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«UensOunckuit rocynapcrsenHslil yausepeurer» (PI'bOY BO «Henl'V»)

Pabouas nporpamma gucturuinHel "[IprMeHeHre METOI0B MAIIMHHOTO 00y4eHuUs B pHU3KKe" 110 HAIIPaBICHUIO
yu

noaroToBkH (cnenuansHoctH) 03.04.02 "dnzuka" HanpasineHHOCTH (Tpodutio) TeopeTndeckas 1 MaTeMaTH4ecKast cTp. 2

¢usuka GI'BOY BO «Henl'Y»
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MHMNHOBPHAYKU POCCUN
\,} DenepanbHOE rocyJapCcTBEHHOE OI0DKETHOE 00pa3oBaTeIbHOe
@ YUpEKIECHHUE BBICIIETO 00pa3oBaHUsL

«UensOunckuit rocynapcrsenHslil yausepeurer» (PI'bOY BO «Henl'V»)

Pabouas nporpamma nucuuminasl "[IpaMeHeHne METO0B MAIIMHHOTO 00y4YeHus B pusnke" 10 HAaIpaBICHUIO
noaroToBkH (cnenuansHocth) 03.04.02 "dunzuka" HanmpaBieHHOCTH (podiumo) TeopeTndeckas 1 MaTeMaTH4ecKast cTp. 3
¢usuka GI'BOY BO «Henl'Y»

1. HEJIX OCBOEHUMA TUCHUTIINHBI

[esb0 OCBOCGHUS TUCHUIUIMHBI SBJISETCS 03HAKOMIIGHUE CTYACHTOB C IUPOKHM KPYTOM COBPEMEHHBIX METOJ0B MALLIMHHOTO
o0yuenus (MO), OCHOBHBIMH TUITAMH PELIAEMBIX C X TOMOIIBIO 3a1a4, METOAaMH ITOTOTOBKY U 00pabOTKU JaHHBIX, HCIIOJIb3yEMBIM
JUT paboThl C MAIIMHHBIM 00y4YeHHEM.

OCHOBHBIE 33J1a4U JUCITUTUTHHBL:

1. anoGpeTeHI/Ie 06HII/IX 3HaHUM O paGOTe C TaHHBIMH, a TAK)KE€ O pacCMaTpUBACMbIX METOJaX MAallIMHHOT'O 06y‘-IeHI/IH, nux
TCOPECTUICCKUX OCHOBAX, o0acTax IIPUMCHCHUSA U 0COOEHHOCTSIX IIPAKTUICCKOTO UCIIOJIb30BaAHUA,

2. BbIpabOTaTh HaBBIKU PAOOTHI C JAHHBIMH C HCIIOJIB30BAHUEM HEKOTOPBIX KOMITBIOTEPHBIX IPOTPaMM M IPOTPAMMHBIX Cpejl, B
KOTOPBIX pPeaJIn30BaHbl PACCMATPUBAEMbBIE METOIBI.

Pe3yJ'II)TaTI>I O6y‘{eHI/I$[ 10 JUCHUIIMHE HAIIPABJICHBI HA JOCTHXKCHUE NHAUKATOPOB!

ITK-2.1. O6nafaet 3HaHUSIMU O [IEPEIOBOM OTEUECTBEHHOM U 3apYOEKHOM OIIBITE SKCILTyaTallud U TEXHUYECKOTr0 00CIYKUBaHUS
3IIEKTPOHHOTO 000PyIOBaHMS;

I1K-2.2. JIeMOHCTpHpYET YMEHUE CTABUTh HAYYHBIC 3a7a4K B 00JIACTH TCOPETHUCCKON M MaTeMaTHYECKON (PU3MKH U pelaTh ux C
UCTIOIb30BAaHUEM COBPEMEHHOI0 00OPYJOBaHUS U OTEUECTBEHHOTO U 3apy0eKHOTO OIIBITA;

[IK-2.3. ImeeT npakTH4YecKUil ONBIT (HABBIKK) NPOBEICHHUS HAYYHO-UCCIIEIOBATEIBCKUX PadOT, ONMHPasICh Ha UCIIOIb30BaHHE
COBPEMEHHOT0 000PYIOBAaHHS M OTEUECTBEHHOTO U 3apyOEKHOTO OIbITA.

2. MECTO JUCHUIIIMHBI B CTPYKTYPE OIIOII

Luki (paszen) OIOIL: [B1.B.09

2.1 TpeOGoBaHus K MpeIBAPUTEIbHOI MOATOTOBKE 00y4aKOIIerocs:

KoMITproTepHBIe TEXHOJIIOTHH B IPO(eCCHOHATBHON IS TENEHOCTH

2.2 JIncuMnIuHbI U MPAKTUKH, JJIs1 KOTOPHIX 0CBOEHHUE TAaHHOUH TUCHHMILUIMHBI (MOAYJIs1) HE0OX0AUMO KaK NMpeallecTBYyIolIee:

IMoaroToBka K mpoLeIype 3aiThl ¥ 3alIUTa BEITYCKHOW KBATM(QHUKAIIMOHHOH padoThI

[Ipon3BoncTBeHHAs MPaKTHKa (HAyIHO-HCCIIeI0BaTeIbCKas paboTa)

3. KOMIETEHLMY OB YYAIOIETOCSl, ®OPMHUPYEMBIE B PE3YJIbTATE OCBOEHMS JUCLIMITTAHBI
(MOJYJIS)

MK-2: Cioco0HOCTH CTABUTH HAYYHBbIE 3224 B 00,1aCTH TeOPeTUYECKOI 1 MaTeMaTHYeCKoi GU3NKH U pelaTh UX ¢
HCI0JIb30BAHMEM COBPEMEHHOI0 000PYI0BAHNS U 0Te4eCTBEHHOI0 1 3apy0esKHOro ONbITa

3HaTh:

st moctmxenust [TK-2.1: 0CHOBHBIE METO/IBI MAIIMHHOTO O0YYEHUSI, THUITBI PELUIACMBIX C MX MOMOIIBIO 33/1a4, METOIbI TIOArOTOBKH
00pabOTKH TaHHBIX

YMeTh:

Jns noctrxenus ITK-2.2: npuMeHATh METO/bI MAIIMHHOTO OOYYEHUs B HAyYHO-UCCIIE0BATENbCKOM JeATeIbHOCTH B 00JIaCTH
TEOPETHUECKOH U MaTeMaTHIeCKO QI3HKI

Baanernb:

Jns noctroxenus I1K-2.3: HaBBIKOM pabOTHI ¢ JAHHBIMU € HCHOJIb30BAHINEM HEKOTOPBIX KOMIBIOTEPHBIX IPOrpaMM M MPOTrpaMMHBIX
cpefl, B KOTOPBIX Peaau30BaHbl PACCMATPUBAEMBIE METO b

B pe3yabTaTe 0OCBOCHUA AU CHHUIIIMHBI oﬁyqamlum?icsl JOJIZKEH

3.1|3narth:

3.1.1|ocHOBHBIE METO/IbI MAIIMHHOTO O0YYEHUS, THITBI PEIIACMBIX C MX TIOMOLIBIO 33]1a4, METO/IbI MOATOTOBKU M 00pabOTKH
JTAHHBIX

3.2|Ymern:

3.2.1|mpUMEHATH METO/I5I MAIMHHOTO OOYUYEHHS B HAyYHO-UCCIIEJOBATEIbCKO AEATEIILHOCTH B 00TACTH TEOPETHIECKOH I
MaTeMaTH4ecKor Gpu3nKu

3.3|Baagern:

3.3.1|uaBbIKOM pa60TI)I C JaHHBIMH C MCIIOJIb30BAHUEM HEKOTOPBIX KOMIIBIOTEPHBIX IIPOTrpaMM U NIPOrpaMMHBIX CPpEX, B
KOTOPBIX p€aJIN30BaHbl paCCMAaTPUBACMbBIC METObI
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MUHOBPHAVYKH POCCUUA

DenepanbHOE rocyJapCcTBEHHOE OI0DKETHOE 00pa3oBaTeIbHOe
YUpEXIECHHUE BBICIIETO 00pa3oBaHUs

«Uensabunckuii rocynapctBeHHbli yausepeuret» (PI'bOY BO

«Yenl'Y»)

