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Sesavali 

saqarTvelos sasargeblo wiaRiseulTa Soris WiaTuris auzis 

manganumis sabados gansakuTrebuli adgili ukavia. aq mopovebuli madani 

Tavisi fiziko-qimiuri Tvisebebisa da mineraluri Semcvelobis gamo 

msoflioSi gamorCeulia rogorc erT-erTi saukeTeso. 

manganumis mamdidrebel fabrikebSi sxvadasxva maRarodan mowodebuli 

madani ZiriTadad mdidrdeba kombinirebuli sqemiT, romelic 

iTvaliswinebas mis damsxvrevas, daqucmacebas, klasifikacias da daleqvas. 

maTgan daleqva warmoadgens process, romelic iZleva mamdidrebeli 

fabrikis saboloo produqts- garkveuli xarisxis manganumis koncentrats.  

daleqva aris gravitaciuli meTodiT madnis gamdidrebis yvelaze 

gavrcelebuli meTodi, romelic gulisxmobs gasamdidrebeli masalis  

dayofas simkvrivis mixedviT wylis aRmavali da daRmavali nakadebis 

zemoqmedebiT mineralebis SezRuduli vardnis pirobebSi. aq  sahaero 

ganyofilebaSi periodulad miwodebuli haeri axdens sagebis pulsacias 

da gasamdidrebeli masalis ganSrevebas.  

disertaciaSi ganxilulia manganumis madnis saleq manqanaSi 

gamdidrebis procesis optimaluri marTvis sistemis agebis sakiTxebi. 

   Temis aqtualuroba. sasargeblo wiaRiseulis gadamuSavebis 

efeqturobis zrda xels uwyobs mrewvelobis momijnave dargebis 

ganviTarebas. gamdidrebis Sedegad miRebuli produqtis TviTRirebulebis 

Semcireba, xarisxiani produqciis miReba, madnidan sasargeblo 

komponentebis kompleqsuri da sruli amokrefa, koncentratis 

kondiciurobis uzrunvelyofa da mamdidrebeli procesebis intensifikacia 

aqtualurs xdis gamdidrebis teqnologiuri procesebis optimalur 

marTvas, mamdidrebel fabrikebze teqnologiuri procesebis marTvis 

avtomatizebuli sistemebis damuSavebas da danergvas.  

  zemoaRniSnuli gansazRvravs warmodgenili sadisertacio naSromis 

aqtualurobas, ramdenadac igi eZRvneba daleqvis, rogorc manganumis madnis 

gamdidrebis ZiriTadi teqnologiuri procesis, optimizaciis xerxis 

SemuSavebas da Sesabamisi avtomaturi marTvis sistemis funqciuri 

struqturis agebas.  
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  samuSaos mizani. daleqvis procesis saoptimizacio maTematikuri 

modelis ageba; procesis optimizaciis xerxis SemuSaveba; mmarTveli 

sidideebis optimaluri damokidebulebebis povna SemaSfoTebeli 

zemoqmedebebisagan, romelebic uzrunvelyofen davalebuli  xarisxis 

koncentratis maqsimalur gamosavals; marTvis sistemis kompiuteruli 

modelis ageba da kvleva; procesis optimaluri marTvis sistemis 

funqciuri struqturis Sedgena.  

  kvlevis obieqti da meTodebi. kvlevis obieqtia WiaTuris 

centraluri damyvani fabrikis pirobebSi manganumis madnis udguSo 

(pnevmatur) saleq manqanaSi gamdidrebis procesi. daleqvis procesi 

xorcieldeba manqanaSi, romlis oTxi kameris cxrilsqveda produqti qmnis 

kondiciur koncentrats. 

    teqnologiuri procesis maTematikuri ganzogadebuli modeli 

damuSavda albaTobis Teoriisa da maTematikuri statistikis, agreTve 

avtomaturi marTvisa da optimizaciis Teoriis safuZvelze; eqsperimentuli 

monacemebi damuSavda umcires kvadratTa meTodiT; kvlevebi Catarda 

kompiuteruli programebis Matlab da Simulink–is gamoyenebiT; optimizaciis 

xerxi damuSavda wrfivi daprogramebis meTodis grafikuli variantis 

bazaze. 

naSromis ZiriTadi Sedegebi da mecnieruli siaxle. 

_ ganxilulia daleqvis procesi, rogorc avtomaturi marTvis obieqti. 

SerCeulia optimizaciis kriteriumi. miznis da SezRudvis funqciaSi 

Semavali koeficientebi gansazRvrulia umcires kvadratTa meTodiT. 

monacemebi aRebulia WiaTuris centralur damyvan fabrikaze Catarebuli 

eqsperimentis Sedegad; 

_ mravalkameriani saleqi manqanis avtomaturi marTvisaTvis 

mizanSewonilia gamoviyenoT marTvis xerxi, romelic uzrunvelyofs saerTo 

koncentratis maqsimalur gamosavals TiToeul kameraSi miwodebuli haeris 

raodenobis regulirebiT; 

_ dasmulia optimizaciis amocana da mis gadasaWrelad gamoyenebulia 

wrfivi daprogramebis meTodis grafikuli variantis modifikacia; 

_  Camoyalibebulia procesis marTvis algoriTmi; 
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_ naCvenebia reJimuli sididiT SemaSfoTebeli sididis Secvlis 

SesaZlebloba; 

_ mocemulia avtomaturi marTvis sistemis funqciuri struqtura, 

romelic uzrunvelyofs miRebuli optimaluri damokidebulebebis 

realizacias.  

Sedegebis gamoyenebis sfero. sadisertacio naSromis Sedegebi 

SeiZleba gamoyenebul iqnes sasargeblo wiaRiseulis daleqvis procesiT 

gamdidrebis avtomaturi marTvis sistemis daproeqtebis, gamarTvis da 

eqspluataciis dros. 

   disertaciis struqtura da moculoba. disertacia Seicavs 

Sesavals, eqvs Tavs, saerTo daskvnebs, gamoyenebuli literaturis nusxas 

(55 dasaxeleba) da  danarTs. sadisertacio naSromis saerTo moculoba 

Seadgens 159 gverds, maT Soris 55 naxazs, 11 cxrils. danarTebi 

warmodgenilia 9 gverdze. 

disertaciis Sinaarsi 

I Tavi. daleqvis procesis albaTobiTi modeli 

daleqvis procesi mraval faqtorzea damokidebuli, ris gamoc  is 

marTvis TvalsazrisiT warmoadgens rTul obieqts. rogorc marTvis 

obieqti, is SeiZleba warmovadginoT Semdegi saxiT:  
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nax.1.-dan Cans, rom procesis mmarTvel zemoqmedebebad  SeiZleba 

miviRoT miwodebuli gasamdirebeli madnis Q, wylis H da haeris B 

raodenoba; aseve pulsatoris siSire n. procesze did gavlenas aseve 

axdenen SemaSfoTebeli zemoqmedebebi: madnis mineralogiuri Sedgeniloba 

M, sasargeblo komponentis Semcveloba gasamdidrebel madanSi  α, madnis 

saSualo simsxo d da haeris wneva manqanis resiverSi P.  

procesze moqmedi zemoqmedebebiT ganisazRvreba sagebi-madnis  sistemis 

gafxviereba R, romlic  gansazRvravs procesis xarisxobriv maCveneblebs 

- βkn da γkn-s.  

gamdidrebis teqnologiuri procesis marTvis amocana daiyvaneba 

mmarTveli sidideebis regulirebaze SemaSfoTebeli sidideebis mixedviT. 

marTvis mizania iseTi Sedegebis miRweva, romlebic akmayofileben 

optimalurobis gansazRvrul, SerCeul kriteriums.  

