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hidroinJineria 

 

 

uak 628.2 

 

mewyerebis, selebis da sxvadasxva saxis  

Camoqceul-dacurebuli qanebis wyalsatevebSi SeWris 

dinamikis gantoleba da misi amonaxsnebi 

 

l. RoReliani, e. xatiaSvili, z. askurava 

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia mewyerebis, selebis, zvavebisa da sxvadsxva bunebrivi 

Tu xelovnuri movlenebiT gamowveuli Camoqceul-dacurebuli qa-

nebis masebis wyalsatevebSi SeWris procesebi. Sedgenilia dina-

mikis gantoleba, romelic aRwers iseTi masivis moZraobas, rom-

lis nawilic moZraobis dawyebamade nawilobriv wyalqveSaa. ami-

tom, kulonis “mSrali” xaxunis ZalebTan erTad ganixileba ro-

gorc Subla hidrodinamikuri, ise wylis mierTebuli masebis, tal-

Ruri winaRobebisა da, agreTve seismuri Zalebis zemoqmedeba. 

miRebulia saangariSo damokidebulebebi, romelTa saSuale-

biTac SesaZlebelia Sesruldes Camoqceul-dacurebuli masebis 

moZraobis parametrebis gansazRvra Semdegi SemTxvevebisaTvis:  

 სeismuri Zalebis gaTvaliswinebiT da maT gareSe;  

 masivi SeWrisas ganlagebulia mTlianad xmeleTze;  

 masivi SeWrisas nawilobriv an mTlianad wyalqveSaa. 

miRebuli damokidebulebebiT Sesrulda e.w. “saangariSo mo-

delireba” vaiontis wyalsacavze momxdari katastrofisaTvis. Se-

degebma cxadyo meTodikis saimedooba. 

 

sakvanZo sityvebi: mewyerebi; selebi; zvavebi; qanebi; wyalsatevebi; seismuri 

Zalebi. 
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1. Sesavali 

 

ganixileba mewyerebis, selebis, zvavebisa da sxvadasxva bunebrivi da 

xelovnuri movlenebiT (seismuri ZalebiT, doneebis cvalebadobiT gamow-

veuli filtraciuli wnevebis cvlilebiT, Tavsxma wvimebiT, afeTqebebiT da 

sxv.) gamowveuli Camoqceul-dacurebuli qanebis masebis wyalsatevebSi SeW-

risas maTi moZraobis parametrebis gansazRvris amocana. 

 

2. ZiriTadi nawili 

 

sakiTxebi, romlebic Seexeba Camoqceul-dacurebuli gruntis masebis, 

zvavebis, struqturuli selebis moZraobis maxasiaTeblebis gansazRvras Se-

iswavleboda mravali mecnieris mier, dawyebuli goffis da ottenis pio-

neruli namuSevrebidan dRemde, maT Soris bolo aTwleulebSi qarTveli 

mecnierebis gongaZis, sulaqveliZis, avalianis, voiniC-sianoJenckis da sxva-

Ta mier [l.1,2]. 

zemoT CamoTvlil namuSevrebSi gamoyenebulia ZiriTadad gamartive-

buli midgomebi, amocana faqtobrivad dahyavT SeWrili qanebis masis 

centris wertilis moZraobaze. 

amjerad, miznad davisaxeT SeviswavloT wyalsatevebSi sxvadasxva sa-

xis masivebis SeWra iseTi Taviseburebebis gaTvaliswinebiT, romlebic 

faqtobrivad araa asaxuli cnobil publikaciebSi. kerZod, vixilavT iseTi 

saxis moZraobas, rodesac Camoqceul-dacurebuli an mewyeruli qanebis 

masivi moZraobis dawyebamdec ki nawilobriv wyalqveSaa. ase rom, arsebiTia 

am masivis moZraobis ganxilva wyalqveSa da wyalzeda ferdze erTdro-

ulad moZraobisas. dacurebuli qanebis moZraobisas aucileblad gaviTva-

liswinebT seismur Zalebs. kulonis xaxunis ZalebTan erTad ganxiluli 

iqneba Subla hidrodinamikuri Zalebis, moZraobisas wylis mierTebuli 

masebis da talRuri winaRobebis Zalebis arseboba. 

mewyerebis, selebis da sxva saxis qanebis wyalsatevSi SeWris dinamikis 

erTganzomilebian gantolebas srialis brtyel zedapirebze Semdegi saxe 

aqvs: 
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  0
s

s S s ss ss s w sw ss
dVW g W I g W I
dt

      
 

 
 2 2

,
2 8

s sws s
w w sw w w sw s w

d V WV Vk l B
dt

         (1) 

romelSic 

sV  aris 0SW  jamuri moculobis mqone masivis masis centris siCqare;  

ssW  _ 0SW  masivis im nawilis moculoba, romelic drois t  momentisaTvis 

mdebareobs sanapiro ferdze wyalsatevis maRla; 

swW - 0SW , romelic drois t  momentisaTvis wyalqveSaa; 

  1 sin cos cos ;ss c s s s c sI k f f k     
  (2) 

  1 sin cos cos .sw c sw sw sw c swI k f f k     
  (3) 

aq s  wyalsacavis zedapiris sarkis zeviT mdebare ferdis horizontTan 

daxris kuTxea; 

sw  _ igive, wyalqveS ganlagebuli ferdisaTvis; 

sf  da swf  – kulonis xaxunis koeficientebi (magaliTad, misi modifika-

ciis x

h



 aseTi SemTxvevisaTvis), Sesabamisad wyalsatevis im ferdebisaT-

vis, romlebic ganlagebulia wylis zemoT da wyalqveS; 

s  da w  – Sesabamisad masivis qanebis da wylis simkvriveebi; 

ck  – seismurobis koeficienti; 

Wk  – winaaRmdegobis Subla hidrodinamikuri koeficienti; 

w  – qanebis zedapiris dacurebuli, wyalTan xaxunis wrfivi hidravli-

kuri winaRobis koeficienti; 

sw  – masivis modelis zedapiri, romelic mdebareobs wyalqveS. 

 
*

sw

sw

W
W

  ,  

am ukanasknelSi *
swW  aris swW  wyalqveS arsebuli moculobis mier moZrao-

bisas mierTebuli masis moculoba; 

sw  – wylis qveS myofi qanebis masivis sigrZe; 

sB  – qanebis masivis sxeulis sigane. 
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0SW  moculoba, cxadia tolia  

 0 .S ss swW W W   (4) 

swW  moculoba gamovsaxoT damokidebulebiT  

 
0 ,sw

sw S
s

lW W
L


 

(5) 

romelic ZalaSia qanebis masivis wyalsatevSi SeWris momentidan mis srul 

daxurvamde. 

swl  qanebis masis frontis abscisaa, romelic aiTvleba wylis napiris 

xazidan ferdze; sL  – moZravi qanebis masis sruli sigrZe. 

(5) piroba ZalaSia, rodesac sruldeba 00 sw SW W   da 0s swL l   uto-

lobebi. 

swored am pirobebisaTvis vaxdenT (1)-is misadagebas. 

(5)-Tan erTad, miviRoT Semdegi piroba: 

   .

(1 )

sw
sm sw s

ssw

s sw

h L
Lh

h h






  
  




roca

  (6)  

aq swh  aris wyalqveS Cayursuli swW  moculobis maqsimaluri udidesi si-

maRle;  

smh  _ mTeli masivis moculobis 0SW -is maqsimaluri simaRle;  

sL  _ manZili talRis frontidan SeWris qanebis masivis im kveTamde, sa-

dac gvaqvs maqsimaluri smh  simaRle.  

(6) da (5) piroba gvaZlevs 0swh   da 0swW   mniSvnelobebs, roca 0.swl   

roca ,sw sl L  (5)-is mixedviT vRebulobT 0sw SW W  ( 0SW moculobis sruli 

CaZirva wyalSi), (6)-Ti, roca ;sw s sw sml L h h  . 

(1) gantoleba gardavqmnaT zemoT moyvanili damokidebulebebis gaTva-

liswinebiT, miviRebT: 

  
2

1 2w sw s
s ss s

s s sw

l dVL gI L
L dL




 
   

   

   22 2sw w sw
ws ss s sw s

s s s

l lgL I I k V
L L

 


 
    

   
(7) 
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anu 

 
   

2
2

0 1 2 0 31 2 ,s
s

dVA A A A A V
d

  


    
 

(8) 

sadac 

   0 1 2; 2 ; 2 ;w
ss s s ss s sw

s

A A gI L A gL I I 


   
  

 3

3
; ; .

2
w sw s

w w w w
s s sm

l LA k k k
L h

  


 

     (9) 

es ukanaskneli gantoleba wrfivia, magram misi integrireba im mizniT, 

rom miviRoT advilad aRqmadi Sedegebi, umjobesia ganvaxorcieloT im daS-

vebiT, rom  ˂˂1. 

sw sl L  arisaTvis amoxsna Caiwereba Semdegi saxiT: 

 
   

2
2 2 2 2

0 1 0 0 0 1 1 3 2 3 02 2
2s s s sV V A A V A A A A A A V        

 

 
3 4

0 2 2 32 .
6 8

A A A A 
 

 
 (10) 

ws sl L  areSi ki (7) gantolebis amoxsna sxva saxiT Caiwereba Semdeg-

nairad: 

     
2

2
0 1 2 0 31 2 .s

s
dVA A A A A V
d

 


    
 

 (11) 

aseTi Cawera ganpirobebulia im garemoebiT, rom (7)-is bolo wevrSi 2
sV

–ian wevrTan ukve aRar figurirebs cvladi   da 3

3

2
w

s

A k 


 


. sabolood, (7)-

is amoxsna ws sl L  areSi Caiwereba Semdegi saxiT: 

 
   2 2 2

1 0 3 02s s sV V A A A V            

    
2 2 3 3

1 2 0 1 0 2 2 32 2 .
2 6

A A A A A A A A    
      (12) 

amrigad, miRebulia mewyerebis, selebisa da Camoqceul-dacurebuli qa-

nebis masivebis wyalsatevebSi SeWris dinamikis (1) gantolebis amonaxsnebi, 

romlebic, miuxedavad garkveuli daSvebebisa, saSualebas gvaZlevs, rom mi-

saRebi sizustiT iqnes gaTvlili wyalsatevSi SeWrili masivebis dinamiku-

ri maxasiaTeblebi. 
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miRebul amonaxsnebSi (10)-(12), kulonis “mSrali” xaxunis koeficienti 

sxvadasxva SemTxvevisaTvis [9,10]-is mixedviT rekomendebulia aRebul iqnes 

0.5 f -0.6 f –is tolad. 

rac Seexeba hidrodinamikuri winaaRmdegobis koeficientebs, dasmul 

amocanaSi isini faqtobrivad ori saxisaa: pirveli, wylis mierTebuli masis 

koeficienti, romelic aiReba [6]-Si moyvanili grafikebidan elifsoiduri 

sxeulebisaTvis; meore, Subla hidrodinamikuri winaaRmdegobis koeficienti 

SesaZlebelia aRebul iqnes cxrilebidan, romlebSic moyvanilia Subla wi-

naaRmdegobis koeficientebis mniSvnelobebi solisebri profilis sxeule-

bisaTvis; im SemTxvevaSi ki, rodesac xdeba qanebis masebis vardna wyalSi _ 

formuliT: 

  

2

* *

1 ,
2fk

ctg
 
 

 
  

   
 (13)  

sadac *  wyalSi SeWrili sxeulis konusurobis kuTxea. (13) damokidebule-

ba [l. 7] miiReba sxeulis solisebri formisaTvis.  

bolos aucilebelia aRiniSnos, procesebis didi sirTuleebis gamo, 

romelic aRiZvreba sxvadasxva saxis masivebis SeWrisas wyalsatevSi, auci-

lebeli xdeba maTi modelireba, romelic amtkicebs (an piriqiT) SerCeuli 

hipoTezebis da mosazrebebis vargisianobas. 

 

 

3. daskvna 

 

aseT “saangariSo modelad” gamoyenebulia vaionetis wyalsacavze 

(italia) momxdari grandiozuli katastrofa, romelic detalurad aRwera 

Sveicarielma mkvlevarma l. miulerma [3]. am kvlevaSi Cveni samuSaos Tval-

sazrisiT moipoveba Zalze mniSvnelovani, e.w. “sayrdeni wertilebi”: vaione-

tis kaSxalze gadadinebuli talRis kvalis niSnulebi, wyalsacavis 

ferdze sof. kasosTan zvirTcemis talRis kvali da wyalsacavSi mTis masi-

vis SeWris saboloo profilis maqsimaluri niSnuli. 

gaangariSebebi, romlebic vaionetis movlenebisaTvis Sesrulebulia 

statiaSi SemuSavebuli meTodikiT, cxadyofs mis reprezentatiulobas da 
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saimedoobas. qvemoT mogvyavs Sesrulebuli gaangariSebis Sedegebi da mi-

uleris monacemebi.  

 

 kaSxalze (cen-

trSi) gadadine-

buli talRis 

simaRle, h m 

kaSxalze (marjve-

na kideSi) gadadi-

nebuli talRis 

simaRle, h m 

wyalsacavis ferdze 

(sof.kasosTan) zvirTce-

mis talRis asvlis si-

maRle, h m 

wyalsacavSi Se-

Wrili mTis masivis 

maqsimaluri  

niSnuli, h m 

naturuli  

monacemebi 
90 100 200 120 

gaangariSebis 

Sedegebi 
82.5 133 213 107 

gansxvaveba 9 % 33 % 6.5 % 12 % 
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UDC 628.356 

 

AERATION CRITERION OF RAPID FLOWS 

ON THE CHUTE 

 

L. Gogeliani 

(Georgian Technical University) 

 

Resume:  There is presented the strong flow aeration of  known criterion accuracy attempt of Voi-

nich Syanozhentski in the case, when the lower flow moves faster, than the top, and the 

air is immovable. 

 

Key words: Aeration Criterion; free surface; rapid plane flows; free surface. 

 

 

The aeration criterion obtained in [15] correlates well with the available experimental 

data. Nevertheless its derivation contains the intrinsic contradiction, namely: the uniform mo-

tion of a rapid stream in the undisturbed state cannot take place, because on the inclined bot-

tom such motion of an ideal fluid can be only accelerated.  

However, using inequality  

 
  
















z

u

z

v
uv

k
uvk x

a
x

wxaxwxxaw 
2

)( 22

 

  gkaw
22     (1) 

From the aeration criterion we easily obtain also the criterion proposed in [16]by mak-

ing some simplifying assumptions.  

Properly speaking, (1) is the inequality for which aeration is unavoidable since its ful-

fillment makes  a complex value. This means, that a wave disturbance of form  

 
0

~~









z

u

x

u zx

 
 (2) 

(2) has an exponentially increasing amplitude with respect to time, which inevitably leads to 

the fall of wave crests and therefore to the entrainment of air from the air medium into the rapid 

stream, i.e. to its aeration. 
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Inequality (1) can be essentially simplified, if we take into account, that the lower water 

stream moves at a greater velocity, while the air medium is practically stationary. Hence it can be 

assumed, that ux = 0. Besides, a<<w since the water density is nearly 870 times the air density. 

A dynamic equation of this flow evidently has the form 

 
0gi

z

v

z
x 











   ,  (3) 

where is the coefficient of turbulent (effective)viscosity, xv is the averaged flow velocity, 

which increases in the direction from the bottom to the free surface.  

Hence inequality (3) can be written in the form  

 k

g

z

v
v

k
v

a

wx
x

a

w
x 










2

12  , (4) 

where the term 
z

vx




is to be calculated.  

 Let us make use of relation(4) for the velocity profile of the undisturbed flow 

 
zi

g
z

vx 0



 .  (5) 

It is obvious that in the region of highest wave disturbances it will have an average value of 

the velocity gradient of undisturbed motion.  

As is known, the region covered by dispersion waves is defined by the scale
2

~ 
H , where 

is the wave-length. 

Therefore 

 









  dz
zgi

dz
z

v

z

v xx
2/

0

2/

0

*
02

2/

1  


 

 







4
0

2/

0

2
0 gizgi

  .  (6) 

For the turbulent viscosity coefficient we use the Prandtl expression [19] 

  = v* (H-z) ,  (7) 

taking into account the fact of the chute bottom is responsible for the flow turbulence.  

Here
ШC

vg
v * , where CШ is the Chezy coefficient for a rapid flow on the chute; v is an aver-

age velocity with respect to the flow cross-section;  is the Karman constant; =0.360.4 . 
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Relating the average value  to the point with ordinate /4 taken on the interface, we have  

 )25.0(4 







Hvg

Cgi

z

v Шx .   (8) 

Taking now into account the fact, that for the plane flow 
HC

v
i

Ш
2

2

 , we finally obtain  

 )25.0(4 







HC

vg

z

v

Ш

x  .  (9) 

The substitution of (54) into the aeration origination inequality gives 

 a

w

Шa

w g

HHC

g
v













225.0(16

1
1

2
2 














  .  (10) 

Following [15], we assume, that the disturbance wave-length is equal to the largest diagonal 

linear scale of turbulence l, i.е. l,where for the chosen coordinate system  

 l(H-z) .  (11) 

As follows from (11), l grows in the direction from the bottom to the surface, where it is close 

to H, which is physically quite justified and, according to [16], agrees with the Prandtl-Landau 

idea: transverse dimensions of large-scale turbulent vortices are equal in their value order to the 

transverse dimension of the flow. Since the terml =(H-z) is contained in formula (8) for the turbu-

lent viscosity coefficient and in calculating 
z

vx




, is related to the point with ordinate 0.25, it is ob-

vious, that  

  l = (H -0.25),  (12) 

or 

 


25.01


H
  (13) 

Inserting it into (10), we obtain 

 ŘŘa

w

a

w

C

g

C

ggH

v

6.5
1

45

)25.01(16
1

)25.01(22























 .  (14) 

This is the final form of the aeration criterion for a rapid plane uniform flow on the chute.  

Let us compare criterion(14) with the criterion obtained in [16] and generalized for non-

uniform flows in [20]. Neglecting the effect of surface tension and the longitudinal velocity gra-

dient, we can write (14) in the form 
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2

2

76.2
1

44















ŘC

ggH

v
  (15) 

Criteria (14) and (15) are quite close to each other in both the form and the numerical coeffi-

cients. In other words, the approximation to an ideal fluid in the considered case is well justified 

and, like for (61), the refined criterion is confirmed by experiments.  

Criterion (14) and the initial assumptions used in its derivation can be regarded as one more 

argument supporting the validity of criterion (15), because in deriving it we have managed to cope 

with the contradictions contained in the hidden form in the initial assumptions underlying the deri-

vation of criterion (15). 

 

 

REFERENCES 

 

1. T.G. Voinich-Syanozhentski. On a criterion of aeration origination of smoothly changing turbu-

lent streams. (Russian) Power Eng. Hydraulics Inst. ARM. SSR Acad. Sci., Erevan, 1960. 

2. T.G. Voinich-Syanozhentski. Some questions of the stability of streams and their free surface for 

flows with high velocities. (Russian) Proc. Coord. Confs. on Hydraulic Eng.,. issue.8,Vedeneyev 

VNIIG, Moscow-Leningrad, 1963. 



hidroinJineria, #1-2(17-18), 2014 _ Hydroengineering, #1-2(17-18), 2014  _ Гидроинженерия,  #1-2(17-18), 2014 

 

20 

 

uak 626.823.93 

 

kalapotis gamtarunarianobis  

integraluri maxasiaTeblebis dadgena 

 

l. klimiaSvili, d. gubelaZe, d. gurgeniZe, i. inaSvili 

(saqarTvelos teqnikuri universiteti) 

 

reziume: kalapoturi nakadis saangariSod miRebuli damokidebulebebis 

ganzogadoebis safuZvelze gansazRvrulia siTxis moZraobis hi-

dravlikuri parametrebi. reinoldsis kriteriumis analogiurad 

dadgenilia Tanafardoba nakadis turbulentur energiasa da 

filtraciuli dinebis disipaciur energias Soris. miRebulia da-

mokidebuleba nakadis hidravlikuri winaaRmdegobis koeficientis 

gansazRvrisaTvis. gamovlenilia urTierTkavSiri kalapotur da 

inducirebul maxasiaTeblebs Soris. 

 

sakvanZo sityvebi: inducirebuli dineba; hidravlikuri winaaRmdegoba; wyal-

Jonvadi kalapoti. 

 

1. Sesavali 

 

Ria kalapotebSi turbulenturi nakadebi aRiwereba diferencialur 

gantolebaTa sistemiT, romelTa amosaxsnelad, rogorc yovelTvis gvixdeba 

damatebiTi pirobebis SemoReba; maT ricxvs miekuTvneba kriteriumebi, ro-

melTa meSveobiT xdeba kavSiris damyareba nakadis pulsaciur da gasaSua-

loebul siCqareebs Soris. 

am gantolebaTa sistemebis ganxilvisas miRebuli amonaxsni saSualebas 

iZleva aRvweroT kalapotisa da nakadis urTierTzemoqmedebis rTuli meqa-

nizmi, rac kalapoturi procesebis Teoriulad dasabuTebuli fizikuri 

movlenebis amsaxvel saangariSo damokidebulebaTa praqtikuli gamoyenebis 

saSualebas iZleva. 
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Ria nakadebis Hhidrodinamikuri struqtura formirdeba kalapotTan 

mudmiv urTierTzemoqmedebis procesSi da bunebrivia miiswrafvis iseTi 

formebis warmonaqmnebisaken, romlebic pasuxobs nakadis transportirebisas 

energiis minimumis danaxarjs. siTxis moZraobisas, nakadis struqturaze 

agreTve SesamCnev zegavlenas axdens ara marto kedlispira reJimi, aramed 

kalapotis formac. 

 

2. ZiriTadi nawili 

 

kalapotis gamtarunarianobis integralur maxasiaTebels warmoadgens 

hidravlikuri winaaRmdegoba, gamoxatuli dawnevis danakargebiT an wylis 

zedapiris qanobiT. es maxasiaTebeli Cveulebriv aRiwereba Hhidravlikuri 

winaaRmdegobis  koeficientiT, romelic ganisazRvreba sxvadasxva reJimis 

pirobebSi, Semdegi Tanafardobebidan: 
 

 nakadis Tanabari moZraobis ZiriTadi gantolebidan 

 ,0 gRix   (1)

sadacR  aris hidravlikuri radiusi; i  _ qanobi; 

 hipoTeturi formulidan 

 
.

2

2V x  (2)

(1) da (2) damokidebulebebidan miviRebT: 

 
2

2

V
gRi

  (3)

an 

 
,

2
2

2

V
U  (4)

sadac V  aris nakadis saSualo siCqare vertikalze. 

 

yvelaze srulad nakadSi hidravlikuri winaaRmdegobis koeficientis 

gansazRvra warmodgenilia Semdeg [1, 2, 3, 4, 5] SromebSi, romlebSic ganxi-

lulia kalapoturi nakadebisaTvis hidravlikuri winaaRmdegobis koefi-
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cientis saangariSo damokidebuleba siTxis sxvadasxva dinebis reJimebisaT-

vis cal-calke: 

 ~gluvi~ kalapotisaTvis 

 
,75,5lg49,8eRRe

K
R

K
R







  ls

 

  ;0,2lg4
1

 RR 


 

(5)

 pirveli Sualeduri are 

 
,75,5lg44,22eRReeR

K
R

K
R







 

ls

;75,5lg4
1


K
R


 

(6)

 meore Sualeduri are 

 
,25,4lg4eRReeR

K
R

K
R







 

lsls 
 

;lg465,9lg4
1

81,0







 


KU

K
R

 

(7)

 kvadratuli winaaRmdegobis are 

 ,eRRe ls

 

,25,4lg4
1


K
R


 

(8)

sadac K  aris wrfivi xorklianoba. 

dinebis yvela saxis reJimisaTvis [3,4] SromebSi rekomendebulia Semdegi 

damokidebulebebi: 

 
,

Re385,0143,0
lg51,4

1

ddK
dR




 (9)

 
,

68
077,0

25,0







 

RUR
K   (10)

 
.Re


RU

   (11)
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 (10) damokidebuleba SeiZleba gamovsaxoT Semdegi saxiT: 

 
.

Re

68
077,0

25,0







 

R
K  (12)

rogorc [5] naSromidan Cans, Re da Re -s Soris arsebobs Semdegi Ta-

nafardoba: 

 ,ReRe 1,1
  (13)

 
,

Re 2,0



const  (14)

rac axloa me-(10) formulaSi miRebul SedegTan.  

zemoT moyvanil yvela damokidebulebaSi nawilakis daZvris pirobidan 

gamomdinare, aucilebelia Caisvas nakadis siCqaris ganmsazRvreli sidide 

[1, 2, 3, 4, 5] naSromebSi SemoTavazebuli rekmendaciebis Tanaxmad. 

Tu fskeri wyalJonvadia, masSi hidravlikuri winaaRmdegobis koefi-

cienti unda ganisazRvros drois im momentSi, rodesac adgili aqvs nawi-

lakis daZvras fskerze. 

am SemTxvevaSi, hidravlikuri winaaRmdegobis koeficientis gansasaz-

Rvravad saWiroa gamoyenebul iqnes siCqaris sididis gamosaangariSebeli is 

damokidebulebebi, romlebic SemoTavazebulia avtorTa [3, 4] mier. 

hidravlikuri winaaRmdegobis koeficientis gansazRvrisaTvis visar-

gebloT (4) formuliT da kritikuli mxebi ZabvisaTvis miRebuli damokide-

bulebiT, romelic warmodgenilia i. egiazarovis [5] naSromSi nawilakis 

daZvris pirobisaTvis: 

   ,0 gdxols    (15)

sadac 0  aris hidravlikuri winaaRmdegobis koeficienti nawilakis daZ-

vrisas, romelic gamoisaxeba Semdegi damokidebulebiT: 

 
.

2
20
bx

ls

U


   (16)

 (14) formulis gaTvaliswinebiT, miviRebT: 

 
.

)(2 0

x

xo

b 


o

gdf
U


  (17)
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Tu (17) gamosaxulebaSi CavsvamT 0 -s mniSvnelobas gansazRvruls (5) da 

(12) damokidebulebebiT da miRebul Tanafardobas SevadarebT zemoT aRniS-

nul sxva damokidebulebebs, davinaxavT, rom nawilakis moZraobis dawyeba 

xdeba ara mxolod winaaRmdegobis kvadratuli reJimis areSi da igi damo-

kidebulia nawilakis geometriul zomebsa da xorklianobaze. 

wyalJonvadi kalapotis SemTxvevaSi es niSnavs, rom hidravlikuri wi-

naaRmdegobis koeficienti damokidebuli unda iyos gruntis filtraciul 

maxasiaTeblebze.  

Tu (17) formulas CavsvamT (8) damokidebulebaSi, miviRebT: 

 
,lg42225,4 000 K

RgdfgdfU o  b
(18)

sadac  

.0
x

xo







  

me-(12) damokidebulebis gamoyenebiT, miviRebT: 

 

.

Re

68
1

2
125,0

00

k

R
K
Rgdf

U













b  (19)

realuri nakadebisaTvis, rodesac ,168 KR  maSin: 

 
.2

125,0

00 







K
RgdfU b

 (20)

miviReT maCvenebliani damokidebuleba fskeruli aragamrecxi siCqaris 

gansazRvrisaTvis. 

Tu formulaSi CavsvamT (17) sxva avtorTa [1, 2, 3, 4, 5] mier miRebul 

damokidebulebebs, romlebic gansazRvravs hidravlikuri winaaRmdegobis 

koeficients, gveqneba sxva logariTmuli koeficientebi da sxva xarisxis 

maCveneblebi fardobiTi xorklianobisaTvis. 

visargebloT [3, 4] avtorTa mier SemoTavazebuli damokidebulebebiT, 

romlebic erTmaneTTan akavSirebs nakadSi siCqareTa ganawilebis maCveneb-

liani damokidebulebis xarisxis maCvenebels Hhidravlikuri winaaRmdegobis 

koeficientTan: 
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 .   (21)

maSin (17) damokidebuleba miiRebs Semdeg saxes: 

 
.2

1
00 gdfU 


b  (22)

Tu davubrundebiT [5] naSroms, SeiZleba mivideT daskvnamde, rom fil-

traciis gazrda iwvevs kritikuli siCqaris gazrdas, xolo hidravlikuri 

winaaRmdegobis koeficienti mcirdeba. [4] naSromis Tanaxmad, fardobiTi 

xorklianobis damokidebuleba pirdapir (nakadidan kalapotSi) da Sebrune-

biT (kalapotidan nakadSi) zegavlenas axdens kritikuli siCqareebis mniSv-

nelobaze da Sesabamisad, hidravlikuri winaaRmdegobis koeficientze. aseTi 

Sedegi SeiZleba aixsnas imiT, rom zemoT dasaxelebul naSromebSi ganxi-

lulia mxolod gruntis filtraciuli Tvisebebi, xolo inducirebuli di-

neba qvezedapirul SreSi mxedvelobaSi ar miiReba. 

gruntis filtraciuli Tvisebebisa da nakadis hidrodinamikuri maxasi-

aTeblebis ganxilviT dadginda, rom filtraciuli dinebisagan damoukideb-

lad arsebobs ZalTa urTierTdamokidebulebis maqsimumi, romelic moqme-

debs nakadis fskerze mdebare nawilakze, rac damokidebulia dinebis max-

asiaTeblebze da gruntis filtraciul Tvisebebze. sxva Sedegebisagan gan-

sxvavebiT, es daskvna SeiZleba CaiTvalos misaRebad, magram isic iTxovs da-

zustebas kalapotqvezedapirul SreSi inducirebuli dinebis arsebobisas. 

Ria nakadebSi wyalJonvad kalapotisa da dinebis hidravlikuri wi-

naaRmdegobis urTierTzegavlena Seswavlilia [3, 5] SromebSi, romlebSic 

aRniSnulia inducirebuli nakadis arasworxazovneba reinoldsis ricxvis 

didi mniSvnelobis dros. ganixileboda Ria nakadi wyalJonvadi kalapotis 

zedapirze da xdeboda misi Sedareba gluvi kalapotis pirobebSi arsebul 

nakadTan (erTi da imave xarjisa da qanobis SemTxvevaSi). radganac naSromSi 

ganxiluli nakadi pirobiT iTvleboda erTgvarovnad, amitom 

 
,

1

hmhm 


U
U

 (23)

sadac 
hmU
 
ZiriTadi nakadis saSualo siCqarea gluv kalapotSi. 

 (23) formulis gamoyenebiT miiReba Semdegi damokidebulebebi: 
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;

2

0

0

U
U

U
U hm

hmhm

hm 


















 (24)

 


































 hmhmhm

hmhm

ln
2

12 


f
 

   ,
ln

1ln
12

4 hmhmhm

hm

hm

hm


















































f
 

(25)

sadac   aris wyalJonvad kalapotSi ZiriTadi nakadis hidravlikuri wi-

naaRmdegobis koeficienti; hm
 
_ gluv kalapotSi ZiriTadi nakadis hi-

dravlikuri winaaRmdegobis koeficienti. Tavis mxriv, 

 

 
;

hm

hm

 


 U
U
U  (26)

 
,hmgt

hm

gt

hm  



U
U
U

  (27)

sadac U  aris inducirebuli dinebis siCqare; gtU
 
_ nakadis siCqare 

zRvarze, rodesac oz  . 

inducirebuli dinebis dros ZiriTadi nakadis hidravlikuri winaaRm-

degobis koeficientis Sefaseba xdeboda hm -iT da (25) damokidebulebiT. 

 

 

3. daskvna 

 

rogorc eqsperimentulma kvlevam gviCvena, konkretul pirobebSi 

filtracia ZiriTadi nakadidan kalapotSi iwvevs  -s gazrdas, xolo in-

ducireba filtraciuli nakadisa _ ZiriTadidan mis Semcirebas, rac gana-

pirobebs problemis aqtualurobas kalapotis gamtarunarianobis 

ganxilvisas da iTxovs sakiTxis Seswavlis aucileblobas.  
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uak 628.113 

 

reliefis gamoyenebis meTodologia  

wylis transportirebis efeqtis gazrdis mizniT  

 

l. klimiaSvili, g. soselia, T. kapanaZe, n. soselia  

(saqarTvelos teqnikuri universiteti) 

publikacia Sesrulebulia q. axalcixis mTian reliefze ganTavsebuli 

wyaroebis Sekrebisa da wyaldeniT maTi transportirebis realur maga-

liTze. 

 

reziume: mtknari wyaroebi Cveni qveynis mTian reliefze sakmaod didi 

raodenobiTaa warmodgenili, sxvadasxva niSnulebze ganTavsebuli. 

wyaroebis Sekrebisa da organizebulad gayvanis mizniT, gamoyene-

bulia wyalWavliani tumboebis bazaze damuSavebuli elementi, 

eJeqcirebis principze ori fazis muSa siTxisa da Tanmdevi, 

damyoli an watacebuli siTxis Tanxvedris da Semdgom orive 

siTxis gadaadgilebiT dawnevis SenarCunebis xarjze. muSa siTxis 

wneva yovelTvis metia meore fazis siTxis wnevaze, igi ar aris 

reglamentirebuli, SeiZleba iyos თܲ=1 ÷5 kg.Z/sm2 da yovelTvis 

dadebiTi. 

