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MEJIUIIUHA, XUMUSA, BETEPUHAPHBIE HAYKU,
PAPMAINEBTHYECKHUE HAYKH, BUOJIOTUYECKHUE HAYKHU,
CEJBbCKOXO3AMCTBEHHBIE HAYKH, HAYKHA O 3EMJIE

TO KINETICS OF GROWTH, DUPLICATION AND DESTRUCTION OF MICROORGANISMS

Penkov Nickolay Vasilyevich
Ural Research Chemical Institute

It is expedient to divide the problem connecting with process of growth, duplication and destructions of micro-
organisms on micro kinetic and macro kinetic theories.

Micro kinetic theory should study growth, way of duplication and destruction of the separate isolated cell de-
pending on its physiological condition, depending on substratum components in the nearest environment of a cell
and depending on speed of a metabolism with the purpose of definition of probability of the elementary acts of pro-
cess of growth, division and destruction of a microorganism per time unit in given volume of system.

The micro kinetic equations of growth of a cell:

A reym =U,(m, ),

dt
- when the process of microbiological synthesis is limited by biochemical transformations inside a cell [1];
S Sy ) =UmC)

- if the process of microbiological synthesis is limited by diffusion carry of nutritious substances to a surface of a
cell,

#,C
K. +C

time ¢ (m— the determined value); ¢ =17, — time of generation (of division of a cell); m, — mass of a cell at a mo-

where m, <m(t) <2m,, 0<t<t,, u=

, W) =w(C), m(t)— mass of a separate cell at a moment of

ment of time ¢ =0; U(m,C)— growth rate of a cell; C - concentration of substratum (of nutritious liquid); g, and
. D . o
K. — constant values; f— coefficient of mass exchange; [ :7”’, D,, — coefficient of molecular diffusion de-

pendent on temperature of a surrounding nutritious liquid, d — thickness of a “boundary film” dependent on hydro-
dynamic conditions in a vicinity of a cell; S(#)— an external surface of a cell at a moment of time ¢ . It is supposed,

that, at m(¢) = 2m, , a division of a cell on two ones takes place.

It is necessary to include in a circle of tasks of macro kinetic theory: a conclusion, research and development of
mathematical methods of the solution of kinetic equations describing evolution of distribution function of a popula-
tion on masses (volumes) at the given law of growth, duplication and destruction of a separate cell.

Synchronous division of cells. According to [2], on a limited interval of time it is possible to create such condi-

tions in system, when all cells will divide synchronously. In this case, at ac’i_m = u(t)m(t) , the following dependences
t

take place:
m(t)=my2", r<I,

t
r:ijy(t)dt, N(t)=N,2°7, M(@t)=M,2", >0,
In2+

where M () and N(¢) - mass and quantity of cells of microorganisms at a moment of time ¢>0 per unit of
volume of system, M, =M (0), N, =N(0), E(r)— the whole part of 7, which equal to the greatest integer which
don’t surpass 7. So, E(r)=0 at 0<7r<1; E(r)=1 at 7=1+0 and E(r)=0 at 7=1-0. It is obvious, that
M)/ N(t) = x(t) = m, 2" ") — periodic function ¢ with the period 7 =1. If, for example, the parent cell grows by

dm
the law = u,, where u, — constant value, then
t

1
T, —,
In2
x(O)=m,[1+7,-E(7,)], N@)=N,2", M@®)=x()N(t), t=0.
However, in process of growth of a population of cells, step-by-step dependence of quantity of cells is broken,

that is caused by a stochastic nature of growth and duplication of microorganisms. Moreover, as a rule, microorgan-
isms population represents an enormous congestion of cells asynchronously dividing and growing with some indi-

m@)=my(1+7), 7,<1, 7, =t/r,, r,=myfu,, 7=
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vidual speeds according to their age and according to casual change of concentration of components and of metabo-
lism in vicinity of a separate cell, each of which represents tiny bioreactor of variable volume, in which the nutri-
tious substances are continuously transformed, and also new ones, necessary for viability of a microorganism, are
synthesized.

