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OIUPAIOTCH, ¥ TAKUM 00Pa30M IIOMOTaeT Jierye UX IOHATh U BHEAPUTb.
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Kak 6b1 51 x0Te1a 3a110yumTh 9Ty KHUTY panbiie! Tomac Huig pozesas morpsicaioryio
paboTy, OCTYIHO U YBJIEKATETLHO U3JI0KHUB CI0KHBIE MaTeMaTiIecKe TeMbl. CBexuii
MOJIXOJT KaK K MaTeMaTtuke, Tak 1 k data science: Tomac o0bsicHsieT (DyHIaMeHTAIbHbIE
MaTeMaTHhyecKue MOHSATUS U HeMeJJeHHO JeMOHCTPUPYeT, KaK IPUMEHSITh UX
B MAIIUHHOM O0y4eHUH. DTy KHUTY 0OSI3aTEIbHO CTOUT POYUTATH BCEM HAUMHAIOIIUM
crierrasctam o data science.
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lMpeancnoBue

B nocnietnue siet gecsTh JIOAN CTAIU Yalie MPUMEHSATh MAaTEMAaTUKY U CTaTUCTUKY
B IIOBCEJHEBHOM xu3HU 1 padore. IToueMy Tak riporcxoaut? CBsI3aHO JIU 9TO € PACTy-
muM uHTepecoM K data science, koTopyto skypHaa Harvard Business Review HasBai
«camoii ipuBiekatenbHON Tpodeccueit X X1 Bexay (https://oreil.ly/GslO6)? Nnu Hac
BIIOXHOBJISIET, KAK MAIITHHOE 00y4YeHKe U HCKYCCTBEHHbII HHTEJ/IEKT 00€IaloT H3Me-
HUTb HAIY JKU3HB? A MOKET, 9TO IOTOMY, UTO 3ar0JIOBKM HOBOCTEH ITECTPSIT I pamMu,
OIIPOCAMM U Pe3yJIbTaTaMu UCCIIeA0BaHMIL, HO Mbl He 3HaeM, KaK yOeIUThCsI, 4TO 9TH
pesyJIbraThl JOCTOBEPHBI? Vn Bee esio B GECIUIOTHBIX aBTOMOOMIISAX U poOOTaX,
KOTOPBIE MOTYT BBITECHUTD JIIOAEH ¢ pabouynx MecT B 0003pUMOM Oy IyIem?

ITo MOeMy MHEHUIO, MATEMATHKA 1 CTATHCTHKA 3aBOEBAIH BCEOOTINI MHTEPEC M3-32
TOTO, YTO TAHHBIE CTAHOBSITCS BCE IOCTYITHEE, M HaM HY>KHBI MaTeMaTHKa, CTATUCTUKA
U MallluHHOE 00yueHwe, UTOObI Pa3OUPaThCsT B 9TUX AaHHbBIX. /[a, y HAC €CTh HayYHbIe
MHCTPYMEHTBI, MAITHHHOE 0OyUYeHHe U IPYTHeE TTOMYJISIPHBIE M 3aMAHUYNBbIE CHCTEMBIL.
MpI cierio 1oBepsieM 3TUM «9epPHBIM SINUKaM», yCTPOcTBaM U TporpaMMam. Mbl He
TIOHUMAaeM, Kak OHHM PabOTAIOT, HO BCe PABHO MOJTATAEMCST HA HUX.

XO0T$ JIETKO ITOBEPUTD, YTO KOMITHIOTEPHI YMHee HAC (U1 3TY UJIEI0 AKTUBHO MTPOJIBUTAIOT
Ha PbIHKE ), PEATTBHOCTH OKA3bIBAETCS TIPSIMO MTPOTUBOTIOIOAKHON. ITO HECOOTBETCTBUE
MOZKET OBITH OIIACHBIM Ha MHOTUX YPOBHSX. JleliCTBUTENIBHO JIM BBl XOTHUTE, YTOOBI
AJITOPUTM UJTU UCKYCCTBEHHBIN UHTEJIJIEKT BBIHOCUJI TIPUTOBOP 110 YTOJOBHOMY JIETTY
WJIN YIIPABJISI aBTOMOOMIEM, KOI/Ja HUKTO, BK/II0Yasl pa3padoTunKa, He MOKET 00b-
SICHUTD, [T0YEMY TIPOrpaMMa [IPUHsLIA TO K nHoe penreHne? OObsICHUMOCTb — 3TO
CIIeAYIONIil PyOesk CTaTUCTHYECKUX BBIYUCJIEHII 1 MCKYCCTBEHHOIO UHTEJIEKTA.
MpbI IOCTUTHEM €r0 TOJBKO TOT/IA, KOT/Ia OTKPOeM YEPHBIN ANIUK U MolMeM, Kak
paboraer MaTeMaTHKa BHYTPH HETO.

BeposTho, Bbl cripocuTe: Kak pa3paboTYUK MOKET HE 3HATh, Kak paboTaeT ero cod-
CTBEHHBIH aaroputM? Mbl II0roBopuM 06 3TOM BO BTOPOIi IIOJIOBUHE KHUIH, KOT/JA
Gy neM 06CyKIaTh METOAbI MALIMHHOTO 00yYEeHUs U OOBACHIM, IIOYEMY HEOOXOAMMO
pa3bupaThcsl B MaTEMaTHKE, HA KOTOPYIO OHU OIMPAIOTCSL.

EH.[e OJHa IMIPpUYNHA TOTO, UTO JJaHHbIC HAKAIIJINBAIOTCA B KOJIOCCAJbHBIX 06'beMaX, —
IIOAKJ/IIOYEHHbIE K CETN yCTpOf/’ICTBa, KOTOPBIMHU MbI ITOJIb3YEMCS B HOBCeI[HeBHOI;,I


https://oreil.ly/GslO6

12 Npeaucnosue

JKM3HU. MBI 60JTbIIIE He BBIXOANM B HHTEPHET TOJIBKO € HACTOJIBHOTO KOMITBIOTEPA HITH
HOyTOYKa. Terepb OH BOKPYT HAC B cMapT(hOHAX, ABTOMOOIIIAX 1 GBITOBBIX MPUOOPAX.
3a mocJseTHIE 1BA TECSITUIETHST 3TO HE3aMETHO TIPUBEITO K TlepeMeHaMm. [[aHHbIe mpe-
BPATUJINCH U3 PabOUEro MHCTPYMEHTA B PECYPC, KOTOPBIHT 0OBIBAIOT U AHATTU3UPYIOT
paau MeHee ONpee/eHHbIX 1esieit. CMapT-4achl MOCTOSIHHO COOUPAIOT CBEIEHMSI
0 HAIIIEM ITyJIbCE, JIBIXaHU U, TIPONIEHHOM PACCTOSTHUY 1 APYTUX MOKA3aTe IaX. 3aTeM
OHM 3aTPYKAIOT HTU CBEIICHUSA B 06JIaK0, UTOOBI aHATIM3UPOBATH X BMECTE C IAHHBIME
OT IPYTUX MONb30BaTeNeil. ABTOMOOWIN, OCHATIEHHbIE KOMIIBIOTEPAMH, COOMPAIOT
MaHHbIE O HAIUX 0COOEHHOCTSX BOXK/ICHYS, 2 ABTOMPONU3BOAUTEIN UCTIOIB3YIOT 9TH
naHHble, YTOOBI pa3padaTbiBaTh OECHUIOTHBIE aBTOMOOUIH. B anTekax mMOsIBUIUCH
nake «yMHbIe 3yOHBIE METKN», KOTOPBIE OTCIEKMBAIOT, KAK MBI YHCTUM 3Y6BI, U CO-
XpaHsaI0T a1y nHpopmMarmio B obnaxe. [TonesHa iu takast uHGOPMAIHS U BasKHA JIN
OHa — 9TO ysKe APYyroi Bompoc!

MBI IOBCEMECTHO CTAIKUBAEMCS CO cOOPOM MaHHBIX. VIHOTIa OH KaxKeTcst U30bITOY-
HBIM, U O COIYTCTBYIONUX PoOeMax KOHPUAEHIMAIBHOCTUH U 3TUKUA MOKHO Ha-
nrcaTh 1eryto KHUTY. Ho 1ocTyITHOCTS TaHHBIX TaksKe AaeT BO3MOKHOCTD TO-HOBOMY
IPUMEHATH MAaTEMATUKY M CTAaTUCTUKY U IIMpe 3a/leliCTBOBATh X 3a Ipe/eslaMu
aKaIEMUYECKON cpelibl. Brarogapst 5ToMy MOXKHO OOJIbIIIE Y3HATH O YEJOBEUECKOM
OTIBITE, YJIYYIIUTD 3CTETUYECKNE U 9KCIIyaTallHOHHbIE Ka4eCTBA ITPOJYKTOB, a TAKXKe
ONTUMHU3UPOBATH OU3HEC-CTPATETHN. YCBOUB UJIEH, KOTOPBIE U3JIOKEHBI B 3TOM KHUTE,
BBI CMOJKETe PACKPBITh MOTEHITNAT NHPPACTPYKTYPHI, B KOTOPOW XPAHSTCS JaHHBIE.
51 ve yTBepskaio, OYATO JAaHHbBIE U CTATUCTHYECKUE NHCTPYMEHTBI — 3TO TTaHAIIEs],
KOTOpasi PEIIUT BCE MUPOBBIE TPOOJIEMBI, HO OHU OTKPBLIU TIEPE]l HAMU HOBbIE BO3-
MOKHOCTH, KOTOPBIE CTOUT 06paTUTh cebe Ha Tob3y. VIHOTIa 9Ta moJb3a COCTOUT
B TOM, YTOOBI MOHATH, YTO T€ WJIU UHBIE TPOEKTHI 110 PAGOTE € JAHHBIMU OKA3aJIUCh
GecrepCIeKTUBHBIMU M YCHUJIUS JIYYIIle TOTPATUTh Ha YTO-TO APYTOE.

PacTymas 10CTymHOCT JaHHBIX TPUBEIA K TOMY, 4yTo data science m MalnHHOE
obyueHne craau BOCTPeOOBaHHBIMU MPOGheCCUOHANBHBIMU 00acTsiMu. Eciin Bb
CTPEMUTECH C/IENATh Kaphepy B obmactu data science, ICKyCTBEHHOTO WHTEJJIEKTA
WU WHKEHEPUU JTAHHBIX, BAM TIPOCTO HEOOXOMMO PasdrpaThest B OCHOBAX TEOPHH
BEPOSITHOCTEH, JIMHEHHOI aIreOphl, MaTeMaTHIeCKOW CTATHCTUKHU ¥ MAITTHHOTO 00-
yueHus. S BKIIOYNIT B KHUTY POBHO CTOJIBKO BBICIIEH MATEMATUKY, MATEMATHYECKOTO
AHATM3a U CTATHCTUKH, CKOJBKO HYKHO, YTOOBI JyUIlle TTOHUMATh, KaK paboTaioT
OGUGINOTEKH, C KOTOPBIMU BB BCTPETUTEC.

[Tesb 9TOM KHUTH — TIO3HAKOMUTH YUTATEJIEH C PA3TMIHBIMU 0OJACTAMU MATEMATHKH,
CTATUCTUKU ¥ MANIMHHOTO O0YY€HMUsT, KOTOPBIE IPUTOSTCS, 4TOOBI PEIIaTh 3a/[aul U3
pearbHOTO MUpaA. B MmepBhIX YeThIpex TJIaBaX paccMaTpuBaioTcs hyHIaMeHTaTbHbIE
pasziesibl MaTeMaTUKN — MaTeMaTUYeCKUil aHaIn3, TeOPUS BEePOITHOCTEH, TMHelHas
anrebpa M MaTeMaTHYeCKast CTATUCTHKA. B MOCHETHUX TPEX TJIaBax MBI Mepeimem
K MarmuHHOMY 00ydernio. KoHeyHas 11ejib 3HaKOMCTBa ¢ HUM — COGPaTh BOEIMHO
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BC€ MOJIYYE€HHDBIC 3HAHWA WU ITPOJIEMOHCTPUPOBATDH, YTO BbI YMEETE IIPUMEHATD Ha
IIPpaKTUKeE 6I/I6JII/IOTGKI/I MallTMHHOTI'O 06yquM§1 " CTaTUCTUKU, TPOHUKAA BHYTPDb
<YEPHOTO AIIUKa».

YT06bI 3aIIyCKaTh IPUMEPbI M3 9TOI KHUTH, BaM HYKeH TOJbKO KOMIIbIOTE] C J11000i1
oneparnonHoit cucremoit (Windows, macOS uiu Linux) u jo6ast cpesia pazpabor-
ku Python 3. OcuoBubie 6ubmnoreku Python, kotopbie Ham 1TOHAKOOSATCST, — 9TO
numpy, scipy, sympy u sklearn. Eciiu Bbl He 3Hakombl ¢ Python, To 3HaiiTe, 4T0 910
JPYKeTIOOHBIN U TPOCTON B MCIOIB30BAHUH SI3BIK TIPOTPAMMUPOBAHUS C OTPOMHBIM
KOJIMYECTBOM 00YUAOIINX MaTepUaioB. BoT Kakue 13 HUX s1 PEKOMEH/IYIO B TIEPBYIO
ouepeib.

Ixoan Ipyc (Joel Grus). «Data Science. From Scratch»! (O'Reilly)

Bropas riaBa aToi KHUTH — JIyUIIii sKcrpecc-Kypce 1mo Python, kotopsrii mue
BcTpeyasics. Jlaxe ecsiy BbI HUKOT/IA paHblile He Iucaau Koz, [[:xxoas npojestan
daHTacTHUECKYIO paGoTy, YTOOBI BB CMOTJIH 3(DGEKTUBHO ocBouTh Python
B KpaTyaiiiime CpOKH. ITO TAKKe OTIUYHAS KHUTA JIJIST TOTO, YTOOBI IEPIKATH ee
BCeT/Ia MO/l PYKOH M TPUMEHSITH K ee MaTepHaTy CBOM MaTeMaTUJIecKie 3HaHNs !

Junax Capaa (Deepak Sarda). «Python for the Busy Java Developer» (Apress)

Ecin BbI pa3paGoTUKK € OTIBITOM IIPOTPAMMUPOBAHMUS HA CTATHYECKU-TUITU3U-
POBaHHBIX, 00 BEKTHO-OPUEHTUPOBAHHBIX A3BIKAX, TO 9TA KHUIA — JIYUIITHi Ba-
puanTt. S cam HaYMHAJ TPOTPAMMUPOBATD HA Java 1 BIieyatJieH TeM, Kak Jumak
pacckasbiBaeT 0 BO3MOKHOCTsX Python u o6bsacHster ux Java-paspaborumnkam.
Ecim Bo1 uzyuanu NET, C++ wnu gpyrue C-mogo06Hble SI3bIKH, TO BaM, CKOpee
BCETO, 3Ta KHUTA TOXKE TIOJION/IET.

ITa KHWTA He cIelaeT Bac HKCIEPTOM ¥ He JIACT BaM 3HaHUN Ha ypoBHe PhD.
1 cTapaioch He 3710yTTOTPeBISITE MATEMATHYECKUMHU BBIPAKEHUSIMHU 13 HETIOHATHBIX
CHUMBOJIOB, a BbIPasKaTbCs Ha IIPOCTOM 4eJIOBEYeCKOM 3blKe. TeM He MeHee KHUTa
MIO3BOJIUT BaM YBEpPEHHEE PA3TOBAPUBATH O MATEMATHKE M CTATUCTUKE ¥ CHAOIUT
HEOOXOUMBIMHU CBEAECHUSIMU, YTOOBI YCIIETITHO OPHEHTHPOBATHCS B 9THX 00JACTSX.
51 cunraro, 9To caMBIil HaZeKHBIA MyTh K YCIEXy — 3TO He TIYHOKO pazbupaThest
B OJIHOM y3KO# 067acTH, a, HA06OPOT, 06IAAATH MPAKTHUECKIMU 3HAHUSMHI B He-
CKOJBKUX 06macTsax. [leab Moelt KHUTH — UMEHHO B TOM, YTOGBI IaTh BaM TaKHe
3HAHVS, U X OYET TOCTATOUHO, YTOGB! BHI 0OPESTH YBEPEHHOCTD B cebe U 3a/1aBasIi
[I0-HACTOSIIEMY BasKHbIE BOIIPOCHI.

Wrak, maunem!

! Tpac [I. «Data Science. Hayka o JaHHBIX ¢ HyJis.— 2-€ U3/, liepepad. u JOIL>.
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YcnoBHble 0003HaueHus

B 90l KHUTE WCTIOMB3YIOTCS YCTOBHBIE 0O0O3HAYEHS.

Kypcus
KypcrBoM BbIjiesieHbI HOBBIE TEPMUHBI U BA’KHBIE TIOHSTHSI.

MOHOWWPUHHBIN WpUPT

I/ICHOJIBSyETCH JUIA JINCTUHTOB ITPOrpaMM, a TaKKe 0003HavaeT BHYTPpU 3.633_H6B
TaKHe 9JIEMEHTBI, KaK UMEHa IEPEMEHHBIX 1 (byHKLII/HL/,I, 6a3bl JTAHHDbIX, THUIIbI
MaHHbBIX, TIEPEMEHHDBbIC OKPYKECHN A, THCTPYKIIUU U KJII0YEBbBIE CJIOBA.

MOHOWWUPUHHBIA NONYXUPHLIA WPUPT

BbII[eJIHeT KOMaH/Ibl LJIN IIpyI'OIL/,I TEKCT, KOTOprIL/,I IIOJIb30BaTEJII0 HYKHO BBECTU
B TOYHOCTH TakK, KaK HallMCaHO.

MoHowupuHHbIlG KypcuB

Boizenser TEKCT, KOTOprfI HYKHO 3aME€HUTDH 3HAYCHUAMM, BBEACHHBIMU I10JIb-
30BaTesIeM, NI 3HAYECHUAMM, KOTOPbBIE OIIPEAE/IAIOTCA KOHTEKCTOM.

LWpundT 6e3 3aceuek

Hcnonbsyercs aiis obosHayenrss URL, agpecoB s1eKTPOHHOM I10YThI, HA3BAHUIA
KHOIIOK U IPYTUX 2JIEMEHTOB MHTep(deiica, KaTajoros.

JTOT PUCYHOK YKa3bIBa€T Ha COBET UJIN IPECAJIOKEHUE.

ITOT PUCYHOK YKa3bIBaeT Ha 00IIlee IPUMeYaHIe.

ITOT PUCYHOK YKa3bIBa€T Ha MIPEAYIPEKICHUE.
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Wcnonb3oBaHmue NCXOAHOTO Kofia NPUMepPOB

BcenomorarenbHbie MaTepuatsl (TIPUMeEPHI KOJIa, YITPAKHEHUS U T. /I. ) MOXKHO CKayaTh
o azpecy: https://github.com/thomasnield/machine-learning-demo-data. Eci y Bac
BO3HHMKHYT BONPOCHI TEXHIMYECKOTO XapaKTepa WK MpobIeMbl ¢ IPUMePaMu KOJa,
HaIpaBJIsIiiTe UX TT0 9JIeKTPOHHON TTouTe: bookquestions@oreilly.com.

B ob1iieM ciiydae Bce MPUMEPHI KOJIa U3 KHUTY BbI MOKETE HCIIOJIb30BATh B CBOUX
mporpaMMax U B IOKyMeHTannu. Bam He HyKHO 0OpaImaThCst B M37aTETBCTBO 32
paspeleHreM, ecJii Bbl He COOUPAETECH BOCITPOM3BOIUTD CYIIECTBEHHBIE YACTH
IpOrpaMMHOTO Koja. Ecyin BbI pa3pabarbiBaeTe MPOTPaMMy U UCIIOJIb3yeTe B Heil
HECKOIBKO (hPAarMEHTOB KOZIA M3 KHUTH, BaM He HYsKHO 00OPAIaThCs 32 pa3perneHn-
eM. Ho 115t mpoaku viIi paciipoCTPaHeH s TPUMEPOB 13 KHUTH BaM MOTPeGyeTCst
paspetienue ot usznareabcTsa O'Reilly. Bor MoskeTe 0TBeUaTh Ha BOMPOCHI, IIATUPY ST
JaHHYIO KHUTY WUJIN IIPUMEPBI U3 HEE, HO IJIA BKIIOUYEHUA CYIMIECTBEHHDIX O6'beMOB
MIPOTPAMMHOTO KO/Ia U3 KHUTH B JOKYMEHTAITIIO BAIIeTO MPOAYKTa OTpebyeTcst
paspernenue.

MbI pekoMenyeM, HO He TpedyeM H00aBIATh CChLIKY Ha IEPBOUCTOYHKK IIPH LIUTH-
poBanuw. ITo/ cCHIIIKOI HA TIEPBOMCTOYHUK MBI ITO/IPa3yMeBaeM yKasaHue aBTOPOB,
nznareabcrsa u ISBN.

YTo6BI MOTYUNUTH Pa3pelieHre Ha UCTOMb30BAHNE 3HAYUTEIBHBIX 0OHEMOB TIPO-
IPaMMHOTO KOJa U3 KHUTH, oOpaliaiTech o azpecy permissions@oreilly.com.


https://github.com/thomasnield/machine-learning-demo-data

bnarogapHocTu

Pa6ora Haji 9TOi KHUTOi IIpooJIKaIack 6oJbiie roja. IIpesxie Bcero s xouy mobJaro-
JapuTh CBOIO JKeHy Kumbepiin 3a moaaep:KKy BO BpeMsl HallMCAHKUs KHITH, 0COOEHHO
B TEYEHMUE IIEPBOTO TO/Ia AKU3HU HaIllero chiHa Yaiiarra. Kumbepiau — 3ameuaresbHast
JKeHa U MaTh, M BCe, UTO S ceiyac jesan, s Jejalo pain CbiHa 1 6JIaromoydHoro
OyIy1Iero Halleil ceMbu.

51 xouy O6IaronapuTh CBOMX POAUTENEH 32 TO, YTO OHU HAYUIIIA MEHS ITPEOI0IEBATH
TPYZAHOCTHU U HUKOT/IA HE OIYCKAaTh PYKHU. YUUTHIBAS TEMY 3TOU KHUTH, S Pajl, YTO OHH
BIOXHOBHJIM MEHSI HA TO, YTOOBI CEPHE3HO U3yUaTh MATEMATHUECKIIA AHAJII3 B CTAPIITHX
KJIaccax 1 KoJuteke. Hesrp3st HammmcaTh KHUTY, €CJIH PETYJISIPHO He BRIXOAUTH 13 CBOEH
30HBI KOM(OPTA, ¥ B 3TOM MHE ITIOMOTJIO BOCTIUTaHHE, KOTOPOE 5 OTYIHJI OT POANTETEH.

51 xouy MOBIATOIAPHUTH 3aMEYATENBHYIO KOMAH/Y PENAKTOPOB U JIPYTHX CIIEIUATICTOB
uznareabctBa O'Reilly, mmogoTBopHOE COTPYAHNYECTBO € KOTOPHIMU TIPOIOJIKAETCS
C T€X MOP, KaK 5 Hanmcas cBolo epByio kaury mo SQL 82015 roxay. C [Lxumn u [xxece
ObLIO OYEHb IPUATHO PaboTaTh HaJl HAIMCAHUEM U ITyOJIMKal[iell 9Toi KHUTH, 1 s OJ1a-
rofape JI;kecc 3a To, YTO OHA BCIOMHUIIA 000 MHE, KOT/[a BCTAJI BOIIPOC O TOM, 4TOOBI
M3/IaTh KHUTY 110 MaTeMaTrke u data science.

S1 xouy mobaarogaputh cBouX KoJjuler u3 Yuusepcurera Oxuoil Kanudophun,
¢ kKadeapbl aBUAMOHHON 6e30TmacHoCTH. BO3MOKHOCTD CTaTh MEPBOITPOXOATIEM
B pa3paboTKe MPUHIMITIOB GE30MaCHOCTH CHUCTEM MCKYCCTBEHHOTO WHTEJIIIEKTA 0~
3BOJINJIA MHE Y3HATb TO, YTO IOCTYITHO HEMHOTHUM, U I C HETEPIIEHUEM K[y, YETO MBI
nobbeMcst B GvKaliive robl. Apd, THI He TIePeCTaelth MEHsI YAUBJISTD, ¥ 1 6010CH,
YTO MUD CJIOMAETCSI B TOT JIeHb, KOT/IA ThI Yi/IeNTh Ha TIEHCHIO.

W nHakowell, s xouy nmobsarogaputh Moero Opata lyaiita Humma (Dwight Nield)
n moero apyra /[skona Octposepa (Jon Ostrower) — mapTHepoB B MOeM HAUNHAHIHT
Yawman Flight. Cosnarb crapramn o4eHb CJI0KHO, M X [OMOIIb TI0O3BOJIIIA MHE
HOJIYYUTh APATOIIEHHYIO CBOOOLY A€HCTBUI, YTOOBI HAMCATD 9Ty KHUTY. JI)KOH Ipu-
BeJI MEHSI B YHUBEPCUTET, a €T0 JIOCTHKEHNUS B chepe aBUAIMOHHON JKYPHATUCTHKN
IIPOCTO MOPasUTeNbHBI (TouiuTe ero B cetu!). JIjist MeHs 60JIbIIIast 4eCThb, YTO MOU
MapTHEPBI TaK JKe, KaK ¥ s, yBJIeYeHbI IPOEKTOM, KOTOPBII 51 HAUMHAJ B CBOEM Tapaske,
U s1 COMHEBAIOCh, UTO CyMeJl Obl BOILJIOTHTD €70 B JKU3HB 0€3 UX MOMOIIH.
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Bceewm, koro st mpornycti, cracu6o 3a 60JIbIie 1 MajIble [eJ1a, KOTOPBIE BBI OCYIIe-
cTBIIIH. Moe JII060IIBITCTBO U CTPEMIIEHHE 33/[aBaTh BOIPOCHI FOPA3JI0 Jalle BO3HA-
Ipa’kJJAJINCh, YeM HET, 1 51 He IPUHUMAI0 9TO Kak Jo/ukHoe. Kak rosopui Tey Jlacco,
«6ynb JTOGOTBITHLIM U MEHBIIIE CY/IN> .

0T u3patenbcTBa

Barmmm 3ameuanms, pe/TosKeH s, BOIIPOCHI OTTIPABJISTIATE 110 a/ipecy comp@sprintbook.kz
(u3garennbetBo «SprintBooks, KoMIbIOTEpHAS PeAAKI).

Mpbi 6yzieM pajibl y3HaTh Baliie MHEHe!

0 peAaKTopax pycckoro n3fgaHunA

Kouncrantun KHon — mperniofiaBaresib MaTeMaTUKH, aBTOP 33/1a4 U TOJOBOJIOMOK,
YJieH MEeTOJINYECKON KOMUCCUM U JKIOpU Bcepoccuiickoit 0iuMIuabl MKOJIbHUKOB
110 MaTeMaTHuKe, aBTOP HECKOJIbKUX MaTeMaTUUECKUX KHUT.

Poctucnas YeGbIKHH — CIIENUATHUCT IO TIPUKIATHON CTATHCTUKE, KOHCYJIBTAHT
[0 MATEMATHYECKOMY allapary MallMHHOTO 06yJYeHs], METOAUCT U Pa3paboTInK
OHJIAH-0TIPOCOB J7Ist GU3HeCa, OKIAIUUK Ha TTPOhECCUOHATBHBIX KOH(PEPEHIIUSX.
ITpemogasan nudopmarmontsie TexHosorun B PocHOY u Baymanckom yuebHom
nentpe «CrienuanucTs.

' 3amosro 10 Beixoaa cepuaia «Tex Jlacco» aTy (hpasy ommbOUHO HPUITUCHIBAIN AMEPHUKAHCKOMY
noaty u ny6auicty Youry Yurmeny (1819—1892), nipu aToM ee HacTosiiee IPOUCXOKAEHUE
OCTaeTCsT HEM3BECTHBIM. — [Ipumey. nayu. peo.
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0630p HayanbHO MaTeMaTUKM
W MaTeMaTNyecKoro aHanusa

B nauasne HepBOfI TJIaBbI MbI pa36epeMCH, YTO TaKO€ YN CJIa 1 KaK YCTPOECHBI IEPEMECHHbBIE
n (1)yHKL[I/II/I B ]IeKapTOBOfI CUCTEME KOOPpAWHAT. 3aTeM MbI paCcCMOTPUM BO3Be€/I€eHNE
B CTEIIEHb U JIOI‘apI/I(i)MbI, a I10CJIe 9TOIr0 U3YYUM /IB€ OCHOBHbBIE KOHCTPYKIIUU MaTe-
MaTHU4YE€CKOTO aHa/In3a — IIPOU3BOAHBIC 1 MHTETPAJIBI.

[pesxme yeM yrayOuThes: B MPUKIAAHBIE 0OTACTH MATEMATHKN — TaKWe, KaK TEO-
pUist BEPOATHOCTEH, JTMHeHHast anre6Gpa, MaTeMaTHYECKAs CTATUCTUKA U MAITHHHOE
obydeHune, — MMEET CMBICJ PACCMOTPETh HEKOTOPbIE OCHOBHBIE TIOHATHS GA30BOIA
MaTeMaTHKH M MAaTEMAaTHYECKOTO aHam3a. TONbKO MpPOIiy, He Opocaiite 3Ty KHUTY
u He pa3beraiitech B yxkace! S pacckasky, Kak BBIYUCISATH TPOU3BOHBIE U MHTETPAIIDT
1151 GYHKITUH TaKM cTocO60M, KOTOPOMY Bac BPsI/I I YUUJIU B yHUBepcUTeTe. MbI
GyzieM jieaTh 9T He Ha Gymare, a ¢ TIOMOIIBIO A3bIKa TIporpaMMupoBanus Python.
[laxe ecnu BbI He 3HAKOMBI € TPOU3BOHBIMU M MHTETPAJIAMH, HE TIePesKUBAUTE.

1 mocTaparch U3I0KUTh 9TH TEMbI MAKCUMAJIbHO CKATO, ye/Issl BHUMAHNE TOIbKO
TOMY, YTO MPUTOANTCS B OCJIEAYIONMX IJIABaX U YTO OTHOCUTCS K TEME MaTEMATUKH
g data science.

370 He NONHOLLEHHDBII KypC MaTemMaTuKm!

ITa KHUTA HU B KOEM CJIydYae He MPETEHYeT Ha TO, YTOOBI CJAYKHUTDH HC-
IEPIBIBAIONIIM 0630POM MAaTEMATHKHU JIsSI CPEHUX W BBICHINX YUEOHBIX

3aBeieHuil. Eciii BaM Hy’KHA UMEHHO Takasi KHUTA, TO 00paTHTe BHUMAHKE
Ha «No Bullshit Guide to Math and Physics» Vsana Casosa (Ivan Savov).
[IepBble HECKOTBKO IJIaB COEPIKAT JIYUNINI KPaTKUI Kypc IT0 MaTeMaTHKe 13
BCeX, UTo 51 Koraa-mubo Bugesn. Knura «Mathematics 1001» Pudapma DiBuca
(Richard Elwes) Toske oTiimuyaercst 3aMedaTeIbHBIM MAaTEPUAIOM, TPUYEM
B BUjie HEOOIBIINX 3aMETOK.
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Teopusa uncen

Yo Takoe yncaa? d obemaio He caumkoM GuaocodcTBOBATh B HTOM KHUTE, HO HE
SIBJISTIOTCST JI YUCJIa UCKYCCTBEHHON KOHCTPYKIIUEH, KOTOPYIO MBI CAMHU K€ U TIPH-
nymanu? Tlouemy MBI mostb3yeMcst i pamu ot 0 710 9, a He Gompine? [Touemy y Hac
ecTh OOBIKHOBEHHbIE U JECATUUHBIE APOOH, a He TOJIBKO 1iejbie unciaa? O6macTb
MaTeMaTUKU, KOTOpast 3AaHUMAETCS YUCTTaAMU U OTBEYAET HA BOTIPOC, TOUEMY MBI OTTpe-
JIETUJIN VX TaK, a He WHaue, M3BECTHA KaK TEOPUsl YHCeJl, UJTH BBICTIAS apu(pMETHKA.

Teopus uucen yXOAUT KOPHSIMU B TJIyOOKYIO IPEBHOCTD, KOT/IA MATEMATHKU OTKPBI-
BaJIM Pas3JIMYHbIE YMCIOBBIE CUCTEMBI, M 00bICHSIET, IOYEMY CeIuac Mbl UCIIOJIb3YEM
Yyucja UIMEHHO B TakoM Bujie. Huke nipejicTaBieHbl HECKOJIBKO YMCJIOBBIX CUCTEM,
KOTOPBIE HABEPHSIKA BaM 3HAKOMBI.

Hamypanvnvie yucna

droumcna 1,2, 3,4, 5u . 1.! Ciofa BXOAAT TOJBKO IOJIOKUTEIbHbBIE YKCJIa,
1 3TO caMasi paHHSS M3BECTHAS HaM YncJIoBas cuctema. /laxe mermepHbIe JTI0au
BbILIAPAIIbIBAIN HA KOCTSX U CTEHAX IIelleP HACEYKH, KOTOPbIe U300pakain
HaTypaJIbele YrcJja, — TaK Hallli IIPEJIKN BEJI CBOU HepBO6bITHbIe IIOACYETHI.

Heﬂble Heompuuamelvhiovle YUCiia

B nononHeHne K HATypaTbHBIM YHCTIaM MO3/[Hee TOSIBUIIOCH TIOHSITHE HYJIS 1 CO-
oTBeTcTBYMoMMuUi cuMBoJI «0». Ilesbie HeoTpuIaTe bHbIe yncaa — 310 0, 1, 2, 3
u 1. 1. I3 [Ipesrero Basumona mpuiiia uaess 0o603Ha4aTh 0COOBIM CUMBOJIOM
IIyCTBIC «Pa3psAAbl» B MHOTO3HAYHBIX yncax, Takux Kak 10, 1 000 mwiaum 1 090.
Hym B HUX yKa3bIBatOT HA TO, 9TO B COOTBETCTBYIOIIEM paspsijie HeT 3HAYEHMSI.

Ilenvie uucna

K nespiM yncsiaM OTHOCATCS HaTypaJibHble YK CJIa, [IPOTUBOIIOJIOKHbIE UM OT-
puraTesbHble YKCIIa, a Takske 0. [yt Hac aTo oHsTHE — camo coboil pasyMmero-
Teecst, HO IPEBHIE MATEMATHKHY C TITyOOKUM HETTOBEPHUEM OTHOCHIIHCH K H/IEe
oTpulaTeabHbIX ynces. OaHaKko ecau U3 3 BbIYECTD 5, TO IOIyYUTCs —2. ITO
0COBEHHO YIOOHO, KOT/Ia PEYh UET O (DIMHAHCAX, TII€ MBI H3MEPSIEM TIPUOBLIH
u yosITKE. B 628 romy Hatiel apbl nHANNCKUI MaTeMaTK Dpaxmarymrta Ha
IIpUMepe pelleHus KBaJJpaTHOro ypaBHEHN [10Ka3aJl, 104eMy OTpULlaTe/IbHble
YrcsIa HeOOXOAUMBI JI/IST PA3BUTHST apU(PMETUKHU, U TOJIBKO MOCJE HTOTO OHI
cTaju OOIIENPUHITHIMU,

! Muorma Kk HATypaJbHBIM YKMCIAM OTHOCSAT W HOJb: HampuMmep, crauaaptel [ISO 80000-2

u TOCT P 54521-2011 onpeensioT ABa MHOXeCTBa HaTypaibHbiX uyncem: N ={0,1,2,3,...}
u N*=1{0,1,2,3,...}. Baroii KHuTe MPUHAT BeCbMa PACIIPOCTPAHEHHbI U yA0OHBII HA IPAKTHKE
HO/IXO/I, COTJIACHO KOTOPOMY HATyPaJIbHbIiA psijt Haunuaercs ¢ 1. — [Ipumey. nayu. peo.
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P AUUOHAIbHBbLE YUCIA

JIo6oe YUCJI0, KOTOPOE€ MOKHO IIPE/ICTaBUTb B BUJE 0OBIKHOBEHHOM I[pO6I/I,
2
HallpuMep g, OTHOCHUTCA K palluOHAJIbHBIM. CIOI[a JKe BXOJAT BCEe KOHEYHbIE

JAECATNYIHDIC [[pO6I/I 1 IeJibie 9ncJaa, MOTOMY YTO UX TOKE MOJKHO BbIPDA3UTh

" 2
B BU/IE 0OBIKHOBEHHOI leO6I/I, HallppuMep @ =6,87 1 T =2 COOTBETCTBEHHO.
1

Payuonanvrvimu oHM Ha3bIBAIOTCS TIOTOMY, YTO OJTHO M3 3HAYEHUI JIATUHCKOTO
CJIOBA 7ati0 — «OTHOIIEHUE, TIPOIIOPIIUs> . ParinoHabHble YucJia OBICTPO CTAIN
HeOoOXO/IMMBI, TIOTOMY YTO BPEMSI, KOJIMYECTBO BEIECTBA U JPYTHE BEJMUMHBI
He BCerjia MO’KHO U3MEPHUTh B IMCKPeTHBIX efnHuiax. Hampumep, Mosoko He
006s13aTeIbHO TIPOJIAETCS B JINTPOBOMU YITAKOBKE; MHOTA €70 0OBEM ITPUXOIUTCST
U3MEPSITH B IOJISTX JiuTpa. Vlim, crazkeM, ecaiv st Oeskast 12 MUHYT, st HE CMOTY BbIPa-

3UTb HpOﬁIIeHHOE PaCCTOAHNME B IIEJBIX KNJIOMETPAX; OHO COCTaBUT E KHUJjioMeTpa.

Hppayuonanvnvie yucia

VppalinoHabHbIe YHCIa HEJb3sl BHIPA3UTD B BUJE OOBIKHOBEHHOU APOOH.
K num orHocaTcsa 3HaMeHUTOEe YUCJI0 @, KBajpaTHble KOPHU U3 HEKOTOPbIX
yuceJs (Harpumep J2 ), 1 uncio Jitsepal e, 0 KOTOPOM MBI Y3HAEM IO3Ke.
B necsTHUHO# 3aICH Y 9TUX YHCeN OECKOHEYHOE KOJMYECTBO 3HAKOB MOCTIE
3a1ATol, Harpumep 3,141592653589793238462...

Wcropust uppannoHaIbHBIX YHCENT TOBOJBHO WHTEpPecHA. /|peBHerpeueckuii
mateMmatuk Iludarop cunras, uto Bce yucaa parroHaabHbl. OH BEPUI B 9TO
TaK TopsIuo, YTO CO3/AJ PEeJUTUI0, KOTOPAs IMPEAINUCHIBATIA TOKJIOHATHCS
uucny 10. «Bmarocmosu Hac, 60KeCTBEHHOE YUCIIO, THI, MOPOJMBIIee HOTOB
U JIIOJIEl | » — MOJIMJICST OH | €T0 TI0cIe[oBaresiu (Tio4eMy 4rcio 10 ObLTo Takum
0CODOeHHbIM, 5 He 3Hai0). CyIecTByeT JereH/a, YTo0 OIUH U3 udaropeines
10 UMeHHU [ummac jokasas, 4To He Bce YNCIa PalioHaIbHBI, TPOCTO TPojie-
MOHCTPUPOBAB KBaJIPATHBII KOPEHb U3 2. DTO CHJIBHO MOMIATHYJIO CUCTEMY
BepoBanuii [Iudaropa, u B Hakazanue on yromwi [umnmaca B Mope.

Bewecmem—mbte yucuia

K BemtectBeHHBIM (MM JEHCTBUTETBHBIM) YMCIaM OTHOCATCS BCE PAIlO-
HaJIbHbBIE 1 BCe MppallMOHabHble yncia. Ha mpaktuke B data science so6bie
fecsiTuaHble ApoOHU, ¢ KOTOPBIMU BbI paboTaeTe, MOKHO PACCMAaTPUBATh Kak
BEIECTBEHHbIE YNCIIA.

Komnaexcrole u muumoie uucia

C TakUMHM YHCTIAMHU MOKHO CTOJIKHYTbBCA, €CJIN U3BJIEKATb KBaﬂpaTHbeI KOpeHb 13
OTPUTIATEJIBHOI'O YU CJIaA. XO0TsI MHUMBIE 11 KOMILJIEKCHBIE UHCJIa UTparoT CBOIO POJIb
B HEKOTOPBIX TUTIAX 3a/1a4, Mbl B OCHOBHOM 6yz[eM AEPKATHCA OT HUX IMOJAJIbIIIE.

! B oTedyecTBEHHON IPAKTHKE HE IPUHITO Ha3bIBaTh ¢ yucioM Jitiepa. — [Ipumeu. peo.
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B data science TMIPAKTUYECKU BCET/Ia UCIIOJIb3YIOTCA HAaTypPaJIbHbIE, 11€JIbI€ 1 BEIlEC-
CTBeHHBIE uKca. MHUMbIE Yncia MOT'YT BCTPETUTHCA B 6oJ1ee CI0KHBIX CJIydasix —
HaIlpuMep, IPpU Pa3JIOKEHUN MaTPUIL, KOTOPbIX Mbl KOCHEMCSI B I'JIaB€ 4.

KomnnekcHble u MHUMbIE Yncna

Eciit Bbl X0THTE 10APOOHEE Y3HATH IIPO MHUMBIE 4yKcia, Ha YouTube ectsb
OTJINYHBII HaGOP BUILEOPONUKOB «Imaginary Numbers are Real> («Muumble
qrca peanbHbl», https://oreil.ly/bvylq).

[MopaA0K BbINONHEHUA apUPMETUYECKUX onepaLiuil

HayteeMcst, 9TO BBI 3HAKOMBI C HOPAOKOM GbINOIHEHUS APUPMETHUECKUX OMEPATIUIL:
3TO MOPSIOK, B KOTOPOM BBIYUCIISETCS KasK/IAsl 9aCTh MATEMATHUECKOTO BHIPAXKEHUSI.
HarmowmHI0, 4T0 cHaYaia BEIYKCIISETCS TO, UTO 3AKII0UEHO B KPYTJIble CKOOKH, 3aTeM
CcJlelyeT BO3Be/IeHUE B CTETIEHb, 3aTeM YMHOKEHUE, /IeJIeHUE, CIOKEHUE U BEIYUTAHIIE.
Ornepaliuy ¢ OJJTHAKOBBIM [TPUOPUTETOM (TAKHE, KAK HECKOJIBKO CJIOKEHHUIT TOJPSI)
BBITIOJTHSIIOTCST CJIEBA HATIPABO.

HaHpI/IMep, BbIYNCJIMM 3HAY€HNE TAKOI'O BbIPpasKEHU !
2
3+2)
5, 3+2)
5

B niepBy1o odepe/ib BBIYUCINM BbIPasKeHHE BHYTPH CKOOOK (3+2), KoTopoe faeT 5:

2

2x &)

3aTeM BO3BeleM B KBa/[paT YUCJIO 3, KOTOPOE MBI TOJIBKO UTO IOy YHTIH:
25
2x——4
5

lIaJIee CJIEeAYIOT YMHOXEHNE U JICJICEHUE. Nx TIOPATIOK MOJKHO MEHATD MECTaMU, IIOTOMY
4TO AEJIEHUE — ITO TO K€ CaMO€, UYTO YMHOKEHHUE, HO C NCIIOJIb3OBAaHNEM ap06e1”4.

25 50
YMuoxkas 2 Ha 5 MOJTy4yaeM —:

04
5

3arem paznenm 50 Ha 5, B pe3yJibTaTe 4ero moxydnm 10:
10-4
W, nakoHel, BBIIIOJIHAEM cJloXKeHHe U BolunTanue. EctectBenno, 10 — 4 gact Ham 6:

10-4=6


https://oreil.ly/bvyIq
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KoneuHo, eciii 661 MbI chOPMYJIUPOBaAJIH 9TO BhipakeHue Ha Python, To mosmyunim
ObI 3HAYEHUE 6.0, KaK [I0Ka3aHo B ipumepe 1.1.

Mpumep 1.1. BuiuvcneHne BoipaxeHus Ha Python

my_value = 2 * (3 + 2)**2 / 5 - 4
print(my_value) # BviBodum 6.0

Creayiomee 3aMedanue MOKET MOKA3aThCS 91€MEHTAaPHBIM, HO BCE JKe 00 9TOM BasKHO
IOMHUTD. XOPOIINM TOHOM CYUTAETCS UCIOIb30BATh B KOZE KPYIJIble CKOOKHU B CJIOK-
HBIX BBIPasKEHMAX, YTOOBI I0Ka3aTh NOPSIOK BBHIYMCICHUS, axke eI (hopMaabHO
CKOOKU He 0053aTe/IbHBL

B npumepe 1.2 st crpynmupoBat ApoOHYIO YacTh BHIPAsKEHMsI B KPYTJIBIX CKOOKAX, UTO
TIOMOTAET OTAEIUTH €€ OT OCTAIBHOTO BhIPAKEHUS.

MpumMmep 1.2. Vicnonb3oBaHue B Python kpyrnbix ckobok ans HarnsaHoCcTu

my_value = 2 * ((3 + 2)**2 / 5) - 4
print(my_value) # Boi6odum 6.0

Xotst 0ba mpuMepa CMHTAKCUYECKU TIPABUJIbHBI, BTOPOIi Jierde BOCTIPUHUMATD de-
JioBeyecKuM r1a3oM. Korza Bbl M1 KTO-TO APYToil BHOCUT U3MEHEHUS B KO, JIETKO
OPUEHTHPOBATHCS IO KPYTJIBIM CKOOKAM, 4TOOBI He HAPYIITUTH TIOPSIIOK OTIEPATTHIA.
IT0 obecneunBaeT AOMOTHUTEIBHYIO 3aIUTY OT OIIUOOK ITPU U3MEHEHUY KOJIA.

[lepemeHHble

Ecoin Be1 iporpammupoBainu Ha Python v Ha IpyroM si3bike, TO TipezicTaBisieTe cebe,
4TO TaKOE MepeMeHHast. B MaTeMaTuke nepemennas — 3To MMEHOBAHHAST «00JIacTb»
JUIS1 pa3MelleHUs HeollpeieJIeHHOTO Ul HeM3BECTHOTO YUCIa.

Harmpumep, MOKHO B3sITh IepEMEHHYIO X, KOTOPast 0003HaUYaeT JII0O0€E BEIECTBEHHOE
YUCJI0, U YMHOXKUTD €e, He YTOUH:Is, YeMy KOHKPEeTHO PaBHO ee 3HaueHue. B npume-
pe 1.3 MBI IPIHNMaEM OT TT0JIb30BATEIS TIEPEMEHHYI0 X 1 YMHOKaeM ee Ha 3.

Mpumep 1.3. MNepemeHHast B Python, Hag KOTOpOI NPOM3BOAUTCS ONEpPaLMst YMHOXKEHUS

x = int(input("BBeauTe uucno:\n"))
product = 3 * x
print(product)

[[JIS[ HEKOTOPDLIX TUTIOB MIEPEMEHHDBIX CYIIIECTBYIOT CTaH/IapTHbBIE UMEHA. Huuero CTpalil-
HOTI0, €CJI1M Bbl BUJIUTE UX HepBbeI pa3 B skusnu! Ho HEKOTOpbIE ySHé.IOT rpedyeckKkue
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GykBbI 6 (Teta), KoTopast 06o3HayaeT yribl, U f (bera), KoTopast 0003HAYAET MapaMeTp
JMHeNHOM perpeccun. Mcnonb30BaTh rpeyeckiie CHMBOJIBI B UMEHAX TTePEMEHHBIX
B Python noBosibHO Hey106HO, TOITOMY MbI HA30BEM 3TH ITepeMEHHbIe theta 1 beta,
Kak IoKa3aHo B mpumepe 1.41,

Mpumep 1.4. ['peyeckme MMeHa nepeMeHHbIX B Python

beta = 1.75
theta = 30.0

3aMeTUM TakKke, YTO B MaTeMaTHUKe UMeHa IIePeEMEHHBIX MOI'YT COIIPOBOXKAATHCS
UHJIEKCAMHU, YTOGBI OTHO U TO K€ UM MOYKHO OBLIO UCTIOJIb30BATH JJIST HECKOJIbKUX
9K3eMIJIAPOB MlepeMeHHOM. /1714 TpakTUYecKuX 11esieid IpoCTO CYUTAINTE, YTO 3TH MMeHA
IpUHA/JIeXaT OTAEIbHLIM epeMeHHbIM. Eciii BBl BeTpedaeTe epeMeHHbIe X, X, 1 X,
paccMaTpuBaliTe X Kak TPU pas3Hble iepeMeHHble, Kak MOKa3aHo B mpumMepe 1.5.

MpumMmep 1.5. NepeMeHHbIE C HMXKHUM MHAEKCOM B Python

x1 =3 #unu x_1=3
X2 = 10 # unu x_2 = 10
X3 =44 # unu x_3 = 44

QyHKLUK

QDyukyuu — 9TO BBIPAKEHUS, KOTOPBIE 33J]aI0T COOTBETCTBHE MEXKIY ABYMS WU
6osee mepemerHbIMU. Bojiee KOHKpeTHO, (DYHKINA GepeTr 6x00nble nepemeniivie
(KOTOpBIE TaKKe HA3BIBAIOTCS HE3ABUCUMBIMU NEPEMEHHBIMU U APYMeHmamu
yHKyUL), TOJICTABJISIET UX B BBIPAKEHHE, U B PE3YJIbTATE HOJYUIAETCS bX00HAS
nepemennas (KOTOpas TakKe HA3bIBAETCS 3A8UCUMOU NEPEMEeNHOU NN 3HAYeHUEeM

dynxyun).
Paccmotpum nipumep mpocToit JIuHeiHoM (pyHKITUY:
y=2x+I

Jliist 11060r0 3aIaHHOTO 3HAYEHUST X MbI BHIUMCJISIEM BBIPAJKEHUE C 9TUM X, UTOOBI
Haiitu y. Ecmm x=1,710 y=3. Ecm x=2,10 y=5. Ectu x =3, 710 y =7 n Tax nasuee,
Kak IIoKas3aHo B Tabur. 1.1.

! CospemenHbiit Python ¢opMaibHO 103BOJISIET UCIIOJIB30BATh B MMEHAX MMEPEMEHHBIX OoJree

3 000 cumBosioB Unicode; narpumep, 6 uim Mmama — jiomycrumMbie nmena. OnHako odurmaibHast
noKyMeHTarust o Python pexoMemiyeT 06X0UThCST TOMBKO «OOBIYHBIMU» CUMBOJIAMH, KOTOPbHIE
MOYKHO BBECTH C KJTaBHATYPHI B JIATHHCKON packiiazike. B G0bIIMHCTBe cirydaeB aTo Jydinee pe-
envie. — [Ipumeu. nayu. peo.
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Ta6nuua 1.1. PaznuuHble 3HaueHna GyHKLuM y = 2x +1

0 (2x0)+1 1
1 (2x1)+1 3
2 (2x2)+1 5
30 (2x3)+1 7

DyHKIUY TTO€3HBI TEM, YTO OHUI MOJIEJTUPYIOT IPEACKAZYEMYIO 3aBUCIMOCTD MEKTY
TiepeMeHHBIMI: HalTpIMep, CKOJIBKO BO3TOPAHUN Y MOKHO OKU/IATh PU TEMIIEPAType X.
JluneiiHbie QYHKIMU TPUTOSITCS B TJIaBe 5, TJi€ MBI Oy/IeM 3aHUMAThCsT IMHENHOT
perpeccueii.

3aBUCUMYIO TIEPEMEHHY IO Y MHOT A 3aIIMCHIBAIOT B IPYTOii (hopMe, ABHO 0603HAYAs ee
Kkak dynkimio ot x, Harpumep f (x). Takum 06pasom, BMECTO TOTO YTOGBI yKa3biBaTh
bynkimio kak y =2x+1, ee MOKHO BbIPDA3UTD TaK:

f(x}=2x+]

B mpumepe 1.6 mokazaHo, Kak MOKHO 0ObSIBUTh MaTeMaTH4Yeckyio pyHkiwio B Python
1 3aIyCTUTD €e.

Mpumep 1.6. O6bsBIEHME NIMHENHON (ByHKUMK B Python

def f(x):
return 2 * x + 1

x_values = [0, 1, 2, 3]

for x in x_values:
y = f(x)
print(y)

Y (pyHKIMIT OT BENIECTBEHHBIX YKCEN €CTh MOPOI He3aMeTHasl, HO BaxKHast 0COOEH-
HOCTB: OHU YacTO UMEIOT 6ECKOHEYHOE YKMCJI0 3HAYeHU X U COOTBETCTBYIOIUX
3Havenuit y. [logymaiiTe: CKOTBKO 3HAYEHUH X MOXKHO TIO/ICTAaBUTHh B (PYHKITHIO
f(x) =2x+1? [Touemy 6b1 BMecTo 0; 1; 2; 3 He ucmonbsosars 0; 0,5; 15 1,5; 2; 2,5; 3 —
Kak [okasaHo B Tabir. 1.2?
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Tabnuua 1.2. PaznuyHble 3HaueHua GyHkuum y = 2x + 1

0 (2><0)+] 1
05 (2x0.5)+1 2
Lo (2x1)+1 3
1,5  (2xL5)+1 4
2,0 (2x2)+1 5
2,5 (2x2,5)+1 6
3,0 (2x3)+1 7

1
W moyemy GbI He riepebupats x ¢ marom 0,25? Vin 0 ? ITH ATl MOXKHO CZIeIaTh
GeCKOHETHO MATBIMH, TEM CAMBIM MOKa3bIBast, 4TO y =2x+| — 9TO Henpepvignas
@yHnryus, TIe A KAKI0T0 BO3MOKHOTO 3HAUEHUS X CYIIECTBYeT 3HaUeHue y. ITO

TTO3BOJISIET TIPE/ICTaBUTH (DYHKITHIO B BUE JTMHIH, Kak ITOKa3aHo Ha puc. 1.1.

VAm

Puc. 1.1. paduk dyHkumm y =2x+1

JIByMepHas IIIOCKOCTD C IBYMS YNCTOBBIMU OCSIMU (110 OJTHOM /17151 KaXK /10 11epeMeH-
HOIT), Ha KOTOPOIT MBI CTPOUM rpauK, Ha3bIBAETCsI deKkapmogotl (Ui np MOy 20ibHOL)
cucmemotl KOOpOUHAM WA KOOPOUHAMHOT NI0CKOCMbI0. MBI OTCIIEKMBAEM 33/IaHHOE
3HaYeHUeE X, 3aTeM HaXO/[UM COOTBETCTBYIOIIee 3HAUeHME ) I CTPOUM I1epecedyeH s BcexX
TaKWX 3HauYeHuil B Bujie tuauun. O6parrte BHUMAHIE, YTO BENIECTBEHHBIE YncIa (I
JecSITHYHbIE POOU, eCITM BaM ¢ HUMU PUBBIYHEE) YCTPOEHBI TAK, UTO CYIIECTBYET
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GECKOHEYHOE KOTMIECTBO 3HAYEeHU X. VIMEHHO TT03TOMY, KOT/Ia MBI CTPOUM TpauK
dynrumn f(x), nomyuaercst HenpepbiBHast nHUA Ges paspbisos. Ha aToii ammnmy,
KaK U Ha JIIOOOM ee 0Tpe3Ke, HaXOAUTCs 6ECKOHEYHOE KOJIMIECTBO TOYEK.

Yro6sl crponTh rpaduku ¢ moMorsio Python, cyiectByer MHOKeCTBO GUOIHOTEK —
ot Plotly so matplotlib. Bo MEOrEX 3a/1auax Ha TIPOTSIZKEHUM 9TON KHUTU MBI Oy1eM
MCHoab30BaTh SymPy, 1 mepBas 3a7ada — MOCTPOUTH Tpaduk GyHKIMH. SymPy
ucronn3yer matplotlib, moaromy ybeaurech, 4To y Bac ycTaHOBJEH ITOT MaKeT.
(B npoTuBHOM ciiyyae mporpamMma BbIBE/IET B KOHCOJIb YPOJIMBYIO IMarpaMMmy U3
TEKCTOBBIX CUMBOJIOB.) Tlocsie 3TOro mpocTo 0ObSIBUTE TIEPEMEHHYIO X C TOMOIIIHIO
dyHkmn symbols () us SymPy, 00bsiBUTE DYHKIMIO, a 3aTEM MTOCTPOTE rpaduk,
KaK IoKa3aHo B ipuMepe 1.7 u Ha puc. 1.2.

Mpumep 1.7. MNocTpoeHue rpadmka TMHENHON PyHKUMM C noMoLLbto SymPy

from sympy import *

x = symbols('x")
f =2+ 1
plot(f)

fix)

2.5 5.0 5 10.0

Puc. 1.2. Noctpoenue rpaduka nuHeitHo! GyHKLMN C NomoLLbio SymPy

IIpumep 1.8 u puc. 1.3 gemoncrpupyior apyryio dyukmmo: f(x)=x"+1.

Mpumep 1.8. MocTpoeHue rpacurka KBaapaTUUHON YHKLIMK
from sympy import *

x = symbols('x")
fo= x*¥*2 + 1
plot(f)
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-10,0 -75 -5.0 =25 L] 25 5.0 15 10,0
*®

Puc. 1.3. loctpoeHue rpaduka kKBaapaTnuHoii GyHKLMM C noMoLLbio SymPy

O6paTuTe BHUMaHKE, YTO HA PUC. 1.3 MBI TIONYYHUIIH HE IPAMYIO JIUHUIO, A TIAJIKYIO
U CUMMETPUYHYIO KPUBYIO, KOTOPas HasbiBaeTcst mapaboioit. dta GyHKIusA Herpe-
PBIBHA, HO He JIMHEHHA, IOTOMY YTO ee 3HaYeHUs PACIIOJIOKEHbI He Ha IIPSAMOM JINHUN.
C noso6HBIMY KPUBOJIMHEHHBIMU (DYHKIIUAME MATEMATHYECKH CJIOXKHEE paboTaTh,
HO MbI HAYYUMCSI HEKOTOPBIM TIPHEMaM, KOTOPBIE YITPOCTSIT 3Ty paboTy.

HenuneitHble pyHKLMM

Ecnu rpaduk pyHkInu — HempepbiBHAS, HO He MIPSMAst IMHKA, TAKYIO PyHK-
LU0 HA3BIBAIOT HEAUHCUHOLL.

CTouT 3aMETUTb, UTO Y (DYHKITUH MOJKET OBITD He OJINH, & HECKOTBKO apryMeHToB. Harpu-
Mep, MOXKHO PacCMOTPeTh (hyHKIIIIO ¢ apryMeHTamu x 1 y. OGpaTiTe BHIMAHUE, 4TO 3/€Ch,
B OTJIMYHE OT TPEAbIIYIIX IPUMEPOB, Y — 3TO He 3HadeHHe (DYHKINN, & ee apTyMeHT.

f(x,y)=2x+3y

[TockonbKy y Hac Terepsb /iBe He3aBUCUMbIE TIepeEMEHHBIE (X 1 V) U 0/HA 3aBUCUMAast
nepemennas f (X, y), rpaduk 6yeT cTpOUTHCS B TPEX U3MEPEHUSX, YTOOBI IOy YHThH
He TPSIMYI0, a TIJIOCKOCTh 3HAUeHWH, KaK 1MMoKa3aHo B mpuMepe 1.9 u Ha puc. 1.4.

Mpumep 1.9. O6bsBREHNE PYHKUMM C ABYMS HE3ABUCHMbIMU NepeMeHHbIMK B Python

from sympy import *
from sympy.plotting import plot3d

X, y = symbols('x y")
f = 2%x + 3*y
plot3d(f)
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Puc. 1.4. MoctpoeHne rpaduka TpexmepHOil GyHKLMM C MoMoLLbIo SymPy

HesaBucumo ot TOTO, CKOJIbKO apTYMEHTOB Y (I)yHKIII/II/I, OHa, KaK ITpaBUJIO, BBIBOJIUT
TOJIBKO OJIHY 3aBUCUMYIO IIEPEMEHHYIO. Ecnn HYKHO BBIYMUCJIUTDb HECKOJIBKO 3a-
BUCHMBIX TIEPEMEHHBIX, TO JIA Ka)K,ZIOﬁ N3 HUX, BEPOSATHO, HOHa,ZIO6I/ITC5I OoTZe/IbHasA

pynxms.

Cymmbl

51 oberman He 37M0yMOTPEOTATH MATEMATHYECKUMU BBIPAKEHUSIMU 13 HETIOHSITHBIX
CUMBOJIOB, OJTHAKO OJIUH CUMBOJI HACTOJBKO PACIPOCTPAHEH U TIOJIE3€H, YTO 5 He
Mory He pacckasaTh o HeM. CymMMa 0603HavaeTcs: rpeyeckoil OykBoil T (curma)
U CKJI/IBIBAET 3JIEMEHTBHL.

Hanpumep, ecii s xouy mepebparhb Bce HaTypajbHble YUcaa OT 1 10 5, YMHOKHUTD
Kakjl0e M3 HUX HAa 2 U TTPOCYMMUPOBATh PE3YJIBTATHI, TO BOT KaK 3TO 3AMUIIETCS
C TIOMOIIBIO CUMBOJIA CYMMBI:

5
D12 =(2x1)+(2%2)+(2x3)+(2x4)+(2x5) =30
i=1
B npumepe 1.10 nokazaHo, Kak BBIIOJHUT 3TO CyMMUpoBaHue Ha Python.

MpumMmep 1.10. BuinosHeHne cyMMyMpoBaHus Ha Python

summation = sum(2*i for i in range(1,6))
print(summation)

O6paTuTe BHUMAHUE, UTO [ — HTO BCIIOMOTATEIbHAsI TePEMEHHAS: OHA ITPE/ICTABIISAET
TI0 OYepe/ KayK/I0€e U3 YHCelT, KOTOPBIe MbI iepebupaem. Kaxknoe 3Hauenue mepeMeH-
HOI YMHOKA€ETCS Ha 2, ¥ Pe3yJIbraThl 3aTeM cyMMupyiotest. Korma Mbl iepebupaem
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ITOCIE€/I0OBATEJIbHOCTD JaHHBIX, MOJKHO BCTPETUTH IIEPEMEHHBIC TUIIA x}, KOTOpbIE
YKa3bIBalOT Ha 3JIEMEHT ITOCJIE€A0BAaTECJIbHOCTU C MHAEKCOM i

OyHkuma range()

Hamomunm, uto ¢pyskius range () B Python He BriiouaeT mocsieiuuii ajieMeHT
nocJenoBaresbHocTH. Hatpumep, eciiu BbizBath range(1,4), o ona Gyuer
nepebupath uncaa 1, 2, 3. [Ipu 5170M YKCI0 4 CIyKUT BepXHel rpaHuiei mo-
CJIeIOBATEIbHOCTH U He BXOJIUT B 11epebop.

Eie os0 TpaauiionHoe o6o3HaveHne — GYKBa 7, KOTOPasi BBIPAKAET KOJIMIECTBO
HIEMEHTOB B TIOCIEIOBATETBHOCTH, — HATTPUMED, KOJIMYECTBO 3aTcell B Habope /aH-
HBIX. 371eCh MBI lIepeGUpaeM YUCIOBYIO MOCAE0BATEIBHOCTD PasMepa 71, YMHOKAEM
KaX710e 4ncyo Ha 10 1 cyMMHUpPyeM ITPOU3BEICHUS:

i:l Ox;
i=l

B npumepe 1.11 ¢ momoripio Python BoraunciisieTcst 3HadeHUE 3TOTO BBIPAKEHUS JIJIST
Habopa u3 yerbipex unces. O6parure BHUMaHue, uTo B Python (kak u B 60bIINH-
CTBE SI3BIKOB TPOrPAMMUPOBAHUS ) 3JIEMEHTBI 0OBIYHO WHIIEKCUPYIOTCS HaunHas ¢ 0,
B TO BpeMsI KaK B MaTeMaTHKe IIPUHATO HAUMHATh ¢ wHeKca 1. [Toatomy B pyHKIIMM
range() Mbl CMECTUM Hayajlo [ocjael0BaTeIbHOCTU U HauHeM ¢ 0.

