['.}O.Pu3HU4YEHKO

NEPAPXI BPEMEH
B bUOJIOI MYECKHUX
CUCTEMAX



Hepapxus BpeMeH B
OHMOJIOTUYECKUX CHUCTEMAX

* Memoo xkeazucmayuoOHapHvix
KOHUEHMPayuu.

* Teopema Tuxonosa.
* Vpasuenue Muxasnuca Meumen.

* Konkypenuyus 08yx 00unaxo8wlx 8u0os,
nompeoasAouwUx 00UH cyocmpam



1. MNMornowexHne
cBeTa

2. PaspeneHue 3apagos
B peakUMOHHOM LieHTpe

3. ONEeKTPOHHbLIN
TpaHcnopT

4. dukcauud yrnep‘op,a

K a
(unkn KanbsuHa) MUHYThI

5. TpaHcnopT MUHYTbI-
BELLEeCTB
B pacTeHWUu — Yyachbl
6. PocT pacTeHus OHU

CeKyHAbl-

HNepapxus
doTOCHUHTE-
THYECKUX
IIPOLISCCOB



CpegHue, bbICTpble U MeASIEHHbIE

BPEMEHA
%:P(x,y,z),

at dx .
dy - —=P(X,y,2 ),
- — y Y y dt

m Q(X,Y,2) S iy

dz —Z=0Q(x,vy,2).
SRy g ol

Meiennasa nnepeMedtad Z - mapamMeT
T, <<T, <<T, d pIVEIP



Penykims CUCTEMBI C pa3HBIMU
XapaKTEPHbBIMHA BpEMEHAMU

BripaxkeHue aj1st ObICTpOi
s\ — S
P(X, Y, Z ) =0 IICPEMCHHOMU:
niddepeHnmraibHOe
ypaBHEHUEC IS X7 e
OBICTPOI MEpEeMEHHOMN X T X ( y1 Z )
MOYKHO 3aMECHUTH
ajareopanyecKuM

d _
YpaBHEeHUE I _y — Q(X(y, Z*), y, Z*).

«CpEeIHEN IEPEMEHHOMNY dt



MeToa KkBa3ucTalOHAPHBIX
koHIcHTpanui (KCK)
(CemenoBa — bogeHIinTeiHa)

B mporieccax ¢ ydacTueM aKTUBHBIX
IIPOMEXYTOYHBIX YACTHULl PA3HOCTh CKOPOCTEN
00pa3oBaHus V, U pacxosa V, TUX YacTUIl Masa
110 CPABHEHUIO C 3TUMH CKOPOCTAMHU.

PexXxuM Ha3bIBACTCS K8A3ZUCMAYUOHAPHBIM,
OTBEYAIOIIKE €EMY KOHIICHTPAIIUN AKTHUBHBIX
IIPOMEKYTOUYHBIX BEIIECTB —
K8A3UCMAYUOHAPHBIMU KOHYEHMPAYUAMU.



MeTton

KBasucrarmo-
HApPHBIX

KoHueHTpanum

CeménoB Hukos1an

HukonaeBuY (1896-1986) - Makc bonenmrenn

COBETCKHUM XUMUK, OJIUH U3 OCHOBOIIOJIO)KHUKOB (1871'1947)

XuMu4eckon pusuku, naypear HobeneBckoii mpemMuun U3ydJall MPOIECChl 00pa30BaHUS U TEPMUUECKOM

o xumuu (1956, coBmectno ¢ Cupuiom JACCOLMALIMY MOJ0BOIOPOAA U COCTOSIHUE PABHOBECHS B
XeHireapByoM). Pa3paboTait KoJIM4eCTBEHHYTO peakmuu H2 + 12 = 2HI, a Takxe kuHeTHKY 00pa3oBaHuUs
TEOPHUI0 XUMUYECKUX IIEMHBIX PEAKIIUA, TEOPHUIO opomosoopoaa (1907-1908) u xnoposogopoaa (1913);

TCILJIOBOI'O B3PhbIBA, TOPCHUA I'a30BbIX CMeceH. MpCaAJIOKHII ITPUHIAII CTaHHOHapHOP'I KOHICHTPpAIWKN



JlnddepeHanbHble YpaBHCHUS IS
IIPOMEKYTOUYHBIX COCAUHCHUM

dR, _ .,
dt

MOKHO 3aMEHUTD aare0pandeCcKUMU:

=y 1=12,....1
V O - V p ) I I ) yuuny n
Takoe paccMOTpeHHe HE IPaBOMEPHO I HAYAJABHBIX CTaAMii mpomecca, korna Ri

