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AHH O TArIUrr tr.I,/C\I,Irr JrtrHbr

(MATEMATI4T{E CK OE MOAE Jrr4p OB AHT4E

EI4OJIOf I4r{ECKI,IX ilp OUEC C OB 14 CZC TEM>

{ucqznnuHa [peAHa3HaqeHa rnfl acnprpaHTon, oSyvaroqr4xcr no HarrpaBne-

HrIIo 12.06.01 - <OoroHI4Ka, upn6opocrpoeHr4e, orrrr,rqecKtre v 6zorexnuqecKr4e

cI4cTeMbI I{ TexHoJIorI4rI)). [racqunnzna o6ecreqr4Baer npo$eccuoHanbHyro noAro-

roBKy acnl4paFlroB rro HarrpaBneHHocrrr 05.11.1,7 - llpzSopu, cr4creMbr Lr v3ilerrr4fl

MeALIUHHCKOf O Ha3HarIeHU-S.

B 4rlcqrzlJll4He Aaerc-q rnaccu$uKarlu.s oSrer<roe MoAenrzpoBaHns., npr4BoA-flT-

c.fl tlplrMepbl MoAeJlkrpoBaHkrfl cTaTr{qecKLrx v AuHaMr4rrecKr4x, AeTepMr{Hr4poBaHHbrx r4

croxacrlrrlecKr{x Szororz.{ecKr{x flpoqeccoB v cvcreM, aHaJrrz3a MoAerefi s qen-sx

p aspaS orKI4 MeroAo B r{c cneAoBaHr/rr o5n exro e MoAenr.rpo BaHLrfl..

I,I:yuenrae Ar4crJr4rrnvnrr ueodxoAr4Mo 4nx SopuvrpoBaHtrfl, npo$ecczoHaJrbHbrx

rounereuqzfi, HalpaBneHHbrx Ha pa:paSomy MeroAoB vr r4HcrpyMeHTaJrbHbrx

cp eA c rB np o B e A e H u x 6uoyreA r4rlr4 H c Kr4x r4 c cn eA o s aHuir.

SUBJECT SUMMARY

(MATHE,MATTCAL 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 05.11 .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.



rlErr4 m 3AAAqI'4 AVrCIIUilrr{Hbr
IIerut u31^renuq ArrcqurrJrrrrrbr - rty{eHrre MeroAonorrrrr Lr reoperltqecKlx ocHoB

MareMarrrrrecKoro MoAenr4po n,aHvrfl. ra QopunpoBaHrre upo QeccnoHaJrbHbrx HaBbrKoB

no paspa5o'rKe r4 r4ccneAoBar{urc uo4erefi SuororuqecKr4x rrpoqeccoB I{ cl4creM.

3aAa.ru A rIcqurIJr rIH[,I :

1. Irl:yveru4e reoperr4r{eaKr,rx ocHoB MareMarr4rrecKoro MoAenl4poBanr4fl. SIaono-

fl{qecKr{x npoqeccoB I,I cllcreM, SopvrnpoBaHrre cl{creMbr zuauvrit, rlo3Bonflroqux

paspaSorarb MeroAbr LrccJreAoBa:utrfl odrercron MoAenlrpoBa:rrvrfl. Ha ocHoBe a:r.alrkr3a

ux uo4erefr;

2. OcnoeHr{e MeroAoB orIeHKr{ aAeKBarHocrrl uo4enefi, $opvrrapoBaHlze yMe-

Hr{-f,, crrocodcrnyroqero rroBbrrxeHr4ro ypoBHs aAeKBarHocrI4 ruo4elefr SkIororu.Ie-

cKr,rx npoqeccoB I4 cI{cTeM;

3. @opllupoBaHr{e HaBbrKoB r4ccJreAoBaHr4fl. ruo4erefr 6raonorvqecKl4x npoqec-

COB I4 CI,ICTEM;

4. @optrzpoBaHlre HaBbrKoB r{ccneAoBa:rturfl, oSler<ros MoAenl{poBaHufl. Ha oc-

HoBe rax uonerefi.

