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    ganxilulia erTmaliani, qanqarasebri kiduli bagi-
rgzis ZiriTadi parametrebis - sarelso da sawevi bagi-
rebis, amZravisa da reduqtoris da sxv. gaangariSeba da 
SerCeva, rogorc damWimtvirTian, ise uZravad Camagrebul- 
boloebian sarelso bagirebis SemTxvevaSi. daprogramebis 
sistema MATLAB-Si, mocemulia programebi, romlebic bag-
irgzis doneTa sxvaobis, sigrZisa da vagonis wonis mixed- 
viT  SeirCevs bagirgzis TiTqmis yvela parametrs. 
     ganxilulia agreTve bagirgzis dinamikuri reJimebis 
dros aRZruli meqanikuri rxevebis Caqroba, rogoc damat-
ebiT CarTuli meqanikuri elementebis, ise Zravas marTvis 
saSualebiT. 
     gankuTvnilia samTo teqnologiebis departamentis ma-
gistrantebis, doqtorantebisa da agreTve im pirTaTvis, 
vinc dainteresebulia ganxiluli sakiTxebiT.  
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Sesavali 

     kiduli bagirgza transportis erT-erT gavrce-

lebul saxeobas warmodgens. rogorc samgzavro, ise 

satvirTo bagirgzebis eqspluataciis praqtikam aCve-

na maTi didi efeqturoba da saimedooba. sworad da-

proeqtebuli da Tanamedrove teqnologiuri miRwev-

ebiT aRWurvili bagirgza, transportis yvelaze usa-

frTxo saxeobad iqca. bagirgzebi farTod gamoiyen-

eba Saxtebisa da maRaroebis zedapirze xalxisa da 

sxvadasxva tvirTis gadasaadgileblad. 

    kiduli bagirgzebi aseve farTod gamoiyeneba mr-

ewvelobasa da soflis meurneobaSi. iseTi mTagoria-

ni qveynisaTvis, rogoric saqarTveloa, bagirgzis 

ganviTarebas, pirvel rigSi, socialuri da strate-

giuli daniSnuleba aqvs. maT gareSe warmoudgenelia 

maRalmTiani regionebis SenarCuneba-aTviseba, turiz-

misa da samTo-saTxilamuro sportis ganviTareba da 

sxv. amasTanave, yvela sxva satransporto saSualeba-

sTan SedarebiT isini ekologiurad ufro sufTa, ek-

onomiuri da usafrTxoa. 

     kiduli bagirgzebi or tipad iyofa: orbagiria-

nad da erTbagirianad. orbagirian bagirgzaze ori 

saxis bagiria: sarelso (1), romelzec vagonis sava- 
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li Tvlebi dagoraven da sawevi (2), romlis saSual-

ebiTac moZraobs vagoni (nax. 1, a).    

 

 

                                        

                                         
    
          
                   

                  a)                       b) 
                              

                          nax. 1     

    erTbagirian bagirgzaze mxolod erTi, sawevi ba-

giria (nax. 1, b). misi daniSnulebaa, rogorc vagonis 

gaweva, aseve misi gadatana.  

    kiduli bagirgzebi (rogorc erTbagiriani, ise 

orbagiriani) moZraobis xasiaTis mixedviT orgvaria:  

1. qanqarasebri, sadac sadgurebi erTmaneTTan dakav-

Sirebulia sarelso bagirebiT da romlebzec vagon-

ebi ukumoqcev-gadataniT (qanqarasebr) moZraobas ax-

orcieleben sawevi bagirebis saSualebiT. 

2.  wriuli, sadac vagonebi mudmivad erTi mimarTu-

lebiT moZraoben. am gzebze vagonebs sawev bagirze 

iseTnairad amagreben, rom sadgurebze SesaZlebeli 

iyos maTi moxsna. zogjer, vagoni sawev bagirTan uZ-
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aravadaa Camagrebuli da masTan erTad Semouvlis 

yvela Skivsa da gorgolaWs. 

    bagirgzis muSaobis Seferxeba da maTSi gaCenili 

uwesivrobani ZiriTadad gamowveulia sawev bagirSi 

aRZruli dinamikuri ZalebiT. am Zalebis gaTvalis-

wineba, dinamikuri reJimebis kvlevisas, Zalze rTul 

amocanas warmoadgens da misi gadawyveta xdeboda 

gamartivebuli maTematikuri modelebiT. es ki ar iZ-

leoda bagirgzis elementebis sworad SerCevisa da 

optimaluri marTvis saSualebas. 

    Tanamedrove kompiuteruli teqnologiebis gamo-

yenebam saSualeba mogvca Tavidan aviciloT is gama-

rtivebebi da daSvebebi, romlebic maT gamoyenebamde 

xdeboda da SevqmnaT iseTi maTematikuri modelebi, 

romlebic ufro srulyofilad aRweren realur su-

raTs. kompiuteruli teqnikis mZlavri maTematikuri 

aparatiT SesaZlebelia aseve amoixsnas nebismieri 

sirTulis diferencialur gantolebaTa sistema, ro-

melic aucilebelia qanqarasebri kiduli bagirgzis 

dinamikuri reJimebis kvlevisas. 
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bagirgzis ZiriTadi parametrebi da ganzomilebis 

erTeulebi 

 

g 10≈  - simZimis Zalis aCqareba, m/wm2; 

L - gzis horizontaluri sigrZe, m; 

h - sadgurebs Soris doneTa sxvaoba, m; 

hβ = arctg
L

⎛ ⎞
⎜ ⎟
⎝ ⎠

 - bagirgzis e.w. saviziro kuTxe; 

0f 0.0= 6

2

 - vagonis sarelso bagirze moZraobis wi-

naaRmdegobis koeficienti; 

0t 0.= - sawevi bagiris erTi Stos moZraobis winaa-

Rmdegobis mniSvneloba, kn; 

5
0E 1.1 10−= ⋅  - sarelso bagiris xazuri wagrZelebis 

koeficienti, m; 

8E = (1.6...2.1) 10⋅ - foladis mavTulis drekadobis 

moduli, kn/m2;    

Cq  - savali urikis (karetis) wona, kn; 

wQ  - carieli vagonis wona kn; 

EC w CQ Q q= + - carieli vagonis wona savali urikiT 

(karetiT), kn;  

pq 0.≈ 8 - erTi mgzavris savaraudo wona vagonSi, kn; 
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N - mgzavrTa raodenoba vagonSi;  

F w pQ Q q N= + ⋅  - datvirTuli vagonis wona, kn; 

FC F CQ Q q= +  - datvirTuli vagonis wona savali ur-

ikiT (karetiT), kn; 

1q  - erTi metri sarelso bagiris wona, kn/m; 

2q  - erTi metri sawevi bagiris wona, kn/m; 

1n 3.3=  - sarelso bagiris simtkicis maragis koefi-

cientis minimaluri mniSvneloba; 

2n 4.= 5

⋅

- sawevi bagiris simtkicis maragis koeficie-

ntis minimaluri mniSvneloba; 

α = 0.82...0.91,2 -koeficienti, romelic iTvaliswinebs 

bagiris mavTulebis araTanabar datvirTvas; 

σ 4
1 = (120...190) 10 -sarelso bagiris simtkicis zRv-

ari gaglejaze, kn/m2; 

⋅ 4
2σ = (140...220) 10 - sawevi bagiris simtkicis zRva-

ri gaglejaze, kn/m2; 

1s  - sarelso bagiris liTonis kveTi, m2; 

2s  - sawevi bagiris liTonis kveTi, m2;  

1
1

1

q= 8
s

γ ≈ 5 - sarelso bagiris fiqtobrivi moculo-

biTi wona, kn/m3.; 
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2
2

2

q= 9
s

γ ≈ 5

1s

- sawevi bagiris fiqtobrivi moculobiTi  

wona, kn/m3; 

1 1 1T = α σ  - sarelso bagiris sagleji Zala, kn; 

1 1 1 1 1 1 1
1max 1 1

1 1 1 1

T α σ s α σ qT = = = b q
n n n

=
γ

- sarelso bagiris da-

Wimulobis dasaSvebi maqsimaluri mniSvneloba, kn; 

1 1
1

1 1

α σb =
nγ

-   maqsimaluri Zalis koeficienti, m; 1maxT

2 2 2T = α σ 2s - sawevi bagiris sagleji Zala, kn 

2 2 2 2 2 2 2
2max 2 2

2 2 2 2

T α σ s α σ qT = = = b q
n n n

=
γ

- sawevi bagiris da-

Wimulobis dasaSvebi maqsimaluri mniSvneloba, kn; 

2 2
2

2 2

α σb =
nγ

-   maqsimaluri Zalis koeficienti, m; 2T

(1 1 1G = q b - h) -sarelso bagiris damWimi tvirTis wo-

na, kn; 

1 1 1
1H = G + q h cos
2

β⎛ ⎞
⎜ ⎟
⎝ ⎠

 - sarelso bagiris daWimulobis 

horizontaluri mdgeneli, kn; 

( )F FC 0t Q sin f cos= γ + γ - datviTuli vagonis wonis mdge-

nelisa da misi moZraobis winaaRmdegobis jami, kn; 
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γ - vagonis asvlis kuTxis maqsimluri mniSvneloba; 

F
2 2 2

tG 2 b q t
2

⎛ ⎞= − −⎜
⎝ ⎠

0 ⎟ - sawevi bagiris damWimi tvirT-

is wona, kn; 

( )2 2 2
1H = G + q h cos
2

β - sawevi bagiris daWimulobis 

horizontaluri mdgeneli, kn;  

2
2

2max
2

q Lf
8H cos

=
β
- sawevi bagiris Cakidulobis maqsima- 

luri mniSvneloba, m; 

2
32max

R
fL 8l

cos 3 L
= + ⋅

β
cos β - Cakiduli sawevi bagiris 

mrudis sigrZe, m; 

2
v

R

EsC =
l

- sawevi bagiris sixistis vertikaluri mdg-

eneli, kn/m;  

3
2

H 2 3
2 R

12HC =
q l cosβ⋅

- sawevi bagiris sixistis horizonta-

luri mdgeneli, kn/m; 

v H

v H

C CC =
C C+

 - sawevi bagiris sixistis koeficienti, 

kn/m;                                                              
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Tavi I. bagirgzis kinematikis elementebi 

da gamtarunarianoba 

 

1.1 bagirgzis kinematikis elementebi 

     bagirgzis siCqaris taqograma umetes SemTxveva-

Si xuTperiodiania. 

 

nax. 1.1 siCqaris xuTperiodiani taqograma 

     aq  ZiriTadi aCqarebis periodia; - Tanabari 

moZraobis periodi; - ZiriTadi Senelebis periodi; 

- gawevis (mcoci) siCqaris periodi; - bagirgzis 

muSa muxruWiT damuxruWebis periodia gawevis siCqa-

riT moZraobisas, wm. 

1t 2t

st

3t

0t t

     ZiriTadi aCqarebis periodi 

m
1

1

Vt
j

= ,                         1.1  

sadac  moZraobis maqsimaluri siCqarea, m/wm; mV
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saorentaciod, maqsimaluri siCqaris mniSvnelobad 

aiReba [2] 

1 3
m

1 3

j jV 0.32 2 L
j j
⋅

=
+

,                1.2 

aq 1j  ZiriTadi aCqarebis sididea, m/wm2; aiReba 

1j 0.5...0.75= . 3j - ZiriTadi Senelebis sidide, m/wm2; 

aiReba 3j 0.= 5...0.75 . xSir SemTxvevaSi 3 1j j= ;  L - 

trasaze vagonis moZraobis mTliani manZili, m. 

    ZiriTadi aCqarebis periodSi gavlili manZili 

2
1 1

1
j tL

2
⋅

= .                     1.3 

    ZiriTadi Senelebis periodi  

m
3

3

V Vt
j
−

= 0 ,                  1.4 

sadac - bagirgzis gawevis (mcoci) siCqarea, 

m/wm. [2] 

0V 0.= 5

     ZiriTadi Senelebis periodSi gavlili manZili 

2 2
m 0

3
3

V VL
2j
−

= .                  1.5 

     gawevis (mcoci) siCqariT moZraobis periodi 

0
0

0

Lt
V

= ,                      1.6 
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sadac - bagirgzis gawevis periodSi gavl-

ili manZili, m. 

0L 8...10=

     maqsimaluri siCqariT moZraobis manZili 

( )2 1 3L L L L L= − + + 0 .            1.7 

     maqsimaluri siCqariT moZraobis periodi 

2
2

m

Lt
V

= .                     1.8 

     moZraobis sruli dro 

F 1 2 3T t t t t0= + + + .                1.9 

     ciklis xangrZlivoba  

FT T tp= + ,                   1.10 

sadac pauzis xangrZlivobaa da aiReba vagonis te-

vadobis mixedviT, wm. 

pt

 

 

1.2 bagirgzis gamtarunarianoba 

1. samgzavro bagirgza 

    gamtarunarianoba xasiaTdeba drois erTeulSi, 

magaliTad, erTi saaTis ganmavlobaSi, erTi mimarT-

ulebiT gadayvanili mgzavrebis raodenobiT. qanqara- 

sebri gzebisaTvis gamtarunarianoba ganisazRvreba 

formuliT [1] 
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A = nk  kac/sT,                 1.11 

sadac,  aris vagonis tevadoba; k - reisTa ricxvi 

erT saaTSi. 

n

orvagoniani gzebisaTvis 

m m
p

m 1 3

3600k = V VL + + + t
V j j

,              1.12 

xolo  erTvagonianisaTvis 

   
m m

p
m 1 3

3600k = V VL2 + + + 2
V j j

t⋅ ⋅
,           1.13 

sadac,  bagirgzis sadgurebs Soris horizontalu-

ri sigrZea, m; 

L

m 1 nV D n / 60= π / i - realuri maqsimaluri siCqare, m/wm;  

1D - xaxunis amZravi Skivis diametri, m; 

nn  -  Zravas nominaluri brunTa ricxvi, br/wT; 

i - reduqtoris gadacemis ricxvi; 

pt - drois danaxarji mgzavrTa Casxdoma-gadmosxdo-

maze, karis gaReba-daxurvaze.  

    drois danaxarji  damokidebulia vagonis te-

vadobasa da karebis ricxvze (erTi an ori). masSi Se- 

pt

dis agreTve dro, romelic saWiroa sadgurebs So-

ris gaSvebisaTvis mzadyofnis mauwyebeli signale-
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bis gasacvlelad, rac damokidebuli araa vagonebis 

tevadobasa da konstruqciaze. bagirgzis muSaobis 

dakvirvebis Sedegebis mixedviT, erTi mgzavris Cas-

xdoma-gadmosxdomaze daxarjuli dro Seadgens  

wams, xolo karebis gaReba-daketvasa da signalebis 

gacvlaze - saSualod 10 wams. amrigad, dro , ma-

galiTad, gzisaTvis, romlis vagonis tevadoba aTi 

kacia, Seadgens 2×  wams, xolo oci mgza-

vris dros - 2  wams. [1] 

2

pt

10+ 30

20+10

10 =

= 50×
2. satvirTo bagirgza 

    orvagoniani bagirgzebisaTvis reisTa ricxvi 

erT saaTSi    

1 2 3 0 p

3600 3600k 0.8 0.8
T t t t t

= =
t+ + + +

, 1.14 

sadac - moZraobis uTanabrobis rezervis koefi-

cientia.  

0.8

    erTvagoniani bagirgzebisaTvis ki  

1 2 3 0

3600 3600k 0.8 0.8
T t 2 t t t 2 t

= =
p+ ⋅ + + + ⋅
. 1.15 

     satvirTo bagirgzis mwarmoebluroba, kn/sT -  

0A Q k= ⋅ ,                     1.16 

sadac  vagonis tevadobaa, kn.  0Q
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Tavi II. sarelso bagiris Cakiduloba 

 

2.1 qanqarasebr kidul bagirgzaze vagonis moZraobis 

traeqtoria 

     rogorc cnobilia, or sayrdenze Camodebuli, 

kiduli bagirgzis sarelso bagiris Cakidulobis 

mrudi aRiwereba parabolis gantolebiT da mas aqvs 

Semdegniri saxe [5] -   

xy = xtgβ+ f ,                      2.1 

xolo grafikulad ase gamoisaxeba –  

 

nax. 2.1. sarelso bagiris Cakidulobis mrudi 

    aq - CaRunvis isari anu manZili mrudis qor-

didan mrudis gadakveTamde, m - 

xf
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1 FC
1x 1F

1

x(L - x) q Qf = + 2 = x(L - x) k
2H cosβ L

⎛ ⎞
⋅⎜ ⎟

⎝ ⎠
,       2.2 

sadac - 1 FC
1H1F

1

1 q Q+ 2
2H cosβ L

⎛ ⎞
⎜ ⎟
⎝ ⎠

k = , - sarelso bagir-

is daWimulobis horizontaluri mdgenelis mudmiv-

obas, datvirTvis cvalebadobis miuxedavad, uzrunv-

elyofs  damWimi tvirTi. 1G

     Tuki vagoni imyofeba A  an B  sayrdenze, misi 

wona gavlenas ar axdens sarelso bagiris CaRunvis 

isarze da es ukanaskneli ase gamoiTvleba 

1
0x 0

1

x(L - x) qf = = x(L - x) k
2H cosβ

⎛ ⎞
⋅⎜ ⎟

⎝ ⎠
,        2.3 

sadac, 

1
0

1

1 qk =
2H cosβ

⋅ .                   2.4 

    CaRunvis isrebi, Tavis maqsimalur mniSvnelobas 

iRebs x = 0.5 L⋅ -is dros  da gamoisaxebian rogorc  

2

1m 1F
Lf = k
4

    da   
2

0m 0
Lf = k
4

.          2.5           

     mrudis (moZraobis traeqtoriis) mxebis daxris 

kuTxe horizontTan iqneba (2.1 –is gaTvaliswinebiT)  

( ) 1F
dytgε = = tgβ+ L - 2x k
dx

⋅ .            2.6 
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    am ukanasknelis nulTan gatolebiT, ganisazRv-

reba -is is  mniSvneloba, romelic Seesabameba 

Cakidulobis mrudis wveros abscisas  

x x0

             0
1F

L tgβx = +
2 2k

.                   2.7 

     amis gaTvaliswinebiT, Cakidulobis mrudis or-

dinatis maqsimaluri mniSvneloba iqneba 

( ) 2
max 0 0 0 1F 1F 0y = x tgβ+ x L x k = k x− ⋅ .      2.8          

     vagonis asvlis kuTxes, misi moZraobisas bagir-

ze, angariSoben formuliT [5] – 

( )1
2F

1

L - 2x q Qtg = tgβ+ + = tgβ+ L - 2x k
2H cosβ L

γ FC⎛ ⎞
⋅⎜ ⎟

⎝ ⎠
,   2.9        

sadac - 

1
2F

1

1 q Qk = +
2H cosβ L

FC⎛ ⎞
⋅ ⎜
⎝ ⎠

⎟ .              2.10 

      vagonis asvlis kuTxe (2.9 formulidan) nulis 

toli gaxdeba  

m
2F

L tgβx = x = +
2 2k

                   2.11 

sididis dros. bunebrivia, Cakidulobis mrudis wve-

ros mniSvneloba maqsimaluri iq unda iyos, sadac 

vagonis asvlis kuTxe nulia. x0 -isa da xm -is Sedar-
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ebiT ki gamodis, rom m 0x x . am gaurkvevlobis asax-

snelad literaturaSi moyvanilia ganmarteba, rom 

vagonis asvlis kuTxe γ  [ix. 2.9] naklebia traeqtor-

iis mxebis daxris kuTxeze, ε -ze [ix. 2.6]. amis dasad-

astureblad avtori gamoTqvams mosazrebas, rom vag-

onis moZraobisas sarelso bagirze, CaRunvis isris 

gazrdasTan erTad, damWimi tvirTi zemoT gadaadgi-

ldeba, miaRwevs maqsmalur sidides, roca vagoni ga-

ivlis 
L
2
 manZils da amis Semdeg qvemoT daiwyebs Ca-

Svebas. vagonis miaxloebisas sayrdenTan, sarelso 

bagiri, garveuli sididiT maRla aiwevs (damWimi tv-

irTis CaSvebis xarjze) da amiT asvlis kuTxe Semci-

rdeba [5].  

