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AHHOTAIUS JMCIOUIIJIMHBI
«MATEMATHUYECKOE MOJIEJIMPOBAHUE
bUOJIOI'MYECKUX ITPOLIECCOB U CUCTEM»

JuCUUIIIEA Ipe/IHA3HAYEHA /I acUPAHTOB, OGYYAOMUXCS TI0 HarpasJie-
Hato 12.06.01 — «®oToHuKa, NPHGOPOCTPOEHHE, ONTHYECKHE M OHOTEXHHYECKHe
CHCTEMbL U TEXHOJOTUM». Jlucuumivna obecneynBaeT MpodhecCHOHATBHYIO TOJTO-
TOBKY acUpaHTOB 10 HampapieHHocT 05.11.17 — [puGopk!l, cucteMbr u u3menus
MEIUIIMHCKOro Ha3HAYEeHUS.

B nucnumuinne naetes kiaccuukaums o6beKTOB MOICINPOBAHHS, IIPUBOJISAT-
€4 MPUMEPLI MOZICIMPOBAHNS CTATHYECKHMX M JUHAMUYECKHUX, J€TEPMUHUPOBAHHbIX U
CTOXAaCTUYECKUX OMONOTUYECKHX IIPOLIECCOB M CHUCTEM, aHATH3a MOJeNeH B IeNIx
pa3pabOTKN METO/I0B UCCIIENOBAHUS 0OBEKTOB MOACIHPOBAHMSL.

M3yuerne qucuMIIIEbT HE0OX0AUMO AMist GOPMHPOBAHHS IPODECCHOHATBHBIX
KOMIIETCHIMH, HAIPAaBICHHBIX Ha pa3spabOTKy METONOB ¥ MHCTPYMCHTAIBHBIX

CPEZICTB ITPOBEAEHUS OMOMEIUITMHCKIUX UCCIIEI0BAHMIA.

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 discipline 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 of the methods and instrumental aids of the biomedical

researches.



HEJU U 3AJAYN JUCHUTIIUHBI

Ien usydennst AMCHUMILIAHBI — U3yYeHHe METONOIOTUN 1 TEOPETUHIECKHX OCHOB
MaTEMaTUICCKOro MOJCIMPOBAHUS ¥ (hOPMHPOBAHKE MPOPECCHOHANBHBIX HABBIKOB
10 pa3paboTke U UCCIETOBAHMIO MOeNeH GHOTOrMUeCKIX IIPOLIECCOB U CHCTEM.

3apaun AUCUMILINHDI

1. 3yuenne TeopeTHYEeCKNX OCHOB MATEMATHYECKOrO MOJEIUPOBAHUS OHUOJIO-
THYECKUX MPOLECCOB M CUCTeM, (POPMUPOBAHKE CHCTEMbl 3HAHUH, TO3BOJIAFOIIAX
Pa3paboTaTh METOABI MCCIETOBAHMS 0OBEKTOB MOJCIHPOBAHMS HA OCHOBE AHAJIHN3A
X MOJICJIEH;

2. OcBoeHHe METOJIOB OLEHKH aJeKBaTHOCTH MOJeNeis, (popmupoBaHue yMme-
HHSA, CIOCOOCTBYIONIErO IOBBILIEHUIO YPOBHS a[eKBATHOCTH MOIEJIeH GHOIOrHHe-
CKHUX IPOLECCOB U CHCTEM;

3. GopMHpOBaHKE HABBIKOB MCCIENOBAHMS MOJENEH GHONOIHYCCKIX nporiec-
COB U CHCTEM;

4. ®opMHpOBaHUE HABBIKOB HCCIIEOBAHUS 0OBEKTOB MOJIENIMPOBAHUA HA OC-
HOBE UX MOJIEJIEH.