Pabouas nporpamma nucuuruinss! "IIpuMeHeHre METO0B MAIIMHHOTO 00yueHHs B pu3HKe" MO HAIPaBICHUIO

noaroToBkH (cnerupansHocth) 03.04.02 "dnzuka" HampaieHHOCTH (podiumo) TeopeTndeckas 1 MaTeMaTH4ecKast cTp. 4
¢usuka GI'BOY BO «Henl'Y»
4. OFBEM JUCIIMIIJIMHBI (MOAYJIS)
O6wasn TpyooeMKoCcTb 33ET
Yacos o yueOHOMY utany : 108 Buner konTponst B cemecTpax:
B TOM YHCIIC :
ayIUTOpHBIC 3aHATUS : 32 9K3aMEHBI 2
camocTosTenbHas padora : 50,6
4acoB Ha KOHTPOIb 18
KOHTaKTHas pabora: 39,4
UKP: 7,4
5. CTPYKTYPA U COAEP)KAHUE TUCHUAIIJIMHBI (MOOYJIS)
Kon HanmeHoBaHuUe pa3/eioB H TeM /BH] 3aHATHS/ Cemectp | Yacos Jlutepatypa
| 3aHATHSA [ Kvpc
Paznen 1. [Ipeamer MalIMHHOTO 00y4YeHH S
1.1 1.1 3amauun, KOTOPBIE PEHIAKOTCA METOJAMH MAITHHHOTO 00yJYCeHHUS 2 2 JI.1 J11.2 J11.3712.1
1.2 OmnpezerneHyre TOUHOCTU MOJeIel MAaIIMHHOTO O0Y4eHUS J12.2 712.3 J12.4 J12.5
1.3 OcHoBHbIe THIIBI MO: alrTOpUTMBI ¢ yauTeneM u 6e3 yuntens /JIek/ J12.6
30132 33 2435 26
1.2 1.1 3amaumn, KOTOPBIE PEHIAKOTCA METOJAMH MAITHHHOTO 00yJYCeHHUS 2 4 JI.1 J11.2 J11.3712.1
1.2 OmnpezerneHyre TOUHOCTU MOJeIel MAaIIMHHOTO 00y4YeHUs J12.2J12.3 J12.4
1.3 OcHoBHble TUIIBI MO: anropuT™el ¢ yuuteneM u 6e3 yuutens /Cp/ 2152 33 34 D5 D6
Pa3nen 2. OcHOBHbIE NOHSITAS B TEOPUN MAIIMHHOTO 00yYeHUSsI
2.1 2.1 EMKocTh MOJieNH, IepeoOydueHue U Hel000ydeHe 2 2 JI1.1J11.2 J11.3J12.1
2.2 Perymsapu3anus JI2.2J12.3 J12.4
2.3 Banunanus Moaenei MamimHHOro o0y4enust /JIex/ D132 33 34 35 26
2.2 2.1 EMKocTh MOJieNH, IepeoOydueHue U Hel000ydeHe 2 4 JI1.1J11.2 J11.3J12.1
2.2 Perymsapu3amus JI2.2J12.3 J12.4
2.3 Banunanus Moaenei MamuHHOro 00y4denus /Cp/ 013233 34 35 26
Pa3nen 3. OcHOBHBIE MOHATHSI MATEMATHYECKOH CTATHCTHKH
HCIO0JIb3YeMOii B MALIIMHHOM 00y4eHNH
3.1 3.1 TToHATHE OLICHKU U €€ CMEILEHUS 2 2 JI1.1 JI11.2 J11.3J12.1
3.2 [IpuHIMI HAWTY4IIero NPpaBaonooous JI2.2J12.3 J12.4
3.3 IlepekpecTHast SHTPOTIHS 213253 2435526
3.4 Ouenka ycioBHOH BeposiTHOCTH /JIek/
3.2 3.1 TToHsATHE OLICHKHU U €€ CMEILCHHS 2 6 JI1.1 J11.2 J11.3J12.1
3.2 IlpuHIUT HAXTYYIIETO PaBIOTIOA00MS JI2.2J12.3 J12.4
3.3 IlepexpecTHast SHTPOIHS 213233 543556
3.4 Ouenka yciioBHOHU BepositHocTH /Cp/
Paznen 4. BaiiecoBckasi cTaTHCTHKA
4.1 4.1 BaiiecoBckast nmuHelHas perpeccus /JIex/ 2 2 JI1.1 J11.2 J11.3J12.1
J12.2712.3J12.4
D132 33 34 35 26
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noaroToBkH (cnerupansHocth) 03.04.02 "dnzuka" HampaieHHOCTH (podiumo) TeopeTndeckas 1 MaTeMaTH4ecKast cTp. 5
¢usuka GI'BOY BO «Henl'Y»

4.2 4.1 baiiecoBckas nuHelHas perpeccus /Cp/ 6 JI1.1J11.2 J11.3J12.1

JI2.2J12.3J12.4
013233 34 35 26
Pa3nen 5. MeToabl MAIIMHHOTO 00y4eHUsl 6e3 yuuTeas

5.1 5.1 OcHOBHbIE METO/Ibl MAIIMHHOIO 00y4eHHs 0e3 yuuTens 2 JI1.1J11.2 J11.3J12.1
5.2 Metoa rinaBHBIX KOMIIOHEHT JI2.2J12.3J12.4
/J1ex/ 013233 34 35 26

5.2 5.1 Meton rnaBHbIX KoMmoneHT /TIp/ 8 JI1.1J11.2 J11.3J12.1

J12.2J12.3 J12.4
0122 33 54 25 D6

5.3 5.1 OCHOBHBIE METO/IbI MALIMHHOTO 00Y4eHUs 03 yduTes 12 JIL.1J11.2 J11.3J12.1

5.2 Meton riaBHbIX KoMIoHeHT /Cp/ J12.2J12.3 J12.4
0122 33 54 25 06
Pa3neu 6. I'iry0okne HelipoHHBIE CeTH NPSIMOT0 PACIPOCTPAHEHUS

6.1 6.1 CtpykTypa HEIPOHHOI CeTH MPSMOIo PacIPOCTPAHEHUS 4 JI1.1J11.2 J11.3J12.1
6.2 BoixonHbie QYHKIMHA aKTHBAITAH JI2.2J12.3 J12.4
6.3 OyHKIMY aKTUBALUK B CKPBITHIX CIOSIX CETU 301 32 33 24 35 26
6.4 Anroput™bl 00y4YeHHST HEHPOHHO CETH: AJITOPUTM 0OpPaTHO
pacnpocTpaHeHus
/JTex/

6.2 6.1 CtpykTypa HEPOHHOM CETH NMPSIMOT0 PpaclpoCTPaHEHUs 8 JI1.1J11.2 J11.3J12.1
6.2 BoixoHble QYHKIMHA aKTHBALIUH J12.2J12.3 J12.4
6.3 OyHKIMH aKTUBALUU B CKPBITBIX CJIOSX CETH D1 D2 53 B4 D5 56
6.4 Anroput™bl 00y4eHUST HEHPOHHO CETH: AJITOPUTM 0OpPaTHO
pacrpoctpanenus /I1p/

6.3 6.1 CtpykTypa HEHpPOHHOMN CETH MPSIMOTO PacpOCTPaHCHUS 12,6 | JI1.1J11.2 J11.3J12.1
6.2 BoixoHble QYHKIIMH aKTHBALIUH JI2.2J12.3J12.4
6.3 OyHKITNY aKTHBAIMH B CKPBITHIX CIIOSX CETH 91 92 53 D4 35 D6
6.4 AnroputMbl 00y4eHHs HEHPOHHOH CeTU: aIrOPUTM 00paTHO
pacrpoctpanenust /Cp/

Pa3snen 7. CBeprounble HelipOHHbIE CeTH

7.1 7.1 Bugsl omeparuii CBEpTKH B HEHPOHHBIX CETAX 2 JIT.1 J11.2 JI1.3J12.1
7.2 Tpu OCHOBHBIE HJIEU 3aJI0KEHHBIE B CBEPTOUHBIX CETAX: PEIKOE JI2.2J12.3 J12.4
B3aMMOJEHCTBIE, COBMECTHOE NCTIOIH30BaHHE ITapaMeTPOB, PABHOMEPHOCTH D1 32053 543556
7.3 YpoBHH nyna B CBEPTOYHBIX ceTsx /JIek/

7.2 7.1 Buns! onepanuii CBEpTKH B HEHPOHHBIX CETAX 6 JI1.1J11.2 J11.3J12.1
7.2 Tpu OCHOBHBIE HJIEH 3JI0)KEHHBIE B CBEPTOUHBIX CETAX: PEIIKOE JI2.2J12.3 J12.4
B3aMMOJEHCTBIE, COBMECTHOE UCIIOIb30BaHHUE NTapaMETPOB, PABHOMEPHOCTH 213233 543556
7.3 YpoBHH 1yJia B CBEPTOYHBIX ceTsx /Cp/

