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bioteqnologiuri sistemebis modelirebis zogierTi  
problemis aprioruli formalizacia 

Teimuraz kapanaZe, aleko cincaZe, omar gabedava 
saqarTvelos teqnikuri universiteti 

reziume 

    statiaSi ganxilulia bioteqnologiuri sistemebis struqtura da funqcionalur 
damokidebulebaTa formalizebuli aRwera. damuSavebulia sistemis funqcionirebis 

maTematikuri modeli, romelic miekuTvneba marTvis TeoriaSi cnobil ganawilebis 
amocanaTa klass.  mocemul SemTxvevaSi maTematika warmodgenilia ara rogorc 
raodenobrivi gaTvlebis meTodi, aramed rogorc sistemis `azrovnebis” xarisxobrivi 

maxasiaTebeli. 
     sakvanZo sityvebi: bioteqnologia. bioprocesi. modelireba. simravle. 
formalizebuli aRwera. 

1. Sesavali 

 Tanamedrove bioteqnologiuri (da ara marto bioteqnologiuri) kompleqsebi, 
warmoadgens teqnikuri saSualebebisa da adamianebis simravlis kanonzomier gaerTianebas, 

ama Tu im bioprocesis teqnologiuri sqemis, romlebic asrulebs garkveul samuSaoTa 
mimdevrobebs, garkveuli miznis misaRwevad. rogorc wesi bioprocesis teqnologiuri 
sqemis ageba anu raime bioteqnologiis damuSaveba warmoadgens rTuli eqsperimentaluri 

kvleva-Ziebis da sxvadasxva aRmoCenebis mecnierul daskvnaTa organizaciis Sedegs. 

2. ZiriTadi nawili 

mocemul SemTxvevaSi organizacia, rogorc bunebrivi movlenebisa da procesebis 

universaluri maxasiaTebeli, warmoadgens fundamentur gagebas, romelic SesaZleblobis 
farglebSi, garkveuli kanonzomierebiT aTanxmebs mecnierebis da teqnikis sxvadasxva 
dargebs. miuxedavad imisa, rom dargTa specializaciis Tanamedrove xarisxi Zalze Znelad 

iZleva aRniSnuli SeTanxmebis saSualebas, msoflio samecniero praqtikidan gamomdinare 
dasaSvebad migvaCnia `monaTesave~ dargTa sinTezis Sedegad Camoyalibdes sruliad axali 
mecnieruli azrovneba. zemoaRniSnuli SeTanxmeba garkveulwilad SesaZlebelia 

sayovelTaod cnobili sistemebis, rogorc abstraqtuli modelirebis, Teoriaze 
dayrdnobiT.  

aqve aRvniSnoT, rom zemoxsenebuli termini `monasesave~ pirobiTia da igulisxmeba 

dargTa iseTi mecnieruli organizacia, romelTa kvlevis Sedegebis TanakveTaze 
dayrdnobiT SesaZlebelia axali mecnieruli azrovnebis formireba.  

Tu gaviTvaliswinebT, rom TviT sistema, farTo gagebiT, warmoadgens elementarul 

struqturebisa da procesebis urTierTqmedebaTa simravles, romlebic gansazRvruli 
wesiT gaerTianebulia erTi, saerTo miznis misaRwevad da es mizani ar warmoadgens 
simravlis romelime komponentis funqcias, maSin bunebaSi mimdinare procesebis 
teqnologiebi ganixileba rogorc rTuli sistema, misi yvela maxasiaTebliT.  

zogadad biosistemebi, masi miznebis Sesabamisad, SeiZleba CaiTvalos usasrulod, 
romlebic garkveul droSi funqcionirbS uwyvetad, gaaCnia cvalebadi xasiaTi da 
damokidebulia garemo faqtorebze. Tu bioprocesebs ganvixilavT fizikuri da qimiuri 

movlenebis WrilSi, daveyrdnobiT biofizikis da bioqimiis daskvnebs, vnaxavT, rom maT 
elementebs gaaCnia diskretul mdgomareobaTa sasruli simravle, struqturaTa 
mdgradobis garkveuli raodenobebi.  

garda amisa Tu gaviTvaliswinebT bioprocesebis ciklur xasiaTs, SeiZleba 
davaskvnaT, rom isini ganekuTvneba Sereuli xasiaTis teqnologiur procedurebs anu 
biosistemebi uwyvet-diskretuli tipis rTuli sistemebia. aqve aRvniSnoT, rom 

biosistemis mizani realurad warmoadgens garkveul bioproduqts, romelic miiReba 
garkveuli bioteqnologiuri procesiT. 
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 warmovadginoT biosistema abstraqtulad da gamovsaxoT ganzogadebuli blok-
sqemis saxis. (nax.1). 
  

