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AHHOTANMA

Kypc npeacrasisier cob6oii BBeilcHHE B OCHOBHBIE BBHIYUCIUTENBHBIE METObI, HCIIOIb3YEMbIE B COBPEMEHHOM
¢bu3MKO-MaTeMaTHYECKOM MojenupoBaHuy. [lepBast yacTh Kypca HOCBsIIEHa BBECHUIO B OCHOBHBIC TIOHATHS
U METOJIbl YUCIICHHOH JINHEIHOH anreOpbl. BTopas yacTs Kypca cBsi3aHa ¢ METOAAMHU PELICHUS WHTETrPaTbHBIX
n nuddepennmanpHbIX ypaBHeHHH. B TpeThelt uactu Kypca oOcyxnatorcs metoasl MonTe-Kapio B cBsizu ¢
3a/ladaMH BEpOATHOCTHOTO MOJICITMPOBaHUS.

B pamkax kypca npuiararoTcsi Kak TEOpETHYECKHME, TaK M IPAaKTUYECKHE 3a/laud, CBSI3aHHBIE KaK C
HCIOJIb30BaHUEM TOTOBBIX IPOTrPaMMHBIX MAKETOB Ha si3bike Python, Tak u ¢ camocTosITeIbHON peanu3anueit
MPOCTEHIINX BepCHI HEOOXOANMBIX IJISl pEIICHUS PAKTUYECKUX 33/]a4 aJITOPUTMOB.

1. lean u 3apa4n

Henp AucoMnInHBI
OOy4uTh OCHOBHBIM METOIAM YHCICHHO-MaT€MaTHYECKOTO MOJEIMPOBAaHUS Ha IPAKTHUYECKUX
puMepax.

3agaum AUCUMIIUHBI
N3ydenune 0CHOB YMCIIEHHOW TUHEWHOM anreOpsl U e€ npuiiokeHui. M3ydueHne MeTo10B ONTUMH3AINN

U pelleHHs MHTErpalbHBIX U TU(PEeHINaTbHbIX YpoBHeHUH. BBenenue B meroq Monte-Kapio u ero
MPHUIIOKEHHUs. SHAKOMCTBO CO CTaHJapTHBIMHU OMOIMOTeKaMH si3bika Python.

2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETCHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-3 Cnocoben oprann3oBbiBaTh 1 pykoBouTh | YK-3.3 CriocoOGeH mpenBuaeTh pe3yasrarhl (TIOCIEeICTBHS)
paboToil koMaHabl, BEIpabaTeiBas KOMAaHAHYIO  |Kak JIMYHBIX, TAK U KOJUIEKTUBHBIX JEHCTBUN
CTpATEeTuIo JUI JOCTHKEHUS ITOCTABICHHOMN

3a/1a4n
OIIK-1 Bnaneer cucremoit pynnamentanpapix |OIIK-1.1  3Haer ®  CcHOCOOGH  HMCHONB30BaTh B
HAyYHBIX 3HAHWI B 00JIACTH Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
(hM3UKO-MaTeMaTHIEeCKUX HAayK Hay4YHbIC 3HAHUA B 0071aCTH (PU3UKO-MATEeMATHICCKUX HAYK

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, MJIAHHPOBAThH
MyTH pEIICHUs], Mpearath U KOMOMHHUPOBATh CIOCOOBI
OIIK-3 Cnioco6eH BbIOUpaTh 1 (MIIN) PELICHUS

paspabarsiBath moaxonsl K pemieHuto TUIOBbIX [OIIK-3.2  CmocobeH uCmonb30BaTh  MCCIIEAOBATEIBCKUE
Y HOBBIX 337124 B 00acTi npodeccHoHanbHOH |METOABl MPU PEUICHUH HOBBIX 3aj/lad, NPUMEHSS 3HAHHS B
JIESITEIIPHOCTH, YUYUTHIBas 0COOEHHOCTH H pa3IMYHBIX 00ACTAX HAYKH (TEXHUKH)

OIPaHNYCHHUA Pa3JIMIHBIX METOAOB PCIICHUA OIIK-3.3 Brnameer aHaIUTHUYECKUMU U BBIYACIUTEIHLHBIMHU
METO/IaMH PEIICHUS, TOHUMACT U YYHUTHIBACT HA MPAKTHKE
IPaHUIBl TIPUMEHUMOCTH MOTy4YaeMbIX PeIICHUN

