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Sesavali 

 

saqarTvelo bunebrivi wiaRiseuliT mdidari qveyanaa. amitom bunebrivi 

wiaRiseulis mopoveba da misi efeqturi gadamuSaveba Cveni qveynis 

ekonomikuri ganviTarebisaTvis mniSvnelovani amocanaa.  

gasuli saukunis 80-iani wlebis bolos saqarTveloSi iwarmoeboda 

msoflio manganumis produqtebis 6_8 %, bolo wlebSi es wili 0,3_0,5 %-mde 

daeca. dRes am problemis gadawyvetis safuZvelad miCneulia WiaTuris 

manganumis nedleulis bazisa da zestafonis feroSenadnobTa qarxnis 

erToblivi da SeTanxmebuli funqcionireba. msxvil samTo-metalurgiul 

sawarmoebs aqvT madnis mopovebisa da metalurgiuli gadamuSavebis axali 

teqnologiebis SemuSavebisa da gamoyenebis gacilebiT didi 

SesaZleblobebi, rac, Sesabamisad, uzrunvelyofs sawarmoo danaxarjebis 

Semcirebas da produqciis konkurentunarianobis amaRlebas. specialistebis 

gaangariSebiT WiaTuris auzSi maRali xarisxis manganumis koncentratis 

warmoeba weliwadSi 75 aTasi tonidan gaizrdeba 200 aTas tonamde [1, 2]. 

 dRes aRaravis epareba eWvi, rom manganumis mamdidrebeli fabrikebis 

aRorZineba Zveli teqnologiebis bazaze miuRebelia da SeuZlebelic. axali 

teqnologiebis organul nawils warmoadgens maTi avtomatizacia. cxadia, 

avtomatizaciis mowyobilobac Tanamedrove, uaxles principebze unda iyos 

agebuli. es ki SesaZlebels xdis, gadawydes iseTi aqtualuri amocana, 

rogoric aris gamdidrebis teqnologiuri procesebis optimaluri marTva, 

mamdidrebel fabrikebze teqnologiuri procesebis marTvis 

avtomatizebuli sistemebis damuSaveba da danergva. amitomac warmodgenili 

naSromi dReisTvis sakmaod mniSvnelovania, ramdenadac igi eZRvneba 

flotaciis, rogorc gamdidrebis erT-erTi ZiriTadi teqnologiuri 

procesis optimizaciis xerxis SemuSavebasa da Sesabamisi avtomaturi 

marTvis sistemis funqciuri struqturis agebas avtomatizaciis 

Tanamedrove teqnologiebis bazaze.      
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Tavi 1. teqnologiuri procesis mimoxilva  

1.1. WiaTuris auzis manganumis madani 

Cveni qveynis sasargeblo wiaRiseuls Soris WiaTuris auzSi 

mopovebul manganumis madans mniSvnelovani adgili uWiravs ara marto 

saqarTvelos masStabiT. manganumis madnis sabadoebi 40-ze met qveyanaSi 

arsebobs, magram WiaTuris auzSi mopovebuli manganumis madani Tavisi 

fizikuri da qimiuri Tvisebebisa da mineraluri Semcvelobis gamo 

msoflioSi gamorCeulia rogorc erT-erTi saukeTeso. manganumis madans 

iyeneben mrewvelobis sxvadasxva dargSi: Sav da ferad metalurgiaSi, 

qimiur da keramikul mrewvelobaSi da a.S. 

saqarTveloSi manganumis madnis mopovebas saukuneze meti xnis 

istoria aqvs. WiaTuraSi am madnis mopoveba daiwyo 1879 wels, xolo 

manganumis pirveli mamdidrebeli fabrika aigo 1901 wels.  

WiaTuris auzSi mopovebuli madani warmoSobisa da Semadgenlobis 

mixedviT SeiZleba davyoT Jangeul, karbonatul da daJangul madnebad  [3, 

4, 5]. 

Jangeuli madnebi gavrcelebulia WiaTuris manganumis auzis 

centralur da dasavleT nawilSi. mineralogiurad is warmodgenilia 

moSavo-moruxo feris piroluzitiT MnO2, Mn-is SemcvelobiT 63.5% da Savi 

feris fsilomelaniT (MnO2)m(MnO2)n(H2O)p, romelsac ara aqvs mudmivi 

Sedgeniloba da Seicavs wvrilad Cawinwklul TabaSirs da fuW qans. 

Jangeul madnebs miekuTvneba agreTve moSavo-mura feris manganati Mn2O3, 

Mn_is 62.5% SemcvelobiT. 

  sabados zogierT nawilSi, kerZod, Crdilo-aRmosavleTiT, gvxvdeba 

karbonatuli madnebi _ rodoqroziti (MnCO3) da moruxo-TeTri 

manganokalciti  (MnCa)CO3, mcire raodenobiT gvxvdeba rodoniti (MnSiO3) 

da hausmanitic (MnMn2O4). 

daJanguli (mCate forovani) madnebi warmoiqmneba karbonatuli 

madnebis daJangvis xarjze da gvxvdeba maT mezoblad sabados mTel 

teritoriaze. mineralogiurad daJanguli madnebi gvxvdeba moSavo-

moyavisfro bernaditis (MnO2 mH2O) saxiT, manganumis SemcvelobiT 15%-dan 

40%-mde. 
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yvela es madani fabrikaSi SeiZleba moxvdes erTdroulad. maT 

gaaCniaT manganumis sxvadasxva Semcveloba, sxvadasxva kuTri wona da 

simkvrive. garda amisa, madnebSi gvxvdeba fuWi qani, romelic, ZiriTadad, 

warmodgenilia kvarciT, mindvris SpatiT, kalcitebiT, TabaSiriT, 

dolomitiT, glaukoniTa da qviSaqvebiT. es ki sakmaod arTulebs 

teqnologiuri procesis marTvas da zrdis danakargebs. 

manganumis madnebi ZiriTadad mdidrdeba kombinirebuli sqemiT, 

romelic iTvaliswinebs morecxvas, daleqvas da magnitur separacias. 

flotacias ki miewodeba Slamebi. 

 

I.2.Fflotaciis procesi da misi fizikur-qimiuri arsi 

flotacia, rogorc mineralTa gayofis meTodi, uZvelesi droidanaa 

cnobili. mas fesvebi Soreul warsulSi aqvs. herodotes cnobiT, jer kidev 

Cvens welTaRricxvamde V saukuneSi moipovebdnen oqros zeTSi amovlebuli 

frTebis meSveobiT, magram flotaciis, rogorc wiaRiseulis gamdidrebis 

fizikur-qimiuri meTodis gamoyeneba, XIX s-is Sua periodidan iwyeba. 

kerZod, 60-ian wlebSi ingliselma uiliam hainsma pirvelad gamoiyena zeTi 

dafqvis procesSi; 1884 wels dapatentebul iqna qafiani flotacia; Zmebma 

beselebma (1877 weli) da efersonma (1885 weli) safuZveli Cauyares 

flotaciis sawarmoo procesebis sawyisebs; 1902 wels inglisSi gamoiyenes 

zeTiani flotaciis aparati; 1904 wels amoqmedda pirveli saflotacio 

fabrika ruseTSi; 1904 wels aSS-Si pirvelad gamoiyenes afskiani flotacia 

warmoebaSi; imave wels inglisSi Seiqmna vakuumuri flotaciis aparatebi; 

1914 wels aSS-Si Seiqmna pirveli pnevmatikuri tipis saflotacio manqana; 

XX s-is dasawyisSi, 10_20-ian wlebSi aRmoCenil iqna fiWvisa da zogierTi 

sxva zeTebis qafwarmoqmnis Tvisebebi, seleqciuri flotaciis arsi, 

tutemiwa liTonebis madepresirebeli moqmedeba, orvalentiani gogirdis da 

azotis Semcveli sinTezuri koleqtorebi, Teoriulad iqna dasabuTebuli 

afskiani flotaciis dros mineraluri nawilakebis wylis zedapirze 

damagrebis procesi da mravali sxv. flotacia, rogorc gamdidrebis erT-

erTi mniSvnelovani meTodi, dResac viTardeba [5].  

flotacia sasargeblo wiaRiseulis gamdidrebis erT-erTi yvelaze 

farTod gavrcelebuli meTodia, romelic farTod gamoiyeneba sasargeblo 
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wiaRiseulis TiTqmis yvela saxeobis: Savi, feradi, iSviaTi, keTilSobili 

liTonebisa da naxSirebis gasamdidreblad. 

flotaciis farTo gavrceleba aixsneba misi universalurobiT, rac 

mdgomareobs SemdegSi: flotacia SeiZleba gamoyenebul iqnas nebismieri 

madnis gamdidrebis SemTxvevaSi. magaliTad, Tu gamdidrebis gravitaciuli 

meTodi efuZneba madnis Semadgeneli komponentebis simkvriveebiT 

gansxvavebas, gamdidrebis magnituri meTodi ki am komponentebis magnituri 

TvisebebiT gansxvavebas, flotaciis meTodiT gamdidrebas nebismieri 

minerali eqvemdebareba. igi emyareba mineralebis zedapirul Tvisebebs 

Soris sxvaobas. amasTan, flotaciis meTodis gamoyenebiT SesaZlebelia 

Raribi da Zalian wvrili Cawinwklulobis mqone mineralTa gamdidreba, 

rac sxva meTodiT praqtikulad SeuZlebelia [5, 6, 7, 8].  

flotacia aris sasargeblo wiaRiseulis gamdidrebis meTodi. igi 

eyrdnoba garkveul zomamde dawvrilmanebuli mineralebis fazaTa gayofis 

sazRvarze SerCenis sxvadasxva unars, rac emyareba mineralebis zedapirul 

Tvisebebs Soris sxvaobas. 

mineralebs, romlebic wyliT sveldeba, hidrofilurs uwodeben, 

xolo mineralebs, romlebic cudad, an saerTod ar sveldeba _ 

hidrofoburs. mineralebis wyliT dasvelebis xarisxi SeiZleba vcvaloT 

xelovnurad, mineralebis specialuri nivTierebebiT damuSavebis Sedegad. 

am ukanasknelT saflotacio reagentebi ewodebaT. saflotacio reagentebs 

aqvT unari amorCeviT adsorbirdnen mineralis zedapirze da Seamciron an 

gazardon maTi dasvelebadobis unari.   

arsebobs flotaciis Semdegi saxeobebi: afskiani, zeTiani, qafiani, 

vakuumuri, qimiuri, ionuri, emulsiuri, eleqtroflotacia, flotacia 

duRiliT, flotacia amalgamirebiT da sxv.  

yvelaze metad gavrcelebulia qafiani flotacia. igi efuZneba 

aradasvelebadi (hidrofoburi) nawilakebis Tvisebas miekras aeraciis 

Sedegad warmoqmnil haeris buStulakebs da amotivtivdes maTTan erTad 

pulpis zedapirze qafis produqtis saxiT, xolo dasvelebuli 

(hidrofiluri) mineraluri nawilakebi ki iZireba saflotacio manqanis 

fskerze da gamoiyofa kameruli produqtis saxiT. Tu qafis produqtSi 

sasargeblo komponentia koncentrirebuli, flotacia pirdapiria, xolo Tu 
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sasargeblo komponenti kamerul produqtSi gadadis, xolo fuWi qani qafs 

miyveba, flotacia Sebrunebulia [5, 6, 7].  

qafiani flotaciuri sistema samfazovania: Txevadi, myari da airovani. 

Txevad fazad gamoyenebulia wyali. wylis ionur Sedgenilobas didi 

mniSvneloba aqvs zogierTi reagentis gamoyenebis dros, ris gamoc igi 

winaswar unda iqnas Seswavlili. flotaciaSi gamoyenebuli wyali 

yovelTvis Seicavs garkveul minarevebs mineraluri marilebis da 

organuli SenaerTebis saxiT, romelTa arseboba gansazRvravs mis sixistes. 

ganasxvaveben droebiT da mudmiv sixistes. droebiT sixistes qmnian 

bikarbonatebi, mudmivs _ sulfatebi da liTonTa qloridebi. flotaciaSi 

saerTo sixistes zomaven germanul gradusebSi.  

airovan fazas saflotacio sistemaSi warmoadgens atmosferuli 

haeri. igi ZiriTadad Sedgeba Jangbadis, azotis da naxSirorJangisgan. 

flotaciis procesis dros haeri aeraciis gziT SeyavT, Tumca zogjer igi 

wylidanac gamoiyofa.  

saflotacio sistemaSi myar fazas warmoadgens dawvrilmanebuli 

mineraluri nawilakebi. SeiZleba iTqvas, rom myari fazis zedapiruli 

Tvisebebi mTlianad gansazRvravs flotaciis efeqturobas. myari 

nawilakebis zedapiruli Tvisebebi saflotacio sistemaSi icvleba 

sxvadasxva faqtoris zegavleniT. mineraluri nawilakebis flotaciis 

unari damokidebulia maTi zedapiris energetikul mdgomareobaze. 

mineraluri nawilakebis zedapirs yovelTvis aqvs garkveuli mikro- da 

makrobzarebi, defeqtebi, romelTa arseboba ganapirobebs reagentebTan 

urTierTqmedebis efeqturobas. saflotacio reagentebi umTavresad 

magrdeba mineraluri nawilakebis zedapiris wiboebze, reliefur 

Sverilebze da napralebSi. es ganpirobebulia Tavisufali zedapiruli 

energiis siWarbiT aRniSnul ubnebze. nivTierebis elementaruli nawilakebi, 

atomebi da ionebi, gansxvavebul energetikul mdgomareobaSi imyofebian 

imisda mixedviT, Tu sad arian ganlagebuli, kristalis moculobaSi Tu mis 

zedapirze. magaliTad, moculobaSi moTavsebuli atomi mTel Tavis 

energias xarjavs mezobel atomebTan urTierTqmedebaSi, e.i. misi yvela 

kavSiri gajerebulia. kristalis zedapirze moTavsebul atomebs ki 

zogierTi kavSiri gaujerebeli rCebaT. aseTi gaujerebeli kavSirebis 

arseboba ganapirobebs Tavisufali zedapiruli energiis arsebobas 
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(ergi/sm2). swored es energia gansazRvravs ama Tu im mineralis zedapiris 

bunebas da wyalTan da masSi arsebul reagentebTan urTierTqmedebis unars. 

siTxeebisTvis Tavisufal energias zedapiruli daWimulobiT gamoxataven. 

Tavisufali zedapiruli energia zedapiruli daWimulobis maTematikuri 

ekvivalentia, magram mineralis wyalTan urTierTqmedebis Sedegi 

damokidebulia ara mxolod mineralis Tavisufal zedapirul energiaze, 

aramed wylis molekulebis urTierTqmedebis energiazec. mineralebis 

zedapirze Tavisufali kavSirebis arseboba ganapirobebs mis 

urTierTqmedebas wylis dipolebTan. wyliT dasvelebis procesi 

mineralebis wyalTan urTierTqmedebis sawyisi fazaa da damokidebulia 

mineraluri nawilakebis energetikul mdgomareobaze: rac metia mineralebis 

Tavisufali zedapiruli energia, miT ufro advilad sveldeba minerali 

wyliT. magram flotaciis procesi ver daeyrdnoba mxolod mineralebis 

zedapiruli Tvisebebis bunebriv gansxvavebas. flotaciis procesis 

efeqturad warmarTvisTvis aucilebelia gavaZlieroT mineraluri 

nawilakebis dasvelebadobis unari, rac miiRweva pulpaSi damatebiTi 

qimiuri nivTierebebis, reagentebis SeyvaniT. reagentebis mineraluri 

nawilakebis zedapirze da haeris buStulakebze damagreba xdeba fazebis 

gayofis sazRvarze qimiuri reagentebis adsorbciis Sedegad Tavisufali 

zedapiruli energiis Semcirebis xarjze [5, 6, 8,].   

flotaciuri procesi warmoudgenelia saflotacio reagentebis 

gareSe. swored maT sworad SerCevazea damokidebuli procesis efeqturoba. 

saflotacio reagentebi cvlian mineraluri nawilakebis zedapirul 

saflotacio Tvisebebs da qmnian sasargeblo komponentisa da fuWi qanis 

seleqciis pirobebs. maTi Sedgeniloba metad rTuli da mravalferovania. 

daniSnulebis mixedviT saflotacio reagentebi iyofa sam jgufad: 

koleqtorebi, anu Semkrebebi, amqafeblebi da regulatorebi.  

koleqtorebi warmoadgenen organul naerTebs, adsorbirdebian ra 

mineraluri nawilakebis zedapirze arCeviTad, axdenen maT 

hidrofobizacias, anu uxSoben wyliT dasvelebis unars, koncentrirdebian 

myari da Txevadi fazebis gayofis sazRvarze da xels uwyoben mineraluri 

nawilakebis haeris buStulakebze mikvras.  

amqafeblebi zedapirulad aqtiuri nivTierebebia, romlebic 

magrdebian wylisa da haeris gayofis sazRvarze, zrdian haeris 
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buStulakebis meqanikur simtkices, ewinaaRmdegebian maT kovalescencias da 

amiT xels uwyoben buStulakebis dispergirebul mdgomareobaSi 

SenarCunebas, zrdian flotaciuri qafis mdgradobas. 

regulatorebi ki umTavresad araorganuli naerTebia. maTi 

daniSnulebaa mineralis zedapirze koleqtoris damagrebis regulireba. Tu 

regulatoris moqmedeba xels uwyobs koleqtoris damagrebas mineralis 

zedapirze, mas aqtivators uwodeben, xolo Tu xels uSlis _ depresors. 

regulatorebis aseTi klasifikacia pirobiTia, radgan erTi da igive 

regulatori konkretul pirobebze damokidebulebiT SeiZleba amJRavnebdes 

rogorc aqtivatoris, aseve depresoris Tvisebebs.  

regulatorebs miekuTvneba agreTve aris regulatorebi. maTi 

daniSnulebaa koleqtorebis, aqtivatorebis da depresorebis 

moqmedebisTvis xelsayrel pirobebisa da saWiro PH (mJave an tute) garemos 

Seqmna, rac saboloo jamSi amaRlebs flotaciis procesis efeqturobas [5, 

6, 7, 8, 9, 10].  

aseTi sakiTxebis gadawyveta teqnologiis damuSavebis dros xdeba. 

teqnologiurad gamarTuli procesi ki, Tavis mxriv, saWiroebs marTvas. 

procesis xeliT marTva, rodesac Sedegi momsaxure personalis unarze da 

kvalifikaciazea damokidebuli, araefeqturia. procesis efeqturobis 

amaRleba SesaZlebelia mxolod sworad gaangariSebuli da procesis 

optimizaciaze orientirebuli avtomaturi marTvis sistemiT.  

 

1.3. procesis zogadi daxasiaTeba 

mocemul SemTxvevaSi WiaTuris centraluri saflotacio fabrika 

muSaobs ori sqemiT. fabrikaSi Semosuli Slamebi iyofa or nawilad. erTi 

nawili dafqvisa da orjeradi deSlamaciis Semdeg miewodeba qafiani 

flotaciis pirvel seqcias. gamdidreba xdeba meqanikur saflotacio 

manqanebze. gadanadenis gadawmendis Semdeg miiReba mxolod karbonatuli 

koncentrati. 

