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Kupum (TOKTOPJIHK THCCEPTAIUSICH AHHOTAIIASICH)

Juccepranusi MaB3yCMHMHI [10J13ap0/uru Ba 3apypartu. JKaxoHja TUPHUK
TU3UMIIAP (AOJIUATH PETYISITOP MEXaHU3MIIAPUHHU (PETYIATOPUKACUHN) UEPAPXUK
Japakaza MaTeMaTHK MOJCIUIAIITUPUIIHUHT Ha3apuid Ba aMaluil KuxaTdaH
PUBOXIIAHMIIKA  OuoNOrus, TUOOMET Ba KUIUIOK XYKaluUTHAa camapalu
KYJUIAaHUIUIIM OuJiaH OOFJIMK, YyHKU OUp KAaTOP Kaca/UIMKJIApPHU OJIIMHU OJIMII Ba
JABOJIAIIHUHT  caMapaliy MYJWHW TaHJAII, arpoTeXHHWKara HWOUIOB OepHill,
YCUMIIMK ~ CENEeKIUSICH, OMOTEXHOJOTHS CaHOaTH MAaxCyJOTJIapuHU HIIad
YUKUIIIa MyXUM axamMusaT kacO sTamu. JKaxoH COFIIMKHM CakJall TallKHJIOTH
MabJIyMOTHUIa Kypa, TEHETUK XacTaJIMKIap OuiaH KacaymaHum conu 2012 iwmiga
14 mmmongan 2020 dmra kenu® 22 MAJUIMOHTA Kajap KyIMalumm Oarmopar
KWIMHMOKJ1a. EBporna MmamiakaTiapua KaM yuypailiurad TeHeTUK KacaJJIMKIApHU
pEerymsTop MEXaHU3MJIApU TAAKUKU OVinYa MWIIMN cTpaTerus KaOyj KUJIMHTaH
Ba “Horizon 2020 mactypunu unuia® uukwimid, EBpomna Uttudokuna ymoy
UYyHAIMIIIaru WIMUNA  U3JIAHUNUIAPHA  MOJIMSUTAIITUPUIA SHTH  JTaBPHUHT
oonutanumu xucobnananu. 2014-2020 iumnap yuyn "Horizon 2020" GromxeTu
2011 ¥imn mapxyapuga 80 MuIpJl. €BpOHM TAaIIKW ATaau. XyKailpa peryisiTop
MEXaHU3MIIAPDUHU TAJKUKK YYyH axpatuiaran maOnarmap 2013 dunga Eporma
UtTndokuHUHT yMymuil OrokeTMHMHT 6,7% WHM TalKuI KuiaraHn Oyrca,
Oaxomammapra kypa Oy pakam 2020 iwiga 8,5% ra etmmm kytmiMokma. 2014
WUNaH TEeHEeTUK KacaJulukiap Oyiinua XalKapo KOHCOPLMYM THUPHK TH3UMIIAP
PEryJIsATOp MEXaHU3MIIAPU TAJAKUKKA OYiiMya MHUCIIM KypuiMaraH MUKECAA XaJlKapo
WIMHUI XaMKOPJIUKHH aMalira OLUMPMOK/A.

XKopuwii acp 6omumaa MiIRNA perymnsitop MoJiekysia Kamig KAIMHTaHIAH CYHT,
Xy’kaipa  peryiiarop  MEXaHM3MJApHM  Typjd  JapaxajJard  MaTeMaTuK
MOJCIIAIITUPHUIIT YCYJUIAPUHU UIIA0 YMKHII Ba aMalija KyJjamra Oaruiianrad
WIMHI WIOUIAp COHU M3YMII OpTHO OopMokma. Xyskaiipa peryisiTOpUuKacura Owul
keHT kynamiau («HCOH reHoMu» JOMUXACHHUHT OFOKETH 3 MIIpJ. JOJUIapJaH
OpTHUK OYyJIraH) Xajakapo TaAKUKOTIIap amaira omupuiaétran 0yncana, XxaHysrada
reHOMra Ol MabJIyMOTJIap TAJIKWH KWIMHMAraH, yJIapHUHT ¥3apo MyHOocalaTiapu
GbaoTMSTHHUHT PETYIATOP MEXaHU3MIIAPU aHUKJIaHMaraH.

Iy caGabnu Typnu naroHaJapAard TUPUK TU3UMIIAD PETYJIATOPUKACUHU
UepapxuK y3apo MyHocaOaTIapyHHU TaxXJWUIall yCyJulapu, XyxKailpanap TypKyMu
PEryJasSTOPUKACUHU MOJICJUIAIITUPUIL aJTOPUTMIIAPH, XyKaipa TypKyMJIapHHU
PErysTOp MEXaHU3MJIAPUHUHI KOHUENTYyall MOJEIH, XyXKaipa BakTUH-(a30BHil
HIaKJUTAHUIIUHUHT UYKH Kapa€HIapuHu UPOJAIOBYM XyKalpanap TypKyMu ¢ao
OMPJIUTMHUHT HMHTAIMOH Mojaeiiapu, auddepeHnuar-aiiupma TeHTJIaMaiap
CUCTEMAacH acocHja Xyskanpanap COHMHUHI MHUKIOpUN y3apo MyHocabaTiapuHu
MaTeMaTUK MOJENH, XyKahpa OVIuHUIIM, TabaKaJaHUIIM, XyKaWpaHUHT Y3ura
xoc BaszudayiapHu Oakapuill kapa€HIapu Ba XyKaiipa (QyHKIUsIapu peryssiTop
MEXaHU3MJIADUHUHT MUHUMAJl MAaTeMaTHK MOJEIUIapH MaXXMyH, XyKanpaiap
y3apo MHKIOpUN MyHOcabarimap Ba Xyxkaipa auddepeHnnanuscu maTeMaTHK
MOJICTIMHHUHT (YHKIMOHAT-TupdepeHran TeHrnaManapuan cudatuii Ba Ku€cui
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TaxJIWJIA, Xyaiipa OYTUHHUIIN MOJENIN Ba XKMHUHT Y3rapHlll mapameTpiiapu
opacuJard MUKJIOpUM OOFIMKIMKHUA aHUKJIAIl MEXaHU3MU Ba YCYJUIAPUHU UIILTA0
YUKHUII, XamJa ab30 Ba TYKMUMa QYHKIMOHAT KUCM TU3MMIIAPUHU MIAKIIAHTUPHIIL,
VUFYHIUK OujlaH Oup OYyTyH Xo0JJ1a OpPraHU3MHUHI aHUK (YHKIUSJIApUHU
OaxkapuIl skapaéHIapyuHU TaJKUK ITHII J0J13ap0 Macana XucoOiaHau.

AXOOpOT KOMMYHHMKAlUS TEXHOJIOTHSIapU, MaTeMaTHK MOJEIIAllITUPUII
ycyJulapu, THUOOMET Ba OWOJOTHSHUHT TYpJIM coxajapujard JjgadopaTopus
TaXpubanapyn MabJIyMOTIapU acoCHAa SPAaTUITaH TUPUK THU3UMIIAD PETYIATOP
MEXaHU3MIIAPUHH TaxXJIMJUTAITHUHT JAcTypHil BOCHUTAlap KOMILIEKCMHHU HIIIa0
YUKUII Ba amaija KyJulaml, TUPUK TU3UMIAp (QAOJUSITHHH NacCTypJIAllHUHT
camMapalid yCyJ Ba aJTOPUTMIIAPUHM SIPATHIL, TUOOMETHA WIMHM XaXMAOP KyI
BapUAHTIN XUCOOWMH TakpubalapHM KOMIIBIOTED BOCHUTANTApUAa YTKA3HII
TEXHOJIOTHSUIADUHU ~ WIUIA0 YMKUIL, axodu CaJOMAaTIMIMHH — Myxodaszacu
Kapa€HUHU TAaKOMILIAIITUPULI, XaCTATUKIAPHU OJAWHU OJUII Ba JABOJIAIIHUHT
ax00pOT TEXHOJOTUSAJIAPHU Ba JUATHOCTUK SJIEKTPOH KypuUJIMajapu Ba TEPareBTHK
CTpaTeTUsJIAPUHHU SIPATUII UMKOHUHU OepaJiu.

V36exucron PecryGmukacu Ipesunenturn 2012 iun 21 mapraaru 11K-1730-
COH «3aMOHaBHH axO0OpOT-KOMMYHUKAIIUS TEXHOJIOTHSUIAPUHU YKOPUM STUII Ba
sHaJla PUBOKJIAHTUPHUIL HYOpa-Tanoupiapu tyrpucuiantu xamaa 2014 iwun 13
apryctaarn  I1K-2221-con «2014-2018 #wmmnapaa V36eKnucTOHIa aXOJIMHUHT
PENpPOAYKTUB CaJOMATIWMIMHU sHajJa MycTaxkamjaml, oHamap, Oojamap Ba
yecMupiap COFIMFMHM Myxodaza Kwimil Oopacujgarun JlaBmar  jgactypu
Tyrpucugarru  Kapopnapuaa Oenrunanrad BasudallapHd MyailsiH — Japaxana
amaJira OIMpUIITra Ma3Kyp JUccepTalus TAAKUKOTH XU3MaT KUJIau.

TagKuKOTHUHI pecny0/uka (paH Ba TEXHOJOTUSIAPU PUBOKJIAHUIIN-
HUHI YCTYBOp MHyHaJIuULIApura OOrJIMKIAMIM. Maskyp aumcceprauus
pecnyOnuka paH Ba TEXHOJOTHUSIIAPU PUBOKIAHUIITMHUHT 4 « AXOOPOTIAIITHPHIIL
Ba axOOpOT-KOMMYHUKAIIUS TEXHOJOTUSJIAPUHU PUBOMIAHTUPHUII»  YCTYBOP
nynamumura moc pasuiniaa UT/-5-«Kamustar axOopoTiamTupuin gapakacuiu
OLIMPUINTa WYHANTUPWITAH WIMUNA XaXMIOp axO0opoT TEXHOJOTUSIIAPHH,
TEJIEKOMMYHUKAI[MOH TapMOKJIApHHU, anmnapar-aacTypuil BOCUTAJIAPHU
WHTEJUICKTyall OOIIKApHIII, YKUTHII YCYJIJIAPUHHU Ba TU3UMJIAPUHH UIILIA0 YUKUIID
JACTypH JIOUHUXACH Joupacuaa Oakapuiras.

Juccepranuss MaB3ycH Oyiiu4a XOPHKMHA MIMHUA-TAAKHUKOT/IAP IAPXU.

Tupuk TH3UMIAp XyXaWpanap TYpPKyMH pEryjsTop MeXaHU3MIIApUHU
Taxyiian, (yHKIMOHAI-TY3WIMAaBUH HOpMaj Ba aHOMajl TAIIKWJI TOMMIIM Ba
baonusITH KOHYHUSITIAPUHMU AaHUKJIAIL, »3JIEMEHTJIapapo BakTUi-(a30BUI Y3apo
MyHoca0atinapHui UGOAAIOBYM  MOJCIUIAPHUHTI  KOMIBIOTEp  aJITOPUTMUHHU,
xucoOui TaxkpuOanap TAUIKWAJI 3THUILI yYyH JAacTypHil TabMHUHOTHHU, OMOJIOTHS Ba
THOOMET MacanajapuHy €YHINTa WYHAITUPUITAH XUCOOUN TakpuOanap YTKa3HIIl
yCyJUTApUHH UIUTa0 YMKUII MYHATUIINAA )KaXOHHUHT €TaKYd MaMJIaKaTIapUHUHT
WIMHN MapKa3jiapy Ba OJIMH TabJIMM Myaccacaiapumia, skymuagan, University of
Connecticut, Virtual Cell (AKI); University of Edinburgh, CellDesigner (byrok
bpuranwms); Laboratory for Bioinformatics, Keio University, E-Cell (SInonus);
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Systems Modeling Laboratory, NetBuilder (IToxsmra); Bioinformatics Research
Center, WebCell (CKanyouit Kopes); CNRS-BIP, Marseille, SBML (®panmus);
Center for Bioinformatics Tiibingen, SBMLsqueezer (I'epmanms); WHcTUTYT
IIUTOJIOTUU M TCHETUKH, «DJeKTpoHHas kieTkay (Poccus)iapaa KeHr KaMpOBIIH
WIMHUN-TaAKUKOTIap 010 OOPUIMOKIA.

AXO0pOT KOMMYHHKAIIUA TEXHOJIOTHUIAPKM Ba MAaTEMATUK MOJIEIUIAIITUPHUII
yCYJUIAQpUHM KYJUIaraH XoJija Xyxkailpa Typkymuapu (HaodusITUHU YpraHuiil
Oopacuaa kaxoHIa XyKalpajap PeryiasaTop MeXaHWU3MIIapura Oujl KaTop WIMHUUN
HaTWXKamap, >KyMiadaH, KyWuaarujgap OJMHTAaH: KWHETHK MOJEIUIap acoCHia
TCHJIAp PETyJISTOPHUKACHHUHT MabiymMoTinap Oasacu sparwiraH  (BioModels
Database, EMBL-EBI, BIl, Caltech (byrox bpuranus)); TeHeTHK WHXUHEPHSI
coxacuaa XucoOui Taxpubanap YTKa3ull y4yyH AACTypHUil BOCHUTajap KOMILIEKCH
spatiirad  (MGSmodeller, MGSmodelsDB (Poccus)); xyxkaiipaga OWOXHMHUK
peakipsiapHd  ypranuin ycyiiapu — unuiad uukwiran (Sabio RK, Scientific
Databases and Visualisation Group, H-ITS (I'epmanus)); xyxaiipa (GpaoausTHHH
moaemamTupuin yayH maxcyc CellML nmactyprnamn TabMUHOTH Takidd STHITaH
(CellIML Model Repository, Gene Ontology (Slurm 3enanams)); Xykaiipaiap
TYPKYMHHH MMHUTAIIMOH MOJICIUIAIITUPUIN yCyiutap uiuiad unkuiaran (Centre for
Nonlinear Dynamics (Kanana)); xyxkaiipamap (aoJusITHHA XHCOOWH TaXJIHJ
KWK Oyiinya uHGOPMAIIMOH TEXHOJOTUS HMHCTPYMEHTapUiCH sSpaTuiraH
(Systems Biology Research Group, Bioinformatics Programm, CancerSysBio
(AKII)); MoieKyasp reHeTHK TU3UMJIAp PETYJISAIUACUTa OUJI MOACIUN TabMHHOT
nnad umkwirad  (Macromolecular Biochemistry Research Center, INRIA
(Opannus)).

Xyxkaiipa TypKyMJapu peryjIsaTop MEXaHW3MJIAPWHWHT  MaTeMaTHK
MOJACIIApUHM HWIIIA0 YWKHUINra OOFIHK, KymJagaH, KyHuJgarm YCTYBOP
HyHamumIapaa WIMHAR-TAAKUKOT WIUTApU  OJUO OOpHIIMOKIA: TUPUK TH3HMIIAp
XyXalpanap TYypKYMH peryJsiTop MeXaHU3MJIApWHU (PYHKIIMOHAI-TY3UIMaBUN
TAlTKWJ ATWINII KOHYHUSTIAPUHUA aHUKJIAIL; XyKaipanap TYIUIAaMH PEryJsiTop
MEXaHu3MJIap BakTHii-Gpa3oBMl Ba  XaXMUH  y3apo  MyHOcaOaTIapuHH,
AJIEMEHTJIapapo KOOMEPATHBJIUIUHM, XyXKapa TYPKyMJIApUHHUHT (DYHKITMOHAI
Oupnuru acocujia Xyxkapa TypKYMJIApUHU PETYJSITOP MEXaHU3MIIAPUHUHT
KOHIICTITYyaJ] Ba HMMHTAIMOH MOJICTUHU WIIIA0 YHKHUII, XyKaipa OVIMHUINM,
TabaKalaHUIIU, XyXKaHpaHUHT Y3Ura Xoc BazudanapuHu OaxapHill kapacHiIapuHu
MOACIIAIITHPHIIT; Xy)Kaipa XaKMUHUHT Y3rapyIlld TSHTJIaMajiap mapamMeTpiiapura
TaBbCUPUHU  XucoOra oJiraH XOJJa MaTeMaTHK  MOJSUTAIITHPHUIITHHHT
WH(OPMAITMOH TEXHOJIOTHS HHCTPYMEHTAPUHCHHU SPATHIIL.

MyaMMOHMHI YPraHWITaHJIUK Japaskacu. TUpHUK TU3UMIIAp XyXKapaiap
TYpPKYMH PETYJISITOP MEXaHW3MIIAPWHU TAJIKUK KUJIMIITHWHT Ha3apwil Ba aMalldi
MacajaJapuHy €UUIJIa YU3WKJIM JaCTypJall Ha3apuscH, CTEXHOMETPHUK
MOJICIIIAIITHPHUIIT TEXHOJIOTHSCH, TUCKPET, CTOXACTHK, TUOpHI EHAONUTYBIIAp,
onmuit nuddepennran TeHrnamanap, auddepeHmai-ainpma, XyCcycuid XoCuiamu
TEHIJIaMaJIap yCyJuiapu €pamMuja XyKalpaJapHUHT SHaJa Mypakkad peryssTop
KapaCHJIapuHU ~ XMCcOOTra  olraH  XOJjja  MOJCIUIAPUHU  SpaTWIl  Ba
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TaKOMWJUIAIITUPHUIN Macananapu Oup karop onumiap: Leon Glass (Centre for
Nonlinear Dynamics), Bernhard Palsson (Systems Biology Research Group),
James D. Murray (University of Oxford), Andreas Gisel (Institute for Biomedical
Technologies), Wojciech Karlowski (Institute of Molecular Biology and
Biotechnology), Andrey Kajava (Macromolecular Biochemistry Research Center),
Rubem P. Mondaini (BIOMAT Consortium) Ba OoIIKaJapHHHT HUIILUIApHIa KYpHO
YUKUJITaH.

Tupuk THU3UMIAPHH XUCOOMI TaxJIMJUTAIlll, MOJEIUNA TaJAKUKOT YCYJIH
époamua, Xyxkaipamap TYIIamu, Xyxaipa (QyHKIUSIApU, MOJEKYJISP-TEHETHK
TU3UMJIAp PETYISALMICH MEXaHU3MJIAPUHU aHUKJIAIl Macajanapu OuiaH OOFIUK
TaAKUKOTJIap OMp KaTop oJuMMiap TOMOHHJAH oiaub Oopuirad, >xymuianal, J.F.
Bailey, A.b. Py6un, 1. Prigojin, B.A. Paruep, B.H. HoBocensries, O.I'. YopasH,
P.J. Murray Taxauiau IIyHUM KypCcaTaJWKHh, XO3UPTrM BaKTIa MATEMATHUK
MOJCIIAIITUPUITHUHT (ariap, Xyxkaipa (QyHKIusCH, XyKalipangap TYILIaMu,
OpraHu3M Ba TOMyJsAlUs Japaxanapuaa wunuad uukwirad. [lyHuHraex,
omorexHonorusiga Strohman; J.E. Bailey; R. Ramakrishna; FO.JI. T'opneera,
dbapmakonorusga D.R. Wada; D.W.A. Bourne; S. Neuhoff, Tu66uérna C. Cobelli.,
D.M. Foster, M.; Hakman, T. Groth; D. Noble Ba xumutox xyxamuruma P.A.
[TomyskroB; D. G. Rossiter; G. Alexandre, B.B. Ilerpenko kabu omgumiap
TOMOHHJIAH MabJIyM Jlapa)kaJard WkKoOui HaTHKanapra SpULIUITaH.

Tupuk THU3UMIAp PETYIATOP MEXaHU3MJIAPUHU TYpiu XWI Japakaaaru
MaTeMaTUuK MojeuamTupuinra oarunuianrad uuap b. I'ynsun, [x. Cmurt, E.E.
CenpkoB, B.A. Patnep, M. Diiren, 1I.C. Uepnasckuii, M.W. Covert and et all.
(cyoxysxkatipa napaxkacu); b. Cennos, P. [{anes, FO.I'. Automonos, A. Zaritsky and
et all.,, M.L. Shuller and et all., V. Tabar and L. Studer (xyxaiipa napaxacwu); JI.I.
Jlumerosuu, H0.B. KubGapaun, K.K. JIxanceutos, D. Noble, O. Wolkenhauer
(ap3o-TykuMa mapaxkacu); H. PameBcku, A.M. Momyanos, I'.'I. Mapuyk, C.JL
3aryckud, A.B. Parymnspiii (opraHusMm gapaxacud) Ba  OOIIKaJapHUHT
TQIKUKOTIApUAa  OHMOTH3UM  PETYJSIIUSACH  MEXaHU3MJAPUHUHT  KYpWJITaH
Japakanapuaa acocu ouub Oepuinran, THOOMET-OMONIOTHUS Macaialapy edruMmiIapu
y4yH MaTeMaTUK MOJICJUTAIITUPHUIIHKN KYJUIalll Ba OMOJIOTHUK apaCHiap TaxJIHiIn
kentupuirad. lllyHra kapamai Xyxkaupanap TYIUIaMH PETYJISTOP MEXaHU3MIIapH
baomusITHHN XUCOOMI TaXJMJUTAIIHUHT caMapaid YCyJUlapu Ba MaTeMaTHK
MOJIEJUTall TU3UMJIADUHUA KYPHUIIHUHT SroHa EHJONIYBH, XyKalpajiap TyIjiaMu
pEeryisiToOp MEXaHU3MJIAPUHUHT MaTEeMaTUK MOJAeNIapy BakT-(a30 TallKuil
STUIIMHUA XUcOOra oJjiraH XoJijga OMOJIOTHK >KapaHiapja axpaind 4YuKaJIuraH
XyXkaipaap Tymiamu (aoja OUPJIUTHHUHT YWU3UKCHU3IUTH Ba KOOIEPATHUBIIUIU
XyCYCUSTIAPUHU TAJIKUK JTHUINTa OaFMIIUIaHTaH WIMHN H3JaHUNUIAp XO3UPIH
KyHJa Aesipiii 0Jiu0 OopuiMaras.

JAucceprauuss MaB3yCMHMHI JAHCCEPTANMS OakapwiaéTraH WJIMMI-
TAAKMKOT MYacCACACHHUHI WJIMHUI-TAAKMKOT MILIAPU OWJIaH OOFITHUKJIMIH.
Maskyp auccepramus — TaaAKUKOTH  TOHMIKEHT  axO00poT  TEXHOJIOTHsUIApU
YHUBEPCUTETH Xy3ypuzarn JlacTtypuii Maxcynoriap Ba anmapar-AacTypuu
MaXMyajiap SpaTUIl MapKa3d WIMUN-TAAKAKOT WILIapu OwiaH OOFIUKJIUTH
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Kyiinaaru noitnxanapaa akc srtupuiran: A-20.16 «['en, xyxaiipa MyxaHIUCIUTH
Ba OMOTEXHOJIOTHAa HH(OPMALIMOH TEXHOJOrUs HHCTpyMeHTapuiicuy (2003-2005
iit.); A-9-152 «CypyHKaJid BHPYCJIM TEHaTHTIAp MAaTOTCHE3MHUHT Xy)KalpaBHid
BUPYCOJIOTHK acociapy HHPOPMAIIMOH TEXHOJIOTHUS UHCTPYMEHTAPUMUCUHHU SIPATULIT
(/] renatut BUpycHu Mucosuaa) Ba Kyutam» (2006-2008 iiit.); A-14-010«Opran Ba
TYKAMaJlap pEerylarop MEXaHM3MJIApUHM XyKailpa Japaxacuna OOIIKapHIL
ax0opoT TexHoJorusIap uHCTpymeHTapuiicu» (2006-2008 iiii.); PA-D1-DO11
«TupuK TH3UMJIAp PETYIATOPUKACH ONTUMaN OOIIKApYyBH Ha3apHil acociapw,
yciyOnapu Ba HH(POPMAIMOH TEXHOJOTHUSIIAP WHCTPYMEHTAPUHUCHUHHU SPATUIID)
(2007-2011 iiit.); ®A-A17-D009 «bHOTH3UMIIADHUHT OpPTaHW3M JapakacHJIard
perynaropukacu OOIKapyBU WH(OPMALKMOH TEXHOJIOTUS HMHCTPYMEHTapHICUHU
nniad gukumn (2009-2011 iit.); ©4-OA-D006 «Tupuk TH3UMIIAP PETYISATOPH-
Kacu HMH(QOpPMAalMOH TEXHOJOTUSACHUHHUHI Ha3apui acociiapu Ba yciIyOJapuHu
spatumn» (2012-2016 iiii.).

TaagKMKOTHHHT MaKcaaWM TUPUK THU3UMIIAP XYyXalpa TypKyMJiapu
peryiasTopukacuga dJIeMEHTIapapo BakTuii-¢azoBuil y3apo MyHocabatiap
MEXaHU3MJIApUHU K(OJATOBUM HMMHTAIIMOH MOJIEUIAIITUPHIL  YCYJIJIapy  Ba
MaTeMaTHK MOJICJUIapU MaXMYyacHHH UIILIA0 YUKHIIIaH noopar.

benrmnanran Makcajara JSpUINMII YYyH KyWHJIard TAAKMKOT Ba3dudanapu
KYWWJITaH:

TUPUK TU3UMIIAP XyXaipanap TYpKyMH PETYIATOP MEXaHU3MIIAPDUHH TaXJIUI
KWINII Ba (YHKIIMOHAI-TY3WIMABHI TAIIKWIT TOMUIIN KOHYHUSTIAPUHN aHUKJIAI,

Xyxkaipasap TypkymMu ¢yHkuuoHan Oupnuruga (XTDB) ynapHuHr
HIAKJUIAHWII JKapa€HIIApUHUA TYPJIU IOFOHAIApUIA Xy KalpaJlapHUHI MUKIOpPUN
MyHOcabaTiapyu MaTeMaTHK MOJEITMHA UITA0 YUKUII Ba TaJKUK KUJIHIIL;

XyKadpagap TYPKYMH  PETYJSATOP  MEXaHU3MIIAPUHUHT  UMUTAIMOH
MOJICIIAIITUPUII YCYJUIAPUHU UIILIA0 YHKHUIIT;

XT®dbna osnemeHTinapapo  BakTHii-a3oBuil  y3apo  MyHocabaTiIapHH
n(}HOANOBYM MOJICJUIAPHUHT KOMITBIOTEp ajJTOpUTMIIApU Ba YCYJIApUHU HIIa0
YUK,

Xy)Kapanap TYpKyMH HOpMal Ba aHoMad (aoNusATH KOHYHUSITIAPUHU
aHUKJIAII Ba XUCOOMM Takpubayiap YTKa3UITHUHT NaCTypHi TAabMUHOTHUHU UIILIA0
YUKHIIL;

Xy>kaiipa OYiIuHUIIN, TabaKaIaHUIIH, XyXaHpaHUHT y3ura Xoc BazudaiapHu
Oaxapuiy skapa€HIapuHU, XKMHHHT Y3TapuIlld TapaMmeTpiapud Opacuaaru
MUKJIOPUI OOFIUKJIUKIApUHU xucoora OJITaH X0J11a MaTeMaTHUK
MOACIIAIITHPUIITHUHT HH(POPMAITMOH TEXHOJIOTHS HHCTPYMEHTAPUHCHHU SPATHII,

XyXaiipa TypKymJapu peEryJsarop MEXaHU3MJIApUHUHT MaTeMaTHK Ba
UMUTAIMOH MOJICINIAPWHH WIIUIA0 YMKHII Ba aMaUETAA JKOPUH ITHUII.

TaakMKOTHUHT 00beKTH cudaTiIa TUPUK TUIUMIIAP XyXKalpanap TypKyMH
byHKIIMOHAT OUPIUTUHUHT PETYJISTOP MEXaHU3MJIIApH KapalTraH.

TagKMKOTHUHI  mpeaMeTH  XyKalpanap  TyIUlamJjapud  PeryJsaTrop
MEXaHU3MJIAPUHUHT MaTEMaTUK MOJCIIAPUHH SpaTHIl YCYJUIapH, aaropuTMIapu
Ba XMCOOWI TaxTMJIJIAIITHUHT JACTypUi TABMUHOTH XHUCOOJIaHA Y.



TagkukoTHUHr  ycysuiapu.  Taakukor — kapaéHuaa  MaTEMaTUK
MOJEJUIAIITHPHUIL, THPUK TH3UMIIAp  XyXKalpa TypKyMJlapu  pEryJsiTop
MEXaHM3MJIapH, XyKahpanap TyIUlaMd Japaajlapula MOAEIHWM Ba [NacTypui
TabMUHOTHMHU  WIUIA0  YUKHUIN  ycyJulapu,  (yHKIHoHalI-auddepeHIral
TEHIJIaMaJIapHu cU(aTUi TaxJIUJUIalll Ha3apUsICH KYJIJIaHUIITaH.

TagKMKOTHHUHT WJIMHUI SHIWJIMIH KylHaruiapjad uoopar:

XyKaiipa TYpKyMJIADUHUHT (QYHKIMOHAJI OWPIUTH acocuaa OYIMHYBYH,
ycyBum, TabakalaHyBYM, Maxcyc Basu(anap OakapyBuHu, KapyBuM XyXkaiipamap
rypyXJapH Xykailpa TYpKyMJIapUHH PETYISATOP MEXAHU3MJIAPUHHHI KOHLIETITYall
MOJENH SIPATUIITAH;

XyXaifpa BakTuUi-(a30BUNl MIAKUIAHUIIMHUHT WYKUA  >KapaCHIapUHU
uponanoBun XTDb wumurtanmmon moaemiapu, xamaa auddepeHnuar-ainpma
TeHrnamanap cucremacu acocupa Tty3wiraln XTdbpa Xyxkakpanap COHUHHUHT
MUKJIOpHH ¥3apo MyHOca0aTIapUHA MAaTEMATUK MOJIETH UIIUTA0 YMKUJITaH;

Xykaipa  OYnmuHMIIM, TabakajdaHWIIM, XYXaWpaHUHT  y3ura  Xoc
BazuamapHu OakapuIy, AIall JaBpu OOCKUWIApU >KapaéHaapu MoOJeIapHuiaH
tamkui Tonran XT®dbna xyxkaiipa GyHKIMIIapU PETYIATOP MEXaHU3MIIAPUHUHT
WHTETpajlIalliraH MaTEMaTUK MOJIEIITIAPU MaXMYH SIpaTUIITaH;

WIK O0p Xykailpa XaXKMHU JMHAMUKACH IBTHOOpPra OJMHTAaH Ba XXM
MUKJIOPUHUHT Y3rapuiiy cababiu Xykailpa OYJIMHUIIM MOJETU Ba XAKMHHHT
y3rapuilid napameTpiiapd Opacujard MUKIOpPHM OOFIMKIMKHUHI — Xy»Kaipa
(GyHKUMSIIapU MOJIEIUTApY UIIUTA0 YMKUIITaH;

Xy’)Kaipa TypKymJIapu peryjiTop MEXAHU3MIIAPUHU HOYM3HK  Y3apo
OOFJNaHMIIIAPH, Y3-Y3UHU HUAO0pa KWIMIIHA, OXUPTrd MaxCyJIOT HHTUOMIUSACH,
accocHaTHBIAIl YCIy0 Ba HMMHUTAIMOH MOJEJUIAPUHUA KOMIBIOTEpAA MILIA0
YUKUILIHUHT QITOPUTMIIAPH TY3HWJITaH;

Owonmorus  Ba  TUOOMETHA  XyXKailpa  TypKyMJapu  perymsiTop
MEXaHU3MIIAPUHUHT ¥3ap0o OOFJIMKIIUK kKapaCHJIapyu MOJCIUIAPUHU UIUIA0 YUKHIII
MacajaJapuHyd  €UMINra  WYHAJITHUpWITaH  xucoOuii  Taxkpubanmap  y4dyH
nH(OPMAITMOH TEXHOJIOTHS Ba JaCTYpPHUIl BOCUTANIAp SpaTHIITaH.

