayrdenisaTvis (datvirTuli Sto) 

𝐺g
ᇱ ൌ 8𝐵 ൅ 9 kg; 𝑑g ൌ ሺ89 mmሻ; 

nax. 7.1.  
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𝐺g
ᇱ ൌ 15𝐵 ൅ 12kg; 𝑑gൌሺ108 mmሻ; 

𝐺g
ᇱ ൌ 25𝐵 ൅ 15kg;  𝑑gൌሺ152 mmሻ. 

erTgorgolaWiani sayrdenisaTvis (carieli Sto) 

𝐺g
ᇱᇱ ൌ 8𝐵 ൅ 3 kg; 

𝐺g
ᇱᇱ ൌ 15𝐵 ൅ 4 kg; 

𝐺g
ᇱᇱ ൌ 25𝐵 ൅ 5 kg. 

Tu gvecodineba gorgolaWebs Soris manZili, SegviZlia viangariSoT 

erT grZiv metrze mosuli gorgolaWebis mbrunavi nawilebis wona: 

satvirTo StosaTvis _ 

𝑞g
ᇱ ൌ

𝐺g
ᇱ

𝑙ᇱ ,  kg/m; 

carieli StosaTvis _ 

𝑞g
ᇱᇱ ൌ

𝐺g
ᇱᇱ

𝑙ᇱᇱ , kg/m, 

sadac 𝑙ᇱ aris muSa (satvirTo) Stoze gorgolaWebs Soris manZili, m; 

 𝑙ᇱᇱ - cariel Stoze gorgolaWebis manZili, m. 

gorgolaWsayrdenebis biji muSa da uqmi StosaTvis mocemulia 

cxrilSi [1, cxr.2.3]. 

 

 

7.3. amZravi 

lentis moZraobaSi mosayvanad saWiroa mas gadavceT saTanado sididis 

wevis Zala; es operacia lentur konveierebSi xorcieldeba amZravi dolis 

saSualebiT. 

viciT, rom moqnil sawev organoze gadacemuli Zalis sidide lentis 

daWimulobis, lentiT dolze (an dolebze) Semoxvevis kuTxisa da Sexebis 

zedapirebs Soris xaxunis koeficientis pirdapirproporciulia:  

a) lentis daWimulobis, 

b) lentiT dolze (an dolebze) Semoxvevis kuTxisa da  

g) Sexebis zedapirebs Soris xaxunis koeficientis. 

lentis daWimulobis optimalurs zeviT gazrda iwvevs misi mtkice 

zomebis darRvevas, amitom amjobineben gadacemuli Zalvis gazrdis 

regulireba moaxdinon dolebze Semoxvevis kuTxis gazrdiT an moxaxune 

zedapirebis xaxunis koeficientis gadidebiT.  

dolis diametrs iReben, mm:  
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1) stacionaruli konveierebis SemTxvevaSi 

a) amZravi dolebisaTvis  

𝐷d ൌ 𝑖lሺ125 ൊ 150ሻ , 

b) gadamxreli dolebisaTvis 

𝐷d ൌ 𝑖lሺ80 ൊ 100ሻ. 

2) miwisqveSa gadasatani konveierebisaTvis 

𝐷d ൌ 𝑖lሺ80 ൊ 100ሻ. 

Semoxvevis kuTxis gadidebis TvalsazrisiT gamoiyeneba lenturi 

konveieris amZravis Semdegi sqemebi 

 

 

nax. 7.2 

viciT, rom erTdoliani amZravis SemTxvevaSi 

𝑆sw ൌ 𝑆C ∙ 𝑒ఓ.                     

ganvsazRvroT ordoliani amZraviT gadacemuli Zalvis sidide. 

amisaTvis ganvixiloT sqema, romelic mogvyavs qveviT. sqemis mixedviT 

SegviZlia davweroT:  

𝑆1 ൌ 𝑆ଵ
ᇱ ∙ 𝑒ఓ𝛼1 ,  𝑆2 ൌ 𝑆ଶ

ᇱ ∙ 𝑒ఓ𝛼2 . 

magram 𝑆ଶ ൎ 𝑆ଵ 
ᇱ , amitom 𝑆1 ൌ 𝑆ଶ

ᇱ ∙ 𝑒ఓ𝛼1 ∙ 𝑒ఓ𝛼2 . 
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aqedan ki, radgan 𝑆ଶ
ᇱ ൌ 𝑆C , xolo 𝑆ଵ ൌ 𝑆sw , 

SegviZlia davweroT 

 𝑆sw ൌ 𝑆C ∙ 𝑒ఓሺ𝛼1൅𝛼2ሻ an  𝑆sw ൌ 𝑆C ∙ 𝑒ఓ 

sadac =1+2 . 

 xaxunis (CaWidebis) koeficientis 

gaumjobeseba xdeba amonagis saxeobis Secv-

liT an sxva saSualebebiT (specialuri, mag. 

vakuumZravebis gamoyenebiT da sxva).  

 

 

7.4. damWimi mowyobiloba 

damWimi mowyobilobis daniSnulebaa lenturi konveieris konturSi 

tvirTmzidi lentis daWimulobis programulamde (saWiromde) ayvana-

SenarCuneba. damWimi mowyobilobebia: araregulirebadi (xisti), 

regulirebadi (avtomaturi) da kombinirebuli. 

zogadad, mowyobilobis mier ganviTarebuli aucilebeli umciresi 

daWimulobis sidide ganisazRvreba ori pirobis mixedviT: 

1) minimaluri daWimuloba, dolze lentis CaWidebis sakmarisobis 

mixedviT 

𝑆CaW ൌ 𝑆C ൌ
𝐹଴𝐾w

𝑒ఓఈబ െ 1
 , 

sadac Kw=1,2…1,3 aris amZravis wevis maragis koeficienti; xolo 

𝐹଴ ൌ 𝑆sw െ 𝑆Cሺ𝑒ఓఈ െ 1ሻ. 

2) lentis datvirTuli Stos or mosazRvre sayrdens Soris CaRunvis 

mixedviT 

𝑆min ൌ 𝑆C ൌ ሺ5 ൊ 10ሻ ∙ ൫𝑞 ൅ 𝑞l൯𝑙cos , 

sadac l=1,2 sayrden gorgolaWebs Soris manZilia. 

im SemTxvevaSi, Tu konturze Semovlis meTodiT gaangariSebisas 

lenturi konveieris romelime wertilis daWimuloba aRmoCnda Smin-ze 

naklebi, maSin daWimulobaTa gaangariSeba xdeba Smin-is mixedviT. 

 

 

nax. 7.3. 
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7.5. lenturi konveieris gaangariSeba konturze Semovlis meTodiT 

mwarmoeblobis (QsT), zidvis manZilis (L) da danadgaris daxris kuTxis 

() mixedviT, SeirCeva konveieris saxeoba. 

SerCeuli konveieris mixedviT, aiReba saangariSo konturis sqema (igi 

SeiZleba iyos or an erTdoliani amZravisaTvis) (nax. 7.4). 

 

im SemTxvevaSi, Tu tvirTis zidva warmoebs qvevidan zeviT (qanobze), 

maSin amZravi yvela SemTxvevaSi ganlagdeba tvirTis daclis punqtSi 

(zeviT); winaaRmdeg SemTxvevaSi, e.i. tvirTis bremsbergze transportirebisas 

amZravis adgilmdebareoba ganisazRvreba Semdegnairad: gamoiTvleba 

mocemuli lenturi konveieris tolwinaRobis (kritikuli) kuTxe 0: 

𝑡𝑔𝛼଴ ൌ
𝑞൅𝑞g

′ െ𝑞g
′′

ଶ𝑞l൅𝑞
∙ 𝜔  , 

Semdeg 

a) Tu 0>, maSin amZravi 

ganlagdeba sabremsbergo konveieris 

daclis punqtSi (e.i. qveviT) da 

imuSavebs Zravul reJimSi (nax. 7.5 a.b). 

saangariSo konturSi daWimulobis 

wertilebi ganisazRvreba (yvela 

variantis ganxilvisas) konveieris 

amZravis mimarT (amZravi sqemaze aRniSnulia ; -saxiT), kerZod, 

moqnili sawevi organo amZravze Sesvlis wertilSi maqsimaluradaa 

daWimuli da aRiniSneba maqsimaluri niSnuliT (Cvens SemTxvevaSi 5 an 4-iT). 

amZravidan moqnili sawevi organos Camoqanebis wertilSi ki minimaluri 

daWimulobaa da igi aRiniSneba cifriT 1. konturSi danarCeni wertilebis 

aRniSvna xdeba sawevi organos moZraobis mimarTulebiT.  

nax. 7.5. 

nax. 7.4. 
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b) Tu, 0< - e.i. konveieris 

faqtobrivi daxriloba metia, 

vidre tolwinaRobis 0 kuTxe, 

maSin amZravi ganlagdeba sabres-

bergo konveieris datvirTvis 

punqtSi da imuSavebs generato-

rul reJimSi, xolo sqema 

mocemulia naxazze (nax. 7.6. a, b.). 

horizontaluri sakonveiero danadgarebis SemTxvevaSi amZravi yovelTvis 

gaclis punqtSia ganlagebuli, xolo saangariSo wertilebis danomrva 

swarmoebs zemoT aRniSnuli wesiT. saangariSo sqemis dadgenis Semdeg, 

xdeba konveieris lentis siganis Semowmeba mocemul mwarmoeblobaze.  

𝐵 ൌ ඨ
Q

KlKn𝑣
൑ Bf , 

sadac Bf aris SerCeuli konveieris lentis faqtobrivi sigane m,  

Kl - mwarmoeblobis koeficientia da aiReba gverdiTi sayrdeni 

gorgolaWebis daxris kuTxisa da satransporto tvirTis 

bunebrivi ferdos kuTxis mixedviT, 

K - koeficienti iTvaliswinebs danadgaris daxrilobas, 

n - nayarSi satransporto tvirTis masa, t/m3, 

v - aRmasrulebeli organos - lentis siCqare, m/wm,  

lentis sigane mowmdeba tvirTis maqsimaluri natexebis simsxozec  

௠௔௫ ൌ
஻f

ଶ
െ 100, mm  amaxfaq . 

mocemuli sqemisa da saproeqto monacemebis mixedviT, konveieris 

datvirTuli Stos winaRoba:  

𝑊d ൌ ൫𝑞 ൅ 𝑞l ൅ 𝑞g
ᇱ ൯𝐿𝜔d𝑐𝑜𝑠𝛼 േ ൫𝑞 ൅ 𝑞l൯𝐿𝑠𝑖𝑛 ; 

carieli Stos winaRoba ki 

𝑊c ൌ ൫𝑞l ൅ 𝑞g
ᇱ ൯𝐿𝜔c𝑐𝑜𝑠𝛼 േ ൫𝑞 ൅ 𝑞l൯𝐿𝑠𝑖𝑛 ; 

sadac 𝑞 ൌ ொ

ଷ,଺௩
, dkn/m - aris danadgaris grZivi metris datvirTva.  

𝑞g
ᇱ da 𝑞g

ᇱᇱ - sayrdeni gorgolaWebis mbrunavi nawilebis masa mosuli 

danadgaris datvirTuli da carieli masebis 1 gZiv m-ze.  

𝑞l - grZ. m. lentis masaa.  

nax. 7.6. 
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datvirTul da cariel StoebSi moZraobis winaRobaTa sididis 

gansazRvra saSualebas gvaZlevs SevadginoT gasaangariSebeli trafareti.  

saangariSo trafareti. (angariSi tardeba 7.5. b-s mixedviT) 

# 
daWimulobis asoiTi 

gamosaxva 
daWimulobis gamosaxva S1-is 

saSualebiT 
ricxviTi 

gaangariSeba 
gadaanga
riSeba 

1 S1= S1=   
2 S2= S1+Wc S2= S1+Wc   

3 S3= KS2 S3= K(S1+Wc)    

4 S4= S3+Wd  S4= K(S1+Wc)+Wd    

5 S5= KS4  S5= K(K(S1+Wc)+Wd)    

imisaTvis, rom amovxsnaT saangariSo trafaretis mesame svetSi 

miRebuli orucnobiani gantoleba, viyenebT eileris gantolebas, vadgenT 

sistemas da amovxsniT S1-is mimarT:  

ቊ
𝑆ହ ൌ 𝐾൫𝐾൫𝑆ଵ ൅ 𝑊c൯ ൅ 𝑊d൯

𝑆ହ ൌ 𝑆ଵ𝑒                        
, e.i. 𝑆ଵ𝑒 ൌ 𝐾൫𝐾൫𝑆ଵ ൅ 𝑊c൯ ൅ 𝑊d൯ , 

saidanac                    𝑆ଵ ൌ
୏మ୛cା୛d

௘ି୏మ  . 

miRebuli gantolebiT vxsniT S1 mniSvnelobas da trafaretis meoTxe 

svets vangariSobT Sesabamisi formulebis saSualebiT. im SemTxvevaSi, Tu 

meoTxe svetSi daWimulobis romelime mniSvneloba miviReT uaryofiTi (rac 

dauSvebelia), maSin saWiroa gadaangariSeba minimaluri daWimulobis 

mixedviT.  

𝑆௠௜௡ ൌ ሺ5 ൊ 10ሻ൫𝑞l ൅ 𝑞g
ᇱ ൯𝑙ᇱ𝑐𝑜𝑠𝛼 , 

miRebuli saWiro wevis Zalis mixedviT 

𝐹 ൌ 𝑆ହ െ 𝑆ଵ  dkn, 

romelsac aviTarebs doluri tipis amZravi, ganisazRvreba amZravis simZlavre 

𝑁 ൌ
ி∙௩∙௄g

ଵ଴ଶ
 - Tu amZravi muSaobs Zravul reJimze.  

da 

𝑁 ൌ
ி∙௩∙௄g∙

ଵ଴ଶ
 - Tu amZravi muSaobs generatorul reJimze.  

konturSi maqsimaluri daWimulobis mixedviT mowmdeba tvirTmzidi 

lentis simtkicis maragi 

𝑚 ൌ
𝑆g

𝑆௠௔௫
ൌ

𝑆g
𝑆ହ

൒  ሺ9,5 ൊ 11ሻ , 

xolo Zravis simZlavris maragis koeficienti 

𝐾Z ൌ
𝑁d

𝑁
ൌ ሺ1,1 ൊ 1,3ሻ. 
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8. Runvadi xvetia konveieris gaangariSeba 
 

Runvadi xvetia konveieris gaangariSeba SevamowmoT Semdegi 

pirobebisaTvis (nax. 8.1): 

1. lavis sigrZe antracitis SaxtSi - 250 m;  

2. fenis simaRle 1,8 m;  

3. daxris kuTxe 8;  

4. moculobiTi masa masivSi (antracitis ) ′=1,4 t/m3; 

5. moculobiTi masa nayarSi =1,4 t/m3; 

 

zidva warmoebs zevidan qveviT, naxSiris gamoReba  kombainis 

saSualebiT. lavidan naxSiris gamotana xdeba or cvlaSi.  

konveieris gadaadgileba TandaTanobiT warmoebs meqanikuri gziT (nax. 

8.1, b). 

maCveneblebi 

konveieris daxasiaTeba:  

1. jaWvis moZraobis siCqare – v=0,575 m/wm; 

2. Zravis simZlavre saTave amZravze, kvt N1=292=58; 

3. Zravis simZlavre kudis (bolo) amZravze, kvt N2=21,5; 

4. gamgleji Zala orive jaWvisaTvis, t Sgag=227=54; 

5. jaWvis masa xvetiebiT, dkn/m – m=23,8; 

6. reStakis seqciis sigrZe, m l=1,54; 

7. reStakebis erTmaneTis mimarT Semobrunebis udidesi kuTxe ′=4. 

lavis cvluri mwarmoebloba 

𝐴cv ൌ
LbmγᇱC

ncv
 

nax. 8.1.  
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sadac L=250 m aris lavis sigrZe;  

b=1,8 m - fenis simZlavre;  

m=20,85 m - gamosaRebi zolis sigane (pirmodeba); 

′=1,4 t/m3 - moculobiTi masa masivSi (gadasatani tvirTis); 

C=0,95 - koeficienti, romelic iTvaliswinebs naxSiris gabnevas lavaSi.  

ncv=2 - naxSiris gamosatanad saWiro cvlebis raodenoba.  

konveieris saWiro saaTobrivi mwarmoebloba; rodesac cvlaSi 

danadgari muSaobs T=7,0 sT, da konveieris muSaobis uTanabrobis 

koeficientia K=2,0. 

𝑄௠௔௫ ൌ
୅cv୏

୘
ൌ ହଶ଴∙ଶ

଻
ൌ 150 t/sT. 

tvirTis udidesi dasaSvebi kveTi konveierze, 

300 mm-iani simaRlis farisas, rodesac tvirTi 

ganawilebulia 8.2 naxazis msgavsad. farTobi 

daaxloebiT Seadgens F=0,125 m2-s. Sesabamisi maqsimaluri SesaZlebeli 

mwarmoebloba Qma x=3600Fv=36000,1250,5750,95=245 t/sT e.i. saWiro 

mwarmoeblobas mniSvnelovnad aRemateba konveieris grZivi datvirTva. 