Pa3nen 8. Unas konTakTHasi paboTa
8.1 WunuBHIyanbHbIe KOHCYIBTANH, TEKYIUi KOHTpob /TKP/ 7,4 | JI1.1J11.2 JI1.3J12.1
J12.2712.3J12.4
0132 33 34 35 26

6. ®OH/1 OIEHOYHBIX CPEJICTB
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Pabouas nporpamma nucuuruinas! "IIpuMeHeHne METO0B MAIIMHHOTO 00y4ueHus B pu3KKe" MO HaIpaBICHUIO
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¢uzuka ®PI'BOY BO «Uenl'Y»

6.1. IlepeueHb BUTOB OLIEHOYHBIX CPEACTB

OTYeTHI o MIPAKTUYCCKUM 3aHATUAM
BOHpOCLI K DK3aMCHY

6.2. TunoBbIe KOHTPOJBbHBIC 3aJaHUA M1 UHbIC MAaTEPHUAJIBI JIJIS TeKleleﬁ aTreCcTalun

321)121‘{1/1 K IIPAKTUYCCKUM 3aHATUAM IPEACTABJICHBI B HpI/IJ'IO)KeHI/II/I 1.

6.3. TunoBble KOHTPO/IbHbIE BONPOCHI U 3aaHHUS JJIsl HIPOMEKYTOYHOI aTTecTanuu

- [IpenmeT MamIMHHOTO OOyYEHUS

- 3aaun, KOTOPBIE PEIIAlOTCA METOIaMH MAIIMHHOTO 00yUYeHHS
- OnpeziesieHne TOYHOCTH MO/ISINICH MAIIMHHOTO 00yUYCHHS

- OcHoBHbIe TUIIBI MO: aJITOPUTMBI C YyYUTEIEM U 0e3 yauTels
- OCHOBHBI€ MTOHATHS B TEOPUH MALIMHHOTO 00YUESHHUS

- EMxocTh Mozienu, nepeoOyueHue 1 He1000y4eHue

- Perynsipusammst

- Banunanus Monenei MalmuHHOTO 00y4eHUs

- OCHOBHBIE MTOHSATHS MATEMAaTHUECKOH CTaTHCTHKU HCIIOJIB3yeMOi B MAIIMHHOM O0YYeHUH
- [ToHsiTHE OLICHKU U €€ CMEIIEHUS

- [TpuHIUI HAWITYYIIero IPaBaoIoa00Hs

- [TepexpecTHas SHTpOMIUSL

- O1eHKa yCI0BHON BEpOATHOCTH

- BaifecoBckas craTucTrka

- BaifecoBckas nuHeHas perpeccus

- 'my0Ookue HelpoHHbIE CeTH NPSMOTO PaCIPOCTPAHEHUS

- CTpykTypa HEHPOHHOU CETH MPSMOTO PACIPOCTPAHEHHS

- BeixonHble pyHKIIMM aKTHBALIUK

- OyHKIIUM aKTUBALMHU B CKPBITBIX CJIOSIX CETH

- AnrroputM 0OpaTHO pacIpOCTPaHEHUS

- CBepTOUHbIE HEUPOHHBIE CETH

- Bugsl onepanuii CBEpTKH B HEHPOHHBIX CETAX

- Tpu OCHOBHBIE UJIEH 3QJI0KEHHBIE B CBEPTOYHBIX CETAX: PEIKOE B3aUMOJICHCTBUE, COBMECTHOE MCIIOJIb30BAaHHE N1APaMETPOB,
pPaBHOMEPHOCTh

- YpoBHHU IyJia B CBEPTOUHBIX CETAX

- Meton rnaBHbIX KOMIIOHEHT

6.4. Kputepun oneHuBaHus

Texymuii KOHTPOJIb TEOPETUUSCKUX 3HAHUM U IPAKTUYECKUX HABBIKOB IIPOU3BOJUTCS B BUJIE OTUYETOB 110 TEMaM IPAKTUYECKUX
3aHATHH, KOTOPHIE CIAET CTYAEHT B TEICHHE CEMECTPA.

DK3aMeHalMOHHAs OIICHKA CTABUTHCS HA OCHOBAHMU NMMCBMEHHOTO M YCTHOTO OTBETOB I10 9K3aMEHAI[IOHHOMY OWJIETY.
DK3aMEeHaIMOHHBIN OUJIET COACPIKUT JIBA TEOPETHUECKUX BOIPOCA.

Ha sk3aMeHe CTYICHT MOTy9aeT OIEeHKY «yIOBICTBOPUTENBHOY» B CIydae YCHEIIHOH Claul «TeOPETHIECKOT0 MUHIMYMa, KOTOPBIH
BKJIIOYAET: 3HAHUE OCHOBHBIX IIOHATHH, OTIpeesieMbIX BOIPOCOM OuiieTa, He00OX0IMMbIe IPAKTUYECKHE HABBIKU PabOTHI C
OCBOCHHBIM MaTEpHAIOM B OCHOBHOM C(hOPMUPOBAHBI, OONBIIMHCTBO yI€OHBIX 33JaHMI BBITIOIHEHO, HEKOTOPHIE U3 BHITOTHCHHBIX
3aaHUH colepKaT OIIMOKH.

OmeHKa «XOpOIIOo» — CTYICHT TBEPJO 3HAET yIeOHO-TIPOrpaMMHBII MaTepHal, TPaMOTHO U IO CYIIECTBY H3JIaraeT ero, Ho IPH 3TOM
JIOIYCKAIOTCS HerpyOble OIIMOKH, HEKOTOPbIE IPAaKTHUECKHE HAaBBIKU PA0OTHI C OCBOCHHBIM MaTepuaaoM c(hOopMUPOBaHbI
HEJIOCTaTOYHO, BCE YUeOHBIE 3aaHNs BHIIIOJIHEHBL.

O1eHKa «OTIMYHO» — CTYICHT JIOJDKEH IPOAEMOHCTPUPOBATh OTIMYHOE 3HAHUE MaTepuaa, Kak JJeKIMOHHBIX 3aHATHH, TaK U TeM,
BBIHOCHMBIX Ha CAMOCTOSTEIbHOE 00ydeHHUe, OTBETHB Ha 00a Bolpoca Ouiera, He00X0JUMBblE IPAKTHYECKUE HABBIKY PAOOTHI C
OCBOEHHBIM MaTepHanoM chopMHUpOBaHEL, Bce yueOHbIE 3a1aHNS BBIITOJHEHBI.

