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1. HEJIX OCBOEHUMA TUCHUTIINHBI

Ienbio 0CBOCHUS TUCIMIUIMHBI SBJISETCS 03HAKOMJIEHHE CTYJICHTOB C IIUPOKUM KPYrOM COBPEMEHHBIX METOJI0B MAIIMHHOTO
o0ydenust (MO), OCHOBHBIMU THUIIAMH PEIIAEMBIX ¢ HX MOMOIIBIO 3a7a4, METOJaMH MOATOTOBKH U 00paOOTKH TaHHBIX,
UCTIOJIb3YEMBIM ISl pa0OTHI C MAalIMHHBIM O0yYEHUEM.

OCHOBHBIE 33/1a4 TUCITUTLUIHHBI:

1. HpI/IO6peTeHI/Ie 06IJ_II/IX 3HaHUH O pa60Te C TaHHBIMH, a TAK)KE€ O paCCMAaTPUBACMbIX METOAaX MAallIMHHOT'O O6yIIeHI/I$[, ux
TCOPETUICCKUX OCHOBAX, 00JacTsIX IIPUMCHCHHUA U 0COOCHHOCTSIX IMPAKTUYECKOT0 UCIIOJIb30BaAHMA;

2. BpIpaboTaTh HaBBIKH PAOOTHI C JAHHBIMU C UCIIOJIb30BAHUEM HEKOTOPBIX KOMITBIOTEPHBIX IPOTPaMM M POTPaMMHBIX Cpejl, B
KOTOPBIX peali30BaHbl PACCMaTPUBAEMbIE METO/IbI.

Pe3yJ'H>TaTI)I 06y‘IeHI/I$I T10 JUCHUIIIMHE HAIIPABJICHbI HA JOCTHKECHUE MHAUKATOPOB!

[IK-2.1. Obnanaet 3HaHUSIMU O NEPEOBOM OTECUECTBEHHOM U 3apYO€KHOM OIIbITE SKCILIyaTallui U TEXHUUECKOr0 00CITyKUBaHUS
JJIEKTPOHHOI0 000pyJOBaHUS;

TIK-2.2. JleMOHCTpUpYET YMEHHE CTABUTh HAyYHBIC 3a]]a4l B 00JIACTH TEOPETUUCCKON H MAaTeMaTHUSCKON (PU3MKH U peliaTh UX ¢
UCIIOIb30BAHUEM COBPEMEHHOI'0 000PYIOBAHUS U OTEUECTBEHHOTO U 3apy0eixHOT0 OIBITA;

TIK-2.3. meeT npakTHYeCKUid ONBIT (HABBIKK) MPOBEJICHHUS HAYYHO-HUCCIIEA0BATEIbCKUX paboT, OMUPAsCh HA UCIOIb30BaHHE
COBPEMEHHOT0 000PYIOBaHUS H OTEUECTBEHHOTO U 3apYOEKHOTO OIIBITA.

2. MECTO JUCHUIIIMHBI B CTPYKTYPE OIIOII

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

2.1 TpeGoBaHus K MpeIBaAPUTEIbHOI MOATOTOBKE 00y4YaI0IIEerocs:

KommproTepHbIe TEXHOJIIOTHHU B IPO(eCCHOHANBHON ISSTENFHOCTH

2.2 JIncuUNINHBI U MPAKTHKH, 1JI51 KOTOPBIX 0CBOEHHUE TAHHOW AUCHMIIMHBI (MOAYJIs1) HE00X0ANMO KaK MpeAllecTBylolee:

IoaroroBka K mpoLexype 3aIlUThl U 3alIUTa BEITYCKHOW KBATU(HUKAITHOHHON padoTHI

IIpou3sBocTBEHHAs MTPAaKTHUKA (HAyYHO-HCCIIEN0BaTeNbCcKas pabora)

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

MK-2: Cioco0HOCTH CTABUTH HAYYHBbIE 3224 B 00,1aCTH TeOPeTUYECKOI 1 MaTeMaTH4YeCcKoi GU3NKH U pelaTh UX ¢
HCI0JIb30BAHMEM COBPEMEHHOI0 000PYI0BAHNS U 0Te4eCTBEHHOI0 U 3apy0esKHOro oNbITa

3HaTh:

Jlnst noctiokenus [TK-2.1: 0CHOBHBIE METO/IbI MAIIMHHOTO 00YY€HHsI, THIIBI PEIIAEMBIX C HX TIOMOILBIO 33/1a4, METO/IbI [IOArOTOBKU
1 00paboTKU TaHHBIX

YMeTh:

Jus noctmwkenus [IK-2.2: npuMEeHATh METObI MAIIMHHOTO 00y4eHHsI B HAYYHO-UCCIIEA0BATENILCKOH AEATEIbHOCTH B 001aCTH
TEOPETHUECKOI M MaTeMaTHIEeCKOil (DH3UKH

Baanern:

Jns noctmwkenns [1K-2.3: HaBbIKOM pabOThI ¢ JAHHBIMH € HCIIOJIb30BaHHEM HEKOTOPHIX KOMITBIOTEPHBIX IPOTpaMM H
IPOrpaMMHBIX CPel, B KOTOPBIX Peali30BaHbl pACCMaTPUBAEMble METOABI

B pe3yjabTaTe 0CBOCHUS THCHUITIIMHBI oﬁyqaloumiflcﬂ JOJIZKCH

3.1|3naTth:

3.1.1|ocHOBHBIE METOIBI MAIIIMHHOTO O0YYEHHUSI, THITBI PELIAEMBIX C MX TIOMOUIBIO 33J1a4, METOABI MOITOTOBKU U
00pabOTKH TaHHBIX

3.2|Ymers:

