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samuSaos zogadi daxasiaTeba 

 
naSromis aqtualuroba wevis gaangariSebas safuZvlad udevs 

moZraobis arawrfivi diferencialuri gantolebis integrireba. 

radgan moZraobis gantolebebi arawrfivia da dRemde msgavsi 

gantolebebis amoxsna SeuZlebelia iseTi formiT, rogorc es 

xdeba wrfivi diferencialuri gantolebebis SemTxvevaSi, bevri 

specialisti mimarTavda da dResac mimarTavs yvela tipis 

miaxloebiT (asimptotur) meTodebs. garda amisa sxvadasxva 

SezRudvebis gamo, როგორიცაა CaWideba, wevis Zravis velis 

Sesusteba da a.S.  rezultirebuli wevis maxasiaTebeliს nawils 

damatebiT xdis arawrfivi formis mqones, rac damatebiT 

problemebs qmnis amocanis gadawvetisas. am mizeziT, samwuxarod, 

diferencialuri gantolebis integrirebis ძiriTad meTods 

warmoadgens grafo-analiზური (saangariSo-grafikuli) meTodebi. 

Eel. wevis Teoriis Semswavlel literaturaSi aRwerilia es 

meTodebi rogorc erTaderTi da ualternativo. XXI saukuneSi, 

roca kompiuteruli teqnika mkvidrdeba adamianis moRvaweobis 

yvela sferoSi, aucilebelia aqcenti gakeTdes axal meTodebze 

Tanamedrove e.g.m.-is gamoyenebiT. aRsaniSnavia, rom cnobili gziT 

amaCqarebeli da Semanelebeli Zalis aproqsimacia ver 

uzrunvelyobs realuri mrudis zust cvlilebas da Tanac 

integrirebis Sedegad sabolood mivdivarT rTul gamosaxule-

bebamde, romelic uvargisia gamoTvliTi procesis Casatareblad, 

maT Soris e.g.m.-is gamoyenebiT, rTuli monacemTa bazis gamo. 

didi raodenobis cvladebis arseboba monacemTa bazis biblio-

TekaSi da am cvladebis  saWiro dros swori urTierTkavSiris 

moZieba faqtiurad  SeuZlebelia kvalificiuri programistis 

gareSe. dRes arsebuli analizuri gamosaxulebebi ar arian 

universaluri xasiaTis mqoneni da amaCqarebeli da Semanelebeli 

Zalebis formulebi as welze metia mocemulia xvedriT erTeu-

lebSi (kgZ/t). arsebuli meTodebiT gaangariSebis warmoeba e.g.m.–

ze saWiroebs specialuri gadamyvani koeficientebis moZiebas, 
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romelic dRemde ssrk-is gzaTa mimosvlis saministros mier 

rekomendebulia cxrilis saxiT, rac aseve erTgvar problemas 

qmnis programirebis procesSi. Aam mizezTa gamo gacilebiT 

advilia analizuri meTodebis nacvlad grafo–analizuri an 

sufTa grafikuli meTodebiT angariSebis Catareba, romlebic 

sizustiT sakmarisia praqtikuli gaangariSebebisaTvis. 

aRniSnulidan gamomdinare arsebuli problemis gadawyveta 

da martivi da zusti aproqsimaciis gziT miRebuli analizuri 

gamosaxulebebis gamoyeneba praqtikul angariSebSi e.g.m.–is gamo-

yenebiT metad aqtualur mecnierul problemas warmoadgens. 

samuSaos mizania axali analizuri meTodis sizustis Semo-

wmeba da misi meSveobiT wevis gaangariSebis Catareba e.g.m.–ze rac 

samomavlod saSualebas mogvcems wevis angariSebi tradiciuli 

“milimetrovkebis” nacvlad martivad, sakmarisi sizustiT 

vawarmooT Tanamedrove personaluri kompiuterebis gamoyenebiT.  

miTiTebuli miznis misaRwevad gadaWril iqna Semdegi 

ZiriTadi amocanebi: 

- Seswavlil iqna matareblis moZraobis diferencialuri 

gantolebis integrirebis yvela cnobili meTodi. 

- Ggaanalizebul iqna cnobili mecnierebis midgoma amaCqa-

rebeli da Semanelebeli Zalebis mrudebis aproqsimaciis 

sakiTxebSi. 

-  damuSavebul iqna wilad-wrfivi funqciiT amaCqarebeli da 

Semanelebeli Zalebis aproqsimacia. 

- Aabsoluturi erTeulebis nacvlad fardobiTi erTeulebis 

gamoyenebis meTodika moZraobis diferencialuri ganto-

lebis analizurad gadawyvetisas. 

- Ppraqtikulad realizebul iqna Tanamedrove e.g.m.–is 

gamoyenebiT moZraobis mrudebis agebis procesi. 

kvlevis obieqti dafuZnebulia matareblis moZraobis 

diferencialuri gantolebis integrirebaze analizuri saxiT, 

iseTi formiT, rom is mosaxerxebeli iyos sakmarisi sizustiT 
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martivad vawarmooT gaangariSebebi Tanamedrove personaluri 

kompiuteris gamoyenebiT. 

naSromis mecnieruli siaxle 

-  gaanalizebulia matareblis moZraobis diferencialuri 

gantolebis integrirebis grafikuli da analizuri meTodebi, 

gamovlenilia maTi dadebiTi da uaryofiTi mxareebi. 

-  SeTavazebulia sruliad axali analizuri meTodi da dasa-

xulia gzebi aRniSnuli meTodis praqtikuli ganviTarebisaTvis. 

