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OBIIAA XAPAKTEPUCTHUKA PABOTbI

AKTyaabHOCTh TeMbl. M3yueHune MexaHU3MOB (DYHKIIMOHUPO-
BaHUS OTIEIBHBIX (PEPMEHTHBIX 3BEHbEB B MYJIBTU(HEPMEHTHBIX
cUCcTeMax SBISIETCS ONHOM M3 aKTyaJIbHbIX M BaXHbIX 3a1ay
MOJIEKYJISIDHOM 3H3uMoOJIOrMU. B3ammoszaBucuMmoe (QYHKIIHMOHHU-
poBaHUME OTHX 3BEHBEB  OOECIeYMBaeT  SHEPIETUUCCKHU
BBITOJIHYIO, OBICTPYIO, TOHKYIO PperyJsiliMio MeTaboJIM9eCKuX
npoleccoB. MHorue acnekTbl (pepMEeHT-(PEPMEHTHBIX B3aUMO-
NEACTBMIA B  IIOCJIEJOBATEJILHOM  METa0OJIMYECKOM  LIETIH
BO3MOXHO TpPEJACTABUTh B BHIE MATEMATUYECKMX MOJEIER C
ucnosib3oBaHneM JuddepeHIMaIbHbBIX YPAaBHEHUM, ITO3BOJISIO-
ILIMX OTIPEAEUTh BETMYMHBI JTIOOBIX [1apAMETPOB B KOHKPETHBIN
JIMCKpeTHBI MoMeHT BpeMmeHu. CucremMa Takux JuddepeH-
LMAAIBHBIX YPABHEHUH MOXET CIIYXXWTh OCHOBOW [UISI CO3[IaHUS
KOMITBIOTEPHBIX MOJIEJICH, CUMYJIMPYIOIINX QYHKIIMOHUPOBaHUE
MYJILTH(EPMEHTHOM LIENM C U30JMPOBAHHO JIEUCTBYIOLIMMHU
dbepMeHTaMM  U/MIM €  KOMIUIEKCHBIM  B3aMMOJCHCTBUEM
¢dbepMeHTOB.

Ilex» m 3amauu paGorei. Llenbio quccepTallMOHHOM pabOThI
sgBisiercsi pa3paboTka MaTeMaTHYeCcKOW MoJelnu (QYHKIMOHU-
poBaHMs MYAbTU(HEPMEHTHBIX CUCTEM ISl M3YJYCHMSI MEXaHu3-
MOB MYJIBTU(EPMEHTHOIO B3aMMOACHCTBUSL B METa0OIMYECKUX
YTSIX.

JIist JoCTHXEHUsI 9TOM e ObUIM IOCTaBJIEHbI CIICAYIOIIUe
3a/layM:

1. UccnenosBaTh IOBEIeHUE TpeX(epMEHTHOX  HeEpasBeT-
BJICHHOM [eNM KaK NpU pa3fieNbHOM (GYHKUMOHUPOBAHUH
(epMeHTOB, TaK ¥ MPH UX B3aMMOJEHCTBMU B KOMILIKCE.

2. Co3marh KOMIIBIOTEpPHbIE  MOMIEIM, XapaKTepU3yIOlIre
M3MEHEHMs] BO BpEMEHM BceX IapamMeTpoB Tpexdep-
MEHTHOM HEepa3BETBJICHHOM LENU.

3. AnpoOupoBaTh CO3[JaHHbIE MOJIEIA C IIPUMEHEHHUEM
OJIMHAKOBBIX HAYaJbHBIX MapaMeTpOB M MPOaHAJIU3UPOBATH
ITOJIYYEHHbIE PE3YJIbTATHI.

4. TIpomeMOHCTPUPOBaTh MMPUMEHEHUE CO3[JaHHBIX MOJENel C
KCIIONB30BAaHUEM SKCITEPUMEHTAIBHO MOJYYEHHBIX JaHHBIX.
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O0bexToM HCCeIOBAHNSA SBJISIIOTCS Tpex(depMEeHTHEIC Hepas-
BETBJICHHBIC LICTIU.

