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funqciaTa klasebi da kotelnikovis jerad mwkrivTa absoluturi 

krebadoba 

 

sxirtlaZe i.a. 
 

saqarTvelos teqnikuri universitetis v. WavWaniZis kibernetikis instituti 
 

gansazRvra 1. kotelnikovis mwkrivebi ewodeba Semdegi saxis mwkrivebs. 
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naSromis mizania kiki ttt ,,,  koeficientebze garkveul moTxovnaTa safuZ-

velze dadgindes kotelnikovis (1) funqcionaluri mwkrivis absoluturi kre-
badoba. 

gansazRvra 2. vTqvaT  yxf ,  funqcia gansazRvrulia  1,0;1,0  kvadratze. 
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gansazRvra 3. vTqvaT  yxf ,  funqcia gansazRvrulia  dcbaR ,;,  marT-

kuTxedze. davyoT R-marTkuTxedi nawilebad wertilebis saSualebiT 
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krebadia, maSin kotelnikovis (1) jeradi funqcionaluri mwkrivi abso-
luturad krebadia. 

amrigad, Teoremebi erTi da ori iZlevian sakmaris pirobebs imisaTvis, 
rom (1) mwkrivi warmoadgens absoluturad krebad mwkrivs. 
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SUMMARY 

CLASSES OF FUNCTIONS AND THE ABSOLUTE SET OF KOTELNIKOV MULTIPLE ROWS 

Skhirtladze I.A. 

V. Chavchanidze Institute of Cybernetics Georgian Technical University 

The question of the absolute collection of Kotelnikov multiple rows is discussed. Auxiliary functions are 

functions of finite variation according to Tonelli and Vitali. Sufficient conditions for absolute convergence are 

given. 

Keywords: absolute set, finite variation 
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milsadenis mcire Tavisufali rxevebis arawrfiv gantolebaTa sistemis 

dayvana wrfiv erTgvarovan gantolebaTa sistemaze 

 
sulaberiZe m.m., arqania z.m. 

 
akaki wereTlis saxelmwifo universiteti, quTaisi 

 
absoluturad moqnili milsadenebi, Slangebi, moqnili Reroebi far-

Tod gamoiyeneba teqnikis sxvadasxva dargSi. maT miekuTvneba: eleqtroga-
damcemi xazebi, siTxis satumbi Slangebi; milsadenebi zRvidan sasargeblo 
wiaRiseulis amosaqaCad, sazRvao portebSi Sesasvleli arxis gasasufTaveb-
lad, moqnili Reroebi radiatorebSi da kosmosur sakabelo sistemaSi da a.S. 
am SeTxvevaSi milsadenebze (Reroebze) erTdroulad moqmedeben Seyursuli 
Zalebi da ganawilebuli hidrodinamikuri (aerodinamikuri) Zalebi, amitom 
mosalodnelia milsadenSi maqsimaluri Zabvis – mniSvnelovani zrda, ramac 
SeiZleba gamoiwvios milsadenis rRveva, rac xSirad dakavSirebulia did 
ekonomikur da ekologiur zaralTan. 

absoluturad moqnili Reroebis (milsadenebis) meqanikaSi intensiurad 
muSaobdnen da muSaoben prof. v.a. svetlicki da misi mowafeebi  

maT Seiswavles absoluturad moqnili Reroebis (Slangebis) statikisa 
da dinamikis mravali amocana, miuxedavad amisa milsadenebis (Slangebis) 
meqanikis bevri problema jer kidev srulyofilad ar aris gamokvleuli, 
magaliTad, amocanebi, romlebic dakavSirebulia navsadgurebis Sesasvleli 
arxebis gawmendisa da gaRrmavebis sakiTxebTan. am sakiTxebis warmatebiT 
gadawyveta magaliTad q. foTis navsadguris yovelwliurad aseul aTasobiT 
dolaris ekonomias moutans. 

 

 
 

nax. 1. navsadguris Sesasvleli arxis gawmendis procesi 
 
nax. 1-ze naCvenebia navsadguris Sesasvleli arxis gawmendis procesi, 

gruntis amoReba zRvis fskeridan [9]. 

winamdebare naSromSi SemoTavazebulia milsadenis mcire rxevebis ara-
wrfiv gantolebaTa sistemis dayvana wrfiv erTgvarovan gantolebaTa siste-
maze, rac mniSnvelovnad gaamartivebs milsadenis rxevis formebisa da six-
Sireebis gansazRvras, romlebic saSualebas iZlevian amoixsnas milsadenebis 
(Slangebis) dinamikis amocanebi da warmatebiT gadaiWras zemoT xsnebuli 
praqtikuli sakiTxebi. 
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nax.2 milsadenis saangariSo sqema 

 
nax.2-ze mocemulia milsadenis saangariSo sqema, romlis daniSnulebaa 

zRvis fskeridan gruntis amoReba kvanZebze modebulia Seyursuli Zalebi pi 

[9]. 
vsargeblobT idealuri siTxis stacionaruli nakadiT savse milsade-

nis mcire rxevebis gantolebebiT, romlebic mocemulia v.a. svetlockis mono-

grafiaSi [9], dekartes koordinatTa  1, 2,3jx J   sistemaSi gvaqvs Semdegi 

gantolebaTa sistema (Cawerili uganzomilebi formiT): 
 

 

 

 

2 2
1101 1 1

0 1 102

22
13 202 2

0 1 102

2
13 3 30 3

0 1 102

2 ,

2 ,

2 ,

xUx Ux Ux
n W Q Q

Ux xUx Ux
n W Q Q

Ux Ux x Ux
n W Q Q

      

      

      

       
      

        
        

      
        

       
       

          

   (1) 

 

1 2 310 20 30 0x x xx U x U x U               (2) 

 

sadac 
jxU  _ milsadenis RerZuli wiris wertilebis gadaadgilebis veqtoris 

komponentebia; 0W  – siTxis Siga nakadis gasaSualebuli siCqare; 10Q  _ RerZu-

li (statikuri) Zalva milsadenSi; ∆ 1Q Q_ RerZuli Zalvis dinamikuri mdge-

neli, n1 _ uganzomilebo koeficienti 2
1

1 2

m
n

m m

 
 

 
; ( 1m  da 2m  – milsadenis 

da siTxis Siga nakadis erTeuli sigrZeze mosuli ganawilebuli masebi); 

τ 0p t    _ uganzomilebo dro;  

1

2

0

g
p

l

 
  
 

 𝓁 _ milsadenis sigrZe;, g _ simZimis 

Zalis aCqareba; 0jx  – statikuri wonasworobis mdgomareobaSi milsadenis 

RerZuli wiris wertilebis koordinatebi. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2023  

 

11 

(1) da (2) gantolebaTa sistemis amoxsnisas ganisazRvreba 1Q , veqtoris 

komponentebi dekartis RerZze ∆ xjQ , amitom miviRebT gantolebebs, romlebic 

Seicaven ∆ xjQ sidideebs. 

radganac Q 

1

j

xj

x
Q Q







ε       (3) 

(3)-is varirebiT miviRebT 
 

0

10 1

xj j

xj

U X
Q Q Q

 

 
  

 
ε      (4) 

(4) gantolebaTa sistemidan (2) gantolebis da  
  

3
2

0

1

1j

j

x


   

 
pirobis gaTvaliswinebiT miviRebT sam gantolebas Semdegi saxiT: 
 

1 2 3

1 2 3

1 2 3

2

10 10 20 10 301

10 10 10

2

20 10 20 20 302

10 10 10

2

3 30 10 30 20 30

10 10 10

1
0

1
0

1
0

x x x

x x x

x x x

x x x x xUx
Q Q Q

Q Q Q

x x x x xUx
Q Q Q

Q Q Q

Ux x x x x x
Q Q Q

Q Q Q







     
     


     

     


      
       


    (5) 

 
(1) sistemis marjvena mxareebi 
 
 

 0 1

1 10

j xjx U
Q Q

   

     
     

      
 

(4) pirobis gaTvaliswinebiT miiRebs saxes 
 

0

1 10

j xj

xj

x U
Q Q Q

   

   
    

    
 

 
amitom (1) gantolebaTa sistema ase gadawereba: 
 

2 2

1 02
2 1,2,3

xj xj

xj

U U
n w Q j

   

  
   

   
     (6) 

[12] - naSromSi naCvenebia rom mcire w0 siCqarisaTvis koriolisis Zalis 
gavlena milsadenis sixSireze umniSvneloa, amitom (6) gantolebaSi es Zalebi 
SeiZleba ugulebelvyoT da SemdegisTvis visargebloT gantolebebiT: 

 
2

2
0 1,2,3

xj xjU Q
j

 

 
  

 
    (7) 
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veqtoruli formiT Casmisas (5) da (7) gantolebebi miiReben saxes: 
 

0x

U
c Q




  


        (8) 

 
2

2
0xQU

 


 

 
       (9) 

sadac 

1 1

2 2

3 3

; ;

x x

x x x

x x

U Q

U U Q Q

U Q

   
   

      
         

 

 
2

10 10 20 10 20

10 10 10

2

20 10 20
20 30

10 10

2

30 10 30 20 30

10 10 10

1
;

1
; ;

1
; ;

x x x x x

Q Q Q

x x x
c x x

Q Q

x x x x x

Q Q Q

     
 
 
    

   
 
      
 
 

 

 

gantolebebSi Semavali sidideebi 0jx  da 10 0( jQ x  _ milsadenis RerZuli 

wiris wertilis koordinatebi wonasworobis mdgomareobaSi, Q 10Q  _ RerZuli 

Zalvebi statikaSi ganisazRvrebian milsadenis wonasworobis gantolebebidan 

milsadenze moqmedi Seyursuli Zalebis gaTvaliswinebiT [1,2]. 
(8) da (9) gantolebaTa sistemebi aRweren milsadenis mcire rxevebis 

process milsadenis I, II da III ubnebze Seyursuli Zalebs Soris (nax.2). am 
gantolebebis amonaxsnebi unda akmayofilebdes ubnebis Sepirispirebis piro-
bebs; 

Tu milsadenze Seyursul Zalebs Soris wonis garda araviTari 
ganawilebuli Zala ar moqmedebs, maSin milsadenis ubnebi Seyursul Zalebs 

Soris warmoadgenen brtyel wirebs, amitom yovel ubanze 30 0x  (5) (7) ganto-

lebaTa sistema – gardaiqneba or damoukidebel qvesistemad Semdegi saxiT: 
 

1

1 2

2

1 2

1 1

2 2

2

10 10 20

10 10

2

20 10 20

10 10

2

2

2

2

1
0

1
0

0

0

x

x x

x

x x

x x

x x

U x x x
Q Q

Q Q

U x x x
Q Q

Q Q

U Q

U Q





 

 

    
    


    

    



 

 
 


 

 
 

    (10) 
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3

3

3 3

10

2

2

1
0

0

x

x

x x

U
Q

Q

U Q



 


  



 

   

┤       (11) 

 
(10) gantolebaTa sistema aRwers milsadenis ubnebis mcire rxevebs 

vertikalur sibrtyeSi, xolo (11) gantolebaTa sistema aRwers mcire rxevebs 
vertikaluri sibrtyis mimarT. 

milsadenis rxevebis formebis da sixSireebis gansazRvrisTvis. 
(10)–(11) gantolebaTa sistemis amonaxsnebi veZeboT Semdegi saxiT: 
 

   0 0,i i

xj xj xj xjU U e Q Q e          (12) 

 
Tu (12) SevitanT (10)-Si, miviRebT: 
 

10
1 2

2
1 2

1 1

2 2

2

10 10 20
0 0

10 10

2

20 10 20

1

'

'

0 0 0

0 10

2

0 0

2

0 0

1
0

1
0

0

0

x x x

x x x

x x

x x

x x x
U Q Q

Q Q

x x x
U Q Q

Q Q

Q U

Q U





    
    


         

    


   

 

 
(13) gantolebaTa sistema SesaZlebelia CavweroT matriculi gantole-

bis saxiT j -uri ubnisaTvis. 
 

 
   

 
'

, 0

j
jj

Z A Z    '      (14) 

sadac 
 

   

1

2

1

2

10 10 20

0 10 10

0 10 20 20

10 100

2

0

2

1
0 0

1
0 0,

0 0 0

0 0 0

x

j x j

x

x

x x x

U Q Q

U x x x
Z A

Q QQ

Q 



   
  

  
    

       
     
 
 

 

 
miRebuli (14) gantolebebi wrfivi da erTgvarovania. 
cxadia, rom (11) gantolebaTa sistemac gardaiqmneba (10) gantolebaTa 

sistemis msgavsad.  
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SUMMARY 

REDUCING THE SYSTEM OF NONLINEAR EQUATIONS OF SMALL FREE OSCILLATIONS OF 

THE PIPELINE TO THE SYSTEM OF LINEAR HOMOGENEOUS EQUATIONS 

Sulaberidze M.M. and Arkania Z.M. 

Akaki Tsereteli State University, Kutaisi 

The system of nonlinear differential equations of small free oscillations of completely flexible pipelines loaded 

with internal flow of liquid and shear forces is discussed, an algorithm for simplifying these equations is 

proposed for small velocities of internal flow of liquid, and a system of linear uniform equations is obtained 

from which the forms and frequencies of pipeline oscillations can be determined. 

Keywords: oscillation shape, frequency, flexible pipe, nonlinear equation, linear equation, velocity, point load. 
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paraleluri  gamoTvliTi sistemis funqcionirebis 

analizi misi saimedoobis gaTvaliswinebiT 

 

namCevaZe c. v.   

 

akaki wereTlis saxelmwifo universiteti, quTaisi 

 

 

Tanamedrove pirobebSi gamoTvliTi sistemebis swrafmoqmedebisa da 

saimedoobisadmi wayenebulma gazrdilma moTxovnebma, agreTve mikroproceso-

rebis Rirebulebis swrafma Semcirebam stimuli misca mravalprocesorian da 

mravalkompiuterian gamoTvliT sistemebs. paraleluri damuSavebis organiza-

cia, operaciuli sistemebis, gamoTvlebis algoriTmebis da meTodebis Seqmna 

warmoadgens ZiriTad sakiTxebs, romlebzec damokidebulia maRalmwarmoeb-

luri da mtyunebamdgradi teqnikis Seqmna. 

statiaSi ganxilulia paraleluri tipis gamoTvliTi sistema (gs), 

romelic Sedgeba 2 damoukidebeli kompiuterisagan da asrulebs erT did 

amocanas. aseT amocanebs miekuTvneba, mag. dinamiuri sistemis amoxsna amindis 

prognozisaTvis, ekonomikis dabalansebis sakiTxi, sainformacio­saZiebo amo-

canebis gadawyveta, sawarmoebis da samecniero obieqtebis marTvis sakiTxebis 

gadaWra da sxva. paraleluri tipis gamoTvliTi sistema xasiaTdeba maRali 

saimedoobiT. misi gamoyenebiT miiRweva mwarmoeblobis mkveTri amaRleba. 

samuSaoSi ganxilulia  aRniSnuli sistemis mier mocemul droSi davalebis 

Sesrulebis SesaZleblobis sakiTxi misi saimedoobis gaTvaliswinebiT. 

statiaSi nagulisxmebia, rom amocanis amoxsnis dro warmoadgens 

SemTxveviT sidides usazRvrod gayofadi ganawilebiT. es dro dayofilia 2n 

raodenobis nawilad. kenti nawilebi amoixsneba erTi kompiuteriT, xolo 

luwi­meoreTi. yovel kompiuters SeuZlia gamoiyenos meoris Sedegi. dro, 

romlis ganmavlobaSic mTlianad sruldeba 2i­1 da  2i  nawilebi, gansazRvravs 

amocanis amoxsnis i­ur etaps. Seferxebebis intensivoba aris λ1, mtyunebebisa – 

λ2. Seferxebebi da mtyunebebi ganawilebulia puasonis kanonis mixedviT. 

Seferxebebis Semdeg dro ikargeba mxolod arasworad gamoTvlili etapis 

gadaangariSebaze. erTi kompiuteris mtyunebebis Semdeg drois danakargi 

gveqneba arasworad gamoTvlili etapis gadaangariSebaze da kompiuteris 

aRdgenaze. gs­is mtyunebis Semdeg drois danakargi gveqneba programis Tavi-

dan gadaangariSebaze da gs­is aRdgenaze. gs­is remontis dro ganawilebulia 

maCvenebliani kanoniT  intensivobiT. amocanis calkeuli nawilebis amoxsnis 

dro warmoadgens damoukidebel SemTxveviT sidides F(t)  ganawilebiT. 

aRniSnuli gs­is modelisaTvis amocanis amoxsnis drois ganawilebis 

funqcia SeiZleba ganvsazRvroT integraluri gantolebebis sistemiT: 
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(1) 
 
 
 
 
 
 
 
 
     
      

sadac  t
j

  aris amocanis t­ze nakleb droSi amoxsnis albaTobis 

ganawilebis funqcia, Tu amocanis amoxsna daiwyo j­uri etapidan da Tavdapir-

velad orive kompiuteri iyo gamarTuli; 
   uГ
2

1jn



 - 
   uГ 2

-is  n-j+1 jeradi 

naxvevi; 
   uГ
1

1k -erTi kompiuteris mier k-1 etapis u drois ganmavlobaSi 

Sesrulebis albaToba Seferxebebis arsebobisas (yoveli momdevno 2 etapi 

iTvleba erT etapad);  23 / xxdG ­pirveli da meore kompiuteris remontis 

damTavrebis pirobiTi albaTobebi, Tu cnobilia, rom pirveli kompiuteris 

garemontebas daWirda 
2x    dro. 

erTi kompiuteris mier k-1 etapis u droSi Sesrulebis albaToba 

Seferxebebis arsebobisas  1  intensivobiT ganisazRvreba Semdegnairad: 
 
 
 

 sadac    u1

i
  aris i-uri etapisagan Sedgenili davalebebis amoxsnis drois 

albaTobis ganawileba, roca muSaobs erTi kompiuteri da ar aris mtyunebebi. 
qvemoT ganmartebulia meoTxe Sesakrebi: erT­erTma kompiuterma 

pirvelad ganicada mtyuneba drois 1x  momentSi, xolo Seferxebebs ar hqonda 

adgili _   dxx 211

2

2 2exp2   ; 
1x  momentamde orive kompiuteri muSaobda 

erTad da Seasrula i-1 etapebi-
  )( 1

2

1 xГi ; 
2x  drois ganmavlobaSi mtyuneba 

ganicada meore kompiuterma, romelmac Seasrula k-1 etapebi Seferxebebis 

arsebobisas ­    2

2

1k xГ   da gaumarTavi egm­is aRdgena 2x  droSi ar damTav-

rebula _    222exp dxx   ; orive kompiuteris remonts daWirda 3x  dro –

 
23

x/xdG . Semdeg isini erTdroulad CaerTo muSaobaSi da daiwyo mTeli 
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programis Tavidan gadaangariSeba, romelic damTavrda 

 3211321 xxxtxxxt    drois ganmavlobaSi [1,2,4]. 

(1)­is mimarT gamoyenebulia laplas­stiltesis gardaqmna: 
 
 

              
 
(2) 

 

 

 

 

          

 

 

 

 

  1

1n ss 

   gaTvaliswinebiT da (2) sistemis gardaqmnis Semdeg  s
j

 ­is 

mimarT miRebulia: 
 

                          
(3) 

 
 
 
 
 

sadac: 
 
             
         
     [3,4] 
     
 

 

(3) sistemis amoxsna  s
1
 ­is mimarT CavweroT Semdegnairad: 
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 s
1

 -is saSualebiT SesaZlebelia ganvsazRvroT paralelurad momuSa-

ve ori kompiuteris mier davalebis Sesrulebis drois yvela ricxviTi maxa-

siaTebeli maTi saimedoobis gaTvaliswinebiT. 
Catarebuli gamokvleva gamoiyeneba orkompiuteriani gamoTvliTi sis-

temis ZiriTadi parametrebis sworad SerCevisaTvis proeqtirebis stadiaze da 
gamoTvliTi procesis optimaluri organizaciisaTvis eqsploataciis period-
Si. 

 
literatura  

1. Микадзе  И.С. Многоприборная система обслуживания. //Кибернетика, N3, 1989.  

2. Коваленко К.А., Ласнивский В.Л., Прохоров А. Г. К вопросу повыщения функционирования 

многомашинных вычислительных комплехсов с использованием аппаратурных средств программно-

логических методов. //Автоматика и телемеханика, N3, 1997. 

3. Микадзе  И.С., Хочолава В.В. Система массового обспуживания с резервированием. //Georgian 

Engineering News, N4, 2002. 

4. namCevaZe c. v. disertacia: masobrivi momsaxurebis gamoTvliTi sistemebis analizi 
maTi saimedoobis gaTvaliswinebiT; 2008. 
 

SUMMARY 

ANALYSIS OF  FUNCTION PARALLEL CALCULATION SYSTEM WITH ACCOUNT  

OF ITS RELIABILITY 

Namchevadze Ts.V. 

Akaki Tsereteli State Universiteti, Kutaisi 

The possibility of task execution by a twin-computer system with parallel operation over a prescribed period of 

time with an account of the time of programming and recovery of the computers after failures are determined. 

Time for solving a problem is a casual value with an infinitely divided distribution. This time is divided into 2n 

parts. Odd parts are solved with one computer, but even parts - with another. Delays and failures are distributed 

according to Poisson law.  Restoration times are distributed according to exponent law. 

Keywords:  parallel calculation system, reliability, failure, delay. 
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Abstract. This paper provides a comprehensive overview of cloud-based automated enterprise workflow 

platforms, discussing their key components, advantages, and potential disadvantages. The analysis highlights the 

benefits of implementing such systems, including increased efficiency, enhanced collaboration, cost savings, 

scalability, and security. However, it also addresses potential issues such as data privacy, dependency on third-

party service providers, and data migration and integration issues. The finding anticipates future developments in 

this area and their implications for organizations of various sizes and industries. 

Keywords: cloud platform, workflow, automation, document management system, workflow automation, 

collaboration tools, integration options, efficiency, scalability, security, data privacy. 

 

In this paper, we present a comprehensive overview of cloud-based automated corporate 

document flow platforms. We discuss the fundamental concepts, benefits, and potential drawbacks of 

such systems, as well as their implementation within organizations. The paper begins with an 

introduction to the topic, followed by an analysis of the key components of these platforms. The 

conclusion offers insights into the potential future developments in this area, as well as the 

implications for businesses and organizations of various sizes and industries. 

The increasing volume and complexity of corporate documents in the digital era have driven 

the need for efficient and secure management systems. One such solution is the cloud-based 

automated corporate document flow platform, which offers numerous benefits to organizations, 

including increased efficiency, cost savings, and improved security. These platforms facilitate the 

seamless flow of documents and data throughout an organization, ensuring that all stakeholders have 

access to the necessary information in a timely manner [2]. This paper aims to provide a 

comprehensive overview of these platforms, discuss their benefits and potential drawbacks, and 

explore their implementation within various organizations. 

In today's world, businesses are using more and more digital technologies to increase the 

efficiency of their business processes and improve the quality of their services. One such technology is 

the cloud-based automated corporate document management platform. 

A cloud-based, automated enterprise document management platform is a tool that allows 

businesses to automate and manage document processes in the cloud. Such a platform usually includes 

several components, such as an electronic document management system (DMS), business process 

management system (BPM), electronic signature system (ES), task management system (TMS), and 

others. 

The advantages of a cloud-based automated platform for corporate document management 

One of the main advantages of a cloud-based automated corporate document management 

platform is an increase in the efficiency of business processes. By automating document processing, 

businesses can significantly reduce the time required to complete tasks and reduce the number of 

errors. 

In addition, a cloud-based, automated enterprise document management platform allows 

businesses to store all documents in the cloud, which provides a higher level of data security and 

protection. This way, businesses don't have to worry that their sensitive data could be compromised. 

Another important advantage of the cloud-based automated corporate document management 

platform is its usability. Users can access their documents from anywhere with Internet access, which 

greatly simplifies work and increases the mobility of company employees. 

Components of a cloud-based automated corporate document management platform 

As mentioned above, a cloud-based automated document management platform can include 

several components, each of which performs a different function and allows businesses to automate 

various document processes. 
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An electronic document management system (DMS) is one of the main components of a 

cloud-based automated enterprise document management platform [1]. It allows enterprises to create, 

store, edit, and exchange electronic documents. This system also allows you to define access rights to 

documents for each employee of the enterprise, which provides a high level of security. 

The Business Process Management (BPM) system allows enterprises to automate business 

processes related to document processing. It allows you to define the sequence of steps that need to be 

performed for each document processing, as well as determine who is responsible for performing each 

step. By doing so, businesses can reduce the time required to complete tasks and improve the quality 

of document processing. 

The Electronic Signature System (ES) provides the ability to enter into electronic contracts 

and sign documents with an electronic signature. This system allows you to speed up the process of 

concluding contracts and reduce the cost of paper. 

The Task Management System (TMS) allows you to define the tasks that need to be 

performed to process each document, as well as identify those responsible for each task. This system 

ensures more efficient work of the company's employees and reduces the number of errors. 

Overall, the cloud-based automated corporate document management platform is a very useful 

tool for businesses that want to increase the efficiency of their business processes and improve the 

quality of their services. This platform provides a high level of security and protection against 

unauthorized access to documents and information. 

In addition, a cloud-based enterprise document management platform can be integrated with 

other enterprise systems, allowing for better interaction between various departments and increasing 

the efficiency of the entire enterprise. 

However, it should be noted that implementing a cloud-based automated corporate document 

management platform can be costly and require significant expenses for employee training and 

customizing the system to the needs of the company. In addition, it is necessary to consider possible 

risks associated with data security, since all documents will be stored in the cloud and may be 

vulnerable to hacking or data leakage. 

Additional information can be provided in various aspects related to the cloud-based 

automated enterprise document management platform. Below I will discuss some of them in more 

detail. 

1. Possibilities of a cloud-based automated platform for corporate document management 

A cloud-based, automated enterprise document management platform can provide a variety of 

features, depending on the specific needs of an enterprise. For example, it may include the following 

features: 

● Storing and managing electronic documents in cloud storage. 

● Automatic text and metadata recognition of documents. 

● Tracking document status and history. 

● Notifications and reminders about important events and tasks. 

● Signing documents using an electronic signature. 

● Generation of reports and statistics on document flow. 

2. The advantages of using a cloud-based automated platform for corporate document 

management 

Using a cloud-based automated corporate document management platform has several 

advantages for the enterprise, including: 

● Reducing the cost of paper and reducing the time it takes to process documents. 

● Improve the quality and speed of customer service. 

● Reducing the likelihood of errors and improving document quality. 

● Improving interaction between various departments and increasing the efficiency of the 

entire enterprise. 

● Increased security and data protection. 

3. Risks associated with the use of a cloud-based automated corporate document management 

platform 
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The use of a cloud-based automated enterprise document management platform can be 

associated with risks that need to be considered when implementing it. Some of the possible risks 

include: 

● Data security breach if the cloud platform does not provide sufficient protection against 

hacking or data leakage. 

● Problems with service availability when the cloud platform fails or there are problems with 

the Internet connection. 

● Unsatisfactory quality of document processing, if the automatic text and metadata 

processing system does not provide a sufficiently high accuracy and quality of recognition. 

● Insufficient integration with other systems and applications used in the enterprise, which 

can complicate the interaction between different departments and increase the time for document 

processing. 

To reduce the risks when using a cloud-based automated document management platform, you 

need to choose the right service provider, make sure it has experience and reputation, and implement 

the system in stages, testing and training staff [3]. In conclusion, we can say that the cloud-based 

automated enterprise document management platform is a very useful tool for businesses that want to 

increase the efficiency of their business processes and improve the quality of their services. This 

platform provides a high level of security and data protection, which is a very important aspect for any 

enterprise. However, it is necessary to consider the possible risks and costs of implementing the 

system. In any case, a cloud-based automated corporate document management platform can 

significantly improve a company's performance and help it reach new business heights. 
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РЕЗЮМЕ 

ОБЛАЧНАЯ ПЛАТФОРМА АВТОМАТИЗИРОВАННОГО КОРПОРАТИВНОГО 

ДОКУМЕНТООБОРОТА: ВСЕСТОРОННИЙ ОБЗОР 

Айымбет Р.Т., Кенжебаева Ж.Е., Абдрахманова А.З., Казиева Г.Д. 

НАО «Каспийский университет технологий и инженерии имени Ш.Есенова», г.Актау, Казахстан 

НАО Евразийский национальный университет имени Л.Гумилева, г.Астана, Казахстан 

В этом документе представлен всесторонний обзор облачных автоматизированных платформ корпора-

тивного документооборота, обсуждаются их ключевые компоненты, преимущества и потенциальные 

недостатки. В анализе подчеркиваются преимущества внедрения таких систем, в том числе повышенная 

эффективность, расширенное сотрудничество, экономия средств, масштабируемость и безопасность. 

Однако также решаются потенциальные проблемы, такие как конфиденциальность данных, зависимость 

от сторонних поставщиков услуг, а также вопросы переноса и интеграции данных. Вывод предвосхищает 

будущие разработки в этой области и их значение для организаций различных размеров и отраслей. 

Ключевые слова: облачная платформа, документооборот, автоматизация, система управления 

документами, автоматизация документооборота, средства совместной работы, возможности интеграции, 

эффективность, масштабируемость, безопасность, конфиденциальность данных. 
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samonitoringo gegmuri qselis sayrdeni punqtebis gansazRvra 

Tanamgzavruli teqnologiebis gamoyenebiT 

 

sulaberiZe g.f.., Wiaureli g.g., saduniSvili m.a., papava d.g., gelaSvili m.a. 
 

saqarTvelos teqnikuri universiteti  
Sps feri 

 
preceziuli nagebobebi, maTi daniSnulebisa da teqnologiuri sirTu-

lidan gamomdinare, agreTve usafrTxo eqspluataciis mizniT, ganekuTvnebian 
Senobebis im rigs, romlebzec aucilebelia moxdes dakvirveba maTi defor-
maciuli procesebis kvlevaze. 

naSromSi ganxiluli sakiTxi, garkveulwilad zogadia (universaluria) 
da gaTvlilia nebismieri tipis sainJinro nagebobebis sadeformacio qselis 
uzrunvelsayofad. Tumca aucilebelia aRiniSnos, rom naSromSi ganxilulia 
eqsperimenti/cda, romelic Catarda engurhesis TaRovani kaSxlis samonito-
ringo gegmuri sayrdeni qselis gamosaval punqtebze. 

raTqmaunda obieqtis SerCeva ar momxdara SemTxveviT, radgan engurhesis 
TaRovani kaSxlis samonitoringo gegmuri satriangulacio qseli arsebobs  
gasuli saukunis 70-iani wlebidan da rekonstruqcia ganicada ramodenimejer. 
triangulaciis qselis saboloo variantSi 30 punqtia, romelTagan xuTi, kaS-
xlidan daaxloebiT daSorebulia 1,5km-iT da warmoadgenen sayrden punqtebs 
[1,2]. 

qselis yvela punqti saimedod aris Camagrebuli da moxerxebuli 
konstruqciisa, anu saSualebas iZleva moxdes instrumentebisa da damxmare 
xelsawyoebis avtomaturi dacentvra 0,03 mm sizustiT, rac gamoricxavs 
centrirebisa da reduqciis Sesworebebis gansazRvris aucileblobas.  

samonitoringo qselis punqtebi ganlagebulia mdinare enguris kanionis 
orive napirze qveda biefSi, ZiriTadad sxvadasxva simaRleze ise, rom zo-
gierT punqtebs Soris simaRleTa sxvaoba 200 metrs aRemateba. xSirad erT 
mxareze ganlagebul punqtebs Soris mxedveloba ar aris xeobis konfigura-
ciisa da ferdobebze xeebis arsebobis gamo. es garemoeba arTulebs srul-
yofili, kargi xarisxis samkuTxedebidan Semdgari qselis Seqmnas [5]. 

rac Seexeba sibrtyeze gadasvlis mimarTulebis   Sesworebebs, maTi 
sidide gamoiTvleba formuliT  

  21212,1 23/ yyxxf   

aq koordinatebi gamoisaxeba kilometrebSi, xolo 002537,0f   saqarT-

velos saSualo ganedisaTvis. anu   -s mniSvneloba damokidebulia werti-
lebis koordinatebis sidideze da xazis sigrZeze. xazis maqsimaluri sigrZe 
kaSxlis samonitoringo qselSi 1250 metramdea. qselSi kuTxuri Seukvreloba 
w gamoiTvleba fereros formuliT 

   5,02 3/ NwM   

M  
sadac w aris samkuTxedis Seukvreloba, xolo N – samkuTxedebis raodenoba; 

gawonasworebis Semdgom qselis punqtebis mdebareobis skS 1,2_1,8 mm-s 
farglebSia. 

Cveni gadawyvetilebac, imis Sesaxeb, rom Tanamgzavruli teqnologiebis 
gamoyenebiT, gegmuri sayrdeni qselebis punqtebis gansazRvra Cagvetarebina 
engurhesis samonitoringo qselis (nax.1) gamosavali punqtebze gamomdi-
nareobda am qselze mravalwliani, maRali sizustis gazomvebis arsebobiT. 
rac Sedarebis saSualebas mogvcemda. 
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nax. 1. enguris TaRovani kaSxlis gegmuri sayrdeni geodeziuri qselis sqema 
 
movaxdineT enguris TaRovani kaSxlis gegmuri sayrdeni qselis punq-

tebis gansazRvra Tanamgzavruli teqnologiebis gamoyenebiT. gazomvebi vawar-
moeT GEO-CORS-Si CarTuli GPS mowyobilobebiT, erTdroulad yvela punqtze. 
Cveni Canafiqri mdgomareobda SemdegSi: ar gamogveyenebina baza da gazomvebi 
Cagvetarebina statikur reJimSi. 

Tanamgzavruli ganazomebis sizusteze gavlena aqvs ramodenime faq-
tors, erT-erTi maTgania sizustis Semcirebis faqtori (DOP). romelic Tavis-
mxriv  iyofa sxvadasxva komponentebad:  

VDOP _ vertikalur sibrtyeSi sizustis Semcirebis faqtori, romelic 
gansazRvravs ganazomebis sizustes mxolod vertikalur sibrtyeSi. VDOP _ 

gamoiTvleba formuliT:   
2

ZVDOP   

HDOP _ horizontalur sibrtyeSi sizustis Semcirebis faqtori, 
romelic gansazRvravs ganazomebis sizustes mxolod horizontalur sibrt-

yeSi. HDOP _ gamoiTvleba formuliT:   
2 2

X YHDOP     

PDOP _ adgilmdebareobis sizustis Semcirebis faqtori, romelic 
gansazRvravs ganazomebis sizustes sivrceSi, sam ganzomilebian sibrtyeSi. 

PDOP _ gamoiTvleba formuliT:  
2 2 2

X Y ZPDOP        

TDOP _ droTa ganmavlobaSi sizustis Semcirebis faqtori, romelic 
gansazRvravs gazomvebis periodSi, droSi sizustis Semcirebis faqtors, 

TDOP _ gamoiTvleba formuliT:  
2

tTDOP   

GDOP _ sizustis Semcirebis geometriuli faqtori, romelic gan-
sazRvravs mTliani ganazomebis sizustis Semcirebis faqtors, GDOP _ gamoiT-

vleba formuliT:  
2 2GDOP PDOP TDOP  . 

GDOP-is maCvenebliT ganisazRvreba ganazomebis saboloo sizuste, si-
zustis Semcirebis faqtoris mniSvnelobebis mixedviT fasdeba ganazomebis 
xarisxi.  

DOP-is mniSvnelobebis sizuste damokidebulia Tanamgzavrebis ganla-
gebaze da maT traeqtoriaze, Tu Tanamgzavrebi erTmaneTTan axlos aris 
ganlagebuli DOP-is mniSvnelobebi izrdeba, Sesabamisad, sizuste mcirdeba, 
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xolo Tu Tanamgzavrebi erTmaneTisgan rac SeiZleba Sors aris ganlagebuli, 
ise rom xedvis arealSi xvdeba, maSin DOP-is geometria idealuria, 
Sesabamisad, sizuste maRalia [4-6].   

 
`DOP~- is mniSvnelobebi ganazomebis sizuste 

≤1 idealuri 
1_2 Zalian kargi 
2_5 kargi 
5_10 saSualo 
10_20 cudi 
21_50 Zalian cudi 

 
  
Tanamgzavruli gazomvebis eqvsaaTiani sesiebis Sedegad miRebuli 

ganazomebis damuSavebisas miviReT DOP-is grafikuli gamosaxuleba (nax.2) 
qselis xuTive punqtebisTvis grafikze daaxloebiT 9:00 sT. niSnulze Cans 
GDOP-is SedarebiT uaresi maCvenebeli, rac aixsneba cis TaRze Tanamg-
zavrebis naklebad sasurveli ganlagebiT. rac gamowveulia sesiis dros 
Tanamgzavrebis zenituri manZilebiTa (nax.3) da maTi traeqtoriis azimutiT 
(nax.4). Tu davakvirdebiT aSkaraa, rom daaxloebiT 9:00 saaTisTvis cis TaRze 
Tanamgzavrebis ganlageba arc ise saxarbieloa. 

 

 
  

nax. 2.  sizustis Semcirebis faqtori (DOP) CP17 wertilisaTvis 
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nax.3 gazomvebis procesSi cis TaRze Tanamgzavrebis 
zenituri manZilebi droSi, CP17 wertilisaTvis 

 

 
nax.4 gazomvebis procesSi cis TaRze Tanamgzavrebis 

azimutebi droSi, CP17 wertilisaTvis 
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miRebuli ganazomebis damuSaveba movaxdineT igive principiT, ra prin-
cipiTac xorcieldeba aRniSnul qselze kuTxur-xazovani ganazomebis damu-
Saveba. 

 
punqtebis mdebareobis gansazRvris sizuste, mm 

 

wertili 
GPS 

TPS 
 

Meg Mng Mg Met Mnt Mt 

CP1 0,42 0,42 0,59 0,83 0,91 1,23 
CP2 0,36 0,31 0,48 0,91 0,99 1,34 
CP6 0,35 0,27 0,44 1,11 0,99 1,49 
CP7 0,34 0,26 0,43 1,34 1,19 1,79 

CP17 0,32 0,24 0,40 1,10 1,06 1,53 
 
cxrilSi mocemuli Sedegebi saSualebas iZleva davamtkicoT, rom 

Tanamgzavruli ganazomebi samjer zustia klasikur meTodebTan SedarebiT. 
Tumca aq isic unda iTqvas, rom Tanamgzavruli teqnologiebiT srulad ver 
CavanacvlebT klasikur, kuTxur-xazovan meTodebs. maTi kombinirebuli 
gamoyeneba ki namdvilad wingadadgmuli nabijia. 

amrigad, SegviZlia davamtkicoT, rom GNSS sistemebis gamoyenebiT, 
srulad SesaZlebelia gegmuri sayrdeni qselebis uzrunvelyofa sakmarisi 
sizustiT. saqarTvelos pirobebSi, sizustis Semcirebis geometriuli faq-
toris analizis Sedegad sasurvelia gamoviyenoT GPS-is da GLONASS-is Ta-
namgzavruli sistemebi erTdroulad. rac Seexeba upiratesobebs, ganxiluli 
meTodi dakavSirebulia garemos dacvasTan da usafrTxoebasTan, samuSaoebisa 
da adamianuri resursebis SemcirebasTan.  
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LLC PERI 

The paper discusses the possibilities of satellite technologies in providing geodetic (planar) networks. The results 

of the support network measured by GPS devices operating in a static mode without a base station are discussed. 

Also the geodetic factor of reduction of accuracy. 

Keywords: Geodetic Network, Sky Visibility, Deformation Network, DOP, GNSS, GPS. 
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saderivacio gvirabis kuTxur-xazovani gazomvebis 

uzrunvelyofa Tanamgzavruli teqnologiebis gamoyenebiT 

 

sulaberiZe g.f. 
 

saqarTvelos teqnikuri universiteti 
 
naSromSi ganxilulia imereTSi, rionhesis ukve arsebuli, saderevacio 

gvirabi, romelic agebulia gasuli saukunis 30-ian wlebSi da dRemde 
eqspluataciaSia. saderivacio gvirabi gadis quTaisis dasaxlebuli ubnebis 
qveS da raTqmaunda, rogorc kerZo sakuTreba daregistrirebulia sajaro 
reestrSi xazovani nagebobis saxiT [1].  

garkveuli garemoebebis gaTvaliswinebiT, dRis wesrigSi dadga gvira-
bis RerZis faqtobrivi koordinatebis dadgena, rac klasikuri meTodebis 
gamoyenebiT moiTxovs, gvirabis sawyis da sabolo wertilebs Soris kuTxur-
xazovani qselis Seqmnas. urbanulad ganviTarebuli teritoriebis pirobebSi, 
am meTodis gamoyeneba TiTqmis miuRwevadia, xolo moqmedi saderivacio gvi-
rabis pirobebSi, romlis wylidan dacla saaTebiTaa gawerili, ukve Seus-
rulebeli misiaa. 

am SemTxvevaSi, miwisqveSa samuSaoebis Sesrulebis uaryofa da maTi 
Canacvleba gamoricxulia, xolo miwiszeda nawilSi SeiZleba Tanamedrove 
Tanamgzavruli meTodebis gamoyeneba. 

dReisaTvis saqarTvelos qalaqebSi uamravi sxvadasxva saxis da daniS-
nulebis miwisqveSa nabebobaa. zogierTis Sesaxeb cnobilia sazogadoebisTvis, 
xolo zogierTi naklebad an saerTod ucnobia. 

Tumca yvela miwisqveSa nageboba, romlis Sesaxeb cnobilia, aRri-
cxulia (saxelmwifo an kerZo mflobelobaSia) da registrirebulia sajaro 
reestris erovnuli saagentos mier. gansakuTrebiT mniSvnelovania is 
nagebobebi, romlebic mdebareobs urbanulad ganviTarebuli teritoriebis 
qveS. xSir SemTxvevaSi es miwisqveSa nagebobebi datanilia gegmebis saxiT 
Zveli saproeqto naxazebis Sesabamisad da realobasTan ar aqvs saerTo an 
mniSvnelovani cdomilebebiT gamoirCeva. 

ZiriTadad, gvirabebis geodeziuri uzrunvelyofa xorcieldeba gegmuri 
geodeziuri safuZvliT, romelic ZiriTadad sagvirabe triangulaciis an 
poligonometriuli qselebis saxiT aris warmodgenili. miwisqveSa samuSaoebi, 
am SemTxvevaSi Sesrulebulia maRali sizustis eleqtronuli taqeometriT, 
sami samfexis meTodiT [2,3].  

poligonometriis qselis svlis bolo punqtis Zvra, gamoiTvleba  
formuliT 

 
Zi

2
22 2

2

3
M

12
s

m n
m n S






   , 

mTlianobaSi miwisqveSa samuSaoebi sakmarisad rTul pirobebSi 
Sesrulda. ver moxerxda gvirabis wylisagan dacla da Sesabamisad gvirabis 
umetesi monakveTi iyo wyliani (1 metri da meti siRrme). svlis pirveli 
nawili, anu Sesasvlelidan gvirabis Ria monakveTamde daaxloebiT 2,5 km-ia, 
xolo meore, anu Ria monakveTidan svlis bolomde daaxloebiT 1,5 km-ia. 
mTlianobaSi svlis sigrZem Seadgina 4021,4 m gverdebis odenoba 28. 

winaswar, gvirabis TavSi da boloSi, agreTve gvirabis daaxloebiT Sua 
monakveTSi, iq sadac saderivacio gvirabi gamodis zedapirze (daaxloebiT 85 
metriani monakveTi), damagrebuli iqna wertilebi, romelTa urTierT-
mdebareoba ganisazRvra ara klasikuri-triangulaciis qselis an saqalaqe 
poligonometriis meTodebis gamoyenebiT, aramed  Tanamedrove Tanamgzavruli 
(GNSS globaluri sanavigacio satelituri sistema) teqnologiebiT [4,5]. 
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winaswar damagrebuli wertilebis koordinatebi ganisazRvra WGS-84 
koordinatTa sistemaSi, Geo-Cors-is saqarTvelos mudmivmoqmedi sabazo refe-
rensuli sadgurebis qselSi CarTuli GPS mimRebebis saSualebiT da miviReT 
sami wertilisagan Semdgari geodeziuri sayrdeni qseli. 

miwisqveSa samuSaoebis, ganazomebis Sedegebi kargi xarisxis iyo, maTi 
damuSavebis Sedegad, miviReT gvirabis RerZis koordinatebi, romlebic 
davamuSaveT mxolod miwisqveSa kuTxur-xazovan gazomvebze dayrdnobiT, 
rogorc dakidebuli svla (nax.1). Cven agreTve gvqonda gvirabis registri-
rebuli RerZi (nax.2), romlis mdebareobis gansazRvris cdomileba saqar-
Tvelos mTavrobis 388-e dadgenilebis Tanaxmad, ar unda aRematebodes 15sm. 

sabolood movaxdineT miwisqveSa samuSaoebis, kuTxur-xazovani gana-
zomebis mibma sayrden geodeziur qselze da gavawonasworeT. Sedegad miviReT 
gvirabis RerZis, (sayrdeni geodeziuri qselis mimarT) gawonasworebuli 
koordinatebi (nax.3).  

 

 
 
samive naxazs Tu SevxedavT, aSkaraa, rom sajaro reestrSi daregistri-

rebul gvirabis RerZs (nax. 2) saerTo ar aqvs araferi faqtobriv mdgomareo-
basTan, xolo pirveli da mesame naxazi erTi SexedviT identuria, rac sinam-
dviles ar Seesabameba. magaliTisTvis Tu aviRebT M24 wertils da SevadarebT 
mis gamoTvlil da gawonasworebuli mniSvnelobebis absolutur cdomilebas, 
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is Seadgens 3,9 m. xolo gawonasworebis Sedegad maqsimaluri Sesworebebis 
sidideebma Seadgina 35,2 da 22,4 sm,  Sesabamisad, 21-e da 27-e wertilebze.  

aqve unda aRiniSnos, rom naxazebSi, miwisqveSa nagebobis namdvili 
koordinatebis sajarod xelmiuwvdomelobis mizniT, koordinatTa badeze 
miTiTebuli koordinatebi damaxinjebulia Segnebulad da gamoyenebulia 
pirobiT koordinatTa sistema. 

amrigad, sayrdeni geodeziuri qselebis uzrunvelyofa GNSS sistemebis 
gamoyenebiT, dReisaTvis srulad akmayofilebs sayrdeni geodeziuri qselebis 
Seqmnis moTxovnebs. dadebiTi faqtorebia: samuSaos Sesasruleblad saWiro 
drois Semcireba, Semcirebuli finansuri xarjebi, ganaxevrebuli adamianuri 
resursi da yvelaze mniSvnelovani, sakmarisi sizuste. 
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One example of engineering geodetic service of an underground facility, using a satellite system is discussed. In 

particular, the creation of a support geodetic network attached to the open sections of the derivation tunnel of 

Rioni HPP, using a global navigation satellite system. 
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saqarTvelos satranzito derefnis situaciuri analizi da 

reinJiniringis amocanis ZiriTadi aspeqtebi 

xuciSvili s.a, gasitaSvili z.a., gorgiZe d.a., xarTiSvili m.p., xuciSvili l.s. 

saqarTvelos teqnikuri universiteti 
ilias universitetis politologiis instituti 

Sesavali. mecnierul-teqnologiuri progresi da globalizacia qveynis 
socialur-ekonomikuri ganviTarebis SesaZleblobebs kardinalurad cvlis. 
Sesabamisad, dRes, rogorc arasodes, prioritetulia saerTaSoriso ekono-
mikaSi CarTva da sruli integracia.  geopolitikurma mdgomareobam saqarT-
velo globalur interesTa sferoSi moaqcia.  is ufro TvalsaCino gaxda mas 
Semdeg, rac gaJRerda axali abreSumis gzis (aag) - (NSR- New Silk Road) ekonomi-
kuri sartyelis koncefcia. romelic warmoadgens, satransporto-logis-
tikuri gadazidvebis satranzito marSruts, unda iTqvas, rom gaJRerebis  
droidan, es koncefcia gaxda, pekinis, evropis da satranzito derefanSi sxva 
mezobeli qveynebis axali urTierTobebis dawyebis safuZveli [1].   

CineTi, satransporto derefnebis problemas, Tavisi interesebidan 
gamomdinare xedavs. is samxreT kavkasiis satranzito derefans (ksd) (sa-
qarTvelo, azerbaijani), sakvanZo rolis Semsrulebel, erT-erT mniSvnelovan, 
didi potencialis mqone regionad  miiCnevs. Tumca unda aRiniSnos, rom arse-
bobs mravalricxovani problema (xelis SemSleli, susti adgilebi, riskis 
faqtorebi), romelTa arseboba cxadia amcirebs ksd-is saerTo konkurentuna-
rianobas. anu zrdis „satransporto derefanis“ gavlis dros, zrdis Rire-
bulebas da amcirebs imedianobas,  rac realurad  asaxulia, msoflio bankis 
konkurentunarianobis lojistikur indeqsze, sadac saqarTvelis, 2,44 quliT 
124-e adgili ukavia. [4,5] 

amasTan unda davafiqsiroT, rom gza CineTs da evropas Soris, romelic 
gadis samxreT kavkasiaze yvelaze moklea. amitom saTanado reorganizaciis 
pirobebSi, man SeiZleba seriozuli konkurencia gauwios CrdiloeTisa da 
samxreTis satranzito derefnebs.  

aRniSnulidan gamomdinare, vfiqrobT mniSvnelovania, kavkasiis satran-
zito derefanis saqarTvelos monakveTis reinJiniringis amocanis dasma da 
damuSaveba, situaciuri analizis safuZvelze. konkurentunarianobis mkveTrad 
amaRlebis ZiriTadi mimarTulebebis da „instrumentebis“ gansazRvra 

ZiriTadi nawili. biznes procesebis reinJiniringi gamoiyeneba maSin, 
rodesac saWiroa saqmianobis reorganizaciis Sesaxeb mizanmimarTuli gadaw-
yvetilebis miReba, ZiriTadi maxasiaTeblebis mkveTri, naxtomiseburi gaumjo-
besebis misaRwevad.  

 reiJiniringis SemoTavazebuli procesi dafuZnebulia scenarebis me-
Todze da situaciuri analizis  principebze, romlis arsi mdgomareobs Sem-
degSi: biznes sistemis formirebis an modificirebis (reinJiniringis) pro-
cesSi,  sistemis ganviTarebis stadiebis Sesabamisad, SeiZleba warmoiqmnas si-
tuaciebis simravle. xdeba sawyis da damamTavrebel stadiebze situaciebis 
dafiqsireba da ganisazRvreba Tanmimdevruli gadasvlebi  [4]. 

naSromSi situaciuri analizis procesi warmodgenilia, kavkasiis sat-
ransporto derefnis saqarTvelos monakveTis, anu saqarTvelos satranzito 
derefanSi multimodaluri satransporto-lojistikuri sistemis reformi-
rebis (reinJiniringis) magaliTze. 

saqarTvelos satranzito derefani warmoadgens sakmaod rTuli 
struqturis biznes sistemas (Semadgeneli elementebis didi raodenoba, maT 
Soris da garemosTan urTierTkavSirebis sirTule, uflebamosilebaTa ierar-
qiuli gadanawileba da a.S). misi, rogorc biznes sistemis analizis da 
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reformirebis Sesabamisi amoxsnebis arCeva sasurvelia ganxorcieldes spe-
cialuri _ „xis magvari“ grafis agebisa da analizis safuZvelze. aseT grafs 
vuwodebT situaciebis grafs (sqema).   

grafis wveroebi aRiniSneba marTkuTxedebiT da Seesabameba stadiaze 
warmoqmnil situaciebs, „xis Ziri“ aRniSnavs sawyis (amosaval) situacias. 
marTkuTxedis zeviT miniSnebuli isrebi, miuTiTebs situaciuri miznebis 
arsebobas, romelTa miRweviTac SeiZleba „Seicvalos“ situaciis negatiuri 
faqtorebi. wiboebi, romlebic gamodian „situaciuri wveroebidan“ Seesabameba 
alternatiul gadawyvetilebebs, mimarTuls am miznebis realizebaze.     
(sqemaze miTiTebuli situaciebi, situaciuri miznebi da gadawyvetilebebi 
Sesabamisad aRniSnulia Si,  Cj,  fk).  

saqarTvelos satranzito derefanSi procesebis reformirebis situaciuri grafi 
(diagrama) 

eqspertebis (sagnobriv sferoSi) da sistemuri analitikosebis mier, yo-
veli miRebuli situaciisaTvis, sawyisi So-dan dawyebuli, sruldeba Semdegi   
procedurebi: 
1. xdeba teqsturi aRweris gansja da analizi, aRwerili situaciis gasaum-
jobeseblad yalibdeba situaciuri miznebi; 2. fiqsirdeba alternatiuli 
gadawyvetilebebi situaciuri miznis misaRwevad; 3. situaciebi, romlebic 
asaxaven gadawyvetilebis Sedegs, gadaitaneba grafze (wveroebis da 
incidenturi monakveTebis saxiT) da xdeba maTi aRwera; 4. xdeba situaciebis _ 
Sedegebis gansja da maTgan amoiReba SedarebiT miuRebeli (gadaixazeba 
aRniSnuli Si-dan). darCenili situaciebisaTvis procedura meordeba.   

situaciuri miznebis daniSnulebaa situaciebis gaumjobesebis xelSe-
wyoba. rogorc sqemazea warmodgenili, vixilavT Semdeg situaciur miznebs: 
C1, C2, C3 , C4, C5, C6.   