Mmiuxedavad gadasaWreli amocanis xasiaTisa da sirTulisa, 

kriteriumis arCeva yovelTvis emsaxureba erT saerTo mizans – miRweuli 

iqnes optimaluri ekonomikuri da teqnologiuri maCveneblebi. 

mamdidrebeli procesebis marTvis TvalsazrisiT upiratesoba unda 

mieniWos ekonomikur kriteriumebs. magram mamdidrebeli fabrikebis 

teqnologiuri procesebis optimizaciisaTvis aseTi kriteriumis 

gamoyeneba yovelTvis ar xerxdeba, magaliTad, monacemTa ukmarisobis 

gamo. Ggarda amisa,  ekonomikuri midgoma sxvebisagan imiT gansxvavdeba, 

rom miznobrivi funqcia mTlianobaSi unda iTvaliswinebdes rogorc 

produqciis mimwodeblis (am SemTxvevaSi, mamdidrebeli fabrikis), aseve 

momxmareblis moTxovnebs. AamasTan, momxmareblis moTxovnebis 

gaTvaliswinebis universalur meTods warmoadgens SezRudvebis dadeba 

produqciis (koncentratis) xarisxze. Tu CavTvliT, rom fasebi 

gamomdinareobs bazris 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 sasargeblo mineralis amokrefa, koncentratis 

gamosavali. 
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moyvanilis gamo, WiaTuris centraluri damyvani fabrikis daleqvis 

procesis lokaluri marTvis sistemis agebis dros miRebulia 

teqnologiuri kriteriumi, romelis mixedviT koncentratis gamosavali γ  

miRebulia samaqsimizacio maCveneblad  da  koncentratis xarisxi  β  ki 

maCveneblad, romelic stabilizebuli unda iqnes  davalebul (mocemul) 

doneze. maSin  optimizaciis kriteriumi Semdegnairad Camoyalibdeba: 

;extrγ →                                   (1)    

.constβ =                              (2) 

daleqvis teqnologiuri procesisaTvis  γ  da β  maCveneblebi 

SeiZleba warmovidginoT, rogorc iB  TiToeuli kameris mmarTveli 

sididisa da PQ,α,  SemaSfoTebeli sidideebis funqciebi:  

( )P,Qα,,BFγ i1= ,                             (3) 

( )P,Qα,,BFβ i2= .                         (4) 

(1)-(4)   gamosaxulebebis    gaTvaliswinebiT optimizaciis 

zemoaRniSnuli amocana Semdegi saxiT SeiZleba CamovayaliboT: 

          

( ) maxP,Qα,,BFγ i1 →= ,                         (5)          

( ) dβP,Qα,,BFβ i2 == ,                      (6) 

 sadac dβ  aris β  maCveneblis davalebuli (mocemuli) mniSvneloba. 

 (5) miznobrivi funqciis eqstremizaciis dros (6) SezRudvis tolobis 

garda gaTvaliswinebuli unda iqnes SezRudvebi  mmarTveli sididisaTvis: 

.BBB maxiimini ≤≤                        (7)         

optimizaciis amocanis gadawyvetis Sedegad  miRebuli unda iqnes 

optimaluri damokidebulebebi mmarTvel da SemaSfoTebel sidideebs 

Soris: 

( )P,Qα,fBi = .                             (8) 

   procesis maTematikuri modeli agebul iqna gamdidrebis teqnologiuri 

procesis maoptimizebeli meTodis mixedviT, romelic process ganixilavs 

rogorc gasamdidrebeli madnis sawisi mdgomareobidan (xarisxiT α )  
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bolo mdgomareobaSi (xarisxiT β ) albaTobiTi Tanamimdevruli 

gadasvlebis erTobliobas. gadasvla yoveli  mdgomareobidan SemdegSi 

xdeba garkveuli albaTobiT da sawyisi mdgomareobidan bolo 

mdgomareobamde saWiro `pirobiTi~ gadasvlebis ricxvi maqsimaluri 

albaTobiT xorcieldeba mmarTveli sididis Sesabamisi mniSvnelobis 

dros. sakiTxis aseTi warmodgenis safuZvelze Camoyalibebulia 

mamdidrebeli fabrikebis teqnologiuri procesebis albaTobiTi modeli, 

romelic gamosadegia  SemaSfoTebel da mmarTvel sidideebs Soris 

optimaluri (8) damokidebulebebis misaRebad. 

zemoaRniSnulis safuZvelze miRebulia koncentratis gamosavlis da 

xarisxis formulebi 

( ) iii Bck
iii eBaBγ −= ,  ( ) iψ

ii BbαBβ += ,  ( ) iθ
0zbαzβ += ,             (9) 

romlebic asaxaven koncentratis gamosavlis da xarisxis  

damokidebulebas saleqi manqanis kameris sahaero ganyofilebaSi 

miwodebuli haeris raodenobisagan (mmarTveli sididisagan) iB  da 

SemaSfoTebeli Z zemoqmedebebisagan. aq i aris manqanis kameris rigiTi 

nomeri, xolo  a , ,b 0b , ik , ic , iψ , iθ     koeficientebi ganisazRvreba 

eqsperimentulad. 

II Tavi. miznis funqcia 

gamosavlis formula (9) mmarTveli sididisagan koncentratis 

gamosavlis wyvili korelaciuri damokidebulebis modelia. igulisxmeba, 

rom procesis sxva Sesavali sidideebi icvleba iseve, rogorc icvleboda 

eqsperimentis dros da gamosaxuleba (9) gansazRvravs gamosavlis 

saSualo mniSvnelobas  modelSi Seyvanili mmarTveli sididis mocemuli 

mniSvnelobis dros. eqsperimentuli monacemebis safuZvelze gamosavlis 

formulas saleqi manqanis calkeuli kamerisaTvis aqvs saxe: 

 

 
                                                                                (10)                     

 
   

                  

( ) ;eB1001.8Bγ 1B1285.0271.6
1

8
11

−−⋅=

( ) ;eB1041.4Bγ 2B1703.0896.6
2

8
22

−−⋅=

( ) ;eB1043.2Bγ 3B1759.0036.7
3

8
33

−−⋅=

( ) .eB1072.8Bγ 4B1489.0703.5
4

7
44

−−⋅=
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   Sesabamisi grafikebi moyvanilia  nax. 2-ze.  (eqsperimentis dros haeris 

xarji izomeboda haeris mimwodebeli farsaketis Semobrunebis kuTxiT - 

B , grad). rogorc vxedavT, haeris momatebiT TiToeuli kameris sahaero 

ganyofilebaSi izrdeba koncentratis gamosavali  γ  (radgan umjobesdeba 

ganSrevebis pirobebi). amasTan oTxive damokidebuleba atarebs 

eqstremalur xasiaTs, radgan haeris xarjis mateba garkveuli 

mniSvnelobis Semdeg iwvevs koncentratis gamosavalis γ Semcirebas (Warbi 

raodenobis haeris gamo gasamdidrebeli masala sul Sewonil 

mdgomareobaSia da ver aswrebs ganSrevebas).  

 

 

 

 

 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
zemomoyvanili albaTuri modelis safuZvelze aseve aigo 

koncentratis gamosavlis mravlobiTi damokidebuleba mmarTveli 

sidideebisagan anu miznis funqcia  

( )
4321 B059.0B0183.0B0517.0B075.0

0475.2
4

5174.0
3

3205.2
2

0898,3
1

9
4321

e

BBBB1072.9B,B,B,Bγ
−−−−

−

⋅

⋅⋅=
                                    (11) 

   Catarda (10) wyvili da (11)  mravlobiTi damokidebulebebis analizi, 

romelmac aCvena: saleqi manqanis TiToeuli kameris sahaero 
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nax. 2. saleqi manqanis miznis funqciebi 
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ganyofilebaSi haeris xarjis mniSvnelobebis saTanado SerCeviT 

SesaZlebelia mivaRwioT, rom koncentratis gamosavalma mniSvnelovnad 

gadaaWarbos eqsperimentis dros miRebul γ  saSualo mniSvnelobas.  