    Cven SevecadeT, gagveTvaliswinebina avtoris es 

mosazreba da gamogveyvana sarelso bagiris Cakidu-

lobis aRmweri gantolebebi. Sesabamisad, maTi saSu-

alebiT vagonis asvlis kuTxeebi [2]  

    msjelobis gamartivebis mizniT davuSvaT, rom   

sarelso bagiri absoluturad moqnilia da bagirg-

za horizontaluri, anu sayrdenebs Soris doneTa 

sxvaoba nulis tolia. bagiri, A  sayrdenidan ma- 

nZilze, tvirTis Camokidebis Semdeg CaiRuneba  si-

0x

0y
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didiT da A  da B  sayrdenebTan erTad miiReba sam-

kuTxedi AOB (ix. nax 2.2).   

 

nax. 2.2 Cakidulobis mrudis ageba 

    AO wrfis gantoleba iqneba  

0
11

0

yy = x
x

,                      2.12 

xolo -si - OB

(0 )
0

yy = L - x
L - x

.                 2.13 12

     realurad, sarelso bagiri ar aris absolutu-

rad drekadi da igi aucileblad CamoiRuneba. amis 

gasaTvaliwineblad wrfes davumatoT  11y

( )21 0 0y = k x - x x⋅                 2.14 
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parabola, xolo -s - 12y

                   ( ) ( )22 0 0y = k x - x L - x .            2.15

    miviRebT or funqcias, romlebic zogad SemTxve-

vaSi, ase gamoisaxebian –  

sanam  -             00 x x≤ ≤

( )0
1 0

0

yy = xtgβ+ x + k x - x
x 0 x⋅ ,          2.16 

xolo rodesac 0x x L≤ ≤ -    

( ) ( ) (0
2 0

0

yy = xtgβ+ L - x + k x - x L - x
L - x

)0 .    2.17 

    Cveni azriT, A sayrdenidan wertilamde  da 0x 1y

0x  wertilidan B sayrdenamde  funqciebi warmoa-

dgenen bagiris Cakidulobebis aRmwer gantolebebs.    

2y

    2.16 da 2.17 gamosaxulebebidan aSkarad Cans, rom 

roca , maSin funqciis mniSvnelobebi CaRunvis 

isris tolni arian ( ). aviRoT kerZo SemT-

xveva, 

0x = x

1 2y = y = y0

0
Lx =
2
, anu vagoni malis SuaSia da gaviTvali-

swinoT, rom am wertilSi 
2

0
Ly = 1k
4

, maSin - 
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( ) 2
1 1F 0

Ly = xtgβ+ k + k x - k x
2 0
⎡ ⎤
⎢ ⎥⎣ ⎦

,   da     2.18 

( ) ( )
2

2
2 1F 0 1F 0

L Ly = xtgβ + k - k - k - 3k x - k x
2 2 0

⎡ ⎤
⎢ ⎥
⎣ ⎦

.   2.19 

     ra Tqma unda, am bolo ori gamosaxulebis kva-

dratul frCxilebSi moTavsebuli mniSvnelobebi sa-

relso bagiris CaRunvis isris tolia.  

    Tuki am gamosaxulebebSi -is nacvlad CavsvavT 

vagonis malSi mdebareobis Sesabamis wertils -s, 

miviRebT CaRunvis isris mniSvnelobas, romelic Se- 

esabameba -is Sesabamis sidides. aseT SemTxvevaSi 

x

0x

0x

– sanam  0
L0 x
2

≤ ≤ ,              

( ) 2
0 1F 0 0

Ly = k + k x - k x
2 0 0 ,              2.20 

 xolo rodesac 0
L x
2

L≤ ≤ -    

( ) ( )
2

2
0 1F 0 1F 0 0

L Ly = k - k - k - 3k x - k x
2 2

⋅ 0 0 .     2.21 

    SemovitanoT aRniSvna , 0x = bL ( )0 b 1≤ ≤  da maS-

in - sanam   0 b 0.5≤ ≤   -      

    (
2

0(b=0...0.5) 1F 0

Ly = b K + k 1- 2b
2

)⎡ ⎤⎣ ⎦ ,          2.22 
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 da rodesac  0.5 b 1≤ ≤ -    

  ( ) ( )
2

0(b=0.5...1) 1F 0

Ly = 1- b K - k 1- 2b
2

⎡ ⎤⎣ ⎦ .       2.23  

     -is SesaZlebelia mniSvneloba ganisazRvros 

erTi funqciis saSualebiT, rodesac b icvleba 0-dan 

1-mde.  

y0

( ) (
2

0 1F 0

Ly = 1- abs 2b - 1 K + k abs 2b - 1
4

⋅ )⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦ .   2.24 

    CaRunvis isris gansazRvris Semdeg mivubrundeT 

sarelso bagiris simrudis aRmwer gantolebebs. 2.20  

da 2.21 gamosaxulebebSi 0x = bL -is SetaniT  sabolo-

od gveqneba –  

sanam -    00 x bL = x≤ ≤

( )

( )

0
1 0

0
0

yy = xtgβ+ + k x - x x
x

y= xtgβ+ + k bL - x x
bL

0
0

⎡ ⎤
=⋅⎢ ⎥

⎣ ⎦
⎡ ⎤ ⋅⎢ ⎥⎣ ⎦

         2.25 

xolo rodesac  0x = bL x L≤ ≤   

( ) ( )

( ) ( ) (

0
2 0

0
0

yy = xtgβ + + k x - x L - x
L - x

y= xtgβ + + k x - bL L
L 1- b

0
0

⎡ ⎤
⋅⎢ ⎥

⎣ ⎦
⎡ ⎤

⋅⎢ ⎥
⎣ ⎦

)

=

- x
.     2.26 
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     nax.nax. 2.3, 2.4 da 2.5-ze warmodgenilia b -s sxva-

dasxva mniSvnelobebisaTvis sarelso bagiris Cakid-

ulobis forma. aqvea [5] literaturis mixedviT age-

buli mrudebi (  da ). naxazebze mwvane da 

lurji mrudebi agebulia literaturaSi mocemuli 

gantolebebiT, xolo wiTliTa da yavisferiT - Cvens 

mier SemoTavazebuliT.  

oY D. Y1D.

     ganvsazRvroT sarelso bagirze vagonis asvlis 

kuTxeebi. 

    2.25 da 2.26 gamosaxulebebis diferencirebiT, sa-

relso bagirze  wertilSi vagonis mdebareo-

bisas, ganisazRvreba mxebis daxris kuTxe da romel-

sac Cven vTvliT vagonis asvlis kuTxed amave werti-

lSi. 

0x = bL

( ) ( )

2

0 1F o

2

1F 0

L x xy = 1- abs 2 - 1 K + k abs 2 - 1
4 L L

L= 1- abs 2b - 1 K + k abs 2b - 1
4

o o⎡ ⎤ ⎡⎛ ⎞ ⎛ ⎞⎤ =⎜ ⎟ ⎜ ⎟⎢ ⎥ ⎢⎝ ⎠ ⎝ ⎠⎣ ⎦ ⎣

⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦

⎥
⎦  

-is gaTvaliswinebiT 

ox = bL wertilis marcxniv, asvlis kuTxe -  

0 0
1 0

y ytg = tgβ+ - k x = tgβ+ - k b
x bL

γ 0
0

0 L ,        2.27 

ox = bL wertilis marjvniv, asvlis kuTxe -        
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L
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( )

( )

0
2 0

0
0

ytg = tgβ - + k L - x
L - x

y= tgβ - + k 1- b L
(1- b)L

γ 0
0

=
.          2.28 

     amrigad, sarelso bagiris Cakidulobis wveros 

abscisis gamosaTvlelad unda vixmaroT 2.11 formu-

la, xolo Cakidulobis wveros ordinatas maqsimal-

uri mniSvneloba ( ) gamoiTvleba     maxy
2

2 1 FC 1
max 2F m

1 1 FC

q L + Q cos L H Lsiny = k x +
2H Lcos 2 q L + Q cos

⎛ ⎞β β
⋅ = ⋅ ⎜ ⎟β β⎝ ⎠

. 2.29 
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      Tuki saviziro kuTxis mniSvneloba iqneba    

     ( ) ( )
2

20
0 2

h 1 ab atgβ = b
L L Lb 1

1
⎡ ⎤⎛ ⎞⎢ ⎥= + +⎜ ⎟ −
⎢ ⎥− ⎝ ⎠⎣ ⎦

,  2.30 

sadac  

Fc

1

Qa
q

=  da 1

1

2Hb
q L

= , 

maSin , anu Cakidulobis wvero B sayrdenzea, 

xolo sayrdenebs Soris doneTa sxvaoba 

mx = L

0 0h L tg= ⋅ β .  

 

 

 

 

2.2 sarelso bagiris SerCeva 

    kiduli bagirgzis yvelaze pasuxsageb elements 

sarelso bagiri warmoadgens.  

sarelso bagirebis boloebis Camagrebis wesi 

orgvaria: pirvel SemTxveaSi bagiris romelime bo-

los (Cveulebriv, qveda sadgurSi) damWim tvirTze 

miamagreben, xolo meore bolos uZravad Caamagreben. 

damWimi tvirTis daniSnulebaa temperaturisa da gz-

is datvirTvis cvalebadobis miuxedavad, SeinarCun-

os bagiris daWimulobis mudmivi sidide.  
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      sarelso bagiris boloebis uZravad Camagreba 

dasaSvebis mxolod im SemTxvevaSi, Tuki daculi iq-

neba ori piroba:  

1. bagiris erTi bolos dasamagrebeli konstru-

qcia unda iZleodes bagiris sigrZis sezonuri regu-

lirebis saSualebas (bagiri zafxulSi mcired unda 

damokldes, xolo zamTarSi - mcired dagrZeldes).  

2. bagiris boloebis uZravad Camagrebis SemTxve-

vaSi daWimuliba icvleba masze moZravi vagonis mde-

bareobis mixedviT - roca vagoni malis SuaSia, maS-

in daWimuloba maqsimaluria, xolo roca vagoni ro-

melime sadgurTanaa -minimaluri. cnobiliა , rom rac 

naklebia sarelso bagiris daWimuloba, miT ufro 

metad iRuneba igi vagonis wonis gavleniT da Sesab-

amisad, miT metia misi cveTac. meore pirobac swor-

ad amaSi mdgomareobs, rom SezRuduli iyos bagiris 

minimaluri daWimuloba.     

        

 

2.2.1 damWimtvirTiani sarelso bagiris SerCeva 

    sarelso bagiris SerCevisas, erT-erTi ZiriTadi 

parametri bagiris sagleji  Zalaa (ix. gv. 4). 1T

     avtori gvTavazobs mzidi bagiris SerCevis meT-

ods, romlis ZiriTadi idea SemdegSia. rogorc cno-
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bilia, bagiris nebismier wertilSi daWimuloba Ses-

aZlebelia gamoiTvalos formuliT (yvela saxis re-

aqciul Zalebs ugulebelvyofT maTi simciris gamo) 

[6] - 

                ,                 2.31 x max 1T = T - q y⋅

sadac                                                

xy xtg f= β + , m;                  2.32 

vagonis moZraobis traeqtoriis aRmweri gantolebaa 

da koordinatebSi [5].  x y

    -is mniSvneloba minimaluria, rodesac iqneba 

maqsimaluri. misi Sesasabamisi abscisa gamoiTvleba 

2.11 formuliT 

xT y

              1
m

1 FC

L H L sinx
2 q L Q cos

⋅ β
= +

+ β
,             2.33 

xolo -is maqsimaluri mniSvneloba - 2.29 formu-

liT 

y

          2
max 2F my k x= ⋅ .                 2.34 

    amrigad, -is minimaluri mniSvneloba iqneba xT

                    ( )min 1 1 maxT = q b - y .             2.35   

      OITAF-is (bagirgzebis saerTaSoriso organizaci-

is) teqnikuri rekomendacia iTvaliswinebs sarelso 

bagiris SerCevisas daculi iyos piroba  
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min

FC

T = K
Q

,                     2.36 

sadac  sarelso bagiris minimaluri daWimulob-

aa, kn; 

minT

    K = - e.w. ”grZelvadianobis” koeficienti; sabo-

lood, 2.35 miiRebs saxes 

12

                 ( )min 1 1 max FCT q b y kQ= − = .          2.37  

    bolo formulidan gamodis, rom erTi metri sa- 

relso bagiris SesarCevad sakmarisia gamoTv- maxy

la. 

    kerZo SemTxvevaSi, rodesac maxy h= , anu Cakidu-

lobis wveros abscisa , 2.37-dan miiReba x = Lm

                     FC
1

1

kQq =
b - h

.                   2.38  

     Tu , avtoris [19] azriT, am SemTxvevaSi, 

sruliad sakmarisia sarelso bagiri SevirCioT im 

pirobidan gamomdinare, TiTqos Cakidulobis wvero 

sayrdenzea moTavsebuli, anu gamoviyenoT 2.38 gam-

osaxuleba.  

xm L

B

    daWimulobis horizontaluri mdgeneli , tra-

aeqtoriis umdables wertilSi bagiris minimaluri 

daWimulobis tolia da SeiZleba daiweros 

H1
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  .                 2.39 1 min FH = T = kQ C

              

    SevitanoT -isa (2.39-dan) da q -is (2.38-dan) mni-

Svnelobebi -is (2.33) formulaSi da iqneba  

H1 1

xm

  1
mx

2 KL (b1

KL(b - h)sinL
- h)cos

β
= +

+ β
.           2.4

    amrigad, erTi metri sarelso bagiris SesarCe

T 

0 

vad 

pirvelad Semowmdeba xm -is mniSvneloba 2.40 formu- 

lidan. Tuki x Lm ≥ , maSin gamoiyeneba 2.38 formula, 

winaaRmdeg SemTxvevaSi anu roca mx L≺ , gamoviye-

nebT 2.37 gamosaxulebas aseTi saxi

( )1 1 max FCz = q b - y - KQ ,             2.41 

    am bolo gamosaxulebaSi,  funqciaSi, q sidid-z 1

is 0-dan gazrdiT da z >= 0 pirobis SemowmebiT, gam-

oiTvleba 1q -is mniSvneloba. sadac ymaqs  ganisazRvr-

eba 2.29-dan ( )H kQ= -           1 FC

2
2 1 FC FC

max 2F m
FC 1 FC

q L + Q cos L KQ Lsiny = k x +
2KQ Lcos 2 q L + Q cos

⎛ ⎞β β
⋅ = ⋅ ⎜ ⎟β β⎝ ⎠

.  2.42  

    -is gamoiTvlis Semdeg Sesabamisi cxrilidan  1q

SevirCevT standartul bagirs. (ix. danarTi 1, bagir- 
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is erTi metris wona- , kn/m; diametri- ,m; meta-

luri kveTi- , m2; sagleji Zala- , kn. 

1q 1d

1s 1T 1
1rb

1 1

T
n q

= ,m).  

     bagiris SerCevis Semdeg vangariSobT sarelso 

bagiris damWimi tvirTis wonas                 

                  ( )1 1 1rG = q b - h                     2.43 

      xolo bagiris daWimulobis horizontaluri 

mdgeneli                   

1 1 1
1H = G + q h cos
2

β⎛ ⎞
⎜ ⎟
⎝ ⎠

                 2.44 

 
 
 
 

2.2.2  uZravad Camagrebulboloebiani sarelso bag-

iris SerCeva 

    kiduli bagirgzebi, sadac sarelso bagiris bo-

loebi uZravadaa (yrudaa) Camagrebuli, konstruqci-

is simartivis gamo, farTod gamoiyeneba rogorc tv-

irTis gadazidvis, ise mgzavrTa gadayvanisaTvis. am 

SemTxvevaSic, [6] avtoris azriT, bagiris SerCevisa-

Tvis daculi unda iyos 2.36 piroba –  

min

FC

T K
Q

≥ . 
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     ganvixiloT bagiris ori mdgomareoba. 

    a)  wonis mqone vagoni malis SuaSia ( ) 

da bagiris temperaturaa . aseT SemTxvevaSi, sa-

relso bagiri, romlis erTi metris wonaa  da si-

grZe , ganicdis  maqsimalur daWimulobas. 

QFC

minS

L / 2

0
mint ,C

1q

maxT

     b) datvirTuli vagoni A  an  sayrdenTanaa da B

bagiris temperaturaa . aseT SemTxvevaSi, sar-

elso bagiri, romlis erTi metris wonaa  da sig-

rZe , ganicdis  minimalur daWimulobas. 

0
maxt ,C

min

1q

maxS T

     rogorc daWimulobis, aseve temperaturis cvl-

ileba iwvevs bagiris sigrZis Secvlas. bagiris saer-

To wagrZeleba gamoisaxeba formulebiT  

 

 

nax. 3.1 uZravad Camagrebul boloebiani sarelso bagiris 

Cakiduloba 
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     0max min
max min

1

T - T L LS - S = ± E t
Es cos cos

Δ
β β0⋅ ,      2.45          

sadac , - uZravad  Camagrebulboloebiani sare-

lso bagiris maqsimaluri sigrZea; m.  

maxS

minS -uZravad Camagrebulboloiani sarelso bagiris 

minimaluri sigrZe; m.  

0tΔ - bagiris temperaturaTa sxvaoba celsiusis gra-

dusebSi erTi saangariSo mdgomareobidan meoreSi 

gadasvlisas; 

maxT  da - sarelso bagiris maqsimaluri da mini-

maluri daWimuloba, kn; 

minT

     sarelso bagiris maqsimaluri da minimaluri 

sigrZe ganisazRvreba parabolis meTodiT da tolia  

    (
2 2

max 2 2
max max

h G L LS = L + + + Q Q + G
2L 24H 8H FC FC )      2.46 

          

(
2 2

min 2 2
min min

h G L x(L - x)S = L + + + Q Q + G
2L 24H 2H FC FC ) ,     2.47 

sadac: 1q LG =
cosβ

 sarelso bagiris mTliani wonaa, kn;  

maxH - daWimulobis horizontaluri mdgenelis maqsi-

maluri mniSvneloba, kn;  
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minH - daWimulobis horizontaluri mdgenelis minim-

aluri mniSvneloba, kn;  

min minH = T = kQFC - sarelso bagiris minimaluri daWim- 

ulobaa vagonis moZraobis traeqtoriis yvelaze da-

bal wertilSi, kn; 

    Tu CavsvaT  da  2.45 gantolebaSi da ga-

viTvaliswinebT, rom  

maxS minS

maxH = max 1 1T cosβ = b q cosβ

 

( )

( )

2 2

2 2 2
max max min

0max min
2
min 1

G L L G L+ Q Q + G - -
24H 8H 24H
x(L - x) (H - H )L L- Q Q + G = ± E
2H L Es cosβ cosβ

F F

F F 0 tΔ
   2.48 

sadac - vagonis moZraobis traeqtoriis umdablesi 

wertilis abscisaa  

x

m
1

L KQ Lsinβx = x = +
2 q L + Q cosβ

FC

FC

,              2.49 

    amrigad, 2.48 SesaZlebelia ase warmovidginodD 

( )2

2 2
max min

0m m max min
2 2
max min 1

Q Q + GG L 1 1D = - +
24 H H 8

L 4x (L - x ) (H - H )L L- - ± E
H H L Es cos cos

FC FC

0

⎛ ⎞
⋅⎜ ⎟

⎝ ⎠
⎡ ⎤ ⎛ ⎞
⋅ Δ⎜ ⎟⎢ ⎥ β β⎝ ⎠⎣ ⎦

t
   2.50 

    Tuki D funqciaSi daviwyebT sididis gazrdas 1q

0-dan da SevamowmebT pirobas D = , gamoviTvliT 0≺
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1q  mniSvnelobas da SevirCevT standartul bagirs. 

(ix. danarTi 1, bagiris erTi metris wona- , kn/m; 

diametri - ,m; metaluri kveTi- , m2; sagleji Zala-

, kn. 