Meroapt ucciaenoBanusa. llpeanaraempie B paboTe Mojaenu
CO3/1aHBl B IIOMOIIBIO TIaKeTa JMHAMUYECKOTO MOACIMPOBAHMS
“STELLA”. MareMaTuecKoili OCHOBOM cO3[aHus Mojeleit
cyxar Teopust Muxasnuca-MeHTeH U MaTteMaTudecKasl TeOpHsi
aHaJiu3a MeTabOIMIECKOM pEeryyisiiiiu.

Hayunas moBu3na. BriepBeie pa3paboTaHBbI IISITh KOMITBIOTED-
HBIX MoJeJed Hepa3BeTBJIEHHOM Tpex¢hepMEeHTHOW 1emnu,
MO3BOJISIONINE  CHUMYJMPOBaTh  MOBEJEHUE  CUCTEMBI  C
U30JIMpOBaHHBIMEA  (EepMEHTaMU, a TakXe BO3MOXHBIC
depMeHT-PepMEHTHBIE B3aUMOJEHCTBYS C IIAPOM WIM TpUAION
depMeHTOB B KOMIUIEKce. B ocHOBe (DYHKIIMOHMPOBAHMSI
CO3MaHHBIX MojeJeil JieXaT 3HaYeHHsT KOHCTaHT JIOKaJbHBIX
ckopocreit (KJIC) kaxmoil peakimy, XKaK OCHOBHBIX
IapaMeTpoB, OMNPENEISIONINX KOHIEHTPAIUU IIPOMEXYTOYHOTO
depMeHT-CyOCTpaTHOTO KOMIUIEKCA M IIPOAYKTAa  KaXIoi

K3
JIOKAJIBHOM peakiuu § + E <=—> ES <=>P+E B lemm. Tpu
K2 K

3TOM BO3MOXEH TaKXe y4yeT 3HaueHHMsI oOpaTMMOM KOHCTaHTBI
JIOKAJIbHOM CKOpocTU K, KOTOopas WTHOPHUpPYETCSI B TEOpHUM
Muxasnuca-MeHTeH u3-3a TIpEle/IbHO MaJloW  BEJIMYMHBL.
CyliecTByloliue MaTeMaTUYECKHME W KOMIIBIOTEPHbIC MOJIE/IH
I103BOJISIIOT BBIYMCITUTH KOHEYHBIE KOHIICHTpAaIuK
IMPOMEXYTOYHBIX IPOAYKTOB Ha OCHOBE HAYaJbHOM CKOPOCTU M
KOHCTaHThl Muxasnuca Ui KaxXIoi JIOKAJIbHOM peaklyy Lenu.
OTH 3HAYECHMS] ONPEACISIIOTCS TakKXKe B SKCIEPUMEHTAIBHbBIX
YCIOBUSIX M HYXHAIOTCS B JaJibHeMIueid oOpaboTke s
nmonyyeHuss KJIC xaxmoi peakumy uend. B jaureparype

M3BECTHBI HECKOJIbKO Meromuk omnpenenenns KJIC, takue Kak
Mmeron Ciarepa, Meton I'yrdpoinna wu Padrona wmm
penakcanoHHBIM  MeTon  DireHa.  CylIecTBYIOT  TakKXe

