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                                       რეზიუმე 

sasargeblo wiaRiseulis gamdidrebis procesebis operati-
uli marTvis efeqturobis amaRlebisaTvis didi mniSvneloba eni-
Weba gasamdidreblad miwodebul masalaSi sasargeblo komponen-
tis Semcvelobis Sesaxeb informaciis arsebobas. mniSvnelovania 
agreTve gamdidrebis Sedegad miRebul koncentratSi ZiriTadi 
komponentis procentuli Semcvelobis gansazRvra.  

mowyobilobebis damuSaveba, romelic xels Seuwyobs gasam-
didreblad miwodebuli madnis Sedgenilobis Sesaxeb miRebuli 
informaciis safuZvelze gamdidrebis procesebis operatiul 
marTvas, aqtualuri samecniero-teqnikuri problemaa. aRniSnuli 
problemis erT-erTi mniSvnelovani amocanaa sinjis amRebi da 
mimwodebeli mowyobilobebis damuSaveba da kvleva. 

warmodgenil disertaciaSi sinjis amRebi da mimwodebeli 
mowyobilobebis damuSaveba da kvleva Sesrulebulia WiaTuris 
manganumis #2 centraluri mamdidrebeli fabrikis pirobebisaT-
vis. am dros gaTvaliswinebulia rogorc manganumis madnis pro-
centuli Semcvelobis Sesaxeb miRebuli informaciis gadacema 
mamdidrebel manqanaze operatorisaTvis xeliT marTvisaTvis, 
aseve misi gamoyeneba gravitaciuli gamdidrebis procesis avto-
matizebuli marTvis sistemaSi.  

naSromSi mineraluri nedleulis elementuri Sedgenilob-
is analizisTvis gamoyenebulia neitron-aqtivaciuri meTodi, 
kerZod akad. e. andronikaSvilis saxelobis fizikis institutSi 
damuSavebuli mowyobiloba, romlis saSualebiT xdeba gazomili 
impulsebis raodenobis gardaqmna manganumis procentul Semcve-
lobaSi. 

dasmuli amocanis Sesabamisad naSromSi gadawyvetilia Sem-
degi amocanebi: 

• manganumis warmomadgenlobiTi sinjis masis gansazRv-
ra; 

• sinjis amRebi mowyobilobis parametrebis damuSaveba; 

• sinjis mimwodebeli mowyobilobebis damuSaveba da 
maTi statikuri da dinamikuri parametrebis gaangariSeba; 

• fizikis institutis aqtivaciuri analizis labora-
toriaSi gamoyenebuli `mamravlebel-1~-is pnevmatikuri xaze-
bis maxasiaTeblebis gaumjobesebis RonisZiebebis damuSaveba, 
momsaxure teqnikuri personalis usafrTxoebis saimedoobis 
uzrunvelyofis mizniT. 
amocanebis gadasawyvetad gamoyenebulia kvlevis Teoriuli 

da eqsperimentuli meTodebi laboratoriul da sawarmoo piro-
bebSi, normatiuli dokumentebis moTxovnebis Sesabamisad.  

sadisertacio naSromis pirveli Tavi eZRvneba dasmuli amo-
canis Tanamedrove mdgomareobis analizs da teqnikuri litera-
turis mimoxilvas. analizis sagania axali ideebi da maTi gadaw-
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yvetisadmi SesaZlo midgomebi, Temis irgvliv Sesrulebuli Teo-
riuli da eqsperimentuli kvlevis Sedegebi. 

manganumis gamdidrebis teqnologiuri procesis avtomatiza-
ciis sistemebis Tanamedrove mdgomareobis analizi cxadyofs, 
rom dasmuli problematikis mimarTulebiT miRebuli Sedegebi 

realizebulia WiaTuris manganumis mamdidrebel fabrikebSi. 
gaanalizebulia manganumis gravitaciuli gamdidrebis procesis 
modeli, ganxilulia madnis analizisaTvis gankuTvnili sinjis 
aRebis da gadacemis (trasportirebis) mowyobilobebi, kerZod 
bagiruli gadacemiT da pnevmatikuri amZravebis gamoyenebiT. 
aRwerilia naSromSi gamoyenebuli neitronul mamravlebelze 
agebuli sinjis analizis mowyobiloba.  

meore TavSi gadawyvetilia manganumis madnis sinjis masis 
gansazRvris amocana. naCvenebia, rom WiaTuris madnebis ZiriTad 
saxeobebSi madnis qimiuri Sedgeniloba da simkvrive araerTgva-
rovania, ris gamoc gadamuSavebis procesSi maTi erTad moxved-
ris SemTxvevaSi gamdidrebis teqnologiuri procesi arasrulyo-
filad mimdinareobs. madanSi manganumis procentuli Semcvelob-
is Sesaxeb eqspres-informaciis arsebobis SemTxvevaSi SesaZlebe-
lia gamdidrebis teqnologiur procesSi drouli Carevis gziT 
misi mimdinareobis efeqturobis amaRleba. am mizniT gamoyenebu-
li sinji unda iyos warmomadgenlobiTi da rac SeiZleba srul-
ad asaxavdes sakvlevi masalis Tvisebebs, amave dros misi masa 
unda iyos optimaluri. 

dadgenilia sinjis optimaluri masa, romelic Seadgens 
4500± 50 sm3. damuSavebulia, agreTve, sinjis asaRebad da misawo-
deblad gamoyenebuli WurWlis forma da zomebi.  

gasamdidreblad miwodebul madanSi manganumis procentuli 
Semcvelobis cvlilebis mixedviT SeSfoTebis periodis Sefase-
bisas ganisazRvra: 

• manganumis procentuli Semcvelobis cvalebadoba 
wlis yoveli sezonis (weliwadis droebi) 5 dRe-Ram-
is ganmavlobaSi, 10 wuTis intervaliT;  

• maTematikuri molodini da dispersiebi; 

• wuniani produqciis (dadgenilze dabali xarisxis ma-
nganumis koncentratis) miRebis albaToba. 

dadgenilia rom, SeSfoTebis periodis xangrZlivoba Sead-
gens 15 wuTs. am droSi unda moxdes: sinjis aReba, transporti-
reba, procentuli Semcvelobis gansazRvra da miRebuli infor-
maciis realizacia. 

mesame TavSi mocemulia sinjis amRebi da satransporto 
mowyobilobebis statikuri da dinamikuri parametrebis kvleva. 
ganxilulia sxvadasxva tipis gadacemebis gamoyeneba. Catarebul-
ia damuSavebuli sinjis mokveTis, transportirebis da WurWlis 
daclis mowyobilobebis detaluri gaangariSeba, agreTve sinjis 
aqtivaciuri analizis laboratoriidan aRniSnuli mowyobilobe-
bis marTvisa da informaciis gadacemis SesaZlo varianti.  

meoTxe TavSi mocemulia sinjis mimwodebeli bagiruli sa-
wevelas damuSaveba da kvleva. bagiruli sawevelas damuSaveba 
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ganpirobebulia WiaTuris #2 centralur mamdidrebel fabrikaSi 
Seqmnili amJamindeli mdgomareobiT. fabrikaSi nawilobriv Secv-
lilia gamdidrebis teqnologiuri sqema da mowyobilobis gan-
lageba. mizanSewonilia aqtivaciuri analizis laboratoriis sx-
va adgilze gadatana da, Sesabamisad, sinjis mimwodebeli satra-
nsporto xazis damuSaveba. aRniSnulis gamo, ori satransporto 
xazis nacvlad SemoTavazebulia erTbagiriani qanqarasebri sawe-
vela, rac sagrZnoblad amartivebs sinjis mokveTas da miwodeb-
as. 

sinjis mimwodebeli bagiruli sawevelas damuSavebuli ma-
Tematikuri modeli mocemulia gadacemis funqciebis saxiT, sawe-
vi sistemis Seyursuli parametrebisa da maTi drosa da sivrce-
Si ganawilebis gaTvaliswinebiT. praqtikaSi misaRebi daSvebis 
safuZvelze da sawevelas mcire sigrZis gaTvaliswinebiT orive 
SemTxvevaSi miRebulia ormasiani sistemis modeli gansxvavebuli 
parametrebiT.  

Catarebulia sawevelas dinamikuri kvleva, gansazRvrulia 
Zravas gamorTviT gamowveuli Senelebis procesSi WurWlis ga-
daadgilebis siCqare, moZraobis dro, Sefasebulia bagiris daWi-
muloba. WurWlis rxevis Tavidan asacileblad gaTvaliswinebu-
lia mafiqsirebeli mowyobilobis gamoyeneba. 

mexuTe TavSi ganxilulia neitronul mamravlebelze sinj-
is mimwodebeli pnevmatikuri satransporto xazebis dinamikuri 
maxasiaTeblebis gaumjobesebis RonisZiebebi. kerZod, SemoTavaze-
buli specialuri pnevmotransportis bazaze SemuSavebulia aqti-
vaciur zonaSi sinjis gagzavnis da ukan dabrunebis erTiani av-
tomaturi kompleqsuri sistema. avtomatur pnevmatikur xazze da-
sxivebis zonaSi sinji-konteineris stabiluri gaCerebis mizniT 
damuSavebulia dempferuli mowyobiloba da gansazRvrulia misi 
parametrebi. 
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Abstract 

Tester manganese and Transporting Mechanism Research and 
Development 

For raising the effectiveness of mineral resources upgrading the information 
on the useful component in the material forwarded is of a great importance. It is 
also very important to determine the basic component percent content in the 
concentrate obtained as a result of upgrading. 

Development of the mechanisms (arrangements) that facilitate the upgrading 
process effective control on the basis of the information obtained is a scientific – 
technical problem. One of the important tasks of the problem is development and 
investigation of the tester and pickups. 

In the present thesis investigation and development of the tester and pickups 
are carried out for Chiatura manganese central upgrading plant N2. Here both 
obtained information on the manganese transmission to the operator and its 
application in the automatic control system of the gravitation upgrading process 
are considered. 

For the mineral raw material content analysis the neutron-activation method 
is applied in the work, in particular, the arrangement developed in the E. 
Andronicashvili (academician) institute of physics, by means of which the 
measured impulses amount is transduced into manganese percent content. 

In accordance with the problems the following is solved in the work: 
- determination of manganese test mass; 
-    development of the tester parameters; 
- development of test pickup and calculation of their static and dynamic 

parameters; 
- development of measures for improvement of “multiplier-1” pneumatic 

line characteristics to provide security reliability for the staff. 
To solve the problems the theoretical and experimental methods of research 

have been applied in the laboratory and industrial conditions according to the 
normative documents demand. 

Chapter I of the thesis deals with the analysis of the problem present state 
and review of the technical literature. The object of the analysis is new ideas and 
possible approaches to realize them, also results of the theoretical and 
experimental research concerning the theme. The analysis of the manganese 
upgrading technological process automatisation system present day state shows 
that the results obtained are realized in the Chiatura manganese upgrading plants 
though there are a lot to be done. 

The model of manganese gravitation upgrading process is analysed, the 
testers and pickups are discussed, in particular, by applying rope haulage and 
pneumatic drive. The test analysis is arrangment described on the neutron 
multipliers applied in the work. 
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In chapter 2 the manganese test mass determination is solved. It is shown 
that in the basic types of Chiatura ores the ore chemical composition and density 
are not uniform. That is why in case of their presence at a time while reprocessing 
the upgrading technological process is going on imperfectly. In case of express-
information presence on the manganese percent content in the ore it is possible to 
raise the process by means of timely interference in the upgrading technological 
process. For this purpose the test should present the characteristics of the material 
and the mass should be optimal. 

The optimal mass of the test is determined, that is .504500 3sm± The cup size 
and form are also developed for testing and haulage. 

According to the manganese percent content in the ore to be upgraded at the 
disturbance period evaluation it was determined: 

- manganese percent content change at every season during 5 day-night, 
with 10 min interval; 

- mathematical anticipation and dispersions; 
- reception probability of the production with some drawback (below the 

determined degree of manganese concentrate). 
It is stated that disturbance duration period is 15 min. During this period 

testing, haulage, determination of percent content and realization of the obtained 
information should be carried out. 

Chapter 3 deals  with the research of static and dynamic parameters of the 
tester and haulage equipments. Application of various types of haulage is discussed. 
The developed test cutting, hoisting and emptying detailed calculation have been 
carried out, also possible variant for the mentioned equipment control and 
information transition from the test activation analysis laboratory. 

Chapter 4 deals with the test transmitting rope haulage, development and 
research. Development of rope haulage is  carried out at Chiatura Central 
upgrading plant N2. The technological scheme of upgrading and equipment 
arrangement is partially changed. It is reasonable to move the activation analysis 
laboratory and accordingly to develop the test pickup line. 

According to the mentioned instead of two transportation lines the single 
rope fly-weel-like hoist is offered which considerably simplifies the test cutting off 
and transmission. 

The mathematical developed model for the test pickup rope haulage is given 
by transmitting functions considering their concentrated parameters and their 
allocation in space and time. According to the acceptable admission and 
considering the rope haulage shortness two mass system models with different 
parameters have been accepted in both cases. 

Dynamic research of the rope haulage has been carried out. The cup moving 
speed is defined in the retarding process caused by the engine switch-off also the 
period of movement, the rope strain are also evaluated. To avoid the cup shuttle 
the fixing equipment is considered to use.  

Chapter 5 deals with the measures to improve the dynamic characteristics of 
the test pickup pneumatic transportation lines towards the neutron multiplier. In 
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particular, the automatic complex system has been worked out for the test forward 
and backward motion to activation zone on the basis of the proposed special 
pneumo-transport. For the test-container stable halt in the irradiation zone on the  
automatic pneumatic line the damping device has been developed and its 
parameters defined.    
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xv 

                     მადლიერება 

did madlobas vuxdi Cem sadisertacio naSromis xelmZRva-
nelebs: baton Tamaz SarabiZes da baton Teimuraz javaxiSvils 
gaweuli SromisaTvis da yovelmxrivi udidesi daxmarebisaTvis. 



 

შესავალი 

sinjis mimwodebeli xazebi Seadgenen erT-erT rgols ana-

liზuri kontrolis avtomatizebuli sistemaSi - akas. WiaTuris 

auzis mamdidrebel fabrikebSi danergili akas-ebi iTvaliswinebs 

sinjis mokveTas, transportirebas, aqtivaciuri analizis labo-

ratoriaSi sinjis procentuli Semcvelobis gansazRvras, mi-

Rebuli informaciis gadacemas mamdidrebel manqanaze momuSave 

personalisaTvis da mis regulirebas. sistema efeqturia maSin, 

roca akas - iT miRebuli informaciis dro ar aRemateba teqno-

logiuri procesis SemaSfoTebel periods, amisaTvis ki saWiro 

iyo: warmomadgenlobiTi sinjis optimaluri masis dadgena, SeS-

foTebis periodis prognozireba, sinjis mokveTis da transpor-

tirebis variantebis damuSaveba teqnologiuri procesis SeSfo-

Tebis periodis farglebSi. aRniSnuli sakiTxebis Seswavla moi-

Txovs sinjis mimwodebeli  xazebis dinamikuri maxasiaTeblebis 

kvlevas. 

kvlevebi Catarebulia WiaTuris auzis manganumis mamdidreb-

el #2 fabrikaSi da saqarTvelos erovnuli mecnierebaTa akade-

miis fizikis institutis aqtivaciur laboratoriis neitronul 

gamamravlebelze.  

kvlevis safuZvelze warmodgenilia sinjis mimwodebeli av-

tomaturi xazebis sxvadasxva varianti, kerZod, bagiruli da pnev-

matikuri.  

Temis aqtualuroba mdgomareobs dasagegmარebeli obieqtis 

sawarmoo pirobebis gaTvaliswinebiT, Seqmnili iyo sinjis iseTi 

mokveTis da transportirebis avtomaturi xazebis damuSaveba da 

kvleva, romlebic warmoebisaTvis iqneboda dasamzadeblad marti-

vi da ekonomiuri. 

Cvens mier ganxiluli variantebidan migvaCnia, rom bagirebi 

da pnevmotransporti saukeTeso saSualebaa im ideis ganxorcie-

lebisaTvis, rac warmoebis Siga satransporto gzebis ganviTareb-

is saSualebas iZleva. 
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1. bagiriT ganxorcielebul satransporto saSualebebma - 

bagirgzebma farTo adgili daimkvidres Tanamedrove transpor-

tis saxeobaTa Soris. amJamad msoflioSi eqspluataciaSia 30 000-

ze meti bagirgza aSS, kanadaSi, iaponiaSi, CineTSi da sxva. saqar-

Tvelos bagirgzebis ganviTarebis mixedviT msoflioSi mexuTe 

adgili eWira. samwuxarod CvenSi bolo 15-20 wlis ganmavlobaSi 

ganviTarebuli movlenebis gamo, saWiro yuradReba ver eqceoda 

mis ganviTarebas. mxolod ukanasknel wlebSi samTo-saTxilamuro 

kurortebze Seiqmna ramdenime gza da WiaTuris auzSi arsebulma 

sabagiro gzebis SenarCunebam ixsna ganadgurebisagan. kvlav 

gaaRviva specialistebisa da sazogadoebis interesi am mxriv. rac 

sawindaria srulad iqnes gamoyenebuli bagirgzis SesaZleblo-

bebi, gaizardos mwarmoebluroba, amaRldes saimedooba da Semsu-

buqdes memanqanis Sroma. 

2. pnevmotransportiT ganxorcielebul satransporto saSu-

alebebs Tanamedrove warmoebis ganviTarebisaTvis didi roli 

aqvT dakisrebuli. maT gamoiyeneben rogorc samrewvelo roboteb-

Si, aseve kombinirebul amZravebSi, sadac Serwymulia eleqtro, 

hidravlikuri, pnevmatikuri da sxva amZravebis erToblioba. pnev-

motransportis gamoyeneba ukanasknel xans metad  gavrcelda did 

qalaqebSi nagvis da sawarmoo narCenebis transportirebisaTvis, 

saxreSi inertuli masalis საmSeneblo obieqtebze  transporti-

rebisaTvis, reaqtorebSi, medicinaSi, geologiaSi da sxva. 

gansakuTrebuli mniSvneloba eZleva maT danergvas aqtivaciuri 

garemos pirobebSi momuSave personalis biologiuri dacvis 

uzrunvelsayofad. 

zemoT aRniSnuli gansazRvravs disertaciaSi dasmuli sa-

mecniero problemebis aqtualurobas – moxdes bagirgzebis da 

pnevmatikuri satransporto xazebis muSaobis reJimebisa da para-

metrebis optimizacia da marTvis sistemis srulyofa, rac SesaZ-

lebels gaxdis srulad iqnas gamoyenebuli maTi SesaZlebloba 
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ara marto am saxis Tanamedrove transportis ganviTarebisaTvis, 

aramed maT gamoyenebaს samrewvelo daniSnulebis mizniTac. 

 

sadisertacio samuSaos siaxle mdgomareobs: 

• WiaTuris auzis yvela saxis madnebisaTvis warmomad-

genlobiTi sinjis masis optimaluri masis gansazRv-

raSi da WurWlis geometriuli formis dadgenaSi; 

• mangamumis gravitaciuli gamdidrebis teqnologiuri 

procesis regulirebis optimaluri drois dadgenaSi; 

• qanqarisebri naxevrad avtomaturi bagirgzis sinjis 

aRebis, transportirebis da daclis gaangariSebis di-

namikuri da statikuri meTodebis damuSavebaSi; 

• mamdidrebeli manqanis ZiriTadi parametrebis urTi-

erTdamokidebulebis analizis safuZvelze aqtivaciu-

ri analizis laboratoriaSi miRebuli analizis Se-

degebiT gravitaciuli gamdidrebis procesis avtoma-

turi marTvis SemuSavebaSi; 

• aqtivaciuri analizis laboratoriaSi miRebuli info-

rmaciis daniSnulebis adgilze avtomaturi gadacemis 

sqemis SemuSavebaSi da danergvaSi; 

• neitronul gamamravlebelze sinjis mimwodebeli pnev-

matikuri avtomaturi xazebis dinamikuri maxasiaTeb-

lebis gaumjobesebaSi. 

samuSaos praqtikuli Rirebuleba mdgomareobs imaSi, rom 

manganumis madanSi da misi gamdidrebis produqtebSi manganumis 

procentuli Semcvelobis gansazRvrisaTvis Seqmnilia sinjis mim-

wodebeli avtomatizebuli xazebi, romelic manganumis Semcvelo-

bis ganmsazRvrel da maregulirebel erTian avtomatur sistemaSi 

erT-erTi rgolia, da romelic garvitaciuli gamdidrebis te-

qnologiuri procesis avtomaturi marTvis SesaZleblobas 

iZleva. 
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 სamuშaos realizacia. sinjis satransporto xazebis saSua-

lebiT aqtivaciuri analizis laboratoriidan miRebuli informa-

ciis samuSao adgilebze gadacemis Sedegad SesaZlebeli gaxda 

gazrdiliyo manganumis madnis teqnologiuri procesis gaumjobe-

seba da pirveli xarisxis manganumis koncentratis gamoSveba. 

 neitronul gamamravlebelze sinjis miwodebis pnevmatikuri 

avtomaturi xazebis dinamikuri maxasiaTebelis gaumjobesebis 

gziT Seqmnilia pirobebi raTa sinjis miwodeba, dasxiveba da ga-

zomvis procesi masze momuSave personalisaTvis yofiliyo usaf-

rTxo. 

sinjis satransporto avtomaturi xazebi da koncentratsa-

zomidan miRebuli informaciis samuSao adgilze gadamcemi 

mowyobiloba danergili iyo centralur mamdidrebel fabrika 

#2-Si (1985-1986 w.w). 

samuSaos aprobacia. disertaciis masalebi moxsenebuli iyo:  

saqarTvelos teqnikuri universitetis profesor-maswavle-

belTa samecniero teqnikur konferenciaze. Tbilisi, 1993; 

uwyvet tanTa problemebis saerTaSoriso simpoziumze. Tbi-

lisi, 1997. 

disertaciis irgvliv masalebi asaxulia 10 samecniero naS-

romSi. 
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                                                          Tavi I 

                   saerTo mimoxilva 

1.1. manganumis gamdidrebis teqnologiuri procesis 

avtomatizaciis sistemebis Tanamedrove mdgomareobis   

                      mimoxilva 

 

manganumis gamdidrebis teqnologiuri procesebis marTvis  

avtomatizebuli sistemebi mraval qveyanaSi funqcionirebs, maT 

Soris wamyvani adgili uWiravs kanadas, fineTs, aSS, iaponias da 

sxva qveynebs. 

kanadaSi jer kidev 1977 wlis monacemebiT gafxvierebis da 

flotaciis teqnologiuri procesis avtomatizebuli sistemebi 

danergili iyo rva fabrikaSi [1]. 

fineTSi danergili iyo marTvis avtomatizebuli sistema 

`proskoni~, romelic specialur maTematikur uzrunvelyofas Sei-

cavda da operatiuli dispetCeruli marTvis punqtis saSualebiT 

axorcielebda nedleulis gafxvierebas da sasargeblo produq-

tis miRebis avtomatizacias. 

manganumis gamdidrebis teqnologiur procesis regulirebi-

saTvis saWiroa teqnologiuri xazidan operatiuli informaciis 

miReba drois mcire monakveTSi. aseTi informaciis erT-erT wyar-

os warmoadgens rentgenuli flurescenciuri analizi rfa. gavr-

celebulia aseTi analizis sami sistema, romlebsac uSveben fir-

mebi: „Auto Cumpu“ (fineTi), `ARLK~ (aSS) da `Kikagoo~ (iaponia) [1]. 

