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uak. 625.1  

saxelmZRvaneloSi ganxilulia rkinigzis liandagis simtkiceze da mdgradobaze gaangari-

Sebis meTodebi, liandagis zeda naSenis elementebis SerCevis principebi da maTSi dasaSvebi Za-

bvebis gansazRvra, variantebis ekonomikuri Sedareba, matareblebis moZraobis usafrTxoebis uz-

runvelyofis sakiTxebi. saxelmZRvanelo moicavs liandagis zeda naSenis elementebis simtkicisa 

da saerTod liandagis konstruqciis xangamZleobisa da saimedobis gaangariSebebs maTematikuri 

statistikis, albaTobis Teoriis da umaRlesi meqanikis gamoyenebiT. motanilia meToduri, sac-

nobaro da normatul-teqnikuri masalebi. saxelmZRvanelo Sedgenilia moqmedi standartebis 

dacviT, kurikulumebisa da silabusebis Sesabamisad. 

 saxelmZRvanelo gankuTvnilia satransporto specialobis studentebis, magistrantebis 

da doqtorantebisaTvis. igi did daxmarebas gauwevs agreTve rkinigzis liandagis eqspluataci-

is muSakebs da rkinigzis inJiner-damproeqteblebs. 
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Tavi 1. moZravi Semadgenlobis zemoqmedeba liandagze  

(liandagis zeda naSenis da moZravi Semadgenlobis urTierTqmedeba) 

 

1.1 zogadi cnobebi 

rkinigzis liandagis konstruqciisadmi wayenebul moTxovnebs safuZvl-

ad udevs misi simtkicisa da mdgradobis uzrunvelyofa, optimaluri ekono-

mikuri moTxovnebis dakmayofilebis pirobebSi. 

aseTi moTxovnebi Cveulebrivia sainJinro nagebobebisa da mowyobilobe-

bis dagegmarebisas, magram liandagis zeda naSenis konstruqcias axasiaTebs 

iseTi Tavisebureba, romelic sagrZnoblad ganasxvavebs mas Cveulebrivi 

sainJinro nagebobebisagan. es Tavisebureba imaSi mdgomareobs, rom lianda-

gis zeda naSenis konstruqciis ZiriTadi mzidi elementebi, rogorc wesi, 

muSaoben narCeni deformaciebis daSvebiT. 

magaliTisaTvis, relsi lindagis konstruqciis erT-erTi mTavari ele-

menti, amave dros igi warmoadgens iseT nawils, romelic cvdeba masze uSu-

alod mimgorav moZravi Semadgenlobis Tvlebisagan. relsis Tavis liTonSi 

(mis kristalur gisosSi) moZraobis Sedegad grovdeba daRlilobiTi xasia-

Tis deformaciebi. 

balastis Sre Spalis qveS, liandagze moqmedi datvirTvebis qveS muSa-

obs gacilebiT maRal Zabvebze, vidre es Cveulebriv daiSveba mudmivi na-

gebobebisaTvis saukeTeso gruntebis SemTxvevaSic ki, miT umetes zedapiri-

dan 0,15 metris siRrmeze gayinvad zonaSi da iseTi viwro saZirkvlis qveS, 

rogoric Spalia. TviT SpalebSic, qvesadebis qveS, narCeni deformaciebi wa-

rmoiSoba. liandagis konstruqciis muSaobis mTel periodSi, relsebisa da 

Spalebisagan Semdgar gisosebSi grovdeba narCeni gadawevebi, rogorc bala-

stis mimarT, ise saerTod gegmaSi. 

es pirobebi Zlier arTulebs liandagis zeda naSenis optimaluri kons-

truqciis SerCevas da gaangariSebas rkinigzis aRebuli ubnis eqspluata-

ciuri pirobebis moTxovnebis Sesabamisad. 

SedarebisaTvis SegviZlia aRvniSnoT, rom magaliTad, rkinigzis xidis 

daproeqtebisaTvis sakmarisia ganisazRvros RerZze mosuli datvirTvebi, 

moZraobis siCqareebi da ZalTa modebis sqema; liandagis zeda naSenis dap-

roeqtebis dros aucileblia damatebiT ganisazRvros tvirTdaZabuloba. 
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amasTanave tvirTdaZabulobis gavlena miT ufro gadamwyvetia, rac metia 

misi moculoba.  

tvirTdaZabuloba gansazRvravs narCeni deformaciebis dagrovebis int-

ensivobas liandagis elementebSi da, maSasadame liandagis movla-Senaxvis 

da SekeTebis samuSaoTa moculobas, agreTve am SekeTebaTa sixSiresac. 

tvirTdaZabuloba warmoadgens ZiriTad faqtors, agreTve liandagis 

zeda naSenis tipizaciis dadgenis drosac. 

unda aRiniSnos, rom liandagis simtkiceze gaangariSebiT dadgindeba 

zeda naSenis minimalurad aucilebeli tipi eqspluataciis ama Tu im piro-

bebisaTvis, xolo tvirTdaZabulobis mixedviT teqnikur-ekonomikuri gaan-

gariSebis safuZvelze SeirCeva liandagis zeda naSenis mizanSewonili tipi. 

liandagis zeda naSenis simtkiceze da mdgradobaze gaangariSeba efuZ-

neba Runvis iseT Teorias, romlis mixedviTac relsi ganixileba, rogorc 

usasrulo sigrZis uWri koWi, mdebare mTlianad drekad safuZvelze. gaan-

gariSebebi eyrdnoba albaTobis Teorias da maTematikuri statistikis 

kanonzomierebebs, radganac liandagze moqmedi Zalebi mravalferovani da 

cvalebadia. am Zalebis liandagze moqmedebis jamuri Sedegi nebismier saan-

gariSo kveTSi, nebismier momentSi warmoadgens SemTxveviT, albaTobiT si-

dides. amgvarad rkinigzis liandagis simtkiceze da mdgradobaze gaangari-

Sebis amocanaa Zabvebisa da deformaciebis sidideebis gansazRvra, romle-

bic warmoiSoba mis elementebSi, liandagSi moqmedi faqtorebisa da sakuTa-

ri Zabvebis zemoqmedebis gaTvaliswinebiT. SesaZloa am amocanis dayeneba 

sxvanairadac: tvirTdaZabulobisa da gatarebuli tvirTebis raodenobis 

gaTvaliswinebiT, ganisazRvros iseTi datvirTvebi da moZraobis siCqaris 

mniSvnelobebi, romlis drosac Zabvebi da deformaciebi ar gadaaWarbeben 

dasaSveb sidideebs. maSasadame liandagis simtkice da mdgradoba uzrunve-

lyofili iqneba. bevr SemTxvevaSi liandagis simtkiceze da mdgradobaze 

gaangariSeba teqnikur-ekonomikuri gaangariSebebis nawilia. 

liandagis zeda naSenis simtkiceze da mdgradobaze gaangariSebis siz-

uste damokidebulia, mraval sxvadasxvanairi faqtorebis zemoqmedebaze. ami-

tom pirvel yovlisa saWiroa am zemoqmedebaTa xasiaTis Seswavla, risTvi-

sac TanamimdevrobiT ganixileba jer moZravi Semadgenlobisa da bunebrivi 

faqtorebis zemoqmedeba liandagze, agreTve sakuTari zemoqmedeba, romelic 

dakavSirebulia konstruqciis damzadebasTan, dagebasTan, movla-SenaxvasTan 
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da SekeTebasTan. ganxilul unda iqnas agreTve liandagis maxasiaTeblebi, 

romlebic saWiroa gaangariSebis Casatareblad da bolos, TviT gaangariSe-

ba zemoqmedebaTa mravaljeradobisa da erTobliobis gamomJRavnebis SesaZ-

lo aRricxviT da liandagis winaRobis cvalebadobis gaTvaliswinebiT. 

rogorc cnobilia, moZravi Semadgenlobis nebismieri erTeuli Sedgeba 

daresorebuli (Zara) da dauresorebeli anu resorsqveda nawilebisagan. ma-

Ti zemoqmedebiT rkinigzis liandags SeuZlia ganicados deformacia, rog-

orc vertikaluri, ise horizontaluri mimarTulebiT. 

swor, Tarzul liandagze uqaro amindSi mdgari vagoni an lokomotivi 

(gamorTuli ZravebiT) mxolod statikurad zemoqmedebs liandagze, Tavisi 

woniT. RerZze mosuli statikuri datvirTva, romelic gadaecema liandags 

Tanamedrove vagonebisagan 20-21 tonas Seadgens, lokomotivebisagan ki ara 

umetes 23 tonas. amerikis SeerTebul StatebSi lokomotivebis RerZze mosu-

li dawola 29-33 tonas aRwevs. 

moZraobis dros ekipaJis zemoqmedeba liandagze gacilebiT ufro rTu-

li xasiaTisaa. statikur mdgomareobaSi Tanabrad ganawilebuli datvirT-

vac ki moZraobis dros RerZebs Soris araTanabarad gadanawildeba. 

liandagze ekipaJis moZraobis dros, ekipaJis wonis garda moqmedeben 

agreTve damatebiTi inerciuli Zalebi, romlebic warmoiSobian: resorebis 

rxevis (deformaciis) Sedegad, moZravi Semadgenlobis Tvlebze arsebuli 

usworobebisagan (izolirebuli da uwyveti usworobebi) da liandagis us-

worobebisagan. liandagze moqmedebs agreTve wevisa da damuxruWebis Zale-

bi; waZvris Zalebi; temperaturuli Zalebi da sxva. 

liandagze moqmedi Zalebi or ZiriTad jgufad iyofian: vertikaluri 

da horizontaluri Zalebi. magram gaangariSebebSi mniSvnelovan rols as-

ruleben agreTve iribi sivrciTi Zalebi da mgrexi momentebi. amitom lian-

dagis zeda naSenis sivrcobrivi gaangariSeba saerTo gaangariSebebis erT-

erTi nawilia. 

 

 

 

 

 

 



 6 

1.2 liandagis zeda naSenis simtkiceze gaangariSeba vertikaluri 

Zalebis zemoqmedebaze 

 

1.2.1 ZiriTadi winapirobebi da maxasiaTeblebi 

liandagze ekipaJis moZraobis dros mis Zaras, urikebs, Tvlebs da 

liandags Soris warmoiqmneba rTuli urTierTqmedeba. imisaTvis, rom sa-

kmarisi sisruliT aRiricxos da ganisazRvros urTierTqmedebis vertika-

luri inerciuli Zalebi mxolod oTxRerZiani ekipaJisaTvis, saWiroa Sed-

ges da amoixsnas 42 gantolebisagan Semdgari sistema, mTeli rigi gamamar-

tivebeli varaudebis gaTvaliswinebiT. aseTi sistema amoixsneba gamomTvle-

li manqanebis daxmarebiT. miaxloebiTi gaangariSebisaTvis ki sistema SeiZ-

leba gamartivdes. magram amisaTvis saWiroa pirvel yovlisa ganisazRvros 

vertikaluri Zalebis sidideebi, radganac liandagis gaangariSebaSi maT 

gadamwyveti mniSvneloba gaaCniaT. 

 

 

 

 

 1.2.2 moZravi Semadgenlobidan gadmocemuli statikuri datvirTvebi da 

maTi RerZebze gadanawileba  

statikuri Zala stP ,  romelic gadaecema liandags Tvalze mosuli dat-

virTvis Sedegad tolia 

2

P
P st                                 (1.1) 

sadac P _ moZravi Semadgenlobis RerZze mosuli datvirTvaa. igi normireb-

ulia Cveni rkinigzebisaTvis. amJamad vagonebis erT RerZze dat-

virTva 20-21 tonas Seadgens, lokomotivis RerZze ki 23 tonamde. 

dinamikis pirobebSi moZravi Semadgenlobis RerZze mosuli datvirT-

vebi RerZebs Soris gadanawildeba. moZravi Semadgenlobis wonis RerZebze 

gadanawilebis uTanabroba izrdeba, wevis Zalisa da moZravi Semadgenlobis 

winaRobis zrdis proporciulad. datvirTvebis RerZebze gadanawilebis si-

dideebi gansakuTrebiT did mniSvnelobas aRwevs lokomotivis adgilidan 

daZvrisa da rekuperaciuli damuxruWebis dros. amis sailustraciod ganvi-

xiloT orurikiani lokomotivis gamartivebuli sqema (nax.1.1).  
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nax.1.1 moZravi Semadgenlobis RerZebze datvirTvebis 
 gadanawilebis sqema 

 

mxebi wevis Zala 
kF  modebulia moZraobis mimarTulebiT, xolo Semad-

genlobis winaRi W  Zala moqmedebs lokomotivis avtogadabmulobis RerZis 

gaswvriv, relsis Tavidan daaxloebiT 1a  metris simaRleze. teqnikuri 

eqspluataciis wesebis Tanaxmad a  sidide icvleba farglebSi ( a 950 1080 

mm). Tanabari moZraobis dros WF  da es Zalebi qmnian momentebis wyvils 

WaFaM  , a  mxariT. momenti Wa  cdilobs gantvirTos wina da gadamet-

tvirTos ukana RerZebi. am SemTxvevaSi warmoiSoba gamawonasworebeli 

reaqciuli momenti PL , sadac P _ aris wina da ukana urikebis reaqciis 

Zala Tanabari sididis da Sebrunebuli niSniT. L  uriebis RerZebs Soris 

manZilia. Tu am Zalebis momentebs gavutolebT erTmaneTs, e.i. PLWa  , 

maSin SeiZleba ganvsazRvroT urikebis reaqciis Zala 

L

a
WP                                   (1.2) 

xolo urikis TiToeuli RerZze mosuli reaqciis Zala toli iqneba 

n

P
                                    (1.3) 

sadac n  _ urikis RerZebis ricxvia. 

magaliTad, Tu miviRebT, rom Tanabari moZraobis dros FW  =40000 kg, 

L 10 m, maSin urikebis reaqciis Zala 4000
10

140000



P kg, xolo TiToeu-

li RerZis reaqciis Zala, orRerZiani urikis SemTxvevaSi 2000
2

4000
 kg, ma-

Sin gantvirTul wina RerZze mosuli datvirTva P =23 tona, statikuri dat-

virTvis SemTxvevaSi toli iqneba 23000 – 2000 = 21000kg, xolo ukana 

gadamettvirTul RerZebze mosuli datvirTva ki 23000 + 2000 = 25000 kg. 
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1.2.3. moZravi Semadgenlobis Tvlebis disbalansi 

moZravi Semadgenlobis Tvlis brunvisa da simZimis centrebis acdenis 

sidides Tvlis disbalansi ewodeba. disbalansi SeiZleba gamowveuli iyos 

Tvlis diskisa da artaxebis liTonis araTanabari ganawilebiT an Tvlebis 

RerZze eqscentruli dagebiT (nax. 1.2)  

 

nax. 1.2. Tvlis disbalansis zemoqmedebis saangariSo sqema 

 

disbalansiani Tvlis brunvis dros warmoiqmneba centridanuli Zala 



2
db.-T

d

vm
I                                  (1.4) 

dTd ev                                  (1.5) 

maSin 

d
2
Tb.-T

d

2
d

2
Tb.-T

d em
e

em
I 


                          (1.6) 

g

q
m b.-T

b.-T                                   (1.7) 

sadac b.-Tm  _ dauresorebeli masis mbrunavi nawilis masaa; 

dv _ b.-Tm mbrunavi masis centris brunvis siCqare; 

       T _ Tvlis brunvis kuTxuri siCqare; 

               de _ disbalansis eqscentrisitetis sidide, 

maSin  

g
eq

e

em
I

2
T

db.-T

d

2
d

2
Tb.-T

d


                           (1.8) 



 9 

aq 

g

q
m b.-T

b.-T                                   (1.9) 

sadac . b.-Tq _ dauresorebeli masis mbrunavi nawilis wonaa mosuli erT 

Tvalze (Tvlis, buqsis, RerZis naxevrisa da 2/3 resoris wo-

na). 

Tb.-T qq  ,   9,0                             (1.10) 

               Tq  _ dauresorebeli masis wona mosuli erT Tvalze. 

               Tq = 900-1000kg _ satvirTo vagonebisaTvis; 

              Tq = 710 kg _ samgzavro vagonebisaTvis; 

               Tq = 1600-1800kg _ lokomotivebisaTvis _ wevis Zravebis CarCovani 

Camokidebis SemTxvevaSi; 

               Tq = 2500-2800kg _ lokomotivebisaTvis _ wevis Zravebis RerZuli Ca-

mokidebis SemTxvevaSi. 

avRniSnoT  

db-T eqD                                 (1.11) 

maSin centridanuli Zala gamowveuli disbalansisagan toli iqneba 

g

D
emI

2
T2

TdTdd


                          (1.12) 

D  _ sidide warmoadgens disbalanss. 

dI  sididis Sesamcireblad saWiroa disbalansis sididis limitireba. 

 disbalansis Sesamcireblad saWiroa gacveTili Tvlebis maRali sizu-

stiT gaCarxva da maTi RerZze zusti dageba. maRali siCqareebis SemTxvevaSi 

sizustis xarisxi ufro maRali unda iyos. 

 disbalansis dasaSvebi sidideebi sxvadasxva qveynebis rkinigzebze mo-

cemulia cxrilSi 1.1. 

Cveni rkinigzebis moZravi Semadgenlobis Tvlebis SemowmebiTi gazom-

vebi gviCvenebs, rom disbalansis faqtiuri sidide 100-150 kgsm aRwevs. 

disbalansis centridanuli Zalis vertikaluri mdgeneli, drois nebis-

mier momentSi toli iqneba (nax.1.2) 

 tIP Tddd  sin                           (1.13) 
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sadac d  _ de  veqtoris horizontTan daxris kuTxea, drois aTvlis sawyis 

momentSi ( 0t ); 

              t  _  mimdinare dro. 

niSani minusi aRniSnavs, rom dP  Zalas mimarTuleba aqvs qvemodan ze-

moT. 

                                      cxrili 1.1. 

qveynebis dasaxeleba 
disbalansis dasaSvebi 

sidide, kgsm 

rkinigzebis saerTaSoriso 

asociaciis moTxovniT  

samgzavro vagonebisaTvis 

a S S 

inglisi, safrangeTi: 

samgzavro vagonebisaTvis 

satvirTo vagonebisaTvis 

ruseTi, saqarTvelo: 

130 _ 160 km/sT 

160 _ 200 km/sT 

 

 

25 

65 

 

25 

37,5 

 

65 

35 

 

drois nebismier momentSi kuTxe de  veqtorsa da horizonts Soris to-

li iqneba  tTd  . 

 Tu formulaSi SevitanT dI -s mniSvnelobas, miviRebT 

 temP Tdd
2
TdTd   sin                     (1.14) 

 viciT, rom 

T

T
r

v
                                 (1.15) 

sadac v  _ aris kuTxuri T siCqaris gamoxatuleba TanabaraCqarebuli  

            moZraobis SemTxvevaSi; 

Tr _ Tvlis gorvis zedapiris radiusi. 

disbalansis centridanuli Zala, rogorc yvela centridanuli Zala 

saerTod warmoadgens inerciis Zalas da niutonis meore kanonis Tanaxmad 

igi tolia siCqarisagan masis warmoebulisa. 
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nax. 1.3. Tvlis masis centris winsvliTi moZraobis sqema koordinatTa 
sistemaSi 

 

nax. 1.3 naCvenebia b-Tm  masis brunvis centris traeqtoria koordinatTa 

sistemaSi d ,  tTd  ; 

sadac d  _ b-Tm  masis traeqtoriis ordinataa misi brunvis centris mimarT; 

 tTd   _ Sesabamisi abscisa. 

rogorc nax.1.3 –is marcxena nawilidan Cans d  ordinata tolia 

 dTdd  te                             (1.16) 

 cnobilia, rom b-Tm  masis vertikaluri gadaadgilebis siCqare Tanaba-

raCqarebuli moZraobis dros warmoadgens drois pirveli rigis warmo-

ebuls, xolo aCqareba drois meore rigis warmoebuls: 

 dTdd  te  sin                           (1.17) 

 dTTd

d

d  te
dt

d



 cos                       (1.18) 

  d
2
TdT

2
Td

d

d 


  te
dt

d
sin

2

2

                 (1.19) 

maSin inerciis Zalis vertikaluri mdgeneli gamowveuli disbalansis 

zemoqmedebiT toli iqneba  

 dT
2
TddTdb-Td  temmP  sin                   (1.20) 

es formula mTlianad emTxveva (1.14) formulas. dP  Zalas maqsimaluri 

mniSvneloba eqneba, maSin, rodesac kuTxe 1)(  dTt  e.i. eqstremumis 

SemTxvevaSi, maSin  

d
2
TddTd IemP  max                          (1.21) 
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Tvlis erTi brunis periodSi disbalansis Zalis vertikaluri mdgene-

li dP  orjer aRwevs eqstremums, romelic tolia TviT dI  Zalisa, e.i. erT 

SemTxvevaSi dP  adidebs stP  mniSvnelobas, meore SemTxvevaSi ki amcirebs mas 

dI  Zalis sididiT. anu Tvlis erTi brunis periodSi relsze Tvlidan 

gadacemuli datvirTvis cvalebadoba Seadgens dI2 , maSasadame datvirTva 

icvleba 
dst

dst

IP

IP




 - jer.  

 

 

 

 

1.2.4. moZravi Semadgenlobis Tvlebisa da liandagis usworobebiT 

gamowveuli inerciuli Zalebi 

liandagze ekipaJis moZraobis dros mis Zaras, urikebs, Tvlebsa da li-

andags Soris warmoiqmneba rTuli urTierTqmedeba, gansakuTrebiT moZravi 

Semadgenlobis saval nawilebze da liandagSi sxvadasxva saxis usworobis 

arsebobis SemTxvevaSi.  

moZravi Semadgenlobis Tvlebisa da liandagis usworobebi iwvevs ver-

tikaluri inerciuli Zalebis aRgznebas, romlebic liandagSi damatebiT 

datvirTvebs warmoqmnian. 

liandagis usworobebi or ZiriTad jgufad iyofa: aSkara-geometriuli 

usworobebi da faruli-Zaluri usworobebi. 

liandagis usworoba vertikalur sibrtyeSi ganisazRvreba l  ordina-

tiT, romelic izomeba sarelso Zafis Tavis normaluri mdgomareobidan 

(nax.1.4). aseTi usworobis grZivi qanobi dautvirTav mdgomareobaSi myofi 

relsebisaTvis ar unda aRematebodes 
1000

1
i , roca moZraobis siCqare 

120v km/sT da 
1500

1
i , roca 120v km/sT. magram xSirad liandagSi gvxvdeba 

usworoba gacilebiT ufro didi mniSvnelobis grZivi qanobebiT, 

gamowveuli pirapirebSi relsebis gaZlierebuli cveTiT, jvaredebis mavne 

sivrceebSi da sxva. zemoT CamoTvlili usworobebi miekuTvneba aSkara-

geometriul usworobebs. 
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nax. 1.4. liandagis usworobebis ordinatebis sqema 

 

faruli-Zaluri usworobebis gamoaSkaraveba SeiZleba Tvlebis nela ga-

dagorebiT liandagze. aseTebia folxvebi, liandagis konstruqciis elemen-

tebis urTierTkontaqtis areSi liTonis arasakmarisi simWidrove, liandag-

is grZivi araTanabardrekadoba. Tvlebis gadagorebisas liandagis sxvadasx-

va kveTSi, gansxvavebuli sididis jdenebi warmoiqmneba, romelTa sidide 

miT ufro metia, rac metia Tvlebidan liandagze gadacemuli datvirTva. 

amitomac aseT usworobebs Zaluri usworobebi ewodeba.  

moZravi Semadgenlobis Tvlebzedac arsebobs aSkara-geometriuli da 

faruli usworobebi. 

     aSkara-geometriul usworobebs miekuTneba: Tvlebze arsebuli uwyveti 

usworobebi (ovaluroba, RerZebze eqscentruli dageba, uwyveti cveTa gor-

vis mTel perimetrze); adgilobrivi usworobebi, romelTa sigrZe 20 sm-s 

aRemateba, izolirebuli usworobebi, romelTa sigrZe 20 sm-ze naklebia, ad-

gilobrivi cveTa da sxva. 

amgvarad, rogorc liandags, ise moZravi Semadgenlobis Tvlebs axasi-

aTebs aSkara-geometriuli da faruli usworobebi. 

Tu zemoT CamoTvlili usworobebi imdenad Sors arian ganlagebuli 

erTimeorisagan, rom isini erTmaneTze gavlenas ver axdenen da izolirebu-

lad ganixileba, maT izolirebuli usworobebi ewodeba. Tu erTi uswo-

robis zegavlenis Sewyvetamde iwyeba mezobeli usworobis zegavlena _ us-

worobis aseT erTobliobas momijnave usworobebi ewodeba. Tu usworobebi 

urTerTSi gadadis intervalis gareSe, maSin isini uwyvet usworobebs war-

moadgenen. 

Tvlebze arsebuli usworobebisa da liandagis usworobebis jamuri 

ordinata tolia 

Tlu                               (1.22) 
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absoluturad xisti Tvlis Tm  masis brunvis centri absoluturad xi-

sti liandagis usworobaze uwyveti moZraobis dros, xan aiweva da xan 

daiweva u  sididiT (nax.1.5), rasac Tan sdevs inerciis Zalis l.uP  warmo-

Soba, romelic tolia 

uTl.u   mP                              (1.23) 

saTanado gardaqmnebis Semdeg 

  t
e

mP u
2
u

u

Tl.u
2

 sin                      (1.24) 

 
nax.1.5. absoluturad xisti liandagis jdenis sqema Tvlis 

 Tm  masis zemoqmedebis Sedegad 

 
sadac  u u le   sigrZis usworobis talRis sigrZea, (nax.1.5).  

izolirebuli usworobis SemTxvevaSi 
u

u
l

v
 2 , xolo uwyveti uswo-

robis SemTxvevaSi 

T

TTu

u 


 
r

v

r

v

l

v

2
22                    (1.25) 

sadac Tu rl 2  _ usworobis sigrZe Tvalze arsebuli uwyveti usworobis 

SemTxvevaSi. 

disbalansiani, usworobis mqone Tvlis gavlis dros usworo lian-

dagze, romlis sixistea lЖ , sarelso Zafi CaiRuneba Tvlis qveS cvalebad 

0y  sidediT. amis gamo Tvlis rxeviTi moZraobis dros irxeva relsic da 

relsqveSa safuZvlis nawilic. xSirad angariSebSi faqtiurad grZivad gana-

wilebul rxevaSi myof masas cvlian dayvanili masiT lm , romelic Seyur-

sulia Tvlisa da relsis kontaqtis wertilSi da zemoqmedebis mixedviT 

faqtiuri masis eqvivalenturia. 
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miaxloebiT angariSebSi, zogjer dayvanili masa miiReba 2-4 metri sigr-

Zis relsis masis toli Tavisi samagrebiT. 

dakvirvebebiT dadgenilia, rom sarelso Zafis grZivi usworoba SeiZ-

leba miviRoT kosinusoidis moxazulobisa, xolo l.uP  Zalis mimarT lian-

dagis reaqcia toli iqneba  

0yЖP l                                                             (1.26) 

 

nax.1.6. Tvlebze arsebuli usworobebis zemoqmedebis Sedegad, misi centris 
moZraobis traeqtoria 

 

Tvlebze arsebuli qarxnuli usworobebis gamo (Tvlis ovaluroba, 

RerZze eqscentruli dageba da sxva), sruliad axali Tvlebis brunvis cen-

tri xan aiwevs, xan daiwevs (nax.1.6) eqscentrisitetis e  sididiT. aRniSnul-

is garda, Tvlebis gorvis zedapiris konusurobis gamo Tvlis simZimis cen-

tri damatebiT irxeva, liandagis swor ubnebze wyvilTvalis zigzaguri (mi-

moqanebiTi) moZraobis Sedegad. gorvis zedapiris TandaTanobiT cveTis ga-

mo, izrdeba Tvlebis usworoba, rogorc fersos grZivad, ise ganiv kveTSi. 

es Tavis mxriv kidev ufro aZlierebs Tvlis brunvis centris moZraobis 

klaknilobas. Tvlebze arsebuli usworobebiT gamowveuli inerciuli Za-

lis TP  gansazRvra, liandagis usworobis inerciuli Zalis gansazRvris an-

alogiuria 

)sin(  t
e

mP u
2
u

u

bT
2

                         (1.27) 
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1.2.5. ekipaJis daresorebuli masis (Zaris) rxeviT gamowveuli 

dinamikuri (inerciuli) Zala 

 daresorebuli masis rxeviT gamowveuli dinamikuri rP  Zala warmoiS-

oba ekipaJis moZraobis dros, liandagisa da Tvlebis usworobebis gamo, 

rac iwvevs resorebis kompleqtisa da masTan dakavSirebuli Zaris rxevas. 

Zaris rxeva damokidebulia misi yvela Tvlis erTobliv zemoqmedebaze, ris 

gamoc warmoiqmneba rTuli saxis gadataniTi da brunviTi moZraoba sivrciT 

koordinatTa sistemaSi, samive RerZis mimarT. gadataniT moZraobas miekuT-

vneba ekipaJis xtunaoba, ganivi ganzidva, biZgiTi moZraoba; xolo brunviT 

moZraobas miekuTvneba mimoqneva da rweviT svla Zaris simZimis centrSi 

gamavali vertikaluri, grZivi da ganivi RerZebis mimarT. es sidideebi maTi 

albaTobiTi xasiaTis gamo cdebiT dadgindeba. Catarebuli cdebis mona-

cemebis mixedviT resoruli kompleqtis udidesi rxeviTi amplituda maxz (e.i. 

udidesi gadaxra statikuri mdgomareobidan) ZiriTadad damokidebulia 

moZraobis siCqareze, roca moZraobis siCqare v<100km/sT-ze, maxz aRwevs 20 mm-

s, ufro maRali siCqareebisaTvis, roca v 100km/sT - maxz 25 mm.  

                                                     cxrili 1.2 

moZravi Semadgenlobis tipi ra  rb  

eleqtromavlebi ВЛ 23, ВЛ 22M, ВЛ 60D, ВЛ 8 

Tbomavlebi ТЭП 60, ТЭП 10, ТЭ 10, 2ТЭ 10Л 
10,9 4106,9   

ТЭ 30, ТЭ 7, ТЭ 3, ТЭМ 1 airturbomavali ГП1 7,9 4104,8   

rvaRerZiani satvirTo vagonebi, oTxRerZiani 
3200 mm xisti baziani urikebiT 

9,5 4106,9   

eqvsRerZiani satvirTo vagonebi УВЗ – 9М tipis 
samRerZiani urikebiT 

6,0 41016   

eqvsRerZiani satvirTo vagonebi KВЗ – 1М tipis 
samRerZiani urikebiT 

4,6 41023   

oTxRerZiani satvirTo vagonebi ЦНИИ-ХЗ 
urikebiT 

10 41016   

oTxRerZiani satvirTo vagonebi МТ-50 urikebiT 3,5 41014   

SeniSvna: sxva eleqtromavlebis, Tbomavlebis da samanevro Tbomavle-

bisaTvis maxz 15 mm. 

   

eleqtromavlebis, Tbomavlebisa da satvirTo vagonebisaTvis maxz  gamo-

iTvleba formuliT 
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2

max vbaz rr                             (1.28) 

sadac ra  da rb _ cdebiT dadgenili parametrebia (cxrili 1.2). 

resorebis rxeviT gamowveuli dinamikuri Zala ki gamoiTvleba for-

muliT 

maxЖzP r                                                          (1.29) 

sadac Ж  _ resorebis sixistea, damokidebuli moZravi Semadgenlobis 

tipze, kg/mm. 

 

 

1.2.6. sakuTari rxevebis Sedegad warmoSobili dinamikuri (inerciuli) 

Zalebi 

sistemis sakuTari rxeva ewodeba iseT rxevas, rodesac gansaxilvel 

periodSi sistemaze ukve aRar moqmedeben Semryevi (gamaRizianebeli) faqto-

rebi da rxeva gamowveulia sawyisi, Semdgomi gamqrali faqtorebis zegav-

leniT (magaliTad, dartyma an uecrad modebuli datvirTva da sxva). auci-

lebeli winaRobebis zemoqmedebiT rxeva TandaTan miileva. aseT rxevebs 

sakuTari milevadi rxevebi ewodeba. Tu winaRobebi ar arseboben (idealuri 

SemTxveva), maSin rxevas sakuTari Tavisufali rxeva ewodeba, romelic SeiZ-

leba usasrulod gagrZeldes (Teoriulad). rkinigzis liandagic SeiZleba 

ganxilul iqnes, rogorc zeda naSenis elementebisagan Semdgari garkveuli 

materialuri sistema. moZravi Semadgenlobis Tvlebis gadaadgilebis Sede-

gad liandagi ganicdis sakuTar milevad rxevas. aseTive rxeva axasiaTebs 

dauresorebeli masis mbrunav nawils (Tvlis masas). amitom liandagis zeda 

naSenis gaangariSebebSi, rogorc liandagis, ise dauresorebeli masis mbru-

navi nawilis sakuTar milevad rxevas ganixilaven erToblivad. aseTi rxe-

vis Sedegad warmoqmnili vertikaluri dinamikuri Zala zusti angariSebis 

dros gaiangariSeba formuliT: 

)sin( 0 



  teEЖP t
l                        (1.30) 

sadac lЖ _ liandagis sixistea; 

E  da  _ sakuTari winaRobebis gamaTvaliswinebeli parametrebi; 

t  _ rxevaTa Sesatyvisi (mimdinare) dro; 

0 _ sakuTar milevad rxevaTa cikluri sixSire. 
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Zalis sidideze arsebiT gavlenas axdens agreTve liandagis aradrekad 

winaaRmdegobaTa gaTvaliswineba, rac jer kidev jerovnad ar aris Seswav-

lili. 

amrigad, vertikaluri Zalebis jami zogad SemTxvevaSi SeiZleba ganisa-

zR-vros formuliT: 

PPPPPP  l.uTrst                                               (1.31) 

yvela es Zalebi (garda stP ) cvalebadia da maqsimalur mniSvnelobebs 

aRweven sxvadasxva momentSi. amasTan maTi erTdrouli zemoqmedeba nebismi-

er saangariSo kveTSi, rogorc absoluturi sididiT, aseve urTierTSexa-

mebiT albaTobiTi xasiaTisaa. e.i. saqme gvaqvs movlenaTa da SesaZlebloba-

Ta albaTobasTan. amitom yvela am Zalebis maqsimalur mniSvnelobaTa ubra-

lo Sejameba saangariSo tolqmedi Zalis misaRebad swori ar iqneba, radga-

nac yoveli maTgani icvleba TavisTvis damaxasiaTebeli kanoniT da aRebul 

momentSi, erT saangariSo kveTSi yvela maqsimaluri mniSvnelobis cvalebad 

ZalTa Tanxvedra praqtikulad SeuZlebelia. 

amitom yvela ZalTa tolqmedis zemoqmedebis maqsimaluri mniSvnelobis 

dasadgenad, nebismier saangariSo kveTSi, saWiroa albaTobis Teoriisa da 

maTematikuri statistikis kanonzomierebaTa gamoyeneba.  
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Tavi 2. liandagze bunebrivi faqtorebis da konstruqciis sakuTari 

zemoqmedeba  

 

 

2.1. liandagze bunebrivi, klimaturi faqtorebis zemoqmedeba 

liandagisa da moZravi Semadgenlobis Zalovani urTierTqmedeba xorci-

eldeba rTul bunebriv situaciebSi. zogierTi bunebrivi faqtori liandag-

is muSaobis mTel periodSi, gansazRvrul adgilze, daaxloebiT ucvlelia 

(magaliTad geologiuri situacia), xolo sxva faqtorebi drois garkveul 

monakveTSi mkacrad cvalebadia (atmosferuli movlenebi, haernakadebi, na-

leqebis raodenoba, temperaturul-teniani faqtorebi da sxva). 

amdenad bunebrivi faqtorebis situacias SeuZlia mniSvnelovnad Secva-

los liandagisa da moZravi Semadgenlobis urTierTqmedebis xasiaTi da mi-

si Zaluri zemoqmedebis mniSvneloba. 

relsebisa da Tvlebis sakontaqto farTobebis mdgomareoba (simSrale, 

sineste, minayinebis arseboba, damtverianoba da sxva) mniSvnelovan gavlenas 

axdens Tvlisa da liandagis Zalur urTierTqmedebaze, cvlis mxebi kontaq-

turi Zabvebis sidideebs, Tvlisa da relsis cveTis intensivobis xarisxs. 

balastis Srisa da miwis vakisis gradientebis tenianobis xarisxi mniS-

vnelovan gavlenas axdens mis mzidunarianobaze. aseve xis Spalebis merqnis 

maRali tenianoba mniSvnelovnad amcirebs mis winaRobas Telvaze da iwvevs 

lpobis procesis daCqarebas. 

dabali temperaturebi xels uwyobs relsebis simyifis xarisxis zrdas. 

miwis vakisis, balastis Sris da Spalebis gayinva mniSvnelovnad zrdis li-

andagis sixistes (2–3-jer), ris Sedegad izrdeba Tvlis relsze Zaluri ze-

moqmedebis sidide. miwis vakisis teniani gruntebi gayinvisas araTanabrad 

amoiburceba, rac iwvevs liandagis gamrudebas vertikalur sibrtyeSi da 

sarelso Zafebis gadaferdebas. es procesebi iwvevs Zabvebis zrdas lian-

dagis zeda naSenis elementebSi da miwis vakisSi. 

Tu davuSvebT, rom gruntebis gayinvis Sedegad naburcis kuzs kosinus-

oidis forma aqvs (nax.21), maSin am usworobis ordinatis   da simrudis 





1

 sidide toli iqneba 
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























l

x

l

e

dx

d

l

xe








2cos2
1

2cos1
2

2

2

2

2
                          (2.1) 

e

ll

202

2

2

2

min 


                                (2.2) 

e , l  da min  miRebuli mniSvnelobebisaTvis mRunavi M  momentisa da re-

lsebis Runvis normaluri Zabva   toli iqneba 

W

EI
M                                     (2.3) 




Ey

W

M
                                   (2.4) 

sadac W  - relsis winaRobis momentia; 

I  - relsis inerciis momenti; 

y  - manZili relsis neitraluri RerZidan Zabvis saZiebel wertila-

mde; 

E  - sarelso foladis drekadobis moduli, E 6101,2  kg/sm2. 

