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AHH O TArIr4fl AH C rlurrJrr4Hhr
(MATEMATI4T{E CKOE MOAEJTI4P OB A Hr4E

EpIOrIO|I4r{ECKZX ilpouECCoB Z CI4CTEM>

lucqunll4Ha rlperHinHar{eH a Anfl acnr4paHTon, oSyvarcqr4xc-q rro HarrpaBne-

HI4Io 12.06'01 - <@oroHHKa, npu6opocrpoeHr4e, orrrr4rlecKkre 14 SraorexsuqecKr4e

clrcreMbl I4 TexHoJIorI4I4). lrzcqznnuua o6ecfleqr{Baer upo$eccuoHanbHyro noAro-

ToBKy acilrrpaHToB rlo HalrpaBneHHocrr{ 05.11.I7 - llpuSoprr, crrcreMbr pr vsnerLrr

MeAZUI4HCKO|O Ha3Har{eHut,

B 4IacqulJII4He Aaercfl rnacczsraKarlu{ oSrer<ron MoAenr4poBaHr4l, npr4BoArr-

c-s npl4Mepbl MoAenLrpoBaHprfl crarl4rrecKr4x r4 IkrHaMr4rlecKVX, AerepMr4Hr4poBaHHbrx r{

croxacrl4qecKl4x SrzolornqecKzx [poqeccoB kr cktoreM, aHaJIIr3a MoAelefi n ueJr-flx

p a^:p a5 orKr4 M eroA o B Lr c crreA o B aHr4.fl O 6t e r<ro s M oA enr4p o BaHvrfl .

Zsyueuze Akrcrryrrnvttlr neoSxoArrMo 4nx $opnaLrpoBaHkrfl npo$ecczoHaJrbHbrx

KoMrereHul4z, HanpaBneHHbIX Ha pa^:pa6orr<y MeroAoB v rrHcrpyMeHTaJrbHbrx

cp eA crB np o B eA e H us 6uoveAr4 ur4H cKr4x r,r ccn e.u o rlau:aft .

SUBJECT SUMMARY

(MATHEMATICAL SIMULATION OF

BIOLOGICAL PROCESSBS 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.I 1 .I7 - 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.



IIEJIII II 3AAALII/- TI/]IINIIII4HbI
Ifenu L{3freHlrfl Al,rcqurrJrlrHbr - r43)^{eHr4e MeroAonorr4Lr u reoperrrtrrecKr,x ocHoB

MareMarlrr{ecKoro MoAenl4poBaHkrfl n SopuzpoBaHl{e npoQecczoHaJrbHbrx HaBbIKoB

no pa3paoorKe I4 I4ccJIeIoBaHt4Io uo4enefi 6zororu.{ecKr4x npoqeccoB 14 cr4creM.

3agavr,r Arrcu lrrrJr rrH br :

1. I4:yverure reoperllrrecKl4x ocHoB MareMarr4rrecKoro Morenr4po BaHr4fl6uoro-

flrllecKl4x npoqeccoB Lr Qvrcrena, Qoprvrl4poBaHl{e cr4creMbr grtatruit, Ilo3Borrgrcurl4x

pa3paoorarb MeroAbI zccne4oBa]F.]1^fl o6ler<ros MoAenr4poBaHnfl Ha ocHoBe aHarrpr3a

ux lro4elefr;

2. OcsoeHze MeroAoB oI{eHKI4 aAeKBarHocrr4 vro4enefi, QopuzpoBaHrre yMe-

HI4-fl' clloco6crnyroqero rIoBbIIueHI4ro ypoBH.rr aAeKBarHocrr4 nao4erefi 6zororr,r.re-

OKI,IX npoqeccoB Iz cI4CTeM;

3 ' @opvrnpoBaHlze HaBbIKoB I4ccneAoB aHr4fl uo4enefr 6zororzr.recKr4x rrpoqec-

COB UI CI4CTCM;

4' @opunpoBaHr{e HaBBIKoB I{ccJreAoBalkrfl o6rer<roe MoAeJrr4poBa;F{Lrfl Ha oc-

HoBe zx uolenefr.