KOMIIBIOTEPHBIE IIPOTPaMMbl, KOTOPBIE MCIIOJIb3YIOT B KavyecTBe
BXOJHBIX IaHHBIX 3HAYEHUs] HayaJbHBIX CKOPOCTE W KOHCTAHT
Muxasiuca ¥ noaydyaroT npubmvkeHHble 3Hadenuss KJIC 1ipu
IIOMOII[M  METOHOB Hawuinyyiuero coorBercTBusi (“best fitting
mehtods”). Bo Bcex BblIlIEHA3BaHHBIX METOMAX OCYIIECCTRISCTCS
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Tepexo] Ha HU3IMYIO CTYIIEHb (epMETaTUBHOW KUHETUKH, C
yyeToM KOHKpeTHBIX 3HauyeHui KJIC. Ilpennaraemsie B paGote
MOJIeJIA, CO30aHHbIe ¢ noMollbio nakera “STELLA”, cnocoOHbl
(pyHKIIMOHMpOBATh Ha HU3IICH CTyneHu GepMeHTaTUBHOM
KAHETUKU, TIpM 3TOM MMesl TpeuMyIlecTBO BbIOOpa Haubolce
5¢h@eKTUBHOTO  YUCAEHHOTO  METoJda M BO3MOXHOCTH
CUMYJIMPOBaHMS peakUMii ¢ MaJIbIMU MPOMEXYTKaAMH BpEMEHMU.

IlpakTuyeckas 3naummocTs paborel. Co3gaHHBIE MOIEINA

OblIM  anpoOMpOBaHbl  C  MUCIHOJb30BAaHUEM  OJMHAKOBBIX
HayaJIbHBIX 3HAYEHUI, HauboJsiee OJNM3KMX K HMEIOLIMMCS B
JauTeparype  3KCINEPUMEHTAJIbHBIM  JIAaHHBIM  JUIS  Tpex

(bepMeHTOB mIMKOIUTHYECKOTO TTyTH: eHosaza (KD 4.2.1.11) —
rupyBatkuHaza (K® 2.7.1.40) — nakrat jgermaporenasa (Kd
1.1.1.27). IlonyyeHHble pe3yibTaThl MOATBEPXAAIOT 3(PHEKTUB-
HOCTh NIPUMEHEHUS] TUHAMUYECKUX MOJIeieil, pa3paboTaHHbIX €
rnomouupto mnakera “STELLA”, mist U3ydeHUST OMOXUMUYECKUX
ITPOLIECCOB C IOCHENOBATEIbHBIMU (GDEPMEHTATUBHBIMHU pEaKIIM-
AMU. B yacTHOCTH, BKCHEPUMEHTATBHO ITOJYYEHHBIE JaHHBIC
JUISL HEpa3BETBICHHBIX Tpex(epMEHTHBIX IieNeil MOryr OBITh
arpoOMpoBaHbl C MIOMOIIBIO BCEX NMpeliaraeMbIX B paboTe mnsiru
MOJI€NeN, UIsl BBISICHEHMSI BO3MOXHBIX (PepMEHT-(PepMEHTHBIX
B3aUMOCHCTBUMA.

B nanbHeieit paboTe mpeiaracTcs yCOBEPILIEHCTBOBaHUE
pa3pabOTaHHBIX MOJAENEM C LEeJbl0 CO3JaHMus OOBEeMIIIONICH
KOMIIBIOTEPHOM IIporpaMMbl/TiakeTa (software), y4uThIBaroLeii:
1. PacuipeHue Hepa3BEeTBIEHHON IENMW JUIS #-0r'0  4YMCia
(epMEHTOB, C BO3MOXHOCTBHIO y4eTa KaK H30JUPOBAHHBIX
peaKkiMii, TaK ¥ KOMILIEKCHBIX BO3JCHCTBUI JI000W mapsl
(w1u TpOMKM) y4acTBYIOLIMX (PEPMEHTOB.

Bo3MOXHOCTb cuMyIupoBaHMsi (YHKIMOHMPOBAHUS  He
TOJIBKO HEPAa3BETBJICHHBIX LIETIEM, HO M LIeTIeH ¢ Iapauieib-
HBIMUA WIM UMKIAYECKMMU PEeaKIIUsIMU.,