 

 

nax.2.1. liandagis naburcis kuzis kosinusoiduri forma  

 

relsebis, gansakuTrebiT grZeli relsebis temperaturis cvalebadoba 

maT boloebSi, sadac temperaturuli Zalebi Zleven winaRobis Zalebs, iw-

vevs relsebis boloebis gadaadgilebas. am gadaadgilebam SeiZleba mniSvne-

lovan sidides miaRwios, gansakuTrebiT sarelso gadabmebSi. 
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2.2. liandagis konstruqciis sakuTari zemoqmedeba 

konstruqciis damzadebis, dagebis, movla-Senaxvis da SekeTebebis Sede-

gad masSi aRZrul Zabvebs konstruqciis sakuTari zemoqmedeba ewodeba. 

relsebi gaglinvis Semdeg araTanabrad civdeba ganiv kveTSi. relsis 

Tavi, romelSiac foladis masa metia ufro nela civdeba, vidre relsis ye-

li da fuZe, rac iwvevs relsis gamrudebas. relsis gasworebisaTvis mimar-

Taven mis civad gaglinvas. relsis civad gaglinva iwvevs masSi mniSvnelo-

vani sididis sakuTari Zabvebis warmoSobas. 

sakuTari Zabvebis regulirebis dauflebis SemTxvevaSi SeiZleba miRwe-

ul iqnas misi iseTi mniSvnelobebi, romlebic mniSvnelovnad gaaumjobeseb-

da konstruqciis muSaobis pirobebs. 

konstruqciis muSaobis pirobebis gaaumjobesebis mizniT masSi didi si-

didis sakuTari Zabvebis Seqmnis saukeTeso magaliTia, winaswardaZabuli 

rkinabetonis nakeTobebi. 

ganvixiloT sakuTari Zabvebis zemoqmedeba liandagis konstruqciaze, 

aRZruli mrudebSi relsebis dagebis Sedegad. am SemTxvevaSi mRunavi momen-

tis sidide tolia  



EI
M                                     (2.5) 

rogorc cnobilia gadasasvleli mrudis gantolebas Semdegi saxe aqvs 

l

C
                                    (2.6) 

sadac C  - gadasasvleli mrudis parametria, 0RlC  ; 

l  - gadasasvleli mrudis mimdinare sigrZe; 

0l  - gadasasvleli mrudis sruli sigrZe; 

R  - wriuli mrudis radiusi.  

maSin                                 

C

EIl
M                                    (2.7) 

sakuTari Zabvis sidide relsebSi, misi mrudebSi Cagebis Sedegad ga-

Runvis gamo toli iqneba 

CW

EIl

W

M
                                (2.8) 

amgvarad, mxolod mrudebSi Cagebis Sedegad relsebSi aRZruli mRunavi 

M  momenti da misi Sesabamisi Zabva toli iqneba 
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0l

l

R

EI
M                              (2.9) 

0

max
l

l
y

R

E
                               (2.10) 

liandagis usworobebi gegmaSi, aseve relsebSi aRZraven didi sididis 

sakuTar Zabvebs. dautvirTavi liandagis elementebSi didi sididis saku-

Tari Zabvebi, mniSvnelovnad cvlis konstruqciis muSaobis pirobebs misi 

datvirTvis qveS muSaobisas. 

sakuTari Zabvebis sasurveli mimarTulebiT regulireba ufro msubuqi, 

gamZle da saimedo konstruqciis Seqmnis saSualebas iZleva, kerZod: 

 winaswardaZabuli rkinabetonis konstruqciebi; 

 liTonis konstruqciebi damuSavebuli Termuli da meqanikuri meTode-

biT, romlebic masSi qmnian Zabvebs muSaobis periodSi warmoqmnili 

Zabvebis Sebrunebuli niSniT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 23 

Tavi 3. vertikaluri Zalebis zemoqmedeba liandagze 

3.1. ZiriTadi daSvebebi da wanamZRvrebi liandagis simtkiceze  

gaangariSebis dros 

 rkinigzis liandagze moqmedi Zalebis sidide da maTi modebis sqema 

albaTobiTi xasiaTisaa da zust gansazRvras ar eqvemdebareba. amitom 

liandagis simtkiceze gaangariSebis safuZvlebSi Cadebulia Semdegi 

ZiriTadi daSvebebi da winamZRvrebi: 

1. relsi ganixileba, rogorc usasrulo sigrZis uWri koWi. pirapirebis 

gavlenis gamoricxvis mizniT saangariSo kveTi aRebul unda iqnas pi-

rapirebidan ara nakleb 3,5 metris daSorebiT. pirapiris konstruqcia 

ki calke gaiangariSeba; 

2. relsi, rogorc usasrulo sigrZis uWri koWi ganixileba mdebare Ta-

nabardrekad safuZvelze. sinamdvileSi igi devs urTierT axlo gan-

lagebul wertilovan safuZvelze _ Spalebze. am daSvebis safuZvels 

iZleva relsis didi sixiste da Tanabardrekad safuZvelze _ balas-

tze ganlagebuli Spalebi, romlebic erTmaneTTan imdenad axlos mde-

bareobs, rom vertikaluri datvirTvebis dros relsebis CaRunvis si-

dide Spalebs Soris da Spalebis qveS praqtikulad Tanabaria. anga-

riSebis Sedegis cdomileba aseTi daSvebebis dros 5%-s ar aRemateba; 

3. daSvebulia, rom vertikaluri Zalebi modebulia relsis simetriis 

vertikaluri RerZis gaswvriv da orTave sarelso Zafi Tanabrad aris 

datvirTuli. am SemTxvevaSi relsis daxriloba 1/20 mxedvelobaSi ar 

miiReba. 

horizontaluri Zalebis zemoqmedebis, vertikaluri Zalebis eqs-

centruli modebis da relsebis 1/20 daxrilobis gaTvaliswineba 

xdeba f koeficientis saSualebiT, romelic yovelTvis metia erTze, 

e.i. f > 1. 

f koeficienti moZravi Semadgenlobis sapasporto sididea da da-

mokidebulia moZravi Semadgenlobis tipze, liandagis gegmaze da re-

lsebis tipze. igi cdebis Sedegad aris dadgenili. 

mrudSi horizontaluri Zalebis zemoqmedeba ganixileba gare re-

lsis mimarT; 
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4. daSvebulia, rom moZraobis dros Tvali ar wydeba relss, e.i. miRebu-

lia, rom Tvlis dartymiT zemoqmedebas adgili ar aqvs. Tvlis darty-

miTi zemoqmedeba calke ganixileba; 

5. daSvebulia sarelso safuZvlis ormxrivi reaqcia (qvemodan zemoT da 

zemodan qvemoT), maSin, rodesac sarelso safuZvlis reaqciis mimar-

Tuleba sinamdvileSi calmxrivia (qvemodan zemoT); 

6. datvirTvebis sistemis zemoqmedeba gaangariSebebSi dafuZnebulia sa-

relso safuZvlis erTeul dawolasa da am dawoliT gamowveul dre-

kad CaRunvas Soris xazobrivi damokidebulebis hipoTezaze; 

7. liandagis elementebSi Zabvebis gansazRvrisas statikuri formulebi 

ZalaSi rCeba dinamikis drosac. e.i. aradrekadi winaRobebis, rxevebisa 

da deformaciaTa gavrcelebis siCqareebi mxedvelobaSi ar miiReba; 

8. gaangariSebebSi datvirTvebis sistemis zemoqmedebisas miRebulia Zal-

Ta damokidebulebis kanoni. e.i. deformaciebisa da Zabvebis sidideebi 

nebismier kveTSi, gamowveuli TiToeuli Zalisagan Seikribeba maTi 

absoluturi sididisa da niSnis mixedviT; 

9. gaangariSebis dros daSvebulia, rom moZravi Semadgenlobis savali 

nawilebi da liandagis konstruqcia mTlianobaSi gamarTul mdgoma-

reobaSia da zustad pasuxobs teqnikuri eqspluataciis wesebis moT-

xovnebs; 

10. gaangariSebebSi liandagis zeda naSenis wona mxedvelobaSi ar miiR-

eba, radganac misi gavlena Zabvebis sidideze metad umniSvneloa. 

11. liandagis elementebSi vertikaluri dinamikuri ZalebiT gamowveuli 

Zabvebis gansazRvrisaTvis miRebulia, rom saangariSo Tvlidan saanga-

riSo kveTs gadaecema maqsimaluri realuri datvirTva =0,994 alba-

TobiT, xolo mezobeli Tvlebidan saSualo sididis datvirTvebi. 

aseTi daSveba praqtikulad mcire cdomilebas iwvevs, radganac me-

zobeli Tvlebis gavlena saangariSo kveTSi Zabvebisa da drekadi CaR-

unvis sidideebze 20%-s ar aRemateba. garda amisa mezobeli Tvlebi-

sagan gadacemuli datvirTvebi iwvevs kveTis ara marto gadamettvirT-

vas, aramed zogjer gantvirTvas, rac kidev ufro amcirebs saangariSo 

kveTze mezobeli Tvlebis gavlenis xarisxs; 

12. gaangariSebebiT dadgindeba liandagis elementebSi dasaSvebi Zabvebi 

da ara maTi samsaxuris vada resursebis amowurvaze. 
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3.2. sarelso safuZvlis drekadobis moduli 

nebismieri konstruqciis drekadobis xarixs gansazRvravs oridan erT-

erTi maxasiaTebeli: sixistis koeficienti, romelic warmoadgens datvirT-

vis iseT sidides, romelic iwvevs erTeuli sididis drekad CaRunvas, an 

drekadobis koeficienti, romelic warmoadgens CaRunvis sidides gamowve-

uls erTeuli sididis datvirTvisagan. rogorc cnobilia liandagis simt-

kiceze gaangariSebebSi daSvebulia CaRunvisa da datvirTvis sidideebs So-

ris xazobrivi damokidebuleba. am damokidebulebis safuZvelze SeiZleba 

davweroT: 

CyP                                      (3.1) 

sadac P  _ Spalis sawolis 1sm2 mosuli datvirTvaa; 

y  _ Spalis drekadi CaRunvis sidide; 

C _ Spalis safuZvlis drekadobis maxasiaTebeli, e.w. safuZvlis dam-

yolobis anu Spalis sawolis koeficienti. dawolis Zala, rome-

lic iwvevs Spalis drekad CaRunvas erTeuli sididiT, kg/sm2 da 

tolia   

y

P
C                                      (3.2) 

roca y  = 1, maSin PC  . 

 Spalis sawolis koeficienti C  warmoadgens liandagis safuZvlis dre-

kadobis xarisxis maxasiaTebels, damokidebuls balastis saxeobaze, misi 

gaWuWyianebis xarisxze, datkepnilobaze, miwis vakisis mdgomareobaze, wlis 

droze. C  koeficientis mniSvneloba gayinuli balastisasTvis gacilebiT 

metia, vidre gauyinavisaTvis. 

 Tu dauSvebT, rom Spalis masala absoluturad xistia da Spalze 

TiToeuli relsidan gadaecema PPP  21  Zala, maSin Spalis drekadi saSua-

lo CaRunva toli iqneba saSy  da SegviZlia davweroT (nax. 3.1): 

saSCabyP 2                                            (3.3) 

sadac b  _ Spalis sigrZea; 

       a  _ Spalis sigane. 

Spalis gaRunvis gamo, faqtiurad mis qveS drekad CaRunvebs sxvadasxva 

mniSvnelobebi eqneba. xis Spalis SemTxvevaSi drekadi CaRunva maqsimalur 

sidides maxy saSy  relsebis qveS aRwevs (nax. 3.1-b):. Spalis boloebSi da mis 
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SuaSi igi mcirdeba. rkinabetonis SpalebSi drekadi CaRunvis epiuras gan-

sxvavebuli saxe aqvs. am SemTxvevaSi drekadi CaRunvis saangariSo sidide 

aiReba relsebis qveS, xolo maqsimalur mniSvnelobas igi Spalebis bo-

loebSi aRwevs (nax.3.1-g). 

 

nax.3.1 Spalebze Zalebis gadacemis sqema (a); Spalebis drekadi CaRunva 
datvirTvis qveS: B(b) xis Spalebis da (g) rkinabetonis Spalebis 

 

Spalis saSualo drekadi CaRunva tolia 

saang.saS yy                                   (3.4) 

maSasadame 

saang.abyCP 2                                 (3.5) 

saang.y
abC

P
2


                                (3.6) 

Tu dauSvebT, P  Zala iwvevs Spalis drekad CaRunvas erTeuli sididiT, 

e.i. saang.y = 1, miviRebT 

2

abC
P


                                     (3.7) 

sadac   _ Spalis drekadi gaRunvis koeficientia,   = 0,7 0,9 xis Spalebi-

saTvis;   = 0,9 rkinabetonis SpalebisaTvis. 

 relsis, rogorc mTlianad drekad safuZvelze mdebare uWri koWis 

gaangariSebisaTvis, P Zala modebulia Tanabrad ganawilebuli tvirTis sax-

iT, Spalebis RerZebs Soris l  manZilze, maSin 

l

P
U                                    (3.8) 
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aqedan                           

UlP                                    (3.9) 

xolo                            

l

abC
U

2


                                 (3.10) 

U _ sarelso safuZvlis drekadobis moduls warmoadgens. igi ricxob-

rivad relsis erTeul sigrZeze modebuli Tanabrad ganawilebuli datvir-

Tvis tolia da romelic iwvevs erTeuli sididis drekad CaRunvas. 

Tanabardrekadi safuZvlis reaqciis Zala 
xq  Tanabrad ganawilebuli 

tvirTiT datvirTuli relsis safuZvelze dawolis intensivobis tolia, 

romelic iwvevs y  sididis drekad CaRunvas. 

Uyqx                                    (3.11) 

erTeuli sididiT CaRunvis SemTxvevaSi, roca 1y  

Uqx                                     (3.12) 

xis SpalebisaTvis zafxulis periodSi sarelso safuZvlis drekado-

bis moduli icvleba U  = 200  300 kg/sm2 farglebSi, xolo zamTris peri-

odSi U  = 450 500 kg/sm2 farglebSi. 

rkinabetonis Spalebis sarelso safuZvlis drekadobis modulis sidi-

de gacilebiT metia, vidre xis Spalebisa da aRwevs U  = 17002000 kg/sm2. 

 

 

 

 

 

3.3 liandagze ZalTa zemoqmedebis albaTobiTi xasiaTi 

teqnikaSi da sainJinro saqmeSi xSiria, rom raime cvalebad sidideTa 

calkeul dakvirvebaTa mniSvnelobebis mwkrivis mixedviT ganisazRvros misi 

saSualo sidide. aseTebs miekuTvneba, magaliTad, svlis dro, romelime 

samanevro operaciis xangrZlivoba, Zabva relsis romelime kveTSi erTi da 

imave datvirTvisa da erTnairi siCqaris dros, romelime manqanis gamomu-

Saveba da sxva. 

vTqvaT gvaqvs gamosakvlevi sididis calkeul kerZo mniSvnelobaTa Se-

mdegi rigi: 
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ni XXXXX ,...,....,, 321  

am calkeul kerZo mniSvnelobaTa saSualo ariTmetikuli sidide iqne-

ba  

n

X

n

XXXX
X

n

i

n





 1321 ...

saS                       (3.13) 

rac metia dakvirvebaTa ricxvi n  miT ufro meti sizustiT axasiaTebs 

saSualo ariTmetikuli sidide gamosakvlev faqtors. 

amave dros saSualo ariTmetikuli sididis mniSvnelobas axasiaTebs 

metad mniSvnelovani nakli, rom igi srulad ver axasiaTebs calkeul kerZo 

mniSvnelobaTa saSualo sidididan gadaxris xarisxs, e.i. ver axasiaTebs 

calkeul kerZo mniSvnelobaTa gamomxatvel wertilTa ganTesvis xarisxs. 

amis sailustraciod moviyvanoT aseTi magaliTi: Tu erT SemTxvevaSi 

dakvirvebaTa Sedegebis calkeuli mniSvnelobebi (am SemTxvevaSi relsSi Za-

bvis sidideebi) tolia 1X =900 kg/sm2 da 2X =700 kg/sm2, maSin maTi saSualo 

ariTmetikuli mniSvneloba toli iqneba 800X  kg/sm2. 

 meore SemTxvevaSi dakvirvebaTa calkeuli mniSvnelobebi SeiZleba iy-

os 1X =1200 kg/sm2 da 2X =400 kg/sm2, xolo maTi saSualo ariTmetikuli sidi-

de tolia 800X  kg/sm2. 

rogorc magaliTebidan Cans, saSualo ariTmetikuli mniSvneloba 

orive SemTxvevaSi erTnairi sididisaa, magram igi srulad ver asaxavs ca-

lkeul kerZo mniSvnelobaTa absolutur sidideebs, roca maqsimumi erT Se-

mTxvevaSi tolia 
maxX =1200kg/sm2, meore SemTxvevaSi 

maxX =900kg/sm2, aseve am 

mniSvnelobaTa minimumi erT SemTxvevaSi minX =700kg/sm2, xolo meore SemTxve-

vaSi minX =400kg/sm2 tolia. 

bunebrivia, calkeul kerZo mniSvnelobaTa saSualo ariTmetikulis na-

cvlad vipovoT iseTi maCvenebeli, romelic SesaZleblobas mogvcems 

gaTvaliswinebul iqnes calkeul kerZo mniSvnelobaTa absoluturi mniSvne-

lobebis sididec, anu maTi ganTesva. 

calkeul kerZo mniSvnelobaTa ganTesvis xarisxi SeiZleba gaTvaliswi-

nebul iqnas, Tu aviRebT TiToeul am mniSvnelobaTa da saSualo ariTmeti-

kuli sididis sxvaobas, SevkrebT maT da gavyofT dakvirvebaTa ricxvze, e.i.  
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n

XX i  )(
                               (3.14) 

magram es sidide TviT saSualo ariTmetikuli sididis bunebidan gamo-

mdinare nulis tolia. ganxiluli magaliTis mixedviT 

0
2

100100

2

)700800()900800(






 

amitom calkeul kerZo mniSvnelobaTa ganTesvis xarisxis gaTvaliswi-

nebis mizniT gamoTvlian am mniSvnelobaTa saSualo ariTmetikul sidides, 

Semdeg gamoTvlian saSualo ariTmetikulisa da TiToeul calke mniSvnel-

obaTa sxvaobas, aiyvanen kvadratSi da amofesvaven. amiT miiReba saSualo 

kvadratuli gadaxris sidide 

n

XX
S

i 


2)(
                           (3.15) 

fesvqveSa mniSvneloba warmoadgens calkeul mniSvnelobaTa ganTesvis 

xarisxs. mas dispersia ewodeba. e.i. dispersia tolia 2S .  

liandagis nebismier saangariSo kveTSi moqmed mudmiv da cvalebad 

ZalTa erToblivi moqmedebis albaTobiTi xasiaTis gamo, am Zalebis tol-

qmedi unda ganisazRvros albaTobis iseTi xarisxiT, romelic uzrunvel-

yofs konstruqciis gamarTul muSaobas nebismier saeqspluatacio pirobeb-

Si. 

saerTod arsebobs calkeul kerZo mniSvnelobaTa ganawilebis sxvada-

sxva kanonebi, romelTa mixedviT aigeba ganawilebis albaTobis mrudebi. sa-

inJinro praqtikaSi farTod aris gavrcelebuli calkeul kerZo mniSvne-

lobaTa normaluri ganawilebis, anu gausis mrudebi (nax. 3.2). 

maTematikuri statistikis kanonebis mixedviT calkeul kerZo mniSvne-

lobaTa normaluri ganawilebis albaTobis SemTxvevaSi cvalebad ZalTa 

tolqmedi, romelic garkveuli albaTobiT uzrunvelyofs konstruqciis 

gamarTul muSaobas tolia:  

SPP max                              (3.16) 

sadac P  _ cvalebad ZalTa saSualo ariTmetikuli mniSvnelobaa; 

         _ manormirebeli mamravli (kvantili), romelic uzrunvelyofs  

maxP  alis iseT mniSvnelobas, romelic Seesabameba albaTobis 

CvenTvis misaReb   dones, amoiReba cxrilebidan, (cxr.3.1).  =2,5 
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es iseTi mniSvnelobaa, romelic uzrunvelyofs albaTobis 

sizustes 99,4%, e.i. SeiZleba davweroT 

SPP 5,2max                            (3.17) 

 

 

nax. 3.2.  kerZo mniSvnelobaTa ganTesvis grafikebi:  
a – ganawilebis histograma; b – ganawilebis mravalkuTxedi; g – sixSireebis pologoni; d 

– normaluri ganawilebis (gausis) mrudi.  
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nax.3.2_is mixedviT P =1200kg/sm2, S =200kg/sm2, maSasadame  

maxP =1200+2,5200=1700kg/sm2 

cxrili 3.1. 

  0 1 2 2,5 3 4 5 6 

SPP    P  SP   SP 2  SP 5,2  SP 3  SP 4  SP 5  SP 6  

  0,5000 0,84134 0,97725 0,99379 0,99865 0,999968 0,9999997 1,0000 

 

 

 

3.4. liandagis simtkiceze statikuri gaangariSebis safuZvlebi vertikaluri 

Zalebis zemoqmedebaze 

relsis, rogorc drekad safuZvelze mdebare uWri koWis statikuri ga-

angariSebis ZiriTad maxasiaTebels warmoadgens kavSiri drekadi CaRunvis 

sididesa da safuZvlis 
xq  reaqcias Soris. 

ZiriTadi saangariSo formulebis gamosayvanad sargebloben masalaTa 

gamZleobis kanonebiT, kerZod Svendler-Juravskis TeoriiT. 

 cnobilia, rom koWze moqmedi mRunavi momenti tolia 

2

2

dx

yd
EIM                                 (3.18) 

sadac E  _ koWis masalis drekadobis modulia. sarelso foladisaTvis 

E 6101,2  kg/sm2; 

I  _ relsis inerciis momenti; 

        EI  _ relsis sixiste. 

ganivi Zala ki tolia relsis EI  sixistisa da drekadi CaRunvis mesame 

rigis warmoebulis namravlisa: 

IIIEIYQ                                (3.19) 

 viciT, rom  

Uyqx                                 (3.20) 

 maSin 

IVEIyUy                                (3.21) 

 (3.21) gavyoT EI  da gavutoloT nuls: 

0 y
EI

U
y IV                              (3.22) 
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(3.22) warmoadgens ZiriTad saangariSo diferencialur gantolebas. am 

gantolebaSi saangariSo zeda naSenisaTvis, sarelso safuZvlis drekadobis 

moduli U  da relsis sixiste EI  mudmiv sidideebs warmoadgenen. 

(3.22) gantolebis amosaxsnelad unda Sedges maxasiaTebeli gantoleba 

04 44  ky , amasTan erTad Semogvaqvs aRniSvna  

44k
EI

U
                                 (3.23) 

 (3.23) formulidan 

4

4EI

U
k  sm-1                               (3.24)   

rogorc vxedavT k Ksidide damokidebulia sarelso safuZvlis sixis-

tis  U  maxasiaTebelze da relsis sixistis EI  sidideTa fardobaze, amit-

om igi warmoadgens sarelso safuZvlisa da relsis sixistis fardobiT ko-

eficients. 

 ZiriTadi diferencialuri (3.22) gantolebis gaintegralebiT, cnobili 

zRvruli pirobebis farglebSi (
2

,0;0,0;0,
P

Qxyxyx  ) miviRebT Zi-

riTad saangariSo formulebs, romlebiTac sargebloben liandagis simtki-

ceze gaangariSebis dros: 

mRunavi momenti 


k

P
M

4
                               (3.25) 

relsebis drekadi CaRunvis sidide 


U

Pk
y

2
                               (3.26) 

Spalze gadacemuli datvirTva (ganivi Zala) gamomdinare iqedan, rom 

relsis erTeul sigrZeze reaqciuli ukuqceva tolia xq  sididis, xolo 

Spalebis RerZebs Soris manZilia l  , toli iqneba  ,lqQ x  Uyqx  , maSin 


22

Pkl
l

U

Pk
UUylQ                        (3.27) 

(3.25), (3.26) da (3.27) formulebSi 
U

Pk

k

P

2
,

4
 da 

2

Pkl
 mudmivi sidideebi mravld-

eba   da   sidideebze. 

sadac  _ mRunavi momentis gavlenis xazis ordinataa, (nax.3.3); 
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        _ ganivi Zalisa da relsis drekadi CaRunvis gavlenis xazis ordi-

nata. (nax.3.4). 

)sin(cos kxkxe kx                             (3.28) 

)sin(cos kxkxe kx                             (3.29) 

rogorc vxedavT   da   sidideebi damokidebulia kx  namravlis funq-

ciaze. funqcia kx  saSualebas iZleva gamovTvaloT   da   mniSvnelobebi 

x -is nebismieri mniSvnelobisaTvis.  

  da   mniSvnelobebi saangariSo kveTSi, saangariSo Tvlis qveS 

miiReba 1-is toli. saangariSo kveTidan daSorebis proporciulad maTi 

mniSvnelobebi mcirdeba da SeiZleba minus niSniT aRmoCndes. am epiurebis 

erT-erTi Taviseburebaa maTi gavlenis swrafad Caqroba, amitomac saanga-

riSo kveTidan 3,5 m-ze meti daSorebis SemTxvevaSi   da   SeiZleba nuls 

gavutoloT. rac imas niSnavs, rom saangariSo Tvlis gavlena 3,5 m-s iqeT 

praqtikulad ar vrceldeba. 

 

 

nax.3.3.  -s epiura P  Zalis 0 kveTSi modebis SemTxvevaSi 

 

 

  

nax. 3.4.  -s epiura P  Zalis 0 kveTSi modebis SemTxvevaSi 
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nax.3.5. mRunavi momentis saangariSo sqema  0 kveTSi ZalTa sistemis modebis 
SemTxvevaSi (  -s epiura) 

 
davuSvaT, rom relsze moqmedebs ramdenime Zala, magaliTad 21 , PP  da 

3P  (nax.3.5), maSin am Zalebis zemoqmedebisagan gamowveuli mRunavi momenti 0  

wertilis mimarT toli iqneba: 

 
k

PPPM
4

1
)( 322211                           (3.32) 

anu 

iiP
k

M 
4

1
                                (3.33) 

xolo relsis fuZis wiboSi Zabva gamowveuli mRunavi momentisagan toli 

iqneba  

 iiP
kWW

M


4

1
                            (3.34) 

analogiuri msjelobiT SegviZlia davweroT, rom 

 iiP
kl

Q 
2

                                (3.35) 

da 

 iiP
U

k
y 

2
                               (3.36) 

 

 

3.5. liandagis dinamikuri gaangariSebis safuZvlebi vertikaluri Zalebis 

zemoqmedebaze 

liandagis dinamikuri gaangariSebis amosavali wertili aris is, rom 

saangariSo kveTSi statikurad modebuli datvirTvaTa sistema amave datvir-

TvaTa dinamikuri zemoqmedebis eqvivalenturi iyos. 
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radganac   da   epiurebi erTmaneTisagan mkveTrad gansxvavdebian, am-

denad eqvivalenturi dinamikuri Zalebic Sesabamisad damokidebulni arian 

  da   sidideebze. masaSadame gaangariSebebSi monawileobs I
eqvP Zala, 

romlis mixedviTac gamoiTvleba mRunavi momenti da II
eqvP  Zala, romelzedac 

damokidebulia relsis drekadi CaRunva da Spalze gadacemuli datvirTva. 

vsargeblobT ra (3.33), (3.35) da (3.36) formulebiT SegviZlia davweroT: 

relsze moqmedi dinamikuri momenti 

I
eqvdin P

k
M

4

1
                               (3.37) 

radganac saangariSo kveTSi  =1, maSin  

I
eqvdin P

k
M

4

1
                                (3.38) 

xolo, horizontaluri ganivi Zalebis da vertikaluri datvirTvebis eqsc-

entruli modebis gaTvaliswinebiT 

I
eqvdin P

k

f
M

4
                                (3.39) 

relsis drekadi CaRunvis sidide saangariSo kveTSi, roca  =1 

II
eqvdin P

U

k
y

2
                                (3.40) 

Spalebze gadacemuli datvirTva saangariSo kveTSi, roca  =1 

IIP
kl

Q eqvdin
2

                                (3.41) 

I
eqvP  da II

eqvP  eqvivalenturi Zalebi warmoadgenen jamur Zalebs, romle-

bic Sedgeba liandagze moqmedi sxvadasxva Zalebisagan, romelTagan mxol-

od statikuri datvirTva stP  warmoadgens mudmivi sididis Zalas. danarCeni 

Zalebi ki cvalebadi sididisaa da damokidebulia mraval obieqtur da su-

bieqtur faqtorebze. 

damatebiTi dinamikuri Zalebis warmomSobi faqtorebia: resorebis rxe-

va, liandagis usworobebi, Tvalze arsebuli izolirebuli da uwyveti us-

worobebi, sarelso safuZvlis araTanabardrekadoba da sxva. 

liandagis gaangariSebisas masze maqsimaluri Zaluri zemoqmedebis ga-

saTvaliswineblad Tavdapirvelad unda ganisazRvros yvela damatebiTi Za-

lebis erToblivi zemoqmedebis saSualo mniSvneloba, mas daematos damate-
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biTi dinamikuri Zalebis jamuri mniSvnelobis saSualo kvadratuli gadax-

ris sidide gamravlebuli 2,5-ze.  

saangariSo kveTSi datvirTvaTa sistemis maqsimaluri tolqmedi Zalis 

gamoTvlisas, saangariSo Tvlis dawola aiReba maqsimaluri mniSvnelobiT, 

xolo mezobeli Tvlebis gavlena saSualo mniSvnelobiT. maSin: 

 saSsaS
I
eqv PSPP 5,2                           (3.42) 

 saSsaS
II
eqv PSPP 5,2                           (3.43) 

sadac  saSP  da  saSP  mezobeli Tvlebis dawolis gavlenaa saanga-

riSo kveTze. 

SevitanoT I
eqvP  da II

eqvP  (3.39), (3.40), (3.41) formulebSi, maSin  

)5,2(
4

 saSsaSdin PSP
k

f
M                        (3.45) 

 )5,2(
2

saSsaSdin PSP
kl

Q                         (3.46) 

)5,2(
2

 saSsaSdin PSP
U

k
y                        (3.47) 

Sesabamisad Zabva relsis fuZis wiboSi, aRZruli dinamikuri momentisa-

gan toli iqneba 

)5,2(
4

  saSsaS

din

r.f. PSP
kW

f

W

M
                   (3.48) 

sadac W  _ relsis winaRobis momentia, sm3, (danarTi, cxrili 7). 

 

 

 

 

3.6. dasaSvebi Zabvebis mniSvnelobebi liandagis elementebSi 

nebismieri konstruqciis simtkicisa da saimedoobis uzrunvelyofis 

aucilebel pirobas warmoadgens is, rom am konstruqciaze moqmed datvirT-

vaTa sistemisagan aRZruli Zabvebis sidide, maragis saTanado koeficientis 

gaTvaliswinebiT ar unda aRematebodes am konstruqciis simtkicis zRvars. 

konstruqciis gaangariSebisaTvis aucilebelia dadgenil iqnas saanga-

riSo da dasaSvebi Zabvebis mniSvnelobebi. 

saangariSo Zabvebis mniSvneloba ganisazRvreba konstruqciaze moqmed 

datvirTvaTa sistemis SesaZlo maqsimaluri zemoqmedebis Sesabamisad. 
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dasaSvebi Zabvebi ki dadgindeba konstruqciis masalis simtkicis zRva-

ris mixedviT. 

liandagis gaangariSebisas, misi konstruqciis saimedoobisa da simtki-

cis uzrunvelsayofad saangariSo Zabvebis mniSvnelobebi unda Sedardes 

dasaSvebi Zabvebis sidideebs. 

liandagis gaangariSebis meTodikis mixedviT 43P  da ufro mZime tipis 

relsebisaTvis, fuZis wiboSi dasaSvebi Zabvis sidide dadgenili iyo sare-

lso foladis denadobis minimaluri zRvris mixedviT  r.f. =3500 kg/sm2, (350 

megpa), aI  da ufro msubuqi tipis relsebisaTvis   r.T  =  3000 kg/sm2 (300 

megpa). 

amave dros aucilebeli iyo pirapirian liandagebSi temperaturuli 

Zabvebis gasaTvaliswineblad K =1,3 koeficientis gamoyeneba. 

Catarebuli gamokvlevebis safuZvelze 50P  da ufro mZime tipis 

relsebisaTvis, sigrZiT 12,5 da 25 m. rekomendebulia dasaSvebi Zabvebis 

Semdegi mniSvnelobebi, (cxrili 3.2). 

                                                      cxrili 3.2 

liandagis 
daxasiaTeba 

dasaSvebi Zabvebis mniSvnelobebi, 
kg/sm2 (megpa) 

relsis fuZis 

wiboSi  r.f.  
relsis Tavis 

wiboSi  r.T.  

pirapiriani liandagisaTvis 2400 (240) 3200 (320) 
upirapiro liandagisaTvis temp-
eraturuli Zabvebis gaTvalis-
winebiT 

2000 (200) 2600 (260) 

Zveli vargisi relsebisaTvis, romlebic uaxloes xanSi unda Seicval-

os, dasaSvebia maTi 30%-iT gadaZabva. 

xis SpalebSi qvesadebis qveS dasaSvebi Zabvebis mniSvnelobebi damoki-

debulia zeda naSenis tipze da moZravi Semadgenlobis saxeobaze (cxrili 

3.3).  

                                                  cxrili 3.3. 

moZravi Semadgenlobis 
saxeoba 

dasaSvebi Zabvebis mniSvnelobebi  S  kg/sm2 

(megpa) 
mZime tipis zeda 

naSeni 
msubuqi tipis zeda 

naSeni 
lokomotivis 

datvirTvis qveS 
16 (1,6) 20 (2,0) 

vagonebis datvirTvis 
qveS 

15 (1,5) 18 (1,8) 
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dasaSvebi Zabvebis mniSvnelobebi balastis SreSi damokidebulia ba-

lastis saxeobaze, misi fraqciebis zomebze da moZravi Semadgenlobis 

tipze (cxrili 3.4). 

cxrili 3.4. 

balastis saxeoba da fraqciebis 
zomebi 

dasaSvebi Zabvebis mniSvnelobebi  b  

kg/sm2, (meg.pa) 
lokomotivis 

datvirTvis qveS 
vagonebis 

datvirTvis qveS 
RorRi fraqciebis zomebiT (25-50), 
(25-60) da (25-70) mm. 

5 (0,5) 3,25 (0,325) 

RorRi fraqciebis zomebiT (7-25) mm.  4 (0,4) 2,6 (0,26) 
xreSi, niJara 3 (0,3) 2,25 (0,225) 
qviSa 2,75 (0,275) 2,0 (0,2) 
 

miwis vakisis ZiriTad moedanze dasaSvebi Zabvebis sidide damokide-

bulia gruntebis saxeobaze, misi datkepnisa da tenianobis xarisxze. jansa-

Ri miwis vakisisaTvis, agebuli yvelaze ufro gavrcelebuli Tixnari gru-

ntebisagan, dasaSvebi Zabvebis sidide miRebulia  m.k. =0,8 kg/sm2 (0,08 megpa). 

saangariSo Zabvebis gadaWarbeba dasaSvebi Zabvebis sidideze imaze miu-

TiTebs, rom saWiroa liandagis konstruqciisa da misi movla-Senaxvis samu-

Saoebis gaZliereba. amasTan erTad unda gaviTvaliswinoT, rom saangariSo 

Zabvebis gadaWarbeba SpalebSi da balastSi dasaSvebTan SedarebiT ara um-e-

tes 30%-isa, ar moiTxovs moZraobis siCqaris dauyovnebliv Semcirebis 

aucileblobas. 
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Tavi 4.  adgilobrivi Zabvebi da Tvlis dartymiTi zemoqmedeba 

 

4.1. kontaqturi Zabvebi 

moZravi Semadgenlobis Tvlebidan relsebs datvirTvebi gadaecema mci-

re sakontaqto farTobze, amitom sarelso foladis masala sakontaqto fa-

rTobis irgvliv imyofeba moculobiT SekumSul mdgomareobaSi. am datvir-

TvebiT gamowveuli Zabvebis ganawileba metad rTuli xasiaTisaa da mxol-

od drekadobis Teoriis meTodebiT kvlevas eqvemdebareba. 

Zabvebi, romlebic aRiZvreba relsis Tavisa da Tvlis fersos kontaq-

tis areSi, an mis axlos kontaqturi Zabvebi ewodeba. 

liTonis drekadi SekumSvis Sedegad Tvlis ferso relsis TavTan kon-

taqtSi Sedis mokontaqte sxeulTa ara erT wertilSi, aramed garkveul 

farTobze - sakontaqto elifsebze (nax.4.1).  

kontaqtis Sedegad Tvali relsis Tavs gadascems vertikaluri dinami-

kuri datvirTvis normalur 
ip   da mxeb i   mdgenelebs. sakontaqto farTob-

ze Zabvebis gavrcelebis kanonzomiereba da sidideebi damokidebulia verti-

kaluri dinamikuri datvirTvebis sidideze, am datvirTvebis normaluri ip   

da mxebi 
i  mdgenelebis Tanafardobaze, Tvlis R  da relsis Tavis r  radi-

usebis sidideebze, relsis Tavis cveTis formaze, liandagisa da Tvlebis 

teqnikur mdgomareobaze. yovelive zemoCamoTvlil faqtorebs iTvaliswi-

nebs sakontaqto Zabvebis gaangariSebis herc-beliaevis Teoria, romlis 

ZiriTad daSvebebs warmoadgens: 

 sakontaqto farTobi gacilebiT mcirea relsis Tavis ganiv zomebTan 

SedarebiT; 

 sakontaqto farTobze xaxunis koeficienti ,0f  e.i. gaangariSeba ta-

rdeba mxolod normalur mdgenelebze; 

 Tvlisa da relsis liToni muSaobs mxolod drekad stadiaSi; 

 Tvlis artaxisa da relsis Tavis kontaqtis zonaSi sakontaqto far-

Tobi wriulcilindruli formisaa.   

