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qarTuli Rvinis warmoebis teqnodinamikuri kompleqsis

marTvis avtomatizebuli sistemis ganzogadoebuli

modelis parametrebis gansazRvra

Temur kapanaZe, nino lomiZe, nino WaliZe, levan RurbeleiSvili

saqarTvelos teqnikuri universiteti

reziume

teqnologiebis amocanas warmoadgens, dasamuSavebeli resursis erTi saxidan meoreSi

gardaqmnis procesebis dros arsebuli sxvadasxva kanonzomierebebis gamovlena da dadgena.

aRniSnulis gaTvaliswnebiT teqnologiuri procesebi warmoadgenს rTul sistemebs.
rogorc cnobilia, rTuli sistemebis modelireba dakavSirebulia rig problemebTan,

rogoricaa mravaldoniani ierarqiuli struqtura, sarealizacio modelTa parametrebis

didi ganzomileba da sxva. naSromSi, teqnologiis Teoriaze dayrdnobiT, ganxilulia
dekompoziciis principi, rac mdgomareobs SemdegSi: xdeba rTuli sistemis qvesistemebad

xelovnuri gayofa - calkeuli qvesistemebis avtonomiis SenarCunebiT, am avtonomiuri

qvesistemebis (elementebis) modelireba da maT Soris kavSiris damyareba. ganxilulia zemo
aRniSnuli kavSirebis parametrebis povnis meTodologia, identifikaciis da sistemebis

modelirebis Teoriaze dayrdnobiT.

sakvanZo sityvebi: modelireba. identifikacia. teqnologia. qvesistema. ierarqiuli
struqtura.

1. Sesavali

saqarTvelos saxelmwifos mravalsaukunovani istoriis ganmavlobaSi, soflis
meurneoba yovelTvis iyo qveynis ekonomikis tradiciuli da mniSvnelovani seqtori.

swored aq aris Semonaxuli qarTveli eris kulturuli memkvidreoba, romelic

aucileblad unda SenarCundes da ganviTardes. aRniSnulis ganxorcielebis erTaderT
saSualebas warmoadgens Tanamedrove agro, bio, nano da sainformacio teqnologiebis

aTviseba-gamoyeneba, rac soflad siRaribis daZlevis upirobo garantadac SeiZleba

CaiTvalos.
zogadad Tanamedrove agro-bio teqnologiebi, mizanfunqciebis mixedviT dayofilia rig

mimarTulebebad, romelTa Soris erT-erT ZiriTads warmoadgens kvebis teqnologia.

eqspert-teqnologebis SefasebiT kvebis produqtTa warmoebis 80%-ze meti dakavSirebulia
iseT mikrobiologiur procesebTan, romelTa safuZvels warmoadgens fermentacia

(duRili), nivTierebaTa koncentracia da molekulaTa difuzia.  aseTi Sinaarsis

datvirTvis mqone teqnologiebia samaduRre warmoeba, samkurnalo vitaminebiani mSrali da
zeTovani koncentratebis warmoeba, mcenareul nedleulTa SezavebiT (nazavi-„kupaJi“)

miRebuli bioproduqtebi da sxva.
kvebis bioteqnologiebis teqnodinamikuri kompleqsebi (agronedleulis gadamamuSa-

vebeli warmoebebi), romelTa safuZvelia zemoaRniSnuli mikrobiologiuri procesebi,

miuxedavad imisa Tu ra saxis da ra daniSnulebis saboloo produqts awarmoebs isini,
gadaamuSavebs TiTqmis erTsa da imave nedleuls, mcenareuls. Sesabamisad sxvadasxva saxis

saboloo produqtis formireba, maTi warmoebis sawyis stadiaze efuZneba zemoxsenebul

bioqimiur procesebs, romlis teqnologiuri kontroli da marTva xorcieldeba erTi da
igive parametrebiT.

