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Pe3rome: onucano memoou cmpykmypuoi i napamempuunoi ioemmugikayii cucmem Mono-Iepycanumcokozo 3

KepOBAHUM 360POMHIM 36 A3KOM.
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Keposanum 360pOMHIM 36 SA3KOM, NepioOuyHi npoyecu OpoOinHa, KYIbMmuayis cucmem MikpoopeaHizmis.

BCTYN

Po3BHTOK 0I0TEXHOIIOTIH BiIHOBIIEHHS €HEPTeTH-
YHUX Ta TIPUPOIHIX PECypcCiB, Xap4yoBoi i dapmaries-
TUYHOI TTPOMHUCTIOBOCTEH TIOB’SI3aHUN 3 TOCIIKEH-
HSMH TIEPIOJWYHUX MPOLECiB KyJIbTHBALIi CHCTEM
MiKpOOpraHi3MiB. IX JMHAMiKa MOJENIOETHCA 3a
JIoToMororo cucreM Moso-lepycamumcebkoro [1-5].

Jdnst psigy TEXHONOTIYHUX TMPOLECIB BasKINBO
BpaxOBYBaTH  PO3BUTOK  MMOOIYHUX  CHCTEM
MIKpOOpraHiamMiB. B Xozi C€BOTO pO3BHUTKY BOHHU
OPOAYKYIOTH  JOMIIIKH, SIKIi TCYIOTh  SIKICTb
OCHOBHOTO TPOJYKTY, III0 HAa3WBAEThCs iH(DIKyBaH-
HSIM TIPOAyKTy. BoHO BiOyBaeThCs y BUMIAAKY, KOJIH
no0iYHI CHCTEMH MIKPOOPTaHI3MiB PO3BUBAIOTHCS
HaJTO IHTEHCHMBHO Ha OyJIb-sKill crafii mporecy.
Pu3uk  iHQiKyBaHHS OCOONMBO BHUCOKHHA IS
(hepMeHTAIITHUX MPOLECIB 13 HU3BKOIO MIBUIKICTIO
nepediry, OCKIIBKM Ta CHUCTEMa MIKpOOpraHi3MmiB,
sKa aJanTyeTbcs IIBUANIE 3a IHIN TPOJOBKYE
JMOMIHYBaTH B IaHOMY CEPEIOBHII, BHUTICHIIOUH
iHIm [6].

Hns  ycyHeHHS  pusuKy  iH(IKyBaHHS B
CEPEIOBUINIE BHOCATH ESIKHH 00’€M OCHOBHOTO
nponykry P(t) = F, na mouarky mpouecy t =0,

IO TMPHUTHIYYE PO3BUTOK TOOIYHHX  CHUCTEM
MIKpPOOPTaHi3MiB 1 [0 NPHTaJbMOBYE PO3BUTOK
OCHOBHOI CHCTEMH MiKpoopraHi3MiB. Take BHeCEHHS

OpOAYKTY Ha3MBAa€ETHCs KEpOBaHUM 10 PO

3BOPOTHIM  3B’s3KOM.  EKcrepuMeHTanbHO i
MIPOILIECH JOCHTIHKEHO B po0oTi [6], me moOymoBaHO
MOJIeNTb 3aTPUMKH aKTHBHOrO mepediry mporecy,
OJTHAK 3arajibHa MOJIeNlb HOTO JUHAMIKA TaM He

BcTaHOBJNIeHa. JlaHa poboTa mpucBs4eHa po3poOili
3rajlaHoi Mojedi Ha OCHOBI cucteMu MOHO-
lepycanumcbkoro.

1. CUICTEMA MOHO-
IEPYCAIIMUMCBKOIO I3 3BOPOTHIM
3B’A3KOM

JluHamika TEepiOAMYHUX IIPOIECIB KyIbTHBAIl
CHCTEM MIKpPOOPraHi3MiB B 130TEpMIUYHHX YMOBax
OMUCYEThCA CIMEHCTBOM aBTOHOMHHX MoJesel 3i
CTpyKTyporo MoHo-lepycanumcekoro [1-5]:

X'(t) = (4 H[S(0). P()] - 4,)X ().

