degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: [IpuknagHbie TEXHOIOTUH B reou3nKe U OMoMaTeMaTHKe
110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa BEIYMCIUTEIbHBIX TEXHOJIOTHI U MOJICIIMPOBaHUS B reo(hU3UKe U

onoMareMaTHKe
Kypc: 2
KBauuKanus: MarucTp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTaunu: 3 (ocennuil) - JuddepenuupoBannslii 3a4eT

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
Jekuuu: 15 gac.
ceMuHapsl: 15 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy coctaBuiIu:

P.1O. ®anees, kann. guz.-Mar. HayK
B.1O. CanamaroBa, kanj. (u3.-Mar. HayK

[Mporpamma obcyxneHa Ha 3acefjaHny Kadeapbl BEIMUCIUTEILHBIX TEXHOJIOTHI U MOACTUPOBAHUS B TEOPHU3UKE U
onomaremaruke 15.03.2024



AHHOTANMA

Kypc BKIIO4WaeT M3ydyeHHE COBPEMEHHBIX MPHUKIAJHBIX TEXHOJOTMH, MCIOJB3YEMBIX NMPU PEIICHUHU 3anad
reousndyeckol THAPOJMHAMHKM M OHOMAaTeMaTUKU. HM3yY€HHE COBPEMEHHBIX METOJOB U TEXHOJIOTHI,
MPUMEHSIONINXCS MPU PEHIEHUH 3a/1a4 MaTeMaTH4YeCKOr0 MOAEIMPOBAaHNSA B UMMYHOJIOTHH, SIHIEMUOJIOTHH,
MeJUIMHE, OMOMEXaHHUKe, TPOTHO3€ MOTO/bI, POTHO3€ COCTOSHUS OKeaHa U OyIyIlero Kimmara 3eMIIu.

Kypc comepxur pelieHue NpakTUYECKUX 3ajad JUlsl OCBOCHMs IIOJXOJOB C IIOMOLIbK) COBPEMEHHBIX
CrHeHHaIu3UPOBAHHBIX porpaMM, pazpadoranusix B IBM PAH n Haxoasmmxcsi B OTKPBITOM JOCTYTIE.

1. leau u 3apauu

eap AUCUMNIMHBI

- W3yYeHHE COBPEMEHHBIX TMPHKIAIHBIX TEXHOJOTWH, WCIOIB3YEMBbIX TPU pEIICHUH 3a1ad
reo()U3NIEeCcKOi THAPOAMHAMUKY 1 OMOMATEMAaTHKH.

3agauu AU CHUIIHHBI

- 3HAaKOMCTBO C COBPCMCHHBIMHU MCTOAAMU U TCXHOJIOTUAMU IPHU PCUICHUU 3aa4 MATCMATUYCCKOI'O
MOAC/IUPOBAHNUA B HMMYHOJIOTHUH, SIMUAEMHOJIOTUHU, MCEIAUIUHE, 6I/IOMCX3HI/IKC, IIPOTHO3€ IIOT0AbI,
MMPOTrHO3C COCTOAHUA OKCaHa U 6y,[[y1]_[€1"0 KJIMMAaTa 3eMIIH.

- peuicHUC MNPAKTHYCCKUX 3aaady Jjid OCBOCHUA IIOAXOAOB C€ TIOMOIINBKO COBPCMCHHBIX
CIICHHUAJIM3UPOBAHHBIX IPOrpaMM, HAXOAAMIUXCA B OTKPBITOM JOCTYIIC.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-2.1  3naeT OCHOBBI  HAy4YHO-HCCIIEIOBATEIbCKOM
JEATEIIFHOCTH B 00JacTH WH(OPMAIIMOHHBIX TEXHOJIOTHH,
BJIaJIe€T 3HAHUEM OCHOB (PHIIOCO(UN U METOJIOIIOTHU HAYKH;
3HAHHEM METOJIOB HAyYHBIX MCCIIEOBAaHHMI M HAaBBIKAMH HX
MPOBEICHUS

[1K-2 [TorumaeT 1 ciocobeH NPUMEHUTH B
Hay4HO-UCCJEN0BATEIbCKON U NPUKIaJHON
NEATENBHOCTH OCHOBHBIE 3aKOHBI
€CTECTBO3HAHUSI, COBPEMEHHbII

[IK-2.2 YMeeT NpUMEHATH MOMyYeHHBIE 3HAHUS B 00JacTh
($yHIaMEHTaIbHBIX HAYYHBIX OCHOB TEOPUHU WH(POpMALUU H
pemarb CTaHIApTHBIE  3a/auHl B COOCTBEHHOM
HAy4YHO-HCCIIEA0BATEILCKOM eI TEeNFHOCTH

MaTeMaTHU4eCKUI arrmapar u aJlrOpuTMbI,

[IK-2.3 Nwmeer MIpaKTUYECKUN OIIBIT
COBpPEMEHHbIE .