zemoaRniSnuli parametrebis da maCveneblebis cvlilebis siCqaris zrdam, maTma

stoqastikurma (SemTxveviTma) xasiaTma bunebrivad daayena ara marto bioteqnologiur
procesebze swrafad reagirebis da regulirebis amocana (zogadad procesebis

kompiuteruli marTvis amocana), aramed movlenebis centrSi moeqca modernizebuli

bioteqnologiuri reJimebis optimaluri marTvis formirebis sakiTxebic, avtomatizebul
reJimSi – ekologiurad sufTa bioproduqtis warmoebis WrilSi.
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SemoTavazebul naSromSi ganxilulia maRal xarisxovani qarTuli saRvine vazis
jiSebisgan Rvinis warmoebis teqnodinamikuri kompleqsis avtomatizebuli marTvis sistemis

daproeqtebis sakiTxebi, romelic warmoadgens samaduRre warmoebis klasikur magaliTs.

2. ZiriTadi nawili

Tanamedrove agro-bio teqnologiuri kompleqsebi warmoadgens teqnikuri saSualebebisa

da adamianTa simravlis kanonzomier gaerTianebas, ama Tu im bioprocesis teqnologiuri

sqemiT, romlebic asruleben garkveul operaciaTa mimdevrobas, konkretuli miznis
misaRwevad.

Rvinis warmoeba, rTuli, mravalstadiuri, bioteqnologiuri procesia, romelSic
monawileobs didi raodenobis teqnologiuri mowyobilobebi da romelTa optimalur

funqcionirebaze didad aris damokidebuli saboloo produqtis xarisxi da

TviTRirebuleba.
teqnologiuri procesebis operatiul marTvas uSualod axorcieleben teqnologebi.

maT miewodebaT yvela saWiro informacia nedleulis, Sualeduri produqtis da mza

produqciis Sesaxeb. isini ageben pasuxs produqciis xarisxze da TviTRirebulebaze.
teqnologebi gascemen direqtivebs teqnologiuri procesis stabilizaciis an

regulirebis Sesaxeb, romlebsac asruleben meaparateebi (ostatebi).

SemoTavazebul naSromSi ganxilulia iseTi avtomatizirebuli marTvis sistemis
daproeqtebis sakiTxebi, romlis ZiriTadi datvirTva iqneba im rekomendaciebis

teqnologebisTvis miwodeba, romelic uzrunvelyofs bioteqnologiuri procesis

optimalur reJimSi warmarTvas da am gziT maRalxarisxiani da iafi produqtis miRebas.
warmovidginoT Rvinis daduRebis biosistema abstraqtulad da gamovsaxoT

ganzogadoebuli blok-sqemis saxiT (nax.1).

nax.1

sadac  tx1 ,  tx2 ,…,  txn – sistemis Semavali parametrebia, teqnologiuri

TvalsazrisiT, misaRebi bioproduqtis nedleulis maxasiaTeblebi.

 ty1 ,  ty2 ,…  tym – sistemis mizani, bioteqnologiur WrilSi bioprocesis

rezultati (bioproduqti), Cawerili formalizebuli saxiT

 f,f,f 21F  –sistemis rezultatis misaRwevad mizandasaxul qmedebaTa wesebis matrica

(zogadad, bioteqnologiuri procesi).
teqnologiis Teoriidan cnobilia e.w teqnologiis dekompoziciis (diferencirebis)

principi, romelic gulisxmobs Semdegs: teqnodinamikuri sistemis funqcionirebis

teqnologiuri xazi, xelovnurad daiyos sasaruli raodenobis teqnologiur rgolebad
(nawilebad), romelTaganac TiToeuls eqneba garkveuli avtonomia anu ganixileba romelime

e.w Sualeduri produqtis qveteqnologia, Sesabamisi SemavaliT-sawyisi parametrebi

da rezultatiT-gamomavali parametrebi. amgvarad moviRebT r sasurveli raodenobis

samarTavi obieqtebis kanonzomier kavSirs, sadac r=1 obieqtis rezultati - gamomavali

sidideebi, iqneba r=2 obieqtis  Semavali parametrebi da a.S. xelovnurad miRebul
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avtonomiur qveteqnologiebis, rogorc damoukidebel teqnodinamikuris sistemisaTvis
vagebT marTvis models da am modelebis mkacri kanonzomieri gaerTianeba mogvcems mTlian

teqnodinamikuris kompleqsis avtomatizirebul marTvis models.