𝑞 ൌ ୕

ଷ,଺௩
ൌ ଵହ଴

ଷ,଺଴,ହ଻ହ
ൌ 72,5 , dkn/m. 

konveieris RerZis gadaRunvis radiusi mrudwirul ubanze 

𝑅 ൌ
𝑙

2 sin ᇲ

ଶ

ൌ
1,54

2sin ସ

ଶ

ൌ 22 , m 

gardamavali mrudwiruli ubnis sigrZe, m 

𝐿mr.w ൌ ඥ4aR െ 𝑎ଶ ൌ ඥ41,622 െ 1,6ଶ ൌ 11,75  

gadaRunvis TiToeuli rkalis centraluri kuTxea 

sin ᇲ

ଶ
ൌ ௔

ට௔మା௅mr.w
మ

ൌ ଵ,଺

ඥଵ,଺మାଵଵ,଻ହమ
ൌ 0,135 m, 

saidanac gadaRunvis saerTo kuTxe 

a=20=3040′=0,535 (radianebiT) 

𝑒௙ ൌ 𝑒0,40,535 ൌ 1,23. 

imasTan dakavSirebiT, rom datvirTvisa da amasTan dgaris gaRunvis 

ubani TandaTanobiT gadaadgildeba konveieris mTel sigrZeze, jaWvis 

daWimulobis gansazRvra unda moxdes SemTxvevisaTvis, rodesac is Seadgens 

udidess, rasac adgili aqvs maSin, rodesac datvirTva warmoebs konveieris 

samTave ubanSi, xolo TviT konveieri mTel sigrZezea datvirTuli.  

nax. 8.2.  
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ganawilebuli wnevis garda, konveieris sigrZeze im wertilSi, sadac 

xdeba datvirTva, moqmedebs agreTve mniSvnelovani winaaRmdegoba, romlis 

sidide daaxloebiT SeiZleba miviRoT 

Wtv=1000 dkn. 

davuSvaT, antracitis moZraobis winaRoba ′=0,45; 

Raris Zirze jaWvis xaxunis koeficienti f′′=0,3; 

Raris kedlebze (gadaRunvis adgilas) f′′′=0,4. 

jaWvis daWimuloba amZravi varskvlavas Camaval wertilSi:  

S1=500 kg 

daWimuloba 2 wertilSi, 1-2 manZilis konveieris mTlian sigrZed 

miRebisas, xolo 2-3-4 manZils Tu CavTvliT nulis tolad, maSin 

𝑆2 ൌ 𝑆1 ൅ 𝑞0𝐿ሺ𝑠𝑖𝑛𝛽 ൅ 𝑓ଵ
ᇱ𝑐𝑜𝑠𝛽ሻ ൌ 500 ൅ 23,8250ሺ𝑠𝑖𝑛8 ൅ 0,3𝑐𝑜𝑠8ሻ ൌ 3100 dkn. 

kudis amZrav varskvlavaze swrafobis Stos wertilis daWimuloba 

𝑆3 ൌ 𝑆4 ൌ 𝑆2 ∙ 𝑒௙భ
ᇲᇲ ൌ 31001,23 ൌ 3810 dkn. 

wevis Zala, romelic normaluri datvirTvisas SeiZleba gadavceT (Tu 

miviRebT, rom manq=0,80) 

𝑊 ൌ
ଵ଴ଶ∙ே∙manq

௩
ൌ ଵ଴ଶଶଵ,ହ଴,଼଴

଴,ହ଻ହ
ൌ 3050 dkn. 

am sidideze jaWvis daWimuloba Camoqanebis wertilSi, varskvlavasTan 

naklebia, vidre swrafobis wertilSi. Tu amZravis mTeli simZlavre saTave 

amZravzea, maSin jaWvis daWimuloba iqneba  

𝑆ହ
ᇱ =1,06S4=1,063810 =4045 dkn 

𝑆଺
ᇱ =S5+W=4045+1000=5045 dkn 

𝑆଻
ᇱ =1,23𝑆଺

ᇱ=1,235045=6210 dkn 

𝑆଼
ᇱ =𝑆଻

ᇱ+W7-8=6210+6510=12720 dkn.  

amrigad, jaWvis daWimuloba gaizarda 1,5-jer, xolo simtkicis maragis 

koeficienti Semcirda 3,7-mde, rac dauSvebelia; amas garda, ramdenadme 

gaizrdeboda saWiro simZlavre.  

8.1 naxazze moyvanil diagramaze gamosaxuli mwevi organos daWimuloba: 

1-2-3-4-5-6-7-8 ori amZravisa da 1-2-3-4-5′-6′-7′-8′ erTi amZravis SemTxvevaSi. 

miRebuli Sedegebi gviCvenebs, rom mZlavr danadgarebze ori da meti 

amZravis gamoyenebisas (Tumc amas sirTulisaken mivyavarT), misi saSualebiT 

mniSvnelovnad xdeba mwev organoze Zalvebis Semcireba.  

𝑆5 ൌ 𝑆4 െ 𝑊amZ
ᇱᇱ =3810-3050=760 dkn 
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Tu uSualod damWimav nawilze konveieris gadaRunvis win, warmoebs 

datvirTva, maSin  

𝑆଺ ൌ 𝑆ହ ൅ 𝑊dat ൌ 760 ൅ 1000 ൌ 1760 dkn. 

daWimuloba 6 wertilSi gadaRunvis Semdeg:  

𝑆଻ ൌ 𝑆ହ ∙ 𝑒𝑓1
′  ൌ 17601,23 ൌ 2160 dkn 

amZrav Tavze amavali Stos daWimuloba 

𝑆8 ൌ 𝑆7 െ ሺ𝑞 ൅ 𝑞0ሻ𝐿𝑠𝑖𝑛β ൅ ሺ𝑞ᇱ ൅ 𝑞0𝑓ଵ
ᇱሻ𝐿𝑐𝑜𝑠𝛽 ൌ  2160 െ ሺ73,6 ൅ 23,8ሻ250𝑠𝑖𝑛8 ൅

ሺ72,60,4523,80,3ሻ250𝑐𝑜𝑠8 ൌ 2160 ൅ 6510 ൌ 8670 dkn 

saTave amZravis lilvze wevis Zala 

𝑊଴ ൌ 𝑆଼ െ 𝑆1 ൌ 8670 െ 500 ൌ 8170 dkn 

da Zravis simZlavre, kvt: 

𝑁ᇱ ൌ
𝑊଴

ᇱ ∙ 𝑣
102

manq

ൌ
81700,575

1020,80
ൌ 57,5 . 

e.i. emTxveva dadgmulobiT simZlavres.  

jaWvis simtkicis maragi, dinamikuri datvirTvebis gaTvaliswinebiT 

𝐾 ൌ
𝑆g

𝐾s𝑆௠௔௫
ൌ

𝑆g
𝐾s𝑆଼

ൌ
54000

1,158670
ൌ 5,5 . 

rac normis farglebSia.  
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9. saskrepero danadgaris gaangariSeba 
 

gavTvaloT saskrepero danadgari Semdegi monacemebisaTvis:  

1. danadgaris (skreperis) cvluri mwarmoebloba t/cv Acv=100 

2. nayarSi madnis masa, =2,6 

3. saskrepero gzis sigrZe (horizontaluri), m L=18 

4. madani - saSualo da msxvili natexovani 

virCevT savarcxlis tipis skrepers.  

7 sT-iani samuSao reJimisas Tu gaviTvaliswinebT uTanabrobis 

koeficients KuT=1,5, maSin saaTobrivi mwarmoebloba 

𝑄sT ൌ ଵ଴଴ൈଵ,ହ

଻
ൌ 21,5 t/sT 

rodesac vm=1,0 m/wm; vuT=1,46 m/wm 

svlis gadarTvis orive pauzis xangrZlivobaa 12 wm, skreperis erTi 

ciklis xangrZlivoba t=42 wm, xolo saaTSi ciklebis ricxvi 

i=3600:42=86 cikli 

skreperSi tvirTis masa Tu =0,65 (avsebis koeficienti), G=250 kg 

mTliani gavsebisas 

Ggav=  G:=250:0,65=390 dkn 

da skreperis moculoba 

U=Ggav:1000=0,15 m3 

aseTi skreperis (mkvdari) sakuTari wona 

G0=165 dkn 

miviRoT f1=0,7; f2=0,6; K=K′=1,4; Kbr=1,1 da WT=50 dkn 

maSin datvirTuli skreperis wevis Zala =0,65 koeficientisas  

𝑊଴dat ൌ ൫1,4 ൈ 1,1ሺ250 െ 165ሻ൯ ൈ 0,7 ൅ 50 ൌ 520 dkn 

carieli skreperis moZraobisas 

𝑊଴car ൌ 1,4 ൈ 1,1ሺ165 ൈ 0,6 ൅ 50ሻ ൌ 230 dkn 

Zravis Sesabamisi datvirTva, rodesac g=0,75 

Ndat=6,8 kvt;   𝑁dat
ᇱ =8,9 kvt;   Ncar=4,4 kvt. 
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10. hidrosatransporto danadgarebi 
 

moqmedebis principi - wylis nakadSi tvirTis gadaadgileba. wylisa da 

tvirTis narevs, pulpa ewodeba.  

danadgaris klasifikacia SesaZlebelia Semdegi niSnebis mixedviT:  

 

1. gamoyenebuli energiis mixedviT:  

a) TviTmdinare (nax.10.1) - sadac pulpa Ria RarebSi moZraobs, Raris 

daxrilobis xarjze.  

b) bunebrivi dawneviT (nax. 10.2) 

2) xelovnuri wnevis Seqmnis xerxis mixedviT:  

a) rodesac wneva warmoiqmneba pulpamwovis saSualebiT (nax. 10.3) - 

romelic Seiwovs pulpas;  

b) rodesac wneva warmoiqmneba tumbos saSualebiT (nax. 10.4), romelic 

muSaobs sufTa wyalze, xolo masala mkvebavis saSualebiT miewodeba 

milgayvanilobas; 

 

nax.10.1 

nax.10.2 

nax.10.3 
nax.10.4 
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g) rodesac transportireba 

xdeba hidroelevatoris saSualebiT 

(nax. 10.5), romelSic tvirTis SemwovSi 

(pulpis SewovisaTvis) vakuumi 

Seiqmneba wylis Wavlis meSveobiT; 

d) rodesac transportireba xdeba erliftebiT, romelSic pulpa 

moZraobs imis gamo, rom (nax. 10.6) danadgars marcxena mxridan miewodeba 

SekumSuli haeri da iqmneba H simaRlis haernarevi pulpa, romlis wona h 

simaRlis marjvena pulpis svetis wonaze naklebia.  

3. dawnevis sididis mixedviT 

a) dabali wnevis hidrosat-

ransporto danadgarebi 30-70 metr 

wylis svetamde wneviT; 

b) saSualo wnevis hidrosat-

ransporto danadgarebi 70-160 metr 

wylis svetamde wneviT;  

g) maRali wnevis hidrosat-

ransprto danadgarebi 400 metr 

wylis svetamde wneviT.  

4) erT adgilze muSaobis 

drois xangrZlivobis mixedviT: 

a) stacionaruli da b) gadasaadgilebeli. 

zemoT moyvanili yvela saxis satransporto danadgarebiT vaxdenT 

nayari tvirTebis transportirebas, romlebic ar asvelebs da ar ekvreba 

milsadenis kedlebs da moZraobisas ar warmoqmnis sacobs.  

danadgaris dadebiT mxareebSi unda aRiniSnos: montaJis simartive da 

moxerxebuloba, muSaobis uwyveti reJimi, didi mwarmoebloba da mcire 

Sromatevadoba, avtomatizaciis maRali xarisxi, gamoyenebuli meqanizmebis 

SedarebiT siiafe da hidromopovebasTan organuli kavSiri.  

uaryofiT mxareebs ki warmoadgens: tvirTis danawevreba, energiis da 

wylis mniSvnelovani xarji, miwamwovebisa (naxSirmwovebisa) da 

milsadenebis swrafi cveTa; specialuri satransporto meqanizmebis 

aucilebloba xalxis gadasayvanad, tvirTis gadasatanad da sxva.  

nax.10.5 

nax.10.6 
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Saxtebze, sadac gamoyenebulia hidromopoveba tvirTis transportireba 

sangrevidan Saxtis zedapiramde da xSirad momxmareblamdisac SeiZleba 

moxdes hidrotransportiT. mopovebis Cveulebrivi teqnologiis SaxtebSi ki 

hidrotransporti gamoiyeneba fuWi qanis sanayaro meurneobaze gasatanad da 

Semvsebi masalebis gamomuSavebul sivrcemde transportirebisaTvis. es 

danadgarebi gamamdidrebel fabrikebSi gamoiyeneba wiaRiseuli transport-

tirebisaTvis fabrikis SigniT da kudebis sanayaroze gadatvirTvisaTvis.  

karierebze hidrotransporti gamoiyeneba ZiriTadad gadaxsniT 

samuSaoebSi - rodesac gadaxsna hidromonitorebis saSualebiT warmoebs. 

Cveulebrivi teqnologiis samTo sawarmoebSi hidrotransportis 

perspeqtiuli mxarea: fuWi qanis - sanayaroze da feradi liTonebis madnis - 

gamamdidrebel fabrikebSi transportireba.  

 

 

10.1. Teoriis sakiTxebi 

pulpis moZraobis Teoria jerjerobiT arasrulyofiladaa 

damuSavebuli, amitom amoxsnis meTodebi ZiriTadad empiriul xasiaTs 

atarebs. Teoriis sakiTxebi da transportis es saxe ganixileba da 

Seiswavleba calke sagnad. 

 
10.2. mwarmoebloba 

mocemulia:  

1) milsadenis diametri, - D 

2) pulpis siCqare, m/wm - u 

3) myari masalis moculobiTi koncentracia pulpaSi, m3/m3 S 

4) myari masalis moculobiTi masa masivSi - m. 

ganvsazRvroT myari masalis moculobiTi siCqare, v m3/sT da masuri Q 

t/sT mwarmoebloba. pulpis moculobiTi mwarmoeblobaa  

𝑣pul ൌ 3600𝐹𝑢 ൌ 3600 గ஽మଵ଴଴ൈଵ,ହ

ସ
𝑢 ൌ 2826𝐷ଶ𝑢 m3/sT.     (10.1) 

pulpis moculobiTi koncentracia  aris myari masalis Semcvelobis 

fardoba pulpis mTlian moculobasTan, m3/m3 

𝑆 ൌ
௩moc

௩pul
 .                          (10.2) 

aqedan gamomdinare, mwarmoebloba myar masalaze, m3/sT 
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𝑣moc ൌ 𝑣pul𝑆 ൌ 2826𝐷ଶ𝑢𝑆 m3/sT,               (10.3) 

𝑄moc ൌ 2826𝐷ଶ𝑢𝛾m𝑆 m3/sT.                 (10.4) 

imisaTvis, rom pulpis transportirebisaTvis milsadenebSi sacobis 

warmoqmnas (gabidvnas) ar hqondes adgili, saWiroa Sesruldes piroba 

𝐷௠௜௡ ൌ 3𝑎௠௔௫ , 

sadac amax natexebis maqsimaluri zomaa. 

garda zemoaRniSnuli pirobisa, fuWi qanisa da rigiTi naxSirebis 

transportirebisas koncentracia ar unda aRematebodes S0,250,2-s. 

Tu naxSiris natexovneba 25 mm-mdea da fraqcia 0,515 mm 85 %-s 

aRemateba, maSin S=0,35. 

0,56 mm fraqciis transportirebisas dasaSvebia S=0,4. 

vinaidan vpul=vmoc+vw, amitom wylis xarji 

𝑣wy ൌ 𝑣pul െ 𝑣moc ൌ
௩moc

ௌ
െ 𝑣moc ൌ 𝑣moc ቀଵ

ௌ
െ 1ቁ ൌ

ொmoc

ఊmas
ቀଵ

ௌ
െ 1ቁ m3/sT.   (10.5) 

zogjer pulpis konsistencia ganisazRvreba myari masalisa da wylis 

moculobis fardobiT 

m

T
ൌ

𝑣moc

𝑣wy

𝑆
1 െ 𝑆

 . 

pulpis moculobiTi masa, t/m3 

𝛾pul ൌ
௩mocఊmasା௩wy∙ଵ

௩pul
ൌ

௩mocఊmasା௩pulି௩wy

௩pul
ൌ Sሺγ െ 1ሻ ൅ 1.       (10.6) 

 

10.3. kritikuli siCqare 

siTxis horizontalur nakadSi myari nawilakebis Setivtivebas 

ganapirobebs nakadis turbulenturoba, amasTan is amwevi (amomgdebi) Zala, 

romelic nawilakis qveda da zeda zedapirebze warmoiSoba Semodinebuli 

nakadebis siCqareTa sxvaobis xarjze. nakadis siCqaris Semcirebisas 

nawilakebi iwyeben pulsirebul moZraobas da siCqaris zogierT 

mniSvnelobaze eSvebian milsadenis fskerisaken.  

nakadis im umcires siCqares, romlis drosac myari nawilakebi 

Setivtivebul mdgomareobaSia kritikuli siCqare ewodeba. aRniSnuli 

siCqarisas wnevis danakargebi yvelaze mcirea. kritikul siCqares 

sazRvraven cdebis saSualebiT, xolo rodesac ara gvaqvs cdebis 

konkretuli monacemebi, misi sidide SeiZleba gamoiTvalos empiriuli 

formuliT 
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𝑢kr ൌ ඥgD ට
ሺఊmasିଵሻ

୏భబ

య
 ,                    (10.7) 

sadac g=9,81 mwm2 Tavisuflad vardnili sxeulis aCqarebaa 

𝐶 ൌ ଴,଻ହ ୈ

ଵ଴଴
                         (10.8) 

cdebiT miRebuli koeficientia, romelic iTvaliswinebs pulpaSi mcire 

nawilakebis Semcvelobas.  