C1 _saqarTvelos satransporto logistikuri derefnis konkurentuna-
rianobis amaRlebis strategiis arCeva; C2 _ saqarTvelos satransporto lo-
gistikuri dargis saqmianobis maregulirebeli  adgilobrivi da mezobeli 
qveynebis kanonmdeblobis gacnoba da mizanmimarTuli gamoyeneba; C3 _ sainves-
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ticio politikis formireba; C4 _ inovaciuri politikis formireba; C5 _ marT-
vis organizaciuli struqturis arCeva; C6 _ funqcionirebis meqanizmis arCeva. 

situaciuri analizis procesSi, situaciur miznebs siRrmiseulad ar 
ganvixilavT, ZiriTad aspeqtebs ki mokled davaxasiaTebT. 

gansaxilveli problemis savaraudo teqsturi aRwera, sawyisi S0-Tvis 
da masTan dakavSirebuli S1,… ,S4  situaciebisTvis,  mocemulia cxr. 1-Si, 
situaciuri miznebi Cj miTiTebulia uSualod sqemaze, xolo alternatiuli 
gadawyvetilebebi f k cxr.  2-Si.     

                   
cxrili 1. SesaZlo situaciebis cxrili        

 
 situaciis aRwera 
S0 axali abreSumis gzis satransporto-logistikuri derefani naklebad konkure-

ntunariania  alternatiul derefnebTan SedarebiT: 
1. ar arsebobs saTanado infrastruqtura da Sesabamisi teqnologiebi sazRvao,  
saxmeleTo da sarkinizo mimarTulebebeze. 
2. mouwesrigebelia  satransporto  da  lojistikuri  centrebis   formirebis 
da ganviTarebis procesi; 
3. sakmarisi araa saxelmwifosa da kerZo  seqtors  Soris  TanamSromlobis  do-
ne, energetikis, transportis, logistikis, informaciuli  teqnologiebis  inves-
tirebis  mimarTulebiT; 
4. gaZnelebulia  konkurentuli  garemos formireba, saerTaSoriso  doneze mo-
Txovnis da miwodebis  bazrebis sistemuri  kvleva da /an  informaciis  moZieba, 
Sesabamisi  informaciuli  sistemebis  ganviTareba. 
5. garTulebulia saerTaSoriso da regionaluri satransporto sistemebSi integ-
racia. 
6. aRiniSneba kadrebis arasaTanado kvalifikacia, ar aris sistematizirebuli 
swavlebis da gadamzadebis procesi. 
7. ar arsebobs konkretuli samoqmedo gegma da ar aris gansazRvruli strategiu-
li miznebis ganxorcielebaze pasuxismgebeli sajaro uwyeba an sxva struqtu-
ruli rgoli. 

S1 1.1. xdeba saTanado infrastruqturisa  da teqnologiebis ganviTarebis aramizan-
mimarTuli mcdeloba, SeimCneva Sesabamisi saqmianobis dabali  tempebi da  sain-
vesticio politika, sazRvao,  saxmeleTo  da sarkinizo mimarTulebebeze; 
1.2. maRalia konkurencia dasavleT-aRmosavleTis da sxva  alternatiul deref-
nebTan mimarTebaSi. 
1.3. ar arsebobs, satransporto logistikuri seqtoris ganviTarebis saxelmwifo  
strategia  da a.S. 

S2 2.1. saqarTvelo  satransporto  logistikur  dargSi   procesebis  ganviTarebis    
dinamika  wina situaciasTan SedarebiT ZiriTadad ar aris Secvlili. orientacia 
aRebulia ganviTarebis isev eqstensiur mimarTulebaze. 
2.2. damuSavebulia ganviTarebis saxelmwifo strategia, magram ar aris formire-
buli  logistikis operaciebis prioritetuli mimarTulebebi,   da a.S. 

S3 3.1. ganviTarebis  dinamika gvaxsenebs  scenars romelic moyvanialia situaciaSi S2; 
3.2 isaxeba iseTi logistikuri  problemebis  gadaWris  gzebi  rogoricaa  gada-
zidvebis siCqare da finasuri uzrunvelyofis daxvewa, gansakuTrebiT sarkinigzo 
gadazidvebSi, logistikis Tanamedrove  meTodebis „zustad  droSi“,  „karidan  
karamde“, „erTi fanjris  principi“da a.S. drouli da farTod  danergva  da a.S. 

S4 ganviTarebis dinamika gvaxsenebs   scenars romelic aRwerilia S3 situaciaSi.  
4.1.saxelmwifosgan praqtikuli mxardaWeris TvalsazrisiT xdeba  pasuxismgebeli 
da  makoordinirebeli  organos formireba.  
4.2. saxelmwifosTvis satransporto logistikuri dargi xdeba prioritetuli.  
didia Zalisxmeva Rrmawylovani portis Seqmnaze da a.S. 

 
sqemaze warmodgenil situaciebis grafze, f1, f2, f3, f4 gadawyvetilebebidan 

yvelaze misaRebia f4 _ gadawyvetileba da misi Sesabamisi S4 situacia, radgan 
yvelaze srulad asaxavs msoflio bankis logistikis indeqsis Semadgenlebs 
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da maTi gaumjobesebis perspeqtivebs C1 miznis gaTvaliswinebiT. amitom am 
etapze sxva situaciebs aRar ganvixilavT da vaxdenT maT reducirebas. 

yovelive zemoT Tqmulis safuZvelze aucilebeli xdeba f4 gadawyveti-
lebis Sesabamisi, S4 situaciis Semdgomi ganviTarebis analizi, ukve C2 miz-
nisaTvis. romelic iTvaliswinebs qveyanaSi moqmedi da saerTaSoriso mul-
timodaluri (sxvadasxva saxeobis transportiT) gadazidvebis maregulirebel 
samarTlebriv normebs, aqtebs, dadgenilebebs, konvenciebs da a.S. [5]. 

gamovyofdiT S5, S6, S7 situaciebs da Sesabamis f5, f6 da f7 gadawyvetile-
bebs. maTgan mniSvnelovania f7 gadawyvetileba, romelic satranzito derefan-
Si saqmianobis maregulirebeli kanonmdeblobis  gamoyenebis da srulyofis 
procesebis paralelurad, iziarebs da iTvaliswinebs saerTaSoriso konven-
ciebs, dadgenilebebs, samarTlebriv normebs. 

S7 situaciaSi (sainvesticio politikis arCevis dros) SemoTavazebulia 
gadawyvetilebebi f8, f9, f10, romelTagan uaryofilia f8 da f9 gadawyvetilebebi 
da a.S. 

 
cxrili 2.  SesaZlo gadawyvetilebebis cxrili  
  

amoxsnis 
dasaxeleba 

amoxsnis aRwera 

f1 
 

qveyanaSi satransporto-logistikuri dargis eqstensiuri zrda da 
ganviTarebis arsebuli tendenciebis SenarCuneba „davtovoT yvelafe-
ri Zveleburad“. 

f2 

f1 gadawyvetilebisgan gansxvavebiT: damuSavdes satransporto- logis-
tikuri derefnis ganviTarebis strategiebi; daiwyos satansporto lo-
gistikuri centrebis (slc) formireba da  urTierTobebis srulyofa  
gadazidvebis procesSi  monawile kerZo struqturebs Soris. 

f3 

multimodaluri satransporto-logistikuri saqmianobis intensiuri 
zrdis mimarTulebebis formireba (satransporto gadazidvebis siCqaris 
da saimedobis gazrda, dafinasebis uzrunvelyofa sarkinizo da 
saavtomobilo infrastruqturaSi, intermodalur gadazidvebze da saba-
Jo momsaxurebaze saoperacio procedurebis gaiafebis  tendecia da a.S). 

f4 

F3-gadawyvetilebebis paralelurad, saxelmwifosgan saWiro praqtiku-
li  mxardaWera. saxelmwifosgan  satransporto  logistikuri dar-
gis prioritetulobis dafiqsireba.  derefnis cnobadobis amaRlebis  
Sesabamisi saqmianoba; saWiro investiciebis mozidva da a.S. 

f5 
trasekas derefnSi saqmianobis arsebuli kanonmdeblobis analizi, 
srulyofis gzebis dasaxva. 

f6 
f5 gadawyvetilebis paralelurad adgilobrivi mniSvnelobis dargob-
rivi, regionuli,sakanonmdeblo dadgenilebebis, aqtebis da a.S miReba. 

f7 
f6 gadawyvetilebis paralelurad saerTaSoriso kavSirebis mareguli-
rebeli damatebiTi debulebebis, dadgenilebebis konvenciebis da 
aqtebis aRiareba.  

 
„reduqciis“ ganxorcielebis Semdeg darCa Svidi gza,  romlebic iwyeba 

„xis Ziridan“ da midis „foTlebisken“ (sqema).  yoveli gza Seesabameba gadaw-
yve-tilebebis garkveul nakrebs. Cveni mizania (arsebuli kanonmdeblobis 
farglebSi) avirCioT am nakrebidan optimaluri _MCi - makromiznebze orien-
taciiT. makromiznebis sistemis formireba xdeba situaciuri analizis sawyis 
stadiaze. aseTi sistema gansazRvravs satranzito derefnis ganviTarebis 
orientirebs, msoflio bankis logistikis indeqsis  arsebuli Sedegebis ana-
lizis safuZvelze (cxr. 3).  
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cxrili 3.  satransporto derefnis ganviTarebis makromiznebi 
 
makromiznis 
dasaxeleba 

makromiznis aRwera 

MC1 
satransporto-logistikuri infrastruqturis efeqturobis da xarisxis 
gazrda, orientacia Rrmawylovan portebze. 

MC2 
saqarTvelos portebsa da sasazRvro-gamSveb punqtebSi, operaciu-li 
saqmianobis srulyofa, inovaciuri teqnologiebis  da „erTi fanjris 
principis“  gamoyenebiT. 

MC3 

multimodaluri satransporto logistikuri momsaxurebis, (Sida opera-
ciebis) SesaZleblobebis da xarisxis srulyofa, gadazidvebis erTiani, 
konkurentunariani sistemis formireba da marTvis Sesabamisi, ino-
vaciuri meqanizmebis formireba;   

MC4 
tvirTis daniSnulebis adgilamde droulad miwodeba da tvirTebis 
Treqingis SesaZlebloba; 

 
 amorCevis procedurisaTvis monacemebi (saCvenebeli varianti) warmodge-
nilia cxr. 4-Si, romlis striqonebic Seesabameba Bi nakrebs, xolo svetebi 
MCj makromiznebs. 
                              
  cxrili 4. gadawyvetilebaTa optimaluri nakrebis arCevisaTvis monacemebi  
 

nakrebis 
saxeli 

bolo 
situacia 

nakrebis 
struqtura 

reformirebis makro miznebi 
da wonebi  (qulebi) 

makromiznis 
miRwevadobis 
indikatori MC1/5 MC2/ 4 MC3 / 5 MC4 /3 

B1 S17 f4 f7 f10 f11 f14   f17 0,9 0,5 0,7 0,5 11,1 

B2 S18 f4 f7 f10 f11 f14   f18 0,5 0,3 0,5 0,3 7,1 

B3 S19 f4 f7 f10 f11 f14   f19 0,3 0,3 0,7 0,5 7,7 

B4 S20 f4 f7 f10 f11 f14   f20 0,5 0,3 0,5 0,3 7,1 

B5 S22 f4 f7 f10 f11 f15  f22 0,3 0,5 0,3 0,5 6,5 

B6 S23 f4 f7 f10 f11 f15  f23 0,3 0,5 0,5 0,3 6,9 

B7 S24 f4 f7 f10 f11 f15  f24 0,3 0,5 0,3 0,5 6,5 

  
 yovel makromizans MCj eqspertTa jgufis mier eniWeba wona an qula αj,  
romelic  gansazRvravs mis prioritets, sxva makromiznebTan SedarebiT da 
makromiznisgan  gamoyofilia daxrili xaziT  (cxr. 4.). 

MCj makromiznebis miRwevis xarisxi (SesaZlebeli done) Bi gadawyveti-

lebebis dros fasdeba  1, 1ijX     sididiT, eqspertTa jgufis an eqspertis 

mier. aq plusi aRniSnavs mizanTan miaxloebas, xolo minusi miznidan daSore-
bas. Tu yvela Sefaseba dadebiTia, maSin niSani gamoitoveba. Zalian mniSvne-lo-
vania eqspertebis kompetenturobis donis da maTi SeTanxmebis donis dadgena. 
am etapze Cven vuSvebT, rom eqsperTTa jgufi kompetenturia da maTi qmedebebi 
SeTanxmebulia.  Xij Sefasebis ricxviTi mniSvnelobebi, romelic aRniSnavs Bi-is 

gavlenas MCj miznis realizebaze, moTavsebulia 0≤ X ij ≤1≤sazRvrebSi da airCe-
va eqspertTa SeTanxmebis safuZvelze konkretuli skaliT (cxr.5).   

Xij  Sefaseba iwereba Bi striqonis da  MCj svetis gadakveTaze. yoveli Bi 
striqonisaTvis gamoiTvleba makromiznis miRwevis sidide (mms), (mms) ≡ CI, 
maSin mms-s gamosaTvleli zogadi formula miiRebs saxes. 

j ijj
CI X                           (1) 

sadac, j   j-ri makromiznis wonaa; 

X_ij- MCj makromiznis miRwevis xarisxi Bi gadawyvetilebebis dros.   
CI-s Sedegebi Caiwereba cxr. 4-s bolo svetSi marjvniv. mms-s  (1)-s maqsi-

maluri mniSvneloba fiqsirdeba konkretuli ricxviT da aRniSnavs maqsi-
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malur Sedegs. Cveni SemTxvevisaTvis max CI= 11.1, xolo cxr. 4-is monacemebis 
Sesabamisad gadawyvetilebaTa efeqturi nakrebi aseTia (B1 =f4 f7 f10 f11 f14  f17). 

cxrili 5.   Sefasebis skala 
l
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r
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ab
s
o
l
u
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u
r
ia

 

ricxviTi 
skala 

0 0,1 0,3 0,5 0,7 0,9 1,0 

daskvna.  naSromSi reinJiniringis problema da misi gadawyvetis meTo-
dologia ganixileba, rogorc ksd-is saqarTvelos monakveTze, mimdinare sat-
ransporto-logistikuri procesebis xelaxali, fundamenturi gaazreba da 
zogierTi qveprocesis radikaluri pereproeqtirebis mcdeloba. radikaluri 
cvlilebebi SemoTavazebulia gadazidvebis procesis im ZiriTadi maCveneble-
bis mimarT, romlebic figurirebs msoflio bankis logistikis indeqsis in-
tegraluri SefasebaSi, da romelic qveynisTvis am etapze, arc ise saxarbie-
loa. maTi gaumjobesebis misaRwevad mniSvnelovania isini ganxilebodnen Ziri-
Tad miznebTan kavSirSi. miznebis realizebisaTvis situaciuri midgomis gamo-
yeneba da situaciuri grafis mizanmimarTuli analizi saSualebas iZleva da-
vadginoT, miznebis realizebaze mimarTuli gadawyvetilebaTa sasurveli da 
ufro  efeqturi Tanmimdevroba. 

vfiqrobT, warmodgenili meTodologia garkveuli dazustebebis Semdeg, 
SeiZleba gavavrceloT mTlianad kavkasiis satranzito derefnis proble-
matikazec. 
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SUMMARY 

SITUATION ANALYSIS OF THE TRANSIT CORRIDOR OF GEORGIA AND MAIN ASPECTS OF 

REENGINEERING TASK 

Khutsishvili S.A., Gasitashvili Z.A., Gorgidze D.A., Khartishvili M.P. and Khutsishvili L.S. 

Georgian Technical University 

Institute of Political Science of Ilia State University 

A situational analysis of the transport and logistics processes on the Georgian section of the Caucasus Transit 

Corridor is presented. Using such an analysis, in order to increase the competitiveness of the transit corridor, the 

task of reengineering is set and the methodology for its solution is developed. A &quot;tree-like graph&quot; is 

used, where the peaks of the graph indicate the situations to be analyzed, a concrete situational goal is fixed for 

each stage, and the branches of the graph indicate the directions of the realization of the situational goal and the 

process of moving to the next stage of analysis. The macro goals of improving the multimodal shipping process 

and the main, effective directions for their realization are set. 

Keywords: transit corridor, multimodal transportation, logistics, situational analysis, reengineering, situational 

objectives. 
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amerikuli ofcionis modelireba rTuli procentiT 

 

maxaSvili q.a., tyemalaZe g.S., xeCinaSvili z.j., doWviri b.m. 
 

saqarTvelos teqnikuri universiteti 
iv. javaxiSvilis saxelobis saxelmwifo universiteti 

 
1. ganvixiloT mravalaqtiviani binomuri finansuri bazari, romelic 

Sedgeba k raodenobis obligaciisgan da 1 aqciisgan. vTqvaT,  
 

 k

nnn BBB  ...1                            (1) 

sadac n=0,1, ...,N drois momentebia. vigulisxmoT rom, k

nnn BBB ,...,, 1 obligaciebis 

mniSvnelobebi rTuli saprocento ganakveTiT sargebelTan erTad mravldeba 

Sesabamisad n >1, i

nC >1, i=1,2,...…k sidideebze.  

gvaqvs  

      ,1,...,1,1 1

11

11

1

1

k

n

k

nk

k

nnnnnnn CBrBCBrBBrB      (2) 

sadac krrr ,..., 1 rTuli saprocento ganakveTebia, amrigad Cven gvaqvs mravalaq-

tiviani binomuri finansuri bazris obligaciebis droSi evoluciis Semdegi 
modeli.  

      ,1...11 1

11

111

k

n

k

nknnnn CBrCBrBr                (3) 

 
am modelSi ucnobia r saprocento ganakveTi, mesame tolobidan advi-

lad miviRebT rom  

     
 

1 1 1

1 1 1 1 1

1

1 1

1 ... 1 ...

...

k k k

n n k n n n n n

n k

n n n

r B C r B C B B
r r

B B





   

 

           
 

 
  (4) 

 
im SemTxvevaSi roca λ da C sidideebi erTis tolia, gveqneba  mraval-

aqtiviani binomuri finansuri bazris modeli kuponis gaTvaliswinebis gareSe. 

  ,1 1 nnn SS  0S >0          (5) 

 nSS   aqciaa, saprocento ganakveTi r > 0 mudmivia, xolo n   damouki-

debel da erTnairad ganawilebul SemTxveviT sidideTa mimdevrobaa. amasTan 

  pbP n  ,   qpaP n  1 ,  -1<a<r<b. SevniSnavT rom  n= 0,1, ..., N drois 

momentebia. 
ganvsazRvroT agreTve risk-neitraluri albaToba Semdegi tolobiT 

ab

ar
pp n

n



        (6) 

warmovidginoT investori romelsac sawyis n= 0 momentSi aqvs 0X  Tanxa, 

misi survilia finansuri bazris gamoyenebiT es Tanxa momavalSi drois N 

momentSi gaxados Nf  Tanxis toli. investoris am survils sainvesticio 

problema ewodeba. vTqvaT, drois n momentSi investors nayidi aqvs n  
rao-

denobis obligacia da n  raodenobis aqcia, anu mas aqvs aqtivebis portfeli 

(strategia)  nnn  , . am portfelis Sesabamisi Tanxa tolia  

 

nnnnn SBX                      (7) 
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sadac nB  da nS  aris drois n momentSi Sesabamisad 1 obligaciis da 1 aqciis 

fasebi. porTfels ewodeba minimaluri heji Tu sruldeba toloba  

NNNNNN fSBX        (8) 

 
amerikuli tipis ofcionis mflobels ufleba aqvs gaanaRdos kont-

raqti drois nebismier n=0,1, ..., N momentSi. ris gamoc ofcionis samarTliani 
fasisa da ganaRdebis racionaluri momentis povna rTul maTematikur amo-
canas warmoadgens.  

axla ganvixiloT gadaxdis funqciebis  ..., 10 fff   sistema.  

SeiZleba ganvixiloT gadaxdis funqciebis sxvadasxva saxeebi. magali-

Tad, yidvisa da gayidvis standartuli ofcionebi gadaxdis   KSf nn da 

  nn SKf  funqciebiT. 

bolos SevniSnavT, rom ofcionis fasdadebis problema Seswavlili iyo 
oraqtiviani binomuri finansuri bazris SemTxvevaSi. romelic Sedgeba 1 ob-
ligaciisgan da 1 aqciisgan.  

2. amerikuli ofcionis gaTvlis dros (iseve, rogorc evropuli of-
cionis gaTvlis dros) SeiZleba gamoviyenoT binomuri xeebi da mopasuxe 
portfelis principi. N-nabijiani binomuri xis kvanZebSi aqciis SesaZlo fa-
sebi daiTvleba Semdegi tolobebiT 

    NjabSSS
jNj

jNN ,...,1,0,110, 


N               (9)                     

 
xolo bolo n=N momentSi, N finalur kvanZSi, ofcionis fasebi 

gadaxdis funqciis mniSvnelobebiT daiTvleba 
 

  NjSfff jNjN ,...,1,0,,,                   (10)                         

tolobebiT, sadac ƒ raime gadaxdis funqciaa. 
ofcionis mimdinare (Siga) fasebi da samarTliani fasi daiTvleba 

Semdegi sqemis mixedviT. 
drois n=N_1 momentSi ( finaluris wina N kvanZebSi ) gveqneba 

    1

1, 1, , 1 ,max ; 1 1 , 0,1,..., 1A

N j N j N j N jC f r p f p f j N
  

  
     
 

 

 
drois n=N_2 momentSi gveqneba 

      2,...,1,0,11;max ,11,1

1

,2,2  







 NjCpCprfC A

jN

A

jNjN

A

jN  

 
da a.S. drois n=N_k momentSi gveqneba 

      kNjCpCprfC A

jkN

A

jkNjkN

A

jkN  







 ,...,1,0,11;max ,11,

1

,,  

da a.S. drois n=N_N=0 momentSi gveqneba 

       ,11;max 0,11,1

1

00,0,

AAAA

jN CpCprSfCC 
    (11)                   

sadac    
ab

ar
pSfSf




 ,0,00

   

amrigad, rekurentuli formulebi da binomuri xeebi gamoiyeneba 
evropuli da amerikuli tipis ofcionebis gaTvlis (fasdadebis) amocanebis 
gadawyvetaSi. kerZod, SesaZlebelia aqciis da ofcionis fasebis evoluciis 
aRwera da binomuri xis kvanZebSi maTi yvela SesaZlo mniSvnelobis gamoTvla 
ofcionis samarTliani fasis CaTvliT. 

rac Seexeba ofcionis ganaRdebis racionaluri momentis povnas, ro-
gorc aRvniSneT, is, sazogadod, rTul amocanas warmoadgens, amerikuli 
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ofcionis ganaRdebis racionaluri momenti aris drois iseTi SemTxveviTi 
momenti rom am momentSi ofcionis mflobelma miiRos maqsimaluri saSualo 
gasamrjelo. Cven moviyvanT amerikuli tipis ofcionis ganaRdebis racio-
naluri momentis arCevis erT martiv wess binomuri xis gamoyenebis SemTxve-
vaSi. wesi SemdegSi mdgomareobs: amerikuli tipis ofcionis aRsrulebis ra-
cionaluri momenti aris drois is pirveli momenti, rodesac ofcionis fasi 
(gadaxdis funqciis mniSvneloba) gautoldeba an aRemateba mis Sinagan fass. 
amrigad, racionaluri momentisaTvis gvaqvs  

 

  A

nn CSfn  :min      (12) 

Tu amerikuli ofcionis ganaRdeba moxda araracionalur τ momentSi, 

  AC> Sf  maSin emitenti Seasrulebs ofcionis Sesabamiss valdebulebas, 

da amasTan, is miiRebs urisko mogebas. 
3. axla amerikuli tipis ofcionisTvis avagoT ornabijiani binomuri xe.  
(11) tolobebis mixedviT N=2,  j=0,1,2 SemTxvevaSi 
 

    

 

     
      1,011;max

1,011;max

2,1,0

2,1,021

,11,1

1

,02,0

,21,2

1
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,2,22

,22





















jCpCprfCC

jfpfprfC

jSffff

jjaabSSS

A

j

A

jj

AA

j

jjj

A

j

jj

j

j

  (13) 

 
amrigad, ornabijian binomur xes eqneba Semdegi saxe  
 

 
4. ganvixiloT axali amerikuli tipis yidvis standartuli ofcionis 

gaTvlis ornabijiani amocana, vigulisxmoT rom gvaqvs Semdegi monacemebi:  

 

100
5

3

5

2
100

5

1
20 00  KbaSrB          (14) 

gamoTvlebSi rogorc adre, Cven gvWirdeba Semdegi sidideebi  

 

 
6

5
1

5

2
1

5

3

1
5

8
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1
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   (15) 
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ganvixiloT finansuri bazari, vTqvaT N=2 e.i n=0,1,2 da Sesrulebulia 
(14) pirobebi. davuSvaT investorma iyida (emitentma gayida) amerikuli tipis 
yidvis standartuli ofcioni gadaxdis funqciiT  

   0,max 2222 KSSfff            (16) 

 
Cveni mizania gadavwyvitoT ofcionis gaTvlis ornabijiani amocana. Cven 

movitanT am amocanis amoxsnas aqciis SesaZlo fasebis mxolod erTi konkre-
tuli SemTxvevisaTvis.  

pirvel rigSi avagoT ornabijiani binomuri xe  
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rigad ornabijian binomur xes eqneba Semdegi saxe: 

 
                                               
drois n=0 momentSi minimaluri hejis komponentebia  
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1,10 SS   SemTxvevaSi drois  n=1 momentSi: 
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Amrigad, gveqneba  
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  
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
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
 

50

39
,

20

39
, 111   

  







 

40

39
,

4

13
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advili saCvenebelia, rom aqciis SesaZlo fasebis nebismieri evolu-
ciisTvis da ofcionis ganaRdebis nebismieri SemTxveviTi momentisTvis agebu-
li minimaluri hejis saSualebiT emitenti Seasrulebs ofcionuri kontraq-
tiT gaTvaliswinebul valdebulebas.  

axla ganvixiloT ofcionis ganaRdebis   racionaluri momentis arCe-
vis sakiTxi  

1601,10  SS , maSin 2 . 

marTlac, Tu vimyofebiT 1,1S  kvanZSi, maSin gvaqvs, rom gadaxdis funq-

ciiT gasamrjelo drois n=1 momentSi tolia     6016011  fSf  sididis, 

xolo mosalodneli saSualo gasamrjelo drois n=2 momentSi tolia 

781,1 AC sididis. amitom ofcionis ganaRdebis racionaluri momentia 2 . 
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SUMMARY 

MODELING OF AMERICAN OPTION WITH ADDITIONAL COMPOUND INTEREST 

CONTRIBUTIONS 

Makhashvili K.A., Tkemaladze G.Sh., Khechinashvili Z.J. and Dochviri B.M 
Georgian Technical University 

Iv. Javakhishvili Tbilisi State University 

The problem of pricing an American-type option of popular securities is solved in the case of a multivariate 

binomial financial market consisting of a K-number bond and a single stock. It is assumed that the bond values 

are multiplied by the compound interest rate on the coupons - more than one number. The multivariate model is 

built on the risk-neutral probability recurrent formulas of the fair value American option in the n-step task, the 

binomial problem of the two-step problem, and the explicit formulas for calculating the minimum hedge. The 

formula for the rational moment of withdrawal of the American type option is also accepted. 

Keywords: American type option, financial market, modeling. 
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xelovnuri inteleqtis zogierTi rCeuli magaliTi 

 

namiCeiSvili o.m., gogiaSvili J.g., ramazaSvili m.T. 
 

saqarTvelos teqnikuri universiteti 
 

Sesavali: kultura aseve axdens gavlenas adamianis inteleqtis reaqcia-
ze, romlis nawili aracnobieria da, SesaZlebelia, aris kidev ufro gauc-
nobieri ganzomilebebi, vidre kultura. ramdenadac cnobilia, mraval axal-
gazrda cxovels SeuZlia mtaceblis amocnoba sxva cxovelSi, romelic mas 
arasdros unaxavs. amitom avtonomiuri xelovnuri inteleqtis aCrdili, ro-
melic saboloo jamSi Tavis kontrols dauqvemdebarebs adamians, unda iyos 
gamoricxuli. aseTi moqmedeba ar SeiZleba iyos wminda inteleqtis ganviTa-
rebis meqanikuri Sedegi, igi gulisxmobs manqanis nebisa da survilis arsebo-
bas, magram dReisTvis am motivebis wyaroebi gamovlenili ar aris da amitom 
arc SeiZleba mivaweroT isini manqanas. manqanas SeiZleba gaaCndes mizani, ro-
melic mas dausaxa adamianma, SeiZleba exmarebodes kidec am adamians Zalauf-
lebis gafarToebaSi sxvebze, magram mas ar SeuZlia akeTos es motu proprio, rac 
laTinuridan iTargmneba fraziT  _ `sakuTari iniciativiT~. es romis papis 
gansakuTrebuli reskriptia. am formulas xmaroben papis urTierTobaTa praq-
tikaSi  ucxo saxelmwifoebTan, roca papi ar iZleva pirdapir pasuxs misTvis 
gakeTebul winadadebaze, magram saqmes amis Semdeg warmoadgens rogorc sru-
liad axals: TiTqos dRemde misTvis aravis SeuTavazebia raime proeqti an wi-
nadadeba mocemul sakiTxze. istoriidan isic aris cnobili, rom pirveli 
motu proprio gamocemulia 1484 wels romis papis inokenti mervis (Innocentius VIII, 

1432_1492) mier. ase rom laparakia adamianis danamatze, da ara mis Canacvleba-
ze, magram evoluciis bolos am TvalsazrisiT adamianuri elementi, romelic 
arsebiTia Tavis Tavad, riskis winaSe dgeba: es iseTive riskia, rom Sewydeba 
sulis aRqma adamianSi raRac gancalkevebulobad. avstralieli filosofo-
sis genialuri devid Calmersis (David John Chalmers, 1966) mtkiceba imis Sesaxeb, 
rom macivris Termostats cnobiereba aqvs iseve rogorc simboloTa fizikuri 
sistemis hipoTeza, SesaZloa, gansakuTrebul adamianTa azrovnebis mxolod 
gabedul gaelvebad darCes. 

magaliTebi. informaciis masobrivi saSualebebi da eqspertebi yovel-
dRiurad gvikiJineben, rom xelovnuri inteleqti momdgaria kars da sul male 
Cagvanacvlebs. magram is xelovnuri inteleqti, romlis Sesaxeb gvesaubrebian, 
sinamdvileSi ar arsebobs. aq adgili aqvs gaugebrobas, romelic saTaves iRebs 
jon makartis mier am terminis Seqmnis momentidad 1956 wlis cnobil dartmu-
tis konferenciaze. am konferenciis Semdeg frenk rozenblatma 1957 wels Seqm-
na swavlebis algoriTmi, romelic pretenzias acxadebda neironis muSaobis 
maqsimalurad SesaZlo modelirebaze. Tu SeiZleba neironis modelireba, maSin 
ratom ar ganvaxorcieloT neironuli qselis modelirebac? amrigad, Cven 
SevZlebT xelovnuri inteleqtis Seqmnas. es suleluri msjelobaa, romelic 
safuZvlad udevs imas, rasac dRes xelovnuri inteleqti ewodeba. 

Tqven rom dagisvan kiTxva, ramdeni iqneba 1789+522, ukeTes SemTxvevaSi 
dagWirdebaT ramdenime wami mainc, rom Sedegi gviTxraT. da amasTan erTad, 
aris Sansi, rom Tqven cdebodeT. meore mxriv, manqanas SeuZlia am gaangariSe-
bis Sesruleba myisierad da Secdomis riskis gareSe. problema mxolod isaa, 
rom es inteleqti ar aris. amas mowmobs im kvlevaTa uSedego finali, 
romlebic Catarda dartmutis konferenciis Semdeg. ra moxda 1960-ian wlebSi? 
aseTi maTematikuri midgomis safuZvelze ganxorcielda bunebrivi enis 
modelirebis mcdeloba. sxva sityvebiT rom vTqvaT,  yvelaze rTuli saqme am 
qveynad. Sedegi nulovani aRmoCnda. bunebrivi enis problemis gadawyvetis es 
mcdeloba kompiuteris saSualebiT, warumatebeli aRmoCnda. 
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amis Semdeg dadga xelovnuri inteleqtis egreT wodebuli `pirveli 
zamTari~: Sewyda dafinanseba da, amrigad, Sewyda kvlevebic. mocemuli iyo 
zRapruli dapirebebi, isini Seusrulebeli darCa, kvlevebic SeCerda. es pir-
quSi, bneli periodi _ erT-erTi mizezia, romelic unda aiZulebdes dRevan-
del mkvlevarT TavianT movaleobad CaTvalon kalmis aReba: unda gamoaSka-
ravdes imaTi sicrue, tyuili, romelsac isini avrceleben sisuleleTa saxiT 
xelovnur inteleqtze. da es aucilebelia Tundac imitom, rom Tavidan 
aviciloT kvlevaTa axali Sewyveta. cxadia, diadi saqmeebi SesaZlebelia, mag-
ram dauSvebelia, rom mkerdis kibos an gzebze sikvdilianobis sawinaaRmdego 
saSualebaTa Seqmna dazaraldes xelovnuri inteleqtis axali winaswar-
metyvelTa kvamlisa da sarkis gamo. 

xelovnuri inteleqtis am pirveli zamTris miuxedavad, 1970-ian wlebSi 
adamianebi ganagrZobdnen cecxlis SenarCunebas saeqsperto sistemaTa ideis 
CamoyalibebiT da ganviTarebiT. es sistemebi aseve efuZneba logikasa da maTe-
matikas, iyenebs wesebs. aseTi saeqsperto sistemebis Zalian kargi magaliTia 
Wadraki. 1997 wels Deep Blue sistemam mougo gari kasparovs WadrakSi. 
kompiuteri gaxda ufro inteleqtualuri, vidre adamiani. da gana asea? 
sinamdvileSi saqme mainc ar aris inteleqtSi. bolos da bolos es mxolod 
manqanis swavlebaa: igi exeba Wadrakis wesebs, romlebic Zalian martivia mode-
lirebisTvis, da manqanis mexsierebaSi rac SeiZleba meti raodenobis partiaTa 
Seyvanas (kanonieri poziciebis saerTo ricxvi Seadgens 1043-dan 1050-mde) 
imisaTvis, rom aseTsa da aseT konfiguraciaSi manqanam SeZlos saukeTeso 
svlis povna monacemTa Tavis bazaSi. es xom uxeSi, brutaluri Zalis pro-
cesis gamoyenebaa? manqanam gaimarjva, imitom rom Tavisi mexsierebis gamo man 
SeZlo winaswar ufro meti svlis prognozireba, vidre kasparovma. 

1990-iani wlebis sxva tendencia dakavSirebuli iyo neironul qselebTan, 
ramac migviyvana dRevandel manqanur swavlebamde. am kvleviTi programis niSan-
sveti interneti gaxda. ratom moxda ase? imitom, rom interneti _ monacemTa 
yvelaze didi bazaa, romelic ki SeiZleba warmoidginos dRes adamianma. xolo 
manqanuri swavleba moiTxovs monacemTa did raodenobas. Tu Rrma swavlebis 
ganviTareba  2000-ian wlebSi daiwyo, es mxolod internetis wyalobiT moxda. 

aviRoT cnobili magaliTi, romelic katebs exeba. yvelgan am planetaze 
uamravi adamiani aTavsebs Tavisi katis fotosuraTs internetSi. Sedegad, 
ramdenime wlis ganmavlobaSi Seiqmna monacemTa gansacvifrebeli baza katebis 
ramdenime milioni fotosuraTiT, rac mkvlevarebs mZlavr instruments 
aZlevs maTi manqanebis mosamzadeblad nimuSebis _ am SemTxvevaSi, katebis - 
amocnobisaTvis. amJamad aris iseTi algoriTmebis Seqmnis SesaZlebloba, rom-
lebic gamoiyenebs kataTa 100 000 gamosaxulebas da Semdeg amoicnobs katas 
98% sizustiT. cxadia, es garemoeba SeiZleba STambeWdav faqtad mogveCvenos. 
sinamdvileSi ki es Zalian cudi maxasiaTebelia. katis ramdeni gamosaxuleba 
iqneba saWiro adamianisTvis, rom man igive gaakeTos? ori ... samarTlia-
nobisTvis unda vaRiaroT, rom adamianebis SemTxvevaSi Cven vlaparakobT 
katis or egzemplarze (calze), da ara ubralod saxeze. magram es niSnavs, 
rom Cveni inteleqti multimodaluria: igi iyenebs ara mxolod imas, rasac 
Tvali xedavs, aramed  grZnobaTa sxva organosac da mraval iseT rames, 
romlis modelireba gamosaxulebis modelirebaze gacilebiT ufro Znelia. 
es imas niSnavs, rom egreT wodebul xelovnur inteleqts da adamianis 
inteleqts erTmaneTTan saerTo cota ram aqvs. meore magaliTia TamaSi «go».  
20 wlis Semdeg Deep Blue Wadrakis moTamaSe kompiuteris gamarjvebidan gari 
kasparovze, msoflios Cempioni gos TamaSSi, 2016 wels, damajereblad damar-
cxda WidilSi AlphaGo programasTan, romelic Google DeepMind-ma Seqmna. `go~ 
Wadrakze bevrad ufro rTuli TamaSia im TvalsazrisiT, rom aq neba-
darTulia daaxloebiT 10170 legaluri pozicia. es warmoudgenlad aRemateba 
Sesabamis ricxvs WadrakSi. SeiZleba imis Tqmac ki, rom saqme gvaqvs usasru-
lobasTan. SedarebisaTvis sakmarisi iqneboda Tundac imis aRniSvna, rom am 
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samyaroSi molekulaTa raodenoba mxolod 10180 ricxvs Seadgens. sxva 
sityvebiT rom vTqvaT, aranairi mexsierebis SesaZleblobaSia amoicnos yvela 
savaraudo svla an Tundac maTi miaxloebiTi raodenoba am TamaSSi. amitom 
manqanis programistebma sxva strategia airCies: nacvlad imisa, rom miecaT 
programisTvis svlaTa biblioTeka, aswavles mas Semoefargla moqmedeba 30 
000 TamaSis (partiis) nakrebze. es nakrebi Zalian mcirea SesaZlo TamaSTa 
raodenobis mimarT, magram AlphaGo programam, am rCeuli TamaSebisa da maTi 
analizis wyalobiT, SeiZina unari, romelmac saSualeba misca mas ara mxo-
lod moego msoflios CempionisTvis, aramed SemoeTavazebina gansacvifrebeli 
svlebi. gos ramdenime udidesi Tanamedrove moTamaSe imasac ki ambobs, rom am 
svlebma Secvala kidec TamaSis maTi sakuTari koncefcia. 

warmadoba, marTlac, STambeWdavia, magram am Sedegis misaRebad Deep Mind 

kompanias mouxda iseTi `wvrilmanis~ mobilizeba, rogoricaa 1 500 CPU (central 

processing unit, centraluri procesori), 300 GPU (graphics processing unit, grafikuli 
procesori) da 30 TPU (tensor processing unit, tenzoruli procesori). ori aTasi 
procesori da maT Soris ramdenime aseuli mravalbirTviani «behemoTi». es 
monacemTa damuSavebis  namdvili centria, romelic 440  kW⋅h (kvt⋅sT) `eleqt-
roenergias moixmars. es metia, vidre adamians esaWiroeba, saxeldobr, mxo-
lod 20 W⋅h (vt⋅sT)-dan 25 W⋅h (vt⋅sT)-mde. sxva sityvebiT, manqanis Sesaq-
mnelad, romelic  daamarcxebs adamians gos partiaSi, _ da mxolod imitom, 
rom es kompiuteri zespecializebulia _ saWiroa energiis kolosaluri 
raodenoba, maSin roca adamiani mxolod ramdenime vat⋅ saaTs moixmars. 

manqanuri swavlebis damokidebuleba monacemebze  aseve aris SecdomaTa 
ZiriTadi wyaro. algoriTmma SeiZleba Secdoma dauSvas ara mxolod xarveze-
bis gamo daprogramebaSi, aramed SecdomaTa mizeziTac monacemebSi. 2016 wels 
Microsoft kompaniam aamoqmeda Cat-boti Tay (frazis akronimi: `Thinking About You~ _ 
`Senze fiqrSi~), romelic unda Sesuliyo urTierTobebSi momxmareblebTan da 
xeli Seewyo Microsoft-is damkvidrebas Twitter-Si. gaCnda problema: sul raRac 
Teqvsmeti saaTis ganmavlobaSi Tay gaxda yvelaze cudi troli-rasisti, 
romelic ki unaxavT odesme  istoriaSi. kompaniis `tvinis centrma~ ara erTi 
Tve moandoma im robotis Seqmnas, romelic axla saswrafod unda gaeTiSaT 
qselidan muSaobis dawyebidan sul ramdenime saaTis Semdeg. ra mizezi aqvs 
aseT marcxs? koreqtirebis Secdoma: Cat-botebi gankuTvnilia integraciisaTvis 
Tavisi miznis gansaxorcieleblad. magram aRmoCnda, rom Twitter-Si adamianebi 
Seuracyofas ayeneben erTmaneTs, vrceldeba qsenofobiuri komentarebi, mrava-
li momxmarebeli didi siamovnebiT uTmobs dros Tay robotis `aRzrdas~. etyo-
ba, robotis Sewyobadobis, Seguebadobi sfaqtori moiTxovda Semcirebas. magram 
SecdomaTa kidev erT wyaros warmoadgens Tay robotis swavlebisTvis SerCeu-
li monacemebis baza. vinaidan imisaTvis, rom robots Seaswavlo urTierToba 
saubrisa da azris gacvlis formiT, mas unda Cautardes treningi  mraval 
aTas realur saubarze adamianTa Soris. moxda ise, rom arsebobs monacemTa 
Switchboard  baza. romelic Seicavs saubrebis gaSifvras klientebsa da kol-cen-
trebs (ingl. call center _ zarebis damuSavebis centri) Soris amerikis Seer-
Tebul StatebSi dawyebuli 1950 wlebidan. es fasdaudebeli instrumentia lin-
gvistebisTvis. imis gamo, rom monacemTa baza Zalian didia misi mTliani mocu-
lobiT gamoyenebisTvis, SeiZleba warmovidginoT, rom Tay robotis progra-
mistebma airCies monacemTa am bazis qvesimravle. vivaraudoT, rom am progra-
mistebma aiRes leqsikografiulad pirveli Statis pirvelive periodis 
saubrebi. sxva sityvebiT, alabama 1950-ian wlebSi ... saZaglobaa! monacemTa cudi 
arCeva SeiZleba katastrofuli araobieqturobis mizezi gaxdes. 

xelovnuri inteleqti _ es ar aris inteleqti. es aseve ar aris `Savi yu-
Ti~, romelic ar gveqvemdebareba. xelovnuri inteleqti aris is, rasac mTlia-
nad vakontrolebT. Tu Cndeba Secdomebi, es xdeba SecdomaTa gamo algoriT-
mebSi an monacemebSi. da es Secdomebi yovelTvis SeiZleba iyos axsnili. 
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Teoriulad xelovnur inteleqtSi yvelaferi axsnadia. praqtikulad ki yvela-
feri SeiZleba ufro rTuli aRmoCndes. Cven vlaparakobT manqanebze, romle-
bic awarmoebs ramdenime milion gamoTvlas wamSi. Tu mogviwevs ukan dabru-
neba da yvela im gaangariSebis gadaxedva, romelic manqanam gaakeTa, esec 
daikavebs ramdenime milion wams, romelic ar gvaqvs. amitom SeiZleba vilapa-
rakoT amouxsnadobis Sesaxeb, magram mxolod praqtikuli mosazrebebidan 
gamomdinare. maTematikis TvalsazrisiT ki, yvelaferi, rasac akeTebs egreT 
wodebuli xelovnuri inteleqti, savsebiT axsnadia. 