Semosuli Slamebis meore nawili miewodeba fabrikis meore seqcias. 

aq ukve gamdidreba xdeba ФПС-16 tipis qafiani separaciis saflotacio 

manqanebze. qafiani separaciis Sedegad miiReba rogorc karbonatuli, ise 

Jangeuli koncentratebi. Tu Semosul SlamebSi dominirebs peroqsidebis 

mamdidrebeli fabrikis #29 da #25 mamdidrebeli fabrikebidan Semosuli 
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Slamebi, maSin Slamebis 60-70% miewodeba qafian separacias, danarCeni 30-

40% ki meqanikur saflotacio manqanebs da piriqiT (nax. 1.1.). 

fabrikaSi saflotacio reagentebad gamoiyeneba gasapnuli talis 

zeTi, solaris zeTi da Txevadi mina. 

gasapnuli talis zeTi. rogorc zemoT aRvniSneT, mineralis 

zedapiris hidrofobizacia flotaciur sistemaSi dakavSirebulia 

koleqtorebis moqmedebasTan. imisda mixedviT, ganicdian Tu ara 

disociacias wyalSi, e.i. warmoqmnian Tu ara ionebs, koleqtorebi iyofa 

ionogenur da araionogenur koleqtorebad. ionogenuri koleqtorebi, Tavis  

mxriv, iyofa anionurad da kaTionurad. anionur koleqtorebSi 

mahidrofobizebeli moqmedeba dakavSirebulia anionTan (mineralis 

zedapirze magrdeba anioni), kaTionurSi _ kaTionTan. anionuri 

koleqtorebi ori saxisaa: I. koleqtorebi organuli da sulfomJavebis 

anionebiani solidofiluri jgufiT da II _ koleqtorebi, romelTa 

solidofiluri jgufi Seqmnilia orvalentiani gogirdis safuZvelze. I 

jgufis koleqtorebs sxvanairad oqshidrilur Semkrebebsac uwodeben, 

vinaidan masSi wyalbadi an liToni naxSirwyalbadovan radikals Jangbadis 

saSualebiT ukavSirdeba. swored am jgufs miekuTvneba gasapnuli talis 

zeTi. igi warmoadgens cximovani da gafisuli mJavebisa da neitraluri 

nivTierebebis narevs. cximovani mJavebidan igi ZiriTadad Seicavs oleinis 

(28_43)%, linolevis (38_65)%, stearinis (4_10)% da palmitinis (4_10)% 

mJavebs.  

 talis zeTi bolodroindeli iaffasiani Semcvlelia iseTi 

ZviradRirebuli da deficituri reagentebisa, rogoricaa oleinis mJava da 

natriumis oleati. talis zeTi celulozis warmoebis erT-erTi produqtia. 

merqnis gadamuSavebiT Rebuloben sulfatur sapons, am ukanasknelis   

gogirdmJavaTi daSlis Sedegad ki _ talis zeTs. gamoiyeneba xsnaris saxiT 

gasapvnis Semdeg. koleqtoruli Tvisebebis garda, gasapnul talis zeTs 

gaaCnia amqafeblis Tvisebebic [5, 6, 9].  

solaris zeTi miekuTvneba araionogenur koleqtorebs. 

araionogenuri koleqtorebi apolaruli nivTierebebia, umTavresad wyalSi 

araxsnadi naxSirwyalbadovani siTxeebi. isini minerals gadaekvrian afskis 

an wveTebis saxiT da hidrofobizacias ukeTeben mas. am saxis koleqtorebis
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nax. 1.1. TvisebiTi sqema 
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tipuri warmomadgenelia navTobzeTebi, romelTa ricxvsac miekuTvneba 

solaris zeTi. gamoiyeneba 1_10% wylis emulsiis saxiT. 

Txevadi mina, igive natriumis silikati (Na2O.mSi02
.nH2O), cnobili 

depresoria. misi Tvisebebi flotaciaSi ganisazRvreba moduliT:  

ONa
SiO

M
2

2= , 

saidanac naTlad Cans, rom modulis gazrdiT Txevadi minis tutianoba 

iklebs. flotaciaSi gamoiyeneba Txevadi mina moduliT 2_3. ufro didi 

modulis mina Znelad ixsneba wyalSi. Txevadi minis madepresirebeli 

moqmedebis meqanizmi mdgomareobs mineraluri nawilakebis zedapirze 

Txevadi minis micelebis (100_200 molekula erTad) seleqtiur daleqvaSi. 

igi hidrofilurs xdis mineralis zedapirs.  

Txevadi mina gamoiyeneba kristaluri natriumis sulfitis Na2SiO3 
.7H2O da uwylo natriumis sulfitis Na2SiO3-is saxiT. kristaluri 

natriumis sulfiti ori saxisaa: fotografiuli da teqnikuri. is ZiriTadi 

minarevebis saxiT Seicavs natriumis karbonats (Na2CO3
.10H2O), rkinas da 

natriumis sulfats. ZiriTadi Semcvelobisa da minarevebis Semcvelobis 

mixedviT arsebobs sami saxis Txevadi mina: A da B xarisxis fotografiuli 

(92% da 95%) da teqnikuri (87%). flotaciaSi gamoiyeneba 5_15% xsnarebis 

saxiT, xSirad gamoiyeneba rkinis, TuTiis an spilenZis ajaspTan da 

gogirdmJava aluminTan erTad.  

sazogadod, Txevadi mina iseTi fuWi qanebis saukeTeso depresoria, 

rogoricaa kvarci, kvarciti, dolomiti da sxv., swored es mineralebi 

gvxvdeba fuWi qanis saxiT manganumis madanSi. amitom Txevadi mina 

warmatebiT gamoiyeneba manganumis madnis flotaciis dros. igi xels uSlis 

fuW qanze koleqtoris (Semkrebis) damagrebas, riTac xels uwyobs mis 

seleqciur moqmedebas. WiaTuris saflotacio fabrikis pirobebSi 

gamoyenebulia teqnikuri Txevadi mina xsnaris saxiT. Txevadi minis 

saSualebiT flotacia mimdinareobs tute areSi: pH icvleba  9_9.5  

farglebSi [5, 9].   

Ffabrikis reagentuli reJimi karbonatuli flotaciisTvis meqanikur 

saflotacio manqanebze aseTia:  

_ Txevadi mina ZiriTadi flotaciisTvis – 0.4 kg/t, 
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_ gadawmendisTvis – 0.3 kg/t; 

_ gasapnuli talis zeTi – 2.7 kg/t; 

_ solaris zeTi – 1.5 kg/t. 

qafiani separacia ki mimdinareobs Semdegi reagentuli reJimiT: 

karbonatuli flotacia: 

_ Txevadi mina – 0.7 kg/t; 

_ gasapnuli talis zeTi – 1.8 kg/t; 

_ solaris zeTi – 1.1 kg/t. 

Jangeuli flotacia: 

_Txevadi mina – 0.3 kg/t; 

_ gasapnuli talis zeTi – 2.2 kg/t; 

_ solaris zeTi _ 1.5 kg/t. 

proeqtis mixedviT fabrikaSi Semodis deSlamaciis silebi. 

gamdidrebis Sedegad koncentrati miiReba rogorc meqanikuri flotaciiT, 

aseve qafiani separaciiT. sabolood orive gziT miRebuli koncentratebi 

erTmaneTSi aireva da miiReba saerTo karbonatuli koncentrati.   

garda karbonatuli koncentratisa, miiReba agreTve Jangeuli 

koncentrati.  Semosuli Slamebidan ZiriTad masas (TiTqmis naxevars) 

warmoadgens deSlamaciis Sedegad miRebuli gadanadeni, romelic ar 

eqvemdebareba gamdidrebas da ikargeba.  
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Tavi 2. eqsperimenti 

2.1. winaswari eqsperimenti 

flotacia rTuli teqnologiuri procesia. am dros gamdidrebis 

process miewodeba pulpa. igi xasiaTdeba mTeli rigi TvisebebiT, romlebic 

ganpirobebulia rogorc pulpis mineralogiuri SedgenilobiT, ise 

winmswrebi damuSavebis meTodebiT, rogoricaa damsxvreva, dawvrilmaneba 

Tu gamdidrebis sxva operaciebi. SesaZlebelia gamovyoT aTobiT faqtori, 

romlebic moqmedebs flotaciis procesze. swored amitom aris rTuli 

flotaciis procesis marTva. 

teqnologiuri procesis avtomaturi marTvis sistemis damuSavebisas 

samuSaos sawyisi safexuria obieqtis maTematikuri aRwera. am dros 

SesaZlebelia gamovlenil iqnas procesis mimdinareobis iseTi 

Taviseburebebi, rac teqnologis TvalisTvis Cveulebriv SeumCnevelia. 

obieqtis maTematikuri aRwera saSualebas gvaZlevs SevarCioT mmarTveli 

zemoqmedebebi, ganvsazRvroT avtomatizaciis optimaluri moculoba, 

davadginoT marTvis meTodi. 

qafiani separaciis saflotacio manqanebze manganumis Slamebis 

flotaciis procesis parametrebis statistikuri monacemebis misaRebad 

gamoiyeneba pasiuri eqsperimentis meTodi, rac niSnavs procesis 

parametrebis gazomvas sawarmoo pirobebSi. 

Ppasiuri eqsperimentis Catarebamde saWiro iyo gangvesazRvra 

gazomvebs Soris drois biji da dagvianebis dro gasazom parametrebs 

Soris, risTvisac Catarda winaswari eqsperimenti [11].   

winaswari eqsperimentis Catarebis sqema mocemulia nax. 2.1-ze, sadac: 1 

aris reagentebis (gasapnuli talis zeTi, solaris zeTi, Txevadi mina)  

xarjis ( 321 q,q,q , kg/sT) gazomvis wertili; 2 _ gasamdidrebeli masalis 

mixedviT mwarmoeblurobis ( αQ , t/sT) gazomvis wertili; 3 _ koncentratis 

mixedviT mwarmoeblurobis ( βQ , t/sT) gazomvis wertili. gazomvebi 

tardeboda  3Δt =  wuTis intervaliT.  aseTi gziT miRebul iqna am 

sidideebisTvis TiTo realizacia ( )tx . winaswari eqsperimentis monacemebi 

mocemulia #1 danarTSi.  
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rogorc danarTis cxrilidan Cans, eqsperimentuli anaTvlebi 

Rebulobs CvenTvis winaswar ucnob SemTxveviT mniSvnelobebs da 

imavdroulad uwyvetad icvleba eqsperimentis mimdinareobis procesSi. 

aqedan gamomdinare, radgan SemTxveviTi sidideebi, igive anaTvlebi, icvleba 

cdis mimdinareobis procesSi, saqme gvaqvs SemTxveviT funqciebTan. 

konkretuli saxe, romelsac SemTxveviTi funqcia Rebulobs cdis Sedegad, 

aris SemTxveviTi funqciis realizacia.  

praqtikaSi xSirad gvxvdeba SemTxveviTi procesebi, romlebic 

mimdinareobs droSi erTgvarovnad da romlebic irxevian raRac saSualo 

mniSvnelobis mimarT saSualo amplitudiT. aseTi procesi SeiZleba 

miviCnioT stacionarulad.  

a g i t a c i a 

 
saflotacio 

manqana 

kudebi 

karbonatuli 
koncentrati 

nax. 2.1.  winaswari eqsperimentis sqema 

reagentebi 
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stacionaruli procesi SeiZleba ganvixiloT rogorc droSi 

ganusazRvrelad gaxangrZlivebuli procesi. aseTi procesis kvlevisas 

anaTvlebis aReba SeiZleba vawarmooT drois nebismier momentSi. drois 

nebismier monakveTSi miRebuli maxasiaTeblebi aseT SemTxvevaSi identuria. 

maSasadame, SesaZlebelia CavTvaloT, rom stacionarul process ar gaaCnia 

dasawyisi da dasasruli [12].  

gansxvavebiT stacionaruli procesisgan, arastacionaruli procesi 

xasiaTdeba droSi swrafi ganviTarebis (cvlilebis) tendenciiT. amitomac 

aseTi procesis maxasiaTeblebi damokidebulia anaTvlis aRebis momentze, 

droze.  

praqtikaSi uxvad SeiZleba moviyvanoT aseTi saxis procesebis 

magaliTebi. aqve unda SevniSnoT, rom nebismier dinamikur sistemaSi 

gvxvdeba rogorc arastacionaruli, aseve stacionaruli procesebi. 

SemTxveviTi procesi dinamikur sistemaSi iwyeba gardamavali procesiT. 

misi Caqrobis Semdeg iwyeba damyarebuli reJimi, romelic Tavisuflad 

SeiZleba CavTvaloT stacionarulad, misi aRmweri funqcia ki _ 

stacionarul SemTxveviT funqciad. 

stacionaruli SemTxveviTi funqciis maxasiaTeblebia: maTematikuri 

molodini, dispersia da korelaciuri funqcia. 

rogorc zemoT aRvniSneT, stacionaruli SemTxveviTi funqcia 

mimdinareobs droSi erTgvarovnad. amis safuZvelze SesaZlebelia 

moviTxovoT, rom stacionaruli SemTxveviTi funqciis maTematikuri 

molodini iyos mudmivi: 

               constm(t)m x ==x .                                    (2.1) 

Mmeore piroba, rasac unda akmayofilebdes stacionaruli SemTxveviTi 

funqcia, es aris dispersiis mudmivoba: 

               constD(t)D xx == .                                    (2.2) 

 mesame piroba Seexeba korelaciur funqcias. rogorc viciT, 

korelaciuri funqcia axasiaTebs sxvadasxva drois WrilSi ( t , t′ ) 
SemTxveviTi funqciis mniSvnelobebs Soris damokidebulebis xarisxs. 

magram stacionaruli SemTxveviTi procesi damokidebuli ar aris imaze, Tu 

sad aiReba droiT RerZze t  da t′ , aramed damokidebulia mxolod imaze, 

Tu rogoria maT Soris Sualedi τ . aqedan gamomdinare, stacionaruli 
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SemTxveviTi funqciis SemTxvevaSi korelaciuri funqcia gamodis ara ori t  

da t′ -is, aramed erTi τ  argumentis funqcia, rac metad amartivebs 

operaciebs stacionaruli SemTxveviTi funqciebis dros: 

             ( ) ( )τKτtt,K xx =+ .                                      (2.3) 

ismeba kiTxva, Tu SemTxveviTi procesi stacionarulia da 

erTgvarovnad mimdinareobs droSi, aris ki saWiro SemTxveviTi funqciis 

maxasiaTeblebis gasagebad ramdenime realizaciis codna? Tu CavTvliT, rom 

stacionaruli SemTxveviTi funqcia SesaZlebelia davaxasiaToT misi erTi 

konkretuli realizaciiT, es bevrad gaamartivebs saqmes [12]. 

Tu SemTxveviTi funqciis TiToeuli konkretuli realizacia 

srulyofilad warmoadgens SemTxveviTi funqciis yvela SesaZlo 

realizaciis simravles, amboben, rom SemTxveviT funqcias gaaCnia 

ergodiulobis Tviseba. 

ergodiulobis Tviseba damaxasiaTebelia im procesebisTvis, 

romlebic ar xasiaTdeba ganSladobiT Sinagani erTgvarovnebis gamo. 

ergodiuli procesebis dros korelaciuri funqcia mkveTrad mcirdeba da 

miiswrafvis nulisken., roca ∞→τ . magram praqtikaSi Cven ar gvaqvs 

saSualeba gamovikvlioT SemTxveviTi procesi da misi korelaciuri 

funqcia drois usasrulod did monakveTze, amitom stacionaruli 

SemTxveviTi funqciebisTvis ergodiulobis Tvisebis miniWeba xdeba 

fizikuri mosazrebebidan gamomdinare [12].  

SeiZleba CavTvaloT, rom Cven mier SerCeuli SemTxveviTi funqciebi 

ar xasiaTdeba ganSladobiT (SemTxveviTi procesebi ar iSleba sxvadasxva 

tipis elementarul procesebad), rac safuZvels gvaZlevs CavTvaloT, rom 

saqme gvaqvs ergodiul stacionarul SemTxveviT funqciebTan.  

 

2.2. avtokorelaciuri funqciebi da drois intervali gazomvebs 

Soris 

ganvsazRvroT ergodiuli stacionaruli SemTxveviTi funqciis    

X(t) -s maxasiaTeblebi erTi realizaciis mixedviT. 

maTematikuri molodini sakmaod didi T drois monakveTisTvis 

iangariSeba formuliT:  
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             ∫≈
T

0
x dtx(t)

T
1m .                                          (2.4) 

analogiurad SeiZleba vipovoT miaxloebiTi korelaciuri funqcia 

)(k x τ  nebismieri τ -Tvis. marTlac, korelaciuri funqcia warmoadgens 

SemTxveviTi funqciebis (t)X
0

 da τ)(tX
0

+ -s maTematikur molodins:  

             τ)](tX(t)XM[)(
00

x +=τK ,                                 (2.5) 

sadac (t)X
0

 da τ)(tX
0

+  aris X(t)  funqciis dacentrebuli funqciebi da 

iangariSeba formuliT: 

             x

0
mx(t)(t)x −= .                                          (2.6) 

mocemuli τ -Tvis (t)X
0

τ)(tX
0

+  SemTxveviTi funqciis maTematikuri 

molodini iangariSeba rogorc drois mixedviT saSualo. aqve unda 

SevniSnoT, rom am SemTxvevaSi drois monakveTi icvleba ara 0-dan T-mde, 

aramed 0-dan ( T - τ )-mde. Sesabamisad miviRebT: 

          ( ) tK dτ)(tx(t)x
τT

1 0τT

0

0

x +
−

= ∫
−

τ .                              (2.7) 

gamartivebis mizniT (2.4) da (2.7) integralebi SeiZleba SevcvaloT 

jamebiT. amis gaTvaliswinebiT miviRebT saangariSo formulebs: 

        ∑
=

=
n

1i
ix )x(t

n
1m                                         (2.8) 

da 

       ( ) )m(tx(t)x
mn

1τK i

0mn

1i

0

x tΔ+
−

= ∑
−

=
.                             (2.9) 

 

korelaciuri funqciis angariSi (2.9) formulis mixedviT grZeldeba 

m = 0, 1, 2,.. m -is im mniSvnelobamde, rodesac korelaciuri funqcia 

praqtikulad xdeba nulis toli da iwyebs mcire rxevas nulis mimarT [10]. 

zemomoyvanilis safuZvelze ( )τR x  normirebuli avtokorelaciuri 

funqciebis gaangariSeba 321βα q,q,q,Q,Q  sidideebisaTvis (#1 danarTis 

monacemebis mixedviT)  Catarda Semdegi sqemiT [11, 12]: 
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1. saSualo mniSvneloba: 

( ) ,tx
n
1x

n

1i
i∑

=

=                                                                                   (2.10) 

sadac  n  aris cdebis raodenoba,  i  _ cdis nomeri. 

2. dacentreba: 

( ) ( ) .xtxtx ii −=&                                                                               (2.11) 

3.  dispersia: 

    ( )[ ]∑
=

=
n

1i

2
ix .tx

n
1D &&                                                                          (2.12) 

4. korelaciuri  funqciis mniSvnelobebi Δtmτ ⋅=  sxvadasxva 

mniSvnelobisTvis: 

( ) ( ) ( ) ,Δtmtxtx
mn

1τK i

mn

0i
ix ⋅+

−
= ∑

−

=

&&&                                                  (2.13) 

sadac ...3,2,1,0,m =   da, Sesabamisad,  ...9,6,3,0,τ = (wT). 