 

sakvanZo sityvebi: wylis transportireba; reliefi; wyaldeni; organizebu-

lad gayvana; wyalWavliani; eJeqcireba; muSa siTxe. 

 

 

1. Sesavali 

 

saqarTvelos mTagoriani reliefis sasargeblod gamoyenebis Sesaxeb 

bevri sxvadasxva wyaroa, romelTa sainJinro kuTxiT warmodgenili doku-

menturi saukunovani masalebi iwvevs gaocebas da interess. 
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q. axalcixis wyalmomaragebis sistemis gaumjobesebis mizniT, md. 

uravelis xeobaSi gamoyenebul iqna ormocdaaTze meti daRmavali wyaro, 

romlebic fizikur-qimiur-baqteriologiuri TvisebebiT pasuxobda ekologi-

urad jansaRi wylebis moTxovnebs. aRniSnuli xeobis reliefi da sxva-

dasxva niSnulze ganTavsebuli wyaroebi saSualebas gvaZlevs, rom moxdes 

maTi organizebuli gayvana ZiriTad wyaldenze, wyalWavliani tumbos an maT 

saxecvlilebiT ganTavsebuli elementebis xarjze. 

 

2. ZiriTadi nawili 

 

eJeqtori Sedgeba ramdenime ZiriTadi teqnologiuri elementisgan, 

romelTa erToblioba sxvadasxva niSnulze ganTavsebuli wyaroebis Sek-

rebisa da organizebulad gayvanis saSualebas gvaZlevs, wnevebis Senar-

Cunebis xarjze. 

eJeqcireba ori fazis, muSa siTxisa da Tanmdevi, damyoli an watacebu-

li siTxis Tanxvedraa da Semdeg xdeba orive siTxis erTad gadaadgileba. 

eJeqtori SeiZleba iyos Wedadi Tujis, uJangavi an Cveulebrivi foladis. 

saangariSo monacemebi: 

 mTavari gamyvani mili d = ଶଶଵଽ მმ = Dଢ଼ mm; 
 muSa siTxis xarji q=7 l/wm; 

 muSa siTxis wneva 18 kg.Z/sm2. 

cilindruli nawilis nacmis diametri davadginoT formuliT, rome-

lic gvaZlevs nacmSi gavlili xarjis odenobas da Semdgom – siCqares, 

wnevis danakargebis sididis gaangariSebis mizniT. Qେ=μ ୢబସ  ට2 ୮భ .                                                               (1) Qେ aris muSa siTxis raodenoba m3/wamSi=0,007 m3/wamSi; μ - xarjis koeficienti, romelic tolia 0,96 (ganzomilebis gareSe) da 

miiReba μ=0,96; pଵ - muSa siTxis wneva pଵფაქტ.=18 kg.Z/sm2-ze anu 18 atmosfero; ρ - muSa siTxis simkvrive kg/m3-ze; ρ=1000 kg/m3. 
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CavsvaT saangariSo sidideebi (1) formulaSi, miviRebT nacmis Seviwroe-

bul diametrs: 

d0=
.ଶ଼.ହଷ =48.8 mm. 

am SemTxvevaSi, siCqare nacmidan muSa siTxis nakadis gamosvlisas 

iqneba 

Vფ=
,,ଶ଼=3.74 m/wm. 

miRebulma siCqarem ver daakmayofila eJeqtoris teqnologiuri 

parametrebi; amitom davuSviT, rom nacmidan gamosuli wylis siCqare iyos 

V=9 m/wm-Si, maSin nacmis faqtobrivi diametri iqneba: d = 1.13ට୕ = 1.13ට,ଽ = 0.0315 = 31.5	mm. 
mocemuli xvretis d-is 0,0315m farTobi iqneba f	= 0.0315ଶx0.785 = 0.000992x0.785 = 0.000778 ≈ 0.00078მଶ. 

faqtobrivi siCqare, romelic wnevis danakargebis gaangariSebisas aris 

gamoyenebuli, gamoiTvleba Semdegi gamosaxulebiT: Vფଵ= 
,,଼= 8,97მ/წმ≈9m/wm. 

Semrevi saknis diametri iniSneba konstruqciulad, kerZod 1,5-2,5d 

diametri dଵ= 2.5 d, xolo Semrevi saknis sigrZe 9-12 ( dଵ-d)mm. dଵ= 2.5 × 31,5=78,75 mm. 

Semrevis sigrZe lଵ = 10.5x(78,75-31.5)=496.1mm. 

difuzoris sigrZe l2 gamoiangariSeba Semdegi gamosaxulebiT: lଶ = 
ୈდიფ_ୢభଶ୲ୟ  ,                                                              (2) 

sadac Dფ wneviani mildenis milyelis diametria, Dპ = 200 mm; dଵ _ Semrevi saknis diametri, 78.75 mm; α  _difuzoris konusobis kuTxe, α = 4 ÷ 6-mde. lଶ = 
ଶି଼,ହଶ୲  = 

ଵଶଵ.ଶହ.ଶଵଶ = 576,83 mm. 

naxazze warmodgenil Wrilze 1-1, sadac Semodis milyeli wylis wata-

cebis mizniT, ZiriTadad wnevian milsa da difuzoris gare kedels Soris 
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farTobze, ra raodeno

formuliT: fଵ = 0.785 (

Tu siCqare milyelSi naka

Q = fix * v= 0.02

eJeqtoris teqnikur

sistemebSi da sxva siTxee

1. foladis mili d = 20

2. Sewovili wylis xar

3. muSa siTxis wneva კგ

4. wylis xarji muSa s

5. nacmis diametri d- 

6. Semrevi saknis diame

7. saerTo sigrZe m - 151

8. milyelis diametri 

9. simaRle B - 630 mm; 

10. masa kg – 100,00; 

11. danarTi. eJeqtoris 

 

eJeqtoris konstruqc

muSa siTxis mier Tanmdev
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bis wyali Semova eJeqciis dr

Dଶିdଶ)მଶ; fଵ = 0.785(0,04-0,01) = 0,02355მଶ
adis moZraobisas Seadgens Vფ = 1,5მ

2355 x 1.5 = 0.035325მ/წმ ანუ Q = 35.325 ლ

ri maxasiaTeblebi gamoiyeneba 

ebis gadasaadgileblad - transpor

00/219 მმ; 

rji Q = 35.325 ლ/წმ(127,17მଷ/სთ); 

გ.ძ /სმଶ-ზე - 18-20კგ.ძ/სმଶ-ზე ; 

siTxe -7ლ/წმ; 

31.5 mm; 

etri dଵ- 78.75 mm; 

12,93მმ; Dଵფ - 150 mm; 

detaluri naxazi m=1:10. 

cia, romelic damuSavebulia da dR

i fazis wylis wasataceblad 

женерия,  #1-2(17-18), 2014 

os, gamoiTvleba 

ଶ. 

მ/წმ, maSin  

ლ/წმ. 

wyalmomaragebis 

rtirebisaTvis. 

Remde gamoiyeneba 
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hidravlikuri parametrebis urTierTdamokidebulebis ganmsazRvreli 

cxrili, diametrTan damokidebulebiT 

 

d, mm w, m q, m3/wm v, m/wm h, m 

250 0,0491 0,007 0,143 0,001 

120 0,0113 0,007 0,619 0,012 

110 0,0095 0,007 0,737 0,017 

100 0,0079 0,007 0,892 0,024 

90 0,0064 0,007 1,101 0,037 

80 0,0050 0,007 1,393 0,059 

70 0,0038 0,007 1,820 0,101 

60 0,0028 0,007 2,477 0,188 

50 0,0020 0,007 3,567 0,389 

40 0,0013 0,007 5,573 0,951 

30 0,0007 0,007 9,908 3,005 

 

grafiki gviCvenebs eJeqtoris nacmis diametris cvlilebisas rogor 

icvleba siCqareebTan erTad, wnevis danakargebi muSa siTxis mudmivi xarjis 

dros: 

 

 

 

0
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eJeqtoris diametris da siCqaris 
damokidebulebis grafiki
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3. daskvna 

 

eJeqtoris gamoyeneba reliefis mixedviT, saSualebas gvaZlevs davzo-

goT sakmaod didi raodenobis eleqtroenergia; kerZod, Tu viangariSebT 

1m3/wylis H simaRleze atanas, maSin eleqtroenergiis xvedriTi xarjis 

gaangariSebisas unda visargebloT Semdegi gamosaxulebiT: 

 ρ = 0,00273Hφ, 
sadac ρ eleqtroenergiis xvedriTi xarjia, kvt.sT/m3;  H – simaRle, romelzec unda gadaitumbos siTxe, m; φ – turbos margi qmedebis koeficienti.  

 

garda aRniSnuli danadgarisa, Cvens mier damuSavebuli da Catarebulia 

samrewvelo eqsperimentebi eJeqtorebis sxvadasxva tipze; kerZod, q. Telavis 

Rvinis kompaniis GWS-is Camdinare wylebis gamwmend nagebobaSi ramdenime 

aTeuli welia muSaobs aqtiuri lamis gadamuSavebaze aeraciis mizniT 

haeris watacebis xarjze eleqtroenergiis dauxarjavad da ekologiurad 

0,0
0,5
1,0
1,5
2,0
2,5
3,0
3,5

0,0 2,0 4,0 6,0 8,0 10,0 12,0

h,
 m

v, m/wm

wnevis danakargebis da siCqaris 
damokidebulebis grafiki
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jansaRi biologiuri teqnologiuri procesebis gavlis Semdeg, wyali Cae-

dineba iqve arsebul xevSi.  
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uak 628.1 

 

sasmeli wyliT uzrunvelyofis  

problemebi saqarTveloSi  

 

n. nacvliSvili, m. nacvliSvili, n. lafaCi, n. soselia  

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia dasaxlebuli adgilebis sasmeli wyliT momaragebisas 

warmoSobili problemebi da sistemebis funqcionirebis parametre-

bis cvalebadoba, romlebic damokidebulia sxvadasxva sididisa da 

xarisxis faqtorebze. saqarTvelos dasaxlebuli adgilebis mona-

cemebis Seswavlisa da gaanalizebis safuZvelze dadgenilia para-

metrebi (wylis moxmarebis normebi, danakargebi qselSi, dawnevebi, 

saSualo dReRamuri xarji, rezervuarebis tevadoba da sxv.) da 

Sedarebulia isini sazRvargareTis didi qalaqebis wyalmomara-

gebis Sesabamis sidideebTan.SemoTavazebulia rekomendaciebi mona-

cemTa eqsperimentuli gziT miRebis Sesaxeb da faqtobrivi para-

metrebis gaumjobesebisaTvis. 

 

sakvanZo sityvebi: sasmeli wylis normebi; danakargebi; uTanabrobis koefi-

cienti; wylis xarjis aRricxva; teqnologiuri da sani-

taruli saimedooba; zRvrulad dasaSvebi sidideebi; daw-

nevebi. 

 

1. Sesavali 

 

sasmeli wylis faqtobrivi moxmarebis SeuCerebelma zrdam da wylis 

resursebis deficitma rigi dasaxlebuli punqtebis wyalmomaragebis sis-

temebSi sul ufro aqtualuri gaxada am sistemebis funqcionirebis Ses-

wavla da racionaluri gamoyenebis sakiTxebis damuSaveba. 
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praqtikaSi daproeqtebis stadiaze SerCeulma wylis moxmarebis normeb-

ma (xvedriTi xarjebi erT mosaxleze) ver uzrunvelyო mosaxleobis sruli 

dakmayofileba da qveynis umravles dasaxlebul punqtebSi faqtobrivma 

xvedriTma xarjebma erT mosaxleze mniSvnelovnad gadaaWarba miRebul si-

dideebs (magaliTad soflis tipis dasaxlebebisaTvis rekomendebuli norma 

150 l, faqtobrivad orjer da metad naklebia). Sesabamisad warmoqmnili 

deficitis aRmosafxvrelad wyalmomaragebis sistemis momsaxure organi-

zaciebi cdiloben subieqturad gadawyviton wamoWrili problemebi. es 

garemoeba ki axal problemebs qmnis da a.S., problemebis mudmivi gadaWris 

gzebis ZiebaSi gadis dro. sistema xandazmuli xdeba, matulobs dazia-

nebebisa da avariebis ricxvi, izrdeba danakargebi, klebulobs Semosavali 

an izrdeba satarifo ganakveTi, riTac momxmarebeli zaraldeba. 

 

2. ZiriTadi nawili 

 

msoflios didi qalaqebis wyalmomaragebis sistemebis funqcionirebis 

Seswavlam aCvena, rom, rogorc wesi, xSirad cdiloben gamoiyenon miwis-

qveSa wylebi, vinaidan isini xasiaTdebian ukeTesi xarisxobrivi maCveneb-

lebiT, vidre zedapiruli wylebi, sWirdebaT mcire danaxarjebi wylis 

dasamuSaveblad an srulebiT ar sWirdebaT gawmenda, gausnebovnebis Ronis-

ZiebaTa Catarebis garda. miwisqveSa wylebis gamoyenebis erT-erTi mniSv-

nelovani upiratesoba zedapirul wylebTan SedarebiT isaa, rom igi uzrun-

velyofs wyalmomaragebis sistemis mdgrad muSaobas eqstremalur (omis da 

sxv.) pirobebSi. 

qalaqebis ganviTareba ganapirobebs wyalmomaragebis sistemis ganviTa-

rebasac, Sesabamisad saWiro xdeba axali damatebiTi wyaroebis Zieba. amitom 

mniSvnelovania sistemis ganviTarebis racionaluri dagegmva momaval wleb-

Si momxmarebelTa uzrunvelyofisaTvis. Tanamedrove sazRvargareTis qala-

qebis saimedo (Seuferxebeli) wyalmomaragebisaTvis ganxorcielebulia saTave 

nagebobebis, wyaldenebis da manawilebeli milsadenebis gamtarunarianobis 

gazrdis rezervebi. wyliT uzrunvelyofis daxasiaTeba SesaZlebelia koefi-

cientiT, romelic miiReba gamwmendi sadguris mwarmoeblobis (Tu aseTi 
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moqmedebs) fardobiT maqsimalur dReRamur wylis moxmarebasTan. es koefi-

cienti sazRvargareT zogadad icvleba 0,9–2,5–მde. umravles qalaqebSi igi 

aWarbebs 1,3-s. iyeneben sxva maxasiaTebelsac, rogoricaa sufTa wylis 

rezervuarebis tevadobis fardoba wylis moxmarebis saSualo dReRamur 

sididesTan. rig qalaqebSi igi icvleba 0,14–1,75–მde; umravles qalaqebSi igi 

aWarbebs 0,5-s, xolo zogierTSi tolia 1,5 da metisac. saqarTvelos 

qalaqebis wyalmomaragebis sistemebisaTvis es koeficientebi meryeobs 0,7-2 

farglebSi. koeficientebis miRebuli sidideebi unda emyarebodes naturuli 

gazomvebis Sedegebs, rac moiTxovs droisa da saxsrebis garkveul 

danaxarjebs. saqarTvelos dasaxlebuli punqtebisaTvis gazomvebis Catareba 

gadaudebel amocanas warmoadgens. 

saqarTveloSi mtknari wylis resursebi araTanabradaa ganawilebuli, 

amasTan sasmeli wylis araracionaluri gamoyeneba uSualodaa dakavSi-

rebuli materialur danaxarjebTan, amitom unda SeirCes is dasaxlebuli 

punqtebi, sadac yvelaze mwvavedaa wyliT uzrunvelyofis sakiTxebi. arCeven 

sami kategoriis wyalmoxmarebas: 1.saWiro – minimumi, cxovrebis normaluri 

pirobebis SesanarCuneblad, sawarmoo miznebisaTvis saWiro raodenobis 

CarTviT, 2. gonivruli – saWiroze Warbi raodenoba, romelic gamarT-

lebulia cxovrebis donis amaRlebiT, 3. araefeqturi – wylis moxmarebis 

Semdgomi gaumarTlebeli zrda.  

sasmeli wylis moxmareba erT mosaxleze saerTod icvleba farTo 

diapazonSi. cnobilia, rom es sidide damokidebulia: wylis resursebiT 

uzrunvelyofaze, Senobebis sainJinro aRWurvilobis doneze, qalaqebis 

teritoriis gare keTilmowyobaze, mrewvelobis ganviTarebaze, mosaxle-

obis cxovrebis wesze, klimatur pirobebze, wylis tarifze, dawnevis 

faqtobriv sidideebze da sxva faqtorebze. arCeven sxvadasxva normatiul 

xvedriT xarjebs, rogoricaa: kompleqsuri norma, normebi uSualod mo-

saxleobisTvis, teqnologiuri norma sawarmoebisaTvis, proceduruli nor-

mebi sxvadasxva daniSnulebis obieqtebis momxmareblebisaTvis da a.S. 

evropaSi ZiriTad qalaqebSi kompleqsuri norma icvleba 200–400 l-s far-

glebSi erT mcxovrebze, aSS–Si igi aRwevs 700–800 l-s. saqarTveloSi, 

umravles qalaqebisaTvis es sidide 300–450 l-is farglebSia; dedaqalaqSi 
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ki aRwevs 800 l/dRR/kacze, gasuli saukunis 70 da 90-ian wlebSi Catarebuli 

kvlevebis mixedviT, romlebic rogorc naturul, aseve statistikur masa-

las efuZneboda. dReisaTvis aucilebelia Catardes eqsperimentuli kvle-

vebi Tanamedrove sazomi xelsawyoebis gamoyenebiT. unda dainergos axali 

midgomebi saeqspluatacio faqtobrivi xvedriTi xarjebis Semcirebis mimar-

TulebiT. miCneulia, rom wylis moxmarebis sidide ar aris damokidebuli 

qalaqis sidideze, Tumca ikveTeba am sididis damokidebuleba bunebriv 

klimatur pirobebTan dakavSirebiT. wyalmomaragebis sistemebSi arsebuli 

danakargebis Sesamcireblad ganixilaven teqnikur, finansur, kanonmdeb-

lobiT da aRmzrdelobiT RonisZiebebs. aRricxvianobis procentis gazrda 

sistemebSi iwvevs wylis moxmarebis da Sesabamisad danakargebis 3–12%–mde 

Semcirebas. aseTma Semcirebam unda gaamarTlos mricxvelebis dayenebaze 

gaweuli xarjebi. sxvadasxva qalaqebSi danakargebis sidide meryeobs 10–40 

% farglebSi. saqarTvelos umravles qalaqebSi danakargebis sidide 30%–is 

farglebSia, mxolod dedaqalaqSi aWarbebs 36–41%. aSS–Si danakargebis 

sidide 10–15%-ia. Tumca iq saqarTvelosagan gansxvavebiT, mricxvelebiTaa 

dafiqsirebuli wylis miwodebac da moxmarebac. miCneulia, rom Tu Ramis 

xarji Seadgens dRis xarjis 35%–s, maSin qseli SesaniSnav mdgomareobaSia, 

Tu 35–50% – qseli karg mdgomareobaSia. 50%–ze met SemTxvevaSi saWiroa 

Catardes eqsperimentuli kvlevebi danakargebis gamosavlenad. 

danakargebis sidideze moqmedi faqtorebidan gamoirCeva dawnevis faq-

tobrivi sidide. dawnevis gazrdiT izrdeba danakargebi, vinaidan maRali 

wneva Jonvebis warmoSobas uwyobs xels. sxvadasxva qveynebSi miRebulia 

muSa dawnevis (m–Si) Semdegi sidideebi: did britaneTSi – 30 (zeda done), 

safrangeTSi – 30 (minimaluri), irlandiaSi – 30,6 (zeda), italiaSi – 61,2 

(zeda), niderlandebSi – 20 (zeda). saqarTvelos dedaqalaqSi dawnevis faq-

tobrivi sidideebi meryeobs 50–90 m–de, rac kidev ufro zrdis Jonvebis 

warmoSobis pirobebs. bunebrivia, dawnevis sididis normatiulamde dayvana 

qmediTi RonisZiebaa. danakargebis moZiebisa da aRricxvisaTvis saWiroa 

xarjebisa da wnevebis erToblivi gazomvebis Catareba qselis sxvadasxva ma-

karnaxebel wertilebSi. dakvirvebebi unda მoicavdes rezervuarebSi wylis 

doneebis da satumბ sadgurebSi elenergiis cvalebadobas. 
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centralizebuli wyalmomaragebis saimedooba niSnavs sistemis unars 

uzrunvelyos abonentebi sasmeli wylis saWiro raodenobiTa da standar-

tebis Sesabamisi xarisxiT. asxvaveben teqnologiur da sanitarul saimedo-

obas, Tumca isini mWidrod arian erTmaneTTan dakavSirebuli.  

teqnologiuri saimedoobis asamaRlebeli RonisZiebebia: 

• wylis maragebis regulireba wyalmomaragebis wyaroSi; 

• ori da meti wyaros gamoyeneba da saTave nagebobebis ricxvis zrda; 

• wyaldenebis periferiuli dargolva; 

• samarago–maregulirebeli rezervuarebis tevadobis zrda; 

• teqnologiuri procesebis avtomatizacia da eleqtromomaragebis 

saimedo funqcionirebis zrda; 

• saeqspluatacio da saavario samsaxurebis srulyofa. 
 

sanitaruli saimedoobis asamaRlebeli RonisZiebebia: 

• wyalsatevebis mowyoba mdinareebidan da arxebidan erTbaSad 

movardnili dabinZurebebis aRsakveTad; 

• biotestebis gamoyeneba toqsikur dabinZurebebis kontrolisaTvis; 

• sanitarul zonebis organizacia; 

• mosalodneli dabinZurebebis modelebis damuSaveba; 

• manawilebel qselSi meorეuli dabinZurebebis aRkveTa; 

• mosaxleobis uzrunvelyofa katastrofebisa da msxvili avariebis 

pirobebSi. 

gansakuTrebuli yuradReba unda mieqces navTobproduqtebis, qimiuri 

da radioaqtiuri nivTierebebis gadazidvas avtomobilebiTa da rkinigzis 

transportiT, maTze avariebis molodins, gansakuTrebiT saTave nagebo-

bebTan axlos. mniSvnelovania avtomatizebuli da distanciuri marTvis 

sistemebis danergva, romlis drosac procesebis regulirebisaTvis 

gamoiyeneba mmarTveli informaciis miReba ukukavSiriT. amasTan gamokvle-

ul unda iqnეs wylis resursebis moxmarebis infrastruqtura monito-

ringisa da marTvis SCADA sistemis damuSavebis mizniT. damuSavebuli 

SCADA sistemis danergva sxvadasxva daniSnulebis obieqtebSi (msxvil 
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momxmareblebSi) moitans resursebis moxmarebis regulirebisa da dazogvis 

SesaZleblobas.  

wyalsadenebis siსtemebi xasiaTdeba milebis mniSvnelovani sigrZeebiT 

rogorc absoluturi, aseve xvedriTi sidideebiT yovel 1000 mcxovrebze აn 

saSualo dReRamur moxmarebaze gadaangariSebiT. sazRvargareT saSualo 

sididem aTas mcxovrebze sxvadasxva qalaqebisaTvis Seadgina 2 km, xolo 

minimalurma 0,6–0,7 km, maqsimaluri sidide aWarbebs 5 km-ს. TbilisisaTvis 

milsadenebis jamuri sigrZe 3300 km–ia, xolo yovel aTas mcxovrebze – 

abonentTa daricxvis gaTvaliswinebiT – 3,3 km. wylis yovel 1000 m3/dRR–is 

gatarebaze milsadenebis udidesma sigrZem sxva qalaqebSi Seadgina 10 km, 

TbilisisaTvis es monacemi daaxloebiT 2 km–ia. es sidide miuTiTebs 

araracionalur moxmarebaze, rac dazustebas moiTxovs. 

wyalmomaragebis sistemebis funqcionireba didadaa damokidebuli 

momsaxure personaliს raodenobaze, mZime samuSaoTa meqanizaciis da Ziri-

Tadi teqnologiuri procesebis avtomatizaciis, distanciuri marTvis 

Tanamedrove saSualebebiT uzrunvelyofaze. did qalaqebSi erT momsa-

xureze saSualod modis 500 m3/dRR wylis qselSi miwodebidan gamomdinare, 

zogan 200–400 m3/dRR, xolo udidesi mniSvneloba aWarbebs 1000 m3/dRR. 

yovel 10 aTas mcxovrebze 4–10 momuSavea. ufro mcire sididiT xasiaTdeba 

qalaqebi, sadac miwisqveSa wylebis TviTdeniTi miwodebaa da maRalav-

tomatizebuli sistemebia danergili. saqarTveloSi, kerZod TbilisSi, Tu 

CavTvliT mosaxleobis raodenobas 1200 aTas kacs, momuSaveTa raodenoba 

unda iyos daaxloebiT 1000–1200 kacamde. statistikuri monacemebi yvelgan 

gadasamowmebelia. 

 

3. daskvna 

 

saqarTvelos dasaxlebuli adgilebis monacemebis Seswavlisa da 

gaanalizebis safuZvelze dadgenilia, rom wyliT uzrunvelyofis paramet-

rebi (wylis moxmarebis normebi, danakargebi qselSi, dawnevebi, saSualo 

dReRamuri xarji, rezervuarebis tevadoba da sxv.) sazRvargareTis didi 

qalaqebis wyalmomaragebis Sesabamis sidideebTan SedarebiT mniSvnelovnad 
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gansxvavebulia. gamokveTilia faqtobrivi parametrebis gaumjobesebisaTvis 

monacemTa eqsperimentulად miRebis aucilebloba. 

sufTa wylis rezervuarebis tevadobis fardoba wylis moxmarebis sa-

Sualo dReRamur sididesTan, saqarTvelos qalaqebis wyalmomaragebis sis-

temebisaTvis koeficientebi meryeobs 0,7-2 farglebSi. 

saqarTveloSi, umravles qalaqebisaTvis sasmeli wylis faqtobrivi 

moxmarebis xvedriTi sidide 300–450 l-is farglebSia; dedaqalaqSi ki 

aRwevs 800 l/dRR/kacze. amasTan, danakargebis sidide 30%–is farglebSia, 

mxolod dedaqalaqSia 36–41%. dawnevis faqtobrivi sidideebi meryeobs 50–90 

m–mde. 

TbilisisaTvis milsadenebis jamuri sigrZe 3300 km–ia, yovel aTas 

mcxovrebze – abonentTa daricxvis gaTvaliswinebiT, modis – 3,3 km. wylis 

yovel 1000 m3/dRR-is gatarebaze milsadenebis udidesma sigrZem Tu sxva 

qalaqebSi Seadgina 10 km, TbilisisaTvis es monacemi daaxloebiT 2 km–ia.  
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УДК 551.578 

МАТЕМАТИЧЕСКАЯ МОДЕЛЬ НЕРАВНОМЕРНОГО ДВИЖЕНИЯ  

СВЯЗНОГО СЕЛЯ  

 

И.Г. Круашвили, Э.Г. Кухалашвили, И.Д. Инашвили,  

К.Н. Бзиава,  И.Л. Климиашвили  

(Грузинский технический университет) 

 

Резюме: Описание условий движения селей и выведение соответствующих уравнений явля-

ется функцией многих факторов. На основе проведенных исследований, исходя из 

реологической природы селя, получено дифференциальное уравнение установ-

ившегося движения. С учетом соответствующих допущений принята расчетная 

зависимость скорости неравномерного движения селя, значение которого меньше 

скорости водного потока и вызвано влиянием реологических параметров. 

 

Ключевые слова: сель; установившееся движение; скорость.  

 

1. ВВЕДЕНИЕ 

 

Исходя из условий движения селей и отличия от других явлений, выбор и адап-

тирование расчетных моделей требует особых подходов. Описание условий движения и вы-

ведение дифференциальных уравнений с учетом многочисленных статистических факторов 

позволит решить ряд практических задач, которые будут оперативными средствами, на осно-

ве которых станет возможным усовершенствование методов расчета, планирование и конс-

труирование противоселевых сооружений. 

Многолетняя история изучения селей позволяет с приемлемой точностью вывести ди-

фференциальные уравнения движения, интегрированием которых станет возможным про-

граммирование как изменения глубины потока по направлению движения, так и режима 

движения потока в любой ее части. В работе предпринимаются попытки описать устано-

вившееся неравномерное движение селя дифференциальным уравнением. Целью исследова-

ния является изучение гиперконцентрированных потоков с высокой плотностью. 
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Как известно, в реальности изменение условий движения потока (преодоление любого 

препятствия, сужение или расширение русла, изменение уклона основания русла и т.д.) вы-

зывает изменение живого сечения и свободной поверхности потока. 

 

2. ОСНОВНАЯ ЧАСТЬ 

 

В работе рассмотрен случай,когда изменение кривизны свободной поверхности проис-

ходит на таком уровне, что скорость частиц перпендикулярна живому сечению. В данном 

случае, когда площадь живого сечения является функцией ширины и глубины, возможно 

пренебрежение составляющими скоростями.   

Как известно, изменение полной энергии по направлению движения зависит от измене-

ния реологических характеристик и потока. Исходя из вышесказанного, можно записать: 

ܧ  = ܼ + ߛܲ + ଶ2ܸ݃ߙ . (1)

Дифференцированием первого уравнения получаем: 

ܧ݈݀݀  = ܼ݈݀݀ + ݀ ቀܲߛቁ݈݀ + ݀ ൬ܸߙଶ2݃ ൰݈݀ , (2)

где ܧ - это полная энергия потока; ܼ - расстояние центра массы селя от условной поверхнос-

ти; 
ఊ  - пьезометрический напор;  

ఊ = ℎр	. и  
ఈమଶ   - скоростной напор. 

Так как во втором уравнении 
ௗாௗ  является ݅ уклоном сопротивления движения потока, а  ௗௗ  – уклоном	݅ основания русла, можно записать: 

 −݅ = −݅ + ݀ℎр.݈݀ + ݀ ൬ܸߙଶ2݃ ൰݈݀ . (3)

Так как в связных селях существует зависимость между напором и глубиной потока: 

 ݀ℎр.݈݀ = ߰ ൬1 − ℎℎ ൰ ݀ℎ݈݀ , (4)

 

а когда ߙ = 1, соответственно 
ఈమଶ = మଶ.  

Дифференцированием скоростного напора получим: 

 ݀ ൬ܸଶ2݃൰݈݀ = − ܳଶ݃߱ଷ ܤ ݀ℎ݈݀ − ܳଶ݃߱ଷ ߲݈߲߱. (5)
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Если учесть уравнения (4) и (5), в (3) получим:  
 

 −݅ = −݅ + ߰ ൬1 − ℎℎ ൰ ݀ℎ݈݀ − ܳଶ݃߱ଷ ܤ ݀ℎ݈݀ − ܳଶ݃߱ଷ ߲݈߲߱. (6)

 

Преобразованием и упрощением уравнения (6), когда ߱р. =  :получим ,߱ܭ

 ݀ℎ݈݀ = ݅ − ݅ − ܳଶ݃߱ଷ ߲݈߲߱߰ ൬1 − ℎℎ ൰ − ܳଶ݃߱ଷ (7) .ܤ

 

Так как уклон сопротивления ݅ = ொమమఠమమோ,  уравнение (7) примет вид 

 

 ݀ℎ݈݀ = ݅ − ܳଶܭଶ߱ଶܥଶܴ ൬1 − ଶܴ݃߱ଷܥଶܭ ߲݈߲߱൰߰ ൬1 − ℎℎ ൰ − ܳଶ݃߱ଷ ܤ . (8)

 

Полученное уравнение (8) является дифференциальным уравнением установившегося 

неравномерного движения связного селя, движущегося в любом прямоугольном русле. Ре-

шение аналогичных задач дано в работах [1, 2, 3, 4, 5]. 