S(@)
YA, +S()
P'(t) =—4,5'(1),

S'()=-4 X (), (1)

X(t)=X,, S(t)=S,, P(t)=P, npu t =0, (2)

ne X(@) -
S@) -
P(t) — xoHueHTparis ocHOBHOTO Buxony, A, 4,,
.., A, — mapamerpu wmomeni, H [S(?),P(t)] —

nepefaBanbHa QYHKIS 3BOPOTHBOTO 3B SI3KY.

Ha nanmit wac moOymoBaHO cimeiicTBO Mozeneit
Ha 0a3i ctpykrypu (1), (2) mpu pizHUX dopMax
nepenasanbHol ¢yukuii H;[S(7), P(¢)]. 3okpema

KOHIIGHTpAIlisl MIKpPOOPTaHi3MiB,

KOHIICHTpallis MOXKHUBHOTO  cyOcTpary,

MOJKHA BiJ[3HaYuTU Mojaeai Mono-XiHmiensByaa [1],
Momno-lepycanumcbkoro [2], Mono-beprrepa [3],
Monu(ikoBaHy Moaens MoHo-XiHmenpByaa [4] Ta
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moaenb  Moro-Topo [5]. Bei 1 momeni
3a0e3Me4yl0Th  3MEHIICHHS  IIBUAKOCTI  POCTY
MIKpOOpTaHi3MiB Tpu 301NbIIEHI IHTEHCUBHOCTI

ocHoBHOTO Buxoxy P(t).

B [7, 8] moka3aHo, 110 BCi mepeniueHi Mopaeni
3a0e3MeuyoTh TPAKTUYHO OJHAKOBY TOYHICTb.
ToMy 3a KpuTepieM TPOCTOTH HPEACTABICHHS IS
MOAANBITUX  JMOCTIDKEHb CJi  pEKOMEHIyBaTH
MoJiesib MoHo-Topo 3 nepenaBaabHO0 QYHKITIEO:

S(t)

Hg[S(@), P(1)] =m~
5

3)

[Mapamerpuuna inentudikamis monemi (1), (2)
0a3yeTbcsi Ha  HampalboOBaHMX  MiAXOJax 10
ineHTu(ikamii aBTOHOMHUX cucTeM MoOHO 3
HECITOCTEPEIKYBAHOIO 3MiHHOIO craHy. Lli mimxomu
BKJIIOYAIOTh CIICialIbHy MPOIEIypy MTOYaTKOBOTO
OLIIHIOBAaHHA MOJEJBHUX IapameTpiB aBTOHOMHOI
CHUCTEMH, METOJl A3EPKaIbHOTO  BimOOpaskeHHS
BiZ’€MHHUX 3Ha4eHb KOCQIIEHTIB Ui BpaxyBaHHS
MPUPOAHIX OOMEKEHb Ha X 3HA4YEHHS, CHeUialbHy
(hyHKIIIFO METH, a TaKOXK CXEMH PO3OUTTS 3araibHOl
3amadi igeHTHdIKamii Ha MTOCTIIOBHICTh Mia3amad 3
MEHILOIO0 PO3MIPHICTIO, IO TOKJIAJHO OIMCAHO B [7,
8].