P - fuWi qanisaTvis 2 mm-ze meti klasisa da naxSirisaTvis 3 mm-ze meti 

klasis procentuli Semcvelobaa. 

K1=1,4 - fuWi qanisaTvis da K1=1,9  naxSirisaTvis.  

 - myari nawilakebis wyalSi Tavisufali vardnis winaRobis koeficientia  

 ൌ 0,65ට
଴,଺଺

ఊmasିଵ

ఱ
 ,                     (10.9) 

0 - sufTa wylis milsadenSi moZraobis winaRobis koeficientia da 

damokidebulia milis diametrze.  

D, m 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50 

0 0,0185 0,0180 0,0175 0,0165 0,0160 0,0155 0,0155 0,150 

 
vertikalur milsadenSi myari nawilakebis Setivtiveba ganpirobebulia 

pulpis nawilakebis urTierTSemodinebis winaaRmdegobiT da amwevi 

(arqimedes) ZaliT.  

vertikaluri milsadenebisaTvis kritikuli siCqarisas igulisxmeba 

iseTi minimaluri siCqare, romlis dros myari nawilakebi kvlav 

gadaadgildebian nakadis mTel kveTze da adgili ara aqvs maT ukuqceviT 

moZraobas milsadenis kedlis areSi. iseve rogorc horizontaluri 

nakadisas, am SemTxvevaSic SemCneulia wnevis minimaluri danakargebi 

𝑢kr ൌ ሺ1 െ 𝑆ሻଶ ∙  ቀ1 െ ௔saS

஽
ቁ

ଶ
െ 𝐾ଶඥ𝑔𝐷𝑆ሺ𝛾mas െ 1ሻ ,     (10.10) 

sadac  (m/wm) wyalSi myari nawilakebis Tavisuflad vardnis siCqarea 

 ൌ 2,27ට௔saSሺఊmasିଵሻ


 .                  (10.11) 

asaS aris nawilakebis saSualo Sewonili diametri, m-Si.  

K2=2,5 rodesac asaS=03 mm; 

K2=2,53 rodesac asaS=210 mm; 

K2=33,5 rodesac asaS=100 mm. 
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11. bagiruli transporti 
 

zogadi cnobebi 

bagiruli transporti, anu bagiruli weva ewodeba horizontalur an 

daxril sarelso gzebze, vagonetebSi an specialur WurWlebSi (skipebSi) 

tvirTis gadaadgilebas, jalambrisa (amwevi manqanis) da bagiris (bagirebis) 

saSualebiT.  

bagiruli satransporto danadgarebis klasifikacia SesaZlebelia 

Semdegi niSnebis mixedviT:  

1) gzis daxris kuTxis mixedviT, - rodesac daxris kuTxe aRemateba 5-s, 

romlis dros ukumoZraoba warmoebs Semadgenlobis an calkeuli 

vagonetebis masis mdgenelis xarjze da 5-ze naklebi an horizontaluri, 

rodesac ukumoZraoba xorcieldeba bagirebis saSualebiT.  

2) amZravebis tipis mixedviT - erTdoliani an ordoliani jalambrebiT; 

friqciuli diferencialuri amZraviT.  

3) jalambrebis ricxvis mixedviT - erTboliani (erTi jalambriT), 

saTavisa da kudis bagiriT (ori jalambriT an erTi ordoliani 

jalambriT) da bolo gadamxreli borbliT.  

4) saliandago gzis raodenobis mixedviT - erTliandagian gvirabebSi 

(erToliani bagiriT an saTavisa da kudis bagiriT transportirebis 

SemTxveva) da orliandagian gamonamuSevrebSi (orboloiani bagirebiT an 

usasrulo bagirebiT zidvis SemTxveva).  

5) amZravi jalambrebis moqmedebis principebis mixedviT:  

a) jalambrebi damxvevi organoebiT (dolebiT) da 

b) jalambrebi xaxunis amZravi borblebiT. 

aRniSnuli satransporto danadgarebis saSualebiT SeiZleba 

nebismieri saxis tvirTebis transportireba, rogoricaa: madani, fuWi qani, 

masalebi da sxv.  

bagiruli satransporto danadgarebi miekuTvneba ciklur reJimze 

momuSave satransporto danadgarebis ricxvs. amitom, rogorc viciT:  

𝑄sT ൌ 𝑓 ቀୋ,௩

୐
ቁ                     (10.7) 

da aRwevs 100 t/sT-s erTboloiani bagirebisaTvis, xolo 250 t/sT-s  

orboloiani bagirebisaTvis.  
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zidvis sigrZe ganisazRvreba dolze bagirtevadobiT da Cveulebriv 

udris 600-700 m-s, xolo mcire amwe manqanebis gamoyenebisas zidvis manZili 

aRwevs 2000 m-s.  

bagirebiT zidvis SemTxvevaSi dasaSvebia gzis gegmis mcire radiusiT 

gaRunva da SeiZleba gvqondes talRisebri profilic, xolo am saxis 

trasnportisas vagonetebiT zidvis SemTxvevaSi, gzis maqsimaluri daxris 

kuTxe 30-ia. 25-s zeviT vagonetebi maragdeba farebiT, romlebic 

winaaRmdegobas uwevs tvirTis gadmocvenas vagonetidan.  

aRniSnuli saxis satransporto danadgarebis dadebiTi mxarea: misi 

gamoyenebis SesaZlebloba didi daxris kuTxeze, talRisebri profilisas 

da gzis gegmis mrudxazovnebisas; danadgaris SedarebiT simartive da 

siiafe, xalxis gadayvanisa da manqana-meqanizmebis gadatanis SesaZlebloba, 

vagonetebiT zidvisas zidvis bolo punqtSi ar saWiroebs madnis 

gadatvirTvas sxva satransporto saSualebebze da a. S.  

 

uaryofiTi mxarea: mcire mwarmoebloba, gansakuTrebiT grZel gzebze 

tvirTis transportirebisas; moiTxovs Sromatevadi samuSaoebis Catarebas 

nax.11.1  nax.11.2a  nax.11.2b  nax.11.3 

nax.11.4 

nax.11.5 

nax.11.6 



satransporto manqanebi                                              saleqcio kursi 

~ 76 ~ 
 

vagonetebis gamwev bagirze Cabma-gadaxsnisas; xdeba gamwevi bagiris 

intensiuri cveTa, vagonetebiT tvirTis transportirebisas TiTqmis SeuZ-

lebelia avtomaturi regulireba, grZel daxril gvirabebSi transporti-

rebisas amwevi manqanisa da Sesabamisad, samanqane saknebis gabarituli 

zomebis sidide, vagonetebis Semadgenlobis mimReb-gamgzavni specialuri 

mowyobilobis aucilebloba baqnebze, SedarebiT didi travmatizmi.  

ruseTis samTo warmoebebSi bolo bagirebiT tvirTis zidva pirvelad 

ganxorcielda 1752 wels (proeqtis avtori iyo nartovi), magram am saxis 

transportma gvianobamde ver pova gavrceleba, manqanaTmSeneblobis bazis 

uqonlobis gamo. 1932 wlidan ki erTi da orboloiani bagirebiT zidva 

xdeba naxSiris Saxtebis ZiriTad satransporto saSualebad daxril 

kapitalur gvirabebSi. magram, ukanasknel xanebSi dainerga ra 

maRalmwarmoebluri mompovebeli kombainebi da kompleqsebi, romelTa mier 

ganviTarebuli maRali mwarmoebloba da saerTod, Saxtebis mwarmoeblobis 

zrda zRudavs maT gamoyenebas da transportis am saxes cvlis ufro 

maRalmwarmoebluri konveieruli transportiT.  

perspeqtivaSi bagiruli transporti gamoyenebuli iqneba: didi daxris 

kuTxeze skipebiT zidvis SemTxvevaSi, daxril gvirabebSi konveieruli 

satransporto danadgarebis paralelurad, rogorc damxmare an samanevro 

satransporto danadgarebi.  

horizontalur gzebze bagiruli transporti gamoiyeneba, rogorc 

mxolod damxmare an samanevro mowyobiloba. Saxtis zedapirebze maTi 

gamoyeneba xdeba sanayaro meurneobebze da sarkinigzo vagonetebis 

manevrebisaTvis bunkeridan maTi datvirTvis SemTxvevaSi.  

 

g a a n g a r i S e b a  

11.1. erTboloiani bagiriT zidva daxrili Sesasvlelisas 

mocemulia saangariSo sqema (11.1) 

Acv aris cvluri mwarmoebloba t/cv 

T ciklis saSualo dro - wm; 

vagonetis daxasiaTeba, Saxtis mtvergazis reJimi, romelic saWiroa 

eleqtromowyobilobis SesarCevad; saWiroa SevamowmoT mocemul sigrZeze 

zidvis ganxorcielebis SesaZlebloba, ganvsazRvroT vagonetebis ricxvi 

SemadgenlobaSi, SevarCioT bagiri, jalambari da Zravi.  
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SesaZlo mwarmoebloba ciklis ganmavlo-
baSi  

𝑄cv ൌ ୞ୋ

୘ౣ౗౮
ൌ ୞ୋ

୘୏ck
; kg/wm    (11.1) 

sadac Z aris vagonetebis ricxvi Semadgenlo-

baSi; 

G - satransporto WurWlis tvirTamweobaa, kg. 

Tmax - ciklis xangrZlivobis maqsimaluri dro; 

T - ciklis xangrZlivobis saSualo dro; 

Kck - ciklis xangrZlivobis uTanabrobis koe-

ficienti.  

 (11.1) gamosaxulebidan gamomdinare, 

danadgaris saaTuri mwarmoebloba  

𝑄sT ൌ ଷ,଺୞ୋ

୘୏ck
 , t/sT.                   (11.2) 

danadgaris muSaobisas adgili aqvs tvirTmodinebis araTanabar 

ganawilebas. amitom vRebulobT uTanabrobis koeficients: 

𝐾uT ൌ
Q୫ୟ୶

QsaS
ൌ

Q୫ୟ୶ ∙ tg.op
A

 , 

saidanac 

𝑄saS ൌ ୅

୲g.op
;    QsaS ൌ Q୫ୟ୶ ൌ ୅୏

୲g.op
 , t/sT.                  (11.3) 

sadac A aris cvlaSi saWiro mwarmoebloba t/cv. 

tg.op - danadgaris muSaobis gegmiani operatiuli dro da  

tg.op ൌ tcv െ tg.Ses 

sadac tcv -  aris cvlis xangrZlioba, sT. 

tg.Ses -  cvlaSi gegmiani Sesvenebis xangZlivoba aiReba 2545 wT. 

miRebuli (11.2) formula gamosaxavs danadgaris saaTur mwarmoeblobas 

SerCeuls G tevadobis mqone satransporto WurWlebis mixedviT, xolo (11.3) 

formulaSi gamosaxulia aucilebeli cvluri mwarmoeblobidan 

gamomdinare, danadgaris saangariSo saaTuri mwarmoebloba.  

zidvis normaluri ganxorcielebisaTvis saWiroa, rom QsT =QsaS anu 

𝐴𝐾uT

tg.op
ൌ

3,6ZG
TKcv

 , 

saidanac vagonetebis ricxvi SemadgenlobaSi 

𝑍 ൌ
஺௄uT௄cv்

ଷ,଺ீ୲g.op
ൌ ஺௄z்

ଷ,଺ீ୲g.op
 ,                    (11.4) 

sqema 11.1 
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sadac Kz=KuTKcv=1,61,8 zidvis uTanabrobis koeficientia da iTvaliswinebs, 

rogorc pikur datvirTvebs K-s, aseve ciklis xangrZlivobis uTanabrobas 

Kcv-s. 

saangariSo sqemis Sesabamisad ciklis saSualo dro, wm. 

𝑇 ൌ ଶ୐

௩saS
൅ ସ୞௟బେ

௩saS
൅

ଶ௟d஼

௩saS
൅ θ ,                  (11.5) 

sadac L aris zidvis manZili, anu horizontebs Soris daSoreba, m. 

l0 - gaWimul gadasabmelebze vagonetis sigrZe, m.  

ld = 𝑙dᇱ  + 𝑙dᇱᇱ 5080 m - daxrili Sesasvlelebis jamuri sigrZe, m.  

vsaS - datvirTuli da carieli Semadgenlobis moZraobis saSualo 

siCqare, m/wm. 

C=23 koeficientia, romelic iTvaliswinebs Sesasvlelebsa da 

gadasasvlel ubnebze siCqaris Semcirebis aucilebel saWiroebas. 

=100120 wm - pauzis xangrZlivoba, romlis drosac xdeba cariel 

da datvirTul Semadgenlobebze bagirebis Cabma da Caxsna. Tu 

SevitanT (11.5) T-s gamosaxvas (11.4)-Si, miviRebT  

𝑍 ൌ
஺௄zቀଶ୐ାସ୞௟బୋଶ௟dାఏ௩saSቁ

ଷ,଺ீ୲g.op௩saS
ൌ

ଶቀ୐ା௟d஼ቁାఏ௩saS
య,లಸ౪g.opೡsaS

ಲ಼z
ିସ௟బେ

 .            (11.6) 

miRebul gamosaxulebaSi vsaS=(0,9-0,95)v, 

sadac 0,9-0,95 koeficienti iTvaliswinebs siCqaris cvlilebas, xolo v 

aris bagiris siCqare, romelic gaTvaliswinebulia jalambris pasportiT. 

jalambari winaswar SeirCeva zidvis manZilis mixedviT. daxril gvirabebSi 

u.w. Tanaxmad zidvis maqsimaluri siCqare ar unda aRematebodes 5 m/wm-s. 

muSaobis moxerxebulobis TvalsazrisiT, SemadgenlobaSi iReben Z15 - 

erTtonian vagonetebsa da Z10-ze meti tevadobis vagonetebisaTvis.  

vagonetebis gadasabmelis simtkicis pirobidan gamomdinare vagonetebis 

dasaSvebi ricxvia SemadgelobaSi 

 Z୫ୟ୶ ൌ
ௌgadas

ሺீାீబሻ൫ఠ௖௢௦ఉା௦௜௡ఉ൯ 
 ,                   (11.7) 

sadac Sgadas=7000 dkn - gadasabmelze mosuli maqsimaluri Zalvaa,  

G0 - vagonetis mkvdari masa, kg; 

G - vagonetSi tvirTis masa, kg; 

=0,025-0,03 vagonetis moZraobis winaRobis koeficienti;  

 - satransporto gzis daxris kuTxe.  
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Tu miviRebT (11.6) da (11.7) gamosaxulebebs Soris damokidebulebas, rom 

Z>Zmax, maSin saWiroa gavzardoT siCqare v; Tu es SeuZlebelia, maSin 

aRniSnuli saxis zidvas ar SeuZlia daakmayofilos mocemuli 

mwarmoebloba.  

vagonetis raodenobis gamoTvlis Semdeg aucilebelia bagiris 

gaangariSeba maqsimalur statikur datvirTvaze (daWimulobaze). 

datvirTuli Semadgenlobis aRmarTSi zidvisas bagiris maqsimaluri 

daWimuloba 

S୫ୟ୶ ൌ Zሺ𝐺 ൅ 𝐺଴ሻሺ𝜔𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽ሻ ൅ pL୫ୟ୶൫𝜔bag𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽൯;       (11.8) 

sadac Lmax mwevi bagiris maqsimaluri sigrZea, m; 

P - bagiris grZivi metris masa (CvenTvis is jerjerobiT ucnobia) dkn/m, 

bag=0,5-0,6 - bagiris sageb gverdze moZraobis winaRobis koeficienti, 

=0,35 - bagiris gorgolaWebze moZraobis winaRobis koeficienti. 

gamovsaxoT bagiris masa – P, daWimuloba - Smax-is saSualebiT.  

mavTulebis jamuri farTobi (m2) bagirSi    𝐹 ൌ ୔

ଵ଴଴଴ஓబ
 ,         (11.9) 

sadac 0=9000 kg/m3 aris bagiris dayvanili moculobiTi masa, xolo P -

bagiris grZivi metris masa dkn/m.  

dasaSvebi datvirTva bagirze, dkn. 

S୫ୟ୶ ൌ ଵ଴ల୊஢

୫
ൌ ଵ଴଴଴஢୔

୫ஓబ
;                      (11.10) 

sadac m bagiris simtkicis maragia da usafrTxoebis wesebis Tanaxmad 

aiReba m=9 - mxolod xalxis transportirebis dros, m=7,5 - 

satvirTo-saxalxo bagiruli satransporto danadgarebisaTvis, 

m=6,5 - mxolod satvirTo danadgarebisaTvis =130-180 dkn/mm2 - 

mavTulis simtkicis zRvaria bagirSi.  