Hay4YHO-HCCIICIOBATENILCKOW  AEATENBHOCTH B 00JacTu
WH(POPMALOHHO-KOMMYHHKAIIOHHbIE .

UH(POPMALOHHO-KOMMYHHKAIMOHHBIX TEXHOJIOTUI
TEXHOJIOTUH

[1K-2.4 Bnageer MeTonaMy U alropuTMaMH pelIeHus 3a1a4y
uuppoBoii 00pPabOTKKM CHUTHAJIOB, WCIOJNB30BAHUS CETH

Wnrepner, AHHOTHPOBAHUS, pedepupoBanus,
O6ubnmorpaduyecKoro MOUCKa, OMBIT PabOThl ¢ HAYYHBIMHU
HUCTOYHUKAMU

[IK-3.1 3Haer OCHOBBI BeJEHUS HAYYHAHCKYCCHUU H
(hOpMBI YCTHOTO HAYYHOTO BBICKA3bIBAHUS

[1K-3 Bnageet HaBbIKaMU y4acTHs B HAy4HBIX
TMCKYCCHSIX, BBICTYTUICHHUS C COOOILEHUSIMH U
JOKJIaZlaMU YCTHOT'O, IMCbMEHHOI0 U
BHUPTYaJILHOTO (pa3MelecHHE B
MH(QOPMALIMOHHBIX CETAX) XapakTepa,
MPECTABICHHUS MaTePHaoB COOCTBEHHBIX
HCCIEeI0BaHUI

[IK-3.2 VYmeer BecTH KOPPEKTHYIO AHMCKYCCHIO B 00JacTu
MHQOPMAIIMOHHBIX TEXHOJIOTFM 3a7aBaTh BOIPOCHl U
OTBEYaThb HA IIOCTABJIEHHBIE BOIIPOCHI IO TEME HAay4YHOHU
paboThI

[IK-3.3 MmMeer mpakTHYECKUH OMBIT Y4YacTHsl B HAy4HBIX
CTyICHYECKUX KOH(PEpPEHIHUSAX, OYHBIX, BUPTYaJIbHbIX,
320UHBIX OOCYXKJIEHUSX Hay4YHbIX MpoOlieM B o001acTu
MH(POPMAIIMOHHBIX TEXHOJIOTHIA




IIK-1 I'0TOB K BK/IIOUEHUIO B
npodeccruoHaabHOE COOOIIECTBO; CIIOCOOCH
MPOBOJUTH T10J] HAYYHBIM PYKOBOJICTBOM
JIOKQJIBHBIE UCCIIEMOBAHUSI HA OCHOBE
CYIIECTBYIOIIUX METOIOB B KOHKPETHOM
obyacTu Mpo(heCCUOHATBHOMN IEATEILHOCTH

[MK-1.1 3HaeT OpUHIUNBI MOCTPOCHHUS HAYYHOH pPabOTHI,
Merogsl cOopa W aHanM3a TIIOJMyYEHHOTO MaTepHalia,
CIOCOOBI apryMEHTAlluy; BIIaJECT HABBIKAMH IIOATOTOBKU
Hay4YHbIX  0030poB,  myOinukanuii,  pedepatoB  u
oubnuorpaduil MO TEMaTWKe MPOBOJAMMEBIX HCCIICAOBAHUIMA
Ha PYCCKOM M aHIJIMICKOM SI3BIKE

[IK-1.2 Ymeer pemarp Hay4yHbIE 33aJa4d C TOHUMaHHEM
CYLIECTBYIOIIUX TMOAXOAOB K BEpUPHUKALMKU MOAETEH
HIPOrpaMMHOTO 00ecHeyeHus B CBA3M C IOCTaBJICHHOM
LEJBIO U B COOTBETCTBUH C BEIOPAHHOW METOIUKON

[IK-1.3 Hmeer mnpakTU4YEeCKUH ONBIT BBICTYIUIECHUA H
HAyYHOW apryMeHTaly MpH aHajiu3e OOheKTa HAyYHOU M
npo¢ecCHOHANBHON e TeNbHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00Yy4aIOIINeCs JOIKHbI

3HATb.

YMETB:

- CTPOCHHE M MPUHIIMIIBI PYHKIIMOHUPOBAHUS KIMMYHHOU CHCTEMBI,

- METOJOJIOTHIO MOCTPOCHHSI MareMaTuYeCKUX MOJAEICH UMMYHHBIX MPOIECCOB M WH(PEKIIMOHHBIX
3a00JIEBaHNUI;

- OCOOCHHOCTH KaJdMOPOBKH MaTreMaTHYeCKUX MO/ MMMYHHBIX MPOIECCOB MO peaabHBIM
JAHHBIM;

- TpeOOBaHUS K TIOCTPOCHUIO MHOTOYPOBHEBBIX MYIBTH-(QU3HYCCKUX MOJCICH HWMMYHHBIX
MPOIIECCOB;

