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AHHOTANMA

B pgannom KypCC CTYACHTHI MU3yYaT PA3JIMYHBIC MHCTPYMCHTBI UI aHAJIM3a JAaHHBIX, pa60Ty C JAaHHBbIMH,
BU3YyaJIN3allul0, ITO3HAKOMATCA C PA3JIMYHBIMU 3aJa4aMU aHaJIn3a JaHHBIX, 4 TAKXXC IIOATIOTOBKAa HAaHHBIX. A
TaKKC TPHUMCHSAIT HpaKTI/I‘-IeCKI/Iﬁ Marcepuajl mo TCOpHUU BepOHTHOCTefI C anyaﬂmauneifl BCPOATHOCTHBIX
00BEKTOB U 3aKOHOB Ha s13bike [1uToH.

1. lean u 3apa4un

Henp AucoMnInHBI
W3yunTh pa3nuuHble MHCTPYMEHTHI AJsl aHajlu3a JOaHHBIX, paboTy C JaHHBIMH, BU3yaJH3allHIo,
IPUMEHUB Ul IPAKTHYECKUX 3alad TEOpPUM BEPOATHOCTEH C BU3yalu3alUed BEpPOSTHOCTHBIX
00BEKTOB M 3aKOHOB Ha s3bIKe [IUTOH.

3agaum AUCUUILUITHHBI
[} Tlo3HaKOMHUTH CTYIEHTOB C HEKOTOPBHIMH MPUMEHEHHSIMU MHTEIUICKTYAJIbHOTO aHAIN3a JaHHBIX U
MAaIIMHHOTO OOY4eHUs JITIsl pelieHus: On3Hec-3aj1ay;

[l Hay4YWTh CTYICHTOB BH/CTb MPOOJIEMbI, KOTOPbIC MOTYT OBITh PEIICHBI C MOMOIIHIO MAITHHHOIO
oOyueHus;
[] Hay4YUTh CTYICHTOB OCYIIECTBIATH TOCTAHOBKY 33714 MHTCIJICKTYaIbHOTO aHATN3a IaHHBIX.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($9174:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-2.1 ®opmynupyeT COBOKYHMHOCTh B3aMMOCBSI3aHHBIX
3aJad B paMKax IIOCTaBJIEHHOW  1enu  paboThl,
o0ecreynBaroImuX ee JIOCTH)KEHHE. Ormpenenser
OKUJaeMbI€ PE3YNIbTaThl PEIIEHHUS TOCTABICHHBIX 3a/1a4

YK-2 CriocoGen onpenensite Kpyr 3a/1a4d B
paMKax MOCTaBJICHHOM LENH U BBIOMPATh
OIITHMAJIbHBIE CTIOCOOBI UX PELICHUs, UCXOI U3
JEHCTBYIOIIUX PAaBOBBIX HOPM, HUMEIOLITHXCSI
PECYPCOB U OTpaHUYEHUIN

VYK-2.2 TIIpoektupyer peuieHHE KOHKPETHOW 3ajadu
MpOEKTa, BBIOMpas ONTHUMAJBHBIA CHOCOO ee peLIeHHs,
UCXOAsl U3 NEHCTBYIOIMX MPAaBOBBIX HOPM U HMEIOLIUXCS
PECYPCOB U OTpaHUYECHUI

OIIK-1 CniocobeH npuMeHSTh OIIK-1.1 Crnocoben aHaM3UpOBaTh MOCTABICHHYIO 3aady,
(byHIaMeHTalIbHbIE 3HAHUS, IOTy4YEHHbIE B HaMeyJaTh MyTH €€ peIeHUs

oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK M UCIIOIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

[IK-1 CnocoGen craButh, hopmanuzoBsiBath 1 |[IK-1.1 CrnocobGen HaxomuTb, aHaIU3UpOBaTh W 0000LIATH
pemarh 3a/1a4u, B TOM YUCIIe pa3pabaTeBaTh U |MHGOPMAIMIO 00 aKTyaJbHBIX pe3yJbTaTax HCCIECIOBaHUIN B
HCCJIEA0BATh MaTeMaTHYECKUE MOJIEIH paMKax TemaTH4eckoi o0macTH cBoed mnpodeccruoHaTbHOU
M3y4aeMBbIX SBJICHUH U NIPOIECCOB, CHCTEMHO  |AEATEIBHOCTH

aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

3. IlepeyeHb IUIAHUPYEMBIX Pe3yJbTATOB 00y4eHHs 10 JUCHHUIINHE (MOLYJII0)
B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATB!
[1 IlocTaHOBKM 3aJja4 MHTEIJIEKTYaJIbHOTO aHAIN3a JAHHBIX;
[J momynspHbIe aJITOPUTMBbl UHTEIUIEKTYaIbHOIO aHAIN3a JaHHbIX;
O COBPEMEHHBII TEXHHYECKMH YPOBEHb B Pa3BUTHHM AJITOPUTMOB HHTEIUIEKTYaJIbHOTO aHAIW3a
JAHHBIX.
YMETb:
[] HaxoauTh B onucaHuy 3a/1a4 U3 OM3HECA 3a/1a4M JUIs MHTEIUIEKTYaIbHOTO aHAJIN3a JIaHHBIX;
[l OCYyWIECTBIATh MATEMATHUYECKYIO TIOCTAHOBKY 3aJa4 MHTEIUIEKTYaJIbHOTO aHAJIN3a TaHHBIX.
BIIAJICTh:
[J CoBpeMEHHBIMH aJTOPUTMaMU UHTEJIEKTYaJIbHOTO aHAJIN3a JAHHBIX;
[] COBpPEMEHHBIM HWHCTPYMEHTApHWEM [UIsl MPOMBIIUIEHHOTO PEIIEHUS 3a/ad HHTEJUIEKTyaJbHOTO
aHaJlu3a JaHHBIX.



4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKIIIOUAs
CaMOCTOSTENIbHYIO padoTy, Jac.

Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
| O030p 3aau aHanIM3a JAHHBIX, OOBEKTHI 6 12
aHaJin3a JaHHBIX.
2 Hacrpoiika okpyxeHus. 6 12
bubnmuorexka  seaborn, BuU3yanM3aunus
3 JIAHHBIX: SJIEPHbIC OIEHKH, OOKC TIIOTHI U 6 12
Ap.
BeposiTHOCcTHBIE — pacnpeneneHus, HX
4 MPAaKTUYECKOE MPUMEHSIOTCS, CIIOCOOBI 6 12
TeHepaluu ICEeBJOCIyYalHbIX YHCE.
Busyanuzanusi Teopunm BEpOSITHOCTEH,
5 YCIIOBHBIE  BEPOSTHOCTH, 3aJa4d Ha 6 12
rpagax 3aBUCHUMOCTEH.
Nroro yacos 30 60
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 4 (Becennuit)
1. O630p 3a/au aHanU3a JaHHBIX, 0OBEKTHI aHAIHM3a JJAHHBIX.