B pesynrrare ocBo eHr4fl AvrcL\k[rnkrHbr cryAeHTbr Aon)r(Hbr:

3HATb:

- Teoperzr{ecKlre ocHoBbI MareMarr4qecKoro MoAenI,IpoBaHVfl, Szororz.{ecKrrx

rlpoqeccoB 14 cr4cTeM;

- KJIaccbI MareMarI4qecKux uo4enefi, kIcnoJlb3yeMbrx A[-s MoAenr,rpoBaHrr fl Ar4-

HaMI4rre CKIdX vr cr aI\ r4o HapHbIX npoqeccoB H cr{cTeM ;

- Sasosrre MoAeJII{, I4crlonb3yeMbre Anq MoAeJrr.rpoBaHrzq dzororr4qecKr4x [po-
rleccoB r4 cI4cTeM;

yMeTb:

- o6ocuoeaHHo nu6zpam BLr[, MoAenr4 Anfl rrpoBeAeHr,rr Merr4Ko-

6uolorzqecKrrx uccneAoB auufr:

- o r{eFrr4B arb aA eKB arH O cTb p asp a6 arbrB aeMbrx l,r oA enefr ;

- zccJleAonarr ceofrcrBa MoAenilpyeMbrx npoqeccoB 14 cr4creM c r4crroJrb3oBa-

Hr4eM Ko MrrbrorepHbrx rexuono rrafi ;



- HaBbIKaMLT pa3pa6orKl4 MeroAoB I{ccneAoBaHr{{ 6zororz.recKr{x lpoqeccoB 14

cI4creM Ha ocHoBe aHalrzr3anx vto.Ienefr:

- MeroIaMI{ rIoBbIIueHI'lfl ypoBHfl aAeKBarHocrlr pa:pa6oraHHbrx uo4elefi .

flepeueur KoMrlereHqufi, n $oprranpoBannvr Koropbrx yqacrByer Ar4crlnilrzrHa,

BJIANETb:

rIpI{BeAeH B Marpllqe KoMrrerenqufi, npznaraerrrofi r OOII.



MECTO Ar4CrII4rrJrr4Hbr r] cTpyKTypE ootl

lucqznnnua <MareMarl4rlecKoe MoAeJrr4poBaHr4e 6raoror[qecKr4x rrpo{eccoB 14

cr.rcreM)) orHo crrrc fl. K BapvarlrnHofi rracrr,r OOII.

[ucqznnr4Ha rrcyqaercs Ha ocHoBe paHee ocBoeHHofi 4zcqunJrr4Hbr y.re6Horo

rlnaHa <MerponorllrlecKI,Ifr attastuz HayrIHbIX IzrccneAoB auuit>>, o6ecne.IuBaer:

It3yqeHue rlocJreAyloulefr Arrcq[rlJruHu <llpaSoprr, cncreMbr 14 r43nenvs Me-

nHrIr4HCKOf O Ha3HarI eljldfl>>,

[poxo]r(Aetrue dle4aqoru.recKoft rrpaKTr4Kr{)) ra <Hay.rHo-opraHzsaqzonHofi

IIpaKTrrKrr)),

rroAro'roBKy B br rrycrcuo fr rcna.n uQu KarIr{oH rro fi pa6oru.



c oAE PlnAHr4E f,VrcrlrlfrJrr4Hbr

Bee4euue (1 ara4elr. uac)

flpe4naer AI4cIIuilrII4HbI, ee 3a1.aqv. Pom MorenupoBaHkrfl rrpr4 rrpoBe1eHzrr4

SuonteAral{ITHcKLIX I4ccneAoBa:rtuit. Crpyrcrypa v coAep}(aHr4q Ar4crlr4nnr4Hbr vr ee

cBfl3b c ApyrrrMvr l\vc\vrrJrr4HaMrr yve6uoro rrJraHa.