Jns BpaxXyBaHHSI BIUIUBY OJAaTKOBOTO 00’€MY
OCHOBHOTO BHXOAy [ Ha pO3BUTOK IOOIYHHX

CHCTEM MIKpOOPraHi3MiB B cHcTeMy Au(epeHIliab-
HUX piBHsAHB (1) BriIrOueHo ¢yHKUii XeBicaiina, ski
MOJCITIOIOTh  3aTPUMKy  aKTHBHOTO  Iepediry
nporiecy (Jar-gasy):

X'(0)= it = AB)YAH[S©),P(0)]-4)X(0),
e S(0)

SO == AR s X0, @)
P(t)=-4,5'(t).

ne A(F)) — tpuBamicTh nar-(asu B 3aJ€KHOCTI Bif

MOYaTKOBOI IHTEHCHBHOCTI OCHOBHOTO BHXOJY,
y{t} — pynkuis Xesicaiina.
TpuBanmicte  nar-gasu  MOAETIOETBCS 34

noriomororw  dopmymu  (5),
JIOBEJICHO B [6]:

e(eKTUBHICTh  SIKOL

n

F,
MB) = 1= |, 5)
P
ne A, — TpuBamicth nar-$pasu NpH BiICYTHOCTI

IIOYaTKOBOT'O piBHH OCHOBHOI'0O BHXOOY, N —

KOoeilieHT, P - KPUTUYHUH piBEHb IHTEHCHUBHOCTI
OCHOBHOTO  BHUXOJIY, HpH SKOMY  MOBHICTIO
TIPUTTHHAETHCS PO3BUTOK CUCTEMH MiKPOOPTaHI3MiB.

[Micns mnapamerpuuHOi igeHTUdiKAIil MoZemb
JI03BOJISIE  TPOTHO3YBAaTH  JMHAMIKy  IPOLECIB.

ExcriepuMenTanbHi  AOCHIKEHHS TOBOAATH HEOO-
XiZHICTh BpaXyBaHHsA BILIMBY [, Ha KoedilieHTH

mogenmi A, A,, A, nns 3abe3nedeHHs OCTaTHHOI

TOYHOCTI TPOTHO3YBaHHS MIPOIECIB B HOBUX YMOBAX.

2. CTPYKTYPA CUCTEMU MOHO-
IEPYCAJIIMMCBKOIO 3 KEPOBAHUM
3BOPOTHIM 3B’A3KOM

Jist BUSIBIIEHHST (JOPMU 3AJICIKHOCTEH MOJIETHHUX
KoeQiIiEHTIB BiJl TOYATKOBOI iIHTEHCHBHOCTI OCHOB-
HOTO BHUXOAY BUKOPHCTAaHO BHOIPKY EKCIICPUMEH-
TaJILHUX BHMIpiB, OIyOJIiKOBaHy B [6], sika BKIIOUYAE
I’ATh TpaekTopiii 3miHHOiI cramy X (f) cucremun
MiKpoOpraHi3MiB kjacy Brettanomyces mpu pi3HUX
moYaTkoBHX iHTeHCHBHOCTsX Buxogy P(0)=F,.

3minna crany S(f) HecmoctepexxyBana. B [9]
BCTaHOBJICHO, L0 3aJICXKHICTH KoedilieHty A, Bix

P, Mae excrioHeHIIabHUI XapaKTep:
A4,{R} = exp(by +b,F,). (6)

Byno BHCIOBJICHO NPUIYIIECHHS, MO 3aJICKHOCTI
A, ta A, Bin F, Takox € eKCIOHCHIiaTbHUMH. 32

JOMIOMOTOI0 METOIYy MapaMeTpHyHOi igeHTU(iKaii
[7, 8] omineno mapametpu cucremu (4), (5) mo Bcix
TPaEeKTOpisIX  BUOIpKW. Busgsuiocs, mo  mis
YOTUPHOX TPAEKTOPIN 3 I’ATH OJEPKYEMO HEIpaB-

nononiOHi  3HavyenHs mapamerpy 4, =0, 1o

BUPOJDKY€E IWMHAMIKy iX 3MmiHHOT crany X (Z) B
TOPU30HTATBHI TiHii TiCTIs JIOCSTHEHHS
MaKCHMAaJIbHOT KOHIICHTpALlii (BiZICYTHE BiIMUpPAHHS
MikpoopraHi3MiB). Takuii pe3ynbTaT TMOB’S3aHHNA 3
HETIOBHOTOI0 ~ CKCIIEPHUMEHTAIBHUX CIIOCTEPEIKECHD