Как показывает анализ уравнения, приравнивание знаменателя к 0 указывает на крити-

ческий режим и параллельность свободной поверхности потока к основанию русла, когда 

числитель равен 0, т.е. когда  
ௗௗ = 0, имеет место установившееся равномерное движение 

потока. В нашем случае, когда
ௗௗ = 0, 

 ݅ = ܳଶܭଶ߱ଶܥଶܴ. (9)

Если внести значение расхода ܳ = ܸ߱ в уравнение (9), зависимость скорости движения 

плоского потока, т.е. ℎ = ܴ примет вид 

 ܸ = ℎ݅√ܥܭ = ൬1 − ℎℎ ൰߰ܥ√ℎ݅. (10)

Когда скорость потока ܸравна скорости ньютоновских жидкостей, тогда: 

 ܸܸн = ൬1 − ℎℎ ൰߰. (11)

Графическая иллюстрация уравнения  (11), когда  ߰ = 1, т.е. ߮ = 0, дана на рисунке.  
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Графическая зависимость 
н܄܄ =  ቀܐܐ ቁ, когда ૐ =  

 

 

3. ЗАКЛЮЧЕНИЕ 

 

Как показывает изменение реологических характеристик, когда эквивалентная глубина 

связности равна глубине потока, поток прекращает движение, а с изменением угла внутрен-

него трения, т.е. с его увеличением, скорость потока уменьшается. 
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uak 551.578 

 

arastacionarulobis safuZvelze  

Rvarcofsacavis maxasiaTeblebis cvlilebis  

kanonzomierebis gansazRvra 

 

i. yruaSvili, e. kuxalaSvili, i. inaSvili, i. klimiaSvili 

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia Rvarcofsacavis maxasiaTeblebis cvlilebis kanonzo-

miereba da arastacionarulobis safuZvelze miRebulia Rvarcof-

sacavSi dagrovili Rvarcofuli masis simaRlis, Rvarcofis xar-

jisa da misi gadaadgilebis siCqaris saangariSo damokidebulebebi. 

miRebuli damokidebulebebis safuZvelze, SesaZlebelia ganisazRv-

ros maxasiaTeblebis cvlilebis kanonzomiereba Rvarcofis tal-

Ris gavrcelebis zonaSi da SeirCes Sesabamisi RvarcofsawinaaR-

mdego nageboba. 

 

sakvanZo sityvebi: arastacionaruloba; Rvarcofi; RvarcofsawinaaRmdego 

nageboba. 

 

1. Sesavali 

 

Rvarcofuli xasiaTis wyalsadinarTa saTavis zemo nawilSi ganlagebu-

lia Rvarcofwarmomqmneli kerebi, romlebic eroziuli Rrantebis Cadab-

lebul adgils warmoadgenen. maT cicabo ferdobze mimdinare gamofitvis 

movlenebisa da eroziuli procesebis Sedegad, talRuri procesebiT 

erTmaneTze fenebis dadebiT, grovdeba kerebSi Rvarcofis masa. 

bmuli Rvarcofis talRuri saxiT moZraobis modeli SeiZleba Semdeg-

nairad daxasiaTdes: talRis fronti uZravia, Tu misi gavrcelebis siCqare 

metia an naklebia nakadis moZraobis siCqareze. zemoT aRniSnulidan gamom-
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dinare, talRis gavrcelebis siCqaris mixedviT SeiZleba Sefasdes Rvar-

cofuli masis kritikuli mZafri da wynari mdgomareoba. 

RvarcofebTan brZolis kvlevis sadReiso monacemebi da arsebuli sta-

tistikuri masalebis analizi adasturebs [1, 2], rom Rvarcofwarmomqmneli 

kerebidan (Rvarcofsacavebidan) formirebuli maRali simkvrivis nakadebis 

da TviT keris maxasiaTeblebis cvlilebis kanonzomiereba, kerZod, keris 

siRrmis, daZruli masis xarjis da siCqaris droSi cvlilebis prognozi, 

dacviTi RonisZiebebis SerCevasa da katastrofebisagan gauvnebelyofis 

erT-erT ganmsazRvrel pirobas warmoadgens. 

 

2. ZiriTadi nawili 

 

Rvarcofsacavis talRurad garRvevis SemTxvevaSi, qveda biefSi 

Rvarcofis daumyarebeli moZraobis kanonzomierebis Sefasebis dros, 

SeiZleba gamoyenebul iqnes sen-venanis erTganzomilebiani diferencialuri 

gantolebebi, romelTa amoxsnis dros unda dakmayofildes Semdegi pi-

robebi: 

1. siCqaris grZiv mdgenelTan SedarebiT, vertikaluris umniSvnelobis 

gamo maTi procesebze gavlena mxedvelobaSi ar miiReba; 

2. Rvarcofis siRrmis grZiv talRasTan SedarebiT, arcTu ise didi 

mniSvnelobis gamo wnevis cvlileba emorCileba hidrostatikis 

kanonebs; 

3. sadawneo frontis garRvevis SemTxvevaSi, energiis danakargi winaaR-

mdegobebis gaTvaliswinebiT Tanabari moZraobis adekvaturad SeiZ-

leba iqnes miRebuli. 

Rvarcofsacavis uecari garRvevis SemTxvevaSi, gadmodinebuli xarjis 

gaangariSebis dros marTebulia Semdegi saxis gantolebis gamoyeneba: 
 

 
,q

dt
dW

  (1)

sadac q aris Rvarcofsacavidan gadmodinebuli xarjis sidide; W _ Rvar-

cofsacavis moculoba; t _ Rvarcofsacavis donis dawevis xangrZlivoba. 



hidroinJineria, #1-2(17-18), 2014 _ Hydroengineering, #1-2(17-18), 2014  _ Гидроинженерия,  #1-2(17-18), 2014 

 

48 

 

Rvarcofsacavis uecari garRvevis momentSi procesi Semdegnairad 

SeiZleba daxasiaTdes: roca ݐ = 0, daZruli moculoba ܹ-is, xolo garRve-

vis Semdeg misi mniSvneloba (ܹ௧)-s tolia. 

garRveul kveTSi Rvarcofis Rvarcofsacavidan gadmodinebas Tu war-

movidgenT, rogorc analogs farTo zRurblian wyalsaSvze wylis gadadi-

nebisa, maSin daZvris procesis drois mcire ݀ݐ	monakveTSi Rvarcofsacavis 

siRrme mcirdeba ݀ܪ sididiT. aseT pirobebSi garRveul kveTSi gadmodine-

buli Rvarcofis moculoba Ω݀ܪ-is, xolo RvarsaSvze ܪ-is toli iqneba. 

stacionaruli procesis Sesabamisad, Rvarcofis xarjis saangariSod SeiZ-

leba Semdegi formulis gamoyeneba: 

 ,2 2
3

0Hgmbq   (2)

 

sadac b aris Rvarcofis garRveuli nawilis sigane; m _ xarjis koeficienti; 

H0 _ Camoyalibebuli Rvarcofis masis simaRle keris dasawyisSi; g _ 

simZimis Zalis aCqareba. 

Catarebuli kvlevebis safuZvelze, Rvarcofis xarjis koeficientis 

saangariSod siCqaris  koeficientis bmulobis ekvivalenturi ℎ siRrmisa 
da Sinagani xaxunis  kuTxesTan kavSirSi, miRebulia Semdegi saxis damoki-

debuleba: 

 

.
2

1

2

2

2
0

0

2
0

02


















H
h

H
h

m  
(3)

arastacionaruli procesebis dros talRis gavrcelebis xarjis 

saangariSo formulis mixedviT, xarjis koeficientis saangariSo damokide-

bulebebs, rodesac keris daxris kuTxe aris 0, Semdegi saxe aqvs: 

 
.cos1

2

1

0

0 









H
hm  (4)

radgan ݉		warmodgenilia rTuli funqciis saxiT, stacionaruli pro-

cesis SemTxvevaSi, mis saangariSod mocemulia nomograma, romlis cvlile-

ba, roca  = 1-sa da 
0

0

H
h

-Tan sxvadasxva mniSvnelobebis dros, mocemulia 

grafikis saxiT (nax. 1). 
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nax. 1. 









0

0

H
hfm  grafikuli damokidebuleba 

 

im SemTxvevaSi, roca Rvarcofwarmomqmneli kera oTkuTxa prizmis 

saxiT aris warmodgenili, (1) gantoleba Semdegnairad SeiZleba warmovad-

ginoT: 

 
,

dt
dH

dt
dH

dH
dW

dt
dW

  (5)

sadac  aris Rvarcofsacavis xarjis zedapiris farTobi da   H . 

gaangariSebis gaadvilebis mizniT, Tu vawarmoebT aproqsimacias Rvar-

cofsacavisas geometriulad oTxkuTxa paralelepipedTan, roca  =  ,ݐݏ݊ܿ
SeiZleba davweroT Semdegi saxis damokidebuleba: 

 

   .HHW   (6)

 

(6) damokidebulebidan gamomdinare, (1) gantoleba miiRebs saxes: 
 

 
.q

dt
dH

  (7)

Rvarcofsacavidan Camomewyrili Rvarcofuli masis xarjis saangariSo 

damokidebuleba, roca talRis simaRle ܪ-is tolia, iqneba: 

 
,cos1 0 g

H
hHbHq 





   (8)

0
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sadac b aris Rvarcofis garRveuli nawilis sigane; H _ Rvarcofsacavidan 

warmoqmnili nakadis simaRle; h0 _ bmulobis Sinagani xaxunis kuTxe;  _ 

koeficienti, romelic Sinagani xaxunis kuTxis funqciaa; g _ simZimis Zalis 

aCqareba; cos  _ Rvarcofsacavis fuZesTan daxris kuTxe. 

Tu SemoviRebT 
H
hK 0

 
aRniSvnas, gavamartivebT da gardavqmniT (8) gan-

tolebas, miviRebT: 

 
.2cos

2
1 2

3
HgbKq 

  (9)

 

(9)-is gaTvaliswinebiT (7)-Si gveqneba: 

  
.2cos

2

1 2
3

HgbK
dt
dH 

 (10)

cvladTa gancalebiT da gardaqmnebiT (10) gantoleba miiRebs saxes: 

  
.

cos
2

1

2
3 




dtgbK

H

dH 
(11)

(11) gantolebis integrirebis safuZvelze, gveqneba: 

  
.

2

cos1
2
















 c
btgK

H


(12)

integrirebis mudmiva ganisazRvreba gantolebiT: 

  
.

2

11















 c
btgK

H


 (13)

roca ݐ = 0, ܹ = ܹ, ܪ =  da	ܪ
0

1

H
c  . 

integrirebis mudmivas gansazRvris Semdeg, (13) gantoleba, siRrmis 

cvlilebis kanonzomiereba   tHfH   Rvarcofsacavis daclisa droSi, mii-

Rebs Semdeg saxes: 
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.

2

cos11

1
2

0

















btgK

H

H t
 (14)

 

Sesabamisad, Rvarcofis xarji iqneba: 

 
   

 
,

2

cos11

1
cos1

3

0

















btgK

H

bgKq t


  (15)

 

xolo saSualo siCqaris droSi cvlilebas eqneba Semdegi saxe: 

 
 

 

 

 
 

.

2

cos11

cos1

0



















btgK
H

b

gK
H
q

V
t

t
t





(16)

miRebuli (14), (15) da (16) damokidebulebebi warmoadgens Rvarcofsa-

cavis SesaZlo garRvevis SemTxvevaSi misi maxasiaTeblebis droSi cvlile-

bis parametrebs. 

parametrebis    tfH t  ,    tfq t  da    tfV t 
 
cvlilebis kanonzomierebis 

suraTi, roca RvarcofsacavSi dagrovili masis simaRle H=3.0მ-ს, b=100.0მ-ს, 

sarkis zedapiris farTobi =6000.0 მ2-ს, keris sigrZe L=60.0მ-ს, =00-ს, K=0.5, 

=300, 33.0
2

3
4502 






  tg , Rvarcofsacavis moculoba W=18000 მ3-ს, Rvarco-

fis fuZis daxris kuTxe =00-ს da cos=1.1, Sinagani xaxunis kuTxe =300-ს, 

Sesabamisad, 33.0
2

3
4502 






  tg

 
da 

75.0

1








K . 

mocemuli mniSvnelobebis (14), (15) da (16) formulebSi SetaniT, paramet-

rebis cvlilebis suraTi warmodgenilia qvemoT moyvanil gantolebebSi, 

romelTa grafikuli ilustracia mocemulia me-2 naxazze. 
 

 
   

.
0067.0578.0

1
2t

H t 
  (17)
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  .
0067.0578.0

1
9.89

3












t
q t

(18)

 
 

 

 
.

t

t
t H

q
V   

(19)

 

 

 
 

nax. 2.    tfH t 
 
da    tfq t 

 

damokidebulebis grafikebi 

 

 

 
 

nax. 3.    tfV t 
 

damokidebulebis grafiki 
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3. daskvna 

 

arastacionarulobis safuZvelze miRebulia RvarcofsacavSi dagrovi-

li Rvarcofuli masis simaRlis, Rvarcofis xarjisa da misi gadaadgile-

bis siCqaris saangariSo damokidebulebebi. miRebuli (17), (18) da (19) damo-

kidebulebebis safuZvelze, zemoT mocemuli parametrebis SemTxvevaSi, me-2 

da me-3 naxazebze droSi mocemuli cvlilebis kanonzomiereba talRis 

gavrcelebis zonaSi, saSualebas iZleva SeirCes RvarcofsawinaaRmdego 

nageboba.  
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uak 628.2 

 

saqarTvelos wylis resursebis optimaluri gamoyenebis 

da garemos efeqturi dacvis RonisZiebebi  

 

d. gubelaZe, i. yruaSvili, m. nacvliSvili,  

i. inaSvili, a. daviTaSvili  

(saqarTvelos teqnikuri universiteti) 

 

reziume: saqarTvelo Zalze mdidaria wylis resursebiT. Tumca, zedapiru-

li wylebis didi nawili da rig SemTxvevaSi, miwisqveSa wylebic 

dabinZurebulia. zedapiruli da miwisqveSa wylebis xarisxis/si-

sufTavis kontroli fragmentul xasiaTs atarebs, rac maTi met–

naklebad sando Sefasebis saSualebas ar iZleva. Tumca, iribi 

monacemebi (mdinareebSi da sxva wyalsatevebSi CaSvebuli dambin-

Zurebel nivTierebaTa odenoba da wylismieri daavadebebis dina-

mika) saSualebas iZleva davaskvnaT, rom wylis xarisxi rogorc 

sasmeli wylis sistemebSi, aseve bunebaSi xSirad aradamakmayo-

filebelia. amasTan, aRsaniSnavia, rom niadagis dacvis problema 

did mniSvnelobas iZens mciremiwiani qveynisaTvis, sadac eroziu-

li procesebis, niadagis gaWuWyianebisa da danagvianebis, meoreu-

li daWaobebisa da damlaSebis, sasargeblo wiaRiseulisa da sa-

Seni masalebis Ria wesiT mopovebis, adamianis araswori sameur-

neo moqmedebis Sedegad didia niadagis danakargebi. 

 

sakvanZo sityvebi: zedapiruli da miwiqveSa wylebi; wylis dabinZureba;  

wylis dacva; niadagis dacva. 

 

1. Sesavali 

 

adamianis sameurneo-sayofacxovrebo saqmianoba mkveTrad aisaxeba didi 

da mcire mdinareebis wylis xarisxze. gamwmendi nagebobebis efeqturi mu-



hidroinJineria, #1-2(17-18), 2014 _ Hydroengineering, #1-2(17-18), 2014  _ Гидроинженерия,  #1-2(17-18), 2014 

 

55 

 

Saobis SemTxvevaSic ki, wyalSi xvdeba didi raodenobiT organuli nivTie-

rebebi, mikrobuli da parazituli bunebis damabinZureblebi, romelTa gan-

zavebis SesaZlebloba dabalia. es SesamCnevad Trgunavs wylis TviTgawmen-

dis unarsa da sanitariul reJims, aferxebs mTel rig procesebs da auare-

sebs wylis xarisxs. amitom, zedapiruli wylebis resursebis racionalur 

gamoyenebas, wylis xarisxis dacvasa da SenarCunebas didi ekonomikuri, 

ekologiuri da socialuri mniSvneloba eniWeba. 

 

2. ZiriTadi nawili 

 

mcire zomis wylis obieqtebisaTvis gansakuTrebiT saxifaToa sayofac-

xovrebo, samrewvelo da sasoflo-sameurneo obieqtebis naxmari wylebi. 

gansakuTrebiT sagangaSoa patara mdinareebis gamoyenebis mdgomareoba, ro-

mlebic hidrografiuli qselis ZiriTad nawils Seadgenen da iZlevian qvey-

nis wliuri Camonadenis 75%-s. maTgan wylis SefardebiTi aReba gacilebiT 

maRalia, vidre didi mdinareebidan. 

daaxloebiT miliardi kuburi metri wyali yovelwliurad gamoiyeneba 

sarwyavad, sasmelad da samrewvelo saWiroebisaTvis. garda amisa, mtknari 

wylis obieqtebi gamoiyeneba banaobisaTvis da sarekreacio miznebisaTvis, 

agreTve Tevzrewvisa da saTevze meurneobebisaTvis. 

mdinareebSi wyali intensiurad WuWyiandeba samrewvelo obieqtebidan, 

mecxoveleobis fermebidan, dasaxlebuli punqtebidan da sasoflo-sameur-

neo savargulebidan Sxam-qimikatebisa da sasuqebis Semcveli niaRvruli Ca-

monadeniT. amitom, wylis xarisxi zedapiruli wylis praqtikulad yvela 

obieqtSi arasaimedoa da xSirad ar aris usafrTxo rogorc ekosistemisaT-

vis, aseve adamianTa janmrTelobisaTvis. arsebobs adamianTa janmrTelobis 

dazianebis riski banaobisas, bevri obieqti vizualuradac imdenad danagvia-

nebulia, rom banaobis an sarekreacio miznebisaTvis gamoudegaria, rac 

mniSvnelovnad azianebs qveynis ekonomikis erT–erTi strategiuli dargis, 

turizmis ganviTarebis potencials (maT Soris, Tbilisis). 

mcire zomis wylis obieqtebi xSirad gamorCenilia saxelmwifo moni-

toringis sistemidan an ar eqceva saTanado yuradReba. aseve ar arsebobs 
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maTi sanitariul-ekologiuri mdgomareobisa da wylis xarisxis higienuri 

normirebisaTvis srulyofili meTodologiuri baza. maTi dacva rTuli da 

mravalmxrivi saqmea, romelsac saxelmwifoebrivi mniSvneloba unda mieni-

Wos. 

zedapiruli wylebis dabinZureba ganpirobebulia sxvadasxva faqtore-

biT. maTgan ZiriTads ganekuTvneba: 

 wyalsatevebSi gausufTavebeli (gauwmendavi) Camdinare wylebis Ca-

dineba; 

 gamoyenebuli Sesawamli qimikatebis Carecxva Warbi naleqebisas; 

 airkvamliani gamonatyorcnebi; 

 navTobisa da navTobproduqtebis gaJonva. 

yvelaze didi ziani wyalsatevebisa da wyalnakadebisaTvis moaqvs gauw-

mendavi sawarmoo da komunalur-sayofacxovrebo Camdinare wylebis CaSvebas. 

komunalur-sayofacxovrebo Camdinare wylebi didi raodenobiT Camoedineba 

sacxovrebeli da sazogadoebrivi nagebobebidan. aseTi saxis Camdinare wy-

lebSi Warbobs sxvadasxva organuli naerTebi, aseve mikroorganizmebi, rac 

baqteriul dabinZurebas iwvevs. 

saqarTvelo mdidaria zedapiruli mtknari wylebiT. mdinareebis jamu-

ri wliuri Camonadeni 65,8 km3-s Seadgens, maT Soris saqarTvelos terito-

riaze formirebuli Camonadeni – 56,5 km3. 

zedapiruli wylis resursebis ganawileba saqarTvelos teritoriaze 

araTanabaria: dasavleT saqarTvelos mdinareebis (Savi zRvis auzi) jamuri 

wliuri Camonadeni 49,7 km3-s (anu 75%-s) Seadgens, aRmosavleTi mdinareebis 

(kaspiis zRvis auzi) ki – 16,1 km3-s (anu 25 %-s) Seadgens. 

sul saqarTveloSi 26 060 mdinarea, maT Soris 99,4% - mcire mdinaree-

bia (sigrZe 25 km-ze naklebi). hidrologiurad Seswavlilia 555 mdinare Savi 

zRvis auzSi da 528 mdinare kaspiis zRvis auzSi. 

saqarTveloSi bevria bunebrivi tba (sul 860, jamuri farTobiT 170 km2), 

43 wyalsacavi, aqedan 35 – kaspiis zRvis auzSi (jamuri moculobiT 1703,8 

mln.m3) da 8 – Savi zRvis auzSi (jamuri moculobiT 1471 mln.m3). 

sawarmoo Zalebis ganlagebisas wylis faqtoris arasrulyofili gaT-

valiswineba iwvevs saqarTvelos ZiriTadi mdinareebis araTanabar datvirT-
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vas. ase magaliTad, saqarTvelos sazRvrebSi md. mtkvris auzSi, romelze-

dac modis respublikis wylis resursebis 25%, koncentrirebulia msxvili 

samrewvelo sawarmoebi da sarwyavi farTobebi, razec wlebis ganmavlobaSi 

ixarjeba qveyanaSi gamoyenebuli wylis resursebis 80%-ze meti. amasTan da-

kavSirebiT gaizarda wylis obieqtebis ekologiur mdgomareobaze anTropo-

genuri faqtoris zemoqmedeba. 

zedapirul wylebs icaven gaWuWyianebisagan, danagvianebisa da daSre-

tisagan. danagvianebis aRsakveTad gamoiyeneba RonisZiebani, romlebic krZa-

lavszedapirul wyalsatevebsa da mdinareebSi sxvadasxva myari narCenebisa 

da sxva sagnebis moxvedras. zedapiruli wylebis daSretis aRkveTa xdeba 

wylis minimalurad dasaSvebi Cadinebis kontroliT. 

saqarTveloSi dafiqsirebulia 750 dasaxelebis miwisqveSa sasmeli mi-

neraluri wyali. saqarTvelos miwisqveSa hidroresursebidan warmoSobili 

mineraluri wylebis prioritetulobas gansazRvravs resursebis bunebrio-

ba, siuxve, stabiluroba, arasezonuroba da maRali xarisxi. saqarTveloSi 

700-mde miwisqveSa mineraluri gruntis wyalia aRwerili, maT Soris gansa-

kuTrebuli mineralizaciisa da Tvisebebis mqone wylebi. 

miwisqveSa wylebis dacvis ZiriTadi RonisZiebebia maTi miwisqveSa ma-

ragis daSretisa da daWuWyianebis aRkveTa. zedapiruli wylebis msgavsad, 

es didi da rTuli problemaa, rac SeiZleba warmatebiT gadaiWras mxolod 

mTliani garemomcveli garemos kompleqsuri dacviT. 

mtknari sasmeli miwisqveSa wylebis daSretis aRsakveTad gaTvaliswi-

nebulia sxvadasxva RonisZiebebi: miwisqveSa wylebis wyalaRebis reJimebis 

regulireba; wyalamRebebis racionaluri ganlageba mTel farTobze; saeqs-

pluatacio maragis raodenobis gansazRvra, rogorc maTi racionaluri ga-

moyenebis zRvari da sxv. miwisqveSa wylebis daSretis aRkveTasTan dakavSi-

rebiT sul ufro xSirad iyeneben misi maragis xelovnur Sevsebas zedapi-

ruli wylebis infiltraciiT wylis fenebSi. miwisqveSa wylebi amiT Rebu-

loben damatebiT kvebas, rac saSualebas iZleva gavzardoT wyalaRebis 

mwarmoebloba miwisqveSa wylebis daSretis gareSe. 
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miwisqveSa wylebis gaWuWyianebis sawinaaRmdego RonisZiebebi iyofa or 

jgufad: profilaqtikuri da specialuri. specialuri RonisZiebebis amoca-

naa gaWuWyianebis wyaros likvidacia an lokalizeba. 

profilaqtikuri RonisZiebebi warmoadgens miwisqveSa wylebis gaWu-

Wyianebisagan dacvis ZiriTad samuSaos. es upirvelesad moicavs Camdinare 

wylebis gawmendas, riTac aRikveTeba zedapiruli da miwisqveSa wylebis da-

binZureba. miwisqveSa wylebis gaWuWyianebis aRkveTis mniSvnelovani Ronis-

Ziebaa sanitaruli zonebis mowyoba wyalaRebis raionebis irgvliv.  

saqarTvelos kanonmdeblobiT zedapiruli mtknari wylis dacvis miz-

niT, iqmneba wyaldacviTi zolebi da sanitaruli dacvis zonebi. saqarTve-

los kanonmdeblobis Sesabamisad im wylis dacvis mizniT, romelsac iyene-

ben sasmelad, sayofacxovrebo daniSnulebiT wyalmomaragebisaTvis, samkur-

nalod da sakurorto saWiroebisaTvis, iqmneba sanitariuli dacvis zonebi. 

wyalmomaragebis wylis obieqtebis sanitariuli dacvis zona iyofa sam 

sartyelad da TiToeul maTgans gansakuTrebuli reJimi aqvs. 

zedapiruli wylebis dacvis mxriv sayuradReboa maTi minimalurad da-

saSvebi Camonadenis Semcireba, rac mtknari wylis deficits iwvevs. es ga-

mowveulia wylis gaWuWyianebiT, wyalsatevebis TviTgasufTavebis unaris 

SemcirebiT, miwisqveSa wylis maragis SemcirebiT, wyaroebis Camonadeni wy-

lis SemcirebiT. 

seriozul ekologiur problemas warmoadgens mcire mdinareebis (100 

km-mde sigrZis) wyaluxvobisa da sisufTavis aRdgena, rac mdinareTa eko-

sistemis ZiriTad rgols warmoadgens. gansakuTrebiT mcire mdinareebi aR-

moCndnen yvelaze mgrZnobiareni anTropogenuri zemoqmedebis mimarT. 

mdinareebis, tbebis, wyalsacavebis, miwisqveSa wylebisa da wylis sxva 

obieqtebis bunebrivi reJimis SenarCunebis mizniT, niadagis wylismieri 

eroziis, wyalsatevebis molamvis, wylis cxovelTa sabinadro garemos 

gauaresebis Tavidan asacileblad, wylis Camonadenis cvalebadobis Sesam-

cireblad da sxv., iqmneba wylis damcavi tyis zonebi, agreTve tardeba sa-

tyeo-samelioracio, eroziis sawinaaRmdego, hidroteqnikuri da sxva Ronis-

Ziebebi saqarTvelos kanonmdeblobiT gaTvaliswinebuli wesiT. 



hidroinJineria, #1-2(17-18), 2014 _ Hydroengineering, #1-2(17-18), 2014  _ Гидроинженерия,  #1-2(17-18), 2014 

 

59 

 

wyaldacviTi problemebis rigSi erT-erT mniSvnelovan sakiTxs war-

moadgens sasmeli wyalmomaragebisaTvis zedapiruli wylebis gauvnebelyo-

fisa da gawmendis efeqturi meTodebis damuSaveba da danergva. sasmeli wy-

lis arasakmarisi gasufTaveba saxifaToa rogorc ekologiuri, aseve so-

cialuri TvalTaxedviT. 

niadagis eroziis sawinaaRmdegod aucilebelia Semdegi kompleqsuri 

RonisZiebebi: miwismowyobis, agroteqnikuri, tye-melioraciuli da hidro-

teqnikuri. amasTan gaiTvaliswineba, rom hidroteqnikuri RonisZieba gan-

sazRvrul teritoriaze eroziis ganviTarebas aCerebs misi mowyobisTanave, 

agroteqnikuri - mxolod ramdenime wlis Semdeg, xolo tye-melioraciuli - 

misi danergvidan 10-20 wlis Semdeg. 

Zlier erozirebuli niadagebis aRsadgenad aucilebelia kompleqsuri 

RonisZiebebi: dazolili miwaTmoqmedeba e.i. teritoriis iseTi organizacia, 

romlis drosac velebis sworxazovani konturebi enacvleba niadagdacviT 

tyis zolebs, niadagdacviTi TesviTbrunva (niadagebis defliaciisagan da-

sacavad), sxvadasxva hidroteqnikuri RonisZiebebi (arxebis, terasebis, wyal-

gamyvani nagebobebisa da sxv.) mowyoba da a.S. 

niadagebis daWaobebasTan sabrZolvelad sakmarisi an zedmeti datenia-

nebis raionebSi wylis mimocvlis bunebrivi reJimis darRvevasas iyeneben 

sxvadasxva gamSrob melioracias. daWaobebis mizezebidan gamomdinare, es 

SeiZleba iyos gruntis wylebis donis Semcireba drenaJis daxmarebiT, dambe-

bis mSenebloba da mdinaris kalapotis Secvla (datborvis Tavidan asacile-

blad), kldeebis atmosferuli wylebis SeboWva da gadasrola da sxv. amas-

Tan, didi farTobebis zedmetma gamoSrobam SeiZleba gamoiwvios arsasurve-

li cvlilebani ekosistemaSi: niadagebis zedmeti gamoSroba, maTi degumifi-

kacia da dekalcinireba, mcire mdinareebis Sroba, tyeebis gaxmoba da sxv. 

niadagebis meoradi damlaSebis aRsakveTad aucilebelia drenaJebis 

mowyoba, wylis miwodebis regulireba, maqsimalurad gamoviyenoT wvimiT 

morwyva, sarwyavi arxebis hidroizolaciis samuSaoebis Catareba da sxv. 

pesticidebiTa da sxva mavne nivTierebebiT niadagis gaWuWyianebis aRsak-

veTad iyeneben mcenareTa dacvis ekologiur meTodebs (biologiur, agroteq-

nikur da sxv.), amaRleben niadagis TviTgasufTavebis bunebriv unars, ar iye-
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neben gansakuTrebulad saSiS da mdgrad inseqticidur preparatebs da sxv. 

magaliTad, farTod gamoiyeneba agrosistemebSi sxvadasxva mtacebeli mwere-

bis (mag, WianWvelebis) Seyvana da moSeneba (biologiuri dacva), aseve iyeneben 

preparatebs, romlebic Seicavs mavneblebis damaavadebel baqteriebs. mavne 

saxeobebis gavrcelebasTan sabrZolvelad mniSvnelovani adgili daiWira 

bioteqnologiam, kerZod genetikurma meTodma, romelic dafuZnebulia gare-

moSi genetikurad maxinji STamomavlobis momcemi dedali-mavneblebis gaSve-

baze, ris Sedegadac populaciis ricxovnoba mkveTrad icvleba. am SemTxveva-

Si dacvis qimiuri meTodebis gamoyeneba mkveTrad mcirdeba. 

miwebis dazianebisas isini kargaven sawyis mniSvnelobas da uaryofi-

Tad zemoqmedeben garemoze. rekultivaciis obieqtebs ganekuTvnebian: 

 karieruli amoTxra, terikonebi, sayrelebi, sayari Rrmulebi da sxv. 

 miwebi, romlebic ziandeba samSeneblo mrewvelobisas; 

 myari narCenebis poligonebis teritoria; 

 miwebi, romlebic dazianebulia Txevadi da airovani narCenebiT (miwe-

bis navTobdabinZureba da sxv.). am mxriv, gamoirCeva biologiuri da 

samSeneblo rekultivacia.  

teqnikuri rekultivacia niSnavs dazianebuli teritoriebis winaswar 

momzadebas. samuSaoebis SedgenilobaSi Sedis: zedapirebis dagegmva, mosav-

liani niadagis moWra, transportireba da Setana sarekultivacio miwebSi, 

miwebis nakveTebis momzadeba. 

biologiuri rekultivacia tardeba teqnikuri rekultivaciis Semdeg. 

momzadebul nakveTebze irgveba mwvane nargavebi, iqmneba florisa da fau-

nis ganviTarebis pirobebi, magrdeba nayari grunti da xdeba misi dacva 

eroziisagan. 

saqarTvelo mciremiwiani qveyanaa, romlis farTobi 69,7 aTasi kvadra-

tuli km-ia. 

miwis saerTo resursidan sasoflo-sameurneo miwebis farTobi Sead-

gens – 3 023 000 ha-s, maT Soris: 

 sakarmidamo miwebi – 20 000 ha; 

 saxnavi – 800 000 ha; 

 saTibebi – 143 000 ha; 
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 mravalwliani nargavebi – 265 000 ha; 

 saZovrebi – 1 795 000 ha. 

 

arasasoflo-sameurneo miwebi 900 000 ha: 

 sacxovrebeli farTobis qveS arsebuli miwebi – 90 000 ha; 

 sawarmoo/urbanuli miwebi – 635 000 ha; 

 sax. dawesebulebebisa da komunikaciebis qveS arsebuli miwebi –  

175 000 ha. 