miuxedavad imisa, rom SemoTavazebuli dekompozicia (detalizacia) garkveulwilad

gazrdis marTvis amocanebis raodenobas, sagrZnoblad amartivebs sistemis modelirebis

proceduras da rac yvelaze mTavaria sagrZnoblad aamaRlebs  sruli teqnologiuri
ciklis avtomatizirebuli marTvis sistemis modelis adekvaturobis xarisxs realur

obieqtTan mimarTebaSi.
marTvis obieqtis dekompoziciis ganzogadebuli sqema mocemulia me-2 naxazze.

nax.2

rogorc wesi, bioteqnologiuri procesis rezultati, bioproduqti xasiaTdeba

xarisxobrivi maCveneblebis simravlis didi ganzomilebiT, romlebic sabolood
gansazRvraven mis Tvisebas. am maCveneblebis erTi nawili garkveul zRvrebSia moqceuli.

meore, SemosazRvrulia qvemodan da rac metia misi mniSvnelobebi miT xarisxiania

produqti. mesame ki piriqiT, SemosazRvrulia zemodan da mizanSewonilia maTi minimaluri
raodenoba produqtis SedgenilobaSi.  garda amisa bioproduqtis xarisxobrivi

maCveneblebis simravlis TiToeuli elementi (komponenti), rTuli funqcionalur

damokidebulebaSia Semaval parametrebTan, romelTac pirobiTad vuwodoT reJimuli
parametrebi da romlebzedac didad aris damokidebuli bioteqnologiuri procesis

optimaluri marTva.

Tu cnobilia (an raime wesiT ganisazRvreba) biosistemis Semaval da gamomaval
parametrebs Soris, funqcionaluri damokidebulebaTa formaluri aRwera anu bioteqno-
logiuri procesis mimdinareobis azrobrivi arsi gawerilia raime formiT SeiZleba iTqvas,

rom agebulia biosistemis funqcionirebis modeli.

sistemis midgomis WrilSi, bioteqnologiuri sistemis ganzogadebuli ( r ) stadiaze
modeli SeiZleba Caiweros Semdegi formulirebiT:

          rrUrXrFrY  ,, (1)

sadac,  Rr ,1 - bioteqnologiuri reJimis indeqsia:

    r
J

r yY   mJ ,1 (2)
produqciis xarisxobrivi maCveneblebis simravlea da akmayofileben pirobebs:
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  rir xX   ni ,1 - produqciis nedleulis komponentebis da xarisxobrivi

maCveneblebis simravle;
 rU -  r bioteqnologiuri procesis reJimuli parametrebi da

    rPr UU   LP ,1
  rqr   Qq ,1 garemofaqtoruli zemoqmedebis parametrebis simravle;

    rJr fF   mJ ,1 -  r biosistemis rezultatis (bioproduqtis) misaRwevad

mizandasaxul qmedebaTa wesebis matrica.

zemoganxilulidan gamomdinare SeiZleba CamovyalibdeT Semdegnairad: Tu mocemulia:

1. dasamzadebeli r aprioruli bioproduqtis   riY xarisxobrivi maCveneblebi

(bioproduqtis Sedgeniloba) sasruli simravlis saxiT da Sesabamisi zRvruli

mniSvnelobebiT;

2. cnobilia an raime wesiT ganisazRvra  rni ,1 nedleulTa sasruli simravle,

romlisganac SesaZlebelia r bioproduqtis formireba, maSin (1) - (5) modeliT gansazRvruli,
 rX da  rU reJimul parametrebis mniSvnelobebiT Sedgenili,  rf mizandasaxul qmedebaTa

wesebis matrica uzrunvelyofs r - bioproduqtis warmoebas, moTxovnili parametrebiT.