2017 wels daiwyo laparaki imis Sesaxeb, rom avtonomiuri avtomobili 
sul male gamoCndeboda. ori wlis Semdeg vrceldeboda azri, rom amisaTvis 
5 an 10 weli iqneba saWiro da es aucileblad moxdeba. kidev erTi wlis Sem-
deg avtopilotirebuli avtomobilis gamoCenis TariRi oci wliT gadaido. 
sinamdvileSi mexuTe donis avtonomiuri avtomobili, romelic Tavad SeZlebs 
nebismier situaciaSi yvelafris gakeTebas, arc oci, arc asi, da arc aTasi 
wlis Semdeg gaCndeba: saerTod arasodes. 

davuSvaT, rom varT parizSi avtomobiliT Sarl de golis moedanze 
(Place Charles de Gaulle), romelic istoriulad cnobilia rogorc varskvlavis 
moedani (Place de l'Étoile), da saRamos eqvsi saaTia. ragind siRrmiseulad unda 
iyos Tqveni avtomobilis mier Seswavlili sagzao moZraobis wesebi, igi Tavs 
ver gaarTmevs situacias, vinaidan varskvlavis moedani am dros _ es ara 
mxolod sagzao moZraobis wesebia, aramed sociologiac da molaparakebebic. 
cxadia, rom erTica da meorec SeiZleba iyos modelirebuli, rac, vaRiaroT 
(da CavxedoT simarTles TvalebSi), did dros wagvarTmevs. axla CavjdeT 
Cvens avtomobilSi, romlis awyobas mravali weli movandomeT, da gavemgzav-
roT aziis yvelaze dinamiurad ganviTarebad umsxviles qalaq bengaluruSi 
(Bengaluru), romelic `indoeTis silikonis velad moixsenieba~.… 

mravalwliani muSaoba iqneba saWiro iseTi avtomobilis gasakeTeblad, 
romelic SeZlebs gadarCenas ara mxolod parizis moedanze toile, aramed 
bengaluruSic, romelic, xatovnad rom vTqvaT, sul sxva saxelos wyvilia. 
adamianis inteleqts SeuZlia adaptireba axal viTarebasTan da gamomgoneb-
lobis gamoCena yovelgvari specialuri momzadebis gareSe ama Tu im kon-
kretuli situaciisTvis. manqanas ki, piriqiT, msgavs SemTxvevaSi moqmedebis 
gamocdileba adre unda mieRo. belotis saxelwodebiT cnobil kartis (ban-
qos) TamaSSi, romelic Zalian gavrcelebulia dasavleT evropaSi (gansakuT-
rebiT, safrangeTSi), gvxvdeba termini rebeloti (Rebelote) _ mefis Camosvla 
misive ferisqalis Camosvlis Semdeg. frangul xalxur metyvelebaSi am sity-
vas meore gagebiTac xmaroben: yvelaferi igive! swored am gagebiT gvinda 
vixmaro es sityva aq gadmocemuli azris dasaxasiaTeblad! 

sailustraciod mSvenieri magaliTi iqneba Google-is qvedanayofi Waymo 

LLC (Limited Liability Company _ SezRuduli pasuxismgeblobis sazogadoeba), 
romelic dakavebulia avtomobilebis avtonomiuri tarebis problemiT. 2020 
wels kompaniam gaafarTova mosaxleobis xsenebuli momsaxureba da axla es 
erTaderTi komerciuli servisia upiloto avtomobilebisTvis. igi muSaobs 
sarezervo mZRolebis gareSe manqanaSi. sainteresoa, rom ukanaskneli aTi 
wlis ganmavlobaSi Waymo-s gavlili aqvs avtonomiur avtomobilebze Tvrame-
ti milioni kilometri. Tumca, amis miuxedavad, misma generalurma prezident-
direqtorma daumalavad ganacxada 2019 wlis martSi, rom me-5 donis avtono-
miuri avtomobili arasodes iarsebebs. sainteresoa, rom maSinve internetSi 
Ria wvdomis uzrunvelyofiT man ganaTavsa Tavisi kompaniis wvrTnis (trenin-
gebis) videoCanawerebi. cxadia, rom, Tavisi specifikidan gamomdinare, es prog-
rama saxaliso ver iqneboda. igi mosawyeni darCeboda, rom masSi gansacvif-
rebeli wvrilmani ar aRmoCeniliyo. 

am videoSi saqare minis (ingl. Windshield, frang. le pare-brise) ukan ganTav-
sebuli kamera aCvenebs imas, rasac xedavs mZRoli. avtomobili gadaadgildeba 
da Semdeg uceb Cerdeba. male igi kvlav iwyebs gadaadgilebas, magram isev 
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Cerdeba da ase mravaljer, vidre operatori mixvdeboda Tavad aeRo xelTsaWe 
da emarTa manqana. ram gamoiwvia avtomobilis aseTi ucnauri qceva? kadrebis 
yuradRebiT Seswavlisas SeiniSneba bordiurze mimavali ori adamiani. erT-
erTs mxarze gadakidebuli aqvs CanTa, saidanac «sdeq» sagzao niSnis Tavia 
amoyofili.  roca saWesTan adamiania, mas am suraTze reaqcia ar eqneba da 
arc raimes moimoqmedebs. magram manqanas msgavs scenarTan saqme arasodes hqo-
nia. amitom igi im daskvnamde mivida, rom iyo `sdeq~ sagzao niSani da gaCerda 
kidec. cxadia, rom msgavsi scenarebi SeiZleba gaviTvaliswinoT, davgegmoT 
da manqanas saTanado swavleba CavutaroT.  magram, garda imisa, rom es 
problema axal Tavsatexs gagviCenda, ufro mniSvnelovani problema imaSi 
mdgomareobs, rom SeuZlebelia winaswar yvela anomaliis prognozireba, rad-
gan maTi raodenoba praqtikulad usasrulo simravles Seadgens. Cven, adamia-
nebsac, ar SegviZlia yvela SemTxvevis winaswarmetyveleba, magram upreceden-
to movlenasTan pirispir Sejaxebisas adamianis inteleqts gamomgoneblobis 
unari aqvs. es xom ar aris statistikaze da logikaze, wesebsa da monacemebze 
dafuZnebuli egreT wodebuli `xelovnuri inteleqti~?! 

kidev erTi saintereso magaliTi, romlis Sesaxeb informacia moipoveba, 
es aris Siri (Speech Interpretation and Recognition Interface _ metyvelebis interpretta-
ciisa da amocnobis interfeisi) _ Rrublovani personaluri asistenti da 
kiTxva-pasuxis sistema, programuli klienti, romelic Apple kompaniis mraval 
produqtSi Sedis. xsenebuli aplikacia iyenebs bunebrivi metyvelebis damuSa-
vebas imisaTvis, rom pasuxi gaeces kiTxvebs da Camoyalibdes rekomendaciebi. 
Siri sistemas SeuZlia Seewyos, da Seeguos yvela momxmarebels individualu-
rad, Seiswavlos misi upiratesobebi xangrZlivi drois ganmavlobaSi ... 

roca 1997 wlidan daiwyo muSoba sistemaze Siri, raRac momentSi 
konstruqtorTa SemoqmedebiTi jgufis winaSe aRimarTa gadaulaxavi jebiri: 
xmis amomcnobi amuSavda, magram mxolod 80%-iT. SeiZleba mogveCvenos kidec, 
rom es sakmarisia, magram sinamdvileSi maCvenebeli dabalia. marTlac, es xom 
imas niSnavs, rom marcxi, warumatebloba 20%-s Seadgens _ samoc sityvas samas 
sityvian gverdze! roca aseT faqts waawydnen, gadawyda `Ramis klubis paradig-
mis~ gamoyeneba. saqme isaa, rom Ramis klubSi musika faravs Tqveni mezoblis 
sityvebs. igi, albaT, nasvamia (gamoricxuli ar aris, Tqvenc, sxvaTa Soris). 
amis Sedegad Tqven TiTqmis verafers igebT mis nalaparakebidan, magram amas ar 
amJRavnebT da pasuxobT mas met-naklebad bundovnad, gaurkvevlad. es swored 
isaa, risi gakeTebac moxerxda damproeqteblebis mxridan: isini azrovnebdnen 
`xelovnuri sisulelis~ da ara inteleqtis terminebSi. ratom? damproeqteb-
lebma daiwyes imiT, rom Siri arc Tu ise Wkviania, bevri ram arc esmis, magram 
savsebiT misaRebia saubris gasagrZeleblad xumrobebiT, sasacilo ambebiT, 
anekdotebiT, SekiTxvebiT... sxva sityvebiT rom vTqvaT, damproeqteblebma daiw-
yes saqme xelovnuri sisuleliT, rom programa efeqturi gamxdariyo. 

amitom, xelovnuri inteleqtis nacvlad, ukeTesia vilaparakoT Sevse-
bul, anu komplementarul inteleqtze (CI - Complementary Intelligence). es jer 
kidev AI xelovnuri inteleqtia, magram sxvanairi: mecniereba ar acxadebs pre-
tenzias iseTi avtonomiuri substanciis Seqmnaze, romelic SeZlebs arsebobas 
adamianis gareSe; mecniereba qmnis instrumentebs adamianis inteleqtis 
asamaRleblad, raTa daexmaros adamians akeTos is, rac mas ukeT gamoudis. 

rogorc nebismieri instrumentis SemTxvevaSi, Cven SegviZlia borota-
dac gamoviyenoT isini. gana CaquCi ar SeiZleba gamoviyenoT ara mxolod lur-
smnis CaWedebisaTvis, aramed mezoblis Tavis gasatexadac? kanonebi aregu-
lirebs gamoyenebaTa am formebs da maT Soris zogierTs saerTod krZalavs. 
cxadia, rom xelovnuri inteleqtis regulirebac unda xdebodes nebismieri 
sxva instrumentis msgavsad, rom Tavidan iyos acilebuli misi araswori 
moxmareba. amas didi mniSvneloba aqvs: gadawyvetilebas xom mxolod adamianebi 
iReben?! mxolod adamians akisria pasuxisgebloba xelovnuri inteleqtis 
araswor gamoyenebasTan dakavSirebiT da mxolod mas SeuZlia gadawyvetilebis 
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miReba aseTi gamoyenebis regulirebis Taobaze. sxva sityvebiT rom vTqvaT, 
inteleqtualur instruments ar aqvs SesaZlebloba damoukideblad akeTos 
raime. Tu xelovnuri inteleqti akeTebs raime dasagmobs, es mxolod imitom, 
rom amis davaleba adamianisgan miiRo. situacias akontrolebs adamiani da mis 
gareSe araferi xdeba. Cveni goneba usasruloa: SegviZlia orientireba imaSi, 
rac jer ar arsebobs, magram uaxloes wlebSi gaCndeba; SegviZlia orientireba 
imaSic, ris gamogonebasac movaxerxebT. sworia, rom WadrakSi manqana Cvenze 
Zlieria, magram naklebad swori iqneba aseTi Sefaseba gosTan mimarTebaSi, xe-
lovnuri inteleqtis problemebis gadawyvetiT dakavebuli Deep Mind brita-
nuli kompaniis triumfis miuxedavad, Tu Cven gaviTvaliswinebT energiis dana-
xarjs. moixmaro 440 kvt⸳sT TamaSis erT partiaSi adamianis dasamarcxeblad, 
romelsac mxolod 25 kvt⸳sT eleqtroenergia esaWiroeba, esoden sainteresoa? 
xolo iseTi problemisaTvis, rogoric avtomobilis tarebaa, arc erTi prog-
rama arasdros iqneba mTlianad avtonomiuri. 

cxadia, amJamindeli teqnologiuri miRwevebi Zalze sainteresoa. magram 
ramdenad sworia laparaki `xelovnur inteleqtze~ am miRwevebisaTvis kvali-
fikaciis micemisas? sazianoa, uaryofiTi Sedegis momtania laparaki mTlianad 
avtomatur manqanebze, romlebmac odesRac (es ocnebaa, Tu saSineli sizmari?!) 
unda Caanacvlos erTaderTi orfexa primatis _ adamianis _ jilagi... 

mexuTe donis TviTmarTvadi avtomobili, rogorc vTqviT, arasodes 
ivlis, magram meoTxe donis avtomobili erTxel gaCndeba da es wingadad-
gmuli nabiji iqneba: igi ar svams, sigaretsac ar eweva, yuradRebasac ar adu-
nebs, fokusirdeba mxolod imaze, rac unda akeTos. amas ki SeuZlia mniSv-
nelovnad Seamciros sikvdilianoba gzebze saavtomobilo katastrofebSi. am 
mimarTulebiT kvlevaTa gagrZeleba aucilebelia. magram xelovnuri inte-
leqtis miraJma ar unda agvacdinos gzas, rogorc es xdeba zogjer. maga-
liTad, Jurnal Nature-Si  2019 wlis 7 noembers gamoqveynebul pres-relizSi 
saubaria imaze, rom «neironuli qselebi SeiZleba iyos gamoyenebuli fiziku-
ri koncefciebis aRmosaCenad yovelgvari winaswari codnis gareSe». es 
informacia Rimils iwvevs, vinaidan geliocentrizmis principi cnobilia jer 
kidev sanyaros geliocentruli sistemis - (pirveli samecniero revoluciis 
gariJraJis!) _ avtoris,  germaneli astronomis, maTematikosis, meqanikosisa da 
ekonomistis  niklas kopernikis (germ. Niklas Koppernigk, 1473-1543) droidan eqspe-
rimentuli monacemebis wyalobiT, ese igi martivi obieqturi dakvirvebebis 
safuZvelze: mze unda iyos ganTavsebuli mzis sistemis centrSi varskvlavisa 
da planeta marsis moZraobis Sesabamisad, rogorc es dedamiwidan Cans. 
avtorebis azriT, Physical Review Letters JurnalSi gamosaqveyneblad momzadebu-
li am kvlevis mniSvneloba isaa, rom msgavsi xelovnuri inteleqti _ adamia-
nebze gacilebiT ufro adre _ SeZlebs momavalSi fizikis axali kanonebis 
aRmoCenas, gansakuTrebiT kvantur meqanikaSi, romelic axla mraval winaaR-
mdegobas awydeba. sinamdvileSi ki, raki nebismieri aseTi `xelovnuri inteleq-
ti~ adamianis mier Seqmnil mxolod instruments warmoadgens, es savaraudo 
aRmoCenebi ufro zustad iqneboda Camoyalibebuli swored adamianebismier,  
maTive srulyofili instrumentebis daxmarebiT. 

tiugus dipoli (orpolusa).  xelovnuri inteleqtis sistemaTa Seqmni-
sas Cndeba damaxinjeba, romlis wyaros zedmiwevniT martivi, magram Zalian 
sasargeblo, modeli aRwers. pirvelad igi aago estonelma maTematikosma en 
tiugum (est. Enn Tõugu, 1935_2020). am models `tiugus dipoli~ (`tiugus 
orpolusa~) ewodeba da igi nax. 1-is Sesabamisad gamoiyureba. 
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nax.1 tiugus dipolis (orpolusas) pirveli varianti 

 
mocemul variantSi dipoli gviCvenebs, ratom maxinjdeba `inteleqtua-

luri~ sistemis daproeqtebisas am procesis ori monawilis aRqma: `damkveTis~ 
da `programistis~ mizezi isaa, rom TiToeuli maTgani meore monawilis 
problemebs akvirdeba `Soridan~, roca es ucxo, sxvisi substancia Zalian 
mcirdeba da garkveviT mxolod sakuTari problemis detalebi ikveTeba. 

 

 
  

nax.2 tiugus dipolis (orpolusas) meore varianti 
 
damaxinjebaTa kidev ufro tipuri situaciisaTvis tiugus dipolis mo-

delis sxva varianti naCvenebia nax. 2-ze. am variantSi programisti imdenad 
zRudavs Tavisi `gare~ mimoxilvis ares, rom damkveTis yvela problemidan xe-
davs mxolod imas, rac advilad gaegeba da risTvisac Tavadac unda progra-
mis dawera. 

ra gasakviria, rom aseTi midgomis Sedegad miRebuli `nakeToba~ _ inte-
leqtualuri sistema, instrumenti _ an uaryofili iqneba, an xangrZlivi 
tanjvis sagani gaxdeba. 
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The authors show by numerous examples that artificial intelligence does not exist or rather, artificial Intelligence 

doesn’t exist (yet). Much of what is pictured as A.I. is just Statistics and advanced Machine Learning. The 

purpose of this work is to twist the neck of the preconceived ideas and fantasies that surround AI today. 
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Abstract: The properties of InGaAs/InP p-i-n photodiodes, fabricated on four type epitaxial structures are 

studied. In each case, the parameters of layers were altered and either n+ - or i- InP substrates were used. p-i-n 

diode technology was elaborated and constantly improved in the process of investigation. Based on measurement 

data of the diode’s electrical and optical properties, the advantages and disadvantages of the material were 

assessed. 

Keywords: InGaAs/InP p-i-n diodes, a dark current, capacity, spectral photosensitivity, sensitivity (A/W), 

quantum efficiency.  

 

1. Introduction 

The shortwave infrared (SWIR) range of radiation is of great interest from the standpoint of 

photoelectronics development [1]. Predominant fields of application are the systems of night vision, 

security, fire detection, etc. [2-4]. Among the materials operational in the SWIR range, ternary-alloy 

compounds of InGaAs are notable for their unique characteristics. Among these, a most needed and 

well-studied compound is InxGa1-xAs, grown on an InP substrate. For x=0.53 the structure is lattice-

matched with InP substrates, and this alloy is denominated for some time as a standard InGaAs. 

According to various sources, the band gap is 0.74 – 0.75 eV, and its photoresponse covers the range 

from 0.95 to 1.7 μm (see e.g. [2, 5-7]). 

In fact, layer architecture such as sequence and parameters of the standard InGaAs/InP 

heterostructures described in publications are extremely diverse: the thickness and carrier 

concentration varies from 1 to 5 μm and from 11014 to 51017cm-3, respectively, as well as contact 

layers of both sides of the absorber. The latter is especially important for the upper р+- contact due to 

the difficulties to obtain an ohmic contact. 

p-i-n diodes are created in the form of mesa-structures or by means of planar technology and 

are used either as single photodiodes or IR matrices [2]. 

The functional capabilities of the product are assessed by the whole set of electrical and 

optical parameters.  

 

2. The main goals and approaches. Material 

 Carrying out multifaceted research, especially with the goal of its further practical 

application, it seems reasonable to acquire one’s own technology that ensures the opportunity to 

flexibly vary the parameters of the product in situ. 

In the present work, the approach was chosen where the architecture was gradually 

complicated. Epitaxial structures were selected based on the analysis of the published data and also the 

capabilities of our own technology. At the same time, a number of novel processes were explored and 

further developed. Thus, the goal was to maximally reveal the initial material's possible capabilities 

and then introduce new technological methods, as required for parameter optimization of the p-i-n 

diode. 

In each case, the structure, containing an absorber of undoped InGaAs with р+- and n+- contact 

layers, was defined and the type of the substrate also varied (i- or n+-InР 2”). Materials also included 

auxiliary epitaxial layers such as “stop-layer” for high-precision mesa etching and a buffer layer. 

 Structures were manufactured according to our architecture by XIAMEN POWER WAY 

Adv. Mat. Ltd (China).   The most widespread method CV –  metal-organic chemical vapor deposition 

(MOCVD) was used. Upper layers were doped with Zn in the process of growing. 

Some types of investigated p-i-n photodiodes are shown in Fig. 1. 
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                           a 

 
                                 b 

 
 

                            c 
                     d 

 
Fig.1 Schematic view of p-i-n diodes on epitaxial InGaAs/InP structures with different architecture and 

ohmic contact technology. 

 

The figure shows that the p-i-n (I, III, IV) contains a heterojunction, while the p-i-n (II)-

structure has one homojunction. Each of the structures has its own advantages. Being transparent at 

λ>1.0μm, the p-i-n (II)-diode has a high degree of lattice matching as both contacting and absorbing 

layers are grown from the same material. The surface states in the p-n junction are minimized and its 

quality is better from metallurgical and electrical viewpoints. The advantages of the structures with a 

heterojunction are induced by the presence of a wide-gap window and a sharper boundary of the p-n 

junction. Moreover, the contact р++-InGaAs layer could be etched more precisely. Undesirable 

boundary effects in such structures are minimized by means of a sufficiently high degree of doping of 

the material on both sides of the absorber [5,6]. The main difference among structures consists in 

consecutive complications of the upper р+- contacts both by composition as well as the width.  The 

thickness of the i-InGaAs absorber also varies.  

X-ray diffractometry date, unitary photoluminescence spectra, and concentration profiles 

received from XIAMEN indicate the high quality of the material and compliance of its characteristics 

with the required ones. 

 

3. InGaAs p-i-n photodiode technology 

InGaAs p-i-n photodiodes technology was carried out by means of two sets of photo masks. In 

the case of p-i-n (I) and (II) structures, the set earlier designed for solar cells was used, which had so-

called “comb-in-comb” (interdigitated) geometry [8]. As the technology developed, a special test set 

was elaborated where the topology of the chips contained circular configuration photodiodes with 

diameters  of  50, 100, 150, 500, and 2500 μm (Fig. 2a).  Both sets included a group of test elements 

for post-operational control of the technological process quality. Fig. 2b represents a finished chip 

fragment. 
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Fig. 2. General view of the topology of the chip from the test crystal (a) and a finished chip fragment (b) 

with p-i-n diodes of circular configuration 

 

 

The technological cycle consisted of the following main operations: lift-off photolithography 

on EM-626 equipment; deposition of different metal compositions by electron-beam evaporation using 

the TEMESCAL-FC1800 device with following rapid annealing by means of Heatpulse 240 

equipment; high precision selective liquid etching; cutting of the wafers and mounting of the diodes in 

the specially developed conditional housing. 

 

4. Methods of measurement 

Electrical characteristics which arouse the most vivid attention of the researchers and 

developers are as follows: 

 the dark current d per aI I I   – the sum of the perimeter depended (surface), perI  and 

area-depended (bulk), aI leakage currents  under different values of the reverse bias, which defines 

such parameter as detectivity;  

 the capacity under zero and reverse bias, that defines the performance of the photodiode. 

Through careful investigation of I-V and C-V characteristics of the diodes with different 

configurations was carried out on the wafer by the probe method before prior chipping. To estimate 

electrical parameters Semiconductor Parameter Analyzer L2-56 as well as Agilent 4284 Precision 

LCR Meter with software-based programming were used.  The following optical characteristics were 

estimated in the present paper:  

 spectral sensitivity, 
max

i
sp

S
S

S
  (a.u.), where iS  at the fixed wavelength i and maxS  is 

maximum sensitivity under exposure to monochromatic illumination;  

 sensitivity S as the ratio of electric signal I(A) at the detector output to the radiation flux 

power  P(W); 

 absolute (external) quantum efficiency (%) – a ratio of the number of photons generating 

minority carriers to the total number of absorbed photons (hereafter referred to as quantum efficiency);  

 photosensitivity wavelength range  with its long wave (red) C and shortwave В 

boundaries, as well as max, where Smax is fixed. 

 Measurements of the optical (photoelectrical) characteristics of the p-i-n diodes were realized 

by means of an MDR-2 monochromator in the wavelength range of 1.0 – 2.4μm. 

Measurements were carried out with front and back illumination and at temperatures 300 and 

77K. 

To obtain quantitative information on sensitivity S=(A/W) and quantum efficiency (%) 

reference IR FD10D and G12183-10K diodes were used, manufactured by the firms THORLAB 

(USA) and HAMAMATSU (Japan), respectively. The values of S and   were calculated as 
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2

1

I

SI
S k    and     

i

S



24.1
  . 

Here I1 and I2 are photocurrents of the investigated and reference diodes respectively, Sk is a 

sensitivity of a reference photodiode (A/W) and i is a wavelength fixed at the point of measurement.  

All the quantitative data, submitted in the paper, were obtained as a result of multiple 

measurements and chosen on the bases of the greatest reiteration principle (no less than 55%). 

 

5. Results and discussion 

Results of the investigation are filed in Tab. 1 and 2 and presented in Fig. 3-6.  

 
   Table 1. Electrical parameters of the InGaAs/InP p-i-n diodes  

 

Structure type Diode configuration 

(area А, mm2/  

diameter D, mm) 

Contact 

resistance, 

Ohm. mm 

Dark current Id, μ A Capacity at zero 

bias C, pF 
 at -0,2V  at -1,0V 

p-i-n (I) «Comb-in-comb» 

А=5,7 

Contact to 

р+-layer rectifying 

– – – 

p-i-n (II) «Comb-in-comb» 

А=5,7 

 

4,0 

 

55–90 

 

550– 600 

– 

 

p-i-n (III) Circular 

D =2,5 

D =1,0 

D = 0,5 

 

0,1 

 

2,0–2,5 

0,15–0,20 

0,10–0,15 

 

10–15 

0,25–0,30 

0,20–0,30 

 

600–610 

120–125 

50–60 

p-i-n (IV) Circular 

D =2,5 

D =1,0 

D = 0,5 

 

0,4 

 

10,0–10,2 

1,0–3,0 

0,5–1,0 

 

50–52 

35–40 

2,0–2,5 

 

700–730 

140–145 

50–80 

 

From Tab. I, it follows that the contacts to the p+-layer for p-i-n (I) are rectifying ones 

Predominantly, it should be connected with a low-level concentration of carriers and the high 

thickness of the layer. Therefore, in subsequent structures carrier concentration was increased to 

1.4E19 while the thickness was reduced to 100μm. At the same time the metal composition for the 

contacts to p+- and n+-layers was also optimized (Fig. 1). Somewhat increased values of the contact 

resistance for p-i-n (II) are related to the diode configuration. The same equally applies to the dark 

currents.  

By electrical characteristics, p-i-n (III) somehow exceeds that of p-i-n (IV) structures. Taking 

into account that all these structures were produced in a single technological cycle, the difference 

could be explained by a considerable amount of growth defects able to reach the surface. 

Fig. 3 illustrates  dependence of the dark current density on the diode geometry.  

 
Fig. 3.  The dark current density vs. the diode diameter at fixed V= – 0.2V for  a p-i-n (III) – type. 
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In our case, the mesa is deep enough which leads to a considerable increase of surface leakage 

currents with decreased mesa perimeter, compared with the volume component which is dependent on 

the area of the diode absorbing surface [9, 10]. For larger diameters, the dependence is quasi-linear 

and the current density is weakly dependent on the mesa perimeter. Besides, Iper and Ia obtain close 

values [11].      

p-i-n (III) structures are characterized by the minimum values of dark currents. As long as 

there does not exist any univocal solution to optimize such a significant parameter, additional 

experimental investigation, quantitative estimation, as well as identification of the dark current 

physical mechanisms are needed and only after that, technological methods could be substantiated and 

realized for their reduction. 

The dependence of the capacity C on the reverse bias of the diodes with diameters 2.5, 1.0, 

and 0.5mm is shown in Fig. 4 and Tab. 1. 

 

 
Fig.4. Dependence of the capacity C vs. reverse voltage V for the p-i-n diode with different diameters of 

photosensitive range. 

 

Obtained C-V dependencies correspond to other publication data and their values are perfectly 

acceptable.  

Photoelectric parameters of the p-i-n diodes are presented in Tab. 2 and Fig. 5 and 6. 

 
Table 2. Photoelectric parameters of the InGaAs/InP p-i-n diodes 

 

Structure type Diode configuration 

(area А,mm2 / 

diameter D, mm ) 

Photoresponse range 

boundaries 

The 

wavelength 

at the peak 

λmax, μm 

Maximum 

photoresponse 

Smax, A/W 

Quantum 

efficiency 

,   % λB, μm λС, μm 

p-i-n (I) “Comb- in- comb”, 

А=5,7 

 

≤1 

1,68 1,2 – 1,3 
– 

–                                 

 

p-i-n (II) “Comb-in-comb”, 

А=5,7 

≤1 1,67 1,60 – 1,61 
– – 

p-i-n (III) Circular 

D=2,5 

D=1,0 

≤1 1,67  

1,58 

1,58 

 

0,89 – 0,99 

0,88 – 0,95  

 

72 – 78 

73 – 76 

p-i-n (IV) Circular 

D=2,5 

D=1,0 

≤1 1.62  

1,57 

1,56 

 

0,70 – 0,72 

0,60 – 0,70  

 

58 – 62 

56 – 60 
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From the table data, it is evident that the red boundary λс is about 1.7µm. The wavelength 

range Δλ could be estimated at the average of ≤1.0 to 1.7μm. The value is characteristic exactly for 

InGaAs/InP. 

The basic aspect of photodiode performance is spectral photoresponse. [5,6].  This is 

conveniently characterized by the dependence ⴄ(λ). The spectral response is dominated by the 

absorption coefficient which increases with increasing photon energy near the bandgap. The 

photodiode response replicates this behavior near the bandgap energy. At higher photon energies, the 

absorption coefficient α(λ) increases more slowly above the characteristic knee at the bandgap where 

α=104см-1[13]. Above this energy, the majority of photons are absorbed within a diffusion length of 

the diode surface. Thus, as the photon energy increases, so does the probability that minority carriers 

generated by the absorption of light will recombine at the surface. While the absorption continues to 

rise, the number of minority carriers that reach the junction and contribute to the photocurrent declines 

[13,14]. 

Fig. 5 illustrates the influence of external conditions (illumination, temperature) on the optical 

characteristics of the photodiodes. 

 

 

a  

 

                         b 
 

                       c 

 
Fig. 5. a) – dependence of Ssp and λ under the front and back illumination of p-i-n (I) and p-i-n (II) 

diodes; b) – S and c) –  vs. λ for p-i-n (IV) diodes at 300 and 77K. 

 

It is seen from Fig. 5a that under the front illumination dependencies of Sph markedly differ in 

the range of wavelength 1.2 – 1.7 µm. The p-i-n (II) diode has its maximum at λ ~ 1.6 µm due to the 

sharp increase of α(λ). Both curves have broad maximums in the range of 1.3 µm. Under the back 

illumination, Sph = f(λ) behavior is identical: sensitivity increase from 1,65 to 1.38 µm, then maximum 

at ~1.3µm, followed by a sharp decrease. 
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Due to the significant decrease of the surface recombination under the back illumination, it 

could be concluded that such kind of dependencies is most likely connected with intrinsic absorption 

α(λ). 

On the whole, the presented as well as similar data [2, 5, 6] enable us to choose a necessary 

mode of front or back illumination. 

Fig.5.b) and c) illustrate a typical example of photosensitivity S and quantum efficiency  at 

different temperatures – 300 and 77K for p-i-n (IV) diodes. Such characteristics enable us to 

numerically estimate the sharp shift of the upper red boundary λс (from 1.7 to 1.5 µm) and the double 

increase of S and  at 77K compared to their values at 300K. These data are consistent with the results 

of experimental and theoretical research of the intrinsic absorption coefficient at different temperatures 

[13]. 

Fig.6 shows a typical example of sensitivity (a) and quantum efficiency (b) spectra for p-i-n 

(III) photodiodes with Ø 1.0mm.  

 

a b 
Fig.6. Sensitivity a) and quantum efficiency b) spectra for p-i-n (III) photodiodes with Ø 1.0mm. 

 

It is evident from the figure that the character of spectra, as well as optical parameters of the 

material in the wavelength range 1.0 – 1.7 µm could be considered as more than satisfactory for such 

kind of diodes [15]. 

And finally, the data of Tab. I and II demonstrate that by a number of important electrical and 

optical parameters of InGaAs/InP photodiodes, the most interesting turned out to be p-i-n (III) type 

diodes, which even in the absence of antireflection coating are characterized by high values of S and 

. However, that does not mean that for certain applications using p-i-n (II) or p-i-n (IV) technology 

would be inappropriate.     

 

6. Conclusion 

In accordance with the assigned task and suggested approaches, the performance capabilities 

of different types of InGaAs/InP epitaxial structures were investigated, as a material for p-i-n 

photodiodes. 

1. Four structures were chosen with different architecture, InGaAs absorber thickness, and 

substrate types. 

2. Mesa technology was gradually developed for the p-i-n photodiodes with different “comb-

in-comb” or circular configurations. 

3. A reliable technique for measuring the main electrical and optical parameters of 

photodiodes was elaborated. 

4. Results of p-i-n photodiode investigation showed that: 

 structures, manufactured by XIAMEN company correspond to the specified ones; 

 electrical characteristics (dark currents, capacities) demonstrated evident dependence on 

material and diode configuration; 
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 to explain the obtained optical characteristics in one or another intervals of the 1.0 – 1.7µm 

range, including various external conditions, and different physical mechanisms of the diode 

photosensitivity were involved. 

5. The best values of sensitivity S=0.88 -0.99 A/W and quantum efficiency =72-76% were 

obtained for p-i-n (III) type diodes even without antireflection coating. 

6. Being aware of the material ability it seems reasonable to apply further efforts to the choice 

and realization of technological methods intended for dark current reduction and obtaining 

antireflection coating. It seems also promising to investigate such a parameter as detectivity D* e.t.c.  
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reziume 

eleqtruli da optikuri maxasiaTeblebis kvleva sxvadasxva tipis InGaAs/InP 

struqturebis bazaze damzadebul PIN fotodiodebSi 

xuWua n.p, tutunjiani a.a., doliZe n.d., saxarova t.b., melqaZe r.g.., sanikiZe l.p., 
qsaverieva m.v., meliqiani m.n., gogoriSvili i.g. 
ssip mikro da nanoeleqtronikis instituti 
iv.javaxiSvilis Tbilisi saxelmwifo universiteti, gamoyenebiTi naxevargamtaruli 
teqnologiebis samecniero kvleviTi instituti 
naSromSi Seswavlilia, oTxi tipis epitaqsiur struqturebze damzadebuli InGaAs/InP-
is p-i-n fotodiodebi. struqturebi gazrdilia metaloorganuli naerTebis orTq-
lidan qimiuri daleqvis meTodiT CineTis firma XIAMEN POWER WAY Adv.Mat.Ltd.-Si. yve-
la SemTxvevaSi icvleboda fenebis parametrebi, amasTan gamoyenebulia n+ -, an i - InP sa-
fenebi. damuSavda p-i-n diodebis teqnologia, romelic kvlevis procesSi umjobesde-
boda. diodebis eleqtruli da optikuri Tvisebebis kvlevis Sedegebis safuZvelze 
Sefasebul iqna ama Tu im masalis upiratesobebi da naklovanebebi. diodebis opti-
kuri maxasiaTeblebis kvlevis Sedegebis axsnisas gaTvaliswinebulia sakuTari STan-
Tqmis koeficienti da zedapiruli rekombinaciis siCqare. 
sakvanZo sityvebi: InGaAs/InP-is p-i-n fotodiodebi, eleqtruli da optikuri maxa-
siaTeblebi 
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dedamiwis qerqis formireba 

 

mesxi g.g., zedginiZe r.S. 
 

samcxe-javaxeTis saxelmwifo universiteti 
K 

dedamiwis struqturis Seswavla mraval sirTulebTanaa dakavSirebuli. 
Tanamedrove etapze dedamiwis Sinagani struqturis kvlevis pirdapir meTo-
dad iTvleba WaburRilis da maRaros meTodi, xolo arapirdapirad – seismo-
logia [1].  

dedamiwis wiaRSi SeRweva Tanamedrove teqnikuri SesaZleblobiT, maRa-
roebisa da WaburRilebis meSveobiT 10–20 km-mdea SesaZlebeli, rac Cveni 
planetis radiusis daaxloebiT 0,31 % Seadgens [2]. dReisaTvis, kvlevis pir-
dapiri maRaroebisa da WaburRilebis meTodebis meSveobiT dedamiwis wiaRSi 
SeRweva misi rTuli aRnagobidan gamomdinare, teqnikurad mxolod 10–15 km-mde 
gaxda SesaZlebeli. kolis WaburRilma miaRwia rekordul 12 km-s da 1994 
wels burRva SeCerda, Tumca granitis fenas ver gacda. 2017 wlis monacemebiT 
rekordulia saxalinis WaburRili 15 km siRrmiT [2].  

kvlevis pirdapiri meTodebis sirTulidan gamomdinare, dedamiwis Rrma 
fenebis struqturis Sesaxeb informaciis misaRebad arsebobs agreTve kvleve-
bis sxvadasxva, arapirdapiri meTodebi. am meTodebidan, dReisaTvis gansakuT-
rebiT aqtualuria seismologia, romelic emyareba qanebis drekad Tvisebebs 
da masSi seismuri talRebis gavrcelebis princips. dedamiwis Sida struqtu-
ris da qerqis Sesaxeb informaciis misaRebad sargebloben meTodiT, romelic 
emyareba dedamiwis qanebis drekad Tvisebebs. raime xelovnuri afeTqebisas, an 
miwisZvrebis dros, dedamiwis Semadgeneli nivTierebebis nawilakebSi aRiZvre-
ba drekadi rxevebi da Sesabamisad rxeva vrceldeba dedamiwis SigniT da war-
moiqmneba drekadi, anu seismuri talRebi, romlebic vrceldeba yvela mimar-
TulebiT [2]. seismologiis meTodis mixedviT dedamiwis zedapiridan xdeba 
seismuri talRebis gavrceleba da ukan, zedapirze dabrunebuli, areklili 
talRebis dafiqsireba da Cawera xorcieldeba Sesabamisi danadgariT – seis-
mografiT. dedamiwis kvlevisaTvis seismur talRebs dedamiwis rentgenis sxi-
vebs adareben, radgan isini misi Sinagani agebulebis gamovlinebis da Seswav-
lis saSualebas iZleva [2]. seismuri meTodiT, dedamiwis struqturaSi seismu-
ri talRebis araerTgvarovanma gavrcelebam da maTi gavrcelebis siCqarem 
aRmoaCina, rom dedamiwis struqtura sxvadasxva Sreebisagan Sedgeba da igi 
araerTgvarovania [2,3]. 

warmodgenili kvlevebisaTvis, gamoiyeneba moculobiTi da zedapiruli 
seismuri talRebi [4]. Tanamedrove kvlevebisaTvis aqtualuria moculobiTi 
talRebi, romelic ori saxisaa: sigrZivi da ganivi. sigrZivi talRebis gavrce-
lebis siCqare dedamiwis qanebSi 1,7-jer metia, vidre ganivi, Sesabamisad 
sigrZivi talRebi seismogramaze ufro adre Caiwereba [2]. sigrZivi talRebi 
warmoiqmneba nivTierebis samive agregatul mdgomareobaSi myof nawilakebSi 
da igi Sesabamisad nawilakebis saTanado reaqciaa moculobis cvlilebisad-
mi. ganivi seismuri talRebi mxolod myari nivTierebis nawilakebis garemoSi 
warmoiqmneba. Tu dauSvebT, rom dedamiwis zedapiridan centramde garemo 
erTgvarovania maSin seismuri talRebis gavrcelebis siCqare ar unda icvle-
bodes, magram suraTi sapirispiroa [2,3]. 

dedamiwis WrilSi seismuri talRebis gavrcelebis araerTgvarovani 
siCqare miuTiTebs, rom dedamiwis struqtura araerTgvarovania da mas gaaCnia 
Sreebi. pirveli garsia _ dedamiwis qerqi. igi dedamiwis mTeli moculobis     
1,2 %-ia, xolo misi masis – 0,4 %. temperatura qerqis qveda sazRvarTan                 
1200-ia, rasac adasturebs dedamiwis zedapirze amoRvrili vulkanuri lava. 
qerqis simkvirve icvleba 2,7-dan 7,2 g/sm3-mde [2].  

dedamiwis formirebis mudmiv procesSi qerqi, iseve rogorc dedamiwis 
mTeli struqtura mniSvnelovan metamorfozas ganicdis. ciuri sxeulebis 
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msgavsad, sawyis periodSi, dedamiwis warmoSoba da masze mimdinare procesebi 
gravitaciul urTierTqmedebas ukavSirdeba [5]. iTvleba, rom dasawyisSi 
dedamiwa warmoadgenda gazur sferos. gravitaciuli evoluciis sawyisi pe-
riodi gansakuTrebiT mZafri da masStaburi iyo misi warmoSobis pirvel 
etapze. gravitaciis Sedegad, ZiriTadi elementebi, rogorebicaa rkina, nikeli 
da sxva gaadgildeboda dedamiwis centrisaken da Sedegad iq izrdeboda 
simkvrive. Sesabamisad, msubuqi elementebi „gamoidevneboda da amotivtivde-
boda“ qerqze, civdeboda da myardeboda. amitomac, dedamiwis qerqi msubuqia 
da mas „siaiel“ (Si, Al) uwodeben. aseT difuzias dedamiwis struqtura ganic-
dis mudam da hipoTezis Tanaxmad, igi iTvleba mis siRrmeSi maRali tempera-
turis warmoSobis wyarod [6]. 

samyaros warmoSobis sawyis etapze, dedamiwis axlad Camoyalibebul 
struqturaSi xdeboba masStaburi procesebi da dedamiwa iyo Zalian cxeli 
da xdeboda swrafi, masStaburi dinamiuri procesebi, rasac Tan sdevda 
Zlieri miwisZvrebi da mZlavri vulkanuri amofrqveva.  swored, vulkanuri 
amofrqvevis Sedegia dedamiwis landSaftis formireba da dadgenili faqtia, 
rom vulkanuri warmoSobisaa dedamiwis qerqi. dedamiwis arsebobis meore 
periodi ukavSirdeba procesebis aqtiobebis mniSvnelovnad Semcirebas, 
temperaturis klebas, Sesabamisad warmoiqmna hidrosfero da atmosfero da 
gaCnda pirobebi biosamyaros warmoSobisaTvis [5,6]. liTosfero iTvleba de-
damiwis qerqis JamTaRmwerad, romelSic asaxulia geografiuli garsis Camoya-
libeba-Seqmna da ganviTareba. miliardobiT wlebis ganmavlobaSi, dedamiwis 
xangrZlivi ganviTarebis Sedegad warmoqmnili geografiuli garsi Tavisi 
Sedgenilobisa da agebulebis mniSvnelovani sirTuliT gamoirCeva. mas 
gaaCnia gare, periferiuli fena _ dedamiwis qerqi, sadac erTmaneTs ukavSir-
deba da ganicdis Zlier urTierTqmedebebs, sruliad gansxvavebuli aRnagobis 
oTxi sfero: liTosfero, hidrosfero, atmosfero da maTi arsebobis safuZ-
velze warmoqmnili biosfero [2,6].    

dedamiwis zedapiris mniSvnelovani nawili hidrosferos uWiravs (71 %), 
xolo  kontinenturia (29 %). dedamiwis qerqis masa daaxloebiT 3 1022 kg, (de-
damiwis masis 0,47 %,) masSi kontinenturi qerqis masa 79 %-ia, okeanis ki 21 %. 
kontinenturi qerqis sisqe (35_50) km, okeanis _ (6_15) km. qerqi myaria, Txevadi 
da airovania, igi mTliani saxiT warmoiqmna 3,5 miliardi wlis win [1,6]. sagu-
lisxmo faqtia, rom kontinenturi da okeanuri qerqis qanebi agreTve asakob-
rivadac gansxvavdeba erTmaneTisagan. kontinenturi qerqis yvelaze Zveli 
saxeobis qanebi daTariRebulia 4 miliardze meti wliT, am faqts adasturebs 
avstraliis qalaq pertasTan napovni cirkonis kristalebi, romelTa asaki 4,3 
miliardi wlisaa, xolo okeanuri qerqis asaki mxolod _ 180 mln [2,6]. dRei-
saTvis gavrcelebulia cneba _ „dedamiwis qerqi“ da „liTosfero“. liTos-
fero (qvis sfera) dedamiwis qviani garsia, igi moicavs mTlianad dedamiwis 
qerqs da zeda mantiis mcire nawils da misi sisqe daaxloebiT (150_200) km-ia, 
liTosfero qvemodan SemosazRvrulia gavarvarebuli asTenosferoTi [6]. sa-
gulisxmoa, rom dawyebuli 20_30 metridan, dedamiwis qerqSi temperatura 
daaxloebiT 3 °С izrdeba yovel 100 m siRrmeze [7].  

kontinenturi qerqi Sedgeba danaleqi, granitis da bazaltis fenebi-
sagan, okeanis qerqi ki mxolod danaleqi da bazaltia. am fenebis ganlageba 
da Sinagani struqtura adasturebs maT sxvadasxva droSi warmoSobas: jer 
bazaltis fena, Semdeg granitis, xolo danaleqi fenis formireba grZeldeba 
dResac. qerqis TiToeuli fenis Camoyalibeba geologiuri drois Tvalsazri-
siT didxans grZeldeboda.  granitisa da bazaltis fena daerqvaT imis gamo, 
rom isini emsgavsebian mTis qanebs granitsa da bazalts. liTosfero da Sesa-
bamisad qerqic Sedgeba magmatikuri amofrqveuli qanebisagan (95%), romelic 
magmis gaciebis Sedegad warmoiqmna, amitomac kontinentzea graniti da bazal-
ti, okeaneSi _ mxolod bazalti. kontinenturi qerqis mTeli masis daaxloe-
biT naxevari Jangbadia, 25% _ Si, 8%  Al, 5% _ Fe, 4% _ Ca, natriumi, kaliumi da 
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magniumi 2_2 procentia, xolo naerTebi: SiO2 _ 59,7%;  Al2O3 _ 15,4%;  CaO _ 4,9%; 

MgO _ 4,4%; Na2O _ 3,6%; FeO _ 3,5%. 

dedamiwis zedapiris danaleqi fenis formireba moxda gare Zalebis ze-
moqmedebiT, romlis warmoqmna ganxorcielda danaleqi da vulkanogenuri qa-
nebisgan, sadac sWarbobs Tixebi da Tixiani fiqlebi, agreTve farTodaa 
warmodgenili qviSaqvebi, karbonatuli da vulkanogenuri qanebi [1,2]. dedami-
wis struqturidan ganpirobebuli Sida ZalebTan erTad mniSvnelovania gare 
Zalebi _ qarebi, mdinareebi, temperaturis cvlileba, mcenareTa da cxovelTa 
zemoqmedeba cvlis dedamiwis zedapiris struqturas. mTis qanebi iSlebian, 
naSali qucmacdeba da gadaadgildeba. mdinareebi qmnian kalapotebs, TavianT 
xeobebs. qarebs gadaaqvT patara nawilakebi, qmnian qviSis udabnoebs. adamiani, 
Tavisi mravalferovani SemoqmedebiT, mniSvnelovani gare moqmedi Zalaa. 

liTosfero, hidrosfero da atmosfero _ nivTierebaTa sami agregatu-
li mdgomareoba warmodgenili dedamiwaze, rogorc aucilebeli piroba bio-
samyaros arsebobisaTvis urTierTSemxebi da urTierTqmedi zonebia. dedamiwis 
qerqis danaleqi fena _ niadagi aris Zalian Txeli, ramdenime santimetri, an 
iSviaTad 2_3 metri sadac kritikulad isaxeba yovelive is, rac xdeba deda-
miwis zedapirze. Tanamedrove teqtonika naklebad aisaxeba dedamiwis qerqis 
formirebaze, amdenad dReisaTvis ganmsazRvrelia, mzardi gare da adamianuri 
faqtorebi, romlebic sasikeTod ar cvlian danaleq fenas _ niadags [6,7].  

kvlevebis Tanamedrove monacemebis mixedviT dedamiwis qerqi ganicdis 
mniSvnelovan cvlilebas [7]: dedamiwis zedapiris 1/3-ze, anu 36%-ze ar war-
moebs miwaTmoqmedeba, ar iqmneba bioproduqcia, igi dakavebulia infrastruq-
turiT, nagebobebiT, gzebiT, da a.S. ganviTarebul qveynebSi qalaqebs uWiravs 
qveynis teritoriis 7_10 %.  Tu megapolisebSi saSualod mosaxleobis 40 % 
cxovrobs, maSin es maCvenebeli ufro mniSvnelovania da 70_80%-s aRwevs.  

amrigad, SeiZleba davaskvnaT, rom dinamikurad cvladi geografiuli 
garsi, dedamiwis qerqi aris erTiani materialuri sistema, warmoqmnili 
atmosferos, hidrosferos, liTosferos da biosferos bazaze maTi xangr-
Zlivi urTierTqmedebis Sedegad. Tanamedrove etapze dedamiwis rTuli Sida 
struqturis da gansakuTrebiT aqtualuri, dedamiwis qerqis kvlevebi da 
arsebuli monacemebi arasakmarisia da amdenad igi moiTxovs axal, pirdapir 
da arapirdapir kvlevis meTodebis Seqmnas, romlebsac eqnebaT maRali mgrZno-
biaroba da didi garCevisunarianoba.   
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SUMMARY 

THE FORMATION OF THE EARTH'S CRUST  

Meskhi G.G. and Zedginidze R.Sh. 

Samtskhe-Javakheti State University  
The work represents the modern view of the Earth’s crust as a dynamically changing geographic shell, a unified 
system, the formation and structure of the atmosphere, hydrosphere, lithosphere, and biosphere as a result of 
long-term interaction, direct and indirect methods of crust research are given. 
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uZravi kristalizatoris sqemiT saWiro denis gaangariSeba liTonebis 

eleqtrowiduri gadadnobisaTvis 

 

silagaZe s.r., zivzivaZe l.b., SalamberiZe m.S. 
 

akaki wereTlis saxelmwifo universiteti, quTaisi 
 

gamokvlevebis Sedegad miRebulia, rom widis abazanidan gamosxivebuli 
siTbo SedarebiT mcirea. amitom, zogadi saxiT, Tburi balansis gantoleba 
Semdegnairad Caiwereba: [1] 

 
kk
w

j
esx

w
j QQQQ        (1) 

sadac, 
w
jQ  _ widis abazanaSi, denis gavliT gamoyofili sruli siTboa; sxQ _ 

sxmuls gadacemuli siTbo; 
j
eQ  _ eleqtrodSi Tburi danakargebi; kk

wQ  _kris-

talizatoris kedlis mier widis abazanidan arTmeuli siTbo. 
Tu cnobilia widis abazanaSi gamavali deni, maSin widis abazanaSi 

gamoyofili siTbos gansazRvra SeiZleba Semdegnairad: 
 

tRIQ w
w
j

224,0      (2) 

gamosaxuleba (2)-is mixedviT, Tu cnobili iqneba widis abazanaSi drois 
erTeulSi gamoyofili siTbo da Txevad mdgomareobaSi widis winaRoba Rw, 
maSin SesaZlebeli iqneba ganisazRvros eleqtrowiduri gadadnobisaTvis 
saWiro deni Semdegnairad: 

 

w

w
j

0,24R

Q
I        (3) 

eleqtrowiduri gadadnobisas widis abazanaSi gamoyofili Q
w
jQ siTbos 

gansazRvra dakavSirebulia (1) gamosaxulebaSi Semavali TiToeuli komponen-

tis: sxmulis mier gacemuli sxQ siTbos, eleqtrodSi Tburi danakargebisa da 

kristalizatoris Siga kedlis mier widis abazanidan arTmeuli 
kk
wQ siTbos 

gansazRvrasTan. aRniSnuli rTuli procesia da dakavSirebulia konkretuli 
saxeobisa da moculobis liTonis eleqtrowiduri gadadnobis danadgaris 
SemadgenlobaSi Semavali kristalizatorisaTvis, mTeli rigi eqsperimentebis 
ganmeorebasTan.  

Cvens mier SemoTavazebulia widis abazanaSi gamoyofili siTbos gaan-
gariSebis SedarebiT martivi, originaluri meTodi, romelic gamoyenebulia 
romelime sxeulis T1 da T2 temperaturamde gacxelebisaTvis saWiro siTbos 
raodenobis gansazRvrisaTvis. 

 

 12 TTcmQ       (4) 

sadac: c _ gasacxelebeli sxeulis masalis siTbotevadobaa; m _ gasacxe-
lebeli sxeulis masaa; T1  _ garemos temperaturaa (0K); T2  _ sxeulis gacxe-
lebis saboloo temperaturaa (0K); 
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nax.1. liTonebis eleqtrowiduri gadadnobis kristaluri sqema. 

1 _ gadasadnobi liTonis eleqtrodi; 2 _ kristalizatori; 3 _ Txevadi widis 
abazana; 4 _ gadadnobili liTonis sxmuli; de _ gadasadnobi eleqtrodis diametri; 

dkr _ kristalizatoris diametri. 
 

wriuli formis kristalizatorisaTvis (nax.1) kristalizatoris for-

mis koeficientis, widis abazanis simaRle wh  , kristalizatoris diametris 

krd , Txevadi widis siTbotevadobis wc , misi simkvrivis w  da gacxelebis 

saboloo temperaturis 
w
dnT  gaTvaliswinebiT miRebul iqna, widis abazanaSi 

gamoyofili sruli siTbos saangariSo formula: 
 

  w
dnwwwkr

w
j TchdKQ   4/

2
    (5) 

gamosaxuleba (5)-Si Semavali calkeuli wevrebis sidideebis dadgenisas, 
aucilebelia gaTvaliswinebul iqnas, uZravi kristalizatoris sqemiT, liTo-
nebis eleqtrowiduri gadadnobis Taviseburebebi: 

1. mocemuli konkretuli zomebis kristalizatoris formis 
koeficienti damokidebulia gadasadnobi eleqtrodis diametrze: 

1,0<
kr

e

d

d
K  K      (6) 

amave dros, gadasadnobi eleqtrodis diametri ormag moqmedebas axdens 
w
jQ siTbos sidideze: 

_ masze damokidebulia eleqtrodsa da gamdnari liTonis abazanas 
Soris widis abazanaSi gamavali denis SemomsazRvreli cilindris diametri 

krd  , romelic cxadia moqmedebs widis abazanaSi denis simkvrivesa da aqedan 

gamomdinare Q
w
jQ -siTbos raodenobaze. 

_ kristalizatoris Siga kedelsa da dengamtar cilindrs Soris e.w. 
Rru cilindris zomebi, kedelze moqmedi gagrilebis sistemis gamo, moqmedebs 
kristalizatoris kedelze warmoqmnili garnisaJis sisqesa da Rru ci-
lindriT Semofargluli widis winaRobaze. 

dკრ 

 

4 
3 
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orive faqtoris moqmedebiTaa ganpirobebuli, rom mravali mklevaris [2] 
mier rekomendirebulia, kristalizatoris formis koeficientis 

7,05,0 K Koptimaluri mniSvneloba.  

2. widis abazanaSi dengamtari cilindris diametri ec dd >  metia, vidre 

gadasadnobi eleqtrodis diametri. igi damokidebulia widis abazanaSi 
moqmedi eleqtromagnitur velze da am cilindridan denis gadinebaze. rac 

metia gadasadnobi eleqtrodis diametri ed , miT metia widis abazanaSi denis 

gandinebis gamo cilindris diametri. am ukanasknelis konkretuli mniSvne-
lobis dadgenisaTvis, Seswavlil iqna widis abazanaSi moqmedi eleqtruli 
veli, fizikuri  modelirebis gziT. 

widis abazanis mocemul moculobaSi eleqtruli velis drosa da sivr-
ceSi cvlilebis suraTis warmodgena did sirTuleebTanaa dakavSirebuli. 
amitom, fizikuri modelis saSualebiT, miznad iqna dasaxuli, widis abazanis 
erT-erT diametris gaswvriv warmodgenil sibrtyeSi, drois mocemuli momen-
tisaTvis, warmogvedgina eleqtruli potencialis saxiT eleqtruli veli. 
amisaTvis, widis abazanis sakvlevi sibrtye warmodgenil iqna 0,1 mm sisqis 

X18H9T foladisagan damzadebuli furclis saxiT. misi danarCeni zomebi, 
masStabiT 1:2, aRebuli iyo erT-erTi kristalizatoris diametrisa da widis 
abazanis simaRlis Sesabamisad. eqsperimentis dros, denis wyaros momWerebi-
dan, potencialebi modebuli iyo nax.2-is Sesabamisad. liTonis furceli 
dayofili iyo 0,5x10 mm-is zomis ujrebis saxiT, xolo mis centrebSi nemsis 
wveriTa da milivoltmetriT vafiqsirebdiT potencialebis mniSvnelobebs. 
erTnairi potencialebis erTmaneTTan SeerTebiT agebuli iyo eqvipotencia-
luri xazebi da misi saSualebiT gavlebul iqna denis xazebi (nax.3). warmod-
genili suraTis mixedviT gamosaxulia dnobadi eleqtrodis denis gandev-

nebis cilindris diametris cd Sefardeba eleqtrodis diametrTan 4,1/ ec dd . 

diametrebis es Sefardeba, praqtikulad, ucvleli rCeboda cilindruli 
kristalizatorebisaTvis erTnairi formis koeficientis SemTxvevaSi. 