am sistemebis gamoyenebiT SesaZlebelia 8-dan 24-mde sinjis 

analizi, sadac analizis sufTa droa 20 wm, xolo ciklis sru-

li xangZlivoba Seadgens 7 wuTs. 

aRniSnuli sistemebi iyeneben eleqtronuli gamomTvleli 

manqanebis specialur maTematikur uzrunvelyofas, romliTac 

xorcieldeba analizis Sedegebis gadamuSaveba da teqnologiuri 

procesis marTva mocemuli programiT. 
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aRniSnul sistemebs SemdgomSi daemata madnis gamdidrebis 

teqnologiuri procesebis avtomatizebuli sistema, sadac gaer-

Tianebulia sinjis aReba, transportireba da analizi. aseT sis-

temas ewodeba analizuri kontrolis avtomatizirebuli sistema 

akas-i [1]. 

akas-is gamoyenebis cnobebi mamdidrebel fabrikebSi pirvel-

ad gamoCnda gasuli saukunis samocian wlebSi (fabrikebi 

`Laoccnde~, `Mozenzi~, `Missicn~ - yvela aSS-Si). aseTi sistema 

farTod dainerga finuri firma `Outokumpu~-is mier gamoSvebul 

danadgarze `Couziz 300~. firmis monacemebiT es sistema danergili 

iyo: fineTis, avstraliis, kanadis, aSS-is, Sveciis, iranis da sxva 

qveynis mraval mamdidrebel fabrikebSi [1]. 

aranaklebi farTo popularoba moipova aSS-is firma `ARL~-

is mier damuSavebulma akas-is sistemam, romelic dainerga 25 mam-

didrebel fabrikaSi da avstraliis firma `Amdel~-is sistemam, 

romelic dainerga 14 mamdidrebel fabrikaSi [1]. 

agreTve gavrcelebuli iyo iaponiis firma `Rigaku Denki~-is 

mier damuSavebuli analizuri kontrolis avtomatizebuli 

sistema analizator `Floufl~-is bazaze. 

yofil sabWoTa kavSirSi gamoiyeneboda, rogorc ucxouri, 

aseve adgilobrivi warmoebis akas-ebi. sawarmoo gaerTianeba `bu-

revestnikis~ mier eleqtronuli gamomTvleli manqanis M-6000-is 

bazaze Seqmnili iyo  `CPM~ tipis akas-ebi. 

akas-is gamoyenebis maRali efeqturoba kargad Cans ziriano-

vskis tyviis kombinatis magaliTze, sadac sabados xangrZlivi eq-

spluataciisa da madanSi tyviis, TuTiis da spilenZis TiTqmis 

50%-mde Semcirebis miuxedavad tyviis Semcveloba koncentratSi 

darCa sawyis doneze da ramdenjerme gaizarda kidec [1]. 

efeqturobiT xasiaTdeboda ukrainis manganumis madangadama-

muSavebel fabrikebSi danergili akas-ebi radiometruli analiza-

toris bazaze, romlebic damontaJebuli iyo konveierul xazze 

da ganuwyvetliv awarmoebdnen procentuli Semcvelobis aRricx-
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vas, Tumca maRali sizustiT ar gamoirCeodnen. gazomvis sizus-

tis cdomileba iyo ± 1%-ze meti. 

mamdidrebel fabrikaSi gadasamuSaveblad Sesuli sasargeb-

lo wiaRiseulis procentuli Semcveloba periodulad icvleba, 

gamoSvebuli produqti (koncentrati) ki Tavisi xarisxobrivi maC-

venebliT unda akmayofilebdes wayenebul moTxovnebs, amitom av-

tomatizebuli sistemebis efeqturoba moiTxovda sizustis amaR-

lebas ± 0,5% - mde. 

gamdidrebis teqnologiuri procesis avtomatizacia damoki-

debulia madnidan sasargeblo mineralis gamoyofis teqnologi-

ur sqemaze. gamdidrebis teqnologiuri sqemebi xSirad efuZneba 

gamdidrebis gravitaciuli meTodis gamoyenebas. 

 gravitaciuli meTodiT nedleulSi mineraluri marcvlebis 

ganSreveba (ganmxoloveba-gancalkeveba) damyarebulia garemoSi 

nedleulis marcvlebis klasis da simkvrivis araerTgvarovneba-

ze, sadac SekumSuli haeris pulsacia iwvevs nedleulis dayofas, 

ris Sedegad xdeba gasamdidrebel madanSi sasargeblo komponen-

tis gancalkeveba. 

 garemod, sadac xdeba minarevebis gancalkeveba, gamoiyeneba 

wyali, haeri, mZime suspenziebi da siTxeebi. 

 gravitaciuli meTodiT mamdidrebel manqanaSi xdeba sasar-

geblo mineralis da fuWi qanebis gayofa wylis nakadSi areuli 

mZime da msubuqi nawilakebis daleqva – gancalkevebiT. 

 daleqva warmoadgens rTul teqnologiur process da damo-

kidebulia bevr faqtorze, romelic Seexeba, rogorc procesis 

parametrebs, aseve gasamdidrebeli nedleulis Tvisebebs. 

akas-Si Semavali erT-erTi mniSvnelovani rgolia sinjis 

aReba da transportireba. sinjis aReba saWiroa mza produqciaSi 

Semavali sasargeblo komponentis procentuli Semcvelobis gan-

sazRvrisaTvis. xSir SemTxvevaSi ki procentuli Semcvelobis da-

dgena gamoyenebulia teqnologiuri procesis regulirebisaTvis. 

aRebuli sinjis transportireba xdeba sxvadasxva meTodebiT, ro-

goricaa sinjis gadaadgileba sawevi jaWvisa da bagiris gamoye-
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nebiT. dResdReobiT farTo gavrceleba hpova sinjis gadaadgile-

bam Ppnevmatikuri transportiT.    

saaqcio sazogadoeba `WiaTurmanganumis~ mamdidrebel fab-

rikebSi gasuli saukunis oTxmocian wlebSi danergili iyo manga-

numis avtomaturi koncentratsazomi (avtorebi T. SarabiZe, v. gva-

xaria, e. kirkesali, e. georqiani) da sinjis mimwodebeli  avtoma-

turi xazebi (avtorebi T. SarabiZe, T. kokaia). aRniSnuli danadga-

rebis danergvis Sedegad miRebuli ekonomikuri efeqti weliwad-

Si Seadgenda 50 aTas maneTs [2].     

Mmanganumis koncentratmzomi gankuTvnilia fxvier masaleb-

Si manganumis Semcvelobis eqspresul-avtomaturi gansazRvrisaT-

vis teqnologiuri procesis kontrolisa da regulirebis mizniT. 

Kkoncentratmzomi SeiZleba gamoyenebul iqnas agreTve meta-

lurgiul da qimiur mrewvelobaSi. 

Ddanadgaris moqmedebis principi  damyarebulia neitronul-

aqtivaciuri analizis meTodze. manganumis madnis sinji siTburi 

neitronebis nakadSi dasxivebis Sedegad aqtiurdeba. amasTan, sin-

jis aqtiuroba proporciulia masSi manganumis procentuli rao-

denobis. 

Mmanganumis koncentratmzomi Sedgeba: SemnelebelSi moTav-

sebuli neitronuli wyaros konteinerisagan, gamosxivebis deteq-

torisagan, sinjebis mimwodebeli mowyobilobisagan, gazomvis, 

marTvis, indikaciisa da registraciis eleqtronuli sqemebisagan. 

sinjebis mimwodebeli mowyobiloba gankuTvnilia samuSao 

operaciebis: sinjis CatvirTvis, dasxivebis, gazomvisa da daclis 

avtomaturad SesrulebisaTvis. sinjebisaTvis gankuTvnili oTxi 

jami am operaciebis erTad Sesrulebis SesaZleblobas iZleva. 

Mmowyobiloba muSaobs Semdegnairad: uSualod teqnologiu-

ri xazidan mudmivi moculobiT aRebuli sinji iyreba jamSi, 

erTdroulad moswordeba da iwnexeba, Semdeg jami gadainacvlebs 

konteinerSi, sadac dasxivdeba 2,5-3 wuTis ganmavlobaSi. dasxive-

buli sinji gadadis deteqtorze da misi aqtiuroba izomeba igive  
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drois ganmavlobaSi. gazomvis damTavrebis Semdeg jami daicleba, 

gairecxeba, xolo gazomvis Sedegebi procentebSi gadaicema tab-

loze. 

oTxi jami monacvleobiT muSaobs ciklSi: im dros, roca 

erTi maTgani avsebuli sinjiT sxivdeba, meore, adre dasxivebuli, 

izomeba da a. S., rac danadgaris mwarmoeblurobas orjer zrdis. 

danadgari gankuTvnilia dReRamuri muSaobisaTvis mTeli 

samuSao kviris ganmavlobaSi. mas gaaCnia gamosavali eleqtro-

nul-gamomTvlel manqanaze da SeiZleba gamoyenebuli iqnas marT-

vis avtomatizebul sistemaSi eqspresuli informaciis gadamwod-

ad. 

koncentratmzomis eqspluatacia martivia. mas emsaxureba 

operatori da laboranti. 

teqnikuri maxasiaTeblebi: analizis dro – 7 wT; danadgar-

is mwarmoebluroba – 16 analizi; sinjis moculoba – 4500+100 sm3; 

masalis simsxo – 0-16 mm; dasaSvebi tenianoba – 18%-mde; manganumis 

Semcvelobis sazRvrebi 0-60%; gazomvis sizuste ± 5 absoluturi; 

neitronuli wyaros simZlavre – 5X106 neitron/wami. 

danadgarze miRebulia saavtoro mowmoba #1123369. 

 

1.2. manganumis gamdidrebis teqnologiuri procesis 

modelebis ganxilva 

 

teqnologiuri procesebis maTematikuri modelebi mraval 

naSromSia ganxiluli. procesis Tanamedrove maTematikuri apara-

tiT aRwera moiTxovs teqnologiuri procesis Rrma codnas da 

didi raodenobiT  eqsperimentuli monacemebis dagrovebas. 

WiaTuris auzis manganumis mamdidrebel fabrikebSi mimdina-

re teqnologiuri procesebi ganxilulia SromebSi sadac obieqti 

daxasiaTebulia didi raodenobis Sesavali da gamosavali sidi-

deebiT [3, 4, 5, 6, 7, 8, 9]. 
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mamdidrebeli manqanis sqema, sadac mimdinareobs manganumis 

gamdidrebis teqnologiuri procesi mocemulia nax. 1.1.. igi war-

modgenilia rogorc marTvis obieqti. Sesavali sidideebi dayofi-

lia Χ  - mmarTvad da Ζ - SemaSfoTebel sidideebad. 

 

 
 

nax. 1.1. mamdidrebeli manqanis sqema: 
 α  – madanSi gasamdidreblad miwodebuli manganumis procentuli Sem-
cveloba; Q  – miwodebuli madnis raodenoba; γ  – koncentratis gamo-

savali; β  - koncentratis xarisxi; Ж – miwodebuli wylis raodenoba; 

S  – sagebis rxevis amplituda; n - SekumSuli haeris rxevis sixSire; 

cQ - mwarmoebluroba koncentratis mixedviT; В – haeris xarji  

 

mmarTveli sidideebis SerCeviT miiRweva teqnologiuri 

procesis optimalur reJimSi moqceva, SemaSfoTebeli sidideebi 

ki gavlenas axdenen procesis mimdinareobaze da iwveven saregu-

lirebeli parametris programuli mniSvnelobidan gadaxras. 

mamdidrebel manqanaSi daleqvis procesis mimdinareobis 

dros X  mmarTvel sidideebad miCneulia: manqanaSi gasamdidrebe-

li miwodebuli masalis raodenoba, wylis xarji, SekumSuli hae-

ris xarji da rxevis sixSire. 
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gamdidrebis procesis efeqturoba damokidebulia agreTve 

gasamdidrebeli masalis klasze, satransportirebeli wylis xar-

jze da sxva. 

Z  – SemaSfoTebel sidideebs warmoadgens nedli masalis 

granulometriuli maxasiaTeblebi, romlebic moqmedeben proces-

is mimdinareobaze. 

gamdidrebis teqnologiuri procesis avtomaturi marTvis 

principi mdgomareobs SemaSfoTebeli sididisagan damokidebiT 

mmarTveli sidideebis iseTi regulireba, romelic uzrunvelyofs 

optimizaciis kriteriumebis dakmayofilebas. 

optimizaciis kriteriumebis arCeva damokidebulia kvlevis 

Sedegebze: mamdidrebeli manqanis parametrebis informaciis Seg-

rovebaze, maTematikuri modelis arCevaze da amocanis gadawyvet-

is uzrunvelyofaze [1]. 

s.s. “WiaTurmanganumis” mamdidrebel fabrikebSi gravitaciu-

li tipis mamdidrebel manqanebze Catarebuli iyo safuZvliani 

gamokvlevebi oTxive jgufis parametrebis saSualo mniSvnelobe-

bis dasadgenad. agreTve Catarda am monacemebis korelaciuri ana-

lizi, romlis Sedegad dadginda sakmaod mWidro kavSiri Sesaval 

( nQ,,α ) da gamosaval  ( βγ ,,S ) sidideebs Soris. n – SekumSuli 

haeris rxevis sixSire, rxeva/wT; S – rxevis amplituda (ganSre-

vebis maxasiaTebeli), dm. [5, 6]. 

Teoriuli midgomis safuZvelze SemuSavda mamdidrebeli 

manqanis marTvis algoriTmebis ramdenime varianti. ZiriTadi saw-

yisi parametris α -s Sesaxeb eqsperimentuli informaciis uqon-

lobis gamo xdeboda erTdroulad ramdenime parametris Secvla 

manqanis reJimis stabilizaciis mizniT. 

manganumis procentuli Semcvelobis eqspresanalizis avto-

maturi koncentratsazomis gamoyeneba Zireulad cvlis situaci-

as. pirdapir teqnologiuri xazidan aRebuli warmodgenili sin-

jebis analizi yovel 7-8 wuTSi mamdidrebeli manqanis muSaobis 

reJimis marTvis gacilebiT ufro efeqtur SesaZleblobas iZleva. 
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danadgars gaaCnia gamosavali kompiuterze, rac uzrunvelyofs 

saSemsruleblo meqanizmebTan uSualo avtomatur kavSirs. 

aqtivaciuri analizis gamoyenebiT Catarebulma eqsperiment-

ma aCvena, rom gravitaciuli tipis mamdidrebeli manqanis gamosa-

valze koncentratis xarisxi SeiZleba Seicvalos yovel 15 wuT-

Si. amdenad, Tu koncentratsazomSi madnis procentuli Semcve-

lobis analizisaTvis saWiro dro 15 wT-ze naklebia, maSin igi 

uzrunvelyofs parametrebis regulirebis efeqturobas [2].    

 

1.3. analizisaTvis gankuTvnili sinjis aRebis da 

gadacemis mowyobilobebi  

 

 sakontrolo sinjis aReba da laboratoriaSi mitana xdeba 

garkveuli wesiT, romelic mdgomareobs ronodis sxvadasxva 

wertilebidan specialuri xelis niCabiT garkveuli raodenobis 

sinjis aRebaSi da WurWelSi CayraSi. 

 Tu sinji liTonis balansis SedgenisaTvis aris saWiro ma-

Sin, masis aReba xdeba fabrikis sxvadasxva wertilidan, konveie-

ridan an milgayvanilobidan. sinjis aReba xdeba konveieridan 

gadmoyrili nakadidan misi mokveTis gziT. 

 sinjis aRebis avtomatizaciis gansaxorcieleblad 

gamoiyeneba sxvadasxva meqanizmi, romelTa amZravebi SeiZleba 

iyos pnevmatikuri, hidravlikuri, eleqtromagnituri da sxva, 

xolo sinjis transportireba SeiZleba ganxorcielebuli iyos  

jaWvebiT, bagirebiT, e. w. pnevmofostiT, Sveuli an daxrili mil-

gayvanilobiT da sxva. 

 WiaTuris axali darkveTis da karbonatuli madnis mamdid-

rebel fabrikebSi danergili iyo institut mexanobris mier damu-

Savebuli sinjis amRebi cicxvi pnevmatikuri amZraviT, sadac sin-

jis aReba da milgayvanilobaSi Cayra warmoebda konveieris dat-

virTvis Sesabamisad gadamwodis gamoyenebiT (nax. 1.2) [1].  

informaciis gadamcemi mowyobiloba warmoadgens martiv xe-

lsawyos, romelic Sedgeba gadamcem da mimReb blokebisagan. mas 
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Semdeg, rac preparators aqtivaciuri analizis laboratoriidan 

miRebuli impulsebis raodenoba graduirebis mrudis saSualebiT 

gadayavda manganumis procentul SemcvelobaSi, miRebuli infor-

maciis gadacema xdeboda gadamcemi blokis saSualebiT. gadamcemi 

bloki Sedgeba kontaqtorebis nakrebi blokisagan, sadac SeiZle-

ba sami cifris akreba informaciis mimReb blokze gadasacemad. 

mimRebi bloki Sedgeba igive ganlagebis eleqtronaTurebisagan 

da inTeba is naTura, romlis Sesabamisi kontaqtori aris CarTu-

li. 

 

 
 

nax. 1.2. sinjis amRebis sqema: 
1 - cicxvi; 2 - cicxvis amZravi; 3 – konveieris mwarmoeblurobis gadam-
wodi; 4 - dayovnebis meqanizmi; 5 - marTvis aparatura; 6 - saxsruli 
SeerTeba; 7 - sabruni berketi; 8 - cicxvis amZravi lilvi; 9 -cicxvis 
simZimis centri; 10 - sinji; 11 - cicxvis zRudari; 12 da 14 - bolo 
amomrTvelebi; 13 - ganmtvirTavi mowyobilobis sayrdeni 
 

 mimRebi bloki moTavsebuli aris TvalsaCino adgilze. mam-

didrebel manqanaze momuSave personalisaTvis masze asaxuli in-

formaciis mixedviT xdeba mamdidrebeli manqanis regulireba. 
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 1.4.  sinjis transportireba bagiruli gadacemis          

gamoyenebiT 

 

 bagiruli gadacema farTod gamoiyeneba amwesatransporto 

manqanebSi, bagirgzebSi, konveierebSi sinjis mimwodebel mowyobi-

lobebSi, mgzavrebis gadasayvanad an tvirTis gadasazidad da 

sxva. 

 bagiruli gadacema Sedgeba wamyvan da mimyol borblebisa 

da maT Soris damakavSirebeli bagirisagan, sadac borblebze gan-

sazRvruli radiusiT Semoxveuli bagiri daWimuli unda iyos, 

raTa moxdes mabruni momentis gadacema, romelic xorcieldeba 

damWimi mowyobilobis gamoyenebiT. 

 bagiruli gadacemis damaxasiaTebel niSnad iTvleba wevis 

saxe, is ZiriTadad gavlenas axdens bagiruli gadacemis konstru-

qciaze da gansazRvravs bagiruli gadacemis saxis SerCevas [10]. 

 samgzavro kiduli sabagiro gzis mSeneblobebi daiwyo 

ZiriTadad 1890 wlidan [11]. 

 saqarTveloSi pirveli samgzavrosabagiro gza inJ. g. fancu-

laias proeqtis mixedviT aSenda 1945 wels.  

 mTian da Zneladmisasvlel adgilebSi naklebad aTvisebuli 

didi teritoriebis arseboba farTo perspeqtivebs saxavs samgzav-

ro-satvirTo kiduli sabagiro gzebis ganviTarebis saqmeSi. 

 aris ori tipis sabagiro gza: pirvel SemTxvevaSi, uZrav ba-

girze xdeba vagonis savali urikis gadaadgileba, romelzec sa-

kidris saSualebiT mierTebulia vagonis Zara. meore SemTxvevaSi, 

sakidari momWeris saSualebiT miuerTdeba moZrav bagirs, romel-

ic amasTanave sawevi organos funqcias asrulebs (erTbagiriani 

gza). 

 kiduli sabagiro gzis uZrav liandagad, umetes SemTxvevaSi 

gamoyenebulia erTi bagiri, romelsac sarelso bagiri ewodeba. 

sarelso bagirian gzebze weva TiTqmis yovelTvis xorcieldeba 

damatebiTi sawevi bagiris saSualebiT (orbagiriani gza). 
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 farTod ganviTarda sabagiro gzebis mSenebloba sawevi 

bagiriT. sabagiro gzebi (rogorc erTbagiriani, ise orbagiriani) 

moZraobis xasiaTis mixedviT ganirCeva: qanqarisebri, sadac sawev 

bagirze mudmivad damagrebuli vagoni (erTi, ori an oTxi) ukuq-

ceviT-gadataniT moZraobas asrulebs da rgoluri, sadac 

vagonebi ganuwyvetliv, erTi mimarTulebiT moZraoben. 

 amJamad, ZiriTadad, gavrcelebulia orbagiriani qanqarise-

bri gzebi erTi (nax. 1.3, a) an ori (nax. 1.3, b) vagoniT. roca auci-

lebelia gamtarunarianobis gazrda, grZel gzebs yofen or an  

 

 

 

 N        nax. 1.3  qanqarisebri gzis sqemebi: 

1 – sarelso bagiri; 2 – Tavbagiri; 3 – amZravi; 4 – bolo sawevi bagiri; 
5 – vagoni; 6 – sawevi bagiris damWimavi mowyobiloba; 7 – sarelso 
bagiris damWimavi mowyobiloba; 8 – Sualedi gadasasxdomi sadguri 
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met ubnad. amgvari dayofa aucilebelia agreTve sarelso bagiris 

wonis Sesamcireblad, romelic miRebuli wesebis Tanaxmad, erTi 

ubnisagan unda Sedgebodes, 2-2,5 km sigrZis dros ki sarelso 

bagiris wona 25-30 tonas aRwevs. 

gzis calkeul ubnebs umetes SemTxvevaSi damoukidebeli 

amZravebi aqvT da faqtiurad calkeul gzebs warmoadgenen. arse-

bobs agreTve ori ubnisagan Semdgari gzebi, romelTac erTi 

sawevi bagiri da saerTo amZravi aqvT (nax. 1.3, g), riTac mcirdeba 

meqanizmebisa da momsaxure personalis ricxvi. aseTi sistema ra-

cionaluria, roca arsebobs orive ubnis erTdrouli muSaobis 

saWiroeba da maTze mgzavrTa raodenobac erTnairia. 

erTbagiriani gzebis gamoyeneba mizanSewonilia xalxis an 

tvirTis mcire nakadis pirobebSi. 

 amJamad kiduli sabagiro gzebi aSenebulia qalaqebSi: Tbi-

lisSi, quTaisSi, WiaTuraSi, borjomSi da sxva. 

 gansakuTrebiT sainteresoa q. WiaTuris centralur adgil-

ze aSenebuli sadguri, saidanac sami damoukidebeli samgzavro-

sabagiro gza miemarTeba qalaqis Znelad misadgom ganapira 

SemaRlebul sacxovrebel ubnebisaken. 

 sabagiro gzebi farTod gamoiyeneba turistTa da moTxila-

mureTa gadasayvanad. orbagiriani qanqarisebri gzebi yvelaze 

Znelad misawvdomi samTo raionebis aTvisebis saSualebas iZleva 

mTian raionebSi warmoebul mSeneblobebze, agreTve maRarodan 

gamotanili madnis mamdidrebel fabrikebSi transportire-

bisaTvis, xe-tyis sazidad mTian da Waobian raionebSi da sxva. 

 bagirebiT gadacema (sabagiro gzebi) mraval SemTxvevaSi 

konkurencias uwevs sxva gzebs, maTTan SedarebiT Semdegi upira-

tesobebis gamo [10]: 

 1) maTi damontaJeba damokidebuli ar aris reliefis profi-

lze, rac SesaZlebels xdis miwis samuSaoebis, xidebis da esta-

kadebis mSeneblobis Tavidan acilebas. SesaZleblobas iZleva 

umoklesi svlageziT (gansakuTrebiT samTo pirobebSi) mniSvnelo-

vnad Semcirdes gzis sigrZe; 
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 2) ar aris damokidebuli klimatis pirobebze, gza usafrT-

xoa da daculi niaRvrebisa da zvavebisagan. misi funqcionireba 

SesaZlebelia agreTve maRalmTian pirobebSi (sabagiro gza cxra-

wyaros uReltexilze zRvis donidan 3500 m); 

 3) sabagiro gzebi ara marto uzrunvelyofen mgzavrebis an 

tvirTis gadaadgilebas erTi adgilidan meoremde, aramed SeuZ-

liaT erTdroulad nebismier simaRleze maTi gadayvana; 

 4) bagirebiT gadacemis erT-erT saxeobas - monorelsur sa-

kidze damontaJebul konveierul sistemas farTo gamoyeneba aqvs 

sawarmoTa teritoriebze tvirTis gadaadgilebis gansaxorciele-

blad. 

 bagirebiT gadacemis uaryofiTi mxare is aris, rom vagonet-

is an cicxvis didi siCqariT moZraobis SemTxvevaSi, amZravis ga-

morTvis an damuxruWebis SemTxvevaSi warmoSobili inerciuli Za-

lebis gavleniT xdeba saxsrulad dakiduli vagonetis  (tvirTis) 

rxeva, ris gaTvaliswineba aucilebelia gadacemis daproeqtebis 

dros. 

 sawarmoo pirobebSi bagiruli gadacemiT SesaZlebelia ara 

marto maRarodan madnis mamdidrebel fabrikaSi gadatana, aramed 

maTi saSualebiT SeiZleba ganxorcieldes sinjis mokveTa da 

transportireba sinjis aRebis adgilidan aqtivaciuri analizis 

laboratoriamde. 