HpI/IMepBI MNPUKIIAAHBIX 3a1a4: IIPOBCPKaA 3(1)(1)6KTI/IBHOCTI/I JICKApCTB, CUHTE3 pCYr U paCIIO3HABAHUC
pcun, HCIOJBb30BAHHUC CTATUCTHYCCKUX MCETOHOB B PCKOMCHAATCJIbHBIX CHUCTEMax, IIPUKIIaAHAA
aHaJINTHUKA.

2. HacTpoiika OKpyXeHUs.

Amnaxonma, mamba, fish, tmux, cookiecutter. Ocobernoctr u pacumpenus Jupyter Notebook.
3. bubnmoteka seaborn, BUu3yanu3alus JaHHBIX: S/IEPHBIE OIIEHKH, OOKC IUIOTHI U JIP.
Oco0eHHOCTH CO3/JaHUs TaTACETOB Ha MPAKTHKE, 00pabOTKa CHIPHIX JaHHBIX.

4. BCpOHTHOCTHBIG pacnupcaciiCHudA, HUX NPAKTUYCCKOC JIIPUMCHSAIOTCA, CIIOCOOBI reHepauuun
HCGBI[OCJIy‘IafIHI:IX YUCCII.

Bubnmuorexn numpy, scipy.stats, matplotlib, pandas

5. Busyanusanusi TeOpum BEpOsSTHOCTEH, YCIIOBHBIE BEPOSATHOCTH, 33/1a4d Ha rpadax 3aBUCUMOCTEH.




[TpakTHueckoe NpUMEHEHHE MPEIETIbHBIX TEOPEMbl TEOPHH BEPOSTHOCTEH: 3aKOH OOJBIIMX YHCEl,
LIEHTpaJIbHAA MIpeieTIbHas TEOpeEMa.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VuebHas ayquTopHsl, OCHAIEHHAs! KOMITBIOTEPOM U MYJIBTUMEIUHHBIM 000py10BaHUEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Harnsarast matemarndeckas cratuctuka [ Texct] : yue6. mocobue mist By30B / M. b. Jlarytun .— 7-¢
u3g. — M. : BUHOM. JIa6. 3nanuii, 2019 .— 472 c. : ui. - bubnuorp.: c. 456-459. - [Ipenm. ykas.: c.
462-466. - ISBN 978-5-00101-105-7 (8 nep.) .— [lomHsrit Teket (PexxumM TOCTyIa : JOCTY U3 CETH
M®TH).

JomnonHurensHas aureparypa

1. lpuknagHas Maremarndeckasi craTucTuka [ Tekcr] : /Uit MHKEHEPOB M HAyYHBIX paOOTHHUKOB / A. .
Ko63app .— 2-¢e usn., uctp. / [Hayunoe uzn.] .— M. : @uszmariut, 2012 .— 816 ¢. — (CoBpeMeHHEIe
METOJIbI B MaTeMaTuke). - bubmnuorp.: c. 737-759. - [Ipenm. ykas.: c. 806-810. - MmeH. yka3s.: c.
811-813. - 500 3k3. - ISBN 978-5-9221-1375-5 (B nep.) .— [Honusiii Texer (Joctyn uz cetn MOTU /
VYraneHHbIN TOCTYT).

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUS] JUCUHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasl epeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha 3ansTusx HCIIOJIB3YIOTCA MyHBTHMeHHﬁHLIe TEXHOJIOI'MH, BKIIIO4ad JEMOHCTPALHUIO HpGSCHTaHHﬁ.

JU1st KOHTPOJIS ¥ KOPPEKIMY 3HaHUi, 00ydaroImuecs: MOTYT HCIIOIb30BaTh KOMITBIOTEPHOE
TECTHPOBAHMUE.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

JIns yCTIenHOro OCBOCHUS JAHHOW JIMCIMIUIMHBI CTYIEHTY HEOOXOIMMO:

[]  mocemarb CEMHHApPHI, MPH 3TOM KOHCIIEKTHPOBAaHHE MAaTE€pPHUAJOB HE SBISAETCS HEOOXOIUMBIM,
MIOCKOJIBKY OCHOBHBIE MaTepualibl XpaHATCS B KaeapalbHOW Manke B 00JaYHOM XPAaHWIUILE JaHHBIX
«Suaexc. Jluck», K KOTOPOMY IIPEAOCTABIIEH AOCTYII BCEM CTyIAECHTaM Kagenpsl,

[ BBINOMHATH 331aHUsL, 331aBaeMble IIPEIOIaBaTelIeM Ha CEMUHAPAX;

[l BBINOJHUTH UTOTOBOE MMCBMEHHOE 33/IaHUE MO JAUCIMIUIMHE, KOTOPOE BHOCHT OCHOBHOM BKJIAJ B
M3y4YCHUE TUCLUUILTIHBI, @ TAK)KE B HTOTOBYIO OIICHKY I10 JAHHOMY KYpCYy.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: Undopmaruka
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa TMCKPETHOM MaTeMaTHKH

Kypc: 2

kBaTuuKkanus: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 4 (BeceHnui) - JlnddepeHunpoBaHHbIi 3a4eT

PaszpatGoTunk: W.I'. Opnux, kang. Guz.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-2.1 ®opmynupyer COBOKYIMHOCTb B3aUMOCBS3aHHBIX
3aJad B paMKax  IIOCTaBJIEHHOW  wenu  paboTsl,
o0ecIeunBaroIINX ee JOCTHKEHHUE. Omnpenenser
OXHJIa€MbIE PE3yJIbTaThl PEIICHUS IOCTABICHHBIX 33134

YK-2 Cnocoben onpenensiTe Kpyr 3a1a4d B
paMKax IMOCTaBJICHHOM LIEH U BEIOHPATH
OINITHMAJIbHBIE CTTIOCOOBI UX PELICHUS, UCXO/IS H3
JEHCTBYIOIUX ITPABOBBIX HOPM, HMEIOIIUXCS
PECYPCOB U OTpaHUYCHUI

VK-2.2 IlpoexTupyeT peuieHue KOHKPETHOM 3amadyu
MPOEKTa, BBHIOWpAs ONTHUMAIBHBIA CHOCOO €€ pelleHHs,
UCXOAsI M3 JEHCTBYIOIIUX MPABOBBIX HOPM U HMMEIOLIMXCS
PECYPCOB U OTpaHUYEHUI

OIIK-1 CniocobeH npuMeHSITh OIIK-1.1 CnocobeH aHaM3UPOBaTh MOCTABICHHYIO 337134y,
(byHIaMeHTaIbHbIC 3HAHUS, IOTYYCHHBIC B HaMe4aTh MyTH €€ PeIICHHUs

obnacty pU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAyK M UCIIOIb30BaTh UX B
npodeccuoHaIBHON 1S TeTbHOCTH