3.2.1|mpuMeHATH METObI MAIIMHHOTO O0YYEHHs B HAyTHO-HCCIIEI0BATEIbCKOM AESATEIFHOCTH B 00IACTH TEOPETHIECKOH 1
MaTeMaTH4ecKOH pU3NKU

3.3|Baagern:

3.3.1|naBiKOM pa6OTI>I C JaHHBIMU C UCTTOJIB30BAHUEM HEKOTOPBIX KOMIIBIOTCPHBIX IIPOTpaMM U MPOrpaMMHBIX CPEL, B
KOTOPBIX pC€ajIM30BaHbl paCCMAaTPUBACMbIC METO/IbI
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3.2 TIpyHIMI HAUITYYINEeTO MPaBIONO00 S
3.3 IlepekpecTHast SHTPOIHS
3.4 Ouenka ycioBHo# BepositHocTH /Cp/

noaroToBku (cnenpansHocTH) 03.04.02 "dnzuka" HanpaieHHOCTH (podiumo) TeopeTndeckas 1 MaTeMaTH4ecKast cTp. 4
¢usuka GI'BOY BO «Henl'Y»
4. OFBEM JUCIIMIIJIMHBI (MOAYJIS)
O6Lwwasn TpyaoeMKoCTb 33ET
Yacos no yuebHOMY 1utany : 108 Buner konTponst B cemecTpax:
B TOM YHCIIE :
ayIUTOpHBIE 3aHATUS : 32 9K3aMEeHBI 2
camocTosTenbHas padora : 54,7
4acoB Ha KOHTPOIb 18
KOHTaKTHast pabora: 35,3
HKP: 3,3
5. CTPYKTYPA U COAEP KAHUE JUCIHHUIIJIMHBI MOAYJIS)
Kon HaumeHnoBanmue pa3jiejioB U TeM /BUA 3aHATHS/ Cemectp | YacoB JlutepaTtypa
| 3aHATHS [ Kvpc
Paznen 1. [Ipeamer MalIMHHOTO 00y4YeHH S
11 1.1 3amauun, KOTOPBIE PEHIAKOTCSA METOJAMH MAITHHHOTO 00yJYCHHUS 2 2 JI.1 J11.2 J11.3712.1
1.2 OmnpezenenHne TOUHOCTU MoJeel MAaIIMHHOTO O0Y4eHUS J12.2 J12.3 J12.4 J12.5
1.3 OcHoBHbIe THIBI MO: alTOpUTMBI ¢ yauTeneM u 6e3 yunteins /JIek/ J12.6
30132 33 2435 26
1.2 1.1 3amaumn, KOTOPBIE PELIAKOTCA METOJAMH MAITHHHOTO 00yJYCHHUS 2 4 JI1.1 J11.2 J11.3J12.1
1.2 OmnpezenenHne TOUHOCTU MOJeel MAaIIMHHOTO O0y4YeHUs J12.2 J712.3 J12.4 J12.6
1.3 OcHoBHble TUIIBI MO: anropuT™el ¢ yuuteneM u 6e3 yuutens /Cp/ J12.5
301 32 33 2435 26
Pa3nen 2. OcHOBHBbIE MOHATHSI B TEOPHUH MAIIMHHOTO 00yYeHH s
2.1 2.1 EMKocTh MOJIENH, IIepeoOydeHue U Hel000ydeHe 2 2 JI1.1J11.2 J11.3J12.1
2.2 Perynspusamus J12.2J12.3 J12.4 J12.6
2.3 Banupanus Mozenei MmammHHOro o0y4yenus /Jlex/ JI2.5
D132 33 54 35 26
2.2 2.1 EMKocTh MOfieNH, TIepeo0yueHHE 1 HeT000yIeHHE 2 4 JI1.1 J11.2 J11.3J12.1
2.2 Perynsapusanus J12.2 J12.3 J12.4 J12.6
2.3 Banunanus Mozenei MmamuHaoro ooydenus /Cp/ JI2.5
D132 33 34 35 26
Paznen 3. OcHOBHbIE MOHATHSA MAaTeMATHYeCKOH CTATHCTHKH
HCNO0JIb3yeMOi B MAIIMHHOM 00y4eHHH
3.1 3.1 IloHsATHE OLIEHKHU U €€ CMEILEHUS 2 2 JIT.1 JI1.2 JI1.3J12.1
3.2 IlpuHIUT HAXTYYIIETO MPaBIOTIOA00MS J12.2J12.3 J12.4 J12.6
3.3 IlepekpecTHast SHTPOIHS JI2.5
3.4 OueHka ycIIOBHOW BeposiTHOCTH /JIek/ 21392 33 54 D5 D6
3.2 3.1 TToHATHE OLICHKU U €€ CMEILEHUSA 2 6 JI1.1 J11.2 J11.3712.1