5. normirebuli avtokorelaciuri funqciis mniSvnelobebi m -is 

sxvadasxva mniSvnelobebisaTvis: 

( ) ( )
⋅=

x

x
x D

τKτR
&

&
                                                                                     (2.14)                   

normirebuli avtokorelaciuri funqciis mniSvnelobebis gaangariSeba 

(2.14) gamosaxulebis  mixedviT grZeldeba m -is (da, Sesabamisad, τ -s) im 

mniSvnelobamde, rodesac funqcia praqtikulad nulis toli xdeba (danarTi 

2).  

cdebs Soris drois sidide ganisazRvra 321βα qq,q,Q,Q  sidideebis 

normirebuli avtokorelaciuri funqciebis mixedviT. aRmoCnda, rom 

korelaciuri funqciebi ganicdis vardnas 10-15 wuTis Semdeg. am droisTvis 

normirebuli avtokorelaciuri funqciebi praqtikulad ganulebulia, rac 

imas niSnavs, rom swored am drois Semdeg momdevno anaTvali winasgan 

damoukidebeli xdeba. amis gaTvaliswinebiT pasiuri eqsperimentisTvis 

gazomvebs Soris drois intervalad SeirCa 15 wuTi, rac βα Q,Q -s magaliTze 

mocemulia 2.2 naxazze.    
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                         βα Q,Q -s avtokorelaciuri funqciebi 

 

2.3. urTierTkorelaciuri funqciebi da droiTi wanacvleba 

sidideebis realizaciebs Soris 

gazomvebs Soris drois intervalis SesarCevad Cven gamoviyeneT 

normirebuli avtokorelaciuri funqciebi. drois es intervali erTnairia 

yvela 321βα q,q,q,Q,Q  sididisTvis, magram isini erTdroulad ar izomeba, 

radgan erTmaneTis mimarT droiTaa wanacvlebuli (wertilebi 1, 2 da 3 nax. 

2.1-ze). am sidideebs Soris gazomvis drois intervalis, anu realizaciebs 

Soris droiTi wanacvlebis SesarCevad SeiZleba gamoviyenoT normirebuli 

urTierTkorelaciuri funqciebi. 

zemoaRwerili sqemis analogiurad ( )τR
21xx  normirebuli 

urTierTkorelaciuri funqciebis gaangariSeba wyvil-wyvilad 

321βα q,q,q,Q,Q  sidideebisTvis ( βα QQ − , β1 Qq − , β2 Qq − , β3 Qq − ) Catarda #1 

danarTis monacemebis mixedviT  Semdegi sqemiT:  

1. saSualo mniSvnelobebi: 

( ) ( )∑∑
==

==
n

1i
i22

n

1i
i11 ,tx

n
1x,tx

n
1x                                                            (2.15) 

2. dacentreba: 

( ) ( ) ( ) ( ) ,xtxtx,xtxtx 2i2i21i1i1 −=−= &&                                                    (2.16) 

nax. 2.2.
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3. dispersiebi: 

( )[ ] ( )[ ]∑∑
==

==
n

1i

2
i2x

n

1i

2
i1x ,tx

n
1D,tx

n
1D

21
&& &&                                       (2.17)  

4. urTierTkorelaciuri   funqciis mniSvnelobebi Δtmτ ⋅=  sxvadasxva 

mniSvnelobisTvis: 

( ) ( ) ( ) ,Δtmtxtx
mn

1τK i2

mn

0i
i1xx 21

⋅+
−

= ∑
−

=

&&&&                                                     (2.18) 

5. normirebuli urTierTkorelaciuri funqciis mniSvnelobebi m -is 

sxvadasxva mniSvnelobebisaTvis 

( ) ( )
.

DD
τK

τR
21

21

21

xx

xx
xx

&&

&&

⋅
=                                                                           (2.19) 

urTierTkorelaciuri funqciis gaangariSeba (2.19) gamosaxulebis  

mixedviT grZeldeba m -is (da, Sesabamisad, τ -s) im mniSvnelobamde, roca 

urTierTkorelaciuri funqcia aRwevs Tavis maqsimums (danarTi 3) [11, 12].  

αQ - βQ  wyvilisaTvis normirebuli urTierTkorelaciuri funqcia 

gviCvenebs, rom maqsimaluri urTierTkavSiri  αQ  da βQ  sidideebs Soris 

SeimCneva 6 wuTis Semdeg (τ = 6 wT), xolo q2 - βQ  sidideebs Soris _ 33 

wuTis Semdeg. aqedan gamomdinare, αQ -s anaTvali aRebul unda iqnas 6 

wuTiT adre, vidre  βQ -s anaTvali, xolo q2--isa _ 33 wuTiT adre (nax. 2.3). 

analogiurad vRebulobT, rom q1- βQ  sidideebs Soris maqsimaluri 

damokidebulebis xarisxi SeimCneva 45 wuTis Semdeg, xolo q3 - βQ  sidideebs 

Soris _ 57 wuTis Semdeg. amis gaTvaliswinebiT, pasiuri eqsperimentis  

Catarebis  dros  q1  sididis pirveli anaTvlis aReba unda daiwyos 45 

wuTiT adre, xolo q3-isa – 57 wuTiT adre βQ -s anaTvlis aRebis momentTan 

mimarTebiT.  

maSasadame, sidideebi Semdegi TanamimdevrobiT unda gaizomos: 

Tavdapirvelad _ 3q , 57-45 =12 wT-is Semdeg _ 1q , 45-33 =12 wT-is Semdeg _ 2q , 

33-6=27 wT-is Semdeg _ αQ , 6 wT-is Semdeg _ βQ . sul gazomvis erTi cikli 

gagrZeldeba 57 wT da ciklebi, rogorc zemoT iyo aRniSnuli, gameordeba 

yovel 15 wuTSi. 
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                     urTierTkorelaciuri funqciebi  

 

2.4. ZiriTadi eqsperimenti 

dadgenili droiTi intervalebis dacviT WiaTuris saflotacio 

fabrikaze Catarda pasiuri eqsperimenti, romlis Sedegebi mocemulia #4 

danarTSi. aq:  

β aris karbonatuli koncentratis xarisxi (manganumis Semcveloba 

karbonatuli flotaciis koncentratSi), %; 

θ  _ manganumis Semcveloba karbonatuli flotaciis kudebSi, %; 

Q _ karbonatuli flotaciis mwarmoebluroba kvebis mixedviT, t/sT; 

βQ _ karbonatuli flotaciis mwarmoebluroba koncentratis 

mixedviT, t/sT; 

θQ  _ karbonatuli flotaciis mwarmoebluroba kudebis mixedviT, 

t/sT; 

q1 _ gasapnuli talis zeTis mwarmoebluroba, kg/sT; 

q2 _ solaris zeTis mwarmoebluroba, kg/sT; 

q3 _ Txevadi minis mwarmoebluroba, kg/sT; 

h _ qafis done saflotacio manqanaSi, sm. 

CamoTvlili parametrebis garda, eqsperimentis monacemebis mixedviT 

gaangariSebul iqna koncentratis gamosavali:  

                      
ϑ
ϑ

−
−

=
β
αγ                                        (2.20) 

  nax. 2.3.
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da koncentratSi manganumis amokrefa: 

                      
α
γβξ = .                                        (2.21) 

 eqsperimentis Sedegad miRebuli manganumis Slamebis karbonatuli 

flotaciis procesis parametrebis ricxviTi masivebi WiaTuris 

saflotacio fabrikis pirobebisTvis Setanilia #4 danarTis cxrilSi. 
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Tavi 3. optimizaciis kriteriumi da amocana 

  3.1. saflotacio manqana _ marTvis obieqti 

gamdidrebis teqnologiuri procesi saflotacio manqanaSi emyareba 

mineralebis zedapirul Tvisebebs Soris sxvaobas. kerZod, qafiani 

flotaciis dros hidrofoburi nawilakebi ekvrian aeraciis Sedegad 

warmoqmnil haeris buStulakebs da amotivtivdebian maTTan erTad pulpis 

zedapirze, xolo hidrofiluri mineraluri nawilakebi iZirebian 

saflotacio manqanis fskerze.  

WiaTuris saflotacio fabrikis pirobebSi karbonatuli 

flotaciisTvis gamoyenebuli iyo qafiani separaciis manqanebi  ФПС-16 (nax. 

3.1).  aseTi tipis manqanebis konstruqcia SedarebiT axali Seqmnilia da  

gamoiyeneba msxviladCawinwkluli madnebis gasamdidreblad.  

  manqana Sedgeba saflotacio kamerisgan 1, romlis Sua nawilSi 

ganTavsebulia jonsis gamyofis tipis CamtvirTavi mowyobiloba 3. igi 

Sedgeba ramdenime daxrili dekisgan 4 da uzrunvelyofs manqanis mTel 

sigrZeze pulpis Tanabar miwodebas. manqanaSi pulpa miewodeba qafis Sres 

zemodan. am sakmaod mdgrad Sres warmoqmnis milisebri rezinis aeratorebi 

2, romlebic ganlagebulia erTmaneTisgan 18_20 mm-is daSorebiT or 

mwkrivad. procesis mimdinareobisas hidrofoburi nawilakebi rCebian qafis 

SreSi da gadaadgildebian masTan erTad qafis zRudarisken 6 saSxefuriT. 

wyali da reagentebis wyalxsnari miewodeba qafis zedapirze. es 

ukanaskneli qafmomxdelis saSualebiT ganitvirTeba RarebSi 7 

koncentratis saxiT. hidrofiluri (araflotirebuli) nawilakebi iZirebian 

kameris qveda nawilSi da gamoiyofian Slanguri saketis 8 gavliT 

kameruli produqtis saxiT [5, 9]. 

identifikaciis, optimizaciisa da marTvis TvalsazrisiT 

mamdidrebeli fabrikebis teqnologiuri procesebi da manqanebi (aparatebi) 

ganekuTvneba rTuli obieqtebis klass, romlebic xasiaTdeba didi 

raodenobis Sesavali da gamosavali sidideebiT. 

saflotacio manqana, rogorc marTvis obieqti [13, 14, 15], mocemulia 3.2 

naxazze.  

Sesavali sidideebi iyofa or jgufad: ( )m21 x,,x,xX ⋅⋅⋅  mmarTvel da  

( )r210 z,,z,zα,zZ ⋅⋅⋅=  SemaSfoTebel   sidideebad.   
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                     nax. 3.1.  saflotacio manqana  

 

mmarTvelad miiCneva iseTi sidide, romlis regulirebiT procesi 

SeiZleba warimarTos sasurvel (optimalur) reJimSi. Cvens SemTxvevaSi 

flotaciis procesisTvis mmarTvel sidided miRebulia reagentebis: 1q  

gasapnuli talis zeTis, 2q solaris zeTisa da 3q  Txevadi minis xarjebi, 

kg/wT. 

SemaSfoTeblad miiReba sidide, romelic gavlenas axdens 

teqnologiuri procesis msvlelobaze, magram ar gamodgeba mmarTvel 

sidided (ar emorCileba regulirebas). aseT sidided miviCnieT 

gasamdidrebeli madnis xarisxi (MMn-is Semcveloba gasamdidrebel madanSi)  

αz 0 = , % da  gasamdidrebeli madnis xarji (mwarmoebluroba)  Q, t/sT. 

1 

2 

3 

4 5 6 

7 

8 

koncentrati koncentrati 

kameruli 
produqti 

 
 

nax. 3.1.
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gamosavali sidideebic or jgufad iyofa:  teqnologiuri procesis 

maCvenebel (gamdidrebis maCveneblebad) ( ),Qγ,ε,β,Y β  da reJimul S(s1,…sg) 

sidideebad.  

teqnologiuri procesis maCveneblad miiCneva sidide, romelic 

damokidebulia Sesaval sidideebze, axasiaTebs procesis efeqturobas da 

gamoiyeneba optimalurobis kriteriumis formulirebisas.  gamdidrebis 

maCveneblad miviReT koncentratis gamosavali (koncentratis woniTi 

raodenobis fardoba sawyisi masalis woniT raodenobasTan) γ (%)  da 

koncentratis xarisxi (Mn-is Semcveloba koncentratSi) β  (%). 

reJimul sidideTa jgufs ganekuTvneba sidideebi, romlebic agreTve 

damokidebulia Sesaval sidideebze, ar warmoadgens teqnologiuri 

procesis maCveneblebs, magram axasiaTebs procesis mimdinareobas, afasebs 

mosalodnel Sedegebs da SeiZleba gamoyenebul iqnas procesis marTvisas. 

flotaciis procesis SemTxvevaSi aseTad miviCnieT qafis simaRle.  

 

 

gS  1S  

S  

mx  

1x  

Z  

X  

rz  1z  αz0 =  

β  

 

γ  

Y  

 

saflotacio   

manqana 

 

   nax.. 3.2. saflotacio manqana – marTvis obieqti 
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3.2. optimizaciis kriteriumi 

gamdidrebis teqnologiuri procesis marTvis amocana zogad 

SemTxvevaSi daiyvaneba mmarTveli sidideebis regulirebaze SemaSfoTebeli 

an reJimuli (an orive erTad) sididis mixedviT. MmarTvis mizania iseTi 

Sedegis miRweva, romelic akmayofilebs optimalurobis gansazRvrul, 

SerCeul kriteriums.  

imis mixedviT, Tu romeli maCveneblis eqstremizacias iTvaliswinebs 

optimizaciis kriteriumi, arsebobs teqnologiuri, Termodinamikuri, 

kinetikuri, statistikuri da ekonomikuri kriteriumebi [16, 17, 18]. 

optimizaciis teqnologiuri kriteriumi iTvaliswinebs gamdidrebis 

maCveneblebis (magaliTad, amokrefis, gamosavlis an maTze damokidebuli 

romelime kombinirebuli sididis) eqstremizacias; 

Termodinamikur kriteriumebSi saeqstremizacio maCveneblad 

ganixileba entropia, gamyofi potenciali an simZlavre;  

kinematikuri kriteriumebi iTvaliswinebs procesis mimdinareobis 

siCqares; 

statistikur kriteriumebSi gamoiyeneba maCveneblebi, romlebic 

ganisazRvreba statistikuri damokidebulebebis mixedviT an warmoadgens 

analizurad aRwerili romelime statistikuri ganawilebis parametrebs;   

ekonomikuri kriteriumebi iTvaliswinebs RirebulebiTi maCveneblebis 

eqstremizacias. 

miuxedavad gadasaWreli amocanis xasiaTisa, kriteriumis arCeva 

yovelTvis emsaxureba erT saerTo mizans – miRweul iqnes optimaluri 

ekonomikuri da teqnologiuri maCveneblebi [16]. 

     kriteriumebis analizi, romelic moyvanilia [16, 17, 18] -Si, aCvenebs, 

rom marTvis TvalsazrisiT upiratesoba unda mieniWos ekonomikur 

kriteriumebs, magram mamdidrebeli fabrikebis teqnologiuri procesebis 

optimizaciisTvis aseTi kriteriumis gamoyeneba yovelTvis ar xerxdeba 

monacemTa ukmarisobis gamo. Ggarda amisa,  ekonomikuri midgoma sxvebisgan 

gansxvavdeba imiT, rom miznobrivi funqcia mTlianobaSi unda 

iTvaliswinebdes rogorc produqciis mimwodeblis (am SemTxvevaSi, 

mamdidrebeli fabrikis), aseve momxmareblis moTxovnebs. amasTan, 

momxmareblis moTxovnebis gaTvaliswinebis universalur meTods 

warmoadgens SezRudvebis dadeba produqciis (koncentratis) Tvisebebze. Tu 
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CavTvliT, rom fasebi gamomdinareobs momxmareblis moTxovnebidan, 

aRniSnuli SezRudvebisas SeiZleba CamovayaliboT ekonomikuri kriteriumi 

mxolod mamdidrebeli fabrikis moTxovnebis bazaze. aseT kriteriumebSi 

saeqstremizacio maCvenebeli SeiZleba iyos produqciis TviTRirebuleba an 

misgan gamomdinare sxva sidideebi, magaliTad amokrefa [16]. 

Mzemomoyvanili msjelobis safuZvelze SeiZleba davaskvnaT, rom 

gamdidrebis teqnologiuri procesebis marTvisas mizanSewonilia 

gamoviyenoT teqnologiuri kriteriumi, romelic iTvaliswinebs mocemuli 

(davalebuli) xarisxis koncentratis gamosavlis maqsimizacias. 

MmiviRoT  koncentratis gamosavali γ  samaqsimizacio maCveneblad  

da  koncentratis xarisxi  β  maCveneblad, romelic stabilizebul unda 

iqnes  davalebul (mocemul) doneze. maSin  optimizaciis kriteriumi 

Semdegnairad Camoyalibdeba: 

               ( ) max,ZX,Fγ 1 →=                                     (3.1) 

                ( ) ,βZX,Fβ 02 ==                                       (3.2)          

               .XXX maxmin ≤≤                                       (3.3) 

es, rogorc erT-erTi teqnologiuri kriteriumi, gamomdinareobs 

saerTo ekonomikuri kriteriumidan da gamoiyeneba mamdidrebel fabrikebSi 

rogorc teqnologiuri personalis, ise marTvis sistemebis 

konstruqtorebis mier.  

ramdenadac gamdidrebis nebismieri teqnologiuri procesi 

gulisxmobs α   xarisxis sawyisi masalidan (gasamdidrebeli madnidan) β  

xarisxis saboloo (mocemuli stadiisTvis) produqtis miRebas, 

gasamdidrebeli madnis xarisxi αz0 =  specialurad aris gamoyofili (nax. 

3.2),  rogorc  erT-erTi  SemaSfoTebeli  sidide.  mwarmoebluroba 

gasamdidrebeli madnis mixedviT Q  sqemaze ar aris naCvenebi, radgan 

zogadad igi SeiZleba moxvdes rogorc mmarTvel (magaliTad, Qx1 = ), ise 

SemaSfoTebel (magaliTad, Qz1 = ) sidideTa jgufSi. Tumca Cvens 

konkretul SemTxvevaSi igi mivakuTvneT SemaSfoTebel sidideTa ricxvs.  
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flotaciis teqnologiuri procesisTvis  γ  da β  maCveneblebi 

SeiZleba warmovadginoT, rogorc 21 q,q  da 3q  mmarTveli sidideebisa da 

α da Q  SemaSfoTebeli sidideebis funqciebi:  

( )αQ,,,,Fγ 3211 qqq= , (3.4)

( )αQ,,,,Fβ 3212 qqq= . (3.5)

 (3.1),...,(3.5) gamosaxulebebis gaTvaliswinebiT optimizaciis zemoT 

aRniSnuli amocana Semdegi saxiT SeiZleba CamovayaliboT: 

( ) maxαQ,,,,Fγ 3211 →= qqq , (3.6) 

( ) 03212 βαQ,,,,Fβ == qqq , (3.7) 

sadac 0β  aris β  maCveneblis davalebuli (mocemuli) mniSvneloba. 

 miznis funqciis (3.6) maqsimizaciis dros, SezRudvis tolobis (3.7)  

garda, unda gaviTvaliswinoT agreTve SezRudvebi  mmarTveli 

sidideebisTvis:  

max11min1 qqq ≤≤ , (3.8) 

max22min2 qqq ≤≤ , (3.9) 

max33min3 qqq ≤≤ . (3.10) 

optimizaciis amocanis gadawyvetis Sedegad  miRebul unda iqnes 

optimaluri damokidebulebebi mmarTvel da SemaSfoTebel sidideebs 

Soris: 

( )Qα,f11 =q , (3.11) 

( )Qα,f22 =q , (3.12) 

( )Qα,f33 =q . (3.13) 

 

 3.3. eqsperimentis monacemebis winaswari damuSaveba 

gaangariSebisTvis sawyis monacemebad aviReT WiaTuris centraluri 

saflotacio fabrikis pirobebSi Catarebuli eqsperimentis Sedegebi, 

romlebic mocemulia  #4 danarTSi. 
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mmarTveli  sidideebi  321 q,q,q , SemaSfoTebeli sidide  α da Q , 

gamdidrebis maCveneblebi βγ,  ganixileba rogorc SemTxveviTi sidideebi. 

maTi statistikuri maxasiaTeblebi da cvlilebis zRvrebi mocemulia 3.1 

cxrilSi.  