-  mizanSewonilia matareblis moZraobis diferencialuri 

gantolebis gadawyveta moxdes fardobiT erTeulebSi, raTa 

SevamciroT mosalodneli Secdomebis albaToba da uari vTqvaT 

gadamyvani koeficientebis gamoyenebaze, romlebic rekomende-

bulia cxrilebis saxiT. fardobiTi erTeulebis gamoyeneba 

amoxsnis Sedegebs universaluri xasiaTis mqoned aqcevs, vargiss 

nebismieri gamoTvlebisaTvis rogorc personaluri kompiuteris, 

ise miniaturuli gamoTvliTi manqanebis gamoyenebiT, romlebsac 

gaaCniaT elementaluri funqciebi. 

-  amaCqarebeli da Semanelebeli Zalebis  mrudebis aproqsi-

macia movaxdinoT wilad-wrfivi funqciiT, romelic sxva cnobil 

funqciebze ukeT axdens realuri mrudis cvlilebas da sabo-

lood integrirebis Semdeg martivad mivyavaraT martiv gamo-

saxulebebamde. 

-  Tanamedrove e.g.m.–is gamoyenebiT moyvanilia SeTavazebuli 

analizuri meTodiT eleqtruli wevis angariSi. 

disertaciis praqtikuli Rirebuleba  

e.g.m.–is gamoyenebiT wevis gaangariSebis saSualebas iZleva 

sabolood vTqvaT uari e.w. Sablonebis  da “milimetrovkebis” 

gamoyenebaze, rac mniSvnelovnad zrdis Sromis nayofierebas, 

gaangariSebis process xdis sainteresos da araa saWiro 

movaxdinoT geometriuli manipulaciebiT miRebuli mrudebis 

sakmaod Sromatevadi analizi. e.g.m.-i iZleva saSualebas umokles 

vadaSi miviRoT damuSavebuli saxiT saWiro informacia da amiT 

davzogoT ZviradRirebuli dro. matareblis moZraobis saWiro 
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reJimis arCeva saSualebas iZleva avtomatur reJimSi 

ganvsazRvroT moZraobis dro, moxmarebuli el. energia, miviRoT 

informacia Zravis gaxurebis temperaturaze da, Tu saWiroa, 

droulad ganvaxorcieloT moZraobis reJimis cvlileba, raTa 

SenarCunebul iqnas lokomotivis normaluri saeqspluatacio 

pirobebi. 

naSromis aprobacia  

sadisertacio naSromis ZiriTadi debulebebi moxsenebuli da 

ganxilul iqna: saqarTvelos teqnikuri universitetis studentTa 

76-e da 78-e Ria samecniero-teqnikuri konferenciebis sxdomebze 

(2008, 2010w.w.); saqartvelos teqnikuri universitetis “eleqtruli 

transportis” №62 mimarTulebis sxdomebze (2008, 2009, 2010 w.w.) 

publikacia  

disertaciis masalebis mixedviT gamoqveynebulia 5 samecniero 

naSromi. 

naSromis struqtura da moculoba. disertacia Sedgeba 

Sesavlis, 2 nawilis, 2 Tavis, daskvnebis da gamoyenebuli 

literaturis siisagan. naSromi Seicavs kompiuterze dabeWdil 

154 gverds, maT Soris 13 cxrils da 51 naxazs. 

 

naSromis mokle Sinaarsi 

 

SesavalSi naCvenebia naSromis aqtualoba, mizani, ZiriTadi 

amocanebi, mecnieruli siaxle da mokledaa gadmocemuli samu-

Saos arsi.  

pirvel TavSi ganxilulia da gaanalizebulia arsebuli li-

teraturuli wyaroebi, romelic exeba wevis gaangariSebis 

arsebul meTods da moicavs matareblis moZraobis gantolebis 

raobas, mbrunavi nawilebis inerciis koeficientis gansazRvras, 

moZraobis gantolebis gardaqmnas praqtikuli 

gaangariSebebisaTvis. saubaria matareblis moZraobis gantolebis 

gamoyenebaze moZraobis reJimebis analizisaTvis, moyvanilia 
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moZraobis mrudebis gaangariSebis saerTo principebi da 

ganxilulia  moZraobis gantolebis integrirebis sakiTxebi. 

meore TavSi moyvanilia wevis gaangariSebis SeTavazebuli 

meTodi, rogorc fardobiT, ise absolutur erTeulebSi 

gamoTvlebis Catarebis dros da aRwerilia maTi meTodika. 

fardobiTi erTeulebi gacilebiT amartiveben diferencia-

luri gantolebebis sistemas, romelic aRwers gamosakvlev 

fizikur process. aRniSnulis meSveobiT minimumamde daiyvaneba 

gantolebaSi Semavali parametrebis raodenoba, rac garkveul-

wilad amartivebs ricxobriv gaangariSebas, amasTan Secdomebis 

albaToba gacilebiT mcirdeba, radganac yoveli sididis ganla-

geba Cveulebriv cnobilia. rogorc wesi, am SemTxvevaSi gamosa-

kvlevi sididis mniSvneloba erTTan axlosaa, rac gansakuTrebiT 

mniSvnelovania e.gm.-is gamoyenebisas. uganzomilebo sidideebis 

ubralo Casmebi iZleva gacilebiT met informacias movlenebis 

arsis Sesaxeb, romelic mimdinareobs ama Tu im obieqtSi, vidre 

ganzomilebiani sidideebis analizi. აnalizuri an grafikuli 

gadawyveta amosavali diferencialuri gantolebisa fardobiT 

erTeulebSi xdis amoxsnis rezultatebs universalurs, vargiss 

gaangariSebis mravali variantisaTvis. 

