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samTamadno dargSi momuSave axalgazrda specialistebs. 
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Sesavali 

 

qveynis ekonomikis ganviTarebaSi didi mniSvneloba 

eniWeba bunebrivi resursebis efeqtur da kompleqsur 

gamoyenebas mrewvelobis sxvadasxva dargSi. 

mrewvelobis yvela dargis (metalurgia, qimiuri, 

manqanaTmSenebloba, samSeneblo, eleqtroteqnikuri, 

soflis meurneoba da sxva dargebi) ganviTareba 

ganpirobebulia sxvadasxva mineraluri nedleulis 

gamoyenebiTa da maragiT. 

mineraluri nedleulis maragebis gadidebis 

mniSvnelovani wyaroa Raribi da rTuli Sedgenilobis 

madnebis mopoveba da maTi kompleqsuri gamoyeneba. am 

rTuli amocanis gadawyvetis saqmeSi pirvelxarisxovani 

mniSvneloba eniWeba mineraluri nedleulis gamdidrebis 

teqnikisa da teqnologiebis Semdgom srulyofasa da 

ganviTarebas mecnierebis Tanamedrove miRwevebis 

safuZvelze, uromlisodac am rTuli da mniSvnelovani 

problemebis gadawyveta  SeuZlebelia. gravitacia 

wiaRiseulTa gamdidrebis erT-erTi uZvelesi da farTod 

gavrcelebuli meTodia. 

gravitaciuli meTodiT gamdidrebas eqvemdebareba 

wiaRiseulTa TiTqmis yvela saxeoba, rogoricaa: Savi, 

feradi, iSviaTi da keTilSobil liTonTa madnebi, 

naxSirebi, samSeneblo da sxva aramadneuli wiaRiseuli, 

romelTa gamdidrebisaTvis gravitacia, praqtikulad, 

ekonomiurad gamarTlebuli meTodia da mas sxva 

alternativa ar gaaCnia.  

winamdebare wignSi ganxilulia gravitaciuli 

meTodis warmoSobisa da ganviTarebis istoria, 

praqtikaSi arsebuli gravitaciuli procesebis yvela 

saxeoba da axali miRwevebi gravitaciuli gamdidrebis 

TeoriaSi, teqnikasa da teqnologiaSi. 
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1. zogadi cnobebi gamdidrebis 
gravitaciuli meTodis arsisa da misi 

ganviTarebis Sesaxeb 
 

1.1 gamdidrebis gravitaciuli meTodis 

ganviTarebis mokle istoria 
 

gravitacia, rogorc mineralTa gayofis meTodi, 

uZvelesi droidanaa cnobili. adamianma oqros gamoyeneba 

Cv. w. a.  6 aTasi wlis win daiwyo, rac arqeologiuri 

gaTxrebiTaa dadasturebuli. am periodisaTvis 

gamdidrebis pirveli xerxi xeliT garCeva iyo, romelic 

Secvala morecxvam. 

Cv. w. a.  VIII s. Savi zRvis samxreT aRmosavleTi 

(saqarTvelos teritoria) cnobili iyo liTonTa da 

madneulis simdidriT, xolo aq mcxovrebi qarTuli 

tomebi ZvelTaganve ganTqmuli iyvnen liTonebis 

mopovebisa da gadamuSavebis ostatobiT. 

 arqeologiuri gaTxrebiT dadgenilia, rom Cv. w. a. 

2-3 aTasi wlis win saqarTveloSi, egvipteSi, samxreT 

altaisa da uralis teritoriaze awarmoebdnen oqros 

qviSrobebis gamdidrebas morecxviT.  

jer kidev herodotes dros  (Zv. w. a. V s.) 

oqrosSemcvel qviSrobebis gasamdidreblad mcire zomis 

Rarebsa da rabebs iyenebdnen. 

Tu dasawyisSi momrecxi aparatura iyo primitiuli, 

XIV, XV s. ukve arsebul manqanebs bevri saerTo 

hqondaT Tanamedrove manqanebTan. 

gamdidrebis gravitaciuli meTodis, rogorc 

mecnierulad dasabuTebuli sawarmo procesis 

ganviTareba, me-19 s. II naxevridan iwyeba.  
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gamdidrebis gravitaciuli meTodis Teorias 

safuZvlad udevs arqimedes (287-219 w. Cv. w. a.) ,,wylis 

amomgdebi Zalisa” da niutonis (1673-1727 ww.) ,,siTxeSi 

moZrav burTulis winaaRmdegobis Zalis” kanonebi. 

gravitaciuli gamdidrebis Teoriis fuZemdeblad 

iTvleba gamoCenili mecnierebi       g. stoqsi (inglisi, 

1850), p. ritingeri (germania, 1867), a. monro 

(safrangeTi, 1888), r. riCardi (aSS, 1908),HH g. CeCoti 

(ruseTi, 1924), romlebmac Seqmnes gravitaciuli 

procesebis Teoriis safuZvlebi.  

gamdidrebis gravitaciuli meTodis Teoriisa da 

praqtikis ganviTarebaSi didi Rvawli miuZRviT 

mecnierebs p. liaSenkos, i. verxovskis, i. plaqsins, i. 

fomins, v. klasens, s. mitrofanovs,  p.xankoks, a. 

tagarts da sxvebs. 

  

1.2 gamdidrebis gravitaciuli meTodis arsi da 

klasifikacia 

 

teqnikis ganviTarebis Tanamedrove etapze 

Camoyalibebulia gamdidrebis ramdenime meTodi 

(flotaciuri, magnituri, eleqtruli, specialuri da 

sxva), romlebsac safuZvlad udevs wiaRiseulis 

Semadgeneli mineralebis fizikuri da fizikur-qimiuri 

Tvisebebis sxvadasxvaoba. 

am Tvisebebs miekuTvneba: simkvrive; magnituri 

amTvisebloba; mineralebis zedapiruli fizikur-qimiuri 

Tvisebebi; eleqtrogamtarebloba; feri da elvareba; 

forma; xaxunisa da gafarToebis koeficienti; simagre; 

drekadoba da sxva. aRniSnuli Tvisebebidan gamdidrebis 

gravitaciuli meTodi emyareba margi wiaRiseulis 

Semadgeneli mineralebis formis, zomisa da simkvriveebis 

sxvadasxvaobas. 
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gamyof garemod, romelSic warmoebs mineralur 

marcvalTa dayofa gravitaciuli meTodiT, SeiZleba iqnas 

gamoyenebuli wyali, mZime siTxe, mineraluri suspenzia 

da haeri. 

nebismier garemoSi sxeulis vardna warmoebs 

gravitaciuli (simZimis) Zalis moqmedebiT, romelic 

sididiT tolia  sxeulis wonisa. sxeulis simZimis 

Zalis gansazRvris dros aucilebelia gaviTvaliswinoT 

arqimedes kanoni – siTxeSi moTavsebul sxeulze 

moqmedebs amomgdebi Zala, romelic sididiT tolia 

siTxeSi CaZiruli sxeulis moculobis siTxis wonisa. e. 

i. siTxeSi moTavsebuli sxeuli kargavs mis mier 

gamodevnili siTxis wonis tol wona. 

siTxeSi moTavsebuli sxeulis wona AAAAAAA 

      GG 0 = G – PaAA AA 
sadac G = Vδ g __sxeulis simZimis Zalaa.  

Pa = V∆g  __ arqimedes Zala. 

V __ mineralis moculoba, m3 . 

δ  da ∆ __ mineralisa da siTxis simkvrive, kg/m3. 

gamosaxulebaSi CavsvaT maTi mniSvneloba. miviRebT  

     GG 0 = V (δ - ∆ ) g,  
siTxeSi moTavsebul sxeulze simZimisa da amomgdebi 

Zalebis moqmedebis dros SeiZleba adgili hqondes sam 

SemTxvevas: 

1. rodesac simZimis Zala  aRemateba amomgdeb Zalas, 

sxeuli iZireba; 

2. rodesac simZimis Zala tolia amomgdebi Zalis, 

sxeuli wonasworobaSia da rCeba Sewonil mdgomareobaSi; 

3. rodesac simZimis Zala naklebia amomgdeb Zalaze, 

sxeuli tivtivebs siTxis zedapirze. 

rodesac vadarebT arqimedes Zalas sxeulze moqmed 

simZimis Zalas, faqtobrivad adgili aqvs siTxisa da 
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sxeulis simkvriveTa sidideebis Sedarebas, amitom zemoT 

ganxilul samive  

SemTxvevas adgili eqneba maSin, Tu saTanadod 

daculi iqneba pirobebi: 

1. δ f∆        2. δ = ∆        3. δ p∆ 
aRniSnulidan gamomdinareGgamyof garemoSi sxeulis 

vardnis siCqareze gavlenas axdens misi simkvrive, simsxo, 

forma, garemos winaaRmdegobisa da sxva meqanikuri 

Zalebi. 

maSasadame, gamdidrebis gravitaciuli meTodi 

ewodeba mineralur marcvalTa zomis, formisa da 

simkvriveebis mixedviT dayofis process, romelic 

ganxorcielebulia denad garemoSi simZimisa da 

hidrodinamikuri winaaRmdegobis Zalebis moqmedebiT. 

cxrili 1.1 

gravitaciuli meTodebis Tanamedrove klasifikacia 

klasifikaciis 

niSani 

gravitaciuli meTodis saxe 

gamyofi garemo hidravlikuri; pnevmatikuri; suspenziuri. 

pulsirebuli 

nakadi 

daleqva (hidravlikuri da pnevmatikuri); 

gamdidreba: 

vibroRarebSi, pulsatorebSi, pnevmatikuri 

separacia. 

daxril 

sibrtyeze 

Camdinare 

wylis Wavli 

gamdidreba: 

Wavlur koncentratorebSi, RarebSi, 

rabebSi, xraxnul separatorebze, 

sakoncentracio magidebze. 

Zalovani veli gamdidreba: gravitaciul velSi; 

centridanul velSi (hidro-ciklonebSi 

da centrifugebSi). 

aRmavali 

nakadi 

klasifikacia (hidravlikuri da 

pnevmatikuri) morecxva. 
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gravitaciuli gamdidrebis saxeobebia: daleqva, 

gamdidreba mZime suspenziebSi, sakoncentracio magidebze, 

rabebSi da RarebSi, gamdidreba hidrociklonebSi da sxva. 

gravitaciuli gamdidrebis Tanamedrove klasifikacia 

mocemulia cxrilSi 1.1. 

 
 
 

2. mineralebisa da gamyofi garemos 

daxasiaTeba 

2.1 mineralebis fizikuri Tvisebebi 

 

mineralebi ramdenime qimiuri elementis bunebrivi 

naerTia. bunebaSi isini gvxvdebian erTmaneTTan 

SekavSirebuli da dedamiwis qerqSi warmoqmnian 

wiaRiseuls an mTis qans. dReisaTvis cnobilia 

daaxloebiT 3000 minerali, romlebic erTmaneTisgan 

gansxvavdebian qimiuri SemadgenlobiT, fizikur-qimiuri, 

fizikuri da fizikur-meqanikuri TvisebebiT. aRniSnuli 

Tvisebebidan gamdidrebis gravitaciul procesebSi 

gamoyenebulia mineralebis simkvriveebis, simsxosa da 

formis sxvadasxvaoba. mineralebis fiziko-qimiuri 

maxasiaTeblebi mocemulia danarTSi.(cxr. 1.) 

 

simkvrive _ nivTierebis erTeulovani moculobis 

masas simkvrive ewodeba. e.i. mineralis simkvrive aris 

sidide, romelic izomeba masisa da moculobis fardobiT. 

v
m

=δ  

sadac: 

δ - mineralis simkvrive,  kg/m3; 

m – mineralis masa,   kg; 

v –mineralis  moculoba forebis gareSe, m3. 
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mineralis simkvirve damokidebulia mis 

Sedgenilobaze. 

zogierTi mineralis simkvrivis mniSvneloba 

mocemulia danarTSi (cxr.1.)  

rac ufro didia gasayofi mineralebis simkvriveTa 

Soris sxvaoba, miT ufro maRalia gravitaciuli 

gamdidrebis efeqturoba. 

simsxo _ mineralis simsxo ganisazRvreba misi 

xazovani zomebiT, rodesac xazovani zomebi erTmaneTs 

uaxlovdeba, maSin marcvlis zomas sazRvraven  sferos 

,,eqvivalenturi diametriT”. эd , romlis moculoba 

ν =
6

3dπ
, === 33

66
πδπ
mvd э  324,1

δ
m

. 

 gravitaciuli meTodiT SesaZlebelia gamdidrdes 

msxvilmarcvlovani Cawinwklulobis wiaRiseuli 

maqsimaluri zomiT (0.3 _ 0.4 )m da minimaluri  0.0001 

m. 

forma _ marcvlis forma damokidebulia mineralis 

bunebaze. qviSrobuli sabados madnis mineralur 

marcvals aqvs damrgvalebuli forma. danaleqi sabados 

madnis mineralur marcvlebs aqvs uswormasworo forma, 

zogjer kristalis formis msgavsi. naxSirs aqvs 

kuTxovani forma, fiqals_firfitovani, 

azbests_nemsiseburi, magnetits_ kuburi. marcvlis forma 

xasiaTdeba formis koeficientiT. 

S
v

S
S 3/287,4

== sϕ
 

sadac  

     ϕ - formis koeficientia 
     Ss- sferos zedapiri 
             S  - uswormasworo formis marcvlis zedapiri. 
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marcvllis formis koeficientis mniSvnelobebi 

mocemulia qvemoT: 

sferuli formis marcvlisaTvis ϕ = 1 
damrgvalebuli formis marcvlisaTvis ϕ = 0,8-0,9 
kuTxovani formis  -        `       ϕ = 0,7-0,8 
firfitovani formis -       `       ϕ = 0,6-0,7 
firfitovani formis marcvlis vardnis siCqare 

SedarebiT naklebia, vidre damrgvalebulis, rac 

gravitaciuli gamdidrebis erT-erTi ganmasxvavebeli 

niSania.   

 

2.2 garemos reologiuri Tvisebebi 

 margi wiaRiseulis gravitaciuli gamdidrebis 

efeqturoba damokidebulia gamyofi  garemos reologiur 

parametrebze: simkvrive; siblantesa da  mdgradobaze.  

gamyofi garemos simkvrive  (∆) aris misi masis (m) 

fardoba mis moculobasTan 
v
m

=∆ . 

simkvrivesa da ,,kuTri wonis” cnebebs Soris mWidro 

kavSiria, romelTa erTmaneTTan 

damokidebuleba SeiZleba davadginoT niutonis 

meore kanonidan 

G = m g 
sadac g simZimis Zalis aCqarebaa g=9,81 m/wm2    

Tu am  tolobas gavyofT V moculobaze, miviRebT 

damokidebulebas kuTr wonasa da simkvrives Soris. 

ρ= ∆g 
sadac  ρ  - garemos kuTri wonaa kg/m3 

wylis simkvrive ∆ - 1000 kg/m3, haeris simkvrive  ∆ 
- 1,23 kg/m3 
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margi wiaRiseulis gamdidrebadobis Sesaswavlad 

gamoiyeneba sxvadasxva qimiuri Sedgenilobis mZime 

siTxeebi, (cxrilSi 2.1.) 

cxrilSi moyvanili mZime siTxeebidan, romlebic 

kargad ixsnebian wyalSi SesaZlebelia damzaddes 

sxvadasxva simkvrivis xsnari. (cxrili 2.2.) 

organuli mZime siTxeebi da marilTa xsnarebi 

Zvirad Rirebulia, toqsikuria, regeneracia rTulia, 

amitom maTi gamoyeneba warmoebaSi ararentabeluria, isini 

ZiriTadad gamoiyeneba laboratoriuli kvlevisaTvis 

fraqciuli analizis Casatareblad. 

 

cxrili 2.1 

mZime siTxeebis daxasiaTeba 

# mZime siTxe 
qimiuri 

formula 

simkvrive, 

kg/m3 

wyalSi 

xsnadoba

xsnaris 

feri 

1 
qlorovani 

TuTia 
ZnCl2 2500 xsnadi ufero

2 
qlorovani 

kalciumi 
CaCl2 2500 ` ---` ` ---` 

3 bromoformi CHBr2 2890 ` ---` ` ---` 

4 tules siTxe HHgI2+KI 3170 ` ---` ` ---` 

5 rorbaxis siTxe BaI2 +HgJ2 3500 ` ---` yviTeli 

6 
iodovani 

meTilini 
CH2I2 3320 uxsnadi ufero

7 kleriCis siTxe
CH2(COOTi)2

HCOON2 
4250 xsnadi yviTeli 
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cxrili 2.2. 

sxvadasxva simkvrivis ZnCl2 –s da tules wyalxsnarebi 

wyalxsnaris 

simkvrive, 

kg/m3 

woniTi 

Semcveloba, % 

wyalxsnaris 

simkvrive,  

kg/m3 

moculobiTi 

Semcveloba, 

% 

qlorovani

TuTia 

wyali tules 

siTxe 

wyali 

1300 31 69 1500 25 75 

1400 39 61 2100 50 50 

1500 46 54 2700 75 25 

1600 52 48 3170 100 - 

1700 58 48    

1800 60 40    

2000 72 28    

2500 100 -    

 

wiaRiseulis gamdidrebis praqtikaSi mZime garemod 

gamoiyeneba mineraluri suspenzia. suspenzia orfazovani 

sistemaa. igi warmoadgens wylisa da wvrilad dafqvili 

mineraluri marcvlebis meqanikur narevs. 

wyalSi Setivtivebul myar marcvlebs damamZimebeli, 

anu suspenzoidi ewodeba. 

damamZimeblad SeiZleba gamoyenebul iqnas: 

ferosiliciumi, galeniti, magnetiti, bariti, kvarci da 

sxva. 

suspenziis  simkvrive erTeulovani moculobis 

suspenziis wonas simkvrive ewodeba. suspenziis simkvrive 

damokidebulia damamZimeblis simkvriveze da mis 

moculobiT koncentraciaze. Tu suspenziaSi 

damamZimeblis simkvrives aRvniSnavT - δ-Ti mis 

moculobiT koncentracias    C-Ti, maSin suspenziis 

simkvrive 

∆s = Cδ  + ∆ (1-C)  = C (δ-∆) + ∆ 
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%100
∆−
∆−∆

=
δ
sC

 

∆- sufTa wylis simkvrivea ∆ = 1000  kg/m3 
suspenziis siblante siTxis Tvisebas gauwios 

winaaRmdegoba mosazRvre Sreebis urTierTgadaadgilebas, 

siblante ewodeba. ganasxvaveben dinamiur siblantes µ 
(pa.wm)da  kinematikur siblantes, romelic tolia 

dinamiuri siblantis fardobisa wylis simkvrivesTan. 

∆
=
µυ  

suspenziis siblanteze gavlenas axdens ara marto 

siTxis fenebis urTierTgadaadgilebis dros 

warmoSobili xaxunis Zalebi, romlebic ganpirobebulia 

molekulaTa urTierTmizidulobis ZalebiT, aramed aseve 

suspenziaSi Setivtivebuli damamZimeblis marcvlebis 

urTierTmoqmedi Zalebi. 

rac ufro didia damamZimeblis moculobiTi 

koncentracia suspenziaSi, miT mcirea myar marcvlebs 

Soris manZili da didia Sesabamisad urTierTmoqmedi 

Zalebi. damamZimeblis didi moculobiTi koncentraciis 

dros marcvlebi ise uaxlovdeba erTimeores, rom 

warmoqmnian erT mTlian agregats da suspenzia kargavs 

denadobis Tvisebas. suspenziis siblante ZiriTadad 

damokidebulia damamZimeblis moculobiT koncentraciaze 

da mis granulometrul Sedgenilobaze. 

praqtikaSi mineraluri suspenziis siblantis 

saangariSod gamoiyeneba ainStainisa da vandas empiriuli 

formulebi 

µ = µ0 (1+2,5C)  

µ = µ0 (1+2.5 C +7.349 C2 + 16 ⋅ 2 C3 + ⋅⋅) 
sadac  µ0 – sufTa wylis siblantea.  µ0  = 0,001 pa.wm. 

  2.5 _ ainStainis mudmiva 
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   C – damamZimeblis moculobiTi koncentraciaa 

suspenziaSi.  

ainStainis formula gamoiyeneba, rodesac C ≤ 3 ÷ 5 %, 
xolo vandas _ rodesac C ≤ 40(50) % 

ainStainisa da vandas formulebiT SesaZlebelia 

ganisazRvros suspenziis siblantis miaxloebiTi 

mniSvneloba. 

suspenziis siblantis absoluturi sidide, rogorc 

wesi, ar aRemateba 0.01 – 0.15pa.wm., 

rac Seesabameba 40-mde damamZimeblis moculobiT 

koncentracias. 

suspenziis mdgradoba suspenziis Tvisebas, 

SeinarCunos nebismier SreSi mudmivi simkvrive, mdgradoba 

ewodeba. 

suspenzia mdgradobis mixedviT iyofa sam jgufad: 

aramdgradi (uxeSdispersiuli suspenzia), 

mdgradi (koloiduri suspenzia), 

stabiluri (suspenziis mdgradoba SenarCunebulia 

stabilizaciiT). 

gamdidrebis praqtikaSi cnobilia suspenziis 

stabilurobis Semdegi xerxi: 

1. suspenziis ganuwyveteli areva, 

2. aRmavali nakadis warmoqmna, 

3. mastabilizirebeli koloiduri nivTierebebis 

damateba, 

4. meqanikurad mdgradi suspenzoidis gamoyeneba. 

 
 

2.3 reologiuri parametrebis gansazRvris 

meTodebi 

 

gamyofi garemos reologiur parametrebs miekuTvneba 

simkvrive, siblante da mdgradoba; maTi gansazRvris ama 
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Tu im meTodis SerCeva damokidebulia maT fiziko-

meqanikur Tvisebebze. mZime siTxeebis simkvrives 

sazRvraven areometriT. pulpisa da suspenziis simkvrivis 

gazomvisaTvis gamoiyeneba sxvadasxva konstruqciis 

avtomaturi simkvrivmzomebi: woniTi, aerometruli, 

piezometruli, gidrostatikuri, manometruli, 

eleqtromagnituri da radiometruli. 

naxSirgamamdidrebel fabrikebSi farTod gamoiyeneba  

РПСМ  tipis manometruli simkvrimzomi (nax. 2.1) 

 

suspenziis gansazRvra Cveulebrivi viskozimetris 

saSualebiT SeuZlebelia damamZimeblis marcvlebis 

daleqvis gamo. gamdidrebis paraqtikaSi gamoiyeneba 

sxvadasxva konstruqciis viskozimetri: kapilaruli, 

rotaciuli, eleqtromeqanikuri. aRniSnuli 

viskozimetrebidan yvelaze ufro gamoiyeneba mexanobris 

kapilaruli viskozimetri (nax. 2.2). 

nax. 2.1 manometruli 

simkvrivzomi tipi РПСМ 
1, 4 _ milyeli; 

2_haergamanawilebeli; 

3 _ Semkrebi; 5 _ gamzomi mili; 

6 _ rgoluri kamera; 7 _ 

gadanadenis nacmi; 8 _ 

difmanometri; 

9 _ kompensatoris mili; 
10 _ hidravlikuri kompensatori. 
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suspenziis siblantis gansazRvra SesaZlebelia 

agreTve martivi, amrev meqanizmiani kapilaruli 

viskozimetriT (nax.2.3.), romelic warmoadgens 100 sm3 

tevadobis cilindrul WurWels, kapilaruli miliT. 

cilindrul milSi isxmeba gamosakvlevi suspenzia, 

imisaTvis, rom Tavidan aviciloT damamZimeblis 

marcvlebis daleqva, warmoebs suspenziis ganuwyveteli 

areva. 

cdis Catarebis meTodika mdgomareobs SemdegSi: 

cilindrul milSi aTavseben sufTa wyals, da iniSnaven 

kapilaruli milidan wylis gamodinebis dros. 

analogiurad cdas imeoreben suspenziisaTvis. suspenziis 

siblante iangariSeba formuliT: 

wywyt
tss

∆
∆

= 0µµ
s

 

µ0 –wylis siblantea.  µ0  = 0,001 pa.wm. 
∆s, ∆wy – suspenziisa da wylis simkvrive kg/m3; 

ts, twy – suspenziisa da wylis gamodinebis dro, wm. 

nax. 2.2 mexanobris 

kapilaruli viskozimetri 

1 _ manometri; 2 _ samsvliani 

onkani; 

3 _ viskozimetris rezervuari; 

4 _ suspenziis donis mzomi; 

5 _ kapilaruli mili; 

6 ,7 _ rezervuari; 8 _ zumfi. 
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2.4 suspenziis momzadeba 

 

rogorc aRvniSneT, suspenzia orfazovani sistemaa, 

romlis ZiriTad fazas warmoadgens  damamZimebeli. 

damamZimeblis momzadebis teqnologiuri sqemis sirTule 

damokidebulia SerCeuli masalis saxeobaze da mis sawyis 

zomaze. damamZimeblad SeiZleba gamoyenebul iqnas mTeli 

rigi bunebrivi mZime mineralebi da agreTve sxvadasxva 

warmoebis narCenebi. damamZimebeli unda akmayofilebdes 

Semdeg ZiriTad moTxovnebs: 

1. damamZimeblis xvedriTi wona, minimum, 2-jer unda 

aRematebodes suspenziis simkvrives.  

damamZimeblis maqsimaluri moculobiTi 

koncentracia suspenziaSi ar unda aRematebodes   40-42 

%-s. Tu damamZimeblis koncentracia 40%-ze metia, maSin 

suspenzia kargavs denadobis Tvisebas da gamdidrebis 

teqnologiuri procesebisadmi gamousadegaria.  

nax. 2.3 kapilaruli 

viskozimetri 

1_kapilari; 2_rezervuari; 
3_amrevi; 4_amridi. 
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2. damamZimebeli praqtikulad ar unda ixsnebodes 

wyalSi. qimiurad inertiuli unda iyos da axasiaTebdes 

meqanikuri mdgradoba. 

3. damamZimebeli unda iyos SedarebiT iafi. advili 

unda iyos damamZimeblis regeneracia anu aRdgena, Tu 

damamZimeblad gamoiyeneba ferosiliciumi, romlis 

natexis zoma 200-300 mm-s aRwevs. maSin momzadebis 

teqnologiur sqemaSi gaTvaliswinebuli unda iyos 

orstadiuri damsxvreva 15 mm-mde da wminda dafqva 

sakontrolo klasifikaciiT. Tu damamZimeblad 

gamoyenebulia magnetiti, romelic warmoadgens rkinis 

mamdidrebeli fabrikis koncentrats, maSin aseTi masala 

warmoadgens mza suspenzoids. 

mocemuli simkvrivis suspenziis mosamzadeblad 

aucilebelia gaangariSebuli iqnes suspenzoidisa da 

wylis raodenoba. 1 m-3 suspenziis dasamzadeblad saWiro 

suspenzoidis da wylis raodenoba gaiangariSeba Semdegi 

formulebiT: 

suspenzidis raodenoba 

1
)1(

−
−∆

=
δ

δT  

wylis raodenoba 

δ
TW −= 1000  

sadac:  T-aris suspenzoidis raodenoba kg. 

δ  - suspenzoidis kuTri  wona kg/m-3; 

∆ - suspenziis simkvrive  kg/ m-3. 
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suspenzidis moculobiTi koncentracia 

ganisazRvreba Semdegi formuliT 

100
1000
1000

⋅
−
−∆

=
δ

C %       

 suspenziaSi suspenzoidis da wylis woniTi 

raodenoba gaiangariSeba agreTve Semdegi empiriuli 

formulebiT: 

suspenzoidis raodenoba 

T = Ws  δ C  

wylis raodenoba 

W = Ws  (1-C)   

sadac   Ws-aris suspenziis raodenoba m
3. 

 

 

3. wiaRiseulTa gravitaciuli 

gamdidrebis teqnologiuri maCveneblebis 

gansazRvris meTodebi da efeqturoba 

 

3.1. wiaRiseulTa fraqciuli analizi 

 

wiaRiseulTa gravitaciuli gamdidrebis 

teqnologiuri maCveneblebis Teoriuli mniSvnelobebi 

ganisazRvreba fraqciuli analizis Sedegebis safuZvelze. 

fraqciuli analizi ewodeba wiaRiseulTa sxvadasxva 

simkvrivis fraqciebad dayofis process: fraqciuli 

analizisaTvis aiReba sinji, romlis wona damokidebulia 

masalis saxeobaze da sinjSi maqsimaluri natexis zomaze. 

saanalizo sinjs morecxaven Slamebis mocilebis mizniT, 

gamoaSroben da anSreveben sxvadsxva kuTri wonis mqone 
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mZime siTxeSi. naxSirebis fraqciuli analizisaTvis 

gamoiyeneba ZnCl2-is marilis wyalxsnari, xolo madnebis 

fraqciuli analizisaTvis rorbaxis da tules marilTa 

xsnarebi. 

fraqciuli analizis Casatareblad saanalizo sinjs 

aTavseben perforirebul fskerian WurWelSi, romelsac 

aTavseben Tanmimdevrulad sxvadasxva kuTr wonis mqone 

mZime siTxeSi. naxSirebis fraqciuli analizis 

Casatareblad amzadeben 1300;1400; 1500; 1600; 1800  

kg/m3 kuTri wonis ZnCl2 –is marilTa wyalxsnars. pirvel 

rigSi saanalizo sinjs aTavseben 1300 kg/m3 simkvrivis 

siTxeSi. mineralebi, romelTa kuTri wona mcirea siTxis 

simkvriveze, ativtivdeba, xolo mineralebi, romelTa 

kuTri wonac aRemateba 1300-s CaiZireba. ativtivebul 

fraqcias amoiReben, morecxaven jer cxeli, mere civi 

wyliT, gaaSroben, Sekvecaven da sinjis nawils 

gadascemen qimiur laboratorias. zemoT aRniSnuli 

fraqciuli analizis Catarebis procesi sqematurad 

gamoisaxeba Semdegi saxiT (nax. 3.1). 

 

 

nax. 3.1. mZime siTxeSi naxSiris ganSrevebis sqema. 

 

fraqciuli analizis Sedegebi Seitaneba specialuri 

formis cxrilSi 3.1. 
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cxrili 3.1. 

fraqciuli analizis Sedegebi 

fraqciis 

simkvrive, 

 

kg/m3 

γ, 
% 

Ac, 
% 

γ Ac
 

msubuqi 

fraqcia 
mZime fraqcia 

Σγ,%Σγ Ac
 

cAsaS ,
%

Σγ, 
% 

Σγ Ac
 

cAsaS , 
%

1 2 3 4 5 6 7 8 9 10 

-1300 
55,
9 4,8 268.3 55.9 268.3 4.8�� 100.0 2306.0 23.0

1300-

1400 
9,4 10,1 94,9 65,3 365,6 5,6 44,1 2033 46,1

1400-

1500 
7,6 18,6 141,3 72,9 503 6,9 34,7 1940 55,9

1500-

1600 
3,3 30.0 99 76,2 601,9 7,9 27,1 1797 66.3

1600-1800 3,1 45,9 142,2 79,3 745,4 9,4 23,8 1699 71,4

-1800 
20,
7 75,2 1556,6 100 2300 23 20,7 1557 75,2

 100 23  

 

me-5 grafa Eivseba msubuqi fraqciis gamosavalTa 

(grafa 2) Tanmimdevruli SejamebiT. 