MpumMmep 1.11. BuluncneHne cyMMbl 351IEMEHTOB Ha Python

[1, 4, 6, 2]
len(x)

X
n

summation = sum(10*x[i] for i in range(@,n))
print(summation)

B aTom u 3akmiodaeTcst CyTh CyMMUPOBaHUL. B IBYX CJI0Bax, CUMBOJ CYMMBI ¥ 060-
3HAYAET, YTO HYKHO CJIOKUTD JIPYT C IPYTOM HECKOJIbKO KOMIIOHEHTOB. IIpu atom
C IIOMOIIBIO MHEKCA | U MAKCUMAJIbHOIO 3HAYEHU /1 BbIpaXKaeTCsl KaxkJas U3 uTe-
paruii (1maros mepe6opa), KOTOpbIe BXOJST B TIPOIIEAYPY CyMMUpoBanust. Mt 6yem
BCTPEUYATHCS C TAKUMU KOHCTPYKITUSMHU HA MTPOTSKEHUU BCel KHUTH.

CYMMbI B SYMPY

He GoiiTech BEpHYTHCA K 3TOI BpesKe I03:Ke, KOTa Bbl y3HAeTe oApodHee
0 SymPy. Bubsnnoreka SymPy, ¢ moMOIIbI0 KOTOPO MBI CTPOUM IPaduKu
yHKIMIT, — 9TO Ha caMOM zejie OMOINOTEKa CUMBOJIBHOM MaTeMaTHK.
O TOM, UTO 9TO 3HAYKT, MbI [IOTOBOPKM I033Ke B 9T0ii r1ase. Ho Ha Oy ay1iee
OTMETHM, UTO OTIEPALIUSI CyMMUPOBaHYA B Sym Py BBITIOJHAETCS € TIOMOIIIBIO
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dyuximm Sum( ). B ciemytoriem mpuMepe Kojia Mbl TiepebupaeM 3HAYCHUS
oT | 10 n, yMHOKaeM Kaxk/1o0e [ Ha 2 1 cyMMupyeM mpousBesierns. Ho 3atem
MBI UCITIOJIb3YeM (DYHKITHIO TIOCTAHOBKU subs (), 4TOOBI 72 CTAJIO PABHO 5.
ITO NPUBEIET K TOMY, UTO POrpaMMa rnepebeper U yMHOKUT BCE DJIEMEHTBI
10T 1 10 5 1 IpocyMMUpyeT pe3yJbraThl:

from sympy import *
i,n = symbols('i n")

# nepebupaem snemeHmsi 1 om 1 0o n,
# 3amem ymHoxaem u cymmupyem
summation = Sum(2*i,(i,1,n))

# 3a0aem n paBHeim 5,

# nepebupaem 4ucna om 1 0o 5
up_to_5 = summation.subs(n, 5)
print(up_to_5.doit()) # 30

OGparuTe BHUMaHIe, YTO CyMMHUPOBaHie B SymPy gBJIsieTcs «JIECHUBBIM»,
T. €. OHO He BbIYUC/IeTcs aBToMaTuueckyu U He yupouaercd. IToatomy,
9TOOBI MOJYYUTh 3HAYEHUE BBIPAKEHUS, UCIOIb3yTe QYHKIMMIO doit().

Bo3BeaeHue B cTeneHb

Bossedenue 6 cmenens 3aK11049aeTCs B TOM, YTO YKCJIO YMHOKAETCS CAMO Ha CaMo
cebs1 OIIpeIeIEHHOE KOJIMYECTBO pas. YTo6bl BO3BECTU 2 B TPETBIO CTENEHD (ITO 3a-
IINCBIBAETCA KaK 23, rae 3 cTouT B BepXHEM I/IHZIGKCQ), HYJKHO IIEPEMHOKUTD MEKIY
co060ii Tpu uncaa 2:

22 =2x2x2=8

Ocnosanue cmenenu — 3TO InepeMeHHas1 UJjin BeJIM4YrnHa, KOTOPYIO Mbl BO3BOJAUM
B CTEII€HD, a noKasamejlb cmeneHu OTpaxKaeT, CKOJIbKO pa3 Mbl YMHOKAa€M OCHOBaHHUE
camo Ha ceba. B BbIpaKE€HNUN 2° OCHOBaHMEM SIBJISIETCSI 2, a rmokasarejeMm — 3.

Y Bo3Be/ieHN B CTENeHb €CTh HECKOJIbKO MHTEPECHBIX CBOMCTB. JlommycTM, MBI Tiepe-
MHOXIIY X2 1 X°. [JocMOTPIIM, YTO TPOU30MIET, €CJIU PA3IOKUTH ITO BBIPAKEHHE HA
1Ba OOBIYHBIX YMHOKEHUSI, & 3aTeM OObeTMHUTD MOKA3aTeN CTETIEHEN:

2+3 3

.\'EIS :(xxx)(xxxxx):x =X

ITO HA3bIBAETCS npasuiom npousseaeHuﬂ cmenenet: 9TOObI IIEPEMHOKHUTD CTEIICHN
C OAVMHAKOBBIM OCHOBAHHEM, HYKHO ITPOCTO CJIOKUTDH MX ITOKa3aTEeJINn. O6paTI/IT€
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BHUMaHUE: ‘ITO6BI TIPUMEHATDH 9TO IIPAaBUJIO, OCHOBAHUA BCEX MMEPEMHOKAEMBIX CTE-
TeHen JOJIKHBI 6bITb O/IMHAKOBBIMH.

o 2 ot
Teneps paccMoTpuM ziesieHue. YTo Tpou3onaeT, eciu pa3ieiuTh X  Ha X ?

2
x° XxXx R 3

—_— = =—=X

X OXXXXXXXXX XXXXX X

2 ]
Kax BUAUTE, IIPU JICJIECHUN X Ha X MOHO COKPAaTUTD /iBa X B YHCJIUTEJIE U 3HA-
1
MEHATEJIE, B PE3YJ/IBTATE YETO ITOTYIUTCA —-. Ecmm OJIMH U TOT K€ MHOJXHUTEJIb €CTb
e
1 B YUCJINTEJIE, U B 3HAMEHATEJIC, €0 MOKHO COKPAaTHUTbD.

Ho uro Tenepn menats ¢ x 9 D70 MOAXOASIIII MOMEHT, YTOOBI TO3HAKOMUTHCS C OT-
PUIATENbHBIMY MTOKA3ATESIMU CTeNeHel. TO BCEro JIMIIb OAUH U3 CII0COO0B BbIPa-
3MTb, YTO OIlE€palllsl BO3BEAEHUS B CTEIIeHb CTOUT B 3HaMeHaresie apobu. Hampumep,

5 1
X~ — 3T0 TO e caMoe, UTO —:
X

Bosspainasich K npaBuIIy IpOU3BeeHIs CTEeIeHeH, MOKHO YOEeIUThCsI, YTO OHO IIPH-
MEHKMO U K OTPUIATE IbHBIM IT0KaszaTeisiM. UToObI MHTYUTUBHO 3TO cebe IIPeACTaBUTh,
JlaBaiiTe TIOJION/IEM K 3a/1a4e 1TOo-/IpyroMy. JlesieHre o/{HOM cTereHn Ha IPYTYI0 MOKHO
BBIPA3UTh TaK: C/IeJIaTh ITOKa3aTeJb 5 B BBIPAKCHUN X’ OTpUIIATEJIbHBIM, a 3aTeM
YMHOKUTh TO, UTO MOJYUYUJIOCH, HA x*. Korza HY’KHO IpUOaBUTH OTPULIATENbHOE
4UCI0, TO (PaKTUUECKU BhITIOJIHAETCS BhrunTanue. [loaToMmy npaBuio npousBeieHus
CTeIleHell, KOTOpPoe BeJUT CKIAAbIBATh II0KA3aTeM, PAO0TAET U B 9TOM CJIydae:

24(5)

X , 1 3 5
—=XX =X

=X 3
X’ x
1 HanoC1e/I0K: MOKETe JI BBl O0BACHUTD, HOUeMy JI060e 9HcIo B creren 0 paBHo 1'?
¥ =1
Jlyuimmii cniocoG pasoGpaThest ¢ ATHM — BCOMHHTD, UTO ECIH PA3AENHTh M0Goe
mcso camo Ha ceGsi, To nosyuutest 1. Hanpumep, anreGpanyuecki oueBuHo, 4o
cBozuTest K 1. Ho 970 BBIpaskeHme Takke PaBHSIETCS X' : o

33 = 3 20

[IpumeHnsist TpaH3UTUBHOE CBOUCTBO paBeHCTBA (ecit a =bh u b =c,To a = ¢), MO)KHO
0
CllesTaTh BBIBOZ, 4TO X =1.

! B kjraccyecKoil MaTeMaTHKe 9TO BEPHO [JIA BCEX OCHOBAHUM CTEIIEHU, KpOME O; HeE olpeIeJI€HO. —

IIpumeu. nayu. peo.
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YNPOLLEHUE BbIPAXXEHUIA C MTOMOLLbIO SYMPY

Eco BaM He X0UY€TCsT BO3BUTHCS C TEM, UTOOBI YIIPOIIATH aireGpandecKue Bbi-
PayKeHTsT, MOSKHO BOCTIOBb30BAThCsT 61boTekoit SymPy, kotopast cienaer
3TO 32 Bac. BOT Kak MOXKHO YIIPOCTUTD MPEAbIIYITUI TIPUMEP:

from sympy import *
X = symbols('x")

expr = x**2 / x**5
print(expr) # x**(-3)

Ternepb IOrOBOPHM O IPOGHBIX MOKA3ATEIAX CTEMEHEN. ITO aTbTePHATHBHBIN cIocob
Mpe/ICTaBJICHNsI KOPHEH — HApuMep, KBaJPaTHOTO KOPHsT. UToGbI OCBEKUTD HATITH
3HAHUA, 3a/1aIMM BoTIpoc: «Kakoe yncio, ymMmHOKEeHHOE caMo Ha cebs, aact 4?» Ko-
HEYHo, OTBeT pasen 2. 3ametum, uto 4> — 910 TO XKe camoe, uTo V4!

41.-'2 — ‘\/Z — 2

Ky6uueckuii KopeHb OX0K Ha KBaJIPATHBII, HO 9TO YHCJI0, KOTOPOE YMHOXKAETCS Ha
cebs1 Tpu pasa, YToObI MOJYYUTh pesybraT. Kybudeckuit KopeHb 13 8 0603HauaeTcst
8 u orBeuaer na Bonpoc: «Kakoe uncio, yMHOKeHHOE Ha ceOsi TPUIAKIBL, 12€T 82>
ItuM uncaoM Oyzer 2, mortomy 4to 2x2x2 =8 . KyOuueckuil KOpeHb MOKHO BbI-
PA3UTh KAk APOGHBIN [0KA3ATE b CTENIEHH: HATIPIMED, V8 MOKHO 3armcarh Kak 8™

§” =38=2

Yro npousoiizet, eciu KyOMYeCKuil KOPeHb U3 8 YMHOKHUTH caM Ha cebst Tpu pasza’?
Kopenb ucuesHer, u octanercs 8. Eciii BBIPasuTh 3TOT KyOUYECKHUiT KOPEHD B BU/IE
npobHoii crenenu 8, To craHer fAcHO, YTO HYKHO CJIOKUTD HOKa3aTe1 CTeNeHei,
YTO B UTOTE IACT | ¥ TIO3BOJIUT U30ABUTHCST OT KOPHSI:

\/§ % \/_x \/g — 81.-3 % 8:.-3 % 81.-'3 — 8|-’3+ V3+1/3 _ 81 =8

W mocnennee cBoiiCTBO: ec/iM cTeleHb BO3BOAUTCA B CTEINEHb, TO II0Ka3aTe I I1epe-
MHOJKAIOTCST, 2 OCHOBAHHUE OCTACTCS IPesKHUM. Takum 06pasoMm, (8-‘ ) yrporaercs 1o 8%

(83 )3 =82 gt

Eciu Bam JIIO6OHI>ITHO, Imo4yeMy 9TO Tak, Honp06y1‘71Te Pa3JIOKUTD 9TO BbIpaK€HUE,
n y68HI/IT€CI), 4YTO 3/1€Ch pa60TaeT IIPpaBUJIO ITPOU3BEECHUA cTeleHen:

(85 )3 g =g g



Torapugmbi 33

U naxower, 4To o3HayaeT APOOHBIN MOKa3aTeTb CTETIeH!, B KOTOPOM YHCIUTENb He

paseH 1, Hapumep §°°? DTo BCEro JMUIIb 3HAYUT, YTO HAJO0 U3BJIEUYL KyOHMUeCKuUil
1242

KOPEeHb U3 8 1 BO3BECTU €r0 B KBa/Par: [8' ) )

23 :(gm): _2_y4

W HakoHel, II0Ka3aTe/Jb CTEIIEHU MOKET ObITh UPPAllMOHAIbHBIM: HAIIPUMEP,
8" paBHO 687,2913. DTO MOJKET [MOKA3aThCsl He BIIOJIHE OYEBUIHBIM, U ATO HEYIUBU-
TenbHo! YToObI COKOHOMUTD BpeMsl, Mbl He OyeM yrayOIaThCs B 9Ty TEMY, IOTOMY
4TO OHa TpebyeT 0OpaTUThCs K MaTeMaTuyeckoMmy aHanusy. Ho, 1o cyTu, MOKHO
BO3BO/UTH YHCJia B I/IppaHI/IOHaJIbeIe CTEIIeHU, HpI/I6]II/I>KaH nux pa]_[I/IOHaJIbeIMI/I
yyciaMu. VIMEHHO TaK IIOCTYHAIOT KOMIIBIOTEPbI, IOTOMY YTO OHU B JII0OOM CJIydae
yMeIOT O6paH_[aTbC${ TOJIbKO C YnUCJiaM1 C KOHEYHbIM KOJIMYECTBOM 3HaKOB IIOCJIE
3aIsTOM.

Hampumep, y uncia 7 GeCKOHEYHOE KOJIMYECTBO JECATUYHBIX 3HaKoB. Ho ecau
0CTaBUTh TOJIBKO mepsbie 11 mudp (3,1415926535), To 7 Oyzmer mpubIUKEHO
parnoHaabHbIM YncaoM 31415926535/10000000000. Bocemepka, Bo3BemeHHAS
B TaKyI0 CTEIEHb, TaeT HaM MPUOIU3UTENbHO 687,2913, 4TO MPUMEPHO COBIIAZAET
C pacueTaM¥ Ha KaJbKYyJsTOpE:

31415926535

8"’ = 8 10000000000~ 687, 29 l 3

Nlorapndmbl

Jlozapughm — saTo MmaTemMaTndeckas GYHKIM, KOTOPas HAXOAWUT MTOKA3aTesb CTEEeHN
U1 OTIpeie/IeHHOTo Yncia M ocHoBaHus. Ha mepBbIil B3IJIs/] 0HA MOKET MTOKA3aThCs
He 0c060 MHTEPECHOH, HO Ha CAMOM JIeJIe Y Hee MHOXKECTBO puMeHeHni. Jlorapud-
MBI BCTPEYAIOTCS TMOBCIONY: OT U3MEPEHUS CUJIbI 3€MJIETPSICEHUI 10 YIIPABICHUS
IPOMKOCTBIO OBITOBOH ayauocucTeMbl. OHU TaKsKe YacTO GUTYPUPYIOT B MAITHHHOM
o6yuyennu u data science. CoGCTBEHHO TOBOPs, TOTapU(BMBI OYAYT KIIOUEBBIM MO~
HSITHEM JIOTUCTUYECKON PETPeccuu B riase 6.

Haunewm Haim pa3mbliieHus ¢ BOTIpoca: «B kakyio cTerneHnb Hy;KHO BO3BECTH YHCJIO 2,
4TOGBI TTOSYYIIIOCh 8?» OJIMH U3 CTOCOOOB BHIPA3UTh 9TO MATEMATHYECKH — UCTIOJb-
30BaTh B KaUeCTBE MTOKA3aTeNsT OYKBY X:

2.\‘:8
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VIHTYUTHBHO MBI 3Ha€M OTBET: X = 3, HO XOTEJOCh OBl BBIPA3UTh 9Ty MOIMYJISPHYIO
MaTeMaTUYECKYIO OIepaInio 0oJIee dJIeraHTHBIM CIIocoboM. [l 9Toro u mpenHa-
3naueHa pynxnus log().

log,8=x

ITo BBIpaKEHNE 0O3HAYAET, YUTO OCHOBAHHUE PABHO 2, U TPEOYETCsT BBIYMCIIUTD TIOKa3a-
TeJIb CTENEHH, B KOTOPYIO HY>KHO BO3BECTH 3TO OCHOBaHUe, YTOOBI ITOIyYnTh 8. B Gonee
001IIeM ciTyyae MOKHO TIEPEBBIPA3KUTh [TEPEMEHHBII TTOKa3aTe/b B BU/E JoTapudMa:

a =b
log, h=x

C anrebpanueckoil TOUKN 3PEHHsI 3TO CIOCOO U30JUPOBATH X, UTO CTAHOBUTCS BaK-
HBIM, ecJii TpebyeTcs HaiiTi cam x. B mpumepe 1.12 1mokasaHo, Kak BEIYUCIUT 9TOT
Jorapudm Ha Python.

Mpumep 1.12. BuiuncnerHve norapudma Ha Python

from math import log

# 2 6 kakoli cmeneHu dacm 8?
x = log(8, 2)

print(x) # Bei8odum 3.0

Ecnu He ykasath ocHoBanue ¢hyHKIUN log() Ha Takoi miatdopme, kak Python,
0OBIYHO OYIET UCITOB30BAHO 3HAYECHIE TI0 YMOTYAHUI0. B HEKOTOPBIX 001aCTSIX,
HaIllpUMep MPU U3MEPEHUH CUJIBI 3eMJIETPSICEHUI, OCHOBAHUEM Jorapudma 1o
ymosaanuio sieisiercst 10. Ho B data science cranzapTHOE OCHOBaHUE — YUCJIO €,
u B Python ucrmosbp3yercss MMEHHO OHO, TOATOMY BCKOPE MBI TIOTOBOPUM 00 9TOM
quCIIe.

Kak u y creneneii, y torapuMoB €CTb HECKOJIBKO CBOICTB, KOTOPbIE IIPOSABJIAIOTCS
[IPU YMHOXKEHUH, JIeJIEHUH, BO3BEIEHUU B CTEIEHb U T. /. YTOOBI CAKOHOMUTD Ballle
BPEeMsI 1 He OTBJIEKATD OT TIIABHOTO, 5T TPOCTO TIPUBELY uX Bee B Taba. 1.3. OcHoBHAS
MBICJIb, KOTOPYIO CJIelyeT YCBOUTD, 3aKJII0UAETCS B TOM, YTO JIOTapu(M — 3TO TT0Ka-
3aTeNh CTeMeH !, B KOTOPYIO HaI0 BO3BECTH 33/TaHHOE OCHOBAHUE, YTOOBI B PE3YJIHTATE
MOJIYYUTD 33IaHHOE YHCJIO.

Eci Bam nonazo6urces mogpodHee u3yuyuTb 0COOEHHOCTH JIOrapupMOB, UCIIOIb3YHTe
B Ka4eCTBE CIIPaBOYHOr0o MaTepuaJia TabJL. 1.3, rje cBoiicTBa cTeneneii u sorapudmMmoB
nepevyrceHsl OOK 0 GOK.
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Ta6nuua 1.3. (BoiicTBa cTeneHeii v norapudpmoB

Onepauua CBOICTBO CTEneHn (BoiicTBO norapudma

YMHOXeHUe x"xx" = x"" log(axb)=log(a)+log(b)

Dlenetime ch =x"" log [%} = log(a)-log(b)

Bo3sepeHue B cTeneHb (x’” )” =x" Iog(a") =nxlog(a)

Hynesas crenesb x" =1 log(1)=0

06patHoe uncno x'= 1 Iog[x ') = Iog[l] =—log(x)
x x

Yncno e u HaTypanbHble norapupmbl

B MareMaTnke 4acTo MOKHO BCTPETHTH 0COG0E YHCII0, KOTOPOE HA3BIBACTCS €, UK
yucaom Jinepa. OHO BO MHOTOM TIOXO’Ke HAa YUCJIO @ W PaBHO MpuMepHO 2,71828.
Uucsio e MUPOKOo UCIIOIb3yeTCs, HOTOMY YTO OHO MaTeMaTH4YeCKH YIIPOIIaeT MHOTHE
3a/1a4i. MBI pacCCMOTPUM € B KOHTEKCTe cTeleHei 1 iorapudMoB.

Yucnoe

Exre B mkoJe Ha ypokax MaTeMaTHKU HaM 33/IaBaJIN YIIPAKHEHNS, B KOTOPBIX (hUrypupo-
BaJIO YUCTIO e. B KoHIIe KOHIIOB s cripocu yuntesns: « Muctep Hose, a Bce-Taku, uTo Takoe
yrcsio e? OTKyza OHO B350k ?» TIoMHIO, UTO S OCTaBaJICSA Pa30vyapoBaH MPUMEPaMU
PO yBeJIn4YeHne MOIyJISIINN KPOJIUKOB U JIpyThe MPUPOoIHbIe aBaeHus. Hazetocs, 4To
Ha CTPAHUI[AX STOU KHUTY MHE YIACTCSI IATh O0JIee YI0BIETBOPUTEIBHOE 00 bICHEHHE,

MOYEMY YUCNO e TAK YACTO NCMOJNb3YETCA

O[IHO M3 CBOJCTB YMC/IA € 3aKJII0YAETCSI B TOM, YTO €r0 MOKasaTelbHast
(byHKIMS SABJISIETCST TIPOU3BOIHOM OT camoil cebst, uTo obsierdaer paboTy
¢ JJorapuMIUUECKUMHU U TTOKA3ATeIbHBIMUA QYHKITUAMI. O TPOU3BOIHBIX
MbI TOTOBOPKM TI033K€ B 9TOH Ty1aBe. Bo MHOTUX cJydasix, KOrjia OCHOBaHe

! TlogpasyMeBaeTcst, 4T0 B Kask/10i hopMyJie B 3TOM CTOJIOIE Bee JTorapr(Mbl GEPYTCS TI0 OJHOMY
U TOMY K€ OCHOBaHUI0. — [Ipumeu. Hayy. peo.
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CTEMEeHH TI0 CYTH He MMeeT 3HAUeHUsl, Mbl BBIOHPAeM TO, KOTOPOE MPUBO-
JIUT K caMOM IIPOCTOH IPOU3BOHOIM, U 3TO ynco e. VIMeHHo 1103ToMy OHO
CITy’KUT CTAaHIAPTHBIM OCHOBaHMEM BO MHOTUX (YHKINAX B data science.

Bor kak MHE HPaBUTCA OOBSICHATH YKCJI0 €. JIOMyCTUM, Bbl OJJ0JKUIN KOMY-TO

100 mommapos 1oz 20 % ronoBbix. Kak mpaBuIo, pOIEHTH HAYKUCIISIIOTCS €KEMECSTIHO,

0,20

I = h6 .
MIO3TOMY ITPOIIEHT 32 Ka’K/bII MECSI] COCTaBUT 0,01666 . Kaxos OyzeT ocTaTok

10 KpeuTy uepes /iBa rojia? JIJist IpoCcTOThI PEITONIOXKNUM, 4TO JI0 KOHI[A ATUX JIBYX
JIET BBHIILIATHI 110 KPEAUTY He TpeGyIoTCs (1 He IIPOU3BOIATC ).

Co6paB BOEMHO BCe, UTO MBI Y3HAJIU O CTETeHAX (UM TOATJISIIEB B y4eOHUK MO (hH-
HaHCaM ), MOXKHO HOJIy4uThb (hOpMyJLy JIJIsl pacdyeTa IIPOIeHTOB. B Hee BXOAUT OCTaTOK
10 KPEJUTY A, HauaJbHbI{ KanuTasl P, rofloBasi [IPoLeHTHAs CTaBKa ¥, CDOK Kpe/IUTa ¢
(KOJIM4YecTBO JIET) ¥ IIEPUOAUYHOCTD HAUNCJIeHUS [IPOLEHTOB 71 (KOJIMYEeCTBO MeCs1eB

B KaXK/I0M rof1y ). Bot dopmyia: »
A=Px [1 + ’_)
n

Taxum 06pa3oM, eCI eXKeMeCSTIHO HAYUCIISITh TPOTIEHTHI, TO 34 JIBa TO/a CyMMa
KpenuTa BeIpacTeT 10 148,69 nonnapa:

R 12x2
A:Px(n’—] =100x[|+0;§0J ~148,6914618

n

Yr06bI BHIYUCIUTE TO ke camoe Ha Python, Boctossayemcst mpumvepom 1.13.

Mpumep 1.13. BoluncneHne cnoxxHbIx NpoueHToB Ha Python

from math import exp

100
= .20
= 2.0
=12

S5 t+ 3O
I

[
I

=p * (1 + (r/n))**(n * t)

print(a) # 6BbiBodum 148.69146179463576

Ho uto Oyzer, eciiu HaYMCASTh TPOLEHTHI exeqHeBHO? UTo npousoiiger Torga?
N3menum n na 365:

N 0 2 0 3652

A= Px(l +’—] = lOUx(] +;—] =149,1661279
n 365

Huuero ce6e! Eciin HaunCIsSTh IPOIIEHTDI €XKEIHEBHO, a HE €KeMECSIUHO, TO YePe3 JIBa

ro/ia Mbl IToJryuuM Ha 47,4666 11eHTa 6obie. Ecam VoK MBI TaK KalHIYaeM, TO [I04EMY OBl

He HAYMCJISITh MTPOIIEHTHI KasK/BIN Yac, Kak rmokasano fasee? [lomydaunres v B aTOM ciry-

yae emte 6obiie? B romy 8 760 4acoB, I09TOMY YCTAHOBUM 72 PABHBIM 9TOMY 3HAYEHUIO:
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A=Px[1+£) =100x[1+ 0,20
8760

n

8760x2
] =149,1817886

Wrak, MbI 3apaboTasy Ha MPOIeHTaX ToYTH Ha 2 TieHTa 60sbite! Ho He Kakeres m
BaM, 4TO IPUGHLIL yMeHbInaetcst? Jaaiite mompo6yeM HAYUCISATh TPOIEHTHI KK IO
munyTy! B rogy 525 600 MUHYT, TTO3TOMY 33/1a/INM 3TO 3HAUEHUE JIJIS 71

Y 0,20 525 6002
A=Px|1+—| =100x| 1+ —— =149,1824584
n 525600

BbIXO[[I/IT, 4TO YEM 4Yallle Mbl HAUMUCJIAEM ITPOLUEHTDI, TEM MEHbIIE JOIIOJHUTEIbHAA
HpI/I6bUII). Ecim HEOTrpaHNM4Y€HHO IIPO/0JIKaThb YMEHbIIATh IEPUOJANIHOCTD HAYNCJIECHU A
IIPOIIEHTOB, ITIOKa OHO HE CTAaHCT HEIIPEPBIBHBIM, K YEMY 9TO HpI/IBe]_IeT?

[To3BoJIBTE TIPEACTABUTD BaM YUCJI0 e (4ucyio Diiiepa), KOTOpoe MpubIM3UTeNbHO
paBHo 2,71828. Bot dopmyJia /iid HENTPEPBIBHOTO HAYUCJIEHUS TIPOIEHTOB:

A=Pxe"

BosBparascs k Hamemy mpuMepy, pacCauTaeM OCTaTOK 110 KPEAUTY Yepes /1Ba rojia,
€CJIA IPOIIEHTBI HAYMCJILIOTCS HEeITPEPhIBHO:

A=Pxe" =100xe"*"* =149,1824698

ITO He CIAUIIKOM yIUBUTETHHO, ECJTH YIECTh, UTO, KOTJIA TPOIEHTHI HAUUCJISLIICH eKe-
MUHYTHO, 0CTaTOK cocTaBuJt 149,1824584. 310 oueHb 6113K0 K 3HaueHuo 149,1824698,
KOTOPOE TTOIy4aeTcst TPU HETPEPBIBHOM HAUMCJIEHHH.

O6biuno B Python, Excel u gpyrux nporpaMmax ¢hyHKIIIO exp () UCIIOIb3YIOT C YUC-
JIOM € B KauecTBe OCHOBaHM:. CKOPO BBl YBUANTE, UYTO € IPUMEHSIETCS HACTOJIBKO
MIXPOKO, YTO CIYKUT OCHOBAHIEM 10 YMOJUAHUIO KaK /I CTETIEHHOMH, TaK U JJIs
JorapumMuveckoi HyHKINM.

Mpumep 1.14. BoluncneHve HenpepbiBHbIX NPOLEHTOB Ha Python
from math import exp

100 # HavanbHeIl Kanuman
0.20 # 20008as npoueHmHas cmaBka
t = 2.0 # koauyecmBo nem

S T
non

1]
U}

p * exp(r*t)
print(a) # BeiBodum 149.18246976412703

Otxyna e Gepercs aTa KoHCTaHTa e? CpaBHUTE (hOPMYJIIBI CIOKHBIX MTPOTIEHTOB
1 HEeTIPePbIBHBIX ITPo1ieHTOB. OHU NOX0XKU 110 CTPYKTYPE, HO KOE B YeM Pa3InyaloTCs:

nt
Asz[l+LJ
n

A=Pxe"
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ToBopst GOPMATBHBIM S3BIKOM, YHCJIO € — 9TO OKOHYATETBHOE 3HAYEHUE BbIPAKEHUS
I n
[] +_) 10 Mepe TOro, KaK 7 CTAaHOBUTCS Bee OoJiblile, IIPUOINKasICh K OECKOHEYHO-

n
cru. TTorpobyiiTe MO9KCIIEPUMEHTUPOBATD, YBEJIUUUBAS 3HAUEHUS H. [IPH 5TOM BbI

3aMETUTE CJIEYIONIEE:
(+2)
n
I 100
(1 - —] =2,70481382942
100

l 1000
(] +—] =2,71692393224

1000
1 10 000
(HMJ =2,71814592682
] 10000 000

YeMm 6OJTBIITE 11, TEM MEHBIITE PEIYIIBTAT OTINIAETCS OT TIPEBIAYIIETO, U OH CXOAUTCST
MPUMEPHO K 3HaYeHuto 2,71828, koTopoe 1 ecTb uncio e. Kak Mbl yBUANM J1ajee, OHO
TOIUTCS HE TOJILKO JIJISE TOTO, YTOOBI U3YYaTh MOMYJISAIAN 1 UX POCT; 9TO YKMCJIO UTPAET
KJTIOUEBYTO POJIb BO MHOTHX 00JIACTSIX MATEMATHKL.

B I[a]IbHefIH.[eM MbI 6y11€M HCITIOJIb30BaThb YHMCJIO €, 4TOOBI CTPOUTDb HOPpMaJIbHbBIE pacC-
npeaeseHnd B T1aBe 3 ¥ 3aHUMATbHCS JIOTUCTUIECKOI perpeccneﬁ B TJ1aBe 6.

HatypanbHble norapudmbi

Korzma B kauecTBe ocHOBaHUSA Jiorapudma UCIONb3YETCs YUCIIO e, TAaKOH orapudm
HA3bIBAETCS HAMYPAIvHbiM. B HEKOTOPBIX ITPOrPAMMHBIX IIPOLYKTAX €My COOTBET-
crByer GyHKIusA 1n(), a He log(). B wacTHOCTH, BMECTO TOrO 4TOOBI 0603HAYATD
HaTypasbHblii Torapudm kak log, 10 (cTenennb, B KOTOPYIO HYKHO BO3BECTH UUCJIO €,
4TOGB! MOJTYYUTh 10), MOXKHO COKPAIEHHO 3amucarh ero Kak In10:

log,10=1In10

Opnnako B Python HarypaspHbIit orapudm 3agaerca dyukiueit log(). Kak yxe
TOBOPUJIOCH PaHee, 3Ta (PYHKITUS [0 YMOTIAHNIO UCTIOIb3YeT B KaueCTBEe OCHOBAHNUS
gucJio e. [IpocTo omycTute BTOpoil apryMeHT, B KOTOPOM IIepelaeTcsl OCHOBAHIIE,
u log() Gyzmer 6paTh JorapudM MO OCHOBAHWUIO €, Kak TToKa3aHo B mpumMepe 1.15.
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MpumMmep 1.15. BuiuncneHne HatypanbHoro norapudma ot 10 Ha Python

from math import log

# B8 Kakyw cmeneHb HyxHo Bo3Becmu e, 4Ymobel nosny4yume 10?
x = log(10)

print(x) # BeiBodum 2.302585092994046

Yucio e BCTPETUTCS] BO MHOTUX MECTaX ATON KHUTH. He cTecHSIITeCh 9KCTIepUMEHTH -
POBaTh €O CTENeHAME 1 jorapudmamu, ucrnob3ys Excel, Python, Desmos.com uiu
MoGY10 APYTYIO BRIYUCIUTENBHYIO TIAaT(hopMy, KoTopast BaMm Hpasutcs. [locTpoiite
rpad¥KU ¥ MOCMOTPUTE, KAK BBITJIS/ST 9TH (DYHKIIH.

Mpegenl

Kax mMbl BUIeM Ha TpUMepe Yncsia e, THOT/Ia BOSHUKAET JIIOOOTBITHBIN 3(h(heKT: MBI
GECKOHEYHO YBETUUMBAEM VI YMEHBIITAEM apTYMEHT, a 3HaueHe (QyHKITNHT BCe BPeMsT
MPUOIMIKAETCS K KAKOMY-TO YHCITY, HO TaK U HE IOCTUTAET ero. JlaBaiiTe pacCMOTPUM
3TOT cydail hopMabHO.

BosbMeM yHKIHIO, H300paskeHHYIO Ha puc. 1.5.

)=t

X

10

0 5 | 10
Puc. 1.5. (D)’HKLI,I/IFI, KoTopaA beckoHeuHo npmﬁnmmaeTcn K 0, HO HUKOrAA ero He AoCTUraeT
Mbi paccMaTprBaeM TOJIbKO ITOJIOKUTE/IbHbIE 3HAYCHU A X. O6paTI/ITe BHMMaHUE, 4YTO

gem Gourbiire x, Tem Oymike sHadenne f(x) k mymo. Kak uu crpanno, f(x) nukorza
e socruraet 0, a TOJTbKO GECKOHEYHO MPUOJIKAETCST K HEMY.
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YT0oOBI BBIPA3UTD, 4TO (HYHKITHST GECKOHETHO TIPUOIIIKAETCS K HEKOTOPOMY 3HAUEHUIO,
HO HUKOT/[a He IOCTUTAET eTo, NCTIONb3YeTCs TPEeIEe:

1
lim—=0
X—»u x
1
IT0 ynraercs tak: «IIpu x, crpeMsieMcst K 0eCKOHEUHOCTH, (DYHKITUS — CTpeMI/IT-

cs k 0». Taxoe nosezienre GyHKIUH, IPY KOTOPOM OHA CTPEMUTCS K CBoeMy npeJiesib-
HOMY 3HaYeHUIO, HO He IOCTUTAET €TO, BCTPEYAETCS IOBOJIBLHO YacTo, 0COGEHHO KOT/Ia
MBI YTIyOIsIEMCST B TIPOM3BO/IHBIE Y MHTETPAJTBL.

1
C nomopio SymPy MOKHO BBIYUCIUTD, K KAKOMY 3HAUEHHUIO CTpeMuTes f(x)=—,

KOTZIa X CTpeMuTCsT K GeckoredrocTH (ipumep 1.16). 3aMeTnM, 4T0 CUMBOJT GECKOHEY-
HocTH (0) B SymPy y06HO BbIpaskaeTcst 4epes oo (YABOEHHAsI IATHHCKAA GYKBa 0).

Mpumep 1.16. BuluncneHve npeaenos Ha Python
from sympy import *

x = symbols('x")
f=1/x
result = limit(f, x, oo0)

print(result) # o

Kak BbI IIOMHHTE, TAKUM K€ O6p8.30M MbI HanLu yucyao e. OHO TmosydaeTcs, eCcjun
HEOTPpaHUYE€HHO YBEJINYNUBATD 1 J1JI51 ATOM (byHKL[I/II/IZ

) l n
llm[l +—| =e=2,71828169413...
=y n

3aGaBHO, HO €CJIM BBIYKCJISITH YUCJIO € C TTOMOIIBIO IIpeiesioB B SymPy (kak mokasaHo
B cienyorieM ¢parMenTe koza), SymPy cpasy paciosHaer ero kak e. Yto6sl 0HO
0T00OPA3UIIOCh KaK YUCJI0, MOKHO BBI3BATh METOZ evalf():

from sympy import *
n = symbols('n")
= (1 + (1/n))**n

result = limit(f, n, oo0)

print(result) # E
print(result.evalf()) # 2.71828182845905
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BO3MOHOCTU SYMPY

SymPy (https://oreil.ly/mgLyR) — a0 MomHasa n daHTacTUYECKas CUCTe-
Ma KOMIIbIOTepHO#l anre6pbl st Python, kotopast uctosnbsyer TouHbe
CYMBOJIbHBIE BBIUMCIIECHNSI, a He MPUOIMKEHHbBIE PACYETHI B JIECATUUHBIX
npobsix. OHa ToJIe3HA B TEX CUTYAIUSIX, KOT/IA BbI OBl PEIIAIN 33jlau 10
MareMaThuKe 1 MAaTeMaTHIeCKOMY aHaIN3y Ha Gymare, HO OTJIMYAETCS TEM,
4TO MpejIaraeT 3HaKOMBbIN cuHTaKkcuc siabika Python. Bmecto Toro uto6mt
MIPECTABJIATD \E B Buie NpubmsKeHHOro 3Haverus 1,4142135623730951,
SymPy coxpanut ero B hopmare sqrt(2).

Tak nouemy Obl He UCIIO/Ib30BaTh SymPy s 060l MaTeMaTHYeCKON
nesATeabHOCTU? XOTS MBI U OyieM TIPUMEHSTH 9Ty GUOMIHOTEKY Ha TIPOTSI-
JKEHUH BCell KHUTH, BaKHO, YTOOBI ¢ MaTeMaTHKoii Ha Python 6110 y06HO
ob6pararbcest, 06X0/SACh TIPOCTHIMU JECSITUYHBIMHU YUCTAMH, TOTOMY YTO TaK
paboraer scikit-learn u gpyrue 6ubnorexu s data science. Kommnbroreps
06pabaThIBAIOT IECATHIHBIE IPOOU rOpasIo ObICTpee, 4eM CUMBOJIBL SymPy
TakKe He BCEeT/[a CIPABJISIETCsI, €CJIM MaTEMaTHYECKUE BBIPAKEHUS CTAHO-
BATCS CAMIIKOM Gosbinumu. Jepsxkure SymPy mon pykoil, HO HE B KOeM
CJIydae He PAcCKa3biBaiiTe 0 HEM CBOM JIETSIM, KOTOPBIE YUATCS B IITKOJIE U
YHUBEPCHUTETE: Be/lb 9Ta GUOINOTEKA MOJKET BBITIOTHATD 32 HUX JOMAIITHIE
3a/IaHUs TI0 MATEMATHKE.

lMpousBoaHbIe

JlaBaiiTe BepHeMCS K (PYHKIMAM M IOTOBOPUM O HUX C TOYKH 3PEHMS MaTeMaTHie-
ckoro anasnmsa. Haunem c mpousBoHbIX. [Ipou3eo0nas I0Ka3blBaeT yroJl HaKJAoHa
dYHKIUU, ¥ C ee TIOMOIIBIO yA00HO U3MEPATh CKOPOCTh U3MEHEHMs (PYHKINK
B 1100011 TOUKe.

[Touemy Hac wHTEpECYIOT TPON3BOAHBIE? OHU YACTO UCIONB3YIOTCS B MAIIMHHOM
00y4YeHNH U IPYTUX MaTEMAaTHUECKUX AJITOPUTMAX, 0COOEHHO B METOJIE TPAIEHTHOTO
cnycka. Eciii yrosr Haksona paBeH (), 3T0 3HAUNT, YTO MBI HAXOAUMCSI B MUHUMYMe€
WU MaKCUMyMe PYHKITUU. JTO MOHSATHE TPUTOAUTCS HAM B IAJIbHEHIIIEM, KOT/[a Mbl
OyzeM 3aHMMAThCs TMHEHO perpeccreil (ry1aBa 5), TOTMCTUYECKON perpeccueit
(rmaBa 6) 1 HeMPOHHBIMU ceTsMu (T71aBa 7).

R
Haunewm ¢ npoctoro npumepa. Pacemorpum dynxkumio f(x)=x" na puc. 1.6. Ha-
CKOJTBKO KPYTO HaKJIOHEHA ee KprUBas mpu x = 2 ?


https://oreil.ly/mgLyR
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Puc. 1.6. OnpegeneHue KpyTu3Hbl B 3a/laHHOI TOUKe GYHKLMY

O6paTuTe BHUMAaHUE, YTO KPYTUIHY MOKHO U3MEPHUTD B OGO TOUKE KPUBOIT 1 Ha-
TJIS/THO TIPE/ICTABUTD C IIOMOIIIBIO KacaTesIbHOM. Kacamenvnas — 310 IpsiMast, KoTopast
«€JIBa KacaeTcsl» KpUBOH B JaHHOH Touke. OHA TaKsKe IM0Ka3blBaeT YKJIOH (DyHKITNN
B 9TO# Touke. UTOGBI MPUOIMBUTENLHO OMPEAETUTh KacaTeJbHYIO MTPU 3aaHHOM
3HAYEHUH X, MOXKHO IIOCTPOUTD IIPSIMYIO, KOTOPAs [IePEeCEKAeT 3TO 3HAYCHUE X U OYEeHb
6ausKoe coce/iee 3HaYeHKe X Ha rpaduke QyHKIUY.

BosbMeM x =2 U cocetHee 3HaueHune X = 2,1, KOTOpbIe MPH MOCTaHOBKE B (DYHKIIHIO
f(x)=x* nanyr f(2)=4 u f(2,1)=4,41, kax nokasano ua puc. 1.7. ¥ pesysrupy-
fo1IIeit TIPSIMOiA, KOTOpast TIPOXOIUT Yepes 3TH IBE TOUKH, YKJIOH paBeH 4,11,

(=2

gt
S
B —

ra

_.-""""'-...-\.:':

2

Puc. 1.7. MpubnusutennHblit cnocob pacyeTa yKnoHa

! HOZ[ YKIOHOM 31€CH ITIOJPA3YMEBACTCA TAHTECHC YTIJIa HAKJIOHA, NJIN yI‘JIOBOfI KOS(b(I)I/IHI/IeHT Kaca-

TEJBHOU B ]aHHOU TouKe. — [Ipumeu. nayu. peo.
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BpicTpo paccynTaTh yKIOH m MEKITY ABYMS TOYKaMH MOKHO TI0 TIPOCTOI (hopmyJie
«IIO'beMa Ha JUCTAHIIAU»:

V2= _ 4,41-4,0 -4
x,-x,  2,1-2,0

Eciu cienaTh 1mar mo x MeKIV ABVMS TOYKaMU ellle MeHbllle — Halpumep, x =2
u x =2,00001,uro mact f(2)=4u £(2,00001)=4,00004, — 0 m crauer ouenn 6mu3-
KHM K peaJlbHOMY YKJIOHY, KOTOPBIH paBeH 4. TakuM oOpasoM, ueM OaImsKe coce/iee
3HaYeHWe, TeM TOUHee BBIYUCIISIeTCs YKIIOH B IAaHHON TOUuKe KpuBOH. Kak n B coryuae
CO MHOTMMHY JIPYTUMU BaKHBIMI MATEMATHYECKUMHE MOHSITUSAMMU, MbI 0OHAPYKUBaeM
HEUYTO IpuMedaTebHoe, Korga NpubmkaeMcs K OeCKOHeYHO OOIbIIUM Ui Gec-
KOHEYHO MaJIbIM BEJINYMHAM.

B npumepe 1.17 nokasaHo, Kak MOKHO BBIYMCJIUTD IIPOU3BOAHYIO Ha Python.

Mpumep 1.17. BuluncneHve nponssoaHoi Ha Python

def derivative_x(f, x, step_size):
m = (f(x + step_size) - f(x)) / ((x + step_size) - x)
return m

def my_function(x):
return x**2

slope_at_2 = derivative_x(my_function, 2, .00001)
print(slope_at_2) # BuBooum 4.000010000000827

Xopotirast HOBOCTD 3aKTI0YAETCST B TOM, UTO CYTIECTBYeT Oostee ahheKTUBHBIIH crocob

BBIYKCJIUTH YKJIOH B /10001 TouKe (hyHKIMU. MBI yiKe HCTIo/b30Bain SymPy, aTo6b!

CTPOUTH TpadUKH, a TeTepb 5 TTOKAXKY, KaK ¢ ee MOMOIIBbI0 MOKHO HAXOJUTh IIPOU3-

BOJIHbIE, TIPUOETHYB K MATUU CUMBOJIbHBIX BHIYMCIICHHIL,

[TpousBoaHas OT cTeTIeHHOM (DyHKIINY THTIA f (x) = X~ GepeTcst TaK: MOKA3aTeb CTe-

TIEHN CTAaHOBUTCS KO3 MOUIMEHTOM TIPH X, a TIPEKHUN MTOKa3aTesb yMeHbIIaeTcs Ha 1,
2 d

B pesyJibTaTe 4ero IoJy4aeTcs IPOU3BOHAs =X = 2x. e 03HAYAET NPOUIBOOHYIO NO

X X
X, TO €CTb Mbl CTPOUM ITPOMN3BOAHYIO, KOTOPas MO3BOJIAET HaUTH YKJIOH B 3aBUCUMOCTH

oT 3HaueHus x. TAaKUM 06Pa3oM, eCJIU MBI WIIEM YKJIOH IPU X = 2 U y HAC €CTh POU3-
BOJIHAST (DYHKIIUHU, MBI TIPOCTO TOJICTABJISIEM 3TO 3HAYEHUE X, YTOODI TOJYIUTH YKIIOH:

fx)=v

d d ,
e =—.'=2
d.rf(x} dxr *

d -
af(z)_z 2=4
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Ecurit BBI XOTUTE TITy0OKE U3YUUTD MIPABUJIA, TIO0 KOTOPBIM MOJKHO BBIUHCIISITD TPOU3-
BOJIHBIC BPYUYHYIO, TO /IJISI 9TOTO CYIECTBYET MHOXKECTBO KHUT 110 MAaTEMaTHYCCKOMY
ananmm3y. Ho ecTb HECKOJIBKO XOPOITUX NMHCTPYMEHTOB, KOTOPBIE YMEIOT BBIUNCISTh
MPOU3BOHBIC B CUMBOJILHOM BHjie, — Hampumep, bubanoreka SymPy, kotopast
GecriiaTHa M PACTTPOCTPAHSIETCST C OTKPBITBIM MCXOAHBIM KOMIOM, & TAK/KE XOPOIITO
aJanTUpoBaHa K cuHTakcucy Python. B mpumepe 1.18 mokasaHo, Kak BBIYMCIUTD
npousBoanyio st f(x)= x* ¢ momompio SymPy.

Mpumep 1.18. BuiuncneHvie NponsBoOAHOM € MOMOLLbI0 SymPy
from sympy import *

# 06vsaBasem cumBon 'x' Onsa SymPy
x = symbols('x")

# Tenepb 06vABnaem ¢yHKyuw 4Yepe3 06blYHbIU cuHmakcuc Python
f = x**2

# Bolqucasem npou3BoOHyw @yHKyuu
dx_f = diff(f)
print(dx_f) # BbiBodum 2*x

Brieuatsister? UTak, eciin 00bSIBUTD TIEPEMEHHYIO € TOMOIIBIO (DYHKIMU symbols ()
B SymPy, MOKHO 06BSBUTH GYHKIUIO OT 3TOM [TEPEMEHHOI TOCPEICTBOM 0OBIYHOTO
cunTtakcuca Python. Tlocse aT0r0 MOXKHO MCIO/MB30BaTh (hyHKIUIO diff(), 4TOOB!
BBIYMCJIUTD ITPOU3BOIHYI0. B mpuMepe 1.19 Mbl iepeHOCUM HalIy TPOU3BOJIHYIO
obparHo B ctanzaptHbiii Python u ipocto 00bsiBiIsieM ee Kak eliie oHy GYHKITHIO.

Mpumep 1.19. BuluncneHve nponssoaHoi Ha Python

def f(x):
return x**2

def dx_f(x):
return 2*x

slope_at_2 = dx_f(2.0) # ykaoH 6 mouyke x = 2
print(slope_at_2) # BvbiBodum 4.0

Ecou BBI cobupaeTech UCTOMB30BaTh Sym Py nasbiire, To MOJKETE BBI3BATH (DYHKITHIO
subs (), 9TOOBI 3aMEHHTD TIEPEMEHHYIO X Ha 3HAUEHHE 2, KAK II0Ka3aHo B ipumepe 1.20.

Mpumep 1.20. Vicnonb3oBaHne GyHKUMM NOACTAHOBKM B SymPy

# BulvucnAem yKAOH npu x = 2
print(dx_f.subs(x,2)) # BuBooum 4
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YacTHble npou3BogHble

Eme omHO OHATHE, ¢ KOTOPBIM MBI BCTPETUMCS B 9TO KHUTE, — 4ACmHble NPOU3BO-
OHbvle, KOTOPBIE OYIyT GUTYPUPOBATD B TIaBaX 5, 6 1 7. ITO MPOU3BOIHBIE OT (HYHKIIHI,
y KOTOPBIX HECKOJIBKO apTYMEHTOB.

[Ipeacrasbre cebe aTo caepyonM 00pazoM. BMecTo Toro 4ro6s1 HAXOAUTH YKIOH
(byHKIIMM HA TIIIOCKOCTH, MBI KCCJEYeM YKJIOHBI OTHOCUTETbHO Pa3HbIX Iepe-
MEHHBIX B Pa3HbIX HalpaBeHusX. J1s1 Ipou3BOAHOM 110 KasK/10H TepeMeHHON Mbl
MpeoaraeM, YTo OCTaIbHbIE TIepeMEeHHbIE OCTAIOTC ToCcTOsTHHBIMU. [TocMoTpuTe
Ha TPeXMePHbIN rpaduk hyHKIIH f (X, y)= 2x* +3y’ ma puc. 1.8, u Bbl ybeautecs,
YTO B KKIOU €r0 TOYKEe CYNIECTBYIOT YKJIOHBI B IBYX HAIIPABJIEHUSX I ABYX
repeMeHHbBIX.

Puc. 1.8. Moctpoenue rpaduka TpexmepHoil cTeneHHol GyHKLUM

3
Bosbmem dynximo f(x,3)=2x"+3)". Y Hee ecTh NPOU3BOHBIE TIO TIEPEMEHHBIM

d "
XNy —39TO — U — COOTBETCTBEHHO. Onn IIpeACTaBJJIAIOT coboii BE€JIMUMHY YKJIOHa
, ar  ay . .
10 Ka’X/101 IIEPEMEHHON Ha MHOTOMEPHON ITOBEPXHOCTU. B matematuke TIPpUHATO

HAa3bIBaTh ATU YKJIOHBI 2paduenmamii, KOria Mbl IMEEM JIEJI0 C HECKOJIBKUMHU H3Me-
pernsMu. Huke mpiBeieHb! TIPOU3BOHBIE QYHKIIMHN IO X 1 ), @ TAK)Ke IPUMeP Kojia
€ NCTIOTh30BaHNeM SymPy, KOTOPBIi X BBITHCIISAET:

f(xy)=2x"+3y

;—X(Zf +3y° ) =6x’

diy(Zx“+3y3):‘5'y2
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[Tpumep 1.21 moka3bIBaeT, Kak ¢ TTOMOITBI0O SymPy BbIUNUCISIOTCS YaCTHBIE TIPOU3-
BOJIHBIC TIO X U ).

Mpumep 1.21. BoluncneHne YacTHbIX NPOM3BOAHBIX C MOMOLLbIO SymPy
from sympy import *
from sympy.plotting import plot3d

# 06vABasem cumBosbl x u 'y 6 SymPy
X,y = symbols('x y')

# Tenepb 06baBrasem PyHKyuw 4epe3 06bIYHbIU cuHmakcuc Python
f = 2¥x¥*3 4 3¥y**3

# Borqucnaem yacmHele npou3BoOHble no X Uy
dx_f = diff(f, x)
dy f = diff(f, y)

print(dx_f) # Bbi8odum 6*x**2
print(dy_f) # Bei8odum 9*y**2

# BoiBoguMM rpaduk dyHKLMK
plot3d(f)

Takum oGpasom, st 3Hadenuii (x,y)=(1,2) yk/on no x pasen 6x1° = 6,amo y —
9x2* = 36.

KAK BbIYNCNATb MPON3BOAHbIE C MOMOLLbIO NPEAENIOB

XoTuTe y3HaTh, KAKYIO POJIb UTPAIOT IIPEIEJIbI TIPU BBIYUCIEHIN TIPOM3BOTHBIX ?
Ecuu Bee, 4TO BbI U3YYUJIN /10 CUX TTOP, He [TOKa3aJI0Ch BaM Yepecuyp CI0KHBIM,
TO cMeJIo ynTaiiTe fasbiie. Ho ecsm Bl 1oka ellle iepeBaprBaeTe MoTyYeHHYIO
nHGOPMAITHIIO, TO, BO3MOXKHO, CTOUT BEPHYTHCS K 3TOU BPE3Ke MO3KE.

SymPy 1o3BoJIsIeT MPOBOIUTH JIOOOBITHBIE MATEMATHYECKUE HU3BICKAHUS.
Bosbmenm dynkimio f(x)=x"; Mbl IpUOIM3UTETHLHO OTIPE/IENIN YKIOH
U X =2, IpoBeis NpIMYI0 uepe3 cocefHion Touky X = 2,00001 ¢ marom
0,0001. ITouemy ObI He KCIIOIB30BATh IIPee], YT0ObI GECKOHEYHO YMEHbILATh
11ar s ¥ HOCMOTPETh, K KAKOMY YKJIOHY OH CTPEMUTCS ?
. (x+s) - X

lim-~——

s—0 (x + .S') -X
B namem nmpumepe x = 2, TO3TOMY TIO/ICTAaBUM 9TO 3HAYEHHE B TIPEIBILYIIIEE
BBIpaKeHUE: R
(2+5) =2
0 (2+5)-2
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Ecut 6eckonedHo TpHOMITKATh 3HAYEHE TITara S K HyJT0, HO HUKOT/IA He IOCTH-
rath ero (IOMHUTE, YTO COCEIHAS TOUKA IIPSMOIA He MOKET COBIIACTD C TOYKON
X = 2, uHAYe HeJTb3s1 OY/IET IPOBECTH TIPSMYIO! ), MOJKHO UCTIONH30BATH TIPEIE,
4TOOBI YOEMUTHCSI, YTO YKJIOH CXOAUTCS K 4, KaK MOKa3aHo B mpumMepe 1.22,

Mpumep 1.22, licnonb3oBaHve Npeaenos AN pacyeTa yKoHa
from sympy import *

# 06vsa6ngem x u waz s
X, s = symbols('x s')

# 06vsa6naem PyHKUUKW
f = x**2

# BolyucnAem yKAOH mex0y O0BymA moYKamu C wd20M S
# NoacTaBnsem 3HayeHua B Gopmyny "noabema Ha AucTaHuum"
slope_f = (f.subs(x, x + s) - f) / ((x+s) - X)

# [oOocmaBaaem 3HayeHue x = 2
slope_2 = slope_f.subs(x, 2)

# BelMucnaem YyKAOH npu X = 2,
# korpga war s 6eckoHe4yHo npubauxaetca K O
result = limit(slope_2, s, 9)

print(result) # 4

A 4r0, ecqu He IIPUCBaMBATh apPIyMEHTY X KOHKPETHOro 3HaueHus? 4o
TIPOU3ON/IET, €CJN B HTOM CIydae GECKOHEUHO YMEHBIIATh Pa3Mep miara s?
Paccmotpum npumep 1.23.

Mpumep 1.23. cnonb3oBaHWe Npeaenos ANs BbIMUCIEHUS MPOU3BOAHOM
from sympy import *

# 06vsa6ngem x u wae s
X, S = symbols('x s')

# 06vABnaem PyHKUUKW
f = x**2

# Bulqucnaem YyKAoH mexdy OBymMA MOYKAMu C wd2oMm S
# MNopcTaBnAem 3HayeHuA B Qopmysly "nofgbema Ha AUCTaHLUM™
slope f = (f.subs(x, x + s) - f) / ((x+s) - x)

# Bulqucnaem npou3sBooHyi,
# korpga war s 6eckoHe4yHo npubnmxaetca K O

result = limit(slope_f, s, 9)

print(result) # 2*x
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Takum oOpasoM, pousBoaHast (GyHKINK paBHa 2*x. SymPy nocraTouHO
coobpasuTesieH, 4ToObI MOHATH, YTO PasMep Iara He JOJKEH T0CTUraTh
HYyJIsI, @ TOJUKEH JIUIIh CTPEMUTHCS K HeMy. TakuM 06pa3om, u3 GyHKINN
f (x) = x* mosTyuaercs IpoOU3BoIHAS 2 .

LienHoe npaBuno

B rmaBe 7, xorma Mbl 6yjieM co3aBaTh HEHPOHHYIO CETh, HAM TIOHAOGUTCS CIIETH-
ATbHBII MATEMATHYECKUN TIPUEM, KOTOPBIN HAa3bIBAETCS IIEMHBIM MPaBuyiom’. YTo6s!
(opmupoBaTb cjiou HEIPOHHON ceTH, HaM NPUETCS BLIBOJIUTD IIPOU3BOHBIC U3
Kakzoro cost. Ho moka maBaiite M3ydmM IeMTHOe MTPABIJIO Ha TPOCTOM anrebpande-
ckoM mpumepe. Jomyctum, nanel 18e GyHKIIUM:

yv=x" +1
= JJS - 2
OG6paruTe BHUMAHIE, YTO 9TH JiBe (DYHKIIMH CBA3AHBI MEXKLY COOOM, TOTOMY YTO Y SIBJIsI-

€TcsI BBIXO/THOU [TepeMEeHHOM B 1TepBoil (hyHKITUN 1 apTyMEHTOM BO BTOPO. JTO 3HAUUT,
YTO MOKHO TIOJICTABUTH TIEPBYIO (DYHKIIUIO J BO BTOPYIO (DYHKIIUIO Z TAKUM 00PA30OM:

z:(x3+])3—2

Uemy ke paBHa IPOM3BOHAL OT z 110 X? Y HAcC y’Ke eCTb II0JICTAaHOBKa, KOTOpas
BLIpAKAET Z Yepe3 X. BeIdrcanM IpousBoHYIO ¢ TOMOIIBI0 SymPy, Kak oKa3aHo
B nipumepe 1.24.

Mpumep 1.24. BoiuncneHve nponsBoLHON OT Z N0 X
from sympy import *

X = symbols('x")

z = (X**2 4 1)**3 - 2
dz_dx = diff(z, x)
print(dz_dx) # 6*x*(x**2 + 1)**2

)
Takum 06pa3oM, KCKOMast IPOU3BOAHAS OT Z [10 X paBHa 6X (x‘ + l)

dz (¢ > 3 2
—([x‘ + 1) -2|= (Sx[.vr3 + ])
dx

OnHako gaBaiiTe Terepb MonpobyeM MOJyYUTh TO JKe caMoe APyrumM crocobom. Ecim
B3AATH IIPOU3BOJIHbIE (PYHKIMIA Y 1 Z 110 OTAENBHOCTH, a 3aTeM IIePEMHOKUTD X, TO
II0JIyuHTCs IIPOU3BOAHas oT z 1o x! [TornpobyeMm 5To cesaTh:

! B oreyecTBeHHOI JINTEPATYPE 3TOT TEPDMUH MEHEE HEM3BECTEH — Y HAC IIPUHATO TOBOPUTD O IIpa-

BuJte qudepeHImpoBanus CI0KHON GyHKIMU. — [Ipumey. nayu. peo.
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Eg[x:+l)=2x
fx
dz ;5 a2
@(} - 2) =3y
%:(2;7)(3}‘3):6:0»3

,
Urak, nomyunnocs 6xy°. Ho aTo eliie He TO ske caMoe BbIpasKeHUe 6x (x‘ + l) , KOTOpOe
MBI [TOJIYYHJIU TIPEABIIY M crtocoboM. JlaBaiiTe BBIPA3UM y Yepes X 1 MOACTABUM 5TO

dz
3Ha4YeHue, YTOObI BCS IIPOU3BOIHAS = BBIPasKasIach TOJBKO yepes x 6e3 y.
X
dz 5 N 2
—=06xy" = 6x(x‘ + ]]
dx
5 2 .o
BoT MbI 1 TOJIy4n/i TOUHO TaKOe JKe BhIpasKeHUe 6.\'(x‘ +l) JUISI TIPOU3BO/IHOM

bynxiuu!

ITO U €CThb yenHoe npasuo: ecin GyHKIua y (¢ apryMeHTOM X) BXOAUT B JIPYTyIO
byHKIIIIO z (¢ apTyMEHTOM ), TO 4TOObI HANTH IIPOM3BOIHYIO OT Z 110 X, MOKHO ITepe-
MHOKUTD JIB€ COOTBETCTBYIOIINE TPOU3BO/HbIE:

dz _dz y dy

dx dv dx
B npumepe 1.25 nokasan ko Ha SymPy, KOTOPBIiT BBITIOIHSET 3TO IPe0dpasoBaHue
1 TI0Ka3bIBaeT, YTO IPOM3BO/HAS, KOTOPask BbIUKMCICHA 110 IIeIIHOMY ITPaBUJIY, PaBHa
IIPOM3BOJIHOI, KOTOpas 1oJTyYaeTcs IIPU MOJCTaHOBKe (DYyHKIUN.

. dz
MpumMmep 1.25. BuluncnieHme npov3sBoaHON e C UCMonb30BaHMEM LIEMHOMO npaswunia
X
n 6e3 Hero NpMBOAMUT K OAHOMY W TOMY Xe pe3ynbTaTty

from sympy import *
X, y = symbols('x y")

# [pou3BooHas nepBoli ¢pyHKyuu

# 3afaeM MMA C HWUXHUM NOAYEpKMBAHMEM, HTOObl He 6bl1I0 KOHONMKTA nepemMeHHbIX
Ly = xX*¥*2 4+ 1

dy_dx = diff(_y)

# lpou3BooHaa Bmopol ¢yHKUUU
z = y¥*3 - 2
dz_dy = diff(z)

# Bblqucnaem npou3Bo0Hyl C nomouwbl yenHo20 npaBuna
# n 6e3 Hero, noacTaBnAemM QyHKLUIO Yy

dz_dx_chain = (dy_dx * dz_dy).subs(y, _y)
dz_dx_no_chain = diff(z.subs(y, _y))
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# llenHoe npaBusno pabomaem:

# oba BapuaHTa AawT OAWHAKOBLIA pe3ynbTaT
print(dz_dx_chain) # 6*x*(x**2 + 1)**2
print(dz_dx_no_chain) # 6*x*(x**2 + 1)**2

HeHHOG TMIPpaBUJIO — KJIIOYE€Basl COCTaBJIAIONIAA O6y‘{eHI/IH HeI';IpOHHOfI CETHU C HYIK-
HBbIMHN 3HAYECHUAMU BECOBBIX KOB(I)(bI/IIII/IeHTOB n CMeIHeHI/Ifl. BMecTo TOro 4To6sI 110
IEMOYKE BbIYUCJIATD ITPOU3BO/IHBIE KayK0T'O BJIOYKEHHOTO Y3JIa, MOKHO IIEPEMHOKUTD
ITPpOMN3BOAHBIEC BCEX Y3JI0B, UYTO C MaTeMaTU4YeCKOM TOYKU 3pEHMA TOPA3/10 IIPOIIIE.

