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AHHOTANUS JNCHUTTJIAHBI
MATEMATHUYECKOE MOJIETPOBAHUE
BUOJIOTHUYECKUX [MTPOLIECCOB 1 CUCTEM»

Jlucuuuiina npefHa3HavYeHa IS aclMpaHToOB, OOYYaIOIIUXCs MO Hanpaslie-
a0 12.06.01 — «®otoHuka, mpubopocTpoeHue, ONTHYECKHE M OMOTEXHHUYECKUE
CHCTEMBI M TexHojoruu». Jucnumimza obecreurnBaeT npodecCHOHANBHYIO MMOXr0-
TOBKY acnupaHToB o HamnpasieHHocTtu 05.11.17 — Ipubopsl, cucteMbl 1 U3zenns
MEIMLMHCKOTO Ha3HAUYCHMS.

B nucnunnune naercs xiaccuukaiys 00bEeKTOB MONETHPOBAHUS, IPHBOIST-
Csl [IPUMEPBI MOACIUPOBAHMS CTATUYECKUX U JUHAMHYSCKUX, TeTEPMUHUPOBAHHBIX 1
CTOXACTUYECKUX OHMOJOTMYECKHX MPOIECCOB M CHCTEM, aHajIM3a MOJEjel B Ielsx
pa3pabOTKK METO/IOB UCCIEeOBAaHNS 00bEKTOB MOJICITUPOBAHMSI.

V3ydeHue QUCHHIITHEB] HeOOX0UMO I dhopmupoBaHus MPoheCCHOHATTLHBIX
KOMIIETEHIIU}, HaIpaBJICHHBIX Ha pa3paboTKy METOJOB U HMHCTPYMEHTAIbHBIX

CpCACTB IIPOBCACHMA 6I/IOMGI[I]/IHI/IHCKI/IX HCCH@I{OB&HHﬁ.

SUBJECT SUMMARY
«MATHEMATICAL SIMULATION OF
BIOLOGICAL PROCESSES AND SYSTEMS»

The discipline is untended for PhD students trained in the direction 12.06.01 —
“Photonics, Instrument making, Optical and Bioengineering Systems and
Technologies”. The discipliné provides professional training of PhD students in
specialty 05.11.17 — Instrumentation, systems and wares for medical purpose.

Classification of simulation objects, examples of simulation of static and dy-
namic, deterministic and stochastic biological processes and systems, analysis of the
models for development of the simulation object research are given in the discipline.

The discipline study is necessary for the forming of professional competences
directed to the development Qf the methods and instrumental aids of the biomedical

researches.



HOEJU U 3AJIAYAN JNCHOUITIUHBI

Ienn u3ydennst JUCHMINIMHBI — U3YYEHUE METOJI0JIOTUU U TEOPETUIECKUX OCHOB
MaTeMaTUYeCKOI0 MOJEIUPOBaHUS U (POPMUPOBAHUE NMPOPECCHOHAIBHBIX HABBIKOB
110 pa3paboTKe ¥ UCCIIETOBAHUIO MOJIeNIeH OMOIOTMYECKIX IPOLECCOB M CUCTEM.

3agaun JIHCHI/IHJIHH])I:;

1. VI3yueHue T€OPETUUECKUX OCHOB MaTeMaTHUECKOTO MOICTUPOBAHNS OHOJIO-
I'MYECKHUX IIPOIIECCOB M CHCTEM, (DOPMHUpPOBAHWE CHUCTEMbl 3HAHUM, IIO3BOJIAIOIIMX
paspaboTaTh METOIBI MCCIER0BaHUs 00BEKTOB MOJEIMPOBAHNS HA OCHOBE aHAIM3a
X MOJIEeNeH;

2. OcBoenre METOAOB OLEHKH aJeKBATHOCTH Mojeiei, (hopMUpOoBaHUE yMe-
HUs, CHOCOOCTBYIOIIETO IMOBHIIMICHUIO YPOBHs aJleKBaTHOCTH MoJeNleil Ouonoruye-
CKHX MPOIIECCOB U CUCTEM,;

3. ®opMUpOBAHKE HABBIKOB WICCIENOBAHUS MOJie/ell OMONOIHYeCKUX MPoIec-
COB U CHUCTEM;

4. dopmupoBaHUe HABBEIKOB MCCIIENOBaHUA O0BEKTOB MOJCIUPOBAHUS Ha OC-
HOBE UX MOJICJIEH.