JI2.2 J12.3 J12.4 J12.6
J12.5
0132 33 54 55 26

Pa3znen 4. BaiiecoBcKasi CTATHCTHKA
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4.1 4.1 baiiecoBckas nuHelHas perpeccus /JIex/ 2 2 JI1.1J11.2 J11.3J12.1
J12.2J12.3 J12.4 J12.6
J2.5
D132 33 34 35 26
4.2  |4.1 BaitecoBckas nuHeitHas perpeccus /Cp/ 2 6 JI1.1J11.2 J11.3J12.1
J12.2J12.3 J12.4 J12.6
J2.5
D132 33 54 35 26
Pa3znen 5. MeToabl MAIIMHHOIO 00y4YeHHs 0e3 yuuTeIs
5.1 5.1 OcHOBHBIEC METO/IbI MAITHHHOTO 00y4YeHNUs 0€3 yUHTes 2 2 JIL.1J11.2 J11.3J12.1
5.2 MeTon riaBHBIX KOMIIOHEHT J12.2J12.3 J12.4 J12.6
/JTex/ J12.5
30132 33 2435 26
5.2 5.1 Meton rnaBHbIX KoMnoHeHT /TIp/ 2 8 JI1.1J11.2 J11.3J12.1
J12.2J12.3 J712.4 J12.6
J2.5
D132 33 54 35 26
5.3 5.1 OcHOBHBIEC METO/IbI MAITHHHOTO 00y4YeHNUs 0€3 yUHTes 2 12 [ JI1.1 J11.2 JI1.3J12.1
5.2 Meton rinaBHbIX koMIoHeHT /Cp/ J12.2J12.3 J12.4 J12.6
J12.5
D132 33 54 35 D6
Paznen 6. I'my0okne HelipOHHBIE C€TH MPAMOI0 PACIIPOCTPAHEHUS
6.1 6.1 CtpykTypa HEHPOHHOI CETH MPSIMOTo PACIPOCTPAHEHUS 2 4 JI1.1J11.2 J11.3J12.1
6.2 BoixoHble PYHKIMHA aKTHBAIIUH JI2.2 J12.3 J12.4 J12.6
6.3 OyHKIUY aKTUBALMU B CKPBITBIX CIIOSIX CETH J12.5
6.4 Anroput™bl 00y4YeHUST HEHPOHHO CETH: AJITOPUTM 0OPATHO 213233 543556
pacnpocTpaHeHus
/JTex/
6.2 6.1 CtpykTypa HEHPOHHOI CETH MPSMOT0 PACIPOCTPAHCHUS 2 8 JI1.1J11.2 J11.3J12.1
6.2 BoixoHble PYHKIMHA aKTHBAIIUH JI2.2 J12.3 J12.4 J12.6
6.3 OyHKIUY aKTUBALUU B CKPBITBIX CIIOSIX CETH J12.5
6.4 Anroput™bl 00y4YeHUST HEHPOHHO CETH: AJITOPUTM 0OPAaTHO 2132533 243556
pacrpoctpanenus /I1p/
6.3 6.1 CtpykTypa HEHPOHHOH CEeTH MPSIMOTO PaclpOCTPaHEHUS 2 12,7 [JI1.1J11.2 J11.3J12.1
6.2 BrixozmHble (YHKIMU aKTHBALMH JI2.2 J12.3 J12.4 J12.6
6.3 OYHKIUY aKTHBAIIMH B CKPBITHIX CIIOSX CETH J12.5
6.4 Anroput™bl 00y4eHUs] HEHPOHHOI CETH: AJITOPUTM 0OpaTHO 2132033 543556
pacnpoctpanenus /Cp/
Pazgen 7. CBepTounble HEl{POHHBIE CETH
7.1 7.1 Bunsl onepanuii CBEpTKH B HEHPOHHBIX CETAX 2 2 JIT.1J11.2 J11.3J12.1

7.2 Tpu OCHOBHBIE HJIEH 3JI0)KEHHBIE B CBEPTOUHBIX CETAX: PEIIKOE
B3aUMO/IEHCTBHE, COBMECTHOE UCIIOJIb30BAHUE TIAPAMETPOB, PABHOMEPHOCTD
7.3 YpoBHH IyNia B CBEPTOYHBIX ceTsiX /JIex/

J12.2J12.3 J12.4 JI2.6
JI2.5
0132 33 24 35 26
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7.2 7.1 Bunbl onepanuii CBEpTKU B HEHPOHHBIX CETIX 2 10 | JI1.1J11.2 JI1.3]12.1
7.2 Tpu OCHOBHBIE HJIeN 3aI0KEHHBIE B CBEPTOYHBIX CETSX: PEIKOE JI2.2 J12.3 J12.4 J12.6
B3aMMOJICHCTBHIE, COBMECTHOE HCIOJIL30BAHHE ITapaMeTPOB, PABHOMEPHOCTD 2.5
7.3 YpoBHH myna B CBEpTOYHBIX ceTsix /Cp/ 2192 33 34 D5 D6

Pa3nen 8. Unas konTakTHasi padoTa

8.1 WunuBuayanbHble KOHCYJIBTAIMY, TEKYIHE KOHTpob /IKP/ 2 3,3 | JI1.1J11.2 J11.3J12.1
J12.2 J12.3 J12.4 J12.6
2.5
31 52 23 54 25 56

6. POHJI OHEHOYHBIX CPEJICTB

6.1. ITepeyeHb BHIOB OLICHOYHBIX CPEACTB

OTYeTsl 1Mo IMPaKTUICCKUM 3aHATHUAM
BOHpOCLI K 3K3aMCHY

6.2. TunoBble KOHTPOJIbHbIE 32/IaHNUs ¥ HHbIE MaTePUAJIbI /ISl TEKYLIel aTTecTalUN

3amaun K MPaKTUIECKUM 3aHATHSAM TpecTaBieHsl B [Ipunoxennn 1.