1q

1d 1s

1T 1
1r

1 1

Tb
n q

= ,m).  
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Tavi III. sarelso bagirze vagonis asvlis 

kuTxeebisa da amZrav Skivze efeqturi 

Zalebis gansazRvra 

          

    3.1 damWim tvirTian sarelso bagirze vagonis as-

vlis kuTxeebisa da amZrav Skivze efeqturi simZlav-

ris gansazRvra 

     damWim tvirTian sarelso bagirSi daWimulobis 

horizontaluri mdgeneli yovelTvis mudmivia damW-

imi tvirTis xarjze da gamoiTvleba 2.47, xolo vag-

onis asvlis kuTxe - 2.9 formuliT 

( ) 2tg = tg + L - 2x kγ β ⋅ ,                  3.1 

sadac , datvirTuli vagonisaTvis  2k

1
2 2F

1

1 q Qk = k +
2H cosβ L

FC⎛ ⎞
= ⋅ ⎜ ⎟

⎝ ⎠
, 

xolo carielisaTvis-  

1
2 2E

1

1 q Qk = k +
2H cosβ L

EC⎛ ⎞
= ⋅ ⎜ ⎟

⎝ ⎠
. 

     miRebulia, rom vagonis moZraobis dasawyisSi, 

A  wertilSi, m da moZraobis dasasruls, B  

wertilSi - m, [2]. 

x = 10

L -10x =
    Sesabamisad – 
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savse vagonis asvlis kuTxe zeda sadgurTan, A  say-

rdenTan, ( )  x =10

( )F.A 2Ftg = tg + L - 2 10 kγ β ⋅ .               3.2 

    savse vagonis asvlis kuTxe qveda sadgurTan,  

sayrdenTan, 

B

( )x = L -10 - 

( )F.B 2Ftg = tg L - 2 10 kγ β − ⋅ .              3.3 

     carieli vagonis asvlis kuTxe zeda sadgurTan, 

A sayrdenTan, ( )x =10 - 

( )E.A 2Etg = tg + L - 2 10 kγ β ⋅ .              3.4 

    carieli vagonis asvlis kuTxe qveda sadgurTan, 

sayrdenTan, B ( )x = L -10 - 

( )E.B 2Etg = tg L - 2 10 kγ β − ⋅ .              3.5 

      sawev bagirSi  daWimulobis gansazRvrisaTvis, 

rac sabolood saWiroa amZrav Skivze modebuli saw-

evi Zalebisa da amZravi Zravas efeqturi mniSvnelob-

ebebis gaangariSebisaTvis, orvagoniani bagirgzebisa-

Tvis ganixilaven or SemTxvevas [1]: 

 1. A2  varianti-„datvirTuli vagoni zemoT-carieli 

vagoni qvemoT“.  

 2. B2  varianti-„datvirTuli vagoni qvemoT-carieli 

vagoni zemoT-“. 
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     carieli vagonis wonis mdgenelisa da vagonis 

moZraobis winaaRmdegobis jami zemoT moZraobisas 

     - qveda sadgurTan, B sayrdenTan 

( )E.B.U wC E.B 0 E.Bt Q sin f cos= γ + γ ;             3.6 

     - zeda sadgurTan, A sayrdenTan 

( )E.A.U wC E.A 0 E.At Q sin f cos= γ + γ ;             3.7 

     carieli vagonis wonis mdgenelisa da vagonis 

moZraobis winaaRmdegobis jami qvemoT moZraobisas 

    - zeda sadgurTan, A sayrdenTan 

( )E.A.D wC E.A 0 E.At Q sin f cos= γ − γ ;             3.8 

    - qveda sadgurTan, sayrdenTan B

( )E.B.D wC E.B 0 E.Bt Q sin f cos= γ − γ ;             3.9 

    datvirTuli vagonis wonis mdgenelisa da vago-

nis moZraobis winaaRmdegobis jami zemoT moZraob-

isas 

    - qveda sadgurTan, sayrdenTan B

( )F.B.U FC F.B 0 F.Bt Q sin f cos= γ + γ ;            3.10 

    - zeda sadgurTan, A sayrdenTan  

      ( )F.A.U FC F.A 0 F.At Q sin f cos= γ + γ ;            3.11 

    datvirTuli vagonis wonis mdgenelisa da vago- 

nis moZraobis winaaRmdegobis jami qvemoT moZraobi- 
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sas 

    - zeda sadgurTan, A sayrdenTan  

      ( )F.A.D FC F.A 0 F.At Q sin f cos= γ − γ ;            3.12 

    - qveda sadgurTan, sayrdenTan B

      ( )F.B.D FC F.B 0 F.Bt Q sin f cos= γ − γ ;             3.13 

     amZrav Skivze sawevi Zalebis gaangariSebisas ga-

nixilaven or SemTxvevas: rodesac amZravi zeda sad-

gurSia da rodesac – qveda sadgurSi.  

     rogorc wesi, amZrav Skivze satatikuri datvir-

Tva warmoadgens sawevi bagiris momrbeni da gamrbe-

ni Stoebis statikur daWimulobaTa Soris sxvaobas. 

amis gaTvaliswinebiT, amZrav Skivze sawevi Zalebis 

gaangariSebisas, saangariSo formulebSi niSan “+”-s 

aiReben rodesac amZrav Zravaze modebulia dadebiTi 

datvirTva da niSan “-“-s, rodesac amZrav Zravaze mo-

debulia uaryofiTi datvirTva. amZravis mdebareobis 

orive SemTxvevaSi sawevi Zalebi amZrav Skivze gamoi-

Tvleba erTnairi formulebiT.  

     1. sawevi Zala amZrav Skivze, rodesac datvirT-

uli vagoni moZraobs zemoT da carieli qvemoT ( A2  

varianti): 

- moZraobis dasawyisSi,  

 A1 F.B.U E.A.D 0F t t 2 t= − + ⋅ ;              3.14 
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- moZraobis dasasruls 

  A2 F.A.U E.B.D 0F t t 2 t= − + ⋅ . 3.15 

     sawevi Zalis efeqturi mniSvneloba amZrav Skiv- 

ze  

   ( 2
ef.A A1 A1 A2 A2

1F F F F F
3

= + + )2          3.16.           

     2. sawevi Zala amZrav Skivze, rodesac datvirT-

uli vagoni moZraobs qvemoT da carieli zemoT (B2  

- varianti): 

- moZraobis dasawyisSi 

B1 E.B.U F.A.D 0F t t 2 t= − + ⋅ ;           3.17 

- moZraobis dasasruls 

B2 E.A.U F.B.D 0F t t 2 t= − + ⋅ ;           3.18 

     sawevi Zalis efeqturi mniSvneloba amZrav Skiv- 

ze   

( 2 2
ef.B B1 B1 B2 B2

1F F F F F
3

= + + ) .          3.19 
      erTvagoniani bagirgzebisTvisac or SemTxvevas 

ganixilaven: 

1. A1 varianti-„datvirTuli vagoni zemoT“;  

2. B1 varianti-„datvirTuli vagoni qvemoT“. 

     1. sawevi Zala amZrav Skivze, rodesac datvirT-

uli vagoni moZraobs zemoT: 
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- moZraobis dasawyisSi 

A11 F.B.U 0F t t= + ;                 3.20 

- moZraobis dasasruls 

A21 F.A.U 0F t t= + .                 3.21 

     sawevi Zalis efeqturi mniSvneloba amZrav Skiv- 

ze  

              ( )2
ef.A1 A11 A11 A21 A21

1F F F F F
3

= + + 2

t

          3.22 

     2. sawevi Zala amZrav Skivze, rodesac datvirT-

uli vagoni moZraobs qvemoT: 

- moZraobis dasawyisSi 

B11 F.A.D 0F t= − + ;                   3.23 

- moZraobis dasasruls 

B21 F.B.D 0F t t= − + ;                   3.24 

     sawevi Zalis efeqturi mniSvneloba amZrav Skiv- 

ze  

              ( )2
ef.B1 B11 B11 B21 B21

1F F F F F
3

= + + 2 .          3.25 

    SevadaroT konkretuli magaliTisaTvis liter-

aturaSi [5] moyvanili meTodiTa da Cvens mier Sem-

oTavazebuli mosazrebiT gansazRvruli asvlis kuT-

xeebi: bagirgzis horizontaluri sigrZe - L 800= m; 
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bolo sadgurebs Soris doneTa sxvaoba - h 0= m; 

1/m; 0k 0.0001519= 1Fk 0.0002426= 1/m; 2Fk 0.0001973=      

     avagoT orive meTodiT gamoTvlili asvlis ku- 

Txeebi malis mTel sigrZeze. samagaliTod aviRoT 

datvirTuli vagonis moZraoba (ix. nax. 3.3) 

 

nax. 3.3 asvlis kuTxeebi sarelso bagiris mTel sigrZeze [5]–s 

mixedviT (lurji-1) da Cvens mier SemoTavazebuliT (wiTeli-2) 

     malis Suamde, me-2 grafikis mniSvnelobebi uf- 

 ro metia, vidre 1-isa, xolo malis Sua wertilis  

Semdeg, am SemTxvevaSi 400 m-is Semdeg, 1-is mniSvnel-

obebi ufro metia vidre 2-isa. am gansxvavebis mize-

zi isaa, rom A  sayrdenidan vagonis moZraobisas da-

mWimi tvirTi iwyebs zemoT svlas, izrdeba sarelso 
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bagiris sigrZe da Sesabamisad - asvlis kuTxis mni-

Svnelobebi. 

    sawinaaRmdego suraTia rodesac vagoni malis 

Sua wertils, m-s gaivlis, damWimi tvirTi daiwy- 400
ebs dabla daSvebas, Semcirdeba sarelso bagiris si-

grZe da Sesabamisad - asvlis kuTxis mniSvneloba.  

     maqsimaluri gansxvaveba grafikebs Soris malis  

Sua wertilSia. gamovTvaloT es gansxvaveba. 1-wrfis 

mniSvneloba, am wertilSi, nulis tolia, xolo meo- 

resi (gaviTvaliswinoT 2.27 formula da -is mniS-

vneloba, romelic am wertilSi 

0y

2

0 1FkLy
4

= -is tolia), 

A sayrdenisaken- 

(

2

1F
0

A 0 0 0 1F
0

L ky L L4tg k x k k kLx 2 2
2

γ = − = − = − )0 .  3.26 

B sayrdenisaken- 

( )

( )

2

1F
0

B 0 0 0
0

1F 0

L ky L4tg k L x k LLL x 2L
2

L k k
2

⎛ ⎞γ = − + − = − + − =⎜ ⎟− ⎝ ⎠−

= − −

    3.27 
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     horizontalur bagirgzaze, rodesac vagoni ma-

lis Sua wertilSia, asvlis kuTxeebi orive mimarT-

ulebiT absoluturi mniSvnelobiT toli da aseTi  

sididisaa - FC

1

Q
2H

Δ =  (2.2 da 2.4 formulebis gaTva-

liswinebiT).                      

    Cveni SemoTavazebaa, vagonis asvlis kuTxeebi ga-

moiTvalos Cvens mier warmodgenili meTodiT, rode-

sac 0FC

1

Q 0.087 5
2H

Δ = ≥ ≈ , xolo sxva SemTvevaSi gamo-

viyenoT literaturaSi [5] moyvanili meTodi.  

               

 
 
 
3.2 uZravad Camagrebulboloebian sarelso bagirze 

vagonis asvlis kuTxeebisa da amZravi Skivze efeqtu-

ri Zalebis gansazRvra 

    uZravad Camagrebulboloebian sarelso bagirze 

vagonis asvlis kuTxeebis gansazRvrisaTvis saWiroa 

winaswar ganisazRvros daWimulobis horizontalu-

ri mdgeneli datvirTuli da carieli vagonisaTvis 

(gansxvavebiT damWimtvirTiani sarelso bagirisa, sa-

dac daWimulobis horizontaluri mdgeneli yvela 

SemTxvevaSi mudmivia damWimi tvirTis gamo). 
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    datvirTuli vagonisaTvis - 

3 2
F F 1H A H B 0+ ⋅ − = ,                3.28 

    carieli vagonisaTvis - 

3 2
E E 2H + A H B 0⋅ − = ,                3.29  

sadac - (vagonis mdebareobisas sadgurebTan, roca 

x 10=  an x L 10= − ) 

2
21 1 1

FC FC2
max

max 0 1

Es q L q LA = + 3 Q Q + cos β -
24H cosβ cosβ

- H + EE s ∆t

⎡ ⎤⎛ ⎞ ⎛ ⎞
⋅⎢ ⎥⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦  

( )2
21 1 1

1 FC FC 2

x L - xEs q L q LB = +12 Q Q + cos β
24 cosβ cosβ L

⎡ ⎤⎛ ⎞ ⎛ ⎞
⋅⎢ ⎥⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦
 

( )2
21 1 1

2 EC EC 2

x L - xEs q L q LB = +12 Q Q + cos β
24 cosβ cosβ L

⎡ ⎤⎛ ⎞ ⎛ ⎞
⋅⎢ ⎥⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦
. 

      sadac  , (ix. gv. 35).     max 1r 1H = b q cosβ

aseT SemTxvevaSi   

             1
2F

F

1 q Qk
2H cosβ L

FC⎛ ⎞
= ⋅ ⎜

⎝ ⎠
+ ⎟ ,              3.30    

xolo   

1 E
2E

E

1 q Qk
2H cosβ L

⎛ ⎞
= ⋅ ⎜

⎝ ⎠
C+ ⎟ .              3.31 
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     gamovTvaloT vagonis asvlis kuTxeebi sarelso 

bagirze. 

    datvirTuli vagonis asvlis kuTxe zeda sadgur-

Tan, - ( )x = 10

( ) 2Ftg = tg + L - 2 10 kγ βF.A ⋅ ⋅ .           3.32 

    datvirTuli vagonis asvlis kuTxe qveda sadgu-

rTan , ( ) - x = L -10

( ) 2Ftg = tg L - 2 10 kγ β −F.B ⋅ ⋅ .           3.33 

    carieli vagonis asvlis kuTxe zeda sadgurTan, 

- ( )x = 10

( ) 2Etg = tg + L - 2 10 kγ βE.A ⋅ ⋅ .           3.34   

  carieli vagonis asvlis kuTxe qveda sadgurTan, 

( )x = L -10 - 

( ) 2Etg = tg L - 2 10 kγ β −E.B ⋅ ⋅ .           3.35 

     amZrav Skivze modebuli sawevi Zalebisa da amZ-

ravi Zravas efeqturi mniSvnelobis gaangariSebis me-

Todi, rogorc orvagoniani, ise erTvagoniani bagir- 

gzebisaTvis savsebiT analogiuria damWim tvirTiani 

sarelso bagirisa. 
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Tavi IV. sawvi bagiris, amZravi Zravasa da 

reduqtoris SerCeva 

 

4.1 sawevi bagiris SerCeva  

    sawevi bagiris SerCevisas (rogorc sarelso bag-

irebSi) erT-erTi ZiriTadi parametri bagiris sagl-

eji Zalaa.  

winaswar angariSoben mudmiv sidides: 

stKD
exp( ) 1

=
μα −

,                  4.1 

sadac stK 1.75= - xaxunis amZrav Skivze sawevi 

bagiris CaWidebis maragis koeficienti; 

μ = 0.2 - bagirsa da Skivis Rars Soris xaxunis 

koeficienti;                    

α = π  - bagiris amZrav Skivze Semoxvevis kuTxe. 

ase, rom  

stK 1.75D 2
exp( ) 1 exp(0.2 ) 1

= = ≈
μα − ⋅ π −

.    4.2 

erTi metri sawevi bagiris wona, rodesac amZra-

vi zeda sadgurSia moTavsebuli, gamoiTvleba: 

Tu  F.B 0γ ≥

 
( )− + ⋅ + +

=
−

F.A.U E.B.D 0 F.A.U 0
2

2

D t t 2 t t t
q

b h
,         4.3 
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Tu  F.B 0γ ≺

  
( )− + ⋅ + − +

= F.A.U F.B.D 0 F.A.U F.B.D 0
2

2

D t t 2 t t t t
q

b
.    4.4 

erTi metri sawevi bagiris wona, rodesac amZra-

vi qveda sadgurSia moTavsebuli, gamoiTvleba: 

Tu  0γF.B ≥

( )− + ⋅ + − +
= F.A.U E.B.D 0 F.A.U E.B.D 0

2
2

D t t 2 t t t t
q

b
,    4.5 

Tu , igive 4.4 gamosaxulebiT 0γF.B ≺

( )− + ⋅ + − +
= F.A.U F.B.D 0 F.A.U F.B.D 0

2
2

D t t 2 t t t t
q

b
.    4.6 

SeniSvna:  kuTxis gamoTvla ix. sarelso ba-

giris gamoTvlis Sesabamis meTodSi. 

F.Bγ

     sawevi bagiris damWimi tvirTis -is wona gan-

isazRvreba amZrav Skivze modebuli maqsimaluri da-

tvirTviT. misi mniSvneloba gamoiTvleba 

2G

A  (zeda)  

sayrdenTan savse vagonis asvlisas - 

max2
2 2 0

tG b q t
2 2

= − − ,                 4.7 

sadac  

( )max F.A.U FC F.A 0 F.At t Q sin f cos= = γ + γ ,       4.8 

xolo  
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( )F.A 2Ftg = tg + L - 2 10 kγ β ⋅ .            4.9 

 

2 amZravi Zravasa da reduqtoris SerCeva 

Ceva xaxu-

 

 

 

4.

     sawevi bagiris gamoTvlis Semdeg Seir

nis amZravi Skivis diametri ( )0D ,m - 

                    D 80d0 2= .                       4.7 

iametre

 1.25 1.6 2 2.25

     amZravi Skivis d bis standartuli mniSv-

nelobebia (m-Si) 

D0 1
 

   amZravi Skivis saorentacio brunvaTa ricxvi as-

                    

  

eT SemTxvevaSi iqneba 

m
m

0

60Vn
D

=
π

,                     4.8 

xolo SesarCevi amZravi Zravas brunvaTa ricxvi 

                      0mot m rn n i= ⋅ ,                   4.9 

dacemaTa 

          

sadac i reduqtoris ga ricxvia.zogad, samr-

ewvelo gamoyenebis PM tipis reduqtorebisaTvis    
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i 10,16, 20, 31.5, 40, 50=

mn

( )0motn 750, 1000, 1500=

; gadacemis ricxvebis am sta-

ndartuli safexurebidan SeirCeva is mniSvneloba, 

romlis namravli amZravi Skivis saorentacio brun-

vaTa ricxvze, -ze, yvelaze metad miuaxlovdeba 

asinqronuli Zravas standartul brunvaTa ricxvs 

.  

     SerCeuli Zravas standartuli brunvaTa ricxv-

is mixedviT gamoiTvleba bagirgzis realuri, maqsim-

aluri siCqare [1] 

                0 0mot
m r

D nV
60 i

π
=

⋅
.                   4.10  

     amZravi Zravas efeqturi simZlavre gamoiTvleba 

formuliT 

                
ef mr

ef

F V
P

⋅
= ϕ

η
; kvt.              4.11 

sadac  -sistemis dinamikurobis koeficienti, rom-

elic damokidebulia trasis sigrZesa da moZraobis 

siCqareze; , amasTan, didi mniSvneloba 

Seesabameba mokle gzebsa da did siCqareebs. 

ϕ

φ = 1.05...1.5

   η - Zravasa da amZrav Skivs Soris arsebuli gada-

cemis mqk.   

    - efeqturi Zalis mniSvneloba tolia   efF

   1. orvagoniani bagirgzebisaTvis 
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a) 2A varianti-“ datvirTuli zeviT-carieli qveviT”   

             ( )2 2
ef ef.A A1 A1 A2 A2

1F F F F F F
3

= = + + ,        4.12 

b) varianti-“datvirTuli qveviT-carieli zeviT”   

              

2B

( )2 2
ef ef.B B1 B1 B2 B2

1F F F F F F
3

= = + + .         4.13    

bisaTvis    2. erTvagoniani bagirgze

 a) 1A  varianti-“ datvirTuli zeviT”   

          ( )2 21
ef ef.A1 A11 A11 A21 A21F F F F F F

3
= = + + ,        4.14 

 b)  varianti-“ datvirTuli qveviT”   

          

 1B

 ( )2 21
ef ef.B1 B11 B11 B21 B21F F F F F F

3
= = + + .         4.15 

     efeqturi lel formulebSi Sem-

avali sidideebis mniSvnelobebi SesaZloa ganisaz

a cxrili #3 -dan standartuli Zrava. 

elmaval  

Zalis gamosaTv

R- 

vros 3.14, 3.15, 3.17, 3.18, 3.20, 3.21, 3.23 da 3.24 formule-

biT. 

     gaangariSebuli Zravas simZlavris mixedviT Se- 

irCev

     reduqtoris tipi SeirCeva gadacemis ricxvisa 

da maqsimaluri momentis mniSvnelobiT mis n

lilvze. es ukanaskneli ar unda iyos naklebi amZrav 

Skivze modebul maqsimalur momentze. 
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     reduqtoris nelmaval lilvze modebuli momen-

ti ganisazRvreba formuliT  

              mot.0 r.0
r max

0

J + JM = M - 2 j
D 1 ,              4.16 

qsimaluri momentia am

SemTxvevaSi SeiZleba Seicvalos Zravas mier ganvi- 

li 

a 

ia dayvanili amZrav 

e, kg

sadac maxM - ma Zrav Skivze. am 

Tarebu dayvanili momentiT; 

     mot.0J  da r.0J - Sesabamisad Zravas rotorisa d

reduqtoris inerciis momenteb

Skivz m2.   

