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hidrokvanZis qveda biefSi naxtomsSemdegi nakadiT 

kalapotis fskeris lokaluri garecxvis ormos 

udidesi siRrmeebisa da kalapotis ferdos 

Camorecxvis udidesi siganeebis hidravlikuri 

gaangariSebis meTodika 
 

a.gioSvili 

 

meTodika gamoiyeneba qveda biefSi wyalsacemis sazRvrebSi srulad moTavsebuli 
hidravlikuri naxtomis saSualebiT biefebis fskeruli reJimiT SeuRdebis pirobebSi, 
horizontaluri wyalsacemis an risbermis Semdeg kalapotis fskeris lokaluri garecxvis 
ormos droze damokidebuli udidesi Yr siRrmeebis, maTi zRvruli Yrm mniSvnelobis, 
fskeris lokaluri garecxvis ormos Sualeduri da stabilizebuli formis Sesabamisi 

siRrmeebis miRwevisaTvis saWiro *
1t  da t1 drois periodebis, aseve garecxvis ormos da mis 

qvemoTac dinebis mimarTulebiT, sadac jer kidev SesamCnevia naxtomiT generirebuli 
talRebis transformaciiT gamowveuli wylis zedapiris talRuri rxeva kalapotis ferdos 
Camorecxvis udides l siganeTa mniSvnelobebis, napirgaswvrivi talRuri dinebiT ferdodan 
Camorecxili gruntis saSualo QSL xarjis, t drois ganmavlobaSi ferdodan Camorecxili 
gruntis WS moculobis, misi maqsimaluri WSm mniSvnelobis da ferdos garecxvis 
stabilizaciis t2 drois periodis dasadgenad. 

 

 

hidrokvanZebis qveda biefebSi lokaluri garecxvebis amocana, miuxedavad misi 

sainJinro gaTvlebisTvis arsebiTi praqtikuli mniSvnelobisa, jer kidev ar SeiZleba 

CaiTvalos bolomde da mTlianad gadawyvetilad. es gansakuTrebiT Seexeba gamagrebis 

Semdeg fskeris lokaluri garecxvis ormos siRrmeebis droSi cvalebadobisa da 

napirebis (kalapotisa da arxebis ferdoebis) Camorecxvis amocanebs. aRniSnuli 

garemoebebi horizontaluri risbermidan Camomavali nakadiT lokaluri garecxvis 

parametrebis prognozirebis arsebul meTodebSi Cadebul arasakmarisad cxad 

fizikur da hidravlikur winapirobebTan erTad, lokaluri garecxvebis hidravlikis 

ZiriTadi mdgomareobis da garecxvebis parametrebis prognozirebis meTodikis 

srulyofis aucileblobas ganapirobebs, riTac aseve aixsneba [1] naSromSi dasmuli 

sakiTxebis gadawyvetis aqtualoba. masSi, Teoriuli hidravlikis bazis 

fenomenologiur meTodze dayvanis saSualebiT da cdebidan makoreqtirebeli 

koeficientebis gansazRvris gziT, risbermidan Camosuli naxtomsSemdegi nakadiT 

kalapotis araSekavSirebul gruntebSi lokaluri garecxvis ormos droze 

damokidebuli udidesi siRrmeebis zrdisa da horizontaluri gamagrebis momdevno 

areSi ferdoebis Camorecxvis parametrebis prognozirebis meTodikaa agebuli. 

meTodikaSi asaxuli Semajamebeli saangariSo damokidebulebebis saSualebiT 

gansazRvruli lokaluri garecxvis ormos parametrebis sidideebis sxva avtorebis 

mier damoukideblad Catarebuli cdebisa da naturuli monacemebis aseTsave 

sidideebTan Sepirispireba sakmarisad karg urTierTSesabamisobebs iZleva. kerZod, 

Sedarebuli iyo 78 cdisa da naturuli monacemebis Sedegebi. analizma cxadyo, rom 

miRebuli saangariSo formula savsebiT misaRebia realuri obieqtebis lokaluri 

garecxvis ormoebis maqsimaluri siRrmeebis prognozirebisaTvis, vinaidan sanagariSo 

da cdebis Sedegebis saSualo kvadratuli gadaxra 18%-s ar aRemateba. 
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meTodika hidroteqnikuri nagebobebis daproeqtebis sferoSi momuSave mecnier-

mkvlevarebisa da damproeqteblebisTvisaa gankuTvnili. 

