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AHH O TArIr4rr trrlcr\vrrrr4Hhr
(MATEMATI4IIECKOE MONENZP OBAHI4E

EI4OJIO|ZTIECKIIX ilPOUECCOB 14 CpICTEM>

lzcqznll4Ha nperHa3Har{eH a rnfl acrrr4paHron, o5yvarcqr4xcr rro HarrpaBne-

HI4I0 12.06.01 - <@oroHI4Ka, uprz6opocrpoeHr4e, orrrr{qecKue v 6zorexuuqecKr,re

cI4cTeMbI 14 TexHoJIorI4I4)). lacqzunzna o6ecrerll4Baer npo$eccaoHanbHyro noAro-

ToBKy acnHpaHToB IIo HarlpaBneHHocrr4 05.11.17 - llpzSoprr, cr4creMbr vr Lrcrenprfl

MeAI4UTTHCKO| O Ha3HaqeHIZ_S.

B 4zcqunJllrHe Aaercs r<naccuQzKarlr4q o5rerron MoAenr4poBaHr4fl., npr4BoAf,T-

cs npuMepbl MoAenLrpoBalJufl crarr4r{ecKLrx Lr nkrHaMr4qecKr4x, AerepMl4Hr4poBaHHbrx 14

croxacrl4rlecKl,Ix Suororz.IecKl4x rlpoqeccoB r4 cnoreM, aHaJrr43a MoAerefr e Uen.qx

p a: p a6 orKZ M eroA o B r.rc cneA oBanprfl o 6t e Kro e M oA eJrr4p o BaHvrfl .

Vlzyueuue AncrLvlrrnLruu ueo6xoAr4Mo 4nx SopnrtrpoBaHvrfl npoSecczoHaJrbHbrx

KoMilereHIII4Z, HaIrpaBneHHbIX Ha paspa6orrcy MeroAoB vr r4HcrpyMeHTaJrbHbrx

cp eA crB np o B eA e H ux 6uotteA r4rlr4 H cKr4x 14 c c JreA o r,aHuir.

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 05.1 LI7 - 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.



rlErrr r4 3AAAqn trmcrlr4rrrr4Hbr
Ife.rru rr3rreHl{fl Ar'IcqurIJrIrIrbI - rty{eHr4e MeroAoJrorv. v reoperr4qecKlD( ocHoB

MareMarl'IqecKoro MoAenvpoBaHkrfl Ia QopvrvpoBaHl4e npoQecczoHaJrbHblx HaBbrKoB

IIo pa3pa0orKe 14 I4ccJIeIoBaHI4ro tuo4enefi Snororz.{ecKr{x ilpoqeccoB r4 cr{creM.

3aAa qu ArrcurrrrJrrrHbr :

1. I4syueHI4e reoperl{qecKnx ocHoB MareMarr4r{ecKoro Mo4enr4po BaHr4fl 6zoro-
rI4rIecKI4x npoqeccoB I{ cl4crenl, Soptu4poBaHze cr4creMbl zuamvril no3BoJlrrrcIur4x

pa3paoorarb MeroAbI LtccJIeAoBaHI4f, o5rexros Morenl4poBaH:zfl Ha ocHoBe aHalrzr3a

ux rrlo4elefi;

2. OcsoeHl4e MeroAoB oIIeHKI4 aAeKBarHocrr4 ruo4erefi, SopurapoBaHr{e yMe-

HI4-f,, cllocoocrByloqero rroBbIIrIeHI4ro ypoBH,s aAeKBarHocrr4 uo4elefi S2onor[.re-

cKLIX npoqeccoB 14 cI4CTeM;

3. @opuzpoBaHlae HaBbIKoB l4ccneAoBaH:zrfl uo4enefi Sr,ronorz.recKr4x ilpoqec-

AOB I4 CI4CTEM;

4. @opurapoBaHl4e HaBbIKoB I4ccJreAoBaH:zfl o6rercros MoAenupoBaHLrfl Ha oc-

HoBe zx trolelefr.