 

1.5. pnevmatikuri amZravebi, gamoyenebuli sinjis 

transportirebisaTvis 

 

Tanamedrove samrewvelo daniSnulebis amZravebSi gamoyene-

bulia eleqtrouli, hidravlikuri, pnevmatikuri da kombinirebu-

li amZravebi, romlebic aRWurvilni arian gamartivebuli kinema-

tikuri sqemebiT. es ganpirobebulia imiT, rom aseTi amZravebi as-

ruleben umartives funqciebs, axasiaTebT didi gamZleoba muSao-

bisas da dabali fasi. kerZod, pnevmatikuri amZravebis gamoyeneba 

ganpirobebulia grZel svliani cilindrebis da mbrunavi pnevmo-
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amZravebis arsebobiT, ris gamoc ugulvebelyofilia Sualeduri 

meqanizmebis gamoyeneba.  

 pnevmatikuri amZravebi agreTve gamoiyeneba sxvadasxva dana-

dgarebSi sinjebis miwodebisaTvis. magaliTad, aqtivaciuri labo-

ratoriis dasxivebis zonaSi igi momsaxure personalis usafrT-

xoebis garantiaa. pnevmoamZravebSi moxvedrili haeris raodenobis 

cvlileba ganapirobebs misi siCqaris regulirebas, amisaTvis ga-

moyenebulia ukumoqmedebis ПДК  tipis sarqvlebi. haeris miwode-

bis an gamodevnis dros siCqaris regulireba xdeba saregulire-

bo xraxnis - 3 iseT mdgomareobaSi dayenebiT, romelic aRniSnul-

ia 1.4 naxaz-ze. Warbi haeri miewodeba xvrelidan 1, ris Semdeg za-

mbara awveba konusur sarqvels. im SemTxvevaSi, roca Warbi daw-

nexili haeri miawveba RreCo 2-s, haeri a xvrelis saSualebiT gae-

dineba atmosferoSi [12].  

 

 
 

nax. 1.4. ukumoqmedebis pnevmatikuri sarqveli: 
1 – haeris mimwodebeli xvreli; 2 – konusuri sarqvelis RreCo; 3 – 

saxeluri; а – Warbi haeris gasasvleli xvreli 
 



34 

ukuqmedebis pnevmatikur sarqvelSi haeri Sesvlamde muSav-

deba. danadgaris kvebis blokSi Sedis haeris momzadebis aparatu-

ra da reduqtori. haeris momzadebis aparatura Sedgeba sinestis 

ganmancalkavebelisagan da zeTis mfrqvevanasagan. haeri jer gaiv-

lis sinestis ganmacalkavebel sistemas, romelic SekumSul haers 

aTavisuflebs sinestisagan da 0,05 mm-is zomis meqanikuri minare-

vebisagan. Semdeg haeri gadadis zeTismfrqvevel sistemaSi, rome-

lsac Seaqvs SekumSul haerSi zeTis nawilakebi pnevmosistemis 

moZravi nawilebis SesazeTad. kvebis wnevas uzrunvelyofs reduq-

toris gamarTva [13]. 

arsebuli pnevmoamZravebi, cikluri marTvis da poziciis fi-

qsirebis SezRuduli ricxviT, poziciis arCevas axerxeben Camon-

taJebuli dempferuli mowyobilobis xarjze. sayrdenebis gamoye-

neba ganpirobebulia zemoaRniSnuli danadgaris mdgradobisaTvis 

pnevmaoamZravis maRali siCqaris gamo. pnevmatikuri aparaturis 

gamoyenebis dros, roca pnevmoZravis siCqarea 1 m/wm da gaCerebaTa 

Soris intervali 100 mm-ia. aseTi parametrebis gamo gaCerebis 

raodenoba SezRudulia 6-9 - mde. poziciis fiqsirebis raodenob-

is gazrda SesaZlebelia pozicionerebis gamoyenebiT (gadaadgi-

lebis sididis mixedviT). pozicioneris ricxvis gazrda SesaZle-

belia, Tu gamoyenebulia pozicionerebi (mimdevrobiT SeerTebu-

li sxvadasxva svliani pnevmocilindrebi), radganac pozicioneri 

Sedgeba sami cilindrisagan, aqvs pozicionirebis 8 wertili. Po-

zicioneris sqema moyvanilia nax. 1.5.-ze.  sawarmoo pnevmoamZraveb-

Si, sadac gamoiyeneba pozicionerebi unda gaviTvaliswinoT, rom 

diskretulobis SemTxvevaSi, rac tolia pozicioneris bijis (ci-

lindris minimaluri svla) gamoricxulia fiqsirebuli wer-

tilebis regulireba [12]. 

poziciuri pnevmaturi marTvis sistemis daproeqtebisas 

gaTvaliswinebuli unda iyos pnevmaturi Zrava, gamanawilebeli 

kvanZi da regulirebis aparatura, aseve kvebis bloki. 
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                                              nax. 1.5. pozicionirebis sqema 
 

dReisaTvis ZiriTadad awarmoeben pnevmoamZravebs poziciu-

ri marTviT, magram mocemuli pnevmoamZravebis damuSavebis sirTu-

le Seqmnilia SekumSuli haeris Tvisebebis gamo, romelic mJRavn- 

deba haeris Tvisebebis cvalebadobiT datvirTvis zemoqmedebisas. 

 

1.6. neitronul mamravlebelze sinjis gansazRvris 

mowyobilobebi 

 

 madnis gamdidrebis procesis dros sinjis aRebis gaumjobe-

sebuli meTodika iTvaliswinebs masSi sasargeblo wiaRiseulis 

% Semcvelobis gansazRvras, rac gadamwyvet rgols asrulebs 

warmoebaSi manganumis miRebis gaumjobesebisaTvis. aumjobesebs 

feradi liTonebis miRebisas mopovebis danakargebis Semcirebas 

da mis racionalur gamoyenebas saxalxo meurneobaSi. 

 madnis mopovebis moculobis gazrda gamowveulia mopovebu-

li liTonebis moTxovnilebis gazrdiT. manganumze moTxovnile-

bis dakmayofileba SesaZlebelia ara marto gamdidrebis produq-

ciis xarisxis amaRlebiT,  aramed madnidan amoRebuli manganumis 

raodenobis gazrdiT. es procesi ki moiTxovs axali teqnolo-
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giebis danergvas, Tanamedrove mowyobiloba-danadgarebis daproe-

qtebas da sxva. 

 s.s. “madneulis” warmoebaSi madans flotaciuri meTodiT 

amdidreben ZiriTad sam elements – oqros, spilenZs da bariums, 

amitom madanSi am elementebis Semcvelobis codna aucilebelia 

teqnologiuri procesebis warmoebisaTvis. magaliTad, spilenZis 

da bariumis Semcvelobis analizis Catareba aucilebelia moxdes 

yovel 30-35 wT-Si, magram gamoyenebuli meTodebi, romelic 

moicavs qimiur da rentgenospeqtrul analizs, iZleva Sedegs 4-6 

sT-is ganmavlobaSi, rac TiTqmis SeuZlebels xdis droul Care-

vas gamdidrebis procesis regulirebaSi. operatiuli kontrolis 

ararseboba arRvevs da auaresebs gamoSvebuli produqciis xaris-

xs da zrdis danakargs. amrigad, procesis mimdinareobis gau-

mjobesebisaTvis saWiroa ufro efeqturi gzebis moZieba. 

 gasuli saukunis 70-ian wlebSi madneulis samTo mamdidreb-

el kombinatebSi am procesis gaumjobesebisaTvis gamoyenebuli 

iqna neitronul aqtivaciuri meTodi, romelic emyareba siTbur 

neitronebis analizis meTods. gamosxivebis wyarod gamoyenebuli 

iqna neitronuli gamamravlebeli ПС-1, sadac neitronebis nakadi 

aRwevs 3.8.10-6 n/sm2. wm. 

 neitronuli gamamravlebeli aRWurvilia pnevmosatranspor-

to sistemiT, romlis meSveobiT xdeba sinjebis miwodeba saeqspe-

rimento arxebSi da neitronuli gamamravlebelze dasxivebis Sem-

deg nimuSis gamokvleva da dasxivebuli nimuSis Senaxvis kontei-

nerSi gadatana [14, 15, 16, 17]. 

 pnevmosatransporto sistema Sedgeba 5 saeqsperimento arxi-

sagan  (pnevmofosta), diametri - 12, 28 da 50 mm. 12 mm-iani 2 pnevmo-

fosta gamoiyeneba saanalizo nimuSis da etalonis erTdrouli 

gadaadgilebisaTvis. isini aerTianeben dasxivebis zonas, romelic 

aerTianebs vertikalur saeqsperimento arxebs dasxivebis zonas-

Tan, agreTve ganzomilebis ares da gareT gamomtan arxebs gaday-

ris yuTTan-konteinerTan (nax.1.6.). 



37 

nimuSebis transportireba xorcieldeba gamanawilebeli me-

qanizmebis meSveobiT. gamanawilebeli meqanizmi warmoadgens liT-

onis Rru cilindrs aRWurvils dguSebiT, romlebic Seicaven or  

radialur mrude arxs. dguSis gadaadgileba cilindrSi da misi 

garkveul   poziciaSi    dafiqsireba   xdeba    mikrogamomrTvelis 

saSualebiT, xolo sinjebis gadaadgileba arxebSi kontroldeba 

fotogadamwodebis saSualebiT. 

 

 
 
 

nax. 1.6. pnevmosatransporto sistema: 
1 - III manawilebeli; 2 - II gamanawilebeli; 3 - I gamanawilebeli ; 4, 

5, 6, 7 - fotogadamwodebi; 8 - 1−ПС  qvekritikuli anakrebi; K - 
gadayris konteineri;  10, 11, 12, 13, 14, 15, 16 - haergamanawileblebi 
 

 ori 28 mm pnevმofosta muSaobs avtomatur reJimSi da aqvs 

Seyovnebis reJimi. 50 mm pnevმofosta ganlagebulia horizontal-

ur eqsperimentul arxSi da aqvs igive konstruqcia rac 28 mm-

ians. eqsperimentisaTvis gamoiyeneba 28 mm-iani pnevmofosta. 

kapsulebSi moTavsebuli sinjebis transportireba pnevmo-

gamtarebSi xdeba SekumSuli haeris meSveobiT. haeri arxebSi Se-

edineba haermanawileblidan, igi konstruqciulad Sedgeba 

ramdenime eleqtromagnituri pnevmosarqvlebisgan, romlis 

TiToeuli maTgani dakavSirebulia haergamtari arxTan pnev-

momanawileblis bolo poziciebiT. konstruqciis marTva xdeba 
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pultis meSveobiT, aseve SesaZlebelia ganxorcieldes kompiute-

ruli sistemis gamoyenebiT, saTanado programis damuSavebis Sem-

deg. teqnikur literaturaSi ganxiluli magaliTebi safuZvlad 

daedo disertaciaSi wamoWril sakiTxebs, rac imaSi mdgomareobs, 

rom damuSavebuli iqna sinjis axali mimwodebeli meqanikuri da 

pnevmatikuri xazebi.  
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                                                       Tavi II 

   manganumis sinjis mimwodebeli avtomaturi xazebis 

                parametrebis gansazRvra 

2.1. warmomadgeneli sinjis masis gansazRvris meTodebi 

 

wiaRiseulis Semcvelobis gansazRvris erT-erTi ZiriTadi 

meTodia qimiuri analizis meTodi, romelic moiTxovs sinjis wi-

naswar xangrZliv momzadebas, amitom igi gamdidrebis teqnologi-

uri procesis regulirebisaTvis ar gamodgeba. saWiroa iseTi 

meTodis SemuSaveba, romelic iqneboda  ufro swrafi -  eqspre-

siuli da sinjis winaswari momzadebisaTvis ar moiTxovda did 

dros.  

aseT meTodad SerCeuli iyo farTod gavrcelebuli neit-

ronul-aqtivaciuri analizis meTodi, specialurad damuSavebuli 

manganumis nedleulSi, manganumis % Semcvelobis gansazRvrisaT-

vis saqarTvelos mecnierebaTa akademiis fizikis institutis Ta-

namSromelTa mier WiaTuris mamdidrebeli fabrikebisaTvis.  

aRniSnuli meTodis damuSaveba moiTxovda WiaTuris manganu-

mis madnebis ZiriTad saxeobebSi Semavali mineralebis qimiuri 

Sedgenilobis, kuTri wonis da sxva maxasiaTeblebis dadgenas, 

teqnologiuri xazebidan aRebul sinjSi Semavali wylis gavlen-

is gansazRvras siTburi neitronebis STanTqmaze da nimuSis opti-

maluri masis gansazRvras [18]. 

damuSavebuli meTodi qimiur meTodTan SedarebiT ara mar-

to amcirebs analizisaTvis saWiro dros, aramed gamoricxavs ni-

muSis winaswari momzadebiT gamowveul yvela cdomilebas, rome-

lic SeiZleba gamowveuli iyos nimuSis gayofiT, dafqviT, dafq-

vis dros gamowveuli sxva nimuSebis SereviT, gadaSrobiT an zed-

meti sinotiviT moxreSvis dros, nimuSis gadawviT an piriqiT ara-

sruli sinotiviT, awonviT gamowveuli cdomilebebiT da sxva. 

damuSavebuli neitronul-aqtivaciuri meTodi manganumis ma-

danSi manganumis procentuli Semcvelobis 0-dan _ 60%-mde farg-
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lebSi, sizustiT ar Camouvardeba qimiur analizis meTods da 

aRniSnul intervalSi misi absoluturi cdomileba ar aRemateba 

5,0± %-s. 

WiaTuris auzis manganumis madnebis ZiriTad saxeobebSi man-

ganumis procentuli Semcveloba araerTgvarovania, amitom warmo-

madgenlobiTi sinjis masa unda akmayofilebdes, rogorc 

mdidari, aseve Raribi madnebidan arsebuli nimuSebis gansazRvris 

SesaZleblobas. imisaTvis, rom sinjis warmomadgenlobiTi masa 

gamoyenebuli yofiliyo WiaTuris auzis yvela saxeobis madnebi-

saTvis, saWiro iyo sinjis optimaluri moculobis dadgena. 

mineraluri gamokvlevebisaTvis aRebuli sinji sworad 

unda asaxavdes mTliani masidan aRebuli sinjis nivTier Semcve-

lobas. igi unda iyos yvela im Tvisebis matarebeli, rac axasia-

Tebs nedleuls: mineraluri Sedgeniloba, natexebSi sasargeblo 

mineralis Cawinwkvlebi, struqturuli Tvisebebi da sxva. 

warmomadgenlobiTi sinjis minimaluri masa, romelic 

uzrunvelyofs masalis mTeli masis Tvisebas, ganisazRvreba 

Semdegi parametrebiT [19]: 

1. madanSi Semavali msxvili natexebis  ricxviT, formiT da 

zomebiT; 

2. madanSi Semavali natexebSi mineralis Cawinwkvlis maxa-

siaTebliT; 

3. masalaSi Semavali saZiebeli komponentis saSualo Semc-

velobiT; 

4. mineralSi Semavali faseuli elementis SemcvelobiT; 

5. mineralSi Semavali komponentebis kuTr wonaTa sxvaobiT; 

6. analizis cdomilebaTa daSvebis sididiT; 

7. mTliani masidan sinjis gansazRvruli raodenobis aRebis 

meTodiT. 

warmomadgenlobiTi sinjis srulfasovnebis dadgena ganpi-

robebulia masSi Semavali sasargeblo wiaRiseuliT. Tu mTliani 

sinjis masidan aviRebT gansazRvrul nawils da gavyofT, maSin 

gayofis dros Tu gayofil nawilebSi arasakmarisia faseuli kom-
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ponentis nawilakebis Semcveloba, maSin erT nawilSi iqneba meti, 

vidre meoreSi. rac metia erT-erT nawilSi aRebul masalaSi sa-

Sualo natexebis simsxo, miT metia SesaZlo gansxvaveba. 

sinjis masalis saerTo wonis gazrdiT, e.i. saSualo nate-

xebis raodenobis gazrdiT, (ise rom gasayof nawilebSi faseuli 

komponentis metnakleboba mTlian raodenobasTan SedarebiT ar 

asrulebdes arsebiT rols)  natexebs Soris gansxvavebis cvaleb-

adoba mcirdeba. 

rac metia masalaSi faseuli komponentis Semcveloba, miT 

naklebia sinjSi saSualo cdomileba, gamowveuli faseuli kom-

ponentis SemcvelobiT. 

madanSi Semavali faseuli komponentis Semcirebis SemTxve-

vaSi sinjis masa unda gaizardos. 

did rols TamaSobs agreTve mineralSi Semavali faseuli 

komponentis natexebis saSualo Semcveloba madnis mTliani masas-

Tan SedarebiT. Tu komponentis Semcveloba mineralSi didia, 

xolo saSualo natexebis Semcveloba madanSi mcire, maSin masis 

araTanabari ganawilebis albaToba sinjSi izrdeba da warmomad-

genlobiTi sinjis masa unada gaizardos. 

eqsperimentebiT miRebuli sinjis masisa Q  da masSi sasar-

geblo komponentis α -s damokidebulebis grafiki mocemulia 2.1. 

naxazze [20]. 

 damokidebulebis grafikidan Cans, rom warmomadgenlobiTi 

sinjis masasa Q -s da sinjSi sasargeblo komponentis woniTi 

Semcvelobas α =a/b - Soris (sadac a – sasinj masalaSi liTonis 

Semcvelobaa, xolo b – mineralSi liTonis Semcveloba). rogorc 

nax. 2.1. – dan Cans, α -s gazrdasTan erTad warmomadgenlobiTi 

sinjis masa mcirdeba. 

sinjis masaze agreTve moqmedebs sasargeblo mineralis Ti-

Toeul natexSi Cawinwkvlis zoma. rac naklebia Cawinwkvlis zoma, 

miT erTgvarovania masala dafqvis Sedegad  da sinjis masac Sei-

Zleba iyos naklebi.  madanSi  Semavali mineralebis kuTr wonaTa  
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gansxvaveba xels uwyobs masalis segregacias. rac mZimea sasarge-

blo minerali fuW qanebTan SedarebiT, miT Zneldeba misi Tanaba-

ri gadanawileba sinjSi, da amdenad sinjis wona unda gaizardos. 

 

 
 

nax. 2.1. damokidebuleba sinjis masasa da sasargeblo 
komponentis woniT Semcvelobas Soris 

 

sinjis masa ukuproporciulia sinjis aRebiT gamowveuli 

dasaSveb cdomilebaTa sididis kvadratis. rac naklebia 

dasaSvebi cdomilebebis sidide, miT meti unda iyos sinjis masa 

[21].  