Ha 3ammrty BhiHOCATCA: NSITh MOJIENEN, CO3MaHHBIX Ha Oaze
nakera JUHamMuUyeckoro mopaenupoBanusi “STELLA”, xapakre-
PU3YIOUIUX IIOBeJeHUE TpPex()epMEHTHOM Hepa3BETBICHHOMN
LETM TIpY: U30JIMPOBAaHHOM (DYHKIIMOHMPOBAHUM BceX (hepMeH -
TOB, KOMIUIEKCHOM B3aUMOJEWUCTBUM BCEX BO3MOXHBIX IIap
hepmeHTOB (3 MOIENN); ¥ KOMILUIEKCHOM B3aUMOJEHCTBUU BCEX
TpeX GepMEeHTOB LIEIH. ; 5



AnpoGanusi paboTHI: [MepBUuHble Pe3ybTaThl pabOTHI OBLIH
obcyXACHBl B Wucruryre  DH3uMolormu  BeHrepckoi
AkaaeMyM HaykK (Bymanewrr, 1999). OCHOBHBIE Pe3yJIBTAThI
JOKNABIBAIACH Ha 3aCENaHUH HaygHoro copera MHCTUTYTA
MoneKyJIsspHOM euosormu HAH PA (Epesan, 1999), a Takxe
Ha BTOpO# MEXIYHApOIHOW KOH(pepeHIMH 1O KOMITBIOTEPHO
“Hayke M MH(pOPMAIMOHHBIM TEXHOJIOTHSIM (Epepan, CSIT’99).
KoneuyHble pe3y/IbTaThl 6BUIM IIPEICTAaBICHBl HAa CEMHMHape 110
romHMOpMaTHKE, NPOBEICHHOM B HUnctutyre MoseKkysspHOn
gnonorun  HAH PA (Epesan, 2000), a Takkxe Ha 11
VeXIyHApOIHOM CHMIIO3UyMe “IIpo6aeMbl OMOXUMMM, pajua-

<

MOHHOM ¥ KOCMUYECKOH ouomoruu” u 11 CucaksiHOBCKUX
yTeHMSAX (Mocksa-/lyOHa, 2001).

ﬂyﬁ,;mmnh: [lo Teme aMCCepTalUy ONYOIMKOBAHBI 3
HaygHble cTaTbll M 2 Te3uca.

O6bem H CTPYKTYypa padoThI: JluccepTaliOHHOM  pabora
cOCTOMT W3 BBEICHUSA, TpeX IasB, 3aKJIIOYEHMSI, BBIBOJIOB,
cnpcka areparypel U3 48 HauMeHOBAHW, IIPUIOXEHUS U
COJePKHUT 4 TAOMHIIBI 1 32 pucynka. O6beM paboTsl 6e3 crmcka
JicroIb30BaHHOM JIUTEPATYPBI U NpUIOXeHUs1 — 85 CTpaHull
KOMTIBIOTEPHOTO TEKCTA.

KPATKOE COJIEPXAHME PABOTbI

Bo smelenmH oOOcHOBaHa aKTyaJbHOCTb 1poOJIeMBbl,
chopMyTMpOBaHEl  LETb U OCHOBHBIE 3aJlayd JucCepTalvH,
yKa3aHbl oOBEKTHl M METOIOBl MCCICHOBaHMs, OTMCYCHBI
jaydHas HOBM3HA M NPAKTHYECKas 3HAYUMOCTh TPOBEIECHHBIX
ccneioBaHuM.

Ileppas Iiasa — 0630p smreparypbl. [IpuBoasrcs marema-
THIECKIE TeOPYH OMOXMMMIECKUX Lernei peaklMii ¢ y4acTueM
(hepMEHTOB, NaeTCst MeXaHM3M ¥ ypaBHeHHs Teopun Mmuxa-
omca-MeHTEeH, OIMCHIBACTCS KOMIUICKCHOE B3aMMOJIEUCTBUE
(hepMEHTOB. B yacTHOCTM OOCYXIAIOTCSl MPEHMYILECTBA M HC-
JOCTATKY TIpolecca TyHHenMpoBaHus (metabolite channelling),
a TAKXe TIpABEeHAa MaTeMaTH4eckast Teopusi aHajin3a MeTabo-
JIMYECKOi peTYISIINM.
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Ipocreiimas (epMeHTaTUBHAS PeaKlus (omuH depMeHT -
OIMH cyGCTpaT) MOXET ObITh TPEJCTaBIcHa PeaKIMe:

K1 K3
S+E<—=>ES<—>P+E,
K2 K4

rie S, E, ES u P sBASIOTCS KOHIECHTPAUMAMH COOTBETCTBEHHO
cybcrpara, (GepMeHTa, (dbepMeHT-CyOCTpaTHOTO KOMILIEKCa |
nponykTa peakimu. IIpy KMHETMYECKMX — MCCHICNOBAHMAX
OCHOBHAsl POJIb OTBOIUTCSI ONpPEICICHUIO KOHCTaHT ckopocTei
npouecca (K, K, K; K)). O6061ast 3Ty cxeMmy ISl Teneu
peakimii ¢ Gosiee YeM OJHUM (pepMEHTOM, HOJTyIUM.

K1, K3, K3i Klin K34
+E <= <—>PH(E)+E,..<=>P+(E)+E,,<<E B<=>E +E_,..
S El K21>EIS K4, 1 (ﬂ) E2 K4i>}') ( 1) T+1 5 15 Ky i+l i+1
rie E, - KOHIIEHTpPallMM BCEX Yy4acTBYIOLIMX B peakuun

cBOBGOMHBIX (epMEHTOB, P; - KOHLIEHTPALMU NPOMEXYTOUHBIX
1pofaykToB (i= 2...n, h - jnoboe HaTypaibHOS gyucio). B sTom
ciaydae Kaxpaasl CTaaMsi UEN XapakTepu3yeTCH cOOCTBEHHOM
YeTBEPKOM KOHCTAHT JIOKAJbHBIX ckopocTteir. DPepMEHTBI
JAEUCTBYIOT u304upoeanto (Win Hezaeucumo), noka QyHKIIMOHU-
poBaHMe XoTsi Obl ofHOro ¢epMeHTa B L€NM HE BIMACT Ha
KMHETUYECKUE mapaMeTphl o6pa3oBaHUs NPOJYKTA,
Haxoasmerocss TMoja IOAYMHEHUEM Jpyroro depmenTa. Ilpun
V30JIMPOBaHHOM  (YHKIIMOHWPOBaHUM depMeHTOB  Kaxjiasl
peakiusi LN OCYIIECTBIAETCS 110 KJIaCCUYECKOM Teopum
Muxasnvca-Mented. Komnaekcroe B3auMoieHCTBrE PEPMEHTORB
(conpaxcennvie hepmermpt) TIPOMCXONUT NPY HENOCPEACTBEHHOM
HiepeHoce 4acTu MeTaboJIMTOB C OJIHOTO depMeHTa UEMMA K
fpyromy, 6e3 BIMsSHHMS Ha KOHLEHTPAIMIO MPOMEXYTOHOTO
IpoAyKTa. B jTepatype 5TOT MPOLECC IMPOKO M3BECTCH Kak
myHHeaupoéanue — Memaboaumos M MMEET  KaK  CBOW
[IPEMMYIIECTBA, TaK ¥ HEJOCTaTKH (Ovadi, 1991)

Teopusi  perysITOPHOTO  aHaIu3a depmentoB  (PAD)
VUUTHIBAET BO3MOXHOCTH ~ KOMILIEKCHOTO B3aUMOJICHCTBUS
dbepmentos. Teopust PAD sBisiercs 0000IEHHOM MaTemMaTnie-
CKOil Teopuei, B KOTOpOM Hapsuny € IpyruMu nmapaMeTpamMu
TeopuM Muxasnuca-MeHTeH, MCHOJB3YIOTCS  TaKXKE HOBbIE
BEJIMUMHBI — AAPAMEMpPbL INACMUYHOCMU, C TIOMOIIBIO KOTOPbIX
onuMchIBaeTCs BKIAJ (Mepa yyacTusi) Kaxaoro (pepMeHTa B dep-
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