 
 

                    

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

sur. 2. eleqtrowiduri gadadnobis fizikuri modeli. 
1 _ legirebuli foladis X18H9T 0,5 milimetri sisqis furceli; 2 _ denmimyvani 
sadenebi; 3 _ potencialis gazomvisaTvis nemsi; 4,5 _ qveda da zeda denmimyvanebi;          

ИП _ denis wyaro; mV _ milivoltmetri. 
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Sesabamisad miRebuli iyo, rom (5) gamosaxulebaSi dengamtari cilind-

ris diametri widis abazanaSi ec dd 4,1 . am ukanasknelisa da kristalizato-

ris formis koeficientis gaTvaliswinebiT (5) gamosaxuleba miiRebs Semdege 
saxes: 

  dnwwwc
w
j TchdKQ   4/

2     (7) 

3. widis abazanis simaRleze, rogorc kvlevebi aCvenebs, damokidebulia 
widis eleqtrodis forma da gamdnari liTonis wveTebis widis abazanaSi 
gadatanis pirobebi. agreTve, abazanis simaRle ise unda iyos SerCeuli, rom 
adgili ar unda hqondes gamdnari liTonis abazanasa da eleqtrodis widas-
Tan Sexebis adgilas rkalur procesebs (eleqtruli rkalis warmoqmnas). 

miiCneva, rom widis abazanis optimaluri sididea ew dh  , Sesabamisad, (7) gamo-

saxuleba miiRebs saxes: 
 

Q   dnwwec
w
j TcddKQ   4/

2
    (8) 

nax. 3-ze warmodgenili eleqtruli velis kvlevis modelSi widis aba-
zanis simaRle ufro didi sididiTaa aRebuli imisaTvis, rom gamokveTili 
iyos widis abazanaSi dengamtar cilindrSi denis ganawilebis suraTi. 

4. widis abazanis temperatura mis dengamtar nawilSi aiReba gadasad-

nobi eleqtrodis masalis dnobis temperaturis toli sididiT KT 0

dn . 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
 
 
 

nax. 3. widis abazanisaTvis modelirebiT miRebuli eleqtruli velis suraTi. 
1 _ dnobadi eleqtrodi; 2 _ denis xazebi; 3 _ eqvipotencialuri xazebi; 

wh _ widis 

abazanis simaRle; 
kd  _ kristalizatoris Siga diametri; 

cd  _ eleqtrodidan denis 

gandinebis cilindris diametri; 
ed  _ gadasadnobi eleqtrodis diametri. 

 
qvemoT ganxilulia widis abazanaSi denis gavliT gamoyofili sruli 

siTbos Q
w
jQ  gaangariSebis magaliTi. Cveni SemoTavazebuli meTodis mixedviT, 

kristalizatorisaTvis, romlis diametria m 0,254smkr  4,25d ,  xolo gada-

sadnobi eleqtrodis diametri m 0,127sme  7,12d . gadasadnobi eleqtrodis 
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masalaa qrom-nikel-kobaltis  sistemis legirebuli foladi. widis Semadgen-
lobaa 50%CuF2+20%CaO+30%Al2O3, 

danarCeni parametrebi (5) gamosaxulebisaTvis aiReba: 
_ kristalizatoris formis koeficienti K=0,6; 
_ widis abazanaSi dengamtari cilindris diametric 

mkrc 17778,04,1
2

1
 dd ;  

_ widis abazanis simaRle   mw 18,0h ;  

_ widis abazanis siTbotevadoba Kkj/kg 0w K78,0c ; 

_ gadamdnari widis simkvrive 2700w kg/m3 ; 

_ widis abazanis temperatura K 0
dn K1773T ; 

am monacemebis gaTvaliwinebiT, widis abazanaSi gamoyofili sruli 
siTbo  

 
kjw

j 227851773270078,118,0
4

1778,06,0
2




Q Q 

eleqtrodis eleqtrowiduri gadadnobisaTvis gamoyenebuli Semadgen-

lobis widis winaRoba widis abazanis 1773 0K temperaturaze omiw
3103 R , 

gamosaxulebis (3) mixedviT, SesaZlebelia mocemuli SemTxvevisaTvis gansaz-
Rvrul iqnas eleqtrowiduri gadadnobisaTvis saWiro deni: 
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cxrili 1. eqsperimentis monacemebi da gaangariSebis Sedegebi 
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1 25,4 12,7 5,625 5,8 22785 
2 32 16 6,477 6,5 30206 
3 36 18 7,226 7,2 38229 
4 48 24 9,715 8,9 67963 
5 20x20 11,8x11,8 6,228 6,4 27933* 
6 22,5x22,5 16x16 7,800 7,6 43886* 

 
NmiRebuli (8) gamosaxulebiT gaangariSebda gadadnobisaTvis saWiro denis 
mniSvnelobebi sxvadasxva formisa da zomis kristalizatorisaTvis (cxr. 1). 
isini Sedarebul iqna amave cxrilSi mocemul maTi Sesabamisi denebis eqs-
perimentul monacemebTan. cxr. 2-is monacemebis mixedviT gansazRvruli iqna:  

absoluturi cdomileba 

  saangariSoii II   
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 saSualo absoluturi cdomileba 

  



n

i

ii II
n 1

1
saangariSo  

 fardobiTi cdomileba 

 
%100




i

ii
i

I

II saangariSo
  

saSualo fardobiTi cdomileba 

 







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i i

ii

I

II

n 1

%100
1 saangariSo

 ̅ 

cxr. 1-Si iI  gadadnobisaTvis saWiro denis mniSvnelobebia gazomili eleq-

trowiduri gadadnobis realur pirobebSi; xolo  saangariSoiI   SemoTavazebu-

li gaangariSebis meTodiT gansazRvruli denis mniSvnelobebia; 

iI  eqsperimentis ricxvebi i=1;2; ...…n;(n=6) . 

 
    cxrili 2. SemoTavazebuli sqemiT eleqtrowiduri gadadnobisaTvis saWiro 
      denebis gaangariSebuli cdomilebebi 
 

 
iI , ka  saangariSoiI , ka    i  i , % 

1 5,625 5,800 0,175  0,0311  
2 6,477 6,500 0,023  0,0036  
3 7,226 7,200 0,026 0,235 0,00408 2,9 
4 9,715 8,900 0,815  0,0839  
5 6,228 6,400 0,172  0,0276  
6 7,800 7,60 0,200  0,0256  

   1,411  0,1759  

 
gazomvisa da gaangariSebebis Sedegebi mocemulia cxr. 2-Si, sadac 

eqsperimentebSi gazomili denebi miCneulia maT realur mniSvnelobad. aseTi 
dabali cdomileba miuTiTebs imaze, rom eleqtrowiduri gadadnobis denis 
SemoTavazebuli saangariSo meTodi, SeiZleba gamoyenebuli iqnas konkretuli 
masis eleqtrodis eleqtrowiduri gadadnobis teqnologiis damuSavebisas, 
danadgaris SerCevisa da sxva amocanebis gadasawyvetad. 
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SUMMARY 

CALCULATION OF THE CURRENT BALANCE REQUIRED FOR ELECTRO-SLAG MELTING OF 

METALS ACCORDING TO THE SCHEME OF  AN IMMOVABLE CRYSTALLIZER 

Silagadze S.R., Zivzivadze L.B. and Shalamberidze M.Sh. 

Akaki Tsereteli State University, Kutaisi 

A mathematical expression has been obtained, which connects the so-called Joule heat released by the current 

passing through the slag bath with the parameters of this bath, such as crystallizer shape factor, crystallizer and 

melted electrode diameters, slag bath height, its heat capacity, specific weight, and bath heating temperature. 

According to the heat released in the slag bath, the currents required for melting for different crystallizers have 

been calculated, the average relative error of which does not exceed 3%. 

Keywords: slag, electro-slag facing, fusible electrode, slag bath, metal bath, cast, crystallizer.  
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saSeSe merqnis wvis procesi da sayofacxovrebo SeSis 

Rumelebis energoefeqturoba 

 

qevxiSvili n.a., jiSkariani T.s., arabiZe x.T., javSanaSvili n.b., yvaviaSvili T.m. 

 

saqarTvelos teqnikuri universiteti 

 

saSeSe merqnis wva warmoadgens rTul heterogenur fizikur-qimiur 

process, romelic ramdenime stadiisagan Sedgeba. es stadiebia: merqnis 

SeTboba, misi SeSroba anu tenis aorTqleba, aqrolad nivTierebaTa gamosvla, 

koqsis warmoqmna, aqrolad nivTierebaTa wva da bolos koqsis narCenebis wva.  

saSeSe merqnis 100_105oC-mde SeTbobis dros misi zedapiridan iwyeba 

tenis aorTqleba. 150oC-ze tenis narCeni bolomde orTqldeba da iwyeba 

pirolizis stadia, anu saSeSe merqnidan aqrolad nivTierebaTa (pirolizuri 

airebis) gamoyofa. 250_350oC-ze pirolizis stadia gadadis aqtiur fazaSi - 

merqnis Termuli daSlis procesis gaZlierebis Sedegad pirolizuri airebis 

koncentracia aRwevs kritikul niSnuls da xdeba maTi jer anTeba, Semdeg 

aaleba Ria-yviTeli alis warmoqmniT [1].  

pirolizuri airebis aalebis Sedegad gamoyofili siTbos xarjze 

temperatura mkveTrad izrdeba da Cndeba uSualod merqnis aalebis procesis 

dawyebis Teoriuli SesaZlebloba (gazifikacia). 450_620oC temperaturaTa 

farglebSi ali mTlianad faravs merqnis danaxSirebul nawils, rasac 

mosdevs wvis Termoqimiui procesis mkveTri aCqareba da merqnis aalebis 

procesis gadasvla misi wvis sawyis stadiaSi [2]. 

merqnis wvis sawyis stadiaSi mis garSemo Seqmnili pirolizuri airebis 

garsi xels uSlis atmosferuli Jangbadis wvdomas pirolizis myari narCenis 

(koqsis) zedapirTan. pirolizuri airebis saboloo dawvis Tanave viTardeba 

koqsis saboloo wvis procesi, romelic warmodgenilia cecxlmokidebuli  

gavarvarebuli nawilebis _ nakverCxlebis saxiT. saSeSe merqnis wvis pro-

cesis stadiebi mocemulia sur. 1-ze. 

rogorc vxedavT, saSeSe merqnis wvis procesis calkeuli stadiebi 

erTmaneTisagan temperaturuli donis sxvadasxvaobiT gamoirCevian. es imas 

niSnavs, rom wvis reaqciis siCqare, romelic temperaturazea damokidebuli, 

sxvadasxva stadiaSi sxvadasxvaa. Sesabamisad, sxvadasxva iqneba calkeul 

stadiaSi gamoyofili siTbos raodenobac da wvis procesis efeqturobac.   

ramdenadac sayofacxovrebo SeSis Rumelis energoefeqturoba uSua-

lod aris dakavSirebuli saTbobis mier wvis procesSi gamoyofil siTbos 

mTlian raodenobasTan da wvis procesis calkeul stdadiaSi gamoyofili 

siTbos raodenoba sxvadasxvaa, ganasxvaveben SeSis Rumelis mq koeficientis 

or saxes – integralurs, anu saerTos, drois ∆t=t2-t1 monakveTisaTvis da mim-

dinares,  drois garkveuli  t momentisaTvis  [3]. 

RumelSi CatvirTuli konkretuli raodenobis saSeSe merqnis wvis 

procesis damTavrebamde mimdinare mq koeficientis mniSvneloba drois 

sxvadasxva momentSi SeiZleba farTo diapazonSi Seicvalos, amitom mimdinare 

mq koeficientis gasaSualebuli mniSvnelobis gamoyeneba SeSis Rumelis 

energoefeqturobis Sefasebis dros araswori da miuRebelia. 
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Sroba 

 

 
 

pirolizi  

 

 
 

gazifikacia 

 

 

 
 

nakverCxali 

sur.1. saSeSe merqnis wvis procesis stadiebi 

 

 
sailustraciod SeiZleba ganvixiloT sur. 2-ze mocemuli diagrama, 

sadac wrfivi xaziT naCvenebia saSeSe merqnis wvis Sedegad miRebuli 
simZlavre, xolo daStrixuli farTobiT – SeSis Rumelis gacxelebaze 
daxarjuli sasargeblo simZlavre.  

 

თ
ბუ

რ
ი 
სი

მძ
ლ
ავ
რ
ე,

 კ
ვტ

20

დრო, წთ

40

60

80

100
ɳt=90%

ɳt=10%

0
10 20 30 40 50 60

 
sur. 2. integraluri da mimdinare mq koeficientebis mniSvnelobebis Sedareba 
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cxadia, rom hipoteturi SeSis Rumelis integraluri mq koeficienti  
am xazebis qveS moTavsebuli farTobebis fardobis  toli iqneba: 

 

realuri  = [(1*20)+(90*10)+(1*30)/(10*20)+(100*10)+(10*30)]*100=63,3%. 

 
amave diagramaze naCvenebia, rom hipoteturi SeSis Rumelis mimdinare mq 

koeficienti saSeSe merqnis wvis procesSi 90-dan 10%-mde icvleba. drois 

mixedviT maTi gasaSualebiT miRebuli  mniSvneloba toli iqneba: 
 

saSualo = [(10*20)+(90*10)+(10*30)]/60 = 23,3% 

maSasadame, hipoteturi SeSis Rumelis mimdinare mq koefecientis saSua-
lo mniSvneloba 23,3%-is tolia, maSin rodesac mq koeficientis integraluri 
anu realuri sidide 63,3%-s aRwevs. yovelive es imaze metyvelebs, rom sayofa-
cxovrebo SeSis Rumelis, rogorc gamaTbobeli danadgaris, 
energoefeqturobis Sefasebis dros unda ganisazRvros ara mimdinare, aramed 
integraluri mq koeficienti. 

integraluri da mimdinare mq koeficientebis mniSvnelobebi mxolod im 
SemTxvevaSi SeiZleba daemTxves erTmaneTs, Tu saTbobis wvis Tburi 
simZlavre drois mixedviT ar icvleba (mag. uwyveti qmedebis energetikul an 
samrewvelo TbogeneratorebSi). 

yuradRebis gamaxvileba am faqtze mniSvnelovania imitom, rom garkveu-
li sifrTxiliT movekidoT Rumelebis calkeuli mwarmoeblebis monacemebs, 
sadac emisiebi da sayofacxovrebo SeSis Rumelebi energoefeqturoba 
ararealuri sidideebiT aris warmodgenili [4].   

energoefeqturi sayofacxovrebo SeSis Rumelebis farTomasStabiani 
danergvis aucileblobis gaTvaliswinebiT, saqarTvelos standartebis, teq-
nikuri reglamentebis da metrologiis erovnuli saagentos mier damtkice-
buli da samoqmedod SemoRebulia evropuli standarti ENEN13240, romelic 
registrirebulia reestrSi 2010 wlis 17 marts, 268-1.3-4050 nomriT. swored es 
standarti gansazRvravs im moTxovnebs, romeliTac unda ganxorcieldes 
SeSis Rumelebis dizaini, proeqtireba, warmoeba da muSa maxasiaTeblebis 
markireba.  

amasTan erTad, standarti iTvaliswinebs testirebis specifikur 
procedurebs, romlebic miznad isaxavs rogorc gamaTbobeli mowyobilobebis 
energoefeqturobisa da minimaluri emisiis uzrunvelyofas, aseve maT 
usafrTxo muSaobas saboloo momxmareblisTvis. produqciis bazarze gata-
namde SeSis Rumelis TiToeuli saxeobis testireba savaldebuloa.  

magram, SeSis Rumelebis EEN13240 standartiT gansazRvruli tipiuri 
testirebis es procedura afasebs SeSis Rumelis Termuli efeqturobas da 
emisiebs mxolod mkafiod SezRuduli pirobebisaTvis, kerZod Rumelis 
nominalur datvirTvaze, anu misi stabiluri muSaobis reJimSi da wvis 
procesis Termuli wonasworobis pirobebSi.  

es yvelaferi, marTalia, iZleva testis monacemebs dabali emisiebiT  
da maRal Termuli efeqturobiT, magram es Sedegebi, rogorc wesi,  arasodes 
ar miiRweva realur cxovrebaSi, radgan aq ar aris gaTvaliswinebuli da 
araferia naTqvami im cvlilebebze, romelic Tan sdevs saSeSe merqnis wvis 
procesis TiToeul stadias, rac, Tavis mxriv, gadamwyvet gavlenas axdens 
Rumelis mier aTvisebul siTbos raodenobaze da misi muSaobis efeqturobaze. 

 Sesabamisad, rogorc mwarmoebels, ise momxmarebels ar aqvT sruli 
informacia Rumelis energoefeqturobis Sesaxeb, rac maT gaurTulebs gadaw-
yvetilebis miRebis SesaZleblobas, Sesabamisad, produqciis realizaciis da 
SeZenis dros. garda amisa, adgilobrivi iuridiuli organoebi ver SeZleben 
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uzrunvelyon Semcirebuli emisiebisa da gazrdili efeqturobis sasurveli 
Sedegebi emisiis zRvruli mniSvnelobebis gamkacrebis xarjze [5]. 

aRniSnuli problemis gadaWris mizniT, germaniis qalaq langenbrukis 
ekocentris mdgradi energosistemebis laboratoriaSi, energiis federaluri 
samsaxuris dakveTiT, jer kidev 1999 wels,  ganxorcielda saerTaSoriso 
standartebis SedarebiTi Seswavla. miRebuli Sedegebis safuZvelze SeSis 
Rumelebis energoefeqturobis dasadgenad SemuSavda da dRes moqmedebaSia 
testirebis meTodis ori standarti. imis miuxedavad, rom es standartebi 
moicaven erTidaimave sferos, maTi testirebis koncefcia mainc Zalian 
gansxvavdeba erTmaneTisgan. 

standartizaciis evrokomitetis (European Committee for Standardization – CEN) 
EN13240 standartis testirebis meTodi SeSis Rumelis energofeqturobas ad-
gens e.w. „iribi meTodiT“ SezRuduli pirobebisaTvis, xolo standartizaciis 
saerTaSoriso organizaciis (International Organization for Standardization – ISO)  ISO/DIS 

13336 standartis testirebis meTodi iTvaliswinebs SeSis Rumelis simZ-
lavris, mTlianad gacemuli siTbos raodenobisa da saTbobis wvis procesis 
efeqturobis pirdapiri wesiT gazomvas e.w. kalorimetrul kameraSi.  

amave laboratoriaSi, saerTaSoriso standartebis SedarebiTi Seswav-
lis dros, emisiebisa da energoefeqturobis testirebis meTodebis eqviva-
lenturobis dasadgenad da CEN/EN da ISO/DIS standartebiT gaTvalis-
winebuli testirebis ori sxvadasxva meTodis eqvivalenturobis   Sesada-
reblad gamoyenebul iqna SeSis uwyveti wvis danadgari da testireba 
ganxorcielda erTdroulad orive standartis mixedviT. SedarebiTi 
testirebis SedegebisTvis harmonizebul iqna testirebis Semdegi procedura: 
saTbobis CatvirTva, wvis intensivoba da testirebis ciklebis raodenoba.  

Sedarebam efeqturobis da emisiebis erTnairi Sedegebi aCvena. kerZod, 
absolituri gadaxra emisiebisTvis iyo 2,2_6,7%-is farglebSi, xolo efeq-
turobisTvis 2,8_3,8%-is farglebSi. testirebis meTodebis eqvivalenturoba 
aadvilebs standartebis urTierTaRiarebas, rac mwarmoeblebis da momxma-
reblebis interesebsac iTvaliswinebs.  

SedarebiTi kvlevebis Sedegad upiratesoba mieniWa ISO/DIS 13336 standar-
tiT gansazRvrul tipiuri testirebis proceduras, romelic SeSis Rumelis 
muSaobas afasebs ara mxolod eqsperimentul stendze kargad kontrolirebad 
stacionalur pirobebSi, aramed gaTbobis yoveldRiuri reJimis realuri 
pirobebisTvisac saSeSe merqnis wvis procesis TiToeul stadiis gaTvalis-
winebiT. aqve unda aRiniSnos, rom testireba ISO/DIS 13336 standartis mixedviT 
TiTqmis orjer meti Rirs, vidre testireba CEN/EN 13240 standartiT [6]. 

rogorc ukve aRvniSneT, standarti ISO/DIS 13336 testirebis procesi 
iTvaliswinebs kalorimetruli kameris gamoyenebas, sadac, garemosagan izo-
lirebulad moTavsebulia sakvlevi Rumeli. Rumeli, sawvavTan erTad, idgmeba 
sasworze, rac saSualebas gvaZlevs gaizomos sawvavis xarji drois 
nebismieri momentisaTvis. wvisaTvis saWiro haeri RumelSi miewodeba izoli-
rebulad, iseve rogorc namwvi airebi toveben mas kalorimetrul kameraSi 
haerTan kontaqtis gareSe. Rumelis mier gamoyofili siTbos raodenobis 
Sesafaseblad kalorimetrul kameraSi Semsvleli da gamomsvleli milebis 
gamoyenebiT cirkulirebs atmosferuli haeri mudmivi xarjiT (sur.3). 
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sur. 3. kalorimetruli stendi, romelic Seesabameba ISO/DIS 13336-is standarts 
 
miuxedavad samoqmedod SemoRebuli evropuli CEN/EN 13240 standartisa 

saqarTveloSi dRemde ar arsebobda SeSis Rumelebis energoefeqturobis 
Sesamowmebeli oficialuri laboratoria, eqspertTa akreditebuli jgufi, 
mecnieruli programa da Tboteqnikuri gaangariSebis erovnuli meTodologia  
da Rumelebis efeturobis dasadatureblad aranairi testireba ar tardeboda.  

 
 

 
 

 

 
 

sur. 4.  Rumelebis gamosacdeli kalorimetruli kamera 
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am xarvezis aRmosafxvrelad saqarTvelos teqnikuri universitetis 
(stu) energetikis fakultetTan arsebul „maRaltemperaturuli Tbofizikuri 
procesebis samecniero-sainJinri centrSi“, saerTaSoriso ISO/DIS 13336 da 
evropuli CEN/EN 13240 standartebis safuZvelze SemuSavda SeSis Rumelebis 
testirebis meTodologia da Seiqmna  ISO/DIS 13336 standartis Sesabamisi ka-
lorimetruli kamera (sur. 4). aRsaniSnavia, rom am wamowyebas safuZvlad dae-
do germaniis saerTaSoriso TanamSromlobis sazogadoebasa (GIZ) da saqar-
Tvelos teqnikur universitets Soris dadebuli sagranto xelSekruleba. 

testirebisaTvis warmodgenil iqna oTxi mwarmoelis mier damzadebuli 
7 Rumeli. Svidive Rumeli gamoicada pirdapiri gazomvis meTodiT. gazomvebis 
Cawerisa da Sedegebis damuSavebisTvis Seiqmna Sesabamisi programuli 
uzrunvelyofa. SeSis Rumelis Tburi simZlavris cvlilebis tipiuri grafiki 
mocemulia sur. 5-ze. 

 
 

 
 

nax. 5.  Tburi simZlavris cvlilebis tipiuri grafiki 
 

SeSis wvis procesSi gamoyofili Tburi energia grafikulad tolia im 
farTobisa, romelic moTasebulia grafikis mrudsa da abscisaTa RerZs So-
ris. garda energoefeqturobisa, Rumelebis Sesafaseblad gamoyenebul iqna 
ramdenime kriteriumi (maTi simZlavre, cxobis saSualeba, sacecxle kameris 
zomebi, maTi warmoebis ganviTarebisa da usafrTxo eqspluataciis SesaZleb-
lobebi). warmodgenili Rumelebis energoefeqturoba 70%-dan 85%-mde icvle-
boda [7]. 

evropuli CEN/EN 13240 standartis mixedviT SeSis Rumelebis serTi-
ficireba SesaZlebelia mxolod im SemTxvevaSi, Tu maTi energoefeqturoba 
dadasturebulia realuri gamokvlevebiT (testirebiT) saTanado laborato-
riebSi, romlebsac, Tavis mxriv, gavlili unda hqondeT akreditacia Sesaba-
misi uflebamosili organos mier. am pirobebis ar arsebobis gamo evropuli 
Sesabamisobis serTifikatis gacema saqarTveloSi dResdReobiT SeuZlebelia. 

amis gamo, miuxedavad maRali energoefeqturobisa, testirebaze warmod-
genili Rumelebis mwarmoebeli kompaniebis Sesvla evropul bazarze evropu-
li Sesabamisobis sertifikatis (CE serTifikatis) gareSe SeuZlebelia, ramde-
nadac swored CE  serTifikati adasturebs, rom SeSis Rumeli namdvilad ak-
mayofilebs evrokavSiris direqtivebisa da teqnikuri reglamentiT dadgenili  
standartebis yvela moTxovnas.  
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aRsaniSnavia, rom evropuli kompaniebis sareklamo gancxadebebSi maT 
mier warmoebuli produqciis daxasiaTeba iwyeba ara Rumelebis teqnikuri 
monacemebiT, aramed im faqtis xazgasmiT, rom am produqcias gaaCnia CE serTi-
fikati. magaliTad, espanuri kompania PANADERO, romelic SeSis Rumelebis 
warmoebis ojaxuri tradiciis 50 welze mets iTvlis,  maT mier damzadebuli 
Rumelebis upiratesobas imiT amtkicebs, rom  Rumelebis yvela models mire-
buli aqvs xarisxis evropuli serTifikati ISO 9001:2000. xolo, Rumelebis 
damuSavebisa da warmoebisas, aseve Semdgomi gadamowmebis dros, kompania 
mkacrad icavs evropul standarts CEN/EN 13240, rac uzrunvelyofs maT 
ekologiurobas, usafrTxoebas da gamZleobas. mxolod amis Semdeg aris 
CamoTvlili Rumelebis teqnikuri monacemebi: Rumelis nominaluri simZlavre, 
Rumelis efeqturoba, CO-s emisia, Senobis gasaTbobi moculoba, Rumelis wona, 
sakvamle milis diametri da Rumelis gabarituli zomebi [8].  

saqarTveloSi arsebobs akreditaciis erTiani erovnuli organo _ 
saqarTvelos akreditaciis centri da saqarTvelos mTavrobis mier damtkice-
buli akreditaciis sistema. akreditacia gaicema 4 wlis vadiT, im pirobiT, 
rom laboratoriam yovelwliurad unda gaiaros Semowmeba akreditaciis 
erovnuli centrSi, rac solidur xarjebTan aris dakavSirebuli. kidev  
ufro  solidur (TiTqmis ormag) xarjebs moiTxovs SeSis Rumelebis  gag-
zavna sazRvargareT da maTi testireba TurqeTis an evrokavSiris romelime 
qveynis akreditebul laboratoriebSi.  

saTanado finansuri uzrunvelyofis SemTxvevaSi, romelic saWiroa 
akreditaciis procedurebisaTvis,  personalis saxelfaso anazRaurebisa da 
mimdinare xarjebis dafarvisaTvis, „maRaltemperaturuli Tbofizikuri pro-
cesebis samecniero-sainJinro centri“, Tavisi infrastruqturiT da teqnikuri 
aRWurvilobiT, mzadaa saerTaSoriso ISO/DIS 13336 da evropuli CEN/EN 13240 
standartebis moTxovnilebaTa safuZvelze  Caataros  SeSis Rumelebis 
TiToeuli modelis testireba da gasces xarisxis evropuli serTifikatis  
ISO 9001:2000 Sesabamisi dasabuTebuli daskvnebi, romelic iTvaliswinebs 
serTifikatis gacemas ara erTjeradad, aramed mis ganaxlebas  regularuli 
intervalebiT _ Cveulebriv  sam weliwadSi erTxel [9].  

sayofacxovrebo SeSis Rumelebis testirebis ISO/DIS 13336  da CEN/EN 

13240  standartebis SemoReba da tyis seqtoris reformis farglebSi axali 
tyis kodeqsis miReba, stimuls miscems da waaxalisebs adgilobriv mwarmoeb-
lebs, daamzadon ukeTesi xarisxis da ufro maRali energoefeqturobis SeSis 
Rumelebi da maTi energoefeqturobis dasadgenad da konkurentunarianobis 
gamosavlenad mimarTon Sesabamis samsaxurebs maT mier warmoebuli Rumelebis 
Tboteqnikuri gamocdis procedurebis Catarebis (testirebas) mizniT.  xolo,  
mosaxleoba male gaiTavisebs, rom energoefeqturi Rumelebis SeZeniT, kargad 
gamomSrali saSeSe merqnis gamoyenebiT  da Senobis daTbunebis martivi Ro-
nisZiebebis gatarebiT, SeZleben icxovron ufro komfortulad da mniSv-
nelovnad Seamciron danaxarjebi gaTbobasa da sakvebis momzadebaze. 

 
literatura 

1. https://www.google.com/search?q=stages+of+firewood+burning&rlz=1C1CHBD_enGE931GE931&oq=stag

es+of+firewood+burning&aqs=chrome..69i57j33i160.3780j0j15&sourceid=chrome&ie=UTF-8; (+) 

2. https://www.chimneychampions.com/blog/stages-of-wood-combustion/; 

3. n. lazaSvili, o. kiRuraZe, T. jiSkariani. saSeSe merqnis ZiriTadi Tboteqnikuri ma-

xasiaTeblebis gansazRvra. //energia. 2012, #1(61), gv.65-69. 
4. https://kirpichiki.pro/heat_losses_full.html;  

5. Advanced Test Methods for Firewood Stoves. Report on consequences of real-life operation on stove 

performance. IEA Bioenergy Task 32: September 2018. 

6. https://www.aramis.admin.ch/Default?DocumentID=64584&Load=true .  

https://kirpichiki.pro/heat_losses_full.html
https://www.aramis.admin.ch/Default?DocumentID=64584&Load=true


   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2023  

 

72 

7. n. qevxiSvili, o. kiRuraZe, n.invia, n.javSanaSvili. T.jiSkariani. energoauditi sa-

qarTvelos regionebis sayofacxovrebo seqtorSi. monografia, ISBN 978-9941-8-3889-7, -  

Tbilisi, 2021, 164 gv. 
8. https://www.evrokamin.ru/info/brands/panadero/ 

9. https://www-pub.iaea.org/MTCD/publications/PDF/TCS-53_CD/_BAS/content/19.html 
 

SUMMARY 

COMBUSTION PROCESS OF FUELWOOD AND ENERGY EFFICIENCY OF HOUSEHOLD  
FUELWOOD-STOVES 

Kevkhishvili N.A., Jishkariani T.S., Arabidze Kh.T., Javshanashvili N.B. and Kvaviashvili T.M. 

Georgian Technical University 

The large-scale introduction of energy-efficient household fuelwood stoves in Georgia will significantly reduce 

the demand on fuelwood and will play a major role in the correct regulation of the multi-purpose function of the 

forest, rational use of timber resources, and forest preservation and strengthening. However, the large-scale 

introduction of fuelwood stoves and their certification will be available if their energy efficiency is confirmed 

based on the test results provided by the appropriate laboratories, which must be accredited by the relevant 

authorities. Despite the enacted European EN13240 Standard and because of the absence of these conditions, the 

issuance of the European conformity certificate in Georgia and the entry of stove manufacturing companies on 

the European market is currently impossible. There is a presented in the article impact of each different stage of 

the fuelwood combustion process on the energy efficiency of a fuelwood-stove; provided a comparative analysis 

of international standards for testing of fuelwood-stoves, and discussed problems related to the creation of an 

accredited laboratory in Georgia. 

Keywords: Energy efficiency, pyrolytic gases, integral efficiency, actual efficiency, testing. 
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madanTermuli eleqtrorkaluri Rumelis temperaturuli reJimi 

 
juluxiZe a.g., WumbaZe m.T., sigua l.r. 

 
ssip ferdinand TavaZis metalurgiisa da masalaTmcodneobis instituti 

 
metalurgiul Rumelebis CamonaTvalTa Soris madanTermuli eleqtro-

rkaluri Rumeli erTaderTia, romlis temperaturul reJims momsaxure 
personali ver akontrolebs. temperaturuli reJimis Seswavlis mizniT Catar-
da eqsperimenti 1000 kva simZlavris erTfazian Rumelze, romelic adnobda 
maRalsiliciumian alumin – manganum – siliciumian (АМС) Senadnobs uwido 
procesiT, Zabva – 49 volti, denis Zala – 16kiloamperi. optikuri pirometriT 
vzomavdiT Rumelis gamosaSvebi xvrelidan gamomavali liTonis temperaturas 
da vTvlidiT, rom es iyo Rumelis reaqciuli zonis temperatura. 

rodesac Rumeli gadadis samuSao reJimSi, reaqciuli zona miaRwevs ra 
gansazRvrul niSnuls, myardeba temperaturuli wonasworoba, ar xdeba 
Rumelis reaqciuli zonis temperaturis mateba da mTeli miwodebuli energia 
xmardeba Jangeulebis aRdgenis endoTermul reaqciebs. 

eqsperimentis Catarebis mizniT gavzardeT Rumelis simZlavre. 24 saa-
Tis ganmavlobaSi 16 kiloamperis nacvlad vmuSaobdiT 20 kiloamperze. miuxe-
davad simZlavris gazrdisa, Rumelis reaqciuli zonis temperatura ar gazr-
dila – ar darRveula temperaturuli wonasworoba, gaizarda miRebuli 
liTonis raodenoba. e.i. mTeli Warbi energia moxmarda Jangeulebis aRdgenis 
endoTermuli reaqciebis intensiobis gazrdas. 

eqsperimentis Semdeg etapze SevcvaleT kazmi: gavzardeT ZneladaRsad-
geni Al2O3-is raodenoba da, Sesabamisad, SevamcireT adviladaRsadgeni MnO – 

raodenoba. Sedegad Semcirda miRebuli liTonis raodenoba da dairRva 
temperaturuli wonasworoba – daiwyo Rumelis reaqciuli zonis tempe-
raturis mateba. miaRwia ra temperaturam garkveul niSnuls, kvlav damyarda 
temperaturuli wonasworoba da gaizarda miRebuli liTonis raodenoba. Ca-
tarebulma eqsperimentebma cxadyo, rom madanTermul eleqtrorkaluri Rume-
lebis reaqciuli zonis temperaturas gansazRvravs aRsadgeni Jangeulebis 
naxSirbadiT aRdgenis sawyisi temperatura. 

aRsadgeni Jangeulebis naxSirbadiT aRdgenis procesi iwyeba im 
temperaturaze, roca am Jangeulebis warmoqmnis reaqciis Tavisufali energia 
utoldeba naxSirJangis warmoqmnis reaqciis Tavisufal energias, anu

 ΔZCO=ΔZX (ΔZX aris zogadad aRsadgeni Jangeulebis warmoqmnis reaqciis 
Tavisufali energia) [1,2]. 

Senadnobebi umetesad Sedgeba ori an meti komponentisagan, romelTa Jan-
geulebis naxSirbadiT aRdgenis sawyisi temperatura gansaxvavebulia, rogorc 
amas gviCvenebs miTiTebuli literatura. am Jangeulebis naxSirbadiT erTo-
blivi aRdgenis sawyisi temperatura SesaZlebelia gamovTvaloT aseTi formu-
liT:  

...

...

321

332211






CCC

TCTCTC
T  

sadac: C1, C2, C3 ……komponentebis procentuli raodenoba SenadnobSi, %;  t1, t2, 

t3 …… TiToeuli komponentis naxSirbadiT aRdgenis sawyisi temperatura, 0C.  
rogorc formulidan Cans Jangeulebis naxSirbadiT aRdgenis sawyisi 

temperatura damokidebulia liTonSi Semavali komponentebis procentul  
raodenobaze.  

amis Semdeg eqsperimenti gagrZelda aseTi mimarTulebiT, liTonis 
yoveli gamoSvebis dros vzomavdiT mis temperaturas. e.i. vafiqsirebdiT 
Rumelis reaqciuli zonis wonasworul temperaturas. liTonis qimiuri ana-
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lizis miRebis Semdeg mocemuli formuliT viTvlidiT am Semadgenlobis li-
Tonis naxSirbadiT aRdgenis sawyis temperaturas. am eqsperimentis mravaljer 
gameorebam gviCvena, rom wonasworul temperaturasa da Jangeulebis naxSir-
badiT aRdgenis sawyis temperaturas Soris sxvaoba yovelTvis iyo 1000+10 0C. 
10 0C cdomileba SeiZleba gamowveuli iyos optikuri pirometriT tempera-
turis gazomvisa an qimiuri analizis uzustobiT. 1000+10 0C aris sxvaoba Ru-
melis reaqciuli zonis wonasworul temperaturasa da Jangeulebis naxSir-
badiT aRdgenis sawyis temperaturas Soris da warmoadgens mudmiv sidides.   

Jangeulebis naxSirbadiT aRdgenis sawyis temperaturaze aRdgenis 
intensivoba minimaluria, magram Rumelis reaqciul zonaSi jer kidev ar aris 
damyarebuli temperaturuli winasworoba. temperatura kvlav izrdeba, es 
iwvevs Jangeulebis aRdgenis intensiobis gazrdas. roca Rumelis reaqciuli 
zonis temperatura miaRnevs garkveul niSnuls da gawonaswordeba, maSin 
miwodebuli energia mTlianad moxmardeba Jangeulebis aRdgenas da is 
miaRnevs maqsimalur intensiobas, Rumeli gadadis samuSao reJimSi. reaqciuli 
zonis wonasworuli temperatura SeiZleba gamovsaxoT formuliT:  

C
CCC

tCtCtC
T 0

321

332211 100
...

...





  

formula Sedgeba ori Sesakrebisagan. pirveli gamoxatavs Jangeulebis 
naxSirbadiT aRdgenis sawyis temperaturas da icvleba Senadnobis 
komponentebis procentuli raodenobis Sesabamisad. meore Sesakrebi mudmivi 
sididea da warmoadgens wonasworuli da Jangeulebis naxSirbadiT aRdgenis 
sawyis temperaturebis sxvaobas.   t1, t2, t3 …… aris Senadnobis calkeuli 
komponentebis naxSirbadiT aRdgenis sawyisi temperatura, romelic SeiZleba 
moZiebuli iqnas miTiTebul literaturaSi. 

formula saSualebas gvaZlevs Senadnobis qimiuri Semadgenlobis 
gamoyenebiT gamovTvaloT Rumelis reaqciuli zonis temperatura. 

msgavsi gamoTvlis Catareba SeiZleba mxolod maRalsiliciumiani 
SenadnobebisTvis, romlebic miiRebian e.w. uwido procesiT, rogoricaa 
ferosiliciumi, silikokalciumi, silikoalumini,  АМС, КМК da sxva. radga-
nac widuri procesis dros Rumelis reaqciuli zonis temperaturaze moq-
medebs kidev erTi damatebiTi faqtori, rogoricaa widis formirebis tempe-
ratura. am faqtoris gaTvaliswineba formulaSi SeuZlebelia. 

maRalsiliciumian SenadnobebSi ZiriTad komponentebTan erTad SeiZ-
leba iyos minarevebi mcire raodenobiT, rogoricaa alumini, kalciumi, 
manganumi, qromi, magniumi, titani da sxva. Tu temperaturis gamoTvlis dros 
mxedvelobaSi miviRebT am minarevebsac, maSin formuliT gamoTvlili 
temperatura ufro miuaxlovdeba Rumelis reaqciuli zonis temperaturas.  

literatura

1. В.П. Елютин, Ю.А. Павлов, Б.Е. Левин, Е.М. Алексеев. Производство ферросплавов. -Москва, 1957,

ст.13. 

2. Ф.П. Еднерал. Производство стали и ферросплавов. -Москва, 1963, 464 с.

SUMMARY 

TEMPERATURE REGIME OF ORE-THERMAL ELECTRIC ARC FURNACE  

Julukhidze A.G., Chumbadze M.T. and Sigua L.R. 

F. Tavadze Institute of Metallurgy and Materials Science 

With the mathematical formula presents in this article and knowing the chemical composition of the alloy, we 

can determine the temperature of the reaction zone of an electric arc furnace at the time of melting. A slag-free 

method was used to melt a high-silicon alloy (AMS) in this study. 

Keywords: smelting furnace, fire point, temperature regime, equilibrium temperature, high silicon alloy.  
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silikomanganumis kazmebis eleqtrowinaRoba 

 
juluxiZe a.g., nikolaiSvili g.u., WumbaZe m.T. 

 
ssip ferdinand TavaZis metalurgiisa da masalaTmcodneobis instituti 

 
rusTavis metalurgiuli qarxnis gaCerebis Semdeg saqarTveloSi Sewyda 

koqsis warmoeba. manganumiani feroSenadnobebis dnoba gadavida ucxoeTidan 
Semotanili koqsis gamoyenebaze. dRis wesrigSi dadga koqsis Secvla rome-
lime samamulo naxSirbadiani aRmdgeneliT, rogoric aris tyibulis naxSiri. 
cnobilia rom tyibulis naxSiri aris arakoqsvadi da xasiaTdeba nacrisa da 
airebis maRali SemcvelobiT. saWiro gaxda tyibulis naxSiris metalurgiuli 
Tvisebebis Seswavla. eleqtrowinaRoba aris erT-erTi umniSvnelovanisi 
parametri, rac gansazRvravs masalis metalurgiul vargisianobas. Sedgenili 
iqna silikomanganumis kazmebi, gazomili iqna maTi eleqtrowinaRoba oTaxis 
temperaturidan garbilamamde da warmodgenili iqna diagramis saxiT (nax. 1).  

 

 
 

nax. 1. silikomanganumis kazmebis eleqtrowinaRoba  
1 _ aRmdgenelad gamoyenebuli koqsi, 2 _ Termulad damuSavebuli tyibulis naxSiri, 

3 _ Termulad daumuSavebuli tyibulis naxSiri. 
 
 

Fdiagramaze warmodgenilia silikomanganumis kazmebi sxvadasxva nax-
Sirbadiani aRmdgenlebis gamoyenebiT: pirvel kazmSi aRmdgenlad gamoye-
nebulia koqsi, meoreSi _ Termulad damuSavebuli tyibulis naxSiri, mesameSi 
Termulad daumuSavebuli tyibulis naxSiri. 

rogorc gazomvebma gviCvena, Zalian dabali eleqtrowinaRobiT xasiaT-
deba pirveli kazmi, sadac aRmdgenlad gamoyenebulia koqsi _ oTaxis tempe-
raturaze winaRoba utoldeba 30,8 om. sm-s. temperaturis gazrdiT winaRoba 
mcirdeba. yvelaze maRali eleqtrowinaRobiT xasiaTdeba mesame kazmi, sadac 
aRmdgenlad gamoyenebulia Termulad daumuSavebuli tyibulis naxSiri. 350 
0С-mde es kazmi aris izolatori, amis Semdeg is iwyebs denis gatarebas, 
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magram misi winaRoba aris Zalian maRali da utoldeba 1080 om. sm-s. mesame 
kazmis aseTi maRali eleqtrowinaRoba aixsneba tyibulis naxSirSi nacrisa 
da airebis  maRali SemcvelobiT. temperaturis gazrdiT mesame kazmis wina-
Roba mkveTrad ecema. meore kazmSi aRmdgenlad gamoyenebulia Termulad da-
muSavebuli tyibulis naxSiri. is ar Seicavs didi raodenobiT airebs, xasiaT-
deba mxolod nacris didi raodenobiT, amitom meore kazmi ikavebs saSualo 
mdgomareobas pirvel da mesame kazmebs Soris. miuxedavad amisa misi eleqt-
rowinaRoba mainc  maRalia da utoldeba 250 om. sm-s oTaxis temperaturaze. 

850 0С-is Semdeg kazmis madnuri nawili iwyebs garbilebas, misi kompo-
nentebi Tavad iZenen eleqtrogamtareblobis unars. aman gamoiwvia is, rom 
samive kazmis eleqtrogamtarebloba gaxda Tanabrad maRali. samive kazmis 
eleqtrogamtarebloba mkveTrad Semcirda da gautolda 0,16,0,27 da 0,33 om.sm-s 
Sesabamisad pirveli,meore da mesame kazmi. 

kazmis dabali eleqtrowinaRoba iwvevs denis gabnevas Rumelis zeda 
horizontebSi, kazmi cxeldeba, da Cndeba xelsayreli viTareba e.w. “TaRebis” 
gaCenis, rac aferxebs kazmis Tanabar da uwveT gadaadgilebas sakerZidan 
Rumelis reaqciul zonamde. roca kazmis eleqtrowinaRoba maRalia, ar xdeba 
denis gabneva Rumelis zeda nawilSi, mTeli Tburi energia koncentrirdeba 
Rumelis reaqciul zonaSi an mis maxloblad. es iwvevs Rumelis reaqwiuli 
zonis temperaturis awevas, rac aris winapiroba manganumis da siliciumis 
ufro intensiuri aRdgenisa. civi sakerZe da maRaltemperaturuli reaqciuli 
zona – es aris madanTermuli Rumelis muSaobis saukeTeso reJimi. aseTi 
reJimi advili misaRwevia maRali eleqtrowinaRobis kazmze muSaobis dros.   
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SUMMARY 

ELECTRICAL RESISTANCE OF SILICOMANGANESE CHARGE 

Julukhidze A.G., Nikolaishvili G.U. and Chumbadze M.T.  

F. Tavadze Institute of Metallurgy and Materials Science 

In this work, we measured the electrical resistance of the silicomanganese charge from room temperature to 

softening temperature. The following carbonaceous reducing agents were used in the charge: coke, thermally 

treated, and thermally untreated Tkibuli coal. The measurements showed that the first charge (reductant - coke) 

has the lowest electrical resistance, and the third charge has the highest electrical resistance (reductant - 

thermally untreated Tkibuli coal). The research results were presented in the form of a diagram. 

Keywords: resistance, metallurgical properties, silicomanganese, charge, carbon reductant. 
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optikuri informaciis Cawera optikurad aqtiur qolesterul 

Txevadkristalur fenaSi 

 

TavzaraSvili s.p., aroniSiZe m.n., CubiniZe q.r., petriaSvili g.S., fonjaviZe n.T., 
zurabiSvili c.i., WaniSvili a.g. 

 
saqarTvelos teqnikuri universitetis vladimer WavWaniZis saxelobis 

kibernetikis instituti 
 
informaciis Caweris idea optikuri fenis optikuri aqtiurobis foto-

modulaciis safuZvelze arsebobs jer kidev wina saukunis 80-ani wlebidan. 
optikuri parametri, romelic icvleba Camweri sxivis zemoqmedebiT, am 
SemTxvevaSi aris fenaSi gamsvleli sinaTlis polarizaciis sibrtyis brunvis 
kuTxe. literaturuli monacemebis Tanaxmad am miznisaTvis sakmaod gamosadeg 
masalad miCneuli iyo vismutis silikatis kristali (BSO) [1,2]. Mmagram kuTri 
brunvis umniSvnelo sididem (22 grad/mm) gansazRvra aucilebloba ramdenime 
milimetris sisqis mqone optikuri fenis gamoyenebisa, rac sakmaod bevri iyo 
gasuli saukunis bolosTvisac ki. garda amisa, kristals gaaCnda mniSvnelo-
vani ormag sxivTatexa. ufro xelsayreli masalis ararsebobam SemuSaveblebi 
aiZula uari eTqvaT Semdgom kvlevebze. 

am statiaSi naCvenebia informaciis Caweris SesaZlebloba fotomgrZno-
biare qolesteruli Txevadi kristalis (qTk) fenaSi, romelsac gaaCnia Za-
lian maRali kuTri brunva (104 grad/mm). amasTanave xilul diapazonSi fenis 
sinaTlis gabneva, STanTqma da optikuri anizotropia praqtikulad umniSvne-
loa. 

avtorebis mier adre iyo SemoTavazebuli eleqtrooptikuri efeqti op-
tikurad aqtiur qTk struqturebSi, sadac sinaTlis polarizaciis sibrtyis 
brunvis kuTxe 90 gradusi miRweuli iqna ramdenime mikronis sisqis fenebSi  
[3-5]. eleqtrooptikur efeqtSi brunvis kuTxis modulacia 90-dan 0 gradu-
samde miRweuli iqna eleqtruli velis zemoqmedebiT, am kvlevaSi ki modu-
lacia realizebulia sinaTlis meSveobiT. 

 
 

nax. 1. optikurad aqtiuri fenis gamtareblobis speqtri Sejvarebul 
 polaroidebs Soris. 
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qTk narevis fotomgrZnobiare komponentad gamoyenebul iqna nematiki  
ЖК-440 (НИОПИК, moskovi) [6, 7], xolo optikurad aqtiur danamatad - MLC-6248 

(Merck). spiralis biji ganisazRvra 1,7 mikroni, ramac uzrunvelyo maRali 
optikuri aqtivoba da gansxvavebiT kargad cnobili talRgamtari reJimisagan 
fenis  ormagsxivtexis ararseboba (`sufTa~ optikuri brunvis reJimi [3–5]). 
planarulad orientirebuli fena 7 mikronis sisqiT abrunebs gamavali sinaT-
lis polarizaciis sibrtyes 90 gradusiT, rodesac talRis sigrZea 682 nm. 
brunvis kuTxis Zlieri dispersia iwvevs fenis gamtarianobis talRisebr 
mruds Sejvarebul polaroidebs Soris (nax.1). SemdgomSi, umeteswilad 
grZeltalRovani maqsimumi, romelic Seesabameba brunvis 90 graduss, arCeu-
lia fotomodulaciisaTvis informaciis Cawerisas, xolo yvela danarCeni 
piki CamoWrilia filtris  meSveobiT. 

ultraiisferi sinaTliT dasxivebisas adgili aqvs fenis optikuri 
aqtivobis Semcirebas, ris Sedegad vRebulobT gamtareblobis  speqtris  
mdore wanacvlebas mokletalRovan ubanSi (nax. 2). Semdgom dasxivebas mos-
devs fazuri gadasvla izotropul siTxeSi, Sejvarebul polaroidebSi das-
xivebuli are Savdeba. 

 

 
 

nax. 2. Sejvarebul polaroidebs Soris sinaTlis gamtareblobis maqsimumis talRis 
sigrZis wanacvleba ultraiisferi sinaTliT dasxivebisas. 

 
informaciis Casawerad gamoyenebuli iyo amplituduri Sablonis meTo-

di. Sabloni Tavsdeboda qTk ujredis zeda SuSaze. manZili Sablonsa da Tk 
fensa Soris _ 1,2 mm, Sablonis periodi - 0,6 mm. dasxiveba xorcieldeboda 
susti ultraiisferi 366 nm talRis sigrZis mqone gamosxivebis wyaroTi. si-
naTlis gamtareblobis speqtris damokidebulebam  dasxivebis xangrZlivobaze 
saSualeba mogvca Cagvewera orferiani meseri gamtareblobis maqsimumis wa-
nacvlebis safuZvelze wiTeli aridan yviTelSi (nax. 3, marcxena nawili). 
xolo fazuri gadasvlis meseri qTk _ izotropuli siTxe naCvenebia nax. 3 
marjvniv. orive SemTxvevaSi fotoebi Sesrulebulia polarizaciul mikros-
kopSi sam mdgomareobaSi qTk ujredis moTavsebisas polaroidebs Soris, raTa 
demonstrirebuli iqnas optikurad aqtiuri qTk fenis mniSvnelovani daxasia-
Teba (Tviseba) _ is optikurad izotropulia. 
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nax. 3. Cawerili meserebis ori tipi - sinaTlis gamtareblobis maqsimumis 

wanacvlebisa (marcxena) da fazuri gadasvlis safuZvelze (marjvena). 
 

 
trans-cis-fotoizomerizebadi ЖК-440-is gamoyeneba ar aris principuli. 

efeqti saSualebas iZleva gamoviyenoT aseve sxva fotomgrZnobiare masalebi, 
romlebzec damokidebulia Caweris procesis Seqcevadoba an  Seuqcevadoba. 
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SUMMARY 

OPTICAL INFORMATION RECORDING IN AN OPTICALLY ACTIVE CHOLESTERIC LIQUID 

CRYSTAL LAYER  

Tavzarashvili S.P., Aronishidze M.N., Chubinidze K.R., Petriashvili G.Sh., Ponjavidze N.T., 

Zurabishvili Ts.I. and Chanishvili A.G.  