Tvlisa da relsis faqtiuri sakontaqto farTobis da mxebi Zabvebis 

sidideTa gasaTvaliswineblad, prof. g.Saxuniancma herc-beliaevis TeoriaSi 

Seitana   da k  koeficientebi. am Teoriis Tanaxmad saangariSo formule-

bi warmodgenilia Semdegi saxiT ( xRerZi mimarTulia relsis grZivad, 

y RerZi relsis Tavis ganivad): 
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1
2

2

2

2

2

2


b

y

a

x

p

p

o

                                                  (4.1) 

sakontaqto elifsis Sua wertilSi maqsimaluri normaluri Zabva to-

lia                        

  







k

P
po

2

3 din
                               (4.2) 

 

 

nax. 4.1 Tvlis relsis TavTan kontaqtis formebi: 
a. - erT wertilSi (pirobiTi kontaqti); b. - zedapirze;  g. - sakontaqto 
zedapiris zomebi; d. - Tvlidan gadacemuli vertikaluri dinamikuri 

datvirTvis normaluri 
ip   da mxebi i   mdgenelebis ganawileba sakontaqto 

zedapirze;  
1 – qveda cilindris (relsis Tavis) zedapiri deformaciamde; 2 - sakontaqto zedapiri; 3 - 

zeda cilindris (Tvlis) zedapiri deformaciamde. 
 

sakontaqto elifsis didi naxevarRerZis sigrZe ki (nax.4.2) 

 

 BAE

P
ma






2

13
2

din
                              (4.3) 

sakontaqto elifsis mcire naxevarRerZis sigrZe tolia 

a
m

n
b                                     (4.4) 
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nax. 4.2 sakontaqto Zabvebis naxevarelifsoidi 

 

saangariSo parametrebi ganisazRvreba formulebiT: 

r
A

2

1
                                    (4.5) 

R
B

2

1
                                   (4.6) 

BA

AB




cos                                (4.7) 

sakontaqto elifsis farTobi toli iqneba   

ab                                  (4.8) 

mxebi Zabvebis maqsimaluri mniSvneloba sakontaqto elifsis boloebSi, 

relsis TavSi oz  siRrmeze, damokidebulia Ffardobaze 33,0
R

r  da tolia 

3
2

2
65,0

65,02
R

EP

k

m
p o

o

din






                          (4.9) 

xolo mxebi Zabvebis maqsimaluri mniSvneloba relsis Tavis zedapirze 

sakontaqto elifsis centrSi,  roca 33,0
R

r   

                       3
2

2
65,0

2
R

EP

k

no
n

din






                         (4.10) 

sadac dinP - Tvlidan relsis Tavze gadacemuli maqsimaluri, vertikaluri 

dinamikuri datvirTvaa; 

op - maqsimaluri, normaluri mkumSavi Zabva elifsis centrSi, rel-

sis Tavis zedapirze; 

 - sakontaqto elifsis farTobi; 

r - relsis Tavis muSa nawilis radiusi; 
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R - Tvlis gorvis wris radiusi; 

 30,025,0  - puasonis koeficienti; 

E 6101,2  kg/sm2 ( 61021,0 x megpa) – relsisa da Tvlis foladis dreka-

dobis moduli; 

nm, - parametrebi, romlebic damokidebulia  kuTxis sidideze; 

oo nm , - parametrebi, romlebic damokidebulia 
R

r  fardobaze; 

k - koeficienti, romelic iTvaliswinebs faqtiur da saangariSo sa-

kontaqto farTobebs Soris sxvaobas;  6,13,1 k  - gaucveTavi 

TvlebisaTvis,  0,24,1 k  - gacveTili TvlebisaTvis; 

 - mxebi Zabvebis gamaTvaliswinebeli koeficienti. 

Zabvebis naxevarelifsoidis moculoba, roca 1 k  tolia (nax.4.2) 

op
3

2
                                          (4.11) 

maSin elifsis farTobi tolia 

op

P

2

3 din
                                          (4.12) 

xolo 

3
2

2

R

Ep
mp oo

din
                             (4.13) 

 

zedapirze sakontaqto farTobis qveS, mTavari Zabvebis sidide maqsima-

luria da  relsis siRrmeSi TandaTan mcirdeba (nax.4.3). 

Zalze saSiSia mxleCi Zabvebi relsis Tavis siRrmeSi. eqvivalenturi Za-

bvebi ki relsebSi, eqspluataciis Tanamedrove pirobebSi, aWarbebs sarelso 

foladis kontaqturi amtanobis zRvars. es faqtori warmoadgens relsis 

TavSi bzarebis warmoSobis mizezs, gansakuTrebiT Tvlebis relsis Tavze 

ganivad wacurebis SemTxvevaSi. 

relsis Tavis folads, imyofeba ra moculobiT SekumSul mdgomareo-

baSi SeuZlia gacilebiT meti Zabvebis atana, rodesac sakontaqto elifsi 

mdebareobs relsis RerZTan axlos da gacilebiT naklebis, roca sakontaq-

to elifsi gadaadgildeba relsis wibosaken. 
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nax. 4.3 Zabvebis ganawilebis grafiki relsis Tavis siRrmeSi 

 

liandagis zeda naSenis liTonis elementebis simtkice pirvel yovlisa 

ganisazRvreba sarelso foladis kontaqtur-daRlilobiTi winaRobiT. rac 

metia gatarebuli tonaJi da Tvlebidan relsebze gadacemuli datvirTvebis 

mniSvneloba, miT ufro Cqara “iRleba” liToni. 

sadReisod relsebis defeqtebidan farTodaa gavrcelebuli 11.1.2 defe-

qti, liTonis amofxvna relsis Tavis muSa zolze da 21.1.2 defeqti, ganivi 

bzarebis warmoSoba relsis Tavze. es defeqtebi warmoiSoba sarelso fo-

ladis kontaqtur-daRlilobiTi arasakmarisi simtkicis Sedegad. relsebis 

erTeuli cvlis 70% dakavSirebulia am defeqtebTan. 

sarelso foladis daSla, kontaqtur-daRlilobiTi procesebis gamo, 

SeiZleba pirobiTad sam urTierTdamokidebul stadiad daiyos: 

 pirveli stadia – mikrodaRlilobiTi procesebis warmoqmna relsis 

Tavis zonaSi, araliTonuri CanarTebis arsebobisas, didi sididis sa-

kontaqto Zabvebis gamo warmoqmnil grZiv bzarebTan erTobliobaSi. 

gansazRvrul pirobebSi es bzarebi amodian relsis Tavis zedapirze 

da warmoqmnian amonaCiCqnebs relsis Tavis muSa zedapirze (defeqti 

11); 

 meore stadia _ grZivi bzarebis gadasvla ganiv bzarebSi, gamWimavi       

mRunavi Zabvebis zemoqmedebis Sedegad (defeqti 21); 

 mesame stadia _ zemoT CamoTvlili defeqtebis TandaTanobiTi ganviT-

areba, romlebic sabolood iwveven relsebis kontaqtur-daRlilo-
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biTi procesebis im donemde ganviTarebas, romlebic mTavrdeba rel-

sebis gatexviT. 

sarelso foladis kontaqtur-daRlilobiTi procesis pirvel staidaze 

relsis TavSi, zedapiridan 3–6 mm siRrmeze, warmoiSoba mikrobzarebi da 

romlebic SemdgomSi viTardebian maqsimaluri mxebi Zabvebis mimarTulebiT. 

mikrobzarebi Tavdapirvelad vrceldeba relsis Tavis siRrmeSi 7–10 mm-ze, 

xolo SemdgomSi uaxlovdeba relsis Tavis muSa zedapirs. Tvlis da rels-

is Tavis sakontaqto farTobis relsis wibosaken gadaadgilebis SemTxvev-

aSi, mikrobzarebi erTiandebian da qmnian erTian 5 – 7 mm sigrZis grZiv bza-

rebs. 

grZivi bzarebis warmoqmnis procesi relsis Tavis liTonis daRlil-

obiTi procesis Sedegs warmoadgens, romelic cikluri vertikaluri datvi-

rTvebis sididisa da misi eqscentruli modebis Sedegia. rac metia RreCos 

sidide, miT metia vertikaluri Zalebis modebis eqscentrisiteti. 

sarelso foladis kontaqtur-daRlilobiTi procesis meore stadia xa-

siaTdeba relsis TavSi ganivi bzarebis warmoSobiT da ganviTarebiT. Semdg-

omSi ganivi bzarebis ganviTareba xdeba gamWimavi Zabvebis zemoqmedebiT, 

romlebic aRiZvrebian relsebis Runvis deformaciebis, Tvlebis ganivi da 

grZivi mimarTulebebiT asrialebis Sedegad relsis Tavze. ganivi bzarebis 

Casaxva mimdinareobs grZivi bzarebis warmoSobis wertilebSi. es wertilebi 

Zabvebis maRali koncentraciis wertilebs warmoadgenen.  

saxifaTo faqtors warmoadgens mxebi Zabvebic, romlebic tolia mTa-

vari Zabvebis udidesi 1  da 
3  umciresi mniSvnelobebis naxevarsxvaobisa. 

mxebi Zabvebi TavianTi sididis maqsimums aRweven relsis Tavis siRrmeSi, 

 azo 5,02,0   manZilze. 

sakontaqto elifsis gaWimulobis mixedviT adgili aqvs Semdeg Tanafa-

rdobas:  

                 
a

b
           1,00;        0,75;       0,50; 

                 
a

zo           0,48;        0,41;       0,31; 

               
op

31  
        0,62;        0,635;      0,649. 
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rac metia sxvaoba elifsis mcire a  da did b  naxevarRerZebs Soris, 

miT ufro axlosaa ganlagebuli  maqsimaluri mxebi Zabvebi sakontaqto ze-

dapiridan.  

relsis simtkicis SefasebisaTvis, eqvivalenturi Zabvebi, maqsimaluri 

mxebi Zabvebis zemoqmedebis Teoriis safuZvelze ganisazRvreba:  

relsis TavSi 
oz  siRrmeze  

 eqv
op65,02 max                                      (4.16) 

relsis Tavis zedapirze, elifsis centrSi 

 eqv
opn1                                            (4.17) 

sakontaqto elifsis didi RerZis boloebSi 

 eqv opn2                                            (4.18) 

1n  da 2n  koeficientebi damokidebulia 
R

r  fardobaze da aiReba gra-

fikidan (nax.4.4). 

 

nax. 4.4 1n  da 2n  koeficientebis 
R

r  fardobaze damokidebulebis grafiki 

 

simtkicis pirobiT eqvivalenturi Zabvebi ar unda aRematebodes sarel-

so foladis kontaqturi amtanobis zRvars. dakvirvebebi gviCvenebs, rom ma-

Rali dinamikuri datvirTvebisas Tanamedrove relsebi 50P  da 65P  ver ak-

mayofileben am pirobas. kerZod sarelso foladis amtanoba kontaqtur 

Zabvebze arasakmarisia. maTi sakontaqto farTobis relsis wibosTan miax-

loebis proporciulad mcirdeba liTonis amtanoba. modelze Catarebuli 

gamokvlevebiT dadgenilia, rom  b0,45,0   manZilze wibodan deformaciebi 

izrdeba: vertikaluri 5,22  -jer, horizontaluri ganivi 2,33 -jer, hori-

zontaluri grZivi 0,60,4  -jer (nax.4.5). 
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nax. 4.5 relsis TavSi aRZruli fardobiTi deformaciebis sidideebi 
sakontaqto farTobis adgilmdebareobaze damokidebulebiT 

 

Tvlis relsis Tavze asrialebis dros, garda kontaqturi datvirTvis 

vertikaluri mdgenelisa, warmoiSoba agreTve mxebi mdgenelebi (grZivi da 

ganivi) (nax.4.6), romelic tolia 

ii pf                               (4.19) 

 -s zrdasTan erTad maqsimaluri mxebi Zalebis modebis wertili Tan-

daTan uaxlovdeba relsis Tavis zedapirs, xolo 
max  mniSvneloba izrdeba: 

roca 2,0f , maSin max op34,0 ; xolo roca 3,0f , maSin max 
op38,0 . Tvle-

bis relsze asrialebisas relsis Tavis gorvis zedapirze viTardeba didi 

sididis gamWimavi da mkumSavi Zabvebi, romelTac SeuZliaT gamoiwvion li-

Tonze zedapiruli naWdevebis warmoqmna, gadaxexvebi da sxva.  

 

 

nax. 4.6 Tvlebis asrialebis Sedegad warmoqmnili gamWimavi da mkumSavi 
Zabvebis sidideebi sakontaqto farTobis gaswvriv (a) da ganivad (b). 
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gansakuTrebiT saSiSia Tvlebis ganivi asrialeba relsis Tavis mimarT, 

im SemTxvevebSi, roca sakontaqto farTobi mdebareobs relsis wibos siax-

loves. liandagSi arsebuli usworobebi (kuTxeebi gegmaSi, TarazoSi gadax-

rebi da sxva) iwveven moZravi Semadgenlobis wyvilTvalis mkveTr ganiv 

gadaadgilebas, relsis Tavis liTonis plastikur deformaciebs da kontaq-

tur-daRlilobiTi defeqtebis warmoqmnas. 

kvlevebis safuZvelze amerikeli mecnierebma metCelma da albekma (1969 

w.) SemogvTavazes kontaqturi datvirTvebis mxebi mdgenelebis gaTvaliswi-

neba   koeficientis saSualebiT. Tu wevis Zalis mxebi mdgeneli  w.Z  SeWi-

dulobis pirobiT maqsimaluri mniSvnelobisaa (daaxloebiT 1/3 normaluri 

mdgenelisa), maSin koeficienti 4,1 ; roca  w.Z 0 , maSin 0,1 . am dros 

maqsimaluri mkumSavi Zabva sakontaqto elifsis centrSi tolia  

3
2

2

R

EP
mp oo

din
                                                        (4.20) 

xolo gacveTili relsebisaTvis, rodesac misi zedapiri warmodge-

nilia sibrtyis saxiT (cilindris gorvis SemTxveva cilindrul zedapir-

ze). 

3
2

1

2

Rb

EP
mp oo

din
                            (4.21) 

Eb

RP
a

1

52,1
din

                              (4.22) 

2

1ab
                                 (4.23) 

sadac 1b  - sakontaqto zolis mTliani siganea relsis Tavis ganivad. 

kontaqturi Zabvebis Semcirebis TvalsazrisiT, erT-erT mniSvnelovan 

RonisZiebas vertikaluri datvirTvebis relsis simetriis RerZisaken gada-

adgileba warmoadgens. sakontaqto farTobis relsis simetriis RerZisaken 

gadaadgilebis erT-erT efeqtur saSualebas liandis siganis SesaZlo mini-

malur sididemde Semcireba warmoadgens. 

liandagSi RreCos Semcireba erT-erTi umTavresi RonisZiebaa relsis 

TavSi da Tvlis fersoSi kontaqturi Zabvebis Semcirebis TvalsazrisiT. 

Tvlisa da relsis Tavis kontaqtis farTobis relsis Tavis wibosken gada-

adgilebis SemTxvevaSi mkveTrad izrdeba relsebis, rogorc vertikaluri 
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ise gverdiTi cveTa da Sesabamisad Tvlebis cveTac. Cqardeba liTonSi kon-

taqtur-daRlilobiTi procesebis ganviTareba. 

aRsaniSnavia, rom axali relsebis Tavze kontaqturi Zabvebi gacilebiT 

meti sididisaa, vidre gacveTili relsebis Tavze. amis mizezia is, rom mci-

reradiusian mrudebSi relsebis Cagebis pirvel periodSi, rogorc verti-

kalur, ise gverdiT cveTas metad intensiuri xasiaTi aqvs. SemdgomSi ki 

Tvlis fersos relsis Tavze, rogorc cilindris cilindrul zedapirze 

gorvis xasiaTis miRebis Semdeg, cveTis intensivoba stabiluri xdeba da 

nakleb intensiur xasiaTs atarebs.  

rac Seexeba kontaqturi da eqvivalenturi Zabvebis absolutur mniSvne-

lobebs, isini umetes SemTxvevaSi aRematebian kontaqturi amtanobis zRvars, 

miT umetes mxebi Zabvebis gaTvaliswinebisas da sarelso foladi itans maT 

moculobiTi SekumSuli mdgomareobis Sedegad.  

 

 

 

 

 

4.2. adgilobrivi Zabvebi relsis Tavidan yelSi gardamaval zonaSi 

praqtikaSi xSirad saWiro xdeba samsaxuris vadagadacilebuli relse-

bis saimedoobis Sefaseba, sxva SemTxvevaSi ki Zabvebis gansazRvra relsis 

Tavidan yelSi gardamaval zonaSi. cnobilia, rom vertikalur sibrtyeSi 

relsis deformaciis maxasiaTebel gantolebas Semdegi saxe aqvs 

022

2


dx

dy
hU

dx

Ud
E xx                         (4.24) 

0
2

2
2

24

4

2  y
dx

yd
xh

dx

yd
El

dx

dU
h yx                     (4.25) 

xolo relsis Tavis horizontaluri Runvisa da grexis maxasiaTebeli gan-

toleba Semdegi saxisaa: 

0
4

4

  z
dx

zd
EI z                          (4.26) 

0
2

2

 z
dx

d
G z


                          (4.27) 

sadac G  - warmoadgens Zvris moduls da gamoiTvleba formuliT 
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 


12

E
G                              (4.28) 

z  - safuZvlis Zaluri reaqciis koeficientia, relsis Tavis simZim-

is centris z  RerZidan erTeuli sididiT gadaadgilebis Sem-

TxvevaSi; 

  - safuZvlis Zaluri reaqciis koeficienti, relsis Tavis simZimis 

centris grZivi RerZis mimarT erTeuli   kuTxis Semobrune-

bis SemTxvevaSi; 

z  - reaqciuli momenti aRZruli relsis Tavis z  RerZis mimarT er-

Teuli sididiT gadaadgilebis SemTxvevaSi; 

  - reaqciuli momenti aRZruli relsis Tavis grZivi RerZis mim-

arT erTeuli   Semobrunebis SemTxvevaSi; 

  -  puasonis koeficienti. 

SemuSavebulia relsis Tavis qveS z  Zabvebis koncentraciis gansazR-

vris miaxloebiTi analizuri meTodika. igi iTvaliswinebs moZravi Semadgen-

lobis Tvlebidan relsze gadacemuli vertikaluri dinamikuri dinP  dat-

virTvebis relsis Tavze eqscentrul modebas e  eqscentrisitetiT. 

am meTodikis mixedviT z  Zabvis sidide koncentraciis koeficientis 

gaTvaliswinebiT gamoiTvleba formuliT 

6

2

3

2

1

6

14

1

10
12

3
10

42

 
konc

grexyel

yeldinkonc

yel

yeldin
C

GIh

Ed

d

eP
C

Ih

d

d

P
z         (4.29) 

sadac yeld  da yelh - relsis yelis saSualo sisqe da simaRlea;  

1d  - relsis yelis sisqe kritikul wertilSi; 

I - relsis Tavis inerciis momenti, misi simZimis centrSi gamavali 

horizontaluri RerZis mimarT; 

grexI  - relsis Tavis inerciis momenti grexaze; 

konc
1C  da 

konc
2C  - Zabvebis koncentraciis koeficientebi, Sesabamisad 

RerZuli kumSvisa da grexis SemTxvevaSi. am koeficientebis sidi-

deebi damokidebulia 1dr  da yeldr fardobebze (nax.4.7); 

r - momrgvalebis radiusi; 
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e - relsis Tavze vertikaluri dinamikuri datvirTvis modebis eqsce-

ntrisiteti. 

 

nax. 4.7 Zabvebis koncentraciis koeficientebis grafiki 

 

kritikuli kveTis sapovnelad relsis Tavis qveda wibos xazi unda gag-

rZeldes simetriis vertikaluri RerZis gadakveTamde, miRebuli wertili 

SeerTdes momrgvalebis radiusis 2O  centrTan, (nax.4.8).  

 

nax.4.8. adgilobrivi Zabvebis koncentracia:  
a – kritikuli kveTis mdebareoba; b – Zabvebis epiura; g,d – relsis Tavis 

qveS Zabvebis damokidebuleba datvirTvebisa da eqscentrisitetis 
sidideebTan; 

 1 – damxmare xazi; 2 – kritikuli kveTis Teoriuli mdebareoba   
 

kritikuli kveTi relsis konturTan damxmare xazis gadakveTis werti-

lSi gatarebul horizontalur xazze mdebareobs. 
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relsis Tavis qveS z  Zabvebis koncentraciis damokidebuleba datv-

irTvis sidideebze, eqscentrisitetze da safuZvlis sixisteze naCvenebia 

nax.4.8. 

horizontaluri ganivi Zalebis zemoqmedebis Sedegad relsis Tavis 

qveS Zabvebi ganisazRvreba formuliT  

z
  6

244

22

3

2

1

10
24

6 














konc
C

y

dd

H н 



             (4.30) 

sadac H - horizontaluri datvirTvaa;  

a - manZili relsis Tavis simZimis centridan kritikul kveTamde; 

нy - horizontaluri H Zalis modebis ordinata, 
нy >0, aTvlili re-

lsis Tavis simZimis centridan zemoT; 

  da   - koeficientebi, romlebic ganisazRvreba formulebiT: 

;
16

4
3

3

zIh

Ed

yel

yel
                            (4.31) 

 ;
12

3

grexyel

yel

GIh

Ed
                         (4.32) 

Teoriuli da eqsperimentuli gamokvlevebiT dadgenilia, rom relsis 

TavisqveSa Zabvebze mniSvnelovan gavlenas axdens mravali faqtori, rogo-

rebicaa: relsis Tavis vertikaluri cveTa, relsis profilis momrgvalebis 

radiusebi, yelis sisqe, datvirTvebis modebis eqscentrisiteti, liTonis 

korozia relsis profilis momrgvalebis adgilebSi da sxva. 

saerTod relsis Tavis qveS liToni rTul daZabul mdgomareobaSi im-

yofeba. amitom saWiroa gamoiTvalos eqvivalenturi Zabvebis sidideebi. 

 
 

3

2,022
3

k

p

zxxz


 eqv                  (4.33) 

sadac x  - relsis Tavis Runvis Zabva kritikul kveTSi; 

  - mxebi Zabvebi; 

 p

2,0  - sarelso foladis denadobis pirobiTi zRvari; 

3k  - maragis koeficienti, 
3k =1,2. 
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4.3. adgilobrivi Zabvebi relsis yelidan fuZeSi gardamaval zonaSi. 

relsis yelidan fuZeSi gardamaval zonaSi Zabvebis koncentracia 2-3-

jer naklebia, Zabvebis koncentraciaze relsis Tavidan yelSi gardamaval 

zonaSi. am SemTxvevaSi kritikuli kveTisa da Zabvebis sidideebi gainsaz-

Rvreba zemoT ganxilulis analogiurad xorcieldeba (nax.4.9). 

 

nax.4.9 fuZis defeqti, romlis gamo relsi arasworad eyrdnoba qvesadebs:  
1 – fuZis gamrudeba; 2 – Zabvebis epiura. 

 
 
 
 
 
 
 
 

4.4. adgilobrivi Zabvebi saWanWike naxvretebis zonaSi 

Tvlebidan gadacemuli datvirTvebis zemoqmedebiT sarelso Zafi pira-

piris zonaSi ufro didi sididiT CaiRuneba, vidre mis Sua nawilSi. amis 

mizezebia: zesadebebis arasakmarisi sixiste Runvaze, sapirapiro WanWikebze 

qanCebis moWeris momentis Sesusteba, zesadebebis sayrdeni zedapiris cveTa 

da sxva. 

Tvali pirapiris gadavlisas urtyams mimRebi relsis bolos. am proc-

ess xels uwyobs gaWimuli pirapirebis arseboba, relsis Tavis Telva da 

sxva. 

Tvlis mimRebi relsis boloze dajaxebis maqsimaluri Zala gamoiTv-

leba prof. v.danilovis formuliT 

 daydaures

daydauresr-T

daj
QQg

QQЖ
vP


max                     (4.34) 
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sadac daj - pirapirSi sarelso Zafis gardatexis kuTxea. dajaxebis kuTxis 

sidide moZraobis siCqaris zrdis SemTxvevaSi mcirdeba, rad-

ganac Tvali ver aswrebs mTlianad daeSvas sapirapiro uswo-

robaze; 

v  - moZraobis siCqare; 

r-TЖ  - “Tvali-relsi” sistemis sixiste. relsis horizontaluri da 

vertikaluri sixiste pirapiris zonaSi 1,25-1,5-jer naklebia, vi-

dre sarelso rgolis SuaSi; 

dauresQ - dauresorebeli wona mosuli erT Tvalze; 

dayQ - relsis dayvanili wona. saorientacio Sefasebisas SeiZleba 

miviRoT dayQ relQ)8,07,0(  ; 

g  - simZimis Zalis aCqareba. 

 

 

 

 

4.5 Tvlis dartymiTi zemoqmedeba 

relsebze cociebiani Tvlebis gavlis an Tvlis sarelso pirapirebze 

gadagorebisagan warmoqmnili dartymiTi Zalis zemoqmedebis zustad gansa-

zRvra, metad rTul amocanas warmoadgens. amitom Tvlis dartymiTi zemo-

qmedeba praqtikulad miaxloebiTi meTodebiT ganisazRvreba, eqsperimentuli 

da Teoriuli gamokvlevebis Sejerebis gziT. 

miaxloebiTi gamoTvlebisaTvis, Tu miviRebT Zalasa da deformacias 

Soris xazobriv damokidebulebas, maSin prof. v.danilovis gamokvlevebis 

safuZvelze Tvlis statikuri kontaqturi st-TЖ  sixiste 10 tona datvir-

TvisaTvis toli iqneba  

st-TЖ 6105,0
02,0

10000
 kg/sm 

viciT, rom liandagis statikuri sixiste warmoadgens CaRunvis sapiris-

piro sidides, maSin 

 
k

u
Ж

2
st-l                                (4.35) 
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nax. 4.10. cociebiani Tvlis relsTTan dartymiTi urTierTqmedebis stadiebi 

 

rogorc wesi TM  lM  da TЖ  lЖ . am utolobebis gaTvaliswinebiT 

prof. v.danilovma gamoiyvana Tvlis relsze dartymis maqsimaluri Zalis 

saangariSo formula  

kontdaydartydarty. ЖmvP max                      (4.36) 

sadac dartyv  - Tvlis relsze dartymis wertilis siCqarea (nax. 4.10); 

daym  - liandagis dayvanili masa; 

kontЖ  - Tvlis relsTan kontaqtis sixiste, kontЖ 6105,0  kg/sm. 

liandagis dayvanili masa ganisazRvreba formuliT 

 

k

m
m

rel

day

3,25,1 
                         (4.37) 

saSualod 

k

m
m

rel

day

9,1
                           (4.38) 

sadac  relm  - relsis wonaa, kg/sm; 

k  - sarelso safuZvlisa da relsis fardobiTi sixistis koefici-

enti, -1sm . 

aqedan gamomdinare rac ufro mZimea da xisti relsi, miT metia Tvlis 

relsTan dajaxebis Zala. 

 Tvalze cociis arsebobisas (nax.4.10) A  wertili warmoadgens Tvlis 

relsis mimarT brunvis myisier centrs, amitom  

 dartyv v
r

a
                           (4.39) 
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sadac v  -  moZraobis siCqarea; 

       a  - cociis sigrZe. 

cociebiani Tvlis relsze dartymis Zala maqsimaluri mniSvnelobis ga-

modis SedarebiT dabali siCqareebis (20 – 30 km/sT) dros. 

     siCqaris zrdis SemTxvevaSi dgeba momenti, roca Tvlis brunvisas myi-

sieri centris ( A  wertili) mimarT warmoqmnili centridanuli Zalis si-

dide aWarbebs resoridan relsze gadacemul Zalas, maSin Tvali iwyebs 

relsidan mowyvetas. aseT SemTxvevaSi A  wertili maRla ufro swrafad iw-

evs, vidre datvirTvisagan ganTavisuflebuli CaRunuli relsi aswrebs gas-

worebas. siCqaris kidev ufro metad zrdis SemTxvevaSi Tvlis B  wertilis 

relsze dartymis siCqare da dartymis Zala mcirdeba. 
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Tavi 5. horizontaluri Zalebis zemoqmedeba da liandagis 

winaaRmdegoba 

 

5.1. horizontaluri Zalebi 

liandagis zeda naSens moZravi Semadgenlobisagan gadaecema ara marto 

vertikaluri Zalebi, aramed horizontaluri Zalebic. moZravi Semadgenlo-

bidan liandagze gadacemuli horizontaluri Zalebi or jgufad iyofian: 

ganiv da grZiv horizontalur Zalebad. ganivi horizontaluri Zalebi 

moqmedeben liandagis RerZis marTobulad, xolo grZivi horizontaluri 

Zalebi ki liandagis RerZis gaswvriv. 

liandagis swor ubnebSi horizontaluri Zalebi ZiriTadad warmoiqmne-

bian moZravi Semadgenlobis mimoqanebiTi moZraobis Sedegad da aisaxebian 

xaxunis Zalis saxiT. 

liandagis mrud ubnebSi ki horizontaluri Zalebis warmoSoba ganpi-

robebulia moZravi Semadgenlobis mrudebSi Caweris pirobiT da centrida-

nuli Zalis zemoqmedebis Sedegad. 

 

 

 

5.2 ganivi horizontaluri Zalebi 

relsis Tavisa da Tvlis gorvis zedapiris Sexebis wertilSi warmoSo-

bil ganiv horizontalur Zalebs warmoadgenen mimmarTveli da gverduli 

Zalebi. (nax. 5.1) 

 

nax.5.1. ganivi horizontaluri Zalebis sqema 
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relsze moZravi Semadgenlobis zemoqmedeba warmoadgens Tvlis qimis 

relsis muSa waxnagze miWeris Zalisa (mimmarTveli Zalis) da xaxunis Zalis 

horizontaluri, ganivi mdgenelis algebrul jams. mas gverduli Zala ewo-

deba: 

HVY                                    (5.1) 

iii fPH cos                                 (5.2) 

sadac H  - xaxunis Zalis ganivi, horizontaluri mdgeneli, mimmarTveli Za-

laa; 

P  - Tvlidan relsze gadacemuli vertikaluri datvirTva; 

f  - xaxunis koeficienti.  

xaxunis Zalis grZivi horizontaluri mdgeneli tolia: 

iifPV sin                                 (5.3) 

Sigagare  i                                (5.4) 

i

i
i

d

l
cos                                  (5.5) 

i

i
d

S 2
sin 1                                 (5.6) 

2

12

2










S
ld ii                               (5.7) 

cdebiT dadgenilia, rom liandagze moqmedi gverduli Zalebis sidide, 

100–120 km/sT siCqariT moZraobis pirobebSi Seadgens 4–5 tonas, xolo cal-

keuli biZgebis zemoqmedeba aRwevs 10–12 tonas (mkveTrad gamoxatuli uswo-

robebis SemTxvevaSi). 

garda mimmarTveli da gverduli Zalebisa, moZravi Semadgenlobis Car-

Cosagan, Tvlebis meSveobiT^relsebs gadaecemaT CarCo Zala CY . CarCoze mo-

qmed horizontalur Zalebs warmoadgenen: centridanuli Zala da wevis Za-

lis ganivi mdgeneli. CarCo Zala erTi da igive RerZidan gare da Siga rel-

sebze gadacemuli gverduli Zalebis sxvaobis tolia da modebulia wyvil-

Tvalis RerZis gaswvriv (nax.5.2). Cveulebriv SemTxvevaSi mimmarTveli Zala 

warmoiqmneba oridan erT-erTi Tvlis mimarT, amitom  

SigagareC HYY                              (5.8) 

an 

gareSigaC HYY                             (5.9) 
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nax.5.2. wyvilTvalze CarCo Zalis modebis sqema 

 

samRerZiani urikebisaTvis 100 km/sT-iT siCqariT moZraobis SemTxvevaSi 

CarCo Zalis sididem 6-7 tonas SeiZleba miaRwios. 

gverdiTi Zalis sidide Y  damokidebulia liandagisa da ekipaJis sis-

temis drekadobis xarisxze da Tvlis gverdiTi asrialebis sidideze, rome-

lsac iwvevs Y  gverdiTi Zala. Tvlis gverdiTi asrialebis sidide zogad-

ad damokidebulia relsis Tavis drekadad gadaadgilebis sidideze da eki-

paJis detalebis drekad CaRunvaze. 

relsebis Tavebis drekadi gadaRunva horizontaluri dinamikis gaTva-

liswinebiT (usworobebisa da zigzagiseburi moZraobis gaTvaliswinebiT), 

gamoiTvleba formuliT  

k
fPY

Yy 






 



                            (5.10) 

sadac f - xaxunis koeficientia srialisas, f =0,15; 

  da   - liandagis zeda naSenis tipis gamaTvaliswinebeli koefi-

cienti; 

k - dinamikurobis koeficienti, 

  vk 1                                  (5.11) 

sadac  v  - moZraobis siCqarea; 

  - koeficienti, lokomotivis wina svlis dros pirveli RerZisa-

Tvis 010,0 ; meore da mesame RerZisaTvis 0 ; lokomotivis 

ukana svlis dros pirveli RerZisaTvis 006,0  da 0  dana-

rCeni RerZebisaTvis. 
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saerTod horizontaluri Zalebis zusti gaangariSebebi ganixileba eki-

paJis liandagSi Caweris pirobebis Seswavlisas. 

unda aRiniSnos, rom mrude ubnebis darRvevebi gansakuTrebiT zrdis 

gverduli Zalebis mniSvnelobas, daaxloebiT 1,5-3-jer. eqsperimentuli cde-

biT dadgenilia, rom rac metia usworobebis CaRunvis isari da mcirea us-

worobis sigrZe, miT metia gverduli Zalebis zrdis xarisxi. 

mimoqanebiT moZravi Tvlis qimi relsTan mijaxebis Sedegad mrudSi Se-

svlis momentSi, gadasasvleli mrudis arasakmarisi sigrZis an gegmaSi mkve-

Trad gamoxatuli darRvevis dros, gverduli Zalis sidide gacilebiT meti 

SeiZleba iyos, vidre wriul mrudSi moZraobisas. 

wriuli mrudebisaTvis, gamomdinare gaubaTilebeli aCqarebis normidan 

( a 0,7 m/wm2), gverduli Zalebis sidide reglamentirebulia da 10 tonas ar 

unda aRematebodes. 

mrudebSi moZraobisas aRiZvreba agreTve centridanuli ganivi Zala: 

gR

Pv
I i


2

                               (5.12) 

TiToeuli urikidan liandags gadaecema agreTve centridanuli Zalis, 

gare relsis SemaRlebis Sedegad warmoqmnili simZimis Zalis horizont-

aluri mdgenelis da wevis Zalis normaluri mdgenelis tolqmedi ganivi 

Zala T , romelic modebulia urikis mobrunebis centrSi (aiTvleba wina 

RerZidan) 

k
x

i F
L

L

Rk

L
P

g

a
T  

matu

ek2
                       (5.13) 

sadac a  - gaubaTilebeli centridanuli aCqarebis sididea; 

uk - urikebis raodenoba ekipaJSi (oTxRerZiani da eqvsRerZiani vago-

nebisaTvis uk =2, oTxRerZiani vagonebisaTvis uk =4); 

matL - matareblis sigrZe; 

xL - matareblis bolo nawilis sigrZe, aTvlili ekipaJis Sua werti-

lidan (mimwoli lokomotivis gamoyenebis SemTxvevaSi, matareb-

lis wina nawilis sigrZe); 

ekL - gansaxilveli ekipaJis sigrZe, avtogadabmulobis RerZebs Soris 

manZili; 
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kF - lokomotivis mier mrudis gavlis dros ganviTarebuli wevis Za-

la (mimwoli lokomotivis gamoyenebis da salokomotivo damux-

ruWebisas 
kF  aiReba uaryofiTi niSniT. 

 

 

5.3 grZivi horizontaluri Zalebi 

relsebSi grZivi horizontaluri Zalebi aRiZvreba moZravi Semadgenlo-

bis zemoqmedebis da temperaturuli cvalebadobis Sedegad. 

liandagze moqmedi horizontaluri grZivi Zalebi or ZiriTad jgufad 

iyofian: 

pirvel jgufs miekuTvneba grZivi horizontaluri Zalebi, romlebic 

aRiZvrebian relsebis sigrZis cvalebadobisadmi, liandagis grZivi wina-

Robis Sedegad da maT temperaturuli Zalebi ewodeba. 

meore jgufs miekuTvneba horizontaluri grZivi Zalebi, romlebic aRi-

Zvrebian liandagze moZravi Semadgenlobis zemoqmedebiT. es Zalebi cdi-

loben relsebis liandagis RerZis grZivi mimarTulebiT gadaadgilebas da 

maT liandagis waZvris Zalebi ewodeba. 

relsebze Tvlebis zemoqmedeba damokidebulia matareblebis moZraobis 

reJimze da moZravi Semadgenlobis tipze. wevis reJimSi lokomotivis Tvle-

bi gadascemen grZiv horizontalur Zalas, romelsac moZraobis sawinaaR-

mdego mimarTuleba gaaCnia. vagonebis Tvlebi ki ewinaaRmdegeba ra moZrao-

bas, relsebs gadascemen grZiv horizontalur Zalas, romelsac moZraobis 

Tanxvedrili mimarTuleba gaaCnia. inerciuli moZraobis dros lokomoti-

visa da vagonebis Tvlebi relsebs gadascemen moZraobis mimarTulebis Tan-

xvedril grZiv horizontalur Zalas. grZiv horizontalur Zalas aseTive 

mimarTuleba aqvs damuxruWebis SemTxvevaSic, mxolod misi sidide gacile-

biT metia. 

pnevmaturi damuxruWebisas, samuxruWo Zalebi Tanabrad nawildeba mata-

reblis sigrZeze. rekuperaciuli damuxruWebis dros ki relsebSi aRiZvreba 

grZivi mkumSavi Zalebi, romlebic koncentrirdeba matareblis TavSi. am Za-

lebis sidide damokidebulia Zravis Ruzis denis sidideze, Zabvis mniSvne-

lobaze sakontaqto qselSi, moZraobis siCqareze da eleqtroZravebis Car-

Tvis sqemaze. rekuperaciuli damuxruWebis Zalis sidide icvleba 5-60 tonis 

farglebSi, xolo maTi saSualo mniSvneloba ki 20-30 tonis farglebSi. 