WHTerpansl

[IpoTHBOIOMIOKHOCTHIO TPOU3BOIHON ABJISIETCS UHMEZPAL, KOTOPBINA OIIPEESET
IoIaAb o rpadgpukoM GyHKIUY Ha 3aJaHHOM uHTepBase. B riaBax 2 u 3 Mbl OyzeMm
HAXOIUTh IIOIAAY IO PACIPeeTCHUIME BEPOSTHOCTEH. XOTsI MBI Oy IeM HCII0Ib30-
BaTh He CAMU MHTETPAJIBI, 2 KYMYJISITUBHBIE (DYHKITUU PACTIPe/IeIeHIsT, KOTOPbIE YiKe
MIPOUHTETPUPOBAHBI, TIOJIE3HO 3HATH, KAK WHTETPAJIBI TIO3BOJIIIOT HAXOIUTD IIJIOTIAIT
nost kpuBbiMu. B [Tpuioxennn A ipuBeieHbl IPUMEPBI TOTO, KAK MOKHO TIPUMEHSITh
WHTETPAJIbI K pacIpeiesIeHuSIM BEPOSTHOCTEN.

YT06bI TOHATH, YTO TAKOE HHTErPaJl, Mbl PACCMOTPUM UHTYUTUBHBII IOAXO/ C TaK
HasbIBAEMbBIMU UHMezpaivHviMu cymmamu (cyMMaMu PruMmaHa), KOTOPBIA THOKO
aZlanTHPYyeTCs K J1060ii HenpepbiBHOM GyHKIMK. [Tpexae Bcero oTMETHM, YTO Hali-
TH TLIONIAnb 06JACTH IO MIPIMOI JUHUEH — odeHb MPOCcTO. JOIyCTHM, YTO €CTh
byukmms [ (x) =2X, ¥ MBI XOTHM HaWTH TLJIONA/b IO/l COOTBETCTBYIOIIEH JINHUEH
Meskay Toukamu 0 u 1; Ha puc. 1.9 ara miomanb n3obpakeHa Kak 3aKpallleHHbIi
TPEYTOJIbHUK.

;

3%

P

Puc. 1.9. Boluncnenue nnowaaun nog rpadukom MHERHOR GyHKLMN
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OG6paruTe BHUMaHWE, 4TO MBI UIIIEM ILIOMIAh 001aCTH, KOTOPast OTpaHidyeHa rpadu-
KOM (DYHKITUY 1 0CbI0 X, BUHTepBase oT x = 0,0 10 x =1,0. Ecsim BCOMHUTH OCHOBHBIE

1

(hopmysibl TEOMETPHH, TO TITOMIA/H MPSMOYTOJIBHOTO TPEYTOJbHUKA PaBHA A = Ebh’
rae b — nMHa OCHOBaHUs, a A — BbicOoTa. BU3yaibHO MOMKHO 3aMETHTb, 4TO b =1,
a h=2.Tloacrasisis 9Tu 3HaUeHUs B POPMYJLY, MbI TIOJIy4aeM UCKOMYIO T1omaib 1,0:

1 1

A=—bh=—x1x2=1

2 2

Hemnoxo momyunmnocs, mpasaa? Ho gaBaiite paccMoTpuM (GyHKITHIIO, Y KOTOPO TPYI-

Ho HaiiTn mromanb mog rpadukom: f(x)=x’+1. Uemy pasna B uxTepsase ot 0 70 1
ILJI0Ia/b 00JIaCTH, KOTOpasi 3aKpalieHa Ha puc. 1.10?

\ /
\ /

L

Puc. 1.10. BblumcneHue nowwazn noj HeNMHeAHbIMU GYHKUMSAMI — HEnpocTas 3ajaya

L

Puc. 1.11. PacnonoxeHue NPAMOYronbHUKOB Noj KpMBOI71 na I'IpMﬁﬂM)KeHHOFO BblYMUCNIeHNA nioLLaan
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Hac cHoBa mHTEpeECyeT TIoMaab 006JaCTh MEKIY rpahuKkoM (GYHKIIMH 1 OChIO X,
B mHTepBaje oT X =0 g0 x=1. 3-3a Toro, uto rpadmK KpUBOJUHENHBIN, 3/IeCh HET
IIPOCTON reoMeTpuyecKoi (opMyJibl IS IJIOIIAAN, HO eCTh OANH XUTPBIN IIpueM,
KOTOPBIN TTOMOSKET €€ BHIYUCIIUTD.

Yo, ecsii pacToJIOKUTh IO KPUBOH MSTH IIPSIMOYTOJTBHUKOB OIMTHAKOBOU ITNPUHBI,
Kak 1Moka3aHo Ha puc. 1.117 31ech BbICOTA KXKIOTO MPSMOYTOJIbHIUKA — 3TO UHTEP-
BaJI OT OCH X JI0 TOW TOYKU, B KOTOPOI KPUBas IepeceKaeTcs ¢ cepelnHoi BepxHei
CTOPOHBI IIPSAMOYTOJIbHUKA.

H]IOH.[B.IIB TIPAMOYTOJIbHUKA A paBHa IIPOU3BEACHUIO €I0 BbICOTHI Ha MMHWPUHY, TaK
YTO MOKHO JIET'KO BbIYUCJIUTD U IIPOCYMMMPOBATD ILJIOIMAAM BCEX ITPAMOYTOJIbHUKOB.
Hackospko 61M3KUM K HacTOAMIEN muomanu Oyaer moaydeHHoe sHauenue? Uro,
ecJu pactoiokuThb Tam 100 psimoyrosibHukoB? 1 0007 100 000? Ecyiu yBeimuuBaTh
KOJIMYECTBO IIPSIMOYTOJIbHUKOB 1 YMEHbIIATh X IIUPUHY, He OyAeM JI MbI IPUOJIU-
JKaThCs K MJIOIAU o KpuBoii? [la, OymeMm, U 9To elile OJWH CIydaii, Korjaa Mbr bec-
KOHEYHO yBEIMYMBAEM WM YMEHbIIAeM KaKyI0-TO BEJIMIUHY, YTOOBI IPUOIU3UTHCS
K PeaJibHOMY 3HAYEHHIO.

Jlasaiite mompoGyem cienaTh 310 Ha Python. CHavyasma HaMm noHazno6uTes PyHKIM,
KOTOpast MPUOIMKEHHO BBIYUCIISIET MHTETPAJ, — MBI Ha30BEM €€ approximate_
integral(). ApryMeHTHI a 1 b OyIYT 33/1aBaTh KOHI[Bl MHTEPBATA — MUHUMATbHOE
Y MAaKCUMAJTbHOE 3HAYEHUSI X COOTBETCTBEHHO. N — KOJUYECTBO MPSIMOYTOJIbHIKOB
nof rpadpukoM, a f — (YHKIMS, KOTOPYIO MbI MHTeTpupyeM. B mpumepe 1.26 mbl
peasu3yeM approximate_integral(), a 3aTeM HCIIOJIb3yeEM €€, YTOOBI TPOMHTETPH-
posath GyHKIIO f(x)=x"+1 10 MM MPsIMOYTOTBHIKAM 0T 0,0 710 1,0.

Mpumep 1.26. MpubnmxeHHoe BbluMcieHne uHTerpana Ha Python

def approximate_integral(a, b, n, f):
delta_x = (b - @) / n # wupuHa Kaxdo2o NpAMOY20abHUKA
total_sum = ©

for i in range(1, n + 1):
midpoint = 0.5 * (2 * a + delta_x * (2 * i - 1))
# midpoint — KoopduHama no x cepeduHbl BepxHel CMOPOHbI NPAMOY20AbHUKA
total_sum += f(midpoint)

return total_sum * delta_x

def my_function(x):
return x**2 + 1

area = approximate_integral(a=e, b=1, n=5, f=my_function)
print(area) # 6bi60dum 1.33

Tax mMpI mosyyaem monaab 1,33. Uro nponsoiizert, ecan B3sATH 1 000 TpsiMOYTOJIB-
HUKOB? [TorpoGyeM 310 caenarh B ipumepe 1.27.
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MpumMmep 1.27. Ewe oaHo NpnbamkeHHoOe BbIYMCIEHME MHTErpana Ha Python

area = approximate_integral(a=0, b=1, n=1000, f=my_function)
print(area) # Bu6ooum 1.333333250000001

MpbI nostyanin 6oJiee TOUHBIIT pe3yJIbTaT U OOJIbIIIe 3HAKOB MOCJIE 3aIsITOi. A Kak
HacyeT 0lHOTO MUJLIMOHA TIPSIMOYTOJIbBHUKOB, KaK IT0Ka3aHo B mpuMepe 1.287

MpumMmep 1.28. U eule oaHO NpUbAMKEHHOE BblMMCIEHNE MHTErpana Ha Python

area = approximate_integral(a=0, b=1, n=1_000_ 000, f=my_function)
print(area) # Bbi6odum 1.3333333333332733

BunHo, 4TO MPUPOCT TJIOIAN C KaXKBIM Pa30M YMEHBIIAETCS, W PellleHne, 1Mo-
BUJIMMOMY, CXOJUTCST K 3HaueHuio 1,333..., rie mocsie 3anstoil ujet 6eCKOHEUHOe
KOJIMYECTBO TPoeK. ITo obozHauaercst 1,(3) u unraercst «ojiHa 11eJ1ast U TPU B TIEPU-

oz1e». Ecim 6b1 510 OBLIO PAIMOHAIBHOE YKCJIO, TO, CKOPEE BCEro, OHO PABHSLIOCH ObI

4
—=1,(3). Yem GoJiblite MPSIMOYTOTBHUKOB, T€M OOJIbIIIE HEIIPEPBIBHBIX TPOEK HOCJIE

3 =
3aIATON 1 TeM OJImKe ITOTYYEHHOE 3HAUYECHUE K HACTOSIIEN TIJIOMA TN,
Tenepb, KOT/1a MBI B IIE€JIOM IIDE/ICTaBJIAEM C66€, 4Yero MbI IIbITaeMCA Z[O6I/ITIJC${ " 110~

yeMy, faBaiire B mpuMepe 1.29 paccMoTpuM 60JIee TOUHBINA METOJI € ICIIOIb30BaHUEM
SymPy, koTopasi, 0Ka3bIBaeTCs, MOAAEPKUBAET PabOTY € PAIIMOHATBHBIMY YUCTAMH.

MpumMep 1.29. NHTerpMpoBaHue ¢ NoMoLLbo SymPy

from sympy import *

# 06va6naem cumBon x 0na SymPy
x = symbols('x")

# 06bsaBasem PyHKyuw 4Yepe3 o0bbIYHLIL cuHmakcuc Python
f = x**2 + 1

# Beiqucnaem uHmezpan om ¢yHKyuu no x 6 uHmepBane om x = @ 9o x = 1
area = integrate(f, (x, 0, 1))

print(area) # 6uBooum 4/3

4
OranyHo! 3Ha‘-IHT, IIoliaAb Ha CaMOM /i€JI€ paBHAa 3HA4Y€HUIO = K KOTOpOMY
b

CXOIMJICS HaIll peApIaymuit metos. K coskanenuio, CTaH[[apTHbI‘ﬁ Python (kax
1 MHOTHE JIpyTHue SI3bIKU TTPOTPAMMUPOBAHNS ) TIOJIEPKUBAET TOTBKO JAECATHY-
HBIE IPOOU, HO CUCTEMBI KOMITBIOTEPHOI anreGpbl, Takue kKak SymPy, mo3BoasaioT
BBIYUCJIATD TOYHBIE pallMOHAJIbHbIEC YU CJIa. C IIOMOIIbIO UHTETPAJIOB MbI 6yI[CM
HAXO/UTh TLJIOMIA/h [Tl KPUBBIMU B TJIaBax 2 U 3, XOTs BCIO paboTy 3a Hac Oyer
BBIIOJIHATD scikit-learn.
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KAK BbIMUCATb UHTEMPAJIbl C MOMOLLbIO NMPEAEJIOB

Jliist caMbIX JIFOOOIIBITHBIX 1 CeiYac MOKaKy, Kak BBIYMCIISITh OIIpeleieHHbIE
WHTerpaJbl ¢ moMolnbio pezesioB B SymPy. [Toxkasmyiicta, ecsiu BHI elite co-
MHEBAETECh, UTO TBEP/IO YCBOWJIN BECH TIPEBIYIIIUI MATEPUAJ, — IIPOITYCTUTE
9Ty BPE3KY UJIM BEPHUTECH K Hell 11o3ske. Ho eciin Bbl yBepeHbl B cebe U XOTUTe
3HATh, KAK BBIYUCJISATH UHTErPAJIbI C TIOMOIIBIO ITPEIEIOB, — U3BOJIbTE!

OcHoBHas ujiest BO MHOTOM TIOBTOPSIET TO, Y€M MBI YK€ 3aHUMAJINCh: HYKHO
PACIIONIOKUTD IIPSAMOYIOJbHUKH 110/ KPUBOI U GECKOHEYHO YMEHbIIATh
UX IIUPUHY, II0Ka MBI He MPUOAM3UMC K ToYHOU 1wiomazau. Ho, koxeu-
HO, TIPSIMOYTOJIBHUKH HE MOTYT GBITh HYJICBOI IIUPUHBI;, IMUPUHA J0JIKHA
crpeMuThbest K 0, HO HUKOT/IA €r0 He JOCTUTATh. JTO ellle OJIUH CIy4a, rje
TIPUMEHSIOTCS TIPEIEITBI.

B Axagemun Xana (Khan Academy) ectpb orymmunas cratbs (https://oreil.ly/
sBmCy), KoTopast 00bsCHsIET, KaK HAXOAUTH WHTETPATHHBIE CYMMBI C TTO-
MOIIIBIO MIPEJIEJIOB, HO CEMYAC MbI IOCMOTPUM, KaK 9TO JlejiaeTcst B SymPy.

Mpumep 1.30. Vicnonb3oBaHve Npeaenos AN BbIYUC/IEHUS UHTErpanos
from sympy import *

# 06vsa6naem nepemeHHbvle 048 SymPy
X, i, n = symbols('x i n')

# 06vABnaem PyHKYUw U uHmepBan
f = x*¥*2 + 1
lower, upper =0, 1

# Bulqucnaem wupuHy u Beicomy Kax0020 npAMOY20/IbHUKA C UHOeKcom 1
delta_x = ((upper - lower) / n)

x_i = (lower + delta_x * i)

fx_i = f.subs(x, x_i)

# Mepebupaem Bce n nNpAMOYy20AbHUKOB U cymmupyem ux naouadu
n_rectangles = Sum(delta_x * fx_i, (i, 1, n)).doit()

# Bolqucnsem naowads,
# yCcTpeMMB 4UCNO MpAMOYTrO/SIbHUKOB N K 6eCKOHEYHOCTU
area = limit(n_rectangles, n, 00)

print(area) # Boi8o0um 4/3

31ech MBI OTIpeiesisieM MMUPUHY KaxkI0To MPSMOYTOIbHIKA delta_x 1 KO-
OpAIMHATY HayaJla Kask/[0To [IPSIMOYTOJIbHUKA X_1, T7ie § — UHJEKC IIPSMOY -
TOJIHUKA. fX_i — BBICOTA IPSIMOYTOJBHUKA C MHIEKCOM i. M bl 00bsIBIIsIEM
71 IPSIMOYTOJIBHUKOB I CYMMUPYEM UX ITomaau delta_x * fx_i, HO moka
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HE TOJTy9aeM KOHKPETHOTO 3HAYCHUA TIJIOMTa/lN, TOTOMY YTO MbI HE 3alaJIN
3HadeHne n. BMmecTo aTOTO MBI YCTPEMIIAEM 11 K 66CKOH€‘{HOCTI/I, 4TOOBI 1O~

o o 4
CMOTPETD, Ha KaKOU IIJIOIIa/I CONAETCA CyMMa, 1 T1oJIyd4a€M OTBET E'

3aKnoueHue

B aT0i1 r/1aBe MBI 3a710KUITN OCHOBBI JJI TOrO, 4yTOOBI OCBAUBATh ,ZIa]II)HeI';IIHI/Iﬁ Ma-
TepuaJl. MbI ocBeTUIN HEKOTOPbI€ BasKHbIE MaTEMAaTUYECKHE ITOHATHUA, KOTOPbIE
orHocaTcs K data science, MalllIMHHOMY O6y‘{eHI/IIO N aHaJIMTHUKE, — OT TECOPHUUH YHCEJT
110 ]IOFapH(bMOB 1 MHTETPAJIOB. ¥ Bac MOTYT BO3HUKHYTb BOIIPOCHI O TOM, YEM TaK
IT0JIE3HBI ATH MOHATUS. MbI IoroBopum 06 9TOM I[aJII)IHe!

[Ipexe vem MBI HAUHEM Pa3TOBOP O TEOPUU BEPOSITHOCTEH, yIe/nTe HEMHOTO Bpe-
MEHH TOMY, YTOOBI €IIle pa3 MPOCMOTPETh MaTEPUAJI 9TOU IJIaBbl, 4 3aTEM BBIIOJIHUATE
yIIpaskHeHUsI U1l caMOoIIpoBepKu. YuTast KHUTY Jjasiblile, BBl BCELIa CMOKEeTe BePHYThCS
K i1aBe 1 1 mpy HeoOXOANMOCTH OCBEKUTD €€ B ITaMSITH, KOT/[a HAYHeTe IPUMEHSITh
MOJTyYeHHbIe 3HAHWS Ha TIPAKTHKE.

YnpaxxHeHua ang camonpoBepKu

Asnsercs au unco 62,6738 panmoHaTbHBIM WK UppanroHaabHbiM? [Touemy?
Boiuncsmre snavenue soipaskenus 107 x107,

1/
Borunciure 8172,

3/
Beruuciaure 2572,

SANESERC I A

Kaxos 6yzer ocratok mo kpeauty B 1 000 1011apoB CpOKOM Ha 3 Tofa o 5 %
TO/IOBBIX, €CJIM IIPOLEHTBl HAYMCJAIOTCS €KeMeCsIyHo, a IJaTeskell B TeyeHue
3TOTO Iepuojia HeT?

6. Brimoanure nmpeabiayuiee ynpaxKHeHnue 1mpu yCja0BHUM, YTO IIPOIEHTBI HAUYMUCJIIA-
I0TCA HETIPEPBIBHO.

UYemy pasen ykion rpaduka by f(x)= 3x* +1 pu x=37
Yemy pasHa miomap noz rpaduxom dynkimn f(x)=3x +1 B unrepsane ot
x=0m0x=27

Ortetbt — B [Ipusioxenun b.



[MIABA 2

Teopua BepoATHOCTEN

YTo IpUXOANT HA yM, KOT/IA BBl 33J[yMbIBA€TECh O BEPOSITHOCTH? BO3MOXKHO, BBI
BCITOMHMHAETe ITPUMePBI, CBSI3aHHBIE C a3aPTHBIMU NTPAMU, — HAIIPUMeEP, BEPOSITHOCTD
BBIUTPATh B JIOTEPEIO UM BEPOSITHOCTD TOTO, YTO HA /IBYX UTPAJTBHBIX KOCTSIX BBITIA/LY T
mecTepKu. A MOKET ObITh, BHI TIpe/IcTaBisteTe cebe POrHO3MPOBAHKE Kypca aKIHii,
HCXO/IA TOJTMTHYECKUX BBIOOPOB WJTH TOTO, TIPUJIETUT JIU BAIIl cCaMOJIeT BoBpeMst. Harr
MUP TI0JIOH HEOTIPE/IeIeHHOCTEN, KOTOPbIEe HAM BasKHO OIEHUTD.

Bo3mo:xHO, IMEHHO Ha 3TOM CJIOBE CJIElyeT COCPENOTOYNTHCS: HEONIPEIeIEHHOCTb.
Kak M0kHO M3MepUTh UTO-TO, B YeM MbI HE YBEDEHBI ?

B xoneunowm cuere TeopuAa BepOHTHOCTeﬁ — 9TO TEOPETUYIECKaA AUCITUIIIINHA, KOTOPast
N3YYacT, KaK U3MEPATD CTEIIEHb YBEPEHHOCTU B TOM, UYTO co0ObITHE HpOHSOﬁlIeT. Ha Ty
AUCIIUIIJINHY OIMUPAETCA CTATUCTUKA, ITIPOBEPKA CTATUCTUYECKUX I'MIIOTE3, MAllTMHHOE
o6yqu1/Ie 1 Apyrue TeMbl ATOI KHUTH. MHOTHE BOCHIPMHUMAIOT BEPOATHOCTDb KaK HEYTO
camo coboi pasymMeronieecsa n CHUTaroT, 4YTO ITIOHUMAIOT €€. O,ZIHB.KO 3T0 H0JIEEe MHOTO-
IpaHHaA 1 CJIOKHasA TEMa, YEM IyMacT GOJIBIINHCTBO JIIO,ZIGI7L XoTs TEOPEMbI U ITOHATUS
Teopun BepOHTHOCTefI MaTeMaTNYECKN O60CHOB3.HI)I7 C HUMHW Ha9MHAIOTCA 3aTPYAHEHN ],
KOr/Zla MbI ITPUBJICKAEM JIaHHBIE 1 TIEPEXO/IUM K CTaTUCTHUKE. Mbur IIOroBOpuM 06 aTOM
B IJ1aBe 4, KOTOpas NocBAIleHa CTATUCTUKE U ITPOBEPKE CTATUCTUYECKUX TUIIOTES.

B 57001 rytaBe MBI 00CYZUM, UTO TAaKOE BEPOSITHOCTh. 3aTe€M MbI PACCMOTPUM Ma-
TeMaTUUYECKKE MOHSATHST TeOPUN BeposiTHOCcTel, hopmy.ry Baiieca, GuHOMUaIbHOE
pactipeziesieHne u Geta-pacripeseseHue.

YT0 TaKkoe BEpOATHOCTD

Bepoamuocmb — 9TO CTEIIEHb YBEPEHHOCTU B TOM, YTO cobbITHE HpOHSOﬁlIeT, qacTo
BbIpaskaeMasd B ITPOIECHTaX. Bor HEKOTOPBIE ITPUMEPBLI BOIIPOCOB, OTBET Ha KOTOPHLIE
MOJKHO OIIEHUTDb KaK BEPOATHOCTD.
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® KaxoBa BepOSTHOCTD TOTO, UTO, €CJIH MOAOPOCHTH MoHeTy 10 pas, 7 pas BbI-
najieT opeJi?

KakoBbI MOU IIAHCHI TIOOEUTD Ha BEIOOPax?
Ormo3/1aeT uau HeT Moii peiic?

Hackoubko st yBepeH B TOM, 4TO TOBap GPaKOBAHHBIN?

Hawubomee pactipoctpaHeHHBIN ¢IOcO6 BBIPA3UTh BEPOSITHOCTh — B TIPOIIEHTAX, Ha-
npumMep «BeposTHOCTB TOTO, UTO peiic onosnaer, coctanisteT 70 %». Mbt 6ynem 060-
3HaYaTh 9Ty BepoATHOCTh P(X ), e X' — unTepecyiomee Hac cobbiTHe. OHako,
paboTast ¢ BePOSITHOCTBIO, BBI Yallle Bcero Oyere BCTpevaTh ee B BUJE ACCATUIHOI
npobu, KoTopast JIesKUT B uHTepBase Mexkay 0 u 1 (B gaHHOM caydae 310 Apobb 0,7):

P(X)=0,70

IIpasdonodobue noxozxe Ha BEPOSATHOCTD, 1 [BA 9TUX HOHSTHS JIETKO CITyTaTh (TaK IOCTY-
ITAI0T MHOTHE CIOBApH ). B OBCEHEBHOM OOIIEHUH «BEPOSITHOCTD U «IIPABIAONOA00UE
MOZKHO CMEJIO UCIIOJIb30BATh KAK CHHOHUMBI. OHAKO CJIeIyeT IIOHUMATb, YeM OHU Pas-
JIMYaioTest. BepoATHOCTh KOJIMYECTBEHHO OLEHUBAET TIPEICKA3aHUsA COOBITHI, KOTOPbIE
ellle He TPOU3OIILIH, TOT/A KAK [TPABI0NO001e U3MEPSIET YACTOTY Y3Ke MPOU3OTIE/IITIX
co6bITHil. B cTaticTrKe M MAITMHHOM OOYYEHUE MBI 4aCTO UCIIOJIB3YeM MPaBAonofobue
(ZaHHBIE O IIPOILIOM), YTOOBI IIPOTHOZUPOBATH BEPOATHOCTD (HAHHBIE O OYAyILIEM).

BaskHO OTMETUTD, UTO BEPOSITHOCTh HACTYILIEHHSI COOBITHS OJIKHA HAXOAUTBCS CTPOTO
mesxy 0 u 100 %, wmu Mexay 0 u 1. Jlorrka moIcKa3bIBaeT, YTO BEPOSITHOCTD TOTO,
4TO COOBITHE HE IPOU30MAET, MOYKHO BBIYHCJIUTD, ECJIA BBIUECTH €0 BEPOSITHOCTD U3 1:
P(X)=0,70
P(ne X)=1-0,70=0,30

EcTb eliie 0jiHO pasinume MEXK/IY BEPOSITHOCTBIO U ITpaBonoobueM. BepositHocTu
BCEX BO3MOXHbBIX B3aNMOUCKJ/IIOYAIOI[NX NCXO/I0B CO6bITI/IH (I/IMCGTCH B BUY, YTO BO3-
MO>KEH TOJIbKO OJI1H, @ He HECKOJIbKO MCXO/I0B) JIOJIKHBI B CYMMeE COCTaBJIATD 1, MTH
100 %. Oanaxo npasaonogodue He MOJYNHSETCS ITOMY IPABUILY.

B apyrux ciydastx BEPOSATHOCTh MOKET ObITh BbIPasKEHA B BULE OMHOUECHUS ULAHCOB

7
O(X), nanpumep 7:3, 3 wm 2,(3).

Y1066l IpeoGpasoBaTh OTHOIIEHHE [IAHCOB O(X ] B BEPOSITHOCTD P(X ] , BOCTIOJIb-
3yHTech caenyronieit GopMyoi:

|~

__o0(x) _
C1+0(X) L7
3

P(X)

=0,7
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LWAHCbI BbIBAIOT MOJIE3HbI!

XoTst MHOIMM ya00Hee BBIPaKaTh BEPOSITHOCTH B BUJE IPOLEHTOB MU
MIPOIIOPITNIA, OTHOTIIEHE IIAHCOB — TOKE TI0JIE3HbIH MHCTPYMeHT. Ecii oHo
PaBHO 2, 5TO O3HAYAET, YTO HACTYILIEHHE HEKOTOPOTO COOBITH B IBa pa3a Be-
pOsITHEE, YeM TO, UTO OHO He HACTYTIUT. VIHOT/1a 3TO TIOMOTaET JIydIIie OIUCaTh
YBEPEHHOCTH B MCXOJIe COOBITHS, YeM IIPOIEHTHOE COOTHOLIEHHE 66,(6) %.
[ToaTOMY IIAHCHI IOJIE3HBL, YTOOBI KOJIMYECTBEHHO OLIEHUTD CyObEKTHUBHYIO
YBEPEHHOCTD, 0COOEHHO B KOHTEKCTE a3aPTHBIX UTP WU CTaBOK. OTHOIIEHE
[IAHCOB UIPaeT BayKHYIO POJIb B GalleCOBCKOM CTaTUCTHUKE (B TOM YKCJIE B BbI-
yucyaennu Koadduimenrta Baiieca), a TakyKe B JIOTMCTUYECKOM PETPECCHH,
KOTOPYIO MBI PACCMOTPHM B TJIaBe 6.

Teopus BepoATHOCTEN U CTaTUCTUKA

Wnorpa moam ncnosb3yioT TEPMUHBL MeopUst 6eposmuocmeri i CMamucmuxa Kax
B3auMo3aMensgemble. HeymuBuTeabHo, 4TO 3TH AUCIUTIIMHBL YACTO IIyTAIOT, OZIHAKO
OHM BCe e pasanyaiorcs. Teopus seposimnocmeri YACTO TEOPETUUYECKU OIIEHUBAET,
HACKOJIbKO BEPOSITHO HACTYILIEHUE TOTO UK UHOTO COOBITHS, U He TpeGyeT IpuBJIe-
KaTb JOTIOJHUTEIbHBIE JaHHbIe. Cmamucmuxa sxe, HAllpOTUB, He MOKET CYIIeCTBOBATD
6e3 TaHHDIX U UCIIOJIb3YET X, YTOODI BBISIBUTH BEPOSITHOCTH, & TAKIKE TTPEIOCTABIISIET
HWHCTPYMEHTBI JIJIsl TOTO, YTOOBI OIIMCHIBATH TAaHHBIE,

[laBaiite mogymMaeM, Kak MpejackasaTh, 4TO IPH OPOCKE OJHON UTPaIbHONM KOCTH
BbINazieT 4. Ecau nofoiiTi ¢ 4ucTo BEPOSITHOCTHON TOUKHU 3PEHUSI, TO MOYKHO TPO-
CTO CKa3aTh, YTO Y KOCTH TIeCTh TpaHeil. MBI TpemosaraeM, 4To Kaxkaasd U3 HIX

1
PaBHOBEPOSITHA, II09TOMY BEPOSITHOCTD TOTO, YTO BBINAJIET 4, paBHa 3 nuim 16,666 %.

OHaKO PBIHBIN CITEIMATUCT 110 CTATUCTUKE MOKeT Bo3pa3uth: « Her! Ham ny:xHO
OPOCUTH KOCTh HECKOJIBKO pas, 4T0ObI coOpaTh OoJibile JaHHbIX. Eciu Mbl caena-
eM x0T 6b1 30 GPOCKOB, a JIydlie — elle GOJbIIEe, TOJIBKO TOrJA Y HAC HOSBSTCS
JaHHbIe, YTOOBI OIPEAENUTh BEPOATHOCTD TOTO, YTO BhIMazeT 4». Takoil moxxon
MOJKET [T0Ka3aThCs HEPasyMHBIM, €CJIM MbI IIPe/[II0JIaraeM, 4YTo KOCTb cjejiana 6e3
nedeKTOB, HO YTO eCJIi 9TO He Tak? B aToM ciyuae coOparh JaHHble — e[UHCTBEH-
HBIN CTIOCOO Y3HATH BEPOSITHOCTH TOTO, uTO BhInageT 4. O MpoBEpPKe TUIIOTE3 MBI
IIOTOBOPUM B IJIaBe 3.



Matematvika BepoaTHOCTeV 59

MatemaTuKa BepoATHOCTEN

Korzia Mbl iMeeM J1e710 ¢ BEPOSITHOCTBIO O/IHOTO-eIMHCTBEHHOTO coObITHst P(X) —
OHa €llle Ha3bIBAETCS 6€3YCAOBHOU 6ePOAMHOCTBIO, — CUTYAIINSI BBITJISIIUT OBOJIBHO
IPOCTO, KaK y»Ke TOBOPUJIOCh patee. Ho Korma Mbl HaunHaeM KOMOUHUPOBATH BEPOSIT-
HOCTH Pa3HbIX COOBITUH, BCE CTAHOBUTCS HE TAKUM OYEBUIHBIM.

BepoaTHOCTb NepeceyeHns CoObITHIA

[orycTtM, y Bac ecTb CUMMETPUYHAd MOHETA U «4eCcTHas» UrpajibHag KocTh. He-
006X0/INMO HANTH BEPOSITHOCTD TOTO, UTO HA MOHETE BBITIAJIET OPEJT, a HA KOCTU — IIIe-
crepka. 3/1ech (pUTypUpyIOT B OTIENbHbIE BEPOATHOCTH JABYX OTETBHBIX COOBITHI,
HO MBI XOTUM HAUTH BEPOSITHOCTH TOTO, 4TO 06a COOBITUST TIPOU3OMIYT BMECTe. ITO
Ha3bIBAETCS BEPOAHOCIIBIO NEPeceUenst COOLIMULL, NIV COBMECHOU GEPOAMHOCIBIO.

ITpencraBsTe BEPOATHOCTD HEpEcedeHrs COOBITUN KaK Jorndeckuii onepatop 1. Mbl
XOTUM HAaWTH BEPOSITHOCTH TOTO, UTO BhITTAJIET opesi VI 0JJTHOBPEMEHHO BBITIAJIET 6.
Heob6xox1rmo, uTo6bI 06a COOBITHSI HACTYIIUIM BMECTE, — TaK KaK jKe BbIYMCJIUTh
3Ty BEPOSITHOCTDH?

Y MoHETBI ABE CTOPOHDI, 4 Y KOCTU HIECTh rpaHeﬁ, TI09TOMY BEPOATHOCTD TOT'O, YTO BbI-

1 1 .
IaZieT opeJi, paBHa Y a BEPOATHOCTD TOI'O, YTO BbIIIAJET IIECTEPKA, — g . Yrob6b! HaiiTu

BEpPOSTHOCTD TOTO, UTO MPOUBOHIYT 06a cOOITHA (IIPH YCIOBHH, YTO OHU HE3aBUCH-
MBI, — OAPOOHEE 06 3TOM 1M03Ke! ), MOJKHO ITPOCTO MEPEMHOKUTD 3TH [[BE BEPOSTTHOCTH:
P(AWUB)=P(A4)xP(B)

1

P(open) =~
(open) :
1
P(6)=—
©-1
P(opeﬂI/I6)=lxl=L=U,08[3]
2 6 12

Bce mocratouno mpocTo, HO II0YeMy BEPOSITHOCTD BBIYHCIISIETCSI UMEHHO Tak? MHorue
[PaBUJIA TEOPUU BEPOSITHOCTEN MOKHO TIOJYYHTh, €CJIU NepeGpaTh Bce BO3MOXKHBIE
KOMOMHAIMY COOBITUI. (DTUM 3aHUMAETCA KOMOUHATOPUKA — 06JIACTh IUCKPETHOM
MaTeMatrku. ) [lJist HaIero cJryvasi epednciuM Bee BO3MOKHBIE HCXO7Ibl OPOCKA MOHETBI
u kybuka, copmectus opioB (O) u pemku (P) ¢ uncnamu ot 1 10 6. JKuphbim mpud-
TOM BbIJIeJIEH MHTEPECYIONIUIT HAC MCXO/I, T/Ie MbI TI0JTy4aeM OJJHOBPEMEHHO OpJia U 6:

01 02 03 04 05 06 P1 P2 P3 P4 P5 P6
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OG6paruTe BHUMaHIeE, YTO, €CIM OPOCATh MOHETY U KYyOUK, BOBMOKHBI 12 MCXO/IOB.
Hac maTepecyeT Tosbko ricxox «O6» — BBITIaIeHNe opia u mecTepku. [lockompky
HaIleMy yCJIOBHIO YAOBJIETBOPSIET TOJBKO OJMH UCXO/I, a BCETO NX BO3MOXKHO 12, TO

1
BEPOSITHOCTD BBITIQ/IEHNS OpJia U IIeCTEPKU paBHA X

BmecTo Toro 4To6nI Hepe6HpaTb BC€ BO3MOJKXHbIE KOM6I/IH8.III/II/I " IIOJICUHUTBIBATD TE,
KOTOpPbI€ HAC UHTEPECYIOT, MOKHO 6bICTpO HaXOANTb COBMECTHYIO BEPOATHOCTD C 110~
MOIIbIO YMHOKEHNI. 1O IIPaBUJIO U3BECTHO KaK npasujlo YMHOMCEHUA 6€p0ﬂmHOcm€LVlZ

P(A H B): P(A)x P(B)

P(open U 6)=%xé=é= 0,08(3)

BepoatHocTb 00beanHeHUA COObITHIA

Mbr 06cyIMIN BEPOSTHOCTD TIEPecedeH st COGBITHI, TO €CTh BEPOSATHOCTH TOTO, YTO
OZIHOBPEMEHHO HACTYTISIT /[BA UK Oosiee COOBITHI. A Kak OBITH ¢ BEPOSITHOCTHIO
TOr0, 4TO HAacTyIUT coObiThe A nnu B? Korma Mbl paccmarpuBaeM onepaiuio MJIN
B KOHTEKCTE BEPOSITHOCTEH, 9TO HA3BIBAETCSI 6EPOAMHOCTILIO 066E0UHEHUS COOIMULL.

HauHeM ¢ necoemecmivix COOBITHIT — TAKUX, KOTOPbIE HE MOTYT IPOU30UTH OTHOBPE-
MeHHO. Hatpumep, ecjirt 6pocaTth KOCTh, Ha Hell He MOTYT OJIHOBPEMEHHO BBITIACTD 4 1 6.
Mo3KeT oIy IUThCS TOJBKO OMH UCX01. Hall Tt BeposiTHOCTD 0O beANHEH ST COOBITHIA
JU7IST TAKWX CJTy4aeB OY€Hb ITPOCTO: IOCTATOYHO BCETO JIUIIH CIOXKUTH BEPOSTHOCTH
oT/ebHBIX coObITHiL. Eciti Hac MHTepecyeT BEPOSITHOCTh TOTO, YTO TIPU GPOCAHUN

2 1
KOCTHU BBINaJeT 4 uiu 6, To oHa Oy/ieT paBHa = = 5:

[§]

I

P(4)=—

(4) p

1

P(6)=—

(6)=
111
P(4 WIH6) = —+—=—
6 6 3

Ho xax 6bITb C ITPOM3BOJIbHBIMI CO6bITI/IHMI/I, KOTOpbIE MOTYT HpOHBOfITH OZIHO-
BpeMeHHO? BepHeMcst K mpuMepy ¢ GPOCKOM MOHETHI 1 KocTh. KakoBa BepOSITHOCTD
TOTO, uTO BhiazieT opesa WJIN 67 Ilpexzae ueM moanaTbCs UCKYIIEHUIO CJIOKUATD
BEPOATHOCTHU 3TUX CO6bITI/Hl/)I, I[aBafITe €II1e pa3 MepeIrCJaM BCE BOSMOJKHBIE NCXO/IbI
U BBIJIEIUM Te, KOTOPBIE HAC MHTEPECYIOT:

01 02 03 04 05 06 P1 P2 P3 P4 P5 P6
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B MaHHOM CJIy4ae HaC MHTEPECYIOT KaK BCE MCXO/IbI, B KOTOPDBIX BbITIAJI OPEJI, TaK 1 BCE
MCXO/bI, B KOTOPBIX BhITIAJIa 6. BTOMy YCJIOBUIO YAOBJIETBOPAIOT 7 13 12 BO3MOKHBIX

7
HCXOJIOB, a 3HAYKT, MPABUJIbHASA BEPOSITHOCTh OObEINHEHNS PaBHA 1—7:0,58(3].

Ho uTo mpousoiiner, eciu mpocTo CI0KUTh BEPOSTHOCTH BBITIAJI€HNS OpJia 1 IIecTep-
ku? Mpl monyunm npyrout (HenpaBusbabiii!) orset 0,(6):

1

P(open) =~
(open) 5
1
P(6)=—
©-1
P(opeﬂHﬂH6)=l+l=i=0,(6)
2 6 6

[Mouemy Tak? M3yunTe ere pa3 Bce KOMOMHAIINH UCXO/I0B GPOCKOB MOHETHI ¥ KOCTH
U TIOCMOTPUTE, HET JIU B HUX Y€r0-TO MOA03PUTEIBHOT0. BbI 00HAPYIKUTE, UTO, KOT/IA
MBI CKJIQJIBIBAJIN BEPOSITHOCTH, MBI JIBAK/IBI YU BEPOSTHOCTH TOTO, UTO BBITIAZIET
mecrepka, — u B <065, 11 B «P6»! Eciii 910 He cOBCeM OYEBHIHO, MOMPOOYTE aHa-
JIOTUYHBIM CITIOCOGOM HAWTH BEPOSITHOCTD TOTO, UTO HA MOHETE BBITIAIET OPEJT UJIH Ha

KOCTH — Jifo0oe uncio ot 1 1o 5: |

P(open) =~
(open) 5
5
P(OT]JJOS):g
P(OPEJ'I[/U]V]OTI,-'[05]=l+§=§=1,(3]
2 6 6

[Mosmyummacs BepositHOCTb 133,(3) %, 94TO, O4€BUIHO, HEBEPHO, TOTOMY YTO BEPOSIT-
HOCTb He MOKeT ObIThb GoibIne 100 %, niau 1. ITpo6jieMa OIsTh B TOM, 4TO MbI JIBAK/IbI
Y4JIM HEKOTOPBIE UCXOIBL.

Eciin nopasmbIC/IuTh Hajl 9TUM 4yTh JOJIbIIE, TO MOKHO HAUTHU JIOTMYHBIN CII0CO0
YCTPAHUTD 5Ty OUIMOKY: BBIYUCIISIS BEPOSITHOCTD OObEMHEH S COOBITUI, BLIYECTD 13
Hee BEPOSITHOCTD TepeceueH ist. ITO MPABUJIO U3BECTHO KAK NPABULO CLONCEHUSL BEPOSIM -
Hocmetl; OHO 0OeCIIednBaeT, YTOOBI K0 COOBITHE YYUTHIBAIOCH TOIBKO OfUH Pas:

P(AHJIH B) = P(A)+P(B)-P(AH B)= P(A)+P(B)-P(A)xP(B)

Takum 06pa3oM, eCJI BEPHYTHCS K HAIlleMy TPUMEPY € BEPOSITHOCTHIO BBITA/ICHUST
OpJia WK HIECTEPKH, HEOOXOIMMO U3 CyMMbI BEPOSITHOCTEH OT/Ie/IbHBIX COOBITUI BbI-

4eCTh COBMECTHYIO BEPOSITHOCTD TOTO, YTO BBITIA/IET OHOBPEMEHHO OPEJI 1 IeCTepKa:
1
P(open)= 3
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P(A HJYHB): P(A)—i—P(B)—P(A)xP(B)

P(open UJIN 6) :l+l—[lxl] T 0,58(3)
2 6 2 6 12
3ameruM, 4To 3Ta (GopMyJia IPUMEHNMA U K HECOBMECTHBIM coObITUsiM. Ecii co-
OBITUS SABJILAIOTCA HECOBMECTHBIMU M BO3MOKEH MO0 ucxon A, mmbo B, Ho He 00a, TO
BEPOATHOCTD Hepecedenns cobbituii P(4 U B) Gyzer pana 0, a 3HAUNT, ee MOKHO
UCKJIIOUNTD U3 (popmysl. OCTAETCS MPOCTO CI0KUTh BEPOATHOCTH COOBITHI, KaK
MBI JieJIaJIH 10 9TOTO.

Taknm O6p8.30M, KOTrla Bbl BbIYHCJIAETE BEPOATHOCTD O6'beJII/IH€HI/IH ABYX CO6bITHI71,
KOTOPbIE HE ABJIAIOTCA HECOBMECTHDBIMU, 00643aTeIbHO BbIYUTAlTE COBMECTHYIO BE-
POATHOCTD 9TUX CO6bITPIfI, 4yTOOBI HE YUUTbIBATb HEKOTOPbIE BEPOATHOCTU JIBAK/IbI.

YcnoBHaA BepoATHOCTb M popmyna baieca

OjHO U3 TIOHSTUH TEOPUE BEPOSITHOCTEH, KOTOPOE JIETKO COUBAET JIFOJIEH C TOJIKY, —
3TO YCAOBHASL BEPOSIMHOCTD, TO €CTh BEPOSTHOCTH TOTO, YTO HACTYIUT COOBITHE A,
TIPH YCJIOBUH, YTO HACTYTUIO coObITHE B. OOBIYHO OHA 0603HAYAETCS P( A|B )

JlomycTrM, HEKOTOPOE UCCIeIOBAHIE YTBEPKAAET, 4T0 85 % stozell, GOJbHBIX PAKOM,
nuu kKode. Kak Bl Ha 910 oTpearnpyere? He HactopakuBaet jii Bac aToT haxt? He
BBI3BIBAET JIK OH JKeJIaHWsI OTKA3aThCs OT JTIOOMMOT0 yTpeHHero Harmtka? /lasaiite
CHAYasIa ONPEEIIIM 3TOT II0Ka3aTellb Kak yCI0BHYIO BeposiTHOCTb P (Kkode | pax).

Ona npejicraBiasger coboi BEPOSTHOCTD TOTO, YTO YEJOBEK TheT Kode, TIPH yCIOBUH,
YTO OH CTPaJIaeT OT paKa.

[l mprMepa cpaBHUM JIOJTIO JIIojieit ¢ oHKoIoTnYeckuM auaraozoM B CIIIA (0,5 % o
JAaHHBIM CaNCer.gov) U I0JIIO JII0/Ieid, KOTOpbIe TbIOT Kode (65 % 110 maHHbIM statista.com):

P(xode) = 0,65
P(pax) = 0,005
P(xode| pak) = 0,85

XM-M... BaumareibHO udydnre aTH UG PBI U 3a[aHTECh BOIIPOCOM, IEHCTBUTETHHO JIN
npobJieMa 3akiouaercst B kode. ObpaTute BHUMaHUE, UTO TOJMBKO 0,5 % HaceJeHus
B OIIPEJIEIEHHBIA MOMEHT BpeMeHu 6osietor pakoM. OHAKO 65 % HaceleHusl pery-
JspHO HIOT Kode. Eciu kode criocobeTByeT BOSHUKHOBEHUIO PAKa, TO HE JOJIKHBI
Jii HabJiogaThest ropaszio 6oJiee BbICOKME II0Ka3aTesn 3aboieBaeMocTu, yeM 0,5 %?
He nosxna au 1019 601bHBIX OBITD OJMKe K 65 %?
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B aTOM W cocTOUT KOBapCTBO MPOIEHTHBIX COOTHOIIeHWH. OHU MOTYT Ka3aTbCs
CYIIECTBEHHBIMY 0€3 KaKOT0-JT100 KOHTEKCTA, U ’KYPHAJHMCTH 3TUM MOJb3YIOTCS,
uyTo0BI TIpUBJIEeYb BHUMaHUe. «HoBoe 1ccreoBanue mokasano, 4to 85 % GOJBHBIX
PaKOM MBIOT KO(ey, — TIACHUT 3ar0JI0BOK. KOHEUHO, 9T0 HeZI0OPOCOBECTHO, TIOTOMY
YTO JKYPHATUCT B3SUT MIUPOKO PACPOCTPAHEHHBIN TpU3HaK (yrnoTpebieHie Kode)
1 CBSI3AJT €T0 ¢ MAJIO PACIIPOCTPAHEHHBIM MTPU3HAKOM (3a00JIeBaHIE PAKOM).

B yCI0BHBIX BEPOSITHOCTSIX JIETKO 3y TAaThCH, TIOTOMY YTO BaKHO, KAKOE U3 COOBITHIH
SIBJISIETCS YCJIOBUEM, — a MHOTHE OLIMOOYHO paccMaTpUBaIOT 00a COOBITHS KaK B YeM-
TO PaBHO3HAYHBIE. «BEPOSITHOCTD 3200JIETH PAKOM, ECJIH BbI ITbeTe KO(hey» — ITO HE TO
JKe CaMoe, UTO «BEPOSITHOCTD OBITH JobuTeieM Kode, ecin y Bac paks. [Tporie roBopst,
MaJIO KTO U3 KO(heMaHOB OOJIEET PAKOM, HO MHOTHE OOJIbHBIE PAKOM IMBIOT KO(e.

Ecau Mbr xoTHM N3yUUTb, BJIUACT JIN KO(be Ha pa3BUTHE PaKa, TO Ha CaMOM /ieJjie
HYXHO PAaCCMOTPETD MEPBYIO M3 9THUX YCJIOBHBIX BepOHTHOCTeﬁI BEPOATHOCTD TOTO,
4TO KTO-TO H0JIeeT PpaKoMm, ITpn yCJIOBHUH, YTO OH IIbET KO(be.

P(xode | pak) = 0,85
P(pak||<0d)e): ?

Kak mepeBepHyTH ycaoBue? CylecTByeT POCTasi, HO MOIIHAsI (opMysIa, KOTopast
HasbiBaeTcs (popmyoit Baiieca, 1 ¢ ee TOMOIIBIO MOKHO TIEPEBOPAYMBATD YCIOBHBIE
BEPOSITHOCTH:

P(B|4)P(4)

PAIB)= =2

Ecisn nogcraButh B 3Ty opMyJIy JaHHBIE, KOTOPbIE Y HAC €CTh, MOXKHO HalTH BEpPOsT-

HOCTb TOT'O, UTO Y€JIOBEK 6oJ1eH PpaKoMm, ITpn yCJIOBHUH, YTO OH IIBET KO(beZ

P(xode | pak ) x P(pak) _ 0,85x0,005
P(xode) 0,65

P(pak| kode) = =0,0065

B mpumepe 2.1 mpescrasien kof Ha Python, KoTOpbIit BRIYKCISIET TO JKe caMoe:

Mpumep 2.1. Wcnonb3osaHue dopmysbl balieca Ha Python

# BEpPOATHOCTb TOro, YTO YenoBeK NbeT Kobde
p_coffee_drinker = .65

# BEpOATHOCTb TOro, 4YTO YenoBek 60NeH pakom
p_cancer = .005

# BEpPOATHOCTb TOro, 4TO YenoBek MbeT Kode,
# npu ycnosum, 4TO OH BoneH pakom
p_coffee_drinker_given_cancer = .85
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# BEpOATHOCTb TOro, 4TO YenoBek 6oneH pakom,
# npu ycnoBuu, 4YTO OH NMbeT Kode
p_cancer_given_coffee_drinker = \
p_coffee_drinker_given_cancer * p_cancer / p_coffee_drinker

# BbIBOAMT 0.006538461538461539
print(p_cancer_given_coffee_drinker)

TaxuM 06pa3oM, BEPOSITHOCTH TOTO, UTO YeTOBEK GOJIEH PAKOM, €CJIU OH MheT Kode,
cocrasJisieT Beero 0,65 %! ITa BeslMurHA CUITHHO OTJINYAETCS OT 85 Y%-HOM BEPOSITHOCTH
TOTO, YTO YEJIOBEK, KOTOPLIH MheT Kode, Goster pakoM. Temeph BbI TOHNMAETE, TIOYEMY
Ba’KHO, KaKoe 13 coObITUI siBJIsieTcst yeaosreM? ViMenHo moatomy dopmyia Baiteca
Tak noJsiedHa. C ee IIOMOIIBIO TaKKe MOKHO COCTABJIATD LIEIIOYKU U3 HECKOJbKUX
YCJIOBHBIX BEPOSITHOCTEH, YTOOBI TOCTOSTHHO OOHOBJISITH HAIITH OKU/IAHVSI, OTIHPAsChH
Ha HOBYIO MH(MOPMAIIHIO.

KOro MOXHO HA3BATb «JIIOBUTEJIEM KOOE»?

OrMeuy, 4T0 371eCh MOJKHO OBLIO YYECTD U JPYTHe TlepEMEHHbIE, B YaCTHOCTH
T€, KOTOPBIE OIPEJETISTIOT YeToBeKa Kak «mobutestst kodes. Ecan o ve-
JIOBEK ITheT Koe Pa3 B MECSIIL, a APYTON — KasK/IbIi I€Hb, CTOUT JIN CINTATD
oboux «rmoburessiMu Kodes? CTOUT 1 OIMHAKOBO YYUTHIBATH TEX, KTO
Hayas miTh Koe MecsIt Hasa, 1 TeX, KTo mbeT ero yxe 20 mer? Kak acro
U KaK JI0JIT0 HYKHO TUTH Koe, 4TOOBI TPUOGPECTH CTATYC «II0OUTENs
Ko(e» B 9TOM UCCIIEZI0BAHII OHKOJIOTUYECKUX 3200/ I€BaHNIT?

ITO BaskKHbBIE BOIIPOCHI, HA/l KOTOPBIMU CTOUT 33[yMaThCsl, 1 OHU MTOKA3bI-
BaIOT, TIOUEMY JIAHHBIE PEAKO PACKPBIBAIOT MOJHYIO KapTuHy. Ecii KTO-TO
MIPEIBABUT BaM 3JIEKTPOHHYIO TabJIUILY TAI[IEHTOB C TPOCTHIM IIPU3HAKOM
«IA/HET»> B rpacde o ToM, IbIOT JIK OHU KOde, TpebyiiTe yKa3aTh TOUHbBIE
kputepun! BosmoxkHO, HoHanoOuTcs 6ojiee BecoMasl OLEHKA, HalIPUMepP
«KOJINYECTBO Yaliek Kode, BBIUTHIX 32 TOCTeHUE TPU Tojas. S ympo-
CTHUJI CBOI TIPUMED ¥ HE CTaJl YTOUHSITh, 110 KAKUM KOHKPETHO TIPU3HAKAM
KBaanUIMPYIOTCS «100uTeIn Kode», HO UMeNTe B BUALY, YTO B PealbHOI
paboTe Beera moJie3Ho HOTAHYTh 32 HUTOUKY U PACIIYTaTh KIyOOK JaHHBIX.
[ToxpoGHee 06 3TOM MBI TIOTOBOPHM B TJIaBe 3.

Ecymi BB X0THTE TIyOsKe y3HATh, Kak paboTtaeT hopmyia Baiteca, obparurech k IIpu-
noxkeHnio A. Iloka ke 10CTaTOYHO 3alIOMHUTH, YTO OHA TTOMOTAET MEePEBEPHYTH
YCJIOBHYIO BEPOSTHOCTb. /laee MBI TIOTOBOPUM O TOM, KaK yCJIOBHAsI BEPOSITHOCTh
COUETAETCST C BEPOATHOCTHIO MIEPECEUEHNUsT U OObETMHEHNS COOBITHH.



Matematvika BepoaTHOCTeV 65

HauBHbli1 6aitecoBCKMil anroputm

®opmya baiteca Urpaet 1eHTPATbHYIO POJIb B TIOMYISIPHOM JITOPUTME Ma-
[IUHHOTO 00YY€eHNsI, KOTOPbIN HA3bIBAETCS] HAMBHBIM OalleCOBCKUM aJITOPUTMOM
(Naive Bayes). [Ixoan Ipyc pacckassiBaeT 06 3ToM B cBoeiil kuure «Data
Science. From Scratch».

YcnoBHad BEPOATHOCTb NepeceyeHnAa n 06beAnHeHnA cobbITUI

JlaBaiiTe BepHEMCST K BEPOSITHOCTH TIepecedeHrst COOBITUI 1 MOCMOTPUM, KaK OHa
COYETAETCs C YCIOBHON BEPOSATHOCTHIO. JlOTTyCTHUM, MBI XOTUM HANTH BEPOSITHOCTH
TOTO, 4TO KTO-TO MheT Koe 1 Gosen pakom. HysKHO Ji TEPEMHOKUTH BEPOSITHOCTH
P(xoe) n P(pak)? N Bmecto P(kode) ncnomssosars P(kode | pak), ecm ata
BEPOSITHOCTH M3BecTHA? UTO M3 3TOr0 BHIOPATH?

Bapwuanr 1:
P(xode)x P(pax)=0,65x0,005=0,00325

Bapwanr 2:
P(Kod}e | pax)x P(pal{) =0,85x0,005=0,00425

Ecii MbI y7Ke YCTaHOBUJIM, YTO UCKOMAsi BEPOSITHOCTh OTHOCKUTCS TOJIBKO K 0O0JIb-
HBIM PaKOM, TO HE UMEET JI CMBICJT KCITOIb30BaTh I (l{od)e | paK) BMecto P (KO(be)?
BapuaHT ¢ yc/0BHOI BEPOSITHOCTBIO GoJiee n30MpaTesIbHbIN, U B HeM (urypupyer
YCJIOBHE, KOTOPOE yoKe BbIIoHeHo. VTak, 31ech HyskHO ncnonbzosats P (kode | pak),
noromy uto P(Koe) 1 Tak BXOAUT B COBMECTHYIO BEPOSTHOCTD. Taknm o6pasom,
BEPOSATHOCTH TOTO, YTO KTO-TO O0JIEH pakoM U JiroouT Kode, pasHa 0,425 %:

P(xode U pak) = P(kode | pak)x P(pax) = 0,85x 0,005 = 0,00425

ATy COBMECTHYIO BEPOSITHOCTh MOKHO BBIYMCIINTD U B TPOTUBOIOIOKHOM HallpaBJie-
Huu. YT06bI HAWTH BEPOSITHOCTD TOTO, YTO KTO-TO IIbeT Kode 1 60JIeH PAKOM, MOKHO
MePEMHOKUTD P (paK | Kod)e) u P (Kodoe). Kak HETpyAHO 3aMETHUTD, TIOJIYYUTCS TOT
JKe Pe3yJIBTAT:

P(pax U xode) = P(pak | kode)x P(kode) = 0,0065x 0,65 = 0,00425

A eciii y Hac HeT HUKaKUX YCIOBHBIX BEPOSITHOCTEMN, TO JIyUIIUM BapUAHTOM OyaeT
MIEPEMHOKUTH BEPOSITHOCTH P (Kodoe) u P(pal{) , Kak IMOKa3aHo HILKe:

P(xode)x P(pax)=0,65x0,005=0,00325
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Terepb mogyMaiite BOT 0 ueM: ecjiv COObITHE A HUKAK He BJIUSIET Ha coObITHE B, TO 4TO
MOZKHO CKa3aTh 00 YCJIOBHON BEPOSITHOCTU P(B | 4)? B aToM cayuae P(B | A] = P(B),
TO €CTh BEPOSITHOCTD TOTO, YTO HACTYIHUT COOBITHE B, HUKAK HE 3aBUCHUT OT TOTO,
HacTynut i cobbitue A. [loaToMy HOpPMYy COBMECTHOI BEPOSATHOCTH MOXKHO
nepedpa3upoBaTh Tak (MPU STOM HEBAKHO, 3aBUCUT JIM OJIHO COOBITHE OT JAPYTOTO):

P(AV B)=P(B)xP(4|B)

W HaKoHel, HOroBopuM 00 yCJIOBHON BEPOSITHOCTH IIPU 00beanHeHN coObITHA. Eciu
HY’KHO BBIYUCJIUTH BEPOSTHOCTH TOTO, YTO MPOU30iAET coObITHE A nau B, HO mipu
3TOM A MOKET TIOBJIUSATH Ha BEPOSITHOCTD B, TO MPaBUJIO CIOKEHUS MEHSIETCS TaK:

P(A VUM B) = P(A4)+P(B)-P(4|B)xP(B)

O6paTuTe BHUMaHUE, YTO 3Ta (GOPMYJIa BEPHA ¥ JIJIsI HECOBMECTHBIX cOObITHIH. Eciu
cobBITHS A 1 B He MOTYT HACTYITHTb O[HOBPEMEeHHO, To ipoussesietne P(A|B)x P(B)
obpaturcs B 0.

buHoMuanbHoe pacnpeaenexmne

B ocrasiieiicst yacTy ryIaBbl MbI U3YYUM JIBa PACTIPe/ie/IeHNst BEPOATHOCTEH: GUHOMU-
anmpHOe U GeTa-pactpesiesienne. XoTs Mbl He Gy/IeM HCTIOIb30BaTh UX Jlajiee B KHUTE,
OHU CaMW 110 cebe CIyKaT MOJIE3HBIMU MHCTPYMEHTAMU U TIPUHITUITHAIBHO BasKHbI
IJIST TOTO, YTOOBI BHISICHUTD, KAK HACTYTAIOT COOLITHS TIPH OTPEIeIEHHOM KOJTYe-
cTBe ucnbITanuii. KpoMme TOro, ecjin 0CBOUTD 3TH pacipe/ieIeHs], TO Aajbiie Gyaer
JleTde U3yvaTh APYTHE PACTIPENETEHUS BEPOSTHOCTEH, KOTOPBIE MBI Gy/IEM aKTHBHO
MCIIOJIb30BaTh B T71aBe 3. /laBaliTe paccMOTpUM IIpUMeP, KOTOPBIT MOKET BCTPETUTDLCS
B PeaIbHOM MUpE.

lomyctum, BBl pa3pabarbiBacTe HOBBIH TYPOOPEAKTUBHBIN JBUTATEND U TPOBEJIH
10 ucTibITaHuid, B Pe3yJIbTaTe MOJyYnB BOCEMb YCIIEITHBIX UCXOOB U /1B HEYIaUHbIX:

VVVIVIVIVIXVXVV

Bo1 Haziesines moayuntsb 90 % YCenHbiX UCIBITAHUH, HO HA OCHOBAHHMHU TTOJIYYE€HHBIX
MAHHBIX TIPUIILIN K BBIBO/LY, YTO UCIIBITAHUST TIPOBAJUINCE, BEIb TOJIbKO 80 % 13 HUX
OKa3aJInCh ycnelHpIMU. Kaxkoe ucnplTanie OTHUMaeT MHOTO BpeMeHU U CPEJICTB,
MO3TOMY BBI PENIHJIN, YTO TIOPA BEPHYTHCS K YEPTEKHOM JIOCKE U TIePEPOEKTHPOBATD
KOHCTPYKIIHIO.

O[[HaKO OHa 13 BalllX UHKECHEPOB HACTANUBAET, 4YTO H606XO,/II/IMO IIPOBECTHU OOITOJI-
HUTEIbHBIE UCTIBITAaHNS. « ETMHCTBEHHbIN crocob y3HaTb HaBEPHAKaA — ITO IIPOBECTU
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GOJIBbIIIE UCTIBITAHNN, — YTBEP/KIAaeT OHA. — A UTO, €CJIU TIPY OOJIbIEM KOJHYECTBE
HCTIBITAHUI OKasKeTCst, uTo He MeHee 90 % u3 HuxX OyAyT ycrenHbMu? B KoHIle KOH-
T0B, €CJTH TOAOPOCUTH MOHETY 10 pa3 ¥ MOMYINTD 8 OPIOB, HTO He 3HAUUT, YTO MOHETA
“nactpoena” Ha 80 % OpJIOB».

Hepnoaro nmymas, BbI corsaiaerech ¢ I0BolaMu MHXKeHepa. /laxke ecin 4ecTHO 1o~
GpacbiBaTh MOHETY, He Bcer/ia Oy/IET BbINAaTh OJJHMHAKOBOE KOJIMYECTBO OPJIOB U Pe-
1ek, 0cobGeHHo Kor/a ee moadpachiBaior Beero 10 pas. Ckopee BCero, BhIAAET NATh
OPJIOB, HO MOJKET BBITIACTH TaKXKe TPH, YETHIPE, IECTh WU ceMb. MOKeT BbITIACTb
naxe 10 opJioB, XOTsT 3TO KpaiiHe ManoBeposiTHO. Kak e OIleHUTh MPaBIoNox00-
HOCTH TOTO, 4TO 80 % MCHBITAHWIT 3aBEPIIUIICH YCIIENTHO, IPUTOM 4TO HACTOSIIIAS
BEPOATHOCTD ycrexa paBHa 90 %?

OpHUM U3 WHCTPYMEHTOB, KOTOPBII MOKET 3/1eCh TIPUTOAUTHCS, ABJIAETCS OGUHO-
muanvnoe pacnpedenenue. OHO MO3BOJSIET ONEHUTD MPABAONOA0OHOCTH TOTO, YTO
B CEPUU U3 1 UCIIBITAHUI, BEPOSTHOCTD yCIieXa B KaXK/IOM 13 KOTOPbIX PaBHA P, MOXKET
IPOM30UTHU BCETO k yCIIEXOB.

BI/ISyaJIbHO 6MHOMMATBHOE pacripeaesieHne BhITJIAUT TaK, KaK ITOKa3aHO Ha PUC. 2.1.

0,4
0,35
0,3
0,25
0,2
0,15

BepoaTHoCTb

0,1

0,05
0 — .
6 8

0 2 4

k ycnexoB (13 10 NOMbITOK)

Puc. 2.1. buHomnanbHoe pacnpegenexue

31ech U151 Kask10ro 3HaveHus k ot 0 10 10 mokazaHa BEPOSTHOCTH TOTO, uTO k 13 10 nc-
IBITaHU# Gy/1y T yCHEMHBIMI, ITO GHHOMHAILHOE PACTIpe/ieJieHIe TPEJIToJIaraeT, uTo
BEPOSITHOCTD yCITexa KaK/I0To OTJETbHOTO UCTTbITaHus p paBHa 90 % (uau 0,9). Econ
3TO TaK, TO BEPOSITHOCTD TOJTY4uTh 8 ycniexoB u3 10 ncrisitanuii pasaa 0,1937. BeposT-
HOCTb TOJIyunTh 1 yerex u3 10 ncnsrtanuii kpaiine masa: ona passa 0,000000008999,
MO3TOMY COOTBETCTBYIOIIHIA CTONOUK JIa’ke He BU/IEH.