JTUHAMIKA BIMOBIIHUX TPAEKTOPIN Ha
3aBeplIaNibHii cTamii mpoumecy. B Toil ke wac
OCTaHHS, II'SiITa TPAEKTOpis y BHOIPI, — TIpH

Haii6inpImii iHTeHcHBHOCTI Buxomy By =P,

XapaKTEePU3YEThCSI MOBHOTOK EKCIICPUMEHTATBHUX
CIIOCTEPEIKEHb MPOTIATOM BCHOTO Yacy IMPOIECY, 0
TO3BOJIUIIO BUSIBUTH aJeKBaTHI OLIHKK 11
rapameTpiB.

Jiis oIiHIOBaHHS 3HAYCHb KOCQIIIEHTIB b3,b4
B (6) HEOOXiHO MaTH OLiHKK Koedirienty 4, Xxoda
0 I [BOX 3HA4YEHb I10YaTKOBOI I1HTEHCHUBHOCTI
BijoMe 3a

Buxony £,. Opmne 3HaueHHs 4,

pe3ynbTaTaMy MapaMeTpU4HOi igeHTrdiKamii m’ 1Toi
Tpaektopii npu £, =P AKa CIIOCTEepeXyBaHa

max ?
MPOTATOM BCHOTO 4acy mpoiiecy. s OIiHIOBaHHS
MPaBIONOAIOHOTO 3HAYCHHSI JPYroro HEBiJOMOTO

napametpy A, NpH HaWMEHIUi iHTEHCHBHOCTI
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Buxony £, =P 3acTocoBaHo 1Ba MiAXOAW: 3a

min
BiHOLICHHAM MiX koediuientamu A, ta A B
noAi0HOMY TepiOJMYHOMY TpOLECi KyJIbTHBYBaHHS
iHImoi cucteMu MikpoopranizmiB — Saccharomyces

cerevisiae mpu £, = [5], abo mo rpamieHTYy

min

MiX  piBHEM
MIKpOOpTraHi3miB

3MIHHOT
X(1)

nponecy f=1¢_ . Ta MKOBUM piBHeM X (t*) =X

BIIHOLIICHHS
KOHIICHTpaIIil

CTaHy
B KiHI{

JUISL TIOBHICTIO CHIOCTEPEKYBaHOI IT’ITOI TPAEKTOPIi.
Owinka A4, a1 mepuioro migxoxy — 3a MOIIOHICTIO
mo Sacch. cerev. ckmamae A,{P_.}=0.003, 3a

JPYTHM
AP }=0.002. Jns KOHTPOIIO CTPYKTYpHOI

MIX0a0M — o rpagieHTy —

CTifikocTi TOOYMOBaHOI MaTeMaTHYHOI MOl
BHOPaHO TaKOXK OJU3BKE JI0 HYJIS JIOJaTHE 3HAYCHHS

ouinku A,{P . }=0.001.
BpaxoByroun oImiHKM 3Ha4eHb KoedimieHTy A,
4=0.003 Ta

}  omepKyeMO 3aleKHICTh, BHIJISAA SAKOI

in

I MEXOBHX Tpaektopit A, {P,
AZ {P m;

MOKa3aHo Ha puc. 1.

in

ax

10

9

Puc.1 — 3anexnictsb koedinienty A, Bix Py.