B pe3ynbTaTe 0OCBOCHMS TUCHUILIMHBI CTYAEHTBI JOJDKHBIL:

3HATD:

- TEOPETHYECKHE OCHOBBI MAaTeMaTHUECKOT0 MOJENMPOBAHUSA OMONOIUYECKIX
ITPOLIECCOB U CUCTEM;

- KJIACCHI MaTeMATHYECKNX MOJeIeH, UCONIb3YEMBIX [UISI MOJIEIUMPOBAHUS 1~
HAMHYECKHUX M CTAIlMOHAPHBIX MTPOLECCOB U CUCTEM;

- 6a30BBIE MOJIEIH, UCIOIL3YEMBIE TSI MOACTHPOBAHUA OHUOIOTHYECKUX IIPO-
I[ECCOB U CUCTEM;

yMeTh:

- 000CHOBAaHHO  BHIOMpAaTh BHA  MOIEId [UIsl  I[IPOBENCHUS  MEIHKO-
OMOJIOTHYECKUX HCCIIeJOBaHUM;

- OLIEHUBATH aJIeKBaTHOCTH Pa3pabaThIBaeMbIX MOJIETIEH;

- HCCIIEIOBATh CBOMCTBA MOJICIIUPYEMBbIX ITPOLIECCOB U CHUCTEM C HCIIOJIB30Ba-

HUEM KOMIIBIOTCPHBIX TQXHOHOFHﬁ;



BJIA/I€Th:
- HaBbIKaMH pa3pabOTKKM METOLO0B HCCICHOBAHNS GHOIOMHYECKUX IIPOLECCOB 1
CHCTEM Ha OCHOBE aHaln3a UX MoJeel;
- MCTOJaMU ITOBEIIIEHUS YPOBHS aJIeKBATHOCTH pa3paboTaHHBIX MOEIEH.

Ilepeuens xommeTeHnuii, B GOPMUPOBAHUHM KOTOPHIX YYACTBYET AUCLMILIMHA,

IIPUBEICH B MaTpHUIle KOMIIETeHIMMN, npuiaraemon k OOIL



MECTO JUCHUILINHBLI B CTPYKTYPE OOIT

Huctmmnuna «Matematnueckoe MozennpoBatue GHOIOrMYECKIX MPOLIECCOB 1
CUCTEM» OTHOCHUTCS K BapuaTtuBHOM actu QOII,

JAucnunnnna usydaercst Ha OCHOBE paHee OCBOSHHOM IMCITUILIAHEL y4eOHOro
mwiana «MeTponornyeckuit atas Hay4YHBIX MCCIIEAOBAHUIY, 00ecIIeunBacT:

H3yueHue nocjeayroumiei gucumnannsl «[IpuGopel, cucTeMbl U U3IeINs Me-
JIMITHHCKOTO HASHAYEHHSY,

npoxosxiaenue «llerarornueckodl mpaktikm» u «HaydHo-0praHH3aLHOHHOI

IIPAKTUKHY,

MOAr0TOBKY BBLINYCKHOH KBAJIH(PHKANHOHHON PaGoThI.



COIAEPXKXAHHME TUCOUIIJIMHDBI

Bienenne (1 akanewm. vac)

[lpeamer MMCUMIUIMHEL ee 3amadd. Pomb MojeupoBaHus IIpY [IPOBEACHUN
OnoMeanIMHCKUX HccrmenoBaHuil. CTPyKTypa ¥ CONEp)KAHWsS IUCIMIUIMHBL U ee

CBA3b C IPYTUMU JUCILUIIMHAMY y4eOHOro IUIaHa.

Tema 1. OcHOBHBIE XapaKTePHCTHKA GHOJOTHYECKHX IIPOIECCOB H CHCTEM
(14 akaymem. yacos)

OcoGeHHoCTH GHOIOINYECKOro IIPOIECcca H CHCTEMBI Kak 00beKTa HCCIeI0Ba-
HUs. HenuHelHoCTh mponeccoB. JlHHAMMYeCKHMEe CBOMCTBA IIPOLECCA M CHUCTEM.
AJIalITUBHOCTD W CAMOPETYIIHPYEMOCTh OUONIOTHYECKUX cucTeM. Pojib romeoctasnca
B JIGATEIIBHOCTH OHosorudeckoit cucremsl. Mepapxudeckas cTpykTypa Guoiornde-
CKOH crcTeMbl. DaKTOPbI, BIMAIOMING HA COCTOSHHE CUCTEMBI M MPOLECCHl. JHIO-

FeHHbIE (PAKTOPBI. JK30TeHHBIE (hPaKTOPBL.