sayovelTaod cnobilia fardobiTi erTeulebis gamoyeneba 

msgavsebis TeoriaSi am dros cvladebis sabaziso mniSvnelobebad 

SeiZleba gamoyenebul iqnes maTi nominaluri sidideebi, anda sxva 

sidideebi, romelic axasiaTebs sistemis ama Tu im reJims (maga-

liTad saTauri) Cvens SemTxvevaSi fardobiT erTeulebSi gada-

svla principSi SesaZlebelia ganvaxorcieloT uSualod Ziri-

Tadi diferencialuri gantolebis amoxsnidan, Cawerils abso-

lutur erTeulebSi, Sesabamisi cvladis gayofiT sakuTar 

bazisur mniSvnelobaze. Tumca aseTi გადასვლა ramdenadme arTu-

lebs amocanas, radganac dRemde arsebuli empiriuli formulebi 

xvedriTi ZalebisaTvis winaaRmdegoba  ‘’W’’  da damuxruWeba  ‘’B’’ 

moicema xvedriT erTeulebSi kgZ./t. am mizeziT mizanSewonilia 
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fardobiT erTeulebze gadasvla, gamovdivarT ra xvedriTi Zale-

bisaTvis dawerili gantolebebidan. 

Cvens SemTxvevaSi fardobiT erTeulebSi gadasvla principSi 

SesaZlebelia ganvaxorcieloT uSualod ZiriTadi diferencia-

luri gantolebis amoxsnidan, romelic Cawerilia absolutur 

erTeulebSi, Sesabamisi cvladis gayofiT sakuTar bazisur 

mniSvnelobaze. Tumca aseTi gadasvla ramdenadme arTulebs 

amocanas, radganac dRemde arsebuli empiriuli  formulebi 

xvedriTi ZalebisaTvis winaaRmdegoba `W~ da damuxruWeba `B~-Tvis  

moicema xvedriT erTeulebSi kgZ./t. am mizeziT mizanSewonilia 

gadasvla fardobiT erTeulebze, gamovdivarT ra xvedriTi 

ZalebisaTvis dawerili gantolebebidan: 

           
 

Wf
QP

WF

dt

dv

g









1

103
                                       (1) 

                  
 

Wf
QP

WF

ds

dv
V

g









1

103
                             (2) 

sadac V, S, F, W _ siCqaris, gavlili manZilis, wevis Zalis da ma-

tareblis ZiriTadi winaaRmdegobis absolituri mniSvnelobebia; 

P, Q _ lokomotivis da vagonis masaa t; 

Tu miviRebT aRniSvnebs: 

                        ;*f
f

f

F

F


nn

      *W
f

W


n

 

           
nv

v
y   ;    

nS

S
x   ; 

QP

F
f


 n

 ; y
d

dx


 ; 

      
 

;
1103

n

n

f

V

g
TM 





 nnn TVS  ; 

MT

t
 ;                        (3) 

(1) da (2) gantolebebidan fardobiT erTeulebSi, rogorc 

arawrfiv sistemaTa TeoriaSia miRebuli SeiZleba davweroT: 

              ),(** yxQWf
d

dy



                                                      (4) 

              yyxP
d

dx
 ),(


                                                            (5) 



9 

 

              
),(

),(**

yxP

yxQ
Wf

dx

dy
y                                             (6) 

(4) da (6) Si � *–saTvis aucilebelia mxedvelobaSi gvqondes: 

2
111

2
22

* yCybay
f

VC
yV

f

b

f

a

F

VcVba

F

W
W 







n

n
n

nnnn

     (7) 

 

sadac ;1
nf

a
a        n

n

V
f

b
b 1 ;   

2
1 n

n

V
f

c
c         

rogorc (4) da (6)-dan Cans, maTSi ar aris aranairi koefi-

cienti. Ffizikuri sidideebis saWiro erTeulebSi misaRebad 

saWiroa visargebloT (3) gamosaxulbiT. ase  magaliTad, Tu aCqa-

reba g=9,81m/wm2–s gavzomavT km/sT2 –Si, maSin TM gamoCndeba ricxvi 

127000 nacvlad 9,81-is, Seicvleba aseve  S = Vn  T n 

ra erTeulebSi iqneba gamosaxuli bazisuri sidideebi, imave 

erTeulebSi iqnebian Tavad cvladebi. garda amisa, grafikul da 

grafo-analizuri xerxebiT amoxsna (4) (6)-is araa saWiro. araa 

aucilebeli masStabebis SerCeva, radganac yvela cvladi gamo-

saxulia wilobriv erTeulebSi da aqvT erTi da igive masStabi. 

gamosaxuleba (6) warmoadgens fizikuri traeqtoriis diferencia-

lur gamosaxulebebs, fizikur Y da X sibrtyeSi da maTi amonaxsni 

mTlianad damokidebulia funqciaze 
),(

),(

yxP

yxQ
.  im SemTxvevaSi, roca 

analizurad (6) SeuZlebelia amovxsnaT, maSin  mimarTaven cnobil 

grafo-analizur meTods izoklinas an ‘’delta’’ meTods romelic 

farTod gamoiyeneba arawrfivi sistemebis gamokvlevaSi. 

amocanis analizuri gadawyvetisaTvis aucilebelia SeirCes 

martivi funqcia, romelic kargad moaxdens arawrfivi damoki-

debulebis aproqsimacias. 

Q(Y) = f* _ W* amasTan martivad integrirdeba da iZleva saSua-

lebas integrirebis Semdeg miviRoT martivi formulebi,  Sesaba-

misad Catardes martivi gaangariSebebi. 

sxvadasxva dros, sxvadasxva avtoris mier SeTavazebul iqna 

sxvadasxva funqciebi, romlebic mTlianad an nawilobriv axdenda 



10 

 

Q(Y) arawrfivi damokidebulebis aproqsimacias magaliTad, mTlia-

nad wrfis, samwevra parabolis da a.S. saxiT. yvela am meTodma 

dRemde ver naxa praqtikuli gamoyeneba uzustobis da saboloo 

formulebis sirTulis gamo. 