V.Chavchanidze Institute of Cybernetics of Georgian Technical University 

A thin layer of a photosensitive cholesteric liquid crystal possessing a high value of optical activity is studied. A 

few microns thick layers rotates the polarization plane of visible light by not less than 90 degrees. At the same 

time, scattering, absorption, and optical anisotropy are insignificant. The behavior of this structure under 

exposure to UV is investigated. A smooth decrease in optical activity resulting in a change in the color of the 

structure between crossed polarizers is obtained. The process ends with a phase transition into the isotropic state 

in which the polarization plane rotation is absent (the structure becomes black). On the basis of the obtained 

results, two methods of optical information recording in such a layer have been demonstrated. 

Keywords: optical information recording, optical activity, cholesteric liquid crystal. 
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axali Sedgenilobis fxvnilgula mavTuliT cveTa da 

koroziamedegi danafarebis miReba 

 

mirijanaSvili z.m., dadianiZe g.a.., miqaberiZe m.პ., SaraSeniZe j.a.,  
gabunia v.g., ukleba q.z. 

 
ferdinand TavaZis metalurgiisa da masalaTmcodneobis instituti 

 
eqsploataciis procesSi manqana-danadgarebis detalebis muSaobis xang-

rZlivoba SezRudulia maTi muSa zedapirebis cveTis, dartymiTi datvirT-
vebis, koroziis da sxva mizezebiT. am dros icvleba maTi zomebi da forma. 
nakeTobaTa gacveTili zedapirebis aRsadgenad da misi zedapiris saeqsploa-
tacio maxasiaTeblebis asamaRlebad, aucilebelia maTi dafarva cveTa  an 
korozia medegi danafarebiT. erT-erTi problemuri mimarTulebaa damcavi 

danafarebiს datana miwismTxreli danadgarebis, soflis meurneobis teqnikis, 
sasargeblo wiaRiseulis mosapovebel, qvis samtvrevi manqanebis da sxva gacve-
Tili detalebis zedapirebze, romelic gaaumjobesebs mis eqspluataciur 
Tvisebebs da Seqmnis agregatis mravaljeradi gamoyenebis pirobebs [1-3]. 

cnobilia danafarebis datanis ramdenime meTodi, romelTa umetesobac  
xasiaTdeba dabali warmadobiT da warmoadgenen ZviradRirebul teqnologiur 
procesebs. eleqtrorkaluri meTodiT fxvnilgula mavTuliT daduRebis 
upiratesobebia: maRali mwarmoebloba, procesis simartive, avtomatizacia da 
meqanizacia [4-6]. 

fxvnilgula mavTuli damzadda sax: st: 26101-84-is moTxovnebis Sesabami-

sad, romelTa garsacmad gamoyenebulia dabalnaxSirbadiani 08Кп  markis fola-
dis lenta Semdegi qimiuri SedgenlobiT (%): 0,05_0,11 _ C; 25_0,5 _ Mn0; 0,03 _ Si;  

0,04 _ S da P. 

warmodgenil samuSaoSi fxvnilgula mavTulis garsacmad pirvelad 
iqna gamoyenebuli 15 mm siganis da 0,5 mm sisqis niqromis lenta (X20H80-H 

sost 12766.2-90), qimiuri SedgenilobiT (%): 80 _ Ni; 18_20 _ Cr;   0,4 _ Si; 0,8 _ Mn; 0,3 

_ Fe. sisalisa da cveTamedegobis gazrdis mizniT fxvnilgula mavTulis 
SigTavsad, aseve pirvelad iqna gamoyenebuli seriuli warmoebis qromis kar-
bidi Cr3C2, romlis masuri wili fxvnilgula mavTulis SigTavsSi Seadgens 
30_32%. axali Sedgenilobis fxvnilgula mavTulis sacdeli partiebi damzad-
da arastandartul laboratoriul danadgarze (sur. 1 a, b). fxvnilgula mav-

Tulis garsacmad gamoyenebuli iqna rogorc niqromis aseve foladis 08КП  
markis lentebi, xolo SigTavsad _ qromis karbidi.  eleqtrorkaluri meTo-
diT xeliT daduRebisas dafenili Sris xarisxi damokidebulia SemduReblis 
kvalifikaciaze, Tumca miRebuli Sedegebis SejerebiT SesaZlebelia vimsje-
loT miRebuli danafarebis dadebiT da uaryofi mxareebze, rac Seexeba 
fxvnilgula mavTuliT danafaris miRebas naxevrad avtomatur an avtomatur 
reJimSi kvlevis calke sakiTxia daduRebis procesSi, romelic mimdinareobda 
damcavi airis _ argonis qveS, danaduRis struqturis gaumjobesebis da 
bzarebis warmoqmnis gamoricxvis mizniT, SigTavss daemata komponentebi: 
rutili 30.0%; kalciumis ftoridi 20,0_21,0%; ferovanadiumi 0,35_0,5%; fero-
titani 0,8_1,0%; boris karbidi 1,0_1,5%; natriumis silicium ftoridi 1,5_2,0%; 
marmarilo 11,0_12,0%; azotirebuli feromanganumi 0,3_0,5%; spilenZi 1,0_1,5%; 
alumini 1,0_1,5%; kobalti 1,0_1,5%; grafiti 1,0_1,5%; ceriumis jgufis iSviaT 

miwaTa liTonebis ftoridebi (CeF3,LaF3,NdF3,PrF3,YF3) 0,5-1%. 
danaduRi fenebis kvlevisaTvis, folad 20 markis masalisgan, damzadda 

1_1,5 sm3 moculobis nimuSebi, romlis eqvsive gverdze fxvnil-gula mavTulis 
zemoqmedebiT miiReboda erT, or an sam Sriani danafarebi (kompaqturi nimuSi). 
TiToeuli Sris sisqe Seadgenda 1_1,2 mm. danaduRi fenebis metalografiulma 
kvlevam (mikroskop NEOFOT- 32-ze) gviCvena, rom erT, or da samSriani fenebis 
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mikrostruqtura erTmaneTisgan gansxvavdebian karbiduli CanarTebis formiT, 
zomebiT da urTierT ganlagebiT (sur. 2 a-a1, b-b1, g-g1). 

dadginda, rom 1200-dan 1400 metramde gavlis Semdeg xaxunis koe-ficie-
nti TiTqmis Tanabaria. daduRebuli nimuSis zedapiri stabiluria da Sesaba-
misad cveTamedegobaze mniSvnelovnad ar imoqmedebs. 1200-dan 1350 metramde 
gavlis Semdeg garkveul monakveTze ganicdis mcired Cavardnas, rac aisaxeba 
masuri wonis danakargzedac da Sesabamisad cveTamedegobaze mniSvnelovnad 
ar moqmedebs. 

 
suraTi 1. a) fxvnilgula  mavTulis damzadebis sqema: 

1-lentis xvia; 2-mRunavi gorgolaWebi; 3-fxvnilis bunkeri; 4–adidva; 5-damxvevi doli; 
6-reduqtori; 7-el.Zravi; b) fxvnilgula mavTuli 

 

 

  

      a)                                                           b)                         g)     

 

 

 

         a1                        b1                            g1                                                                   
 

suraTi 2. fxvnilgula mavTulebis zemoqmedebiT, danafari   nimuSebis 
zedapirebis mokrostruqtura:   

NiCr -Cr3C2 (nimuSi #1), (a - erTSriani; b - orSriani; g - samSriani);  

08КП foladi - Cr3C2 (nimuSi № 2),  (a1 - erTSriani; b1 - orSriani; g1 - samSriani).  
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erTSrian danaduRi fenis nimuSze karbiduli CanarTebi msxvil marcv-
lovania. or da samSrian danaduRi fenis nimuSebze karbidebi SedarebiT uf-
ro wvrilmarcvlovania. mikrosisalis gazomvis Sedegad naCvenebia, rom mik-
rostruqturaze TeTri ubnebi Seesabameba karbidul fazebs da misi mikrosi-
salis saSualo maCvenebeli 7281.4 mgpa tolia. or da samSrian fenebSi karbi-
duli Canarebi wagrZelebuli formisaa da SedarebiT Tanabradaa ganawile-
buli. SeiniSneva aseve wvrili da nebismierad orientirebuli karbiduli Ca-
narTebi. samSred daduRebul nimuSze (sur. 2g-g1) fiqsirdeba karbiduli lik-
vaciis zonebi. mikrostruqturaze muqi ubnebi Seesabameba liTonur fazebs, 
romlebic warmoiqmneba daduRebis procesSi misi nawilobrivi legirebiT. 
mikrosisalis saSualo maCvenebeli Seesabameba 5188 mgpa.  

NiCr garsacmis da Cr3C2 SigTavsis fxvnilgul mavTulis zemoqmedebiT  

miRebuli samSriani danaduRi fenis qimiuri Sedgenilobaa (%): 2,72 _ C;                

8_10 _ Si;  0,5 _ Al; 1,2 _ Mg; 24,5 _ Ca; 1,2 _ Mn;  42,5 _ Ni; 15,2 _ Cr; 0,6 _ Ti; 0,002 _ Cu. 

danaduRi Sris fenis matebiT izrdeba zedapiris sisalec. magaliTad,  NiCr - 

Cr3C2 fxvnilgula mavTuliT erTfeniani Sris zedapiris saSualo sisale 

Seadgens 44.5 HRC, orfenianis 48HRC, xolo samfenianis 60 HRC. 08КП foladi - 
Cr3C2 fxvnilgula mavTuliT miRebuli erTfeniani Sris zedapiris saSualo 

sisale Seadgens 46.5 HRC, orfenianis 51HRC,xolo samfenianis 62 HRC. Semdgomi 
fenis Sris mateba praqtikulad ar moq-medebs danaduRi zedapiris sisaleze. 
eleqtronul mikroskopze HITACHI Catarebuli NiCr_ Cr3C2 samSriani danafaris 
zedapiris ramdenime segmentis kvlevis Sedegad dagenilia nikelis, qromis, 
naxSirbadis, siliciumis da sxv. elementebis araTanabari ganawileba.   

niqromis danaduRi nimuSis da NiCrC samSriani danafaris SedarebiTi 
rentgenostruqturuli da fazuri analizis Sedegad DRON - 3  analizatoriT 
(Zabva _ 40 kV, denis Zala _  20 mA ). Oorive zedapirze aRiniSneba niqromis teq-
stura. danafaris mesris parametri (niqromis) ufro naklebia, vidre danadu-
Ris. savaraudod qromis raodenoba danafarSi  naklebia danaduRTan Sedare-
biT. danafarSi proporciulad Secvlilia qromis da nikelis Semadgenloba.   

orive nimuSSi fiqsirdeba Cr7C3 qromis karbidi, Tumca danaduRSi misi 
raodenoba bevrad naklebia, vidre danafarSi (sur. 3). 

fxvnilgula mavTulebiT eleqtrorkaluri daduRebiT miRebuli  NiCr-

_Cr3C2 (nimuSi #1) da folad 08 КП-Cr3C2 (nimuSi № 2) danafarebis koroziuli 
medegoba Seswavlilia 10% NaCl, NaOH da HCl  xsnarebSi. 

natriumis qloridis da hidroqsidis xsnarebSi #1 nimuSis 170 saaTiani 
gamocdiT dadgenilia misi koroziamedegoba. nimuSis zedapiri ucvlelia, 
SenarCunebuli aqvs bzinvareba, qloridebis saxiT xsnarSi gadasuli Ni  da  Cr  

ionebis raodenoba ar aRemateba 1%-s. koroziis siCqare Seadgens 0,0050 g/m2sT, 
rac Seesabameba koroziuli medegobis 10 baliani Skalis 1 bals, xolo ma-
rilmJavaSi gamocdis Semdeg koroziis siCqare utoldeba 0,1162 g/m2sT, rac 
Seesabameba nimuSis koroziamedegobis me-6 bals. 

NaCl, NaOH - 10% -ian xsnarebSi # 2 nimuSis gamocdis Sedegad 170 saaTis 
Semdeg xsnari Seifera mowiTalo agurisfrad da SeimCneva moyavisfro rkinis 
Jangeulebis fena, romelic zedapirTan ar aris SeWiduli da xsnaridan amo-
RebisTanave Sordeba. Jangeulebis warmoqmna ganpirobebulia, rogorc SeduRe-
bis procesSi warmoqmnili mikrobzarebiT, aseve fxvnilgula mavTulis gar-
sacmad folad 08КП gamoyenebiT. koroziis siCqare Seadgens 0.4507 g/m2sT, rac 
Seesabameba saSualo medegobas (me-6 bali # 2 nimuSis 10% marilmJavas xsnar-
Si moTavsebidan 48 saaTSi, koroziuli procesebis warmarTvis Sedegad, xsna-
ri Seifera yviTlad. aseve warmoiqmna wiTeli feris rkinis Jangeulebi da 
zedapirTan mtkiced SeWiduli Savi furCi - Fe3O4. xsnarSi ZiriTadad (90%) 
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rkinis ionebis gadasvla ganpirobebulia danafar zedapirze FeCrC2 fazis 
arsebobiT. koroziis siCqarem Seadgina 0,7671 g/m2sT. (7bali).  

 

 
 

suraTi 3.  NiCrC danaduRi nimuSis da sammagi danafaris  
           rentgenostruqturuli da fazuri analizi 
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natriumis qloridis 3% xsnarSi Seswavlilia fxvnilgula mavTuliT 

miRebuli NiCr-Cr3C2 danaduRis (nimuSi #1) da foladze miRebuli samSriani 

danafaris eleqtroqimiuri maxasiaTeblebi. Ppotenciodinamikuri mrudebi 

gadaRebulia 24 mv/wT. siCqariT, rogorc naxazidan Cans, danaduRis da fo-

ladze miRebuli sammagi danafaris potenciodinamikuri mrudebi TiTqmis 

emTxveva erTmaneTs. 

potenciodinamikur mrudebze aRiniSneba denis simkvrivis umniSvnelo 

cvlileba stacionaluri potencialis ubanTan. ris Semdeg orive mrudze 

fiqsirdeba aqtiuri gaxsnis da pasivaciis ubnebi 300_500 milivoltis  farg-

lebSi kvlevis Sedegad dadgenilia danafaris maRali koroziuli medegoba 

3% NaCl xsnarSi (sur.3.). 

#2 nimuSis potenciodinamikuri mrudebis gadaReba ver moxerxda ni-

muSis aqtiuri gaxsnis gamo. nimuSze SerCeviTi gaxsnis Sedegad gamoiyofa 

Savi feris Cr7C3 qromis karbidi. 

 

 

 
 
 

suraTi 4. fxvnilgula mavTuliT miRebuli NiCr-Cr3C2 danaduRi (1) da 
foladze datanili NiCr-Cr3C2 samSriani danafari (2) nimuSebis 

potenciodinamikuri mrudebi 3% NaCl – is xsnarSi 

 

 
dafaruli fenis nimuSebze ceTamedegobis gamocda Catarda manqana 

СМЦ-2 mSrali xaxunis pirobebSi, moxaxune wyvilad gamoyenebul iqna: uZravi 

xundi (gamosacdeli nimuSi) da mbrunavi diski (kontrsxeuli). (kontrsxeuli). 

kontrsxeulad aRebul iqna У8 nawrTobi foladisgan damzadebuli gorgo-

laWi diametriT 40mm, romlis sisale rokvelis SkaliT Seadgenda 64 – HRC. 

eqsperimentebi mimdinareobda mudmivi brunvaTa ricxvis pirobebSi – 

1000 br/wT, dawolis Zala Seadgenda 25, 50 dan 100n-s. Seswavlil iqna nimu-

Sebis xaxunis koeficientebi da cveTis masis danakargi. xaxunis koeficientis 
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dasadgenad cdebis mimdinareobisas fiqsirdeboda nimuSze moqmedi dawolis 

Zala _ Fდაწ., xaxunis momenti _ Mხახ. da kontrsxeulis diametric – d kontr. 

xaxunis koeficientis gaangariSebisaTvis gamoyenebuli iqna formula (sur. 5):  
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suraTi 5. fxvnilgula mavTuliT NiCr-Cr3C2 (a) da 08 кп ფოლადი - Cr3C2(b) 
                     miRebuli samSriani danaduRi fenis damokidebuleba srialis 

manZilsa da xaxunis koeficients Soris. 

 
 
 
nimuSebis cveTamedegobis Sefaseba xdeboda srialiT mSrali xaxunis 

pirobebSi nimuSebis wonis danakargiT. amisTvis gamosacdeli nimuSebi iwo-
neboda gamocdamde da gamocdis Semdeg. wonis danakargi gamoiTvleboda for-

muliT: Δ = mსაწყ.- mსაბ. / L mg/m; sadac: Δ _ nimuSis wonis danakargi xaxunis 
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manZilis erTeulze; mსაწყ. _ nimuSis sawyisi wona, mg.; mსაბ. _ nimuSis wona cve-

Tis Semdeg, mag.; (L _ xaxunis manZili, m).   
eqsperimentebis Sedegad dadginda, rom erTi, ori da samSriani daduRe-

ba amcirebs xaxunis koeficients da Sesabamisad cveTas, rac dadasturda 
mikrosisaleebis zrdiTac.   

dadginda, rom 1200-dan 1400 metramde gavlis Semdeg xaxunis koefi-
cienti TiTqmis Tanabaria. daduRebuli nimuSis zedapiri stabiluria da Sesa-
bamisad cveTamedegobaze mniSvnelovnad ar moqmedebs. 1200-dan 1350 metramde 
gavlis Semdeg garkveul monakveTze ganicdis mcired Cavardnas, rac aisaxeba 
masuri wonis danakargzedac da Sesabamisad cveTamedegobaze mniSvnelovnad 
ar moqmedebs.    

 
daskvna 

- axali Sedgenilobis fxvnilgula mavTulebiT: garsacmi NiCr, SigTavsi 

Cr3C2 (nimuSi 1) da garsacmi foladi 08КП, SigTavsi Cr3C2 (nimuSi 2) eleqtrorka-
luri SeduRebiT miRebulia danafarebi. maTi cveTa da korozia medegobis 
SeswavliT dadginda: 

- sam Sred dafaruli 3,5_4 mm sisqis nimuSebi maqsimaluri sisaliT 

xasiaTdebian (60.5-62 HRC). Sesabamisad gazrdilia danafaris zedapiris cveTa-
medegobac. daduRebisas warmoqmnili qromis karbidis fazebi dadebiTad 
moqmedeben  nimuSebis cveTamedegobis maxasiaTeblebze.  

- nimuSebis cveTamedegobis gansazRvrisas naCvenebia, rom 1200-dan 1400 
metramde gavlis Semdeg xaxunis koeficienti TiTqmis Tanabaria da daduRe-

buli nimuSis zedapiri stabiluria.  

- sam Sred dafaruli nimuSebis koroziuli medegobis SeswavliT 10 % 

NaCl, NaOH da HCl  xsnarebSi naCvenebia, rom #1 nimuSis 170 saaTiani gamocdis 

Semdeg misi zedapiri ucvlelia, koroziis siCqare Seadgens 0.0050g/m2sT, rac 

Seesabameba koroziuli medegobis 10 baliani Skalis 1 bals. 3%-ian NaCl 

xsnarSi  eleqtroqimiuri kvlevis Sedegad dadgenilia NiCr - Cr3C2  danafaris 
maRali koroziuli medegoba. 

- zemoaRniSnulidan gamomdire fxvnilgula eleqtrodSi gamoyenebuli 
garsacmis saxe mniSvnelovan gavlenas ar axdens danafaris cveTamedegobaze, 

xolo NiCr garsacmad gamoyeneba sagrZnoblad aumjobesebs danafaris 
koroziamedegobas. 
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SUMMARY 

OBTAINING OF WEAR AND CORROSION RESISTANT COATINGS WITH NEW POWDER WIRE 

Mirijanashvili Z.M., Dadianidze G.A., Miqaberidze M.P., Sharashenidze J.A., Gabunia V.G. and 

Ukleba K.Z.  
F. Tavadze Institute of Metallurgy and Materials Science 

The wear and corrosion-resistant coatings are obtained by electro-arc welding with new compositions of powder 

wires: sample 1 (casing NiCr - content Cr3C2) and sample 2 (casing steel 08КП - content Cr3C2). Three-layered 

3.5-4 mm thick samples are characterized by maximum hardness (60.5-62 HRC). Correspondingly, the wear 

resistance of the coating surface is also increased. Chromium carbide phases formed during welding have a 

positive effect on the wear characteristics of the samples. Determining the sample’s wear resistance shows that 

after passing from 1200 to 1400 meters, the friction coefficient is almost equal and the surface of the welded 

sample is stable. Studying the corrosion resistance of coatings with three layers of sample #1 in 10% NaCl, 

NaOH, and HCl solutions show that its surface is unchanged after 170 hours of testing. The corrosion rate is 

0.0050g/m2h, which corresponds to 1 point on a 10-point scale of corrosion resistance. By electrochemical 

research of sample #1 in 3% NaCl solution, high corrosion resistance has been established. Therefore, the type of 

casing used in the powder wire electrode does not significantly affect the wear resistance of the coatings, while 

using of NiCr as casing significantly improves the corrosion resistance of the coating.  

Keywords: coatings, corrosion, wear, powder wires, electro-arc welding. 
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NiCl2-CrCl3-Cr7C3 sistemiს Termodinamikuri analizi aluminoTermiiT  

qrom-nikelis Semcveli fxvnilebis misaRebad  

 
ukleba q.z., mirijanaSvili z.m. 

 
ferdinand TavaZis metalurgiisa da masalaTmcodneobis instituti 

 
maRalteqnologiuri dargebis mzardi ganviTareba mWidrodaa dakav-

Sirebuli specialuri daniSnulebis, maT Soris mxurvalmtkice, korozia da 
cveTamedegi fxvnilovani Senadnobebis gamoyenebasTan. mxurvalmtkice Sena-
dnobebis mTavari Tvisebrivi Taviseburebaa is rom maRali temperaturebis 
zegavleniT, isini fizikur-qimiuri TvalsazrisiT xdebian dinamikuri, ara-
stabiluri sistemebi. amis gaTvaliswinebiT udidesi mniSvneloba eniWeba ise-
Ti sistemebis Seqmnas, romlebic xasiaTdebian struqturis stabilurobiT ma-
Rali temperaturebis mimarT, kerZod am masalebidan damzadebuli nakeTobe-
bis gansakuTrebuli Tvisebaa, meqanikuri datvirTvis mimarT maRali tempera-

turis (~ 2000 0C) pirobebSi drois xangrZlivi periodis ganmavlobaSi maTi 

medegoba. aseTi masalebidan damzadebuli nakeTobebi gamoiyeneba aerokosmo-
sur, atomur, saaviacio, manqanaTmSeneblobis da mrewvelobis sxva dargebSi. 

homogenuri, fxvnilovani masalebis miRebis erT-erTi ZiriTadi pirobaa 
iseTi liTonuri fxvnilebis miReba, romelTa TiToeuli nawilakis Sedgeni-
loba unda Seesabamebodes masalis saboloo Sedgenilobas. am pirobis Sesru-
leba SesaZlebelia fxvnilSi Semavali elementebis qloridebisa da sxva 
naerTebis liTonTermuli aRdgeniT, sadac dispersulad ganmamtkicebel fazas 
warmoadgenen oqsidebis, karbidebis, nitridebis an intermetalidebis ultra-
dispersiuli nawilakebi. es xels uwyobs masalis struqturis stabilurobas 
samuSao temperaturis Semdgomi zrdis pirobebSi, rac Tavis mxriv gana-
pirobebs nakeTobebis saeqspluatacio Tvisebebis sagrZnob gaxangrZlivebas.  

warmodgenil statiaSi sakvlev komponentTa narevis NiCl2-CrCl3-Cr7C3-Al 
Termodinamikuri analizi Sesrulda mravalmiznobriv programul kompleqs 
ASTRA-4 saSualebiT, romelsac safuZvlad udevs entropiis maqsimumis prin-
cipi [1-3]. igi rogorc universaluri meTodi saSualebas iZleva vimsjeloT 
realur heterogenul mravalkomponentian sistemebSi komponentebis urTierT-

qmedebaze  da ganvsazRvroT maTi wonasworuli maxasiTebelebi. 
sakvlev sistemad aRebul iqna komponentebis is raodenoba, romelic 

mogvcemda saboloo produqts Semdegi SemadgenlobiT: Ni _75%, Cr _15% (ganmt-
kicebuli Cr7C3-10%), amiTvis SeirCa sakvlevi komponentTa narevis Sedgenilo-
bis sxvadasxva varianti (cxrili).A 

              
     სakvlev komponentTa narevis Sedgeniloba, mas.% 

 

komponeneti Sedgeniloba I Sedgeniloba II Sedgeniloba III Sedgeniloba IV 

NiCl2 - 61,38 69,9 38,34 17,69 

CrCl3 - 25,62 14,26 46,06 21,62 

Al - 13,0 15,84 15,6 6,12 

Cr7C3 - - - - 54,57 

 
Termodinamikuri gaTvlebiT 500 _ 1500 K temperaturul intervalSi, ga-

nisazRvra kondensirebuli da airadi fazebis wonasworuli Sedgenlobis 

cvlileba აluminoTermul procesSi. 
Termodinamikuri analizis ZiriTadi Sedegebis grafikebi warmodge-

nilia sur. 1 – 4 -ze. 
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             oTxive Sedgenilobis sistemebisaTvis 500 K-ze iwyebs gamoyofas konden-
sirebuli NiAl, NiAl3 da  CrCl2 fazebi, romelTa raodenobac jer matulobs, 
Semdeg ki TandaTan klebulobs da 950 K-ze mTlianad qreba,  airad fazaSi 500 

K-ze gamoiyofa Al2Cl6, romlis raodenoba izrdeba 650 K-mde, Semdeg mkveTrad 

iklebs da 1100 K-ze qreba. agreTve airad fazaSi 600 K-dan warmoiqmneba AlCl3, 
romlis raodenoba izrdeba 1100 K-mde da Semdgom ucvlelia. liTonuri Cr da 
Ni warmoqmnas iwyeben Sesabamisad 550 da 650 K-ze, romelTa raodenoba izr-
deba 950 K-mde da Semdeg 1500 K-mde ucvlelia.  kondensirebul fazaSi 1100 K-is 

zemoT gamoiyofa (I) sistemis SemTxvevaSi: ~ 53% Ni, ~ 47%Cr; (II) sistemaSi: 

~76,7%Ni, ~ 23,3%Cr; (III) sistemaSi: ~ 87,2% Ni, ~12,8%Cr, xolo (IV) sistemaSi 

kondensirebul fazaSi gamoiyofa: ~11,5% Ni, ~10,0 %Cr, ~78,5% Cr7C3. 

 

 
 

suraTi 1. komponentebis raodenobis  damokidebuleba temperaturisagan 

 (Sedgeniloba I) 

 

 
 

suraTi 2 . komponentebis raodenobis  damokidebuleba temperaturisagan 

(Sedgeniloba II) 
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suraTi 3 . komponentebis raodenobis  damokidebuleba temperaturisagan 

 (Sedgeniloba III) 

 

 

 
 

suraTi 4. komponentebis raodenobis  damokidebuleba temperaturisagan  

(Sedgeniloba IV)  

 

 
Termodinamikuri analizis SedegebiT ganisazRvra sakvlev sistemebSi 

airadi da myari fazebis koncentraciebi sxvadasxva temperaturul zRvrebSi, 
agreTve analizis Sedegebma gviCvena, rom eqsperimentebi unda Catardes              

1000 _ 1100 K-is zeviT. kazmSi qromis karbidis damateba ar iwvevs araviTar 
cvlilebas, igi reaqciaSi ar monawileobs.    
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SUMMARY 

THERMODYNAMIC ANALYSIS OF THE NICL2-CRCL3-CR7C3 SYSTEM FOR OBTAINING  

CHROMIUM-NICKEL CONTAINING POWDERS BY ALUMINOTHERMY 

Ukleba K.Z.  and Mirijanashvili Z.M. 

F. Tavadze Institute of Metallurgy and Materials Science 

Thermodynamic analysis was carried out using the universal ASTRA-4 software package in the temperature 

range of 500-1500 K  and the change in the equilibrium composition of the condensed and gaseous phases of the 

mixture of the studied components NiCl2-CrCl3-Cr7C3-Al during the aluminothermy process was determined. It 

is shown that the phases of metallic chromium and nickel are found at 550 K and stable up to 1500 K. From a 

thermodynamic point of view, it is desirable to carry out the aluminothermy process of these systems in the 

temperature range of 1000-1100 K. 

Keywords: thermodynamics, chloride-carbide components, aluminothermy. 
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DESIGN A SOLAR POWER PLANT AT THE RIVER KHVIRILA 

 

Kapanadze G.L., Tsinadze Z.O. and Bagration-Davitashvili A.N. 

 

Georgian Technical University 

 
Abstract. According to scientists, the use of energy carriers such as coal, gas, and oil causes global warming. 

Therefore, alternative energy sources such as solar, wind, and geothermal energy are receiving a lot of attention. 

The paper discusses the installation of solar panels on the river Kvirila in Chiatura municipality, which can bring 

additional benefits in the form of generated energy. The research uses old and new aerial photographs and a new 

digital terrain elevation model DEM processed with GIS technologies. 

Keywords: alternative energy, solar energy, solar panels.  

 

Introduction 

According to scientists, the use of energy carriers such as coal, gas, and oil causes global 

warming [1]. Therefore, alternative energy sources such as solar, wind, and geothermal energy are 

receiving a lot of attention [2]. The paper discusses the installation of solar panels at the river Kvirila 

in Chiaturi municipality, which can bring additional benefits in the form of generated energy. 

Kvrilila is the main river of Chiatura municipality, which flows at a distance of 16 km and 

almost divides the Chiatura plateau into two parts. Kvirila originates from the southern slope of the 

Rachi mountain range - in Ertso hollow, at an altitude of 1711 m above sea level. It flows from the 

Ertso Lake and joins the river near the village of Vartsikhe (Vartsikhe Hydropower Station). The 

length of the river is 140 km, and the area of the basin is 3630 km. The main tributaries are Jruchula, 

Dzirula, Cholaburi, and Tskalsitela. There are floods in spring, scarcity of water in summer, and high 

water in autumn. It is fed by snow, rain, and underground water. The average flow near the city of 

Chiatura is 20.7 m/s. It is used for the enrichment of manganese ore as technical water, for irrigation, 

and for mills [3]. 

In Chiatura Municipality, the river Kvirila flows within the municipality for about 24 km. The 

part of the river that is interesting for solar panels is lengthwise near 900 meters. This section is 

special because the river in the city is surrounded by an artificial bed. A special concrete structure is 

necessary in order to place panels optimally for sunlight. 

At present, contamination with manganese leaching is not a problem, as we get energy from 

the sun. We can give any shape and direction to the built construction of the artificial bed, and the 

water will not harm it. If we talk about some details, on the contrary, placing it on top of water has its 

positive side, but manganese pollution plays its role. 

The construction is of great importance because at least 95% of the river in the municipality is 

in a natural bed and only in the city area it is possible to place the solar panels. The research was also 

conducted in this regard. 

 

Geographical characteristics of the municipality 

 

Chiatura municipality is part of the Imereti region and is an administrative-territorial unit. The 

total area of the territory is 542.5 km, the center is the city of Chiatura, which includes 60 villages. 

The structural plateau of Chiaturi is located within the borders of Chiatura, Sachkhere, and 

Kharagauly administrative municipalities. The structural plateau is divided by the river Kvirila and its 

tributaries (Jruchula, Nekrisa, Bogiristskali, Rganizghele, Katskhura, Buja, Sadzalikhevi, etc.). It is 

rather deep (100-300 m), with canyon-like valleys (Fig.1). 

The municipality has humid weather. It knows moderately cold winters and hot, relatively dry 

summers. The average annual air temperature in the 400-700 meter altitude zone is +10°C - +14°C, 

and +22°C - +24°C in July. Absolute minimum 16°C - 0°C. Absolute maximum +39°C - +40°C. On 

average, 1100-1200 mm of precipitation falls per year (the maximum is in autumn and winter). In the 

higher zone, the air temperature decreases with height. North-east winds prevail in winter and south-

west winds prevail in summer, fion winds are also frequent. Snow cover in the vicinity of Chiatura 

lasts from January to early March. The maximum height of the snow cover rarely exceeds 150 cm [3]. 
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Fig. 1. Relief and exposure of Chiatura municipality 
 

 

 

Research Methodology 

In order to operate a solar station, we need to find, process, and consider certain materials. Old 

and new aerial photography, new terrain digital elevation model DEM, 30 meters in pixel resolution, 

processed with GIS technologies; ArcGIS, QGIS, and Google Earth are used for research. 

 

Geographical location 

The artificial river bed starts at the coordinate 359,096.60E 4,683,447.40N and ends at the 

specially arranged river dam at 358,317.82E 4,683,209.32N. The average width is 39 m, and 330 m 

long to accommodate the solar panels, 37,836 m² area. 

On the south side of the river, in the same area, there are trees in a certain part, which more or 

less, will still affect the installation of the station. This issue is especially important during the winter 

months, as the tree shadows along the river almost reach the other side of the river bed. But, it will be 

possible to compensate by raising the construction, 2 or 3 meters from the railing will be enough. 4 

bridges pass through the same obstructing shadow factor, where 2 are pedestrian and 2 are 

vehicular/pedestrian, it is necessary to have a certain distance of at least 4 meters (fig. 2). 

 

Modeling results 

The modeling done on the digital upland terrain showed us that in the entire territory of the 

municipality (fig. 3). The radiation received during 1 day in the month of August is: 

Maximum - 6020.78, minimum - 977.16 

All in August: 

Maximum - 168592.73, minimum - 30089.39 

During the year: 

Maximum - 1617594.5, minimum - 301422.68 

Solar radiation raster uses watt-hours per square meter as a unit of measure, to convert to 

kilowatt-hours we need a formula: 

"Solar_radiacion_Whm2" / 1000 

The obtained results were changed as follows: 

For 1 day in the month of August: 

Maximum - 6.02, minimum - 0.97 

All in August: 

Maximum - 168.593, minimum - 30.08 

During the year: 

Maximum - 1617.59, minimum - 301.423 

Unfortunately, due to the error of the terrain and aerial photography, it is impossible to say 

exactly what values are fixed in the bed. We cannot connect rasters of different resolutions and 

origins, only generalization is possible. 
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Fig. 2. Solar station on the Kvirila River 

 

 

Fig. 3. Direct incoming radiation in Chiatura Municipality 

 

 

The exposure (horizontal direction) is the main part of the south, a small amount is fixed in the 

southeast. The slope can be removed from the terrain parameters, however, construction on a river bed 

automatically means that it must be determined on-site when placing the panels. 

With the help of aerial photography, 5216 panels placed on the structure were drawn in vector 

format. 

 

Dimensions and distances 

2.279 m long, 1.134 m wide, 0.035 m thick, and the distance between them is 0.02 m. 

When placing, each tree was taken into account, as well as the distance from bridges minimum 

of 4 meters and more, since their shadow causes energy loss. 
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Sunshine 

To account for energy shortages, Google Earth can help us better understand historical space 

imagery, such as the Landsat satellite (fig. 4 and 5) 
. 

  

Fig. 4. Satellite images 

 

In March, the shade of the trees does not reach the other bank of the river, but it limits the 

space for the project to 400 meters (fig. 4). 

 

  

Fig. 5. Satellite images 

 

Comparison with Global Solar Atlas 

Atlas is easy to use, but it has its prerequisites. For comparison it was possible to take only 1 

specific point and not a mass area, station type "Ground mounted", capacity 1000 kwp. Geographic 

coordinates 42.290394°,043.28606° 

A kilowatt peak (kwp) is a unit of measurement for the power of a photovoltaic system. 

Azimuth 180°, inclination 35°. 

The average output is 1310 gigawatt hours every year, and the global radiation is 1594.9 

kWh/m². 

 

 

Fig. 6. Monthly Average [Photovoltaic Power Generation] 
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Fig. 7. Direct radiation wh/m2 

 

Conclusion 

Kvirila river can bring additional benefits if the project is well coordinated and small details 

are taken into account. Perhaps, the results in the developed model exceed expectations and reality, but 

the existence of a small station can be promising and a role model for others. The rest is financial, 

considering that 5216 panels with 300 watts of power = 1564.8 kilowatts, the payback period may be 

more than 5 years. 

It is worth noting that moving panels on the surface of the water are becoming popular 

worldwide on reservoirs, and structures on canals, but nothing is seen on rivers so far. 
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reziume 

mdinare xvrilaze mzis eleqtrosadguris daproeqteba 

kapanaZe g.l., cinaZe z.o., bagration-daviTaSvili a.n. 
saqarTvelos teqnikuri universiteti 
mecnierebis varaudiT, iseTi energomatareblebis gamoyeneba, rogoricaa qvanaxSiri, 
gazi da navTobi, iwvevs globalur gaTbobas. amitom, alternatiuli energiis wya-
roebs, rogoricaa mzis, qaris da geoTermaluri energia didi yuradReba eqceva. naS-
romSi ganxilulia WiaTuris municipalitetSi mdebare mdinare yvirilaze mzis pane-
lebis damontaJeba, romelsac SeuZlia damatebiTi sargeblis motana gamomuSavebuli 
energiis saxiT. kvlevaSi gamoyenebulia Zveli da axali aerofotogadaRebebi,  relie-
fis axali cifruli sasimaRlo modeli DEM, romelic damuSavda GIS teqnologiebiT. 
sakvanZo sityvebi: alternatiuli energia, mzis energia, mzis panelebi. 
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DESIGN OF SOLAR PANELS ON ENGURI DAM AND JVARI RESERVOIR 

 

Kapanadze G.L., Tsinadze Z.O. and Bagration-Davitashvili A.N. 

 

Georgian Technical University 

 
Abstract. The placement of solar panels on the reservoir of Engurhesi Dam is discussed in the paper. A model 

of a solar power plant has been created on the reservoir of the dam and in the surrounding area. Also, the 

placement of such panels on the body of the dam and surrounding buildings and space. The amount of electricity 

generated by these solar panels is calculated based on the annual intensity of solar radiation. 

Keywords: Enguri hydroelectric power station, solar energy, solar panels, floating solar panels. 

 

Introduction 

In the field of hydropower, we always hear that water energy is the cheapest to produce 

electricity. According to the International Renewable Energy Agency (IRENA), hydropower installed 

in 2021 accounted for less than 8% of renewables completed that year. The reason is the less 

competitive price per kilowatt hour produced. A new IRENA report on renewable energy costs shows 

that prices for all renewables are continuing to decline, except for hydropower, concentrated solar 

power (CSP), and geothermal, presented in Table [1].  

 
Global weighted average total installed cost, capacity factor, and levelised cost of electricity trends by 

technology, 2010 and 2021. 

 

 Total installed costs Capacity factor Levelised cost of electricity 

 (2021 USD/kW) % (2021 USD/kW) 

 2010 2021 Percent 

change 

2010 2021 Percent 

change 

2010 2021 Percent 

change 

Bioenergy 2174 2353 -13% 72 68 -6% 0.078 0.067 -14% 

Geothermal 2174 3991 47% 8 77 -11% 0.050 0.068 34% 

Hydropower 1315 2135 62% 44 45 2% 0.039 0.048 24% 

Solar PV 4808 857 -82% 14 17 25% 0.417 0.048 -88% 

CSP 9422 9091 -4% 30 80 167% 0.358 0.114 -68% 

Onshore wind 2042 1325 -35% 27 39 44% 0.102 0.033 -68% 

Offshore wind 4876 2858 -41% 38 39 3% 0.188 0.075 -60% 

 

 

Description of Enguri river basin 

The basin of the Enguri River, which is located in the north-western region of Georgia, has an 

area of 4060 km. Most of it (about 78%) is in the mountains, above 1000 meters above sea level. The 

length of the Enguri river is 220 km. Its basin in the village of Jvari is a strong mountainous surface 

covered with dense forest.  

It should be noted that hydroelectric power stations, the construction of which is carried out on 

mountain rivers, usually represent a complicated complex of hydraulic structures. It is also 

characteristic of hydropower plants built on mountain rivers that their individual structures are several 

kilometers apart. This circumstance further complicates the use of mountain rivers and leads to the 

necessity of implementing complex schemes for the use of the river, which is manifested in the 

additional dumping of tributaries and bordering rivers. Enguri is one of the most abundant rivers in 

Georgia. The average annual flow of the river with the arch dam is 155 m3/s, the maximum reported 

flow with 0.01% provision – 25 00 m3/s, and with 5% provision - 950 m3/s [2]. 

The Jvari reservoir was established on the Enguri River with a 271.5 m high arched dam, 

which was built 5 km upstream from the Jvari settlement. It belongs to non-porous mountain 

reservoirs of the canyon type. When the water level at the dam is the maximum – of 510 m, the river 

Enguri valley is flooded at 27 km; The width of the reservoir varies from 100-200 m to 1500-1700 m; 

The maximum height of water level treatment (lowering) is 70 m. The total volume of the reservoir is 

1110 million m3, and the useful volume is 670 million m3 [2]. 
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The surface area of the reservoir is 13.31 km2. The purpose of the reservoir is the seasonal 

regulation of the Enguri river and is characterized by the following indicators: the catchment area of 

the basin is 4060 km2, the annual multi-year runoff at the dam is 4777 million m3, the average annual 

consumption – is 155 m3/s, maximum consumption obtained as a result of observation, 950 m3/s, 

minimum consumption - 16 m3/s, runoff water Coefficient of Utilisation - 0.97. [2]. 

In addition to the fact that Enguri Hydropower Station is the backbone of Georgia's energy, we 

can talk about another positive aspect of it. How well the reservoir, dam, and surrounding area can 

absorb solar energy. Of course, it won't be enough to compete with water. For this, radiation modeling 

is a simple and convenient practice. 

 

Research 

The dam, the surrounding buildings, the hotel, and future tourist attractions certainly need 

electricity. It would be interesting if the solar plant would meet the local demand for electricity, if not 

completely, at least partially. 

In GIS technologies, we have two types of terrain, DTM (Digital Terrain Model) where there 

is only the surface of the land, and DSM (digital surface model) where the data includes information 

including all the details that are placed on its surface. There is no need to make a choice at this stage. 

A 30-meter terrain model in a pixel can provide general reports for the day, month, and year (Fig. 1). 

 

 

 
 

Fig. 1. Terrain models 

 

The fact is that placing solar panels on the reservoir and its territory is not so easy, compared 

to the roof of the house. The location, natural conditions, direction of the horizon (exposure), duration 

of sunlight, and others play an important role. 

According to the real estate cadaster of the National Public Registry Agency, various buildings 

of "Engurhesi LLC" are located far from the dam. Their condition, suitability of the roof, and potential 

for a solar plant were taken into account. 

Figure 2. shows the layout of the solar panels on the surface of the Enguri hydroelectric power 

station’s Jvari reservoir. 

It is a way of measuring how much sunlight a particular location receives. This concrete 

represents the intensity of sunlight (solar radiation) for one hour on an average of 1000 watts per 1 

square meter. 

Formula: 

1 peak sun hour = 1 hour of sunlight at 1,000 W/m2 = 1,000 Wh/m2 

And since 1000 watts is identical to 1 kilowatt 

1 peak sun hour = 1 hour of sunlight at 1 kW/m2 = 1 kWh/m2 

Solar panels are typically calculated for an input power of 1000 watts/m2. Therefore, during 

the peak solar hour, a 1kW plant is expected to receive 1 kW-hour of energy, while considering 
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system losses and other factors such as ambient temperature. Cooling is necessary for the panels, the 

water in the reservoir plays this role, and the others require appropriate equipment, which leads to an 

increase in installation costs [3]. 

For example, in Portugal, the first combination of hydroelectric and solar power plants (FSPP-

Floating Solar Power Plant) was created. The panels generate the amount of energy that 100 homes 

need for a year. A floating station was installed at the "Alto Rabagão" dam in the municipality of 

Montalegre in 2017. 840 solar panels with a capacity of 220 kilowatts cover 2500 square meters, 

generating 285 megawatt-hours. The Alto Rabagão Dam generates 85 GWh and the surface of the 

reservoir is 22.12 km² [4]. 

 

 

 
 

Fig. 2. Solar station on the Jvari reservoir 

 

Modeling results 

Dimensions and placement of panels. 

2.279 meters X 1.134 m X 0.035 m and a distance of 0.02 m 

 

Surrounding area 

The largest amount of radiation comes from the parking area near the arch dam of Engur 

hydropower station, as well as from the building located there. 

224 panels were placed on the parking lot, and 32 on the building. The construction assembled 

in this area will not prevent the use of space in the old way and has the most potential in terms of 

receiving radiation, besides, the exposure is on the south/southwest and specifically the west sides. 
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Fig. 3. Solar station on parking space and building 

 

Next to the dam, 52 panels were placed on the roof of the hotel, and it would also be 

interesting to cover the concrete construction specially arranged for visitors to the reservoir with 

panels. On average, 80 pieces will be placed. 

 

 
 

Fig. 4. Solar station on hotel and visitor space 

 

The left side of the body of the dam near the water intake is unfavorable and panels can be 

placed on the middle and right sides. The number reaches 411. 
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The power of the station depends on the water level. It can be placed in the water in the worst 

case, at the level of water intake, because the hydroelectric power station already stops working due to 

water scarcity. Aerial photography of different years was used for observation. 

For this, a separate buffer polygon was created programmatically, which repeats the shape of 

the water deficit on all sides. The first part of the station was placed with 86204 panels, and the second 

one was given only a visual formulation, since the relief of the reservoir shows question marks here, 

we do not have bathymetry, and it is unclear to what extent it will be possible to protect it from the 

flooding of the river. 

The buildings adjacent to the lower buffet are useful for 426 panels. It is necessary to calculate 

and specify their current physical condition, type of roofing, and slope. Later, it is possible to correct 

the stations and place the appropriate number. 

 

 
 

Fig. 5. Solar panels on buildings 

 

Conclusion 

The presented work is a model, it cannot guarantee accurate and reliable results. Taking into 

account that the duration of sunlight in this area is low (from 1900 to 2000 per year), not completely, 

but partially, this area can be used, both the Reservoir and the surrounding area. 

If we calculate a station consisting of 300-watt panels, we would have capacities in kilowatt-

hours: 

73.2 on the parking space, 9.6 on the building 

Hotel - visitor space 15.6 and 24 

Buildings on the lower side of the dam 127.8 

123.3 megawatts on the Enguri dam and 25861.2 megawatts on the first floating project 

reservoir. 

Depending on the size of the solar station, the nearest substation for connecting to the network 

is in Jvari settlement, 5 km away. 

Floating panels in the reservoir are good, but recently, due to water scarcity, the hydroelectric 

power station has been working problematically, there is less water, and less space, creating a problem 

in tourism and the safety of placing the panels. While the reservoir has the conditions and time to fill 

itself, what is the guarantee that the material brought by the mountain river Enguri during the 

flood/flood season will not endanger the solar station. In the case of the existence of the Khudoni 

Hydropower Station, this danger would be eliminated. 
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reziume 

enguris kaSxalze da jvris wyalsacavze mzis panelebis daproeqteba 

kapanaZe g.l., cinaZe z.o., bagration-daviTaSvili a.n. 
saqarTvelos teqnikuri universiteti 
naSromSi ganxilulia engurhesis kaSxlis wyalsacavze motivtive mzis panelebis gan-
lageba. Seqmnilia kaSxlis wyalsacavze da mimdebare teritoriaze mzis eleqtro-
sadguris modeli. aseve kaSxalis tanze da mimdebare Senobebsa da sivrceze aseTi pa-
nelebis ganTavseba. mzis radiaciis wliuri intensivobis mixedeviT gaangariSebulia 
am mzis panelebis mier gamomuSavebuli eleqtroenergiis raodenoba. 
sakvanZo sityvebi: engurhesis wyalsatevi, mzis energia, mzis panelebi, motivtive mzis 
panelebi.  
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,,xobi 2 hesi“-s hidroteqnikuri kompleqsis samSeneblo moednis  
sainJinro-hidrogeologiuri pirobebi 

 

nacvliSvili m.g. 

 

saqarTvelos teqnikuri universiteti 

 

,,xobi 2 hesi~-s hidroteqnikuri kompleqsis samSeneblo moednis geolo-

giuri agebuleba, ZiriTadad warmodgenilia vulkanogenur-danaleqi nale-

qebiT _ tufitebiT, tufobreqCiebiT da tufoqviSaqvebiT. aRniSnuli nale-

qebTanaa dakavSirebuli baiosis wyalSemcvel kompleqebi. aRniSnuli wyebebiT 

agebuli  kldovani masivis didi nawili RMR-iT  fasdeba rogorc `saSualo 

xarisxis~. gamofitvis qerqis zonisa da kldovani masivis napralovani zonebi 

ganapirobeben masivis filtraciul Tvisebebs. gamofitvis qerqis egzogenuri 

danapralianeba vrceldeba 50_60m-mde, iSviaTad 100m siRrmemde 

filtraciuli Tvisebebis dadgenis mizniT WabuRrilebSi savele 

Casxmebis, amotumbvebis saSualebiT, ganisazRvra safari gruntebis filtra-

ciuli Tvisebebi. WaburRilebidan gruntis wylis amotumbvisas, filtra-

ciuli Tvisebebi ganisazRvra rogorc donis aRdgenisas aseve wylis donis 

SenarCunebis SemxTvevebSic. safari eluviuri gruntebis filtraciis koefi-

cienti Catarebuli cdebis mixedviT meryeobs 22m/dR-dan 81m/dR-mde, ris 

mixedviTac safari gruntebi xasiaTdeba rogorc saSualo da maRali filt-

raciis. rac Seexeba kldovani masivis filtraciuli Tvisebebis dadgenas gan-

xorcielda luJonis cdebiT _ erTmagi an ormagi pakeris gamoyenebiT. pakeris 

gamoyenebisas xdeboda filtraciis koeficientis gansazRvra 5 an 10 metrian 

intervalebad. erTmagi pakeris gamoyeneba xdeboda WaburRilebis burRvis 

paraleleurad [1]. 

calkeul WaburRilebis calkeul intervalebSi ver moxerxda luJonis 

cdebis Catareba, maTi didi danapralianebis xarisxis gamo, es cdebi inter-

valurad ebmis teqtonikur rRvevebTan dakavSirebul napralur sistemebs da 

maT gavrcelebas. es zonebi gacilebiT  ufro wyaluxvia. luJonis cdebi 

Catarda TiTqmis yvela WaburRilSi.  luJonis mniSvnelobebis mixedviT masivi 

ZiridaTad klasificirdeba e.w. „zomieri“ filtraciuli TvisebebiT, Tumca 

siRrmeSi calkeuli intervalebi aris „saSualo“  da „dabali“ filtraciuli 

Tvisebebis, Tumca siRrmeSi ufro klebulobs luJonis maCvenebeli (<1) da 

masivi Zalian dabali  filtraciiT xasiTdeba. wyalSTanTqma siRrmesTan 

erTad mcirdeba da filtraciis koeficienti 0,7- m/dR-dan _ 0,05 m/dR-dea. 

baiosis porfiritul wyebaSi gamoiyofa regionuli egzogenuri 

danapralianebis intensiuri cirkulaciis zonis napraluri gruntis wylebi 

da teqtonikur rRvevebTan dakavSirebuli napralur-ZarRvuli miwisqveSa 

wylebi, am wylebSi calsaxad gamoiyofa, Rrma gaZnelebuli cirkulaciis 

wneviani napralur-fenebrivi da napralur-ZarRvuli wylebi [2]. 

napraluri gruntis wylebis wyaroebis debitebi cvalebadobs 0,05_0,25 

l/wm, napralur-ZarRvulisa ki – 0,4_0,7 l/wm farglebSi, yvelaze wyaluxvia 

tufobreqCiebi, wyaroebis Camonadenis moduli icvleba 0,1-0,2-mde l/wm,km2 

farglebSi, xolo miwisqveSa Camonadenis moduli ki saSualod 5,5 l/wm,km2-ia. 

intensiuri cirkulaciis napralur-gruntisa da napralur-ZarRvuli 

miwisqveSa wylebis mineralizacia 0,2_0,5 g/l farglebSia, saerTo sixiste – 

1,2_5,7, karbonatuloba – 2_2mg/eqv, pH -6,5_7,5, temperatura – 10_15 º C-ia. 
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monoklinis bolo warmoadgens porfirituli wyebis wyalSemcveli 

kompleqsis Rrma cirkulaciis wylebis erTgvar gantvirTvis zonas, rac 

dasturdeba am zonaSi lugelas tipis wylebis TavmoyriT (meqvena, lugela, 

squri da sxva), is, rom Rrma cirkulaciis miwisqveSa wylebis gantvirTvis 

kerebi koncentrirebulia monoklinuri muxlis gaswvriv ganpirobebulia geo-

logiuri warsuliTac, vinaidan am zolSi, okribaSi, Zmuisis rRvevis gaswvriv 

dafiqsirebulia ozokeritis mravalricxovani gamosavlebi, rac miuTiTebs 

imaze, rom maRalmineralizebul wyals Tan navTobic axlda [3]. 

wylis sinjebis qimiuri analizis safuZvelze [4] (cxr. 1), SegviZlia 

davskvnaT, rom qimiuri Sedgenilobis mixedviT md. xobiswyali aris hidro-

karbonatul, qloridul, kalcium, natrium-kaliumiani, xolo md. gvalaSara 

hidrokarbonatul, qloridul, natrium-kaliumiani Semadgenlobis. 

 
cxrili 1. gruntis wylis qimiuri Sedgenilobis laboratoriuli kvlevis Sedegebi  

 

 

 

 

wylis agresiulobis xarisxis betonis mimarT (cxr. 2), orive nimuSi-

saTvis agresiulobis maCvenebeli wyalbadionis mimarT, W4 betonis marka 

wyalSeRwevadobis mixedviT aris susti, ganlagebuli qanebSi Kf<0,1 m/dR.R. 
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cxrili 2. wylis agresiulobis xarisxi betonis mimarT 
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wylis agresiuli zemoqmedebis xarisxi rkina-betonis armaturaze           
(cxr. 3), md. xobiswyalis SemTxvevaSi periodulad dasvelebiT aris susti, 
qanebis agresiuli zemoqmedebis xarisxi naxSirbadian foladze, gruntis 
wylis donis dabla im qanebisaTvis romelTa filtraciis koeficienti              
>0,1 m/dRe-RameSi aris saSualo. rac Seexeba md. gvalaSaras wylis agresiuli 
zemoqmedebis xarisxi rkina-betonis armaturaze (cxr. 3), periodulad dasve-
lebiT aris saSualo, xolo qanebis agresiuli zemoqmedebis xarisxi naxSir-
badian foladze, gruntis wylis donis dabla im qanebisaTvis romelTa 
filtraciis koeficienti >0,1 m/dRe-RameSi aris aseve saSualo. 