B pesyibrare 0CBOCHHS AUCUMILIMHBI CTYIEHTHI HOJIKHBL:

3HATH:

- TCOPETHYCCKME OCHOBBI MATEMAaTHYECKOTO MOJEIUPOBAHUS OMOIOIHIECKHX
IIPOLIECCOB M CHCTEM,;

- KJIACChI MaTeMaTHYCCKHX MOJEIICH, UCTIONb3yeMBIX ISl MOJEMUPOBAHUS JTH-
HaMUYECKUX W CTAI[MOHAPHBIX ITPOIIECCOB U CUCTEM;

- 6a30BbIe MOJIENHN, UCIIONB3YEMBbIE IS MOJEIUPOBaHUS OMOIOTHYECKUX TIPO-
L[ECCOB M CHCTEM;

yMeThb:

- 000CHOBAHHO BEIOMpATh  BMJ MONENM [UId TPOBEACHHS  MEIHKO-
OMOIOTHICCKIX MCCIIe0BaHU;

- OLCHUBATh a[IeKBATHOCTh Pa3padaThiBAEMbIX MOJIEIeIH;

- MCCIIEI0BATh CBOWCTBA MOJEIUPYEMBIX IPOLIECCOB M CHCTEM C HCIIOIH30BA-

HHEM KOMIILIOTEPHBIX TGXHOHOFHﬁ;



BJIAA€CTD:

- HaBbIKaMH pa3pa60TK1/I METOAO0B UCCIEIOBaHNA OHOJIOTHYECKUX IpoUeCCOB U

CHUCTEM Ha OCHOBE aHalln34a UX MOI{GJ’ICfI;

- METO/[aMU ITOBBIICHHS YPOBHSA a1€KBATHOCTH Pa3padOTaHHbBIX MOJIENTEH.

Ilepedenb xommeTeHIHMi, B GOPMUPOBAHIH KOTOPHIX YUaCTBYET AUCLHTLINHA,

IIPUBEICH B MaTPHUIIe KOMIIETEHIUH, ipunaraemoii k OOI1.



MECTO JUCHUIIJIMHBI B CTPYKTYPE OOII

Hucnunnuna «MaremaTndeckoe MOJICJIMPOBAHUE OUOJOIMYECKUX IIPOLECCOB U
cucTeM» OTHOCHUTCS K BapuatripHO# yact OOIL.

JIUCIMIIIMHA N3YYaeTCsl Ha OCHOBE paHee OCBOEHHOM JMCLMILIHHBL y4eGHOTO
nnana «MeTpoornueckuil aHaTH3 HayYHEIX UCCIIEI0BAHMID, 06ECIeIHBACT:

n3yqende nocjieayomen aucuumanabl «[IpuGopel, cucTeMs! u m3nenus Me-

AULIMHCKOI'O Ha3HAYCHU A,

npoxoxyuenne «llenarorudeckoit mpaxruku» n «HaydHo-OpraHH3alOHHOMN

IMPpaKTHUKH,

NOATOTOBKY BBHINYCKHOH KBAaJHMPUKAIHOHHONH paboThI.
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COJEP)KAHME JUCIUATLIAHBI

Beenenne (1 akamem. yac)
[lpenMeT AuMCHUIUIUHEL, ee 3amaun. Ponb MOJIEIAPOBAHUS TIPU TPOBEIECHUH

6I/IOMGI[I/II_[I/IHCKI/IX UCCJIEIOBAHUI. CprKTypa N COACPXKaAHUA OJUCHUIIJIMHBI U €€

CBs3b C APYTHMHU JUCUHUILIMHAMU yqe6H0r0 I1aHa.

Tema 1. OcHoBHbBIE XapaAKTEPHCTHKH GHOJIOTHYECKHX IIPOIECCOB H CHCTEM
(14 akamem. 9acoB)

OcobeHHOCTH GHONIOrMUYECKOTO MIpoliecca | CHCTEMBI KaK 00beKTa HcclegoBa-
nus. HenwnelHocTs mponeccoB. JuHamMUUecKue CBOWCTBA rpolecca U CHUCTEM.
ANTanTUBHOCTD M CAMOPEryITUPYEMOCTh OMOJIOTHYECKUX CUCTeM. Polib ToMeocTasuca
B NIESATEbHOCTH OMOJIOrHYecKol cucTeMbl. Mepapxuueckas CTpyKTypa GHOIOrMYe-
Cko#l cucreMbl. DaKTOPBI, BIUSIOIINE HA COCTOSHHUE CUCTEMBI M IPOLECCHL. DHJIO-

reHHbIe (aKTOPbI. JK30TCHHBIE (haKTOPEL.