 

 

nax. 1.  wevis maxasiaTebeli fardobiT erTeulebSi da     

misi aproqsimaciis sxvadasxva varianti 

 

nax. (1)-ze koordinatebSi ( f* – W* ) da Y fardobiT erTeulebSi 

moyvanilia  ВЛ10 eleqtromavlis Q(Y) damokidebuleba Semadgen-

lobis saerTo woniT 5000t (cximovani relsi). aqve naCvenebia Q(Y)–

is erTi wrfiT  )( ykfm    da paraboliT ''' 2 cybya   (mrudi 2). 

rogorc suraTidan Cans, naCvenebi mrudebi Sorsaa realuri damo-

kidebulebisagan Q(Y). 

sadisertacio naSromSi SeTavazebulia wilad-wrfivi funq-

ciis gamoyeneba, romelic sxva funqciebze ukeT axdens arawrfivi 

Q(Y) damokidebulebis aproqsimacias da integrirebis Semdeg 

gvaZlevs martiv gamosaxulebebs, romelic mosaxerxebelia 
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gamoTvlebis Casatareblad Tanamedrove kalkulatoris gamoye-

nebiT, romlebsac gaaCnia elementaluri funqciebi. miTiTebul 

funqcias Semdegi saxe aqvs: 

            yb

ya
fyQ m 



1

1
)(                                                 (8) 

sadac fm,  a  da b koeficientebi, ganisazRvreba sacdeli wertilebis 

safuZvelze Semdegi damokidebulebebiT: 

21

1221

12

0

)( yy

yAyA

ff

f
b







 ;   ][
1

1
0

1
1

1

by
f

f
A

y
a                  (9) 

sadac 
0

10
1 f

ff
A


 ;  

0

20
2 f

ff
A


 ; 

0f  ganisazRvreba (8)-dan, roca  y=0 ;  0ff   

rogorc nax. 2.1-dan Cans, mrudi, romelic Seesabameba (8), 

Zalian axlosaa Q(Y).Qqanobis gaTvaliswineba (8)-Si xdeba Semdegi 

gamosaxulebis safuZvelze: 

i
yb

ya
fiyQ 





1

1
)( 0                                                   (10) 

ubralo gardaqmnebis CatarebiT (7 . 10) sabolood miviRebT:  

yb

ya
fiyQ i

i 



1

1
)( 0                                                 (11) 

sadac    

)( 00 iff i  ;  if

biaf
ai 




0

0
                                        (12)    

gamosaxuleba (11) gulisxmobs imas, rom qanobebis SemTxvevaSi 

± ì  (8) gamosaxulebaSi saWiroa (12)-dan ganvsazRvroT mxolod f0  

da a . 

dRemde arsebuli wevis gaangariSebis grafikuli meTodebi, 

romlebsac gvTavazobs wevis gaangariSebis wesebi, sakmarisad 

zustia, amitom Cvens mier SeTavazebuli wminda analizuri 

meTodiT miRebuli Sedegebi Sedarebul iqneba w.g.w.-is meTodTan. 

Tu (8) CavsvamT (4) da (6)-Si, initegrirebis Semdeg sawyisi piro-

bebis gaTvaliswinebiT, saerTo SemTxvevaSi miviRebT:    
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         



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1
ln

1
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0
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fa m

             (13) 

      














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0

2
0

0
3
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2

)()(
1

1
ln)(

1
yaya

b
yayaab

ya

ya
ab

fa
x

m

 (14)  

sadac Y0 fardobiTi siCqaris sawyisi mniSvnelobaa. 

damokidebulebebi )(Yx   da )(Yf , romlebic gansazRv-

rulia (13) da (14)-Si, moyvanilia nax. 2-ze da aRniSnulia ‘’jvre-

biT’’, grafikuli gziT miRebuli igive monacemebi mrudze 

asaxulia ‘’wertilebiT’’. 

x-is damokidebuleba   droze, SesaZloa ganisazRvros gra-

fikuli meTodiT, gamovdivarT ra ori mrudidan )(Yx   da 

)(Yf -dan, (13) da (14)-is safuZvelze. 

calke SemTxvevaSi, saWiroebisas, es damokidebulebebi aseve 

SeiZleba miviRoT grafo-analizuri meTodiT )(Yx   mrudidan 

damokidebulebis safuZvelze: 

es damokidebulebebi aseve SeiZleba  miviRod grafo-anali-

zuri meTodiT y=f(x)  mrudidan. damokidebulebebis safuZvelze: 

                                         

saSY

x
                                                     (15)  

nax. (2)-ze (4) da (6) analizuri da grafikuli meTodiT 

miRebuli Sedegebis analizi aCvenebs maT karg damTxvevas. 

TvalsaCinoebisaTvis orive meTodiT miRebuli Sedegebi 

moyvanilia cxril. 1-Si, saidanac aseve Cans maTi kargi damTxveva.   

      am SemTxvevaSi samuxruWo amocanis gadawyveta xdeba, aseve 

diferencialuri gantolebis (4), (5) da (6)-is integrirebiT, 

romlebic aseve arawrfivia. 
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Nnax. 2. grafikuli da SeTavazebuli analizuri formulebiT 

miRebuli )(Yfx   da )(Yf  mrudebi 

cxrili 1                           

                   wevis reJimis gaangariSeba 

 

Q(Y) y 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

by

ay
f m 



1

1
 

  0 0.1478 0.304 0.468 0.832 1055 1.055 1.353

x2 0 0.0149 0.0617 0.1437 0.438 0.682 0.682 1.076

graf. 
5  0 0.15 0.3 0.47 0.84 1.08 1.08 1.37 

x5 0 0.025 0.07 0.17 0.47 0.7 0.7 1.15 

 

samuxruWo amocanis gadawyvetisas  Q(Y)  funqciis nacvlad 

gveqneba:  