 
 
cxrili 3. garemos agresiuli zemoqmedebis xarisxi metalis konstruqciebze 
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armaturaze 
СНиП 2.03.11-85  

qanebis agresiuli 
zemoqmedebis xarisxi 
naxSirbadian 
foladze, gruntis 
wylis donis dabla 
im qanebisaTvis 
romelTa 
filtraciis 
koeficienti >0.1m/dRe-
Rame 
СНиП 2.03.11-85  

mudmivad 
wyalSi 

periodulad 
dasvelebiT 

 

xobi 
2 hesi 

md.xobiswyali 1 0.5 ara susti saSualo 

xobi 
2 hesi 

md.gvalaSara 2 0.3 ara saSualo saSualo 

 

  
 
amrigad, SeiZleba davaskvnaT, rom 

1.  qimiuri Sedgenilobis mixedviT md. xobiswyali aris hidro-
karbonatul, qloridul, kalcium, natrium-kaliumiani; 

2.  qimiuri Sedgenilobis mixedviT md. gvalaSara hidrokarbonatul, 
qloridul, natrium-kaliumiani Semadgenlobis; 

3.  luJonis mniSvnelobebis mixedviT masivi ZiridaTad klasificirdeba 
e.w. `zomieri~ filtraciuli TvisebebiT, Tumca siRrmeSi calkeuli interva-
lebi aris `saSualo~ da `dabali~ filtraciuli TvisebebiT, Tumca siRrmeSi 
ufro klebulobs luJonis maCvenebeli (<1) da masivi Zalian dabali  
filtraciiT xasiTdeba, wyalSTanTqma siRrmesTan erTad mcirdeba da 
filtraciis koeficienti 0,7- m/dR-dan - 0,05 m/dR-dea. 

4. wylis agresiulobis xarisxis betonis mimarT, orive nimuSisaTvis 
agresiulobis maCvenebeli wyalbadionis mimarT, W4 betonis marka wyalSeR-
wevadobis mixedviT aris susti, ganlagebuli qanebSi Kf<0,1 m/dR.R; 

5. wylis agresiuli zemoqmedebis xarisxi rkina-betonis armaturaze, md. 
xobiswyalis SemTxvevaSi periodulad dasvelebiT aris susti, qanebis agre-
siuli zemoqmedebis xarisxi naxSirbadian foladze, gruntis wylis donis 
dabla im qanebisaTvis romelTa filtraciis koeficienti >0,1 m/dRe-RameSi 
aris saSualo; 

6. md. gvalaSaras wylis agresiuli zemoqmedebis xarisxi rkina-betonis 
armaturaze, periodulad dasvelebiT aris saSualo, xolo qanebis agresiuli 
zemoqmedebis xarisxi naxSirbadian foladze, gruntis wylis donis dabla im 
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qanebisaTvis romelTa filtraciis koeficienti >0,1 m/dRe-RameSi aris aseve 
saSualo. 
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SUMMARY 

ENGINEERING-HYDROGEOLOGICAL CONDITIONS OF CONSTRUCTION SITE OF "KHOBI 2 

HPP" HYDROTECHNICAL COMPLEX 

Natsvlishvili  M.G. 

Georgian Technical University 

The article covers studying engineering-hydrogeological conditions of the construction site of “Khobi 2 HPP” 

hydrotechnical complex and its adjacent territory water-bearing complex. For stating filtration properties of rock 

massif Lugeon tests were performed in single boreholes drilled at the Complex territory with using single or 

double packer. Filtration properties were determined for cover soils as well with field test infusions and 

pumping. Chemical content of waters of the rivers Khobistskali and Gvalashara and their single tributaries as 

well as ground waters observed in the boreholes were studied in laboratory. 

Keywords: Hydrogeology, water chemistry, chemical analysis, fracturing system.                                                                                                
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mikrohesebis hidroturbinis tipis SerCevis principi 

 

joxaZe p.d., goqaZe d.g. 
 

saqarTvelos teqnikuri universiteti 
 

Sesavali 
 
saqarTveloSi 25 074 mdinarea, saerTo sigrZiT daaxloebiT 60 aTasi 

kilometri, maTgan energetikuli Rirebuleba 2500-ze met mdinares gaaCnia, 
rac imas niSnavs, rom maTze SesaZlebelia SeirCes iseTi ubnebi, romlebzedac 
sakmarisi wylis xarji da doneTa sxvaoba (dawneva) saSualebas iZleva aigos 
iseTi dadgmuli simZlavris mqone hesi, romlis mier gamomuSavebuli energiis 
gayidva ekonomikurad rentabeluri iqneba da gamoiwvevs investoris dainte-
resebas. rac Seexeba mcirewylian mdinareebs, romlebic warmoadgenen Sedare-
biT wyaluxvi mdinareebis Senakadebs, maTi potencialis gamoyeneba SesaZ-
lebelia mxolod piko- (dadgmuli simZlavre < 5 kvt) da mikrohesebis (dadg-
muli simZlavre 5_100 kvt) saSualebiT, rac SesaZleblobas iZleva sagrZ-
noblad gaizardos saqarTvelos hidroresursebis aTviseba. 

mikrohesebis proeqtebis ganviTarebas gaaCnia sxva upiratesobebic, 
kerZod maTi agebis nebarTvis misaRebad ar moiTxoveba socialur da bunebriv 
garemoze zemoqmedebis kvlevis oqmis Sedgena, romelic unda Seadginos kompe-
tenturma organizaciam da rac moiTxovs sakmao danaxarjebs. es SeRavaTi 
sagrZnoblad amcirebs mikrohesis proeqtis realizebaze gaweul danaxarjebs 
da Sesabamisad zrdis xelmisawvdomobas mcire sawarmoebisTvis, fermebisTvis 
da adamianTa jgufebisTvis. meores mxriv, mikrohesze SeiZleba damontaJdes 
ormxrivi aRricxvis mricxveli da qselSi gaices (gaiyidos) Warbi energia, 
rac damatebiTi Semosavlebis wyaros warmoadgens. 

 
1. mikrohesis hidroturbinis SerCevis principi 
 

nebismieri hesis agregatis (turbina-generatoris erTobliobis) muSaoba 
efuZneba wylis potencialuri energiis gamoyenebas, romliTac xorcieldeba 
hesis dadgmuli simZlavris Sefaseba Semdegi formuliT saSualebiT [1_5]: 

 

9,81HPP HPP net turb genP Q H        

 

sadac: Q HPPQ  _HPhesis saangariSo xarjia; H netH _ hesis wminda dawnevaa hesis 

saangariSo xarjisaTvis; turb _ hidroturbinis margi qmedebis koeficientia 

(mqk) turbinis saangariSo xarjisaTvis  turbQ ; gen _ hidrogeneratoris margi 

qmedebis koeficientia. 
formulidan aSkarad Cans, rom rac meti iqneba turbinis mqk, miT meti 

iqneba hes-is dadgmuli simZlavre, magram es yovelTvis ar niSnavs, rom am 
SemTxvevaSi agregatis mier gamomuSavebuli energia iqneba maqsimaluri. am 
faqtis asaxsnelad ganvixiloT saqarTveloSi yvelaze xSirad gamoyenebuli 
frensisis tipis turbinis mqk-s damokidebuleba turbinaSi gamaval xarjze, 
romelic gamosaxulia saangariSo xarjis procentebSi (nax. 1).  
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nax. 1. ozbergerisa da frensisis tipis turbinebis mqk-ebis Sedareba 
 
saangariSo xarjze frensisi tipis turbinis mqk aRwevs 93%-s; saanga-

riSo xarjis 72%-isTvis misi mqk 90%-ze naklebi xdeba, xolo saangariSo 
xarjis 40%-ze naklebi xarjisTvis (e.w. minimaluri teqnikuri xarji) turbina 
unda gaiTiSos, rom ar daziandes gadametebuli vibraciisagan. amrigad mini-
malur teqnikur xarjze naklebi xarjebisTvis adgili aqvs danakargebs agre-
gatis mocdenebisgan. danakargebis kompensirebas mcire hesebSi awarmoeben 
sxvadasxva saangariSo xarjis mqone ramodenime turbinis gamoyenebiT, magram 
aseTi midgomis gamoyenebas mikro-hesis SemTxvevaSi azri ar aqvs, vinaidan 
hesis proeqti sagrZnoblad Zvirdeba.  

meore turbina, romelsac iSviaTad iyeneben SedarebiT dabali mqk-s 
gamo (86_87%), aris e.w. jvaredini nakadis turbina (Crossflow Turbine) romelic 
cnobilia, rogorc orkameriani bankis tipis turbina an ozbergeris tipis 
turbina. am turbinis erTi kamera gaTvaliswinebulia turbinis sruli xarjis 
1/3-is gatarebaze, meore kamera ki 2/3-is gatarebaze, orive kamera moqmedebaSi 
Sedis roca turbinaSi gadis saangariSo xarjis 2/3-ze meti. faqtobrivad erT 
turbinaSi gaerTianebulia sami turbina, ris gamoc misi minimaluri teqniku-
ri xarji Seadgens turbinis saangariSo xarjis 6-8%-s, ris gamoc misi mqk-s 
damokidebuleba turbinaSi gamaval xarjze maqsimums aRwevs saangariSo 
xarjis 22%-ze meti xarjisTvis, Sesabamisad danakargebi mocdenebze gacile-
biT naklebia, xolo gamomuSavebuli energia jamSi meti (nax. 1). amrigad 
ozbergeris tipis turbinis gamoyeneba im SemTxvevebSi roca mdinaris modi-
neba sezonurad sagrZnob farglebSi icvleba SedarebiT momgebiania.  

ozbergeris tipis turbinas gaaCnia sxva upiratesobebi, kerZod: Sedare-
biT dabali fasi; misi gamoyeneba SesaZlebelia 3-dan 200 metramde dawnevis-
Tvis da 0,20 m3/wm xarjidan 7 m3/wm xarjamde; xasiaTdeba dabali brunTa 
ricxviT, rac mniSvnelovnad zrdis sakisrebis muSaobis xangrZlivobas; fren-
sisis da kaplanis tipis turbinebisgan gansxvavebiT ar axasiaTebs kavitacia, 
rac mniSvnelovnad zrdis misi muSa Tvalis eqspluataciis xangrZlivobas; 
frensisis tipis turbinisgan gansxvavebiT ozbergeris tipis turbinis muSa 
Tvals axasiaTebs TviT recxvis principi, anu turbinis muSaobas ver 
aferxebs mdinareSi Setivnarebuli natani (magaliTad foTlebi), rac mniSvne-
lovnad amcirebs mocdenebisgan danakargebs da aiolebs turbinis eqsp-
luatacias (nax. 2). 
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nax. 2. wylis nakadis svla ozbergeris tipis turbinaSi, TviT recxvis principi 
  
daskvna 
mosazreba, rom rac ufro metia saangariSo xarjisTvis turbinis margi 

qmedebis koeficientis mniSvneloba, miT meti iqneba hes-is saSualo wliuri 
gamomuSaveba, yovelTvis ver amarTlebs, gansakuTrebiT maSin, roca hesi 
muSaobs mdinaris bunebriv modinebaze (Run-of-The-River) da miT umetes roca 
hes-Si dadgmulia mxolod erTi agregati, magaliTad mikrohes-Si. mikrohesis 
proeqtis Rirebuleba rac SeiZleba minimaluri unda iqnes, gamomuSavebuli 
simZlavris Warbi nawilis (Tu aseTs aqvs adgili) realizebidan miRebuli 
Semosavlebis simciris gamo SeuZlebelia hesis momsaxure teqnikuri perso-
nalis daqiraveba, amitom mikrohesis eqspluatacia maqsimalurad unda iqnes 
gamartivebuli, yovelive amis SesaZleblobas ki iZleva ozbergeris tipis 
turbinis gamoyeneba.   
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SUMMARY 

THE PRINCIPLE OF CHOOSING THE TYPE OF HYDRO TURBINES OF MICRO-HPP 

Jokhadze P.D. and Gokadze D.G. 

Georgian Technical University 

This article discusses the role of micro-HPPs with an installed capacity of up to 100 kW in the of water resources 

development small rivers in Georgia. The principle of choosing a two-chamber crossflow type turbine 

(Ossberger type turbine) for a micro-HPP is discussed; The advantages of this type of turbine are described.  
Keywords: micro hydropower, hydropower turbines, control systems. 
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sadawneo sakanSi wylis nakadis turbulenturi  
reJimis Teoriuli daxasiaTeba 

 

bibileiSvili g.v., yufaraZe l.p., keJeraSvili m.g.,  

gogesaSvili n.n., ebanoiZe l.o. 

 
saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 

instituti 

 

baromembranuli procesebi (mikro-, ultra-, nanofiltracia, ukuosmosi) 

garemos dacvisa da bunebrivi pirobebis uzrunvelsayofad efeqturi saSua-

lebaa dabinZurebuli bunebrivi da Camdinare wylebis gasawmendad. bunebrivi 

wylebidan maRalxarisxovani sasmeli wylis misaRebad membranuli danadgaris 

stabiluri muSaobis pirobebisa da maRali warmadobis misaRwevad saWiroa 

saTanado hidrodinamikuri maxasiaTeblebis SemuSaveba [1-3].  

hidrodinamikuri maxasiaTeblebisaTvis gamoTvlilia turbulenturi 

moZraobis kritikuli mniSvnelobebi, wylis saSualo siCqareebisa da sadaw-

neo saknis simaRleebisaTvis  [3-5].                                                                                                                         

turbulenturi nakadis ganxorcielebis gziT tangencialuri baromemb-

ranuli procesis Teoriuli kvlevisaTvis gamoviyenoT reinoldsis ricxvis 

formula: 

 

Re
d


      (1)                                                                                  

                                              

sadac   sadawneo sakanSi siTxis saSualo siCqarea, d _ hidravlikuri dia-

metria,  _ siTxis kinematikuri siblante. 

ganvixileT wylis  nakadi, romlis kinematikuri siblantis koeficienti 

20 0C-ze  ν=1,004mm2/wm=1,004×10-6 m2/wm.  

formula (1)-Si hidravlikuri diametris saangariSod saWiroa sadawneo 

saknis sigane B, sigrZe l, simaRle h, Semavali kveTis farTi F B h  ;                                                                                    

hidravlikuri radiusi 
F

R


 ; sveli perimetri 2 2B h   ; Semavali        

wylis xarji Q h  ; cnobilia, rom kveTSi hidravlikuri diametri arawriu-

li kveTebisaTvis tolia 4d R  . garda amisa, saangariSo sidideebi iqneba 

gansxvavebuli sadawneo saknis simaRleebisaTvis.  

sadawneo saknis zomebia:  

sigane 346,5B  mm = 46,5 10 m;  

sigrZe 396I  mm = 96 10 m;  

simaRleebi: 1) 30,2h  mm = 0, 2 10 m; 2) 30,4h  mm = 0, 4 10 m;            

                           3) 30,6h  mm = 0,6 10 m; 4) 31h  mm =1 10 m.  

formula (1)-is mixedviT, cxrilSi moyvanilia Re ricxvi sadwneo sakanSi 

siTxis siCqareebisTvis: 1 m/wm, 1,19 m/wm, 1,5 m/wm, 2 m/wm, 3 m/wm, 4 m/wm, 5,5 m/wm, 6 

m/wm da Sesasvlel kveTSi wylis xarji Q .    
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cxrilis monacemebis mixedviT sadawneo sakanSi sxvadasxva simaRleebis-

Tvis turbulenturi reJimi myardeba siCqaris Semdegi mniSvnelobebisaTvis:  

1) 3  60,2h   mm = 0, 2 10 m/wm; 2) 3  30,4h   mm = 0, 4 10 m/wm;  

3) 3  20,6h   mm = 0,6 10 m/wm; 4) 3 191 1  ,h  mm =1 10 m/wm.  

naSromSi Teoriuli kvlevebis safuZvelze  gamokveTilia sadawneo sak-
nis Semavali kveTebisaTvis reinoldsis ricxvis kritikuli mniSvnelobebi,   
rac ganapirobebs turbulenturi nakadisaTvis gansxvavebuli sididis siCqa-
res. dadginda, rom turbulenturi moZraobisTvis sadawneo saknis Semavali 
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kveTis farTis mateba, ganapirobebs reinoldsis ricxvis kritikuli mniSvne-
lobis klebas, rac energoefeqturobis maCveneblis optimizaciis wina 
pirobaa. 
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SUMMARY 

THEORETICAL CHARACTERIZATION OF THE TURBULENT MODE OF WATER  
FLOW IN THE PRESSURE CHAMBER 

Bibileishvili G.V., Kufaradze L.P., Kezherashvili M.G., Gogesashvili N.N. and Ebanoidze L.O. 

Engineering Institute of Membrane Technologies of Georgian Technical University 

In order to obtain high-quality drinking water from natural waters, appropriate hydrodynamic characteristics 

were developed to ensure stable operating conditions and high performance of the membrane unit. It was 

determined that the increase in the inlet cross-sectional area of   the pressure chamber for turbulent motion leads 

to a decrease in the critical value of the Reynolds number, which is a precondition for the optimization of the 

energy efficiency index. 

Keywords: turbulent flow, velocity, baromembrane processes 
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bunebrivi, mtknari wylis nanofiltraciuli procesebis  kvlevis 

zogierTi sakiTxis adgilobrivi da saerTaSoriso mdgomareobis 

analizi 
 

bibileiSvili g.v., TananaSvili l.a., yufaraZe l.p., keJeraSvili m.g. 

 
saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 

instituti 

 
naSromSi ganxilulia adgilobrivi da saerTaSoriso patentebis buneb-

rivi, mtknari wylis nanofiltraciuli procesebis kvlevis, membranuli 
danadgarebis, safiltracio polimeruli membranebis Seqmnisa da  gamoyenebis 
zogierTi meTodi.      

Nanofiltration membrane and manufacturing method therefor [1] _ gamogoneba exeba 
nanofiltraciuli membranis Seqmnis meTods, romelic mzaddeba poliamiduri 
fisisgan, aqvs molekuluri wona 200_1000 Da da eTanolis SeRwevadobis siC-
qare 0,03 l/(m2·bar·sT) an meti. 

   gamogonebaSi _ Preparation method of nanofiltration membrane and nanofiltration 

membrane prepared by same [2] _ mocemuli meTodiT momzadebul nanofiltraciul 
membranas SeuZlia stabiluri muSaoba didi xnis ganmavlobaSi maRali 
warmadobis pirobebSi. 

gamogoneba _ Nanofiltration composite membranes comprising self-assembled supramo-
lecular separation layer [3] _ exeba nanofiltraciul (NF) kompoziciur membranebs, 
romelic Sedgeba minimum erTi polimeruli forovani sadebis  da   gamyofi 
fenisgan, romelic Sedgeba supramolekuluri molekulebisagan. aseTi memb-
ranebis gamoyenebiT SesaZlebelia mZime liTonis kaTionebis, araorganuli 
anionebisa da organuli mcire molekulebis gamoyofa/filtracia/gawmenda, 
romlebic uzrunvelyofen Rrmad gawmendil, kristalurad gamWirvale, ste-
rilur, maRalxarisxovani sasmeli wylis  miRebas. 

asimetriuli integraluri  PAEK  nanofiltraciis membranebi gankuTv-
nilia organuli gamxsnelebis nanofiltraciisTvis. maTi gamoyeneba  da 
momzadebis meTodebi warmodgenilia patentebSi [4,6]. 

gamogoneba [5] exeba polimeruli nanofiltraciuli membranebis damza-
debis meTods, romelic gankuTvnilia organuli mJavebis, spirtebis, sul-
fonuri mJavebis, sulfonatebis da susti fuZeebisagan SerCeuli naerTebis 
Semcveli siTxeebisTvis, dabali koncentraciebis da maRali temperaturis 
pirobebSi. 

Method for operating freshwater production device [7] _ exeba mtknari wylis 
misaRebi danadgaris muSaobis meTods, romelic SesaZlebels xdis gafil-
truli wylis stabiluri moculobisa da xarisxis SenarCunebas.  

gamogonebaSi _ A preparation method of poly(m-phenylene isophthalamide) hollow fiber 

nanofiltration membrane [8] _ warmodgenilia poli(m-fenilen izofTalamidis) Rru-
forovani,  boWkovani nanofiltraciuli membranis momzadebis meTodi. 

bunebrivi wylis gamwmendi membranuli filtraciis mowyobilobebi, 
wylis damuSavebis, bunebriv wyalSi Sewonili nawilakebisa da minarevebis 
mocilebis meTodebi nanofiltraciuli membranebis gamoyenebiT warmodge-
nilia patentebSi [9,10] 

amrigad, moZiebul adgilobriv da saerTaSoriso sapatento namuSev-
rebSi mimoxilulia bunebrivi, mtknari wylis miRebis polimeruli nanofil-
traciuli  membranebi, danadgarebi da  procesebi. kvlevis Sedegebma aCvena, 
rom poliamidis bazaze damzadebuli mikro-, ultra- da nanofiltraciuli 
membranebi  warmatebiT gamoiyeneba wylis safiltracio danadgarebSi, xasiaT-
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deba kargi satransporto TvisebebiT, eqsploataciis maRali temperaturiT, 
myari agebulebiTa da hidrofiluri bunebiT.  

ganxiluli adgilobrivi da saerTaSoriso sapatento namuSevrebi asa-
xavs bunebrivi wylebis damuSavebis dargobrivi specifikis arsebul mdgoma-
reobas msoflioSi da ganapirobebs institutSi mimdinare samecniero kvle-
vebisaTvis saTanado prioritetebis gamokveTas. 
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SUMMARY 

ANALYSIS OF LOCAL AND INTERNATIONAL SITUATION OF SOME RESEARCH ISSUES OF 

NATURAL FRESH WATER NANOFILTRATION PROCESSES 

Bibileishvili G.V., Tananashvili L.A., Kufaradze L.P. and Kezherashvili M.G. 

 Engineering Institute of Membrane Technologies of  GeorgianTechnical University 

The analysis of some issues of local and international patents for the research of natural, fresh water 

nanofiltration processes, membrane devices, the creation and use of filtering polymer membranes determines the 

consideration of the technologies and techniques created by local and international researchers for the scientific-

research works of the Institute, the basic technical level and prototypes. 

Keywords: membranes, filtration device, baromembrane processes, polymers. 
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borjomis mineraluri wylis sabados axali #132 WaburRilis qimiuri 

kvleva 0-1000 m siRrmis intervalSi 

 
SavguliZe n.a., afciauri l.g. 

 
saqarTvelos teqnikuri universiteti 

 
     
Sesavali  
saeqspluatacio resursebis raodenobis gazrdis mizniT, borjomis 

mineraluri wylis sabados teritoriaze ganxorcielda axali #132 Wabur-
Rilis burRviTi samuSaoebi da monitoringi. axali WaburRilis Seswavlis 
mizniT Catarda laboratoriuli kvlevebi da analitikuri Sefaseba burRviTi 
samuSaoebis yvela etapze, kerZod: wylis dinamiuri da statikuri done, 
temperatura, debiti da qimiuri Sedgeniloba. WaburRilis 0-1000 m gaburRvis 
procesSi, adgilze gaizoma wylis mineralizacia da temperatura. miRebuli 
Sedegebis safuZvelze, dadginda WaburRilis siRrmes, mineralizaciasa da 
temperaturas Soris kanonzomiereba, kvlevis Sedegebis mixedviT ganxorciel-
da WaburRilis wylis ZiriTadi maxasiaTeblebis korelaciuri statistikuri 
analizi, dadginda sakvlevi wylis kategoria da tipi. 

        
ZiriTadi nawili 
axali WaburRili #132-is gaburRvis adgilad (sur. 1 WaburRili #132 

burRvis procesSi) SerCeuli iqna borjomis mineraluri wylis sabados 
centraluri ubani, borjomis antiklinis CrdiloeTi frTa. WaburRili 
mdebareobs #1 Camomsxmeli qarxnis mimdebare teritoriaze, md. gujareTis 

wylis marjvena napirze (koordinatebi: X = 367338,545; Y = 4633222,447; simaRle 

zRvis donidan – 799,123 m) [1].    
#132 WaburRilis burRva daiwyo 2020 wels da burRvis procesSi 

nimuSebis aReba da kvlevebi ganxorcielda eqvs etapad:        

 I  etapi _ 16,5-165,0 m intervalSi;   

 II etapi _ 16,5-360,0 m intervalSi; 

 III etapi _ damatebiTi, gawmendiTi tumbva siRrmuli eleqtro tumbos 
meSveobiT, lulis videogadaRebisa da karotaJuli kvlevebisaTvis 
mosamzadeblad);  

 IV etapi _ 360,0-650,0 m intervalSi;  

 V etapi _ 360,0-800,0 m intervalSi; 

 VI etapi _ (damatebiTi, 360,0_800,0 m intervalis erliftiT gawmendis 

Semdeg) [1].      
2020_2022 wlebis periodSi, sacdeli amotumbvebis procesSi, sul aRebu-

li iyo ocdaori nimuSi. gamocdebi Catarda borjomis Camomsxmeli qarxnis da 
dg konsaltingis sagamocdo akreditebul laboratoriebSi. #132 WaburRilis 
wylis qimiuri kvlevebis Sedegebis Tanaxmad, 2020 wlis 31 agvistos aRebuli 
sinji (# 1/132) Tavisi SemadgenlobiT mtknari wylis tipisaa, romlisTvisac 
damaxasiaTebelia dabali mineralizacia, 500 mg/l. burRvis siRrme SemdgomSi 
135 m-mde gaizarda, Sesabamisad moimata amotumbuli wylis mineralizaciamac 
da Seadgina 1,3-1,6 g/l. 2020 wlis dekembridan WaburRilis siRrme gaizarda 
360 m-mde. 4 dekembers aRebuli nimuSis (#4/132) saerTo mineralizacia Sead-
genda 1159 mg/l, hidrokarbonati _ 695,4 mg/l (80,79 mg-eqv %), xolo natriumis 
Semcveloba _ 340 mg/l (96,03 mg-eqv %). amave wlis 5 dekembers aRebuli 
nimuSis (#5/132) mineralizacia Seadgens 1182,12 mg/l, hidrokarbonati _ 768,6 
mg/l (87,62 mg-eqv %), xolo natriumis Semcveloba _ 320 mg/l (94,79 mg-eqv %). 6 
dekembers aRebuli nimuSis (#6/132) mineralizaciaa 1217,03 mg/l, 
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hidrokarbonatis Semcvelobaa _ 832,65 mg/l (90,21 mg-eqv %), xolo natriumis 
Semcveloba _ 320 mg/l (94,99 mg-eqv %). amis Semdgom, wylis mineralizacia 
sakvlevi WaburRilis siRrmis matebasTan erTad imatebda da daaxloebiT 2 
g/l-s gautolda. savaraudoa, rom sakvlev intervalSi (360_650 m) 
gamovlenili miwisqveSa wylebi, borjomis dabalmineralizebuli mineraluri 
wylebis tips miekuTvneba (hidrokarbonatul-natriumiani mineraluri wyali, 
2_4 g/l mineralizaciiT).  borjomis #132 WaburRilis 360_800 m intervalis 
farglebSi, 2021 wlis 20 marts aRebuli nimuSis  (#12/132, siRrmuli sinji 
764 m simaRlidan) saerTo mineralizacia Seadgenda 4 950 mg/l-s, 
hidrokarbonati _ 3 254 mg/l (86,74 mg-eqv %), xolo natriumis Semcveloba _ 1 
351 mg/l (95,59 mg-eqv %). 20 marts aRebuli nimuSis (#13/132, siRrmuli sinji 
758 m simaRlidan) mineralizaciaa 5 236,0 mg/l, hidrokarbonati _ 3425,0 mg/l 
(86,22 mg-eqv %), xolo natriumis Semcveloba – 1438,6 mg/l (96,13 mg-eqv %).    

2023 wlis TebervalSi #132 WaburRilze burRviTi samuSaoebi kvlav  
gagrZelda da misi siRrme gaizarda 1000 m-mde. WaburRilze ganxorcielda re-
cxviTi samuSaoebi 72 saaTis ganmavlobaSi. 21 Tebervals aRebuli nimuSis 
mineralizacia iyo 5074 mg/l. hidrokarbonatis Semcveloba _ 3355 mg/l (87,17 
mg-eqv %), xolo natriumis _ 1385 mg/l (95,56 mg-eqv %). ganxiluli nimuSebis  
qimiuri maxasiaTeblebis safuZvelze SesaZlebelia vivaraudoT, rom sakvlev 
intervalSi (800-1000 m) amotumbuli miwisqveSa wylebi, borjomis  mineraluri 
wylebis tips miekuTvneba  (hidrokarbonatul-natriumiani mineraluri wyali, 

5_7,5 g/l mineralizaciiT)  [2,3].       
eqsperimentuli kvlevebis safuZvelze, borjomis tipis mineralur 

wylebSi korelaciis [4] maRali xarisxiT gamoirCeoda Semdegi wyvilebi: hid-
rokarbonati da natriumi, mineralizacia da hidrokarbonati (diagrama1 da 2)   

 
 

 
 

diagrama 1. mineralizaciasa da hidrokarbonats Soris korelaciis diagrama  
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diagrama 2. natriumsa da hidrokarbonats Soris korelaciis diagrama 

 
 
#132 WaburRilis burRvis procesSi ganxorcielebuli kvlevebis 

safuZvelze SeiniSneboda garkveuli kanonzomierebebi, kerZod, WaburRilis 
siRrmis matebasTan erTad wylis saerTo mineralizacia sagrZnoblad 
imatebda (diagrama 3).  

 

 
 
 

diagrama 3. #132 WaburRilis siRrmis da mineralizaciis damokidebulebis grafiki  
 
 

daskvna 
axali #132 WaburRilis burRvis procesSi ganxorcielebuli qimiuri 

kvlevebis safuZvelze SeiZleba gakeTdes Semdegi daskvnebi:  

1.  #132 WaburRilis wyali miekuTvneba hidrokarbonatul natriumiani 
mineraluri wylis kategorias, borjomis tips.  

2. Catarebuli korelaciuri statistikuri analizis mixedviT 
korelaciis maRali xarisxiT xasiaTdeba Semdegi wyvilebi: hidrokarbonati 
da natriumi, mineralizacia da hidrokarbonati. 
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3. WaburRilis lulis 780 m-mde ganlagebulia dabisxevis qvewyebis nale-
qebi da am naleqebidan miRebulia mxolod dabalmineralizebuli (2_4 g/l-mde), 

,,borjomis’’ tipis mineraluri wyali.       
4. 780 m-is qvemoT qveda paleocenuri asakis naleqebidan miRebulia 

maRalmineralizebuli (4–5 g/l) ,,borjomis’’ tipis mineraluri wyali.    
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SUMMARY  

CHEMICAL ANALYSIS OF BORJOMI MINERAL WATER FROM A NEW  

WELL NO.132 AT A DEPTH RANGE OF 0 – 1000 M   
Shavgulidze N.A. and Aptsiauri L.G.     

Georgian Technical University    

The article describes the stages of the process of drilling the central mineral new well No. 132 of the Borjomi 

mineral water deposit, the results of the chemical analysis of the mineral water obtained from the well and their 

analysis, and the category and type of water of the developed research well. The relevance of the mentioned 

issues is due to the increase of exploitation resources of the Borjomi mineral water deposit. 

Keywords: Borjomi mineral water deposit, mineral water, mineral water resources, chemical composition, 

mineralization, water category, and type, correlation.  
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nitrat-ionebisagan wylis gawmendis zogierTi meTodis Sesaxeb 
 

qozaSvili T.i., murjikneli g.g., tomaraZe o.k., stefnaZe i.s. 
 

saqarTvelos teqnikuri universiteti 
       
wyali sasicocxlo mniSvnelobis bunebrivi resursia cxovelTa samya-

ros da mcenareuli safaris arsebobisaTvis. magram amis miuxedavad, gar-
kveuli mizezebis gamo, wylis resursebis didi nawili dabinZurebulia. 
wylis dabinZureba safrTxes uqmnis adamianebs, cxovelebs da ekosistemebs 
mTel dedamiwaze. 

wyali unda iyos absoluturad sufTa. is ar unda Seicavdes sxvadasxva 
momwamlav nivTierebebs. masSi ar unda iyos qlori da organuli naerTebi, 
agreTve mZime metalebis marilebi, nitratebi, nitritebi, mavne organuli 
nivTierebebi da sxv. 

imis mixedviT, Tu riTia dabinZurebuli wyali, man SeiZleba sxvadasxva 
saxis dazianeba gamoiwvios. qimikatebiT dabinZureba Camdinare wylebiT xdeba, 
rac gamowveulia nedleulis mompovebeli maRaroebis narCenebiT gaJonvis 
Sedegad. 

Camdinare samrewvelo wylebi Seicavs uamravi dasaxelebis organul da 
araorganul qimiur nivTierebas, ris gamoc maTgan wylis gasufTavebis 
universaluri meTodebi ar arsebobs. amitom Camdinare wylebSi imisda 
mixedviT ra nivTierebebia gaxsnili da ra koncentraciiT, irCeven gawmendis 
sxvadasxva meTodebs konkretuli SemTxvevisaTvis [1-4]. 

garemos dabinZurebis erT-erTi mniSvnelovani wyaroa nitratebi, 
romlebsac sasuqebi Seicavs. isini adamianebis sasoflo-sameurneo aqtivobis  
toqsikuri komponentebia, romelic organizmSi garda sakvebi produqtebisa, 
SeiZleba sasmeli wyliTac moxvdes. nitratebis dasaSvebi norma wyalSi           
45 mg/l-ia. 

wylis gasawmendad nitratebisagan gamoiyeneba ori ZiriTadi meTodi: 
ukuosmosi da ionuri mimocvla.  
 
 
 
 
 
 
                                   
 
 
 
 

                             
                                         
 
 
                                                   wylis nakadis mimarTuleba                               

 
nax. 1. wylis gafiltvra naxevradgamWvirvale  membraniT 

 
 
ukuosmosis SemTxvevaSi xdeba wylis gafiltvra naxevradgamWvirvale 

membraniT (nax.1). azotmJavas marilebis molekulebi zomiT aRemateba wylis 
molekulebs da amitom ver aRweven membranaSi. filtraciis Semdeg isini sxva 

უკუოსმოსი 
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damabinZureblebTan erTad iRvreba drenaJSi. aseTi meTodiT xdeba wylis 
gawmenda 99 %-iT. ukuosmosis sistemebs aqvT SedarebiT mcire gabaritebi. 
filtrebad am SemTxvevaSi gamoiyeneba membranuli gadamketebi. am meTodiT 
praqtikulad xdeba yvela elementebis mocileba, garda azotmJavasi, sulfi-
tebis, qloridebisa da hidrokarbonatebis. amasTan gamosasvlelze miiReba 
praqtikulad sufTa wyali.  

unda iTqvas, rom aRniSnul mowyobilobas aqvs maRali fasi. Tumca am 
dros SeiZleba gamoviyenoT mcire gabarituli danadgari, romelic ram-
denjerme mcire Rirebulebis iqneba, magram am SemTxvevSi saWiroa meti yurad-
Reba mivaqcioT filtrebis droulad gamocvlas.  

arsebiTia aRiniSnos, rom organuli nivTierebebis mniSvnelovani mate-
bis drosac ki filtrebi asufTaveben wyals saWiro donemde. 

nitratebis mosacileblad gamoiyeneba aseve ionuri mimocvlis mowyobi-
loba, sadac gacvla xdeba gacvliTi (nitroorientirebuli) fisis saSuale-
biT. kaTioniti urTierTqmedebs nitrationebTan nitratTan wyalSi da cvlis 
maT natriumis aramavnebeli ionebiT (nax.2). 

am mowyobilobis ZiriTadi dadebiTi mxarea misi efeqturoba. nitro-
orientirebul fisebi isea mowyobili, rom isini asufTaveben wyals Ziri-
Tadad nitratebisagan, xolo organizmisTvis sasargeblo marilebi da mikro-
organizmebi rCeba wyalSi. gasufTavebis procesi mimdinareobs avtomaturad. 
es mowyobiloba ufro xelmisawvdomia Sebrunebuli osmosis mowyobilobeb-
Tan SedarebiT. 

 
 

 
 

nax. 2. ionuri mimocvlis mowyobiloba 
 
 
filtraciis ama Tu im sistemis dayenebisas pirvel rigSi aucilebelia 

gakeTdes wylis qimiuri analizi. Tu nitratebis garda wyalSi ar aRmoCndeba 
janmrTelobisaTvis sxva saSiSi nivTierebebi, gamoiyeneba ionuri gacvlis 
sistemas. 

im SemTxvevaSi, Tu organuli SenaerTebis done didad aRemateba normas 
da nitratebis garda siTxeSi aRmoCndeba sxva SenaerTebi, magaliTad rkina, 
maSin ukuosmosis sistema gacilebiT efeqturia. 

wylis gawmenda nitratebisagan mniSvnelovania, radgan sasoflo-sameur-
neo kulturaTa morwyvis Sedegad nitratebi SeiZleba moxvdes sakveb produq-
tebSi, amis gamo mniSvnelovania nitratebis gansazRvra. 

Cvens mier SemuSavebulia sakveb produqtebSi nitrat-ionebis gansazRv-
ris xelsawyo, romelic saSualebas iZleva vawarmooT nitrat-ionebis koncen-
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traciis kontroli, raTa mosaxleobas miewodos janmrTelobisaTvis usafr-
Txo produqti [5]. 

amrigad, wylis gawmenda da misi kontroli uaRresad mniSvnelovania. 
aRniSnuli makontrolebeli xelsawyo warmatebiT SeiZleba gamoyenebuli 
iqnes kvebis mrewvelobaSi, soflis meurneobaSi da sxv.   
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SUMMARY 

ON SOME METHODS OF WATER PURIFICATION FROM NITRATE IONS 

Kozashvili T.I., Murdzhikneli G.G., Tomaradze O.K. and Stepnadze  I.S.     

Georgian Technical University                                                                  
The methods of water purification from nitrate ions are discussed. A device for monitoring the nitrate ion has 

been developed. 

Keywords: water, nitrate, cleaning methods. 
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saydrisis sabados madnis gamdidreba flotaciuri meTodiT 

 

geleiSvili i.T., demetraZe m.b., bagrationi n.j. 
 

saqarTvelos teqnikuri universiteti 
 
feradi da keTilSobili liTonebis Semcveli madnebis, saydrisis 

sabado, mdebareobs saqarTvelos samxreT-aRmosavleT nawilSi, Tbilisidan 70 
km manZilze da ganTavsebulia saydrisis mTis kalTebze. 

kvlevebs daeqvemdebara saydrisis sabados madnis nimuSi, romelic 
xasiaTdeboda Semdegi qimiuri SemadgenlobiT (%): SiO2 – 88,65; Al2O3 – 1,65; Fe –

4,56; S – 3,23; MgO – 0,21; GaO – 1,08; Gu – 0,5; Zn – 0,12; Au – 1,75 g/g; Ag – 4,43 g/g. 

madnis nimuSic mineralogiuri analizis Tanaxmad, romelic  ganxor-
cielda „Comebax~-is firmis (safrangeTi) eleqtronuli mikroskopis 
meSveobiT, dadgenil iqna, rom madnis nimuSSi arsebuli: – madneuli minera-
lebi warmodgenilni  arian,  piritiT (~5 %), qalkopiritis (~1,5 %), sfaleri-
tiT (~0,2%), xolo aramadneuli mineralebi, kvarciT (~ – 89%) da Tixana-
revi garsiT (~5_7%) ~ keTilSobili liTonebis (oqro da vercxli) mniSvne-
lovani nawili asocirebulia sulfiduri mineralebis struqturebSi, wvril-
dispersuli (1_10 mikroni) da submikroskopuli (0,1_0,5 mikroni) marcvlebis 
saxiT.  oqrosa da vercxlis nawilakebis zedapirebi ekranirebulni arian 
sulfiduri mineralebiT. keTilSobili liTonebis garkveuli nawili war-
modgenilia Tavisufali saxiT.  

imis dadgenis mizniT, Tu rogoria raodenobrivi Tanafardoba, aso-
cirebul da Tavisufali saxiT arsebul keTilSobil liTonebs Soris, jer  
ybebian samsxrevelaSi 5 mm zomis natexebad da Semdeg faifuris burTulebian 
wisqvilSi 0_74 mikronis marcvlebad dafquli madnis nimuSi, testur reJimSi  
daeqvemdebara pirdapiri cianiduri gamotutvis process.  

madnis nimuSis granulometruli Semadgenloba da masSi arsebuli 
keTilSobili liTonebis raodenobrivi ganawileba moyvanilia cxr. 1-Si.  
 
     cxrili 1. madnis nimuSis granulometruli Semadgenloba da masSi 
        arsebuli keTilSobuli liTonebis raodenobrivi ganawileba 

 
fraqciebi, mm gamosavali, % Semcveloba, g/g ganawileba, % 

    

0,074 + 0,044 10,6 0,185 0,469 11,2 10,3 

0,044 + 0,02 24,4 0,427 1,062 20.8 25,4 

0 002 + 0 65,0 1,138 2,879 78,0 64,3 

  1,75 4,43 100,0 100,0 

 
madnis dafquli nimuSis (250 gr), kiris rZis (0,5 %) da natriumis  

cianidis (0,1 %) wyalxsnarebis urTierTSerevis Sedegad miRebuli suspenzia, 
romelSic myari da Txevadi fazebis Tanafardoba Seadgenda 1:4, xolo sus-
penziis pH-is maCvenebeli 10,0_10,5 ganTavsebul iqna cilindruli minis 
WurWelSi. keTilSobili liTonebis, cianiduri gamotutvis procesi mimdi-
nareobda 24 sT xangrZlivobiT, mudmivi morevisa da aeraciis pirobebSi, rac 
uzrunvelyofili iyo difuzoruli tipis sareveliT, romlis brunTa ricxvi 
Seadgenda 300 br/wT. madnis nimuSis cianiduri gamotutvis procesis kineti-
kuri maxasiaTeblebi warmoadgenilia cxr. 2-Si. 
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cxrili 2. madnis cianiduri gamotutvis procesis kinematikuri maxasiaTeblebi 
 

 

 

№ 

nedleulis dasaxeleba Semcveloba, 
% 

oqrosa da vercxlis xsnarSi amoRebis 
xarisxobrivi maCveneblebis 

Tanafardoba, % 
Au Ag procesis xangrZlivoba, sT 

6,0 12,0 18,8 24,0 

1 sayrdrisis sabados madani 1,75 4,43 197 26,8 33,1 35,5 

2 marcvlebis zoma 0_74 
mikroni 

  15,4 22,9 29,7 30,1 

 
                                  
zemoT warmodgenili kvlevebis Sedegebidan gamomdinare dadgenil iqna, 

rom: 
_ madanSi arsebuli keTilSobili liTonebis saerTo raodenobis 

(65_70%) miuxedavad misi maRali xarisxiT dafqvisa, ekranirebulia sulfi-
duri mineralebiT, Sesabamisad izolirebulia cianmarilisa da Jangbadis di-
fuziuri procesebisagan da aqedan gamomdinare ar eqvemdebareba cianiduri 
gamotutvis process; 

_ madanSi arsebuli keTilSobili liTonebis 30_35 % warmodgenilia 
Tavisufali saxiT da Sesabamisad eqvemdebareba cianiduri gamotutvis pro-
cess; 

_ saydrisis madnis pirdapiri cianirebis procesi araefeqturia da xa-
siaTdeba keTilSobili liTonebis amoRebis dabali xarisxobrivi maCveneb-
lebiT; 

_ saydrisis sabados madani xasiaTdeba feradi da keTilSobili liTo-
nebis, sulfiduri mineralebis struqturebSi rTuli ganlagebiT da 
Sesabamisad ganekuTvneba teqnologiurad mdgradi nedleulis kategorias.  

aseTi rTuli Semadgenlobis mqone nedleulis gamdidrebis mizniT, 
arCevani SeCerda koleqtiuri flotaciis meTodze, romelic uzrunvelyofs 
feradi da keTilSobili liTonebis amoRebis maqsimaluri teqnologiuri ma-
veneblebis miRebas da iZleva, maTi erT produqtSi akumulirebis saSualebas. 

madnis nimuSis, flotaciuri meTodiT gamdidrebis procesis Seswavla 
da optimaluri reJimis dadgena, ganxorcielda ФЛ-189 tipis laboratoriuli, 
meqanikuri, flotaciuri manqanis gamoyenebiT, romlis kameris moculoba 
Seadgenda 100 mm3. 

koleqtiuri flotaciis process daeqvemdebara dafquli madnisa (0_74 
mikroni) da wylis urTierTSereviT miRebuli suspenzia, romelSic myarisa da 
Txevadi fazebis Tanafardoba Seadgenda 1:4. aRniSnuli suspenziis nimuSi, 
Tavsdeboda flotomanqanis kameraSi, romelSic uzrunvelyofili iyo mudmivi 
moreviTa da aeraciiT. flotaciis procesis sxvadasxva stadiaze (ZiriTadi 
flotacia, sakontrolo flotacia da gadamwmendi operacia) reagentebis 
Semcveli wyalxsnarebis sxvadasxva raodenobebi. 

flotaciis procesSi, Seswavlil iqna Semdegi reagentebis gavlena mi-
Rebul koncentratebSi oqrosa da vercxlis amoRebis xarisxobriv maCveneb-
lebze.   

madnis flotaciuri gamdidrebis procesSi Seswavlil iqna Semdegi 
reagentebi: 

1. kaliumisa da buTilis qsantogenati (kbq) C5H9OS2K – gamoiyeneba, 
rogorc Semkrebi reagenti feradi liTonebis madnebis flotaciuri gam-
didrebis procesSi.  

2. alkil diTiofosfati (ad) C3H18Na2OPS2 – gamoiyeneba, rogorc Semkre-
bi reagenti oqrosSemcveli madnebis flotaciuri meTodiT gamdidrebis pro-
cesSi [1,2]. 
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3. naZvis eTerzeTi T-80, gamoiyeneba rogorc qafwarmomqmneli reagenti 
feradi da keTilSobili liTonebis madnebis flotaciuri meTodiT gamdid-
rebis procesSi. 

flotaciis procesis yoveli stadiis Sedegad miRebuli produqtebi  
eqvemdebarebodnen qimiur analizs. madnis nimuSis koleqtiuri flotaciuri  
meTodiT gamdidrebis procesis kvlevis laboratoriuli Sedegebi warmodge-
nilia cxr. 3-Si. 

 
cxrili 3. madnis nimuSis flotaciuri meTodiT gamdidrebis ZiriTadi Sedegebi 
 
№ miRebuli 

produqti 
reagentebis 
xarji, g/g 

koleqtiur koncentratSi 
liTonebis Semcveloba 

amoRebis 
xarisxi, % 

Cu,% Zn,% Au, g/g Ag g/g Au Ag 

1 koleqtiuri 
koncentrati 

kbq - 120 
T-80-25 

2,5 
 

0,5 
 

7,2 
 

18,5 89,6 86,2 

2 koleqtiuri 
koncentrati 

nbd - 100 
T-80-25 

2,7 
 

0,6 
 

7,6 24,1 92,1 88,4 

3 koleqtiuri 
koncentrati 

kbq + kd = 
1:1 – 120 
T-80-35 

3,0 0,73 8,1 26,6 95,7 93,5 

  
 
cxr. 3 warmodgenili Sedegebis Tanaxmad, flotaciis procesSi feradi 

da keTilSobili liTonebis koncentratSi amoRebis yvelaze maRali maCveneb-
lebi miiReba, roca reagentebad gamoyenebulia kaliumis adabutalis qsanto-
genatisa da alkil-diTiofosfatis nerevi 1:1 proporciiT da 120 g/t  koncen-
tracii. rac Seexeba T-80, misi optimaluri xarji Seadgens 35 g/g.  

saydrisis sabados madnis flotaciuri meTodiT gamdidrebis optima-
luri procesis Sedegad miRebuli koleqtiuri koncentrati xasiaTdeba Sem-
degi qimiuri SemadgenlobiT (%): SiO2 _ 3947; Al2O3 _ 8,48;  Fe _ 27,38;  MgO _ 0,69; 

CaO _ 0,9;  S _ 19,4; Cu _ 3,0; Zn _ 0,73; Au _ 8,1 g/g; Ag _ 26,6 _. 

feradi da keTilSobili liTonebis koleqtiur koncentratSi amoRebis 
xarisxobrivi maCveneblebia: Cu – 96,7%; Zn – 92,3%; Au – 95,7; Ag – 93,5%.  

amgvarad, saydrisis madnis flotaciuri meTodiT gamdidrebis proce-
sis Sedegad miRebulia koleqtiuri koncentrati, romelic xasiaTdeba masSi 
amoRebuli feradi da keTilSobili liTonebis maRali xarisxobrivi maCveneb-
lebiT.  

koleqtiuri koncentratis kompleqsuri teqnologiuri sqemis damuSave-
bis mizniT, ganxorcielebuli kvlevis Sedegebi warmodgenili iqneba momdevno 
publikaciebSi.  
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SUMMARY 

ENRICHMENT OF SAKDRISI ORE BY FLOTATION METHOD 

Geleishvili I.T., Demetradze M.B. and Bagrationi N.J. 