B pe:yntrare ocBo eHLrfl A'rcr\vilnLrHbr cryAeHTbr Aonx{Hr,r:

3HATF,:

- Teoperl{rlecKue ocHoBbI MareMarr4qecKofo MoAenl{poBaHtrfl, 6urororrzqecKr4x

rpoqeccoB r{ cvcTeM;

- KJraccbl MareMarI4qecKI{x uo4elefi, zcnoJrb3yeMbrx Antr MoAenr{poBaHr4 fl nr4-

HaMr4qecKkrx v cTarJr,roHapHbrx IlpoqeccoB r4 ckrcTeM;

- 6agosrte MoAeJII4, I4cnonmyeMbre rn.s MoAerrzpoBaHr4-s 6uorou4rrecKr4x npo-

IIeCCOB I4 CI,ICTeM;

yMeTb:

- oSocnoeal{Ho nudzparr BvrA MoAenu Anfl rrpoBeAeHr4r MeAr,rKo-

6zoro rz.IecKr{x 14 ccneAoB auuit:

- oqenrzBarr, aAeKB arHo crb p azp a6 atbrB aeMbrx uoAelefi ;

- I4ccJIeAoBarr ceofrcrBa MoAenl4pyeMbrx npoqeccoB r{ cr4creM c r4crroJrb3oBa-

Hr4eM KoMrrblorepHblx rexnolorzfi ;



BJIANETb:

- HaBbIKaMer pa3pa6orKI4 MeroAoB rlccneAoBaHr4r 6uonoru.recKr4x rrpoqeccoB r4

cr4creM Ha ocHoBe aHaJrvr3a zx nao4eleft;

- MeroA aMI{ rlo BrIIIT eHLrfl yp o BHs aA eKB arHo crr{ p a3p a6 oraHHbrx MoAenefi .

flepe'reur KoMrlereHqrafi, n SopuupoBaHr4vr Koropbrx yqacrByer Ar4crlr4rrrrkrHa,

rrpzBeAeH B Marplrqe KoMrrereutlvtit, rrpr4naraenaofi r OOil.



MECTO Ar4crlr4rrJrrrHhr B cTpyKTypE oorr

{racqznnuna <MareMarr.qecKoe MoAeJrr,rpoBaHr,re 6uororuqecKr4x rrpo'IeccoB r4

cr4creM )) orH o cr4Tcs K Bapvrarr4nu ofi qaaru O O|I.

flzcquunLrHa L3I9raerct Ha ocHoBe paHee ocBoeHHoit gucqurtJrr4Hhr yre6noro
rIJIaHa <<Merponofl{rlecKl4it auarruz HayqHbIX I{ccneAoB auuit>>,o6ecue.rzBaer:

n3yrreHue rlocJreAyroqefi gucqurlJrlrHbr <llpu6opbr, cr4creMhr rr z3AeJrr4r Me-

Arrru4 HcKof o Ha3HaqeHr4r>).

trpoxolltAeHrre <<lle4aroruqecrofi npaKrLIKLr>> Il <<HayrHo-opraHzsaquonuoft

IIpaKTr4KI4)>,

rroAroroBKy Bbrrrycr(Iroft rcna.nuQuKarlrroHHofi pa60rrr.



c oAE PlnAHr4E trVrflryrfrJrr4Hbr

Beegeuue (1 arca4evr. uac)

flpe4nrer AHcIIuIJII4HbI, ee 3araltu. Pom MoAenupoBaHkrfl rrpz npoBeAeHqr4

6uoue4zql4HcKl4x I4ccneAoB arruit. Crpyrcrypa v ooAepxaHr{-f, Ar{crlr4nnr{Hbr Lr ee

cB.rr3b c Apyrr4Mr4 ALrc\utrrrr4Hav'tr yve6uoro rrJraHa.

Teua 1. OcHosHbIe xapaKTepl{crr{rcu 6lrororr{qecKr{x [poqeccoB r{ crrcreM

(14 ar<a4err,r. uacon)

Oco6euuo clu 6uotorl4rlecKoro npoqe cca v cr4creMbr rcax o6reKTa r,rccJreAoBa-

Hkrfl. HenuuefiHocrb rlpoqeccoB. lr,ruauzvecKr4e csoficrsa [poqecca u cr4creM.