7. YHEBHO-METO/MYECKOE I HTHOOPMAIIMOHHOE OBECIIEYEHHUE JUCIIUIIJIMHBI (MOAY JISI)

7.1. PexoMeHnayeMas qutepatypa

7.1.1. OcHoBHast TUTEpPaTypa

ABTOpBI, COCTaBUTEIH 3arsnaBue WznarensctBo, ron| Pecypc
JI1.1 |Dmax I1. Mammanoe o0y4yenue. Hayka 1 HCKyCCTBO TOCTpOEHHs alropuTMoB,|Mocksa : IMK OBC
KOTOPBIE U3BJIEKAIOT 3HAHUS U3 IaHHbBIX Ipecc, 2015
(http://e.lanbook.com/books/element.php?pll_id=69955)
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ABTODBI, COCTABHTEITH 3arnaBue W3zpatensctBoO, ron| Pecype
J1.2 |T'yademnoy 4., I'my6oxoe o0yueHue Mocksa : JIMK 9bC
benmxuno U., Kypsumis |(https://e.lanbook.com/book/107901) Ipecc, 2018
A.
JI1.3 |Iunenos A. B., MamuHHOe 00yueHHe U MHTEUIEKTyalbHbl aHaIU3 JaHHBIX: YUenaOUHCK : 9bC
Boxwmunnes A. B., MPaKTUKYM W3narensctBO
botos /1. C., (http:/Nlibrary.csu.ru/rbooks2/view2?code=local/007889/007889) YenssOuHCKOTO
[erpuuenxo 1O. B. TOCY/IapCTBEHHOT O
YHUBEPCHTETA,
2022
7.1.2. JlonoaHuTeIbHAS JIUTEPATYpa
ABTODBI, COCTaBUTENHN 3ariaBue WznarensctBo, rox| Pecypc
JI2.1 |Pamka C. Python u mamuHHOE 00yUeHHE: KpaiiHe HeoOXoauMoe mocobue mo  [Mocksa : IMK 3BC
HOBEHIIIEH MpecKa3aTeNbHOM aHAUTHKe, o0s3arenbpHoe 1 6onee  |IIpecc, 2017
rIyOOKOTO MOHUMAHHS METOI0JIOTHH MAITHHHOTO 00yJIeHHs
(https://e.lanbook.com/book/100905)
J12.2 |Yuo K., ®pumsn /. MamuHHOe 00yueHue U 6e30acHOCTb Mocksa : JIMK 9BC
(https://e.lanbook.com/book/131707) Ipecc, 2020
J12.3 |Boxmunnes A. B., Marmuanoe o0y4uenue. HelipoHHbIC CeTH: PAKTHKYM YenstOuHCK : 9BC
boros JI. C., HIunenor |(http:/library.csu.ru/rbooks2/view2?code=Iocal/007890/007890) W3nareabpcTBO
A. B., Ilerpuuenko 1O. YenstOuHCKOTO
B. rOCYapCTBEHHOT O
YHUBEPCHTETA,
2022
J12.4 |Mapdu K. T1. BeposiTHOCTHOE MalIMHHOE 00yueHue. BBeneHne Mocksa : JIMK 2BC
(https://e.lanbook.com/book/314891) Ipecc, 2022
JI2.5 |Bbyteipckuii E. 1O., MamuHHOe 00ydeHue: yueOHUK Mocksa : Jlupekr- 9BC
IlexanoBckuii B. B., (https://biblioclub.ru/index.php?page=book&id=701807) Menua, 2023
Kyxosa H. A.,
Baiimyparos U. P.,
Kynukos U. A.
JI2.6 |IInatoHoB A. B. MammaHoe o0y4yeHue: yueOHoe mocodue Jyis By30B Mockga : FOpaiir, 3BC

(https://urait.ru/bcode/544780)

2024

7.2. Ilepeyens pecypcoB HHGOPMAIHOHHO-TEJIEKOMMYHHKAIINOHHOM ceTH ""UHTepHeT"

31

Jlanb [DnekTpoHHBI pecypc] : anekTpoHHO-0nbmoTeuHas cuctema (OBC) / m3narensctso Jlans. — URL: http://e.lanbook.com/

92

YHHuBepcuTeTCKas OnOIHOTeKa OHIaiH [ DIEKTPOHHBIN pecypc] : AMeKTpoHHO-0nbaHoTeuHas cucrema (ObC) / OO0
Jupexrtmenua [Tabmummmuar. — URL: http://biblioclub.ru/

33

https://biblio-online.ru

IOpaiit [DnekTpoHHbIi pecypce] : anekTporHo-6ubmoreynas cucrema (9BC) / uzaarensctBo FOpaiit. — URL:

24

Znanium.com [DJeKTpoHHbIH pecypc] : 371eKTpoHHO-6ubmnoTeunas cucrema (ObC) / HayuHo-u3aatensckuii eHTp
HNH®PA-M. — URL.: http://znanium.com/

95

eLIBRARY .RU [OnexrponHslii pecypc] : anextponHas oubnuorexa / Hayd. anexrpon. 6-ka. — URL:
http://elibrary.ru/defaultx.asp

26

JlaGopatopus [TapamienbHbIX HHPOPMALIMOHHBIX TEXHOJIOTUH [ DJeKTpOHHBIH pecypc] : HayuHo-uccnenoBaTenbcKuit
BBIYUCIIUTENBHBIN HEHTP MOCKOBCKOTO TOCYIapCTBeHHOro yHuBepcuTera nmeHn M.B.Jlomorocosa — URL: https://parallel.ru/

7.3 llepeyenb nHGOPMAIIMOHHBIX TEXHOJIOTHI

7.3.1 IIporpammHoe oGecneyeHue

Adobe Reader

Dev C++

Java Development Kit

NetBeans

Python
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PascalABC

Visual Studio

Code::Blocks

C++ Builder Community Edition

Ubuntu Linux

LMS Moodle

Adobe Connect Acrobat

ITO Kaspersky

Visual Studio Code

7.3.2 IlpodecconabHbIe 0a3bl JAHHBIX U HHPOPMALHOHHO-CIIPABOYHbIE CHCTEMbI

1. DnekTpoHHBIH KaTaor HayuyHoi oudaroTeku Yenl'Y [DnekTponHsId pecypce] : 6a3a nannbix / Yenso. roc. yu-T. — URL:
http://library.csu.ru/ru/ - Yensiounck, 1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : sxypHaiis
American Physical Society : caiit. — URL: http://journals.aps.org/about — £I3. anri. — Peskum mocTyma: TONBKO M3 CETH YHHBEPCHUTETA. —
TekcT : 2IEeKTPOHHBIN.

3. Web of Science : mymsTuanciumuimHapHas peepatuBHas 6a3a JaHHBIX / KoMIaHus Thomson Reuters. — Pexum gocryma: s
3apeructpup. nonb3osareneit Yenl'V. — TekcT : 31MeKTpOHHBIH.

4. Scopus : pedepatuBHas 6a3a manubix / Elsevier BV. — URL: http://www.scopus.com/ — 5I3. aurn. — Pexum noctyna: st
3apeructpup. nonp3osareneit Yenl'Y. — TekcT : 3meKTpOHHBIH.

5. Springer Link : [caiit]. — URL: http://link.springer.com/ — 5I3. auri1. — PexxuM mocTyma: uist 3aperucTpup. monb3osareneid Yenl'y. —
TeKcT : 2IEeKTPOHHBIN.

8. MATEPUAJIbHO-TEXHUYECKOE OBECIHIEYEHME JUCHUIIJIMHBI (MOAY JI51)

HJ’I}I peanu3anuu JUCHHUITINHBI UCITOJIB3YIOTCA y‘-I€6HI>Ie AYAUTOPHUH IJIA IPOBEACHUA 3aHIATUH JIEKITUOHHOTO THhna, CECMMHApPCKOTo
TUIA, TPYNIIOBBIX U UHAUBUAYAaJIbHBIX KOHC}’J’ILTaHHﬁ, TCKYLICTO KOHTPOJIA U HpOMe)I(yTO‘{HOﬁ aTTeCTalliu, a TaKXXC MOMCIICHUS JIJIA
CaMOCTOSITENIbHOU pa60TI>I.

Y4eOHble ayAUTOPHH YKOMILIEKTOBAHbI CIICIIMATM3UPOBAHHOM MEOENBI0 M TEXHUUECKHUMU CPEJICTBAMU OOYUEHHS - MYJIbTHMEAUHHBIM
000pyI0BaHHEM (IKpaH, HOYTOYK, MPOEKTOP, KOJIOHKH).

Jlnst mpoBeeHNs 3aHATHH JIEKIIHOHHOTO TUIIA TIPEeUIarafoTcs Habophl AeMOHCTPAIIMOHHOTO 000PYIOBaHHS U y4eOHO- HATIIAXHBIX
noco6uil (MyJIbTUMEIUHHBIE IPE3CHTALUH).

IMpaxTideckue 3aHATHA MPOXOIAT B yaeOHOH T1abopaTopuu 00IIeH 1 mpukiIagHoi GQU3HKH Ka(enpsl 00IeH 1 TeopeTHIecKoi (GH3NKH
(aynuropus 222), OCHAILIIEHHO IEPCOHANBHBIMH KOMIIBIOTEPAMU, MYJIbTUMEIUHHON almapaTypoi.

Hcnons3ytores aynuropus Ne205 - untansablil 3am Ne3 (yueOHbIi kopryc Nel) u aynuropus Ne206 - 37eKTpOHHBIN YUTATbHBIN 325
(cienmanm3upoBaHHBIN MenuaneHTp) (yaeOnsIit kopiryc Nel) nist caMmocTosTenbHO#M paboTHI CTyIeHTa, OCHAIEHHBIE IIEPCOHATBHBIMHI
KOMITbIOTEpaMHU, MyJIbTUMEANNHHON anmapatypoil. B aynuropusx obecreder TOCTYI K pa3IudHON CIIPaBOYHOM JIUTEpaType,
SHIUKIIONIETUSIM, OHOINOrpadhUIecKiM 1 TIOTHOTEKCTOBBIM 0a3aM JaHHBIX, HHPOPMAMOHHEIM pecypcaM «HTepHET».