Georgian Technical University 

Thus, as a result of the enrichment process of Sakdrisi ore by the flotation method, a collective concentrate is 

obtained, which is characterized by high quality indicators of non-ferous and noble metals extracted from it. 

Keywords: flotation method, Sakdrisi ore. 
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saerTo ionis efeqtis kvleva susti mJavas wonasworul xsnarSi 

 

berZeniSvili i.g., razmaZe m.T, geliaSvili z.e., jiqiZe q.k. 
 

saqarTvelos teqnikuri universiteti 
 

saerTo ionis efeqti wonasworul xsnarebSi erT-erTi saintereso da 
mniSvnelovani aspeqtia qimiasa da sxva iseT dargebSi, romlebic mWidro 
kavSirSia qimiur wonasworobasTan. saerTo ionis efeqti aRwers ionis 
moqmedebas nivTierebis xsnadobis wonasworobaze. es Cveulebrivi movlenaa 
qimiur analizsa da mas gansakuTrebuli gavlena aqvs marilebis xsnadobisa 
da daSlis siCqareebze [1-3].  

amasTan erTad aRsaniSnavia, rom saerTo ionis efeqtis principi niSnavs 
erTi eleqtrolitis ionizaciis daTrgunvas sxva e.w. erTsaxeliani ionis 
Semcveli eleqtrolitis damatebisas. bunebrivia, rom saerTo kationis an 
anionis damateba cvlis xsnadobis wonasworobas le-Satelies principiT 
prognozirebadi mimarTulebiT; Sedegad, nebismieri Znelad xsnadi marilis 
xsnadoba TiTqmis yovelTvis mcirdeba xsnadi erTsaxeliani ionis Semcveli 
marilis Tanaobisas [2,3]. 

saerTo ionis efeqti ilustrirebulia Semdegi magaliTiT (sur. 1). 
 
  

 
 

sur. 1. saerTo ionis efeqti: AgCl  & NaCl  
 

suraTidan Cans, rom AgCl -is xsnadoba ufro maRalia wyalSi, vidre 

saerTo ionis Semcvel xsnarSi.    
naSromi eZRvneba ZmarmJavas disociaciis mdgomareobis wanacvlebis 

kvlevas xsnarSi erTsaxeliani ionebis Setanisas. xsnaris eleqtruli gamta-
robisa da saerTo ionis efeqtis Taviseburebebis Seswavla, aseve Tanmdevi 
procesebis modelireba ganxorcielda Cven mier specialurad agebuli xel-
sawyos saSualebiT (sur. 2).  

siTxe atarebs dens, mxolod maSin, Tu igi Seicavs ionebs _ am 
SemTxvevaSi xelsawyos naTura ainTeba. ZmarmJava susti eleqtrolitia da 
eleqtrul dens atarebs mxolod Zlieri ganzavebisas. 

Tu 3CH COOH -is xsnars davumatebT 3CH COONa   natriumis acetats, 

maSin le-Satelies principis Tanaxmad, ZmarmJavas disociaciis Seqcevadi 
procesis wonasworoba inacvlebs marcxniv:   
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Sedegad  

3H O    ionTa koncentracia mcirdeba 
31,3 10 -dan 51,8 10 -mde), 

naTura qreba, xsnaris pH izrdeba (2,89-dan 4,74-mde) anu disociaciis xarisxi 

(%) mcirdeba. disociaciis %
 

 
3

3

100%dissoc

imit

CH COOH

CH COOH
     

 
 

 
 

sur. 2. demonstraciuli eqsperimenti: 0,1 3CH COOH  xsnaris  

eleqtruli gamtarobis kvleva 
 
amrigad, Catarebuli eqsperimentebi cxadyofs, rom natriumis acetatSi 

Semavali acetatis damatebiTi ionebi ZmarmJavas ionizacias axSobs wonaswo-
robis marcxniv wanacvlebiT. eqsperimentebis aseTi seria dRes aqtualuria 
buferul menejmentSi. 

   
literatura 
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SUMMARY 

STUDY OF THE COMMON ION EFFECT IN THE EQUILIBRIUM SOLUTION OF A WEAK ACID 

 Berdzenishvili I.G., Razmadze M.T., Geliashvili Z.E. and Jikidze K.K. 
Georgian Technical University 

The work is devoted to the study of the common ion effect in the equilibrium solution of a weak acid. To study 

the electrical conductivity of the acetic acid solutions, the features of the common ion effect and the modeling of 

the accompanying processes special device was constructed. This common ion effect is considered as one of the 

factors that affects solubility of substance in a reacting system. Such a series of experiments is relevant today in 

buffer management. 

Keywords: common ion effect, equilibrium, shift, solution, weak acid, solubility.  
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Rvinoebis polimeruli naerTebis Sedgenilobis qromatografiuli 

kvleva 

 

SaTiriSvili S.i., CxartiSvili n.n. 
 

saqarTvelos teqnikuri universiteti 
 
Rvinis daZvelebis procesSi warmoqmnili rTuli polimeruli naerTe-

bis (leqebis) Seswavla sainteresoa Rvinis daZvelebis meqanizmis kvlevis 
TvalsazrisiT, ramdenadac es naerTebi warmoadgenen sxvadasxva stadiebze 
mimdinare didi raodenobis qimiuri da biologiuri procesebis saboloo 
produqts. 

Rvinoebis leqebis Sesaswavlad Cvens mier gamoyenebuli iyo pirolo-
zuri koreliaciuri qromatografiis, sacruli qromatografiisa da birTvul-
magnituri rezonansis speqtometriis meTodebi [1,2].  

saanalozod aRebuli gvqonda xuTi dasaxelebis Rvino „kaxeTi“, 
„gurjaani“, „warafi“, „tibaani“ da „saferavi“. kvlevis ZiriTadi obieqtebi iyo 
aRniSnuli Rvinoebis maRalmolekuluri organuli komponentebi. 

eqsperimentis didi nawili Catarebul iqna avtomatizirebul danadgar-
ze pirolizuri korelaciuri qromatografiis gamoyenebiT, egm-ze gazomvis 
Sedegebis sruli damuSavebisas. yvela SemTxvevaSi gamoyenebuli iyo 
karbovaqs _ 20MiT  Sevsebuli 15m X 0,5 mm zomis foladis kapilaruli sveti. 
yvela nimuSidan vRebulobdiT  monacemTa 7 grafiks, romelic moicavda pir-
dapir da Sebrunebul organzomilebian qromatogramebs, pikebis maqsimumis 
kveTis proeqciebs naxevarsimaRleze da yvelaze didi ZiriTadi pikis maqsi-
mumis mimarT, TiToeuli jgufis pikebis zedapirebis maqsimumsa da qromatog-
ramaze pikebis jamur zedapirs. 

miRebuli korelaciuri qromatogramebi gviCvenebs, rom rac Zvelia 
Rvino miT ufro rTulia miRebuli qromatografiuli proeqciebi. amasTan 
erTad, SeiniSneba yurZnis jiSze leqis Sedgenilobis damokidebuleba. Rvino 
„tibaanis“ leqis tipiuri korelaciuri qromatograma mocemulia nax. 1-ze. 

 

 
nax.1.  Rvino „tibaanis“ korelaciuri qromatograma 
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Rvinis safuvrebis biomasis molekulur-masuri maxasiaTeblebis Sefa-
seba sacruli gel-gamWoli qromatografiiT damyarebulia sxvadasxva mole-
kuluri masis mqone makromolekulebis dayofaze gamxsnelis nakadSi forian 
sorbentze. 

analizi tardeboda ultraiisferi deteqtoriT aRWurvil Txevad qro-
matografze „speqtra fiziksi“. sorbrntad gamoyenebul iyo `PL – gel~, forebis 
sididiT 100A da `mikrogeli“ 103, 104 A. svetis zomebi iyo 5 X 50 mm. eluenti 
_ qloroformi. miRebul qromatogramebs gaaCniaT rTuli biomodeluri 
xasiaTi, rac mowmobs leqebSi 10_500 aTsi, oligomelur nawilSi 2_10 aTasi da 
dabalmolekulur SemadgenlebSi 200-dan 2000-mde molekuluri masis mqone 
nivTierebebis arsebobas (cxrili). 

                                                                                                                                                                                     
                          leqebis saSualo molekuluri masebi 

 

   
birTvul-magnituri rezonansis speqtometriis analizis Casatareblad 

sacdeli nimuSebi (leqebi) ixsneboda deiterirebul WianWvelmJavaSi. birT-
vul-magnituri rezonansis speqtri gadaRebul iqna 2000 mhc-ze, firma 
„briukeris“ speqtrometrze CXP – 200 (nax.2).  

 

 
 

 
nax. 2.  Rvino „kaxeTis“  leqis birTvul-magnituri rezonansis 

qromatograma 
 
 
speqtrSi garda gamxsnelisa _ COH    δ = 8,24 m.e. da _ COOH      δ = 10,61 m.e. 

didi gaZlierebiT Cans alifaturi protonebis signalebic 4,5_3,8 m.e. diapa-
zonSi, romlebic damaxasiaTebelia JangbadTan an hidroqsilis jgufTan 
SeerTebuli OH da CH2 jgufebisaTvis -CH_O_C; CH2_O_C; _CH_OH; CH2OH. sig-
nalebis saerTo xedi damaxasiaTebelia Saqrebis klasis naerTebisTvis. 

saSualo molekuluri sidide Rvinis nimuSebi 

tibaani saferavi gurjaani 

MW 31749 

 

4431 15948 
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gaugebaria intensiuri singleturi signalebi 4,97 m.e. gamokveTilia agreTve 
susti pikebi 3,4 da 2,8 m.e. SedarebiT damaxasiaTebeli struqturebi, rom-
lebsac pasuxoben es signalebi mocemulia speqtris suraTze. 
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SUMMARY 

CHROMATOGRAPHIC STUDY OF THE COMPOSITION OF POLYMERIC 

 COMPOUNDS OF WINES 

Shatirishvili Sh.I. and Chkhartishvili N.N. 

Georgian Technical University 

The work deals with the study of the composition and structure of wine sediments by pyrolysis correlation 

chromatography, sieve chromatography, and nuclear magnetic resonance spectrometer. Data on their molecular 

mass and functional groups are obtained. 

Keywords: sieve chromatography, pyrolysis chromatography, sediments. 
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fenolkarbonmJavebis gansazRvra RvinoebSi Txelfenovani 

qromatografiis meTodiT, gamosavali sinjis winaswari dacilebiT 

 

SaTiriSvili S.i., kilaZe m.T., SaTiriSvili i.S. 
 

saqarTvelos teqnikuri universiteti 
 
rogorc cnobilia, fenolkarbonmJavebi arsebiT gavlenas axdenen Rvi-

nomasalebis xarisxis formirebaze, Rvinis gemoze, buketsa da ferze. 
RvinomasalebSi fenolkarbonmJavebis gansazRvris analizis qromatog-

rafiuli meTodebi gamoyenebul iqna samuSaoSi [1]. Tumca Sedgenilobis 
sirTulis gamo, pirdapiri gansazRvrebi yovelTvis ar iZleva dadebiT 
Sedegs. amitom mizanSewonilia sakuTriv qromatografiul analizs ama Tu im 
formiT waumZRvaroT Rvinomasalebis an Rvinoebis sxvadasxva molekuluri 
masis fraqciebaT sinjis winaswari dayofis operacia [2]. Cvens SemTxvevvaSi 
maRali molekuluri masis naerTebis winaswari dacileba xorcieldeboda 
ultrafiltraciis meTodiT, xolo fenolkarbonmJavebis dayofa xdeboda 
maTi tute hidrolizis Semdeg.  

fenolkarbonmJavebis gansazRvris meTodika mdgomareobda SemdegSi: 
20ml moculobis Rvinis sinjis dayofas vaxdendiT ultrafiltraciisTvis 
gankuTvnil Cveulebriv danadgarze „Владипор» УАМ-50 tipis menbranebis 
gamoyenebiT. gafiltruli xsnari Tavsdeboda perodqsiduli minis sinjaraSi, 
romlis boloc winaswar iyo gaWimuli. Rvinis aqrolad nawils vaor-
TqlebdiT azotis nakadSi. vamatebdiT 20 ml marilmJavas 2N xsnars, sinjaras 
vCrCilavdiT da vaxdendiT hidrolizs 30 wuTis ganmavlobaSi 100 0C tempera-
turaze. hidrolizati civdeboda da gadaqvqonda mixexil sacobian ZabrSi. 
hidrolizatidan fenolkarbonmJavebis eqstragirebas vaxdendiT samjer 
dieTileTeris mcire ulufebiT (25 ml). miRebuli eqstraqti koncentrir-
deboda aorTqlebiT, xolo naSTi ixsneboda 1 ml acetonSi.  

 
 
 
 
  
 
 
 

 
 
 
 

 
 

RvinoSi „nafareuli“ densitometriuli monacemebiT miRebuli 
fenolkarbonmJavebis dayofis qromatograma 

mJavebi: 1 _ galis, 2 _ prokatexinis, 3 _ yavis, 4 _ iasamnis, 5 _ vanilinis,                 
6 _ β rezolcilis, 7 _ dariCinis 

 
amis Semdeg xdeboda fenolkarbonmJavebis dayofa Txelfenovani qroma-

tografiis meTodiT. dayofisaTvis gamoyenebuli iyo silikagelis feniani mza 
firfitebi, romlebic winaswar damatebiT muSavdeboda imisaTvis, rom gark-
veul wilad SesabamisobaSi mosuliyvnen Sulufol uv-254 firfitebTan. 5_10 mkl 
moculobis sinjis datana xdeboda sastarto xazze da qromatograma mJRav-
ndeboda aRmavali meTodiT, gamxsnelad meTileTilketon/benzolis sistemis 
gamoyenebiT (42,6:50). gamJRavnebis Semdeg firfita Tavsdeboda ultraiisferi 
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naTuris qveS da dayofis Sedegebi iwereboda densitometris gamoyenebiT.  sa-
muSaos [2] monacemebis mixedviT gamxsnelTa sistema meTileTilketon/benzoli 
akmayofilebs dayofis maRal efeqturobas. amave samuSaoSi miRebulia Rf 
sidideebi fenolkarbonmJavebis didi ricxvisaTvis, romlebic Cvens SemTxve-
vaSi gamoyenebul iqna maTi identifikaciisaTvis RvinoSi „nafareuli“. Sesa-
bamisi qromatograma mocemulia naxazze.  

samuSaoSi [2] moyvanili koniakebSi fenolkarbonmJavebis monacemebis 
Semcvelobis Sedarebam gviCvena, rom RvinoebSi fenolkarbonmJavebis saerTo 
Semcveloba mTeli TaviT naklebia vidre koniakebSi. saTanado pirobebSi 
Txelfenovani qromatografiis meTodi gamosadegia RvinoebSi fenolkarbon-
mJavebis gansazRvrisaTvis saqarxno laboratoriis pirobebSi. 
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SUMMARY 

DETERMINATION OF PHENOLIC ACIDS IN WINES BY THE METHOD OF THIN-LAYER  

CHROMATOGRAPHY, WITH PRELIMINARY REMOVAL OF THE OUTLET SAMPLE 

Shatirishvili Sh.I., Kiladze M.T. and Shatirishvili I.Sh. 

Georgian Technical University 

The composition of phenolic acids was determined by the method of thin-layer chromatography, with 

preliminary removal of the outlet sample in "Nafareuli" wine. It was shown that the composition of phenolic 

acids in wine is lower than in brandy. This method can be used in factory laboratory conditions. 

Keywords: ultrafiltration, thin-layer chromatography, silica gel. 



saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2023  133 

kapistonisa da vermentinos Rvinis bioqimiuri 

maxasiaTeblebis Seswavla

sordia e.k., ZnelaZe s.j., bucxrikiZe e.l., samitaSvili T.v., qebulaZe e.l. 

saqarTvelos teqnikuri universiteti 

Rvino aris unikaluri produqti, romelic yurZnis teqnologiuri gada-
muSavebiT miiReba. masSi aRmoCenili da Seswavlilia 1000-ze meti komponenti, 
romelTa umravlesoba adamianis organizmisTvis sasargeblo TvisebebiT xa-
siaTdeba, ufro metic, maT SeuZliaT umniSvnelovanesi roli Seasrulon sxva-
dasxva daavadebis mkurnalobasa da profilaqtikaSi. Rvino organizms ama-
ragebs makro- da mikroelementebiT, vitaminebiT, aminomJavebiT. Rvinis Semad-
genlobaze did gavlenas axdens sxvadasxva faqtorebi, rogoricaa: yurZnis 
jiSi, Rvinis damzadebis teqnologia, niadagis Semadgenloba, sasuqebi da 
pesticidebi, sxvadasxva ekologiuri da klimaturi faqtorebi [1]. 

Rvinis xarisxis SefasebaSi gadamwyveti roli eniWeba masSi Semaval 
biologiurad aqtiur nivTierebebs, romelic mniSvnelovan rols asrulebs 
Rvinis, rogorc organoleptikuri maCveneblebis, gemosa da aromatis, aseve 
misi samkurnalo, dieturi da kvebiTi Rirebulebis CamoyalibebaSi.  

jiRauras samecniero kvleviT bazaze gaSenebuli uamravi jiSebidan, 
kvlevisTvis SeirCa ori saxeobis yurZeni qarTuli-kapistoni da italiuri-
vermentino. damzadda sawarmoo pirobebisTvis Sesabamisi evropuli TeTri 
mSrali Rvino, romelSic ganisazRvra ZiriTadi qimiuri parametrebi.  

kvlevisTvis mniSvnelovani iyo vermentinos jiSis yurZnisgan damzade-
buli Rvinis Tvisebebis gamovlena da dakvirveba ramdenad SeinarCunebda 
Tavis identobas ucxouri jiSis yurZeni misTvis gansxvavebul niadagsa da 
klimatur pirobebSi.  

kapistoni adgilobrivi, imeruli mcired gavrcelebuli vazis jiSia. 
imereTis sawarmoo vazis jiSebs Soris TeTri kapistoni saadreoa, misi yur-
Zeni 12_15 dRiT ufro adre mwifdeba da am mxriv igi metad sainteresoa zemo 
imereTis-saCxeris, WiaTurisa da xaragaulis raionis SemaRlebuli adgile-
bisaTvis, radgan aq imereTis ZiriTadi sawarmoo vazis jiSebi-cicqa da coli-
kouri yovelwliurad srul simwifes ver aswrebs. kaxeTis pirobebSi TeTri 
kapistoni rqawiTelTan erTad an masze cota ufro gvian mwifdeba da kargi 
mosavlianobiTac xasiaTdeba [2]. Saqrianoba-mJavianobis dinamikis monacemebiT, 
TeTri kapistoni Saqris didi raodenobiT dagrovebisa da masTan erTad 
maRali mJavianobis SenarCunebis kargi unariT xasiaTdeba. jiSis es Tviseba 
metad mniSvnelovania Sampanuri Rvinis warmoebisaTvis. marTlac, TeTri 
kapistoni metad Sesafer da maRalxarisxovan masalas iZleva am mimarTu-
lebiT [3]. maRali Rirsebis sufris Rvinos iZleva TeTri kapistoni evropul 
da imerul wesiT dayenebisas, axasiaTebs sasiamovno gemo, sakmao sxeuli da 
sixalise. TeTri kapistonis Rvino mdidari qimiuri SedgenilobiT xasiaTdeba. 

vermentino TeTri yurZnis jiSia, ZiriTadad xmelTaSua zRvis   sana-
piroebzea gavrcelebuli. es jiSi gansakuTrebiT Warbad sardiniasa da kor-
sikaze xarobs, Tumca, vermentinos venaxebi aris aseve toskanaSi, piemontSi, 
liguriasa da safrangeTis samxreTSi, kerZod ki, langvedokSi [4]. vermentinos 
yurZeni gvian Semodis, radgan damwifebisTvis didi dro sWirdeba. vermenti-
nosgan ZiriTadad dgeba intensiuri gemos mqone mSrali Rvinoebi, romlis 
mimarT meRvineoba-mevenaxeobis samyaros mzardi interesi aqvs. am jiSis war-
momavlobis damadasturebeli utyuari mtkicebulebebi Tanamedrove enolo-
giur samyaros ar gaaCnia [5]. 

rTvelis dadgomis vadebis dadgenazea damokidebuli momavali Rvinis 
xarisxi da Rirseba. rTvelis dawyebis moments ZiriTadad adgenen yurZnis 
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Saqrianobis gansazRvriT, masze damokidebulia momavali Rvinis alkoholia-
noba. Rvinoebis dasamzadeblad, Saqrianobis gansazRvris Semdgom, daikrifa 
yurZeni da  damuSavda klertsaclel aparatSi. klertis gaclis Semdeg, dur-
dosTan erTad civ maceraciaze gaCerda 24 saaTis ganmavlobaSi, sadac daema-
ta gogirdi da enzimi (dasawmendi). dayovnebis Semdgom, daipresa da gamopre-
sili wveni gadavida dasawmendad. rodesac leqi da wveni erTmaneTs gamoeyo, 
wveni moixsena leqisgan da miRebuli dawmendili wveni gadatanil iqna 
specialur WurWelSi. gansazRvrul temperaturaze (15 0C) miyvanis Semdeg dae-
mata safuari (20 g/100l-ze), ris Sedegadac daiwo duRili (16_20 0C), Semdgom 
dayovnda ufro dabal temperaturze myof oTaxSi (daaxloebiT 5_6 0C) ga-
zafxulamde.  

kvlevisTvis SerCeul RvinoebSi ganisazRvra ZiriTadi qimiuri paramet-
rebi, romelic mocemulia cxrilis saxiT. 

  RvinoSi qimiuri parametrebis gansazRvra 

analizis saxeoba vermentino kapistoni 
eTilis spirti (%) 11 11,5 
titruli mJavianoba (g/l) 3,74 5,55 
mqrolavi mJavianoba (g/l) 0,40 0,59 
Saqrebi (g/l) 1,90 2,5 

Tavisufali SO2 (mg/l) 10,24 14,08 

SekavSirebuli SO2 (mg/l) 71,68 117,76 

pH 3,63 3,49 

rogorc cxrilis monacemebidan Cans, Cven mier damzadebul RvinoebSi 
qimiuri parametrebi meryeobs Semdeg zRvrebSi: eTilis spirti vermentinos 
RvinoSi 11%-ia, xolo kapistonSi Seadgens 11,5%-s. igi gansazRvravs Rvinis 
xarisxs, eTanolis Semcveloba icavs Rvinos daavadebebisagan. Rvino, romel-
Sic dabali Semcvelobis eTilis spirtia, martivad avaddeba safuvrebiT da 
baqteriebiT.  

titruli mJavianoba RvinoSi arsebuli mJavebisa da maTi marilebis ja-
mia, romelic damokidebulia yurZnis gadamuSavebis xerxze. is gansazRvravs 
Rvinis gemovnur Tvisebebs. aseve aferxebs mikroorganizmebis gavrcelebas da 
aumjobesebs Senaxvis procesebs. italiuri jiSis yurZnisgan damzadebuli 
Rvinis vermentinos titruli mJavianoba 3,74 g/l-ia, xolo imeruli jiSis 
kapistonis mJavianoba 5,55 g/l-mde aris (cxrili). 

mqrolavi mJavianobis dagroveba RvinoSi iwyeba ukve tkbilis alko-
holuri duRilis procesSi. duRilis procesis dasrulebisTanave  RvinoSi 
grovdeba 0,3–0,4 g/l mqrolavi mJavebi. sufris TeTr RvinoebSi mqrolavi 
mJavebis dasaSvebi raodenoba 1,2 g/l-ia. Cvens mier Catarebul analizebSi ver-
mentinos RvinoSi – 0,40 g/l, xolo kapistonis RvinoSi – 0,59 g/l (cxrili). 

Saqrebis Semcveloba Cvens mier Catarebul analizebSi miviReT  vermen-
tino – 1,90 g/l, xolo  kapistoni – 2,5 g/l.  

Tavisufali SO2-is Semcveloba vermentinoSi – 10,24 mg/l-ia, kapistonis 
RvinoSi – 14,08 mg/l. SekavSirebuli SO2  ki vermentinos RvinoSi – 71,68 mg/l-ia, 
xolo kapistonSi – 117,76 mg/l. 

pH-is gansazRvravs Rvinis stabilurobas, misi Semcveloba damokidebu-
lia Rvinis mJavaze.  vermentino – 3,63; kapistoni – 3,49. 

am monacemebze dayrdnobiT dadginda, rom kapistonisa da vermentinos 
Rvinoebi qimiuri maCveneblebiT akmayofilebs teqnikuri reglamentiT gaT-
valiswinebul yvela moTxovnas. damzadebuli Rvinoebi gamoirCeva jiSisTvis 
damaxasiaTebeli organoleptikuri TvisebebiT. 
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SUMMARY 

DETERMINATION OF BIOCHEMICAL CHARACTERISTICS OF KAPISTONI AND 
VERMENTINO WINES 

Sordia E.K., Dzneladze S.J., Butskhrikidze E.L., Samitashvili T.V. and Kebuladze E.L. 

Georgian Technical University 

Wine is a product of complex composition, which is obtained by the technological processing of grapes. More 

than 1000 components have been discovered and studied in it, most of which are characterized by beneficial 

properties for the human body. The composition of wine is greatly influenced by various factors, such as grape 

variety, winemaking technology, soil composition, fertilizers and pesticides, and various environmental and 

climatic factors. Kapistoni and Vermentino were selected for research from numerous varieties grown at the 

research base of Jighaura. Dry white wines were produced using a similar technology. Based on the objectives of 

the research, the main chemical indicators were determined in wines: ethyl alcohol, pH, titratable acidity, 

volatile acidity, free SO2, bound SO2, and sugars. Based on the results of the research, it was found that the 

wines selected for analysis correspond to the limits established by the standard for the main chemical indicators. 

Keywords: wine, kapistoni, vermentino. 
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wyavis nayofSi mimdinare cvlilebebi sxvadasxva pirobebSi Senaxvisas 

surmaniZe d.d., gvasalia l.e. 

saqarTvelos teqnikuri universitetiGG 

adamianis srulfasovani kvebisaTvis aucilebelia racionSi axali xil-
bostneulis mudmivi arseboba. mcenareuli sakvebi Seicavs adamianis organizmis 
mier SesaTvisebel sakveb komponentebs: bunebriv antioqsidantebs, vitaminebs, 
biologiurad aqtiur da mineralur nivTierebebs. naxSirwylebisa da cilebis 
garda xili didi raodenobiT Seicavs sxvadasxva sagemovno da aromatul 
nivTierebebs, rac sakvebs specifikur gemosa da aromats aZlevs, xels uwyobs 
mis monelebas. xili didi raodenobiT Seicavs ujredanas, romelic saWmlis 
monelebaSi gansakuTrebul rols TamaSobs. amitom Zalian mniSvnelovania, rom 
axalmokrefili xili da bostneuli rac SeiZleba didxans inarCunebdes Tavis 
fizikur da qimiur Tvisebebs, sasaqonlo saxes, ar fuWdebodes. NMNMN  

cnobilia, rom xil-bostneulis mosavalis aRebis Semdeg Senaxvisa da 
transportirebis procesSi kargavs masas. es gamowveulia mosavalSi mimdi-
nare fizikuri da qimiuri procesebiT. pirvel rigSi es aris tenis aorTq-
leba, xolo mSral nivTierebaTa nawili ixarjeba sunTqvisas. bevri xili 
(magaliTad vaSli, msxali da sxv.) da bostneuli (Warxali, stafilo, kitri 
da a.S.), mokrefis Semdeg Tu imyofeba mSral da Tbil adgilas (T>15 0C) 
pirveli dRe-Ramis ganmavlobaSi kargavs masis 3_9 %-s, axalmokrefili xend-
ro, Tu igive garemo pirobebSi davtovebT, sawyisi xarisxis 50 %-s kargavs. 
aseT danakargebs produqciis bunebrivi danakargebi ewodeba da yvela qveyana 
Tavisi klimatidan gamomdinare TiToeuli saxis produqtisaTvis awesebs 
bunebrivi danakargebis normebs. bunebriv danakargebs ar miekuTvneba meqani-
kuri dazianebis gamo gafuWebuli, gamxmari, dampali, mavneblebiT, sokovani 
da baqteriuli daavadebebiT dazianebuli nayofebi. es teqnikuri wunia, 
arakondicirebuli gamouyenebeli danakargebi.  

Cveni mizani iyo Segveswavla, Tu rogor moqmedebs Senaxvis pirobebi, 
maT Soris Senaxvis temperatura wyavis nayofis Senaxvisunarianobaze, upir-
veles yovlisa bunebrivi danakargebis da teqnikuri wunis raodenobaze, nayo-
fis xarisxobriv maCveneblebze, qimiur Sedgenilobaze [1]. 

kvlevis mcenareul obieqtebad SevarCieT wyavi (Prunus laurocerasus) 
vardisebrTa (Rosaceae) ojaxis, tyemalovanTa (Prunoideae) qveojaxis, qliavis 
(Prunus) gvaris xeebi an buCqebia. dasavleT saqarTvelos subtropikul zonaSi 
farTodaa gavrcelebuli wyavis rogor kulturuli, ise veluri formebi. am 
mcenaris nayofi mdidaria vitaminebiT, fenolebiT, naxSirwylebiTa da sxva 
sasargeblo nivTierebebiT [2,3]. wyavs umetesad nedli xilis saxiT iyeneben, 
amitom metad mniSvnelovania am xilis mosavlis Semdgomi Senaxvis optimalu-
ri pirobebis dadgena, raTa mokrefilma nayofma maqsimalurad didxans Sei-
narCunos sasaqonlo Tvisebebi da kvebiTi   Rirebuleba. 

wyavis nayofebi mtevnebadaa Sekruli. upirveles yovlisa Cven 
gvainteresebda, rogor jobia mokrefili wyavis Senaxva nayofsajdomebianad, 
anu mtevnebad Tu nayofsajdomebis moSorebiT _ damarcvlili saxiT, Cveni 
kvlevis mizani iyo agreTve Senaxvis dros mimdinare procesebze garemos 
temperaturis gavlenis Seswavla.  

eqsperimentSi gamoyenebuli iyo qedis municipalitetis sof. agaras mim-
debare tyeSi velurad mozardi wyavis nayofebi, mokrefili sruli simwifis  
periodSi,  nayofebis SeferilobiT _ muqi iisferi-Savi. cdisaTis gadarCeuli 
iyo daaxloebiT erTnairi zomisa da formis, saRi dauzianebeli nayofebi. 
mokrefili nayofebis naxevars movacileT nayofsajdomebi (davmarcvleT). 
cdis orive variantSi nayofebi daiyo orad sxvadasxva temperaturaze Sesa-



saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2023  137 

naxad. SemTxveviTobis principiT gadanawilda nayofebi xuT-xuT ganmeorebad 
(2_2 kg). nayofebi inaxeboda ventilirebad konteinerebSi. nayofebis nawili 
inaxeboda oTaxis temperaturaze (20 ± 2 0C), nawili macivarSi 6 ± 2 0C-ze. 
nayofebs vamowmebdiT yovel 5 dReSi 1 Tvis ganmavlobaSi.  

masis cvlilebis gansasazRvrad TiToeul ganmeorebaSi moniSnuli 
gvqonda 100 nayofi. masis danakargs vsazRvravdiT cifrul sasworze (si-
zustiT 0,01 g) awonili nayofebis masis cvlilebis gadayvaniT procentebSi. 
nayofis rbilobis simtkices vamowmebdiT xil-kenkrovanTa penetrometriT GY-

2 (fruttesteriT). Senaxvis procesSi arakondiciuri danakargebis (teqnikuri 
wunis) dasadgenad TiToeuli variantidan da ganmeorebidan gadavarCevdiT 
dampal, daobebul an dazianebul marcvlebs da vwonidiT darCenil nayofs. 
masis sxvaobas gamovsaxavdiT procentebSi. 

nayofebis titrul mJavianobas vsazRvravdiT potenciometruli meTo-
diT ISO 750:1998-is Sesabamisad [4]. vitamin C-s Semcvelobas referentuli 
meTodiT ISO 6557-1:1986-is Sesabamisad [5]. 

nayofebSi fenolur nivTierebaTa jamis dasadgenad 50 cal nayofs vac-
lidiT kurkas, vwonidiT da vablenderebdiT. miRebul suspenzias vacantrifu-
girebdiT 12 000 g-ze 30 wuTis ganmavlobaSi 4 0C-ze. miRebul wvens vazavebdiT 
gamoxdili wyliT. TiToeuli sinjidan 0,3 mililitrs vxsnidiT 4,3 ml gamox-
dil wyalSi, vumatebdiT 0,1 ml folin-CokalTeus reagents. 3 wuTis Semdeg 
vumatebdiT 0,3 ml natriumis karbonatis 2 %-ian xsnars, vavorteqsebdiT da 
vdgamdiT sainkubaciod 30 wuTi. absorbcias vamowmebdiT speqtrofotometrze 
760 nm-ze. kontrolad aRebuli iyo galis mJava.  Sedegs gamovsaxavdiT galis 
mJavas ekvivalentis (GAE) miligramebiT nedli masis gramebze [6]. 

cxr. 1-Si moyvanilia monacemebi sxvadasxvagvarad da sxvadasxva tempera-
turaze Senaxuli wyavis nayofis teqnikuri wunis Sesaxeb Senaxvis procesSi. 

cxrili 1. teqnikuri wuni wyavis nayofis Senaxvisas sxvadasxva temperaturaze (%) 

  cdis 
varianti 

Senaxvis 
temperatura, 0C 

mosavlis aRebidan gasuli dReebis 
raodenoba 

5 10 15 20 25 30 

mtevnebad 
6 ± 2 0 4,5 7,8 16,6 22,8 30,0 

20 ± 2 5,7 8,2 12,3 30,7 46,2 50,1 

damarcvlili 
6 ± 2 1,7 8,6 10,2 22,4 44,1 58,5 

20 ± 2 9,3 12,1 15,4 48,3 63,2 70,0 

rogorc cxr. 1-is monacemebidan Cans, damarcvlili nayofis SemTxvevaSi 
teqnikuri wuniT gamowveuli danakargebis raodenoba metia. Cven amas vxsniT 
imiT, rom mtevnebad Senaxul nayofebSi wyavis marcvlebi erTmaneTisagan 
haeris SriT aris daSorebuli da maTi Caxurebis, baqteriuli da sokovani 
floris ganviTarebis albaToba gacilebiT naklebia. damarcvlili nayofi 
samacivre pirobebSic ki 1 Tvis Senaxvis Semdeg obdeboda, lpeboda da sakve-
bad aravargisi xdeboda. dabal temperaturaze Senaxva amcirebda danakargebs, 
gansakuTrebiT mokrefis Semdeg pirvel 2_3 kviraSi.  

cdis yvela variantSi Seswavlili iqna aseve bunebrivi danakargebis 
raodenoba. kvlevis Sedegebi moyvanilia cxr. 2-Si. 
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    cxrili 2.  bunebrivi danakargebis raodenoba wyavis nayofis Senaxvisas 
 sxvadasxva temperaturaze (%) 

cdis 
varianti 

Senaxvis 
temperatura, 0C 

mosavlis aRebidan gasuli dReebis 
raodenoba 

5 10 15 20 25 30 

mtevnebad 
6 ± 2 2,1 4,1 14,3 14,7 15,3 16,0 

20 ± 2 5,2 7,2 18,2 20,0 20,1 21,2 

damarcvlili 
6 ± 2 1,3 3,3 12,3 13,0 14,1 15,5 

20 ± 2 4,1 5,2 16,5 17,1 18,0 20,0 

rogorc cxr. 2-is monacemebidan Cans, bunebrivi danakargebis maqsimumi 
pirvel or kviraze modis. masis kleba SemdgomSic grZeldeba, magram naklebi 
intensivobiT. bunebrivi danakargebi naklebia damarcvlil nayofebSi mtev-
nebad Senaxul nayofebTan SedarebiT. 

cxr. 1 da 2-is monacemebis Sedareba gviCvenebs, rom bunebrivi dana-
kargebis raodenobis cvlileba teqnikuri wunis raodenobis cvlilebis 
sawinaaRmdego tendencias avlens, vinaidan bunebriv danakargebs ZiriTadad 
nayofis mier tenis dakargva iwvevs, maSin gasagebia, rom mtevnebad dawyobili 
nayofebidan tenis aorTqleba ufro advilia, radgan aq wyavis marcvlebs 
Soris ukeTesi ventilaciaa, haeri moZraobs, Tumca kanonzomiereba, rom 
samacivre pirobebSi nayofi ukeT inaxeba, aqac daculia. 

cxr. 2-is monacemebTan korelaciaSia kvlevis Sedegebi nayofis rbi-
lobis simtkicis Seswavlis Sesaxeb. nayofis rbilobis sitkices vzomavdiT 
penetrometriT (TiToeul ganmeorebaSi vamowmebdiT 20 nayofs). kvlevis Sede-
gebi warmodgenilia nax. 1-ze. 

nax. 1. cdis variantebi: 
1 _ mtevnebi, inaxeba 6 ± 2 0C temperaturaze; 2 _ mtevnebi, inaxeba 20 ± 2 0C temperaturaze; 
3  _ damarcvlili, inaxeba 6 ± 2 0C temperaturaze; 4 _ damarcvlili, inaxeba 20 ± 2 0C 

temperaturaze. 

1 

2 

3 

4 
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nax. 2. cdis variantebi:  
1 _ inaxeba 20 ± 2 0C temperaturaze; 2 _ inaxeba 6 ± 2 0C temperaturaze. 

nax. 3. cdis variantebi: 
1 _ inaxeba 20 ± 2 0C temperaturaze;  2 _ inaxeba 6 ± 2 0C temperaturaze. 

1 

2 

2 

1 
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Senaxvis procesSi icvleboda titruli mJavianobac. mJavianobis cvlac 
pirvel rigSi dakavSirebulia damwifebisas mimdinare procesebTan. kvlevis 
Sedegebi gamosaxulia nax.4-ze. 

nax. 4. cdis variantebi: 
1 _ inaxeba 20 ± 2 0C temperaturaze;  2 _ inaxeba 6 ± 2 0C temperaturaze. 

amrigad, Cveni kvlevis Sedegebma gviCvena, rom Senaxvis procesSi icv-
leba wyavis nayofis fizikuri da qimiuri maCveneblebi. wyavis nayofi kargavs 
rbilobis simtkices, rbildeba, icvleba qimiuri Sedgenilobac, ecema titru-
li mJavianoba, mcirdeba fenolur naerTTa, vitamin C-s Semcveloba. es pro-
cesebi ufro intensiuri xdeba Senaxvidan 2 kviris Semdeg. mosavlis aRebidan 
20 dRis Semdeg teqnikuri danakargebi (dampali, daobili da gaWyletili 
nayofebis raodenoba) 30 %-ze metia, xolo 1 Tvis Semdeg oTaxis temperatu-
raze Senaxuli nayofebisaTvis 50_70 % Seadgens. es maCveneblebi naklebia 
samacivro pirobebSi Senaxuli nayofebisaTvis (30_58 %). cdam gviCvena, rom 
teqnikuri wunis Sesamcireblad jobs wyavis nayofi mtevnebad Sekruli Sevi-
naxoT, am SemTxvevaSi dampali da daobili nayofebis raodenoba 20%-iT nak-
lebia. masis bunebrivi danakargebi Senaxvis procesSi 15_20%-s aRwevs. maci-
varSi Senaxvisas danakargebi naklebia, Tumca teqnikuri wunisagan gansxva-
vebiT aq sxvaoba gacilebiT mcirea (≈5%). 
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SUMMARY 

CHANGES IN CHERRY LAUREL FRUIT DURING STORAGE IN VARIOUS CONDITIONS  

Surmanidze D.D. and Gvasalia L.E. 

Georgian Technical University 

In the subtropical zone of Western Georgia, both cultivated and wild forms of the Common Laurel are widesp-

read. The fruits of this plant are rich in vitamins, carbohydrates, and other nutrients.The aim of the study was: 

• To determine the optimal conditions for postharvest storage of the fruit, so that the harvested fruit preserves its

commodity properties and nutritional value as long as possible; 

• To study the effect of environmental temperature on the processes during storage.

The fruits of the test plant were divided into two - half of them were kept in racemes and another half were kept 

separately. In both variants of the trial, fruits were again divided into two for storage at different temperatures 

(20 ± 2 0C and 6 ± 2 0C). It has been shown that laurel’s physical and chemical properties change during the 

storage process. The fruit of the laurel loses its hardness, the titratable acidity decreases, and the content of 

phenolic compounds and vitamin C decreases. These processes become more intense after 2 weeks of storage. 20 

days after harvesting, technical losses are higher than 30%, and after 1 month, for fruits stored at room 

temperature, it is 50-70%. These indicators are lower for fruits stored in refrigerated conditions (30_58 %). The 

experiment showed us that to reduce technical spoilage, it is better to keep the fruits in racemes, as in this case, 

the number of rotten and spoiled fruits is 20% less. Natural mass losses during storage reach 15_20 %. Losses 

during refrigeration are less, however, unlike technical spoilage, the difference here is much smaller (≈5 %). 

Keywords: cherry laurel, storage, natural losses, technical spoilage, fruit hardness, titratable acidity, vitamin C, 

phenolic compounds. 
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wiwiburas puri wipwis fqvilis danamatiT

farjanaZe t.m., sordia e.k., ZnelaZe s.j., doliZe m.v., mamardaSvili n.g. 

saqarTvelos teqnikuri universiteti 

sakvebi produqtebis warmoebaSi, mniSvnelovani roli ukavia produq-
tebs, romlebic specializebul kvebaSi gamoiyeneba. 2003_2008 wlebSi uglu-
teno produqciis warmoeba gaizarda 125%-iT, amavdroulad, araspeciali-
zebuli da swrafi kvebis produqtebis warmoebam moimata 75%-iT [1-3]. 

wiwibura, xorbalis marcvlisagan gansxvavebiT, ar Seicavs cila glu-
tens, romelic erT-erTi mTavari maxasiaTebelia xorblis fqvilisagan puris 
damzadebisaTvis _ rekomendebulia celiakiiT daavadebuli adamianebisaTvis. 
wiwiburas fqvili  gamoirCeva mTeli rigi  biologiurad aqtiuri  naerTebis 
maRali SemcvelobiT, da maTi SenarCuneba cxobis dros warmoadgens metad 
mniSvnelovan sakiTxs [4]. 

wiwibura sxvadasxva saxiT gamoiyeneba sursaTis warmoebaSi. misgan 
mzaddeba mravali produqti: namcxvrebi, puri, makaroni, blinebi, galeti, fa-
febi [5]. gamoiyeneba dietur da bavSvTa kvebaSi. wiwiburas burRuleulisagan 
damzadebuli produqtebi, adamianisaTvis, advilad SesaTvisebelia. misi 
miReba rekomendebulia Saqriani diabetiT daavadebuli adamianebisaTvis [6].  

wiwiburas fqvilSi lipazuri aqtivoba mniSvnelovan rols asrulebs 
fqvilis xarisxis gauaresebis procesSi _ aqtiurdeba Jangvis procesi arasa-
survel pirobebSi Senaxvis dros, mag. maRali temperaturisa (>15 °C) da maRa-
li tenianobis (>60 %) dros. magram, amavdroulad, gasaTvaliswinebelia is 
faqtori, rom wiwiburas puris gemovnuri Tvisebebis CamoyalibebaSi mniSvne-
lovan rols asrulebs lipaza da peroqsidaza [5]. aqedan gamomdinare, pursa-
cxobad miwodebuli wiwiburas fqvili Senaxul unda iyos optimalur piro-
bebSi. 

saqarTveloSi uxsovari droidan ganviTarebuli iyo mevenaxeoba-
meRvineoba. yurZnis gadamuSavebis Semdeg didi raodenobiT rCeba meoradi 
produqti wipwa, romelic warmoadgens Zvirfas danamats sasursaTo warmoe-
baSi. yurZnis wipwa sakmao raodenobiT Seicavs antioqsidantebs da fenolur 
naerTebs [7], ramac Cveni daintereseba gamoiwvia. wiwiburas fqvilze, puris 
gamdidrebis da vargisianobis gazrdis mizniT, damatebul iqna kaxeTis 
regionidan mowodebuli wiTeli yurZnis _ saferavis wipwa. 

fqvilis miReba moxda wiwiburas marcvlebisa da saferavis jiSis  yur-
Znis wipwis dafqviT. Tavdapirvelad wiwiburas fqvilze gakeTda mJavianobis, 
nacrianobis, tenianobis, cximisa da cilis analizebi. miRebuli Sedegebi 
warmodgenilia cxr.1-Si. 

cxrili 1.  wiwiburas fqvilis fizikur-qimiuri parametrebi 

nedleuli mJavianoba, ° tenianoba, % nacrianoba, % cila, g cximi, g 
wiwiburas 
fqvili 

4,6 10,94 2,32 11,8 2,1 

SemuSavebul iqna puris cxobis axali receptura da Sedarda  wipwis 
gareSe gamomcxvar purs. danarCeni ingredientebi, rac gamoiyeneba wiwiburas 
puris sacxobad, ucvleli darCa (cxr. 2). 
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   cxr.2  wiwiburas puris receptura danamatis gareSe da  wipwis fqvilis damatebiT 
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sakontrolo 100 _ 20 10 10 220 1 15 
wipwis fqvilis 

danamatiT 
100 10 20 10 10 220 1 15 

wipwis fqvilis 
danamatiT 

100 20 20 10 10 220 1 15 

pirvel etapze momzadda xaSi _ wiwiburas fqvilis sruli masis 30%-s 
daemata safuari, marili, Saqari da wyali da miRebuli narevi dayovnebul 
iqna 1,5 sT-is ganmavlobaSi (35 °C-is pirobebSi). Semdeg fermentirebul masas 
daemata danarCeni ingredientebi, comi gadavzileT da davayovneT 1,5 sT. 
afuebuli comi moTavsda sacxob formaSi da kvlav dayovnda 1,5 sT. 

mocemuli recepturiT puris gamocxoba moxda RumelSi 220 °C -ze 
35_40 wT-is ganmavlobaSi. miRebul iqna 3 variantis puri, romlebSic ganisaz-
Rvra mJavianoba, sineste, forianoba, antioqsidatebis Semcveloba da saerTo 
fenolebis raodenoba. miRebuli Sedegebi mocemulia cxr. 2-Si. 

cxrili 2. wiwiburis puris fizikur-qimiuri parametrebi 

maxasiaTeblebi 
wiwiburas puri 
danamatis gareSe 

wiwiburas puri        
10 g wipwis 

fqvilis danamatiT 

wiwiburas puri           
20  g wipwis fqvilis 

danamatiT 
mJavianoba, ° 2,4 2,74 3,2 
sineste, % 49,08 49,05 48,61 

forianoba, % 42 44 45 
antioqsidantebis 
raodenoba, mg/l 

89,3 91,1 109,2 

saerTo fenolebis 
raodenoba, mg/l 

400,4 421,86 444,73 

rogorc cxr. 2-is monacemebidan Cans, saukeTeso Sedegebi aCvena mesame 
variantma, sadac rogorc fenolebis, ise antioqsidanturi raodenoba moma-
tebulia. 

Catarebuli kvlevebis safuZvelze dadginda, rom wiwiburas fqvilis 
comSi 20 gr wipwis fqvilis  damatebiT fermentuli duRilis periodi gai-
zarda 2-idan 3 sT-mde, magram, mniSvnelovnad Seicvala puris vargisianobis 
vada _ gaxangrZlivda 20 sT-idan 36 sT-mde.  
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SUMMARY 
BUCKWHEAT BREAD WITH THE ADDITION OF PIP FLOUr 

Parjanadze T.M., Sordia E.K., Dzneladze S.J., Dolidze M.V. and Mamardashvili N.G. 

Georgian Technical University 

The article presents a new recipe for baking buckwheat bread with the addition of "Saferavi" pip flour of the 

Georgian grape variety. Special attention is paid to the characteristics of both buckwheat flour and "Saferavi" 

pip. Buckwheat bread baked by the developed method is gluten-free, which is recommended for people with 

various diseases. 