IIpu BrimoueHi 3amexxHocti (6) B MpolUEAypy
inenru¢ikauii mapamerpis 4, Ta A, mHOMiueHO

KBa3ilOCTiHICT,  3HaueHb  A4,. Timpkum uiA
tpaektopii B =P_.  3HaueHHs A,  CyTTeBO

Bimpi3HseThesl Bifg peiutH. Taka moBemiHka 4

aJICKBAaTHO MOACIIHOETHCA GKCHOHCHLIia.]'IBHOIO

3aJIeKHICTIO BUY
4, {Po}:bo +exp(b, +b,F), @)

0 MiATBEPIKYETHCS pUC. 2.

I[Ipy TOMOBHEHHI MOMEPEIHBOT  MPOIEITYypPU
ineHTHdIKamii criBBigHOMEHHM (7) CIIOCTEpiraBcs
CKJIQJIHUH XapakTep 3aJeKHOCTI KoedillieHTa A3 BIJ

F,. Ii MoxHa npefcTaBUTH y BHUITIAAI TPhOX (as:

IIBUAKOIO CHAaJaHHS, I[IBUIKOTO 3POCTaHHSA Ta
nepexigny  ¢asy (puc.3). Taka mnoBefmiHka
3MOJICTbOBaHA HACTYIHOK TPHOXTITKOBOK EKCIIO-
HEHI1aJbHOK 3aIEKHICTIO!

explb; +b,B, +b, B2 P, <P <P, ,
explb, +b,B, +b P2 P, <B <P, , (8)
explh, +hoP, +b,B2) B > P,

A3{E)}:

Taxum unHOM BIUMB £, Ha KoedimieHTH Moxemi
criBBigHOmeHHAMH  (6)—(8). s
OILIIHOK OTpUMaHUX Ha OCHOBI 3HA4YEHD
A, {P. ..} =10.001, 0.002} noGynoani anamoriuui

3a (hOpMOIO 3aJIeKHOCTI, IO 3aCBiAUY€E CTPYKTYPHY
CTIMKICTh JAHOI MAaTEMATUYHOI MOJIENI.

BHU3HAYA€THCA

in

0.08

0.07

1 e R R
| A1(28.}5)=O.056§b}
T * N
|

20 40 60 80 100
P, r/n

0.055
0
o

Puc. 2 — 3anexuicts koediunienty A; Bing P,.

6.5

(85.9)=6.13

285)=4.11 |

/| E R o
|
| (73.5)=3.64
35F----- r----- 43— - - -
| | ‘ |
3 L L L |
0 20 40 60 80 100

Puc. 3 — 3anexuicts koediunienty A; Bing Py.

B Tabn. 1 HaBemeHi MOXMOKH IPOTHO3YBaHHS
TpaeKTOpiil 3MiHHOT cTany X (f) BiIHOCHO MIKOBOTO
+=1{0.001,
0.002, 0.003} , 1m0 064MCIIOROTECS 32 HOPMYJIOKO

pius X~ U TPHOX OLIHOK A, {P,

in

1 & 100%
X, =>X t)-X_ @) ——, 9
std.err. N+1 ;| 5zm( 1) zeal( z)| X* ( )
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ne X

sim

@), X

TaJbHA OI[IHKH 3MiHHOI ctany X (f) B i-THii IUCKpET

(t,) — MonenbHA Ta EKCIICPUMECH-

real

* * . o . . o
yacy, X = X (¢ ) — mikoBuii piBeHb 3MiHHOI CTaHy
X().
MakcumalibHa BiTHOCHA TOXHOKa MPOTHO3yBaH-

Hs 3 BHKOPHCTAaHHSM OIMCAHOTO METOJNy CKJIajae
5.08 %, moO Mae TOPSAOK MOXUOKHW BHUMIPIOBaHb

(mmB.  Tabnm. 1). 3a  kpuTepieM  MiHIMyMy
MaKCHUMajJbHOI BIJHOCHOI TNOXMOKM HAaWTOYHIII
MPOTHO3H OTpUMaHi TSt 3HAUCHHS
A, {P . }=0.003, mo cBizuuth mpo OIU3BKICTH

JAHOTO HAONIKEHHS [0 ICTHHHOTO 3HAYeHHS
napamerpa. Ha puc. 4 HaBeneHO AMHAMIKY MOIEh-
HUX Ta CKCICPUMEHTAIBHUX OI[IHOK TpPa€eKTOpii

3MiHHOI cTaHy X (f) mpw pi3HHX 3HaueHHsX F,.