Σγ1300-1400 = 55,9 + 9,4 = 65,3 
Σγ1400-1500 = 65,3 +7,6 = 72,9 
me-6 grafa ivseba msubuqi fraqciis gamosavlisa da 

nacrianobis namravlTa Tanmimdevruli SejamebiT. 

me-7 grafa ivseba Sejamebuli msubuqi fraqciis 

saSualo nacrianobis gaTvliT 

%
γ
γ
Σ
Σ

=
c

c AAsaS
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analogiurad gaiTvleba mZime fraqciis parametrebi. 

fraqciuli analizis Sedegebis saSualebiT ganisazRvreba 

gravitaciuli gamdidrebis teqnologiuri maCveneblebis 

Teoriuli mniSvnelobebi (cxr.3.2). davuSvaT, 

koncentratuli fraqciis gamyofi simkvrivea 1500 kg/m3, 

maSin koncentratuli fraqcia iqneba naklebi 1500 kg/m3, 

Sualed produqtiuli fraqcia simkvriviT 1500-1800 

kg/m3, xolo  kuduri fraqcia meti 1800 kg/m3 

cxrili 3.2 

gamdidrebis produqtTa Teoriuli balansi 

gamdidrebis 

produqtebi 

gamosavali

γ % 

nacrianoba

Ac
 % 

koncentrati 

Sualeduri produqti

kudebi 

72,9 

6,4 

20,7 

6,9 

37,6 

75,2 

sawy. naxSiri 100.0 23 

 

 

3.2 wiaRiseulTa gamdidrebis Sefaseba  

gamdidrebis produqtebis teqnologiuri 

maCveneblebis Teoriuli mniSvnelobebis safuZvelze  anu 

fraqciuli analizis Sedegebis saSualebiT ganisazRvreba 

naxSirebis gamdidrebis kategoria. naxSirebi 

gamdidrebadobis mixedviT iyofa oTx kategoriad.  

I. _ Tu fraqciuli analizidan Sualedi produqtis 

gamosavali mcirea 4 %-ze,    aseTi naxSirebi 

miekuTvneba advilad gasamdidrebel naxSirebs. 

II. __ Tu Sualedi produqtis gamosavali 

cvalebadobs 4-10 % mde, maSin 

aseTi naxSirebi miekuTvneba saSualo 

gamdidrebadobis naxSirebs. 
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III. __ Tu Sualedi produqtis gamosavali  

cvalebadobs 10-17 % mde, maSin aseTi naxSirebi 

miekuTvneba Znelad gasamdidrebel naxSirebs. 

IV. __ Tu Sualedi produqtis gamosavali 

aRemateba 17%-s, maSin aseTi naxSirebi miekuTvneba Zalian 

Znelad gasamdidrebel naxSirebs. 

Cvens mier ganxilul magaliTSi Sualeduri 

produqtis gamosavali 6,4 %-ia. e. i. aRniSnuli naxSiri 

miekuTvneba saSualo gamamdidrebadobis kategorias. 

fraqciuli analizis Sedegebis grafikul 

gamosaxulebas gamdidrebadobis mrudebi ewodeba. 

gamdidrebadobis mrudebs ageben marTkuTxa koordinatTa 

sistemaSi masStabiT 200X200 mm, ordinatze gadaizomeba 

gamosavali zemodan qvemoT, xolo abscisaze_fraqciis 

nacrianoba-masStabiT _ 1 mm Seesabameba 0,50 nacrianobas. 

gamdidrebadobis mrudebi (sur. 3.2.) aigeba 

fraqciuli analizis Sedegebis safuZvelze. (cxr. 3.1) 

 

nax. 3.2 gamdidrebadobis  mrudebi. 

λ - gasamdidrebeli masalis mrudi. β - msubuqi fraqciis mrudi. Θ 
- mZime fraqciis mrudi.  δ - simkvrivis mrudi. 
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sawyisi masalis mrudi aigeba jamur gamosavalsa da 

elementaruli fraqciis nacrianobas Soris,  romelic 

aRiniSneba λ  asoTi.  msubuqi fraqciis mrudi aigeba 

jamur gamosavalsa da msubuqi fraqciis saSualo 

nacrianobas Soris, aRiniSneba β -Ti. mZime fraqciis 

mrudi aigeba mZime fraqciis jamur gamosavalsa da 

saSualo nacrianobas Soris, aRiniSneba Θ -Ti.  
simkvrivis mrudi aigeba jamur gamosavalsa da 

fraqciis simkvriveebs Soris, aRiniSneba δ -Ti. 
gamdidrebis mrudeebis saSualebiT ganisazRvreba 

gravitaciuli gamdidrebis teqnologiuri maCveneblebis 

Teoriuli mniSvnelobebi. 

 

3.4. gravitaciuli procesebis efeqturoba 

 

gravitaciuli meTodiT gamdidrebis yvela 

aparaturisaTvis teqnologiuri efeqturobis kriteriums 

warmoadgens wiaRiseulis simkvriveebis mixedviT dayofis 

sizuste. praqtikulad wiaRiseulis simkvriveebis 

mixedviT dayofis sizuste ganisazRvreba gamdidrebis 

produqtebis fraqciuli analizis Sedegebis safuZvelze. 

gamdidrebis produqtebis urTierTdanagvianeba 

TvalsaCino warmodgenas iZleva gamamdidrebeli 

aparaturis dayofis xarisxze, magram Sefasebis aseTi 

xerxi aZnelebs sxvadasxva meTodiT an sxvadasxva reJimiT 

momuSave gamamdidrebeli aparaturis teqnologiuri 

efeqturobis Sedarebas. 

gravitaciuli gamdidrebis procesSi wiaRiseulTa 

simkvriveebis mixedviT dayofis efeqturoba ganisazRvreba 

henkok-luikenis formuliT. 

henkok- liukenis formula   
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100
)100(
)(
⋅

−

−
=

αα
αβγ

knknE  

sadac  

E  __ gamdidrebis procesis efeqturoba, %; 

γ  __ koncentratis gamosavali, %; 

α __ sawyis masalaSi sasargeblo komponentis 

Semcveloba,%; 

β __ koncentratSi sasargeblo komponentis 

Semcveloba, %. 

garda aRniSnuli formulebisa dayofis efeqturoba 

ganisazRvreba grafikulad. gamdidrebis produqtebSi 

sxvadasxva simkvrivis fraqciebis ganawilebis tromp-

geras mrudis saSualebiT (nax. 3.3) romelic aigeba 

gamdidrebis produqtebis  (koncentratis 1γ  = 54.4% da 

kudebi  2γ  = 45.6%) fraqciuli analizis Sedegebis 

safuZvelze  (cxr. 3.3) 

cxrili 3.3 

gamdidrebis produqtebis fraqciuli analizis Sedegebi 

f
r
a
q
c
i
i
s
 
s
i
m
k
v
r
i
v
e
, 

k
g
/m
3
 

f
r
a
q
c
i
i
s
 
s
a
S
u
a
l
o
 

s
i
m
k
v
r
i
v
e
, 
δ s

a
S
. 
k
g
/m
3
 

g
a
m
o
s
a
v
a
l
i
 

γ 
%
 

Kkoncentrati 

γ =54.4% 

kudebi γ2=45.6 
% 

k
o
n
c
e
n
t
r
a
t
u
l
i
 
 

f
r
a
q
c
i
i
s
 

g
a
m
o
s
a
v
a
l
i
, 
γ k
n
 

%

a
m
o
k
r
e
f
a
, 

ε k
 
%
 

k
u
d
e
b
i
s
 

f
r
a
q
c
i
i
s
 

g
a
m
o
s
a
-v
a
l
i
, 
γ k
n
 

%
 

a
m
o
k
r
e
f
a
, 

ε k
d
 
%
 

1 2 3 4 5 6 7 

1200-

1300 

1250 34.99 64.22 99.86 0.10 0.14 

1300-

1400 

1350 17.30 31.63 99.48 0.20. 0.52 
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cxrili 3.3 - gagrZeleba 

1 2 3 4 5 6 7 

1400-

1500 

1450 1.96 3.43 95.41 0.20 4.59 

1500-

1600 

1550 0.46 0.52 60.87 0.40 39.13 

1600-

1800 

1700 0.98 0.20 11.20 1.93 89.80 

1800-

2200 

2000 44.31 - - 97.17 100.00 

  100.0   100.0 - 

koncentratSi da kudebSi calkeuli fraqciis 

amokrefa (grafika 5 da 7) ganisazRvreba Sesabamisi 

formulebiT 

εkn ( ) %1 γγγ ⋅=
kn

 ;    εkd ( ) %2 γγγ ⋅=
kn

; 

magaliTad: εkn 1200-1300 = %86.99
99.34

4.5422.64
=

⋅
; 

εkd 1200-1300 %14.0
99.34

6.451.0
=

⋅
=  

 

nax. 3.3 gamdidrebis produqtebSi  fraqciebis 

ganawilebis mrudi. 
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trompis ganawilebis mrudis Seswavlis safuZvelze 

frangma mkvlevarma geram daadgina aRniSnuli mrudis 

msgavseba  gausis albaTobis integralur mrudTan  (nax. 

3.4) da SemoiRo cneba ,,saSualo saalbaTo gadaxra “ Ed, 

xolo mkvlevarebma belugum (safrangeTi)_ dayofis 

cdomileba J, romelTa saSualebiT SesaZlebelia 

wiaRiseulTa gamdidrebisa da misi dayofis efeqturobis 

daxasiaTeba. 

 

nax. 3.4 gausis integraluri mrudi 

 

saSualo saalbaTo gadaxra  da dayofis cdomileba  

(procesis arasrulyofilebis koeficienti) ganisazRvreba 

dayofis mrudis saSualebiT. (nax.3.3) 

saSualo saalbaTo gadaxra E d  

( ) 22575 δδ −=
d
E  

dayofis cdomileba J  

( )∆−Ε=
dd

δJ  

sadac 75δ  da 25δ  __ simkvrivis is mniSvnelobebia, 

romelTac Seesabameba fraqciis 75 da 25 % amokrefa. 
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d
δ  __ dayofis (zRvruli) simkvrive, romelsac 

Seesabameba fraqciis 50% amokrefa. 

∆ __ Txevadi fazis simkvrive. wylisaTvis ∆= 
1000 kg/m3     

gamdidrebis efeqturoba miT ufro maRalia, rac ufro 

mcirea 
d

Ε  da J mniSvnelobebi. idealuri dayofis dros 

trompis ganawilebis mrudi miiRebs vertikalur 

sworxazovan formas. maSin 
d

Ε =0 e.i. fraqcia, romlis 

simkvrive naklebia dayofis zRvrul 
d

δ simkvriveze gadava 

msubuq produqtSi, xolo 
d

δ  simkvriveze meti mZimeSi. 

 

4. gamdidrebis gravitaciuli procesebis 

Teoriuli safuZvlebi. 

 

gamdidrebis gravitaciuli procesebis Teoriuli 

safuZvlebi emyareba garemoSi gansazRvruli zomisa da 

simkvrivis mineralur marcvalTa moZraobis 

kanonzomierebebs, romlebsac safuZvlad udevs 

statistikuri-albaTobis, klasikuri meqanikis, 

hidravlikisa da fizikis hidrodinamikuri Teoriis 

kanonebi. 

 

4.1. mineralur marcvalTa ETavisufali 

vardna 

usazRvro garemoSi calkeul marcvalTa vardnas 

Tavisufali ewodeba. rodesac garemoSi vardnil 

marcvleulTaA Soris daSoreba 10-20_jer aRemateba 

marcvlis diametrs, praqtikulad es piroba 

dakmayofilebulia, rodesac siTxisa da myaris woniTi 

fardoba aRemateba 8-s e.i. s / my ≥ 8 : 1 
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nebismier garemoSi vardnili mineralur marcvalTa 

vardnis siCqare ganisazRvreba masze moqmedi simZimis, 

amomgdebi (arqimedes) da siTxis hidrodinamikuri Zalebis 

TanafardobiT. 

  simZimis Zala – G=Vδg 
 sadac  V – marcvlis moculobaa, m3; 
               δ - marcvlis simkvrive, kg/m3; 
               g -  Tavisufali vardnis aCqareba, g=9.81 m/wm2. 

sferuli formis marcvlisaTvis simZimis Zala,  

              G= gd δπ
6

3

  

arqimedes Zala –R 

                               gdR ∆=
6

3π
 

sadac d – sferuli formis marcvlis diametria, m3; 
∆  - siTxis simkvrive, kg/m3. 
Ggravitaciuli Zala –G0 

G0 gdRG )(
6

3

∆−=−= δπ
 

hidrodinamikuri winaaRmdegobis Zala F 
damokidebulia vardnili mineralebis zedapirze siTxis 

garSemodinebis reJimze. ganasxvaveben siTxis moZraobis 

laminalur da turbolentur reJims. (nax. 4.1. a.b.) 

 

nax.4.1. siTxis moZraobis reJimi 

a _ laminaruli;       b _ turbulenturi. 
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laminalur reJimSi moZrav marcvlis zedapirze 

siTxis Sris fenebi mdored iSleba da erTdeba marcvlis 

wina da ukana nawilSi  (nax. 4.1.a.) am SemTxvevaSi adgili 

aqvs siTxis siblantur winaaRmdegobis Zalebs, romelic 

ganpirobebulia xaxunis ZalebiT da warmoiqmneba siTxis 

fenebis sxvadasxva siCqariT moZraobis Sedegad. 

laminalur reJimSi moZrav sxeulebze moqmedi 

siblanturi winaaRmdegoba Seswavlili iqna ingliseli 

fizikosis g. stoqsis mier. 

stoqsis kanonidan gamomdinare siTxis siblanturi 

winaaRmdegobis Zala Fs  
               Fs = dπµν3  

sadac    

         µ  _ siTxis dinamikuri siblantea, pa. wm; 

         ν  _ marcvlis moZraobis siCqare, m/wm; 

         d  _ marcvlis diametri, m. 

eqsperimentalurad dadgenilia, rom siblantur 

winaaRmdegobas adgili aqvs blant areSi 0.1 mm-ze mcire 

zomis marcvalTa moZraobis dros.  

turbulentur reJimSi moZrav mineralur marcvlis 

ukana mxares warmoiqmneba grigalebi, romlebic 

waritaceba siTxis mier da warmoiqmneba Semcirebuli 

wnevebis sivrce (nax. 4.1. b.)  

wnevaTa sxvadasxvaoba marcvlis wina da ukana 

nawilSi ganapirobebs dinamikuri winaaRmdegobis Zalis 

warmoqmnas. dinamikuri winaaRmdegoba Seswavlili iqna 

niutonis mier. 

Nniutonis kanonidan gamomdinare dinamikuri 

winaaRmdegobis Zalaa E d 

E d ∆= 2

2
1νKS  

sadac  K  _ proporciulobis koeficientia. ritingeris 

mixedviT, 21=K ; 
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S  _ marcvlis gegmilis farTia. sferuli formis 

marcvlisaTvis, 
4

2dS π
= ; 

maSin 

F d ∆= 22

16
dνπ

 

Eeqsperimentalurad dadgenilia, rom rodesac 

siTxeSi moZraoben 2-mm-ze didi zomis marcvlebi 

warmoiqmneba dinamikuri winaaRmdegoba. 

siTxis dinebis siCqaruli reJimebi Seiswavla 

ingliselma mecnierma reinoldsma, romlis 

sapativcemulod SemoRebuli iqna reinoldsis parametri 

- Re  

                Re
µ

ν ∆
=
d

 

reinoldsis parametris sididis mniSvneloba 

gansazRvravs siTxis dinebis siCqaruli reJimis xasiaTs. 

rodesac Re< 1 siTxis nakadis dineba laminarulia;  

        Re> 1000 turbolenturi;  

        1 < Re< 1000 nakadi moZraobs gardamaval 

reJimSi. 

gardamaval reJimSi mineralur marcvalTa  (0.1 – 2 

mm) moZraobis dros adgili aqvs siblantur da 

dinamikur winaaRmdegobis Zalebis moqmedebas, romlis 

sidide alenis mixedviT 

F a F⋅=
Re

10
d=ψa ∆22dv                 

ψa

Re8
5

16Re
10 ππ

=⋅=  

hidrodinamikuri winaaRmdegoba zogadi saxiT 

gamoisaxeba Semdegi formuliT 

                  ∆= 22dF ψν  
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sadac 

       ψ _ hidrodinamikuri winaaRmdegobis 

koeficientia 

      rodesac F d > F s; ψ = ψd = 16π   dinamikuri 

winaaRmdegobis koeficienti; 

      rodesac F d < F s; ψ = ψs = Re3π   

siblanturi winaaRmdegobis koeficienti; 

      rodesac F d ≈ F s;    ψ = ψa = 
Re8

5π
  

winaaRmdegobis koeficienti siblantis da dinamikuri 

winaaRmdegobis gaTvaliswinebiT. 

ingliselma mecnierma reinoldsma da releim 

SesZles daemyarebinaT or winaaRmdegobebs Soris kavSiri 

(nax. 4.2.). 

 

nax. 4.2 winaaRmdegobis ψ  koeficientsa da Re -s 
Soris damokidebuleba 

 

mineralur marcvalTa laminalur  reJimSi  (Re< 
1) moZraobis dros winaaRmdegobis koeficienti 

ψ= π3 /Re , gardamaval reJimSi (1<Re<103) moZraobis 
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dros  ψ = π5 / Re8 , xolo turbulentur reJimSi 

(Re>103) moZraobis dros 16πψ = . 

siTxeSi vardnili mineraluri  marcvali moZraobs 

gravitaciuli Zalis moqmedebiT, Tavdapirvelad moZraobs 

aCqarebulad, rodesac simZimis Zala gauwonaswordeba 

siTxis hidrodinamikur winaaRmdegobas, aCqareba 

gautoldeba nuls da marcvali iwyebs mudmivi siCqariT 

vardnas, romelsac vardnis saboloo siCqares uwodeben. 

maSasadame, 0.1 mm-ze mcire zomis sferuli marcvlisaTvis 

samarTliania toloba 

( ) πµδπ 3
6

3

=∆− gd vd  

laminaruli reJimisaTvis ( 1Re p , 1.0pd mm) wyalSi 

marcvlis Tavisufali vardnis saboloo siCqare 

ganisazRvreba stoqsis formuliT 

( )
µ

δ ∆−
= 2

18
dgv  

 wylisaTvis - ∆ = 1000 kg/m3 , µ = 0.001 pa.wm. 

           ( )1000545 2 −= δdv  

haerisaTvis - ∆ = 1.23 kg/m3, µ = 0.000018 ha.wm. 
           ( )23.130278 2 −= δdv  

gardamavali reJimisaTvis (1
310Re pp , 

2.01.0 −=d mm) marcvlis Tavisufali vardnis saboloo 

siCqare analogiurad ganisazRvreba  FG = a 

( ) ∆=∆− 22
3

Re8
5

6
dvgd πδπ

 

( )
3

2

89.0
∆
∆−

=
µ

δdv   _ alenis formula. 

turbulenturi reJimisaTvis (
310fR , 2fd  mm ) 

FG = d 
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( ) ∆=∆− 22
3

166
dvgd πδπ

 

( ) ∆∆−= gdv δ63.1  _ ritingeris formula 

stoqsis, ritingerisa da alenis formulebi 

gamoiyeneba gansazRvruli zomis mineralur marcvalTa 

vardnis saboloo siCqaris saangariSod. 

Nnebismieri zomisa da simkvrivis mineralur 

marcvalTa saboloo siCqaris saangariSoT liaSenkom 

SemogvTavaza, reinolsis parametridan gamomdinare 

universaluri meTodi, romelic iTvaliswinebs orive 

saxis winaaRmdegobas. 

∆= dv µRe  

   Re -s mniSvneloba ganisazRvreba Re 2ψ-sa da Re -
s damokidebulebas diagramidan    (nax. 4.3.) 

 

nax. 4.3  reinolsis ricxvs da Re2ψ parametrs 
Soris damokidebulebis diagrama 
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maSasadame, vardnis siCqare damokidebulia 

reinoldsis ricxvis mniSvnelobaze, gamyofi garemos 

siblantesa da  simkvriveze da vardnili marcvlis 

diametrze. 

Tavisufali vardnis siCqareze gavlenas axdens 

marcvalTa zoma, simkvrive, forma, siTxis temperatura 

da sxva. 

rogorc eqsperimentebma gviCvena, erTi da igive 

zomis da simkvrivis marcvalebi xasiaTdeba sxvadasxva 

vardnis siCqareebiT. 

Tu sferuli formis marcvlis siCqares aRvniSnavT 

Vsf. maSin oTxkuTxa formis mqone marcvlebis vardnis 

siCqare tolia. 

VoTx. = 0,87 Vsf 

wagrZelebuli formis marcvlebisaTvis 

Vwag. = 0,77 Vsf 

siTxis temperatura Tavisufali vardnis siCqareze 

gavlenas axdens im SemTxvevaSi, rodesac marcvali 

moZraobs laminalur reJimSi, Tu reinoldsis ricxvis 

mniSvneloba metia 200-ze, am SemTxvevaSi siTxis 

temperatura araviTar gavlenas ar axdens. 

 

4.2 Tanabrad vardnili marcvlebi da 

Tanabarvardnis koeficienti 

 

Tanabarvardnili marcvlebi ewodebaT erTnairi 

vardnis siCqaris mqone sxvadasxva simkvrivisa da zomis 

mineralur marcvlebs, xolo msubuqi da mZime mineralur 

marcvalTa diametrTa fardobas Tanabarvardnis 

koeficienti e , ganmartebis Tanaxmad 

mZ

ms

d
d

e =  ;  v ms=v mZ ; 
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sxvadasxva zomis mineralur marcvalTa 

Tanabarvardnis koeficienti ganisazRvreba Sesabamisi 

vardnis saboloo siCqaris formulis gamoyenebiT, 

1.0pd mm-ze mcire zomis  mineralur marcvalTa 

Tanabarvardnis koeficienti ganisazRvreba stoqsis 

formuliT ∆−= δ2545dv   am SemTxvevaSi marcvlebi 

moZraoben laminalur reJimSi 1Re p  

( )
( ) 1000

1000

1

2

11

22

2

1

−
−

=
∆−
∆−

==
δ
δ

δ
δ

K
K

d
d

e  

gardamavali reJimisaTvis  ( 21.0 −=d mm   

310Re1 pp ) gamoiyeneba alenis formula 

3

2

1

23

2

1

2

1

2

2

1

1000
1000

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−
−

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∆−
∆−

==
δ
δ

δ
δ

K
K

d
de  

turbolenturi reJimisaTvis ( 2fd mm   
310Re f ) 

gamoiyeneba ritingeris formula 

( )
( ) 1000

1000

1

2

11

22

2

1

−
−

=
∆−
∆−

==
δ
δ

δ
δ

K
K

d
de  

sadac 

 1K  da 2K  _ msubuqi da mZime mineralebis formisa 

da garemos reologiuri    parametrebis gavlenis 

koeficientia 1K ≈ 2K . 

  1d  da 2d  msubuqi da mZime mineralebis marcvalTa 

diametria,m. 

 Tanabarvardnis koeficientis gamoyenebiT 

ganisazRvreba samanqano klasis zomebi gravitaciuli 

gamdidrebisaTvis. 
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4.3 vardnil marcvalTa mudmiv siCqaremde 

misaRwevad saWiro dro 

 

siTxeSi vardnili marcvali Tavdapirvelad moZraobs 

aCqarebulad, gansazRvruli drois Semdeg misi aCqareba 

gautoldeba nuls da marcvali iwyebs moZraobas mudmivi 

siCqariT. 

siTxeSi sferuli marcvlis moZraobis 

diferencialur gantolebas Semdegi saxe aqvs: 

PG
dt
dvm −= 0  

sadac 

m – marcvlis masaa, 63dm πδ= ; 

G0 – marcvlis wonaa siTxeSi,  6)(3
0 ∆−= δπ gdG ; 

   P – siTxis winaaRmdegobis Zalaa, ∆= 22dVP ψ . 

Tu SevitanT gamosaxulebaSi 0G  da P -s Sesabamis 
mniSvnelobebs da gavyofT tolobis orive mxares masaze 

63dm πδ= -ze, miviRebT: 

πδ
ψ

δ
δ

d
Vg

dt
dV ∆

−
∆−

=
26

 

sawyis mdgomareobaSi, rodesac siCqare 0=V , 

marcvali moZraobs sawyisi aCqarebiT ( ) δδ ∆−= gg0 , e.i. 

marcvlis sawyisi aCqareba damokidebulia mxolod 

mineralisa da siTxis simkvriveze 

πδ
ψ
d
Vg

dt
dV ∆

−=
2

0
6

. 

sawyis momentSi, roca siTxeSi sxeulis moZraobis 

siCqare  V = 0, maSin  P = 0 da sxeulis aCqareba dV /dt 
= g0 
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rodesac  marcvlis moZraobis siCqare V gaxdeba 

mudmivi V0, am SemTxvevaSi aCqarebaa gautoldeba nuls 

0=dtdV , e.i.  

06 2

0 =
∆

−
πδ

ψ
d
Vg  

aqedan marcvlis moZraobis siCqare  

∆
=

ψ
πδ

6
0

0
dgV
 

Tu aRniSnul  gamosaxulebas gamovsaxavT 

integraliT zRvrebSi, roca vardnis xangrZlivoba 

icvleba 0÷t – mde, xolo moZraobis siCqare 0÷V0  da  

ganvsazRvravT t - s mimarT, miviRebT marcvlis mudmiv 

siCqaremde misaRwevad saWiro drois saangariSo 

formulas:  

0

05,2
g
V

t = , 

xolo, t  drois ganmavlobaSi marcvlis mier 

ganvlili gza: 

0

2
08,1

g
V

S = . 

maSasadame, mudmiv siCqaremde misaRwevad marcvlis 

mier ganvlili gzis sidide damokidebulia vardnis 

sawyis siCqareze, e.i. mis zomaze da simkvriveze (nax. 

4.4). 
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mag. ganvsazRvroT 0,01 mm-iani kvarcis 

marcvlebisaTvis saboloo vardnis siCqaris miRwevisaTvis 

saWiro dro. 

moc. δ = 2650 kg/m3 
         d = 0,01 mm = 0,00001 m 

wmm /08,0
001,0

10002650545,0
001,0
1000545,0 =

−
⋅=

−
=

δV
 

7,681,9
2650
1650

=⋅=
∆−

= gg
δ

δ

 

wm3,0
7,6

8,05,2
=

⋅
=t

 

                 

 

 

 

   

 

nax. 4.4. sxvadasxva 

simsxosa da simkvrivis 

marcvlis vardnis siCqaris 

cvlileba drois mixedviT 

5,7=δ  - mrudi 1,2,3;  

65,2=δ  - mrudi 4,5,6. 

1 - 10=d  mm; 2 - 4=d  mm;  

3 - 1=d  mm; 4 - 16=d  mm;  

5 - 4=d  mm; 6 - 1=d  mm. 
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4.4. mineralur marcvalTaA SezRuduli 

vardna 

Mmineralur marcvalTa erTobliv moZraobas, 

romelTa Soris daSoreba 10-20_jer mcirea maT 

diametrze _ SezRuduli ewodeba. 

Ppraqtikulad SezRuduli vardna ganxorcielebulia 

gravitaciuli gamdidrebis nebismier procesSi, rodesac 

siTxis da myaris woniTi fardoba (s:my < 8:1) 8-ze 

mcirea. 

Mmineralur marcvalTa SezRuduli vardna 

Seswavlili iqna germaneli mecnieris         r. 

riCardis mier. eqsperimentebis Sedegebis safuZvelze igi 

askvnis, rom marcvalTa SezRuduli vardna analogiuria 

Tavisufali vardnisa im garemoSi, romlis simkvrivesac 

ukavia Sualedi mdgomareoba myar sxeulsa da siTxis 

simkvirveebs Soris.  

riCardis mixedviT  

v S )( ∆−= δdk  

sadac k _ ritingeris formulis ricxviTi koeficientia; 

     d _ marcvalTA diametri, m; 

     δ _ marcvlis simkvrive, kg/m3; 

     ∆ s_ siTxis saSualo simkvrive, kg/m3;  

∆ s ( ) 2∆+= δ  

sadac ∆_ wylis simkvrivea, kg/m3; 

Pprof. liaSenkom mineralur marcvalTa SezRuduli 

moZraobis kanonzomierebis Teoriuli da eqsperimentuli 

Seswavlis safuZvelze Seadgina SezRuduli vardnis 

saangariSo empiriuli formula 

v S nv θ0=  

sadac 0v  _ Tavisufali vardnis siCqare, m/wm; 

      θ  _ masalis gafxvierebis koeficienti; 



41 
 

      n  _ xarisxis maCvenebeli 5.75 ÷=n . 

( ) vvv 1−=θ  

sadac v _ myari da Txevadi fazis mier dakavebuli 

moculoba, m3; 

      1v _ myari fazis moculoba, m3; 

Pprof. v. olevskis mixedviT SezRuduli vardnis 

siCqare 

v S ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=

mT 
10

Tv  

sadac T da T m _aris pulpaSi myaris woniTi Semcveloba. 

SezRuduli moZraobis siCqare damokidebulia 

pulpaSi myaris koncentraciaze, rac ufro metia 

koncentracia, miT mcirea SezRuduli vardnis siCqare. 

 

4.5 mineralur marcvalTa daleqvis hipoTezebi. 

 

mineralur marcvlaTa daleqvis procesis 

ganmartebisaTvis arsebobs Semdegi hipoTezebi: siCqaruli, 

statikuri da energetikuli. 

siCqaruli hipoTeza Camoyalibebuli iqna ritingeris 

mier, romlis mixedviT wylis pulsirebul nakadSi 

ganxorcielebulia masalis fraqciebad dayofa. 

ritingeris hipotezis mixedviT Tanabari zomis 

sxvadasxva simkvrivis (δ1<δ2) mineralebis marcvlebi 

ganlagdeba cxavis zedapirze, sagebis qveda SreSi_mZime 

mineralebi, xolo msubuqi mineralis marcvlebi_  

sagebis zeda SreSi msmZ VV > .  siCqaruli hipoTezis 

mixedviT daleqvis procesSi SesaZlebelia mxolod 

viwrod klasificirebuli masalis fraqciebad dayofa. 

klass, romlis zeda zRvaris Sefardeba qveda zRvarTan 
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ar aRemateba Tanabari vardnis koeficients, viwro klasi 

ewodeba. 

praqtikaSi ZiriTadad mdidrdeba farTo 

klasifikaciis skaliT momzadebuli masala. am 

SemTxvevaSi masalis fraqciebad ganSrevebaze did 

gavlenas adxens sxvadasxva siCqariT vardnili mineralur 

marcvalTa masiuri moZraobiT gamowveuli urTierT 

xaxunis Zalebi. amitom Tavisufali vardnis siCqareze 

dayrdnobiT, masalis ganSrevebis procesis meqanizmis 

axsna arasrulyofilia. 

daleqvis siCqarulma hipoTezam ukanasknel wlebSi 

didi ganviTareba hpova da sabolood Camoyalibebuli 

iqna Semdegnairad, rom mineralebis marcvalTa vardnis 

sxvadasxva siCqareebis mixedviT masalis fraqciebad 

ganSrevebaze gavlenas axdens marcvlebis zoma, forma da 

garemos winaaRmdegobis Zalebi. am debulebidan 

gamomdinare daleqvis procesSi sferuli formis 

marcvlebis moZraobis diferencialur gantolebas 

Semdegi saxe aqvs. 

ma PPPG
dt
dVm ±±−=  

sadac  

       m -marcvlis masaa, kg.; 

       
dt
dV

  - marcvlis aCqarebaa, m/wm2; 

        G - marcvlis wona, kg; 

        Pa  -amomdgebi Zala, n. 