[MK-1 Crocoben craButh, hopmanuzoBeiBath 1 |[IK-1.1 CrnocoGen HaxomuTh, aHATU3UPOBaTh W 00001IATH
pemars 3aa4u, B TOM YUCIIe pa3padaThBaTh U |MHPOPMAIHIO 00 aKTyaJbHBIX pe3yJbTarax MCCICIOBaHUHN B
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN paMKax TeMaTH4ecKoil oOnacTu cBOoei NpodeccHoHaIbHOU
M3y4aeMBbIX SBIICHUH U MPOIECCOB, CHCTEMHO  |AEATEIBHOCTH

aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

2. [Toxa3zareu oneHHBAHHUSI KOMIIETEHIINIT
B pe3ynbrare n3ydeHus JUCIUTUIMHBL « BBeleHNe B aHAIIN3 JJAHHBIX)» 00yYaroIIuiCs IO KEeH:

3HATb:

[J IlocTraHOBKM 3a/lau MHTEJUIEKTYaJIbHOTO aHAJIN3a JAHHBIX;

[J momynspHbIE aJlTOPUTMbI HHTEIJUIEKTYaIbHOTO aHAIN3a JaHHbIX;

O COBPEMEHHBIM TEXHUUYECKUH YpPOBEHb B Pa3BUTUU AJITOPUTMOB HHTEJUIEKTYaJbHOI'O aHaIu3a
JAHHBIX.

yMeTh:
[J HaxomuTp B onucaHuu 3a7a4 U3 OM3Heca 3a/1auu JJIsl HHTEJUICKTYaJIbHOTO aHaJIn3a JaHHBIX;
[J ocylecTBIATh MaTeMaTH4YECKYIO IOCTAaHOBKY 3a]ay MHTEJJIEKTYaJIbHOIO aHalln3a JaHHBIX.
BJIaJeTh:

[0 CoBpeMEHHBIMH aJTOPUTMaMHU HHTEJICKTYAIbHOTO aHAJIN3a JAHHBIX;
(] COBpeMEHHBIM HHCTPYMEHTapueM Jjs IPOMBIIUIEHHOIO PELICHUs 3a/ady WHTEJUIEKTYaJbHOIo
aHaJin3a JaHHBIX.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0
[Ipumepsl 3a1aHni IpeBeIEHBI B KOHIIE MPOTrPaMMBbI B BUAE OTAEIBHOTO daiina

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

. Ha3oBuTe OCHOBHBIE 33/1au¥ aHAJIN3A JTAaHHBIX.

. UTo HEOOX0oMMMO JJ1s1 TOCTPOCHUS TPEICKa3aTeIbHOW MOACTH?

. HazoBurte ocHoBHBIC OubMMoTeKH Ha [TuToH 117151 paboThI ¢ JAHHBIMH.

. Kakue ectb criocoObl IepBUYHOM BH3yaJIN3alluy TaHHBIX?

. B yem 3akmtodaercs TpynHOCTh 00pabOTKH JAHHBIX C MTPOITyCKaMu?

. Kakne ocHoBHBIE mpaBmiia c6opa U 00pabOTKH JTaHHBIX?

. I'ne Ha mpakTHKe UCTIONB3YIOTCSI OCHOBHBIE BEPOSITHOCTHBIE paclpeaeIeHus?

0 3O LD AW

. B 1em npaktudeckoe npuMeHeHuUe MpeienbHbIX TEOPEM TEOPUU BEPOSITHOCTEH?




buner 1:
1. HazoBute ocHOBHBIC OubMMoTeKH Ha [TuTOH 117151 paboThI ¢ JAHHBIMH.
2. Kakue ecTh crmocoObl IEpBUYHON BU3YyaJIN3alliU IaHHBIX?

buner 2:
1. Kakne ocHOBHbIE mpaBmiia coopa U 00pabOTKH JTaHHBIX?
2. I'me Ha MpaKTHKE UCTIONB3YIOTCSI OCHOBHBIE BEPOSITHOCTHBIE pacipeaeIeHus?

Kpurepun onennBanus

- omenka «omm4HO  (10)»  BBICTaBNSieTCSl  CTYAGHTY,  IOKa3aBIIEeMy  BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUI

- omeHka  «oraumuHOo  (9)»  BBICTaBUseTCA  CTYOGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, INTYOOKHE 3HAHKS yuyeOHON MpOorpaMMbl JUCLHUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha TpPaKTHKE MPH PEIICHUH KOHKPETHBIX 3a]ad, CBOOOIHOE M MpPaBMWIbHOE O0OOCHOBAHUE NPUHSATHIX
peleHni

- oueHKa  «omm4yHO  (8)»  BBICTABIACTCS  CTYHOCGHTY,  IIOKa3aBIIEMy  BCECTOPOHHHE
CHCTeMaTH3UPOBaHHBIE, IITYOOKHE 3HAHHS yuyeOHON MpOrpaMMbl JUCLIUIUIMHBI 1 YMEHHE IPUMEHSTh UX
Ha MPaKTHKE [IPH PEIICHUH KOHKPETHBIX 3aj1a4, U IPaBUIbHOE 0O0CHOBAaHUE MPUHSTHIX PELICHUN

- olLleHKa «xopomuio (7)» BBICTaBISAETCSA CTYIEHTY, €CIM OH TBEPAO 3HAET MaTepuai, 'PaMOTHO M IO
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUHU 3a]jad HEKOTOPbIE HETOYHOCTH;

- OCHKAa «XOpOoIIO (6)» BBICTABJIACTCA CTYACHTY, €CJIM OH 3HACT MAaTCpUall, IpaMOTHO U MO CYIICCTBY
n3jaract €ro, yMeCT INPUMCHATL IMOJTYUCHHBIC 3HAHHUS HaA MNPAKTHUKE, HO OOITYCKACcT B OTBETC WJIM B
peIICHNHU 3aa49 HCKOTOPBIC HCTOYHOCTH,

- OIIEHKa «XOpoImIo (5)» BBICTABIAETCS CTYJACHTY, €CIIM OH 3HAET MaTepHaj, U MO CYIIECTBY M3JIaraet
€ro, yMEeT NMPUMEHATh NOIYYEHHBIC 3HAHUS Ha NMPAKTHKE, HO JOIYCKAaeT B OTBETE WM B PELICHUU
3a]1a4 HEKOTOPbIE HETOUHOCTH;