YT06bI BHIYUCIUTH BEPOSITHOCTH BOCHMH HJIM MEHEE YCIIEXOB, MOKHO CJIOKUTH 3HA-
YeHMsI BCeX CTOJOUKOB 10 BOCBMOI0 BK/IIOUNTEIbHO. B pesybraTe momyunres 0,2639.



68 Tnaga 2. Teopua BepoATHOCTEI

Kax peammzoBats OuHoMuanbHoe pacipeneserne? MoKHO ¢ienaTs 9To ¢ Hy st (Kak
nokaszato B Ipuioxernu A), a MOKHO BOCIIOJIb30BaThCst O1OInoTeKaMu Bpoze SciPy.
B npumepe 2.2 nokazano, kak BeiBecTH Bce 11 BepositnocTedt (o1 0 10 10 ycnemnHbix
HCXOJIOB) JIJIsI HAIIIETO OMHOMUATIBHOTO PACIIPENEIEHUST € TOMOIIBI0 (DYHKITHE binom.
pmf () u3 6ubmoreku SciPy. PMF (probability mass function) — ato maTemaTnueckast
QYHKUUS 6EPOAMHOCTIU.

Mpumep 2.2. Ncnonb3osaHne 6nbnuotekn SciPy ans 6uHoMManbHOro pacnpeaeneHns

from scipy.stats import binom

10 # KOANYECTBO MCMbITAHUI
0.9 # BepoATHOCTb ycnexa B KaxAOM MCMbITaHWUM

for k in range(n + 1): # KO/MYeCTBO ycCMnexoB
probability = binom.pmf(k, n, p)
print(f"{k} - {probability}")

BbiBOA:

.999999999999977e-11
.999999999999976e-09
.6449999999999933e-07
.747999999999988e-06
.00013778099999999974
.0014880347999999982
.011160260999999989
.05739562799999997
.1937102444999998
.38742048899999976

10 - 0.34867844010000015

WoOoONOTUVA,WNEREOO
[
O OO0 OO0 ® 00 WO v

H OH H H HHFEHHHEHHHR

Kak BuanTe, MBI 33/1aeM 1 — KOJIMYECTBO UCIIBITAHUI, p — BEPOSATHOCTD ycIeXa JJIs
KaQK/ZIOTO UCIBITAHUS U k — KOJMYECTBO YCIEXOB, BEPOSITHOCTb KOTOPOTO MBI XOTUM
Haiitu. MbI iepebupaeM Bce 3HAYEHS k 1 JIJIsT KaKIOTO U3 HUX BBIUUCIISIEM BEPOSIT-
HOCTB TOTO, UTO MBI [TOJIYYUM k ycriexoB. Kak BUIHO U3 BBIBOJA, HanboJIee BEPOSTHOE
KOJIMYECTBO YCIIEXOB PABHO JIEBATH.

Ho eciv c1osxuTh BEPOSITHOCTH TOTO, YTO ITPOM30iiZIeT OT 0 10 8 yCI1eX0B, TO HOJIYUYNUTCS
0,2639. To ecTb cy1iecTByeT BEPOSITHOCTD 26,39 % TOTO, UTO IPOU30IIET BOCEMb UJTH
MeHbIIIE YCIIEXO0B, JaXe eC/IU BePOATHOCTb yclleXa Kajk/[or0 UCIBITAaHUA COCTaBJIsA-
er 90 %. Tak 4To He UCKJIF0YEHO, YTO WHKeHeD ObljIa IipaBa: BePOsTHOCTH 26,39 % — He
MeJIOUb U BIIOJIHE BO3MOJKHA.

OnHaKO B HTON MOJEJIN MbI CIEIaI OHO JOTYIIeHIe, KOTOPOE PACCMOTPUM Jlajiee
Ha TipuMepe GeTa-pacipeeeHusI.
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bunommnanbHoe pacnpepeneHne CHyna

Oo6parurecs k [Tpunoxkennio A, 4ToObI y3HATH, KaK TIOCTPOUTH GHHOMHATBHOE
pacrpeziesieHue ¢ HyJis, He UCI0Jb3ys 6ubanorexy SciPy.

beta-pacnpeaenenune

Kaxkoe nomyiienue Mbl cie1ajiu, KOrjia MOJIEJTMPOBAJIA UCIIBITAHUS IBUTATEJIS C T10-
MOIL[bI0 OUHOMUAIBLHOTO pacipeneteHns? ECTb iu mapaMerp, KOTOPBIA MbI IPUHSIIN
32 ICTUHHBIN ¥ HA KOTOPOM MBI TTOCTPOUJIN BCIo Mojienb? [logymaiiTe XopoieHbKo
U YUTaliTe Jajblile.

Cuaboe MecTo Hallero GHHOMUATBHOTO PACTIPEETIEHUS B TOM, UTO MbI #PEONOL0NCUNU,
GY/ITO BEPOATHOCTH yCIexa KakI0TO OTIEeTbHOTO UCTIBITAHUS cocTaBseT 90 %. ITo
He 3HAYNT, YTO HATIA MOJIENb Oecrioie3na. 51 IPOCTO MOKa3as, 4To ecyim 9Ta Ha30Bast
BePOSITHOCTD paBHa 90 %, TO BEPOSITHOCTD IOJIYYUTh 8 UJI MeHbIIIe yCIiexoB 13 10 wc-
IBITAaHUI cocTaBisieT 26,39 %. Tak uTo MHIKEHEP OIpe/IeJIeHHO He OITOaeTCs B TOM,
4T0 6a30BasT BEPOSITHOCTH MOJKET COCTABJIATH 90 %.

Ho naBaiite nepeBepuem Bompoc Ha 180°: a 4T0o, ecu CyIecTBYIOT IpyTre 3HAYeHUS
6a30Boi BeposiTHOCTH, ToMUMO 90 %, KoTOpbIe AaioT 8 yernexos u3 10 ucnbiranuii?
MOJKHO JTV TOJTYIUTh TAKOU PE3YJIBTAT, €CJIM BEPOSITHOCTD yCITeXa KasK/IOTO UCTIBITa-
uust pasaa 80 %? 70 %7 30 %? 3adukcuposas yciaoBue «8 ycrexos u3 10 momsitoxy,
MO>KHO JIN UCCTIE/IOBATH BEPOSATHOCTH BEPOATHOCTEN ?

BMmecTo TOro 4To0BI B IOMCKAX OTBETA Ha 9TOT BOMPOC MJIOANUTH HECMETHOE KOJIIUe-
CTBO GUHOMMAJIEHBIX PACITPEIeJICHIUIT, BOCTIOIb3YEMCSI OTHIM HHCTPyMeHTOM. bema-
pacnpedenienue MO3BOJISIET OLEHUTD MPABIOMO0OHOCTD TOTO, YTO TIPU @ YCIIEXOB
u b Heynau 6a30Bast BEPOATHOCTH YCIIeXa PaBHA TOMY HJIM HHOMY 3HAYEHUIO.

I'paduk OGeta-pacmpeseserist Tpyu BOCHMH yCIeXaX U IBYX HEYAAYaX TPEACTABIEH
Ha puc. 2.2.

beta-pacnpenenenue B Desmos

EcJit BaM HHTEPECHO OIKCIIEPUMEHTHPOBATH € OeTa-paciipe/iesieHIeM, MOK-
HO BOCIOJIb30BaThcs TpadhuueckuM Kaynbkyastopom Desmos (https://oreil.
ly/pN4Ep).


https://oreil.ly/pN4Ep
https://oreil.ly/pN4Ep
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Puc. 2.2. beta-pacnpesenenue

OG6paruTe BHUMaHKE, YTO OCh X OTPasKaeT Bce 6a30Bble BEPOATHOCTH yCIIEXa OT
0,0 10 1,0 (To ectb ot 0 710 100 %), a 0Cbh y — MPABAOIOAOOGHOCTD ITON BEPOATHOCTH
IPU BOCBMU yCIeXaxX U JBYX Heynadax. J[pyrumu ciosamu, Geta-pacipesesieHue
MO3BOJISIET YBUIETh BEPOATHOCTD BEPOATHOCTEN 11pH 8 ycrexax u3 10 momnbIToK. ATy
BEJINYMHY MOKHO CYUTATh METAaBEPOSITHOCTBIO, TAK YTO HE IOJEHUTECh MMOTPaTUTh
BPEMsI, 4TOOBI MOHSTH KOHIEIIIUIO!

Bl HaBepHsiKa 3aMeTHIIN, YTO OeTa-pacipeesieHre — HellpepbiBHast (QYHKIHUS, TO
ecTh ee rpaUK — HEIpPepbIBHAS KpUBas U3 APOOHBIX 3HAYEHUIT (B OT/IMYME OT YeT-
KUX JUCKPETHBIX LEJbIX YUCeI B GUHOMHAIBHOM pacipeieseHln). ITO HECKOJIbKO
YCJIOKHSIET MaTeMaTH4YecKre BBIYMCIEeHNS, TOTOMY YTO 3HAUYEeHUS 110 OCU ) — He
BEPOSITHOCTD, @ INIOTHOCTh BEPOSATHOCTH. UTOGBI y3HATH TY WJIM HHYIO BEPOSITHOCTb,
HY>KHO BBIYMCJIUTH COOTBETCTBYIONIYIO TIJIOMAb MO/ TPahuKOM.

Bera-pacmpesesieHie — 3TO OJUH U3 BUIOB pacnpedesienus 6eposmuocmei. ITo
3HAYUT, YTO ILIOU[ALL O BeeM rpadukoM pasHa 1, wiau 100 %. Yrobbl HaiiTu
BEPOSITHOCTD, KOTOPAsi HAC MHTEPECYeT, HY>KHO BBIYNCANUTH TIJIOTA/b 110/ KPUBOH
B OTpejieIeHHOM WHTepBaje. Hampumep, ecam Mbl UIlEM BEPOSTHOCTH TOTO, YTO
8 ycrexoB u3 10 MOMBITOK IPOU30HAYT Ipu 6a30B0i BeposiTHOCTH ycrexa 90 % wim
6osiee, HaM HY)KHO BBIYHUCJIUTD MJIOMIaAb obaactu Mexay 0,9 u 1, koropast paBHa
0,225, kaK MOKa3aHo Ha puc. 2.3.

Kax u B cirydae ¢ GUHOMMAILHBIM pacTipesieieHueM, 6eTa-pacrpesieseHne MOKHO Mo-
CTPOUTH C TIOMOIIbI0 GubnoTekn SciPy. ¥ Kas0r0 HENPEPHIBHOTO PACIIPEIETeHUST
BEPOSITHOCTEN ecTh Pynkyus pacnpederenus: (CDF), koTopast IaeT MIomanb noj
rpad¥KOM JI0 33JaHHOTO 3HAUYeHUA X. JoNyCcTUM, HaM HyKHO BBIYMCTUTH IJIONIA/lb
B unrepsae 10 90 % (o1 0 mo 0,9), KoTopas 3aKpaiieHa Ha puc. 2.4.
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Puc. 2.3. Mnowaap noa rpadukom B uHTepBane ot 90 ao 100 %
C00TBETCTBYeT 6a30B0ii BePOATHOCTM ycrnexa 22,5 %

. MpaeponofoGHocTL |
8 ycnexos 13 10 monbIToK

| {ole | | loal [ |
5a3oa'aﬂ'sepom>rocmycne

Puc. 2.4. Boluncnenue nnowaau nog rpadukom B utepsane ot 0 10 90 % (ot 0 g0 0,9)

[lns aTOTO OCTATOUHO BOCTOJIb30BaThes SciPy ¢ ee dynkiueit beta. cdf (). Bee
ITapaMeTphl, KOTOPBIE HAJIO YKa3aTh, — KOHEI[ MHTEPBAJIA X, KOJIMYECTBO YCIIEXOB d
¥ KOJIMYECTBO HEyAad b, Kak TOKa3aHo B IpuMepe 2.3.

MpumMmep 2.3. Boiuncnenve 6eta-pacnpeaeneHusi ¢ nomobio SciPy
from scipy.stats import beta

a =28
b =2
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p = beta.cdf(.90, a, b)

# ©.7748409780000002
print(p)

Taxkum 06pa3oM, HAIITM PACUETHI TOKA3BIBAIOT, YTO C BEPOATHOCTHIO 77,48 % HGazoBast
BEPOSITHOCTD yCIexa cocTaBisieT 90 % uiam MeHee.

A Kak BBIYHCJIUTH BEPOSTHOCTD TOTO, YTO Ha30Bask BEPOSTHOCTH yciexa pasHa 90 %
wim 6oJiee, Kak IOKa3aHo Ha puc. 2.5?
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Puc. 2.5. BepoatHocTb ycnexa, paHas 90 % wnu 6onee

Oyuxrms pacipeneserns (CDF) orpezesisiet miomaib TOMbKO CI€Ba OT TPAHUYHOTO
3HA4YeHNs, a He CIpaBa. EcI BCTOMHUTH TIpaBUJIa TEOPHH BEPOSITHOCTEH, TO OJHO
U3 HUX TJIACUT, YTO Y PACTIPEIETEHUsT BEPOSITHOCTENR 061Iast TIOMAIb IO/ KPUBOI
paBHa 1. Ecsiu Hy;KHO HallTH BEPOSITHOCTD COOBITHUST C IPYTOM CTOPOHBI OT TPaHUU-
HOTO 3HavYeHus (Boimie 0,9, a He HUKE), TPOCTO BBIYTUTE U3 1 BEPOSITHOCTD TOTO, UTO
6a30Bast BEPOSITHOCTD ycrexa MeHbiire 0,9, 1 0cTaBIIasicst BeJIMIrHa OyIeT BEPOSIT-
HOCTBIO TOTO, 4TO 6a30Basi BEPOATHOCTD yciexa Gombiie 0,9. Ha puc. 2.6 moxasano,
KaK BBITIOJTHSETCS 3TO BbIUUTAHUE.

QO o

Puc. 2.6. Kak HaiiTn BepoATHOCTb Toro, uto 6a30BaA BepPOATHOCTb ycrexa Bbiwe 90 %
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B mpumepe 2.4 mokazaHo, Kak peajn30BaTh 9TO BhlunTaHue Ha Python.

MpumMep 2.4. Onepaums BbluMTaHKsI, KOTOpas AAeT Niolaab 06nacTu cnpasa
OT IPaHMYHOrO 3HayeHus B 6eTa-pacnpeaeneHnm

from scipy.stats import beta

a=38
b =2
p =1.0 - beta.cdf(.90, a, b)

# 0.2251590219999998
print(p)

ITO 3HAYUT, UTO 1Ipu § ycrnexax u3 10 uCbITaHWH IBUTATENST BEPOSITHOCTD TOTO, UTO
6a3oBast BEPOATHOCTH ycrexa cocrasisier 90 % wim GoJiee, paBHa Beero 22,5 %. Ho
[IPY 3TOM BEPOSITHOCTH TOTO, 4TO OHa MeHbIire 90 %, okazamach 0koo 77,5 %. Ilamcor
Ha TO, YTO UCTIBITAHNS CJIelyeT TPU3HATH YCIIENTHBIMU, HE B HATITY TI0JIb3Y, HO MOKHO
HOIIBITATHCS UCIIOJIb30BATh 3TOT 22,5 %-HBbIi IIaHC KaK MOBOJI /ISl TOTO, YTOOBI IIPO-
BECTH JIOTIOJIHUTEJIbHBIE UCITBITAHUS, HA/IesSICh HAa TO, YTO HaM noBe3eT. Econ (munan-
COBBIN IUPEKTOP BBIZIEJIUT CPEJICTBA ellle Ha 36 UCTTBITAHN, 13 KOTOPBIX 30 OKaXKyTCs
YCIHENIHbIMY, a 6 — HeyJa4HbIMU, TO GeTa-pacipeesierre OyaeT BhIIISAeTh TaK, Kak
MOKa3aHo Ha puc. 2.7.

L\

Mpasaonoao6HOCTL |

Puc. 2.7. beta-pacnpesenenue nocne 30 ycnexos v 6 Heyaau

OG6paruTe BHUMaHNE, YTO PACIPeIe/IEHIE CTAJIO YIKe, 8 SHAUKT, MbI O0JIbIIE YBEPEHBI
B TOM, 4TO 6a30Bast BEPOSITHOCTD yCIleXa HAXOJAUTCS B MeHbIeM ananasoHe. K co-
JKaJIEHWTO, BEPOSITHOCTD TOTO, UTO MBI YKJIQIbIBAEMCS B 33/IaHHBI MUHUMAJIbHBIN
mokaszatesib 90 %, ymenbimiach ¢ 22,5 1o 13,16 %, kak mokasaHo B mpumMepe 2.5.
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Mpumep 2.5. beTa-pacnpeaenenve ¢ 66MbLIUM KOTMUYECTBOM UCMbITAHUIA
from scipy.stats import beta

30
b==¢6

1]
n

1.0 - beta.cdf(.90, a, b)

p

# 0.13163577484183686

print(p)

Hastom dTalle, BOSMOKHO, CTOUT ITPEKPATUTDH UCIIbITaHW, €CJU TOJIbKO BbI HE XOTUTE
JIAJTbIIe AKCTIEPUMEHTHPOBATH C BEPOSITHOCTHIO 13,16 % 1 HAZEATHCS, UTO MUK pac-
npeaeaeHnda CABUHETCA BIIPABO.

W HakoHeIr: Kak BBIYNCJINUTH ILIOMIAAb TocepeanHe rpaduka? Hanpumep, kak HaliTh
BEPOSITHOCTb TOT'O, UTO GazoBast BEPOATHOCTD yCIleXa HaXOAUTCS B JranasoHe ot 80 10
90 %, Kak IMMoKa3aHo Ha puc. 2.8?

,
lMpaBgononobHoCTL

0/5 1
Basogan BepoATHOCTb ycnexa

Puc. 2.8. BepoATHocTb Toro, uTto 6a30Bas BepOATHOCTb ycnexa HaxoauTcA B AnanasoHe ot 80 40 90 %

XOPpOIIeHbKO MToIyManTe, Kak K 3TOMY MOACTYIUTHCS. UTO, €CTM BBIYECTh MJIOTIAh
caesa ot 0,8 u3 moniaau ciaesa ot 0,9, Kak okazaHo Ha puc. 2.9?

ITostyyum Jiv MbI IIPU 3TOM ILIOIIaAb B uHTepBase ot 0,8 10 0,9? [la, u oHa Gyuer
pasHa 0,3386, 4TO COOTBETCTBYET BePOSITHOCTHU 33,86 %. A Tak MOKHO BBIYUCITUTDH
wromaas #Ha Python (mpumep 2.6).
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Puc. 2.9. Boluncnenue nnowaau B uxtepsane ot 0,8 o 0,9

MpumMep 2.6. Boluncnernve nnowaamn B cepeanHe beTa-pacnpeaeneHns ¢ nomMoLbto SciPy
from scipy.stats import beta

a =28

b =2

p = beta.cdf(.90, a, b) - beta.cdf(.80, a, b)

# 0.3386333619999998
print(p)

Bera-pacnipezseneame — 3amMmevaresbHbI HHCTPYMEHT, C IOMONIBIO KOTOPOTO MOXKHO
Ha OCHOBE OTPAHUYEHHOTO MHOYKECTBA HAOMIOEHUIN OIEHUBATh BEPOSITHOCTD TOTO,
4TO COOBITHE TPOU30HIET WITH He TPpou30iiaeT. OHO MO3BOJISIET PACCYKIATH O BEPOSIT-
HOCTSX BEPOSITHOCTEH, M eT0 MOKHO KOPPEKTUPOBATD 110 MEPe TOTO, KaK TOCTYHAioT
HOBBIE IaHHBIE. beTa-pacipeziesienre Tak:ke TOMOTaeT MTPOBEPATh TUITOTE3bI, HO B TJ1a-
Be 3 MblI yzieiuM G0JIblille BHUMAHUS TOMY, KaK UCIIOJIb30BATH JIJIST 9TOTO HOPMAJIbHOE
pactipezienenue u pacnpezencare CTbio/IcHTA.

Bera-pacnpeneneuue CHynA

O ToM, KaK peain3oBaTh GeTa-paciipesesieHue ¢ Hyist, unraiite B [Tpunoskerun A.

3aKnueHue

W3 970l TJ1aBbI MBI Y3HAJIM O4eHb MHOTO! MBI He TOJIBKO 00CY U OCHOBBI TEOPHUH
BEPOSITHOCTEH, JIOTHUecKue orepaTtopsl B Hell n popmyny baiieca, Ho u mo3HakoMN-
JIUCD € PACIPEAETIEHUSIMU BEPOATHOCTEN, B TOM YKCJ/Ie ¢ OUHOMUAIBHBIM 1 GeTa-pac-
npejiesieHneM. B ciemyromnie riaBe Mbl BCTPETUMCS € OJTHIM M3 CAMbBIX U3BECTHBIX
pacripenesieHuit — HOPMAJIbHBIM paciipe/ieJieHueM — U y3HaeM, Kak OHO CBSI3aHO
C TIPOBEPKOI TUIIOTES.
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Ecsiut BBI XOTHTE y3HATH GOJIBIIE O GalleCOBCKON BEPOATHOCTH W CTATUCTHUKE, TO
MOJKHO Ha4yaTh ¢ OTJNYHON KHUTH «Bayesian Statistics the Fun Way» Yunna Kypra
(Will Kurt) (usgarenscrso No Starch Press). Kpome Toro, sa miaardopme O’Reilly
(https://oreil.ly/OFbai) moctymmbl nnTepakTuBHble cuenapun Katacoda.

YnpaxXHeHUa ana camonpoBepku

1. BeposiTHOCTD TOTO, UTO CETOHS MONAET A0KIb, cocTaBsieT 30 %, a BEpOSITHOCTD
TOTO, YTO 30HT, KOTOPBIH BB 3aKa3au, I0CTaBsAT BoBpeMst, — 40 %. Bol meuTaeTe
CErofiHst IPOrYJISAThCS IO IOXKIEM, HO JIJISL 9TOr0 HY’KHO, 4TOOBI HOIIEN J0KIb
1 4TOOBI y Bac ObLI 30HT.

KakoBa BEpOSATHOCTb TOTO, YTO MOUAET A0KAb V1 Balll 30HT OyAeT JoCTaBJIeH ?

2. YcsI0BU Te Ke, 4TO B IIPEbIAYIIEM YIIPAKHEHNUH, HO Bbl COOMpAETeCh He Ha IIPO-
TYJIKY, a 110 JieJiaM. DTO MOJIYYUTCsI, TOJIBKO eCJI He Gy/IeT T0K/IsI UJIU €CJTH Y Bac
MOSIBUTCS 30HT.

KakoBa BEpOATHOCTD TOrO, uTO A0k He Oyzner WJIV uro Bain 30HT Gyaer xo-
craBjeH?

3. YcioBuS TE JKe, 4TO B MPEABIAYIINX YIIPAKHEHUSAX, OAHAKO BbI BBISICHHJIU, YTO
B CJIy4ae I0K/IsT BEPOSITHOCTH TOTO, YTO BAIIl 30HT JOCTABSIT BOBPEMSI, COCTABJISIET
Bcero 20 %.

KakoBa BepOsITHOCTH TOT'0, YTO HOUAET K0 /1b V1 Ball 30HT Oy/IeT JocTaBieH?

4. Ha peiic us Jlac-Beraca B ajuiac 3abponuposaiu Mecta 137 naccaxkupos. Ho Hazo
YUYHUTBIBATb, UTO Pefic oTmpasJsiercs: N3 Jlac-Beraca BockpecHBIM yTpOM, U, TI0 Ba-
UM OI[eHKaM, KKl ITACCA’KUP MOXKET He SIBUTBCS C BEPOSITHOCTHIO 40 %.

Bbl nbiTaerech OIpPeAeNnTb, CKOJbKO MECT MOXKHO I1epeOPOHIUPOBATD, YTOOBI
CaMoJIeT He JIETEJI TyCThIM.

Hackombko BeposiTO, 4TO Kak MUHUMYM 50 TacCaKUPOB He TIOTIETSIT?
5. B mogGpocuin MoreTy 19 pas. 15 pa3 BuImat opel, a 4 pa3a — perika.

Kak BbI mymaere, ecThb Jii IPU TAKOM COYETAHUU UCXOOB IAHCHI HA TO, YTO ITA
MOHeTa He nryJsiepckas? Ecmm ma, To moyemy? Ecium Het, To mouemy?

Ortgetst cm. B [Tpunokennu B.


https://oreil.ly/OFbai

[TIABA 3

OnucatenbHaa CTaTUCTUKA
U CTaTUCTUYECKUU BbIBOA

Cmamucmuxa 3aHIMAETCsS TEM, 9TO COOMPAET W aHAJUBHMPYET JaHHBIE, YTOOBI
00HAPYKUTD II0JIE€3HbIE PE3YJIBTaThl UJIH IIPEACKA3aTh, IIPU KAKUX yCAOBUAX OHU
MOTYT BO3HUKHYTb. BOJIBIIYIO POJIb B CTATHCTUKE UTPAET MOHSATHE BEPOSITHOCTH,
[OTOMY 4TO MBI UCIIOJIb3YEM AAHHbIE, YTOOBI OLEHUTh BEPOATHOCTD TOTO WJIM
WHOTO COOBITHA.

CraTucTrKe He BCET/Ia 0CTAIOTCS 3aCAYKEHHBIE JTaBPBI, HO IMEHHO OHA JIEKUT
B OCHOBE MHOTHX WHHOBAI[WIT, KOTOPBIE OMUPAIOTCS HA PaboTy ¢ JaHHbIMU. MarimH-
Hoe 06yYeHre Kak TAKOBOE — 9TO CTATUCTUIECKUH WHCTPYMEHT, KOTOPBIN HAXOIUT
BO3MOJKHBIE THITOTE3bI, YTOOBI YCTAHOBUTH B3AUMOCBSI3U MEK/Y PA3JINYHBIME TI€PE-
MEHHBIMH B MaCCHBaX JaHHBIX. OJTHAKO B CTATHCTUKE €CTh MHOTO «CJIETIBIX TIATEH>,
KOTOpBIE COUBAIOT C TOJIKY Jaske TPO(MECCUOHAIBHBIX CTATUCTUKOB. MOXKHO JIETKO
YBJIEUBCS TEM, O 4€M COOOTIAIOT JaHHbIe, 1 3a6BITh YTOUHUTH, OTKY/Ia OHU B3SITUCH.
ITa mpodiieMa CTAHOBUTCS BCE AKTYaJIbHEE, TOTOMY UTO OJ1aroiapst GOJIbITNM JJTAaHHBIM,
naTa-MalfHUHTY ¥ MAITHTHHOMY OOYUYEHHIO CTaTHCTUYECKIE aJITOPUTMBI BCE MHTEHCHB-
Hee aBTOMaTU3UPYOTCst. [109TOMY BaskHO BJIaJIeTh IIPOYHBIMU (DYHIAMEHTATbHBIMU
3HAHWSIMU B 06IACTH CTATUCTUKY U IPOBEPKHU THIIOTE3, YTOOBI He 06PAIIATHCS C STHMH
ABTOMATHYECKUMU CHCTEMAMHU KaK C «I€PHBIMU SMIUKAMU>.

B sToii rimaBe Mbl PacCMOTPUM OCHOBBI CTATUCTUKU U ITIPOBEPKU THUITOTES. MBg1 HauHEM
C OIUCATEBbHOM CTATUCTUKHU M O3HAKOMUMCSI C OCHOBHBIMHU CIIOCOOAMH, KOTOPBIMU
MO3KHO 06001aTh ganHsble. ITocie aToro Mbl repeiiieM K CTaTUCTHIECKOMY aHAJIH3Y,
KOTOPBIiT 3aKJII0YAETCS B TOM, YTOOBI HA OCHOBE BHIOOPKH MOTIBITATHCSI OIPEIETHITh
CBOICTBA reHepaJbHOM COBOKYIIHOCTHU.
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Y10 Takoe paHHble?

MozkeT moKa3aThCsl CTPAHHBIM JIaBAaTh OTIPE/IEIEHUE TOMY, UTO TaKOE «/IaHHBIE>: MbI
WCTIOJTb3YEM 9TO TIOHSITHE CTLIONIE U PSIIOM ¥ BOCTIPHHIMAEM €T0 KaK HeUTO caMo coboit
pasymeiormieecst. Ho st cumraio, uto onpenenenne neobxoaumo. Haseproe, e crpo-
CUTbH TIEPBOTO BCTPEYHOTO, UTO TAKOE JIAHHbIE, OH OTBeTUT: «HYy, 3HaeTe... 3TO mannbie!
To ectb... Hy, B 0011IeM... nHGOpMaIws!> — u ganbiie atoro He asuHercs. Ceityac ke
TaHHBIE, CYZS TT0 BCEMY, TO3UITMOHUPYIOTCS KaK «BCe W BCSI» — UCTOYHUK HE TOTBKO
WCTHHBL.. HO M NTHTE/TeKTa! JTO CBIPBE /7T CICTEM NCKYCCTBEHHOTO MHTEJJIEKTA, U CUH-
TaeTCst, YTO YeM GOJIbIIIe JAaHHBIX, TeM OOoJIbIIe MpaBAbl. I109TOMY TaHHBIX HUKOT/IA He
6iBaet moctatouHo. OHIM TTO3BOJIST PACKPHITH CEKPETHI, JIar0IapsT KOTOPBIM YIACTCST
OTITUMHU3UPOBATD BAITy GI3HEC-CTPATETHIO U, BO3BMOJKHO, /laske CO3IaTh NCKYCCTBEH-
HbIiT HHTEIIEKT 00111ero HasHaueHus1. Ho o3BoJIbTe MHE TPEJIOKUTh IparMaTHaHbIix
B3TJISIT HA TO, UTO Takoe Aanubie. OHM BasKHBI He camu 110 cebe. [[BIDKYIast Ciia BCeX
HOBOBBEIEHUH U PEIIEHUI — 3TO aHAIN3 JAHHBIX (M CIIOCOOBI MX TTOJIYUEHNST ).

[TpezcTaBbre, uTO BaM NIoKazasm ceMeitayto hotorpaduio. CMozKeTe Jiv BBI TIPOCTETUTD
HCTOPUIO 3TOM CeMbH 110 0fiHO# (hoTorpadun? A ecym 6b1 y Bac 66110 20 hororpaduii?
200 dpororpaduii? 2 000? Crosbko hororpaduii pedyercst, 4ToObl PEKOHCTPYUPOBATDH
nucroputo cembu? Hyskubl int (pororpaduu, Ha KOTOPBIX YJIEHBI CEMbU 3allevaTieHbl
B pa3HbIxX cutyarusax? [looamaouke u BMecTe? C POJICTBEHHUKAMU U [IPY3bIMU?
Iloma u Ha pabore?

Jannvie, kax v pororpaduu, IPeACTaBAAIOT OO0 MOMEHTAIbHbIE CHUMKY UCTOPHUH.
OHM HE MOTYT MOJHOCTBIO 3alleYaT/ieTh HElPEPHIBHO MEHSION[YIOCS PEaNbHOCTD
U KOHTEKCT, a Takyke 6ECKOHEYHOE KOJUYECTBO MEPEMEHHBIX, OT KOTOPBIX 3aBUCHUT
aTa ucrtopust. Kak Mbl yske TOBOPUIIU, IaHHbBIE MOTYT ObITh HEOOBEKTUBHBIMU. B HUX
ObIBAIOT TPOGEJIBI, MOJKET HE XBAaTaTh 3HAYMMBIX epeMeHHbIX. B ujgease Ham xore-
JI0Ch Obl, YTOOBL y HAC ObLIT GECKOHEYHBIN 00beM HaHHbIX, KOTOPBIE OTPAXkKAIOT Oec-
KOHEYHOE KOJIMYECTBO TIEPEMEHHBIX, TIPHYEM HACTOJIBLKO MOAPOOHO, YTO MbI MOTJIH
OBl TIPAKTUYECKU BOCCO3/IaTh PEANbHOCTD U CO3/aTh aJIbTePHATUBHBIE PEANbHOCTH!
Ho Bo3moskno sin a10? B HacTOs111€€ BpeMs — HeT. /[aske caMble MOIITHbIE CYTEPKOM-
[BIOTEPBI B MUPE, BMECTE B3ATbIE, OUEHb JAJIEKU OT TOTO, YTOOBI TIPEACTABUTH BECH
MUP B BUJIE MACCUBA JIAHHBIX.

[ToaToMy HYKHO CY3UTDh M3y4aeMyio 00IaCTh, YTOGBI TIETU CTAJIN BHITOTHUMBIMHE. 1o
HECKOJIbKUM yIauHbIM (poTorpadusiM, Ha KOTOPBIX OTel] ceMelicTBa UTPAET B TOJIb(,
MOZKHO JIETKO OIIPe/IeIUTD, XOPOIINi Jin OH roJibuct. Ho moneitaThes pacKpbITh BCIO
HCTOPUIO €T0 JKU3HU TOJIbKO 110 (poTorpadusM MOXKeT 0Ka3aTbCs HEOCYIIECTBUMBIM.
Oyenb MHOTOE HEBO3MOXKHO 3a)MKCUPOBATh B BUJIE MOMEHTAJIbHBIX CHUMKOB. JTH
MPaKTUIECKHe COOOPaKEHUS CJeyeT IPUMEHSITh U B MPOEKTax 1Mo paboTe ¢ JTaH-
HBIMHU, IIOTOMY YTO JJaHHbIE — 3TO BCETO JIMIIIb MOMEHTAJIbHble CHUMKH, Ha KOTOPBIX
OTPasKEHO TO, YTO <IOTMAJIO0 B OOBEKTHB» B OMPe/eIEHHbBIH MOMEHT BpeMenn. Hyxxuo
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9eTKO 0603HAYATD IEJTN TIPOEKTA, TOTOMY UTO 3TO TIOMOTAET CIEUTH 32 TEM, YTOObI
cOOMpaTh aKTyaabHBIE ¥ TTOJTHDIE TAHHBIE. A €CTU CTABUTH TIEpel COOON Yepecuyp
IMTUPOKYE U HEOTIPEIEIEHHBIE 3aa4H, TO MOJKHO CTOJTKHYTHCS € MPOOIEMaMH 13-3a
JIOKHBIX BBIBOJIOB U HEMTOJIHBIX HAOOPOB AaHHbIX. [lata-MaftHUHT (0OBIYA TAHHBIX )
VIMEET CMBICT B OTIPE/IeIEHHBIX CUTYAIINSX, HO 9TUM WHCTPYMEHTOM HE CTOUT 3J10-
ymoTpebIsTh. MBI BEpHEMCST K 9TOMY BOTIPOCY B KOHIIE TJIABHL.

Jlaske Kor/ia 11e/ii 4eTKO 0003HAYEHBI, TIPU PabOTe ¢ JAHHBIMU BCE PABHO MOJKHO
CTOJIKHYTBCSI ¢ TIpoGJieMamit. BepHeMest K BOITPOCY O TOM, MOKHO JIU 10 HECKOJIbKUM
yIaqHBIM (GOTOTPAdGUSIM OIIPEIESTUTD, XOPOIIIO JIU OTEI UTPAET B T0JIb(). MosKeT ObITh,
ecJi Gbl y Bac Obly1a oTorpadus, Ha KOTOPOii OH n300paskeH B MOMEHT Yapa, Bbl Obl
CMOTJIH OTIPEJIEJIUTD, B XOpOIIieii i hopme oH Tor/aa Obut. VIjiu, ecJiv Bbl yBUIEIN, KaK
OH PAJIy€eTCst U MPUHUMAET MO3/IPABJIEHNUST, MOSKHO C/IEJIATh BBIBO/I, YTO OH HAOpasl MHO-
0 OYKOB. A MOXKET OBITb, Y Bac ecThb (ororpadust ero cueTroit kaprouxku? Ho BaxkHO
WMETD B BUJLY, YTO BCE 3TH U306l MOTYT OBITH CHaTbCU(DUITUPOBAHBI U BHIPBAHBI
13 KOHTeKCTa. MOKeT ObITh, OH PAJIOBAJICST 32 KOTO-TO JIPYTOT0, a MOJKET, CUETHAST Kap-
TOYKa ObLJTa He eT0 WU BOBCe o/ ibHON. Kak u B ciyuae ¢ pororpadusiMu, 1aHHBIE
He OTPAKAIOT KOHTEKCT U HE TIPEJIAraloT OObsICHEHHIL. TO OUYEHb BAKHBI MOMEHT,
HOTOMY YTO JIAHHbBIE AIOT MOACKA3KH, & He UCTUHY. ITH MOACKA3KH MOTYT IIPUBECTH
K ICTUHE, HO MOTYT U BBECTH B 3a0JIy K/IEHIE, €CIIU CIEJIATH U3 HUX OITHOO0YHBIE BHIBOJIBL.

Bor nouemy Tak BasKHO yMETh HHTEPECOBATHCS TEM, OTKY1a OepyTcs JaHHbIe. 3aga-
BaiiTe BOIIPOCHI O TOM, KaK ObLIU IIOJy4YeHbl JAHHbIE, KTO UX COOpaJ U YTO B HUX He
orpaxeHo. CIIMIIKOM JIETKO 3allUKIUTHCS HA TOM, 4TO COOOLIAIOT JaHHBIE, 1 3a0bITh
CIIPOCUTD, OTKY/Ia OHM B3sIMCh. Ellle XysKe MIHUPOKO PacIPOCTPaHEHHOE MHEHHE,
OyaTO MOKHO 3arPY3UTh JAHHBIE B AJITOPUTM MALIMHHOIO OOYYeHUs U KIaTh, YTO
KOMIIBIOTEp caM Bee cliestaet. Ho, Kak riacuT MocJoBHIlA, «<MyCOP Ha BXOJe — MYCOP
Ha BbIXoJle». HeynuBuTeabHo, 4TO, 110 aHHBIM caiita VentureBeat (https://oreil.
ly/8hFr0O), Tosibko 13 % IIpOeKTOB B 06/1aCTH MAIIMHHOIO 00Y4YeHU OKa3bIBAIOTCSI
YCHEIMHbIMU. B yCIEnHbIX TPOEKTaX OCMBICJSIIOTCS M aHAJU3UPYIOTCS KaK CaMu
JlaHHbIE, TAK U X UCTOYHUKHA.

OYHAAMEHTAJIbHAA UCTUHA

B 6osiee 06111eM ciryyae prMep ¢ ceMeiiHoi poTorpadueii HamocTpupyer
pobaemy byHaamenTaabHol neTubl (ground truth) (https://oreil.ly/sa6Ff).

Korma s1 Bent 3aHsaTHs 10 6€30MACHOCTH CUCTEM HCKYCCTBEHHOTO MHTEJIEKTA,
MHE OJHAKIbI 33/IATH BOTIPOC O TOM, KaK YJIYYIIUTh 6e30TacHOCTh Gec-
MIJIOTHBIX aBTOMOoOUITEH. «Korma 6ecmumoTHOMY aBTOMOOUITIO He YAAeTCst
PacTo3HATD TEMeX0/a ¢ TIOMOIIBIO JUIapa, HeT JIN cnocoba OOHAPYKUTH
3TOT OOl ¥ TIPEKPATUTH ABUKEHUE?> S OTBETHJI, UTO HET, TIOTOMY YTO CH-
cTeMa He BIIAJIEET PYHIAMEHMATLHOU UCTNUHOT, TO €CTh TIOATBEPIKIEHHBIM
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Y VICUEPITBIBAIOIINM 3HAHUEM O TOM, UTO sBJsieTcss McTuHON. Ecm aBTO-
MOGHITB He PACTIO3HAI MEMNIEX0/Ia, TO KaK OH IOTAAETCsT, YTO HE PACTIO3HAI
rrerexosia? Y Hero HeT (pyH/IaMEHTaJbHOU MCTUHBI, HA KOTOPYIO MOKHO
ObLIO GBI OMEPETHCsT, ECITIU TOJABKO €€ He TPEAO0CTABUT JKUBOM Omeparop,
KOTOPBII BMEIIAETCS B CUTYAIIHIO.

Cob6ceTBeHHO, Tak 1 0OCTOAT AeJia B pa3paboTKe OeCIINIOTHBIX AaBTOMOOMIIE.
HexoTopble IaTIMKH, HATPUMED PAZapbl, 0GECIIEYMBAIOT TOBOJBHO HATEK-
HyT0 QyHIAMEHTAIBbHYTO UCTUHY 10 Y3KUM BOTIpocaM, Haripumep: «EcTh jin
4T0-TO Tepeni aBToMobmaeM?s> Ho pacrmosuaBanie 0OHEKTOB ¢ MTOMOIITHIO
Kamep ¥ JIUAapoB (B HEKOHTPOJIMPYEMBIX YCIOBUSAX) — 9TO ropasao Gosee
pacIuibIBUaTas 3a/1aua BOCIPUATHS ¢ aCTPOHOMUYECKUM YHCJIOM BO3MOK-
HBIX KOMOMHALNI nuKceseil. [lostoMy B faHHOM cirydae pyHIaMeHTaaIbHOR
WCTUHBI TPOCTO HE CYIIECTBYET.

OTpaxaioT Jii Ballly JaHHbIe PYHIAMEHTATBHYIO HICTUHY, KOTOPYIO MOKHO
npoBeputh? IlomHb! it 3TN HanHbie? MOXKHO JIM CUNTATh BAllM JATIUKU
Y IpyTYe UCTOYHUKY MH(MOPMAITUN HAJIEKHBIMU 1 TOYHBIMU ? Vi hyHzaa-
MEHTaJIbHAs UCTUHA HEU3BECTHA?

OnucatenbHas CTaTUCTUKA U CTaTUCTUYECKUIN BbIBOJ,

YT0 NPUXOAUT HA YM, KOT/IA BbI CJIBIIINATE CJIOBO «CTATUCTUKA»? BbI mpegctaBuin
cebe, KaKk BBIYUCISAIOT CPeAHee apu(PMeTHIecKoe, MeUaHy, MOAY, CTPOAT TpadUuKK
U KOJIOKOJIOOOpa3Hble KPUBBIE WJIU €llle KaK-TO OMUCHIBAIOT JaHHbIe? ITO Haubo-
Jiee pacIIpOCTPaHEHHBIN pa3ies CTATUCTUKU, KOTOPBIM HA3BIBACTCS ONUCAMENbHOU
CTRAMUCTMUKOT U CJIYKUT It TOTO, uTO6BI 060011aTh JaHHbIe. B KOHIIE KOHIIOB, 4TO
MPaKTUYHEE — MPOCMOTPETh MUJIJTMOH 3aITUCEH C TAHHBIMU U O3HAKOMUTHCS C HUIMU
B 06001IeHHOM BIe? ITOT Pas/esl Mbl PACCMOTPUM B IIEPBYIO OUEPEb.

Cmamucmuueckuil 6vi600 (inferential statistics) nmossosisger BoIIBUTH IPU3HAKU GO-
Jiee OBIIUPHOI COBOKYTTHOCTH, YaCTO HA OCHOBE BHIOOPKHU. Y MHOTUX CKJIAJIbIBACTCSI
HeTIPaBUJIbHOE MPEJICTABJIEHNE O CTATUCTUYECKOM BBIBOJIE, TOTOMY UTO 3TOT Pa3zie
MeHee MHTYUTHUBHO MTOHSTEH, YeM OTHCaTeThHAS CTATUCTHKA.

3auactyio TpeGyeTcst U3yduTh TPYIIILY, KOTOPAst CJIMIIIKOM BEJIUKa, YTOObI HAOITI0AATh
ee BCIo (HaIpuMep, eCJI MbI XOTUM Y3HATh CPEJTHUI POCT MOJPOCTKOB B CeBepHOI
AMepuKe), ¥ TOT/Ia TPUXOAUTCS U3yUaTh JHUIITh HECKOJbKO TPEACTaBUTENEH 9T
TPYIIBI, YTOGBI CIETATH BHIBOMLI O HEH B 1eToM. Kak MOKHO I0TaIaThest, OCYIIECTBUTD
3TO MPABUJIBHO HE TAK-TO IIPOCTO — BE/[b MBI IIBITAEMCSI TPEJCTABUTH BCIO COBOKYII-
HOCTB C TIOMOII[HIO BEIGOPKHU, KOTOPast MOKET OKa3aThCsl Heperpe3eHTaTuBHOM. [1o3ske
MBI OGCY/IIM TH HIOAHCBI.
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CoBOKYNHOCTH, BbIGOPKN 1 CMeLLeHne

[Ipeske ueM yriybasaThest B OMUCATENLHYIO CTATUCTUKY U CTATUCTHYECKUI BHIBOJ,
OBITTO OBI HETLTOXO ATh HECKOJBKO OTIPEIETIEHIH U PACCMOTPETD UX Ha KOHKPETHDIX
npuMepax.

Tenepanvias cooxynHocmy, UM IPOCTO COBOKYNHOCMb, — ITO ONIPeleIeHHAS TPYII-
1a, KOTOPYIO MBI XOTUM U3Y4YWUTh, HAIPUMED «BCe JIrou crapine 65 et B CeBepHOI
AMepuke», «Bce 30s0THucTble peTpuBepsl B lloTnananny nin «BTOPOKYpPCHUKU
KoJuteka ropona Jloc-Assrocs. OGpaTuTe BHUMAaHIE HA TO, KAK Mbl OTPAaHUYMBAEM
Ty WIH UHYIO COBOKYMHOCTE. OHU COBOKYITHOCTH OXBATHIBAIOT OOJIBIIYIO TPYIIITY
HaceJIeHUs B OGIIMPHOM reorpauueckoM UM BO3PACTHOM JIMATa30He, a APYyTre —
OUYeHb Y3KWe, KaK, HAIPUMEP, BTOPOKYPCHUKY KoJtemka B Jloc-Ansroce. OT TOTO,
4TO BbI XOTUTE U3YUYHTh, 3ABUCUT, KAK BbI Oy/leTe OTPAaHUYUBATH COBOKYITHOCTb.

Buibopra — 310 TIOIMHOKECTBO COBOKYITHOCTH, KOTOPOE B HJI€AJIe COCTABJIEHO CJIy-
JaiHBIM 06Pa30M 1 6e3 CMETEHHST 1 Ha OCHOBE KOTOPOTO MBI JIETTAEM BBIBOJIBI O TIEJTON
COBOKYITHOCTH. JacTo mpuxoanuTest pabotath ¢ BLIGOPKAMH, TIOTOMY YTO HE BCETr/a
MOXKHO HCCJIeJIOBATh BCIO COBOKYITHOCTD. KOHEYHO, HEKOTOPBIE COBOKYITHOCTH JIeTde
OXBAaTUTb, ECJTN OHU HeGOIbIIHe 1 ocTyHbIe. Ho cobupars maHubie 060 BCEX JTTOAX
crapiie 65 et B CeBepHoit Amepuke? Bpsat sim 510 1ieecoobpasto!

COBOKYMHOCTU MOTYT BbITb ABCTPAKTHbIMU!

p BakHO OTMETHTD, UTO FeHepaIbHASI COBOKYITHOCTD MOKET ObITh TEOPETHYECKOIA,
\ a He PeasibHO CYIIECTBYIONIEH. B aTHX cirydasx Mbl oGpaiaeMcest ¢ peaibHON

COBOKYITHOCTBIO, KaK C BBIOOPKOIT 13 BOOGpakaeMoil COBOKyHOCTH. BoT Moii
JIEOOUMBIIL TPUMED: HAC UHTEPECYIOT PEChI, KOTOPbIE BHIETAOT U3 a9POIOPTa
Mexy 14 1 15 yacamu, HO B 3TO BpeMsl HET JJOCTATOYHOTO KOJIMYECTBA PEICoB,
4TOOBI HAJIEKHO CIIPOTHO3MPOBATh, KAK YaCTO OHM OlasibiBaoT. [loaTomMy
MOKHO PacCMaTpUBATh BCIO COBOKYITHOCTH PEHCOB Kak BBIGOPKY U3 BOOG-
paskaeMoii reHepaJbHON COBOKYITHOCTU BCEX YMCTO TEOPETUYECKUX PEHCOB,
KOTOpbIE BblIeTaloT B 1epuo/ ¢ 14:00 go 15:00.

3a11aq1/1 TaKOTo pojia HO6y)KI[aIOT MHOTHUX HCC]IC[[OBaTC]ICﬁ I10JIy49aTh JTaHHbIC
C ITOMOIIBIO CUMYJIATOPOB. ITO MOXKeT ObITh IIOJIE3HO, HO CUMYJIAIIUU PEJIKO
OBIBAIOT TOYHBIMU, TIOTOMY YTO OHU YUYUTBIBAIOT JINIIb OTPAaHUYEHHOE KOJINY€e-
CTBO IIEPEMEHHDBIX U OITUPAIOTCA Ha 3apaHee 3a/laHHble Oy IEHN .

Ecm Mbl cobupaeMcst fie1aTh BBIBOJIBI O CBOMCTBAX COBOKYIIHOCTH HA OCHOBE BbI-
6OPKH, BasKHO, 4UTOOBI BBIOOPKA ObliIa KaK MOKHO GoJiee CIydaliHOM, HHaYe BHIBOIbI
MOTYT OKa3aThCsl UCKaskeHHbIMHI. ITpuBesem npumep. J[omycTiM, 5 CTyIeHT KOJLTeIKa
YHauBepcutera mrata ApusoHa. Sl Xouy BbISICHUTD, CKOJIBKO YAaCOB B CPETHEM CTYIEHTBI
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rosteketi B CHIA exxeHeesTbHO TIPOBOJIAT Y 9KpaHa TeJIeBU30Pa. 51 BBIXOXKY IIPSIMO
13 OOIIEKUTHS M HAYMHATO ONPAIINBATh CYYAHbBIX CTYAEHTOB, KOTOPBIE TIPOXOISAT
MIMO; BeCh cO0p TAHHBIX 3aHIMAET HECKOIBKO 4acoB. B ueM e 31mech mpobrema?

ITpo6ieMa 3aK/II04aeTCs B TOM, UTO MOSI BBIOOPKA CTYAEHTOB OYAET CMEUEHHOTL, T10-
TOMY YTO B HEIl YPE3MEPHO ITPE/ICTABJIEHA OTIPE/IEIEHHAS TPYIIIA CTYAEHTOB B yiep0
OCTAJIBHBIM TPYIITIaM, U 9TO UCKAJKAET BBIBOJIBL. B MOEM HCCIie/JOBAaHUN TeHepaIbHAST
COBOKYITHOCTD OTIpejiefieHa Kak «cTyneHTol Kosiemkeir CIITA», a He «CTyIeHThI
KOJLTE/[Ka YHUBEPCUTETA IITaTa APH30Ha». S OMPaIIuBAI0 TOJBKO CTYAEHTOB OJTHOTO
KOHKPETHOTO YHUBEPCUTETA, YTOOBI CIENATH BBIBOIBI 000 BCEX CTYIEHTAX KOJLIEIKEL
BO Bcex Coennnennpix [ltatax! Pazse aT0 KOppeKkTHO?

MaJioBepOSITHO, 4TO y CTYAEHTOB BO BCEX KOJUIE/KAX CTPaHbI OyAyT eauHo0Opas-
Hble rpeanoyTeHus. UTo, ecan cTyeHTbl YHUBepcuTeTa 1mraTa Apu3oHa cMOTPSAT
TeJIeBU30D TOPA3/I0 yallle, 4YeM CTYIeHTbl Apyrux ynuBepcutetoB? He uckassarcs am
pe3yJIbTaThl, €CJId PacPOCTPAHATh Ha BCIO CTPAHy BBIBObI, KOTOPbIE C/Ie€JIaHbl Ha
OCHOBE 9TOH BBIGOPKU? MOKeT ObITh, 3TO MPOUCXOIUT OTOMY, 4TO B ropoje Temie,
IJle HAXO/IUTCS KAMITYC YHUBEPCUTETA, 0OBIYHO CIIUIIKOM KaPKO, YTOOBI BBIXOIUTH Ha
VJIUILY, ¥ TI03TOMY MHOTHE IIPOBOJIAT BPeMS 1iepe/l TeJIeBU30POM (3TO ITOATBEPKIAETCS
MOUM COOCTBEHHBIM OIIBITOM: 51 MHOTO JIeT TIposkusi B DuHUKCce — cTosmIe APU30HBI).
Bo3MoskHO, CTYyIeHTBI IPYTUX KOJJIEKEH, KOTOPble HaXOAATCS B APYTUX KJIUMaTH-
YeCKUX 30HaX, OOJIBIIE TYJISIOT Ha CBEKEM BO3/YXE U MEHBIIE CMOTPSIT TEJIEBU3O0P.

ITO JINTb OJIMH W3 NCTOYHUKOB CMETeHNs, M3-32 KOTOPhIX HE CTOUT OPUEHTHUPO-
BaThCsT Ha BBIOOPKY CTYAEHTOB OZHOTO YHUBEPCHUTETA, ECIIH MbI XOTUM H3YYUTh CO-
BOKYITHOCTH cTyzeHTOB Beex Coenunennbix [1ltaros. B umeane MHe ciieoBaio Gbl
CIy4ailHBIM 06Pa30M OIIPOCKTD CTYAEHTOB KOJIJIEKEH B Pa3HBIX YHUBEPCUTETAX MO
BCell cTpaHe — TOTJIa st OJIydy OoJiee PENPE3eHTAaTUBHYIO BHIOODKY.

OHaKo cMeleHune He BCeria CBs3ato ¢ reorpadueii. JIomycTum, st IpUIOKNIT OTPOM-
HbIE YCUJIUS, YTOOBI OIIPOCUTD CTYAeHTOB 110 Beeil tepputopun CIIA. ST opranusosai
KaMITAHUIO B COIUAJIBHBIX CETSIX, YTOOBI pa3Hble YHUBEPCUTETHI PACIPOCTPAHUIIH
omnpoc B Twitter u Facebook. Takum 06pa3oM, CTyZ€HTbI €r0 YBUALT U, HAJEIOCh,
IIPpUMYT B HEM y4dacCTHe. B HUTOTE A IMoJIydald COTHU OTBETOB O TEJIEBU3UOHHBIX IIPU-
CTPACTUAX CTY/ICHTOB U3 PA3HBIX YTOJKOB CTPAHBI U PAAYIOCh, 4TO MPEOAOJIEN TPO-
6JieMy CMeLIEeHUs... WK HeT?

A 4TO ecyiu IPE/INIOIOKUTD, UTO T€ CTY/IEHTHI, KOTOPbIE YBUJIEJU OIIPOC B COIUAIIb-
HBIX CETSIX, Yalle MPOUYNX CMOTPAIT TesieBu30p? Ecim oHr MHOTO CUZIAT B COIUATIb-
HBIX CETSIX, TO, CKOPee BCEro, OHU TakyKe He IIPOTUB IIPOBECTH CBOOOLHOE BPEMSI
3a 9KPAHOM TeJsieBU30pa. HeyaumBUTEIbHO, €CJIM Ha COCEHMX BKJIaAKax Opaysepa
y nux otkpoiThl Netflix 1 Hulu! 9tor 0cobbiii TUI cMelienns, Korja Ta WId HHasl
rpymmna ¢ GoJblIell BEPOATHOCTBIO BKIIOYAET cebsl B BBIOOPKY, U3BECTEH KAK CMe-
wenue us-3a camoomoopa.
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ITpokasaree! Heyxenn TyT Hudero He mozenats? Ecim 3aayMaThes, TO CMeleHe
MAHHBIX KAKETCS HeM30€KHBIM — U 3a4aCTYIO TaK OHO U eCTh. Ha Harre nccieoBasme
MOJKET MOBJIUSATH MHOKECTBO CHYMbLBAIOULUX NEPEMEHHbIX NI (PAKTOPOB, KOTOPBIE MBI
He yusn. [Ipo6iema cMeneHys JaHHBIX 3aTpaTHa ¥ TPYAHOIPEOAOINMA, & MAITHHHOE
o6ydeHre 0COGEHHO YSI3BUMO JIJIsT Hee.

YT0661 M36€KaTh 9TOH TPOOIEMBI, MOKHO AEHCTBUTENBHO CAYYAHBIM 06pa3oM
BLIOMPATH CTYAEHTOB U3 BCEIl COBOKYIIHOCTH, IIPUYEM TaK, YTOObI OHU He MOIJIH 110
COOCTBEHHOMY JK€JIAHUIO [IOIIACTh B BEIOOPKY WJIM BBIATH 13 Hee. ITo HanboJee sd-
(heKTUBHBII c110cOO GOPOTHCS CO CMEIIEHHEM, HO, KAK BbI JOTabIBAETECH, OH TPEOyeT
GOJIBIIINX COTJIACOBAHHBIX YCUIIUIA.

KPATKAA CMPABKA O TUMAX CMELLEHNA

Kax HU cTpaHHO, MBI, JIIOIW, CKIOHHBI K CMENeHUusIM. MBI UIeM 3aK0-
HOMEPHOCTH JIa’Ke TaM, TJle UX HeT. BO3MOXKHO, 3TO ObLIO 9BOJIOIIUMOHHO
HEe0OX0MMO, 4TOOBI BBIKMBATH Ha 3ape YeJIOBEYECTBA, IIOTOMY 4TO TIOUCK
3aKOHOMepHOCTEH moMoras apdeKTHBHee 3aHUMAThCS 0XOTOH, cobupa-
TEJILCTBOM U 3eMJIe/ICTTEM.

Cy1ecTByeT MHOKECTBO TUTIOB CMEITIEHUS, HO BCE OHU TIPUBOJAT K OTHOMY
U TOMY K€ — K UCKaKEHUIO Pe3yJIsTaToB. CKAIOHHOCTb K NOOMBEPHCOeHUIO
IPOSIBJISIETCSI, KOT/IA BBl COOMPAETE TOJILKO T€ IAHHbIE, KOTOPbIE TOJITBEPIK/IA-
10T Ballly TOUKY 3pEHUS, IIPUYEM 9TO MOXKET IIPOHCXONTD Ia’ke HeOCO3HAH -
HOo. Harmpumep, BbI TIOJITUCHIBAETECH TOJBKO Ha T€ aKKAYHTBI B COTTMATbHBIX
CETSIX, KOTOPBIE PA3IENSIOT BAIITY TTOJTUTUIECKIE YOEKAEHNS, UTO YKPETUIIET
Ballly MO3UINIO, a He 1aeT II0BOJ] COMHEBATLCS B HEll.

Mt yake 06CYIVITN cMelene U3-3a camoomoopa, KOTa Ompe/ieJIeHHbIe Ka-
TETOPUH PECTIOHIIEHTOR € HOJTBIIIEH BEPOSITHOCTHIO BKITIOYAT CeOsI B ICCIIEN0-
BaHwe. [VIyIo IPUXOANTH B CAMOJIET 1 OTIPAIINBATH ACCAKUPOB, HPABUTCSI
JIM IM 3T aBUAKOMIIAHUS 110 CPABHEHUIO C IPYTUMHE, 4UTOOBI HA OCHOBAHUT
3TOTO OI[EHUBATH Y/IOBJIETBOPEHHOCTD KITMEHTOB CPE/IN BCEX aBUAKOMITAHUIA.
[Touemy? Ckopee Bcero, MHOTHE MACCAKUPHI BHIOPAJIH 9Ty aBUAKOMITAHUIO
He B IEPBbIiT Pa3, ¥ HTO CO3/AET CMENIEHNE U3-3a caMOo0TO0pa. MBI He 3HaeM,
KaKast IOJIs1 TTACCAKUPOB SBJISIETCS TOBTOPHBIMY KINEHTAMHU aBUAKOMITAHHH,
a BeJlb OHU B TIEPBYIO OUEPE/b OTBETST, UTO TPEATIOUNTAIOT 3Ty KOMITAHHIO
npyrum. [laxe Te, KTO JIETUT BIIEPBBIE, MOTYT CO3/IABATH CMEIEHNE U3-3a
€aMo0TOOPa, TIOTOMY YTO OHU BBIOPAJIN HTOTO IIEPEBO3YMKa, a Hallla BLIOOPKa
He OXBATHIBAET BCEX MIEPEBO3YNKOB.

Owbxa evicusiLez0 TPOUCXOIHT, KOTIA NCCIEOBAHNE 3aTPATHBAET TOJb-
KO TeX, KTO OCTaJICS B )KMBBIX, I HE yUUTBIBaeT yMepiux. Ha moii B3rsiz,
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9TO CaMBbIiA I/IHTepeCHbe/,I TUII CMEIEHNA, TOTOMY YTO €T0 IMPUMEPDI pa3-
HOO6paSHbI 1 HECOYEBU/HDbI.

Bepositho, HanGoJiee U3BECTHBIH IIPUMEP OIIMOKN BBIKUBIIEIO — CIydail
BpeMeH BTopoii MUPOBOii BOWHBI, KOTia 6pUTaHCKIE BOEHHO-BO3/IYIIHbIE
CUJIBI Tepsid GOMOAPAUPOBIIUKY M3-32 HEMENKUX 00cTpesioB. UToOBI
[IPEOXPAHUTH CAMOJIETHI, OPUTAHCKUE WHIKEHEPBI CHAYAJA TIPETIOKUIN
YKPEILIATh UX OPOHIO B Te€X MecTaXx, Tjie ObLIn 00HAPY KeHbI IIPOOOMHBI OT
cHapsaoB. OHaKO MaTeMaTuK 1o uMeHn AGpaxam Basib HacTauBas Ha
TOM, 4TO 3TO peleHue abCcOMOTHO OTNG0UHO. OH MPEIIOKUI YKPEILISATh
Te MecTa Bro3esKa, riae He 6bi10 IpobonH. MosKeT, OH OBbLI cyMacIie/-
muM? OtHIOAE. O4eBUIHO, 4TO Y HOMOAPIUPOBIIIKOB, KOTOPbIE BEPHY-
JIUCH ¢ 3aJ[aHusl, He ObLIO KaTacTpO(hUIECKUX MOBPEKIEHUN B MeCTax
mpobouH. [Touemy MbI B 3TOM yBepeHbi? II0TOMY YTO OHU BEPHYJIUCH!
A dTo Xe ¢ camoJieTaMu, KOTOpbie He BepHyJauch? Kymna oHu ObLiu 1mo-
pakenni? Teopus Banpaa 3akiiouanach B TOM, 4YTO «CKOpPee BCErO, OHU
GBI TOPAKEHBI B TEX MECTAX, KOTOPBIE OCTAIUCh HETPOHYTHIMU Y CaMO-
JIETOB, KOMOPbLE bIHCULU U BEPHYIUCH HA 6a3y». ITO 0KA3aJI0Ch BEPHBIM.
MHKeHepbl YKPEIIIN Te MECTa, T/ie He ObLIO TIPOOOUH, U BBKHUBAEMOCTD
CaMOJIETOB U MUJIOTOB MOBbIcHIach. CUMTAETCS, YTO ITO HECTAHIAPTHOE
HabJI0/IeHre, TOMUMO [TPOYET0, BHECJIO BKJIAJ[ B TO, YTOOBI IIEPETOMUTH
XOJI BOIHBI B [T0JIb3y COIO3HUKOB.

Cy1iecTByIOT U ApyTHe BIEYaTIAIONINe, HO MeHee O4eBH/IHbIE TPUMepBI
omuOKU BbIKUBINET0. MHOTHE KOHCAJITUHTOBbIE KOMITAHUU U KHUKHBIE
U3/IaTEIbCTBA JIOOAT BBIABIATH KAYECTBA YCIIENTHBIX KOMIIAHUN U PYKO-
BOJIMTEJIEH ¥ TIPEICTABJIATH OTH KA4eCTBA KaK 3aJI0T OYIYIIUX YCIIEXOB.
I paboTH — YKMCTON BozbI o1rbKa BeixkuBLIero (a Ha caiite XKCD ectb
3a06aBHBII PUCYHOK Ha 9Ty TeMy: https://xkcd.com/1827). B HUX He y4uUThI-
BAIOTCS KOMITAHUY U JI€ATEJIH, KOTOPble 00JIaIali TEMU JKe <«KaueCTBAMU
ycliexay, Ho IoTepIiesIv Hey/lauy U OCTaIICh Heu3BecTHbIMU. IIpocTo Mbl He
CJIBIIIAN O HUX, TOTOMY YTO OHUM HUKOT/IA He OBIBAJIH B IIEHTPE BHUMAHUSL.