 

sadac ( )txX 1( 7 ( )tx2 78887 ( ))txn  - sistemis Semavali parametrebia, xolo 

teqnologiuri TvalsazrisiT - misaRebi bioproduqtis nedleulis komponentebi da 
maxasiaTeblebi9 

 (( )tyY 1 7 ( )ty2 7888 ( ))tym  - sistemis mizani, bioteqnologiur WrilSi procesis 

Sedegi (bioproduqti), Cawerili formalizebuli saxiT;  
 ( )ΚfffF L,, 21  sistemis Sedegis misaRwevad mizandasaxul qmedebaTa wesebi, 

zogadad bioteqnologiuri procesi.  
Tanamedrove pirobebSi garemos ekologiurma daZabulobam da sxva faqtorebma 

Zalzed gaarTula sasurveli produqtebis miReba, ramac upirvelesad asaxva hpova 
bioproduqtebis warmoebaSi. garemo parametrebis cvlilebebis xarisxis zrdam TavisTavad 
daayena bioteqnologiebze swrafad reagirebis da koreqtirebis sakiTxi, ekologiurad 

sufTa produqciis warmoebisaTvis. yovelive zemoaRniSnulma ki bioproduqtebis (da 
zogadad produqtebis) warmoebis problema Semdegi saxiT warmogviCina:  

bioproduqtis warmoebisas, drois mocemul ganakveTSi, moxdes bioteqnologiuri 

procesis iseTi reJimuli gadawyoba (koreqtireba), romelic nedleulis mocemuli 
parametrebis (maxasiaseblebis), garemofaqtorebis maqsimaluri gaTvaliswinebiT, 
maqsimalurad uzrunvelyofs sasurveli xarisxis produqciis gamoSvebas.  

zogadad bioproduqtis xarisxi ganixileba, rogorc misi fizikuri da qimiuri 
urTierTqmedebaTa Sesabamisobebi (Tavsebadobebi), damokidebulebebi, gamoxatuli 
raodenobrivi maCveneblebiT.  

rogorc wesi, bioteqnologiuri procesis Sedegi, bioproduqti, xasiaTdeba 
xarisxobrivi maCveneblebis simravlis didi ganzomilebiT, romlebic sabolood 
gansazRvravs mis Tvisebas. am maCveneblebis erTi nawili garkveul zRvrebSia moqceuli, 

meore SemosazRvrulia qvemodan da rac metia misi mniSvneloba, miT xarisxiania 
produqti, xolo mesame, piriqiT SemosazRvrulia zemodan da mizanSewonilia maTi 
minimaluri raodenobis arseboba produqtis SemadgenlobaSi. garda amisa, bioproduqtis 

xarisxobrivi maCveneblis simravlis TiToeuli komponenti (elementi), rTul 
funqcionalur damokidebulebaSia Semaval parametrebTan. aseve urTierT funqcionalur 
damokidebulebaSia Semavali parametrebis didi nawili, romelsac pirobiTad vuwodoT 
reJimuli parametrebi da romlebzedac didad aris damokidebuli bioteqnologiuri 

procesis warmarTva.  
ityvian, rom sistema mocemulia, Tu garkveuli kanonzomierebiT aRwerilia sistemis 

struqtura da is elementebi, romlebic gansazRvravs sistemis yofaqcevas. Tu sistema 

aRwerilia maTematikurad, maSin saqme gvaqvs sistemis maTematikur modelirebasTan, 
sistemis funqcionirebis maTematikur modelTan. mocemul SemTxvevaSi maTematika 
warmodgenilia ara rogorc raodenobrivi gaTvlebis meTodi, aramed rogorc sistemis 

`azrovnebis~ xarisxobrivi maxasiaTebeli.  
yovelive zemoaRniSnulidan, Tu raime wesiT cnobilia biosistemis funqcionalur 

damokidebulebaTa formalizebuli aRwera, anu bioteqnologiuri procesis mimdinareobis 

azrobrivi arsi Cawerilia maTematikuri formulebisa da gantolebebis saxiT, SeiZleba 
iTqvas, rom agebulia biosistemis maTematikuri modeli. 