- OIIEHKa «Y/IOBJIETBOPUTENBHO (4)» BBICTABISECTCA CTYAEHTY, IIOKa3aBIIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBIA XapakTep 3HAHWH, HEJOCTATOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylLEHUs JIOTHYECKON II0CIIEeI0BATEIbHOCTH B M3JIOKEHUM IIPOIPaMMHOIO0 Marepuajla, HO IIpU 3TOM
OH BIaJEET OCHOBHBIMH pa3ieiaMu Y4eOHOW mporpaMMbl, HEOOXOAMMBIMH JJsl AajibHEHIIero
00yueHHs 1 MOXET NPUMEHSThH NOJIy4eHHbIE 3HaHUS 110 00pas3ily B CTAaHJAPTHON CUTYaIUH;

- OLCHKAa «YyIOBIECTBOPUTENBHO (3)» BBICTABISETCS CTYICHTY, IOKa3aBIIEeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapylLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH BIajeeT (parMeHTApHO OCHOBHBIMH pa3felaMH Y4eOHOH NporpaMmbl, HEOOXOAMMBIMH IS
JaypHeimero o0y4eHuss U MOXKET MPHUMEHSTH IOJIyuYeHHbIE 3HaHWA 1O 00pasly B CTaHAAPTHOM
CUTYyalluy;

- OILIEHKa «HEYJOBJICTBOPUTEIHHO (2)» BBICTABIAETCS CTYIACHTY, KOTOPBII HE 3HaeT Ooiblneil yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMOKH B
(opMyIHPOBKaX OCHOBHBIX MOHATHI TUCHUIUINHBI U HE yMEET UCIIOJIb30BaTh MOTy4YEHHbIE 3HAaHUS [IPU
PEIIEHUH TUTIOBBIX MPAaKTUYECKHUX 3a1a4

- OLIEHKa «HEyHOBJIETBOPUTENIBHO (1)» BBICTaBIISETCS CTYIEHTY, KOTOPBIH HE 3HaeT (HOPMYIHPOBOK
OCHOBHBIX NOHATHN AUCLUIUINHBL.

5. MeTtonuveckne MaTepuabl, onpeneasone Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[Tpu mpoBeneHnn nudQepeHIUPOBaHHOrO 3aueTa, oOydaromemycst npepocrasisercs 30 MUHYT Ha
noarotoBky. Onpoc 00y4aromierocst Ha 3a4eTe He JIOJDKEH MPEBBIIATh JIBYX aCTPOHOMHYECKHX YacOB.
Bo Bpemst mnposeneHust audGdepeHIIMPOBAaHHOTO 3adeTa, OOydaroluecs MOTYT TIOJb30BaThCs
IPOrpaMMOl TUCHIUIUIMHEI, 8 TAKXKE CIIPABOYHON JIMTEPATYPOH U IPyTUMH MaTepUallaMH.



BBep,eHme B aHAJ/IN3 AaHHbIX

AomawHee 3agaHue 1. Numpy, matplotlib, scipy.stats

MpaBuna:

o [ennaiin 25 mapTa 23:59. NMocne gegnaiiHa paboTbl HE NPUHUMAKITCS KPOME C/lydYaeB Hanmuns
YBaXUTEMbHOW NPUYUHBI.

« BbINONHEHHY paboTy HY)XXHO OTNpaBuTb Ha noduty mipt.stats@yandex.ru, ykazas Temy nucbMa
[HoMep rpynnbi] ®amunua UMs - 3apaHue 1" . KBagpaTHble CKOBKM 06s13aTeNbHbI.

o [pucnatb Hy>HO HOYTOYK 1 ero pdf-eepcuto (6e3 apxnBoB). Ha3BaHNA (haitnoB A0/MKHbI ObiTb TAKUMMU:

1.N.ipynb u 1.N.pdf,rge N -- Baw HOmep 13 Tab/MUpl C OLEHKaMW. pdf-8epcuro MOXHO cdeslamb C

nomouwjbto Ctrl+P. MNoxasnylicma, nocMompume ee rnosIHocmaio rneped omrpaskodl. Ec/iu ymo-mo
cywecmseHHoe He Hanedamaemcsi 8 pdf, mo 6a/1/ibl Mo2ym 6biMb CHUXEHbI.

« PelleHuns, pasMeLLEeHHbIE Ha KaknX-TMb0 MHTEPHET-pecypcax, He NpuHMMatoTcs. Kpome Toro, ny6nvkaums

peLLeHnst B OTKPbITOM A0CTyrNe MOXET ObiTb NpYpaBHEHa K NPeaoCcTaBNeHN BO3MOXHOCTM CNMCaTb.
« [1nA BbINO/THEHWA 3a[aHUsi UCNONb3YIiTE 3TOT HOYTOYK B KAYECTBE OCHOBbI, HUYETO HE YAA/IAA U3 HETO.
« [ponyLLeHHble ONUCaHNSA NPUHUMAEMbIX apryMEHTOB JONUCaTb Ha PYCCKOM.
« Ecnu kop 6yaeT He NOHSATEH NPOBEPSIIOLLEMY, OLEHKA MOXET ObITb CHIKEHA.

Bannbl 3a 3agaHue:
Jlerkasi yacTb (gocTaro4yHo Ha "xop"):

e 3apgava l.l -- 3 6anna
e 3apgaua 1.2 -- 3 6anna
« 3agava 2 -- 3 6anna

CnoxHas yacTb (Heobxoanmo Ha "oT1n"):

e 3apava 1.3 -- 3 6anna
« 3apgauva 3.1 -- 3 6anna
e 3apava 3.2 -- 3 6anna
« 3apgaua 3.3 -- 3 6banna
e 3apavya 4 -- 4 6anna

Bannbl 3a pasHble 4acT CYyMMUPYHOTCA OTAe/TbHO, HOPMUPYIOTCS BNOC/EACTBUM TakKe OTAeNbHO. MHade
roBopsi, 1 6a/1n1 3a /IErKyt0 YacTb MOXET 6bITb HE paBeH 1 6asly 3a C/IOKHYH YacTb.

In [ ]:
1 import numpy as np
2 import scipy.stats as sps
3
4 import matplotlib.pyplot as plt
5 import matplotlib.cm as cm
6 from mpl toolkits.mplot3d import Axes3D
7 import ipywidgets as widgets
8
9 import typing
10
11 smatplotlib inline



Jlerkasi yacTb: reHepayus

B aToii yacTu apyrme 6uGIMOTEKN UCMOb30BaTh 3anpeLyeHo. LLabnoHbl koga HUXE MEHSTb Hesb3sl.

3agaval

MimeeTcst cMMMETpPUYHAsi MOHeTa. Hanmwwnte qoyHKLUMIO reHepauyum He3aBUCUMBbIX C/TyYaiHbIX BEMYMH U3
HOPMaJIbHOIO M 3KCMOHEHLMABHOTO pacnpeaesneHuii ¢ 3a4aHHbIMU napaMeTpamu.