        PP-garemos winaaRmdegobis Zala, n. 

                Pm-marcvlTa urTierTmoqmedi meq. Zala, n. 

gantolebidan Cans, rom marcvali moZraobs cvladi 

aCqarebiT, romlis sidide damokidebulia marcvlis 

simkvriveze, zomaze da siCqareze.  
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daleqvis statikuri hipoTeza. statikuri hipoTezis 

mixedviT daleqva ganixileba, rogorc masiuri procesi, 

romlis mimdinareoba icvleba drois mixedviT, 

vinogradovis mixedviT daleqvis procesis teqnologiuri 

parametrebi damokidebulia procesis kinetikaze. 

vinogradovi daleqvis kinetikis gansazRvrisaTvis 

awarmoebda naxSirebis daleqvas sxvadasxva xangrZlivobiT 

da iRebda sinjebs fraqciuli analizisaTvis. rogorc 

gamokvlevebma gviCvena, gansazRvruli drois Semdeg saleq 

ganyofilebaSi warmoiqmneba sami Sre. qveda mZime 

fraqciis Sre,  zeda msubuqi fraqciis Sre da Sua 

Sualeduri fraqciis Sre. TiToeul SreTa Soris 

moTavsebulia gardamavali Sreebi. daleqvis 

xangrZlivobis zrdasTan erTad izrdeba saboloo 

produqtis SreTa sisqe, magram mTlianad ar ispoba 

Sereuli Sre, rac aixsneba marcvalTa urTierTqmedebiT. 

vinogradovma Seadgina daleqvis procesSi drois 

mixedviT masalis ganSrevebis sqema (nax 4.5) 

 

nax. 4.5. daleqvis procesSi masalis ganSrevebis 

sqema. 

h – sagebis simaRle; I – koncentratis Sris sisqe 
II – gamyofi zona; III- saleqi cxavi 

 

davuSvaT daleqvis t drois Semdeg saleq 

ganyofilebaSi warmoqmnili koncentratis fraqciis Sris 

sisqe aRvniSnoT γk, masSi msubuqi fraqciis Semcveloba 
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aRvniSnoT Fk-Ti, sawyis masalaSi msubuqi fraqciis 

Semcveloba_ Fs, maSin koncentratuli fraqciis SreSi 

gadasuli msubuqi fraqciis raodenoba 

.)(
ksk

γFFF −=  

gamyofi zonidan koncentratul fraqciis SreSi 

drois erTeulSi gadasuli msubuqi fraqciis raodenoba 

aRvniSnoT  F′ 
                  F′dt  =  (F

k
 – F s ) d ϒ

k  

Aaqedan:  

sk

k F -  F
F dtd ′

=γ  

F′-is gansazRvrisaTvis vinogradovma gamoiyena masaTa 
urTierTqmedebis kanoni, romelic mocemuli 

SemTxvevisaTvis Camoayaliba Semdegi saxiT: gamyofi 

Sridan koncentraciul fraqciul SreSi gadasuli 

msubuqi fraqciis raodenoba proporciulia gamyof SreSi 

darCenili igive fraqciis raodenobisa. 

g

g FK
dt
dF

=  

sadac Fg -gamyof zonaSi msubuqi fraqciis Semcvelobaa. 

      K-proporciulobis koeficienti, aRniSnuli 

gamosaxulebis integrirebiT miviRebT 

lnF g   = Kt + C 
integralis mudmiva ganisazRvreba sawyisi pirobidan, 

roca  t = 0 maSin,  
Fm= Fs 

C = ln Fs 
CavsvaT  C-s mniSvneloba gantolebaSi, miviRebT 

Kt
F
F

−=
s

gln  

aqedan 

-ktFueF =
s
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gantoleba gamosaxavs daleqvis t drois Semdeg 

gayofis zonaSi darCenili msubuqi fraqciis raodenobas. 

igive droSi koncentratuli fraqciis SreSi gadasuli 

msubuqi fraqciis raodenoba 

kt-e F- FF

F- FF

ssk

gsk

=

=
 

drois erTeulSi gadasuli msubuqi fraqciis sidide 

kt-e F
s

k

K
dt

dF
F ==′  

SevitanoT F′ mniSvneloba miviRebT 

dt
FF
eKF

d
k

kt
u

k
s

−
=

−

γ  

Gamosaxulebis integrirebiT miviRebT 

Ce
FF

F kt +
−

= −

sk

s

k
γ  

integralis mudmiva ganvsazRvroT sawyisi pirobidan 

t=t1 e.i. daleqvis procesis dasawyisSi koncentratis Sre 

ar aris warmoqmnili,  ϒk=0  

maSin   1kte
FF

F
e −

−
−=

sk

s
 

CavsvaT C mniSvneloba da miviRebT koncentratis 

fraqciis raodenobis saangariSo formulas 

)( 1 kttk ee
FF

F −− −
−

=
sk

s

k
γ  

analogiurad miiReba mZime fraqciis saangariSo 

formula. 

amrigad, rogorc formulidan Cans, daleqvis 

procesSi warmoqmnili koncentratis raodenoba 

damokidebulia ara marto sawyis masalaSi 
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koncentratuli fraqciis raodenobaze, aramed agreTve 

daleqvis procesis xangrZlivobaze. 

daleqvis  energetikuli hipoTeza. daleqvis 

energetikuli hipoTeza Camoayaliba maierma, romlis 

mixedviT daleqvis procesSi masalis fraqciebad dayofa 

ganpirobebulia marcvalTa potencialuri energiebis 

sxvadasxvaobiT. 

davuSvaT, dasaleqi masala Sedgeba P1 wonis msubuqi 
da P2 wonis mZime mineralebis narevisagan. Nnarevis 

saerTo simaRle aRvniSnoT h1+Hh2,  h1 da h2 msubuqi da 
mZime fraqciaTa Sreebis sisqea. N(nax. 4.6) 

              1 2 

 

Nnax. 4.6 daleqvis procesSi masalis ganSrevebis 

sqema. 

1_ ganSrevebamde     2_ ganSrevebuli 

D 

daleqvis procesSi warmoebs masalis ganSreveba 

fraqciebad. ganSrevebamde masalis potencialuri energia 

tolia 

2
)( 21

211
hh

PPE
+

+=  

ganSrevebuli masalis potencialuri energia iqneba 

)
2

(
2

1
21

2
12

h
hP

h
PE ++=  

ganSrevebamde da ganSrevebis Semdeg potencialuri 

energiebis sxvaoba gansazRvravs dayofis process 

)(5,0 211221 hPhpEEE −⋅=−=∆  

Mmaieris mixedviT, rac metia mineralebis 

simkvriveebs Soris sxvaoba, miT metia potencialur 
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energiaTa sxvaoba da ufro efeqturia ganSreveba, 

ganxilul hipoTezebidan praqtikulad yvelaze meti 

gavrceleba hpova siCqarulma hipoTezam, romelic sxva 

hipoTezebTan SedarebiT srulyofilad asaxavs daleqvis 

process. 

 

5. klasifikacia 

5.1. klasifikaciis procesis arsi da misi 

gamoyenebis sfero 

 

gamyof garemoSi mineralur marcvlaTa simsxos 

mixedviT dayofis process klasifikacia ewodeba. 

wiaRiseulTa gamdidrebis praqtikaSi gamyof garemod 

gamoiyeneba wyali an haeri, Sesabamisad – klasifikacia 

SeiZleba iyos hidravlikuri an pnevmatikuri. 

siTxeSi mineralur marcvalTa simsxos mixedviT 

dayofis process hidravlikuri klasifikacia ewodeba, 

xolo haeris garemoSi _ pnevmatikuri.  

hidravlikuri klasifikaciis procesSi masalis 

simsxos mixedviT dayofa ganxorcielebulia siTxeSi 

marcvalTa vardnis siCqareebis sxvadasxvaobis 

safuZvelze, xolo pnevmatikuri klasifikaciis procesSi 

ki _ haeris garemoSi. 

klasifikacia, rogorc mineraluri nedleulis 

gadamuSavebis teqnologiuri procesi SeiZleba iyos 

damoukidebeli, mosamzadebeli da damxmare. 

klasifikacia damoukidebulia, rodesac dayofis 

produqtebi warmoadgenen saboloo sasaqonlo 

produqtebs. 

klasifikaciis procesi mosamzadebelia, rodesac 

masalis simsxos mixedviT momzadeba warmoebs 
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gravitaciuli, flotaciuri, eleqtro magnituri da sxva 

gamdidrebis win. 

klasifikacia damxmarea, rodesac warmoebs 

gamdidrebis produqtebis gauwyloeba, e. i. wylisa da 

myaris gancalkeveba. 

saklasifikacio masalis zoma ar unda aRematebodes 

madnebis SemTxvevaSi 4-6 mm, xolo naxSirebisaTvis 6-13 

mm. 

klasifikaciis procesSi gamoyenebul aparatebs 

klasifikatorebi ewodeba. 

klasifikaciis procesSi ori produqti gamoiyofa: 

SedarebiT msxvili fraqcia _ silebi  da wvrili _ 

gadanadeni. 

mamdidrebel fabrikebSi gamoyenebuli 

klasifikatorebi ama Tu im niSnis mixedviT SegviZlia 

davyoT Semdeg ZiriTad jgufebad: 

1. gamyofi garemos saxeobis mixedviT: 
a. hidravlikuri 

b. pnevmatikuri 

 2. gamyofi velis saxeobis mixedviT: 

      a. gravitaciuli 

      b. centridanuli 

3. gamyofi produqtebis gantvirTvis saxeobis 

mixedviT: 

      a. TviTdinebadi 

      b. meqanikuri 

klasifikatorebis muSaoba xasiaTdeba; gayofis 

efeqturobiT %; gadanadenSi mza klasis  (0.074 mm) 

SemcvelobiT %; gadanadenSi myaris SemcvelobiT gr/l; 

kuTri warmadobiT m3/sT.m2; da sxva maCveneblebiT. 
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5.2 sedimentacia 
 

sedimentacia (laT. daleqva) _ wmindadispersiuli 

masalis simsxos gansazRvris analizis meTodia. 

sedimentaciuri analizisaTvis gamoiyeneba sabaninis 

xelsawyo (nax. 5.1)  

dagraduirebul WurWelSi moaTavseben gamosakvlev 

masalas wyalTan erTad ganzavebiT 1:10 an 1:15, romelSic 

CaSvebulia sifoni gansazRvrul simaRleze. 

stoqsis formuliT ganisazRvreba sxvadasxva zomis 

marcvlebis Tavisufali vardnis siCqareebi 

( )1545 2
0 −= δdV  

Semdeg TiToeuli d1, d2 . . . dn  zomis marcvlebisaTvis 

gamoiTvleba daleqvis xangrZlivoba. 

./,/,/ 332211 VhtVhtVht ===  

 

nax. 5.1. sabaninis xelsawyo. 

321 ,, ttt  da a. S. gansazRvruli drois Semdeg 

h siRrmidan gadmoisxmeba pulpa, romelic cal-calke 

gamoSreba, aiwoneba da ganisazRvreba calkeuli klasis 

% raodenoba. 
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5.3. gravitaciuli veliT gamyofi hidravlikuri 

klasifikatorebi. 

 

gravitaciuli veliT gamyofi hidravlikuri 

klasifikatorebi silebis gantvirTvis mixedviT ori 

saxisaa: 

1. meqanikuri gantvirTvis (spiraluri, safxekebiani, 

fialiani, lartyebiani, elevatoruli (bager-zumfi), da 

radialuri Semsqelebeli); 

2.  TviTdinebiTi gantvirTvis sxvadasxva konstruq-

ciis meqanikuri saleqarebi (konusuri, piramidaluri, 

erTkameriani da mravalkameriani). 

gravitaciuli veliT gamyof hidravlikur 

klasifikatorebSi mineralur marcvalTa simsxos 

mixedviT dayofa ganxorcielebulia wyalSi simZimis 

Zalis moqmedebiT. msxvilmarcvlovani masala (silebi) 

daileqeba, xolo ativtivebuli wvrilmarcvlovani 

masala nakadiT gadaitaneba gadanadenSi. gravitaciul 

klasifikatorebSi dayofis efeqturoba mcirea da 

Seadgens 35-65 %. mravali konstruqciis gravitaciuli 

klasifikatorebidan sawarmoo mniSvneloba SeinarCuna 

spiralurma, konusurma da mravalkamerianma 

hidravlikurma klasifikatorebma, romlebic gamoirCeva 

konstruqciis simartiviT da didi warmadobiT. danarCeni 

tipis klasifikatorebi SemorCenilia Zvel da 

ararekonstrirebul mamdidrebel fabrikebSi. 

 spiraluri klasifikatori (sur. 5.2) warmoadgens 

12-180 kuTxiT daxril naxevrad cilindruli formis 

varcls, romlis centralur nawilSi moTavsebulia 

lilvi. masze damagrebulia ramdenime seqciisagan 

Semdgari spirali. muSaobis principi SemdegSi 

mdgomareobs: 
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nax. 5.2. spiraluri klasifikatori  1-KCH 
1_klasifikatoris korpusi; 2_spirali; 3_silebis ganmtvirTi 

Rari; 4_gadanadenis zRurbli; 5_spiralis amwe meqanizmi. 

 

klasifikators saklasifikacio  masala wyalTan 

erTad miewodeba misi sigrZis 1/3 nawilze. spiralis 

brunvis Sedegad saklasifikacio zonaSi warmoiqmneba 

aRmavali Wavli, romlis saSualebiT warmoebs masalis 

simsxos mixedviT dayofa. wvrili marcvlebi, romelTa 

SezRuduli vardnis siCqare naklebia klasifikatorSi 

warmoqmnili aRmavali Wavlis siCqareze, ativtivdeba da 

klasifikatoridan gamoiyofa gadanadenis saxiT, xolo 

mZime marcvlebi, romelTa SezRuduli vardnis siCqare 

metia klasifikatorSi warmoqmnili aRmavali Wavlis 

siCqareze, daileqeba klasifikatoris varclSi da 

spiralebis brunvis Sedegad gadaadgildeba zeda 

ganmtvirTi Tavisken. spiraluri klasifikatorebi 

SeiZleba iyos erTi an or spiraliani. saxeobis mixedviT 

gamoyofen CayvinTul da CauyvinTav spiralian 

klasifikatorebs. CayvinTul spiraliani klasifikatori 

gamoiyeneba im SemTxvevaSi, Tu saWiroa, miRebul iqnas 

gadanadeni, wminda klasis (-0.074 mm) didi SemcvelobiT. 
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CauyvinTavi spiraliani klasifikatorebi gamoiyeneba 

uxeSi klasifikaciisaTvis da gauwyloebis procesSi. 

spiraluri klasifikatorebis mwarmoebloba 

gadanadenis mixedviT iangariSeba Semdegi empiriuli 

formuliT: 

CayvinTul spiralianis  ( )DDkmkQ 1075 2
21 += t dR 

CauyvinTav spiralianis  

( )DDkmkQ 1694 2
21 += t dR 

sadac  

Q _  gadanadenSi gadasuli myari masalis woniTi 

raodenobaa Mm - spiralebis ricxvia.      m = 1 an 2-s.  
   K1 -saklasifikacio masalis simkvrivis 

Semasworebeli koeficientia   
   ( )2700005.011 −+= δK    

K2 – gadanadenSi 0.074 mm-ani klasis Semcvelobis 

Semasworebeli koeficientia 

K2=1.41+0.025(65-β74) CauyvinTav spiraliani 

klasifikatorebisaTvis, xolo CayvinTul spiraliani 

klasifikatorebisaTvis K2=0.054(101.8_β74) 
D_klasifikatoris spiralis diametria, m; 

β74_gadanadenSi saangariSo klasis (0.074mm) 

Semcvelobaa,  %-; 

δ_saklasifikacio masalis simkrivea, kg/m3 

Tu cnobilia gadanadenSi gadasuli myari masalis 

woniTi raodenoba, SegviZlia viangariSoT 

klasifikatoris diametri.  

– CayvinTulisaTvis: 

m
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−= 07.0115,0

21kmk
QD

 

CauyvinTavisaTvis: 
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m
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−= 08,0103,0

21kmk
QD

 

klasifikatoris mwarmoebloba  silebis mixedviT 

iangariSeba formuliT 

Q =135 mn D3 K1   t/dR. 
sadac 

 n -spiralis brunTa ricxvia, br/wT. 

  meqanikuri saleqarebi sxvadasxva konstruqciisaa, 

(nax. 5.3) mzaddeba erTi an mraval seqciuri. 

 

nax.5.3 horizontalur nakadiani hidravlikuri 

klasifikatorebis  sqema 

1_korpusi; 2_kveba; 3_gadanadeni; 4_silebi. 

   

aRniSnuli konstruqciis klasifikatorebSi pulpis 

nakadi moZraobs horizontalurad, rac warmoadgens maT 

saerTo Tvisebas. 

saleqaris sigrZe ganisazRvreba Semdegi 

formuliT:  

m
)( 0 UVB

QL
−

=
 

sadac  Q  – pulpis raodenoba, m3/wm; 
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  B  - klasifikatoris  sigane, m-Si; 

  V0 – marcvlebis vardnis siCqare, m/wm; 

  U  – aRmavali  nakadis siCqare, m/wm. 

H
VU 0782,0=

 
V  - pulpis moZraobis siCqare, m/. 

nebismieri konstruqciis saleqarebi dabali 

efeqturobis gamo gamoiyeneba mxolod gauwyloebisa an 

gauSlamebis procesSi. 

  gravitaciuli gamdidrebis praqtikaSi 

klasifikaciis procesSi aRniSnuli tipis 

klasifikatorebidan ufro gavrcelebulia silisKKK П  
(nax.5.4.) da Slamis KKШ  (nax.5.5) tipis konusuri 

klasifikatorebi 

 
 

nax.5.4. konusuri klasifikatori ККП 
1_korpusi; 2_burTulas sarqveli; 3,5,8_damWimi berketi;  
4_diafragma; 6_zambara; 7_reduqciuli rgoli; 9_tivtiva; 

10_sapirwone; 11_CamtvirTi mili; 12_gamanawilebeli. 
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nax.5.5 Slamis konusuri klasifikatori KKШ 
1_korpusi; 2_CamtvirTi mili; 3_gamanawilebeli; 4_gadanadenis 

rgoluri Rari; 5_burTulas sarqveli; 6,7,8_damWimi berketi; 

9_tivtiva; 10_zambara; 11_sapirwone. 

 

5.4 centridanuli veliT gamyofi hidravlikuri 

klasifikatorebi 

 

centridanuli veliT gamyof klasifikatorebs 

miekuTvneba: hidrociklonebi da centrifugebi, 

romlebSidac gravitaciuli aCqarebis nacvlad 

warmoiqmneba centridanuli aCqareba R
R
V 2

2

ω= , romlis 

saSualebiT ganxorcielebulia mineralur marcvalTa 

simsxos mixedviT dayofa. centridanuli da gravitaciul  

aCqarebaTa fardobas uwodeben dayofis faqtors F d 

22

30
⎟
⎠
⎞

⎜
⎝
⎛==
Rn

Rg
VF π

d  
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 hidrocikloni (nax.5.6.) Sedgeba cilindruli da 

konusuri nawilisagan. 

cilindrul nawilSi tangecialurad mierTebulia 

mkvebavi mili, romelsac pulpa miewodeba 0.03_0.25 mpa 

wneviT. pulpis moZraobis siCqaris gazrdis mizniT 

mkvebavi mili SeerTebis adgilas Seviwroebulia. 

cilindrul nawilSi pulpa moZraobs  rTul 

traeqtoriaze, am dros warmoqmnili centridanuli 

ZaliT ganxorcielebulia masalis simsxos mixedviT 

dayofa. msxvili marcvlebi, romelTa mier ganviTarebuli 

centridanuli Zala didia, gaityorcneba periferiisaken 

da konusis qveda nawilidan ganitvirTeba. xolo wvrili 

marcvlebi Tavs iyris centralur nawilSi da 

ganitvirTeba gadanadenis milyelidan    (nax.5.6. b) 

mamdidrebel fabrikebSi hidrociklonebi gamoiyeneba 

klasifikacia-deSlamacia-gauwyloebisaTvis. 

hidrociklonebis cilindruli nawilis diametri da 

miwodebuli pulpis wneva damokidebulia mis 

daniSnulebaze. deSlamacia–gauwyloebisaTvis gamoiyeneba  

hidroviklonebi diametriT 150 – 500 mm, xolo 

miwodebuli pulpis  wneva cvalebadobs   0.15-dan 0.25  

mpa. 

klasifikaciisaTvis gamoyenebul hidrociklonebSi 

miwodebuli pulpis wneva cvalebadobs 0,03 –0.1 mpa-mde, 

xolo hidrociklonis diametri 350-1000 mm-de. 
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             a                         b                    

nax.5.6. a_hidrociklonis saerTo xedi.  b_muSaobis sqema. 

a)1_cilindruli  nawili;  2_konusuri nawili; 3_gadanadenis 

milyeli; b)1_mkvebavi mili; 2_gadanadenis milyeli;  3,4_korpusi; 

5_silebis nacmi. 

 

hidrociklonebis moculobiTi mwarmoebloba  

HKKKKV D 101093..0 4
gsα⋅= m3/sT 

sadac 

                   KD_hidrociklonis diametris Semasworebeli 

koeficientia 

 

rodesac   D …................ 0.15; 0.25; 0.35; 0.5; 0.7; 1; 1.4; 2. 
          KD  ............. 1.28; 1.14; 1.06; 1; 0.95; 0.91; 0.88; 0.86. 
                  Kα_konusurobis Semasworebeli koeficientia, 

rodesac  α=200, Kα  =1 
dmkv ,dgad -  mkebavi da gadanadeni milis diametria 

sm-Si.  dmkv=(0.08÷0.25) D; dgad=(0.7÷0.4 ) D; dsil=(0.15 ÷0.8) 
dgad 
                 g _Tavisufali vardnis aCqarebaa  g = 9,81 m/wm2 
                 H-miwodebuli pulpis wnevaa m.pa 
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gamamdidrebel fabrikebSi gamoyenebuli 

hidrociklonebi ramdenime saxisaa: orproduqtiani, 

samproduqtiani, Sewyvilebuli, cilindrul-konusuri 

hidrociklonebi da turbo ciklonebi.(nax. 5.7.) 

 

gamamdidrebel fabrikebSi ZiriTadad gamoiyeneba 

orproduqtiani hidrociklonebi konusurobis kuTxiT  

14010 −=α 0. aseTi hidrociklonebi idgmeba rogorc 

calke, aseve batareis saxiT. 

hidrociklonebis batarea  gamoiyeneba im 

SemTxvevaSi, rodesac  miwodebuli pulpis debiti didia. 

batareaSi hidrociklonebi SeiZleba CarTuli iyos, 

rogorc mimdevrobiT, ise paralelurad. paralelurad 

CarTvis dros wriulad ganlagebul hidrociklonebs 

pulpa miewodeba erTi saerTo gamanawilebeli milis 

saSualebiT. am SemTxvevaSi TiToeuli hidrociklonis 

diametri tolia da pulpa miewodeba erTanairi wneviT. 

roca saWiroa moiRebul iqnas sufTa gadanadeni, 

awarmoeben hidrociklonebis mimdevrobiT CarTvas. aseTi 

CarTvis dros pirveli safexuris hidrociklonisagan 

nax. 5.7. samproduqtiani 

hidrocikloni 

1_cilindruli nawili; 

2_gadanadenis nacmi; 3_quro; 

4_mili; 5_Sualeduri fraqciis 

nacmi; 6_silis nacmi; 7_konusi; 

8_mkvebavi milyeli. 
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miRebuli gadanadeni miewodeba ufro mcire diametris 

meore hidrociklons. 

hidrociklonis gadanadenSi gadasuli marcvlis 

nominaluri zoma 

( )1
15

−
=

δ

β

HKDd

Dd
d

s

g

n
 

sadac  

         DD _ hidrociklonis diametria, m, 

         
gs
dd ,  _ silebisa da gadanadenis nacmis 

diametri, m, 

         β  _ myaris Semcveloba kvebaSi, %, 

          δ _ myaris simkvrive, t/m3. 

hidrociklonis cilindruli nawilis diametri 

( ) ( )

u

u

T

dH
d
d

D

201,0 max

gad

sil ρρ −⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

=  

sadac 
gs
dd , H_hidrociklonis silebSi da gadanadenSi 

nominaluri marcvlis zomaTa fardoba aiReba 0,3_0,6-is 

toli. 

centrifugebi (nax. 5.8) farTod gamoiyeneba 

gamamdidrebel fabrikebSi masalis klasifikacia _ 

gauwyloebisaTvis. igi Sedgeba konusuri formis mqone 

rotorisagan, romlis SigniTac moTavsebulia Sneki. 

rotori da Sneki brunavs erTi da igive mimarTulebiT, 

magram brunvis siCqare ramdenadme CamorCeba rotoris 

brunvis siCqares. rotoris Rru konusur nawilSi 

moTavsebulia wriuli fanjrebi. sakvalifikacio pulpa 

centrifugas miewodeba centraluri milis saSualebiT. 

rotoris mier ganviTarebuli centridanuli Zalis 

saSualebiT pulpa gaityorcneba periferiisaken. rotoris 
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Siga zedapirze daleqili masala Snekis saSualebiT 

ganitvirTeba specialuri fanjridan. 

 

nax.5.8.  damleqi centrifuga. 

1_konusuri rotori; 2_Sneki; 3,4_poWoWiki; 5_korpusi; 

6_planetaruli reduqtori; 7_mkvebavi mili. 

 

klasifikaciis procesis efeqturoba SeiZleba 

ganisazRvros Semdegi formuliT 

( )( )
( )( ) %
100

10000
θβαα
θααβ

−−
−−

=E  

sadac βα ,  da θ  _ saangariSo klasis (_74 mkm) 

Secvelobaa sawyis masalaSi, gadanadenSi da silebSi. 

meqanikuri klasifikarorebis efeqturoba saSualod 

43÷45%-ia.     

 

5.5. klasifikatoris gadanadenSi masalis 

simsxos gansazRvra 

 
klasifikatorSi masalis simsxos mixedviT dayofis 

procesi SegviZlia warmovadginoT Semdegi saxiT 

(nax.5.9.). masala B wertilidan O-saken moZraobs, 

horizontaluri da  aseve vertikaluri cvalebadi 

sididis siCqariT, rac ganpirobebulia siTxis dawneviT. 

am ori siCqaris tolqmedi mimarTulia horizontisadmi 
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gansazRvruli kuTxiT. marcvlebi, romelTa zoma 

ramdenime mikrons ar aRemateba, ar iZireba pulpaSi da 

moZraoben pulpis sarkiseburi zedapiris AD siaxloves 

BOE traeqtoriiT. didi zomis marcvlebi swrafad iZireba 

pulpaSi MBM traeqtoriiT. Sualedi zomis marcvlebis 

moZraobis traeqtoria gamoisaxeba BO mrudiT, romelic 

pulpas yofs or nawilad, marcvlebi, romelTa moZraobis 

traeqtoria moTavsebulia  BO  mrudis zemoT, gadadian 
gadanadenSi, xolo marcvlebi, romelTa moZraobis 

traeqtoria moTavsebulia BO-s qvemoT, ileqeba 

klasifikatorSi da warmoadgens silis fraqcias. 

 
 
gadanadenSi marcvlis simsxos gansazRvrisaTvis 

saWiroa SemoviRoT Semdegi daSvebebi: 

1) masalis moZraobis horizontaluri siCqare 

gavutoloT pulpis moZraobis horizontalur siCqares. 

2) marcvlis moZraobis vertikaluri siCqare 

miviRoT toli amave marcvlebis SezRuduli vardnis 

siCqarisa, romelic damokidebulia marcvlebis zomaze da 

myaris procentul Semcvelobaze. gaangariSeba warmoebs 

Semdegi TanmimdevrobiT:  

nax.5.9 klasifikatoridan pulpis gadanadenis 

sqema. 

1_ klasifikatoris varcli, 2_ gadanadenis zRurbli, 

3_ pulpis mimwodebeli mili. 
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1) ganisazRvreba pulpis xvedriTi debiti 

B
Vq =  

V – pulpis debitia, m3/wm; 

B – klasifikatoris siganea,  m. 

2) gamoiTvleba pulpis nakadis horizontaluri 

siCqare 

H
qV

85,0
=  

3) iangariSeba klasifikatorSi siTxis dawneva. 

3 26,0 qH =  

4) ganisazRvreba dro, romelic saWiroa masalis B-

dan 0-mde gadaadgilebisaTvis  

V
bt =  

5) gansazRvruli  t dro gautoldeba im dros, 

romelic saWiroa masalis B –dan O-mde CaZirvisaTvis da 
Sesabamisad ganisazRvreba SezRuduli vardnis siCqare  

t
H

=Sezω
 

6) SezRuduli vardnis siCqaris mixedviT 

ganisazRvreba Tavisufali vardnis siCqare 

)1(
kub

SezSez T
T

−−= ωω
 

bT
T

ku

Sez

Tav

−
=

1

ω
ω  

T – myaris  procentuli Semcvelobaa pulpaSi. 

Tkub – myaris zRvruli procentuli Semcvelobaa 

pulpis kuburi formis nawilSi. 
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π
δ

δ
6)1(

100

+−
=kubT

 

δ- myari masalis simkvrivea t/m3 

 

klasifikatoris  gadanadenSi gadasuli myari 

masalis simsxo ganisazRvreba formuliT: 

1)-( 5450

Tav

δ
ω

=d
 

 

5.6. pnevmatikuri klasifikacia 

 

haeris garemoSi mineralur marcvalTa simsxos 

mixedviT dayofas, pnevmatikuri klasifikacia anu 

aspiracia ewodeba. 

pnevmatikuri klasifikacia gamoiyeneba aratentevadi 

wiaRiseulis mSrali wesiT gamdidrebis dros, an 

rodesac wiaRiseuli unda gamdidrdes mxolod mSrali 

wesiT, radgan dasveleba cvlis mineralebis fiziko-

qimiur Tvisebebs. 

pnevmatikuri klasifikaciis procesSi mineralebis 

simsxos mixedviT dayofa ganxorcielebulia gravitaciul 

an centridanuli veliT. 

gravitaciuli veliT damyofi klasifikatorebi 

muSaoben haeris nakadis miwodebis horizontaluri, 

vertikaluri da kombinirebuli principiT. 

centridanuli klasifikatoris (nax. 5.10.)korpusis 

(1) cilindruli nawili bolovdeba konusuri kameriT(8), 

saidanac ganitvirTeba mtveri. 
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korpusis SiniT  moTavsebulia ormagi konusuri 

kamera (2). korpusis zeda nawilSi haeris nakadis 

warmosaqmnelad damontaJebulia ventilatoris  muSa 

Tvali (5), konusuri kameris SigniT damontaJebulia 

lilvi (3), romelzedac damagrebulia disko 
(4).saklasifikacio masala Raris (6) da Zabris (7) 

saSualebiT miewodeba mbrunav diskos. masala 

centridanuli ZaliT gaityorcneba periferiaze. 

msxvilmarcvlovani masala korpusze dajaxebis Semdeg 

Cacurdeba ganmtvirT kameraSi (10), xolo 

wvrilmarcvlovani masala, romelTa vardnis siCqare 

naklebia haeris aRmavali Wavlis siCqareze, waritaceba 

haeris nakadis mier da ganitvirTeba mtveris saxiT. 