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS -  No 1(8), 2010   
 

112 
 

 
 

sistemuri midgomis WrilSi, bioteqnologiuri procesis ganzogadoebuli 
maTematikuri modeli SeiZleba Caiweros Semdegi formulirebiT: 

                  ( ) ( ) ( ) ( ) ( )( )rrUrXrFrY Ψ= ,,                  ~!` 

sadac ( )R,1r =  - warmoadgens bioteqnologiuri reJimis indeqss; 

                    ( ) ( ){ }r
J

r yY =       ( )mJ ,1=              ~@` 

produqciis xarisxobrivi maCveneblebis simravlea da akmayofilebs pirobebs: 

                    ( )
111 J
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( )rX  - produqciis nedleulis komponentebis da xarisxobrivi maxasiaTeblebis 

simravlea da 

  ( ){ }r
i

r xX =      ( )ni ,1= 9 

 ( )rU  - ( )r  bioteqnologiuri procesis reJimuli parametrebia da 

  ( ) ( ){ }r
P

r UU =     { }LP ,1= 9 

 ( )rΨ - garemofaqtoruli zemoqmedebis parametrebis simravlea da  

 ( ){ }r
q

r ξ=Ψ      ( )Qq ,1= 9 

 ( ) ( ){ }r
J

r fF = ( )mJ ,1=  - ( )r  - biosistemis Sedegis, bioproduqtis misaRwevad 

mizandasaxul qmedebaTa wesebis matricaa. 
zemoaRniSnulidan gamomdinare SeiZleba SemovitanoT Semdegi gansazRvrebebi: 

 gansazRvra 1. Tu mocemulia: 

!` dasamzadebeli r  - aprioruli bioproduqtis ( ){ }r
iY  xarisxobrivi 

maCveneblebi (bioproduqtis Sedgeniloba) sasruli simravlis saxiT, Sesabamisi zRvruli 
mniSvnelobebiT9 

@` cnobilia an raime wesiT ganisazRvra ( )rni ,1=  nedleulTa sasruli simravle, 

romlebisaganac SesaZlebelia r  bioproduqtis miReba 
      maSin ( )51÷  maTematikuri modelis gansazRvruli ( )rX  da ( )rU  reJimuli 

parametrebis mnivnelobebiT Sedgenili { }rf  mizandasaxul qmedebaTa wesebis matrica 

uzrunvelyofs  r - bioproduqtis miRebas, moTxovnili parametrebiT. 

maTematikuri TvalsazrisiT zemoganxiluli sistemis funqcionirebis maTematikuri 
modeli miekuTvneba marTvis TeoriaSi cnobil ganawilebis amocanaTa klass. biofizikis, 
bioqimiis da biokibernetikis ZiriTad daskvnebze dayrdnobiT SeiZleba iTqvas, rom 

umeteswilad biosistemebi ganawilebadia. sakiTxi exeba iseT bioprocesebs, 
romelTaTvisac damaxasiaTebelia nivTierebaTa koncentracia da, Sesabamisad, axali 
koncentratis miReba, nivTierebaTa molekulebis difuzia da sxva. aRniSnulidan 

gamomdinare, vfiqrobT, zemoCamoyalibebuli maTematikuri midgoma gadaikveTeba 
bioteqnologiis im mimarTulebebTan, romelTa problematika axali bioproduqtis miRebis 
teqnologiiT damuSavebaa, aRniSnulidan gamomdinare SeiZleba iTqvas: 

gansazRvra 2. Tu saWiroa Teoriulad damuSavebuli biorpoduqtis damzadeba, 
romlis miRebis teqnologia ucnobia, magram cnobilia (an raime wesiT dadginda) im 
nedleulTa sasruli simravle, romlebisganac bioproduqti SeiZleba miviRoT, maSin 

zemoganxiluli maTematikuri midgomis (gansazRvra 1), arsebuli codnis farglebSi 
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SesaZlebelia ganisazRvros misi damzadebis teqnologiuri sqema, monaTesave 
teqnologiebis reJimuli gadawyobiT. 

