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1 Canxr-TleTepOyprekuii HALMOHAIBLHBIN HCCIIEIOBATENBCKHI YHUBEPCUTET MH(OPMALMOHHBIX TEXHOJIONMH, MEXAHUKHU 1 OITUKH, IP-T KpoHBEpKCKHii, 49,
r Caskr-Tlerep6ypr, 197101, Poccrst
Pedepat. Benku, ®upsl U yriieBoibl, 0Iy4aeMble YeJIOBEKOM TPAJULIMOHHO U3 )KUBOTHBIX U PACTHTENBHBIX HCTOYHHKOB, YK€ CErOJIHs He I10-
KpPBIBAIOT BCE YBEIMUYUBAIOIIHMECS TTIOTPEOHOCTH YEIOBEYeCTBA. B TO ke BpeMsi OSNKH U JKHPbl MUKPOOPTaHU3MOB C YCIIEXOM MOTYT 3aMEHHTb
OeNIKK 1 KUPBI TPAJULHOHHOTO NPOUCXOXkIeHUs. Kak mpoayleHTsl Oenka MUKPOOPTraHM3MbI TIPU BBICOKOM COJICp)KaHHU Oelika B Ornomacce
BBICOKOH CKOPOCTH POCTa MUKPOOPIaHU3MOB UMEIOT OIpe/Ie/IeHHbIe penMyliecTsa. Hacrosmast craThst HOCBsIIEHA BOIPOCAM YUCIEHHOTO MO-
JIETUPOBAHMUS MIPOLIECCOB KyJIbTUBUPOBAHHS MUKPOOPTaHU3MOB. Ha OCHOBaHMM M3BECTHOM MOIEIH, MPEIOKEHHONH MOHO, B KOTOPOH y4UTBI-
BAETCs HACBILIEHUE CKOPOCTU POCTA KYJIBTYpHI IIPU YBEJIMYEHNH HAauallbHOW KOHIIEHTpaluu cyocTpara So, 3anucaHa cuctema JuddepeHnnans-
HBIX YPAaBHEHUH OINMCBHIBAIOINX IPOUCXOMAIIME INPOLECCHl, B TOM YMCIE 10 IOCTH)KEHMS CTallMOHApPHOCTH. BMecre ¢ TeM 3aBHCHMOCTb
OT/IENBHBIX BEMYMH, BXOJISIINE B YPAaBHEHHUSI CUCTEMBI HEIOCTATOYHO M3y4YeHa PH M3MEHEHUH NapaMeTpoB mpouecca. [Ipencrasnser nnrepec
MIOBE/ICHHE BCEH CUCTEMBI ITPU HAPYLLIEHUH PeryIaMeHTa WM PH HECAHKIIHOHUPOBAHHOM M3MEHEHHH OJJHOTO U3 TapaMeTpoB. Jist u3yueHus 3THX
BOIPOCOB IPOBEAEHO YHCICHHOE MOJIEIUPOBAHKE U I10JTy4€HA NPHHIMITHAIbHASL KAPTHHA U3MEHEHHS] XEMOCTATHbBIX KPHBBIX B 9THX YCJIOBHSIX.
KuroueBrble c1oBa: Oeiku u JKHPBI, YUCJIICHHOC MOACIIMPOBAHUE, IIPOLECC KYJIbTUBHPOBAHNS MUKPOOPTraHU3MOB, MOJCIIb MOHO, XEMOCTATHBIC KPHUBLIC

Some estimates of the continuous cultivation of microorganisms
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Summary.The proteins, fats and carbohydrates received by the person traditionally from animal and vegetable sources don't cover all increasing
needs of mankind any more today. At the same time proteins and fats of microorganisms with success can replace proteins and fats of a traditional
origin. As protein producers microorganisms at the high content of protein in biomass and high growth rate of microorganisms have certain ad-
vantages. The present article is devoted to questions of numerical modeling of processes of cultivation of microorganisms. On the basis of the
known model offered Mono in which saturation of growth rate of culture at increase in initial concentration of a substratum of SO is considered
the system of the differential equations describing the happening processes in that number before achievement of stationarity is written down. At
the same time dependence of separate sizes, the systems entering the equations is insufficiently studied at change of parameters of process. The
behavior of all system at violation of regulations is of interest or at unauthorized change of one of parameters. For studying of these questions
numerical modeling is carried out and the basic picture of change of chemostate curves in these conditions is received
Keywords:proteins and fats, numerical modeling, process of cultivation of microorganisms, model Mono, chemostate curves

Beenenne B MaTeMaTHuYecKMX MOJENSIX HENpepbIB-
HOT'O KYJbTUBHUPOBAHUA CHUCTEMBbI 3a1acTCAa
KOHIICHTpAIMEH MPOU3BOIMMON OHOMAacChl X H
KOHIIEHTpaIie cyocTpara S.