                               Q(Y)   =  *** ibW   

W* -saTvis Cvens mier dawerilia analizuri gamosaxuleba (7) 

fardobiT erTeulebSi.  

movnaxoT analizuri gamosaxuleba b*, romelic toli iqneba:  

           
nnn fV

V

ff

b
b

33 10
33.0

1005

100
27.0

10
* 










    

             
25

290

1005

10090*









Y

Y

fYV

YV

f
b H

nnn

             (16) 
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CavsvaT (7) (16)-Si da avagoT damokidebuleba W*+b*   fardobiT 

siCqaresTan Y.  

es mrudi moyvanilia nax. 3-ze.  

bevri sxva avtorisagan gansxvavebiT, romlebic uSualod 

svamen analizur  gamosaxulebas  (W*+b*) ZiriTad diferencialur 

gantoleba (7)-Si da integrirebis Sedegad iReben rTul formu-

lebs, romelTa gamoyenebac dakavSirebulia didi moculobis 

gamoTvliT samuSaoebTan, Cven  gamoTvlebis gamartivebisaTvis 

W*+b*  mruds SevcvliT wilad-wrfivi funqciiT, romlis Casmac (4) 

da (5)-is integrirebis Sedegad gvaZlevs SedarebiT martiv gamo-

saxulebebs.  

 

nax. 3. empiriulad da analizurad miRebuli Y =f(W*+b*) da Y=f 

(W*) Semanelebeli Zalis mrudebi 

movaxdinoT W*+b*=Q(Y) damokidebulebis aproqsimacia:  

             yn

ym
fbWQ m 



1

1**
xam.sam.                              (17) 
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sadac fmsam., m da  n _ mudmivebia, romlebic ganisazRvreba cnobili 

meTodiT    Qsam.(Y)    mrudidan da Seesabameba, analogiur gamosaxu-

leba (9)-s: 

   
21

1221

12

.

yy

yAyA

ff

f
n m







 sam.  ; 







 1

1
1

1

1
yn

f

f
A

y
m

m .sam.

,     (18) 

sadac  
sam.

sam.

.

.1
1

m

m

f

ff
A


 ; 

sam.

sam.

.

.2
2

m

m

f

ff
A


  

gadasarbenze qanobebis arsebobis SemTxvevaSi: 

            yn

ym
fibW i

m 



1

1
i 

**
.                               (19) 

)( iff mi  sam.sam.  ;     if

nimf
m

m

m
i 




sam

sam
                     (20) 

rogorc es Cans (19) da (20)-dan, aRniSnuli gamosaxulebebi 

imeoreben (11) da (12)  gamosaxulebebs.   

nax. 3-ze wertilebi, romlebic  Seesabameba  Qsam.(Y)‐s, aRniS-

nulia wreebiT da wertilebiT, romlebic Seesabameba (24)-s, 

aRniSnulia ‘’jvrebiT’’. rogorc naxazidan Cans, damTxveva 

idealuria. 

(17)-is CasmiT (4) da (6)-Si da integrirebiT sabolood mivi-

RebT: 

           














ym

ym
mnymymn

fm m 1

1
ln)()(

1 0
0

.
2

sam.

                         (21) 

    















 ))()((
21

1
ln)()()(

1 22
0

0
03

ymym
n

ym

ym
mnymymnm

fm
x

msam

     (22) 

Y‐is damokidebuleba     da  x  cvladebze,  (21) da  (22)‐is safuZ-

velze. Catarebuli angariSis Sedegi moyvanilia cxril 2-Si. 

TvalsaCinoebisaTvis aRniSnuli gamosaxurebis angariSis Sedegi 

moyvanilia nax. 4-ze mrudi 1 da mrudi 2-is saxiT. 
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cxrili  2 

damuxruWeba          

       

Y 1.8  1.6  1.4  1.2  1.0  0.8  0.6  0.4  0.2 

  0  0.051  0.102  0.149  0.194  0.237  0.275  0.31  0.333 

x 0  0.088  0.163  0.22  0.27  0.313  0.34  0.36  0.37 

 

gorvis reJimis gaangariSeba 

 

am SemTxvevaSi matareblis ZiriTadi winaaRmdegoba iqneba 

** iW  . (7) CasmiT (4) da (5)-Si itegrirebis Semdeg 2
1114 bac   gaTva-

liswinebiT miviRebT amocanis zust gadawyvetas, Tumca am SemTx-

vevaSi analizuri gamosaxulebebi miiReba rTuli,  rac ar iZleva 

Sesabamisad martivad   da x-is gamoTvlis saSualebas, sxva 

romelime *i  qanobis dros, nax. 4-ze moyvanili mrudi 1 da mrudi 

2-is gamoyenebiT. cnobil sirTuleebs, romlis Sesaxebac visaub-

reT Tavis dasawyisSi, SeiZleba gverdi auaroT, Tu mrud )(* yW  

funqcias, rogorc wevis da samuxruWo reJimis SemTxvevaSi 

SevcvliT analizuri gamosaxulebiT wilad-wrfivi funqciis 

saxiT. 