 

niadagis dacvis problema did mniSvnelobas iZens mciremiwiani qveyni-

saTvis, sadac eroziuli procesebis, niadagis gaWuWyianebisa da danagviane-

bis, meoradi daWaobebisa da damlaSebis, sasargeblo wiaRiseulisa da sa-

Seni masalebis Ria wesiT mopovebis, adamianis araswori sameurneo moqmede-

bis Sedegad didia niadagis danakargebi. 

gamomdinare zemoaRniSnulidan, qveyanaSi mTeli rigi wlebis ganmavlo-

baSi mosaxleobis sasmel-sameurneo wyalmomaragebisa da sanitariis sfero-

Si ver moixsna iseTi ZiriTadi problemebi, rogoricaa: wyalmomaragebis 

sistemebis milsadenebisa da gamanawilebeli qselebis dabali sanitariul-

teqnikuri saimedooba, sasmeli wylis deficiti, sasmel-sameurneo daniSnu-

lebis wylebis anTropogenuri dabinZureba da sxva, ris gamoc qveynis mo-

saxleobis didi nawili ver Rebulobs sanitariul-higienuri normebiT gaT-

valiswinebuli xarisxiani sasmeli wylis raodenobas. 

bolo wlebSi aseve mniSvnelovnad Semcirda samrewvelo sawarmoebis 

mier garemos obieqtebis qimiuri nivTierebebiT dabinZureba, maT Soris Cam-

dinare samrewvelo wylebiT. miuxedavad amisa, mTel rig raionebSi wylis 

xarisxi ar Seesabameba da momavalSic, imis gamo, rom mTeli rigi qimiuri 

nivTierebebi, maT Soris nitratebi, met-naklebi intensivobiT mudmivad im-

yofeba gruntis wylebSi, unda vivaraudoT, rom ar iqneba SesabamisobaSi 

normatiul moTxovnebTan. garda amisa, ekonomikuri aRmavlobis periodSi 

ar gamoiricxeba nitratebis Semcveli sasuqebis gamoyenebis masStabebis ga-

farToeba. 
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am mxriv mniSvnelovani gamocdileba aqvs evrokavSiris qveynebs da maTi 

gamocdilebis gaziareba xels Seuwyobs saqarTveloSi garemos dacvis 

efeqturi RonisZiebebis gatarebas da ekologiurad sufTa soflis meur-

neobis warmoebas. 

 

 

3. daskvna 

 

gamomdinare zemoaRniSnulidan, qveyanaSi mTeli rigi wlebis ganmavlo-

baSi mosaxleobis sasmel-sameurneo wyalmomaragebisa da sanitariis sfero-

Si ver moixsna iseTi ZiriTadi problemebi, rogoricaa: wyalmomaragebis 

sistemebis milsadenebisa da gamanawilebeli qselebis dabali sanitariul-

teqnikuri saimedooba, sasmeli wylis deficiti, sasmel-sameurneo daniSnu-

lebis wylebis anTropogenuri dabinZureba da sxv., ris gamoc qveynis mosa-

xleobis didi nawili ver Rebulobs sanitariul-higienuri normebiT gaT-

valiswinebuli xarisxiani sasmeli wylis raodenobas, rac xels uSlis 

qveynis ekonomikur ganviTarebas, ekologiuri da garemos dacviTi RonisZie-

bebis saerTaSoriso moTxovnebis Sesabamis standartebis damkvidrebas.  
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uak 551.578 

 

Rvarcoful kerebSi dagrovili masis wonasworobis rRvevis 

gansazRvra xarisxobrivi funqciebis gamoyenebiT  

 

i. yruaSvili, e. kuxalaSvili, i. inaSvili, i. klimiaSvili  

(saqarTvelos teqnikuri universiteti) 

 

reziume: Rvarcofsacavebis parametrebis cvlilebis kanonzomierebis dadge-

na da gaangariSebis meTodebis srulyofa iseT operatiul saSuale-

bebs moiTxovs, romlis gamoyenebiT srulyofilad aRwerili iqneba 

masSi ganTavsebuli Rvarcofuli masis mdgradobis რRvevisa da 

daZvris procesis meqanizmi. xarisxobrivi funqciebis gamoyenebiT 

miRebulia RvarcofsacavSi dagrovili Rvarcofuli masis simaR-

lis, Rvarcofis xarjisa da misi gadaadgilebis siCqaris saanga-

riSo damokidebulebebi. kvlevis Sedegebma daadastura, rom Teo-

riulad da eqsperimentuli masalis safuZvelze miRebul ܭ-s mni-
Svnelobebs Soris gansxvaveba ar aRemateba 10%-s. 

 

sakvanZo sityvebi: Rvarcofsacavi; reologia; Rvarcofis xarji. 

 

1. Sesavali 

 

keridan Rvarcofis daZvra mravali urTierTmarTvadi faqtoris fun-

qcias warmoadgens da procesis meqanizmis srulad warmodgena garkveuli 

kategoriis Sualeduri amocanebis gadawyvetis aucileblobas saWiroebs. 

Sualedur amocanaTa Soris gansakuTrebuli adgili wonasworobis 

rRvevis kvlevas da maTi maTematikuri modelirebis sakiTxebis dazustebas 

ukavia. Rvarcofuli tanis wonasworobis rRvevis Sefasebis dros pirveli 

miaxloebiT SeiZleba gamoyenebul iqnes xarisxobrivi funqciebi. kvlevis 

ZiriTad mizans RvarcofsacavSi dagrovili Rvarcofwarmoqmneli masis 
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moZraobis dawyebis siCqaris, simaRlis da xarjis drosTan kavSirSi cvli-

lebis kanonzomierebis dazusteba warmoadgens. 

rogorc bunebaSi Catarebuli kvlevis monitoringis masalebi adastu-

rebs, kerebSi Camoyalibebuli Rvarcofwarmomqmneli masis zRvruli wonas-

woruli mdgomareobis SesaZlo darRvevis dros Camomewyril da narCen 

masas Soris gamavali zedapirebis wiri aris arawrfivi da misi mrudwiru-

loba fizikur-meqanikur da reologiur maxasiaTeblebTan aris dakavSi-

rebuli. 

zemoT aRniSnulTan erTad kvlevis arsebuli masalebi, sasazRvro 

pirobebis gaTvaliswinebiT, adasturebs, rom Rvarcofis masis daZvra, misi 

maxasiaTeblebis cvlilebis prognozirebis Seswavlis done, miuxedavad 

problemisadmi miZRvnili uamravi samecniero Sromisa, imdenad dabalia, rom 

saproeqto dawesebulebebi da samSeneblo organizaciebi dResac ganicdis 

saimedo rekomendaciebis deficits RvarcofsawinaaRmdego proeqtebis 

gadawyvetis dros. 

 

2. ZiriTadi nawili 

 

Rvarcoful kerebSi, eroziul RranteebSi, gamotanis konusebze ganTav-

sebuli Rvarcofuli masis bmuli mdgomareobis Seswavlis suraTidan 

gamovlinda zRvrul wonasworobaSi myofi Rvarcofis zedapirze gamavali 

wiris mrudis forma. aRmoCnda, rom Rvarcofwarmomqmneli masis siRrmesa 

da gavrcelebis zonis sigrZes Soris kavSiri mrudwirulia da misi formis 

naTlad warmoCenis mizniT am kavSiris aRwera SeiZleba xarisxobrivi 

damokidebulebiT, romelsac Semdegi saxe aqvs: 

 ܻ = , (1)ݔܽ

sadac	ܽ da ܾ aris koeficienti da xarisxis maCvenebeli, romelTa sidide 

RvarcofTa reologiur da fizikur-meqanikur maxasiaTeblebTanaa uSualod 

dakavSirebuli; ܻ		_ Camomewyris siRrmis cvlilebis koordinati;		ݔ _ wonas-
woruli zedapiris gavrcelebis zonis sigrZe. 

Camomewyrili farTobis sidide, roca ܽ > 0, ܾ > 0 da ݔ = -SeiZleba ga ,ܮ

nisazRvros formuliT: 
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 ܵ = ܮܽܮ − නܽݔ݀ݔ = ଵାܮܽ − ଵା1ܮܽ + ܾ .
  (2)

roca (1) damokidebulebaSi, ܻ = ,ܪ ݔ = ܪ da ܮ =  is- ܮ , amitom (2)-Siܮܽ
sidides Tu gamovsaxavT Rvarcofwarmomqmneli masis	ܪ  siRrmiT, gveqneba: 
 ܵ = ܾܽ1 + ܾ ൬ܽܪ൰ଵା = ܾሺ1 + ܾሻܽଵ ଵାܪ . (3)

roca keris sigane 1-is tolia, ܹ Camomewyris moculoba SeiZleba 

gaangariSebul iqnes formuliT: 

 ܹ = ܾሺ1 + ܾሻܽଵ ଵାܪ . (4)

Teoriuli kvlevebiT miRebulia, rom Rvarcofuli keridan daZruli 

masis saangariSo damokidebulebas brtyeli nakadis SemTxvevaSi, roca 

talRis simaRle umniSvneloa: 

ݍ  = ଷଶඨ൬1ܪ − ℎܪ൰߮݃. (5)

Sesabamisad, daZruli masis moculobis sidides ݐ drois gaTvalis-

winebiT: 

 ܹ = ଷଶඨ൬1ܪݐ − ℎܪ൰߮݃. (6)

Tu (6)-s gavutolebT (4)-s, gveqneba: 

 ܾሺ1 + ܾሻܽଵ ଵାܪ = ଷଶඨ൬1ܪݐ − ℎܪ൰߮݃. (7)

 (7) tolobaSi, roca ݐ =  ݐ , SeiZleba gansazRvrul iqnes daZvrisݐ
sidide: 

ݐ  = ܾሺ1 + ܾሻܽଵටቀଵିబு ቁఝ.. (8)

(8) damokidebulebaSi ݐ drois gansazRvra specialuri kvlevebis an 

eqsperimentebis Catarebas saWiroebs. 
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aRsaniSnavia, rom Rvarcofwarmomqmnel kerebSi masis wonasworobis 

mdgomareobis ganmsazRvreli faqtorebi gansakuTrebul gavlenas axdens 

moZraobis dawyebaze da daZruli masis maxasiaTeblebis droSi cvlilebis 

kanonzomierebebze. 

kvlevis arsebuli statistikuri masalebis safuZvelze Rvarcofsaca-

vebSi Camoyalibebuli Rvarcofis masis garRvevis SemTxvevaSi misi maxasi-

aTeblebis cvlileba, kerZod, moculobis drosTan kavSiri SeiZleba aRwe-

ril iqnes diferencialuri gantolebiT, e.i., moculobis cvlilebis prog-

nozirebis dros sasazRvro pirobebis gaTvaliswinebiT, aRniSnuli pro-

cesis saangariSod SerCeul models aqvs saxe: 

ݐܹ݀݀  = (9) ,ݍ−

sadac ݍ aris Rvarcofsacavidan daZruli nakadis xarji; ݐ Rvarcofsacavis 
daclis dro. 

radgan Rvarcofsacavidan daZruli masis moculoba droisa da xarjis 

namravlis fuqncias warmoadgens, e.i.: 

ݓ݀  = ݀ሺݐݍሻ = ݐ݀ݍ + (10) ,ݍ݀ݐ

 (10) damokidebulebis integrirebis safuZvelze gveqneba: 

 −2 ln ݐ = ln ݍ + ܿ. (11)

(11) gantolebaSi, roca ݐ = ܹ,ݐ = ܹ, ݍ = ܿ 		,ݍ = 2 ln ݐ + ln  :miviRebT	,ݍ

 ൬ ൰ଶݐݐ = . (12)ݍݍ

rogorc (4) gantoleba  gviCvenebs, Rvarcofsacavidan Camomewyrili 

myari masis moculobas siRrmesTan xarisxobrivi damokidebuleba gaaCnia. 

Tu SemoviRebT aRniSvnas 

 
A

ab

b

b




1

1

 da 1
1


 K
b

b
, miviRebT: 

 

 ܹ = . (13)ܪܣ

(13) gantolebaSi, roca ݐ = ܹ , maSinݐ = ܹ, ܪ = ݍ da	ܪ = ܹ	s tolia, maSin-ݐ roca dro	;ݍ = ௧ܹ, ܪ = ݍ da	௧ܪ = -௧. daSvebis Sesabamisad, Rvarcofwarݍ
momqmneli masis moculobis cvlileba siRrmesTan kavSirSi miiRebs saxes: 
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 ܹ = , (14)ܪܣ

 

 ௧ܹ = ௧. (15)ܪܣ

Sesabamisad, daZruli masis xarjebis saangariSo damokidebulebebs 

eqneba saxe: 

ݍ  = ݐܪܣ , (16)

 

௧ݍ  = ௧ݐ௧ܪܣ . (17)

 (16)-is da (17)-is gaTvaliswinebiT (12)-Si, gveqneba: 

ݐ  = ݐ ൬ܪܪ௧൰. (18)

Rvarcoful masaSi wnevis siRrmeze ganawilebis Taviseburebidan gamom-

dinare miRebulia, rom: 

 ܲ = ଶ2ܪߛ ൬1 − ℎܪ൰ଶ ߮. (19)

 me-(19) gantolebis orive mxares Tu gavyofT ߛ-ze, miviRebT zRvruli 

wonasworuli mdgomareobis Sesabamis Rvarcofis moculobas: 

 ܹ = ଶ2ܪ ൬1 − ℎܪ൰ଶ ߮. (20)

sawyis momentSi, roca ݐ =  , Rvarcofis daZruli masis Sesabamisiݐ

xarjis sidides eqneba saxe: 

ݍ  = ݐଶ2ܪ ൬1 − ℎܪ൰ଶ ߮, (21)

xolo ݐ momentisaTvis uwyvetobis safuZvelze, xarjis saangariSo damokide-

bulebas eqneba saxe: 

௧ݍ  = ݐ௧ଶ2ܪ ൬1 − ℎܪ൰ଶ ߮. (22)

(21) gantolebas Tu gavutolebT (5)-s, miviRebT: 

ଷଶඨ൬1ܪ  − ℎܪ൰߮݃ = ݐଶ2ܪ ൬1 − ℎܪ൰ଶ ߮. (23)
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 (23) gantolebidan ݐ dro, romelic daZvris sawyis moments Seesa-

bameba, toli iqneba: 

ݐ  = ଵଶܪ12 ൬1 − ℎܪ൰ඨ൬1 − ℎܪ൰ ߮݃. (24)

(18) gantolebidan ݐ drois Sesabamisi ܪ௧ Rvarcofis siRrmis saan-

gariSo damokidebulebas eqneba saxe: 

௧ܪ  = ܪ ൬ݐݐ ൰ଵ. (25)

 (24)-is gaTvaliswinebiT (25)-Si, gveqneba: 

௧ܪ  = ൬ ൰ଵݐ12 ଵାଶଶܪ ൬1 − ℎܪ൰ ଷଶ ൬߮݃൰ 2ଵ. (26)

daZruli masis xarjis drosTan kavSiri gamoisaxeba formuliT: 

௧ݍ  = ൬1ݐ൰ଶ 2߮ ଵାଶଶܪ ඨ൬1 − ℎܪ൰ ߮݃ . (27)

xolo daZruli masis siCqaris drosTan kavSirs eqneba saxe: 

 ௧ܸ = ൬ ൰ଶିଵݐ12 ଶమିିଵଶܪ߮ ൬1 − ℎܪ൰ିଷଶ ൬߮݃൰ିଵ . (28)

Teoriulad ܣ-s mniSvnelobaa: ܣ = ቀ1 − బுబቁଶ ߮, xolo ܭ = 2-s. Teoriulad 

miRebuli ܣ-sa da ܭ-s mniSvnelobebis sizustis Semowmebis mizniT, 

mizanSewonilad miviCnieT gvesargebla savele eqsperimentuli kvlevis 

masalebiT. eqsperimentuli kvlevis masalad gamoyenebulia mdinare aragvis 

Rvarcofuli xasiaTis Senakadebze nakadis gavlis Sedegad gamotanili 

myari masalis monacemebi, radgan es Senakadebi Rvarcofebis Seswavlis 

TvalsazrisiT klasikur xasiaTs atarebs. maT mier Rvarcofuli gamotanis 

masis formebi, anu, Camomewyrili farTobebis kavSiris saxe mis Sinagani 

xaxunis kuTxesTan grafikis saxiT mocemulia 1-el naxazze. 

umcires kvadratTa meTodis gamoyenebiT ߚ Sinagani xaxunis kuTxis 

sxvadasxva mniSvnelobisaTvis Camomewyris farTobis simaRlesTan kavSiri 

gamoisaxeba Semdegi damokidebulebebiT: 
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 ܵଵ = ߚ ଵ.଼ଶ,   rocaܪ1.68 = 35°; (29)

 ܵଵ = ߚ ଵ.଼ଶ,   rocaܪ2.04 = 25°; (30)

 ܵଵ = ߚ ଵ.଼ଶ,   rocaܪ2.61 = 15°; (31)

 ܵଵ = ߚ ଵ.଼ଶ,   rocaܪ3.37 = 5°. (32)

miRebuli gantolebebis safuZvelze, Sesabamisad, ܭ-s mniSvneloba ܭ = 1.81, xolo ܣ-s saangariSo damokidebulebas aqvs saxe: 

ܣ  = 12 ൬ 1 + 0.625 tan0.08ߚ + 0.55 tanߚ൰.ସ. (4.2.33)

 

nax. 1. ࣓ =   ,damokidebulebis grafiki	ሻࢎሺࢌ

roca ࢽ = 	(t/m3). 
 

Tu Teoriulad miRebul ܣ-sa da ܭ-s mniSvnelobebs gaviTvaliswinebT 

(26), (27) da (28) gantolebebSi, miviRebT: 

௧ܪ  = ඨ ݐ12 ଵ.ଶହܪ ൬1 − ℎܪ൰.ହ ൬߮݃൰.ଶହ, (34)

௧ݍ  = ൬ ൰ଶݐ12 ଶ.ହܪ ൬1 − ℎܪ൰ଷ.ହ ඨ߮݃, (35)

 ௧ܸ = ߮ሺ2ݐሻଵ.ହ .ଶହܪ ൬1 − ℎܪ൰ଶ.ହ ൬߮݃൰.ଶହ. (36)
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TvalsaCinoebis mizniT, qvemoT mocemulia (nax. 2 da nax. 3) ܪ௧ = ݂ሺݐሻ, ݍ௧ = ݂ሺݐሻ da ௧ܸ = ݂ሺݐሻ grafikuli damokidebulebebi.  

 

 

 
 

nax. 2. ࢚ࡴ = ࢚ ሻ da࢚ሺࢌ =   ,ሻ damokidebulebebis grafikebi࢚ሺࢌ

roca ࡴ =  m., ࣋ = ° da ࢎ = .  m 
 

 

 
 

nax. 3. ࢚ࢂ =   ,ሻ damokidebulebulebebis grafiki࢚ሺࢌ

roca ࡴ =  m., ࣋ = ° da ࢎ = .  m 
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3. daskvna 

 

xarisxobrivi funqciebis gamoyenebiT miRebulia RvarcofsacavSi dag-

rovili Rvarcofuli masis simaRlis, Rvarcofis xarjisa da misi gadaad-

gilebis siCqaris saangariSo damokidebulebebi. kvlevis Sedegebma daa-

dastura, rom Teoriulad da eqsperimentuli masalis safuZvelze miRebul ܭ-s mniSvnelobebs Soris gansxvaveba ar aRemateba 10%-s.  
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uak 628.2 

 

wylis resursebis dacvis gadawyvetilebis miRebis  

riskis albaTuri modeli  

 

z. megreliSvili, l. TurmaniZe, 

z. kalandariSvili, n. dondolaZe 

(baTumis SoTa rusTavelis saxelmwifo universiteti) 

 

reziume: ganxilulia garemosadmi miyenebuli zaralis gaangariSeba, damya-

rebuli gamoyenebuli bunebrivi resursebis raodenobis Rirebule-

baze.  naCvenebia, rom zaralis sxvaoba, warmodgenili meTodiT da 

saqarTvelos kanonmdeblobis mixedviT gansxvavdebian 1,4....250-jer. 

moyvanilia wylis resursebis dacvis gadawyvetilebis miRebis ris-

kis albaTuri modeli. mocemulia gaangariSebis Sedegebis cxrilebi. 

 

sakvanZo sityvebi: garemo; zarali; riski; albaTuri modeli. 

 

1. Sesavali 

 

bunebrivi resursebis racionaluri gamoyenebis da garemos dacvis 

gaumjobesebisaTvis mniSvnelovan mimarTulebad warmogvidgeba bunebrivi 

resursebis adekvaturi Rirebulebis an ekonomikuri Sefasebis gansazRvra.  

verc centralizebulad dagegmarebulma da verc sabazro ekonomikam ver 

moaxerxa Seefasebina sufTa garemos da bunebrivi resursebis realuri 

mniSvneloba, daedgina maTi adekvaturi Rirebuleba. zogadi midgomaa 

ekologiuri keTildReobis Rirebulebis Semcireba an misi nulovani 

Sefaseba. es momenti kargad aqvs Sefasebuli e. fon vaicnekers: „biurok-

ratiuli socializmi daingra imitom, rom ar aZlevda fasebs saSualebas 

eTqvaT ekonomikuri simarTle. sabazro ekonomikas SeuZlia daRupos garemo 

da Tavisi Tavi, Tu ar miscems fasebs ekologiuri simarTlis Tqmis 

uflebas“ [1]. 
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2. ZiriTadi nawili 

 

bolo aswleulis dasasruls samecniero-teqnikurma progresma kolosa-

lur masStabebs miaRwia da Seexo cxovrebis yvela sferos. Tavis usafr-

Txoebaze zrunvam aiZula adamiani Seeqmna moRvaweobis specialuri saxe, 

romelic emsaxureba Seqmnili mdgomareobis analizs, problemuri situaci-

ebis marTvis RonisZiebebis damuSavebas. aseTi mimarTulebaa codnis axali 

sfero _ riskis  analizi da Sefaseba. 

riskis analizTan dakavSirebuli sistematuri samuSaoebi sazRvar-

gareT daiwyo gasuli saukunis 70-iani wlebis dasawyisSi da exeboda 

sawarmoo teqnologiebis riskis Sefasebas [2]. teqnologiebis tradiciuli 

Sefaseba, romlebic sruldeboda warmoebis da firmebis doneze, orienti-

rebuli iyo mxolod mocemul teqnologiaze. strategiul doneze teqno-

logiebis Sefaseba ki moiTxovda globalur midgomas, romelic Tavis mxriv 

biosferos gaWuWyianebis Sedegebis adamianze gavlenis riskis Sefasebas 

aqtualurs xdis. 

mdgradi ganviTarebis strategiis gansazRvra bevrad aris damokide-

buli qveynis ekodinamikis da socialur-ekonomikuri ganviTarebis urTierT-

damokidebulebis gaazrebaze. nebismieri proeqtis miReba, an misi ekologi-

uri eqspertiza unda xorcieldebodes mxolod variantebis teqnikur-

ekonomikuri Sedarebis safuZvelze, romelic gamoavlens ara mxolod 

kapitalur da saeqspluatacio xarjebs, aramed im zaralsac, romelic moh-

yveba  garemoSi narCenebis datovebas – kerZod, gamonabolqvis an Camdinare 

wylis saxiT. 

Camdinare wylebis wyalsacavSi CaSvebisas garemosadmi miyenebuli 

zaralis gansazRvra biologiuri, qimiuri, fizikur-qimiuri cvlilebebis 

gaTvaliswinebiT praqtikulad SeuZlebelia. gaWuWyianebis Sedegad miRebu-

li cvlilebebi SeiZleba gamomJRavndes ramdenime aTeuli wlis Semdeg, 

rodesac miRebuli Sedegebis gamosworeba gviani iqneba. 

ekologiur-ekonomikuri zaralis sidide SeiZleba warmovidginoT 

sxvadasxva danaxarjebis an danakargebis jamis saxiT [3]. 

 ܷ = ∑ ୀଵݍݔ ,  (1) 
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sadac ݔaris ݅-uri faqtoris naturaluri cvlileba; ݍ -݅-uri faqtoris fuladi Sefaseba. 

Tu ݔ–s gamovsaxavT rogorc ݔ = ܸ݊, da ݍ–s aRvniSnavT ݍწ-Ti, Cam-

dinare wylebis CaSvebisas garemosadmi miyenebuli zarali gamoiTvleba 

formuliT  [4]: 

 ܷ = ܸ݊ݍწ, (2) 

sadac ܸ aris wyalsacavSi CasaSvebi Camdinare wylis moculoba drois 

erTeulSi ݅-uri gamaWuWyianebeli nivTierebiT, m3; ݊ - Camdinare wylis saWiro ganzavebis jeradoba, zRvrulad dasaSve-

bi koncentraciis misaRwevad ݅-uri nivTierebis mixedviT; ݍწ - wylis resursebis ekonomikuri Sefaseba (bunebrivi wylis fasi), 

lari/m3. 

Camdinare wylis ganzaveba 	݅-uri nivTierebis mixedviT zRvrulad da-

saSveb koncentraciamde, ganpirobebulia garemos TviTgamwmendi TvisebiT. 

vinaidan bunebrivi wylebi SeiZleba Seicavdes gamaWuWyianebel ݅−ur nivTi-

erebas,  ganzavebis jeradoba gamoiTvleba formuliT: 

 ݊ = ზდკିწ, (3) 

sadac ܥ aris ݅-uri nivTierebis koncentracia wyalsacavSi CasaSveb Camdi-

nare wyalSi, g/m3; ܥზდკ - 	݅-uri nivTierebis zRvrulad dasaSvebi koncentracia wyalSi, 

g/m3; ܥწ  - 	݅-uri nivTierebis koncentracia wyalsacavSi, g/m3. 

(2) formulaSi namravli ܸ݊ warmoadgens bunebrivi wylis raodeno-

bas, romelic saWiroa Camdinare wylis gansazaveblad ݅-uri nivTierebis 

zRvrulad dasaSveb koncentraciamde misaRwevad. amis gaTvaliswinebiT, (2) 

formula miiRebs saxes: 

 ܷ = ܹݍწ, (4) 

sadac ܹ aris ݅-uri nivTierebis ganzavebisaTvis saWiro bunebrivi wylis 

moculoba, m3 drois erTeulSi. 
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saqarTvelos moqmedi kanonmdeblobis mixedviT, wylis resursebis 

sargeblobisaTvis gadasaxadis odenoba gansxvavebulia da meryeobs sabaz-

ro Rirebulebis 10%-dan 3%-mde [5]. TbosadgurebisaTvis da sarwyavi 

sistemis sawarmoebisaTvis gadasaxadis odenoba Seadgens ZiriTadi odeno-

bis 1%-s, hidrosadgurebis sawarmoebisaTvis _ ZiriTadi odenobis 0,01%–s, 

xolo komunaluri da soflis wyalsadenisaTvis gadasaxadi 1 kub. metr 

wyalze Seadgens 0,01 TeTrs.  vinaidan bunebrivi wylis 1 kub. metris 

sabazro Rirebuleba Seadgens 1,0 lars, maSin Tanaxmad [5]-isa, wylis 

resursebis sargeblobisaTvis minimaluri gadasaxadi Seadgens 3,0 TeTrs, 

TbosadgurebisaTvis _ 1,0 TeTrs, hidrosadgurebisaTvis _ 0,01 TeTrs, 

komunaluri da soflis wyalsadenisaTvis _ 0,01 TeTrs. 

mavne nivTierebiT garemos gaWuWyianebisaTvis gansazRvruli gadasaxa-

debi, saqarTvelos moqmedi  kanonmdeblobis Tanaxmad, garkveul SemTxvevaSi 

ar Seesabameba realur gadasaxadebs, rac investorebs (maT Soris, ucxoe-

lebs) interess gauCens daabandos  kapitali ekologiurad saxifaTo proeq-

tebSi, rac Tavis mxriv, iafi muSaxelis pirobebSi damatebiT did mogebas 

dautovebs maT. 

ganvixiloT (1) – (4) damokidebulebiT daangariSebuli zarali, ro-

melsac miayenebs garemos  erTi tona nivTiereba, moyvanili [5] –Si (cxr. 1). 

Sedegebis gamoTvlisas igulisxmeba, rom wyalsacavSi mavne nivTiereba ar 

imyofeba. sxva SemTxvevebisaTvis gansazRvruli wylis raodenoba da zara-

lis sidide gaizrdeba. bunebrivi wylis Rirebuleba aRebulia yvelaze 

minimaluri – 0,01 TeTri. miRebuli Sedegebi gviCvenebs, rom SemoTavazebuli 

meTodikiT dadgenili zarali 1,4......250–jer aRemateba im gadasaxads, rome-

lic gaTvaliswinebulia saqarTvelos kanonmdeblobiT. isic unda iTqvas, 

rom wylis sabazro Rirebulebis gaTvaliswinebiT miRebuli zarali mra-

valjer gaizrdeba, vinaidan izrdeba erTi kuburi metri wylis Rirebuleba. 

amave dros, yuradReba unda mivaqcioT wylis raodenobas, romelic 

saWiroa nivTierebis gansazaveblad zRvrulad dasaSveb koncentraciamde. 

saqarTvelos mdinareebis umravlesoba ver aitans aseT did xarjs. es 

naTlad Cans me-2 cxrilidan, romelic agebulia [6–8] monacemebis mixedviT. 
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cxrili 1 

mavne nivTierebis CaSvebisas garemosaTvis  

miyenebuli zaralis gaangariSebis monacemebi 

# mavne nivTiereba 
 ზდკ [4]-isܥ

mixedviT mg/l 

minimaluri wylis  

raodenoba ܥზდკ–mde 

gansazaveblad, m3 

gadasaxadi lari 

SemoTavazebuli 

meTodiT 

[4]-is mi-

xedviT 

1 2 3 4 5 6 

1 qloridebi 350 2857 0,29 0,2 

2 titani 0,1 107 1000 390 

3 seleni 0,001 109 1000000 39000 

4 teluri 0,01 108 10000 3900 

5 dariSxani 0,05 2107 2000 790 

6 rkina 0,5 2105 200 78 

7 alumini 0,1 107 1000 78 

8 beriliumi 0,0002 5109 500000 390000 

9 

zedapirulad aqtiuri 

nivTierebebis  

dasaxeleba 

    

minimaluri 10 105 10 390 

maqsimaluri 0,001 109 100000 390 

10 
navTobproduqtebi 0,05 2107 2000 780 

benzini 0,1 107 1000 780 

11 

ketonebi  

(11 dasaxeleba) 
    

minimaluri 2,0 5105 50 780 

maqsimaluri 0,02 5107 5000 780 

12 fenolebi 0,001 109 100000 39000 

 

mZlavri mdinaris  (cxr. 2, p.1) maqsimaluri gansazavebeli xarjis ga-

moyofisaTvis (cxr. 1, p.3)  dasWirdeba 680 sT. am drois ganmavlobaSi mdina-

ris wyali 2,0 m/wm saSualo siCqariT gaivlis 4896 km-s, rac gacilebiT aRe-

mateba mis sigrZes. es ki niSnavs, rom  wyalsacavSi mavne nivTierebis kon-

centracia gacilebiT meti iqneba zRvrulad dasaSveb koncentraciaze. ana-

logiuri gamoTvlebi SeiZleba gakeTdes yvela mdinarisaTvis. 

cnobilia, rom danakargebi (mogeba) SeiZleba Sefasdes rogorc fu-

lad erTeulSi, aseve droSi an moralur faqtorebSi. amdenad unda SegveZ-
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los maTi erTmaneTTan Sedareba. amisaTvis xelsayrelia isini davukavSi-

roT fulad erTeuls.  

warmoeba produqciis sawarmoeblad xarjavs ݔ lars. garemos dacvi-

saTvis gamwmendi nagebobebis ageba moiTxovs ݔଵ lars. warmoeba dgeba cdu-

nebis winaSe (moraluri faqtori), ar gadaixados igi da daxarjos ݔlari, 

an aagos gamwmendi nagebobebi, e.i. gaiRos  ݔଵ lari, rac  gamoiwvevs  (ݔ +  .ଵ) laris xarjsݔ

 

cxrili 2 

zogierTi mdinareebis  

hidrogeologiuri monacemebi 

# mdinare 

saSualo mraval-

wliuri xarji  

m3/wm 

dinebis 

siCqare 

m/wm 

sigrZe, km 
xarji 

m3/sT 

gaWuWyianeba  

[2]-is mixedviT 

saTaveSi 
Sesar-

TavSi 

1 rioni 10,3 409,0 0,3-4,2 337,0 1,47106 1 

2 mtkvari* 32,6 291,0 0,2-2,0 513,0 1,05106 2,3 

3 enguri 45,5 192,0 0,6-5,8 213 691200 2 

4 Woroxi* - 159,0 0,7-2,5 26,0 572400 - 

5 alazani 14,4 112,0 0,8-3,5 351,0 403200 3 

6 cxenis wyali 23,0 90,4 0,5-1,5 176,0 325440 - 

7 aWaris wyali 8,73 51,5 0,6-1,3 90,0 185400 - 

8 xobi 7,43 50,5 0,5-2,5 150,0 181800 3 

9 sufsa 2,56 46,0 0,5-1,2 108,0 165600 - 

10 natanebi 2,12 33,5 0,4-1,5 60,0 120600 3 

11 moqva 4,50 18,1 1,0-1,5 47,0 65160 3 

12 kintriSi 4,25 17,3 0,7-1,8 45,0 62280 3 

13 gubis wyali 7,55 16,4 0,2-0,4 36,0 59040 1 

14 Coloqi 0,66 7,03 0,3-2,5 24,0 25308 - 

15 Jokvera 1,79 6,11 0,5-3,5 20,0 21996 1 

16 aWyva - 1,66 0,1-1,1 19,0 5979 - 

 

* saqarTvelos teritoriaze  

** dabinZureba: 1 - gansakuTrebuli donis dabinZureba; 2 - maRali donis dabinZureba;  

3 – dabinZureba. 