 

III Tavi. SezRudvis funqcia 

  agebul iqna koncentratis xarisxis mravlobiTi damokidebuleba 

mmarTveli da SemaSfoTebeli zemoqmedebebisagan, anu SezRudvis  funqcia  

( )
.PQ

BBBB4609.64P,Q,,B,B,B,B
5394.02262.02031.0

0123.0
4

2245.0
3

0019.0
2

4298.0
14321

−−

−−

α

+α=αβ
         (12) 

   (12) funqciis analizis mizniT ganisazRvra calkeuli kameris sahaero 

ganyofilebaSi miwodebuli haeris  raodenobisagan koncentratis xarisxis 

damokidebuleba, roca sxva sam kameraSi miwodebul haers da 

SemaSfoTebel zemoqmedebebs  aqvT  saSualo mniSvneloba 

B1s,B2s,B3s,B4s,αs,Qs,Ps. SevitanoT (12) -Si moyvanili sidideebis eqsperimentis 

monacemebiT gansazRvruli saSualo mniSvnelobebi: 

B1s=41.93,   B2s=33.53,   B3s=34.51, B4s=35.86,   αs=24.78,   Qs=32.48,   Ps=0.25.            (13) 

saTanado gardaqmnebiT miviRebT: 

                     ,B738.7378.24)P,Q,,B,B,B,B( 4298.0-
14321 +=αβ ssssss  

        ,B689.1478.24)P,Q,,B,B,B,B( 00199.0-
24321 +=αβ ssssss

                          

  ,B775.3278.24)P,Q,,B,B,B,B( 2245.0-
34321 +=αβ ssssss

                          (14) 

      .B159.1478.24)P,Q,,B,B,B,B( 0123.0-
44321 +=αβ ssssss

                         

 
rogorc miRebuli gamosaxulebebidan Cans, koncentratis xarisxi 

ZiriTadad damokidebulia pirvel da mesame kameraSi miwodebuli haeris 

raodenobaze. amaze miuTiTeben Sesabamisi xarisxis maCveneblebi: 4B -is   

xarsxis maCvenebeli (12) da (14)-Si erTi rigiT, xolo 2B –is xarisxis 

maCvenebeli ki ori rigiT naklebia 1B  da 3B –is xarisxis maCveneblebze.  es 

miuTiTebs imaze, rom B2 da B4–s gavlena daleqvis xarisxobriv 

maCveneblebze umniSvneloa da mizanSewonilia  procesis marTvis dros 

maTi sididis dafiqsireba Sesabamisi wyvili damokidebulebiT 

gansazRvrul eqstremalur mniSvnelobaze. 
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   amave dros unda gaviTvaliswinoT rom daleqvis procesi, rogorc 

yvela realuri teqnologiuri procesi, xasiaTdeba SemaSfoTebeli 

zemoqmedebebis cvalebadobiT. maSasadame, yvela CamoTvlili 

damokidebuleba atarebs ara funqcionalur, aramed korelaciur xasiaTs. 

magram B  mmarTveli sididis daleqvis procesis  γ  da β  maCveneblebze 

zemoqmedebis xarisxis Sefasebis dros vgulisxmobT, rom SemaSfoTebeli 

zemoqmedebebis cvalebadoba emorCileba ganawilebis kanons, romelic 

axlosaa normalurTan. amgvarad ( )Bfγ =  da ( )Bf=β  damokidebulebebi 

atareben albaTur xasiaTs. 

   SemaSfoTebeli zemoqmedebebis koncentratis xarisxze zegavlenis 

xasiaTis dasadgenad SezRudvis funqciaSi (12) kvlav SevitanoT oTxive 

kameris mmarTveli da SemaSfoTebeli zemoqmedebebis saSualo 

mniSvnelobebi (13)-dan da  movaxdinoT gardaqmnebi. Sedegad miviRebT:  

,407.28)P,Q,,B,B,B,B( -0.2031
4321 α+α=αβ ssssss                                     (15) 

0.2261
4321 Q7359.678.24)P,Q,,B,B,B,B( +=αβ ssssss

.                            (16) 

.P7.0387778.24)P,Q,,B,B,B,B( -0.53944
4321 +=αβ ssssss   .                        (17) 

    

IV Tavi. marTvis xerxis SerCeva 

    daleqvis procesis marTvis xerxis SerCevisaTvis igi warmovadginoT 

nax.3-ze moyvanili saxiT  

 

 

 

 

 

 

 

 

 

 

 

 

     P         B1                      P         B2                    P         B3                  P         B4                

I     Q2 
kamera 

α2 

II       Q3

kamera 
α3 

III    Q4

kamera 
α4 

IV 
kamera 

 

      β1      γ1                    β2      γ2                    β3      γ3                   β4      γ4 
 

γkn  βkn 

Q1 
 
α1 

γkd 
 

θkd 

nax. 3.  oTxkameriani saleqi manqana – avtomaturi 
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   rogorc vxedavT, saleqi manqana Sedgeba oTxi identuri kamerisagan 

Tavisi damoukidebeli Sesavali da gamosavali sidideebiT. am mizeziT, 

tradiciulad, daleqvis procesis avtomatizaciis dros moyvanili 

kriteriumis realizacia xdeba TiToeuli  kamerisaTvis calk-calke. 

miRebuli Sedegebi ikribeba da vRebulobT srul suraTs.  

    nax. 3 -dan aseve Cans, rom oTxive kameris mza produqti (koncentrati) 

ikribeba da warmoqmnis saleqi manqanis saerTo, jamur koncentrats. amis 

gamo, ganvixiloT sakiTxisadmi meore, gansxvavebuli midgoma. miviRoT, rom 

avtomatizaciis TvalsazrisiT saleqi manqana aris ara oTxi 

damoukidebeli marTvis  obiqti oTxi Sesavali B1, B2, B3, B4 da oTxi 

gamosavali γ1, γ2, γ3, γ4 sididiT, aramed erTi obieqti oTxi mmarTveli 

zemoqmedebiT B1, B2, B3, B4 da erTi marTuli sididiT γ.  am SemTxvevaSi, 

maTematikur modelSi koncentratis gamosavlis funqcia (10) Seicvleba 

mmarTvel B1, B2, B3, B4 zemoqmedebebsa da koncentratis saerTo gamosavals 

Soris mravlobiTi damokidebulebiT (11).  

 (11) da (12) funqciebis analizi  miuTiTebs daleqvis procesze 

samive SemaSfoTebeli zemoqmedebis mniSvnelovan gavlenaze: 

1. gasamdidrebel madanSi manganumis Semcveloba α  aris ZiriTadi  

SemaSfoTebeli zemoqmedeba, romlis cvalebadobazea damokidebuli 

rogorc koncentratis xarisxi, ise misi gamosavali. kerZod, α-s gazrdiT 

orive izrdeba da piriqiT. amis gamo procesis mmarTveli zemoqmedebebis 

regulireba unda ganxorcieldes am parametris, rogorc ZiriTadi 

SemaSfoTebeli zemoqmedebis, cvalebadobis mixedviT. 

2. haerisa wneva sahaero ganyofilebaSi  P  aris zemoqmedeba, romlis 

cvalebadoba axdens mniSvnelovan gavlenas γ-s da β-s sidideze. imis gamo, 

rom manqanis sahaero ganyofilebaSi miwodebuli haeris wneva da xarji 

urTierTdamokidebuli parametria, haeris raodenobis regulirebis dros 

aucilebelia gaviTvaliswinoT misi wnevis cvalebadoba. 