 

 

1. meTodikis gamoyenebis sfero, ZiriTadi SezRudvebi 

da miRebuli aRniSvnebi 

 

mocemuli meTodika gamoiyeneba qveda biefSi wyalsacemis sazRvrebSi srulad 

moTavsebuli hidravlikuri naxtomis saSualebiT biefebis fskeruli reJimiT 

SeuRlebis pirobebSi horizontaluri wyalsacemis an risbermis Semdeg kalapotis 

fskeris lokaluri garecxvis droze damokidebuli udidesi yr siRrmeebis, maTi 

zRvruli yrm mniSvnelobis, fskeris lokaluri garecxvis ormos Sualeduri da 

stabilizebuli formis Sesabamisi siRrmeebis miRwevisaTvis saWiro *
1t  da t1 drois 

periodebis, aseve garecxvis ormos da mis qvemoTac dinebis mimarTulebiT, sadac jer 

kidev SesamCnevia naxtomiT generirebuli talRebis transformaciiT gamowveuli 

wylis zedapiris talRuri rxeva kalapotis ferdos Camorecxvis udides l siganeTa 
mniSvnelobebis, napirgaswvrivi talRuri dinebiT ferdodan Camorecxili gruntis 

saSualo QSL xarjis, t drois ganmavlobaSi ferdodan Camorecxili natanis WS 

moculobis, misi maqsimaluri WSm mniSvnelobis da ferdos garecxvis 

stabilizaciis t2 drois periodis dasadgenad [1] (nax. 1, 2). 
 

 
nax. 1. lokaluri garecxvis ormos udidesi siRrmeebisa da maTi zRvruli (maqsimaluri) 

mniSvnelobis grafikuli gamosaxuleba 
 

 
nax. 2. Camorecxili ferdos stabilizebuli konfiguraciis sqema 
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meTodika misaRebia mxolod maSin, rodesac qveda biefSi gamagrebis Semdeg 

gamagrebidan Camomavali nakadisaTvis frudis ricxvi 1-ze naklebia. misi miRebis sxva 

SezRudvad gvevlineba qveda biefSi kalapotis Semadgeneli gruntis saxeoba. kerZod, 

igi gankuTvnilia lokaluri garecxvis siRrmeebis, kalapotis ferdos Camorecxvis 

udidesi siganeebis, ferdodan Camorecxili gruntis xarjis, Camorecxili natanis 

moculobebis prognozirebisaTvis kalapotis fskeris da ferdos Semadgeneli 

SeWidulobis dabali koeficientebis mqone SeukavSirebel fxvier gruntebze. 

Tixovani nawilakebis didi procentiT Semcvelobis da amis gamo SeWidulobis 

modulis didi mniSvnelobis mqone gruntebis SemTxvevaSi mocemuli meTodika 

misaRebia daproeqtebis sawyis stadiaze zemoT naxsenebi parametrebis uxeSi 

miaxloebiTi SefasebisaTvis. amasTanave, garecxvis sidideebi gveqneba maragiT, anu 

angariSiT miRebuli parametrebi namdvilze meti iqneba. meTodika misaRebia 

aerirebul nakadiani fskeruli naxtomiT SeuRlebis drosac. 

 

ZiriTad saprognozo gamosaxulebebSi miRebulia Semdegi aRniSvnebi:  

yrm - lokaluri garecxvis ormos udidesi zRvruli (maqsimaluri) siRrme; 

h0 - qveda biefSi risbermis Semdeg kalapotis fskeris garecxvis dawyebamde 

nakadis siRrme; 

v0 - qveda biefSi nakadis saSualo siCqare; 

0v1  - aradamZvreli (aragamrecxi) siCqare; 

l0,α - risbermis bolos Camomavali nakadis moZraobis raodenobis koreqtivi 

makropulsaciis  gaTvaliswinebiT; 

yr - wyalsaSvis muSaobis dawyebidan t drois gasvlis momentis Sesabamisi 

lokaluri garecxvis ormos udidesi siRrme; 

W - qveda biefSi kalapotis Semadgeneli gruntis natan-granulebis saSualo 

(medianuri) zomis ricxviTi mniSvnelobis Sesabamisi hidravlikuri simsxo; 