 

ganvixiloT Semdegi variantebi: 

1. ar gaiRon  ݔଵ laris xarji;  
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_ Tanmdevi situacia _ Tu garemos gaWuWyianeba ekologebma aRmoa-

Cines, mosalodnelia jarima ݔଶ lari  (SesaZlo danakargebi ݔଵ =ݔଶ; ݔଵ>ݔଶ; ݔଶ >  .(ଵݔ
2. gaiRon ݔଵ laris xarjebi; 

_ Tanmdevi situacia _ ߱ _ ekologebi gamoCndebian (ekologiuri mo-

nitoringi mudmivia da mkacri (drois faqtori)) da  ߱ଵ - ekologebi 

ar gamoCndebian (ekologiuri monitoringi iSviaTia). 

Sesabamisad 	(߱) = -albaTobiT ekologebi garemos gaWuWyianebas aR 

moaCenen da 	(߱ଵ) = 1 −  =  toli albaTobiT garemos gaWuWyianebas ver ̅

SeamCneven.ori SesaZlo variantidan misaRebia erTi: −	݀, aigos gamwmendi nagebobebi (arsebuli gamwmendi nagebobebi muSao-

ben gamarTulad); – ݀ଵ, ar aigos gamwmendi nagebobebi (arsebul gamwmend nagebobebis ga-

marTul muSaobas Sesabamisi yuradReba ar eqceva). 

ganvixiloT xarjebi sxvadasxva situaciebisaTvis:  ܮ(߱ଵ, ݀ଵ)– rac niSnavs xarjs im SemTxvevaSi, roca miRebulia ݀ଵgadawy-
vetileba da dgeba  ߱ଵ Sedegi; ܮ(߱, ݀)–aris situacia, rodesac aigo gamwmendi nagebobebi da movidnen 
ekologebi. 

magram, rodesac vlaparakobT riskebze, mxedvelobaSi misaRebia ara 

mxolod esa Tu is variantebi  da maTi xarjebi, aramed Sesafasebelia 

sxvadasxva saSualo, vinaidan zemoT moyvanili sidideebi SemTxveviTi 

sidideebia. saSualos sazomad gamosadegia maTematikuri lodiniMܮܯ(߱, ݀), 
romelic warmoadgens ݀ gadawyvetilebiT miRebul riskis maCvenebels: 

(݀)ߩ  = ,߱)ܮ ݀) ∙  + ,ଵ߱)ܮ ݀) ∙  (5) ;̅

(ଵ݀)ߩ  = ,ଵ߱)ܮ ݀ଵ) ∙  + ,߱)ܮ ݀ଵ) ∙  (6) .̅

aqedan gamomdinare, Tu ߩ(݀) <  maSin  ݀ଵ-is miReba ar SeiZleba ,(ଵ݀)ߩ

(vinaidan riski ݀-is miRebisas naklebia, vidre  ݀ଵ-is miRebisas) da piriqiT. 

garemos dacvis kontrolis periodulobis normativebis Tanaxmad [9], 

Sesabamisi kategoriebiT Semowmeba SeiZleba Catardes me-3 cxrilSi moyva-

nili sixSiris mixedviT. gaangariSeba gakeTebulia navTobSemcveli Camdi-
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nare wylisaTvis, navTobis koncentraciiT 2000g/m3-ze, romelic gasawmendia 

navTobis zRvrulad dasaSveb koncentraciamde 0,05g/m3-ze. gamwmendi nagebo-

bebis Rirebulebaa 1740000 lari, erTi kuburi metri Camdinare wylis 

gawmendis Rirebuleba 0,35 lari [10].  

miRebuli monacemebis mixedviT, yvela SemTxvevaSi umjobesia warmo-

ebisaTvis gamwmendi nagebobis gamarTuli eqspluatacia. vinaidan ekolo-

gebis mier Semowmeba xorcieldeba gegmiurad, gamwmendi nagebobebis arageba 

an gaumarTavi muSaoba warmoebas mogebas ar moutans. am SemTxvevaSi mogeba 

Seadgens mxolod 0,35 lars/m3-ze. aseTi gamoTvlebi SeiZleba gakeTdes 

nebismieri saxis dabinZurebaze. 

 

cxrili 3 

gadawyvetilebis miRebis riskis gaangariSeba  

albaTuri modelis mixedviT 

# 
kategoria da Se-
mowmebis peri-

oduloba 

 
mo

qm
ed

eb
is

 
al

b
aT

o
b
a 

z
ar

al
i 

ar
s
e-

b
u
l
i 

me
T
o
-

d
iT

, 
l
ar

i/
m3
 

z
ar

al
i 

S
em
o
-

T
av
az

eb
u
l
i 

me
T
o
d
iT

, 
l
a-

r
i/
m3
)ߩ  ݀ ) , 

l
ar

i/
m3
 

 ,(ଵ݀)ߩ
lari/m3 

arsebuli 
meTodiT 

SemoTa-
vazebuli 
meTodiT 

1 TveSi erTxel 1/30 1,56 4,0 0,35 1,62 3,99 

2 I kategoria, sam 

TveSi erTxel 

1/90 1,56 4,0 0,35 1,55 3,97 

3 II kategoria eqvs 

TveSi erTxel 

1/180 1,56 4,0 0,35 1,55 3,98 

4 III kategoria, we-

liwadSi erTxel 

1/365 1,56 4,0 0,35 1,56 4,0 

5 IV kategoria,  

xuT weliwadSi 

erTxel 

1/1825 1,56 4,0 0,35 1,56 4,0 

 

 

3. daskvna 

 

wyalsacavSi mavne nivTierebis  CaSvebisas garemosadmi miyenebuli zara-

lis aRricxvis srulyofisaTvis mizanSewonilia saxelmwifoSi dadgenili 
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iyos erTi kuburi metri bunebrivi wylis gamoyenebis Rirebuleba regionebis 

mixedviT, miuxedavad sawarmoo daniSnulebisa da sabazro moTxovnebisa. es 

ara marto gazrdis saxelmwifo Semosavlebs, xels Seuwyobs Camdinare 

wylebis gamoyenebis sakiTxebis gadawyvetas da SeinarCunebs bunebas,  vinai-

dan ukve finansebTan da warmoebis mogebasTan iqneba dakavSirebuli.  
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uak 628.2 

 

miwisqveSa wylebidan Warbi rkinisa da marganecis mocilebis 

eqsperimentuli kvlevis Sedegebi  

 

g. soselia, n. soselia, T. kapanaZe, s. jafariZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia sof. anaklia-ganmuxuris sasmel-sameurneo miznebisaT-

vis gamosayenebeli miwisqveSa wylebidan rkinis Fe2+ da manganumis 

Mn2+ erTdrouli mocilebis an maTi raodenobis Semcirebis meTodi.  

2012-13 wlebSi Catarda samrewvelo eqsperimenti, roca aigo da 

dRemde muSaobs nagebobaTa kompleqsi, romelic Sedgeba qimiuri 

laboratoriisgan, saidanac specialuri dozatorebiT miwisqveSa 

wylebis damwnex mils ewodeba koagulanti Al2(SO4)3 _ 160 mg/litramde 

_ Cl _ 1.5 mg/litridan 5 mg/l. Semdeg wyali miewodeba aerators, aqe-

dan saleqar avzebs. saSualedo avzSi PH-is 9-10.5 odenobiT gazr-

dis Sedegad xdeba manganumis tute areSi gadayvana da wyalSi gaxs-

nili Jangbadi Jangavs Mn2+-is naerTs, romelic ileqeba filtrebSi 

da piroluzitis daxmarebiT rkinasTan erTad 100%-iT scildeba 

wyals. aRniSnuli meTodi gacilebiT iafia im xerxebTan SedarebiT, 

sadac kaliumis permanganats iyeneben. 

 

sakvanZo sityvebi: aerireba; reagenti; tute are; piroluziti; kiris rZe; da-

yovnebis avzebi; Cqari Ria filtrebi; aqtiuri qlori; mar-

ganecis “Spati”. 

 

1. Sesavali 

 

saqarTvelos teritoriaze 26060 mdinarea, 850 bunebrivi tba da 

wyalsacavi. miwisqveSa wylebis saeqsplუatacio maragi 301 m3/wm-Si. maTi 

gamoyenebis are yovelwliurad izrdeba, radgan miwisqveSa wylebis 
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moxmareba damuSavebis gareSe umetes SemTxvevaSi ufro misaRebia, vidre 

zedapiruli wylebisa, Tumca unda aRiniSnos, rom saqarTvelos zogierT 

regionSi miwisqveSa wyalSemcav fenebSi maRal mineralizebuli miwisqveSa 

nakadebia, rac xels uSlis maT gamoyenebas rogorc sasmel-sameurneo, aseve 

sawarmoo wyalmomaragebis miznebisTvis, radgan maTSi sakmaod didi 

raodenobiT gvxvdeba rkinis, marganecis, ftoris da gogirdwyalbadis 

naerTebi. aqedan gamomdinare, rodesac miwisqveSa wylebi ar akmayofilebs 

sasmel-sameurneo da sawarmoo wyalmomaragebis moTxovnebs, saWiroa maTi 

damuSaveba-gawmenda da arasasurveli elementebis normatiul sididemde 

dayvana. 

 

2. ZiriTadi nawili 

 

manganumi-marganeci miekuTvneba bunebaSi sakmaod gavrcelebul 

elements, romelic dedamiwis qerqSi arsebuli atomebis saerTo ricxvis 

0,03%-ს Seadgens. 
marganeci ganTavsebulia mTis sxvadasxva qanebSi, amasTan erTad igi 

gvxvdeba Jangbadisa da naxSirmJava SenaerTebTan nacrisferi da Savi 

“piroluzitis” saxiT MnO2 • X H2O da TeTri marganecis “Spatis” Mn CO3 

saxiT. marganeci imdenad gafantulia mTian qanebSi, rom igi atmosferuli 

naleqebiT Camoirecxeba da umeteswilad xvdeba miwisqveSa wylebSi, 

wyalSemcav fenebSi, mdinareebSi, saidanac aTasobiT tona zRvebsa da 

okeaneebSi gadis, miuxedavad amisa, marganecis Semcveloba zRvis wylebSi 

Zalian mcirea (10_7–10_6 %). mecnierebma daadgines, rom marganecis didi 

raodenoba, romelic aRmoCenilia okeanis siRrmeebSi (0.3%), 

ganpirobebulia mudmivi da TandaTanobiTi daJangvis gamo(gaxsnili 

Jangbadis arsebobiT wyalSi). praqtikulad uxsnadi hidrati manganumis 

orJangis MnO2• x H2O, romelic okeanis fskerze ileqeba, bevrgan 

aRmouCeniaT qvis msgavsi warmonaqmnebis (konkreciebis) saxiT. 

bunebriv wylebSi marganeci gvevlineba sxvadasxva naerTis saxiT. 

miwisqveSa wylebSi igi warmodgenilia orvalentiani marganecis 

bikarbonatuli formiT Mn(HCO3)2 da kargad ixsneba wyalSi. zedapirul 
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wylebSi, Tu maTSi sawarmoo Camdinare wylebia CaSvebuli, igi SeiZleba 

Segvxvdes marganecis sulfatis MnSO4 saxiT. 

miwisqveSa wylebSi Mn2+ -is koncentracia ZiriTadad 0.5-dan 2-3 mg/l. 

farglebSia. SeiZleba iTqvas, rom zedapirul wylebSi marganecis raodeno-

ba umniSvneloa, Tumca zogierT wyalsatevSi (tborebSi) igi iSviaT SemTxve-

vaSi aRwevs 3-4 mg/l-ს, 

Cveulebriv pirobebSi mdgradi TvisebebiT xasiaTdeba JangbadTan naer-

Ti MnO2. misi mierTebiT tuteebTan damJangvelebTan erTad (magaliTad O2 

JangbadTan) warmoiqmneba marganecis marilebi (mJavebi), romelSic marganeci 

eqvsvalentiania 
 

2MnO2 + 4 KOH + O2 → 2 K2MnO4 + 2 H2O 
 

kaliumis permanganati KMnO4 praqtikulad gasaTvaliswinebeli naerTia. 

igi Seferilia iisfer-wiTeli feriT. marganecis ioni Mn2+ kargad ixsneba 

wyalSi da umetesad vardisferi Seferilobisaa. 

miwisqveSa wylebi (Rrma da saSualo WaburRilebi), romlebic sasmel-

sameurneo miznebisTvis gamoiyeneba, unda pasuxobdes standartul moTxov-

nebs sasmel wyalSi marganecis Semcvelobis odenobis Sesaxeb, kerZod, igi 

ar unda aRematebodes 0.1 mg/l-ს. Tu wyalmomaragebis wyaroSi gvaqvs marga-

necis naleqi oTxvalentiani mJavas hidrantis Mn(OH)4- saxiT, maSin wyali 

iRebs muq Sav Seferilobas da mza produqciaze (mag. qsovilze) tovebs la-

qebs. amave naleqs SeuZlia minaduRis saxiT darCes milebze, zogierT 

SemTxvevaSi rkinisa da marganecis naerTis saxiT, rac iwvevs mildenebis 

kveTebis Semcirebas, aferxebs wylis miwodebas, zrdis wnevis danakargebs 

da mkveTrad cvlis sasmeli wylis organoleptikur Tvisebebs. 

calkeuli sawarmoebi sakmaod mkacr moTxovnebs uyeneben wylis xa-

risxs, sadac savaraudod marganecis Semcveloba dasaSvebze metia, radgan 

iseT sawarmoebSi, romelTa produqcia ZiriTadad qaRaldia, Mn2+- -is Semc-

veloba normis dasaSveb farglebSic ki ar unda iyos. aseTive moTxovnebia 

wayenebuli anakliis akvaparkis wyalmomaragebisadmi. 
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sur. 1. foladis wyaldenSi rkinisa da marganecis Semcveli  

wylis mier milis diametris d1=300 mm Semcireba 35-45%-iT,  
xuTi wlis eqsplუataciis Semdeg 

 

aRniSvnebi: 1. foladis mili;  

2. rkinis danaleqi 2Fe(OH)3;  

3. manganumis mJavas naleqi Mn(OH)4 

 

garkveuli interesi gamoiwvia miwisqveS arsebul wyaroebSi anakliis 

#1 da #2 WaburRilma, saidanac mosaxleobas sasmeli wyali miewodeboda. 

gamosakvlevi wylis dasamuSaveblad moviZieT sazRvargareTis teqnologi-

ebi, romlebic dadebiT Sedegs mogvcemda ori elementis rkinis Fe2+ da 

manganumis Mn2+ erTdroul mocilebaSi. moZiebul iqna literaturuli wya-

roebis sakmaod didi raodenoba calke rkinis da calke manganumis moci-

lebaze, magram am elementebis erTdroul mocilebaze sakmaod mwiri masala 

aRmoCnda. Fe2+ da Mn2+ TvisebebiT TiTqos erTmaneTs hgavs, magram sxvaoba 

mainc didia. Tu Fe2+ advilad SeiZleba movaciloT – daviyvanoT normatiul 

misaReb maCveneblebamde aeraciis saSualebiT, `raSigis” rgolebis gamoyene-

biT, CO2-is mocilebiT da SemdgomSi Ria Cqar filtrebze gafiltvriT, 

marganecis mocileba miwisqveSa wylebidan ufro saintereso teqnologiuri 

procesebia, mis damJangvelebTan da sxva reagentebTan dakavSirebiT. 
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marganecis Tvisebebs rac Seexeba, igi SeiZleba warmovidginoT Semdegi 

sqemis mixedviT: 

 

gaZlierebuli ZiriTadi Tvisebebi gaZlierebuli mJavas Tvisebebi 

Mn(OH)2; Mn(OH)3; Mn(OH)4 H2MnO4; HMnO4 

 

Mn(OH)2- fuZe, praqtikulad uxsnadia wyalSi, mJavebTan urTierTobisas 

advilad gvaZlevs orvalentiani marganecis Sesaferis marilebs. maTi ume-

tesoba vardisferi Seferilobisaa Mn21 da igi kargad ixsneba wyalSi. hi-

dromJava samvalentiani marganeci Mn(OH)3 TiTqmis ar ixsneba wyalSi da 

Zalian susti fuZe aqvs,aramdgradia da praqtikulad araviTari gamoyeneba 

ara aqvs. eqvsvalentiani MnO3 –is yvela warmoebuli da Svidvalentiani 

marganeci Mn2O7 gansxvavdeba maRali mJavas TvisebebiT. steქiometriuli 

TanafardobiT 1 kg kaliumis permanganats SeuZlia daJangos 0.53 mg. Mn2+ da 

1.06 mg. Fe2+ 

orvalentiani marganecis daJangvis siCqare wyalSi arsebuli JangbadiT 

sakmaod maRali xarisxiTaa damokidebuli dasamuSavebeli wylis PH-Tan. 

roca PH<8 Mn2+ , Jangvis procesi praqtikulad ar mimdinareobs. Mn2,Mn3+ da 

Mn4+ JangviTi procesebi wyalSi gaxsnili JangbadiT sakmaod swrafad midis 

mxolod maSin, roca PH>9.5. 

Cveni yuradReba miiqcia PH-is gazrdiT Mn2, Mn3+ da Mn4+ orvalentiani 

marganecis efeqturma daJangvam. PH-is gazrda SeiZleba tutianobis momate-

biT. rkinis mocileba SesaZlebelia aeraciiT, dasamuSavebeli wylis sale-

qrebSi dayovnebiT, SemdgomSi am xsnaris filtrebSi gatarebiT. filtrebSi 

gamoyenebuli gvaqvs “piroluzitis”, dafxvnili 3-5 mm-iani fraqciis saxiT, 

10 sm—is simaRlis Sre; kiris rZe da kiris dafxvnili fraqcia. 

anaklia-ganmuxuris miwisqveSa wylebis damuSavebis mizniT Catarebul 

iqna eqsperimentebi, rogorc laboratoriuli wesiT mcire 0.5-1 litris 

moculobis cilindrebze, aseve samrewvelo danadgarebze, romლებic Sed-

geboda ZiriTadi laboratoriiT, sadac mzaddeboda qlorovani kiris 

xsnari sxvadasxva procentuli SemadgenlobiT da koagulantis Al2(SO4)3- 
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xsnari 80 mg/litridan 160 mg/litramde. №1 da №2 WaburRilebidan wyali 

foladis miliT miewodeboda aeratorebs, romelTa simaRle Seadgenda 3 

metrs, diametri-500 mm-s. aeratorebi aRWurvilia gamfrqvevi nacmebiT, 

romlebic “raSigis” rgolebze afrqvevs miwodebul wyals da axdens 

aerirebas, rac ganapirobebs miwisqveSa wylebidan rkinis Fe2+ mocilebas. 

aeraciis srulyofisaTvis haeris misawodeblad mowyobilia 2000 m3-iani 

radialuri ventilatorebi, orive milze. laboratoriidan erTdroulad 

vawvdidiT koaguliants da qlorxsnars 1.3 mg/litridan 3.5÷4 mg/litramde. 

saeqsperimento kompleqsSi CarTuli #1 avzi asrulebda damyovneblis 

rols, saidanac dayovnebuli wyali gadadioda Sualedur avzSi #2, maT 

Soris sinjis aReba xdeboda milze ganTavsebuli onkanidan, yoveli erTi 

saaTis Semdeg. Sualeduri avzidan wyali gadadis Ria Cqar filtrebSi, 

didi winaRobis drenaJiT foladis perforirebuli milebiT. filtraciis 

siCqareა 4.5-5 m/saaTi. sadrenaJo sistemis zeviT gamfiltravi fenaa 

sxvadasxva granulometriuli SemadgenlobiT: kvarcis qviSiT 0.8-1.2 mm, Sris 

simaRle h=500 mm; “piroluzitis” SriT h=100 mm, d=3-5 mm, Semdeg 

“piroluzitis” qveS kiris fxvnilia 5-10 mm, Sris simaRle 150 mm da qviSa 

xreSis 100 mm-iani fena da bolos drenaJze RorRis mZlavri fena 25-30 mm-is 

Sris simaRliT 500 mm. filtrebidan wyali gadadis sufTa wylis 

rezervuarSi #3, saidanac tumboebis saSualebiT wyali miewodeba koSks 

moculobiT W=240m3. satumb danadgarebze wyali laboratoriulad 

mowmdeba da xdeba misi Sedareba sawyis xarisxobriv maCveneblebTan. 

rodesac gadis safiltracio dro 10-10.5 saaTi, filtrebi (gamfiltravi 

fena) eqvemdebareba garecxvas. gasarecxi wyali ewodeba koSkidan. daleqili 

rkinisa da marganecis lami amodis da xdeba misi gadaRvra gzispira 

kiuvetSi. 10 wuTis garecxvis Semdeg, filtrSi wylis miwodeba ganaxldeba 

da iwyeba filtracia. manganumis mTlianad mocilebis yvelaze kargi efeqti 

miRebulia PH=9÷10.5, risi Sedegicaa ekologiurad jansaRi wyali. Sedare-

bisTvis visargeblebT samecniero firma “gama”-s mier 19.03.2012 wels Catare-

buli analizebis SedegebiT: 
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gansasazRvreli  

komponenti 

anaklia- 

WabუrRili #1 

anaklia- 

WaburRili #2 

rkina mg/l 0.04 0.36 

manganumi mg/l 1.16 1.16 

 

miRebuli teqnologiiT 2012 wlis 25 ivniss 

 Catarebuli eqsperimentebis Sedegebi  

(anakliis akvaparki) 
 

gansasazRvreli 

komponenti 

anaklia- 

WabუrRili #1 

anaklia-

WaburRili #2 
akvaparki 

rkina mg/l 0.00 0.00 0.00 

manganumi mg/l 0.00 0.00 0.00 

 

Catarebuli eqsperimenti safuZvlad daedo gamarTviT samuSaoebs, sa-

dac dadgenil iqna piroluzitis da Al2(SO4)3, kiris da aerirebis gamoyene-

bis upiratesoba da efeqturoba, igive pirobebSi wylis kaliumis permanga-

natiT damuSavebasTan SedarebiT.  

samrewvelo eqsperimentis teqnologiuri nagebobebis Tanamimdevroba 

mocemulia eqsperimentis muSa sqemaze, romelmac rkinisa da marganecis 

erTdrouli maRalefeqturi mocilebis Sedegad stimuli mogvca aRniSnuli 

sakiTxis SemdgomSi safuZvlianad damuSavebisaTvis. 

rogorc zemoT mocemuli cxrilebidan Cans, miwisqveSa wylebidan rki-

nisa da manganumis erTdrouli mocileba SesaZlebelia 100%-iT, Tu momxma-

rebels eqneba ara kaliumis permanganatis, rac gacilebiT Zviria, aramed Cl, 

Al2(SO4)3 aluminis sulfatis, piroluzitis gamoyenebis moTxovna. 
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3. daskvna 

 

 miwisqveSa wylebSi arsebuli manganumisa da rkinis erTdrouli mocile-

bis mizniT damuSavda meTodologia, romlis mixedviTac samrewvelo eqs-

perimentebis Catarebis dros gamoyenebul iqna xsnarebi, romlebic aqamde 

ar iyo gamoyenebuli; 

 miwisqveSa wylebis damuSaveba xdeba aerirebiT koagulantis Al2(SO4)3 

xsnariT qloris xsnarTan erTad, SemdgomSi Ria Cqar filtrebSi gatare-

biT; 

 wylis PH gazrdiT 9÷10.5-mde erTeulamde vucvliT valentobas manganums 

da rkinas, rac sakontaqto rezervuarebSi leqavs rkinis Jangsa da manga-

nums; 

 Cqari Ria filtrebi asrulebs manganumisa da rkinis mocilebis teqno-

logiur cikls, gamfiltrav fenaSi “piroluzitis” da kiris fxvniliT. 

kaliumis permanganatis gamoyenebasTan SedarebiT magniumis mocileba 

wylidan piroluzitiT filtris CatvirTvis dros zrdis ekonomkur efeqts.  
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УДК 591.4 

 

ИСПОЛЬЗОВАНИЕ МОЛИБДЕНО-ШЕЕЛИТОВЫХ ОТХОДОВ  

В СТРОИТЕЛЬНЫХ МАТЕРИАЛАХ  

 

И.Д. Алборов, В.Б. Заалишвили, С.А. Бекузарова, Г.П. Хубаева  

(Грузинский технический университет) 

 

Резюме: Рассмотрено применение молибдено-шеелитовых отходов ОАО «Победит» в стр-

оительных материалах, что целесообразно не только с точки зрения охраны окру-

жающей среды, но и экономически выгодно для предприятия. 

 

Ключевые слова: минеральное сырье; молибдено-шеелитовые отходы; пиротехнология; 

тяжелые металлы; органический носитель.  

 

1. ВВЕДЕНИЕ 

 

Еще в начале 30-годов академик А.Е. Ферсман выдвинул идею о необходимости ком-

плексного использования минерального сырья. «Комплексная идея есть идея экономическая, 

создающая максимальные ценности с наименьшей затратой средств и энергии, но это идея не 

только сегодняшнего дня, это идея охраны наших полезных богатств от хищнического рас-

точения, идея использования сырья до конца, идея возможного сохранения наших природ-

ных запасов на будущее. Эта идея дает максимально эффективное использование производи-

тельных сил, открывая пути для приложения самых высоких технических методов». 

 

2. ОСНОВНАЯ ЧАСТЬ 

 

В условиях, когда масштабы антропогенного воздействия на окружающую среду дос-

тигли таких размеров, что под угрозу поставлена жизнь на планете, охрана окружающей сре-

ды и рациональное природопользование выходят на передний план и являются важнейшими 

национальными и межгосударственными задачами, успешное решение которых неразрывно 
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связано с обеспечением высокого уровня профессиональной подготовки специалистов в дан-

ной области.   

В регионе примерно 185 лет функционирует горно-металлургический комплекс с пиро-

технологией получения полиметаллов, что отрицательно влияет на состояние биосферы ре-

гиона и продолжает влиять на демографические показатели населения г. Владикавказа и его 

окрестностей. Мониторинговыми исследованиями установлены главные факторы загрязне-

ния геосфер, включающие выделение загрязняющих веществ из открытых свалок металлур-

гических отходов и отходов обогатительного производства, а также выбросы металлургиче-

ских производств в атмосферу города. Таким образом, дальнейшая деградация окружающей 

среды снижает жизненный потенциал населения, может привести к устойчивым отрицатель-

ным демографическим показателям и патологическим отклонениям проживающего в этих 

условиях населения. Поэтому разработка технологических решений по использованию вто-

ричных ресурсов молибдено-шеелитового производства, научное обоснование принципов 

вовлечения занимаемых ими территорий в хозяйственное использование и создание меха-

низма регулирования экологией городской агломерации г. Владикавказа являются актуаль-

ной задачей настоящего времени, а именно, использование трансформированных и фактиче-

ских молибдено-шеелитовых шлаков в производстве бетона на Буронском бетонном заводе, 

расположенном в поселке Бурон на правом берегу реки Ардон.  

Экспериментально установлено, что отходы молибдено-шеелитового производства, 

складируемые на открытом поле в индустриально-селитебной части городской среды, интен-

сивно загрязняют атмосферный воздух, способствуя повышению содержания сопутствую-

щих химических элементов Mo, Wo, Fe, SiO-2, Cи, Na в количествах, превышающих допус-

тимые уровни в 2,6–3,5 раза в пределах 5-километровой зоны.  

Доказана технологическая возможность использования молибдено-шеелитовых отхо-

дов. Разработан испытательный состав для внесения отходов молибдено-шеелита в качестве 

мелкого заменителя в производство бетона, на основании чего выведена формула изобрете-

ния «Патент № 2521293»: способ приготовления бетонной смеси, включающий смешивание 

портландцемента с отходами промышленности, отличающийся тем, что в качестве дополни-

тельного сырья используют молибдено-шеелитовые отходы и органический наполнитель – 

измельченные кукурузные кочерыжки в следующем соотношении компонентов, мас.%:  

 

портландцемент     25-30   

щебенка      12-15  
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песок       15-18  

молибдено-шеелитовые отходы   9-18  

кукурузные кочерыжки    7-8  

вода       остальное 

 

Молибдено-шеелитовые отходы отобраны из отвалов, расположенных в северо-вос-

точной части г.Владикавказа. В соответствии с заключением специализированной лабора-

тории при Ростовском государственном университете, состав сырья удовлетворяет требо-

ваниям экологической безопасности (от 25.02.2000г. № 301/285).  

Молибдено-шеелитовые отходы после очистки от растворов тяжелых металлов содер-

жат: Мо общий – 2.5-3.0%, Мо выщелаченный – 0.7-1.0%, Cu – 30.5%, Fe – 12.4%, S – 15%. 

Кукурузные кочерыжки – отходы сельскохозяйственного производства - обычно использую-

тся в промышленности для производства фурфурола и активированного угля. Химический 

состав стержня (отсутствие смол, воска, тяжелых металлов (нейтральное рН)) обеспечивает 

дополнение в бетон – идеального органического носителя, в состав которого входят: лигнин 

– 8%, целлюлоза – 42% и другие, безопасные для окружающей среды, вещества. Кроме того, 

кукурузные кочерыжки обладают высокой сорбционной способностью поглощать вредные 

для жизнедеятельности вещества (радионуклиды, тяжелые металлы и др.). При подготовке 

бетонной смеси дозируют сырьевые компоненты. Песок, щебенку и портландцемент смеши-

вают, добавляя молибдено-шеелитовые отходы, измельченные кочерыжки и воду. Получен-

ную бетонную смесь укладывают в металлические формы для затвердевания с последующей 

транспортировкой готовой продукции. 

 

3. ЗАКЛЮЧЕНИЕ 

 

Изобретение относится к способу производства строительных материалов, в частности, 

к технологии приготовления бетонных смесей, и может найти применение при выполнении 

монолитных бетонных работ для изготовления стеновых блоков, которые могут быть испо-

льзованы при возведении складских помещений, гаражей и ограждений. Технический ре-

зультат заключается в повышении прочности бетона и получении экологически безопасной 

продукции. 
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agroinJineria 

 

 

uak 591.4 

 

mozardi pirutyvis saxorced gamozrdis teqnologia  

da xorcis xarisxis gaumjobesebis gzebi  

 

m. cincaZe, n. orjaneli, n. natroSvili  

(saqarTvelos teqnikuri universiteti) 

 

reziume: meZroxeobaSi didi mniSvneloba eniWeba xorcis da rZis warmoebas, 

romlisganac amzadeben iseT produqtebs, rogoricaa yveli, rZemJava 

produqtebi, karaqi. detalurad aris ganxiluli Zroxis mozarde-

ulis gamozrdis Taviseburebani da misaRebi produqciis maRalxa-

risxovneba, rac esoden aucilebelia momxmareblisaTvis jansaR 

sakvebad. mocemulia rigi faqtorebi da winadadebebi, rac Semdgom-

Si uzrunvelyofs maRalxarisxiani produqciis miRebas. 

 

sakvanZo sityvebi: Zroxa; mozardi; cila; cximi; jiSi; qsovili; silos-

koncentrati; JenJe-koncentrati; jiSebis dasaxeleba. 

 

1. Sesavali 

 

msoflioSi soflis meurneobis ganviTarebas didi mniSvneloba eniWeba, 

radgan mosaxleobis mateba moiTxovs maT dakmayofilebas sasursaTo da 

sxva daniSnulebiT gamosayenebeli produqtebiT, romelTagan gadamwyvetia 

meZroxeoba. Zroxis xorci da rZe cxoveluri cilebiT aris mdidari, ro-

melTa yoveldRiuri miReba adamianisaTvis, gansakuTrebiT ki mozardisaT-

vis, fiziologiuri moTxovnilebiTaa aucilebeli. ase magaliTad, fizi-

ologiuri normiT yvela zrdasrul adamians weliwadSi, samedicino gaan-

gariSebiT, esaWiroeba sxvadasxva saxis xorci 80 kg-mde, 300kg-mde rZe, yve-

li, karaqi da rZemJava produqtebi (erTad aRebuli) da 200 cali kvercxi. 
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2. ZiriTadi nawili 

 

Zroxis saxorced gamozrdis ZiriTadi mizania gamoviyenoT kunTovani, 

cximovani, Zvlovan qsovilTa zrdisa da formirebis asakobrivi kanonzo-

mierebani da amis safuZvelze miviRoT didi raodenobiT maRalxarisxovani 

xorci sakvebis ekonomiuri danaxarjebiT produqciis erTeulze.  

mozardis kunTovani qsovili intensiurad izrdeba dabadebidan pirve-

li 6-8 Tvis ganmavlobaSi. am periodSi nivTierebaTa cvlaSi Warbobs cilis 

sinTezis procesi, rac gansazRvravs sakvebis azotis maqsimalur raodeno-

basa da gamoyenebas. cocxali masisa da asakis zrdasTan erTad, sakvebis 

azotis dagroveba da gamoyeneba mcirdeba. Zroxis mexorculi produqti-

ulobis formirebis ZiriTad biologiur kanonzomierebas warmoadgens coc-

xali masis namatSi cximis raodenobis gazrda, rac cxovelis asakis zrdas-

Tan erTad matulobs; es naTlad Cans qvemoT moyvanil cxrilSi. 