 

                                                               cxrili 3.1 

teqnologiuri 

procesis 

maxasiaTeblebi 

 

cvlilebis zRvari
saSualo 

mniSvneloba 

saSualo 

kvadratuli 

gadaxra 

 Q  96.1804.7 ÷  11,5 2.28 

1q  5.73.5 ÷  6.3 0.11 

2q  75.04.0 ÷  0.56 0.09 

3q  56.3 ÷  4.4 0.33 

α  05.1576.8 ÷  12 1.56 

γ  559 ÷  26.4 0.1 

β  233.17 ÷  20 1.21 

 
 

cxrilSi moyvanili mniSvnelobebi gaangariSebulia #4 danarTis 

monacemebis mixedviT (cdebis raodenoba 98n = ). 
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Tavi 4. miznisa da SezRudvis funqciebi 

4.1. gamdidrebis teqnologiuri procesis maCveneblebze mmarTveli 

sididis gavlenis modeli  

gamdidrebis teqnologiuri procesis β  da γ  (koncentratis xarisxi 

da gamosavali) maCveneblebze X  mmarTveli sididis gavlenis ganxilvisas 

gaviTvaliswinoT, rom Z SemaSfoTebeli sidideebi emorCileba ganawilebis 

normalur kanons  ganawilebis mudmivi parametrebiT. 

zogadad, ( )xfβ =  damokidebuleba SeiZleba warmovadginoT nax. 4.1-ze 

mocemuli mrudebis saxiT [19].  konkretul SemTxvevaSi es damokidebuleba 

SeiZleba axlos iyos simetriulTan an hqondes gamokveTili asimetria, 

magram yvela SemTxvevaSi misTvis damaxasiaTebelia Semdegi Tvisebebi:  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. roca 0x = , daculia piroba  αβ = . am SemTxvevaSi mmarTveli 

sididis mniSvneloba nulis tolia, xarisxis momateba ar xdeba da 

saboloo produqtad miiReba α  xarisxis sawyisi (gasamdidrebeli) 

madani;  

 

nax. 4.1. ( )xfβ = damokidebulebis zogadi saxe 

0.1x
0.1x 0.1x 0.2x 0.3x x

β

α
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2. x -is gazrdiT matulobs β  da roca mmarTveli sidide 

( )0.30.20.10 x,x,xxx = , β  aRwevs maqsimalur mniSvnelobas, e.i. 

vRebulobT maqsimaluri xarisxis koncentrats. Semdeg procesis 

mimdinareobis pirobebi uaresdeba da β  iwyebs Semcirebas; 

3. x -is Semdgomi gazrdisas β  kvlav miiswrafvis α-sken, anu mmarTveli 

sididis didi mniSvnelobebis dros gamdidreba ar xdeba.  

marTlac, Tu Tavdapirvelad gavzrdiT reagentebis xarjs, vnaxavT, 

rom mineralebis gayofis pirobebi gaumjobesdeba da gaizrdeba 

koncentratis xarisxi. magram reagentebis xarjis zedmetad gazrdiT 

mineralebis zedapirul Tvisebebs Soris gansxvaveba kvlav Semcirdeba da, 

Sesabamisad, gauaresdeba flotaciis pirobebi. maSasadame, mmarTvel 

sidideebs TiTqos gaaCniaT zRvruli mniSvneloba, romlis zemoTac 

gamdidrebis procesi veRar warimarTeba.  

Aamrigad, β koncentratis xarisxs aqvs Tavisi maqsimaluri 

mniSvneloba maxβ  (nax. 4.2), romlis zeviTac xarisxis aweva mocemuli 

teqnologiuri procesisTvis SeuZlebelia. teqnologiuri procesis 

daproeqtebisas koncentratis xarisxis davalebuli mniSvneloba 0β  

yovelTvis igegmeba maragiT ( )max0 ββ p . ar SeiZleba daigegmos max0 ββ = , 

radgan SeuZlebelia mmarTveli sididis SenarCuneba 0xx =  doneze 

gadaxrebis gareSe, xolo x -is nebismieri gadaxra 0x -dan iwvevs β -s 

Semcirebas. amitom β-s realuri saSualo mniSvneloba yovelTvis naklebia   

maxβ -ze.  

 zemoaRniSnulidan gamomdinare, gamdidrebis teqnologiuri procesis 

reJimis dadgenisas orientacia aiReba ara wertilze koordinatebiT 

max0 β;x ,  aramed 00 β;x∗
 an 00 β;x ∗∗

. sxvanairad rom vTqvaT, muSaoba 

igegmeba zemomoyvanili damokidebulebis an aRmaval 0xx ≤ , an daRmaval 

Stoze 0xx ≥ .  
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realur pirobebSi x -is  raime mniSvnelobas ar Seesabameba β -s  

mkacrad gansazRvruli erTi mniSvneloba. koncentratis xarisxi, garda 

mmarTveli sidideebisa, damokidebulia agreTve SemaSfoTebel sidideebze, 

romelTa srulad gaTvaliswineba procesis maTematikur modelSi 

SeuZlebelia. amitom, maSinac ki, roca mkacrad sruldeba piroba 

( )∗∗∗ == 00 xxxx , xarisxi β  Rebulobs sxvadasxva mniSvnelobebs. praqtika 

aCvenebs, rom es mniSvnelobebi xasiaTdeba normaluri ganawilebis kanoniT 

da ganawilebis centri emTxveva 0β -s. aqedan gamomdinare, roca 

( )∗∗∗ == 00 xxxx , dagegmili 0β  mniSvnelobis miRebis albaToba 1-ze 

naklebia, magram maqsimaluria. bunebrivia, rom, roca ( )∗∗∗ ≠≠ 00 xxxx , β -s 

ganawilebis centri Seicvleba (mniSvneloba moimatebs an moiklebs).  

amrigad, ( )xfβ =  damokidebuleba atarebs albaTobiT xasiaTs. aqedan 

gamomdinare, koncentrati 0ββ =  xarisxiT SeiZleba miRebul iqnes  x  

x

β

0β

α

0x

maxβ

∗
0x ∗∗

0x
 
 

nax. 4.2. ( )xfβ =  damokidebulebis analizisTvis 
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mmarTveli sididis sxvadasxva mniSvnelobis dros, magram aseTi 

xdomilobis albaTobaP ( )0βP  maqsimaluria, roca  ( )∗∗∗ == 00 xxxx .   

roca 
∗
0xx p , albaToba ( )0βP  mcirdeba. es albaToba mcirdeba 

maSinac, roca 00 xxx pp∗
. aRniSnul diapazonebSi x  rac metad 

gansxvavdeba 
∗
0x -sagan, miT naklebia albaToba ( )0βP . msgavsi suraTia 

( )xfβ =  damokidebulebis marjvena Stozec. roca x  mmarTveli sidide 

izrdeba 0x -dan  
∗∗

0x -mde, albaToba ( )0βP  izrdeba, Semdeg ki ( )∗∗
0xx f  - 

iwyebs Semcirebas.  

zemoaRniSnulis safuZvelze,  damokidebuleba x  mmarTvel sididesa 

da  ( )0βP  albaTobas Soris SeiZleba warmovidginiT 4.3 naxazze naCvenebi 

grafikis saxiT. roca 0x = , gasamdidrebeli masala ar icvleba,  αβ =  da  

0β  xarisxis koncentratis miRebis albaToba nulis tolia. roca 

( )∗∗∗ == 00 xxxx ,  albaTobas aqvs maqsimaluri mniSvneloba.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( )0βP

x
0x∗

0x ∗∗
0x

 

nax. 4.3. ( ) ( )xfβP 0 =  damokidebulebis zogadi saxe 
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x -is didi mniSvnelobebis dros albaToba kvlav nulisaken miiswrafvis. 

( )xfβ =  damokidebulebis (nax. 4.2) aRmaval Stoze muSaobas Seesabameba 4.3 

naxazze moyvanili mrudis marcxena nawili ( )0xx ≤ ,  xolo daRmaval 

Stoze muSaobas – marjvena nawili ( )0xx ≥ . 

 

4.2. koncentratis gamosavlis modeli 

zemomoyvanili msjelobis safuZvelze gamdidrebis teqnologiuri 

procesi SegviZlia warmovidginoT, rogorc sistemis (gasamdidrebeli 

madnis) sawyisi mdgomareobidan (xarisxiT α ) bolo mdgomareobaSi 

(xarisxiT β ) albaTobiTi Tanamimdevruli gadasvlebis erToblioba. 

gadasvla yoveli  mdgomareobidan SemdegSi xdeba garkveuli albaTobiT. 

sawyisidan bolo mdgomareobamde saWiro `pirobiTi~ gadasvlebis ricxvi 

maqsimaluri albaTobiT xorcieldeba mmarTveli sididis Sesabamisi 

mniSvnelobis dros. sakiTxis aseTi warmodgenis safuZvelze [20]-Si 

Camoyalibebulia mamdidrebeli fabrikebis teqnologiuri procesebis 

albaTobiTi modeli, romelic gamosadegia  SemaSfoTebel da mmarTvel 

sidideebs Soris optimaluri damokidebulebebis misaRebad. 

aRniSnuli albaTobiTi modelis safuZvelze [20]-Si mocemulia 

gamosaxuleba: 

( ) cxk
k

ex
k!
cxk,P −=  .                                                       (4.1) 

 

gamosaxuleba (4.1) warmoadgens zogad formulas, romelic 

gansazRvravs sistemis yofnis albaTobas nebismier k  mdgomareobaSi  x -is 

nebismieri mniSvnelobis dros. realuri teqnologiuri procesisTvis 

sistemis gadasvlas romelime 0k f  mdgomareobaSi Seesabameba 

gasamdidrebeli madnis xarisxis amaRleba gansazRvruli sididiT da, 

maSasadame,  Sesabamisi xarisxis koncentratis miReba.  

zemoaRniSnulis safuZvelze [20]-Si miRebulia koncentratis 

gamosavlis formula:  

( ) cxkeaxxγ −= ,                                                        (4.2)  
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romelic asaxavs koncentratis gamosavlis damokidebulebas x  mmarTvel 

sidideze da sadac a , k  da c  koeficientebi ganisazRvreba 

eqsperimentulad. 

gamosavlis formula (4.2) erT-erTi mmarTveli sididisgan 

koncentratis gamosavlis wyvili korelaciuri damokidebulebebis 

modelia. igulisxmeba, rom sxva mmarTveli sidideebi icvleba iseve, 

rogorc icvleboda eqsperimentis dros da gamosaxuleba (4.2) gansazRvravs 

gamosavlis saSualo mniSvnelobas  modelSi Seyvanili mmarTveli sididis 

mocemuli mniSvnelobis dros.  

k  da c  koeficientebis dadebiTi mniSvnelobebis SemTxvevaSi (4.2) 

gamosaxuleba  x -is mimarT erTmaqsimumiani eqstremaluri funqciaa, rac 

Seesabameba nax. 4.3-ze moyvanili grafikis marcxena an marjvena naxevars. igi 

maqsimums aRwevs, roca 

 

( ) ( )[ ] ( ) 0xγc
x
kc

x
keaxcexekxa

x
xγ cxkcxkcx1k =⎟

⎠
⎞

⎜
⎝
⎛ −=⎟

⎠
⎞

⎜
⎝
⎛ −=−⋅+=

∂
∂ −−−−

,   (4.3) 

                                               0c
x
k

=− ,                                                                             (4.4) 

                                              c
kx0 =    .                                                                              (4.5) 

 

koncentratis gamosavlis modelSi SemaSfoTebeli sidide z  ar aris 

Seyvanili. marTalia, igi zogadad gavlenas axdens gamosavalze, magram 

koncentratis gamosavlis damokidebuleba mmarTveli sidideebisgan 

gamoyenebuli iqneba TviTon mmarTvel sidideebs Soris optimaluri 

Tanafardobis dasadgenad da es Tanafardoba, saSualod, garkveuli 

sizustiT, SeiZleba samarTlianad CavTvaloT SemaSfoTebeli sididis 

sxvadasxva mniSvnelobebisTvis. amasTan, radgan optimizaciis amocanis 

gadawyvetis Sedegad mmarTveli sidideebi aRniSnuli TanafardobiT unda 

vcvaloT SemaSfoTebeli sididisgan damokidebulebiT, cxadia, 

koncentratis gamosavali damokidebuli iqneba SemaSfoTebel sidideze.  
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4.3.  koncentratis xarisxis modeli  

zemomoyvanili 4.2 naxazis analizis  safuZvelze  koncentratis 

xarisxis damokidebuleba mmarTveli sididisgan unda atarebdes monotonur 

(araeqstremalur) xasiaTs. igi unda iwyebodes αβ =  mniSvnelobiT da iyos  

aRmavali (nax. 4.2-ze naCvenebi grafikis marcxena naxevari) an daRmavali da 

miiswrafvodes αβ =  mniSvnelobisken (nax. 4.2-ze  naCvenebi  grafikis  

marjvena naxevari). Sesabamisad, koncentratis xarisxi mizanSewonilia 

veZeboT am saxiT: 

( ) ψbxαxβ += .                                                          (4.6) 

roca 0ψ f , damokidebuleba aRmavalia, xolo roca 0ψ p  _ daRmavali. 

koncentratis xarisxis damokidebuleba SemaSfoTebeli sididisgan 

Tavisi SinaarsiT iseTive xasiaTisaa, rogorc mmarTveli sididisgan. 

maSasadame, damokidebulebas eqneba saxe: 

( ) θ
0zbαzβ += .                                                           (4.7) 

xarisxis formulebi (4.6) da (4.7), sadac b , 0b , ψ  da θ  

koeficientebi ganisazRvreba eqsperimentulad, erT-erTi mmarTveli         

an SemaSfoTebeli sididisgan koncentratis xarisxis wyvili korelaciuri 

damokidebulebebis modelia. igulisxmeba, rom sxva mmarTveli da 

SemaSfoTebeli sidideebi icvleba iseve, rogorc icvleboda eqsperimentis 

dros da gamosaxulebebi (4.6) da (4.7)  gansazRvravs xarisxis saSualo 

mniSvnelobas  modelSi Seyvanili mmarTveli an SemaSfoTebeli sididis 

mocemuli mniSvnelobis dros.  

 

4.4. miznis funqcia  

zemoT moyvanili albaTuri modelebisa da gamosavlis wyvili 

damokidebulebis analizis safuZvelze koncentratis gamosavlis 

mravlobiT damokidebulebas mmarTvel sidideebze, anu miznis funqcias 

SeiZleba mivceT saxe [21]: 
 

         ( ) .eqqaqq,q,qγ 332211321 qcqcqck
3

k
2

k
1321

−−−=          (4.8) 
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miznis funqciis koeficientebis ricxviTi mniSvnelobebis gansazRvra 

analizuri xerxiT ar xerxdeba. amitom saWiroa eqsperimentuli monacemebis 

gamoyeneba. WiaTuris centralur saflotacio fabrikaze Catarebuli 

eqsperimentis Sedegad miRebul monacemebs vamuSavebT umcires kvadratTa 

meTodiT.  

umcires kvadratTa meTods safuZvlad udevs umcires kvadratTa 

piroba, romelic Txoulobs (4.8) gantolebaSi Semavali koeficientebis (a, 

k, c) iseTi mniSvnelobebis gansazRvras, rom γ cvladis eqsperimentiT 

miRebul da am gantolebiT gamoTvlil Sesabamis mniSvnelobebs Soris 

sxvaobebis kvadratebis jami iyos minimaluri, anu dacul iqnes gadaxraTa 

kvadratebis jamis minimizaciis piroba: 

               ( )[ ] minq,q,qγγf
n

1i

2
321i =−= ∑

=
i ,               (4.9) 

sadac i aris cdis nomeri eqsperimentis dros, n _ cdebis raodenoba.  
am amocanis gadawyveta (4.8) gamosaxulebisTvis ar xerxdeba, amitom 

umcires kvadratTa meTods iyeneben ara am gamosaxulebis, aramed misi 

aTobiTi an naturaluri logariTmis mimarT:  

      ( ) 332211332211321 qcqcqclnqklnqklnqklnaq,q,qlnγ −−−+++= .                  (4.10)                    

aseT SemTxvevaSi umcires kvadratTa piroba iRebs saxes: 

                    ( )[ ] minq,q,qlnγlnγf
n

1i

2
321i =−= ∑

=
i                                                   (4.11) 

an 

          [ ]∑
=

=+++−−−−=
n

1i

2
332211332211i .minqcqcqclnqklnqklnqklnalnγf         (4.12)                  

(4.12) gamosaxulebis mixedviT 321321 c,c,c,k,k,klna,   koeficientebis 

mniSvnelobebis sapovnelad Sesabamisi kerZo warmoebulebi unda 

gavutoloT nuls: 

                                 
,0

c
f0,

c
f0,

c
f

0,
k
f0,

k
f0,

k
f0,

lna
f

321

321

=
∂
∂

=
∂
∂

=
∂
∂

=
∂
∂

=
∂
∂

=
∂
∂

=
∂
∂

                                         (4.13) 
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rac gvaZlevs Sviducnobian gantolebaTa sistemas:  
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===
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===
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===
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===

=====

==
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n
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n
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n
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n
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n
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n
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n
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n
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n
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n
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n
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n
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n
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i22
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i11
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1i
i33

n

1i
i22

n

1i
i11

.qlnγqCqqC

qqCqlnqKqlnqKqlnqKqaln

;qlnγqqCqC

qqCqlnqKqlnqKqlnqKqaln

;qlnγqqCqqC

)(qCqlnqKqlnqKqlnqKqaln

;lnqlnγlnqqClnqqC

lnqqC)(lnqKlnqlnqKlnqlnqKlnqaln

;lnqlnγlnqqClnqqC

lnqqClnqlnqK)(lnqKlnqlnqKlnqaln

;lnqlnγlnqqClnqqC

lnqqClnqlnqKlnqlnqK)(lnqKlnqaln

;lnγqC

qCqClnqKlnqKlnqKalnn

14.4

 

 

 

jamebis mniSvnelobebis (danarTi 5) gaTvaliswinebiT (4.14) sistema 

iRebs saxes:  
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( )

⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪

⎨

⎧

=−−
−−+−+

=−−
−−+−+

=−−
−−+−+

=−−
−−+−+

−=++
−+−+−

=−−
−−+−+

=⋅−
−⋅−⋅−⋅+⋅−⋅+

.7715.15121181.20569444.257
764.29243476.6908494.2907634.85775.469aln

;2561.1909444.2573264.33
75.3696417.869552.34198.1080833.59aln

;0912.2185764.292475.369
9167.42220285.9848688.4229585.12365.676aln

;5769.5093476.6906417.86
0285.9849339.2313062.986652.2881396.158aln

;2118.2258494.2909552.34
8688.4223062.987611.489679.1241163.69aln

;9581.6417634.857198.108
9585.12366652.2889679.1247526.3626744.198aln

;3692.35275.469
0833.595.6761396.1581163.696744.198aln109

32

1321

32

1321

32

1321

32

1321

32

1321

32

1321

3

21321

15.4

CC
CKKK

CC
CKKK

CC
CKKK

CC
CKKK

CC
CKKK

CC
CKKK

C
CCKKK

 

 

(4.15) sistemis amoxsnis Sedegad vRebulobT: 

                     7.3.5c;71,1c;1095.5c

;9.22K;45.6K;62.0K;1025.1a

32
6

1

321
8

=−=⋅=

=−==⋅=
−

−

         (4.16) 

Sesabamisad, miznis funqcia, anu gamosaxuleba (4.8) iRebs saxes: 
 

   
321

6 q5.3711.07qq105.9522.9
3

6.45
2

0.62
1

8
321 eqqq101.25)q,q,γ(q −+⋅−−− −

⋅= .     (4.17) 

 

aproqsimaciis sizustes 321 q,q,q -Tvis vafasebT koeficientiT, 

romelic gamoiTvleba korelaciuri fardobis analogiurad: 

      
,)qcov(lnγc)qcov(lnγc)qcov(lnγc

)lnqcov(lnγK)qln,cov(lnγK)qlncov(lnγK
σ(lnγ)

1η

332211

332211

−−−

−++=
      (4.18)               

sadac  

       ;lnγ1γln
n
1σ(lnγ)

2
2∑ ∑ ⎟

⎠
⎞

⎜
⎝
⎛−=

n                            (4.19) 
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.
qlnγ

lnγq
n
1)q,cov(lnγ

;
qlnγ

lnγq
n
1)q,cov(lnγ

;
qlnγ

lnγq
n
1)q,cov(lnγ

;
lnqlnγ

lnqlnγ
n
1)lnq,cov(lnγ

;
lnqlnγ

lnqlnγ
n
1)lnq,cov(lnγ

;
lnqlnγ

lnqlnγ
n
1)lnqcov(lnγo

3
33

2
22

1
11

3
33

2
22

1
11

nn

nn

nn

nn

nn

nn

∑∑∑

∑∑∑

∑∑∑

∑∑∑

∑∑∑

∑∑∑

⋅−⋅=

⋅−⋅=

⋅−⋅=

⋅−⋅=

⋅−⋅=

⋅−⋅=

             (4.20) 

 

vRebulobT, rom simWidrovis koeficienti (korelaciuri fardoba) 

Seadgens η = 0.5067. 