Tema 2. Moaeanpopanue o6bekTa Hay4YHOro HccienoBanus. (16 akamgeM.
qac) |

Moyenuposanue 00beKTa HCCIeNOBAHUS KaK CIIOco6 H3ydeHHs ero CBOMCTB U
noBeJieHust. CriocoObl OnMcaHus 0ObEKTa HAYUHOTO MCCIIeOBAHMS. Kiraccuduxarnmus
MoJaeneld. AJeKBaTHOCTb Mojenel. IIPUHIMIT TO3TAITHOrO MO/IeIUPOBAHIS IPOLIEC-
coB 1 cucreM. Ponb MaTeMaTH4ecKOro MOJCIUPOBAHUSA MPY TPOBEAECHAN HAYyYHOIO

skcriepuMenTa. Kiiaccudukarus MmaTeMaTUIeCKuX MOJIEIeH.

Tema 3. MaremaTu9yeckoe MoJeIHPOBaHHe JeTEPMHHHPOBAHHBIX GHO.IO-
FHYECKUX mpoueccos cucreM. (16 akajgem. yac)

MoznenuposBanne NTMHAMHYECKUX CBOHCTB OGUONOTMYECKHX IIPOLECCOB M CHC-
TeM. OIrcanve JMHAMHUYECKUX CBOMCTB C HCIONB30BaHMeM IUM(epeHIHalbHBIX
ypasaeHuil. Bribop Buma muddepeHipansHoro ypasuenus. YpaBHeHHS B YaCTHBIX

IIPOU3BOAHBIX. Hcnonn3oBanne HHTETpallbHBIX ypaBHeHHfI AJET ONMHUCaHUsA IIPOoLEC-
7



coB. Ucnonr3zoBanue alrliapara TCOpHuH aBTOMATUYECKOIO YUPaBICHUA JIJIs OIIUCaHNs
AHHAMUYECKHX TPOLECCOB M cucTeM. Menonb3oBanue amapara TMHEHHOR anreGpel
JJIS OITUCAaHns MpOLIeCCOB U CUCTEM.

MonenupoBanre cTaTHIECKHX CBOMCTE GHONOIMUECKHX MPOLIECCOB M CHCTEM.
Hcmonn3oBadue alrrapara JIMHEMHOM! 2U'II“€6pLI JUIST OHUCAHUSA CTATUYECKUX CBOMWCTB.

HcnonbsoBanue nupdepeHnManbHeIX ypaBHEHHH ¢ HE3aBUCHMBIM OT BPEMEHH apry-

MCHTOM.

Tema 4. MaTemaTH4YecKOe MOJEIHPOBAHUE CTOXACTHYECKHX OHOJIOrHYe-
CKHX npoueccos u cucreM. (14 akagem. yacos)

MojenupoBanue HeCTalMOHAPHBIX [TPOLIECCOB U cUcTeM. VICIonb30BanHme all-
T1apaTa TEOPUM CIyHarHbIX Ipoleccos. Mcronbs3oBanre MapKoBCKOro mporecca s
ONUCaHKUs HECTALMOHAPHBIX IIpoleccoB. Mcrnons3oBanue anmnapara TCOPUH aBTOMa-
ToB. cronksoBanue nudpdepeHnnanbHeX ypaBHEHNH B BEPOATHOCTHBIX XapakTepu-
CTHKAX.

Onucanve cTallMOHAPHBIX OHONOMMYECKUX TIPOLECCOB M CUCTEM.

Hcnonb3oBanne amiaparta Teopuu BeposTHOCTH. ONHMCaHKe MPOLECCOB U CHC-
TEM C HCIIOJIb30BAaHWEM ammnapara Teopud mHpopmaiun. Mcemonb3oBanue ammapara

TEOPUU JIMHEHHOHN anreOphI.

Tema 5. Onenka ageKBaTHOCTH MATEMATHYECKUX MoJIeJIeid. (20 akamem.
4acoB)

ObGocHoBanue BbIOOpa  YPOBHS aJI€KBATHOCTH pa3pabaThIBaeMBIX MOJIEIIEH.
CBa3p ypOBHS aJeKBaTHOCTH MCIIOJB3YEMEBIX MOJENeH ¢ 3ajadyell JTHATHOCTHKU U
KJIACCH(QUKAIIMNA COCTOSHUS OMOJOTHYECKOIO TPOIECCa U CHCTEM. Kpurepnun anek-
BaTHOCTU MaTEeMaTHYECKUX Mojeiel. Meroauueckre MOAXOABI K OIEHKE YPOBHS

AICKBATHOCTH MaTEMAaTHUYCCKUX MOI_[CJ'IGI\/’I !