 

mozardis mozvris 1 kg masis namatis  

qimiuri Sedgeniloba da energiis Semcveloba 
 

სხეულის 
ასაკი კგ 

წყალი 
გ/კგ 

ცილა 
გ/კგ 

ცხიმი 
გ/კგ 

ნაცარი 
გ/კგ 

ენერგია 
მგ/ჯ 

ცილის ენერგიის 
შეფარდება საერთო 

ენერგიასთან 
50 719 169 70 42 6,8 59 

100 715 167 78 40 7,1 56 

200 691 165 106 38 8,1 48 

300 612 163 189 36 11,4 34 

400 478 161 328 33 16,9 23 

500 279 159 522 30 24,6 15 

 

cxovelis zrdis procesSi cilis Semcveloba cocxali masis namatis 

SemadgenlobaSi umniSvnelod mcirdeba im dros,rodesac cximis raodenoba 

TiTqmis 7-jer izrdeba. amasTan, energiis Semcveloba izrdeba 6,8-dan 24,6 

mj/kg-mde. 

cxovelis qsovilebis diferencirebuli zrda SesaZleblobas iZleva, 

kvebis donisa da xarisxis regulaciiT vimoqmedoT cxovelis sxeulis 
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Sedgenilobaze. ulufis Sedgenilobis cvlilebiT SeiZleba cxovelis 

sxeulis Sedgenilobis gansazRvruli doniT Secvla. 

pirutyvis gamozrdis dros sakvebis anazRaureba mniSvnelovnad aris 

damokidebuli cocxali masis namatis qimiur Sedgenilobaze. rac meti 

cximia da naklebi proteini namatSi, miT meti sakvebi energia ixarjeba mis 

warmosaqmnelad. 

gamosazrdeli mozardis kvebis normebma da teqnologiam unda uzrun-

velyos maRalxarisxovani saqonlis xorcis miReba, romelic daakmayofi-

lebs masze momxmarebelTa Tanamedrove moTxovnilebebs; gansakuTrebiT di-

di moTxovnilebaa zomierad mWle xorcze, romelSic cilisa da cximis op-

timaluri Sefardebaa (2,0-1,0:1, saSualod ki 1,5:1). mexorcul produqtiulo-

basa da xorcis xarisxis formirebaze did gavlenas axdens ulufaSi arse-

buli energiis raodenoba.  

cxovelis mexorculi Tvisebebi da xorcis xarisxi mniSvnelovnad aris 

damokidebuli ulufis biologiur srulfasovnebaze, gansakuTrebiT vitami-

nebis Semcvelobaze masSi. mexorculi mimarTulebis mozardis gamozrdis 

dros silos-koncentraSi D da A vitaminebis gamoyeneba aumjobesebs xorcis 

sagemovnebo da kulinarul-teqnologiur maCveneblebs, zrdis tanxorcis 

masas da saklav gamosavals. D da A vitaminebis dadebiTi gavlena gansa-

kuTrebiT mkveTrad vlindeba im mozardeulis daxurul SenobebSi Senax-

visa, romlebsac aqvT saseirno-sakvebi moednebi.  

pirutyvis intensiuri gamozrdis da suqebis dros, kvebis sakiTxebidan 

pirvelxarisxovani mniSvneloba aqvs ulufis srulfasovnebas, sayuaTo da 

biologiurad aqtiuri nivTierebebiT maT dabalansebas; kerZod, gamoyene-

buli unda iqnes Semdegi saxis ulufebi, romelSic Seva: silos-koncen-

trati, JenJo-koncentrati da gansakuTrebiT srulfasovani sakvebnareviT. 

cxovelis gamozrdis organizacia da dakvlis vadebi unda daigegmos 

mocemuli jiSis biologiis gaTvaliswinebiT. 

malmwifadi mexorculi jiSebis cxovelTa intensiuri gamozrdis da 

gasuqebis SemTxvevaSi, SesaZlebeli xdeba maTi realizacia 16 Tvis asakamde. 

specializebuli mexorculi jiSebia: herfordi, aberdin-agusi, SorTborni, 

santa-hertruda; amitom, dakvlis optimalur vadad SeiZleba CaiTvalos 16 

Tvis asaki da 450-500 kg cocxali masa. am asakSi malmwifadi jiSis cxove-
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lebi iZlevian masiur naklavs, „marmarilosebr“ xorcs. dakvlis vadebis 

gadaweva iwvevs sakvebis anazRaurebis Semcirebas, namatis TviTRirebulebis 

gazrdas, xorcSi cximis Semcvelobis zrdasa da mWle xorcis gamosavlis 

Semcirebas. 

iseTi specialuri mexorculi jiSebi, rogoricaa: Sarole, kinski, 

limuzini da maTi najvarebi, xasiaTdeba maRali mexorculi TvisebebiT da 

ufro gvian mwifadi arian; amitom, am jiSis dakvlis optimalur vadad 

iTvleba araumetes 18 Tve da 550-600 kg cocxali masa.  

merZeuli da merZeul-mexorculi cxovelis dakvlis optimalur vadad, 

intensiuri gamozrdidan da suqebisas iTvleba 18 Tve da 450-500 kg cocxali 

masa. 

 

3. daskvna 

 

maRalxarisxiani xorcis misaRebad, sadac gaTvaliswinebuli iqneba 

momxmareblis moTxovnileba mWle xorcze da xarisxobriv maCvenebelze, 

aucilebelia specialistebis mier daculi iqnes minimum Semdegi faqtorebi: 

1. movla-Senaxvis da gamravlebis dros maqsimalurad iqnes gaTvaliswine-

buli cxovelisTvis im optimaluri pirobebis dacva, rac standartiT aris 

gaTvaliswinebuli; 2. moxdes cxovelisTvis organizebuli da normiT gaTva-

liswinebuli dabalansebuli ulufebis miwodeba, sadac daculi iqneba 

sezonuroba da zafxulis periodSi maTi mocioni; es ukanaskneli dadebi-

Tad moqmedebs maT produqtiulobaze; 3. sistematurad mimdinareobdes vete-

rinaruli RonisZiebebis gatareba rogorc dezinfeqciis, aseve profilqa-

tikuri, daavadebuli cxovelis gamovlena da mkurnalobis gaTvaliswinebiT; 

4. fermeris mier winaswar unda iqnes dakvlis organizeba gawerili, xorcis 

Semowmebis vargisianobis Catarebis pirobebi da xorcis xarisxis vargisia-

nobaze maTi pasuxismgebloba.  

 

literatura 

 

1. bogdanovi g. sasoflo-sameurneo cxovelTa kveba. 1990. 

2. Wkuaseli a., Todua d. da sxv.sasoflo-sameurneo cxovelTa kvebis praq-

tikumi. 2009. 
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uak 591.4 

 

mebocvreobaSi gamoyenebuli sakvebi saSualebebi  

 

n. orjaneli, m. cincaZe, n. natroSvili  

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia dRevandeli moTxovnilebebi. masSi naTlad aris war-

modgenili yvela is sarezervo nedleuli (zogi mza saxiT, zogi 

anarCenis saxiT), rac waadgeba dRevandeli mebocvreobis dargs, ra-

Ta miviRoT maRalxarisxiani xorci, tyav-bewveuli da dargi iyos 

rentabeluri. 

 

sakvanZo sityvebi: bocveri; anarCeni; vaSlis naqaCi; citrusis anarCeni; meve-

naxeobis anarCeni; bumbulis anarCeni. 

 

1. Sesavali 

 

qveynis ekonomikuri sakiTxis gadasaWrelad didi yuradReba unda daeT-

mos mecxoveleobis ganviTarebas. soflis meurnobis produqtebis intensi-

uri warmoeba did rols asrulebs qveynis socialur-ekonomikuri pirobebis 

gaumjobesebaSi. am mxriv ki aucilebelia gamoviyenoT yvela is rezervi, 

romelic xels Seuwyobs xorcis warmoebis zrdas. aRsaniSnavia meboc-

vreoba, romelic mTeli rigi dadebiTi TvisebebiT xasiaTdeba. mebocvreoba 

aris malmwifadi da mravalnayofieri dargi, aseve misi xorci aris dieturi 

Tvisebebis matarebali, kerZod misi xorci ar Seicavs qolesterins da 

sasargebloa rogorc bavSvebisaTvis, aseve xandazmuli adamianebisaTvis. 

mebocvreobis ganviTarebis ZiriTad rezervad gvevlineba mtkice sakvebi 

bazis Seqmna, bocvris raodenobrivi suladobis da maTi cocxali masis 

gazrda, agreTve maTi kondiciur formaSi moyvana da axali jiSebis Seqmna. 
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2. ZiriTadi nawili 

 

kvebis tipi did gavlenas axdens bocvris zrda–ganviTarebaze. xSir 

SemTxvevaSi intensiuri kvebis dros xdeba mozardi bocvris swrafi, kunTo-

vani nawilis ganviTareba da amave dros vRebulobT maRali xarisxis pro-

duqcias. Carlz darvini aRniSnavda, rom gaumjobesebuli srulfasovani 

kveba maRla swevs xorcis produqtiulobas, xolo kuleSovi aRniSnavda, 

rom malmwifadobis funqciis aweva da xorcis produqtiulobis gazrda 

didad aris dakavSirebuli kvebasTan, igi ambobda: „zrda uxvi kvebiT SeiZ-

leba davaCqaroT, xolo mwiriT SevaneloT, pirvel SemTxvevaSi cxoveli 

srulad avlens malmwifadobas, xolo meore SemTxvevaSi _ piriqiT.“ 

sazRvargareTis qveynebSi mebocvreobis maRalproduqtiuloba ganpiro-

bebulia imiT, rom sakvebis Semzadeba xdeba samrewvelo safuZvelze day-

rdnobiT, sadac narevs amzadeben im saWiro nedleulisgan, romelic gana-

pirobebs cxovelis maqsimalur produqtiulobas.  

amerikis SeerTebul StatebSi amzadeben iseT ulufas, romeliSic 50% 

parkosani balaxis fqvili Sedis, aseve germaniis respublikaSi ZiriTad 

sakvebSi didi raodenobiT Sedis balaxis fqvili. gansxvavebiT sxva qvey-

nebisagan daniaSi kombsakvebis dasamzadeblad iyeneben ori-sami saxis zeTo-

vani kulturebis Srots. mecnierebi aqve miuTiTeben, rom bambis Srotis 

didi raodenobiT gamoyenebam SeiZleba gamoiwvios mozardis sikvdili. 

rigi mecnierebi aRniSnaven, rom ulufaSi nedli proteinis optimaluri 

norma unda iyos 15-dan 25%-mde, xolo rac Seexeba cxims, igi jerjerobiT 

ar aris Seswavlili; miuxedavad amisa, Tegerei adasturebs, rom mcenareuli 

zeTis 5%-dan 25%-mde damateba aumjobesebs bocvris zrdas. 

eqsperimentuli mebocvreobis sadguri „fontana“ nedli ujredanis 

arsebobaze racionSi rekomendacias iZleva 14-20%-mde, aseve miuTiTeben, rom 

bocvris zrdisaTvis ar aris aucilebeli K vitamini, magram gamravlebisaT-

vis ki aucilebelia.  

yovelive zemoT aRniSnulidan Cans, rom sakvebi bazis ganmtkiceba erT-

erTi ZiriTadi saSualebaa, romelic xels Seuwyobs Cvens qveyanaSi meboc-

vreobis ganviTarebas. bolo wlebSi rogorc mecnierebis, ise mewarmeebis 
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mxriv sagrZnoblad didi yuradReba daeTmo imas, rom srulad gamoiyenon 

soflis meurneobis da mrewvelobis warmoebis Sedegad miRebuli anarCenebi 

mecxoveleobaSi, kerZod ki mebocvreobaSi.  

rogorc literaturuli wyaroebidan Cans, ungreTSi atarebdnen cdas 5– 

kvirian axalzelandiuri jiSis bocvrebze, sadac gamoiyenes vaSlis naqaCi 

10%-is odenobiT, romelic ulufaSi SehqondaT fqvilis magier. Catare-

bulma cdebma dadebiTi Sedegi uCvena rogorc zrdis, ise produqtiulobis 

mixedviT. anarCenebis saxiT italiaSi gamoiyenes marcvlovanis Cala 

meqanikuri damuSavebis Semdeg, aseve gamoiyenes tomatis anarCeni-10%, Svriis 

Sesacvlelad. italiaSi aseve gamoiyenes citrusis, Saqris Warxlis, yurZnis 

naqaCebi garkveuli teqnologiebis gamoyenebiT.  

germaniaSi mSrali wiwvi daamates sakvebze, romelic mdidaria ujre-

daniT da romlis miRebac aucilebelia bocvris organizmisaTvis. 

ungreTSi anarCenebis saxiT angoras jiSis bocvrebSi gamoyenebul iqna 

frinvelis bumbulis fqvili 2-6%. fqvilis dasamzadeblad bumbuls amuSa-

vebdnen gogirdmJavas an kalciumis fosfatiT. sakvebze misma damatebam Seam-

cira cilovani sakvebis Semcveloba ulufaSi, ramac garkveuli ekonomikuri 

maCvenebeli aCvena. rekomendaciaSi naCvenebia, rom bocvris realizaciamde 1-

2 kviriT adre, unda Sewydes bumbulis fqvilis micema, raTa ar moxdes 

xorcis xarisxis dacema. slovakiaSi sasoflo-sameurneo institutSi 

Catarda cdebi, sadac granulirebul kombsakvebSi Seitanes 15-25% qaRaldis 

anarCeni. sakvebSi mimocvlis energiis moTxovnileba 1 kg mSral nivTiere-

baze Seadgenda sakontrolo jgufSi 11,5 mj, xolo sacdelSi 11,0 mj-s. 

sadReRamiso wonamati iyo-sakontroloSi 24,4 g, xolo sacdelSi-23,6 da 

23,9g. amis Sedegad, slovakiis mecnierebi iZlevian rekomendacias meboc-

vreobaSi 15-25% qaRaldis anarCenebis gamoyenebis Sesaxeb. italiaSi gamoi-

yenes tkbili wiwakis anarCeni fqvilis saxiT, romlis procentuli Sed-

geniloba ase gamoiyureba: nedli proteini 21,4%, nedli ujredana 29,33%, 

nacari 14,55%. Tavisufali energia iyo 17,75 mj/kg. cda Caatares 3 jgufSi, 

romelic dakompleqtebuli iyo mozardiT. sacdel jgufSi daumates 4% da 

8% fqvili. sadReRamiso wonamati maRali iyo mesame jgufSi 34,47 g. sakvebis 
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danaxarji 1 kg wonamatze TiTqmis erTnairi iyo. aseve ar iyo gansxvaveba 

bocvris xorcis xarisxSi. 

italiaSi bocvris sakvebad gamoyenebul iqna mzesumziris CenCo, rome-

lic damuSavebuli iyo mwvave natriT da mis gareSe. masas agranulirebdnen 

da ase eZleoda bocvers. kvleviT dadginda, rom aRniSnuli sakvebi dade-

biTad moqmedebda mis produqtiulobaze.  

safrangeTSi anarCenis saxiT gamoiyenes selis namja, romelic mdida-

ria nedli ujredaniT (68%), ris gamo mas ZiriTadad iyenebdnen bocvris 

suqebis dros. cdebSi oTxi jgufidan pirvels eZleoda Cveulebrivi kombi-

nirebuli sakvebi, xolo danarCen sam jgufs namjis magier selis anarCeni 

5-10%-mde, sadac jgufebis zrdis intensivoba 20%-iT maRali iyo sakontro-

losTan SedarebiT. dResdReobiT arsebobs bocvris ormagi kveba: 1. kombi-

nirebuli kvebis tipi, romelSic CarTulia sxvadasxva koncentrati da 

cilovan-vitaminovani sakvebi (mwvane balaxi, balaxis fqvili, wvniani sak-

vebi); 2. mSrali kvebis tipi Cveulebriv gamoiyeneba srulfasovani granu-

lirebuli kombinirebuli sakvebi.  

mozard bocvrebze sagrZnoblad moqmedebs kombinirebul sakvebSi pro-

teinis done. 45-90 dRemde bocvers esaWiroeba 13% proteini kombinirebul 

sakvebSi, xolo mis zeviT – 12,3 % proteini.  

mecnierebis mier Seswavlil iqna aseve Tevzis fqvili, romelic gamo-

irCeva maRali cxoveluri proteinis SemcvelobiT. saukeTeso Sedegs mivi-

RebT Tu mas CavrTavT kombinirebul sakvebSi. Tevzis fqvilis mwarmoebeli 

xuTi qveyanaa-peru, Cile, norvegia, islandia da dania. 

mecnierTa monacemebiT dadgenilia, rom bocveri, romelic xangrZlivad 

Rebulobs erTsa da imave sakvebs cud Sedegamde midis. amitom aucilebelia 

bocvris kvebis perioduli ganaxleba. granulirebuli sakvebis micemis 

dros bocvers unda eZleodes uxeSi sakvebi, romelic ulufaSi zrdis 

ujredanis Semcveleobas, rac aumjobesebs produqtiulobas. 

mecnierTa jgufi Tvlis, rom bocvris sasuqi suladobis racionSi 

unda CairTos SedarebiT iaffasiani sakvebi saSualebebi (moxarSuli kar-

tofili, Tivis fqvili, qato, samzareulo anarCenebi da sxv.). Tiva dReSi 

unda mieces 50-60 gramis odenobiT da gasuqeba unda gagrZeldes 14-20 dRe. 
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amJamad, mebocvreobaSi gamoiyeneba kombinirebul sakvebSi CarTviT 

vaSlis naqaCi, citrusi, Cais, Saqris Warxlis warmoebis, badrijnis foCis 

da tyis warmoebis anarCenebi, aseve askilis, sviisa da mevanaxeobis anarCeni, 

xolo cxoveluri warmoSobis anarCeni aris abreSumis Wiis Wupris fqvili. 

 

 

3. daskvna 

 

mebocvreobis dargi dResdReobiT warmoadgens erT-erT ZiriTad da 

Semavsebel dargs mecxoveleobis sferoSi, romelic Zalian swrafad iZleva 

STamomavlobas da produqcias xorcis da tyav-bewveulis saxiT msubuqi 

mrewvelobisaTvis. amitom, maTi zrda-ganviTarebisaTvis, rogorc wvrilma, 

ise msxvilma fermerebma unda miiRon is rekomendaciebi da winadadebebi, 

romlebic am sferos mecnierebis mier iqneba miwodebuli, SeZlebisdagvarad 

moaxdinon mebocvreobis dargis Semdgomi ganviTareba da misi renta-

beluroba.  

 

literatura 

 

1. orjaneli n. bocvris racionaluri kvebis tipis damuSaveba saqarTvelos 

pirobebSi. 2011.  

2. bogdanovi g. sasoflo-sameurneo cxovelTa kveba. 1990. 
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uak 591.4 

 

mecxoveleobaSi arabalansirebuli kvebis faqtoris  

gavlena cxovelebis produqtiulobaze  

 

m. cincaZe, n orjaneli, n. natroSvili, g. cqvitiniZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: cxovelTa kvebaSi erT–erTi mniSvnelovani faqtoria dabalanse-

buli  ulufis miwodeba cxovelze. winamdebare naSromSi ganxi-

lulia arabalansirebuli kvebis faqtoris gavlena cxovelis pro-

duqtiulobaze. 

 

sakvanZo sityvebi: kveba; arabalansirebuli; Zroxa; cxvari; Rori; JenJo; 

dRlabi koncentrirebuli; nedleuli; anarCeni. 

 

1. Sesavali 

 

soflis meurneobis erT-erTi umniSvnelovanesi dargis, mecxoveleobis 

mTavari daniSnuleba imaSi mdgomareobs, rom mzardi raodenobiT awarmoos 

kvebis produqtebi mosaxleobisaTvis da nedleuli mrewvelobisaTvis. amis 

uzrunvelsayofad yvelaze mniSvnelovan rols mecxoveleobaSi asrulebs 

moSeneba-Senaxvis da kvebis swori organizacia, sadac gaTvaliswinebulia 

cxovelTa moTxovnileba energiaze, sazrdo da biologiurad aqtiur niv-

Tierebebze, ris safuZvelzec damuSavda kvebis normebi TiToeuli saxis 

cxovelisaTvis sqesobriv-asakobrivi jgufebis da datvirTvis mixedviT. 

 

2. ZiriTadi nawili 

 

dabalansebuli sazrdoobis Teoriidan gamomdinare, adamiani dRe-

RameSi unda Rebulobdes: wyals _ 2l, sxvadasxva cilebs _ 80-100 g(maT 

Soris daaxloebiT 50% unda modiodes cxovelur cilebze), naxSirw-
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ylebs _ 400-500 g, cximebs _ 80-100g (maT Soris 90% unda modiodes 

cxovelur cximebze), vitaminebs _ 0,1g, marilebs 20 gramamde (m.S. sufris 

marils _ 10 g). 

samwuxarod, msoflios statistikuri monacemebi gvamcnobs, rom pla-

netis mcxovrebTa mxolod garkveuli nawilia uzrunvelyofili kvebis im 

raodenobis produqtebiT, rac mecnierulad dasabuTebuli normebiTaa gaT-

valiswinebuli. amis mizezi mravali faqtori arsebobs, kerZod yvelaze 

mTavria Semdegi:  

1. ganviTarebad qveybnebSi sasoflo-sameurneo produqtebis warmoebis 

dabali done; 

2. arasakmarisi yuradReba, romelsac msoflio mecniereba uTmobs 

sakvebi resursebis gadidebis problemas da aseve maT gasawyloebas.  

3. Cven planetaze mosaxleobis zrdis maRali tempi _ igive demografi-

uli afeTqeba. 

yovelive zemoT aRniSnuli rom gadawydes, saWiroa mecxoveleobis 

dargis Semdgomi amaRleba, sadac gadamwyveti mniSvneloba eniWeba sakvebi 

bazis ganviTarebis RonisZiebas da cxovelTa swori kvebis organizacias. 

kveba ki TavisTavad warmoadgens adamianis mier organizebul, kontro-

lirebul da regulirebul sasoflo-sameurneo cxovelTa sazrdoobas.  

mecniereba, sasoflo-sameurneo cxovelTa kvebis Sesaxeb dakavSirebu-

lia iseT disciplinebTan, rogoricaa bioqimia da fiziologia, agreTve 

momSenebloba, meZroxeoba, mecxvareoba, mefrinveleoba da a.S. 

sagnis daniSnulebaa ZiriTadad kvebis ulufebisa da sqemebis amuSaveba, 

romelic uzrunvelyofs cxovelTa produqtiulobis genetikuri potencia-

lis maqsimalur realizacias da janmrTelobas, rac SeiZleba meti xnis 

ganmavlobaSi. 

sadReisod dadgenilia, rom cxovelis aragadamdebi daavadebebis naxe-

varze meti gamowveulia nivTierebaTa cvlis darRveviT, romelic araba-

lansirebuli sazrdoobis Sedegs warmoadgens, aseve cxovelis daavadeba 

SeiZleba gamowveuli iyos araswori teqnologiiT. 
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arabalansirebuli kvebis Sedegad cxovelis organizmSi irRveva cilo-

vani, naxSirwylovan-cximovani, mineralur-vitaminovani mimocvlis normalu-

ri msvleloba da am niadagze viTardeba daavadeba.  

Zroxas, Rors, cxvars da aseve sabewve nadirs bagur periodSi uCndeba 

daavadeba ketozi. misi mizezebi Semdegia: ulufaSi Saqris, saxameblisa da 

ujredisis arasakmarisi raodenoba da ketogenuri moqmedebis mqone sakvebis 

Warbi odenoba, arasrulfasovani da erTferovani kveba, mJave niadagze 

moyvanili sakvebis gamoyeneba, maRalkoncentrirebuli kvebis tipi advil-

xsnadi naxSirwylebis arasakmarisi SemcvelobiT; erbomJavas da 30%-ze meti 

ZmarmJavas Semcveli silosiT xangrZlivi kveba, uxarisxo senaJiT kveba, ase-

ve gadamJavebuli JenJosa da buyis didi raodenobiT gamoyeneba.. Tanamgzavr 

mizezebs warmoadgens Senaxvis zoohigienuri pirobebis darRveva, mocionisa 

da wylis uqonloba. 

ketoziT daavadebuli furis sisxlsa da SardSi arsebiTad icvleba 

naxSirwylovan-cximovani da energetikuli mimocvlis metabolitebis Semc-

veloba, icvleba rZis Sedgenilobac. 

ketozis aRmoCenisas aucilebelia yvela cxovels Seumcirdes ciliT 

da cximiT mdidari sakvebi da Seicvalos igi naxSirwylovani sakvebiT. 

avadmyofi cxovelis ulufaSi unda CairTos 5-10 kg Warxali, kartofili, 

stafilo; koptoni da Sroti unda Seicvalos SvriiT an qeriT, sasurvelia 

1-2 kg badagi. aucilebelia aqtiuri mocioni da curis ultraiisferi 

dasxiveba.  

vitaminebis naklebobiT gamowveuli daavadebebi. ukmarisobis xarisxis 

mixedviT, am daavadebebs uwodeben hipovitaminozs (nawilobriv ukmarisoba) 

an avitaminozs (organizmSi vitaminebis sruli uqonloba). 

 

 

3. daskvna 

 

hipovitaminozi Zalian nela viTardeba da misi diagnozireba praqti-

kulad SeuZlebelia. erTi an ramdnime vitaminis nawilobrivi nakleboba 

gavlenas axdens cxovelis produqtiulobasa da organizmis rezisten-
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tobaze. hipovitaminozi uaryofiT gavlenas axdens nayofis ganviTarebaze 

make cxovelSi da SeiZleba abortis an susti namatis mizezic gaxdes. 

A-avitaminozi-qseroftamia yvela saxis cxovelSi viTardeba karotinis 

ukmarisi Semcvelobis dros, erTferovani kvebis niadagze. mis ganviTarebas 

xels uwyobs ulufaSi cximis dabali done, xolo mcoxnavebSi-nitratebis 

gadidebuli Semcveloba sakvebSi.  

A vitaminis ukmarisoba uaryofiT gavlenas axdens mimocvlis bevri sxva 

procesis msvlelobazec, ris Sedegadac cxoveli dabeCavebul, Sewuxebul 

saxes iRebs da winaswarganwyobilia sxvadasxva daavadebisadmi.  

A-avitaminozis ganviTarebis niSnebia: „qaTmis sibrmave“ _ saRamo Jams 

mxedvelobis gauareseba, bewvis an bumbulis aburZgna, ganayofierebis una-

ris daqveiTeba, mozardeulSi saxsrebis Sesieba. 

D-avitaminozi (raqiti) yvela saxis cxovelSi viTardeba zamTris peri-

odSi. D vitaminis sakvebis wyaros warmoadgens mzeze gamSrali Tiva. cxo-

velSi misi ZiriTadi maragi iqmneba gazafxul-zafxulis periodSi. 

D-avitaminozis ganviTarebis mizezi aris arasakmarisi insolacia da 

ulufaSi Tivis Seutanloba. raqitis ganviTarebas xels uwyobs ulufaSi 

cximis nakleboba, kalciumis da fosforis ukmarisoba an maT Soris 

Sefardebis darRveva. 

raqitis niSnebi aseTia: muxlisa da saxtomi saxsrebis gamsxvileba, tki-

vilebi moZraobisas, SesaZloa neknebis Sesieba gulmkerdis ZvalTan Seer-

Tebis adgilebSi, Zvlebis darbileba da gamrudeba. raqitiT avaddeba 

mozardeuli zamTarSi da adre gazafxulze dabadebuli, radgan dedis 

organizms ar SeuZlia ganviTarebad nayofSi  D vitaminis maragis Seqmna. 

raqitis Tavidan asacileblad saWiroa cxoveli gvyavdes mocionze da 

mieces am viataminiT mdidari sakvebi an Semcvleli preparatebi.  

E-avitaminozis gamomwvevi mizezebia: darRvevebi cxovelis sazrdoobaSi 

misi intensiuri zrdisas, mcenareebSi nitritebis Semcvelobis gazrda azo-

tovani sasuqebis maRali dozebis gamoyenebis Sedegad. niadagSi selenis 

dabali done. mozardeulSi mJRavndeba kunTebis siTeTris daavadeba, ro-
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melic gulis ukmarisobiT, dambliT da kunTebis distrofiiT xasiaTdeba. 

am vitaminis nakleboba zrdasrul cxovelebSi iwvevs sasqeso funqciebis 

denormalizebas da SeiZleba unayofobis mizezic gaxdes. 

unda gvaxsovdes, rom cxovelbSi avitamonozis ganviTarebas xels uw-

yobs uxarisxo, gansakuTrebiT cxoveluri warmoSobis sakvebis gamoyeneba, 

ulufaSi Saqris Warxlis da Warxlis foCis, agreTve misgan damzadebuli 

silosis didi xvedriTi wili, ganasakuTrebiT saSiSia uxarisxo, damZaRe-

buli kombinirebuli sakvebis miReba da aseve wylis reJimis darRveva. 

mineralur nivTierebaTa mimocvlis darRveviT gamowveuli daa-

vadebebi: cxovelebSi farTod gavrcelebuli daavadebis _ osteodistro-

fiis mizezia ulufaSi kalciumis da fosforis ukmarisoba, maT Soris 

darRveuli balansi. igi mJRavndeba Zvlovani qsovilis distrofiuli 

cvlilebebiT osteomalaciis, osteoporozis an fibrozuli osteodistro-

fiis formiT.  
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uak 591.4 

 

mefrinveleobaSi saremonto mozardis  
zrdis ganviTarebis dinamika  

 

m. cincaZe, n. orjaneli, n. natroSvili, g. cqvitiniZe  

(saqarTvelos teqnikuri universiteti) 

 

reziume: mefrinveleobaSi saremonto mozardis gamozrda, rogorc naCvene-

bia mocemul statiaSi, damokidebulia frinvelTa Senaxvis siste-

maze. yvelaze kargi Sedegi aCvena Sua iarusze myofma mozardma. 

amitom, aRniSnuli kvleva SeiZleba safuZvlad daedos saremonto 

mozardis gamozrdis dros. 

 

sakvanZo sityvebi: saremonto mozardi; iarusi; sadede gundi; kvercxis inku-

bacia; samamle forma. 

 

1. Sesavali 

 

mefrinveleoba, rogorc mecxoveleobis erT-erTi umniSvnelovanesi 

dargi, viTardeba koncentraciis, specializaciis da intensifikaciis gziT, 

rac uzrunveyofs Tanamedrove teqnologiiT dargis swor marTvas, sawar-

moo procesebis meqanizaciis da avtomatizaciis maRal dones, frinvelis 

produqtiulobis mkveTr zrdas da amasTan dakavSirebiT, maRal ekonomikur 

efeqturobas. 