 61 

aqve unda aRiniSnos, rom grZivi horizontaluri Zalebis mniSvneloba ar 

unda aRematebodes 50-60 tonas. winaaRmdeg SemTxvevaSi moZravi Semadgenlo-

bidan SeiZleba moxdes naklebad datvirTuli vagonebis amownexa. 

mTian rkinigzebze rekuperaciuli damuxruWebis gamo gansakuTrebiT iz-

rdeba liandagis movla-Senaxvis samuSaoebi. 

yvela SemTxvevaSi grZivi horizontaluri Zalebis sidide gadacemuli 

Tvlebisagan relsebze ar aRemateba srialis xaxunis Zalas relssa da 

Tvlebs Soris. 

garda moZravi Semadgenlobis zemoqmedebisa, liandagSi grZivi horizon-

taluri Zalebi warmoiSoba relsebis temperaturuli cvalebadobis gamo. 

temperaturis matebis SemTxvevaSi relsebSi aRiZvreba kumSvis Zabvebi, xo-

lo temperaturis klebis SemTxvevaSi gamWimavi Zabvebi. 

radganac temperaturuli Zalebis sidide damokidebulia relsebis sig-

rZeze da liandagis winaRobaze, liandagis zeda naSenis simtkiceze gaanga-

riSebisas aucilebelia relsebis sigrZis dadgena an liandagis zeda naSe-

nis simtkicis da mdgradobis pirobebis Semowmeba upirapiro liandagis ga-

angariSebisas. 

relsebis gadaadgilebisadmi winaaRmdegobis ar arsebobisas, relsi te-

mperaturis Ct   cvalebadobis SemTxvevaSi Tavisuflad wagrZeldeba 

tl T                                  (5.14) 

sadac    -  =0,0000118, sarelso foladis xazobrivi wagrZelebis koeficie-

ntia; 

l  -  relsis sigrZe. 

Tu relsis sigrZis Secvlas ewinaaRmdegeba P  Zala, maSin relsebSi 

aRiZvreba Zabva  

tE
l

tlE

l
EE

F

P



 


                       (5.15)  

sadac F - relsis ganivi kveTis farTobia; 

E  - sarelso foladis drekadobis moduli, E = 6101,2  kg/sm2; 

  - relsis fardobiTi wagrZeleba; 

 - relsis arSemdgari wagrZelebis sigrZe. 

Tu (5.15) formulaSi SevitanT Sesabamis ricxviT mniSvnelobebs mivi-

RebT 

t25                                 (5.16) 
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xolo relsebSi grZivi Zalis mniSvneloba toli iqneba  

tFFP 25                              (5.17) 

 

 

5.4. liandagis sigrZivi winaRoba 

grZivi Zalis mier liandagis gadaadgilebas upirispirdeba liandagis 

horizontaluri sigrZivi winaRoba. relsebis grZivi gadaadgilebisadmi wi-

naRobis sidide damokidebulia sarelso samagrebis konstruqciaze. ombo-

xuri mimagrebis SemTxvevaSi es winaRoba gacilebiT naklebia, vidre ganca-

lkevebuli  mimagrebis SemTxvevaSi. 

Spalebis gadaadgilebisadmi winaRoba damokidebulia balastis saxeo-

baze, datkepnis xarisxze da Spalebis epiuraze. magaliTisaTvis RorRis ba-

lastis SemTxvevaSi erTi Spalis gadaadgilebisadmi winaaRmdegoba lian-

dagis grZivi mimarTulebiT daaxloebiT 700 kg-s tolia.  

liandagis winaRobas gadaadgilebisadmi ganasxvaveben: 

 pirapiris konstruqciis winaRoba; 

 liandagis horizontaluri sigrZivi winaRoba. 

pirapiris winaRoba damokidebulia pirapiris konstruqciis mowyobilo-

baze (zesadebiani an gamawonasworebel mowyobilobiani). piripiris wina-

Robis ganzomilebaa kg/pirapirze. matareblebis gavlisas pirapirebis Serye-

visas pirapiris winaRoba SeiZleba 40 – 50%-iT Semcirdes 

horizontaluri sigrZivi winaRoba warmoadgens liandagis grZiv erTe-

ulis winaRobas da gaizomeba kg/sm erTi sarelso ZafisaTvis. 

pirapiris winaRoba konstruqciisaTvis zesadebiT da WanWikebiT tolia  

sin

4 nAf
P z
z                                (5.18) 

sadac zf  - zesadebis sakontaqto farTobis xaxunis koeficientia relsebT-

an, zf =0,2; 

  -  zesadis sakontaqto farTobis horizontisadmi daxris kuTxe; 

n2  -  WanWikebis ricxvi pirapirSi; 

A  -  TiToeul WanWikze qanCis moWeris Zala. 

 
2

0

2

0

3

0

3

0

3

1

2 dD

dD
f

d
tg

M
A








qan
saS

                    (5.19) 
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sadac M  - qanCis momWeri momentia (qanCis gasaRebiT xeliT moWeris Sem-

TxvevaSi 2500-3000 kgsm; Surupis qanCis gasaRebiT ШГК-2 da  

ШГК-3 -iT moWeris SemTxvevaSi 1200 kgsm, romelic arasakmari-

sia qanCis sabolood moWerisaTvis; 1200-4500 kgsm eleqtroSur-

upmomWeris SemTxvevaSi; 

  - xraxnis aRmasvlis kuTxe, 




cos

xrf
arctg                           (5.20) 

sadac xrf  - Cveulebriv zafxulis pirobebSi xraxnSi xaxunis koeficientia, 

xrf 2,0 ; 

  - xraxnis wamaxvilebis kuTxis naxevari; 

qanf - Cveulebriv zafxulis pirobebSi qanCis torsze xaxunis Zala, 

qanf =0,2; 

saSd  - WanWikis saSualo diametri; 

0D  - qanCis torsis sayrdeni wriuli farTobis gareTa diametri; 

0d  - qanCis torsis sayrdeni wriuli farTobis Siga diametri.  

gamawonasworebeli mowyobilobebis sigrZivi winaRoba daaxloebiT 8 – 

10-jer naklebia zesadebiani pirapiris winaRobaze. 

piripiris winaRobis gamo temperaturis cvalebadobisas relsebSi aRi-

Zvreba Zabvebi  

F

Pz                                  (5.21) 

xolo relsebSi aRZruli Zabvebis Sesabamisi temperatura tolia  

25

zz
z








E
t                              (5.22) 

pirapiris winaRobis gamo relsis arSemdgari wagrZeleba 

ltzz                                  (5.23) 

liandagis sigrZivi p winaRoba relsebis grZivi gadaadgilebisadmi, wa-

rmoiSoba Sualeduri samagrebis moWeris ZaliT 

200000

RN
p                                (5.24) 

sadac  R  - TiToeuli Spalis winaRobaa liandagis grZivi gadaadgilebisa-

dmi; 
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N  - Spalebis raodenoba 1 km-ze. 

ganvixiloT liandagis sigrZivi winaRoba relsis sigrZis cvalebadobi-

sadmi (nax.5.3). temperaturis cvalebadobis gamo relsis x  sigrZis ubanze, 

rom Seicvalos Tavisi sigrZe, saWiroa daZleul iqnas liandagis sigrZivi 

winaRoba anu daZlios grZivi Zala px . 

 

nax.5.3. liandagis sigrZivi winaRobis sqema 

pxPx   Zalis maqsimalur mniSvnelobas adgili eqneba, roca 
2

l
x   (nax.5.3), 

maSin 

2

pl
P sigrZ                               (5.25) 

temperaturis cvalebadobis 
xt  sidide, romelic saWiroa sigrZivi wina-

aRmdegobis dasaZlevad x  sigrZis ubanze toli iqneba  

xx tE
F

px
                              (5.26) 

anu 

F

px

FE

px
t x

25



                            (5.27) 

roca xt nt , maSin 

F

P

F

pl

FE

pl
tn

25502

sigrZ



                         (5.28)   

temperaturis cvalebadobis Sedegad relsis sigrZis cvalebadobis si-

dide xd , dx sigrZis ubanze hukis kanonis mixedviT ganisazRvreba Semdegi 

gantolebis safuZvelze  

x
x tE

dx

d
E 


 


                             (5.29) 
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amitom 

xd = xt dx                               (5.30) 

relsis sigrZis cvalebadobis maqsimaluri sidide 


x

xx dxt
0

                                (5.31) 

sigrZivi winaaRmdegobis ar arsebobisas, relsis sigrZis mTliani Tavi-

sufali cvalebadoba toli iqneboda 

xtxx  T                                (5.32) 

maSin relsis sigrZis faqtiuri cvalebadoba  

x  xx T xtx 
x

xdxt
0

                        (5.33)  

gantolebis nawilebad integrirebiT miviRebT 

x dtdx
xt


0

                               (5.34)  

SevitanoT (5.33) da (5.34) formula (5.28)-Si, gavaintegraloT da miviRebT   

x x xxx xtt
p

EF

EF

px
T



2

1

2

1

22

2 2
2

                    (5.35) 

x da x  sidideebi icvleba x -isa da xt -is mixedviT kvadratuli para-

bolis kanoniT da ar aris damokidebuli sigrZiv winaRobaze. es sidideebi 

tolia relsis Tavisufali wagrZelebis sididis naxevris. 

relsis mTeli sigrZis cvalebadobis sidide sigrZivi winaRobis daZ-

levis SemTxvevaSi tolia  

mT 
mT mTmT ltt

l


2

1

22

1
22

2

1 







                    (5.36) 

zog SemTxvevaSi, rodesac sigrZivi Zalebis erToblivi zemoqmedeba 

aWarbebs liandagis winaRobas, adgili aqvs liandagis waZvras. aqve unda 

avRniSnoT, rom liandagis waZvra rTuli movlenaa da sigrZivi Zalebis 

absoluturi mniSvnelobebis garda damokidebulia kidev mraval faqtorze. 

moZraobis pirobebSi ekipaJis Tvlebi da relsebi xaxunis Zalis zemoqm-

edebiT cdiloben waZran relsebi moZraobis mimarTulebiT, xolo wamyvani 

Tvlebi wevis reJimSi muSaobisas cdiloben relsebi aiTrion moZraobis 

sawinaaRmdego mimarTulebiT. 

pirapirebSi Tvlis dajaxebisas relsis boloze pirapirebisa da sigr-

Zivi winaaRmdegoba ecema, ris gamoc relsebSi temperaturis cvalebadobiT 
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dagrovebuli potenciuri energiis nawili gadadis kinetikurSi da, radgan-

ac relsis erTi bolo uWiravs masze Segorebul Tvals igi iZulebulia 

gadaadgildes moZraobis mimarTulebiT. 

moZravi Semadgenlobis datvirTvis qveS relsebis CaRunvis gamo da sa-

muxruWo Zalebis zemoqmedebiT waZvris Zalebis sidide mkveTrad izrdeba. 

Tu ganvixilavT SemTxvevas, roca sarelso safuZvels gaaCnia drekado-

ba mxolod vertikalur da ara horizontalur sibrtyeSi da relsis dreka-

di CaRunva gamowveulia mxolod vertikaluri Zalebis zemoqmedebiT, maSin 

drekadi CaRunvis maxasiaTebeli y  ganisazRvreba cnobili formuliT 

     P
U

k
kxkxPe

U

k
y kx

2
sincos

2
                  (5.37) 

kxPe
U

k

dx

dy kx sin
2

                             (5.38) 

     P
U

k
kxkxPe

U

k

dx

yd kx
33

2

2

sincos                  (5.39) 

xaxunis sigrZivi Zala f  ganisazRvreba formuliT 

     PkkxkxPeUyf kx

2

1
sincos

2

1
                (5.40) 

sadac   - relsis qvedTan xaxunis koeficientia; 

U - sarelso safuZvlis drekadobis moduli; 

y  - relsis drekadi CaRunva. 

drekadi CaRunvis epiuris II zonaSi (nax.5.4) xaxunis f  Zala mimarTulia 

moZraobis Tanxvedrilad, xolo I da III zonaSi moZraobis sawinaaRmdegod, 

maSin xaxunis jamuri sigrZivi Zala F toli iqneba 

 IIIIII 

















   






uydxydxydxuF
k

k

k

k

k

k















4

4

4

3

4

4

4

3

            (5.41) 

calkeuli Tvlis datvirTvisaTvis 30,0 , maSin  

PF 288,0                                (5.42) 

prof. v.albrextis monacemebiT xaxunis sigrZivi Zala F  tolia waZvris 

sigrZivi w.sP  Zalisa, maSin drekadi CaRunvis Sedegad relsis ganivi kveTis 

  kuTxiT Semobrunebis gamo misi fuZe gadaadgildeba xl  sididiT 

xl kxPe
U

hk

dx

dy
h kx sin

2

2

                         (5.43) 
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sadac h  - manZilia neitraluri RerZidan relsis fuZemde, miaxloebiT re-

lsis simaRlis naxevris tolia. 

miCneulia, rom drekadi sigrZivi Zala   tolia  

xmt                               (5.44) 

sadac m  - sigrZivi drekadobis modulia. 

 

 

nax. 5.4.  y , 
dx

dy
, 

2

2

dx

yd
 - is epiurebi 

 

Tu  < f , maSin sigrZiv drekad ZalTa jami nulis tolia da waZvris 

Zalac nulis tolia. Tu  > f , maSin relsis drekadi CaRunvis talRebis 

zemoqmedebiT relsisa da sarelso safuZvlis drekadi kavSiri irRveva da 

adgili aqvs liandagis waZvras. 

omboxuri mimagrebis SemTxvevaSi oTxRerZiani vagonebis moZraobisas, 

liandagis waZvris drekadi sigrZivi Zala, damokidebuli liandagis kons-

truqciasTan tolia w.lP =2,2 – 2,75 kg/sm erTi sarelso ZafisaTvis. 
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damuxruWebiT gamowveuli waZvris Zala w.dP  ganisazRvreba damuxruWeb-

is dB  Zalis sididis mixedviT. 

damuxruWebis Zala siCqaris cvalebadobisaTvis sawyv -dan sabv -mde gamo-

iTvleba formuliT  

dB
   




















 mat

d

sabsawy



i

L

vv

g
Q

22

2

1
                   (5.45) 

sadac Q - matareblis wonaa; 

i  - liandagis qanobi; 

mat  - matareblis xvedriTi winaRoba; 

dL  - samuxruWe ubnis sigrZe; 

g  - simZimis Zalis aCqareba; 

  - matareblis kinetikuri energiis kargvis koeficienti (oTxRerZi-

ani vagonebisaTvis  =0,04). 

damuxruWebis saSualo sigrZivi Zala tolia  

w.dP
mat

d

L

B

2
                               (5.46) 

sadac matL - matareblis sigrZea. 

Cveulebrivad w.dP 6,12,1  kg/sm erTi sarelso ZafisaTvis. 

grZel gaWianurebul daRmarTebze Tanabari siCqaris SenarCunebisaTvis 

memanqane mimarTavs wyvetil damuxruWebas. aseT SemTxvevaSi  

dB  dmat fiQ                             (5.47) 

sadac df - araTanabari damuxruWebis koeficientia, damokidebulia daRma-

rTis qanobze, roca 106i ‰, maSin df = 018,0 . 

mTliani sigrZivi waZvris Zala gamowveuli matareblis damuxruWebiT 

tolia  

w.sP = w.lP + w.dP                                (5.48) 

waZvris winaRobis TvalsazrisiT yvelaze araxelsayrel ubnebs war-

moadgens moZravi Semadgenlobis datvirTvisagan Tavisufali monakveTebi, 

romlebzec vrceldeba waZvris Zalebis zemoqmedeba (nax. 5.5). 
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nax. 5.5. waZvris Zalebis epiura 

 

waZvris w.sP  Zala unda gawonaswordes ZvrawinaRebis ZaliT. ZvrawinaRe-

bis raodenoba da maTi ganlagebis sqema SeirCeva waZvris w.sP  Zalis mniSvne-

lobis mixedviT, winaswar viciT, ra TiToeuli ZvrawinaRis Zalis sidide. 
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Tavi 6.  liandagis zeda naSenis simtkiceze gaangariSebis praqtikuli 

meTodebi 

  

6.1. liandagis zeda naSenis simtkiceze gaangariSeba 

liandagis zeda naSenis simtkiceze gaangariSebisaTvis Tavdapirvelad 

unda ganisazRvros masze moqmedi yvela vertikaluri Zalebis tolqmedis 

saSualo mniSvneloba. 

saS
rst.saS PPP                              (6.1) 

sadac st.P  _ Tvlidan relsze gadacemuli statikuri datvirTvaa, (danarTi, 

cxrili 2). 

       saS
rP _ resorebis rxeviT gamowveuli damatebiTi inerciuli Zalis sa-

Sualo mniSvneloba saangariSo kveTSi.  

relsebze modebuli dinamikuri momentis dinM Spalebze gadacemuli di-

namikuri datvirTvis dinQ  da relsebis drekadi dinamikuri CaRunvis diny  

mniSvnelobaTa gansazRvrisaTvis saWiroa ganisazRvros eqvivalenturi dina-

mikuri Zalebis I
eqvP  da II

eqvP  sidideebi. amisaTvis aucilebelia ganisazRvros 

liandagze moqmedi yvela damatebiTi dinamikuri inerciuli Zalebisa da ma-

Ti saSualo kvadratuli gadaxris mniSvnelobebi. 

resorebis rxeviT gamowveuli damatebiTi dinamikuri Zala rP  ganisazR-

vreba resorebis drekadi CaRunvis maqsimaluri sididisa da resoris sixis-

tesTan damokidebulebis mixedviT 

maxЖzP r                                                                (6.2) 

sadac  Ж   _  resoris sixistea, (danarTi, cxrili 2); 

 maxz _ resoris drekadi CaRunvis maqsimaluri sidide,  

2

max vbaz rr                                (6.3) 

sadac ra  da rb _ cdebiT dadgenili parametrebia, (cxrili 1.2); 

       v  _ moZraobis maqsimaluri siCqare. 

elmavlebisaTvis da TbomavlebisaTvis savalis nawilebis orsafexuri-

ani CamokidebiT (ВЛ10, ВЛ60, ЧС1, ЧС2, ЧС3, ТЕП60), resorebis rxeviT gamowve-

uli dinamikuri Zala rP  ganisazRvreba formuliT: 

)( qPKP  stdinr                             (6.4) 
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sadac q  _ dauresorebeli masis wona mosuli erT Tvalze; 

 dinK _ dauresorebeli masis dinamikurobis koeficienti. 

st

din
f

v
K 2,01,0                               (6.5) 

sadac v  _ moZraobis siCqarea; 

stf _ saresoro Camokidebis sruli statikuri CaRunva, orsafexuriani 

Camokidebis SemTxvevaSi, mm. 

III fff st                                (6.6) 

sadac If  _ Camokidebis pirveli safexuris (urikasa da buqsebs Soris)  sta-

tikuri CaRunvis sididea; 

IIf _ Camokidebis meore safexuris (Zarasa da urikas Soris) statikuri 

CaRunvis sidide. 

statikuri CaRunvis sidide ВЛ10 da ТЭП60 lokomotivebisaTvis tolia 

stf =104 mm, ЧС1  da ЧС3 elmavlebisaTvis _ stf = 90 mm, ВЛ60 elmavlisaTvis 

_ stf = 5 mm, xolo ЧС2 elmavlisaTvis _ stf =123 mm. 

resorebis rxeviT gamowveuli damatebiTi dinamikuri Zalis saSualo 

mniSvneloba aiReba rP  Zalis 75%. 

r
saS
r PP 75,0                                (6.7) 

xolo saS
rP _ Zalis saSualo kvadratuli gadaxris sidide tolia 

rr PS 08,0                                 (6.8) 

liandagis usworobiT gamowveuli damatebiTi dinamikuri Zalis mniS-

vneloba damokidebulia usworobis geometriul formaze. e.i. misi mxebis 

udides kuTxur mniSvnelobaze. udidesi kuTxuri mniSvneloba gaaCnia sinu-

soiduri formis usworobis mrudis mxeb swor xazs. aseTi sworis gantole-

bis mixedviT, liandagis usworobisagan gamowveuli damatebiTi dinamikuri, 

inerciuli Zalis mniSvneloba ganisazRvreba formuliT: 

q
k

U
vlPP saSl.u. 8108,0                          (6.9) 

sadac 0,8 _ liandagis usworobis formis gamasaSualoebeli koeficientia; 

          _ relsis tipis gamaTvaliswinebeli koeficienti; 

          _ balastis saxeobis gamaTvaliswinebeli koeficienti; 

     l  _ Spalebis RerZebs Soris manZili; 
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        saSP _ Tvalze mosuli saSualo sididis datvirTva; 

        q  _ dauresorebeli masis wona, mosuli erT Tvalze; 

        v  _ moZraobis saangariSo siCqare; 

        U  _ sarelso safuZvlis drekadobis moduli. 

 

  koeficientis mniSvnelobebi relsebis tipis mixedviT: 

65P  _ 0,85        Ia   _ 1,15 

50P  _ 1,00        IIa  _ 1,20 

43P  _ 1,10 IIIa  _ 1,30 

 

  koeficientebis mniSvnelobebi balastis saxeobis mixedviT: 

RorRi, daxarisxebuli xreSi – 1,0 

karieris xreSi, niJara _ 1,1 

qviSa _ 1,5 

 

Spalebis RerZebs Soris l  manZili, Spalebis epiuris mixedviT: 

1320 c/km _ 75 sm;         1840 c/km _ 55 sm; 

1400 c/km _ 72 sm;         1920 c/km _ 52 sm; 

1600 c/km _ 63 sm;         2000 c/km _ 50 sm. 

 

liandagis usworobisagan warmoqmnili damatebiTi inerciuli dinamiku-

ri Zalis saSualo kvadratuli gadaxris sidide xis Spalebis SemTxvevaSi 

tolia:L 

q
k

u
vPPS saSl.u.l.u. 810565,0707,0                   (6.10) 

rkinabetonis SpalebisaTvis ki: 

8 3

3

8/38/1

3 101,9

)(

101,9

UEI

qvP

UEI

qvP
S











saSsaS
l.u.                   (6.11) 

Tvlebze arsebuli usworobebisagan gamowveuli damatebiTi inerciuli 

Zalebis gansazRvrisas unda gaviTvaliswinoT Semdegi garemoebebi: 

rogorc cnobilia Tvlebs gaaCniaT uwyveti da izolirebuli usworo-

bebi. 

yvelaze farTod gavrcelebulia Tvlebze arsebuli uwyveti usworobe-

bi, rogorebicaa Tvlis gorvis zedapiris araTanabari cveTa, Tvlis ovalu-



 73 

roba da sxva. gaangariSebebSi daSvebulia, rom Semadgenlobis Tvlebis sa-

erTo ricxvis 95%-s uwyveti usworobebi gaaCniaT. 

gacilebiT naklebadaa gavrcelebuli Tvlebis izolirebuli usworob-

ebi (adgilobrivi gaZlierebuli cveTa, amofxvna, cociebi da sxva). aseTi 

usworobis sigrZe 20 sm-s ar aRemateba, xolo maqsimaluri siRrme 1a =0,065 

sm. 

Catarebuli gamokvlevebis safuZvelze dadgenilia, rom Tvlebze arse-

buli usworobebisagan gamowveuli damatebiTi inerciuli dinamikuri Zale-

bis zemoqmedebiT relsis maqsimaluri drekadi CaRunva 
maxy  damokidebulia 

fardobaze 

T

T0                                     (6.12) 

sadac 
0T  _ Tvlis mier usworobis gavlis droa; 

       T _ sistemis `Tvali-relsi~ rxevis sakuTari periodi; 

 rxevebis Teoriis safuZvelze dadgenilia Semdegi damokidebuleba 
















T

T
f

a

y 0

1

max                                 (6.13) 

`Tvali-relsi~ sistemis sakuTari rxevis periodi ganisazRvreba formu-

liT  

Ug

kq
T 56,5                                (6.14) 

sadac g = 981 sm/wm2 _ simZimis Zalis aCqarebaa. 

Tvlis mier usworobis gavlis dro T0 ganisazRvreba formuliT 

v

l
T 0

0                                    (6.15) 

Tu (6.15) formulaSi SevitanT usworobis 0l  sigrZes sm-Si da moZraobis 

v  siCqares km/sT-Si, maSin 

v

l
T 0

0 036,0                                 (6.16) 

izolirebuli usworobis SemTxvevaSi, roca 0l  =20 sm, usworobis gavl-

is dro  

v
T

20
036,00                                  (6.17) 
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uwyveti usworobis SemTxvevaSi, roca usworobis sigrZe 
v

d
l


0 , uwyv-

eti usworobis gavlis dro 

v

d
T


036,00                                 (6.18) 

sadac d _ moZravi Semadgenlobis Tvlis diametria (danarTi, cxrili 2).  

Tu miviReT, rom fardoba 

 T

T

T

T ''

0

'

0 71,0                                (6.19) 

maSin 47,1max y sm. 

sxva SemTxvevaSi 
maxy -is mniSvneloba aiReba grafikidan (nax. 6.1).  

 

nax. 6.1. maxy -is 
T

T0  sididesTan damokidebulebis grafiki 

Semdeg SegviZlia ganvsazRvroT Tvlebze arsebuli izolirebuli us-

worobebisagan gamowveuli damatebiTi inerciuli Zala 

1max

2
a

k

U
yP T.i.u.                             (6.20) 

xolo am Zalis saSualo kvadratuli gadaxra toli iqneba 

1max1max 5,0
2

25,0 a
k

U
ya

k

U
yS T.i.u.                     (6.21) 

damatebiTi inerciuli Zalebis tolqmedis saangariSo formulaSi Sei-

taneba T.i.u.S . sididis 5%.  

Tvlebze arsebuli uwyveti usworobisagan gamowveuli damatebiTi iner-

ciuli Zalis sidide gamoiTvleba formuliT 

qkkUd

qUvK
P

22

2

0

26,3
T.u.u.                         (6.22) 
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xolo T.u.u.P -  Zalis saSualo kvadratuli gadaxris sidide ki 

qkkUd

qUvK
S

22

2

1

26,3
T.u.u.                        (6.23) 

sadac 1K =0,225
0K  _ sxvadasxva tipis moZravi Semadgenlobis Tvlebis uwyve-

ti usworobis damaxasiaTebeli koeficienti. 1K =0,052 

elmavlebis, Tbomavlebis da vagonebis TvlebisaTvis. 

damatebiTi dinamikur ZalTa tolqmedis saangariSo formulaSi Seitan-

eba T.u.u.S sididis 95%. 

viciT, ra liandagze moqmedi yvela damatebiTi inerciuli Zalebis saS-

ualo kvadratuli gadaxris sidide cal-calke, SeiZleba gamovTvaloT am 

ZalTa saSualo kvadratuli gadaxris tolqmedis mniSvneloba. 

yvela damatebiTi dinamikuri inerciuli Zalebis tolqmedis saSualo 

kvadratuli gadaxris sidide gamoiTvleba formuliT  

211

100
1

100
T.u.u.T.i.u.

2
l.u.

2
r S

q
S

q
SSS 








               (6.24) 

sadac 1q  _ moZravi Semadgenlobis im Tvlebis procentuli Semadgenlobaa, 

romlebsac gaaCniaT izolirebuli usworobebi. miRebulia, rom 

1q =5%.  

gamovTvaloT liandagze moqmedi eqvivalenturi dinamikuri Zalebis mni-

Svnelobebi: 

  saSsaS
I
eqv PSPP 5,2                    (6.25) 

  saSsaS
II
eqv PSPP 5,2                    (6.26) 

sadac  saSP  _ mezobeli Tvlebis gavlenaa saangariSo kveTze, mRunavi di-

namikuri momentis gansazRvris SemTxvevaSi; 

        saSP  _ mezobeli Tvlebis gavlena saangariSo kveTze, Spalebze ga-

dacemuli datvirTvisa da relsis drekadi CaRunvis SemTx-

vevaSi. 

              _ dinamiuri momentis gavlenis xazis ordinata; 

              _ Spalebze dinamiuri datvirTvisa da relsis drekadi CaRun-

vis gavlenis xazis ordinata. 
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  da   sidideebi ganisazRvreba moZravi Semadgenlobis RerZebs Soris 

manZilis xl 1 , sarelso safuZvlisa da relsis fardobiTi sixistis koefi-

cientis namravlis kx  mixedviT, (danarTi, cxrili 8).   

maSin, dinamikuri mRunavi momenti aRZruli relsSi I
eqvP  eqvivalenturi 

Zalisagan toli iqneba: 

  saSsaS
I
eqvdin PSP

k

f
P

k

f
M 5,2

44
              (6.27) 

xolo Zabva relsis fuZis wiboSi:  

   saSsaS

din

r.f. PSP
kW

f

W

M
5,2

4
              (6.28) 

sadac f  _ ganivi horizontaluri Zalebis zemoqmedebis da vertikaluri Za-

lebis eqscentruli modebis gamaTvaliswinebeli koeficientia, 

(danarTi, cxrili 1). 

       W _ relsis winaRobis momenti maqsimaluri dasaSvebi cveTis gaTva-

liswinebiT, (danarTi, cxrili 7). 

relsis fuZis wiboSi Zabvis saangariSo mniSvneloba r.f.  unda Sedard-

es dasaSveb mniSvnelobas  r.f. -s. 

 r.f.r.f.                                 (6.29) 

Spalebze gadacemuli dinamikuri datvirTva ki tolia 

  saSsaS
II
eqvdin PSP

kl
P

kl
Q 5,2

22
                (6.30) 

xolo Telvis Zabvis mniSvneloba Spalze qvedis qveS tolia 

  


 saSsaS

din

Sp PSP
klQ

5,2
2

                 (6.31) 

 SpSp.                                 (6.32) 

sadac   - qvesadebis farTobia, (danarTi, cxrili 5). 

balastis SreSi maqsimaluri sididis Zabvebi aRiZvreba Spalis qveS da 

gamoiTvleba formuliT: 

 





  saSsaS

din

bal PSP
KQ

5,2
2


                 (6.32) 

 balbal                                 (6.33) 

sadac   _ naxevarSpalis farTobia, (danarTi, cxrili 6). 

relsis drekadi CaRunva gamoiTvleba formuliT: 
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  saSsaSdin PSP
U

k
y 5,2

2
                   (6.34) 

ganvsazRvroT Zabvis mniSvneloba relsis Tavis wiboSi. igi gamoiT-

vleba formuliT: 

 
  


























2

11
1

1

h

h

b

bf

z

z

f







f

T

f

Tr.f.

r.T.                (6.35) 

sadac r.T.  _ Zabvaa relsis Tavis Siga wiboSi; 

Tz  da fz _ Sesabamisad manZilebi relsis simZimis centrSi gamavali 

horizontaluri RerZidan, misi Tavisa da fuZis yvelaze 

daSorebul boWkomde;  

Tb  da fb  _ Sesabamisad relsis Tavisa da fuZis sigane; 

1h  da 2h  _ Sesabamisad manZili relsis Tavidan da fuZidan relsis 

ganivi kveTis grexis centramde, (danarTi, cxrili 7) 

koeficienti   damokidebulia 
hor

gr




 fardobaze, e.i.  

                              
hor

gr




                                   (6.36)                 

sadac gr  - grexis Zabvis mniSvnelobaa relsis fuZis wiboSi; 

hor  -  horizontaluri Zalebisagan gamowveuli Zabvis mniSvneloba 

relsis fuZeSi. 

  koeficientis sidideebi rekomendebulia miviRoT: 

swor ubnebSi da mrudebSi 1200R  m _ 0,10 – 0,15 

mrudebSi 8001200R  m _ 0,15 – 0,25 

mrudebSi 300800R  m _ 0,25 – 0,50 

 

saangariSo Zabvebis sidideebi relsis Tavis Siga wiboSi unda Sedard-

es dasaSvebi Zabvis Sesabamis mniSvnelobas 

 r.T.r.T.                                 (6.37) 

      

 

 

 



 78 

6.2 upirapiro liandagis gaangariSeba simtkiceze da mdgradobaze 

liandagSi Camagrebis Semdeg relsebSi temperaturis Semdgomi cvale-

badoba masSi Zabvebis warmoqmnas iwvevs, romelTa sidide damokidebulia 

temperaturis cvalebadobis mniSvnelobaze. 

temperaturis matebis SemTxvevaSi warmoiqmneba kumSvis Zabvebi, rac li-

andagis gagdebis (gamrudebis) safrTxes qmnis. temperaturis klebis dros 

ki relsebSi warmoiqmneba gamWimavi Zabvebi, rac warmoqmnis sarelso Zafis 

gawyvetis saSiSroebas. 

Zabvebi, romlebic relsebSi aRiZvrebian matareblebidan gadacemuli 

datvirTvebisa da temperaturuli Zalebis erToblivi zemoqmedebiT, maragis 

koeficientis gaTvaliswinebiT, ar unda aRematebodes dasaSveb mniSvnelob-

as. 

rogorc cnobilia upirapiro liandagi Tavisi muSaobis pirobebis mi-

xedviT arsebobs: temperaturulad daZabuli upirapiro liandagi – tempera-

turuli ganmuxtvis gareSe da upirapiro liandagi sezonuri temperaturu-

li ganmuxtvebiT, gazafxulze da Semodgomaze. 

upirapiro liandagis muSaobis pirobebis dadgena damokidebulia gare-

mos temperaturis cvalebadobis wliur garT  amplitudaze da relsebis te-

mperaturis cvalebadobis dasaSveb mniSvnelobaze T. 

garemos temperaturis wliuri amplituda garT  gamoiTvleba formuliT: 

garT
minminmaxmax tt                            (6.38) 

sadac 
maxmaxt  _ garemos temperaturis wliuri maqsimumia zafxulis periodSi; 

minmint _ garemos temperaturis wliuri minimumi zamTris periodSi. 

upirapiro liandagis gaangariSebis mTavar Taviseburebas warmoadgens 

is, rom relsis fuZis simtkice unda Semowmdes gamWimav gt  Zabvebze zamTr-

is pirobebisaTvis, xolo relsis Tavis simtkice mkumSav kt  Zabvebze zafx-

ulis pirobebisaTvis, rogorc swori, ise mrude ubnebisaTvis. 

gamWimavi Zabvebis saangariSo sidide relsis fuZeSi liandagis swor 

da mrude ubnebSi tolia: 

sw
gt     sw

r.f.r.f.
sw
r.f.r.f.  3,1 K                       (6.39) 

mr
gt     mr

r.f.r.f.
mr
r.f.r.f.  3,1 K                      (6.40) 
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mkumSavi Zabvebis saangariSo sidide relsis TavSi liandagis swor da 

mrude ubnebSi tolia: 

sw
kt     sw

r.T.r.T.
sw
r.T.r.T.  3,1 K                    (6.41) 

mr
kt     mr

r.T.r.T.
mr
r.T.r.T.  3,1 K                    (6.42) 

unda ganisazRvros relsebSi temperaturis cvalebadobis maqsimaluri 

dasaSvebi sidide 0C , rogorc temperaturis matebis, ise misi klebis dros 

liandagis swor da mrude ubnebSi:  

temperaturis matebis pirobebSi, liandagis swor da mrude ubnebSi: 

25

sw
ksw

T.k.

t
t


                              (6.43) 

25

mr
kmr

T.k.

t
t


                              (6.44) 

temperaturis klebis pirobebSi, liandagis swor da mrude ubnebSi: 

25

sw
gsw

f.g.

t
t


                              (6.45) 

25

mr
gmr

f.g.

t
t


                              (6.46) 

unda gamovTvaloT temperaturuli cvalebadobiT gamowveuli grZivi 

kritikuli Zalis mniSvneloba. kritikuli Zala ewodeba temperaturuli 

grZivi Zalis iseT zRvrul mniSvnelobas, romlis sididis gadaWarbeba ga-

moiwvevs liandagis gagdebas an sarelso Zafis gawyvetas. grZivi Zalis 

maqsimaluri mniSvneloba, romelsac SeuZlia gamoiwvios liandagis mdgra-

dobis darRveva tolia: 

4321

0

0 KKKK
i

A
P


                            (6.47) 

sadac 0i  – liandagis sawyisi usworobis qanobia, swori ubnebisaTvis 0i = 

2 00
0 ; mrude ubnebisaTvis 0i = 2,5 - 3 00

0 ; 

       A  da   – relsebis tipisa da liandagis gegmis gamaTvaliswinebeli  

  parametri, (cxrili 6.1). 

1K  – liandagis sawyisi usworobis formis gamaTvaliswinebeli koefi-

cienti, 1K =1 – liandagis erTtalRiani izolirebuli usworobis 

SemTxvevaSi; 1K =1,1 –liandagis usworobaTa seriidan gamoyofili 

erTtalRiani calkeuli usworobis SemTxvevaSi;                          



 80 

                                           cxrili 6.1 

mrudis 

radiusi 

relsebis tipi 

50P  65P  

A    A    

400 238 0.300 248 0.232 

600 295 0.365 315 0.335 

800 332 0.410 361 0.385 

1000 360 0.450 383 0.410 

swori 517 0.600 583 0.585 

 

2K  – balastis mdgomareobis gamaTvaliswinebeli koeficienti, damoki-

debuli balastis datkepnis 
cC  koeficientze: 

cC = 0 – 
2K = 0,28 

cC = 450 – 
2K = 1,00 

cC = 225 – 
2K = 0,71 cC = 600 – 

2K = 1,17 

 

  3K  _ Spalebis epiuris gamaTvaliswinebeli koeficienti: 

1600 c/km – 
3K =0,91 1920 c/km – 

3K = 1,12 

1840 c/km – 
3K =1,00 2000 c/km – 

3K = 1,17 

 

 4K  _ sapirapiro WanWikebis moWeris Zalisa da Spalebis masalis  

            gamaTvaliswinebeli koeficienti: 


















 11

1

20000 1

14


 cm
K                       (6.48) 

sadac cm _ Sualeduri samagrebis moWeris Zalisa da Spalebis masalis  

gamaTvaliswinebeli koeficientia. cm = 1320026100 kg/sm (klemeb-

is 1133 kgm momentis sididiT moWeris SemTxvevaSi); 

1 _ saangariSo parametri damokidebuli usworobis qanobis sidi-

deze. 