- METOJbI MOJICTUPOBAHKS AKTUBHOTO TIEPEMEILICHHS KIIETOK C YYETOM UX (DOPMBI U B3aUMOJICHCTBUI;

- KpHUTEPHHU OLICHKH KJIMHUYECKOH 3()(DEKTUBHOCTH JICKAPCTBEHHBIX MPEMapaToB;

- TIOAXOJBI K MOCTPOCHUIO ar€HTHBIX MOJICIICH;

- METOJIbl CETMEHTAIIMU MEMIIMHCKUX N300paKeHUiT;

- CTPOCHHWE W MPHUHIHUIBI ()YHKIIMOHUPOBAHHUS OMOPHO-IBUIaTeILHOTO aInapara;

- TEXHOJIOTHIO MPOTHO3a MOTO/bI U YCBOCHHS TaHHBIX HAOIIOICHUN;

- TEXHOJIOTHIO OTICPATUBHOM OKeaHOTpaduu;

- METOOJIOTHIO TIPOTHO3UPOBAHUS OY/IyIIEro COCTOSHHS KJMMara 3eMHO# CUCTEMBI.

- 3((EeKTUBHO HCIIOIb30BaTh HA MPAKTHUKE TEOPETUIECKHE KOMIOHEHThI HAYKU: MOHATHS, CYXICHHS,
YMO3aKJIIOUYEHNs, 3aKOHBI;

- TIOJIB30BATHCS CIIPABOYHOM JIUTEpaTypOi HAYYHOTO M MPUKIIAJHOTO XapakTepa Jyis ObICTPOro Moucka
HEOOXOAMMBIX MaTEMAaTHUECKUX, (PU3MUECKUX U OMOIOTUYECKUX JaHHBIX U IOHATHH.

BJIAJIETh:

- HaBBIKAMH CaMOCTOSTEIBHOW pabOThl ¢ HAy4YHOU JIUTEPATYPOil 1O MPUMEHEHHUIO MaTeMaTHYeCKOTO
MOZIEIIMPOBAHUS B HayKaX O JKU3HH M C COBPEMEHHBIMH MCTOYHUKaMU HHpOpMaNUu (Hay4dHbIE CTaThH,
HUHTEPHET);

- HaBBIKAMU OCBOCHHSI 0OJIBIIOTO 00bEMa HH(POpMAIHIH;

- KyJIBTypOW NOCTAaHOBKM M HCCIICIOBAaHHS 33a]a4 MOJCIHPOBAaHHS B reopu3nuke U OMOMaTeMaTuke ¢
UCIIOJIb30BaHNEM COBPEMEHHBIX BBIUMCIUTEIBHBIX TEXHOIOTUI peLIeHns MPSIMbIX U OOPaTHBIX 3a/1ad.

- HaBBIKAMHU TPAKTHYECKOTO pEIICHHS MPUKIAJHBIX 33/ad MaTeMaTHYeCKOTO MOJCIUPOBAHUS B
UMMYHOJIOTHH, SMTUAEMHUOJIOTHH, MEULINHE U OMOMEXaHUKeE.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTh 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.




No Tema (pa3nen) TUCIUTUTMHBI

Jlexmum

CeMmuHapHI

JlabGopar. paboTsr

CamocrT.
pabora

Pa3paboTka BBIYHCIIHTEIILHBIX
QITOPUTMOB pemieHusT KO3 UITMEHTHBIX
oOparHbIX 3a1a4.KoMmbloTepHBIE MOIEITH
1 MPOCTPAHCTBEHHOW MUTpAallUU KJIETOK.
BerancnurensHast reoMeTpust
TUMQaTHIECKOTO (OPEN
CASCADE, Blender).

y3na

20

OneHkr KJIMHUYECKOH 3((EKTHBHOCTH.
ATEHTHbIE MOJCTH  PacIpOCTPAHCHUS
WHQEKIMOHHBIX 3a0oneBannii. Co3nanne
MEPCOHAIM3UPOBAHHON T€OMETPUUECKOM
MOZCIIH. buomexannueckoe
MOZICJIMPOBAHHE OMOPHO-BUTaTEIEHOTO
anmapara.MojenupoBaHue KJIMMara
3eMHOI CUCTEMBI.

20

MeToasl BapHalHOHHOW aCCUMMWIISILINH
JAHHBIX. HucneHHbIin [IPOTHO3
norogel. MonenupoBanue Box MupoBoro
OKEeaHa.

20

Wtoro wacos

15

15

60

HO,I[FOTOBKa K 3K3aMCHY

0 gac.

OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.em.

4.2.

ConeprxaHue UCIUIUIAHBI (MOAYIIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 3 (Ocennwii)

1. Pa3paboTka BBIYMCIUTEIBHBIX  QJITOPUTMOB  pelIeHHS  KOI()(MUIMEHTHBIX  OOpaTHBIX
3a1a4. KoMIbIOTepHBIE MOZIENN MIPOCTPAHCTBEHHON MUTPAIMHU KJICTOK. BhIYMCINTENbHAS TEOMETPUs
mumdarnueckoro y3na (OPEN CASCADE, Blender).

