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['.}O.Pu3HU4EHKO

NEPAPXWA BPEMEH

«OBICTPBIC» U
«MEIJICHHBIC)
IEPECMCHHBIC



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:
nuddepeHnnanbHoe
ypaBHEHUEC IS V2 e
OBICTPOI MEpEeMEHHOMN X T X ( y1 Z )
MOYKHO 3aMECHUTH
aJareopandeCcKum

d _
YpaBHEHUE 114 —y — Q(X(y, Z*), y, Z*).

«CpEeMHEN IEPEMEHHOMN dt



MeToa KkBa3uCTalMOHAPHBIX
koHIcHTpanui (KCK)
(CemenoBa — boaeHinrerina)

B mporieccax ¢ ydacTueM aKTUBHBIX
IIPOMEXYTOYHBIX YaCTHUIl PA3HOCTHb CKOPOCTEU
00pa3oBaHus V, U pacxofia V, THX 4acTUIl Masa
110 CPABHEHUIO C 3TUMH CKOPOCTAMHU.

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



CeménoB Hukouian
Huko1aeBHu4 (1896-1986) —

COBETCKHI XUMHUK, OJTUH U3 OCHOBOTIOJIOKHHKOB
, Jaypear
(1956, coBmecTHO ¢
). PazpaboTan Konu4ecTBEHHYIO
TEOPHUI0 XUMUYECKUX , TEOPHUIO
, TOpPEHUs Ta30BbIX CMECEil.

MeTton

KBasucrarmo-
HAPHBIX

KoHnenrpauun

Makc boaenurreiin
(1871-1947)

U3ydaj MpoIecChl 00pa30BaHUs U TEPMHUUYECKOMN
JMCCOIMAIIAN HOJJOBOIOPO/Ia M COCTOSIHIE PAaBHOBECHS B
peakuu H2 + 12 = 2HI, a Takxe kuHeTuKy 00pa3oBaHus
o6pomoBoaopoaa (1907-1908) u xmoposogopoaa (1913);
IIPEJIOKUIT TPUHIIKAIT CTAIMOHAPHOW KOHIICHTPAIUN


http://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D0%B1%D0%B5%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BF%D0%BE_%D1%85%D0%B8%D0%BC%D0%B8%D0%B8
http://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D0%B1%D0%B5%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BF%D0%BE_%D1%85%D0%B8%D0%BC%D0%B8%D0%B8
http://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BD%D1%88%D0%B5%D0%BB%D0%B2%D1%83%D0%B4,_%D0%A1%D0%B8%D1%80%D0%B8%D0%BB_%D0%9D%D0%BE%D1%80%D0%BC%D0%B0%D0%BD
http://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BD%D1%88%D0%B5%D0%BB%D0%B2%D1%83%D0%B4,_%D0%A1%D0%B8%D1%80%D0%B8%D0%BB_%D0%9D%D0%BE%D1%80%D0%BC%D0%B0%D0%BD
http://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BF%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D0%B0%D0%BA%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/w/index.php?title=%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B9_%D0%B2%D0%B7%D1%80%D1%8B%D0%B2&action=edit&redlink=1

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, korma Ri

MCHAKOTCA OT HYJIA J10 CBOHUX KB&3HCT&HI/IOHapHBIX 3HaquHﬁ. 9TOT Hepnoz[ HOCUT
nassauue IIEPHONA HHIYKIIHH



TEOPEMA THNXOHOBA
(I1Ba ypaBHECHUS)

Paccmorpum  11Ba  audpepeHUHAIBHBIX YPAaBHEHHUS C CHJIBHO
OTJIMYAIOIIAMUCS XapAKTEPHBIMU BpEMEHAMU

dx

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

IlycTh Yy - MeasieHHas, a X - ObICTpas IEpEeMEHHas. A y

A X

<<1



YpaBHEHHE 151 OBICTPOU

IIEPEMECHHOU
Ay CKOpPOCTh U3MEHEHHUS X 3HAYNUTEIILHO
H <<1 IPEBOCXOAUT CKOPOCTh U3MEHEHUS Y,
II03TOMY IPaBYIO YaCTh IEPBOr0 YPABHECHUS
MOJKHO 3armcarhb B BUJE:
o(X,y)=AF(Xx,y), rtoe A>>1.
d Beeoewm

dt — AF (X y) Ziiif;izqeﬂue.'



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 MOpAJAKa

Eciu xapakrep pemeHust He U3MEHUTCSI IPH YCTPEMIICHUH MaJIOTO
napamMeTpa € K HyJItO (YCJIOBHS 3TOr0 00CTOSITEILCTBA M COCTABISIOT
coAepKaHue TeopeMbl TUXOHOBA), MOKHO YCTPEMUTD € K HYJIIO U
MOJYYHUTh IS «OBICTPOM» NEPEMEHHOM X BMECTO JUPepeHIMaIBLHOTO
ypaBHEHUS — aJreOpandeckoe.