TagKUKOTHHHT aMaJIMii HATHXKACH KyWuIaruiapaan noopar:

TypJIU TIOFOHANIAap/a aXXpaTud OJIMHTaH XyXahpa Typkymiaapu (Gaos Oupauru
(XT®B)aunr Ty3wiran Xyxadpaiap MHUKIOPUHA MyHOcCabaTH MaTeMaTHK
MoJeIIapuHu cuaThil TaxJ WM acocuaa Xyskailpaigap OYJIMHUIIMHUHT acoCU
KOHYHUSITIapU Ba XyXalpaiap alTepHaTUB pakoOarT WYIIapvuHU aHUKJIAIl
XUCOOUM TaxJIUIIM aMajra OMIMPUIITaH;

Moje/Iap — TAaIKMKOTH acocuaa XyKaipa TYpPKyMIIADUHUHT MYpakkao
HaKJIapaa MIUlay, KyMiIaaaH, XyKaipa TypKyMIApUHUHT XyKalpalapyu COHIIN
JTOUMHUWIINTUIAH TAIIKapH, JaBPUH Y3rapuyily, HOAHUK XapakaTy Ba “Kopa ypama’
XYCYCHSITUTA ATAIUTYA aHUKJIAHTaH;

XTdbna xyxkaipamap ¥3apo MUKIOpHM MyHocabatiap Ba Xyxaipa
mudepeHnuanusIc  MaTeMaTUK MOJCUIADUHUHT  aJeKBATIWK, TECTJam Ba
HATHMKAJTApHU TaKKOCHAll ME30HJapu acocuja cudartuii Ba KUECHM TaxXJIWJ
KUJIMHTaH Ba QyHKIMOHANI-IU(PepeHuan TeHraamanapy Tanaad oNMHTaH;
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XUCOOM TakpubOanap YTKa3uIIHM aHUK OUp Makcaira WYHAITHPHIL
acocuza, *KyMJjaJaH, OpraHU3MHM €F OWiIaH 3YpUKTHpPUITaHia WYaKHUHI KeTMa-
KET MOCJAIIMII PEeakUUsACH, SbHU HIMMHO OJIyBUM XyXailpajap W3YWIUIUTHHU
Kydaiumy, auddepeHnuanuscy Ba 3axupa MaWJOHUAA MaBKyJd BaKTJIAPHUHT
KaMaluIM XUcoOura yJapHMHI MUTpaluscH, YCyBUM €I XyKalpaJlapHUHT
OYJIMHMUIILTA KaJI0 ATUITUIIH, Xy>Kalipa OYIMHUIIIM KUICMUHUHT YCUIIIA Ba OVIMHUII
BaKTUHUHI KaMalHIlM KYpCcaTUiIraH;

MaTeMaTHK MoOJeilapra acociaHu0 YTKa3wiraH XucoOud Taxkpubamap
YKapaéHu1a KpUNTa-BOPCUHKA TU3UMUHUHL €11 yCa€Tran XyKaupanap ManJoHUAA
XyKaupanap TYIUIAHUIIM Ba KPUIITA-BOPCHHKA Xy)KauWpajaap COHUHUHL
teOpanunm (30% raua), Te3 SHTHIAHAAWTAH XyXKaipajgap TU3MMUHUHT MYMKHH
Oynran Tamku TabcUpra MyBOGUK MOCIIAIIHII MEXaHU3MH aHUKJIAHTaH;

«lemarouT-HBV»  pactypuit maxmyana onu® Oopuiran XucoOWid
Taxpubanap HaTWKacuga remaTMT B KacalMrd — KEYMIIWHU — KJIMHUK
OockuwiapuHu  M(OAATOBUM JKapaCHHUHT KyHUJArd peXuMIIapu: TO3aJaHMIL,
CUMOHO03, peryysip Ba HOPEryJisip TeOpaHUIUIap, KyWId AECTPYKTHUB y3rapuuuiap
aHuKIaHrad. Kaill KuiMHraH pexuMiIapHU Ba yJapHM acocuil TaBcu(IapuHU
OamopaT KWIMII MYMKUHJIMIM IOKyMJIM TenaTtuT B kapaéHu KIMHUK Ba
naboparopus TaAKUKOTIAPUHU KOMIbIOTEpAa oOJub Oopullra, MaToreHe3Hu
MOJIEKYJIIP-TEHETHK aCOCJIApUHU TaxXJWJUIallra, TAallXUC KWJIWIIra, renatur B
KACAJUTUTH JaBOMUJA Y3Ura X0¢ OOCKUYIApUHU aHUKJIAIl UMKOHUSTH SIpAaTUJITaH;

KAJIKOHCUMOH 0e3 (hOoUIMKyJacu XyXalpajlap TYIJIaMU PEryJaTOpUKacH
KOMITBIOTEP MOJENHIa YTKAa3WIraH XHUcoOui Taxpuobanapaa, y3rapmac (paosvary,
TypFyH TEOpaHUIIM Ba MYBO3aHAT XOJIaTIapHU PEKUMIIApH, aronTo3 — XyKaipa
TaOUUN CYHUII PEXKUMH, HEKpO3 — XyXalpa MaToJIOrMK XajokK Oymuind, “Kopa
Vpama” »sddexktn Ba YcUMTa PUBOXKIAHMIINM HOPETYJSAP XOJaTAa KEUHIIH
aHUKJIaHTaH,

unuiad YuKwirad QyHKIuoHaI-mudQepeHran TeHraaMajJapHu  aMmaiia
YKOpHI ATUIN HaTHkacuaa “Xerdauk yerapacu’ KOHIICTIIUICHHU anbd dTMacaaH
OUB unHbekuuscu naToreHe3 MeXaHu3MIIapu Tax M1 STUIITaH.

TaagKMKOT HATH/KAJAPMHMHI HINOHWIWJIMIHM. DBHOJIOrMK KOHyHUATIAp
acocujia MIUIa0d YMKWITaH XyXaipa TypKymJlapu peryjsiTop MEeXaHU3MJIApUHUHT
MaTE€MaTUK MOJEJUIAPUHUHT aJIeKBATJIMIM, KOMIIAKTIIWIH, TECTIAHUIIH, YIap
ycTuaa xucoOuil TaxpuOanap YTKa3WIMILK, SHHU OHOJOTUK (EKM KOHIIETITYan)
MoOJeN spaTWinO, y JTajloH o0BeKT cudaruga KaOynl KWIMHTAHJIUTU OuJiaH
acocnanagu. lyHUHTIeK, XysKaiipa peryisiTOpukac MeXaHu3Muaad QpoiiaaaHul
acocuia MaKkOyJ1 MOJAEIIHU KOMIIBIOTEPIN KUIUPYBHU Ba MOJEN TAPKUOUTA KUPYBUU
uH(OpMATUB MapaMeTpjapHM TaHJall aMalira OIIMpUiagu: OUOJOTHMK MOJAEIHU
TYFpU aKC OTraHJIMrd JapaXxacMHu OOCKu4YMa-00CKuY 0axosald, sapoBHi
x)apa€rnap (aoumru mapameTpiiap KUWMATIapUHU Y3rapTUpPHUIN Wynu OwiiaH
KOppeKUMsl KWIMHAAW, LUTOIUIa3Ma Ba SAPO ypTacuaaru y3apo ajloka
napameTpiiap KUHMaTIapUHUA Y3rapTUPHUIT WY OWjIaH KOPPEKIUs KWINHAIA Ba
HUTOIUIA3MATUK TH3UM HIIUIAIIM [apamMeTpiiap KUMMaTIapUHU Y3rapTUPUII YN
OMJIaH KOPPEKUUS KWIHHAIH.
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TagKMKOT HATHXKAJTAPUHUHI MJIMHMH Ba aMaJiuil axaMusATH. TagKukor
HAaTWKAJIADUHUHT WJIMHAM ~ aXxaMmMHusTH ApaTWIraH XyKaipa TypKyMJIApUHU
KOHLIETITyaJl ~ Mojenu, auddepeHman-aiiipMa  TEHIJIaMajgap  CHUCTEMACH,
AJIEMEHTNIapapo  BaKTHil-azoBuii  y3apo  MyHocalariapHu  udOAAIOBYU
MOJEJUIAPHUHT KOMIIBIOTEP aJrOPUTMIIAPU Ba YCYyJUIapH, XyXanpajap TypKyMHU
HOpMaJl Ba aHOMall (DAONMSATU KOHYHUSTIApU, XyKailpa TypKymilapu peryssiTop
MEXaHU3MIIADUHU HOYM3HK ¥3apo OOFJaHUIUIApH, Y3-Y3UHH HI0pa KUIJIMIIIH,
OXHUPTM MaxCyJOT HWHTUOUILMSICU, ACCOCHUATHUB YCIyOJIapu, XUCOOMH TaIKUK
KWINII YCYyJUIapH, aJITOPUTMIIAPH, AACTYPUH MaxCyJoT/iap Ba WUIUIa0 YMKUITaH
PEryJATOp MEXaHU3MJIAPUHHU MOJACJUIAIITUPHUII YCYJUIApU, TUPUK TU3UMIIAPHU
XyXKarpa Ba XyxXahpa TypKyMJIapyd Japa)kajlapyujia MOJCIUIAIITHPHUIN YMYMHI
HA3apUSACHHH CUHTE3JIAINTa IMKOH OepuiuaaH noopar.

TagKMKOTHUHI aMalMii axaMuATH SpaTWITaH Xy)Kahpa TypKyMJlapu
MMMHUTAMOH MOJCIUIAIITUPUII JTaCTYypuld MaXMyWJaH XaKUKUWA Xy’Kaiipa
TYPKYMJIApUHU  TaxXJuWjd KWIMII MYMKUHJIUTHAQ Ba YJIapHU camapaiu
OolIKapyBUHU cuHTe3nama. Taknud KuiIMHAaETraH Xykailpa TypKymilapu
PEryJIATOp MEXAHU3MIIAPUHM TaXJIMJI KWJIUII MOJEIUN Ba JACTypUil TabMHHOTH
TUPUK TU3UMJIAD UMHUTALMOH MOJEIUIapuaa XUcoOuid Taxpubanap onud Oopwiil
acocuaup. Kpunra-BopcMHKa TU3MMUHUHI HUMUTALMOH XYyXaWpaBUW MOJEIU —
WYaK CWUIMK KOOUFMHUHT (DYHKIIMOHAT OUPJIUTH — OBKAT Xa3M KUJIMII
TU3UMUHUHT MOCJIAIIUII PEAKIUACH TaIKUKUAa XUCOOU Taxkpubayiap yTKazumiga
unuiatuiaan. Mnuiad 4ukuiran remarouut Ba renaTuT B Bupycw Mosiekyisip-
IF€HETUK TU3UMJIApU y3apo MyHOcalaTiapu peryiasiTOPUKACUHUHT (YHKIIMOHAI-
nuddepeHnpan TEHrjiaMalapyd KOMIbIOTEpAa TEKIIMPUI Ba cudaTUi TaxJui
KWINIII acoCUja renatouutaard B BUpyCiaM remnatut MHQEKIUOH KapaCHUHUHT
acoCHUil KOHYHMSATIAPUHU aHUKJIAWIN, renaTuT B kacammru gaBomuga y3ura xXoc
OOCKUWJIApUHU Oaropar Kujiaau, MaToreHe3HUHT MOJICKYJISIP-TeHETUK aCOCIIapuHU
aHUKIanau. MaBxky OMOJIOTHK TaXpuOa MabIyMOTJIapH, XyKaipa Japakacuja
KAJIKOHCUMOH 0€3 Ty3uiaMa-(yHKIIMOHA TAIlKWUI TONTaHJINTUA XaKuJa Hazapuiu
KOHYHUSITJIAP, TUPUK THU3UMIIAP PETYJIATOP MEXAaHU3MIIAPUHH MOEIUIAIITUPUIL
yCylH, Xamaa XyxXailpa TypKymJapu  peryjartop  MEXaHU3MIIAPUHHUHT
TEHIJIAMAQJIapd  acoCHJa TY3WIraH KaJlKOHCUMOH 0e3 (oummkyn Xyskadpaiap
TYIUIAMU PETYIATOPUKACHHUHT KOMIIBIOTEP MOJEIM MEEPUNA Ba SHTUAAH NAWJI0
OynmaérraH paxk xoJjaTiapujaa KaTKOHCUMOH 0e3 (HoUTHKyN XyKaipanapu TyTjaaMu
COHU PETYJISTOPUKACHUHU XUCOOMM TaakuK dTamu. WMmad 4YukuiaraH WMMYH
TU3UMU  XYyXKalipa TYpKymJiapu XyXadpajgapu COHH PEryIsSTOPUKACUHUHT
KOMIIbIOTEp Jactypiapu Hopman Ba BHUY wundexumscu xomarnapuma Cl4
JuM@OLUTIIap COHU AUHAMUKACU TaXJIWJIW YUyH XUCOOMI Taxkpubanap YTKazuIiia
KYJUIAaHWJIAIU.

TagKMKOT HATHKAJAPUHUHI KOPUN KUJIMHUIIM XyXKaipa TypKymiapu
PETYSTOPUKACUHU Y3rapuiy Tydaiian ro3ara KelaguraH KacaJUTUKIIApHU Kenno
YUKW cababiapy, JUHAMUKACH Ba OKMOATIapUHM aHUWKJAII OVHWYa omTumal
KapopJiap KaOysn KWIUIIAa XyXKaipa TypKyMJIapu PeryjsTop MeXaHU3MJIapUHUHT
Mojemapuial (oNUaTaHUIl JACTIA0KA TalIXUC KYWWIIAa aHUKIMKHA 1,5-2
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Maporabara Ba JmaBojam camapagopiauruan  35-40% rTa ommpamu, Xamuaa
Owosiorusi Ba THOOMETHA Taxxkpuba HIUIAPUHU peKATAIITHPHIIA Taxpuoa
YTKa3MIll XapakKaTHHU TexKalll Xxucooura Wk 120,5 MiTH. cyMm. camapaiopiiuKka
spummnagn  (Y30ekucton  PecryGnukach  axGopoT  TEXHONOTMSIApH — Ba
KOMMYHHUKAIUSJIAPUHU PUBOKIIAHTUPHUII BasupJUruauHr 2016 viun 4 dhepangaru
02-8/677-con, Coriukuu cakiam Basupaurudauar 2016 i 1 maptaaru 84-3/49-
COH MabJIyMOTHOMAJIapH).

TagKuKOT HATHKAJAPUHUHT anpodanusAcu. J(ucceTausHUHT Ha3apuid Ba
aManuyd  JKAXAaTjJapu  KyWHJard  Xajgkapo Ba  MWUIMM  CEMHMHAp  Ba
KoHepeHuusanapaa Myxokama KuiauHrad: «Cynsuit xaér» (Mcnanus, ['penana,
1995), «Tubouér nadopmarukacu» IX unm Oyryn myHé konrpeccu (Kopes, Ceyn,
1998); «International Conference Plant Biology IXS» (USA,Baltimore, 1999);
«International Conference on Differential Equations» (Belgium, Hasselt, 2003);
«XXth European Congress of Pathology» (France, Paris, 2005); «International
Symposium on Dynamical Systems Theory and Its Application to Biology and
Environmental Sciences» (Japan, Shizioka, 2004); «Workshop Complex dynamics
and delay effects in coupled systemsy» (Germany, Berlin, 2006); «BIOMAT 2006
Symposiumy (Brazil. Amazonas, 2006); «International Multi Conference of
Engineers and Computer Scientists» (Hong Kong, 2006, 2007); «BIOMAT 2007»
(Brazil, Rio de Janerio, 2007); «Biocomp 2007» (ltaly, Salerno, 2007);
«BIOMAT» (Brazil, 2008, 2009, 2010); «The 8th JSH Single Topic Conference
“HBV Now in Asia» (Japan, 2009); «EASL Monothematic Conference» (Turkey,
Istanbul, 2010); «International Conference on Mathematical Methods and Models
in  Biosciences» (Bulgaria, Sofia, 2012); «MaremMatuk MOJAC/UTAINITHPHUII Ba
xucobuit Taxpuba» (V3bexncron, Tomkent, 1994), «Kurapru ypranmm Espona
uttudoku wumrtupokuaaru I'ematonorust Poccus mmmk Konrpece» (Poccus,
Mockga, 2014,2015,2016).

TagKuKOT HATH/KAJAPUHMHI JIbJOH KHJIMHMIIU. J[UccepTanus MaB3ycu
Oyiinua 62 Ta unmMui umi, KymiaangaH, 1| Ta mMoHorpadus, 8 Ta XOPKUA UIMUN
KypHaiutapaa 13 Ta unmuil makosia, 6 Ta MWUIMK >KypHaapaa 24 ta wiMuan
MakoJjiajap, pecrnyoOiiuka Ba XajaKapo WIMHUN-amManuii koH(epeHuusuiapaa 24 Tta
Mabpy3a T€3UCIapH IbJIOH KWIHHTAH.

JluccepTauMsIHUHT Xa:KMHU Ba Ty3WaMIuM. J[uccepranus kupuil, oemra 600,
xyJoca, dhoigananunrad agabuérnap pyiixartu, 200 caxudamnan nbopar martH, 37
Ta pacM, 2 Ta >kaJBaj Ba 3 Ta WIIOBaJ aH HOOpaT.
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JAMccepranMsiIHMHT ACOCUMA Ma3MYHH

Kupum xkucmuaa nuccepranus MaB3yCUHUHT J10J13apOJIMTH Ba 3apypUSITH
acocjaHraH, TaJKUKOT Makcaaud Ba Basudanapu, OoOBEKTH Ba MpeaMETIapH
AHUKJIaHTaH, ¥Y30ekucToH Pecry6mmkacy (GaH Ba TEXHONOTHSIIAP TAPAKKUETHHUHT
YCTYBOP WYHAJUIIJIAPUTa MOCIUTH KYypCaTWITaH, TAAKUKOTHUHT WIMHHN STHTWJINTH
Ba aMaliuil HaTWXalapu Oa€H STUJTAH, OJIMHTAaH HATHUKATAPHUHT UIIOHWIMIUTH
acocllaHTaH, yJapHUHT Ha3zapuil Ba aMaluid axaMusITH o4yub OepuiraH,
TaJKUKOTJAPHUHI HATI)KAIAPUHM aMallla >KOpUW KWIWII XOJaTH, WIIHUHT
anpoOanus HaTWXanapH, YbJIOH KWIMHTaH UIIJIap Ba AUCCEPTALMSHUHT TY3HIINIIHN
Oylinya MabJIyMOTJIap KEATUPHUIITaH.

JluccepranustHUHT OuMpUHYM «XysKkapa Ba Xy:kaipajgap TypKymJapu
PeryJsiTop MeXaHU3MJIAPMHU MATEeMATHK MOJCUIAIITHPHIN YCYJ/LUIApW»
000uga Xyxkailpamap TYIUIaMU PETyJIATOp MEXaHU3MHU MOJEIHMM  TaJKUK
KWIMIIHUHT KyHUaara acocuii MyammoJsiapura OaruiuiaHaau: Xyskaipa Basudacu
PETYJISATOP MEXaHM3MIIAPUHU MOJICIUIAIITUPUII MACAJIACH, YCUMIIMK XYy’Kapanap
TYIUIAMU  PETYJATOPp  MEXaHW3MJIADUHM  TAAKUK  KWJIWIIJA  MaTEeMaTUK
MOJICJUTAIITHPHI YCYJUIAPUHUA KYyJUIall, XalBOH OPraHU3MJIAPUHHUHI TYKHMa Ba
ab30JIApU PETYJATOP MEXAHU3MIIAPUHU MOJEIUIAIITUPHIL YUYYH 3apyp JacTiIaOKu
HIAPOUTIIAP TAXJIWIN, Xy Kapanap TYIIaMU MOJEIIUN TaJIKUK KUIUIIHA TAHKUIAN
TaxJIWIH.

Xyxaiipa  QyHKIUATAPUHUA  MaTeMaTUK  MOJEIUIAITAPUIN  OYinua
TaJIKUKOTIapHUHT (yHmameHTan acociapu H. Pameckm, JIx. Yorcon Ba @.
Kpuk, ®. XKakob Ba XX. Mono, JI.H. Cepasun, b. Cennos, P. Ilanes, b. I'yasus,
b.H. XuaupoB Ba OomkamapHu UIUIAPUAND, YjIap/la HACIUA OWPIUTHHU
CTPYKTYP-(QYHKIIMOHAJI ~TAaIIKWJI TONTAHJIUTH, XyXahWpa WUMgard xapacH
pPEeryJaTOp MEXaHW3MJIapu OUPUH-KETUH O4YuO Oepwiran Ba yjap Xucoouit
TabpU(PUHUHT MYMKUH OYJIraH Wymnapu kypcatwirad. buotusumiap daonustuaa
OMOCHHTETUK XKapa€HJlap MYXUMJIMIMHHM Ha3zapAa TyTraH Xojjaa, XysKailpa
peryssanus TU3UMHUAA y3apo ajoka BakTUHM xucobra onu6, b.H. Xumuposn
TaKOMWJUTAIITUPUITaH OKCUJI CUHTE3U TEHIVIaMallap TU3UMHUHM UITA0 YUKIIU:

ac, (1) —=AP(Em7) L In2

j=1

C (1)

dt 14> d,RM(t—1,) T
=

dpé—gt) = q,C; (t — 73 In 2 (t) (1)
dR(;t(t): P (t— )—InZR(t)
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oy epma C (t), P.(t), R, (t)— OoKcuJI-(hepMeHTIap,  pempeccopiap  Ba

uHpopmanrod PHK koHIeHTpanusanapuHu xapakTepiaoBud Kuiimatiap; T,— X
MOJJa SpUM IapyalaHUl BAaKTUHHU XapaKTepJIOBYM KUNMAT; {a}, {d}, {q}, { p} —
MycOar y3rapMmac KaTTajaukiuap, 7,7, — SApPO-UUTOIUIa3Ma THU3UMHIA
OMOMOJNEKYNalapHUHT  yYTHIN BaKTUHM XapaKTEpJIOBUM KUUMATIAp; 7, —

perpeccop akTUBJIUIH YYYH 3apyp BakT; N — aKTUB I€HJIap COHM.

Xyxaipanap TYIiaMuHH Mojaeutamtupuiiga (1) TeHrnamanap Xyxkarpa
GYHKIUSIIApH PeryJsIUsICHHIHT XUCOOMit TaBCU(U yUyH UIIUTATUIIA/IH.

Mapxyn wmonemnap y4 cuHra OymuHMIIM KypcaTwiran: A cuH(
MOJAEIIapH — Xy)Kailpajmap TYyIlamMuaa OWp JKUHCIM XyXKaipanap COHH
nuHamukacu ypranwnagu (B.I'. Tsoxenoa Ba Oomkanap; E.JI. 3axoxas; I'.H.
Kynuk, B.1. Kopons, E.C. KoOsimuiikas Ba Oomikanap), B cund mozaemnapu, 0y
cuHpga Xyxailpa Ba3u(paCUHU PEryJIATOpP MEXaHU3MIApU XHCOOMH TaIKUK
kuwinHaau (b. I'yasun; M. Diiren, I1. Hlycrep; B.A. Patnep, B.B. lllamun; b.H.
Xunupos Ba 6omikanap), C cuHd Mozaeiapura Typiid Xuil Xykaiipa Ba yJIapHUHT
XyXalpa M4uJiard peryasaTOpUKacuHU (Pa3oBUN TAIIKWI TOMHUII JUHAMUKACUHU
xucoora oaud CTPyKTyp-(QYHKIMOHAN XapaKTEpHU TaXJIWJI KWIYBUM MOJEIIap
kupaau (b. Cennos, P. [lanes, B. Mareesa; M. Calinanuesa; H.J.W. Mutsairs Ba
oormrkanap).

JlucceprauusitHUHT MKKUHYU «Xyskaipajaap TYIUIAMJIAPHHA
MOAC/UIAINTUPUINHMHT HA3apuil acocjJapuHu Mouiad Yukum» O6o0uaa
Xykaiipanap TYIJlaMd Typiad T[OFOHAJapuaa TalIKWI TOINraH PEryJsiTop
MEXaHU3MJIAPUHU MOACIUTIAIITUPUIIHUHT HAa3apyuid AaCOCHHHU MILIA0 YUKW Oyiinya
TaJKUKOT HaTHUXKaJdapy KEJITUPUITaH.

Kyn Xyxalipanu opraHusmiap Xyxaupanap TY3WIMAacCHHHM TaJKUK KHJIALI
OpraH Ba ab30JIap XyKalUpaBU DJIEMEHTIADUHM — XyKallpa TyIUlamJIapu
MaBXyJIMTUHU, yiap JJIeMEHTap QYHKIUAJIAPUHU OaKapHUIIUHU KYpCaTIu.
Xyxaiipa TypKymJapu KyI MHHTIa0 XyxaWpanapjaH, sbHU Oup Oupu Owiian
y3apo OoFaHran Oup KUHCIU XyKalpanap rypyxu Oupiammacugad noopar. Xap
Oup Xyxkalpa TypKyMHU V3UHUHT mpoiudepanus WYId MaBxKyd OYJIHIIM,
Ta0akalaHUIIM Ba Maxcyc Basuda OaxkapuiMHU TabMUHIAaU. XyKanpamap
TyIuTamMua ycyBur (OYIuHUIIIAH KeinH), Oydepnu (Maxcyc Bazuda O6axkapranian
KEMH) Ba KapyBUH Xy>Kalipaiap MaBxKy/.

Hazapuii Ouonoruss HyKTaum Hazapy acocujia oOpraHu3miap OHOJIOTHK
byHKUMSIIapU  MMFUHIMCUHUHT  3nUGopPu3Mu  Ba YCUMJIMK Ba  XalWBOH
OpraHU3MJIAPHUHT OpraH Ba ab30JapH KYNTUHA Typiu Xl (a3oBUN TAIIKUIUIUTU
Ba (QyHKIMOHAI (HaONMATH MaBXKY IJTUTH, YIAPHUHT TY3WIUIIA OUP XUJUTUTU TUPHUK
TU3UMIIAPHU 3JIEMEHTap Basudaaapy acocuil )KaMJIIaHMAaCHHHU aMajra olupaaurad
(STHrUjalm, MXTUCOCHALUTUPHIN, TAIlIKd MYXUT OWJIaH MoOAJanap ajMalluil Ba
Maxcyc BazupanapHu Oaxkapuin) — ¢a3oBHil Ba PYHKIIMOHAT TAITKUII TOMTaH KYTI
XyKallpaJli OpPraHU3MHUHI OpPraH Ba ab30JIAPUHU TAlIKWI KUJTYBYM XYKailpa
typkymiapu aon ompiurn (XTDB) yHuBepcan Kyidu TH3UMIIAPH MaBXKYJTHTH
XaKuJaru rosira o Kemau.
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Kyitnnaru tabpuduu kupuramus: y3apo 0ornuk (pa3oBuii Ba (€ku) BaKTHI)
XoJia 6up OyTyH OYnub daonusaT 6axapyBuH KYIarOBUH, YCyBUYH, TaOaKaJlaHyBUH,
Maxcyc Bazudanap OaxkapyBuM, KapyBuUu Xyxkailpalap Typyxjapu — Xyxaiipa
Typkymiaapu ¢yskiuonan oupiuru XTDb ne6 aramagu (1 — pacm). XTOb
TYIIYHYaCUHU KUPUTHUII MATEMATHK MOACIUIAIITUPHUIL YCyJIU OUslaH XyKaipasap
TYIUIaMH OOIIKApYyB MEXaHU3MUHU camapaliyd TaJKUK KWW UMKOHUHHU Oepau.
by epna myHunrnek, OupuHum 0004a KapajiraH aHUK XyXalpaiap TyIuiaMu
XonaTunaa, Oup KUHCIU XyKadpanap cUHGU COHM JUHAMHKACHUHH, XyXKailpa
Basudacu peryisnus Mexann3Muan Ba XT®b vy ¢a3zoBuii BaKTU TY3WIHIITHHA
XucoOra onub y4ra Wyn OuiiaH MaTeMaTHK MOJEIJIAIITUPHUIL UMKOHUHU Oepaiu.

Ymby ©6o6ma XTdb Oyiinua XykadpamapHd y3apo  XUCOOHIA
MyHOCa0aTIapUHKA SHT YMYMUH TEHTJIaMajiapy KEITHPUITaH, yIapHu cudaTuii Ba
XUCOOMN TaJAKUK KWIUII macainacu KapanraH. Arap O6u3znu XTdb Hu anoxuna
30Hajmapuaa (SbHU KYMaloBYM, VYCyBUM, TabaKallaHyBYM, Maxcyc Basudaiap
OakapyBuHM, KapyBUH XyKalpayiap TypyXjapu 30Halapuaa) Xyxahpaiap COHUHU
y3rapuiiy KOHYHUSTH KU3UKTHpPCa, YHAA (30HaJlaH 30Hara YTUIIAD BAKTUHHHT
noumuiinurd, XT®db Hu aiiHM maiTmarun Xojatd ¢akaT aBBajr'd XoJIaTHTa
OOFNIMKINTA Ba OOIIKaJlap) AUCKPET TaxXJWi ycyinuaaH (oWganaHuil MYMKHUH.
XT®b 6up xomarnan Oomkacura yrunoiap omneparopuHu taninam, 0uz XTDb
OOLIUTAaHFUY XOJIATUJIAH aJoXuja 30HaJard Xykaipamap cOHUHU H(OJATOBYH,
KeTMa-KeT JUCKpeT BakT matuga XTdb Gapua xonaT TUHAMUKACUHU OJIUIIUMU3
MYMKHUH.

g

1 — pacm. XT®b na xyxkaiipajap y3apo MmyHocadaTJIapuHHu NPUHIMNIHAI Yu3mMacu. M
— oyauuyBum; Bi — YeyBum ém; D — TadakananyBum; Si, S2 — Maxcyc Basudga 6axxapyBum;
B2 — kapyBum Xxy:kaiipajgap rypyxjapm; KypcaTku4 4YM3uK OWJIaH HOPMAaJ IIAPOMTAA
VTHILIAP, Y3YK YM3MK OMJaH 3ca — AHUKJIAHITaH CTepCcC XOoJaTuaaru yTHILIap
OeJIrmJIaHraH.

XT®b auHamukacuaa MabiayM IHapT KyWuO, YTulLiap omepaTtop
KUUMaTIapu COXAaCHHM, S'bHU MOJCIHHU CTPYKTYp MOPTPETHHU aHUKJIAMIMMU3
MYMKHUH, Oy ajoXxuja 30Hajap opacujaaru yzapo MyHocabaTiap MyMKHH OYJraH
cuH(uHU aHukamra uMkoH Oepamu. Keitmn 6uz To < T nma XTDb anuk Oup
30Hafa Oy OyiMaraH TYymjiaM »JIEeMEHTJapu amall KWIWII MapTUAaH MYMKHH
Oynran OoONUIAaHFUY XOJIaT coXacuHM aHukmamumu3z MymkuH (T — XTDb
MaBXymIIuK BakTh, Tg — XT®b eryknurunu 6onutanuim). XTDb 6up xonaruaan
Oomrka Oup MyMKWH OYnTraH OONUIAaHFUY KUMaTiIap coxacu OwimaH Moc Oyiarad
YTUIILIap OTIepaTop KHMUMATIIapy COXACH JUCKPET TaxJIMJI YCYJIH OWIIaH TYPJIH XHJT
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ouotmzumiapaa XTOb Basudacu Ba MaBXKyIIMK KOHYHUATIAPUHU TaJKUK
KWINIITa Ba TaXMUHHUWM MIapTiapja aMaldid HaTwKajap OJHUII y4yH yJaplaH
dbornananun UMKOHUHHU Oepaau. X TDb kynruna cuadapu Kapaiarasaa yTUIiap
BaKTH y3rapMaciuk mapTy Ba aitHu mataarn XTdb xonatu OOFIUKIMK aBBaITU
XO0JIaTUra TYFPU KeaMaciauru MyMkuH. bynnaii xomnapaa XTOb tagkuk Kaiuiga
camapaiid ycyn (GyHKUMOHAN TEHIJaManapiaaH (QoiganaHud MareMaTuk
MOJEJUIAIITUPHUILL YCYJIUJIUP.