3. Q aris SemaSfoTebeli zemoqmedeba, romlis cvalebadoba ( )Qfγ =  

funqcias aZlevs eqstremalur xasiaTs. misi maqsimumi imyofeba 

eqsperimentis monacemebiT dafiqsirebul saSualo mwarmoeblurobis 
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siaxloves. es miuTiTebs imaze, rom mizanSewonilia movaxdinoT misi 

stabilizacia eqsperimentis dros dafiqsirebuli eqQ =30,5t/sT doneze.  

   zemoTmoyvanili analizis safuZvelze SegviZlia miviRoT saleqi 

manqanis avtomaturi marTvis xerxi. amisaTvis gamosaxulebebSi (11) da (12) 

SevitanoT B2, B4 da Q-s eqstremaluri mniSvnelobebi: 

B2=45,28 grad.,  B4=34,73grad  da Q=30,5t/sT.                (18) 

 saTanado gardaqmnebiT miviRebT miznis da SezRudvis funqciebis 

saboloo gamosaxulebebs: 

 

max,eBB1029.1),B,B( 31 B0183.0B075.05174.0
3

0898.3
1

3
31 →⋅⋅=γ ⋅−⋅−−                  (19) 

( ) β=α⋅⋅+α=αβ −−−− 5394.02031.02245.0
3

4298.0
131 PBB149P,,B,B d.             (20) 

   darCa optimizaciis kriteriumis mesame wevris - mmarTveli 

zemoqmedebis cvalebadobis zRvrebis  dadgena. 

    pirvel da mesame kameraSi miwodebuli haeris raodenobis 

cvalebadobis zRvrebi davadginoT (19) da (20) damokidebulebebidan. 

amisaTvis visargebloT am formulebSi Semavali mmarTveli, marTuli da 

SemaSfoTebeli zemoqmedebebis eqsperimentis monacemebiT gansazRvruli 

saSualo mniSvnelobebiT (13). am sidideebidan    5.34B3 =
−

 SevitanoT (19) 

formulaSi.  gadaangariSebiT miviRebT  

                               (21)             

                                                                  .  

 igive (19) formulaSi Tu SevitanT 9,41B1 =
−

-s, miviRebT 
 
 

                (22)       
 
  (21) da (22) formulebiT agebuli grafikebi moyvanilia nax. 4-ze. 

   (4)-dan  5.34B3 =
−

, %78,24=α  da 25.0P =  SevitanoT (20)-Si. miviRebT: 

                                                 (23) 

(13)-dan 9,41B1 =
−

,  %78,24=α  da  25.0P =   SevitanoT (20)-Si. 

gadaangariSebiT miviRebT: 

( ) 4298.0
11 B7.7378.24B −⋅+=β

.eB1029.4),B( 1B075.00898.3
1

3
1

⋅−− ⋅⋅=γ

.eB734.5)B( 3B0183.05174.0
33

⋅−⋅⋅=γ
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             (24) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( ) 2245.0
33 B76.3278.24B −⋅+=β

12
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B 1,  B 3,grad. 

γ, %  
γ=f(B3)

γ=f(B1)

γsS=16,05%

nax. 5. damokidebulebebi β=f(B1) da β=f(B3) 

ΔB1 
ΔB3 

nax. 4. damokidebulebebi γ=f(B1) da γ=f(B3) 

34

36

38

40

42

44

46

48

50

10 15 20 25 30 35 40 45 50 55 60
B1,B3,grad.

β,%
β=f(B1)

β=f(B3)

βd=39.8%
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   nax. 5-ze moyvanilia (23) da (24) gamosaxulebebiT agebuli grafikebi.  

aseve datanilia koncentratSi manganumis Semcvelobis saSualo 

mniSvnelobis %8.39=β  Sesabamisi horizontaluri wrfe. 

  Tu davakvirdebiT moyvanil grafikebs, SegviZlia miviRoT B1–is 

cvalebadobis diapazoni, romelic uzrunvelyofs )B(f 11 =γ  funqciis 

cvalebadobas minimumidan maqsimumamde. es diapazoni moTavsebulia B1=30-

47grad. SualedSi. diapazonis centria B1=38grad. analogiurad 

ganvsazRvravT B3-is cvalebadobis diapazons- is mdebareobs  B3=26-40 grad. 

SualedSi centriT B3=33 grad.. 

    B1 da B3-is cvalebadobis diapazonebi  ΔB1  da ΔB3  wyvetili wrfeebiT 

datanilia nax. 4 da nax. 5-ze. 

  α  da P SemaSfoTebeli zemoqmedebebis cvalebadobis zRvrebi SegviZlia 

davadginoT nax. 6-ze moyvanili )(f α=β  da )P(f=β  damokidebulebebis da 

Sesabamisi korelaciuri velis saSualebiT. wertilebis ganlagebiT Cans, 

rom eqsperimentis dros manganumis Semcveloba gasamdidrebel masalaSi 

icvleboda diapazonSi  α=22...28%, xolo haeris wneva saleqi manqanis 

resiverSi ki P=0.18...0.38x10-5pa SualedSi. procesis avtomaturi marTvis 

dros mizanSewonilia SeizRudos haeris wnevis zeda done 0.28x10-5pa 

sidideze, radgan meti mniSvnelobis dros xdeba koncentratis xarisxis 

Semcireba. Tu SemaSfoTebeli zemoqmedeba α aris damoukidebeli cvladi  

 

 

 

 

 

 

 

 

 

 

 

  

30
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40

45

50

55

21 23 25 27 29 31
α, %

β, %

βsaS

nax.6. koncentratis β xarisxis  damokidebuleba-a. manganumis 

Semcvelobisagan α., b. haeris wnevisagan P. 

30

35

40

45

50

55

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
P, 10-5 პა

β, %

βsaS

a. b.
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da misi xelovnurad Secvla SeuZlebelia, haeris wnevis SezRudva 

aRniSnul doneze teqnikurad ar warmoadgens sirTules. 

  zemomoyvanili analizis safuZvelze saboloo saxiT miviReT daleqvis 

procesis optimizaciis kriteriumi: 

 

max,eBB1029.1),B,B( 31 B0183.0B075.05174.0
3

0898.3
1

3
31 →⋅⋅=γ ⋅−⋅−−                 (25) 

( ) β=α⋅⋅+α=αβ −−−− 5394.02031.02245.0
3

4298.0
131 PBB149P,,B,B d,             (26) 

;47B30 1 ≤≤            ;40B26 3 ≤≤                                            (27) 
 

  am dros SemaSfoTebeli zemoqmedebebi icvleba zRvrebSi 

 

;2822 ≤α≤            .28.0P18.0 ≤≤                                            (28) 
 

   saleqi manqanis optimaluri marTvis xerxi saboloo saxiT Rebulobs 

saxes: mmarTveli zemoqmedebebi B1 da B3 vcvaloT SemaSfoTebeli 

zemoqmedebebis - α da P-s cvalebadobis gaTvaliswinebiT ise, rom miviRoT 

davalebuli βd xarisxis koncentratis maqsimaluri gamosavali γmaqs. 

V Tavi. daleqvis procesis optimizacia 

   optimizaciis kriteriumis saboloo saxiT miRebis Semdeg SegviZlia 

vipovoT pirveli da mesame kameris sahaero ganyofilebaSi miwodebuli 

31 B,B  haeris xarjebis optimaluri damokidebulebebi gasamdidrebeli 

madnis α  xarisxisa da sahaero ganyofilebaSi haeris wnevisagan P, 

romlebic uzrunvelyofen davalebuli dβ   xarisxis koncentratis 

maqsimalur γ  gamosavals (25) da (26) gamosaxulebebis Sesabamisad (27) 

SezRudvebis pirobebSi.  

   (25) gamosaxulebaSi haeris xarjebi 31 B,B , romlebic γ  koncentratis 

gamosavals maqsimums aniWeben, imyofebian maTi SesaZlo cvalebadobis 

zRvrebSi da warmoadgenen monotonur funqciebs.  amitom  

optimizaciisaTvis gamoyenebulia wrfivi daprogramebis meTodis 

grafikuli varianti. 