 

4.5. SezRudvis funqcia  

zemoaRniSnuli albaTuri modelis safuZvelze  koncentratis 

xarisxis damokidebuleba mmarTvel da SemaSfoTebel sidideebze 

monotonuri (araeqstremaluri) xasiaTisaa. Sesabamisad,  SezRudvis funqcia, 

anu koncentratis xarisxis mravlobiTi damokidebuleba mmarTvel da 

SemaSfoTebel sidideebze, SeiZleba ase gamoisaxos: 

       

( )
.zzzα

xxbxαz,,z,zα,,x,,x,xβ
r210

m21

θ
r

θ
2

θ
1

θ

ψ
m

ψ
2

ψ
1r21m21

⋅⋅⋅⋅

⋅⋅⋅⋅+=⋅⋅⋅⋅⋅⋅
            (4.21)    

Sesabamisad, Cvens SemTxvevaSi:  

 

               ( ) 0321 θθψ
3

ψ
2

ψ
1321 QαqqbqαQα,,q,q,qβ += .                 (4.22) 

 

roca 0ψ f  an 0θ f , damokidebuleba aRmavalia da iwyeba αβ =  

mniSvnelobiT, xolo roca 0ψ p  an   0θ p , damokidebuleba daRmavalia 

da miiswrafvis αβ =  mniSvnelobisken. 
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SezRudvis funqciis koeficientebis sapovnelad mizanSewonilia 

gamoviyenoT umcires kvadratTa meTodi (4.22) gamosaxulebis naturaluri 

logariTmis mimarT: 

          
( )

.Qlnθθlnαlnqψ...
lnqψlnqψlnbα]Qα,,q,q,qln[β

033

2211321

++++
+++=−

             (4.23)        

aseT SemTxvevaSi umcires kvadratTa piroba Semdeg saxes iRebs: 

           ( ) ( ){ } ,min]αQ,α,q,q,qln[βαβlnf
n

1i

2
iii3i2i1ii∑

=

=−−−= i      4.24) 

anu 
 

     ( )[ ] .minlnθθlnαlnqψlnqψlnqψlnbαβlnf
n

1i

2
0332211ii∑

=

=−−−−−−−= iiiii Q          (4.25)        

 (4.25) gamosaxulebis mixedviT 0321 θθ,,ψ,ψ,ψlnb,   koeficientebis 

mniSvnelobebis sapovnelad Sesabamisi kerZo warmoebulebi unda 

gavutoloT nuls:  

 

                   
,0

θ
f0,

θ
f

0,
ψ
f0,

ψ
f0,

ψ
f0,

lnb
f

0

321

=
∂
∂

=
∂
∂

=
∂
∂

=
∂
∂

=
∂
∂

=
∂
∂

                                  (4.26) 

 

rac gvaZlevs eqvsucnobian gantolebaTa sistemas:  
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;lnqαβlnlnqlnQθ

lnqlnαθlnqlnqψlnqlnqψ)(lnqψlnqbln
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jamebis mniSvnelobebis gaTvaliswinebiT (danarTi 6) (4.27) sistema 
miiRebs saxes:  
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⎪
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⎪
⎪
⎪
⎪
⎪
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⎨

⎧

=++
++−+

=+
++−+

=+
+++−+

=+
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=+
+++−+

=+
++++−+⋅

.5973.5375052.649θ0362.661θ
8102.384ψ4364.167ψ571.483ψ1984.265bln

;6221.5480362.661θ
581.676θ1035.393ψ0502.172ψ4626.494ψ1829.271bln

;3256.3238102.384θ
1035.393θ1396.158ψ3062.98ψ6652.288ψ1396.158bln

;1662.1394364.167θ
0502.172θ3062.98ψ1163.69ψ9679.124ψ1163.69bln

;14.404571.483θ
4626.494θ6652.288ψ9679.124ψ6744.198ψ6744.198bln

;5475.2211984.265θ
1829.271θ1396.158ψ1163.69ψ6744.198ψbln98

0

321

0

321

0

321

0

321

0

321

0

321

28.4

 

 

(4.28) gantolebaTa sistemis amoxsna gvaZlevs: 

                         .0084.0θ;1θ;8734.0ψ
;1985.0ψ;6785.0ψ;68.6b

03

21

−=−==
−===

                                          (4.29)                    

Sesabamisad, SezRudvis funqcia, anu damokidebuleba (4.22) iRebs saxes: 

      ( ) .Qαqqq68.6αQα,,q,q,qβ 0084.018734.0
3

0.1985
2

0.6785
1321

−−−=−              (4.30) 

aproqsimaciis sizustes 321 ,, qqq -Tvis vafasebT koeficientiT, romelic 

gamoiTvleba korelaciuri fardobis analogiurad: 

,)cov(lnK)cov(lnK

)lnqcov(lnK)lnq,cov(lnK)lnqcov(lnK
)σ(ln

1η

54

332211

QCC

CCC
C

++

+++=

α
        (4.31)                  

sadac,  C -Ti aRniSnuli gvaqvs αβ − , 

    ,ln1ln
n
1)σ(ln

2
2∑ ∑ ⎟

⎠
⎞

⎜
⎝
⎛−= C

n
CC                           (4.32) 
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.
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Qlnln
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1)ln,cov(ln
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lnqln

lnqln
n
1)lnq,cov(ln

,
lnqln

lnqln
n
1)lnq,cov(ln

,
lnqln

lnqln
n
1)lnq,cov(ln

3
33

2
22

1
11

nn
C

CC

nn
C

CC

nn
C

CC

nn
C

CC

nn
C

CC

∑∑∑

∑∑∑

∑∑∑

∑∑∑

∑∑∑

⋅−=

⋅−=

⋅−⋅=

⋅−⋅=

⋅−⋅=

α
αα

             (4.33) 

vRebulobT, rom simWidrovis koeficienti (korelaciuri fardoba) 

Seadgens η = 0.796. 

 

4.6. miznisa da SezRudvis funqciebis analizi 

sabolood, optimizaciis kriteriumi iRebs saxes: 

miznis funqcia: 

      
321

6 37.507.111095.59.22
3

45.6
2

62.0
1

8
321 1025.1),,γ( qqqeqqqqqq −+⋅−−− −

⋅= ,      (4.34) 

SezRudvis funqcia: 

     ( ) 0
0084.018734.0

3
1985.0

2
6785.0

1321 βQα68.6αQα,,,,β ==− −−− qqqqqq ,   (4.35) 

reagentis cvalebadobis zRvrebi: 

      5.73.5 1 ≤≤ q ;  75.04.0 2 ≤≤ q ; 56.3 3 ≤≤ q ,                 (4.36) 

xolo maTi saSualo mniSvnelobebi: 

                 q1=6.3;    q2=0.56;     q3=4.4.                                                                                    (4.37)  

gavaanalizoT miznis funqcia (4.34): q1, q2  da q3 reagentebis    

xarjebze γ  gamosavlis damokidebuleba [22]. davuSvaT, rom   

4.4,56.0 3322 ==== qqqq , maSin miznis funqcia miiRebs saxes: 

      
4.437.556.007.111095.59.2245.662.0

1
8

321
1

6

4.456.01025.1),,γ( ⋅−⋅+⋅−−− −

⋅= qeqqqq , 

anu 

          
43.171095.562.0

1
4

321
1

6

1069.285),,γ( −⋅− −

⋅= qeqqqq .                 (4.38) 
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analogiuri daSvebebi ganvaxorcieloT koncentratis xarisxis 

gantolebaSic. damatebiT davuSvaT, rom: 

          5.11QQ,0.12αα ==== .                 (4.39) 

am daSvebebis gaTvaliswinebiT koncentratis xarisxis gantolebas 

eqneba saxe: 

( ) 0084.018734.01985.06785.0
1321 5.11124.456.068.612Qα,,,,β −−−+= qqqq , 

anu 

          ( ) 6785.0
1321 25.212Qα,,,,β qqqq += .                   (4.40) 

 

miRebuli (4.38) da (4.40) funqciuri damokidebulebebis safuZvelze 

vagebT teqnologiuri procesis maCveneblebis β da γ -s  q1 reagentis 

xarjze damokidebulebis grafiks. koordinatTa sibrtyeze dagvaqvs  β -s 

da γ -s  eqsperimentiT miRebuli mniSvnelobebic (rombisebri wertilebi) 

(ix. nax. 4.4 da nax. 4.5). 

naxazebidan Cans, rom orive grafiki sworxazovania da q1  reagentis 

xarjis zrda iwvevs orive maCveneblis zrdas. maSasadame, Tu teqnologiuri 

procesi warimarTeba wrfis marjvena ubanze, miviRebT ufro maRal 

xarisxobriv maCveneblebs. amitom, bunebrivia, virCevT  q1  reagentis xarjis  
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23

25

5 5.4 5.8 6.2 6.6 7 7.4 7.8

q1

β

 

nax. 4.4. q1 reagentis xarjze β -s damokidebulebis grafiki   
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nax. 4.5. q1 reagentis xarjze γ -s  damokidebulebis grafiki  

mniSvnelobebs misi saSualo mniSvnelobidan maqsimumamde. amis 

gaTvaliswinebiT q1 reagentis xarjis cvalebadobis ubani iqneba:  

73.6 1 ≤≤ q .  

axla davuSvaT, rom  4.4,3.6 3311 ==== qqqq ,  maSin miznis funqcia 

aRiwereba gamosaxulebiT:  

  
4.437.507.113.61095.59.2245.6

2
62.08

321
2

6

4.43.61025.1),,γ( ⋅−+⋅⋅−−− −

⋅= qeqqqq , 

anu 

       
63.2307.1145.6

2
4

321
21024.21),,γ( −−⋅= qeqqqq .               (4.41) 

koncentratis xarisxis gantolebaSi analogiuri daSvebebis 

safuZvelze miviRebT:  

   ( ) 0084.018734.01985.0
2

6785.0
321 5.11124.43.668.612Qα,,,,β −−−⋅+= qqqq , 

anu 

          ( ) 1985.0
2321 01.712Qα,,,,β −+= qqqq .               (4.42)  

4.6 da 4.7 naxazebze (4.41) da (4.42) funqciuri damokidebulebis 

safuZvelze agebulia teqnologiuri procesis maCveneblebis q2  reagentis 

xarjze damokidebulebis grafiki. q2 reagentis xarjis zrda iwvevs 

koncentratis xarisxis TiTqmis umniSvnelo Semcirebas. e.i. koncentratis 
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xarisxisTvis mniSvneloba ar aqvs q2 xarjis sidides. amitomac, q2-is 

cvalebadobis ubnis dasadgenad viyenebT γ  _ q2   damokidebulebas.  
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nax. 4.6. q2 reagentis xarjze β -s  damokidebulebis grafiki 
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nax. 4.7. q2 reagentis xarjze γ -s  damokidebulebis grafiki   

4.7 naxazidan Cans, rom γ  _ q2 damokidebuleba arawrfivia, aqvs 

minimumi da q2-is sakmaod did farglebSi gamosavali rCeba minimaluri. 

amave dros 2min2 qq −  ubanze reagentis xarjis zrdiT gamosavali mcirdeba, 

xolo max22 qq −   ubanze _ matulobs. amitom virCevT q2 reagentisTvis misi 

xarjis cvalebadobis ubans:  75.056.0 2 ≤≤ q . 

dasasrul, davuSvaT, rom 56.0,3.6 2211 ==== qqqq , maSin miznis 

funqcias eqneba saxe:  
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3

6 37.556.007.113.61095.59.22
3

45.662.08
321 56.03.61025.1),,γ( qeqqqq −⋅+⋅⋅−−− −

⋅= , 

anu 

      
337.520.69.22

3
10

321 1068.164),,γ( qeqqqq −−⋅= ,             (4.43) 

xolo koncentratis xarisxis gantolebisTvis miviRebT:  

 

( ) ,5.111256.03.668.612Qα,,,,β 0084.018734.0
3

1985.06785.0
321

−−−⋅+= qqqq  

anu 

        ( ) 8734.0
3321 15.212Qα,,,,β qqqq += .                  (4.44) 

(4.43) da (4.44) gantolebebis safuZvelze vagebT teqnologiuri 

procesis maCveneblebis q3 reagentis xarjze damokidebulebis grafikebs.  
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nax. 4.8. q3 reagentis xarjze β -s  damokidebulebis grafiki  
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nax. 4.9. q3 reagentis xarjze γ -s  damokidebulebis grafiki  
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q3  reagentis xarjis zrda iwvevs β  koncentratis xarisxis matebas,  

damokidebuleba wrfivia (nax. 4.8), amitomac maRali xarisxis koncentratis 

misaRebad sasurvelia q3 reagentis xarjis SenarCuneba max33 qq −   

farglebSi. γ  _ q3 damokidebuleba ki eqstremaluria (nax. 4.9).  bunebrivia, 

gamosavlis maqsimaluri mniSvnelobis SesanarCuneblad saWiroa q3 

reagentis  xarji icvlebodes saSualo mniSvnelobis siaxloves. 

gasaTvaliswinebelia, rom eqsperimentiT miRebuli wertilebis simWidrove  

γ  _ q3 damokidebulebis marjvena ubanze metia. aqedan gamomdinare, 

teqnologiuri procesis maCveneblebis maqsimalurad maRali mniSvnelobebis 

SesanarCuneblad umjobesia q3 reagentis xarji icvlebodes farglebSi:  

54.4 3 ≤≤ q .   

maSasadame, WiaTuris saflotacio fabrikis pirobebSi flotaciis 

procesisTvis sabolood dadgenil iqna optimizaciis kriteriumi, romelic 

moicavs: 

miznis  funqciis  maqsimizaciis  moTxovnas: 

  

      ,1025.1),,( max321
6 37.507.111095.59.22

3
45.6

2
62.0

1
8

321 →⋅= −+⋅−−− − qqqeqqqqqqγ    (4.45) 

 

SezRudvis tolobas: 

            0
0084.0187.0

3
2.0

2
68.0

1321 68.6),,,,( βαααβ =+= −−− QqqqQqqq           (4.46) 

 

da reagentebis dasaSvebi cvalebadobis sazRvrebs: 
 

     73.6 1 ≤≤ q ;    75.056.0 2 ≤≤ q ;   54.4 3 ≤≤ q ,                       (4.47) 

 

sadac γ  aris koncentratis gamosavali, %; β -koncentratis xarisxi, %; 0β  

_ koncentratis xarisxis davalebuli  mniSvneloba, %; α  _ 

gasamdidrebeli madnis xarisxi (Mn-is Semcveloba), %; Q  _ gasamdidrebeli 

madnis xarji (mwarmoebluroba), t/sT; 321 ,, qqq  _ reagentebis (Sesabamisad, 

gasapnuli talis zeTis, solaris zeTisa da Txevadi minis) xarjebi, kg/wT. 

gaviTvaliswinoT, rom 321 ,, qqq  mmarTveli sidideebia, xoloGα  da Q  

_ SemaSfoTebeli.  
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(4.46) gamosaxulebis analizi gviCvenebs, rom Q -s gavlena β -s 

cvalebadobaze umniSvneloa, rasac adasturebs Sesabamisi xarisxis 

maCveneblis (-0.0084) simcire. Aamitom CavTvaloT, rom es SemaSfoTebeli 

sidide ar icvleba da eqsperimentis dros miRebuli saSualo mniSvnelobis 

tolia:   

                    ⋅= 5.11Q                          (4.48) 

aqedan gamomdinare, SemaSfoTebel sidided rCeba α , romlis 

cvalebadobis diapazoni da saSualo mniSvneloba Seadgens:   

                  ,159 ≤≤ α  .12=α                         (4.49) 

zemoaRniSnulis safuZvelze kvlevis Semdgomi amocana mdgomareobs 

gasamdidrebeli madnis α  xarisxze  q1,  q2  da q3 reagentebis xarjebis 

iseTi damokidebulebis povnaSi, romlebic uzrunvelyofen procesis 

optimalurobas (4.45) da (4.46) damokidebulebis Sesabamisad. 
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Tavi 5. flotaciis procesis optimizacia 

5.1. eqstremaluri amocanebis maTematikuri  

daprogrameba 

dasaxuli miznisken swrafva cxovrebis Tanamdevi procesia. 

analogiuri viTarebaa sawarmoo praqtikaSic. yovelTvis arsebobs raRac 

mizani, romlis misaRwevadac daCqarebuli meTodiT da imavdroulad 

naklebi danakargebiT swrafva bunebrivi realobaa. magram metad rTulia am 

miznis formulireba raodenobiTi gamosaxulebiT, anu miznis funqciis 

miReba an kriteriumis SerCeva, radgan praqtikaSi xSirad aris gadasawyveti 

urTierTsawinaaRmdego amocanebi. magaliTad, mamdidrebeli procesebis 

dros yovelTvis gvsurs amokrefis gazrdac da madnis gadamuSavebis 

TviTRirebulebis Semcirebac. es rTuli amocanaa. Tumca es sakiTxi 

(kriteriumis SerCeva) mesame TavSi gadavwyviteT.  

axla ukve dasaxul mizans SeiZleba mivceT Semdegnairi formulireba: 

mivaRwioT gamdidrebis rac SeiZleba maRal xarisxs koncentratis 

minimaluri TviTRirebulebis dros, anu miviRoT miznis funqciis 

maqsimaluri mniSvneloba, romlis argumentebia procesis  parametrebi: 

mwarmoebluroba, madnis xarisxi, reagentis xarji da a.S., da amave dros 

gaviTvaliswinoT mmarTveli zemoqmedebebis cvlileba gansazRvrul, 

dasaSveb diapazonSi.  