X, r/n

0

t, roanHn

Puc. 4 — MoaeJiloBaHHsI AMHAMIKH TpaekTopii X(7)
11 A2 {Pyin}=0.003.

B Tabn.2 wnHaBemeHo 3HaveHHs Koe(illi€HTIB
(yHkuii 3anexHocTi KoedilienTiB Moxeni 4,, 4,,
A, Big NOYAaTKOBOTO PiBHS OCHOBHOTO BUXOZy K,
mo onucyrThes popmynamu (6)—(8). BrusbkicTb
3HaueHb b, + by, mus pisuux A,{P, . } miarepmxye
CTPYKTYPHY CTiHKiCTh PO3pOOJICHOT MOAEMI.

Taoauus 1. BinnocHi moxudku oniHlOBaHHS
napaMerpiB cucremu MoHno-lepycanumcbkoro 3
KEePOBAHHM 3BOPOTHIM 3B’SI3KOM.

IPOTHO3YBaHHA  JIWHAMIKA  JIBOKOMIIOHEHTHO{
cucreMu  MoHoO-lepycanuMCpKkOro, sika OINUCYE
B3a€MOJII0 JBOX CUCTEM MIKpOOPTaHi3MiB.

Tab6auus 2. OuineHi 3HaYeHHS MapaMeTpiB MoJeTi.

N P Ouinka A, {F) = Ppin}
0.001 0.002 [ 0.003
1 Boin =00 | 117% | 137% | 1.58%
2] Pa=285 50800 | 484% | 4.61%
3 Po=3921 37809, | 358%| 341%
4] Pa=T330 1959 | 180%| 1.71%
5 Poax =859 | 1.07% | 1.07% | 1.07%

Po3pobiieny Monenb MOXHAa BHUKOPUCTATH JIJIs

Ouinka A, {F) = Py}
[Mapametp

0.001 0.002 0.003
by 0.05651 0.05651 0.05651
by -3.94287 -3.94183 -3.94050
by -0.34641 -0.34645 -0.34649
bs -6.90776 -6.21461 -5.80914
by 0.02524 0.01717 0.01245
bs 1.89943 1.87414 1.84939
be -0.01865 -0.01935 -0.01985
by 0.00014 0.00015 0.00016
bg 1.98836 1.98074 1.96204
by -0.02327 -0.02489 -0.02570
by 0.00020 0.00021 0.00023
by 6.90142 7.05647 7.11592
bi -0.17311 -0.17969 -0.18288
b 0.00133 0.00138 0.00141

3. BUCHOBKHU

B manomy mociipkeHi 3alporoHOBAHO MiAXia 10
CUHTE3Y CTPYKTYypH Mojeli MoHo-lepycannMcbkoro
3 KEpOBaHHMM 3BOPOTHIM 3B’S3KOM IPH HEMOBHOTI
BximHOT iH(popmMarii. Iliaxig TPYHTyeTbCs Ha
MOJIEJISIX TPHUBAJIOCTI JIaroBuX (a3 [6] Ta MeTomax
nmapaMeTpuyHoOi ifeHTH(iKalii aBTOHOMHUX CHCTEM
MoHo-lepycanumMcboro 3 HECIOCTEPEkKYBaHOIO
3MIHHOIO cTany [7, 8].