Tema 6. Ilpukiiaanbie BONPOCEI MaTeMATHYECKOr0 MogeaupoBanus. (26

aKaJieM. 9acoB)



[IprMeps! OCTpOEHMs MaTeMaTHYECKUX MOJENeH MIPH HCCIe0BaHAH OHOIIO-
THYECKHX IIPOLIECCOB U CHCTeM. MaTeMaTI4ecKoe MOJIeIMpoBatye paGoThl CHCTEMBI
JIbIXaHUs HenoBeka. MareMaTudeckoe MOZENHPOBaHne paboThl 3PUTENILHOM CHCTEMBI
4yesoBeka. MaremMaTideckoe MOJEIUPOBaHNe PA3BUTHS M PACHPOCTPaHSHUs HHEK-
LMOHHBIX GonesHed. MaremaTnueckoe MOAeIMpoBaHve (yHKIHOHHPOBAHMA OIOD-
HO-J[BUTATeILHOTO alllapaTa 4eloBeKa.

3axarouenne (1 akazem. uac)

[Tytn COBepmeHCTBOBaﬁHﬂ MOJIeTIUPOBAHHUS OUONIOTMIECKHX TIPOLIECCOB U CHC-
TeM. Menonp3osanne KOMIBIOTEPHBIX M HHQOPMAIMOHHBIX TEXHOTOTHI IIPH MOJIe-

JINPOBAHKUHU OMOJIOrHYeCcKux MpOoneCCOB H CUCTCM.
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YYEBHO-METOJANWYECKOE OBECIEYEHUE AUCIUITINHBI

Ilepedens ocnoBROI 1 fonoanuTeNBLHO y4eOHoii iaTepaTyphl,

HEO0X0JUMOH IJISI 0CBOCHMS JHUCHHITIIHHbI

No

Hazpanwe,
bubnuorpaduyeckoe onucanue

Cemectp

K-Bo 3x3.

B OMOJIL.

(Ha xag.)

OcHosHast tuTepaTypa

lloneuntennes  E.II. YejioBek B OMOTEXHUYECKOIT CucreMme

[Texer]: y4e6. mocobue ams By3oB mo HaIlpaBICHUIO
"briotexn. cucremsl u Texnomormu"/ E.JL IToreuntenes. -
Crapsiit Ockon. Mzx-so THT, 2016. - 584 c.

5(2)

Kopenesckuit H.A., ITomeuurenes E.1I. BuoTexmumueckue
CACTEMbI  MEAWNMHCKOTo  HasHauenus [Tekcr]: yue®.
rocoOue I By30B II0 HAIIPaBICHHIO "BHOTEXH. CHCTEMEI U
rexHostoruu"/ obnoxka: Ilep. 'ox m3manus: 2016.- 688 c.

S (1)

Kopenesckuit H.A., IOnnames 3.M., Ckonun J.E. Tlpoek-
TUPOBaHME OUOTEXHUYECKMX CHUCTEM MEIMIMHCKOIO Ha3Ha-
uennst. Crapeiii Ockon.: THT, 2017. 215 C. I'pndp YMO.
30(2) sx3zeMILIAPOB.

30(2)

Kopenescknit H.A. IOnpames 3.M. IIpoexTpoBanue Guo-
TEXHUYICCKUX CHCTEM MEIMUMHCKOro HazHauchus. CpescTsa
OLCHKU coCTosHUA OHooObekToB. Crapeii Ockon.: THT,
2017. 455 C. I'pup YMO. 30(2) sx3eMmsipos.

30(2)

Koperesckuit H.A. FOnnames 3.M. ITpoextupopanue 6uo-
TCXHUHECKUX CHCTEM MEIMIIMHCKOro HasHaueHus. CpeJicTBa
BO31eHCTBUs HA 6no06BexT. Crapriil Ockoir.: THT, 2017.
319 C. I'pup YMO. 30(2) sx3eMmspos.

30(2)

[Tomeyurener  E.JI. CucreMHbBI  aHanM3  MeuKO-
OMOJIOrUYeCKUX UCCIIe 0BaHI I [ Texcrt]: yue6. mocobue mis
BY30B 110 HalPaBJIEHHUIO "BHOTEXH. CUCTEMBI U TeXHOJIOTHH'".
Crappiii Ockoin. Uzp-Bo THT.- 2014. 418 c.