6.3. TunoBbIe KOHTPOJIbHBbIC BONIPOCHI U 3alaHUA I IIpOMe?KyTO‘IHOﬁ aTrreCcranmn

- [Ipeamer MamuHHOTO 00yUYeHUS

- 3a71a4n, KOTOpPBIE PEIIalOTCs METOaMH MATHHHOTO O0YIeHHS
- OnpeneneHue TOYHOCTH MOJIeNIeH MalIMHHOTO 00Yy4eHUS

- OcHoBHbIe THITBI MO: alITOPUTMBI C YUUTENIeM U 0e3 yauTens
- OCHOBHBIE IIOHATUS B TEOPUHU MALIMHHOTO 00Y4eHUS

- EMkocTs Monenu, miepeo0ydeHre 1 HeJoo0yueHne

- Perynspusanus

- Banmpanus Mozenei MammmHHOTO 00yIeHHS

- OCHOBHBIE NTOHATUS MATEMAaTUUECKOH CTATUCTUKU MCIONB3yEeMOH B MAIlIMHHOM O00Y4eHUU
- [loHATHE OLICHKHU M €€ CMEIeHUs

- [TpuHOMI HanITy4Iero npaBaonoao0us

- [lepexpectHas sHTpONHSA

- O1eHKa ycJIOBHOW BEPOSITHOCTH

- baiiecoBckas craTucTuka

- baliecoBckas IMHEHAs perpeccus

- 'myOoxue HellpoHHbIE CETH NPSAMOTO PACIPOCTPAHEHUS

- CTpykTypa HEHpOHHOM CETH NMPSMOT0 PaclpOCTPaHEHUS

- BeixonHble (hyHKITMM aKTUBALUK

- OYHKIUM aKTUBAIUU B CKPBITBIX CIIOSIX CETH

- AJIropuTM 00paTHO pacHpOCTPaHEHUS

- CBepTOYHbIE HEWUPOHHBIE CETH

- Bugs! onepanuii CBEpTKH B HEHPOHHBIX CETAX

- Tpu ocHOBHBIE HJIeH 3aJI0KEHHBIE B CBEPTOUHBIX CETAX: PEIKOE B3aUMO/IeHCTBHE, COBMECTHOE UCIIOJIb30BaHHUE TIapaMeTPOB,
PaBHOMEPHOCTh

- YpoBHHM yJ1a B CBEPTOYHBIX CETAX

- MeToa rnaBHBIX KOMIIOHEHT

6.4. Kputepuu oneHuBaHus

TGKyIIII/Iﬁ KOHTPOJIb TCOPECTHICCKUX 3HAHUK U MPaKTUICCKUX HABBIKOB IIPOU3BOAUTCSA B BUAC OTUCTOB 110 TEMaM MPAKTUICCKUX
BaHﬂTI/IfI, KOTOPBIE CHACT CTYACHT B TCYCHUE CEMECTPA.

3K3aMCHaHHOHHaH OILICHKA CTaBUTHCA HAa OCHOBAHUHU MUCBbMEHHOTO 1 YCTHOTO OTBETOB 10 9K3aMCHAITUOHHOMY 6I/IJ'leTy.
SKBaMeHaHHOHHLIfI omer COICPIKUT IBAa TECOPETHUICCKUX BOIIPOCA.

Ha sx3amene CTYACHT IMOJYYaCT OLUCHKY «YAOBJICTBOPUTECIILHO)» B ClIydac yCl'IeLHHOﬁ Coa4Yu «TCOPETUICCKOTO MUHHUMYMaAy,
KOTOpI:IfI BKJIIOYACT: 3HAHUEC OCHOBHBIX HOHﬂTHﬁ, OnpeacIsAIEMbIX BOIIPOCOM 61/IJ'I€Ta, H€O6XO,HI/IMI>I€ MPAKTUYCCKUE HABBIKA pa6OTI>I
C OCBOCHHBIM MaT€¢pruajioM B OCHOBHOM C(I)OpMPIpOBaHI)I, OOJILIIUHCTBO y‘{CGHbIX 3a}IaHI/II7I BBIIIOJIHEHO, HCKOTOPBIC U3
BBIIIOJIHCHHBIX SHHaHI/Iﬁ coacpixart OIIHOKH.
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O1eHKa «XOPOIIO» — CTYJEHT TBEPAO 3HAET YUeOHO-IIPOrpaMMHBINA MaTepuall, fpaMOTHO U I10 CYLIECTBY U3JIaraet ero, Ho IpH 3TOM
JOIYCKaIOTCs HerpyOble OIMOKH, HEKOTOPbIe IPAKTHYECKHE HABBIKK PA0OTHI ¢ OCBOSHHBIM MaTepraioM c(hOpPMUPOBAHbI
HEJI0OCTATOYHO, BCE YUEOHBIE 3aaHUS BBITIOIHEHBI.
O1eHKa «OTIMYHO» — CTYAEHT JI0JDKEH NMPOJEMOHCTPUPOBATh OTIMYHOE 3HaHUE MaTepHaa, KaK JIGKIIMOHHBIX 3aHATHH, Tak U TEM,
BBIHOCHMBIX Ha CaMOCTOATENIbHOE 00y4eHHe, OTBETHB Ha 00a BoIpoca OuiieTa, He0OX0IUMBbIE IPAKTUYECKUE HABBIKK PaOOTHI C

OCBOCHHBIM MaTepuanoM c(hOpMHUPOBaHbI, Bce y4eOHbBIE 3a/1aHMsI BBITIOJIHEHBI.