Macro kinetic equations. At creation of mathematical model of considered process, problems of prime im-
portance are next: revealing common laws and development of mathematical methods of the description of evolu-
tionary processes connected to growth, duplication and destruction of microorganisms in spatial - homogeneous and
heterogeneous dispersion systems, on the basis of the uniform logic approach. But the mathematical description of
process of formation of a spectrum of masses of microorganisms in dispersion environment, generally, is an ex-
tremely difficult task. However, if such complex process is considered as a set of less complex ("elementary") pro-
cesses participating at formation of mass spectrum of microorganisms, such as continuous growth, duplication of
cells, hydrodynamical conditions in system etc., then for the mathematical description of complex process it is ex-
pedient to use a principle of a superposition, which essence consists in the following statements.

Let us admit (i) is speed of change of density of function of distribution of quantity of microorganisms on
masses (volumes) in considered system at a moment of time ¢, caused by "elementary" i-th process, for example, by
growth of cells, in such case, speed of change of density of function of distribution for complex process can be sub-
mitted as a superposition of speeds for "elementary" processes [3]:

e

ot T\ ot),

Such approach to mathematical modeling of processes controlled by linear and quasi linear differential and inte-
gral-differential evolutionary equations of mathematical physics, allows describe the complex process on a basis of
kinetic equations describing "elementary" processes.

So, let us admit, that f(x,7) — density of distribution function (differential function of distribution) of quantity

of alive (capable to growth and duplication) microorganisms at a moment of time ¢ on masses x per unit of volume
of dispersion system; f,(x,7) — density of distribution function of quantity of dead (not capable to growth and divi-

sion) cells on masses x per unit of volume of system at a moment of time ¢; I(x¢)f(x,f) — quantity of microor-
ganisms of mass x, perishing per unit of time in unit of volume of system at a moment of time ¢ by natural death;

2x,
f(x,1) j G(x,¢,0) f(&,1)dS — quantity of cells of mass x, perishing per unit of time in unit of volume of system at
X0
a moment of time ¢, owing to intraspecific struggle, where 7(x,¢) and G(x,<,7) — the certain functions of their ar-
guments.
Then, according to above stated approach, for spatial-homogeneous systems, when the cells are distributed uni-
formly on volume, it is possible to receive following quasilinear integral-differential equations describing growth,
duplication and destruction of microorganisms:

P+ Tl + | GO0 (DS (€0 42 {U—a—iDc}f(x, 0=

XU a_x
=yN[26(x—x,)-5(x—2x,)], (1.1)
%fp(x,t)ﬂ“(x,t)f (x,0)+ j G(x, &0 f(x,0)f(¢,0)dg , (1.2)
dc 1<u:
E'F?UM:O, (13)

where U =U(x,C,t) — growth speed of cells with mass x at a moment of time ¢ ;

D. =D.(x,C,t) — stochastic parameter ( D, — diffusion coefficient in space of masses); y - specific speed of
receipt of cells with mass x, , formed by division of cells with mass 2x, , into the system of microorganisms; &(z) —
Dirac delta-function of z ; «...» — a designation of average value of the given function; Y - economic coefficient;

2x, 2%
M = I xf (x,0)dx =€x>N and M, = I xf, (x,t)dx = (x)r,Np — accordingly mass of N alive cells and of N,
dead cells per unit of volume of system at a moment of time ¢ .
System of the equations (1.1) — (1.3) is not closed. For the additional information, we multiply the equation (1.1)
and (1.2) on x and take integral over x between of limits from x =X, up to x =2x,. In result we receive the equa-

tions for definition of M (z) and M ,(¢) :
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f xI(xt)f (x,t)dx + J{“ xf(x,t) f G(x,¢,0) f (&, 0)dSdx = (<U)> (1.4)

amM 2% 1.5

dtp - j LOOf (x,0)dx+ [ xf (x, t)J’ G, &0 f(E,0d S dx (1.5)
The equatioons (1.1) - (1.5) satisfy to 3[he law of preservatlon of substance:

M(0)+M (6)+YC(t) = My +YC, , M, (0)=0, (1.6)

where C, and M, — meanings of M(t) and C(¢) at t=0. For the decision of the equations (1.1) - (1.6) it is

necessary to set initial conditions and boundary conditions.
The initial conditions:

f(x,0)=f(x), [,(x,00=0, MO)=M,, M,0)=0, C(0)=C,,
where £ (x), M, and C; — the determined values.
The boundary conditions:

f(x’t) x=xy—0 :f(x’t) x=2xy+0 = 0’

DC x=x5+0 = DC x=2xy%0 = 0 ;

U-DO)g(x.0)|_, ., =2U=D)p(x.0)| _,. =27,

where ¢:i, D, = ! atall xe[x,,2x,].

At replacement of required function f(x,#) on F(x,?) under the formula
Considering, that (z)=0 at z<0 and 8(z)=1 at z>0,
Where 6(z) — delta - function of Dirac, the equation (1.1) is transformed to the equation

At replacement of required function f(x,#) on F(x,t) under the formula

f,t)=[0(x-x,)-0(x—2x,) |F(x.1), (1.7)
at the account of that &(z)=0 at z<0 and 0(z)=1 at z>0,
do

5 —=0(2), z6(2)=0, f(x,t)0(x—2)= f(z,0)0(x—2z),

where d(z) — the delta - function of Dirac, equation (1.1) will be transformed to the equation

o o o o
5F+ 0+ j G(x,,0F(C, t)dg’:lF(x, t)+a[UF—aDCF} =0, 2.1)

at what, its decision should satisfy to the initial condition F(x,0) = F,(x) and to boundary condition
U-D.)F(x,1) =2(U—-D[)F (x,?) =2yN. (2.2)

The analytical decision of the received system of the equations represents significant difficulties. It is obvious,
that it becomes simpler, if the equalities take place:

rn=r,, Gx¢.0H=G,, UxCt)=xy(C),
where w(0)=0, I'; and G, — constant values, and y(C) — the certain function of its argument. In this variant,
decision of system of the equations (1.2) - (1.6) is represented as:

x=xy+0 x=2xy—0

M) =M, +Y(C,-O)-M ,(C), C=C", (2.3)
C
Fodz

M CO)y=Y|——|T',+aM, +aY —z exp[ —dgj C=C*, (2.4)

! I w(z>[ v Jexe| ]

where Ol = % . From a condition M(C) = 0 at C = C*, the equation for definition of value C = C* follows:

My + Y(Cy - C*) = M,(C*). 2.5)

According to the equation (1.3) it is possible to find C(¢), knowing dependence of function M from C:

S dcC . (2.6)
—aCc ___y
Ao WM (Y

The expressions (2.3) - (2.6), at G, =0, were received [4] earlier.
Analysis. From the equation dM _ _ follows, what at
y. q 5 =[w(O (L +arl)|M

w(C)>1T,+aM the function M(¢) grows from M =M, upto M =M

max

and at w(C)< I, +oaM the func-
tion M(f) decreases. Hence, at w(C,) =1, +aM(C,) the function M () reaches the maximal meaning.
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In turn, the function M ,(¢) grows from zero up to M, = M, + Y(C, - C*), and its diagram has a point of an ex-

cess at C=C,.

From the equation (2.5) follows, that at destruction of cells there is a threshold minimal concentration of sub-
strate, lower which, the cellular increase in mass of alive cells stops.

However it is necessary to notice, that for definition of value C=C*, agrees (2.4) and (2.5), it is necessary to
know value «<x» , which, in turn, it is possible to find only in case the function P(x,#)=F(x,t)/N(f) is known. It is obvi-
ous, that the equation for definition of required function P(x,?) can be received, using the equations for functions

F(x,f) and N(?):
OF 0 0
—+|(' . +G . N|F+—|UF-—D_F |=0, 2.7
L W(r, + GV 2.38)

