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JEKOMIIO3UIINA CUCTEM SH3UMHON KUHETUKU
C BbBICTPBIMU N MEJJIEHHBIMU ITEPEMEHHBIMN
B SAJAYE CYUIINJIHOI'O CYBCTPATA

AHHOTALIA

B mawmHOil craThe paccMaTpuBaeTCs IPUMEP KOOMEPATHBHOTO SIBJIEHUS, CyOCTpAT B KOTOPOM H3BECTEH KaK
cyOCTpaT «CMEpTHUKA», WM CYWIUIHBIA CyOCTpPAT, MOTOMY YTO OH CBSA3BIBAETCH C AKTUBHBIM (DEPMEHTOM
Kak cyocTpaT, HO (epMEHT MpPEBPAIaeT ero B HHIUOWTOP, KOTOPBIl HEOOpATUMO WHAKTUBHUPYET (DEpPMEHT.
Takum ob6pa3zom, depMmeHT «coBepinaer caMmoybuiictBo». Ileabp pabOTBI COCTOMT B NPUMEHEHUN METO/Ia
UHTErpajibHbIX MHOI0OOpa3uii K PEeIyKIMH CHCTEMbl KHHETUKU CYHUIUJIHONO cyOcTpara. B JaHHON craTbhe
MPUBOJSTCS. PE3YJIbTaThl IMPUMEHEHHs] METOJOB JIEKOMIIO3UIMA W WHTErPaJIbHBIX MHOrooOpasuii K crcTeMaMm
KWHETUKY CYHUIUIHOTO CyOCTpara W CpaBHEHWS PEIIeHWil MCXOMHON m KOHewHOoi cucteM. CpaBHEHUsT peIieHuit
IJIS 9eThIPDEX YPABHEHWI IPUBOAATCS rpadudecku, rpaduKu CO3maHbl mocpeacTBoM mporpammbl Microsoft
Excel.

Kiarouesnie cioBa: ,HI/ICI)(bepeHHI/IaJII)HbIe YpaBHEHUA; METOJ JAEKOMIIO3UIIUN; NHTETPaJIbHOE 1\/1HOI‘OO6pa3I/I€;
KOOIIepaTUBHOE fBJICHHE, SH3UMHAasA KHHETUKA; CyHLLH,ZLHbIﬁ Cy6CTpaT.
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BBeneunune