AHai3 eKCIepUMEHTATBHIX JaHUX 3aCBIMYUB 1X
HEMMOBHOTY MO0 BCTAaHOBJICHHS TIPaBIOMOIOHUX
3HaueHb  koediuientry A4, cucremu MoHo-

lepycanmumcbkoro. Ha ocHOBiI aHamizy OKpeMux
TPAaEKTOPIH JaHOTO IMpolecy Ta OIM3BKUX A0 HBHOTO

BCTaHOBIICHO IIPaBONOMIOHI 3HaueHHA A, mpH

P, =0, mo no3Bommwio noOyxyBaTH 3alleXKHOCTI
A4, A,, A, Big nouarkoBoi iHTeHCHBHOCTI £F).

UucesbHI pe3ysibTaTH IMOKa3yIOTh, IO CTPYKTypa
no0OyMoBaHOI MOJIEJi 1HBapiaHTHA BiJHOCHO OIIIHOK

sHaueHHst koedimienty 0.001< A4,(P.. ) <0.003

mn

pu MaKkCUMalbHIA ToxuOmi nopsaky S %. Lle mae
MiZCTaBy BBa)XaTH TOOYJIOBaHY MAaTeMaTUYHY
MOJIeNb aIeKBATHOIO OCIIKyBaHOMY TPOLIECY.

Jany mareMaTHYHy MOJENh MOKHA BHUKOPHUCTO-
BYBaTH [UIsl TIPOTHO3YBaHHS IWHAMIKH TIE€PiOIUY-
HOTO KYyJIbTUBYBaHHS JIBOX CHCTEM MIKpOOpPraHi3-
MIB: OCHOBHOI (KOPUCHOI) Ta MOOI4HOI (IIKIAITUBOT),
0 Mae BaXJIMBE MPAKTHYHE 3HAYCHHS IS
OaraThox 0i0TeXHOJOTrIYHUX mpouecis [1, 6, 10].
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Evolution in  biotechnologies of biofuel
production, renewing of natural resources, food and
pharmaceutical industries is related to research in
processes of microorganism system’s batch
cultivation. Their dynamics is described using the
Monod-lyerusalyimskii ODE systems [1-5].

For a sequence of technological processes it is
important to take into account presence of the
strange microorganism systems. During their
functioning detrimental subproducts are synthesized.
They harm quality of main product; such process is
named “product contamination”. It takes place in the
case when the reproducing rate of strange
microorganism systems is too high on any stage of
fermentation process. Risk of contamination is
especially strong for stuck fermentation processes,
because a microorganism system, which adapts
quicker than others continues to be dominant in the
environment, ousting the others [6].

Decrease of contamination risk in an
environment is possible through including of some

additional volume of main product P(t) = P, at the

beginning of process t =0, repressing development
of the strange microorganism system and
insignificantly slowing down the development of the
main microorganism system. Such inclusion is

named loopback control via P,. Experimentally

these processes are researched in work [6], where
the model of delay in active process’s phase is built,
however a general model of its dynamics is not
derived there. The present work is devoted to
development of such model on the basis of the

Monod-lyerusalyimskii ODE systems (1), (2).

Parametric identification of model (1), (2) is
based on approaches, which were formerly proposed
to identification of autonomous Monod systems with
an unobservable state variable. These approaches
comprise a special procedure for evaluation of an
initial guess of model parameters, mirror reflection
method for consideration of natural limitations on
the parameter values, special goal function, and
charts of partitioning general identification task onto
a sequence of subtasks with less dimensions, which
is thoroughly described in [7, 8].

In order to considerate influence of an additional
main product’s volume P, on development of
strange microorganism systems, the ODE system (1)

is supplemented with Heaviside’s functions, which
simulate delays in process’s active phase (lag-

phase), see eq. (4), where A(P,) — duration of lag-
phase as dependence on initial intensity of main
product (see eq. (5)), 7{t} —a Heaviside’s function.

When parametric identification is completed, the
model (4) allows predictions of a process’s
dynamics. But experimental research lead to the

necessity of discovering influence P, on the model

coefficients A ,A,,A, to provide sufficient

exactness in predictions of new process designs.