*
1t  - fskeris lokaluri garecxvis ormos Sualeduri *

ry  siRrmis miRwevisaTvis 

saWiro drois periodis ricxviTi mniSvneloba; 

t1 - fskeris lokaluri garecxvis ormos stabilizaciis Sesabamisi drois 

mniSvneloba; 

l - qveda biefSi gamagrebis boloze gatarebul ganivkveTSi kalapotis ferdos 

Camorecxvis udidesi sigane; 

lx - gamagrebis bolodan x manZiliT daSorebul ganivkveTSi kalapotis ferdos 

Camorecxvis udidesi sigane; 

QSL - gamagrebis bolodan qvemoT dinebis mimarTulebiT L manZiliT daSorebul 

ganivkveTamde, sadac talRebis amplituda ori rigiT mcire xdeba sawyis 

0a~ amplitudasTan SedarebiT, napirgaswvrivi talRuri dinebiT kalapotis ferdodan 

Camorecxili gruntis (natanis) saSualo xarjis mniSvneloba; 

WS - gamagrebis bolodan L manZilze procesis dawyebidan t drois ganmavlobaSi 

talRebis mier kalapotis ferdodan Camorecxili gruntis moculoba; 
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WSm - gamagrebis bolodan L manZilze ferdos praqtikulad stabilizebuli 

formis dros, kalapotis ferdodan Camorecxili gruntis maqsimaluri moculoba; 

t2 - gverdiTi garecxvisas kalapotis ferdos konfiguraciis praqtikulad 

stabilizebuli formis Sesabamisi drois mniSvneloba. 

 

2. saprognozo gaangariSebebisaTvis aucilebeli 

sawyisi monacemebis CamonaTvali 
 

biefebis fskeruli reJimiT SeuRlebisas qveda biefSi wyalsacemis an risbermis 

Semdeg lokaluri garecxvis ormos udidesi siRrmeebis drois mixedviT cvlilebis 

da misi SesaZlo zRvruli mniSvnelobis, aseve garecxvis ormosa da qvemoT dinebis 

mimarTulebiT kalapotis Camorecxvis parametrebis sidideTa dadgenis saprognozo 

angariSebis Sesasruleblad aucilebelia gvqondes Semdegi ZiriTadi da sawyisi 

monacemebi: 

a) wyalsacemisa da risbermis konstruqciuli gaformebis sqema; energoCamqrobi 

nagebobebis am elementebis ZiriTadi zomebi (grZivi da vertikaluri), aseve nakadis 

saangariSo gadmosagdebi xarjebis Sesabamisi Semdegi hidravlikuri parametrebi: 

kuTri xarji, meore SeuRlebuli siRrmis, qveda biefis siRrmis da naxtomis bolo 

kveTSi (an risbermidan nakadis Camosvlis adgilas) kinetikuri energiis koreqtivis 

(an moZraobis raodenobis koreqtivis) mniSvnelobani; 

b) qveda biefSi kalapotis fskerisa da ferdos gruntis (natanis) 

granulometriu-li Semadgenloba da SeZlebisamebr risbermis Semdeg gegmaSi 

wvrilfraqciuli natanis lokaluri linzebis zomebi da maTi Sesabamisi 

hidravlikur simsxoTa mniSvnelobani; 

g) wyalsacemisa da risbermis sazRvrebSi qveda biefis gegma da sxva momijnave 

elementebTan (magaliTad, wyalsagdeb da wyalsacem nagebobebsa da kaSxlis yru 

nawilebs Soris gamyofi kedlebis arsebobis an uqonlobis SemTxveva da a.S.) 

wyalsacemisa da risbermis mibmis konstruqciuli gadawyveta. 

SeniSvna: saerTod wyalsagdebi da wyalsacemi nagebobebis daproeqtebisas 

Cveulebrivi hidravlikuri angariSebis Sedegad, aseve hidrologiuri da 

geoteqnikuri angariSebiTa da ZiebiT zemoT CamoTvlili sawyisi monacemebis 

umetesoba yovelTvis mogvepoveba da, maSasadame, damuSavebuli meTodikiT qveda 

biefSi lokaluri garecxvebis siRrmeebis gansazRvris saprognozo angariSebis 

Sesruleba ar saWiroebs imaze met raime damatebiT informacias, rac saerTod 

daproeqtebisas gamoiyeneba. 
 