Tu gaviTvaliswinebT zemoT Tqmuls, cxadia, rom warmomad-

genlobiTi sinjis masis dadgenaze bevri faqtori moqmedebs da 

yvela am faqtoris gaTvaliswineba sakmaod rTulia, amitom 

umravles SemTxvevaSi sargebloben miaxloebiTi formulebiT. maT 

Soris ufro gavrcelebulia riCard-CeCotis formula [22] 

                        2kdq =  ,                          (2.1.) 

sadac, q -warmomadgenlobiTi sinjis masaa, kg; 

 d - sinjSi arsebuli maqsimaluri sididis natexebis zoma, 

mm; 
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  k - koeficientia romelic damokidebulia masalis sinjis 

erTgvarovnebaze. am koeficientis sidide sxvadasxva tipis madne-

bisaTvis sxvadasxvaa da icvleba 0,05-dan 1-mde. manganumis madne-

bisaTvis, romlebic erTgvarovnad iTvleba, miRebulia k =0,1 [22]. 

es formula rekomendebulia saxelmwifo standartiT qimiu-

ri analizisaTvis sinjis minimaluri masis dasadgenad. formula 

zogad xasiaTs atarebs da sruliad sxvadasxva masalebisaTvis 

iZleva sinjis erTnair wonebs. aqedan gamomdinare, warmomadgen-

lobiTi nimuSebis wona ar aris damokidebuli imaze, Tu romeli 

minerali Warbobs madanSi. 

manganumis gamdidrebis teqnologiuri procesis regulire-

bisaTvis am formuliT miRebuli Sedegi miuRebelia. es mosazreba 

araerTxel gamoiTqva SromebSi, sadac ganxilulia birTvul-fi-

zikuri da birTvul-qimiuri analizis meTodebi. Tu riCard-CeCot-

is formulis simartive sinjis aRebis yoveldRiuri gamoyenebisa-

Tvis gamarTlebulia, samecniero kvlevisaTvis, rac moiTxovs uf-

ro zust midgomas, igi gaumarTlebelia, radgan ar iTvaliswine-

bs mTel rig faqtorebs [23]. 

naSromSi maTematikuri statistikis meTodebis gamoyenebis 

safuZvelze sasargeblo wiaRiseulis gamdidrebis Taviseburebeb-

is gaTvaliswinebiT, damuSavebulia sinjis masis SerCevis Sedare-

biT ufro universaluri meTodi da mocemulia formula misi 

gansazRvrisaTvis [24]. 

fxvieri masalebis sferoSi Catarebuli sacdeli monacemeb-

is da kvlevis Sedegebidan gamomdinare dadgenilia, rom anali-

zis SedegebSi SemTxveviT cdomilebaTa sidideebis gazrda sru-

liad kanonzomieria da eqvemdebareba normaluri ganawilebis 

kanons. am monacemebze dayrdnobiT SeiZleba ganisazRvros sinjSi 

Semavali sasargeblo komponentis marcvlebis ganawilebis alba-

Toba. 

sinjis masis angariSisaTvis aucilebelia ganisazRvros 

misi warmomadgenloba mocemul sinjSi Semavali manganumis madne-

bis TaviseburebaTa  da ZiriTad saxeobebSi mineralebis Semcve-
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lobis gaTvaliswinebiT. am mizniT cxrilebSi 2.1 da 2.2 moyvanil-

ia WiaTuris auzis madnebis ZiriTadi saxeobebi da manganumis 

madnebis saSualo Semcvelobebi, kuTri  wona da a. S. rogorc  

cxr. 2.1. - dan  Cans, manganumis madnebis saSualo Semcveloba ara-

erTgvarovania, rac gavlenas axdens sinjis wonis SerCevaze. 

 zemoCamoTvlili faqtorebis gaTvaliswinebiT, Cvens  mier 

Teoriulad miRebuli da eqsperimentalurad Semowmebulia warmo-

dgenili sinjis masis ganmsazRvreli formula: 

              ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−−
⎟
⎠
⎞

⎜
⎝
⎛

+
= α

β
β

α )1(1
10 2

2
3

3

r
r

m
tD

C
CQ  ,            (2.2) 

sadac - Q -sinjis masa, kg; C -masalis granulometruli maxasiaTe-

beli, romelic aCvenebs, rogoria masSi saSualo marcvlebis 

wili. Tu Dd 5,0=saS maq., maSin .1=C  dsaS. -  marcvlebis saSualo zo-

ma sm; D maq. - marcvlebis maqsimaluri zoma sm;  

αm  – sinjis aRebis daniSnuli fardobiTi sizuste,  

αα
100Δ

=m  %  ;     

   Δ - sinjSi sasargeblo komponentis gansazRvris sizustea; 

α  -sinjSi komponentis woniTi wili, 
b
a

=α , sadac α – sinjSi 

manganumis Semcveloba, b – mineralSi manganumis Semcveloba;  

r -  Cawinwkvlis zomis koeficienti, ;
Caw.d
Dr =  

dCaw. – mineralis Cawinwkvlis zomaa; β  - mineralis msxvil 

marcvlebSi araTanabari Cawinwkvlis koeficienti. is ricxobri-

vad didi zomis natexebSi sasargeblo mineralis raodenobis 

tolia D=β ; 

 t  - albaTobis parametria, romelic gansazRvravs sinjis 

miRebis sarwmuno xarisxs. sarwmuno albaTobis ZiriTadi formu-

lebi da cxrilebi mocemul naSromSi, sadac saSualo kvadratu-

li sarwmuno albaToba α  gamoiTvleba laplasis formuliT, 

stiudentis koeficientis gaTvaliswinebiT [25]. 
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                                        manganumis madnis ZiriTadi mineralebi 
                                                   cxrili 2.1. 

 

dasaxeleba 
Qqimiuri 

formula 

MsaS. % 

Semcveloba
feri 

kuTri 

wona, 

gr/sm3 

psilomelani mMnOMnO3.nH2O 60 Savi 4,4-4,7 

piroluziti MnO2 63,2 
Savi-

molurjo 
4,3-5,0 

manganiti Mn2O3.H2O 62,4 Savi-mura 4,2-4,4 

gausmaniti Mn3.O3 72 Savi 4,7-4,9 

brauniti 
Mn2O3 an 

Mn2O3.MnSiO3 

69,5 Savi 4,7-5,0 

rodoniti (Mn,Ca)SiO3 42 
movardisfro 

nacrisferi 
3,4-3,75

rodoxroziti MnCO3 47,7   

bernaditi MnO3.mH2O 45 
moSao-

yavisferi 
2,3-2,5 

rapseidi (Mn,Ca)OmnOH2O 30-57 
Savi-

monacisfro 
3,4-4,4 

kalciumi 
Senarevi MnCO3 

da CaCO3 
40 

nacrisferi 

TeTri 
3,5-3,8 

rodoxroziti minarevi MnCO3    

mangan-

kalciti 
(Mn,Ca)CO3 25,5 

monacisfro-

TeTri 
2,9-3,4 
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WiaTuris auzis manganumis madnebis ZiriTadi saxeobebi 

             
                                          cxrili 2.2 

 

maragi mln 

tona 

mopoveba, aTasi 

tona madnis 

saxeoba 

manganumis  

saSualo 

Semcveloba, 

% 1987 w monacemebiT 

Jangeuli 24,8 53,8 1831 

karbonatuli 17,3 51,8 1238 

`mwvari~ 25,8 0.8 13 

Jangeuli 38,1 30.3 416 

siliani 

manganumi 
16,1 0.06  

Jangeul-

karbonatuli 
25,6 36.6 458 

 

 
 

nax. 2.2. funqciuri damokidebuleba saimedoobis da albaTobis 
parametrs Soris 
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naxaz. - ze 2.2  mocemulia funqciuri damokidebuleba saime-

doobisa da albaTobis parametrs Soris. roca albaTobis parame-

tri 2=t , maSin saimedooba Seadgens 95,45%; roca 58,2=t  saimedo-

oba 99%-is tolia; roca 3=t , saimedooba 99,73%-is tolia [19]. 

sasargeblo wiaRiseulis warmodgenilobiTi sinjis masis 

angariSi birTvul-fizikuri meTodiT damuSavebisas unda akmayof-

ilebdes yvela im pirobas, ra pirobebic aucilebelia qimiuri 

analizisaTvis. 

WiaTuris auzis sabadoebis manganumis madanSi da mis gamdi-

drebis produqtebSi gamdidrebis es procesi mimdinareobs ara 

umetesi 16 mm-iani klasis nimuSebze. warmomadgeneli sinjis masis 

saangariSo formula (2.1.)  gvaZlevs Sedegs - 25,6 kg-s. aq ar aris 

gaTvaliswinebuli arc manganumis Semcveloba mineralSi, arc 

masis mineralogiuri Sedgeniloba, arc is Tu ra sizustiT izo-

meba nimuSi, arc sxva mTliani teqnologiuri procesisaTvis saWi-

ro Taviseburebani. 

(2.2) formulis gamoyenebam saSualeba mogvca gagvesazRvra 

warmomadgenlobiTi sinjis masis ufro zusti mniSvneloba.  

ganvixiloT formulaSi (2.2) Semavali parametrebis mniSvne-

lobebi da ganvsazRvroT isini manganumis madnis warmomadgenlo-

biTi sinjis masis SesarCevad.  

manganumis madani iTvleba erTgvarovnad, Tu saSualo dia-

metris natexebis raodenoba daaxloebiT udris saSualo diamet-

ris natexebis raodenobis naxevars anu 

maqssaS Dd 5,0=  ,1=C  

sadac, natexebis maqsimaluri zoma 16=D mm. 

gamdidrebis teqnologiuri procesis sakontrolod da re-

gulirebisaTvis sruliad sakmarisia SemovifargloT saimedo Se-

degiT 95,45%-iT, maSin 2=t  (nax. 2.2). 
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Jangeul madnebSi manganumis mineralebi ZiriTadad warmod-

genilia piroluzitiT da psilomelaniT, sadac saSualo Semadge-

nloba daaxloebiT tolia 60=b %, a=19,5% , maSin   

.31,0== b
aα  

manganumis madnebi warmoadgenen egreTwodebuli ooliTur 

madnebs, romlis calkeuli marcvlebis zomebi icvleba 2-dan 8 

mm-mde zRvrebSi. miviRoT mineralis Cawinwkvlis saSualo zoma 

Caw.d =5 mm, maSin 

.2,3==
Cawd
Dr  

manganumis madnis Semcvelobis gansazRvra neitronul - aq-

tivaciuri meTodiT saSualebas gvaZlevs gazomvis sizuste uzru-

nvelyofili iyos 5,0± % absolituri sizustiT, amitom %5,0=Δ  

maSin 

.21,1100
=

⋅Δ
=

ααm  

gamoTvlili sidideebis CasmiT (2.2) formulaSi, miviRebT 

Jangeuli manganumis madnis warmomadgenlobiTi sinjis minimalu-

ri wonis mniSvnelobas 3,9=Q kg. radganac konveieridan sinjis 

mokveTis dros moculobiTi raodenobis gansazRvra ufro xel-

sayrelia, vidre woniTis, amitom sinjis wona gadayvanilia mocu-

lobiTSi, romelic Seadgens 504500 ± sm3. 

Tu gaviTvaliswinebT, rom karbonatul madnebSi manganumis 

saSualo  procentuli SemcvelobiT (47,7%), masSi Semaval Ziri-

Tad mineralebSi rodoxrozitSi da manganokalcitSi manganumis 

saSualo Semcveloba daaxloebiT 37% - ia, maSin aRmoCndeba rom 

karbonatul madnebisaTvis warmomadgenlobiTi sinjis masa 9,3 kg-

ze ufro naklebia saWiro, radgan wiaRiseulSi madnis Semcvelo-

bis da Cawinwkvlis zomebi Semcirebulia. 

rac Seexeba manganumis gamdidrebis produqtebs, maTSi man-

ganumis Semcvelobis gansazRvrasTan erTad mcirdeba masalis 

simsxo da warmomadgenlobiTi masa maTTvis igive rCeba.  
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manganumis madnebis da maTi gamdidrebis produqtebisaTvis 

aseTi meTodiT gansazRvruli masa ueWvelad uzrunvelyofs Wia-

Turis auzis yvela saxeobis madnis analizisaTvis aRebul sinj-

is warmomadgenlobiTobas. igi misaRebia teqnologiuri procesis 

saregulireblad da ar ikargeba dro mis Sekveca-Semcirebaze. 

 

2.2. manganumis Semcvelobis cvalebadobis periodis 

prognozireba maTematikuri statistikis meTodebis 

gamoyenebiT 

 

WiaTuris mamdidrebel fabrikebSi manganumis madnis gamdid-

rebis teqnologiuri procesis marTva mamdidrebel manqanebze 

momuSave personalis mier warmoebda intuiciiT. madnis feris mi-

xedviT xdeboda mamdidrebeli manqanis cxauris amplitudis re-

gulireba. 

saWiro iyo dagvedgina dro, Tu ra intervalSi iyo saWiro 

procesis regulireba, rac SesaZlebeli iyo maTematikuri 

statistikis meTodis gamoyenebiT garkveuli drois dakvirvebis 

Sedegad dagrovili monacemebis gaanalizebiT. 

SeSfoTebis cvalebadobis periodis qveS igulisxmeba dro-

is is intervali, rodesac manganumis Semcveloba koncentratSi 

gadascdeba dadgenil zRvrul mniSvnelobas matebiT an klebiT. 

orive aseTi gadaxra araxelsayrelia fabrikisaTvis. pirvel Sem-

TxvevaSi aris safrTxe, rom  maRali xarisxis produqcia gaiyi-

dos dabal fasSi, meore SemTxvevaSi ki mosalodnelia produq-

ciis reklamaciiT gamowveuli zarali. 

SeSfoTebis cvalebadobis periodi damokidebulia mraval 

faqtorze, romelTagan aRsaniSnavia: 

• madnis gadamuSavebis win Catarebuli mosamzadebeli sa-

muSaoebis: damtvrevis, dafqvis da daqucmacebis srulyo-

fa; 
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• sxvadasxva ubnebidan mopovebuli wiaRiseulis Serevis 

Sedegad sasargeblo komponentebis gasaSualoeba da mis 

maragSi sasargeblo komponentis Semcvelobis gansazR-

vra; 

• mamdidrebel manqanebSi daleqvis teqnologiuri proce-

sis optimaluri pirobebis Seqmna; 

• mamdidrebel manqanebSi momuSave personalis kvalifika-

cia. 

yvela am faqtoris kritikuli analizi gviCvenebs, rom gamo-

Svebuli produqciis variacia damokidebulia or ZiriTad faqto-

rze: nedli masalis Semcvelobis variaciasa da am variaciis mixe-

dviT teqnologiuri procesis regulirebaze [26]. 

SeSfoTebis periodis cvalebadobis Sesaswavlad Catarebu-

li iyo eqsperimenti erTi wlis yoveli sezonis oTxive droSi 5 

dRe-Ramis ganmavlobaSi. TiToeul cvlaSi yovel 10 wuTSi izome-

boda saTao sinjis procentuli Semcveloba da gamoSvebuli pro-

duqciis koncentracia. sailustraciod (nax. 2.3) mocemulia meore 

xarisxis manganumis koncentraciis cvalebadoba erTi dRe-Ramis 

ganmavlobaSi, sadac pirvel, meore da mesame mrudebze mocemulia 

sam cvlaSi miRebuli Sedegebi. 

 

 

nax. 2.3. meore xarisxis manganumis koncentraciis cvalebadoba erTi 
dRe-Ramis ganmavlobaSi 
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naxazidan gamomdinare, yovel cvlaSi Cans manganumis Semc-

velobis perioduli cvla droSi, xolo sxvadasxva cvlaSi 

miRebuli maqsimumebi da minimumebi erTmaneTisgan wanacvlebulia. 

 miRebuli eqsperimentuli monacemebi damuSavebuli iqna ma-

Tematikuri statistikis meTodis gamoyenebiT. yoveli cvlis, se-

zonis da wlis mixedviT gamoTvlili iqna maTematikuri molodi-

ni da dispersiebi: 

 koncentratSi manganumis Semcvelobis ( )cM , ( )c2σ ; misi rxe-

vis periodebis ( )TM , ( )T2σ ; rxevis amplitudebis ( )AM , ( )A2σ ; 

SeSfoTebis periodebis qveda da zeda zRvrebis ( )TjM , ( )Tj2σ  da 

SeSfoTebis periodSi procesis saregulirebo t  drois gansazRv-

risaTvis saWiroa Semdegi formulebis gamoyeneba: 
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sadac 1K  da 2K  SeSfoTebis periodebis ricxvebia 
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 gamoTvlili iqna agreTve meore xarisxis manganumis koncen-

traciisaTvis wunis miRebis albaToba 
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 meore xarisxis pirvel xarisxSi gamoSvebis albaToba 
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2

2
2 N

Cn
P i >=                     (2.13) 

 daTvlil iqna 5 dReSi sezonis mixedviT cvlaSi, gamoSve-

bul koncentratSi wunis miRebis da meore xarisxis pirvel xari-

sxSi 99%-iT gadasvlis sarwmuno intervalebi Semdegi formulis 

gamoyenebiT: 

                            ( ) ( ) .423 ≤− CCM σ                    (2.14) 

                            ( ) ( ) .483 ≤+ CCM σ                    (2.15) 

  

cxrilSi 2.2. mocemulia gamoTvlebis Sedegebi gasaSualoe-

buli sidideebisaTvis. miRebulი Sedegebis mixedviT SeiZleba ga-

keTdes Semdegi daskvnebi: 

• eqsperimentis msvlelobaSi cvlaSi da wlis ganmavloba-

Si, marTalia, cvlis calkeul monakveTebSi manganumis 

SeSfoTebis periodi scildeboda zeda an qveda zRvrebs, 

magram gamoSvebuli produqciis  saboloo Sedegi ar ga-

modioda standartuli monacemebis zRvridan; 

• cvlis dasawyisSi da boloSi monacemebi iyo ufro stabi-

luri, vidre Sua periodSi; 

• sezonebis mixedviT zamTarSi mamdidrebeli manqanis regu-

lireba xdeboda ufro iSviaTad da gabneva iyo ufro 

meti; 
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• SeSfoTebis periodis pikebis zeda zRvari Warbobda 

qvedas, rac imis maCvenebelia, rom adgili hqonda gamoSve-

buli prouqciis zrdis tendencias; 

 
    manganumis Semcvelobis cvalebadobis gaSualedebuli sidideebi  

                                                  
                                                                                                                             cxrili 2.3. 

cvlaSi weliwadSi aRniSvna
gasaSualoebuli sidideebis 

dasaxeleba 

45,39 44,1 ( )CM  
manganumis % Semcvelobis saSua-

lo mniSvneloba 

0,035 0,09 ( )C2σ  
manganumis % Semcvelobis 

saSualo kvadratuli gadaxra 

43,63 42,1  
rxevis periodis saSualo mniSvne-

loba, rxeva/wT 

4,54 3,9 ( )T2σ  
rxevis periodis saSualo kvadra-

tuli gadaxra, rxeva/wT 

5,05 4,8 ( )AM  
rxevis amplitudis saSualo 

mniSvneloba, rxeva/wT 

0,117 0,2 ( )A2σ  
rxevis amplitudis saSualo kvad-

ratuli gadaxra, rxeva/wT 

21,66 20,9 ( )qjTM  

SeSfoTebis periodis saSualo 

mniSvnelobis qveda zRvari, 

rxeva/wT  

17,16 16,8 ( )z
jTM  

SeSfoTebis periodis saSualo 

mniSvnelobis zeda zRvari, 

rxeva/wT 

10,91 9,2 ( )qjT2σ  

SeSfoTebis periodis saSualo 

kvadratuli gadaxris qveda 

zRvari,  rxeva/wT 
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4,91 4,1 ( )z
jT

2σ  

SeSfoTebis periodis saSualo 

kvadratuli gadaxris zeda 

zRvari, rxeva/wT 

21,57 15,5 t  
SeSfoTebis periodis regulire-

bis optimaluri dro, wT. 

 

• fabrikis monacemebis mixedviT akas-is danergvam WiaTuris 

#2 centralur mamdidrebel fabrikaSi Seamcira wunis mi-

Rebis albaToba; 

• eqsperimentaluri monacemebis safuZvelze maTematikuri 

statistikis meTodis gamoyenebiT dadginda mamdidrebeli 

manqanis teqnologiuri procesis regulirebis optimalu-

ri dro. 

amrigad, akas-is danergva fabrikebSi saSualebas iZleva 

Semosuli madnis da gamoSvebul produqtebSi manganumis Semcve-

lobis gazomvis da mmarTveli eleqtro-gamomTvleli manqanis 

saSualebiT daregulirdes mamdidrebeli manqanis kamerebSi Seku-

mSuli haeris pulsaciis sixSire, raTa  miRebuli produqciis 

99%-i aucileblad akmayofilebdes standartiT gaTvaliswinebul 

normebs. 

 

2.3. manganumis da misi gamdidrebis produqtebis sinjis   

        Sekvecis sizustis SedarebiTi Sefaseba 

 

sinjis aRebis teqnologiuri procesis damuSaveba moiTxovs 

etalonebis damzadebas, raTa moxdes aqtivaciuri da qimiuri ana-

lizis erTmaneTTan Sedareba, risTvisac saWiroa dadgindes Tu 

rogori sinjis Sekvecis saSualeba avirCioT. amisaTvis sinjis 

Sekvecis sizustis dasadgenad Catarebuli iyo eqsperimenti [21]. 

komponentis gansazRvris saerTo cdomileba Sedgeba ramde-

nime Semadgenlis cdomilebisagan, saerTo cdomileba ki ganisaz-

Rvreba formuliT 
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( ) ,

0

2
an.c.

2
d.c.

2
S.c.

2
aR.c.

2
an.c.

2
S.c.

2
aR.c.k.S.c SSSSSSSS

n

i
ii +++++= ∑

=       (2.16)
 

sadac Sk.S.c.  aris madanSi sasargeblo komponentis Semcvelobis 

gansazRvris dros daSvebuli cdomileba; 

aR.c.S  – sinjis aRebis cdomileba; 

an.c.S – analizis gansazRvris cdomileba; 

S.c.S  – sinjis Sekvecis cdomileba; 

d.c.S  – sinjis damsxvrevasTan dakavSirebuli cdomileba. 

sinjSi sasargeblo komponentis gansazRvris erT-erTi Sema-

dgeneli cdomileba aris sinjis Sekvecis cdomileba, ris Semci-

rebac saSualebas gvaZlevs SevamciroT k.S.c.S  - is cdomileba. 

sinjis aReba SeiZleba rogorc preparatoris mier xeliT 

aseve avtomaturad, konveieridan mokveTiT analizisaTvis. sinjis 

momzadebis teqnologia aqtivaciuri analizis meTodiT am etapze 

iTvaliswinebda sinjis xeliT aRebas da mitanas laboratoriaSi. 

sinjis momzadeba qimiuri analizisaTvis ZiriTadad Seicavs gauw-

yloebis operacias da Sekvecas saWiro masamde (damtvrevis da da-

namcecebis operaciebi), xolo aqtivaciuri analizis Casatareb-

lad analizi ukeTdeba uSualod konveieridan mokveTil 0-16 mm 

klasis sinjs, rac aris neitronul-aqtivaciuri analizis upira-

tesoba sxva analizebTan SedarebiT.     

Sekvecis cdomileba saerTo SemTxvevaSi ganisazRvreba for-

muliT [21]       

     ( ) ∑
=

− +−−=
n

i
iHnKC SmmdSS

1

2
0

322 ,112ρ           (2.17) 

sadac ρ  – miRebuli sinjis saSualo simkvrivea; 

2
KS - dispersiis gansazRvruli Semcvelobis niSani saSualo 

simsxos naWrebSi; 

d  – natexis saSualo diametri; 

0m , nm  – sinjis masa Sekvecamde da Sekvecis Semdeg; 
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HiS – cdomileba i -uri Sekvecis operaciisas, rac 

dakavSirebulia araidealur arevasTan.  

sinjis SekvecisaTvis ganvixileT ori varianti:  

1. roca WiaTuris #2 centralur mamdidrebel fabrikaSi 16 

klasis sinjis 10 kg masa aRebuli iyo konveieridan da moTavsebu-

li iyo 600 mm sigrZis gverdis mqone kvadratuli Ziris da 15 mm 

simaRlis prizmul formad; 

2. wakveTili konusis 600 mm diametris formis sinji 

simaRliT 15 mm (nax. 2.4 a, b). 

eqsperiments eqvemdebareboda manganumis koncentrati, miRe-

buli WiaTuris centralur mamdidrebel fabrikaSi #2. masalis 

simsxo 0-3 mm, masa – 10 kg.  

formulaSi 2.16 Cveni SemTxvevisaTvis meore Sesakrebi an.c.S ,  

misi sidide HiS  ganisazRvreba Sekvecis win gulmodgined arevis 

operaciiT, radganac tardeba Sekvecis erTi operacia. amitom Se-

sakrebi an.c.S  SeiZleba daviyvanoT minimumamde. (2.17) formulis pi-

rvel SesakrebSi d  da nm  sidideebi icvleba idealur saz-

RvrebSi. eqsperimenti unda Seicavdes am sidideebis mTlian diapa-

zonis monacemebs. naSromSi ganxilulia mxolod kerZo varianti. 

 

 
 

nax. 2.4. sinjis Sekvecis eqsperimentaluri sqema: 
a) I varianti; b) II varianti 
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2.4. a) da b) naxazze moyvanilia eqsperimentis Sesrulebis 

sqema. ganvixiloT nax. 2.4 a, sadac daoTxva (oTx nawilad gayofa) 

Sedarebulia dakvadratebasTan. aRebuli sinjis areva xdeba rgo-

lis da konusis meTodebiT. 