MEHSIIOTCSI OT HYJISI 10 CBOMX KBa3UCTAI[MOHAPHBIX 3HAYEHUM (CKOPOCTh 00Opa3oBaHUs

OOJIBIIIE CKOPOCTH pacXoA0BaHUs). OTOT mnepuon Hocut HazBanue IIEPHO/IA
HH/IYKIIUH



TEOPEMA THNXOHOBA
(I1Ba ypaBHECHUS)

Paccmorpum  11Ba  audpepeHUHAIBHBIX YPAaBHEHHUS C CHJIBHO
OTJIMYAIOIAMUCS XapaKTEPHBIMU BpEMEHAMU

dx

dy
2 _o(xy) = =0G(x
o @ (X, Y) ™ (X, Y)

IIycTh Yy - MeasieHHas, a X - ObICTpasi IEpEeMEHHas. A y

A X

<<1



dx

a_(ﬁ( Y, a =G(X,Y)

YpaBHEHUE 1 OBICTPOM
[IEPEMEHHOM

A Ay CKOpPOCTh U3MEHEHHUS X 3HAYUTEIIBHO

A X <<1 IPEBOCXOAUT CKOPOCTh U3MEHEHUS Y,
ITO3TOMY IIPABYIO YaCTh IIEPBOTO YPABHEHUS
MO>KHO 3aIliCaTh B BUJE:

o(X,y)=AF(Xx,y), tome A>>1.

d Bgedem

dt — AF (X y) Ziolil'z\c,menue:



IlomHag cucrema ¢ MaJIbIM
[IapaMeTpoM

dx d_y_G

g o = F(X, V), o (X, ).

®Oyuknuu F,G — Be1uunHbl

e<<l - manwitt napamemp OJHOI'0 MOPAIKA

Eciu xapakrep pemeHust He U3MEHUTCSI IPH YCTPEMIICHUH MaJIOTO
napaMeTpa € K HyJItO (YCJIOBHS 3TOI0 00CTOSITENILCTBA U COCTABJISIFOT
coAepKaHue TeopeMbl TUXOHOBA), MOKHO YCTPEMUTD € K HYJIIO U
MOJYYHUTh IS «OBICTPOM» NEPEMEHHOM X BMECTO JUPepeHIMaIBLHOTO
ypaBHEHUS — ajreOpandeckoe.



BbeIpoxXcHHas cucrema  “

F:()Q‘y) ::(L

J AG(x.y)=0
A P
Oo0nactp
¢ OBICTPBIX
_>7/ F( x,(y) = () JBW)XKCHHUU
>
X

dx dy
—=p(X,y), —=G(X,
at @ (X, ) at (X, y)

¢ ®_Fxy) %:mxw

Y_g
dt

da3zoBblec TPACKTOPUM B JIHOOOH TOUKE
(ha30BOM MJIOCKOCTH 3a MCKJIHYCHUEM
g—okpectHOCTH KpuBoul F(X,y)=0 mmeror
HAKJIOH, ONPEACIsIeMbId YPAaBHCHUEM:

dy _ G(x,y)
dx F(X,VY)

(X, Y).

~ g<<]



KBa3ucTanmoOHapHKIC 3HAUYCHUS
OBICTPBIX IIEPEMEHHBIX

SIBIISIFOTCS (PYHKIMSIMHA HE OKOHYATEIIbHBIX
CTAllMOHAPHBIX 3HAYEHUMN MEIJICHHBIX
IIEPEMEHHBIX, a JIMIIb UX MTHOBEHHBIX
3HAUYCHUM.

bricTpas nepeMeHHas
«IIOOYNHEHA) MEIJICHHOU



TEOPEMA THUXOHOBA

TuxoHoB A.H. Cuctembl gudpdepeHumanbHbIX ypaBHEHUIN, coaepKalumne
Marsible napameTpbl Npu nponsBoaHbIX. MaT. cb. 1.32, Ne3, 1952

YcTaHaBIMBAET YCJIOBUS PEAYKIIMH CUCTEMBI AU PepeHIIHATBHBIX
ypaBHEHMI ¢ MaJIbIM MapaMeTpoM (YCJIOBHS 3aMeHbl U PepeHITnaTIbHBIX
ypaBHEHHH I OBICTPBIX MIEPEMEHHBIX - aJlTeOpanvIeCKIMU )