OIIK-4 CriocoOeH ycItentHo peain30BbIBaTh OIIK-4.2 CrmocobeH TpPUMEHATh 3HAHWS B 00JacTH
pellieHue MOCTaBIEHHOH 3a/1a4, TIPOBECTU (U3KMKO-MaTeMaTHYECKUX HAYK JUIS PEIICHUS TIOCTABICHHOM
aHaJIHU3 pe3ylibTara U MPEJICTABUTh BEIBOJIBI, 3aaun, (pOpPMyYIMPOBAHUS BHIBOJOB M OIEHKH IOTYYCHHBIX
MIPUMEHSISl 3HAHVSI ¥ HABBIKH B 00JIACTH pE3yNBTaToB

(hM3UKO-MaTeMaTHYECKUX HAYK U
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJOTHH

[MK-1 Crocoben craButh, GopmanuzoBbiBath 1 |[IK-1.3 CrnocoOeH mnpuMeHSTh TeopeThueckue W (WIn)
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U |IKCIIEPHUMEHTAJIbHBIE METOIBI UCCICOBAaHUN K KOHKPETHOU
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN Hay4HOW 3ajJa4e M HWHTEPIPETUPOBATH  IOJIYYCHHBIC
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO | PE3yJIbTaThl

aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[1IK-3 Crniocoben npodeccronansHo paborars ¢ |[[1K-3.2 Crniocoben [POBOAUTH OKCTIEPUMEHT
UCCIIEN0BATENBCKAM M UCIILITATENBHBIM (MonenupoBaHUe) € MCIOIb30BAHHEM HCCIIEI0BATEIbCKOIO
00opynoBanueM (IpubopaMu ¥ yCTaHOBKamMu, —|000pynoBaHus (IIAKETOB IPUKIATHBIX IPOrPaMM)




CTIeaTN3UPOBAHHBIMU MTaKeTaMU NPUKIAAHBIX ([TK-3.3  CriocobeH oOLEHMBaTh TOYHOCTh MOJTY4EHHBIX
IpOrpamMM) B U30PAaHHOM NPEAMETHON 00JIACTH  |9KCIIEPHMEHTAIBHBIX (YHCIICHHBIX) PE3yJIBTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)

B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI

3HATE!
OCHOBBI YHCJICHHOW JMHEWHOW anreOphl, METOAOB perieHus AU(PQPEpeHIINaTbHbIX U WHTErPaJbHBIX
ypaBHEHH, a Takke MeTonoB MonTe-Kapio.

YMETh:
PeanuzoBbiBaTh mpocTeiflline BEPCHH OCHOBHBIX aJrOPUTMOB JJIA pPEIICHHS 33434 YHUCICHHOTO
MOJEJIMPOBAHUSI U UCIIOJIb30BaTh CTAHIAPTHBIC CIIEHUATH3UPOBAHHBIE OMOIIMOTEKH.

BJIAJICTh:
BrluncnuTenbHBIMU METOJITAMH.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
BekropHeile W MarpuuHble  HOPMBI.
| VYuutapuasie Matunpl. SVD paznoxenue. 5 5 5
[IpoekToppl.3alada 0  HAWMEHBIIUX
kBajgparax. QR daxropuzanusi.
) BelunciieHuss ¢ IUIaBalOIIEH  TOYKOM. 4 4 4
BrluncnurensHas yCTOMYUBOCTG.
3 MartpuuHsIii paHrL. [Tpubnuxenune 4 4 4
HU3KOTO paHra u npuioxenus SVD.
4 CucreMbl JTMHEWHBIX ypaBHeHHH. Ywucio 4 4 4
00yCIIOBIIGHHOCTH.
CoOcTBeHHBIE BEKTOPBI M COOCTBEHHBIC
5 3Ha4YEHUsl. Merozsl peleHus 4 4 4
CUMMETPHUYHON 3aJlaud Ha COOCTBEHHBIE
3Ha4YEHUsl.