B kauecTBe nirocTpanum MoskHo ipusecty ipumep Crusa [Ikobca. MHO-
'Y€ CYUTAIOT, YTO OH OBLT B3OPHBIM U BCIIBLIBYUBBIM — HO TP 9TOM CO3/aJI
OJIHY 13 CaMbIX JOPOTUX KOMIaHU Bcex BpeMeH. [loaTomy HexoTOpBIE
JIOI YOEKIEHBI, YTO BCIBLIBYUBOCTD 1 TOPSIYHOCTD MOTYT GBITH CBSA3AHBI
¢ ycriexoM. OnsiTh e, 9T0 OIMUOKa BBIKHUBIIET0. SI TOTOB TIOCIIOPHUTH, YTO
CyIIeCTBYET MHOKECTBO KOMITAHWH, KOTOPBIMU PYKOBO/IUJIN BCITBLTHUNBBIE
JIIOTA ¥ KOTOPBIE TPOBAIUINCH B GE3BECTHOCTH, HO MBI 3allUKJIMBAEMCSI Ha
TaKUX UCTOPHSX ycrexa, Kak y Apple.

W naxoserr, B 1987 rozy 6bL10 IPOBEJEHO UCCIeA0BaHKE B 00IaCTH BETEPU-
HApUH, KOTOPOE MOKA3aJI0, YTO KOIIKH, KOTOPBIE YIIAJIH C IECTOTO 1 HoJjiee
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HU3KWX 9TAKEH, TTOTyIan 6oJiee Cephe3HbIe TPABMBI, YeM Te, KOTOPBIE YITATH
¢ 6oJbIIIel BBICOTHL. V13 3TOTO BBIBEIM HAYYHYIO TEOPUIO O TOM, OYITO KOTII-
KU OTITUMHU3UPYIOT CBOE TIOJIOKEHHUE B BO3/[yXe HA YPOBHE MTPUMEPHO TISITH
STaXKel, YTO AT UM JOCTATOUHO BPEMEHH, YTOOBI TIPU3EMJIUTHCS HA BCE
YeThIPe JIallbl ¥ TTOJIyYrTh MeHblie TpaBM. Ho 3artem rasera Chicago Reader
3aj1aJ1a BAKHBIH BOIIPOC: & YTO JKe CAYIMIIOCH C MEPTBBIMHE KOIIKaMu? JIroam
BPSI/L JIU TIOHECYT MEPTBYIO KOIKY K BETEPUHAPY, U TIO3TOMY HET JaHHBIX
0 TOM, CKOJIBKO KOIIEK MOTHOIO OT MAAeHUs ¢ GOITBITON BBICOTHL.

MBI 0CTaTOYHO TOTOBOPHIIN O COBOKYITHOCTSIX, BBIOOPKAaX U CMEIIEHHH, TaK 4TO
JlaBaiiTe TiepelijieM K MaTeMaTHKe U ONicaTesbHOl ctatuctuke. Vimelite B BULy, 4TO
MaTeMaTUKA U KOMIIbIOTEPBI He CIIOCOOHbBI PACIIO3HATH CMEIIEHHUE B BAIINX JAHHbIX.
Ecu BBI X0poruii crieruaauct 1o data science, To caMut I0JKHBI €70 OGHAPYKUTH!
Bcerna yrouHsiiTe, Kak IMEHHO OBLIM IIOJIyYEHbI JIaHHbIE, a 3aTeM TIIATEJbHO aHa-
JIMBUPYIiTE, KaKk KOHKPETHO MeTOJ| cO6opa JAHHBIX MOT UX HCKA3UTh.

Bbi6opKy 1 cmeLeHne B MaLIMHHOM 06y4YeHun

HO[[O6HI)I€ HpO6JIeMI)I C BbI60pKaMI/I " CMEUIEHUEM XapaKTEPHbI U [JIA MallluH-

\ Horo o6ydeHust. U tuHeliHast perpeccusi, 1 JIOTUCTIYECKas, 1 HEHPOHHBIE CETH

BbIBO/IAT IIPpEJICKa3aHnsA Ha OCHOBE BbI60pKI/I JIaHHBIX. Ecnu st JIaHHbIE CMEIIe-
HbI, TO aJITOPUTMbI MAllTUHHOTO 06y‘-{€HI/I$I 6yﬂyT JleJIaTb CMelleHHbI€ BbIBO/IbI.

ITOMY eCTh MHOKECTBO JJOKYMEHTATBHO OATBEP KACHHBIX TpUMepoB. B cymo-
NPOU3BOJICTBE MALIMHHOE 00yUeHUE BHEAPSETCS ¢ GOJIBIIMM TPYIOM, IOTOMY
YTO OHO HEOAHOKPATHO ITPOSBJIAIO CMEIEHNE BO BCEX CMBIC/IAX 9TOTO CJIOBA,
YIEMJIsIst MHTEPEChl MEHBIIUHCTB U3-3a TOTO, YTO B HAabOpaX AaHHBIX ObLIO
MHOTO TPeJCTaBUTeel 5TUX MeHbIUHCTB. A B 2017 roxy xommanus Volvo
UCIIBITHIBAJIA GECITIIOTHBIE AaBTOMOOUJIM, KOTOPbIE ObLIM 00y Y€eHbI [TPe0TBPaA-
IATh CTOJKHOBEHUST Ha Habopax JaHHbIX 00 oJieHsx u Jocsix. OnHaKo y uc-
KYCCTBEHHOT'0 MHTEJIEKTa He OBLIO IAHHBIX 00 OIIbITE BOAUTEEH B ABCTpaIni,
U TI09TOMY OH He MOT PacIiO3HATh KEHTYPY, & TeM H0JIee OTCIIEUTh UX MPBIKKH!
O6a a1u ciryyast — IPUMEPbI CMENIEHHBIX JAHHbIX.

OnucatenbHag CTaTUCTUKA

OrncaresibHast CTATUCTHKA — 3TO 06JIaCTh, C KOTOPOit 3HAKOMO GOJIBIIIMHCTBO JTIOAEH.
Ml KOCHEMCS TAKUX JIEMEHTAPHBIX MOHATUH, KaK cpe/iHee apudMeTHIecKoe, MeIaHa
1 MOJI, a 3aT€M PACCMOTPHM JIMCIIEPCHIO, CTAHAAPTHOE OTKJIOHEHWE U HOPMAJIbHOE
pacripesieicHe.
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CpeaHee apudpmernyeckoe 1 cpeaHee B3BELUEHHOE

Cpeduee apugp memuueckoe — 3T0 CyMMa BCEX YHCEJ U3 HEKOTOPOTO MHOKECTBA,
JleJIeHHAsT HA UX KOJTMYEeCTBO. JTa BEJNYNHA [TOJI€3HA TEM, YTO OHA TIOKA3bIBAET, T/I€
HAXOAUTCS «IEHTP TKECTH» HAOII0aeMOr0 MHOKECTBA 3HAYCHUIA,

Cpennee apudmeTnuecKoe BEIYUCTSAETCS OMUHAKOBO KaK JIJIsi COBOKYITHOCTEH, Tak
u 1151 BBIGOPOK. B ipumepe 3.1 nokasaHo, kak Ha Python Beraucsuts cpegtee apud-
METUYECKOE JIJIsT BHIOOPKY M3 BOCHMU 3HAYEHUT.

MpumMmep 3.1. Boiumcnenne cpegHero apngmeTtnyeckoro Ha Python

# KONMYecTBO AOMAWHUX XUBOTHbIX Y KaXAOro pecrnoHAeHTa
sample = [1, 3, 2, 5, 7, 0, 2, 3]

mean = sum(sample) / len(sample)
print(mean) # BbiBOAMT 2.875

Kax Bunnte, MbI onrpocuiiv 8 4esioBeK O TOM, CKOJTbKO Y HUX JIOMAITHUX KUBOTHBIX.
CyMMa Bcex 3HaUYeHHiT B BBIOOPKE paBHa 23, a KOJIMYECTBO 9JIEMEHTOB — 8, UTO IaeT

HaM cpefiHee apudmeTndeckoe 2,875, TOTOMY 4TO %3 = 2,875

Cpentee apudmerryeckoe ObIBaeT ABYX TUIIOB: BHIOOPOYHOE CPeIHee X 1 FeHepaIbHOe
cpenHee y:

FohtRtn+. 4, X
n n
L= X X, Hx X =Zﬁ
N N

HanomuanM, 9T0 CHMBOJI CyMMBI £ 03HAYAET CJI0KEHNE BCEX 2J1eMeHTOB. BykBbi n u N
0603HaYAIOT pasMep BHIGOPKY W T€HEPATbHON COBOKYITHOCTH COOTBETCTBEHHO, HO
MaTeMaTU4eCK OHU IIPECTABJIIOT O/IHO U TO JK€ — KOJMYECTBO 2JIeMEHTOB. AHaJI0-
TUYHO BBIGOPOYHOE CPEIHEE X ¥ TeHEPATbHOE CPEIHEE U BBIYUCISIOTCS OIMHAKOBO,
MIPOCTO OHY HA3BIBAIOTCS O-PA3HOMY B 3aBUCHMOCTH OT TOTO, C YeM MbI paboTaeM —
¢ BBIOOPKOIL MJIM C TeHepPaIbHON COBOKYITHOCTBIO.

Cxopee Bcero, cpesiee apudMeTHyecKoe BaM XOPOIlo 3HAKOMO, HO KOe-4ero 0 HeM
BbI MOIJIM He 3HATb: 110 CYyTH cpejiHee apudmMeTnyecKkoe — 3TO YACTHBIN CJIydail Tak
HA3bIBAEMOTO cpedHezo 83geulenozo. IIpUBbIYHOE HAM cpefiHee apubMeTHIeCKoe
MO/Ipa3yMeBaeT, YTO BCe 3HAUEHUS OJMHAKOBO cyliecTBeHHbI. Ho OT 3TOTO MOXKHO
OTOWTH, €CJIN MPUAATH KAXKIOMY 2JIEMEHTY CBOI BeCOBOI K03 uIinenT:

! Uro6bl BBIYUCTIUTH CPEHEE apUMETHYECKOE, MOKHO TAKKe TPUMEHATH (DYHKITUIO Mean U3 MoJIyJist

statistics, nanpumep: mean = statistics.mean(sample). — Ilpumeu. nayu. peo.
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(3 w) + (3 w )+ (o -y )+ (x, 0 w,)

Cpe/IHEE B3BEIIEHHOE =
W W, Wy W,

ITO MOXKET TIPUTOIUTHCSI, €CTU HY;KHO, YTOOBI OJIHU 3HAYEHUST BHOCHJIN OO
BKJIAJI B NUTOTOBOE Cpe/lHee, 4eM Aipyrue. PacripocTpaHeHHBIN TPUMeD, KOTOPBIH MJI-
JIOCTPUPYET CPejIHee B3BENIEHHOE, — BBIYMCIEHIE UTOTOBOTO HGaJijia 1o pe3yIsraTam
9K3aMEHOB B YUeOHBIX 3aBe/leHUsIX. JIOMYyCTIM, HYJKHO C/IATh TPU TIPOMEKYTOUHBIX
3K3aMeHa M OJIMH BBITYCKHOH, M MBI TIPU/IaeM KaKJOMYy W3 TPeX IMPOMEKYTOUHBIX
9K3aMeHOB BecoBoit koaddurment 20 %, a BoimyckHOMY — 40 % OT UTOroBOTO Hasiia.
B npumepe 3.2 mokazano, Kak B 9TOM CJIy4Yae BBIYUCISETCS UTOTOBBIH HasL.

MpumMmep 3.2. BbluncneHne cpeaHero B3BeLWEHHOMO Ha Python?

# Tpu NpoMeXyTOYHbIX 3K3aMeHa C Becom 0,20 U BbiNyCKHOW dK3aMeH C Becom 0,40
sample = [90, 80, 63, 87]
weights = [0.2, 0.2, 0.2, 0.4]

weighted_mean = sum(s * w for s,w in zip(sample, weights)) / sum(weights)
print(weighted_mean) # BbiBOguT 81.4

Mpbi B3BeNTMBAECM KasK/[bIi HK3aMEHATIMOHHBIN GaJIJT, yMHOKAsI €T0 Ha COOTBETCTBYIO-
i BeCOBON K0I(DMUIHEHT, U IeTMM CyMMY GAIOB He Ha KOJTUYECTBO 3HAYEHHIT,
a Ha cymMmy KoadduireHToB. BecoBbie K0a(hhUIMEHTHI He 00513aTENBHO JTOJIKHDI
BBIPAJKATHCS B TMPOIEHTAX, MOTOMY YTO JIOOBIE YUCIIA, KOTOPBIE UCITOMb3YIOTCS
B 9TOM KauecTBe, B KOHEYHOM UTOre OYyT IPUBEIEHBI B Iponopinio. B pumepe 3.3
MBI IIPUCBAMBAEM KAKIOMY ITPOMEKYTOYHOMY IK3aMeHy BeCOBOil Koadduiiuenrt 1,
a BBIMYCKHOMY — 2, YTOOBI OH «BECUJI» BIBOE OOJIBIIE, YEM KaXK/IbIi U3 TPOMEKY-
TOUYHBIX. Bce paBHO ToJrydaeTcs TOT ke OTBeT 81,4, MOTOMY UTO 9TH KO3 HUITHEHTHI
MPUBOJIATCS B TIPOTIOPIIHIO.

Mpumep 3.3. BoiumcneHune cpegHero B3seLlleHHOro Ha Python

# Tpu NpoMeXyTOYHbIX 3K3aMeHa C Becom 1,0 M BbINYCKHOW 3K3aMeH C Becom 2,0
sample = [90, 80, 63, 87]

weights = [1.0, 1.0, 1.0, 2.0]

weighted_mean = sum(s * w for s,w in zip(sample, weights)) / sum(weights)

print(weighted_mean) # BbiBOguT 81.4

2 CpezHee B3BEIIEHHOE TAKKe MOKHO BBIUUCJUTH C TOMOIIBIO (GyHKIMK average () u3 MOy
numpy. Hanpumep, eciiu MIIOPTUPOBATH 3TOT MOJYJIb CTAHAAPTHONW MHCTPYKIMEH import
numpy as np, TO cpelHee B3BeIlIeHHOE B 3TOM IIPHMepe MOKHO TTOJTyYHlTh Tak: weighted_mean =
np.average(sample, weights=weights). — IIpumeu. nayu. peo.
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MepunaHa

Meduana — 510 1leHTpaIbHOE 3HaYeHUEe B Habope yIIOpsIIOUEHHbIX 3HaYeHnil. Eciu
YIIOPSIZIOUUTD 3HAUEHUSI TT0 BO3PACTAHIIO, TO MEAUAHOH OYIET TO 3HAUEHHE, KOTOPOE
HAXOJUTCs B CEPEIMHE ITOH IOCAe0BATENbHOCTH. EC/IM KOJIMYECTBO 3HAYeHNI
YETHOE, TO MEIUAHOI CUNTAETCS CPeIHEe apu(PMETHIECKOE ABYX IIEHTPATbHBIX 3HA-
yenuii. 13 npumepa 3.4 BUAHO, YTO MeIMAHHOE KOJIUYECTBO AOMAIIHIX KUBOTHBIX
B HallIell BbIOOPKE paBHO 7:

e, 1, 5, 7, 9, 10, 14

MpumMmep 3.4. BoiumcneHne meamaHbl Ha Python!

# KonuyecTBO AOMAWHUX XMBOTHBIX Yy KaxAOro pecrnoHAeHTa
sample = [0, 1, 5, 7, 9, 10, 14]

def median(values):
ordered = sorted(values)
n = len(ordered)
mid = int(n / 2) - 1 if n % 2 == @ else int(n/2)

ifn% 2 ==

return (ordered[mid] + ordered[mid+1]) / 2.0
else:

return ordered[mid]

print(median(sample)) # BbiBOAMT 7

Menuana MOXKeT IIPUTOAUTBCS BMECTO CPelHETo apuMeTHIYECKOr0, eC/u JaHHbIe
HIePEKOIIEHBI 8bI0POCAMU — 3HAYEHUSMIL, KOTOPbBIE CIMIIKOM BEJTMKHU WITH CTUIIKOM
MaJIbl 110 CPaBHEHUIO C OCTaJIbHBIMU. BOT MHTEpeCHbIN TpUMepP, KOTOPHIN TOMOXKET
yCBOUTB 3TO TIoHATHE. B 1986 oy cpenmHero/10Bas HauyaabHAS 3apIyiaTa BBITYCKHUKOB
reorpaduueckoro dakyasrera Yausepcurteta Cesepnoit Kaposmupt B Yanen-Xuste
(UNC) cocrasmsizma 250 000 monmapos, a it IPYTUX YHUBEPCUTETOB ATOT MOKA3aTeTh
coctaBsst B cpearem 22 000 gostapos. Jlomskao 66ith, B UNC nipocto BostiebHas
ydeOHast porpaMma 1o reorpaguu!

Ho 4o Takoro mpubBLILHOTO GBLIO Ha CAMOM JieJie Ha TeoTpaprdecKoM (hakyabreTe
UNC? [Iesi0 B TOM, 4TO OJHUM M3 €r0 BbIIIYCKHUKOB ObLL... Maiika Ixxopaan. Onun
13 CaMbIX TIPOCIaBIeHHBIX UTPOKOB NBA sielicTBUTEIBHO OKOHYMII TeoTpahuiecKuit
daxyasrer UNC, o1HAKO OH HAYaJ CBOIO Kapbepy Kak 6acKeTOOJNCT, a He Kak reo-
rpad. O4eBUIHO, YTO HTO OCOOBIH CIIyyaii, U3-3a KOTOPOIO BOSHUK OIPOMHBIIT BEIGPOC,
a CPeHUN TOXO/] BBITYCKHUKOB 3HAYUTETBHO CMECTHUIIC.

Nmenno II09TOMY B CUTyalusx C 60]IbI]_H/IM KO/JIMYE€CTBOM BbI6pOCOB (HaHpI/IMep,
B /TaHHbIX O I[OXO]_IaX) MearaHa MOJKET OKa3aTbCA MMPEAINIOUYTUTEIbHEE, YEM CpeJHEe

! Menmany Tak:ke MOKHO BBIUHCJIUTH € TIOMOIIbI0 hyHKIME median () 3 Momys statistics, Ha-

npumep: print(statistics.median(sample)). — pumeu. nayu. peo.
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apI/I(bMETI/I'—IECKOe. Omna MeHee JYBCTBUTEJIbHA K BbI6p0CEIM " pa3gesadeT JaHnHbIe CTPOTO
rmocepesiine, OpueHTUPYACh Ha UX OTHOCUTEJIbHBII TIIOPANOK, a HE Ha TO, I'/le UMEHHO
OHH PaCITOJIOKEHBI Ha YUCTIOBOM HpHMOﬁ. Ecmm menmana pPamvKaJabHO OTJIMYAECTCA OT
CpeiHero, 9To 3Ha4YuT, YTO Ha6op JAHHBIX MIEPEKONIIEH U COACPKUT BbI6pOCI)I.

MEAWUAHA — 3TO KBAHTWJ1b

B ommcaTenbHOM CTAaTUCTHKE €CTh TOHATHE K6anmuiell. KBaHTHIIb, TIO CyTH,
000011aeT TOHATHE MEAUAHBL: OH PasfieiseT JaHHbe He 00s13aTeIbHO I10ce-
peanHe, a B TPOM3BOJIBHOM MecTe. Mennana — ato daktudeckn 50 %-HbIit
KBaHTUJIb, TO €CTh 3HAYEHHUE, 32 KOTOPBIM HAaX0AuTCst 50 % yHOPSIIOUEeHHbBIX
3HaueHn. Mearana BMecTe ¢ 25- 1 75 %-HbIMI KBAaHTUJISIMU Ha3bIBAIOTCS
K8apmuisaMu, TOTOMY UTO OHH Pa3JIeIsSIIOT JAaHHbIE yepe3 Kaxkbie 25 %.

Mopa

Mooa — 510 3HaUEHNE, KOTOPOE BCTPEUaeTCs B HAOOPE JAHHBIX yarile Beero. B mepByo
ovepeIb OHa MoJIe3Ha, Koriaa B Habope JaHHBIX MHOTOKPATHO TIOBTOPSIIOTCST OJ[HH U TE
JKe 3HAUEHUST, U HEOOXOIIMO OTIPEIESTUTD, KAKHE U3 HIX BCTPEYAIOTCST HAabOIee 4acTo.

Eciit HU 0fiHO 3HaYeHHE He BCTpedyaeTcst Oojiee 0JJHOTO pasa, TO MOJIa OTCYTCTBYET.
Ecau cambiM1 yacThIMHU OKa3bIBAIOTCS /IBa 3HAUYEHUSI C OJAMHAKOBOUW 4YaCTOTOM, TO
HA0OP JaHHBIX CUUTAETCS OUMOOAIbHbIM. B iprMepe 3.5 MbI BBIYKC/ISIEM MOJLY JJIsT
Habopa JaHHBIX O IOMAIIHUX KMBOTHBIX ¥ BIIUM, YTO OH GUMOIAJIbHBII, [IOTOMY YTO
U 2, 1 3 BCTPEYAIOTCS ¢ OJMHAKOBOI HAMOOIbIIEeil 4acTOTOM.

Mpumep 3.5. BoluncneHne mogel Ha Python?
from collections import defaultdict

# KoNMyecTBO AOMAWHUX XMBOTHbIX Y KaXAoOro pecrnoHAeHTa
sample = [1, 3, 2, 5, 7, 0, 2, 3]

def mode(values):
counts = defaultdict(lambda: @)

for s in values:
counts[s] += 1

max_count = max(counts.values())
modes = [v for v in set(values) if counts[v] == max_count]

return modes

print(mode(sample)) # [2, 3]

2 Moy (M HECKOJBKO MOJT) TakK:Ke MOKHO BBIYHCJUTD € TIOMOIIbI0 (hyHKInu multimode () us
MozyJis statistics, Haripumep: print(statistics.multimode(sample)). — Ipumeu. nayu. peo.
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Ha TIPAKTUKE MOy UCHOJb3YIOT HE CJUIINKOM YaCTO — 3a UCKJIIIOYECHUEM CJIyYa€B,
KOT/1a TaHHbIE ITIOBTOPAIOTCA. 10 6bIBa€T, KOr/ia MbI pa60TaeM C II€JIBIMIM Y1 CJIaMU,
KaTeropudaMHr U APYIUMU JUCKPETHBIMU ITEPEMEHHDBIMU.

[lncnepcus u cTaHRapTHOE OTKNOHEHNe

KOFlIa 3aXOAUT PEYb O JUCIIEPCUN 1 CTaHJAAPTHOM OTKJIOHEHHWH, BCILJIBIBAET MHOTO
WHTEPECHBIX MOMEHTOB. HpI/I pa60Te C 9TUMU BEJIMYNHAMU MHOTHUX CMYIIA€T, YTO
JJIA BbI60pKI/I OHU BBIYHCJIAIOTCA HEMHOI'O HE TaK, KaK JIJId I‘eHepaJIbHOfI COBOKYII-
Hoctu. A IIOCTapaloChb C/AeJaTh BCE€ BO3SMOJKHOE, 4TOOBI AO0XOQ4YMUBO paCCKa3aTb 06
9TUX PA3JINIUAX.

Avicnepcua 1 CTaHZAPTHOE OTKNOHEHUE reHepasbHOi COBOKYMHOCTH

ITpu onrcaHUY JAHHBIX HAC YACTO MHTEPECYET Pa3HUIIA MEXK/Y CPEAHUM 3HaUueHUEM
U KaKI0H KOHKPETHOI TOYKON JaHHBIX. DTa pasHuUlla JaeT IpeJCTaBlIeHue O pas-
6poce JaHHbIX.

[orycTMm, st X0uy BBISCHUTb, CKOJIBKO JIOMANTHUX )KUBOTHBIX TPUHA/ITIESKUT CEMEPBIM
YjIeHaM MOEro pabouero KoJuiekTiBa (00paTuTe BHUMAaHUE, YTO sl OTIPEAEIISIIO er0 KaK
COBOKYITHOCTb, a HEe KaK BBIOOPKY).

Boisicaunocs, 4To cpeHee KOTUUECTBO TOMAITHUX KUBOTHBIX, TPUHAJIEKAITAX
MOHMM KOJLIeraM, cocTaBjisieT 6,571. Berurem 5TO 4MCI0 U3 KaKA0ro 3HaueHus. Tak
MBI Y3HAaeM, HACKOJBKO IaJIeKO HaXOAUTCS KaK/I0e 3HaYeHUe OT Cpe/lHero, Kak 110-
KasaHo B Tabu. 3.1.

Taﬁmnua 3.1. KonnuecTBo AOMALIHMX XUBOTHBIX, NPUHaANeXallux onpoLeHHbIM COTPYAHUKAM

3HaueHue CpepHee PasHuua
0 6,571 —6,571
1 6,571 =5,571
5 6,571 -1,571
7 6,571 0,429
9 6,571 2,429
10 6,571 3,429
14 6,571 7,429

[IpencraBum aTv TaHHBIE HA YUCTOBOM MPSIMOM, T/Ie «X» TIOKA3bIBAET CpejiHee apud-
Metmaeckoe (puc. 3.1).
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e -Sadht INERES

Puc. 3.1. Pa3bpoc faHHbIX («X» — cpeHee apudmeTnyeckoe)

Tenepb mogyMaeM, 4eM 3Ta MHGOPMALH MOKET ObITD I10JIe3Ha. BeIMUnHbI pasHoCTH
JAI0T IIPEACTABICHHIE O TOM, HACKOJIbKO pa3sbpocaHbl JaHHbIE U HACKOJIbKO JaJeKu
3Ha4YeHus OT cpeaHero. Ectb mu c1mocob o0beJMHUTD 9TU CBEACHHS B OJHO YUCIIO,
4yT06BI GBICTPO OIKCATD CTelleHb pa3bpoca?

MoskeT BO3HUKHYTH COOJIa3H B3SATH CPEIHION PA3HOCTD, HO TIPU CJIOKEHUU OTPH-
[aTebHbIE U TOJIOKUTETbHBIE 3HAUCHMSI OYIyT aHHYJIUPOBATH APYT Apyra. MoKHO
MTPOCYMMHUPOBATH aGCOMOTHBIE 3HAYEHMST (TO €CTh N30ABUTHCS OT 3HAKOB MUHYyCa
U c/leiaTh BCe 3HAUEHUs TOMOARUTeTbHBIMI). Ele achdexTruBHee 6y1eT BO3BOAUTD
Pa3HOCTH B KBAJIpar, Tepes] TeM Kak CyMMUPOBATh. ITO HE TOJHKO U30aBUT HAC OT
OTPUIATENbHBIX 3HAUEeHUH (IIOTOMY YTO OTPHUIATENbHOE YHCJIO B KBaj[paTe CTaHO-
BUTCSI TIOJIOKUTENHHBIM ), HO M YBEJMUYHUT GOJIBIINE PA3HOCTH, & C MATEMATHYECKOI
TOYKHU 3PEHMSI € TIOJYIEHHON BeTMInHOM OyeT mpotie paboTtath (€710 B TOM, 4TO
¢ abCOTIOTHRIMHU 3HAYEHUSIME He TaK yI06HO BBIYUCIISITH TPON3BOHbIE). [Tocsre aToro
YCPETHUM KBafpaThl PasHOCTEH. B pesyibraTe MOMyUUTCS ducnepcust, KOTopast mo-
Ka3bIBAET, HACKOJIBLKO Pa3bpOCaHbl TAHHBIE.

Bot dopmyiia, 1o KOTOPOI MOXKHO BBIYMCIUTD TUCIIEPCHUIO:

(x, —cpe,cu—[ee)2 +(x, —cpeﬂﬁee)3 +o4(x, —cpe,:u{ee):'

aucnepeus =
N

Bousee cTporo dopmyiia aucriepcu 171 TeHEPATbHON COBOKYITHOCTHY BBITJISIIUAT TaK:
2 E (xi B -“)‘

g =
N

B npumepe 3.6 gucrepcust COBOKYIIHOCTH /111 HAILIeTo ¢cIydas ¢ J0MalllHUMU )KUBOT-
HBIMU BBIUKCsieTcst Ha Python.

Mpumep 3.6. BuiumcneHune aucnepcun Ha Pythont!

# KonmyecTBO AOMAWHUX XUBOTHbBIX Y Kaxporo pecnoHaeHTa
data = [0, 1, 5, 7, 9, 10, 14]

! Jlucnepcuio reHepajbHON COBOKYITHOCTHU TAKIKE MOYKHO BBIYUCIUTH C TOMOMIBIO (DYHKITUN
pvariance() u3 Moy statistics, nanpumep: print(statistics.pvariance(data)). —
IIpumeu. nayu. peo.
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def variance(values):

mean = sum(values) / len(values)

_variance = sum((v - mean) ** 2 for v in values) / len(values)
return _variance

print(variance(data)) # BeiBoanT 21.387755102040817

Takum 06pa3oM, AUCTIEPCUST KOJIMIECTBA IOMAITHIX JKUBOTHBIX, KOTOPbIE TIPUHAJLTIE-
JKaT MOMM KoJuteraMm, paBHa 21,387755. Xopoiio, HO 4TO 9TO 3HAYUT HA CAMOM Jiesie?
Pa3yMHO MPEATIONOKUTD, YTO YeM GOJIbIIe UCIIEPCHs], TeM GoJbie pasdpoc, HO Kak
COOTHECTH 3TO 3HAYEHUE C HAIIMMHY JIAHHBIMU ? ITO YUCIIO OOJIbITE, 4eM JTH060e 13 Ha-
mux HaGJTIOIEH U, TIOTOMY YTO MbI BO3BOJIUJIN 3HAYEHHMSI B KBA/IPAT U CKJIA/[BIBAJIH UX;
pe3yJIbTaT OKa3aJics BhIPaskeH B COBEPIIEHHO IPYTHUX eIMHUIIAX n3Mepenns. Kak mpu-
BECTH €r0 B COOTBETCTBUE C TOH JKe IIKAJION, B KOTOPOU HAXOISATCSI UCXO/IHbIE TAHHbIE?

V3Biieuenue KBaJpaTHOTO KOPHSI — 9TO OTlepalius, 00paTHAsA BO3BEIEHHIO B KBAJPaT,
[I09TOMY BO3bMEM KBaJIpaTHBIN KOPEHb U3 JIUCIIEPCUH, B Pe3YJIbTaTe Yero MoJIy4nTCs
cmandapmuoe omxioHeHue (NI cpedHeksadpamuueckoe OmKioHeHue). ITo JIuc-
Hepeus, MacITabUPOBAHHAS B YKCJIO, KOTOPOE BHIPAKEHO B EIMHUIIAX KOJINYECTBA
JIOMAIITHUX KUBOTHBIX, U €T0 yi00Hee cebe MpeICcTaBIsATh:

Yr00bI BBIUMCIUTD CTaHIaPTHOE OTKJIOHEHKE Ha Python, Bocriosb3yemest hyHKIMed
variance() 1 U3BJIeYeM KOPEHb U3 ee pe3yJibraTa ¢ ToMotIbio hyHKIMHT sqrt (). Temepnb
y Hac ecTh pyHKIMS std_dev (), KoTopasi TokazaHa B mpuMepe 3.7.

Mpumep 3.7. BoluncneHne cTaHAapTHOrO OTKIOHEHMS Ha Python!
from math import sqrt

# KonmyecTBO AOMAWHUX XUBOTHbBIX Y Kaxporo pecnoHaeHTa
data = [0, 1, 5, 7, 9, 10, 14]

def variance(values):
mean = sum(values) / len(values)
_variance = sum((v - mean) ** 2 for v in values) / len(values)
return _variance

def std_dev(values):
return sqrt(variance(values))

print(std_dev(data)) # BbiBoAuT 4.624689730353899

! CTaHI[apTHOC OTKJIOHEHHE l'CHCpa]IbHOfI COBOKYITHOCTHU TaKK€ MOKHO BbIYUCJ/IUTDH C ITIOMOIIbIO

ynximu pstdev () us Moy statistics, narpumep: print (statistics.pstdev(data)). —
IIpumeu. nayu. peo.
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Ecam 3amyctuth Koz 13 puMepa 3.7, MOXKHO Y3HATh, YTO CTAHAAPTHOE OTKJIOHEHNE
COCTaBJISIET IPUMEPHO 4,62 TTTOMIIA. DTa BEJTMUYIHA TTO3BOJISIET BBIPA3UTh Pasbpoc
B TeX JKe eIMHUIIAX UBMEPEHMUSI, C KOTOPBIX Mbl HAYMHAJIHU, U UCTIEPCUTIO CTAHOBUTCS
HEMHOTO ITPOIIle NHTEPITPETUPOBaTh. HeKoTOpbIe BasKHbIE TPUMEHEHNSI CTAHAAPTHOTO
OTKJIOHEHUST MBI PACCMOTPHM B TJIaBe 5.

Mpu yem TyT KBappar?

BosmozkHO, Bac GeCIIOKOUT BOIIPOC, 3a4eM B (OPMYJIe IHCIEPCUE O BO3BO-
JATCS B KBazipat (M MOMYYaeTcst 0°). DTO MOTOMY, 4TO JMCHEPCHs Kak Obl
HaMEKaeT, 4TO U3 Hee Hy)KHO U3BJIeYb KBAJPATHBIN KOPEHb, 4TOOBI OIYIUTh
CTaHZAPTHOE OTKJIOHEHHE. ITO CBOeoOpa3HOe HAIOMUHAHUE O TOM, YTO BBI
uMeeTe JIeI0 ¢ KBaJpaTaMy BEJWYNH, U, YTOOBI BEIYUCTUTD 9TH BEJHYMHBI,
HY’KHO U3BJI€Yb KOPEHD.

Boi6opouHas qucnepcus U CTaHAAPTHOE OTKJIOHEHHUE

B npexpinyiiem pasjesie Mbl TOBOPUJIU O AUCIIEPCUU U CTAHJAAPTHOM OTKJIOHEHUU
reHepasbHOM COBOKYITHOCTU. A YTOGBI BHIYMCIAUTD STH BEJMYMHBL JJist BBIGOPKH,
B COOTBETCTBYIOMIHE (hOPMYJIBI HEOOXOIMMO BHECTU BaXKHYTO TOMPABKY:

Y (x,-x)

Jlucnepeusn :s° =
n-1

Cman r)chmH 0 OMKIOHEHUE .§ =

Bo1 yaosuau pasauiy? Korga Mbl yepenHsieM KBaapaThl pa3HOCTEN, MBI TETIEPH
JIeJIIM He Ha o0l1iee KOJIMYeCTBO 3JIeMEeHTOB 1, a Ha n — 1. Tlouemy Tak? ITo HYKHO,
4yTOOBI YMEHBIIUTH CMelleHre BBIOOPKU U He 3aHUKATh AUCIEPCHIO COBOKYIIHOCTH
Ha OCHOBe Hamreil BeIGopku. Korma snauenue B 3HaMeHaTe e Ha eIMHUIYY MEHbIIIE,
MbI YBEJIMYMBAEM JUCIIEPCUIO, 4 3HAUUT, GUKCUPYeM OOJIBIIYIO HEOIIPEAEJEHHOCTh
B Hallleil BBIOOPKE.

3AYEM BbIMUTATb 1 U3 PASMEPA BbIBOPKI?

Ha YouTube-kanasne /Ixxomia Crapmepa (Josh Starmer) ectsb otsimunas ce-
pust BujieopoaukoB StatQuest (https://oreil.ly/6S9DO). B ogHOM 13 HUX OH
JIOXOIUUBO OOBSCHSET, TOUEMY MbI BHIYKMCIISIEM JAMUCTIEPCUIO IS BRIOOPKU
[0-J[PYTOMY U BBIUUTAEM €JIMHUILY U3 OOIIETO KOJTMIECTBA 3JIEMEHTOB,
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Eciit 661 1aHHBIE O JOMAITHAX KUBOTHBIX MPEACTABJISAIN c000# BEIOOPKY, a HE CO-
BOKYITHOCTB, HYKHO OBLIO OBI C/IeJIaTh COOTBETCTBYIOIILYTO MOMpaBKy. B mpumepe 3.8
st MopuIpoBan GyHKINK variance () u std_dev (), 4TOOBI OHU MOTJIA IPUHUMATh
Heobs13aTeTbHBIN MapaMeTp is_sample: eciii OH paBeH True, TO U3 JCTUTENS B IKC-
nepcuu OyaeT BBIYUTATHCS 1.

Mpumep 3.8. BoluncneHne BbIGOPOYHOrO CTaHAAPTHOrO OTK/IOHEHMSI!
from math import sqrt

# KonunyecTtBO AOMAaWHNX XUBOTHbLIX Yy KaXAoro pecrnoHpeHTa
data = [@, 1, 5, 7, 9, 10, 14]

def variance(values, is_sample: bool = False):
mean = sum(values) / len(values)
_variance = sum((v - mean) ** 2 for v in values) /\
(len(values) - (1 if is_sample else 0))

return _variance

def std_dev(values, is_sample: bool = False):
return sqrt(variance(values, is_sample))

print(f"Oucnepcua = {variance(data, is_sample=True)}") # 24.952380952380953
print(f"CtaHgapTHoe oTkyoHeHue = {std_dev(data, is_sample=True)}")
# 4.995235825502231

O6parute BHUMaHWE, 9TO B IpuMepe 3.8 AUCTIEPCUs U CTAHIAPTHOE OTKJIOHEHHUE
GoJIbIIE, YeM B MIPEBIAYIINX TPUMEPAX, TE MBI PACCMATPUBAIH JIAHHbBIE KaK IeHe-
PATIbHYIO COBOKYITHOCTB, a He KaK BRIGOPKY. BerioMHMM, UTO B iprMepe 3.7, KoT/a Mbl
UMEJTH JIEJIO C COBOKYITHOCTBIO, CTAHAAPTHOE OTKJIOHEHUE COCTABJISIO OKOJIO 4,62.
Ho 3mech, koraa mbi pabotaeM ¢ BBIGOPKO#T (M, COOTBETCTBEHHO, BhIunTaeM 1 u3
3HAMEHATEJISI IUCTIEPCUT ), OHO PaBHO TIPUMEPHO 5,00. ITO MPABUILHO, TOTOMY UTO
BBIGOPKA MOKET OBITH CMEIIIEHHON M HEKOPPEKTHO MPEICTABIATH COBOKYTHOCTD. [To-
HTOMY MbI YBEJTMIUBAEM JIUCIIEPCHIO (2 3HAYNT, U CTAaHAAPTHOE OTKIOHEHHUE), YTOOBI
TIOBBICUTB OI[EHKY TOTO, HACKOJIBKO Pa3bpocanbl 3HaueHus . Yem G0JIbIIe AUCepeust
(¥ cTaHIapTHOE OTKJIOHEHWE ), TEM MEHBINYIO CTENeHb IOBEPUs K OIEHKE OHA OTPa-
sKaeT u3-3a 60JIbIIero pasdpoca.

HanomunyM, 9To cpenHee apridMeTHIECKOe 1 AUCTIEPCHSI TeHePaTbHOH COBOKYITHOCTH
0603HAYATICH GYKBAMH L 1 0 COOTBETCTBEHHO, a /IS BRIOOPKU OHU 0G03HAYAIOTCST X
U § COOTBETCTBEHHO. BOT (hopMyJIbI CTAaHAAPTHOTO OTKIOHEHWSI /ITISI BBIOGOPKY W JIJIsT
COBOKYTTHOCTH:

! Jlucriepcuio 1 CTaHIapTHOE OTKJIOHEHHE BBIOOPKHU TAKKE MOKHO BBIYMCIIUTH € HOMOTIBIO (DYHKIH I
variance() u stdev () us Moy statistics, Hanpumep: print(statistics.stdev(data)). —
IIpumeu. nayu. peo.
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Jluctiepcust GyeT paBHa KBaJpary aTUX BeJuurH. TakuM 06pasoM, AUCTIepCHst JIJIst
2 A
BBIOOPKHY U JIJIST COBOKYITHOCTH PaBHA S~ U ¢° COOTBETCTBEHHO:

.5'2 =7Z(xr-_f)-
n-1

G.‘! — z(xr —,U):
N

Kax YK€ 0TM€4YaJIOCh, 3HAK KBa/[paTa IIOMOTA€T MMOHATDH, YTO HYKHO M3BJI€Yb KBa-
I[paTHbeI KOp€Hb, 4TOODBL IOJYYUTDb CTaHAaPTHOE OTKJIOHEHUE.

Hopmaanoe pacnpenenedue

B nipezpityiieii riraBe Mbl YITIOMSTHYJTH O PACTIPEIETIEHUSIX BEPOSITHOCTEN, B YaCTHOCTH
o 6uHOMMATBHOM 1 OeTa-pactpenenenun. OIHAKO caMOe M3BECTHOE pacIipesiese-
Hrte — HopManvhoe. OHO TaKKe HA3BIBAETCS pacnpedenenuem [ aycca vi IPefCTaBIsIET
€060l CHMMETPIUYHOE KOJOKOJI00GPasHoe paclpeieieHne, Te HanhOoIbIIast MIoT-
HOCTB COCPENIOTOUEHA BOKPYT CPEIHETO, a Pa3bpoc OMpe/ieIsieTcs Kak CTaHapTHOE
oTkJIOHeHHe. UeM Jasbliie OT CPeJHETO, TEM TOHBIIIE CTAHOBATCS «XBOCTBI» 10 06e
CTOPOHBI KPUBOH.

Ha puc. 3.2 nokazano HopMaJIbHOE pacipeiesieHiue MacChl TeJia 30JI0TUCTOrO PpeTpu-
Bepa (B ¢pynrax). ObpaTTe BHUMaHUE, 4TO GOJIbIIA YACTh 3HAYEHUH pacIIoIoKeHa
OKOJIO CPEJTHETO, KOTOPOe PaBHO 64,43 dyHTA.

mﬁ [T /’*\

55 60 65

Puc. 3.2. HopmanbHoe pacnpegenexue
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Kak 06HapyxuTtb HopmanbHoe pacnpegeneHue

HopwmanbHoe pacnpeziesieHne 4acTo BCTpedaeTcs B IPUPo/ie, HayKe, TEXHUKE U APYTHX
ob6mactsx. Kax sxe ero o6Hapy:kuTh? JIomycTiM, MBI U3MEPILITH Maccy TeJia 50 B3poc-
JIBIX 30JIOTUCTBIX PETPUBEPOB U HAHECJIU ITU JIaHHbIE Ha YMCJIOBYIO IIPSIMYIO, KaK
MoKa3aHo Ha puc. 3.3.

L o0 SB9H 0 ¢ B0 000 W DTN O N ¢ 9 @
57 59 61 63 B5 67 63 7

Puc. 3.3. Bbibopka n3 50 3HaueHnii Maccbl Tea 30M0TUCTbIX PETPUBEPOB

OG6paruTe BHUMaHUE, YTO B IIEHTPE BLIGOPKU 0Ka3a/10Ch O0JIblIle 3HAUYEHMIA, a 110 Mepe
yIaJIeHUsI BJIEBO UJIU BIIPABO MX CTAHOBUTCS MeHbIie. Vlcxoas u3 Haleil BBIOOPKH,
KayKETCSI MAJIOBEPOSITHBIM, YTO MBI BCTPETHM 30JI0TUCTOTO PETPUBEPA € MACCOM 57 Mytn
71 dyHT. A uTo Hacuer Macchl 64 uiu 65 GyHToB? OUEBUIHO, OHA BBITJISIAUT OoJiee
PaBIOIOIO0OHOIL.

Ectb iu syuivii crnoco6 HarjsHo n306pasuTh ATy TPaBAONOA0OHOCTD, YTOOBI TTO-
HATb, KAKYIO MACcCy PETpUBepa Mbl ¢ GOJIbINEH BEPOSTHOCTBIO YBUANM B BBIGOPKE U3
COBOKYMHOCTH? MOKHO MOMPo6OBaTh HAYEPTUTH TUCTOTPAMMY, B KOTOPOIi 3HAYCHUST
PaCIPEIENAIOTCS MO YUCTOBBIM MHTEPBAJIAM PABHOM JIIUHBI, & CTOJIOUKH MTOKA3bIBAIOT
KOJIMYECTBO 3HAUEHUH Ha Kask/IoM nHTepBase. Ha puc. 3.4 MbI CTPOUM IICTOTPAMMY;,
KOTOpast 00beIMHSAET 3HAUEHUs B MHTEePBaJbI 110 0,5 hyHTa.

| ..
[}
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Puc. 3.4. [uctorpamma maccbl Tenia 30M0TUCTbIX PETPUBEPOB
ITa rUCTOrpaMMa He OTPaskaeT HUKAKOW CyIeCTBEHHON CTPYKTYPBI faHHbIX. [1pu-

YIHA HTOTO B TOM, YTO BhIOpaHHbIE MHTEPBAJIBI CIMIIKOM MAIbL. Y HAC HE HACTOJIb-
KO Gobmoil (u TeM Gosee He GeCKOHEYHbI) 06beM JaHHbIX, YTOOBI Ha KasKAOM
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WHTepBaje OBLIO JOCTATOUHO TOYeK. [109TOMY MPHUAETCS YKPYIHUTD MHTEPBAJIBI.
JlaBaiite caesaeM Tak, 9ToOBI JJTITHA KaKOTO MHTEPBAIa COCTABJISIIa TpU (DYHTA,
Kak II0Ka3aHo Ha puc. 3.5.

157.4,60.4 (60,4, 63.4] (B34, 654] (664, 65.4] 69.4,72.4)

Puc. 3.5. bonee uHdopmaruHan ructorpamma

IT1o yxe uTo-TO HHTEepecHoe! Kak BuanTe, eciiu MpaBUIbHO BBIOPaTh pasMep
WHTEPBaJOB (B JAaHHOM CJIydYae KaXKblil U3 HUX paBeH TpeM (hyHTaM), MbI TIPU-
6MyKaeMcs K 3HAKOMOM KOJIOK0I000pa3Hol opMe JJaHHBIX. DTO He U/leaIbHbIi
«KOJIOKOJI», IIOTOMY YTO BBIOOPKM HUKOIA HE OTPAKAIOT FeHePaIbHYIO COBOKYII-
HOCTB BO BCeHl MTOJTHOTE, HO 3Ta (pOpMa, CKOpee BCETO, CBUAETETHCTBYET O TOM, YTO
Hallla BEIOOPKA COOTBETCTBYET HOPMAJIbHOMY pacipeeiennio. Eciau mocrpoutsb
TUCTOrPaMMY € MOAXOAAIIUMU pasMepaMy NHTEPBAIOB U OTMACIITAOUPOBATh ee
Tak, 4TOGBI ILTOLIAAb IO KPUBOH ObLIa paBHa 1 (4TO TpebyeTcs A pacipeneie-
HUS BEPOSITHOCTEN ), MbI YBUUM IIPUMEPHO KOJIOKOJI000Pa3HYIO KPUBYIO, KOTO-
past mpeJicTaBJisieT Halry BoIOOPKY. JlaBaiiTe n300pasuM ee PSIIOM ¢ UCXOIHBIMU
TOYKaMU Ha puc. 3.6.

65 70

Puc. 3.6. HopmanbHoe pacnpepenetie, NOCTPOEHHOE ANA ToUeK COOPaHHbIX AaHHbIX
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[7sa/1s1 Ha 9TY KPUBYIO, MOKHO OOOCHOBAHHO OKUAATDH, UTO 30J0TUCTLIN PETPUBED,
BepOSITHeE BCETO, OYIET BecuTb 64,43 (hyHTa (Cpeiiee 3HAUEHIE ), HO BPSI/L JIU — 55 W
73 dyrTa. [lokasaTesy, KOTOPBIE OTCTOST OT CPEHETO €IIle AJBIIeE, TIPe/ICTABIISTIOTCS
KpaiiHe MaJIOBEPOSITHBIMHU.

CBOﬁCTBaHOpMaﬂbHOFOPaCﬂpeAEHEHMﬂ

HopmambHoe pacripenesieHie Tak MoJI€3HO, TIOTOMY UTO Y HETO €CTh PSIJI BAXKHBIX
CBOICTB.

® OHO CHMMETPUYHO: 06 CTOPOHBI 3€PKAIBHO OTPAKAIOT APYT JAPYra OTHO-
CUTEJIbHO IIEHTPAJIBbHOI ocu (KOTOpasi MPOXOAUT Yepe3 cpenHee apudme-
TUYECKOE).

OcHoBHasI Macca 3HaYeHNI HAXOAUTCS B IEeHTPpe BOKPYT CpeTHETO.

Y Hero ecth pazbpoc, KOTOPLIH MOKET OBITD MTUPE UK YIKe U XapaKTePU3YeT-
Cs1 CTAaH/ITAPTHBIM OTKJIOHEHUEM.

® «XBocCTbI» 110 OOKaM — 3TO HAMMEHEE BEPOSITHBIE MCXO/IbI, KOTOPbIEe GECKO-
HEYHO TIPUOJIMIKAIOTCS K HYJII0, HO HUKOT/IA €T0 HE JOCTHUTAIOT.

® OHO He TOJBKO OBOJBHO TOYHO COOTBETCTBYET MHOTMM SBJICHUSIM B IIPU-
pojie U MOBCEAHEBHOI JKU3HM, HO U 00061IaeT Iaxke Te 3ajlaui, KOTOPbIe He
OTBEYAIOT HOPMAJIBHOMY paclipezie/ieHnio, — Oarofaps NeHTPaNbHON TIpe-
JIeJIbHOM TeopeMe, 0 KOTOPOI Mbl CKOPO IIOTOBOPHUM.

myHKuMﬂﬂﬂOTHOCTMBGpOﬂTHOCTM

CraHgapTHOE OTKJIOHEHHE UIPAeT BaKHYIO POJIb B HOPMAJILHOM Pacipee/ieHIH,
IIOTOMY YTO OHO XapaKTePHU3YyeT, HACKOJIBKO 9TO pacrpe/esienne «pasdpocatno». Dak-
THYECKU 9TO OJIUH U3 TAPAMETPOB HAPSILY CO CpeHNM apudmernyeckum. Qyuxyus
naomuocmu eeposimuocmu (PDF, probability density function), koropast popmupyer
HOPMaJIbHOE PACTIPE/IC/ICHUE, BBITJISIIUT TaK:

1 =g |

l o
=— 2 i
f(x) —xV2mxe

MyzapeHoe BhIpaskeHue, TpaBaa? 31ech Jaske eCTh Halll CTApPBIA APYT — YKCIO € U3
IJ1aBbl 1, a TaKIKe 3aKOBBIPUCTHIN IOKa3aTe b cTernenn. B mpumepe 3.9 npencrasiaena
aTa ke opmyna Ha Python.

MpumMmep 3.9. OyHKUMS HOPMasbLHOrO pacnpeaeneHus Ha Python

# HopMmanbHOe pacnpepesieHve, BO3BpawaeT npasaornopobve
def normal_pdf(x: float, mean: float, std_dev: float) -> float:
return (1.0 / (2.9 * math.pi * std_dev ** 2) ** @9.,5) * \
math.exp(-1.0 * ((x - mean) ** 2 / (2.0 * std_dev ** 2)))
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B aToii (hopMyIie MHOTO BCETO HHTEPECHOTO, HO 0COOEHHO Ba;KHO TO, YTO OHA IPUHK-
MaeT B KaueCTBe TTapaMeTPOB cpe/iHee apudMeTnIecKoe ¥ CTaHAapTHOE OTKJIOHEHNUE,
a TaK)Ke 3HAUEHMUe X, JIJIsI KOTOPOTO Mbl MIIIEM IIPaBAOIIOA001e.

Kak u 6era-pacmpesiesienvie, OMMCAHHOE B TJaBe 2, HOPMATBHOE PACIpe/ieeH e
SABJIAETCA HEIIPEPbIBHBIM. To €CTb, I-ITO6I)I TIOJIYyYUTDH BEPOATHOCTDH, HYKHO IPOUHTE-
rpupoOBaThb €ro 10 NHTEPBATY 3HAUEHU! X U HAWTU IIoniab.

OnmmHako Ha MpaKTHKe MBI GY/IEM BBITIOMHITD 9TH BHIYUCIEHUS ¢ TOMOTIBIO SciPy.

OyHKuuA pacnpepenexus

Ha rpaduke HopMasbHOTO pacipesiesieHus 110 BePTUKAJIbHON OCH OTKJIQ/IbIBACTCS HE
BEPOSATHOCTD, & TIPABAONION00KE TOTO WM MHOTO 3HadeHus. YToObI HAWTH BEPOAT-
HOCTb, HY>KHO pacCMOTPETh 33/[aHHbII MHTEepBaJl, a 3aTeM BBIYMCJIUTD IJIOIIA/Ib O]
KPHUBOI Ha 9TOM uHTepBaJie. JlomycTuM, HeOOXOAUMO HAUTH BEPOSITHOCTD TOTO, UTO
30JIOTUCTBIN PEeTPUBEP BecuT OT 62 110 66 ¢pynros. Ha puc. 3.7 mokasan nunTepsad,
JI711 KOTOPOTO MBI XOTUM HaUTH TIJIOIIA/b.

Puc. 3.7. OyHKuMA pacnpefienenma, U3MepaAtLLad BepoATHOCTb ANA MHTEPBana oT 62 [0 66 dyHTOB

MblI ysKe pelajiu 9Ty 3agady B IiaBe 2 ¢ 6eTa-pacipeieieHIeM, U 31eCh TaK ke, KakK
u 11 GeTa-pacnpezesenns, cyiectpyer Gyukiuus pacnpeaenenus (CDFE, cumulative
distribution function). ByaeMm npuaepKUBaTHCSI 9TOTO Ke MOAXO/A.

Kak Mb1 y3Hauu B ipebiayineii rnase, CDF — 570 1wromazab 1o KpuBoii 0o KOHKpeT-
HOTO 3HAYEHUS X JIJIS 33/IaHHOTO pactipesiesienus. /laBalite mocMoTpuM Ha puc. 3.8,
kak BoIT/sauT CDF st HOpMabHOTO paciipeiesieHust MacChl Tejla 30JI0THUCThIX
PeTpUBEpPOB, U n306pasuM 3Ty GyHKIMIO BMecTe ¢ PDF 1151 cpaBHenysl.
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1 CDF

n

PDF

Puc. 3.8. (paBHeHue dyHKLuM nnoTHOCTH BepoATHOCTYH (PDF) u dyHkumn pacnpeaenenusa (CDF)

O6paruTe BHUMaHIe, 4YTO 5TH ABa rpaduka cBsasanbl Mexay coboit. CDF, kotopas
npezicTaBsier coboii S-06pasHyio KpUBYIO (TaK HA3BIBAEMYIO CU2MOUJY ), TOKA3BIBAET
wiomans mox rpadurom PDF no ykasamnoro sHauenus. O6paruTe BHUMaHUE Ha
puc. 3.9, 4To, KOT/Ia MBI pacCMATPUBaeM 00JIaCTh OT MUHYC 6ECKOHEYHOCTH 10 64,43
(cpennee), snauenuve CDF cocrasisier poHo 0,5, nin 50 %!

1 CDF

n

PDF

Puc. 3.9. [paduku PDF n CDF ana BepoATHOCTY Maccbl TeNla 30M0TUCTbIX peTpiBEpPOB
BNNOTb 10 CPEAHEro

MbI 3HaeM, 4TO IJIONIA/b 10 CPEAHEro 3HaYeHus pasHa 0,5 (To ectb 50 %), Girarogapst
TOMY, YTO HOPMaJIbHOE pacipe/ieieHrie CHMMETPIYHO, U MOKHO OXKHUAATh, UTO IpyTast
CTOPOHA KOJIOKOJI000Pa3HON KPUBOH Toke OyaeT OKPhIBaTh 50 % BCEl MITOMIAIH.

Yro6bl HAWTH MJIOTIA/Ib BILIOTH [I0 CPEIHETO 3HAUEHNUST Macchl 64,43 (ynra Ha Python
¢ moMosio SciPy, ncmospayiite hyHKINIO norm. cdf (), Kak moka3aHo B mpumepe 3.10.
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MpumMmep 3.10. PyHKUMS HOpManbHOro pacnpeaeneHns Ha Python

from scipy.stats import norm

mean = 64.43 # cpefHee
std_dev = 2.99 # cTaHfapTHOe OTKJIOHEHUe

X = norm.cdf(64.43, mean, std_dev)
print(x) # BbiBOAUT 0.5

Kax v B T1aBe 2, 4T06bI I€IyKTHBHO HANTH TIIIOTIAE /I7T5T TPOMEKYTOUHOTO HHTEPBA-
JIa, MOKHO BbIYeCTDb OZIHY ILJIONa/b U3 Apyroil. Ecau Mbl XOTUM HATH BEPOSTHOCTD
BCTPETUTD 30JI0THCTOTO PETPUBEPA MACCOM OT 62 710 66 HYHTOB, CJielyeT BBIYUCIUTD
IJIONIA/Ib 11071 KpUBOIi /10 66 (hyHTOB M BBIYECTD U3 Hee IIIOMIab 0 62 HyHTOB, KakK
1oxasano Ha puc. 3.10.

Puc. 3.10. Kak HailT BEpOATHOCTb MPOMEXYTOYHOTO MHTEpBaNa

Cuenathb T0 e camoe Ha Python ¢ momormisio 6ubmorexu SciPy oueHb pocTo: 10-
CTaTOYHO BbruecThb oHO 3HaueHne CDF u3 apyroro, kak mokasaHo B mpuMepe 3.11.

Mpumep 3.11. BuiuncneHne BeEpOSATHOCTU MPOMEXYTOYHOrO MHTEpBana ¢ nomouysio CDF

from scipy.stats import norm

mean = 64.43
std_dev = 2.99

X = norm.cdf(66, mean, std_dev) - norm.cdf(62, mean, std_dev)
print(x) # BbiBOAMT ©.4920450147062894

WTak, BEPOATHOCTb BCTPETUTH 30JI0TUCTOTO PETPUBEPA MACCOU OT 62 10 66 HyHTOB
pasHa 0,4920, wu mpumepHo 49,2 %.
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PPF — ¢yHKuua, obpaTHaa K yHKLMM pacnpeaeneHua

Kora Mbl HauHEM TIPOBEPSTH TUTIOTE3BI IaJiee B 9TOH TT1aBe, TO CTOJTKHEMCS C CUTYa-
IIUSIMY, KOT/Ia MI3BECTHO 3HaueHNe (DYHKIIUK PacTIpeiesieHUs U HY;KHO Y3HATh, KaKoe
3HaueHwue x eii coorBercTByeT. Koneuto, ato «CDF Ha060poT», I09TOMY HaM ITOHA-
nobuTcst GyHKINs, 06paTHast TI0 OTHOIIEHUIO K (DYHKIMIO PacIpe/ieJieHusT, KOTOpast
moBOpavynBaeT ocy Ha 90°, Kak mokazaHo Ha puc. 3.11.

80

. U:b . 50 I 05
Puc. 3.11. OyHkums, 06patHan K GyHKLMM pacnpefieneHins; oHa TakxKe Ha3biaeTca PPF
(percent-point function) unu KBaHTUABLHOI GYHKLMEIR

Takum 06pas3oM, 110 3aaHHON BePOSITHOCTA MOYKHO HATH COOTBETCTBYIOIIEE 3HAYe-
Hue x, a B SciPy fis aToro cayskut pynkius norm. ppf (). Hampumep, s Xo4y y3HaTh,
KaKyIo MacCy Tesia UMeIoT 95 % 30JI0THCTBIX PETPUBEPOB (KPOME OCTABIIUXCS 5 %
CaMBIX YIIUTAHHBIX ). DTO JIETKO CIIENATD, €Ciin ucnoib3oBath « CDF HA060poT», Kak
B rpumepe 3.12.

Mpumep 3.12. Vcnonb3oBaHue GyHKLUMKM, 06paTHON K DYHKUMKM pacnpeaeneHus, Ha Python

from scipy.stats import norm
X = norm.ppf(.95, loc=64.43, scale=2.99)
# nepBbil aprymeHT 0.95 — BepoATHOCTb
# loc — cpefgHee, scale — cTaHAapTHOe OTK/IOHeHMWe

print(x) # 69.3481123445849

Takum 06paszoM, 95 % 30JI0TUCTHIX PETPUBEPOB BECAT 110 69,348 (hyHTa MIIN MEHbIIIE.

Kpowme Toro, ¢ nomotsio PPF MoxHO TeHepupoBaTh ciydyaliHble yncia, KOTOpble
COOTBETCTBYIOT HOPDMJIBHOMY pacupe/iesieHuio. Ecim Mbl XOTUM CO3/1aThb MOJIETb,
KOTOpas reHepupyeT ThICAYY PeaJUCTUYHBIX MacC TeJsla 30JI0TUCTBIX PETPUBEPOB,
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MOKHO ITPOCTO CTEHEPUPOBATH CAy4YaliHOe 3HAUeHne B uara3one oT 0 10 1, mepenathb
ero B PPF 1 Bo3BpaTtnTh 3HaUEHME MaCCHhl, KaK TIOKa3aHo B mpuMepe 3.13.

Mpumep 3.13. MeHepaTop CyYalHbIX YMCEN, KOTOPblE COOTBETCTBYIOT HOPMabHOMY
pacnpeaeneHuto

import random
from scipy.stats import norm

for i in range(9, 1000):
random_p = random.uniform(©.0, 1.0)
random_weight = norm.ppf(random_p, loc=64.43, scale=2.99)
print(random_weight)

Koneuno, NumPy u apyrue 6MOIMOTEKN YMEIOT TeHEPUPOBATh U TAKHE CIyJaiiHble
9HCTIa, KOTOPBIE He CBSI3aHBI HU ¢ KaKUM paclpejieJIeHHeM, HO B 3TOM IIpUMepe
JEMOHCTPUPYETCST OJIMH U3 ciydaes, Korga PPF (dyukuus, obpatHas K GyHKIUH
paCTIpe/ieNIeH ST ) MOXKET OBITH TMOJIE3HA.

OyHKUUA pacnpepeneHns u o6paTHas K Heil GyHKUMA C HYNA

O rtom, kak peanusosarb CDF u PPF c¢ nyzs na Python, ynraiite B IIpu-
JIOJKEHUU A.

Z-OUeHKK

HopMmaibHoe pacipe/iesieHne 4acTo MacitabupyoT TaK, YTOOBI cpeHee ObLI0 PaBHO 0,
a CTaHAAPTHOE OTKJIOHEeHHe — 1; B pe3yJIbTaTe MOJIyYaeTCs CIanoapmuoe HopMaibHoe
pacnpedenenue. Ita KOHCTPYKIMS MO3BOJISIET JIEFKO CPaBHUBATh Pasbpoc pasHbIX
HOPMAaJIBHBIX paclpejie/IeHuH, 1aske eCJIM y HUX pa3Hble CPeIHNE U UCTIEPCHH.

OcobeHHO BasKHBII (DaKT O CTaHAAPTHOM HOPMAJILHOM PACIIPEIETIEHUN COCTOUT B TOM,
YTO OHO BBIPAKAET BCE 3HAUEHUS X Yepe3 CTaHIapTHbBIe OTKIOHEeHUs. [Ipeobpaso-
BaHHbIE 3HAYEHW HA3BIBAIOTCA Z-ouenramu (Z-scores), Ui cranoapmuso8abiMu
ouenxamu. Itobbl TpeodpPa3oBaTh 3HAUEHUE X B Z-OIEHKY, UCIOJIb3YETCS MPOCTasT
dhopmyra MacITabupOBAHUST:

[IpuBenem nmpumMep. Y Hac ecTh /[Ba loMa U3 IBYX Pa3HbIX pailoHOB. B paiione A 1om
B cpeaneM ctouT 140 000 10/171apoB €O CTaHAAPTHBIM OTKIOHeHUEeM 3 000 10/11apoB,
a B paifore B — 800 000 moss1apoB co cTaHAaPTHBIM oTKJI0HeHeM 10 000 10/11apOB.