 

      sinjis Sekvecis Sedegad miRebuli qimiuri analizis Sedegebi 
                                                              cxrili 2.4. 

kv
ad

r
at

is
 #

 

ma
ng

an
u
mi
s
 

S
em
c
ve
l
o
b
a,
 

%
 

kv
ad

r
at

is
 #
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u
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c
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s
eq
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r
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 #
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s
 

S
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l
o
b
a,
 

%
 

s
eq
t
o
r
is

 #
 

ma
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an
u
mi
s
 

S
em
c
ve
l
o
b
a,
 

%
 

1 43,78 9 47,39 1 45,81 9 47,75 

2 42,80 10 44,88 2 48,12 10 48,27 

3 42,80 11 45,73 3 50,00 11 48,39 

4 44,64 12 45,00 4 49,68 12 48,37 

5 42,68 13 43,54 5 48,65 13 48,13 

6 45,12 14 43,17 6 50,10 14 47,22 

7 45,12 15 43,78 7 47,09 15 47,35 

8 44,39 16 46,17 8 48,12 16 49,10 

 

miRebuli wakveTili prizma iyofa kvadratebad (16 cali). 

ganvixiloT nax. 2.4., b, sadac aRebuli sinji aireva rgoli-

sa da konusis meTodiT. rogorc pirveli eqsperimentis dros 

wakveTili konusuri formis sinji iyofa 16 seqtorad. 

sinjSi manganumis Semcveloba sqemaze naCvenebi danawilebis 

mixedviT ganisazRvreba. qimiuri analizis Sedegebi moyvanilia 

cxr. 2.5 - Si.  

daoTxva – mocemuli sinjis moculobis gayofa oTx nawi-

lad (naxazze naCvenebia gamuqebuli xazebiT); 

dakvadrateba – TiToeuli daoTxvili nawilis oTxad gayo-

fa (wvrili xazebiT). 
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cxrili 2.5  
varianti I 

 

dakvadrateba 
1-3-6-8-9-11-14-16 

2-4-5-7-10-12-13-15 

ПM %=44,86% 

ПM %=44,01% 

daoTxva 
1-2-5-6-11-12-15-16 

3-4-7-8-9-10-13-14 

ПM %=44,42% 

ПM %=44,49% 

 
 

cxrili 2.6  
varianti II 

 

seqtoris Sekveca 

erTi rigis 

gamoSvebiT 

1-3-5-7-9-11-13-15 

2-4-6-8-10-12-14-16 

ПM %=47,90% 

ПM %=48,22% 

seqtoris Sekveca 

daoTxviT 

1-2-3-4-9-10-11-12 

5-6-7-8-13-14-15-16 

ПM %=48,30% 

ПM %=48,22% 

 

pirvel da meore eqsperimentis Sedegebis Sedarebis sqema 

moyvanilia cxrilebSi 2.5 da 2.6. 

sinjSi manganumis Semcvelobis zusti gansazRvra I 

variantSi miiReba yvela aRebuli sinjis gasaSualebuli mniSvne-

lobebiT %456,44)%( =IMn . aqedan Sekvecis cdomileba daoTxvebiT 

tolia 0,081%-is, dakvadratebis meTodiT ki Sesabamisad 0,908%-is, 

e.i. dakvadratebis meTodis sizuste erTi xarisxiT maRalia. 

meore variantisaTvis (cxr. 2.6) moyvanilia angariSi manganu-

mis sinjebSi Semcvelobis zusti mniSvnelobebi, romelic tolia 

259,48)%( =IIMn , amasTan manganumis Semcvelobis sizustis 

gansazRvra meore variantisaTvis daoTxebis dros tolia 0,085%. 

segmentebiT Sekvecisas erTi segmentis gamoSvebiT Sesabamis-

ad tolia 0,744%-is, e.i. dakvadratebis meTodis sizuste erTi xa-

risxiT maRalia vidre sinjis Sekvecis erT segmentis gamoSvebiT. 
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manganumis koncentratis 0-3 mm klasis da 10 kg masis sinjis 

Sekveca dakvadratebis meTodiT erTi xarisxiT metia, vidre da-

oTxeba da Sekveca erTi segmentis gamoSvebiT, amitom rekomende-

bulia am SemTxvevaSi daoTxvis meTodis gamoyeneba. sinjis Sekve-

ca aRniSnuli meTodiT rekomendebulia im SemTxvevaSi, Tu gamo-

yenebuli iqneboda sinjis transportireba pnevmosistemiT. maSin 

warmomadgeneli sinjis masidan (10 kg) aiReba minimaluri sinji 

(300 g), rac aadvilebs sinjis miwodebas aqtivaciuri analizis 

laboratoriaSi. 

 amrigad, warmomadgeneli sinjis optimaluri masis gansazR-

vra SesaZleblobas iZleva damuSavebuli iyos WurWeli  sinjis 

transportirebisaTvis. 
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                                                      Tavi III 

    sinjis mokveTis, transportirebis, daclis da    

   miRebuli informaciis avtomatizebuli gadacema 

 3.1. sinjis mokveTis, transportirebis, sinjiT avsebuli  

     WurWlis daclis da avtomatizebuli xazebis  

                     gaangariSeba 

 

 manganumis madnis gamdidrebis teqnologiuri procesis er-

Tiani avtomatizebuli sistemis damuSavebis mizniT saWiroa gam-

didrebis teqnologiuri procesis SeSfoTebis periodis drois 

farglebSi moxdes ara marto manganumis procentuli Semc-

velobis gansazRvra, aramed sinjis mokveTis, transportirebis da 

aqtivaciuri analizis laboratoriaSi miwodebis (sinjis mosamza-

debeli periodis) imave drois intervalSi ganxorcieleba. 

 WiaTuris #2 mamdidrebel fabrikaSi sinjis aRebis obieqte-

bi sxvadasxva manZiliT arian daSorebuli aqtivaciuri analizis 

laboratoriasTan, sadac damontaJebulia koncentratsazomi, ami-

tom sxvadasxva siCqariT unda ganxorcieldes sinjis miwodeba. 

3.1. naxazze naCvenebia s.s. `WiaTurmanganumis~ centralur 

mamdidrebel #2  fabrikaSi ganlagebuli nedli masalis da sxva-

dasxva xarisxis manganumis koncentratebis sinjis aRebis, trans-

portirebis da daclis avtomaturi xazebis ganlagebis sqema. 

sinjis transportireba sxvadasxva manZiliT daSorebuli 

obieqtebidan saWiroebda sinjis horizontalur da Sveul gada-

adgilebas. sinjis horizontalurad gadaadgilebisaTvis gamoye-

nebuli iyo WiaTuris #2 mamdidrebel fabrikaSi 1985-87 ww. sxva-

dasxva konstruqciis avtomatizebuli xazebi, xolo Sveuli gada-

adgilebisaTvis SerCeuli iyo saTanado kveTis milgayvaniloba 

[27]. 

avtomatizebuli xazebis parametrebis gansazRvrisaTvis 

Cvens mier dadgenil iqna konveierebidan gadmoyrili madnis Sesa-
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bamisad sinjisaTvis gankuTvnili WurWlis ganivkveTi (nax. 3.2, 

Wrili a - a), ris Semdeg SemuSavebuli iyo sinjiT savse WurWlis 

 
 
 

nax. 3.1.1. WiaTuris #2 mamdidrebel fabrikaSi sinjis transportirebis 
avtomatizebuli xazebis ganlagebis sqema: 

 
1 - I-II xarisxis marganecis sinjis mokveTis da transportirebis 

xazi; 
2 - III-IV xarisxis marganecis sinjis mokveTis da transportirebis 

xazi; 
3 - nedli masalis mokveTis da transportirebis xazi 

 

daclis meqanizmebi da TiToeuli sinjis  transportirebis da 

daclis avtomatizebuli xazebi.  

 a) ganvixiloT I-II xarisxis mokveTili koncentratis sin-

jis transportirebis da daclis avtomatizebuli xazi (nax. 3.2), 

romlis CarTva-gamorTva monorelsis wonasworobazea damyare-

buli. 
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2 metris sigrZis satransporto xazi moTavsebulia konveie-

rsa 1 da bunkeris 2 SuaSi, sadac kronSteinze 3 saxsris 4 

saSualebiT  Camokidebulia  Sveleri 5, Svelerze  moZraobs urika 

 
 
 

nax. 3.2. I-II xarisxis koncentratis sinjis aRebis avtomaturi xazis 
sqema: 

   1 – konveieri; 2 – bunkeri; 3 – kronSteini; 4 – saxsari; 5 – Sveleri; 
6 - urika; 7 – sinjis momkveTi WurWeli; 8 – amZravi; 9, 10 – bolo    

   gamomrTvelebi; 11 – zambara; 12 – CarTvis kontaqtori; 13 – kbilana; 
14 – kbila segmenti; 15 – kbilanas RerZi; 16 – gorgolaWi; 17 – 

SemzRudavi TiTi; 18 – segmentis zambara; 19 - zRudari; 20 - garsacmi 
 

6 masze damontaJebul WurWelTan 7 erTad, urikas gadaadgileba 

xdeba amZraviT 8, romelic Seicavs  eleqtroZravas (romelic re-

duqtors amoZravebs Rveduri gadacemiT), quros, Wiaxraxnul 

gadacemas da jaWvuri gadacemis wamyvan da amyol varskvlavebs. 

urikas gadaadgileba konveieridan bunkerisaken da piriqiT 

SezRudulia bolo gamomrTvelebiT 9, 10. WurWlis  sinjiT 

avsebis Sedegad simZimis Zala daZlevs zambaras 11, Sveleri 

daiwevs, kontaqtori 12 CarTavs amZravs da urika WurWliT 



63 

gadaadgildeba bunkerisaken. gadaadgilebis dro ar aRemateba 3,5 

wuTs. WurWlis dacla xdeba segmenturi kbilana gadacemis 

saSualebiT. igi Sedgeba kbilanasagan 13 da kbilana segmentisagan 

14. kbilanas RerZi 15 SeduRebulia WurWelTan da saxsrulad 

SeerTebulia urikas karkasTan, xolo kbila segmenti berketiT 

da gorgolaWiT 16 aseve saxsrulad SeerTebulia urikas karkas-

Tan. segmenturi kbilana gadacema moqmedebaSi modis, roca gor-

golaWi wamoedeba TiTs 17 da WurWels 1800-iT gadaabrunebs. 

WurWlidan sinjis daclis Semdeg urika Cerdeba bolo ga-

momrTvelis 10 moqmedebis Sedegad, vidre koncentratsazomidan 

miRebuli signali reversiuli gadamrTvelis saSualebiT ar Car-

Tavs amZravs sawinaaRmdego mimarTulebiT. konveierisaken urikas 

gadaadgilebis sawyis etapze gorgolaWi gamodis TiTis modebid-

an da zambara 18 segmenturi kbilana gadacemis saSualebiT Wur-

Wels abrunebs sawyis horizontalur mdgomareobaSi. kbilana seg-

mentis Semobruneba SezRudulia zRudariT 19 gansazRvruli dia-

pazonis farglebSi. koncentratis marcvlebis moxvedris Tavidan 

acilebis mizniT segmenturi kbilana gadacema moTavsebulia gar-

sacmSi 20. 

nax. 3.2. - ze punqtiriT naCvenebia urikas pozicia WurWlis 

avsebis momentSi. WurWlis ganivkveTis zomebi iangariSeba konve-

ieridan gadmoyrili koncentratis marcvlebis gabnevis Sesaba-

misad. marcvlebis gabnevis farTobi tolia: 

                           ,..7,0 21 ahahS +=  

sadac a  madnis sinjis WurWlis siganea; 1h  da 2h  – marTkuTxe-

dis da segmentis simaRle; Cveni SemTxvevisaTvis, bhh ≅+ 21 , amitom 

WurWlis ganivkveTi SegviZlia ganvsazRvroT formuliT 

                              baS ⋅⋅= 7,1  ,                       (3.1) 

WurWlis moculoba toli iqneba 

                       λ⋅⋅= baV 7,1  ,                       (3.2) 

sadac  WurWlis simaRlea; 
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konstruqciuli mosazrebiT WurWlis 1800-iT Semobrunebis 

meqanizmis 13, 14 detalebis gadacemaTa ricxvi ise unda iyos Ser-

Ceuli, rom miRebuli meqanizmis gabaritebi meti ar iyos WurWli-

saze (nax. 3.2.). aRniSnuli pirobis gaTvaliswinebiT  

                          Wc LRL <+ 1  ,                     (3.3) 

sadac                          ,12 RRL +=c                      (3.4)  

1R  – kbilanas radiusi; 2R - kbilana segmentis radiusi;  

cL – RerZebis centrTaSorisi manZili; WL – WurWlis sigrZe. 

 

  

 
 
 

nax. 3.3. WurWlis 1800-iT Semobrunebis sqema 
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SevadginoT proporcia   ,180

1

2
0

R
R

=
α

                       (3.5) 

sadac 1800 – kbilanas Semobrunebis kuTxea; α  – kbilana segmen-

tis Semobrunebis kuTxe. WurWlis forma naCvenebia punqtiriT. 

3.3 naxazze naCvenebia gorgolaWis da monorelsze damonta-

Jebuli TiTis modebis sqema, sadac A  da B  wertilebi berketisa 

da TiTis modebis sawyisi da bolo wertilebia. R kbilana seg-

mentis berketis radiusia. β  – kuTxea 0  da B  wertilebis Sema-

erTebeli xazisa da Sveul xazs Soris. 

gavataroT 0ABΔ -s 0  wetilidan biseqtrisa, romelic AB  

monakveTs Suaze gayofs C  wertilSi. A  wertilidan daSvebuli 

horizontaluri da B  wertilidan gatarebuli Sveuli xazebi 

erTmaneTs D  wertilSi gadakveTs. 

aვRniSnoT: BDh = ; ADa = ; τ=∠ABD ; 

;γ=∠BAD  

ABDΔ -dan 

                      τcosABh = ;                         (3.6) 

OCBΔ -dan 
2

sinαRCB = ; ABCB =2 ; 

                          ;
2

sin2 αRAB =                          (3.7) 

meore mxriv ABOΔ -dan ;βτξ +=  

CBOΔ -dan .
2

900 αξ −=   

gavutoloT ξ -is mniSvnelobebi erTmaneTs da ganvsazRvroT 

kuTxe .τ  

miviRebT           .
2

900 βατ −⎟
⎠
⎞

⎜
⎝
⎛ −=                       (3.8) 

CavsvaT (3.7) da (3.8) formulebis mniSvnelobebi (3.6) 

formulaSi. miviRebT TiTis - 17 simaRles h , berketis α  – kuT-

xiT Semobrunebis dros (nax. 3.2): 
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                       .
2

90cos
2

sin2 0
⎥
⎦

⎤
⎢
⎣

⎡
−⎟

⎠
⎞

⎜
⎝
⎛ −= βααRh               (3.9) 

xaxunis Semcirebis mizniT berketis zeda nawilSi saxsru-

lad damagrebulia gorgolaWi r  – radiusiT. berketze modebuli 

P Zala, romelic gamowveulia urikas gadaadgilebiT, daiSleba 

mxeb da normalur mdgenelebad, rogorc naCvenebia nax. 3.4. - ze. 

winaaRmdegobis daZlevis mizniT Zalis normaluri mdgeneli ν - 

mxebis mimarTulebis sibrtyesTan 900-ze nakleb kuTxes unda Sea- 

 
 

nax. 3.4. berketze mosuli Zalis saangariSo sqema 
 

dgendes. am SemTxvevaSi gorgolaWi TiTis daxris qveS Sedis da 

adgilidan advilad iZvreba. aRniSnulis gaTvaliswinebiT (3.9) 

formulaSi radiusis nacvlad unda Sevides OB1  hipotenuzis mni-

Svneloba, romelic OBB1Δ -dan tolia 

                      ;22
1 rROB +=                     (3.10) 

biZgis gareSe gorgolaWis advilad gadagorebis misaRwevad 

gaTvaliswinebuli kuTxe β  gamovsaxoT kuTxe α -s da TiTis 

daxris γ  kuTxis meSveobiT. 

1BKAΔ -dan (nax. 3.3)     
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.900 τγ −=  

CavsvaT τ -s mniSvneloba (3.8) formulidan, miviRebT 

                       βαγ +=
2

 ,                         (3.11) 

saidanac 

                       .
2
αγβ −=                           (3.12) 

CavsvaT (3.9) formulaSi (3.10) da (3.12) formulebis 

mniSvnelobebi. gardaqmnis Semdeg miviRebT 

                       .sin
2

sin2 22 γαrRh +=                     (3.13) 

miRebuli formulidan Cans, rac ufro naklebia kuTxe γ , 

miT mcirdeba TiTis simaRle da izrdeba mobrunebis winaaRmde-

goba erTi da igive siCqariT urikas gadaadgilebis dros. kuTxe 

γ -s gazrdiT ki matulobs mobrunebis winaaRmdegoba. 

meqanizmis warmoebaSi danergvam da gamocdis Sedegebma 

gviCvena, rom TiTis daxris kuTxis optimaluri diapazonia 

00 3025 − . 

WurWlidan sinjis daclis meqanizmis zusti muSaoba damo-

kidebulia TiTis simaRlis h -is zust gansazRvraze. Tu TiTis h  

simaRle saWiroze metia, kbilana da kbilana segmenti gamova mo-

debidan da daazianebs zRudars. 

WurWlis gadmosayiravebeli meqanizmis parametrebis gaanga-

riSebis mimdevroba Semdegia 

mocemulia WurWlis gabaritebia 160×170 

a) WurWlis zomebis mixedviT SevarCioT segmenturi meqani-

zmis gadacemaTa ricxvi i , romelic unda akmayofilebdes pirobas 

.1RLL +≥ cW  

Kkonkretul SemTxvevaSi, Tu
 

6
1

2 ==
R
Ri ; mm1202 =R ; mm201 =R ; mm.c 1401202021 =+=+= RRL  

WurWlis 1800-iT SemobrunebisaTvis ganvsazRvroT kbilana 

berketis Semobrunebis kuTxe 
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.30180 0
0

==
i

α  

TiTis daxris kuTxis gansazRvrisaTvis SevarCioT dartymis 

gareSe, mdovred gadagorebis kuTxe 010=β  da CavsvaT (3.11) 

formulaSi. 

miviRebT 

.2510
2

30
2

00
0

=+=+= βαγ  

SevarCioT berketis sigrZe 100=R  mm, masze saxsrulad 

damagrebuli gorgolaWis radiusi 11=r mm da ganvsazRvroT 

TiTis simaRle (3.13) formuliT, miviRebT 

=⋅⋅=+=+= 4226,02588,0206,20125sin15sin111002sin
2

sin2 002222 γαrRh
 

mm22= . 

b) ganvixiloT III-IV xarisxis koncentratis sinjis aRebis, 

transportirebis da daclis avtomaturi xazi. nax. -3.5 - ზე avto-

maturi xazis sigrZe 15 metria. misi muSaobis principi Semdegia: 

monorelsze 1 sawevi bagiris 2 saSualebiT konveieris mimarTu-

lebiT amZravis CarTvis Sedegad gadaadgildeba urika 3 da mis 

karkasze 4 damontaJebuli sinjis momkveTi WurWeli 5. misi gaCe-

reba konveieris gaswvriv xdeba urikaze damontaJebuli Sverilis 

SexebiT bolo gamomrTvelTan 6. bolo gamomrTvelTan erTad er-

Tdroulad irTveba drois rele, romlis amoqmedebis dro tolia 

(metia, naklebia) WurWlis avsebis droze.  aRniSnuli drois gasv-

lis Semdeg drois rele CarTavs amZravs reversiuli gadamrTve-

lis saSualebiT da avsebuli WurWeli urikasTan erTad gadaad-

gildeba sawinaaRmdego mimarTulebiT.  

sinjis daclis meqanizmi Sedgeba WurWelze saxsrulad 

damagrebuli fskerisagan 7, mis Zirze damagrebuli Rerosa 8 da 

Camketi berketisagan 9, Camketi berketi saxsrulad damagrebulia 

karkasze miduRebul RerZTan 10 da zambarebis 11, 12 saSualebiT 

Sveul  mdgomareobaSi  imyofeba. urikas gadaadgilebis momentSi, 
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vidre is ar gaCerdeba bolo gamomrTvelis CarTvis Sedegad, Ti-

Ti 13 moedeba gorgolaWs, gaswevs Camket berkets, kapidan amovar-

deba Rero da fskeri gaixsneba. carieli WurWlis fskeris daket-

visaTvis gaTvaliswinebuli mowyobiloba Sedgeba kronSteinisag-

an 14, masze saxsrulad damagrebuli berketisa 15, gorgolaWisa 16 

da zambarisagan 17, kronSteinis konstruqcia zRudavs berketis 

 
 

nax. 3.5. III-IV xarisxis koncentratis sinjis aRebis avtomatizebuli 
xazis sqema:  

1 – monorelsi; 2 – sawevi bagiri; 3 – urika; 4 – karkasis sakidi; 5 – 
sinjis momkveTi WurWeli; 6 – bolo gamomrTveli; 7 – WurWlis fskeri; 

8 – Rero; 9 – Camketi berketi; 10 – RerZi; 11, 12 – zambarebi; 13 – 
SemzRudavi TiTi; 14 – kronSteini; 15 – berketi; 16 – gorgolaWi; 17 - 

zambara 
 

mobrunebas zambaris mxares, amitom urikas konveieris mimarTule-

biT moZraobisas mowyobiloba ketavs WurWlis fskers, xolo 

sawinaaRmdego mimarTulebiT moZraobis SemTxvevaSi Camketi ata-

rebs WurWels da zambaris meSveobiT sawyis pozicias ubrundeba. 
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WurWlis daclis meqanizmis sqema Sedgenilia meqanizmis 

kompaqturobis, sinjis daclis siswrafis da fskeris gverdebze, 

sixistis wiboebis gaTvaliswinebiT. daclis meqanizmis gabarite-

bi unda Tavsdebodes WurWlis gabaritebSi. Camketi berketi, riT-

ac magrdeba WurWlis fskeri, moTavsebuli unda iyos fskeris 

donis maRla. sinjis swarfi daclisaTvis da fskeris qveS midu-

Rebulma Rerom unda uzrunvelyos fskeris sixiste. zemoTqmuli-

dan SegviZlia davweroT: 

                          ;Wm LL <                         (3.14) 

                    ,
8

7
8

mm
mc

LLLL ⋅
=−=                     (3.15) 

sadac WL  aris WurWlis sigrZe (ix. nax. 3.6); 

mL  – meqanizmis sigrZe, romelSic Camagrebulia sinjis asa-

Rebi WurWeli;   

cL  – manZili meqanizmis saxsrebis centrebs Soris; 

 
 

nax. 3.6. WurWlis daclis meqanizmis sqema 

 

4
mL
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8
mL  – WurWlis fskerze mimagrebuli Reros daSoreba Camke-

ti berketis RerZamde; 

Lm/4 – daSoreba fskeridan fskeris saxsramde da fskerze 

mimagrebuli Rerodan meqanizmis sigrZemde. 

WurWlis forma naCvenebia punqtiriT. 

nax. 3.6-ze warmodgenil sqemaze gaTvaliswinebulia meqaniz-

mis dagegmarebis pirobebi. 

warmodgenili sqemis mixedviT SegviZlia ganvsazRvroT R  

da r  radiusebi da α  da β  kuTxeebi. 