BeIpOXKI€HHAsA cuCcTEMA

F(X1 y) — O,

J AG(x,y)=0

P
P OBICTPBIX

—)7/F(x,‘y) = () JBW)XKCHHUU
<

/

X

Y _g
dt

da3zoBbiec TpPACKTOpPUH B JIIOOOH TOUYKE
(ha30BOM MJIOCKOCTH 3a MCKJIHYCHUEM
g—okpectHOCcTH KpuBou F(X,y)=0 mmeror
HaKJIOH, ONpEeACIsIeMbId YPaBHCHHUEM:

dy _ G(xy)
dx F(X,Y)

(X, Y).

~ g<<]



KBa3ucTanmoOHapHKIC 3HAUYCHUS
OBICTPBIX IIEPEMEHHBIX

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

bricTpas nepeMeHHas
CIIOOJYNHEHA) MEIJICHHOU



TEOPEMA THUXOHOBA

TuxoHoB A.H. Cuctembl gudpdepeHumanbHbIX ypaBHEHUIN, coaepKalumne
Marsible napameTpbl nNpu nponsBoaHbIX. MaT. cb. T.32, Ne3, 1952

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

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

IIpucoenHeHHas pr

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

BeIipoxaeHHas dx

Crcrema — = F (X % e Xy Xeyghen Xy)

g=r + N dt



DopMyJIMPOBKA TEOPEMBI
TuxoHoBa

Pemenne noanoti cucremsl (1-2) cTpeMHUTCS K PEHICHUIO 8bIPONCOCHHOU CHCTEMBI
(6.5) npu &0, ecin BHINOIHAIOTCS CIICIYIONINE YCIOBHUS.

a) PEUICHUE MOJHONU U NPUCOEIUHEHHON CUCTEMBI
EIUHCTBECHHO, a IPABbIC YACTU HEMPEPHIBHBI;

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

IpeJICTaBIsIET COOOM M30IMPOBAHHBINA KOPEHB allre0panydeCcKoi
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 («MEIJIEHHBIX ITEPEMEHHBIX))

') HA4YaJIbHBIC YCIIOBUS Xlo, XZO’ e Xro

II0IaIat0T B 00JIACTh BIMSHUS YCTOMYHMBOM 0COOOHN TOUKHU
IIPUCOSTUHEHHOMN crcTeMBI (1).



Borpoc

* IPUBEIUTE IIPUMEP UEPAPXUU BPEMEH
IIPOLIECCOB B M3y4yaeMou Bamu cucreme

* Hapucyiite Tadbauiy:

* Ilponecc - XapaKTEPHOE BpeEMsI



[Tpumep 1

depmeHT-cyOCcTpaTHAs

peaKkius
MUNXADIJINCA-

MEHTEH



CxeMa peakium

E+SEDES, ESSD P+E

KOHOCHTPAIUU PCAI'CHTOB !

Substrat s=[S]
Enzime e=[E]
Complex c=[ES]
Product p=[P]



Monaeib OnUChIBACT IPOLECCHI:

CyocTpart S pacxoayeTcs, oopasys
komIuiekc ES (buMonekynsipHas peakius), u
€ro KOHILICHTpAallYsl YBEJINYUBACTCS MPU
pacrajic KOMIUIEKCa;

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

o Kommiekc ES obpasyercs u3 dhepmeHTa
E u cyOcTpara S (OumosnekysipHas peaxiiysi)
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 ycnnoBus: 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:

— =k,e,s—(k;s+k_, +k,)c

dt so(0)=s,, ¢(0)=0.



be3pa3MepHbIe ypaBHEHUS

be3pa3sMepHbIe TTIEPEMEHHBIE U TTAPAMETPHI:

s(t) c(t)
r=k.et, Xx(r)=—2=, T)=—"7, N
B XS O st
Lk ke e
K,S, k.S, S,
(K — 1)>0
dx dy
— =—X+(X+K -2y, e¢—==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. VpaBHEHHUE Ul MeIEHHON
IIEPEMEHHOU —
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 — MakCUMaJjbHas CKOPOCTb,
K,,- KoHCTaHTa Muxasmnuca.

cdopMyna BeEpHO OTpaXKaeT U3MEHeHMe KOHLieHTpaumn cybcTparta, HO HUYEro He
MOXET cKa3aTb 00 M3MeHeHUN KOHLEeHTpaLumin cBobogHoro doepmMeHTa U

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



e—=X—(X+K)y

a dx

dr
a — C y4ETOM 00J1aCTH
IEepEeXOAHBIX IIPOILIECCOB HA

MaJIbIX BpeMeHax (IoJIHas
CUCTEMA)

=—-X+(X+K-A24)y,

6 — 0e3 yueTa 00J1acTH
IEePEeXOIHBIX MPOIIECCOB
(peayuupoBaHHAs CHUCTEMA )

3HaYeHUs
IIapamMeTpPOB:
K=1.01,1=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 ABYX 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 [IEpEMEHHAsA



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,
OIKCHIBAIONIECH OTOOP OJHOTO U3
JIBYX PABHOIIPABHBIX BHJIOB KOT'/1a
CyOCTpaT IMOCTYIAaEeT B CUCTEMY C
ITIOCTOSIHHOM CKOPOCTBIO.

a (Ha4ajo KOOPAWHAT) —
HCYCTOWYMBBIN y3el, b — cemo,
C, d —ycTOMYMBEBIC Y3JIbI.

dx v

d—=X[ ——(1+y)],
t X+Y

ay_ Y

yl———-{0+X)]

dt X+ Yy