4, =140000;
4y =800000;
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c,=3000;
o, =10000.
Tenepb paccMOTPUM JIBa IOMa — TI0 OTHOMY M3 KaXKI0TO paiioHa. /lom u3 paitona A

ctout 150 000 nostapos, a oM u3 patiora B — 815 000 momapos. Kakoti mom goposke
IO OTHOIIEHUIO K CPeTHEMY YPOBHIO CTOMMOCTH JIOMa B CBOEM PaiioHe?

x, =150000;
x, =815000.

Ecau BBIpa3uTh 3TH BE BeJUYNHBI Yepe3 CTAaHAAPTHBIE OTKIOHEHUS, TO MOXKHO
CPaBHUTH, HA CKOJIBKO CTAHIAPTHBIX OTKJIOHEHUH KaXK/as U3 HUX BBIIIE CPETHETO
3HAYEHWS JIJIs CBOero paitoHa. /17151 aToro BocmosibdyeMcs hopMyJIon Z-0TleHKH:

. X —cCpeaHee
CTaHAapTHOE OTKJIOHEHHE
150000—140000 _ .
z, =200 _5,(3)
3000
815000800000
ZH = = 1., 5
10000

Takum o6pas3oM, JOM B pailoHe A Ha CaMOM JeJie TOPa3io A0POoKe 0 MepKaM
CBOETO palioHa, yeM JIoM B patioHe B, moTomy 4TO Z-OIlleHKU 3TUX JOMOB PaBHBI
3,(3) 1 1,5 cOOTBETCTBEHHO.

B npumepe 3.14 nokasaHo, Kak MOXKHO TIpeo6pa3oBaTh 3HAYECHUE X, KOTOPOE MPOUC-
XOZUT U3 paciipe/iesieHusl C U3BECTHBIMU CPETHUM M CTaHJIAPTHBIM OTKJIOHEHUEM,
B Z-OlIEHKY, U HA0OOPOT.

Mpumep 3.14. MNpeobpazoBaHne Z-OLeHKN B 3HAYEHNe X u 06paTHO

def z_score(x, mean, std):
return (x - mean) / std

def z_to_x(z, mean, std):
return (z * std) + mean

mean = 140_000
std_dev = 3_000
X = 150_000

# MNpeobpa3oBaHue U3 X B Z-OUEHKY U 06paTHO
z = z_score(x, mean, std_dev)
back_to_x = z_to_x(z, mean, std_dev)

print(f"Z-ouenka: {z}") # Z-ouenka: 3.333.
print(f"MNpeobpasoBaHue obpaTtHo B x: {back_to_x}") # X: 150000.0
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ODyukius z_score () MIPUHIMAET 3HAYEHUE X U TIEPEBOAUT €TO B KOJUIECTBO CTAH-
JAPTHBIX OTKJIOHEHWUH, UCTIOIB3Ysl 3a/laHHbIE CPe/lHEe W CTaHaPTHOE OTKJIOHEHUE.
DOyHKIMS z_to_x() TIpUHUMAeET Z-OIeHKY ¥ TIpeodpasyeT ee 00paTHO B 3HAUCHHE X.
MOJKHO BUZIETH, YTO 3TU (DYHKI[MH aareOpanueCcKy CBS3aHbL U3 OJHOTO U TOTO XKe
COOTHOIIIEHUS 0/iHA (DOPMYJIa BRIPAsKAET Z-OTI€HKY, a ipyrasi — 3HaueHue x. B aTom
mpuMepe MbI TpeoOpasoBbiBacM 3HaueHwue X, pasHoe 150 000, B Z-0leHKY, paBHYIO
3,333, a 3aTeM 11peoOpa3oBbiBaeM ee 0OPATHO B X.

KO3OOULUUEHT BAPUALINMA

KoadduruenT Bapuaiinu — moge3Hbiii HHCTPYMEHT, C TTOMOIITHIO KOTOPOTO
MOJKHO M3MepsATh pasbpoc. OH Mo3BOJsIET KOJUIECTBEHHO CPaBHUBATH
Pasbpoc pasHBIX pacpeeeHIil. BRIUNCIUTD €ro MPOCTO: PasaeuTe CTaH-
JapTHOE OTKJIOHEHNE Ha cpeiHee apudmerndeckoe. Bot hopmya, a Takke
TIpUMep CPaBHEHWSI /IJIsI IBYX PAHOHOB!

a
cv=—
y7,
v, =20 _ 4 0214
17140000
ev, =000 4 6125
800000

Kak Buzgure, X0Ts 0Ma B pailone A gemiesiie, 4eM B B, B paiione A 6oJiblie
pasbpoc, a 3HauuT, GoJIbIIee EHOBOE pa3HooOpasue.

(TaTUCTUYECKMil BbIBOA

OmnumcaTesibHas CTaTUCTUKA, KOTOPOI Mbl 3aHMMAIUCh [0 CHX II0P, — 3TO TO, 4TO
BceM GoJtee nay MeHee HoHATHO. OIHAKO KOI/la MbI IEPEX0OMM K CTATHCTUYECKOMY
BBIBOZLY, B IIOJIHOI Mepe HauMHAIOT IIPOSABJISIOTCS abCTPaKTHDIE B3aUMOCBSI3U MEXKLY
BbIOOPKOI ¥ COBOKYIIHOCTBIO. DT HIOAHCHI HE CTOMT M3y4aTh B CIELIKE, a JIydlle
OCBauBaTh HE TOPOIACH U BAyMunBo. Kak yke roBopuIoch paHee, JIOAU YCTPOEHI
TaK, 4TO CKJIOHHDI K CMELIEHUSAM 1 CTPEMSATCS OBICTPO JeIaTh BEIBOABL YTOObI ObITH
xopomuM crenuaaicroM B data science, He06X0IMMO HOAABJIATH 5TO IIPUPOLHOE
KeJIaHKe ¥ 33 [yMbIBAThCA O TOM, 4TO TO MJIM UHOE SBJIEHUE MOKET 0ObACHATHCS 110~
pasnomy. MHor1a BIOJIHE JOIYCTUMO (BO3MOKHO, IasKe JIYULle BCEr0) IPEIIOI0KUTD,
4TO 0OBACHEHMS BOOOILE HET, U BbI HaOII04aeTe IUIIb CIydaiiHoe COBIaJeHue.

Haunem c TEOPEMDI, KOTOPAs JIESKUT B OCHOBE BCETO CTaTUCTUYECKOI'O BbIBO/IA.
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LleHTpanbHas npefenbHan Teopema

HopmasbHoe paciipesiesieHye BecbMa 110J1€3HO, B TOM YKCJIE IIOTOMY, YTO OHO YacTO
BCTpeyaeTcs B IIPUPOJIe HAIIPUMED, B CJIydae ¢ MacCOl TeJia B3POCJIbIX 30JI0TUCTBIX
perpuBepoB. OHAKO 3a TIpefiesIaMy TIPUPOTHBIX COBOKYITHOCTEH OHO TPOSIBJISETCS
B ele 60JIee MHTEPECHOM KOHTeKCTe. KoT/ia MbI HaunHaeM HCCIe[oBaTh IOCTATOYHO
GoJrbIiiie BEIGOPKHU M3 KaKOH-THO0 COBOKYITHOCTH, TO HOPMAJTBHOE PACTIPE/IeICHIE
BCE PABHO J[aeT 0 cebe 3HATh, [IasKe CITH CaMa 3Ta COBOKYITHOCTD €MY HeE MOYUHSIETCSI.

[pencrasum cebe, YTO MbI U3MEPSIEM KAKOU-TO TIAPAMETP COBOKYITHOCTH, KOTOPBIii
pacrpesesieH abCOTOTHO PABHOMEPHO CJIy4aiiHbiM 00pazoM. Bee 3HaueHMst MEKITy
0 71 1 paBHOBEPOSITHBI, U HU OJIHO 3HAYEHHE He OoJiee MPeAOYTUTETHHO, YeM TI000€e
npyroe. Ho kora Mt 6epeM Beé 6OIbIIe BEIGOPKHU M3 9TON COBOKYTHOCTH, BHIUIC-
JisieM cpezitee apudmMeTndeckoe Kask0i U3 HUX ¥ CTPOUM THCTOIPAMMY, TPOMCXOIUT
HEUTO yAUBUTENbHOE. 3amycTuTe Koj Ha Python u3 mpumepa 3.15 u mocMoTpuTe Ha
rpad¥K, KOTOPBI TTOKa3aH Ha puc. 3.12.

Mpumep 3.15. N3yyeHne LieHTpanbHOM npesesbHoi TeopeMbl Ha Python

# BblbOpoYHble CpeAHMEe paBHOMEPHOro pacnpegeneHus obpasylT HOpMasibHOe pacnpegeneHue
import random
import plotly.express as px

sample_size = 31
sample_count = 1000

# leHTpanbHaa npegenbHaA Teopema B [LeACTBUK:
# 1000 BbIGOpPOK, B Kaxaoih M3 KOTOpbIX NO 31 cAyYaikHOMY 3HaYeHUH
# B AMana3oHe oT © oo 1
x_values = [(sum([random.uniform(©.0, 1.0)

for i in range(sample_size)]) / sample_size)
for _ in range(sample_count)]

y_values = [1 for _ in range(sample_count)]
px.histogram(x=x_values, y = y_values, nbins=20).show()

[TonoxxauTe, a Kak Tak BHIILIO, YTO PABHOMEPHO CJIyyalfHble YK CJIa, KOTOPbIE CTPYIIIN-
POBAJIM B BBIOOPKH 110 31 3JIEeMEHTY U 3aTeM YCPEIHIIIH, CMOTJIH 00Pa30BaTh pacipeie-
JIeHIe, 04€eHb IT0X0sKee Ha HopMaJsibHoe? Belib io6oe 3HaueHne PaBHOBEPOSITHO, PasBe
Her? PasBe pacnpezesieHue He JOJKHO OBITh IUIOCKUM, a He KOJOKOJ000pa3HbIM?

Ieno ot B ueM. OT/eIbHbIE YKCIA B BBIOOPKAX CaMH 110 cebe He co34aLyT HOpMalb-
Horo pacipezesenus. VIx pacipezesienie 6y1eT II0CKUM, Tie JI000e 3HaueHre paBHO-
BEPOSITHO (TaK Ha3bIBaeMOe pagromepoe pacnpedenenue). Ho ecoiu crpynmmpoBaTh
UX B BBIOOPKU U YCPEIHNUTH, OHU 00PasyioT HOPMaJIbHOE paclipeiesieHue.
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Puc. 3.12. [paduyeckoe npeacTaBneHnne cpefiHMX BbIOOPOUHBIX AnA BbIGOPOK 13 31 3nemeHTa

ITO CIeyeT U3 UCHMPALLHOU NPeOebHOU Meopembl, KOTOPas yTBEPKIAET, UTO eCIIH
B3SITh JJOCTATOYHO OOJIbIINE BBIGOPKU OJJMHAKOBOTO Pa3Mepa U3 COBOKYITHOCTHU, BbI-
YUCJIUTH CpefiHee KaK/J0M 13 HUX U IIOCTPOUTH UX paclipesiesieHue, TO M0JydaTcs
JOGOIBITHBIE PE3YJIBTATHI:

1. Cpentee apubmernueckoe BLIOOPOUHBIX CPEAHUX PABHO CPEIHEMY 3HAUEHUIO
COBOKYITHOCTH.

2. Ecmm COBOKYITHOCTB COOTBETCTBYET HOPMaJ/JIbHOMY pacCIIpe€e/IEHNIO, TO 1 BBIOO-
POYHBIC CPDEAHHNE TOKE EMY COOTBETCTBYIOT.

3. Ecau COBOKYITHOCTH HE COOTBETCTBYET HOPMAJIbHOMY PacIpe/ieJIeHHIO, HO Pas-
Mep BbI6OPOK GoJibiie 30, TO BBIOOPOUHbBIE CPeJHIE BCe paBHO 00Pas3yIoT paciipe-
nesienne, GaM3Koe K HOPMaIbHOMY .

4. CTaH,ZIapTHOQ OTKJIOHEHHE BbI60pO‘IHbIX Cpe/IHUX PaBHO CTaHZApPTHOMY OTKJIO-
HEHMIO COBOKYITHOCTH, JE€JICHHOMY Ha KBaleaTHbII;'I KOPEHDb U3 pa3Mepa BI)I60pKI/IZ

FEHEPANIBHOE CTAHOAPTHOE OTKIIOHEHHE

CTaHJapTHOE OTK/IOHEHHE BEIOOPOYHBIX CPEAHHUX =
\/pazmep BEIOOpPKH

[Touemy Bce TO BaXKHO? DT PE3YJIBTAThI MO3BOJAIOT HA OCHOBE BHIGOPOK JI€IaTh
TIOJIE3HbIE BHIBOJBI O TEHEPATBHBIX COBOKYITHOCTSIX, KOTOPBIE HEe 00sI13aTEIBHO HOP-
MaJIbHO pacipeseseHbl. Ecm B ipeabiayieM Kozie monpodoBaTh MEHBIITE PA3MEPhI
BBIGOPOK — Hanmpumep, | Wi 2, To HOPMATBHOTO pacrpeesieHus He nomyuures. Ho
ecam BBIGOPKY coziepskar 1o 31 u 6osiee 9JIeMEHTOB, TO BUHO, UTO PACTIPE/E/ICHUE
CXOZIUTCS K HOPMAJIBHOMY, Kak IT0Ka3aHo Ha puc. 3.13.

! TouHee roBopst, 4eM GOJIbIIE Pa3Mep BHIOOPOK, TEM pacipeiesieHie BHIOOPOYHBIX CPEAHIX OIIMKe

K HOpMaJibHoMYy. — [Tpumeu. nayu. peo.
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Pa3mep BbIGOPKM = 1 Pa3mep BbIGOPKY = 2 Paszmep BbiGOpKY = 31

¥ 4 & 2 §

% . 2 3 » i o T T T

Puc. 3.13. Yem bonbLue pa3mepbl BbIOOPOK, Tem pacnpeeneHue 6nmxe K HOpManbHOMY

Yuco 31 crajo XpecTOMAaTUITHBIM B yUeOHUKAX [0 CTATUCTHUKE, TIOTOMY YTO MPU
TaKOM pa3Mepe BLIOOPKH paciipe/iesieHre BBIOOPOYHBIX TOKA3aTEMeN YaCTO CXOMUTCSI
K PacIpe/eIeHUIo COBOKYITHOCTH, 0COOEHHO €CJIU MCCIIEI0BATh BLIGOPOYHbIE CpeHme’.
Korma B BeIOOpKe MeHbIie 31 aeMeHTa, TPUXOAUTCS TIPUOETaTh He K HOPMATbHOMY
paclipezieieH1Io, a K pactipeziesienuio CTbloieHTa, XBOCTbI KOTOPOT'O TE€M TOJIIIE, YeM
MeHbIIe BRIGOpKUZ. Mbl KPATKO TIOTOBOPUM 00 3TOM TI033Ke, HO laBaiiTe yCIOBUMC,
9TO, KOT/Ia TIOUIET PEUD O IOBEPUTEHHBIX HHTEPBAJIAX U ITPOBEPKE MUTIOTES, MbI Gy/IEM
CUUTaTh, YTO B HALIMX BBIOGOPKaAX He MeHbIie 31 areMeHTa.

KAKOB ONTUMAJIbHbIN PASMEP BbIBOPKU?

XoTs B yueOHUKAX YacTO MUIIYT, YTO B BBIGOPKAX JIOJZKHO OBITH HE MEHbIIIE
31 asemenTa, YTOOBI BBITIOIHSIUCH YCIOBHUS IEHTPAIbHOM TIPEAETbHOM Teo-
PEMBI U TTOJTYYAI0Ch HOPMAJIBHOE PACTIPE/IEIEHIE, HTO He Beer/ia Tak. BriBatoT
ciryyau, Korga Tpebyercst 6oJiee KpyiHast BBIOOPKa, — HAIIPHMEP, €CJIK PacIpe-
JIeJIEHVE TeHePaIbHOIN COBOKYITHOCTH ACHMMETPUYHO WJIH MYJIBTUMOIAIBHO
(TO ecTh UMEET HECKOJIBKO MMUKOB, 8 He OJ[MH B 00JIACTH CPEJIHETO 3HAYCHIS).

Takum 06pa3oM, eCJIM BbI HE yBEPEHbI B TOM, KAKOMY PACTIPE/IEIEHUTO COOTBET-
CTBYIOT MCXO/IHBIE JIAHHBIE, TO JIYUIIle UCII0JIb30BaTh Oosibiiie BEIOOPKH. [To/-
poGHee 00 9TOM MOKHO pourTaTh B craThe Pamcu (Ramsey) u Anrepa (Unger)
«The Central Limit Theorem: What’s Large Enough» (https://oreil.ly/IZ4RK).

! Bo MHOruX McTOYHUKAX 9ucyio 30 (1 31) cunTaeTest TpaAUIMOHHBIM MUHUMATBHBIM PA3MEPOM
BBIOOPKH, TIOTOMY UTO B PEATbHBIX 3a/la9aX MPUKJIATHON CTATHCTHKY Yallle BCETO OKa3bIBAETCsT
JOCTaTOYHO BBIOOPOK U3 30 97IeMEHTOB, YTOOBI C PACIIPe/ieleHIeM BBIOOPOYHBIX CPEIHIX MOYKHO
6b1710 paboTaTh Kak ¢ HOpMATbHBIM. OHAKO 3TO TTPOCTO IMITUPUIECKOE TIPABHJIO, & HE I0TMa;
B 3aBHCHMOCTH OT KOHKPETHOM 3a/[a4H OTNITHMAJBHBII PasMep BEIGOPOK MOKET OBITH OOJIBIIIE HIIH
menbiiie 30. — I[Ipumeu. nayu. peo.

2 B IOKOMIBIOTEPHYIO ITOXY MPHUKJIA/IHAS CTATUCTHKA TPETIOYNTATIA UMETD JIEI0 C HOPMATHHBIM Pac-
npejiesieHIeM, IIOTOMY YTO JIJIst Hero ObL pazpaboTaH G0raThiil MATEMaTUYECKUIA AITIAPAT, ITUPOKHIA
ACCOPTUMEHT METO/I0B, OBLIH IUPOKO JOCTYITHBI MATEMATHYECKKE TAOIMIIbI U IPYTHE TPAKTHYECKUE
uncTpyMenThl. Pactipenesierie CTbiofieHTa M IPYTHE PACTIPe/iesieHust TpeGOBaH GOIIbIIE KPOTIOTIIH-
BOII BBIYMCJIUTEILHOI PabOTHI. B Hallle BpeMsi KOMITbIOTEPbI II03BOJISIIOT JIETKO OLIEPUPOBATH JIOOBIMI
MBICJTUMbBIMU PACTIPEIETEHUSIMI BEPOATHOCTEH, TAK UTO OOJIBIIIE HET HACYTITHON HEOOXOAMMOCTH BO
9TO OBI TO HU CTAJIO CBOUTH 33/[a4i K HOPMAJIBHOMY pacrpeseseriio. — IIpumeu. nayu. peo.


https://oreil.ly/IZ4Rk

(TaTUCTMYECKIii BLIBOA, 109

JloBeputenbHblie NHTEpBanbl

Bo3MoskHO, BaM TPUXOUIIOCH CJBIIATH TEPMUH «/[0BEPUTEIbHBIN MHTEPBAJ», KOTO-
PBIii 4acTo COUBAET C TOJIKY TEX, KTO HAUMHAET U3y4YaTh CTATUCTUKY. /[0sepumenviivlil
UHMEPBAL — 3TO UHCTPYMEHT, KOTOPBII 1I0Ka3bIBA€T, HACKOJIBKO Mbl yBEPEHbBI B TOM,
9TO BHIOOPOUHOE cpefiHee (VU IPYTOH TapaMeTp) MOTAAeT B Ty W HHYIO OKPECT-
HOCTb T€HEPATBHOTO CPETHETO.

Ha ocnose 6v160pxu us 31 3010mucmozo pempugepa co cpednei maccoi meaa 64,408 gymn-
ma u cmanoapmuvim omxaonenuem 2,05 s na 95 % yeepen, umo zenepanvioe cpednee
sexcum mexncoy 63,686 u 65,1296. Otkyna 510 nssectHo? Celiuac s BaM IOKaxKy, a eCin
BbI 3allyTaeTech, BEPHUTECH K 9TOMY ab3ally ¥ BCIIOMHUTE, Y€TO MbI IIBITAEMCS JI0-
6uThest. 51 BIIEIMI BTY (Dpasy He IPOCTO Tak!

Cuavana s Beibupaio dosepumenviwiii yposens (LOC, level of confidence) — xenaemyio
BEPOSITHOCTD ST OKPECTHOCTH TEHEPABHOTO cpeHero. S xouy GbITh Ha 95 % yBepeH
B TOM, YTO BEIOOPOYHOE Cpe/IHee TOMaiaeT B MHTEPBaJI BOKPYT TeHEPAJIBbHOTO CPEHETO,
KOTOPBIH 51 Gy/ty BBIYUCIATE. ITH 95 % ¥ €CTh MOM JI0BEPUTENHHBIN YPOBEHb. MOKHO
BOCIIOJIb30BATHCS IEHTPATHHON Mpe/IeIbHON TeopeMoii U ¢/Ie/IaTh BBIBOJ O TOM, KaKOB
HCKOMBIi MHTEpBAJL. [[JIsT 5TOTO MOHAZOOUTCS KpUmuyeckoe snaueHue Z-oyenxil, Koropoe
OTIpe/IeIsIeT KOHIIbI CHMMETPUYHOTO HHTEPBAJIA, OXBATHIBAIOIIETO BEPOSITHOCTD 95 % B 11€H-
TPAITBHOM YaCTH CTAH/IAPTHOTO HOPMATTBHOTO pacTipeieIeH T, Kak MOKa3aHo Ha puc. 3.14.

Puc. 3.14. (ummeTpnuHas BepoATHOCTb 95 % B LieHTPe CTaHAAPTHOrO HOPMANbHOIO pacnpeaeneHus

Kax BBIYMCIUTD 3TOT CUMMETPUYHbBI MHTEPBAJ, KOTOPOMY cooTBeTcTBYeT 0,95 Bceit
I0IA/H 11071 TpahuKoM? DTO HPOIIE MPENCTABUTH cebe Ha KOHIIENTYaIbHOM YPOBHE,
YyeM BHUKATh B MeXaHUKY pacueToB. BO3MOXXHO, BbI 110/ICO3HATEIBHO 3aX0TUTE ITPU-
menntb CDF HO moTOM TI0iIMETE, 4TO BCE HE TaK MPOCTO.

Chauasa Hy»KHO uctonab3oBatbh PPF (dyHkuuio, o6parayio k CDF). Jloruka moa-
CKa3bIBAET, YTO JJIsI TOTO, YTOGBI HOJIYUYUTh CUMMETPUYHYI0 06JIACTb ILJIOIAIbI0 95 %
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B IIEHTPE paclpeie/IieHNs], HY;KHO OTCEYb XBOCTBI, KOTOPbIE TIOKPBIBAIOT OCTABIITHE-
cs1 5 % momanu 1o 6okaM. Pasmenus 51u 5 % 10110J1aM, MbI IIOJIY4nUM 110 2,5 % 110~
AL ¢ Kax 0l cTOPOHBL TakuM 06pasoM, IIOIAAH, /I KOTOPBIX MbI XOTUM HAITH
3HaveHus x, pasubl 0,025 1 0,975, kak okasaHo Ha puc. 3.15.

-0;2

15,06, 0,030

}4 16 18

Puc. 3.15. HyxHo HalTin 3HaueHWs X, KoTopble COOTBETCTBYHOT nnowagam 0,025 u 0,975

Ecnu naiitu 3navenusd x g miomazaeit 0,025 u 0,975, Mbl TOJTyYUM 1I€HTPATbHBIN
WHTEPBAJ, KOTOPOMY COOTBETCTBYET 95 % II0mmaau. 3aTeM HyKHO BBIYUCIUTD COOT-
BETCTBYIOIIUE HIDKHEE U BEPXHee 3HaueHus Z-01ieHKu. [loMH1TE, UTO MBI UCTIOJIb3YEM
CTaHIapTHOE HOPMAJIbHOE PACIIPEIETICHIE, TI0ITOMY 3TH 3HAYEHHUSI OYLYT OTJIMYAThCST
TOJIbKO 3HaKOM. J[aBaiire Boramcmm 310 Ha Python, kak mokaszano B mpumepe 3.16.

Mpumep 3.16. MMonyyeHre KpUTUYECKUX Z-OLIEHOK
from scipy.stats import norm

def critical_z_value(p):
norm_dist = norm(loc=0.0, scale=1.0)
left_tail_area = (1.0 - p) / 2.0
upper_area = 1.0 - ((1.0 - p) / 2.0)
return norm_dist.ppf(left_tail_area), norm_dist.ppf(upper_area)

print(critical_z_value(p=.95))
# (-1.959963984540054, 1.959963984540054)

Wrak, mbl nomyunin £1,95996; 310 1 ecTh KpUTUUECKUE Z-OlIEHKH, KOTOPble OTpaHu-
YUBAIOT 06JIACTH C BEPOSATHOCTBIO 95 % B IEHTPE CTAHAAPTHOTO HOPMAITBHOTO Pacipe-
JieJieHust. 3aTeM C TIOMOIIBIO IEHTPATBLHON TP TbHON TeOPEMbI HY;KHO BEIYUCTUTD
nozpewnocms (E) — Takoil MHTEPBaJ BOKPYT BHIGOPOYHOTO CPEHETO, YTOOBI B 9TOM
WHTepBaJle HAXOAMJIOCh TeHepaIbHOE CpeAHee IIPYU JAHHOM JI0BEPUTEIBHOM YPOBHE.
Hamommro, uTo B Halell BrI60pKe 13 31 30I0TUCTOTO peTpuBepa cpeiee paBHo 64,408,
a cTaHzapTHOE OTKIOHeHUEe — 2,05. [TorpenHocTb BBIYUCIAETCS 110 TaKoi hopMmyie:

S
E=14z —
¢ \/;
E=%1,95996x 2,05 =10,72164

V31
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Ecitt 106aBUTH TIOTPENTHOCTD ¢ 0GEMX CTOPOH OT BEIOOPOYHOTO CPEHETO, MBI TIOJTY-
YUM JIOBEPUTEJbHBIN HHTEPBaI!

95%-HbIii JOoBepUTENBHBIN HHTepBai = 64,408 +0, 72164

B npumepe 3.17 mokasaHo, Kak BBIYUCJIUTH JOBEPUTEIbHBIA nHTEpBaI Ha Python
OT HavaJja J0 KOHIIA.

Mpumep 3.17. BoluncneHne aoseputensHOro nHTepaana Ha Python

from math import sqrt
from scipy.stats import norm

def critical_z_value(p):
norm_dist = norm(loc=0.0, scale=1.0)
left_tail _area = (1.0 - p) / 2.0
upper_area = 1.0 - ((1.9 - p) / 2.90)
return norm_dist.ppf(left_tail_area), norm_dist.ppf(upper_area)

def confidence_interval(p, sample_mean, sample_std, n):
# Pa3Mmep BbIGOPKM AOMKEH 6bITb 6onbuwe 30
lower, upper = critical_z_value(p)
lower_ci = lower * (sample_std / sqrt(n))
upper_ci = upper * (sample_std / sqrt(n))

return sample_mean + lower_ci, sample_mean + upper_ci

print(confidence_interval(p=.95, sample_mean=64.408, sample_std=2.05, n=31))
# (63.68635915701992, 65.12964084298008)

M HTepnpeTHpoBaTh 3T0 MOKHO Tak: «Ha ocHOBe BRIOOPKY U3 31 30JI0THCTOTO PETPH-
Bepa co cpe/iHel Maccoli Tesa 64,408 hyHTa 1 cTaHAAPTHBIM OTKJIOHEHUEM 2,05 5 Ha
95 % yBepeH, UTO TeHepaJbHOEe CPEHee JEKUT MeXAY 63,686 u 65,1296». limeHHO
TaK OIMHUCHIBAETCS I0BEPUTEIbHBIN MHTEpBaJL.

VHTEpPeCHO OTMETHUTD, UTO YeM OOJIBIIIE 72, TEM YK€ JOBEPUTEIBHBIN HHTEPBAJ B (hOP-
MyJIe TIorpernHocTi! ITo JIOTHYHO, TIOTOMY YTO 4eM OoJIbliie BBIOOPKA, TeM OOJIbIIIE MBI
YBEpPEHbI B TOM, YTO FeHepaJibHOe Cpe/iHee JIe)KUT Ha MEHBIIIEM y4acTKe, — IT09TOMY
OH U HAa3bIBAETCSA JOBEPUTEIBHBIM UHTEPBAJIOM.

3J1eCh CTOUT CIEIATh BAKHOE ITPEI0CTEPEKEHNE: YTOOBI 9TH PacueThl cpaboTAaJIH, B BbI-
GOpKe 0JKHO ObITh He MeHee 31 aJieMeHTa: 9TO CBA3aHO C IIEHTPAILHOM IPeIeTbHOl
TeopeMoit. Ecsin Heo6X0AMMO BBIYHUCIUTD JOBEPUTEHBII HHTEPBAJ /TSI MEHbIIEH
BBIGOPKH, TPUAETCS MCIIOAB30BaTh pactpesesienue ¢ 6ombliei aucrepcueii (bosee
IIUPOKHE XBOCTHI OTPAKAIOT OOJIBIITY IO HEOTIPEAEIEHHOCTS ). [/t 5TOTO CIIYKUT pac-
npenenenne CThIOIEHTA, KOTOPOE MBI PACCMOTPHUM B KOHIIE ATOM TJIaBBI.

B rimaBe 5 BbI y3HaeTe, Kak UCI0JIb30BATh J0BEPUTEIbHBIE MHTEPBAJIbI B TMHEHHON
perpeccumu.
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p-3HaueHus

Korza roBopsT, 4To HEUTO crmamucmusecky 3HauyuMo, 4To uMeeTcs B BUy? Mbl 4acTo
CJTBITITAIM 3TH CJIOBA, HO YTO OHM O3HAYAIOT C MATEMATIIeCKOH TOUKH 3peHnst? DopMaTbHO
3TO MOHATHE CBSI3AHO € TAK HA3BIBAEMBIM p-3HaYEHUEM, KOTOPOE MHOTUM TPY/THO OCMBIC-
smth. Ho s mymaio, 4To B p-3HaueHusIX GyIeT mpolie pasobpaThest, ECTU MPOCIEUTh,
OTKY/Ia OHH B3sUTHCh. XOTSI 3TOT IIPUMEP HeHUIeasIeH, OH TIOMOSKET JIOHECTH BasKHBIE HleH.

B 1925 rony maremaruk Ponasbn @unep (Ronald Fisher) 6b11 Ha Beueputike. OHa 13
ero koJuter Miopuajib Bpucross (Muriel Bristol) 3astuita, uto eciiu mpocto monpogyer
4aii, TO CMOKET OIPEIEINTD, 4TO OBLIO HAJIMTO B YAIIKY PAHbIIE — Yail NN MOJIOKO.
3aMHTPUTOBaHHBIN 9THM yTBepsKAeHueM, Durmep TyT ke MOCTaBUI 9KCIIEPUMEHT.

OH IpUroToBUJI BOCEMb YallleK Yas, B YeThbIPe U3 KOTOPBIX CHavyala HaJIuJl MOJIOKO,
a B YeTBIpe IPYTUX — Yail. 3aTeM OH MPEJIOKUI UX BIEPEMEIKY CBOEH KoJiere-
JETYCTATOPY, YTOOBI OHA OMPE/eTHIIa TIOPSANI0K HATMBAHWS KakKI0i 13 Hux. Kak Hu
YAUBUTETHHO, MIOPUAJIb KIacCU(UITUPOBAJIA BCE YATIKY TIPABUIIBLHO, U BEPOSITHOCTD
TOTO, YTO el MMPOCTO CIayYaiftHo 1moBesJio, coctaBuia 1 k 70, miau 0,01428571.

Ira BeposATHOCTD 1,4 % 1 eCTh Ta BeJIMYMHA, KOTOPast OObIYHO HA3bIBAETCS P -3HAUCHUCM:
3TO BEPOSITHOCTH TOTO, YTO UTO-TO IIPOUIOIILIO CAYUAIHO, a He N3-32 HEKO crcTeMa-
Tudeckoii npuunnbl. He BaaBasgch B KOMOMHATOPHbIE PACYUETHI, MOKHO CKA3aTh, YTO
BEPOSITHOCTH TOTO, YTO MIOPU3JIb YMCTO CAYYalHO yrajajia BCe Jaliku, COCTaBJIS-
et 1,4 %. O yem 9T0 TOBOPUT?

Korna MbI cTaBuM 9KCIIEPUMEHT — OY/Ib TO B pAMKAX HCCJIEIOBAHUSI TOTO, TOJICTEIOT
JI OT 00E3KUPEHHBIX TOHYMKOB WJTH 3200JIEBAIOT JI PAKOM OT ITPOKUBAHUST BOJIM3H
JIMHUH 3JIeKTpoIiepesiay, — BCeTa HyKHO yUUTBIBATh BO3SMOXKHOCTD TOTO, YTO UMEET
MecTo ciIydaiiHoe coBmajenue. B sxcnepumvente Duiepa 6p11a BeposATHOCTH 1,4 %
TOTO, YTO MIOPU3IH IPOCTO yrajiaja Bce YallKW, ¥ TOYHO TaK Ke B IPYTUX 9KCIIepu-
MEHTaX BCET/[Aa eCTh BEPOSITHOCTD TOTO, YTO CJAYIAHHOCTD, OYITO UTPOBOW aBTOMAT,
TIPOCTO MPEOCTABUIA HAM YIAYHYI0 KOMOMHAIIUIO. JTO MO3BOJISIET CHOPMYIHPOBATH
nyaesyio eunomesy ( H ), cornacno KoTopoil usyyaemas iepeMeHHast HUKaK He BIuseT
Ha X0l 9KCTIEPIMEHTA, a JOObIe TTOTOKUTETHHbIE PEYTBTATH OOBSICHSIOTCS CIyYaii-
HBIM BeseHueM. Anvmepnamusnas eunomesa (H,) yTBep:KAaeT, 4TO MOTOKUTENIbHbIH
pes3yJbTaT BbI3BaH M3yuaeMoil iepeMeHHOH, KOTOPYIO Ha3bIBalOT YNpasisieMou.

TpagIIMOHHO TIOPOTOM CTATUCTUYECKON 3HAUUMOCTHU CYUTAETCS P-3HAUEHME, PaB-
Hoe 5 % (To ectb 0,05)". TTockobKy 0,014 Merblie, yem 0,05, 5T0 03BOJIIET OTOPOCUTD

! Kak u B CJay4dae ¢ MUHUMaJbHbIM 06beMOM B])I60pKI/I, YpOB€Hb 3HAYUMOCTU 5% — 910 IIPOCTO

IIMPOKO PaCIpOCTpaHeHHad Tpaauliud, KOTOpOﬁ TIPUAEPKNUBAIOTCA BO MHOTUX CTATUCTUIECKUX
OTYeTax U Hay4YHBIX UCCJEI0BAHUSAX. B IPYTUX cyyassx BBIOMPAIOT APYTHe YPOBHU 3HAYMMOCTH
(Hampumep, 1w 0,1 %) WK TONB3YIOTCS METOJIAMHE, KOTOPbIe 00X0AATCst 63 TTOPOroBOTO
p-3uadenus. — [pumeu. nayu. peo.
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HYJIEBYIO TNIIOTE3Y O TOM, 9TO MIOpI/IBJIb CHy‘laﬁHO yragaJjia BCE YalllK. C]IGZIOBB_TEJIB-
HO, €CTb OCHOBAHU B TTOJIb3Y aHbTepHaTHBHOﬁ TUTIOTE3BI: TIO-BUANMOMY, MIOpI/I3JIb
HQﬁCTBI/ITGJIbHO yMesia OIpeiesiATh, YTO HaJIMBAIOT PAaHbIIIE — 4Jail U1 MOJIOKO.

B aTom nipuMepe ¢ yaenmiuTHeM Mbl HE YUJIH OHO 0OGCTOATENBCTBO: KOT/[A Mbl BHIYHC-
JISIeM p-3HaueHue, HAC MHTEPECYET BEPOATHOCTD HE TOBKO YKa3aHHOTO COOBITHS, HO
u Bcex ere 6ostee penikux coobrTnii. O6 5TOM MONAET pedb B CIEAYIONIEM TIPIMEpE,
rje (purypupyer HopMaJbHOE paclpesiesieHue.

MpoBepka runores

HpOBeI[eHHbIe Ppanee nccae0Banusd MmoKasaan, YTO CpeiHee BpeMA BOCCTaHOBJIEHU ST
T1ocCJ1€ IMMPOCTY/Ibl COCTABJIAET 18 I[HefI CO CTaHZIapTHBIM OTKJIOHEHUEM B 1,5 JHA U CO-
OTBETCTBYET HOPMAJIbHOMY pacCIIpe€e/IEHUIO.

ITO 3HAYWT, YTO C BEPOSITHOCTHIO OKOJIO 95 % BoCCTaHOBJIEHNE 3aiiMeT OT 15 10 21 Hs,
Kak II0Ka3aHo Ha puc. 3.16 u B npumepe 3.18.

1|B 20

Puc. 3.16. BepoaTHocTb BoccTaHOBNeHWA B TeueHue 15—21 aHA cocTaBndet 95 %

MpumMmep 3.18. BoiuncneHne BepoATHOCTM BOCCTAHOBNEHUS B TedeHne 15-21 gHs

from scipy.stats import norm

# CpefHee BpeMA BOCCTaHOBNEHWA Nocfe npocTyasl — 18 AHei,
# cTaHpapTHoe OTKJIOHeHuWe — 1,5 gHA

mean = 18

std_dev = 1.5

# C BepoATHOCTbI 95 % Bpema BOCCTAHOB/NEHUA 3aHuMaeT 15-21 peHb
X = norm.cdf(21, mean, std_dev) - norm.cdf(15, mean, std_dev)

print(x) # 0.9544997361036416

[TockosbKy ocTaBIIasicst BEPOSTHOCTD COCTABJISIET 5 %, MOKHO C/IeJIaTh BBIBOJL, 4TO
CYIIECTBYET BEPOATHOCTH 2,5 % TOTO, 4TO BOCCTAHOBJIEHME 3aiimMeT Gosbiie 21 gHs,
u 2,5 % TOro, 4To OHO 3aiiMeT MeHblle 15 aHell. 3amoMHUTE 3TOT (PAKT, TOTOMY
4TO B JasbHeleM oH OyAeT urpath KiaodeByio posib! Ha Hero onupaercs Harie
p-3HadYeHue.
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Temneps peATIoNnoKUM, uTO TpyTa 13 40 MareHToB MOJIyInIa HOBOE 9KCTIePUMEH-
TaJIBHOE JIEKAPCTBO, 1 UM MOTPEGOBATIOCEH B CpeHeM 16 mHel, 9TOOB BOCCTAHOBUTHCST
ITOCJIe IPOCTYADBL, Kak IIOKa3aHo Ha puc. 3.17.

N

8 20

Puc. 3.17. [pynne, npuHMMaBLLeil 1IekapcTBO, NOTPeOOBANOCH B CpedHeM 16 Hell Ha BOCCTaHOBNEH e

ITomormo su mekapeTBo? Ecim XOpoIIeHbKO NHOAyMAaTh, TO MOXKHO ITOHSITH, YTO HAC
MHTEPeCyeT BOT YTO: IOKA3aJI0 JIM JIEKAPCTBO CTATUCTUYECKU 3HAUUMBIH pe3yJIbTaT?
Wnu nexapctBo He 1o/1eficTBOBAJIO, a BbI3I0poBIIeHue 32 16 1Hell okazanoch ciyyai-
HBIM COBITQJICHUEM B UCTIBITYeMoi Tpyrine? [1epBbiii u3 3TUX BOIPOCOB OpEesgeT
aJBTePHATUBHYIO TUTIOTE3Y, 2 BTOPOH — HYJIEBYIO.

CymiectByerT iBa crocoba y3HaTh 3HAYMMOCTb: OZHOCTOPOHHMIA M JIBYCTOPOHHMIA
tect!. HaureM ¢ omHOCTOPOHHETO.

OAHOCTOPOHHMIA TeCT

Korpna ucromnbayercst 00HOCmopoHHuti mecm, HyJIEBYIO U AJIbTePHATUBHYIO THITOTE3bI
06BIYHO (DOPMYTUPYIOT B BUJIE HEPABEHCTB. MbI BBIJIBUTAEM THITOTE3HI OTHOCUTEIHHO
TeHEePATBHOTO CPEHETO M PACCMATPUBAEM BaPUAHTBI, YTO OHO JIOO0 GOJTBIITE WITH PABHO
18 (myneBas runotresa H,), imbo crporo Menbiire 18 (ansrepHaruBhas rurnoresa H,):

H, :reHepanbHoe cpeanee = 18;

H, :renepanbHoe cpeqHee < 18.

YTo6BI OTBEPTHY T HYJIEBYIO TUTIOTESY, HYKHO TTOKA3aTh, YTO BEIOOPOYHOE CPEIHEE Ta-
I[IUEHTOB, KOTOPbIE IPHMHUMAJH JIEKAPCTBO, He ObIJIO PE3YJIETATOM CJAYYaiiHOTO CTeUeH ST
o6crositesibetB. [Tockobky p-3naderue 0,05 Wiy MeHbINE TPAJUIIMOHHO CUUTAETCS
CTATUCTUYECKU 3HAYMMBIM, MBI BO3bMEM €T0 B KauecTBe TTOporoBoro (puc. 3.17). Berunc-
smB PPF na Python, kak nokasano Ha puc. 3.18 u B ipumepe 3.19, Mbl 0GHAPYKUM, UTO
mrommazab 0,05 B 1eBOM XBOCTE TPUMEPHO COOTBETCTBYET 15,53 HSIM BBI3IOPOBJIEHHUS.

! B oTe4ecTBEHHO JTMTEPaType CTATUCTUYECKUE TECTI TPAAUIIMOHHO HA3BIBAIUCH KPUMEPUAMIU.
B 27011 KHHTE MCTIOIB3Y€ETCS TEPMUH MeCh, TOTOMY UTO OH CTaJI OOIIETPUHATHIM CPEIU PYCCKO-
SI3BIYHBIX crieluaarcToB 1o data science. — IIpumeu. nayy. peo.
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Puc. 3.18. 3HaueHue x, KOTOpOMY COOTBETCTBYIOT NepBble 5 % NoLaan noj KpUBoii

MpumMep 3.19. BuluncneHne 3Ha4eHns X, KOTOPOMY COOTBETCTBYIOT nepeble 5 %
naowaam nog KpueoiA?
from scipy.stats import norm

# CpefHee BpeMA BOCCTaHOBNEHWA Nocne npocTyns — 18 AHent,
# cTaHpapTHoe OTKJIOHeHue — 1,5 aHA

mean = 18

std_dev = 1.5

# KakoMy 3HayeHMd X COOTBETCTBYWT Mepsble 5 % miowagu noj KpuBoi?
X = norm.ppf(.05, mean, std_dev)

print(x) # 15.53271955957279

2 B kHWUTY BKpaJach J0cajiHas ommOKa: B mpumepax 3.19-3.22 u B COIMyTCTBYIOIIEM TEKCTE HU
pacueTbl, HU KOHEYHbIN PE3YJIBTAT HE 3aBUCAT OT pazMepa BbIOOpKH (1 =40 maiieHTos), B TO
BpeMA Kak 3[[paBbIﬁ CMBICJI ITO/ICKA3bIBAET, YTO I[OBepI/ITe]IbIIbII‘/JI UHTEPBAJI U p-3HAYE€HUE TOJIZKHBL
YMEHbIIATHCA C POCTOM 7.

Ha camom feste B 3THX pacueTax BMECTO CTaHAAPTHOTO OTKJIOHEHUS (TlepeMeHHas std_dev
(=3

B KOJI€) I0JIKHA (PUTYPUPOBATh CTaHAAPTHASI OMINGKA CPEHETO SE, = T [Tockonbky cTanmapT-
n

HO€E OTKJIOHEHUE FeHepa]IbHOﬁ COBOKYITHOCTH 0 HEM3BECTHO, €TO MOKHO OIIEHUTH BI)I6OP0‘IHI)IM
CTAaHAAPTHBIM OTKJIOHEHUEM S.

VcrpaBuTh CUTYAIMIO MOKHO CJIELYIONIHAM 00Pa3oM:

* Umnopmuposamsv gynryuio keadpammnozo kopra: from numpy import sqrt
* OOBABUTH IIEPEMEHHYO JIJIS Pa3Mepa BbIOOpKW: N = 40
* B pacuerax Bmecro std_dev ucrosnb3oBars std_dev/sqrt(n), Hanpumep:

x = norm.ppf(.05, mean, std_dev/sqrt(n))
BripoueM, B 9TOM cirydae pe3yJIbraThl TECTOB OYyT APYTUMU: ¥ OJIHOCTOPOHHUIA, U JIBYCTOPOHHUI
TECT TIOKAKYT CTATUCTUYECKYIO 3HAYNMOCTD Ha YPoBHE 95 %, ¥ 9TO MO3BOJIUT OTBEPIHYTH HyJIe-
BYTO THIIOTE3Y ¥ CEJIAaTh BBIBOJI, YTO JIEKAPCTBO JEHCTBUTEIBHO TIOMOTAET BOCCTAHABIUBATHCS
TIOCJIE TIPOCTY /TBL.

MO3KHO BBIUTH U3 HOJIOKEHUS HO-APYTOMY: IIpecTaBuTh cebe, Oyaro mox std_dev nmoapasyme-
BaeTCs He BEIOOPOYHOE CTAHAPTHOE OTKJIOHEHHE S, 2 CTanjapTHast omubka cpeanero SE._ . Toraa
BBIOOPOUHOE CTAH/IAPTHOE OTKJIOHEHHE 5 = SE, x Ji =1,5x /40 = 9,5. B 3TOM cTydae Bee pacueTl
M BBIBOJIBI TECTOB OCTAIOTCS B CuJie. — [Ipumeu. nayuy. peo.
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Taxmm 06pa3om, eciit OBI cpefiiee BHIOOPOTHOE BPEMST BOCCTAHOBJIEHUST B HATITEH
IPyIITe MAllMEeHTOB COCTABIIIO 15,53 THS UM MEHbIIIE, TO MOJKHO OBLTIO ObI CUMTATB,
YTO JIEKAPCTBO MOKA3AJI0 CTATUCTHYECKN 3HAYMMBIN ahdekT. OfHaKO B HaIIEH BbI-
GopKe cpeHee cocTaBisieT 16 MHedt i He momagaet B 067aCTh OTKIOHEHUsT HYIEBOT
rumoTe3bl. TakuM 06pa3oM, Kak MOKa3aHO Ha puC. 3.19, TeCT Ha CTATHCTUYECKYIO
3HAYUMOCTD He IIPOLLIETL.

oa o d TN
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Puc. 3.19. Mbl He cMoru I0Ka3aTb, UTo pe3ynbrat NCNbITAHWA NNEKAPCTBA
ABNAETCA C(TATUCTUYECKN 3HAYNMbIM

ILnomans obmacTu 10 oTMETKH «16 aHell» — 9To p-3HayeHue Hamiero Tecta. OHO
cocrasiisier 0,0912 u Boruncasercs Ha Python B mpumepe 3.20.

Mpumep 3.20. BuluncneHre 0gHOCTOPOHHENO p-3HayYeHUS
from scipy.stats import norm

# CpepHee BpeMA BOCCTAHOBNEHMA nocae npocTyasl — 18 pHeit,
# cTaHOapTHoe OTKJIOHeHue — 1,5 AHA

mean = 18

std_dev = 1.5

# BepoAaTHOCTb AnA 16 u MeHee JHen
p_value = norm.cdf(16, mean, std_dev)

print(p_value) # 0.09121121972586788

[Tockombky p-3Hauenne 0,0912 mpeBbIaeT MOPOr cTaTucTUIeckoit 3Haummoctu 0,05,
HEJIb3A CUUTATDh UCIIbITAHHNE JIEKAPCTBA YCIIENTHBIM 1 OTBEPTHYTH HYJIEBYIO TUIIOTE3Y.

[1BycTOpOHHMIA TeCT

Hpe/f[bll[yH_II/Hl/)I TECT HAa3bIBAETCA OJJHOCTOPOHHUM, ITIOTOMY YTO OH MCKaJ CTAaTUCTH-
JeCKyI0 3HAUNMOCTDH TOJIBKO B OTHOM XBOCTE pacipesiesieHns BeposTHocT. OHaKo
3a4acTyio Ha/le)KHee ¥ TPAaMOTHee MCII0Ib30BaTh IBYCTOPOHHUM TecT. B mampHelem
MbI HOZIp06HO BbIZICHUM, IIOYEMY TakK, HO CHa4daJIa lIaBaﬁTe HAay4YMMCs €T0 BbIITOJHATD.
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[liist IBycTOpOHHETO TecTa HyJieBas U ajdbTepHATUBHAS TUITOTE3BI 0(DOPMIISTIOTCS
B BU/IE YTBEPKIEHUN «PaBHO» U «HE PaBHO». B HallleM NCTIBITAHNY JIeKapcTBa HyJTe-
Basi TUTTIOTE3a OYAET MPEAOIaraTh, 4TO CPEIHEE BPEMsT BOCCTAHOBJIEHUS COCTABIISIET
18 mHelt. A anbTepHATUBHAS TUTIOTE3a COCTOUT B TOM, UTO M3-32 HOBOTO JIEKAPCTBA
3TO BpeMd He PaBHO 18 qHaM:

H :renepanbHoe cpeanee =18;
H, :renepansHoe cpeiHee # 18,

OG6parunre BHUMAHNUE, 4eM 9TOT TECT OTIUIAETCS OT OAHOCTOPOHHETO. MBI (hOpPMYJIH-
PYeM aJIETePHATUBHYIO TUIIOTE3Y, 4TOOBI IIPOBEPHUTH HE TO, UTO JIEKAPCTBO YMEHbIIAET
BPeMsI BOCCTAHOBJIEHUST TIOCJIE TIPOCTYIBI, & TO, YTO OHO OKA3BIBAET X0Mb KAKOU-HUOYOb
addext. B uacTHOCTH, MBI TPOBEPSIEM, HE CTAHOBUTCSI JIM BOCCTAHOBJIEHUE JIOJIbIIIE
C JIEKapCTBOM, 4eM 6e3 Hero. ECTb Jin B 9TOM CMbIC? 3allOMHUM 9TOT MOMEHT, YTOObI
BEPHYTBCS K HEMY TTO33KE.

EcTectBento, aT0 3HAYUT, YTO TTOPOT CTATUCTUYECKON 3HAUUMOCTH P-3HAUEHUST
pacripocTpanseTcss Ha 06a XBOCTa pacrpe/leieHns, a He TONbKO Ha ofiuH. Ecn mbr
IpOBepsieM 3HAYUMOCTH HA YPOBHE 5 %, HYKHO Pa3/leNTh €ro MOMoJaM 1 OTCedb
1o 2,5 % ot Kaska0ro xBocrta. Eciiu cpeiHee BpeMsi BOCCTAaHOBJIEHUS TocJie 60ie3H1
TMOTIA/IET B OJ[HY U3 OTCEUYEHHBIX 00IACTEH, TO TECT OKAKETCS YCIEITHBIM, U HYXKHO
Gy/IeT OTBEPrHYTh HyJIEBYI0 runotesy (puc. 3.20).

0—2 ! .4/'--.\;I
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Puc. 3.20. [IByctopoHHuii Tect

3HavyeHus X /i IIPaBOTO U JIEBOTO XBOCTA KPUBOI PaBHBI COOTBETCTBEHHO 15,06
u 20,93. Takum 06pazoM, eciiu cpejitiee BBIGOPOUHOE MEHBIIIE JIEBOTO WK HOJIBIITE
MPABOTO 3HAYEHUS, TO TIPUJIETCS OTBEPIHYTh HYJIEBYIO THIIOTE3Y. DTH JBa 3HAYCHS
paccuuteiBaioTcs ¢ omolbio PPE kak nmokazano na puc. 3.21 u B npuMepe 3.21.
O6paruTe BHUMaHUE: YTOOBI BBIYUCIUTD X, OT KOTOPOTO HAUMHAETCST TPaBbIil XBOCT,
MbI 6epeM 3Haudenue 0,95 u gobaBisieM K HEMY TIOJIOBUHY ropora 3HauyumocTu 0,025,
B utore nosy4as 0,975.
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Puc. 3.21. Boluncnenue obnacti, copepatiieii 95 % nnowaam
noz Kp1BOil HOPMaNbHOTO pacnpesesneHna

Mpumep 3.21. BblunCneHNE HTEpBaNa ANs CTaTUCTUYECKON 3HAUMMOCTU 5 %
from scipy.stats import norm

# CpefHee BpeMA BOCCTAHOBNEHMA nocjae npocTyap — 18 AHeit,
# cTaHOapTHoe OTKJIOHeHue — 1,5 AHA

mean = 18

std_dev = 1.5

# KakoMmy 3HaYeHW X COOTBETCTBYWT MepBble 2,5 % naowaau noj Kpuson?
x1 = norm.ppf(.025, mean, std_dev)

# KakoMmy 3HaYeHW X COOTBETCTBYWT nepsble 97,5 % nnowaau noj KpuBOiA?
x2 = norm.ppf(.975, mean, std_dev)

print(x1) # 15.060054023189918
print(x2) # 20.93994597681008

Bor60pouHOe cpejiHee st TPYIIIBI UCIIBITYEMbIX PABHO 16 — TO €CTh He MEHbIIIe
15,06 u He 6osbiire 20,9399. Takum 06pazoM, Kak 1 B CJIydae OJJHOCTOPOHHETO TECTa,
MO-TIPEKHEMY HeJIb3sI OTBEPTaTh HYJIEBYIO THIIOTE3Y. IDGMEKT OT TECTUPYEMOTO JIeKap-
CTBA BCe eI1le He TIOKa3bIBaeT CTAaTUCTUIECKON 3HAUMMOCTH, YTO BUJHO Ha puc. 3.22.

v ] /f"\k
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Puc. 3.22. [IBycTOpOHHMIA TECT He MOKa3a CTaTUCTUYECKON 3HAUUMOCTH
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Ho uTo Takoe p-3nadenne? BoT 37ech-To ¥ TIPOSIBIISIETCST MHTEPECHAST 0COOEHHOCTD
JBYCTOPOHHUX TecTOB. HallleMy p-3Hau€HII0 COOTBETCTBYET HE TOJBKO 00JIaCTh
cieBa oT 16, HO 1 cUMMeTpIYHast 06J1aCTh B IIPaBOM XBocTe. I1ockoibKy 16 Ha 2 fHs
MEHBIITEe CPETHETO, MBI TaKsKe yuTeM 061acTh cripaBa ot 20 (Ha 2 st 60JIbIIe CPE/HETO,
puc. 3.23). Takum 06pa3oM, B 3aKpariieHHbIe 00JACTH BXOIUT BEPOSITHOCTD TOPOTOBOTO
nit 6oJiee PEAKOro COOBITHS ¢ 00EUX CTOPOH KOJIOKOJ000Pa3HOI KPUBOIL.

Puc. 3.23. p-3HaueHue 106aBNAET CUMMETPUYHBIE 06N1ACTY CTATUCTUUECKOR 3HAYUMOCTH

CyMMupysl p-3HaYeH 1711 00enX 9TUX 00/1acTell, MbI TOJIy4aeM UTOTOBOE p-3Haue-
Hue 0,1824. OHo HaMHOTrO Goiblie, yeM 0,05, HO3ITOMY OIIPeIeIEHHO He IIPOXOAUT 10
nopory 0,05 (cm. mpumep 3.22).

MpumMep 3.22. BuluncneHne ABYCTOPOHHEro p-3HayeHus
from scipy.stats import norm

# CpepHee BpemA BOCCTAHOBNEHMA nocjie npocTyasl — 18 pHeit,
# cTaHOapTHoe OTKJIOHeHue — 1,5 AHA

mean = 18

std_dev = 1.5

# BepoATHOCTb BOCCTAHOBUTbCA MeHee 4eM 3a 16 gHent
pl = norm.cdf(16, mean, std_dev)

# BepoATHOCTb BOCCTAHOBUTbCA 6osee 4Yem 3a 20 AHei
p2 = 1.0 - norm.cdf(20, mean, std_dev)

# p-3HayeHue AnA oboumx XBOCTOB
p_value = pl + p2

print(p_value) # 0.18242243945173575
3aueM jKe B IBYCTOPOHHEM TeCTe MbI I00aBUJIM CUMMETPUYHYO 00JIACTh HA IPOTHBO-

MTOJIO’KHOM KOHIIE paciipe/iesieHus? Bo3aMoKHO, 3TO He caMasi MHTYUTUBHO TIOHSATHAS
MBICJIb, HO CHaYaJIa BCHOMHUM, KaK MbI C(DOPMYJINPOBAJIN TUTIOTESbI:

H , :reHepanbHoe cpesHee = 18;

H, :renepanbHoe cpeqHee # 18.
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Ecou TecT moJKeH BHIGPATh OfMH U3 BAPHAHTOB «PaBHO 18» M «He paBHO 185, TO
HY’KHO YY€CTD JII0OYI0 BEPOSITHOCTD, KOTOPAst COOTBETCTBYET PABHOMY WJTH MEHBITEMY
3HAUEHUIO ¢ 00enX CTOPOH. Be/lb MBI ITBITAEMCS IOKA3aTh 3HAUUMOCTD, & 3HAYMMBIMH
OymyT Bce COOBITHSI, BEPOSITHOCTD KOTOPBIX PaBHA TIOPOTOBOMY p-3HAYEHUIO WK
MeHbIiie ero. Mbl He YIUTBIBAJIN 3T COOOPAKEHUS B OTHOCTOPOHHEM TECTE, T/I€ OBLI
BBIGODP M3 BAPUAHTOB «GOJIbIIE U PABHO» U «MeHbIle». Ho Koria Mbl ©MeeM J1eJ10
C BAPUAHTAMU <«PABHO» U <HE PABHO», CJEAYET YEIATh BHUMAHUE 0OEMM CTOPOHAM.

KakoBbI ke mpakTUYecKue MoCJAe/ICTBUS IBYCTOPOHHETO TecTupoBanus? Kak oHO
BJIMSIET HA TO, OTBEPraeM Jii Mbl HyJIeByto runore3y? IloctaBuM Bomrpoc Tak: Kakoii 13
TECTOB yCTaHABJIMBaeT GoJIee CTPOTHiT OPOT 3HAUMMOCTH? MOJKHO 3aMETHUTB, UTO JIasKe
€CJIM HaIlIa I[eJTh — TI0Ka3aTh, YTO KAKOH-TO TTapaMeTp MOT YMEHbBITUTHCS (HAITpUMep,
BpeMsI BOCCTAHOBJICHUS Y TeX, KTO IIPUHUMAJ JIEKAPCTBO), TO 1epehOpMyIUPOBKA
TUIOTE3bI TaK, YTOOBI OTPa3UTh J1000i 3 deKT (KaK yBeJuueHne, TaK U yMEHbIIEHIE),
noposkaeT 60Jee BHICOKUI MOPOT 3HAYMMOCTH. Ec/ii Mopor 3HAYMMOCTH COCTABIISAET
0,05, TO HaIll OMHOCTOPOHHUH TeCT ¢ p-3HadenreM 0,0912 ObL1 6JIMKe K yCIEXy, 4eM
JIBYyCTOPOHHUH TECT, B KOTOPOM p-3HaUeHNe 0Ka3aioch B/Boe Boiiie (0,182).

ITO 3HAYUT, YTO IIPU AIBYCTOPOHHEM TECTE CJI0KHEE OTKJIOHUTD HYJIEBYIO TUIIOTESY,
a 9TOObI MPU3HATH TECT YCTENTHBIM, TPeOYIOTCST GoJiee cephe3HbIe TOKA3ATENbCTRA.
Emte mogymatite BOT 0 4eM: a 4TO, €CJIU JIEKAPCTBO MOTJIO YCYTYOUTH MPOCTYIY
U YBEJMYIUTH CPOK BOCCTAHOBJIEHSI? BBIIIO OBI TI0JIE3HO YIECTh BEPOSITHOCTH TAKOTO
CIIeHApUsI M PACCMOTPETh OTKJIOHEHUS B 3TOM HalpaBjeHn!. VIMEeHHO TT03TOMY /BY-
CTOPOHHWUE TECTHI TPEIIOUTHTENbHEE B OOJBITUHCTBE caydaeB. OHU HAaJlEXKHEE, 4eM
OJTHOCTOPOHHHUE, U HE CMENIAIOT TUTIOTE3Y TOJBKO B OJIHY CTOPOHY.

B riiaBax 5 u 6 MbI ellie He pa3 06paTUMCSI K TPOBEPKE TUIIOTE3 1 P-3HAYEHUSIM.

OCTEPETAATECbH P-XAKUHTA

B HayuHOM coobuiecTBe Bee 60JIblile BHUMAHUS YaeJsieTcs mpobieme, Ko-
TOpasi Ha3bIBAETCS p-xakunzom (2 TAKKe 8blyHcUsaHUeM NN axKe Npo-
uedcusanuem p-3Ha4eHH ), KOTJa NCCAEeT0OBATEIN BRIMCKUBAIOT JaHHBIE,
obecreyrBalolIye CTaTUCTUYeCKH 3HaurMble p-3Haders (0,05 wi MeHbiIe).
3TO HECJIOKHO cZesaTb ¢ IIOMOIIbIO 6OJII)H_II/IX JJaHHbIX, MAIlIMHHOTO 06-
yuyeHnuda n I[aTa-MafIHHHI‘a, KOrga MOKHO IMPOMIEPCTUTDb COTHU UJIN ThICAYN
IIepEMEHHDIX, ITOKa MEK/y HUMU HE O6Hapy>l(aTCﬂ CTaTUCTUYECKU 3HAYNMbIE
CBSI3M, KOTOPbIE BO3HUKJIM B Pe3yJIbTaTe YIAuHbIX COBIAIEHU.

[Touemy Tak MHOTO HCCJIeioBaTeIel 3aHUMAIOTCS p-XaKUHIOM ? BeposTHo,
MHOTHE U3 HUX CaMU He OCO3HAIOT 3Toro. JIerko HacrpauBaTh U OJKPYYU-
BaTb MOJIEJIb, IIPOITYCKas <«3allyMJIEHHBIC» JAHHbIC U MEHSA IlapaMeTphl,
TTOKa OHA He /IaCT «IIPaBUJIbHBIN» pe3ysbrart. /[[pyTre mpocTo NCTIBITHIBAIOT
JlaBJIeHNE CO CTOPOHBI HAYYHBIX U ITPOMBIIIJIEHHBIX OPTaHU3aIUii, KOTOpbIe
TpeGyIOT He OOBEKTUBHBIX, & BBITOJHBIX PE3YJIBTATOB.
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Hanpumep, Bac HAHUMAET KOMITaHUsT « BKYCHBII KOJIOC», 4TOGBI BBI HCCJIE-
JIOBAJTH, HE BBI3BIBAIOT JIM KOH(ETHI « Caxapok B Imokosaaes auader. Kak Bbi
JlyMaeTe — eCJI BBI ITPEIOCTABUTE YeCTHBIN AaHAJN3, BAC IPUTJIACST B CIIEY-
oMM pa3? A 9To f1eath, ecyii PyKOBOJAUTEID TOPYYAET BaM MOJATOTOBUTD
MTPOTHO3 TIPOJAsK Ha CYMMY 15 MJTH JIOJIJTAPOB B CJIEAYIONIEM KBapTajie, UTO0BI
3aIlyCTUTh HOBBIN MPOAYKT? BBl HUKAK He KOHTPOJIUpPYyeTe, KaKUMU Oy YT
MTPOJIAKH, HO OT Bac TPEOYIOT MOJIE]Tb, KOTOPAs IACT 3apaHee ONPEIeIEHHBIN
pesyasTat. B XymaieM caydae Bac MOTYT /iaske TIPUBJIEYDb K OTBETCTBEHHOCTH,
€CJIV TIPOTHO3 OKAKETCST HEBEPHBIM. JTO HECTTPAaBEINBO, HO Tak ObIBaeT!