0i = 2 00
0  – 

1 = 0,795 

0i = 3 00
0  – 

1 = 0,820 

0i = 4 00
0  – 

1 = 0,840 
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temperaturuli cvalebadobis grZivi maqsimaluri Zalis mniSvnelobis 

mixedviT da maragis koeficientis gaTvaliswinebiT unda ganisazRvros kri-

tikuli Zalis sidide, romelic uzrunvelyofs liandagis mdgradobis pi-

robas  

krP
5,1

0P
                                  (6.49) 

sadac  1,5 _ maragis koeficientia; 

0P  da krP  Zalebis mniSvnelobebi gamoiTvleba, rogorc swori ise mru-

de ubnebisaTvis. 

amis Semdeg SegviZlia ganvsazRvroT Zabvebis mniSvnelobebi aRZruli 

relsebSi kritikuli Zalis mier, liandagis swor da mrude ubnebSi: 


sw


F

P

2

kr
                                 (6.50) 

 mr
F

P

2

kr
                                 (6.51) 

sadac F _ relsis ganivi kveTis farTobia, (danarTi, cxrili 7). 

relsebSi aRZruli Zabvebis Semdeg SegviZlia gamovTvaloT relsebSi 

temperaturis cvalebadobis dasaSvebi sidide. 

25

sw
sw 
 yt                                  (6.52) 

25

mr
mr 
 yt                                  (6.53) 

saWiroa ganisazRvros relsebis temperaturis cvalebadobis dasaSvebi 

sidideebi maTi liandagSi Cagebis temperaturasTan SedarebiT, rogorc tem-

peraturis matebis kt , ise klebis mxares gt . 

temperaturis klebis SemTxvevaSi: 

sw
f.g.tt  sw

g
                                (6.54) 

mr
f.g.tt  mr

g
                                (6.55) 

temperaturis matebis SemTxvevaSi: 

06
sw
T.k.tt sw

k
  Tu  swsw

T.k. ytt  06                       (6.56) 

06 mr
T.k.ttmr

k
 Tu  mrmr

T.k. ytt  06                       (6.57) 

da 
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sw
ytt  sw

k
  Tu  swsw

Tk ytt  06                          (6.58) 

mr
ytt  mr

k
  Tu  mrmr

Tk ytt  06                          (6.59) 

sadac  yt  _ relsebSi temperaturis cvalebadobis dasaSvebi sididea; 

60 _ relsebSi temperaturis cvalebadobis dasaSvebi sididis gada-

Warbebis mniSvneloba. 

ganvsazRvroT relsebSi temperaturis cvalebadobis dasaSvebi amplit-

uda  T  liandagis swori da mrude ubnebisaTvis, temperaturulad daZabu-

li liandagis SemTxvevaSi: 

   C
sw
g

sw
k

sw
tttT                             (6.60) 

   C
mr
g

mr
k

mr
tttT                             (6.61) 

sadac  Ct  _ temperaturis intervali, romelic saWiroa relsebis liandag-

Si Camagrebis samuSaoebis Casatareblad,  Ct = 100C. 

Tu aRmoCnda, rom garT   T , maSin upirapiro liandagi imuSavebs temper-

aturulad daZabulad, sezonuri temperaturuli ganmuxtvebis gareSe, (nax. 

6.2). 

 

nax.6.2 temperaturulad daZabuli upirapiro liandagis muSaobis  
temperaturuli diagrama 

 

maSin SegviZlia davadginoT liandagSi relsebis Camagrebis temperatu-

ruli intervalis zeda da qveda sazRvrebi. 

 swori ubnebisaTvis: 

 zeda zRvari  minminmax ttt 
sw
g

sw
C                         (6.62) 

 qveda zRvari  sw
k

sw
C ttt  maxmaxmin                         (6.63) 

 mrude ubnebisaTvis: 

 zeda zRvari:  minminmax ttt  mr
g

mr
C                         (6.64) 

qveda zRvari:  mr
k

mr
C ttt  maxmaxmin                         (6.65) 
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Tu aRmoCnda, rom garT   ganT , maSin saWiroa liandagSi sezonuri tempe-

raturuli ganmuxtvebis Catareba. 

temperaturis cvalebadobis dasaSvebi amplituda relsebSi  ganT  lian-

dagis swor da mrude ubnebSi, sezonuri ganmuxtvebis saWiroebis SemTxveva-

Si toli iqneba (nax.6.3): 

 

nax. 6.3. upirapiro liandagis muSaobis  temperaturuli diagrama,  
temperaturuli Zabvebis sezonurad (gazafxulze da Semodgomaze) ganmuxtva 

 
 

  0122  C
sw
g

sw
k

sw

gan tttT                     (6.66) 

  0122  C
mr
g

mr
k

mr

gan tttT                     (6.67) 

sadac Ct _ gazafxulze da Semodgomaze liandagSi relsebis Camagrebis 

samuSaoebis SesrulebisaTvis saWiro temperaturuli interva-

lebis jami. C.SemC.gazC ttt  . C.gazt .=150C, C.Semt .=100C  maSin 

Ct =25 0C. 

C012 _ temperaturis intervalis maragi, relsebSi narCeni Zabvebis 

dartymiTi meTodebiT ganmuxtvis SemTxvevaSi. Tu sarelso ga-

dabmebis liandagSi Cayeneba sruldeba gorgolaWebis saSual-

ebiT, maSin C012 -ani maragi ar gaiTvaliswineba. 

sarelso gadabmebSi saSemodgomo temperaturuli ganmuxtvis amplitu-

dis zeda da qveda zRvari gamoiTvleba formuliT:  

zeda zRvari:  

0

minmin 4max 
sw
g

sw
C.Sem ttt                           (6.68) 
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0

minmin 4max  mr
g

mr
C.Sem ttt                           (6.69) 

qveda zRvari: 

C.Sem
sw
C.Sem

sw
C.Sem ttt  maxmin                            (6.70) 

C.Sem
mr
C.Sem

mr
C.Sem ttt  maxmin                            (6.71) 

 Sesabamisad sarelso gadabmebis sagazafxulo temperaturuli ganmux-

tvis amplitudis zeda da qveda zRvari toli iqneba: 

zeda zRvari:  

0

minmin 8max  C.gaz.
sw
k

sw
g

sw
C.gaz ttttt                      (6.72) 

0

minmin 8max  C.gaz.
mr
k

mr
g

mr
C.gaz ttttt                      (6.73) 

qveda zRvari: 

0

maxmax 4max 
sw
k

sw
C.gaz ttt                            (6.74) 

0

maxmax 4max  mr
k

mr
C.gaz ttt                            (6.75) 

sadac C04  da C08 _ temperaturis maragia temperaturuli ganmuxtvis Sem-

deg relsebSi narCeni Zabvebis arsebobis gasaTvalis-

wineblad. 

im SemTxvevaSi, rodesac  ganT  garT , maSin upirapiro liandagis mowyoba 

saerTod SeuZlebelia. 

 

 

 

 

 

 

 

 

 

6.3 upirapiro sarelso gadabmebis sigrZis gansazRvra 

upirapiro sarelso gadabmebis sigrZis zRvruli mniSvnelobebis (maqsi-

maluri da minimaluri) dadgenisaTvis ganvixiloT sarelso gadabmebis ma-

limitirebeli moTxovnebis kompleqsi. cnobilia, rom upirapiro sarelso 

gadabmas sigrZiT l2 , gaaCnia Sua nawilSi uZravi monakveTi sigrZiT Z2  da 

boloebSi moZravi ori monakveTi TiToeuli sigrZiT tl  (nax.6.4) 
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nax.6.4.  relsis temperaturuli wagrZelebisadmi winaaRmdegobis 
saangariSo sqema 

 

cxadia, rom  









t

t

llZ

llZ 222
                               (6.76) 

sarelso gadabma iTvleba upirapirod im SemTxvevaSi, roca kmayofil-

deba piroba  

lZ 0                                  (6.77) 

imisaTvis, rom davadginoT sarelso gadabmis ( l2 ) sigrZis, temperatu-

ris ( t ) cvalebadobis da winaaRmdegobis ( HP  da p ) Zalebis ra damo-

kidebulebis dros aris samarTliani (6.77) utoloba, ganvixiloT neitral-

ur temperaturaze Camagrebuli relsis gacxelebis procesi. dauSvaT, rom 

relsis gacxeleba ganxorcielda 011 ttt   temperaturis Sedegad. cxadia, 

rom simetriulobis gamo relsis Sua wertili yvela SemTxvevaSi uZrav 

mdgomareobaSi darCeba. amitom SeiZleba ganvixiloT Sua wertilSi pirobiT 

Camagrebuli sarelso gadabmis sigrZis naxevaris l -is daZabul-deformaci-

uli mdgomareoba (nax.6.5). gacxelebis SemTxvevaSi relsi cdilobs dagrZel-

des, rasac ewinaaRmdegeba winaRobis Zala HP . relsis temperaturis cvale-

badobis t  zrdasTan erTad, masSi gaizrdeba temperaturuli tP  Zalis si-

didec da relsi darCeba uZrav mdgomareobaSi manam, sanam tP  Zalis sidide 

ar gadaaWarbebs sapirapiro samagrebis winaaRmdegobis HP  Zalas. 

amrigad ganixileba masalaTa gamZleobis martivi amocana, sworxazova-

ni Reros daZabul-deformaciuli mdgomareoba RerZuli mkumSavi HP  Zalis 

zemoqmedebis Sedegad. sanam relsi rCeba uZrav mdgomareobaSi, misi sayrde-

nebis sigrZivi winaaRmdegoba daZvrisadmi mobilizebuli ar aris, e.i. p =0. 

amasTan dakavSirebiT pirobiTad Tu miviRebT, rom pirapirebis winaaRmdego-

bac ar arsebobs e.i. HP =0 (sapirapiro WanWikebze qanCebi sruliad moSve-
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bulia), maSin sarelso gadabmis sigrZis naxevari l , t , temperaturis zemoq-

medebiT Tavisuflad wagrZeldeboda 
t  sididiT, (nax. 6.5-a)  

1tlt                                               (6.78) 

 

nax.6.5. sarelso rgolebis daZabul-deformaciuli mdgomareobis gan-
sazRvris saangariSo sqemebi: 

 a) sarelso gadabma uZravia mTel sigrZeze; b) sarelso gadabmis boloebSi 
temperaturulad moZravi ubnebiT. 

 

sinamdvileSi relsis wagrZeleba ar Sedgeba relsSi mkumSavi HP  Zalis 

zemoqmedebis Sedegad   sididiT. relsis sigrZis arSemdgari wagrZeleba 

  ganisazRvreba hukis kanoniT 

EF

lPH                                   (6.79) 

Tu gavutolebT t =   (nax. 6.5-a)  miviRebT  

EF

lP
tl H 1                                  (6.80) 

aqedan  
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EF

P
t H


 1                                  (6.81) 

sadac   - sarelso foladis wagrZelebis koeficientia,  =0,0000118; 

E  - sarelso foladis sixistis koeficienti, E = 6101,2  kg/sm2; 

F  - relsis ganivi kveTis farTobi. 

amrigad relsis temperaturis cvalebadobis maqsimaluri mniSvneloba, 

romlis drosac relsi mTel mis sigrZeze jer kidev rCeba uZravad toli 

iqneba  

t 011 ttt 
EF

PH


                              (6.82) 

cxadia am dros 
tl =0 da lZ   (nax.6.5). 

uZrav mdgomareobaSi myofi relsis gacxeleba 1t  temperaturiT, iwvevs 

mis SekumSvas 
tP  ZaliT, romlis maqsimaluri mniSvneloba toli iqneba pi-

rapirebis winaRobisa, e.i. 
tP = HP . am SemTxvevaSi uZrav mdgomareobaSi myofi 

relsSi temperaturuli mkumSavi Zalis sidide (6.82) formulis mixedviT 

toli iqneba  













tE

F

P

F

P

t

Ht

t




                                             (6.83) 

am amocanaSi sayuradReboa SemTxveva, roca tl >0 da lZ  , rasac adgili 

eqneba maSin, rodesac t
EF

P
t H


 1 . 

amis Semdeg relsebis kidev ufro gacxelebisas temperaturiT 

022 ttt   pirapirebSi xaxunis Zala HP  daZleuli iqneba da sarelso ga-

dabmebis boloebSi Seiqmneba temperaturulad daZabuli ubnebi tl  sigrZiT, 

xolo sarelso gadabmis Sua nawilSi relsi Z2 sigrZiT jer kidev uZrav 

mdgomareobaSi rCeba (nax. 6.5-b). temperaturis ufro metad cvalebadobis 

SemTxvevaSi tl  izrdeba farglebSi 0-dan tl -mde, xolo Z  manZilis sigrZe 

mcirdeba l -dan 0-mde.  

relsebis wagrZelebas ewinaaRmdegeba pirapirebSi xaxunis HP  Zala da 

liandagis sigrZivi winaRobis tpl  Zala, mobilizebuli tl  sigrZis ubanze 

(nax. 6.5-b). 
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Tu pirobiT ugulvebelyofT winaRobis ( HP +
tpl ) Zalebs, maSin relsis 

SesaZlo, magram arSemdgari wagrZeleba Tavisufal Z  sigrZis ubanze toli 

iqneba  

 02 ttZt                                  (6.84) 

imave ubanze damokleba winaRobis imave ( HP +
tpl ) Zalebis zemoqmedebiT 

iqneba  

 
EF

ZplP tH 
                                (6.85) 

gavutoloT erTmaneTs t  , maSin  

 02 ttZ 
 

EF

ZplP tH 
                             (6.86) 

aqadan  

022 ttt 
EF

plP tH




                              (6.87) 

 

nax.6.6. temperaturuli daZabulobebi da deformaciebi upirapiro sarelso 
gadabmebSi: a) grZivi deformaciebis epiura;  b) temperaturuli Zabvebis epiura 
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cxadia, rom zRvrul mdgomareobas adgili eqneba, roca 
tl = l  ( 0Z ), e.i 

winaRoba daZleuli iqneba mTel ubanze da uZravi rCeba sarelso gadabmis 

mxolod Sua wertili. maSin aseT mdgomareobaSi temperaturis cvalebado-

bis sidide toli iqneba  

t
EF

plP tH




                                 (6.88) 

imisaTvis, rom sarelso gadabmis farglebSi arsebobdes uZravi nawili 

e.i. 
tl < l , 0Z , (nax. 6.6-a), unda dakmayofildes Semdegi utoloba  

t
EF

plP tH




                                 (6.89) 

 

Tu gavaerTianebT (6.83) da (6.89) pirobebs miviRebT, rom upirapiro sare-

lso gadabmis Sua nawili darCeba uZravi maSin, rodesac  

 


EF

PH


t

EF

plP tH




                           (6.90) 

anu  

ПHH tttt                               (6.91) 

sadac Ht  - temperaturis cvalebadobis sididea, romelic Seesabameba pirap-

irebis winaaRmdegobis daZlevas Ht =
EF

PH


; 

Пt - temperaturis cvalebadobis sidide, romelic Seesabameba liand-

agis sigrZivi winaRobis daZlevas, sarelso gadabmis sigrZis na-

xevarze Пt =
EF

pl


.  

amis Semdeg SeiZleba ganvsazRvroT sarelso gadabmis minimaluri sig-

rZe, romelic eqvemdebareba upirapiro liandagis muSaobis princips. Ziri-

Tadi pirobaa, rom 0Z . 

sarelso gadabmis sigrZis naxevris l  sidide ganisazRvreba (6.89) gamo-

saxulebidan  

p

PtEF
l H



                            (6.92) 

xolo sarelso gadabmis mTeli 2 l  sigrZe toli iqneba 
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p

PtEF
l H



22                            (6.93) 

(6.93) formulaSi temperaturis cvalebadobis sidide unda SevitanoT 

maqsimaluri aRebuli raionisaTvis, xolo sapirapiro HP  da liandagis si-

grZivi winaRoba zafxulis periodSi p - minimaluri dasaSvebi, eqspluata-

ciis normaluri pirobebisaTvis. 

eqsperimentuli kvlevebis safuZvelze dadgenilia, rom upirapiro sare-

lso gadabmebis bolo moZravi ubnebis sigrZe sxvadasxva pirobebSi icvleba 

tl =50–75 metris farglebSi da mxolod calkeul SemTxvevebSi Sualeduri 

samagrebis qanCebis arasakmarisi momentiT moWeris SemTxvevaSi aRwevs 100 

metrs. aqedan gamomdinare upirapiro sarelso gadabmis minimaluri sigrZe 

normalur pirobebSi tolia aranakleb 150 metrisa.  

“upirapiro liandagis dagebisa da movla-Senaxvis teqnikuri pirobebis”  

moTxovniT upirapiro sarelso gadabmis minimaluri sigrZe Cveulebriv pir-

obebSi 250 metrze, xolo SezRudul pirobebSi 150 metrze naklebi ar daiS-

veba. 

ganvixiloT moTxovnaTa kompleqsi, romlebis zRudaven upirapiro sa-

relso gadabmebis maqsimalur sigrZes, esenia:  

1. specialuri moZravi SemadgenlobiT upirapiro sarelso gadabmebis ma-

qsimaluri sigrZe izRudeba 800 metramde, sadguris mimReb-gamgzavni 

liandagebis sasargeblo sigrZidan gamomdinare; 

2. defeqtebis aRmofxvris mizniT sarelso gadabmebis sigrZis aRdgenis 

SesaZlebloba liandagSi, gadasatani relsSemduRebeli manqanis Sesa-

Zleblobidan gamomdinare; 

3. sarelso gadabmebSi temperaturuli daZabulobis ganmuxtvis SesaZle-

bloba sarelso gadabmis sigrZis mTlianobis SenarCunebiT. es moTx-

ovna sarelso gadabmis sigrZes zRudavs 800 – 950 metramde. 

4. relsSemduRebel matarebelSi SemduRebeli teqnologiuri xazebis si-

grZe (ara umetes 400 m). 

5. adgilobrivi SezRudvebi: isruli gadamyvanebi, gadasavalebi, liTonis 

didi xidebi, avtoblokirebul ubnebze izolirebuli pirapirebi. 

6. muSaobis Tanabari pirobebi relsebis Tanabari cveTis uzrunvelyof-

is pirobiT, rom ar iqnas daSvebuli upirapiro sarelso gadabmis ca-

lkeuli nawilebis Secvla maqsimaluri gverdiTi cveTis pirobiT. 
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zemoT motanili moTxovnebis gaTvaliswinebis safuZvelze “upirapiro 

liandagis dagebisa da movla-Senaxvis teqnikuri pirobebis” moTxovnebis 

mixedviT, upirapiro sarelso gadabmebis maqsimaluri sigrZe daSvebulia 

800 – 950 metris farglebSi. 

dakvirvebebiT dadgenilia, rom upirapiro sarelso gadabmebs Soris ga-

mawonasworebeli ubnebis relsebis cveTa 4-6-jer aRemateba sarelso gada-

bmebis relsebis cveTas, xolo Sualeduri samagrebis moSveba Sesabamisad 

orjer metia. sarelso gadabmebis sigrZis zrda minimumamde amcirebs gama-

wonasworebeli ubnebis raodenobas. 

am TvalsazrisiT msoflios mTeli rigi qveynebis rkinigzebze amJamad 

eqsperimentis saxiT dagebulia 1,5 km-dan mTeli gadasarbenis sigrZis toli 

upirapiro sarelso gadabmebi. aseTi sigrZis sarelso gadabmebi iqmneba 

standartuli sigrZis sarelso gadabmebis liandagSi SeduRebis gziT.  
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Tavi 7. moZravi Semadgenlobisa da liandagis mdgradobis gaangariSeba 

 

7.1 mimmarTveli, gverdiTi da CarCo Zalebis gansazRvra  

liandagis gaangariSebisas xSirad saWiro xdeba, mrudebSi moZraobisas 

erTeul moZrav Semadgenlobaze moqmedi mimmarTveli, gverdiTi da CarCo Za-

lebis sidideebis gansazRvra. 

am Zalebis gansazRvris Teoriuli safuZvlebi da praqtikuli gaangari-

Sebebi zemoT iyo ganxiluli. 

ekipaJze moqmedi centridanuli Zala calkeul konkretul SemTxvevaSi 

mrudis radiusTan, moZraobis siCqareebTan da gare relsis SemaRlebis faq-

tiur sidideebTan damokidebulebiT ganisazRvreba 

R

mv
I

2

                                  (7.1) 

centriskenuli Zala ki tolia 

1S

h
mgH                                 (7.2) 

sadac m  -  ekipaJis masaa; 

g  - simZimis Zalis aCqareba; 

h  - gare relsis SemaRleba; 

1S  - relsebis RerZebs Soris manZili, 1S =1,6 m. 

amrigad moZravi Semadgenlobis erTeulze moqmedi gare relsis SemaR-

lebiT gamowveuli gaubaTilebeli Zala toli iqneba 











1

2

S

h
g

R

v
mHI                          (7.3) 

(7.3) gantolebis marjvena mxares frCxilebSi moTavsebuli gamosaxu-

leba gaubaTilebel aCqarebas warmoadgens, e.i  

h
S

g

R

v
a

1

2

2

6,3



gaub                         (7.4) 

mniSvnelSi ricxviTi koeficienti 3,6 uzrunvelyofs formulaSi siCqa-

ris km/sT ganzomilebiT Casmis dros aCqarebis sididis m/wm2-Si miRebas. 

arsebuli moqmedi teqnikuri normebis Sesabamisad 100 km/sT-ze meti siC-

qareebis SemTxvevaSi 

 hh
S

g

R

v
a 




1

2

2

6,3
gaub                   (7.5) 
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sadac h =20 mm, roca v=101 – 140 km/sT; 

h =30 mm, roca v=141 – 160 km/sT. 

mrudebSi calkeuli saxeobis moZrav Semadgenlobaze moqmedi ganivi ho-

rizontaluri Zalebis gansazRvris prof. o. erSkoviseuli miaxloebiTi 

formulebi mocemulia (danarTSi, cxrili 9) 

danarTis cxril 9-is meoTxe svetSi mocemulia dempfiruli momentebi 

saqusleebSi da srialebSi. mxolod saqusleebSi xaxunis SemTxvevaSi demp-

firuli momentis sidide unda miviRoT 3900 m  (oTxRerZiani da eqvsRer-

Ziani vagonebisaTvis); Zaris dayrdnobisas ara marto saqusleebze, aramed 

gverdiT srialebze, unda aviRoT maqsimaluri sididis dempfiruli momenti. 

 

 

 

7.2 liandagis mdgradoba ganivi gadaadgilebisadmi 
 

Tanamedrove Sualeduri sarelso samagrebis konstruqcia sakmaod mtki-

cea, rom ar dauSvas sarelso safuZvlis mimarT relsebis ganivad gadaadg-

ileba. relsebis mcire sididiT gadaadgileba SeimCneva ganuyofeli da Ser-

euli omboxuri mimagrebis SemTxvevaSi, xis SpalebSi narCeni deformacieb-

is, an TviT sarelso samagrebis elementebis cveTis xarjze. relsebis, Spa-

lebis mimarT mcire zomis ganivi gadaadgilebebi Zlier neli tempiT mimdi-

nareobs da maTi aRmofxvra xorcieldeba liandagis gadakerviT mimdinare 

movla-Senaxvis samuSaoebis Sesrulebis dros. 

relsebis Spalebis mimarT ganivi gadaadgilebisadmi gansakuTrebiT 

mdgradia gancalkevebuli Sualeduri samagrebi mozambare klemebiT (mag. 

Pandrol–is tipis, romlebic mTlianad gamoricxavs liandagis gadakervis au-

cileblobas. 

Tu xaxunisagan da Tvlis relsTan mibjenis ganivi Zala garkveul si-

didemde gaizrdeba manam, sanam daiwyeba samagri kvanZebis dangreva, moxdeba 

Tvlis Camosvla relsebidan, qimis relsis Tavze Segorebis mizeziT an 

sarelso rgolebis ganivad gadaadgileba balastSi. 

ganvixiloT liandagis mdgradobis pirobebi ganivad gadaadgilebis mi-

marT. am pirobebis gamokvlevis dros mxedvelobaSia miRebuli, rom sarel-

so rgolebis ganivi mdgradobis gaangariSebisas, ganivi Zalis SesaZlo maq-



 94 

simaluri mniSvnelobis SemTxvevaSi, vertikaluri datvirTvebi saSualo 

mniSvnelobisaa. e.i. 1P = 2P = saSP , aqedan Sp1P = Sp2P = SpP  

relsis Spalze vertikaluri SpP  dawola damokidebulia relsze Tvli-

dan gadacemul saSP  datvirTvaze 

SpP = saSP
kl

2
                               (7.6)                               

saSP = rst PP 75,0                             (7.7)                               

relsis Spalze vertikaluri SpP  dawola SesaZlebelia ganisazRvros 

liandagis simtkiceze gaangariSebebSi miRebuli formuliT 

SpP =  saSP
kl

2
                            (7.8)                               

sadac k  - sarelso safuZvlisa da relsis fardobiTi sixistis koeficien-

tia; 

l  - Spalebis RerZebs Soris manZili; 

stP - Tvlidan relsze gadacemuli vertikaluri statikuri datvir-

Tva; 

rP  - resorebis rxevisagan relsze gadacemuli damatebiTi vertika-

luri inerciuli Zala; 

 saSP  - mezobeli Tvlebis dawolis gavlena saangariSo kveTSi. 

miRebulia agreTve, rom Spalebis balastSi gadaadgilebis T  winaaRm-

degoba tolia sawyisi 
0C  winaaRmdegobisa, vertikaluri nulovani datvirT-

visas da orTave sarelso Zafis vertikaluri datvirTvis 2 SpP  jamisa, gam-

ravlebuli Spalis safuZvlis balastTan xaxunis  Spf  koeficientze. 

liandagze sruli horizontaluri datvirTva tolia 

xaxsaSPYH 1                            (7.9)    

sadac xax  - Tvlis relsTan xaxunis koeficientia. 

rogorc wesi gverdiTi Zalebis maqsimaluri mniSvnelobebi relsebs ga-

daecema pirveli mimmarTveli Tvlidan, roca mimmarTveli wyvilTvali gan-

lagebulia mobrunebis polusis win. amitom (7.9) formulaSi meore wevrs 

minus niSani eqneba (nax. 7.1). 

Spalis damZvreli Zala gadacemuli mimmarTveli relsisagan tolia  
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2

lk
YH zSp1                              (7.10) 

 

nax.7.1 Zalebis gadacemis sqema moZravi Semadgenlobis Tvlidan relsze 
da relsidan Tvalze 

                                                

xolo Spalis damZvreli Zala gadacemuli mopirdapire relsisagan, 

imave wyvilTvalis zemoqmedebiT  

2

lk
PH z

xaxsaSSp2                          (7.11)                               

maSasadame Spalis damZvreli jamuri Zala toli iqneba  

SpH Sp1H + Sp2H  
2

lk
PY z

xaxsaS                   (7.12)                               

Spalis damWeri Zala ki tolia 

SpsaSSpSp f
kl

PCfPCT
2

22 00                     (7.13)                                    

sadac Spf  - Spalis safuZvlis balastTan xaxunis koeficientia. 

damWeri Zalis fardoba damZvrel ZalasTan iZleva mdgradobis koefic-

ients daZvris sawinaaRmdegod  

 
2

2
20

lk
PY

f
kl

PC

H

T
n

z
xaxsaS

SpsaS

Sp 



                        (7.14)                                    

2l  sididis Sekvecis Semdeg 

  zkPY

kfP
l

C

n
xaxsaS

SpsaS







2
2 0

                           (7.15)                                                        

ganvixiloT zRvruli wonasworobis SemTxveva, e.i., roca mdgradobis 

koeficienti 1n . (7.15)  formulidan miviRebT Semdeg damokidebulebas                                                 

  zkPYkfP
l

C
xaxsaSSpsaS  2

2 0                      (7.16)                                                        

aqedan 
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xaxsaSSpsaS P
k

k
fP

lk

C
Y

zz

 2
2 0                       (7.17)                                                                           

(7.17) gantolebis marjvena da marcxena mxareebis saSP  Zalaze gayofis 

Semdeg miviRebT ganivi Zalis vertikalur ZalasTan fardobis maqsimalur 

dasaSveb mniSvnelobas, romelic liandagis ganiv gadaadgilebaze mdgrad-

obis uzrunvelyofis pirobas warmoadgens, e.i.  


saSP

Y
xaxSp

saS


zz k

k
f

lkP

C
2

2 0                       (7.18) 

es gantoleba saangariSo formulas warmoadgens. 

Y  da saSP  Zalebi eqsperimentul gazomvebs Znelad eqvemdebarebian amit-

om rekomendebulia, rom liandagis mdgradobis xarisxi ganivi gadaadgile-

bisadmi ganisazRvros ara saSPY , aramed SpSp1 PH  fardobiT. 

(7.8), (7.10 da (7.18) gantolebebidan miviRebT, rom  

Sp

Sp1

P

H

k

k

P

Y

kl
P

lk
Y

z

z


saS

saS
2

2                        (7.19) 

(7.19) formulaSi SevitanoT 
saSP

Y
 sidide (7.18) formulis mixedviT da ga-

viTvaliswinoT, rom SpP
Pkl


2

 [(7.8) formulidan] miviRebT:  

Sp

Sp1

P

H

k

k

P

C
f z

xax

Sp

Sp  02                         (7.20) 

es formula asaxavs pirobas, roca mdgradobis koeficienti 1-is to-

lia, e.i. gantolebis marjvena mxare warmoadgens Spalebze horizontaluri 

datvirTvis vertikalur datvirTvasTan fardobis maqsimalur dasaSveb mni-

Svnelobas, maSin 

Sp

Sp1

P

H

k

k

P

C
f z

xax

Sp

Sp  02                         (7.21) 

gaangariSebebSi praqtikulad (7.21) formulas iyeneben. 

mravalricxovani cdebis Sedegad dadgenilia da gaangariSebebSi gamo-

sayeneblad rekomendebulia, rom 1,00 SpPC  

Spalis safuZvlis balastTan xaxunis koeficienti miiReba: 

xis Spalebis RorRis balastTan Spf ;6,045,0   
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xis Spalebis qviSisa da xreSis balastTan Spf ;45,030,0   

Tvlis relsTan xaxunis koeficienti 25,0xax . 

am sidideebis gaTvaliswinebiT (7.21) formula miiRebs Semdeg saxes: 

RorRis balastisaTvis  

Sp

Sp1

P

H

k

k z25,00,1                             (7.22) 

qviSisa da xreSis balastisaTvis 

Sp

Sp1

P

H

k

k z25,07,0                             (7.23) 

(7.22) da (7.23) formulebiT miRebul mniSvnelobebze saSPY  an SpSp1 PH  

fardobebis naklebi mniSvnelobisas liandagis ganivi gadaadgilebis narCe-

ni deformaciebis dagrovebas adgili ar eqneba. 

(7.21), (7.22) da (7.23) formulebis marjvena mxaris zRvruli dasaSvebi si-

dideebis gamoTvla liandagis sxvadasxva konstruqciebisaTvis sirTules 

ar warmoadgens, Tu cnobilia zk  da k  sidideebi (cxrili 7.1). 

                                                             cxrili 7.1 

relsebis tipi 
da Spalebis 

epiura 
cali/km-ze 

liandagis saangariSo maxasiaTeblebi 
SpSp1 PH fardobis zRvru-

li mniSvneloba RorRis balasti 
qviSisa da xreSis 

balasti 

zk  

sm-1 
k  
sm-1 k

k z  zk  

sm-1 
k  
sm-1 k

k z  

RorRisa-
Tvis 

Spf =0,45  

qviSisa da 
xreSisaTvis 

Spf =0,30  

P 65; 1840 0,01440 0,00966 1,50 0,01440 0,00916 1,57 1,37 1,07 

P 65; 2000 0,01510 0,00993 1,52 0,01510 0,00993 1,61 1,38 1,10 

P 50; 1840 0,01610 0,01115 1,44 0,01610 0,01115 1,52 1,36 1,08 

P 50; 2000 0,01680 0,01146 1,47 0,01680 0,01146 1,56 1,37 1,09 

P 43; 1600 0,01720 0,01165 1,47 0,01720 0,01165 1,57 1,37 1,09 

P 43; 1840 0,01760 0,01204 1,47 0,01760 0,01204 1,54 1,36 1,08 

P 43; 2000 0,01840 0,01234 1,49 0,01840 0,01234 1,58 1,37 1,10 

 

cxrili 7.1 monacemebis mixedviT cxadia, rom liandagis mdgradoba gan-

ivi gadaadgilebisadmi uzrunvelyofili iqneba Tu RorRis balastis SemTx-

vevaSi fardoba SpSp1 PH 4,1 , xolo qviSisa da xreSis balastisaTvis 

SpSp1 PH 1,1 .  
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7.3 moZravi Semadgenlobis mdgradoba Tvlis qimis relsis Tavze 

Seugoreblobis pirobiT 

Tvlis qimis relsis Tavze Segoreba da SemdgomSi misi relsidan Camo-

svla SeiZleba moxdes iseT SemTxvevaSi, roca Tvlis qimis relsis Tavze 

gverdiTi miWeris Y Zala, e.i. Tvlis qimis relsTan xaxunis Zala imdenad 

izrdeba, rom Tvlidan relsze gadacemuli vertikaluri 1P  Zala ver Zlevs 

xaxunis Zalas da Tvali iwyebs relsis Tavze Segorebas (nax. 7.2) 

 

nax.7.2. Tvlis qimis relsis Tavze Segorebis sawyisi stadia 

 

aseT SemTxvevebSi relsidan Tvlis Camosvla ar xdeba, radgan gverdiTi 

da vertikaluri Zalebis araxelsayreli fardoba metad mcire droSi moqme-

debs, an vertikaluri 1P  Zala swrafad izrdeba an gverdiTi Y  Zala mcir-

deba. 

imis gamo, rom ekipaJis pirveli mimmarTveli wyvilTvali mrudis radi-

usis normalis mimarT garkveuli kuTxiT moZraobs, gare relsze moZravi 

Tvlis qimi miejaxeba relss (nax.7.2). rac metia fardoba 11 PY , miT ufro me-

tia Tvlis relsidan Camosvlis albaToba. Tvlis relsidan Camosvlis al-

baToba izrdeba ganivi biZgebis warmoqmnis Sedegad, gegmaSi mrudebis cudi 

movla-Senaxvis gamo. gansakuTrebiT iseT SemTxvevebSi, roca ganivi biZgebi 

emTxveva vertikaluri datvirTvisagan relsis nawilobriv gantvirTvas, ga-

mowveuls usworobebis arsebobiT liandagis profilSi. 

Tvlis qimis relsis Tavze Segorebas xels uwyobs agreTve moZravi Se-

madgenlobis savali nawilebis usworobebi, magaliTad cociebSi gazrdili 
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xaxunis Zala, saqusleebis CaWedva. gverdiTi Zalis Zlieri zrdis mizezia, 

agreTve damabrunebeli mowyobilobebis gaumarTaoba, xolo sxvadasxva tip-

is resorebis arseboba iwvevs vertikaluri Zalis Semcirebas.  

ganvsazRvroT mrudSi moZraobis pirobebSi erTeul orRerZian moZrav 

Semadgenlobaze moqmedi Zalebi. 

avRniSnoT erT Tvalze mosuli vertikaluri datvirTvis Zala aRZru-

li ekipaJis bruto wonisagan brP -iT, maSasadame erTeuli ekipaJisagan li-

andagze gadacemuli mTliani datvirTva toli iqneba 8 brP , xolo erT wyvi-

lTvalze 2 brP . 

mrudebSi gare relsis SemaRlebis Sedegad, ekipaJis daxris gamo masze 

moqmedebs misi wonis normaluri mdgeneli cos8 brPN  . kuTxis simciris 

gamo SeiZleba miviRoT, rom 1cos  . am daSvebis gaTvaliswinebiT mrudebSi 

yovel Tvalze modis brP  datvirTva.  

garda vertikaluri datvirTvisa erTeul moZrav Semadgenlobaze moqme-

debs gverdiTi Zalebi, romlebic mimarTulia liandagis ganivad, misi Rer-

Zis perpendikularulad, esenia: centridanuli Zala, centriskenuli Zala 

da qaris dawolis Zala. 

gamoviTvaloT am Zalebis mniSvnelobebi cal-calke moZravi Semadgen-

lobis urikebisa da ZarisaTvis. 

centridanuli Zala, romelic moqmedebs Zaraze da modebulia misi sim-

Zimis centrSi tolia: 

0

2

R

mv
I Z                                 (7.24) 

maSasadame 

2

0

2

6,3gR

vP
I Z
Z                                (7.25) 

sadac  v  - vagonis siCqarea; 

g  - simZimis Zalis aCqareba; 

26,3 -ganzomilebis damcavi koeficienti, ramdenadac siCqare aiReba 

km/sT-Si da aCqareba m/wm2-Si. 

avRniSnoT erTi urikis wona urP , maSin  

urbrZ PPP 28                             (7.26) 



 100 

sadac ZP  - Zaris wonaa tvirTiT. 