Paspexxennbie  marpunbl. bubnuorexn
6 numpy u scipy.UtepaTtuBHBIE METOABI 4 4 4
JTUHEWHOU anreOphl.

Pemenune cUCTEM HEJTMHEHHBIX

7 ypaBHHHMI.  BBemenue B MeTOIBI 5 5 5
ONITUMU3ALIH.
YucneHnoe MHTETPUPOBAHHE u

] muddhepeHIpoBaHue. Mertonbt 6 6 9
MHTEPNOsIIKY. Pemenne MHTErpagbHbBIX
YpaBHEHUI.
OCHOBHBIEC YHCIICHHBIE METOABI PEIICHUS

9 OOBIKHOBEHHBIX T PepeHITanTbHBIX 6 6 9
YPaBHCHUI W YpaBHEHHH B YaCTHBIX
MPOU3BOIHBIX.

10 Beenenne B Mertomst  Monte-Kapro. 6 6 9

MCTOZ[LI COMIUIMPOBAHUA.




MapkoBckue — unenu  Monte-Mapiio.
Anroputm Metpononuca - I'acTuHrca.
11 6 6 9
CoamIupoBaHue o I'u66cy.
l'amunsronoB Mounte-Kapio.
Monenu  mpoCTpaHCTBa  COCTOSIHUIA.
12 |JluneiiHble JMHAMHYECKHE  CHCTEMBI. 6 6 9
®uneTp Kanmana.
Uroro wacos 60 60 75
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 225 yac., 5 3au.en.
4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)

1. BexTtopHble 1 MaTpuuHble HOpMBI. YHUTapHBIE MaTullbl. SVD pasnoxenue. [Ipoexkrops.3agaya o
HauMeHbIINX KBaaparax. QR dakropuzamnus.

PaccMarpuBaroTCsl BEKTOpPHbIE M MarTpU4Hble HOpMbI. KpaTko HarmoMuHaeTcst 00 yHHUTapHBIX
Marpulax u npoekropax. [IpuBonutcs 3amada o SVD pasnoxeHnr U alropuTMax ero pean3yromunx.
3amaua 0 HaMMeHbIINUX KBajgparax U QR dakropuzanus

2. Briuucnenus ¢ miaBaroliei Toukoi. BeraucnurenbHas yCTOWIHMBOCTD.

[Ipencrapnenre uyucia B dKCHOHEHIHATbHOH (opme. OcoOEHHOCTH BBIYUCICHHS C IUIaBArOIICH
Toukoil. [loHsATHE 00 YCTOWYMBOCTH BBIYUCIUTEIHLHOW CXeMBI. BrraucnurenbHas yCTOMYUBOCTS.

3. Marpuunsiii panr. [Ipubnmkenre HU3Koro panra u npuioxkeaus SVD.

Marpuunsiii pasr. [Ipubnmxenne Huskoro panra. Ilpumenenne SVD pasznoxeHus B MOHWKEHUU
pa3MepHOCTH 3a/1a4u U Apyrue npuiokeHus SVD.

4. Cucrembl JIMHEHHBIX ypaBHeHHH. Ynco 00yCIOBICHHOCTH.

Mertonsl peuienus cucteM JmHeiHbIX ypaBHeHuid (CJIAY). OcnoBHble anroputmsl pemenust CJIAY

n O6ubnmorekn ux peanusyromue. IloHsTne uyncia OOyCIOBICHHOCTH Ml aJrOpUTMa peIIeHHS
CJIAY.

5. CoOcTBEHHBIC BEKTOPHI U COOCTBEHHBIC 3HAUCHUS. METOMBI PEIICHUST CUMMETPHUYHON 3a/1aud Ha
COOCTBEHHEBIE 3HAYEHUS.

UmncnenHas 3aja4ya MoucKka COOCTBEHHBIX BEKTOPOB M COOCTBEHHBIX 3HaYCHUI. METO/IbI U allTOPUTMBI
peIIeHrs] CHMMETPUYHON 33/1aui Ha COOCTBEHHBIC 3HAYCHMS.

6. Pazpesxennsle MaTpuiipl. bubianorekn numpy u scipy.YtepaTuBHbIe METOABI INMHEHHOMN anreOpsl.

[lonsaTue pa3pekeHHOW MAaTpPHUIBl U aJTOPUTMBI PabOTHI ¢ HUMH. bHOMHOTEKM numpy U scipy ¥ HX
peanu3anys UTepPaTUBHBIX METOJOB JINHEWHON anreOphl.