 
 

nax. 5.10. centridanuli 

klasifikatori. 

1,2 _ gare da Siga korpusi; 

3_lilvi; 4_disko; 5- 

ventiliatoris borbali; 6_mimRebi 

Rari; 7_mimRebi Zabri; 8_mtveris 

ganmtvirTi xvreli; 9-Jaluzi; 10-

klasificirebuli masalis 

ganmtvirTi xvreli; 11_amZravi. 
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6. mZime  garemoSi gamdidreba 

6.1. mZime garemoSi gamdidrebis arsi da  

gamoyenebis sfero 
mZime garemoSi mineralur marcvalTa simkvriveebis 

mixedviT fraqciebad dayofis process _ mZime garemoSi 

gamdidreba ewodeba. Tu sxvadasxva simkvrivis marcvalTa 

narevs movaTavsebT garemoSi, romlis simkvrives ukavia 

Sualedi mdgomareoba msubuq da mZime mineralTa Soris, 

maSin iwarmoebs mocemuli narevis dayofa Semadgenel 

komponentebad, mineralebi, romelTa kuTri wona 

aRemateba mZime garemos simkvrives, CaiZireba, xolo 

ufro msubuqi_ativtivdeba. mZime garemod gamoyenebulia: 

erTgvarovani organuli siTxeebi, mZime liTonis marilTa 

wyalxsnarebi da mZime suspenziebi. 

damamZimeblis moculobiTi koncentracia suspenziaSi 

ar unda aRematebodes 40-42%-s. meti koncentraciis 

SemTxvevaSi suspenziis siblante mkveTrad matulobs da 

teqnologiuri procesebisaTvis gamousadegari xdeba. 

suspenziaSi SeiZleba gavamdidroT mxolod 

msxvilmarcvlovani masala. madnebis_5-mm-ze ufro 

msxvili klasi, naxSirebi_10 mm-ze ufro msxvili klasi, 

centridanuli velis gamoyeneba saSualebas gvaZlevs,  

SevamciroT gasamdidrebeli masalis qveda zRvari. mZime 

suspenziaSi mineralTa dayofis arsi ganisazRvreba 

siTxis hidrodinamikuri wonasworobis pirobidan 

(nax.6.1.) 
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nax. 6.1. siTxeSi myari sxeulis hidrodinamikuri  

wonasworoba 

 

davuSvaT, mils qvemodan ewodeba siTxe V siCqariT, 

Tu aRmavali nakadis V siCqare metia siTxeSi 

moTavsebuli myari marcvlebis vardnis siCqareze, am 

SemTxvevaSi myari nawilakebi iqnebian Setivtivebul 

mdgomareobaSi. myari masalis didi moculbiTi 

koncentraciis dros SegviZlia miviRoT, rom siTxe 

erTgvarovania da marcvlebic moZraoben igive V 

siCqariT. erTgvarovani siTxeebisaTvis samarTliania 

bernulis gantoleba.  

const
g
VZP

=++
2

2

γ
 

sadac  
γ
P

 - nakadis piezometruli simaRlea. gamosaxavs 

garkveuli simaRlis nakadis dawnevis Zalas;                    

Z –z. simaRleze myofi sxeulis potencialuri 

energiaa;. 

V
g
V

−
2

2

siCqariT moZravi nakadis kinetikuri 

energiaa. 
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Tu miviRebT, rom nakadis moZraobis siCqare 

mudmovia V= const, maSin gamosaxuleba const
g
V

=
2

2

 da 

Sesabamisad  ZP
+

γ
const=  

amrigad, mudmivi siCqaris mqone damyarebuli nakadis 

dinamiuri wonasworoba tolfasovania mSvidi aris 

dinamiuri wonasworobisa. 

suspenziis moculobaSi pirobiTad gamovyoT 

erTeulovani farTis mqone prizma, romlis ganivi kveTi 

F=1; gamoyofil prizmaze yoveli mxridan moqmedebs 

siTxis wneva. Zalebi, romlebic moqmedeben prizmis 

RerZis perpendikularulad, erTmaneTs abaTilebs. 

prizmis moZraoba ganpirobebulia P1 da P2 Zalebis 

tolqmediT, romelic maTi sxvaobis tolia. radganac 

siTxe warmoadgens damyarebul nakads, SegviZlia 

davweroT 

constZP

constZP

=+

=+

2
2

1
1

γ

γ
 

amrigad 2
2

1
1 Z

P
Z

P
+=+

γγ
 

aqedan hZZPP ⋅=−=− γγ )( 2112  
h – prizmis simaRlea. 
rogorc viciT, prizmis wona  G = ϒ⋅  F  ⋅h  =  ϒ h 
amrigad, prizmaze moqmedi tolqmedi Zalis 

mniSvneloba prizmis wonis tolia. es ukanaskneli 

samarTliania damyarebuli nakadisaTvis. Tu prizmaSi 

movaTavsebT myar sxeuls, romlis simkvrive tolia 

suspenziis simkvrivisa, sxeuli iqneba Setivtivebul 
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mdgomareobaSi Tu sxeulis simkvrive  ϒ1  >  ϒsusp.   am 

SemTxvevaSi sxeulis wona h (ϒ1 - ϒ )  sididiT metia 

tolqmedi Zalis sidideze da sxeuli iwyebs CaZirvas 

siTxeSi, xolo, Tu sxeulis simkvrive naklebia 

suspenziis simkvriveze, ativtivdeba.  

mineralur suspenziaSi wiaRiseulTa gamdidreba 

xasiaTdeba maRali efeqturobiT, rac ganpirobebulia 

imiT, rom mZime garemoSi arqimedes kanonis Tanaxmad 

CaZiruli sxeulis wonis danakargi metia, vidre wylis 

garemoSi, xolo vardnili sxeulis simZimis Zalis 

aCqareba mcirea. mZime garemoSi gamdidrebis procesSi 

gamoyenebul mowyobilobas  suspenziuri separatori 

ewodeba. 

 

6.2 suspenziuri  separatorebi 
wiaRiseulTa mZime garemoSi gamdidrebis procesSi 

gamoiyeneba sxvadasxva konstruqciis suspenziuri 

separatorebi. 

suspenziuri separatorebi konstruqciuli niSnis 

mixedviT iyofa ramdenime jgufad.  

1. separatoris mdgomareobis mixedviT: moZravi, 

uZravi. 

2. abazanis formis mixedviT: piramidaluri, doluri, 

konusuri, varcliseburi. 

3. mZime fraqciis ganmtvirTi mowyobilobis saxeobis 

mixedviT: erlifturi, Snekuri, elevatoris Tvliani. 

4. abazanaSi suspenziis mowodebis 

mimarTulebiT: horizontaluri, vertikaluri, da 

kombinirebuli miwodebis. 

5. gamoyofili produqtis raodenobis mixedviT: sam 

produqtiani da orproduqtiani. 
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6. mineralur marcvalTa gamyofi velis mixedviT: 

centridanuli da gravitaciuli. 

suspenziuri separatorebis klasifikacia da 

sqematuri naxazebi mocemulia nax. 6.2. 

gravitaciuli veliT gamyof suspenziur 

separatorebSi gasamdidrebli masalis maqsimaluri zoma 

naxSirebisaTvis 300 mm-ia, xolo madnebisaTvis_150. qveda 

zRvari naxSirebisaTvis 6-10 mm-ia, xolo madnebisaTvis_3-

5 mm. naxSirebisa da madnebis wvrili klasis  

gasamdidreblad gamoiyeneba centridanuli veliT gamyofi 

suspenziuri separatorebi _hidrociklonebi da 

centrifugebi. 

 

nax. 6.2. suspenziuri separatorebis klasifikacia 

 

doluri suspenziuri separatorebi ori saxisaa: 

spiraluri separatori СВС tipis (nax. 6.3.) da doluri 

separatori elevatoruli gantvirTviT СБЭ tipis.  (nax. 
6.4.)  

СБС  gamoiyeneba feradi, Savi da araliTonuri 

madnebis gamdidrebisaTvis: Sedgeba dolisagan (1), 

romelic damontaJebulia sayrden gorgolaWebze (7, 11). 

dolis SigniT damontaJebulia spirali, romlis 

saSualebiTac warmoebs mZime fraqciis gadaadgileba. 
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gasamdidrebeli masala separators miewodeba CamtvirTi 

Raridan (2). msubuqi fraqcia separatoridan 

ganitvirTeba gadanadenis saxiT Raridan (4). mZime 

fraqcia elevatoris saSualebiT ganitvirTeba Raridan 

(9). doli asrulebs brunviT moZraobas. amZravi 

meqanizmis saSualebiT. separatoris moqmedebis principi 

SemdegSi mdgomareobs: gasamdidrebeli masala 

suspenziasTan erTad miewodeba separators CamtvirTi 

Raris saSualebiT. mineralebi, romelTa kuTri wonac 

aRemateba suspenziis kuTr wonas, CaiZireba, xolo 

mineralebi, romelTa kuTri wonac mcirea suspenziis 

kuTr wonaze, ativtivdeba da ganitvirTeba gadanadenis 

saxiT Raridan. CaZiruli mZime fraqcia dolis Siga 

zedapirze damontaJebuli spiralebis saSualebiT 

gadaadgildeba elevatoramde, romlis saSualebiT 

ganitvirTeba Raridan. СБЭ  tipis doluri separatoris 

moqmedebis principi analogiuria СБС  separatorisa.   

 
nax.  6.3. doluri suspenziuri separatori  СБС 

1. doli;  2. CamtvirTi Rari; 3, 10 – sayrdeni; 

4. msubuqi fraqciis ganmtvirTi Rari; 5. kbilana; 

6. amZravi; 7. sayrdeni gorgolaWi. 
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nax. 6.4 doluri suspenziuri separatori  СБЭ 

1. doli; 2. mZime fraqciis ganmtvirTi Rari; 3. CamtvirTi Rari; 4,9. 
sayrdenebi; 5,11 sayrdeni gorgolaWebi; 6. amZravi; 7. sadgari; 8. 

kbilanebi; 10. msubuqi fraqciis ganmtvirTi Rari. 

  
konusuri separatori СК_3 . gamoiyeneba liTonuri 

da araliTonuri madnebis gasamdidreblad. (nax. 6.5.) 

 

 

 

 

 

 

separatoris korpusi (2) 

Sedgeba cilindruli da konusuri 

nawilisagan. separatoris cilindrul nawilSi miewodeba 

gasamdidrebeli masala. konusur nawilSi damontaJebulia 

nax. 6.5 konusuri separatori  СК-3 
1-reduqtori; 2-korpusi; 3-Rru lilvi; 4-

muxla lilvi; 5-frqvevana; 6-amrevi; 7-

erliftis mili; 8-erliftis ganmtvirTi 

kamera; 9-amrekli fari; 10-msubuqi fraqciis 

ganmtvirTi Rari; 11-masalis CamtvirTi  

Rari; 12-amZravi. 
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suspenziis amrevi meqanizmi (6), romelic asrulebs 

brunviT moZraobas amZravi meqanizmis (12) saSualebiT. 

separatoridan mZime fraqcia ganitvirTeba (7)erliftiT. 

erlifti separatorTan dakavSirebulia muxla milis (4) 

saSualebiT. erlifti warmoadgens vertikalur mils (7), 

romlis qveda boloSi damontaJebulia mfrqvevana (5), 

romelsac miewodeba SekumSuli haeri.  

 elevatoris Tvliani separatori (nax. 6.6.) СК 
tipis gamoiyeneba qvanaxSiris gasamdidreblad. 

separatori Sedgeba piramidaluri korpusisagan (1), 

romelic damontaJebulia sayrdenebze. separatoridan 

mZime fraqciis gantvirTva ganxorcielebulia 

elevatoruli Tvalis (3) saSualebiT. Mmsubuqi fraqcia 

gamoiyofa gadanadenis saxiT.  

 
nax. 6.6  elevatoris Tvliani separatori   СК-1 
1_ abazana; 2_ Tvalis amZravi;  3- elevatoris Tvali; 

4_ msubuqi fraqciis ganmtvirTi  mowyobiloba. 

 

6.3. suspenziis simkvrivis avtomaturi 

regulatori 

sasargeblo wiaRiseulTa MmZime garemoSi 

gamdidrebis efeqturoba ZiriTadad damokidebulia 
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suspenziis simkvrivis mudmivobaze, suspenziis simkvrivis 

kontroli da regulireba ganxorcielebulia sxvadasxva 

meTodiT: 1. suspenziis ganuwyveteli awoniT. 2. 

areometriuli meTodiT, 3. hidrostatikuri meTodiT, 4. 

piezometruli meTodiT, 5. el. magnituri xerxiT, 6. 

radioizotopuli gamosxivebiT. 

suspenziis simkvrivis avtomaturi regulatori (nax. 

6.7.) Sedgeba densimetrisagan (1), romelsac bolo 

nawilSi ukeTdeba nacmi (2) manometrisagan (3), 

deteqtoruli milakisagan (4), eleqtrogadamwodisagan 

(5) da  eleqtromagnituri sistemisagan (6). 

 

nax.6.7. simkrivis avtomaturi regulatoris sqema 

 

suspenziis simkvrivis avtomaturi regulirebis 

moqmedebis principi SemdegSi mdgomareobs. suspenziur 

separatoridan muSa suspenziis nawili ganuwyvetliv 

miewodeba cilindrul WurWels (1), cilindrul 

WurWels ukavSirdeba manometris mili, romelSidac 



74 
 

ganuwyvetliv miewodeba sufTa wyali simkvriviT 1000 

kg/m3. 

densimetrSi suspenziisa da wylis sveti 

gawonasworebulia naxazze naCvenebi H –is mniSvnelobis 

dros. aRniSnul mdgomareobaSi wredi Sekrulia 

gadamwodis a da b kontaqtebs Soris. aseT SemTxvevaSi 

anTebulia TeTri naTura, rac maCvenebelia, rom 

suspenzia kondiciuria, xolo rodesac manometris 

Cveneba D+∆D  gadamwodis abc kontaqtebi CairTveba da 

ainTeba wiTeli naTura, es maCvenebelia, rom suspenziis 

simkvrive kondiciur mniSvnelobas aRemateba. aseT 

SemTxvevaSi CairTveba el. magnituri sistema (6) da 

wyali miewodeba suspenziis avzs, xolo rodesac 

manometris Cveneba aris D-∆D,  aseT SemTxvevaSi gaiTiSeba  

abc kontaqtebi da ainTeba mwvane naTura, e.i. suspenziis 

simkvrive kondiciurze mcirea. aRniSnul SemTxvevaSi 

emateba kondiciuri suspenzia. 

6.4. suspenziis regeneracia 
ganSrevebis procesSi suspenzia nagviandeba 

gasamdidrebeli masalis wvrilmarcvlovani fraqciiT, 

rac iwvevs siblantis gazrdas da dayofis efeqturobis 

Semcirebas. 

agreTve ganSrevebis procesSi suspenziis garkveuli 

raodenoba mihyveba mZime da msubuq fraqcias. 

suspenziis Tvisebebis SenarCunebisa da suspenziis 

xarjis Semcirebis mizniT awarmoeben suspenziis aRdgenas 

–regeneracias. 
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suspenziis regeneracia iTvaliswinebs suspenzoidis 

gamoyofas gamdidrebis produqtebidan. 

gamdidrebis procesSi suspenziis regeneracia 

warmoadgens yvelaze sapasuxismgeblo da rTul 

operacias. 

ganzavebul da muSa suspenziidan damamZimeblis 

gamoyofa warmoebs ramdenime meTodiT, rac 

damokidebulia damamZimeblis fizikur da fizikur-qimiur 

Tvisebebze. suspenziis regeneracia SeiZleba 

ganvaxorcieloT magnituri meTodiT (magnituri 

Tvisebebis mqone damamZimeblis gamoyenebisas), 

hidravlikuri klasifikaciiT da flotaciuri meTodiT. 

zemoT CamoTvlili erTi romelime meTodiT 

gamoyofil damamZimebels saWiro raodenobis wyals 

ureven im angariSiT, rom miiRon mocemuli simkvrivis 

suspenzia. amis Semdeg momzadebul suspenzias umateben 

muSa suspenzias, romelic cirkulirebs procesSi. 

damamZimeblis regeneraciis procesSi adgili aqvs 

danakargebs, isini damokidebulia damamZimeblis xarisxze, 

regeneraciis xerxsa da regeneraciis procesis 

avtomatizaciis srulyofaze. danakargTa Sevseba warmoebs 

axlad damzadebuli damamZimeblis procesSi SeyvaniT.  

damamZimeblis xarisxs da mis sacrul Sedgenilobas 

gadamwyveti mniSvneloba aqvs mZime suspenziaSi 

gamdidrebis Sedegebze. 

magnetituri suspenziis regeneracia 

ganxorcielebulia magnituri meTodiT, radgan magnetitis 
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– Fe3O4   mineralebi xasiaTdeba Zliermagnituri 

amTviseblobiT. 

magnetituri suspenziis regeneraciis sqema 

mocemulia nax.6.8. suspenziuri separatoridan msubuqi da 

mZime fraqcia miewodeba gamauwyloebel cxrils. 

cxrilis pirvel ganyofilebaSi warmoebs suspenziis 

drenaJi, saidanac gamoiyofa kondiciuri suspenzia, 

romelic uerTdeba muSa suspenzias separatorSi. 

 

nax. 6.8. magnetituri suspenziis  regeneraciis sqema. 

1_ cxrili; 2_ zumfi; 3_ tumbo; 4_ doluri magnituri 

separatori; 5_ lenturi magnituri separatori; 6_ gamanawilebeli 

Rari. 

 

cxrilis meore ganyofilebaSi wylis saSualebiT 

warmoebs mZime da msubuqi fraqciis morecxva, saidanac 

gamoiyofa ganzavebuli, arakondiciuri suspenzia, 

romelic tumbos saSualebiT miewodeba regeneraciis 

pirvel stadiaze dolur magnitur separators. 
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separatoridan aramagnituri fraqcia – Slamiani wyali 

miewodeba regeneraciis meore stadiaze, lentur 

magnitur separators. regeneraciiT miRebuli magnituri 

fraqcia_suspenzoidi gamoiyeneba kondiciuri suspenziis 

mosamzadeblad. 

 

 
7. daleqva 

 

7.1. daleqvis procesis arsi da gamoyenebis 

sfero 

 
wylis pulsirebul nakadSi mineralur marcvalTa  

simkvriveebis mixedviT fraqciebad dayofis process 

daleqva ewodeba. daleqvis procesSi wylis pulsirebul 

(aRmaval_daRmavali) nakadSi warmoebs mineralur 

marcvalTa ganSreveba. wyalis aRmavali_daRmavali Wavlis 

moqmedebiT sagebi, romelic Sedgeba gasamdidrebeli 

masalisagan, periodulad gafxvierdeba da SemWidrovdeba. 

ris Sedegadac mZime mineralebi koncentrirdeba sagebis 

qveda SreSi, msubuqi mineralebi_ sagebis zeda SreSi. 

xolo Sualeduri simkvrivis mineralebi_sagebis Sua 

SreSi. davuSvaT, saleqi manqanis cxavis zedapirze 

moTavsebulia sxvadasxva simkvrivis mineralTa Tanabari 

zomis marcvlebi. msubuqi mineralis Tavisufali vardnis 

siCqare aRvniSnoT Vms mZime mineralis Tavisufali 

vardnis siCqare VmZ. wylis aRmavali Wavlis siCqare WaR. 

xolo daRmavalis WdaR. daleqvis sinusoidaluri ciklis 

dros WaR = WdaR, da Sesabamisad, moqmedebis droc 
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erTmaneTis tolia da udris 
2
t
.  aRmaval nakadSi mZime 

mineralebis moZraobis fardobiTi siCqare toli iqneba     

WaR _ VmZ, xolo msubuq mineralebis WaR - Vms. mZime 

mineralebis mier gavlili manZili aRmavali Wavlis 

moqmedebis dros ,
2

)(1
tVwh mZaR −=  xolo msubuqi 

mineralis ,
2

)(2
tVwh msaR −= am tolobebidan 12 hh f , 

radgan msmZ VV > . 

amrigad, aRmavali Wavlis moqmedebiT mZime 

mineralTa marcvlebi cxavis zedapiridan ativtivdeba 

mcire simaRleze vidre msubuqi mineralis marcvlebi. 

daRmaval QWavlSi mZime mineralis marcvalTa moZraobis 

fardobiTi siCqare toli iqneba  WdaR + VmZ. xolo 

msubuqi mineralis marcvalTa  WdaR + Vms. cxavis 

zedapirze mZime da msubuqi mineralis marcvalTa 

daleqvis saWiro dro   

msdaR

mZdaR

VW
ht

VW
ht

+
=

+
=

2
2

1
1

 

aRniSnuli tolobebis SedarebiT miviRebT, rom 

21 tt < . 
amrigad, daleqvis erTi ciklis dros mZime 

mineralis marcvlebi moTavsdeba qveda SreSi cxavis 

zedapirze, xolo msubuqi mineralis marcvlebi_zeda 

SreSi. 

gamdidrebis praqtikaSi daleqvis procesi 

gamoiyeneba msxvilmarcvlovani masalis gasamdidreblad. 

daleqviT gasamdidrebeli masalis simsxo 

madnebisaTvis_50-0,25 mm. xolo naxSirebisaTvis_100-0,5 
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mm. ufro msxvili an wvrili masalis gamdidreba 

daleqviT araefeqturia. 

 

7.2. nakadis kinematikuri struqtura 

 
daleqvis procesSi masalis sxvadasxva simkvrivis 

fraqciebad dayofa warmoebs wylis pulsirebul nakadSi. 

saleq ganyofilebaSi wylis aRmavali nakadi 

deformirdeba horizontaluri nakadis moqmedebiT da 

gadaixreba misi dinebis mimarTulebiT, rac ganapirobebs 

saleq ganyofilebaSi ganSrevebuli masalis 

gadaadgilebas. 

ganvixiloT dguSiani saleqi manqanis kinematikuri 

sqema. N(nax. 7.1.) 

 

nax.7.1 saleqi manqanis kinematikuri sqema 

 

 rogorc naxazidan Cans, eqscentrisiteti ρ=ob,  
dguSis svlis sigrZe  h=2ρ 

ϕ  aris eqscentrisitetis Semobrunebis kuTxe. 

mrudxaras mudmivi wriuli siCqare aRvniSnoT C-Ti. 
romlis vertikaluri gegmili mimarTulia aRmavali 

nakadis siCqaris sawinaaRmdegod da tolia  

U = C Sinϕ 



80 
 

6030
hnnC ππρ

==  

sadac n – svlaTa ricxvia wT-Si. 

dguSis moZraobis saSualo siCqare 

60
2hnV =  

Aam ori formulidan miviRebT, rom  

2
π

=
V
C

 

saidanac  C= 1,57 V 
amrigad moZraobis wriuli siCqare 1,57-jer 

aRemateba dguSis moZraobis saSualo siCqares. wylis 

aRmavali nakadis maqsimaluri siCqare  

Umax = -β  C Sin ϕ 
minus niSani gviCvenebs, rom aRmavali nakadis 

mimarTuleba dguSis moZraobis mimarTulebis 

sawinaaRmdegoa. 

β - winaaRmdegobis koeficientia. 
dguSiani saleqi manqanebisaTvis β<1 xolo 

diafragmulisaTvis β = 1. 
ϕ- aris eqscentrisitetis Semobrunebis kuTxe.  
C – mrudxaris wriuli siCqarea 

 

 

 

7.3. saleqi manqanebi 
sasargeblo wiaRiseulis daleqvis procesSi 

gamoiyeneba sxvadsxva konstruqciis saleqi manqanebi, 

romelTa klasifikacia ganxorcielebulia maTi 

konstruqciuli ZiriTadi niSnis mixedviT (nax.7.2.) 
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1. gamyofi garemos saxeobis mixedviT: 

hidravlikuri da pnevmatikuri. 

2. pulsaciis warmomqmneli meqanizmis saxeobis 

mixedviT: moZrav cxriliani; diafragmuli da udguSo 

(hidro da pnevmo pulsatori) 

3. gamdidrebis produqtebis gantvirTvis saxeobis 

mixedviT: Siberuli, uSibero da rotoruli. 

4. kameraTa ricxvis mixedviT: erTkameriani; 

orkameriani, samkameriani da mravalkameriani. 

5. pulsaciis warmomqmneli meqanizmis (dguSis, 

diafragmis, sahaero kameris) ganlagebis mixedviT: 

nax. 7.2. saleqi 

manqanebis sqemebi: 

1.2.3.4.5_ diafragmuli; 

6.7.8.9.10.11.12_ udguSo; 13- 

dguSiani; 14_moZravcxaviani 
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_ dguSiani saleqi manqanebi dguSis gverdiTi da 

cxavqveSa ganlagebiT; 

_ diafragmuli saleqi manqanebi, diafragmis 

vertikaluri da horizontaluri ganlagebiT; 

_ udguSo saleqi manqanebi sahaero kameris  

gverdiTi, centraluri, cxavqveSa da cxrilzeda 

ganlagebiT. 

aRniSnuli konstruqciis saleqi manqanebidan 

Tanamedrove gamamdidrebel fabrikebSi ZiriTadad 

gamoiyeneba udguSo saleqi manqanebi, romlebic xasiaTdeba 

martivi konstruqciiT, muSaobis procesSi regulirebiT 

da maRali efeqturobiT. 

moZrav cxavian saleq manqanaSi (nax. 7.3.) cxavi (1) 

mrudxana-barbaca meqanizmis (2) saSualebiT moZraobis 

elifsuri traeqtoriiT.  

 

Nnax. 7.3.  moZrav cxaviani saleqi manqana (Stauxi) 

1_damleqi cxavi; 2_ amZravi meqanizmi. 

 

cxrilis moZraobiT warmoiqmneba wylis 

pulsirebuli (aRmavali - daRmavali) nakadi, romlis 

saSualebiTac warmoebs gasamdidrebeli masalis 

simkvriveebis mixedviT ganSreveba. aRmavali Wavlis 
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moqmedebiT msubuqi fraqcia ativtivdeba da ganitvirTeba 

saleqi manqanidan wyalTan erTad gadanadenis saxiT, 

xolo cxavis zedapirze saidanac daleqili mZime fraqcia 

ganitvirTeba kameraSi. 

aseTi tipis saleqi manqaniT SesaZlebelia miviRoT 

sami produqti: koncentrati, Sualedi produqti da 

kudebi. 

dguSiani saleqi manqana (nax.7.4.) Sedgeba ori 

ganyofilebisagan: saleqi da dguSis ganyofileba. saleq 

ganyofilebaSi gansazRvrul simaRleze damontaJebulia 

cxavi (1), xolo dguSis ganyofilebaSi mrudxara barbaca 

meqanizmis (2) saSualebiT dguSi (3) vertikalur 

sibrtyeSi asrulebs winsvliT-ukumoqceviT gadataniT 

moZraobas. dguSis moZraobiT saleq ganyofilebaSi 

warmoiqmneba wylis pulsirebuli nakadi, romlis 

saSualebiTac warmoebs gasamdidrebeli masalis 

fraqciebad dayofa. saleqi manqanebidan msubuqi fraqcia 

ganitvirTeba wyalTan erTad gadanadenis saxiT, xolo 

cxavis zedapirze daleqili mZime fraqcia ganitvirTeba 

kameraSi.  

 

nax.7.4.  dguSiani saleqi manqana 

1_cxavi; 2_amZravi meqanizmi; 3_ dguSi. 
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 diafragmuli saleqi manqanebi (nax. 7.5–7.6-7.7) 

maRalsixSiriani (200-500 rx/wT) saleqi manqanebia, 

romlebic gamoiyeneba wvrilmarcvlovani madnebis 

gasamdidreblad. saleqi manqanebi diafragmis ganlagebis 

mixedviT iyofa or jgufad: diafragmis horizontalur 

sibrtyeSi ganlagebiT МОД tipis da vertikalur 

sibrtyeSi ganlagebiT ОВМ –tipis. 
ОВМ- tipis diafragmuli saleqi manqana (nax. 7.5) 

gamoiyeneba 3 mm-ze mcire zomis madnebis gasamdidreblad. 

saleqi manqanis korpusi (1) Sedgeba ori kamerisagan: 

kamerebi bolovdeba piramidaluri (2) nawiliT. 

Kkamerebis gamyof tixarze(4), romelic warmoadgens 

liTonis firfitas, damagrebulia rezinis diafragma (3). 

igi asrulebs horizontalur sibrtyeSi rxeviT 

moZraobas. Mmrudxara meqanizmis(5) saSualebiT. saleq 

ganyofilebaSi damontaJebulia cxavi, cxavze ki sagebis 

gamyofi CarCo. 

 

 

nax. 7.5.  saleqi manqana 2-ОВМ-1 
1_sadgari; 2_piramiduli nawili; 3_rezinis diafragma;  

4_gamyofi tixari; 5_amZravi meqanizmi. 
 

saleq ganyofilebaSi diafragmis rxeviTi moZraobiT 

warmoiqmneba wylis pulsirebuli nakadi, romlis 
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saSualebiTac warmoebs gasamdidrebeli masalis 

simkvriveebis mixedviT fraqciebad ganSreveba. msubuqi 

fraqcia saleqi manqanidan ganitvirTeba wyalTan erTad 

gadanadenis saxiT, xolo mZime fraqcia daleqvis 

procesSi gadaadgildeba xelovnuri sagebis marcvlebs 

Soris da ganitvirTeba kamerebSi cxavis xvretebidan. 

 

 
nax.7.6. diafragmuli saleqi manqana  МОД-2 

1_firfitiseburi zambara; 2_CarCo; 3_kameris konusuri nawili; 

4_rezinis diafragma; 5_damleqi cxavi; 6_kameris piramidaluri 

nawili; 7_mrudxarabarbaca meqanizmi; 8_el. Zravi. 