(11.10) formulidan bagiris wrfivi masa, dkn/m 

P ൌ ୗౣ౗౮୫ஓబ

ଵ଴଴଴஢
;                      (11.11) 

SevitanoT (11.11)-is mniSvneloba (11.8)-Si da amovxsnaT Smax-is mimarT 

Smax ∙ 1000σ െ Smaxmγ଴L୫ୟ୶൫𝜔bag𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽൯ ൌ 1000σzሺ𝐺 ൅ 𝐺଴ሻሺ𝜔𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽ሻ,   

Smax ൌ ୸ሺீାீబሻሺఠ௖௢௦ఉା௦௜௡ఉሻ

ଵିైౣ౗౮ౣಋబ
భబబబಚ

൫ఠbag௖௢௦ఉା௦௜௡ఉ൯
;                (11.12) 

Tu (11.12)-Si miRebul Sedegs gavamravlebT bagiris simtkicis maragze, 

miviRebT bagiris yvela mavTulis simtkicis Zalas - (dkn) gaglejaze e.i. 

formulas eqneba saxe:  
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Sgag ൌ ୫୸ሺீାீబሻሺఠ௖௢௦ఉା௦௜௡ఉሻ

ଵିైౣ౗౮ౣಋబ
భబబబಚ

൫ఠbag௖௢௦ఉା௦௜௡ఉ൯
;                (11.13) 

jalambris an amwevi manqanis diametri miwisqveSa pirobebisaTvis aiReba 

bagiris diametris 60-jeradi Ddol=60dbag; 

xolo dolis sigane unda uTanxmdebodes bagiris muSa sigrZes, kerZod, 

𝐵 ൌ ൬
𝐿 ൅ 𝐿samar

𝜋𝐷
൅ 𝑛xax ൅ 2𝑛 െ 1൰

𝑑 ൅ 𝜀
𝑛

 

sadac L aris bagiris muSa sigrZe, m; 

Lsamar=200-300 m - bagiris samarago nawilia jalambris dolze, 

imisaTvis, rom saWiroebis SemTxvevaSi bagiris bolos advilad 

cveTadi nawili periodulad gadavWraT da amiT gavzardoT 

mTeli bagiris eqspluataciis vada.  

nxax - xaxunis xviebis ricxvia da xiT amogebuli dolebisaTvis nxax=3, 

xolo foladis dolebisaTvis – nxax=5. 

d - bagiris diametri, mm; 

D - dolis diametri, m; 

=2-3 mm - bagiris xviebs Soris RreCo; 

n dolze bagiris dazRvevis Sreebis ricxvi da 3-s udris 40-mde 

daxril gzebze, xolo 30-dan 60-mde Sreebis ricxvi aiReba 2-mde.  

winaswar SerCeuli jalambris saxe SeiZleba davtovoT, Tu misi dolis 

diametri eTanadeba saangariSos da amasTan, bagiris maqsimaluri 

daWimuloba, Zravis simZlavre da misi brunTa ricxvi ar aRemateba 

jalambris teqnikur maxasiaTebelSi mocemul sidides. 

 

 

11.2. erTdoliani bagiriT zidva horizontaluri Sesasvlelisas 

mocemulia zidvis saangariSo sqema (11.2), gaangariSeba mimdinareobs 

analogiurad daxrilSesaslvleliani zidvisa im gansxvavebiT, rom 

aRniSnul (11.2) sqemaze ara gvaqvs (11.1) sqemis Sesabamisi zl ucnobi sigrZe. 

amitom ciklis saSualo dro 

𝑇 ൌ ଶ୐

௩saS
൅ θ .                       (11.15) 

im SemTxvevaSi, Tu qveda mimRebi baqani daxril Sesasvleliania, maSin 

mxedvelobaSi unda iqnes miRebuli daxrili Sesasvlelis sigrZe 𝑙dᇱᇱ da 

agreTve am daxril Sesasvlelze moZraobis dabali siCqaris saWiroeba, e.i.  
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𝑇 ൌ ଶ୐

௩saS
൅

ଶ௟d஼

௩saS
൅ θ .       (11.16) 

rogorc (11.4) formulidan viciT (wina 

ganxiluli masalidan), vagonetebis ricxvi 

SemadgenlobaSi 

𝑧 ൌ ୅୏z୘

ଷ,଺ୋ୲g.op
 .       (11.16) 

SevitanoT (11.16) gamosaxulebaSi (11.16) 

gamosaxuleba, miviRebT 

𝑧 ൌ
୅୏z൫ଶ୐ାଶ𝑙d

′′ ஼ାఏ௩saS൯

ଷ,଺ୋ୲g.op௩saS
 anu 𝑧 ൌ

ଶ൫୐ା𝑙d
′′ ஼൯ାఏ௩saS

య,లృ౪g.op
ఽేz

∙௩saS
 (11.17) 

 (11.17) formula gamosaxavs vagonetebis 

raodenobas SemadgenlobaSi, roca gvaqvs 

zeda horizontaluri da qveda daxrili 

Sesasvlelebi.  

Tu (11.16) gamosaxulebaSi SevitanT (11.15)-s, miviRebT: 

𝑧 ൌ ୅୏zሺଶ୐ାఏ௩saSሻ

ଷ,଺ୋ୲g.op௩saS
    anu    𝑧 ൌ ଶ୐ାఏ௩saS

య,లృ౪g.opೡsaS
ఽేz

 .           (11.18) 

 (11.18) formula ki gamosaxavs vagonetebis raodenobas SemadgenlobaSi, 

roca gvaqvs zeda da qveda horizontaluri Sesasvlelebi.  

(11.17) da (11.18) formulebiT miRebuli vagonetebis raodenobas 

SemadgenlobaSi vamowmebT (11.7) formulis saSualebiT. Semdgom angariSs 

vawarmoebT wina ganxiluli magaliTis analogiurad (11.8-11.14) formulebis 

Sesabamisad.  

 
 

11.3. zidva orboloiani bagirebiT 

daxril gzebze orboloiani bagirebiT zidvisas, saerTod zidva 

xorcieldeba zeda horizontaluri Sesasvlelidan (nax. 11.3).  

qveda Sesasvleli SeiZleba iyos rogorc horizontaluri, aseve 

daxrili. zeda mimReb baqanze dagebulia samliandagiani gza, romelTagan 

ori ganapira gankuTvnilia datvirTuli matareblis moZraobisaTvis, xolo 

mesame, Sua - carieli SemadgenlobisaTvis. amasTan unda aRvniSnoT, rom 

zidva warmoebs ordoliani jalambris saSualebiT da rodesac marcxena 

dolis saSualebiT vzidavT tvirTs, maSin Semadgenloba aucileblad 

moZraobs marcxena ganapira liandagze, xolo marjvena doliT tvirTis 

sqema 11.2. 
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zidvisas datvirTuli Semadgenloba moZ-

raobs marjvena ganapira saliandago gzaze. 

es RonisZieba aucilebelia imisaTvis, rom 

ar moxdes bagirebis urTierTSegrexva. 

carieli matareblis zidvisas, orive 

dolis SemTxvevaSi matarebeli moZraobs 

zeda baqnis Sua saliandago gzaze.  

mimRebi baqnebi matareblis Cabmisa da 

Caxsnis ubnebSi horizontaluria da 

matarebels ar SeuZlia TviTgorviT 

moZraoba. amitom Semadgenlobis manevrire-

bisaTvis gamoiyeneba samanevro meqanizmebi.  

orboloiani bagirebiT zidvisas 

Sualedi baqnebis mowyoba ar SeiZleba.  

erTboloiani bagirebisagan gansxvave-

biT, orboloian bagirebSi gamoiyeneba 

ordoliani jalambari an mcire amwevi manqana. danarCeni mowyobiloba - 

bagirebi, gadamxreli da damWeri gorgolaWebi, Casabmeli da damcavi 

mowyobilobebi gamoiyeneba igive, rac erTboloiani bagirebiT zidvisas.  

 

 

11.4. orboloiani bagirebis zidvis gaangariSeba 

orboloiani bagiruli danadgarebis gaangari-

Sebis mimdinareoba sxva saxis bagiruli satransporto 

danadgarebis gaangariSebis analogiuria.  

qvemoT mocemuli (nax. 11.4) saangariSo sqemis 

mixedviT: 

𝑇 ൌ ୐

௩saS
൅ 𝜃 , 

sadac =60-70 wm pauzebis xangrZlivobaa. matareblis 

mier ganviTarebuli winaRobebi qanobze  

1) datvirTuli SemadgenlobisaTvis: 

a) maqsimaluri Wd.୫ୟ୶ ൌ Zሺ𝐺 ൅ 𝐺଴ሻሺ𝜔𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽ሻ ൅ pL൫𝜔bag
′ 𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽൯; 

b) minimaluri Wd.୫୧୬ ൌ Zሺ𝐺 ൅ 𝐺଴ሻሺ𝜔𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽ሻ. 

2) carieli SemadgenlobisaTvis: 

sqema 11.3. 

sqema 11.4. 
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a) maqsimaluri Wc.୫ୟ୶ ൌ Z𝐺଴ሺ𝜔𝑐𝑜𝑠𝛽 െ 𝑠𝑖𝑛𝛽ሻ ൅ pL൫𝜔bag
′ 𝑐𝑜𝑠𝛽 െ 𝑠𝑖𝑛𝛽൯; 

b) minimaluri Wc.୫୧୬ ൌ Z𝐺଴ሺ𝜔𝑐𝑜𝑠𝛽 െ 𝑠𝑖𝑛𝛽ሻ. 

qanobze zidvisas dolis mier ganviTarebuli wevis Zala: 

𝐹଴ ൌ ෍ W ൌ Wd.୫ୟ୶ െ Wc.୫୧୬ ൌ 

ൌ Zሺ𝐺 ൅ 𝐺଴ሻሺ𝜔𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽ሻ െ Z𝐺଴ሺ𝜔𝑐𝑜𝑠𝛽 െ 𝑠𝑖𝑛𝛽ሻ ൅ pL൫𝜔bag
′ 𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽൯; 

xolo matareblis winaRoba bresmbregebze: 

1) datvirTuli SemadgenlobisaTvis,  

a) maqsimaluri Wd.୫ୟ୶ ൌ Zሺ𝐺 ൅ 𝐺଴ሻሺ𝑠𝑖𝑛𝛽 െ 𝜔𝑐𝑜𝑠𝛽ሻ ൅ pLሺ𝑠𝑖𝑛𝛽 െ 𝜔𝑐𝑜𝑠𝛽ሻ; 

b) minimaluri Wd.୫୧୬ ൌ Zሺ𝐺 ൅ 𝐺଴ሻሺ𝑠𝑖𝑛𝛽 െ 𝜔𝑐𝑜𝑠𝛽ሻ. 

2) carieli SemadgenlobisaTvis  

a) maqsimaluri - Wc.୫ୟ୶ ൌ Z𝐺଴ሺ𝜔𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽ሻ ൅ pL൫𝜔′𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽൯; 

b) minimaluri - Wc.୫୧୬ ൌ Z𝐺଴ሺ𝜔𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽ሻ. 

bresmbregze zidvisas dolis mier gasaviTarebeli saWiro wevis Zala 

𝐹଴ ൌ ෍ W ൌ Wd.୫୧୬ െ Wc.୫ୟ୶ ൌ 

ൌ Zሺ𝐺 ൅ 𝐺଴ሻሺ𝑠𝑖𝑛𝛽 െ 𝜔𝑐𝑜𝑠𝛽ሻ െ Z𝐺଴ሺ𝜔𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽ሻ ൅ pLቀ𝜔bag
′ 𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽ቁ. 

imisaTvis, rom bresmbregi iyos TviTmoqmedi 

Wd.୫୧୬ ൒ W୫ୟ୶. 

Tu SevitanT mniSvnelobebs, miviRebT:  

Zሺ𝐺 ൅ 𝐺଴ሻሺ𝜔𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽ሻ ൒ Z𝐺଴ሺ𝜔𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽ሻ ൅ pL൫𝜔bag
′ 𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽൯. 

Tu miRebuli gamosaxulebis orive mxares gavyofT cos-ze da amovxsniT 

tg-s mimarT, miviRebT liandagis qanobis umcires mniSvnelobas, romlis 

drosac brebsbergi iqneba TviTmoqmedi, e.i.  

𝑡𝑔𝛽 ൌ
Z𝜔ሺ𝐺 ൅ 2𝐺଴ሻ ൅ pL𝜔bag

′

ZG െ pL
 . 

 

 

11.5. zidva usasrulo bagirebiT 

usasrulo bagirebiT (nax. 11.5) zidvis arsia 1 da 4 borblebze 

usasrulod rgolurad Caketili 2 bagiris saSualebiT saliandago gzaze 

vagonetebis 3 gadaadgileba. usasrulo bagiri moZraobaSi modis 1 xaxunis 

amZravSkivebiani jalambris saSualebiT.  
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datvirTuli da carieli vagonetebis Cabma 

moZrav usasrulo bagirze xeliT warmoebs 

specialuri misabmelis saSualebiT (nax. 11.6).  

usasrulo bagiriT SeiZleba gadavitanoT 

nebismieri tvirTi garda xalxisa. misi mwar-

moebloba aRwevs 400 t/sT-s. daxril gvirabebSi 

zidvis maqsimaluri sigrZe 1000 m-sa da mets 

udris. gegmaSi dasaSvebia gaRunva, magram 

ukeTesia, Tu trasa iqneba sworxazovani. trasis 

profili SeiZleba iyos talRiseburi, maqsima-

luri daxris kuTxiT 25. aRniSnuli saxis zidvis 

dadebiTi mxareebia: maRalmwarmoebloba, muSaobis 

uwyvetoba, Zravis mcire simZlavre, rTuli 

trasisas misi gamoyenebis SesaZlebloba.  

naklovani mxareebia: momsaxurebis didi 

Sromatevadoba, travmatizmi da xSiri avaria, 

bagiris intensiuri cveTa vagonetis Casabmeli 

mowyobilobisagan, xalxis gadayvanis SeuZlebloba da sxva.  

usasrulo bagirebiT zidva horizontalur da daxril gzebze ver 

amarTlebs moTxovnilebebs da bolo wlebSi TandaTan icvleba Sesabamisad 

elmavlebiT zidviTa da sakonveiero transportiT, xolo axali Saxtebis 

mSeneblobis perspeqtivaSi gaTvaliswinebuli ar aris.  

  

 

nax. 11.5 

sqema 11.6. 
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11.6. usasrulo bagirebis zidvisas gamoyenebuli jalambrebis 

muSaobis Teoria 

usasrulo bagirebiT zidvisas gamoyenebuli bagiramZravi borblebis 

saxeebidan aRsaniSnavia (nax. 11.7):  

a) C-s magvari, ganierRarakebiani,  

b) diferencialurrgolebiani, friqciuli,  

g) momWermuSganebiani, an momWerrgolebiani,  

d) erTRariani borbliT da simetriuli diferencialiT.  

ganvixiloT TiToeuli cal-calke.  

a) C-s magvari konoidalurzedapiriani ganierRarakebiani borblis 

wevis SesaZlebloba 

𝑊0 ൑ 𝑆Cሺ𝑒 𝛼 cos 𝜃 െ 1ሻ, 

sadac SC borbalze Camoqanebis Stos daWimulobaa, dkn.  

 - xaxunis amZrav borbalze bagiris xaxunis koeficienti 

 - borblis RerZis mimarT konoidaluri zedapiris daxris kuTxe.  

 - bagiris borbalze Semoxvevis kuTxea.  

b) wevis SesaZlebloba simetriul diferencialurmeqanizmebiani 

jalambrisas, roca or borbalze Semoxvevis kuTxeebi tolia.  

𝑊0dif ൑ 2S ሺ𝑒𝛼 െ 1ሻ. 

g) momWermuStanebiani an momWerrgolebiani borblebis mier 

ganviTarebuli wevis Zalebi.  