     1j - amZravi Skivis aCqarebis mniSvneloba, m/wm2. 

     reduqtoris dayvanil inerciis moments saSual-

-od Zravas dayvanili inerciis momentis sididis nax

evars aiReben 

                   r.0 mot.0J 0.5 J= ⋅ .                   4.17 

    Zravas normaluri amuSavebis pirobidan gamomdi-

momentis mni

              

nare, maqsimaluri Svneloba amZrav Skiv-

ze iangariSeba  

n9.55PM = 0.85 λ η i⋅max n i
nn

; knm,        4.18 

sa

kvt; 

dac nP , SerCeuli Zravas nominaluri simZlavrea, 
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     nn  -

br/wT; 

loba 

 SerCeuli Zravas nominaluri brunvaTa ri-

cxvi, 

     n0 5 ⋅ λ - Zravas amuSavebisas gadatvirTvis das-

aSvebi mnisvne

.8

( nλ - Zravas nominaluri gadatvi-

 koefi

od SesaZloa daiweros    

rTvis cienti); 

     i  da iη - reduqtoris gadacemis ricxvi da mqk-a. 

     amrigad, sabolo

mot.0 r.0 nJ + J 9.55PM = - 2 j 0.85 λ η i -≈ ⋅

     

r max 1 n i

2
mot motn

1 n i 1
0 n 0

M

1.5J i 3J iP- 2 j 8 λ η - j i
D n D

⎛ ⎞
≈ ⋅⎜ ⎟
⎝ ⎠

 4.19 

    gadacemis ricxvisa da momentis mixedviT Se- 

irCeva cxrili #4 -dan standartuli reduqtori. 

0 nD n
  

i rM

Sromatevadi maTematikuri gaangariSebebis Tavidan 

acilebis mizniT, daprogramebis sistema MATLAB-Si, 

mocemulia programebi, romlebic iZlevian saSuale-

bas gamoiTvalos damWimtvirTiani da uZravad Camag-

rebulboloebiani sarelso bagiris grZivi metris 

wona, sawevi bagiris grZivi metris wona, sarelso 

bagirze vagonis asvlis kuTxeebi, raduqtori da amZ-

ravi Zravas efeqturi simZlavre, imis mixedviT, Tu 

sadaa moTavsebuli bagirgzis amZravi. 
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4.3 damWimtvirTiani sarelso bagiris grZivi metris 
wonis SerCeva, sarelso bagirze vagoni
Txeebis, reduqtorisa da amZravi Zravas

s asvlis ku-
 efeqturi   

elso bagiris wona; 

]= მ, - sadgurebs Soris doneTa sxvaoba; 

 მ, - bagirgzis horizontaluri sigrZe; 

iT; 

a 1, roca erTia.” 
qve-

nput('amzravi zevit -kk=1 da amzravi kvevit-kk=0 ');  
> h=input('doneta sxvaoba -h='); L=input('horizontaluri sigrze- L=');  

 cona-QFC='); 

40*10^4; 
6; 

,0.045]; 

simZlavris gamoTvla daprogramebis sistema 
MATLAB –is gamoyenebiT 
  
 
“[q1]=kn/m, - erTi metri sar

 [h
 [L]=
 [D0]= მ,- amZravi Skivis diametri; 
[QFC]=კნ, -  datvirTuli vagonis wona, karet

 [QEC]=კნ, -  carieli vagonis wona, karetiT; 
 nn= (2 an 1); 2- roca ori vagonia d
 kk=(1 an 0); 1- roca amZravi zeviTaa da 0- roca 
viT” 
 
nn=input('vagonebis raodenoba -nn=');  
>> kk=i
>
>> if nn>=2 QFC=input('datvirtuli vagonis
>> QEC=input('carieli vagonis cona -QEC='); else   
>> QFC=input('datvirtuli vagonis cona-QFC='); QEC=0; end,  
>> k=12;D2=2;kst=1.75;n1=3.3;  

g1=1>> n2=4.5;gam1=85;gam2=95;miu2=0.2;alfa2=pi; si
>> sig2=180*10^4; b1=.9*sig1/n1/gam1; f0=0.06;  t0=0.2;  j=0.

(h/L); Fi=1.1; etar=.85; >> b2=.9*sig2/n2/gam2; bet=atan
>> xm=L/2+ k*L*(b1-h)*sin(bet)/(k*L+(b1-h)*cos(bet)); if xm>=L   
>> y=h; q1=k*QFC/(b1-y);else for q1=0.0001:0.00001:10;  
>> k2=(q1*L+QFC*cos(bet))/(2*k*QFC*L*cos(bet)); 
>> xm=1/2*(L+tan(bet)/k2);y=k2*xm^2; z=q1*(b1-y)-k*QFC; 
>> if z>=0  break; end; end, end;  

115]; >> q11=[0.05,0.056,0.063,0.07,0.086,0.096,0.103,0.
>> q12=[0.125,0.145,0.164,0.173,0.177,0.198,0.237,0.272]; 

=q1)); q1=q13(n);  >> q13=[q11,q12]; n=min(find(q13>
>> d11=[0.0305,0.032,0.034,0.0355,0.0385,0.0405,0.0425
>> d12=[0.047,0.051,0.052,0.054,0.055,0.06,0.065,0.07]; 
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>> d13=[d11,d12]; d1=d13(n); 
>> s11=[0.000596,0.00066,0.00073,0.000796,0.001,0.001135]; 
>> s12=[0.00121,0.001356,0.00146,0.001725,0.00196]; 
>> s13=[0.002064,0.002075,0.00239,0.00285,0.003292]; 

FC/L); 

1); 
A)))*(nn-1); 
)))*(nn-1); 

, A  sakrdentanaa'); 
+tFAU+t0)/(b2-h); else 
U-tFBD*(nn-1)+t0)/b2;  

 
e 

3]; 

032];  

  

;FC2=tEAU*(nn-1)-tFBD+nn*t0; 

, 2, 2.5];  

];nm1=nm*ired; 
0))); 

]); 

>> s14=[s11,s12,s13]; s1=s14(n); T1=sig1*s1; G1=q1*(b1-h); 
>> H1=(G1+q1*h/2)*cos(bet); k2F=1/2/H1*(q1/cos(bet)+Q
>> k2E=(nn-1)*(1/2/H1*(q1/cos(bet)+QEC/L));  
>> gaEA=(atan(tan(bet)+(L-2*10)*k2E))*(nn-1); 
>> gaEB=(atan(tan(bet)-(L-2*10)*k2E))*(nn-1); 
>> gaFA=atan(tan(bet)+(L-2*10)*k2F); 
>> gaFB=atan(tan(bet)-(L-2*10)*k2F); 
>> tEBU=(QEC*(sin(gaEB)+f0*cos(gaEB)))*(nn-
>> tEAU=(QEC*(sin(gaEA)+f0*cos(gaE
>> tEAD=(QEC*(sin(gaEA)-f0*cos(gaEA
>> tEBD=(QEC*(sin(gaEB)-f0*cos(gaEB)))*(nn-1); 
>> tFBU=QFC*(sin(gaFB)+f0*cos(gaFB)); 
>> tFAU=QFC*(sin(gaFA)+f0*cos(gaFA)); 
>> tFAD=QFC*(sin(gaFA)-f0*cos(gaFA)); 
>> tFBD=QFC*(sin(gaFB)-f0*cos(gaFB)); 
>> if kk>=1 disp(' rodesac amdzravi  zevitaa
>> if gaFB>=0 q2=(D2*(tFAU-tEBD+nn*t0)
>> q2=(D2*(tFAU-tFBD*(nn-1)+nn*t0)+tFA
>> end,else disp(' rodesac amdzravi kvevitaa, B  sakrdentanaa');
>> if gaFB>=0 q2=(D2*(tFAU-tEBD+nn*t0)+tFAU-tEBD+t0)/b2; els
>> q2=(D2*(tFAU-tFBD*(nn-1)+nn*t0)+tFAU-tFBD*(nn-1)+t0)/b2;  
>> end,end,q21=[0.0062,0.0071,0.0081,0.0092,0.0097,0.011,0.01
>> q22=[0.016,0.017,0.021,0.022,0.027,0.033,0.036]; 
>> q23=[q21,q22]; [z,n]=min((abs(q23-q2))); q2=q23(n+1); 
>> d21=[0.0135, 0.0145, 0.015, 0.016, 0.0165, 0.0175, 0.0195]; 
>> d22=[0.021, 0.022, 0.024, 0.025, 0.0275, 0.0305, 0.
>> d23=[d21,d22];d2=d23(n+1); 
>> FB1=tFBU-tEAD*(nn-1)+nn*t0;FB2=tFAU-tEBD*(nn-1)+nn*t0;
>> Fef.A=(1/3*(FB1^2+FB1*FB2+FB2^2))^0.5; 
>> FC1=tEBU*(nn-1)-tFAD+nn*t0
>> Fef.B=(1/3*(FC1^2+FC1*FC2+FC2^2))^0.5;  
>> Vm=0.32*(j*L)^.5; D0=80*d2; D0r=[1,1.25,1.6
>> n=min(find(D0r>=D0)); D0=D0r(n); nm=60*Vm/pi/D0; 
>> ired=[10,16,20,31.5,40,50];n0=[750,1000,1500
>> [M1,n]=min((abs(nm1-750))); [M2,n]=min((abs(nm1-100
>> [M3,n]=min((abs(nm1-1500)));[MM,n]=min([M1,M2,M3
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>> nmot=n0(n); dd=nmot/nm; [z,n]=min((abs(ired-dd))); ir=ired(n); 
>> Vmr=pi*D0*nmot/60/ir; Pef.A=Fi*Fef.A*Vmr/etar; 
>> Pef.B=Fi*Fef.B*Vmr/etar; G2=2*(b2*q2-tFAU/2-t0); 
>> disp(sprintf('sarelso bagiris erti metris cona, kN/m-q1=%g',q1));  

));  
g',s1));  

',G1));  
;  

nmot));  

n>=2 
)), 

', Pef.B)),  

4 uZravad Camagrebulboloebiani sarelso bagiris 
Zivi metris wonis SerCeva, sarelso bagirze vago-

agiris wona; 

]= მ, - sadgurebs Soris doneTa sxvaoba; 

iT; 

wona, karetiT; 

>> disp(sprintf('sarelso bagiris diametri, m-d1=%g',d1
>> disp(sprintf('sarelso bagiris metaluri kveti, m^2-s1=%
>> disp(sprintf('sarelso bagiris sagleji zala, kN-T1=%g',T1));  
>> disp(sprintf('sarelso bagiris damchimi tvirti, kN-G1=%g
>> disp(sprintf('sacevi bagiris erti metris cona, kN/m-q2=%g',q2))
>> disp(sprintf('sacevi bagiris diametri, m- d2=%g',d2));  
>> disp(sprintf('sacevi bagiris damchimi tvirti, kN-G2=%g',G2));  
>> disp(sprintf('amzravi shkivis diametri, m-  D0=%g',D0));  
>> disp(sprintf('zravas brunvata ricxvi, r/min -  nmot=%g',
>> disp(sprintf('reductoris gadacemis ricxvi, -  ir=%g',ir));  
>> disp(sprintf('bagirgzis sichqare, m/s-  Vmr=%g',Vmr)); if n
>> disp(sprintf('datvirtuli zevit-carieli qvevit, kWt -Pef.A=%g', Pef.A
>> disp(sprintf('datvirtuli qvevit-carieli zevit, kWt -Pef.B=%g
>> else disp(sprintf('datvirtuli zevit, kWt - Pef.A=%g',Pef.A)), 
>> disp(sprintf('datvirtuli qvevit, kWt -  Pef.B=%g',Pef.B)), end;  
 
 
 
 
 
4.
gr
nis asvlis kuTxeebis, reduqtorisa da amZravi Zra-
vas efeqturi simZlavris gamoTvla daprogramebis 
sistema MATLAB –is gamoyenebiT 
  
 
“[q1]=kn/m, - erTi metri sarelso b

 [h
 [L]= მ, - bagirgzis horizontaluri sigrZe; 

 [D0]= მ,- amZravi Skivis diametri; 
[QFC]=კნ, -  datvirTuli vagonis wona, karet

 [QEC]=[QW]= კნ, -  carieli vagonis 
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 nn= (2 an 1); 2- roca ori vagonia da 1, roca erTia.” 
-

ut('vagonebis raodenoba -nn=');  
 kk=input('amzravi zevit -kk=1 da amzravi kvevit-kk=0 ');  

t('horizontaluri sigrze- L=');  

2=95; 

; 

37,0.272]; 

045]; 

 kk=(1 an 0); 1- roca amZravi zeviTaa da 0, roca qve
viT” 

 
nn=inp
>>
>> h=input('doneta sxvaoba -h='); L=inpu
>> if nn>=2 QFC=input('datvirtuli vagonis cona-QFC='); 
>> QEC=input('carieli vagonis cona -QEC='); QW=0;else   

 >> QFC=input('datvirtuli vagonis cona-QFC='); QEC=0; 
>> QW=input('carieli vagonis cona -QW='); end,  
>> bet=atan(h/L); n1=3.3; 

=85;gam>> n2=4.5;sig1=140*10^4; sig2=180*10^4; gam1
=.9*sig2/n2/gam2; >> b1=.9*sig1/n1/gam1; b2

>> k=12;D2=2;kst=1.75; miu2=0.2;alfa2=pi;f0=0.06;t0=0.2;j=0.6; 
8; dt=30; >> Fi=1.2; etar=.8; E0=1.1*10^(-5); E=2.1*10^

>> xm=L/2 +k*L*(b1-h)*sin(bet)/(k*L+(b1-h)*cos(bet));   
0001:1; >> if xm>=L xm=L; else xm=xm; end; for q1=0.001:0.00

>> G=q1*L/cos(bet); Hmax=b1*q1* cos(bet);s1=q1/gam1
>> Hmin=k*QFC; A11=G^2*L/24*(1/Hmax^2-1/Hmin^2); 

/L); >> A12=QFC*(QFC+G)/8*(L/Hmax^2-4*xm*(L-xm)/Hmin^2
>> A13=L/cos(bet)*((Hmax-Hmin)/E/s1+E0*dt); 
>> D=A11+A12-A13; if D<=0 ,break ; end; end;  

3,0.115]; >> q11=[0.05,0.056,0.063,0.07,0.086,0.096,0.10
>> q12=[0.125,0.145,0.164,0.173,0.177,0.198,0.2
>> q13=[q11,q12]; n=min(find(q13>=q1)); q1=q13(n);  
>> d11=[0.0305,0.032,0.034,0.0355,0.0385,0.0405,0.0425,0.

7]; >> d12=[0.047,0.051,0.052,0.054,0.055,0.06,0.065,0.0
>> d13=[d11,d12]; d1=d13(n); 

135]; >> s11=[0.000596,0.00066,0.00073,0.000796,0.001,0.001
0146,0.001725,0.00196]; >> s12=[0.00121,0.001356,0.0

>> s13=[0.002064,0.002075,0.00239,0.00285,0.003292]; 
>> s14=[s11,s12,s13]; s1=s14(n); T1=sig1*s1;  
>> a00=E*s1/24/Hmax^2; a11=q1*L/cos(bet); 

ax; >> a12=3*QFC*(QFC+a11); a13=E*E0*s1*dt-Hm
>> A=a00*(a11^2+a12)*cos(bet)^2+a13; 
>> b00=a00*Hmax^2; b11=a11;  

^2; >> b121=12*QFC*(QFC+b11)*10*(L-10)/L
t)^2; >> B1=b00*(b11^2+b121)*cos(be

 58



>> b122=12*QW*(QW+b11)*10*(L-10)/L^2; 
>> B2= b00*(b11^2+b122)*cos(bet)^2; 
>> fF=@(x)x.^3+A*x.^2-B1; HF=fzero(fF,100);  
>> fE=@(x)x.^3+A*x.^2-B2; HE=fzero(fE,100);  

)*(nn-1); 

B)))*(nn-1); 
A)))*(nn-1); 

a, A  sakrdentanaa'); 
+tFAU+t0)/(b2-h); 

 

-tFBD*(nn-1)+nn*t0)+tFAU-tFBD*(nn-1)+t0)/b2;  

, 0.017, 0.021, 0.022, 0.027, 0.033, 0.036]; 

195]; 

t0;  
2+FB2^2))^0.5; 

/pi/D0; 
 

>> k2F=1/2/HF*(q1/cos(bet)+QFC/L); 
>> k2E=(nn-1)*(1/2/HE*(q1/cos(bet)+QEC/L));  
>> gaEA=(atan(tan(bet)+(L-2*10)*k2E)
>> gaEB=(atan(tan(bet)-(L-2*10)*k2E))*(nn-1); 
>> gaFA=atan(tan(bet)+(L-2*10)*k2F); 
>> gaFB=atan(tan(bet)-(L-2*10)*k2F); 
>> tEBU=(QEC*(sin(gaEB)+f0*cos(gaE
>> tEAU=(QEC*(sin(gaEA)+f0*cos(gaE
>> tEAD=(QEC*(sin(gaEA)-f0*cos(gaEA)))*(nn-1); 
>> tEBD=(QEC*(sin(gaEB)-f0*cos(gaEB)))*(nn-1); 
>> tFBU=QFC*(sin(gaFB)+f0*cos(gaFB)); 
>> tFAU=QFC*(sin(gaFA)+f0*cos(gaFA)); 
>> tFAD=QFC*(sin(gaFA)-f0*cos(gaFA)); 
>> tFBD=QFC*(sin(gaFB)-f0*cos(gaFB)); 
>> if kk>=1 disp(' rodesac amdzravi  zevita
>> if gaFB>=0 q2=(D2*(tFAU-tEBD+nn*t0)
>> else q2=(D2*(tFAU-tFBD*(nn-1)+nn*t0)+tFAU-tFBD*(nn-
1)+t0)/b2; end, 
>> else disp(' rodesac amdzravi kvevitaa, B  sakrdentanaa');
>> if gaFB>=0  
>> q2=(D2*(tFAU-tEBD+nn*t0)+tFAU-tEBD+t0)/b2; else 
>> q2=(D2*(tFAU
>> end, end, 
>> q21=[0.0062, 0.0071,0.0081, 0.0092, 0.0097, 0.011, 0.013]; 
>> q22=[0.016
>> q23=[q21,q22]; n=min(find(q23>=q2)); q2=q23(n);  
>> d21=[0.0135, 0.0145, 0.015, 0.016, 0.0165, 0.0175, 0.0
>> d22=[0.021, 0.022, 0.024, 0.025, 0.0275, 0.0305, 0.032];  
>> d23=[d21,d22];d2=d23(n); 
>> FB1=tFBU-tEAD*(nn-1)+nn*t0;FB2=tFAU-tEBD*(nn-1)+nn*
>> Fef.A=(1/3*(FB1^2+FB1*FB
>> FC1=tEBU*(nn-1)-tFAD+nn*t0;FC2=tEAU*(nn-1)-tFBD+nn*t0; 
>> Fef.B=(1/3*(FC1^2+FC1*FC2+FC2^2))^0.5;  
>> Vm=0.32*(j*L)^.5; D0=80*d2; D0r=[1,1.25,1.6, 2, 2.5];  
>> n=min(find(D0r>=D0)); D0=D0r(n); nm=60*Vm
>> ired=[10,16,20,31.5,40,50];n0=[750,1000,1500];nm1=nm*ired;
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>> [M1,n]=min((abs(nm1-750))); [M2,n]=min((abs(nm1-1000))); 

); 

m-q1=%g',q1));  

));  
));  

);  
 

', Pef.A)), 
),  

 