7. YHEBHO-METO/JMYECKOE H HHOOPMAIIMOHHOE OBECIIEYEHWE JTUCHUIIJIMHBI (MOAY JIS)

7.1. PekoMeHyeMasi JuTepaTypa

7.1.1. OcHoBHas auTEpaTypa

ABTODBI, COCTaBUTENHN 3ariaBue WznarensctBo, Toa| Pecypc
JI1.1 |Dnax I1. MamuHHoe 00yueHue. Hayka u HCKYCCTBO TOCTPOCHHS Mockga : JJIMK 9BC
AJITOPUTMOB, KOTOpBIE U3BIEKAIOT 3HAHUS U3 TaHHBIX Ipecc, 2015
(http://e.lanbook.com/books/element.php?pll_id=69955)
JI1.2 [Tyndennoy 5., T'my6okoe oOyueHme Mockga : JIMK 9BC
benmxuo 1., Kypsums | (https://e.lanbook.com/book/107901) IMpecc, 2018
A.
JI1.3 |Iunenos A. B., ManHHoe 00y4eHHe U HHTEIUIeKTYaIbHbIN aHaIU3 JaHHbIX: YensaOUHCK : 3BC
Boxmunnes A. B., MPAKTHKYM UsnarenscTtBO
boros /1. C., (https://library.csu.ru/rbooks2/view2? code=local/007889/007889) |UensOunckoro
ITerpuuenko 1O. B. rOCyZIapCTBEHHOT O
YHHBEPCUTETA,
2022
7.1.2. lonoJIHUTeIbHAS JIUTEPaTypa
ABTODBI, COCTaBUTETHN 3ariaBue WznarenscTBo, TOn| Pecypc
JI2.1 |Pamka C. Python u marmHHOE 00yueHue: KpaiiHe HeoOxoquMoe nocobue o |Mocksa : JIMK 3BC
HOBeHIIIEeH MpeacKa3aTeIbHOM aHATUTHKE, 00si3aTenbHoe s Oonee |I[Ipecc, 2017
FHYGOKOFO IIOHUMAaHUA METOAOJIOTMH MAILIMHHOI'O 06yquI/1${
(https://e.lanbook.com/book/100905)
J12.2 |Ywmo K., ®pumsH [1. MammHHOe 00yueHHne U 6e30MacHOCTb Mockaa : JIMK OBC
(https://e.lanbook.com/book/131707) ITpecc, 2020
JI2.3 |Boxmunnes A. B., Mammanaoe o0y4yenne. HeiipoHHBIE ceTH: TPAKTHKYM YensOUHCK : 9BC
Boros /1. C., Iluuenos |(https://library.csu.ru/rbooks2/view2? code=local/007890/007890) |W3matenscTBO
A. B., Ilerpuuenko 1O. YensOuHCKOTO
B. roCyZIapCTBEHHOT O
YHUBEPCHTETA,
2022
J12.4 {Mapdu K. 1. BeposTHocTHOE MammHHOE 00yueHne. BeeneHue Mocksa : JIMK DbC
(https://e.lanbook.com/book/314891) Ipecc, 2022
JI2.5 |Byteipekuii E. 1O., MammunnaOe 00ydyeHue: yaeOHIK Mockaa : [Tupekt- 3BC
IexanoBckuii B. B., (https://biblioclub.ru/index.php?page=book&id=701807) Menua, 2023
XKykosa H. A.,
Baitmyparos U. P.,
Kynukos U. A.
JI2.6 |IlmaTonos A. B. MamnHoe oOyueHue: yueGHoe mocodue I By30B Mockaa : IOpaiir, OBC
(https://urait.ru/bcode/558662) 2025
7.2. IlepeyeHb pecypcoB HHGOPMAIMOHHO-TeJIeKOMMYHHKAMOHHOI ceTn "UHTepHet"
D1 |Jlanb [DnekTpoHHSIH pecypc] : 3aekTpoHHO-0ubmoTeuHas cucrema (ObC) / u3narenscrBo Jlans. — URL:
http://e.lanbook.com/
D2 |YHuBepcuTeTcKas OnOIMOTeKa OHIaiH [ DNEKTPOHHBIN pecypce] : aeKTpoHHO-0nbmoTedHas cuctema (O6C) / 000
Jupexrtmenua [Tabmummnr. — URL: http://biblioclub.ru/
33 |IOpaiir [DnekTpoHHEIH pecypc] : anekTpoHHO-O0ubHoTeuHas cucrema (3BC) / n3parenscto FOpaiit. — URL: https://biblio-

online.ru
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D4 |Znanium.com [DneKTpoHHBbIA pecypc] : anekTpoHHO-0ubnmoTeunas cucrema (ObC) / HayuHo-u3naresibCkuii ieHTp
NH®PA-M. — URL.: http://znanium.com/

35 |eLIBRARY.RU [OnexrponHslii pecypc] : anekrponHas 6ubauoreka / Hayu. snexrpon. 6-ka. — URL:
http://elibrary.ru/defaultx.asp

D6 |JlabGopartopus [TapaienbHbIX HHOOPMAIIMOHHBIX TEXHOJIOTHI [ DNEeKTPOHHBIN pecypc] : HaydHo-Hccae10BaTebCKui
BBIYUCIUTEIBHBIA HEeHTP MOCKOBCKOTO rocy1apcTBeHHOro yHuBepcurera umenn M.B.JlomonocoBa — URL:

https://parallel.ru/

7.3 IlepeueHb HHGPOPMALMOHHBIX T€XHOJIOTHii

7.3.1 IIporpammHoOe oGecneyeHue

Adobe Reader

Dev C++

Java Development Kit

NetBeans

Python

PascalABC

Visual Studio

Code::Blocks

C++ Builder Community Edition

Ubuntu Linux

LMS Moodle

Adobe Connect Acrobat

T10 Kaspersky

Visual Studio Code

7.3.2 IIpodeccnonaibubie 62361 JTAHHBIX U HHGOPMALHOHHO-CIIPABOYHbIE CHCTEMbI

1. DnexkTpoHHbIH KaTanor HayuHou OubmuoTeku Yenl'Y [DnekTpoHHbIi pecypc] : 6a3a nanubix / Yenso. roc. yH-T. — URL:
http://library.csu.ru/ru/ - Yensbunck, 1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : sxypHans
American Physical Society : caiit. — URL.: http://journals.aps.org/about — 5I3. anrir. — Pexum T0CTyIa: TOIBKO U3 CETH
yHuBepcHTeTa. — TEKCT : DIEKTPOHHBIH.