9. METOAUYECKHUE YKA3ZAHUSA JJIS1 OBYYAIOIIUXCSA 11O OCBOEHUIO JUCHUTIIJIMHBI (MO JIST)

OcBoeHue cojeprkaHus ydeOHOM TUCHUIIINHBI OCYLIECTBISIETCS HA JIEKIHAX, IPAKTHYECKUX 3aHATUSIX U B IIPOLIECCE CAMOCTOSATENbHON
y4eOHOM AeATENLHOCTH CTYCHTOB.

JlexuuoHHBIE 3aHATHA 00€CIEUUBAIOT TEOPETUUECKOE U3YyUeHHE TUCHUIIIUHBL. OCHOBHBIMU METOJAaMU O0y4EHHs ABIIAIOTCS
nH(OPMALIMOHHO-00BACHUTEIbHBII 1 TpoOIeMHbIH. Ha neKkuusx uinaraeTcs OCHOBHOE COZIepKaHHE TeM IIPOrpaMMBl, TPOBOAUTCS
aHaJIu3 OCHOBHBIX MOHATHH U paCCMaTPUBAIOTCS IIPUMEPBI.

JIeKIMOHHBIN MaTepHal SBISETCS BXKHBIM, HO HE €IMHCTBEHHBIM VISl YCBOCHUS yueOHOM aucimIuinHbL. Ero obs3arensHo
HEOOXO0IUMO JOIOJIHUTh MATEPUAIOM OCHOBHOMU U JONOIHUTEIBHON JIUTEPATYPHI 110 TEME.

[IpaxkTuyeckue 3aHATHSA CIIYKaT JUId 3aKPEIJICHUS TEOPETUUECKUX OCHOB, M3J1araeMblX B JieKUsaX. Ha npakTudyeckux 3aHATUAX
o0ydaeMble OBJIaE€Bal0T OCHOBHBIMU METOJAaMHU U IIPHEMaMU NapajlIeIbHOIO BEIYHUCIICHHUS.

Ba)kHBIM MOMEHTOM NIPU U3YUCHUH JTIO00H TUCIUIUIMHEI SBISETCS OpraHu3alisl caMocTosATeNbHON paboTsl. [Tpu ocBoennn
Marepuala He ClIelyeT CTPEMUTHCS K MEXaHUUECKOMY 3allOMUHAHUIO IPUBEAECHHBIX ONpeeaeHUH, GOpMYIUPOBOK U MOJI0XKEHHH,
ecnu TpeboBanus K Bam mpsmMo He yka3pIBaloT Ha 3T0. BriosiHe 3¢ (hexTrBHOI MOXKET OKa3aThCsl HOMbITKA MIOHATH CYTh SBICHHUS,
BBIPabOTATh CBOE OTHOLIEHHUE K HEMY, OLIUPAsACh HAa MaTepUall, COJEepKAaLIUNCS B PEKOMEHJOBAaHHOMU uTeparype. Taxke
PEKOMEHyeTCsl PABHOMEPHO PACHIPENENSITh Harpy3Ky CaMOCTOSTENEHOTO 00Y4€eHHs B TEUCHUE CeMecTpa.
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B ciydae nmpuMeHeHuUs pu 00yYEHUH AUCIUILIUHBL 3IEKTPOHHOIO 00y4YEHUsl, AUCTaHIIUOHHBIX 00pa30BaTeIbHBIX TEXHOIOT Uil
obmieHre 00yJaromUXCst ¥ IPEToaBaTeNss OCYIIECTBIACTCS B PEXKUME PealbHOro BpeMEHH (OHIaiH-TeKIH (BeOMHAPEI), UaTHl,
BH/IC0-KOH(EPEHIUH U JIp.) UM OTJIOXKEHHOT0 BpeMeHH (CucTeMa quctannnonHoro ooy4denns Moodle, MS Office365, dopymsi,
3JIEKTPOHHAS [TOYTA U JIp.).

[Tpu 0Oy4eHun JIuI ¢ OrpaHMIEHHBIMU BO3MOXKHOCTSMH 3[J0POBbS 3JIEKTPOHHOE 00yUeHHe, TUCTaHIOHHEIE 00pa3oBaTeNbHbIe
TEXHOJIOTHH NPEAyCMaTPUBAIOT BOZMOXKHOCTh ITpHeMa-Tiepeayi HHPOPMALMH B JOCTYITHBIX JJIs1 HUX (hopMax.

Peanm3zanust JUCHUILTMHEI C IPUMEHEHHEM DIIEKTPOHHOTO 00y4YeHHs], TUCTAaHIIMOHHBIX 00pa30BaTeNbHBIX TeXHOIOTHi (1anee — D0,
JOT) ocyriecTBisieTcs Ha OCHOBaHUHU «I10JI0KEHHUS O peaiu3aliii OCHOBHBIX U JIOTIOJIHUTEIbHBIX 00pa30BaTEIbHBIX IPOTPaAMM C
MIPUMEHEHUEM DJIEKTPOHHOTO 00y4YeHHUs M JUCTAaHIIMOHHBIX 00pa30BaTeNIbHBIX TEXHOJIOTHH B (heaeparbHOM rocy1apCTBEHHOM
OI0/PKETHOM 00pa30BaTEILHOM YUPEKICHUH BEICIIET0 00pa3oBaHus «HeIsIOMHCKHUI rocyJapCTBEHHbIH YHHBEpCUTET», «[lomokeHns
0 MOpsAKE 3a4eTa 00YyJaIoIUMHUCS [0 OCHOBHBIM PO(ECCHOHAIBEHBIM 00pa30BaTeNIbHBIM NIPOrpaMMaM BBICIIEro 00pa30BaHUs B
OI'BOY BO «Uenl'Vy» pe3yabTaToB OCBOCHHUS B OPTaHU3AIUSX, OCYIIECTBISIONINX 00pa30BaTeIbHYIO IEATEIBHOCTD, YIEOHBIX
MIPEMETOB, KypCOB, TUCHUIUIAH (MOJIyJIel), MPAKTHK, TOMOJHUTENBEHBIX 00pa30BaTeIbHBIX IIPOTPaMM» ITIOCPEACTBOM dJIEKTPOHHON
nHpOpMaIMoHHO-00pa3oBarenbHol cpenbl PTBOY BO «Uenl'Vy». B uckimountenbHbIX ciaydasx (popc-Maxop | T.I1.) pH
peanu3anuu 00pa3oBaTesibHON AesaTenbHOCTH ¢ npuMeHeHreM D0, IOT MoryT NpUMEHsATh KOMIOHEHTHI, HE BXOAAIINE B IIEPCUCHb
3JIEKTPOHHOM HHPOPMAIHOHHO- 00pa30BaATEILHON CPEIIBI.

10. CHEIIMAJIBHBIE YCJIOBHUSI OCBOEHUSA JUCHUIIIMHBI OBYYAIOIUMUCSH C HHBAJIMJHOCTBIO N
OI'PAHUYEHHBIMHU BO3MOKHOCTSAMMU 310POBbsI

OcBoeHUe MUCLUIIMHBI HHBAJIUJAMU U JIUIIAMHU C OTPAHUYEHHBIMU BO3MOXHOCTSIMU 3[J0POBbsI OCYILECTBIISETCS C UCIOIb30BAaHUEM
CHEUHATbHBIX TEXHWYECKHX CPENCTB M HH(POPMAIMOHHBIX TEXHOJOTHH, MPEZOCTaBISIeMBIX PecypCHBIM ydeOHO-METOANYIECKHM
LEHTPOM N0 OOYYEHHI0 MHBAIMIOB M JIMI C OIPAaHMYCHHBIMH BO3MOXXHOCTSIMH 3710poBbsi Yenl'Y mo 3ampocy oOywaroerocs
(MOOHMIIbHBIE CIIEIMABHBIE TEXHHYECKHE CPEACTBA UL JIMI C HApYMICHWSMH 3pEHUS M C HapyIIeHHeM CIIyXa, aCCHCTHBHBIE
UH(OPMAILIOHHBIE TEXHOJIOTHH).

IIpn HEeoOXomMMOCTH Ul OOYYAIOIIMXCS C HapyIICHHSMH 3peHHS Ha padodynMX MecTax ISl IPOBENECHUS NPAaKTUYECKHX HIIH
Ja00PaTOPHBIX 3aHATUI YCTaHABIMBACTCS CIIEIUAIBLHOE IPOrpaMMHOE obecneueHue (MporpaMma pedeBO HaBUIaIlMM, PEUeBbIE
CHHTE3aTOPbI, KPaHHBIE JIYIIBI).