Zaris wonis liandagis paraleluri mdgeneli, gare relsis SemaRlebis 

Sedegad Zaris daxris gaTvaliswinebiT tolia:  

1S

hP
H

saangZ

Z                              (7.27) 

sadac 1S  - wyvilTvalis Tvlebis gorvis centrebs Soris manZilia, 1S =1,6 m; 

saangh - gare relsis SemaRleba. 

qaris dawola, modebuli “saqare” farTobis geometrul centrSi 

ZZ FpW                               (7.28) 

sadac p - qaris xvedriTi dawolaa 1m2 farTobze, kg/m2, p = 30–100 kg/m2 ad-

gilobrivi pirobebis gaTvaliswinebiT; 

ZF - Zaris proeqciis farTobi vagonis RerZis vertikalur sibrtyeze 

(“saqare” farTobi). 

centridanuli Zala, romelic moqmedebs urikebze da modebulia uri-

kebis simZimis centrebis sibrtyeSi 

urI
2

0

2

6,3gR

vPur
                            (7.29) 

sadac urP  - erTi urikis wonaa; 

0R  - mrudis radiusi. 

gare relsis SemaRlebis Sedegad Zaris daxris gamo warmoqmnili uri-

kis wonis centriskenuli mdgeneli ganisazRvreba formuliT 

urH
1S

hP saangur
                           (7.30) 

urikaze qaris dawola tolia 

urur FpW                              (7.31) 

sadac urF  - urikis gverdiTi “saqare” farTobia, romelic gamoiTvleba, ro-

gorc oTxkuTxedis farTobi, romlis simaRle Tvlis diamet-

ris, xolo sigrZe urikis bazas damatebuli Tvlis diametris 

tolia. 

liandagis sibrtyis paraleluri jamuri ganivi Zala, mosuli erT uri-

kaze ganisazRvreba formuliT 
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ururur

ururur

br.ur
2

TWI
HWI

H 


               (7.32) 

cnobilia, rom erTeuli moZravi Semadgenlobis moZraoba mrudSi war-

moadgens ori saxis, gadataniTi da brunviTi moZraobebis jams. amasTan ga-

dataniTi moZraoba am SemTxvevaSi mrudis centris gaswvriv moZraobas war-

moadgens.  

amdenad mrudSi moZraobisas ikribeba ori saxis brunviTi moZraoba, ro-

gorebicaa:  

 ekipaJis mobrunebis centris gadataniTi moZraoba radiusis boloze 

mrudis centris irgvliv; 

 ekipaJis brunva mobrunebis Ocentris mimarT, romelic mdebareobs ek-

ipaJis grZiv RerZze. O  wertils mobrunebis polussac uwodeben. 

mobrunebis polusis mdebareoba yovel konkretul SemTxvevaSi damoki-

debulia: xisti bazis sigrZeze, urikebSi RerZebis raodenobaze da ganlage-

baze, moZraobis siCqareze, gare relsis SemaRlebaze. 

 

nax.7.3 urikaze moqmedi horizontaluri Zalebi 
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mobrunebis polusis mdebareobasTan damokidebulebiT xisti baza gan-

lagdeba I an II mdgomareobaSi (nax.7.3). roca mobrunebis O  polusi ganlag-

deba ukana RerZis ukan, kerZo SemTxvevas warmoadgens. 

Tvalsa da relss Soris xaxunis Zala xaxF  tolia relsze Tvlis ver-

tikaluri dawolis brP  Zala gamravlebuli xaxunis xax  koeficientze, e.i.  

xaxbrxax PF                              (7.33) 

Tvlis relsis Tavze Seugoreblobis pirobiT ekipaJis mdgradobis gaa-

ngariSebisas miRebulia, rom xax =0,25.  

nax.7.4-ze gamosaxulia mrudebSi mimmarTvel wyvilTvalze moqmedi Zale-

bi da am Zalebis ganlagebis sqema. 

 

nax. 7.4. mimmarTvel wyvilTvalze moqmedi Zalebis modebis sqema: Y - 
mimmarTveli Zala, CY - CarCo Zala, 1H  da 2H  - Tvlis relsze xaxunis 

Zalis proeqcia Tvlis relsTan kontaqtis wertilSi gatarebul sworze:  
a) vertikalur sibrtyeze; b) horizontalur sibrtyeze. 

 

mrudebSi qimisa da relsis kontaqtis wertilSi misabjeni Zafis dawo-

lis Zalas mimmarTveli Tvlis qimze mimmarTveli Y  Zala ewodeba. 1H  da 
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2H  xaxunis Zalis proeqciaa Tvlisa da relsis xaxunis sibrtyeze gatare-

bul sworze. CY  - mimmarTvel wyvilTvalze CarCos dawolis Zala. CarCo Za-

la modebulia mimmarTvel Tvalze. 

gegmaSi Y  Zala modebulia 1H , 2H  da CY  Zalebis modebidan ramdenadme 

win (winswrebis b  manZiliT) nax.7.4-b da nax.7.2. 

Tvlis relsze jamuri dawola, e.w. gverdiTi Y  Zala, mimmarTveli Zal-

isa da Tvalsa da relss Soris xaxunis Zalis algebruli jamis tolia. Tu 

ekipaJis mobrunebis polusi moTavsebulia ukana RerZis ukan, maSin misabje-

ni Zafis relsze dawolis gverdiTi Zala tolia 1HY  . Tu ekipaJis mobru-

nebis polusi moTavsebulia ukana RerZis win, maSin gverdiTi Zala tolia 

1HY  . 

mocemuli vagonis tipis, mrudis radiusis, moZraobis siCqaris da xa-

xunis koeficientis mniSvnelobebis SemTxvevaSi unda ganisazRvros mobrune-

bis polusis mdebareoba, romelic damokidebulia a  manZilze, xisti bazis 

centridan mobrunebis polusamde. mocemuli urikis xisti bazis SemTxvevaSi 

Tavis mxriv mobrunebis polusis mdebareoba gansazRvravs 1  da 1  kuTxe-

ebisa da mimmarTveli Y  Zalis sidideebs.  

am ori ucnobis gansazRvrisaTvis davweroT ori gantoleba: pirveli, 

urikaze moqmedi yvela horizontaluri Zalebis proeqciis jami pirveli 

wyvilTvalis proeqciaze gavutoloT nuls; meore, am Zalebis momentebis 

jami M  wertilis mimarT (nax.7.3) agreTve gavutoloT nuls. 

maSasadame pirveli pirobis mixedviT miviRebT gantolebas 

  0coscos2 11  YHF br.urxax                 (7.34)  

meore pirobiT  

0sin
2

sin
2

cos22 1
1

1
1

1 







 urbr.ururxax lH

SS
lF         (7.35)  

sadac 1  da 1  - xisti bazis grZiv RerZsa da mobrunebis polusisa da Ti-

Toeuli Tvlis relsTan kontaqtis wertilebis SemaerTe-

bel radiusveqtorebs Soris kuTxeebia; 

url  - xisti bazis sigrZis naxevari. 

(7.34) da (7.35) gantolebebis amoxsna Sromatevad gaangariSebebs moiTx-

ovs TandaTanobiTi miaxloebis meTodiT, a  sididis cvlis Sedegad. gaanga-

riSebebis gamartivebis mizniT sargebloben inJ. p. proskurnevis mier Sedge-
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nili grafikebiT (nax.7.5, nax.7.6). nax.7.5-is mixedviT br.urH  da xaxunis Zalis 

fardobiT, e.i. xaxbr.ur FH 4  fardobiT ganisazRvreba mobrunebis polusamde 

a  manZili. 

 

nax.7.5. mobrunebis polusidan urikis bazis Sua wertilamde a  manZilis 
damokidebuleba xaxbr.ur FH 4 sididesTan, roca urikis baza url2  tolia:  

1 – 180 sm; 2 – 210 sm; 3 – 240 sm; 4 – 270 sm; 5 – 300 sm. 
 

meore grafikiT (nax.7.6), pirveli grafikidan gansazRvruli a  manZilis 

mixedviT dadgindeba fardoba xaxFY 4 . radgan xaxF4  sidide cnobilia, gains-

azRvreba Y  Zalis mniSvneloba. 

nax.7.3-dan Cans, rom  

11 cosxaxFH                             (7.36) 

da 

 2
2

1

1

2

cos

al
S

al













ur

ur
                        (7.37) 

nax.7.4-dan miviRebT 

12HYY C                            (7.38) 
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nax.7.6. mobrunebis polusidan urikis bazis Sua wertilamde a  manZilis 
damokidebuleba xaxFY 4 sididesTan, roca urikis baza url2  tolia:  

1 – 180 sm; 2 – 210 sm; 3 – 240 sm; 4 – 270 sm; 5 – 300 sm. 
 

Tvlis qimis relsis Tavze Segorebis sawinaaRmdegod mdgradobis gaan-

gariSebis dros, aucilebelia gaTvaliswinebul iqnas wyvilTvalis RerZis 

yelze da maSasadame relsebze, horizontaluri Zalebis zemoqmedebis Sede-

gad, vertikaluri datvirTvebis gadanawileba. 

gaangariSebebis gasamartiveblad, praqtikulad sakmarisi sizustis Sen-

arCunebiT, miviRoT Semdegi daSvebebi:  

1. urikebze moqmedi ganivi Zalebis gadamanawilebel zemoqmedebas ugul-

vebelyofT, urY , urH  da urW  Zalebis sidideebis simciris gamo, e.i. 

vTvliT, rom mrudebSi urikis dawolis vertikaluri mdgeneli misa-

bjen da Siga sarelso Zafze Tanabaria, rogorc swor ubnebSi da to-

lia 4urP ; 

2. vTvliT, rom erT mimmarTvel RerZze vertikaluri brunviTi datvirT-

va tolia br.P2 , Tumca am sididisaTvis unda gamoviTvaloT erTi wyvi-

lTvalis wona. aqve unda avRniSnoT, rom zemoT motanili ori daSveb-

is Sedegebs sxvadasxva niSnebi gaaCniaT, rac kidev ufro amcirebs ga-

angariSebebis Sedegebis uzustobis xarisxs. 
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3. vTvliT, rom br.P2  Zala modebulia Zaris simZimis centrSi, nacvlad 

mTeli vagonis simZimis centrisa, radganac am daSvebis Sedegad gaan-

gariSebis sizusteze metad mcire procentiT icvleba. 

relsis reaqciis 1H  da 2H  horizontaluri mdgenelebis mxari nulis 

tolia, amitom isini gaangariSebebSi ar monawileoben. 

kuTxeebis simciris gamo miRebulia, rom 1cos  . 

amitom Zaris wonis liandagis mimarT normaluri mdgeneli brPN 2 ;  

44
ZZ II

cos ;                              (7.39) 

     
44
ZZ WW

cos .                             (7.40) 

pirvel rigSi unda gaTvaliswinebul iqnas RerZis yelze vertikaluri 

datvirTvebis gadanawileba, horizontaluri ZI , ZH  da ZW  Zalebis gavlenis 

Sedegad da vipovoT 1P  da 2P  Zalebis mniSvnelobebi, Semdeg resorebis 

rxevis gaTvaliswinebiT ganvsazRvroT 1P  da 2P  Zalebis sidideebi. 

Tu B  wertilis mimarT yvela Zalebis momentebs gavutolebT nuls, ma-

Sin SeiZleba davweroT (nax.7.7) 

 

nax.7.7 erTeuli moZravi Semadgenlobis erT wyvilTvalze  
moqmedi Zalebi 
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   
 

 
 2121

1
44 bb

rRhW

bb

rRhHI
PP














qZcZZ
br             (7.41) 

Tu A  wertilis mimarT yvela Zalebis momentebs gavutolebT nuls, maS-

in  

   
 

 
 2121

2
44 bb

rRhW

bb

rRhHI
PP














qZcZZ
br             (7.42)  

sadac 1b - mimmarTveli Tvlis mxridan (wyvilTvalis liandSi simetriuli 

ganlagebisas) wyvilTvalis RerZis yelis Sua wertilidan rels-

is RerZamde manZilia; 

2b - manZili wyvilTvalis RerZis yelis Sua wertilidan mimmarTveli 

relsis RerZamde mimmarTveli Tvlis mopirdapire Tvlis mxri-

dan; 

R  - mrudis radiusi;  

r  - wyvilTvalis RerZis radiusi;  

ch - simaRle relsis Tavidan qaris dawolis simZimis centramde; 

qh - simaRle relsis Tavidan Zaraze qaris dawolis centramde da ga-

moiTvleba formuliT: 

qh
2

qh
R  2                             (7.43) 

sadac qh  - Zaris “saqare” farTobis simaRlea. 

Tu SevkrebT (7.41) da (7.42) gantolebebs miviRebT  

brPPP 221                             (7.44) 

1P  - (7.41) formulis saSualebiT sididis gansazRvris Semdeg (7.42) form-

ulis daxmarebiT ganvsazRvroT 2P . 

radganac Zalebis jami  21 HH   1P  da 2P  vertikaluri reaqciis Zalebis 

gadanawilebis Sedegad ar icvleba, amitom 

   cos2coscoscos 121121121 xaxbrxaxxaxxax PPPPPHH     (7.45) 

amitom Y  Zalis sididis gadaangariSeba saWiro ar aris. saWiroa agreTve 

mxedvelobaSi iqnas miRebuli misabjen da Siga sarelso Zafze Tvlis ver-

tikaluri dawolis zrda da Semcireba moZraobis pirobebSi ekipaJis dare-

sorebuli masis rxevis Sedegad. 



 108 

Tvlebis am datvirTvebiT gantvirTva da gadamettvirTva xasiaTdeba sa-

resoro Camokidebis vertikaluri dinamikurobis dinK  koeficientiT. dinK  

koeficienti ganisazRvreba gaangariSebiT, ufro zustad ki eqsperimentuli 

gziT. 

dinK  koeficienti SeiZleba agreTve ganisazRvros liandagis simtkiceze 

gaangariSebis dros gamoyenebuli formuliT 

dinK
qP

P




st

res
                            (7.46) 

sadac resP - resorebis rxeviT gamowveuli damatebiTi vertikaluri Zalaa; 

stP - Tvlis relsze vertikaluri statikuri dawola; 

q  - erT Tvalze mosuli dauresorebeli masis wona. 

eqsperimentuli monacemebis mixedviT dinamikurobis dinK  koeficienti 

tolia 

dinK
stf

v
2,01,0                            (7.47) 

sadac v  - moZraobis siCqarea; 

IIIst fff   - saresoro Camokidebis saerTo statikuri CaRunva. 

liandagis damakmayofilebeli da kargi mdgomareobis pirobebSi dinami-

kurobis dinK  koeficientebis maqsimaluri mniSvnelobebi, mocemulia cxril-

Si 7.2 

                                                            cxrili 7.2 

urikebis 
tipi 

liandagis 
gegma 

vertikaluri dinamikurobis dinK  koeficientebi 

moZraobis siCqareebis v  km/sT mixedviT 
60 70 80 90 100 110 120 

MT  – 50 sworSi 0,33 0,46 0,81 0,92 1,00 – – 

MT – 50 M mrudebSi 0,25 0,40 0,76 0,92 0,95 – – 

ЦНИИ – ХЗ  sworSi 0,28 0,35 0,43 0,52 0,57 0,61 0,66 

ЦНИИ – ХЗ mrudebSi 0,28 0,35 0,43 0,52 0,60 0,61 0,63 

 

saangariSod unda miviRoT mdgomareoba, roca vagonis rxevebis Sedegad 

mcirdeba 1P  Zalis sidide da maSasadame izrdeba 2P  Zala. aseTi SemTxveva 

Tvlis qimis relsis Tavze Segorebis xelsayrel pirobebs qmnis. aqve unda 
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gaviTvaliswinoT, rom dinamikurobis dinK  koeficientis sidide vagonis yve-

la saxis rxevebis (ganivi ryeva, daoTxili svla, xtunaoba) jamuri Sedegia. 

cdebiT dadgenilia, rom dinamikurobis dinK  koeficientis mTeli sididis 

30 – 50% ganivi ryevis Sedegia. 

rekomendebulia, rom praqtikul gaangariSebebSi 1P  Zalis Semcireba ga-

nisazRvros dinamikurobis dinK  koeficientis mTeli sididis Sesabamisad da 

2P  Zalis sidide davtovoT igive, radganac 2P  Zalis zrda ganivi ryevis Se-

degad imave sididisaa, rac misi Semcireba daoTxili da xtunaobiT svlis 

SemTxvevaSi. maSasadame 

  dinst KqPPP  11                        (7.48) 

22 PP                                 (7.49) 

liandagSi da Tvlebze arsebuli usworobebisagan warmoqmnili verti-

kaluri inerciuli Zalebi 1I  da 2I  (nax.7.8) gaangariSebis dros mimarTuli 

unda iyvnen zemodan qvemoT. am Zalebis Seyvana gaangariSebebSi 100 – 110 

km/sT-ze naklebi siCqareebis SemTxvevaSi saerTod saWiro ar aris, radganac 

maTi moqmedebis pikis xangrZlivoba imdenad mcirea (wamis meaTedebi), rom 

Tvali ver aswrebs relsis Tavis Segorebas. 

 

nax.7.8 mimmarTveli Tvlis relsis Tavze Segorebis sawinaaRmdegod 
mdgradobis saangariSo sqema 

 

 

Tvlis qimis mdgradoba relsis Tavze Segorebis dauSveblobis pirob-

iT ganisazRvreba Semdegi utolobiT, (nax.7.8) 
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   
    

    
     

     
     xax

xaxxax

xax

xax

xax

xaxC




























tgRrSP

tgPtgIIS

tgRrSP

tgbSb

P

P

tgRrS

tgbSb

P

Y

21

122

21

222

1

2

2

121

1

4
     (7.50)   

 

sadac 1b  - RerZis yelis Sua wertilidan qimamde (O  wertili) manZilia mi-

mmarTveli Tvlis mxridan; 

2b  - manZili mopirdapire Tvlis RerZis yelidan mimmarTveli Tvlis 

qimis muSa waxnagamde; 

2S - manZili mimmarTveli Tvlis qimis muSa waxnagidan mrudis Siga 

relsis RerZamde; 

CY  -  CarCo Zala; 

  -  xaxunis kuTxe, roca xax =0,25, xaxunis kuTxe 3014   ; 

  - Tvlis qimis muSa waxnagis horizontisadmi daxris kuTxe, 

60vag  , 60lok . 

Tu (7.50) utolobis marjvena mxares gavyofT marcxena mxareze miviRebT 

mdgradobis koeficients, Tvlis qimis relsis Tavze Segoreblobis pirob-

iT. Tu 1Seugn , maSin Tvlis qimi Secocdeba relsis Tavze; Tu 1Seugn , maS-

in adgili aqvs zRvruli wonasworobis pirobas, Tu 1Seugn , maSin Tvlis 

qimis relsis Tavze Seugoreblobis mdgradobis piroba dakmayofilebulia. 

praqtikulad miRebulia, rom 5,1Seugn . 

 

 

 

 

7.4 moZravi Semadgenlobis gadayiravebaze mdgradobis gaangariSeba  

moZravi Semadgenlobis mdgradobis gaangariSebisaTvis gadayiravebaze, 

unda SevirCioT yvelaze araxelsayreli SemTxveva. aseT SemTxvevas adgili 

aqvs mrudebSi gare relsis SemaRlebisa da centridanuli da centriskenu-

li Zalebis sxvaobis zemoqmedebis gamo. 

erTeuli moZravi Semadgenlobis mdgradoba gadayiravebaze damokidebu-

lia, ra manZilze gadis liandagis RerZidan (M  wertili) yvela Zalis (wo-



 111 

nis, centridanuli, qaris) tolqmedis mimarTulebis xazi, anu e  eqscentri-

sitetis sidideze (nax.7.9). 

 

nax.7.9. ekipaJis gadayiravebis sawinaaRmdegod mdgradobis 
saangariSo sqema 

 

Zalebis Sekreba dasaSvebia, rogorc grafikuli ise analizuri meTod-

iT. 

rodesac e 21S , cxadia, rom ekipaJi miT ufro mdgradia ramdenadac 

naklebia eqscentrisitetis sidide. 

Tu e 21S , maSin ekipaJi imyofeba zRvruli wonasworobis mdgomareoba-

Si. 

Tu e 21S , maSin ekipaJi aramdgradia da igi SeiZleba gadayiravdes. 

amgvarad 21S  fardoba eqscentrisitetTan warmoadgens mdgradobis ko-

eficients, e.i.  

e

S
n

2

1                                  (7.51) 

tolqmedi R  Zala, romelic SeiZleba daiSalos liandagis mimarT nor-

malur N  da horizontalur H  mdgenelebad, wonaswordeba relsebis reaq-

ciis ZaliT. winaswar viciT ra relsebis reaqciis Zalis mimarTuleba, isi-

nic davSaloT liandagisadmi normalur 1P  da 2P  da horizontalur SigaT  

da gareT  mdgenelebad. 
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ZalTa momentebis gantoleba M  wertilis mimarT toli iqneba  

22

1
2

1
1

S
P

S
PeN R                              (7.52) 

aqedan  

 
 21

121

2 PP

SPP
e




                                (7.53) 

(7.51) da (7.53)  formulebidan miviRebT: 

n
21

21

PP

PP




                                (7.54) 

sadac 1S  - relsebis RerZebs Soris manZilia, 1S =1600 mm. 

unda gaviTvaliswinoT, rom ekipaJis gadayiravebisadmi mdgradobisaTvis 

yvelaze araxelsayrel SemTxvevas adgili aqvs, rodesac ekipaJis vertikal-

uri RerZi ar emTxveva liandagis RerZs da gadaweulia relssa da Tvlis 

qims Soris maqsimaluri dasaSvebi RreCos sididis naxevariT  

2max1                                   (7.55) 

sadac 
max - Tvlis qimisa da relsis muSa waxnagebs Soris RreCos maqsimal-

uri sididea da damrgvalebiT miiReba 1 30 mm. 

garda amisa gaTvaliswinebul unda iqnes ekipaJis Zaris SesaZlo 2  

gadaxra gamowveuli resorebis CaRunvebis gadaxriT (nax. 7.10). 

 

nax. 7.10 ekipaJis simZimis centris acdena liandagis RerZidan 
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moZravi Semadgenlobis ekipaJis gadayiravebisadmi mdgradobaze gavlen-

as axdens agreTve mTeli rigi sxva Zalebic (wevis Zala, ekipaJis rxevis aCq-

arebis vertikaluri da horizontaluri mdgenelebi, warmoqmnili liandag-

isa da Tvlebze arsebuli usworobebisagan da sxva). amitom gaangariSebebis 

zedmetad garTulebis Tavidan acilebis mizniT, am Zalebis zemoqmedeba ga-

Tvaliswinebulia mdgradobis koeficientis maragSi, risTvisac yovelTvis 

miiReba, rom 15,1n . 
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Tavi 8. relsebis amtanobisa da resursis gaangariSeba 

 
8.1 amtanobis maxasiaTeblebi 

didi sididis datvirTvebis mravaljeradma modebam da moxsnam, niSanc-

vladi Zabvebis zemoqmedebam, SeiZleba gamoiwvios daRlilobiTi procesebis 

ganviTareba da Zabvebis axali koncentratorebis warmoqmna relsebisa da 

Tvlebis foladSi. sarelso foladis simtkices amcirebs da Zabvebis axal 

koncentratorebs warmoqmnis agreTve koroziuli procesebi. 

unda aRiniSnos, rom relsebSi arsebuli defeqtebis zrda-ganviTarebis 

procesebi liandagSi relsebis muSaobis xangrZlivobis Semcirebis pirdapi-

rproporciulia. 

masalaze mravaljeradi cvladi datvirTvebis moxsna-modebis Sedegad, 

masSi defeqtebis TandaTanobiT dagrovebas, masalis daRliloba ewodeba. 

masalis koroziuli daRliloba warmoiqmneba mravaljeradi cvalebadi 

datvirTvisa da koroziuli procesebis erToblivi zemoqmedebiT. 

daRlilobiTi procesebis ganviTarebisadmi winaRobas masalis amtanoba 

ewodeba. cnobilia masalis SezRuduli da xangrZlivi amtanoba. 

 

nax. 8.1. amtanobis mrudebi:  
a) naxevradlogariTmul koordinatTa sistemaSi; Bb) dekartis sistemaSi. 

 
 

nax.8.1-ze gamosaxulia amtanobis mrudebi: a) naxevradlogariTmul da 

Bb) dekartis koordinatTa sistemaSi. sadac N - ciklebis raodenobis mimdi-

nare mniSvnelobaa, Zabvebis raodenobiT aRebul ciklSi, asimetriis r  koe-

ficientiT. yovel ciklSi Zabvebis sidide aRebul wertilSi icvleba min - 

dan max - mde. swored max -s aRniSnaven r -iT. amtanobis mrudebi aigeba asi-

metriis koeficientis r
maxmin  yoveli mniSvnelobebisaTvis, maTi ca-
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lkeuli konkretuli mniSvnelobebisaTvis. Zabvebis 
max r  mniSvnelobebis-

as АB  ubnis farglebSi nakeTobas SeuZlia aitanos mxolod rN  raodenobis 

cikli. rN  raodenobis cikls, romlis atana SeuZlia nakeTobas, nakeTobis 

xangrZlivi amtanoba ewodeba. nax.8.1-ze АB  ubani nakeTobis SezRudul amta-

nobis zRvars Seesabameba. В  wertilis marjvena mxares 
orк   mniSvnelo-

bis SemTxvevaSi nakeTobas Teoriulad ganusazRvreli raodenobis ciklis 

atana SeuZlia. es aris xangrZlivi amtanobis ubani. ciklebis 
orN 
 raodeno-

ba Seesabameba SezRuduli amtanobis zRvridan, xangrZlivi amtanobis zRva-

rSi gardamaval zonas. didi ganivi kveTis mqone nakeTobebis SemTxvevaSi, 

romlebsac miekuTvnebian relsebi ciklebis mimdinare ricxvi icvleba far-

glebSi 76 1010  orN . 

mcneba zRvruli amtanoba, romlis drosac nakeTobas SeuZlia datvirT-

vebis nebismieri ciklis atana pirobiTia. saTanado Teoriuli da praqtiku-

li kvlevebiT damtkicebulia, rom nakeToba mTlianad amowuravs amtanobis 

resurss, roca rN 1410 . 

SezRuduli amtanobis zRvrebSi ciklebis zRvruli ricxvi, e.i. roca 

orк   da rN >
orN 
 ganisazRvreba formulebiT: 

 











































m

rror

m

r

or
r

or

orнr
r

rrнrr

ANN

N
k

kN










  b)

  a)

lg

lg

                         (8.1) 

(8.1-a) formula Seesabameba 8.1.-a naxazs, xolo (8.1.-b) formula - 8.1.-b na-

xazs. 

sadac к  da or  - erTjeradi ( rN =1) xangrZlivi amtanobaa asimetriis r     

koeficientis SemTxvevaSi; 

rN  - SezRuduli amtanobis zRvaris н -is Sesabamisi xanmedegoba; 

orN   - xangrZlivi amtanobis baza. 

нr , or , m da oN  parametrebis sidideebi dadgindeba eqsperimentuli 

cdebis masalebis statistikuri damuSavebis gziT. 
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formula (8.1-a) gamoiyeneba xanmedegobis mTel diapazonSi 1-dan 
oN -mde 

da misi Sedegebi eqsperimentul SedegebTan maRali TanmTxvevadobiT gamo-

irCeva. 

 

 

8.2 xangrZlivi simtkice 

 

Tu cnobilia xangrZlivi amtanobis zRvaris saSualo mniSvneloba 
0r  

da misi saSualo kvadratuli gadaxris sidide da 
0r -is mniSvnelobas gav-

utolebT dasaSvebi Zabvis    sidides, maSin advilad SeiZleba vipovoT 

xangrZlivi simtkicis piroba.  

davuSvaT konstruqciaze moqmedi Zabvaa moq , maSin sxvaoba dasaSveb 

Zabvasa da moqmed Zabvas Soris tolia  

  0 moq                             (8.2) 

dasaSvebi da moqmedi Zabvebis mniSvnelobebi SemTxveviTi damoukide-

beli sidideebia da maTi damokidebuleba gausis kanons eqvemdebareba. am 

pirobebSi  

   moq                                (8.3) 

da  

 
2

moq SSS 

22                             (8.4) 

Tu min -isaTvis daculi iqneba piroba 0 , maSin misi sxva ufro didi 

mniSvnelobebisaTvis piroba yvela SemTxvevaSi iqneba daculi. 

ganvsazRvroT Ф  albaTobiT  min -is mniSvneloba  

min 0 moqSф                          (8.5) 

aqedan gamomdinare  

    022 
moqmoq  SSф                      (8.6) 

am pirobidan gamomdinare xangrZlivi simtkicis formulas Semdegi saxe 

eqneba  

                    22

moq
moq SSф                        (8.7)                     

                  or  minmax moq                            (8.8) 
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sadac ф  - normirebuli mamravlia, romelic uzrunvelyofs Ф  albaTobas. 

(8.7) da (8.8) piroba gamomdinareobs Semdegidan, moqmedi moqmax  Zabvis 

yvelaze udidesi sidide, romelic SeiZleba warmoiqmnas yvela faqtorebis 

zemoqmedebis, Teoriulad yvelaze arasasurveli Sexamebisas, Zalze iSviaT-

ad gvxvdeba. igi SeiZleba ganvixiloT, rogorc erTjeradi datvirTvis 

Sedegi, da misi sidide ar unda aRematebodes 
нr  Teoriulad yvelaze 

umcires mniSvnelobas 

нrmin нrнr S  3                         (8.9) 

(8.9) gamosaxuleba Zabvis garantirebul minimums warmoadgens. (8.9) fo-

rmulaSi ф =3, rac iZleva Ф =0,99865 albaTobas, sxvaoba Ф =1 – Ф =0,99865 im-

denad mcirea, rom igi praqtikuli gaangariSebis da amosavali monacemebis 

sizusteze naklebicaa da garantirebul Sedegs iZleva. 

 

 

 

 

8.3 xanmedegoba da resursi 

liandagis bevri elementis da maT Soris relsebis muSaobis pirobebi 

xangrZlivi amtanobis zRvars gareT gamodis. amJamad miRebulia, rom 50P  

tipis relsma unda gaataros 350 mln. bruto tona, xolo 65P  tipis relsma 

– 500 mln. bruto tona tvirTi. es faqtori warmoadgens swored relsebis 

amtanobis resursis gamoyenebas. 

nebismieri j  Zabva, romelic gamodis xangrZlivi amtanobis zRvrebi-

dan, masalis struqturaSi iwvevs garkveul cvlilebebs da misi Semdgomi 

jN  - jer ganmeorebis SemTxvevaSi,  SeuZlia gamoiwvios daRlilobiTi xasi-

aTis defeqtebis warmoSoba, ris gamoc nakeToba SeiZleba gamovides mwyob-

ridan. 

Tu nakeTobam jn -jer ( jn rN ) ganicada j  Zabvis zemoqmedeba, maSin am-

tanobis gamoyenebis wili Semdegi fardobis toli iqneba jj Nn . 

nakeTobis xanmedegobis gaangariSebisas miRebulia, rom misi amtanoba 

srulad iqneba gamoyenebuli, roca  
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1




jr

jr

N

n
                               (8.10) 

1
0

0


n

rN

dn
                                 (8.11) 

roca 0  rjr  ; e.i. ZabvisaTvis, romelic amtanobis zRvarze toli an 

naklebia  jrN . (8.10) formulaSi 
0n  aris datvirTvis ciklis zRvruli 

ricxvi, romlis gadaWarbeba gamoiwvevs nakeTobis ngrevas. sidide 
0n  na-

keTobis xanmedegobas warmoadgens, maSin cxadia, rom jrjr Фn   . 
0n  da (8.11) 

formula miiRebs saxes 

10 




jr

jr

N

Ф
n                               (8.12) 

1–is, anu amtanobis srulad gamoyenebis koeficientis nacvlad (8.12) fo-

rmulaSi SevitanoT amtanobis gamoyenebis koeficienti (dazianebadobis 

koeficienti) 1 . dazianebadobis koeficientis dasaSvebi mniSvneloba 

avRniSnoT   . (8.12) formulaSi SevitanoT agreTve jrN  -is mniSvneloba fo-

rmuldan (8.1) da Sesabamisi gardaqmnebis Semdeg miviRebT nakeTobis xanmede-

gobis saangariSo gamosaxulebas: 

 

 






























m

jrjr

m

rr

jr

jr

Ф

N
n

N

Ф
n







00

0

0

                            (8.13) 

  =1 mixedviT gansazRvruli xanmedegoba da resursi zRvruli sidi-

disaa, xolo xanmedegobisa da resursis Sesabamisi saangariSo mniSvneloba 

toli iqneba   1  .  

 

 

 

8.4 eqvivalenturi Zabvebi da simtkicis pirobiTi maragi 

praqtikaSi xSirad saWiro xdeba ganisazRvros Tu simtkicis ra maragi 

eqneba nagebobas misi samsaxuris vadis bolos. amisaTvis unda SemoviRoT 

eqvivalenturi эr  Zabvebis cneba, romelic unda SevadaroT amtanobis xan-

grZliv zRvars. 
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eqvivalenturi 
эr  Zabvebis mniSvnelobebi ganisazRvreba Semdegi meTo-

diT. (8.10) formulaSi jrN  -is nacvlad Segvaqvs misi mniSvneloba formuli-

dan (8.1-b), maSin  

1
00






rr

m

jrjr

N

N




                            (8.14) 

nagebobis amtanobis srulad gamoyenebis es gamosaxuleba SeiZleba war-

movadginoT Semdegi saxiT  

0

0

1




 rjr

m

jr

r

n
N

                      (8.15) 

Tu (8.15) formulis marcxena mxare naklebia 
0r -is mniSvnelobaze, ma-

Sin amtanobis resursi mTlianad ar aris gamoyenebuli da rCeba garkveuli 

maragi. (8.15) formulis marcxena mxares eqvivalenturi Zabva ewodeba, xolo 

simtkicis pirobiTi maragi tolia  

эr

rk





 0

marag                              (8.16) 

xolo 

эr  



jr

m

jr

r

n
N


0

1
                        (8.17) 

am formulaSi jr  warmoadgens Zabvebis mxolod im mniSvnelobebs, ro-

mlebic aRematebian xangrZlivi amtanobis 
0r  zRvars. 
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Tavi 9.  moZraobis dasaSvebi siCqareebis dadgena isrul gadamyvanebSi 

 

9.1. moZraobis siCqareebis gazrdis RonisZiebebi gamyof punqtebze 

matareblebis moZraobis siCqareebis ganuxreli zrda gadasarbenebze 

moiTxovs siCqareebis gazrdas gamyof punqtebzedac. es sakiTxi gansakuTre-

bul mniSvnelobas iZens gauCerebeli aqcevis organizaciisas da yvela sxva 

SemTxvevaSi, roca matareblebi gamyof punqts gauCereblad gaivlis. 

moZraobis siCqareebis SezRudva sadgurebSi avtomaturad iwvevs siCqa-

reebis SezRudvas gadasarbenebze. cnobilia, rom matareblebis moZraobis 

siCqaris 100 km/sT-dan 140 km/sT-mde an 120 km/sT-dan 160 km/sT-mde asawevad, 

xelsayreli grZivi profilis SemTxvevaSic ki, saWiroa sadgurebs Soris 

arsebul manZilze meti manZili. amitom sadgurebSi siCqaris SezRudvisas 

100–120 km/sT-mde, gadasarbenebze 140–160 km/sT siCqaris ganviTareba praqtiku-

lad SeuZlebelia.  

calkeul sadgurebze matareblebis moZraobis siCqareebi izRudeba im 

mizeziT, rom mTavari liandagebi mowyobilia mcireradiusiani mrudebiT da 

isruli gadamyvanebi moTavsebulia mrud ubnebSi. aseT SemTxvevebSi sadgur-

ebSi matareblis moZraobis siCqareebis zrda SesaZlebelia sadgurebis ye-

lis, an mTlianad sadgurebis gadakeTebiT. 

umetes SemTxvevaSi, sadgurebSi moZraobis siCqareebi, mTavar da mimReb-

gamgzavni liandagebis isrul gadamyvanebSi, matareblebis moZraobis dasa-

Svebi siCqareebiT izRudeba. 

gamyof punqtebze moZraobis siCqareebis zrdis erT-erT kardinalur 

RonisZiebad maRalmarkiani da moZravelementebiani (gularebi an ulvaSa re-

lsebi) isruli gadamyvanebis gamoyeneba unda CaiTvalos. aseTi isruli ga-

damyvanebi pirdapir liandagSi moZraobisas siCqares praqtikulad ar zRu-

daven, xolo gverdiT liandagSi 80–120 km/sT siCqariT moZraobis saSualeb-

as iZlevian. 

amitom sadgurebze matareblebis moZraobis siCqaris zrda, pirvel rig-

Si isrul gadamyvanebSi moZraobis dasaSvebi siCqareebis gazrdas moiTxovs. 

isrul gadamyvanebSi matareblebis moZraobis maqsimaluri dasaSvebi si-

Cqareebi Semdegi pirobebiT ganisazRvreba: 

 Tvlis qimebis dartymiTi-dinamikuri zemoqmedeba isruli gadamyvanis 

mimmarTvel elementze (gverdiTi liandagis kalmebi, kontrrelsebi da 
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ulvaSa relsebi, gadamyvani mrudis mimmarTveli relsebi) dasaSveb si-

dides ar unda aRematebodes; 

 uzrunvelyofil unda iqnas isruli gadamyvanis farglebSi matarebl-

ebis mdovruli moZraoba; 

 uzrunvelyofil unda iqnas mdgradobis piroba Tvlis qimis mimmar-

Tvel elementebze Seugoreblobis pirobiT; 

 isruli gadamyvanis elementebs unda gaaCndes sakmarisi simtkice. 