7. PellieHre CUCTEM HEIMHENHBIX YpaBHHAN. BBeeHue B METOIBI ONTUMU3ALIUY.

OCHOBHBIC METO/BI PEIICHUE CHCTEM HEJIMHEHHBIX ypaBHEHUH. OCOOCHHOCTH pealln3alui METOOB
pelIeHnsT CUCTEM HENWHEHHBIX ypaBHeHHIl. BBenmenue B wmeronel onTtumu3anuu. OCHOBHBIE
AITOPUTMBI YUCIICHHOHN ONTUMU3AIINY.




Cemecrtp: 2 (Becennuit)

8. UwucneHHoe HWHTErpupoBaHue U JudQepeHirpoBanne. MeTonsl WHTEPHOISIIHMUA. Pemenne
WHTETrpajbHbIX YPaBHEHUM.

UucnenHoe wuHTerpupoBanue u  auddepenuupoBanue. To4HOCTH MeTOHAa  YMCIEHHOTO
muddeperHupoBanuss M MHTErpupoBaHMsA. (OCHOBHBIE peajM3allid METONOB  YHCICHHOTO
uHTerpupoBanusi W aupdepeHuupoBanus. MeToasl HHTEpHoOISIMU. PemieHue JTUHEHHBIX
UHTErpaJIbHBIX ypaBHEHUH. Peannsanus MeTo0B pelieHusl MHTEIpaJIbHbIX YPaBHEHUH.

9. OcHOBHBIE YHCIICHHbIE METOIbl pEIIeHHs OOBIKHOBEHHBIX AM((epeHIHaNbHBIX YpaBHEHUH U
YpaBHEHHUI B YACTHBIX NPOU3BOAHBIX.

OCHOBHBIC YHCJICHHbIE METOABl pEUICHHs OOBIKHOBEHHBIX IU((GEpEeHINANBHBIX YPaBHEHUH U
YpaBHEHUII B 4YacTHBIX MPOM3BOIHBIX. TOYHOCTP OCHOBHBIX METOIOB  OOBIKHOBEHHBIX
muQQepeHIManbHbIX  YpPaBHEHUH W ypaBHEHMH B YaCTHBIX IPOM3BOIHBIX. bubnmorekwu,
peanus3ylomye OCHOBHBIE METO/bl PEIICHHS OOBIKHOBEHHBIX ANM(p(EpeHINANbHBIX YPaBHEHHH WU
YpaBHEHHUI B YACTHBIX POU3BOAHBIX.

10. Breaenue B Mmeronsl MonTte-Kapno. MeTonbl COMIUIUPOBAHMUSL.

Beenenue B meronsl Monte-Kapio. [lonsiTue nceBnociayyaifHOCTH U TeHepalus MCeBA0CTydYalHbIX
yrces. OCHOBHBIE METObI COMILTUPOBaHUsA. CKOPOCTh pabOThl U MPUMEHUMOCTH OCHOBHBIX METOJIOB
CEMIUIMPOBAaHHUS.

11. MapxoBckue e MouTe-Mapno. Anroputm Metpononuca - 'actunrca. CamMImMpoBaHue 10
I'u60cy. 'amunsronoB Monte-Kaprio.

Mapkosckue tenu Monte-Mapno. (MIIMK). Meroasl cemmiupoBanus Ha ocHoBe MIIMK.
Anroputm Metpononuca — lactunrca. ComiummpoBanue 1o [mOOCy Kak 4YacTHBIM ciydaid
anroputMa Metpononuca-I'actunrca. [lonstue ramunsroHoBa Monte-Kapio u ero peanuzarusi.

12. Mopnenu npocTpaHcTBa cocTossHUM. JInHelinpie nuuamuieckue cuctembl. Ounprp Kanmana.

Mopaenu npocTpaHcTBa cocTosiHuil. OCHOBBI aHaN3a BPEMEHHBIX PsA0B. JIMHEHHbIE TUHAMUYECKUE
CUCTEMBl KaK IpE/ICTaBIECHUE BPEMEHHOIO psina. baecoBckas ceTb Kak JUHEHHas IUHAMHUYECKas
cucrema. Gunptp Kanmana. Jluckpernsii punstp Kanmana u 3aaua nporHo3upoBaHusl.