B p e:ynrrare o c B o enr4fl Akrcrryrrnr4Hbr cryAe HTbI Ao JIxHbI :

3HATb:

- Teoperl4qecKze ocHoBbI MareMarl4qecKofo MoAerII4poBaHVfl, 6uororu.IecKl4x

npoqeccoB 14 cl4creM;

- Knaccbr MareMarrlqecKr4x lro4enefi, r4crronb3yeMblx An-a MoAenI4poBaHHfl Avr-

HAMIIIIECKI4X II CTAIIIIOHAPHbIX NPOqECCOB II CIICTEM;

- S as osbre MoAeJrr'r, v crro Jrb3yeMbre An.rr MoAenlrp oBaHI4-f, 6 uororllrrecKzx npo-

IIeCCOB 14 CI{CTeM;

yMeTb:

- o6ocuonaHHo nrrSraparr BLIA MoAenr4 anfl [poBeAeHl4fl MeAI4Ko-

5 uolo rnqe cKrIX I4ccneAo B auuit ;

- o rIeHI4Barb aAeKBarHo crb p azpa6 atbIBaeMbIX uo4elefi ;

- r4ccneAosaru csofrcrBa MoAenr{pyeMbrx npoqeccoB kI clrcreM c rlcrroJrb3oBa-

r-rr4eM KoMIIbrorepHbIX rexHonorufr ;



BJIAAETb:

- HaBbIKaMLT pa3pa6orKlr MeroAoB r{ccneAoBaHkT.rr 6zonoru.{ecKrrx flpoqeccoB Lr

OI4CTEM HA OCHOBE AHAIILT3A IAX MONENEU:

- MeroAaMI{ rIoBbIIIIeHIl.l ypoBHq aleKBarHocrr{ pa:paSoraHHbrx ruoAelefi .

flepeuenr KoMrlereH:qult, e $opnazpoBaHprtr Koropbrx yqacrByer Ar{cru4n rrvr:na,

npraBeAeH B Marprrqe KoMrrereHqrafi, nprrJraraenaofi rc OOil.



MECTO Ar4CrIIrfrJrtIHbI B CTpI/KTypE OOrr

[ucqul:taua <MareMarl4r{ecKoe MoAeJrr4poBaHr4e 6uororr4qecKux npoqeccoB 14

cr,rcreM)) orHo crrrc fl K Bapr4arunHofr qacrv O On.

lzcqznnLrHa rrcyqae'L-cfl Ha ocHoBe paHee ocBoeHHofi aucqurtJrr4Hbr yveduoro

rIJIaHa <MerponoflzrlecKI4ft aitanvrz HayqHr,IX rlccneAoB attuit>>, oSecne.{zBaer:

I'I3yqeHue uocJreAyloutefi AucIIuuJrIrHbI <llpz6opbr, cr{creMbr r4 rzr3AeJrrr{ Me-

Ar4qI4HCKOrO Ha3Haq erlLlfl>>,

[poxo]IqeHrle <fleAal'orz.{ecxofr [paKTr4Kr,r) v <Hayvuo-opraHr{3aqzouuofr

[paKTr4KZ),

rroAf o1.o BKy B r,r llycr(Iro fi rcnanu{uKa rlrro HHofi pa60ru.



c oAE l,xtAHr4E fVrcrlr4frJrr4Hbr

Bne4euue (1 arca4enr. uac)

llpe4nrel r[cIIIlnnI4Hbr, ee 3a1.alrv. Pom MoAenupoBaHLrfl. rpr4 npoBeAeHr4r4

Suovre4uql4HcKl4x I,IccneAoB arruir. Crpyrrypa v ooAepxaHr4rr rucrlr4nnr4Hbr 14 ee

cB-fl3b c Apyrr4Mur 4lzar\vnnvHavrlr yueSHoro rrJraHa.

Tenaa 1. Ocuosrlble xapaKTeplrcrrrrcn 6nonorr{qecKr{x flpoqeccoB rr crrcreM

(14 arcageu. .racon)

Oco6eggocrvl 6uolorl4qecKoro npoue cea u crlcreMbr r<ar< oSr,eKTa r{ccJre,4oBa-

Hr4fl. HeruaHefiHocrb rlpoqeccoB. [unawruuecKr4e cnoficrna ilpoqecca u cr4c.reM.

A4anrunuocrb 14 caMoperynl4pyeMocrr SzonofrzrrecKr4x cl4creM. Porrr foMeocrzrr4ca

B Ae.sreJrbHocrl4 6zororz.Iecxofr cl4creMbr. WepapxuuecKaf, crpyKTypa Suororu.{e-

cr<ofr cl4creMbl. cDar<ropu, BJIIr.qIoqve Ha cocro-qHr{e cr4creMbr 14 npoqeccbr. 3H4o-

reHHbre $anropr,r. 3r<soreHHue Sarropbr.