A4anrzenocrl 14 caMopefynrrpyeMocrr 6uonofllqecKl{x cr4creM. Portr roMeocra3llca

B AerlrenbHocrl{ Sv ororu.Iecrofr cl4creM6r. VlepapxwrecKa-s crpyKTypa Sraonorzqe-

cxoff cl4creMbl. Oaxropu, BJll{.flrorqr4e Ha cocro.rrHr4e cr4creMbr 14 npoqeccbr. 3n4o-

reHHbre $arropr,r. 3r<soreHurre Sar<ropu.

Teua 2. MoAelrtpoBaHlre o6rercra HayrrHoro r{ccJreAoBaHuq. (16 aKaAeM.

uac)

Mo4enupoBaHl4e oSter<la zccneAoBaHLrfl KaK cnocoS zsyveru4r ero ceoficrn u

noBeAeHlr-f,. CuocoSrr onzcartus o5'beKTa HayqHoro r4ccneAoBaHr4fl. KnacczsprKarlvfl

uo4elefi. A4ernarnocrb MoAelefi. llpuuqun [oorarrHoro MoAerrvrpoBaHr4fl npoqec-

coB I,I clrcreM. Polr MareMarl4r{ecKofo MoAenr4poBaHvrfl rrpla rrpoBe1eHzrkr HayrlHoro

oKcnepzMeHTa. Knaccz$ vKar\krfl MareMarr.rqeoKrrx uo4elefi .

Teua 3. MarevrarlrqecKoe MoAeJrrrpoBarrue AerepMr{rrupoBaHnrrx 6uoro-

ruqecKr{x [poqeccoB crrcreM. (16 arca4enr. uac)

Mo4envpoBaHlre rvrHaMuqecKr4x ceofi crn Srzororu.{ecKr4x npouecco B kr cr4c-

TeM. Onucauze Apr:uav^vrqecKl{x ceoficrs c r4crroJrb3oBaHr{eM az$SepeHrlr4aJrbHbrx

ypaBHeHl4fr. Brr6op Bkrl.a az$SepeHrlr4anbHoro ypaBHe:rrtrfl. VpanneHr4fl B rracrHbrx

rIpoI43BoAHbIX. I4cnolrgoBaHl4e IulHTerpaJrbHbrx ypaBHeHr4fi. p.tts orrr4ca:unfl npoqec-



coB. ZcnoJrb3oBaHl4e alnapara reopl4rr aBToMarl4rlecKoro ynpaBneHnfl. [nfl orvraaHkrfl

AI4HaMI4tIecKrIX npoqeccoB r{ cr{creu. Zcuolb3oBaHr4e ailnapara nuuefiHofr anre6pu

Anfl orrr4caHkrfl llpoqeccoB r4 cr4cTeM.

Mo4enzpoBaHl4e crarl,Iqecrrax csofrcrn SzororkrqecKr{x npoqeccoB r4 cr4creM.

IzlcnorrsoBaHlre aililapara rIauefruofi arreSprr An-s orruca:nvrfl. crarutrecr<zx cnoficrs.

ZcuomsoBaHl4e an$SepeHlll4anbHbrx ypaBHeuuir. c He3aBr{cr4MbrM or BpeMeHrr apry-

MEHTOM.

Tema 4. MareruarrrrrecKoe MoAeJrrrpoBaHrre croxacrrrqecKrrx duoiloruqe-

cKux [poqeccoB rr crrcreu. (14 aKaAeM. uacon)

Mo4enzpoBaHl4e Hecralll{oHapHbrx npoqeccoB rr crrcreru. Zcnorb3oBaHkre arr-

ilapara reopl4l4 cryvafrurtx [poqeccos. ZcnoJrb3oBaHrre MaprconcKoro npoqecca An-fl

orrvrcarrLrfl He crarlr4oHapHblx ltpoqeccoe. I4cnorb3oB aHr4e ailnap ut a reopuu aBToMa-

ron. I4cnoJIb3oBaHHe auS$epeHrlr{anbHbrx ypaBHeuuir, B Bepo-q HocrHbrx xapaKrepr4-

CTI4KAX.