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

AynuTopus ¢ IPOEKTOPOM.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPbI

OcHoBHas 1uTeparypa
1. BeruucnurenbHbie OCHOBBI JTHHEHHOM anreOpsl [Teker] / B. B. BoeBoaun - M.Hayka, 1977

JomnonHurensHas aureparypa

1. Yucnenusle Metoasl U nporpammHoe obecneuenue [Texcr] = Numerical Methods and Software : /
. Kaxanep, K. Moynep, C. Ham ; niep. ¢ aarin. nog pea. X. Jl. UkpamoBa .— [Hayunoe uzn.] — M. :
Mup, 1998 .— 575 c.

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

He ucnonesyrores



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX IPH OCYLIeCTBJICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

CucreMa auctaHnmoHHoM cBs3u "GoofleMeets"
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IJUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJEeTh OOILMM MOHATUHHBIM
arnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare MU3y4YCHUSA AUCHUIUIMHBI CTYACHT HOJDKCH 3HAThb OCHOBHBLIC ONPCEACICHHUSA W IOHATHL,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCUICHUS PA3JIMYHBIX 3a1a4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHILTHHE;
— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaMPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHL;

- npopa60TKy yqe6H0r0 Marcpuajia, MIOAroTOBKY OTBCTOB Ha BOHIPOCHI, MNPCAHA3ZHAYCHHBIX JIA
CaMOCTOATEJIIbHOI'O U3YUCHUS

— pelieHue 3a/1a4, IpeaIaracMblx CTyIEHTaM Ha 3aHATUAX;
— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

ITokazarenem BnageHUs MarepuaioM CIIY>XXUT YMCHUC 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMaM
JUCIUITIIIMHBI.

Baxno ILOGI/ITLCH IOHHMMAaHUs MU3y4acMOIro Marepuajia, a HE MEXaHHNYCCKOTO €ro 3alilOMHHAaHUA. HpI/I
3aTPYAHCHUN HU3YUYCHUSA OTACJIBHBIX TCM, BOIIPOCOB, CJICAYCT OGpaH_[aTBCH 3a KOHCYJIbTalluIMU
pernoaaBareiito.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUI CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMAaTUKOU 3aHATHIL.

Jluteparypa 1151 CaMOCTOSITENTBHOTO U3YYECHUS:

1. Numerical Linear Algebra, Lloyd N. Trefethen (Author), David Bau III (Author)

2. Eugene. E. Tyrtyshnikov, "Brief introduction to numerical analysis"

3. A. A. Amocos, 0. A. [lyounckuii, H. B. KonuenoBa, BeranciaurensHbie METOBI JIsI HHKEHEPOB
4. Monte Carlo Statistical Methods. Authors: C. Robert, G. Casella

5. Machine Learning: A Probabilistic Perspective, K. P. Merphy

6. Convex Optimization, Stephen Boyd and Lieven Vandenberghe

7. E. Hairer, S.P. Norsett, and G. Wanner, Solving Ordinary Differential Equations, Spinger, 1993.
8. Approximation TheoryandApproximation Practice, Lloyd N. Trefethen

9. Gaussian Processes for Machine Learning, Carl Edward Rasmussen and Christopher K.I. Williams
10. Non-Uniform Random Variate Generation, Luc Devroye



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

dusrex-KiIacTep akaJIeMUUECKoil U HaydHO Kapbepsl (Pa3paborka u npumMeHeHne
MPOTPaMMHOTO obecrieueHus B PU3NUECKUX HCCIIeIOBAHUSX)

Kypc: 1
KBaJIMpUKALUS: MarucTp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - 3auer

2 (BeceHHUil) - DK3aMeH

Pa3zpatGoTunk: A.B. Poraues, kaHz. ¢pu3.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-3 CriocoGeH opraHn30BbIBaTh H PYKOBOJIUTH

paboToii KOMaH/ kI, BEIpaOaThIBasi KOMaHTHYIO
CTpPATEryio AJsl JOCTHKEHHS MTOCTaBIEHHON
3aJa4u