 

 

nax. 7.7. diafragmuli saleqi manqana  МОД-3. 
1_firfitisebuli zambara; 2_CarCo; 3_korpusis piramiduli nawili; 

4_konusuri nawili; 5_cxavi; 6_rezinis samajeri; 7_korpusi; 

8_mrudxarabarbaca meqanizmi; 9_elZravi. 
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МОД  tipis diafragmuli saleqi manqanebi 

gamoiyeneba 15 mm-ze mcire zomis madnebis 

gasamdidreblad. nax.4.8. mocemulia МОД-2 tipis saleqi 

manqana, romelic Sedgeba ori kamerisagan. kameris zeda 

nawilebi piramidaluri formisaa, romelic bolovdeba 

konusuri formis nawiliT(3). 

konusuri nawili kameris muSa nawilTan 

dakavSirebulia rezinis diafragmis saSualebiT. 

konusuri nawilebi erTmaneTTan SeerTebulia 

firfitiseburi zambariT(1) da damagrebulia CarCoSi(2), 

romelic asrulebs rxeviT moZraobas mrudxara barbaca 

meqanizmis(7) saSualebiT. saleq manqanaSi gansazRvrul 

simaRleze damontaJebulia cxavi(5), romelzedac 

damagrebulia CarCo  xelovnuri sagebisaTvis. konusur 

da piramidul nawils Soris moTavsebuli diafragmebi 

vertikalur sibrtyeSi asrulebs rxeviT moZraobas, rac 

iwvevs wylis pulsacias, am ukanasknelis saSualebiT ki 

ganxorcielebulia gasamdidrebeli masalis simkvriveebis 

mixedviT ganSreveba. saleqi manqanidan msubuqi fraqcia 

ganitvirTeba gadanadenis saxiT, xolo mZime fraqcia 

gadaadgildeba cxavis zedapirze da ganitvirTeba 

xvretebidan kamerebSi. samkameriani diafragmuli manqana 

МОД-3   mocemulia nax. 7.7. 
udguSo saleqi manqanebi gamoiyeneba naxSirebisa da 

madnebis nebismieri zomis klasis gasamdidreblad. 

udguSo saleq manqanebSi wylis pulsirebuli nakadi 

warmoiqmneba sahaero ganyofilebaSi SekumSuli haeris 

perioduli miwodebiT. es ukanaskneli ganxorcielebulia 

pulsatorebis saSualebiT. rotoruli pulsatoris 

kinematikuri sqema mocmulia nax. 7.8. 
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nax. 7.8. rotoruli pulsatori  ПВ-4 
1_korpusi; 2_haeris mimwodebeli kamera; 3_droseluri mkveTara; 

4_rotori; 5_diagonaluri tixari; 6,7,8. fanjrebi. 
 

pulsatoris korpusi (1) arxis (2) saSualebiT 

dakavSirebulia haerSemkrebTan. miwodebuli haeris 

regulireba ganxorcielebulia droseluri mkveTaras (3) 

saSualebiT. korpusis SigniT damontaJebulia Rru 

rotori (4), romelic gayofilia diagonaluri tixriT 

(5)_or nawilad, romelTac gaaCniaT fanjara (6), 

romelic dakavSirebulia sahaero ganyofilebasTan da 

fanjara (8) romlis saSualebiTac dakavSirebulia 

atmosferosTan. rotori asrulebs brunviT moZraobas, 

e.i. rotoris brunvis naxevar periodSi SekumSuli haeri 

me-6 fanjridan me-7 arxiT Sedis sahaero ganyofilebaSi, 

xolo meore naxevar periodSi sahaero ganyofilebaSi 

arsebuli SekumSuli haeri me-7 xvrelsa da me-8 fanjris 

saSualebiT gadis atmosferoSi. rotoruli pulsatoris 

aRniSnuli muSaobis principiT warmoebs SekumSuli 

haeris perioduli miwodeba sahaero ganyofilebaSi, rac 

iwvevs wylis pulsirebuli nakadis warmoqmnas. 
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nax. 7.9. mocemulia МБОМ (modernizebuli udguSo 

saleqi manqana) tipis saleqi manqana, romelic gamoiyeneba 

naxSirebis gasamdidreblad. 

 

 

nax. 7.9. udguSo saleqi manqana МБОМ. 
1_gantvirTi kamera; 2_korpusis qveda nawili; 3_Spaltiseburi 

cxavi; 4_tivtiva gadamwodi; 5_wylis koleqtori; 6_pulsatori; 

7_korpusis zeda nawili; 8_xeliT sareguliro berketi; 9_Siberi. 

 
saleqi manqanis korpusi Sedgeba ori 

ganyofilebisagan: saleqi da sahaero. 

saleq ganyofilebaSi gansazRvrul simaRleze 

damontaJebulia Spaltiseburi cxavi (3), xolo sahaero 

ganyofilebaSi–rotoruli pulsatorebi (6), romlis 

saSualebiTac sahaero ganyofilebas miewodeba haeris 

pulsirebuli nakadi, rac iwvevs wylis pulsacias, 

wylis pulsirebuli nakadis saSualebiT warmoebs 

gasamdidrebeli masalis fraqciebad ganSreveba. msubuqi 

fraqcia ganitvirTeba wyalTan erTad gadanadenis saxiT, 

xolo mZime fraqcia daileqeba cxavis zedapirze, sadac 

specialuri ganmtvirTi mowyobilobiT ganitvirTeba 

saleqi manqanis kameraSi. cxavis zedapirze daleqili 

sagebi Sris sisqis regulireba ganxorcielebulia 

tivtiva gadamwodis (4) saSualebiT. rodesac cxavze 

daleqili mZime fraqciis Sris sisqe gadaaWarbebs 
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mocemul zRvars, tivtiva aiweva, gaxsnis Sibers da mZime 

fraqcia ganitvirTeba kameraSi. 

naxSirebis msxvili da wvrili klasis 

gasamdidreblad ZiriTadad gamoiyeneba 

ОМ-tipis saleqi manqanebi. (nax. 7.10) 

 

nax.7.10. saleqi manqana ОМ-12 
1_ganmtvirTi kamera; 2_sahaero kamera; 3_tivtiva gadamwodi; 

4_pulsatori; 5_pulsatoris amZravi; 6_cxavi; 7_sagebi; 

8_rotoruli ganmtvirTi;A9_reduqtori. 

 

,,pikis” firmis saleqi manqana  (nax.7.11.) gamoiyeneba 

naxSirebis wvrili klasis gasamdidreblad, Semdegi 

ramdenime seqciisagan. TiToeul seqciaze damontaJebulia 

pulsatori da sagebis gamfxvirebeli avtomaturi 

reguliatori  (nax. 7.12.), romlis saSualebiT 

avtomaturad regulirdeba kameraSi miwodebuli haeris 

raodenoba tivtiva gadamwodiT sagebis Sris simaRllis 

sididis mixedviT. 

xelovnuri sagebidan mZime fraqciis gantvirTvis 

avtomatizacia miRweulia haeris xarjis cvalebadobiT. 

,,pikis” firmis saleqi manqanebi gamoirCeva maRali 

teqnologiuri efeqturobiT, maTi xvedriT warmadoba ar 

aRemateba 7 t/sTm3, xolo wylis xarji Seadgens 5-7 

m3/t. saleqi manqanis seqciaTa raodenoba damokidebulia 
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moTxovnil mwarmoeblobaze. ,,pikis” formis manqanis 

teqnologiuri maCveneblebi mocemulia cxrl. 7.1. 

 

cxrili.7.1. 

wvrili naxSiris gamdidrebis teqnologiuri 

maCveneblebi 

fraqciis 
simkvrive, 

km/m3 

gamosavali, % 

koncentrati 
Sualedi 

produqti 
kudebi 

<1500 97.86 30.11 0.38 

1500_1800 2.07 55.52 5.15 

>1800 0.008 13.87 94.47 

 

 

nax. 7.11 ,,pikis” firmis saleqi manqana (safrangeTi) 

1_CamtvirTi Rari; 2_ CamtvirTi mowyobiloba; 3_korpusi; 

4_haerSekrebi; 5_pulsatori; 6_tivtiva; 7_cxavi; 

8_avtoreguliatori; 9_ milyeli cxrilqveda wylisaTvis. 



91 
 

 

nax. 7.12. avtomaturi reguliatori 

1_zeTis cilindri; 2_dguSis Woki; 3_zeTis onkani; 4_tivtiva; 

5_sahaero kamera; 6,7,8_zeTis onkanis gadamrTveli berketuli 

sistema; 9_sadgari; 10_rezinis mili. 

 

,,vedagis” firmis saleqi manqana  (nax.7.13.) 

gamoiyeneba nebismieri zomis naxSirebis gasamdidreblad. 

 

nax. 7.13. ,,vedagis” firmis saleqi manqana (germania) 
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nax. 7.14. ,,vedagis” saleqi manqanis mZime fraqciis 

gamtvirTi mowyobiloba 

1_xvreli; 2_ganmtvirTi kamera; 3_Siberi. 

 

nax. 7.15. ,,vedagis” firmis rotoruli  pulsatori. 

1_rotori; 2_haeris ciklis sareguliro Wiqa; 3_haeris SemSvebi 

Wiqa; 4,5_kbila Tvali; 6_Wiqebis samagri; 7_haeris mimwodebeli 

kamera; 8,9,10,11_sahaero ganyofilebaSi SekumSuli haeris SemSvebi da 

gamomSvebi fanjrebi. 

 

,,nortinis” firmis saleqi manqanebi  (nax.7.16.a) 

mzaddeba sami modifikaciiT, romlebic gamoiyeneba 
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sxvadasxva zomisa da kategoriis naxSirebis 

gasamdidreblad. 

 a) b) 

 

nax. 7.16. ,,nortonisa” da ,,akos” firmis saleqi manqanebi 

(inglisi) 

 

,,akos” firmis konusuri saleqi manqana  (nax. 7.16. 

b) originaluri konstruqciisaa. mas gaaCnia wriuli 

formis cxavi, romelsac sawyisi naxSiri miewodeba 

manqanis centridanul nawilSi CamtvirTi cilindridan, 

kameris centridanul nawilSi damontaJebuli rotoruli 

pulsatoriT ganxorcielebulia sagebis rxeviTi 

pulsacia mTlian farTze. 

,,mak_neli_mogiul” da ,,mak_neli_duainet” saleqi 

manqanebi  (nax. 7.17.) gamoiyeneba nebismieri zomis 

farToklasificirebuli naxSirebis gasamdidreblad. 

aRniSnuli manqanebi gamoirCeva maRali mwarmoeblobiTa 

(500_1000 t/sT) da teqnologiuri efeqturobiT. 
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nax. 7.17. ,,mak_neli_mogiul” da ,,mak_neli_duainet” 

saleqi manqanebi (a.S.S.) 

 

7.4 mZime fraqciis ganmtvirTi mowyobilobani 

 

saleqi manqanebis efeqturoba damokidebulia mZime 

fraqciis Sris sisqis sidideze. mZime fraqciis Sris 

sisqis regulireba ganxorcielebulia sxvadasxva tipis 

avtomaturi regulatorebis saSualebiT. saleq manqanebSi 

mZime fraqciis gantvirTvisaTvis gamoyenebulia Siberuli, 

uSibero da rotoruli ganmtvirTi mowyobilobani. 

Siberuli ganmtvirTi mowyobiloba (nax. 7.18.) 

Sedgeba tivtiva gadamwodisa  (1) da pnevmocilindrisagan 

(9). pnevnacilindrSi winsvliT-ukumoqcev gadataniT 

moZraobas asrulebs dguSi (10), es ukanaskneli 

berketebis (5) saSualebiT dakavSirebulia seqtorul 

saketTan (11), rodesac cxavis zedapirze daleqili mZime 

fraqciis Sris sisqe gadaaWarbebs mocemul sidides, 

tivtiva gadamwodi (1) aiwevs, gaxsnis mkveTaras (3) da 

SekumSuli haeri haermilsadenebis saSualebiT miewodeba 

pnevmocilindrs (9). SekumSuli haeris moqmedebiT 
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cilindrSi dguSi (10) gadaadgildeba vertikalur 

sibrtyeSi, romelic Semoabrunebs seqtorul sakets da 

gaxsnis ganmtvirT xvrels, saidanac ganitvirTeba mZime 

fraqcia saleqi manqanis kameraSi. rodesac mZime fraqciis 

Sris sisqe gaxdeba mocemuli sididis toli, tivtiva 

gadamwodi daubrundeba gansazRvrul mdgomareobas da 

Sewydeba pnevmocilindrSi SekumSuli haeris miwodeba da 

Caiketeba ganmtvirTi xvreli seqtoruli saketiT. 

rotoruli ganmtvirTi mowyobiloba (nax. 7.19.) 

Sedgeba tivtiva gadamwodis (1), sarqvelis (2), 

haerSemkrebis (3), membranuli reles(4), rotoruli 

saketis (5), haer gamwmendisa (6) da manometrisagan(7). 

rodesac saleqi manqanis cxavis zedapirze daleqili 

mZime fraqciis Sris sisqe gadaaWarbebs mocemul sidides, 

aiweva tivtiva gadamwodi, romelic  gaxsnis sarqvels(2) 

da haerSemkrebidan (3) haergamwmendis (6) gavliT haeri 

miewodeba membranul reles (4), romelic CarTavs mZime 

fraqciis ganmtvirTi mowyobilobis (5) amZravs. 

rotoruli ganmtvirTi mowyobilobis brunvis Sedegad 

ganitvirTeba cxavis zedapirze daleqili mZime fraqciis 

gansazRvruli raodenoba. rodesac mZime fraqciis Sris 

sisqe gautoldeba mocemul sidides, tivtiva_gadamwodis 

saSualebiT Caiketeba sarqveli da kveba Seuwydeba 

rotoruli ganmtvirTis amZravs.  

nax.7.20_ze mocemulia uSibero ganmtvirTi 

mowyobiloba, xolo nax.7.21.–ze  mZime fraqciis 

gamtvirTi avtomaturi regulatoris kinematikuri sqema. 

aRniSnuli tipis regulatoriT ganxorcielebulia OM 
tipis saleq manqanebSi Sris sisqis avtomaturi 

regulireba. 

avtomaturi reguliatori Sedgeba xuTi ZiriTadi 

kvanZisagan: I_tivtiva gadamwodi da gamzomi xelsawyo 

(1). II_gamSvebmaregulirebeli mowyobiloba (2), siCqaris 
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regulatori –reversuli ZraviT(3), magnituri 

gamSvebi(7) da avtomaturi CamrTveli (6), III_magnituri 

gamaZlierebeli (8), IV_marTvis pulti (9). V_mudmivi 

denis Zravi (10) da reduqtori (11), jaWvuri gadacemiT. 

rodesac mZime fraqciis Sris sisqe gadaaWarbebs 

zRvrul sidides, tivtiva gadamwodis saSualebiT 

impulsi gadaecema eleqtronul gamzom xelsawyoebs. es 

ukanaskneli ki impulss gadascems eleqtronul 

maregulirebel xelsawyos(2), romelic CarTavs siCqaris 

regulatoris reversul Zravs(10). siCqaruli 

regulatoris saSualebiT ganxorcielebulia mZime 

fraqciis ganmtvirTi mowyobilobis anu rotoris cvladi 

siCqariT brunva, romlis saSualebiTac warmoebs mZime 

fraqciis Sris sisqis regulireba. 

 

nax. 7.18. mZime fraqciis Siberuli ganmtvirTi 

mowyobiloba. 

1_tivtiva; 2_mimarTveli gorgolaWi; 3,4,5_berketebi;6,7,8 _ 

haergamtari milebi; 9_pnevmocilindri; 10_dguSi; 11_seqtoruli 

saketi-Siberi. 
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nax. 7. 19. rotoruli tipis ganmtvirTi mowyobiloba. 

1_tivtiva gadamwodi; 2_sarqveli; 3_haerSemkrebi; 4_membranuli 

rele; 5_rotoruli saketi; 6_haeris filtri; 7_manometri. 

 

 

nax. 7.20. uSibero ganmtvirTi mowyobiloba. 

1_tivtiva gadamwodi; 2_sarqveli; 3_haeris mimwodebeli mili; 

4_tixari; 5_ganmtvirTi kamera. 
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nax. 7.21. cvladi siCqariT mbrunav rotoriani 

ganmtvirTi mowyobilobis kinematikuri sqema. 

1_Sris sisqis gamzomi xelsawyo; 2_gamSvebmaregulirebeli 

xelsawyo; 3_reversuli Zravi; 4,5_siCqaris reostati; 

6_avtomaturi CamrTveli; 7_magnituri gamSvebi; 8_magnituri 

gamaZlierebeli; 9_marTvis pulti; 10_ mudmivi denis Zravi; 11. 

reduqtori. 

 

7.5 daleqvis ciklebi 

daleqvis cikli ewodeba wylis pulsirebuli 

nakadis vertikaluri gadaadgilebis kanonzomierebas 

rxevis erT periodSi. 

erTi ciklis xangrZlioba  
n

T 60
=  

n - aris wylis pulsaciis sixSire wuTSi. 

daleqvis procesis efeqturoba damokidebulia 

ciklis saxeobaze. daleqvis procesSi gamoyenebulia 

Semdegi ZiriTadi ciklebi: harmoniuli (sinusoiduri), 

maieris, tomasis da berdas ciklebi, (nax. 7.22.). ciklebi 
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erTmaneTisgan gansxvavdeba aRmaval-daRmavali siCqariTa 

da moqmedebis xangrZlivobiT.  

 

 

nax.7.22. daleqis ciklebi. 

 

daleqvis harmoniuli (sinusoiduri) ciklisaTvis 

damaxasiaTebelia Tanabari siCqarisa da xangrZlivobis 

wylis aRmavali da daRmavali nakadi. 

               =
a

V
d
V   da  

da
tt =  

sinusoiduri ciklis dros wylis gadaadgileba S  
da siCqaris V  cvlileba droSi gamoisaxeba Semdegi 

formuliT: 

 )cos1(5.0 tLS ω−=  

tLV ωω sin5.0=  

 

sadac  
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L - rxevis amplitudaa; 

ω - kuTxuri sixSire, 60
2 nπω = ; 

V - wylis gadaadgilebis siCqare; 

t - ciklis dawyebis dro; 

n - rxevis sixSire. 
maieris cikli xasiaTdeba mcire xangrZlivobis 

aRmavali da daRmavali nakadebiT da didi dayovnebiT 

da tt =  

maSasadame, swrafmoqmed aRmaval da daRmaval 

nakadebs Soris wyali imyofeba uZrav mdgomareobaSi 

gansazRvruli drois SualedSi, romlis drosac 

warmoebs masalis ganSreveba. 

berdas cikli xasiaTdeba didi siCqarisa da mcire 

xangrZlivobis aRmavali da mcire siCqarisa da didi 

xangrZlivobis daRmavali nakadiT.  

e.i.  da UU =  xolo da tt <  

tomasis cikli xasiaTdeba mcire siCqarisa  da 

xangrZlivi moqmedebis aRmavali nakadiT, vidre daRmavali 

nakadi, rogorc maxasiaTeblidan Cans, aRmavali nakadis 

siCqare gansazRvruli drois SualedSi mudmivia. 

aRniSnuli ciklebidan yvelaze meti gavrceleba 

hpova sinusoidurma ciklma. daleqvis cikli arsebiT 

gavlenas axdens masalis ganSrevebaze. udguSo saleqi 

manqanis cikli Cveulebriv fasdeba SekumSuli haeris 

SeSveba, dayovneba da gamoSvebis periodTa TanafardobiT; 

magaliTad 30-10-60 cikli niSnavs, ciklis erTi 

periodis 30% ganmavlobaSi sahaero ganyofilebas 

miewodeba SekumSuli haeri  10% dayovneba da 60% 

gamoSveba. 
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7.6 saleqi manqanis teqnologiuri parametrebi 

saleqi manqanis teqnologiur parametrebs 

miekuTvneba: mwarmoebloba, sagebis Sris sisqe, 

gadanadenis zRudaris simaRle, wylis xarji, cxavis 

xvretis zoma, wylis rxevis amplituda, pulsaciis 

ricxvi, sagebi marcvlis zoma da sxva. saleqi manqanis 

mwarmoebloba iangariSeba empiriuli formuliT: 

Q = Fq tn/sT 
sadac F saleqi ganyofilebis farTia m2-Si,  Q _Qsaleqi 

manqanis mwarmoebloba, q –saleqi manqanis xvedriTi 

mwarmoebloba t/m2 sT.  

cxrili.7.2. 

saleqi manqanebis xvedriTi mwarmoebloba 

wiaRiseulis 

saxeoba 

Ggasamdidrebeli 

masalis zoma,  mm. 

xvedriTi 

mwarmoebloba,t/m3sT. 

rkinis madani 

50-8 
8-3 
3-0 

8-10 
6-8 
4-8 

Mmanganumis madani 

60-8 
8-3 
3-0 

6-8 
4-6 
3-4 

oqrosSemcveli 

qviSrobebi 
3-0 11-16 

Fferadi liTonis 

madnebi 

8-3 
3-0 

6-6 
2-6 

iSviaTi liTonebi 
+8 
3-0 

7-12 
4-6 

advilad 

gasamdidrebeli 

naxSirebi 

msxvili klasi +10 

wvrili klasi -10 

15-20 
14-17 

saSualo da Znelad 

gasamdidrebeli 

naxSirebi 

msxvili klasi +10 

wvrili klasi -10 

12-15 
10-14 
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wylis rxevis amplitudis sidide damokidebulia 

gasamdidrebeli masalis simsxoze da saleqi manqanis 

konstruqciaze. diafragmul saleq manqanebSi, romlebic 

gamoiyeneba wvrili masalis gamdidrebisaTvis, 

amplitudis sidide cvalebadobs 5÷20 – mm-de. dguSian 
saleq manqanebSi amplitudis sidide gasamdidrebeli 

masalis simsxos mixedviT cvalebadobs 50÷140 mm-mde. 

imisaTvis, rom adgili hqondes saleq manqanebSi masalis 

simkvriveebis mixedviT ganSrevebas, daculi unda iqnes 

Semdegi utoloba .SezVU >  

U-saleq ganyofilebaSi aRmavali nakadis max-uri 
siCqarea,  VSez  -gasamdidrebel masalaSi yvelaze didi 

simkvrivisa da zomis marcvlis SezRuduli vardnis 

siCqarea. rogorc viciT: U=Csin ϕ. Tu miviRebT, rom saleq 

ganyofilebaSi masalis ativtivebas adgili aqvs 

eqscentriuli lilvis 1/8 nawiliT Semobrunebis dros, 

maSin  

48
2 ππϕ ==  

da Sesabamisad 7,0=ϕSin  ; 
maSin miviRebT CU 7,0= . 
rogorc viciT, eqscentriuli lilvis wriuli 

siCqare    

60
7,0,

60
nhUnhC ππ

== maSin  

SevitanoT zeda utolobaSi U-s mniSvneloba da 

ganvsazRvroT saleq ganyofilebaSi pulsaciis ricxvi n. 

h
V

nVnh Sez

Sez. 3,27,
60

7,0 >>
π

 

h – rxevis amplitudis sididea. 
  daleqvis procesSi wylis xarji damokidebulia 

gasamdidrebeli masalis saxeobaze, zomaze da procesSi 
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gamoyenebuli saleqi manqanis konstruqciaze. 1 tona 

gasamdidrebel madanze wylis xarji cvalebadobs 2,5-3,5 

m3/sT., aqedan 20% moewodeba gasamdidrebel madanTan 

erTad, 60% saleqi manqanis I-kameras, xolo 20% II 

kameras. 

udguSo saleq manqanebSi SekumSuli haeris xarji 

1m2 saleq farTze cvalebadobs 3-7,5 m3/wT. daleqvis 

procesSi, Tu gamoyenebulia xelovnuri sagebi, maSin misi 

simaRle aiReba3-4-jer meti, vidre sagebi marcvlebis 

maqsimaluri zomaa. Tavis mxriv sagebi marcvlebis zoma 

minimum 3-jer aRemateba gasamdidrebeli masalis natexis 

maqsimalur zomas da cvalebadobs 25-35 mm. am 

SemTxvevaSi cxavis xvretis zoma  aiReba 2,5 mm-iT meti 

gasamdidrebeli masalis marcvlis simsxoze. udguSo 

saleq manqanaSi aRmavali Wavlis siCqare cvalebadobs 

0.13-0.15 m/wm. xolo SekumSuli haeris wneva 0.14_0.25 m. 

pa. 

udguSo saleqi manqanebisaTvis aRmavali Wavlis 

maqsimaluri siCqare iangariSeba formuliT: 

m/wmmaq gHU 2ϕ=  

sadac  

      g –simZimis Zalis aCqarebaa, m/wm2; 

             H  - SekumSuli haeris wneva,  m.pa.; 

       ϕ - wnevis kargvis koeficienti, ϕ =0,05-0,06. 
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8. daxril sibrtyeze moZrav  wylis 

nakadSi gamdidreba 

8.1. daxril sibrtyeze wylisa da mineralur 

marcvalTa moZraobis kanonzomiereba 

daxril sibrtyeze moZravi wylis nakadSi 

mineralur marcvalTa simkvriveebis mixedviT dayofa 

ganxorcielebulia sakoncentracio magidebze, rabebze, 

xraxnul separatorebze da momrecx RarebSi. mcire 

siRrmis nakadSi, romlis zoma ar aRemateba maqsimaluri 

marcvlis 10-jerad zomas, dayofis sizuste 

damokidebulia wylis moZraobis  kinematikur 

struqturaze. Jukovskis mixedviT, daxril sibrtyeze 

moZravi nakadis kinematikuri struqtura damokidebulia 

wylis grigaluri moZraobis xasiaTze, romelic 

gamowveulia fskeris reliefiT. 

mineraluri marcvlebis Setivtiveba daxril 

sibrtyeze moZrav nakadSi ganpirobebulia grigalebis 

vertikaluri mdgenelebiT. velikanovis gamokvlevebis 

mixedviT warmoqmnili grigalebi brunviT moZraoben. am 

SemTxvevaSi grigalebs Soris sivrceSi warmoiqmneba 

rogorc aRmavali, aseve daRmavali nakadebi. 

daxril sibrtyeze moZravi nakadis saSualo siCqare   

zedsaS VV
3
2

=   

sadac 
 zedV  - nakadis zeda Sris moZraobis siCqarea. 

nakadis Sre, romelsac moZraobis saSualo siCqare 

aqvs, daSorebulia fskeridan h manZiliT. 

h= 0,0423 H 
H- nakadis mTliani simaRlea.  
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moZraobis dros warmoqmnili grigalebis 

vertikaluri siCqare 

U= K Vz 

K – koeficientis mniSvneloba damokidebulia 

nakadis moZraobis siCqareze. 

K  = 0,055 ÷ 0,165 
rodesac  V = 0,5 ÷ 3 m/wm. 
daxril sibrtyeze moZrav nakadSi moTavsebul 

marcvlebze moqmedebs Semdegi Zalebi: 

1. simZimis Zala  G = m g0; 

2. nakadis dinamiuri Zala ρdin = ψ (VsaS –V)
2d2∆; 

sadac VsaS -nakadis moZraobis saSualo siCqarea, m/wm; 

 V myari sxeulis moZraobis saSualo siCqare, m/wm; 

 VsaS-V -warmoadgens siTxeSi sxeulis moZraobis 

fardobiT siCqares, m/wm; 

d -sferuli formis marcvlis diametri, m; 

∆ -wylis simkvrive, kg/m3; 

ψ - winaaRmdegobis koeficienti. 
3. vertikaluri siCqaris amativtivebeli Zala 

ρu =ψU2d2∆ 
sadac U- nakadis moZraobis dros warmoqmnili 

grigalebis vertikaluri siCqarea,m/wm; 

simZimis Zala G SegviZlia davSaloT or mdgenelad: 

normaluri mdgeneli GSinα  da vertikaluri mdgeneli 

GGCosα. myari sxeulis daxril sibrtyeze moZraobis 

mamuxruWebeli Zalaa F 
F = (Gcos α - ρu)f 

sadac f –xaxunis koeficientia. 
myari sxeulis siTxeSi moZraobis diferencialur 

gantolebas Cveni SemTxvevisaTvis eqneba Semdegi saxe: 

FGSin
dt
dVm −+= αρd  
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rodesac sxeulis moZraobis siCqare gautoldeba 

mudmiv sidides, maSin 0=
dt
dV

 da miviRebT: 

0=−+ FGSinαρd  

SevitanoT saTanado mniSvnelobani, miviRebT: 

0)()( 22
00

22 =∆−−+∆− fdUCosmgSinmgdVV ψααψ saS

aqedan       

fUSinfCos
d
mg

d
Sinmg

VV 2
2

0
2

0 )
(

−−⋅
∆

=
∆

=− α
ψψ

α
saS              

sidide  
∆2
0

d
mg
ψ

 warmoadgens Tavisufali vardnis siCqaris 

kvadrats  (ritingeris) mixedviT. marTlac, Tu SevitanT 

Sesabamis mniSvnelobebs, ,
6

3

δπdm = ,0 gg
δ

δ ∆−
=  miviRebT:  

2
02

3

6
6 Vdg

d

gd

=
∆
∆−

⋅=
∆

⋅
∆−

⋅ δ
ψ
π

ψ
δ

δδπ

 

maSin miviRebT:  VsaS-V = fUSinfCosV 22
0 )( −− αα  

aqedan daxril sibrtyeze moZrav nakadSi marcvlebis 

moZraobis siCqare: 

V -VsaS= fUSinfCosV 22
0 )( −− αα  

 

8.2 rabebze gamdidreba 

 
rabi warmoadgens daxril viwro Rars, romelic 

gamoiyeneba oqros qviSrobebisa da mZime liTonebis 

Semcveli madnebis gasamdidreblad. rabebi SeiZleba iyos: 

orqimiani da samqimiani. 



107 
 

rabi warmoadgens perioduli moqmedebis aparats, 

romlis ZirSic dafenilia specialuri daRaruli 

zedapiris mqone rezini an qsovili. gasamdidrebeli 

masala rabebs miewodeba wyalTan erTad. mZime fraqcia, 

romelTa simkvrive metia Tanmxlebi fuWi qanis 

marcvlebis simkvriveze, daileqeba rabis fskerze 

trafaretis ZirSi, xolo msubuqi fraqcia Cairicxeba 

wyalTan erTad. dagrovili mZime fraqciis gantvirTva 

rabebidan warmoebs periodulad. 

13 mm-ze ufro msxvili masalis gamdidreba warmoebs 

Rrma gavsebis rabebze, xolo ufro mcire zomis masalis 

gamdidreba_mcire gavsebis rabebze. 

didi simkvrivis wvrilmarcvlovani masalis (0,3 mm-

mde) gamdidrebisaTvis gamoiyeneba avtomaturi rabi, ША-
1М (nax. 8.1.) igi Sedgeba CarCoze (1) damagrebuli xuTi 

cali dekasagan (8), dekebi gamanawilebeli saxelurebis 

(9) saS-iT dakavSirebulia pulpis gamanawilebelTan (11), 

muSaobis principi mdgomareobs SemdegSi: 90-iT daxril 

dekis zedapirs, romlis ZirSidac dafenilia daRarul 

zedapiriani rezina, pulpis gamanawileblidan miewodeba 

gasamdidrebeli masala. mZime fraqcia ileqeba rezinis 

tixrebs Soris, xolo msubuqi fraqcia Cairecxeba wylis 

Wavlis saSualebiT. yoveli 4 wT-is Semdeg dekebi 

amZravi meqanizmis saSualebiT Semobrundeba  450-iT da 

dekis zedapirs onkanis (3) saSualebiT miewodeba wyali, 

romelic iwvevs daleqili mZime fraqciis Carecxvas. 

avtomaturi rabi ША-1М   gamoiyeneba oqros, platinis, 

kalisa da volframis qviSrobebis gamdidrebisaTvis, (nax. 