Tenra 1. OcuosHr,Ie xapaKTepl{crrrrcu 6uororuqecKr{x rrpoueccoB r.r crrcreM

(14 ana4evr. uacon)

OcoSenuo ctu 6uorrorl{IlecKoro rrpoqe aaa 14 cr4creMbr r<ar oSreKTa r4ccJreAoBa-

Hvrfl. HenrzuefiHocrb npoqeccoB. .{rauavruuecKr4e csoficrna rrpoqecca v crrcreM.

A4aurznnocrb 14 caMoperynl4pyeMocrr 6uorofr4r{ecKr4x cucreM. Pom roMeocra3r4ca

B AerITenbHocrLI 6uoloruqecxofi cl{creMbr. LlepapxuqecKar crpyKTypa 6zonorz.re-

cr<ofi clrcreMbl @ar<ropu, BJII,LqIoqvre Ha cocro.rrHr{e cr4creMbr kr npoqeccbr. 3n4o-

reHHbre Sarroprr. 3r<soreHHue $arropbr.

Teua 2. MoAenupoBaHl{e o6rercra HayqHoro rrccJreAoBaHrrfl. (16 aKaAeM.

vac)

Mo4enrzpoBaHl{e oSreNra IrccneAoBanvrfl KaK crroco6 nsyveur4fl ero csoficrs v

noBeAeHlrs. CnocoSrr onrzcanzs o6teKTa HayrrHoro r{ccJreAoBaHr4.rr. Knaccrz$krKarJr4fl

uo4eneft. A4ercnaruocrb MoAerefr. llpznqzu rroorarrHoro MoAenr4poBaHzfl npoqec-

coB 14 cI{cTeM. Ponr MaTeMaTI4rIecKoro MoAenvpoBaHvrfl. npr4 rrpoBeneH?rhr HayrrHoro

3 Kc n ep r4M e HTa. Kn ac cu Q vrKar\vfl M areMarr4rr e c Kux tro 4 el efr .

Tevra 3. MarevrarrrrlecKoe MoAeJrrrpoBaHr.re AerepMr,rnrrpoBaHnrrx 6uo.no-

ruqecKnx rrpoqeccoB cucreM. (16 axa4evr. uac)

Mo4enupoBaHl'Ie AI'IHaMZrrecKr4x ceoficrn 6uororz.recKrrx lrpoqeccoB Lr akra-

TeM. Onracaurae AkrHaMrqecKr{x ceoficre c uclonb3oBaHr4eM azQsepeHrlrzanbHbrx

ypaBHeHI,Ifi. BuSop BLrAa az$$epeHqrranbHoro ypaBHeHkrfl. Vpanueunfl, B r{acrHbrx

npol'I3BoAHbrx. I,IcuonrsoBaHl{e I{HTerpalbHbrx ypaBHeHr{fi, gnx orrtreankrfl rrpoqec-
-



coB. I4cnoJIb3oBaHI4e annapara reopr4r4 aBToMarr.rqecKoro ynpaBJreHnfl. Anfl o\LraaHkrt

AI4HaMI4rIecKI,IX rrpoqeccoB 14 cl,Icreu. I4cno.ub3oBaHr4e a\ilapara lranefinofr alre6pr,r

An.'I onr4caHr4fl npoqeccoB rr cr4cTeM.

Mo4enzpoBaHl4e crarl{qecxzx csoficre 6raororr{rrecKr4x rrpoqeccoB r4 cr{creM.

I4cnolrgoBaHl4e annapara nunefinofi anreSprr Anfl onr4caln:zfl crarurlecxzx cnoficrn.

ZcnomsoBaHue az$SepeHIII4aJIbHbrx ypaBHeuuit c He3aBrrcr4 brM or BpeMeHr4 apry-

MEHTOM.