ITyctb cucteMy N ypaBHEHUI MOXXHO pa30UTh HA JIBE MOJCUCTEMBI — JIJIs1 «OBICTPBIX» U
«MEJICHHBIX» MePEMEHHBIX

IIpucoenvHeHHas pr

cucreMa EE:Fp(Xsz’“"Xr’ Xr+1""’X|\|) (1)
p:]_ ~r

BeIpoxaeHHas dx

Crcrema — = F (X % e Xy Xepgheen Xy) @

g=r + N dt



DopMyJIMPOBKA TEOPEMBI
TuxoHoBa

Pemenne nonnoti cucremsl (1-2) CTpeMHTCS K PEIICHUIO 8bIPONCOCHHOU CHUCTEMBI
(6.5) npu &0, ecin BHINOIHAIOTCS CIICIYIONINE YCIOBHUS.

a) PEUICHUE MOJHONU U NPUCOEIUHEHHON CUCTEMBI
€IUHCTBEHHO, a IPABbI€ YACTU HEMPEPHIBHBI;

0) peICHHE X = 0 (X, Xy pre, Xy Jrew X =@ (X0, X peeey Xy, )

IpeJICTaBIsIeT cOOOM M30JIMPOBAHHBIN KOPEHb ajire0panyecKoi
CHCTEMBI

Fp(xl,xz,...,xr X Xy)=0,p=L..r

EAYST L

(B OKpPECTHOCTH PTOTO KOPHS HET APYTHX KOPHEH);



YcnoBus Teopemsl TuxoHOBa

B) pEUICHUE Xy, Xy,,..., X,— YCTOWUYMBAs U30JIMPOBAHHAA 0CO0as
TOYKA HpHCOGI[HHeHHOfI CUCTCMBI
dxIO 1)
SE = Fp (X0 Xy ooy Xpy Xoygoeens Xy )

[IPU BCEX 3HAYCHUAX Xr 417 Xr Y REEY XN («MEIJICHHBIX TTIEPEMEHHBIX))

') HA4YaJIbHBIC YCIIOBUS Xlo, XZO, e Xro

0IaJIat0T B 00JIACTh BIMSHUS YCTOMYHMBOM 0COO0M TOUKHU
IPUCOSTUHEHHOMN crcTeMBbI (1).



[Tpumep 1

depmeHT-cyOCcTpaTHAs

peaKkIius
MUNXADIJINCA-

MEHTEH



CxeMa peakium

E+SEDES, ESSD P+E

KOHOCHTPAIUU PCAI'CHTOB !

Substrate s=[S]
Enzyme e=[E]
Complex c=[ES]
Product p=[P]



Monaeib OnUChIBACT IPOLECCHI:

e (CyOctpar S pacxoayercs, oOpa3ys
komIuiekc ES (buMonekynsipHas peakius), u
€ro KOHIICHTpAIlUs YBEIMYUBACTCS IIPHU
pacrajic KOMIUIEKCa;

o ®depment E pacxomyercs Ha
oOpa3oBaHue KoMmIuiekca ES, ero
KOHIICHTPAIUs YBEIMYUBACTCS MPU pacmiajie
KOMIIJIEKCa.

o Kommiieke ES o6pasyercs uz pepmenra
E u cyOcTpara S (OMMoJIeKyIsipHast peakius)
U pacnajaeTcs Ha cyocTpar S u gpepmeHT E.
o [Iponykt P oOpa3yercs npu pacnaje
KOMILJIEKCA.

% =—k,es+k_,c,

% = —k.es+ (k_, +k,)c,
% _Kes—(k, +k,)c,
% =k,cC.

HadanbHble ycnoBus: Sy(0)=s,, e(0)=e,, ¢(0)=0, p(0)=0.



YpaBHEHUS 1 IIPOAYKTA,
cyOcTpara U KOMIIJIEKCa

t
KosinuecTBo nMpoaykra, p(t) = k2 I c(t')dt"
[IPOU3BEJICHHOE 3a BpeMH . 7

OO1iee konn4uecTBO (hepMEHTA B CBOOOTHOM U CBSI3aHHOM

COCTOSIHUH ITOCTOSHHO: e(t) + c(t) = e,.
ds
—=-k,e,s+ (k,;s+k_,)c,
dt 1~0 1 1
Ha4daJIbHBIC
dc YCJIOBUSL:

oo = kieos = (ks +ky +k,)c 5,(0)=s, , ¢(0)=0.



be3pa3MepHbIe ypaBHEHUS

be3pa3sMepHbIe TTIEPEMEHHBIE U TTAPAMETPHI:

s(t) c(t)
r=ket, x(r)=——-, Yy(r)=—, §
AT T e
Lkt e s g
K;S, K,S, S,
(K — 1)>0
dx dy
— =—X+(X+K =24y, (6—==x-(x+K)y,
Bespasmepnsie (7 dr

YPaBHEHUS x(0) =1, y(0)=0.