8.2.) mocemulia 34-KC markis avtomaturi rabi. 
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nax. 8.1. avtomaturi rabi ША-1М 

1_sadgari; 2_saSxefi; 3_onkani; 4_amZravi meqanizmi; 5_amZravi 

meqanizmis muSta; 6_amZravi meqanizmis berketi; 7_sawevi; 8_deki; 

9_gamanawilebeli Rari; 10_kbilaTvali; 11_pulpis gamanawilebeli. 

 

 

nax. 8.2. avtomaturi rabi 34-KC 

1_kudebis ganmtvirTi kamera; 2_deki; 3_amZravi; 4_pulpis 

gamanawilebeli; 5_gamanawilebeli Rari; 6_koncentratis ganmtvirTi 

kamera; 7_sadgari. 

 

momrecxi Rari  (nax. 8.3.) gamoiyeneba qvanaxSiris 

gamdidrebisaTvis. rabebisagan gansxvavebiT momrecx 

RarebSi ganuwyvetliv warmoebs mZime fraqciis 
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gantvirTva. momrecxi Rarebis muSaobis maCvenebeli 

didadaa damokidebuli RarebSi wylis nakadis moZraobis 

siCqareze, romlebic ganapirobebs naxSirebis 

Setivtivebis simaRles. momrecx Raris fskerze 

damontaJebulia ganmtvirTi kamerebi. (nax. 8.4.) 

momrecx RarebSi naxSirebis gamdidrebis dros didi 

mniSvneloba eniWeba zRurblis simaRles, romelic 

idgmeba ganmtvirTi kameris Semdeg Raris mTel sigrZeze. 

msubuqi fraqcia RarSi moZraobis dros ativtivdeba 

vertikaluri grigalebis mier, xolo mZime fraqcia 

moZraobs wyalTan erTad Raris ZirSi da ganitvirTeba 

kameris saSualebiT. kameraSi naxSiris damatebiTi 

klasifikacia warmoebs aRmavali nakadis saSualebiT. 

 

nax. 8.3.  momrecxi Raris sqema 

 

 

nax.8.4kameridan 

mZime fraqciis 

ganmtvirTi 

mowyobiloba. 

1_xvreli; 2_firfita; 

3_RerZi; 4_rxevadi 

seqtoruli saketi; 

5_gadasadgilebeli 

safari; 6_saxeluri. 
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8.3 sakoncentracio  magidebze gamdidreba 

sakoncentracio magidebi gamoiyeneba wvril-

marcvlovani madnebisa da naxSirebis gamdidrebisaTvis 

sakoncentracio magidebi ori saxisaa: 

1. uZravi sakoncentracio magidebi, 
2. moZravi sakoncentracio magidebi – lenturi da 

rxevadi. 

uZravi sakoncentracio magidebi- miekuTvneba 

periodulad momuSave aparaturas. gamoiyeneba oqros 

qviSrobebisa da sxva didi simkvrivis mqone metalebis 

gamdidrebisaTvis. 

moZravi lenturi magidis (nax. 8.5.)lenti dadgmulia 

mcire daxriT da moZraobs daxris sawinaaRmdego 

mimarTulebiT. lentis zeda TavTan warmoebs 

gasamdidrebeli masalis wyalTan erTad miwodeba (1). 

msubuqi fraqcia (4) Cairecxeba wylis Wavlis (2) mier 

daxris mimarTulebiT, xolo mZime fraqcia (3) lentTan 

erTad gadaadgildeba da ganitvirTeba zeda Tavidan.  

 

nax. 8.5. lenturi sakoncentracio magidis sqema. 

1,2–masalis da wylis miwodeba; 3_koncentrati; 4_kudebi; 5._lentis 

moZraobis mimarTuleba; 6_wamyvani gorgolaWi; 7,8_damWimi 

gorgolaWebi; 9_mimyoli gorgolaWi. 

 

wriuli magida (nax. 8.6.) warmoadgens konusur 

zedapirs diametriT 5÷10 m-de, romelsac pulpa 

miewodeba konusis wverSi. konusis brunvis Sedegad 

warmoebs pulpis ganawileba zedapirze. msubuqi fraqciis 
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moZraobis traeqtoria aRniSnulia wyvetili xaziT, 

xolo mZime fraqciis uwyveti xaziT. magididan saboloo 

produqtebis gantvirTva warmoebs Rarebis saSualebiT. 

 

nax. 8.6.wriul magidaze masalis 

ganawilebis sqema. 

 

 

 

 

rxevadi sakoncentracio magidebi CK_tipis farTod 
gamoiyeneba  wvrilmarcvlovani masalis gamdidrebisaTvis. 

magidis rxevis mimarTuleba Tanamedrove sakoncentracio 

magidebSi perpendikularulia magidis zedapirze Wavlis 

moZraobis mimarTulebisa. 

 rxevadi sakoncentracio magidebi mzaddeba gluv-

zedapiriani (Slamebis gamdidrebisaTvis) da daRarul 

zedapiriani (marcvlovani masalis gamdidrebisaTvis). 

sakoncentracio magidis (nax.8.7) deka (5)–sayrdeni, 

gorgolaWebis (3) saSualebiT damontaJebulia sadgarze. 

dekas rxeviTi moZraoba ganxorcielebulia amZravi 

meqanizmis (1) saSualebiT. 

 

nax. 8.7. rxevadi sakoncentracio magida  CK-1. 
1,2_magidis sadgari; 3_rezinis Rarebi; 4,6_ masalisa da wylis 

mimwodebeli Rari; 5_deka; 7,8_amZravi meqanizmi; 9,10,11_dekas daxris 

sareguliro meqanizmi. 
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  dekas zedapirze dawebebulia rezinis Rarebi. 

dekas daxris regulireba warmoebs sareguliro 

meqanizmis (4) saSualebiT. wvrili masalis gamdidrebisas 

sakoncentracio magidebis dekas daxris kuTxe Seadgens 

4-60-s, xolo msxvili masalis gamdidrebisas 6-100-s. 

dekas rxeviTi moZraoba ganxorcielebulia amZravi 

meqanizmidan (nax.8.8.). eqscentruli lilvis (1) brunvis 

Sedegad Wokis (4)AsaSualebiT rxeviTi moZraoba 

gadaecema sakoncentracio magidis dekas.  

sakoncentracio magidis dekas svlis sigrZis 

regulireba warmoebs sareguliro meqanizmis (5) 

saSualebiT. 

 

 

nax. 8.8.  rxeviTi sakoncentracio magidis amZravi 

meqanizmi. 

1_eqscentriuli lilvi; 2_gorgolaWi; 3_muxla berketi; 4_Woki; 

5_sareguliro xraxni; 6_muxla berketis eqscentruli lilvi. 
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8.9.sam iarusiani sakoncentracio magida ЯСK-1Б 

1,2_amZravi meqanizmi; 3_samagri meqanizmi; 4,16_zeda marjvena da 
marcxena deka; 5_pulpisa da wylis mimwodebeli centraluri Rari; 

6,14_Sua marcxena da marjvena deka; 7,15 wylis mimwodebeli Rari; 

8,13 qveda dekebi; 9_sadgari; 10,11,12_sareguliro meqanizmi. 

 

sam iarusiani sakoncentracio magida (nax.8.9.) 
Sedgeba Tormeti cali dekasagan    (4, 6, 8, 13, 14, 16).  
gasamdidrebeli masala miewodeba zeda dekas 

gamanawilebeli Raris saSualebiT. 

cvalebadi mimarTulebiT rxevadi sakoncentracio 

magidis dekas zedapirze moTavsebuli marcvali moZraobas 

iwyebs im SemTxvevaSi, rodesac inerciis Zalis sidide 

gadaaWarbebs xaxunis Zalas. 

mα >G0 f 
G0 sxeulis wonaa siTxeSi. 

rogorc viciT: 

G0=  gd )(
6

3

∆−δπ
 

aqedan sxeulis aCqarebaa  α≥ f
m
G0
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sxeulis moZraobis siCqare sakoncentracio magidis 

zedapirze ganpirobebulia ori ZiriTadi faqtoriT: 

woniTa da xaxunis koeficientiT. 

rac ufro metia sxeulis wona, miT ufro metia 

moZraobis siCqare. 

sakoncentracio magidebze gamdidrebisaTvis masala 

mzaddeba hidravlikuri klasifikaciiT. hidravlikuri 

klasifikaciis Sedegad miRebul fraqciebSi gvaqvs erTi 

da igive Tavisufali vardnis siCqaris mqone msubuqi da 

mZime mineralis marcvlebi. msubuqi minerali 

warmodgenilia didi zomis, xolo mZime minerali 

SedarebiT mcire zomis marcvlebiT. 

dekas rxevis Sedegad msubuqi da mZime mineralis 

marcvlebi iwyeben moZraobas sxvadasxva aCqarebiT: 

radganac mZime mineralebis wona da xaxunis koeficienti 

metia, am SemTxvevaSi metia maTi sawyisi aCqarebac. 

Camrecxi wylis Wavlis saSualebiT msubuqi mineralebi 

(didi moculobis gamo) imoZravebs ufro didi siCqariT, 

vidre mZime mineralis marcvlebi. orive am siCqaris 

erToblivi moqmedebis Sedegad msubuqi da mZime 

mineralebis marcvlebis moZraobis siCqaris veqtorebi 

daxrilia horizontisadmi sxvadasxva kuTxiT. mZime 

mineralis marcvlebi ganitvirTeba sakoncentracio 

magidis dekas CamtvirTi Tavidan moSorebiT, xolo 

msubuqi mineralis marcvlebi CamtvirTi TavTan axlos. 

 

8.4 xraxnul separatorebze gamdidreba 

 

xraxnul separatorebSi wiaRiseulis simkvrivis 

mixedviT dayofa warmoebs centridanuli Zalis 

saSualebiT. 
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xraxnuli separatori (nax. 8.10.) Sedgeba Semdegi 

nawilebisagan.: pulpis mimRebi (1), xraxnuli Rari (2), 

gamdidrebis Sedegad miRebuli produqtebis momkveTi (3). 

gasamdidrebeli masala miewodeba xraxnuli Raris 

zeda nawils. masalis simkvrivis mixedviT dayofa 

warmoebs centridanuli Zalis, simZimis Zalis, 

hidravlikuri Zalisa da xaxunis Zalebis erToblivi 

zemoqmedebis Sedegad. 

erToblivi zemoqmedebis Sedegad mZime mineralis 

marcvlebi Tavs iyris Raris centralur nawilSi da 

ganitvirTeba momkveTis (3) saSualebiT. msubuqi 

mineralis marcvlebi moZraobs periferiaze. xraxnuli 

separatorebi gamoiyeneba 4 mm-ze ufro wvrili masalis 

gamdidrebisaTvis. 

 

 

 

nax. 8.10. xraxnuli separatori. 

1_pulpis mimRebi; 2_xraxnuli Rari; 3_mZime fraqciis ganmtvirTi 

Rari; 4_wylis mimwodebeli mili; 5_gadanadenis Rari. 
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9. centridanul koncentratorebSi 
gamdidreba 

tradiciuli teqnologiuri procesebis 

(sakoncentracio magidebi, xraxnuli separatorebi, 

saleqi manqanebi da rabebi) gamoiyenebiT SeuZlebelia 

wvrilmarcvlovani keTilSobili da iSviaTi liTonebis 

amokrefis problemis gadawyveta. 

ukanaskvnel wlebSi oqrosSemcveli madnebis 

gravitaciuli gamdidrebis teqnologiuri progresis 

ganviTarebasTan dakavSirebulia centridanuli 

koncentratorebis Seqmna, romlebSidac simkvriveebis 

mixedviT dayofa ganxorcielebulia hidrodinamikuri, 

centridanuli, gravitaciuli da arqimedes Zalebis 

urTierTmoqmedebiT. 

centridanuli koncentratorebi gamoiyeneba 

mineraluri nedleulis wvrilmarcvlovani dispersiuli 

masalis gasamdidreblad, romelTaA Semcveloba, 

magaliTad oqros qviSrobul madnebSi saSualod 40-60 

%-ia,zogjer 80-90%-s aRwevs. aRniSnuli zomis masalis 

simkvriveebis mixedviT gravitaciuli veliT dayofa 

araefeqturia, rac gamowveulia marcvalTa mcired 

gansxvavebuli vardnis siCqareebis gamo. centridanul 

koncentratorebSi wvrilmarcvlovani masalis gamdidreba 

efeqturia, radgan maTSi gayofis faqtori gravitaciul 

velTan SedarebiT 100-jer da metad izrdeba. 

centridanuli koncentratorebi pulpis miwodebis 

mixedviT iyofa or jgufad: 

1. dawneviTi _ ciklonebi (moklekonusuri da 

Cveulebrivi) 

2. aradawneviTi _ centrifugebi (,,orokini”, 

,,knelsoni”, ,,falkoni”, ,,itomaki” da sxva) 
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msoflioSi oqrosSemcveli madnebis gamdidrebis 

praqtikaSi farTod gamoiyeneba ,,knelsonis”, ,,falkonis”, 

,,guldfeldis”, ,,orokonis”, ,,itomakis” 

koncentratorebi, ККГЦ moklekonusuri hidrociklonebi 

da centridanuli saleqi manqanebi.  

centridanuli koncentratorebis ZiriTadi 

teqnologiuri parametrebia Camrecxi wylis wneva da 

rotoris brunvis siCqare. Camrecxi wylis wneva 

damokidebulia gasamdidrebeli masalis zomaze da 

cvalebadobs 0.01_0.05 m.pa. 

 centridanuli koncentratorebi gamoirCeva didi 

xvedriTi mwarmoeblobiT da efeqturobiT, mcire 

eleqtro energiis xarjiT, woniT da gabarituli 

zomebiT. 

 

9.1. ciklonebSi gamdidreba. 

 
samTamadno mrewvelobaSi ciklonebi (konusurobis 

kuTxiT 10-200)Cveulebriv gamoiyeneba klasifikaciisa da 

gauSlamebis procesSi. cnobilia, rom klasifikaciis 

procesSi marcvlis simkvrive mcire gavlenas axdens 

simsxos mixedviT maT dayofaze. 

mecnieruli kvlevebis safuZvelze dadginda, rom 

konusurobis kuTxis 90-1400-mde gazrdiT 

hidrociklonebSi dayofa warmoebs ara simsxos mixedviT 

aramed simkvriveebis mixedviT. 
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nax. 9.1. moklekonusuri hidrocikloni 

1_mqnevara; 2_gadanadenis kamera; 3_diafragma; 4_5_8-amonagi; 

6_korpusis cilindruli nawili; 7_gadanadenis nacmi; 9_konusuri 

nawili; 10_rgoli; 11_18_sagebi; 12_silebis nacmi; 13_silebis 

saketi; 14_vorteqsi; 15_ventili 16_damWimi  mowyobiloba; 

17_Suasadebi; 19_mkvebavi milyeli; 20_membrana; 21_manometri; 

22_xraxni; 23_sarqveli; 24_dgari. 

 

hidrociklonebi konusurobis kuTxiT 90-1400–i 

(nax.9.1) gamoiyeneba wvrilmarcvlovani masalis 

gasamdidreblad. 

gamamdidrebeli hidrociklonis muSaobaze did 

gavlenas axdens konstruqciuli (diametri, kuTxe, 

konusis profili, cilindruli nawilis simaRle, 

mkvebavi, gadanadeni da silebis nacmis diametris zomebi) 

da teqnologiuri  (sawyisi masalis zoma, pulpis wneva 

da ganzaveba) parametrebi. 

ciklonis diametri unda Seesabamebodes 

gasamdidrebeli masalis zomasa da mwarmoeblobas. 

centridanuli klasifikaciis Teoriis mixedviT gasayofi 
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masalis simsxo  proporciulia sididis D , e.i. 

gadanadenSi wminda masalis gamoyofa SesaZlebelia patara 

diametris hidrociklonebSi, moklekonusian 

hidrociklonebSi diametris zrdasTan erTad izrdeba, 

rogorc wminda, aseve msxvilmarcvlovani masalis 

gamdidrebis teqnologiuri maCveneblebi. es efeqti ar 

aixsneba masalis centridanuli dayofis poziciidan, 

radgan hidrociklonis diametris gazrdiT mcirdeba 

centridanuli aCqareba da izrdeba nakadis 

turbolentoba, rac dakavSirebulia konusur nawilSi 

separaciis procesis Taviseburebaze, rac, jerjerobiT, 

srulyofilad ar aris Seswavlili. 

konusurobis kuTxis gazrdiT mcirdeba silebis 

gamosavali da masalis klasifikaciis efeqturoba, magram 

gamdidrebis efeqturoba izrdeba. 

uxeSdispersiuli masalis gasamdidreblad 

mizanSewonilia 120-1400 kuTxis konusi, xolo 

wvrilmarcvlovani (74-44 mikronze mcire) masalisaTvis 

efeqturia 90-1200 konusurobis kuTxis hidrociklonebi. 

konusis profili sxvadasxva tipis 

hidrociklonebSi sxvadasxvaa, cnobilia moklekonusuri 

hidrociklonebi konusuri nawilis sxvadasxva profiliT 

_ erTsafexuriani da samsafexuriani konusiT, 

naxevradsferuli da kombinirebuli (nax.9.2). 
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nax. 9.2. sxvadasxva konstruqciis moklekonusuri 

hidrociklonebi 

1-3-5-6-7_a.S.S. 2_ruseTi; 4_poloneTi; 8_germania; 

 

kanadis praqtikuli monacemebiT oqros qviSrobuli 

madnebis gasamdidreblad samsafexuriani profilis 

konusis gamoyeneba saSualebas iZleva gavzardoT 

Tavisufali oqros amokrefa. 

cilindruli nawilis simaRlis gazrda mudmivi 

mwarmoeblobis dros iwvevs wnevisa da sagebis marcvalTa 

gadaadgilebis siCqaris Semcirebas. maSasadame, mcirdeba 

sagebis forianoba da separaciis efeqturoba. g. 

lopatinis eqsperimentaluri monacemebiT cilindruli 

nawilis optimaluri simaRle misi diametris 1-1.5-ia e.i. 

( )DH 5.11−= , xolo gadanadenis milyelis simaRle ar 

unda aRematebodes cilindris simaRles. 

mkvebavi, gadanadenis milyelisa da silebis nacmis 

diametri gavlenas axdens gamdidrebis teqnologiur 

maCveneblebze, optimaluri mniSvnelobis gazrdiT an 

SemcirebiT uaresdeba gayofis efeqturoba, optimaluri 

mniSvneloba damokidebulia hidrociklonis diametrze, 

xolo maTi Tanafardoba_miwodebuli pulpis wnevaze. 
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mkvebavi miltuCis diametri Dd 2.0=
mkv

 

gadanadenis milyelis diametri 

( )Dd 256.0232.0 −=
gad

 

             ( ) Hdd 67.132 −=
kvgad

 

sadac H - miwodebuli pulpis wneva H =0.08÷0.12 m.pa. 
gamamdidrebeli hidrociklonebisaTvis, romlebsac pulpa 

miewodebaT 0.08-0.1 m.pa. wneviT, rekomendirebulia 

gadanadenisa da mkvebavi miltuCis diametrTa Semdegi 

optimaluri Tanafardoba 

               28.116.1 ÷=
kvgad
dd  

xolo silebisa da gadanadenis diametrTa 

Tanafardoba cvalebadobs 

             
gads
dd = 0.15 – 0.4 

 maSasadame, gamamdidrebel hidrociklonebSi 

mineralis marcvalTa dayofis efeqturoba damokidebulia 

gadanadenisa da silebis nacmis zomebze, romelTa 

optimaluri mniSvnelobebis dadgena warmoebs 

eqsperimentebis saSualebiT. 

 

9.2. centrifugebSi gamdidreba. 

 
aradawneviTi centridanul koncentratorebSi 

(nax.9.3.) centridanuli Zala warmoiqmneba konusuri  

perforirebuli rotoris brunvis Sedegad, romelic 

warmoadgens mis muSa nawils. koncentratorebi 

erTmaneTisgan masalis gafxvierebis xerxis mixedviT 

gansxvavdebian. 
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nax.9.3. centridanuli koncentratoris sqema 

1_cilindruli korpusi; 2_mkvebavi mili; 3_xufi; 4_gadanadenis 

Rari; 5,6_perforirebuli jami; 7_lilvi; 8,9_amZravi; 

10_koncentratoris ganmtvirTi mili. 

 

 

nax.9.4. koncentrator-centrifuga 

1_sadgari; 2_elZravi; 3_Skivi; 4_sakisari;  

5,6_perforirebuli jami; 7_xufi. 

 

centrifugebi _ sagebis gafxvierebis gareSe (nax. 

9.4.), sagebis meqanikuri gafxvierebiT _ (,,orokoni”) 
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(nax. 9.5) sagebis hidromeqanikuri gafxvierebiT 

,,knelsoni”, ,,falkoni”, ,,itomaki” da sxva. 

 

nax.9.5. centridanuli koncentratori ,,orokoni” 

1_konusuri rotori; 2_gamfxviereblebi; 3_mkvebavi mili; 

4_konsoli; 5_gadanadenis Rari; 6_reduqtori; 7_elZravi; 

8_xraxnuli sacobi; 9_wriuli tixari; 10_wriuli Rarebi. 

 

nax. 9.6. centridanuli koncentratori ,,knelsoni” 

(kanada) 

1_rotori; 2_wriuli tixari; 3_wriuli Rari; 4_xvreli; 

5_Camrecxi wylis koleqtori; 6_mkvebavi mili. 
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centridanuli koncentratori ,,knelsoni” (nax. 9.6) 

Sedgeba perforirebuli konusuri rotorisagan (1), 

romlis Siga zedapiri wriulad aris daRaruli (3), 

Rarebi erTmaneTisagan ganxoloebulia wriuli tixrebiT 

(2), sagebis gafxviereba ganxorcielebulia koleqtorSi 

wneviT miwodebuli wylis nakadiT. koncentrators 

gasamdidrebeli masala  (2÷6 mm) wyalTan erTad 

miewodeba mkvebavi milis (6)saSualebiT. rotoris 

brunvis (60 g) Sedegad warmoqmnili centridanuli 

ZaliT msubuqi mineralebi waritaceba da ganitvirTeba 

gadanadenis saxiT, xolo mZime fraqcia 

(koncentrati)daileqeba wriul RarebSi, gansazRvruli 

drois Semdeg RarebSi daleqili mZime fraqcia 

ganitvirTeba wylis nakadiT. knelsonis koncentratorebi 

mzaddeba 6 tipis rotoris diametriT 76-dan 1250 mm-

mde.      

koncentrator ,,falkons” (nax.9.7)gaaCnia 

gansakuTerebuli Taviseburebani: rotori damzadebulia 

wriuli tixrebis gareSe, cveTagamZle rezinis amonagiT;   

maRali centridanuli aCqareba (300 g). gasamdidrebeli 

masala maqsimaluri zomiT-  2mm-mde wyalTan erTad 

myaris 45% SemcvelobiT miewodeba koncentrators. 

aRniSnuli teqnologiuri parametrebiT SesaZlebelia 

mZime mineralebis ufro GRrma gamdidreba da SedarebiT 

dabali xarisxis koncentratoris miReba.  
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nax.9.7. centridanuli koncentratori ,,falkoni” 

(kanada) 

 

centridanuli saleqi manqana ,,Campbell“ (nax.9.8.) 

Sedgeba saleq kameraSi  100 g aCqarebiT mbrunav 

cilindruli cxrilisagan, romelsac gasamdidrebeli 

masala miewodeba Rru lilvidan. sagebis gafxviereba 

ganxorcielebulia cxrilqveda wylis nakadiT. msubuqi 

fraqcia ganitvirTeba cxrilzeda klasis saxiT, xolo 

mZime cxrilqveda. daleqvis procesi regulirdeba : 

amplitudis, pulsaciis sixSirisa da cilindruli 

cxrilis brunvis siCqaris optimaluri mniSvnelobis 

SerCeviT. ,,Campbell“ damamzadebeli kompaniis (,,Tranz 
Maz”)informaciiT oqrosSemcveli wminda fraqciis 

gadamuSavebisas saleqi manqana uzrunvelyofs  80-90% 

liTonis amokrefas. 
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nax. 9.8. centridanuli saleqi manqanis sqema (a.S.S.) 

1_mbrunavi nawili; 2_uZravi nawili. 

 

 centridanuli saleqi manqana ЦОМ (nax.9.9) Sedgeba 
vertikalurad mbrunavi ori cilindruli saleqi 

kamerisagan. kameris muSaoba SesaZlebelia paralelurad 

an mimdevrobiT reJimSi. sagebis gafxviereba 

ganxorcielebulia diafragmis rxeviT analogiurad МОД 
tipis saleqi manqanebisa. 

 

 

 

nax. 9.9. 

centridanuli saleqi 

manqanis sqema (ruseTi) 
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centridanuli koncentratorebSi mineraluri 

nedleulis gamdidrebis efeqturoba damokidebulia 

sawyis masalaSi sasargeblo komponentis marcvlis 

zomaze da gayofis faqtorze.  (cxr.9.1; 9.2) 

                                                      

        cxrili # 9.1. 

koncentratoris 

tipi 

gayofis faqtoris 

mniSvneloba, Fg. 
εΚ  

optimaluri maqsimaluri 

orokoni (a.S.S) 8 10-15 0.25 

knelsini (kanada) 60 100 0.65 

falkoni (kanada) 200 300 0.40 

MGS(didi 
britaneTi) 

5-15 15 1.0 

kelseu(avstralia) 6 100 0.85 

 

 

cxrili # 9.2. 

mZime 

marcvli

s zoma, 

m.mk. 

ferosiliciumis 

amokrefa, %. 

volframis amokrefa, 

%. 

ЦВК_10
0 

,,knelsoni”_

3 

ЦВК_10
0 

,,knelsoni”_

3 

160 75.5 99.8 99.5 99.9 

130 90.1 99.2 99.8 99.9 

100 98.1 99.1 99.9 99.9 

70 99.5 94.2 99.9 99.9 

40 94.5 84.2 99.7 99.6 

20 81.7 60.7 96.2 95.1 

15 66.7 28.3 84.3 85.0 

10 39.0 15.1 65.5 62.3 
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10. madneulis  morecxva 

10.1 morecxvis procesis arsi da daniSnuleba 

danaleqi da qviSrobuli sabadoebis madnebSi 

mineralebi Secementebulia erTmaneTTan Tixis 

saSualebiT. Tixa, plastikuri danaleqi qania, romlis 

ZiriTadi Semadgeneli komponentia: ( )%70302 −oSi ; 

( )%401032 −OAl  da ( )%1052 −OH . aseTi madnebis 

gamdidrebisaTvis aucilebelia maTi winaswari morecxva. 

morecxvis Sedegad warmoebs sasargeblo komponentisa da 

fuWi qanis marcvlebis erTimeoresTan daSoreba 

(dezintegracia). zogierT SemTxvevaSi morecxvis 

saSualebiT warmoebs madnebis nawilobrivi gamdidreba, 

fuWi qanisa da Tixebis moSorebis xarjze. mosarecx 

madnebs miekuTvneba: rkinis, manganumis, qromis, feradi da 

zogierTi iSviaTi liTonebis Semcveli madnebi,samSeneblo 

masalebi da sxva. 

morecxvis intensivoba didad aris damokidebuli 

Semkvreli Tixovani masalis plastiurobaze. 

plastiuroba AaRiniSneba koeficientiT K da tolia: 

K  = β1 - β2 
sadac β1 - Tixis is zRvruli sinestea, romlis drosac 

garegani Zalebis zemoqmedebis gareSe Tixa iwyebs daSlas 

(denadobas). β2 - Tixis is zRvruli sinestea, romlis 

drosac meqanikuri Zalebis moqmedebis Sedegad warmoebs 

Tixis daSla. 

 TixaSemcveli madnebi morecxvis siZnelis mixedviT 

iyofa sam ZiriTad jgufad: Zneli, saSualo da advilad 

mosarecxi. 

aRniSnuli kategoria damokidebulia morecxvis 

xangrZlivobaze, eleqtro energis xvedriT xarjze, 
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wylis xvedriT xarjze da plastikurobis koeficientze. 

(cxrili 10.1) 

cxrili # 10.1. 

madnebis klasifikacia morecxvis mixedviT 

M
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advilad 

mosarecxi 
1-7 0-3 0.25 1-2 

butara spiraluri 

klasifikatori 

saSualod 

mosarecxi 
7-15 3-6 

0.25-

0.5 
2-4 

horizontaluri da 

daxrilvarcliani 

Znelad 

mosarecxi 
>15 >6 0.5-1 3-4 

skruberi, vibro 

momrecxi 

10.2. momrecxi manqanebi 

TixaSemcveli madnebis mosarecxad gamoiyeneba 

sxvadasxva kontruqciis manqana-danadgarebi, doluri 

(cxrili, butara, skruberi), varclisebri (daxrili da 

horizontaluri) kombinirebuli, fialisebri, 

hidravlikuri da koSkuri. 

doluri da hidravlikuri momrecxi aparatura 

gamoiyeneba advilad mosarecxi madnebisaTvis. 

kombinirebuli da koSkuri – Znelad mosarecxi 

madnebisaTvis, xolo varclisebri da fialisebri_ 

saSualo morecxvis madnebisaTvis. 

hidravlikuri Rarebi gamoiyeneba mcire warmadobis 

oqros an kalis Semcvel qviSrobebis mamdidrebel 

fabrikebSi. morecxis procesSi dezintegracia miRweulia 
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RarSi moZravi natexis urTierT SejaxebiT. wylis xarji 

damokidebulia qviSrobis saxeobaze da aRwevs 10 m3/t. 

butara (nax.10.1.) gamoiyeneba advilad mosarecxi 

madnebisaTvis, igi warmoadgens dolur cxrils, romlis 

Siga zedapirze damagrebulia rkinis kuTxovnebi, 

romelTa saSualebiT warmoebs masalis dezintegracia.  

 

nax. 10.1. doluri cxrili (butara). 

1_doli; 2_gorgolaWi; 3_amZravi; 4_amZravi gorgolaWi;  

5_quro; 6_lilvi; 7_sayrdeni gorgolaWi. 

 

mosarecxi masalis maqsimaluri simsxoa 300-350 mm. 

wylis xarji Seadgens 4-10 m3/t. morecxili masala 

gamoiyofa garkveuli zomis klasebis saxiT. 

varclisebri momrecxi (nax.10.2.) Sedgeba 

varclisagan (4), romelSidac moTavsebulia lilvi (5). 

lilvze dacmulia firfitebi. lilvis brunvis Sedegad 

warmoebs mosarecxi masalis dezintegracia. morecxili 

masala ganitvirTeba Raris saSualebiT, romelic 

moTavsebulia amZravi meqanizmis mxares. 