optimizaciis Teoriis TvalsazrisiT, zemoganxiluli sistemis  modeli miekuTvneba

ganawilebis amocanaTa klass. biofizikis, bioqimiis da biokibernetikis ZiriTad daskvnebze

dayrdnobiT SeiZleba iTqvas, rom umeteswilad biosistemebi ganawilebadia. sakiTxi exeba

iseT bioteqnologiur procesebs, romelTaTvisac damaxasiaTebelia nivTierebaTa

koncentracia, nivTierebebis molekulaTa difuzia da sxva.

iseT warmoebebSi, romlebSidac teqnologiuri procesis mimdinareobis

dispeCerizaciis (regulirebis) dro- დ akmayofilebs pirobebs

1(სთ)≤ დ≤8(სთ)
garda amisa, TviT teqnologiuri procesi mimdinareobs mniSvnelovani cvlilebebis

gareSe, savsebiT misaRebia iseTi Sinaarsobrivi datvirTvis mqone marTvis modelebi,

romlebic  an wrfivia an eqvemdebareba  gawrfivebas.

radgan agro, bio warmoebaTa udidesi umravlesoba da maT Soris Rvinis warmoebis

teqnologiac akmayofilebs zemoganxilul pirobas, sistemis avtomatizebuli marTvis

zemoganxiluli ganzogadoebuli modeli SeiZleba veZeboT wrfivi formiT:=
sadac Xi - modelisa da obieqtis Sesavali sididea, hi - modelis saZebni (WeSmariti)

parametrebi, yi - modelis gamomavali sidide.

modelis wrfivobisa da zemoRwerili miznis funqcionalis gaTvaliswinebiT
parametrizaciis  adapturi algoriTmi aseT saxes miiRebs.

vafasebT saZebn parametrs sididiT, romelic Semdegi iteraciuli algoriTmiT

ganisazRvreba:

, = , + − ∑ , ,∑ , ,
aq , adapturi modelis axali (mimdinare) mniSvnelobaa parametrebis (N+1) iteraciul

bijze; - obieqtis mimdinare gamosavalia; , - modelis Sesavali zemoqmedeba;

n - Sesavali zemoqmedebaTa raodenoba; Υ - woniTi parametria.
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algoriTmis funqcionirebis specifikis gansazRvra woniTi koeficienti δ , romelic

zogadad warmoadgens iteraciuli bijebis funqcias da Yn=f(N) Cveni teqnologiisTvis= .

modelirebis procesis umniSvnelovanesi etapia izomorfizmis (adkvaturobis)

xarisxis Sefaseba obieqtsa da models Soris. modelirebis TeoriaSi arsebobs ramdenime

kriteriumi, romliTac xdeba adekvaturobis xarisxis Sefaseba. Cven SemTxvevaSi

mizanSewonilad migvaCnia gamoviyenoT egreTwodebuli korelaciis damokidebuleba,

romelic xasiaTdeba garkveulwilad universalizmiT da Caweris formis simartiviT.

adekvaturobis xarisxis korelaciuri damokidebulebas aqvs Semdegi saxe:

= 1 − ∑ ∆ − ∑ ∆∑ − ∑
sadac ∆ = −

zemoT ganxiluli meTodologia Seexeba optimaluri marTvis sistemis modelis im

elementebs, romelic xasiaTdeba wrfivi damokidebulebiT.

mTlianobaSi marTvis sistemis elementebis funqcionireba SeiZleba iyos arawrfivi,

miuxedavad amisa Cvens mier zemoganxiluli meTodologia SsaZleblobas iZleva

gamoyenebul iqnas sistemis elementebs Soris funqcionaluri kavSiris dasamyareblad.