>> [M3,n]=min((abs(nm1-1500)));[MM,n]=min([M1,M2,M3]); 
>> nmot=n0(n); dd=nmot/nm; [z,n]=min((abs(ired-dd))); ir=ired(n
>> Vmr=pi*D0*nmot/60/ir; Pef.A=Fi*Fef.A*Vmr/etar; 
>> Pef.B=Fi*Fef.B*Vmr/etar; G2=2*b2*q2-tFAU-2*t0; 
>> disp(sprintf('sarelso bagiris grzivi metris cona, kN/
>> disp(sprintf('sarelso bagiris diametri, m-d1=%g',d1));  
>> disp(sprintf('sarelso bagiris metaluri kveti, m^2-s1=%g',s1));  
>> disp(sprintf('sarelso bagiris sagleji zala, kN-T1=%g',T1
>> disp(sprintf('sacevi bagiris grzivi metris cona, kN/m-q2=%g',q2
>> disp(sprintf('sacevi bagiris diametri, m- d2=%g',d2));  
>> disp(sprintf('sacevi bagiris damchimi tvirti, kN-G2=%g',G2));  
>> disp(sprintf('amzravi shkivis diametri, m-  D0=%g',D0)
>> disp(sprintf('zravas brunvata ricxvi, r/min -  nmot=%g',nmot)); 
>> disp(sprintf('reductoris gadacemis ricxvi, -  ir=%g',ir));  
>> disp(sprintf('bagirgzis sichqare, m/s-  Vmr=%g',Vmr)); if nn>=2 
>> disp(sprintf('datvirtuli zevit-carieli qvevit, kWt -Pef.A=%g
>> disp(sprintf('datvirtuli qvevit-carieli zevit, kWt -Pef.B=%g', Pef.B)
>> else disp(sprintf('datvirtuli zevit, kWt - Pef.A=%g',Pef.A)), 
>> disp(sprintf('datvirtuli qvevit, kWt -  Pef.B=%g',Pef.B)), end;  
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Tavi V. kiduli bagirgzis amuSavebis 

5.1 kvlevis meTod

dinamikuri reJimebis kvlevi-

sa da Semdgom am reJimebis optimizaciisaTvis, saWi-

 

meTodma, romelic rel-

 

 

dinamikuri reJimis kvleva 

ebi. 

     kiduli bagirgzis 

roa misi maTematikuri modelis Seqmna. Semdgom, am

modelis saSualebiT miRebuli moZraobis amsaxveli 

diferencialur gantolebaTa sistemis amoxsna da 

analizi.   

   eqvivalentur lilvze, masebis dayvanisas, didi   

daxmareba SeiZleba gaswios 

eis saxels atarebs. am meTodis arsi imaSi mdgomar-

eobs, rom deformaciis xasiaTi rogorc statikuri,

ise dinamikuri zemoqmedebis dros miRebulia daaxl-

oebiT erTnairad. aseve cnobilia, rom releis meTo-

dodis gamoyenebisas sxva, ufro srulyofil meTod-

ebTan SedarebiT, gaangariSebis sizuste mcirdeba,

magram gansxvaveba 10%-s ar aRemateba. iseT meqanizm-

ebSi, sadac dinamikuri zemoqmedebis dros bagiris 

sigrZe umniSvnelod icvleba, am meTodis gamoyeneba, 

Tavisi simartivis gamo, did praqtikul mniSvnelob-

as iZens [3].    
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     vaCvenoT am meTodis gamoyenebis magaliTi. gan-

vixiloT uZravboloian drekad bagirze Camokidebu-

T

o leva dakavSirebulia kerZo-

li m masa; bagiris grZivi metris wona iyos 0Rm , xo-

lo sigrZe L  (nax. 5.1). 

     eoriuli meqanikidan cnobilia, rom aseTi sis-

temis moZra bis gamokv

warmoebulian diferencialur gantolebis amoxsnas-

Tan da metad rTul da Sromatevad samuSaos warmo-

adgens. bagiris masis ugulebelyofa amartivebs amo-

canis gadawyvetis problemas, magram aseTi daSveba 

metad arazust Sedegebamde migviyvans gansakuTrebiT 

iseT SemTxvevaSi, roca bagiris masa masze Camokideb-

uli tvirTis masis Tanazomadia.   

 

nax. 5.1. relies meTodis gamoyenebis magaliTi 

     vTqvaT, bagiris kveTis gadaadgilebaa bagiris 

Camagreb  dros. 

u

 

is adgilidan z manZilze deformaciis

maSin, bagiris dz  sigrZis monakveTis kinetikuri en-

ergia toli iqneba  
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                2 21 1= u dm = u m dz ,          5.1 R zR oRdT
2 2

sadac,  bagiris  monakveTis masaa, xolo 

 bagiris erTi metris masa.  

                  

zRdm dz

0Rm

     bagiris sruli kinetikuri energia iqneba 

L
21

R 0R
02

T = m u dz∫ .                  5.2           

     bolokidul tvirTze damatebuli bagiris masis 

kinetikuri energia aseve am sididis toli unda iyos 

                 
L

2 2
R 0R R

0

1 1T = m u dz = m x
2 2∫ ,          5.3  

sadac,  tvirTTan bagiris Camagrebis adgilis gad-

aadgi a, xolo - bolokidul tvirTze damate-

g

                  

x

leba 0m

buli ba iris masa. am bolo gamosaxulebidan  

L
20R

0 2
0

m
x

m = u dz∫ .                  5.4 

     Tuki cnobilia -s cvlilebis kanoni, am inte-

gralis gamoTvla sirTules ar warmoadgens. 

 g

i dat-

virTvis dros.  

    ganxilul SemTxvevaSi, bagiris statikuri defo- 

u

     releis meTodis aTvaliswinebiT, u -s cvlil-

eba Seesabameba deformaciis xasiaTs statikur
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rmacia icvleba wrfivi kanoniT da SeiZleba daiwe-

ros  

zu = x  
zu = x   da 

L L
.             5.5 

a 

    Tu am ukanasknels CavsvamT Rm -is formulaSi, 

miiReb

L L 2
2 20R 0R 0R Rz m L m=∫ ,  5.6 0 2 2 2

0 0

m mm = u dz = x dz =
x x L 3 3∫

sadac - bagiris mTliani masaa. 

     amrigad, sistemis rxevisas, bagiris masis kinet-

ikuri energiis gasaTvaliswineblad, sakmarisia 

okidul tvirTis masas daematos bagiris masis mesam-

maneTisagan damoukidebeli calsaxa dr- 

anzogadebu oo-

Rm

bol-

edi.  

    lagranJes meTodi dafuZnebulia ganzogadebuli 

koordinatisa da Zalis cnebaze. 

    ganzogadebuli koordinatis cnebaSi igulisxme-

ba erT ix (t)

li k

ois funqciebi, romelTa saSualebiTac mTlianad ga-

nisazRvreba sistemis moZraoba. g

rdinatebis pirveli rigis warmoebuls uwodeben ga-

nzogadebul siCqares da aRniSnaven ix (t) simboloTi. 

     ganzogadebul koordinatebs miekuTvneba nebis-

mieri damoukidebeli parametri: wertilebs Soris 
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manZili, mobrunebis kuTxe, mobrunebis kuTxeebs So-

ris sxvaoba da sxv. 

     lagranJes gantolebas x  ganzogadebuli koor-

dinatisaTvis Semdegi saxe aqvs: 

x
d T T- = Q
dt x x

∂ ∂
.                   5.7 

∂ ∂

iCqare) aRni-

Snulia -iT, sistemis kinetikuri energia -Ti da 

bolos, -iT aRniSnulia ganz

    aq cvlad sidides x koordinati warmoadgens. mi-

si warmoebuli droiT (ganzogadebuli s

x

xQ

d

T

ogadebuli Zala. Q  x

ganisazRvreba rogorc yvelanairi Zalis (rogorc 

Siga, ise gare) mier Sesrulebuli usasrulod mcire 

dA muSaobis fardoba x koordinatis usasrulod mc-

ire dx ga adgilebaze, anu  a

x
dAQ =
dx

.                      5.8 

  rogorc wesi, moZravi sxeulis kinetikuri ener-

giis gamoTvla ar aris Zneli, radgan igi advilad

   

 

ganisazRvreba ganzogadebuli  koordinatiT. 

     cota ufro rTuladaa sa

 e.  

x

qme ganzogadebuli Q  x

-is Zalis gamoTvlisas. saerTod, misi gaangariSebi-

saTvis saWiroa ganisazRvros yvela Zalis mier Ses-

rulebuli muSaoba usasrulod mcire monakveTz

 65



    ganvixiloT martivi magaliTi (nax. 5.2).  

    vTqvaT N  wonis tvirTi P Zalis gavleniT moZ-

raobs f xaxunis koeficientian zedapirze. sxeulze 

moqmedebs Semdegi Zalebi: sakuTari N wona; N1 reaq-

gare-

 mu

eba 

ciis Zala, romelic N  Zalas awonasworebs; P

Se Zala da = N xaxunis Zala. ganzogadebul koor- 

dinatad miviRoT sxeulis gadaadgileba zedapirze 

P  Zalis moqmedebis mimarTulebiT da igi avRniSn-

oT x -iT. maSin, dx manZilze Sesrulebuli dA Sa-

oba gamoiTvl

fF

dA= (P - F)dx .                    5.9 

 

nax. 5.2 lagranJes meTodis gamoyenebis magaliTi 

    

      ganzogadebuli Zala, rasakvirvelia iqneba                

          .                   5.10 

Tu desac 

li moZraobs inerciiT) 

 xQ = P - F

ki P Zala iqneba nulis toli (maSin, ro

sxeu
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xQ = -F .                     5.11 

aRsaniSnavia, rom Tu ganz

evs 

in igi aiReba dadebiTi 

niSniT, winaaRmdeg SemTxvevaS

     bru

     ganzogadebuli Zalebis gamoTvla mniSvnelovn-

konservatiuli Zalebi. maTi muSaoba ganisazRvreba 

    konservatiuli Zalebis magaliTebia simZimisa da 

li Zalebis ganzogadebul Zalas warmoadgens siste-

ebuli Sesab-

Rmdego niSniT 

ogadebuli Zala iwv-

ganzogadebuli koordinatis gazrdas (am SemTxv-

evaSi x  koordinatisas), maS

i – uaryofiTiT.    

nviTi moZraobis dros ganzogadebuli Zala 

igive meTodiT ganisazRvreba. 

ad martivdeba, rodesac sitemaze moqmedebs mxolod 

ganvlili manZilis saboloo wertilebis koordin-

atebiT. 

drekadobis Zalebi. sistemaze moqmedi konservatiu-

mis potencialuri energiis kerZo warmo

amisi ganzogadebuli koordinatiT, aRebuls sawinaa-

i
i

ΠQ = -
x

∂
∂

.                    5.12 

     zemoT ganxilul magaliTSi (nax. 5.2) sistemas 

gaaCnia mxolod erTi Tavisuflebis xarisxi. zogad 

SemTxvevaSi, sistemas SeiZleba hqondes nebismieri 

raodenobis Tavisuflebis xarisxi da misi mdgomar-
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eoba ganisazRvreba amave raodenobis ganzogadoebu-

li koordinatebiT. amisaTvis, TiToeuli koordinat-

isaTvis unda Sedges lagranJes calkeuli gantole-

ba da Semdeg igi amoixsnas erTad, mTlianobaSi. 

   amrigad, rogorc cnobilia, lagranJes gantoleba 

sabolood SesaZlebelia amgvari saxiT daiweros: 

i x
d T T- = Q + Q
dt x x

∂ ∂ ′
∂ ∂

,             5.13 

sadac xQ′ -iT ganisazRvreba mxolod arakonservat-

∂Π
iuli Zala, xolo konservatiuli Zala Seva 

ix∂
 ga-

mosaxulebaSi. 

     ganvixiloT lagranJes meTodis 

tivi magaliTi. vTqvaT,  masis blokze drekadi Za-

fiT Camokidebulia masa (nax. 5.3). davuSvaT, rom 

ia 

Tavisuflebis xarisx da ) da rogorc avRniSn-

eT, moZraobis aRmweri gantolebebis misaRebad saWi-

roa lagranJes ori gantolebis gamoyeneba                 

         

gamoyenebis mar-

2m

1

x

m

Zafis sixistis koeficientia c . sistemas gaaCn ori 

i ( y

x x
d T
dt x x

d T T - = Q + Q .
dt y y

∂ ∂

y y

T- = Q + Q ,  ⎧ ′⎪ ∂ ∂⎪
∂ ∂⎪

⎨
′

⎪ ∂ ∂⎩

             5.14 

 68



    sistemis kinetikuri energia ase daiwereba 

                2 21 1T = m x + m y1 22 2
                5.15 

 

 

 

 

 

nax. 5.3. lagranJ dis gamoyenebis magaliTi 

mart qanizmisaTvis 

 sistemaze konservatiuli Za-

lebi (simZimis drekadobis Zala 

). biT - 

 

 

es meTo

ivi amwevi me

moqmedebs mxolod 

1m g Zala da Zafis 

 

    

(x - y) amis gaTvaliswine x yQ = Q = 0.′ ′c   

     radgan masa qvemoT gadaadgildeba, misi po-

encialuri energia mcirdeba. sistemis mTliani po-

1m

t

tencialuri energia 

2
1 0

1Π gx + c(x - y + f ) ,             5.16 = -m
2

sadac 1
0

m gf =
c

, bagiris sawyisi statikuri daWimu-

lobaa. 
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     ganvsazRvroT yvela wevri, romelic lagranJes 

gantolebaSi Sedis 

2 2

1 22 2

1 0 1 1

0 1

d T d x d= m ;
⎧ ∂ ∂
⎪

T d y T T= m ; = 0; = 0;
dt x dt dt y dt dx dy
Π = -m g+ c(x - y + f ) = -m g+ c(x - y) + m g;
x

c(x - y +
y

∂ ∂
∂ ∂⎪

⎪∂
⎪
∂⎨

∂⎪

   5.17         

     amrigad, 5.17 gantolebaTa sistema miiRebs saxes 

          

Π = - f ) = -c(x - y) - m g.
⎪∂⎪

⎪⎩

 

2

1 2

2

2 12

d xm = -c(x - y),
dt
d ym = m g + c(x - y)
dt

⎧
⎪⎪
⎨
⎪
⎪⎩

.
               5.18 

    miviReT ganxiluli sistemis aRmweri diferenci-

alur gantolebaTa sistema, romlis amoxsniTac sr-

uli warmodgena gveqneba masebis moZraobis xasiaTze. 

aTvis, 5.18 sistema, operaciul formaSi Caiwereba - 

            

amovxsnaT es gantoleba nulovani sawyisi pirobebis-

( )
( )

2
1

2 1
2

m P + c x - cy = 0;

m g-cx + m P + c y = .
P

⎧
⎪
⎨
⎪
⎩

               5.19 

      misi amonaxsnebi ki iqneba           
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( )
            

( )

3 2 2
2

2
1

cg 1
m P P +ω

m P + c

⎧
⎪
⎪
⎨
⎪

                  5.20 

1 3 2 2

x = ,

y = m g .
P P +ω⎪

⎩

  ufro sainteresoa aCq

qareebis gansazRvra. amisaTvis 5.20 sistemis orive 

-ze da gam-

ovTvaloT aCqarebebis sidideebi, Semdeg ki maTi int-

egrebiT ganvsazRvravT siCqareeb

rebebi - 

    CvenTvis arebebisa da siC-

gantolebis orive mxare gavamravloT 2P

s. Sesabamisad, aCqa-

( )x 0

1
        

y 0
2

ma = a 1+ cosωt ,
m

⎪
⎛ ⎞⎨
⎜ ⎟⎪
⎝ ⎠⎩

               5.21 

     siCqareebi – 

    

a = a 1- cosωt ;⎧

    

x 0
1V = a t - sinωt ;
ω

⎧ ⎛ ⎞
⎜ ⎟⎪ ⎝ ⎠⎪

1
y 0

2

m 1V = a t + sinωt .
m ω

⎨
⎛ ⎞⎪ ⎜ ⎟⎪ ⎝ ⎠⎩

              5.22 

     sadac 2 1 2

1 2

c(m +m )ω =
m m

lo 

 1/wm2 - sistemis rxevis ku-

Txuri sixSirea, xo 1
0

1 2

m ga =
m +m

 sistemis saSua-
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lo aCqarebis sidide, anu aCqarebis is mniSvneloba, 

romliTac aCqardebodnen masebi, maTi damakavSirebe-

li Zafi 

     bagiri Tavidanve moWimuli rom ar yofiliyo, 

anu , maSin 5.18 gantolebaTa sistema miiRebda 

saxes  

               

uWimavi rom yofiliyo.   

0f = 0

 

2

1 2

2

d xm = ),

d ym = c(x - y).
dt

⎪

⎪
⎩

    xolo aCqarebebisa da siCqaree

1

2 2

m g - c(x - y
dt

⎧

⎪
⎨

⎪

             5.23 

bis mniSvnelobebi 

aCqar

      

Sesabamisad iqnebodnen- 

     ebebi – 

( )

2
x 0

1

y 0

ma = a 1+ cosωt ;
m

a = a 1- cosωt ,

⎧ ⎛ ⎞
⎪ ⎜ ⎟

⎝ ⎠⎨
⎪
⎩

              5.24 

 

     siCqareebi – 

2
x 0

m 1V = a t +
⎧ ⎛ ⎞
⎪ ⎜
⎪ ⎝     1

y 0

sinωt ;
m ω

1V = a t - sinωt .
ω

⎟
⎠

⎛ ⎞
⎜ ⎟⎪ ⎝ ⎠⎩

             5.25   

    rogorc 5.22 da 5.25 gamosaxulebebidan Cans, siC-    

⎨
⎪
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qareebi icvlebian sworxazobrivi kanoniT, romlebz-

ec sinus a damatebuli da pro

obadi xasiaTi.  

realur eleqtromeqanikuri sistemebis drekad 

elementebSi (am SemTxvevaSi bagirSi), ueWvelad ars-

eboben disipatiuri (energiis fantvis) Zalebi blan-

ti xaxunis saxiT da process yovelTvis milevadi 

xasiaTi amitomac, 5.14 gantole

gaTvaliswinebuli unda yofiliyo es Zalebi, magram 

siCqareebis rxevis pirveli amplituda, romelic yve-

eebis rxevis pirveli am-

oidebi cess aqvs Cauqr-

    

aqvs. baTa sistemaSi, 

laze sainteresoa sistemaSi maqsimaluri gadatvir-

Tvis xarisxis Sesafaseblad, mcired gansxvavdeba 

realuri eleqtromeqanikuri sistemis aRmweri gan-

tolebebiT miRebuli siCqar

plitudisagan. 

        

 

5.2 dinamikuri reJimebis optimizacia 

     zogadad, dinamikuri reJimis optimizaciis cneb-

aSi igulisxmeba sistemis Siga meqanikuri rxevebis 

Caqroba gardamavali periodis dros. Cveulebriv, mr-

avalmasian sistemaSi, romelsac Tavisuflebis mrav-

ali xarisxi gaaCnia, optimizacia xorcieldeba Ziri-

Tadi (dabali) sixSiris mimarT [3]. cnobilia dreka-
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di elementiT SeerTebuli masebis rxevis gareSe am-

uSavebis ramdenime xerxi. maT Soris yvelaze metad 

celebuli [2]. 

  pirvel SemTxvevaSi (ormasian sistemaSi) dinamik-

oria gavr

  

ur Zalas, ( )0 0 1 2F = a m + m , romelic Seesabameba sap-

rogramo aCqarebas, wrfivad gazrdian Tavis dam-0a

is rxevis periodis jeradia 

 

yarebul mniSvnelobamde droSi, romelic am sistem-

0
2πt = nT = n
ω

⎛ ⎞
⎜ ⎟
⎝ ⎠

, sadac 

n - naturaluri ricxvia [3]. 

    meore SemTxvevaSi sistemaze mosdeben dinamikuri 

Zalis naxevars, rodesac tvirTi gadaixreba maqsima-

luri mniSvnelobiT, dinamikur Zalas gaaormageben, 

 

dasasruls, dinamikur Zalas isev gaanaxevreben, tvi-

moxsnian dinamikur Zalas. sistema rxevis gareSe gaa-

grZelebs moZraobas.     

  moqmedebis optimizaci- 

 

tvirTi darCeba gadaxril mdgomareobaSi mTeli aC-

qarebis periodis ganmavlobaSi. aCqarebis periodis

rTi daiwyebs dabla daSvebas da rodesac vertikal-

ur mdgomareobas daubrundeba, sistemaze mTlianad 

 ganvixiloT mmarTveli ze

is sakiTxi erTboloiani amwevis amuSavebis magaliT-

ze [3]. pirveli xerxis SemTxvevaSi amuSavebis aRmwer 
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1

2 2

m x = F - c(x - y);
m y = c(x - y) - m g.
⎧
⎨
⎩

,               5.26 

  gantolebaTa sistemaSi pirveli gantolebis yvela 

2m 1m

da misi orjer warmoebulis m

wevri gavamravloT -ze, xolo meoreSi- -ze. Se-

li gantol-

ebidan ganvsazRvro da gavawarmooT orjer. -sa 

niSvneloba SevitanoT 

mdeg pirvels gamovakloT meore, miRebu

T y y

sistemis meore gantolebaSi da gveqneba (gaviTvli-

4 2

4 2
d x d a
dt dt

⎛ ⎞
=⎜ ⎟

⎝ ⎠
) -  swinoT, rom 

2
x

x2 2

d a1 + a = a
ω dt 0 ,                 5.27             

    anlogiuri gardaqmnebiT 

                

2
y

y 02 2
1 + a = a .               5.28 

    aq 2 da 0  igive sidideebia, rac wina paragraf-

ebSi. 

    amZravis mier ganviTarebuli dinamikuri Zala 

d a
ω dt

  

 SevcvaloT  droSi im  mniSvnelobam-

de, romelic saWiroa saangariSo  aCqarebis misaR-

ebad- 

 

ω a

dF = F - Q 0t d0F

0a
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nax. 5.4 op

           

 

 

timizaciis pirveli xerxi erTboloiani amwevis 

magaliTze 

   d d0 0
0

tF = F = ε t
t

.                    5.29 

  am ukanasknelis gaTvaliswinebiT, amwevi WurW-

is aCqareba iqneba

            

  

l   

2
y

y2 2

d a1 + a = ρt
ω dt

 ,                  5.30 

dac 0ερ =
mΣ

sa , m/wm3  e.w. “gaqaneba” anu aCqarebis wa-

moebulia.  