Tenra 2. Mo4enupoBaHr.re o6renra HayrrHoro r.rccJreAoBaHuq. (16 aKaAeM.

vac)

Mo4enrzpoBaHlle oStercra zccneAoBanvrfl KaK crroco6 zayueHr4.f, ero csoficrs z

[oBeAeHr4s. CuocoSbr orrr4caHzq o6leKTa Hayr{Horo r4ccneAoBaHr.r.fl. Knaccu6vrKarJr4fl

uoAelefi. A4ernarHocrb MoAelefi. llpzHqran rroorarrHoro MoAenvrpoBaHllrfl npoqec-

coB 14 cllcreM. Poll MareMarl4rlecKofo MoAenr4poBaHtfl rrpr4 npoBe1eHr4rr HaytrHoro

oKcnepr'rMeHTa. Knaccz$ uKarJkrfl MareMarr4r{ecKr4x uo4elefi .

Tevra 3. MareruaruqecKoe MoAeJrr{poBarrue AerepMr{Hr.rpoBaHnrrx 6uono-

lr{qecKr.rx rrpoueccoB crrcreM" (16 arca4eM. .rac)

Mo4enzpoBaHI4e Ar4HaMvrrrecKr4x cnofrcrn SuororraqecKr4x rrpoqecco B Lr cvc-

TeM. Onucasue Ar4HaMvrrIecKI,IX ceoficrB c r4crroJrb3oBaHr.{eM azQSepeHrlzaJrbHbrx

ypaBHeHl4fr. BrrSop BI4Aa aIa$SepeHlll4anrHoro ypaBHeHzrfl. Ypanueur4fl B qacrHbrx

tIpoI43BoAHbIX. Zcnonr'goBal{I4e I4HTerpaJrbHF,rx ypaBHeHr4fi gnx orrtrcalr4fl npoqec-
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coB, I4cnoJIb3oBaHI4e anilapara reopuz aBToMarrrrrecKoro yrrpaBneHLrs. Anfl orrvcaHzrfl

ALIHaMI4rrecKI4X rlpoqeccoB I4 clacTenr. Zcnolb3oBaHl4e ailrrapaTa luHefiuofi anfe6prr

An.q oIr4caHr4fl npoqeccoB r.{ cr4cTeM.

Mo4enzpoBaHl4e crarlrgecrzx cnoficrB Sr4onorr4qecKrlx rrpoqeccoB r4 crlcreM.

I4cnorbsoBaHl4e ar:urapara ruuefrHofr ame6pu Anfl onzcaH:zfl crarrrqecrrax csoficrn.

ZcnomsoBaHlre araSSepeHul4anbHbrx ypaBHeuuit c He3aBr4cr4M M or BpeMeHr4 apfy-

MCHTOM.

Tenaa 4. MarennarlrqecKoe MoAeJrrrpoBarr[e croxacrr{rrecKrrx 6uororuqe-

cKr{x rpoqeccoB rr crccrevr. (14 aKaAeM. uacon)

Mo4enrzpoBaHue HecrallzoHapHbrx npoqeccoB r4 cr4creu. Irlcuorb3oBaHr4e arr-

napara reopl4l4 cly'rafrHr,Ix npoqeccos. ZcuoJrb3oBaHr4e MaprconcKoro rrpoqecca nns

oilveaHr4fl He craIII4oHapHbIX r poqeccos. I4cnorb3oB aHrre aililap ura reopr4 14 aBToMa-

ron. ZcnoJIb3oBaHI4e arz$$epeHllr4anbHbrx ypaBHe:nnfi. B BepoflrHocrHbrx xapaKTepr{-

CTIIKAX.

OnucaHze craIII4 oHapHbIX SrzororzqecKr4x npoqeccoB r{ cur creM.

I,Icnorr,soBaHl4e annapara reoprrr4 Bepo;rrHocrz. OnuaaHkre npoqeccoB vr cvc-

'[eM c lrcilonb3oBaHI4eM a\napara reopr4r4 rauQoprr,raryuu. VIcnoJrb3oBaHkre aililapara

reopr4r4 luuefiuofi anre6pu.

Teua 5. Oqenr<a aAeKBarHocru MareMaluqecKux uo4erefi. (20 aKaAeM.

vacon)

O6ocHosaHI,Ie nr,rSopa ypoBH-s aAeKBarHocrr4 pazpaSa'rbrBaeMbrx irro4erefi.

Cu-flgr ypoBHf, aAeKBarHocrI{ Iacnonb3yeMbrx lro4elefi c 3aAarreit gvaruocrr4Krr vr

r<laccn$uKarJtrrr cocro-flHl4s SrzororrzqecKoro npoqecca 14 cr4creM. Kpurepr4r4 aneK-

BarHocrl4 MareMarziIecKLIX lro4erefi. Mero4zuecKrre rroAxoAbr K orIeHKe ypoBHfl

aAeKBarHo crr,r MareMarr4qecKr4x vrolenefi .