In [ ]:
1l v # 37a Ayenka -- eAMHCTBEHHas B 3apgade 1, B KOTOPOU HYXHO MCMO/Ib30BaTb
2 # 6mMbnnMOTEYHYI0 QYHKUMA [O/19 FeHepauun CJrydanHblX YUCEs.
3 # B gpyrux A4Yeukax HaHHOM 3afgayu WUCNOb3yUTe QPYHKUMI0O coin.
4
5 # cumMmMmeTpunyHasa MOHeTa
6 coin = sps.<Baw Kop>

MpoBepbTe paboTOCNOCOBHOCTL hYHKLMK, creHepupoBaB 10 6POCKOB CUMMETPUYHOW MOHETDI.

In [ 1:

1 coin(size=10)

YacTtb 1. HanuwnTte cHauyana yHKLMIO reHepaLym CilydaitHbIX BEIMUMH U3 PaBHOMEPHOTO pacrnpeesieHns Ha
otpeske [0, 1] ¢ 3agaHHOli TOUHOCTLIO. TO MOXHO caenaTh, 3anucas cyydaiinyto senuunny & ~ U[0, 1] B
ABounyHoii cucteme cucteme cuncnenun & = 0,8, &, &;. ... Torga & ~ Bern(1/2) v He3aBucyMbl B
COBOKYMHOCTW. MpUGANXeHNe 3aK/IouaeTcsl B TOM, YTO BMECTO reHepaLmmn 6ecKoHeYHoro Konmuectsa &; Mbl

nonaraem & = 0,&, 6, &...¢&,.

HyxHO peannsoBaTtb OYHKLMIO HY)XHO Tak, YTOObI OHa MOr/1a MPMHMMAaTh Ha BXOZ, B Ka4ecTBe napamerpa
size kakuucno, Tak u o6bekt tuple n6oI pasmepHOCTH, M BO3BpaLLaTb OGBLEKT NuUMpy.array
COOTBETCTBYHOLLEN pasmepHocTu. Hanpumep, ecim size=(10, 1, 5) , To duyHKUMA AO/MKHA BEPHYTH
06bekT pasmepa 10 X 1 X 5. Kpome Toro, oyHKLMIO CO1N MOXHO BbI3BaTh TO/bKO OMH Pas, U, KOHEUYHO Xe,
He 1CNosb30BaTh Kakne-mbo Uuukbl. AprymeHT precision ortsevaer 3a umcno A.

In [ ]:
1 v def uniform(size=1, precision=30):
2 return # B ogHy CTPOYKYy HE BbIXOAS 3a rpaHuubl? ;)

Ans U0, 1] creHepupyiite 200 He3aBUCKMBbIX C/Ty4YaitHbIX BEIMUMH, NOCTPOITE rpadouk NIOTHOCTM HA OTpe3Ke
[—0.25, 1.25], a Takke ructorpammy no creHep1MpoBaHHbLIM C/ly4YaitHbIM BE/IMUMHAM.



In [ ]:

200
<OYHKUMSA M3 Nnumpy O CO30aHUS pPaBHOMEPHOW CETKMU
oT -0.25 po 1.25 Ha 500 Touyek>
sample = <CreHepupyuTe Ssize ciy4YanHbIX BEMYUH TOYHOCTM 50>

size
grid

# OTpucoBKka rpaguka
plt.<onpepenute rpa¢uk pasmepa 10 Ha 4>

# oTobpaxaeM 3Ha4YeHUA CJ/lyYauHbIX BEJIMYUH MOJYNPO3PaYdYHbIMU TOYKaMU
plt.<dyHKUMA OTPUCOBKM TOuYeK>(

sample,

np.zeros(size),

<Mpo3payHOCTb TOYKM paBHa 0.4>,

<MoOAnUCb TOYEK B NereHae K rpapuky>

)

# Mo TO4YKaM CTPOUM HOPMUPOBAHHYK MOJYNPO3PAYHYH TUCTOrPamMMy
plt.<dyHKUMA OTPUCOBKM TUCTOrPaMMbI> (

sample,

<10 cTonbukoB>,

<HOPMUPOBKa CTONOUKOB>,

<MpO3payHOCTb CTONOMKOB paBHa 0.4>,

<OpaHXeBbin UBeT CcTOoNO6MKOB>

)

# pucyem rpa@uk naoTHOCTHU
plt.<dyHKLUS OTPUCOBKU NAUHUMN>(
grid,
<Mlocuntanmte NAOTHOCTbL B ToYkax grid, ucnonb3ysa sps.uniform.pdf>,
<KpacCHbI UBET NUHUKN>,
<TO/IUMHA JNIMHUM paBHa 3>,
<MoOAnNUCb JIMHWMKM B NereHpne K rpapuky=>
)
plt.<nerenpga>
plt.<cetka>(ls=':")
plt.show()

|/|CC]'IeLI,yI7ITe, KakK MEHAKTCA 3Ha4YeHuA Cﬂy'—l&VleIX BE/INYNH B 3aBUCMMOCTUN OT precision .

In [ ]:
1 size = 100
2
3 plt.<onpegenute rpa¢uk pasmepa 15 Ha 3>
4
5 v for i, precision in enumerate([1l, 2, 3, 5, 10, 30]):
6 plt.<onpepenute nogrpadmk>(3, 2, i + 1)
7 v plt.<dyHKUMA OTPUCOBKU To4dek>(
8 <CreHepupynTe BLIOOPKY pa3Mepa Size TOYHOCTWU precision>,
9 np.zeros(size),
10 <MNpPO3pPayvyHOCTb TOYKM paBHa 0.4>
11 )
12 plt.yticks([])
13 if i < 4: plt.xticks([])
14
15 plt.show()



BbiBoA:

YacTb 2. HanuwwnTe yHKLMIO reHepauumn cryyaiiHbix BENMYMH B KONMYeCcTBe Size WTyK (KakK 1 paHblue, TyT
MOXeT 6biTb tuple ) us pacnpeaenetns N (loc, scale®) ¢ nomoLblo npeo6pasosaHms Bokca-Mionnepa,
KOTOpoe 3ak/noyaeTcs B crieaytoem. Myctb & u 7 -- He3aBUCUMbIE ClyyaiiHble BeNIMUMHbI, PABHOMEPHO

pacnpegeneHHble Ha (0, 1]. Toraa cnyuaitible Benuunkbl X = cos(2xé)\/—21Inn,Y = sin(2né)/—21Inn

ABNSI0TCA He3aBUCUMbIMU HopMmasibHbiMU N (0, 1).

Peannsauns gomkHa 6biTb 6€3 LMKN0B. XKenaTteslbHO UCNOoNb30BaTh Kak MOXHO MEHbLUEe 6pOCKOB MOHETHI.