Tema 2. MoaennpoBanne o0beKkTa HAYYHOro mccjemnoBanus. (16 axajgem.
yac)

Monemposanne 00bEKTa HCCeIOBAHUS KaK ClI0c00 U3y4eHUs ero CBOUCTB U
noseienns. CrnocoObl onucaHus 0ObeKTa HAyqHOTo HcchlenoBanms. Knaccuduxanms
MoJieNiel. AIEKBaTHOCTL Mogenel. [IprHIu T03TarHOro MOAEIUPOBAHHUS [IPOLIEC-
COB M CHCTeM. Ponb MaTeMaTH4ecKoro MOIEIMPOBAHKS NPU IPOBEJEHNN HAYIHOTO

skcrepumenta. Kiraccudukamus MaTeMaTHYeCKUX MOJIEIIel.

Tema 3. MaTemaTnyeckoe MoJeTHpPOBaHHE I€TEPMUHHPOBAHHBIX 0HOJI0-
rUYecKuXx npoueccos cucrem. (16 akagem. gac)

Mopenuposanre AMHAMUYECKUX CBOHCTB OUOJOTHYECKUX IPOLECCOB U CHC-
TeM. Omucanue JUHAMHUYECKUX CBOMCTB C WCIOJb30BaHWeM aupdepermalbHbIX
ypaBHenui. Beibop Buga audepeHnuaibHoro ypaBHeHus. YpaBHEHUS B YaCTHBIX

IMPON3BOAHBIX. Hcnons3oBanue HHTEIpaJIbHBIX ypaBHeHI/Iﬁ OJI OIIMCAaHUsA ITpoLecC-
7



cos. Mcronp3oBanue anmnapara TEOPHH aBTOMATHYECKOTO YIIPABICHUS IS ONUCAHMS]
JUHAMHYECKHUX MPOLIECCOB U cucTeM. Menomnb3oBanue amnmapara JUHeHHOU anreOpsl
JULSL OTIUCAHUS TIPOLIECCOB U CHCTEM,

MopnenupoBaHue CTaTHYECKUX CBOMCTB OMOJIOTMYECKUX MPOLECCOB U CHCTEM.
Hcnons30Banye anmapara JUHEHHON anreOphl 171 ONMHCAHUSA CTATUYECKUX CBOMCTB.
Hcnonp3oBanue HH(b(bepeHuﬁaanmx YPaBHEHUH ¢ HE3aBUCUMBIM OT BPEMEHU apry-

MCHTOM.

Tema 4. MaTeMaanéCKoe MO/JEJIMPOBAHHE CTOXACTHYECKHX OHOJIOrHYe-
CKHMX IIpOLeCcCOB U cucTeM. (14 akagem. 4acoB)

MogenupoBanue HeCTauI/IOHapHLIX IpoleccoB U cucteMm. Mcnonb3oBaHue arn-
Imapara TEOPHMH CIIyYalHBIX Mpoleccos. Mcnonb3oBanue MapKoBCKOro Iponecca s
OTIMCaHUs HEeCTAUMOHAPHBIX TpolieccoB. Vcronp3oBaHue amnmnapaTra TEOPUH aBTOMa-
ToB. Mcnons3oBanue audpepeHIiuatbHbpIX YPaBHEHIH B BEPOSTHOCTHBIX XapaKTepH-
CTHKaX.

Onuncanne cTallMOHAPHBIX OMOJIOTHYECKUX MPOLIECCOB U CUCTEM.

Hcronp30BaHUe anmnapara TeOpHH BeposTHOCTH. ONUcaHue MPOLECcCOB M CHC-
TEM C WCIIOJIb30BaHWEM armrmapara teopun nHdopmainu. Vcronp3oBanue ammapara

TEOPUHU JIUHEHHOU anreOpsl. |

Tema 5. Onenka ageKBaTHOCTH MaTeMaTH4YecKHX Mojeseit. (20 akajem.
4acoB)

ObocHoBaHUEe BBIOOpPA YPOBHS aJeKBATHOCTH pa3pabaThIBACMBIX MOJIEIICH.
CBsi3b ypOBHSl alIeKBaTHOCTU HCHOJIb3yeMBIX Mojeneil ¢ 3amaueil JUArHOCTUKU U
Ki1accu(UKaluyu COCTOSTHUS OMOJIOTHYEecKOro Ipoliecca U cucreM. Kpurepuu ajek-
BaTHOCTHM MaTreMaTHYeCKHX Mojened. Meroguyeckue MNOAXOAbl K OIEHKE YPOBHS

AIE€KBAaTHOCTH MAaTEMaTHUYCCKAX MOJICIICH.