Ortuc arrve craIII{o HapHbrx SzoronaqecKux rrp oqe ccoB 14 cr{creM.

ZcuonrsoBaHrle anlapara reopr4r4 Bepo-f,THocrz. Onraaa:aLre npoqeccoB vr avc-

TeM c r{crroJrb3oBaHueM anilaputa reopult zn$opnra\uu. VIcrtonb3oBaHure anilapara

Teopr4rr ruHefinofi arre6prr.

Tevra 5. Oqeurca aAeKBa'rHocrrr MareMarr{rrecKrrx uro4e.uefi. (20 aKaAeM.

qacos)

O6ocHoeaune nr,r6opa ypoBH.rr aAeKBarHocrr.r pazpaSarbrBaeMbrx uo4erefr.

CBssr ypoBHfl aAeKBarHocrt4 l4cnonb3yeMbrx l,ro4erefi c 3aAarrefi ArzaruocttrKr4 rr

xnaccn$zKalll4rl cocro.sHl,ls SuonoruirecKoro rrpoqecca n crrcreM. Kpurepvu a4.eK-

BarHocrrr MareMarr4rrecKrrx l,roAerefi. Mero4uuecKr{e noAxoAbr K orIeHKe ypoBH-s

aAeKBaTHO CTI4 MaTeMaTLIqeCKI4X tuO.Uelefr .

Terua 6. IlpurcJraArrbre Borrpocbl

aKaAeM. vacoe)

MareMaruqecKoro MoAeJrr.{p oyaruun. (26

8



flpuueprr no crpo eHrrf, MareMarr4r{e cKr{x MoAen efi npu v ccneAo B aHwkr 6raono -

rllrlecKl4x rlpoqeccoB I{ cr4creu. Marevrarr4rrecKoe MoAenrlpoBaHr4e pa6ornr cr4creMbr

1.brxalntrfl. rreroBeKa. MareruarurrecKoe MoAeJrr{poBaHrle pa6oru 3prlTenbHofr czcreruu

rrenoBeKa. Mareuarr{qecKoe MoAenzpoBaHr4e pa3Bzrrr4fl r{ pacnpocrpaHeHrr.a urnQerc-

rlr4oHHbrx 6oregnefi. Mareuau{rrecKoe MoAenr'rpoBaHr4e SynxqnoHllpoBaHlr[ onop-

HO -ABI4| aTeJIbHOf O annapAT A rIeJIOBeKa.

3ar<nro.reHue (1 ara4eu. vac)

flyrra coBeprxeHcrBoBaHr4r MoAenr4poBaH:zfl.6zororz.recKr4x rrpoqeccoB vr cva-

reu. ZcnoJrb3oBaHpre KoMrrbrorepHbrx z raH$opvrarluoHHblx TexHoJlorufi npl4 MoAe-

nrrpoBaHr{rz 6 uorot-I4qecKr4x rrpoqe cco B rr crrcreM.



YqE R H O - M E T OAI4qE C K O E O E E C IIEII E H ITF' IVICIII4IIII,IHbI

IlepeueHb o cHoBHofr u AorroJrHr,rrelrnofi yue6 uofi Jr r{Teparypbr,

ueo6xoguvrofi gln ocBoenuq Arr rlurrJrr{Hbr

J\b
Hasnauze,

5 u5nzo rp a$Huecr<o e orrrzcaHr4e
Cenecrp

K-no er<s.

n 6w6n
(na rca$.)

OcuosHa-{ nzreparypa

I

llone.rureren E.lI. Veloner B 6raorexHrz.recKofr cr4creMe

[Texcr]: yve6. noco6ue l,nfl By3oB rro HarrpaBJreHr4rc

"Br4orexH. cr{creMbr r4 TexHoJrorkrkr"l E.lL lloneqrrrerreB. -

Crapufi Ocron. Zsn-no THT, 2016. - 584 c.