3. Web of Science : mynpruaucunminaapHas pedepatiBHas 6a3a faHHBIX / KoMIIaHus Thomson Reuters. — Pexxum qoctyma: st
3apeructpup. noas3onaresneil Yenl'Y. — TekcT : 31eKTpOHHBIN.

4. Scopus : pedeparuBHas 6a3a manusix / Elsevier BV. — URL: http://www.scopus.com/ — S3. aurit. — Pexxum gocTyma: [uist
3apeructpup. noib3opareneil Uenl'Y. — TekcT : 31eKTpOHHBIN.

5. Springer Link : [caiit]. — URL: http://link.springer.com/ — £I3. arrun. — Pesxum goctyma: Ass 3aperucTpup. moss3osateseit Yenl'Y.
— Tekcer : 37IeKTPOHHBIN.

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE JUCIUIIJIMHbBI (MOYJIST)

I[J'lﬂ peamm3ain JUCHUIIIUHBI UCIIOJIB3YIOTCA y‘{CGHbIC ayUTOpUU U1t IPOBECACHUA 3aHATUH JICKHUOHHOTO THIIa, CCMHUHAapPCKOI'0
THIIA, TPYNIIOBEIX ¥ HHANBHIYAJIEHBIX KOHCYIBTAlUH, TEKYIIEro KOHTPOJIS U MIPOMEXYTOTHO aTTECTAINH, a TAKXKE TOMEIICHUS
JUISL CAMOCTOSATENLHON paboTHL.

YyeOHble ayTUTOPUN YKOMIUIEKTOBAHbI CHIENUAIN3UPOBAHHON MeOENbI0 M TEXHUYECKUMH CPEICTBAMU O0Y4EHHS -
MYJIbTUMEANHHBIM 000py0BaHUEM (IKpaH, HOYTOYK, MPOEKTOP, KOJIOHKH).

Jiis mpoBeicHUs 3aHATUH JICKIIMOHHOTO TUIA PEAIaratoTcs Habophl JEMOHCTPAIIOHHOTO 000pYI0BaHUS U y4eOHO- HATJISTHBIX
mocoouii (MyIbTUMEIUHHBIC TIPE3CHTALINH ).

INpakTHdeckue 3aHATHS IPOXOTAT B yueOHON T1abopaTopuu o0 1 IPUKIaaHOH GU3nKH Kadeaphl 00IeH 1 TeOpeTHIeCKOH
¢usuku (ayauropus 222), OCHaLIEHHOHN NepCOHANBHBIMU KOMIIBIOTEpaMHU, MYJIbTUMEIUHHON annapaTypo.

HWcnone3ytorest aynuropust Ne205 - yuranshbiid 3ai1 Ne3 (yueOHbIit kopiryc Nel) u ayauropust Ne206 - 351eKTpOHHBINA YNTAJIBHBIHN 3251
(cienmanu3upoBaHHbIi MeauaneHTp) (YueOHbli koprryc Nel) st caMOCTOSATENbHOM paboThl CTYACHTA, OCHAILICHHBIC
MePCOHANTFHBIMU KOMITBIOTEPaMH, MYJIbTHMEIMHHON anmapaTypoil. B ayanTopusix obecrieueH JOCTYI K Pa3IHIHON CIIPaBOYHOM
JUTepaType, SHIMKIONEeAUAM, OnbauorpaduaecKuM U MOTHOTEKCTOBLIM 0a3aM AaHHBIX, HHQOPMAIIMOHHBIM pecypcaM «HHTepHeT».
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9. METOAUYECKHUE YKA3ZAHUA NJIAA OBYYAIOIIUXCA 11O OCBOEHUIO JUCHHUIIVIMHBI (MO JIS)

OcBoeHue coiepKaHus yIeOHON TUCIUIIMHBI OCYIIECTBISICTCS HA JIEKIUSX, MPAKTHIECKUX 3aHATHAX U B IIpoIiecce
CaMOCTOSITEIIbHOM yueOHO! 1eATEIILHOCTH CTYACHTOB.

JlekMoHHBIE 3aHATHS 00ECTIEUNBAIOT TEOPETHUECKOE U3YUeHHE TUCIUIUTNHEL. OCHOBHBIMH METOJaMH 00y4eHHs SIBIISIOTCS
UH()OPMAIIOHHO-00BCHUTENBHBIN 1 MpoOIeMHbIi. Ha exiusx usnaraercs OCHOBHOE COJIEpKaHUE TEM MTPOTPaMMBI, TIPOBOJAUTCS
aHaJIN3 OCHOBHBIX MOHATHH U pacCMaTpUBAIOTCS IPUMEPBI.

JleKIIMOHHBIH MaTepual SBJISIETCS BaXKHBIM, HO HE €IMHCTBEHHBIM JUISI YCBOCHHUS y4eOHOHM mucuuIuimHbl. Ero o6s3arensHo
HE0OXOIMMO IOMOIHUTH MaTepHUaJoM OCHOBHOM U IOTIOJTHUTENBHOHN JIUTEPATYPHI IO TEME.

IIpaxkTuyeckue 3aHATUS CIYXKAT JJIsI 3aKPEIUICHNUST TEOPETHUECKUX OCHOB, M3JIaraeMbIX B JIGKIUAX. Ha mpakTHYecKuX 3aHATUSIX
o0ydJaeMble OBJIAIEBAIOT OCHOBHBIMH METOJIaMU M IIPHEMaMH MapauIeIbHOTO BEIYHCIICHHUS.