   

amoxsna gvaZlevs 

  

r

  nulovani sawyisi pirobebisaTvis am gantolebis 

y
1a = ρ t - sinωt ⎞⎟ .               5.31 ω

⎛
⎜
⎝ ⎠

axeba  

               

     vTqvaT, amwevi WurWlis aCqareba 1t  drois mniS-

vnelobisaTvis gamois
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1ωt ⎟
⎠
,             5.32                 y1 1

1a = ρ t - sin
ω

⎛ ⎞
⎜
⎝

sididiT, xolo 2  mniSvnelobisaTvis  ( 2 1 0t t t t= + ) - 

               y2 2
1a = ρ t - sinωt
ω 2

⎛ ⎞
⎜ ⎟
⎝ ⎠

  .             5.33 

     ganvsazRvroT  sxvaoba y2 y1 ya - a = ∆a

( ) ( )y 12 1 2
1∆a = ρ sinωt⎡ t - t - sinωt -
ω

⎤
⎢ ⎥⎣ ⎦

,     5.34 

anu 

2 1 2 1
y 0

2 t - t t +

0 2 1

t∆a = ρ t - sinω
ω 2

⎛ ⎞
⎜
⎝

0

cosω =
2

2 t t + tsinω cosω
ω 2 2

⎟
⎠

⎛ ⎞
⎝ ⎠

       5.35 

    Tuki dinamikuri Zalis cvlilebis drois mniSv-

nelobad aviRebT 

= ρ t - .⎜ ⎟

0
2πt = = T
ω

sidides, sabolood gve-

qneba       

                 y 0∆a = ρt .           5.36 

     amrigad, dinamikuri Zalis cvalebadobis 

mniSvnelobad Tuki aiReba drekadi sistemis sakuTa-

ri rxevis sixSiris periodi, rxeviT process garda-

maval procesSi adgili ar eqneba (sistema dinamiku-

rad optimaluria). meqanikuri rxevebis didi sixSi-

          

drois 
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 78

reebis (mcire periodebis) dros, SesaZlebelia  av-

iRoT mTel ricxvjer meti sistemis sakuTa

sixSiris periodze -        

0t

ri rxevis 

                  0
2πt = n, (n =1,2,....) .            5.37 

    meore meTodis genad ganvixiloT konk-

retuli maga

ω
 warmosad

liTi. vTqvaT, gadasaadgilebelia samgz-

avro kiduli bagirgzis masis urika, romelzec 

nax. 5.5. optimizaciis meore xerxi bagirgzis vagonis magaliTze 

amisad  da  ma

gam l pro-

1m

2m  masis vagonia Camokidebuli (ix. nax. 5.5).  

 

 

 

 

 

 

 

     x  da y  Sesab sebis gadaadg-  1m 2m

ilebebia, xolo oF - dinamikuri Zala. h Camokidebis 

sigrZeSi, rogorc wesi, igulisxmeba 1m  da 2m  mase-

bis simZimis centrebs Soris manZili. gaangariSebis 

artivebis mizniT davuSvaT, rom gardamava



cesSi vagoni moZraobs ara rkalze, aramed mis qor-

aze. aseTi daSvebiT, Camokidebis sigZis “dayvanili” 

xistis koeficienti  gamoiTvleba rogorc vagon-

 wonis fardoba Camokidebis sigrZeTan [2]  

                     

d

 csi

is

 2m gc =
h

,                     5.38 

dac  simZimis Zalis aCqarebaa, m/wm2.  

a s

               

 gsa

     gaxilul SemTxvevaSi moZraobis diferencia-

lur gantolebaTa sistemas eqneb axe  

 
( )

( )
1 0

2

m x=F -c x-y ;

m y=c x-y .

⎧⎪

⎪⎩

  5.39 sistemis meore gantolebidan ganvsazRvroT x  

                   

⎨  .               5.39 

2mx = y + y
c

.                  5.40 

    SevitanoT 5.39 sistemis pirvel gantolebaSi x -

isa da misi orjer warmoebulis mniSvnelobebi, miv-

iRebT (gaviTvaliswinoT, rom 1x = a  da 2y = a )  

                 2 0a + a ,                  5.41   2 2= a ω2ω         

1 2 1 2 2m + m m + m m gω = c = = 2m g1+
m m m m h m h

⎛ ⎞
⋅ ⋅⎜ ⎟  sadac 

1 2 1 2 1⎝ ⎠

– sistemis rxevis kuTxuri sixSire, 1/wm. 
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0
0

1 2

Fa =
m +m

sistemis rebis sidide, m/wm2.  saSualo aCqa

dan ganvsazRvroT   

               

     analogiurad, 5.39 sistemis pirveli gantolebi-

y

 1 0my = x + x -
c c

F
.                  5.42 

 

                 .                  5.43           

     5.41 da 5.43 gantolebebis amonaxsni, sawyisi pir-

 da , iqneba 

            

    SevitanoT sistemis meore gantolebaSi -isa da 

misi orjer warmoebulis mniSvnelobebi, miviRebT 

y

2 2
1 1 0a + a ω = a ω

1(0)a 2(0)aobebiT 

( )1 0 1(0) 0a = a + a - a cosωt ,             5.44 

           ( )2 0 2(0) 0a = a + a - a cosωt .             5.4  

    5.44 da5.45 gantolebebis integrebiT miviRebT si-

5

Cqareebis gamosaxulebebs (Sesabamisi sawyisi pirobe-

biT)  

1(0) 0
1V = sinωt ,         5.46 1(0) 0

a - a
V + a t +

ω
          

2(0) 0
2 2(0) 0

a - a
V = V + a t + sinωt

ω
,         5.47           
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am ukanasknelTa integrebiT ki, Sesabamis gadaad-

gilebebs                        

( )(0)X = X + - cosωt ,     5.48 
1(0) 02

1(0) 0 2

a - a1V t + a t + 1
2 ω

       

    

   

( )2(0) 02 a - a1Y = Y + V t + a t + 1- cosωt
2 ω

.     5.49

     sa

(0) 2(0) 0 2  

wyisi pirobebis gansazRvrisaTvis visargebl-

oT 5.39 gantolebaTa sistemiT - t 0=  momentSi 

, x y 0= = 0
1(0)

1

Fx a
m

= =  da 2(0)y a 0= = . 

    Tu SevitanT sawyisi pirobebis am mniSvnelobebs 

5.44 da 5.45 gantolebebSi, gveqneba 

              2
1 0

1

ma = a 1+ cosωt
m

⎛ ⎞

⎝
⎜ ⎟

⎠
,              5.50 

          ( )2 0a = a 1- cosωt   .            

     drekadobis Zala, anu daWimuloba vagonis saki-

darze, ra Tqma unda iqneba  

            ) ,         

      5.51  

 (2 2 2 0F = m a = m a 1- cosωtdr       5.52    

xolo gadaadgilebebs Soris kuTxe  

         ( )0
F ax - yφ = = 1- cos≈ dr

,           ωt
h ch g

  5.53 
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tgφ φ≈(kuTxis simciris gamo miRebulia, rom ). 

    daWimulobis Zalisa da gadaadgilebebs Soris 

  da 

kuTxis maqsimaluri mniSvneloba miiReba ω t = π -s 

dros  

        dr.maxF = 2 02m a 0
max

2aφ =
g

.             5.54 

   s wesebis Tanaxm

2-s, xolo avariuli da-

muxruWebis SemTxvevaSi - 3 m/wm2-s [2], anu normalur 

reJimSi vagonis gadaxris kuTxem ar unda gadaaWar-

 usafrTxoebi ad, qanqarasebri ba-

girgzebis aCqarebis (Senelebis) maqsimalurma sidid-

em ar unda gadaaWarbos 1 m/wm

bos                    

0
maφ ad. 11.50.nom.

x.nom.
2a 2 1= = 0.204 r

g g
⋅

≤ ≈ ,   5.55 

xolo avariul reJimSi - 

00.avar.2a 2 3φ = = 0.611  rad 35
g g

    max.avar.
⋅

≈ ≈. .  5.56 

     1m  masaze modeben dinamikuri Zalis naxevars 

(ix. nax. 5.6), Semdeg, masa

 mniSvnelobiT, dinamikur Zalas gaao-

 

0F

rodesac 2m   gadaixreba maq-

simaluri max

rmageben, 2m  masa darCeba gadaxril mdgomareobaSi

mTeli aCqarebis periodis ganmavlobaSi. 

φ
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. 5.6. amu i aCqar

    aCqarebis periodis dasasruls, dinamikur Zalas 

isev gaanaxevreben,  masa daiwyebs dabla daSvebas 

da rodesac vertikalur mdgomareobas daubrundeba, 

 masaze mTlianad moxsnian dinamikur Zalas. sis-

ema r

 

  vT aCqarebaa 

ri 

is aCqareb-

 

, 

 

nax Savebis procesS ebis cvlilebis grafiki 

      

2m

1m

t xevis gareSe gaagrZelebs moZraobas. 

 aRvweroT maTematikurad es xerxi. 

qvaT, sistemis dasaSvebi maqsimaluri 

(nax. 5.6). pirvelad 1m  masaze movdoT dinamiku

 naxevari 0F / 2 , romelsac Seesabameba 

mniSvneloba. t = π / ω  drois gavlis Semdeg 

gadaixreba da gaxdeba max 0φ = 2a / g -is to

  

  

0a

l

is 

sa

2

Za

0

 

aseT dros

a 2m

li. ma

m2  masis aCqarebis mniSvneloba iqneba  
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( )⎡ ⎤⎣ ⎦2 0a = a 1- -1 = 2a               0 ,              5.57 

xolo masisa   1m

                 1 0a = a
m

1 2m m

1

−
.                   5.58 

    drois am momentSi (
πt =
ω

) daWimulobis Zala ma-

da  masebs 

xist ik

e

e    

qsimaluria da meqanikuri kavSiri m  1

ba   

2m

Soris SeiZleba ganvixiloT, rogorc absoluturad 

i. amis Semdeg dinam uri Zala gavaormagoT, anu 

1m masaze movdoT saprogramo 0F Zala, romelsac Se-

esabameba 02a aCqarebis mniSvneloba. 2m  masis aCqar -

ba (sawyisi pirobiT 2(0) 0a = 2a )  iqn

( )a = + a - 2a cosωt =

( )
2 0 2(0) 0

0 0

2a

2a - 2a cosωt = 20 0= 2a + a
.            5.59 

ikuri kavSiris absolituri sixis-

tis gamo,  masac miiRebs  aCqarebas.  

     masa agrZelebs gadaxril mdgomareobaSi moZ- 

 gadaxris kuTxiT. 

     masebis meqan

1m 02a

2m

raobas yovelgvari rxevis gareSe 02a  aCqarebiTa da 

max 0φ = 2a / g
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     ganxiluli meTodi SesaZlebelia gamoviyenoT 

ul bagirgzaze. am SemTxveva i 1m masad CaiTvle-

ba vagonis vali urika, xolo 2m -ad  TviT vagoni. 

    vagonis masa 

kid S

 sa -   

( )2m  Tavis mxriv TviT vagonis mas-

is  da masSi moTavsebuli mgzavrTa( )wm ( )pasm

leblad Seicvleba 

Tav

 masis  

jamis tolia. es ukanaskneli auci

is mx-

wvevs sistemis  rxevis kuTxuri sixSirisa 

vagonSi mgzavrTa raodenobis Secvlis gamo. aseve 

Seicvleba vagonis sakidaris sigrZe h . es 

riv gamoi

2πT =(ω ) da periodis 
ω⎜ ⎟

⎝ ⎠
 Secvlas, anu vagonis ga-

⎛ ⎞

daxra Tavis maqsimalur mniSvnelobas (romelic yve-

la SemTxvevaSi mudmivia da damokidebulia mxolod 

0a  aCqarebis sidideze ( )0φ = 2a / g , xvadasxva dro-

Si miaRwevs.  

 

     Tuki urikaze davamagrebT Stoks (Woks), romel-

zec saboloo amomrTveli iqneba damagrebuli, igi 

s

daafiqsirebs vagonis maqsimalur gadaxras da mog-

vcems impuls raTa gavaormagoT amZravis Zravas sa-

SualebiT dinamikuri Zalis mniSvneloba.  

     Tanamedrove  teqnologiebi iZlevian saSualeb- 
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as es meTodi ganvaxorcieloT sixSiruli gardamqm-

nelebiT, mokled CarTul rotoriani ZravaTi, kid-

  mnelebi u

asruleben micemul davalebas. magaliTad, davaleb-

is Sesrulebis sizustis gadaxra programulidan, 

siCqaris mixedviT ukukavSiris arsebobisas, 0.1 %-ia, 

xolo ar arsebobisas- 1.5 %. maT SeuZliaT agreTve, 

aCqarebis (Senelebis) periodis ganmavlobaSi Seasr-

ulon mravalsafexuriani taqogramebi aCqarebisa da 

Senelebis sxvadasxva sidideebiT da sxv.  

     davuSvaT, vagonis aCqarebis dasaSvebi sididea 

leba, rom maqsimalur siC-

SemTxvevaS . ro-

 

da gardamqmnels Seucv is dava

ur siCqar

ul bagirgzaze dinamikuri reJimebis dros aRZruli 

rxevebis Casaqrobad. 

  sixSiruli gardamq didesi sizustiT 

0  (ix. nax. 5.6), maqsimaluri siCqaris misaRwvad 

saWiro iqneba 0 m 0t = V / 2a  wm. amuSavebis dasawyisSi, 

gardamqmnels miecema 

2a

dava

i aCqarebis sidide 

l

es miaRwios 0t

qares mV -s (50 hc) miaRwios 02t  droSi. cxadia, am 

0 m 0a = V / 2t

desac gaivlis t = π / ω  wm, anu sistemis rxevis nax-

evari periodi, vagoni gadaixreba maqsimaluri mniS-

vnelobiT. am dros imoqmedebs manZilis gadamwodi

iqneba 

lebs, rom maqsimal-

droSi. es tolfasia imisa, 
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rom aCqarebis sidide gaormagda. zemoT moyvanili 

ganmartebis Tanaxmad, vagoni darCeba gadaxril md-

    

daiwyebs dabla daSvebas. rodesac igi daubrundeba 

vertikalur mdgomareobas, am dros siCqaris (sria-

gomareobaSi da ase gagrZeldeba aCqarebis periodi. 

amis Semdeg, gardamqmnels isev Seecvleba daval-

eba da aCqarebis sidide isev ganaxevrdeba, vagoni  

lis) sidide toli unda iyos kritikuli mniSvnelo-

bisa, imisaTvis, rom dinamikuri Zala, anu aCqreba ga-

xdes nulis toli. radganac cnobilia rxevis peri-

odis mniSvneloba, advili gansasazRvria im drois 

gamoTvla, rodesac vagonma unda daiwyos dabla da-

Sveba [2].  

    aRniSnuli meTodis marTebuloba vaCvenoT 

praqtikul magaliTze. davuSvaT, gadasaadgilebelia 

1m 9580= kg masis urika, romelzec h 4= m sigrZis 

sakidariT Camokidubulia 2m 14000= kg masis vagoni. 

sakidaris “dayvanili” sixistis koeficienti iqneba  

2m g 14000 9.81
h 4

⋅
 n/m, saSualo aCqarebis 

sidided miviRoT 0a 0.6= m/wm2. aseT SemTxvevaSi din-

0 0 1 2F a (m m ) 0.6(9580 14000) 14148= + = + =

     SevitanoT aRniSnuli sidideebi 5.39 gantoleba 

c 34335= = =

amikuri Zala    
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Ta sistemaSi da amovxsnaT manqanuri wesiT. grafik-

ze gamovitanoT x  da y  gadaadgilebebs Soris sxva-

obis Sesabamisi gadaxris kuTxis mniSvneloba grad-

r ar

rogor i

re SemTxvevaSi (ix. 

8) - rodesac dinamikuri Zala icvleba zemoT ganxi-

luli meTodiT.  

     grafikebidan aSkarad 

nax. 8) upiratesoba amuSavebis dinamikuri reJimis ga-

umjobesebis TvalsazrisiT.  

gardamqneli, romelsac Zal

u

, romlis meSveobiTac igi 

meqanikur rxevebze axdens madempferebel gavlenas. 

usebSi. aseve, o ive masis Sesabamisi siCq eebi da 

aCqarebebi. pirvel SemTxvevaSi (ix. nax. 5.7) vaCvenoT 

cvleba aRniSnuli sidideebi, rodesac din-

amikuri Zala mudmivia da meo nax. 

Cans meore SemTxvevis (ix. 

    amrigad, sixSiruli -

ian martivad SeuZlia ganaxorcielos zemoT ganxil-

uli meTodi, warmatebiT SeiZleba gamoviyenoT kid-

ul bagirgzaze dinamik ri reJimebis dros aRZruli 

rxevebis Casaqrobad mokled SerTul rotorian Zra-

vasTan erTad.  

    sistemaSi rxevis Caqroba SesaZlebelia sxva gzi-

Tac. marTalia, am SemTxvevaSi rxevis mTlianad Caqr-

oba ar xdeba, magram wina meTodTan SedarebiT advi- 

li gansaxorcielebelia. kerZod, unda visargebloT 

Zravas bunebrivi TvisebiT
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(vagonis gadaxra savali urikis mimarT, gradusebSi) 

 

(savali urikisa (wiT.) da vagonis (mwv.) siCqaris cvlileba) 

 

 

 

(savali urikisa (wiT.) da vagonis (mwv.) aCqarebebi) 

(dinamikuri Zala mudmivia  

nax. 5.7

         

   

 

0F = const )

 dinamikuri Zalis cvlileba aCqarebis periodSi 
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(vagonis gadaxra savali urikis mimarT, gradusebSi) 

 

 

 

(savali ur ) siCqaris cvlileba) 

 

ikisa (wiT.) da vagonis (mwv.

 

 

(savali urikisa (wiT.) da vagonis (mwv.) aCqarebebi) 

(dinamikuri Zala cvalebadia ) 

 

nax. 5.8 dinamikuri Zalis cvlileba aCqarebis periodSi 

     

 0F = var
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rodesac Zrava meqanikuri maxasiaTeblis sworxazov-

an ubanze muSaobs, maSin Zala siCqaris proporciul-

ia da icvleba kanoniT [3] 

,                   5.60 

sadac Zravas meqanikuri maxasiaTeblis sixistis 

efic tia, xolo – sinqronuli brunvaTa ric-

is Sesabamisi siCqare.  

     dadgenilia, rom, rodesac  an 

0F = β(V - V)

β

ien  0Vko

xv

β = 0 β = ∞ , maSin 

Zrava madempirebel Tvisebebs 

am SualedSi SeiZleba moiZebnos 

ver amJRavnebs, magram 

β -s iseTi optimal-

uri mniSvneloba, romlis drosac rxevebis Caqroba 

iqneba maqsimaluri. 

     arsebobs β -s gansazRvris grafikuli xerxi. ga-

erCeu-

ixistis asiaTebeli amuSavebis dros iwvevs 

auSvebel, arebas (magaliTad, bagirgzebSi, 

a Semdegi kanoniT: 

                    

aq  proporciulo entia. amasTan dacu- 

li unda iqnes piroba – 

rda imisa, rom es meTodi arazustia, xSirad S

li s max

 Warb aCqd

saCamomsxmelo amweebSi da sxv.). Cvens mier SemoTava-

zebulia β -s gansazRvris analizuri meTodi, sadac 

mamoZravebeli Zala icvleb

F = β(εt - V) ,

bis koefici

                    5.61 

ε

0εt V≤ . 
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     amwevis amuSavebis amsaxveli gantolebaTa sist-

ema, (Tuki mxedvelobaSi ar miviRebT bagiris masas), 

daiwereba 

              
1

2
⎨          5.62  

    Aam gantolebaTa sistemis amonaxsni operaciul 

formaSi iqneba 

m x ( t x) c(x y),
m y c(x y).