In [ ]:

1 v def normal(size=1, loc=0, scale=1l, precision=30):
2 <...>

Onst N(0, 1) crenepupyiite 200 He3aBUCUMbIX CyHaliHbIX BE/IMUMH, MOCTPOiiTe rpachik NIOTHOCTU Ha OTpeske
[—3, 3], a Takxe ructorpaMmy no creHeprpoBaHHbLIM C/lyYaliHbIM BeIMUMHAM.

In [ 1:

1 <...>

CnoxHasi yacTb: reHepauus

YacTb 3. Bbl y)Xe Hayunmch reHepmpoBaTh BbIGOPKY U3 paBHOMEPHOTO pacnpeaeneHns. HanuwmTe yHKLMo
reHepauun BbIGOPKM 13 3KCMOHEHLMa/IbHOTO pacnpeaeneHns, NCnonb3ysi 3 Teopumn BEPOSITHOCTEIA:

Ecnu & --- cnyyvaiiHas sesiuyuHa, umeroujasi abcosilmHo HerpepbisHoe pacrpedenieHue, u F --- ee ghyHkyus
pacnpedenieHusi, mo caydaiHas senuyuHa F(&) umeem pasHomepHoe pacnpedenerue Ha [0, 1].

Kakoe npeobpa3oBaHne Haf paBHOMEPHOI CrlyYaiHol BE/IMUYMHON HEOOXOANMMO COBEPLLUNTL?

[na nonyyeHns nonHoro 6anna peanusaums fo/MxHa 6bITb 6€3 LMKI0B, a napameTp Size MOXeT 6biTb Tvna
tuple.

In [ ]:

1 v def expon(size=1l, lambd=1l, precision=30):
2 return <...>

Ana Exp(1) creHepupyiiTe BbIGOPKY pasmepa 100 v nocTpoiiTe rpadhuk NIOTHOCTY 3TOFO pacnpefeneHns Ha
otpeske [—0.5, 5].

In [ ]:

1 <...>

BbiBopg no 3agave:



Jlerkaa yacTb: MaTpnyHoe YMHOXEeHue

3apgaua 2

HanuwmTe thyHKUMIO, peasin3yioLlyto MaTpuiHoe YMHOXeHWeE. Mpyn BbIUNCIEHN pa3peLLaeTcsl Co34aBaTh
06bEKTbI pa3MepPHOCTM TpK. 3anpeLlaeTcs Nob30BaThCsA PYHKUUAMMN, PEaSTU3YIOLLMMU MATPUUHOE YMHOXEHNE
( numpy.dot , onepauysi @, onepauysi YMHOXeHWsi B knacce numpy.matrix ). PaspelieHo nonb3oBathCcs
TO/IbKO NMPOCTLIMU BEKTOPHO-apUIMETNYECKMI ONepaLMsSIMA HaZ, NUMPY.array , a Takke
npeo6pasoBaHUsMK Oceil. ABMOPCKOe peweHue 3aHUMaem 00HY CMPOYKY.

In [ ]:

1 v def matrix multiplication(A, B):
2 return <...>

lMpoBepbTe NPaBUILHOCTL peasns3auumn Ha Cﬂy‘—l&VIHle MaTtpuvuax. JomKeH NoayynTcs HoMb.

In [ ]:
1 A = sps.uniform.rvs(size=(10, 20))
2 B = sps.uniform.rvs(size=(20, 30))

3 np.abs(matrix multiplication(A, B) - A @ B).sum()

Ha ocHoBe onbiTa: BOT B T&KOM CTU/1e MHOT/E 13 Bac npucblnany 6bl Ham cBou paboThbl, ecnn He cTanu Obl
Jenartb 310 3ajaHue )

In [ 1:
1 v def stupid matrix multiplication(A, B):
2 C = [[0 for j in range(len(B[0]))] for i in range(len(A))]
3 for i in range(len(A)):
4 v for j in range(len(B[0])):
5 v for k in range(len(B)):
6 Cli][j]1 += A[il[k] * B[k][j]
7 return C

MpoBepbTe, HACKO/LKO GbICTPEE paboTaeT Ball KO M0 CpaBHEHUIO C HE3(hhEeKTUBHOW peannsaunei
stupid matrix multiplication . 3ddekTnBHbLIN KOG AOMKEH paboTaTb NoyTh B 200 pas 6bicTpee. Ans
npuMepa NOCMOTPUTE TakKe, HACKO/IbKO GbICTpee paboTarT BCTPOEHHbIE NUMPY -(OYHKLMN.

In [ ]:
1 A = sps.uniform.rvs(size=(400, 200))
2 B = sps.uniform.rvs(size=(200, 300))
3
4 %time C1 = matrix multiplication(A, B)
5 %stime C2 = A @ B # python 3.5
6 %time C3 = np.matrix(A) * np.matrix(B)
7 %time C4 = stupid matrix multiplication(A, B)
8 %time C5 = np.einsum('ij,jk->ik', A, B)



Hwxe ans npyMepa npuBeaeHa nonHasi peanmsaumst oyHKUMKU. Bac Mbl, KOHEYHO, He Byaem TpeboBaTb
NPOBEPSTb BXOAHbIE AAHHbIE HA KOPPEKTHOCTb, HO AOKYMEHTAL MW K (DYHKLMSM HY>XXHO nucaTb.

In [ ]:

1 v def matrix multiplication(A, B):

2 "' 'Bo3Bpawaet MaTpuuy, KOTOpas ABJIAETCA Pe3y/bTaToM

3 MaTPUYHOr O yMHOXeHua Matpuy A u B.

4

5 Vi

6

7 # Ecnn A wnm B umenT gpyrou Turn, HYXHO BbINOJIHUTL rpeobpa3oBaHue TUMOB
8 A = np.array(A)

9 B = np.array(B)

10

11 # [poBepka [OaHHbIX BXOOHbIX [AHHbIX Ha KOPPEKTHOCTb

12 assert A.ndim == 2 and B.ndim == 2, 'Pa3Mep MaTpuL He paBeH 2'

13 v assert A.shape[l] == B.shape[0], \

14 ('MaTtpuupl pa3mepHocten {} u {} HenepemHoxaembl'.format(A.shape, B.shap
15

16 C=«<...>

17

18 return C

CnoxHaa yacTb: 6POYHOBCKOE AiBUXeHune

3apgaua 3

Mo3HaBaTesibHas YacTb 3aga4n (He NPUroAMTCA ANA PeLleHns 3a4a4n)

ABCO/OTHOE 3Ha4YeHne CKOPOCTU OBWKEHUSA YacTuL, naeanbHOro rasa, Haxoasauerocda B coctogaHum TA-
paBHOBECKA, ECTb cnyqaﬁHaﬂ Be/fIMYMHa, umetoLLan pacnpegeneHne Makcsenna v 3aBucALas ToNbLKO OT
OAHOro TepMoaAnHaMM4ECKOro napamMeTpa — TemMmneparypbl T.