Pa3paboTka BEIYHCIUTENBHBIX aJTOPUTMOB perieHHsT K03()(OUIIMEHTHBIX 00paTHBIX 3a7a4 Ha OCHOBE
anroputMoB MATLAB/Python. O0yueHne npakTHYeCKUM HaBbIKaM

uAeHTU(UKAIMN MOJIeJIeil UMMYHOJIOTHH.

KommproTepHbie MOaeIM MPOCTPAHCTBEHHON MUTPaMK KJIETOK (areHTHBIE Moaenu, monenu [lorrca)
Ha s3pike C++. OOy4yeHne MeTogaM MOJENMPOBAHUS aKTUBHOTO TEPEMEIEHHs KIETOK C y4eTOM HX
(hopMEI 1 B3aUMOJICHCTBUH.

Boruncnurensnas reomerpust aumdaruaeckoro ysina (OPEN CASCADE, Blender).

3HaKOMCTBO cO cpenctBamu 3D mpoekTupoBaHus W Bu3yanuzanuu mojenei JIY Ha ocHoBe Habopa
IIPUMUTUBOB, COOTBETCTBYIOLUX €TI0 CTPYKTYPHBIM KOMIIOHEHTaM.

2. OueHkU KIUHUYECKOH 3((PEKTUBHOCTH. ATEHTHBIE MOJEIHM PaclpOCTpaHeHHs HWH(EKIMOHHBIX
3aboneBannii. Co3naHue TIEPCOHAIM3MPOBAHHOW TeOMETpUYECKOM Moxenn. buomexanndeckoe
MOJEJINPOBAaHUE OMIOPHO-IBUTATENILHOTO anmnapara.MoaenupoBaHie KiuMara 3eMHOW CUCTEMBI.

TexHomorus OLICHKH KJIMHUYECKOH 3(1)(1)6KTI/IBHOCTI/I JICKApCTBCHHBIX NPCIIAPATOB.

[Tonxom Ha OCHOBE MAapKOBCKHX MOJENEH IWHAMUKH OOJIE3HHM W OIEHKH Tpy3a OOJIe3HH.
Mertononorus oreHku BemmanH nHACKCOB QALY u DALY.

ATeHTHBIE MOJENU pacnpocTpaHeHUs WHQEKIIMOHHBIX 3a0ojieBaHui. [IpwHIMIBI TOCTpOCHUS M
WCCIICZIOBAHMSI ar€HTHBIX MOJIENIEH AMHUIEMIUECKUX TPOIeCCOB. YUeT Bapuallii IMMYHHOTO OTBETA,
TTOBEICHYECKHUX U COIMATLHBIX aTTEPHOB.

HpeI/IMYH_[eCTBa n HpO6J'IeMBI Ar¢HTHOT'O MOACIIMPOBAHUS.




I/I3yquI/Ie NporpaMMHOI0O  HMHTPYMCHTapusa i1 CCTMCHTALIMM TPCXMCPHBIX MCIUIMHCKUX
1/1306pa>1<eH1/1i'1; CCTMCHTHUPOBAHUC 3alaHHbIX OpraHoB B IMPCAOCTABJIICHHBIX MCEAUIHNHCKUX
I/1306pa)KeHI/I$IX; CPaBHCHUC PC3YyJIbTATOB CCTMCHTUPOBAHUA C pe(bepeHTHLIMI/I JaHHBIMHA

N3ydyenne mporpaMMHOTO HWHCTPYMEHTApHUS IS TOCTPOSHUS MOJCNed OIOPHO-ABUTATEIHHOTO
anmapara. [loctpoenne Mozeneil OTAETbHBIX CyCTaBOB TEJa YEJIOBEKa.

OOcyXaaroTcss OCHOBHBIC TPHUHIMIIBI YHCICHHOTO MOJCITUPOBAHUA 3€MHOW KIMMAaTHUECKOU
CUCTEMBI C IIEJIbI0 TPOTHO3a €€ OymyInero cocTosiHus. PaccMarpuBaeTCs TEXHOJOTHS BBIICIICHUS

CUTHAJIa Ha BO3JICHCTBUS W IIymMa B aHcamOlie YK€ COCYMTAHHBIX DKCIIEPUMEHTOB C MOJEIBIO
kimMmara IBM PAH.

3. Metoapl BapUallMOHHOM aCCUMWISUUU JAHHBIX. YUCIEHHBIM mporHo3 mnoroasl.MonenupoBaHue
BOA MupoBOro okeana.

PaccmarpuBaercss ~ MeTOmOJIOTMSI  BapUallMOHHOW — acCUMWIALMM  JaHHBIX s Mozenei
THAPOTEPMOAMHAMUKN MOPEN 1 OKEAHOB.