Really, as F(x,/)=P(x,t)N(f), we, having excepted value N(¢) from the equation (2.7), receive the equations for re-
quired functions P(x,f) and «x>:

or o _0 -0 (2.9)
OF +yP+ax[UP axDCP}—O

d<we> T 700 =W = <«(x)y(C). (2.10)
dt

The equation (2.7) is fair also in that case, when «U>=«@(x)»y(C), where ¢(x) - the given function.
For the decision of the equation (2.9) we use quasistationary approximation, when OF _ d<x> _ o - In this

ot dt
approximation
_U> <P . 2.11
V=0 = VO @10

The equation (2.9) considerably becomes simpler, when @(x)=x. In this variant, in quasistationary approximation, if
the left and right parts of the equation (2.9) will be multiplied on x and integrated on x from x = x, up to x = x, using the
appropriate boundary conditions, at D(x,#)=U(x,#)b(x), we shall receive the compact enough equation

2x, d
P(x)="2+—|b(x)P(x)], 3.1
() =3+ b(x)P(x)] ERY
where b(x)| ,_, = bX)| ., =0,xP(1-b")_, ., =2xP(1-b") ., , =2.
We shall proceed to dimensionless variable x = x(z.. At
by (x— 2x, —
b(x)= 0 (=2, ) (2x, x)’ (32)
2x,
in this case, the equation (3.1) will be transformed to a kind
2 d
P(Z)=Z—2+/7.E[(Z—l)(2—z)P(Z)], 3.3)
and its solution satisfying to boundary conditions
P, = P(2) L = 2=, (3.4)
=140 1} x=2-0 2(1_’_&) 2
can be represented as
1,2 1
2Hz—-1)+" _
P(z) = (z )1 jd—f(z le,0<,1<1; (3.5)
—+ 7 x"\ x—1
ﬂz (2 - Z)/" z
2
P(z)=—, A=0. (3.6)
z
So, <x> = 2xIn2 takes place at A = 0 and the inequality
Ax
2x, ln2—T°<<x><2x0 In2 (3.7

is fairat A >0.

d(z-1\ 1 (z=1)+" o . . .
Further, as —| —— | =—-———-— takes place, it is easy to show, that the function P(z) is normalized on
dz\2-z /1(2—2)71

unit.

In the conclusion it is necessary to note that the offered equations for the description of growth, duplication and
destruction of microorganisms in closed spatial-nonuniform dispersion systems can be easily generalized upon open
systems with a outflow and external source of microorganisms (see, for example, [5]).
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NCTOKU CTAHOBJIEHIA [TOHATUA «OBILIEHUE» B COEPE MEJULIMHBI:
MEXIUCHOUITVIMHAPHOE NCCJIEJOBAHUE

bapaxam Hamanes Braoumuposna
Boneoepaockuii cocyoapcmeennvlii meduyunckuil yHugepcumem

CucteMa 37paBOOXpaHEHMs BO3HUKJA M J0 HACTOSIIET0 BPEMEHH CYIIECTBYET KaK MHCTUTYT OOIIECTBEHHOTO
npenHasHayeHus. OCHOBHOM LIENBIO AEATENIBHOCTH COIMAIbHOTO MHCTUTYTAa MEIHUIMHBI SBISETCS OKa3aHHE Bpa-
4eOHOW oMoy OOJBPHOMY YelOBeKy. JlaHHBIN Ipomecc MpeicTaBiIieTcs HaM KaK COIMAIbHOE B3aWMOAEHCTBHE
Bpaya U MalKeHTa, yCIEeIHOCTh KOTOPOTO, OMPEACIASTCS IIETbIM PSAIOM INI00ATbHBIX W JIOKAJIBHBIX (DaKTOPOB.

YTo4HNM, 9TO O0BEM MOHATHA "B3aMMOACHCTBHE" MOCTATOYHO HIMPOK W BKJIFOYACT HENBIA PSIl TPAKTOBOK, Ta-
KHX Kak "cucrema AeicTBuil", "Bo3meiicTBue CyOBEKTOB ApYyT Ha Apyra', "BepOambHBI U HeBepOATbHBIH KOHTAKT',
"oOmenune". IlpencraBieHHBIE XapaKTEPUCTUKHA HE PACKPHIBAIOT CYITHOCTHOH MPHUPOMABI TOHSTHSA "B3aMMOJACH-
CTBHE» M TPEOYIOT JaJIbHEHIIero yrouHeHus. TeM He MeHee, MPUBEIEHHBIE ONPECIICHUS JEMOHCTPUPYIOT TECHYIO
CBA3b TAaKUX MOHATHH, KaK COLMAIIEHOE B3aUMOJIeHCTBIE U OOIIEHHE.