7(2)

Yerroxkanus, B. A. MopenmupoBaHue GHOTEXHIIECKIX CHC-
TeM [Texer] : yue6. moco6ue st By30B 110 HampaBIeHHIo
"broTexH. cucTeMs! 1 Texuomorun" / B. A. YcTroxkanuy, U.
B. SIxosnesa. - Crapoiit Ockon : THT, 2014. - 215 c.

4(0)

broTexHUYECKHE CHCTEMBI [Komnext]: y4e6. mocobue / [IT.
W. [lanepro [u np.]. - CII6.: Usp-so CIIGI'DTY "JIDTHU",
2014. - 114 c.

31 (1)
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bepesun C. 1. OcHOBEI KMOEpPHETHKY W yIIpaBICHHE B OHO-
JIOTHYECKUX ¥ MENUIUHCKHMX cucTeMax [Tekcr] : yueb. mo-

cobue ISt By30B 110 HAIIPaBJIEHUIO "BHOTEXH. CHCTEMBI U 2 3 (0)
rexnosnornun” / C. 51. bepesus. - Crapsiii Ockon : THT, 2014,
- 243 c.

JlononHuTenbHAs nuTeparypa )

brorexunyeckue cucremst [Teker]: yueGHoe nocobue / [Ila-
iepro I1. W., Cagpixosa E. B., Cysopos H. B., IOnnames 3.
M.]; Muno6pnayku Poccun, Cauxt-llerepOyprekmii roc| 2 71 (0)
piaekTporexHuyeckud yH-t "JIOTH". - Cankr-TleTepbypr :
M3n-so CIIOI'DTY "JIDTHU". — 2014. - 114 c.

Kopenesckuit H.A., I[Toneuutenes E.I1: Buorexunteckue
CUCTEMBI MEJIUITMHCKOTO HazHaueHus. Crapsiit Ockour: 2 5(1)
«ToHKHe HayKOeMKHe TeXHOIOrum», - 2013, -

Epmos 10. A., Hlykun C. 1. 3arnasue. OcHOBBI aHATH3a
OHOTEeXHUYECKUX CHCTeM. ... Teoperudeckue octossl BTC :
yueOHOe mocobue st Bysos / YO. A. Epmos, C. U. LlykuH. -
Mocksa: Usn-so MI'TVY um. H. . Baymana, - 2011.- 527 c.

2 12 (3)

3aB. 0TAEIOM yueOHO! TUTepaTyphl % T.B. Kucenesa

Ilepeuenns pecypcos HH(OPMALHOHHO-TeIEKOMMYHHKAIIHOHHOM ceTH

((HHTCpI-lGT)& HCII0JIb3YEMBIX NIPH OCBOCHHH AACITHILJINHBI

No | j SJEéKTpOH_ﬁ-LIﬁ aapec
1 | http://sernam.ru/book _mm.php?id=6
[ 2 http://scicenter.online/ﬁlosoﬁya-nauki/modelirovanie-6584_O.htm1_
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Nudopmarnmonnsie TEXHOJIOTUH (OTIepallOHHBIC  CHCTEMBI, MPOrPaMMHOE
obecrieuenre obumero u CTICUHAM3UPOBAHHOTO HAa3HAYEHMsA, a TaKKe MH(POpPMAaIU-
OHHBIC CITPABOYHBIE CHCTEMbI) M MaTepUaTbHO-TEXHHYECKas 0a3a, HCIIOJb3YEMEIE
IIpH OCYUIECTBIIEHUHT 06pa30}33TeﬂBHoro nporecca Mo JUCUUILIAHE, COOTBETCTBYIOT
TPeOOBaHUAM (e/lepabHOTO TOCYJapCTBEHHOTO 00pa30BaTEIHLHOTO CTAHNAPTA BhIC-
1ero o0pa3oBaHusl.

Onucanue HH(bopMaquHHHx TEXHOJIOTUI U MaTepUalbHO-TEXHUYECKON 0a3bl
npusBefeHo B YMK]] nuCIUIIIUHEL.

KonkpeTHbie hopMEI 1 Ipoleaypsl TeKyIero KOHTPOIIS 3HAHWH U IPOMEXKY-
TOYHOH aTTECTALUM, & TAKXKE METOJMICCKUE YKa3aHWs ISl 00YYAIOMMXCS [0 Camo-

CTOATEIbHOW padoTe NMPU OCBOCHUM AUCIUTUIAH (conepxammecs 8 OOII) noBoxmsTcs

A0 CBEACHUS o6yqafoumxc;1 Ha MICPpBOM 3aHATHUH.

12
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