Ob6cy>xaaercss HCTOPHSI CTAHOBJICHUS] TEXHOJIOTMH YUCIIEHHOTO MPOTHO3a MOTOABI, BUABI YHCICHHOTO
nporHo3a noroasl. Ha npumepe oneparusnoit Bepcun moaenu [IJIAB UBM PAH u 'mapomeruentpa
Poccun paccMarpuBaeTcsi COBpeMEHHAsT TEXHOJOTHA MPOTHO3a MOTOABl U OCHOBHBIE KOMITOHEHTBI
BBIYUCJIUTEIILHON MOJEIN.

PaccmarpuBaeTcst cOBpeMEHHas: METOAOJOTHMsS YHCICHHOTO pacyeTa COCTOSHHS BOX MupoBOro
OKeaHa C MPUMEHEHNEM KOMITBIOTEPOB ¢ MACCHBHO-TIAPAILICIBHON apXUTEKTYPOH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

Jlocka, HOyTOYK ¥ MyJIbTUMEANIHOE 000pyioBaHuE (IIPOEKTOP WU MJIa3MEHHAs TaHeJb).
6.IlepeyeHnb pexoMeHYeMOM JINTEPATYPHI

OcHoBHas 1uTeparypa

1. Pusamuenxo, I'. FO. (2002). JIekiuu 1m0 MaTeMaTHISCKUM MOJIEISM B OMOJIOTHH.
http://chembaby.com/wp-content/uploads/2015/12/Bioinformatika_Riznichenko - Lektsii.pdf

2. B. B. Emenssnos, B. M. Kypeituuk, B. B. Kypeitunk Teopus u npakTuka 3BOJIOLHOHHOTO
MozaenupoBanus : [MoHorpadus] — Hayunoe uzn. — M. : @uzmarniut, 2003 .— 432 c. — (IIpobaemsl
HCKYCCTBEHHOTO MHTEIIEKTA). - bubnuorp.: c. 416-426. - [IpenM. ykas.: c. 427-431. - 300 sk3. - ISBN
5-9221-0337-7 (B mep.)

3. 1. bapn Henuneiinoe onennpanue napamerpos (Nonlinear parameter estimation); ep. ¢ anr. B.
C. Hyxenko ; mox pen. u ¢ npeauci. B. I T'opckoro .— M. : Crarucrtuka, 1979 .— 352 c. —
(MaremaTHKO-CTaTHCTUIEKHIE METO/IBI 32 pyOexoMm). - bubmuorp.: c. 328-336. - IMeH. ykas.: c.
338-339. - [Ipenmer. ykas.: c. 340-34345. - 6000 »k3.)

4. A.Tunn Jlunamuka armocdepsl u okeana. B 2 1. T. 1 / mep. ¢ aarn. B. 3. PsOununa, A. H.
@unarosa ; nox pen. I. I1. Kypbarkuna .— [Hayunoe uzn.] — M. : Mup, 1986 .— 397 c. : un. - 2600
9K3. (B mmep.).

JlononHuTeNbHAS TUTEpATypa
1. Robert B. Banks. Growth and Diffusion Phenomena. Springer Verlag. 1994,
2. D.H. Anderson (1983) Compartmental Modeling and Tracer Kinetics, Lecture Notes in
Bio-mathematics, 50. Springer-Verlag, Berlin
3. JIetonr JI. Unentudukanus cuctem. Teopust mist mons3oBarens: [lep. ¢ anmi. / Tox pen. £.3.
Upimkuna. - M.: Hayka. I'n. pen. ¢usz.-mar. nut., 1991. - 432 c.
4. Holton J.R. An introduction to dynamic meteorology. - Academic Press; 5 edition. 552 P.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

1. https://models.physiomeproject.org/welcome
2. http://www1.maths.leeds.ac.uk/applied/ QUANTI/



3. https://opensim.stanford.edu/
4. http://www.itksnap.org/pmwiki/pmwiki.php

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NporpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

1. https://models.physiomeproject.org/welcome

2. http://www1.maths.leeds.ac.uk/applied/ QUANTI/
3. https://opensim.stanford.edu/

4. http://www.itksnap.org/pmwiki/pmwiki.php

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4yaromuid IUCUUIUIMHY, JODKEH C ONHOW CTOPOHBI, OBJIAACTh OOIIMM TMOHSITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pesynbrare u3ydeHus IQUCLUIUIMHBI CTYyAEHT JOJDKEH 3HATb OCHOBHBIE OIIPENENICHUs, MOHSTHS,
AKCHOMBI, aJITOPUTMBI.