Tu ra midgomiT amoixsneba marTvis amocanebi, es Tavis naSromSi 

kargad Camoayaliba i.z. cipkinma [23]. misi TvalTaxedviT, avtomaturi 

marTvis Teoriis ganviTarebaSi SesaZlebelia gamovyoT sami periodi: 

determinizmis, stoqasturobis da adapturobis. 

determinizmis dros marTuli obieqtebis mdgomareobis aRmweri 

gantolebebic da gare zemoqmedebebic (mavalebeli da SemaSfoTebeli) 

cnobilad iTvleboda. aseTi sruli garkveuloba saSualebas iZleoda, 

marTvis Teoriis mravalferovani amocanebi gadaewyvitaT klasikuri 

analitikuri aparatiT. gansakuTrebiT es exeboda wrfiv amocanebs. 

sirTuleebi gamoiwvia arawrfivi faqtorebis gamoCenam. Tumca es sakiTxebic 

mogvarda analiziT, miuxedavad imisa, rom aseTi sakiTxebis gadawyvetisTvis 

ganzogadebuli meTodebi ar arsebobda.  
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mdgomareoba garTulda meore _ stoqasturobis periodSi. am 

periodSi ukve daadgines, rom gare zemoqmedebebi, rogorc mavalebeli, 

aseve SemaSfoTebeli, uwyvetad icvlebian droSi da ar SeiZleba 

ganisazRvron calsaxad. es exeba marTuli obieqtis gantolebis 

koeficientebsac. amitom saWiro gaxda sxva midgomis moZebna, romelic 

gaiTvaliswinebda gare da mmarTveli zemoqmedebis albaTur xasiaTs. aseTi 

midgoma dafuZnebuli unda yofiliyo SemTxveviTi funqciebis statistikuri 

maxasiaTeblebis codnasa da analitikur meTodebze.  

Tanamedrove mravalferovan pirobebSi momuSave rTul avtomatur 

sistemebSi aramarto ucnobia marTuli obieqtebis gantolebebi, gare 

zemoqmedebebi da maTi statistikuri maxasiaTeblebi, aramed winaswar 

SeuZlebelia maTi savaraudo gansazRvrac. maSasadame, saqme gvaqvs sawyis 

gaurkvevlobasTan. rasakvirvelia, es arTulebs am obieqtebis marTvas da 

mowmobs marTvis mesame periodis _ adapturobis periodis dadgomas. 

adaptaciis gamoyeneba amcirebs sawyis gaurkvevlobas marTvis procesis 

mimdinareobis dros miRebuli informaciis safuZvelze [23].  

Tu dasaSveb amoxsnaTa ricxvi didi ar aris, maSin SeiZleba 

viangariSoT miznis funqcia argumentis yvela mniSvnelobisTvis da 

amovirCioT maTgan maqsimaluri mniSvnelobis varianti. variantebis didi 

ricxvis SemTxvevaSi ki unda gamoviyenoT kompiuteri da SevirCioT 

algoriTmi. miznis funqciis sapovnelad SesaZlebelia visargebloT 

diferencialuri aRricxviT, magram es SesaZlebloba ikargeba miznis 

funqciis argumentebis zrdis dros, sruliad uvargisi xdeba funqciis 

aradiferencirebulobis dros da miuRebeli _ funqciis diskretulobis 

SemTxvevaSi. yvela am SemTxvevaSi saWiroa axali maTematikuri aparatis 

gamoyeneba, romelic morgebuli iqneba aseTi saxis amocanebze. aseTi 

aparatia maTematikuri daprogramebis meTodi [23].   

 

5.2. modelebisa da fizikuri obieqtebis optimizaciis meTodebi 

optimizacia, zogadad, situaciis cvlilebis Sesabamisad 

gansazRvrul gadawyvetilebaTa miRebaa.  arsebobs mravali dasaSvebi 

garemoeba. swored am mravalTagan erTis amorCevaSi mdgomareobs 

gadawyvetilebis miRebis arsi. rac metia variantebis raodenoba, miT meti 
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informacia gvWirdeba am variantebis gasarCevad da, cxadia, miT meti 

samuSaos Catareba dagvWirdeba amocanis Sesasruleblad. 

gadawyvetilebis miRebis procesSi gamoiyeneba funqcia, romlis 

argumentebad miRebulia gadawyvetilebaTa dasaSvebi variantebi, 

mniSvnelobebad ki ricxvi, romelic gviCvenebs dasaxuli miznis miRwevis 

zomas. Sedegad gadawyvetilebaTa miRebis amocana daiyvaneba miznis 

funqciis maqsimaluri (minimaluri) mniSvnelobis povnaSi da amasTan, 

argumentebis iseTi mniSvnelobebis povnaSi, romlebisTvisac miiRweva es 

maqsimumi. argumentebis mniSvnelobas, romlis drosac miznis funqcia xdeba 

maqsimaluri (minimaluri) mniSvnelobis, ewodeba argumentebis optimaluri 

mniSvneloba [16].   

optimizacia xSirad dakavSirebulia modelis miRebasTan. miRebuli 

modeli SesaZlebelia gamoviyenoT ara marto procesis meqanizmisa da 

Sedegis asaxsnelad, aramed igi saSualebas gvaZlevs gadavwyvitoT kvlevis 

erT-erTi umniSvnelovanesi amocana. kerZod, miviRoT damoukidebeli 

cvladebis (x) mniSvnelobebi, romlebisTvisac SerCeuli miznis funqcia 

miaRwevs eqstremums. gamdidrebaSi aseTi amocanaa maqsimaluri amokrefis 

(an gamosavlis) miReba koncentratis xarisxis mocemuli mniSvnelobis dros 

[16]. 

davuSvaT, eqsperimentis Sedegebis damuSavebiT miRebulia modeli, 

romelic akavSirebs gamosavals da koncentratis xarisxs reagentebis 

xarjTan: 

                 )q...,qqq(fβ
)q...,qqq(fγ

n3,2,1,2

n,3,2,1,1

=

=
                                 (5.1) 

optimalur reagentul reJims davadgenT mxolod im SemTxvevaSi, 

rodesac ganvsazRvravT  opt.1opt. 2, qq da  opt.nq : 

                  

.qqq
,ββ

,maxγ

maxmin

0

iii ≤≤
=
→

                                   (5.2) 

Cveni mizani aris opt.iq  mniSvnelobebis povna mocemuli 

modelisTvis. aRniSnuli modelisTvis optimaluri pirobebis povnis meTodi 
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damokidebulia mis saxeze. miznisa da SezRudvis funqciebis wrfivi 

modelebisTvis gamoiyeneba wrfivi daprogramebis meTodi.  

wrfivi daprogrameba optimizaciis mniSvnelovani sferoa ramdenime 

mizezis gamo. mravali praqtikuli problema optimizaciis kvlevaSi, kerZod,  

maTematikuri modelireba, SeiZleba warmodges rogorc wrfivi 

daprogramebis problema. wrfivi daprogramebis garkveuli specifikuri 

SemTxvevebi, rogoric aris teqnologiuri procesebis optimizaciis 

problemebi da, maT Soris, flotaciis procesis optimizaciis problemebi, 

metad mniSvnelovania. rigi algoriTmebisa sxva tipis optimizaciis 

problemebis dros muSaobs wrfivi daprogramebis problemebis 

qveproblemebis gadawyvetis Sedegad. maT amosaxsnelad Catarebulia 

kvlevebi specializebul algoriTmebze. wrfivi daprogramebis ideebi 

safuZvlad daedo optimizaciis Teoriis mraval iseT mTavar koncefcias, 

rogoric aris dualizmi, dekompozicia, amozneqilobis mniSvneloba da misi 

ganzogadebebi. 

optimaluri marTvis TeoriaSi damuSavebulia funqciuri utolobebis 

saxiT mocemuli SezRudvebis dros eqstremaluri amocanis amoxsnis 

ramdenime  meTodi. maT miekuTvneba analitikuri meTodebi: variaciuli 

aRricxva, SemTxveviTi Zebnis meTodi, lagranJis ganusazRvrel mamravlTa 

meTodi da misi modifikacia, belmanis dinamiuri daprogrameba, 

pontriaginis maqsimumis meTodi da gamoTvliTi meTodebi, rogoricaa 

gradientis meTodi. yvela es meTodi sxvadasxva sizustiT da gamoTvlis 

sxvadasxva sirTuliT xasiaTdeba da saSualebas gvaZlevs gamovikvlioT 

arawrfivi marTvis sistemebi.  

amocanis maTematikuri dasma iTvaliswinebs, rom raRac n-jerad 

sivrceSi mocemulia funqcia )x...,x,x(Fy n21= , utolobebi 

)n1,2,...,i(,xxx maxiimini =≤≤  da am pirobebSi unda vipovoT 

)x...,x,x(Fy n21=  funqciis maqsimumi an minimumi.  

aucilebelia SevniSnoT, rom maTematikuri daprogramebis dros ar 

aris aucilebeli amocanis pirobebis aRwera analitikuri (formulis) 

saxiT. am mizezis gamo is moicavs amocanaTa ufro farTo speqtrs, vidre is 

meTodebi, romlebic moiTxoven am sakiTxis gadawyvetas analitikuri 

formiT. eqstremaluri amocanebis amoxsnis algoriTmuli forma 
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saSualebas iZleva optimalurobis sapovnelad gamoviyenoT gamoTvliTi 

teqnikis saSualebebi uSualod fizikur obieqtebze. 

amocanis amoxsna modelebsa da fizikur obieqtebze gansxvavebulia. 

fizikur obieqtebze Zebna mimdinareobs dabrkolebebiT da realuri drois 

masStabiT, rasac mivyavarT Zebnis gaxangrZlivebasa da danakargebis 

zrdasTan. modelis misaRebad da am gziT eqstremumis amocanis 

gadasawyvetad ki saWiroa damatebiTi gamoTvlebis Catareba. miuxedavad 

amisa, umetesad arCevani keTdeba swored modelirebis sasargeblod [16].   

modelis miRebisTvis marTuli obieqtze saWiro informaciis mocema 

SeuZlia mxolod mocemuli reJimidan gadaxrebs, romelic dakavSirebuli 

aris regulirebis dros mimdinare gardamaval procesebTan. umarTav an 

cudad marTul obieqtebze arsebobs mocemuli reJimidan gadaxrili 

mravali situacia, romelic iZleva modelis moZebnis saSualebas. aseTi 

informaciis gadamuSaveba Sromatevadi samuSaoa da, faqtobrivad, Zebnas 

warmoadgens [16].   

eqsperimentis dawyebisas Cven ar viciT, ra Sedegs miviRebT. Tu es 

Sedegi damokidebulia faqtorebis mniSvnelobebis amorCevaze, romelic 

Seesabameba miznis funqciis (optimizaciis parametris) gansazRvrul 

mniSvnelobas, maSin aucilebelia veZeboT am faqtorebis mniSvnelobebi, anu 

ganvaxorcieloT Zebna. Zebna umetes SemTxvevaSi eqsperimentuli samuSaos 

aucilebeli nawilia. Tu parametris maqsimalur an minimalur mniSvnelobas 

davarqmevT miznis optimizacias, maSin Zebna aris miznisken moZraoba, anu 

droSi mimdinare moqmedebebis TanmimdevrobiTi procesi.  

arawrfivi modelirebis optimizaciis amocanis analitikuri 

gadawyveta umravles SemTxvevaSi SeuZlebelia. aseTi amocanebi amoixsneba 

mxolod algoriTmuli ricxviTi meTodebiT, anu gansazRvruli gamoTvliTi 

procedurebiT. aseT SemTxvevaSi virCevT q cvladis romeliRac 

mniSvnelobas, viRebT mis sawyis wertils, vangariSobT am wertilSi miznis 

funqciis mniSvnelobas da ukve Semdeg, mezobel wertilebSi miznis 

funqciis mniSvnelobebis SedarebiT vRebulobT gadawyvetilebas, 

gadavaadgiloT sawyisi wertili manam, sanam ar miuaxlovdeba optimalurs. 

algoriTmi gradientuli meTodia, amitom modelis gradientis SerCevac 

saerTo optimaluri pirobebis moZebnis amocanis erT-erTi Semadgeneli 

nawilia. 
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modelis gamoyenebiT optimizaciis amocanis gadawyvetis meTodi da 

optimaluri pirobebis Zebnis meTodi uSualod fizikur obieqtebze xSirad 

erTi da igivea da amitomac ganixileba erTad [16].  

zogadad, optimizaciis amocanis amoxsna mdgomareobs optimaluri 

damokidebulebebis (optimaluri marTvis kanonebis) povnaSi: 
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r111
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romlebic gvaZleven funqciis maqsimums SezRudvebis dros (5.2) 

gamosaxulebis Sesabamisad. 

maTematikuri modeli gansakuTrebiT kompaqturia da mosaxerxebeli 

teqnologiuri procesebis marTvisa da kvlevebis dros. SeiZleba 

ganvixiloT optimizaciis modelebis Semdegi saxeebi: 

_ wrfivi modeli SeSfoTebis gareSe:  
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_ arawrfivi modeli SeSfoTebis gareSe:  
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_ wrfivi modeli SeSfoTebis gaTvaliswinebiT:  
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_ arawrfivi modeli SeSfoTebis gaTvaliswinebiT: 
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             (5.7) 

(5.4) . . . (5.7) gamosaxulebebSi arsebuli a, b, c, d koeficientebi 

ganisazRvreba eqsperimentuli monacemebis mixedviT. zog SemTxvevaSi, miznis 

funqcia aigeba ara gamosavlis, aramed amokrefis an sxva romelime 

maCveneblis mimarT, Tumca identifikaciis da optimizaciis arsi amiT ar 

icvleba.    

SeSfoTebis gareSe wrfivi modelis (5.4) optimizaciis amocanis 

amoxsnis universaluri  maTematikuri aparatia wrfivi daprogramebis 

meTodi [16, 24, 25]. magram praqtikaSi sargebloben ufro martivi, grafikuli 

meTodebiT [16, 26]. arawrfivi modelis SemTxvevaSi iyeneben lagranJis 

ganusazRvrel mamravlTa meTods [16, 27, 24], arawrfivi daprogramebis 

meTods [16, 26, 28]. unda SevniSnoT, rom amoxsnis meTodebi rTuli da 

Sromatevadia. amasTan, optimizaciis amocanis amoxsnis sirTuleebi izrdeba 

mmarTveli sidideebis da SezRudvebis zrdasTan erTad. garda amisa, (5.4) da 

(5.5) modelebi ar iTvaliswineben SemaSfoTebel sidideebs da amiT 

optimizacia daiyvaneba ara optimaluri damokidebulebebis moZebnaze, 

aramed mmarTveli sidideebis ricxviTi mniSvnelobebis povnaze [16, 29, 24, 25, 

26, 28, 30,..,34]. aseTi gadawyveta ki araefeqturia SemaSfoTebeli sidideebis 

mniSvnelovnad cvalebadobis pirobebSi.  

am mizezis gamo xSirad mimarTaven (5.6) da (5.7) saxis modelebs. Tumca 

am modelebis nakli imaSi mdgomareobs, rom optimizacia maTi gamoyenebiT 

ar gvaZlevs saSualebas miviRoT optimaluri damokidebulebebi uSualod 

analitikuri saxiT. amocanis amoxsna daiyvaneba mmarTveli sidideebis 



61 
 

optimaluri mniSvnelobebis moZebnaze SemaSfoTebeli sididis calkeuli 

fiqsirebuli mniSvnelobis dros, rac Zalian arTulebs procesis marTvas 

miRebuli SedegebiT ramdenime SemaSfoTebeli sididis arsebobis 

SemTxvevaSi.  

mxolod zemoT CamoTvlili siZneleebi ar aris (5.4), (5.5), (5.6) da (5.7) 

modelebis uaryofis mizezi. mamdidrebeli fabrikebis teqnologiuri 

procesebis optimizaciisadmi tradiciuli midgomis mniSvnelovani 

naklovaneba mdgomareobs SemdegSi: arsebuli formaluri midgoma, rodesac 

ara aris gaTvaliswinebuli teqnologiuri procesis kanonzomierebebi da 

marTvisaTvis gamoyenebul optimalur damokidebulebebSi Cadebulia 

mxolod eqsperimentuli, polinomialuri modeli, ar iZleva Sedegs. es 

dadasturebulia praqtikiT da amaze Tanxmdeba mkvlevarTa umravlesoba [18, 

24].  

yovelive zemoTqmulma gamoiwvia, rom bolo wlebSi gaCnda naSromebi, 

romlebSic Cans axleburi midgoma sakiTxisadmi. daiwyo marTvis Teoriis 

ganviTarebis axali etapi [24, 35]. “gamdidrebis procesebis mimdinareobis 

ganmsazRvreli fizikuri aqtebis Rrma analizi SesaZleblobas iZleva 

warmovadginoT igi ori nawilis saxiT: determinirebuli, romlis fizikuri 

safuZvlebi kargad aris Seswavlili da aRiwereba analizurad da 

stoqasturi, romelTa buneba gaurkvevelia da miekuTvneba SemTxveviT 

sferos. SemovitanT ra gansazRvrul varaudebs (hipoTezebs) stoqasturi 

nawilis qcevis kanonzomierebaze, maSin SesaZlebeli gaxdeba aigos 

gamdidrebis procesis saZebni maTematikuri modeli. sruliad gasagebia, 

rom aseT SemTxvevaSi is SeiZleba ganxilul iqnas rogorc  

kvazideterminirebuli. Semotanili varaudebis raodenobiTi faqtorebi 

(hipotetiuri koeficientebi) ki dadgindes eqsperimentulad konkretul 

obieqtze” [35].  “umravles SemTxvevebSi aseT modelebSi Teoriuli analizi 

SemoisazRvreba teqnologiuri procesebis fenomenologiis ganxilviT 

(fenomenologiuri modeli). fenomenologiuri midgomis arsi mdgomareobs 

SemdegSi: procesi, romlis modelirebasac vaxdenT, struqturulad 

nawevrdeba mTel rig  movlenebad, anu subprocesebad. TiToeuli aseTi 

subprocesisaTvis Semoitaneba efeqturobis damajerebeli maCveneblebi . . . , 

romlebic gamoiyenebian rogorc modelis parametrebi da romlebic 

ganisazRvrebian eqsperimentuli gziT. modelebis struqturuli 
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fenomenologiuri damuSaveba saSualebas iZleva ufro dasabuTebulad 

gamoviyenoT regresiuli analizi . . . vinaidan modelebi struqturulad 

Sepirobebuli arian da gansazRvruli koeficientebi iZenen aSkara fizikur 

(an fenomenologiur) azrs, iqmneba safuZvlebi miRebuli modelebis 

gavrcelebisa eqsperimentis pirobebis sazRvrebs gareT” [24].  