KBasucramuoHapHas KOHIICHTpaUs
(hepMEHT-CyOCTPATHOI'O KOMILIECKCa

d 3k
gd—y:x—(x+K)y y*: X
‘ X * + K
%:—x+(x+K—/1) X

%:—x+(x+K—l)y, dz X+ K
dT 9 HnJIN

X dx A X
y:x+K’ x(0)=1. dr x+K'

X(O) =1. VpaBHEHUE Ul MeIEHHON
IIEPEMEHHON —
KOHIICHTpAIMU CyOCcTpaTa



Knaccuueckas popmyiia
Muxasnuca - MeHTEH 119 CKOPOCTH
M3MCHECHMS KOHIICHTpAalMU cyOcTparTa

B ()epMEHTATUBHOM PCAKIIHH.

7 S 3akoH  Muxasnuca-MeHTeH. Ap=d
— 0 3aBUCUMOCTD CKOPOCTH
H K +5 peaKuuun KaKk  (QyHKIUA
Ha4aJIbHOU KOHLICHTPALMH Ly |.
cyocTpara S.
Ll — MakCUMajbHas CKOPOCTb,
K,,- KoHCTaHTa Muxasmnuca.

cdopmMyna BEpHO oTpaXkaeT N3MeHeHne KOHLEeHTpauun cybectpaTa, HO HUYEro He
MOXET cKasaTb 00 M3MEeHEeHUN KOHLeHTpaLuii cBob6ogHOro depmeHTa u

depMeHT-cybCcTpaTHOrO KOMMNIeKca, KOTopble Ha ManbiX BpemeHax BeayT cebs
HEMOHOTOHHO



e—=X—-(Xx+K)y

a dx

dr
a — C y4E€TOM 00J1aCTH
MEePEXOIHBIX MPOIIECCOB Ha

MaJIbIX BpeMeHax (I10JIHas
CHUCTEMA)

=—X+(X+K-=A)y,

6 — 0e3 ydeTa 00J1acTu
MEePEXOJIHBIX MPOIIECCOB
(peayurpoBaHHAs CUCTEMA )

3HaYECHUS
IIapaMeTPOB:
K=1.01,41=1,
MaJIbIi apameTp

¢=0.1.




[Ipumep 2

KOHKypeHIUA IBYX

OJINHAKOBBIX BHUIIOB,

[MUTAIOIUXCS OJTHUM
cyOcTpaTom



KoHKypeHIIHs IBYX OAUHAKOBBIX BU/IOB,
MUTAIOIINXCSI OJHUM CyOCTpaToM (CyOCTpar He
OTPaHUYCH)




[IpuMep: KOHKYpEHIIHS IBYX OJUHAKOBBIX
BHUJIOB, MATAIIIUXCSI OJHUM CyOCTpaTOM
(CcyOCTpaT OrpaHUYECH)

apd
a =
ke +8
dX S
— = X-pX—-yvXY,
dt K. +S pX-7
dY S
— = -Y —-pY —yXY.
dt VK +S pr-y
as S (X +Y) 41! BricTpas

dt "Kg+S [IEpeEMEHHAs



CucreMa B 0€3pa3MEpPHBIX

[IEPEMEHHBIX
X vY
t'=ft; x=""; y=";
Plx="pm Y=
_rS. 1V
Y A %=f(Z)X—X—xy,
44z _r K dy _ RV
f(Z)—KZ+Z, K, = 5 - [@y=y=x,
%:—af(z)(x+y)+v.
1% V,




Da30BbIN OPTPET CUCTEMBI,
OIHMCBHIBAIOIIECH OTOOpP OQHOTO U3
JIBYX PABHOIIPABHBIX BUAOB KOTJa
CyOCTpaT IOCTYNAaeT B CUCTEMY C
IIOCTOSIHHON CKOPOCTBIO.

a (Ha4ajao KOOPJAWHAT) —
HCYCTOMYMBBIN y3el, b — cemo,
C, d —yCcTOMYMBEBIC Y3IbI.

dx v

d—=X[ ——(1+y)],
t X+Y

ay_ Y

yl———-{0+X)]

dt X+ Yy