𝑊0momW ൑ S ൫𝑒d𝛼 െ 1൯, 
sadac d xaxunis dayvanili koeficientia.  

d ൌ
𝜇

sin 𝛾
 , 

sadac  aris borblis RerZis mimarT muStanis daxris kuTxe. 

d) diferencialurrgolebiani borblis mier ganviTarebuli wevis Zala  

𝑓  ൌ
4
𝜋

∙ 𝑓 , 

sadac R da r aris Sesabamisad rgolebis gare da Siga radiusebi.  

m - rgolebis raodenoba.  

 rgolebze (Rarebze) dayvanil dolze xaxunis dayvanili koeficienti 

𝑓  ൌ
4
𝜋

∙ 𝑓 , 

sadac f dolze rgolis xaxunis koeficientia da aiReba f=0,15-0,16. 
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bagiris sixistis koeficienti 

𝐶 ൌ
1

1 ൅
଴,ଵୢbag

ୈିଵ଴

 , 

sadac dbag bagiris diametria, sm, 

D - rgolis diametria, sm.  

nax. 11.7 
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11.7. xalxis gadayvana bagiruli transportiT 

daxril gvirabebSi erT cvlaSi gadasayvani xalxis raodenoba 

Nxal ൌ
Acv

P
 , 

sadac Acv im ubnis mwarmoeblobaa pikuri datvirTvisas, romelsac 

emsaxureba mocemuli gvirabi; 

P - erTi muSis Sromis nayofierebaa, t. 

reisis xangrZlivoba  

Treisi ൌ
2LsaS

𝑖 ∙ 𝑣saS
൅ Tpauz , 

sadac LsaS zidvis saSualo Sewonili manZilia. 

i = 1...2 - Sesabamisad erTi an orboloiani bagirebiT zidvisas,  

vsaS =(0,8...0,9) - moZraobis saSualo siCqare, m/wm, 

v - moZraobis maqsimaluri dasaSvebi sapasporto siCqarea, m/wm, 

Tpauz - Casasxdom baqnebze pauzis xangZlivoba, wm  

Tpauz ൌ ଶ

௜
ൣKଵ൫tC ൅ tg ൅ tdZ൯ ൅ tc൧ , 

sadac K1 aris koeficienti, romelic iTvaliswinebs Casasxdomi baqnebis 

tips (K1=1 - ormxriv Casasxdomiani baqnisas da K1=1,25 - 

calmxriv Casajdomi baqnisas), 

tC da tg Sesabamisad vagonetSi Casxdomisa da vagonetidan gadmosvlis 

dro. Sesabamisad iReba tC=15 wm da tg=10 wm, rodesac liandagis 

sigane aris 600 mm da sajdomi oradgiliania. samadgiliani 

sajdomisas, rodesac liandagis sigane aris 900 mm, maSin tC=25 

wm da tg=20 wm, 

td damatebiTi droa, romelic damokidebulia SemadgenlobaSi 

vagonetebis raodenobaze.  

Z SemadgenlobaSi vagonetebis ricxvi. 

tc aris signalis micemisaTvis saWiro dro.  

SemadgenlobaSi vagonetebis saWiro ricxvi 

Z ൌ
Nxal ∙ K

nadg ∙ 𝑟
 , 

sadac nad erT vagonetSi dasajdomi adgilebis ricxvia,  

K - uTanabrobis koeficienti aiReba aranakleb 2-isa. 

r - 30 wuTSi SesaZlo reisebis ricxvi.  
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yvela muSis gadayvanis gaTvaliswinebiT 

𝑟 ൌ
30 ∙ 60

T ∙ n
 . 

SemadgenlobaSi vagonetebis ricxvi gadasabmelebis simtkicis mixedviT 

𝑍 ൌ
Sgad

൫80 ∙ nadg ൅ 𝐺଴൯ሺsin β୫ୟ୶ ൅ ωcos β୫ୟ୶ሻ
 . 

sadac Sgad aris dasaSvebi wevis Zalva mocemuli vagonetebisaTvis, dkn, 

G0 - vagonetis taris masa, kg; 

80 - erTi kacis saSualo masa, kg. 

max - saliandago gzis daxris kuTxis udidesi mniSvneloba,  

 - vagonetis moZraobis winaRobis koeficienti.  
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12. transporti lokomotivebiT 

salokomotivo transportma didi gavrceleba pova horizontalur da 

mcire daxril gzebze (gzis daxris maqsimaluri kuTxe ar unda 

aRematebodes 3-s anu 5) tvirTebis did manZilze transportirebisas;  misi 

saSualebiT SeiZleba zidva sasarTule da Sorisul StrekebSi, xolo 

samanevro operaciebi  maRaros ezoebSi.  

salokomotivo transporti xorcieldeba vagonetebis SedgenilobiT, 

romelnic lokomotivTan erTad qmnian matarebels.  

gamoyenebuli energiis mixedviT maRaros lokomotivebi SeiZleba 

davyoT Semdeg tipebad: 

a) haermavali (SekumSuli haeris balonebze) 

b) giromavali (mqnevaras kinetikur energiaze) 

g) dizelmavali (dizelis Zravze) 

d) elmavali (sakontaqto qseliT an akumulatorul batareaze).  

Tanamedrove karierebze sakmaod farTod daiwyo Tbomavlebis danergva, 

xolo SaxtebSi gamoiyeneba - giromavlebi; haermavlebi; dizelmavlebi 

(mcire raodenobiT). 

 

12.1. haermavlebi 

maRaros haermavali aris lokomotivebis saxe, romelSic gamoyenebulia 

SekumSuli haeris energia. misi ZiriTadi nawilebia: balonebi haeris 

akumulirebisaTvis, pnevmoZravi, gadacema da marTvis kabina.  

balonebis moculoba mcirea da imisaTvis, rom saWiro raodenoba 

gvqondes, masSi haeri iwnixeba 20 megan/m2 wneviT. balonebis datenvisaTvis 

(damuxtvisaTvis) maRaros ezoSi montaJdeba dasamuxti sadgurebi, romlebic 

momaragebulia haeris akumulatorebiT da samuxtavi specialur onkan-

gamvsebi punqtebiT.  

haermavlebze damontaJebulia ori erTcilindriani an erTi 

swrafmavali mravalcilindriani Zravi. erTcilindriani penvmoZravebi 

lokomotivze montaJdeba CarCos gverdiT mxares horizontalurad. pirveli 

pnevmoZravis cilindrSi balonidan haeri Sedis reduqciul sarqvelze 

gavliT. cilindrSi misi wneva ecema 1,6-1,8 megan/m2-mde. wnevis aseTi uecari 

dacemis gamo temperatura –15 C-mdis (mcirdeba) vardeba, amitom haers 
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winaswar aTboben specialur haergamTbobis saSualebiT. pirvel ZravSi 

gafarToebuli haeris nawili energias gascems, Semdeg ki Tbeba da gadadis 

meore Zravis cilindrSi. safexurebrivi gafarToeba, SualedSi haeris 

gaxurebiT, gamoiyeneba lokomotivis mqk-is gazrdisa da haeris 

gafarToebisas wylis orTqlis gayinvis Tavidan acilebis mizniT. haeris 

gafarToebis safexurebis ricxvi damokidebulia lokomotivis gamoyenebis 

areze. did manZilze momuSave haermavlebs aqvT sami an oTxi safexuri, 

xolo samanevro lokomotivebs - haeris gafarToebis ori safexuri. pirvel 

SemTxvevaSi, erTi an orive Zravi warmoadgens ormagi moqmedebis dguSian 

manqanas, romelTanac haeri rigrigobiT farTovdeba dguSis orive mxares. 

erTcilindriani Zravis dguSis farTebi SeirCeva iseTnairad, rom Zalebi 

Wokebze iyos erTnairi: dguSis Wokebi mrudmxara barbaca meqanizmebiT 

dakavSirebulia lokomotivis amZrav wyvila TvalTan. haeris ganawileba, 

cilindrebis gavsebis xarisxis regulireba da lokomotivis svlis 

reversireba gamanawilebeli meqanizmis saSualebiT xorcieldeba 

orTqmavlis analogiurad.  

mravalcilidnrian pnevmoZravebs aqvs oTxi-eqvsi cilindri da muSaoben 

erT muxla lilvze. cilindrebSi haeri Sedis 30-40 mn/m2 wneviT. mgrexavi 

momenti muxla lilvidan gadaecema wyvila Tvals, gadacemis kolofisa da 

jaWvuri gadacemis saSualebiT.  

aseTi saxis Zravis gamoyeneba gvaZlevs SedarebiT ufro Tanabari 

svlis haermavals, da zrdis saakumulacio balonebis dayenebis adgils.  

Tanamedrove haermavlis simZlavre 70 km-s aRwevs; moqmedebis radiusi 7 

km-ia, moZraobis saSualo siCqare 9 km/sT, xolo haeris xarji 1 t.km-ze 

Seadgens 0,8-1 m3-s.  

haermavlis dadebiTi mxareebia: sruli feTqeba-usafrTxoeba, 

mniSvnelovani gadatvirTvis SesaZlebloba, damuxtvis umniSvnelo dro, yru 

sangrevebSi muSaobisas, atmosferos gaaxleba namuSevari haeris xarjze.  

naklovani mxareebia: dabali mqk haeris didi xarji, ZviradRirebuli 

sakompresoro mowyobilobis saWiroeba.  

haermavlebi gamoiyeneba gazisa da mtvris mixedviT saSiS Saxtebze: 

ZiriTadad sazid gvirabebSi, saventilacio horizontebze, mosamzadebeli 

gvirabebis yru sangrevebSi. haermavlebma farTo gamoyeneba poves 

Cexoslovakiasa da gfr-Si.  
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12.2. giromavlebi 

giromavali aris lokomotivis saxe, romelSic energiis akumulatorad 

da Zravad gamoyenebulia mbrunavi mqnevara.  

giromavlis mqnevara warmoadgens 2 tonamde masiur badros, romelic 

mzaddeba legirebuli foladisagan; igi montaJdeba vertikalur RerZze da 

moTavsebulia garssacmSi, romelic magrdeba lokomotivis CarCoze. sabWoTa 

ГР-4 da ГР-5 tipis giromavlebSi mqnevaras damuxtva xorcieldeboda 

pnevmogiromavlebSi, romelic reduqtorTan erTad damontaJebuli iyo 

mqnevaras korpusze, xolo meqanikuri energiis gadacema wamyvan wyvila 

Tvalze xorcieldeboda gadacemis kolofis saSualebiT. zogierT ucxouri 

konstruqciis giromavalSi hidroamZravi warmoadgens agregats, romelic 

Sedgeba erT saerTo lilvze damontaJebul mqnevarasa da eleqtruli 

manqanisagan, moTavsebulia erT saerTo korpusSi. giromavlis damuxtvisas 

eleqtruli manqana muSaobs rogorc Zravi, xolo wevis reJimze muSaobisas 

- rogorc wevis Zravis mkvebavi generatori. amZravis garsacms avseben 

ganmuxtuli wyalbadiT, Zravis gagrilebisa da xaxunze danakargebis 

Semcirebis mizniT. aseTi saxis sistema xasiaTdeba ufro srulyofili 

siCqaris regulirebiT, mcire danakargebiT da mqnevaradan wamyvan wyvila 

Tvalze mbrunavi momentis gadacemis saimedoobiT.  

giromavlis ZiriTad dadebiT mxared unda aRiniSnos - 

feTqebausafrTxoeba (pnevmo- da hidrodamuxtvisas).  

uaryofiTi mxareebia: mcire garbena da samuSaod momzadebis 

aucilebloba (damuxtvis saWiroeba).  

aseTi saxis satransporto manqanebis praqtikuli gamoyeneba daiwyo 

sul ramdenime wlis winaT. giromavlebis pirveli sacdeli partia Seiqmna 

1957 wels q. druJnkovskis manqanaTmSenebeli qarxnis mier. dResdReobiT 

giromavlebis yovelwliuri gamoSveba aRwevs 100 cals.  

giromavlis gamoyenebis are Seesatyviseba haermavlisas. 1966 wels 

centraluri donbasis Saxtebze muSaobda daaxloebiT 400 manqana.  

giromavlis gamoyenebis perspeqtivebia - misi muSaoba naxSiris Saxtebis 

saventilacio horizontebze, rogorc damxmare transporti hidromatebze 

da rogorc satransporto saSualeba axalmSenebare Saxtebze.  
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12.3. dizelmavlebi 

dizelmavlis ZiriTadi Semadgeneli nawilebia: dizeli gamSvebi 

sistemiT, wevis gadamcemi da marTvis kabina.  

dizelmavlebSi gamoiyeneba oTxtaqta, saSualo svlis, wyliT gacivebis 

dizelis Zravi. Saxtis pirobebSi Tburi Zravebis gamoyeneba iwvevs 

gamonabolqvi airebis gauvnebelyofis aucileblobas, rac miRweulia 

gaRaribebul sawvav narevze, dizelis muSaobis reJimis SerCeviT. garda 

amisa, gamonabolqv airebs atmosferoSi gamoSvebmadis atareben 

katalizatorSi, sadac xdeba gazis bolomde dawva ualod da amis Semdeg 

xdeba qimiur xsnarebSi garecxva.  

dizelebis feTqeba usafrTxo Sesruleba miRweulia gaxurebuli 

detalebis wyliT gaciebiT, faqtobrivad xanZarsawinaaRmdego sistemis 

avtomaturi moqmedebiT, gamonabolqvi airebis gaciebiT da Sewovis da 

namuSevari airis gamosasvlelis paketuri dacviT. Zravis gaSveba 

xorcieldeba pnevmaturi, hidravlikuri an inerciuli gamSvebebiT.  

dizelis samarTavi kabina Seesabameba elmavlisas.  

akumulatorul elmavalTan SedarebiT, dizelmavlis ZiriTadi 

upiratesobebia: didi simZlavre da Sesabamisad did qanobebze muSaobis 

SesaZlebloba; uaryofiT mxared unda aRiniSnos: afeTqebis mxriv usafrTxo 

Sesrulebis sirTule, atmosferos danagvianeba gamonabolqvi airebiT, 

kvalificirebuli momsaxurebisa da SemkeTeblebis aucilebloba; amasTan, 

dizelmavlis gamoyenebisas gaTvaliswinebuli unda iyos 2 m3/wT-Si haeris 

meti raodenobis miwodeba SaxtaSi yovel 1 cx.Z. simZlavreze.  

dizelmavlebma didi gavrceleba poves sazRvargareT, mag., inglisSi 

misi raodenoba mTeli saSaxto lokomotivebis 70 %-s Seadgens.  

dizelmavlis gamoyenebis ares Seadgens: hidroSaxtebi, rogorc 

damxmare satransporto saSualebebi samTo gvirabebSi da rogorc ZiriTadi 

satransporto saSualebebi miwiszeda maRaros ezoSi.  
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12.4. elmavlebi 

maRaros elmavlebis klasifikacia SeiZleba movaxdinoT Semdegi 

niSnebis mixedviT:  

masis mixedviT: a) msubuqi - 5 t, masis CaTvliT; b) saSualo - 5 t-dan 14 

t-mde; g) mZime - 14 t-zeviT.  

kvebis mixedviT: a) avtonomiuri kvebis wyaroTi, (akumulatoruli 

elmavlebi); b) garegani kvebis wyaroTi (kontaqtoruli da maRalsixSiruli 

elmavlebi); g) kombinirebuli elmavlebi (akumulatorul-kontaqturi, 

kontaqtur-kabeliani da sxva).  

denis saxis mixedviT: a) cvladi denis; b) mudmivi denis.  

manZili, romelzec gadahyavT xalxi da gadaaqvT nebismieri saxis 

tvirTi aRwevs 5-10 kms, simrudis radiusebi 10-20 m-s. gzis profili aiReba 

0,003-0,005 qanobiT, mxolod iSviaTad aRwevs 40 ‰-s.  

mwarmoebloba praqtikulad SeuzRudvelia da damokidebulia 

elmavlebis raodenobaze. dadebiTi mxareebi: simartive, saimedooba, 

ekonomiuroba, xalxis gadasayvanad gamoyenebis SesaZlebloba, uaryofiTi 

mxareebia: saakumulatoro meurneobis sirTule, mwarmoeblobis 

damokidebuleba organizaciis doneze.  

dReisaTvis elmavlebis zidva warmoadgens ZiriTad transportos 

naxSirisa da sxva madnebis Saxtebis horizontalur sazid gvirabebSi (94% 

tvirTnakadebisa naxSiris da 100 % - madnis Saxtebze).  

naxSiris SaxtebSi saelmavlo parkis daaxloebiT 70 % Seadgens 

akumulatoruli elmavlebi, xolo danarCen 30 %-s ki - kontaqturi 

elmavlebi.  

madnebisa da fiqlebis SaxtebSi gamoiyeneba mxolod kontaqturi 

elmavlebi, rogorc ufro ekonomiuri.  

Tanamedrove pirobebSic da perspeqtivaSic, Saxtebis horizontalur 

gzebze ZiriTadi satransporto saSualebaa saelmavlo zidva. maSinac ki, 

rodesac ZiriTadi tvirTnakadebi ganxorcielebulia konveierebis 

saSualebiT, elmavlebiT zidva aucilebelia xalxis gadayvanisaTvis da 

masalebisa da meqanizmebis gadasatanad.  
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12.5. elmavlis meqanikuri nawili 
(gaangariSebis principebi) 

elmavlis meqanikur nawils miekuTvneba: Zara, CarCo, savali urikebi, 

gogorwyvilebi (wyvila Tvlebi), resoruli Camokideba, dartymis mimReb-

gadasabmeli mowyobiloba, pnevmaturi samuxruWo da sxva mowyobilobebi.  

resoruli Camokideba. elmavlebze gamoiyeneba spiraluri da 

furclovani resorebi. resorebi xasiaTdeba sixistiTa da drekadobiT.  

drekadoba aris resoris CaRunvis isari gamosaxuli mm-Si, rodesac 

datvirTva Seadgens 1000 kg-s, xolo sixiste datvirTvis is sididea gamo-

saxuli kg-iT, romlis moqmedebiT resoris gaRunvis isari Seadgens 1 mm-s.  

amgvarad, sixiste da drekadoba urTierTSeqceuli sidideebia:  

1
𝐶

ൌ  , 

sadac  resoris drekadobaa, xolo C - resoris sixiste.  