 

2. ZiriTadi nawili 

 

gamoSvebuli produqciis saxeobis mixedviT specializebul mefrinve-

leobis sawarmoebi gansxvavdebian warmoebis teqnologiuri cikliT. igi 

SeiZleba iyos: sruli daxuruli cikli da arasruli daumTavrebeli cik-

liT, warmoebis calkeuli procesebis viwro specializaciiT. 
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msxvil mefrinveleobis fabrikebSi kvercxis warmoebis teqnologia 

mimdinareobs daxuruli cikliT, rac gulisxmobs, rom kvercxis warmoebis 

yvela teqnologiuri rgoli, rogoricaa: sadede gundi, kvercxis inkubacia, 

saremonto mozardis gamozrda, samrewvelo gundis saamqroebi, kvercxis 

daxarisxeba da SefuTva, frinvelis dakvla da gadamuSaveba, warmoebis nar-

Cenebis gadamuSaveba. vet-sanitaruli obieqti ganlagebulia fabrikis teri-

toriaze da yvela saamqro erTmaneTTan dakavSirebulia zusti teqnolo-

giuri grafikiT. 

samrewvelo mozardi iseTi mozardia, romliTac xdeba sadede da 

samrewvelo frinvelis Secvla. mekvercxul fabrikebSi saremonto mozardi 

oria, erTi sadede gundis, meore samrewvelo gundis Sesacvlelad. 

sadede gundis Sesacvlelad saremonto mozardi aris rogorc sadede, 

aseve samamle formis. yoveli erTi dedlis Sesacvlelad sadede gundi-

saTvis iyeneben 1,5 sqesze darCeul wiwilas, xolo sqesze gaurCevels _ 3 

wiwilas, aseve yoveli mamlis Sesacvlelad iyeneben 4 sqesze garCeul 

wiwilas.  

mkvlevarTa monacemebiT, axalgamoCekil mozards ganviTarebis pirvel 

periodSi meti siTbo esaWiroeba vidre Semdgom periodSi. axalgamoCekil 

mozards Termoregulaciis meqanizmi sustad aqvs ganviTarebuli; amitom, 

sxeulis normaluri temperaturis SesanarCuneblad met siTbos moiTxovs. 

didi yuradReba eqceva aseve tenianobisa da ganaTebis xangrZlivobis norma-

tivebis dacvas, rac xels Seuwyobs produqtiulobis gadidebas, gadamdebi 

daavadebebis aRkveTas da dawyurvebis reJims. 

mocemuli cxrilidan Cans, rom mecnierulad saremonto mozards pir-

vel periodSi esaWiroeba maRali temperatura da tenianoba, aseve sinaTlis 

xangrZlivoba, xolo asakis matebasTan erTad klebulobs, rogorc tempe-

ratura, tenianoba da sinaTlis xangrZlivoba. garda amisa, mniSvnelovania 

wylis miwodebis regulacia. 
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saremonto mozardsaTvis temperaturis, mikroklimatis  da 

sinaTlis reJimi 

 

ფრინველის ასაკი 
დღეებში 

ტემპერატურა 
ჰაერის ტენიანობა 

% 

სინათლის 
ხანგრძლივობა 

საათებში 
გალიაში დარბაზში 

ერთდღიანი 33-32 31-30 70 22 

1-5 30-29 38-27 70 22 

6-10 28-26 26-24 65 21 

11-20 26-24 24-22 60 19 

31-40 22-20 20-18 55 15 

41-60 20-18 18-16 55 14 

60 დღის ზევით 20-18 18-16 55 14 

  

mecnierulad rekomendebulia erTdRiani saremonto mamlebis calke 

gamozrda, radgan maTi Semdgomi sqesobrivi aqtiuroba da gamoyenebis vadac 

ufro xangrZlivia. 

rodesac saremonto mozardis mamlebi galiur sistemaSia, maT aTav-

seben 4-6 kvirisas 10-12 frTis odenobiT, xolo 6-13 kviramde 7-8 frTis 

odenobiT.  

mamlebis meore gadarCevas axdenen 20-24 kviris asakSi, eqsterieris da 

spermis xarisxis mixedviT. sadede gundisaTvis toveben 1800-2000 grami 

cocxali masis mamlebs, romelTac aqvT kargad ganviTarebuli bibolo, 

Rrma mkerdi, farTod gadgmuli da magari fexebi; eqsterieris Sefasebis 

Semdeg, afaseben spermis xarisxs. sperma unda miviRoT masaJis meTodiT. 

dawunebuli mamlebi gadadis sasuq ganyofilebaSi. 

 

 

3. daskvna 

 

mecnieruli kvlevis safuZvelze, romlis dakvirveba xorcieldeboda 

samsarTuliani iarusebis SemTxvevaSi mozardis gamozrdisas, galiuri Se-

naxvis sistemis dros iarusebze mozardis zrda-ganviTareba araerTnairad 

mimdinareobda, kerZod samive iarusze ganawilebuli iyo erTi asakis da Ta-
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nabari masis erTdRiani mozardi; maTi masis zrdis dinamika da cxovelm-

yofeloba Seswavlil iqna dekadurad (10, 20, 30 da bolos 60 dRis asakSi). 

wiwilebis dekaduri awonvisas yvelaze kargi Sedegi aCvena Sua iarusis 

suladobam. ase magaliTad, 20 dRis asaki wiwilis masam Seadgina 99,28 g, 

xolo 30 dRis asakSi dedlebma 155,2 g, xolo mamlebma 170,9 g, Sesabamisad 

60 dRis asakSi _ dedlebma 477,1 g da mamlebma 659,3 g. mesame iarusze 

moTavsebulebma ki 20 dRis asakSi 98, 9 g, 30 dRis asakSi dedlebma 154,1 g 

da mamlebma 157,9 g; Sesabamisad, 60 dRis asakSi _ 433,2 da 639,1 g. 

amrigad, Sua iarusze moTavsebulma mozardma cocxali masiT gadaaWarba 

mesame iarusze moTavsebul mozards, 30 dRis asakSi dedlebma 0,75-iT, mam-

lebma 1,7%-iT, xolo 60 dRis asakSi _ dedlebma 0,9%-iT da mamlebma 3,0%-iT. 

pirvel iarusze moTavsebul mozards, meore iarusis mozardma kvlav 

gadaaWarba 1,2 %-iT dedlebs, da mamlebs 4,2%-iT.  

mecnieruli monacemebiT aseve dadginda, rom Sua iarusze moTavsebuli 

wiwilebi gamoirCeodnen sicocxlis unarianobiTac. amrigad, sxvaoba Camoya-

libda gamozrdis procesSi Seqmnili optimaluri reJimiT.  

cxovelmyofelobad miCneulia saremonto mozardis SenarCuneba. sauke-

Teso SenarCunebis procenti iqna miRebuli meore iarusze (95,5%), xolo 

danarCen pirvel-mesame iarusze Sesabamisad (90,5%; 94,0%). aseve pirvel xuT 

dRes mozardis danakargi pirvel-mesame iarusze meti iyo, vidre meoreze. 

meore iarusze mozardis SenarCuneba 30 dRemde 5%-iT meti iyo pirvel 

irusTan SedarebiT da 1,5%-iT meti _ mesame iarusTan SedarebiT.  

kvlevis safuZvelze dadginda, rom meore iarusze temperaturis da 

sinaTlis zemoqmedeba dadebiTad aisaxeba Canasaxis zrda-ganviTarebaze. es 

ki sawindaria maRali produqtiulobis.  
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arqiteqtura 

 
uak 72 

 

gareTubnis arqiteqturuli Taviseburebani  

 

T. quTaTelaZe, g. bagration-daviTaSvili  

(saqarTvelos teqnikuri universiteti) 

 

reziume: Zveli Tbilisi Tavisi viwro quCebiT samiarusiani bazris moedne-

biT, saxelosnoebiTa da savaWro rigebiT XIX-is SuaSi ukve ar pa-

suxobda qalaqis moTxovnebs, romelic TandaTan gadaiqca admini-

straciul-ekonomikur da kulturul centrad kavkasiaSi. qalaqis 

kedlis gareT daiwyes Senobebis ageba, am raions gareTubans 

uwodebdnen. gareTubani pirobiTad dayofili iyo ramdenime ubnad: 

sololaki, mTawminda, vere, muxranbatonis ubani. im dros Seqmni-

li sacxovrebeli saxlebis da sazogado Senobebis umetesoba 

dRes qveynis kulturul memkvidreobas Seadgens. 

 

sakvanZo sityvebi: gareTubani; sololaki; mTawminda; saxelosnoebi; moedne-

bi; Senobebi. 

 

1. Sesavali 

 

„gareTubans“ eZaxdnen im adgils, romelic qalaqis cixis kedlis ga-

reTaa,  pirvelad am termins XVI s-is Suawlebidan moixsenieben. 

1735 w. vaxuSti bagrationis mier Sedgenil qalaqis rukaze es raioni 

aRniSnulia rogorc „qalaqi“ an „diRmis gza“,  mogvianebiT „gza ruseTSi“. 

es gza amJamindeli rusTavelis gamziris gaswvriv midioda, sadac vardebis 

revoluciis moedania. am rukaze sami eklesiaa: somxuri, kalaTubnis da qa-

SueTis. am dros gareTubanSi saxlobdnen xelosnebi, mWedlebi, qvis osta-

tebi, meTuneebi da sxv. greTubani pirobiTad dayofili iyo ramdenime ubnad: 

sololaki, mTawminda, muxranbatonis ubani. 
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2. ZiriTadi nawili 

 

XVIII saukunidan qalaqis kedlis gareT daiwyes Senobebis ageba am 

raions gareTubans uwodebdnen. gareTubani pirobiTad dayofili iyo ramde-

nime ubnad: sololaki, mTawminda, muxranbatonis ubani. iyo ufro mcire 

kvartlebi, romlebic am mikroraionSi Sedioda: boSisubani (aq boSebi Cer-

debodnen), vankis ubani. sadac XV-XVI saukuneebSi aSenebuli iyo somxuri 

samgumbaTovani eklesia-vanki. taZris kompleqsSi Sedioda rezidencia, sac-

xovrebeli nawili, a.gusakovis sarkofagi, samiarusiani samreklos galavani. 

taZridan midioda ramdenime quCa, romelic atarebda taZris saxelwodebas, 

mcire da didi vankis quCa, vankis Sesaxvevi da vankis Cixi. 

XIX s-dan gareTubani aqtiurad Sendeboda. mas uwodes axali qalaqi. is 

gansxvavdeboda Zvelisagan, romelic qalaqis kedlis SigniT iyo. Zveli 

Tbilisi Tavisi viwro quCebiT, samiarusiani bazris moednebiT, xelosnebisa 

da savaWro rigebiT XIX s-is SuaSi ukve ar pasuxobda qalaqis moTxovnebs, 

romelic TandaTan gadaiqca administraciul-ekonomikur da kulturul 

centrad samxreT kavkasiaSi. 

qalaqis kedlis gareT daiwyes axali Tanamedrove Senobebis ageba. 

proeqtebs amtkicebda uSualod namestniki da mogvianebiT qalaqis mmarT-

veloba. axali qalaqis gegmas, rusi samxedro topografebi adgendnen da 

romelmac gansazRvra am raionis amJamindeli saxe. axlos im adgilTan, sa-

dac axla SoTa rusTavelis moedania, iyo moskovis karibWe _ gareTubnis 

policiis ubani da Slagbaumi. karibWe iyo moTavsebuli xis xidze, xevze, 

aqedan kidev erTi Zveli dasaxlebaa „moskovis balka“. 

XIX s-is 70-ian wlebSi xevi amoavses da iqve axlos warmoiSva samxedro 

dasaxleba zeda vere, sadac mivyavarT Zmeb kakabaZeebis quCas. 

XIX s-is dasasruli da XX s-is dasawyisi - es erTgvari renesansia qa-

laqis istoriaSi. swored am dros daiwyo Tbilisma swrafad zrda. gaCnda 

praqtikuli raionebi, sadac saxldebodnen cnobili adamianebi, burJuazia 

da inteligencia - esenia: sololaki, mTawminda, vere. nakleb SeZlebuli 

qalaqelebi cxovrobdnen kalasa da avlabarSi. es iyo xelosnebisa da va-

Wrebis raioni. kala da metexi, qalaqis yvelaze Zveli raionebi ZvelTaga-



hidroinJineria, #1-2(17-18), 2014 _ Hydroengineering, #1-2(17-18), 2014  _ Гидроинженерия,  #1-2(17-18), 2014 

 

114 

 

nave moTavsebuli iyo nariyalas cixis SigniT. isini warmoadgendnen qalaqs. 

mtkvris meore napirze _ kukiasa da CuRureTSi saxldebodnen ZiriTadad 

Cinovnikebi da  Camosaxlebuli germanelebi. 

Tbilisis centraluri raioni gareTubnis erT-erTi mikroraionia. 

mTawminda gadaWimulia sololakidan veremde, mTawmindis ferdobze rusTa-

velis gamziris zeviT. am raionis ganaSenianeba daiwyo 1810-1820ww. da erT-

erTi pirveli aq aSenebuli iyo kavkasiis armiis Stabi, gauptvaxta, arsena-

li da kavkasiaSi samoqalaqo da samxedro mTavarmmarTeblis saxli. 

amis Semdeg gareTubanSi, kerZod, mTawmindaze, daiwyes dasaxleba aris-

tokratiis warmomadgenlebma, samxedroebma da samoqalaqo Cinovnikebma, va-

Wrebma da mewarmeebma. aqve daiwyo sastumroebis da Teatrebis, maRaziebis 

da bankebis, sazogado da administraciuli Senobebis ageba, ramac gan-

sazRvra raionis prestiJuloba. 

sololakis ganaSenianebas Tavdapirvelad qaosuri xasiaTi hqonda, ma-

gram male kavkasiaSi mefisnacvalis surviliT qalaqis am da sxva raionebis 

Seneba daiwyo mkacri gegmiT, romelsac igi piradad amtkicebda qalaqis 

dumis winadadebiT. quCebi dagegmarebuli iyo polkovnik banovis da miwism-

zom tovarnickis mier da Seesabameboda ara marto samoqalaqo, samxedro 

saWiroebasac, miwis gayidva da saxlis mSenebloba nebadarTuli iyo Seno-

bis proeqtis damtkicebis Semdeg _ kavkasiaSi mefisnacvlis an Semdgom qa-

laqis mmarTvelobis mier. 

ZiriTadi gza, romlisganac zustad dagegmili sistemiT iSleboda qu-

Cebi zemoT, mTawmindis ferdobze, iyo golovinis prospeqti (rusTavelis 

prospeqti). 1848 wels prospeqtis orive mxares mowyobili iyo trotuarebi 

da darguli iqna xeebi. 1862 wlidan wyali saxlebs miewodeboda wyalgayva-

nilobiT. mas awvdidnen mtkvridan (orTqlis manqaniT), 1880 wels erevnis 

moednidan (Tavisuflebis moedani) moskovis zastavamde (vardebis revolu-

ciis moedani) gayvanili iyo cxenis rkinigza _ konka. 1897 w. jer admini-

straciul, Semdeg ki kerZo saxlebSic Cndeba eleqtrooba. 

sololaki arabulad niSnavs arxs, akvaduks, moTavsebuli iyo qalaqis 

kedlis gareT. iq Camodioda mdinare avanaanTxevi da yvaoda qarTvel mefeTa 

da aristokratTa baRebi. 
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sololakis ganaSenianebas arTulebda gruntis wylebi da mdinare ava-

naanTxevi. es problema gadaiWra 1830 wels, roca xevi da masSi mdinare ga-

daixura kramitis aguris koleqtoriT. sololaki Sendeboda rogorc sac-

xovrebeli raioni, amitom, aq TiTqmis ar aris msxvili sazogado Senobebi. 

gamonaklisia mxolod sololakis quCa (amJamad giorgi leoniZis quCa).   

TbilisSi ZiriTadad adgilobrivi arqiteqtorebi aSenebdnen. maT So-

ris iyvnen: m. neprincevi, m. ogajanovi, x. ter-sarqis-satuneli, e. beli, a. 

SimkeviCi, s. kldiaSvili, k. tatiSCevi da mravali sxva. maT mier Seqmnili 

sacxovrebeli saxlebi da sazogado Senobebi Semoinaxa da dRes qveynis 

kulturul memkvidreobas Seadgens. yovel saxls aqvs Tavisi istoria. 

axali dro karnaxobda axal mimarTulebebs arqiteqturaSi da saxle-

bis Sida dekorSi. warmoiSva saxelosnoebi, romelSic mxatvrebi amzadebd-

nen specialur trafaretebs kedlebisa da Weris mosaxatavad. magram zog-

jer SemkveTs undoda raRac originaluri. ase gaCnda naxatebi bibliuri, 

istoriuli, literaturuli siuJetebiT, mTliani Janruli suraTebiT. 

anjelo andreoletis firma dakavebuli iyo qvis da marmarilos iata-

kebis dawyobiT, skulpturul-marmarilos samuSaoebs asrulebda firma ber-

narda jide da antonio rici. yvela maTgani muSaobda maSin popularul 

stilsa da teqnikaSi, rogoricaa trompo-l’oeil, ordo, rusticus, stucco, 

caisson, fachwerk, aseve baroko, rokoko, klasicizmi da moderni. 

XIX s-is SuaSi tiflisSi gaCnda pirveli samWedlo-saxelosnoebi, 

romlebic mxatvruli WedviT iyvnen dakavebuli. cnobili saxelebi mWedle-

bisa, romelTa mier TbilisSi bevri lamazi aJuruli, Weduri aivnebi, Wi-

Skrebi, kibis moajirebi, sadarbazos karebia _ kereri, roxovi, barti, bedu-

ri, qimeriZe, elisabedaSvili da sxva. miuxedavad siZvirisa, qalaqelebi 

cdilobdnen TavianTi saxlebi gaeformebiaT ara mxolod fasaduri skulp-

turebiT da sadarbazoebiT, ferweriT, aramed mxatvruli WedurobiT. ami-

saTvis xelosnebi iwerdnen katalogebs ruseTidan da evropidan. modernis 

epoqaSi bevri ukveTavda katalogSi SerCeul avejs, katalogebi gamocemuli 

iyo parizis metros sadguris pirveli dekoratoris, modernis fuZemdeblis 

frangi mxatvrisa da arqiteqtoris ektor gimaris mier. 
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imJamindel damkveTsa da arqiteqtors ar ufiqria, rom 100 wlis Semdeg 

misi moduri gataceba kulturul memkvidreobad Sefasdeboda maT mxolod 

lamazi, originaluri saxli WirdebodaT, vinaidan im xanis tiflisis rCeu-

li sazogadoebis gaoceba arc Tu ise ioli iyo. qalaqSi, SeiZleba iTqvas, 

yovel dRe axlaTaxali, erTmaneTisagan gansxvavebuli, mdidrulad gaforme-

buli, araCveulebrivi saxlebi Sendeboda. marmarilos kibeebi da moajirebi, 

sparsuli xaliCebi, stukis stalaktitebiT Seisruli TaRebi, poliqromiuli 

ornamentebiT morTuli, aRmosavluri stilis xaliCiseburi vestibulis 

plafoni, kibis ujredi da kedlis moxatuloba mnaxvelis aRtacebas iwvevda. 

 

3. daskvna 

 

XVIII saukunidan qalaqis kedlis gareT daiwyes axali Senobebis ageba 

am raions gareTubans uwodebdnen. gareTubani pirobiTad dayofili iyo 

ramdenime ubnad: sololaki, mTawminda, muxranbatonis ubani. iyo ufro 

mcire kvartlebi, romlebic am mikroraionSi Sedioda. boSisubani (aq boSe-

bi Cerdebodnen), vankis ubani. XIX s-dan gareTubani aqtiurad Sendeboda. mas 

uwodes axali qalaqi. is gansxvavdeboda Zvelisagan, romelic qalaqis ked-

lis SigniT iyo, axali Tanamedrove SenobebiT. axali qalaqi Sendeboda 

mkacri gegmiT. XIX s-is 70-ian wlebSi warmoiSva axali samxedro dasaxleba 

zeda vere. axali dro karnaxobda axal mimarTulebebs arqiteqturaSi da 

saxlebis Sida dekorSi.  im dros Seqmnili sacxovrebeli saxlebis da sa-

zogado Senobebis umetesoba dRes qveynis kulturul memkvidreobas Sead-

gens. yovel saxls Tavisi istoria aqvs. 
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genrix ratiani 

 
gardaicvala cnobili mecnieri da specialis-

tebis mravali Taobis aRmzrdeli, Tboairmoma-

ragebis da ventilaciis kaTedris profesori, saqar-

Tvelos erovnuli energetikuli akademiis wevri, 

umaRlesi skolis damsaxurebuli muSaki genrix 

ratiani. 

daibada 1923 wlis 23 maiss. saSualo skolis 

damTavrebisTanave amierkavkasiis gzaTa mimosvlis 

institutis studentia. didma samamulo omma droebiT CamoaSora studentur 

merxs da Caayena samSoblos damcvelTa rigebSi. 

1950-iani wlebidan, institutis damTavrebis Semdeg, igi xdeba Cveni 

energetikis axali mimarTulebis „energoefeqturobis“ iniciatori. 1957_1958 

wlebSi saqarTvelos mecnierebaTa akademiis energetikis institutSi g. ra-

tianis xelmZRvanelobiT Seiqmna saqarTveloSi pirveli Tburi tumbos da-

nadgari, Tburi tumbosa da mzis koleqtoris kombinirebuli mowyobiloba. 

1958_1959 wlebSi g. ratianma saerTaSoriso praqtikaSi erT-erTi pirveli 

eqsperimentuli samuSao Caatara Tbogadacemis intensifikaciisaTvis xelov-

nuri xaoianobis gamoyenebis sferoSi.  

60-iani wlebis dasawyisSi energetikis institutSi g. ratianma da misma 

mowafeebma safuZveli Cauyares fazur gardaqmnebTan dakavSirebuli 

Tbogadacemis procesebis kvlevas, romelmac SemdgomSi saerTaSoriso 

aRiareba moipova. xsenebuli mimarTulebis ganviTarebasTan erTad, g. 

ratiani aris saqarTveloSi haeris kondicirebis sistemebis daproeqtebis 

damfuZnebeli da am sferos mravali masStaburi proeqtis avtori da 

konsultanti. 60-iani wlebidan dawyebuli, g. ratiani wamyvan rols 

asrulebs saqarTvelos teqnikuri universitetis Tboairmomaragebisa da 

ventilaciis kaTedris samecniero-pedagogiuri kadrebisa da am profilis 
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inJinerTa Taobebis aRzrdaSi, kaTedris saswavlo bazis ganviTarebaSi. 

maswavleblis saqmes agrZeleben mis mier aTwleulebis manZilze Camoyali-

bebuli energoefeqturobis qarTuli skolis warmomadgenlebi, romlebic 

arcTu iSviaTad energoefeqturobis saerTaSoriso eqspertebis rolSic 

gvevlinebian. 

profesori g. ratiani arasodes auRelvebia misi Rvawlisa da Sedegebis 

formaluri aRiarebis problemas. mis mTavar miznad yovelTvis faqtiuri 

Sedegis miRweva rCeboda, xolo, moraluri TvalsazrisiT, misTvis is 

absoluturi ndoba, mowiweba da mis obieqturobaSi uryevi rwmenac iyo 

sakmarisi, rac masTan urTierTobaSi myof adamianebs yovelTvis bunebrivad 

uyalibdebodaT. 

Rvawlmosil mecniersa da maswavlebelze mogoneba marad darCeba 

madlieri mowafeebisa da kolegebis xsovnaSi. 

 

 

saqarTvelos teqnikuri universiteti, 

samSeneblo fakulteti, 

wyalmomaragebis, wyalarinebis,  

Tboairmomaragebisa da ventilaciis departamenti 

 



119 

 

referatebi 

 
uak 628.2 

mewyerebis, selebis da sxvadasxva saxis Camoqceul-dacurebuli qane-

bis wyalsatevebSi SeWris dinamikis gantoleba da misi amonaxsnebi.  

l. RoReliani, e. xatiaSvili, z. askurava // hidroinJineria, #1-2(17-18), 2014, 

gv. 9-15. 

ganxilulia mewyerebis, selebis, zvavebisa da sxvadsxva bunebrivi Tu 

xelovnuri movlenebiT gamowveuli Camoqceul-dacurebuli qanebis masebis 

wyalsatevebSi SeWris procesebi. Sedgenilia dinamikis gantoleba, romelic 

aRwers iseTi masivis moZraobas, romlis nawilic moZraobis dawyebamade 

nawilobriv wyalqveSaa. amitom, kulonis “mSrali” xaxunis ZalebTan erTad 

ganixileba rogorc Subla hidrodinamikuri, ise wylis mierTebuli masebis, 

talRuri winaRobebisა da, agreTve seismuri Zalebis zemoqmedebaც. 
miRebulia saangariSo damokidebulebebi, romelTa saSualebiTac SesaZ-

lebelia Sesruldes Camoqceul-dacurebuli masebis moZraobis parametre-

bis gansazRvra Semdegi SemTxvevebisaTvis:  

 seismuri Zalebis gaTvaliswinebiT da maT gareSe;  

 masivi SeWrisas ganlagebulia mTlianad xmeleTze;  

 masivi SeWrisas nawilobriv an mTlianad wyalqveSaa. 

miRebuli damokidebulebebiT Sesrulda e.w. “saangariSo modelireba” 

vaiontis wyalsacavze momxdari katastrofisaTvis. Sedegebma cxadyo meTo-

dikis saimedooba. 

 
uak 628.356 

mZafri nakadis aeraciis kriteriumi swrafdenebze. l. RoReliani // 

hidroinJineria, #1-2(17-18), 2014, gv. 16-19. 

mocemulia Teimuraz voiniC-sianoJenskis swrafdenebze mZafri nakadis 

aeraciis cnobili kriteriumis dazustebis mcdeloba im SemTxvevisTvis, 

rodesac qveda nakadi moZraobs ufro meti siCqariT vidre zeda, xolo 

haeris fena uZravia. 

 

 

 

 

 



120 
 

uak 626.823.93 

kalapotis gamtarunarianobis integraluri maxasiaTeblebis dadge-

na. l. klimiaSvili, d. gubelaZe, d. gurgeniZe, i. inaSvili // hidroinJineria, 

#1-2(17-18), 2014, gv. 20-27. 

kalapoturi nakadis saangariSod miRebuli damokidebulebebis ganzo-

gadoebis safuZvelze gansazRvrulia siTxis moZraobis hidravlikuri para-

metrebi. reinoldsis kriteriumis analogiurad dadgenilia Tanafardoba 

nakadis turbulentur energiasa da filtraciuli dinebis disipaciur ener-

gias Soris. miRebulia damokidebuleba nakadis hidravlikuri winaaRmde-

gobis koeficientis gansazRvrisaTvis. gamovlenilia urTierTkavSiri kala-

potur da inducirebul maxasiaTeblebs Soris. 
 

uak 628.113 

reliefis gamoyenebis meTodologia wylis transportirebis efeq-

tis gazrdis mizniT. l. klimiaSvili,  g. soselia,  T. kapanaZe,  n. soselia 

// hidroinJineria, #1-2(17-18), 2014, gv. 28-34. 

mtknari wyaroebi Cveni qveynis mTian reliefze sakmaod didi raodeno-

biTaa warmodgenili, sxvadasxva niSnulebze ganTavsebuli. wyaroebis Sekre-

bisa da organizebulad gayvanis mizniT, gamoyenebulia wyalWavliani tum-

boebis bazaze damuSavebuli elementi, eJeqcirebis principze ori fazis 

muSa siTxisa da Tanmdevi, damyoli an watacebuli siTxis Tanxvedris da 

Semdgom orive siTxis gadaadgilebiT dawnevis SenarCunebis xarjze. muSa 

siTxis wneva yovelTvis metia meore fazis siTxis wnevaze, igi ar aris 

reglamentirebuli, SeiZleba iyos Pთ=1 ÷5 kg.Z/sm2 da yovelTvis dadebiTi. 

 

uak 628.1 

sasmeli wyliT uzrunvelyofis problemebi saqarTveloSi. n. nacv-

liSvili, m. nacvliSvili, n. lafaCi, n. soselia // hidroinJineria, #1-2(17-18), 

2014, gv. 35-41. 

ganxilulia dasaxlebuli adgilebis sasmeli wyliT momaragebisas 

warmoSobili problemebi da sistemebis funqcionirebis parametrebis cva-

lebadoba, romlebic damokidebuli arian sxvadasxva sididisa da xarisxis 

faqtorebze. saqarTvelos dasaxlebuli adgilebis monacemebis Seswavlisa 

da gaanalizebis safuZvelze dadgenilia parametrebi (wylis moxmarebis 

normebi, danakargebi qselSi, dawnevebi, saSualo dReRamuri xarji, re-

zervuarebis tevadoba da sxv.) da Sedarebulia isini sazRvargareTis didi 

qalaqebis wyalmomaragebis Sesabamis sidideebTan. SemoTavazebulia rekomen-

daciebi monacemTa eqsperimentuli gziT miRebis Sesaxeb da faqtobrivi 

parametrebis gaumjobesebisaTvis. 
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uak 551.578 

bmuli Rvarcofis araTanabari moZraobis maTematikuri modeli.  

i. yruaSvili, e. kuxalaSvili, i. inaSvili, k. bziava, i. klimiaSvili // hid-

roinJineria, #1-2(17-18), 2014, gv. 42-45. 

RvarcofTa moZraobis pirobebis aRwera da Sesabamisi gantolebis 

gamoyvana mravali faqtoris funqcias warmoadgens. Catarebuli kvlevebis 

safuZvelze da bmuli Rvarcofis reologiuri bunebidan gamomdinare miRe-

bulia damyarebuli moZraobis diferencialuri gantoleba.Sesabamisi daSve-

bis safuZvelze, miRebuli gantolebidan gamoyvanilia bmuli Rvarcofis 

araTanabari moZraobis siCqaris saangariSo damokidebuleba, romlis sidide 

wylis nakadis siCqareze naklebia da reologiuri parametrebis gavleniT 

aris gamowveuli. 

 

uak 551.578 

arastacionarulobis safuZvelze Rvarcofsacavis maxasiaTeblebis 

cvlilebis kanonzomierebis gansazRvra. i. yruaSvili, e. kuxalaSvili,  

i. inaSvili, i. klimiaSvili // hidroinJineria, #1-2(17-18), 2014, gv. 46-53. 

ganxilulia Rvarcofsacavis maxasiaTeblebis cvlilebis kanonzomiere-

ba da arastacionarulobis safuZvelze miRebulia RvarcofsacavSi dagro-

vili Rvarcofuli masis simaRlis, Rvarcofis xarjisa da misi gadaad-

gilebis siCqaris saangariSo damokidebulebebi. miRebuli damokidebulebe-

bis safuZvelze, SesaZlebelia ganisazRvros maxasiaTeblebis cvlilebis 

kanonzomiereba Rvarcofis talRis gavrcelebis zonaSi da SeirCes Sesa-

bamisi RvarcofsawinaaRmdego nageboba. 

 
uak 628.2 

saqarTvelos wylis resursebis optimaluri gamoyenebis da garemos 

efeqturi dacvis RonisZiebebi. d. gubelaZe, i. yruaSvili, m. nacvliSvili, 

i. inaSvili, a. daviTaSvili // hidroinJineria, #1-2(17-18), 2014, gv. 54-62. 

saqarTvelo Zalze mdidaria wylis resursebiT. Tumca, zedapiruli 

wylebis didi nawili da rig SemTxvevaSi, miwisqveSa wylebic dabinZu-

rebulia. zedapiruli da miwisqveSa wylebis xarisxis/sisufTavis kontroli 

fragmentul xasiaTs atarebs, rac maTi met–naklebad sando Sefasebis 

saSualebas ar iZleva. Tumca, iribi monacemebi (mdinareebSi da sxva 

wyalsatevebSi CaSvebuli dambinZurebel nivTierebaTa odenoba da wylis-

mieri daavadebebis dinamika) saSualebas iZleva davaskvnaT, rom wylis 

xarisxi rogorc sasmeli wylis sistemebSi, aseve bunebaSi xSirad ara-

damakmayofilebelia. amasTan, aRsaniSnavia, rom niadagis dacvis problema 

did mniSvnelobas iZens mciremiwiani qveynisaTvis, sadac eroziuli 
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procesebis, niadagis gaWuWyianebisa da danagvianebis, meoreuli daWaobebisa 

da damlaSebis, sasargeblo wiaRiseulisa da saSeni masalebis Ria wesiT 

mopovebis, adamianis araswori sameurneo moqmedebis Sedegad didia niadagis 

danakargebi. 

 

uak 551.578 

Rvarcoful kerebSi dagrovili masis wonasworobis rRvevis gansaz-

Rvra xarisxobrivi funqciebis gamoyenebiT. i. yruaSvili, e. kuxalaSvili, 

i. inaSvili, i. klimiaSvili // hidroinJineria, #1-2(17-18), 2014, gv. 63-71. 
Rvarcofsacavebis parametrebis cvlilebis kanonzomierebis dadgena da 

gaangariSebis meTodebis srulyofa iseT operatiul saSualebebs moiTxovs, 

romlis gamoyenebiT srulyofilad aRwerili iqneba masSi ganTavsebuli 

Rvarcofuli masis mdgradobis რRvevisa da daZvris procesis meqanizmi. 

xarisxobrivi funqciebis gamoyenebiT miRebulia RvarcofsacavSi dagrovi-

li Rvarcofuli masis simaRlis, Rvarcofis xarjisa da misi gadaadgi-

lebis siCqaris saangariSi damokidebulebebi. kvlevis Sedegebma daadastu-

ra, rom Teoriulad da eqsperimentuli masalis safuZvelze miRebul K-s 
mniSvnelobebs Soris gansxvaveba ar aRemateba 10%-s. 

 

uak 628.2 

wylis resursebis dacvis gadawyvetilebis miRebis riskis albaTuri 

modeli. z. megreliSvili, l. TurmaniZe, z. kalandariSvili, n. dondolaZe 

// hidroinJineria, #1-2(17-18), 2014, gv. 72-80. 

ganxilulia garemosadmi miyenebuli zaralis gaangariSeba, damyarebuli 

gamoyenebuli bunebrivi resursebis raodenobis Rirebulebaze. naCvenebia, 

rom zaralis sxvaoba, warmodgenili meTodiT da saqarTvelos kanonmdeb-

lobis mixedviT gansxvavdebian 1,4....250-jer. moyvanilia wylis resursebis 

dacvis gadawyvetilebis miRebis riskis albaTuri modeli. mocemulia 

gaangariSebis Sedegebis cxrilebi. 
 

uak 628.2 

miwisqveSa wylebidan Warbi rkinisa da marganecis mocilebis eqspe-

rimentuli kvlevis Sedegebi. g. soselia, n. soselia, T. kapanaZe, s. ja-

fariZe // hidroinJineria, #1-2(17-18), 2014, gv. 81-89. 

ganxilulia sof. anaklia-ganmuxuris sasmel-sameurneo miznebisaTvis 

gamosayenebeli miwisqveSa wylebidan rkinis Fe2+ da manganumis Mn2+ erT-

drouli mocilebis an maTi raodenobis Semcirebis meTodi.  
2012-13 wlebSi Catarda samrewvelo eqsperimenti, roca aigo da dRemde 

muSaobs nagebobaTa kompleqsi, romelic Sedgeba qimiuri laboratoriisgan, 
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saidanac specialuri dozatorebiT miwisqveSa wylebis damwnex mils ewo-

deba koagulanti Al2(SO4)3 _ 160 mg/litramde _ Cl _ 1.5 mg/litridan 5 mg/l. 