 

 

 

 

 

9.2. moZraobis dasaSvebi siCqareebis gansazRvra Tvlis qimis kalamTan 

da gadamyvan mrudTan dartymiTi zemoqmedebis Sedegad 

masebis Sejaxebis Sedegad warmoqmnili kinetikuri energia ganisazRvr-

eba cnobili formulis saSualebiT 

2

2

dajday

kin

vm
E                               (9.1) 

sadac daym  - moZravi Semadgenlobis SejaxebaSi monawile dayvanili masaa; 

dajv  - siCqare dajaxebis wertilSi. 

nax.9.1-is mixedviT moZravi Semadgenlobis v  siCqarisa da daj  dajaxeb-

is kuTxis SemTxvevaSi, dajaxebis dajv  siCqare ganisazRvreba Semdegi damoki-

debulebis mixedviT  

dajdaj sinvv                             (9.2) 

aqedan 

2

sin22

dajday

kin

vm
E                          (9.3) 

Tvlis qimis relsis gverdiT waxnagTan dajaxebis Sedegad warmoiqmneba 

ganivi Zala, romelic cdilobs relsis Tavis gaRunvas, iwvevs wyvilTval-

is, resorebis da saerTod savali nawilebis yvela drekadi elementebis 

drekad ganiv deformacias. 
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nax.9.1 Tvlis siCqaris cvalebadoba qimis kalmis mimmarTvel 
waxnagze dajaxebis Sedegad  

 

Tu warmoqmnili ganivi Zalis maqsimalur mniSvnelobas avRniSnavT gvY -

iT, xolo urikis jamur ganiv drekad deformacias S -iT, maSin gamomdinare 

daxarjuli energiisa da ganivi Zalis muSaobis tolobidan miviRebT 

22

sin22
SYvm gvdajday




                        (9.4) 

aqedan maqsimaluri ganivi Zala 

S

vm
Y

dajday

gv

22 sin
                          (9.5)                       

formulaSi (9.5) Semavali sidideebi daym  da S  Znelad gansasazRvradia, 

amitom gaangariSebisas sargebloben Sedarebadi meTodiT. (9.5) formulaSi 

Semaval v  da daj  cvalebad sidideebad Tvlian, xolo danarCen Sedarebad 

sidideebs mudmivad. maSin dajaxebis Zalis pirobiTi maxasiaTebeli orTave 

SemTxvevaSi tolia  

daj 22 sinv                                                          (9.6)                                                

sazRvargareTis rkinigzebis gamocdilebis safuZvelze dajaxebis Zal-

is pirobiTi maxasiaTebeli   miiReba farglebSi 22 sTkg8,055,01  , Cvens 

rkinigzebze miRebulia 22 sTkg8,01  , maSin (9.6) formulis mixedviT 
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v

1
sin


 daj                              (9.7) 

an dasaSvebi siCqare dajaxebis daj  kuTxis mocemuli sididisas toli 

iqneba  

daj



sin

1
v                               (9.8) 

nax.9.1-dan 

1

2 2
sinsin

R


  sawdaj                          (9.9) 

sadac 1R  - kalmis sawyisi radiusia; 

  - RreCos maqsimaluri mniSvneloba Tvlis qimisa da relsis muSa 

waxnagebs Soris. 

ganvixiloT Tvlis qimis gadamyvani mrudis mimmarTvel relsTan daja-

xebis pirobebi. am SemTxvevaSi Tvlis qimis dajaxebis kuTxe, roca saw =0  

tolia 

2

2
sin

R


 daj                             (9.10) 

sadac 2R  - gadamyvani mrudis radiusia. 

RreCos 
max mniSvneloba. romelic ganisazRvreba, rogorc ulvaSa rels-

is maqsimaluri sididis maxe  Rarisa (daSvebis 2 mm gaTvaliswinebiT) da 

Tvlis qimis minimaluri minh  sididis sxvaoba toli iqneba  

minmaxmax he                             (9.11) 

 

 

9.3. moZraobis dasaSvebi siCqareebis gansazRvra Tvlis qimis jvaredis 

kvanZis mimmarTvel elementebTan Zaluri zemoqmedebis Sedegad 

isruli gadamyvanis jvaredis kvanZSi arsebobs oTxi elementi, romle-

bic mimarTaven Tvlis qimebs Sesabamis RarSi (nax.9.2). am elementebs warmo-

adgenen: kontrrelsebis Sesasvlelebi, romlebic muSaoben, rogorc jvare-

disaken, ise jvaredidan moZraobisas; ulvaSa relsebis Sesasvlelebi, rom-

lebic muSaoben jvaredisaken moZraobisas; ulvaSa relsebis ubani jvaredis 

yelidan gularamde, jvaredidan moZraobisas. 
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nax.9.2 jvaredis kvanZis sqema (sqeli xaziT naCvenebia mimmarTveli 
waxnagebi pirdapiri mimarTulebiT moZraobisas) 

 

Tvlis qimis dajaxebisas kalmis mimmarTvel wibosTan gverdiT liand-

agSi moZraobis dros ekipaJi mTlianad Semobrundeba dajaxebis kuTxiT, xo-

lo Tvlis qimis kontrrelsis kvanZis mimmarTvel elementebTan dajaxebisas 

Semobrundeba mxolod urika. 

amitom Tvlis qimis kalamTan dajaxebiT wyvilTvalis ganivi gadaadgi-

lebis saSualo sidide 7 mm-is tolia, xolo kontrrelsebTan dajaxebisas 

wyvilTvalis saSualo ganivi gadaadgileba orjer naklebia da 3,4 mm-s ar 

aRemateba. 

dadgenilia, rom Tvlis qimis kalamTan an gadamyvani mrudis mimmarTv-

el ZafTan dajaxebis dartymiT-dinamikur procesSi monawileobs pirveli 

urikis masa da daaxloebiT vagonis masis naxevari, xolo kontrrelsebisa 

da ulvaSa relsebis mimmarTvel elementebTan dajaxebis dartymiT-dinamik-

ur procesSi monawileobs mxolod urikis masis naxevari anu 8-jer naklebi, 

vidre pirvel SemTxvevaSi. aqedan gamomdinare, radganac kalamTan da gadam-

yvani mrudis mimmarTvel ZafTan Tvlis qimis dajaxebis Zalis pirobiTi 

maxasiaTebeli 22 sTkg8,055,01  , maSin Tvlis qimis kontrrelsebisa da 

ulvaSa relsebis mimmarTvel elementebTan dajaxebis Zalis pirobiTi maxa-

siaTebeli 8-jer meti iqneba, vidre pirvel SemTxvevaSi da  

22 sTkg4,64,41  . 

cnobili (9.5) formulidan Cans, rom dajaxebis masis erTidaigive si-

didis kinetikuri energiis SemTxvevaSi, Tvlis qimis dajaxebis Zala isru-
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li gadamyvanis mimmarTvel elementebTan, miT ufro meti iqneba, rac metia 

mimmarTveli elementebisa da savali nawilebis drekadi deformaciis s  si-

dide.  

Tu avRniSnavT ekipaJisa da liandagis ganiv dayvanil jamur sixistes 

dayЖ , maSin jamuri drekadi deformaciis sidide toli iqneba 

day

gv

Ж

Y
s                                 (9.12) 

Tu formula (9.4)-Si SevitanT s -is mniSvnelobebs, maSin  

day

gvdajday

Ж

Yvm

22

sin 222




                        (9.13) 

aqedan 

daydaydajgv ЖmvY sin                         (9.14)  

Tvlis qimis isruli gadamyvanis mimmarTvel elementebTan dajaxebis Za-

lis pirobiTi maxasiaTebelis cvalebadoba mizanSewonilia miviRoT ara 

kvadratuli damokidebulebiT daj 22 sinv , aramed xazobrivi damokidebu-

lebiT dajsinvW  .  

amiT praqtikulad gaangariSebis Sedegebi ar icvleba, radganac moce-

muli siCqaris SemTxvevaSi 

daj22 sinv    
2

sin dajv                                         (9.15) 

maSasadame 

 dajsinv                                                      (9.16) 

aqedan gamomdinareobs, rom Tu miviRebT dajaxebis Zalis pirobiTi ma-

xasiaTeblis xazobriv damokidebulebas siCqaresTan, dajsinvW  , maSin 

Tvlis qimis kalamTan da gadamyvani mrudis mimmarTvel relsTan dajaxebis 

Zalis pirobiTi maxasiaTeblis dasaSvebi sidide toli iqneba 

km/sT9,075,011  W , xolo Tvlis qimis kontrrelsebisa da ulvaSa rel-

sebis mimmarTvel elementebTan dajaxebis Zalis pirobiTi maxasiaTeblis 

dasaSvebi sidide ki km/sT75,322  W   
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9.4. isruli gadamyvanis farglebSi moZraobis mdovrulobis uzrunvelyofis 

gaangariSebebi 

gverdiT liandagSi moZraobisas, ekipaJze moqmedi centridanuli Zala 

xasiaTdeba centridanuli a  aCqarebisa da aCqarebis drois erTeulSi cva-

lebadobis (aCqarebis intensivoba)  sidideebiT. 

centridanuli aCqareba gamoiTvleba formuliT 

R

v
a

2

                                 (9.17) 

Tu moZraobis siCqaris ganzomilebas aviRebT km/sT, mrudis radiuss 

metrebSi, maSin ricxviTi koeficientis 12,96 SetaniT (9.17) formulaSi, aCqa-

rebis ganzomilebas miviRebT 2m/wm -Si 

R

v

R

v
a

96,123600

1000 222





                          (9.18)  

isruli gadamyvanis farglebSi moZraobis dasaSvebi siCqare centrida-

nuli aCqarebis dasaSvebi sididis pirobiT (9.18) formulidan toli iqneba  

Rav das96,12                              (9.19) 

ekipaJis Sesvlisas isruli gadamyvanis farglebSi, centridanuli aCqa-

rebis sidide izrdeba nulidan maqsimalur 
R

v
a

96,12

2

  sididemde, im droSi, 

romelic sWirdeba ekipaJs b  manZilis (manZili wina da ukana urikis tabik-

ebs Soris) gavlas v  siCqariT. maSin centridanuli aCqarebis intensivoba 

toli iqneba  

Rb

v

66,46

3

                               (9.20)  

xolo isruli gadamyvanis farglebSi moZraobis dasaSvebi siCqare cen-

tridanuli aCqarebis intensivobis dasaSvebi sididis mixedviT tolia 

36,3 dasaSRbv                               (9.21) 

orradiusiani kalmebis SemTxvevaSi centridanuli aCqarebis intensivo-

bis sidide unda Semowmdes radiusebis SeerTebis wertilSi. centridanuli 

aCqareba pirveli radiusis farglebSi tolia 
1

2

96,12 R

v
, xolo meore radiu-

sis farglebSi 
2

2

96,12 R

v
 da maT Soris aCqarebis sidide icvleba 

v

b 6,3
 wm 
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droSi. maSin 
v

b 6,3
 droSi centridanuli aCqarebis cvalebadobis sidide 

toli iqneba  

 

21

21

3
1

2

2

2

21
66,466,3

96,1296,12

RbR

RRv

b

v
R

v

R

v


















                 (9.22) 

Cvens rkinigzebze centridanuli aCqarebis norma, ekipaJis dauresorebe-

li masis (buqsebis) mimarT miiReba 2
dasaS m/wm 0,18,0 a . centridanuli aCqare-

bis drois erTeulSi cvalebadobis dasaSvebi normaa 3
dasaS m/wm 9,08,0  .  

 

 

 

 

 

 

 

 

9.5. Tvlis qimis mdgradobis gaangariSeba isruli gadamyvanis mimmarTvel 

elementebze Seugoreblobis pirobiT 

kontrrelsebis mimmarTvel wiboze dajaxebis Sedegad Tvlis qimis kon-

trrelsebze Seugoreblobis pirobis dauSveblobis gaangariSeba ar tard-

eba, radganac Tanamedrove specialuri maRali profilis kontrrelsebze 

Tvlis Segoreba praqtikulad gamoricxulia. 

danarCen mimmarTvel elementebze Tvlis Seugoreblobaze mdgradobis 

piroba imave meTodiT gaiangariSeba, rogorc mrudebSi gare Zafze Tvlis 

Seugoreblobis piroba. sxvaoba mxolod imaSi mdgomareobs, rom Tvlis 

qimis arasamuSao waxnagi awveba ulvaSa relss (nax.9.3). am sqemis Tanaxmad 

Tvlis mdgradoba relsis Tavze Seugoreblobis pirobiT gamoisaxeba uto-

lobiT 

  
    

  
    

    

     21

122

2

222

1

2

2

121

1

4

StgrRP

tg
P

tgIIS

StgrR

bStgb

P

P

StgrR

bStgb

P

Y
























xax

xax

ur

xax

xax

xax

xax

xaxC













      (9.23) 
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sadac CY  -  horizontaluri CarCo Zalaa; 

1P  - ulvaSa relsze moZrav Tvalze datvirTva; 

2P  - mopirdapire Tvalze datvirTva; 

xax - Tvalsa da relss Soris xaxunis koeficienti; 

  - kuTxe, romlis tangensi tolia xax ; 

4

urP
 - urikis wonis nawili mosuli erT Tvalze;  

21 , II - relsebze da Tvlebze arsebuli usworobisagan gamowveuli 

vertikaluri inerciuli Zalebi. 

(nax.9.3-b)-dan 

T.qr

kont

rr

h


  sincos                                                (9.24) 

sadac konth - Tvlis qimis relsTan kontaqtis saangariSo manZilia, aTvli-

li relsis Tavis horizontidan, konth =13 mm; 

rr - ulvaSa relsis Tavis momrgvalebis radiusi, rr =13 mm; 

T.qr - Tvlis qimis arasamuSao waxnagis momrgvalebis radiusi, T.qr = 

45mm. 

Tanamedrove jvaredebis ulvaSa relsebSi jvaredis yelamde zonaSi 

konth = rr =13 mm, xolo yelis zonaSi konth = rr =5 mm. 

(9.23) formulis safuZvelze Catarebuli gaangarisebebis mixedviT, pir-

dapir liandagSi jvaredidan moZraobis mimarTulebiT, jvaredis yelidan 

maTematikur centramde zonaSi, Tvlis qimis ulvaSa relsis Tavze Seugo-

reblobis piroba aisaxeba utolobiT: 

11

2

1

863
314,0806,1

PP

P

P

Y
C                                         (9.25) 

aq                               

 12HYY C                            (9.26) 

sadac 1H  xaxF  Zalis tolia, xolo 

xaxbrxax PF                            (9.27) 

2
21

ur

br

P
PPP                           (9.28) 
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nax.9.3 Tvlis qimis ulvaSa relsis Tavze Seugoreblobis saangariSo 
sqema:  

a – ZalTa moqmedebis sqema; b – qimis arasamuSao waxnagis Sexeba ulvaSa relsis 
mimmarTveli waxnagis momrgvalebasTan 

 

prof. m. verigos gamokvlevebis safuZvelze mimoqanebiTi moZraobisas 

pirdapir liandagSi Tvlis qimis ulvaSa relsis TavTan dajaxebis Y  gani-

vi Zala, damokidebuli moZraobis siCqarisa da mijaxebis kuTxis mniSvnelo-

baze tolia 

6875sin21448  dajvY                       (9.29) 

mravalricxovani eqsperimentebis Sedegebis maTematikuri statistikis 

meTodiT damuSavebis Sedegad dadgenilia, rom  

37,1
1

2 
P

P
                                                          (9.30) 

am pirobidan gamomdinare Catarebuli gaangariSebebis Sedegad miRebu-

lia, rom Tvlis mdgradoba ulvaSa relsis da gularis Tavze Seugoreb-

lobis pirobiT uzrunvelyofili iqneba, Tu 

71,2sin dajv                             (9.31) 
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Tavi 10.  rkinigzis liandagis elementebis SerCevis teqnikur-

ekonomikuri gaangariSebebi 

 

10.1. teqnikur-ekonomikuri gaangariSebis meTodebi 

liandagis elementebis an mTlianad liandagis mizanSewonili konst-

ruqciis SerCeva xorcieldeba SesaZlo variantebis Sedarebis safuZvelze, 

teqnikur-ekonomikuri gaangariSebis Sedegad. 

rkinigzis liandagis da misi elementebis daproeqtebis meTodebi kapit-

aldabandebebis, axali teqnikisa da teqnologiebis danergvis efeqtianobis 

miRwevis problemis nawilia. 

liandagis da misi elementebis teqnikur-ekonomikuri gaangariSebis gra-

foanalizuri e.w. „xarjebis gaTanabrebis“ meTodiT, analizurad ganisaz-

Rvreba D  xarjebi variantebis mixedviT, nax.10.1: 

 

nax.10.1 nazRaurobis vadis damokidebuleba variantebis 
kapitaldabandebasTan 

 

    








tЭKD

tЭKD

222

111                            (10.1) 

sadac 21 ,KK  - kapitaldabandebebia variantebis mixedviT; 

21,ЭЭ  - variantebis eqspluataciuri xarjebi t  periodSi.  

xarjebi variantebis mixedviT gavutoloT erTmaneTs, maSin  

nazRnazR tЭKtЭK 2211                        (10.2) 

aqedan variantis nazRaurobis vada toli iqneba 

12

21

ЭЭ

KK
t




nazR                                                        (10.3) 
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rogorc wesi varianti, romelisaTvis kapitaldabandeba maqsimaluria, 

nakleb saeqspluatacio xarjebs moiTxovs da piriqiT. grafoanalizuri me-

Todis erT-erTi saukeTeso Tvisebaa, rom am meTodiT SeiZleba Sedarebul 

iqnes ara marto ori, aramed praqtikulad nebismieri raodenobis varianti. 

tipuri dargobrivi meTodikis mixedviT dadgenilia zogadi (absolut-

uri) da fardobiTi (SedarebiTi) ekonomikuri efeqtianobis mcnebebi. 

kapitaldabandebebis zogadi (absoluturi) ekonomikuri efeqtianoba, 

uCvenebs Tu ra xarisxiT moqmedebs sawarmoo xarjebi, nacionaluri Semo-

savlis, produqciis moculobis da mogebis zrdaze. 

zogadi (absoluturi) ekonomikuri efeqtianobis maCvenebeli unda gain-

sazRvros dagegmvis yvela donisa da stadiisaTvis, agreTve calkeuli obi-

eqtebis daproeqtebisas teqnikur-ekonomikuri gaangariSebebis Sedegebis Se-

fasebisaTvis. 

kapitaldabandebebis fardobiTi (SedarebiTi) ekonomikuri efeqtianobis 

gaangariSebebi gamoiyeneba sawarmoebis ganlagebis sameurneo da teqnikuri 

gadawyvetilebebis variantebis Sedarebisas, axali teqnikis da teqnologie-

bis danergvisas, urTierTSemcvlli produqciis SerCevisas, axali sawarmo-

ebis mSeneblobisas da arsebulis rekonstruqciisas. 

saukeTeso variantis maCvenebilia minimaluri dayvanili 
iП  xarjebi, 

romelic erT ganzomilebaSi moyvanil mimdinare xarjebis (TviTRirebuleb-

is) da kapitaldabandebis jams warmoadgens 

iП min normEKC ii                         (10.4) 

sadac 
iC  - i -uri variantis mimdinare xarjebia (TviTRirebuleba); 

iK  - i -uri variantis kapitaldabandebi; 

normE - kapitaldabandebis SedarebiTi efeqtianobis normatiuli koe-

ficienti. 

dayvanili xarjebi SeiZleba gamoiTvalos agreTve Semdegi formuliT 

iП min normTCK ii                           (10.5) 

sadac normT  - damatebiTi kapitaldabandebis nazRaurobis normatiuli vadaa, 

TviTRirebulebis ekonomiis xarjze. 

variantebis SezRuduli raodenobis SemTxvevaSi SesaZlebelia wyvil-

wyvilad mimdevrobiT Sedareba Semdegi formulebis daxmarebiT 



 132 

12

21

KK

CC
E




                                (10.6) 

21

12

CC

KK
T




                                (10.7) 

sadac E - SedarebiTi efeqtianobis koeficientia; 

T - damatebiTi kapitaldabandebis nazRaurobis vada; 

21 ,KK  - Sesadarebeli variantebis kapitaldabandebebi; 

21,CC  - Sesadarebeli variantebis TviTRirebuleba. 

amrigad SedarebiTi efeqtianobis E  koeficienti nazRaurobis vadis Se-

brunebuli sididea  

T
E

1
                                (10.8) 

Tu E > normE  an T < normT , maSin ufro meti kapitaldabandebebiani varianti 

da damatebiTi kapitaldabandebis gaweva efeqtis momcemia. 

SedarebiTi efeqtianobis koeficienti 0,08-0,10-ze naklebi da 0,20-0,25-ze 

meti ar unda iyos. transportsa da satransporto mSeneblobaSi miiReba 

normE =0,10. 

Tu Sesadarebeli variantebis kapitaldabandebebi xorcieldeba sxvada-

sxva vadebSi, xolo mimdinare xarjebi gaWimulia droSi, maSin variantebs 

adareben, adrindeli wlebis mimdinare momentisaTvis dayvanili xarjebis 

mixedviT, daynorm. E  koeficientis gamoyenebiT 

 tE
B

daynorm. 


1

1
                         (10.9) 

sadac daynorm. E - normatiuli koeficientia sxvadasxva vadiani xarjebis da-

yvanisaTvis; 

t  - dayvanis drois periodi. 

sxvadasxva periodis xarjebis dayvana xorcieldeba mxolod ekonomi-

kuri efeqtianobis gaangariSebisaTvis da igi ar SeiZleba gamoyenebul iqnes 

saxarjTaRricxvo Rirebulebis gansazRvrisas. 

saukeTesod iTvleba is varianti, romlisTvisac dayvanili jamuri xar-

jebi mTeli saangariSo periodisaTvis minimaluria, e.i. 

iП
   







 





saansaan

daynorm. daynorm. 

tt

i
ti

tt

i
tii

E
Э

E
CK

11 1

1

1

1
            (10.10) 
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sadac  t  - mimdinare droa; 

saant - variantebis xarjebis saangariSio periodi; 

iC  - i -uri variantis SekeTebis perioduli xarjebi; 

iЭ  - i -uri variantis saeqspluatacio xarjebi. 

 

 

 

 

10.2. liandagis zeda naSenis tipis SerCeva ZiriTadi kriteriumebis mixedviT 

rkinigzebis uavario da Seuferxebeli moZraobis uzrunvelyofis erT-

erT umTavres pirobas, maRali saeqspluatacio-ekonomikuri Sedegebis uzru-

nvelyofiT, liandagisa da moZravi Semadgenlobis muSaobis iseTi Sesaba-

misobis miRweva warmoadgens, romlis drosac liandagisa da moZravi Semad-

genlobis muSaobis pirobebi, yvela teqnikur-ekonomikuri maxasiaTeblebis 

mixedviT, optimalur farglebSi Tavsdeba. es moTxovnebi gansakuTrebiT 

mniSvnelovania maRali tvirTdaZabulobis rkinigzebisaTvis. am moTxovnebi-

sagan yovelgvari gadaxrebi aucileblad ganapirobebs gadazidvebis proce-

sis warmadobis dacemas da saeqspluatacio xarjebis zrdas. 

cxadia, rom eqspluataciuri pirobebis did diapazonSi cvalebadobis 

SemTxvevaSi, liandagis zeda naSenis erTi tipis daSveba, romelic Tavisi 

simtkiciTa da meqanikuri maxasiaTeblebiT, rkinigzis mTel qselSi daak-

mayofilebs saeqspluatacio-ekonomikur moTxovnebs, ra Tqma unda SeuZle-

belia. amitom rkinigzebze unda dadgindes liandagis zeda naSenis SesaZlo 

minimaluri raodenobis tipebi, romlebic pirdapir upasuxebs ama Tu im 

saeqspluatacio pirobebs. 

mxedvelobaSi unda iqnes miRebuli agreTve is, rom liandagis zeda 

naSenis tipi, rac naklebi raodenobisa gveqneba, miT ufro iolia da iafia 

liandagis mowyoba da movla-Senaxva, ioldeba saliandago meurneobis gaZ-

Rola. swored amitom msoflio praqtikaSi, bolo wlebSi aRiniSneba rel-

sebis nairtipebis ricxvis Semcireba, romelic ZiriTad konstruqciul ele-

ments warmoadgens, liandagis zeda naSenis tipis dasadgenad. 

tipizaciis dadgenisas saWiroa mxedvelobaSi iqnas miRebuli teqnikur-

ekonomikuri da eqspluataciur moTxovnaTa mravalferovneba, romlebic wae-

yeneba liandagis zeda naSens. am moTxovnebis kompleqsis gaTvaliswinebisas 
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mxedvelobaSi unda iqnas miRebuli uaxloesi perspeqtivac (ara nakleb 15-20 

wlis farglebSi), romlebic ucilobel gavlenas axdenen liandagisa da 

moZravi Semadgenlobis urTierTqmedebaze. es urTierTqmedeba ki Tavis 

mxriv gavlenas axdens liandagis simtkiceze da mdgradobaze, saimedoobasa 

da stabilurobaze, moZraobis uwyvetobaze da usfrTxoebaze. 

liandagis zeda naSenis optimaluri tipis dadgenis ZiriTad, ganmsaz-

Rvrel faqtors da misi ekonomikuri mizanSewonilobis sferos, ubnis tvir-

TdaZabuloba warmoadgens. 

garkveuli xarisxiT tvirTdaZabulobazea damokidebuli moZravi Semad-

genlobidan liandagze gadacemuli, faqtiuri datvirTvebi da saSualo sa-

ubno siCqareebi, radganac tvirTdaZabul rkinigzebze muSaoben ufro mZlav-

ri lokomotivebi da didi tvirTamweobis vagonebi. 

yvelaze msubuqi tipis zeda naSenis dadgenisas gaTvaliswinebuli unda 

iqnas, rom mas unda gaaCndes mzidunarianoba, romelic saWiroa Tanamedrove, 

maRali tvirTamweobis vagonebis gatarebisaTvis, siCqaris SezRudvis gareSe. 

sasadguro mTavar liandagebze, asaqcevebze da gadaswrebis punqtebze, 

aseve gauCerebeli aqcevis punqtebze, liandagis zeda naSeni imave tipis un-

da moewyos, rogoric gadasarbenze. danarCen sasadguro liandagebze mizan-

Sewonilia imave tipis an ufro msubuqi Zvelvargisi relsebis gamoyeneba. 

samgzavro matareblebis Cqarosnuli moZraobis ubnebs ufro maRali 

moTxovnebi waeyenebaT. unda gaZlierdes liandagis zeda naSenis elementebi 

da gamkacrdes liandagis movla-Senaxvis normebi. 

saerTod normativebis moTxovnaTa mkacrad dacva, TiToeuli tipis ze-

da naSenisaTvis mniSvnelovnad amcirebs liangagis movla-Senaxvis da Seke-

Tebis xarjebs, zrdis Sromis nayofierebas, ubnis gamtarunarianobas da 

liandagis saimedoobas.  

 

 

10.3. relsebis simZlavris dadgena tvirTdaZabulobis, RerZze mosuli 

datvirTvisa da moZraobis siCqaris mixedviT 

konkretul SemTxvevaSi liandagis zeda naSenis tipi da konstruqcia 

unda SeirCes detaluri teqnikur-ekonomikuri gaangariSebis safuZvelze. am-

asTan gaTvaliswinebul unda iqnes sxvadasxva qveynebis rkinigzebis eqsp-

luataciisa da mecnieruli kvlevis gamocdilebebi. konkurentunariani vari-
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antebi SeirCeva, rkinigzebis eqspluataciuri muSaobis parametrebisa da ad-

gilobrivi pirobebis SejerebiT. 

liandagis zeda naSenis tips ZiriTadad gansazRvravs misi umTavresi 

elementi – relsi. relsebis simZlavris ganmsazRvrav sidides, rogorc 

cnobilia warmoadgens misi erTi grZivi metris q  kg/grZ.m wona. Cveulebriv 

relsis masa gansazRvravs zeda naSenis danarCeni elementebis maxasiaTebl-

ebs. 

arsebobs mravalricxovani masalebi rekomendebuli rkinigzebis saer-

TaSoriso asociaciis kongresebis, samamulo da sazRvargareTis qveynebis 

rkinigzebis gamocdilebebi, samecniero-kvleviTi samuSaoebis Sedegebi, rom-

lebic saSualebas iZlevian davadginoT maxloebiTi kavSiri, relsis saWi-

ro wonasa da saeqspluatacio pirobebs Soris. 

rkinigzebis saerTaSoriso asociaciis kairos kongresis (1938 w.) reko-

mendaciebis safuZvelze erTi grZivi metri relsis wona, RerZze mosuli 

datvirTebis Sesabamisad, iangariSeba miaxloebiTi, empiriuli formuliT 

max5,2 Pq                                (10.11) 

prof. o. erSkovi, msoflios qveynebis rkinigzebis gamocdilebis safuZ-

velze rekomendacias iZleva, erTi grZivi metri relsis wona, moZraobis si-

CqareebTan damokidebulebiT ganisazRvros formuliT 

2,2

maxv
q                                 (10.12) 

aqve unda aRiniSnos, rom msoflios umravlesi qveynebis rkinigzebis 

gamocdileba gviCvenebs, rom SegviZlia miviRoT 

 
5,2

maxv
q                                 (10.13) 

prof. v. Sulgas gamokvlevebis Tanaxmad, erTi grZivi metri relsis wo-

na tvirTdaZabulobis pirobiT tolia  

203,0

0046,31 Tq                           (10.14) 

zemoT motanili formulebi samarTliania specialuri rkinigzebisaT-

vis. Sereuli satvirTo da samgzavro gadazidvebis rkinigzebisaTvis, Ziri-

Tad kriteriumebTan damokidebulebiT, erTi grZivi metri relsis wonis mi-

axloebiTi mniSvnelobebis dasadgenad, yvelaze zust Sedegs prof. g. Saxu-

niancis formula iZleva  
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   3
2

maxmax

4
max

012,011 Pv
T

q 
















                  (10.15) 

sadac  - moZravi Semadgenlobis tipis gamaTvaliswinebeli koeficientia, 

lok =1,13 lokomotivebisaTvis, vag =1,2 vagonebisaTvis; 

 - relsebis xarisxis gamaTvaliswinebeli koeficienti,  =1,5 mocu-

lobiTi nawrTobi relsebisaTvis,  =1,0 uwrTobi relsebisaTvis. 

relsebis wonis gaangariSebisas mxedvelobaSi unda moviRoT, misi efe-

qtianobis mareglamentirebeli parametrebi ,A  B da C . aRniSnuli parametr-

ebis sidideebi miRebulia msoflios rigi qveynebis rkinigzebis eqspluata-

ciis gamocdilebis Sedegad. parametrebi A  da B iTvaliswinebs relsis sim-

tkicis pirobas, xolo parametri C  ekonomikurobis pirobas. 

,A  B da C  parametrebis sidideebi ganisazRvreba formulebiT: 

maxP

q
A sapr                               (10.16) 

maxv

q
B sapr                               (10.17) 

4
max T

q
C sapr                             (10.18) 

dadgenilia, rom am parametrebis optimaluri sidideebi unda icvlebo-

des farglebSi  

3,02,0 A  

12,212,1 B  

314,24 C  

 

 

10.4. relsebis wonis Semowmeba moZraobis saCqareebis zrdis perspeq-

tivebis gaTvaliswinebiT 

rkinigzis transportze siCqareebis zrda mTeli rigi kardinaluri Ro-

nisZiebebis ganxorcielebas moiTxovs, satransporto meurneobis yvela dar-

gSi. 

am RonisZiebebis ganxorcielebis erT-erT areals rkinigzis salianda-

go meurneoba warmoadgens, romlis ZiriTadi Semadgeneli nawilia liandag-

is zeda naSenis konstruqcia. 
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moZraobis saCqareebis zrda gansakuTrebul moTxovnebs uyenebs lian-

dagis konstruqcias, misi mdgradobisa da movla-Senaxvis xarisxs, radganac 

satvirTo matareblebis moZraobis saCqareebis 80-90 km/sT-mde da samgzavro 

matareblebis 140-160 km/sT-mde gazrdis SemTxvevaSi liandagis zeda naSenis 

elementebSi aRiZvrebian damatebiTi Zabvebi. amitom liandagis zeda naSenis 

konstruqciis simtkicis pirobis dakmayofilebisaTvis saWiro xdeba misi ga-

Zliereba. 

Cqarosnuli da zeCqarosnuli rkinigzebis daproeqtebasa da mowyobaSi 

sadReisod msoflio praqtikaSi ori ZiriTadi mimarTuleba aRiniSneba:  

 Cqarosnuli da zeCqarosnuli rkinigzebi mxolod samgzavro daniSnu-

lebisaTvis; 

 Sereuli, samgzavro da satvirTo gadazidvebisaTvis. 

msoflios yvela qveyanaSi Tvlian, rom liandagis zeda naSenis arsebu-

li konstruqcia savsebiT akmayofilebs moZraobis pirobebs dadgenili 

maqsimaluri siCqareebiT. ufro metic, mTel rig qveynebSi miaCniaT, rom li-

andagis arsebuli konstruqcia, misi gaZlierebis gareSec iZleva moZraobis 

saCqareebis zrdis saSualebas. 

cnobilia, rom liandagis zeda naSenze moZravi Semadgenlobis dinami-

kuri zemoqmedebis sidide damokidebulia RerZze mosul datvirTvaze da 

moZraobis saCqareze. amave dros liandagis muSaoba da liandagSi sxvada-

sxva usworobaTa dagroveba damokidebulia ara marto moZravi Semadgen-

lobis dinamikuri zemoqmedebis xarisxze, aramed tvirTdaZabulobazec. 

msoflios qveynebis rkinigzebis eqspluataciis gamocdilebis mixedviT 

dadgenilia, rom Cqarosnuli moZraobis (140-160km/sT) da saSualo tvirT-

daZabulobis (25 - 50 mln.t.br.km/km w.) pirobebSi mZime tipis zeda naSeni 65P  

tipis relsebiT, savsebiT akmayofilebs moZraobis usafrTxoebis pirobebs 

da optimalur tips warmoadgens. normaluri tipis zeda naSeni 50P  tipis 

relsebiT 120 km/sT siCqariT moZraobis uzrunvelyofis saSualebas iZleva. 

radganac liandagis konstruqciis umTavresi mzidi elementi relsia, 

amitom liandagis gaZlierebis yvelaze efeqtur saSualebas relsis wonis 

gazrda warmoadgens. 

msoflios rigi qveynebis rkinigzebze, samgzavro matareblebis Cqaros-

nuli moZraobis piriobebSi, gamoiyeneba relsebi, romelTa erTi grZivi met-
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ris wona 50 kg/grZ.m-ze metia. gamonakliss warmoadgens relsebi woniT 38 – 

49 kg/grZ.m. 

120 km/sT da meti siCqareebis realizaciis SemTxvevaSi sxvadasxva qve-

ynebSi gamoiyenebuli relsebis wona mocemulia cxrilSi 10.1. 

                                                           cxrili 10.1 

qveynebis dasaxeleba erTi grZivi metri relsis 
wona, kg/grZ.m. 

yofili sabWoTa kavSiris qveynebi 
CexeTi da slovakia 
safrangeTi 
germania 
inglisi 
italia 
belgia 
aSS 
iaponia 

51,67; 64,72; 74,41 
49,70; 51,67 
46,00; 50,00; 62,00 
49,40; 64,00 
54,00 
46,00; 50,00; 60,00 
50,00 
55,60; 65,50;; 74,00; 76,00 
50,00; 53,00 

 

relsebis simZlavris teqnikur-ekonomikuri efeqturoba ganisazRvreba 

moZraobis maqsimaluri siCqaris fardobiT erTi grZivi metri relsis wona-

sTan, (cxrili 10.2) 

Tu fardoba 5,2max qv , maSin aseTi relsebis gamoyeneba aRebuli 

siCqaris SemTxvevaSi mizanSewonilad iTvleba. 

                                                             cxrili 10.2 

maxv , 

 km/sT 

qvmax
 

50q  kg/grZ.m 65q  kg/grZ.m 

160 
140 
120 
100 

3,2 
2,8 
2,4 
2,0 

2,46 
2,16 
1,85 
1,54 
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cxrili 1 

f  koeficientis mniSvnelobebi mimmarTveli RerZebisaTvis 
lokomotivis 

seria 
swor 
ubanSi 

mrudebSi radiusiT R , m 
1000 800 700 600 500 400 350 300 250 200 

elmavlebi 
ВЛ60, ВЛ60П, 

ВЛ60К 
1,13 1,33 1,37 1,41 1,45 1,53 1,62 1,66 1,69 1,72 _ 

ВЛ80, ВЛ80К 1,08 1,30 1,34 1,36 1,38 1,40 1,41 1,42 1,44 1,45 _ 

ЧС4 1,26 1,38 1,42 1,44 1,46 1,52 1,60 1,65 1,72 1,80 _ 

ФП 1,13 1,60 1,66 1,73 1,80 1,89 1,99 2,04 2,07 2,10 _ 

Ф 1,10 1,38 1,50 1,58 1,69 1,85 2,07 2,23 2,35 2,45 _ 

К 1,11 1,38 1,42 1,45 1,48 1,53 1,57 1,62 1,66 1,70 _ 

ВЛ41 1,17 1,30 1,35 1,38 1,41 1,45 1,50 1,53 1,59 1,68 _ 

ЧС2М 1,10 1,40 1,45 1,51 1,55 1,62 1,69 1,77 1,80 1,85 _ 

ЧС1, ЧС3 1,12 1,24 1,26 1,29 1,32 1,35 1,42 1,45 1,51 1,59 _ 

ВЛ10 1,25 1,27 1,28 1,30 1,33 1,37 1,41 1,43 1,49 1,56 _ 

ВЛ8 1,10 1,18 1,22 1,25 1,29 1,37 1,45 1,51 1,53 1,57 _ 

ВЛ22, ВЛ22М 1,42 1,45 1,46 1,48 1,49 1,50 1,54 1,59 1,66 1,73 _ 

ВЛ-23 1,17 1,22 1,24 1,26 1,30 1,35 1,46 1,51 1,62 1,73 _ 

Tbomavlebi da airturbomavlebi 
ТЭП60, ТГП50, 

ГП1 
1,13 1,34 1,39 1,44 1,47 1,55 1,65 1,72 1,78 1,83 _ 

ТЭП10, 

ТЭП10Л  
1,20 1,33 1,40 1,44 1,49 1,54 1,60 1,64 1,68 1,73 _ 

ТЭ7 1,20 1,36 1,43 1,47 1,52 1,58 1,65 1,68 1,74 1,80 _ 
ТЭ3,  ТЭ10Л, 

ТЭ10  
1,20 1,33 1,40 1,44 1,49 1,54 1,60 1,64 1,68 1,73 _ 

ТЭ2 1,11 1,12 1,13 1,15 1,16 1,24 1,34 1,41 1,47 1,55 _ 

ТЭ1 Да  1,17 1,24 1,25 1,27 1,30 1,39 1,50 1,58 1,65 1,73 _ 

ТГ102 1,10 1,31 1,36 1,39 1,43 1,48 1,53 1,56 1,59 1,63 _ 

ТГ106 1,15 1,39 1,44 1,48 1,53 1,59 1,68 1,73 1,77 1,80 _ 

Г1 1,12 1,38 1,46 1,50 1,53 1,57 1,62 1,65 1,67 1,72 _ 

ТЭМ1, ТГМ 10  1,20 1,35 1,42 1,46 1,52 1,57 1,63 1,67 1,72 1,77 1,84 
ТГМ2, ТГМ3 

ТГМ5 
1,11 1,23 1,30 1,33 1,36 1,40 1,43 1,47 1,51 1,58 1,66 

vagonebi 
oTxRerZiani 
satvirTo 
vagoni ЦНИИ-

ХЗ-0 urikebiT 

1,18 1,26 1,28 1,30 1,33 1,39 1,49 1,55 1,65 1,78 _ 

eqvsRerZiani  
satvirTo 
vagoni УВЗ-9м 
urikebiT 

1,13 1,35 1,41 1,44 1,46 1,49 1,53 1,56 1,60 1,66 _ 

rvaRerZiani 
naxevarvagoni 
ЦНИИ-ХЗ-0 
urikebiT 

1,18 1,28 1,31 1,33 1,37 1,42 1,49 1,54 1,62 1,72 _ 
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cxrili 2 

vagonebisa da lokomotivebis saangariSo maxasiaTeblebi 
 

 
 
 
 

ekipaJis tipi da 
Tvlebis formula 

ko
ns

t
r
u
qc

iu
l
i 

s
iC
qa
r
e 

V
ko

ns
t
. 
km
/s
T
 

erT Tvalze 
mosuli 

s
ar

es
o
r
o
 C
am
o
ki
d
eb

is
 

s
t
at

ik
u
r
i 

Ca
R
u
nv
a 

f s
t
, 
mm
. 