zemomoxsenebul Teoriul bioproduqtSi igulisxmeba yvela is axali bionawarmi, 

romelTa moxmareba dRis wesrigSi daayena mocemulma garemo pirobebma da romelTa 
struqturis (Sedgenilobis) gansazvra SesaZlebelia. eseni SeiZleba iyos sxvadasxva 
samkurnalo Tu profilaqtikuri koncentratebi, romelTa miRebis aucilebloba 

ganapiroba ekologiurma daZabulobam, Tu axlad aRmocenebulma daavadebebma, kosmetikuri 
Tu parfiumeruli produqtebi, sxvadasxva saxis niadagis gamamdidrebeli sasuqebi da a.S. 

aRniSnuli mimarTulebis prespeqtiulobis imeds iZleva avtorTa mier Catarebuli 

eqsperimentebi q. Jitomiris (ukraina) qimiuri boWkos qarxanaSi, sadac erTidaigive 
nedleulis, erTidaimave teqnologiur xazze, procesis reJimuli gadawyobiT miRebul 
iqna ori Tvisobrivad gansxvavebuli produqti, winaswarmoTxovnili xarisxobrivi 

maCveneblebiT. garda amisa bunebaSi mimdinare procesebidan cnobilia iseTi 
teqnologiebic, roca erTidaigive nivTierebebisagan miiReba sxvadasxva radikalurad 
gansxvavebuli bioproduqtebi. 

3. daskvna 
 

aprioruli produqtis teqnologiuri procesis reJimis modelis gansazRvram 
SesaZlebelia gansakuTrebuli praqtikuli datvirTva SeiZinos sxvadasxva bioproduqtebis 

narCenebis (meoradi materialuri resursebis) gadamuSavebis procesSi (ukuamocana), maTgan 
SesaZleblobis farglebSi sasurveli, ekologiurad sufTa produqtebis miRebis 
TavlsazrisiT. Tanamedrove klasikuri biologiis, bioteqnologiis, biofizikis, bioqimiis, 

biokibernetikis da sxva monaTesave disciplinebis progresuli mecnieruli daskvnebis 
TanakveTa, vfiqrobT Tvisobrivad axal mimarTulebas miscems dasmul problemas da 
Camoayalibebs sruliad axal mecnierul azrovnebas, pirobiTad - kibernetikuli 

bioteqnologiis saxiT. 
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APRIORIAL FORMALIZATION OF SEVERAL  PROBLEMS  REGARDING 
THE BIOTECHNOLOGICAL SYSTEMS  MODELLING 

Kapanadze Teimuraz, Tsintsadze Aleko, Gabedava Omar 
                       Georgian Technical University 

Summary 
The biotechnolocal system structure is considered and the functional correlation is formally 

developed. The mathematical model of the functional systems is formulated, including within the 
famous class of the delegated tasks within the management theory. In this case, mathematics is not 
presented as  the qualitative calculation method, by the quantitative indicator of “thinker” system. 

 
 

АПРИОРНАЯ ФОРМАЛИЗАЦИЯ НЕКОТОРЫХ ПРОБЛЕМ МОДЕЛИРОВАНИЯ  
БИОТЕХНОЛОГИЧЕСКИХ СИСТЕМ 

Капанадзе Т., Цинцадзе А., Габедава О. 
Грузинский Технический Университет 

Резюме 
        Pассмотрена структура биотехнологических систем и формализованное описание 
функциональных отношений. Разработана математический модель функционирования систем, 
которая относится к известному классу распределеных задач в теории управления. В данном 
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случае математика представлена не как метод количественного рассчёта, а как качественный 
показатель  «мышления» систем. 
 