Tenaa 4. Mareuarl{qecKoe MoAeJrr{poBaHr{e croxacruqecKlrx 6uonoruqe-

cKrrx [poqeccoB rr clrcTenr. (14 aKaAeM. uacon)

Mo4enzpoBaHr4e HecrarluoHapHbrx npoqeccoB vr evrcrenr. tr4cuorb3oBaHrre ar-

rlapara reopl{I4 cryuafiurrx npoqeccon. ZcnoJrb3oBaHrre MaprconcKoro rrpoqecca Anf,

orrr4caHvrfl HecraqrroHapHbrx rrpoqeccoe. Zcnorb3oBaHr4e aililapura reopuz aBToMa-

roe. ZcnoJlb3oBaHr4e ara$SepeHrlr4anbHbrx ypaBHenufi. B BepoqrHocrHbrx xapaKTeplr-

CTI4KAX.

Onprc anue cralluoHapHbrx 6uororz.recKrrx np oqeccoB r4 cr{creM.

ZcnomsoBaHrre aililapara reoprrr4 Bepo-flTHocrra. OuzcaHvre npoqeccoB kr cvc-

TeM c rrcrroJrb3oBaHr{eM arrlapara reoprrr4 rau$opnraquu. VIctonb3oBaHr4e annapara

Teopr4r4 ruHefrnofr anre6prr.

Tevra 5. Oqeurca aAeKBarHoclrr MareMarrrrrecKrrx nao4erefr. (20 aKaAeM.

.racon)

O6ocuoeaHze nrrSopa ypoBH.s aAeKBarHocrr{ pazpa6arbrBaeMbrx nro4erefi.

Cs.f,gr ypoBHfl aAeKBarHocrrr r4cnonb3yeMbrx ruo4enefi c 3a4a,r'efi. AuaruocrvrKr4 v

r<nacczSzKar\vr4 cocro-flHr4-s Suororr4rrecKoro rrpoqecca u cucreM. Kpzrepvvr a4.eK-

BarHocrl4 MareMarrlrlecKl{x ruo4erefi. Mero4zuecKrze noAxoAbr K oqeHKe ypoBH.rr

aaeKBarHocrl4 MareMarl4rrecKkIx vro.uenefi .

Tevra 6. IlpurcJraAH[,re Borrpocbr MareMarurrecKoro MoAeJrr.rpovatun. (26

aKaAeM..{acos)

8



flpzrraeprr rrocrpoeHuf, MareMarkrqecKr4x MoAenefi npu r4ccJreAoB alkrkr 6raoro-

rI4rIecKI,IX IlpoqeccoB I4 cl4creu. Mareuarr{qecKoe MoAenr4poBaHure pa6oru cucreMbr

AbIXaHI4s r{eroBeKa. Mareuall4rlecKoe MoAenr4poBaHr4e pa6orrr 3pr{TeJrbHofr cracrevmr

q e JI o B eKa. Mareu arl{rl e cKo e MoA enl4p o B aHH e p a3B:aTzrfl r,r p acnp o crp aHeH:afl raH S er-

III,IOHHbIX 6oresHefi. Marevtarl{rlecKoe MoAenupoBaHr4e Synr<qzoHrrpoBaHr4.rr onop-

HO-ABr4f aTeJrbHOfO alJnaputa qenoBeKa.

3arc.rro.renrae (1 ara4eu. vac)

flyrv coBeplxeHcrBoBaHu.f, MoAernpoBaHr4.s 6raororv.recKrrx ilpoqeccoB kr cr4c-

reu. I,IcnoJIb3oBaHI4e KoMrlbrorepHbrx ra ransopvrarlrroHHbrx rexHoJrorzfi nprr MoAe-

nup oBaHLrn 5rao lo rr4qe cKkr x rrp o qe c c o B r{ c 14 creM.



YTIEEHO-METOAI4TIBCKOEOEECIIEIIEHVTETVICUUIIJII4HbI

Ilepe'reHb ocrroBnofi u Ao rroJr H r,rrelruoii yue6Hofi Jrr{Teparypbr,

Heo6xogunrofi 4lr ocBoenr{fl Ar{cqurrJrr{rrbr

N Ha^:nauze,
6u5 tuorpa$zvecro e orrr4caHrr e

Cenrecrtr

K-no srcs.

s 6u6n.
(na rad.)