= β ε − − −⎧
= −⎩

2

1 3

           

1 3y = a αε .
P Q(P)⎪⎩

                    5.63 

           1 2 3Q(p) = P + a P + a P + a ,              5.64 

sadac –  

P + αε ,
P Q(P)

1
⎪
⎨
⎪

A    aq  maxasiaTebeli gantolebaa, 

x = a
⎧
⎪

 Q(p)
3 2

1
1 2 3 1

β c m + ma = ; a = γ ; a = a ; = ; γ =α α α 2 .
m m m

 

  

1 2 1

   2  masis aCqareba operaciul formaSi iqneba m

2P y = a3
1ε .

PQ(p)
                 5.65 

amavali procesis dasasruls, 

aCqarebis damyarebuli mniSvneloba  

     Tu maxasiaTebel gantolebaSi davuSvebT P = 0 , 

maSin gard 2m  masis 
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        3
3

1y = a ε = ε.
a

                                 5.66   

      maSasadame, Tu meqanizmisTvis SezRudulia aC-

qareba, maSin ε  dasaSvebi aCqarebis toli unda iyos. 

     rogorc ukanaskneli formulidan Cans, sistemis 

parametrebi gavlenas ar axdenen aCqarebis damyareb-

ul 

vali procesis xasiaTze. 

mas iReba 5.65 - 

is amoxsni

mniSvnelobaze, magram isini imoqmedeben gardama-

    M 2m  is aCqareba zogadi saxiT mi

T, 

( )at bt
3 2 2 2y a A e sin t B e K⎡ ⎤= ε ω + ϕ + +⎣ ⎦         ,      5.67 

sadac, 2A ,

b

ω

2B

eli gan

da gantolebis koeficientebia; - 

maxasiaTe olebis namdvili fesvia, xolo 

uri fesvis namdvili da warmosaxviTi nawilebi. 

      amis Semdeg,  SeiZleba ase warmovidginoT 

  5.6

gav

eli ganoleba.  

     viSnegradskis mixedviT 

                 ,              5.69  

 sadac      

2K

t

b

s-a  da  – Sesabamisad, amave gantolebis kompleq 

Q(p)

              2 2Q(P) = (P - b)[(P - a) +ω ] .         8 

     imisaTvis, rom gardamavali procesi xadoT 

monotonuri, gamovikvlioT maxasiaTeb

3 2Z + XZ + YZ +1= 0
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             1 2
23 3 3

3 3 3

P a aZ = ; X = ; Y =
a a a

.         5.70 

    rogorc cnobilia, Tu XY 1, procesi mdgrad-
ia, am magaliTSi 

                   1 2 1

3 1

a a a αγXY =
a

= = γ
αa

,            5.71 

a.  

 adskis gantolebis diskriminant

   7

ra

maSasadame, Cveni SemTxvevisaTvis, procesi yovelTvis 

mdgradi iqneb

   viSnegr i aris 

           5. 2 

     rxevebis Caqroba miT ufro swrafad moxdeba, 

c ufro didia rxevis Caqrobis logariTmuli dek-

rementi 

 3 3 2 2108D = 4(X + Y ) - X Y -18XY + 27.

2πλ = , anu, rac ufro mcire sididisaa m
ω

ax-

asiaTebeli gantolebis diskriminanti. movZebnoT mi-

s a da -is mixedviT - 

         

i minimumi X -s  Y

2 2

2 2D = 12Y - 2X Y - 18X∂⎪

D = 12X - 2XY - 18Y = 0,
X
∂
∂

⎧
⎪⎪

= 0.
⎨

⎪

              5.73 

nanti minimumia, rodesac  da nul-

is toli xdeba, roca la 

fesvi namd procesi ki – aperioduli. 

Y∂⎩

X

. am SemTxvevaSi yve

=Y

 X = Y = 3

     diskrimi

vilia, 

 94



      magram, meores mxriv X = Y = 3 , gamodis

rom  

, Tu , 

2X =             5.74 2

1

m9 = γ = 1+
m

.      

 aseTi Tanafardoba (1:8) ararealu-

s 

milevadi, rxeviTi xasiaTi eqneba. 

k-

roba da aqedan gamomdinare, ganvsazRvroT 

    realuri danadgarebisaTvis (amwevi manqanebisaT-

vis) masebs Soris

ria. praqtikulad, yovelTvis, γ 9≺ . amitom proces

    imisaTvis, rom miviRoT am TvalsazrisiT teqni

urad optimaluri procesi, unda davicvaT X = Y  pi-

β -s mn-

iSvneloba 

                   4 4 2 3β = m γ1 ⋅ α ⋅ .                 5.75 

β    -s aseTi mniSvnelobis dros Caqrobis logari-

Tmuli dekrementis, -s mniSvneloba maqsimaluria.  

  gamonamuSevrebSi aris Se

sac saSaxto amwev manqanas uxdeba muSaoba cvalebad 

 daxris 

 daxris kuTxis mqone trasaze moZraobisas am- 

wevi manqanis amZrvi 1 muSaobs rekuperaciul reJimSi 

 

λ
    samTo mTxvevebi, rode- 

daxris kuTxian trasaze (ix. nax. 9) [3]. 

    muSaobis aseTi reJimi mniSvnelovnad gansxvavde- 

ba Cveulebrivisagan, anu iseTisagan, roca

kuTxe mTel trasaze mudmivia. 

    1γ
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kuTxian trasaze 

da  masiani vagoni  sixistis mqone sawev bagirs 

Wimavs ZaliT-

nax. 5.9  saSaxto amwevi manqanis muSaoba cvalebad daxris 

m 1c

. 1mgsinγ 2γ daxris kuTxeze gadasvlis-

as,  ZaliT da wagrZ-2 1 2γ γ , bagiri daiWimeba mgsinγ

eldeba ∆x  sididiT – 

            2 1

1 1

mg(sin - sin )Q∆x= =
c c

γ γ
.             5.76        

ris drekadobis xar- 

 bagirSi rxevis CaqrobisaTvis sawevi bagiri Se-

movavloT mimmarTvel Skivs 2 da es ukanaskneli uZ-

     radganac amZravi Zrava didi sixistis mqone bu- 

nebriv meqanikur maxasiaTebelze muSaobs, igi daamu-

xruWebs Camaval tvirTs da bagi

jze sistemaSi aRiZvreba iZulebiTi rxevebi, rac ua-

ryofiTad moqmedebs muSaobis reJimze. 
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rav zedapirTan davamagroT sixistis mqone zamba-

riTa da dempfirebis mqone amortizatoriT. aRvw-

eroT es procesi maTematikurad. 

     angariSis gamartivebis mizniT davuSvaT, rom 

amZravis Zravas meqanikuri maxasiaTebeli absolut-

urad xistia. mimmarTveli Skivebis 2, 3 da bagiris 4 

masebi ugulebelvyoT da amwevi manqanis moZraobis 

siC e-

ni azriT, didad ar Rwerili procesis 

l mo

vRniSnoT 

daadgile

gadaadgileba -iT. aseTi SemTxvevisaTvis moZraobis 

aRmwer diferencialur gantolebaTa sistemas eqneba 

sa       

                            5.77 

2c

k

qare miviRod nulis tolad. aseTi daSvebebi, Cv

 imoqmedebs a

sabo oo Sedegis war dgenaze. vagonis gadaadgil-

eba trasaze a -iT, mimmarTvel Skivze (2) 

bagiris ga ba -iT, xolo am Skivis centris 

x
y

z

xe          

1
⎪

1 2
⎪

mx = Q - c (x - y);
2c (x - y) = c z + kz;
y = 2z.

⎧

⎨

⎩

     sistemis amonaxsni operaciul formaSi Caiwere-

ba – 

    1 21 4c + cx = P + Q,⎛ ⎞
mP∆ k

⋅⎜ ⎟
⎝ ⎠

 12cz = Q
kmP∆

.       5.78 

     aris maxasiaTebeli gantoleba da gamoisaxeba Δ
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               3 2
1 2 3 ∆ = P + a P + a P + a ,            5.79 

    sadac  

 

1 2 1 1 2            1 2 3
4c + c c c ca = ; a = ; a = .

k m km
       5.80 

    sistemaSi aRZruli iZulebiTi rxevebis Tavidan 

asacileblad maxasiaTebel gantolebaSi SevarCioT 

koeficientebi ise, rom gardamaval process hqondes 

aperioduli xasiaTi. teqnikuri optimumis pirobidan 

gamomdinare, sasurvelia maxasiaTebel gantolebas 

hqondes jeradi fesvebi. amisaTvis sakmarisia dacu-

li iqnas piroba: 2a = 3  da 3a = 27a . am ukanaskne-

      

1 2a 1 3

lTa gaTvaliswinebiT miiReba:  

2c = c
2 1
1

 da 1
2k = 3mc
3

;              5.81 

 maSin -    

   
3

1 1 1
1 2 3 3

c c ca = 3 ; a = ; a = .
m m 27m

          5.82  

RniSnoT - 1cα =
3m

    av  da gveqneba 

   3    33 2 2∆ = P + 3αP + 3α P + α = (P + α) . 

gadaadgilebebi operaciul formaSi ase gamoisaxeba 

        5.83  

   aseT SemTxvevaSi, vagonisa da mimmarTveli Skivis 
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        3 3
Q P + 3α 4Qα 1x = ; z = ,
m P(P + α) 3m P(P + α)
⋅ ⋅      5.84 

    xolo originalSi iqneba -  

2
2 2

αtQ 3 3 3 -x = - + t + t e ,
m αα α
⎡ ⎤⎛ ⎞

⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
            5.85 

2
2 2

αt4Q 1 1 1 1z = - + t + t e
3m α 2α α

-⎡ ⎤⎛ ⎞
⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦

.         5.86 

         

     Sesabamisad, siCqareebi - 

( ) -αtQ 2 -αt2Qz = α tx = 1
m

,   + αt te e .       5.87 

    xolo aCqarebebi - 

3m

     ( )2 2Qx = - α t ( ) -αt2 - αt te .  5.88 -αt1+ αt e
m

,   
2Qz =
3m

ali procesis dasasruls, t 4 / α≈    gardamav  wamis 

Semdeg, vagoni da mimmarTveli Skivi gadaadgildebi-

an -  

     2x =
m α

≈ ⋅ a  
1

3Q 1 9Q
c

  d 2
1

4Q 1 4Qz
3m α

≈ ⋅ =
c

,     5.89   

sidideebiT, xolo 
1+ 5t =  wamis Semdeg vagonis 

2α

siCqare gaizrdeba max
Qx 0.84≈  sididemde, Semdeg 
αm

ki Semcirdeba Tavis sawyis mniSvnelobamde. vagonis 
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aCqarebis maqsimaluri mniSvneloba miiReb , xo-

lo Senelebis -

a 1t = 0

3t =
α2  drois gavlis S

bamisad iqnebian – 

    

emdeg da Sesa-

max.1
Qx =
m

   da  -3
max.2x = -5 e -0.≈  5.90 

     rogorc vxedavT, vagonis aCqarebis 

mniSvneloba oTxjer metia misi Senelebis 

li Skivisa da masTan erTad 

zambarisa da amortizatoris dayenebiT, zambaris si-

xistisa da amortizatoris k ficientebis opt

i xasiaTi. 

    am bolo dros miRweulma warmatebebma Zravebis 

marTvis TvalsazrisiT gaxada 

Zravas saSualebiT ganvaxorcieloT sistemis dina-

    ganvixiloT ramdenadaa SesaZlebeli, Zravas saS-

oT zemoT g

magaliTis analizis gamartivebis mizniT avirCioT 

yvelaze martivi manqana -   

Q Q25
m m

.   

maqsimaluri 

sidideze. 

     amrigad, mimmarTve

oe imal-

uri mniSvnelobebis SerCeviT, sistemaSi saerTod ar 

aRiZvreba iZulebiTi rxevebi da process eqneba aper-

iodul

, SesaZlebeli TviT  

mikuri procesebis optimizacia [3],  

ualebiT gadavwyvit anxiluli amocana. 

 100



 

nax. 5.10  dinamikuri reJimis optimizacia Zravas saSualebiT 

oT aseTi SemTxveva. bagiri Tavid-

m 

martivi amwevi meqanizmis magaliTze 

 

     imisaTvis, rom amwevi meqanizmis muSaobis reJimi 

msgavsi iyos zemoT ganxilulisa, kerZod, saSaxto 

amwevi manqanis muSaobisa cvalebad daxris kuTxian 

trasaze, ganvixil

an ar iyo moWimuli da moZraobis dasawyisSi, 1m ma-

sas g  aCqarebis sidide gaaCnia. visargebloT 5.23 ga-

2m  masaze ntolebaTa sistemiT, im gansxvavebiT, ro

Zrava anviTarebs garkveul Zalas -   

        

2

1 12

2

2 2

d xm = m g - c(x - y),
dt
d ym = c(x

⎧
⎪⎪
⎨
⎪
⎪

             5.91  

0- y) +F .
dt⎩

     SevkriboT 5.91 sistemaSi Semavali gantolebebi   
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2

2
d y
dt

da gamovTvaloT . amis Sedegad miiReba -  

         
2 2

1 0 1
2 2

2 2

m g +F md y d x= -
dt m m dt

.            5.92 

    5.90 sistemis pirveli gantolebidan ganvsazRv-

roT  da gavawarmooT orjer 

            

y

    
2 4 2

1
2 4 2

md y d x d x
dt c dt dt

,         = +        5.93 

ori ukanaskneli gamosaxulebis gatolebiT iqneba   am 

                
4 2

02 4 2
d x d x+ = a

ω dt dt
.                  5.94 

2

                

1

      analogiurad miiReba masisTvisac - m

4 2

02 4 2
d y d y1 + = a ,                 .95 

x

ω dt dt
 5

     Tu gaviTvaliswinebT, rom  da , 

gveqneba -         

            

a = x ya = y

2
x

x 02 2

2
y

y 02 2

d a1 + a = a ;
ω dt

d a1⎪ + a = a .
ω dt

⎧
⎪
⎪
⎨

⎪⎩

                    5.96 

     sadac, rogorc zemoT iyo aRniSnuli  
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2 1 2ω =
m m

 da
1 2

c(m + m )
 1 0

0 =
m + m

 sistemis rxevi
1 2

m g + Fa s ku-

Txuri sixSire da saSualo aCqarebis sidideebia.     

    gardamavali reJimis dasawyisSi, Zravas ganvavi-

 0

TarebinoT Zala - 

          0 2 1 2F = m g - (m + m )g t /⋅ T ,               5.97 

sadac  sistemis rxevis period

    aseT SemTxvevaSi saSualo aCqarebis sidide mii-

0 ia.   T = 2π / ω

Rebs saxes -    

1 2 1 2
1 0 0

0
1 2 1 2 0

g+ m g - (m + m ) tm g
m g +F T ta = = = g 1-
m + m m + m T

⎛ ⎞
⎜ ⎟
⎝ ⎠

,  5.98   

sis  - 

       

    xolo 5.96 gantolebaTa tema daiwereba

2
x

x2 ;⎪ ⎟2
0

y2 2
0

1 d a t+ a = g 1-
Tω dt

t .
T

⎧ ⎛ ⎞
⎜
⎝ ⎠⎪

⎨

⎜ ⎟⎪ ⎝ ⎠

               5.99   

     rogorc 5.99 sistemidan Cans, moZraobis dasawyi-

sSi, roca , orive masis sawyisi aCqarebebi tol-

ia -  sididisa.   

     CavweroT 5.99 gantoleba operaciul formaSi 

2
yd a1 + a = g 1-

ω dt
⎛ ⎞⎪

⎩

t = 0

x y= a (0a (0) ) = g
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( )

( )

2
2 2

2 2

P - 1 T1 P a + a = g
ω P

/⎧ ⎛ ⎞
⎜⎪⎪ ⎝ ⎠

⎨

⎪

           5.100 

ve gantoleba msgavsia da erTnai-

pirobebi gaaCniaT, amit

bic erTnairi iqneba  

0
x x

2 0
y y

- Pg ;

P -1 T1 P a - Pg + a = g ./

⎟

⎛ ⎞⎪ ⎜ ⎟ω P⎝ ⎠⎩

     radganac ori

ri sawyisi om maTi amonaxsne-

     x ya = a = g 1- - sinωt .
⎡

0

t 1
T 2π

⎤⎛ ⎞
⎢ ⎥⎜ ⎟

⎝ ⎠⎣ ⎦

     drois gavlis Semdeg aCqarebis sidideebi 

nulis toli gaxdeba. aseve nulis tolia saS

aCqarebis sidide da 5.99 gantolebaTa sistema miiR-

    

         5.101 

0t = T

ualo 

ebs saxes -  

 

2
x

x2 2

2
y

y2 2

1 d a + a = 0;
ω dt

d a1 + a = 0.
ω dt

⎧
⎪
⎪
⎨
⎪
⎪⎩

        

ive masa moZraoben Tanabari siCqariT rxevis ga-

reSe. Zravas optimaluri marTvis saSualebiT siste-

mac gaxda dinamikurad optimaluri. 

              5.102 

    am gantolebaTa sistemis amonaxsni nulovani sa-

wyisi pirobebisaTvis, rasakvirvelia nuli iqneba. e. 

i. or
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    gamovTvaloT is siCqare, romelsac miaRwevs or-

ive masa gardamavali periodis dasasruls. 

    

T T0 0

x y x
00 0

t 1V = V = a dt =g 1- - sinωt d
T 2π

t
⎡ ⎤⎛ ⎞
⎢ ⎥⎜ ⎟

⎝ ⎠⎣ ⎦
∫ ∫ .   5.103 

    saidanac - 

        ( )x y
1 gV = V =
2 20 0gT + 1- cosωT

πω
.     5.104        

     Tu gaviTvaliswinebT, rom 

Dgveqneba 

0ωT = 2π , sabolood  

x y 0
1 1 2π πg
2 2 ω ω

     e. i. siCqare nulovani mniSvnelobidan gaizarda 

am sakmaod d

V = V = gT = g = .          5.105 

id mniSvnelobamde, magram unda gaviTv-

aliswinoT, rom Cvens magaliTSi, aCqarebis sawyis 

mniSvnelobad aviReT Tavisuflad vardnili sxeul-

is aCqareba, realur pirobebSi ki

klebia 9.81 m/wm2 - ze.    

 

 

 

 

 aCqareba bevrad na-
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Tavi VI. qanqarasebri kiduli bagirgzis 

amuSavebis dinamikuri reJimis kvleva da 

optimizacia 

 

rgzis maTematikuri modelisa da 

Sesabamisi diferencialur gantolebaTa sistemis 

Sedgena 

ptimizaciis cnebaSi igulisxmeba sistemis 

Siga meqanikuri rxevebis Caqroba gardamavali 

periodis dros.  

ia eleqtruli amZravis Te-

riaSi, magram misi praqtikuli gamoyeneba ver xerx-

eboda amZravi Zravas srulyofili marTvis ar ars-

obis gamo. am bolo dros, Zravas marTvis saSuale-

bebis warmatebebis gamo, ukve SesaZlebelia praqtik-

aSi yvelaze saimedo da iafi mokled Caketil roto-

riani Zravas saSualebiT ganvaxorcieloT TiTqmis 

6.1 kiduli bagi

rogorc zemoT aRiniSna, zogadad, dinamikuri 

reJimis o

     kiduli bagirgzis amuSavebis dinamikuri reJim-

is optimizaciisaTvis Cven avirCieT TeoriaSi erT-

erTi yvelaze metadD gavrcelebuli meTodi. kerZod, 

amZrav Skivze modebul dinamikur Zalas vcvliT va-

gonis maqsimaluri gadaxris mixedviT. es meTodi sa-

kmaod didi xania cnobil

o

d

eb
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neb i-

xS -

biT gadavWraT Cveni amocana, kerZod kiduli bagirg-

zis amuSavebis dinamikuri reJimis optimizacia. 

     moZraobis amsaxveli diferencialur gantole-

baTa sistemis Sedgenisas (lagranJes meTodi) miRebu-

lia garkveuli saxis daSvebebi, romelTagan aRsani-

Snavia: 

     1. amZravi Skivi, reduqtori, Zravas lilvi da 

saerTod, amZravis yvela elementi absoluturad xi-

stia. 