3. qveda biefSi wyalsacemisa da risbermis Semdeg lokaluri garecxvis ormos 

udidesi siRrmeebis da maTi zRvruli mniSvnelobis gansazRvris meTodika 
 

3.1. hidravlikuri naxtomiT fskeruli reJimiT SeuRlebisas, wyalsacemis an 

risbermis Semdeg ubanze lokaluri garecxvis ormos udidesi zRvruli 

(maqsimaluri) siRrmis gansazRvra xdeba Semdegi damokidebulebiT: 
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( )
( ) 626,1288,3

v
v

271,0548,0
v
v

h6y

0
0

0
0

0rm

++α

−−α
=

l0,

l0,

1

1 .                          (1) 

wyalsacemze risbermis gareSe (l0=0) Camomavali nakadiT garecxvis SemTxvevaSi am 

gamosaxulebaSi Semavali h0 da v0 (wyalsacemis bolos nakadis siRrme da siCqare) 

sidideebi dgindeba Cveulebrivi hidravlikuri angariSiT. amasTanave,  

                                  h0=h2-D.                                                          (2) 
aq h2 naxtomis meore SeuRlebuli siRrmea; D - wyalsacemi Wis siRrme (qveda 

biefidan Setborili wyalsacemi kedlis SemTxvevaSi h0=h2); 
0

*
0

0 h
q

v = , sadac *
0q  

biefebis SeuRlebis yvelaze araxelsayreli pirobis dros gadmogdebuli kuTri 

xarjia gansazRvruli m.d. Certousovis an i.i. agroskinis [2,3] meTodikebidan. 

SeniSvna: wyalsagdebi xvrelebis nawilis muSaobisas *
0q  kuTri xarji unda 

ganisazRvros misi raodenobrivi zrdis gaTvaliswinebiT gadmogdebuli xarjis 

gverdebidan garemomcveli wylis masis Serevis gamo. amasTanave, Δ *
0q  kuTri xarjis 

nazrdis gamoTvla SeiZleba a.s. obrazovskisa da k.i. rosinskis [4,5] mier 

rekomendebuli damokidebulebiT. 

(1) damokidebulebaSi Semavali 0v1  sidide unda ganisazRvros  

                           
6/1

00

d
h

gd2,1v ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=1                           (3) 

gamosaxulebiT, sadac d qveda biefis Semadgeneli gruntis nawilakebis saSualo 

diametria. 

rekomendebulia, rom hidravlikuri naxtomis Semdeg α0 moZraobis raodenobis 

koreqtivis sidide dadgindes formuliT 

                              
3

2
0

+α=α ,                              (4) 

sadac naxtomis Semdeg α  kinetikuri energiis koreqtivi iangariSeba formuliT [6] 

                        ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−σ=α 25,0

h
h

85,0)7,07,1(
1

3 ,                     (5) 

romelSic σ naxtomis daZirvis xarisxia ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=σ

0h
h4 ; 3

2*
0

g
q

h =3  ki - kritikuli 

siRrme;  

h4 da h1 ki - Sesabamisad 
*
0q  xarjis dros qveda biefSi da SekumSul kveTSi nakadis 

siRrmeebia. 

im SemTxvevaSi, rodesac wyalsacemis Semdeg gvaqvs l0 sigrZis horizontaluri 

risberma, angariSi mimdinareobs aseve (1) formuliT, romelSic yvela sidideebi, 
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l,0α -is garda, ganisazRvreba ise, rogorc es zemoTaa miTiTebuli, l,0α  ki 

3
2

,0
+α

=α l
l  damokidebulebiT, sadac 

                           3
2

)1(
1

0

l
l

l −α−α=α .                         (6) 

aq l1 - hidravlikuri naxtomis sigrZis toli - wyalsacemis sigrZea, romelic 

SegviZlia ganvsazRvroT nebismieri cnobili saangariSo damokidebulebidan [2,3,6]. 

3.2. qveda biefSi aerirebuli nakadis modinebisas (magaliTad, swrafdenis Semdeg 

wyalsacemis arsebobisas, romelzec aeraciis cnobili kriteriumebiT [2,6,7] nakadi 

aerirdeba da wyalsacemze dacemis adgilze haeris koncentracia miaRwevs Sα 

sidides) angariSi xdeba imave mimdevrobiTa da imave formulebiT, rogorc es 

zemoTaa moyvanili, mxolod h0 da v0, aseve naxtomis sigrZe l1 iangariSeba [2,6] 

meTodikiT, romelic gankuTvnilia biefebis SeuRlebis winaswari angariSisaTvis 

qveda biefSi aerirebuli nakadis modinebis SemTxvevaSi. 