VYK-3.3 CnocobeH mpeaBulieTh pe3yabTarhl (IIOCIECTBHS)
KaK JIMYHBIX, TAK U KOJJICKTUBHBIX ACHCTBUI

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbBIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 3HaeT W cHocoOEGH  HCIONb30BaTh B
npo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHanbHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajiady, [JIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHuns

OIIK-3.2 CnocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPHU PEIICHUN HOBBIX 3a]ay, PUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEIHLHBIMUA
METOJ]aMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-4 CriocoOeH ycIenHo peanu30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHUS 1 HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
UH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0JacTu
(bHU3UKO-MaTEMAaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON

HCCIICI0BATh MATEMATHICCKIE MOICITH HAy4YHOIl 3aJaie U HMHTCPIPETHPOBATH  IOJTyYCHHBIC
M3y4aeMbIX SBICHHIT U IIPOLECCOB, CHCTEMHO | Pe3y/IBTaThI

aHaTM3MPOBATH HAyYHBIC MIPOOICMBI, TT0TyIaTh

HOBBIC HAYYHBIC PE3yIIBTATHI

IIK-3 Crioco6en npodeccronansto padorars ¢ |11K-3.2 Cnocoben IPOBOAUTD SKCIEPUMEHT

MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKAMH,

CIICUAIINU3UPOBAHHBIMU TAKCTAMU NPUKITATHBIX

porpamm) B U30paHHON TpeMeTHON 00JIacTH

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHHMBAaTH TOYHOCTh IOJyYEHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pe3ynbrare u3ydeHus: AUCIUTUIMHBI « BEIYHCTUTETHHBIE METOIBI 00YUAIOIIUNCS TOJIKEH:

3HATb:

OCHOBBI YMCIICHHOW JHMHEHHOM anreOpbl, METONOB peuieHus An(pGepeHInaIbHBIX U UHTErPaJbHbBIX
ypaBHEHMI, a Takke MeTonoB MoHTe-Kapio.

yMeTh:

Pecanu3oBniBaTh HpOCTeﬁHIPIe BCpCUHU OCHOBHBIX aJI'OPUTMOB JJIA PCHICHUA 3aAa4 YUCICHHOIO
MOJCIMPOBAHNA U UCIIOJIb30BATh CTAHAAPTHBIC CIICHIUATIU3UPOBAHHBIC OHOINOTEKH.

BJIAA€Th:
BrruncnuTenbHBIMU METO/IAMU.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

1.Paccmorpum marpuiy H (v) = 1-2vv *
, TI€ V - SIMHUYHBINA BEKTOP-CTONIOEL.

KaxoB panr marpuiier H (v)? JlokakuTe, 4TO 3TO yHUTapHAs MaTpuIa.

2. Jlokaxute clieAyIole HEpPaBEeHCTBA U IIPUBEANTE IPUMEpPBI X U A, Korna




OHH TIPEBPAIIAIOTCS B PABEHCTBA!
* kxk2 <

N

M kxkoo

* kAkoo <

N

n kAk2

I7Ie X - BEKTOp U3 M KOMIIOHEHTOB, a A - MaTpuIia pasmMepa m x n.

3. B npeanonoxxenuu u, v i m-BeKTOPOB paccCMOTpuM marpuity A =1 +uv *

YTO SBJIAETCS BO3MYILEHHEM TOX/IECTBA IIEPBOT0 paHra. Moxer 31o ObITh equHuuHbIM? [Ipenamnonaras
3TO HE TaK, BBIYUCINTE 00paTHOE. Bbl MOXKeTe UcKaTh ero B Buae A — 1 =

1+ ouv *

ISl HEKOTOPOTO CKaJIspa o M BEIYUCIUTS (.

4. Jloxaxwure, uto ans modoi yautaproi Marpuiisl U kUAKF = kKAUKF =

kAKF

5. PaccMoTpuM JIByMEpHOE BEKTOPHOE MTPOCTPAHCTBO T = (X, y) ¥ MOCTPOUM CAMHUIHBIN KPyT
kxkp <1 mms p =1, 2, 3 (ucnone3yiite 6uénuorexy matplotlib).