HuccepraupussHuHr yuuHud «XT®baa xyxaipiaap COHM Y3rapHIIMHH
MoAeUIAIITHPHIIDY 000HMIa THUPHK TH3UMIAp XYXaWupiap TYIIaMJIapHUHT
aloxyaa 30HAJIApJard XyxKaupajnap COHUM Y3TapullIMHU  MOJCIUIAIITUPHILL
Macajacura Oarunuiairad. Macira0iau KynanTupyBYMIapHA KUPUTHIL OWIIaH Oup
KaTop/a, XyKapa peryisitop MEXaHu3milapu MyBa3aHAT/IM MOJEJUIapU acoCHhaa
Oup XKUHCIM XyXaipanap cuH(U (PAOTUATUHN MOACIIAIITHPULLT KYIT Xy>Kalpanu
OpraHu3MJIapHU XYyKaipanap TYJaMUHU MakOyJl HMMMHUTAIMOH MOJCIIapUHU
uniad yukumra UMKoH Oepamu. XTdb Hu anoxuaa 30HaIapjaru Xyskapaiap
COHM Yy3rapuiliiH{d MU(OJATIOBYM aHHMK TEHrjama KelaTupuiarad. dapa3 KuJalivk,
Moc paBuiia t BakT maWTuaa kKynalyBuM, € YCyBuM, TaOaKallaHyBUH, MaxcCyc
Bazuda 6axapyBun (XTDb na commanuk yayH MKKATAa Maxcyc Bazuda OaxapuIi
Kapaaji) Ba KapyBuH XyxKaipamap corntn npomanosuan X, (t), X, (t),..., Xq(t) -

kuiimaTiap OyncuH. XT®db 3oHamapuga (QyHKIMOHAT MabHOAA SHI MYXUMHU
OynuHUII 30Hacuaup, Oy epjJa MUTO3 Wynu OujaH KymailyBuu XysKaiipanap
xoinamrad. Kynmalum Te3nuru OYIMHUII KOOWIMSATUTa (MMKOHUSTUTA) OdTra
OYynuHYBUM XyKaiipanmap coHura, 3gdekTop Ba 03yKaBHil Mojjanapra OOFIHK.
Arap 2BoOJIIOIMS JaBOMUAA OopraHu3M Baszudacu yuyH (orviganun XTDb tamrkun
sTIiIran 1ed ¢apas Kkuicak, yuaa 3¢ dexTopiaap COHU Ba OYJIMHUIN 30HACUTATATU
03yKaBUW MoJJajap KMMMaTH Maxcyc Basuda OakapyBuM Xyxkalpayiap TyIriamu
mapaxkacura, sS’bHH Si1 Ba Sy 30HacuJaru Xyxawpamap conura OOrnuk. “Myxur
oocumu” rpdextran (cyHru Maxcyiaor 6ocumu éku Hopak-Crmapa-Ymoeprep
s dexTu anamoru) Ba {r} y3apo BakTHUii MyHOocabaTiapuu xucobra onmud XTDb

COJLTANAIITUPUIITaH cXxemacu (2 — pacM) acocuja Kym Xyxkaipalid opraHu3MIIap
Xykavipanap Tymiamu (yHKIMOHAT OMpIUTHAa XyKaipamap y3apo ajoKacuHU
XucoOui TaAKWK KWINIIAA HOYM3HK auddepeHiuan-aiiupMa TeHTIaManap
TU3UMHUHU MaTEMaTHK ammapat cudatuaa TaHIail Makcaara MyBoQHK.

Nina6 yukunran XTOb (A cund) Oup xuHCIN XyX)alpanap TYpyXyd COHH
JTUHAMUAKACUHUHT MaTeMaTHK MOJIEI TeHTJIaMallapy KyHuaaru KypuHUIIra Jra:

6

dX., (t 145 =281 (t-76)
dlt( ):al(HXk(t—rG)je +b X, (t—7,)—a,X,(t);
k=1

dX, (t)
dt

=a,X,(t—7,)+b,X;(t—7,)— (b +a,) X, (t);
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=a,X,(t—7,)+bXs(t—7,)— (b, +a, +a,) X,(t);

=a,X,;(t—75)—a; X, (t);

()

=a X, (t—75)—agX;(t);

=ag (X, (t—75) + X5 (t—75)) —(a, +b,) X4 (t);

Oy epha, a, — npoaudepaTuB 30HACHAru pecypciap TabMUHOTUHH U(POAAIOBUH
napamerp; a,b,b,, b, — Xyxailipamapau KyuuIl CONMINTHPMA TE3NUKIAPU
(i= 2,...,7);5j (j=1...,6) —] - 30Hagaru xXyxaipanap rypyxu (5j > ¢ >0) naiigo
Kuna€Tran 3WYIMK napaxacuuu udonanosunm mapamernap, 7; (j=1..,6) -

BaKTHI ¥3apo ajokaiap (30HaJaH 30HAra Xykaijapiap YTUIIA Y4yH 3apyp
BaKTHHU M(OIATIOBYN OMUILIAP).

L

Cs) G0

.

)

iy
—
-—

&

2 —pacm. XT®B 1a BakTHii y3apo MyHocadaTIapHU NPUHIIANINAT CXeMACH

Ymby 600ma BakT WHTEpBaJIWra MOC paBulga Oepuiran OOIUIaHFUY
mapTaa TEHIJIAMaHUHT Y3JIyKCH3 SITOHA €YUMH MaBXYJUIUTH KYpCaTUIITaH.
Apatunran ¢pyHKIIMOHAT-TU(PEpeHIHaT TEHTIaMallap €YMMUHA XUCOOIaiuran
FUES macryp “nycrona wunrtepdeiic” acocuma xucobuii Taxpubamap oiaud
Oopuiira uMKoH Oepamau (3-pacm). Onub Gopwiran cudaTHii TaxJ M HATHKACHIA
(2) cucTema TpuBHAI XOJIAT/AH TalIKapy (Ga30HUHT OMPUHYU KBAJAPAHTH]IA UKKUTA
MyBa3aHAT X0JIaTU MaBXKyMJIUTMHU Kypcatwian. XTDb ¢dyHkuroHnan 30Hanapuaa
(B, [, C1, C,, By) xyxaiipanap xapakaTh KBa3uCTalMoHap Je0 xucobiacak, yH/a
(2) ymby kypuHuira sra 0ynaau
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Xm(t) — PXf(t _p)e—§xl(t—p) _axl(t)’

dt
__ aaalaa
a;(a, +a,)°(a, +a;)"’
S=6+—2 52+i[53+ﬁ54+$55j+$56 ;
a, + 4, a, +ag ag ag a,
a:ai(l a, j: 2,8,
a,+d; ) a+a
Ba YHUHI I[I/ICerT aHaJI0Tu
X=X k=01,...
P (3)

r

:aézl

Pftﬂi’lﬂlllﬂpllﬁﬂ q{]‘ﬂﬁﬂ_i‘tﬂﬂi‘l’lbﬂt"\! ETH I BE
14 OPLAHOG T IIKGHET
w

Hauaavrnie
HICACHHOCTHL
kaemork ¢ DEOT

pvama ) (s 2

rpvoma M [¢ 2 B, i
rpyvoma B; [o = i
Q S

rpviama §; (4 3 o
4

-, B1- rpynna pactyimms mreToK 12
/ D - rpynna guddepeHUEPYIOIHACA KISTOE 7

it B1- rpynna coeqdfHYECKEE KNETOK | 13
Korzu - S2- rpynna coegaQHYeCKBE KNETo 2 10
z Bo- rpyhna cTaperEs KIeT ok 15

3 —pacm. XT®Bb pnacrypu

% -l
Ipymma Sz I \/ \ Ternue sHOUEHIAS 2PVt K.1emor
I PVIIIIO Bz 5 'tl ) s 5 I - rpynma genmEzEcA KIETOK 3

Tenrnama (3)am cudatuii Ba XUCOOMI TaxXJWI KWIHMII XyKailpasap
TYIUIAaMUHMA caMapayii MOJICJUIAIITUPUIIHN amajra OUUPUIl UMKOHUHU Oepaiu,
XyKaipasap Typkymu (HaodusTUHM MYypakkald IaKJIapUHUHT, M1y >KyMJIaJlaH
XyKanpajgap COHUHUHT Y3rapMaciUruAaH TAIIKAPW JABPUN Y3rapullid, OJIWHIAH
aiTud OynMaliiuraH JWHAMHUK Y3rapuiid Ba “Kopa ypama” peXuMIapUHU

aHUKJIAIITa SPUILAIAIN (3KaBa).
Kagsan XTO®BHUHT peskuMJIapu

r <1.85 | [1.85,4.41) |[3.41,4.39)] 4.39 4.75 >6.99
(3) Crarmmonap | TeOpanma | 2nepuoa. | Hoperymsap | «Kopa
eunmiiapy | CyHHII pPEXKUM Xapaxkar LIAKJI Xapakar ypama
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HuccepraupustHuar  typtuHun  «XT®B  Xyxaiipanapu  (aoauaTH
peryJsiTop MeXaHMu3MJIApH MATEeMATHK MOAECVIAPUHA HILIA0 YMKHID» 60011a
XyKaipa WYk peryastopukacuHu xucoora onud XTDb xyxkaipanapu dhaoauaru
PEryJATOp MEXaHU3MJIApPUHM TAJKUK KWIHMII Macanajgapu Kapaiaau. HWmnuiabd
YUKWITAH  Xy)Kalipa  OMOCHMHTETMK  aKTHBJIWIH,  XyXKalipa  OYJIMHUIIH,
TabaKaJlaHWIIM Ba Maxcyc Basudanap OakapulIM PEryJsTOp MEXaHU3MIAPUHUHT
MaTeMaTHUK  MoJeUIapu  KedaTupwirad. Mmma®  yukuiaran  MoJesulapHU
KOMIIBIOTEP/Ia aMaJIra OLIMPHII YUYH SIPATHITAH AITOPUTMIIAP KEATUPHUITAH.

MabnymMkH, Kyn XyKaupaiaud OpraHu3miap F€HOMHHHM YHHUBEPCAJ, YMyMUU
Ba crenu(uK TeHJIap TypyXu acocuaa TtacBupiam MyMkuH (A.A. Heiidax).
Xyxailpa Baszu(anapuHu XaMm IIyHTa Kypa yHUBEpcald, YMyMHI Ba Maxcyc
rypyxJjapra axXpaTuil MyMKUH. XyXalpaJapHUHT YHUBepcall Bazudanapu acocaH
Oapua Xykailpainapra Xoc, XyKailpalapHUHI yMymMuid Basudamapu Oup KaHua
yMyMuil BasuanapHu OupnamiTUpraH Xyxaiipajmapra Xxoc, XyKaipaJapHUHT
Maxcyc Basuanapu ca alipuM Xyskalipaiapra xoc.

Xyxaiipa OMOCUHTETHK (HAaOJUIMTMHU Xy>KalpaHUHI YHHBEpcal Ba3udacH
TypyXHUra KUpUTUII MyMKHUH. Xy>Kaiipa Xa)KMHU Y3rapuiimHu XucooOra oyrad Xosja
OKCHJI CHHTE3U peryjiiTop MEXaHU3MIIADUHUHI AaCOCHM  TEHIVIaMaJlapuHU
(b.H. Xuaupos, M. CaiinanueBa) Kyiuaara KypuHHUIIIa E3UIT MyMKHH:

n+h+lp

dc. (1 - Z{ dR; (t-25(1))
dl( ): na+i|1e+|2 - I-Ir-]z“'bv Ci(t);
U1 Y AR (t-r, (1) e
-1
dP (t) In2
— 2 =gC. (t—7,(t —+b |P(t);
dt q| |( Tll( )) TPI 14 I()
drR (t) . In2
——72=qP(t)-| —+b_ |R (1),
O _ge)-[ ™20, R (1)

R;

oy epna C, (t) — t BakT maituaa sapojard i-uu oneponaaH €3ud omuuran u-PHK

KOHLeHTparmsicu kypearrian; P (t), Ri(t) — t BakT MOMEHTHA LUTOMIA3MaarH

OKCHJI Ba PENpPECcopiiap KOHIEHTpausi KypcaTruaunapu; T, — X MOJUIaHUHT
spuM  emupwmm  Baktd; d; — OmepoHnTapapo GOFIAHMILIAD MATPHUA
oneMeHTiapu; @, 0,0 — Mycbar ysrapmacnap; 7,(t), 7, (t) — Xyxaiipa

PETYIAIUACH TU3UMUIA KSUUKHUII (DAKTOpIApUHH XapaKTEePIOBUM KUHMaTaap; N —

yHuBepcan Basuda Oaxapaguran omneponiap Mukaopu; |, — ymymuii Basuda

OakapaauraH ornepoHiap MUKAopH; |, — Maxcyc Basuda Oakapaauran onepoHIap
1, V(t,+Ty)

MHKIOpPH Ba b,=—In ,
T, V(t,)

Oy epna V(tp) — BaKTHUHT OONUTAHFUY MAUTUIATH XyKapa XaKMHU.
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YrTkasuiaran —cudatMd  TaXJaMa  HaTWKANApu  WIyHAAW  AKyHud b, b, —
MaBXyAJIUTMHU KypcaTau, arapaa b, e[bvl,bVJ y XonJa XyKapaHHHT

OMOCUHTETUK (DAOJUTUTMHUHT Kapana€TraH MOJIEIN XapakaTuaa aBTOTeOpaHuUIILIap
Ky3aTWiaau. XaXMHU Y3TapuIIMHA XUcoOra onuml Mojen KoddduuueHTIap
KHUMaTHHY Ba XyXXKalpa MYKu (aoHsITHIa PETYIIATOP MEXaHU3MIIAP XapaKaTHHU
sIHaJla aHUKPOK OaxoJalira MMKOH Oepajiu.

ABBajio, DBHI axaMUATIUCU  XyXKaipa  OYIUMHUIIMAA  XAKMHUHT
y3rapumuaup. Arap OVIMHUII BaKTUA XyKailpa XaXKMUHU Y3rapuill KOHYHHUSITH
HKCIIOHEHIIMAJ XapakTepra ara OYJIUIINHN XUCcOoOTa 0JICaK:

V(t)=V (t,)e",

y xonga b, =y . Xyxkaiipa 6ynmuanmmra taiiépiaanum Baktu (T) qaBoMuaa Xyxkaipa
XaXMHU Oyiinya UKKYM MapTa KaTTajamaau 1e0 XxucoonalmMu3 MyMKUH, Y X0J1a
_In2

m—
[llynna, xyxkaiipa XaXKMHHH Y3rapvIIMHH XHcCOOra oOJIfaH XoJija Xyskaipa
oymuuum moaenuHuHr (b. Cennos, P. Ilanes, M. CailinanueBa, b.H. Xunuposn)
acocuil TeHIJIaMalapyuHu KyHu1aru KYpUHHUILIA OJTUIIT MYMKHH:

+T.
_ L(In2)C, (t) arap Y (1) <Y;
dC,(t) _ “ T
& e53,D(t) “anoc ) arap Y()2Y

1+ > diR(t-1,) %

= (4)
T+T.
— L (In2)C.(t) arap Y(t)<Y,;
dXi (t) . TTCi
dt T+T,
vC(t—1)- L(In2) X, (t) arap Y(t)>Y,;
ci
+T,
— ~(In2)P,(t) arap Y(t)<Y,;
e _| T
dt T+T,
g, X, (t)— “(In2)P,(t) arap Y(t)>Y,;
T,
T (IN2)C. () Y(t)<Y.
- - i arap <Y,;
de (t) = TTPm ’

dt

T+T,
ngm—?m(an)Pm(t) arap Y(t)=>Y,;

Pm
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%: gnxn(t) _hn(Rn(t)_ Re(t _T3));

T+T 0, S Ba M naBpnapna;
dRm(t):gmxm(t)_ Rm Rm(t), g:{ pJ1ap
dt 1T, 1, xonran naBpnapaa;
0, arap R, = A ;
R (M) =l . P Ry=A,
1+ D(£)R (¢) 1, arap R <A;
3 .
Y(t)=> aY,@®); g = 0, arap R, 2 A,
i=1 1, arap R <A .

% —ky(1-£)(2D, - DO)L;:

by epna {a},{d},{v}, 9,, 0, {a} — myc6ar ysrapmacnap; {A} — penpeccopmrap
TabCUP KWJIa OONLIIAIIMHWHT Kuiimarnapy, Y,,Y,,Y, — XyXalipaHu dHEprus Ba

MaTepuan OWIaH TabMUHJIAHUIIHA Y (t) (GYyHKUMSHUHT OONUIaHFUY KUIMaTiapHy,;

T, — Z monpmann spum emuprmm akty; Yi(t),Y, (1), Y;(t) — Xyxaiipara kupysun
YIJIEBOAJIAp, AMUHOKHUCIOTAJIAp Ba €EFjlap KOHLEHTPALMACK KUUMATIIapu;
C,(t),X;(t),P(t),R (t) — u-PHK, Ouprmamun oKCHIIap, OKCHI-QEpMEHTIAp Ba
penpeccopiaap KOHLEHTpAaUMsACH MUKIOPH; 7,,7,,7; — BaKIHH IapameTpiiap;
R, (t) — TalIKd MYXUTIAard PENpeccop KOHLEHTPALMACH MUKIODY; 9(t) —
spdexTop koHueHtpanumscy; t,t;, T — Moc paBuIAa, >KOpUM BakT, S -JaBpHU
OoLUTaHUIIK OWJIaH CaHAJITaH BakKT Ba OYJIMHUIIHUHT YMyMHUUH BaKTH; D(t) — JHK
mukaopyu; D,— JHK HMHr MuTO3 OONUIAaHMINIMAAH aBBAITM MHUKAODPH; &,& —
OVIMHUII JaBpuaa Xykapa XoJaTuHU HBOoJaNoBUM OMHAP HapameTpiap; I=n,m
— MJIACTUK Ba MUTOTUK TOJIMOTIEPOHIIAP.

Xyxkalipa XaKMUHU OpTUIIM KapajlaéTraH MoOJAEd Y4YyH MHUTOTHUK
OYIMHUIIIHU MIIra COJMII MEXaHW3MU Oynumm MymkuH. KelimHuanuk Xyxaipa
OYIMHUII MOJCJIMHU aMalia KyJulall YHA OUp MyHYa Y3rapTUPHINTa OO KeJIu.
bynmuaumn napamerpura Xxy)KauWpara KHPAJAUTraH MOAAAQNap TabCUPUHU TaXJIWII
KWINII OujiaH OOFJIMK MacajalapHU €YMIll OKCHJI OMOCHHTE3W PEryJsSIUsICUHUHT
allpuM HyKTajlapuJa aMUHOKHUCJIOTaJIap, YIIEeBOIap Ba €FJiap TahCUPHU Aapakacu
MOJICNIMHU HWIIIA0 YHKHUII 3apypJUTHHU KypcaTAau. byHaaH Tamkapu XucoOui
Taxpubanapna Xyxapa KYMaWWUIIMHUHT PEryIsaTOp MEXaHU3MIIAPUHU TaJIKUK
ki yuyH b. CennmoB Ba P. llaneBnapnmaru kaOu ydra YpHUTA HMKKHATA
AHTOTOHHUCTHUK TOJIMOTIEPOHIap y3apo (aoquaThuHU 0axoJiall eTapiinya dKAHJIUTU
aHUKJIaHaAu. PubocoMasl MOJUONEPOHHU PETYJIATOP JAapaxkanard Basudacu
aHuKjIaHMmaran (Oomika omnepoHysiap Tabcupuga ¢aos KaTHAIIMaNIN) Ba
dbyHKIIMOHANT oOnepoH OwilaH Oupra TJIaCTUK Ba MeTa0OJIMK BaszudaaapHu
Oaxxapaau. Oxupru BazudanapHu OYIuHUII Bazudacura Kypa MIapTiad paBUILIA
“mmacTuk’ 1eb arai MyMKHH.
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Xyxaiipa OYIMHUIIN PEryJSTOP MEXaHW3MJIAPUHUHI MAaTEeMaTHK MOJEIH
(4) PC na peanu3zanus KuiuHrad. Kommnrorep Mogenura Moc KelayBYd OJIOK-cxema
4 — pacMJa KENTUPWITaH.

[ TAMOM ] [ BOLITTAII ]
b '
B¥mHum THAMIEACH 5 }Q"_}KEHPE_HHHF - | JHK nuzmopunu
BH3VATH a0 HACH OIUIARTHY X0IATHHH xHcobmam
TALKHI 3THII H d
Xymaiipa THIUMHIA
| XEeUMENIIHY Xucobmamn )

!

Perymarop oxcimnap
KOHIIEHTPAHACHHEH
\  xHcobmam Omokm

T

Muros dmoxn CHHTEIH
T Tae + At > ( : )
M= I D=2y Tanmkn MyxHT
MapaMeT IapHHH
XHcobmam

h

Oxcua-gepMeTHIIap
KOHIEHTpal HACHHH
xucodmam omoxu
|

G maep Omoxm
Tar=Ta+A

|

Xymaiipa Xawnu

u-PHK
—=|  KOHIEHTPAUHACHHH IUHAMHKACHHH
xXu000mam \ Xucobmam )

b

4 — pacm. Xyxkaiipa OYJIMHUIIM KOMOBIOTEP MOAEJTUHUHT 0JIOK-CXeMAacH

Mogenra TteHriama kKod(QUIMEHTIapW KUHMaTh Ba OOIUIAHFUY IIAPT
kuputwiaragan kevnn JIHK wmukaopu OVyitmua XyxkalpaHu >KOpHM XOJlaTH
anuknaHagu. CyHrpa Vy3rapyBUMJIADHUHT SIHTM KUWMATiIapu XucoOJlaHaau Ba
OVIMHUIIHUHT ajoxuaa OOCKUYJIApUHU SKyHJIaHWIIW  aHuKiIaHagu. Cosnamr
UIUIapy aMajra OLMpWIraHaa XyXaiparapHu OYIMHUINTA KUPHUIIHMIA Ba YEKIH
BaKT/Ja MUTOTUK IUKIHUHT Oapya OOCKUWIAPWHU YTUIHAATH KOod()uImeHTiap
KUIMaTH aHUKJIaHTaH. TeHrIaManap COHMHA KaMalTUPHUII XucoOura ydra ypHura
UKKUTa AaHTOTOHUCTUK TOJHOMEPOHJApHUM Kapam cababiu  KOMMIoTepnaa
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XUCOOIATHUHT YMYMUN BAaKTH, SSTbHU XyXaipa OYIMHUIIMHUA KYPHUII Y4yH 3apyp
OYNraH BaKTH XUIAJIUNA paBUIAa KUCKAPTUPHUITaH.

JluccepTalustHUHT OelMHYN «XHCOOMii Taskpudajgap acocuaa Xy:kaiipa
TYPKYMJIAPH PeryJsiTOp MeXaHM3MJIAPDUHU TAAKHK KWIum» 6o0ujga unuiad
YUKWITaH MaTeéMaTUK MOJEJ Ba MMHUTALMOH MOJECIUIAIITHPUIL METONOJIOTHSICH-
HUHI aMajiuii peaju3alusCh HaTWKAJIapy KENTHPWITaH. XyKallpa TypKyMilapu
y4yH HIUIad YUKWIraH MOJCIUIAIITHPUIL  yCyJulap  €paamuja THUPHUK
OpTraHU3MJIAPUHUHT OBKAT Xa3M KWIWII TU3UMH MOCJAIIUII MEXaHU3MIIapU
Tax) TN YTKAa3WwIrad. TaaKUKOT OOBEKTUHUHT CTPYKTYpP-(YHKIIMOHAT OUPIHUTH
cudaruaa NIaK MIIITHK MapAaCHHUHT KPUITa-BOPCUHKAJIAD TH3UMHU OJIMHTaH.

Xyxkaiipa MYKU KapacHIapu PEryIsTOPUKACH MOJCIMHM KyJularaH XoJija
renaTroluuT Ba TEMNaTUT BUPYCIAPU MOJICKYJISIP-TEHETUK MEXaHU3MIIApU Y3apo
baonusaTu MyamMmmoJsiapu B BUpycCiiH remaTuT MUCOIHAA YpraHUraH.

XucoOui TaIKUKOTIAp JaBOMHUIA KYpuiaéTraH >KapaéHHMHT KyWHIard
peXKMMIIApM  AHUKJIAHIW: KACAIMKHU Xap XWI KIWHUK [IAKJUIAPUHU
udoaanaiiurad To3ajuail, CAMON03, PEryJisip Ba HOPETYJIsAp TeOpaHUIIap, KECKUH
JECTPYKTHUB Y3TapuIll pexuMiIapu Ky3aTWiiu (5 — pacum).

C d

5 — pacm. l'emaTouut (X(t)) Ba renarut Bupyciaapu (Y(t)) mosiexyJsip-reHeTHK
MEXaHM3MJIAPMHUHT y3apo GaousTHHU U(POAATOBYH TPACKTOPHUsIAp (a — aBTOTEOpaHMa,
b — Hoperyasp Tedpanma xapakar (xaoc), ¢, d — “kopa ypama” BapuaHntiIapu
(TpaekTopHsIIap VHITIAH YaNra XapakaT KHJajam))

['emarorur Ba rematut Bupyciaapu (B Ba D) Momekynsp-reHeTHK
MexXaHu3MIIapu ¥3apo Qaonusatuan udomanoBun GyHKIHOHAT-TuddepeHman
TEHTJIaMaJIap acoCHaa TY3WIraH JacTyp “mycToHa mHTepdeic” acocuaa Xucooui
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Takpubanap onub OGopuinra umkoH Oepamau (6 — pacm). Xykaiipamap Tyriamu
dbyHkiMoHan Oupiuru peryistopukacu AuddepeHuan-aiiupmMa TeHrIamaiap
cucteMacu EpAaMuia  KaJKOHCUMOH 0e3  (oIUMKyd —XyXKailpanapyd COHHU
peryisinusicu MexaHusmuiapu sipatwiran gactyp (7 — pacMm) acocuja Makcajara
UYHanTUpWITaH XUCOOUH Taxkpubanap YTKa3uIll iy OuiiaH YpraHuiraH.

-\ Hepatitis D
Modeanposanite peryiamopiuril Clcinemsl

Hapamemps: " renamonnum - eupye renamuma B - eupyc renamuma "

FIpNIGTIe HILA
T'eHoOM I eIIaTOLEITA Iﬁ @ ©
I'exmom HEV 26 =S
Texmormt HDW Ta = @

Ha=uis HB1e y o106 1A

=0,485
-, 547
=112

Begin |

6 — pacm. I'ematouut (X(t)) Ba rematut Bupyciaapu (Y(t), Z(t)) Mosekyasip-reHeTHK
MeXaHU3MJIAPUHHMHT §3apo (aoausiTu

| PeryaaropHEa SHHTE AHAAbHOH EAeTHH LHTOBHAHOH menesbl (CMTTHGCY

7 — pacm. KankoHcuMoH 6e3 (oslituKyJ1 Xy:Kalipajapu TYIiaMm
peryJsiTOpuKacu

Xucobuil Taxkpubanap IMIyHU KYpCaTAUKH, 3YPUKUIIT KUMMaATIapUHU KeTMa-
KeT opTulrd (KaIKOHCUMOH 0e3 GdoJutuKyIatapuHu mpoiudepaTuB IMyuja
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XyKalpajmapHu OYJIWHUIN TE3MUTHHU H(POMATOBYM MapaMeTpiap) KaIKOHCUMOH
0e3 ¢oiukyn XyxkalpadapuHM KailTa wunuiad 4YuKapuil Te3/la JACCTPYKTUB
nacaumm OuilaH SIKyHJIaHaJUraH KaJIKOHCUMOH 0e3 (ouKyn XyKaipanap
COHMHM CTallMOHAp XOJaTH PEXUMHUJAH PEryyissp TEOpaHWIl pEeXUMUTA CYHIpa
HOPETYJIAp TEOpaHUIIl PeKUMHUra KeTMa-KeT YTuinura oiaubd kennu. KankoHcuMoH
0e3 oKy Xyx)aipanap NONyJsSUUsICH COHUHU HOPETYJIsIp TeOpaHuUIll coXacuia
V3UHU OJIIMHJAH alTHO OYJIMaiuran makiu KypuHaau, “Kopa ypama” coxacuia
ca TE3KOp JMAECTPYKTHB V3rapuuuiap coaudp Oynamu. Y KaJIKOHCUMOH 0e3
dbommukynanapu nposudepatuB XyxX)aWpalapHu OYJIWHUIIA TYXTamm OwiiaH
AKyHJIAHAIH.

Menépuit Ba OUB wundexuus naspuna CH4 numdborutiap daomustu
KOHYHUSITH Taxiun KuiauHrad. CJ14 jgumdouutinap nomynasnusick COHUHU
HOPETYJIAp TEOpaHMIL COXACHIa Y3MHHM OJAMHAAH aluTHO OYIMaiIuraH IIaKiIu
KypuHaau, “Kopa ypama”’ coxacuma sca C/I4 nmumdouutnapau kaita uiuiad
YUKapaJuran TUMYC NpoiudepaTuB XyKalpadapHu OVIMHUIIM TYXTalld OWIaH
SKYHJIAHAJIUTaH Te3KOp Ty3WIMaBuH y3rapuiuiap coaup Oynamu. YOy moaenuit
tankuk K ycynuna OUTC vy naigo OynumuHu ypranum yuyH “Xendauk
yerapacu’ KOHIEMIUSIHU Kal0 KWIHII [IapT dMac.

Myngait xkunub, TaxpubaBuil MabIyMOT/Iap Ba Hazapuil uIUIapAa
KYpWITaHUJEK, XyKalpanap TYIUIAMUHU CTPYKTYP-(PYHKIIMOHAN TAIIKWJI KUJIMIII
Ba MEXaHU3MJIAPUHH OOLIKApUII YCUMIIMKIIAP Ba XaliBOH OpraHU3MJIapH y4yH Oup
xuaup. TUPUK TH3UM XyKapalap TYIUIAaMUHU CTPYKTYP-(DYHKIIMOHAJ TaIlllKHII
KWIMHUIIM Ba MEXaHU3MJIApUHU OOUIKAPUIIIHU MaBXKyJ OYAraH yMyMUMIUTH
yIIapHU XyKaipanap Typkymu (ykHuroHan oupnukra (XTPB) axpaTuiira UMKOH
oepanu.

Xyxkaiipanap TYpKyMHU PEryJsiliusl MEXaHU3MIIAPWHU TAAKUK KWJIMIITHUHT
MOJAENUNA TabMUHOTH KyWujarwiapgan wubopar Oymumm kepak: XTOb
XyKalpaJapuHUHT MUKIOPHH ¥3apo MyHocabatwHu 0azaBuii mojenu; X1Pb
XyKalipaBuil Baszu(damapHu PETyISITOP MEXaHU3MIJIAPH MOJCIUHA MHUHUMAIT
cunbnapu (OYnuHMII, TaOaKalaHWIN, MaxCyc XyxkailipaBuii BazudamapHu
OaxxapuIl, Kapull), XyXKadWpamsap Ba YJIApHUHT WYKHA >KapaHIapUHU BaKTHil-
($ha30BUH TAIIKWJI STUITMHUA XUcoOra onran xoiaga X 1Tdb xyxkaipaBuii UMUTAIIIOH
MOJEIH.

Spartuiran TUPUK TU3UMIAD PUBOXIIAHUIIMHUA XYXXaWUpaBUW HUMHUTALMOH
MOJEJUIAIITHPULL  METOAWMKACH KYWMJArWJIapHU caMapaid TaxXJWjd  KHWIJIAILI
WMKOHUHU Oepau: Xykalpajliap TYIUIAaMUHU PUBOXJIAHUIIIUHUHT — PETYJISITOP
MEXAHU3MJIAPUHH, OBKAT Xa3M KWIMII TU3UMH PETYISTOP MEXaHU3MJApPUHH,
KUrap Xykaipacu Ba TenaTHT BUpycClapu y3apo (QaosusaTh T€HETHK THU3UMIIApU
pEeryasTOpUKAaCUHU, HOpMaJa Ba SHIU 3apapiu YCUMTa Maiijao Oyl aaBpuaa
KAJIKOHCUMOH 0€3 (oJuInKyina Xykapanaapu peryusrop mexanusmiapuau; OB
uHpeKusAcu opraHu3MHM  3apapiamu  gaBpuga OUTCHM  puBOXKITaHMII
MEXaHU3MJIAPUHHU.

TaxxpubaBuii Ba Hazapuil MabIyMaTIapHU TaxJIHJI KWJIUII HaTH)KacHaa
YCUMIIMKJIAp Ba XaWBOH OpPraHM3MIIapU Xy)KauWpajap TYIUIAMAHM Ty3yJIMa-
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GyHKIMOHAT TAMIKWI KWIMHUIIA YMyMUH KOHYHHUSTIAPUHUHT aHUKJIAHUIIIH
XyXahpanap TYIJIaMuHU (QYHKIMOHAN OMpJMKIApra aXXpaTHUIl acocHujia THPUK
TU3UM PETYJISAIUACA MEXaHU3MJIAPUHHU TAJKUK KWIHII OViu4a KEeHr Joupaaaru
MyaMMoJIapHU (HOpMaTU3aIMsICUHU YTKA3UIITa UMKOH Oepaju.

XVYJO0CA

TankukoTIapHUHT 010 OOpPMIIMIIM Kapa€HHIa OJJMHIAH aCOCUW HaTHKajap
Kyliuaarunapaad nbopar:

1. VYmymuii xyxkaiipaBuil BasudamapHu Oaxkapuil YydyH OHpPHUKKaH
XyXaillpanapHu Ty3yiIMa-(pyHKIMOHAN TAIIKWUI KWIMHUIIN — TabpudiaHran
xyxaiipa typkymiapu ¢pyakimonan oupiuru (XTDB) tymrynuacu kyn Xyxaipanu
OpraHm3miiap Xykapaisapu TYMJAaMUHUHT ATOHA TO3ULUAJAH  OOLIKApHII
MEXaHU3MJIApU TaXJIMJIMHU YTKAa3ull MUMKOHMHM Oepanu. XTDb TymyHuacuHu
TabpudIall xyxkaipa YCTKM NOFOHACHAA TAIIKWI TONTAaH YCUMIIMKIIAP Ba XalBOH
opranu3miiap Oapua pean XyKadpajgapu TYyIlamjiapura Xoc, 3HI YHUBepcal
OomIKapHuII MEXaHU3MJIApUHU MaTEMaTHK MOJIEJUIAII THPULIAA KEHT
UMKOHHUATIIAPHU OYa/IH.