`skruber-butari~, (nax.10.3.) gamoiyeneba iSviaTi 

liTonebis Semcveli qviSrobebis morecxva_ 

dezintegraciisaTvis. Sedgeba cilindruli formis mqone 

dolisagan (1), romlis gamtvirTav Tavze miduRebulia 

wakveTili konusis mqone butara (5). cilindruli doli 
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dayrdnobilia (4) sakisarze. amZravi meqanizmebis (6, 7) 

saSualebiT asrulebs brunviT moZraobas. masalis 

moZraobis gadaadgilebis mizniT doli daxrilia 3,50 

÷60-iT. 
morecxili masala gamoiyofa butarebidan 

gauwyloebuli garkveuli zomis klasis saxiT. Slami da 

Tixebi masalas Sordeba wyalTan erTad. 

 

nax. 10.2. varclisebri momrecxi 0-93. 

1_elZravi; 2,3_reduqtori; 4_varcli; 5_lilvi; 6_sakisari. 

 

 

nax. 10.3. skruber-butara  СБ-1.3. 
1_doli (skruberi); 2_dolis konusuri nawili; 3_artaxi; 

4_gorgolaWi; 5_butara; 6_elZravi; 7. reduqtori. 

 

gansakuTrebiT didi raodenobis Tixebis Semcveli 

madnebis morecxva warmoebs koSkur momrecx aparaturaSi, 

romelic warmoadgens cilindrs konusuri ZiriT. koSks 

qvemodan miewodeba SekumSuli haeri. mosarecxi madani 
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miewodeba zemodan da areva warmoebs wylisa da 

SekumSuli haeris erToblivi qmedebis Sedegad.  

momrecxi aparaturis mwarmoebloba iangariSeba el. 

energiis xvedriTi xarjis mixedviT 

            
l

NEQ =   

sadac  

      Q- momrecxi aparatis mwarmoebloba, t/sT; 

     N  - aris SerCeuli momrecxi aparatis simZlavre, 

kvt; 

      E _elZravidan momrecx aparatze  simZlavris 

gadacemis m.q.k. E= 0.95-0.97; 
      l - el. energiis xvedriTi xarji, kvt.sT/t. 

 

 

11. pnevmatikuri gamdidreba 

haeris garemoSi margi wiaRiseulis simkvriveebis 

mixedviT dayofis process pnevmatikuri gamdidreba 

ewodeba. SekumSuli haeris pulsirebul nakadSi margi 

wiaRiseulis simkvriveebis mixedviT dayofa xasiaTdeba 

mcire efeqturobiT, amitom pnevmaturi gamdidreba 

praqtikaSi iSviaTad gamoiyeneba. ZiriTadad pnevmaturi 

gamdidreba gamoiyeneba mcire tentevadi naxSirebis, 

azbestis da mcire kuTri wonis mqone wiaRiseulTa 

gasamdidreblad. haeris garemoSi simkvriveebis mixedviT 

dayofis Teoriuli safuZvlebi margi wiaRiseulisa 

igivea, rac wylis garemoSi gamdidrebis dros. haeris 

garemoSi mineralebis Tavisufali vardnis siCqareebi 

ganisazRvreba wylis garemoSi vardnis siCqareebis 

saangariSo formulebiT. 

haeris simkvrive  ∆= 1,233 m3, xolo siblante  

µ=0,00018. 
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11.1 pnevmatikuri gamdidrebis aparatura 

 
pnevmatikuri gamdidrebisaTvis gamoiyeneba 

pnevmatikuri saleqi manqanebi, aerosuspenziuri 

separatorebi da pnevmatikuri magidebi. 

pnevmatikuri saleqi manqanis (nax. 11.1.) korpusi, 

romlis zeda nawili bolovdeba qolgiseburi formiT (1) 

Sedgeba saleqi cxavisagan (2), mZime fraqciis ganmtvirTi 

Snekisagan (4) da mbrunavi sarqvelisagan (3). saleqi 

manqanis moqmedebis principi SemdegSi mdgomareobs: saleq 

manqanas miewodeba SekumSuli haeri gansazRvruli wneviT 

damleqi cxavis qvemodan. mineralebi, romelTa vardnis 

siCqare aRemateba SekumSuli haeris miwodebis siCqares, 

daileqeba cxavis zedapirze, xolo mineralebi, romelTa 

vardnis siCqare mcirea SekumSuli haeris siCqareze 

ativtivdeba da ganitvirTeba haerTan erTad. 

 

nax. 11.1. pnevmatikuri saleqi manqana. 

1_qolga; 2_cxavi; 3_mbrunavi sarqveli; 4_gantvirTi Sneki. 
 

 

pnevmatikuri saleqi manqana ПОМ-1, romelic gamoiyeneba 

13 mm-iani klasis advili da saSualo gamdidrebadobis 

naxSirebis gasamdidreblad, mocemulia nax. 11.2. 
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nax. 11.2 pnevmatikuri saleqi manqana ПОМ-1. 
1_qanqara mkvebavi; 2,5,6_uZravi dekebi; 3_mimarTveli; 4_ cxavi;  

7,13_ganmtvirTi kamerebi; 8,11_seqtoruli saketebi; 9,12_xraxnuli 

konveierebi; 10_saketi; 14_gamanawilebeli kamera; 15_pulsatori; 

16_cxavi; 17_tixari; 18_amZravi. 
 

pnevmatikuri separatori УШ-3  (nax. 11.3.)Sedgeba 
korpusisagan (1), romelSic dekebi (2,3) damagrebulia 

daxril danisebur sayrdenebze (4), dekebis rxeviTi 

moZraoba ganxorcilebulia eleqtroZravi (5), siCqaris 

variatoris (6), Rveduri gadacemis (7), eqscentriuli 

lilvisa (8) da wyvili mrudxaras (9) saSualebiT.  

pnevmatikuri separatoris regulireba 

ganxorcielebulia dekas daxris kuTxis, daniseburi 

sayrdenebis, dekas rxevaTa ricxvis da SekumSuli haeris 

xarjis cvalebadobiT. aRniSnuli separatori gamoiyeneba 

naxSirebis gasamdidreblad. 
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nax. 11.3. pnevmatikuri separatori УШ-3.  
1_muSa kamera; 2, 3_deka; 4_daxrili sayrdeni; 5_elZravi; 

6_siCqaris variatori; 7_Rveduri gadacema; 8_eqscentriuli lilvi; 

9_wvrili mrudxara; 10, 11_ Rari; 12_ xraxnuli meqanizmi; 13_ 

Semrevi; 14, 16_ saxeluri; 15_droseluri fari; 17_amortizatori; 

18_CamtvirTi Rari. 

 

pnevmatikuri separatori СПК-40  (nax. 11.4.) Sedgeba 
qolgiseburi Semwovisagan (1), muSa yuTi (2), wina 

daniseburi sayrdeni (3), amortizatori (4), wamyvani 

lilvi (5), CarCo (6), haeris pulsatorebi (7), yuTTa 

amwevi meqanizmi (8), mZime fraqciis ganmtvirTi 

meqanizmebisagan (9) da jaWvuri badeebisagan (10). 

aRniSnuli separatori gamoiyeneba 50 mm-de zomis 

qvanaxSirisa da mura naxSirebis gasamdidreblad.  
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nax. 11.4. pnevmatikuri separatori СПК-40. 
1_Semwovi qolga; 2_muSa kamera; 3_sayrdeni; 4_amortizatori; 

5_wamyvani lilvi; 6_sadgari; 7_pulsatori; 8,9_amwe meqanizmi; 

10_jaWvuri gadacema. 

  

12. gravitaciuli gamdidrebis 

teqnologiuri sqemebi 

 
teqnologiuri sqemisa da cakleuli operaciebis 

SerCeva warmoebs kvleviTi samuSaoebis da analogiuri 

procesiT momuSave mowinave gamamdidrebeli fabrikebis 

praqtikuli monacemebis safuZvelze. Sesadarebeli 

variantebis winaswari SerCeva warmoebs praqtikisa da 

gamdidrebis Teoriis zogadi principebis safuZvelze. 

Semdeg awarmoeben Sesabamis teqnikur-ekonomikur 

gaangariSebebs, romelTa safuZvelzedac warmoebs 

gasamdidrebeli wiaRiseulis teqnologiuri procesis 

yvelaze ekonomiuri variantis SerCeva. 
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12.1.gravitaciuli  gamdidrebis  praqtika 
gamdidrebis gravitaciuli procesebi farTod gamoi-

yeneba msxvilmarcvlovani Cawinwklulobis liTonuri, 

araliTonuri da sawvavi wiaRiseulis gamdidrebis 

praqtikaSi. 

mZime suspenziebSi gamdidreba efeqturad gamoiyeneba 

nebismieri gamdidrebadobis msxvili klasis (300-13(10) 

mm) naxSirebisa da (150-6 mm) madnebis gasamdidreblad. 

SedarebiT wvrilmarcvlovani (6-0,2mm) wiaRiseulis 

gamdidreba SesaZlebelia centridanuli veliT damyof 

suspenziur separatorebSi. 

mZime suspenziebSi wiaRiseulis winaswari 

gamdidrebiT SesaZlebelia 25-dan     80 % -mde sufTa 

kudebis gamoyofa, rac 1,5-2_jer zrdis arsebuli 

gamamdidrebeli fabrikis warmadobas da 25-30%-iT 

amcirebs wiaRiseulis gadamuSavebis TviTRirebulebas. 

Pprocesis dayofis sizuste da teqnologiuri 

efeqturoba saSualebas gvaZlevs gavamdidroT Raribi 

madnebi da zogierTi gravitaciuli fabrikis 

dasawyobebuli  kudebi. 

Ddaleqvis procesiT SesaZlebelia 50-0,25 mm 

simsxos madnebisa da 120-0,5 mm zomis naxSirebis 

gamdidreba. Mmadnebis daleqva ganxorcielebulia viwro 

klasifikaciis skaliT.  

sakoqse naxSirebs or samanqano klasad + 13(10)mm da 

-13(10)mm yofen, xolo energetikuli naxSirebis gamdid-

rebisas ganxorcielebulia araklasificirebuli daleqva. 

daxril sibrtyeze moZrav wylis nakadSi gamdidreba 

(sakoncentracio magidebi, rabebi, xraxnuli separa-

torebi, Wavluri, vibraciuli da centridanuli kon-

centratorebi) farTod gamoiyeneba qviSrobuli madnebis 

gamdidrebis praqtikaSi. Ggravitaciuli gamdidrebis 

praqtikuli monacemebi mocemulia cxrilebSi 12.1_12.7. 



 

cxrili 12.1. 

WiaTuris manganumis mamdidrebel fabrikebSi gamoyenebuli saleqi manqanebis muSaobis 

reJimi. 

 

fabrika manqanis marka 

m
a
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s
 
z
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,m
m
 

manqanis muSaobis reJimi 
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m
3
/t
 

k
o
n
c
e
n
t

-
r
a
t
i
 

k
u
d
e
b
i
 

1 2 3 4 5 6 7 8 9 10 11 12 

c.g.f. (WiaTura) 
moZrav 

cxriliani 
-16+12 35-45 90-140 130-170 6-8 3.5-5 

0.4-

0.55 
49.7 7.4 85 

#25-bis (WiaTura) 
moZrav 

cxriliani 

,,___” 

-25+12 
40-50 

100-

105 
120-180 5-7.5 3.5-5.8 

0.5-

0.75 
46-47 14.2 85 

#29 f. (WiaTura) 
moZrav 

cxriliani 

,,___” 

-20+10 
55-60 90 160 ,,___” 3-3.5 ,,__” 51.9 10.8 86 

a.g.f. ,,darkveTi” 

(WiaTura) 

moZrav 

cxriliani 

,,___” 

35+20 
80 75 150-160 9-12.5 5-6 

0.35-

0.45 
48.3 10.5 80 

,,gruSevskis” 

(nikopoli ukraina) 

moZrav 

cxriliani 

,,___” 

-35+3 
38 150 150-160 5.5 4 0.6 43.5 6.8 70 

c.g.f. (WiaTura) 

 

 

ОВМ_5 
,,___” 

-3+0 
3-4 400 

xel.sag. 
6-10mm 

70-100 

4-5 2.5-3.0 0.45 
49.6-

50.8 
16.6 83.4 

c.g.f. (WiaTura) МОД_3 -2+0 4-5 350 35-40 4-5 3.0 0.5-0.6 51.5 8.6 70 

25-bis (WiaTura) 
МОБК_6 
Р_0.2 at. -25+12 180 30 

xel.sag. 
6-8mm 

7.5-9 5.5-6.6 __ 46.8 __ 92.8 
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cxrili .12.2 
udguSo saleq manqanebSi naxSirebis gamdidrebis 

produqtebis fraqciuli Sedgeniloba 

naxSiris 

zoma,mm 

fracciis 

simkvrive, 

kg/m3 

gamosavali % 

koncentrati 
Sualedi 

produqti 
kudebi 

13-0 

<1500 97.5 30.4 0.5 

1500-1800 2.0 46.2 4.6 

>1800 0.5 23.4 94.9 

 

 

cxrili 12.3 

suspenziur hidrociklonebSi naxSiris (13-0 mm) 

gamdidrebis Sedegebi 

hidrociklonebis 

teqnologiuri 

parametrebi 
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is 
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Tva 

m3/sT 
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diametri, 

mm 
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1 2 3 4 5 6 7 8 9 10 11 12 13 

300-

350 
150 70 1.35 <1500 63.5 6.5 90.5 54.7 6.2 22.3 8.8 8.4 

    
1500-

1800 
8.7 24.3 5.1 3.1 16.8 14.2 5.6 28.4 

    >1800 27.8 80.4 4.6 2.8 60.1 63.5 25.0 82.7 

sawyisi     100 28.6 100 60.6 9.2 100 39.4 58.4 
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cxrili 12.4 

sxvadasxva konusurobis kuTxis higrociklonebSi 

naxSiris (<3mm) gamdidrebis Sedegebi 

k
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%
 

koncentrati kudebi 
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g
r
/s
m
3
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%
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%
 

n
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, 
%
 

20 20.3 32.6 6.8 67.4 26.5 0.28 6.3 

30 20.8 34.2 6.2 65.8 28.7 0.22 8.2 

60 21.4 55.9 6.1 44.1 40.8 0.12 21.1 

80 21.4 61.8 5.2 38.2 47.5 0.09 30.9 

120 20.1 72.2 5.5 27.8 56.8 0.06 49.2 

cxrili 12.5 

moklekonusur hidrociklonSi naxSiris gamdidrebis 

Sedegebi (a.S.S.) 

masalis zoma, 

mm 

kveba gadanadeni silebi 

g
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i
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%
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S
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, 
%
 

-0.883+0.589 8.11 7.8 2.14 6.52 3.2 0.82 17.71 24.5 7.44 

-0.589+0.417 11.46 9.6 3.44 10.35 3.6 0.91 17.47 41.4 15.28 

-0.417+0.295 11.75 10.7 4.09 13.37 3.8 0.93 18.79 49.2 19.44 

-0.295+0.208 13.99 9.9 4.19 12.79 4.2 0.98 15.32 54.6 22.28 

-0.208+0.147 11.33 9.8 4.39 9.99 4.5 1.03 12.10 57.3 29.22 

-0.147+0.104 7.07 9.2 3.96 8.06 5.5 1.34 7.18 56.9 31.7 

-0.104+0.074 7.32 9.5 3.80 6.97 6.4 1.72 5.44 55.4 34.12 

-0.074+0.043 6.36 9.2 3.60 8.02 9.9 2.40 3.34 53.3 33.5 

-0.043+0 22.61 12.7 1.86 23.93 12.9 1.64 2.65 30.5 13.0 

sul 100.0 10.29 3.34 100.0 6.84 1.31 100.0 45.8 20.20 
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cxrili 12.6 

sakoncentracio magidis teqnologiuri parametrebis 

mniSvnelobebi 
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a
m
p
l
i
t
u
d
a
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s
 

s
i
x
S
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e
, 
w
T
 

3.0 24 200 0.8 17 262 

2.5 23 208 0.6 16 277 

2.36 22 210 0.5 15 287 

2.15 22 215 0.4 14 300 

2.0 21.5 217 0.3 13 319 

1.5 20 230 0.2 12 315 

1.4 20 234 0.1 10 396 

1.2 19 239 0.07 9 426 

1.0 18 250 0.04 8 470 

cxrili 12.7 

СК_tipis sakoncentracio magidaze iSviaT liTonTa 

madnebis gamdidrebis teqnologiuri maCveneblebi 

magidis teqnolo-

giuri parametrebi
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a
,m
m
 

produqti 
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T
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t
/s
T
 

18-

20 
300 

8-

10 

-

2+0

.8 

koncentrati 

Sualedi produqti 

kudebi 

sawyisi madani 

25 

50 

25 

100 

15 

2 

1 

5 

75 

20 

5 

100 
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12.2. naxSiris gamdidrebis teqnologiuri sqemebi 

 
naxSiris gamdidrebis sqemis SerCevisaTvis ZiriTadi 

faqtorebia gamdidrebis meTodebi, gamdidrebis siRrme, 

naxSiris gamdidrebadobis unari, gamdidrebis saboloo 

produqtebisadmi  momxmareblis mier wayenebuli 

moTxovnebi. 

mogvyavs sakoqse da energetikuli naxSirebis 

gamdidrebis zogierTi tipiuri sqemebi
∗
: 

∗teqnologiuri sqemebis naxazebze miRebulia 

Semdegi aRniSvnebi: 

k_koncentrati, mk_msxvili koncentrati, wk_wvrili 

koncentrati, fk_flotaciuri koncentrati, Sp_Sualedi 

produqti, S_Slami, kd_kudebi, fq_fuWi qani; 

Sw_Slamiani wyali, dw_dawmendili wyali, 

SS_Sesqelebuli Slami, wS_wvrili Slami; n_naleqi, 

f_fugati, fl_filtrati. 

sarecx RarebSi gamdidrebis teqnologia 

iTvaliswinebs  advilgamdidrebadi rigiTi naxSiris 

winaswar gacxrilvas, msxvili klasis 50mm  damsxvrevas, 

or samanqano klasad klasifikacias, TiToeulis sarecx 

RarebSi gamdidrebas da Slamebis flotacias. 

pnevmatikuri gamdidreba gamoiyeneba aratentevadi 

mSrali naxSirebis gasamdidreblad. damsxvrevis Semdeg 

naxSirs yofen or-sam samanqano klasad, romlebsac cal-

calke amdidreben, mxvil klass_pnevmatikur 

separatorebSi, xolo wvrils_pnevmatikur saleq 

manqnebSi. 

saleq manqanebSi gamdidrebis win rigiTi naxSiridan 

winaswari gacxrilviT gamoyofen >80 (100,125) mm_ze 

ufro msxvil natexebs, romlebsac amsxvreven da danarCen 

naxSirTan Serevis Semdeg cxrilze yofen msxvil da 

wvril samanqano klasad. TiToeul klass cal-calke 
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amdidreben hidravlikur saleq manqanebSi. msxvil Sualed 

produqts amsxvreven da wvril Sualed produqtebTan 

erTad amdidreben sakontrolo saleq manqanebSi, xolo 

Slamebs_flotaciuri meTodiT. 

iyeneben, agreTve, araklasificirebuli naxSirebis 

daleqvis meTodiT gamdidrebas, rac mniSvnelovnad 

amartivebs gamdidrebis teqnologiur process da 

amcirebs gamdidrebis TviTRirebulebas. 

gravitaciul koncentratebs auwyloeben cxrilebsa 

da centrifugebSi, xolo flotaciur koncentratebs 

filtrebSi. 

mZimesuspenzian separatorebSi naxSiris gamdidreba 

aris gamdidrebis yvelaze efeqturi Tanamedrove meTodi. 

am meTodiT naxSiris gamdidrebis praqtikuli 

maCveneblebi uaxlovdeba Teoriulad SesaZlebel 

maCveneblebs. es meTodi gansakuTrebiT efeqturia 

Zlneladgamdidrebadi naxSirebis gamdidrebisaTvis. 

mZimesuspenzian separatorebSi naxSiris gamdidrebis 

upiratesoba gravitaciuli gamdidrebis sxva meTodebTan 

SedarebiT is aris, rom es meTodi saSualebas iZleva 

gamdidrebul iqnes nebismieri kategoriis naxSiri. 

mZimesuspenziaSi gasamdidrebeli naxSiris simsxos 

zeda zRvari maRalia (200-600mm), rac saSualebas iZleva 

es meTodi gamoviyenoT agreTve mxvili rigiTi naxSiridan 

(samTo masidan) qanebis amorCevis procesis 

meqanizaciisaTvis. 

naxSiris gamdidrebis praqtikaSi mZime suspenziani 

separatorebi ZiriTadad gamoiyeneba 300_13 mm simsxos 

klasis gamdidrebisaTvis. rac Seexeba naxSiris ufro 

wvrili klasebis mZime suspenziaSi gamdidrebas, 

praqtikaSi jer iSviaTad iyeneben da isic centridanul 

velSi (hidrociklonebSi, centrifugebSi da sxva.). 
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nax. 12.1. mZimesuspenzian separatorebSi naxSiris 

gamdidrebis aparatTa jaWvis sqema 

1_cxrili rigiTi naxSirisaTvis; 2_cxrili samanqano klasebad 

klasificiisaTvis; 3, 4, 5, 6, 7, 8, 9, 10, 11 _cxrilebi 

gauwyloebisa da gamdidrebis produqtebidan suspenziis 

mocilebisaTvis; 12, 13, 14_separatorebi elevatoruli borbliT 
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msxvili naxSiris gamdidrebisaTvis; 15, 16_ separatorebi 

hidrociklonebi wvrili naxSiris gamdidrebisaTvis; 17, 18_cxrilebi 

koncentratis klasifikaciisaTvis; 19, 20, 21, 22_muSa suspenziis 

avzebi; 23_ganzavebuli suspenziis avzebi; 24_hidrocikloni 

suspenziis SesqelebisaTvis; 25_Semasqelebeli suspenziisaTvis; 26 

_suspenziis simkvirvis regulatori; 27, 28, 29, 30 _ magnituri 

separatorebi; 31, 32, 33, 34, 35 _ tumboebi suspenziis 

gadasatumbad; 36_konusuri avzi; 37, 38_samsxvrevelebi. 

 

mZimesuspenziaSi gamdidreba warmoebs suspenziis 

gadataniTi da brunviTi moZraobis separatorebSi. 

suspenziis gadataniTi moZraobis separatorebSi 

naxSirisa da fuWi qanebis natexebis dayofa warmoebs 

simZimis Zalis gavleniT, xolo suspenziis brunviTi 

moZraobis separatorebSi_centridanuli Zalebis 

zemoqmedebiT. procesis pirvel saxesxvaobas iyeneben 

msxvili (>6(10)mm) naxSiris gamdidrebisaTvis, xolo 

meore saxesxvaobas_wvrili [10 (6)_0.5 (2)mm] naxSiris 

gamdidrebisaTvis. 

mZimegaremoian separatorebis samrewvelo 

danadgarebis muSaobis gamocdileba gviCvenebs, rom 

naxSiris simsxos qveda zRvari, romelsac suspenziebSi 

statikur pirobebSi amdidreben, 10 mm_ze naklebi ar 

unda iyos. 10 mm_ze naklebi simsxos naxSiri 

mizanSewonilia gamdidrdes saleq manqanebSi, radgan 

wvrili naxSiris mZime suspenziaSi gamdidrebisas sakmaod 

zusti dayofis miRweva praqtikulad garTulebulia. 

wvrili naxSiris gamdidreba suspenzian 

ciklon_separatorebSi SesaZlebelia ganxorcieldes 

nebismier mZime suspenziaSi (magnetitis, baritis an sxva 

damamZimeblis gamoyenebiT). 

wvrili naxSiris (0_10 mm simsxos) 

ciklon_separatorSi magnetitursuspenzian garemoSi 

gamdidrebis sqema mocemulia 12.2. naxazze. 
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nax. 12.2. hidrociklonSi wvrili naxSiris gamdidrebis 

aparatTa jaWvis sqema: 

1_konveieri; 2_Semrevi; 3_hidrociklon_separatori; 

4_cxrilebi gamdidrebis produqtebis gauwyloebisa da 

morecxvisaTvis; 5_saleqari Zabri muSa suspenziisaTvis; 6_saleqari 

Zabri ganzavebuli suspenziisaTvis; 7_hidrocikloni_Semasqelebeli; 

8 da 9_lenturi magnituri separatorebi; 10_radialuri 

Semasqelebeli; 11_diafragmiani tumbo; 12_avtomaturi regulirebis 

sarqveli; 13_bunkerimagnetitisaTvis; 14_burTulebianiwisqvili; 

15_hidrocikloni_klasifikatori; 16 da 17_tumboebi; 18_sufTa 

wylis avzi. 
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gamdidrebis win konveieris (1) saSualebiT naxSiri 

miewodeba Semrevs (2), sadac warmoebs misi Sezaveba 

suspenziasTan, xolo Semdeg saWirni milgayvanilobiT 

miewodeba hidrociklon_ separators (3), ciklonSi 

centridanuli Zalis da mZime garemos moqmedebis Sedegad 

warmoebs naxSiris dayofa mZime da msubuq fraqciebad, 

romlebic Semdeg miewodeba gamauwyloebel cxrilebze 

(4). cxrilebis pirvel naxevarze gamdidrebis 

produqtebidan simZimis Zalis gavleniT gamoiyofa 

kondiciuri suspenzia, xolo meore naxevridan 

damamZimebels Camorecxaven wyliT, romlis regeneracia 

ganxorcielebulia magnituri meTodiT. 

 

gamdidrebis kombinirebuli sqemebi. (nax. 12.3) 

iTvaliswinebs naxSiris mZiemgaremoian (mineralur-

suspenzian) separatorebSi, saleq manqanebsa da Slamebis 

flotaciur  manqanebSi gamdidrebas, iyeneben Znelad-

gamdidrebadi naxSirebisaTvis. fabrikebSi sadac aseTi 

sqemebia gamoyenebuli, mniSvnelovnad gaumjobesda 

gamdidrebis procesis teqnologiuri maCveneblebi, 

naxSiris gauwyloebis procesi da ganxorcielda 

wyal_Slamis meurneobis Sekruli cikli.  

Tanamedrove maRalmwarmoeblur mamdidrebel 

fabrikebSi naxSiris gasaSualeba warmoadgens erT-erT 

mniSvnelovan teqnologiur operacias. imis gamo, rom 

centralur mamdidrebel fabrikebs naxSiri miewodeba 

ramdenime Saxtidan (karieridan) sxvadasxva xarisxobrivi 

maxasiaTebliT, amitom stabiluri xarisxis koncentratis 

miRebisaTvis saWiroa sxvadasxva Saxtis naxSiris 

efeqturi Sereva garkveuli proporciiT. 
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gacxrilva

+100 mm-100 mm

metalisa da xis amokrefa
gasaSualeba

gacxrilva

gauSlameba mZime suspenziaSi ganSreveba

daleqva drenaJi morecxva

damsxvreva
gauwyloeba 

centrifugaSi

centri 

fugireba

drenaJi morecxva

hidr. klasifikacia

regenerecia

-10 mm +10 mm

+0,5 mm -0,5 mm

k.d
k.n

S.p a.sk.s

a.s k.s k.d

gauwyloeba 

cxrilze

k.n

Sesqeleba

Sebr. wyali

S.l

flotacia

k.n

filtracia

k.nS.p

gacxrilva rkalur 

cxrilze

-0,5 mm +0,5 mm

S.lk.s

Sesqeleba

S.l Sebr. wyali

S.p

k.d

 
nax12.3 naxSiris gamdidrebis kombinirebuli sqema 
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mamdidrebel fabrikebSi gamasaSualoebeli 

mowyobiloba Cveulebriv Sedgeba mTeli rigi 

saakumulacio bunkerebisagan, romelTa CatvirTva da 

gantvirTva warmoebs garkveuli wesiT. naxSirebis 

moculobiTi wili, romelic miewodeba TiToeuli 

bunkeridan regulirgeba sadozavi mowyobilobiT. 

Tanamedrove fabrikebSi es operacia avtomatizebulia. 

saakumulacio bunkerebis saerTo tevadoba sxvadasxva 

fabrikebSi cvalebadobs erTi dRe_Ramis maragidan ori 

saaTis maragamde. 

ganxiluli teqnologiuri sqemebis analizis 

safuZvelze SegviZlia gamovyoT gamdidrebis ZiriTadi 

teqnologiuri operaciebi, romlebic Tanamedrove 

mamdidrebel fabrikebSia gamoyenebuli.  

1. naxSirebis momzadeba_gasaSualoeba, sveli 

klasifikacia, gauSlameba; 

2. gamdidreba_msxvili klasebisaTvis mZimegaremoiani 

separacia, wvrili klasebisaTvis_daleqva, naxSiris 

SlamebisaTvis_flotacia; 

3. gauwyloeba_koncentratebidan wylis mocileba 

cxrilebze, elevatorian bager_zumfebSi; wvrili 

klasebisaTvis centrifugva, filtracia; 

flotokoncentratis gaSroba, flotaciuri kudebis 

flokulacia da Sesqeleba. 

amrigad, unda vifiqroT, rom naxSirebis gamdidrebis 

teqnologiur sqemebSi 

daleqva da mZimegaremoiani separacia wamyvan rols 

SeinarCuneben. 
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12.3. madnebis gamdidrebis teqnologiuri sqemebi. 

 
madnebis gamdidrebis praqtikaSi ZiriTadad 

gamoiyeneba kombinirebuli sqemebi, romlebic Cveulebriv 

moicaven sxvadasxva procesebs_kombinirebulia sxvadasxva 

madnebis gamdidrebisas, zogjer msxvili klasisaTvis 

gamoiyeneba mZime garemo da daleqva, wvrili masalisaTvis 

sakoncentracio magidebi, centridanuli 

koncentratorebi da flotacia. teqnologiur sqemaSi 

ramodenime procesis Serwyma sasargeblo komponentis 

maqsimaluri amokrefisa da madnis kompleqsuri 

gamoyenebis saSualebas iZleva. 

me_12.4 da 12.5 naxazebze mocemulia WiaTuris 

manganumis madnebis (Jangeuli, peroqsiduli) gamdidrebis 

teqnologiuri sqemebi. sawyisi madnebi damsxvreva, 

morecxva, klasifikaciis Semdeg mdidrdeba 

daleqviT_msxvili klasebi moZravcxavian (Stauxi), xolo 

wvrili diafragmul saleq manqanebze. 

me_12.6 naxazze mocemulia oqrosSemcveli 

qviSrobuli madnebis gamdidrebis teqnologiuri sqema, 

romelic iTvaliswinebs sawyisi madnebis dezintegracias, 

hidrociklonebSi klasifikacias, silebis daleqvas da 

gadanadenis moklekonusur hidrociklonebSi gamdidrebas. 

daleqvisa da hidrociklonebis uxeSi koncentratebis 

gadawmendas knelsonis centridanul koncentratorebSi. 
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nax. 12.4 manganumis madnis gamdidrebis aparatTa jaWvis 

sqema 

1_firfitiseburi mkvebavi; 2,4,7_vibraciuli cxrili; 

3,5,12_konusuri samsxvrevela; 6_momrecxi aparati; 8,11_spiraluri 

klasifikatori; 9,10_saleqi manqana; 

13_lenturi konveieri; 14_elevatori. 
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nax. 12.5 peroqsiduli madnis gamdidrebis aparatTa 

jaWvis sqema 

1_firfitiseburi mkvebavi; 2_vibraciuli cxrili; 3_ybebiani 

samsxvrevela; 4_momrecxi butara; 5_konusuri samsxvrevela; 

6_vibraciuli cxrili; 7,8_saleqi manqana; 9,10_vibraciuli cxrili; 

11,12,13,14_spiraluri klasifikatori. 
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nax. 12.6. oqros  Semcveli silebis gamdidrebis 

teqnologiuri sqema. 
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d a n a r T i 

cxrili 1. 

mineralebis fiziko-qimiuri maxasiaTeblebi 

# minerali 
qimiuri 

formula 
simkvrive, kg/m3

sasargeblo 

komponenti 

sasargeblo 

komponentis 

Semcveloba, 

% 

1 oqro Au 19 300 oqro 100 

2 galeniti PbS 7400-7600 tyvia 86,6 
3 molibdeniti MoS2 4300-5000 molibdeni 59,94 

4 piriti FeS2 4900-5200 rkina; gogirdi 46,55; 53.5 

5 sfaleriti ZnS 3900-4100 TuTia 67,1 

6 qalkopiriti CuFeS2 4100-4300 spilenZi 34,36 

7 kasiteriti SnO2 6100-7300 kala 78,8 

8 kvarci ScO2 2650 siliciumi 46,7 

9 ilmeniti (Mg,Fe)TiO3 4400-5000 titani 31,6 

10 magnetiti Fe3O4 4500-5300 rkina 72,4 

11 kalciti CaCO3 2700-2730 kalciumis Jangi 56,0 

12 magneziti MgCO3 3000 magniumis Jangi 47,6 

13 sideriti FeCO3 3500-3900 rkina 48,3 

14 bariti BaSO4 4300-4500 bariumis Jangi 65,7 

15 Seeliti CaWO4 6000 volframi 80,6 

16 hematiti Fe2O3 5000-5200 rkina 70,0 

17 piroluziti MnO2 4820 manganumi 63,2 

18 brauniti Mn2O3 4700-5000  60_69 

19 hausmaniti Mn3 O4 4700-4900 ,, -------- “ 65_72 

20 manganiti 
MnO2. 