Tenra 6. IIpurcJraAHbIe Borlpocbr MareMa'ruqecKoro MoAeJrrrp or,anun. (26

aKaAeM. uacon)



llpunaepu nocrpoeHl4.t MareMarrlq cKr4x uo4erefr npr4 rrccJreAoBaHr4r,r 6zoro-

rl4qecKl4x npoqeccoB I4 cl{crena. MareuarzqecKoe MoAeJrr4poBaHZe pa6orut czcreMbr

AbIXaHHf, rIeJIoBeKa. Mareuarl4rlecKoe MoAenkrpoBaHr4e pa6orrr 3pr4TenbHofi cncreruu

qenoBeKa. MareuarllrlecKoe MoAenl4poBaHr4e pa3Blrrkrfl 14 pacnpocrpaHeHr,rx uu$erc-

IITIOHHbIX 5onesHeft. MarerraaTl4r{ecKoe MoAenr4poBaHr4e SynrquoHr4poBaHrr.rr onop-

HO-ABHf aTenbHofo an\apaT a \reJIoBeKa.

3arc.troqeHue (1 ara4ena. vac)

flyrz c o B epllreHcrB o B aHlz-f, M oA enzpo B aHr{.rr 5 zo no rz.r e cKr.rx [p o q e cc o B 14 ctre -

reu. llcloJlb3oBaHl4e KoMrlbrorepHbrx ra uusopnrarlrroHHbrx rexHorroruft [prl MoAe-

nrrpoBaHr4ra 6zolou4rrecKr4x rrpoqeccoB 14 czcreM.



}.TIB E H O - M E T OAI4 IIE C K O E O E B C II E qE H I4E TKICUI4fITI4HbI

flepe'reuL ocHoBH ofi n AorrorrHr{rerrnofi yve6Hofi rr'Teparypbr,

ueo6xo4Hruofi Arq ocBoenuq Ar{cuurrJrrrHbr

6u Snzorpa$zuecroe orrr4caHr{e

K-eo eKs.

s 6u5r.

Ocnonua.s r
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2ls C. fp"S
r4poBaHr.re 6zorexnzqecr{r4x cr4creM

eHvrfl. Craprrfi Ocrcol.: THT, 2017.
0(2) exeeurn.rrpoB.
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ZuSopnaar{LroHHbre TexHoJrorrrr4 (onepaqzoHHbre clrcreMbr, rrporpaMMHoe

ooecrreqeHl{e oolrlero rI cneql4anr43r4poBaHHoro Ha3HaqeHtrfl., a raKxe rausopuaqvr-

oHHbIe clpaBoqHble cHcreuu) tz Marepl4anbHo-TexHr4qecKafl 6asa, r4crronb3yeMbre

ilpl4 ocyUecTBJIeHLIu o6pa3oBarensHoro npoUecca ro nncr\r4nlruHe, coorBercrByror

rpe6oeaHraxnr $e4epanbHoro rocyAapcrBeHHoro o6pa:onareJrbHoro craHAapra Bbrc-

rrrefo oopa3oBaHr4f,.

Onucanue wuSopnrauI4oHHblx TexHoJrorzfi r4 MarepuaJrbHo-Texura.recxofi 5a^:u

rrpzBeAeHo s VMK fl, 4ucgulJnuHbr,

Kourperuue $opvrbl I4 rlpoqeAypbr reKyrrlero KoHrpoJrr rua:aurt kr rrpoMex(y-

ro'{Hofi arrecrallilLI, a raK}Ke MeroAr4qecKl{e yKa3a:aufl 4nx o6yvarcqr4xc.rr ro caMo-

croflreJlbHofr paSore npu ocBoeHI4rI Ar.rcrlr4rrnuH (co4epxarlnecfl e OO|I) AoBoA.rrrct

A o cB eA eH ux o 6yuarc rqr4xc-s Ha rrep B o M salflTkrvr.
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Hevrnprco A.lI.

A66axyvron K.E.

IOraauree 3.M.

Eopouaxzu A.M.

Evxanzn B.A.

fpxsHon A.IO.

Kyvepona O.B.

JII4CT

Paspa6orunrc

A.r.H., ilpo$.

PeqeHseur

A.r,H., rpo$.

3an. rca{. ETC

A.r.H., rrpo$.

Iercan @I4EC

A.r.r{., npo$.

Cornacoeauo

Ilpe4ce4areJrb YMK OI4BC

K.T.II., AOTIeHT

Haqarruurc NIO

A.r.H., npo$.

3ane4yrcqufi OAA

x,S.-rr,r.H.



JIVICT P EII,I C TPAIII,II4 VT 3 MEH EIglUIfiI

J\lb I.am ZsMeueHue
Aara 3ace1aHLrfl

YMK, Nt npor-na
Anrop Ha.r. MO

I

I4