 17

Zebnis grafikis asagebad koordinatTa sistemaSi abscisaTa RerZze 

gadavzomoT β , xolo ordinatTa RerZze ki γ  (nax. 7a). Ggrafikis sawyisi 

wertilis gansazRvrisaTvis (25) gamosaxulebaSi  SevitanoT mmarTveli 

sidideebis cvalebadobis dasaSvebi  (27)  diapazonis centrebis 

mniSvnelobebi: ;38B10 = ⋅= 33B30 , aseve eqsperimentis dros 

dafiqsirebuli SemaSfoTebeli zemoqmedebebis α da P-s saSualo 

mniSvnelobebi:  78.24=αs  da 23.0P =s . 

    optimumis mosaZebnad morigeobiT unda vcvaloT mmarTveli sidideebi  

nebismieri rigiT  sazRvrebamde im mimarTulebiT, saiTac izrdeba γ . jer 

vcvaloT 1B  47B30 1 ≤≤  zRvrebSi, xolo 3B  davafiqsiroT G 33B30 =  

mniSvnelobaze. γ  da β -s miRebuli mniSvnelobebiT agebulia grafikis 

ubani 1-2. 1B -is izrdeboda 30B 1 = -dan 47B max1 = -ken. A 1B -s zrda 

Sewyda 41B1 =  mniSvnelobaze, radgan rodesac  42B1 = -s, γ  iwyebs 

klebas. Sedegad svla Sewyda wertilSi 2, rodesac %65.40β =  da 

%22.19γ = . amis Semdeg 1B UdavafiqsiroT sidideze 41B1 =  da vcvaloT 

3B  33B30 = -dan  26B min3 = -mde. Zebna 3B -is SemcirebiT gamoiwvia iman, rom 

am mimarTulebiT cvalebadobiT miiRweva γ -s zrda. Zebna Sewyda 

26B min3 = -ze. sazRvarze miviRebT  wertils 3 koordinatebiT %52.41β =  

da %31.19γ = . rogorc Cans, ubanze 2-3 mdebareobs γ -s maqsimumis 

wertili koordinatebiT %25.41β =  da %34.19γ = , romelsac Seesabameba 

28B3 = . roca αα =  da PP = ,  es aris γ -s maqsimumi (18) SezRudvebis 

pirobebSi. samagierod mcirea β . bunebrivia, roca  αα p , maCveneblebi 

uaresia, xolo, roca αα f  - ukeTesi. Uubanze 2-3 orive maCvenebeli 

izrdeba. Aamitom β -s gasazrdelad 3B  stabilizebuli unda iqnes 

26B3 =  mniSvnelobaze, xolo 1B  sididis cvla unda vawarmooT 

ukumimarTulebiT. AaseTi svla uzrunvelyofs saoptimizacio grafikis 

daRmavali Stos ganlagebas aRmavali Stos zemodan, rac Tavis mxriv β -s 
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mocemuli mniSvnelobebis dros γ -s ufro maRal mniSvnelobebs 

ganapirobebs. Sedegad miviRebT ubans 3-4, romelic Seesabameba 1B -s 

Semcirebas 41-dan 30-mde (wertilSi 4 %61.43β =  da %81.16γ = ). 

davafiqsirebT ra 1B -s 30B1 = sidideze, viwyebT 3B -s Semcirebas. Zebnas 

vwyvetT  26B3 =  zRvrul mniSvnelobaze. miviRebT wertils 5 

koordinatebiT %93.43β =  da %78.16γ = . aRwerili algoriTmiT Zebnis 

Sedegad vRebulobT γ -s eqstremumis wertils - %34,19=γ e , %25.41β = . am 

dros mmarTveli zemoqmedebebi Seadgenen: 42B1 = ; 28B3 = .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

optimumis Zebnis moyvanili algoriTmi gulisxmobda Zebnis dawyebas 

1B  mmarTveli zemoqmedebis cvalebadobiT 3131 BBBB −−− . axla movaxdinoT 

a. 
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b. 

gaerTianebuli grafikebi
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g. 
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γ=18.8%

γ=17,5%

γ=18,2%

γ=19.15%
γ=19.33%

γ=18,86%
γ=19.2%

d.

nax. 7 daleqvis procesis optimizaciis grafikebi 
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Zebna Sebrunebuli algoriTmiT 1313 BBBB −−− . am algoriTmiT Zebna 

gulisxmobs optimumisken svlis dawyebas 3B -is cvalebadobiT, rodesac 

1B  dafiqsirebulia 38B10 =  mniSvnelobaze. nax. 7b-ze. moyvanil grafikze 

ubani 1-2 Seesabameba 3B -is Semcirebas 33B3 = -dan 26B min3 = -ken. 3B -s 

Semcireba Sewyda 26B3 =  mniSvnelobaze, radgan, igi warmoadgens am 

sididis cvalebadobis qveda zRvars. am wertilSi %36.41β =  da   

%3.19γ = . 3B  fiqsirdeba 26B3 =  sidideze da iwyeba 1B -s Semcireba 

40B1 = -dan 30B1 = -mde (qveda zRvari). Sedegad mivalT wertilSi 3 

koordinatebiT  %93.43β =  da   %78.16γ = . wertilidan 3 iwyeba 3B -is 

zrda (rodesac 1B  ucvlelia da Seadgens 30B1 = -s). sruldeba sul ori 

biji 27B3 =  da 28B3 = , radgan  3B -is Semdegi zrdiT mcirdeba rogorc 

β , aseve   γ .  Sedegad mivalT wertilSi 4 koordinatebiT %61.43β =  da   

%81.16γ = . am wertilidan moqmedebaSi Sedis kvlav 1B , kerZod igi 

daiwyebs matebas 30B1 = -dan 47B1 = -mde (cvalebadobis sruli 

diapazoni). zeda zRvarze mivalT wertilSi 5 koordinatebiT %31.40β =  

da   %81.18γ = . aRwerili algoriTmiT Zebnis Sedegad vRebulobT γ -s 

eqstremumis wertils - %33,19=γ e , %1.41β = . am dros mmarTveli 

zemoqmedebebi Seadgenen: 42B1 = ; 28B3 = .  

rogorc 7a. da 7b. naxazebis SedarebiT Cans, eqstremumis Zebnis 

orive gza gvaZlevs praqtikulad erTi da igive Sedegs- eqstremumi 

imyofeba - %34,19=γ e , %25.41β =  wertilSi, rodesac mmarTveli 

zemoqmedebebi Seadgenen: 42B1 =  da 28B3 = -s. TvalsaCinoebisaTvis 

agebuli grafikebi davitanoT erT naxazze. amisaTvis aviRoT grafikebis 

mxolod is ubnebi, romelzec vRebulobT maqsimalur Sedegs: nax.7a.-ze 

moyvanili grafikidan ubani2-3-4-5 da nax. 7b-ze moyvanili grafikidan ubani 

1-2-3. Sedegad miviRebT grafiks, romelic moyvanilia nax. 7g-ze. grafikis 

qveda, I Sto aris nax. 7a –ze moyvanili grafikis 2-3-4-5 ubnebisgan 
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Semdgari. zeda, II Sto aris nax. 7b-ze moyvanili grafikis 1-2-3 ubnebisgan 

Semdgari. rogorc vxedavT, orive Stos optimumis ubani praqtikulad 

erTmaneTs emTxveva. am ubanze γ  icvleba 19,3-19,34%-is farglebSi, xolo 

β ki 40,8-41,7% farglebSi. γ -s eqstremaluri mniSvnelobaa %34,19=γ e  

rodesac %25.41β = . optγ ubnis marcxniv orive, γda β  sidide iklebs. 

optγ ubnis marjvniv γ  marTalia iklebs, magram samagierod β  imatebs. 

optγ ubnis gareT grafikis II Sto gadis I Stos zeviT, rac uzrunvelyofs 

erTi da igive β -s dros γ -s gacilebiT didi mniSvnelobis miRebas (0.5%-

is farglebSi). amitom procesis marTva unda vawarmooT grafikis II Stos 

mixedviT. gavixsenoT, rom igi miRebulia γ -s eqstremumis Zebnis 

algoriTmiT 1313 BBBB −−−  (nax. 7b). 

zemoTqmulidan gamomdinare, SegviZlia Sedarebis grafikidan 

movxsnaT qveda Sto, romelic Seesabameba procesis marTvas 

3131 BBBB −−−  xerxiT da marTvis algoriTmis misaRebad gamoviyenoT 

mxolod II, zeda Sto. Sesabamisi grafiki motanilia nax. 7d-ze. grafikze 

datanilia koncentratis davalebuli mniSvnelobis dros gamosavalis 

mosalodneli sidideebi. es prognozuli monacemebi mmarTveli 

zemoqmedebebis Sesabamis mniSvnelobebTan erTad motanilia cxrilSi 1 

 

              cxrili 1. 