     2. winaaRmdegobebis Zalebi, romlebic warmoiS-

veba savali urikis sarelso bagirze gadaadgilebi-

sas, mudmivia da simciris gamo SesaZloa maTi ugul-

ebelyofa. 

     3. bagirgzis vagoni, saval urikasTan, qanqarase-

bradaa dakavSirebuli da misi rxevis sixSiris gam-

oTvlisas, vangariSobT eqvivalentur sixistis koe-

ficients rogorc vagonis wonis fardobas mis Camo-

kidebis sigrZesTan.  

     4. mxedvelobaSi ar aris miRebuli bagiris Sina-

gani xaxunis anu disipatiuri Zalebi da process vi-

xilavT rogorc araqrobads. 

    5. gardamavali procesis ganxilvisas mxedvelo- 

imieri saxis amocana. Cvens SemTxvevaSi, Zravas s

iruli marTvis saSualebiT SesaZlebelia warmate
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baSi ar viRebT sawevi bagiris sigrZis cvalebadob-

as.                                                       

    6. mxedvelobaSi ar miiReba sarelso bagiris rx-

evis gavlena sawev bagirze. 

 

     orbagirian, orvagonian, qanqaraseburad moZrav 

kidul bagirgzas, zogadad, SesaZlebelia aseTi saxe 

hqondes - 

 

nax. 6.1 orbagiriani, orvagoniani qanqarasebri kiduli 

bagirgzis kinematikuri sqema 

 

sadac - 1- xaxunis amZravi Skivia;  2 - mimmarTveli 

Skivebi;  3 - damWimi tvirTebi;  4 - savali urikebi; 

5 - vagonebi; 6 - sawevi bagiri; 7 – sarelso bagirebi.        

     aRniSnulis gaTvaliswinebiT, SesaZloa warmov- 
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idginoT bagirgzis  saangariSo sqema (ix. nax. 6.2).   

nax. 6.2 orbagiriani, orvagoniani qanqarasebri kiduli 

bagirgzis saangariSo sqema 

 

    SevadginoT diferencialur gantolebaTa siste-

ma amuSavebis iseTi reJimisaTvis, roca vagonebi mim-

Reb sadgurebSi arian. amuSavebis es reJimi, ra Tqma 

unda, kerZo SemTxvevaa amuSavebis iseTi reJimisa, 

roca vagonebi malis nebismier adgilas SeiZleba iy-

os. Cven ar ganvixilavT am zogad SemTxvevas Semdegi

mosazrebebidan Saveba malis 

bismier adgilas, SesaZloa mouxdes mxolod avar-

e-

-

aCqarebebiT. ase, rom Cven ganvixilavT amZravis amuS-

avebis normalur reJims, anu roca vagonebi mimReb 

 

 gamomdinare. amZravs amu

ne

iuli damuxruWebis Semdeg- an Zabvis uecari Sewyv

tisas, an TviT bagirgzis romelime elementis dazi

anebisas. aseT SemTxvevaSi amZravis amuSaveba xdeba 

an sarezervo ZravaTi, an ZiriTadi amZraviT, mcire 
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sadgurebSi dganan. saangariSo sqemas eqneba aseTi 

saxe (ix. nax. 6.3)   

 

nax. 6.3 orbag bri kiduli 

bagirgzis saangariSo sqema, rodesac vagonebi mimReb 

 

rTis masebis jami; 

iriani, orvagoniani qanqarase

sadgurebSi dganan 

 

     aq 1x amZravi Skivis xazovani gadaadgilebaa; 2x - 

damWimi Skivisa; 3x - damWimi Skivisa da tvirTisa er-

Tad; x  da x  Sesabamisad m  da m  vagonebis

gadaadgilebebi; 1 -amZravi Skivisa da masze dayvan-

ili mTliani amZravis masa amZrav sadgurSi ganlage-

bul mimmarTveli Skivebis masebTan erTad; 2m - dam-

Wimi Skivis masa; 3m - 2m  damWimi Skivisa da Gm  tvi-

R1 R2 Rm m m

4 5 w1 w2

m

= =

masebi; C1 C2 C  – vagonebis savali urikebis  

- sawevi bagirebis 

m m m= =
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masebi, daemateba Sesabamisad 1m  da 2m  masebs; 

= = - sawevi 1 2C C CR bagiris sixi

     SeniSvna: sawevi bagirebis sixistis koeficient-

ebis gaangariSeba moyvanilia “bagirgzis ZiriTadi 

parametrebi da ganzomilebis erTeulebi’-Si 

    SevadginoT amuSavebis aRmweri diferecialur 

gantolebaTa sistema aseTi reJimisaTvis.         

     sistemis sruli kinetikuri energia - 

   6.1     

    Sesabamisad - 

stis koeficientebi. 

       1 2 3 R1 R2 w1 w2T = T + T + T + T + T + T + T .         

2 2 2
1 1 1 2 2 2 3 3 3

2 2 2 2m X + X X + X m X + X X + X
⎪
⎪ R1 1 1 2 2 R2 1 1 2 2

2 2

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

2 2 2

T = ;T = ;

1 1
; T

2 2

⎧
⎪

⎨

⎪

      6.2 R1 R2

w1 w1 4 w2 w2 5

2 3 2 3

T = m X = m X

⎪

⎪⎩
         Sesabamisi ganzogadebuli Zalebi - 

( ) ( ) ( )
( ) ( ) (
( ) ( )
( ) ( )

4

2

3 2 2 1 3

x4 w1 1 4 x5 w2 2 5

X

Q C X X X C X X X ;

Q C X X ; Q C X X .

= ⋅ − − + ⋅ − −⎪
= ⋅ −⎩

)
x1 0 1 1 2 3 2 2 1 3 w1 1

x2 1 1 2 3 2 2 1 3 w2 5

x3 1 1 2

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

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

⎧ = − ⋅ − − + ⋅ − − − ⋅ −
⎪

= ⋅ − − − ⋅ − − − ⋅ −⎪
⎨

⎪ = ⋅ −

  6.3 

0 motF F= Zravas mier ganviTarebuli Za- 

;

st - amZravi 

lis dinamikuri mdgeneli, kn; 

Q−
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motF - amZravi Zravas mier ganviTar uli Za a, kn; 

2 w1 1γ - m gsinγ - amZrav Skivze modebuli 

eb l

 

     vagonis saval urikasTan eqvivalentur sixistis 

koeficienti gamoiTvleba   

 da ; 

kidebis sigrZea.  

    lagranJes gantolebis Tanaxmad, mocemuli dina-

mikuri procesis aRmwer diferencialur gantoleba-

Ta sistemas eqneba saxe:    

st w2Q = m gsin

statikuri datvirTva, kn;  

1γ - vagonis asvlis kuTxea sarelso bagirze zeda 

sadgurTan, xolo γ - qveda sadgurTan.      2

W1 W1 WC = m g / h W2 W2 WC = m g / h

sadac W - vagonis Camoh

x1 x2
1 1 22

x3 x4
3 43 4

x5
55

d T T d T T- = Q ; - = Q
dt X X dt XX

        

;

dt X dt XX X
d T T- = Q .
dt XX

⎧ ∂ ∂ ∂ ∂
⎪ ∂ ∂ ∂∂⎪

∂ ∂∂ ∂⎪
⎪ ∂ ∂
⎪

∂∂⎪⎩

     6.4 

    diferencialur gantolebaTa sistemaSi imis ga- 

TvaliswinebiT, rom R  da 

iqneba - 

d T T d T T- = Q ; - = Q ;
⎪ ∂ ∂ ∂ ∂⎪
⎨

1 2c = c = c R1 R2 Rm = m = m  
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11 1 12 2 1a X + a X + 0 + 0 + 0 = Q ;⎧

21 1 22 2

3

a X + a X + 0

0 + 0 = Q ;

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

⎪
⎪
⎪

⎪

⎪

2

33 3

+ 0 + 0 = Q ;

0 + 0 + a X +⎨

44 4 4

55 5 5

0 + 0 + 0 + a X + 0 = Q ;⎪

⎩ .

       6.5 

sadac – 

( ) ( )
( ) (

44 w1 w0 p1 55 w2 w0 p2

1 0 st R 1 2 w1 1 4

2 R 1 2 w2

a = m = m + m ; a = m = m + m ;

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

Q = 2C X - X - C

⎨
⎪
⎪

⎪

 6.6 

)
( ) ( )

11 1 C R 12 R

21 33 3

2 5 3 R 3

4 w1 1 4 5 w2 2 5

1= m ;
3 3

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

X - X ; Q = -2C X ,

Q = C X - X ; Q = C X - X .

⎪
⎪
⎪

⎪

⎪⎩

     erTvagoniani bagirgzebisaTvis saangariSo sqema 

ba da eqneba aseTi saxe (ix. nax. 6.4

      6.5 gantolebaTa sistemac ufro gamartivdeba 

da miiRebs saxes- 

 

     6.7 

2a = m + m + m ; a⎧

12 R 22 2 C R3 3⎪
⎪

gamartivde ).  

11 1 12 2 1

21 1 22 2 2

33 3 3

44 4 4

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

0 + 0 0 = Q ;

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

0 + 0 + 0 + a X + 0 = Q .⎪
⎩

a X + a X + +

⎧
⎪
⎪
⎨
⎪
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 orbagiriani, erTvagoniani qanqarasebri kiduli 

    bagirgzis saangariSo sqema, rodesac vagoni mimReb 

sadgurSi dgas 

sadac – 

nax. 6.4

( ) ( )
( )
( )

11 1 C R 12 R 21 12 R

22 2 C R 33 3 44 w w0 p

1 0 R 1 2 w 1 4

2 R 1 2 3 R 3

4 w 1 4 0 mot st mot w

2 1 1a = m + m + m , a = m , a = a = m ;
3 3 3
2a = m + m + m , a = m , a = m = m + m
3

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

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

Q = C X - X ; F = F - Q = F - m gsinγ.

⎧
⎪
⎪
⎪
⎪
⎪
⎨
⎪
⎪

;

  6.8 

⎪
⎪
⎪
⎩

     33 3 3a x = Q 2= − R 3C x , rogorc 6.5 da 6.7 sistemebi-

an Cans, warmoadgens Cveulebriv harmoniuli rxevis 

diferencialur gantolebas, romlis amonaxsni nul-

ovani sawyisi pirobebis dros aseve nulia.  

      aqedan SeiZleba gavakeToT daskvna: bagirgz

amuSavebis gardamaval periodSi, roca sawevi bagir-

d

is 
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ebis masebi da sixisteebi erTnairia, damWimi tvirTi 

monawileobas ar Rebulobs. 

    naSromSi miRebulia bagirgzis amuSavebisNamsaxv-

eli diferencialur gantolebaTa msgavsi sistemebi. 

Cven es gantolebebi moyvanili gvaqvs odnav gansxva-

vebuli saxiT da am gansxvavebis dasadasturebl

visargebleT profesor a. stepanovis mier SemoTava-

zebu ea-

luri fizikuri suraTis misaRebad, diferencialur 

gantolebaTa sistemebSi unda ugulebelvyoT zogie-

rTi wevri [2], [4]. 

    zemoT moyvanili daskvnisa da a. stepanovis meT- 

odis safuZvelze, amuSavebis aRmweri gantolebaTa 

sistemebi saboloo saxiT ase gadaiwereba (ufro

saxerxebelia Tu avRniSnavT : amZravi Skivis gadaad-

gilebas -iT, damWimi Skivisas -iT, xolo vagoneb-

isas -iT. aseT SemTxvevaSi orvagoniani 

bagirgzebisaTvis-    

ad 

li meTodiT. a. stepanovi gvTavazobs, rom r

 mo-

 x

-iTa da 

y

z s

   

( ) ( ) ( )
( ) ( ) ( )

( )

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

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

m z = C x z ;

⎧ −
⎪

−
⎨

−

( )w2 2 w2
⎪

1 C R 0 R w1

2 C R R w2

w1 1 w1

m z = C y s .

⎪

⎪
−⎩

   6.9 
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    erTvagoniani bagirgzebisaTvis: 

roca vagoni amZrav SkivTanaa – 

 

( ) ( ) ( )1 R c 0 R Wm m m x F 2C x y C x z⎧ + + = − − − −

( ) ( )
( )

m m y 2C x y

m z C x z

⎪
+ = −⎨

⎪ = −

       6.10 

roca vagoni damWim SkivTanaa -   

 

( )

2 R R

W W⎩

( )
( )

1 R 0 R

2 R c

m m x F 2C x y

m m m y

⎧ + = − −
⎪

+ + =⎨ ( ) (R W2C x y C y z− − −
⎪

)          6.11 

-

s optimizaciisaTvis gamoviyen-

meore meTodi (ix. gv. 76-82). 

    SeniSvna: 6.10 gantolebaTa sistemis amoxsnis meT- 

odika daprogramebis sistema -is gamoyenebiT 

sruladaa mocemuli naSromSi [2]. 

( )W Wm z C y z= −⎩

    gamoviyenoT realuri kiduli bagirgzis monace

mebi [2] da movaxdinoT amuSavebis dinamikuri reJim-

is optimizacia erTvagoniani bagirgzis magaliTze. 

ganvixiloT SemTxveva, rodesac vagoni amZrav SkivT-

anaa, anu amovxsnaT 6.10 gantolebaTa sistema.  

    dinamikuri reJimi

oT 

MatLAB

 116



 

bagirgzis amuSavebis dinamikuri reJimi 

nax. 6.5 erTbagiriani, erTvagoniani qanqarasebri kiduli 
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nax. 6.6 erTbagiriani, erTvagoniani qanqarasebri kiduli 

 

     6.6 naxazidan aSkarad Cans, rom amuSavebis reJi-

mi dinamikurad optimaluria. 

      

bagirgzis amuSavebis dinamikuri reJimi 
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danarTi 1 
 

bagirgzis sarelso bagirebi 
 

jamuri sagleji Zala, T1,kn 
grZivi 
metris 
wona, 

q1, kn/m 

bagiris 
diametri,

d1, m 

bagiris 
liTonis 
kveTi, 
s1, m2 

σ1, 
120x104

kn/m2 

σ1, 
130x104

kn/m2 

σ1, 
140x104

kn/m2 

0.05 0.0305 0.000596 715 775 834 
0.056 0.032 0.00066 790 858 924 
0.063 0.034 0.00073 875 949 1022 
0.07 0.0355 0.000796 955 1035 1114 

0.086 0.0385 0.001 1200 1300 1400 

0.096 0.0405 0.001135 1360 1475 1589 

0.103 0.0425 0.00121 1450 1573 1694 

0.115 0.045 0.001356 1620 1762 1898 

0.125 0.047 0.00146 1750 1898 2044 

0.145 0.051 0.001725 2070 2242 2415 

0.164 0.052 0.00196 2352 2548 2744 
0.173 0.054 0.002064 2480 2683 2890 
0.177 0.055 0.002075 2490 2697 2905 
0.198 0.06 0.00239 2870 3107 3346 
0.237 0.065 0.00285 3420 3705 3990 
0.272 4609 0.07 0.003292 3950 4280 
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danarTi 2 
 

bagirgzis sawevi bagirebi 
 

jamuri sagleji Zala, T2,kn 
grZivi 
metris 
wona, 

q2, kn/m 

bagiris 
diametri,

d2, m 

bagiris 
liTonis 
kveTi, 
s2, m2 

σ1, 
170x104

kn/m2 

σ1, 
180x104

kn/m2 

σ1, 
190x104 
kn/m2 

0  .0062 0.0135 0.000065 97.4 103 109 

0.0071 0.0145 0.000074 1  124.5 11.5 118 

0.0081 0.015 0.000084 1  134.5 27.5 142 

0  .0092 0.016 0.000095 144 152.5 161 

0.0097 0.0165 0  .000105 150.5 159.5 168.5 

0.011 0.0175 0.000114 165.35 175.1 184.8 

0.013 0.0195 0.000144 207 219.5 231.5 

0.016 0.021 0.000175 252.5 267.4 282.25 

0.017 0.022 0.000185 266 282 297.5 

0.021 0.024 0.00022 318.5 337.25 356 

0.022 0.025 0.000239 345.5 365.5 385.5 

0.027 0.0275 0.000286 413.5 438.5 462.5 

0.033 0.0305 0.00035 504.5 534.5 564 

0.036 0.032 0.000386 557.5 590.25 623 
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danarTi 3 
 

bagirgzis amZravi Zravebi 

sinqronuli brunTa ricxvi - 750 br/wT 

 

s 
Zla
vre, 

ri
li, 
% 

k Zrava
tipi 

sim- s
- 

kvt 

a- mq cosϕ
 

0

n

M
M

mM

 

2 
nM

mJ , ot
Kkgm

4A160 2  2.2 2 0.14 7.5 .7 0.86 0.75 

4A160 2  1.2 8 11 .7 0.87 0.75 2.2 0.1

4A180 2   1.2 5 15 .6 0.87 0.82 2 0.2

4A200 2 5 1.2  18.5 .5 0.88 0.84 2.2 0.4

4A200 2 5 1.2  22 .7 0.88 0.84 2 0.45

4A225   1.2  30 2 0.9 0.81 2 0.74

4A250 1.2 37 1.6 0.9 0.83 2 1.15 

4A250 1. 5 .2 4 45 4 0.91 0.82 2 1 1.3
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sinqronuli b - 1000 br/wT 

Zravas 
tipi 

sim- 
Z
vre, 

sria-

%

mqk

runTa ricxvi 

cosϕ 
0

n

Mm

n

M motJ
2

, 

Kkgm  la- li, 
 

 M M
 kvt 

4A160 11 3 0.86 0.86 2 1.2 0.14 

4A160 15 3 0.875 0.87 2 1.2 0.18 

4A180 18.5 2.7 0.88 0.87 2 1.2 0.22 

4A200  0.9 0.9 2 1.2 22 2.5 0.4 

4A200 30 2.3 0.905 1.2 0.9 2 0.45 

4A225 37 2.15 0.91 0.89 2 1.2 0.74 

4A250 45 1.5 0.915 0.89 2 1.2 1.15 

4A250 55 2 0.92 0.88 1.9 1.2 1.26 

 

sinqr li un ic - 1500 b

Zla- 
vre, 
kvt 

sria-

onu  br Ta r xvi r/wT 

Zravas 
tipi 

sim- 
li, 
% 

mqk cosϕ
 

m

n

M
M

0M

nM
 

motJ , 

Kkgm2 

4A160 15 2.7 0.9 0.88 2.2 1.4 0.1 

4A160 18.5 2.7 0.9 0.88 2.2 1.4 0.13 

4A180 22 2 0.91 0.9 2.2 1.4 0.19 

4A200 30 2 0.91 0.89 2.2 1.4 0.23 

4A200 37 1.7 0.92 0.9 2.2 1.4 0.37 

4A225 45 1.8 0.925 0.9 2.2 1.4 0.45 

4A250 55 2 0.93 0.9 2.2 1.2 0.64 

4A250 75 1.4 0.93 0.9 2.2 1.2 1.02 

4A280 90 1.3 0.925 0.91 2 1.2 1.2 
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danarTi 4 
 

bagi i Zravis r duqtorebi
  
 
Sem
bru
ric

br/

rgz s am e  

avali 
nvaTa 
xvi, 

wT, n  

nominaluri mabruni momenti, knm 
 

gadacemis 

ric
0 40 31.5 2  

xvi, i 5  0 16 10 

tipi PM-500 
750 2.042 4 .16 2.1 7 20 1.9 5 2 7 66 2.30  2.3

1000 5 .99 .16 2.1 7 24 1.99 1 6 2 7 53 2.31  2.3
1500 1.98 1.996 2.167 2.166 2.307 2.11 
tipi PM-650 
750 5.537  4.764 4.708 5.136 5.09 5.517 

1000 4.687 4.912 .116 5.188 5.568 4.994  5
1500  08 5.116 5.155 5.016  4.702 4.7  
tipi PM-750 
750  6.703 7.303 7.308 7.825 7.911 6.806

1000 9 16 .16 7.3 5 12 6.72 6.7  7 3 41 7.82 7.
1 1 8 7.1500 6.65 6.7 7.308 23   
tip PM-850i  
750 9.404 .16 0.0 10.049 3 88 9 0 1 32 10.8 4 9.8

1000 4 .21 .93 9.9 39.88 9 1 9 1 84 10.8 4  
1 7 8 0.0  500 9.15 9.0 3 1 32   
tip PM-1000i  
750 16.149 .1 7.4 17.227 5 .01 16 19 1 55 18.4 8 17

1000 16.009 5.9 7.4 17.423 01 27 1 55 17.0 4  
1500 15.932 .8 7.4  15 68 1 55   
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