Tu CavsvamT ricxobriv mniSvnelobebs a1, b1, c1, (7)-Si, gar-

daqmnebis Semdeg sabolood miviRebT: 

2** 0479.003776.0105.0)( yyiyW                (23) 

aq aucilebelia aRiniSnos, rom (23)-Si ugulebelvyaviT sxva-

oba a , b da c koeficientebs Soris wevis da gorvis reJimis dros. 

nax. 3-ze, mrudi 2, romelic Seesabameba (23)-s, roca 0* i .  

aRniSnuli mrudis zusti aproqsimacia SesaZlebelia movaxdinoT 

analizuri gamosaxulebiT 

                )(* yW
yn

ym
W





1

1
0 1

1
              (24)   
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nax. 4.  da x–is y-ze damokidebulebis universaluri mrudebi               

damuxruWebisas da gorvis dros 

 

wertilebi, romlebic Seesabameba (24) gamosaxulebas, roca 

W0 =0,105; m1=0,2638 ; n1=0,2914, aRniSnulia `jvrebiT’’. rogorc Cans 

damTxveva idealuria. 

m1 da n1 koeficientebi ganisazRvraba sacdeli wertilebis 

meSveobiT Semdegi damokidebulebebis safuZvelze:  

    
21

1221

2
**

1

0
1 yy

yAyA

WW

W
n







 ; 







 11*

0

*
1

1
1

1

1
yn

W

W
A

y
m ,   (25) 

sadac  
0.W

WW
A 0

*
1

1


 ; 

0.W

WW
A 0

*
2

2


 . 

i  qanobis SemTxvevaSi gamosaxuleba (24) eqneba Semdegi saxe: 

)(* yWi yn

ym
W i

i 



1

1
0 1

1
                                            (26)   
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)( 0 iWW i 0.  ;    
)(

101
1 iW

inWm
m i 




0


     (27) 

(24)-is CasmiT amosaval diferencialur gantolebebSi (4) da 

(6)-Si sawyisi da saboloo mniSvnelobebis gaTvaliswinebiT integ-

rirebis Semdeg sabolood miviRebT: 

         



















 )(
1

1
ln)(

1
01

1

01
11

0
2
1

ymymn
ym

ym
nm

Wm
     (28) 

   















 ))()((
21

1
ln)()()(

1 2
1

2
01

1

1

01
11101113

1

ymym
n

ym

ym
nmymymnm

Wm
x

0

 (29) 

rogorc (13), (14), (21), (22) da (28), (29) formulebidan Cans 

struqturis mixedviT isini savsebiT erTnairia, miuxedavad imisa, 

rom  moZraobis sxvadasxva reJimebs aRweren. gansxvaveba mxolod 

niSnebSia da mudmivi koeficientebis sxvadasxva mniSvnelobebSi, 

romlebic Sedian am formulebSi. zemoT aRniSnuli warmoadgens 

Cvens mier moyvanili analizuri meTodis mniSvnelovan 

upiratesobas, wevis gaangariSebis Catarebis dros. 

(28) da  (29)-is safuZvelze   da x-is damokidebuleba y-ze, 

romelic moyvanilia nax. 4-ze, mrudi 3 da mrudi 4, gamoTvlili 

mniSvnelobebi moyvanilia cxril 3–Si. 

ცxrili 3 

gorva 

 

Y 1.8 1.75 1.7 1.65 1.6 1.55 1.5 

  0 0.1694 0.3128 0.475 0.643 0.824 1.0 

x 0 0.267 0.5433 0.8 1.09 1.365 1.645 

 

 

A aseve ganxiluliaganxilulia Tanamedrove e.g.m.–ze wevis 

gaangariSebis Catarebis procedura. Ppragrama MathCad 14-is da 

masSi Excel–is elementebis gamoyenebiT Seqmnilia sruliad axali 

kompiuteruli programa. nax. 5–ze naCvenebia v(s) damokidebulebis 

ageba. matareblis moZraobis reJimebis marTva xdeba moZraobis 
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reJimebis Sesabamisi virtualuri Rilakebis gamoyenebiT. 

virtualur Rilakze `procesis dawyeba” `Click”–iT ekrenze 

grafikulad moicema gzis muSa profili (mrudi 1) romelzec 

warmoebs matareblis Semdgomi moZraoba mocemuli mimarTulebiT. 

aRniSnulis vizualizacia exmareba operators gzis profilis 

elementis gaTvaliwinebiT martivi “Click”–is meSveobiT airCios 

moZraobis Sesabamisi (weva, Tavisufali gorva, samosamsaxureo an 

eqstremaluri damuxruWeba) reJimi. v(s) damokidebuleba (mrudi 2) 

aigeba virtualur Rilakebze operatoris manipulaciebiT. Oagebis 

optimizaciisaTvis operators, rom ar mouwios yoveli  h=1 km/sT 

bijiT miRebuli S da t mniSvnelobebiT grafikuli asaxvisaTvis 

`Click”–is gakeTeba, gonivrulia moxdes ramdenime mniSvnelobis S 

da t Sekreba da misi erT “Click”–Si moqceva. aRniSnuli ise unda 

ganxorcieldes, rom “Click”–is biji iyos optimaluri da opera-

tors aZlevdes imis saSualebas akontrolos moZraobis mrudis 

agebis procesi. Cvens SemTxvevaSi gamoiyeneba “Click”–is h=5 km/sT-s 

biji, rac niSnavs imas, rom romelime moZraobis reJimis Sesabamis 

virtualur Rilakze erTi “Click”-iT xorcieldeba S da t erT-

droulad [vov]-s xuTi siCqaris mniSvnelobisaTvis naangariSebi 

S da t jamis erT “Click”–Si gaerTianeba da aseTi saxiT 

miRebuli Sedegebis gamoyeneba. 