Cpenu TyIaBHBIX MHCTPYMEHTOB IPUKJIAIHOIO aHaIu3a 0cobast pOJIib OTBOIUTCS METOJaM BO3MYIIEHUN, Uiest
KOTOPBIX 3aKJ/IIOYAETCS B BBIJIEJCHUN OCHOBHOW W JIETAJTM3UPYIONIEH CTPYKTYD CJIOXKHON crucreMbl. [lpm sTom
JeTAJIN3UPYIONasi CTPYKTYPa PACCMATPUBAETCS KAK BO3MYIIEHNE OCHOBHON. AHAJIN3 OCHOBHOW CTPYKTYPBI CBO-
JHUTCS K PaCCMOTPEHUIO CYIIECTBEHHO OOJjiee IIPOCTHIX MOJEeifl M 9acTO COIPOBOXKIAETCS IIOHUKEHHEM pa3-
MepHOCTH Mojiesn. [loBeienre MCXOMHOM MOJIE/ N U3YyYUaeTCs IIyTEM KOMITO3UIIUU PE3YJIbTATOB PAa3/IeTLHOIO UC-
CJIEJIOBAHUST OCHOBHOI CTPYKTYpBI U Jerajusupyomux daxropos [1-10]. B Momensx XuMHUYIeCKOH KUHETHKN
HAJU49We MAaJOro IapaMeTpa CBA3aHO C TeM, YTO B XUMHUYECKON CHCTEeMe OJIHOBPEMEHHO ITPOUCXOIIT PE3KO
OTJIMYAIONINAECS IO CKOPOCTU Tporiecchl. VIMeeTcss 3HadnTeIbHOE YUCIO ITyOJMKAIMA 110 TEOPUU U IPUJIOKEHU-
SIM KaK METONOB YTPOINEHHsl MoJeell Makpockonmdeckoil kuuetuku [11-13|, Tak m MomenmpoBaHWsi KpUTH-
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vyeckux sipieHnit [14-16]. Ilpu sToMm Gosibilioe pasHOOOpasue 3a/ad COUETAeTCsl CO CPABHUTEIBHO HEGOIBIINM
apCeHAJIOM IPUMEHSIEMBIX CPEJCTB aHAJM3a U JIOBOJIBHO PaCIpPOCTPAHEHHBIM MHEHUEM, UYTO STH 3aJadd He
UMEIOT HUYEero ObINero Kak IO CBOell MOCTAHOBKe, TaK M IO MeTojaM pelneHus. [loHvXKeHue pa3sMepHOCTH
MOJIeJIell SIBJISIETCS OCHOBHBIM IIPHEMOM HCCJIEIOBAHUS CJIOXKHBIX CHCTEM JIIOOON MPUPOJIbI, & KPUTHIECKUE SIB-
JIEHUSI MCKJIIOYUTEIHHO BaXKHBI U CaMU 1O cebe, W KaK MHCTPYMEHT IO3HAHWS CJIOXKHBIX HPOIECCOB. ABTOPDI
KHUT [1] n [3], OCHOBBIBasICh Ha I‘eOl\JeTpH‘{eCKOﬁ Teopun CHHI'YJIAPHBIX BOBI\’I}/'IIIGHI/II‘/JI7 MIPEJaJIO2KNJIA  TTOAXO/T,
MMO3BOJIAONINN C eIUHBIX IO3UIUI ITOH TEOpUU PaCCMATPUBATHL M METOIbl PEAYKIMH KHHETUIECKUX CUCTEM,
W METOJbl MAaTeMATHIECKOrO MOJEIUPOBAHUS KPUTUYECKUX SIBJICHUII B TAKMX CHCTEMaX. B SH3UMHONI KWHETH-
K€ BayKHOCTH CyOCTPATOB CMEPTHHKOB BO MHOIOM OIIPEEJISETCH WX BO3MOXKHOCTHIO HAIEJUATH CIEIU(DUIHBINA
depment na nHakTuBarmio. OHU OCOOEHHO MOJIE3HBI TIPU BBEJIEHUU JIEKADCTBEHHBIX CPEJICTB, U3 COOOPaKEHUS
0 TOM, YUTO OHM He BPEJHBI B uxX o0Ieit hopMe n TOJBKO 0OO03HAYMEHHBIH (PEepMEHT MOXKET MPEBPATUTH UX B
ux uHrubupymomnymo ¢opmy. B kadecTBe npuMepoB MX BaXXHOCTH CyOCTpaThl CMEPTHUKOB ObLIM HMCCJIEIOBAHBI
JJIs TPUMEHEHUsI [PU JIEYeHUU JEeIPECCUU, SMUJIEIICHA U HEKOTOPBIX OILyXOJIeid.

1. IlocranoBka 3ama4dn

Depmentnas cucrema [2] Brirodaer B cebsa nepemenubie S, Py E, X u Y, obosnauaromue cyberpar, npo-
JYKT, WHTHOUTOP W MPOMEXKYTOUYHbIE TPOAYKTHI (epMeHTa W cyOcTpaTa, mocjie 00e3pa3MepUBaHUS CHUCTEMbI
CMeHsmoImecs Ha §,e;, &, .

Wcxomnasi cucrema, paccMarpuBaeMasi B JAHHOI CTaTbe, MMeeT BUJL

B — (e 1) - ept — (ep+ 1) - LELOZL,y P (1.1)
dn(t) P

it~ Gt (12)

B — s(fep+ 1) - ept — (op+ 1) - LU=y (1.9

Bl Py (14)

dt ~ (A+e)1+p)
C y4ETOM 3aMeH:
o = €p,

n = ¢¢ + e;.

1 ¢ mavayibaBIMUI YCJI0BUSAMU:

s(0) = 1,£(0) = 0,¢(0) = 0,€;(0) = 0.

2. MHNcxomnasi 1 KOHeYHasl CUCTEMbBI C YMCJIOBbIMHI Ko3d dunuenramu

1

[Ipu smauenusx xosbdunuentos p = 3,

CITIEYIOMUM 00pPa30M:

o =%t =2p=1 ucxonnas cucrema (1.1)~(1.4) BbIIAIUT

dil(tt) — s+ 1) — et — (e+1)c— F 1)((’)77 750’ 1250) 1 0, 25,
dn(t)  0,09375
i (I+e ”
B e+ -t — (e pyg - LRI, o
dc(t)  0,75¢
ot T a+9t V¢
Buz cmcTeMbl IIOCIe IIPEMEHEHHs MeTOa HHTerpPaJbHBIX MHOr000pasmil:
, 3 5 13 1 o, 7., 21,
W) = Wiwy — Zwl + e(éwlwg — 1—6w1 + §w1w2 — §w1w2 + @wl)’
We = _1w1w2 + i’LUl + G(lwﬂvg - iwlwg + iun + wawg - Ew%),
8 32 8 16 128 192 256