B yueGnble ayauropuu obecrieunBaeTcsi OECIpensTCTBEHHBIN AOCTYN AJsi O0YYaIOUIMXCS ¢ WHBAJHIHOCTHIO U C OTPaHUYCHHBIMH
BO3MOKHOCTSIMH 30POBbS. B Kakmoi ayauTopuu, rae 00y4aroTcsi HHBAJIHIBI M JHIA C OTPaHUYEHHBIMU BO3MOYKHOCTSIMH 3/I0POBBS,
[IpeyCMaTPUBAETCs COOTBETCTBYIONIEE KOJTUYECTBO MECT JUIsl OOYUAIOMIUXCS ¢ YU€TOM HapYIIEHUH UX 370POBbS.

J151st oCBOGHMS AUCIMIUTUHEI HHBAJIMAM 1 JIUIaM C OTPaHUYSHHBIMHI BO3MOXKHOCTSMHE 3I0POBBSI IPEIOCTABISIETCS AOCTYI K IEYATHBIM
HCTOYHMKAM, UMEIOIIUMCS B HayuHOH 6ubmnorexe Yenl'V, ¢ MOMOIIBIO CHELHATBHBIX TEXHUYECKUX CPEACTB; JOCTYI C IOMOILBIO
CHEUHATbHBIX TEXHHYECKUX M MPOTPAMMHBIX CPEICTB K JJIEKTPOHHBIM HCTOYHHKAM, MPEICTABICHHBIM B (JOpMe DIEKTPOHHOTO
JokyMeHTa B poHze HayuyHOH OubaroTeku Yenl'Y mii 311€KTpOHHO-OUOIMOTEUHBIX CUCTEMAX.

Y4eOHO-MeTOIMUeCKHEe MaTepHaibl Ul OOYYAIOIMXCS U3 YHCJIa MHBAIHIOB U JIUI C OTPAHUYEHHBIMH BO3MOXKHOCTSIMH 3I0POBBSI
MPEJOCTABISAIOTCA B (OPMaX, aIaITUPOBAHHBIX K OTPAaHMYCHUSM HX 3I0POBbS U OCOOCHHOCTSIM BOCIIPUATHS HH(POPMALIUH.

J171st ”HBaMIOB | JIMI] C OTPaHIMYEHHBIMH BO3MOXKHOCTSIMH 30POBbSI OCBOSHUE AUCIHILUIMHBI MOXKET OBITh YaCTUYHO FJIH TIOJIHOCTBIO
OCYIIECTBIICHO C UCIIOIH30BaHNEM AUCTAHIMOHHBIX 00Pa30BaTENbHBIX TEXHOIOTHH.

[lpu mnpoBeseHNHM NPOMEXKYTOYHOW aTTECTAllMM MO JTUCHUIUIMHE OOYYAIOUIMMCS C WHBAJIMAHOCTBIO U C OrpaHMYCHHBIMU
BO3MOKHOCTSIMH 3JIOPOBBSI O0ECIIEUMBAETCSl 10 UX 3asABJICHHUIO NPENOCTaBICHHE B JIOCTYHHOW (opMe B 3aBUCHMOCTH OT HX
WH/MBUIYAIBHBIX OCOOCHHOCTEH WHCTPYKUMH O TOPSAKE MPOBEICHUS MPOMEKYTOYHOH aTTecTallud, OLEHOYHBIX CPEICTB H
BO3MOKHOCTH OTBETOB Ha 33/1aHMs (MMMCBMEHHO Ha Oymare, Ha0Op OTBETOB Ha KOMIIBIOTEpE, MHCBMEHHO ImpudToM bBpaiims, c
HCTIONIb30BAaHUEM YCIIYT aCCUCTEHTA, YCTHO).

[Ipu npoBeaeHUN NpoLEaYPbl OLIEHUBAHUS PE3YIbTaTOB O0YUYEHHUs] MHBAJIMIOB U JIML C OTPAaHUYEHHBIMU BO3MOXHOCTSIMU 3/10POBbSI
IpeAycMaTpUBAETCs HCIOIb30BaHuE IpeaocTaBieHHbIX Yenl Y uimn coOCTBEHHBIX TEXHUYECKHX CPECTB, HEOOXOANMBIX UM B CBS3H C
WX WHAMBUAYAIBHBIMU 0CcOOCHHOCTAMU. [Ipy HEOOXOIMMOCTH MHBAIMAAM U JIMLAM C OIPAHUYEHHBIMH BO3MOXKHOCTSIMH 3/10POBbBSI
IIPEOCTABISIETCS NOTOIHUTEIBHOE BpeMs JUIsl MOATOTOBKU OTBETa Ha 3aJlaHus, Ipoleypa OLEHUBAHUS PEe3yIbTaTOB 0Oy4eHUs 10
JUCLUIUIMHE MOJKET MPOBOJUTHCS B HECKOJIBKO ATAIIOB.
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MpakTuyeckoe 3agaHue 1 Mpunoxerwve 1

OpHMM M3 MeToaos obydeHua Bes yuMTenn, KOTOpPoR MOXET NokazaTh ocoBeHHOCTH B AaHHbIX, 3 TAKHE CHW3WTE MX Pa3MepHOCTL - METOL MI3BHbIX KoMnoHeHT (PCA)

Mcnonbsosadne PCA B Habope faHHbix nozeonaeT: 1. YoanAeT KoppenvpoBaHHble npusHaky. Mook KoppenupoBaHH biX NPM3HaK0B B 4aHHbIX 3aHMMAeT MHOTD BpeMeHi, ocobeHHo ecnK
4MCMIO NPM3HAKOB BENWMKD. 2. YNyHLIaeT NPOM3B0ANTENBHOCTE aNTOPUTMOE MallKHHOMD oby4eHua. MockoNbKy KONWYecTBD NPU3HAK OB yMeHbLIAeTen ¢ nomollso PCA, Bpema, 3aTpadusaemoe
Ha oby4eHre MogenK, 3HauMTeNbHO CoKpallaeTeA BoneacTere Bonee NpaBMnbHOR OLEHKMW OaHHBIX dyHKLWER cronmocTi. 3. PCA yOanaioT WyM B SaHHbIX M CHWKAeT pasMepHOCTE AaHHbIX,
ceogA Bonbluoe YXCNO NPU3HAKOE BCEMD K Nape MaBHbIX KOMMOHEHT.

Feature 2

Feature 1

Puc 1. HanpaeneHWe rNaeHbIX KOMMNOHEHT B AaHHbIX.
[na peannaaunn metoga PCA Hy»KHO coenaTh HeCKobKo NocieoBaTenbHbIX LWaros.

1. HopManum3auma AaHHbIX

Ha 3tom aTane HOpMann3yeTcA gManasoH 3HaYEeHNA BCex nepemeHHbIX ii A0 00WHaKoBOro glanasoHa, 4ToBbl BCE OHWM MMenn paEHbIﬁ BKNa[B aHanus.

OcHoBHaA NpK4KMHa, no KOTOpOﬁ NPOBOONTCA HOPMari3aUWA, 33KHY3aeTCA B TOM, HTO PCA o4eHb HYBCTBMTENEH K ANCNEPCMM MCX0OHbIX NepeMeHHbIX B Haﬁope AOaHHbIX. rfplr‘l‘-ilr"lHEI B TOM, 4TO
eCnM ecTb NPU3HAKK C BonbLUKMK PazNUHUAMK B MX Ha4abHOM gWanazoHe IHAYEHWA, 1 NPHaHaKK C Bonee BblCOKMM OMarna3oHoM 3HaYeHWIA Gyﬂ‘yT,D,OMMHMDOEIEITb B OGLLI,EM aHanuze, u PCA
Gy,D,ET bonee NPene3ATo OTHOCWTBLCA K 3TUM NPH3HaKam. nOJ‘IyHHM HOpPMWpOBaHHbIE NepemMeHHblX Ei Yepes MEICLLITBGHDOEIEIHVIE no gucnepcn M Martemar ey eCKoMy oxuMaaHW:

_d-u
- ?
a

I',D,E'x' -WMHOEKCNO BEKTOpam OaHHbIX, j' WHOEKC NO 3N1emMeHTaMm BeKTopa OaHHbIX, - MaTeMaTh4eckoe oxKngaHe No BeKTopa Ei, - CTaHOapTHOe OTKNOHeHWe BeKTopa Ej =
2. BbIMMCNIEHME MAaTPMLLbI KOBAPHMALMIA