Mn(OH)2 4200-4300 ,, -------- “ 60_62 

21 fsilomelani 
MnO.MnO2.n

H2O 3700-4700 ,, -------- “ 45_60 

22 rodoqroziti Mn CO3 3400-3600 ,, -------- “ 40_45 

23 vernaditi MnO2.nH2O 2300-3000 ,, -------- “ 40_45 

24 manganokalciti (Ca,Mn)CO3 3000-3400 ,, -------- “ 20_25 

25 naxSiri C 1300-1800 naxSiri - 
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cxrili 2 

 

mineralur marcvalTa Tavisufali da SezRuduli 

vardnis siCqareebi (t. fomenkos mixedviT) 

 

 

kvarci 

2650 kg/m3 
kasiteriti 

6920 kg/m3 

galeniti 

7650 kg/m3 

marcvlis 

zoma, sm 

V0    
sm/w 

VS   
sm/w 

marcvlis 

zoma, sm 

V0    
sm/w 

VS   
sm/w 

marcvli

s zoma, 

sm 

V0    
sm/w 

VS   
sm/w 

1 2 3 4 5 6 7 8 9 

0.266 - 7.28 0.164 26.60 10.86 0.266 - 17.72 

0.228 16.7 7.28 0.137 24.53 9.09 0.228 44.20 18.10 

0.185 14.7 6.15 0.117 22.54 7.06 0.185 37.00 11.65 

0.155 12.7 6.03 0.095 19.37 6.52 0.155 33.05 10.04 

0.137 11.8 5.33 0.074 16.65 6.08 0.137 29.51 9.71 

0.119 10.6 4.26 0.061 - 4.53 0.119 27.01 7.20 

0.104 9.4 3.64 0.041 11.57 4.06 0.104 25.25 6.61 

0.091 8.4 3.30 0.034 9.53 3.05 0.091 22.75 6.50 

0.076 7.7 2.81 0.027 6.89 1.67 0.076 20.78 5.98 

0.060 - 2.46 0.023 5.97 1.43 0.060 - 4.78 

0.051 5.27 1.99 0.019 5.07 1.29 0.051 16.04 4.49 

0.041 4.10 1.44 0.016 4.01 1.02 0.041 12.61 4.67 

0.032 3.20 1.02 0.014 3.26 0.83 0.032 10.31 4.26 

0.026 - 0.73 0.012 2.76 0.70 0.023 - 3.03 

0.022 - 0.61 0.010 - 0.53 0.022 - 3.05 

0.0175 - 0.52    0.0175 - 1.95 

      0.0135  1.505 
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cxrili 2 gagrZeleba 

 

oqro          

17000 kg/m3 
naxSiri         

1 350 kg/m3 

antraciti       

1 550 kg/m3 

marcvlis 

zoma, sm 

V0    
sm/w 

Vw   
sm/w 

marcvlis 

zoma, sm 

V0    
sm/w 

Vw   
sm/w 

marcvlis 

zoma, sm 

V0    
sm/w 

Vw   
sm/w 

0.20 114.0 78.60 1.24 17.93 10.02 1.11 17.16 8.67 
0.10 62.0 24.15 1.18 16.30 8.30 0.868 14.90 7.10 
0.07 45.20 16.85 0.914 14.86 6.72 0.747 14.02 6.35 
0.05 33.00 10.43 0.761 13.40 5.54 0.564 11.50 5.95 
0.03 20.00 6.81 0.529 10.97 5.00 0.443 10.63 4.19 
0.02 15.0 3.98 0.441 8.86 4.50 0.344 8.61 3.88 
0.015 10.52 2.65 0.360 8.74 3.36 0.227 7.40 2.93 
0.010 6.60 1.50 0.229 5.84 2.92 0.164 5.17 2.60 
- - - 0.146 4.48 1.47 0.088 3.70 1.28 
- - - 0.095 3.17 1.20 0.085 3.56 1.23 
- - - 0.079 2.64 0.90 0.042 2.29 0.70 
- - - 0.042 1.53 0.47 0.032 1.75 0.51 
- - - 0.032 1.15 0.38 0.027 1.43 0.47 
- - - 0.027 0.95 0.30 0.023 1.14 0.30 
- - - 0.023 0.83 0.23 0.018 0.88 0.24 
   0.018 0.74 0.20 0.013 0.52 0.13 
- - - 0.013 0.35 0.11 0.009 0.31 0.08 
   0.009 0.21 0.04 0.007 0.18 0.04 
   0.007 0.14 0.03 0.005 0.13 0.03 
   0.005 0.11 0.022    
 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

gravitaciuli aparaturis teqnikuri maxasiaTeblebi                      

 cxrili 3 

spiraluri klasifikatorebis teqnikuri maxasiaTeblebi 

 

AparametrebiPP 
1КСН-

20М 
1КСН-

24М 
1КСН-

24М 
1КСН-

30М 
2КСН-

30М 
1КСП-

12М 
2КСП-

12М 
1КСП-

15М 
2КСП-

15М 
1КСП-

20М 
2КСП-

20М 
1КСП-

24М 
2КСП-

24М 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

spiralis diametri mm. 2000 2400 2400 3000 3000 1200 1200 1500 1500 2000 2000 2400 2400 

varclis sigrZe, mm 8400 9200 9200 12500 12500 8400 8400 10100 10100 13000 13000 14000 14000 

varclis daxris kuT. 

gr 
18 18 18 18 18 15 15 15 15 15 15 15 15 

spiralebis raodenoba 1 1 2 1 2 1 2 1 2 1 1 1 2 

spiralis brunvis sixS-

ire br/wT 
5 4 1,5-3,6 3 1,5-3,6 8 4,15-8,3 6,5 3,5-7 5 2,5-6,7 4 1,5-3,6 

mwarmoebloba t/sT: 

silis mixedv. 

gadanadenis 

220 

37 

300 

51 

600 

102 

360 

31,8 

440 

75 

85 

13 

170 

26 

130 

24 

260 

48 

240 

38 

480 

76 

330 

53 

630 

106 

Zravis simZlavre kvt. 11 18,5 2х18,5 30 2 х 30 5,5 2 х 5,5 7,5 2 х 7,5 16 2 х 16 18,5 2 х 18,5
gabarituli zomebi, mm 

sigrZe 

sigane 

simaRle 

 

11500 

2700 

4500 

 

12000 

3100 

5000

 

12900 

5700 

4500 

 

15020 

3740 

7100

 

15900 

6800 

5500

 

10500 

1800 

4000

 

11500 

3350 

4500

 

13200 

2300 

4500

 

13700 

4500 

6000 

 

15500 

3500 

6500 

 

16500 

6000 

6700

 

16500 

4000 

6500

 

17500 

6700 

7500 

wona, kg 16000 23500 39000 40350 70000 7500 13800 12500 25200 22000 46000 34000 49600 

damamzadebeli r u s e T i 

 
 



 

cxrili 4 

hidrociklonis teqnikuri maxasiaTeblebi 

 

parametrebi ГЦ-25 ГЦ-50 ГЦ-75 ГЦ-150 ГЦ-250 ГЦ-360 ГЦ-500 ГЦ-710 ГЦ -1000 ГЦ-1400 ГЦ-2000
hidrociklonis diametri, mm 25 50 75 150 250 360 500 710 1000 1400 2000

konusurobis kuTxe grad. 10 10 10 10/20 20 20 20 20 20 20 20

mkvebavi miltuCas 

ekvivalenturi diametri, mm 
6 12 17 38 65 90 130 150 210 300 400 

gadanadenis diametri, mm 7 13 22 50 80 115 150 200 250 380 500

silebis nacmis diametri, mm 4; 6; 8;
6; 8; 

12; 

8; 12; 

17; 

12; 27;

(20) 

24; 34;

34; 34; 

48; 75; 

34; 48;

75; 96;

48; 75; 

96; 150;

48; 75; 

150; 200 

75; 150; 

200; 250 

150; 200

250; 300

360

250; 300 

360; 500 

wneva, mpa  0,01-0,02 0,03-0,25 0,06-0,45

mwarmoebloba m3/sT 0,7 2,5 5,0 15/20 50 95 180 260 470 900 1600

gabarituli zomebi, mm 

sigrZe 

sigane 

simaRle 

 

120 

70 

250 

 

230 

100 

400 

 

300 

350 

600 

 

500 

450 

1200

 

600 

650 

1400

 

700 

750 

1900

 

900 

1000 

2500

 

1200 

1400 

3500 

 

1500 

1600 

4500 

 

2100 

200 

6200

 

- 

- 

-

wona, kg 2 5 20 100 200 300 450 1450 2400 4500 - 

damamzadebeli u k r a i n a 
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cxrili 5 

mravalkameriani hidravlikuri klasifikatoris teqnikuri 

maxasiaTeblebi 

parametrebi КГ-4Р КГ-6Р 

mwarmoebloba t/sT 30 40 

kvebaSi maqsimaluri zom, mm 2,5-0 2,5-0 

kamerebis ricxvi 4 6 

aRmavali nakadis wneva, mpa 0,05-0,07 0,05-0,07 

wylis xarji, m3/t 2,5-4,0 2,5-4,0 

gabarituli zomebi, mm 

sigrZe

sigane

simaRle 

 

3450 

2250 

2850 

 

5450 

2500 

2850 

wona, kg 2520 4200 

damamzadebeli r u s e T i 

 

   cxrili 6 

skruberebisa da skruber-butarebis teqnikuri 

maxasiaTeblebi 

 

parametrebi С-12 СБ-
12

КМК-
2,6

КМК-
3,3 skruberebi 

1 2 3 4 5 6 
mwarmoebloba 

m3/sT 
60 40 100 250 400 250 

dolis zomebi 

mm diametri 

sigrZe 

1300 

3000 

1300 

3000 

2605 

4110 

3350 

10770 

2720 

6000 

3600 

7800 

wylis xarji 

m3/t 
1-2 1-3 2-4 2-4 1-2 1-3 

madnis 

maqsimaluri 

zoma, mm 

150 150 - - - 300 
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cxrili 6 - gagrZeleba 

1 2 3 4 5 6 
el.Zravis 

simZlavre,kvt 
13 17 215 500 200 100 

gabarituli 

zomebi, mm 

sigrZe 

sigane 

simaRle 

 

 

3810 

2155 

2250 

 

 

5520 

2155 

2230 

 

 

6900 

3400 

4800 

 

 

1200 

6300 

5600 

 

 

10000

4500 

4500 

 

 

13600 

5120 

4610 

wona, t. 5,5 5,95 40,4 15,4 40,0 85,2 

damamzadebeli r u s e T i 



 

cxrili 7 

suspenziuri separatorebis teqnikuri maxasiaTeblebi 

Aparametrebi 
konusuri T v l i a n i 

Д-3,5 Д-6,0 СКВ-20 СКВ-32 СКВД-32 СТТ-20 СТТ-32 «teska-5» «vedagi» «desa-3» 

mwarmoebloba t/sT 
100-

180 

400-

700 

190-

240 
300-380 300-400 

190-

240
300-380 1000 200 230-400 

konusis diametri 

mm. 
3500 6000         

elevatoris Tva-

lis diametri, mm 
  4000 5450 5450 2È4000 2È5450 6500 4300 4700 

sawyisi madnis 

zoma, mm 

-

100+6 
-100+6 

300È 
300È 
600 

300È 
300È 
900

300È 
300È 
900

-300 -300 1200 10-150 10-250 

separatoris muSa 

moculoba, m3 
17,2 84,0 8 18 18 2È8 2È18 - - 

1-10,5 

2-9,5 

eleqtro Zravis 

simZlavre kvt 
4,5 7 7,7 13,2 13,2 17,6 32,2 14,0 4,4 5,1 

gabarituli zomebi, 

mm 

sigrZe 

sigane 

simaRle 

 

4175 

3720 

7740 

 

6640 

6500 

12070 

 

4400 

4500 

4200 

 

5500 

6000 

5700 

 

5495 

5850 

5700 

 

7800 

4800 

4500 

 

9800 

6000 

5900 

 

 

2800 

4620 

5380 

 

wona, t. 7,1 27,1 16,5 27,5 30,0 37,0 60,0  17,6 30,0 

damamzadebeli r u s e T i u k r a i n a germa. polon. 

 

 



 

cxrili 8 

diafragmuli saleqi manqanebis teqnikuri maxasiaTeblebi 

 

parametrebiP МОД-02 МОД-
1М1 

МОД-
2М1

МОД-
3М1 МОД -3 МОД -

6ПР МОД -6 МОД -
12

mwarmoebloba, t/sT 0,9 10 25 30 
0,05-

45 
100-150  200 

muSa farTi 0,18 1 2 3 3 6 6 12 

madnis maqsimaluri zoma mm 8 15 15 15 25 25 25 20 

kamaris ricxvi 2 2 2 3 2 2 2 2 

diafragmis gadaadgilebis 

sidide, mm 
21 40 40 40 43  43  

pulsaciis sixSire, wT 
210-

380 
130-350 130-350 130-350 125-331  

124-

331 
 

eleqtro Zravis simZlavre 4 1,1 2,2 4,4 3,0 7,5 7,5  

gabarituli zomebi, mm 

sigrZe 

sigane 

simaRle 

 

1090 

800 

920 

 

2160 

960 

2400 

 

3000 

1260 

2300 

 

4350 

1260 

2300 

 

3200 

1520 

2300 

 

4613 

2480 

2523 

 

4000 

1900 

2700 

 

7470 

3370 

3550 

wona, kg 190 1005 1300 2900 2000 5130 4000 13300

damamzadebeli r u s e T i 



 

cxrili 9 

udguSo saleqi manqanebis teqnikuri maxasiaTeblebi 

parametrebiP ОПМ-
12 

ОПМ-13 ОПМ-14 ОПМ-15 ОПМ-22 ОПМ-23 ОПМ-24 ОПМ-25 ОПМ-35 МОБК-ВС 

kameris zomebi 

sigane 

sigrZe 

 

1250 

1000

 

1250 

1000 

 

1250 

1000

 

1250 

1000

 

2000 

1000

 

2000 

1000

 

2000 

1000

 

2000 

1000 

 

3000 

1000

 

2000 

1000 

cxavis farTi m2 2,5 3,75 5 6,25 4,0 6,0 8,0 10,0 15,0 8,0 

kameris ricxvi 2 3 4 5 2 3 4 5 5 2 

wylis pulsac. sixS. wT-1 110-350 110-350 110-350 110-350 142 176 227 316 50-300 57,0; 63; 71;

wylis amplitudia, mm 150 150 150 5-100 3-60 3-60 3-60 3-60 60 250 

wneva kpa 20-50 20-50 20-50 20-50 30-35 30-35 30-35 30-35 30 35-40 

xarji, m3/sT 

haeris 

wylis 

 

600 

60

 

900 

80 

 

1400 

90-140

 

1400 

130

 

1600 

150

 

2400 

200

 

3200 

230

 

4000 

270 

 

4000 

350

 

4000 

200-400 

cxavis xvretis zoma, mm 3(5) 3(5) 3(5) 3(5) 3 3 3 3 3; 6; 6×20 10(12)

madnis simkvrive, mm 4 4 4 4 4 4 4 4 4 60 

mwarmoebloba  t/sT 25 40 50 55 40 60 60 75 90-125 70-120 

Zravis simZlavre kvt. 1,5 1,5 1,5 1,5 2,2 2,2 2,2 2,2 1,5 2,2 

gabarituli zomebi, mm 

sigrZe 

sigane 

simaRle 

 

2790 

2480 

3300

 

3810 

2480 

3300 

 

4830 

2480 

3300

 

5840 

2480 

3300

 

3300 

3100 

4300

 

4327 

3100 

4300

 

5350 

3100 

4300 

 

6370 

3100 

4300 

 

6420 

4340 

3240

 

5610 

3270 

4140 

wona, kg 4,7 6,5 8,30 9,75 6,14 8,61 11,0 13,54 17,5 19,0 

damamzadebeli Uu k r a i n a r u  s e T i 
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cxrili 10 

БОМ    tipis saleqi manqanebis teqnikuri maxasiaTeblebi 

 

1 2 3 4 5 6 

parametrebiP МБОМ-К6 МБОМ-К8 МБОМ-
К10

МБОМ-
М10

МБОМ-
М16

mwarmoebloba t/sT 80 100 175 140 300 

gasamdidrebeli 

naxSiris zoma, mm 
13-125 0,5-125 0,5-13 

saleqi ganyofilebis 

farTi, m2 
6 8 10 10 16 

1 2 3 4 5 6 

SekumSuli haeris 

wneva, mm. wy. sv. 
1400-1600 1800-1900 1400-1600 1800-1900 

haeris xarji m2/wT.  36 30 32 60 

pulsaciis sixSire,     

wT1 

61 

 

36; 42; 51; 

57; 67; 
84 

36; 42; 51; 

57; 67; 

eleqtroZravebi 

simZlavre, kvt. 

КОМ 31-6
2,8 

КОМ  31-6 
СБ-11 

2,8; 1,2 

КОМ 31-6 
2,8 

СБ-11 
2,8; 1,2 

gabarituli zomebi, mm

sigrZe

sigane

simaRle

 

5530 

3800 

5790

 

5980 

3800 

5790

 

6400 

4510 

6335

 

6610 

3700 

5790

 

7420 

4510 

6335 

wona, kg 18,9 20,7 33,8 21,8 39,8 
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cxrili 11 

sakoncentracio magidebis teqnikuri maxasiaTeblebi 

 

parametrebiP СКО-0,5 СКО-1-
3,5М2 

СКО-2 СКО-1-
7,5 

СКО-
7,5ТШС 

СКО-
15М1 

СКО-
22 

mwarmoebloba t/sT 0,05 0,5-1,5 0,3-1 0,5-5,0 0,2-0,5 2,0-7,0 3,0-10-

0 

gasamdidrebeli masalis 

zoma, mm 

-

3,0+0,04

-1,0+0,02 -3,0-

0,04 

-0,4 0,1-0,01 -3,0-

0,04

-3,0-

0,04 

dekas farTi, m2 0,5 3,5 2 7,5 7,5 15 22,5 

dekas ricxvi 1 1 1 1 1 2 3 

dekas rxevis sixSire, 

wT-1  

280-400 225-350 280-

400 

225-

350

280-350 280-350 280-

350 

amplituda 4-16 12-20 10-26 12-20 8-16 10-120 10-20 

eleqtro Zravis ,kvt. 0,37 2,2 0,55 2,0 2,2 2,2 2,2 

gabarituli zomebi, mm 

sigrZe 

sigane 

simaRle 

 

1550 

660 

660

 

4500 

2000 

1300

 

3000 

1250 

1000 

 

6000 

1850 

1200

 

5200 

2300 

1700

 

5400 

2300 

1700

 

5400 

2300 

2300 

wona, kg 100 2900 450 1500 1550 2400 3000 

damamzadebeli r u s e T i 

                                                            

     cxrili 12  

xraxnuli separatorebis teqnikuri maxasiaTeblebi 

 

parametrebiP СВ 2-750 СВ  2-1000 СВ  3-1500 СВ  2-2000 
Raris diametri, m  0,75 1.0 1,5 2,0 

Raris biji, m 0,50 0,6 1,0 1,0 

Raris raodenoba 2 2 3 2 

xraxnis  raodenoba 4 4 3 3 

gasamdidrebeli masalis zoma, mm 0,07-1,0 0,07-2,0 10,07-3,0 2-5 

myaris Semcveloba,% 15-40 15-40 15-40 15-40 

wylis xarji, m3/sT 0,5 0,6 0,9 - 

mwarmoebloba t/sT 1-5 3-8 18-30 40-60 

gabarituli zomebi, mm

sigrZe

sigane

simaRle

 

3,7 

0,9 

0,9

 

4,0 

1,1 

1,1

 

5,2 

1,6 

1,6

 

5,0 

2,2 

2,2 

wona, t 0,3 0,6 2,4 3,0 

damamzadebeli r u s e T i 
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cxrili 13 

xraxnuli rabebis teqnikuri maxasiaTeblebi 

 

parametrebi ШВ 2-
750

ШВ  2-
1000 

ШВ  3-
1250

ШВ  5-
1500

ШВ  5-
2000

Raris diametri mm.  0,75 1,00 1,25 1,50 2,00 

Raris biji, m 0,5 0,55 0,65 1,2 1,2 

Raris raodenoba 2 2 3 5 5 

TiToeul Rarze xraxnis  

raodenoba 

3 4 4 3 4 

masalis sisqe, mm 0,5 0,5 0,5 0,5 0,5 

myaris Semcveloba, % 15-40 15-40 15-40 15-40 15-40 

wylis xarji, m3/sT 0,3-0,5 0,5-0,7 0,7-1,0 1,0-1,8 1,0-1,8 

mwarmoebloba t/sT  

zomis mixedviT, mm: 

0,2-0,5 

0,07-0,2 

0,04-0,07 

0,02-0,04 

 

 

1,1-1,5 

0,5-0,6 

0,3-0,5 

0,1-0,2

 

 

1,5-2,0 

0,7-0,8 

0,4-0,6 

0,2-0,3 

 

 

3-4,5 

1,5-2,0 

1,0 

 

 

7-15 

4-8 

3-6 

0,8-1

 

 

10-20 

5-10 

5-7 

1-1,5 

gabarituli zoma, m 

sigrZe 

sigane 

simaRle 

  

3,10 

1,10 

1,10

 

3,86 

1.30 

1,30

 

 

 

 

 

6,3 

2,2 

2,2 

wona, t  0,60 0,80 2,8 2,4 

damamzadebeli r u s e T i 
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cxrili 14 

uwyveti moqmedebis ,,knelsonis” koncentratorebis 

teqnikuri maxasiaTeblebi 

 

parametrebiP KC-CVD6 KC-
CVD20 

KC-
CVD32 

KC-
CVD42 

KC-
CVD42 

mwarmoebloba t/sT 

 

0,5 

4

15-35 

75

30-80 

170

40-120 

250

40-120 

250 

Camrecxi wyali 

m3/sT 

1,1-2,7 4,5-9,1 16-36 14-23 16-36 

kvebaSi myaris 

Semcveloba % 

0-50 0-50 0-50 0-50 0-50 

masalis zoma: 

maqsimaluri 

minimaluri  

 

3,2 

1,7

 

3,2 

1,7

 

3,2 

1,7

 

3,2 

1,7

 

3,2 

1,7 

koncentratis 

raodenoba % 

moculobiTi 

woniTi 

miw.mas.1-50

miw.mas.1-50

miw.mas.1-50

miw.mas.1-50

miw.mas.1-50

miw.mas.1-50

miw.mas.1-50

miw.mas.1-50

miw.mas.1-50 

miw.mas.1-50 

el. Zravis 

simZlavre kvt. 

1,1 11 30 30 30 

wona kg. 230 2500 6800 7000 7100 

damamzadebeli k a n a d a 

 



 

cxrili 15 

perioduli moqmedebis ,,knelsonis” koncentratorebis teqnikuri 

maxasiaTeblebi 

 

parametrebiP 

P 

KC-
MD3 

KC-
MD4,5 

KC-
MD7,5 

KC-
CD10 

KC-
CD12 

KC- 
CD20 

KC- 
CD30 

KC- 
CD20 

KC- 
CD30 

KC- 
CD40 

KC- 
CD48 

KC- 
CD70 

mwarmoebloba: 

t/sT  

m3/sT 

0-

0,045 

 

8l/wT 

 

0-0,275 

 

18l/wT

 

0-0,680 

 

95l/wT 

 

0,9-

0,8 

10

 

6-20 

 

15

 

10-5 

 

70

 

50-

100 

135

 

15-80 

 

110

 

75-

150 

200 

 

125-

250 

340 

 

200-

400 

550

 

300-

1000 

1360 

Camrecxi wyali 

m3/sT 

0,7-4 

l/wT 

11-19 

l/wT

45-68 

l/wT 

3,4-

4,5

4.1-

5,7

8-20 17-36 8-20 14-36 27-68 41-90 68-125 

muSa farTi sm2 48 157 322 770 1044 1982 7115 2982 7115 10300 13941 32044 

masalis zoma: 

maqsimaluri 

minimaluri 

 

1,7 

 

1,7 

 

4,7 

 

6 

1,7

 

6 

1,7

 

6 

1,7

 

6 

1,7

 

6 

1,7

 

6 

1,7 

 

6 

1,7 

 

6 

1,7

 

6 

1,7 

koncentratis 

ra-odenoba % 

moculoba l. 

wona kg. 

 

58ml. 

80-

150gr. 

 

0,18 

200-

350gr.

 

0,5 

0,7-1,0 

 

1,2 

2-3,8 

 

1,6 

2,5-

4,5

 

5 

7-10 

 

12 

20-27 

 

5 

7-10 

 

12 

20-27 

 

13 

38-43 

 

20 

45-80 

 

52 

100-

140 

el. Zravis simZ-

lavre kvt. 

0,11 0,56 0,56 1,1 1,5 5,5 11 55 11-19 30-55 30-75 150-

375 

wona kg. 25 113 113 201 263 900 1565 1000 1724 4100 5680 18150 

damamzadebeli  k a n a d a 
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cxrili 16 

centridanuli koncentratoris “falkonis” teqnikuri 

maxasiaTeblebi 

 

parametrebiP SB 40 SB 250 SB 750 SB 1350 SB 2500 SB 5200 
mwarmoebloba t/sT 

l/wT  

0-0.25 

38

1-4.5 

285

4.5-32 

1325

23-63 

2365

36-113 

4730

90-215 

9085 

muSa zedapiris farTi sm2 285 1710 5320 8710 17,445 32,615 

G-s mniSvneloba 

maqsimaluri 

minimaluri 

 

300 

50 

 

200 

50 

 

200 

50 

 

200 

50 

 

200 

50 

 

200 

50 

eleqtro Zravis 

simZlavre, kvt 

0,2 2,2 5,6 15 30 75 

Camrecxi wyali, l/wT 4-20 45-70 135-210 230-340 450-680 855-1275 

gabarituli zomebi, sm 

sigrZe 

sigane 

simaRle 

 

49 

31 

51

 

112 

76 

150

 

122 

117 

195

 

155 

155 

225

 

185 

185 

265

 

236 

236 

365 

wona, kg 37 365 920 2955 4545 10,900 

damamzadebeli  k a n a d a 

cxrili 17 

,,itomakis” tipis koncentratorebis teqnikuri 

maxasiaTeblebi 

parametrebis КГ-30-ГМ КГ-40-ГМ
mwarmoebloba    t/sT 

                m3/sT 

30 

65 

40 

70 

Camrecxi wylis xarji m3/sT 30 60

kvebaSi myaris Semcveloba % 0_75 0_75

masalis maqsimaluri zoma,mm 1 1

koncentratis raodenoba 

                       l. 

                       kg.

 

30 

_

 

40 

100

rotoris brunvis sixSire, br/wT 450 450

el. Zravis simZlavre, kvt. 7.5 11

gabarituli zomebi,mm 

                 sigrZe 

                 sigane 

                 simaRle

 

1600 

1500 

1700

 

2320 

1580 

1750

wona 1500 1700

damzadebuli ruseTi 
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cxrili 18 

centridanuli saleqi manqanis teqnikuri maxasiaTeblebi 

 

parametrebi ЦОМ-1 ЦОМ-2 ЦОМ-3 
mwarmoebloba t/sT  20 50 70 

gasamdidrebeli masalis zoma, mm 3 3 3 

rotoris diametri, mm 370 630 860 

kameris ricxvi 2 2 2 

eleqtro Zravis simZlavre, kvt 12,1 32,2 49,5 

gabarituli zomebi, mm 

sigrZe 

sigane 

simaRle 

 

2035 

1630 

2370

 

2770 

1950 

2900

 

3200 

2200 

2800 

wona, kg 1700 3000 4500 

damamzadebeli r u s e T i 
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nax. 1. naxSiris mamdidrebeli fabrikis ZiriTadi korpusi 

1_doluri samsxvrevela SerCeviT damsxvrevisaTvis; 2_konveieri 

fuWi qanisaTvis; 3_konveieri naxSirisaTvis; 4_saakumulacio 

bunkeri; 5,6_konveieri naxSirisaTvis; 7_cxili klasifikaciisaTvis; 

8_ mZimesuspenziani separatori СК_3; 9_gamauwyloebeli cxrili; 

10_bager_zumfi elevatoriT; 11_gamauwyloebeli cxrili fuWi 

qanisaTvis; 12_bunkeri qanisaTvis; 13_konveieri qanisaTvis; 14_saleqi 

manqanebi; 15_ bager_zumfi elevatoriT wvrili koncentratisaTvis; 

16_ centrifugebi koncentratis gauwyloebisaTvis; 17_ konveieri 

koncentratisaTvis; 18_hidravlikuri klasifikatori 

suspenziisaTvis; 19_tumboebi suspenziisaTvis. 
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nax.2 manganumis mamdidrebeli fabrikis samsxvrevi da 

ZiriTadi korpusi 

1_8, 12 da 14  ix. nax. 12.4. 
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