2 s (2)

2

Kopeuencrrzfi H.A., lloueqzreree E.lL EprorexnzqecKkr€
cr4creMbr MeAr4rlr{HcKoro Ha3HaqeHr.r-s fTerccr]: yveS
noco6ue An-rI By3oB rro HalpaBneHl4ro "Buotexu. cr4creMbl Iz

rexHoJroruu"I oSrroxr<a: llep.fol v31aHkrfl 2016.- 688 c.

2 s (1)

a
J

Kopeuencrczfi H.A., IOl4auree 3.M.,
rrrpoBaHr're 6uorexHrlqecKr4x cl4creM
qeHnfl. Craprrfi Ocr<on.: THT, 2017.
30(2) oK3eMrrnrpoB.

Cronnn {.E.
MeAr4qr4HCKOfO

215 C. fp"Q

llpoer-
Ha3Ha-

vMo 2 30(2)

4

Kopeuencrzfr H.A. IOnAaruee 3.M. llpoer<rzpoBauze 6rzo.

IexFIHrIeCKr4X CI{CTeM MeALIqI4HCKOI O Ha3HaqeH Ut. cpegCrne

orIeHKr4 cocro.sHr4fl Svoo6rerros. Craplrfr Ocr<ol.: THT
2017. 455 C. fpz$ yMO. 30(2) sK3eMrn-f,poB.

2 30(2)

5

Kopenencrrafi H. A. IOnAauree 3 . M. llpo er<rvrpoBaHr{e 6uo -

TexHr4qecKkrx cr4creM MeAr4rlr4HcKoro H€BHarIeHzx. Cpe4crna
nos4efrcrBnflHa 6zoo5teru. Craprrfi Ocr<on.: THT, 2017.
319 C. fp"$ yMO. 30(2) oK3eMnnrpoB.

2 3o(2)

a
J

flone.rureres E.lL Cucretrurrfr a:e'arrLrs MeaHKo-
Srzororz.recKr4x r4ccneAoBalnuit fTexcr] : yve5. nocoSze 4rt-r
By3oB no HanpaBJIeHZIo "Buotexu. cl4creMbl Ir rexHorofur4"
Craprrfi Ocrcon. I,1:4-no THT.- 2014.418 c.

2 7 (2)

4

Yctoxauzu, B. A. Molenr4poBaHr{e SzorexnuqecKr4x cr4c-

reu fTencr] : yue5. uoco6rae An-rr By3oB rro HanpaBJreHr4ro

"Er4orexH. crrcreMbr r4 TexHolorr4u" / B. A. Vcrroxanuu,IL.
B. llxoereBa. - Crapufi Ocr<ol : THT, 2014. - 215 c.

2 4 (0)

5

EuorexuprqecKl4e cllcreMbr fKonannerr]: y.re6. noco6ue / FI
W. llasepno [u Ap.]. - ClI6.: Zs4-eo ClI6f3Ty "JI3TI4"
20f4. - lI4 c.

2 31 (1)

10



6

Sepe:zH C. fl. Ocnonrr rz6epuernKkrkryrrpaBneHrze s 6uo-
TIO|I4IIECKI{X I4 MEAI.IIII4HCKI4X CT4CTEMAX [TEr<Cr] : YUE5. rrO-
;o5ze An.fl By3oB rro HanpaBJreHr4ro "EuorexH. cucreMbr r4

texHoJroruu" I C. fl. Bepe:nu. - Craprrfi Ocrol : THT, 2014.
-243 c.

2 3 (0)

NonomrurerbHa-fl nr4Tep aryp a

I

SuorexuzqecKr4e cr4creMbr fTerccr]: yvedHoe uocoSze I ltla-
IepHo n.I4., Ca4urona E. B., Cynopon H. 8., IOn4auren 3,

U.]; MznoSpHayKr4 Poccuu, Caur<r-llerepSyprcr<2ft roc
)neKrporexHr4qecKr,rfi yn-r "JI3TI,I". - CaHru-llerep6ypr :

[4sa-so ClI6fSTy "JI3TI4" . - 2014. - Il4 c.