To determine how model coefficients are
dependent on main product’s initial intensity we use
experimental base of [6] with five trajectories of
X(t) state variable in Brettanomyces microorga-

nism system at different initial intensities of product
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P(O)=P,. Second state variable S(t) is

unobservable. In [9] it is discovered, that A,
coefficient’s dependence has an exponential form
of (6).

We suppose, that A and A, dependencies are
exponential too. Using the parametric identification
method [7, 8] the parameters of the system (4), (5)
are estimated for each trajectory in the experimental
base, mentioned above. Obtained results sows us,
that four trajectories from the five have unlikely
parameter values, which degenerate dynamics of
their X (t) state variable to horizontal lines after
point with maximal concentration (absence of dying
process in microorganisms dynamics). Such result is
a sequent of incompleteness in experimental
measurements at proper process’s finishing phase.
Nevertheless the last, fifth base’s trajectory, — at
maximal intensity of product P, =P, - has

max
plenitude of experimental measurements during all
process time, allowing adequate estimations of its
parameters.

Taking into account estimates of A, coefficient’s
value for boundary concentrations of the main
product: A{P...}=0.003 and A,{P,..} we obtain
a dependence, which form is depicted at fig. 1.

Including dependence (6) in procedure of A and

A, identification, a quasistability in values of A is
noticed. Values of A are the same for all B,’s
except for B, =P, . Such behavior of A is
adequately simulated by an exponential dependence

of (7) as shown at fig. 2.
Supplying the former procedure with (7) we

receive a complex character in dependence of A,

on P,. Its evolution would be presented in a view of
three phases: quick decreasing, quick rising, and a

transient phase (fig. 3). Such behavior is simulated
using three-branched exponential formula (8).

Thus influence of P, on the model coefficients
could be described by relations (6)-(8). For
estimates, established on the basis of values
A{P..}={0.001,0.002}, we built similar
dependences, that confirms structural stability of the

proposed mathematical model.
Table 1 shows relative errors in predictions of

X (t) trajectories for three estimates
A{P,;,.}={0.001, 0.002,0.003}, which are
computed using (9), where X (t), X, (t) are

model and experimental estimates of X (t) state

variable at i" time discrete, X = X(t") is a
maximal level of the state variable.

The maximal relative prediction error for
proposed method is 5.08 %, which is of the same
order as measuring error (see tab. 1). According to
minimal relative error criteria, the most exact
predictions are obtained for A,{P..}=0.003, that

testify to its closeness to the true parameter value.
Fig. 4 depicts dynamics of model and experimental

X (t) estimates for different P,’s.

Table 2 contains coefficient values for
exponential functions A, A,, A,, which are

described by (6)-(8). The closeness of b,+b,

values for various A{P..} testify to structural

stability of developed model.

The model, proposed here, would be used for
forecasting dynamics of two-component Monod-
lyerusalimskii system, which describes interrelations
between two microorganism systems.

CONCLUSIONS

The current study proposed an approach for
structural synthesis of Monod-lyerusalimskii model
with controlled loopback under incompleteness of
input data. The approach is based on lag-phase
duration models [6] and methods for parametric
identification of autonomous Monod-lyerusalimskii
systems with an unobservable state variable [7, 8].

Analysis of experimental data testify to their
incompleteness for adequate estimations of A,

coefficient. Using examinations of the process’s
partial trajectories and similar processes we received

likely estimates of A, value at Py = 0. It allowed to
built dependencies of A, A,, A, on initial P,’s

intensity. Numeric results demonstrate that structure
of the built model is invariant to estimates of

coefficient’s value in range 0.001<A,(P,,)

<0.003 under maximal error in order of 5%. It
gives grounds to treat the mathematical model as
adequate to investigated process.

The proposed mathematical model would be used
in predicting a batch cultivation process dynamics
with two microorganism systems: a main (useful)
and a strange (detrimental). Researching such model
is of much practical importance for many
biotechnological processes [1, 6, 10].
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