𝐶 ൌ ௉

௙
 .                          (12.1) 

P aris resorze moqmedi datvirTvis Zala, xolo f - resoris CaRunva.  

resoruli sakidebis ZiriTadi daniSnulebaa lokomotivis (vagonis) 

calkeuli kvanZebis dinamikuri Zalisagan gantvirTva. amitom resorebs unda 

hqondes sakmarisi drekadoba, magram amasTan erTad unda hqondes sakmarisi 

SesaZlebloba rxevis Caqrobisa.  

calkeuli resorebi xasiaTdeba sxvadasxva sixistiT, amitom RerZebze 

datvirTvebs Soris sxvaobis salikvidaciod elmavlebSi gamoiyeneba 

resorebis grZivi da ganivi balansirebiT SeerTeba. samrewvelo elmavlebSi 

iyeneben grZiv balansirebas furclovani resorebis saxiT.  

21E-1 tipis elmavlebis ganapira urikebi momaragebulia balansirebuli 

resorebiT, xolo Sua urikis resorebi erTmaneTTan ar aris 

dakavSirebuli.  

EL-2 tipis elmavlis erTi urikis resorebi balansirebulia, xolo 

meorisa ara; amitom, im SemTxvevaSi, roca elmavali moZraobs 

balansirebuli urikiT win, maSin datvirTva calkeul RerZebze naklebia 

da iqmneba ufro meti wevis Zalis ganviTarebis SesaZlebloba.  

resoruli Camokidebis gaangariSeba SeiZleba Semdegi sqemis mixedviT 

(nax. 12.1).  



satransporto manqanebi                                              saleqcio kursi 

~ 95 ~ 
 

 

am sqemiT imitaciaa Seqmnili M masis mqone sxeulis iZulebiTi 

rxevisa, romelic Camokidebulia resorze sixistiT da C Sesabamisi 

datvirTvis erT wyvilTvalze, romelic warmoiSoba gzis uTanabro 

uswormasworo ubnis gavlisas. gzis profili daaxloebiT SeiZleba 

gamoisaxos gantolebiT 

𝑍ଵ ൌ ௛

ଶ
ቀ1 െ cos ଶగ௫

௅
ቁ ,                         (12.2) 

sadac Z1 gzis uTanabrobis (uswormasworobis) koordinatia ganxilvis 

momentSi (myisier momentSi).  

Tu gaviTvaliswinebT, rom vt=x , maSin 

𝑍ଵ ൌ ௛

ଶ
ቀ1 െ cos ଶగ௩௧

௅
ቁ .                     (12.3) 

savali TvliT L manZilis gavlisaTvis saWiro dro 

𝑇 ൌ
𝐿
𝑣

 . 

swored es dro warmoadgens SemaSfoTebeli Zalis moqmedebis periods, 

SemaSfoTebeli Zalis wriuli sixSire 

𝑃 ൌ 2𝜋 ଵ

்
ൌ ଶగ௩

௅
 .                     (12.4) 

(12.3) da (12.4) gantolebebidan miviRebT: 

𝑍ଵ ൌ ௛

ଶ
ሺ1 െ cos 𝑃𝑡ሻ .                     (12.5) 

im SemTxvevaSi, rodesac savali Tvali gaivlis raime Z1 sididis 

tol SemaRlebas, maSin resoris qveda masa M aiwevs Z simaRleze da 

resoruli wyvilis ori Tvalis Zalva iqneba  

nax. 12.1 
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2𝑐ሺ𝑧 െ 𝑧ଵሻ, 

xolo rxevis gantolebas eqneba saxe:  

2𝑐ሺ𝑧 െ 𝑧ଵሻ ൌ െ𝑀 ௗమ௭

ௗ௧
 ,                    (12.6) 

anu            𝑀𝑧ᇱᇱ ൅ 2𝑐𝑧 ൌ 2𝑐𝑧ଵ .                     (12.7) 

Tu miRebul formulaSi SevitanT 𝑧ଵ-is mniSvnelobas (12.5) formulidan 

da gavyofT orive nawils masaze 𝑀, maSin miviRebT,  

𝑍ᇱᇱ ൅ ଶ௖

ெ
∙ 𝑧 ൌ ଶ௖௛

ଶெ
∙ ሺ1 െ cos 𝑃𝑡ሻ .                  (12.8) 

rogorc cnobilia Tavisufali rxevisas sruli rxevis periodi 

𝑇 ൌ 2𝜋ට
௙

௚
 ,                        (12.9) 

sadac 𝑓 aris resoris CaRunva.  

𝑔 Tavisufali vardnis aCqareba (𝑔 ൌ 9.81 მ წმଶ⁄ ሻ 

ට
௚

௙
ൌ 𝐾 gamosaxulebas uwodeben Tavisufali rxevis wriul sixSires, 

vinaidan (12.9) gamosaxulebidan igi tolia 𝑇 ൌ 2𝜋 ଵ

௄
-is, saidanac  

𝐾 ൌ ଶగ

்
ൌ 2𝜋𝑛 ,                   (12.10) 

sadac 𝑛 aris Tavisufali rxevis sixSire ሺ𝑛 ൌ ଵ

்
ሻ. 

SemaSfoTebeli 𝑃 Zalis wriuli sixSire, rogorc (12.4) formulidan 

Cans, iseve rogorc Tavisufali rxevis wriuli sixSire, tolia ට
௚

௙
 sididisa, 

amasTan (12.4) formulaSi saWiroa Caisvas iZulebiTi rxevis sruli periodi 

𝑇 ൌ
𝐿
𝑣

 . 

rogorc viciT, resoris sixiste aris datvirTva ሺ𝑃 ൌ 𝑚𝑔ሻ Sefardebuli 

erTeul CaRunvasTan; maSin ori resorisaTvis SeiZleba davweroT  

2𝑐 ൌ ௠௚

௙
 .                        (12.11) 

Tu gaviTvaliswinebT, rom 𝑔 𝑓⁄ ൌ 𝐾ଶ, maSin  

𝐾ଶ ൌ ଶ௖

ெ
 ,                        (12.12) 

xolo (12.8) gantoleba miiRebs saxes 

𝑍ᇱᇱ െ 𝐾ଶ𝑍 ൌ 𝐾ଶ ௛

ଶ
ሺ1 െ cos 𝑃𝑡ሻ.                  (12.13) 

𝑍ᇱᇱ ൅ 𝐾ଶ𝑍 ൌ 0 erTgvarovan gantolebas aqvs Semdegi saxis amoxsna  

𝑍 ൌ 𝐴 cos 𝐾𝑡 ൅ 𝐵 sin 𝐾𝑡 ,                   (12.14) 
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xolo araerTgvarovani (12.13) formulis kerZo amoxsna iqneba 

𝑍 ൌ ௛

ଶ
ቀ1 െ ௄మ

௄మି௣మ cos 𝑝𝑡ቁ .               (12.15) 

amgvarad, (12.13) gantolebis saerTo amoxsna iqneba 

𝐴 cos 𝐾𝑡 ൅ 𝐵 sin 𝐾𝑡 ൅ ௛

ଶ
ቀ1 െ ௄మ

௄మି௣మ cos 𝑃𝑡ቁ .        (12.16) 

(12.16) formulis pirveli ori Sesakrebi 𝐴 cos 𝐾𝑡 ൅ 𝐵 sin 𝐾𝑡 gamosaxavs 

Tavisufal rxevas, romlebic ucbaTve qreba resorebs Soris xaxunis 

Sedegad.  

bolo Sesakrebi ki gamosaxavs iZulebiT rxevas, romelic miiReba 

SemaSfoTebeli ZaliT, xolo SemaSfoTebeli Zala gamowveulia 

periodulad araswori gzebis gavliT.  

Tu iZulebiT rxevas daviTvliT ara 𝑂𝑂 RerZidan, aramed 𝑂ଵ𝑂ଵ 

RerZidan, romelic h/2 sididiT dablaa ganlagebuli, maSin igi 

gamoiTvleba Semdegi gantolebiT 

𝑧iZul ൌ െ
ℎ
2

∙
𝐾ଶ

𝐾ଶ െ 𝑃ଶ cos 𝑃𝑡 ൌ െ
ℎ
2

∙
1

1 െ ௉మ

௄మ

𝑐𝑜𝑠𝑃𝑡 

 

 

12.6. elmavlis eleqtruli nawili 

elmavlis muSaobis reJimi samTamadno sawarmoebis pirobebSi 

iTvaliswinebs adgilidan daZvras, siCqaris regulirebas, damuxruWebas da 

moZraobis mimarTulebis Secvlas. am reJimebis ganxorcielebis mizniT, 

elmavalSi gaTvaliswinebulia: wevis Zravebis gamorTva Zabvisagan da 

mierTeba, gamSvebi winaRobebis seqciuri CarTva-gamorTva, wevis Zravebis 

gadarTva mimdevrobidan paralelurze an eleqtrul damuxruWebaze 

zemoT CamoTvlili yvela operacia SeiZleba ganxorcieldes: pirdapiri 

marTvis sistemis (nax. 12.2) saSualebiT, rodesac Zalovani wredis CarTva da 

gamorTva xdeba uSualod kontroleriT, romelic moqmedebaSi mohyavs 

memanqanes da arapirdapiri marTvis sistemis (nax. 12.3) saSualebiT, rodesac 

Zalovani wredis CarTva-gamorTva xdeba kontaqtorebis saSualebiT, 

romlebic moZraobaSi modis SedarebiT mcire marTvis kontroleriT. 

karieris Tanamedrove mZlavr elmavlebSi gamoiyeneba marTvis arapirdapiri 

sistemebi, vinaidan pirdapiri marTvis sistemebis SemTxvevaSi elmavlis 

memanqanisagan saWiro iqneboda didi fizikuri Zalis modeba mZlavri 
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marTvis kontroleris berketze da miuxedavad amisa, aseTi kontroleris 

kontaqtebi male gamovidoda mwyobridan.  

 

arapirdapiri marTvis sistemebis gamoyeneba saSualebas iZleva, rom 

mZlavr elmavlebze dainergos avtomatika, romlis drosac gadarTva 

avtomaturad moxdeba releebis saSualebiT. garda amisa, aRniSnuli 

marTvis sistemis saSualebiT SeiZleba elmavlis memanqanis kabinidan 

ganxorcieldes mravali erTeuli sistemis marTva; magaliTad, elmavlis 

memanqanes marTvis aseTi sistemis dros SeuZlia rogorc sakuTriv 

elmavlis, aseve motorizebuli vagonebis marTvac. 

nebismieri marTvis sistemisaTvis sqemaSi xdeba dacvis saSualebis 

gaTvaliswineba mokled SerTvis denisagan, Zabvis matebisa da sxva 

SemTxvevebisaTvis.  

garda Zalovani da marTvis wredebisa, elmavalSi arsebobs damxmare 

wredebi da aparatura, rogoricaa: ganaTeba, gaTboba, kompresoris Zravi, 

ventilatoris Zravi da a.S. yvela zemoT CamoTvlili wredisaTvis 

gaTvaliswinebulia aRniSnuli dacvis saSualebebi swrafmoqmedi amomrT-

veli avtomatebis saxiT; magaliTad, mokled SerTvis denebisagan wredebis 

da aparaturis dacvisaTvis gamoyenebuli amomrTvelebi (10-12)-jer ufro 

swrafad moqmedebs vidre Cveulebrivi amomrTveli (0,01-dan 0,04 wm-mdis). 

nax. 12.2  nax. 12.3  
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arapirdapiri marTvis sistemis ZiriTadi aparaturaa kontaqtorebi. 

maTi CarTvisaTvis SeiZleba gamoviyenoT amZravi: eleqtruli, eleqtro-

pnevmatikuri da eleqtromagnituri. karieris mZlavr elmavlebze gamoiye-

neba jgufuri kontaqtorebi, TiToeuli jgufuri kontaqtori ikrifeba 21 

sakontaqto elementisagan individualuri rkalCamqrobebiTa da CarTviT 

pnevmatikuri serioamZravis saerTo muxla lilvis meSveobiT. jgufuri 

kontaqtorebis saSualebiT xdeba gamSvebi winaRobebis gadarTva da mwevi 

Zravebis erTi SeerTebidan meore saxis SeerTebaze gadarTva.  

 

 

12.7. wevis Zravebi 

Tanamedrove elmavlebze gamoiyeneba mudmivi denis Zravebi nominaluri 

ZabviT (250-1500) v, ufro xSirad ki mimdevrobiT aRgznebiT, vinaidan aseTi 

Sesrulebis Zravas aqvs Semdegi upiratesoba: rbili maxasiaTebeli, e.i. 

wevis Zalis momatebisas avtomaturad amcirebs brunTa ricxvs da amitom 

minimalurad xurdeba, rac yvelaze mniSvnelovani faqtoria 

elmavlebisaTvis, vinaidan maT uxdebaT didi sigrZis daxrili gzis 

gadalaxva, magaliTad: tranSeebis, Stolnebis, Strekebis saxiT da a.S. 

aviTareben did mbrunav momentebs.  

mimdevrobiT agznebis Zravas uaryofiTi mxarea: rekuperaciis 

damuxruWebis (rodesac piriqiT qsels miewodeba deni) reJimze pirdapiri 

(avtomaturi) gadasvlis SeuZlebloba.  

elmavlis wevis eleqtroZrava, gadacemuli momentis mixedviT farTo 

diapazoniT cvlis Tavis simZlavres, vinaidan 

𝑁 ൌ
𝑀𝑛

0,975
 

sadac M=EgRa aris savali gogorwyviliT gadacemuli moment, xolo n - 

gogorwyvilis brunTa ricxvia.  

elmavlis Zravis simZlavrisa da mis mier ganviTarebuli momentis 

cvalebadobisas denis sidide icvleba. Zalovan qselSi, vinaidan lilvze 

Zravis sasargeblo simZlavre:  

𝑁 ൌ 𝜂Zr𝑈𝐼, 

𝑄 ൌ െ
1
𝑛

൬
𝐹௠௔௫𝐷

2𝐿
൅

𝑃Zr

2
൰ . 

n aris zambarebis ricxvi 
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Fmax - wyvila Tvlisgan ganviTarebuli maqsimaluri wevis Zala.  

D - moZravi Tvlebis diametri.  

L - savali Tvlis RerZis daSoreba Zravis sayrdenamde.  

PZr - Zravis masa.  
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13. maRaros vagonetebi 
13.1. zogadi klasifikacia 

rkinigzis moZravi Semadgenlobis erTeuls karierebisa da saerTo 

daniSnulebis gzebisaTvis - vagoni ewodeba, romlis daniSnulebaa 

mgzavrebis gadayvana an tvirTis gadatana, xolo analogiur erTeuls 

Saxtis moZravi SemadgenlobisaTvis - vagoneti ewodeba.  

vagonetebis klasifikacia SeiZleba Semdegi niSnebi:  

I) daniSnulebis mixedviT  satvirTo (sasargeblo namarxisaTvis, fuWi 

qanisaTvis, Semvsebi masalebisaTvis, damxmare tvirTebisaTvis), samgzavro da 

specialuri (mZime mowyobilobisaTvis, saxanZro, liandagsazomi, 

sanitaruli da sxva).  

Tavis mxriv, satvirTo vagonetebi iyofa:  1) Zaris konstruqciis 

mixedviT, romlis gacla warmoebs gadayiravebiT, fskeris an bortis 

gaxsniT da a. S. a) xisti yrud SeerTebuli ZariT CarCoze; b) Zirgamcleli 

ZariT; g) gverdiTi gamxsneli ZariT (kedlebiTa) da ormxrivi daxrili 

ZariT; d) CarCoze saxsrulad SeerTebuli ZariT, romlis gacla xdeba 

Zaris gadaxriT, rodesac gadaxris mxares ixsneba gverdiTi borti; e) xisti 

gadasayiravebeli ZariT, romlis dacla xorcieldeba gadayiravebiT. 2) 

Zaris tevadobis mixedviT: a) mcire tevadobis - 1,25 m3-mde, b) saSualo 

tevadobis - 1,252, m3; g) didi tevadobis - 2,8 m3-ze meti.  

samgzavro vagonetebi iyofa: a) vagonetebi horizontaluri 

gvirabebisaTvis da b) vagonetebi daxrili gvirabebisaTvis. 

II) gadaadgilebis xasiaTis mixedviT  TviTmavali, romelic 

momaragebulia sakuTari ZraviT da ara TviTmavali, romlis gadaadgileba 

xdeba lokomotivis saSualebiT.  

III) gantvirTvis wesis mixedviT  TviTgamcleli da vagonsayiravis 

saSualebiT gasacleli.  

IV) RerZebis raodenobis mixedviT  orRerZiani, oTxRerZiani, 

eqvsRerZiani, rvaRerZiani da mravalRerZa. oTxi da meti RerZis SemTxvevaSi, 

rogorc wesi, vagonebic da vagonetebic mzaddeba urikian saval nawilze.  