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHOM caMoCTosATeNbHOM paboThl cTyfeHTa. B mporpamme
Kypca TpUBEACHO MHUHUMAJIbHO HEOOXomMMoe Bpemsl [uis paldoThl CTyleHTa HaJ TEMOH.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHME U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAHHOMN JINTEPATYPBI,

— TpopaboTKy ydeOHOro marepuaia (IO KOHCIIEKTaM JICKIHH, y4eOHOH M Hay4dyHOW JuTeparype),
[IOJTOTOBKY OTBETOB HA BOIPOCH], IPEJHA3HAYEHHbIX JUISI CaMOCTOATEJILHOTO  M3Y4EHHS,
JOKa3aTeNbCTBO OTAEIBHBIX YTBEPKACHHI, CBOICTB;

— MOATOTOBKY K UG PEpEeHINPOBAHHOMY 3a4ETYy.

PykoBOACTBO W KOHTPOJNb 3a CaMOCTOSATENBHOM paboTON CTygeHTa ocymiecTBisieTcst B (opme
UHAUBUYaIbHBIX KOHCYJIbTALUM.

BaxxHo 10OWTHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENBbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYIbTAlUAMH K
JIEKTOPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa BEIYMCIUTEIbHBIX TEXHOJIOTHI U MOJICIIMPOBAaHUS B reo(hU3UKe U

onomareMaTHKe
Kypc: 2
KBaTuuKanus: MarucTp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTauuu: 3 (oceHHuil) - JuddepenuupoBannslii 3a4eT
PazpaGoTunkm:

PYO. ®agnees, kana. ¢pu3s.-MaT. HayK
B.IO. CanamaroBa, kan/. Qus.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[1K-2 [TorumaeT 1 cnocobeH NPUMEHUTH B
Hay4HO-UCCJEN0BATEIbCKON U NPUKIaJHON
NEATENBHOCTH OCHOBHBIE 3aKOHBI
€CTECTBO3HAHUS, COBPEMEHHbII
MaTeMaTU4YEeCKUI anmnapar U alfOPUTMBI,
COBpPEMEHHbIE
WH(POPMALOHHO-KOMMYHHKAIIOHHbIE
TEXHOJIOTUH

I[IK-2.1 3naeT OCHOBBI  HAy4YHO-HCCIIEOBATEIbCKOM
JEATEIIFHOCTH B 00JacTH WH(OPMAIIMOHHBIX TEXHOJIOTHH,
BJIaJIeET 3HAHUEM OCHOB (PHIIOCO(OUN U METOJIOIIOTHU HAYKH;
3HAHHEM METO/IOB HAyYHBIX MCCIIEOBAaHHMI M HABBIKAMH HX
MPOBEICHUS

[IK-2.2 YMeeT mpUMEHATH MONyYeHHBIE 3HAHUS B 00JacTh
($yHIaMEeHTaIbHBIX HAYYHBIX OCHOB TEOPUH WH(POpMALUU H

pelarhb CTaHJapTHbIE 3a1aun B COOCTBEHHOM
Hay4YHO-UCCIIE0BATEIBCKON AESITETBHOCTH

[IK-2.3 Nwmeer MIpaKTUYECKUN OIIBIT
Hay4YHO-HCCIICIOBATENILCKOW  AEATENIBHOCTH B 00JacTu

I/IHq)OpMaI_II/IOHHO—KOMMYHI/IKaLII/IOHHLIX TCXHOJIOTHI

[1K-2.4 Bnageer MeTonaMy U alropuTMaMH peIIeHus 3a7a4y
uupoBoii 00pabOTKKM CHTHAJIOB, WCIOJNB30BAHUS CETH
Wurepner, aQHHOTUPOBAHUS, pedepupoBanus,
OoubnmorpaduyecKoro MOUCKa, OMBIT PabOThl ¢ HAYYHBIMHU
UCTOYHUKAMHU

[1K-3 Bnageet HaBbIKaMU y4acTHs B HAy4HBIX
TMCKYCCHSIX, BBICTYTUICHHUS C COOOILEHUSIMH U
JOKJIaZlaMU YCTHOI'O, IMCbMEHHOI0 U
BHUPTYaJILHOTO (pa3MellcHHE B
MH(OPMALIMOHHBIX CETAX) XapakTepa,
MPECTABICHHUS MAaTePHaoB COOCTBEHHBIX
HCCIEeI0BaHUI

[IK-3.1 3Haer OCHOBBI BeJEHUS HAYYHAHCKYCCHUU H
(hOpMBI YCTHOTO HAYYHOTO BBICKA3bIBAHUS

[IK-3.2 VYmeer BecTH KOPPEKTHYIO AHUCKYCCHIO B 00JacTu
MH(QOPMAIIMOHHBIX TEXHOJIOTFM 3a7aBaTh BOIPOCH U
OTBEYaTb HA IIOCTABJICHHBIE BOIIPOCHI IO TEME HAay4YHOHU
paboThI