2. XTdb doitnananran X0J1a XyKaupajapHu MUKJIOPUHI
myHocabatnapuan (A cuH]), XxyxkaipaBuii Baszudamapuu (b cuHd)
MOJICJUTAITUPUII Ba XyKaipaBuil umuTanuoH wmoaemnamrupuml (C  cund)
acocuia YCUMJIMKJIAp Ba XaWBOH OTraHM3MIIAPUHM TaJIKUK KWIMIIHUHT HILIA0
YUKWITaH yMyMUW €HJAIyBIapu CyOXyXkaillpaBuil, XyKailpaBuil Ba XyKaiipa
YCTKU Japa)kajapujia TAIKWLUIAHTaH TUCTOJUIHUS Ba (PU3MONIOTHS coXalapuaaru
MacajalapHd €uYuIl Yy4YyH XUCOOMM TaxkpuOanap YTKa3uWIIHU MOJEIHUI Ba
JNACTypuil TABMUHOTHHM SIPATUIL UMKOHUHU Oepajii.

3. XTOBbuunr acocwii 30Hajapuia XyXaWpaJlapHUHT  MUKIOpUI
MyHoOcabaTiaapu yuyH auddepeHiman-aiupMa TeHriIaMajJapHu UIUIA0 YMKUIUIIN
Ba yJapHu cudaTuil TaxJIWwl KWIMHUIIKA XyXalpaiap TYIUIAMUHU camapain
MOJICJUTALITUPUIIIHA aMalira OUIMPUII MMKOHUHU Oepanu, XykaWpanap TypKyMu
(GaoquATUHN Mypakkad MIAKJUIApUHUHT, LIy XyMJaJaH XyXailpajap COHUHUHT
y3rapMaciurufiaH TalKapy JaBpUi y3rapuiid, OJAWHAAH aWTuO OYyiMaiauraH
JWHAMUK Y3rapuiiy Ba “Kopa ypama’ peKMMJIapUHH aHUKJIAIITra SPULLIAIIA]IN.

4. Xyxaiipa XaXMU JUHAMUKACHUHU XMCOOTa OJIMII YCIYOUSTHHH KYJ1a0
unuiad YMKWITaH Ba aMalra OIIMPWITaH XyKaipaiap acocuid (yHKUUsIapu
JUHAMUKACH MOJENIH acoCHJa  XaXMHHUHI V3rapuil XYCYyCHSITH XyKailpa
GaoNUSATUHUHT PETYJSITOP MEXaHU3MJIapuJlaH OUpU DSKaHJIWTK  TYFpUCHIIaru
HaTHXKara dpUIIHIIaIu.

5. Teruuumm TeHTIamMaiap TU3UMHU €UUMJIApUHU cUdaTUil TaxJIMIIM acoCujia
MUTO3 Ba JU]PepeHIranuscuy MaTeMaTuK MOJIeJUIapy Xy»Kaipa OYJIMHUIIM Ba
QITepHATUB ClelHaIn3alus Wyapy pakoOaTh acocuid  KOHYHUSATIAPUHU
MUKIOpUH  TaxJIMIMHU — udoaanam  y4yH KYJJIQHWIAIIM —~ MYMKUHJIMTH
KYpCaTHJITaH.

6. Opranusmpaarn €EflapHd  OPTHUIIKAAQ HYaKIapHU  MOCJAIIaUraH
peakuusuiap KeTMa-KeTJIWId, SbHH a0COpOMK  Xyxkailpamap  (aommuruau
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KydJaluiny, Tal0akajalldil BaKTUHUM KaMaWWIIM XucoOWra YylapHU KYUHIIU
(Murpanuscyd) Ba 3aXxMpa MaWJOHHUAA KOWIAIIMIIM, OYIWHUIIIA YcaauraH &
XyKapallapHyd KaTHAIIUIIKM, OYIMHAAUTaH XyKalpa KHUCMIIApUHHU KYNaluIlyd Ba
ylapHU OYJIWHMIN BaKTHMHU KaMaWWIIM Makcajara HWYHaITUPWITaH XHUCOOUM
TaxpubanapHu YTKA3UII aCOCU/a aHUKJIAHAH.

7. Ycanuran, ém Xyxaiipanap 30HacHJa KPHIITa-BOPCHHKA XyKaiipanap
TU3UMUHU TYIUJIANl camapaiapy Ba OVIHMIIM MyMKHH OVJIraH TallkKyd TabcUpJiapra
T€3 MOCJIAIIA OJIAIUIaH XyKaupajiap TU3UMHUHMHI MOCJAIIAIUral MeXaHU3MIapu
Kabu xyxaiipamap coHuHuHT TeOpanumu (30% raya) xucoOuii Taxpubanap
OpKaJIu aHUKJIAHA/IU.

8. «l'emaromut-HBV» nmactypm &Epmamupma yTKa3uiaran  XucoOui
Takpubanapaa Kapanaérrad >KapaCHIApHUHT KyWHJard peKUMIapu aHUKIAHIU:
KACAIUIMKHUHT Xap XWI KIMHHUK IIaKUIapuHU udoAalaiiurad TO3aJIaHUI,
cuMOmM03 (Oupramukaaru Gaousr), peryjsip Ba HOpEryJsip TeOpaHuiap, TE3KOp
JIECTPYKTHB ~ y3TapHlll PESKAMIAPH AHMKIAHAM. YTAJWTaH  PEKUMIApPHHU
OOLUTAHUIIIMHYA Ba YJAPHUHT XapaKTEPUCTUK acOCIapUHHU Oamopar KUJIUIITHUHT
MaBXy/JIurd renatut B paBpuaa uHQexknuoH >xapaéuiapHu jabopaTopusi Ba
KJIIMHUK TaJKUKOTIIADHA KOMIIBIOTEp XaMKOpJWIUJa Trenatut B kacalauruHu
KCUUIITMHUHT XapakTepsii OOCKUYJIApUHH OamopaT KWIHII Ba TAIXUC KYWHITHU
amajra OUIMPHUINTra, MaTOr€HE3HUHI MOJIEKYJIIP-TEHETUK ACOCIAPUHU aHUWKJIAITra
UMKOH OepaJiu.

9. KankoncumoHn 0e3 (QouMKyn XyXaipajgap TYIUIAaMH PETYJIATOPUKACH
KOMITBIOTEP MOJIEeNU €pAamMuaa YTKa3uiraH XMCOOMM Taxxpubanapaa cTalloHap
X0JIaT pexumiIapu Ba Me€pud (QaonusaT JaBpuja TYpFyH TeOpaHHMILIap,
XyKallpaJlapHU XaJdoK OYJUIIM — arornTo3 JaBpuja CYHUII PEeKUMIIApU, YCUMTa
PUBOXKJIAHUILIMJA HOPETYJSIp XOJIATJIAp Ba XYKaWpaJlapHU MATOJIOTMK XaJlOK
OYIuIIM — HEKPO3 JAaBpujia “Kopa ypama” pekuMIIapy aHUKIaHaIH.

10. “Xetipnmuk yerapacu” KOHICHIMACHMHU kand kKuiaMacman OB
WHQEKIUACH TMAaTOTeHEe3W MEXaHW3MIIAPUHU TaxJIMJl  KWIAI ~ MYMKHHIIATH

aHMUKJIaHAIH.
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HAYYHBINA COBET 16.07.2013.T/FM.29.01 npu TAIIKEHTCKOM
YHUBEPCUTETE UH®OPMAIMOHHBIX TEXHOJOI'UH u
HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKNCTAHA I10
NPUCYKJIEHUIO YYEHOM CTENNEHU JOKTOPA HAYK

TAIIKEHTCKU YHUBEPCUTET HH®OPMAIIMOHHBIX
TEXHOJIOI'Ui

CAUJIAJIUEBA MAXPYH

MATEMATHYECKHUE MOAEJIA PEI'YJIATOPHBIX
MEXAHU3MOB KIETOYHbBIX COOBHIECTB

05.01.07 — MaTemaTu4yeckoe MoAeTUPOBaHHUE.
YucjieHHbIe MeTO/AbI U KOMILIEKCHI TPOrpaMm
(TexHHYEeCKHe HAYKH)

ABTOPE®EPAT JJOKTOPCKOWM IUCCEPTAIINA

TamkeHnt — 2016
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Tema nokTopckoil gucceprauuu 3apeructpupoBana 3a Ne 30.09.2014/B2014.5.T305 B
Boicmeii arrectanuonnoii komuccuu npu Kadunere Munucrpos Pecnydimnku Y3oexkucran.

JlokTopckas auccepranys BbinojiHeHa B LleHTpe pa3paboTky MpOrpaMMHBIX ITPOIYKTOB U
arnmapaTHO-TIPOTPaMMHBIX ~ KOMIUIEKCOB  IpW TalllKeHTCKOM YHHUBEpPCUTETe WH(OPMAIIMOHHBIX
TEXHOJIOTHUH.

ABTopedepaT muccepranyu Ha TpeX s3bIKax (Y30€KCKHM, pYCCKUM, aHTJIMICKHIA) pa3MeIleH Ha
BeO-cTpaHuIle 1o agpecy WWWw.tuit.uz u MuadpopmannonHo-obpazosatenbHom mopraie “ZIYONET”
1o ajzipecy WWw.ziyonet.uz

Hay4yHblii Axkagemuk bekmypartoB Tyiakun ®aiizueBu4
KOHCYJIbTAHT: JIOKTOp TEXHUUYECKHUX HayK, Ipodeccop
O¢unuanbubie YcemanoB Pumat Husiz0exkoBud
ONIOHEHTHI: JOKTOp TEXHHYECKUX HayK, mpodeccop

KOanames Tagxumart

JOKTOP TEXHUYCCKUX HAYK
Typakynos Xo10yTa AouaoBu4
JIOKTOp TEXHUYECKHUX HAyK, podeccop

Benymas Camapkaniackuii 'ocyaapcTBeHHbIH YHHBEPCUTET
OpraHu3anms:

Bammra mucceprarmu coctontes «09» ampens 2016 roma B 10%° wacoB Ha 3acenanuu
HayuyHoro cosera 16.07.2013.T/FM.29.01 npu TamkeHTCKOM yHUBEpcUTeTe HH(POPMALMOHHBIX
texHonoruii 1 HamponanesHOM yHuBepcutere Y30ekucrana. (Aapec: 100202, Tamkenr, yn. Amupa
Temypa, 108. Temn.: (99871) 238-64-43; daxc: (99871) 238-65-52; e-mail:_tuit@tuit.uz).

C IOKTOpCKOH auccepTaneid MO>KHO 03HAaKOMUTHCS B MIHGOpMAaLMOHHO-pECypCHOM LIEHTpe
TamkeHTCKOro yHUBEpCUTETa MH(OPMAIMOHHBIX TEXHOJOTHMH (perucTpalMoHHBIH HOMep 2513).
Anpec: 100202, Tamkent, yn. Amupa Temypa, 108. Ten.: (99871) 238-65-44.

ABropedepat muccepraruu pazocian «07» mapta 2016 rona.
(mpoTokoun pacceuiku Ne 09 ot «07» mapra 2016 T.).

X.K. Apunos

[Ipencenarens Hay4YHOTO COBETA MO MPHUCYKACHUIO
Y4E€HOMN CTENEHU JOKTOpa HayK

I.¢h.-M.H., mpodeccop

M.C. sIky6oB

VY4eHslil ceKkpeTapb Hay4HOI'O COBETA 110
NIPUCYKICHUIO Y4EHOU CTENEHU JOKTOpa HayK
I.T.H., podeccop

H. PaBuianos

3amecTuTeNb NpejceaaTeNlb HAyYHOTO CEMUHApa
MPY HAYYHOM COBETE MO MPUCYKACHUIO YUEHOU
CTEIICHU JOKTOPAa HAyK J.T.H.
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BBenenne (AHHOTAIHS JOKTOPCKOM AUCCEPTAIINH)

AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTHh TeMbI JUcCcepTanuu. BcemupHoe
pa3BUTHE TEOPUU U MPAKTUKH MATEMATUYECKOTO MOJEIUPOBAHUS PETYIATOPHBIX
MEXaHU3MOB (PYHKIIMOHUPOBAHUS (PETYJISTOPUKH) JKUBBIX CHUCTEM HA OCHOBHBIX
MEPapXUUECKUX YPOBHSIX OpPraHU3allMy CBSI3aHO C YCIEUIHBIM IPUMEHEHUEM UX B
OMOJIOTUH, MEIUIIMHE U CEJIIbCKOM XO34HMCTBE, IOCKOJbKY OHO TO3BOJSET
BbIOUpaTh Haubosnee >(P(PEeKTHUBHBIE MYyTH NPOPUIAKTHUKHA U JICUYCHHUS psina
3a00JI€eBaHUM, arpoOTEeXHUKUA BO3JECIBIBAHUS M CEJEKIMU PpPACTCHUH, BBIMYyCKa
Pa3IMYHON MPOAYKIIMU OMOTEXHOJOTHYECKON MpOMBIIIIEHHOCTH. 1o mporHo3am
BO3, yucno ciaydaeB reHeTUYECKHUX 3a001€BaHui OynleT MpoJoKaTh pactu oT 14
MIJUTHOHOB B 2012 roay no 22 MWUIMOHOB B CIlEAyIOIIHME Aecsatuietvs. B
EBpPONEHCKUX CTpaHaxX TMpUHITA HAIMOHAJIbHAS CTpAaTeTUsl MO HCCIIECIOBAHUIO
PEryJSTOPHBIX MEXaHU3MOB PEIKUX TEHETHYEeCKUX 3a00JIeBaHUN U 3aITyCK
nporpammsl "T'opuzonT 2020" cuuTaeTcs HauyajIoOM HOBOH 3pbl B ((MHAHCUPOBAHUU
Hay4yHbIX uccienoBannii B ctpanax EC. Bromxker «['opuzonta 2020» Ha nepuon
2014-2020 rr. cocraBut 80 Mapa eBpo B 1meHax 2011 r. Ecim  cpexactsa,
BbIJieTieHHbIE B 2013 r. i uccienoBaHusl PEryJIATOPHBIX MEXAHU3MOB KIIETKU
coctaBuiii 6,7% oOmero oromkera EC, To 1o omenkam B 2020 r. oxXumaeTcs
BO3pacTaHuE »JTOro mokazarens a0 8,5%. C 2014 r. MEXTYHAPOJHBIN
UCCIICIOBATENIbCKUA ~ KOHCOPIIMYM IO TEHETHYECKHM  3a00JIeBaHUSIM  YXKe
MNPUCTYNUI K OCYHIECTBICHHIO OECHPElEJEHTHOr0 [0 CBOMM MaciiTtabam
MEXIYHAPOJHOTO HAY4YHOTO COTpyJHHYECTBA B 00JacTH  HCCIEIOBaHUS
PEryJATOPHBIX MEXAHU3MOB JKHBBIX CUCTEM.

NHTeHcuBHO pacter 4HCIO paboT, TOCBAIICHHBIX pa3paboTke U
MPAKTUYECKOMY MPUMEHEHUIO pPa3JIMYHBIX METOJOB MaTEMaTHYE€CKOTO
MOJEIUPOBAHUSL PETYJISATOPHBIX MEXAHW3MOB KJIETKH I0OCJIE€ OTKPBITHS B Haydale
TEKylLIero BeKa peryastopHor Monekyiasl wMukpo-PHK. Xors Bemyrces
IIMPOKOMACINTAOHBIE ~ MEXKIAYHAPOJIHBIE  HCCIENOBaHUS MO  KIETOYHOMN
perymnsTopuke (Oromker mpoekta «['eHoMm dYenoBeka» COCTaBisul Oojee 3 Mip.
JI0JUIapOB), BCE €IIE€ HE MPOBEICHA UHTEPIPETALMS TAHHBIX T€EHOMA, HE BHISICHEHBI
B JICTAIISIX UX PETYISATOPHBIE MEXAHU3MBI.

B »oT0if cBS3M 0c000 aKTyalbHBIM SIBJISIOTCS aHAIU3 HEPAPXUIECCKOM
B3aMMOCBSI3aHHOCTH KJIETOYHBIX COOOIIECTB JKMBBIX CHCTEM Ha pPa3IUYHBIX
YPOBHSIX OpraHu3alyy; pa3paboTKa KOHIENTYyaJIbHOM MOJENH  PErysTOPHBIX
MEXaHU3MOB KJICTOUHBIX COOOIIECTB; aHaJIU3 BO3MOKHBIX 3aKOHOMEpPHOCTEU
oOpa3zoBaHUs (b yHKIIMOHATBHBIX COOOIIIECTB; BBISIBIICHUE OCHOBHBIX
3aKOHOMEPHOCTEH OOBEIMHEHUSI KJIETOK MHOTOKJIETOYHBIX OpPraHu3MOB B
KJICTOYHBIE COOOIIECTBA JIJIsl BBIMOJHEHUS crienuduueckux (QyHKIUNA OpraHu3Ma,;
pa3pabOTKN MOCIBHOTO OOECIEeYEHUsI MCCICIOBAaHUN TUHAMUKH YHCJICHHOCTH
OCHOBHBIX  KJICTOYHBIX TPYII, COCTABJSIIONIUX KJIETOYHOE COOOIIECTRBO;
pa3pabOTKN MMHUTAITMOHHBIX KJIETOYHBIX MOJENICH C y4eTOM MPOCTPAHCTBEHHO-
BPEMEHHOW OpraHu3alMy KJIETOK M UX BHYTPHUKIETOYHBIX MPOIECCOB, CO3JaHUE
MaTeMaTUYECKUX MOJIeJIed KOJIMYECTBEHHBIX B3aUMOOTHOIIECHUM KJIETOK Ha
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OCHOBE cucTeMbl au(depeHIIMaTbHBIX  YpaBHEHUHW C  3ama3JbIBaIOIIAM
apryMEHTOM; TPOBEJEHUE KAYECTBEHHOIO MW  CPAaBHUTEIBHOIO  aHaIM3a
MaTEMaTUYECKUX MOJIETICH KIETOYHOTO JIEJICHUS U KIETOUHOU AuddepeHIIuPOBKU
C Y4ETOM JUHAMUKH 00bEMa; BBHIBEJICHHE KOJUYECTBEHHON 3aBUCHUMOCTU MEXKIY
napamMeTpaMH MOJIEIH KJIETOYHOTO JIeJICHUSI U U3MEHEHUsI 00beMa; UCCIeI0BaHNe
MEXaHU3MOB YCTOMUYMBOIO (DYHKIIMOHMPOBAHUS OPraHOB M TKaHEH KaK €IMHOE
1[€J10€ TIPU BBIMOJHEHUU crieuduueckux QyHKIIHM.

BocTpeOOBaHHOCTh  AUCCEPTALIMM  XapAKTEPHU3YETCsl TEM, YTO CO3JaHHE
KOMILIEKCa MPOrpaMM Ha OCHOBE COBPEMEHHBIX JOCTHKEHUN MH(DOPMAIIMOHHBIX
TEXHOJIOTUWA, MAaTEMAaTUKU, MEIUIIMHBI U OMOJIOTUU MO3BOJISIET pa3padoTaTh HOBbBIC
3G ()EKTUBHBIE METOAbl W QJITOPUTMBI TMPOTPAMMHPOBAHUS KHUBBIX CHCTEM,
HAYKOEMKHE KOMIIBIOTEPHBIE TEXHOJOTUM B MEAMUIMHE W OHOJIOTUHU; CO31aTh
HOBbIE JUArHOCTUYECKUE M TEPANEBTUUYECKUE CTpaTerud B JICUCHUU JIIOJICH,
BBICOKOX(P(DEKTUBHBIE JIEKAPCTBEHHBIE CPEJICTBA, YCOBEPILIEHCTBOBATH MPOIIECCHI,
HaIlpaBJICHHBIE HA OXPaHy 3J0POBbs HACEJICHUS.

Pe3ynbTaThl auccepTanuu Ciy>KaT BBIIIOJIHEHUIO 33/1a4d, IOCTABJICHHBIX B
[Toctanosnenuu Ilpesunenra Pecyomuku Y36ekuctan Nelll1-1730 «O mepax mo
JTanbHEHIIeMy BHEAPEHUIO U Pa3BUTUIO COBPEMEHHBIX HWH(OpMaAIMOHHO-
KOMMYHUKAIIMOHHBIX TexHojorui» or 21 mapra 2012 r. u B IlocTtanoBineHuu
[Ipesunenta Pecnybmuku VY306ekuctan ot 1 aprycra 2014 r. Ne [II1-2221
«O  rocymapCTBEHHOW  MporpamMMe IO  JaJbHEWIIEMY  YKPEIUJICHHIO
PENpPOIYKTUBHOIO 3/J0POBbSl HACEJEHUS, OXpaHE 3/I0pOBbsl MaTepeu, JeTed u
noApOCTKOB B Y30ekucTtane Ha nepuoa 2014-2018 roabi».

CooTBeTcTBHE HCCJIE0BAHNS NMPUOPUTETHHIM HANMPABJIEHUAM PA3BUTHA
HAYKM W TexXHoJorui pecnyOoauku. JlaHHas pauccepranus BbBIIIOJHEHA B
COOTBETCTBUM C MPUOPUTETHBHIM HAIPABICHHUEM PAa3BUTHUS HAYKHM U TEXHOJIOTHH
pecnyonuku Y30ekucrtan 4 “Pazputue wHboOpMmaTH3alud U HUHPOPMAIMOHHO-
KOMMYHUKAIIMOHHBIX ~TexHoyoruit” u mporpamme [IIIHU-5 — «Pa3pabotka
HAayKaeMKUX HWH()OPMAIMOHHBIX TEXHOJIOTUH, TEIEKOMMYHUKAIIMOHHBIX CETEeH,
anmnapaTHO-IPOTPaMMHBIX CpPEJICTB, METOJOB U CHUCTEM HHTEJUIEKTYaJIbHOTO
yOpaBjieHuss W OOydYeHHWs, HaANpaBJICHHBIX HA  TOBBIINICHHE  YpPOBHSA
uH(pOpMaATU3AINU 00IIIECTBAY.

0030p MeKTYHAPOAHBIX HAYYHBIX HCCJIEOBAHMI MO0 TeMe JUCCEPTALMH.

Pa3paboTku 10 WCCIEAOBAaHUIO PETYJISITOPHBIX MEXaHU3MOB KJIETOYHBIX
COOOIIECTB KUBBIX CUCTEM, MO ONMPEJEICHUIO0 3aKOHOMEPHOCTEN MX CTPYKTYpPHO-
(GYHKIIMOHATBLHON OpraHU3IUU U (PYHKIIMOHUPOBAHUSI B HOPME M MPU aHOMAJIHUSX,
KOMIIBIOTEPHBIC ~ JITOPUTMBbI MOJIeIeH, OTpaXKaroIIuX MEXAJIEMEHTHbBIE
MPOCTPAHCTBEHHO-BPEMEHHBIE B3aMMOOTHOIIICHUS, 1o MOCTPOEHUIO
MpOrpaMMHOro o0ecriedeHus JJIsl IPOBEJCHUS BBIUUCIUTEIIBHBIX AKCIIEPUMEHTOB,
B 00sacTu pa3pabOTKH METOOB MPOBEJACHUS BBIYHCIUTEIBHBIX HKCIIEPUMEHTOB,
HaIpaBJICHHBIX HA PEIICHHE 3a/lady OWOJIOTMH W MEAMIMHBI MIHPOKOMACIITAOHO
BEIyTCS HAyYHBIMU IIEHTPAaMH ©  BBICIIMMHU  YY€OHBIMH  3aBEJACHHUSIMHU
BBICOKOPA3BUTHIX CTpaH Mupa, B uactHocT University of Connecticut, Virtual Cell
(CHIA); University of Edinburgh, CellDesigner (Benukoopurtanuu); Laboratory

32



for Bioinformatics, Keio University, E-Cell (SImonum); Systems Modeling
Laboratory, NetBuilder (ITompmm); Bioinformatics Research Center, WebCell
(FOxnoii  Kopeun); CNRS-BIP, Marseille, SBML (®panmun); Center for
Bioinformatics Tiibingen (ZBIT), SBMLsqueezer (I'epmanun); WHcTHTYT
IIUTOJIOTUU ¥ TCHETUKH, “DiekTpoHHas kietka” (Poccun).

[Ipumensis Meroabl WHGOPMAIIMOHHBIX TEXHOJIOTHM,  MaTEeMaTUYECKOIo
MOJENUPOBaHUSl (YHKIIMOHUPOBAHUS KJIETOK B MHpE TOJYYEeH LENbId psl
HAyYHBIX PE3YyJIbTAaTOB IO PETYISITOPHBIM MEXaHW3MaM KIIETOK, B YAaCTHOCTH,
CIIEyIOIIMEe: Ha OCHOBE KMHETHUECKHX MOJeJeil co3naHa 0a3a JaHHBIX T€HHOM
PETYISATOPHKH (BioModels Database, EMBL-EBI, Bl, Caltech
(BenmmkoOpuTanus)); pa3paboTaH  KOMIUIEKC IPOrPaMMHBIX TPOJYKTOB JIS
MPOBENCHNUSI BBIUMCIUTENBHBIX OKCIIEPUMEHTOB B O00JIACTH TE€HETUYECKOM
umkernepun  (MGSmodeller, MGSmodelsDB (Poccus)); paspaboTanbl METOIBI
uccieaoBanus OnoxuMudeckux peakiuii B kiaetke (Sabio RK, Scientific Databases
and Visualisation Group, H-ITS (I'epmanus)); npeiokeHo crenuduyeckoe
nporpammuoe obecrnieueHre CellIML mis monenupoBanus GyHKIIMOHUPOBaHHS
kierok (CellML Model Repository, Gene Ontology (Homas 3enanmuns));
pa3paboTaHbl METOJbI UMHUTAIMOHHOTO MOJCIMPOBAHUS KIETOYHBIX COOOIIECTB
(Centre for Nonlinear Dynamics (Kanana)); pa3paboTtaH HWHCTpyMEHTapuii
UHOOPMAIITMOHHOW  TEXHOJIOTMM  TI0  KOJIMYECTBEHHOMY  HCCIJICIOBAHUIO
¢dbyakmonnpoBanus kietok (Systems Biology Research Group, Bioinformatics
Programm, CancerSysBio (CILA)); pa3paboraHo MOCIBHOE O0OCCIICUCHHE
OTHOCHTEIILHO PEryJIAIUU MOJIEKyJIspHO-reHeTHueckux cucteM (Macromolecular
Biochemistry Research Center, INRIA (®pannus)).

Benyrcs HaydHO-MCCenoBaTeNnbCKue padOThI, CBSA3aHHBIE C Pa3padOTKOMN
MaTEMaTHYECKUX MOJENICH PETYISITOPHBIX MEXaHW3MOB KJICTOYHBIX COOOIIECTB, B
YaCTHOCTH, B COOTBETCTBUH CO CJIEAYIOIIMMU MPUOPUTETHHIMHU HAMPABICHUSIMHU:
BBISIBJICHUE  3aKOHOMEPHOCTEH  CTPYKTYpHO-(GYHKIMOHAIBHOM  OpraHu3aIluu
PETYISATOPHBIX MEXAHU3MOB KJIETOYHBIX COOOIIECTB J>KMBBIX CHCTEM; CO3/IaHUE
KOHUENTYAJIbHOM W HWMHUTAlUMOHHOW MOJEJNEN PETYJATOPHBIX MEXAHU3MOB
KJIETOYHBIX COOOIIECTB Ha OCHOBE (DYHKIIMOHAJIHLHOW EIMHMIIBI KJIETOYHBIX
COOOIIECTB, C YYETOM MPOCTPAHCTBEHHO-BPEMEHHBIX U  KOJMYECTBEHHBIX
B3aMMOOTHOIIICHUH,  MEXKDJIEMEHTHOM  KOOMEPATUBHOCTH;  MOJEIMPOBAHUE
MPOLIECCOB JENEHUsI, pocTa, AUPGHEPEHIUPOBKH, BBIMOJHEHUS CHEUU(DUUECKUX
GYHKIUHA KIIETOK; CO3JaHuE HWHCTPYMEHTapus HWH(GOPMAIMOHHON TEXHOJOTHH
MaTEMaTHYECKOT0 MOJICTTUPOBAHMS C YUYETOM BIIUSHHS MU3MEHEHUS 00beMa KICTKH
Ha rapaMeTpbl ypaBHEHUN.

CreneHb U3Y4YeHHOCTH MPOOJIeMBbI.

Borpocbl co3maHust W yCOBEPIICHCTBOBAHUS MOJCICH, YYHTHIBAIOIITUX
CIIOKHBIE PETYJSITOPHBIE TPOIECCHl JKUBBIX OPTaHU3MOB TIpHU peIIeHuH
TEOPETUUECKUX W  MPAKTUYECKHX 3a7ad  pa3paboTKu  WHCTPYMEHTapus
WHOOPMAITMOHHONW  TEXHOJIOTHM  PETYJSITOPHBIX ~ MEXaHMM30B  KJIETOYHBIX
COOOIIECTB  JKMBBIX  CHUCTEM  C NPUMEHEHUM  TEOPHH  JIMHEWHOTO
IPOTrPAMMUPOBAHMUS, TEXHOJIOTUN CTEXUOMETPUUECKOTO MOJICTUPOBAHMS, METOJIOB
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JTUCKPETHOTO, CTOXaCTHYECKOTO W THOPUIHBIX TOAXOJOB, C TIOMOIIBIO
OOBIKHOBEHHBIX UG dEepeHIINATbHBIX YpaBHEHUH, TudPepeHIInaTIbHO-Pa3HOCTHBIX
ypaBHEHUH, YpaBHEHUI B YAaCTHBIX MPOU3BOJHBIX, pACCMOTPEHBI B paboTax psiia
uccinenasateneii: Leon Glass (Centre for Nonlinear Dynamics), Bernhard Palsson
(Systems Biology Research Group), James D. Murray (University of Oxford),
Andreas Gisel (Institute for Biomedical Technologies), Wojciech Karlowski
(Institute of Molecular Biology and Biotechnology), Andrey Kajava
(Macromolecular Biochemistry Research Center),Rubem P. Mondaini (BIOMAT
Consortium) u Ipyrux.

KonndecTBeHHOE WCCIENOBAaHUE KHUBBIX CHCTEM, C TIOMOIIBIO METOIOB
MOJEIBHBIX HMCCJICIOBAHUM, KJIETOYHBIX COOOIIECTB, KJICTOYHBIX (PYHKITUH,
UCCJICIOBAHUM, CBSI3aHHBIX C  ONpEIeICHUEM MEXaHU3MOB  PETYIISAIUU
MOJICKYJIIPHO-TEHETUICCKUX CHCTEM, ITPOBEACHHBIX PSAJOM YUCHBIX, B TOM YHCIIE
J.F. Bailey; A.b. Py6un; I. Prigojin; B.A. Paruep; B.H. Hosocenbues; O.I.
Yopasu; P.J. Murray) mokassiBaeT, 4TO K HACTOSIIEMY BpEMEHU pa3paboTaHBbI
MaTeMaTU4YeCKHe MOJIEIM Ha ypOoBHE (ParoB, KIETOYHBIX (PYHKIUH, KIECTOYHBIX
COOOIIIECTB, OPraHU3Ma U MOMyJSIUA. Takke TOCTUTHYThl B U3BECTHOM CTENIEHU
HOJIOXKHUTEIbHBIC PEe3ybTaThl TAKUMH YYeHbIMH, Kak Strohman; J.E. Bailey; R.
Ramakrishna; FO.JI. 'opaeesa B ouorexuomoruu, D.R. Wada; D.W.A. Bourne; S.
Neuhoff B mequnune, C. Cobelli, D.M. Foster, M.; Hakman, Groth T.; D. Noble B
dbapmaxonioruu u P.A. TlonysktoB; D. G. Rossiter; G. Alexandre, B.B. Ilerpenko B
CEJIbCKOM XO3SIMCTBE.