   β=40% β=40,5% β=41% β=41,5% β=42% β=42,5% β=43% β=43,5% 

B3  36,76  31,83  27,68  26  26  26  26  26 

B1  38  38  38  36,59  34,16  31,96  29,95  28,13 

γ 18,86  19,29  19,33  19,3  19,2  18,8  18,29  17,5 
  

unda aRiniSnos, rom koncentratis xarisxis gasazrdelad mmarTveli 

sidideebis (haeris 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,  
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    zemomoyvanilis safuZvelze, SegviZlia SevadginoT procesis marTvis 

kanonebi, romelTa mixedviTac moxdeba mmarTveli zemoqmedebebis - 1B  da 

3B - cvalebadoba SemaSfoTebeli zemoqmedebebis cvalebadobis mixedviT. 

ubnisaTvis 1-2 gamosaxulebaSi (20) CavsvaT mniSvneloba  38B1 =  da 

ganvsazRvroT 3B : 

403.2905.0454.46
3 P)(10514.4B −−− αα−β⋅= d  .                         (29) 

 CavsvavT ra (11)-Si mniSvnelobas 26B3 = , miviRebT marTvis kanons 

ubnisaTvis 2-3: 

2549.14725.03264.24
1 P)(100727.2B −−− αα−β⋅= d .             (30) 

    sabolood marTvis algoriTmi Semdegnairad Camoyalibdeba: 1-2 ubanze 

muSaobis dros 1B   stabilizdeba misi cvalebadobis zRvrebis centrSi, 

xolo 3B  regulirdeba (29) kanoniT misTvis dasaSveb sazRvrebSi (27) 

SezRudvebis  gaTvaliswinebiT. Tu  α -s an P -s cvlileba (an dβ -is 

Secvla) moiTxovs 3B -s gasvlas qveda sazRvridan, 3B  stabilizdeba 

qveda sazRvarze ( 26B3 = ) da iwyeba 1B -s regulireba (30) kanoniT misTvis 

dasaSveb sazRvrebSi (27).  

procesis optimizaciis dros ar iyo gaTvaliswinebuli, rom 

procesis SemaSfoTebeli zemoqmedebebi- gasamdidrebeli madnis xarisxi α  

da haeris pneva resiverSi P cvalebadia da gavlenas axdens gamdidrebis 

procesis maCveneblebze. MmagaliTad,  erTi da igive dβ -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 dafiqsirebisa da 

sazRvrebs Soris regulirebis Sesaxeb samarTliania yvela SemTxvevaSi.   

7d naxazze moyvanili Zebnis saboloo grafiki agebulia α -s da P -s 

saSualo mniSvnelobebisaTvis. optimumis Zebnaze SemaSfoTebeli 

zemoqmedebebis cvalebadobis gavlenis dasadgenad es grafiki avagoT 

sxvadasxva SemTxvevisaTvis: 1. α =24,78, P =0,23;  2. α =22, P =0,28; 3. α =22, 



 22

P =0.18; 4. α =28, P =0,28; 5. α =28, P =0,18. Zebnis Sedegad agebulia nax.8.-ze 

naCvenebi grafikebi. 

optimizaciis grafiki 2, romelic agebulia  α -s minimaluri 

(α =22%) da P –s maqsimaluri (P =0,28) mniSvnelobisaTvis, miuTiTebs- aseT 

pirobebSi muSaobiT mosalodnelia dabali xarisxis, arakondiciuri 

koncentratis miReba (saSualod β =37%, rodesac γ  =19.28%  maqsimaluria). 

es gamowveulia jer erTi imiT, rom α   minimaluria da, meorec, gazrdili 

wnevis gamo saleqi manqanis sagebi im donezea aSlil da Sewonil 

mdgomareobaSi, rom  manganumis mineralebi ver aswreben daleqvas da 

gadadian gadanadenSi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   sapirispiro mdgomareobaa im SemTxvevaSi, roca  α =28 da P =0,18. 

dabali wnevis gamo gazrdilia daleqvis xangrZlioba da maqsimaluri 

α −s pirobebSi mniSvnelovnad gazrdilia koncentratis xarisxi -β =46%  

roca gamosavali maqsimaluria  γ  =19.3%  da aRwevs β =49.3%-s roca 

 α =16.7% .  

nax.8. optimizaciis grafikebi roca: 1. α =24,78, P=0,23;  2. α =22, 
P=0,28; 3. α =22, P=0.18;  4. α =28, P=0,28;  5. α =28, P=0,18. 
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rodesac orive SeSfoTeba maqsimaluria, vRebulobT grafiks 4, 

romlis ganlageba aCvenebs, rom miRebuli Sedegebi saSualoze maRalia. 2 

da 5 grafikebs Sua ganlagebulia ori grafiki- 1, rodesac α  da P  –s 

aqvT saSualo mniSvneloba da 3, rodesacUα =22, P =0.18- orive 

minimaluria. 3 grafikiT naCvenebi Sedegi imiT aixsneba, rom α -s simcire 

kompensirdeba P –s simciriT. Sedegad vRebulobT 1 grafikTan 

miaxloebul Sedegs. orive es grafiki faqtiurad emTxveva nax. 7d-ze 

moyvanil optimizaciis grafiks. 

   unda aRiniSnos Semdegi: α  da P  –SemaSfoTebel zemoqmedebebs aqvT 

procesze sapirispiro mimarTulebis gavlena- α -s mateba Tu iwvevs 

koncentratis xarisxis matebas, P  –s mateba piriqiT, iwvevs β –s 

Semcirebas. aseTi gavlenis Sedegi kargad Cans nax.8-ze 4 grafikis 

magaliTze. aq  orive maqsimaluria (α =28, P =0,28), magram grafiki imyofeba 

saSualo mniSvnelobis mqone zemoqmedebebis dros miRebuli 1 grafikis 

siaxloves. amave dros maqsimalur Sedegs vRebulobT 5 grafikis saxiT, 

rodesac α =28, P =0,18. es garemoeba gaTvaliswinebuli unda iyos  

avtomaturi marTvis sistemis daproeqtebis dros. 

   moyvanili analizis safuZvelze marTvis sistemis funqcionirebis 

algoriTmSi SemaSfoTebeli zemoqmedebebis cvalebadobas viTvaliswinebT 

Semdegnairad: α -s da P -s vakontrolebT uwyvetad, magram Tu α –s 

Secvlas mohyveba miwodebuli haeris xarjis uwyveti Secvla, P -s 

Secvlaze reagireba mohyveba maSin, roca misi sidide gascdeba garkveul 

ubans. am mizniT wnevis cvalebadobis diapazoni (0,18 - 0,28) 10-5pa  daiyo 

sam ubnad 

P =0,18-0,21;   P =0,21-0,25 da P =0,25-0,28.                                     (31) 

TiToeuli intervalis centri aris: 

P 1=0.195;   P 2=0.23;    P 3=0.265                                        (32) 

  am sidideebis morigeobiT CasmiT gamosaxulebaSi (29), miviRebT sam 

marTvis kanons optimizaciis grafikis (nax. 7d) 1-2 ubnisaTvis 

     

         9046.04539.48
31 )(102926.2B −− αα−β⋅= d                                (33) 
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9046.04539.48
32 )(105419.1B −− αα−β⋅= d                                      (34) 

9046.04539.48
33 )(100972.1B −− αα−β⋅= d                                (35) 

Tu haeris wneva resiverSi imyofeba (31) diapazonebidan pirvelSi 

(P =0,18-0,21), procesis marTva xorcieldeba (33) kanonis Sesabamisad. roca 

P  aris P =0,21-0,25 SualedSi, moqmedebaSia marTvis kanoni  (34), xolo 

roca P =0,25-0,28, procesi imarTeba (35) kanonis mixedviT. 