VImeHHO 1103TOMY IUTJIOMAaTUYHOCTD U IPyTHe COITMaIbHble HABBIKU MOTYT
CBITPATh PEIIAIIIYIO POJIb B Kapbepe crienuanucta 1o data science. Ecoin
BbI MOJKETE U3JIOKHUTD HEIIPOCTYIO 1 HEYIOOHY0 UCTOPHUIO TaK, YTOOBI OHA
BbI3BaJIa KOHCTPYKTUBHBIN MHTEPeC y ayAANTOPUU, — 3TO yKe ITOJIOBUHA
ycnexa. Tosibko He 3a0biBaliTe 00 yIIPaBJIeHIECKOM KIMMAaTe B OpraHu3a-
1IUM U BCer/ia Ipejjiaraiite alsTepHaTUBHbIE pellleHusi. Ecan Bl monain
B OE3BBIUTPBIIIHY0 CUTYAIIIO, KOT/Ia BAC TIPOCSIT 3aHUMATHCST P-XaKUHTOM
1 MOTYT IIPUBJIEYb K OTBETCTBEHHOCTH, €CJIN 3TO IIPUBe/IeT K HEITPUSATHBIM
MOCJIE/ICTBUSIM, TO HE 3a/[yMbIBasiCh MEHsIHATE MeCTO PaboThi!

Pacnpepenenue (TblofieHTa: paboTa ¢ ManbiMu
BblbOpKamu

JlaBaiiTe BKpatiie pacCMOTPUM, Kak paboTaTh ¢ HeGombIME BoiGopkaMu (30 ae-
MEHTOB MJIK MEHbIIIe). ITO MOHAL0OUTCS, KOTAa Mbl 3aiiMeMcs JIMHEHHOI perpeccueii
B 71aBe 5. He3aBUCHMO OT TOTO, pACCYMTHIBAEM JI MBI JOBEPUTETbHBIE HHTEPBAJIbI
WU TIPOBEPSIEM TUTIOTE3bI, — €CJIN B BBIGOPKe He Gourbiie 30 27IeMEHTOB, TO BMECTO
HOPMAJBLHOTO PacHpeie/IeHust Tydliie UCTI0Nb30BaTh pacnpedenenue Cmviodenma
(T-distribution). OHO MoX0ske Ha HOPMaJIbHOE, HO MMeeT GoJiee IMUPOKIE XBOCTHI,
KOTOPBIE OTPAKAIOT GOIBIIYIO IUCTIEPCHIO U HeoTpeieTeHHoCTh. Ha pric. 3.24 mokasa-
HO HOpMaJIbHOE pacipeziesienue (IyHKTUPHAS JUHI ) 1 pacnpezenenue CThoZeHTa
C OJIHOM CTeneHbIo cBOGOIbI (CILIONIHAS JINHI ).

Yem MeHbIIe BBIOOPKA, TeM IUpe XBOCTHI pacupexaeeauss Croiogerta. Ho uro
WHTEPECHO, TI0 Mepe TPUOMMKEHNST K 31 9JIeMEHTY OHO CTAHOBHUTCS TIPAKTUIECKH
HEOTJIUYUMbIM OT HOPMAJIbHOTO paclipe/ie/ieH1s, YTO HalJIsIHO OTpaxaeT CyTh LleH-
TPaJIbHOU TPeIeTbHON TEOPEMBI.

B nnpumepe 3.23 nokazano, kKak HaliTH kpumuyeckoe snavenue pacrpejeaenus CTbio-
neHTa 17151 95 %-Holl yBepenHocTH. OHO MOYKET IPUTOIUTCS [/t TOTO, YTOOBI CTPOUTH
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JOBEPUTETBHBIE HHTEPBAJIBI U MPOBEPSITH TUITOTE3BI, KOT/Ia B BBIOOPKE He GoJiee
30 amemenToB. KoHIIENTYyaIbHO 3TO TO JK€ caMoe, YTO M KPUTHUECKoe Z-3HaueHMe,
HO MBI HICTIONTb3yeM pactipesiesieHre CThio/IleHTa BMECTo HOpMaJIbHOTO. YeM MeHbITe
BLIGOPKA, TEM GOJTbITIE HEOTPEIETEHHOCTD, 2 3HAUNT, U MHTEPBAI.

Puc. 3.24. HopmanbHoe pacnpeaenenue u pacnpenenenue (TblofeHta.
06patuTe BHUMaHWe Ha WIUPOKIE XBOCTbI

Mpumep 3.23. BblumcneHne KpUTUYECKoi 0651acTi ¢ NOMOLLbIO pacnpeaeneHust CTblofieHTa
from scipy.stats import t

# BbIMMCNIAEM WHTEpBan KPUTUHECKWUX 3HAYEHWi NS yBepeHHocTH 95 %
# (25 anemeHTOB B BblbOpKE)

n =25
lower = t.ppf(.025, df=n-1)
upper = t.ppf(.975, df=n-1)

print(lower, upper)
# -2.063898561628021 2.0638985616280205

3ameTuM, uTo df — 3TO KOJIMYECTBO cTelleHeil cBoOObl, U OHO OJIKHO OBITH Ha
eIMHUILY MEHbIIIE, YeM pa3Mep BHIGOPKH.

HE TOJIbKO CPEQHEE APUOMETUYECKOE

C 1oMOIIbIO I0BEPUTEbHBIX MHTEPBAJIOB M TPOBEPKU THUTIOTE3 MOXKHO Ol1e-
HUBATb U JPYTrU€ MapaMeTpbl, IOMUMO CPEIHEro 3HAYEeHUsT, — HAIPUMED,
JUcTieperio (MM CTaHAAPTHOE OTKJIOHEHHE ), a TaKsKe 01 (HarmpumMep, «60 %
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PECTIOH/IEHTOB OTMEYAIOT, YTO TIOCTIE eXKe[HEBHOW YaCOBOW TTPOTYJIKU Y HIX
yIIyUIIaeTCst HacTpoeHues ). JJist aToro TpebyeTcst He HopMaIbHOE pactipesie-
JICHUE, a IPYTHE — HATIPUMED, PACTIPEIETIEHIE XU-KBAJIPAT. T TEMBI BBIXOJST
3a PaMKW 9TON KHUTH, HO HAJIEIOCh, YTO BB YBEPEHHO OBJIAJIEIN HEOOXOIH-
MBIMU OCHOBAMH, YTOOBI Paso0PAThCst B 9TUX 0OJIACTSIX, €CIIN MTOHATO0OUTCSI.

Kax 6561 To HI OBLIO, B IJIaBaX 5 1 6 MbI CHOBa BCTPETHUMCSI C IOBEPUTETHHBIMI
WHTepPBAJIAMU U ITPOBEPKOI THIIOTE3.

Koe-uTo 0 60/1bLIKMX AHHBIX U OLLNOKe METKOro
cTpenka

U nocuieitee, 4to XoTesnoch bl 00CYIMTH 10/l KOHEIl 3TOA riiaBbl. Kak Mbl yske ToBOPHIIH,
KOT/[a Mbl 000CHOBBIBAEM CBOU BBIBOJIbI, BCET/IA CJEAYET YIUTHIBATH POJIb CYYAHBIX
cosrazenuii. K coxaneHuio, ¢ Tex 1op, Kak MOSIBUIUCH OOJIbIIIE JaHHbIE, MAITTHHOE
obyueHue u Apyrue HHCTPYMEHThI 00PabOTKHU JaHHbIX, HAYYHBI METOJl BHE3AITHO
IIPEBPATUIICS B IPAKTUKY, KOTOPast paboTaeT 3a/[0M HaIepeil. ITO MOKET ObITh OIACHO.
[Touemy 9TO Tak — TIO3BOJIBTE TIPOAEMOHCTPUPOBATH Ha pUMepe u3 KHuru [opu Cvura
(Gary Smith) «Standard Deviations» (usnaresnbctBo Overlook Press).

ITpemcTaBuM, YTO I BBITSITUBAO YETHIPE UTPAJIBHbIE KAPTHI U3 0OBIYHOM KOIOBL. ITO
He KaKasi-TO UTPa, U HET HUKAKOU IPYTON 1eJin, KPOMe KaK BBITSHYTh Y€ThIPE KapThl
1 paccMOTpeTh ux. MHe /1ocTafoTces Be IeCSITKH, TPOHKA U 1BoliKa. «HTepecHO, —
TOBOPIO 5. — S osTyun1 iBe ecsiTKu, TPOUKY M BOIKY. HeT sin B aTOM 3aKOHOMEP-
HocTi? ECJIM 51 BBITSIHY el1le YeThIpe KapThl, OYyT JIU 3TO TOKE JIBE MTOCIE0BATEIbHBIE
OUYKOBbBIE KapThl 11 n1apa? Kakast MOjieJib JIEXKUT B OCHOBE TOIO 9KCIIEPUMEHTA? >

Bunure, uto s cuenan? S B3 COBEPIIEHHO CIyYATHOE SIBJIEHUE U HE TOJBKO TIPEITIO-
JIO3KMJT 3aKOHOMEPHOCTH, HO U TIOTIBITAJICS [TOCTPOUTD HA X OCHOBE ITPOTHOCTHYECKY IO
Mojiesb. MexkIy TeM g M3HaYaabHO He CTaBUJI CBOEH 3aj1aueli BRITIHYTh UMEHHO TaKyIO
CTPYKTYPY U3 4eThIPEX KapT. 51 IpoHabIIofall ee nocie mozo, Kak ona o6pasoBaiach.

ITO UMEHHO TO, YeM TIOCTOSTHHO TPEINT aTa-MalHUHT: OH BBISIBJISIET CJIYYAiiHO 00-
Pa30BaBIIKECs CTPYKTYPHI B CIIyYalHBIX COOBITHX. KoT/1a BaM I0CTYTHBI OTPOMHBIE
06 BEMBI JIAHHBIX 1 OBICTPBIE AJITOPUTMBI, KOTOPBIE UIILYT 3aKOHOMEPHOCTH, HETPYTHO
OTBICKATb Pe3yJIBTaThl, KOTOPbIE BBITJIAAT KaK 3aKOHOMEPHOCTH, HO Ha CaMOM JleJie
ABJIAIOTCS CIy4YallHBIMU COBIA/ICHUSMU.

ITO Bce PaBHO, KaK €CJIn OBl g CTPEJIAT N3 MUCTOJIETA II0 CTEHE, a IIOTOM pHCOBaJI
MUIIIEHD BOKPYT OTBEPCTHUA U IIpUTJIANIAIT ﬂpysef/i, YTOOBI IIPOAEMOHCTPHUPOBATH CBOIO
TMOTpsACAIOIYI0 METKOCTD. rJIyHO, HpaBZIa? OZIHB.KO MHOTI'HE JIeATe/NN B obmactu data
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science (baKTI/I‘IECKI/I 3aHNMAaIOTCA 9THUM JICHDb OTO JTHS, 1 9TAa MIPAKTHUKA N3BECTHA KaK
owubKa MemK020 cmpeika. OHU HAUMHAIOT TepeMaJsibIBaTh JJaHHBIE 6e3 onpe[[eﬂeHHoﬁ
eI, HATBIKAIOTCA Ha YTO-TO PEAKOE, a 3aTEM IIPOBO3TJIAIIAIOT, 6y[[TO HalileHHOe
MU KaKUM-TO 06p8.30M CO3MA€T TIPE/ICKA3aTCJAbHYTIO IIECHHOCTD.

ITpob6iieMa 3aKJII0YAETCS B TOM, YTO, COIJIACHO 3aKOHY 0YeHb OOJIBIINX YHCEJI, KAKKE-TO
U3 PpeJKHUX COOBITUI HaBepHSIKA IIPOU30MLYT — IIPOCTO Mbl HE 3HAEM, KaKHe MMEHHO.
CrasKkuBasich ¢ PeAKMMU COOBITHAMMU, Mbl 0OpalliaeM Ha HUX 0co60€e BHUMaHUE 1 J1axkKe
CTPOMIM JOTaJKK O TOM, YTO MOIJIO MX Bbi3BaTh. OHAKO HA CAMOM JieJie CYyTh BOT
B Y4€M: BEPOSITHOCTD TOT0, YTO KasK/IbIi KOHKPETHBII YeJIOBEK BHIMIPAET B JIOTEPEIO,
KpaiiHe Majia, HO TeM He MeHee Kmo-mo 00s3aTeJIbHO Bbiurpaer. Passe Hac yauBIIs-
eT caM (paKT TOro, 4TO KTO-TO OKasajcs nobeaurenem? Eciiy HUKTO He IpejcKasall
nobeauTesist, TO HUYEro 3HauMMOr0 He IIPOM3OIILI0, KPOME TOT0, YTO CydaliHOMY
YeJI0BeKY CJIy4ailHO ITOBE3JIO.

AT cOOOPaXKEHH OTHOCATCS U K KOPPEJISILIUSIM, KOTOPbIE MBI PACCMOTDPUM B IJIaBe 5.
Ecim y Bac ecth orpoMHbIil HAOOP JAHHBIX C THICSYAMU [IEPEMEHHBIX, PasBe TPYAHO
B HEM OTBICKATh CTATUCTUYECKH 3HAUUMBbIE PE3YJIbTaThI ¢ p-3HadenreM 0,057 [Iporie
mpoctoro! S Haliy ThICSIYM TaKUX ITpuMepoB. Harpumep, s 1OKaxKy, 4TO KOJTUYECTBO
dunbmos ¢ Huxosacom Keligskem Koppeaupyer ¢ KOJIMYeCTBOM YTOHYBIIUX B Oac-
cetine 3a roz (https://oreil.ly/eGxm0).

[ToaTomy, 4TOOBI He TPEBPATUTHCS B «METKOTO CTPETKA» U HE BIACTD B 30Ty KICHNS,
CBsI3aHHDIE ¢ GOJBIMTMMU TAHHBIME, CTAPAHTECh OTBETCTBEHHO MPOBEPSITH THUITOTE3DI
1 cobUparh TaHHbIe s 9To# 1esti. Ecii BBI Bee-Taku miprberaere K AaTa-MaltHUHTY,
OTCJIEKMBAIITE CBEXKUE TAHHBIE, YUTOGBI TTPOBEPHUTDH, OCTAIOTCST JIM BAIIH BBIBOJIBI B CUITE.
Haxomner, Bcersia y4uthIBaiiTe BO3MOXKHOCTD CIy4alfHOTO COBIA/ICHMS; €CIIU KAaKOe-TO
SIBJIEHHE HE YIAETCST OOBSICHUTD 3IPABBIM CMBICIIOM, TO, CKOPEE BCETO, 3TO CIIYYANHOCTb.

Mbl Hay4YHJIMCh BBIABUTIATH FMIIOTE3bI 10 TOIO, KAK COOMpATh JaHHbIE, HO JTI0OUTEIN
JlaTa-MallHUHTa IPelaT TeM, 4YTO CHadaia cCOOMPAIOT JaHHble, a IOTOM MOAOUPAIOT
K HUM TunoTesbl. Kak 970 HU apajiokcanbHO, MbI 4acTo felcTBYyeM 6ojiee 0O beKTHB-
HO, KOT/Ia CHA4YaJIa BbI[BUTAEM I'MIIOTE3Y, IOTOMY UTO ITOCJIE 9TOTO MbI UIIIEM JJAHHBIE,
4TOOBI 11eJIeHAIIPABJIEHHO J0KA3aTh UK OIIPOBEPIHYThH €e.

3aKnoyeHune

B 3TOIL/,I TJIaB€ MbI I/ISy‘{I/I]II/I MHOTO HOBOTO, 1 BbI MOJKETEC FOpI[I/ITbCH, qTo HpOZ[BI/IHy-
JIICh TaK Jajieko. ITo Obliia, oKy, O/[Ha U3 CaMbIX TPYAHBIX TEM B 9TOU KHUTE!
MpbI He TOTBKO OCBOWJIA OMTUCATENBHYIO CTATUCTUKY OT CPETHETO apU(PMETHIECKOTO
JI0 HOPMAJIBHOTO PacIIpe/ie/ieH s, HO U PACCMOTPEJIH JI0OBEPUTEIbHbIE NHTEPBAJIbI
U TIPOBEPKY TUTIOTES.
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Ha[[eIOCb, YTO TEMEPDb BbI BOCIIDUHUMACTE JaHHBIC HEMHOTO TI0-/IPYTOMY. ITO MOMEH-
TaJIbHbIE CHUMKHU OT/ICJIbHBIX 9TTM3010B, KOTOPBIC HE MTPETEHAYIOT Ha TO, YTOOKI ITOJTHO-
CTBIO OTpa’XaTb PEAaJIbHOCTbD. Camu o cebe JIaHHbIEC HE 0c000 ITOJIE3HDI; YTOOBI Clej1aTb
Ha X OCHOBE 3HAYMMbI€ BbIBObI, HYKHO NIPEACTABJIATD cebe KOHTEKCT, IIPOABJIATDH
JIIOOOTIBITCTBO 1 AHAJIN3NPOBATDH, OTKY/la OHU B3AJINCD. \Y i n3y4nJjin, KaK OItncCbiBaTb
JIaHHbIE, a TAKKE KaK Ha OCHOBE BbI60pKI/I Jl€JIaTb BbIBO/IbI O 6omee HIHpOKOﬁ reHepajib-
HOM COBOKYITHOCTH. HaKOHeH, MBI PaCCMOTPEJIN HEKOTOPBIE 336]Iy}KlIeHI/IE[, KOTOpPbIE
XapaKTEPHBI JIJId I[aTa-MafIHI/IHFa, €CJI 3aHNMATbCA UM Y€pPeCUyp JIETKOMBICJIECHHO,
1 y3HaJIN, KaK UCIIPABUTDH CUTYAITUIO C TOMOIIBIO CBEKUX TAaHHDBIX 1 3/[PABOTO CMbICJIA.

He BosinyiiTecs, eciu Bbl 4YyBCTBYeTe, YTO BaM CTOUT BEPHYTHCS 1 IEPEYNTaTh 4TO-
TO U3 3TOM TJIaBbl, Be/lb 3/IeCh U MPaB/la MHOTO MaTepHuaja, KOTOPbI UMeeT CMBICJI
ycBouTh. Kpome TOr0, eciint Bbl XOTHTE OOUTHCS ycrexa B data science u MalmmHHOM
06y4eHNH, 04€Hb BAsKHO IPUYIUTH CeOsI FPAMOTHO TECTUPOBATh rumoTe3bl. HeMHoTHE
MPAKTUKYIONUE CIEUATUCTDI YAEISIOT BPEMST TOMY, 4TOOBI CBSA3ATD CTATUCTUKY
U [TPUHITUITBI TIPOBEPKU MUTIOTES C MAITMHHBIM 00YYEHUEM, 1 3TO BHI3BIBAET COKATICHUE,

Croco6HOCTb TOHUMATH W Pa3bsCHATH — 9TO MEPEAOBON PYyOEK MANIMHHOTO 06y de-
HU4, [I09TOMY He IIpeKpallaiiTe yYuTbCs U IPUBJIeKaiiTe U3ydyeHHbIII MaTepral Ha
MPOTSIKEHUU BCel 9TOU KHUTU U BCeil CBoeil Kapbephl.

YnpaXkHeHus [nAa CamonpoBepKm

1. Bwr kymum aua cBoero 3D-nipuHTepa Katymky (gusamenta iuamMetpom 1,75 M.
BbI x0THTE M3MEPUTD, HACKOJIBKO IHAMET] HUTH IEHCTBUTEIBHO OJIM30K K 1,75 MM.
C moMOIIBIO MITAHTEHIIUPKYJIST BHI IEITh Pa3 U3MepsieTe IaMeTp B PA3HBIX MECTaX
KATYIIKU U TI0JIyYaeTe TaKyIo BLIGOPKY 3HAUEHUIT:

1,78; 1,75, 1,72; 1,74; 1,77.
PaccunTaiite cpejiHee U CTaHAAPTHOE OTKIOHEHHUE JIJIsT 3TOH BHIOOPKH.

2. TIpousBoauTenb yTBEPKIAET, UTO CPEAHMI CPOK CIyKObI cMapTdona Z-Phone
cocTaBJsieT 42 Mecs11a, a CTaHJapTHOe OTKJIoHeHne — 8 MecsrieB. [Ipenmonaras
HOPMaJIBHOE pacipe/ieieHre, KaKoBa BEPOSITHOCTb TOTO, YTO JAHHBIN CIydaii-
HbIi Z-Phone npocaysxut ot 20 10 30 Mecsiies?

3. 4 comHeBaloCch B TOM, UYTO CpeIHMI uamMeTp huyiaMenTa iig Moero 3D-mpunTepa
paBeH 1,75 MM, KaK 3asiBJIEHO B pekame. 51 ciesan BBIGOPKY U3 34 m3MepeHuit
IITAaHTeHIIUPKYJIeM. Beibopounoe cperee coctassier 1,715588, a craHzapTHOE
otkaoHeHue — 0,029252.

KakoB 99 %-HbIil 10BEpUTENbHBIA UHTEPBAJ JJISI TEHEPAIHLHOTO CPEIHETO BCEH
KaTYIIKU C HUTBIO?
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4. Bamr otesn MapKeTHHTA Havyal HOBYIO PEKJIaMHYIO KaMIAaHWIO M XO4YeT Y3HATh,
TOBJIMsIIA JIW OHA Ha 00BEM TIPOJAK, KOTOPBIN TPEKAE COCTABJSI B CPEIHEM
10 345 monmapoB B ZIeHb CO CTaHAAPTHBIM OTKJIO0HEHNEeM 552 nonnapa. Hosas pe-
KJIaMHast KaMIIAHUST TIPOBOJIMJIACH B TeueHue 45 THel, 1 CpeIHUi 00beM TIpoaxK
coctaBua 11 641 10717apoOB B ICHD.

[Mosausina u pexiaMa Ha nipogaxku? Ilouemy na wiau nodemy Het? (UTo6bI
HOJIy4UTh OOJIee JOCTOBEPHYIO 3HAUNMOCTD, UCIIOJIb3YIITe IBYCTOPOHHUN TECT. )

Ortgets cm. B [Ipunokennu B.
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JinHenHan anrebpa

JlaBaiiTe HEMHOTO CMEHUM TEMY: OTBJICYEMCS OT TEOPUHU BEPOSITHOCTEH U CTaTUCTH-
KU U 06paTuMcs K TUHEHHON anrebpe. VIHOTAA TIOM Ty TAIOT TUHEHHYTO anreGpy
C aJIeMeHTaPHOH are6poii, IyMast, 9TO 9TO AUCIUTLIHHA O TOM, KaK CTPOUTH JIMHEH-
Hble TpauKH s anrebpandeckux GyHKIWI Buga ) = mx +b. VIMeHHO mo3TOMY
JMHEHHYIO anre6py, BepOATHO, CTOMJIO OBl Ha3BaTh «BEKTOPHOM anreGpoii» nim
«MaTPUYHOI anrebpoii», Bellb OHa UMEET JIEJI0 € BeCbMa abCTPaKTHBIMU KOHCTPYK-
1UstMU. JIMHEH Hble CUCTEeMBI UTPAIOT B HEl OTIPEIEIEHHYIO POJIb, HO B ropas/o boJee
OTBJIEYEHHOM Ka4yeCTBe.

Urax, uto xe Takoe tunetinas anrzebpa? OHa 3aHUMAETCS JTUHEHHBIMU CUCTEMAMHU,
HO IIPE/ICTaBJISIET UX C IOMOIIIbIO BEKTOPHBIX IPOCTPAHCTB U MaTpull. He BomHyii-
TeCh, €CJIM Bbl HE 3HaeTe, YTO Takoe BeKTOp miu MaTpuiial CKopo Mbl JaiuM UM
oripe/iesieHusT U oApoOHO ux usyunm. Ha muHeitHyto anreGpy onuparoTcst MHOTHE
MPUKJIAHBIE 00JACTH MaTEMATHKH, CTATHCTUKY, UCCJIEA0BAaHUS omepaiuii, data
science u mamuHHOTO 06yueHust. Korga Bel paboTaere ¢ JaHHBIMU B JI000iT 13
3TUX 00JIacTel, BBl UCIIOJIb3yeTe JUHEHHYIO anreOpy — BO3MOJKHO, JAaKe He T10-
J103peBas 3TOTO.

Jlo Kakoro-TO MOMEHTAa MOKHO 060#THCh 6e3 U3yueHus TMHEHHOU aareGpbl, uc-
HOJIB3ys1 OUOIMOTEKN MAITTHHOTO OOYUEHUS U CTATUCTUKU, KOTOPbIE IETAI0T BCIO
paborty 3a Bac. Ho ecjiit BbI XOTHTE TIOHSITh, KAK YCTPOEHBI 3TH «U€PHbIE SMIUKH>,
u adderTrBHEee paboTaTh ¢ JaHHBIMU, BaM HeU30€KHO IPUAETCSA OCBOUTH OCHOBBI
JIMHeR O anre6poL. JInHeliHas anre6pa — 9T0 OTPOMHAs TeMa, KOTOPOH IIOCBAIIEHbI
TOJICTbIE YUeOHUKHU, M, KOHEYHO, MbI HE CMOKEM B COBEPIIEHCTBE OBJIAJIETD €10 BCETO
3a ofHy TJ1aBy KHUTH. OQHAKO IIOJIyYEeHHBIX 3HAHUIA OyAeT J0CTaTOYHO, YTOOBI He
60AThCS JIMHEHHOI anreOpbl 1 MPEACTABIATH cebe, KaKylo pojib oHa urpaet B data
science. Kpome Toro, najee B 9Toil KHUI'e — B YaCTHOCTH, B IJIaBax 5 1 7 — y Hac
OyIeT BO3MOKHOCT IPUMEHUTD JTMHEHHYIO aarebpy Ha MIPaKTHKE.
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Yto Takoe BeKTOp?

ToBops IpocTbIMU CI0BAMU, 6eKMOP — ITO CTPEJIKA B IPOCTPAHCTBE, Y KOTOPOii €CTh
oTipe/ieJIeHHOE HAIPaBJIEHUE U JIJIMHA U KOTOPast 9acTo TIPEICTaBIsIeT hparMeHT
JMaHHBIX. DTO TJIABHBIN CTPOUTENbHBIIH OJIOK JIMHEHHOW aJreOphl: B YaCTHOCTH, Ha
OCHOBE BEKTOPOB (GOPMUPYIOTCS MATPHUIILI 1 JTUHEHHbIe TpeoOpa3oBanms. B camoii
pocToii (hopMe BEKTOP He MPUBSA3aH K KOHKPETHOMY MECTOIOJIOKEHUIO, TI09TOMY
MOJKHO TIPEJICTABJISITH ceOe, YTO OH HAUMHAETCST B HAUaJIe IEKAPTOBON CUCTEMBI KO-
opaunat — B Touke (0, 0).

Ha puc. 4.1 nokasat BeKTop V , KOTOPBII 0603HAYAET IePEMEIeHIEe HA TPH €ANHULbI
10 TOPUBOHTAJIN U HA JIBE 110 BEPTUKAJIU.

3

Puc. 4.1. lpocToii BeKTOp

Eute pas nmoguepkueM, 4To 3ajiaya BeKTOpa — HAIJISLHO [IPEACTaBUTD (hparMeHT
naHHbIX. Ecoim y Hac ecTh TaHHBIE O TOM, YTO TIIOMIA/Ih loMa cocTaBiseT 18 000 kBa-
JIPaTHBIX (DyTOB, a €ro cTONMOCTb — 260 000 10/1J1aPOB, 9TO MOKHO BBIPA3UTh B BUJIE
BekTopa [18 000, 260 000], orsoskus 18 000 exuHUIL 110 Topr3oHTaIH U 260 000 — 110
BEpPTUKAJH.

MaremaTuuecku BEKTOP MOJKHO BbIPAa3UTb TaK:

o x 3
V= =
% 2

OO6BABUTH BEKTOP MOKHO ¢ MOMOIIIBIO TIPOCTOH KoJutekinu Python — wampumep,
CIIMCKA, KaK TT0Ka3aHo B rnipumMepe 4.1.

MpumMmep 4.1. O6baBNeHNe BekTOpa B Python ¢ noMoLbio cnvcka

v = [3, 2]
print(v)
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OmHaKo KoTa pedb 3aXO0UT O MaTeMaTHUECKUX BBIUNCIEHUSX C BEKTOPAMH — OCO-
GEHHO eCJI 3aHUMATHCST 33/ITa4aMU MAITMHHOTO OOYYeHUsT — JIydlile UCIOTb30BaTh
6ubanoreky NumPy, moromy 4To B 9T0ii 06jacTi oHa 9 heKTUBHEE, YeM OObIYHbII
Python. /I;1a oneparmii 1uHeHOR aiareOpsl TaKKe MOKHO IPUMEHATh OMOINOTEKY
SymPy, u Mbi OyieM BpeMst OT BpeMeHU 00paIaThesi K Hell B 3TOH IJIaBe, KOTjia OKa-
JKETCST HEYZO0OHO paboTaTh ¢ IECITUYHBIMU YHCIaMU. BIipoueM, Ha TIPAKTHUKE BB,
CKOpee BCeTo, byeTe NMETH €0 B 0CHOBHOM ¢ NumPy, m0sTOMY B mIepBy10 0uepeb
MBI 6y/IeM TTPUAEPKUBATHCS UMEHHO €€.

910661 06BSIBUTH BEKTOP, BbI30BHUTE GYHKIHIO array () us NumPy u nepemaiire eii
KOJIEKITUIO 9IEMEHTOB, KaK ITOKa3aHo B IpuMepe 4.2.

Mpumep 4.2. O6baBneHne BekTopa B Python ¢ nomowwbio NumPy
import numpy as np

v = np.array([3, 2])

print(v)

Python mepneHHbIii, a ero uncnoBble 6ubNMOTEKN — HET

SI3bik Python cunTaercst Me/JIEHHBIM B BBIYUCIUTENLHOM OTHOIIIEHHUHU, IIOTOMY
YTO OH HE KOMITMJIUPYETCS B HU3KOYPOBHEBBIN MAlIMHHBIN KO uiu Gaiir-
Koz, Kak Java, C#, C u . 1. Kox Ha Python auHaMuuecku uHTEpIIpETUPYETCS
BO BpeMs BbiloJiHeHust. OHAKO YucIoBble U HayuHble OGubanorexku Python
paboraior 6bicTpo. Takue 6ubnorexku, kak NumPy, 00bIYHO TUIILYTCS Ha
HU3KOYPOBHEBBIX SI3BIKAX — B IIepBYIo ouepesib Ha C u C++, — 1 moaToMy OHU
3¢ dEKTUBHBI [0 YacTH BbIuKcIeHuit. Python BeicTyIaeT B posiu CBSI3yIOIIEro
3BEHA, UHTErPUPYst 9TU OUOJIMOTEKY JJIs BAIIMX 3a/[au.

BekTopbl oyenb MUPOKO MPUMEHSIOTCS Ha IpakTuke. B ¢usuke BexkTop yacro mo-
HIMAIOT KaK HAIPaBJIeHNe 1 pa3Mep KaKoi-1ubo BeTnduHbl. B MaTeMatike BEKTOP
3a/laeT HallpaBJIeHUe U JJIMHY, U er0 MOXHO acCOLMMPOBATh € IBUKEHUEM Ha KOOP-
AWHATHOM TUTOCKOCTH. B 061acTut paboThl ¢ TaHHBIME BEKTOP — 9TO MACCHB YHCETT,
B KOTOPOM XpaHsATcs Januble. IMeHHO ¢ aTol nHTepIipeTaliueil HaMm Kak 1pogeccno-
Hastam B cpepe data science peacTouT MO3HAKOMUTECS Garvzke Beero. OTHAKO BasKHO
HUKOT/[a He 3a0bIBaTh O BU3YaJIbHOM TIPEACTABICHNH, YTOObI HE MPECTABIATH cebe
BEKTOP KaK 3930TepruecKuii Habop unces. be3 BU3yaabHON MOJEIH MTPAKTHYECKH
HEBO3MOKHO YCBOWUTH Takue (hyHIaMEHTATbHBIE TOHITUST TUHEHHOM anreGphr, Kak
JuHeliHas 3aBUCUMOCTDb U OLIPE/IeJIUTEIH.

Ha puc. 4.2 1715t mpriMepa mpeICTABIEHBI elle HECKOJIBKO BeKTOPoB. ObpaTnTe BHU-
MaHUe, YTO HEKOTOPbIE M3 HUX HAMIPABJIEHBI B CTOPOHY OTPUIIATETHHBIX 3HAYEHUI
1o ocsiMm X u (usm) Y. BeKTophI ¢ OTPUIIATENbHBIMU KOOPAMHATAMW TTPUTO/STCS,
KOT/[a MbI Gy/IEM BBITIOHATH OMEPAIIMU HAJ[ HUMU: TI0 CYTH, C UX TIOMOIIBIO MOXKHO
He TOJIBKO CKJIAJIbIBATh, HO ¥ BBIYUTATh BEKTOPBIL
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Puc. 4.2. llpumepbl pasnnuHbIX BEKTOPOB

YEM NMOJNE3HbI BEKTOPbI?

MHorue U3 Tex, KTO CTAJIKMBAETCS ¢ BeKTopaMmu (U JIMHEHHOI anreGpoii
B I[€JIOM ), HE TIOHUMAIOT, YeM OHU 110JIe3HbI. BeKTOpbI — BechMa abCTpaKT-
HOE TIOHATHE, HO Y HUX €CTh MHOKECTBO BIIOJIHE OLIYTUMBIX IPUMEHEHUI.
Ecs Bl pazbupaerech B BEKTOPAX U JIMHEHHBIX TPe0OPA30BAHUSIX, BaM
Gyzer sierde paboTaTh ¢ KOMIIBIOTEPHOH rpadukoit. Hampumep, morpsicaro-
mas 6ubaroreka Busyanusanuu Manim (https://oreil.ly/Os5WK) onrcbiBaer
s dexThl aHuMaIu U TpaHcHOpPMAIMK Ha A3bIKE BEKTOPOB. B obiactu
CTATHCTUKY U MAITMHHOTO 0Oy YeHMsI IAHHbIE YACTO UMITOPTUPYIOTCSI U TIpe-
06pasyoTcs B YMCIOBBIE BEKTOPBI, YTOOBI C HUMU MOKHO OBLIO PabOTATD.
Cpe/cTBa IOKCKa PelieH st, Tak1e Kak BCTPOeHHbIi nHCTpyMeHT Excel nim
Python PuLP, ucno/b3yior JuHeiHOe IpOrpaMMIPOBaHILe, TAe BEKTOPDI
MO3BOJISIIOT MAKCUMHU3UPOBATh PelieHre, COOIoast 3a/[aHHble OrpaHye-
Hud. B Busieonrpax u aBUacMMyJIsITOpax ¢ IOMOIIbIO BEKTOPOB U JIMHEHHON
anrebpbl MOJIETIMPYETCst He TOJIBKO Tpaduka, HO U pusuka. 51 aymao, uTo
BEKTOPBI TaK TPYZHO OCBOUTH HE IIOTOMY, UTO HEMOHSITHO, KaK UX IIPUMe-
HSTh, & CKOPEe MOTOMY, 4TO X TPUMEHEHUS HACTOJILKO PA3HOOGPA3HBI, UTO
TPY/IHO YBUETH B HUX YTO-TO OBIIEe.

O6paTuTe BHUMAHKE, YTO BEKTOPBI MOTYT CYIIECTBOBATH HOJIEE YEM B JIBYX U3MEPE-
HUSIX. BOT npuMep TpexMepHOTo BEKTOpa C KOOPAUHATAMMU X, Y U Z:

<l
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YT06BI TOCTPOUTH ITOT BEKTOP, HEOOXOAMMO TIPOABUHYTHCS Ha YETHIPE €AMHUIIBI
B HampasyeHnn X, OIHY B HaNIpaBJieHWN Y 1 [IBe B HAITPaBJIeHUN Z; 3TO TIPEJICTaBIEHO
Ha puc. 4.3. O6paTuTe BHUMaHIe, 4TO TEIEPh BEKTOP M300PaKEeH He Ha IBYMEPHOIT
CeTKe, a B TPEXMEPHOM TIPOCTPAHCTBE C TpeMs ocsamu: X, Y u Z.

=

Puc. 4.3. TpexmepHbiil BeKTOp

EcrecTBeHHO, 5TOT TPEXMEPHBIN BEKTOP MOKHO TIpejicTaBuTh Ha Python ¢ momoribio
TPeX YMCJIOBBIX 3HAUEHUH, KaK IMOKa3aHo B ipuMepe 4.3.

Mpumep 4.3. O6baBReHMe TpexmMepHOro BekTopa B Python ¢ nomobto NumPy

import numpy as np
v = np.array([4, 1, 2])
print(v)

Harmsimo nsobpaskath BEKTOPBI 0JIee YeM B TPEX N3MEPEHUSTX — HETPOCTAST 33/1a4a,
U B 9TOU KHUTE MBI He Gy/IeM TpaTUTh Ha Hee cujibl. Ho MHOrOMEpPHBIE BEKTOPHI T10-
TIPeKHEMY TPUBUATHLHO MPEACTABIISIIOTCS € TTOMOIITBIO uricest. B mpumepe 4.4 mokasaHo,
Kak B Python o6baBUTH IATUMEPHBIIT BEKTOD.

6
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Mpumep 4.4. O6baBNeHVe NATUMEpPHOro BekTopa B Python ¢ nomowbio NumPy
import numpy as np

v = np.array([6, 1, 5, 8, 3])

print(v)
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CnoxeHune BeKTOpOB

Camu 1o cebe BEKTOPBI He 0c060 TIPIMeYaTebHbl. BeKTOp oTpaskaeT HampaBieHne
U BeJIMYNHY, Kak Obl 3a1aBasi mepeMernenne B mpoctpancTse. Ho Korma Mbl HaunHaeM
COE/IHSITh BEKTOPBI C TOMOIIBIO OTIEPAINN CIOJNCEHUs. 6EKMOPO8, BCe CTAHOBUTCS
unrepecuee. MakTuueckn Mbl OOBEAUHSIEM B OIUH BEKTOP TIEPEMEIIIEHUST, KOTOPbIE
COOTBETCTBYIOT /IBYM BEKTOpaM.

Jlomyctum, y Hac ecTh ABa BeKTopa V 1 W, KOTOpbIe MOKazaHbl Ha puc. 4.4. Kak nx
CJIOKUTBH?

Y\

El
1]

Puc. 4.4. (noxeHue ABYX BeKTOPOB

O ToMm, Kakast TT0JIb3a OT HTOTO CJOKEHMST, MBI TIOTOBOPUM 4yTh mo3:ke. Ho ecsit 6o
MBI 3aXOTeJIN COETMHUTH 9TU [[BA BEKTOPA, BKJIIOYAsl UX HAIPaBJIECHUE U BEJTUYUHY,
KaK ObI 9TO BBITJISIIET0? B 4iCI0BOM BHIPAKEHUH HTO JIEMEHTAPHO: CTOKUB KOOPIHU-
HATBI X IBYX BEKTOPOB, MBI ITOJIy9aeM KOOPUHATY X HOBOTO BEKTOPA, M aHATIOTUYHO
MOCTYTIaeM ¢ KOOPIMHATAMU Y — CM. IpumMep 4.5.

3. 12

V= W=
2 -1

o 3+2 5
V4+w= =
2+(-1)| |1
MpumMmep 4.5. CnoxeHne aByx BeKTOpoB Ha Python ¢ nomolubio NumPy
from numpy import array

v
W

array([3,2])
array([2,-1])

# cymma BeKTOpoOB
v_plus w=v +w

# BbIBOA pe3ynbTaTa
print(v_plus_w) # [5, 1]
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Ho kak 9T0 BBITJISIIUT HA KOOPAUHATHON TWIOCKOCTU? UTOOBI BU3YAIBHO CIOKHUTH [BA
BEKTOPA, HY>KHO TPUCTABUTH HAYAJIO OTHOTO BEKTOPA K KOHILY IPYTOTO W TPOCJIEIOBAT
710 KOHIIa MoCcTIeHeTo BekTopa (puc. 4.5). Touka, B KOTOPOIi BbI OKasKETeCh, — 3TO KOHET]
HOBOTO BEKTOPA, KOTOPbIN MPECTABIISIET COOGOM PE3YJIBTAT CI0KEHUS IBYX BEKTOPOB.
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Puc. 4.5. (noxeHue AByX BEKTOPOB; Pe3yNbTaT — HOBbIii BEKTOP

Kaxk mokasano Ha puc. 4.5, Korja Mbl JOXOAUM 0 KOHIIA IIOC/IeTHETO BEKTOPA W , MBI
. 5 ¢
MOJTyYaeM HOBBII BEKTOP L} — 9TO pe3yJbTaT cJiokenus: V. u W. Ha mpakrtuke ato

MOJKET MMPONCXOANUTD, KOT/Ia HYKHO ITPOCTO CJIOKUTD JaHHBIE. Ecs 661 HaM ITOHa/10-
6uach O6HI3.H CTOMMOCTD KNJIbA U €TO0 06111351 IIJIONTa/lb B OIIpEACJIEHHOM paﬁOHe, TO
VIS 9TOTO MBI CJIOKHUJIN OBl HECKOJIBKO BEKTOPOB B O/IMH 110 TAKOMY K€ ITPUHITUITY.

O6paruTe BHIMaHNUE, YTO HEBAKHO, B KAKOM IIOPSIKE CKIaAbBaTh ¥V u W . To ecTb
CJIOKEHUE BEKTOPOB — 9TO KOMMYMAMUBHAS. OTIEPAITUS, T/IE TIOPSIIOK CJIaraeMbIX He
umMeet 3HaueHus1. Eciii cHauaia n306pasuTh BEKTOP W, a 3aTeM IIPUCOCANHUTD K HEMY

V, B pe3yJIisTaTe MoJyYUTCS TOT JKE€ CAMbII BEKTOP {5 , KaK TTOKa3aHo Ha puc. 4.6.
1

i+ w= [5]
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Puc. 4.6. Cnoxenue BEKTOPOB — KOMMYTATIBHAA onepauna
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YMHOXeHNe BEKTOpa Ha uncno

Yunoxcenue sexmopa na uucio (W Macumaduposane 6eKmopa) yBeJInIuBaeT Wi
YMEHbBIITAeT JINHY BeKTOpa. /[JInHA yMHOXKAETCS Ha YMCII0, KOTOPOE HAa3bIBAECTCS CKA-
aspom. Ha puc. 4.7 BekTop V yMHOKAeTCs Ha 2, 0TYETO CTAHOBUTCS BI[BOE JIJTUHHEE.
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Puc. 4.7. YMHOXeHMe BeKTOPa Ha uncno

C Toukn 3pEeHUA MaTEMAaTUKHN KayK/1asd KOOp/IMHATa BEKTOPAa YMHOKAETCA Ha O/JHO
1 TO JKe YUCJIO:

YT06kI BBITIOJHUTE 3Ty onepaliuio Ha Python, gocTtarouHo yMHOKUTH BEKTOP Ha
CKaJISIP, KaK MMOKa3aHo B mpumMepe 4.6.

Mpumep 4.6. YMHOXeHME BeKTOpa Ha uMcnio Ha Python ¢ nomouwbto NumPy

from numpy import array
v = array([3,1])

# yMHOXeHMe BeKTOopa Ha 4ucio
scaled_ v = 2.0 * v

# BbIBOA pe3ynbTaTa
print(scaled_v) # [6. 2.]

Ha puc. 4.8 Bektop V ymHokaercst Ha 0,5, 0TUEr0 CTaHOBUTCS BIBOE KOPOYE.
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Puc. 4.8. YmeHblueHe AnHbI BEKTOPa B [Ba pa3a

OMEPALUN C AAHHBIMW — 3TO ONEPALIUU C BEKTOPAMMU

JItoObIe oriepalii ¢ JaHHBIMU MOKHO ITPEICTABUTD C TIOMOIIIBIO BEKTOPOB —
Jlaske TIPOCTeNIIee BBIYUCIEHUE CPeTHETO apuhMeTIIeCcKOTO.

[TocmoTpHTE, KAKYIO POJIH 371€CH UTPAET YMHOKEHNE BEKTOpa Ha 9ucio. J{o-
IIyCTUM, Mbl XOTUM BbIYUCJ/IUTDH CPEAHIOIO CTOMMOCTD 1 CPETHIOIO TIJIOTIA/ b
JIoMa JI7Is1 11eJ10T0 paifona. Ecin CJI03KNUTh BEKTOPBI, KOTOPbIE COOTBETCTBYIOT
KaxKJJOMY JJOMY, IIOJIyYUTCS OMUH TMTAaHTCKUI BEKTOP, COAEPKAIINI 0OIILYI0
CTOMMOCTH U OOIIYIO ILJIONIAh BCEX JOMOB. 3aTeM MbI Pa3AejiiM €ro Ha
KOJIM4€eCTBO I0MOB N, TO ecTh yMHOkuUM Ha 1/ N. Pesysratom GyeT Bek-
TOP, KOTOPbII COJIEPIKUT CPENHIOI CTOUMOCTD ¥ CPEIHION0 TIJIONIA/b I0MA.

BasxHo oTmMeTnTh, 4TO IPU YMHOKEHUU BEKTOpa Ha YMCJIO €ro HallpaBJieHHue COo-
XpaHdeTcs; MeHdeTcs ToJbKO JnHa. Ho u3 aToro npaBusia ecTb 0/1HO UCKJIIOYEHNUE,
KOTOpoOe IIoKa3aHo Ha puc. 4.9. Korza BeKTop yMHOXKaeTCs Ha OTpULiaTeIbHOE YUCIIO,
€T0 HAIIPaBJICHUE MEHACTCA Ha IPOTUBOIIOJIOKHOE.

1
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Puc. 4.9. Mpyr yMHOXeH!I Ha OTPULLATENbHDIA CKNAP HaNpPaBNEHNe BEKTOPa MEHAETCA
Ha NPOTUBONONOMXHOE
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OZIHaKO, €CJIN 3aAyMaTbCA, TPU YMHOKEHUU Ha OTPUITATEIBHOE YU CJIO OPUEHTAITUA
BEKTOPa, 110 CYyTH, HE MEHAETCSA, IOTOMY YTO OH OCTA€TCA Ha TOM Ke HpHMOfI. ITO
IIPpUBOJIUT HAC K TAKOMY KJIIOYEBOMY ITOHATUIO, KaK JIMHEIHAsT 3aBUCUMOCTb.

JIuHeltHasa 060104YKa 1 NUHElHAA 3aBUCUMOCTb

[Be onepaniuu — cjoxeHue AByX BeKTOPOB U YMHOXKEHUE BeKTOpa Ha YMCJI0 — I10-
3BOJISIOT PeaJn30BaTh IIPOCTYIO, HO IJIOAOTBOPHYIO Uzeo. C IOMOIIBIO 9TUX Olle-
paruii MOKHO M3 JIBYX BEKTOPOB CO3/aTh JII0OO0i PE3yIBTUPYIONIHIT BEKTOP, KaKOi
MbI 3ax0TuM. Ha puc. 4.10 mokazaHbl 1ieCTb IPUMEPOB TOTO, KaK MOKHO YMHOKUTD
KayK/IbIH M3 BEKTOPOB ¥V U W Ha Kakoe-Jnb0 YuCsIo, a 3aTeM CJOKUTD pesy/IbTaThl.
(BTO HA3BIBAETCS IUHEHOU KoMOUHAyuell BeKTOpoB V 1 W .) Kakiblii 13 BEKTOPOB V
U W MMeeT CBoe (GPMKCHPOBAHHOE HaTIpaBJieHue (OH MOJKET Pa3Be YTO Pa3BEPHYTHCS
Ha 180°, ecyii yMHOKUTD €TI0 Ha OTPULIATEIBHOE YHCJIO0), HO €CJId COCTABJIATh U3 HUX
JIMHEHHBIE KOMOMHAIIUH, TO MOKHO TIOJYIUTD 110601 HOBBIH BEKTOP.

[ ]
"J—A
puER NPy U
(E""-.- w’
4":? 7 ‘1‘ N
¥
|

Puc. 4.10. /luneliHas KoMOMHALMA IBYX BEKTOPOB MO3BOAAET CO3AATb 060N HOBbII BEKTOP

ITO MPOCTPAHCTBO BO3MOKHBIX BEKTOPOB HAa3bIBACTCS IUHEUHOU 000J0UKOL, Y B OOJIB-
IITTHCTBE CTy9a€eB OHA TO3BOJISIET CKOHCTPYHUPOBATH AGCOIIOTHO JII0GOT HOBBII BEKTOP,
IIPOCTO YMHOKAsT ICXO/THBIE BEKTOPBI Ha YMCJIa U CKJIabIBast nX. Ecim aBa BekTOpa
HAITPaBJICHBI B /IBE HE3aBICHMbIE CTOPOHBI, MBI TOBOPUM, YTO OHU JIUHEUHO HE3ABUCUMDL.
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Ho B xakoM cirydae acCOPTHMEHT CO3/]aBaeMBIX BEeKTOPOB orpanndeH? [logymatite
HaJl TUM U YUTANTE TAJbIITE.

Yo MpOUCXOUT, KOTJIA /IBA BEKTOPA HAIIPABJIEHBI B OJIHY U TY K€ CTOPOHY WJTH JIEXKAT
Ha OZiHOM npsaMoii? JTto6as KOMOMHAIMS STHX BEKTOPOB TOXKe OYIeT JiesKaTh Ha 9T
PSMOI, ¥ JIHelHas 060JI04Ka He BBIXOJUT 32 IIpeesibl 9Toi uHuy. Ha kakue Obl
YKCJIa MBI HA YMHOZKAJIA BEKTOPBL, UX CYMMa B MTOre OY/IeT JIesKaTh Ha TOM sKe IIPSIMOL.
B takomM ciryyae roBopsiT, YTO BEKTOPBI AUHEUHO 3ABUCUMDbL, KAK TIOKA3aHO Ha puc. 4.11.

Puc. 4.11. JluneitHo 3aBNCUMbIE BEKTOPbI

Best inHeiinast 060104Ka COCTOUT U3 OAHOM-eIMHCTBEHHOM MTPSAMOM, IIOTOMY 4TO Ha
Hell J1ekaT 00a UCXOAHBIX BEKTOPA. A 3HAUUT, C IOMOILBIO JTMHEHHBIX KOMOMHAIMI
U3 HUX HEJIb3s 00pa3oBaTh IIPOU3BOJIBHbII BEKTOD, KOTOPbIiL He ObLI OBl HAIIPABJIEH
BJIOJIb 3TOM Ke TIPSMOH.

Ecou Mbl nMeeM f1eJ1o ¢ IMHEHHO 3aBUCHMbBIM MHOKECTBOM BEKTOPOB B TPeX U HoJiee
M3MepeHUsIX, Mbl 4aCTO OKa3bIBaeMCsl «3allepThbl» Ha IIJIOCKOCTH C MeHbIlell pa3Mep-
HocThio. Ha puc. 4.12 mokasaH mpumep TOTO, Kak JUHEHAA 060I0UKa 3aMbIKAETCST
Ha JIByMePHOI IIJIOCKOCTH, XOTS 33/laHbl TPEXMEPHbIE BEKTOPBLI.

/

Puc. 4.12. JIuHeiiHad 3aBUCMOCTb B TPEXMEPHOM NPOCTpaHCTBe. 00paTuTe BHUMAHIAE, UTO NINHEITHAA
000/104Ka OrpaHNYeHa 1BYMEPHOIi MNOCKOCTbI0



138 [naga 4. JluxeitHan anrefpa

[Tozsxe MBI HAyYnMCS TTPOBEPSTH TUHEHHYTO 3aBUCUMOCTD C TTOMOTITBIO ITPOCTOTO MH-
CTPYMEHTa, KOTOPbII Ha3bIBaeTcs onpeenutesaeM. Ho noyemy BaxHO, SBJISIOTCS I
JIBa BEKTOPA JIMHEITHO 3aBUCUMBIMU? /[€J10 B TOM, UTO €CJTH OHU IMHEHTHO 3aBUCUMBI,
MHOTHE 33/Ia9¥ CTAHOBSITCS CJIO0KHBIMHU WJIM BOBCe HepaspemuMbiMu. Hampumep,
KOT/Ia TI03K€e B ATOH IiaBe Mbl Oy/IeM PacCMaTpPUBaTh CUCTEMbI yPaBHEHWMIA, TO yoOe-
JIUMCST, 9TO B JIMHEHHO 3aBUCMOM HabOpe ypaBHEHUIT TepeMeHHbIe MOTYT HCYE3HY Th,
oT4ero 3ajlaya craHeT HepaspemnMoil. Ho eciu cucrema smHeiino nesaBucuma, To
BO3MOKHOCTD THOKO CO37IaTh TI000# Hy:KHBII BEKTOP U3 IBYX WK 60Jee BEKTOPOB
OKa3bIBAETCS KII0UYEBBIM (DaKTOPOM B MIOMCKE pelneHns!

JIuHeiHble npeobpa3oBaHuA

JluHeliHbIe KOMOWHAIMN BEKTOPOB MIPAIOT KpailHe BasKHYIO POJIb B IHHEHHON ajrebpe.
Kasxaplit BeKTOp HalpasJieH B CBOIO (PUKCUPOBAHHYIO CTOPOHY, HO €CJIM YMHOMXKUTD
BEKTOPBHI HA YKCJIA ¥ CTOKUTH PE3YIBTATH, TO MOKHO TIOJYIUTDH JIO60H BEKTOP Ha
MI0CKOCTH. ECIi MCXOAHbIE BEKTOPBI TMHEHHO HE3aBUCUMBI, TAaKOH KOMOUHIPO-
BaHHBII BEKTOP MOJKET OBITH HATIPABJIEH B TIOOYIO CTOPOHY W MIMETH JIOOYIO JJTHHY,
KOTOPYIO MBI 33/Ta/TMM. DTOT MIPUHITUTI JIEKUT B OCHOBE JIMHEHHBIX TIPe0OPa30BaHMIA,
KOT/[a OJIVH BEKTOP BO3/ENHCTBYET HA APYTOH 1 TPeoOPA30BHIBAET €T0 MO0OHO TOMY,
KaK 3To ies1aeT QYHKIIHS.

ba3uchble BEKTOPbI

JLOTIyCTIM, UTO 3a/IaHbl {BA IPOCTBIX BEKTOPA | I } . OHU U3BECTHBI KaK 6A3UCHbLE
8eKMOPbL, C TTIOMOIIBIO KOTOPBIX OMMCHIBAIOTCS TPE0OPA30BAHUSI IPYTHX BEKTOPOB.
OG6BIYHO OHM UMEIOT JUTUHY 1 ¥ HATIPaBJIEHbBI TIEPIICHAUKYIISIPHO JIPYT APYTY B TIO-
JIOKUTEIBHYIO CTOPOHY oceit X 1 Y, Kak rmokasano Ha puc. 4.13.

Sy

3

Puc. 4.13. ba3icHble BeKTOpbl 7 U ]
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DBaswucHbie BeKTOPHI yI06HO TOHUMATD KaK CTPOUTENBHbIE GIOKH, C TTOMOTIBIO KOTO-
PBIX MOKHO ¢(hOPMHUPOBATH WK MPeobpasoBaTh 0O BekTop. Habop GasucHbIX
BEKTOPOB HA3bIBAETCS 6A3UCOM U BBIPAKAETCS B BUJIE MATPHUIILI 2x 2, /1€ nepBbiii
cTOGeI — BEKTOP f , 2 BTOPOH — J :

,?: ;j:

basuc = |

Mampuya — 310 HaGOP BEKTOPOB (HAIIPUMED, i , ,.: ), B KOTOPOM MOKET ObITh IIPOU3-
BOJIbHOE KOJIMYECTBO CTPOK U CTOJIOIOB 1 KOTOPBIH 1103BOJISIET Y/I00HO MPE/ICTABIIATD
nanuble. Maciutabupysi u cKiagbiBas ; u J , MOXHO TOJIy4UTh JIIOO0H BEKTOP Ha
IJI0CKOCTH. J[JIsl Havajia IIPOCTO CJIOKUM 9THU JBAa BEKTOPA U IOJY4YHM BEKTOp V,
KOTOPBIN TIOKa3aH Ha puc. 4.14.
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Puc. 4.14. Co3aaHue BekTopa 13 6a3UCHbIX BEKTOPOB

Teneps s Xouy, 4TOOBI BEKTOP V OKaHYMBAJICA B TouKe [3, 2]. Kak Oyzer BbITIsA1€TD
V,ecau | yMHOXKHUTD Ha 3, a ,.f — na 2? CHavasa OTMACIITaGUPyeM UX MO OTAENb-
HOCTH, KaK IMMOKa3aHO HILKE:

17 [3
A =2 =

0| |o
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Eci1 pacTsiiy Th IPOCTPAHCTBO BITHUX ABYX HAIIPABJIEHHSX, YTO IIPOUBOM/ET C BEKTO-
poM V ? OH pacTsIHeTCs BCIensa § 1 ; ITO HA3BIBACTCS AUHELHBIM NPEOOPA30BAHUEM,
KOI/Ia MbI IIpeo0pasoBbiBaeM BEKTOD (PacTSrMBaeM, CKUMAEM, CABUTAEM UJIH [TOBO-
paunBaeM ero), moauduupys 6asucHbie BeKTopbl. B gannom cayyae (puc. 4.15)
MBI MACIITAGUPOBAJIY BEKTOPSI [ W j ¥ TAKUM 0OPa30M PACTSIHYJIH TIPOCTPAHCTBO
BMECTE C HAIIUM BEKTOPOM V .
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Puc. 4.15. JluHeiiHoe npeobpasoBaHie

2

2
Ho rue okanumBaercs v ? Jlerxo YBUIETD, ‘-ITO ero KOHEI] pacCIioyiara€Tcs B TOUYKe 7|

BemomMuuM, uTO ¥V — 9T0 CyMMa BEKTOPOB in ,1 [ToaTomy, ‘{TO6bI BBIUKCJIUTD, T/ie
OKa3aJICs BEKTOP V , HY’KHO TIPOCTO B3ATh OTMACIITAOMPOBAHHbIE in ,z 1 CJTIOKUTD UX:

SERENEN

OO6bIyHO JIMHENHBIE TPE0GPA30BAHKS CBOISTCS K YETBIPEM JAeHCTBUAM HaJl Oa3MCHBIMU
BEKTOPaMU; 9T IeUCTBUS TTOKa3aHbI Ha puc. 4.16.
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MacwTabuposaHue MosopoTt basuc OTpaxeHune

Puc. 4.16. YeTbipe Bua nuHeiiHbIx npeobpa3oBaHmii
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ITH YeThIpe JIMHEHHBIX TIPEOOPa30BAHUS JieKaT B OCHOBE BCel IMHEHHON aireOphl.
MacmrabupoBanme BeKTOpa (TO €CTh YMHOMKEHHE BEKTOPA HA YHCII0) TPUBOIUT
K TOMY, YTO OH PacTSTUBAeTCs MK ckuMaeTcst. CIBUT epeKanTBaeT KOOPANHATHYIO
IIJIOCKOCTB TaK, YTO TIPSIMOYTOTBHUKY IIPeBPaIafoTes B apasitesorpammel. [loBopot
BpalaeT BEKTOPHOE IIPOCTPAHCTBO BOKPYT Havya/Ia KOOPANHAT, a OTpaskeHue MpUBo-
IUT K TOMY, 9TO Ha3UCHBIE BEKTOPBI §| U j MEHSIOTCS MECTAMH.

BaskHO OTMETUTB, 4TO B JIMHEHHOM ajirebpe HeJlb3sk UCIOJIb30BaTh [1peodpasoBaHusl,
KOTOPBIE ITEPEBOIAT MPSMbIE TMHUU B KPUBbIE UJIH ITPEBPAIIAIOT BEKTOPBI B 3aT0TY-
JimHbL, BOT moyeMy oHa Ha3bIBAa€TCsT IMHEWHOM, a He HEJIMHEHHOH anre6poii!

YMHOXeHNe maTpuLbl Ha BeKTOp

Bce, uTo MBI y3HAIM /10 CUX 1I0P, IPUBOAUT HAC K CJIE/YIOLIEMY BOKHOMY HOHATHIO
JMHETHON anre6pbl. Ecain oTciesknBate, Ky/1a nepexoisaT i 1 j mocie mpeobpaso-
BaHU, MOXKHO He TOJIbKO KOHCTPYUPOBATh HOBbIE BEKTOPLI, HO U MOAU(UIINPOBATD
cytiecTByiomue. Eci BB XOTHTe TO-HACTOSTIEMY TOHUMATD JTUHENHYT0 anreGpy, 3a-
JlyMaiiTech, [0UYeMy CO3/IaHIE BEKTOPOB 1 HX 11PpeobpasoBaHie — 3T0 (haKTHIECKH O/JHO
H TO JKe. ITO BCe BOTIPOC OTHOCUTETBHOCTH, €CJTU YUUTBHIBATH, YTO GA3UCHBIE BEKTOPDI
CJIy’KaT OCHOBOII Pe3yJIBTUPYIOIIET0 BEKTOPA KaK /10, TAK U [10CJIe IPe0OPa3OBaHUSL.

X
Bor xax BeITIssAT (bopMyJIa JUIST TPe0OPA30BAHISI BEKTOPA ¥ = [ ] € TOMOTITBIO Haswmca
¥V

a b,
13 BEKTOPOB | 1 ; KOTOPbIE MPEJCTABIEHBI B BUIE MATPHUIBI .
(&
o _ a b x . ax+by
J;Hlsﬂhli"! c d }" cxX + d}

BaSI/ICHOMy BeKTOpy f COOTBETCTBYET HepBbII/I CTO]I6€II MaTpHUIIbl |: :| a BEKTOpY ] —

BTOPOH CT0J16eu . O6a 6a3UCHBIX BEKTOPa 00BEINHAIOTCS B MATPUILY, KOTOPAs I10-
il
[

IpeKHEMY IIPeCTaBIIsgeT co00il Habop BEKTOPOB, BEIPAKEHHBII B BUAE ABYMEPHOM
(W MHOTOMEPHOM ) Tabiuiibl urcest. Takoe mpeobpasoBaHue BEKTOPA ¢ IOMOIIBIO Ha-
3UCHBIX BEKTOPOB U3BECTHO KaK YMHOMCeHUe mampuyvt Ha éekmop. [Tonauary sTa KoH-
CTPYKIMSA MOKET TI0KA3aThCsI UCKYCCTBEHHOI, O/HAKO 5Ta POpMYyJIa — KOMIAKTHBINA
C110c00 3aIMCaTh ONMEePANNIO, KOTOPAst MACIITAOUPYET U CKJIA/(bIBAET BEKTOPDI iu J
TOYHO TaK ke, KAK Mbl PAHEe CKJIAJIbIBAJIN BEKTOPDI, U IPUMEHSIET IIPE0OPa3oBaHUE
K IIPOU3BOJIbHOMY BEKTOPY Vi .

Tak 4TO 1O CyTH MaTpUIla — 3TO MPpeoOpa3oBaHe, KOTOPOE BHIPAKEHO B BHe Oa-
3UCHBIX BEKTOPOB.

Yt006bI BEITOJHUTH 3TO TIpeoOpazoBanue Ha Python ¢ momoribio NumPy, Hy:kHO 00b-
SBUTH Oa3MCHBIE BEKTOPBI B (hOPME MATPUIIBL, a 3aT€M MPUMEHNUTH €€ K BEKTOpY V
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€ TTOMOTIIbI0 MeToz1a dot () (TipuMep 4.7). DTOT METOJT BHITIOJHSIET OTIEPAIIAI0 MACIITA-
OGUPOBAHUS U CJIOKEHUS HAl MATPHUIIEH 1 BEKTOPOM I10 CXEMe, KOTOPYIO Mbl OIIHCAJIH
BbIlIe. Pe3ysbraT olepaluu Ha3blBAETCS CYMMOU CKALAPHDIX NPOU3ECOCHUTI, I MBI
OyleM U3ydyaTh ee Ha IPOTAKEHUH BCEll 9TOI TIaBhL.