BakHbIM MOMEHTOM TP U3YYEHHH JIFOOON TUCIMIUIMHEI SBJISAETCS OpPraHU3alsl CaMOCTOSATENbHOM padoThl. [1pu ocBoeHNH
Marepuaia He ClIeyeT CTPEMHUTHCS K MEXaHNUECKOMY 3allOMHUHAHMIO IPHBEICHHBIX ONpeeIeHIH, GOpMyIHPOBOK U MOJ0KEHHH,
eciu TpeboBaHus K BaM npsiMo He yKa3bIBaIOT Ha 3T0. BrionHe 3 pekTHBHON MOXKET OKa3aThCs MOIBITKA MOHSTH CYTh SBJICHUS,
BBIPa0OTaTh CBOE OTHOLIEHHE K HEMY, OIHPAsCh HAa MaTepHall, COJCPKaIIICs B PEKOMEHJOBaHHOU uTeparype. Takxke
PEKOMEHIyeTCsl PABHOMEPHO PACTIPEAENIATh HArpy3Ky CaMOCTOSITENIBHOTO O0YUSHHUS B TEUCHHE CEMeCTpa.

B ciyuae npuMeHeHus IPU 00YYECHUH TUCIUILIMHBI JJICKTPOHHOTO 00YYEHUS, TUCTAHIIMOHHBIX 00Pa30BaTeIbHBIX TEXHOIOTHIA
o0lIeHre 00YYAIOMIUXCS U PETOIABATENSI OCYLIECTBIISETCS B PEXUME PEATHHOrO BpeMeHH (OHJIAiH-TeKIuK (BeOUHAPHI), YaThl,
BUJIC0-KOH(EPEHIINH U JIP.) WU OTI0KEHHOTO BpEeMEeHH (CHCTeMa qucTaHImonHoro ooy4yenus Moodle, MS Office365, dpopymsr,
SIIEKTPOHHAS TI0YTA U JIp.).

IIpu 0Oy4yeHun U1 ¢ OTpaHMYEHHBIMHE BO3MOXKHOCTSIMHU 3/I0POBBSI JJIEKTPOHHOE 00YUSHHUE, TUCTaHINOHHBIE 00pa3oBaTebHbIE
TEXHOJIOTHH TIPEyCMaTPUBAIOT BOZMOXKHOCTb ITpUeMa-Tiepeaayy HHPOPMAaUK B JOCTYIHBIX IS HUX (OpMax.

Peanuzanus TUCHMIUIMHBI C IPUMEHEHUEM AJIEKTPOHHOTO 00y4YeHNs], TUCTAHIIMOHHBIX 00pa30BaTEeIbHBIX TeXHONIOorHH (nanee — 30,
JOT) ocymiecTBisieTcss Ha OCHOBaHUU «I10JI0KEHHSI O peai3alii OCHOBHBIX U JIOTIOJHUTEIBHBIX 00pa30BaTeIbHBIX IPOTPAMM C
MPUMEHEHUEM DIICKTPOHHOTO 00yYEeHHUS U JUCTAaHIIMOHHBIX 00pa30BaTeIbHBIX TEXHOJIOTHI B (heiepajibHOM rocyJapCTBEHHOM
OFO/PKETHOM 00pa30BaTENHLHOM YUPEKISCHUH BBICIIETO 00pa3oBaHus «UeIsOMHCKHI TOCYyJapCTBEHHBIN YHUBEPCUTET,
«ITonoxeHust 0 MOpsiIKE 3a4eTa 00YyYArOIUMHCS TI0 OCHOBHBIM PO eccCHOHaIbHBIM 00pa30BaTeIbHBIM MTPOTPAMMaM BBICIIETO
obpazosanus B DI'BOY BO «Uenl'Y» pe3ynbTaToB OCBOCHHUS B OpraHU3aIMsIX, OCYIIECTBISIOMNX 00pa30BaTeIbHYIO
JIESITENbHOCTD, YUEOHBIX MPEIMETOB, KYPCOB, AUCIMILIMH (MOLYJIEi), TPAKTUK, AOTOJHUTEIBHBIX 00Pa30BaTENILHBIX POTPAMM))
MOCPEICTBOM 3JIEKTPOHHOH MH(popMannoHHo-00pazoBaresbHoit cpenpl PIBOY BO «Uenl'Vy». B HCKIFOUNTENBHBIX CITydasx
(popc-Makop u T.I1.) U pean3aly 00pazoBaTeNbHON AeaTenbHOCTH ¢ npuMeHeHneM D0, JIOT MOryT npuMeHsTh KOMIIOHEHTHI,
HE BXOJISIIIME B IIEpEYEHb AIIEKTPOHHOH HH(POPMAIIMOHHO- 00pa30BaTeIbHON CpeIbl.

10. CHEIIMAJIBHBIE YCJIOBHUSI OCBOEHUS JUCHUIIJIMHBI OBYYAIOIINMMHUCSA C UHBAJIMJHOCTBIO U
OI'PAHUYEHHBIMUW BO3MOKHOCTSAMMHU 3J0OPOBbS

OcBoeHMEe JUCHUIUIMHBI HHBAJIHIAMH U JIMLAMH C OTPAHUYEHHBIMH BO3MOXKHOCTSIMU 3[I0POBbSI OCYILECTBIISIETCS C UCIIOJIb30BAHUEM
CNEIHUANTbHBIX TEXHHYECKUX CPEICTB W WH()OPMALMOHHBIX TEXHOJOTHH, MPEIOCTaBIsSEMBIX PecypCHBIM y4eOHO-METOANYECKHM
LHEHTPOM 10 OOYYEHUIO WHBAIWIOB W JIMI C OTPAaHMYCHHBIMH BO3MOXKHOCTSMHU 3/10poBbs Uenl'VY mo 3ampocy oOydaromierocs
(MOOMIIBHBIE CIIEIMANIBHBIE TEXHUYECKHE CPeICTBa IS JIML C HApYIICHUSMH 3pEHHs W C HapyIIEHHEM CiIyXa, acCHCTHBHBIC
MH()OPMAIIMOHHBIC TEXHOJIOTHN).