B o6Lem cryyae nN10THOCTb BEPOSITHOCTM pacnpeeneHvst Makceenna Anas n-MepHoro npocTpaHcTBa UMeeT
BUA:

_m?
p(v)=Ce T p~1,
+00

rae v € [0, +00), a koHcTaHTa C HaxoAuTCca U3 YCIOBUS HOPMUPOBKM / p(v)dv = 1.
0

DU3NYECKNIA CMbIC/T 3TOMN (PYHKLMM TAKOB: BEPOSATHOCTb TOFO, YTO CKOPOCTb YaCTULbl BXOAUT B NPOMEXYTOK
[vg, vy + dv], npubnuxénHo pasHa p(vy)dv npu goctatouHo manom do. TyT HaO OrOBOPUTLCS, UTO
MaTeMaTUyYeCcKn KOPPEKTHOE YTBEPXKAEHNE TaKOBO:

P{v| v € [vo,v0+dv]}
dv - p(UO)-

lim
dv—0
MocKoMNbKy 3TO pacnpeesnieHne He orpaHnyeHo cnpasa, onpeaeniéHHas [01a YacTul, cpebl npuodparaert
HaCTO/IbKO BbICOKME CKOPOCTWU, YTO Npn CTOJTIKHOBEHUN C MaKpOO6'beKTOM MOXET NMponcxoanTb 3aMeTHOEe
OTK/TOHEHMNE KaK TPaeKTopun, Tak h CKOPOCTN €ro ABMXEHUA.



MbI npegnonaraem naeanbHOCTb ra3a, Mo3TOMY KOMMOHEHTbI BEKTOpPA CKOPOCTY YacTuL, Cpeabl U; MOXHO
cuMTaTh HE3ABUCHMbIMY HOPMa/IbHO pacnpeaenéHHbIMU CyYaiiHbIMU BETMYUHAMN, T.€.

rae S 3aBUCUT OT TEMNEpPATYpPbl U MACChl YACTUL, 1 OIVHAKOBO /181 BCEX HanpaBneHuii ABMKEHNS.

Mpv CTONKHOBEHNM MaKpPOOGBbEKTA C YacTULLaMU Cpeabl NPOUCXOAUT NepepacnpeaeneHve nMnynbca B
COOTBETCTBUM C 3aKOHAMMW COXPAHEHWS SHEPTUN U UMMYNbCA, HO B CU/Y 60/bLIOTO YnC/a NOA0GHBIX COObITMIA
3a eVHNLYy BpEMEHU, MOAeNMpoBaTh X HANPSIMYH A0OCTaTOYHO 3aTpyAHUTENbHO. M03TOMY A5 BbINO/THEHUS
3TOro HOyTOYKa CAenaem crnegyowme npeanosiokeHus:

« [pupalLleHre KOMMNOHEHTbI KOOPAUHATbLI GPOYHOBCKOM YaCTHLb 38 OMKCUPOBAHHbBIN NPOMEXYTOK BPEMEHM
(v 3a war) At umeet sug Ax; ~ N(0, 62).

* 0 SIBMISIETCSA KOHKPETHbLIM YIC/IOM, 3aBUCALLMM Kak OT Af, Tak 1 OT NnapaMeTpoB 6POYHOBCKOI YacTuLbl 1
cpeapl.

o [py 3TOM O HE 3aBUCUT HW OT KOOP/AMHAT, HIA OT TEKYLLIEro BEKTOPa CKOPOCTM 6POYHOBKOI YacTULbl.

Ecnv roBopuTb hopmMasibHbIM A3bIKOM, B 3TOM HOYTOYKe Mbl ByeM MOAEeMpoBaTb BUHEPOBCKMI C1yYaliHbll
npotiecc
(https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%BD%D0%B5%D1%80%D0%BE%D0%B2%D1%81%D0%!
€ oUKCUPOBAHHbIM LLIArOM.

3apaHue

1. Paspa6oTtarb (PyHKLUIO CUMYNSILUMM GPOYHOBCKOTO ABWXEHUS

DYHKLMA AO/MKHA BbIUUCIATHL NPUPALLEHNE KOOPAMHATbI YaCTULbl HA KKAOM Luare Kak
Axij ~ N(0, 62) Vi, j, k, roe i — HOMep YacTuLbl, j — HOMEep KOOpAMHaTbI, a k — HoMep Lwara. GyHKLs
NPUHUMAET B KAYECTBE apryMeHTOB:

« [lapameTp o;

» KonmyecTBo nocnepoBatefibHbIX U3MEHEHUI KOOPAMHAT (LWaroB), NPUXOAALLMXCA HA OAMH NPoLecc;
» Yucno npoueccos ans reHepaumm (KONUMYECTBO Pas/IMYHbIX YacTuu);

» KonunuyecTtBo NPOCTPaHCTBEHHbIX 3MEPEeHUii 418 reHepaumm npouecca.

Bo3Bpallaemoe 3HaveHue:

o 3-x MepHblii MmaccB result ,rae result[i,j,k] — 3HaueHue j-ii koopanHaThl i-ii YacTULbl Ha k-m
ware.

O6uwee mpeb6oBaHue

e Cyutatb, UTO BCe YacTuLbl B HayasibHbIA MOMEHT BpPEMEHN HaxoaATCA B Hadasie KOopanHar.

Umo HyXHO coesnnamb

« PeanuzoBatb OyHKUWMIO 4151 MPOM3BO/bHON Pa3MepHOCTU, HE NCNOMb3YS LUKIbI.
« Jlonucatb NpoOBEPKM TUMNOB AN15 OCTa/IbHbIX apryMeHTOB.

O6partute BHMMaHWe Ha UCMNOMb30BaHWe aHHOTaUWIA A8 TUNOB apryMEHTOB U BO3BPAaLlaeMOoro 3HauYeHus
hyHKUMK. B HOBbIX Bepcusix MToHA Nogo6HbIE BO3MOXHOCTM CUHTaKCMUCa UCMOMb3YOTCA B Ka4ecTBe NoAcKasok
[ONs1 NPOrpPaMMUCTOB U CTaTUUYECKMX aHANM3aToOpPOoB Koa, Y HUKaKo A0NONHUTENbHOR (PYHKLMOHA/IbHOCTU He
[06aBNSHOT.


https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%BD%D0%B5%D1%80%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81

Hanpumep, typing.Union[int, float] osHauvaer "wnu int, wau float" .