Semdeg wyali miewodeba aerators, aqedan saleqar avzebs. saSualedo avzSi 

PH-is 9-10.5 odenobiT gazrdis Sedegad xdeba manganumis tute areSi gaday-

vana da wyalSi gaxsnili Jangbadi Jangavs Mn2+-is naerTs, romelic ileqeba 

filtrebSi da piroluzitis daxmarebiT rkinasTan erTad 100%-iT scildeba 

wyals. aRniSnuli meTodi gacilebiT iafia im xerxebTan SedarebiT, sadac 

kaliumis permanganats iyeneben. 
 

uak 591.4 

molibden-Seelituri  narCenebis gamoyeneba samSeneblo masalebSi. 

i. alborovi, v. zaaliSvili, s. bekuzarova, g. xubaeva // hidroinJineria, #1-

2(17-18), 2014, gv. 90-93. 

ganxilulia OAO `pobeditis~ mier molibden-Seelituri narCenebis 

gamoyeneba samSeneblo masalebSi, rac mizanSewonilia rogorc garemos 

dacvis TvalsazrisiT, ise ekonomikurad. 

 

uak 591.4 

mozardi pirutyvis saxorced gamozrdis teqnologia da xorcis 

xarisxis gaumjobesebis gzebi. m. cincaZe, n. orjaneli, n. natroSvili // 

hidroinJineria, #1-2(17-18), 2014, gv. 94-97. 

meZroxeobaSi didi mniSvneloba eniWeba xorcis da rZis warmoebas, rom-

lisganac amzadeben iseT produqtebs, rogoricaa yveli, rZemJava produq-

tebi, karaqi. detalurad aris ganxiluli Zroxis mozardeulis gamozrdis 

Taviseburebani da misaRebi produqciis maRalxarisxovneba, rac esoden au-

cilebelia momxmareblisaTvis jansaR sakvebad. mocemulia rigi faqtorebi 

da winadadebebi, rac SemdgomSi uzrunvelyofs maRalxarisxiani produq-

ciis miRebas. 
 

uak 591.4 

mebocvreobaSi gamoyenebuli sakvebi saSualebebi. n. orjaneli,  

m. cincaZe, n. natroSvili // hidroinJineria, #1-2(17-18), 2014, gv. 98-102. 

ganxilulia dRevandeli moTxovnilebebi. masSi naTlad aris war-
modgenili yvela is sarezervo nedleuli, (zogi mza saxiT, zogi anarCenis 

saxiT) rac waadgeba dRevandeli mebocvreobis dargs, raTa miviRoT maRal-

xarisxiani xorci, tyav-bewveuli da dargi iyos rentabeluri. 

 

 
 



124 
 

uak 591.4 

mecxoveleobaSi arabalansirebuli kvebis faqtoris gavlena cxove-

lebis produqtiulobaze. m. cincaZe, n orjaneli, n. natroSvili, g. cqvi-

tiniZe // hidroinJineria, #1-2(17-18), 2014, gv. 103-107. 

cxovelTa kvebaSi erT–erTi mniSvnelovani faqtoria dabalansebuli 

ulufis miwodeba cxovelze. winamdebare naSromSi ganxilulia arabalansi-

rebuli kvebis faqtoris gavlena cxovelis produqtiulobaze. 

 
uak 591.4 

mefrinveleobaSi saremonto mozardis zrdis ganviTarebis dinamika. 

m. cincaZe, n. orjaneli, n. natroSvili, g. cqvitiniZe // hidroinJineria,  

#1-2(17-18), 2014, gv. 108-111. 

mefrinveleobaSi saremonto mozardis gamozrda, rogorc naCvenebia 
mocemul statiaSi, damokidebulia frinvelTa Senaxvis sistemaze. yvelaze 

kargi Sedegi aCvena Sua iarusze myofma mozardma. amitom aRniSnuli kvleva 

SeiZleba safuZvlad daedos saremonto mozardis gamozrdis dros. 

 

uak 72 

gareTubnis arqiteqturuli Taviseburebani. T. quTaTelaZe, g. bagra-

tion-daviTaSvili // hidroinJineria, #1-2(17-18), 2014, gv. 112-116. 

Zveli Tbilisi Tavisi viwro quCebiT samiarusiani bazris moednebiT, 

saxelosnoebiTa da savaWro rigebiT XIX-is SuaSi ukve ar pasuxobda 

qalaqis moTxovnebs, romelic TandaTan gadaiqca administraciul-

ekonomikur da kulturul centrad kavkasiaSi. qalaqis kedlis gareT 

daiwyes Senobebis ageba, am raions gareTubans uwodebdnen. gareTubani 

pirobiTad dayofili iyo ramodenime ubnad: sololaki, mTawminda, vere, 

muxranbatonis ubani. im dros Seqmnili sacxovrebeli saxlebis da 

sazogado Senobebis umetesoba dRes qveynis kulturul memkvidreobas 

Seadgens. 

 
 
 



125 

 

SUMMARIES 
 

UDC 628.2 

EQUATION AND SOLUTIONS OF THE DYNAMICS OF MOTION OF LANDSLIDES, 

MUDFLOWS AND OTHER NATURAL, OR MAN-MADE COLLAPSIBLE ROCKS INTO 

WATER RESERVOIRS. L. Ghogheliani, E. Khatiashvili, Z. Askurava // Hydroengineering. #1-

2(17-18), 2014, p. 9-15. 

There are considered the processes caused by the action of landslides, mudflows and other 

natural or man-made collapsible rock massifs motion intruding into a water reservoir. The dynamic 

equation is derived, which describes the motion of the rock massif, a part of which was submerged 

in the water prior to the beginning of motion.  

Hence, along with Coulomb “dry friction” forces, the paper takes into consideration both 

frontal hydrodynamic forces and resistance forces produced by the wave resistance of adjoint water 

masses and seismic phenomena.  

Relations are derived, which make it possible to calculate the parameters of collapsed rock 

sliding motion for the following cases:  

 when seismic forces are taken into account and without them; 

 the intrusion of a rock massif fully located on the dry land; 

 the intrusion of a massif submerged partly or completely in water. 

These relations were used for the so-called “design modelling” of the Vajont disaster. The 

positive results showed the reliability of the derived relations.  

 

UDC 628.356 

AERATION CRITERION OF RAPID FLOWS ON THE CHUTE. L. Gogeliani // Hydro-

engineering. #1-2(17-18), 2014, p. 16-19. 

There is presented the strong flow aeration known criterion accuracy attempt of Voinich 

Syanozhentski in the case, when the lower flow moves faster, than the top and the air is immovable. 

 

UDC 626.823.93 

ESTABLISHING OF INTEGRAL CHARACTERISTICS OF CHANNELS CAPACITY.  

L. Klimiashvil, D. Gubeladze, D. Gurgenidze, I. Inashvili // Hydroengineering. #1-2(17-18), 

2014, p. 20-27. 

Hydraulic parameters of fluid motion are determined based on the generalization of 

dependences obtained for calculation of channel flow. The ratio between the turbulent energy and 

dissipation energy of seepage is determined similarly to the Reynolds criterion. Dependence for the 

determination of hydraulic resistance coefficient of the flow is obtained. A relationship between the 

channel flow and induced characteristics is revealed. 
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UDC 628.113 

METHODOLOGY OF MOUNTAINOUS TERRAIN USE WITH THE PURPOSE OF 

WATER-TRANSPORTATION EFFECT. L. Klimiashvil, G. Soselia, T. Kapanadze, N. Soselia // 

Hydroengineering. #1-2(17-18), 2014, p. 28-34. 

Fresh waters are represented on the mountainous terrain of our country at different marks with 

great capacity for spring collection and organized branching. Element, treated on the base of the 

water jet-pumps are used on the principle of the ejector. Dual-phase operation fluid and 

accompanying or captured liquid convergence and then with the movement of both fluidat the 

expense of maintaining the pressure. Working fluid pressure is always greater, than second phase 

fluid pressure. That is not regulated, it might be equal to P=1÷5kg.P/cm2and is always positive.  
 

UDC. 628.1 

THE PROBLEMS OF DRINKING WATER-SUPPLY IN GEORGIA. N. Natsvlishvili,  

M. Natsvlishvili, N. Lapachi, N. Soselia // Hydroengineering. #1-2(17-18), 2014, p. 35-41. 

There are considered the problems of human settlements, during the water-supply and 

variability of functioning of systems, which depend on different factors. Based on the study and 

analysis of human settlements established parameters (consumption rate of water, loss in the 

network, the pressure, the average daily flow capacity of the container, etc.) were compared with 

the corresponding parameters of the water-supply of large cities around the world. There are 

proposed recommendations for obtaining data by experiment and for improving the actual 

parameters. 

 

UDC 551.578 

MATHEMATICAL MODEL OF NON-UNIFORM MOTION OF DEBRIS-FLOW.  

I. Kruashvili, E. Kukhalashvili, I. Inashvili, K. Bziava, I. Klimiashvili // Hydroengineering.  

#1-2(17-18), 2014, p. 42-45. 

Description of motion conditions of debris-flow and excretion of the relevant equations is a 

function of many factors. Based on the carried out researches and rheological nature of debris-flow, 

there was obtained differential equation of steady motion. Given appropriate assumptions we 

obtained calculated dependence of the velocity of non-uniform motion of debris-flow, which value 

is less, then water flow velocity and is caused by the influence of rheological parameters.  

 

UDC 551.578 

DETERMINATION REGULARITY OF DEBRIS-FLOW ORIGINAL SITE CHARACTE-

RISTICS ON THE BASIS OF NON-STATIONARITY. I. Kruashvili, E. Kukhalashvili,  

I. Inashvili, I. Klimiashvili // Hydroengineering. #1-2(17-18), 2014, p. 46-53. 

There is discussed the regularity of debris-flow original site characteristics. On the basis of 

non-stationarity there are received the calculated dependences of the debris-flow original sites mass 

height, discharge and speed of movement. On the basis of the obtained equations, it is quite possible 
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to define the regularity of changes in the zone of the wave propagation and to choose the 

appropriate construction against debris-flow. 

 

UDC 628.2 

MEASURES OF THE OPTIMAL USE OF WATER RESOURCES AND EFFECTIVE 

PROTECTION OF THE ENVIRONMENT OF GEORGIA. D. Gubeladze, I. Kruashvili,  

M. Natsvlishvili, I. Inashvili, A. Davitashvili // Hydroengineering. #1-2(17-18), 2014, p. 54-62. 

Georgia is very rich in water resources.However, in some cases, ground - water and surface-

waters are too polluted. Quality (purity) control of surface and ground - waters are fragmented and 

does not allow a more or less reliable estimate. However, indirect data (the amount of pollutants 

discharged into rivers and other water-bodies and dynamics of water-borne diseases) suggest, that 

the quality of water, as a drinking water-supply system, as well as in nature is often unsatisfactory. 

In addition, it should be noted, that the problem of the protection of the soil takes great 

importance in land-hungry country, where erosion, pollution and contamination of soil, salinization 

and secondary waterlogging, production of building materials, open-pit mining methods and 

improper human activities cause large losses of soil. 

 

UDC 551.578 

DEFINITION OF THE DISTURBED EQUILIBRIUM OF DEBRIS-FLOW MASS ACCU-

MULATED IN THE DEBRIS-FLOW’S ORIGINAL SITE, USING OF DEGREE FUNCTION.  

I. Kruashvili, E. Kukhalashvili, I. Inashvili, I. Klimiashvili // Hydroengineering. #1-2(17-18), 

2014, p. 63-71. 

Establishing patterns of change in the parameters of the debris-flow’s original site and 

improvement of calculation methods require the use of such operational tools, which will probably 

full description of the mechanism of fracture stability and the process of shifting debris-flow mass. 

In the paper, using the degree functions, there are obtained the calculated dependences for deter-

mination of the debris-flow mass’ height in the debris-flow’s original site, debris-flow discharge 

and moving velocity. The study results confirmed, that the difference between values K, obtained 

on the basis of theoretical and experimental research, does not exceed 10%. 

 

UDC 628.2 

STOCHASTIC MODEL OF RISK FOR MAKING DECISIONS OF DEFENDING WATER 

RESOURCES. Z. Megrelishvili, L. Turmanidze, Z. Kalandarishvili, N. Dondoladze // Hydroen-

gineering. #1-2(17-18), 2014, p. 72-80. 

There is considered the calculation of damage done to the environment and based on the cost 

of used natural resources. There is shown, that the damage, calculated according to the proposed 

method and according to the legislation of Georgia differ in 1,4…250 times. There is given the 

stochastic model for making decisions on defending water resources. There are given the 

calculation tables of the results. 
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UDC 628.2 

THE PILOT RESEARCH RESULTS OF UNDERGROUND WATERS’ EXCESS IRON 

AND MANGANESE DETACHMENT. G. Soselia, N. Soselia, T. Kapanadze, S. Japaridze // 

Hydroengineering. #1-2(17-18), 2014, p. 81-89. 

There is discussed iron (Fe2+) and manganese (Mn2+) simultaneous detachment or their 

quantity lessening method from potable-economic underground waters, for villages Anaklia and 

Ganmukhuri.  

The agricultural experiment, conducted in 2012-2013, when facility complexes were built and 

which are working until now, is composed of chemical laboratory from where dosing equipments 

supply coagulant to underground pressure pipelines (AI2(SO4)3 – 160 mg/l, CI – 1.5 mg/l up to 5 

mg/l). Water is delivered to aerator and from there to sedimentary tanks. In the intermediate tank, 

based on PH extension by 9-10.5 quantity, Manganese is transformed into alkali condition, where in 

water dissolved oxygen, oxidizes (Mn2+) composition, which itself is settled in filters and by aid of 

polianite, together with Iron, detaches from water (100%). Above-mentioned method is less 

expensive, than methods where potassium permanganate is used. 
 

UDC 591.4 

USE OF MOLYBDENUM-SCHEELITE WASTE (MATERIALS) IN BUILDING MATE-

RIALS. I. Alborov, V. Zaalishvili, S. Bekuzarov, G. Khubaev // Hydroengineering. #1-2(17-18), 

2014, p. 90-93. 

There is considered molybdenum-scheelite waste (materials) JSC (Joint Stock Company) 

“Pobedit” waste materials in building materials, which are expediently not only point of view for 

protection surroundings, but also are economical profitable for the enterprises. 
 

UDC 591.4 

MEAT GROWTH TECHNOLOGY OF YOUNG CATTLE AND IMPROVEMENT WAYS 

OF MEAT PRODUCT. M. Tsintsadze. N. Orjaneli. N. Natroshvili // Hydroengineering.  

#1-2(17-18), 2014, p. 94-97. 

The main importance is given to produce meat and dairy products in cattle breeding, where 

are produced: cheese, lactic acid products, butter etc.  

There are given in detail features of growing of young cow and high quality of received 

product, that are very necessary for customers, as healthy food.  

Also there are given some factors and recommendations, that will supply to receive high 

quality products. 
 

UDC 591.4 

MEANS OF FOOD IN RABBIT BREEDING. N. Orjaneli, M. Tsintsadze, N. Natroshvili // 

Hydroengineering. #1-2(17-18), 2014, p. 98-102. 

The article is given according to present requirements of receiving products. All reserve raw 

material and some remains ones are presented, that helps to current rabbit breeding in order to 

receive high quality of product.  
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UDC 591.4 

INFLUENCE OF UNBALANCED NUTRITIONAL FACTORS ON LIVE-STOCK  PRO-

DUCTIVITY. M. Tsintsadze, N. Orjaneli, N. Natroshvili, G. Tskvitinidze // Hydroengineering.  

#1-2(17-18), 2014, p. 103-107. 

One of the most important factors in animal’s nutrition is to supply animal with balanced 

portion. In the present articles there is discussed about influence of unbalanced nutritional factors 

on live-stock productivity. 

 

UDC 591.4 

THE GROWTH DYNAMICS OF THE DEVELOPMENT OF THE POULTRY REARING 

BIRDS. M. Tsintsadze, N. Orjaneli, N. Natroshvili, G. Tskvitinidze // Hydroengineering.  

#1-2(17-18), 2014, p. 108-111. 

As it is shown in the article the rising of poultry rearing birds depends on bird’s storage 

system. The best result was shown in the middle tier of being a rearing bird. Accordingly this 

research can be base of rising rearing birds. 

 

UDC 72 

ARCHITECTURAL FEATURES OF GARETUBANI. T. Kutateladze, G. Bagration-

Davitashvili // Hydroengineering. #1-2(17-18), 2014, p. 112-116. 

In the middle of XIX century, old Tbilisi with its narrow streets, three-level market squares, 

workshops and trade rows already had not answered to the requirements of the city, which step by 

step turned into administrative-economic and cultural centre in the Caucasus. Construction of 

buildings had been started outside the city wall, this district was named Garetubani.  Conventionally 

Garetubani was divided into several districts: Sololaki, Mtatzminda, Vere, Mukhranbatoni district. 

Most of the dwelling houses and public buildings, created at that time today are the cultural 

heritages of the Country.   
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РЕФЕРАТЫ 
 
 

УДК 628.2 

УРАВНЕНИЕ ДИНАМИКИ ВТОРЖЕНИЯ В ВОДОЕМЫ ОПОЛЗНЕВЫХ, СЕЛЕВЫХ 

И ДРУГИХ ВИДОВ ОБРУШАЮЩИХСЯ ПОРОД И ЕГО РЕШЕНИЕ. Гогелиани Л.Д, 

Хатиашвили Э.Б., Аскурава З.И. // Гидроинженерия, #1-2(17-18), 2014, с. 9-15. 

Рассмотрены процессы вторжения в водоемы различных природных или искусствен-

ных масс, вызванных движением обрушенных пород. 

Составлено уравнение динамики, описывающее движение такого массива, часть 

которого еще до начала движения находится под водой. Поэтому вместе с силами «сухого» 

трения Кулона рассмотрено воздействие как лобового динамического, так и волнового 

сопротивления и сейсмических сил массы присоединенных вод. 

Получены расчетные зависимости, с помощью которых можно определить параметры 

движения обрушенных масс для следующих случаев: 

 с учетом и без учета сейсмических сил; 

 когда обрушение массива происходит полностью на суше; 

 когда внедрение массива частично и полностью подводное. 

По полученным зависимостям выполнено, так называемое, «расчетное моделирование» 

произшедшей на Ваионтском водохранилище катастрофы. 

Результаты подтвердили надежность методики. 

 

УДК 628.356 

КРИТЕРИЙ АЭРАЦИИ БУРНОГО ПОТОКА НА  БЫСТРОТОКАХ. Гогелиани Л.Д. // 

Гидроинженерия, #1-2(17-18), 2014, с. 16-19. 

В статье  дается попытка уточнения критерия аэрации бурных потоков на быстротоке, 

полученного Т.Г Войнич-Сяноженским, для случая, когда нижний поток движется с большей 

скоростью чем верхний, а воздушная среда практически неподвижна. 

 

УДК 626.823.93 

УСТАНОВЛЕНИЕ ИНТЕГРАЛЬНЫХ ХАРАКТЕРИСТИК ПРОПУСКНОЙ СПОСОБ-

НОСТИ РУСЛА. Климиашвили Л.Д., Губеладзе Д.О., Гургенидзе Д.Р., Инашвили И.Д. // 

Гидроинженерия, #1-2(17-18), 2014, с. 20-27. 

В труде на основе обобщения установленного соответствия для расчета руслового 

потока определены гидравлические параметры движения жидкости. Аналогично критерию 

Рейнольдса установлено соотношение между турбулентной энергией потока и диссипацион-

ной энергией фильтрационного течения. Принято соотношение для определения коэффици-
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ента гидравлического сопротивления. Выявлена взаимосвязь между русловыми и индуциро-

ванными характеристиками. 

 

УДК 628.1 

МЕТОДОЛОГИЯ ИСПОЛЬЗОВАНИЯ РЕЛЬЕФА С ЦЕЛЬЮ УВЕЛИЧЕНИЯ ЭФФЕК-

ТА ТРАНСПОРТИРОВАНИЯ ВОДЫ. Климиашвили Л.Д., Соселия Г.А., Капанадзе Т.К., 

Соселия Н.Г. // Гидроинженерия, #1-2(17-18), 2014, с. 28-34. 

Гористый рельеф Грузии представлен довольно большим количеством источников 

пресной воды, расположенных на разных отметках. 

Для организованной проводки этих источников до основного водотока использован 

принцип эжекции: совпадением двух фаз рабочей жидкости – основной и податливой или 

влекомой – и дальнейшим перемещением двух жидкостей сохраняется напор в водотоке. 

Давление рабочей жидкости всегда больше давления жидкости второй фазы. Оно не 

регламентировано, может быть равным P=1÷5 кг/см2 и всегда положительным. 

 
УДК 628.1 

ПРОБЛЕМЫ ОБЕСПЕЧЕНИЯ ПИТЬЕВОЙ ВОДОЙ В ГРУЗИИ. Нацвлишвили Н.В., 

Нацвлишвили М.Н., Лафачи Н.Р., Соселия Н.Г. // Гидроинженерия, #1-2(17-18), 2014,  

с. 35-41. 

Рассмотрены проблемы населенных пунктов при водоснабжении и изменчивости 

параметров функционирования систем, которые зависят от разных факторов.На основе изу-

чения и анализа данных населенных пунктов установленные параметры (нормы потребления 

воды, потери в сети, напоры, средний суточный расход, емкость резервуара и т.д.) были 

сравнены с соответствующими параметрами водоснабжения больших городов разных стран. 

Предложены рекомендации по получению данных путем эксперимента и по улучшению 

фактических параметров. 

 

УДК 551.578 

МАТЕМАТИЧЕСКАЯ МОДЕЛЬ НЕРАВНОМЕРНОГО ДВИЖЕНИЯ СВЯЗНОГО СЕ-

ЛЯ. Круашвили И.Г., Кухалашвили Э.Г., Инашвили И.Д., Бзиава К.Н., Климиашвили 

И.Л. // Гидроинженерия, #1-2(17-18), 2014, с. 42-45. 

Описание условий движения селей и выведение соответствующих уравнений является 

функцией многих факторов. На основе проведенных исследований, исходя из реологической 

природы селя, получено дифференциальное уравнение установившегося движения. С учетом 

соответствующих допущений принята расчетная зависимость скорости неравномерного 

движения селя, значение которого меньше скорости водного потока и вызвано влиянием 

реологических параметров. 
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УДК551.578 

ОПРЕДЕЛЕНИЕ ЗАКОНОМЕРНОСТИ ИЗМЕНЕНИЯ ХАРАКТЕРИСТИК СЕЛЕХ-

РАНИЛИЩА НА ОСНОВЕ НЕСТАЦИОНАРНОСТИ. Круашвили И.Г., Кухалашвили E.Г., 

Инашвили И.Д., Климиашвили И.Л. // Гидроинженерия, #1-2(17-18), 2014, с. 46-53. 

Рассмотрены закономерности изменения характеристик селехранилища и на основе 

нестационарности получены расчетные зависимости для определения высоты селевой массы 

в селеочагах, селевого расхода и скорости перемещения. На основе полученных зависи-

мостей возможно определить закономерность изменения характеристик в зоне распростра-

нения волны селя и подобрать соответствующую противоселевую конструкцию.  

 

УДК 628.2 

МЕРОПРИЯТИЯ ПО ОПТИМАЛЬНОМУ ИСПОЛЬЗОВАНИЮ ВОДНЫХ РЕСУРСОВ 

И ЭФФЕКТИВНОЙ ЗАЩИТЕ ОКРУЖАЮЩЕЙ СРЕДЫ ГРУЗИИ. Губеладзе Д.О., 

Круашвили И.Г., Нацвлишвили М.Н., Инашвили И.Д., Давиташвили А.Н. // Гидроин-

женерия, #1-2(17-18), 2014, с. 54-62. 

Грузия богата водными ресурсами. Тем не менее, в некоторых случаях, подземные и 

поверхностные воды слишком загрязнены. Контроль качества/чистоты поверхностных и 

подземных вод носит фрагментарный характер и не позволяет сделать более или менее 

надежную оценку. Однако косвенные данные (количество загрязняющих веществ, сбрасы-

ваемых в реки и другие водоемы, и динамика заболеваний, передаваемых через воду) 

позволяют сделать вывод, что качество воды, как в системах питьевого водоснабжения, так и 

в природе, часто неудовлетворительно. 

Кроме того, следует отметить, что проблема защиты почвы имеет большое значение в 

малоземельной стране, где эрозия, загрязнение и засорение почвы, засоление и вторичное 

заболачивание, добыча строительных материалов и полезных ископаемых открытым 

способом и неправильная деятельность человека вызывают большие потери земли. 

 

УДК 551.578 

ОПРЕДЕЛЕНИЕ НАРУШЕНИЯ РАВНОВЕСИЯ СЕЛЕВОЙ МАССЫ, НАКОПЛЕН-

НОЙ В СЕЛЕОЧАГАХ С ПРИМЕНЕНИЕМ СТЕПЕННЫХ ФУНКЦИЙ. Круашвили И.Г., 

Кухалашвили Э.Г., Инашвили И.Д., Климиашвили И.Л. // Гидроинженерия, #1-2(17-18), 

2014, с. 63-71. 

Установление закономерности изменения параметров селехранилищ и усовершенство-

вание методов расчета требуют таких оперативных средств, применением которых будет воз-

можно полноценное описание механизма разрушения устойчивости и процесса сдвига селевой 

массы. В статье, с применением степенных функций, получены расчетные зависимости для 

определения высоты селевой массы в селеочагах, селевого расхода и скорости перемещения. 

Результаты исследования подтвердили, что разница между значениями К, полученными на 

основе теоретических и экспериментальных исследований, не превышает 10%. 

 



133 

 

УДК 628.2 

ВЕРОЯТНОСТНАЯ МОДЕЛЬ РИСКА ПРИНЯТИЯ РЕШЕНИЙ ПО ОХРАНЕ ВОД-

НЫХ РЕСУРСОВ. Мегрелишвили З.Н., Турманидзе Л.Т., Каландаришвили З.Н., 

Дондоладзе Н.Г. // Гидроинженерия, #1-2(17-18), 2014, с. 72-80. 

Рассмотрен расчет ущерба, причиненного окружающей среде, основанный на стоимос-

ти использованных природных ресурсов. Показано, что ущербы, расчитанные по предло-

женной методике и по законодательству Грузии, отличаются в 1,4…250 раз. Дана вероят-

ностная модель принятия решений по охране водных ресурсов. Приведены таблицы резуль-

татов расчета. 

 

УДК 628.2 

РЕЗУЛЬТАТЫ ЭКСПЕРИМЕНТАЛЬНЫХ ИССЛЕДОВАНИЙ ПО УСТРАНЕНИЮ ИЗ-

БЫТОЧНОГО ЖЕЛЕЗА И МАГНИЯ ИЗ ПОДЗЕМНЫХ ВОД. Соселия Г.А., Соселия Н.Г., 

Капанадзе Т.К., Джапаридзе С.Ф. // Гидроинженерия, #1-2(17-18), 2014, с. 81-89. 

Рассмотрен метод одновременного устранения или уменьшения количества железа Fe2+ 

и магния Mn2+ из подземных вод с целью их применения для хозяйственно-питьевых нужд 

сел Анаклия-Ганмухури. 

В 12012-13 г.г. был проведен промышленный эксперимент, когда был построен 

комплекс сооружений, состоящий из химической лаборатории и работающий до сегодня-

шнего дня. В указанной лаборатории в напорный водовод подземных вод специальными 

дозаторами подается коагулянт Al2(SO4)3 - 160 мг.л, Cl -1.5 мг.л-5 мг.л. Потом вода подается 

аэратору и дальше отстойным бассейнам. В промежуточном бассейне путем повышения PH-

до 9-10.5, магний переходит в щелочное поле, и растворенный в воде кислород окисляет 

соединения магния, которые осаждаются в фильтрах и с помощью пиролюзита вместе с 

железом устраняются из воды на 100 %.  

Применение указанного метода значительно дешевле, по сравнению с другими спосо-

бами, где используется перманганат калия. 

 

УДК 591.4 

ИСПОЛЬЗОВАНИЕ МОЛИБДЕНО-ШЕЕЛИТОВЫХ ОТХОДОВ В СТРОИТЕЛЬНЫХ 

МАТЕРИАЛАХ. Алборов И.Д., Заалишвили В.Б., Бекузарова С.А., Хубаева Г.П. // Гидро-

инженерия, #1-2(17-18), 2014, с. 90-93. 

Рассмотрено применение молибдено-шеелитовых отходов ОАО «Победит» в стр-

оительных материалах, что целесообразно не только с точки зрения охраны окружающей 

среды, но и экономически выгодно для предприятия. 
 

УДК 591.4 

ПУТИ УЛУЧШЕНИЯ КАЧЕСТВА МЯСА В ТЕХНОЛОГИИ МЯСНОГО ВЫРАЩИ-

ВАНИЯ МОЛОДНЯКА. Цинцадзе М.А., Орджанели Н.М., Натрошвили Н.Н. // Гидроин-

женерия, #1-2(17-18), 2014, с. 94-97. 

Производству мяса и молока в животноводстве уделяется большое внимание, т.к. из 

них готовят такие продукты как сыр, кисломолочные продукты, масло. 
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В работе детально рассмотрены особенности выращивания молодняка коров, а также 
высокопродуктивности получаемых продуктов, которые так необходимы для здорового 
питания потребителей. 

Изложены факторы и предложения, которые в дальнейшем обеспечат получение высо-
кокачественных продуктов. 

 
УДК 591.4 

СРЕДСТВА, ИСПОЛЬЗУЕМЫЕ В КОРМЛЕНИИ КРОЛИКОВОДСТВА. Орджанели Н.М., 
Цинцадзе М.А., Натрошвили Н.Н. // Гидроинженерия, #1-2(17-18), 2014, с. 98-102. 

Работа выполнена с учетом современных запросов. В ней ясно указано резервное 
сырье: некоторое в готовом виде, а некоторое в виде остатков .Все это можно будет 
использовать в кролиководстве, с целью получения качественного мяса, шкурок и меха для 
обеспечения рентабельности отрасли.  

 
УДК 591.4 
ВЛИЯНИЕ НЕСБАЛАНСИРОВАННОГО КОРМЛЕНИЯ В ЖИВОТНОВОДСТВЕ НА 

ПРОДУКТИВНОСТЬ ЖИВОТНЫХ. Цинцадзе М.А., Орджанели Н.М., Натрошвили Н.Н.,  
Цквитинидзе Г.А. // Гидроинженерия, #1-2(17-18), 2014, с. 103-107. 

Одним из важнейших факторов в питании животных является кормление их несба-
лансированным кормом. В настоящем труде рассмотрено влияние несбалансированного 
кормления на продуктивность сельскохозяйственных животных 

 
УДК 591.4 
ДИНАМИКА РАЗВИТИЯ ВЫРАЩИВАНИЯ РЕМОНТНОГО МОЛОДНЯКА В ПТИ-

ЦЕВОДСТВЕ. Цинцадзе М.А., Орджанели Н.М., Натрошвили Н.Н., Цквитинидзе Г.А. 
 // Гидроинженерия, #1-2(17-18), 2014, с. 108-111. 

Выращивание ремонтного молодняка в птицеводстве, как видно из статьи, зависит от 
системы его содержания. Лучший результат был получен при содержании молодняка на 
среднем ярусе. Поэтому результаты данного исследования могут быть использованы при 
выращивании молодняка с.х. птиц. 

 
УДК 72 
АРХИТЕКТУРНЫЕ  ОСОБЕННОСТИ ГАРЕТУБАНИ. Кутателадзе Т.Г., Багратион-

Давиташвили Г.Н.// Гидроинженерия, #1-2(17-18), 2014, с. 112-116. 
Старый Тбилиси своими узкими улицами, трехъярусными рыночными площадями, 

мастерскими и торговыми рядами в середине ХIХ века уже не отвечал требованиям города, 
который постепенно превратился в административно-экономически и культурный центр на 
Кавказе. За городской стеной начали строительство зданий, этот район называли Гаретубани. 
Условно Гаретубани был разделен на несколько участков: Сололаки, Мтацминда, Вере, 
Мухранбатониский округ. Большинство жилых домов и общественных зданий, созданных в 
то время, сегодня являются культурным наследием страны. 
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