Ha aaHHoM 3Tane HeobXo4MMD MOHATL Kak nepemMeHHble Habopa AaHHbIX cBAZaHHbLI Mexay coboil, ApYrvMM CIOBAaMMW BBINWCIWTL KOPPENALMI0 MeXdy BEKTOPaMW AaHHbIx. MHorga
nepemeHHble cUIbHO KOPP envpytoT Mexay coboii Takim obpasom, 4To coaepkat N3bbITo4HYK WHbOopMaLWio. YToBbl BbIABMTL 3TW KOPPENALIMK BbIYMCIATCA KOBAp MALMOHHaA MaTpULa.
KoBapMaUMoHHaA MaTpKLa - 3TO CUMMETPWHYHAA MaTpUUa n % n -T4en - HWOI0 BEKTOPOB A3HHbLIX. B KOTOPOR B KaYeCTBE 3M1eMeHTOB YKa3aHbl KOBApWaLM K, CBA3aHHbIE CO BCEMK
BO3IMOMHBIMK M3paMK MCXOOHbIX NEpeMeHHbIx:

Jij = Ccov

Z;) = E[(Z; — EZ;) (Z; — EZ;)|

roei,j=1..n

3. BbluMcSIeHHe COBCTB EHHbIX BEKTOPOB M COBCTBEHHLIX 3HAYEHHMIA MATPULLbI KOBAPMALLMIA N1aBHbIE KOMMNOHEHTbI - 3T0 HOBbIE BEKTOPA AaHHbIX 2, KOTOpble CTPOATCA Kak TMHEAHble
KOMBWMHaLMK MCXOAHBIX OaHHbBIX F;. JIMHeHble KoMBMHAaLWMKM CTPOATCA TakiM obpasom, 4Tobbl HoBble AaHHble Z; BbliM HeKoppenpoBaHHbIMK, a Bo/bLLaA YacTb MHDOPMALMKU M3 MCXOAHbIX

OaHHbIX T; Bblfa oKaTa B Nepeble KOMMNoHeHThl 25 . Hanpumep, 10-mepHble gaHHble gawoT 10 rnaeHbix KoMAoHEHT M PCA NbITAETCA NOMECTHTE MaKoi MyM BO3MOXKHOW MHbOpMaL MK B NepByIo
KOMMOHEHTY Zj , 33TeM MaKcMMyM oCTasLUeRcA MHDOpMaLWKn Bo BTOPYHO M Tak fanee.

Percantage of explained variances

2 3 A & [} 7 '] g 10
Principal Components

Puc. 2. Pacnpenenedie OUcnepcii Ha Kasabli rnaeHbliA Ko MIOHEHT NofyYeHHbIA u3 Habopa gaHHbIx.

Y1o6bl BEIYMCANTD HOBblE BEKTOPA AaHHbIX Z; Kak IMHeAHyo KoMBWHaLMI0, HeoBXoAMMO HAAT M KO3 GMLMeHTb NpeobpasosaHna. Bolimoias cobcreeHHble BeKTopa M cobcTBeHHble
3HAYEHMA MaTPMULbI KOBAPWALIWMIA, MOXHO H3ATK HaNPaBNeHWA B MCXOAHbIX OaHHbBIX T AWCNEPCUA B KOTOPbIX M3k CMMalnbHa W, COOTBETCTBEHHO, HAXOAMTCA OCHOBHAA WMHGOPMALWA B AaHHbIX.
CobcreeHHble BEKTOPaE W 3H34EHMA MATPMLbl KOBAPMaLMA MOXH 0 33AaTh Ceaylo UMM P aBEHCTBOM:

Ay = Ao Ay

roe Ay, A, -cobcrBeHHble BEKTOPa W 3HA4eHWA MaTpPULbl KOBAPMaLWA. Peann3oBsaTh AaHHbIA War BO3MOXKHO MCNoNb3oeaHem B BaMoTek MHeHOR anrebpbl, KOTOPble BXOAAT, HanpUMep,

8 Habop BMBnnoTek ScyPy ana Python. MonydeHHble coborBeHHble 3Ha4eHWA W BekTopa Ay, Ay HeobXoaMMo OTCOPTUPOBATL OT MaKCUMANbHOMO 3HAYEHWA N\ A0 MUHUManbHoro (M
cooTBETCTBYIOWME MM coBCTBEHHbIe BeKTOpa): HanBonbll ee 3HadeHWe cobeTBeHHOrO YA CNa OMNPenenfeT CTaTMCTUHECKYH 3HAYMMOCTb MHBO PMaLMK B MCXOAHBIX OaH HbIX 33K 0HEHHYHO B



cobcTBeHHOM BEKTOpe.

4, Bblumcs FMaBHBIX KOMN T Ha 3aknounTenbHoM 3Tane npecbpaayioTca gaHHble T;, 4To6bl MCNob30BaTh BEKTOP HOBbIX AaHHbIX Z; . [JaHHble Z; chopmipoBaHbi c NoMoLlbio
coBCTBEHHbIX BEKTOPOB KOBap MaLMOHHO i MaTpuLbl, 4717 NEPEopUeHTaLMM A3HHBIX € MEXOAHBIX OCEi Ha Te, KOTOPbIe NPeACcTaBeHbl raBHbIMW KoMMoHeHTamK (oTcroaa U HazsaH e "MeTog
rnaeHbix KomnoHeHT"). 3To MOXHO ¢Aenath NyTem MaTpMYHOro YMHOXKEHWA cxoaHoro Habopa AaHHbIX T, Ha OTCOPTHPOBaHHble TPaHCMOHMPOBaHHbIe cobcTaeHHble BEKTOpa MaTpULbI
KoBapuaumit A, MpK 3ToM MoXHO oTBPOCMTb YacTb BEKTOPOB, COOTBETCTBYIOLME MUHUMabH bIX COBCTBEHHBIX 3HaHeHWAM:

i k Ai
zy = Z EIA,‘;
k
CcbUKa HA AaHHbIE

https/fwww.kaggle.com/com petitions/modern-computer-technologies-laboratory/data?select=shok_wave_measurements.csv



y lNpakTnyeckoe 3agaHme 2
Annpockumaumsa ¢pyHkumin MHC npamoro pacnpocTpaHenns

B paHHoit nabopatopHoi paboTe paccmaTpueaoTcA Fy6GoKMe HEMPOHbIE CETH NPAMOro pacnpocTpanedna (MHC), B aHMIWACK O NUTEpaType YacTo MOXHO BCTPETUTE obo3HadeH e
multilayer perceptrons (MPL). Takve MHC AenAoTeA hopMoil annpo Kol MaumK coMHbIX MHOTOMEPHBIX W HEMWMH eAHbIX dyHKLUMOHANEHBIX 33BUCUMOCTER, € OrpaHUYeHneM, YTo Tak1e

33BW CUMOCTM 40MKHbI BbITh HenpepbleHbIMW. MycTb ecTb HekoTopan dyHKUMA i = f(F), To HelpoHHan ceTb ByneT npeacTasnATh coboit HekoTopoe NpUBAVKeHWe K 3ToMR dyHKLWKM

7= f*(%, g), raed- Habop napametpos MHC. 3agada MallnHHoro obyHeHns B 3TOM C/lyHae cocTonT B ToMm, 4ToBbl nofoBpaTh TakWe napamerpsbl g, uTobl MOAYHUTE Hanyullee
npuBaKxKeHe K peanbHol dyHkUMKM 3 = f(Z). Ana Toro, ytobbl nogobpark napameTpbl MHC, nan apyriMi cnosami 0BydmnTs ee, UcnonbayeTcA Habop AaHHbIX. Jpyrumu ciosami
M3BECTHO, HTO HEKOTOPbIe AaHHbIE MOXHO ONWEaTh hyHKLUNOHANEHON 33BMCMMOCT b, HO CaM BUA GYHKLMW HE 3HAeM W He MOJKET 3anWcaTh ero B ABHOM BUAE, B 3TOM CNYYae W NCNo/b3yoTcA
MHC.

B paHHo i nabopatopHoil paboTe paccmaTpMBalOTCA AaHHble YMCNEHHOr 0 3KCMEpMMEHTa Mo CKaTUIo YMCTOMD aNKMUHWA, KOTOpbIA NPOBOAWTCA METOAOM MONeKyIAPHOI AWHamMukh (puc. 1, 2).
B 3KCrepHMeHTe NP oMCXOa T 0AHOOCHDe CKaThe o6pa3Lia, Mpy 3TOM ecTh 0AHO3HaYHaR CBA3L MeXay Tekylleil NNoTHOCTbIO BellecTsa p, TemnepaTtypol T' 1 nasneHvem P, sHyTpeHHei
3Heprieit E. 31a c8Asb pakTMHecKM BblpaxaeTca Yepes GpyHKLUMOHaNbHyo 3asuciMocts i = f(Z), rae ¥ = (P, E),a = (p,T'). AeHblil U4 GyHKLUMKM Mbl He 3H3eM 1 33Aa4a HalTh ee
aNnpoKCMMaLMIo B BUAE Held poHHOI CeTW MPAMOro pacnpocTp aHeHuA no 3afaHHoMy Habopy AaHHbIx x;, ;. Habop aaHHbIX Npencrasnaet coboi nocnenosatensHocts (o, Ti) v
cooTBeTCTBYOLME UM 3HaqeHnn (P, E;) B npouecce aedopmaLii.