Tu (32) sidideebs SevitanT gamosaxulebaSi (30), miviRebT marTvis 

kanonebs optimizaciis grafikis 2-3 ubnisaTvis: 

473.0326.25
11 )(10613.1B −− αα−β⋅= d                                  (36) 

473.0326.25
12 )(1031.1B −− αα−β⋅= d                                   (37)  

473.0326.25
13 )(10097.1B −− αα−β⋅= d                                 (38) 

 

 

 
 

 
 
 
 
 
 
 

 

 

 

 

 

SevitanoT 1-2 ubnis Sesabamisi koncentratis xarisxis davalebuli 

mniSvneloba, davuSvaT β d=40%, formulebSi (33), (34), (35). miviRebT B 3 

mmarTveli zemoqmedebis α �da P  SemaSfoTebeli zemoqmedebebisagan 

cvalebadobis mrudebs (nax. 9a). mrudi 1 Seesabameba wnevis cvalebadobas  

β=40%
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nax. 9. mmarTveli zemoqmedebis gasamdidrebeli madnis xarisxisagan 
damokidebulebis grafikebi 
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P =0,18-0,21 SualedSi, mrudi 2 SeesabamebaP =0,21-0,25 Sualeds, xolo mrudi 

3- P =0,25-0,28 Sualeds. 

analogiurad avagoT B 1 sididis cvalebadobis mrudebi optimizaciis 

grafikis 2-3 ubnisTvis (nax. 7d). amisaTvis SevitanoT (36), (37) da (38)-Si 

davuSvaT   β d=43%, miviRebT nax. 9b-ze moyvanil grafikebs. orive naxazze 

datanilia α  -s saSualo mniSvneloba da mmarTveli zemoqmedebebis 

cvalebadobis zRvrebi B 1=30...60 da B 3=23...55. 

VI Tavi. daleqvis procesis marTvis sistema da misi kvleva 

   zemomoyvanilis safuZvelze miviReT marTvis xerxi, romlic 

iTvaliswinebs daleqvis procesis optimalur marTvas regulirebis ori 

konturiT: pirveli axdens saleqi manqanis gasamdidrebeli masalis 

mixedviT mwarmoeblurobis stabilizacias, meore ki moaxdens pirvel da 

mesame kameris sahaero ganyofilebaSi mowodebuli haeris raodenobis 

regulirebas madnis xarisxis da haeris wnevis mixedviT. aseTi sistemis 

struqtura moyvanilia nax. 10-ze.  

   

 
 
  
 
 
 
 
 
 
 
 
 
 

 
marTvis pirveli konturis kontrolerisTvis davalebas dQ  

warmoadgens misi eqstremaluri mniSvneloba   Q =30,5t/sT.  meore konturis 

funqciuri struqtura moyvanilia nax. 11-ze. igi axdens saleqi manqanis 

pirvel da mesame kameraSi haeris regulirebas (33)-(38) optimaluri marTvis 

kanonebis mixedviT. 

daleqvis 
procesi 

B1 
 
 
B3 

γ 
 
β 

 Q       B2      B4    

   α             P 

kontroleri vibromkve- 
bavi 

Qd 

Q 

 
kontroleri 

βd 
   α      P 

r1

r3

B1d 

 

B3d 

nax. 10. marTvis sistemis struqtura 
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  kontroleris pirveli logikur blokSi xdeba gansazRvra, Tu (31)-

dan romel ubanSi imyofeba resiverSi haeris wnevis sidide. am signalis 

da koncentratis xarisxis davalebuli mniSvnelobis mixedviT logikuri 

bloki 2 gansazRvravs Tu (33)...(38) optimaluri marTvis kanonebidan 

romlis mixedviT da romel kameraSi moxdeba haeris regulireba. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
Sesabamisi davaleba  d1β  da d3β miewodeba r1 da r3 regulatorebs. am 

dros meore da meoTxe kamerebSi haeris regulireba ar xdeba- is ayenia 

(9)-Si moyvanil eqstrmalur sidideze  B2=45,28 grad. da  B4=34,73grad.   

    ganvixiloT ori SesaZlo SemTxveva: 

         1. %,20=α        %,5,40=βd      pa.51023,0P −⋅=                                  (39) 

2. %,26=α        %,5,42=βd      pa.510265,0P −⋅=                                  (40) 

                   B1                                B2                              B3                               B4        

I      Q2

kamera 
II       Q3

kamera 
III    Q4

kamera 
IV 

kamera 

      β1      γ1                    β2      γ2                    β3      γ3                   β4      γ4 
 

γkn  βkn 

Q 
 

γkd 
 
θkd 

nax. 11.  saleqi manqanis  optimaluri marTvis sistemis 
funqciuri struqtura 

B11      B12       B13                                      B31       B32     B33               

logikuri bloki 2 

kontroleri 

 P1       P2     P3

      P                        βd 

logikuri 
bloki 1

R
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B3d 

r1 
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 27

   pirveli SemTxvevis dros dβ  davalebuli sididis gamo procesis 

marTva warimarTeba nax.7d-ze moyvanili optimizaciis grafikis 1_2 ubanze. 

Sesabamisad 1B dafiqsirdeba, xolo 3B  daiwyebs cvalebadobas manam, sanam 

koncentratis xarisxi ar gaxdeba programulis toli. kontroleri (33)-(35) 

marTvis kanonebidan SeirCevs (34)-s, radgan is Seesabameba wnevis 

cvalebadobis Sua ubans. 

  meore SemTxvevis dros marTva warimarTeba optimizaciis grafikis 2_3 

ubanze. Sesabamisad 3B dafiqsirdeba, xolo 1B  daiwyebs cvalebadobas 

manam, sanam koncentratis xarisxi ar gaxdeba programulis toli. 

kontroleri (35)...(38) marTvis kanonebidan SeirCevs (38)-s, radgan is 

Seesabameba wnevis cvalebadobis zeda ubans. 

   procesis marTvis efeqturoba (optimizaciis kriteriumis moTxovnaTa 

Sesabamisad procesis marTva) didadaa damokidebuli ZiriTadi 

SemaSfoTebeli zemoqmedebis α -s zust da uwyvet gazomvaze. amJamad 

manganumis Semcvelobis aseTi gadamwodi araa. xdeba misi Sefaseba madnis 

fizikuri Tvisebebis an procesis reJimuli parametris mixedviT. Cvens 

SemTxvevaSi gamoyenebulia saleqi manqanis sagebis gafxvierebis CaZirul 

tivtiviani gadamwodi, romelmac warmatebiT gaiara laboratoriuli da 

sawarmoo gamocdebi. gamocdebiT dadginda, rom misi signali procesis 

mmarTveli da SemaSfoTebeli zemoqmedebebis proporciulia. sxva 

parametrebis B , P , Q kontrolis SemTxvevaSi gadamwodis signalidan 

SeiZleba gamovyoT α -s cvalebadoba. 