B  pabotax, TIOCBAIIEHHBIX pa3IWYHBIM BHJAM  MaTEMaTHYECKOTO
MOJICTUPOBAHUS PETYJIATOPHBIX MEXaHM3MOB JKMBBIX cucTeM, b. I'ynBuna, Jx.
Cwmurta, M. Diirena, B.A. Patuepa, E.E. CenbkoBa, J[.C. UepnaBckoro (cyoOxie-
TouHbl ypoBeHb); FO.I'. AntomonoBa, b. CenmoBa, P. IlaneBa (KjIeTOYHBIN
ypoBensb); JI.LU. JIumeropuya, FO.B. Kubapauna, K.K. JI>xanceuToBa (opranHo-
TKaHeBoW ypoBeHb); H. PameBcku, A.M. MonuanoBa, I['.M. Mapuyka
(OpraHM3MEeHHBIN YPOBEHB) U JIPYTUX PACKPHITHI OCHOBBI MEXAaHU3MOB PETYIISIIUU
OWocucTeM Ha pacCMaTpUBAaEMbIX YPOBHSX, TPUBEICHbI IPUMEHEHUE
MaTEeMaTUYECKOT0 MOJICTUPOBAHMS [Tl PEIICHUS] MEAMKO-OMOIOTHYECKUX 3a/1ay U
aHanu3 OMoJIorMuecKkux mporeccoB. HecMoTpst Ha 3T0, K HACTOSIIIIEMY BPEMEHH HE
CYIIIECTBYET €UHOTO MOX0/a K CO3JJaHUI0 CHCTEMbI MAaTEMATHYECKUX MOJICIICH U
3((}EKTUBHBIX  METOJOB  KOJMYECTBEHHOr0  aHanu3a (yHKIMOHHPOBAHUSA
PETYIATOPHBIX MEXaHU3MOB KJICTOYHBIX COOOIIECTB C YY4ETOM MPOCTPAHCTBEHHO-
BPEMEHHOI OpraHW3alliH, MPAKTUYECKH HE MPOBEACHBI HAYYHBIC MCCIICOBAHUS,
MOCBSIIEHHBIC M3YYCHUIO HEJIMHEWHOCTH W KOOIEPATUBHOCTH OMOJIOTHYECKHX
MPOIIECCOB HA OCHOBE BBIJICIACHUS (YHKIIMOHATBHOW CIWHMIIBI KJICTOYHBIX
COOOIIECTB.

CBsi3b JMCCEPTAIMOHHOTO WCCJIEJI0BAHHA ¢ IUIAHAMM  HAY4HO-
HCCJIEI0BATEILCKUX PAa00T HAYYHO-UCCJIEI0BATEILCKOT0 YYpesKIeHHus, Iae
BBINOJIHEHA TN CCEPTAIUA OTPAKECHA B CIICTYIONINX MPOCKTaX:

HUP T11-20.16, "WnactpymeHnTapuii uHOOPMAIIMOHHONW TEXHOJIOTHH B
TE€HHOW, KJIETOYHOW WHXeHepuu u Ouotexnojoruu" (2003-2005 rr.); A-9-152,
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"Co3maHne  WHCTPYMEHTapus HWH(POPMAIMOHHONW  TEXHOJIOTHMH  KJIETOYHBIX
BHUPYCOJIOTUYECKUX OCHOB IMATOr€HE3a XPOHUYECKUX BHUPYCHBIX TIeMaTUTOB (Ha
npuMepe Bupyca remaruta )" (2006-2008 rr.); A-14-010, "UucTpymeHTapuit
WH()OPMAIIMOHHOW TEXHOJIOTUU YIPABICHUSI PETYIATOPHBIMH MEXaHU3MaMHU
OpraHoB W TKaHel Ha KjeTodHoMm ypoBHe" (2006-2008 rr.); DA-O1-DO11,
«Co3aHue  TEOPETHYECKMX  OCHOB,  METOJAOB W HUHCTpyMEHTapus
MH(OPMAITMOHHONW TEXHOJIOTUH ONTUMAIBHOTO YIPABICHUS PETYISITOPUKH KUBBIX
cuctem» (2007-2011 rr.); DA-A17-®009, «Pa3paboTka HMHCTpyMEHTApHS
UHGOPMAIIMOHHON TEXHOJIOTUU YIPABJICHUSA PETyIATOPUKONM OHOCHCTEM Ha
OpraHW3MEHHOM YPOBHE B HOpMe U mipu aHomanusax» (2009-2011 rr.); ®4-DA-
®006, «CozmaHme TEOPETUUYECKHMX OCHOB U METOAOB HH(POPMAIMOHHOM
TEXHOJIOTUH PETYISATOPUKH KUBBIX cuctem» (2012-2016 rr.).

Lenab ucciaegoBaHWsl COCTOMT B pa3pabOTKE  METOJOB HMMHTALIMOHHOI'O
MOJICJIMPOBAaHUSI M  KOMIUIEKCA MaTeMAaTUYECKUX MOJENEH, OTpaKarollux B
pEryasTOpUKe KJIETOYHBIX  COOOILIECTB  JKHUBBIX CHCTEM  MEXaHU3MBbI
MEXAJIEMEHTHBIX [IPOCTPAHCTBEHHO-BPEMEHHBIE B3aMMOOTHOIIICHHM.

JUis TOCTHKEHUsl 3aIUIaHMPOBAHHOM LEJIM MOCTaBJICHbI CIEAYIOUINE 3aAau
HCCJICIOBAHMA:

aHaJIU3 PEryJISITOPHBIX MEXaHU3MOB KJIETOYHBIX COOOIIECTB )KUBBIX CUCTEM U
BBISIBJICHHE 3aKOHOMEPHOCTEN UX CTPYKTYPHO-()YHKIIMOHAILHOM OpraHu3aluy,

pa3paboTka M HMCCIENOBAHME MATEMATHYECKUMX MOJENEN KOJIMYECTBEHHBIX
COOTHOILIEHHA KJIETOK B BBIICJIECHHON (DYHKIMOHAIBHON €OUHULE KIETOYHBIX
coobmiectB (PEKC) Ha pa3nuuHbIX YpOBHIX UX OpraHU3alUH;

pa3paboTka METOJIOJIOTUM HMHUTAIMOHHOTO MOJEIIMPOBAHUS KIETOYHBIX
COOOIIECTB C YYETOM BPEMEHHBIX B3AUMOOTHOILICHHUI;

pa3paboTka aJdropuTMOB M  METOJOB KOMIBIOTEPHON  peanu3aiuu
pa3paOOTaHHBIX  MOJEJEH,  OMUCHIBAIOUIMX  IPOCTPAHCTBEHHO-BPEMEHHBIE
MexdJIeMeHnTHRIE B3auMooTHoeHnsa B PEKC;

pa3paboTKa MpPOrpaMMHBIX KOMITJIEKCOB JJIi OpraHU3allui BbIUYHCIUTEIbHBIX
HKCIEPUMEHTOB  JJIi  BBIABICHUS  3aKOHOMEpPHOCTEW  (PYyHKUHOHUPOBAHUS
KJIETOYHBIX COOOIIECTB B HOPME U IIPU aHOMAJIUSX;

pa3zpaboTka cpeacTBa HMHGPOPMAIMOHHON TEXHOJOTMM MaTeMaTH4eCKOIro
MOJIEJIUPOBaHMUS, YUHUTBHIBAIOIIETO IIPOLIECCHI KJIETOYHOI'O JIEJICHHS,
nuddepeHIUPOBKY, BHIMOTHEHUSI CIIEIU(PUUECKUX KIETOYHBIX (DYHKIIUN, BIUSHUC
U3MEHEeHHUs! 00beMa KJIETKH Ha KOJMYECTBEHHbIE B3aUMOOTHOILIEHHUS [TapaMeTPOB;

MpaKkTUYEeCKas peanu3auus pa3padOTaHHbIX MAaTeMAaTHYECKHX MoJeNed u
METO/I0JI0OTUM UMUTALMOHHOTO MOJIETUPOBAHHUS .

O0beKTOM  HMCCICI0BAHUSL  SIBISIOTCS  PETYJATOPHBIE  MEXaHHU3MBbI
(GyHKIHMOHATBHOM €IMHULIBI KJIETOYHBIX COOOUIECTB KUBBIX CUCTEM.

IIpeamer ucciaeq0BaHus — METOABI Pa3pabOTKM MaTEeMAaTUYECKUX MOJIEIIEH,
JITOPUTMOB ~ TPOrPaMMHOTO OOECHEYEHUs KOJUYECTBEHHBIX MCCIEI0BaHUMN
PEryJIATOPHBIX MEXaHU3MOB KJIETOUHBIX COOOIECTB.

Metoabl uccieoBaHMii: MaTeMaTHUECKOE MOJIEIUPOBAaHUE, pa3paboTKa
MOJIEJIBHOTO U MPOTPaMMHOTO 00ECIEUECHUS PETYIATOPHBIX MEXAHU3MOB IKHBBIX
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CUCTEM Ha YPOBHE KJETOYHBIX COOOIIECTB, TEOpUS KAYECTBEHHOTO aHAJIA3a
byHKIIMOHATBHO-TU (P EepEeHIINATBHBIX YPAaBHCHH.

Hayynasi HOBHM3HA [HCCePTAIMOHHOIO MCCJEJIOBAHUA 3aKIIOYACTCS B
CIEAYIOIIEM:

Pa3paGorana KoHIeNTyajdbHasi MOJIETb  PETrYJISTOPHBIX  MEXaHU3MOB
KJIETOYHBIX COOOIIECTB HAa OCHOBE BbIACICHUS (PYHKIMOHAIBHONW €IUHUIIBI
kierounbx coobmects (PEKC), cocrosmieit U3 pa3MHOMXKAIOMIUXCS, PACTYIIHX,
mudGepeHIUPYIONTUXCS, BRIMOTHSIIOMUX cHerududeckne (yHKIUN, CTaPEIOITNX
KJICTOYHBIX TPYII.

Pa3paGoransl umuTanMoOHHBIE KieTouHble Monaenun POEKC ¢ yyetom
MPOCTPAHCTBEHHO-BPEMEHHON OpraHu3alid KJIETOK U HUX BHYTPHUKIECTOUYHBIX
IIPOLIECCOB, a  TaKke  MaTeMaTUYeCKue  MOJIeId  KOJUYECTBEHHBIX
B3aumooTHomeHnii kinerok MEKC Ha ocHoBe cucrembl auddepeHuanbHbIX
YPaBHEHUI C 3aMa3bIBAIOIINM apTyMEHTOM.

Pa3pabotan  WHTErpUpOBaHHBIM  KJAcC  MaTeMAaTHMYECKUX  MOJeseH
perynsTOpHBIX MexaHu3MOB KieTounblx ¢QyHkiuid GEKC, kyga Bxomar mozenu
KJIETOYHOTO  JIeNieHus, JIu(QPepeHIIMpOBKH, BBIIOJHEHUS  CHEU(UUECKUX
KJIETOYHBIX (PYHKITUH, TAMOB KU3HEAESITEIbHOCTH KJIETOUYHBIX COOOIIECTB.

[IpoBeleH KayeCTBEHHBIA W CPAaBHUTEJIBHBIA aHAIM3 MAaTEMaTUYECKHUX
MOJENEN KOJIUYECTBEHHbIX B3anMOOTHOLIEHH kieTok DEKC wu kieTouHou
nuddepeHIMPpOBKM Ha OCHOBE KPUTEPUEB aJE€KBATHOCTH, KOMIIAKTHOCTH U
TECTUPYEMOCTH M BbIOpaH  KJjacc HEJTMHEUHBIX  (PYHKIIMOHAJIBHO-
mupepeHnanbHbIX YpaBHEHUH.

BnepBbie mpousBelleH ydeT IUHAMUKH O00BbeMa KIIETOK MpU pa3padoTKe
MoJieiel KJIETOUHbIX (DYHKIIUNA, BbIBEJICHA HOBas KOJUYECTBEHHAs 3aBHCUMOCTH
MEX]ly TapaMeTpaMu MOJICTU KJIETOYHOTO JeICHUs U U3MEHEeHUs o0bema.

Pa3paboTanbl ¢ y4eToM HEJIMHEHHBIX B3aMMOCBS3EH, CaMOPETYIISIIHNH,
WHTUOMPOBAaHUSA KOHEUHBIM TIPOJYKTOM, aCCOIMATUBHOCTH HOBBIH METOJ
UMUTAIIMOHHOTO  MOJICJIMPOBAHUSI  KJIETOYHBIX COOOIIECTB W  QJITOPUTMBI
KOMITBFOTEPHOUN peain3aiii MOJECIICH.

PaszpaboTtanbl uHpoOpMaIMOHHAS TEXHOJOTHS U IPOTPAMMHBIE CPEJICTBA ISl
MPOBEJCHUSI BBIYMCIHUTENIBHBIX SKCIEPUMEHTOB C II€IbI0 pEIICHHUS 3a/ad
OWONIOTMM W MEIUIIMHBI B OO0JACTH TOCTPOCHUS MOJCNCH B3aMMOCBS3aHHBIX
MIPOIIECCOB PETYISATOPHBIX MEXAaHU3MOB KJIETOYHBIX COOOIIECTB.

IIpakTH4yeckue pe3y/abTaThl HCCJIETOBAHUSA 3aKIIOUAIOTCS B CIEIYIOLIEM:

pa3paboTaHbl MaTeMaTUYECKUE MOJICNTH, METO/bI, aITOPUTMBI U KOMILJIEKCHI
MporpaMM  HCCIICIOBAHUSI PETYJISATOPHBIX MEXaHU3MOB B (DYHKIIMOHAJIbHOU
eaunuiie  kietoyHelx coobmiectB (DPEKC) Ha pa3nuuHbIX ypoOBHSX HX
OpraHu3aIuu;

BBISIBJICHO, HA OCHOBE MCCJIEAOBAaHUS MOJEJEH, CYIIECTBOBAHUE CIIOXKHBIX
dbopMm (DyHKIMOHUpPOBAHUS KJIETOYHBIX COOOIIECTB, BKJIIOYAIONIUX, MOMUMO
MOCTOSIHCTBA ~ YHUCIEHHOCTH  MX  KIETOK,  UHUKIMYECKOE€  H3MEHEHHE,
HEMpeacKa3zyeMyto TUHAMUKY U 3G DEKT "depHON JbIphI";
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OIpPEJIENIEHa, HA OCHOBE IPOBEACHMS LIEJICHANPABIECHHBIX BBIYHACIUTEIBHBIX
HKCIIEPUMEHTOB B XOJI€ NPAKTUYECKON peanu3aluu, MOoCIeI0BaTeIbHOCTD
MPUCTIOCOOUTENBHBIX PEAKIMA KHUILIEYHUKA TIPU HArpYKEHUU OpPTaHu3Ma >KUPOM:
YCWJICHHE aKTUBHOCTH BCACBIBAIOMIMX KJIETOK, MUTPAIUsl UX 32 CYET YMEHbIIICHUS
BpeMeHU Au((GEepeHIMPOBKM M HaXOXJeHUs B OydepHON 30HE, BOBJICUCHHUE
pacCTyIIUX, MOJIOJBIX KJIETOK B JICJICHHE, BO3PACTaHUE JOJU JCISIINXCA KIETOK U
YMEHBIIICHUE BPEMEHH X JCIICHUS,;

OOHApyXeHbl, B XOJ€ BBIYMCIUTEIBHBIX OKCIEPUMEHTOB, 3(PEKTHI
HAKOIUJIEHUS! KJIETOK CHUCTEMBl KPUITAa-BOPCHHKA B 30HE MOJIOABIX, PaCTYIIMX
KJIETOK M KoJjiebaHusi uucieHHOCTH (no 30 %) KJIeTOK KpUNTa-BOPCHHKA Kak
IPUCIIOCOOUTENBHBIX MEXAHU3MOB OBICTPOOOHOBJISIOIIMXCS KJIETOUYHBIX CHCTEM K
BO3MOYKHBIM BHEITHUM BO3JEHCTBUSAM,;

YCTaHOBJIEHBI, B XOJI€ BBIYUCIHUTENBHBIX 3KCIEPUMEHTOB C MPOrPAMMHBIM
koMiiekcoM  «l'emarount-HBVy, crnenyromme pexuMbl  paccMaTpUBAEMOIO
npolecca: OUMIIeHHe, CUMONO03, PETYJISIPHBIE U HEPETYIIIPHBIE KOJIEOaHUsI, pe3KUe
JNECTPYKTHBHBIE HW3MEHEHMS, KOTOPBIE ONPEICISAIOT pa3JInYHble KIMHUYECKUE
(dopMbl 3a00s1eBaHNs BUPYCHBIM renaTUToM B. B0o3MOXXHOCTH MPOTHO3MPOBAHUS
HACTYIUICHHUsI TIEPEUYUCIICHHBIX PEXHUMOB M OCHOBHBIX MX XapaKTEPUCTHK
MO3BOJISIET, IPU KOMITBIOTEPHOM CONPOBOKJIECHUH JIA0OPATOPHBIX M KIMHUUYECKUX
UCCIIEIOBaHUM HMH(EKIUOHHOTO Ipolecca npu renmature B, onpenenars
MOJIEKYJIIPHO-TEHETUYECKUE OCHOBBI NMATOI€HE3a, OCYUIECTBIATh AUATHOCTUKY U
IIPOTHO3MPOBAHUE XaPAKTEPHBIX ATANIOB TEUECHHUS 3a00J€BaHUs renaTuToM B;

OOHapy>KeHbI, B XOJI€ BBIYUCIHMTEIIbHBIX JKCIEPUMEHTOB C KOMIIBIOTEPHOMN
MOJIEIBIO  PEryJISTOPUKU KIETOYHBIX COOOIIECTB (POJITMKYJAa IUTOBUIHON
JKeJe3bl, PEeKHMbl CTAIMOHAPHOTO COCTOSIHUSA M YCTOMYMBBIX KOJIEOAHUH €
HOPMAJIbHBIM (DYHKIIMOHUPOBAHUEM, PEKUM YTaCaHHs C €CTECTBEHHOW TMOENbio
KJIETOK — aIrloNTO30M, HEPETYJSIPHOIO IOBEIEHUS C OIYXOJEBBIM Pa3BUTHUEM U
3¢ deKT «uepHas IbIpa» ¢ NaTOJOTUYECKON CMEPTHIO KIETOK — HEKPO30M;

YCTaHOBJIEHA BO3MOXKHOCTh MPUMEHEHUs Pa3pabOTaHHBIX (PYHKIIMOHAIBHO-
mudepeHnnanbHbIX ypaBHEHUN Ui aHalvd3a MeXaHu3MoB martoreHesa BUY-
uHpeKIuu 6e3 MPUBJICUCHUS KOHIICTINH “Tipeena Xeudumka”.

JI0OCTOBEPHOCTH Pe3yJIbTATOB HCCJIeJOBAHMSA OOOCHOBBIBAECTCS TEM, UTO
MaTeMaTHYeCKUe MOJENIN PErylsaTOPHBIX MEXaHHW3MOB KJIETOYHBIX COOOIIECTB
CTpOSITCA HAa OCHOBE TBEPJO YCTAHOBJEHHBIX, JOCTOBEPHBIX OMOJIOTMYECKUX
3aKOHOMEPHOCTEH, T.€. CTpOUTCA Ouosiornueckas (MM KOHIENTyaabHas) MOAEIb U
OHA TPUHHUMAETCS B KA4yeCTBE JTAJOHHOIO O0BEKTa. Takke OCYIIECTBISETCS
KOMITBIOTEPHBIM TMOUCK NPUEMIIEMOM MOJEIM Ha OCHOBE HCIIOJIb30BaHUS
MEXaHU3Ma KJIETOYHOM pEryJsiTOPUKU: TpyOas KOpPpEeKUus MyTeM HW3MEHEHUS
3HAYEHUN MapaMeTPOB AKTUBHOCTH SJAEPHBIX MPOLECCOB, CPEIHSAS KOPPEKIIHS
IyTEM HW3MEHEHHs 3HA4YE€HHI IapaMeTpoB B3aUMOACHCTBUS MEXKIY SIpOM U
LUTOIUIa3MOM M TOHKas PEryysiuus NyTeM HM3MEHEHHs 3HA4YC€HWI IapaMeTpoB
(YHKIIMOHUPOBAHUS IIUTOIIA3MAaTHUECKUX CHUCTEM, MOATAIHO OIICHUBAs CTENEHb
KOPPEKTHOTO OTPaKEHUsI OMOJOTrMUYEeCKON MO/IEIH.
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Hay4yHasi ¥ npaKkTHYecKasi 3HAYUMOCTh pe3y/IbTAaTOB HUCCICI0BAHMS.

Teopernyeckass 3HAYUMOCTb PpE3YJbTAaTOB MCCIECIOBAHUA COCTOUT B
pa3paboTKe KOHLENLUN, METOI0JIOTUA U METOJI0OB MOJIEIIMPOBAHUS PETYISTOPHBIX
MEXAaHU3MOB KJIETOYHBIX COOOLIECTB C YYETOM BPEMEHHBIX B3aMMOOTHOIICHUH,
YTO MO3BOJISIET CUHTE3UPOBAThH OOIIYIO0 TEOPUIO MOJIEITUPOBAHUS KUBBIX CUCTEM Ha
KJIETOYHOM U HaJKJIETOYHOM YPOBHSX OPraHU3aLUN.

[IpakTrueckast 3HAaYMMOCTb PE3YJIbTaTOB PabOThI 3aKI0YaeTcs B pa3paboTke
KOMIUIEKCOB IIPOTPaMM HMCCIENOBAHUS PETYIATOPHBIX MEXAHU3MOB KJIETOYHBIX
COOOIIECTB, KOTOPbIE MOTYT HaWTH IIMPOKOE MPUMEHEHHWE NpPU OpraHU3alUu
IIPOBEJCHNsI BBIYMCIUTENIBHBIX OJKCIEPUMEHTOB C IEIbI0 PELICHMs 3a/1ad
OMOJIOTUHU U MEJUIIUHBI.

[IpensioxkeHHbIE MOJAEIBHOE M NPOrPAMMHOE OOECIEUEHMS] HCCIIEIOBAaHUS
MEXaHU3MOB YNPABJICHUS KIETOYHBIX COOOILIECTB SIBJISIFOTCSI OCHOBOM MPOBEACHUS
BBIYMCIIUTEIBHBIX JKCIEPUMEHTOB HAa MMHUTALMOHHBIX MOJEIAX JKUBBIX CUCTEM.
MMuranuoHHas  KIE€TOYHAs  MOJENIb  CUCTEMbl  KPUIITa-BOPCHHKA  —
(YHKIIMOHAJIBHOW €IMHULBI CIU3UCTON OOOJIOUKM KHUILIEYHHKA — MOXET OBbITh
IIPUMEHEHA IIPU  BBIYUCIUTEIBHOM  JKCIIEPUMEHTE 110  HCCIIEIOBAHUIO
IPUCIIOCOOUTENIBHBIX PEaKIUi MUIIeBapUTENbHON cHucTeMbl. Pa3paboTaHHbIE
(GyHKIIMOHATBHO-IU PP epeHINATIbHbIE YpaBHEHUS PEryIsSTOPUKH
B3aMMOCBS3aHHOM JEATEIBHOCTH MOJIEKYJISIPHO-TEHETUUYECKUX CUCTEM I'ellaTOLNTa
U BHUPYCOB Tremaruta B IMO3BONAIOT KOJIMYECTBEHHO HCCIIENOBATh, HA OCHOBE
KAaYECTBEHHOIO  aHajiuM3a W  KOMIIBIOTEPHBIX  HCCIICIOBAHUM, OCHOBHBIC
3aKOHOMEPHOCTH HH(EKUMOHHOTO TMpoIlecca B TEeNaTOLMUTE IPU BUPYCHOM
renatute B, yCTaHAaBIMBaTh MOJIEKYJISIPHO-TEHETUYECKHE OCHOBBI NATOTEHE3A,
OCYILECTBJISITh JUArHOCTUKY M IPOTHO3MPOBAHUE XAPaKTEPHBIX ITANIOB TEUCHMS
3a0oneBanusi rematrutoM B. IloctpoeHHasi, Ha OCHOBE CYIIECTBYIOIIMX
OMOJIOTMUECKUX JKCHEPHUMEHTANbHBIX JaHHBIX, TEOPETUYECKUX IMOJIOKEHUNA O
CTPYKTYpPHO-(DYHKLIMOHAJIBHOM OpraHU3alliy IUTOBUIHOM KeJle3bl Ha KJIETOYHOM
YPOBHE, METOJa MOJEIUPOBAHUSA PEryJIATOPHBIX MEXaHU3MOB JKUBBIX CHCTEM U
YPaBHEHUN PETYJIATOPUKH KJIETOYHBIX COOOILIECTB, KOMIBIOTEPHAs MOJEIb
PEryJIATOPUKH  KJIETOYHBIX COOOWECTB (OJUIMKYJIa IIMTOBUJHOW  JKEJe3bl
II03BOJIAET IIPOBOAUTH KOJIMYECTBEHHBIM AHAIW3 PEryJATOPUKU YUCIECHHOCTU
KJIETOYHOTO coo0mecTBa (POJUIMKYyIa IIUTOBUIHOW >KeNIe3bl B HOPME U IpHU
PaKkoBBIX HOBOOOpa3oBaHUsIX. Pa3paboTaHHbIE KOMIBIOTEPHBIE  MPOTrPaAMMBbI
PEryJIsTOPUKU YHUCIEHHOCTH KJIETOYHOrO COOOIECTBAa UMMYHHOUM CHCTEMBI MOTYT
ObITh TPUMEHEHBbl MPU BBIYUCIUTENBHBIX JKCIEPUMEHTaX M0 HUCCIEI0BAHUIO
nuHaMuku yrciiennoctu ClI4 numdorutoB B HopMe U nipu BUY-unbekuu.

BHenpenue pesyabTaroB  ucciaeaoBanums. I[Ipumenenue  mopenen
PEryJIsSTOPHBIX MEXaHU3MOB KJIETOYHBIX COOOIIECTB ISl MPUHATHS ONTUMATIbHBIX
peleHun II0 OINPEIEICHUI0 BO3HUKHOBEHHUS, pPAa3BUTHA W IOCIEACTBUU
3a00JIeBaHUH, BOSHUKAIOUINX B CJIEJICTBUU HApPYIICHUS PETYIATOPUKH KJIETOYHBIX
COOOIIIECTB TOBBIIMIAIOT TOYHOCTh paHHell auarHocTukun B 1,5-2 pasa, u
ONTUMHU3UPYIOT TaKTUKH JeueHuss Ha 35-40%, a Takxke MO3BOJSIIOT MOJYYUTh
HIKOHOMHUYECKUN dS(PPEeKT Npu TMIAHUPOBAHUU HKCIEPUMEHTANIbHBIX paboT B
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OMOJIOTMM W MEAUIMHE 3a CYeT OJKOHOMHHM JIOPOTOCTOSIIIMX HATYpPHBIX
skcniepuMeHToB Oonee 120,5 mua.cym B roa (Cmnpaka 02-8/677 ot 4 deppans
2016 Toma, MUHHCTEPCTBO MO pPa3BUTHIO HH(POPMAIMOHHBIX TEXHOJOTHH U
KoMMyHUKaiui PecriyOnuku Y3o0ekucran; CrnpaBka 84-3/49 ot 1 mapra 2016
roaa, MUHHCTEPCTBO 3paBooxpaHeHus PecryOuku Y30ekucTaH).

Anpobauuss padorbl. OCHOBHBIE TEOPETUUYECKHE W  IPAKTHYECKHE
pe3yabTaThl MPEICTABISUINCh, W TMPOUUIM 3KCIEepTH3y Ha Bcecoro3HoMm cbesne
TEHETUKOB H cenekiuoHepoB (Munck, 1992 r1.), "HckyccTBeHHass >XU3HbB"
(Ucmanus, I'penana, 1995 r.), International Conference “Plant Biology’ 99 (USA.
Baltimore,1999); International Conference on Differential Equations (Belgium,
Hasselt, 2003); 20th European Congress of Pathology (France, Paris, 2005);
International Symposium on Dynamical Systems Theory and Its Application to
Biology and Environmental Sciences (Japan, Shizioka, 2004); Workshop
"Complex dynamics and delay effects in coupled systems" (Germany, Berlin,
2006); BIOMATSymposium (Brazil, Amazonas, 2006, 2007, 2008, 2009);
Biocomp2007 (ltaly, Salerno, 2007); ua Il MexnyHapoaHoli KOH(MEPEHIIUHU IO
BUY/CITN/ B Bocrounoit Espone u llentpamsHoii Asum (Poccusi, Mockea,
2009); na The 8th JSH Single Topic Conference “HBV Now in Asia”. (Japan,
2009); EASL Monothematic Conference (Turkey, Istanbul, 2010); International
Conference on Mathematical Methods and Models in Biosciences (Bulgaria,
Sofia, 2012); XIX Exeromausiii Poccuiickuii Konrpece "I'emaronorus Ceromns”,
npu yyactuu EBponelickoit Accounanuu no Mzyuenuto Ileuenu (EASL)(Poccus,
Mocksa, 2014, 2015, 2016).

Ony0/IMKOBAHHOCTH pe3yJbTaToB. [0 Teme auccepranuu OmyOJUKOBAHO
62 HayyHBIX TPYIOB, B TOM uncie | MoHorpadus, B 8§ 3apyOexHbIX XypaHanax 13
Hay4HBIX CTaTeW, B 6 HAMOHAIBHBIX KypHalax 24 Hay4yHbIX cTarei, 24 Te3uCOB
JOKJIQJI0B B PECHYOJMKAHCKMX ¢ MEXIYHAPOJIHBIX HAYYHO-TIPAKTHUYECKUX
KOH(epeHusx.

O0bem u cTpyKTypa amccepramum. Juccepranusi COCTOUT U3 BBEICHUS,
MATH TJIaB, 3aKJIIOYEHUs, CIOUCKA JIUTEPATyphl, coaepkuT 200 cTpaHUIl TEKCTa,
BKJIIOYAET 37 PUCYHKOB, 2 TaOIUIIBI U 3 MPUIIOKEHUS.
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OcHOBHOe coepxaHHe TUCCePTALMU

Bo BBegeHMm O00OCHOBaHa aKTyalbHOCTh U BOCTPEOOBAHHOCTH TEMBI
JUccepTaluy, cOpMYyJIUPOBAaHbI LEJIb U 33Ja4H, BBISBICHBI OOBEKT U INPEAMET
VCCJIEIOBAHMS, ONPENEICHO COOTBETCTBHE  HMCCJIENOBAHMS  NPUOPUTETHBIM
HAIpaBJICHUSIM pPa3BUTUS Hayku M TexHosorud PecnyOnmuknu VY30ekucraH,
U3JI0)KEHBl HaydyHas HOBU3HA M IPAKTUYECKHUE PE3YJbTAaThl MCCICIOBaHUS,
000CHOBaHa JIOCTOBEPHOCTH MOIYYEHHBIX PE3YyJIbTaTOB, PACKPBITHI TEOPETHUECKAS
MU TIPAKTUYECKAs 3HAYMMOCTH IIOJYYEHHBIX pPE3YyJbTAaTOB, INPHUBEIAEH CIIMCOK
BHEIPEHHWM B  MPAKTUKY  PE3yJbTAaTOB  HCCIECIOBAHMS, CBEICHUA IO
OIMyOJMKOBAaHHBIM paboTaM M CTPYKTYpPE JUCCEPTAIUH.

[lepBasg rnaBa paboThl «MeTOAbI MATEMATH4YECKOr0 MOJeJUPOBAHUS
PeryJsTOPHbIX MEXaHU3MOB KJIETOK M KJIETOYHBIX COOOIIECTB» IOCBSAIICHA
OCHOBHBIM IpoOJjeMaM MOJENbHBIX HCCIEIOBAaHUN PETYIATOPHBIX MEXaHU3MOB
KJIETOYHBIX COOOILECTB: BOMPOCAM MOJEIMPOBAHUS PETYIATOPHBIX MEXAHU3MOB
KJIETOYHBIX (PYHKIIMH, TPUMEHEHHUIO METO/I0B MaTEMaTHYECKOTO MOJEIMPOBAHMSI B
UCCIIEIOBAHUSIX PETYJISTOPHBIX MEXAaHHW3MOB KJIETOYHBIX COOOILIECTB PacTEHUH,
aHaJIn3y HEOOXOAMMBIX MPEANOCHIIOK K MOJEIMPOBAHUIO  PErYISTOPHBIX
MEXaHU3MOB OpPraHOB U TKaHEW >KMBOTHBIX OPraHU3MOB, KPUTUUYECKOMY aHAIU3Y
MOJIEJIbHBIX MCCIIEIOBAHUM KJIETOYHBIX COOOIIECTB.