[IK-3.3 NmMeer mpakTHYECKUH OMBIT Y4YacTHsl B HAay4HBIX
CTyICHYECKUX KOH(EpPEHIMUSAX, OYHBIX, BUPTYaJIbHbIX,
320UHBIX OOCYXKJIEHUSX Hay4YHbIX MpoOlieM B o001acTu
MH(POPMAIIMOHHBIX TEXHOJIOTHIA

[TIK-1 T'0TOB K BKJIFOUEHHUIO B
npodeccuoHanbHOE COOOMIECTBO; CIIOCOOEH
MIPOBOIUTH MO/ HAYYHBIM PYKOBOICTBOM
JIOKaJIbHBIE HCCIIEI0BAHUS Ha OCHOBE
CYILECTBYIOIIUX METOJOB B KOHKPETHOU
obnacTy mpoheCcCUOHATBHOH JIeATENLHOCTH

[IK-1.1 3HaeT npUHOUNBI MIOCTPOCHHUS HAYYHOH pPabOTHI,
MeTroasl cOopa W aHamm3a IOJMYYEHHOTO MaTepualia,
CHocoObl apryMEHTalWu; BiaJleeT HaBbIKAMH HOATOTOBKH
Hay4YHbIX  0030poB,  myOnukamuii,  pedeparoB  u
oubnuorpadguii Mo TEMaTWke MPOBOAMMBIX HCCIICAOBAHUM
Ha PyCCKOM U aHIVIMHCKOM SI3bIKE

[IK-1.2 VYMmeer pemars Hay4Hble 3aJadyd C ITOHUMaHHEM
CYIIECTBYIOIIMX IOAXOMOB K BepHdUKaMu Mojenei
MpPOrpaMMHOTO OOECHeYeHHsT B CBA3H C MOCTaBICHHOMN
IEJBI0 U B COOTBETCTBUY C BHIOPAHHONW METOIUKON

[IK-1.3 HMmeer mnpakTU4YEeCKWH OMBIT BBICTYIUICHHM H
HAy4YHOM apryMeHTallH MpH aHaiu3e OOBbEeKTa HAYyYHOH H
npodeccuoHaIbHON 1S TeTbHOCTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pe3yabTaTe MU3YUCHUSA OUCHUILIUHBI «HpI/IKJ'IaI[HBIG TCXHOJIOTHH B FCO(I)I/IBI/IKG u OHMOMaTeMaTHKE)

00yJaromuiics JOKeH:

3HATb:




- CTpOCHME M NPUHIHUIIBI (YHKIIMOHUPOBAHNS UIMMYHHON CUCTEMBI;
- METOHNOJIOTHIO MOCTPOCHHSI MareMaTH4ecKUX MOAeJeH MMMYHHBIX MPOLECCOB M MHPEKIMOHHBIX

3a00JIEBaHNI;

- OCOOCHHOCTH KaJdMOpPOBKH MaTreMaTHYeCKUX MO/l MMMYHHBIX MPOIECCOB MO peaabHBIM
JAHHBIM;

- TpeOOBaHUS K TIOCTPOCHUIO MHOTOYPOBHEBBIX MYIBTH-(QU3HYECKUX MOJCICH HWMMYHHBIX
MPOIIECCOB;

METO/bI MOJICTTMPOBAHUS AKTUBHOTO MEPEMEIICHHUS KIETOK C YUYeTOM HX ()OPMBI U B3aUMOJCHCTBUI;
- KpUTEPHHU OLEHKH KIMHUYECKOH 3(h(EeKTUBHOCTH JICKAPCTBEHHBIX IPEMapaToB;

- TIOAXOIBI K MOCTPOCHUIO ar€HTHBIX MOJEIICH;

- METOJbl CETMEHTAIMN MEIULUHCKUX N300paXeHuil;

- CTpPOCHHE M MPUHLHUITH ()YHKIMOHUPOBAHUS OMOPHO-ABUIaTEIHLHOTO allapara;

- TEXHOJIOTHUIO MPOTHO3a ITOTO/bl M YCBOCHHS JaHHBIX HAOIIOICHUN;

- TEXHOJIOTHIO ONEPaTUBHON OKeaHorpaduu;

- METOMOJIOTHIO IIPOTHO3UPOBAHUS OydyIEro COCTOSHHS KIMMara 3eMHOM CUCTEMBI.

yMeTh:
- 3((EeKTUBHO HCIIOIH30BaTh HA MPAKTUKE TEOPETUYECKHE KOMIOHEHThI HAYKU: MOHATHS, CYXICHHS,
YMO3aKJIIOUYEHNs, 3aKOHBI;
- TIOJIB30BATHCS CIIPABOYHOM JIUTEpATypOoi HAYYHOTO M MPUKIIAJHOTO XapakTepa JuIs ObICTPOro MoucKa
HEOOXOIMMBIX MaTEMAaTHUECKUX, (PU3MUECKUX U OMOIOTUYECKHUX JaHHBIX U IOHSATHH.