JleficTBUTEIbHO, OOLICHUE SIBISIETCS HEOOXOAUMBIM YCIOBHEM UEJIIOBEYECKOTO CYIECTBOBAHHS BOOOLIE U TPY-
JIOBOH NIeATENIbHOCTH, B YaCTHOCTH. PaboTa Bpaua npencrasiseT co0oil 0coObli BU AATENLHOCTH, IPEAIOIaramo-
LM HaJM4YKe CHeUUalbHbIX 3HAHUH, YMEHHI M HABBIKOB B 00JIACTH MEAMIMHBI, 8 TAK)Ke 0CO00I opraHu3anuu 00-
meHns. A. A. JIeOHTbEB yKa3bIBaeT, YTO B3aUMOJIEHCTBHE (MHTEPAKIIKS) OMOCPEICTBOBAHO OOIIEHHEM U Oiaronaps
OOIIEHHMIO JIFOAX MOTYT BCTyNaTh BO B3auMmoaeicTBue. HaBbikyu oOmeHnss HeoOX0 UMbl Bpady Ui Oojee MpoayK-
TUBHOTO B3aWMOJAEHCTBHUS C IMAIIMEHTOM, €T0 CEMbEH M JAPYTMMH CHEIHANCTaMH, YYacTBYIOIIMMHU B JieueOHOM
npouecce. Jlonroe BpeMsi BaXKHBIM NIPU3HAKOM NPO(ecCHOHAM3Ma MEANKa ObIII0 MOJYAIMBOE BBIMOJHEHUE pado-
ThL. Tonmpko B mocnemaue 15-20 met yuéHble cTamm roBOpUTH 00 0co00i rpyrie KOMMYHHKATHBHBIX TpoQeccuii,
OTHOCSIINXCS K O0JIaCTSAM «IOBBIMICHHON pedeBoii orBercrBeHHOCTH» (JI. A. IlerpoBckas, 0. II. Tumodees).
E. A. KiiumoB oTHOCHT Tipodeccrio Bpada K THITy npodeccuii "denoBek-yenoBek”, a A. A. JIeOHTbEB TOBOPHUT 00
OCTpOi HEOOXOJUMOCTH 00yUEHHSI MEXIINYHOCTHOMY OOIEHHIO TPH (GOPMHUPOBAHUH NPO(PECCHOHATBHBIX HABBIKOB
Bpaua [Jleontses, 2008, c. 37].

OnuH 13 HanboJiee BaKHBIX BUJIOB COLIMANIBHOM MHTEPAKLUK B cepe MEIMIUHBI OCYILECTBIISIETCS PU Y4aCTHH
Bpaya M nanueHra. Beies 3a nenbsiM psiioM paboT aBTOPOB, YTBEPIKIAIOIIMX BaXKHOCTh MOBBIIICHUS dP(EeKTUBHO-
CTH KOMMYHHKaIUU B MenuiHckoil nestensHoct (FO. H. Emenssaos, C. A. Epumenko, B. B. XKypa, B. 1. Kapa-
cuk, B. A. JlabyHckas, JI. A. IlerpoBckas, E. B. Xapuenko, JI. A. IIsetkoBa, H. B. SIkoBieBa u ap.) Ml paccMaTpu-
BaeM mporiecc oOmeHus "Bpad - O0JIBEHOM " KaKk 0COOBIH BHI MEXKIMYHOCTHOTO B3aUMOJICHCTBUS B MPOPECCHOHATB-
HOHM cdepe MeIUNIMHBI, TPOTEeKaero B GopMe auanora. J[Maaor HanpsMyIo CBsi3aH C JEYEOHBIM COTPYAHHYE-
CTBOM U YCHJIMBAET €ro 3(QEeKTUBHOCTb.