OcnoeHaq rkrreparypa

I

llone'{ureres E.lI. veroner B 6zorexnuqecrofi crrcreMe-Texcr]: yve6. noco6ze nrrfl By3oB rro HarrpaBneHr4rc
'Eraorexu. cr4creMbl r4 TexHoJrorr4Lr"l E.lI. rlonerlureJreB. -

lrapHfi OcKon. IzIsA-eo THT, 2016. - 584 c.

2 s (2)

2

Kopeuencxufi H.A., llor e.{zreJree E.lI. E"ot"^""u..n^
cr4creMbr MeAr4rlr4HcKoro Ha3HarreHr4r fTexcr]: yve6
uoco6ze nn,{ By3oB rro HarrpaBneHr4ro "Buorexu. crrcreMbr rz

rexHorrorilz"/ oSroxra: llep. fo4 krc;;aHnfl:2016.- 68g c.

2 s (1)

a
J

Kopeuencrczfr H.A., IOn4arues 3.M.,
rlrpoBaHr4e 6zorexHl4r{ecKr4x cl4creM
LreHLrfl. Craprrfi Ocr<on.: THT, 2017.
30(2) oK3eMnJrf,poB.

Cr<onzn f.E.
MeAr4Ur4HCKOfO

2ls C. fp"$

llpoer
H43HA

yMo 2 30(2)

AT

Kopeuencrzfr H.A. IOnrauree 3.M. llpoexrraponanze dzo-
f exHr4rlecKlrx cprcreM MeAI{qr{HcKofo Ha3HaqeHrax. cpe4crna
)r{eHKZ cocro-sHr,r-fl 6zoo6rerron. Craprrfr Ocr<on.: THT,
2017. 455 C. fp"$ yMO. 30(2) 3K3eMnn.npoB.

2 3o(2)

5

Kopeneecrczfi H.A. IOn4anes 3.M. ilpo.*trpouu"". d"*
IEXHTIqCCKI,IX CT4 CTCM MEAI{IU4HCKO|O HA3HAIICHIZX. CPE4CTNA

eos4eficrBkrfl Ha 6uoo6tercr. Crapufi Ocrol.: THT, 2017 .

319 C. fp"S yMO. 30(2) 3K3eMnJrrpoB.

2 30(2)

a
J

flone'rzreres E.lI. cucreusufi aHaJrLr3 Menr4Ko-
6vororu.recKr4x r4ccneAoB ayufi [Tercr]: yve6. uoco6ue 4nr
By3OB nO HanpaBJIeHI,IIO "EUOrexn. cHcreMbl Ir rexHoJrofull4",

HT.- 2014.418 c.

2 7 (2)

4

Ycrroxauuu, B . A. Morenr4poBaHr4e 6zorexnraqecKr4x cr4 c-
reu [Tercr] : yve6. nocoSze An-rr By3oB rro HarrpaBJreHrrro
"EuorexH. cr4creMbl r4 TexHonofkrl,I" lB. A. Vcrroxaguu,VI.
B, flr<oereBa. - Craplrfi Oorol : TH'f, 2014. - 215 c.

2 4 (0)

5

SvorexnzrrecKr4e cr{creMbr fKonrnnerr]: yue6. noco6ve / [rI
W. fl.auepuo fra np.]. - ClJ6.: I4s4-no ClI6f3Ty "JIOTI,I"
2014. - 114 c.

2 (1)31

10



6

Sepe:uH C. fl. Ocuosbr rra6epnerr4Kvr vr yilpaBneHvre s 6uo-
rorl4r{ecKrrx r4 MeAr4rIr4HcKr4x cracreMax [Tercr] : y.re5. uo-
:o6ue Anr By3oB no Ha[paBJreHHro "Ezorexs. cl4creMbr 14

rexHoJrorr4u" I C.II. BepeszH. - Craprrfi Ocrol : THT, 2014
"243 c.

z 3 (0)

{onomrvreJrbHatr nr4Tep aryp a

I

jzorexnrarrecKr4e cr.rcreMbr [Ter<cr]: yve6Hoe noco5rae I ltla-
IepHo n.I4., Ca4urcona E. B., Cynopon H. 8., IOn4aruen 3.
VI.]; Mzuo6puayKr Poccuu, Cauxr-llerepdyprcrczfi roc,
)neKrporexHr4rrecKr{fi yn-r "I3TL[". - CaHr<r-llerep6ypr :

ZsA-so CfISfSTy "II3TI,I" . - 2014. - lI4 c.