   marTvis sistemis kvlevis mizniT agebul iqna nax.11.-ze moyvanili 

funqciuri struqturis Sesabamisi kompiuteruli modeli programa 

Simulink–is saSualebiT (nax.12a.). is gvaZlevs saSualebas davakvirdeT 

saleqi manqanis mmarTveli ( 1B , 3B ) da gamosavali ( γ  da β )            

sidideebis cvalebadobas (gardamaval process) daleqvis procesis 

SemaSfoTebeli da programuli dβ sidideebis cvalebadobis SemTxvevaSi. 

   gardamavali procesis modelirebisaTvis sawyis mdgomareobad miRebul 

iqna eqsperimentis dros dafiqsirebuli  cvalebadi sidideebis  saSualo 
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mniSvnelobebi %,40=β %,78.24=α pa.510195,0P −⋅=  am SemTxvevaSi 

vimyofebiT optimizaciis grafikis 1-2 ubanze).  damyarebul reJimSi 

moxda am sidideebis Secvla (40) sidideebiT. mmarTveli da 

gamosavali  parametrebis droSi cvalebadoba (gardamavali 

procesi) moyvanilia nax. 12b,g-ze. TvalsaCinoebisaTvis jer moxda α -

s Secvla, rasac mohyva 3B -is Secvla, magram dβ  darCa programulis 

doneze. Semdeg, damyarebul rejimSi, davaleba koncentratis 

xarisxze gaxda %5,42=βd (am SemTxvevaSi optimizaciis grafikis 1-2 

ubnidan gadavdivarT 2-3ubanze). mas Semdeg, rac marTvis sistemam 

Seasrula davaleba, haeris wneva gaxda pa510265,0P −⋅= -is toli. 

gardamavali procesis damyarebis Semdeg koncentratis xarisxi 

daubrunda programul sidides, xolo mmarTvelma zemoqmedebebma 

miiRes marTvis kanonebiT gansazRvruli mniSvnelobebi. 

 

daskvnebi 

1.  SemuSavebulia daleqvis teqnologiuri procesis maTematikuri 

modeli, romelic gamdidrebis maCveneblebs akavSirebs mmarTvel da 

SemaSfoTebel sidideebTan, iTvaliswinebs ra am procesis 

kanonzomierebebs;  

2.  ganxilulia teqnologiuri kriteriumi wiaRiseulis 

gamdidrebis  procesebis optimizaciisaTvis. mocemulia miznisa da 

SezRudvis funqciebis modelebi;  

3.  agebul iqna mravalkameriani saleqi manqanis maTematikuri 

modeli, romelic aRwers koncentratis xarisxis da gamosavalis 

mravlobiT damokidebulebas sahaero ganyofilebaSi miwodebuli 

haeris raodenobaze (mmarTveli zemoqmedeba) da SemaSfoTebel 

zemoqmedebebze – gasamdidrebeli madnis xarisxze, mis raodenobaze 

da haeris wnevaze; 

4.  daleqvis procesi ganxilul iqna ara rogorc oTxi 

damoukidebeli marTvis obieqti oTxi Sesavali da oTxi gamosavali 
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sididiT, aramed rogorc erTi obieqti oTxi Sesavali da erTi 

gamosavali sididiT; 

5.  SemuSavebul iqna marTvis xerxi, romelic iTvaliswinebs saleqi 

manqanis mwarmoeblurobis stabilizacias da miwodebuli haeris 

raodenobis regulirebas pirveli da mesame kameris sahaero 

ganyofilebaSi; 

6. dasmulia optimizaciis amocana da mis gadasaWrelad 

gamoyenebulia wrfivi daprogramebis meTodis grafikuli varianti. 

Camoyalibebulia procesis optimaluri marTvis algoriTmi;  

7.  dadginda pirvel da mesame kameraSi miwodebuli haeris 

optimaluri marTvis kanonebi, romlebic iTvaliswineben 

SemaSfoTebeli zemoqmedebebis cvalebadobas; 

8. agebul iqna procesis marTvis sistemis funqciuri struqtura, 

romelic axdens procesis marTvas SemuSavebuli marTvis kanonebis 

mixedviT; 

9. agebul iqna procesis marTvis sistemis kompiuteruli modeli, 

gamokvleul iqna mmarTveli da marTuli sidideebis cvalebadobis 

xasiaTi gardamavali procesis dros.  

naSromis aprobacia. sadisertacio naSromis aprobacia xdeboda  

saqarTvelos teqnikuri universitetis samTo-geologiur 

fakultetze, samecniero konferenciaze da or Tematur seminarze. 

sadisertacio naSromis ZiriTadi Sedegebi asaxulia oTx 

gamoqveynebul statiaSi.  
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Abstract 

Elaboration of automatic control system of a jigging machine for process 
optimization 

 
In the dissertation the issues of design of an optimal control system for Chiatura 

manganese ore beneficiation process on a jigging machine is considered. 

The rise in the efficiency of mineral processing promotes development of related 

industries. Reduction of the cost of beneficiation products, preparation of quality 

production, the complex and full recovery of valuable components from the ore, 

concentrate quality maintenance and intensification of beneficiation processes makes 

actual an optimum control of beneficiation technological processes, development and 

installation of the automated control system of technological processes at beneficiation 

plant. 

In order to optimize the process, technological criteria have been selected, on the basis of 

which mathematical model of jigging technological process has been developed. As far as 

relates beneficiation indices with controlling and disturbing values, it provides process 

regularities. 

The models of cause and constrain functions have been given and the mathematical model 

of a multicompartment jigging machine, which will describe multiple dependence of 

concentrate quality and output on the amount of air fed to the air compartment (control 

action) and disturbing actions - concentrating ore quality and quantity and air pressure, has 

been built.  

Due to analysis of double and multiple relationships, the jigging process has been 

considered not as four independent control objects with four input and one output 

variables, but as one control object with four input and one output variables. As a result the 

control method, which provides stabilization of jigging machine productivity and control 

of air amount fed to the first and third chambers of air compartment according variation of 

disturbing action, has been developed. 
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In the work the optimization problem has been set and the graphical modification of linear 

programming method has been used for it solution. Optimum search has been carried out 

by two ways, which foresee different series of control action variations - air flow in the 

first and third chambers. As a result of search it has been established, that if program value 

of concentrate quality is less than 40%, the process is carried out by air control in the third 

chamber (at this time air flow fed to the first chamber has been fixed at an average level of 

range). If the program is more than 41%, the air flow has been controlled in the first 

chamber, and in the third chamber the air flow has been fixed at an average level of range. 

In consequence of the optimization process the process optimum control algorithm and 

laws of optimal control of air fed to the first and third chambers, which provides variation 

of disturbing actions, have been developed. In particular, continuous control of manganese 

content in concentrating ore and air pressure in receiver is carried out.  Considering that 

simultaneous variation of both parameters will provoke instability of a control system, the 

air pressure range in receiver has been divided on three areas. Subject to in which area an 

air pressure is, we can receive three control laws, if concentrate quality is less than 41%, 

and three ones, if concentrate quality is more than 41%. Therefore we have received six 

control laws from two ones. 

The functional structure of a control system has been developed, which basic element is a 

controller. According to a signal received from the pressure transmitter, in its first logic 

unit is determined, which area an actual value of pressure is placed to. After specification 

of the area according pressure, the second logic unit of the controller chooses 

corresponding control law according concentrate program quality. In this law a signal 

proportional to concentrating ore quality is emitted by a transmitter of jigging machine bed 

loosening. 

The computer model of a process control system has been built using Simulink software; 

the control and controlled variable behaviors, in case of disturbing actions and concentrate 

program quality variations, have been studied. Obtained results confirm results of executed 

investigations.  

 

 

 

 