OyHAaMEHTAIBHBIMA MPEAIIOCHUIKAMH HCCIIETOBAHUN IO MATEMAaTHYECKOMY
MOJICJIMPOBAHUIO KJIETOYHBIX (PYHKUMH sABistoTcs padotrsl H. PameBcku, [[xk.
Yorcona u @. Kpuka, ®. XXakoba u XK. Mono, JI.H. CepaBuna, b. Cennona, P.
[aneBa, b. I'ynBuna, b.H.XugmpoBa u nap., B KOTOpPBIX IOCJIENOBATEIBHO
pacKphITa CTPYKTYpHO-(YHKIMOHAIbHAS OpraHU3alys HACAEACTBEHHbIX €IUHUII,
PETYJATOPHBIE MEXAHU3MbI BHYTPUKJIETOUHOU JEATEIBHOCTH U BO3MOKHBIE ITyTH
UX KOJIMYECTBEHHOro omnucaHusi. VMIMes B BHIYy BaXXHOCTb OMOCHMHTETUYECKUX
OpOLECCOB B  (PYHKIIMOHUPOBAHWM  OWOCHCTEM, YUMTHIBAsS  BpPEMEHHBIE
B3aMMOOTHOIIICHUSI B CHUCTEeME peryisanuu kietok, b.H.Xumupos pazpabotan
YCOBEPIICHCTBOBAHHYIO CHCTEMY YpaBHEHUI cUHTE3a Oenka

J:; - Ci (t) ;
dt 1+Zdin;“" (t—z,) Te,
j=1

den “EARTTR) o

dP(t) In2 _ .
——==2=qC/(t—-7,)——P(); 1
dt q| i ( Z—S) TPI I ( ) ( )
dR (1) In2
— 2 = HP(t-7,)———R(t),
dt p| i ( Z-3) TRi i ( )
rne  Ci(t), Pi(b), Ri(t) — BenWuuHBL, XapaKTEPU3YIOIIME KOHIICHTPAI[MH

nHopmarmonnsix PHK, OGenkoB-pepmenToB 1 penpeccopoB; Tx — BeIUYMHA,

xapakTepusyrolias Bpems mnonypacrnana BemectBa X; {a}, {d}, {q}, {0} -
HEOTPHUIIATEIIbHBIC TTOCTOSIHHBIC, 71, 72 — BEJIUYMHBI, XapaKTEPU3YIOIIUE BpeMeHa
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Nepexo/10B OMOMOJIEKYJI B CUCTEMAX SIPO-IIUTOIIa3Ma; 73 — BpeMsi, HE0OX0IMMOe
JUISL aKTUBALIMM PENPEeccCOopoB; N — KOJIMYECTBO (DYHKIIMOHUPYIOUIUX TEHOB.
VYpaBHenus (1) wucnonw3yrorcs I KOJIMYECTBEHHOTO OIHMCAHMS PETYJIALHH
KJIETOYHBIX (PYHKIIHI B X0J1€ MOJICTMPOBAHUSI KIETOYHBIX COOOIIECTB.

[lokazaHo, YTO CYyIIECTBYIOIINE MOJEIH KIETOYHBIX COOOILECTB COCTOST W3
mozeneit kinacca A (B.I'. Tsokenosa u npyrue; E.JI. 3axoxas; I''\U. Kynuk, B..
Koposs, E.C. KoObumikas u JAp.), KOoraa B KIETOYHOM COOOIIECTBE
paccMaTpuBaeTCid JMHAMHUKA YHCICHHOCTH OJHOPOJHBIX KJIETOYHBIX TPYIIIL,
mozener kinacca B (b. I'yasun; M. Oiiren, II. Iycrtep; B.A. Patnep, B.B.
[Tamun; b.H. XuaupoB u np.), Korja ¢ KOJUYECTBEHHON CTOPOHBI UCCIETYIOTCS
pPEeryJsiTOpHbIE ~ MEXaHM3Mbl  KIETOYHBIX  (DYHKIUH,  pealu3yemMblXx B
paccMaTpuBaeMoM KJIETOYHOM cooOuiectBe U u3 mojeneit kiacca C (b. Cennos,
P. IlameB, B. MareeBa; M. CaiinanueBa; H.J.W. Mutsairs u 1p.), Koraa
MOJICIMPOBAHUE KJIETOYHOTO COOOIIECTBA HOCUT CTPYKTYPHO-(YHKIIMOHATHHBIM
XapakTep C YYETOM JWHAMHUKH IPOCTPAHCTBEHHOW OpPraHU3alld Pa3IUYHBIX
KJIETOK Y X BHYTPUKJIIETOUHOU PETYJIATOPUKH.

Bo Bropoli rnmaBe «Pa3pabdoTka TeopeTHYeCKHX OCHOB MOJeJIHMPOBAHUS
KJIETOYHBIX CO00IIECTB)» MPUBEJAEHBI PE3yJbTaThl UCCIEIOBAHUN 1O pa3padOoTKe
TEOPETUYECKUX OCHOB MOJICTUPOBAHUS PETYJISITOPHBIX MEXaHU3MOB KJIETOUYHBIX
COOOIIECTB Ha Pa3IMYHBIX YPOBHIX UX OPTraHU3ALUU.

Ananmu3 nutepaTypHbix gaHHbIX (A. Xom, [[. Kopmak; K.A. 3ydapos c
coaBtopamu; II. Kemm, K. Apmc; JI.LH. CepaBun u apyrue) mokasbIBaeT, 4UTO
CIIOKHOCTh ~ OpraHU3allM  MHOTOKJIETOYHBIX  OPraHU3MOB  OO0YCIOBJICHA
ABOJIIOLIMOHHO CIIOKUBIIMMCSL "pazneneHueM Tpyna' MexAy KIeTKaMu U
BBIPAOOTKON CHEIUaIbHBIX CHUCTEM OpPTraHOB ISl BBIMOJHEHUS OCHOBHBIX KH3-
HeHHBIX (yHKIMHA. VccnenoBanne KI€TOYHON OpraHU3allid MHOTOKJIETOUYHBIX Op-
raHU3MOB MOKa3bIBAET CYIIECTBOBAHUE OINPEICIECHHBIX HAAKIECTOYHBIX JIEMEHTOB
OpraHOB M TKaHEW — KJIETOYHBIX COOOIIECTB, BBITIOJHSIONIMX UX AJIEMEHTApHBIC
byukiuu. Kierounbslie cooOliiecTBa COCTOSIT U3 MHOTHX ThICSAY KJIETOK, 00beau-
HEHHBIX BO B3aMMOCBSI3aHHBIE JIPYT C APYTOM OJHOPOJHBIE TPYMIbl KieTok. Kax-
JI0€ KJIETOYHOE COOOIIECTBO OOECIEUYMBAET CBOE CYIIECTBOBAHHME MYTEM MPOJIU-
bepauu, aud@pepeHIMpPOBKM U BBINONHEHUS crnenuduyeckux ¢yHkuumid. B
KJICTOYHOM COOOIIECTBE CYIIECTBYIOT pactyiue (mocie aeneHus), OydepHbie
(mocne BhINOJMHEHUs crienupruueckux PyHKIUI) U CTaperolne KIETKH.

C TOUYKM 3pEHHS TEOPETHYECKOW OHOJOrHH, SMUMOP(PU3M COBOKYMHOCTH
ouonornyeckux (QyHkiui opranm3mMoB (H. PameBcku) u TOXIECTBO UX
COCTABJISIFOIINX MPHU CYIIECTBOBAHUHU OOJIBIIIOTO Pa3HOOOpa3usi MPOCTPAaHCTBEHHOM
OpraHu3anuy U PyHKIIMOHAITBHON JIEATETLHOCTH OPTaHOB M TKAHEH PaCTUTENIbHBIX
U JKUBOTHBIX OPTaHU3MOB MPUBOAUT K MBICIH O CYIIECTBOBAHWU YHHUBEPCAIbHOU
MOJACUCTEMBl OpPraHOB M TKaHEW, BBIMOJHSIONIUX OCHOBHYI) COBOKYIHOCTh
AJIIEMEHTAPHBIX (YHKIHMHA KUBBIX OPTaHU3MOB (OOHOBIIEHHWE, CIieUaTn3aIus, 00-
MEH BEILIECTB C OKPYKaIOLIEH Cpeloi U BBITIOJIHEHHE cielM(pUIecKuX QYyHKIMA) —
byHKIIMOHATBHON enuHMILI KieTouHbIX coobmecTB (PEKC), npoctpancTBeHHOE
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1 (yHKIMOHATBFHOE OOpa30BaHHWE W3 KOTOPHIX W COCTABISIET OpraHbl M TKAaHU
MHOTOKJIETOYHOTO OpraHu3Ma.

BBoagutcs cnenyroiiee ompeaesieHMe:  pa3MHOXKAIOUIMECS, PaCTyIIHE,
mudepeHIupyronecs, BBIMONHIIONME crelupuiyeckue (yHKIUU, CTaperoline
KJIETOYHbIE TPYNIbl, (QYHKIMOHUPYIOUIME B3aUMOCBS3aHHO, KaK €IUHOE IIEJIOE,
Ha3bIBaeTCsd  (YHKIIMOHAIBHOM eIuHMIEH KieTouHbiX coolmectB — DEKC
(Pucynok 1). Beeaenue nousarus ®EKC mo3BossieT 3¢@dEeKTUBHO HCCIeI0BaTh
MEXaHU3MbI YIPABJICHHS B KJIETOYHBIX COOOIIECTBAX METOJAOM MAaTeMaTHYECKOTO
MOJEIUPOBaHUA. 37IeCh TakKXKe, KaK M B CJIy4yae KOHKPETHBIX KJIETOYHBIX
COOOIIECTB, PACCMOTPEHHBIX B TIEPBOM TJaBe, BO3MOXKHBI TPH IIyTH
MAaTEMATHYECKOTO MOJICITIMPOBAHUS, KOT/IA YUYUTHIBACTCS AUHAMHUKA YHCIEHHOCTH
OJTHOPOJHBIX TPYIIT KJIETOK, MEXAHW3Mbl DPETYJSIUN KICTOYHBIX (YHKIHA |
MPOCTpPaHCTBEHHO-BpeMeHHas opranu3anus OEKC.

Pucynok 1 - IlpunnunuaibHas cxemMa KiaeTOYHbIX B3auMooTHomennii ®PEKC. M —
rpynna aeJsimmxcs KJaeTok; Bi— Mosoabie pacTyue KJIeTKH;
D — nuddepennupyronmecst KJIeTKH; S1, S2 — KJITKH, BBINOJIHANIME crienquduyeckne
¢ynkuuu; B2 — crapeomue KJIeTKH; CTPeJIKaAMH 0003HAYEHBI NepPexXoAbl B HOPMAJIbHBIX
YCI0BHSAX, 2 MyHKTHPHBIMH — IIePeX0/ibI IPH ONPeJeJIeHHBIX CTPECCOBbIX YCI0BHAX

B nannoit rimaBe npuBonagTcs Haubosee oOIIKMe YpaBHEHUS KOJTHMYECTBEHHBIX
cootHoleHut kiaerok MEKC, paccmarpuBaroTcs BONPOCH UX KAYECTBEHHOTO U
KOJIMYECTBEHHOI'0 MCCIIENOBaHUA. ECIM MHTEpecyeT 3aKOHOMEPHOCTh U3MEHEHMS
KOJIMYeCTBa KIETOK B OTAeabHBIX 30Hax PEKC, To, momyckas omnpeaeieHHbIE
MPENoJIONKEHUs (TOCTOSTHCTBO BPEMEHH MEPEX0JI0B U3 30HBI B 30HY, 3aBUCMOCTD
coctostHuss ®EKC B 1aHHBI MOMEHT TOJILKO OT MPEIbIAYIIEr0 COCTOSHUS U T.1I.),
MOYHO BOCIIOJIb30BaThCsl METOJAMHU JIMCKPETHOIro aHaiu3a. BwiOupas omepartop
nepexonoB 3 onHoro coctosiunss GEKC B npyroe, u3 HadalbHOTO COCTOSHMS
OEKC, BeIpaxaroniero KOJIMu4ecTBO KJIETOK B OTACJIBHBIX 30HAX, MOCJIEA0BATEIHHO
MOXHO ITOIY4YUTh BCIO AUHAMUKYy cocTositHuid DEKC B IHCKpETHBIE MOMEHTHI
BpemeHnu. HaxmanpiBasi ompezgeneHubie ycinoBus Ha auHaMuky PEKC, MoxHO
OTIPEJICTUTh 00JIACTh 3HAYCHUI OTiepaTopa MepexooB, T.€. CTPYKTYPHBIN MOPTPET
MOJICJIM, KOTOPBIM ITO3BOJIUT BBISIBUTH BO3MOXHBIM KJIACC B3aMMOOTHOIICHUH
mexay otnenbHbiMu 30HaMu DEKC. [lanee, Bo3MOXHO ompeneneHue 00J1acTb
JOTYCTUMBIX Ha4daJbHBIX COCTOSHUW W3 YCIOBUS COOJIFONCHHS] HEMyCTOTHI

42



MHOXeCTBa 2JIeMeHTOB B KOHKpeTHhIX 30Hax PEKC mpu To < T (T — Bpewms
cymectBoBanust DOEKC, To — mopor 3permoctu DEKC). O6nacts 3HaueHuu
oneparopa mnepexoaoB u3 onHoro cocrosHuss OEKC B gpyroe coBMECTHO ¢
00JacCThI0  JIOMYCTHMBIX HAYaJbHBIX 3HAUYEHUA TMO3BOJIIIOT  MCCJIEA0BAThH
3aKOHOMEpPHOCTH cyliecTBoBaHusi U (pyHkimonupoBanuss PEKC B paznuyHbix
OrocrucTeMax METOJIaMH IMCKPETHOTO aHAIN3a U UCIOJIb30BATh UX VISl TTOJTYYECHHUS
MPAaKTUYECKUX PE3YJIbTATOB IPU JAOMYLIEHHbIX YycinoBusx. [Ipu paccMoTpeHun
oonpmioro kiacca @EKC ycioBHS MOCTOSHCTBA BPEMEH IEPEXOJ0B H
3aBucuMocTh coctosinusi OEKC B naHHBIE MOMEHT TOJIBKO OT MPEAbIIYIIETO
COCTOSIHHSI MOTYT He coOmofaThes. B Takux cimydasx 3Qp¢GeKTUBHBIMU METOIaMHU
uccnenoBanust OEKC sBIsSitOTCS METOJbI MAaTEeMaTUYECKOTO MOJICIUPOBAHUS C
UCITOJIb30BaHNEM (DYHKIIMOHAILHBIX YPaBHEHUH.

TpeTps «MopeaupoBanue
KOJIMYECBTEHHbIX  COOTHOLICHUI
/?f\w kieTok B @EKC» rnasa nocsiieHa
BOIIPOCAM MOJEIUPOBAHUSA KJIETOY-
@ HbIX COOOLIECTB MHUBBIX CHCTEM.

Y MopaenupoBanue
1
l ! (GYHKIMOHUPOBAHUS  OJIHOPOJHBIX
KJIETOYHBIX  TPYNIl HAa  OCHOBE
PaBHOBECHBIX Mojieen
PETYISATOPHBIX MEXaHU3MOB KJIETOK,
Ta T lT Ta Hapsay C BBEJICHHEM MAacCIITAOHBIX
! MHOXXHUTEIIEH, IO3BOJISIET
pa3paboTarth TMpuUEeMJIEMble HWMHUTA-
T T ITUOHHBIC MOJIETTN KJICTOYHBIX
+
1
|

2
\ COOOIIECTB MHOTOKJIETOYHBIX Opra-
HU3MOB. [IpuBeneHbl KOHKpPETHBIC

e Te ! g YpaBHEHHUS, OIMCHIBAIOIINE W3MeE-

\ ' / HEHMS  KOJIMUEeCTBA  KJIETOK B
otaeiabHEBIX 30Hax OEKC.

HyCTB Xl(t) X2 (t) vy X6 (t) -

BCJINYUHEI, XapaKTEepU3YyIOIIe

KOJINYCCTBO A3MHOXAKIINXCA

PucyHok 2 — IlpuHumnuanbHas p H ’

CXeMa BPEMEHHBIX MOJIOZBIX pactylinx,

B3aumooTHomeHuii B PEKC (G epEHIUPYIOIMXCS, BITOIHSIIO-

mux crnenmudpuieckue GyHKIuH (s

npoctoTel B ®EKC npenycMoTpeHo
BBITIOJTHEHUE JIBYX CHEHU(PUYECKUX (PYHKIMI) U CTAPEIOIIMX KJIETOK B MOMEHT
BpeMeHHu t, cooTrBeTcTBeHHO. HambOosiee BaxxHOW B (PYHKIMOHAJIBHOM CMBICIIC
30HOM DEKC siBisieTcs 30Ha A€NEHUs, TAE KICTKA Pa3MHOXKAIOTCA IIyTEM MHUTO3a.
CKOpoCTh Pa3MHOXKEHUSI 3aBUCUT OT KOJWYECTBA MOTEHIIMAIBLHO CIIOCOOHBIX K
JEJICHUIO KJIETOK, 3(EeKTOPOB M MUTATEIbHBIX BellecTB. Ecnu A0mycTUTh, 4TO B
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xone oHBomouuu obpazoBanuce DOEKChl ¢ mone3HbIMH i1 OpraHu3Ma
GyHKUUSIMH, TO TPOIIE BCETO MPEAINOJIOKUTh, YTO KOIMYECTBO 3(P(HEKTOPOB U
MOCTYMAIIIMX B 30HY JEJEHUS MHUTATENbHBIX BEIIECTB 3aBUCUT OT CTENCHH
BBITIOJIHEHUS KJIETOYHBIM COOOIIECTBOM CHEeUU(PUUYECKUX (YHKIMMA, T.e. OT
KOJIMYECTBA KJIETOK B 30HaX S1 U Sy.

VYyer addexra "maBnenus cpenbl" (MHTHOMpPOBAaHUE KOHEYHBIM MPOTYKTOM
uiu ananor 3¢ dexra Hoaka-Crmiapaa-YmOeprepa) 1 BpeMEHHBIX B3aUMOOTHO-
nieHui {7} Ha ocHOBe npuHIMIHANbHON cxeMbl DEKC (pucyHok 2) mpesmosaraer
BBEIOOp B KayeCTBE MATEMaTWYECKOTO armapaTa CHCTEMbl HETMHEHHBIX audde-
PEHIUAIBHO-PA3HOCTHBIX YpPAaBHEHUW TPU KOJIMYECTBEHHOM HCCIICIOBAHUM KJe-
TOYHBIX B3aMMOOTHOIICHUNA B ()YHKIIMOHATHHOW €IUHUIIE KIETOYHBIX COOOIIECTB
MHOTOKJIETOYHBIX OPTaHU3MOB.

PazpaboTtanHbie ypaBHEHHUS MAaTEMATUYECKON MOJEIIN JUHAMUKUA YUCIECHHOC-
TH oHOPOIHBIX KieTouHbIX rpynn GEKC (kmacca A) UMEIOT cienyromui BUIL;:

d>;(t) (ﬁx (t—z.)e u”(”)+blx2(t—r1)—a2X1(t);
dxdt(t) 8,%, (t—7,) +b, X, (t—7,) — (b, +8,) X, (t);
dth(t) 8, X, (t - 7,) +0,X, (t—7,) — (b, + &, +a5) X, (1); (2)
%:%xg(t—rg)—aexﬂ)?
dxd ® _ o x,(t-z)-aX.(0);
dxdt(t) as (X, (t—75) + X, (t —75)) — (8, +b;) X, (1)

371ech a1 — nmapaMmeTp, BhIpKAOUUNA pecypcoo0eciedeHHOCTh MpoudepaTUBHOMN
30HBI; @i, 61, 62, 63 — YIACIBHBIE CKOPOCTH MUTparmu kietok (1 = 2,...,7); d; (j = 1,
2,...,6) — mapaMeTphl, BEIPOKAIOIINE YPOBEHb TECHOTHI, CO3/IaBAEMOM TIPYIIIOM
kierok j-it 30oubl (dj >d > 0); 7 (j = 1,2,...,6) — BpeMeHHbIE B3aMMOOTHOILICHHS
(axTopsl, BEIpaXKaIOIIHe BpeMeHa, HEOOX0IUMbBIC TSI METPAIUA KIIETOK U3 30HBI
B 30HY).

B nmaHHOW TiaBe MOKa3aHO CYIIECTBOBAHHE CIMHCTBEHHOTO HEMPEPBIBHOTO
peIIeHUs] YPaBHCHHN MPH 33JIaHUU HAYAJLHBIX YCIOBUI HA COOTBETCTBYIOIINUX OT-
pe3kax BpeMeHH. Pa3paboraHHass mporpamMma IOJyYEHHUs PEIICHUH IO3BOJISICT
NPOBOJNTH KOJIMYSCTBEHHOE WCCIEAOBaHWE HAa OCHOBE '"IpPYKECTBECHHOTO
uaTepdeiica” (puc. 3).
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Pﬁ;}-‘.—'mmapmm @YREINOHATBHON eOUHIIBI
OPIAHOS 1 IKAHET

Hauaavrvre
HICACHHOCIT
kaermor 6 DEOT =

rpvioma M s = i

pyvama F; [ 2

rpymma D [5 3] XN

rpyirma S; @ 3 = ™
t
a! I )

SIS '52 = Ter e IHaYeRna Spyiti Kemor

IPVILIIA Bz|s '31 c M - rpynna nenmmmzca eneToKR 3
) ! B1- rpynna pacTyimms KIeToK 12

D - rpynna guddepeHUEPYIOIWHRCA KISTOK 7
G S[ rpynna cnequbHYecEnE kmeTor | 12
Kerzy B Z2- rpynma cnenHbHEECKHE KNETOR 2 10
2 Bo- rpyOna craperOLHE KIETOK 15

Pucynok 3 — Bua qucniiest nporpammsl ®EKC

B pesynbrare NpoBENEHHOTO Kaye€CTBEHHOTO aHajiv3a BBISIBICHO, YTO
cuctema (2) uWMeeT, MOMHUMO TPUBHAIBHOTO, JIBa IMOJIOKEHHS DPAaBHOBECHUS B
NepBOM  KBajipaHTe (a30BOro mpocTpaHcTBa. Eciu  HOpuHATH, YTO B
¢dyuknuronansHbiXx 30Hax ®EKC (By, [, Ci, C,, B;) moBeneHue KICTOK HOCHT
KBa3MCTAIMOHAPHBIN XapakTep , TO (2) IpUMET BHUT

_d>;1t(t) = PX(t— p)e i — X, (1),
__ aa’alay
ag(a, +a;)*(a, +a;)°
S=64+—3 |5 +-—2 |5+%5 %5 |+%s |,
a, +a, a, +a a, a, a,
a :a1 1_ a2 — aiaQ

a+a;) @A +a
Ero nuckpeTHbIi aHaIOr UMEET BUT
_ 3a— Xk
Kisg =X 87 k=0,1, .. )
BeisiBieHo, Ha ocHOBe wuccienoBaHus (3), CyIIECTBOBaHHME CJOXKHBIX (OpM
(GYHKIIMOHUPOBAHHUS  KJICTOYHBIX  COOOIIECTB,  BKIIIOYAIOUIUX,  IOMHMO

IMOCTOAHCTBA YHCJICHHOCTH HX KIICTOK, HNHUKIMYCCKOC HU3MCHCHHC, HCIIPCACKA-

3yeMyo TUHaAMUKY 1 3QdekT "uepHoit apipsl" (Tabmuiia).
Ta6auna — Pexumbl ®PEKC Ha ocHoBe(3)

r <1.85 | [1.85,4.41) |[3.41,4.39)] 4.39 4.75 >6.99
Peuienus Crauuonap- | Perynsap. | VYnaBoe- Hepery- | «Uepnas
(3) [Tokoii | HBIA pexxuM | Koseba- HUE JSIpHBIE TIBIpay
HUs IMKJIa | KojeOaHus

45



B  uyerBeproii rnaBe «Pa3paboTrka MaTreMaTMYeCKHX  MojeJiel
PEryJsiTOPHBIX  MEXaHM3MOB  (YHKIHOHUPOBAHMA  KJIEeTOK  (ekc»
paccMatpuBaroTcsi Borpochl uccienoBanus @EKC ¢ yuyeroM BHYTPUKIETOYHOM
perynsitopuku.  [lpuBonmarcs  pa3paOoTaHHbIE  MaTeMaTUYECKHE  MOJEIH
PEryIsTOPHBIX MEXAaHU3MOB OMOCHMHTETHYECKOW aKTUBHOCTHU KJIIETOK, KJIETOYHOTO
nenenus, auddepeHIMpoBKH U cnenuduueckux pynkumid. [IpuBoasrcs
pa3pabOTaHHBIE ATOPUTMBI KOMITBIOTEPHOHN pean3ariyl TaHHBIX MOJIEIICH.

Kak wm3BecTHO, T€HOM MHOTOKJIETOYHBIX OPTaHU3MOB MOXKHO MPEACTaBUTH
KaK TPYNIy YHUBEPCAIbHBIX, OOIUX U crenuduieckux rpymm reHoB (A.A. Heii-
dax). B cooTBeTCTBMM C OSTUM KJIETOYHBIE (PYHKIIMH MOXKHO pa3IeiuTh Ha
YHUBEpCaIbHBIC, 00IINE U CTICIM(PUICCKUE. Y HUBEPCAIbHBIC KICTOYHBIC (PYHKITUN
CBOMCTBEHHBI, B OCHOBHOM, BCEM KJIETKaM, OOIHE KJICTOYHbIE (DYHKITUH — KIIET-
KaM, OOBEAMHEHHBIM HEKOTOpPON OOIMHOCTBIO (YHKIUH, a chenupuiecKkue
KJIETOYHbIE (DYHKIIUU CBOMCTBEHHBI OT/ICTLHBIM BUIaM KJIETOK.

buocuHTeTHYECKYI0O aKTUBHOCTh KJETKA MOXKHO OTHECTH B TPYyIIy
YHUBEPCAIBHBIX KIETOUYHBIX (GYHKIUNA. OCHOBHBIE YpaBHEHHS PETYJISITOPHBIX
MexaHu3MoB cuHTe3a Oenka (b.H. XuaupoB) ¢ yueroMm u3MeHeHuss o0beMa KIETKH
MO>KHO 3alucaTh B BUJIE:

n+h +lp

|
- X OyRj(t-mp;(1))

dC,(t) ae ™ In2 _
dt . Mk - T +Db, |G (1),
A O
j=
dP(t In2 .
%z%ci(t_rli(t))_ T_Pi+bv R();
dR(t) . In2
—22=qgP(@{t)-| —+Db, [R(1),
pranialt (1) 0, i (t)

R;

rae Ci(t) — mokasatens koHueHtpauuud U-PHK B sape B MoMeHT Bpemenu {,
3alucanHoi ¢ I-ro omepona; Pi(t), Ri(t) — koHIleHTpalK OEIKOB U PEPECCOPOB B
UTOIIa3Me B MOMEHT BpemeHH t; Tx — Bpems momypacmaga BemectBa X; dij —
DJIEMEHTBI MAaTPUIIBl MEXOMEPOHOBBIX CBS3CH; d, ¢, ¢ — TIOJIOXHUTEIBHBIC
noctostHHbIE; 71j(t), 72j(t) — QyHKIMH, XapakTepu3yromye GaKTophl 3ana3AbIBaHUs B
CHCTEME PETYJISALUU KJIETOK; N — KOJMYECTBO YHUBEPCAIBHBIX, |1 — KOJMYECTBO
00mmmx, |, — komuuecTBo crenuduIeckrx GyHKIUOHUPYIOUIUNX ONMEPOHOB U
1, V([ +Ty)
bv = T_ In W
X 0
3pech V(to) — 00beM KICTKU B HaYaabHBIH MOMEHT BPEMCHH.
PesynbTaThl  TMPOBENEHHOTO  KAa4eCTBEHHOTO  aHAW3a  MOKAa3bIBAIOT
CYILIECTBOBaHUE TaKMX KOHEUHbIX D, u b, , uTo, ecam

b, <[h, b,].
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TO HaAONIONAIOTCA AaBTOKOJEOaHWs B TMOBEACHUH pacCMAaTPUBAEMOM MOJIEIH
OMOCHHTETHYECKONW aKTHBHOCTU KJIETKHA. YUeT HM3MEHEHHs 00beMa MO3BOJISIET
Oollee pealbHO OICHWBATH 3HAYCHUS KOA((OUIIMEHTOB MOAETCH W JIEHCTBHUS
PETYISITOPHBIX MEXaHU3MOB BHYTPHKJICTOYHOM JACATEIHHOCTH.

Oco0eHHO Ba)KHOE 3HAYCHHE UMEET U3MEHEHUE 00bheMa MPH KICTOYHOM Je-
neHun. Ecny npuHATH, YTO 3aKOHOMEPHOCTh U3MEHEHUS 00beMa KIICTKH 33 BpeMs
JETICHUs] HOCHT SKCIIOHEHIIHATBHBINA XapaKTep:

t—t,
V(t) =V (t,)e’ ",
TO bv = }/. HOCKOHLKy MOKHO CUHuTaTb, 4TO 3a BpeMH IIOATOTOBKH K ACJIICHUIO (T)
KJIETKA YBEITUIMBACTCS IO 00BEMY B JIBa pasa, TO

— In2
Y=
Torna ocHOBHBIE ypaBHeHUsI Mojienu kietouHoro naenenus (b. Cennos, P.

[aneB; M. CaiinanueBa, b.H. Xuaupos; b.H. XuaupoB) ¢ ydyeTom H3MEHEHHUS
o0beMa KIIETKH, IPUMYT CIAEAYIOIINI BUA:

+TCl
— (In2)C.(t) ecmn Y(H)<Y;
dC (t) - -
— = a. +
dt 2300 " Floghpc ) ecm Y()2Yy
1+ dIR(t—T) G
,Z S (4)
T+T,
- L(In2)C. (1) ecmm Y (1) <Y,;
dx,) | Tle
dt T+T,
vC.(t—7)— ~(In2)C,(t) ecmm Y (t)>Y,;
TT.,
T+T,
— ~(In2)P,(t) ecmu Y () <Y,;
R _| T
dt T+T,
g, X, (t)— “(In2)P,(t) ecam Y(1)>Y,;
TT,
e (IN2)C.(t) Y(t) <Y
- . i eClin <Y,
de (t) — TTPm ’
dt T+T,
9, X, — ©(In2)P, (1) ectn Y(1)=Y,;
TTPm
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RO _ g, x,0-h,(R,0O) Rt~ 7))

dt
T+T 0, B mepuomax S uM ;
Rl g x,0-—=R,@; o= P
dt TT, 1, B OCTaNBHBIX MIEPHOJIAX;
0, ecrm R, =A;
Re (t) — I:zn (t) ’ 8n — A’
1+3(1)R, (2) 1, eem R, <A;
3 .
Y(R) = oY, (t); g = 0. ccmn R, 2 A,
i-1 1, ecrm R, <A,.

% — Ko (1 £)(2D, — D).

3pece  {a},{d},{v}, 0,, 9, {@} — monoxurensHsie nocrosube; {A} —
IOPOrOBBIE  3HAaYeHHWs i1 penpeccopos;  Y,,Y,,Y, — TOpOroBble 3HAYCHHSA
(YHKIHUHA 3HEPreTUYECKOT0 U MaTEpHAIbHOIO 00ecrnedeHus KIeTKH Y (t); T, -
Bpemsi monypacnana semectsa Z; Y (t),Y,(t),Y;(t) — BemmuuHbl KOHLEHTpaLHA
MOCTYTAIONUIMX B KIETKY aMUHOKHCIIOT, yrieBooB u xkupos; C.(t), X.(1), P.(1), R(t)

— mokaszarenan KoHueHTpanuii u-PHK, mepBHYHBIX Tpymnm MpOTEHHOB, OEIKOB-
(bepMEHTOB W pENpECCOpOB; 7,,7,,7, — BPEMEHHbIE napametpbl; R (1) —

KOHLCHTpALMsl perpeccopa BO BHewHed cpexe;  J(f) — KOHIEHTpauws
apdexropos; t,t;,T — Tekymee Bpems, BpeMs, OTCUMTBIBAEMOE C Hauajua S-
neprona M JUIMTENIBHOCTH, MuTO3a B meinoM; D(t) — xomumuectBo JIHK; D0 —
npenmuroTrueckoe kommuectBo JIHK; ¢,6 — OunapHble mapameTpsl,
XapaKTePHU3YIONIUE COCTOSIHUE KIICTKH B IMIEPUO ICICHHS; | =N, M — IJIaCTHYECKHE

Y MUTOTUYECKHUE MOJTUOIIEPOHBL.

VYBenuueHne oO0beMa KIETKH MOXKET SBIATHCS IMYCKOBBIM MEXaHHU3MOM
MHUTOTHYECKOTO  JIEJICHUS JUIsL  paccMaTpuBaeMoud  mozaenu. JlanpbHeniee
IIPAKTUYECKOE TPUMEHEHHUE MOJIENIN KJIETOYHOTO JIEJIEHUS MPUBEIO K HEKOTOPBIM
€€ U3MEHEHUsAM. PerieHne 3a1a4, CBSI3aHHBIX C AHAJIM30M BJIMSHUS MTOCTYIAKOLINAX
BEIIECTB B KJIETKY Ha MapaMeTp JeICHUs, MOKa3aio HeOOXOAMMOCTh pa3padOTKU
MOJENN BO3JEHUCTBUS YPOBHS aMUHOKHCIOT, YTJIE€BOJOB U KUPOB Ha OTIECIbHBIE
TOYKM peryisiuuu OuocuHte3a Oenka. Kpome TOro, B Xoj€ BBIYMCIUTEIbHBIX
AKCIIEPUMEHTOB BBISICHWIOCH, UTO JJIS UCCIIEIOBAHUS PETYIATOPHBIX MEXAHU3MOB
KJIETOYHOTO Pa3MHOXKEHUS JOCTATOYHO PACCMATPUBATh B3aMMOJEWCTBHE NBYX
AHTOTOHUCTUYECKUX TOJUONEPOHOB, BMECTO TpeX, Kak y b. Cennona u P. 1{anena.
Ha perynstopHoMm ypoBHE puOOCOMaIbHBIN MOJTMONIEPOH ONPEICICHHON HAarpy3Ku
HE HeceT (B BO3JCUCTBUU HA JIPYTHE ONEPOHBbI aKTUBHO HE YYaCTBYET) U BMECTE C
(GYHKIIMOHATBHBIM ~OMEPOHOM BBIPAXKAET IIJIACTUYECKHE W METa0OJIMUYECKHe
dbynakuuu. [Tocaennne, Mo OTHOMICHUIO K (PYHKITUU JIEICHHS, MOTYT OBITh Ha3BaHBI
YCJIOBHO “IUTACTUYHBIMU .