nax. 5–ze naCvenebi virtualuri Rilakis “Stop 1” da “Stop 2” 

arCeviT xorcildeba sadguris liandagebSi Semadgenlobis 

gaCerebis procesis marTva (ix. mrudi 3) aRniSnuli damuxruWebis 

mrudi aigeba samosamsaxureo damuxruWebis monacemebis meSveobiT 

mrudis zeda SezRudva vrceldeba matareblis konstruqciuli 

vkon. siCqariT. Mmrudi 3–is da mrudi 2–is gadakveTa rogorc 

grafikuli meTodiT dros xdeba asrulebs v(s) damokidebulebis 

formirebas. “Stop 1” Rilakis gamoyenebiT matareblis gaCereba war-

moebs mTavar liandagze. maSin roca matarebelze vrceldeba siC-

qareTa SezRudva isarze moZraobisas, vsargeblobT “Stop 2” Ri-

lakiT. vo da v–is “Textbox”–Si Segvyavs isarTan miaxloebis da 
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masze usafrTxod moZraobis siCqaris mniSvnelobebi, saisre 

manZilis Lisari da Lmat matareblis sigrZe (m). aRniSnuli moqme-

deba iZleva imis saSualebas, rom movaxdinoT matareblis 

gaCereba praqtikaSi miRebuli nebismieri scenariT. rac programis 

universalurobaze da mis dadebiT mxareze miuTiTebs. 

matareblis moZraobis diferencialuri gantolebis integri-

reba wminda grafikuli an grafo-analizuri saxiT v(s), v(t) an  t(s) 

damokidebulebebis gansazRvras emyareba. sazogadod miRebuli 

grafikuli damokidebulebis gaanalizebiT xdeba saWiro infor-

maciis miReba, rac metad sapasuxismgeblo da amasTan damRleli 

procesia. erTia v(s) damokidebulebis grafikuli ageba, rac qmnis 

matareblis moZraobis vizualur suraTs sxvadasxva reJimSi misi 

moZraobisas da meore, roca geometriuli manipulaciebiT aigeba  

v(t) an t(s) damokidebulebebi im mizniT, rom Semdeg grafikulad 

agebuli mrudebis gaanalizebiT miviRoT informacia moZraobis 

drois Sesaxeb. roca cifruli saxiT pirdapir SesaZlebelia 

saWiro informaciis miReba, araa aucilebeli v(t) an t(s)  damoki-

debulebebis ageba da amiT naxazis  gadatvirTva. moZraobis 

drois Sesaxeb sruli informacia programaSi moicema cxrilis 

saxiT da v siCqaris bijis simciris gamo mizanSewonilia gani-

sazRvros (wm.)-Si, xolo moZraobis v(s)  mrudis saboloo formi-

rebis Semdeg, matareblis moZraobis  mTliani dro ganisazRvros 

(wT.), romelic naCvenebia nax. 7–ze, “H” svetis boloSi.  

sazogadod programa Seqmnilia erTi fanjris principiT, 

Microsoft Office Excel 2007–is cxrilis sxvadasxva “Sheet”–ebi infor-

maciis gacvlis TvalsazrisiT urTierTdakavSirebulia. cxrilis 

“Sheet1” saxelwodebiT “gavlili manZili”–is Textbox–ebSi mocemu-

lobaSi monacemebis SeyvaniT  “Sheet2” – Si angariSisaTvis saWiro 

cvladebis inporti “Sheet1”–dan xorcieldeba da araa auci-

lebeli “moZraobis dro”–s gaangariSebisaTvis cxrilis am na-

wilSi damatebiT SeviyvanoT raime monacemi.  
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 “Sheet4” -Si “moZraobis mrudis ageba” xorcieldeba “Sheet 1” 

da “Sheet 2”–is saSualebiT, sxvadasxva moZraobis reJimisaTvis 

Seqmnili cxrilidan saWiro S da t mniSvnelobebis gamoyenebiT. 

“Sheet5”-Si  “(I)(S)”  I lokomotivis denis S gavlil manZilze 

damokidebulebis ageba xorcieldeba “Sheet 4” - dan (ix. nax. 6 da 

nax. 7 “D” da  ”E” svetebi) v (s) damokidebulebisa da “Sheet 3” “ВЛ-10 

lokomotivis denis mrudi”–s “ВЛ-10” lokomotivis denis muSa 

maxasiaTeblis gamoyenebiT (ix. nax. 8) I (S) mrudis agema dawv-

rilebiTaa ganxiluli naSromis 1.11.1 paragrafSi, programaSi 

aRniSnuli mrudis ilustracia naCvenebia sur. 9-ze analizuri 

saxiT miRebuli Sedegi ilustrirebulia sur. 6–ze cxrilis “A” 

da ”B” svetebSi. programaSi grafikuli nawilis calke Sheet–ebSi 

ganTavseba da maTi Sedegis erT konkretul cxrilSi Tavmoyra, 

rogorc es naCvenebia nax. 6–ze (ix. “A:K” svetebi). metad mosa-

xerxebelia wevis gaangariSebis Catarebis Semdeg monacemebis 

analizisaTvis. E 

eleqtro moZravi Semadgenlobis moxmarebuli el. energiis 

gansazRvra programaSi avtomaturad xorcieldeba moZraobis 

mrudebis agebis paralelurad. e.m.S. moxmarebuli el.energis 

gansazRvra ilustrirebulia nax. 5–ze. 

sur. 10–ze naCvenebia e.g.m.-s algoriTmi, romelic axasiaTebs 

wevis gaangariSebis warmoebisaTvis saWiro operaciebis Ses-

rulebis mimdevrobas. 
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nax. 5. v(s) damokidebulebis ageba matareblis moZraobis reJimebis 

marTva virtualuri Rilakebis gamoyenebiT 

 

 

                 

 

nax. 6. v(s) mrudis gamoyenebiT moZraobis maxasiaTebeli 

sidideebis miReba da Sedegebis analizi 
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aseve moZraobis mrudebis agebis paralelurad mimdinareobs 

lokomotivis Zravis gaxurebaze Semowmebis procesi. Zravis 

dasaSvebze metad gaxurebis SemTxvevaSi displeize gamodis 

Sesabamisi Setyobineba “Zravis gaxurebis temperatura cildeba 

normebs, Secvale moZraobis reJimi” aRniSnulis Setyobinebis 

safuZvelze operatoris mier xorcieldeba Semdgomi moZraobis 

reJimebis koreqtireba.  