Tema 6. Ilpuk/iajHbie BONPOCHI MATEMATHYECKOI0 MOAeTUpoBaHusl. (26

aKaJieM. 9acoB)



IIprmepsl MOCTPOEHUST MaTEMaTHYECKUX MOJIeIeN ITPU MCCIEA0BAHUY GHOO-
THYECKUX MPOIECCOB M CUCTEM. MaTeMaTudecKoe MOAENUPOBAHNE PaBOTLI CUCTEMBI
ABIXaHUA YenoBeka. MatemaTyeckoe MOACIMPOBaHUe paboThl 3pUTENBHOM CHCTEMBI
yenoseka. MareMaTHYecKoe MOASIHUPOBAHAE PA3BUTHS W PACIIPOCTPAHEHHS HHEK-
IMOHHBIX GosesHed. MaTemaTrdeckoe MOAeIUpOBaHKe (yHKIEOHUPOBAHMS OIOP-
HO-ABUTaTEJILHOTO arrapara ﬁeHOBeKa.

3axmouenue (1 aKazem. Jac)

[TyTr coBEpIIEHCTBOBAHUS MOACIUPOBAHUS GHOJIOTHYECKUX MPOIIECCOB U CHC-
teMm. Mcnons3oBanve KOMHBI(i)TepHBIX 1 MH(MOPMAMOHHBIX TEXHOJIOTHH IIpH MOIe-

JIMPOBAaHKUU OMOJIOTHIECKUX HpOHeCCOB H CUCTEM.



YYEBHO-METOJNYECKOE OBECITEYEHUE AUCHUITJIMHBI

Ilepeuens ocnoBHOIl H JONOARATENBLHON YUeGHOT JINTEPATYPhl,

HEeOOX0IUMOM /I OCBOEHUS AN CIMILIHHbI

HazBanwe,
bubnuorpaduyeckoe onucanme

Cemectp

K-Bo 3xk3.
B OMOJI.

(Ha xad.)

OcHoBHas nuTepatypa

llonieunrenes E.JII. YenoBexk B GUOTEXHHYECKOL CUCTEME

[Texcr]: yueG. mocoGme i1 By30B MO HAIpaBIEHHUIO
"buorexH. cucreMbl U Texaonorun"/ E.IL IlomeuyuTenes. -
Crapsiit Ockoi. M3n-so THT, 2016. - 584 c.

5(2)

Kopenesckuii H.A., Tlomeuntenes E.II. Buorexuuueckue
CUCTeMbl ~MEIAMUMHCKOrO  HasHaueHms [Tekcer|: yue6.
mocobue A BY30B MO HANpaBlieHHIo "BHOTeXH, cHCTeMBl U
rexHosorun"/ obmosxka: Ilep. IN'ox uznanwms: 2016.- 688 c.

5(1)

Kopenescknit H.A., [Ongames 3.M., Cxonur JI.E. TIpoek-
THPOBaHHEe OHOTEXHUYECKUX CHCTEM MEIHIIMHCKOTO HA3HA-
qenus. Crapeii Ockon.: THT, 2017. 215 C. I'pudp YMO.
30(2) ax3eMILIApOB.

30(2)

Kopenesckuit H.A. IOnnames 3.M. IIpoekTupoBanue GHo-

TCXHUYECKUX CHCTEM MEJUIIHHCKOr0 Ha3HAUECHUS. CpeI[CTBa

OLIEHKU COCTOSIHUS OHMO0OBEKTOB. Crapeiit Ockon.: THT,
2017. 455 C. I'pud YMO. 30(2) sxk3eMmispos.

30(2)

Kopenesckuit H.A. IOngames 3.M. [IpoextupoBanue Gro-
TEXHAIECKUX CHCTEM MEUIMHCKOro Ha3Hadenus. CpencTna
BO3/ieicTBIs Ha 61000BeKT. Craphlit Ockod.: THT, 2017.
319 C. T'pud YMO. 30(2) sk3emmsipos.