IIpu HeoOXxomumocTH i OOYYaroOLIMXCS C HApyIICHUSAMHU 3peHUS Ha pabouyMx MecTax Uil IPOBENCHHS NPAKTHUECKUX WIN
71a00paTOPHBIX 3aHATHH YCTAHABIMBAETCS CIELHAIbHOE NMPOrpaMMHOE obecredeHHe (IporpaMMa peyeBOd HaBUTAIMU, PEdEBbIC
CHHTE3aTOPbI, SKPAHHBIE JIYIIbI).

B yuebOHble ayautopuun obecnieunBaeTcss OSCIPENSITCTBEHHBIH JOCTYI JAJsi 00yYaroMIUXCs ¢ WHBAJIUIHOCTHIO M C OTPAaHHMYCHHBIMU
BO3MOXKHOCTSIMH 3/10pOBbs. B Kak10#t aynuTopuu, rie o0y4aroTcsi HHBAJIU/BI U JIUIA C OTPAaHUYECHHBIMU BO3MOXHOCTSIMU 310POBbS,
IpeyCMaTPUBAETCS COOTBETCTBYIONIEE KOTUYECTBO MECT ISl OOYUAIOMIUXCS ¢ YU€TOM HapyIIEHUH UX 370POBbSI.

Jis OCBOEHHMS NUCHUMIUIMHBI MHBAJIMIAM W JIMIAM C OTPAaHMYEHHBIMH BO3MOJKHOCTSIMM 3[I0POBbSI TPEIOCTABIAETCS JOCTYI K
MEYaTHBIM UCTOYHHKAM, UMEIOIINMCS B Hay4HO# OuOinorexe Yenl'Y, ¢ MOMOIIBIO CliEHUaIbHBIX TEXHUYECKUX CPEJICTB; JOCTYII C
TIOMOILBIO CIEHHUATIBHBIX TEXHUYECKUX W IPOTPAMMHBIX CPEICTB K JJIEKTPOHHBIM HCTOYHHMKAM, IIPEJICTABICHHBIM B (opme
3JIEKTPOHHOTO JIOKYMeHTa B (poH/Ie Hay4uHO# Onbanoreku Yenl'yY witu 2J1eKTpOHHO-OMOIHMOTEUHBIX CHCTEMAX.
YyeOHo-MeToqueCKe MaTepruaibl JUIs 00y4YaroIUXCcsl U3 YUCa WHBAJIUIOB U JIMI] ¢ OTPAaHMYEHHBIMUA BO3MOXKHOCTSIMH 3/I0POBbS
MPEZOCTABISIOTCS B JOPMaXx, alalTUPOBAHHBIX K OTPAHUYCHUSAM X 3I0POBbS U OCOOCHHOCTSIM BOCTIPUATHS HH(pOpMAIHH.
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J1J11 MHBANUIOB U JIUI C OTPAHUYEHHBIMH BO3MOXKHOCTSIMH 3/I0POBBSI OCBOSHHE TUCIUIUIMHBI MOXKET OBITh YACTHYHO MJIH TOJIHOCTHIO
OCYIIECTBIIEHO C UCTIOIH30BAHNEM AUCTAHIIMOHHBIX 00pa30BaTEeIbHBIX TEXHOJIOTHH.

IIpu mnpoBeneHHHM NPOMEXKYTOYHOH aTTeCTallMM 110 JUCHMIUIMHE OOYYalONIMMCS C WHBAIMAHOCTBIO M C OTpPaHUYEHHBIMH
BO3MOKHOCTSIMH 37I0pPOBbsI 00ECHEUYHMBACTCS MO0 MX 3asABICHHUIO IPENOCTAaBIEHHE B JOCTYHNHOH (OpMe B 3aBHCHMOCTH OT HX
WHIMBUIYAIbHBIX OCOOCHHOCTEH HHCTPYKIMH O TOPSJIKE IPOBEACHHS HMPOMEXKYTOYHOH aTTeCTallid, OLEHOYHBIX CPEICTB U
BO3MOXXHOCTH OTBETOB Ha 3a/laHus (IMCbMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIbIOTEpE, MHChMEHHO WpudToM bpaiins, c
HCIIOJIb30BAHUEM YCITYT ACCUCTEHTA, YCTHO).

IIpu npoBeseHNH MPOLEeyphl OLIEHUBAHUS PE3YJILTATOB O0YUYEHHUS] MHBAJIHJIOB U JIMI C OTPAHHYEHHBIMUA BO3MOXXHOCTSMH 3710POBBS
IpeTycMaTpUBaeTCs UCIIOIb30BaHue MpenocTaBieHHbIX Yenl'yY min coOCTBEHHBIX TEXHUYECKHX CPEACTB, HEOOXOIUMBIX UM B CBS3U
C X UHIUBHyaJbHBIMU 0COOEHHOCTAMU. [Ipy HEOOXOAMMOCTH MHBAINAAM U JIUI[AM C OTPaHHYEHHBIMHA BO3MOXKHOCTSMH 370POBBS
MpeIOCTaBIAeTCs JOIOIHUTENFHOE BpeMs Ul HOATOTOBKM OTBETa Ha 3aJaHHs, IPOoLeIypa OLEHUBAHUS Pe3yIbTaTOB OOYUSHHUS 10
JTUCLUIUIMHE MOXET MPOBOJUTHCS B HECKOJIBKO 3TaIOB.

© ®I'BOY BO «Henl'V»




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
i i
n
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
m ZJ: J

,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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