Keywords: buckwheat, pip, flour, bread.  
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merqnian mcenareTa baqteriuli daavadeebebi

yanCaveli S.s., pavliaSvili q.m., CaCxiani -anasaSvili n.r. 

saqarTvelos soflis meurneobis saministros samecniero kvleviTi centri 
saqarTvelos teqnikuri universiteti 

akaki wereTlis saxelmwifo universiteti, quTaisi 

baqteriebi bunebaSi yvelganaa gavrcelebuli: niadagSi, wyalSi, haerSi, 
cxovelebis, mcenareebis Tu adamianis organizmSi an maT zedapirze [1]. 

mcenareTa daavadebebis gamomwvev baqteriebs uwodeben fitopaTogenurs, 
isini iwveven mraval kulturul da tyis merqnian mcenareTa daavadebebs. 

daavadebis garegnuli simptomebis, paTogenuri procesis xasiaTis, baq-
teriis, mcenaris qsovilSi ujredze moqmedebis mixedviT, dadgenilia baq-
teriuli daavadebebis oTxi tipi: parenqimatozuli, WurWlovani, generali-

zebuli (WurWlovan parenqიmatozuli) da hiperplastikuri (simsivneebi da 
axalwarmonaqmnebi). unda aRiniSnos, rom es dayofa pirobiTia, mkveTri zRvari 
calkeul tipebs Soris ar arsebobs [2,3]. 

merqmnian mcenareebze baqteriebi iwveven sxvadasxva formis daavadebebs, 
rogoricaa: sidamwvre, kibovani, nekrozi, laqianoba, Wknoba (xmoba) da sxva. 

baqteriuli sidamwvreebidan Tavisi mavneobiT erT-erTi mniSvnelovani 
daavadebaa _ xeebis baqteriuli dawva. daavadebis gamomwvevia baqteria: Erwinia 

amylovora (Burril) Com.S.A.B.  es ukanaskneli aavadebs 70 saxeobis xemcenareebsa 
da buCqebs.  

daavadeba vlindeba ylortebze, yvavilebze da nayofebze. axlad gaSli-
li yvavilebi da ylortebi uecrad Wkneba da Savdeba, magram ar cviva. 
daavadebuli mkvaxe nayofi (mwife an simwifeSi Sesuli nayofi sidamwvriT ar 
avaddeba) naoWdeba, Savdeba da rogorc foTlebi Camokidebulia xeze. 

daavadebis forma Zalian mogvagonebs sidamwvris suraTs amitom miiRo 
sidamwvris saxelwodeba. daavadebuli ylortebidan da axalgazrda tote-
bidan iwyeba wveTis dena. gamoyofili eqsudati iTvleba daavadebis damaxasia-
Tebl niSnad, riTac gansxvavdeba baqteriuli nekrozisagan, romelic gamow-
veulia Pseudomonas gvaris baqteriebiT. zedapirze gamosuli eqsudati pirve-
lad uferulia, Semdeg iRebs moyviTalo an muq fers da magrdeba. 

daavadebuli totebis qerqi xSirad ifareba buStebiT da skdeba. daava-
debul qerqze Cndeba Rrmuli, daavadebul da saR qsovilebs Soris ki Cndeba 
kargad SesamCnevi sazRvari. qerqiTa da lafniT mcenaris qveda mimarTulebiT 
vrceldeba daavadeba, romelmac SeiZleba moicvas mTeli mcenare da 
gamoiwvuos mis kvdoma. 

daavadebis gamomwvevis gavrceleba axal totebze an xeze, yvelaze 
xSirad xdeba wvimis SxefebiT. mcenareze moxvedrili baqteria iWreba SigniT 
meqanikuri Wrilobis, bzarebisa da bageebis saSualebiT. daavadebis gavrce-
lebaSi did rols TamaSoben mwerebi, kerZod bugrebi, qerqiWamiebi da gansa-
kuTrebiT futkrebi. infeqcia SeiZleba gavrceldes aseve sargavi da sanamyene 
masaliT. 

mimRebian jiSebSi daavadebis sainkubacio periodi grZeldeba 3_4 dRe, 
xolo SedarebiT gamZle jiSebSi 6_10 dRe. 

daavadeba yvelaze saSiSroebas warmoadgens msxlis yvela jiSisaTvis, 
romlebic mimRebiania sidamwvrisadmi. avaddeba aseve vaSli, alubali, qliavi, 
bali, gargari, nuSi, kuneli, komSi da atami. baqteriuli sidamwvriT avaddeba 
aseve vardyvavilovani ojaxidan Sors mdgomi mcenareebi _ xurma, berZnuli 
kakali, iasamani da sxva. 
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kulturuli mcenareebidan baqteriuli sidamwvre aavadebs aseve TuTas. 
daavadebis gamomwvevia baqteria Pseudomonoas mori. daavadebis Sedegad axalgaz-
rda ylortebze, foTlebxe da kvirtebze, vlindeba wyliani laqebi da zole-
bi, Semdeg daavadebuli qsovilebi Savdeba, wyluldeba, foTlis firfita 
skdeba, ixveva da ganicdis kvdomas; qerqidan iyofa baqteriis eqsudati wveTis 
saxiT. daavadebas aqvs qronikuli xasiaTi. baqteriebi izamTreben daavadebul 
totebSi, romlebidanac Semdeg gadadian axalgazrda ylortebze, sadac SeiZ-
leba gamoiwvios mcenareTa kvdoma. 

dadginda, rom baqteriuli sidamwvre aseve aavadebs alvis xes, iasamans 
da sxva. 

fitopaTogenuri baqteriebi iwveven kibovan daavadebebs, rogorc kul-
turul aseve tyis mcenareulobaze [4]. 

kulturul mcenareTa kibovani daavadebidan Tavisi mavneobiT gamoirCe-
va vazis baqteriuli kibo, xexilis baqteriuli kibo da citrusebis baqte-
riuli kibo. 

vazis baqteriuli kibos gamomwvevia baqteria _ Agrobacterium tumefaciens 

Sm. et T. kibo vazs yvela asakSi aavadebs, Tumca gansakuTrebiT xnovanebs etane-
ba. daavadeba iwyeba Stambidan, Tumca vxvdebiT rqebze, ylortebsa da fes-
vebzec. baqteria vazSi iWreba meqanikurad dazianebuli adgilebidan, iwyebs 
ganviTarebas da kibos magvar dazianebebs warmoqmnis. 

gamokvlevebiT dadgenilia, rom vazis kibo farTodaa gavrcelebuli 
dablob da tenian adgilebSi, gansakuTrebiT tute reaqciis mqone niadagebSi. 
baqteriis gavrcelebas xels uwyobs vazisTvis aranormaluri pirobebi; mis 
organizmze miyenebuli meqanikuri Wrilobebi da dazianebebi; yinvisagan gamow-
veuli bzarebi. kiboTi daavadebisas, vazze pirvelad warmoiqmneba amobur-
culi patara simsivne, romelic dasawyisSi rbilia da mwvane. mis zrdasTan 
erTad simsivnis garegnuli niSnebi icvleba, magrdeba da iRebs vazis Stambis 
damaxasiaTebel Sefervas. kibos gamonazardi didxans ar Zlebs, misi qsovili 
iSleba, Savdeba futurovdeba da vazs advilad scildeba. Zlier dazianebuli 
vazi iRupeba. 

dadgenilia, rom kibos gamomwvevi baqteria, bunebaSi farTod gavrcele-
bulia da aavadebs mraval mcenares. baqteria moZravia, is didi raodenobiT 
imyofeba mcenaris daavadebul ujredSorisebSi. daavadeba vrceldeba mcena-
ris erTi saxeobidan meoreze. is saukeTesod viTardeba sibneleSi; mzis gab-
neul radiaciaze misi ganviTareba ferxdeba, xolo mzis sxivebis pirdapiri 
moqmedebisas _ sruliad wydeba, Tumca sicocxlis unarianobas inarCunebs.  

vazis baqteriuli kibos gamomwvevi ganviTarebas iwyebs 5 oC-ze, opti-
maluri temperaturaa 26 – 27 0 C, xolo 30 oC-is zeviT ki misi ganviTareba 
izRudeba. haeris fardobiTi tenianobaa 100%. tenis Semcireba pirdapir 
proporciul damokidebulebaSia baqteriis ganviTarebasTan. 

kibovan daavadebebs Soris didi mavneobiT gamoirCeva xexilis baqteriu-
li kibo. daavadebis gamomwvevia baqteria _ Bacterium tumefaciens Sm. et T., romelic 
polifagia da TiTqmis yvela Teslovan da kurkovan kulturebs aavadebs. 

baqteria meqanikurad dazianebuli adgilebidan iWreba mcenareSi da 
iwvevs qsovilebis dazianebas. ris Sedegadac ujredebi swrafad iyofa da 
izrdeba, rogorc moculobiT ise raodenobrivadac. qsovilebis swrafi 
zrdis Sedegad fesvze da fesvis yelTan warmoiqmneba korZebi, romlebic 
zogjer did sidides aRwevs. korZebi gazafxulze warmoiqmneba, xolo Semod-
gomaze iSleba da maTSi moTavsebuli baqteriebi niadagSi vrceldeba. 
saqarTveloSi gansakuTrebiT Zlier, atami ziandeba.  

daavadeba qronikuli xasiaTisaa, mcenares TandaTanobiT asustebs da 
bolos mTlianad axmobs.  igi gansakuTrebiT saSiSia mouvleli, dasustebuli 
mcenareebisaTvis. daavadebas xels uwyobs Warbi teni, mniSvneloba aqvs nia-
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dagis reaqciasac, tute niadagebze ufro farTod vrceldeba, vidre mJava 
niadagebze. 

didi mavneobiT gamoirCeva aseve citrusebis baqteriuli kibo, romlis 
gamomwvevia baqteria _ Xanthomonas citri. 

daavadebis Semdeg mcirdeba foTlebis asimilaciis are, Zlieri daava-
debisas SeiZleba moxdes foTlebis gacvenac. totebis daavadebis dros iwvevs 
mTeli nazardis gaxmobas. daavadebul nayofs sasaqonlo Rirebuleba ekar-
geba. daavadebis gaZliereba _ ganviTarebisaTvis didi mniSvneloba aqvs, mis 
jiSsa da saerTo mdgomareobas. klimaturi pirobebidan aRsaniSnavia naleqebi 
da temperatura. naleqebs mniSvneloba eZleva maSin, Tu naleqebTan erTad 
infeqciisaTvis saTanado temperaturuli pirobebic aris (20 – 30 0C). garda 
amisa mcenare usaTuod daavadebisadmi winaswar ganwyobili unda iyos. am 
mxriv aRsaniSnavia isic, rom ramdenadac infeqcia mxolod mozardi organoe-
bisa xdeba, daavadebisaTvis aucilebelia, rom mcenare vegetaciis periodSi 
imyofebodes; rac uro dasrulebuli aqvs mcenares zrda da misi organoebi 

mTlad momwifebulia, miT infeqcia naklebia an srulიad ar xdeba. daavadebis 
xelSemwyobia aseve mcenaris meqanikuri dazianebani.  

kibovani daavadebani gvxvdeba aseve tyis mcenareulobaze, rogoric 
aris ifani, alvis xe, tirifi, muxa da sxva. 

dadgenilia, rom fitopaTogenuri baqteriebi iwveven merqnian mcenareTa 
baqteriul nekrozebs, romelTagan Tavisi mavneobiT gamoirCeva, citrusebisa 
da xexilis baqteriuli nekrozi. 

citrusovanTa nekrozs iwvevs baqteria _ Pseudomonas citriputeale Smieh., 
romelic aavadebs totebs, foTlebs, nayofebs. daavdeba pirvelad Cndeba Re-

ros muxlebze, eklebიsa da foTlebis mimagrebis adgilebze,ვვგ iSviaTad 
muxlTSorisebzec. 

limonze daavadebis pirveli simptomebi SeimCneva totebze, foTlebis 
mimagrebis adgilas mura feris laqis saxiT, romelic Semdeg mowiTalo pria-
la xdeba. laqa cota amoburculia mkveTrad aris gansazRvruli saRi 
qsovilisagan. laqiT Semorkalvis Semdeg, Reros zeda nawili xmeba. 

mandarinis daavadebis dros ylortis gaswvriv Savi feris grZeli la-
qebi Cndeba, romlebic muxlTSorisebSi swrafad iwvevs Reroebis Semorkal-
vas, SemdgomSi ki maT xmobas. 

foTlebis daavadebis dros igi sxvadasxva zomis Savi laqiT ifareba, 
rac umetes SemTxvevaSi yunwis mxridan iwyeba, viTardeba mTavari ZarRvis 
gaswvriv da TandaTan grexs mas. nayofebis daavadeba saqarTveloSi iSviaTi 
movlenaa; daavdeba muqi yavisferi an moSavo laqebis saxiT vlindeba, romle-
bic nayofis kanze viTardeba, rbilobSi ki ar gadadis. 

citrusebis baqteriuli nekroziT gamowveuli mavneoba gamoixateba 
SemdegSi: ylortebisa da totebis daavadebis SemTxvevaSi iwvevs maT xmobas, 
riTac Zalze mcirdeba zrda da sanayofe kvirtebis raodenoba, rac TavisTa-
vad mimdinare da momavali wlis mosavlis uSualo Semcirebis sawindaria. 
foTlebis daavadebis dros mcirdeba saasimilacio farTi, rac Semdeg mcena-
res asustebs, nayofebis daavadebis dros mcirdeba mosavali da uaresdeba 
sasaqonle Rirebuleba. 

baqteriuli nekrozis gamomwvevi baqteria cxovelmyofelobas inarCu-
nebs moWril totebze, 7 _ Tves, xolo cocxal totebze baqteria adre kar-
gavs cxovelmyofelobis unars, iq arsebuli antagonisti mikroorganizmebis 
zemoqmedebiT. citrusovanTa baqteriuli nekrozi zianis momtania sanergis 
pirobebSic. daavadebis simptomebi iseTivea rogor msxmoiare baRebSi. 

Tavisi mavneobiT aseve mniSvnelovania xexilis baqteriuli nekrozi, 
romelic gamomwvevia baqteria _ Pseudomonas syringae. daavadeba vlindeba sxva-
dasxva formiT. gazafxulze msxalze xSirad aRiniSneba yvavilebis da 
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foTlebis uecari gamuqeba da gaxmoba ylortis wveroze. daavadebuli yvavi-
lebi da foTlebi did xans zogjer Semodgomamde rCeba xeze Camokidebuli. 

foTlebidan baqteriebi WurWlovani sistemiT gadadian yunwSi, Semdeg 
ylortebsa da totebSi. daavadebuli ylortebi aCereben zrdas, ixrebian, 
muqdebian da xmebian. ganiv Wrilze aRiniSneba WurWlebis gamuqeba, calkeuli 
wertilebis an mTlani wris saxiT. 

didi xeebis totebsa da Stambze, rogorc vaSlze aseve msxalze viTar-
deba sxvadasxva zomis ovaluri movardisfro-yavisferi laqebi. laqis qveS 
merqani Cveulebriv yavisferia rbili da teniani. daavadebuli qerqi skdeba. 

Cvens mier Catarebuli anatomiuri kvlevebi gviCvenebs, rom Pseudomonas 

syringae. umTavresad viTardeba WurWlovan sistemaSi, romelic iwvevs nekrozsa 
da qsovilebas gakorpebas. 

mcenare ZiriTadad avaddeba kvirtebidan da meqanikurad dazianebuli 
adgilebidan, iSviaTad bageebidan. baqteriebi advilad vrceldeba wvimiTa da 
mwerebiT. infeqcia ki ZiriTadad daavadebuli mcenaris nawilebSi.  

garda zemoT aRniSnuli daavadebibisa, baqteriebi iwveven laqianobebs, 
romelTa Soris Tavisi bunebiT gamoiCeva kaklis foTlebis baqteriuli la-
qianoba. daavadebis gamomwvevia baqteria _ Xanthomonas juglandis Dows. daavadebis 
gavrceleba emTxveva kaklis geografiul gavrcelebas. avaddeba kaklis foT-
lebi, yvavilebi, axalgazrda nayofebi da ylortebi.  

foTlis firfitebze dasawyisSi viTardeba wvrili, qlorotuli laqe-
bi, romlebic Semdeg Savdeba. foTlis ZarRvebis daavadebisas, foTlebi yviT-
ldeba da cviva Tu daavadebuli foToli ar Camocvicda _ firfitaze ganla-
gebuli Savi laqebi iSleba da foTlis firfita rCeba dafacxavebuli. 
erTdroulad foToli deformaciasac ganicdis. 

yvavilis daavadeba, umTavresad butkodan iwyeba. butko lorwovania, 
nazi qsovilisaganaa Semdgari da mas advilad ekvreba baqteriuli organizmi. 
sabolood butkosa da Semdeg naskvis gaSavebas iwvevs, ris gamoc orive cviva. 

ylortebze da totebzec laqebi viTardeba, es ukanaskneli CaRrmave-
bulia, Cazneqilia, dasawyisSi mkrTali da odnav lorwovani zedapiriT. 

nayofebzec igive simptomebia, mxolod laqebi kidev ufro mkrTalia da 
garSemovlebuli. sabolood infeqcia nayofis gare kedlis daSlis Semdeg 
naWuWsac aRwevs da iWreba gulSi, amis Semdeg nayofi jer Wkneba, iWmuWneba, 
Savdeba da cviva. axalgazrda mozrdili mcenareebi ufro metad ziandeba, 
vidre SedarebiT xnieri xeebi. 

daavadebis xelSemwyob faqtorad iTvleba: xSiri wvumebi da saerTod 
teniani pirobebi, metadre gazafxulze, romlis drosac foTlebisa da 
yvavilebis kvirtebi ixsneba. kvirtebSi mozamTre baqteriebi vrceldebian da 
pirvel infeqcias iwveven. zog SemTxvevaSi mamrobiTi yvavilebis jer kidev 
gauSleli kvirtebia dazianebuli, rac imis maCvenebelia, rom infeqcia 
mcenaris mtvris marcvlebzea gadasuli. 

aRniSnuli infeqcia gamowveulia yvavilobamde merqanSi SeWrili da 
gamtari WurWlebiT yvavilebSi gadasuli baqteriebiT. ise, rom daavadebis 
gavrcelebaSi baqteriebiT daavadebuli mtvris marcvalic SeiZleba infeqciis 
wyarod CaiTvalos. 

daavadebis gamomwvevi baqteriis ganviTarebis optimalur temperaturad 
iTvleba 28 0C, minimalurad 10 0C, maqsimalurad 53_55 0C. 

Cveni gamokvlevebiT dadginda, rom fitopaTogenuri baqteriebi iwveven 
merqnian mcenareTa xmobasac. aq ori SemTxvevaa aRsaniSnavi. pirvelia traqeo-
baqteriuli xmoba, rodesac baqteriebis masa mcenaris WurWlebs ise gamoav-
sebs, rom wylis gadanacvleba ar aris SesaZlebeli, transpiraciiT dakar-
guli wyali, ver Seivseba da mcenare jer turgors kargavs da mere xmeba. 
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meore gvaris xmoba toqsikuria. am SemTxvevaSi baqteria mcenaris qsovi-
lebis intoqsikacias iwvevs da mcenare xmeba. 

baqteriuli daavadebebis winaaRmdeg saWiroa mTeli rigi RonisZiebebis 
gatareba, pirvel rigSi agroteqnikur RonisZiebaTa kompleqsis maRal doneze 
Catareba; daavadebebisadmi gamZleobis gasaZliereblad unda moxdes mcenare-
Ta balansirebuli kveba, kerZod bioorganuli sasuqebis sruli kompleqsis 
Setana; san-higienuri RonisZiebebis Catareba, rogoricaa: daavadebuli ylor-
tebisa da totebis SeWra, nakveTidan gatana da dawva. Camocvenili foTlebisa 
da nayofebis Segroveba da dawva. unda Catardes spilenZSemcveli fungicide-
biT Sesxureba 3_4 jer. pirveli wamloba unda Catardes kvirtebis dabervisas 
(3%-iani fungicidiT), xolo danarCeni 10_12 dRis SualediT (1 %-iani fun-
gicidiT). 

amrigad, fitopaTogenuri baqteriebi iwveven, rogorc kulturuli aseve 
tyis mcenareulobis merqnian mcenareTa sxvadasxva formis daavadebebs da 
didi mavneoba moaqvT, rogorc soflis aseve satyeo meurneobisaTvis. 
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SUMMARY 

BACTERIAL DISEASES OF WOODY PLANTS 

Kanchaveli Sh.S., Pavliashvili K.M. and Chachkhiani-Anasashvili N.R. 

Scientific Research Center of the Ministry of Agriculture of Georgia 

Georgian Technical University 

Akaki Tsereteli State University, Kutaisi 

It is established that phytopathogenic bacteria cause diseases of both cultivated and forest woody plants. The 

latter are of four types: parenchymatous, vascular, generalized, and plastic. Diseases caused by phytopathogenic 

bacteria are of various forms, such as burns, cancer, necrosis, spotting, wilting, and others. The ways of 

penetration and spread of the bacterium in the plant have been studied Bacterial diseases of cultivated and forest 

woody plants are characterized by great harmfulness and they cause great damage to both agriculture and 

forestry. Measures to combat bacterial diseases have been developed. 

Keywords: bacterial diseases, phytopathogenic bacteria, woody plants. 
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ВЛИЯНИЕ СРЕДЫ НА РАЗВИТИЕ БОЛЕЗНИ РАСТЕНИЙ 

Канчавели Ш.С. 

Научно-исследовательский центр Министерства сельского хозяйства Грузии 

На сезонное развитие и географическое распространение болезней оказывают влияние 

погодные условия и почвенные факторы. Это – один из главных и наиболее общих выводов 

патологии растений. Само утверждение старо, но строгий анализ и точный учет влияния 

основных факторов представляют собой достижение сравнительно недавнего времени. На 

основе накапливающихся данных о влиянии факторов внешней среды возникает новая отрасль 

фитопатологии – экология возбудителей болезней растений или, в более широком понимании, 

экология болезней растений. 

Новую эру экологического подхода к болезням растений открыли многие исследователи 

[1-5]. 

Для каждого сочетания – патоген – хозяин – внешняя среда, существует характерная 

скорость и степень развития болезни. Любой данный фактор внешней среды, такой, как 

например, температура, имеет для каждого патогена совершенно определенный минимум, 

оптимум и максимум, так что пределы плюс-и-минус-отклонений от оптимума, в которых рост 

патогена заметно не замедляется и не ограничиваается, могут считаться нормой развития. Но на 

хозяина также оказывают влияние температура и многие другие факторы способные изменить 

его обычную восприимчивость. Одни и те же факторы могут по-разному влиять на патогены и 

на хозяина: они могут быть благоприятными для одного из них и вредными для другого. 

Поэтому наиболее сильного развития болезни в наикратчайший срок следует, по-видимому, 

ожидать в том случае, если факторы внешней среды окажутся неблагоприятными для хозяина и 

благоприятными для патогена. При обратном соотношении болезнь разовьется наиболее слабо 

и, вероятно, потребует для своего развития максимального времени. Так как многие факторы 

оказывают воздействие и на патоген и на хозяина, то скорость, степень развития и 

вредоносность заболевания определяются, видимо, алгебраической суммой благоприятных и 

неблагоприятных для развития заболевания факторов. 

Одна из главных проблем в выяснении влияния внешней среды на развитие болезней 

растений заключается в том, чтобы суметь разграничить влияние, оказываемое на патоген, от 

воздействия на хозяина. Быть может погода благоприятствует развитию патогена, а быть может 

она снижает обычную устойчивость хозяина и его способность к выздоровлению. 

Ущерб, причиняемый заболеванием, не всегда определяется только восприимчивостью 

тканей растения-хозяина; он определяется также и способностью хозяина противостоять 

воздействию болезни и его способностью выздоравливать от нее. Две линии кукурузы могут, 

например, в равной степени поражаться корневыми гнилями, но та из них, которая быстрее 

образовывает вторычные корни, будет легче оправляться от нанесенного ей вреда. Rhizoctonia 

solani может вызвать гибель корней и стеблей картофеля, однако в благоприятных условиях 

новые корни образуются достаточно быстро и урожай может быть спасен, тогда как в условиях 

неблагоприятных, снижающих способность хозяина к выздоровлению, патоген причиняет 

обычно гораздо больший вред. Скорость, с которой патоген разрушает, а хозяин восстанав-

ливает разрушенное, нередко определяет конечный ущерб от заболевания, а скорость эта в 

обоих случаях зависит от влияния внешних условий. Способность хозяина ликвидировать 

причиненный ущерб или как-либо компенсировать его зависит от рода воздействия, 

оказываемого патогеном, от способности нейтрализовать этот особый род воздействия, а также 

от факторов внешней среды, благоприятствующих хозяину или патогену. 

Выносливость, или способность растений-хозяев выдерживать определенное 

поражение, также может широко варьировать в зависимости от окружающих условий. Вред от 

данного количества стеблевой ржавчины на данном сорте пшеницы может сильно измениться в 

зависимости от почвенных и погодных условий, особенно после периода цветения пшеницы. 

Сухая, жаркая погода, по-видимому, увеличивает вредность ржавчины, а прохладная 

уменьшает ее. На смежных, но различно удобренных делянках пораженность ржавчиной может 

быть одинаковой, но вред на делянках с несбалансированным составом удобрений будет 
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вероятно, больше, чем на делянках с оптимальным сочетанием элементов миннерального 

питания. Снижение урожая в результате заболевания может быть усугублено, если внешние 

условия неблагоприятны для хозяина, но вред от болезни может быть в значительной степени 

нейтрализован, если эти условия хозяину благоприятствуют. 

Установлено, что имеются, конечно, случаи, когда заболевание развивается до своего 

естественного завершения в пределах относительно широких колебаний внешних условий. 

Многие гнили плодов в конечном счете приводят к полному загниванию независимо от того, 

где находятся плоды- на дереве или в хранилище. Скорость загнивания может варьировать, но 

степень его распространения ограничивается только размером плода, если температура или 

другой решающий фактор не отклоняется за пределы, считающимися нормальными для роста 

патогена. Это верно в отношении возбудителя серой гнили плодов у косточковых пород 

Shlenotrinia fructicola и многих других сходных патогенов.  

Общее влияние почвенных и погодных условиий на распространение и вредность 

болезней хорошо известно, однако во многих случаях бывает невозможно определить 

относительное значение каждого отдельного фактора и самый механизм его действия. Для 

максимального развития многих болезней необходимо определенное сочетание благоприятных 

факторов в надлежащие сроки времени. Жаркая и сухая, холодная и влажная, теплая и влажная 

погода – таковы наиболее обычные сочетания условий, вызывающие усиленное развитие и 

повышенную на дня. вредоносность растений. 

Ответить на вопрос относительно места, времени и способа влияния внешних условий 

на степень вредоносности болезни может быть сравнительно просто или, напртив, весьма 

трудно. В некоторых случаях внешние условия влияют на один или несколько этапов в 

образовании, распространении и прорастании инокулюма; в - других это влияние сказывается 

главным образом на обосновании и последующем развитии патогена в растении-хозяина. А 

иногда оно сказывается на растении, на его относительной пригодности в каачестве 

питательной среды для патогена, на его устойчивости, способности к выздоровлению или его 

выносливости. 

При учете влияния внешних условий важно разграничивать факторы, оказывающие 

косвенное воздействие, от тех, которые действуют непосредственно. В широком смысле 

географическое распространение болезней определяется высотой над уровнем моря и широтой 

местности, однако фактически эти условия лишь определяют воздействие таких факторов, как 

температура, влажность, интенсивность освещения или длина дня. Тип и структура почвы 

также могут иметь, важное значение, но и они оказывают лишь косвенное влияние, определяя 

количество и доступность почвенной влаги, аэрацию и кислотность или щелочность среды.  

Важно также учитывать различия между макроклиматом и микроклиматом, между 

погодой вообще и погодными условиями в то время и месте, где происходит развитие болезни. 

Трудно достаточно логично и удовлетворительно классифицировать факторы, 

оказывающие влияние на развитие болезней. 

Опытами установлено, что среди тех внешних факторов, которые влияют на развитие 

заболеваний растений, наиболее значителььными являются температура и влажность. 

Температура часто является решающим фактором в определении сезонного и 

регионального распространения болезней; она же определяет внутрисезонные колебания и 

географическое распространение болезней. Высота над уровнем моря и штрота местности 

оказывают больщое влияние на температуру, а следователььно, и на географическое 

распространение заболеваний. 

На основании проведенных нами опытов установлено, что некоторые патогены лучше 

всего развиваются при низких температурах. Taphrina pruni и T. deformans, вызывающие 

соответственно болезнь кармашков сливы и курчавость листьев персика редко причиняют 

сильный вред, разве что в те сезоны или в тех местностях, где в течение весны стоит 

прохладная и влажная погода. Распространение Spongospora subterranea, возбудителя 

порошистой парши картофеля, ограничивается теми районами где температера почвы остается 

на сравнительно низком уровне. 

К числу патогенов, для оптимального развития которых необходима высокая или 

сравнительно высокая температура, относяться Glomerella cingulate и Sclerotinia fructicola, 

вызывающие соответственно горькую гниль яблок и серую гниль плодов косточковых пород; 
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Fusarium oxysporum f. lini, F. oxeesporum f. lycopersici и Fusarium oxysporium f. conglutanus, 

вызывающие соответственно увядание льна, увядание помидоров и желтуху капусты; Erwinia 

amylowora (возбудитель бактериального ожога плодовых). 

После того как заражение осущуствилось, наиболее простое и прямое влияние 

температуры проявляется в изменении продолжительности тогоо периода, по истечении кото-

рого появляются симптомы болезни или спороношения возбудителя. Ржавчина хлебных злаков, 

ложная мучнистая роса, мучнистая роса и некоторые другие болезни в начале каждого сезона 

начинаются с единичных поражений и лишь постепенно с каждым новым циклом бесполого 

размножения, распространяются все больше и больше. Число этих циклов, т.е. число генераций 

спор, а следовательно, и возможность возникновения эпифитотии, определяются сроком 

времени, протекающим от начала заражения до спорообразования. 

Установлено, что температура влияет на продолжительность инкубационного периода 

болезни. От начала заражения до образования уродопустул возбудителя корончатой ржавчины 

овса. Puccinia coronatа var. abenae проходит 5 – 6 дней при температуре 25 оС, 9 дней – при 

20 оС, 13–15 дней при 15 оС и 15 дней – при 13 оС. 

Соответственно широкие пределы колебаний отмечены и у других патогенов – грибов и 

бактерий. Инкубационный период у Plasmopara viticola, возбудителя ложной мучнистой росы 

винограда, может варьировать от 5 дней до 7 недель; у Fusarium oxysporum var. vasinfectum, 

возбудителя увядания хлопчатника, арбуза, коровьего гороха и других видов растений, инкуба-

ционный период колебается от 58 дней при температуре 16 о до 12 дней при 27 о. 

Установлено, что температура влияет не на характер воздействия, оказываемого 

патогеном, а на скорость развития патогена. Различия носят не качественный, а только коли-

чественный характер. В некоторых случаях температура определяет не только сроки развития 

патогена, но также и самый тип его воздействия. 

Во многих случаях температура оказывает на патоген более сильное воздействие, 

нежели на хозяина. У факультативных сапрофитов влияние температуры на рост и спороно-

шение можно определять на искусственных питательных средах, а затем сопоставлять полу-

ченные данные со сведениями по распространению и вредоносность данного заболевания. Для 

роста возбудителя увядания льна Fusarium oxysporum var. lini и для максимального развития 

болезни увядания оптимальной считается одна и та же температура, а именно 24о. В том случае, 

когда кривая роста патогена и кривая развития болезни совпадают или имеют одинаковое 

направление изменений, можно с полным основанием предположить, что температура оказы-

вает влияние главным образом на патоген. Однако совпадение этих кривых наблюдается не 

всегда. 

Thielavipsis basicola при температуре 17 – 23о причиняет наибольший ущерб растениям 

табака, а при температуре 28 – 30о, оптимальной для роста гриба, вред от болезни бывает 

весьма незначительным. При 17 – 23о гриб растет слабо, но так же слабо растет и сам табак. 

Очевидно, растение-хозяин при этом настолько ослаблено, что даже ослабленный патоген 

может вызвать максимальное поражение. Как известно, пшеница развивается лучше всего в 

прохладную погоду, а кукуруза при относительно высокой температуре почвы. Самый высокий 

процент корневой гнили у пшеницы наблюдается при температуре около 28о, а у кукурузы – 

при 16о и ниже, тогда как оптимальной температурой для роста гриба является приблизительно 

25о. Таким образом, влияние температуры на развитие болезни проявляется здесь, видимо, 

главным образом в том, что она вызывает предрасположение к заболеванию у растения-

хозяина, повышает его восприимчивость. При температуре около 30о и выше, оптимальной для 

роста мускусной дыни, последняя проявляет сравнительную устойчивость к загниванию 

сеянцев и увяданию – болезням, которые вызываются грибом Fusarium oxysporum. Сильное 

развитие болезни и высокая ее вредоносность отмечаются при температуре ниже той, которая 

считается оптимумом для роста гриба, т.е. ниже 27о. Устойчивость при высокой температуре 

обуславливается, по-видимому, повышенной способностью растения-хозяина исключать 

заражение сосудистых пучков путем образования перидермы. 

Итак, очевидно, что влияние температуры на развитие бактериальных и грибных 

болезней может сказываться главным образом либо на патогене, либо на хозяине. Если темпе-

ратура слишком сильно отклоняется от оптимальной для роста патогена, то развитие болезни 

может быть замедлено или вовсе предотвращено; если же она слишком сильно отклоняется от 
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оптимума для роста хозяина, то и распространенность заболевания и интенсивность поражения 

могут возрастать, так как у хозяина возникает предрасположение к болезни. Когда ослаб-

ленными оказываются и патоген и хозяин, развитие заболевания зависит от того, какой из них 

будет ослаблен в большей степени. 
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SUMMARY 

THE INFLUENCE OF ENVIRONMENTAL CONDITIONS ON THE DEVELOPMENT 

OF PLANT DISEASES 

Kanchaveli Sh.S. 

Scientific Research Center of the Ministry of Agriculture of Georgia 

Experiments have shown that temperature and humidity are the most important of environmental conditions that 

affect the development of plant diseases. The temperature has been found to determine the seasonal and 

regional distribution of diseases, as well as intraseasonal variability and geographic distribution. Temperature 

affects both the pathogen and the host plant; all pathogens have cardinal temperatures for their development. 

Environmental temperature affects the intensity of disease development, its speed, the duration of the incubation 

period, and the susceptibility of plants to diseases. 

Keywords: plant diseases, temperature, humidity, environmental conditions. 
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Tanamedrove tendenciebi Sinaur frinvelTa keTildReobis sakiTxebSi 

Coxeli n.T. 

saqarTvelos teqnikuri universiteti 

qaTmis xorci janmrTeli kvebis umniSvnelovanesi komponentia. 2021 
wels msoflioSi daaxloebiT 132,3 milioni tona frinvelis xorci moixmares, 
rac mas yvelaze moTxovnad saxeobad aqcevs. rac ufro izrdeba industriuli 
fermebis raodenoba izrdeba uxeSoba qaTmebis mimarT, miuxedavad imisa rom 
mwarmoeblebi iZulebulebi arian frinvelebs Seuqmnan komfortuli pirobebi. 

keTildReoba sul ufro mniSvnelovani aspeqti xdeba frinvelis indus-
triul moSenebaSi. arsebiTad frinvelis keTildReoba niSnavs, rom maTi saWi-
roebebi yoveldRe unda kmayofildebodes.  

frinvelis keTildReoba ganixileba rogorc frinvelis fizikur da 
emociur mdgomareobad. 

fizikuri maCveneblebi moicavs sakvebisa da wylis moxmarebas, tempe-
raturul maCvenebels, haeris da dabinZurebis xarisxs, dasmis simWidroves da 
yoveldRiur wonamats. xolo emociuri maCvenebeli gamowveulia stres faqto-
rebiT, es aris frinvelis daWera, transportireba da zogierTi veterinarul- 
zooteqnikuri procedurebi. 

magaliTad, dasarwyulebeli wylis idealuri temperatura unda iyos 
18° C _ 21°-C. mis misaRebad or metrze gavla ar unda uwevdes (cxr.1). frin-
velis janmrTelobisTvis da usafrTxoebisTvis xdeba wylis xarisxis gan-
sazRvrac (cxr.2). 

   cxrili 1. wylis rekomendebuli raodenoba 

frinvelis asaki wylis miReba 

0_7 dRe 20 ml /wT 

7_21 dRe 60_70 ml/ wT 

>21 dRe 70_100 ml/ wT 

cxrili 2. wylis koncentraciis idealuri kriteriumi 

kriteriumebi koncentracia  (PPM) 

sul gaxsnili 0_1000 
pH 5_8 
sulfatebi 50_200 

qloridi 250 
kaliumi <300 
magniumi 50_125 ww 
nitratebi 10 maqsimaluri done 

nitritebi kvali 

ftori 2 maqsimaluri done 

kalciumi 600 maqsimaluri 

natriumi 50_300 

aseve mniSvnelovania kvebisa da movla-Senaxvis sxvadasxva pirobebi. frin-
veli axdens micemuli sakvebis Sefasebas, ris Sedegadac upiratesobas aZlevs 
sakvebis ama Tu im saxes, rac mxedvelobiTi da gemonebiTi aRqmis Sedegia. 
sakvebis gemovnebiT TvisebebTan erTad gasaTvaliswinebelia kvebisaTvis saWiro 
dro, es ki damokidebulia sakvebis Tvisebebze. fqvilovani sakvebis miRebaze 
(saWiro raodenobiT) indaurebi da qaTmebi xarjaven ufro met dros, vidre mar-
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cvlovan da granulirebul sakvebze. dakvirvebebiTi qronometraJiT es sidide 
Seadgens indaurebis magaliTze 136 wuTs fqvilovani sakvebisaTvis da mxolod 
16 wuTs granulebisaTvis. calkeuli saxeobis frinvelebs filogenezurad Ca-
mouyalibdaT specifikuri formis niskarti sakvebis ukeT mopovebis mizniT. 

agreTve saWiroa Senobis temperaturis da tenianobis kontroli, rome-
lic unda xdebodes regularulad (cxr.3).  

cxrili 3. optimaluri temperatura Senobasa da sxeulSi 

asaki sxeulis temperatura Senobis temperatura 

0_13 34_35°C 31_32°C 

14 dan 31_32° C 24_25°C 

amdenad, mniSvnelovania keTildReobis gazomvadi kriteriumebis Sefa-
seba. imisaTvis, rom SevZloT frinvelis keTildReobis Sefaseba unda movax-
dinoT mis gazomva. keTildReobis gazomva gvaZlevs saSulebas vicodeT ra 
donis miRweva fermaSi SesaZlebeli da ra gavlenas axdens ganxorcielebuli 
marTvis praqtika frinvelebze. broilerisTvis es maCveneblebia: 1. frinvelis 
raodenoba fermaSi, 2. haeris xarisxi, 3. sunTqvis sixSire, 4. sibinZure, 5. zo-
gadi janmrTeloba, 6. siarulis unari (20%-dan aRebuli nimuSebis SefasebiT), 
7. sikvdilianoba da mkvdari frinvelebis raodenoba, 8. qceva, 9. dermatitebi
da damwrobebi, 10. antibiotikis moxmarebis Canawerebi. 

unda aRiniSnos, rom mefrinveleobis ganviTarebasTan erTad izrdeba im 
parametrebis CamonaTvali, romelic pasuxismgebelia mis keTildReobaze [1-7].   

aRsaniSnavia, rom frinvelis keTildReobas evrokavSirSi ufro meti yu-
radReba eqceva, vidre msoflios bevr sxva regionSi. evrokavSiris mier war-
modgenili samoqmedo gegma miznad isaxavs maregulirebeli organos gafar-
Toebas. evrokavSiri daTanxmda axal direqtivas, romelic adgens axal stan-
dartebs dasmis simWidrovis Sesamcireblad. mosalodnelia rom es gavlenas 
moaxdens msoflioSi vaWrobaze, ris gamoc evrokavSiri ganixilavs etiketire-
bis gamoyenebas, raTa momxmarebels miawodos informacia warmoebis standar-
tebTan dakavSirebiT. dReisaTvis evrokavSiris kanonmdebloba iZleva uflebas 
33 kg/m2 dasmis simWidroves, xolo USDA-isgan neba darTulia 35,7 kg/m2, didi 
britaneTisTvis _ 39 kg/m2, xolo SvedeTSi 36 kg/m2. 

janmrTelobis da keTildReobis kriteriumebi evropis masStabiT ase 
gamoiyureba: 
Welfare  Quality Network ® (WQN)-is miRebuli protokoli moicavs 12 punqts. 

1. frinvelebi ar unda itanjebodnen SimSilisgan, maT unda hqondeT sak-
marisi srulfasovani sakvebi; 2. ar unda itanjebodnen wyurvilisagan, maT 
unda hqondeT sakmarisi sufTa wyali da gamarTuli wyalmomarageba; 3. frin-
velebs unda hqondeT komfortuli mosvenebis saSualeba; 4. unda xdebodes 
Termo kontroli; 5. frinvelebs unda hqondeT sakmarisi sivrce gadasaadgi-
leblad; 6. isini unda iyvnen Tavisufalni dazianebebisagan, ar unda hqondeT 
koWloba, damwvroba, fexis baliSebis dermatitis; 7. isini dazRveuli unda 
iyvnen davadebebisagan, higienis da sanitaris RonisZiebebis gatarebiT; 8. Tavi-
sufalni unda iyvnen tkiviliT gamowveuli tanjvisgan; 9. maT unda SeeZloT 
maTTvis damaxasiaTebeli qcevis gamoxatva, rogoricaa frTebis gaSla an bu-
des gakeTeba; 10. maT unda SeeZloT sakvebis mopoveba; 11. frinvels kargad un-
da moeqcnen yvela situaciaSi; 12. aridebuli unda iyos SiSi da stresi. 

SvedeTSi fermerebi muSaoben msoflioSi yvelaze mkacri wesebis mixed-
viT. isini amis gamo iTvlebian globalurad misabaZ magaliTebad. SvedeTSi 
gazrdili qaTmebis mxolod 1% aris evrokavSiris regulaciebis mixedviT, 
yvela danarCeni ki maT mier SemuSavebul mkacri moTxovnebis mixedviT. amas 
mowmobs is faqtic, rom SvedeTSi antibiotikebis moxmareba 1986 wlidan akrZa-
lulia, maT ar aZleven zrdis hormonebs, arc Tevzis fqvils da arc genmo-
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dificirebul soios. SvedeTSi frinvelis janmrTelobas inarCuneben biousaf-
rTxoebis zomebiT, vaqcinaciis progrmebiT, SezRuduli importiT, daavadebis 
aqtiuri meTvalyureobiT da aRmofxvris programebiT. SvedeTs aqvs salmo-
nelas erT-erTi yvelaze efeqturi programa, riTac infeqciis sixSire 0,1 %-ze 
naklebia, maSin rodesac SeerTebul StatebSi 4,3 %-ia. SvedeTSi gasayidad gam-
zadebul xorcze  KRAV-is dasaxelebis marka miuTiTebs, rom dakvlamde 
zrunavdnen mis keTildReobaze.  

amerikis SeerTebul StatebSi cxovelTa keTildReobis aqti ar Seicavs 
punqtebs frinvelTa keTildReobasTan dakavSirebiT sakanonmdeblo doneze. 
rac niSnavs, rom ar arsebobs mkacri regulaciebi. mis gamo rom frinvelis 
mwarmoeblebi SeerTebuli Statebidan gansxvavebulad iazreben warmoebis 
Sexedulebebs regionidan regionSi ar aris dadgenili frinvelis keTil-
dReobis standartebi. Tumca arsebobs cxovelTa keTildReobis standartebi 
mefrinveleobis industriis asociaciebidan, rogoricaa qaTmis erovnuli 
sabWo (NCC). NCC pasuxismgeblobas akisrebs kompaniss TanamSromlebs, radgan 
isini iyvnen ufro metad tolerantulni. 

sadReisod teqnologiuri ganviTareba iZleva axal SesaZleblobebs. 
dReisaTvis SemoTavazebulia axali midgoma komerciuli broileris da indau-
ris fermebis keTildReobis Sesafaseblad. igi dafuZnebulia xazis tran-
seqtebze. transeqtis meTodi afasebs frinvelis gadaadgilebas konkretulad 
gansazRvrul bilikze! specialuri sensoris saSualebiT romelic dayenebulia 
sarwyulebelTan an sakveburTan. am aplikaciiT Semfasebels saSualeba eZle-
vaT advilad Caweron gadaadgilebis sixSire, koWloba, umoZraoba, avadmyofi 
frinvelis raodenoba. es aris i-Wotchbroiler aplikacia, romliTac saSualeba 
gveZleva SevafasoT sacxovebeli pirobebi da faris zogadi maxasiaTeblebi. 

rogorc zemoganxilulidan Cans, msoflio politika, romelic Ziri-
Tadad mimarTulia frinvelis xorcisa da kvercxis gazrdisken tardeba didi 
warmatebiT, magram frinvelisTvis garkveul fasad. amdenad mniSvnelovania 
mecnierebis muSaoba industriasTan da momxmarebelTan, teqnologiebis ganvi-
Tareba, axali politikis da praqtikis SemuSaveba, romelic daicavs frinve-
lis fizikur janmrTelobas da miscems qceviTi saWiroebis gamoxatvis saSua-
lebas, humanurs gaxdis industriul warmoebas da amasTanve SesaZlebeli 
iqneba jansaRi produqtis miReba.  
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SUMMARY 

CURRENT TRENDS IN POULTRY WELFARE 

Chokheli N.T. 

Georgian Technical University 

The article discusses poultry welfare issues and current trends in the world. The importance of measurable and 

non-measurable welfare parameters on both the welfare of poultry and the quality of receiving its desired 

products is mentioned. A review of Europe and the USA is discussed in the conditions of intensive production of 

poultry and the issues of regulating their welfare and productivity. It is concluded that, in view of the activity 

and constant care of the world community to increase the quality of welfare of birds and animals, it is still 

necessary to find new technologies for the maximum optimization of these issues. 

 Keywords: domestic poultry, productivity, behavior, welfare. 
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akademikosi givi cincaZe _ 90 
 

  
 
 
saqarTvelos mecnierebaTa erovnuli, informati-
zaciis saerTaSoriso, ruseTis sabunebismetyvelo 
mecnierebaTa akademiebis akademikosi, cxum-afxa-
zeTis mecnierebaTa akademiis wevri, qimiis mecnie-
rebaTa doqtori, saqarTvelosa da ukrainis 
saxelmwifo premiebis laureati, saqarTvelos 
mecnierebis damsaxurebuli moRvawe, saqarTvelos 
teqnikuri universitetis profesori  

 
 
 

 
givi cincaZe daibada 1933 wlis 18 aprils, qalaq TbilisSi pedagogTa 

ojaxSi. saSualo skolis oqros medalze damTavrebis Semdeg swavla ganag-
rZo Tbilisis saxelmwifo universitetis qimiis fakultetze.  

1965 wlidan moRvaweobda saqarTvelos politeqnikuri institutis 
(saqarTvelos teqnikuri universiteti) qimiuri teqnologiis da metalurgiis 
fakultetze, sadac gaiara saintereso SemoqmedebiTi gza asistentidan …profe-
soramde. wlebis manZilze xelmZRvanelobda universitetis analizuri, zogadi 
da araorganuli qimiis kaTedrebs. 1992_1995 wlebSi iyo saqarTvelos teqnikuri 
universitetis qimiuri da biologiuri teqnologiis saswavlo-samecniero 
institutis direqtori, 1995_1997 wlebSi _ qimiuri da biologiuri teqno-
logiis fakultetis dekani. SeTavsebiT xelmZRvanelobda p. meliqiSvilis 
saxelobis fizikuri da organuli qimiis institutis kompleqsnaerTebis 
qimiisa da r. aglaZis saxelobis araorganuli qimiisa da eleqtroqimiis ins-
titutis araorganuli naerTebis fizika-qimiis laboratoriebs. aTeuli wlebis 
manZilze leqciebs kiTxulobda ivane javaxiSvilis saxelobis Tbilisis 
saxelmwifo universitetsa da amave universitetis soxumis filialSi.  

g. cincaZem 1965 wels warmatebiT daicva sakandidato disertacia 
koordinaciuli naerTebis kristaloqimiis dargSi. 1971 wels ki sadoqtoro 
disertacia Temaze `liTonebis cianaturi, Tiocianaturi da selenocianaturi 
naerTebis gamokvleva~.    

uaRresad farTo da masStaburi iyo givi cincaZis mecnieruli moR-
vaweobis diapazoni. araorganuli, koordinaciuli da struqturuli qimiis, 
kristaloqimiis, speqtroqimiis, kvanturi qimiis, qimiis istoriis sferoebs 
moicavs mis mier Sesrulebuli Svid aseulze meti naSromi, romelTa Sorisaa 
monografiebi, saxelmZRvaneloebi, saavtoro mowmobebi. koordinaciuli qimiis 
qarTuli mecnieruli skolis damaarsebeli. farToa misi samecniero 
naSromebis citirebis areali.  

gansakuTrebiT aRsaniSnavia batoni givis Rvawli samecniero kadrebis 
aRzrdis saqmeSi. misi moswavleebi nayofierad moRvaweoben msoflios sxvada-
sxva samecniero da saswavlo centrebSi (saqarTvelo, ruseTi, ukraina, 
azerbaijani, amerikis SeerTebuli Statebi, germania, kanada, axali zelandia, 
TurqeTi).  

samecniero-kvleviT saqmianobasTan erTad givi cincaZe nayofier sas-
wavlo-pedagogiur da sazogadoebriv saqmianobas eweoda. didia misi damsa-
xureba saSualo da umaRles skolebSi qimiis swavlebis srulyofis, maRal-
kvalificiuri axalgazrda specialistebisa da samecniero kadrebis mom-
zadebis saqmeSi.   
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2005 wels givi cincaZe airCies taras SevCenkos saxelobis kievis 
nacionaluri universitetis sapatio doqtorad.        

batoni givi iyo saqarTvelos mecnierebaTa erovnuli akademiis qimiisa 
da qimiuri teqnologiis ganyofilebis akademikos-mdivani; mravali samecniero 
konferenciis, sesiisa da yrilobis saorganizacio komitetis wevri; Jurna-
lebis: saqarTvelos mecnierebaTa erovnuli akademiis `macne~ (qimis seria) da  
`saqarTvelos qimiuri Jurnali~   saredaqcio kolegiis wevri.  

givi cincaZis xsovna samudamod darCeba megobrebis, kolegebisa da 
aRzrdilebis gulSi. 

RmerTma daumkvidros saukuno sasufeveli... 
 
 
 

saqarTvelos teqnikuri universiteti 
saqarTvelos sainJinro akademia 

Jurnal `saqarTvelo sainJinro siaxlenis~ redaqcia 
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levan mujiris xsovna 
 

qarTveli meRvine-teqnologi, saqarTvelos soflis 
meurneobis mecnierebaTa akademiis wevri da teqnikur 
mecnierebaTa akademiis akademikosi levan aleqsandres Ze 
mujiri daibada 1940 wlis 2 seqtembers, qalaq TbilisSi. 
skolis damTavrebis Semdeg swavla ganagrZo saqarTvelos 
sasoflo-sameurneo institutSi, meRvineobis fakultetze. 
institutSi swavlis periodSi levanma yuradReba miiqcia 
rogorc niWierma, SemoqmedebiTi unarisa da Sromismoyvare 
studentma. institutSi swavlis periodSi Camoayaliba jaz-
orkestri, romelsac warmatebiT xelmZRvanelobda mravali 

wlis ganmavlobaSi. 
institutis damTavrebis Semdeg levan mujirma swavla ganagrZo saqar-

Tvelos mebaReobis, mevenaxeobisa da meRvineobis samecniero kvleviT insti-
tutSi aspirantad. warmatebiT daicva sakandidato da sadoqtoro 
disertaciebi.  

1977 wlis 19 ivniss levan mujirma institutSi Camoayaliba ,,biolo-
giurad aqtiuri naerTebis~ jgufi, romelic Tavdapirvelad mxolod 5 axal-
gazrda mecnier-muSakisgan Sedgeboda. isini muSaobdnen xilisa da yurZnis 
gadamuSavebis meorad produqtebze. mudmivi siaxleebis ZiebaSi myofi jgufi, 
levan mujiris xelmZRvanelobiT 1980 wlidan gafarTovda da daerqva ,,teqni-
kuri bioqimiisa da mikrobiologiis~ laboratoria. sadac 30-ze meti mecnier-
muSaki eweoda samecniero moRvaweobas. batoni levani iyo gulisxmieri aRmzr-
deli, samecniero ZiebisTvis maqsimalurad ganawyobda da aZlevda Semoq-
medebiT muxts mis gverdiT momuSave yvela mkvlevars. intensiurad iyo Car-
Tuli yvela kvleviT procesSi. profesiuli codnis gamdidreba da 
Tavdauzogavi Sroma iyo misi cxovrebis mTavari principi da amasve 
moiTxovda studentebis, aspirantebisa da kolegebisgan. 

mebaReobis, mevenaxeobisa da meRvineobis s/k institutSi muSaobis pe-
riodSi levan mujirma, Tavis Seqmnil laboratoriaSi Camoayaliba ,,mecnierTa 
skola~, sadac mravali axalgazrda aziara mecnierebas.  misi gazrdilebi 
dResac ewevian samecniero da pedagogiur moRvaweobas. 1991 wels levan 
mujiris xelmZRvanelobiT institutis bazaze daarsda mikrowarmoeba, rome-
lic awarmoebda koniak ,,metexs~, ramdenime dasaxelebis mware nayens, magar 
alkoholian sasmels ,,oqros sawmiss~ da sxv.  

levan mujiris xelmZRvanelobiT Catarebuli kvlevebis safuZvelze mi-
Rebuli Sedegebi dapatentebulia SveicariaSi, amerikis SeerTebul StatebSi, 
norvegiaSi, germaniaSi,  inglisSi da a.S. 

2011 wlidan moRvaweobda kvebis mrewvelobis institutSi. 
levan  mujiris xelmZRvanelobiT daculia sakandidato da sadoqtoro 

disertaciebi. igi samecniero xelmZRvanelobas uwevda ara mxolod saqarTve-
los, aramed  amierkavkasiis,  ruseTisa da yofili sabWoTa kavSiris sxvada-
sxva respublikis axalgazrda mecnierebs. monawileobda respublikur da 
saerTaSoriso konferenciebSi, gamoqveynebuli aqvs naSromebi rogorc 
saqarTveloSi, aseve sazRvargareT.  

levan mujirs, samecniero moRvaweobis periodSi miRebuli aqvs 
sxvadasxva saxis jildoebi. 

levan mujiri iyo mravalmxriv erudirebuli, saukeTeso xelmZRvaneli 
da aRmzrdeli. misi amagi Seufasebelia, xsovna ki dauviwyari. 
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