             ;10
44

22
mmm

c
8

LLL
LR =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+⎟

⎠
⎞

⎜
⎝
⎛ −=

∧

              (3.16) 

                ;5
88

22
mmm

4

LLLr =⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛=                  (3.17) 

                   ;cos
R

LL
8
m

c −
=α                          (3.18)             

 

 
 

nax. 3.7. WurWlis fskerze damagrebuli Reros da Camketi berketis 
gamorTvis sqema 
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                  .cos
r
L
8

m=β                           (3.19) 

nax. 3.7 - is mixedviT fskerze damagrebuli Rero Camketis kapidan 

gamodis maSin, rodesac A  wertili gadainacvlebs 1B  wertilSi, 

dAB 21 ≥  manZiliT. berketma es manZili rom gaiaros, unda 

Semobrundes βΔ  kuTxiT. 

 
2
d
 manZilis gavlis Semdeg ki, igi Semobrundeba 

4
βΔ
 

kuTxiT, romelic 112 BOOΔ -dan ganisazRvreba 

                          .
24 r
dtg =

Δβ
                     (3.20) 

 berketis βΔ  kuTxiT Semobrunebisas TiTis damontaJebis 

adgilis dasagenad SevarCioT λ monakveTis sigrZe 1rr +>λ  (sadac 

r  centrebs Soris manZilia, 1r  gorgolaWis radiusia), maSin 

FDO1Δ -dan βΔ= cos1 rFO  radiusis 1r  damatebis da βΔ  kuTxiT Se-

mobrunebis Semdeg 

                          βΔ= coslh .                   (3.21) 

gaangariSebis mimdevroba Semdegia. 

a) mocemulia WurWlis gabaritebi: sigrZe λW=260 mm, 

simaRle 100=H  mm. mocemuli parametrebis mixedviT SevarCioT 

meqanizmis gabaritebi: 

sigrZe 240=≥ mW Lλ  mm, simaRle Ziridan saxsramde 60=
4
mL mm, 

saxsrebs Soris centrTaSorisi manZili 21030240 =−=−=
8
m

mc

L
LL  

mm da Reros diametri 10=d mm. 

SerCeuli zomebis mixedviT ganvsazRvroT radiusebi da 

kuTxeebi: 

;9,189165,3
4

24010 =⋅==
4
mLR  

;6724,2
8

2405 =⋅==
8
mLr  
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;
4
m

c

L
LL −= m  

9478,0
9,189
302408cos =

−
=

−
=

R

L
L m
c

α ; ;3618 10=α  

4478,0
2,678

240
8

cos =
⋅

==
r
Lmβ ; .2463 10=β  

Reros diametris mixedviT ganvsazRvroT βΔ  kuTxe 

0746,0
2,672

10
24

=
⋅

=
⋅

=
Δ

r
dtg β

; .154
4

10=
Δβ

 

b) ganvixiloT nedli masalis sinjis aRebis, transportire-

bis  da daclis avtomaturi xazi. avtomatur xazze ori mimdev-

robiT ganlagebuli urika moZraobs. rodesac urikaze damontaJe-

buli erTi WurWeli iwyebs avsebas, meore icleba. gadaadgilebis 

manZili nedli masalis CasatvirTi milidan bunkeramde 25 metria. 

gadaadgilebis dro ar aRemateba 3,5 wuTs [28, 29]. 

 

 
 

nax. 3.8. nedli masalis sinjis aRebis avtomatizebuli xazis sqema: 
1 – monorelsi; 2 – urika; 3 – karkasi; 4 – sinjis momkveTi WurWeli; 5 – 

wamyvani borbali; 6 – amyoli borbali; 7 - bagiri 
 

warmodgenili sqemis (nax. 3.8) mixedviT, monorelsze 1 daki-

debulia ori urika 2, urikas karkasze 3 damontaJebulia WurWe-

li 4. wamyvan 5 da amyol 6 borblebze daWimuli bagiri 7, gadaa-
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dgilebs urikas amZravis saSualebiT. borbali 6 Sedgeba ori na-

wilisagan, romlis erTi naxevari bagiris daWimvis win ixsneba, 

xolo gamTlianebis SemTxvevaSi Wimavs bagirs. 

WurWlis forma mocemulia nax. 3.9 - ze. igi warmoadgens ci-

lindrs 1, romlis diametri nedli masalis gasatarebeli milis 

diametris tolia. cilindris SigniT moTavsebulia gadmobrune-

buli konusi 2, romlis erTi mervedi segmenti Sveulad CaWrilia, 

Sevsebulia firfitebiT 3 da SeduRebulia amoWril konusTan da 

cilindris  fskerTan  4.  WurWlis fskeri, cilindris diametrTan 

 
 

nax. 3.9. nedli masalis sinjis asaRebi WurWeli: 
1 – sinjis momkveTi WurWeli; 2 – konusuri fskeri; 3 – firfita; 4 – 
WurWlis fskeri; 5 – rgoli; 6 – moZravi Ziri; 7 – garsacmi; 8, 9 – 

gamRebi da Camketi berketi 
 

SedarebiT odnav didia, masze zemodan dayrdnobil rgolze 5 da-

magrebulia moZravi ZiriT 6. rgolsa da fskeris mosriale zeda-

pirebs Soris manganumis marcvlebis moxvedris Tavidan acilebis 

mizniT igi daculia garsacmiT 7. sinjis daclis mizniT Zirze 

igive farTobis segmentia amoWrili, fskers qvemodan damontaJe-
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buli aqvs gamRebi 8 da Camketi 9 berketebi. roca gamRebi berketi 

8 wamoedeba zRudars 10, moxdeba WurWlis fskeris gaReba, xolo 

roca Camketi berketiT wamoedeba zRudars 11, moxdeba WurWlis 

fskeris Caketva. 

ganvixiloT WurWlis moZraobis traeqtoria misi fskeris 

gaxsnis da Caketvis dros (nax. 3.10). 

aRvniSnoT: r -iT WurWlis radiusi, R -iT – monorelsze Wu-

rWlis Semobrunebis radiusi, d -Ti zRudaris diametri. 

WurWlis Semobrunebis traeqtoriis ganxorcielebisaTvis 

daculi unda iyos piroba rR > -ze. 

 

 
 
 

nax. 3.10. nedli masalis WurWlis fskeris Semobrunebis sqema: 
10, 11 – gamRebi da Camketi zRudari  

 

WurWlis fskeris gaxsnis momentSi WurWelSi amoWrili seg-

mentis erTi wibo ganlagebuli unda iyos O 1O -is xazidan marTo-

bulad, xolo meore daStrixuli - ubnis meore mxares. 

Caketil WurWelze gamRebi berketi 8 moTavsebuli unda 

iyos  O 1O  SemaerTebeli xazis gagrZelebaze. 

WurWlis fskeris gaRebis da Caketvis mowyobilobis parame-

trebis gansazRvris mizniT sqemaze r  radiusiT Semoxazuli wre-
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xazi davyoT eqvs tol nawilad. miRebuli wertilebi aRvniSnoT 

ricxvebiT 1-dan 6-mde. O  wertili SevuerToT 1 wertils, gavagr-

ZeloT, vidre ar gadakveTs me-6 wertilidan horizontalurad 

gatarebul xazs, miviRebT A  wertils. pirveli wertilidan da-

vuSvaT marTobi 016 xazze, miviRebT B  wertils. 

BAO 01~6 ΔΔ  samkuTxedebis msgavsobidan SegviZlia 

davweroT 

,
B1
6A

B0
06

=  

sadac rR+=06 . 

BO 11Δ -dan rrBO 5,060cos 0
1 == ; rrB 866,060sin1 0 == da 

., r50ROB +=  

CavsvaT mniSvnelobebi Sedgenil proporciaSi, miviRebT 

                     
r

A
rR
rR

⋅
=

+
+

866,0
6

5,0
  ,                  (3.22) 

saidanac 
( ) .
5,0

866,06
rR
rRrA

+
+⋅

=  

61AOΔ -dan h  berketis sigrZe da fskerze misi ganlagebis 

adgili iqneba: 

            ( ) ( ) 2
2

22

5,0
866,06 r

rR
rRrrAh +⎟
⎠

⎞
⎜
⎝

⎛
+

+⋅
=+= ;          (3.23) 

                    
( ) .

5,0
866,06

rR
rR

r
Atg

+
+

==α                  (3.24) 

zRudaris 10 damontaJebis adgilis gansazRvrisaTvis, 

6AOΔ -dan β  kuTxe ganisazRvreba 

                     
( )
rR
rR

rR
Atg

5,0
866,06
+

+
=

+
=β  ,             (3.25) 

maSin zRudaris 10-is damontaJebis adgili iqneba radiusi 

1R -is da AO1  xazis gadakveTaze.  

6AOΔ -dan             ( ) dSecrROA 5,0++= β .              (3.26) 
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zRudaris 11 damontaJebis adgili iqneba radiusis 1R -is da 

OO1  centrebis SemaerTebeli xazebis gadakveTis wertilidan 

marjvniv r5,0  manZiliT daSorebul kordinatze 

                         ( ) drRR 5,02 −−= .                (3.27) 

gaangariSebis mimdevroba Semdegia: 

nedli masalis milis Sesabamisad virCevT WurWlis radiuss 

100=r mm.; zRudaris diametrs 10=d  mm; 300r3R == mm.  

viangariSoT berketis sigrZe 1O  wertilidan. 

formula (3.23) - is mixedviT: 

( ) .5,100100
1005,0300

100300100866,0 2
2

=+⎟
⎠

⎞
⎜
⎝

⎛
⋅+
+⋅

=h  

gamRebi berketis dayenebis kuTxe 1O  wertilidan. 

formula (3.24) - is mixedviT 

( ) 9897,0
1005,0300
100300866,0

=
⋅+
+

=αtg , 045=α . 

berketebs Soris kuTxe iqneba 

00 135180 =−α . 

gamRebi zRudaris dayenebis kuTxe  β , formula (3.25) - is 

mixedviT tolia 

2474,0
1005,0300

100866,0
=

⋅+
⋅

=βtg , .140=β  

gamRebi zRudaris dayenebis radiusi O  centridan formu-

la (3.26) - is mixedviT tolia 

( ) .417105,014100300 0
1 =⋅++= SecR  

damketi zRudaris dayenebis radiusi O  centridan formu-

la (3.24) - is mixedviT tolia 

( ) .5,19755,02 =⋅−−= rRR  

SemoTavazebuli avtomatizebuli xazebis konstruqciuli 

variantebis dagegmareba da warmoebaSi danergva SesaZleblobas 

iZleva Seiqmnas manganumis madnis gamdidrebis teqnologiuri 

procesis regulirebis erTiani avtomatizebuli sistema       
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              3.2. sinjis aRebis transportirebis da WurWlis 

daclis xazebis avtomatizebuli marTva  

 

Kkonveieridan sinjis mokveTis, sinjis asaRebi WurWliT 

transportirebis da daclis avtomatizebuli xazebis da koncen-

tratsazomis urTierTSeTanxmebuli muSaobis dasamyareblad Se-

muSavda sxvadasxva satransporto xazebidan koncentratsazom-

isadmi sinjebis miwodebis (rigiTobis) Tanmimdevruli CarTva-

gamorTvis sqema, romelic warmodgenilia naxaz-ze 3.11 [30]. 

 

 
nax. 3.11. sinjis mimwodebeli satrnsporto xazebis marTvis sqema 

 

1Д , 2Д , 3Д -iT aRniSnulia satranporto xazebis 

eleqtroZravebi; 

КМ -iT koncentratsazomis sinjis mimwodebeli meqanizmi; 

КД -iT koncentratsazomis eleqtroZrava; 

r.g.1 da r.g.2 –iT reversuli gadamrTvelebi, g.3-iT gadam-

rTveli; 



79 

IK , IIK , IIIK -iT reversuli gadamrTvelebis CasarTavi 

kontaqtorebi; 

ДK -iT koncentratsazomis Zravas CarTva-gamorTvis 

kontaqtori;  RB -Ti drois rele; 

11−B , 21−B , 31−B , 111−B , 211−B , 111B -iT satransporto xazebis 

bolo gamomrTvelebi; 

1П , 2П , 3П , 4П -iT konveieridan sinjis asaRebi WurWeli; 

ВД -iT dasxivebis xangrZlivobis CasarTavi kontaqtori; 

a, b, g, d – iT koncentratsazomis jamebi; 

МП -iT eleqtromagnituri gadamrTvelebi. 

 
    nax. 3.12. koncentratsazomze ganlagebuli satransporto xazebis 
             avtomaturi CarTvis mowyobiloba: 
1 - karkasi; 2 - mbrunavi badro; 3 - berketi; 4 - RerZi; 5 - jami; 6 - 
jamebis jvaredina sayrdeni; 7 - sinjis satransporto xazebis CarTvis 

kontaqtorebi Ik7 , IIk7 , IIIk7 ; 8 - sinjis gamasworebeli mowyobiloba (81 

el. Zrava, 82 gadabmulobis quro, 83 reduqtori, 84 Rveduri gadacema, 85 
gorgolaWi, 86 xvimira gamasworebeli); 9 - xvimira gamasworeblis 
CarTvis kontaqtori; 10 - milgayvaniloba; 11 - sinjis ganmtvirTavi 
mili; 12 - damcavi fari; 13 - mimmarTveli; 14 - dasxivebis da gazomvis 
xangrZlivobis CasarTavi kontaqtori; 15 - dasxivebis deteqtori; 16 - 
gasarecxi mowyobiloba; 17 - gadacemis avtomatiuri gadarTvis 
reduqtori; 18 - koncentratsazomis el. Zrava. 
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naxaz. - ზე 3.12 naCvenebia koncentratsazomis sinjis mimwo-

debeli meqanizmi, masze ganlagebuli kontaqtoriT, saidanac xor-

cieldeba sinjis satransporto xazebis marTva. 

sawyis poziciaSi koncentratsazomis sinjis mimwodebeli 

meqanizmi, Sveulad moZravi RerZi 4 da masTan erTad berketi 3 

aweulia zeviT (naCvenebia punqtiriT).  

koncentratsazomis eleqtronul sqemaze naCvenebi kontaq-

tori дK  – CarTavs eleqtroZravas Дк. gadacemaTa gadarTvis av-

tomaturi reduqtoris 17 saSualebiT RerZs 4 da masTan erTad 

berkets 3 Cawevs qveviT. berketze damagrebuli sami kontaqtorid-

an (7КI, 7КII, 7КIII),  erT-erTi daeyrdnoba magidis zedapirs, misi 

meSveobiT CairTveba sinjis satransporto xazis eleqtroZrava, 

xolo danarCeni ori kontaqtori Seva magidaze amoWril xvrelSi. 

kontaqtorebis CarTvis rigiToba (Tanamimdevruli CarTva-

gamorTva) mbrunavi badros 900-iT  Semobrunebis dasrulebisas 

badroze naxvretebis ganlagebazea damokidebuli. koncentrat-

sazomSi TiToeuli operaciis Sesrulebis Sedegad rigrigobiT 

irTveba masTan dakavSirebuli sinjis satransporto xazebi. 

sinjis satransporto xazebis da koncentratsazomis sinjis 

mimwodebeli meqanizmis eleqtromeqanikuri CarTva-gamorTvis Tan-

mimdevroba moyvanilia cxrilSi 3.1. 

sinjis asaRebi WurWlidan daclili sinji milgayvanilob-

iT xvdeba koncentratsazomis sinjis mimwodebeli meqanizmis 

Casayrel mowyobilobaSi. 

sinjis milSi swrafi gadaadgilebis mizniT mizanSewonilia 

milis diametri SeirCes konveierze dayrili fxvieri masis ganivk-

veTis Sesabamisad. 

sinjis satransporto avtomaturi xazebis koncentratsazo-

mis muSaobis reJimTan kordinirebisaTvis saWiroa sinjis mosa-

mzadebeli periodi ar aRematebodes dasxivebaze da gazomvaze 

daxarjul dros. 
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Catarebuli iyo eqsperimentebi, mosamzadebeli periodis 

(uqmi svlis, sinjis aRebis, gadaadgilebis da daclis) interva-

lebis dasadgenad, romelic moyvanilia cxrilSi 3.2. miRebuli 

Sedegebis analizi gviCvenebs, rom mosamzadebeli periodis dro 

ar aRemateba 3,5 wuTs – dasxivebis da gazomvis drois intervals 

                                      5,3131211 ≤+++= ttttt Cm wT. 

           
 

             eleqtromeqanikuri mowyobilobis CarTva-gamorTvis  rigiToba      
                                                  

                                                          cxrili 3.1. 

 

 

sinjis satransporto xazebis da koncentratsazomis uavario mu-

Saobis uzrunvelsayofad gaTvaliswinebulia saavario situ-

aciebis Tavidan acilebis saSualebebi. 

 

                                  WurWlis gadaadgilebis intervalebi 

                                                             cxrili 3.2. 

III xazi 
# gadaadgilebis intervalebi I xazi

II 

xazi IIIn  IVn  

11t  
sawyisi poziciidan konveieramde 

WurWlis gadaadgilebis dro, wm 
60 60 _ _ 

Ct  
konveieridan WurWelSi sinjis 

Cayris dro, wm 
80 80 80 80 
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12t  
avtomatizebul xazze sinjis 

gadaadgilebis dro, wm 
60 60 110 110 

13t  
milgayvanilobaSi sinjis 

gadaadgilebis dro, wm 
10 10 20 20 

mt  sinjis mosamzadebeli dro, wT 2,5 2,5 3,5 3,5 

 

magaliTad, Tu sinji milgayvanilobaSi gansazRvrul dro-

ze adre berketis Cawevamde Caiyara, damcavi fari 12 eRobeba fxvi-

er masas da atarebs mas 11 ganmtvirTav milSi (nax. 3.12). 

Tu meore satransporto xazis WurWlis Ziri ar daixura, 

igi Seexeba gamomrTvels, gawyvets wreds da Sewydeba misi gada-

adgileba. operatori Rebulobs signals saavario situaciis 

Sesaxeb. 

koncentratsazomis Zravis gamorTva ( )rtti−  drois monakveT-

iT ganisazRvreba, sadac it  aris dasxivebis da gazomvis dro. 

rt  – reduqtorSi RerZis 4 qveda mdgomareobaSi yofnis 

dro. 

( )rtti −  drois gasvlis Semdeg drois rele CarTavs reduq-

toris eleqtro Zravas momdevno operaciis ganxorcielebisaTvis. 

sinjis satransporto xazebsa da koncentratsazomis sinjis 

mimwodebel meqanizms Soris ganxorcielebuli eleqtromeqaniku-

ri kavSiri optimalurs xdis mosamzadebel periods sinjis aRe-

bidan manganumis procentuli Semcvelobis gazomvamde. 

 

3.3. aqtivaciuri analizis laboratoriidan informaciis 

avtomaturi gadacema 

 

manganumis gamdidrebis teqnologiuri procesis regulire-

bisaTvis manganumis procentuli Semcvelobis informaciis swraf 

gadacemas koncentratsazomidan iseTive didi mniSvneloba aqvs, 

rogorc manganumis procentuli Semcvelobis gansazRvras.  
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gaTvaliswinebulia manganumis koncentratsazomidan impul-

sebis gadayvana procentul SemcvelobaSi. gaTvaliswinebulia ag-

reTve eleqtronuli mowyobilobis sqemidan gamosavali informa-

ciis signalis gadacema, sainformacio tabloze manganumis pro-

centuli Semcvelobis Cveneba [30]. 

 

 

nax.3.13. koncentratsazomis eleqtronul sqemidan informaciis 

gadacemis sqema 

 

am mizniT SemuSavda koncenratsazomidan manganumis procen-

tuli Semcvelobis informaciis avtomaturi gadamcemi. igi Sedge-

ba informaciis gadamcemi da mimRebi blokebisagan. gadamcemi 

blokis daniSnulebaa signalis gaZliereba da 14-sadeniani kabe-

lisa da mimRebis sainformacio tablos meSveobiT mamdidrebel 

manqanaze momuSave personalisaTvis informaciis gacnoba. 

warmoebis sxvadasxva wertilidan sinjis satransporto xa-

zebiT koncentratsazomze miwodebuli manganumis procentuli 

Semcvelobis gansazRvris Semdeg informaciis Cveneba daniSnule-

bis adgilze unda dafiqsirdes, sanam igi ar Seicvleba amave wer-

tilidan miRebuli axali informaciiT, amitom informaciis miwo-
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deba koncentratsazomidan daniSnulebis sxvadasxva adgilze 

rigrigobiT unda moxdes. informaciis gadarTva xorcieldeba 

koncentratsazomis sinjis mimwodebeli meqanizmis reduqtoris 

zeda nawilSi damontaJebuli gamanawilebeli blokiT. gamanawi-

ლebeli bloki Sedgeba sami kontaqtorisagan (КI, КII, КIII). masSi, 

rodesac erTerTi kontaqtori irTveba, adre CarTuli avtomatu-

rad gamoirTveba. Sedegebis Caweris ganawilebis sqema warmodge-

nilia nax. 3.13 - ze. rodesac sinjis gazomva mTavrdeba, jvaredina 

sayrdeni da masze ganlagebuli jamebi vertikalurad zemoT iw-

evs, masTan erTad iwevs reduqtoris RerZze mosriale milisa, 

romlis oTx mxares damontaJebulia sxvadasxva sigrZis kronSte-

inebi, romlebic isea ganlagebuli, rom jvaredina sayrdenis 900-

iT Semobrunebis, qveviT Cawevis, dayovnebis da Semdgom zemoT 

awevis momentSi, roca manganumis procentuli Semcvelobis gazo-

mva jamSi damTavrebulia, CairTveba gamanawilebeli blokis kon-

taqtori IK , Semdgomi Semobrunebis Semdgom IIK , adre CarTuli  

         
            koncentratsazomis eleqtronuli sqemidan signalis 
                          gardaqmnis rigiToba 

                                                 cxrili 3.3. 

j
am
i 

ko
nt

aq
t
o
r
i 

ma
x
s
o
vr

o
b
is

 

r
eg
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c
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t
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l
o
 

a IK  1P  1U   

b IIK  2P  2U  

g IIIK  3P  3U  

d IIIK  3P  3U  

 

 

ki avtomaturad gamoirTveba, ris gamoc informacia rigrigobiT 

gadaecema 1P , 2P , 3P  informaciis maxsovrobis registrebs, manga-
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numis procentuli Semcvelobis 1U , 2U , 3U  cifrul indikatoreb-

ze  asaxvisTvis. 

cxrilSi 3.3. moyvanilia koncentratsazomis eleqtronuli 

sqemidan signalis gardaqmnis rigiTobis gadacema daniSnulebis 

adgilze cifruli indikatoris saSualebiT, rac SesaZleblobas 

iZleva mamdidrebel manqanaze momuSave personalma, regulireba 

gaukeTos mimdinare teqnologiur process. 
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                                                    Tavi IV 

sinjis momwodebeli qanqarisebri sawevelas damuSaveba 

 

 MIII  TavSi ganxiluli iyo 1985-86 wlebSi  damuSavebuli da 

danergili sinjis mimwodebeli I da II avtomatizebuli xazebis 

mowyobilobebi, romelic imarTeboda koncentratmzomidan fabri-

kaSi dasmuli amocanebis Sesasruleblad. 1991-92 ww. cnobili mo-

vlenebis gamo aRniSnuli danadgari amJamad gaZarculia da moiT-

xovs aRdgenas. koncentratsazomis da sinjis mimwodebeli xazeb-

is aRdgena mizanSewonilia ganaxlebuli saxiT, radgan WiaTuris 

#2 mamdidrebel fabrikaSi Seicvala teqnologiuri xazebis gan-

lageba da madnis damuSaveba im raodenobiT aRar warmoebs, ro-

gorc adreul wlebSi. gaviTvaliswineT ra fabrikis xelmZRvane-

lobis moTxovna,  sakiTxis gadawyveta moiTxovda axlebur mid-

gomas. fabrikis xelmZRvanelobasTan konsultaciis Semdeg reko-

mendebulia gadatanil iyos aqtivaciuri analizis laboratoria 

axal adgilze da damuSavdes sinjis mimwodebeli satransporto 

avtomatizebuli xazebi axali moTxovnebis gaTvaliswinebiT.   