3.3. lokaluri garecxvis ormos udidesi siRrmeebis zrdis droze 

damokidebulebis gansazRvra unda Sesruldes Semdegi formulebiT: 

a) gamagrebis Semdeg gazrdili turbulentobis mqone ( 10 >α ) nakadiT fskeris 

garecxvis dros: 

              

⎥
⎥
⎦

⎤

⎢
⎢
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⎟⎟
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⎞
⎜⎜
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−
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−

⎥
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⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+
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5,2

0
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rm0rm0
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0

rm
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h
y

yh
Wt018,0exp

yh
y

1

h
y

yh
Wt018,0exp1

yy  ;             (7) 

b) risbermidan Camomavali mdovradcvladi nakadiT ( 10 =α ) fskeris garecxvis dros: 

     

⎥
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−
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⎣

⎡

⎟
⎟
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⎞
⎜
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⎝

⎛
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⋅−−

=
−

−

0

05,1

0

rm

0

3

rm0

rm

0

05,1

0

rm

0

3

rmr

v
v

67,1
h
y

h
Wt1063,3exp

yh
y

1

v
v

67,1
h
y

h
Wt1063,3exp1

yy
1

1

.              (8) 

3.4. lokaluri garecxvis ormos Sualeduri da stabilizebuli formis 

Sesabamisi siRrmeebis miRwevisaTvis saWiro drois periodebis *
1t  da t1 ricxviTi 

mniSvnelobebi ganisazRvreba Semdegi damokidebulebebiT: 

                  ;
*yy
yh
*y

1y
ln

y
h

W018,0
yh

t
rrm

rm0

r
rm5,2

rm

0rm0*
1 −

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

−

⎟⎟
⎠

⎞
⎜⎜
⎝
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=                 (9) 

                  
⎥
⎥
⎦
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⎢
⎣
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(7)-(10) damokidebulebebSi yrm ganisazRvreba (1) formuliT; h0, v0 da 0
1v  - wina 

punqtebSi moyvanili Sesabamisi damokidebulebebiT; W qveda biefSi gruntis 

granulebis saSualo diametris Sesabamisi hidravlikuri simsxoa, m/wm, xolo t – 
dro, wm, aiTvleba saangariSo *

0q  xarjis wyalsaSvze gadmogdebis momentidan. 

SeniSvna:  kbilis CaRrmavebis simaRle, romelic gamagrebis bolos gamorecxvisagan icavs, 

yovelTvis unda dadgindes lokaluri garecxvis ormos zRvruli (maqsimaluri) sididis 

miRwevis varaudidan gamomdinare, amitom praqtikuli TvalsazrisiT, (1) da (10) 

damokidebulebebi ufro mniSvnelovania, vidre (7)-(10), Tumca daumTavrebel nagebobebze 

wyaldidobis xarjebis iZulebiTi gaSvebisas, (7) da (9) gamosaxulebebi gamagrebisaTvis 

wyaldidobis xarjebis gatarebis uxifaTo xangrZlivobis prognozirebis saSualebas 

gvaZlevs, rasac rig SemTxvevebSi arsebiTi mniSvneloba SeiZleba hqondes. 

 

4. qveda biefSi wyalsacemisa da risbermis Semdeg kalapotis ferdos Camorecxvis 

udidesi siganeebis gansazRvris meTodika 
 

4.1. qveda biefSi gamagrebis boloze gatarebul ganivkveTSi, anu lokaluri 

garecxvis ormos farglebSi, kalapotis ferdos Camorecxvis udidesi sigane 

iangariSeba Semdegi gamosaxulebiT: 

                              
d

)hh(
1077,2

2
123 −

⋅= −l .                    (11) 

4.2. didi wyalsatevebis (zRvebis, tbebis, wyalsacavebis) da didi arxebis 

plaJebis mdgradobis dasadgenad gamoiyeneba damokidebuleba 

                            
d
a~325,0

2

=l .                               (12) 

4.3. gamagrebis bolodan x manZiliT daSorebul ganivkveTSi kalapotis ferdos 

Camorecxvis udidesi sigane iangariSeba damokidebulebiT: 

                    ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

π−
−

⋅= −

12

2
123

hh
Dx4exp

d
)hh(

1077,2xl .                (13) 

(11)-(13)-Si h1 da h2, Sesabamisad, hidravlikuri naxtomis pirveli da meore 

SeuRlebuli siRrmeebia; d - plaJmaformirebeli gruntis granulebis saSualo 

diametri (d=d95%); l – plaJis garecxvis sigane; a~  - qarismieri talRis amplituda 

ganisazRvreba [8]-Si mocemuli specialuri meTodikiT; D=13,5⋅10-5 - energiis 

disipaciis intensiobis mudmiva. 