3. daskvna

SemoTavazebul naSromSi, apriorul formaSi warmodgenilia maRal xarisxovani

qarTuli saRvine vazis jiSebisgan Rvinis warmoebis teqnodinamikuri kompleqsis

kompiuteruli marTvis sistemis daproeqtebis sakiTxebi,  romelic warmoadgens samaduRre

warmoebis klasikur magaliTs. teqnologiis Teoriaze dayrdnobiT ganxilulia uwyveti

teqnologiuri procesis dekompoziciis problemis gadaWris erTerTi sruliad axali

midgoma, rac gamoixateba elementebis (qvesistemebis) funqcionirebis modelebis urTierT

kavSiris amocanebis gadawyvetasTan.

ganxiluli meTodologia pirvelad iqneba gamoyenebuli qarTuli Rvinis (egalizaciis

procesis) warmoebaSi.

literatura :

1. cincaZe a. kapanaZe T. gabedava o. (2010). bioteqnologiuri sistemebis modelirebis

zogierTi problemis aprioruli formalizacia. Transactions. Georgian Technical
University . AUTOMATED CONTROL SYSTEMS - № 1(8), 2010. gv 110-114.
2. Волова Т.Г.  (1999). Биотехнология. Новосибирск. Россияю
3. Биохимические процессы и использование ферментов в пищевых технологиях.

http://1snau.ru/bioximicheskie-processy-i-ispolzovanie-fermentov-v-pishhevyx-texnologiyax/
4. Великая Е.И. Суходол В.Ф. (1983). Oбщая технология бродильных производств. –M.
Легкая и пищевая промышленность.



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 2(20), 2015

78

5. kapanaZe T., cincaZe a., gabedava o. (2008). bioteqnologiuri sistemebis

modelirebis zogierTi problemebis aprioruli formalizacia. stu-s Sr.kr. `mas”,

№8. gv. 110-113
6. kvesitaZe g., kvesitaZe e. (1999). bioteqnologia. Tbilisi, Sps `etrati”. http://ko-
nf-apobr.ru/index.php/sektion3/217-akchvo
7. Воробьёв В.В. (http://konf-apobr.ru/index.php/sektion3/217-akchvo.html). Актуальные
проблемы моделирования системы формирования и управления качеством
продукции. ГОУ ВПО «МГУТУ», Москва, Россия

ABOUT ONE APPROACH  DETERMINEFUNCTIONIN PARAMETRSOF THE
GENERALIZED MODEL DURING DECOMPOSITION OF COMPLEX TECHNO –

DYNAMICAL SYSTEMS
Temur Kapanadze, Nino Lomidze, Nino Chalidze,

Levan Gurbeleishvili
Georgian Technical University

Summary
Task of the technology is to identify the different regularities about the nature of the conversion

of cultivated assets from one species to another in order to identify and use efficient production
processes. In the paper discusses the principles of decomposition techno-dynamic systems,
construction models of management. This methodology, in the case of classical modeling do not
provide the communication features between its elements, in the process of functioning of the systems,
and exiting options of a single object presented as the input parameter for the next object. In the
proposed modeling procedure mentioned above connection features is provided and so-called micro-
models is effected the formation input parameters of the second of the object based on the output
parameters of the first object. Such a (constructional) approach of system modeling process relatively
complicates the models implementation, but significantly increases the degree of adequacy to real
objects of management.

ОПРЕДЕЛЕНИЕ   ПАРАМЕТРОВ ОБОБЩЕННОЙ МОДЕЛИ  АСУ
ТЕХНОДИНАМЫЧЕСКИХ КОМПЛЕКСОВ ПРОИЗВОДСВА ГРУЗИНСКОГО ВИНА

Капанадзе Т., Ломидзе Н., Чалидзе Н., Гурбелеишвили Л.
Грузинский Технический Университет

Резюме
Как известно, моделирование сложных систем связано с рядом проблем, вызванных

многоуровневой  иерархической структурой, большой размерностью реализуемых задач и
т.д. Pассматривается принцип декомпозиции системы на основе теории технологии, при
котором опираясь на теорию технологии, осуществляется сознательное разделение объектов
управления на отдельные автономные подобъекты-элементы, с дальнейшим
моделированием элементов систем и установление связи между их модулями. На основе
теории идентификации, рассмотрена методология определения связывающих параметров
элементов системы (их моделей) при объектах линейного характера.