48



JlaHHasT MaTeMaTU4ecKass MOJETh PErYISITOPHBIX MEXaHU3MOB KJIETOYHOTO
nenenust  (4) Obuta  peanm3oBaHa Ha [IDBM  (Delphi7). Brok-cxema
COOTBETCTBYIOIIEH MAIIMHHOW MOJENH MpUBEJcHa Ha puc. — 4. B Momemnu, mocie
BBEJICHUSI 3HAa4eHWH KOA(D(PHUIIMEHTOB YpaBHEHWH ¥ HAYAIBHBIX YCIOBUH,
OTIpeNeNsieTCsl TEKyllee COCTossHMe KieTkn mo kommuectBy JIHK. Jlamee
BBIUUCIISIOTCS HOBBIE 3HAYCHHWs TICPEMEHHBIX M ONPENCISIeTCS 3aBEpIICHHE
OTJENIBHBIX ATATOB JICICHUS.

B xozxe oTnamodHbIx paboT ompenesuiuch 3Ha4eHUs KO3(PQPUIIMEHTOB, TpU
KOTOPBIX KJIETKA BXOJMJIA B JIEJICHUE U 3a KOHEYHOE BpeMs MPOXOAMIIA BCE ITAIbI
MUTOTUYECKOTO ITUKJIA. 32 CYET YMEHBIICHHUS KOJIMYECTBA YPaBHEHUM, BCIICICTBHE
pPaccMOTpEHUs ABYX AHTOTOHUCTHUYECKHX TIOJHOMEPOHOB BMECTO TpeX, oOlee
BpeMsi BbluuciaeHud Ha PC, HeoOxoaumoe sl pacCMOTPEHUSI KIETOYHOTO
JIEJIeHNs1, CYIIECTBEHHO COKPATUIIOCh.

B msroit rnaBe «McciienoBanne peryasiTOPHbIX MEXaHU3MOB KJIETOYHBIX
coO0IIEeCTB HA OCHOBE BBIYMCJIUTEIBHOT0 JKCIEPUMEHTAa» TPUBEACHBI
pe3yNbTaThl MPAKTHUYECKON peanu3aliid  pa3paboTaHHBIX MaTeMAaTHUECKUX
MoJieNied ¥ METOJIOJIOTUM HMMHUTAIIMOHHOTO MojenupoBaHus. [IpoBeneH anamms
MPUCIIOCOOUTENIBHBIX MEXaHWU3MOB THINECBAPUTEIIBHON CHUCTEMBI KHUBOTHBIX
OpPTaHU3MOB C IOMOIIBIO Pa3paOOTAHHON METOAWKH MOJCIMPOBAHUS KIECTOYHBIX
COOOIIECTB.

BEMHCIICHHE
KOHEL { comricorna

T *L
BHIvaTHIal 5T OpPrafdHzarHssa geT 3ariaszakl-
JHHAMHKH HaYaTbLHOI0 COC-|——=—o BaHHA B CHCTE-
A CTIICHETH TOSAHHA KIIeTOK nie KMeTKH

{

Bmox BEIMHCIIE-

HI KOHLIEHT]-

Pery¥IsITOpHBLIX
Semcor

i

Yyer rapaner-
POB BHeIIHeHd

cpenbl
BEMHCIIEHHE
nepHoaa KOHLIEHTP AL [HEL
T =Tt =t Demcor- epMeHTOR

} b

BI’HHC‘HeHHev YHaer AHHAMHAKH
—==-| KOHICHTPpALHH o0benMa KITeTKH
H - PHEK

| b

PucyHnok 4 — Biiok-cxeMa KOMIIBIOTEPHOI MO/eJIN
KJIETOYHOI0 1e1eHHA
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B xauecTtBe cTpyKTypHO-(YHKIIMOHATHHOU €TMHUIIBI 00bEKTa UCCIICIOBAHUS
NpUHATA CUCTeMa Kpurta-Bopcuuka (KB) cimm3ucToi 000109ky KUIIEYHHUKA.
N3y4eHbt BOTIPOCHI MOJIEKYJIIPHO-TEHETHUECKUX MEXaHU3MOB
B3aMMOJICHCTBHSI TEMATOIIMTOB M BUPYCOB TeMaTUTa C MPUMEHEHHEM MOjelei
PETYISATOPUKN BHYTPUKIIETOYHBIX TIPOIIECCOB HAa MPUMEPE BUPYCHOTO renaTtura B.
B X01e KOMMYEeCTBEHHBIX WCCIICIOBAHHMA OBLIM MOJYYCHBI CICAYIOUTUE PEKIUMBI
paccMaTpruBaeMOTo TpoIiecca: OUHIIEHUE, CHMONO03, PErYJIsIpHBIC H HEPETYIIAPHBIC
KoJieOaHus, pe3KUue JECTPYKTHBHBIE HW3MEHEHHUS, KOTOPBIC  OMPEACISIIOT
pasznu4HbIle KInHU4Yeckne (Gopmer 3aboneBanus (puc. 5).

¢ d

Pucynok 5 — TpaekTopuu B3auMoeiicTBHSI MOJIEKYJISIPHO-TEHETHYECKNX CHCTEM
renatonuta (X(t)) u Bupyca remarura (Y(t)) (a — aBTokosie6anusi, b — HeperyasipHbie
KoJie0anus (xaoc), ¢, d — BApMaHTHI “YepHOi AbIPbI” (TPAEKTOPUM UAYT CIIPABa HAJIEBO))

Pa3zpabortannas IporpaMmma MOJIyYEHUs peLIeHUN YPaBHEHUM
B3aMMOJICHCTBHS MOJICKYJIIPHO-TEHETHUECKUX cucteM remarorura (X(t)) w
BupycoB rematuta B,D (Y(t), Z(t)) mno3Bosiser NpoBOAWTH KOJIMYECTBEHHOE
HCCJIEIOBAaHNE Ha OCHOBE "MpyKeCTBEHHOTO nHTEpdeiica" (puc. 6).

[IpoBEeAEHO  KOJMYECTBEHHOE MCCIEIOBAHME MEXAHU3MOB  PETYJISLUU
YUCJICHHOCTH  KJIETOK  (OoIMKysla  IIMTOBUIHOW  ejie3bl  Ha  OCHOBE
LIEJICHANPABICHHBIX ~ BBIYUCIUTEIBHBIX SKCIIEPUMEHTOB Ha OCHOBE CO3/aHHOM
nporpaMMel (puc. 7) B OTAENBHBIX (hazax UX >KU3HENEATEIBHOCTH (feseHust — M,
pocta u pa3Butus — Bi, auddepenuupoBku — D, BbINOMHEHUs crienuPpUUEcKOM
¢yHKIMKM 00pa3oBaHHMS TOPMOHOB — S U cTapeHus — Bj) ¢ MOMOIIBIO
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i epeHMaTbHbIX  YPAaBHEHUM  PEryIATOPUKA  (PYHKIIMOHATBHOM — €MHUILIBI
KJIETOYHBIX cooO1ecTB. EcrecTBeHHas rubenb KIIETOK (armonTo3) OCYIIECTBISIETCS B
dazax D,SuB; .

iz Hepatitis D |Z||§||X|
Mooeanposanne pesyiin p c EMBT

Hapasempse: "renamonnm - eupye renamuma B - eupye cenamuma "
ynpacnenns

I'eHomM remarToLpEiTa Igl 3_ @ ©
I'emom HBV 26 =
Texzora HDV 78 = @

Ha=ais Hele y o106

- 347

-0,485
-1,112

Beagin

Pucynok 6 — IIporpamma nmoJiy4yeHus pelieHHi ypaBHEHUI B3aNMOACHCTBHUS
MOJIEKYJIAPHO-TeHeTHYeCKHX cucreM remarouuta (X(t)) u Bupycos
rematura B,D (Y(t), Z(t))

TFETYAATO PHIES STTHTE AMAAbHO H EAETHH ITHTOEHAHOH Heae el (CMT THGCY

Pucynok 7 — IIporpamma s aHAJIM3a MEXaHU3MOB peryasaiuuu
YHCJIECHHOCTH KJIETOK (Po/ITMKY1a INUTOBHIHOM 7Keje3bl

B3 nokaspiBaloT, 4TO MOCIEAOBATEILHOE YBEIMUYEHHE MapameTpa Harpys3ku
(mapameTpa, BBIPAXKAIOIIETO CKOPOCTh JCICHHS KICTOK B MPOJU(EPATUBHOM ITyJIe
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(boUMKyIa MMTOBUIHON KeJe3bl) MPUBOIUT K MOCIICIOBATEIHHBIM MEPEX0aM C
pexuMa CTallMOHAPHBIX COCTOSHUN K PEXKHUMY PEryJspHbIX KojeOaHuM, galee K
PEKUMY HEPETYJSIPHBIX KOJICOAHUI UYMCIIEHHOCTH KJIETOK (DOJUIMKYJIA IIMTOBUIHOM
JKENEe3bl, 3aBEPIIAIOIIMMCA PEKUMOM PE3KOr0 JAECTPYKTHUBHOTO YMEHBIICHHUS
BOCIPOM3BOJICTBA  KJIETOK (POJUIMKYJIa WIMTOBUAHOM >Kkene3pl. B obnactu
HEPETYJSPHBIX ~ KOJIGOAHWW  YUCIEHHOCTh  TOMYJSIIUU  KJIETOK  (posumuKya
HIMTOBUIHOM KeJie3bl BeIeT ceOsl HeTpeIcKa3yeMbIM 00pa3oM, a B 00JIaCTH «UepHOU
JBIPbDY MPOUCXOJSAT PE3KHE JECTPYKTUBHbIE H3MeHeHHs. (OHU 3aKaHYMBaIOTCA
OCTaHOBKOH JIeIeHUS TIPOSM(hEePaTUBHBIX KIETOK (POJLTUKYJIA IIIUTOBHIHOM JKEIIE3Hl.
IIpoananu3upoBaHsl 3aKOHOMEPHOCTH (bYHKIIMOHUPOBAHUS Ca4
auMmdouutoB B Hopme u mnpu BUY-undexumu. B obnactu HeperymsipHbIX
KoneOanuii  umcneHHocTth monmyisiuuun  C/l4  numdoruToB  Bemer  cels
HeMpeacKa3zyeMbIM 00pa3oM, a B 00JIacTH «4epHasi JbIpa» MPOUCXOIAT PE3KUE
JECTPYKTUBHBIE  W3MEHEHHWs,  3aKaHYMBAIONIMECS  OCTAHOBKOM  JEJIEHUs
npoiudepaTUBHBIX KJIETOK TuUMyca, BocmpousBoasmmx CJl4 numdonuroB. B
JJAHHOM METOJIe MOJCJbHBIX HccliefoBaHui s Bo3HUKHOBeHuMs: CIIN /I
MPUBJICUCHUE KOHLEMIUHU “Tipesenia Xendauka™ He sBIsieTCs 00s3aTeIbHBIM.

Takum 00pazoM, CTPYKTYpHO-(PYHKIIMOHAJIbHAS OpTraHU3alis U MEXaHU3MbI
YIOPABJICHHUS KIETOYHBIX COOOIIECTB, KaK IOKAa3bIBAIOT JKCIEPUMEHTAIbHBIC
JTAHHBIE ¥ TEOPETUYECKUE Pa3pabOTKH, SIBISIIOTCS €IUHBIMU JJI1 PACTUTEIbHBIX U
YKUBOTHBIX OpTaHU3MOB. Cy1ecTByronue OOIIIHOCTh CTPYKTYpPHO-
(GYHKIIMOHATBHOM  OpraHM3alldid M MEXaHU3MOB  YNPABJICHUS  KJIETOUYHBIX
COOOIIECTB JKUBBIX CUCTEM IMO3BOJISIIOT BBIICIUTh (PYHKIMOHAIBHYIO €AUHUILY UX
KJeTouHbIX coobtiecTB (PEKC).

MopensHoe oOecrieueHre UCCIEOBAHUN MEXaHU3MOB PETYJIISLIMYU KIIETOYHBIX
COOOIIECTB IOJ>KHO COCTOATD U3:

- 0a30BOM MOJIEJIM KOJIUUECTBEHHBIX B3auMooTHomeHnl KiieTok PEKC;

- MUHUMAaJIbHOTO KJlacca MOJEJEH PEeryJSITOPHBIX MEXAHU3MOB KJIETOUYHBIX
bynkuuiit ®EKC (nenenuwe, mnuddepeHIMpoBKa, BBITOIHEHUE CHEIUPUISCKUX
KJIETOYHBIX (PYHKIUH, CTAPEHUS);

- UMUTaIMOHHON KieToyHoil moaenu PEKC ¢ ydeToM NpoCTpaHCTBEHHO-
BPEMEHHOU OpraHu3aluu KJIETOK U UX BHYTPHUKJIETOYHBIX MTPOLIECCOB.

[IpennoxxeHHass METOAMKA HMMUTALMOHHOTO KJIETOYHOrO MOJIEIUPOBAHMUS
Pa3BUTHS )KUBBIX CUCTEM MO3BOIMIIA 3()PEKTUBHO MPOBECTH aHAIIN3:

- PETYJISITOPHBIX MEXaHU3MOB Pa3BUTHUS KJIETOUHBIX COOOIIECTB;

- PETYJISITOPHBIX MEXaHW3MOB THUILEBAPUTEIIHHON CUCTEMBI;

- PeryJSTOPUKHU B3aMMOCBSI3aHHOU JEATEIbHOCTU T€HETUYECKUX CUCTEM
KJICTOK TMI€YCHU U BUPYCOB T'€NaTUTA;

- PEryJsTOPHBIX MEXaHU3MOB UHCICHHOCTH KJIETOK (OJUIMKYIa
IIUTOBUIHOM KEJIE3bl B HOPME U TPU 3JI0OKAY€CTBEHHBIX HOBOOOPA30BaHUSIX;

- mexaHu3MoB pazButus CIINJ] npu nopaxenuu opranuzma BUY-

uH(pEKIuen.

B pe3ynbraTte aHanmza SKCIMEPUMEHTAIBHBIX U TEOPETUUECKUX JAHHBIX, BbI-
SBJICHBI OOINME 3aKOHOMEPHOCTH CTPYKTYpHO-(YHKIIMOHATHLHOW OpraHu3aliud
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KJICTOYHBIX COO6HI€CTB PACTUTCIIBHBIX U JKUBOTHBIX OPraHU3MOB, YTO IMO3BOJIMIIO
IIPOBCCTHU (1)OpMaJ'II/ISaHI/II-O 00JIBIIIOTO Kpyra 3aaa4d 1o uCCJICA0BaHNIO MCXAaHU3MOB
peryjsinu JKUBbIX CUCTCM HAd OCHOBC BbIACICHUSA q)YHKHHOHaHBHOﬁ CANHUIIBI
KJIICTOYHBIX COO6HI€CTB.

3AK/IIOYEHUE
B Xoxe NpoBEeNEHHBIX HUCCICAOBAHUN ITOJIYYEHBI CICAYIOIIUE OCHOBHBIC
pEe3yJIbTaTHhI:
1. ChopmynupoBanHas  NPUHIMIMAIBHAS  CTPYKTYPHO-(YHKIIMOHATBHAS

OpraHu3aiys KIeToK, 00bEAMHEHHBIX BBHITIOJHEHUEM OOIINX KIETOUYHBIX (QYHKIUI
— (¢yHKumMoHanpHas enuHUIA KieTouHblx coobmiects (PEKC), mosBomser ¢
€AUHBIX TMO3MUIMI TPOBECTH AaHAIM3 MEXAHU3MOB YIPABICHUS KIETOYHBIX
COO0IIECTB MHOTOKJIETOYHBIX Opranu3MoB. dopmynupoBka @EKC oTkpbiBaeT
IIMPOKHE BO3MOXKHOCTH TMPU MaTEMaTUYECKOM MOJEIMPOBAHUM HamoOoJee
YHUBEPCAIbHBIX, CBOWCTBEHHBIX BCEM peEalbHbIM KIETOUYHBIM COOOIIECTBAM,
MEXaHU3MOB YNPABICHUS PACTUTEIbHBIX H KUBOTHBIX OPraHU3MOB Ha
HAJIKJIETOYHOM YPOBHE OpraHU3aluu.

2. Pa3paGorannpie 00OmMe TOIXOJbI HCCIAEAOBAHUS PACTUTEIBHBIX W
JKUBOTHBIX OPraHU3MOB HAa OCHOBE MOJEIHPOBAHUS  KOJHWYECTBEHHBIX
COOTHOIIIEHMM KJIeTOK (kjgacc A), kieTouHbix ¢yHKuud (kmacc B) wu
UMUTAIIMOHHOTO KJIETOYHOTO MojenupoBanus (kimacc C) ¢ UCHOJIB30BaHUEM
OEKC 1o3BOJISIIOT C€O3/1aTh MOJIEIbHOE W MPOTpaMMHOE  OOECleUeHUs
BBIYHMCIIUTENLHOTO AKcrepuMeHTupoBanus (BD) nns pemenus 3amay B obiactu
TUCTOJIOTUM U (PU3HOJOTUM HA CYOKJIETOYHOM, KIETOYHOM M HAIKIETOYHOM
YPOBHSIX OpraHU3alHH.

3. [locTpoeHHbIE W KayeCTBEHHO HCCIeNOBaHHbIE U depeHurnanbHo-
Pa3HOCTHBIE YPaBHEHHUS KOJMWYECTBEHHBIX COOTHOILIEHUH KIETOK B OCHOBHBIX
3oHax ®OEKC mno3Bonstor  ocymiecTBiasaTh  3(PGHEKTUBHOE  MOJEIMPOBAHUE
KJIETOYHBIX COOOILIECTB. BBISIBIEHO, HAa OCHOBE HCCJIENOBAaHUS MoOJENeH,
CYIIIECTBOBAHHUE CIIOKHBIX (OpM (PYHKIITMOHHPOBAHUS KJIETOYHBIX COOOIIECTB,
BKJIIOYAIOIINX, MOMHUMO IOCTOSSHCTBA YHUCJIEHHOCTH HX KIJIETOK, HHUKINYECKOE
U3MEHEHHE, HETIPEJICKa3yeMyI0 TUHAMUKY U 3P deKT "depHoi AbIphI".

4, [ToxazaHo, Ha OCHOBE pa3pabOTaHHOW W PEATM30BAHHOM METOIMKH ydeTa
TUHAMUKH O0BbeMa KJIETKH TPU MOJCIMPOBAHWUU €€ OCHOBHBIX (DYHKITHH, YTO
XapakTep HU3MEHEHUs: o0beMa SIBISAETCA OJHMM M3 PEryJSATOPHBIX MEXaHU3MOB
KJIETOYHOM KU3HEEATEIbHOCTH.

S. VYcraHoBieHa, Ha  OCHOBE  KAayeCTBEHHOI'O  aHaju3a  PelIeHHUH
COOTBETCTBYIOIIUX CUCTEM YPaBHEHUMU, TPUEMIIEMOCTh MaTEMaTUYECKUX MoieNel
MUTO3a U AU HEPEHIUPOBKHU ISl KOJIMYECTBEHHOTO aHAJIM3a OMUCAHUSI OCHOBHBIX
3aKOHOMEpPHOCTEH  JIeJIeHusT W KOHKYPEHIIMM  aJIbTepPHATUBHBIX  IyTeHl
CHENHUAIA3AlUN KIETOK.

6. YcraHoBieHa, Ha OCHOBE MIPOBEICHUS LEJICHANPaBICHHBIX
BBIYHMCIIUTEIBHBIX JKCIIEPUMEHTOB, IOCIEI0BATEILHOCTh MPUCITOCOOUTETHHBIX
peaKIuil KUIIEYHUKA [IPU HArpy>KEHUU OpraHu3Ma KUpPOM: YCUIIEHHE aKTUBHOCTHU
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BCACHIBAIONIMX KJIETOK, MHTpaIls WX 3a CYET YMCHBIICHUS BpPEMEHU
nudGepeHIUPOBKH U HaXOXACHUS B OypepHOil 3aHe, BOBICYEHHE PACTYIIHX,
MOJIOZBIX KIJIETOK B JICJIEHHE, BO3pacTaHUe JOJM JEeNSAIIMXCA KIETOK |
YMEHBIIIEHUE BPEMEHU UX JICTICHHUS.

7. OOHapyXeHbl, B XOA€ BBIUUCIUTEIBHBIX OKCIIEPUMEHTOB, A(P(PEKTHI
HAKOIUJICHUSI KJIETOK CHCTEMbl KPHUIITA-BOPCHHKA B 30HE MOJIOJBIX, PACTYIIMX
KJIETOK M KoJsiebaHusi yncieHHOCTH (10 30 %) KIeTOK Kak MPUCIOCOOUTEIbHBIX
MEXaHU3MOB OBICTPOOOHOBIISIFONIUXCSI  KJICTOYHBIX CHCTEM K BO3MOKHBIM
BHEIITHUM BO3JICHCTBHSIM.

8. BrisBiieHBI B XOA€ BBIUYMCIUTEIBHBIX OSKCIEPUMEHTOB C IMPOTPaMMOM
«l'emarouut-HBV»  cnegyromme pexumbl  paccMaTpuBaeMOro  Ipoiiecca:
OYHIIICHHE, CUMOMO3, pEryJsipHble U HEperyJsipHble KoieOaHUs, pe3Kue
JECTPYKTHBHBIC W3MEHEHHUS, KOTOPBIC OINPEACISIIOT pPAa3INYHbIE KIMHUYCCKUE
dbopmbl  3a0osieBaHusl.  BO3MOXHOCTH  NMPOTHO3MPOBAHUA  HACTYIUICHUS
MEPEUUCICHHBIX PEKUMOB M OCHOBHBIX HX XapaKTEPUCTUK TO3BOJIAET, MPHU
KOMITBIOTEPHOM CONPOBOXACHUH JIA0OPATOPHBIX M KIMHUYECKUX MCCIICOBAaHUMN
WH(DEKIIMOHHOTO TIpoliecca TpH rematute B, ycraHaBiauBaTh MOJEKYISPHO-
FeHEeTUYECKUE  OCHOBBI  MAaTOreHe3a,  OCYLIECTBISATh  JUArHOCTUKY U
MIPOTHO3UPOBAHUE XAPAKTEPHBIX ATAMOB TEUCHHS 3a00JIEBaHMsI TeraTuTom B.

Q. OOHapyXeHbI B XOJI€ BBIYUCIUTEIBHBIX IKCIIEPUMEHTOB C KOMIIBIOTEPHOM
MOJICIBIO PETYJISATOPUKH KJIETOUHBIX COOOIIECTB (OJUIMKYJIA HIUTOBUIHOU
JKEJIEe3bl PEXUMBI CTAIIMOHAPHOTO COCTOSHUS M YCTOMYHMBBIX KOJICOAaHWHA C
HOPMAJIbHBIM (DYHKIIMOHUPOBAHUEM, PEKUMa yracaHUs C €CTECTBEHHOW THOEIBIO
KJIETOK — amoINTO30M, HEPEryJS[PHOTO TMOBEACHHS C OIMYXOJEBBIM DPa3BUTHEM U
addexTa «aepHast IbIpay ¢ MATOIOTUIECKOW CMEPTHIO KIETOK — HEKPO30M.

10. VYcranomnena BO3MO>KHOCTh MIPUMEHEHUS pa3pabOTaHHbBIX
byHKIHOHATBHO-TU(DPEpEHIINATIBHBIX YpaBHEHUN NJi1 aHaiM3a MEXaHU3MOB
natorene3a BUU-undexuun 6e3 npuBiedeHns: KOHIENIMU “npenena Xendauka”.
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Introduction (Annotation of doctoral dissertation)

The topicality and significance of the subject of dissertation.

Worldwide development of the theory and practice of mathematical
modeling of the regulatory mechanisms functioning (regulyatorika) of living
systems at the main hierarchical levels of the organization is connected with
successful application its to biology, medicine and agriculture, because it allows to
choose the most effective ways for prophylaxis and treatment of number of
diseases, for agricultural techniques of cultivation and plant selection, to creation
various products of biotechnology. According to WHO forecasting, the number of
cases of genetic diseases will continue to grow from 14 million in 2012 to 22
million in the next decade. In European countries adopted a national strategy on
research of regulatory mechanisms of rare genetic diseases, and the program
"Horizon 2020" running is considered as beginning of new era in the financing of
scientific research in the EU. The budget of "Horizon 2020" for the period 2014-
2020 is 80 hillion euros in the prices of 2011. If the funds index allotted in 2013
for the study of regulatory mechanisms of cells are 6.7% of the total EU budget,
according to estimates, the index will increase to 8.5% in 2020. Since 2014
International research consortium of genetic diseases have already embarked on
unprecedented scale of international scientific cooperation in the study of the
regulatory mechanisms of living systems.

After discovering regulatory micro-RNA molecules at the beginning of this
century there exist intensively growing number of works devoted to the
development and practical application of mathematical modeling methods of
different regulatory mechanisms of the cell. Although large-scale international
studies on cell’s regulatory mechanisms are expanded (the budget of the "Human
Genome" project was more than 3 billion dollars), the interpretation of genome
data is still not carried out, its regulatory mechanisms are not clarified in detail.

In this regard, it is especially actuial to analyse hierarchical interconnection
of cellular communities of living systems at different levels of its organization; to
develop conceptual model of regulatory mechanisms of cellular communities; to
analyse possible formation laws of functional communities; revealing the basic
association regularities of multicellular organisms, cells in the cell community to
perform specific functions of the organisms; to develop model to ensure the
population dynamics of the major research cellular groups that make up the
cellular community; development of cell’s simulation models based on the spatio-
temporal organization of cells and intracellular processes, to create mathematical
models of quantitative relationships of cells on the basis of a system of differential
equations with delayed argument; a qualitative and comparative analysis of
mathematical models of cell division and cell differentiation, taking into account
the dynamics of the volume; elimination of the quantitative relationship between
the parameters of the model of cell division and the change in volume; study of
mechanisms of sustainable functioning of organs and tissues as a whole in the
performance of specific functions.
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The dissertation significance is characterised by creation of programs
complex on the basis of modern achievements of information technologies,
mathematics, medicine and biology that allows to develop new effective methods
and algorithms of living systems programming, the high computer technologies in
medicine and biology; to create new diagnostic and therapeutic strategy in
treatment of people, highly effective medical products, to improve the processes
directed on public health care.

The dissertation fulfils the tasks one is charged with accordance with the
Ruling of the President of the Republic of Uzbekistan Nel1730 "On measures for
further implementation and development of modern information and
communication technologies” on March 21, 2012 and the Ruling of the President
of the Republic of Uzbekistan Ne PP 2221 "On the state program to further
strengthen reproductive health, maternal health, child and adolescent in Uzbekistan
for the period 2014-2018 years" on August 1, 2014,

Research conformity to the priority directions of development of science
and technologies of the Republic.

The dissertation is carried out according to priority directions of
development of science and technology 4 «The development of information
and information-communication technologies» and PPI-5 «Working out of
information technologies, telecommunication networks, hardware-software tools,
methods and systems of intellectual management and training, directed on increase
of information level of society»,

Review of international scientific researches related to the subject of
dissertation.

Research on quantitative investigations of cellular regulatory mechanisms,
structural-functional formation at the norm and anomalies, definition laws of its
functioning, creation of computer models algorithms describing interconnected
temporal-space relations between elements, software for computer experiments,
methods numerical experiments for solving problems in biology and medicine
intensive are and reached certain successes by scientific centres and universities
such as University of Connecticut, Virtual Cell (USA), University of Edinburgh,
CellDesigner (Great Britain), Laboratory for Bioinformatics, Keio University, E-
Cell (Japan), Systems Modeling Laboratory, NetBuilder (Poland), Bioinformatics
Research Center, WebCell (Koreas), CNRS-BIP, Marseille, SBML (France),
Center for Bioinformatics Tiibingen (ZBIT), SBMLsqueezer (Germany), Institute
of cytology and genetics, Novosibirs, “Eloctonic cells” (Russia) and others.

Applying the techniques of information technology, mathematical
simulation of cell functioning, in the world a number of scientific results on
modelling regulatory mechanisms of cells are obtaned, in particular, the following:
on the basis of kinetic models established genetic regulatory database (BioModels
Database, EMBL-EBI, Bl, Caltech (UK)); developed a set of software products for
computing experiments in the field of genetic engineering (MGSmodeller,
MGSmodelsDB (Russia)); developed methods for studying biochemical reactions
in the cell (Sabio RK, Scientific Databases and Visualisation Group, H-ITS
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(Germany)); suggested specific software for cell functioning CellML modeling
(CellIML Model Repository, Gene Ontology (New Zealand)); developed methods
for the simulation of cellular communities (Centre for Nonlinear Dynamics
(Canada)); developed information technology tools for quantitative studies of cell
functioning (Systems Biology Research Group, Bioinformatics Programm,
CancerSysBio (USA)); developed model software concerning the regulation of
molecular-genetic systems (Macromolecular Biochemistry Research Center,
INRIA (France)).

Research projects related to the development of mathematical models of
regulatory mechanisms of cellular communities, in particular, in accordance with
the following priority areas: identification of patterns of structural and functional
organization of the regulatory mechanisms of cellular communities of living
systems; creating conceptual models and simulation of regulatory mechanisms of
cellular communities on the basis of the functional units of cellular communities,
taking into account the spatial and temporal and quantitative relations, inter-
element cooperativeness; modeling the division process, growth, differentiation,
cells performing specific functions; the creation of information technology tools of
mathematical modeling taking into account the effect of changes in cell volume on
the parameters of the equations are carriyed out.

Level of the study the problem.

The problems of creation and improvement of models that take into account
complex regulatory processes of living organisms to solve theoretical and practical
tasks on development of information technology tools for regulatory mechanism
of living systems cellular communities, applying the theory of linear programming,
a stoichiometric modeling technology, methods of discrete, stochastic and hybrid
approaches based on ordinary differential equations, partial differential equations,
differential-functional equations are considered by scientisis such as Leon Glass
(Centre for Nonlinear Dynamics), Bernhard Palsson (Systems Biology Research
Group), James D. Murray (University of Oxford), Andreas Gisel (Institute for
Biomedical Technologies), Wojciech Karlowski (Institute of Molecular Biology
and Biotechnology), Andrey Kajava (Macromolecular Biochemistry Research
Center), Rubem P. Mondaini (BIOMAT Consortium) and others.

Quantitative study of living systems, using the methods of modeling cellular
communities, cellular functions, studies related to the definition of regulation
mechanisms of molecular-genetic systems, conducted by number of scientists,
including J.F. Bailey; AB Ruby; I. Prigojin; VA Ratner; VN Novosel; OG
Chorayan; P.J. Murray shows that to date, developed mathematical models on the
level of phages, cell functions, cell communities of organisms and populations.
Also achieved a certain degree of positive results by such as scientists Stronman;
J.E. Bailey; R. Ramakrishna; JL Gordeeva in biotechnology, D.R. Wada; D.W.A.
Bourne; S. Neuhoff in medicine, C. Cobelli, D.M. Foster, M .; Hakman, Groth T .;
D. Noble in pharmacology and RA Polouektov; D. G. Rossiter; G. Alexandre, VV
Petrenko in agriculture.
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The works devoted to different types of mathematical modeling of living
system regulatory mechanisms, B. Goodwin, J.Smith, M. Eigen, V.A. Ratner, E.E.
Selkova, D.S. Chernavsky (subcellular level); Antomonov, Sendov, R. Tsanev
(cellular level); L.I. Lischetovich, Y. Kibardin, K.K. Dzhanseitov (organ-tissue
level); N. Rashevsky, AM Molchanov, GI Marchuk (organismal level) and other
are discovered basics mechanisms of biosystem regulation at considered levels,
given the use of mathematical modeling to solve medical and biological problems,
and analysis of biological processes. However, to date, there is no single approach
to the creation of a system of mathematical models and effective methods for the
quantitative analysis of the functioning of the regulatory mechanisms of cellular
communities, taking into account spatial and temporal organization, practically
there are not research on the study of non-linearity and cooperative biological
processes on the basis of allocation of functional unit of cell communities.