BJIaJeTh:

- HaBBIKAMH CaMOCTOSTEIBHOW pabOThl ¢ HAy4YHOU JIUTEPATYPOil 1O MPUMEHEHHUIO MAaTeMaTHYeCKOTO
MOZIEIMPOBAHUS B HayKaX O JKU3HH M C COBPEMEHHBIMH MCTOYHUKaMU HHpOpMaNuy (Hay4dHbIE CTaThH,
HUHTEPHET);

- HaBBIKAMU OCBOCHHSI 0OJIBIIOTO 00bEMa HH(pOpMAIH;

- KyJIBTypOW NOCTAaHOBKM M HCCIICIOBAaHHS 33]a4 MOJCIHPOBAaHHS B reou3nke U OMOMaTeMaTuke ¢
UCTIOJIb30BaHMEM COBPEMEHHBIX BBIUMCIUTEIBHBIX TEXHOIOTUI peLIeHNs PSIMbIX U OOPaTHBIX 3a/1ad.

- HaBBIKAMU TPAKTHYECKOTO pEIICHHS MPUKIAJHBIX 33/ad MaTeMaTHYeCKOTO MOJCIMPOBAHUS B
UMMYHOJIOTHH, 3MTUAEMHUOJIOTHH, MEULIMHE U OMOMEXaHUKeE.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yLIC6HOl"O Marcpuajia MmpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHATUA 110 TCMC ITPOULIIOTO 3aHATUA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. 3anmada uaeHTHPUKAIMN MOCIISH UMMYHOJIOTHH.
2. TlocTpoeHue KOMIBbIOTEPHOU MOAEIH MPOCTPAHCTBEHHOM MUTPALIUU KIIETOK.

3. 3D mnpoekTupoBaHHE M BH3yalu3alus Mojeied IuMQaTHyecKHuX Y3JI0B Ha OCHOBE Habopa
IIPUMUTUBOB, COOTBETCTBYIOLIUX €TI0 CTPYKTYPHBIM KOMIIOHEHTaM.

4. 3anaya OLEHKU KIMHUYECKOH 3(P(PEeKTUBHOCTH JIEKapPCTBEHHBIX MIPENaparos.
5. ATeHTHBIE MOJIENIN PAaCIIPOCTPaHeHNsI MH(EKIIMOHHbBIX 3a00IeBaHuU.

6. IlocTpoeHune reoMeTpH4ecKoil MOJEIM OpraHa Kak pe3yJbTaT CEerMEHTUPOBAHMS METUIIMHCKUX
H300pakeHUH.

7. IlocTpoeHune MoaeNn KOJIEHHOTO CycTaBa ¢ ucnoiib3oBanueM OpenSim.
8. TexHoNOrHs ONMEPaTUBHOTO MPOTHO3a ITOTOABI.

9. Merogponorus npeackazanus Oyayliero KinuMara 3eMHOM CUCTEMBI.
10.AnropuTMBI YHCICHHOTO IPOTHO3a cocTosiHUS Box Muposoro OkeaHa.

Kputepun onennBanus



Onenka ommuuHo 10 OamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHBIC, DIIyOOKHE 3HAHUS YYEOHOW MPOrpaMMbl JUCIHMIUIMHBI, MPOSBISIOMEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
NPUMEHSATh X Ha IPAKTHKE TPH PEIICHUU KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBHIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCHUILUIMHBI U YMEHHE YBEPEHHO
IPUMEHATH UX Ha MPAKTHUKE MPH PEIICHNU KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.

Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLUIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xopomio 7 0aioB - BEICTABISIETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPpaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajIoB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh [IOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HAa MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka yHOBIETBOPUTEIHHO 4 Oayuia - BBICTABISCTCS CTYACHTY, MOKa3zaBIIeMY (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyILIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIEero oOydeHus, u
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yHIOBICTBOPUTENBHO 3 Oaia - BBICTABISCTCS CTYACHTY, MOKa3aBIIeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HeyIOBJIETBOPUTENIBHO 2 Oauia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JOIyCKaeT TrpyOble OmHOKH B
(OpMyITHpPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYIOBIETBOPUTENbHO 1 Oajnm - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAeT OCHOBHOTO
coziepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUILTUHEL, JTOMyCKaeT rpyOeiinire ommoku B (GOPMYIHPOBKAX
0a30BBIX TMOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

Bo Bpems mpoBenenus auddepeHUMpOBaHHOrO 3au€ra OOydarolmuecss MOTYT —II0JIb30BaTbCs
NpOrpaMMOM JUCLHUIUIMHBI, a TAaKXE CHOPABOYHOM JIMTEPAaTypoOM, BBIYMCIUATEIBHON TEXHUKOM,
KOHCIIEKTaMH JICKIIHH.

JuddepeHurpoBaHHBINA 3a4ET MPOBOAUTCS IIyTEM OPraHU3alMU CIIEHUAIBHOTO ONPOCca, MPOBOAUMOTO
B yCTHOM (hopme.