Puc. 1. A4eika MogennpoBaHKA B YUCIEHHOM 3KCNepMMeHTe.

-
o
S

M nocTaHoeka

[100]

Puc. 2. CxeMa YWCneHHoTo 3KkCNepMMEHTa.

Mepeigem K onucaduio MHC u meTogy ee obydeHua. MHC cocronT M3 croes, B KOTOPbIX PacrofaratTca NckyccTaeHHble HeWpoHbI B BUAe dyHKLWA akTueaLmK (puc. 3). MoxHo Bblgennts 3
TMNa U10eB: BXOAHOI, CKpbITble 1 BbixoAHON. BxogHoi cioii accollMpoBaH ¢ aprymeHTamu GyHKUMKW T, B CKPbITBIX CIOAX NPON CXOAUT OCHOBHO @ npeobpasoBaHWe BXOGHbBIX AaHHbIX 1
BbIXOAHOW COW aCCOLMMPOBaH € pe3ysbTatom GyHKLMK I . BxoaHoR croi COAEPAKUT TONEKO BXOAHbIE A3HHbIE T, a CKpbITble 1 BbIXOOHOA CI0OW COCTOAT M3 NOCNefoBaTeNbHO BblHNCIARMBIX

3MEMEHTAPHBIX dyHKLWA - ¢yHKLLMH aKkTMBaumK. MapameTpbl Hell poHHOR ceTH § o6osHavaiotca kak seca W H cMeLLieHMA b.Ha kaxpom cnoe MHC seca W -3To MaTpuLa accolMmpoBaHHan co
CBA3AMM B CETH, a CMellleHA b - 3To BEKTOP, 3CCOLMMPOBAHHBIA € HepoHamu (Puc. 4). Ha kaxablii HelpoH BbIMMCIAETCA BXogHOE 3HadveHue (Puc. 4):

=0 1 a1
=l i+

i

yroel =1,2,. .., L-wHgekcno cnoam MHC, L - obuwee yvcno cnoes, T - MHOEKEC Mo Hed poHaMm B Tekylem croe [, j-WHAoeKc o Bcem HellpoHam B npegblgyliem cnoe | — 1. [lna nepeoro
cioal = 1 pyHKLMA aKTUB ALK paBHa a? = &y, rAe ;. exoaHol eektop Ha MHC. MNocne BblYMCNeHWA BXOgHOMO BeKTopazg Ha cnof [ BbldMcnAeTCA DYHKLWMA aKTMBALWMKW B 3TOM Cloe:

o i

= flz)

MoBTopAA NpeablayLuve onepaLnn BblYWCIARTEA BYHKLWMA aKTUB ALWMK Ha NociegHeM cnoeu,f’ = f(zf’) KOTopan ABMAETCA MPUBIMKeHHbIM pe3ynbTaToM GyHKLW, To ecTb .

Yacro MENon b3yl TeA Cenyho e dyHKLMKY akTHBaLLMK:

PRelLU (Parameteric rectified linear unit)

_[opz ifz< 0
fp,-(ctpr,Z) { z otherwise
Sigmoid
1
i prw—

YacTo ncnonbayemble apXUTeKTYpbI:
1. CKpbITble CoW: CMrMOMAANBbHEA hYHKLWMA; BoIXOAHON C0A: chrMonbanbHan dyHKUMA.

2. CkpbiTble cnown: dpyHkUMA PReLU; BbixogHoi cnoit: cuirmonaanbHan GpyHKUWA.



LA HavanbHo# koHdurypawrn MHC matpyusl secoe W Ha kaxgom cnoe mMoHO 330aTe CiyYai HeiM obpazom, Hanpumep, no Mayccosomy pacnpegeneqnio B gwanasone [0, 1]. 3Havenunn
cMeLLeHKUiA b MoxHO 3agatb kak 0.001. Takme HeoBXogWMO HOPMaNW30BaTE AaHHbIE Mo 4BYM NPUYKUHaM: [1] pesynbTar curMongancHoi dyHK LMK Haxo guTbea B guanazode (0, 1); [2] CunbHoe
paznuyme B BENNYMHAX AaHHbIX MOXET MPUBOLNTH K TOMY, YTO HeltpoHb! He ByayT "akTuBMpoBaTbea”, To ecrb ux napametpbl W u b Gyny 6n1aki k 0 M oHK bakTUYeckn He ByayT BANATE Ha
npeobpazoBaHne faHHbIX Npw nporoHe no MHC. CooTeeTcrBeHHo, Heobxoan Mo NprMeecT MaTpuubl gaHHbix X n Y coctasneHHble M3 cTpok ;; " E; K BAOY

min
Tig — T,
gnomm — W 7
i i
o pmes _ min
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o gmin
norm _ Yij— Y
R

mez __ . min
¥i Y

,FOE i - MHOeKE No cronBuam JaHHblX, 3 - MHOekc no cTpokam, 270 1 y™% - makcumManbHoe 3Hadedne B cronbuax, ™" w yme
i i t ]

hidden layers

- MUHWManbHoe 3Ha4YeHKe B CI'OJ'IGLI,EI)(.

input layer

output layer

4.Cxema cBAzel B CKPbITOM W BhIXOAHOM Croe.

OByuyeH e HeRPOHHOR ceTH B naHaYanbHoi KoHgurypaun MHC co cnyvaiHo MHULWaNK3KopoBaHbiMK 3HaveHrAamMl secoe W, BbixogHble 3HaveHna MHC af’ BYOyT Daneku oT peantHbix
3HAYEHWA GYHKLMK Yi, FAE MHAEKC i npoBeraer KoMWYecTBO NePeMeHHbIX B pesynbTaTax dyHKLWKM U KoMHecTBO BbIXOAHbIX HeApOHOB, cooTBeTcTBEeHHO. [U1A Toro, 4yTobbl MHC Bbigasana

HyXHble peaynkTathl HeobxomMo noaobpath onTuManbHele sHadeHna W u b. 310 peannayeTca MeTogoM FPAAMEHTH OFO CYCKA - TO 8CTh MUHIMI3aLMeil HEKOTO POt hYHKLWAK, KoTopan
onpegenaet TodHocTb MHC B cpaBHeHnn c peanbHbIMK gaHHbIMW. Takan GyHKLUWA Ha3bliBaeTcA ¢yHKIMER CTOMMOCTH 1 0bblYHO 3343ETCA KaK CPeaHeKBafpaTMyHOe OTKIOHEHWE:

,TO€ 71 - KO/IMYecTBo BbIXogHbIX HeipaHos B MHC. MpeablayLini dopMyia NokasblBaeT Kak BblYMCAWTL IPaAUEHT Mo O4HOMY 3/1EMEHTY M3 AaHHbIX, FPaaUeHT no Bcemy Habopy AaHHbIM
COOTBETCTEEHHO paBeH



a1
C = (oh
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,TO€ 1M - KOMMYEecTBO 3/1eMeHToB B Habope AaHHbIx. OBy4eHne MHC caoanTbeA K 0BHOBEHWIO MapaMETPOB CETW MYTEM BbI4MCIEHWA rPaar eHTa GYHKLMM CTOMMOCTMI 1 LLara 3Ha4eHui
MapamMeTpoB B CTOPOHY MUHWUMYMa BYHK LMK CTOMMOCTH CLLIErOM fL
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O6yueHine MHC cocronT 13 NocneqoBaTenbHOro MPAMOro M 0BPaTHOrD NPOFOHOB € M3MeHeHnem napameTpos W 1 b 4o nonyyeHs HeoBXoaMMoi ToHOCTA.
Ccblnka Ha AaHHble: https)//www kaggle.com/competitions/modern-computer-technologies-laboratory/data?select=train.csv
https://www.kaggle.com/competitions/modern-computer-technologies-laboratory/data?select=test.csv

Nureparypa: 1. http://neuralnetworksanddeeplearning.com 2. https://www.deeplearningbook.org
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