Connection of dissertational research with the thematic plan of scientific-
research works is reflected in the following projects: P-20.16, "Toolkit of
information technology in gene, cellular engineering and biotechnology” (2003-
2005); A-9-152, "Creation of toolkit of information technology of cellular
virologic bases chronic hepatitis viruses pathogenesis (on an example of hepatitis
D virus" (2006-2008); A-14-010, "Toolkit of information technology of regulatory
mechanisms of organs and tissues at cellular level” (2006-2008); FA-F1-FO11,
«Creation of theoretical bases, methods and toolkit of information technology of
optimum control of living systems regulatorika» (2007-2011); Ne FA-A17-F009,
«Working out of toolkit of information technology of management biosystems
regulatorika at organismal level in norm and at anomalies» (2009-2011); F4-FA-
FO006, «Creation of theoretical bases and methods of information technology of
living systems regulatorika» (2012-2016).

Purpose of the research is to develop complex of mathematical models and
methodology for imitating modeling of regulatorika of cellular communities of
living systems with taking into account temporal relations.

Tasks of the research. To achieve thesis’s aims the following tasks are set
and realized:

analysis of regulatory mechanisms of cellular communities of living systems
and revealing of laws of its structurally-functional organization;

development and research of mathematical models of quantitative relations of
cells in the functional unit of cellular communities (FUES) at various levels of its
organization;

working out of methodology of imitating modeling of cellular communities
with account of temporal relations;

development algorithms of computer realization of the created models,
determinated spatio-temporal relations between FUES elements;

working out program complexes for the organization of computing
experiments for revealing functioning laws of cellular communities at norm and at
anomalies;

60



developing an information technologies for the computing experiments
directed for decision of the problems arising in biology and medicine;

practical realization of the developed mathematical models and methodology
of imitating modeling.

Objectives of the research are regulatory mechanisms of functional unit of
cellular communities of living systems.

Subject of the research - mathematical models and the software of
quantitative researches of regulatorika of cellular communities.

Methods of the research. Mathematical modeling, methods for working out
model and software for regulatory mechanisms of living systems at level of
cellular communities, the theory of qualitative analysis of the functional-
differential equations.

Scientific novelty.

Developed conceptual model of regulatory mechanisms of cellular
communities based on introducing the functional unit of cellular communities
(FUES), consisting of dividing, growing, differentiated, carrying out the specific
functions, ageing cellular groups functioning interconnected as a unit;

Imitating cellular FUES models taking into account the existential cells
organisation and their endocellular processes, and also mathematical models of
quantitative mutual relations of FUES cells on the basis of system of the
differential-delay equations are developed,;

Developed integrated class of mathematical models of regulatory mechanisms
of FUES cellular functions in which there are models of cellular division,
differentiations, performance of specific cellular functions and ageing;

Carried out qualitative and comparative analysis of mathematical models of
quantitative relationships between FUES cells and cell differentiation on the basis
of criteria of adequacy, compactness and testability and selected class of nonlinear
functional differential equations;

The account of cell volume dynamics is made during developing models of
cellular functions, new quantitative dependence between parametres of model of
cellular division and volume dynamics is revealed;

Developed, taking into account the non-linear relationships, self-control, final
product inhibition and associativity, new methods of cellular community
simulation, algorithms and model’s computer realization.

Developed the information technology and software for computational
experiments with the aim of solving the problems of biology and medicine in the
field of models construction of interrelated processes of cellular communities
regulatory mechanisms.

Practical results of the research consist in the following:

- it is established, on the basis of the qualitative analysis of the developed
mathematical models of quantitative ratio of cells in the allocated functional unit of
cellular communities (FUES) at various levels of its organization, an acceptability
of the quantitative analysis of the description of the basic laws of cellular division
and a competition of alternative ways of cells specialization;
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- it is revealed, on the basis of model research, existence of difficult forms of
functioning cellular communities including, besides number constancy of cells,
cyclic change, unpredictable dynamics and effect of "black hole";

- it is defined, on the basis of carrying out purposeful computing experiments
during practical realization, sequence of adaptive reactions of intestines at loading
organism by fat: activity rising of absorbing cells, their migration owing to
reduction of differentiation time and staying in buffer zone, involving of growing,
young cells into division, number increase of divided cells and time reduction of
their division;

- founded during computing experiments, effects of accumulation of system
crypt-fiber cells in zone of young, growing cells and number fluctuations (to 30
%) of crypt-fiber cells as adaptive mechanisms of rapidly-renew cellular systems to
possible external influences;

- established, during computing experiments with a program complex
«Gepatocyte-HBV», the following modes of considered process: clarification,
symbiosis, regular and irregular fluctuations, sharp destructive changes which
define various clinical forms of disease. Possibility of forecasting of approach of
the listed modes and their basic characteristics allows, at computer support of
laboratory and clinical researches of infectious process at hepatitis B, to define
molecular-genetic bases of pathogenesis, to carry out diagnostics and forecasting
of characteristic stages of disease course during hepatitis B;

- founded, during computing experiments with computer model of a
regulatorika of cellular communities of thyroid gland follicle, modes of stationary
condition and steady fluctuations with normal functioning, regimes with
programmed cells death - apoptosis, irregular behavour with tumoral development
and «black hole» effect with pathological death of cells - necrosis;

- established possibility of application of the developed functional-differential
equations for the analysis of pathogenesis mechanisms of HIV infection without
“Hayflick limit” concept attraction.

Reliability of obtained results are based on fact that the mathematical
models of regulatory mechanisms of cellular communities constructed on base of
the firmly established biological laws, i.e. biological (or conceptual) model is
created and it is accepted as etalon object. Also it is realized computer search of
suitable model based on mechanism of cellular regulatorika: rough correction by
change of activity parameter values of nuclear processes, average correction by
change of parameter values of interaction between nucleus and cytoplasm and thin
regulation by change of parameter values of functioning cytoplasmatic systems,
stage by stage estimating degree of correct reflection of biological model.

Theoretical and practical value of results of the research. The theoretical
importance of the received researching results is that methods, models, algorithms
and software for quantitative researches of cellular communities and the
developed methods of modeling their regulatory mechanisms allow to synthesize
the general theory of modeling living systems at cellular and subcellular levels of
the organization.
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The practical importance of work consists in the fact that the created program
complex for imitating modeling cellular communities can be used both at the
analysis of real cellular communities, and at synthesis of their efficient control.
The offered model and program complex to research control mechanisms of
cellular communities is basis for carrying out computing experiments on imitating
models of living systems. The imitating cellular model of crypt-fiber system - a
functional unit of a mucous membrane of intestines - can be applied at computing
experiment on research of adaptive reactions of digestive system. The developed
functional-differential equations of regulatorika of the interconnected activity
between molecular-genetic systems of hepatocytes and hepatitis B viruses allow to
quantitatively investigate on the basis of the qualitative analysis and computer
researches, the basic laws of infectious process in hepatocytes during hepatitis B,
to establish molecular-genetic bases of pathogenesis, to carry out diagnostics and
forecasting of characteristic stages of hepatitis B disease. The methods are
constructed on the basis of existing biological experimental data, theoretical
propositions about the structurally functional organization of thyroid gland at
cellular level, method of modeling regulatory mechanisms of living systems and
the regulatorika equations of cellular communities, cellular community of thyroid
gland follicle allows to carry out the quantitative analyzing regulatorika of number
of cellular community of thyroid gland follicle at norm and neoplasms.
Mathematical modeling regulatorika of cellular community of immune system can
be applied at computing experiment on research of CD4 lymphocytes number
dynamics at norm and in the course HIV infection.

Implementation of the research results. Using models of cellular
communities regulatory mechanisms for decisionmaking in definition of the origin,
development and repercussions of diseases, connected with regulatory mechanisms
disturbance of cellular communities, to improve the accuracy of early diagnosis in
1.5-twice, and to optimize treatment strategies by 35-40% and will provide
economic efficiency by saving expensive natural experiments, at planning
experimental work in biology and medicine for more than 120.5 million sum
annually. (Certificate Ne02-8/677 of 02/04/16, Ministry for Development of
Information Technologies and Communications of the Republic of Uzbekistan,
Certificate Ne 84-3/49 of 1 march 2016 year, Ministry of Health of the Republic of
Uzbekistan).

Approbation of the work. The basic theoretical and practical results were
presented at "Acrtificial life" (Spain, Grenada, 1995), on 14 international congress
on cybernetics (Belgium, 1995), On X congress on cybernetics and systems
(Romania, Bucharest, 1996), on 9 World Congress on Medical Computer science
(Korea, Seoul, 1998); International Conference ‘“Plant Biology ° 99 (USA.
Baltimore, 1999); International Conference on Differential Equations (Belgium,
Hasselt, 2003); 20th European Congress of Pathology (France, Paris, 2005);
International Symposium on Dynamical Systems Theory and Its Application to
Biology and Environmental Sciences (Japan, Shizioka, 2004); Workshop"
Complex dynamics and delay effects in coupled systems "(Berlin, 2006);
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BIOMAT2006  Symposium  (Brazil. ~ Amazonas, 2006); International
MultiConference of Engineers and Computer Scientists (Hong Kong, 2006, 2007);
BIOMAT2007 (Rio de Janerio, 2007); Biocomp2007 (ltaly, Salerno, 2007);
BIOMAT (Brazil, 2008, 2009, 2010); at Il International conference on HIV/AIDS
in the Eastern Europe and the Central Asia (Russia, 2009); On The 8th JSH Single
Topic Conference “HBV Now in Asia”. (Japan, 2009); EASL Monothematic
Conference (Turkey, Istanbul, 2010); International Conference on Mathematical
Methods and Models in Biosciences (Bulgaria, Sofia, 2012); Annual Russian
Congress "Hepatology Today", with the assistance of the European Association on
Studying Liver (EASL) (Russia, 2014, 2015, 2016).

Publication of the results. It is published 62 scientific works, including 1
monograph, in 8 international scientific journals 13 scientific papers, in 6 national
scientific journals 24 scientific papers, 24 thesises in republic and international
scientifical-practical conferences on a dissertation theme.

Structure and volume. The dissertation consists of Introduction, five
Chapters, Conclusion, References, contains 200 pages of the text, 37 figures and 2
tables and 3 appendixes.
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The main contents of dissertation

In the introduction part the urgency and demand of the theme of
dissertation is proved, the purpose and problems, and also object and an object of
research are formulated, conformity of research to priority directions of
development of science and technologies in the Republic of Uzbekistan is stated,
scientific novelty and practical results of research are stated, reliability of obtained
results is proved, the theoretical and practical importance of obtained results is
reveals, the list of introductions in practice of research results, data on published
works and dissertation structure are given.

The the first chapter “Methods for mathematical modeling of regulatory
mechanisms of cells and cellular communities” is devoted to basic problems of
modeling researches of regulatory mechanisms of cellular communities: to
questions of modeling regulatory mechanisms of cellular functions, application of
methods to mathematical model researches of regulatory of mechanisms of cellular
communities of plants, to analyze necessary preconditions for modeling regulatory
mechanisms of organs and tissues of animal organisms, the critical analysis of
modeling researches of cellular communities.

Fundamental preconditions of researches on mathematical modeling of
cellular functions are works by N.Rashevski, J. Watson and F.Crik, F.Jakob and
Z.Mono, L.N.Seravin, B.Sendov, R.Tsanev, B.Goodwin, B.N.Hidirov, etc. in
which the structurally functional organization of hereditary units, regulatory
mechanisms of intracellular activity and possible ways of their quantitative
description are sequentially opened. Meaning importance of biosynthetic
processes in functioning of biosystems, considering time mutual relations in
system of cells regulation, B.N.Hidirov has developed advanced system of the
equations of protein synthesis

dcn _ —HWhTn) _m2.,
dt  14+3d R"(t-7,) o
j=1

yJ

dP(f) In2 .
———=¢q,C.(t—7,)———P(i)
dt TP,- : 1)

dR (1) In?2
SR P(t—7,)——ZR (¢
P (t—175) 7, (D)

where C; (t), P; (t), Ri (t) are the values characterizing concentration RNA
information, protein-enzymes and repressors; Ty is the value characterizing time of
half-decay of substance X; {a}, {d}, {q}, {o} are non-negative constants; =, n»
are the value characterizing times of transitions of biomolecules in nuclear-
cytoplasm systems; z3 is the time necessary for repression activation; n is quantity
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of functioning genes. The equations (1) used for the quantitative description of
regulation of cellular functions during modeling of cellular communities.

It is shown, that existing models of cellular communities consist of A class
models (V.G. Tjazhelova and others; E.L. Zahozhaja; G.I. Kulik, V.I. Korol, E.S.
Kobylitsky etc.) when in cellular community dynamics of number of
homogeneous cellular groups is considered; B class models (B.Goodwin;
M.Ejgen, P.Shuster; V.A.Ratner, V.V. Shamin; B.N.Hidirov etc.) when from the
quantitative point of view the regulatory mechanisms of the cellular functions are
investigated for considered cellular community and from models of B class
(B.Sendov, R.Tsanev, V.Mateeva, M.Sajdalieva; H.J.W. Mutsairs etc.) when
modeling cellular community has structurally functional character taking into
account dynamics of the spatial organization of various cells and their
endocellular regulatorika.

In the second chapter “Develop theoretical bases of modelling of cellular
communities”, results of researches on working out theoretical bases for modeling
regulatory of mechanisms of cellular communities at various levels of their
organization are resulted.

The analysis of literary data (A. Hem, D. Kormak; K.A. Zufarov with co-
authors; P. Kemp, K. Arms; L.N. Seravin and others) shows, that complexity of
the organization of multicellular organisms is caused by evolutionary developed
"work division" between cells and fulfillment of special systems of organs bodies
for performance of the basic vital functions. Research of the cellular organization
of multicellular organisms shows existence of certain subcellular elements of
tissues and organs - the cellular communities which are carrying out their
elementary functions. Cellular communities consist of many thousand the cells
united in homogeneous groups interconnected with each other of cells. Each
cellular community provides the existence by proliferation, differentiation and
fulfillment of specific functions. In cellular community there are exist growing
(after division), buffer (after performance of specific functions) and growing age
cells.

From the point of view of theoretical biology, epimorphism sets of biological
functions of organisms (N.Rashevski) and identity of their components at existence
of the big variety of the spatial organization and functional activity of organs and
tissue of vegetative and animal organisms leads to thought on existence of a
universal subsystem of organs and tissues which are carrying out the basic set of
elementary functions of living organisms (renovation, specialization, metabolism
with environment and fulfillment of specific functions) - a functional unit of
cellular communities (FUES), spatial and functional formation from which makes
organs and tissues of multicellular organisms.

Following definition is entered: multiplying, growing, differentiating,
carrying out specific functions, ageing cellular groups which are closely
functioning, as an unit, is called functional unit of cellular communities - FUES
(Figure 1). Introduction of FUES concept allows to effectively investigate control
mechanisms in cellular communities using method of mathematical modeling.
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Here, as well as in case of the concrete cellular communities considered in chapter
1, three ways of mathematical modeling when it is considered number dynamics
of homogeneous groups of cells, regulation mechanisms of cellular functions and
spatio-temporal organization of FUES are possible.

T

Figure 1 — The basic scheme of cellular mutual relations in FUES. M is the group of
divided cells; B is the growing cells; D is the differentiated cells; S1 Sz is the cells which
are fulfilling specific functions; B2 is the ageing cells; arrows designate transitions in
normal conditions, and dotted arrows are transitions under certain stressful conditions

In the given chapter the general equations of quantitative ratio of FUES cells
presented, questions of its qualitative and quantitative research are considered. If
we have interest in pattern change of cells quantity in FUES separate zones, then
supposing certain assumptions (constancy of transitions time from a zone to zone,
dependence of FUES condition at present only from the previous condition etc.)
we can use methods of discrete analysis. Choosing the transitions operator from
one condition of FUES to another, we can consistently receive all dynamics of
FUES conditions during the discrete moments of time from the initial condition of
FUES expressing cells quantity in separate zones. Imposing certain conditions on
FUES dynamics, we can define values area of transitions operator, i.e._a structural
portrait of model, which will allow us to reveal a possible class of mutual relations
between separate FUES zones. Further, we can define area of acceptable initial
conditions from an observance condition that elements sets in concrete FUES
zones at To <T are not empty (T is existence time of FUES, Ty is a threshold of
FUES maturity). The area of transitions operator values form one FUES condition
into another together with area of admissible initial values allow to investigate
regularities of FUES existence and functioning in various biosystems using
methods of discrete analysis and to use its for getting practical results under the
admitted conditions. If we consider big FUES class then conditions of transitions
time constancy and dependence of FUES condition at present only from the
previous condition may not be observed. In such cases, effective methods of FUES
research are methods of mathematical modeling based on the functional equations.

The third chapter “Modelling qualitative ratio of cells in FUES” is
devoted to questions of modeling cellular communities of living systems.
Modeling homogeneous cellular groups functioning based on of equilibrium
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models of regulatory mechanisms of cells, along with introduction of scale
multipliers, allows developing comprehensible imitating models of cellular
communities of multicellular organisms.

g lT
1

T *rzlf T
1

Figure 2 — Basic scheme of time mutual relations in FUES

The concrete equations describing cells quantities dynamics in separate
FUES zones are considered. Let X; (1), Xz (1)..., Xs (t) be the sizes characterizing
quantity of dividing, growing, differentiated, carrying out specific function (for
simplicity in FUES performance of two specific functions is provided) and ageing
cells at the time moment t, accordingly.

The most important in functional sense zone in FUES is the division zone
where cells multiplying by mitosis. Reproduction velocity depends on cell quantity
which potentially capable to division, effectors and nutrients. If we admit, that
during evolution FUES were formed with functions useful for an organism then we
can assume, that the effectors quantity and nutrients arriving in division zone
depends on performance degree cellular community of specific functions, i.e. from
quantity of cells in zones S; and S..

Account of "pressure of environment" effect (end-product inhibition or
analogue of Novak-Stsillard-Umberger effect) and time mutual relations {z} on the
basis of FUES basic scheme (Figure 2) assumes a choice as a mathematical
apparatus of system nonlinear differential-delay equations during quantitative
research of cellular mutual relations in functional unit of cellular communities of
multicellular organisms.

The developed equations of mathematical model of number dynamics FUES
homogeneous cellular groups (class A) have the following form:

dX,(f) -33,%, (1
dlt :al(HXk(t_TG))e " +b, X, (t-7,) -8, X, (b);
k=1
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dt
W) _ o X (t=2,) +b, X, (t—7,) (b, +2, +a,) X, (1)
dt (2)
d)i;t(t) =a,X;(t—15)—asX,(1);
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Here a; is the parameter expressing resource insurance in proliferative zones;
a;, b1, by, bs are specific velocities of cells migration (i =2...,7);di(j =1, 2,
6) are the parameter expressing closeness level in cells group of j-th zones (d; >
d>0); ;; § = 1,2..., 6) are time mutual relations (the factors expressing times,
necessary for cells migration from a zone in a zone).

In the chapter, existence of the unique continuous decision of the equations
shown at given initial conditions for corresponding time intervals. The developed
program for decisions tests allows carrying out quantitative research based on of
"the friendly interface™ (Figure 3). As result of conducted qualitative analysis, it
revealed, that the system (2) has, besides trivial, two positions of balance in the
first quadrant of phase space. If we accept, that in FUES functional zones (B, [,
C1, Cy, Bp) the cells behaviour have stationar character then (2) has the following
form

X, (1)

= PX (- p)e " —aX, (),

_ a3 a;a,a
- al(a, +a,)%(a, +a)’

0=0+ = (52"' % (§3+&54+i55j+&56}

a2+a,3 a4+a5 8.6 8.6 a7
at+d; ) a,+a,

Its discrete analogue has the following form

_ 3a— Xk
K =K@ ™o 3)
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Figure 3 — Display of FUES program

[4b

On the basis of the qualitative analysis and computing experiments existence of
difficult forms of functioning of the cellular communities including constancy of
cells number, cyclic change, unpredictable dynamics and effect of "black hole"

(Table) is revealed.
Table — FUES rejimes on the basis of (3)

[ <1.85 | [1.85,4.41) |[3.41,4.39)] 4.39 4.75 >6.99
Decisions | Rest Stationar Regular Cycle Irregular | «black
(3) doubling | (chaos) hole»

In the fourth chapter «Development mathematical models of regulatory
mechanisms of FUES cells functioning» questions of FUES research taking into
account an intracellular regulatorika are considered. The developed mathematical
models of regulatory mechanisms of biosynthetic activity of cells, cellular division,
a differentiation and specific functions are given. The developed algorithms of
computer realization of the given models are resulted.

As we know, a genome of multicellular organisms we can present as group of
universal, general and specific groups of genes (A.A.Neyfah). According to this,
the cellular functions can divided on universal, the general and specific. Universal
cellular functions are characteristic, basically, for all cells, the general cellular
functions - for the cells united by some generality of functions, and specific
cellular functions are peculiar to separate kinds of cells.

Biosynthetic activity of a cell can be carried in group of universal cellular
functions. Taking into account change of cell volume it is possible to write the
basic equations of regulatory mechanisms of protein synthesis in the following
form (B.N.Hidirov):
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Where: C; (t) are a concentration i-PNA in a nuclear at the moment of time ft,
written from i-th operon; P; (t), R; (t) are concentrations of proteins and repressors
in cytoplasm at the moment of time t; Tx is time of half-decay of substance X; dj
are matrix elements of inter-operon communications; {a}, {q}, {¢} are positive
constants;

73j (), 7o (t) are the functions characterizing factors of delay in system of cells
regulation; n is quantity of universal, |; is quantity of the general, I, is quantity of
specific functioning operons and

b\, :ilnv(to +TX)
T, V(t,)
where V (tp) is a cell volume during the initial moment of time. Results of the

qualitative analysis show existence such final b, : b, , that, if

b, [b, b, 1,
then self-oscillations in behavior of considered model of biosynthetic activity of a
cell observed. The account of volume change allows estimating more really factors
values of models and action of regulatory mechanisms of intracellular activity.

Especially the great sense has volume change at cellular division. If we
accept, that volume change law of a cell during division has exponential character:
V(t) =V (t,)e’ ",

then b, = y. So far as we can consider, that during preparation for division (T) the
cell increases on volume twice, then

— In2

Y=

Then the basic equations of model of cellular division (B. Sendov, R. Tsanev, M.

Saydalieva, B.N. Hidirov; B.N.Hidirov) taking into account cell volume change
have the following form:
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B 0, in Sand M periods;
|1, in other periods;

(o, if R,2A;
“711 if R <A:

[0, if R 2
1 if R <A,

m

Here {a},{d},{v}, 9,. 0, {a}are positive constants; {A}are threshold values
for repressors; V,,Y,,Y, are threshold values of function of power and material
maintenance of a cell Y(t); T, is half-decay time of substance z;
Y,(1).Y,(t),Y;(t) are sizes of concentration of amino acids, carbohydrates and fats
entering in to a cell; C(t), X(t), P,(t), R(t) are indicators of m-RNA, primary
groups of proteins, protein-enzymes and repressors concentrations; z,,z,,7, are
time parametres; R, (t) — repressor concentration in an environment; 3(t) is the

concentration of an effector; t,t;, T are the current time, time counted from the

beginning of the S-period and mitosis duration as a whole; D (t) — DNA quantity;
D, — DNA ante-mitosis quantity; ¢, are the binary parametres characterising

cells condition during division; all parameters are positive constants; i=n,m

are plastic and mitotic polyoperons.

The increase in cell volume can be the starting mechanism for mitotic
divisions for considered model. The further practical application of model of
cellular division has led to its some changes. The decision of the problems
connected with the analysis of influence of arriving substances in a cell on
parameter of division, has shown necessity of working out model of influence of
level of amino acids, carbohydrates and fats on separate points of regulation of
protein biosynthesis. Besides, during computing experiments it was found out,
that for research of regulatory mechanisms of cellular reproduction it is enough to
consider interaction of two antagonistic polyoperons, instead of three, as by
B.Sendov and R.Tsanev. On regulatory level ribosome polyoperon have not
certain role (it don’t participate in influence on others operons) and together with
functional operon expresses plastic and metabolic functions. Then, in relation to
division function, it can named as conditionally "plastic".

The given mathematical model of regulatory mechanisms of cellular
division (4) has been realized on PC (Delphi 7). The block scheme of
corresponding computer model presented in Figure 4. In model, after entering
parameters values of equations and initial conditions, the current condition of a
cell is defined counting DNA quantity. Further new variables values are calculated

and end of separate stages of division defined. During debugging works
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parameters values at which the cell entered into division were defined and for
final time passed all stages of mitotic cycle.

At reduction of equations, owing to consideration of two antagonistic
polyoperons instead of three, general time of calculations on PC necessary for
consideration of cellular division essentially reduced.

- Calculation
FINISH START of DNA

T ‘L quantity
Division Initial state Account delay
dvnamics £ cell —— n

visualisation of cells cell system
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regulatory
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—==-| concentration L period volume
calculation —=— end dynamics
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Figure 4 — Block scheme of computer model of
cellular division

In the fifth chapter «Research regulatory mechanisms of cellular
communities on the basis of computing experiment», results of practical
realization of the developed mathematical models and methodology of imitating
modeling are resulted. The analysis of adaptive mechanisms of digestive system
of animal organizms by means of the developed technique of modeling of cellular
communities carried out. As structurally functional unit of research object we
accept the crypt-fiber system (CFS) of intestines mucous membrane.

Questions of molecular-genetic mechanisms of interaction between
hepatocytes and hepatitis viruses studied using regulatorika models of intracellular
processes on an example of hepatitis B viruses. During quantitative researches,
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following regimes of considered process have been received: clarification,
symbiosis, regular and irregular fluctuations, sharp destructive changes that define
various clinical forms of disease (Figure 5).

C d

Figure 5 — Interaction trajectories between molecular-genetic systems of hepatocytes (X
(t)) and hepatitis virus (Y (t)) (a) - auto-fluctuations, b - irregular fluctuations (chaos), c, d -
variants of ""black hole” (trajectories go from right to left))

The developed program for getting solutions of equations of molecular-
genetic interaction between hepatocytes (X (t)) and hepatitis B, D viruses (Y (t), Z
(t)) allows to carry out quantitative research on "the friendly interface” basis
(Figure 6). On the basis of developed program (Figure 7) the quantitative research
of regulation mechanisms of cells number of thyroid gland follicle is carried out on
separate phases of their ability to live (division - M, growth and development - By,
differentiations - D, performance of specific function of hormones formation - S
and ageing - B,) by means of the differential equations of a regulatorika of a
functional unit of cellular communities. Programmed cells death (apoptosis) is carried
out in phases D, S and B,. Computer experiments show, that consecutive increase in
loading parameter (the parameter expressing cell division velocity in proliferative
pool of thyroid gland follicle) leads to consecutive transitions from regime of
stationary conditions to regular fluctuations, further to irregular fluctuations of cells
number of thyroid gland follicle, coming to the end mode to sharp destructive
reduction of reproduction of cells of thyroid gland follicle. In the field of irregular
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fluctuations numbers of cells population of thyroid gland follicle have unpredictable
behavior, and in area of "a black holey there are sharp destructive changes.

... Hepatitis D
Moodeanposanne pesyiamopiukil ClcinemMsl
LIl I A T " 2enamonnm - enpyc senamiuma B - enpye cenamiuma J"
YRpPasieHa
T eHOM T'eTIaT oI Ta |81 3,
T'emort HBV 26 3
I'exmom HDWV 78 =

Ha«ansusie yoi1osia

Xo =

-0,485
-2,347
=-1,112

Yo =

Beagin |

Figure 6 — The program for the equations solution interaction between
molecular-genetic systems of hepatocytes (X (t)) and
hepatitis B, D viruses (Y (1), Z (t))

They come to end with a division stop of proliferative cells of thyroid gland
follicle.

[ PeEryaAaTopHEQ SHHTE AHAAbHOH KAe THH HTOEHaHo R menezbl (CMTTHGEY

Figure 7 — The program for analysis of regulation mechanisms of
cells number of thyroid gland follicle cells
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Functioning regularities of CD4 lymphocytes are analyzed at norm and at
HIV infection. In the field of irregular fluctuations, number of CD4 lymphocytes
population has unpredictable form, and in area of «black hole effect», there are the
sharp destructive changes, which are coming to end with division stop of thymus
proliferative cells, reproducing CD4 lymphocytes. In the given method of
modeling researches attraction of “Hayflick limit” concept is not required for
AIDS occurrence.

Thus, the structurally functional organization and regulatory mechanisms of
cellular communities as show experimental data and theoretical workings out, are
uniform for vegetative and animal organisms. Existing generality of the
structurally functional organization and regulation mechanisms of cellular
communities of living systems allow to allocate a functional unit of their cellular
communities (FUES).

Modeling provision to research regulatory mechanisms of cellular
communities should consist from:

- Base model of quantitative mutual relations of FUES cells;

- The minimum class of models of regulatory mechanisms of FUES cellular
functions (division, differentiation, performance of specific cellular functions,
ageing);

- Imitating cellular FUES model taking into account the existential
organization of cells and their intercellular processes.

The offered technique of imitating cellular modeling development of living
systems has allowed effectively carrying out the following analysis:Regulatory
mechanisms of development of cellular communities; Regulatory mechanisms of
digestive system;Regulatorika of the interconnected activity of genetic systems
between liver cells and hepatitis viruses;Regulatory mechanisms of cells number of
thyroid gland follicle at norm and at cancer; AIDS development mechanisms at
organism lesions by HIV infection. As result of the analysis of experimental and
theoretical data, the general laws of the structurally functional organization of
cellular communities of vegetative and animal organisms that has allowed to spend
formalization of the big circle of problems on research of regulatory mechanisms
of living systems on the basis of allocation of a functional unit of cellular
communities are revealed.

Conclusion
In the course of the research produced the following results:

1. The formulated basic structurally functional organization of the cells united by
performance of the general cellular functions - a functional unit of cellular
communities (FUES), allows carrying out the analysis of regulatory mechanisms
of multicellular organisms’ cellular communities from uniform positions. FUES
formulation opens wide opportunities at mathematical modeling of the most
universal, peculiar to all real cellular communities, regulatory mechanisms of
vegetative and animal organisms at subcellular level of its organization.
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2. The developed general approaches to research vegetative and animal organisms
on the basis of modeling of quantitative number of cells (A class), cellular
functions (B class) and imitating cellular modeling (C class) using FUES allow to
create modeling and program provision for computing experiments for the
problems decision in the field of histology and physiology at subcellular, cellular
and over-cellular levels of its organization.

3. Constructed and qualitatively investigated differential-delay equations of
quantitative numbers of cells in FUES basic zones allow carrying out effective
modeling cellular communities. It revealed, based on models research, existence
of difficult forms of functioning cellular communities including, besides constancy
of cells number, cyclic change, unpredictable dynamics and effect of "black hole".
4. It shown, based on the developed and realized technique of the account of cell
volume dynamics at modeling of its basic functions, that character of volume
change is one of regulatory mechanisms of cellular ability to live.

5. It is established, based on the qualitative analysis of decisions of corresponding

systems of the equations, an acceptability of mathematical models of mitosis and
differentiation for the quantitative analysis of the description of the basic laws of
division and competition of alternative ways of specialization of cells.

6. It is established, on the basis of carrying out of purposeful computing
experiments, sequence of adaptive reactions of intestines at loading an organism
by fat: activity rising of absorbing cells, their migration due to differentiation time
reduction and finding in buffer zone, involving of growing, young cells into
division, number increase of dividing cells and time reduction of their division.

7. During computing experiments, effects of crypth-fiber cells accumulation in
zone of young, growing cells and number fluctuations (to 30 %) cells as adaptive
mechanisms of rapidly-renewing cellular systems to possible external influences
are observed.

8. Following regimes of considered process are revealed during computing
experiments with «Hepatocytes-HBV» program: clarification, symbiosis, regular
and irregular fluctuations, sharp destructive changes which define various clinical
forms of disease. Forecasting possibility of above-mentioned regimes and their
basic characteristics allows, at computer support of laboratory and clinical
researches of infectious process at hepatitis B, to establish molecular-genetic bases
of pathogenesis, to carry out diagnostics and forecasting characteristic stages of
disease current at hepatitis B.

9. Regimes of stationary condition and steady fluctuations with normal
functioning, programmed cell death (apoptosis), irregular behavior with tumor
development and «black hole» effect with pathological cells death (necrosis) are
found out during computing experiments with computer model of regulatorika of
cellular communities of thyroid gland follicle.

10. Application possibility of developed functional-differential equations for the
analysis of HIV infection pathogenesis mechanisms without “Hayflick limit”
concept attraction is established.
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