V) savali Tvlebis RerZebze damagrebis wesis mixedviT  xisti 

gamagrebis (CawnexviTi CasmiT) da Tavisuflad moZravi (mbrunavi) TvlebiT. 

pirveli saSualeba gamoiyeneba karierebisa da sazogadoebrivi momsaxurebis 

vagonebSi, xolo meore  Saxtis vagonetebSi.  
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vagoneti Sedgeba Semdegi elementebisagan: 1) Zara, 2) CarCo (romelic 

akavSirebs vagonetis yvela elements erTimeoresTan), 3) moZraobis dros 

vagonetebis Sejaxebisas dartymis mimRebi elementebi  buferebi da 

gadasabmelebi, romliTac xdeba SemadgenlobaSi vagonetebis erTmaneTTan 

gadabma da agreTve maZrav saSualebasTan dakavSireba; 4) savali nawili.  

vagonetebis savali nawilis or ganapira wyvila Tvlis RerZebs Soris 

manZils ewodeba vagonetis xisti baza, xolo urikiani vagonetebis 

SemTxvevaSi xisti baza ganisazRvreba ori mosazRvre urikisa da CarCos 

sayrden wertilebs Soris manZiliT.  

 

 

13.2. vagonetebis mdgradoba 

mdgradoba ewodeba vagonetis winaaRmdegobas garegani Zalebis mimarT, 

romelic cdilobs vagonetis relsidan acdenas. asxvaveben sami saxis 

mdgradobas: grZivs, ganivs da liandagidan Tvlis dacurebis sawinaaRmdego 

mdgradobas.  

grZivi mdgradobis dakargva niSnavs erTi wyvila Tvlis RerZis mimarT 

vagonetis gadayiravebas.  

mdgradobas afaseben mdgradobis koeficientis mixedviT 

𝐾mdgr ൌ
𝑀aRdg

𝑀gaday
 , 

sadac MaRdg aris aRmdgeni Zalis momenti im RerZis mimarT, romlis 

irgvliv xdeba Semoyiraveba; 

Mgaday - aris gadamyiravebeli Zalis momenti, imave RerZis mimarT.  

grZivi mdgradobis koeficienti aiReba sazRvrebSi Kmdgr=1,5  Tu 

mxedvelobaSi miiReba mxolod gadayiravebis statikuri Zalebi da 1,3-is 

toli, Tu gaviTvaliswinebT dinamikur Zalebsac.  

grZivi mdgradobis saSiSi momentebia: 1) Tvlis saCerze vagonetis 

ucabedi gaCereba; 2) moZraoba daxril gzebze da 3) calmxrivi datvirTva.  

 

13.2.1. svlis saCerze ucabedi gaCerebis SemTxveva 

davuSvaT, rom (Gvag=G+G0) kg masis vagoneti moZraobs  kuTxiT daxril 

gzaze. Tu A saCerze movaxdenT vagonetis ucabed mkveTr damuxruWebas, 

maSin masze imoqmedebs Semdegi Zalebi (nax. 13.1):  
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1) inerciis Zala 

𝐺vag ∙
𝑎
𝑔

ൌ ሺ𝐺 ൅ 𝐺଴ሻ ∙
𝑎
𝑔

 , 

romelic Tavisi moqmedebiT 

cdilobs vagonetis gadayiravebas.  

2) vagonetis (mTliani Gvag, kg) 

masis mdgeneli Zalebi:  

a) 𝐺vag sin 𝛽 - gzis paraleluri, 

mdgeneli Zala, romelic Tavisi 

moqmedebiT inerciis Zalis Tanxv-

denilia da b) 𝐺vag cos 𝛽  gzis normaluri mdgeneli, romlis moqmedebiT 

xdeba vagonetis mdgradobis SenarCuneba. am ZaliT gamowveul moments, 

aRmdgeni momenti ewodeba.  

simZimis centris simaRle relsis Tavidan aRvniSnoT H-iT, vagonetis 

xisti Sbaz da davweroT momentebis gantoleba A saCeris mimarT; 

miviRebT  

𝐺vag cos 𝛽.
𝑆baz

2
ൌ 𝐾 ቆ𝐺vag sin 𝛽 ൅

𝐺vag

𝑔
∙ 𝑎ቇ 𝐻                                ሺ13.1ሻ 

zemoT moyvanili ganmartebis Tanaxmad, 𝐺vag cos 𝛽 ௌbaz
ଶ
 aris aRmdgeni 

momenti; 

pirveli tolobis marjvena nawilis K gareSe gamosaxuleba aris 

vagonetis gadamyiravebeli moment;  

K aris mdgradobis koeficienti; 

a - vagonetis aCqareba m/wm2-Si 

(13.1) formulis analizidan Cans, rom rac 

metia xisti bazis Sbaz sidide da mcirea 

relsis Tavidan simZimis centris simaRle, miT 

mdgradia vagoneti.  

vagonetis xisti bazis sidide SeiZleba 

ganvsazRvroT 

𝑆baz ൌ 2𝐾𝐻 ൬tg 𝛽 ൅
𝑎

𝑔 cos 𝛽
൰ ൌ 2𝐾𝐻

𝑔 sin 𝛽 ൅ 𝑎
𝑔 cos 𝛽

 . 

13.2.2. grZivi mdgradoba, rodesac vagoneti daxril gzaze moZraobs 

iZulebiT.  

davuSvaT, moZraobisaTvis saWiroa 𝑊ᇱ ൌ ሺ𝐺 ൅ 𝐺଴ሻሺ𝜔ᇱ𝑐𝑜𝑠𝛽 ൅ 𝑠𝑖𝑛𝛽 ሻ wevis Zala.  

nax. 13.2 
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am SemTxvevisaTvis vagonetis wonasworobis gantolebas eqneba Semdegi 

saxe:  

𝐺vag cos 𝛽 ௌbaz
ଶ

ൌ 𝐾𝐺vag𝑠𝑖𝑛𝛽ሺ𝐻 െ ℎሻ . 

miRebuli gamosaxulebidan xisti baza:  

𝑆baz ൌ 2𝐾𝑡𝑔𝛽ሺ𝐻 െ ℎሻ  .                                               ሺ13.2ሻ 

h aris liandagis Tavidan gadasabmelamde manZili.  

(13.2) formuliT Cven SegviZlia ganvsazRvroT mocemuli vagonetis 

mdgradobis gzis saWiro daxris kuTxe 

tg 𝛽 ൌ
𝑆baz

2𝐾ሺ𝐻 െ ℎሻ
 , 

an mocemuli kuTxisaTvis SegviZlia SevamowmoT mdgradoba.  

daxris kuTxis zRvruli mniSvneloba mdgradobis TvalsazrisiT, mag. 

bagirebiT zidvis SemTxvevaSi, Seadgens 30-s. 

 

13.2.3. grZivi mdgradoba vagonetis arasimetriuli datvirTvisas 

grZivi mdgradobis dakargvis saSiSi momentia vagonetis calmxrivi 

datvirTva.  

vagonetis calmxrivi datvirTvisas madniT an naxSiris Saxtebze fuWi 

qaniT, rodesac samTo masis raodenobaa G vagonetebze moqmedebs 

gadamyiravebeli momenti Ga. 

misi gawonasworeba xdeba vagonetis 

sakuTari woniT gamowveuli aRmdgeni 

ZaliT - 𝐺0
ௌbaz

ଶ
 . davweroT wonasworobis 

gantoleba 

𝐺0
ௌbaz

ଶ
ൌ 𝐾𝐶ᇱ𝑎ᇱ . 

zemoT ganxilul samive SemTxvevaSi grZivi mdgradoba izrdeba 

vagonetis xisti bazis gadidebiT.  

 

13.2.4. ganivi mdgradoba 

ganivi mdgradobis dakargva niSnavs liandagis relsis irgvliv 

vagonetis gadayiravebas.  

ganivi mdgradoba SeiZleba dairRves: mrudwirul ubnebze 

centridanuli Zalebis moqmedebis Sedegad, agreTve bagiris daWimulobis 

nax. 13.3. 
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Zalisgan, Sereuli vagonetebis urTierTwnevisagan, araswor gzaze swrafi 

svlisas da sxva. saangariSo sqemidan Cans, rom mdgradobis aRmdgeni 

momenti aris 𝐺vag
ா

ଶ
, sadac E aris liandagis sigane. amgvarad rac metia 

liandagis sigane, miT metia vagonetis ganivi mdgradoba. momentebis 

gantolebas wonasworobis pirobisaTvis ki eqneba saxe 

0,5𝐺vag𝐸 ൌ 𝐾𝑃𝐻 

ganivi mdgradobis konstruqciuli kriteriumia  kuTxis sidide, 

romelic miiReba carieli vagonetis simZimis centrze gamaval vertikalur 

RerZsa da simZimis centrisa da Tvlis relsze Sexebis wertilebis 

SemaerTebel xazebs Soris (ix. nax. 13.4) 

𝑡𝑔𝛼 ൌ ଴,ହா

ு
ൌ ா

ଶு
;     𝑡𝑔𝛼 ൌ ா

ଶு
 

zemo gamosaxulebidan Cans, rom 

mdgradobis  kuTxis sidide 

pirdapirproporciulia liandagis siganisa 

da ukuproporciulia liandagis Tavidan 

simZimis centris simaRlisa. 

vagonetisaTvis miRebulia, rom 22. 

praqtikaSi ki gvxvdeba iSviaTi, magram 

mainc SemTxvevebi, rodesac =1618. 

 

13.2.5. liandagidan Tvlis dacurebis sawinaaRmdego mdgradoba 

zemoT aRniSnuli mdgradobis dakargva niSnavs vagonetis Tvlis qimis 

Camococebas (dacurebas) relsze.  

mdgradobis Sefaseba xdeba Sesabamisi koeficientiT: 

𝐾mdgr.C. ൌ
𝐻kr

𝐻
 , 

sadac Kmdgr.C aris koeficienti, romelic iTvaliswinebs mdgradobis 

Camococebaze.  

Hkr - kritikuli RerZu-

li Zala anu Zala, 

romlis drosac Tva-

li kargavs mdgrado-

bas da iwyebs Camo- nax. 13.5.
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curebas relsidan.  

H ki aris faqtobrivad moqmedi, RerZuli Zala.  

13.5 nax-ze gamosaxulia vagonetis moZraobisas masze moqmedi Zalebi, 

romelTa mixedviT SegviZlia avagoT ZalTa mravalgverdi (nax. 13.6). 

miRebul mravalgverdSi:  

P gamosaxavs masur datvirTvas;  

N aris relsidan normaluri reaqcia;  

F relsisa da Tvlis qimis Sexebis 

wertilSi warmoSobili xaxunis Zala.  

ZalTa mravalgverdSi R Zala aris N-F 

Zalebis tolqmedi, igi N ZalasTan adgens  

xaxunis kuTxes. C-dan 

𝐻kr ൌ 𝑃଴𝑡𝑔ሺ𝛿 െ 𝜌ሻ ൌ 𝑃଴
𝑡𝑔𝛿 െ 𝑡𝑔𝜌

1 ൅ 𝑡𝑔𝛿 ∙ 𝑡𝑔𝜌
 . 

rogorc viciT tg=f, sadac f xaxunis koeficientia, maSin  

𝐻kr ൌ 𝑃଴
𝑡𝑔𝛿 െ 𝑓

1 ൅ 𝑓𝑡𝑔𝛿
 . 

Tu SevitanT Hkr miRebul mniSvnelobas Kmdgr.C-is formulaSi. miviRebT:  

𝐻mdgr.C ൌ
𝑃଴ሺ𝑡𝑔𝛿 െ 𝑓ሻ
𝐻ሺ1 ൅ 𝑓𝑡𝑔𝛿ሻ

 . 

 
 

13.3. vagonis (vagonetis) ZiriTadi parametrebi 

vagonis saeqspluatacio da teqnikuri Tvisebebis ZiriTadi 

maxasiaTebeli parametrebia: tvirTamweoba, taris koeficienti, datvirTva 

RerZebze, moZraobis winaRobis koeficienti (kuTri winaRoba) da wrfivi 

zomebi.  

dumpkaris tvirTamweobad miRebulia tvirTis is udidesi masa q, 

romelic daSvebulia transportirebisaTvis. es sidide axasiaTebs 

Semadgenlobis racionalur parametrebs (vagonebis raodenobas, sigrZes, 

masas). vagonis tvirTamweobis gazrdiT mcirdeba transportirebis 

Rirebuleba da amasTan erTad, izrdeba eqskavatorebis gamoyenebis 

koeficenti.  

eqskavatoris efeqturi gamoyenebis mizniT dumpkaris Zaris tevadoba   

4-6-jer unda aRematebodes CamCis tevadobas. 

nax. 13.6. 



satransporto manqanebi                                              saleqcio kursi 

~ 107 ~ 
 

ZiriTad tendenciad axla miRebulia vagonis tvirTamweobis (50-60) t-

dan (80-180) t-mde gazrda, vinaidan aseTi tvirTamweobis mqone dumpkarebs 

ukeTesi teqnikur-ekonomikuri maCveneblebi aqvs.  

vagonis sakuTar masas, gamosaxuls tonebSi, vagonis tara (q0) ewodeba.  

vagonis teqnikuri srulyofis maxasiaTebeli ZiriTadi parametria, 

teqnikuri taris koeficienti, e.i. vagonis taris fardoba mis 

tvirTamweobasTan: 

𝐾tar. ൌ
𝑞0

𝑞
 . 

taris koeficientis SemcirebiT izrdeba transportirebis 

ekonomikuroba, radganac mcirdeba matareblis urgebi wona.  

unda aRiniSnos, rom teqnikuri taris koeficienti yovelTvis ver 

axasiaTebs vagonis saeqspluatacio Tvisebebs, radganac am koeficientiT ar 

xdeba dumpkaris tvirTamweobis faqtobrivi gamoyenebis gaTvaliswineba.  

amitom, zogjer iyeneben satvirTavi taris koeficients Ktar.satr., 

romelic iTvaliswinebs vagonSi tvirTis moculobas V m3 da satransporto 

tvirTis moculobiT masas  t/m3 

𝐾tar.satr ൌ
𝑞

𝑉𝛾
 . 

radgan gadasaxsneli fuWi qanebis moculobiTi masebi meryeobs 12,5 

t/m3, amitom sxvadasxva masebis fuW qanebSi saWiroa sxvadasxva vagonebis 

gamoyeneba.  

kargi saeqspluatacio TvisebebiT xasiaTdeba is vagonebi, romelTa 

teqnikuri taris koeficienti Tavisi mniSvnelobiT axlosaa satvirTavi 

taris koeficientTan, e.i Ktar.  Ktar.satr. 

arsebobs agreTve saeqspluatacio taris koeficienti 

Ktar.saeqsp. = Ktar.satr. + , 

sadac  aris garbenis gamoyenebis koeficienti.  

𝛽 ൌ
𝐿datv

𝐿datv െ 𝐿car
 . 

Ldatv da Lcar aris datvirTuli da carieli mimarTulebis 

transportirebis manZilebi.  

RerZebze dasaSvebi datvirTva P0, romelic gansazRvravs vagonis 

RerZebis raodenobas, damokidebulia saliandago gzis Senebaze. karierebze 

dabalastebul da daubalastebel gzebze, romelTa saimedod muSaobs 
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sxvadasxva simagris samTo qanebi, gruntze dasaSvebi datvirTva 

cvalebadobs 1,53,0 kg/sm2. am diapazonis zeda zRvars Seesabameba 28-30 t 

datvirTva RerZze.  

zemoT aRniSnulidan gamomdinare, oTxRerZa vagonis tvirTamweoba 

SemoisazRvreba 75-80 t; xolo eqvsi- da rvaRerZa vagonebis Seqmna ki iZleva 

SemdgomSi tvirTamweobis gazrdis saSualebas.  

moZraobis kuTri winaRoba ganisazRvreba moZraobis winaRobis 

koeficientiT, romelic Caweris gamartivebis mizniT warmodgenilia 

rogorc vagonis TiToeul 1 t-mde winaRoba kg-Si 

𝜔 ൌ
𝑊

𝑞 ൅ 𝑞଴
 , 

sadac W aris vagonis moZraobis winaRoba gzis sworxazovan ubanze, dkn. 

dumpkarebisaTvis moZraobis kuTri winaRoba =23 dkn/t, xolo 

adgilidan daZvris SemTxvevaSi srialis sakisrebis dros -s emateba 

adgilidan daZvris kuTri winaRoba . es imiT aixsneba, rom sasargeblo 

masis matebisas mcirdeba kuTri sidide (mosuli erT tona sakuTriv vagonis 

masaze) mavne winaaRmdegobebisa buqsebSi, romlebic gamowveulia 

SemWidrovebebSi winaaRmdegobebiT, gadaferdebiT da sxva.  

siCqaris gazrdisas izrdeba vagonis kuTri winaRoba, rac gamowveulia 

sakisrebis gadaxurebiT.  

vagonis zomebi ganisazRvreba moZravi SemadgenlobisaTvis miRebuli 

gabaritebidan.  

farTo liandagiani (1524 mm) karieris gzebisaTvis vagoni sruldeba 1-T, 

0-T gabaritebiT (maqsimaluri siganiT 3400 mm) da T (sigrZiT 3750 mm-mde) 

ukanaskneli zoma ganapirobebs gavzardoT vagonis tvirTamweoba an 

tvirTamweobis SenarCunebisas SevamciroT Semadgenlobis sigrZe.  

garda amisa, vagonis zomebis gansazRvrisas gaTvaliswinebul unda 

iqnes misi mdgradobis pirobebi da mtvirTavi meqanizmis saxeoba.  
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14. saliandago gzebi 
 

liandagis grZivi RerZis sigrZivi mdebareobis gansazRvrul wirs, 

trasa ewodeba, trasis horizontalur proeqcias  trasis gegma, trasis 

vertikalur sibrtyeze dafenil proeqcias ki  misi grZivi profili.  

saliandago gzebi Sedgeba mrudwiruli da wrfewiruli ubnebisagan.  

wrfewiruli ubnebis ganmsazRvreli elementebia maTi sigrZe da 

mimarTuleba.  

mrudwiruli ubnebis ki Semdegi elementebia:  

a) mobrunebis kuTxe; 

b) mobrunebis mimarTuleba (marjvniv an marcxniv); 

g) mrudwiruli ubnis radiusi; 

d) mrudwiruli ubnis sigrZe. 