T
vl

is
 d

ia
me
t
r
i 

d
, 
s
m.
 

R
er

Ze
b
s
 S

o
r
is

 m
an
Zi
l
i 

mi
md

ev
r
o
b
iT

 l
, 
s
m.
 

T
vl

eb
is

 i
z
o
l
ir

eb
u
l
i 

u
s
w
o
r
o
b
is

 s
aa
ng

ar
iS

o
 

s
iR

r
me
 a
, 
s
m.
 

r
el

s
eb
z
e 

g
ad

ac
em
u
l
i 

s
t
at

ik
u
r
i 

d
at

vi
r
T
va
 

P
s
t
., 
kg

. 
d
au

r
es

o
r
eb
el

i 
na
w
il

is
 w

o
na
 q

, 
kg

. 

s
ar

es
o
r
o
 

Ca
mo

ki
d
eb

is
 s

ix
is

t
e 

Ж
, 
kg

/m
m.
 

1 2 3 4 5 6 7 8 9 
oTxRerZiani 
satvirTo vagoni 
ЦНИИ-ХЗ-0 urikebiT 

100 10500 975 200 48 95 185-675-185 0,047 

eqvsRerZiani  
satvirTo vagoni 
УВЗ-9м urikebiT 

100 10700 1070 195 50 95 
175-175-694-

175-175 
0,047 

rvaRerZiani 
naxevarvagoni ЦНИИ-

ХЗ-0 urikebiT 
100 10550 975 200 48 95 

185-135-185-
702-185-135-185 

0,047 

samgzavro vagoni 
ЦМВ 

120 8100 710 76 145 105 270-1420-270 0,047 

samgzavro vagoni 
КВЗ-ЦНИИ urikebiT 160 7125 710 57 155 105 240-1460-240 0,047 

cvladi denis elmavlebi 

ВЛ 60П            30-30 120 11000 2550 78 108,6 125 
230-230-380-
230-230 

0,047 

ВЛ60, ВЛ60К  30-30 100 11500 3080 142 59,6 125 
230-230-380-
230-230 

0,047 

ВЛ80, ВЛ80К 20-20-20-20 110 11500 2760 152 108,0 125 
300-450-300-
572-450-300 

0,047 

Ф П                  30-30 160 10900 1530 100 93,5 125 
233,5-251-

766,5-251-233,5 
0,047 

Ф                     30-30 110 11500 2640 96,5 91,8 125 
233,5-233,5-
801,5-233,5-

233,5 
0,047 

ЧС4                 30-30 160 10500 1850 87 140,0 125 
230-230-500-

230-230 
0,047 

К                     30-30 100 11500 1600 144,6 127,6 125 
235-260-434-

260-235 
0,047 

ВЛ80Т             2(20-20) 110 11500 2925 91 73,5 125 
300-450-300-
572-300-450-

300 
0,047 

ВЛ80Р             2(20-20) 110 12000 2925 152 108,0 125 
300-450-300-
572-300-450-

300 
0,047 

ВЛ82              2(20-20) 110 12000 2970 140 108,0 125 300 0,047 
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1 2 3 4 5 6 7 8 9 
mudmivi denis elmavlebi 

ЧС2М                        30-30 160 10250 1925 135 120 125 
240-220-380-

220-240 
0,047 

ЧС3                 20-20 120 10625 1925 192,2 102,2 125 333-484-333 0,047 

ЧС1                 20-20 120 10625 1925 192 102,2 125 333-484-333 0,047 

ВЛ23               30-30 100 11500 3170 142 59 120 
220-220-380-

220-220 
0,047 

ВЛ10              20-2020-20 
110 11500 3055 101 116,2 125 

300-400-300-
466,5-300-400-

300 
0,047 

ВЛ 8               20-2020-20 
80 11500 3170 118 70 120 

320-380-320-
210-320-380-

320 
0,047 

ВЛ19              30-30 85 9750 2750 108 62 125 
200-250-380-

250-200 
0,047 

ЧС2Т             30-30 160 10500 1925 135 120 125 
240-220-380-

220-240 
0,047 

ЧС4Т             30-30 160 10500 1850 135 140 125 
230-230-500-

230-230 
0,047 

Tbomavlebi 
ТЭП60           30-30 160 10500 1415 94 96,5 105 

220-240-580-
240-220 

0,047 

ТЭП10          30-30 140 10750 2175 71 121 105 
210-210-500-

210-210 
0,047 

ТЭ7               30-30 140 10500 2330 131 62,3 105 
210-210-500-

210-210 
0,047 

ТЭ10              30-30 100 10750 2175 130 71 105 
210-210-500-

210-210 
0,047 

2ТЭ10Л         2(30-30) 100 10650 2240 119 69 105 
210-210-500-

210-210 
0,047 

ТЭ3, ТЭ30     30-30 100 10500 2330 143 57 105 
210-210-440-

210-210 
0,047 

ТЭ2                20-20 95 10625 1225 152 41 105 225-395-225 0,065 

ТЭ1                30-30 95 10325 1750 162 27 105 
152,5-190,5-

503-190,5-152,5 
0,065 

2ТЭ116          2(30-30) 120 11250 4260 130 101 105 185-185 0,047 

2ТЭ121          2(30-30) 120 12500 3700 120 150 105 220-220 0,047 

2ТЭ10В          2(30-30) 100 11500 4260 119 100 105 185-185 0,047 

4ТЭ130          4(30-30) 100 11500 4260 186 100 105 185-185 0,047 

ТЭП70            30-30 160 10750 3080 125 180 125 200-230 0,047 

ТЭП75            30-30 160 11500 3150 125 180 125 200-230 0,047 

magistraluri Tbomavlebi hidrogadacemiT 
ТГП50            30-30 140 11270 1525  154,6 105 

220-240-795-
240-220 

0,047 

ТГ106             30-30 100 11500 1950  135 105 
190,5-180-853-
180-190,5 

0,047 

ТГ102К          20-20 120 10500 2165 103 77,5 105 250-240-250 0,047 

samanevro Tbomavlebi 
ТЭМ 1            30-30 100 10000 2330 143 54 105 

210-210-440-
210-210 

0,047 

ТГМ10           30-30 80 10000 1800  62,6 105 
210-210-440-

210-210 
0,047 
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1 2 3 4 5 6 7 8 9 
ТГМ 5            20-20 80 11000 1900  67,5 105 210-510-210 0,047 

ТГМ 2            20-20 60 8500 2000   105 180-390-180 0,047 

ТГМ 3            20-20 60 8500 1550 118 30 105 210-190-210 0,047 

airturbomavlebi 
ГП 1               30-30 160 10700 1415 96,5 94,3 105 

220-240-580-
240-220 

0,047 

Г 1                  30-30 100 11800 2275  103 105 
220-220-220-

220-220 
0,047 

ЧМЭ3            30-30 95 10250 1940 157 52 105 
200-200-460-

200-200 
0,047 

 
 
 

cxrili 3 

U da k koeficientebis mniSvnelobebi xis Spalebisa da RorRis 
balastisaTvis  

relsis 
tipi 

Spalebis 
tipi 

Spalebis 
epiura 
cali/km 

U , 
2kg/sm  

k , -1sm , relsis Tavis dayvanili cveTis 
Sesabamisad 

0 3 mm 6 mm 9 mm 

65P  

IА , IБ 
1600 
1840 
2000 

230 
270 
295 

0,00937 
0,00976 
0,00997 

0,00947 
0,00986 
0,01008 

0,00961 
0,01000 
0,01023 

0,00978 
0,01018 
0,01040 

IIА , IIБ 
1600 
1840 
2000 

230 
260 
290 

0,00937 
0,00966 
0,00993 

0,00947 
0,00976 
0,01003 

0,00961 
0,00991 
0,01018 

0,00978 
0,01008 
0,01036 

50P  

IА , IБ 
1600 
1840 
2000 

230 
270 
295 

0,01081 
0,01125 
0,01150 

0,01093 
0,01137 
0,01163 

0,01110 
0,01155 
0,01181 

0,01131 
0,01177 
0,01203 

IIА , IIБ 
1600 
1840 
2000 

230 
260 
290 

0,01081 
0,01115 
0,01146 

0,01093 
0,01126 
0,01158 

0,01110 
0,01145 
0,01176 

0,01131 
0,01165 
0,01198 

  

 

 

cxrili 4 

U da k koeficientebis mniSvnelobebi rkinabetonis Spalebisa da RorRis 
balastisaTvis  

relsis 
tipi 

Suasadebebis 
tipi 

Spalebis 
epiura 
cali/km 

U ,  
2kg/sm  

k , -1sm , relsis Tavis day-
vanili cveTis Sesabamisad 

6 mm 9 mm 

65P  

tipuri, sisqiT 
5 – 6 mm 

1840 
2000 

1500 
1670 

0,01536 
0,01578 

0,01562 
0,01604 

maRali 
drekadobis 

1840 
2000 

1000 
1100 

0,01388 
0,01421 

0,01412 
0,01446 

50P  

tipuri, sisqiT 
5 – 6 mm 

1840 
2000 

1500 
1670 

0,01772 
0,01820 

0,01804 
0,01853 

maRali 
drekadobis 

1840 
2000 

1000 
1100 

0,01600 
0,01638 

0,01630 
0,01669 
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cxrili 5 

qvesadebebis sayrdeni farTobebi 
 

Sualeduri 
samagrebis tipi 

relsis 
tipi 

qvesadebis 
farTobi 
 , sm2 

Sualeduri 
samagrebis tipi 

relsis 
tipi 

qvesadebis 
farTobi  
 , sm2 

 
ganuyofeli  

 65P  
50P *   
50P ** 

594 
496 
596 

gancalkevebuli: 
К-4 

КБ-rkinabetonis 
SpalebisaTvis 

 
50P  
65P  
 

 
560 
481 
 

SeniSvna: *  - liandagis swori ubnebisaTvis. 
          ** - liandagis mrude ubnebisaTvis. 
 
 

 

 

cxrili 6 

  da   parametrebis mniSvnelobebi Spalisa da balastis masalis 
mixedviT 

parametrebi 
balastis 
saxeoba 

xis Spalebi 
rkinabetonis 

Spalebi 

I А, I Б II А, II Б  
Spalebis gaRunvis 

 koeficienti 
RorRi 
xreSi 

0,83 
0,85 

0,78 
0,81 

0,85 
0,90 

naxevarSpalis farTobi 
gaRunvis gaTvaliswinebiT 


b

a
 , sm2 

RorRi 
xreSi 

2853 
2920 

2466 
2561 

2975 
3150 

  
 

 
 

cxrili 7 

relsis ganivi kveTis maxasiaTeblebi 

relsis 
tipi 

dayvanili 
cveTa, mm. 

F , 
2sm  f

T

b

b
,sm  fI , 

4sm   

TI , 
4sm  

fW , 

3sm   

TW , 
3sm   

fz , 

sm  
Tz , 

sm   
1h , 

sm  
2h , 

sm  

65P  
0 
6 
9 

82,56 
78,24 
76,08 0,15

5,7
 

3548 
3208 
2998 

569 
550 
541 

436 
417 
404 

359 
330 
310 

8,13 
7,69 
7,42 

9,87 
9,71 
9,68 

13,6 
13,4 
13,2 

4,4 
4,0 
3,9 

50P  
0 
6 
9 

65,93 
61,73 
59,63 2,13

2,7
 

2018 
1813 
1685 

375 
359 
349 

286 
273 
264 

248 
227 
213 

7,05 
6,64 
6,38 

7,15 
7,96 
7,92 

10,7 
10,5 
10,3 

4,5 
4,1 
4,0 
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cxrili 8 
  da   epiuris ordinatebis mniSvnelobebi 

 

  kxkxe kx sincos   ;     kxkxe kx sincos    
 

kx      kx      

0,50 0,2415 0,8231 0,90 -0,1617 1,4049 
0,51 0,2309 0,8172 0,91 -0,1758 1,4033 
0.52 0,2205 0,8113 0.92 -0,1898 1,4014 
0,53 0,2103 0,8054 0,93 -0,2038 1,3995 
0,54 0,2002 0,7994 0,94 -0,2178 1,3974 
0,55 0,1903 0,7934 0,95 -0,2317 1,3951 
0,56 0,1805 0,7874 0,96 -0,2457 1,3927 
0,57 0,1709 0,7813 0,97 -0,2596 1,3902 
0,58 0,1615 0,7752 0,98 -0,2735 1,3875 
0,59 0,1522 0,7690 0,99 -0,2873 1,3847 
0,60 0,1431 0,7628 1,00 -0,3012 1,3818 
0,61 0,1341 0,7566 1,01 -0,3150 1,3787 
0.62 0,1253 0,7504 1.02 -0,3287 1,3755 
0,63 0,1166 0,7441 1,03 -0,3425 1,3721 
0,64 0,1080 0,7378 1,04 -0,3562 1,3686 
0,65 0,0997 0,7315 1,05 -0,3699 1,3650 
0,66 0,0914 0,7252 1,06 -0,3835 1,3612 
0,67 0,0833 0,7189 1,07 -0,3971 1,3573 
0,68 0,0754 0,7125 1,08 -0,4106 1,3533 
0,69 0,0676 0,7061 1,09 -0,4241 1,3491 
0,70 0,0599 0,6997 1,10 -0,4376 1,3448 
0,71 0,0524 0,6933 1,11 -0,4510 1,3404 
0.72 0,0450 0,6869 1.12 -0,4644 1,3358 
0,73 0,0377 0,6805 1,13 -0,4778 1,3311 
0,74 0,0306 0,6741 1,14 -0,4910 1,3262 
0,75 0,0236 0,6676 1,15 -0,5043 1,3213 
0,76 0,0168 0,6618 1,16 -0,5175 1,3161 
0,77 0,0101 0,6547 1,17 -0,5306 1,3109 
0,78 0,0035 0,6483 1,18 -0,5437 1,3055 
0,79 -0,0030 0,6418 1,19 -0,5567 1,3000 
0,80 -0,0093 0,6354 1,20 -0,5697 1,2944 
0,81 -0,0155 0,6289 1,21 -0,5826 1,2886 
0.82 -0,0215 0,6225 1.22 -0,5955 1,2828 
0,83 -0,0275 0,6161 1,23 -0,6083 1,2767 
0,84 -0,0333 0,6096 1,24 -0,621 1,2706 
0,85 -0,0390 0,6032 1,25 -0,6337 1,2643 
0,86 -0,0446 0,5968 1,26 -0,6463 1,2579 
0,87 -0,0501 0,5904 1,27 -0,6588 1,2514 
0,88 -0,0554 0,5840 1,28 -0,6713 1,2447 
0,89 -0,0606 0,5776 1,29 -0,6837 1,2380 
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cxrili 8 (gagrZeleba) 

kx      kx      

1,30 -0,1897 0,3355 1,75 -0,2020  0,1400 
1,31 -0,1911 0,3303 1,76 -0,2013 0,1366 
1.32 -0,1925 0,3251 1,77 -0,2007 0,1333 
1,33 -0,1938 0,3199 1,78 -0,200 0,1299 
1,34 -0,1950 0,3148 1,79 -0,1993 0,1267 
1,35 -0,1962 0,3097 1,80 -0,1985 0,1234 
1,36 -0,1973 0,3047 1,81 -0,1978 0,1202 
1,37 -0,1983 0,2997 1.82 -0,1970 0,1171 
1,38 -0,1993 0,2947 1,83 -0,1962 0,1139 
1,39 -0,2002 0,2898 1,84 -0,1953 0,1109 
1,40 -0,2011 0,2849 1,85 -0,1945 0,1078 
1,41 -0,2019 0,2801 1,86 -0,1936 0,1048 
1.42 -0,2027 0,2753 1,87 -0,1927 0,1019 
1,43 -0,2034 0,2705 1,88 -0,1918 0,0989 
1,44 -0,2040 0,2658 1,89 -0,1908 0,0960 
1,45 -0,2046 0,2611 1,90 -0,1899 0,0932 
1,46 -0,2051 0,2565 1,91 -0,1889 0,0904 
1,47 -0,2056 0,2519 1.92 -0,1879 0,0876 
1,48 -0,2061 0,2473 1,93 -0,1869 0,0849 
1,49 -0,2064 0,2428 1,94 -0,1859 0,0822 
1,50 -0,2068 0,2384 1,95 -0,1848 0,0795 
1,51 -0,2071 0,2339 1,96 -0,1838 0,0769 
1.52 -0,2073 0,2295 1,97 -0,1827 0,0743 
1,53 -0,2075 0,2252 1,98 -0,1816 0,0717 
1,54 -0,2077 0,2209 1,99 -0,1805 0,0692 
1,55 -0,2078 0,2166 2,00 -0,1794 0,0667 
1,56 -0,2079 0,2124 2,01 -0,1782 0,0643 
1,57 -0,2079 0,2082 2.02 -0,1771 0,0619 
1,58 -0,2079 0,2041 2,03 -0,1759 0,0595 
1,59 -0,2078 0,2000 2,04 -0,1748 0,0572 
1,60 -0,2077 0,1959 2,05 -0,1736  0,0549 
1,61 -0,2076 0,1919 2,06 -0,1724 0,0526 
1.62 -0,2074 0,1879 2,07 -0,1712 0,0504 
1,63 -0,2072 0,1840 2,08 -0,1700 0,0482 
1,64 -0,2069 0,1801 2,09 -0,1688 0,0460 
1,65 -0,2066 0,1763 2,10 -0,1675 0,0439 
1,66 -0,2063 0,1724 2,11 -0,1663 0,0418 
1,67 -0,2060 0,1687 2.12 -0,1650 0,0397 
1,68 -0,2056 0,1650 2,13 -0,1638 0,0377 
1,69 -0,2052 0,1613 2,14 -0,1625 0,0357 
1,70 -0,2047 0,1576 2,15 -0,1612 0,0337 
1,71 -0,2042 0,1540 2,16 -0,1600 0,0318 
1.72 -0,2037 0,1505 2,17 -0,1587 0,0299 
1,73 -0,2031 0,1469 2,18 -0,1574 0,0280 
1,74 -0,2026 0,1435 2,19 -0,1561 0,0262 
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cxrili 8 (gagrZeleba) 
 

kx      kx      

2,20 -0,1548 0,0244 2,65  -0,0956 -0,0289 
2,21 -0,1535 0,0226 2,66 -0,0944 -0,0296 
2,22 -0,1522 0,0209 2,67 -0,0932 -0,0302 
2,23 -0,1509 0,0191 2,68 -0,0919 -0,0309 
2,24 -0,1495 0,0175 2,69 -0,0907 -0,0315 
2,25 -0,1482 0,0158 2,70 -0,0895 -0,0320 
2,26 -0,1469 0,0142 2,71 -0,0883 -0,0326 
2,27 -0,1456 0,0126 2.72 -0,0871 -0,0331 
2,28 -0,1442 0,0110 2,73 -0,0859 -0,0337 
2,29 -0,1429 0,0095 2,74 -0,0847 -0,0342 
2,30 -0,1416 0,0080 2,75 -0,0835 -0,0347 
2,31 -0,1402 0,0065 2,76 -0,0823 -0,0352 
2,32 -0,1389 0,0050 2,77 -0,0811 -0,0356 
2,33 -0,1375 0,0036 2,78 -0,0800 -0,0361 
2,34 -0,1362 0,0022 2,79 -0,0788 -0,0365 
2,35 -0,1349 0,0008 2,80 -0,0777 -0,0369 
2,36 -0,1335 -0,0005 2,81 -0,0765 -0,0373 
2,37 -0,1322 -0,0018 2.82 -0,0754 -0,0377 
2,38 -0,1308 -0,0031 2,83 -0,0743 -0,0381 
2,39 -0,1295 -0,0044 2,84 -0,0731 -0,0384 
2,40 -0,1282 -0,0056 2,85  -0,0720 -0,0388 
2,41 -0,1268 -0,0068 2,86 -0,0709 -0,0391 
2.42 -0,1255 -0,0080 2,87 -0,0698 -0,0394 
2,43 -0,1242 -0,0092 2,88 -0,0687 -0,0397 
2,44 -0,1228 -0,0103 2,89 -0,0677 -0,0400 
2,45 -0,1215 -0,0114 2,90 -0,0666 -0,0403 
2,46 -0,1202 -0,0125 2,91 -0,0655 -0,0405 
2,47 -0,1188 -0,0136 2.92 -0,0645 -0,0408 
2,48 -0,1175 -0,0146 2,93 -0,0634 -0,0410 
2,49 -0,1162 -0,0156 2,94 -0,0624 -0,0412 
2,50 -0,1149 -0,0166 2,95 -0,0613 -0,0414 
2,51 -0,1136 -0,0176 2,96 -0,0603 -0,0416 
2.52 -0,1123 -0,0186 2,97 -0,0593 -0,0418 
2,53 -0,111 -0,0195 2,98 -0,0583 -0,0420 
2,54 -0,1097 -0,0204 2,99 -0,0573 -0,0421 
2,55 -0,1084 -0,0213 3,00 -0,0563 -0,0423 
2,56 -0,1071 -0,0221 3,01  -0,0553 -0,0424 
2,57 -0,1058 -0,0230 3.02 -0,0544 -0,0425 
2,58 -0,1045 -0,0238 3,03 -0,0534 -0,0426 
2,59 -0,1032 -0,0246 3,04 -0,0524 -0,0427 
2,60 -0,1019 -0,0254 3,05 -0,0515 -0,0428 
2,61 -0,1007 -0,0261 3,06 -0,0506 -0,0429 
2.62 -0,0994 -0,0268 3,07 -0,0496 -0,0430 
2,63 -0,0981 -0,0276 3,08 -0,0487 -0,0430 
2,64 -0,0969 -0,0283 3,09 -0,0478 -0,0431 
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cxrili 8 (gagrZeleba) 
 

kx      kx      

3,10  -0,0469 -0,0431 3,55  -0,0150 -0,0378 
3,11 -0,0460 -0,0432 3,56 -0,0144 -0,0375 
3.12 -0,0451 -0,0432 3,57 -0,0139 -0,0373 
3,13 -0,0442 -0,0432 3,58 -0,0134 -0,0371 
3,14 -0,0434 -0,0432 3,59 -0,0129 -0,0368 
3,15 -0,0425 -0,0432 3,60 -0,0124 -0,0366 
3,16 -0,0416 -0,0432 3,61 -0,0119 -0,0364 
3,17 -0,0408 -0,0432 3.62 -0,0114 -0,0361 
3,18 -0,0400 -0,0432 3,63 -0,0110 -0,0359 
3,19 -0,0391 -0,0431 3,64 -0,0105 -0,0356 
3,20 -0,0383 -0,0431 3,65 -0,0101 -0,0354 
3,21 -0,0375 -0,0430 3,66 -0,0096 -0,0351 
3,22 -0,0367 -0,0430 3,67 -0,0092 -0,0348 
3,23 -0,0359 -0,0429 3,68 -0,0087 -0,0346 
3,24 -0,0351 -0,0428 3,69 -0,0083 -0,0343 
3,25  -0,0344 -0,0427 3,70 -0,0079 -0,0341 
3,26 -0,0336 -0,0427 3,71 -0,0075 -0,0338 
3,27 -0,0328 -0,0426 3.72 -0,0070 -0,0335 
3,28 -0,0321 -0,0425 3,73 -0,0066 -0,0333 
3,29 -0,0313 -0,0424 3,74 -0,0062 -0,0330 
3,30 -0,0306 -0,0422 3,75 -0,0059 -0,0327 
3,31 -0,0299 -0,0421 3,76  -0,0055 -0,0325 
3,32 -0,0292 -0,0420 3,77 -0,0051 -0,0322 
3,33 -0,0285 -0,0419 3,78 -0,0047 -0,0319 
3,34 -0,0278 -0,0417 3,79 -0,0044 -0,0317 
3,35 -0,0271 -0,0416 3,80 -0,0040 -0,0314 
3,36 -0,0264 -0,0414 3,81 -0,0037 -0,0311 
3,37 -0,0257 -0,0413 3.82 -0,0033 -0,0308 
3,38 -0,025 -0,0411 3,83 -0,0030 -0,0306 
3,39 -0,0244 -0,0410 3,84 -0,0026 -0,0303 
3,40 -0,0237 -0,0408 3,85 -0,0023 -0,0300 
3,41 -0,0231 -0,0406 3,86 -0,0020  -0,0297 
3.42 -0,0225 -0,0404 3,87 -0,0017 -0,0295 
3,43 -0,0218 -0,0403 3,88 -0,0014 -0,0292 
3,44 -0,0212 -0,0401 3,89 -0,0011 -0,0289 
3,45 -0,0206 -0,0399 3,90 -0,0008 -0,0286 
3,46  -0,0200 -0,0397 3,91 -0,0005 -0,0283 
3,47 -0,0194 -0,0395 3.92 -0,0002 -0,0281 
3,48 -0,0188 -0,0393 3,93 0,0001 -0,0278 
3,49 -0,0183 -0,0391 3,94 0,0004 -0,0275 
3,50 -0,0177 -0,0389 3,95 0,0006 -0,0272 
3,51 -0,0171 -0,0387 3,96 0,0009 -0,0269 
3.52 -0,0166 -0,0384 3,97 0,0012 -0,0267 
3,53 -0,0160 -0,0382 3,98 0,0014 -0,0264 
3,54 -0,0155 -0,0380 3,99 0,0017 -0,0261 
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cxrili 8 (gagrZeleba) 
 

kx      kx      

4,00  0,0019 -0,0258 4,45  0,0083 -0,0143 
4,01 0,0021 -0,0256 4,46 0,0083 -0,0141 
4.02 0,0024 -0,0253 4,47 0,0084 -0,0139 
4,03 0,0026 -0,0250 4,48 0,0084 -0,0136 
4,04 0,0028 -0,0247 4,49 0,0085 -0,0134 
4,05 0,0030 -0,0245 4,50 0,0085 -0,0132 
4,06 0,0032 -0,0242 4,51 0,0086 -0,0130 
4,07 0,0034 -0,0239 4.52 0,0086 -0,0128 
4,08 0,0036 -0,0236 4,53 0,0087 -0,0126 
4,09 0,0038 -0,0234 4,54 0,0087 -0,0123 
4,10 0,0040 -0,0231 4,55 0,0087 -0,0121 
4,11 0,0042 -0,0228 4,56 0,0088 -0,0119 
4.12 0,0044 -0,0225 4,57 0,0088 -0,0117 
4,13 0,0046 -0,0223 4,58 0,0088 -0,0115 
4,14 0,0048 -0,0220 4,59 0,0088 -0,0113 
4,15 0,0049 -0,0217 4,60 0,0089 -0,0111 
4,16 0,0051 -0,0215 4,61 0,0089 -0,0109 
4,17 0,0053 -0,0212 4.62 0,0089 -0,0107 
4,18 0,0054 -0,0209 4,63 0,0089 -0,0105 
4,19 0,0056 -0,0207 4,64 0,0089 -0,0103 
4,20 0,0057 -0,0204 4,65 0,0090 -0,0101 
4,21 0,0059 -0,0202 4,66 0,0090 -0,0099 
4,22 0,0060 -0,0199 4,67 0,0090 -0,0098 
4,23  0,0061 -0,0196 4,68  0,0090 -0,0096 
4,24 0,0063 -0,0194 4,69 0,0090 -0,0094 
4,25 0,0064 -0,0191 4,70 0,0090 -0,0092 
4,26 0,0065 -0,0189 4,71 0,0090 -0,0090 
4,27 0,0067 -0,0186 4.72 0,0090 -0,0088 
4,28 0,0068 -0,0184 4,73 0,0090 -0,0087 
4,29 0,0069 -0,0181 4,74 0,0090 -0,0085 
4,30 0,0070 -0,0179 4,75 0,0090 -0,0083 
4,31 0,0071 -0,0176 4,76 0,0090 -0,0081 
4,32 0,0072 -0,0174 4,77 0,0090 -0,0080 
4,33 0,0073 -0,0171 4,78 0,0089 -0,0078 
4,34 0,0074 -0,0169 4,79 0,0089 -0,0076 
4,35 0,0075 -0,0166 4,80 0,0089 -0,0075 
4,36 0,0076 -0,0164 4,81 0,0089 -0,0073 
4,37 0,0077 -0,0162 4.82 0,0089 -0,0072 
4,38 0,0078 -0,0159 4,83 0,0089 -0,0070 
4,39 0,0078 -0,0157 4,84 0,0089 -0,0068 
4,40 0,0079 -0,0155 4,85 0,0088 -0,0067 
4,41 0,0080 -0,0152 4,86 0,0088 -0,0065 
4.42 0,0081 -0,0150 4,87 0,0088 -0,0064 
4,43 0,0081 -0,0148 4,88 0,0088 -0,0062 
4,44 0,0082 -0,0145 4,89 0,0087 -0,0061 
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cxrili 8 (gagrZeleba) 
 

kx      kx      

4,90  0,0087 -0,0059 5,20  0,0075 -0,0023 
4,91 0,0087 -0,0058 5,21 0,0074 -0,0022 
4.92 0,0087 -0,0056 5,22 0,0074 -0,0021 
4,93 0,0086 -0,0055 5,23 0,0073 -0,0020 
4,94 0,0086 -0,0054 5,24 0,0073 -0,0019 
4,95 0,0086 -0,0052 5,25 0,0072 -0,0018 
4,96 0,0085 -0,0051 5,26 0,0071 -0,0017 
4,97 0,0085 -0,0049 5,27 0,0071 -0,0016 
4,98 0,0085 -0,0048 5,28 0,0070 -0,0016 
4,99 0,0084 -0,0047 5,29 0,0070 -0,0015 
5,00 0,0084 -0,0045 5,30 0,0069 -0,0014 
5,01 0,0083 -0,0044 5,31 0,0069 -0,0013 
5.02 0,0083 -0,0043 5,32 0,0068 -0,0012 
5,03 0,0083 -0,0042 5,33 0,0068 -0,0011 
5,04 0,0082 -0,0040 5,34 0,0067 -0,0011 
5,05 0,0082 -0,0039 5,35 0,0066 -0,0010 
5,06  0,0081 -0,0038 5,36  0,0066 -0,0009 
5,07 0,0081 -0,0037 5,37 0,0065 -0,0008 
5,08 0,0080 -0,0036 5,38 0,0065 -0,0008 
5,09 0,0080 -0,0035 5,39 0,0064 -0,0007 
5,10 0,0080 -0,0033 5,40 0,0064 -0,0006 
5,11 0,0079 -0,0032 5,41 0,0063 -0,0006 
5.12 0,0079 -0,0031 5.42 0,0062 -0,0005 
5,13 0,0078 -0,0030 5,43 0,0062 -0,0004 
5,14 0,0078 -0,0029 5,44 0,0061 -0,0004 
5,15 0,0077 -0,0028 5,45 0,0061 -0,0003 
5,16 0,0077 -0,0027 5,46 0,0060 -0,0002 
5,17 0,0076 -0,0026 5,47 0,0060 -0,0002 
5,18 0,0076 -0,0025 5,48 0,0059 -0,0001 
5,19 0,0075 -0,0024 5,49 0,0058 0,0000 
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cxrili 9  
mimmarTveli, gverdiTi da CarCo Zalebis saangariSo formulebi  

ekipaJis tipi 

manZili 
urikis 
ganapira 
RerZebs 
Soris, m 

Tvalze ga-
dacemuli 
datvirTva, 

kg 

Zaris urikas-
Tan kavSiris 
dempfiruli 

momenti 
0m , 

kgm 

ganivi Zalebis saangariSo  
formulebi1 

mimmarTveli 
Y 

gverdiTi2 

(Y-H1) 
CarCo YC 

1 2 3 4 5 6 7 

oTxRerZiani satvirTo vagoni ЦНИИ-ХЗ-0  urikebiT 1,85 10500 
390 
1300 

7870+2500 g.aa  

8200+2500 g.aa  

5050+2450 g.aa  

5400+2500 g.aa  

2800+2600 g.aa  

3150+2600 g.aa  

eqvsRerZian
i  
satvirTo 
vagoni sam-
RerZiani 
urikebiT 

Sua RerZis wacurebis RreCos gareSe 3,50 10700 
390 
1300 

9850+2900 g.aa  

10120+2900 g.aa  

6500+2800 g.aa  

6700+2800 g.aa  

4600+3100 g.aa  

4800+3100 g.aa  

Sua RerZis wacurebis RreCoTi (УВЗ-

9м) 
3,50 10700 

390 
1300 

7170+3500 g.aa  

7430+3500 g.aa  

4300+3000 g.aa  

4500+3000 g.aa  

1950+3500 g.aa  

2200+3500 g.aa  

samgzavro vagoni ЦМВ urikebiT 2,70 8100 900 5490+1950 g.aa  3400+1750 g.aa  1600+1950 g.aa  

samgzavro vagoni КВЗ-ЦНИИ urikebiT 2,40 7100 2000 5540+1700 g.aa  3650+1450 g.aa  2100+1700 g.aa  

elmavali 
ВЛ80 

Seuwyvilebeli urikebiT3  3,00 11500 2780 8150+2500 g.aa  5100+2250 g.aa  2500+2500 g.aa  

Sewyvilebeli urikebiT3 R=1000 m. 3,00 11500 2780 6250+2100 g.aa  3400+2000 g.aa  750+2200 g.aa  

elmavali ВЛ60 (Sua RerZis wacurebis  
RreCoTi), R =1000m 

4,60 11500 3450 7900+2800 g.aa  4800+2600 g.aa  2200+2800 g.aa  

Tbomavali ТЭП60(Sua RerZis wacurebis RreCoTi), 
R =1000 m. 

4,60 10500 4560 6800+3500 g.aa  4250+3500 g.aa  1700+3500 g.aa  

Tbomavali ТЭ7 (RerZebi wacurebis RreCos gareSe) 4,20 10500 4500 10500+3500 g.aa  7950+3500 g.aa  5200+3500 g.aa  

eleqtromatarebeli ЭP22  2,75 10813 3770 8700+2400 g.aa  5800+2200 g.aa  3500+2400 g.aa  

eleqtromatarebeli ЭP1 2,42 9050 1210 6700+2100 g.aa  4300+1900 g.aa  2350+2000 g.aa  

SeniSvnebi: 1 - formulebi miRebulia Tvlis qimsa da relss Soris xaxunis koeficientisaTvis xax =0,25; formulebis gamoyenebis sfero ic-

vleba g.aa =0,5 – 1,0 m/wm2 farglebSi; 
2 - gverdiTi Zalebi gansazRvrulia CarCo Zalebisagan gadatvirTvis gaTvaliswinebiT;  
3 - lokomotivebisaTvis Sewyvilebuli urikebiT formulebi misaRebia mrudis saSualo radiusisaTvis 1000 metri (750 metridan 
1250 metramde); Seuwyvilebeli urikebis SemTxvevaSi formulebi ar aris damokidebuli mrudis radiusis sidideze; 
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 sarCevi   

   gv. 

Tavi 1 moZravi Semadgenlobis zemoqmedeba liandagze (lian-

dagisa da moZravi Semadgenlobis urTierTqmedeba) 

  

3 

1.1 zogadi cnobebi  3 

1.2 liandagis zeda naSenis simtkiceze gaangariSeba vertika-

luri Zalebis zemoqmedebaze  

  

6 

1.2.1 ZiriTadi winapirobebi da maxasiaTeblebi  6 

1.2.2 moZravi Semadgenlobidan gadmocemuli statikuri datvir-

Tvebi da maTi RerZebze gadanawileba  

  

6 

1.2.3 moZravi Semadgenlobis Tvlebis disbalansi  8 

1.2.4 moZravi Semadgenlobis Tvlebisa da liandagis usworobe-

biT gamowveuli inerciuli Zalebi 

  

12 

1.2.5 ekipaJis daresorebuli masis (Zaris) rxeviT gamowveuli 

dinamikuri (inerciuli) Zala 

  

16 
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