 “kvazideterminirebuli”, anu “fenomenologiuri” midgomac 

sakiTxisadmi, miuxedavad amdeni upiratesobisa, ar iZleva problemis 

srulyofilad gadawyvetis saSualebas. mas gaaCnia sami arsebiTi 

naklovaneba. 

pirveli naklovaneba: SeuZlebelia miviRoT analizuri saxiT 

mmarTvel da SemaSfoTebel sidideebs Soris optimaluri 

damokidebulebebi. 

meore nakli: araa formulirebuli saerTo koncefcia, romelic 

saSualebas mogvcemda Segveqmna procesis maTematikuri modelis erTiani 

struqtura, ris gamoc gvixdeba yovel konkretul SemTxvevaSi calkeuli 

damokidebulebebis Zebna.  

mesame nakli efuZneba wina ors. radgan ar arsebobs modelis Seqmnis 

da optimaluri damokidebulebebis miRebis saerTo meTodi, amitom ar 

arsebobs maTi realizaciis SemTxvevaSi efeqturobis prognozirebis 

meTodic.  

vaanalizebT ra optimizaciis mizniT gamdidrebis procesebis 

identifikaciis meTodebis ganviTarebis etapebs da maT naklovanebebs, 

obieqturad mivdivarT mesame etapze gadasvlis aucileblobamde. 

optimizaciis identifikaciis Teoria am etapze unda efuZnebodes 

gamdidrebis teqnologiuri procesebis ganzogadebuli maTematikuri 

modelis Seqmnas ise, rom SeinarCunos “kvazideterminirebuloba”, anu 

“fenomenaluroba” da Tavidan iqnas acilebuli zemoTCamoTvlili 

naklovanebebi.  

optimizaciis amocanis amoxsnis safuZvelze wydeba optimaluri 

damokidebulebebis (5.3) miRebis sakiTxi da imavdroulad teqnologiuri 

procesis marTvis meTodis SemuSavebis sakiTxi, anu avtomaturi marTvis 

sistemebis am damokidebulebebis realizaciis algoriTmis sakiTxi. 

identifikaciis axali meTodi aseTi zogadi midgomis safuZvelze 
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saSualebas gvaZlevs davasabuToT ukve cnobili da SevqmnaT axali marTvis 

meTodebi mamdidrebeli fabrikebis teqnologiuri procesebisTvis.  

 

5.3. SezRudvebis mqone wrfivi modelebis analizuri  

optimizacia 

daprogramebis meTodiT wrfivi modelebis optimizacia ganxiluli 

aqvs l. barskis da v. kozins [16]. maT SezRudvebis mqone wrfivi modelebis 

analitikuri optimizacia mocemuli aqvT Semdeg magaliTze: 

amocanis dasma: vipovoT koncentratis gamosavlis  maqsimumi misi 

xarisxis SezRudvis dros, Tu cnobilia cvladi  sidideebis cvlilebis 

dasaSvebi diapazoni:  
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rogorc vxedavT, modeli wrfivia. am amocanis maTematikuri 

gadawyvetis universaluri xerxia wrfivi daprogramebis meTodi, romlis 

gamoyenebisTvisac amocanas aZleven saxes: 
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xeliT wrfivi daprogramebis meTodis gamoyeneba rTulia. arsebobs 

wrfivi daprogramebis standartuli programebi, Tumca mxolod erTi 

SezRudvis pirobebSi (5.3) amocana martivad SeiZleba gadawydes wrfivi 

daprogramebis meTodis grafikuli xerxiT. swored am xerxiT aris 

ganxiluli gamdidrebis monomineraluri procesis optimizaciis amocana 

[16].    

abscisaTa RerZze (nax. 5.1) gadazomilia SezRudva β , ordinataze _ 

saoptimizacio funqcia γ . β RerZze gadavzomoT SezRudva C da gavavloT 

wrfe. sibrtyeze aviRoT wertili O, romelic Seesabameba eqsperimentis 
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centrs. Semdeg cvladebs iq  TanmimdevrobiT vaZlevT nazrdebs  γ -s zrdis 

mimarTulebiT da βγ − koordinatebSi dagvaqvs sibrtyeze γ-s da β-s 
gazrdili Sedegebi. texilis bolo wertili migvaniSnebs pirvel Sedegze. 

vagrZelebT texilis agebas sxvadasxva q-Tvis ise, rom ar gamovdivarT iq  

cvladis dasaSvebi diapazonis zRvrebidan. bolo wertilia 5, sadac  γ  

maqsimaluria dabali  β -s dros.  

 

 

 

nax. 5.1. amocanis amoxsna eqstremumis pirobiT mocemuli  

SezRudvebis dros  

 

naxazze yvelaze damreci monakveTia 3-4, amitom 4qΔ -s mniSvnelobis 

Semcireba Tavdapirvelad nulamde, Semdeg _ 4qΔ -mde migviyvans SezRudvis 

gareT texilis 8 wertilamde. amoxsna iqneba SezRudvis wrfis gadakveTa 

texilTan, wertili _ 6. 

amocanis amoxsna iqneba:  
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sadac  k  ganisazRvreba 6_8 da 8_7 monakveTebis fardobiT. 

miRebuli Sedegi gviCvenebs β  xazis gaswvriv gamosavlis mkveTr 

zrdas. rogorc zemoT aRvniSneT, es meTodi gamoiyeneba wrfivi 

modelirebis SemTxvevaSi. Cveni modeli ki arawrfivia. amitom gavaanalizoT  

γ  da  β  damokidebulebebi reagentebis 321 q,q,q xarjebisgan.   

 
5.4. flotaciis procesis optimizacia wrfivi  

daprogramebis meTodiT 

wina TavSi sabolood davadgineT WiaTuris saflotacio fabrikis 

pirobebSi flotaciis procesisTvis optimizaciis kriteriumi, romelic 

moicavs (4.45), (4.46) da (4.47) gamosaxulebebs.  

optimizaciis amocanaa: vipovoT gasamdidrebeli madnis α  xarisxze 

321 q,q,q  reagentebis xarjebis optimaluri damokidebuleba, romelic 

uzrunvelyofs davalebuli 0β  xarisxis koncentratis maqsimalur γ  

gamosavals (4.45) da (4.46) gamosaxulebebis Sesabamisad (4.47) SezRudvebis 

pirobebSi.  

(4.45) gamosaxulebis analizi gviCvenebs, rom 321 q,q,q  reagentebis 

xarjebis mniSvnelobebi, romlebic γ  koncentratis gamosavals maqsimums 

aniWebs, gadis maTi SesaZlo cvalebadobis zRvrebs gareT. AaRniSnul (4.47) 

zRvrebSi γ -s damokidebuleba 1q  da 2q -sagan atarebs aRmaval xasiaTs, 

xolo 3q -sagan – daRmavals. visargebloT imiT, rom es damokidebulebebi 

monotonuri funqciebia da optimizaciisTvis gamoviyenoT wrfivi 

daprogramebis meTodis grafikuli varianti [16]. 

grafiki aigeba koordinatTa sistemaSi, sadac abscisaTa RerZze 

izomeba β , ordinatTa RerZze _ γ  (nax. 5.2). Ggrafikis sawyis wertilad 

viRebT wertils, romelic Seesabameba mmarTveli sidideebis cvalebadobis 

dasaSvebi  (4.47)  diapazonis centrebs:  

                     ;65.610 =q  ;655.020 =q  ⋅= 7.430q                      (5.11) 
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grafikis ageba SeiZleba α -s nebismieri mniSvnelobisTvis. avirCioT 

misi saSualo mniSvneloba. (4.48), (4.49) da (5.11) gamosaxulebebis 

gaTvaliswinebiT  γ  da β  (4.45) da (4.46) gamosaxulebebis Sesabamisad 

Rebulobs mniSvnelobebs: 20.3%β = , 23.5%γ = , rasac Seesabameba 

optimizaciis grafikze sawyisi wertili 1 (nax. 5.2).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 5.2. optimizaciis grafiki 

      

 vcvaloT mmarTveli sidideebi  nebismieri rigiT  sazRvrebamde im 

mimarTulebiT, saiTac izrdeba γ  [36, 37]. Ggrafikis  ubani 1_2 Seesabameba 

1q -is gazrdas 65.610 =q -dan 7max1 =q -mde. A sazRvarze (wertili 2) 

miiRweva: %6.20β = ,  %3.24γ = . Uubani 2_3 Seesabameba 3q -is Semcirebas 

7.4q30 = -dan 4.4q min3 = -mde. sazRvarze (wertili 3) miiReba: %1.20β = ,  

%8.26γ = . Uubani 3_4 Seesabameba 2q -is gazrdas 655.0q20 = -dan 

75.0q max2 = -mde. sazRvarze (wertili 4) miiReba: %9.19β = ,  %1.32γ = . 

roca  αα = ,  es  aris  γ -s  maqsimumi  (4.47)  SezRudvebis  pirobebSi, 

samagierod mcirea β . bunebrivia, roca αα < , maCveneblebi uaresia, xolo, 
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roca αα > _ ukeTesi. Aaqve SevniSnavT, rom amas gavlena ara aqvs marTvis 

algoriTmze, romelic qvemoT iqneba Camoyalibebuli.  

Uubanze 1_2 orive maCvenebeli izrdeba. Aamitom 1q  stabilizdeba zeda 

sazRvarze: 

                          7qq max11 == ,                             (5.12)          

xolo β -s gasazrdelad saWiroa 2q  da 3q  sidideebis cvla ukusvliT. 

dabrunebas viwyebT 3q -is cvliT ukumimarTulebiT, radgan mas grafikis 

ufro damreci ubani Seesabameba aRmaval Stoze (ubani 2_3). AaseTi svla 

uzrunvelyofs saoptimizacio grafikis daRmavali Stos ganlagebas 

aRmavali Stos zemodan, rac, Tavis mxriv, β -s mocemuli mniSvnelobebis 

dros γ -s ufro maRal mniSvnelobebs ganapirobebs. 

Uubani 4_5_6 Seesabameba 3q -s zrdas qveda sazRvridan 4.4q min3 =  

centrisken 7.4q30 =  da Semdeg zeda sazRvrisken 5q max3 = . am dros 2q  

stabilizdeba zeda sazRvarze:  

                            75.0qq max22 == .                              (5.13) 

ubani 6_7_8 Seesabameba 2q -s Semcirebas zeda sazRvridan 75.0q max2 =  

centrisaken 655.0q20 =  da Semdeg qveda sazRvrisken 56.0q min2 = . Aam dros 

3q  stabilizebuli unda iyos zeda sazRvarze: 

  D                   5qq max33 == .                              (5.14)           

davuSvaT, koncentratis xarisxis davalebuli mniSvneloba 

eqsperimentis dros miRebuli saSualo mniSvnelobis tolia, e.i. 

%20βββ 010 === , maSin vmuSaobT Sesabamis wertilSi ubanze 4-5, sadac 

gamosavlis mniSvneloba sagrZnoblad aRemateba mis saSualo mniSvnelobas 

eqsperimentis dros, %4.26γ)γ(β01 => . Tu davalebas gavzrdiT 

%5.20ββ 020 == -mde, maSin Sesabamisad unda gaizardos 3q  (ubani 5-6), magram 

aqac ki  %4.26γ)γ(β02 => .  im SemTxvevaSi, roca 030 ββ =  an  040 ββ = ,  3q  
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veRar Seasrulebs davalebas, igi fiqsirdeba zeda sazRvarze 5q max3 =  da 

analogiurad moqmedebaSi Sedis 2q  sidide. 

U4_5_6 ubnisTvis, roca ZalaSia (4.48), (5.12) da (5.13)  tolobebi, (4.46) 

gamosaxulebis Sesabamisad miviRebT: 

                  
1.151.15

03 αα)0.0235( βq −= .                     (5.15)           

6_7_8 ubnisTvis, roca ZalaSia (4.48), (5.12) da (5.14) tolobebi, (4.46) 

gamosaxulebis Sesabamisad gveqneba: 

                  
55

0
8

2 αα)(β1098q −−−⋅= .                         (5.16)           

zemomoyvanilis safuZvelze procesis marTvis algoriTmi 

Semdegnairad Camoyalibdeba: 1q  da 2q  stabilizdeba zeda sazRvrebze (5.12) 

da (5.13) tolobebis Sesabamisad, xolo 3q  regulirdeba (5.15) kanoniT 

misTvis dasaSveb sazRvrebSi (4.47) SezRudvebis  Sesabamisi gamosaxulebebis 

Tanaxmad; Tu  α -s cvlileba (an 0β -is Secvla) moiTxovs 3q -s gasvlas 

zeda sazRvris gareT, maSin 3q  stabilizdeba zeda sazRvarze da iwyeba 2q -

is regulireba (5.16) kanoniT misTvis dasaSveb sazRvrebSi (4.47) SezRudvebis  

Sesabamisi gamosaxulebebis Tanaxmad [36, 37].  

axla avagoT optimizaciis grafiki ise, rom 4 wertilidan, romelsac 

Seesabameba reagentebis Semdegi xarjebi: 7qq max11 == , 75.0qq max22 == , 

4.4qq min33 == ,  ukusvliT vcvaloT Tavdapirvelad 2q , xolo Semdeg _  

3q  reagenti (nax. 5.3). amjerad zemodan pirveli ubani Seesabameba  2q -is 

cvalebadobas  56.0q75.0 2 ≥≥  diapazonSi, anu 2q -s Semcirebas zeda 

sazRvridan 75.0q max2 =  centrisken 655.0q20 =  da Semdeg qveda sazRvrisken 

56.0q min2 = . Aam dros 3q  stabilizdeba qveda sazRvarze: 

  D                    4.4qq min33 == .                             (5.17) 

meore (Semdegi) ubani  Seesabameba 3q -s cvalebadobas 5q4.4 3 ≤≤  

farglebSi, anu zrdas qveda sazRvridan 4.4q min3 =  centrisken 7.4q30 =  da 
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Semdeg zeda sazRvrisken 5q max3 = . am dros 2q  stabilizdeba qveda 

sazRvarze:  

 D                      56.0qq min22 == .                           (5.18)  

grafiks eqneba nax. 5.3-ze  naCvenebi saxe. am ori variantis  (nax. 5.2 da 

nax. 5.3) ukeT Sedarebis mizniT, sasurvelia grafikebs movaciloT 1_2_3_4 

ubnebi da ganvixiloT mxolo- 4_5_6_7_8 ubnebi. miviRebT 5.4 da 5.5 naxazebs. 

miRebuli ori grafiki gavaerTianoT erT naxazad (nax. 5.6). am naxazidan 

naTlad Cans, rom optimizaciis Sedegi aSkarad ukeTesia im SemTxvevaSi, 

rodesac ukusvlas viwyebT 3q  reagentis xarjis zrdiT.   

 

nax. 5.3. optimizaciis grafiki (ukusvla 2q -iT)  

 
zemomoyvanili msjelobisas ar iyo gaTvaliswinebuli, rom 

gasamdidrebeli madnis xarisxi α  cvalebadia da gavlenas axdens 

gamdidrebis procesis maCveneblebze. MmagaliTad,  erTi da imave 0β -is 

dros α -s Semcireba iwvevs γ -s Semcirebas da piriqiT. Tu avagebT 

optimizaciis grafikebs α -s sxvadasxva mniSvnelobis dros, davrwmundebiT, 

rom zemomoyvanili daskvna mmarTveli sidideebis sazRvrebze fiqsirebisa 

da sazRvrebs Soris regulirebis Sesaxeb samarTliania yvela SemTxvevaSi.   
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nax. 5.4 da 5.5. optimizaciis grafikebis zeda Sto  
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nax. 5.6. optimizaciis grafikebis gaerTianebis Sedegi α -s  

saSualo mniSvnelobisaTvis 

 

5.7 da 5.8 naxazebze mocemulia optimizaciis grafikebi α -s 

maqsimaluri mniSvnelobisTvis ( 14α = ), xolo  5.9 da 5.10 naxazebze 

mocemulia optimizaciis grafikebi α -s minimaluri mniSvnelobisTvis 

( 10α = ). am grafikebis gaerTianebis Sedegi α -s maqsimaluri 

mniSvnelobisTvis mocemulia 5.11 naxazze, xolo  α -s minimaluri 

mniSvnelobisTvis _ 5.12 naxazze. miRebuli Sedegebis analizi gviCvenebs, 

rom α -s sxvadasxva mniSvnelobis dros zemomoyvanili daskvna mmarTveli 

sidideebis sazRvrebze fiqsirebisa da sazRvrebs Soris regulirebis 

Sesaxeb samarTliania yvela SemTxvevaSi. marTvis algoriTmi igive rCeba. 

optimizaciis Sedegi aqac aSkarad ukeTesia im SemTxvevaSi, rodesac 

ukusvlas viwyebT 3q  reagentis xarjis zrdiT.  
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nax. 5.7 da 5.8. optimizaciis grafikebi α -s maqsimaluri  

mniSvnelobisaTvis  
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nax. 5.9 da 5.10. optimizaciis grafikebi α -s minimaluri  

mniSvnelobisaTvis  
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nax. 5.11. optimizaciis grafikebis gaerTianebis Sedegi α -s maqsimaluri 

mniSvnelobisaTvis  

 

nax. 5.12. optimizaciis grafikebis gaerTianebis Sedegi α -s minimaluri 

mniSvnelobisaTvis 
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unda SevniSnoT, rom optimizaciis Semdeg, iseve rogorc 

optimizaciamde, α -s cvalebadoba gavlenas axdens gamdidrebis procesis 

maCveneblebze. erTi da imave 0β -is dros α -s Semcireba iwvevs gamosavlis 

Semcirebas da piriqiT, α -s gazrda iwvevs gamosavlis gazrdas. 

rogorc davrwmundiT, wrfivi daprogramebis meTodi optimizaciis 

amocanis gadawyvetis saukeTeso saSualebaa. koncentratis xarisxis 

gasazrdelad mmarTveli sidideebis (reagentebis xarjebis) morigeobiTma 

cvlam ukusvlis mimarTulebiT ganapiroba  saoptimizacio grafikis 

daRmavali Stos ganlageba aRmavali Stos zemodan, ramac, Tavis mxriv,  β -

s mocemuli mniSvnelobebis dros γ -s ufro maRali mniSvnelobebi 

ganapiroba, raSic mdgomareobs am meTodis arsi (ix. nax. 5.2). 