4. [lepeyens THNOBLIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

1.0OcHoBHEIe puHIUTB ['amMunsTroHOBOTO MOHTE-Kapsio.
2. Oncars 0OCHOBHBIE TpUHIHMIIBI SV D-pasnoxeHus.

3. PaccmorpumM marpuily, rae - eIMHUYHBIA BeKTop-cTonben. KakoB panr marpuusl? JJokaxute, 4yTo
9TO YHUTapHasi MaTpuLa

4. JloxaxxuTe cleAylOllMe HEpPaBeHCTBA W IIPUBENUTE IPUMEPHI, KOIZla OHM IIPEBPALIACIOTCS B
PaBEHCTBA.

Jlokaxure, 4To AJ1s1 1I000H YHUTAPHON MaTpPHULBI BBITTIOJIHSETCS.
5. PaccMoTprM JByMEpHOE BEKTOPHOE IPOCTPAHCTBO U MOCTPOEM EAHHUYHBIA KPYT.

burer 1.

1. B aToM ynpaXHEHHWW TpEANoyiaraeTcs, YTo Bl Oy[eTe HCIIOIb30BATh BEKTOPHU30BAHHBIC ONEpaLlH
NumPy.

HACKOJIBKO 3TO BO3MOKHO.
» CreHepupyiiTe ciydaiiHyI0 MaTpHUILy:

n=100

A = np. ciy4aliHbIi . HOpMaIbHBIH (pa3Mep = (1, n))

« [locTpoiite hyHKIMIO pacnpenenenus yros £ (ai

, aj), Te ai -

CTOJIOIBI MaTpHIlbl a U 1 6 = j. Kak paccunThiBaeTCsl CTAHJAPTHOE OTKIOHEHHE

3TOTO paclpefeNieHus 3aTyXaeT ¢ n (IPOBEPHTE ITO IMIUPUUECKH)?

* [TocTpouts Marpuny a

0 ¢ BEeKTOpaMU-CTOIOIAMH, OTY4YEHHBIMH ITyTeM HOPMaJIN3aIiu

CTOJIOIHI .

2. Peammzyiite dhyHkmmto sum array (A), KOTopasi IPHHAMAET JBYMEPHBIN MacCHB numpy.

A B KauecTBe BXOJHBIX JIAHHBIX W BO3BpAIlaeT CyMMY 2JIEMEHTOB mMaccuBa. [logymaiite o ToM, YTOOBI
caeaTh

3TO TpeMsi crioco0amiu: (1) sIBHBIM LUKII IO MacCuBy, (ii) BBIIOTHEHHE jit
Bepcus (1) u (iil) ¢ ucroab30BaHNEM BCTpOCHHBIX GyHKUMH NumPy. Bpems atu
TPH MOJAX0Ja IS JOCTaTOUYHO OOJIBIINX MAaCCHBOB.

Kputepun oniennBanus



Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHUS YYEeOHOW TWPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHSATh X Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3aj1a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHHUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.

Onenka oOmIMYHO § Oa/uIOB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHUH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xoporio 7 0aioB - BBICTABIISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka Xopomio 5 6ajuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka ymOBIETBOPUTEIbHO 4 Oaiia - BBICTABISETCS CTYICHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieibl yueOHOW MpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yIOBICTBOPUTEIbHO 3 Oamia - BBICTABISETCS CTYICHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW porpaMmbl, HEOOXOAUMBIMHE JUTS TaJIbHEHIIEro o0ydeHus U
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HEyJOBJIETBOPUTENBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYNOBIETBOPUTENbHO | 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (popMyITupoBKax
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

DK3aMeH W 3a4eT MPOBOASTCA B MUCbMEHHOH (opMe mo Ouneram. B kaxkaom Ousere mpencTaBieHo
JIBa TEOPETHYECKHUX Bompoca. [Ipu npoBeneHnn 3auéTa U dK3aMeHa 00ydaroIeMycs MpeaoCTaBIsaeTCs
30 mMuHYT Ha MOArOTOBKY. Onpoc 00y4Yaromerocsi He JOJKEH MPEBBIIIATh OJHOTO aCTPOHOMHYECKOTO
Jaca.