 

4.1. sawevelas maTematikuri modeli 

 

nax. 4.1.-ze mocemulia amocanis gadawyvetis is varianti, ro-

melic iTvaliswinebs laboratoriis gadatanas calke saTavsSi 

da manganumis procentuli Semcvelobis gansazRvrisaTvis mokve-

Tili sinjis sawevelas saSualebiT transportirebas.  

sawevelas, rogorc marTvis obieqtis erT-erTi ZiriTadi 

Taviseburebaa rTuli sawevi sistema, romelic Sedgeba SedarebiT 

didi sigrZis mzidsawevi bagirisa da masTan dakavSirebuli mase-

bisagan.  

qvemoT obieqtis maTematikuri modeli damuSavebulia ori 

SemTxvevisaTvis: 
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nax. 4.1. sinjis mimwodebeli sawevelas kinematikuri sqema: 

a - Sveuli ubani; b - daxrili ubani; g - horizontaluri 

ubani; 

1 - mzidsawevi bagiri; 2 - amZravi borbali; 3 - damWimi borbali; 4 -
4’, 5-5’ mimmarTveli borblebi; 6 - damWimi mowyobiloba; 7 – 8 -
vagoneti (sinjis mimwodebeli WurWeli); 9 - I da II xarisxis 
mimwodebeli mili sinjis momkveTiT; 10 - III da IV xarisxis madnis 
mimwodebeli mili sinjis momkveTiT; 11 - Sualeduri xarisxis 
mimwodebeli mili momkveTiT; 12 - bunkeri; 13 - konveierze moZravi 
gamanawilebeli urika; 14 – 15 - bolo amomrTveli; 16 - mimmarTveli 

da Camketi, 17 - Zrava; 18 - reduqtori. 
 

• sawevi sistemis Seyursuli parametrebis gaTvaliswinebiT 

(diskretuli modeli); 

• sawevi sistemis parametrebis droSi da sivrceSi ganawileb-

is gaTvaliswinebiT (uwyveti modeli). 

obieqtis diskretuli maTematikuri modelis damuSavebisas 

miRebulia Semdegi daSvebebi: 

• sawevelas deformirebad elements warmoadgens mxolod 

mzidsawevi bagiri; 

• bagiris orive Stos sixisteebi mudmivi da erTmaneTis 

tolia; 
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• vagonets, romelic faqtiurad warmoadgens sinjis mimwode-

bel WurWels, aqvs erTi Tavisuflebis xarisxi; 

• vagonetebi ganlagebulia amZravi da damWimi borblebis sia-

xloves; 

• danakargebi xaxunze ar arsebobs. 

maSin sistemis kinetikuri da potenciuri energiebi gamoisaxe-

ba formulebiT 4.1. da 4.2 [31]:  

;)())(()()3(,0)()(5,0 2
2

.

2

.

1

.
2

1

.
2

2

.

2
2

1

.

1 ⎥⎦

⎤
⎢⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ ++++= xxxxmxmxmE hrkin      (4.1) 

                       ,                    (4.2) 

sadac  aris amZravi borbalis fersoze dayvanili jamuri masa; 

-damWimi borblis da meore vagonetis jamuri dayvanili masa; 

- mzidsawevi bagiris masa; -bagiris sixiste; 1x  da 2x  amZravi 

da damWimi borblebis gadaadgilebebi, Sesabamisad. 

sistemis moZraobis gantolebebs aqvs saxe 

               ;             (4.3) 

, 

sadac F  aris amZrav borbalze modebuli mamoZravebeli Zala; 

; ; ; 

; . 

nulovani sawyisi pirobebisaTvis (4.3)-s operaciul saxeSi 

CaweriT da elementaruli gardaqmnebiT miviRebT sawevelas gada-

cemis funqciebs (Sesaval signals warmoadgens Zravas eleqtro-

magnituri momenti , xolo rgolebis gamosavali sidideebi 

gamosaxulia Zravas da damWimi borblis kuTxuri siCqareebiT):     

            ;
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sadac  aris drekadi rxevebis 

drois mudmiva; 

 

 ; 
2
1

1 iR
R

K = ; ; 
i

mR
J

2
1=  – 

dayvanili inerciis momenti; )( pmω , )( pbpω  -Sesabamisad, Zravas da 

damWimi borblis kuTxuri siCqareebis laplasis gamosaxulebebi; 

 da   amZravi da damWimi borblebis radiusebi; i - reduqtor-

is gadacemis ricxvi. 

amrigad, sawevela mocemul SemTxvevaSi gamoisaxeba zogadi 

saxis ormasiani sistemis klasikuri modeliT im gansxvavebiT, 

rom obieqtis sawevi sistema Seicavs mdgrad (rxevebis Caqrobis 

TvalsazrisiT) araminimalur fazur rgols, rac gamowveulia 

misi TaviseburebiT. 

drekadelementebiani sawevi sistemis mqone obieqtebis 

uwveti maTematikuri modeli zogadi saxiT, rodesac bagirze 

moTavsebuli ZiriTadi masebis raodenoba sams ar aRemateba [32]. 

Tu CavTvliT, rom Sesavali signali (amZravis mamoZravebeli 

Zala) miewodeba amZrav borbals, xolo gamosaval sidideebs 

warmoadgens vagonetebis siCqareebi, sawevi sistemis normirebul 

gadacemis funqciebs aqvs aseTi saxe: 

                   ;2
)(),0,0(
pshpBpchpApsh

pshpCpchKpW
++

+
=                (4.6) 

                   ,2),0,(
pshpBpchpApsh

KplW
++

=                 (4.7) 

sadac, fardobiTi masebi 
hr
mmmA /)

21
( += ; 2/

21 hr
mmmB = ; 

hr
mmC /

2
= ; l  - sawevelas sigrZe; aK 2

1= ; a - gaswvrivi drekadi  
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talRis gavrcelebis siCqare bagiris Cakidulobis gaTvaliswi-

nebiT; τpp =  - normirebuli laplasis operatori; al=τ  - 

talRis gavrcelebis dro. 

sawevelas maTematikuri modelis (4.6) da (4.7) pirdapiri ga-

moyeneba ver moxerxdeba, radgan igi Seicavs usasrulo jamebs da 

kvazipolinomebs. Aamitom, saWiro xdeba miRebuli transcendentu-

ri gadacemis funqciebis aproqsimacia sasruli ganzomilebis mo-

deliT.  

transcendenturi gadacemis funqciebis wiladur-raciona-

luri gadacemis funqciebiT gamosaxva sapasuxismgeblo amocanaa, 

romlis gadawyvetisas upirvelesi yuradReba unda daeTmos miRe-

buli sasruli ganzomilebis modelis adekvaturobas sawevi sis-

temis usasrulo ganzomilebis modelTan. am dros mniSvnelovania 

agreTve miRebuli wiladur-racionaluri gadacemis funqciebis 

zogadi xasiaTi da simartive, radganac Zalze maRali rigis mo-

deli, rac ar unda zusti iyos igi, sirTulis gamo SeiZleba ise-

ve gamousadegari aRmoCndes, rogorc sawyisi transcendenturi 

gadacemis funqciebi. 

aproqsimaciis meTodis SerCeva damokidebulia sawevelas pa-

rametrebze. radganac mas aqvs mcire sigrZe, SeiZleba davuSvaT  

 da . Tu  (  Secvlilia -Ti). aseTi 

daSvebiT miRebuli Secdoma ar aRemateba 10,3%-s. ukeTesi Sedegis 

misaRebad, rodesac , hiperboluri kosinusis aproqsimacia 

mizanSewonilia movaxdinoT ufro zustad  (apro-

qsimaciis Secdoma ar aRemateba 11%-s). orive SemTxvevaSi (4.6) da 

(4.1.7)-dan miiReba ormasiani marTvis obieqtis gadacemis funqciebi  

                 ;
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sadac drekadi rxevebis drois mudmivas  da mudmiv koeficien-

ts  aqvT zemoTaRniSnulTan SedarebiT gansxvavebuli mniSvne-

lobebi, romelic mocemulia (4.1.) cxrilSi (maT Soris im SemTx-

vevisaTvis, rodesac simciris gamo ugulebelyofilia  masa). 

  

 da  parametrebis mniSvnelobebi  

                                                                cxrili 4.1. 

hiperboluri 

funqciebis 

argumentis 

mniSvnelobebi 

drekadirxevebis 

drois mudmiva  

koeficienti  

 

- -  

 

 

 
 

 

 
 

 

 

 

 

 

miRebuli Sedegidan irkveva agreTve, rom obieqtis absolu-

turad xisti modelia 

 ( ) ( )
( ) .1

Jp
K

pM
p

pW bp ==
ω

 (4.10) 
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romelsac farTod iyeneben praqtikaSi, radgan martivad 

miiReba ganawilebulparametrebiani sawevi sistemis modelidan 

,  da  daSvebebiT. 

 

4.2. sawevelas damuSaveba da dinamikuri gaangariSeba 

 

 erTbagiriani qanqarisebri sawevelas xazi Sedgeba: a – ver-

tikaluri, b – daxrili da g – horizontaluri ubnebisagan. Cava-

taroT erTbagiriani sawevelas nawilobrivi dinamikuri gaangari-

Seba. kerZod, ganvsazRvroT Semdegi parametrebi: 

- WurWlis moZraobis siCqare; 

- amZravis gamorTvis Semdeg WurWlis gaCerebisaTvis sa-

Wiro dro; 

- WurWlis mier gavlili manZili; 

- bagiris daWimulobebi sawevelas sxvadasxva ubanze. 

 sistemis kinetikuri energiis Teoremis Tanaxmad, sistemis 

kinetikuri energiis cvlileba tolia sistemaze moqmedi Zalebis 

mier Sesrulebuli muSaobis e.i. ∑
=

=−
n

i

ATT
1

0 , radganac sistema uZ-

raobis mdgomareobidan iwyebs moZraobas, amitom . 

T0 aris sawyisi kinetikuri energia [33]. 

sistemis kinetikuri energia tolia masSi Semavali elemen-

tebis kinetikuri energiebis algebruli jamis e.i.  

                   ,                     (4.11) 

Sadac, T1 – carieli WurWlis da bagiris saerTo kineti-

kuri energi; 

       T2 – manganumiT datvirTuli WurWlis kinetikuri ene-

rgi bagirTan erTad; 

       T3 – damWimavi tvirTis kinetikuri energi; 

       T4 – amZravi borblis kinetikuri energi. 
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Tu ganvixilavT WurWlisa da bagiris moZraobas 

erToblivad, maSin, orives kinetikuri energia toli iqneba: 

                  ,                (4.12) 

sadac 

                   ( ) 2
1212

1 VmmT +=adat.bag.WurW.g . 

datvirTuli WurWlis kinetikuri energiaa; m1 – carieli 

WurWlis masa; m2 – datvirTuli WurWlis masa; V1 – WurWlis 

siCqare. 

xolo damWimavi tvirTis kinetikuri energia iqneba 

        2
33

2
3

2
303 Rm

2
1J

2
1T ω=ω= . (4.13) 

amZravi borblis kinetikuri energia T4=  

sadac   aris amZravi borblis brunvis kuTxuri siCqare. 

bolos mTliani mowyobilobis kinetikuri energia  

 

sadac  – bagiris inerciis momenti; 

      R – amZravi borblis radiusi; i2x – inerciis radiusi X 

RerZis mimarT. 

1) gamovTvaloT muSaoba amZravi borblis da bagiris AKD 

ubanze (nax. 4.2.). am dros maTze moqmedebs borblis simZimis  Za-

la, bagiris  daWimulobis Zala, inerciis  Zala, xaxunis xax. 

Zala, bagiris simZimis  Zala. vinaidan simZimis  Zala da bagi-

ris  Zala moZraobis marTobulad arian mimarTulni, amitom 

maT mier Sesrulebuli muSaoba nulis tolia. maSin daWimulobis 

Zalis mier Sesrulebuli muSaoba ase gamoisaxeba 

                           

inerciis Zala iSleba mxebi da normalur Zalebad, xolo 

normaluri Zalis mier Sesrulebuli muSaoba nulis tolia. rad-

gan igi gadaadgilebis marTobia, amitom mxebi inerciis Zalis 

mier Sesrulebuli muSaoba toli iqneba 
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nax. 4.2. amZravi borblis AKD ubanze moqmedi Zalebis sqema 

aq  - aris amZravi borblis kuTxuri aCqareba.  

gorvis xaxunis Zalis mier Sesrulebuli muSaoba toli 

iqneba 

                    ,  

sadac,  aris borblis mobrunebis kuTxe. 

sabolood muSaoba ubanze  

          ,    (4.14) 

 - gorvis xaxunis koeficienti. 

2) muSaoba horizontalur ubanze toli iqneba 

( ) ( ) ( )2
1

2 PAPANAA ++= ; 

sadac, 2P  aris jamis wona, vinaidan 2P  Zala da bagiris 

wona 1P  - arian moZraobis mimarTulebis marTobuli, maT mier 

Sesrulebuli muSaoba nulis tolia, maSasadame muSaoba tolia 

                      ( ) 12 λNNAA ==  ,                     (4.15) 

sadac 1λ  aris horizontaluri ubnis sigrZe. 
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nax. 4.3. WurWlis Ziris Caketvis mowyobiloba 

 erTbagiriani qanqarisebri sinjis mimwodebeli sawevelas 

bagirze saxsrulad dakidebuli WurWlis saSualebiT xdeba man-

ganumis sinjis avseba, transportireba da dacla. WurWlis fske-

ri avtomaturad iReba xvimirasTan miaxloebisas WurWlis fsker-

is gamRebi TiTiT da mimmarTvelis daxmarebiT. mimmarTveli afiq-

sirebs sakids, raTa gaxsnis momentSi ukan gadaixaros vertika-

luri mdgomareobidan. aseve, rodesac manganumisagan daclili 

WurWeli ukan brundeba daxrili ubnidan horizontalur ubanze, 

am dros xdeba WurWlis fskeris avtomaturi daketva Camketi mow-

yobilobiT. mimmarTveli afiqsirebs WurWlis sakids masze mimag-

rebuli borblebis saSualebiT (ix. nax. 4.3 da 4.4). rodesac man-

ganumiT savse WurWeli horizontaluri ubnidan gadadis daxril 
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ubanze. inerciuli Zalis zegavleniT igi iwyebs rxevas bagiris 

gaswvriv mimarTulebiT, rac aucilebelia droulad CaixSos. am 

mizniT sakidze damontaJebuli rgolebi 1 Sedis ra mimmarTvelSi 

2, afiqsirebs sakidis vertikalur mdgomareobas gadaadgilebis 

procesSi. 

3) ganvixiloT daxril ubanze moqmedi Zalebis mier Sesru-

lebuli muSaoba. am ubanze moqmedebs bagiris daWimulobis ( )1N  

Zala, bagiris simZimis 1P
ρ
 Zala, WurWlis simZimis 2P  Zala, bagi-

ris daxris kuTxe horizontTan avRniSnoT α -Ti. am Zalebis mier 

Sesrulebuli muSaoba toli iqneba: 

                      ( ) ( ) ( )1213 PAPANAA ++= ; 

                 ( ) 211 λ⋅= NNA , ( ) αsin222 ⋅= λPPA ; 

                                            ( ) αsin2
11 ⋅⋅= λPPA . 

bolos, muSaoba  

               ,sinsin 2
1

22213 αα λλλ PPNA ++=              (4.16) 

sadac, 1N   aris bagiris daWimuloba daxril ubanze. 

4) ganvixiloT vertikalur ubanze moqmedi Zalebis mier Se-

srulebuli muSaoba. aq  moqmedebs  daWimulobis 1
daW.F
ρ

 Zala, tvir-

Tis (sapirwone) wona P
ρ
 da borblis  wona.  muSaobas  asrulebs 

mxolod 1
daW.F
ρ

 Zala. danarCeni Zაlebis mier Sesrulebuli muSaoba 

nulis tolia. maSasadame, ( ) 3
1

4 λ
ρ

⋅== daW.daW. FFAA ; sadac 3λ  aris bagi-

ris sigrZe vertikalur ubanze, mTliani sistemis saboloo 

muSaoba iqneba: 

             
32

1

2221

11

2

14321

sinsin λλλλ
λ

daW.
FPPN

NgmRmRNAAAAA
++++

+⋅+−+⋅=+++=
αα

ϕδπ ε
      (4.17) 

amis Semdeg SevitanoT ∑
=

=
n

i
AiT

1
 am formulaSi maTi mniSvne-

lobebi 
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( )
32

1

222111

2

1

2

30

2

14

2

3

2

3

2

2

2

*2

2

121

sinsin
2
1

2
1

2
1

4
1

2
1

λλλλλ ⋅+++++−

−+⋅=++⋅+⋅++

daW.
FPPNNgm

RmRNIVmRmimVmm x

ααϕδ

πωωω ε

    

(4.18) 

 

 

 

nax. 4.4. WurWlis Ziris damcleli meqanizmi  

 

aqedan ganisazRvreba WurWlis siCqare 1V . 

ganvsazRvroT dro, romelic saWiroa amZravis gamorTvis 

Semdeg jamis gaCerebamde. am dros xdeba moZraobis raodenobis 

cvlileba, amitom SegviZlia davweroT 
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.***
1 tFtFPtmVmV ⋅−⋅−=− inerc.g.x.  

            sistemis gamorTvis Semdeg siCqare ,0=V  

                                         

 

 

nax. 4.5. damWimi meqanizmi 

 

amitom 

***
1 tFtFPtmV ⋅−⋅−=− inerc.g.x. , sadac 10

* ttt −= ; 

maSasadame 

   
( )inerc.g.x. FmgFtmV +−= *

1  aqedan .1*

inerc.g.x. FmgF
mVt

+−
=       (4.19)

  

 t* droSi S gadaadgileba Seadgens: 

                    .*tVS ⋅=                               (4.20) 

axla ganvsazRvroT bagiris daWimulobis Zala amZrav bor-

balze. 
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ganvixiloT masze moqmedi Zalebis wonasworoba. moqmedi Za-

lebi davagegmiloT 1ox  RerZze (nax. 4.6). miviRebT wonasworobis 

gantolebas 

 

 

 

nax. 4.6. bagiris daWimulobis sqema 

 

.0sincos =−−+ g.x.daW. FIIN n ϕϕ τ  
 

sadac, daW.N  bagiris daWimulobis Zalis sidide amZrav 

borbalTan; nI  normaluri inerciis Zala; τI - mxebi inerciis 

Zala; g.x.F - gorvis xaxunis Zala.  

amrigad, daWimulobis Zalis sidide toli iqneba 

           .cossin
2

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+= ϕϕ
R
V

dt
dVmFN g.x.daW.                 (4.21) 

axla ganvsazRvroT damWim meqanizmze modebuli bagiris da-

Wimulobis F daW. Zalis sidide. ganvixiloT masze momqmedi ZalTa 

wonasworoba. nax. 4.7 - idan masze moqmedebs F daW. Dda daW.'F
ρ

bagiris 

daWimulobis Zalebi, gorvis xaxunis g.x.F
ρ

 Zala da simZimis P
ρ
 

Zala. am Zalebisagan SevadginoT wonasworobis gantoleba, 

risTvisac isini davagegmiloT vertikalur ox RerZze. miviRebT 
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       0'' =−− daW.daW. FFP  aqedan 
2

' PF =daW.  anu .
2
1' gmF =daW.           (4.22) 

am dros gorvis xaxunis Zala marTobia ox  RerZis, amitom 

misi gegmili am RerZze nulis tolia. 

 

 

 

nax. 4.7. damWimav mowyobilobaze moqmedi Zalebis sqema 

 

(4.17) da (4.18) gamosaxulebebis Sedarebisas Cans, rom bagi-

ris daWimuloba amZrav borbalTan ufro metia vidre damWimav 

meqanizmTan, e.i. daW.
amZ.
daW. 'FF > . 

gamovTvaloT daxril ubanze WurWlis moZraobisas bagiris 

daWimulobis Zala daW.''F , masze moqmedebs WurWlis wona 1P
ρ
, 

bagiris wona 2P
ρ
 da daWimulobis daW.''F

ρ
Zala. 

ganvixiloT wonasworoba da SevadginoT wonasworobis gan-

toleba. es Zalebi davagegmiloT bagiris gaswvriv RerZze (nax. 

4.8). miviRebT 
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( ) ( ) ;090sin90sin'' 0

1
0

2 =−+−+ αα PPF daW.           
   

aqedan  

                       
( ) ,cos'' 21 αPPF +−=daW.                     (4.23) 

 sadac 1P  aris bagiris wona, 2P  – WurWlis wona.  

 

 

 

nax. 4.8. daxril ubanze moqmedi Zalebis sqema 

 

 (4.11), (4.12) da (4.13) formulebis Sedarebisas Cans, rom 

bagiris daWimuloba ufro metia amZrav borbalTan, ris Semdeg 

TandaTan sustdeba. daxril ubanze SedarebiT naklebia, xolo 

ufro naklebia vertikalur ubanze anu damWimav borbalTan. 
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Tavi V 

N   neitronul mamravlebelze sinjis mimwodebeli 

             pnevmaturi xazebis damuSaveba 
     

5.1. neitronul gamamravlebelze sinjis mimwodebeli 
 

pnevmatikuri avtomatizebuli xazebis                       

mimoxilva 
 

 

 amJamad, saqarTvelos erovnuli akademiis e. andronikaS-

vilis saxelobis fizikis institutSi neitronul `gamamravlebel 

1-is~ bazaze funqcionirebs neitronul-aqtivaciuri laboratoria 

(nax. 5.1.). 

 neitronuli gamamravlebeli mosaxerxebelia da saimedo eq-

spluataciisaTvis Tu daculia masze momuSave momsaxure persona-

lis radiaciuli usafrTxoeba, rasac emsaxureba avtomatizebuli 

pnevmatikuri xazebi, ris saSualebiTac neitronul wyaros miewo-

deba sxvadasxva daniSnulebisaTvis gankuTvnili sinjebi. 

  

 

 

 
nax. 5.1. danadgar `mamravlebel-1~-is aqtivaciuri analizis 

laboratoriaSi ganlagebis sqema: 
1 – gadagdebis konteineri; 2 - qvekritikuli anakrebi ПС-1; 3 –haermana-
wilebeli; 4 - manawilebeli meqanizmebi; 5 - gadatvirTvis konteineri; 6 
- gazomvis pozicia; 7 - marTvis pulti; 8 -maregistrirebeli aparatura 
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specialuri avtomatizebuli pnevmatikuri xazebi saSuale-

bas iZleva aqtivaciur zonaSi gagzavnil da ukan dabrunebul 

iqnes specialur kafsulaSi moTavsebuli sinji [34, 35, 36]. 

nax. 5.1. - ze naCvenebia aqtivaciuri analizis laboratoriis 

sqema. marcxena oTaxSi moTavsebul ПС-1 qvekritikul anakrebSi 2  

xdeba sinjis dasxiveba, kompresoris, haermanawileblis  3 marT-

vis sqemis da saSemsruleblo meqanizmis 4 saSualebiT. dasxivebu-

li sinji izomeba deteqtorze 6 marTvis pultis meSveobiT  7 da 

fiqsirdeba maregistrirebel aparaturaze  8. 