€2 = B(w+ eH(t,w, z,€),t,€)z.
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3. YwucaenHoe cpaBHeHUE penieHuit

Ha puc. 3.1-3.4 mpuBejieHO YNCTIEHHOE CPABHEHUE PEIICHUN MCXOTHON M KOHEYHOW CHUCTEM IEPEMEHHBIX
mpu 3HadYeHun Majoro mapamerpa € = 0.1.

CparRHeHUe pellieHuid NeRRNTO YPARHEHUA CUCTEMAI

——S-HCKOAHAR CHCTENE  ——r 1-1M

Puc. 3.1. CpaBHenue pemieHuil Jjis MEepBOr0 ypaBHEHMs 3aJa4d JO U IIOCJE I[IOCTPOEHUSI WHTErPAJIHLHOIO
MHOroob6pasust mpu € = 0,1
Fig. 3.1. Difference between results of the first equation before using and after two methods ¢ =0,1

CpaBHERNE DELEHNIA B10POI U Y PABHEHWA CUCIEMbI

Etn wowguascicrema —— w2 MM

Puc. 3.2. CpaBHenue pemieHuil fjisg BTOPOTO ypPaBHEHMs 3aJa4d JO U IIOCJE IMOCTPOEHUSI WHTErPAJILHOIO
MHOroobpasust mpu € = 0,1
Fig. 3.2. Difference between results of the second equation before and after using two methods € = 0,1

CpaBHeHWe pelleHWA TPeThero ypasHeHua n UM

—i ——h1-UM

Puc. 3.3. CpaBuenne perieHunit 1jsi TpeTbero ypaBHEHHS 3aJa49d O U IOCJE IIOCTPOEHUsI MHTErPAJIHLHOIO
MHOT00Opa3ust mpu € = 0,1
Fig. 3.3. Difference between results of the third equation before and after using two methods € =0,1
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Puc. 3.4. CpaBHenue perieHuil i 9e€TBEPTOro yPaBHEHUs 3aJa9d JIO0 W II0CJI€ TOCTPOEHUs] WHTErPAIHLHOTO
MHOro00pa3ust mpu € = 0,1
Fig. 3.4. Difference between results of the fourth equation before and after using two methods ¢ = 0,1
3akJrroueHmne

B nmammoit crathe paccMOTpEHBI MaTeMaTUYEeCKHe MOJETN 3aJa4dd JUHAMUKN CYUIIIHOTO CyOCcTpaTa.
K mnpencrasnennoit B 6e3pasmepHoit hopMe MaTEeMATHIECKON MOJEIN MPUMEHSEeTCS MeTOJI HHTEerpaJbHbIX MHO-
rooOpasmii, CyIIeCTBEHHO YIIPOUIAIOIINI CJIOKHOCTb BBIYUCJIATE/bHBIX onepaiuil. CpaBHeHNe YUC/EHHBIX pe-
IIeHU# MCXOJHOM 3aJladd U 3aJadM I[MOHUKEHHOW pa3MEepHOCTH NpU 3HaYeHWu MaJjoro mapamerpa € = 0,1
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DECOMPOSITION OF ENZYME KINETICS SYSTEM WITH FAST
AND SLOW VARIABLES IN SUICIDE SUBSTRATE PROBLEM

ABSTRACT

In this paper an example of cooperative phenomenon, in which the substrate is known as suicide substrate,
because it binds to the active enzyme as a substrate, inactivates because enzyme turns it into an inhibitor
and provides an irreversible reaction is considered. In this case the substrate “commits suicide”. The aim of
the work is to apply the method of integral manifolds to the reduction of the system of kinetics of suicide
substrate. Work describes in detail the rationale for the decomposition algorithm of the enzyme kinetics
problem for dynamical systems with fast and slow variables and the construction of integral manifolds for
such systems, this article presents the results of applying the above methods to systems of the suicide substrate
kinetics and compares solutions for four equations graphically. Comparisons of solutions for four equations
are given graphically, the graphs are created using Microsoft Excel.

Key words: differential equations; decomposition method; integral manifolds; cooperative phenomenon;
enzyme kinetics; suicide substrate.
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