Mpl yxe ykas3blBald Ha TO, YTO TEPMUH "B3aUMOJECHCTBUE" 4acTO TPAKTYeTCsA B HAYYHOH IMTEpaType Kak "HH-
Tepakiua”, "obuienue", "KoMMyHHKaus". 3apyOeKHbIE MCCIIEN0BaTEeNN IAaBHO CTAIN HCIIOIb30BaTh 3TH IOHITHS
Kak cHHOHUMBEL. Ilo3/1Hee Takoi moAXox OB MPUHAT U OT€YECTBEHHBIMH YIEHBIMU. JlaHHBIE TIOHATHS UMEIOT CXOJI-
HBIE YEePTHI, HO NMEIOT IEeNbIH psi ocobeHHOoCcTeH. CylecTBOBaHHE MHOXKECTBA PA3IMUHBIX ONMPEICICHUNA CBA3aHO C
Pa3HBIMH TOAXOJaMHU K dTOU mpobsieMe. B cBsi3u ¢ 3TMM HEOOXOIUMO yKa3aTh Ha CHEIU(PUIHOCTD MPOOIEMBI 00-
IICHHUS B IIEJIOM B OT€YECTBEHHOH COIMAIbHOMN IICHXOIOTHH. TepMUH «O0IIeHHe)» He MEeT TOYHOTO aHajora B Tpa-
JUITMOHHOW (3amajHoi) conmanbHOU nicuxosiornu [Ceenunkui, 2009, ¢. 236]. IlomobHoe TOT0KEHUE e TPUBETIO
K TOMY, YTO TIPH W3YYEHHUH MPOOIeMBbI OOIIEHNST pacCMaTPUBASTCS LENbIH KOMIIEKC MPOo0eM, TAKHX KaK COOTHO-
HIeHne OOIIEHHMS U IeSITEIBHOCTH, CONOCTABICHUE O0IIeHNs, KOMMYHHUKAIINH, B3aUMOACHCTBUS, ONpe/IelIeHnE BUIa
B3aMMOOTHOIIEHNH (CyOBEKT-00BEKT, CyOBEKT-CyOBEeKT) u apyrue. IIpi3HaBas akTyanbHOCTb ITOJIOOHBIX HalpaBiie-
HUH UCCIIe0BaHus, B JaHHOH paboTe Mbl OCTAHOBHMCS Ha BOIIPOCE 00 NCTOKAaX M CTAHOBJICHUH TEOPUH OOIICHHS, a
TaKXKe MEXIUCLIUIIMHAPHOM XapaKTepe 3TOro MOHATHSL.

B Tpynax aHTHYHBIX (PHIOCO(OB HA HAYAIBLHOM 3Tare MpobieMa YeloBeYeCKOro 00IIeH s, TpobiieMa OTHOILCHUS
YeJroBeKa K YeJOBEKy He paccMaTpuBaiiack BoobOmie. Tonbko B Oosee mo3anuii nepuos ¢uocodus nmpuodperaer 6o-
Jiee aHTPOTIOLEHTPUYHBIA XapakTep. B Tpynax coducros, Cokpara, [ImaTona m ApucToTeNss MEXINYHOCTHBIE OTHO-
IIEHHSI CTAHOBATCS TIPEMETOM PUTOPHKH KaK MCKYCCTBA pedr M 3TUKH. COKpaT TOBOPIII O AUATIEKTHKE, OCYLIECTBIIS-
eMoii B (hopMe auanora, Kak OZHOM U3 METOJOB, TOMOTAIONIUX OCYIIECTBIISITH HPOIECC OOMIEHHA. APUCTOTENb OBII
co3/1aTeNieM TIepBOM cxeMbl Tporiecca oommeHus. OH MmUcall, 9To JUIs JJF000T0 akTa OOMICHUS HEOOXOUMBI 3 dJIEMEHTA!
1) nu110, KOTOPOE TOBOPHT; 2) PeUb, KOTOPYIO 3TO JIMIIO MPOU3HOCHT; 3) JIMIIO0, KOTOPOE ATy pedb CITyIIaeT.