 

5.5. optimizaciis Sedegebis prognozireba   

Tu gavaanalizebT eqsperimentiT miRebul Sedegebs, SevniSnavT, rom 

Semosul gasamdidrebel masalaSi manganumis Semcveloba umTavresad 

meryeobs 10_14 % -is farglebSi. Catarebuli 98 cdidan am Sualedze modis 

85 cdis Sedegi. moviqceT Semdegnairad. davyoT α -s mniSvnelobebi Δα=0.5 

bijiT. TiToeul Sualeds SevusabamoT eqsperimentis dros Catarebuli 

gazomvebis raodenoba am SualedSi (f). es saSualebas mogvcems mogvianebiT 

vipovoT procesis maCveneblebi maTi xvedriTi wilis gaTvaliswinebiT. 

sawyis wertilad aviRoT isev me-4 wertili. am wertilSi reagentebis 

xarjis mniSvnelobebia:  

                       7qq max11 == ; 

                       75.0qq max22 == ;                                   (5.19) 

                              4.4qq 033 == . 

optimizacia ganvaxorcieloT zemomoyvanili marTvis algoriTmiT, 

rac niSnavs, rom α -s mniSvnelobebis cvlilebisas 10-dan 14%-mde 3q  

miiRebs Sesabamis cvlad mniSvnelobebs. am dros 21 q,q  fiqsirebulia. 

reagentebis 321 q,q,q  xarjebis mniSvnelobebis CasmiT (4.43) da (4.44) 

gamosaxulebebSi miviRebT yoveli α -s Sesabamis β -s da γ -s mniSvnelobebs. 
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saSualo γ  gamosavlis angariSis dros gaviTvaliswinoT α -s TiToeul 

SualedSi misi mniSvnelobebis sixSire.   

aseTi angariSi CavataroT koncentratis xarisxis sami sxvadasxva 

davalebuli mniSvnelobisTvis: 20, 20.3 da 20.6 mniSvnelobebisTvis. angariSis 

Sedegebi mocemulia cxrilSi  5.1.  

rogorc cxrilidan Cans, procesis optimizaciis Sedegad 0β =20%-is 

SemTxvevaSi koncentratis saSualo gamosavali gaxda 30.2%, 0β =20.3%-is 

SemTxvevaSi _ 29.6%, xolo 0β =20.6%-is SemTxvevaSi _ 28.2%, rac yvela 

SemTxvevaSi gacilebiT maRalia optimizaciamde gamosavlis saSualo 

mniSvnelobaze ( %4.26γ = ); 

Semosuli masalis xarisxze ( α ) reagentebis xarjebisa da gamosavlis 

damokidebulebebis grafikebi sxvadasxva 0β -is SemTxvevaSi mocemulia 5.13, 

5.14, 5.15 da 5.16 naxazebze.   
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                                                      cxrili  5.1. 

# α q1 q2 q3 β γ β0 Δα     f Σγn 
1 10 7 0.75 4.85 19.99 26.58 20.00    
2 10.5 7 0.75 4.85 19.99 26.68 20.00 10-10.5 5 133.4
3 11 7 0.75 4.81 19.99 27.23 20.00 10.5-11 10 272.3
4 11.5 7 0.75 4.75 19.99 28.19 20.00 11-11.5 8 225.52
5 12 7 0.75 4.67 19.99 29.46 20.00 11.5-12 16 471.36
6 12.5 7 0.75 4.55 19.99 30.83 20.00 12-12.5 9 277.47
7 13 7 0.75 4.41 19.99 31.98 20.00 12.5-13 12 383.76
8 13.5 7 0.75 4.25 19.99 32.42 20.00 13-13.5 15 486.3
9 14 7 0.75 4.06 19.99 31.55 20.00 13.5-14 10 315.5
         85 2565.61

         γsaS 30.1836
           

# α q1 q2 q3 β γ β0 Δα     f       Σγn 
1 10 7 0.75 4.91 20.28 25.63 20.30    
2 10.5 7 0.75 4.9 20.29 25.68 20.30 10-10.5 5 128.4
3 11 7 0.75 4.87 20.29 26.21 20.30 10.5-11 10 262.1
4 11.5 7 0.75 4.82 20.29 27.19 20.30 11-11.5 8 217.52
5 12 7 0.75 4.73 20.29 28.52 20.30 11.5-12 16 456.32
6 12.5 7 0.75 4.62 20.29 30.05 20.30 12-12.5 9 270.45
7 13 7 0.75 4.48 20.29 31.49 20.30 12.5-13 12 377.88
8 13.5 7 0.75 4.32 20.29 32.36 20.30 13-13.5 15 485.4
9 14 7 0.75 4.13 20.29 32.07 20.30 13.5-14 10 320.7
         85 2518.77

         γsaS 29.6326
           

#  α q1 q2 q3 β γ β0 Δα     f       Σγn 
1 10 7 0.75 5.01 20.58 23.62 20.60    
2 10.5 7 0.75 5.02 20.59 23.57 20.60 10-10.5 5 117.842
3 11 7 0.75 4.99 20.59 24.03 20.60 10.5-11 10 240.307
4 11.5 7 0.75 4.94 20.59 24.99 20.60 11-11.5 8 199.925
5 12 7 0.75 4.86 20.59 26.40 20.60 11.5-12 16 422.395
6 12.5 7 0.75 4.76 20.59 28.15 20.60 12-12.5 9 253.336
7 13 7 0.75 4.62 20.59 30.02 20.60 12.5-13 12 360.239
8 13.5 7 0.75 4.47 20.59 31.64 20.60 13-13.5 15 474.542
9 14 7 0.75 4.28 20.59 32.42 20.60 13.5-14 10 324.231
         85 2392.82

         γsaS 28.1508
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nax. 5.13. Semosuli masalis xarisxze reagentebis xarjis  

damokidebulebebis grafikebi sxvadasxva 0β -is SemTxvevaSi  

 
 

% 

% 

% 
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nax. 5.14. Semosuli masalis xarisxze gamosavlis damokidebulebis grafiki 

0β =20%-is SemTxvevaSi  
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nax. 5.15. Semosuli masalis xarisxze gamosavlis damokidebulebis grafiki 

0β =20.3 %-is SemTxvevaSi  
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nax. 5.16. Semosuli masalis xarisxze gamosavlis damokidebulebis  

grafiki 0β =20.6 %-is SemTxvevaSi 

 

5.6. avtomaturi marTvis sistemis funqciuri  

sqema 

wina paragrafebSi aRwerilia Cven mier ganxiluli flotaciis 

procesis maTematikuri modeli. miRebulia mmarTveli sidideebis 

optimaluri damokidebulebebi da imavdroulad SerCeulia teqnologiuri 

procesis marTvis xerxi, damuSavebulia avtomaturi marTvis sistemis 

funqcionirebis algoriTmi.  

amis Semdeg Cveni amocanaa SevqmnaT iseTi avtomaturi marTvis sistema, 

romelic SeZlebs zemoT aRniSnuli marTvis kanonebis realizacias. 

rogorc viciT, avtomaturi marTvis sistema aris marTuli obieqtisa da 

avtomaturi mmarTveli mowyobilobebis erTianoba. marTuli obieqti Cvens 

SemTxvevaSi aris saflotacio manqanaSi mimdinare flotaciis procesi. is 

mowyobilobebi, romelic axorcielebs zemoqmedebas marTul obieqtze 

dasaxuli miznis misaRwevad, aris avtomaturi mmarTveli mowyobiloba. 

avtomaturi marTvis sistemis Sesaqmnelad aucilebelia SevarCioT 

mmarTveli mowyobilobis elementebi. aseTebia: gadamwodebi, mavaleblebi, 

regulatorebi, Semsrulebeli meqanizmebi da sxv. yovelive amis Semdeg 

% 
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avtomaturi marTvis sistema mzad iqneba konstruqciuli montaJisa da 

gamarTviTi samuSaoebisTvis.  

Cven avtomaturi marTvis sistemis elementebis konstruqciuli 

Sesrulebis aRwerisgan Tavs SevikavebT da SemovifarglebiT sistemis 

funqciuri sqemis SedgeniT da misi aRweriT.  

izomeba SeSfoTeba (nax. 5.17)  _ Semosul masalaSi manganumis 

Semcveloba ( α ). es informacia miewodeba kompiuters, romelSic ukve 

Cadebulia marTvis algoriTmi. flotaciis procesSi gamoyenebulia sami 

reagenti, amitom Cvens SemTxvevaSi mmarTveli sididec aris sami da, 

amdenad, gvesaWiroeba sami regulatori. marTvis algoriTmis Sesabamisad  

kompiuteridan  davaleba  miewodeba TiToeul regulators. regulatorSi 

Sedis informacia mmarTveli sididis rogorc realuri, aseve davalebuli 

mniSvnelobis Sesaxeb. am ori sididis algebruli jamis  safuZvelze 

regulatori miawvdis ukve Sedarebul signals Semsrulebel meqanizms, 

romelic uzrunvelyofs reagentebis saWiro raodenobiT dozirebas da 

miwodebas saagitacio kasrSi.  
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nax. 5.17. avtomaturi marTvis sistemis funqciuri sqema  

 

 

αz0 =  

0ββ =  
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Tavi 6. procesis marTva reJimuli  

sididis mixedviT 

garkveul SemTxvevebSi zogierTi SemaSfoTebeli sididis gazomva 

teqnologiuri procesis mimdinareobisas ar xerxdeba. maSin igi SeiZleba 

SevcvaloT romelime reJimuli sididiT. reJimuli sidide gamosavali 

sididea. am sidideTa jgufs ganekuTvneba sidideebi, romlebic 

damokidebulia Sesaval sidideebze, ar warmoadgens teqnologiuri 

procesis maCveneblebs, magram axasiaTebs procesis mimdinareobas, afasebs 

mosalodnel Sedegebs da SeiZleba gamoyenebul iqnas procesis marTvisas; 

magaliTad, sagebis rxevis amplituda (daleqvis procesisTvis), wisqvilis 

xmauri, cirkulaciuri datvirTva (dawvrilmanebis procesisTvis), qafis 

simaRle (flotaciis procesisTvis) da sxv. Cvens SemTxvevaSi reJimul 

sidided viRebT qafis simaRles.  

rogorc zemoT aRvniSneT, gamdidrebis teqnologiuri amocana 

zogadad SemaSfoTebeli sidideebis mixedviT mmarTveli sidideebis 

regulirebaze daiyvaneba. koncentratis xarisxis albaTuri modelebisa da  

wyvili damokidebulebis analizis safuZvelze koncentratis xarisxis 

mravlobiT damokidebulebas mmarTvel da SemaSfoTebel sidideebze, anu 

SezRudvis funqcias aqvs Semdegi saxe: 

       ( ) 0321 θθψ
3

ψ
2

ψ
1321 QαqqqbαQα,,q,q,qβ =− ,                   (6.1)                  

 

              ( ) 0084.018734.0
3

0.1985
2

0.6785
1321 Qαqqq68.6αQα,,q,q,qβ −−−=− .      (6.2) 

mocemul SemTxvevaSi SemaSfoTebel sidides _ α  gasamdidrebeli 

madnis xarisxs _ vanacvlebT reJimuli sididiT _ h qafis simaRliT [15]. am 

dros saWiro xdeba (6.1) gamosaxulebasTan erTad meore gamosaxulebis 

miReba, romlis saxec aseTia:  

              ( ) 010321 SSS
3

S
2

S
101321 QhqqqaαQh,,q,q,qβ =− .                                  (6.3)                    

01032101 s,s,s,s,s,a  koeficientebis sapovnelad gamoviyenoT umcires 

kvadratTa meTodi (6.3) gamosaxulebis logariTmis mimarT:  
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( )[ ]

.Qlnslnhslnqslnqslnqsaln
αQh,,q,q,qβln

01033221101

321

+++++=
=−

              (6.4)                    

am dros umcires kvadratTa piroba (4.11) da (4.12) gamosaxulebebis 

analogiurad iRebs saxes: 

   ( ) ( )[ ]{ } ,minαQ,h,q,q,qβlnαβlnf
n

1i

2
ii3i2i1ii∑

=

=−−−= ii                (6.5) 

anu 

           ( )[ ]∑
=

=−−−−−−−=
n

1i

2
01033221101ii .minQlnshlnslnqslnqslnqsalnαβlnf        (6.6)  

(6.6) gamosaxulebis mixedviT 01032101 s,s,s,s,s,a  koeficientebis 

mniSvnelobebis sapovnelad Sesabamisi kerZo warmoebulebi unda 

gavutoloT nuls: 

                                  
0,f0,f0,f

0,f0,f0,
aln
f

0103

2101

=
∂
∂

=
∂
∂

=
∂
∂

=
∂
∂

=
∂
∂

=
∂

∂

sss

ss
                                           (6.7) 

ris Sedegadac vRebulobT eqvsucnobian gantolebaTa sistemas: 
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jamebis mniSvnelobebis gaTvaliswinebiT (6.8) gantolebaTa sistema 

iRebs saxes:  
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8102.3844364.167571.4832.265aln

3887.4299697.5143528.426
6362.3051267.1354201.38469.210aln

3256.3238102.3846362.305
9339.2313062.986652.28814.158aln

1662.1394364.1671267.135
3062.987611.489679.12412.69aln

1396.404483.5710384.4201
288.6652124.9679362.752667.198aln
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1396.1581163.696744.198aln98
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                        (6.9) 

sistema amoxsnilia gausis meTodiT programa Excel-Si. vRebulobT:      

s1=-0.0618;  s2=0.0992; s3=0.7032; 

s0 =0.123; s01=-0.4252;   ln 01a =1.9848;  01a =7.2774. 

 (6.3) damokidebuleba ki iRebs saxes:  

                                                                

 (6.10) 
 

rogorc vxedavT, (6.1) da (6.10) gamosaxulebebis marcxena mxareebi 

identuria, ris gamoc SegviZlia maTi marjvena mxareebis gatoleba: 

  

 

 

aqedan 

 

(6.11) 

(5.15) da (5.16) marTvis algoriTmSi α -s miRebuli gamosaxulebis 

gaTvaliswinebiT gadaviangariSebT mmarTveli sidideebis mniSvnelobebs. 

  

( ) 4252.00.1230.7032
3

0.0992
2

0.0618
1321 Qhqqq7.2774αQh,,q,q,qβ −−=−

0.42520.1230.7032
3

0.0992
2

0.0618
1

0.00837910.8734
3

0.1985
2

0.6785
1

Qhqqq7.2774

Qαqqq68.6
−−

−−−

=

=

0.41680.1230.1702
3

0.2977
2

0.7403
1 Qhqqq9179.0α −−=
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wina paragrafSi aRwerili iyo avtomaturi marTvis sistemis 

funqciuri sqema (nax. 5.17). kompiuters miewodeboda informacia  α -s 

mniSvnelobis Sesaxeb. amjerad izomeba reJimuli sidide h, amitom marTvis 
algoriTmSi α  unda Seicvalos (6.11) gamosaxulebiT.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 6.1. avtomaturi marTvis sistemis funqciuri sqema  

reJimuli sididis gaTvaliswinebiT 

 

α

0ββ =  

 
 
kompiuteri 

marTuli 
obieqti 

  marTvis 
algoriTmebi 

 

 

2ε  
2q

me-2 
regulatori 

 

3ε  

3q
me-3 

regulatori 

avtomaturi mmarTveli mowyobiloba 

Q  

1dq

2dq

d3q

1q

h
 

1ε  
1-li 

regulatori 

maxγ =  



88 
 

daskvna 

naSromSi damuSavebulia gamdidrebis erT-erTi ZiriTadi 

teqnologiuri procesis, flotaciis optimizaciis xerxi da agebulia 

Sesabamisi avtomaturi marTvis sistemis funqciuri struqtura. am mizniT 

Catarebulia Semdegi eqsperimentuli da kvleviTi saxis samuSaoebi:  

1. flotaciis procesis optimizaciisTvis eqsperimentuli monacemebis 

misaRebad SemuSavebulia pasiuri eqsperimentis dagegmvis meTodika. 

flotaciis procesis maTematikuri aRwerisTvis dagegmilia pasiuri 

eqsperimenti. winaswari eqsperimentis safuZvelze gaangariSebulia 

avtokorelaciuri da urTierTkorelaciuri funqciebi. dadgenilia 

ZiriTadi eqsperimentisTvis saWiro parametrebi _ gazomvebs Soris drois 

biji da gasazom sidideebs Soris dagvianebis dro;  

2. ganxilulia flotaciis procesi, rogorc avtomaturi marTvis 

obieqti. SerCeulia optimizaciis kriteriumi. miznis funqciaSi Semavali 

koeficientebi gansazRvrulia umcires kvadratTa meTodiT. monacemebi 

aRebulia WiaTuris saflotacio fabrikaze Catarebuli eqsperimentis 

Sedegad. analogiurad aris dadgenili koncentratis xarisxis gantolebaSi 

(SezRudvis funqciaSi) Semavali koeficientebis ricxviTi mniSvnelobebic;  

3. gaanalizebulia eqsperimentiT miRebuli damokidebulebebi 

reagentebis xarjebsa da gamdidrebis maCveneblebs Soris; SemuSavebulia 

flotaciis teqnologiuri procesis maTematikuri modeli (miznisa da 

SezRudvis funqciebis modelebi), romelic erTmaneTTan akavSirebs, erTi 

mxriv, gamdidrebis maCveneblebs da, meore mxriv, mmarTvel da 

SemaSfoTebel sidideebs, iTvaliswinebs ra am procesebis kanonzomierebebs;  

4. dasmulia optimizaciis amocana. mis gadasaWrelad gamoyenebulia 

wrfivi daprogramebis meTodis grafikuli varianti imis gaTvaliswinebiT, 

rom mmarTvel sidideebze gamdidrebis maCveneblebis damokidebuleba 

(miznisa da SezRudvis funqciebi) sidideebis praqtikuli cvalebadobis 

zRvrebSi arawrfivi monotonuri funqciebia;  

5. Camoyalibebulia procesis marTvis algoriTmi, rac mdgomareobs 

gasamdidrebeli madnis α  xarisxze mmarTveli sidideebis ( 321 q,q,q  

reagentebis xarjebis) optimaluri damokidebulebebis povnaSi, romelic 



89 
 

uzrunvelyofs davalebuli 0β  xarisxis koncentratis maqsimalur 

gamosavals;  

6. naCvenebia flotaciis procesis marTvaSi reJimuli sididiT 

SemaSfoTebeli sididis Secvlis SesaZlebloba; 

7. mocemulia avtomaturi marTvis sistemis funqciuri struqtura, 

romelic uzrunvelyofs miRebuli optimaluri damokidebulebebis 

realizacias; 

8. manganumis Slamebis flotaciis procesis optimizaciis 

SemoTavazebuli meTodi saSualebas iZleva miviRoT mocemuli xarisxis 

koncentratis maqsimaluri  gamosavali. es meTodi SesaZlebelia 

gamoviyenoT sxva madnebis flotaciis procesis optimizaciisTvis.   
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danarTi #1 

 

winaswari eqsperimentis monacemebi 

NN 
 

Qα (t/sT) 

 

Qβ (t/sT) 

 

q1 (kg/sT) 

 

q2 (kg/sT) 

 

q3 (kg/sT) 

1 7.504 0.525 350 260 30 
2 7.833 0.61 350 260 30 
3 8.865 0.924 350 260 30 
4 8.27 1 350 260 30 
5 8.882 0.609 360 260 30 
6 8.385 1.179 360 260 30 
7 6.78 0.801 360 240 30 
8 6.465 0.819 360 240 30 
9 5.82 0.7 360 240 40 
10 6.444 0.822 360 240 40 
11 6.162 0.739 360 240 40 
12 6.21 0.592 360 240 40 
13 7.1 0.725 360 240 40 
14 5.5 0.601 360 240 40 
15 6.2 0.692 340 240 40 
16 6.04 0.604 340 240 40 
17 9.24 0.652 340 240 40 
18 6.935 0.445 350 240 40 
19 6.94 0.672 350 270 40 
20 6.6 0.328 350 270 40 
21 7.325 0.354 350 270 40 
22 7.043 0.498 330 270 40 
23 6.501 0.609 330 270 40 
24 6.56 0.551 330 270 40 
25 7.466 0.328 330 270 40 
26 6.34 0.478 330 270 60 
27 7.25 0.501 330 270 60 
28 7.72 0.521 330 270 60 
29 6.69 0.473 330 270 60 
30 7.314 0.917 330 280 60 
31 6.52 0.939 330 280 60 
32 5.32 1.017 330 280 60 
33 6.468 0.406 330 280 20 
34 7.87 0.485 330 280 20 
35 5.734 0.75 330 280 20 
36 6.683 0.583 330 280 20 

 
  