Ipou3BoicTBO GHOMACCHI MUKPOOPTaHH3MOB
SIBITSIETCS] OCHOBHBIM OMOTEXHOJIOTMYECKHM IPOLIECCOM.
MaremaTiyeckue MOJAETA MHUKPOOHOIOTHYECKUX

OIS KCTIOB3YIOTCS B pa3pabOTKe TEXHONOTHIA O0bexT u MeToA
KyJIBTHBAPOBaHHs OoMacchl. CyIIECTBYIOT HECKOJIBKO banancoBoe ypaBHEHHE, ONMCBHIBAIOLIEE
CIIO0CO0OB KYJIbTUBHPOBAHUS, OAHUM U3 KOTOPBIX KOHIIEHTPAINI0 MUKPOOPTaHU3MOB, nMeeT BUJ [1]
SIBIIAETCSl  HENPEpBIBHOE KyIbTUBHpoBaHME. [lpu dx

J1000M CIIOCO0E B KyJIETUBATOP MOMEIAIOT HEKOTOPOE ot =X ( M- V) ) (1)

KOJIMYECTBO KYJIBTYPhl — «3aTpaBKy» OHMOMACCHI,
HEeoOXOJMMbIe MUTATENbHBIC BELIECTBA M CO3MAIOT
HE0OXO0/IMMBbIE TEMIIEPATYPHbIE YCIOBHUS, OCIIE YETO
MOMYJISIIKMS PA3BUBACTCS 110 CBOUM OHOJIOTHYECKUM
3akoHaM. lIpM HempepsIBHOM KyJIBTUBHPOBAHUU
MUTaTEeNbHBIC BEIIECTBA JOOABISIOTCS HEMPEPBIBHO,

e QyHKIWS |l OIMCHIBAET PA3MHOXKEHHE TIOMYJISIIN
Y MOYKET 3aBUCETh OT X U KOHIICHTPAIIUU Cy0cTpara
S, a Takke OT mapaMeTpoB cpeibl; (QYHKIUS V
XapaKTepU3yeT CKOPOCTh BBIMBIBAHHS OHOMACCHI
U3 KylnbTuBatopa. Poct Onmomaccer 6e3 yué€ra
BEIMBIBaHUs (V = 0) 3aaeTcsi ypaBHEHUEM

a 4YacTh IIPOW3BCIICHHOW OWOMAcChl BBIBOIMTCS d
U3 Tpolecca B KAayecTBE MOJNE3HOHW IIPOTYKIIHH. ax_ HIX. )
[NapameTpsl TEXHOJOIMYECKOrO MPOoIecca JOIKHBI dt
o0ecreunBaTh CTA0MIBHOE IIPONU3BOACTBO.
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Omnpenenenne SBHOTO Bruaa GyHKIMH [U(X, S)
SIBIIICTCSI TIPEAMETOM OT/CIBHBIX WCCIICJIOBAHUH.
Ecmm nuratensHbIe BelecTBa MOCTYAIOT B HEOTpa-
HUYEHHOM O00BEME, TO OMomacca 3KCIIOHEHIIMAILHO
pacrer. Eciu e pocT MOmyJIsIyy 9eM-TT00 JIMMHUTH-
poBaH, TO BeJIMUKHA | OyeT yMeHbInathest. J{is Muk-
POOHOIOTMYECKUX TIOMYJISIIUA ~ YCTAaHOBJICHO, YTO
(YHKIHIO | OTIpe/iernsieT KOHIICHTpaIus cyocTpara S.
Hauboree v3BeCTHO# SBIAECTCS MOZIEb, MPEIOMKESHHAST
MoHO, B KOTOPOH MPEAIONIAraeTcsl, 9To

K S ®
dt K +S
dopmyna Mono p(X, S)= UmS/(Ks+S) mozsossier
YYHATHIBATH HACKHIIIEHNE CKOPOCTH POCTA KYIBTYPbI
npu yBenmuenust So. [lapameTp Pm €CTh MakcHMasbHas
CKOPOCTh pocTa 6roMacchr; Ks — KOHCTaHTa, paBHAS
KOHIIGHTpaIK CyOCTpaTa, TpH KOTOPOH CKOPOCTH
pocTa KyJIbTyphl PaBHA MOJIOBHHE MaKCUMAIBHOM
[7-8]. CkopocTh pocta GHOMACCHI ONPENEIIAETCS
CKOPOCTBIO TIepepa0dOTKH MHUTATEIEHOTO CcyOcTpara
C TIOMOUIBIO (DEPMEHTOB.
DKCIIEPUMEHTAIBHO  YCTaHOBIEHO [2-4],
YTO CKOPOCTb NepepaboTKH cyOcTpaTra bnomaccoi
onpexaensercs Gopmynoit Muxasnmuca—MeHTeHa:

1dS KE, S @)
X dt K,+S
HauGonee pacnpocTpaHEHHBIM THIIOM He-
MPEPHIBHBIX KYJIGTHBATOPOB OHMOMACCHI SIBISIETCS
TaK Ha3bIBAEMBI XEMOCTAT, B KOTOPOM CKOPOCTh
npotoka (yIoaJeHus) TPOM3BEICHHONH OHOMAacChI
3a/1aeTCsl TEXHOJOTHUCCKIMH YCIOBHIMHU [5—6].
[Ipocreiimie ypaBHEHHS, OIHCHIBAIOIINAC

KyJIbTHBallMI0O OMOMAacchl B XEMOCTaTe, UMEIOT
CIEeAYIOIIUN BUI;

d
d_)t(zp(s)x+D'(x); Q)
ds ' :
o -D(ss)
__MsS
H(S)_KSJrS. 0

3neck S° — KOHIEHTpaMs cyOCTpaTa, MOCTy-
TaloMero B KyabTuBatop; D' — cKopocTh MpoToKa
Oouomaccel; KO3(Q(UIMEHT 0 MOKa3bIBAeT, Kakas
9acTh CyOcTpaTa UAeT Ha MIPOHU3BOICTBO OMOMACCHI
[7-8]. Beipaxkenue -o(S) X OMUCHIBACT KOJINYECTBO
cyOcTpara, MOIJIOIIEHHOTO B €IMHUILY BPEMEHU
KIeTKAaMM KyIbTyphl; BeluduHa DX — OTTOK
6uomacchl; D'S — MPUTOK KJIETOK KY/IbTYphI B KyJIb-
tiBaTop; -D'S° — OTTOK HMCIIOIB30BAHHOTO CyOCTpaTa
u3 KynbtuBaTopa. CKOpOCTh pocTa ©Ouomacchel
Oepetcst B cOOTBETCTBHH ¢ popmyoit MoHo.
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Pe3yabTaThl U 00CyXKIeHHE

VYpaBuenus (5)—(7) sBusoTCS ©6a30BBIMH
B TEXHOJIOTUSIX TPOM3BO/ICTBA MUKPOOUOIOTHYCCKIX
KyJIbTyp. BBegem O6e3pazmepHbie KOHIICHTPAITUH

Coax S S°
== = ®

X = ’ =",
K 7Tk Tk

51 6esp§13Meprle BpeMs t'=tum H CKOPOCTh MPOTOKA
D = D/pm u 3anumem cuctemy (5)—(7) B Bume

m m m
dx’

e u(y)x'—Dx’; (9)
dy , :
G- H)X+D(y-y)i a0
__ Yy
ﬂ(Y)—1+y- (11)

B mpakTHYecKMX NPUIOKEHHUSIX BaKHOE
3HAQUCHWE HMEIOT CTAllMOHAPHBIE DEIICHHS CH-
CTEMBI M UX YCTOWYHUBOCTb.

Mopuenupoanue B cucreme Mathcad mo3so-
JSIET OLIEHUTh BO3MOKHOCTH ITOJyYeHHS Ha MPaK-
THKE TaKux pe:kuMoB. Ha rpaduke x (HWKHSS 1m0-
BEPXHOCTB TIOCIIE TOUKH PAaBHOBECHSI) 3aMEHEHA Ha
z1, a y (BepXHsisl IOBEPXHOCTh) 3aMEHEHA Ha Z2

D=0t a=2C

f(xy) = (x- y j — D>
1+y
axy) = —(x- Y j +D-(a-y)
l+y
Given
f(xy)=C axy) = C
g(1,1) =0 f(1,1) =0
V = Find(x,y)
y
71, 22

Pucynok 1. YucieHHas oOIEHKa CKOPOCTH POCTa
Jpoxokeit B mporpamme Mathcad

Figure 1. Numerical evaluation of the rate of growth of
yeast in the program Mathcad

3akiIoueHne

AHamu3 MOMYYCHHBIX YHCICHHBIX OIICHOK
TOBOPUT O TOM, YTO TPAJUIIMOHHBIE KpPUBBIC
PaBHOBECHSI MOTYT BHIOM3MEHSTHCS MPU «3aKPH-
TUYECKUX» MapaMeTpax Mpoliecca: TeMIeparype,
JIABJICHUH U BIQKHOCTH.
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