Umo moxxem okazambCsi NO/1€3HbIM

» [eHepauus HopMabHOW BbIGOpKKM: SCipy.stats.norm. Ccbiika
(https://docs.scipy.org/doc/scipy/reference/generated/scipy.stats.norm.html)

o KymynsaTuBHas cymma: MeTog cumsum y np.ndarray . Ccbiika
(https://docs.scipy.org/doc/numpy/reference/generated/numpy.ndarray.cumsum.html)

In [ ]:
1 v def generate brownian(sigma: typing.Union[int, float] =1,
2 *
3 n proc: int = 10,
4 n dims: int = 2,
5 n steps: int = 100) -> np.ndarray:
6 W
7 v :param sigma: CTaHOApPTHOE OTKJ/IOHEHWE HOPMaNbHOrO pacnpepeneHus,
8 reHepupywluero nowaroBbLle CMewWweHUs KoopauHaTt
9 :param n_proc: <OOMNCATb>
10 :param n_dims: <[IOMNCATb>
11 :param n_steps: <OOMUCATb>
12
13 v :return: np.ndarray pa3Mepa (n proc, n dims, n steps), copepxawun
14 Ha no3uuun [i,j,k] 3HavyeHue j-n KoOOpAMHATH 1-M YacCTULbI
15 Ha k-M ware.
16 e
17 ~ if not np.issubdtype(type(sigma), np.number):
18 raise TypeError("MapameTtp 'sigma' ponxeH 6biTb 4YnMcnoM")
19 # <[OMUCATb T[IPOBEPKW TWUINOB>
20
21 return <...>

CumBon * B 3arofioBke 03HAYaET, YTO BCE apryMeHTbl, 0GbSIB/IEHHbIE MOC/1e HEFO, HEOBXOAMMO ONpPeAENsiTh
TO/TbKO MO UMEHMN.

Hanpumep,

generate brownian(323, 3) # Ownbka
generate brownian(323, n steps=3) # 0K

Mpun NpoBepKe TUMOB OCTa/IbHbIX apryMEHTOB, N0 aHas10rMn ¢ Np . number , MOXHO NCNONb30BaTh
np.integer . KoHcTpykuus np.issubdtype(type(param), np.number) wucnonb3yercs no npuumHe
TOro, YTO CTaHAApPTHas NUTOHOBCKasA npoBepka isinstance(sigma, (int, float)) He 6yget pabotarb
ana numpy -uncen int64, int32, float64 wra.

In [ 1:

1 brownian 2d = generate brownian(2, n steps=12000, n proc=500, n dims=2)
2 assert brownian 2d.shape == (500, 2, 12000)

2. Busyanusupyiite Tpaektopun ans 9-Tm nepBbiX 6POYHOBCKUX YacTuL,

Umo HyXHO cOesramb

» Hapucosatb 2D-rpacukn gna brownian 2d.


https://docs.scipy.org/doc/scipy/reference/generated/scipy.stats.norm.html
https://docs.scipy.org/doc/numpy/reference/generated/numpy.ndarray.cumsum.html

» Hapucosatb 3D-rpacmkn gna brownian 3d = generate brownian(2, n steps=12000,
n_proc=500, n _dims=3) .
O6wue mpebosaHus

e YCTaHOBWTb COOTHOLLEHNE MacLLTaboB OCeil, paBHoe 1, A5 KAXA0ro U3 noArpacukos.

Umo moxxem okazambCsi N0/1€3HbIM

» Tytopuan (https://matplotlib.org/devdocs/gallery/subplots _axes_and_figures/subplots_demo.html) no
NMOCTPOEHMIO HECKOSIbKNX FPaddUKOB HA OAHOI CTpaHuLe.

» Metog plot y AxesSubplot (nepemeHHass ax B LMK/E HUXE).

 Metog set aspect y AxesSubplot.

In [ ]:

1 fig, axes = plt.subplots(3, 3, figsize=(18, 10))
fig.suptitle('TpaekTopun 6GpoyHoBCckoro pBuxeHnsa', fontsize=20)

<...>

2
3
4 v for ax, (xs, ys) in zip(axes.flat, brownian 2d):
5
6 pass

3. MocTpoiite rpacuk cpegHero paccToOsAHUA YacTuULbl OT Hayasia KoopguHaT B 3aBMCUMOCTU OT
BpeMeHu (wara)

» lMocTtpoite gns n_dims ot 1 go 5 BKIUUTENEHO.
» KpuBble fo/MKHbI 6bITb OTPUCOBaHbI HA OAHOM rpadivke. Kaxxaast Kpueasi AO/MKHA UMETb JIETeHAY.
e [1ns rpadpnKoB NognmncuK K ocsam 06a3aTesibHbl.

Bornpocbl

» Kak Bbl fiymMaeTe, Kakoi (pyHKLMEeNn MOXET ONUCbIBaTLCA JaHHasA 3aBUCMMOCTb?
e CunbHO /1 eé BuA, 3aBUCUT OT pasMepHOCTU NPoCTpaHcTea?
» MoxHo nn eé nuHeapusoBatb? Ecnn ga, Hapucyiite rpadvk ¢ Takumu xe TpeboBaHUSAMU.

In [ ]:
1 plt.figure(figsize=(12, 6))
2
3 v for n_dims in range(l, 6):
4 v plt.plot(
5 <...>
6 label=f"'Pa3mMepHocTb: {n _dims}'
7 )
8
9 plt.ylabel('Cp. pacT. 4yacTuubl OT Hay. KoopauHaT')

10 plt.xlabel('llar")

11 plt.legend(loc="'best")
12 plt.tight layout()

13 plt.show()

CnoxHas yacTb: BUsyanmsauus pacnpe,qeneHMi/’l


https://matplotlib.org/devdocs/gallery/subplots_axes_and_figures/subplots_demo.html

3apgava 4

B 3Toi1 3a4a4e BaM HY)XHO MCC/eA0BaTh CBOWCTBA AMCKPETHbIX pacnpeaeneHunii n abcosoTHO HeNpPepbIBHbIX
pacnpegeneHmii.

[nsi nepeuncneHHbIX HWKe pacnpefeneHunii Hy>XHo

1) Ha ocHoBe rpac1koB AUCKPETHOWM NAOTHOCTY ((PYHKLMN MacChl) ANA pa3/IMYHbIX NapaMeTPOB NOSICHNTD, 3a
4TO OTBEYAET Kax bl napameTp.

2) CreHepupoBaTb Hab0p HE3ABUCKMbIX C/TyHYaiHbIX BEIMUYNH U3 3TOTO pacnpeseneHnst 1 NoCTPOUTb MO HUM
rmcTorpammy.

3) Caenartb BbIBOAbI O CBOMTCBAX KaXKA0ro U3 pacnpeaeneHunii

PacnpepneneHnus:

BepHynu

e BuHOMUasIbHOE
e PaBHOMepHoe

+ [eomeTpuyeckoe

[nA BbINOMTHEHUSA AAHHOTO 3a4aHNs MOXHO MCNO/b30BaTh KO, C SIeKLUN.

In [ 1:

1 <...>