30(2)

[lomeuntenes  E.II.  Cucremubii  aHamms  MemuKo-
OHOJOTHYECKUX HCCIIeA0OBAHMI [Texct]: yueb. mocobue mis
BY30B I10 HAIIPABIIEHUIO "BHOTEXH. CHCTEMBI U TEXHOJIOTHUA",

|Crapeiit Ockon. M3y-so THT.- 2014. 418 c.

7(2)

Yerioxkannn, B. A. MogenupoBaHiie GHOTEXHUIECKUX CHC-
reM [Texer] : yueb. mocoGue s By30B 110 HAIIPABICHUIO
"buotexH. cucreMsl 1 Texaonorun” / B. A. VYerroxanun, U.
B. SIxosnesa. - Crapsiit Ockon : THT, 2014. - 215 c.

4(0)

buotexunueckue cucremsr [Kommurext]: yue6. noco6ue / [I1.
W. Hapepro [m ap.]. - CII6.: Usn-so CIIGIDTY "JIDTU",

2014.- 114 c.

31 (1)
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bepesun C. SI. OcHOBBI KUOEPHETHKY ¥ YIIpaBieHue B OHO-
JTOrMYECKMX ¥ MEAULUMHCKUX cucTemax [Tekct] : yueb. mo-
cobue Ui By30B 110 HanpasiaeHuio "bHOTEXH. CUCTEMbI U
texHosoruu" / C. S1. Bepe3I/IH Crapsiit Ockon : THT, 2014,
- 243 c.

3 (0)

I[QHOJIHHTGJIBH&S{ JIUTEPATYpPA

brorexuuueckue cucremsl [Tekcr|: yueGHoe mocobue / [I1a-
nepro I1. M., Cageixosa E. B., Cysopos H. B., IOnzgames 3.
M.]; MunoOpuayku Poccun, Cankr-IletepOyprekuii roc.

piekTpoTexnudeckuit yu-t "JIOTH". - Canxr-IletepOypr :
Wsn-so CIIGIDTY "JIDTU". — 2014. - 114 c.

71 (0)

Kopenesckuit H.A., [Toneuurenes E.I1. Buorexunueckue
CUCTEMbI MEIUIUHCKOro HazHaueHus. Crapeiid Ockour:
«ToHkne HAYKOEMKHE TeXHOJIOTHIY, - 2013, -

5 (1)

Epmios 10. A., Illykun C. . 3arnasue. OcHOBBI anajmusa
OMOTEeXHUUECKHX CUCTeM. ... Teoperuueckue ocHoBsl BTC :
yaeOHoe nmocobue ais By3oB / 10. A. Epmos, C. W. Illykus. -

Mocksa: M3n-so MI'TY um. H. B. baymana, - 2011.- 527 ¢,

12 (3)

3aB. OTAEIIOM Y4eOHOU TUTEpaTyph /éc Ty T.B.

11
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VHbopMalMOHHbIe TEXHONOIHH (ONEPALMOHHbIE CHCTEMbI, POIPAMMHOE
obecrieueHne oOLIETO U CHEUMATU3UPOBAHHOTO HA3HAYCHMUS, a TaKKe uHbopMaIy-
OHHbIE CNIPABOYHBIC CHCTEMBI) U MaTepHANbHO-TEXHHYECKas (a3a, HCIONb3yeMble
TMPU OCYIIECTBIEHUH 00pa30BATENLHOTO MPOLECCA 110 JUCIUILTHHE, COOTBETCTBYIOT
TpebGOBaHUAM (elepaTbHOro roCyIapCTBEHHOTO 06Pa30BaTeIbHOTO CTaHAapTa BBIC-
ero o0pa3oBaHus. |

Onmcanne HHGOPMAIIMOHHBIX TEXHONOTHHA M MaTepHAIbHO-TEXHIIECKON 6a3hl
npusefeno B Y MK/l nuCIUILIHHEL

Koukperhbie hopMeI " IIPOLEAYPBI TEKYIIEr0 KOHTPOJIS 3HAHUHM U MPOMEXKY-
TOYHOH aTTECTAIlUHU, a TAK)Ke METOJNYECKUE yKA3aHMs s 00YUAIOMUXCS O CaMo-
CTOATENBHOM paboTe IIpH OCBOSHUH NUCLMILIMH (comepxamuecss B OOIT) moBoasTest

A0 CBCACHUA O6yanOIIII/IXC}I Ha IICpBOM 3aHATHH.
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