2 71 (0)

2

Kopeuencrzfi H. A., lloneuureJreB E. lI. BraorexHr,rqeoKrae
ll4creMbr MeArrrlr4HcKoro Ha3Har{eHux. Crapufr O cr<on :

<Tonr<ze HayKoeMKr4e rexHoJrofr4r4)), - 2013. -
2 s (1)

aJ

Epuron IO. A., Ilyr<ran C.V.3arnasze. Ocuoerr a:rrarrzrca

5rzorexnzqecKr{x cr4creM. ... Teopeu4qecKr4e ocHoBbr BTC :

yvednoe noco6ze Anfl By3oB / IO. A. Epuron, C.VI.Illyrun.
Mocr<na: Irl:4-no MfTy zir,r. H. 3. Eayvrarra, - 2011.- 527 c.

2 12 (3)

3an. or4enolr yve6nofr nrareparypbr T.B. Kr,rceJreBa

11



ZHSopuaul4oHHbIe rexHoJlorI4I4 (onepaquoHHbre oucreMbr, nporpaMMHoe

o6ecueqenue oSulero I4 cneqr4zlnr43rrpoBaHHoro Ha3H aleHvrfl) a raKme uusopuaqra-

oHHbIe cnpaBorrHble cucreunr) z Marepl4aJrbHo-TexHr4r{ecKa.rl 6asa, ucnoJrb3yeMble

npII ocyqecrBJleHl,Iu odpasoBareJlbHoro rrpoqecca ilo lucqr4nnr4He, coorBercrByror

rpeSonauzrlt $e4epanbHoro rocyAapcrBeHHoro odpasonareJrbHoro craHAapra Bbrc-

rrrero o6pasonanrzx.

iuilvrcalll4e zuQopvtallkIoHHbrx rexHoJrorzft r4 Marep arrbHo-Texnz.recKofi 6a":rr

rrpr4BeAeHo e YMKI 4racqranJxkrHbr.

Kourpernrre $opnabl Ir npoqeAypbr reKyrrlero KoHTpoJrr ztra:auit r4 npoMexy-

ro'{uofi arrecralll4l4, a raKxe MeroAr{qecKr{e yKa3aHnfl 4nx o5yuarcrr]r4xc.q rro caMo-

crolfireJlbHofr paSore npl4 ocBoeHr4r4 1krarlvr\nvru (co4epxanJLrecfl n OO[) AoBoArrc-rr

Io cBeAeHux o6yuarcqr4xcr Ha rrepBoM 3aHflTkrvr.
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II{CT COTJIACOBAHI4'I

Pa:pa6orvun

A.r.H., npo$.

PeqeHsenr

A.r.H., npo$.

3an. r<a{. ETC

A.r.H., npo$.

{ercau OUBC

A.T.H,, rrpo$.

Cor.rraconano

ilpe4ce4a'reJrb I/MK OIIEC

K.T.H., AOTIeI{T

Corraconarro

Haqalsurar< MO

A.r.H., npo$.

3an. o'r4eJroM AoKl'opaH.rypbr

Hevrr,rpr<o A.lL

A66aryuoe K.E.

IOnaaruee 3.M.

Eopouaxnu A.M.

B.A.

A.IO.

K.T.H.



Jrr4c T pErl4c rpAuur,r IBMEH numtrt

N [am ZsNaeuei{ze
fiara 3ace4aHLrfl

YMK, j\b npor-la
Anrop Ha.r, MO

I
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