4.4. napirgaswvrivi talRuri dinebiT kalapotis ferdodan Camorecxili gruntis 

(natanis) saSualo xarjis mniSvneloba gamagrebis bolodan qvemoT dinebis 

mimarTulebiT L manZiliT daSorebul ganivkveTamde, sadac talRebis amplituda ori 

rigiT mcire xdeba sawyis a~ 0 amplitudasTan SedarebiT, ganisazRvreba Semdegi 

gamosaxulebiT: 

                           
d
g

m
a~

103,4Q 75,0

2
05

SL
λ

⋅= − .                      (14) 

4.5. procesis dawyebidan t drois ganmavlobaSi talRebis mier arxis erTi 

ferdodan Camorecxili gruntis moculoba gamagrebis bolodan L manZilze 

iangariSeba damokidebulebiT: 
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d
g

m
ta~

103,4W 75,0

2
05

S
λ

⋅= − .                      (15) 

4.6. ferdos Camorecxvisas, drois is mniSvneloba, rodesac arxis ferdos 

konfiguracia miiRebs praqtikulad stabilizebul formas, ganisazRvreba damokidebulebiT: 

                            7
75,0

max 10
gd
mN

t ⋅
⋅

=2. wm.                            (16) 

4.7. arxis erTi ferdodan Camorecxili natanis maqsimaluri moculoba gamagrebis 

bolodan L manZilze ferdos praqtikulad stabilizebuli formis dros (rodesac 

t=t2), ganisazRvreba gamosaxulebiT: 

                              3
12sm )hh(

d
N15W −= .                     (17) 

(15) da (16) gamosaxulebebSi 

            )h28,0h28,1H(
hh

d2021md58)hh(28,0N 12
12

12 +−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−+−−= .     (18) 

(14)-(18)-Si λ talRis sigrZea; m da mmax - garecxvis dawyebamde da damTavrebis 

Semdeg ferdos Sesabamisi koeficientebi; d – ferdos Semadgeneli gruntis 

granulebis saSualo diametri; H - trapeciuli arxis simaRle; g - simZimis Zalis 

aCqareba; h1 da h2 aRniSvnebis gansazRvrebebi ki zemoT iyo moyvanili. 

SeniSvna: a) radgan qveda biefSi wyalsacemisa da risbermis Semdeg lokaluri garecxvis 

ormos farglebSi da qvemoT dinebis mimarTulebiT, sadac jer kidev SesamCnevia 

hidravlikuri naxtomiT generirebuli talRebis transformaciiT gamowveuli wylis 

zedapiris talRuri rxeva, kalapotis ferdos Camorecxvis udidesi siganeebis prognozireba 

aucilebelia kalapotis SesaZlo gamagrebis Sefasebis, xiduri (sxva) gadasasvlelebis da 

kalapotis gaswvriv gzebis swori SerCevisaTvis. amitom praqtikuli TvalsazrisiT, (11) da 

(13) damokidebulebebi ufro mniSvnelovania (14)-(17) damokidebulebebTan SedarebiT. Tumca 

kalapotis ferdodan Camorecxili gruntis saSualo xarjis, procesis dawyebidan t drois 
ganmavlobaSi talRebis mier arxis erTi ferdodan Camorecxili gruntis moculobis da misi 

maqsimaluri mniSvnelobis (ferdos praqtikulad stabilizebuli formis dros, rodesac 

t=t2), aseve stabilizaciis drois sidideebis gansazRvras rig SemTxvevebSi garkveuli 

praqtikuli mniSvneloba SeiZleba hqondes. 

b) kalapotis (arxis) ferdos Camorecxvis angariSTan erTad, unda Sesruldes 

kalapotis ganivkveTis qveda siRrmiTi nawilis konfiguraciis cvlilebis angariSic, 

romelic gamowveulia ferdos Camorecxvis Sedegad Camotanili gruntis nawilakebis 

nawilobrivi daleqviT fskerze, sadac dinebis grZivi siCqareebi minimaluria da ris gamoc 

arsebobs wyalqveSa akumulirebuli sxeulebis gaCenis pirobebi. 
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