2 71 (0)

z
Kopenencr<ufi H. A., llouevzreJreB E. IL EzorexHrzqecKr{e
lr{creMbr MeAr4rlr4HcKoro Ha3HaqeHux. Crapufi O cr<on :

rTonr<rze HayKoeMKr4e rexHoJroftrrr4)), - 2013. -
2 s (1)

3

Epruon IO.A., [I{yr<zn C.14.3auanue. Ocuonrr aHarrkr3a

5zorexnuqecKr4x cr{creM. ... TeoperzqecKr4e ocHoBbr ETC :

yve6uoe uoco6ne Arr.rr By3oB / IO. A. Epruon, C.Vl.II{yruH.
MocKsa: Izlsa-no MfTy zvr. H. 3. Bayrvrasa. - 20II.- 527 c.

2 12 (3)

3an. or4erovr yue6uofi nzreparypbr {r"** T.B. KzceJreBa

1i



lrepeveHb pecypcon uusopMaruroHHo-TeJreKoMMyHr{KaquoHHofr cerrr

<<r4nrep ner)>, n c[oJrb3yeM brx r' p u ocBoeH rr r{ A r{ cqu rrJr r{H br

tr4n$opuaqLloHHhre rexHoJIorI4I' (onepaquoHHbre cr{creMbr, npolpaMMHoe

o6ecre'reurae o6qero rr cneqz€Lnl{3llpoBaHHoro Ha3H a.ve:ar4fl., a TaKx{e znQoprraaqz-

oHHhre cnpaBoqHbre cI4crevGr) z Marepl4€ulbHo-TexHr4qecKar 6asa, r4crroJrb3yeMbre

npu ocyqecrBJreHllIl o6pa:oBareJlbHoro npoqecca no qnc\vnnnHe, coorBercrByror

rpe6onauraxu Se4ep€ulbHoro rocyAapcrBeHHoro o6pa:onareJrbHoro oraHAapra Bbrc-

rlref o oopa3oBaHr4_rr.

OuucaHze IauQopntaIII4oHHbIX TexHoJr oruit z Marepkr€urbHo-TexHuqecr<ofi 6asrr
rrpr{BeAeHo e VMK [ 4uc4urtnr4H6r.

Konrperuue Qopruhr rr rrpoqeAypbr rercyrqero rcou or.fl 3HaHuir u npoMex{y-

a raKxe MeroArrqecKr4e yKa3ankrfl 4nx o6y.raroquxc{ ro caMo_

rrpr4 OcBoeHuv Ar4cr\unnvu (co4epxarlpreafl n oo[) AOBOA.'rrc_f,

ro.rnofi arrecrar{llr4,

crorreJrbuofi pa6ore

AO CBeAeHUX O6y%arcrlr4xc{ B TerreHr4e rrepBbrx HeAenb o6yvenur.

3rempounrrfi
ttp:l lIlbgost.ru/gost/25-GosT 7 32 200l.html
f oCT 7 .32-200 I Cucreua .iuttauptoB rro zHsopvra quu, 6ulnrrorerrHoMy r{

r,r3AareJrbcKoMy Aeny. orqer o HayqHo-r4ccneAoBareJrbcKofi pa6ore. crpyrrypa
a oQopMneHr4fl.
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TTICT COIJIACOBAIII4fl

Paspa6or.rurc

A.r.H., ilpoo.

Peqeusenr

A.r.H., rpoQ.

3an. r<aQ. ETC

A.r.H., npo$.

{ercau OIIBC

A.T.H., AOrI.

CornacoeaHo

flpegce4a'reJrb YMK @IIBC

K.T.H., AOU.

Couaconano

Haqa.urnurc MO

A.r.H., npo$.

3an. or4 eJr oM A oKTopaHTypbr rr a crrr4parrrypbr

rc.S.-na.n.

Heuuprco A.lI.

A66ar<yvron K.E.

IOrlauren 3.M.

EopoHaxr,rn A.M.

ByranzH B.A.

fpxauon A.IO.

l5



JrurcT pErr4 c TpArIr4r4 r4 3MEH IJldir4itrr

Ilb [ara I4sN{eHeHue
[ara 3ace1annfl

YMK, N npor-la
Anrop Ha.r. MO
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