 

 

 

 

nax.7. matareblis t  moZraobis drois gansazRvra (wT). 
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nax. 8. ВЛ‐10 lokomotivis denis maxasiaTebeli 

 

 

nax. 9. ВЛ‐10 lokomotivis I (S) mrudi 
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nax. 10. e.g.m–ze wevis gaangariSebis warmoebis programuli da 

logikuri moqmedebebis algoriTmis bloksqema 
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ZiriTadi daskvnebi 

  

naSromis Sesrulebis safuZvelze Camoyalibda Semdegi 

ZiriTadi daskvnebi: 

1.  nebismieri, maT Soris wevis gaangariSebisaTvis analizuri 

an grafikuli meTodiT, an e.g.m.–is saSualebiT SeTavazebulia 

gamoviyenoT ZiriTadi diferencialuri gantolebebi Cawerili 

fardobiT erTeulebSi. 

2. fardobiTi erTeulebis gamoyeneba saSualebas iZleva uari 

iTqvas cvladebis masStabebisaTvis. gaangariSebis Sedegebi, amas-

Tan erTad, iqneba universaluri xasiaTis mocemuli gzis 

profilisaTvis. 

3.  ZiriTadi gantolebis analitikurad gadawyvetisaTvis Se-

Tavazebulia amaCqarebeli Zalis maxasiaTeblis aproqsimacia mo-

vaxdinoT erTi wilad-wrfivi funqciiT, romelic sxva cnobil 

funqciebze ukeT axdens realuri amaCqarebeli Zalis maxasia-

Tebelis aproqsimacias. 

4. samuxruWo da gorvis reJimis gaangariSebisaTvis SeTa-

vazebulia am reJimis empiriuli formulebi aseve SevcvaloT 

igive saxis wilad-wrfivi funqciiT. 

5. e.g.m.-is gamoyenebiT mosamzadebeli samuSaos Catarebis 

dros gzis profilis elementebze gamoTvlebis cdomilebis 

Semcirebis mizniT mizanSewonilia uari vTqvaT profilis 

elementebis gaerTianebaze. 

6.   amaCqarebeli da Semanelebeli Zalebis wilad-wrfivi   

funqciiT aproqsimaciis Sedegad miRebuli analizuri 

gamosaxulebebi saSualebas iZleva maRali sizustiT 

ganvsazRvroT e.g.m. –ze  ∆S gzis da ∆t moZraobis drois 

segmenturi mniSvnelobebi siCqaris V=1 km/sT bijiT. 

7. matareblis moZraobis drois Sesaxeb sruli informacia 

e.g.m.-is programaSi SeTavazebulia moices cxrilis saxiT da V=1 

km/sT siCqaris bijis simciris gamo mizanSewonilia ganisazRvros 
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(wm.)-Si, xolo moZraobis v(s)  mrudis saboloo formirebis Semdeg, 

matareblis moZraobis mTliani dro ganisazRvros (wT.) 

8. Ee.g.m.-ze wevis gaangariSebisas SeTavazebulia matareblis 

moZraobis saWiro reJimis arCeva moxdes marTvis virtualuri 

Rilakebis gamoyenebiT, riTac miiRweva gaangariSebis procesebis 

TvalsaCinod warmoeba da vizualizacia. 
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A b s t r a c t 

 

Integration of nonlinear differential equation of motion is a basis of electric traction 
calculation. Since equations of motion are nonlinear and even today solution of similar 
equations is not possible by the form that is capable in case of linear differential equations, a 
lot of specialists turned to and turns at this moment to approach (asymptotic) methods of all 
types. Besides, because of various limitations, as well as of weakening of traction force field 
and so on part of resulting traction indices becomes kinked and has nonlinear form, that 
creates additional problems during solution of the problem (task). Because of this, 
unfortunately graph-analytical (calculation-analytical) methods represent main methods of 
integration of differential equation. These methods are described in scientific literature as the 
only and single source. In the XXI century when computer equipment penetrates in all spheres 
of human’s activity, it is necessary to lay an emphasis on new methods with use of modern 
computers. It should be noted that approximation of current known accelerating and 
decelerating forces can’t provide exact change of real curves and after integration we finally 
get complex expression, which is useless for carrying out of calculation processes, including 
the ones with the use of computer, since it requires availability of database massive in large 
quantities, implementation of interrelation  of which will be complicated and in some cases 
impossible without qualified skilled programmer.  Current analytic expressions are not of all-
purpose (universal) character and formulas determining accelerating and decelerating forces 
for more than hundred years are given in specific units (kgf/t). According to current methods 
during programming on computer is necessary to find out corresponding conversion 
coefficients, that are recommended by Ministry of Railways (Soviet Union) in the tabular 
form, that create additional problems in the process of programming. Because of this fact at 
this moment is more simple to use graph-analytical or pure graphical methods instead of 
analytic ones, that by their accuracy are sufficient for practical calculations and are 
recommended for calculation of electric traction by Ministry of Railways.    

New analytic methods cited in the thesis work, which are based on the approximation of 
accelerating and decelerating forces by fractionally linear function, allow us to easily receive 
simple expressions, which will be of universal character and useful for implementation of any 
works, both by means of computer, and of “calculator”, that has got elementary functions.  

Use of relative units allow to reduce to the minimum the number of variables in the 
equation and probability of probable errors, since the place of every variable in the equation is 
well known as a rule. Result of solution is of universal character and allows to get necessary 
data in the units necessary for us without any geometric manipulation and without carrying 
out of labour-consuming analysis on the scaled paper.  
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