 

 

14.1. saliandago gzis wrfewiruli ubnebis mowyobiloba 

gza Sedgeba qveda da zeda Senebisagan. gzis qveda SenebaSi Sedis: - 

miwis sagebi, xidebi, damcavi kedlebi; SaxtebSi - gvirabebis sagebi gverdi 

da a.S. gzis zeda SenebaSi Sedis liandagi samagrebiT, SpalebiT, balastis 

fena da ZvrawinaRebi.  

liandagebi mzaddeba specialuri saliandago foladisagan da Semdeg 

ganicdis Termul damuSavebas. liandagis nomeri aRniSnavs misi erTi grZivi 

metris damrgvalebul wonas kg-Si. P-8-dan P-24-mde liandagebi gamoiyeneba 

viwrosaliandago gzebze. P-33 liandagebi samrewvelo gzebze, xolo P-38 da 

zeviT - liandagebi gamoiyeneba ganier saliandago gzebze. liandagis sigrZe 

izRudeba dagebis adgilamde misi gadatanis pirobidan da viwro 

saliandago gzisaTvis Seadgens 8(10) m; P-33 da meti zomis liandagisaTvis 

Seadgens 12,5 (25) m-s.  

saliandago gzebze liandagis pirapiruli SeerTeba SeiZleba moxdes 

meqanikuri an SeduRebis wesiT. meqanikuri SeerTeba xorcieldeba 

WanWikebisa da sadebebis saSualebiT; igi warmoadgens saliandago gzis 

yvelaze sust elements.  
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SeduRebiTi SeerTeba SeiZleba: eleqtruli rkalis, eleqtruli 

kontaqtis an gaziT SeduRebis saSualebiT. didi gamoyeneba pova 

liandagebis eleqtruli rkaliT SeduRebam.  

SeduRebiT liandagebis SeerTeba gamoiyeneba stacionarul saliandago 

gzebze da SeduRebuli ubnis sigrZe SeiZleba iyos 800 m-mde. liandagis 

SeduRebiTi SeerTeba aumjobesebs gzis saeqspluatacio monacemebs da 

zrdis mis saeqspluatacio vadas.  

Spalebi warmoadgens moZravi Semadgenlobis uSualo sayrdens, 

romlebic Semadgenlobidan miRebul wnevas gadascems balastis fenas. 

Spalebi mzaddeba: xisagan, rkinabetonisa da foladisagan.  

xis Spalebs (mzaddeba Cveulebrivad fiWvisagan) lpobisagan dacvisa da 

saeqspluatacio vadis gazrdis mizniT JRenTaven antiseptikuri saSualebiT 

- zeTiT an natriumftoriT, rac saeqspluatacio vadas 2-4-jer zrdis.  

Spalebis sigrZe aiReba liandagis siganis mixedviT da Seadgens:  

600 mm-iani liandisaTvis 1200 mm.  

750 mm-iani liandisaTvis 1500 mm.  

900 mm-iani liandisaTvis 1700 mm.  

1524 mm liandisaTvis 2700 mm.  

liandagis qveS Spalebis ganlageba xdeba qvemoT moyvanili epiuris 

Sesabamisad.  

 

Tu mocemulia n0 gzaze Spalebis raodenoba 

l liandagis sigrZe, m. 

a liandagis SeerTebis adgilas Spalebs Soris manZili, 

maSin erT rgolze mosuli Spalebis raodenoba (cali) 

𝑛 ൌ
𝑙𝑛଴

1000
 , 

Spalebs Soris manZili, m. 

𝑐 ൌ
𝑙 െ 2𝑎
𝑛 െ 2

 . 
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SeerTebis Spalebsa da SeerTebis Semdgom Spalebs Soris manZili, m. 

𝑏 ൌ
𝑎 ൅ 𝑐

2
 

n0 mniSvneloba aiReba praqtikuli monacemebis mixedviT an cxrilidan.  

rkina betonis Spalebs aqvs didi saeqspluatacio vada da intensiuri 

moZraobisas uzrunvelyofs gzis mdgradobas. misi uaryofiTi mxarea - didi 

Rirebuleba, gzis sixiste da Spalebis simyife, ris ugulebelyofa 

mniSvnelovan xarisxiT SesaZlebelia winaswar daZabuli armaturisa da 

elastikuri qvesadebis gamoyenebiT. 

liTonis Spalebi mzaddeba gaglinuli foladisagan, specialuri 

profiliT da gamoiyeneba gadasatan gzebze.  

balasti muSaobs rogorc baliSi, romelic dartymas gadaamuSavebs 

drekadad da Spalebidan miRebul wnevas Tanabrad anawilebs gzis qveda 

Senebaze, igi ar unda itkepnebodes da ar unda sveldebodes; unda iyos 

mdgradi yinvisa da siTbos mimarT da sxva. balastis saukeTeso masalaa - 

magari qanebis RorRi 20-70 mm-is simsxoTi. gamosadegia daxarisxebuli 

xreSi zomiT 20-40 mm, romelsac xarisxis gaumjobesebis mizniT umateben 

magari qanebis RorRs an metalurgiul widas.  

 

 

14.2. saliandago gzebis SeerTeba 
karierebze saliandago gzebis SeerTeba xdeba calkeul ubnebze: 

sadgurebSi, gadasasvlelebze, asaqcevebze, postebSi da sxva.  

gadasasvlelebi arsebobs Seumoklebeli (nax. 14.1); Semoklebuli (nax. 

14.2) da jvaredini (nax. 14.3). ramdenime gadasasvlelis kombinacia qmnis 

sagzao samkuTxedsa (nax. 14.1,b) da saisre quCas (nax. 14.5). saisre gadamyvanis 

jvarTavas mimarT ganlagebulia kuTxiT (nax. 14.4).  

saliandago gzebis SeerTebis ZiriTadi elementia warmoadgens (nax. 

14.6.) saisre gadasasvleli.  

saliandago gza Sedgeba 1 - jvarTavasagan, CarCos relsebisagan - 2, 

gadamyvani mrudi - 3, e.w. kalmebisagan - 4, romelTa saSualebiT xdeba isris 

gadarTva da kotrrelsebisagan - 5, romelTa daniSnulebaa savali Tvlis 

nawiburis Sekaveba mocemuli (saWiro) mimarTulebiT - 6 mkvdari zonis 

(sivrcis) areSi, romelic ganlagebulia jvarTavas win. jvarTavas ukan 
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dgeba sasazRvro sveti - 7, romelTanac unda gaCerdes lokomotivi, raTa 

Semxvedrma matarebelma ar Seaferxos (gamosdos) mas.  
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sasazRvro svetebis mdebareoba karieris gzebze gansazRvravs 

gadasasvlelebsa da sadgurebSi gzis sasargeblo sigrZes.  

saisre gadasasvlelis ZiriTadi parametria jvarTavas marka - 

Semadgenlobebs Soris usafrTxo manZilis a-s Sefardeba, jvarTavas 

centrsa da sasazRvro svets Soris manZilTan, l-Tan 

𝑀 ൌ
𝑎
𝑙

ൌ 2𝑡𝑔
𝛼
2
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sakariero gzebze gamoiyeneba jvarTavebi Semdegi markebiT: 1:9 da 1:11; 

M=1:9 - SemTxvevaSi gzis sasargeblo sigrZe Seadgens Lsasarg=28 m-s. xolo 

M=1:11 SemTxvevaSi Lsasarg=32 m-s. rogorc Cans 1:11 SemTxvevaSi saisre 

gadasasvlelis sigrZe matulobs, magram amasTan erTad Semadgenlobis 

moZraobis usafrTxoebac izrdeba. 

Semadgenlobis usafrTxo moZraobisaTvis didi mniSvneloba aqvs 

kuTxis sidides, romelsac kalmebze dacemis kuTxe ewodeba (nax. 14.2). am 

kuTxis gazrdis SemTxvevaSi dinamikuri daryebi da Sesabamisad kalmebis 

cveTa izrdeba.  

Tanamedrove karierebsa da SaxtebSi ZiriTadad gamoiyeneba avtomaturi 

saisre gadasasvlelebi.  
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15. mtvirTavi manqanebis mwarmoebloba 
 

asxvaveben teqnikur da saeqspluatacio mwarmoebloba.  

saSualo teqnikuri mwarmoebloba - aris masalis moculoba, romelic 

SeuZlia manqanam uwyveti muSaobiT drois erTeulSi datvirTos, tipur 

saeqspluatacio pirobebSi.  

CamCiani mtvirTavi manqanebisaTvis teqnikuri mwarmoeblobaa:  

𝑄teq ൌ 𝑉CamC ∙ 𝑛cikl ∙ 𝐾1 ∙ 𝐾2 ∙ 𝐾3 , 

sadac VCamC aris CamCis moculoba m3-Si; 

ncikl - muSa ciklebis Teoriuli ricxvi wuTSi; 

K1 - koeficienti, romelic iTvaliswinebs CamCis avsebas. K1=0,41,0; 

K2 - koeficienti, romelic iTvaliswinebs realur pirobebSi muSa 

ciklis xangrZlivobis cvalebadobas K2=0,851,0; 

K3=0,920,96 - CamCaSi tvirTis damatebiTi gafxvierebis koeficienti. 

CamCis moculoba ganisazRvreba misi Ziris sagebi gverdis mimarT 80௢-

iT daxrisas, masSi fxvieri masis 30௢-mde CayriT; 

K1 – damokidebulia mraval faqtorze: natexovnebaze, moculobiT 

masasa da nayaris masis simaRleze, CamCis zomebze, CamCis qanSi SeWris sir-

meze, aCamCvis wesze, manqanis CaWidebis masasa da memanqanis kvalifikaciaze; 

K2 _ damokidebulia gamoyenebuli Zravis tipze (pnevmatikuri an 

eleqtronuli) da agreTve memanqanis kvalifikaciaze. 

maqsimaluri teqnikuri mwarmoebloba – aris manqanis mwarmoebloba 

pikuri datvirTvisas drois mokle intervalSi. am mwarmoeblobis mixedviT 

xdeba mtvirTav manqanasTan kompleqsSi momuSave konveieris mwarmoeblobis 

SerCeva. mas sazRvraven rogorc saSualo teqnikuri mwarmoeblurobidan 

uTanabrobis koeficientis gaTvaliswinebiT, romelsac iReben 2-is tols. 

momxvetTaTebiani mtvirTavi manqanis teqnikuri mwarmoebloba _ 

𝑄t ൌ 𝑍𝑛T𝑉T    mଷ wTൗ , 

sadac 𝑍=2 aris momxveti TaTebis ricxvi; 

𝑛T  _ TiToeuli TaTis mier Sesrulebuli svlaTa ricxvi, wT. 

𝑉T _ nayari masis moculoba, romelsac TiToeuli TaTi 

moxvetavs erTi muSa ciklis ganmavlobaSi, (m3); 
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aCamCvis meqanizmis sqemis mixedviT - TaTis erTi ciklisas 

Sesrulebuli muSaoba 

𝑉T ൌ 0,5𝐵𝑑trℎT   mଷ wTൗ , 

sadac B aris pirmodebis sidide, m. 

dtr  aCamCvis TaTis wina da ukana svlis Semowerili traeqtoriis 

monakveTebs Soris manZili, m.  

h  tvirTis saSualo simaRle m.  

dtr SeiZleba miviRoT mrudxaras D diametris toli, xolo hT 

tvirTis xasiaTis mixedviT: a) fuWi qanis SemTxvevaSi TaTis ormagi 

simaRlis toli, xolo wvrilmarcvlovani tvirTebisas, TaTis simaRlis 

toli.  

saeqspluatacio mwarmoebloba aris masalis moculoba, romelic 

SeiZleba datvirTos manqanam erTi cvlis ganmavlobaSi, vagonetis Secvlis 

da manqanis teqnikur-organizaciuli mizezebis gamo gaCerebis drois 

gaTvaliswinebiT.  

Cveulebrivi gayvanisas manqanis drois mixedviT gamoyenebis koe-

ficienti Kdat=0,3-0,4, xolo Cqarosnuli meTodiT gayvanisas  Kdat=0,3-0,4. 

 

nax. 15.1 
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16. bunkerebi 
 

bunkerebi gamamdidrebeli da mabriketebeli qarxnebis ganuyofeli 

nawilia, isini warmoadgenen sxvadasxva formis tevadur sainJinro 

nagebobebs, romlebic gamoiyeneba fxvieri tvirTebis Sesanaxad, raTa moxdes 

qarxnis sawarmoo procesebis urTierTSeuferxebeli kavSiri.  

arsebobs bunkerebis Semdegi saxeebi:  

1. mimRebi,  

2. madozirebeli-saakumulacio,  

3. Sorisuli (Sualedi), 

4. gamauwyloebeli, 

5. mtvirTavi (satvirTo, satvirTavi). 

bunkerebis formebi, zomebi da gamoyenebuli meqanizmebis saxeebi 

damokidebulia maT daniSnulebaze. bunkeris meqanizmebia: damtvirTavi meqa-

nizmebi da meqanizmebi, romlebic emsaxureba masalis gaclas bunkeridan.  

garda bunkerebisa, fabrikebSi gamoiyeneba naxevarbunkerebi, romlebic 

bunkerebTan SedarebiT mcire siRrmiT xasiaTdeba gegmaSi misi zomebis 

mimarT.  

asxvaveben konusur da naxevarbunkerebi ZiriTadad gamoiyeneba nayari 

tvirTebis sarkinigzo vagonebSi CasatvirTad.  

 

16.1. mimRebi bunkerebi 

mimRebi bunkerebis daniSnulebaa ama Tu im wesiT transportirebuli 

tvirTebis miReba.  

satransporto danadgarebis mixedviT, mimRebi bunkerebi SeiZleba iyos:  

1. sarkinigzo transportisaTvis 

2. sakonveiero transportisaTvis 

3. saavtomobilo transportisaTvis.  

karieridan an Saxtidan sarkinigzo transportiT gamotanili naxSiri 

miiReba mimReb bunkerSi, romlidanac Semdeg gadadis fabrikis 

madozirebel-saakumulacio bunkerSi.  

mimRebi bunkeris saangariSo saproeqto mwarmoebloba ganisazRvreba 

TiToeul proeqtSi individualurad mocemuli mamdidrebeli fabrikisaTvis 

sasargeblo namarxis transportirebis sarkinigzo sxva gezis konkretul 
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pirobebze damokidebulebiT. igi ar unda iyos fabrikis uTanabrobis K=1,15 

koeficientis gaTvaliswinebiT miRebul, saaTur mwarmoeblobaze naklebi.  

mimRebi bunkerebi mzaddeba rkinabetoniT, misi konstruqciuli 

gadawyveta xdeba TiToeuli konkretuli SemTxvevidan, rogoricaa: bunkeris 

saerTo sigrZe, misi saWiro moculoba, mkvebavis tipi, gegmazomieri siRrme 

da sxva.  

bunkeris moculoba ganisazRvreba saangariSo saproeqto 

mwarmoeblobidan da gamamdidrebeli fabrikis saakumulacio bunkerSi 

naxSiris gadatanis konkretuli pirobebidan, unda iyos ara naklebi: ori 

udidesi vagonetis moculobisa - vagonsayiravis qveS; xolo TviTgamcleli 

vagonetis SemTxvevaSi, bunkeris moculoba tolia  erTdroulad 

gasacleli yvela vagonetis saerTo, maqsimaluri moculobisa.  

mimRebi bunkeridan naxSiris gantvirTva warmoebs sxvadasxva tipis 

mkvebavebiT (merxevi da firfitebianiT, iSviaTad eleqtrovibraciuliT da 

lenturiT), da miemarTeba Semkreb lentur konveierebze, romlebic Semdeg 

tvirTebs magistralur sakonveiero xazss gadascemen.  

 

 

 



 

 

 

 

 

 

 

 

 

 

redaqtori i. semikina 

 

 

 

 

 

 

 

 

 

gadaeca warmoebas 23.04.2018. xelmowerilia dasabeWdad 19.12.2018. 

qaRaldis zoma 60X84 1/8. pirobiTi nabeWdi Tabaxi 7,5. #2719. 

 

 

 

 
 

 

 

 

 

 

sagamomcemlo saxli `teqnikuri universiteti~, Tbilisi, kostavas 77 

 