 

 

 
nax. 5.2. aqtivaciur laboratoriaSi pnevmosatransporto sistemis sqema 

 

nax. 5.2 – ze naCvenebia laboratoriaSi ganlagebuli pnevmo-

satransporto sistemis sqema. sinji, romelic winaswar CatvirTu-

li aris kafsula-konteinerSi, Tavsdeba specialur CatvirTvis 

yuTSi, saidanac dawnexili haeris saSualebiT igzavneba dasxive-

bisaTvis neitronul gamamravlebelze. fotogadamwodis specia-

luri programis saSualebiT xdeba sinjis dasxivebis poziciaSi 
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dayovneba, Semdeg ki gazomvis operaciaze gadatana. “gamamravlebe-

li – ПС -1” warmoadgens specialur neitronul-aqtivaciuri ana-

lizis danadgars, sadac xdeba sinjebis transportireba ori ver-

tikaluri da erTi horizontaluri milgayvanilobis saSualebiT. 

dasxivebuli sinjis gadatana xdeba pnevmosistemis saSualebiT 

Semnaxav (gadagdebis) konteinerSi. 

   

5.2. pnevmotransportis moZravi Semadgenlobis 

damuxruWebis parametrebis gansazRvra 

 

avtomatur pnevmatiur xazze miwodebuli SekumSuli haeris 

gamorTvis Sedegad kapsula (Sig moTavsebuli sinjiT) gadaadgi-

ldeba inerciuli Zalebis zegavleniT. imisaTvis, rom sinjis ga-

daadgilebis bolo etapze dasxivebis zonaSi moxdes stabiluri 

gaCereba, dagegmarebuli iyo demferuli mowyobiloba, romlis 

parametrebis gansazRvra damokidebulia mraval faqtorze, maT 

Soris inerciul Zalebze. amitom qvemoT mocemulia dempferuli 

mowyobilobis parametrebis gansazRvra inerciuli Zalebis 

gaTvaliswinebiT. 

naSromSi moyvanilia kapsuliani pnevmotransportis Semad-

genlobis damuxruWebis parametrebis gansazRvra xaxunis gauTva-

liswineblad, sadac kapsula-konteineri satransporto milSi ga-

daadgildeboda gorgolaWebis saSualebiT. am SemTxvevaSi, rad-

ganac adgili aqvs gorvis xaxuns, misi simciris gamo, igi ar iyo 

gaTvaliswinebuli damuxruWebis parametrebis gaTvlis dros. 

Cvens SemTxvevaSi adgili aqvs srialis xaxuns, amitom mizanSewo-

nilad migvaCnia gaangariSebaSi srialis xaxunis koeficientis 

gaTvaliswineba [34, 36]. 

ganvixiloT dempferuli mowyobiloba (nax. 5.3), sadac sat-

ransporto mili 1 SekumSuli haeri wneviT gadaadgilebs kafsu-

la–konteiners – 3-s. haeris miwodebis Sewyvetis Semdeg inerciu-

li Zalebis zegavleniT kafsula-konteineri ganagrZobs moZraob-
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as. kafsulis gaCerebis stabilurobisaTvis dempferis bolo nawi-

lSi moTavsebulia rezinis firfita – 5, romelic dafiqsirebul- 

 

nax. 5.3. dempferi: 
1 – satransporto mili; 2 - zambaruli sayeluri; 3 - kafsula-konteine-
ri; 4 – Rrublovani rezina (paraloni); 5 - rezinis firfita; 6 – saxu-
ravi; 7 - mili;  – kvebis arxi;  - atmosferosTan damakavSirebeli 
arxi. 

 

ia erTi mxridan zambaruli sayeluri – 2, xolo meore mxridan 

Rrublovani reziniT (paraloni). kafsulis rezinis firfitasTan 

Sexebis Semdeg, SekumSavs ra Rrublovan rezinas, gamodevnis mas-

Si moTavsebul haers, romelic jer rezinis firfitis oTxi xvre-

lidan, Semdeg ki milSi arsebuli  xvrelis  gavliT gaedineba 

atmosferoSi.  

 naxazze 5.3 moyvanili sqemis mixedviT aRvniSnoT kafsulis 

diametri - 1-iT, milis D -Ti. gaviTvaliswinoT, rom , anu 

maT Soris arsebobs RreCo, romlis saSualebiTac xdeba haeris 

gadineba. manZili kafsulis Sublsa da dempferuli mowyobilob-

is rezinas 5 Soris aRvniSnoT S3-iT, xolo inerciiT gamowveuli 

kafsulis gadaadgileba  - iT. haeris sawyisi wnevis Zala aRvni-

SnoT oP -iT. maSin mimdinare procesSi  adiabaturobis koefici-

entis gaTvaliswinebiT SekumSuli haeris wnevis Zala iqneba 

                              K

K
o

SH
HPP

)( −
=   ,                    (5.1) 
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 sadac, k  aris SekumSuli haeris adiabaturi procesis maxa-

siaTebeli parametri-koeficienti. 

 aRvniSnoT konteineris masa - -iT, samuxruWo mowyobilo-

bis masa - -iT , sawyisi siCqare damuxruWebis momentSi -iT, 

xolo damuxruWebis momentidan rezinis firfitasTan 5 Sexebamde 

siCqare -iT, H - sawyisi daSoreba damuxruWebis dros, kafsulis 

siRruesa da SekumSuli Rrublovanis zedapirs Soris, nS  - 

kafsulis damuxruWebis dros sawyisi gasavleli manZili, 1
1H  - 

Rrublovanis sisqe, 10 HS ≈  damuxruWebis dros mcire gasavleli 

manZili, 0H  - Rrublovanis da rezinis firfitis sisqe erTad.  

 kinetikuri energiis cvlileba, gorvis xaxunis gaTvaliswi-

nebiT iqneba 

        ,
1))(1(22 11

1

2
11

2
01 SFSP

K
HP

SHK
HPVmVm

g
o

K

K
o ⋅+−

−
−

−−
=− −

gx
x        (5.2) 

sadac, S1 – inerciiT gavlili manZili, Pg – haeris nakadis mier 

warmoSobili mamoZravebeli Zala; fmgF =g.x. .  

Tu gaviTvaliswinebT plasmasis xaxunis koeficients f -s, 

maSin (5.2.) formula Semdegnairad daiwereba 

,
21))(1(2

2
11

11

2
01 Vm

gSfmSP
K
HP

SHK
HPVm

g
o

K

K
o =−+

−
+

−−
− −  

saidanac ganisazRvreba 1V  - siCqare, miviRebT 

          gSf
m
PgS

Km
HP

SHKm
HP

VV o
K

K
o

o 22
)1(

2
))(1(

2

11
1

1

2
1 −+

−
+

−−
−=

−
.     (5.3) 

 imisaTvis, rom gavigoT konteineris inerciiT gadaadgileb-

isas manZili - 1S  da damatebiTi gadaadgilebis cdomileba 1SΔ , 

gamowveuli haeris gadinebiT, RreCos farTobi aRvniSnoT - ω -Ti. 

Sesabamisad formula (5.2)-Si gadaadgileba - 1S -s mivceT mcire 

mniSvneloba i1S  da ganvsazRvroT misi Sesabamisi siCqare iV1  (5.2.3) 

formulis meSveobiT, sanam ar miviRebT tolobas 11 VV i = . maSin, 

manZili 1S -is gavlis  dro SegviZlia ganvsazRvroT formuliT 
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                         ,
)1(

2

11

1

i

i
i ViV

S
t

+−
=                         (5.4) 

iP1  - wnevis Zalis sidide samuxruWo kameraSi Seesabameba gadaad-

gilebas iS1 . 

sen-venanis cnobili formuliT ganvsazRvroT RreCodan 

gadinebuli haeris siCqare [36]: 

                     ,1
1

2

1

1

1

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−
=

−

∗
K
K

i

oi
i P

PP
K
KgV

γ
               (5.5) 

sadac, iP1  - cilindris SigniT arsebuli kuTri wneva; γ  - arsebu-

li haeris moculoba cilindrSi; g  - sxeulis Tavisufali vard-

nis aCqareba.  

damatebiTi gadaadgilebis cdomileba - iS1Δ  it  droSi 

ganisazRvreba formuliT 

                        ,
4

2
1

*

1 D
tV

S ii
i π

ωsaS=Δ                      (5.6) 

sadac                       .
2

**
1* saS

saS
ii

i
VV

V
+

= −                      (5.7) 

Kkonteineris mier gavlili sruli gza mocemul it  droSi 

toli iqneba ;  

mTliani dro ∑
=

=
n

i

tt
1

11 ,  

xolo sruli gza, gavlili  droSi iqneba 

                     ( ) .
1

1111∑
=

Δ+=Δ+
n

i
ii SSSS  

sarqvelis gaxsnisas konteineris moZraobis gantoleba 

miiRebs Semdeg saxes  

                 ,1 gPdt
dVm −=⋅  anu  .Fwm

ρρ
=                 (5.8) 

integrirebis Semdeg miviRebT: 

                     ;
1

12 t
m
P

VV g−=                           (5.9) 
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( )

;121

gP
mVVt −

=                           (5.10) 

                    .
2

2

1
12

t
m
P

tVS g ⋅−=                         (5.11) 

gamosaxulebebSi, sarqvlis gaxsnisas konteineris moZraobis  

sawyisi siCqarea 1V , xolo konteineris saboloo siCqarea 2V ;  2S  

- konteineris arsebuli gadaadgilebaa. 

ganvsazRvroT arsebuli samuxruWo manZili 0S , diafragmis 

5 da konteineri 3 Subls Soris, kameraSi arsebuli 1P  wnevis 

gaTvaliwinebiT, risTvisac gamoviyenoT formula – (5.2). sawyisi 

wneva aris 0P , xolo sawyisi samuxruWe manZili (daSoreba) 

diafragmis 5 da konteineris Subls Soris aris 0H , maSin 

.1

1

1

0
00

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=

K

P
P

HS  

Semdeg ganvsazRvroT dro 2t , sarqvlis gaxsnis momentidan 

konteineris diafragmasTan dajaxebis momentamde, agreTve 

dajaxebis siCqare - 2V  RreCodan haeris gadinebis gaTvalis-

winebiT. 

amisaTvis moviSvelioT tolobebi: 

( )
⎪
⎪
⎪

⎭

⎪
⎪
⎪

⎬

⎫

−+Δ+−=Δ+

⋅−⋅=

⋅
=Δ

.

;
2

;
4

001122

2
2

1
212

2
1

2
*

2

SHSSHSS

t
m
P

tVS

D
tV

S

g

π
ωsaS

 

saidanac 2t -is gansazRvris Semdeg formula (5.9)-is saSualebiT 

ganisazRvreba agreTve 2V . konteineris dajaxeba samuxruWo dia-

fragmasTan gamoiwvevs energiis dakargvas da misi siCqare 

Semcirdeba. dajaxebis Semdeg miRebuli siCqare  ganisazRvreba 

tolobiT 
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                    .21

21

21
0 m

Vm
mm
VmU =
+

=                   (5.12) 

konteineris samuxruWo diafragmasTan dajaxebis damuxruWe-

ba xdeba diafragmas 5 da konteineris 3 wina kedels Soris 

arsebuli haeris SekumSvis dros warmoqmnili winaaRmdegobiT da 

konteineris moZraobisas kinetikuri energiis cvlileba toli 

iqneba  

          ( )( )
.

1122 3
11

1
31

11
22

0 SP
K
HP

SHK
HPmVmU

gK

K

−
−

−
−−

=− −
       (5.13) 

sadac, V  konteineris mimdinare siCqarea. 
gantoleba (5.13) - dan ricxobrivi meTodiT SegviZlia gamo-

viangariSoT S3-s mniSvneloba, romelic Seesabameba V=0-s, roca 

konteineris sruli samuxruWo manZili, damuxruWebidan dawyebu-

li mis sruli gaCerebamde iqneba 

                  .             

(5.13) formulidan Tu gamovTvliT S3-s, sadac 21 mmm +=  da 

aRniSnul formulaSi CavsvavT SerCeul parametrebs 2,00 =U sm/wm; 

301 ,P = ; 5,1=gP ; 02,01 =H sm; 2=K , maSin miviRebT:  

;5,1
1

02,03,0
02,0

02,03,0
2

2,04,2
3

3

22

S
S

−
⋅

−
−

⋅
=

⋅
 

;5,1006,0
02,0

006,004,02,1 3
3

S
S

−−
−

=⋅  

( )
;

02,0
02,05,1006,0

006,0048,0
3

33

S
SS

−
−−

=+  

( ) ;5,13,0006,002,0054,0 2
333 SSS +⋅−=−⋅  

;05,13,0006,0054,000108,0 2
333 =−+−− SSS  

.000492,0246,05,1 3
2
3 =+− SS  

miRebuli kvadratuli gantolebis amonaxsni iqneba  

( ) 1413 =S
 sm. 

 am kerZo ricxobrivi magaliTis SemTxvevaSi miRebuli ori 

amonaxsnidan meore imdenad mcirea, rom SegviZlia ugulebelvyoT 
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da miviRoT mxedvelobaSi pirveli. sxva ricxobrivi monacemebiT 

sxva Sedegi iqneba. es damokidebulia sxvadasxva faqtorze. 

 

5.3. neitronul mamravlebelze sinjis avtomatizebuli 

miwodebis da usafrTxoebis dacvis zogierTi sakiTxi  
 

sinjis avtometizebuli miwodebis da usafrTxoebis dacvis  

mizania dagegmarebuli iqnes sinjis aqtivaciur zonaSi mimwo-

debeli da ukan dasabrunebeli avtomatizebuli xazebis manipu-

latorebisagan Semdgari kompleqsuri sistema. 

amJamad fizikis institutSi funqcionirebs neitronul-aqti-

vaciuri analizis laboratoria, romelic Seiqmna neitronuli 

gamamravleblis `Размножитель-1~-is bazaze. neitronuli gamamrav-

lebeli Sedgeba qvekritikuli nakrebisagan ПС-1, romelic warmo-

adgens siTburi neitronebis wyaros, pnevmosatransporto sistemi-

sagan da niSnebis aqtiurobis mzom kompleqsSi Sedis: taliumiT 

aqtivirebuli natrium-iodis scintilaciuri deteqtorebi . 

germanium-liTiumis  da  sufTa germaniumis naxevargam-

taruli deteqtorebi, agreTve mravalarxiani analizatorebi 

 da , Tavisis programuli uzrunvelyof-

iT . 

gamamravleblis pnevmosatransporto sistema ar aris mowyo-

bili ise, rom naxevargamtarul deteqtorebze Catarebuli gazom-

vebi ganvaxorcieloT aRniSnuli pnevmosistemis gamoyenebiT. amit-

om eqsperimentis Casatareblad saWiroa sruli procedura: nimu-

Sis dasxivebis mizniT misi moTavseba deteqtorze, dasxivebis Se-

degad warmoqmnili meoradi gamosxivebis gazomvisaTvis da gazom-

vis Semdgom nimuSis gadatana Sesanax konteinerSi, rac amJamad 

xeliT xorcieldeba. amrigad, laboratoriis winaSe dasmuli ana-

litikuri amocanebis Sesasruleblad saWiro procedurebis gan-

xorcieleba moiTxovs dasxivebul nimuSebTan uSualo kontaqts, 

rac, ra Tqma unda, arasasurvelia. aRniSnuli garemoebis gamos 
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worebisa da Catarebuli samuSaoebis usafrTxoebis gazrdis miz-

niT SemoTavazebuli iqna sinjis aqtivaciur zonaSi mimwodebeli 

da ukan dasabrunebeli avtomaturi xazebi - kompleqsuri sistema, 

rac eqsperimentis Catarebisas, garda usafrTxoebisa, saSualebas 

mogvcems, zustad iqnes daculi yoveli konkretuli amocanis 

gadasawyvetad SerCeuli droiTi reJimebi, rac kidev ufro gaz-

rdis Catarebuli gazomvebis sizustes. 

 

 

 

nax. 5.4. pnevmatikuri transportis sqema: 
1 – Wiqa-konteineri; 2 – mimRebi da gamSvebi kolofi; 3 – SekumSuli hae-
ris mili; 4 – konteineris milgayvaniloba; 5, 6 – vertikaluri pnevmo 
dguSi; 7 – horizontaluri pnevmo dguSi; 8 – konteineris CarCo; 9 – 
damWeri TiTebi; 10 – Wiqis gamxsneli; 11 – mklavebi; 12 – Semobrunebis 
pnevmo dguSi; 13, 14 – saxuravis gamRebi pnevmo dguSi; 15 – Senaxvis 

konteineri 
 

naxaz-ze 5.4 ganxilulia sinjis mimwodebeli kompleqsuri 

sistema, sadac plastmasis kafsula-konteineris erT nawilSi Tav-

sdeba celofanSi Sexveuli sinji, xolo meoreSi celofanSi Sex-

veuli etaloni. konteineris ori cilindruli Wiqa erTmaneTTan 
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SeerTebulia Camketi nazoliT. konteineri 1 ideba mimReb kolof-

Si 2, romelsac exureba saxuravi. saxuravi iketeba avtomaturi 

Siga CamketiT, kolofs miewodeba SekumSuli haeri miliT 3 da 

pnevmodguSis daxmarebiT milgayvanilobiT 4 igzavneba gamamra-

vlebelze 1 dasasxiveblad. garkveuli drois Semdeg dasxivebuli 

sinji-konteineri, igive Wiqa-konteineri, ukan brundeba mimReb 

kolofSi, Semdeg CairTveba dguSi 5 da Taroze dadebuli sinji-

konteineri miawveba Siga Camkets da saxuravi ixsneba. CairTveba 

kompleqsuri avtomaturi sistemis Sveulad ganlagebuli pnevmo-

dguSi 6 da aswevs sistemas gansazRvrul simaRleze, ris Semdeg 

CairTveba horizontalurad ganlagebuli pnevmo-dguSi 7, rac 

gadaaadgilebs sistemas sinji-konteineris asaRebad. konteinerze 

8 damontaJebuli damWeri TiTebi 9, konteineris gamxsneli 10 da 

mklavebis 11 saSualebiT xdeba ori nawilisagan Semdgari 

konteineris daSoriSoreba. 

dasmuli amocanis moTxovnebidan gamomdinare, umjobesia ga-

zomvebis Catareba  scintilaciuri deteqtorebis gamoyene-

biT romlebic am SemTxvevaSi Zalian maRali efeqturobiT 

gamoirCevian. 

pnevmo-dguSi 7 saSualebiT gadaadgildeba  deteqto-

rebisaken, CairTveba pnevmo-dguSi 12 mklavebi, mobrundeba Sveul 

mdgomareobaSi. amave dros dguSiis 13 saSualebiT ixsneba  

deteqtorebis saxuravebi da deteqtorebi mzad arian sinji-

konteinerebis misaRebad, xolo dguSiis 6 saSualebiT avtomatu-

ri kompleqsuri sistemis dabla daweviT xdeba konteineris mTv-

lelis zedapirze dadeba. zemoT aRniSnuli dguSebi 6,9,10,11 saw-

yis mdgomareobaSi dabrundeba, xolo dguSiis 13 saSualebiT sa-

xuravis dafareba da arsebuli specialuri programebis saSuale-

biT sinjis monacemebis damuSaveba, Semdeg isev CairTveba pnevmo-

dguSi 13, romelic zemoT aswevs mTvlelebis saxuravebs, Semob-

rundeba 900-iT dguSis RerZis garSemo. Semobrunebuli mimdevro-

biT CairTveba kompleqsuri sistemis dguSebi, amoiRebs sinji-kon-
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teiners mTvlelebidan da dguSebis 6, 7 daxmarebiT gadaitans ga-

zomil nimuSebs Sesanax konteinerze 15. 

mraval elementian analitikuri amocanebis gadawyvetisas 

sinjis gazomvebs atareben maRali garCeviTobis mqone naxevargam-

taruli deteqtorebis gamoyenebiT, romlis gazomvis Sedegebi ai-

saxeba kompiuteris monitorze. maSin kompleqsuri sistema gadaad-

gildeba  da  naxevargamtarul deteqtorebze da sistemis 

pnevmodguSebi asruleben analogiur reJimSi muSaobas, rogorc 

wina aRweril SemTxvevaSi. 

amJamad laboratoriaSi momuSave personals, Zveli sistemis 

umoqmedobis gamo, xeliT uxdebaT nimuSebis gadaadgileba, rac 

iwvevs personalis mimarT usafrTxoebis teqnikis uxeS darRvevas. 

amitom dRis wesrigSi dadga aRniSnuli sakiTxis gadawyveta 

kompleqsuri sistemis saSualebiT. 

Cvens mier SemoTavazebuli sinjis aqtivaciur zonaSi mimwo-

debeli da ukan dasabrunebeli avtomatizebuli xazebis komple-

qsuri sistemis dagegmarebis Sedegad moxdeba aqtivaciur labo-

ratoriaSi momuSave personalis usafrTxoebis uzrunvelyofa, 

rasac anxorcielebs manipulatorebisagan Semdgari kompleqsuri 

sistema.  
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დასკვნა 

sadisertacio naSromi miznad isaxavda manganumis gadamamu-

Savebeli mrewvelobis fabrikebis aqtivaciur laboratoriebisaT-

vis avtomatizebuli sinjis mimwodebeli sistemebis Seqmnas. ama-

sTan dakavSirebiT Catarda Teoriuli, eqsperimentuli da sako-

nstruqtoro samuSaoebi, romelTa ZiriTadi Sedegebis Sedegad 

SeiZleba gakeTdes Semdegi ZiriTadi daskvnebi:  

1. sinjis mimwodebeli avtomatizebuli sistemis ZiriTadi pa-

rametrebis SemuSavebisaTvis gansazRvrulia sinjis optima-

luri warmomadgenlobiTi masa da analizisaTvis saWiro 

minimaluri dro. 

2. Seswavlilia manganumis gravitaciuli gamdidrebis ZiriTa-

di maxasiaTebeli parametrebis (manganumis koncentracia ma-

danSi, haeris wnevis, wylis xarjis, datvirTvis, rxevebis 

sixSiris da a.S.) urTierTdamokidebuleba da maTi reguli-

rebis SesaZlebloba. 

3. WiaTuris centralur #2 mamdidrebel fabrikaSi Seqmnili 

da danergilia gravitaciuli teqnologiis marTvis avto-

maturi sistema, romelic Seicavda teqnologiuri xazidan 

sinjis avtomaturi mokveTis mowyobilobas, sinjebis tran-

sportirebas aqtivaciur laboratoriaSi da laboratoriaSi 

miRebuli informacias gadascems daniSnulebis adgilze. 

4. damuSavebulia erTbagiriani qanqarisebri sinjis mimwodebe-

li axali xazi, rac mniSvnelovnad amartivebs sinjis miwo-

debis arsebul sqemas. 

5. momsaxure personalis usafrTxoebis mizniT fizikis insti-

tutis neitronuli gamamravlebelze SemuSavebulia pnevma-

tikuri sinjis miwodebis avtomatizebuli sistemis srulyo-

fis samuSaoebi. 

6. sadisertacio naSromSi SemoTavazebuli meTodebi da 

sinjis mimwodebeli avtomaturi xazebis konstruqciuli 

variantebi SeiZleba gamoyenebuli iyos ara marto 
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manganumis madnis mamdidrebel sxva analogiur fabrikebSi, 

aramed sxvadasxva madnebis gadamuSavebisas. 
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