MpumMep 4.7. YMHOXEHWE MaTpULbl Ha BEKTOP € nomoLlbio NumPy
from numpy import array

# co3paem 6asucHyw MaTpuuy u3 BekTopoB i u j
basis = array(
[[3, e],
[0, 2]]
)

# obbaABnAemM BeKTOp V
v = array([1,1])

# co3paem HOBbIi BEKTOp KakK CYMMYy CKanApHbIX Mpou3BefeHuin
new_v = basis.dot(v)

print(new_v) # [3 2]

PasMblnuiss B TepMUHAX 6a3MCHBIX BEKTOPOB, S IPEANOYNTAI0 BHIPAXKATh UX B IBHOM
BU/IE, a 3aTeM OOBEAUHSATD B MATPHILY. TOJBKO YUTUTE, YTO MATPULLY IIPUXOLUTCS MPAHC-
NOHUPOBAM® — TO €CTh MEHATH MECTaMH CTOJIOLBI X CTPOKU. DTO CBI3aHO C TEM, YTO
dyHkus array () 6ubmoreku NumPy fieaet 13 KasK/I0ro BEKTOPa CTPOKY, a He CTOJIOETI,
Kak HaM Hy>kHO. TpancorupoBanue B NumPy npogemoncTprpoBaso B mpumepe 4.8.

MpumMep 4.8. SIBHOe NpeacTaBneHne 6a3nCHbIX BEKTOPOB M UX MPUMEHEHME B KayecTse
npeobpa3oBaHusi

from numpy import array

# obbaBnAemM 6a3ncHble BeKTOpbl 1 u j
i_hat = array([2, @])
j_hat = array([0, 3])

# co3paem 6asucHyw MaTpuuy u3 BekTopoB i u j
# ee HYXHO TpPaHCMOHUPOBATb, YTO6bl CTPOKU CTanu CToNbLAMU

basis = array([i_hat, j_hat]).transpose()

# o6bABNSAEM BeKTOp V
v = array([1,1])

# co3paem HOBbIE BEKTOP KaK CYyMMy CKansfpHbIX NpOW3BeAeHUi
new_v = basis.dot(v)

print(new_v) # [3 2]
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2

. . Ao 1 0
Bor eme opua npumep. [Tyckaii Bektop V — 310 | “[,a § ¥ j — COOTBETCTBEHHO | ~ |1 l

~ o~ [2] [o 1 . 0] [1
3aTem MbI IpeobpasyeM | v j B LJ u L} YO 1IpU 5TOM NTPOU30MIET C BEKTOPOM V
2

Pemrag aty 3agauy Bpy4Hyio 11o (hopMmyJie, MbI IIOJIyUYUM CJIeIyTOTIIEE:
xr:mimi’l _ a b X _ ax+ by
J;Hlsﬂhli"! c d y cx+ d},
[xm,.‘] {2 O}H (2x2)+(0x1) H
yuonl,ll‘.i 0 3 ] (2X0}+(3X1) 3
B mpumepe 4.9 mpecTaBaeHO TO JKe camoe pelieHre Ha Python.
MpumMmep 4.9. NpeobpazoBaHue BekTopa ¢ nomowbio NumPy
from numpy import array
# obbsABnseM 6as3ucHble BekTopbl 1 W j
i_hat = array([2, @])
j_hat = array([0, 3])
# cospaem 6asucHyl maTpuuy U3 BekTopoB 1 u j
# ee HyXHO TpaHCMOHMpPOBaTb, 4TOObI CTPOKM CTanu cTonbuamu
basis = array([i_hat, j_hat]).transpose()

# obbaBnAemM BeKTOp V
v = array([2,1])

# co3paem HOBbIi BEKTOP KaK CYMMy CKanspHbIX NpouU3BefeHUi
new_v = basis.dot(v)

print(new_v) # [4 3]

. 4
Tenepb BEKTOP V OKaHYMBAETCS B TOUYKE |: . Ha puc. 4.17 IIOKa3aHO, KaK BBITJIA/IUT
ITO Hp606paSOBaHI/I€. 3
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Puc. 4.17. [luneliHoe npeobpa3oBaHite C pacTArBaHUEM
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A caeyromuii mpuMep BHIBOAUT 00CYIKIEHUE Ha HOBBIN ypoBeHb. BozbMeM BEKTOP V
2 1

C KOOpMHATAMH | . BexTops! ; 1 j cHavYasma COOTBETCTBYIOT TOUKAM o|H] pHO3a-
2 2 . .
TEM IIPe00OPA3yIOTCs 1 IIEPEXO/AT B TOUKH | _ |1 . Uto 1pou30iizieT ¢ BEKTOPOM V ?

2 -

Paccmotpum puc. 4.18 u ipumep 4.10.
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Puc. 4.18. JluneiiHoe npeobpa3oBaHue C MOBOPOTOM, CABUFOM 11 OTPaXeHNEM NPOCTPAHCTBA

\

L]

MpumMmep 4.10. Bonee cnoxHoe npeobpazoBaHne
from numpy import array

# obbaBnAem 6a3ncHble BekTOpbl 1 1 j
i_hat = array([2, 3])
j_hat = array([2, -1])

# co3pgaem 6a3ncHyl mMaTpuuy M3 BeKTopoB i u j
# ee HyXHO TPaHCMOHWUPOBATb, YTOBH CTPOKKM CTanu CToN6LAMM
basis = array([i_hat, j_hat]).transpose()

# obbABnfAeM BekTOp V
v = array([2,1])

# co3paem HOBbIi BEKTOp Kak CyMMy CKansfpHbIX NpousBeneHuit
new_v = basis.dot(v)

print(new_v) # [6 5]

B aTom nipuMepe Npou301ILIo 04eHb MHOTO BCero. Mbl He TOJIbKO MacuITabupoBasiu i
W j W PACTSIHYJIM BEKTOP V , HO U CABUHYJIM, IOBEPHYJIU M OTPA3UJIM IIPOCTPAHCTBO.
O TOM, 9TO OHO OTPA3U/IOCH, TOBOPHUT TOT (haKT, UTO j U } MOMEHSIJTIICh MECTaMU
B OPUEHTAIUHY 10 YACOBOM CTPEJIKE, U TI03Ke B ATOI IJIaBe Mbl HAYYUMCS OOHAPYIKHU-
BaThb 3TOT 3((PEKT ¢ TTOMOIIBIO OTIPEIETUTEEN.
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BA3UCHbIE BEKTOPbI B TPEXMEPHOM NPOCTPAHCTBE 1 3A ErO NMPEAENIAMU

BosMoskHO, Bac MHTEpeCyeT, Kak MPeICTaBUTh cebe TPeodpasoBaHus BEK-
TOPOB B Tpex u Oosiee uameperusix. I[ToHsTHE 6A3UCHBIX BEKTOPOB HEILJIOXO
pacmmpsieTcs Ha MHOTOMEPHBbIe KOHCTPYKIIMH. Hampumep, eciiu MbI pac-
CMaTpUBaeM TpeXMepHOe BEKTOPHOE IPOCTPAHCTBO, TO B HEM eCTh GasiCHbIe
BEKTOPHI j u k. TIpocro mpomposmkaiite 106aBAATH HOBbIE GYKBBI IS
KayKI0ro HOBOTO n3MepeHus (puc. 4.19).

=

Puc. 4.19. ba3ucHble BEKTOPbI B TPEXMEPHOM MPOCTPAHCTBE

CTONT Tak/Ke OTMETHTD, YTO HEKOTOPBIE JTMHENHDIE TPe06Pa30BaHUSA MOTYT
YBEJIMYNBATh WM YMEHBIIATh KOJMIECTBO M3MEPEHUI B BEKTOPHOM IPO-
cTpaHcTBe. IMEHHO 9TO 1e/Ial0T HEKBaPaTHbBIE MATPHILBI (T1€ KOJTUYECTBO
CTPOK He PAaBHO KOJIMYECTBY CTOIONOB). YTOOBI COKOHOMUTH BPEMSI, MbI HE
OyzmeM yryOsiThest B 9Ty TeMy. Takue npeoGpasoBaHus PeKPacHo 00b-
SICHEHBI M TIPOJIEMOHCTPUPOBaHbI Ha oOpasoBaresbHoM You Tube-kaname
3Blue1Brown (https://oreil.ly/TsoSJ).

YMHOXeHue maTpuy,

[Tocse TOro Kak MbI HAYYNUINCH YMHOXKATHh MATPUILY Ha BEKTOP, IPUIILIO BpeMs y3HATh,
KaK I1epeMHOXKUTD [iBe MaTpullbl. CunTtaiiTe, 4TO YMHOJNCEHUE MAMPUY, 3AKIII0HACTCS
B TOM, YTO K BEKTOPHOMY TIPOCTPAHCTBY TPUMEHSIIOTCST HECKOILKO IPe0OPa3oBaHIA.
Kasxmoe mpeobpaszoBanme moxoske Ha HYHKITHIO: CHAYAIA MBI TPUMEHSIEM TO, KOTOPOE
HaXOJINUTCS Ha CAMOM TJIYOOKOM YPOBHE BIIOKEHHOCTH, & 3aT€M KayK/I0€ CIEMYIOTee —
TI0 TIOPSIIKY OT GoJiee TIIyOOKUX YPOBHEH K MetHee TIIyOOKUM.
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Bot xak MoxHO IIPUMEHUWUTD ITIOBOPOT, a 3aTEM C/ABUI K JIIO6OMy BEKTOPY V co 3Ha-

' ST

MoskHO 06BEIMHUTD 9TH IBA PEOOPA3OBAHKS C TOMOIIBIO CIIeAYIONIEH (GopMyJIbI,
KOTOpasi MO3BOJISIET HAJIOKUTH OJHO TIpeobpasoBaHue Ha Apyroe. Kaxipiii aieMeHT
WUTOTOBOI MaTpHUIIbl — 3TO CKAJISIPHOE IIPOM3Be/IeHIe CTPOKH IEPBOI MaTPUILBI U CO-
OTBETCTBYIOMIETO CTOJIOIA BTOPOU MATPHIIbL:

a bille f| |ae+bg af+bh

c dllg h| |ce+dg cf +dh
C momotipio 3T0ii (OPMYJIBI IBa OTAEIBHBIX IPeobpasoBaHus (BpalleHe 1 CBUT)
MO>KHO TIPEBPATUTh B OTHO:

. SHEg 635k,

YT06BI BOCIIPOU3BECTH 9TU BbIunceHus: Ha Python ¢ momorsio NumPy, MoskHO
POCTO OOBEAMHUTD JIBE MAaTPHIIBI ¢ TIOMOIIBI0 METO/Ia matmul() WiIu omeparopa @
(cm. mpumep 4.11). 3arem 310 00beAMHEHHOE TPe0Opa3oBaHIie MOKHO IPUMEHUTD

K BEKTOPY ['}
2

YeHHEM

Mpumep 4.11. KoMnosunumst AByx NpeobpasoBaHuit
from numpy import array

# MNpeobpasoBaHue 1

i_hatl = array([0, 1])

j_hatl = array([-1, ©])

transforml = array([i_hatl, j_hatl]).transpose()

# MNpeobpa3oBaHue 2

i_hat2 = array([1, 0])

j_hat2 = array([1, 1])

transform2 = array([i_hat2, j_hat2]).transpose()

# Komnosuuma npeobpasoBaHuit
combined = transform2 @ transforml

# MMpoBepka
print(f"06veanmHeHHaa maTpuua:\n {combined}")

v = array([1, 2])
print(combined.dot(v)) # [-1 1]
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Wcnonb3yiite matmul() n @ Bmecto dot()

Yro06bl IIEPEMHOKATH MATPUIIbI, B OOIEM CJIydae Jiydlle IPUMEHITh METO
matmul() u ero cokpaienue @, yeM Meron dot() us Gubauorexu NumPy.
matmul() syumre obpamaercs ¢ MarpuiiaMu 6ojiee BICOKOW pa3MepPHOCTH
1 2 PeKTUBHEE TPAHCIUPYET HTEMEHTHI.

Ecyiu Bam HHTEPECHO BHUKHYTD B TOAPOOHOCTHU PEATUBAIUM, HAYHUTE C HTOTO
Borpoca Ha caiire StackOverflow (https://oreil.ly/YX83Q).

O6partute BHUMAHE, YTO €CIU ObI MBI TPUMEHUJIN K BEKTOPY V KaxkI0e mpeod-
pasoBaHue Mo OTAEIBHOCTH, TO MOJYYUICS Obl TOT JKe pe3ysbrar. Eciau 3aMeHuTsh
MOCJIETHION0 CTPOKY KOZIA Ha TPU CTPOKH, KOTOPBIE TIPEACTABIEHBI HILKE, TO MPeod-
pasoBaHust 6YyT MPUMEHSIThCSI TIOCIIEI0BATENBHO, HO BCE PABHO TTOJYYUTCSA HOBBII

BEKTOP C KOOPAUHATAMU

rotated = transforml.dot(v)
sheered = transform2.dot(rotated)
print(sheered) # [-1 1]

OG6paruTe BHUMaHNUE, YTO Ba)KHO, B KAKOM IOPSIIKE ITPUMEHSITD 1TpeoOpasoBaHs!
Ecau npumenuts transformationl mocie transformation2, TO MOTyYUTCS IPYTOH

pesyabTaT — | _ |, Kak mokasaHo B ipumepe 4.12. Takum 06pasom, Tpou3BeIeHIe Ma-
2

TPUI] — HE KOMMYTaTHUBHAas OTlepaliysd: €CJIN ITIOMEHATD IOPAI0K ,Z[eflCTBHfI, TOB O6H.[€M
CJIydae pe3yJibraT TOXKeE U3MeHnuTCs!

Mpumep 4.12. MNpuMeHeHWe Npeobpa3oBaHuWii B 06paTHOM Nopsiake

from numpy import array

# MNpeobpasoBaHue 1

i_hatl = array([0, 1])

j_hatl = array([-1, @])

transforml = array([i_hatl, j_hatl]).transpose()

# MNpeobpasoBaHue 2

i_hat2 = array([1, ©])

j_hat2 = array([1, 1])

transform2 = array([i_hat2, j_hat2]).transpose()

# Komnosuuua npeobpa3oBaHWii: cHayana cABUr, MOTOM MOBOPOT
combined = transforml @ transform2

# MNpoBepka
print(f"06beamHeHHana maTpuua:\n {combined}")

v = array([1, 2])
print(combined.dot(v)) # [-2 3]


https://oreil.ly/YX83Q
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Cuwraiite, 4To Kaxaoe npeodpasoBaHiie — 3T0 (GYHKIIUS, U MBI IPUMEHSIEM UX IO
MOPSIIKY OT CAaMOU BHYTPEHHEH K cCaMOl BHETITHEH, KaK BJIO’KEHHBIE BBI30BBI (DYHKITHH.

NMHENHDIE NPEOBPA30BAHUA HA NPAKTUKE

Bo3Mo:kHO, BBI CIIPOCHTE, KAKOE OTHOIIEHKE BCE HTU JUHEHHbIE TPe0d-
pa3oBaHUs U MATPHIlI UMEIOT K data science u MaliMHHOMY OOY4YEHUIO.
OtBer — camoe HenocpeacTBeHHOe! JIMHEHbIE TIPEOOPA3OBAHUS JIEKAT
B OCHOBE BCEX MAaTEMATHYECKUX MAaHUTYJISIIUHI C TAaHHBIMU — OT UMITOPTa
JJAHHBIX /IO YNCJIOBBIX Ollepaliuii B IMHEHHOH perpeccu, JOrucTuYecKon
perpeccuu 1 HeHPOHHBIX CETSIX.

OpHako Ha IPaKTUKE BaM PEIKO IPUAETCSA TPATUTh BPeMsl Ha TO, YTOOBI
reoMeTPUYECKU BU3YaTU3UPOBATh JaHHBIE B BU/IE BEKTOPHBIX IIPOCTPAHCTB
U IMHENRHbIX TpeoOpasoBanuil. Bel Oyaere B OCHOBHOM UMETb [€JI0 ¢ MHOI'O-
MEPHBIMU 33/Ia4aMU, TJle BU3yau3aius He 04eHb momMoraet. Ho moMHUTH
0 reOMEeTPUYECKON MHTEpIpeTaliy M0Je3HO XOTs Obl /i TOTO, YTOOBI
[OHUMAaTh, YTO JEJAOT 9TH Ha MEePBBII B3IJISAI MYAPEHbIE YHCJIOBBIE OIle-
paruu! ViHaye BaM IPOCTO IPUILIOCH Obl 3yGPUTH IIA0IOHBI ollepanuii 6e3
KaKoro-1mbo KoHTeKcTa. [eoMeTpuueckoe IpecTaBIeH1e TaKKe IOMOTaeT
YCBOUTH HOBbIE HOHSATHSI JUHENHOM ajreOpbl, Takke KaK OlpeleJuTelIn.

Onpepenutenu

C MOMOIIIBIO JIMHEWHBIX TPe00Pa30BaHUIl MBI «PACTATHBAEM»> WU «CKUMAaeM» IIPO-
CTPAHCTBO, X MOKET 0Ka3aThCs BAKHBIM, B KAKOH CTEIIeHU 3TO IIPOUCXOAUT. BozbmeM
IUJIST TpUMeEPa 06IACTh BEKTOPHOTO MPOCTPaHCTBa Ha pric. 4.20. UTo ¢ HUM Tpou3oiierT,
ec/IM OTMAcIITabupOBaTh BEKTOPHI | U j'?

>

=
[
=3

Puc. 4.20. OnpepenuTenb NoKa3biBaeT, Kak MHeiiHoe Npeobpa3oBaHue MaclLTabupyet 0bnactb
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OG6paTrTe BHUMAHUE, 4TO TJIONIA/b YBEJIMUYIIACH B 6 Pas, M 9TOT MHOKUTEb M3BECTEH
Kak onpedeaumens (um demepmunanm). OnpenesnTesb HOKA3bIBAET, KAK U3MEHSETCSI
Mactrtab BLIOPaHHOI 061aCTH BEKTOPHOTO TIPOCTPAHCTBA MPU JIMHEHHBIX MTpeobpa-
30BAHISIX, U MOJKET [IATH TIOJIE3HYT0 WH(HOPMAIHIO O TIPe0OPA3OBAHIM.

B npumepe 4.13 nokazano, Kak BEIYUCIUTE OlpeenTess Ha Python.

Mpumep 4.13. BuiuncneHne onpegenvrens

from numpy.linalg import det
from numpy import array

i_hat
j_hat

array([3, @])
array([e, 2])

basis = array([i_hat, j_hat]).transpose()
determinant = det(basis)
print(determinant) # BbiBOAUT 6.0

[IpocTeie ciBUTH 1 TOBOPOTHI HE JIOJKHBI BJAUSTH HA OTIPEEINTENb, TOTOMY UTO
IJIOAIh TIPU 3TOM He MeHsieTcs. Ha puc. 4.21 u B npumepe 4.14 mokasaH mpocToit
C/IBUT, B Pe3YJIbTaTe KOTOPOTO OIPE/EIUTEb OCTAETCS PABHBIM 1.

—

Puc. 4.21. TpocToii CABMI He MeHsAET onpeaenuTesb

Mpumep 4.14. OnpegenvTens B c/lyyae casura

from numpy.linalg import det
from numpy import array

i_hat = array([1, @])
j_hat = array([1, 1])

basis = array([i_hat, j_hat]).transpose()
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determinant = det(basis)

print(determinant) # BbiBOguT 1.0

Ho mipu MacimtabupoBaHiK ONMPEAETUTENb YBETUIUTCS HIIU YMEHBIITUTCS, TOTOMY
YTO MPHU HTOM YBENTUYNBAETCS UM yMEHbIIAETCs I10mazb obactu. Eciin oTpasuth
IIPOCTPaAHCTBO (1PN 3TOM in J TIOMEHSIIOTCS MECTaMU B OPHEHTAIIUU 110 YaCOBO
CTpeJIKe), TO OTPe/leTUTeN b CTaHeT oTpullaTesibHbIM. Ha puc. 4.22 u B npumepe 4.15
MOKa3aH ONpeIeJIUTENb JIJIsT TPeoOPa30BaHusI, KOTOPOE He TOJBKO MACIITabupyeT
BEKTOPHOE IIPOCTPAHCTBO, HO U OTPAYKAET €ro.

e

Puc. 4.22. TIpu oTpaxkeHUn onpesenuTeNntb CTaHOBUTCA OTPULIATENBHBIM

Mpumep 4.15. OTpULaTeNbHLIN ONpeaenmTenb

from numpy.linalg import det
from numpy import array

i_hat = array([-2, 1])
j_hat = array([1, 2])

basis = array([i_hat, j_hat]).transpose()
determinant = det(basis)

print(determinant) # BeiBOAMT -5.0

TToCKOJIBKY 3TOT ONIPEETUTEh MEHDBIIIE HYJISl, MOXKHO OBICTPO TIOHSTh, UTO ITPOUSOIILIO
orpaxenne. OnHaxo, 6e3yCn0BHO, caMast BakHast HHGOPMAIHUS, KOTOPYIO coobIaeT
OTIPEZIEIUTENTh, — HTO TO, ABJISIETCS JIM TPe0OPa3oBaHIie TNHEHO 3aBrcuMbIM. Ecoti ompe-
mesmTestb paBet 0, 5T0 3HAYWT, YTO MPOCTPAHCTBO GBLIO CIKATO JI0 MEHBIITEH PA3SMEPHOCTH.

Ha puc. 4.23 ripe/icTaBJieHbl [BA IMHEWHO 3aBUCUMBIX TPEOOPA30BAHUS, ITPU KOTOPBIX
JIByMEpHOe IIPOCTPAHCTBO CKMMAaeTCsl B OJJHO U3MepeHue, a TpeXMepHoe — B J[Ba.
[Tnomaas 1 06BEM COOTBETCTBEHHO B 0OOUX CIydasx paBHbI 0!
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Puc. 4.23. JlnHeliHas 3aBUCUMOCTb B 1BYX- 1 TPEXMEPHOM NPOCTPAHCTBAX

B nmpumepe 4.16 mokasat Koz 114 IIePBOTO CIy4as, I/ie Bce IByMepHOe IIPOCTPAHCTBO
CKMMAeTCs B OJIHOMEPHYIO YU CJIOBYIO IIPAMYIO.

Mpumep 4.16. Hynesol onpesenutenb

from numpy.linalg import det
from numpy import array

i_hat = array([-2, 1])
j_hat = array([3, -1.5])

basis = array([i_hat, j_hat]).transpose()
determinant = det(basis)
print(determinant) # BeiBOAUT 0.0

Takum 06pazoM, MOJIE3HO IIPOBEPSITH, He PABEH JIM OIIPEAETUTEb HYJII0, YTOOBI BbI-
SIBUTD CJIydYal, KoTja IpeobpasoBaHue JMHENHO 3aBucMo. ECii BBl CTONKHETECH
C 9TUM, TO, CKOPee BCET0, 3TO OyAeT 03HAYATh, UTO BaM JJOCTAJIACh CJIOKHAS UIN He-
paspernnMas 3a/1a4a.

Ocobble BUAbI MaTpuL

CYH.[eCTByIOT HECKOJIBKO 0COOBIX paSHOBI/I,HHOCTefI MaTpHUIl, O KOTOPbIX CTOUT 3HAThb.

KBappaTtHas matpuua

Keadpamnas mampuya — 910 MaTpuiia, B KOTOPOii KOJMIECTBO CTPOK PABHO KOJIH-
YecTBY CTOJIOLIOB, HALIPUMED:
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2 7
1 9
0 1

o B

Takue MaTPHUIIBI B OCHOBHOM MPEICTABJISIIOT IMHEWHBIE TIPEOOPA30BAHUS, a TAKKe
HEOOXOMMBI JIJIsT MHOTHX OIIePaIlvii, HATPUMED JJIST CIEKTPATBHOTO PA3JIOKEHUST
MaTpPHIL.

EauHnyHaa matpuua

Edunuunas mampuua — 9TO KBa/I[paTHad MaTpHUlla, Ha TJIABHOM JAnaroHaJjm KOTOpOfI
CTOAT €ANHUILDI, a OCTAJbHbBIC 3HAYCHUS PAaBHbI O, HalnipuMep:

1 00
01 0
0 0 1

Yto 0cobeHHOTO B eIMHUYHBIX MaTpuiiax? Eciin y Bac ecTh Takasi MaTpUIla, 3to
3HAYWT, YTO BB (DAKTUIECKH OTMEHUIN MTPEOOPA30BAHUE U BEPHYJIUCH K UCXOIHBIM
Ga3MCHBIM BEKTOPaM. ITO ChIrPaeT GOJIBIMYIO POJIb, KOT/Ia MBI 6Y/IEM PeIaTh CHCTEMBI
YPaBHEHUII B CJIe/lyIOlIeM pas/ieie.

06paTHas maTpuua

Obpamnas mampuya obpaiaer (To eCTh OTMEHSIET) MPeoOpPa30BaHKe, KOTOPOE BbI-
MOJIHUJIA IpyTast MaTpuiia. J[omycTuM, y Hac ecTb MaTpuia 4:

4 2 4
A=|5 3 7
9 3 6

1
Marpuia, o6pariast k A, obosnauaercss 4 . B ciepyiommem pasaesie Mbl y3HaeM, Kak
BBIYMC/IMTH 0OPATHYIO MAaTPUILy ¢ HoMombio SymPy mwin NumPy, oqmako BoT Kak
1
BRITIAAUAT A :

1 1
— 0 -
2 3
A'=|55 2 —i
2
=2 1 l
L 3
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1
Ecan mepemuoxuts A u A, MOSyIUTCS eIMHUYHAS MaTpuUIia. B caexyiomiem pas-
JieJte, KOTOPBIH MOCBSIIIEH CHCTEMaM YPABHEHHH, MBI PACCMOTPHM 3TO TTpe0Opa30Bamie
¢ momortibio NumPy n SymPy.

| |
-—— 0 =
2 3974 2 4171 00
55 -2 —=|Is 3 7|=[0 1 0
Jl9 3 6) [o0
2 1 =
| 2

JinaroHanbHasA maTpuua

Juazonanvnas mampuya m10xXoxxa Ha eIMHUYHYIO: ee IJIaBHas [UaroHajlb COCTOUT U3
HEHYJIEBBIX 3HAUEHU, a ocTayabHble 3HaYeHus paBHbI (. /lnaroHasbHble MATPUIIBI
IIOJIE3HBI B HEKOTOPBIX BBIUUCJICHUAX, IOTOMY YTO OHU IIPEJCTABJIOT IIPOCTHIE
CKaJISIPBI, KOTOPbIE IPUMEHSIOTCS K BEKTOPHOMY IIPOCTPAHCTBY. DTa KOHCTPYKIIHSA
BCTPEYAETCS B HEKOTOPBIX OTIEPAIIUAX JHHEHHON anre6psI.

4 00
0
5

o O

2
0

TpeyronbHaa matpuua

Y mpeyzonvroti mampuybt Bce HEHYJIEBbIE 9JIEMEHTHI BMECTE C IJIABHOU JUATOHAJIBIO
00pasyIoT TPEyroJIbHUK: TO ECTh BCE 3HAUEHUsI, KOTOPbIE HAXOISTCS Bbiliie (MIU HUXKE)
3TOU JuaroHasiu, paBubi 0.

4 2 9
01 6
00 5
TpeyroJibHble MATPUIIBI TOJIE3HBI BO MHOTUX 33/1a4aX BEIYUCIUTETHHON MAaTEMATHKH,
HOTOMY 4TO C MX IIOMOIL[bIO OOBIYHO [IPOILE PelaTh CUCTEMbI ypaBHeHUH. OHM TakKe

HCITOJT3YIOTCSI B HEKOTOPBIX 3a/1a4aX Pa3JjIoKeHusi MATPUIl, — HATIPUMED, TAKUX, KaK
LU-pasnoxenune (https://oreil.ly/vYK8t).


https://oreil.ly/vYK8t
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Pa3pexeHHaa maTpuua

Nuoraa BeTpeyaloTcst MaTpULLbl, KOTOPbIE COCTOSAT B OCHOBHOM U3 HyJIel 1 cozepskar
COBCEM HEMHOI'O HeHYJIEBBIX 9JIeMEHTOB. Takye MaTpUIlbl HA3BIBAIOTCS PASPEHCEHHDIMU,
1 C YUCTO MAaTeMaTUYeCKON TOUKU 3PeHUsI OHU He CJIUNIKOM MHTepecHbl. Ho B KoM-
IBIOTEPHOM MPEACTABJIECHUN UX MOKHO pean30BaTh 3 deKTuBHEe, 4eM 0ObIUHbBIE
MaTpHILl. PaspeskeHHast MaTpuiia He OyEeT 3aHUMATh MECTO, YTOOBI XPAHUTD Kydy
HyJielt, a 6yeT OTCIeKUBATH TOMBKO HEHYJIEBbIE STICHKIL.

0 0

pa3peskeHHast MaTpulla:

oS o O
o o O
o O N O

Ecuiit 81 paboTaete ¢ GOJIbIIMMU Pa3PEKEHHBIMU MATPUIIAMHU, UX MOKHO CO3/1aBaTh
B SIBHOM BH/I€ C TOMOIIIBI0 QYHKIINH sparse.

CucTeMbl ypaBHEHUI 1 00paTHble MaTpPULbl

OjiHa U3 OCHOBHBIX 3314 JIMHEWHOI alreOpbI — pellieHne cucteM ypaBHeHuit. Kpome
TOT0, 9TO XOPOIIUI MaTepras, YTOOBI U3YUUTh 06GpaTHBIE MATPHUIIBL. JlOyCcTHM, BaM
JlaHbI CJIe/lyIolre YPaBHEeHUs, U Hy KHO HaliTU X, Y U Z:

4x+2y+4z=44

Sx+3y+7z=56

Ox+3y+6z=72
MoskHO TIOTIPOGOBATH BPYUYHYO MOSKCIIEPUMEHTHPOBATH € a/ITeOpanyecKUMHE OTlepa-
LSIMU, YTOOBI BHIPA3UTh KayK/IyIo IIEPEMEHHYIO, HO €CJIU Bbl XOTUTE, YTOOBI 9Ty 3a1auy
PEIINI KOMIIBIOTEP, BaM MOHAL0OUTCsI ¢DOPMYIMPOBATh €€ Ha sI3bIKe MATPHII, KaK

MOKAa3aHo HIKe. BHecuTe KoaduiimenTer B MaTpuIly 4, 3HaUe€HUS B TPABOM YacTh
YpaBHEHN — B MaTpUILy B, a HEW3BeCTHBIE — B MATPUILY X:

4 2 4 44 X
A=|(5 3 TiB=|56;X=|y
9 3 6 72 z

B matpuunoM Bujie cuctema ypasHeHuii umeer sug AX = B. TpeOyercs HallTH TaKy1o
MaTtpuity X, KoTopast mpeo6pa3oBbIBaeT MATPHUILY A Tak, 4TOOBI B PE3yJIBTATE TIOJTY-
yusach Marpuua B:
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AX =B
4 2 4| |x 44
5 3 7(|y|=]56
93 6||z| |72

Hy:kHo «cokparutb» 4, 4T00bl BbIpasuTh X U MOJYYUTh 3HAYEHUS X, V U z. [IJ1s1 9T0T0

MOJKHO JIOMHOKUTh 00€ YacTH ypaBHEHUsT Ha 06paTHYIO MATPHILy K A, KoTopast 060-
1

3Havaercss 4~ . ITO MOKHO BBIPA3UTH AJIreOpaIecK:

AX=B
A'4X=A4"B
X=A"B

1
Mpbi GyzeM BEIYMCISATh A~ Ha KOMITbIOTEDE, a He BpyuHyto. BoT MaTpuia, oGparHast K 4:

O6paTI/ITe BHUMAHMUE, 9TO €CJIN YMHOKUTDH A I Ha A , TO ITIOJIYINUTCA €INHNYIHAs Ma-
TpuUlla — TO €CTb MaTpHIia, KOTOPasA COCTOUT U3 OJHUX Hyﬂeﬁ, 3a NUCKJIIOYEHNEM €/INHUI]
110 InaroHaJiu. B nunetinoit aﬂre6pe YMHOKEHNE Ha EAMHUYIHYIO MaTPUILY — 9TO BCE
PaBHO 4TO O6I)I‘{H06 YMHOJKEHUNE Ha 1: OHO He BJIMSIET HA MHOKUTEb 1 (baKTI/I‘IeCKI/I
BbIPasKa€T HEU3BECTHDBIC X, Y 1 Z 11O OTAEJIbHOCTU!

1oy 1
2 34424100
,4"14_5,5—2—5 53 7|=/0 1 0
[ L9 3 6] (001

2 1 -

L 'J_

Yro6bl yBUETH 3TY €IMHIYHYIO MATPHILY B feticTBun Ha Python, syuiie ncronp3oBath
6ubanoreky SymPy, a He NumPy. Jesio B ToM, uto NumPy oro6paskaer sj1eMeHTbI
MAaTPHIIBI B BU/IE ECATUYHBIX APOOEH, OTUETO eINHIUYHASI MATPUIIA TIOJYIUTCS HE
CTOJIb HaTJIsITHO. HOo eciii BBIYMCITUTD ee B CHMBOJIBHOM BUJIE, KAK TIOKA3aHO B IIPU-
Mepe 4.17, BbI yBUANTE YUCTHII anrebparndeckuii BeiBoz. O6paTuTe BHUMAHUE, YTO
NI yMHOKeHus Matpuil B SymPy ucnosib3yercs onepatop *, a e @.
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Mpumep 4.17. N3yyeHne 0bpaTHOW M €ANHUYHOM MaTpULl C NoMoLLbio SymPy

from sympy import *

# 4x + 2y + 4z 44
# 5x + 3y + 7z 56
#9x + 3y + 62z = 72

A = Matrix([
[4, 2, 4],
[5, 3, 71,
[91 3) 6]
D

# yMHOXeHMe A~' Ha A pgaeT eAMHUYHYH MaTpuuy
inverse = A.inv()
identity = inverse * A

# BbiBogMT Matrix([[-1/2, e, 1/3], [11/2, -2, -4/3], [-2, 1, 1/3]])
print(f"06paTHas maTpuua: {inverse}")

# BbBOgMT Matrix([[1, o, @], [e, 1, o], [e, o, 1]1])
print(f"EauHnyHas maTtpuua: {identity}")

Ha npakTuke norpenHocTb, KOTOpas CBOUCTBEHHA YUCJIaM ¢ IJIaBalolleil TOYKoli, He
CHUJIBHO BJIUSIET HA PE3YJIBTAT, TO3TOMY, UTOOBI Hali Ty X, BIOJIHE MOJKHO HCIIOIb30BaTh
NumPy. B npumepe 4.18 nokaszano cooTBeTcTByIoOlIee pelleHue.

Mpumep 4.18. PeleHne CUCTEMbI YPaBHEHMIA C MOMOLLbI0 NumPy

from numpy import array
from numpy.linalg import inv

# 4x + 2y + 4z = 44
#5x + 3y + 7z = 56
# 9x + 3y + 62z 72

A = array([
[4, 2, 4],
[5, 3, 71,
[9, 3, 6]
D)

B = array([
44,
56,
72

D)
X = inv(A).dot(B)

print(X) # [ 2. 34. -8.]
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Takum o6pasoM, x =2, y=34,a z =-8. B npumepe 4.19 110kaszaHo, Kak PEIIUTH 3Ty
JKe crcTeMy ypaBHeHm# Ha SymPy.

Mpumep 4.19. PelieHne CUCTEMbI YPaBHEHMI C MOMOLLLIO SymPy
from sympy import *

#4X + 2y + 4z = 44
#5x + 3y + 72z = 56
#9X + 3y + 62 = 72

A = Matrix([
[4, 2, 4],
[5, 3, 71,
[91 3) 6]

D

B = Matrix([
44,

56,
72

D
X = A.inv() * B
print(X) # Matrix([[2], [34], [-8]1])

A Tax penreHmne BhITIAANT B MaTeMaTU4eCKON 3aIICH:

X=A4"B

oy 1
X 2 3 raa7 T2
y|=|55 -2 -3 56 |=|34
z I 72 -8

2 1 -

L 'J_

Hal[eeMCH, TEIEPb BbI IMMOJIYUYNJIN IIPE/ICTaBJIEeHNE 00 O6paTHbIX MaTpHllaX U O TOM,
KaK C X ITOMOIIbIO MOJXHO pelIaTb CUCTEMBI ypaBHeHHﬁ.

Cucrembl ypaBHeHHUil B NINHEHHOM NPOrpaMmMUPOBaHIN

ITOT METOJI PElIeHHsI CHCTEM YPAaBHEHUI UCIIOIb3YeTCsS U B IMHEITHOM IIPO-
IrPaMMUPOBAHUY, T/l OTPAaHUYEHUS 3a/1al0TCs C TIOMOIIBI0 HEPaBEHCTB, a Iie-
JieBast PYHKINSI MUHUMUBUPYETCS WM MAKCUMHU3UPYETCS.

Ha YouTube-kanasne Patrick]MT ecTh MHOTO XOPOILIKMX BUIEO 110 IUHEHHOMY
mporpammuposanuio (https://bit.ly/3aVyrD6). MbI Takske 0630pHO PaCCMOTPUM
ero B [Ipnnoxennu A.


https://bit.ly/3aVyrD6
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Ha mpakTtike BaM BPSIL JIK TOHAOOUTCST BBIYUCJISITH OOPATHBIE MATPUIIBI BYUHYIO —
3a Bac 9TO MOJKET cienaTh KoMmbiotep. Ho ecan ecth Takast HEOGXOIMMOCTD WJTH
BaM MPOCTO JIOGOTBITHO, TO BaM CTOUT MO3HAKOMUTHCS ¢ MeTozioM Taycca — JKop-
ZlaHa, KOTOPBIN TaKsKe M3BeCTEeH KakK METOJ TIOJTHOTO NCKJTIOUEHST HeM3BeCcTHRIX. Ha
YouTube-kanase Patrick]MT (https://oreil.ly/RfXAv) ecTb HECKOJIBKO BUAEOPOJIUKOB,
KOTOPBIE IEMOHCTPUPYIOT 3TOT METOI.

Co6cTBEHHbIE BEKTOPbI U COOCTBEHHbIE 3HAYEHUA

Paznoscenue mampuypl 3aKI09a€TCSI B TOM, YTO MaTPUIA BBIPAXKAETCS B BUE TIPO-
U3BeJICHUS IPYTUX MATPUIL, TIO0OHO PA3I0KEHIIO YHCe]T Ha MHOKITETH (HAlPUMED,
10 MOKHO TIPEJICTaBUTh Kak 2x5).

PazsiokeHne MaTpPUIl MOKET TIPUTOAUTHCS JIJIsI TOTO, YUTOOBI HAXOIUTH OOPATHbIE
MaTPUIIbI ¥ BBIYNCJISATH ONPE/IeJINTEIN, a TaKXKe B JIMHEHHOH perpeccun. B 3aBucn-
MOCTH OT IIOCTaBJICHHOM 3a/[a4l MAaTPHUILY MOXKHO Pa3JIOKUTh T0-pasHoMy. B riase 5
MBI BOCIIOJIB3yEeMCSI OJTHUM M3 METOJIOB PA3JIOKEHWS MAaTPUIbl — a UMeHHO QR-
Pa3IOKEHNEM — YTOOBI BBIIOJHUTH JIMHEHHYIO PETPECCHIO.

Ho B 37011 r71aBE MBI COCPEZIOTOUNMCS Ha PACTIPOCTPAHEHHOM METO/Ie, KOTOPbIY Ha3bI-
BAeTCS CIEKTPAJIbHBIM pa3soxenreM MaTpuil. OH 4aCcTO NCIOJIb3YeTC B MAITUHHOM
0OyUYEHUH U JIEKUT B OCHOBE METO/IA TJIABHBIX KOMIIOHEHT. BIipouem, 3iech y HAC HET
BO3MOKHOCTH MOAPOOHO PACCMOTPETH KasK/0€ U3 3TUX NpuMeHeHui. [Toka npocto
3aIOMHUTE, YTO CIEKTPAJIbHOE PA3JIOKEeHUe TO3BOJIAeT pasduBaTh MATPUIILI Ha
KOMIIOHEHTBI, ¢ KOTOPBIMH Jierde paboTaTh B PasHbIX 3a/[a4aX MAIIUHHOTO 06y YeHUsI.
Yurure, 4TO HTOT METO/I TOAXOAUT TOJBKO JJIs1 KBAJAPATHBIX MATPHII.

B criekTpabHOM pasioskeHUN yUacTBYIOT IBe KOHCTPYKITMH: COGCTBEHHBIE 3HAYCHUS,
KOTOpble 0003HaYa0TCst OYKBOM A (J1sIMO1a), 1 COOCTBEHHBIE BEKTOPBI, KOTOPBIE 000~
3HavaloTCcs OYKBOIL v, Kak II0Ka3aHo Ha puc. 4.24.

1 2

4 5
] 1

—-0/464 0,0806 0,0343
6,464 059 -0939
%

Puc. 4.24. CobcTBEHHBIE BEKTOPbI 11 COOCTBEHHBIE 3HAUEHMA


https://oreil.ly/RfXAv

Co6CTBEHHbIE BEKTOPbI U COBCTBEHHDbIE 3HAUEHMUS 159

CobcTBennbie BEKTOPbBI 1 COOCTBEHHBIE 3HAYEHUA KBa[[paTHOﬁ MaTpUIlbL A yaoBJjieT-
BODPAET TAKOMY COOTHOIIEHUIO:

Av=Av

V MaTpuIbl pasMepoM 12X A CyHIECTBYET 71 COOCTBEHHBIX BEKTOPOB ¥ COOTBETCTBY-
IOIMX MM COOCTBEHHBIX 3HAYEHUH, OTHAKO HE Y BCEX MATPHI[ OHU BBIPAKAIOTCS Aeii-
CTBUTEJIbHBIMU YncaaMu. MIHOrIa co6CTBEHHbBIE BEKTOPBI U COOCTBEHHbBIE 3HAYEHNUS
OBIBAIOT KOMILJICKCHBIMH.

ITpumep 4.20 IEMOHCTPUPYET, KAK BHIUMCIUTH COOCTBEHHbIE BEKTOPBI 1 COOCTBEHHbIE
3HAYEHWS JIJIs1 33/IaHHOM MaTpullbl 4 ¢ momolibio NumPy.

Mpumep 4.20. BbiuncneHne cobCTBEHHbLIX BEKTOPOB U COBCTBEHHbBIX 3HAUEHUI
¢ nomoLbio NumPy

from numpy import array, diag
from numpy.linalg import eig, inv

A = array([
[1, 21,
[4, 5]
D

eigenvals, eigenvecs = eig(A)

print("COBCTBEHHbIE 3HAYEHMA™)
print(eigenvals)

print (" \nCOBCTBEHHbLIE BEKTOPbHI")
print(eigenvecs)

COBCTBEHHbIE 3HAYEHUA
[-0.46410162 6.46410162]

COBCTBEHHbIE BEKTOPbI

[[-0.80689822 -0.34372377]
[ ©.59069049 -0.9390708 ]]

Kak ke BoccTaHOBUTDH MATpPUILy A, 3Hast ee COOCTBEHHBIE BEKTOPBI U COOCTBEHHbIE
3HavueHusA? BenomuaNTE 3TY (hopMyITy:

Av=Av
Yr00bl BHIPA3UTh U3 9TOM (OPMYJIbI A, ee HyKHO IIpeodpasoBaTh B TAKOU BU/I:

A=QAQ"
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B a10it HOBOIT hopmysie O — coOCTBEHHBIE BEKTOPBI, A — COOCTBEHHbIC 3HAYECHUS
B AnaroHaabHoil hopme, a Q' — marpuna, obparHas K Q. Inaronansnas ¢popma
O3HavaeT, YTO KOOPMHATHI BEKTOPA PACIIOJIOKEeHbI Ha TJIABHOM AMaroHav MaTPHUILbI,
a BCe OCTasIbHble 3HAUEHUST 3TOM MaTpHIlbl PaBHBI ) — TTO06HO €THHUYHON MaTPUILE.

B npumepe 4.21 mpuBOAUTCS MOJHBINA MK IPeoGpasoBaHust MaTpuilsl Ha Python:
MAaTpHIa TIOIBEPraeTCs CHEKTPATbHOMY Pas/IOKEHHUIO, 4 3aTEM BOCCTAHABIMBAETCS
obpaTHO.

MpumMep 4.21. PaznoxeHne U BOCCTaHOBIEHWE MATpULbl C noMowbio NumPy

from numpy import array, diag
from numpy.linalg import eig, inv

A = array([

[1, 21,

[4, 5]
D
eigenvals, eigenvecs = eig(A)
print("COBCTBEHHbIE 3HAYEHMA")
print(eigenvals)
print("\nCOBCTBEHHLIE BEKTOPhI")

print(eigenvecs)

print("\nBOCCTAHOBJIEHHASl MATPULIA™)

Q = eigenvecs

R = inv(Q)

L = diag(eigenvals)
B=Q@L@R
print(B)

COBCTBEHHbIE 3HAYEHUA
[-0.46410162 6.46410162]

COBCTBEHHBIE BEKTOPbI
[[-0.80689822 -0.34372377]
[ ©.59069049 -0.9390708 ]]

BOCCTAHOBJIEHHAA MATPULA

[[1. 2.]
[4. 5.1]

Kax Bunure, BoccTaHoB/IeHHAS MAaTPUIlA COBIAAET C TOM, C KOTOPOW Mbl HAYAJIH.
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3aKnyeHue

JluHeitnast anre6pa MosKeT ObITH GE3yMHO aOCTPAKTHOR, OHA TTOJTHA 3aTajIOK ¥ UJICH ISt
pa3MBITILTEHNsT. BaM MOJKET TIOKa3aThCs, UTO BCST 9TA TeMa — OJTHA OOTIIAsT 3aajiHsT,
u BbI Oyziete mpaBbi! TeM He MEHEE €10 CTOUT MPOJIOJIKATH HHTEPECOBATHCSI, €CJIU BbI
XOTHUTE TIOCTPOUTh JIOJITYIO ¥ YCHEIHYI0 Kapbepy B obsiactu data science. JluneiiHast
asre6Gpa JIEKUT B OCHOBE CTATHCTUYECKUX BEIYUCICHUH, MAIIMHHOTO OOYYCHYSI U JIPY-
TUX TIPUKJIaIHBIX obsacteit data science. B KoHEUHOM cueTe Ha JIMHEHHYO aareOpy
omnupaeTcs Bcst HHGOPMATHKA B I[esIoM. besycioBHO, 10 KaKOr0-TO MOMEHTA MOXKHO
06X0IMThCsT 6e3 HTUX 3HAHWUHN, HO PAHO WJIU MO3JHO BbI CTOJKHETECH C TEM, UTO BaM
He XBaTaeT MOHUMAHUST, YTOOBI CIIPABUTLCS € TOW UM MHOU 3a/1auei.

Bwt MoxeTe 3aaThcst BOIPOCOM, KaKOe OTHOIIEHNE N3YIEeHHBIN MaTepruaa UMeeT
K IIpaKTudeckoii data science, — Bezib Bce 9T BEKTOPBI M MATPHIIBI MOT'YT II0KA3aTh-
€S YMCTO TEOPETUYEeCKUMHU MOHATHAMU. He BoJHyiTeCh: MbI OyAeM BCTpeYaThCs
C IIPAKTUYECKUMU IIPUMEHEHUSIMU JIMHERHO a/rebpbl Ha IPOTAKEHUN BCEH KHUTH.
Ho teopust 1 reomeTpuyeckrie MHTEPIIPETALMKI BasKHbI JJI TOTO, YTOObI HOHUMATD,
YTO IIPOUCXOIUT IO KAIIOTOM», KOI/la Bbl paboTaere ¢ JaHHbIMU. Ec/ii Bbl BU3Y-
aJIbHO IIpeficTaBIIsieTe cebe TMHelHble IPeobpasoBaHsl, 9TO IIOMOXKET OCBOUTH OoJiee
CJIOKHBIE TIOHATHSI, KOTOPbIe MOTYT BCTPETUTHCS Ha BallleM Ty TH.

Eciu BBl X0THTE GOJIbIIE Y3HATH O JUHEHHON ajiredpe, TO BaM He HAWTHU JIyYIIEro
pecypca, ueM cepus BiIeoposinkoB Ha YouTube-kanase «Essence of Linear Algebras
(«I'maBHOe 0 JmHelHOU anrebpe») ot 3Blue1Brown (https://oreil.ly/FSCNz). Tax:xe
HOJIE3HbI BU/IEO 110 INHEeHHOM ajreOpe Ha Kanase Patrick JMT (https://oreil.ly/Hx9GP).

A ecsi BbI X0THTE OcBOUTH Num Py, pekoMeH/1y10 TpounTaTh KHUTY Yaca MakknHHI
(Wes McKinney) «Python for Data Analysis»'. B Heit He Tak MHOTO BHUMAHWSI y7ie-
JISIETCST IMHEWHOTT asireOpe, 3aT0 9TO MPEKPACHOE ITPAKTUYECKOE PYKOBOJCTBO O TOM,
Kak paborarb ¢ HabopaMu JaHHBIX ¢ ToMoIbio NumPy, pandas u Python.

YnpaxHeHUa ana camonpoBepku

: 1
1. BeKTOp Vv UMCEET 3HAa4YCHUE |: j|, HO 3aTeM ITIPpONCXOaUT Hpeo6pa30}3aHMe, KOTOpoe

IePEBONT BEKTOP | B Tquy{ ], a BEKTOP ,.: — B TOUKY { 0 } e okaskercst V ?
0 s

! Maxkkunnu, Yac. «Python u ananus naunbix: [lepBuunas o6paboTKa JaHHBIX ¢ TPUMEHEHUEM
pandas, NumPy u Jupiter. 3-e uam.».


https://oreil.ly/FSCNz
https://oreil.ly/Hx9GP
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2. Bextop V umeer 3HaueHHe Il 1o sarem HPOKMCXOAUT IPeoGpasoBaHIe, KOTOPOe
2

1

[I€PEBOUT BEKTOP | B TOUKY [_2} a BEKTOP } — B TOUKY [ ] e okaskercst V ?
1

" 2 L 1 2
3. JluneitHoe Hp606pa30BaHI/I€ TepeBoaUT HasnCHbIE BEKTOPBI | U | B TOYKU { ] n { }
’ 0 2

COOTBEeTCTBEHHO. UeMy paBeH OTPeIeUTeb 3TOTO TPe0dpa3soBaHMs ?

4. MOKHO 11 3aMEHUTD [Ba 1IU OoJlee I0C/IeI0BaTeIbHbIX JUHENHBIX IPeobpaso-
Banus Ha oHO? [loyemy 1a uinm moyemy Het?

5. Pemmus cucremy ypaBHeHUl, HAWUTE X, Y U Z:

Ix+1ly+0z=54
2x+4y+1z=12
3x+1y+8z=06

6. ABasgercsa sm ciexyiomas MaTpuUIla JIHENHHO 3aBucHMOI? Ilouemy ma mum mmo-

JeMy HeT?
21
6 3

Ortgetst cm. B [Tpunokennu b.



[TIABA 5

JinnenHaa perpeccus

O,/:[I/IH 13 CaMbIX HOHyJIHprIX METO/IOB aHaJIN3a JaHHDbIX 3aKJ/II0Ya€TCS B TOM, ‘ITO6I)I Ha
OCHOBE Ha0JTI0IAEMBIX TOYEK JJAHHBIX TOCTPOUTD MIPSIMYIO, KOTOPast 0TOGPaKaET CBSI3b
MKy IBYMsI WK OoJjiee TiepeMeHHBIMU. Pezpeccust IbITaeTest MOJ0THATh (DYHKITUO
K HaOJII0IaeMbIM JAHHbBIM, YTOObI CIIPOrHO3UPOBATH HOBBIE IaHHbIE. JTuHelinas pezpeccus
IIOATOHACT K JaHHBIM HpHMyIO JINHUIO, IIBITAsICh yCTaHOBI/IT]) JII/IHefIHyIO CBA3b MEX/TY
HepeMeHHbIMU U TIPEJICKa3aTh HOBbIE JAHHbIE, KOTOPBIE ellle MPEACTOUT HabI0AaTh.

Bosmosxto, syuiie 6yzeT OCMOTPETh Ha MJLTIOCTPAIMIO, YeM MPOCTO TPOYUTATh
onucanue. Ha puc. 5.1 npuBezieH npumep JUHEHHON perpeccui.

200

—100

-100

Puc. 5.1. lpumep nuHeitHoil perpeccuin, KOTopas NOArOHAET NPAMYIO K HabNiofaeMbIM aHHbIM

JluneiiHast perpeccust — 310 pabodas Jjomaaka data science u cratucruku. Ona He
TOJIBKO 33/IeHCTBYET IOHATHS, KOTOPbIE MBI U3YUNJIN B IIPE/bIAYIINX IJ1aBax, HO U 3a-
KJIa/ibIBaeT QyHAAMEHT /JIS [TOCIeIYIOIINX TeM, TAKUX KaK HelipOHHbIe ceTH (TJ1aBa 7)
U JIOTHCTUYecKast perpeccus (ry1asa 6). ITOT OTHOCUTEIBHO ITPOCTON METO/ CyIIeCTBYeT
yke 6GoJree IBYXCOT JIET U B HATITH THU CYUTACTCST OIHON 13 (hOPM MAITHHHOTO 06y IEHIISL.
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CrenuaicThl 0 MAIIUHHOMY 00YYeHN0 OOBIYHO BBIMOJIHSIOT BAJUAAINIO TTO-
CBOEMY, Pa3fiesisist TaHHbIe Ha 00YUYAIOTIYIO U TECTOBYIO BHIOOPKH, & CIIEMUATICTHI TT0
CTAaTHCTUKE Yallle UCTIOJNb3YIOT TaKWe METPUKH, KaK MHTEPBAJBI TPOTHO3UPOBAHS
U KOPPEJISITINST, YTOOBI OTIEHUTH CTATUCTUIECKYTO 3HAYMMOCTD. MBI paccMOTpUM 002
MOZX0/1a, YTOOBI TIOMOYb BaM TIPEOIOJIETh MOCTOSTHHO YBEJIMUNUBAIOIIUNACS PasphiB
MEKIY 0O0EHMU AUCIUTUIMHAMHA U, TAKUM 0OPa3oM, JIydllie OATOTOBUTHCS K TOMY,
4TOOBI YCUETD Ha JIBYX CTYJIbSIX.

PA3BE PETPECCUA — 3TO MALUMHHOE OBYYEHUE?

MamiaHOe 00yUYeHHEe 0XBATHIBAET MHOTO METO/OB, HO OJUH M3 CAMBIX
PacmpoCTpaHEHHBIX B HACTOSIIIEE BPEMST — 00YUEHE C yUUTETEM, T PETPeC-
CHS UTPAET B HEM BasKHYIO PoJib. VIMEHHO TT03TOMY JIMHEHYIO PETPECCHIO
CYUTAIOT OAHON 13 (opM MAIMHHOTO 00ydeHus. IlyTaHUIa B TOM, YTO
CTETMANHCTBI TI0 CTATUCTUKE YaCTO HA3bIBAIOT CBOW PETPECCUOHHBIE MO-
NI CIamucmudeckum ooyuenuem, B To BpeMst kak B obmactu data science
1 MAITHHHOTO OOYYEHMsT OHU HA3BIBAIOTCS MAUUNHIM 00YYeHUEM.

Xorst 06y4eHIE C yIUTEJIEM YACTO CBOJUTCS K PEFPECCUH, MAIITMHHOE OOyYeHHE
6e3 yumresist HOJIBIIE CBS3AHO C KJIACTEPHU3AIMEil U BbISIBJIEHIEM aHOMAJIU,
B o6yueHun ¢ mopiKperieHueM HEPEIKO COUETAETCS] OOYUIEHUE ¢ YIUTETIEM
U CUMYJISIIIUST, KOTOPasi OICTPO TEHEPUPYET UCKYCCTBEHHBIE TAHHBIE,

Mbr u3yuum etiie 18e OPMbI MAITHHHOTO OOYUYEHUST C YYUTEIEM B TJIaBe 6,
KOTOpas IOCBAIIeHa JIOTUCTUYECKOH perpeccui, U B IJase 7, T/e 1oiaer
peyb 0 HEHPOHHBIX CETSIX.

[pocTas nuHeitHas perpeccus

51 Xouy M3yYNTH CBSI3b MEXKIY BO3PACTOM COOAKU U T€M, CKOJIBKO Pa3 €€ BOIAMIIN
K BeTepuHapy. Y MeHs eCTh HCKYCCTBEHHAast BbIOOpKa u3 10 caydaitHbix cobax.
S1 nmpeaniounTar 0O bSACHATD CJI0KHBIE METO/BI ¢ TOMOIIBIO TPOCTHIX HAGOPOB aHHBIX
(peasbHbIX MU KCKYCCTBEHHBIX ), UTOOBI BaM OBLIO Jierdye IOHITh CHJIbHBIE U CJIa0ble
CTOPOHBI METO/IA, He 3a61Bast cebe TOOBY CAOKHBIMHU TaHHBIMU. [[aBaiiTe MOCTPONM
rpaduK 9TOTO HabOpa JAHHBIX, KaK TOKAa3aHO Ha pHC. 5.2.

3/1eCh SIBHO TIPOCMATPUBAETCS AUHEUHAS, 3AGUCUMOCTYL: KOTIIA OJTHA U3 TIEPEMEHHBIX
YBEJUUUBAETCS WA YMEHBIIAETCS, IPYTast TOKE YBEJIUINBAETCS UM YMEHBIIAETCSI
IPUMEPHO MPOTOPIUOHATBHO. YT0OBI 0003HAYNUTH 3aBUCUMOCTD, B O6JIACTH 9TUX
TOYEK MOKHO IIPOBECTH MPAMYIO, KaK ITOKa3aHO Ha puc. 5.3.
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Puc. 5.3. MogroHka npAmoli K JaHHbIM

ITosske B 3TOi IJ1aBe s 00BSACHIO, KAK MOJOTHATH TaKyto MPSMYIO, a TaKXKe KakK oIfe-
HUTH Ka4eCTBO IOAIOHKHU. A 1I0Ka JaBaiiTe pasbepeMcs, B 4eM [10Jib3a OT JUHEHHO
perpeccuu. OHA TTO3BOJISIET TIPOTHO3UPOBATD JJAHHBIE, C KOTOPBIMU MBI PaHbIIlEe He
crajKuBanuch. B Hamreil BBIOOpKe HET coOaku B Bo3pacTe 8,5 Tojia, HO MbI MOKEM
MOCMOTPETh HA 3TY MPSIMYIO U MPEANOJOKITD, YTO 32 CBOIO JKU3HB TAKYIO CODAKY
21 pas oTBeayT K BeTepuHapy. J[Jist 9TOro A0CTatoyHo yOeauThCst, 4To ecau x = 8,5,
to ¥ =21,218 (puc. 5.4). Enie oHO NpenMyIIeCTBO JIUHEWHOI PErpeccuu — B TOM,
YTO OHA TIO3BOJISIET AaHAJIM3UPOBATD ITEPEMEHHBIE HA TIPEJIMET BO3MOKHBIX B3AMMOC-
Bsi3eil U BBIIBUTATH THIIOTE3BI O TOM, UYTO MEXKY KOPPEJUPYIONTIME TePeMEeHHbIMI
€CTh TPUYNHHO-CJIEICTBEHHAS CBSI3b.
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Puc. 5.4. [lporHo3upoBaHie C NOMOLLbI IMHEHOI perpeccuu:
Ana cobaky Bo3pacTom 8,5 roga npesnonaraetca okono 21,2 npuema y BeTepuHapa

B uem sxe HeroctaTky TuHelHON perpeccun? Hemb3st paccanThIBaTh HA TO, YTO KK/
TOYKA JAHHBIX OYJET JIesKaTh mMouio Ha 9TOU MPsIMOil. B KOHIE KOHIIOB, peajbHbIe
JIaHHbIE 3alyMJIEeHbI, OHU HUKOT/Ia He GbIBAIOT MI€ATbHBIME 1 He TPUAEPKUBAIOTCSI
npsamoit uHun. VIX rpaduk MoskeT GbITh BOOOIIE He MOX0XK Ha mpsamyio! Bokpyr
npsMoil GyeT 06JIaCTh TIOTPENTHOCTH, T/l TOUKU PACIIOATAOTCS BBIIIE MU HIKeE
JiHAU. MBI PACCMOTPHM 9TO ¢ MATEMATUYECKOM TOUKU 3pEeHus, Korga Oy1eM rOBOPUTh
0 p-3HAYEHUSIX, CTATUCTUYECKONU 3HAYNMOCTH ¥ UHTEPBAIAX MPOTHO3UPOBAHMSI,
KOTOPbIE OIIUCHIBAIOT, HACKOJbKO MOXKHO TIoJIaraThcsl Ha perpeccuio. Eie oxna 3a-
TBO3/IKA 3aKJIFOYAETCS B TOM, UTO JIMHEHHASI PETPECCHst He TIO3BOJISIET IEIaTh IIPOTHO3BI
BHE JIHATTa30Ha MMEIOTIINXCST TAHHBIX — TO €CTh HEJIb3$sT IIPOTHO3UPOBATDH 3HAYEHUS
st x <0 u x>10, moToMy 4TO y HAC HET AAHHBIX HA 3TMX MHTEPBAJIAX.

He 3a6biBaiiTe 0 cMeLeHuM BbIGOpKM!

o CJietyer u3yunTh Ha IIPEMET CMEIEHHS] NCXO/IHbIE IAaHHbIE U TO, KAK OHU ObLIH
\ cobpanbl. JaHHbIe COOMPAIMCH TOJIBKO B OJHOI BeTepUHAPHOI KinHIKe? B He-
CKOJIBKHX CJIy4allHbIX KauHuKax? HeT s cmeneHnst n3-3a caMmooT60pa, Korzia
B BBIOOPKY TMOIA/IAI0T TOJIBKO COOAKH, KOTOPBIX BOJST K BeTepunapy? Eciim co-
6aku GbLI OTOOPAHBI B OJIHOM U TOM K€ reorpahuuecKoM PErnoHe, MOKET JIK
3TO TIOBJIMSTH HA IaHHbIe? BO3MOKHO, B KAPKOM I1yCTHIHHOM KJIUMATe CobaKam
yaiie TpebyeTcs BeTepUHap U3-3a TEIIOBOIO UCTOIIEHUS U YKYCOB 3M€H, 1 13-
32 3TOrO KOJIMYECTBO MOCEIIEHUT B HAlllel BBIGOPKE OKA3aJI0Ch 3aBBIIIEHHBIM.

Kak y:ke roBOpHIOCH B TJIaBe 3, CTAJIO MOIHBIM TIPETIOIHOCUTD TaHHBIE KaK
UCTHUHY B HocJeaHel nacTanimu. OfHAKO JaHHbIe — 9TO BCETO JIUIITb BBIGOPKA
U3 COBOKYITHOCTH, U HYKHO 1103a00TUTHCSI O TOM, HACKOJIBKO OHA PEIPe3eHTa-
TUBHA. BaskHO HHTEpecoBaThCs TEM, O UeM TOBOPSAT IaHHBIE, HO He MeHee (ecTi
He 6oJiee) BaKHO MHTEPECOBATLCA, OTKY/Ia OHU B3SAJIKCh.
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[pocTas nuHeiiHaa perpeccna ¢ nomoLubio scikit-learn

B aT0i1 T71aBE HaM TIPEACTONT MHOTOE Y3HATH O IMHEHHOW PErpeccuu, HO JIJIsl Havasia
naBaiiTe 0030pHO IO3HAKOMUMCS C Hell Ha IIpUMepe [IPOrPaMMHOI0 KOJa.

C smHeliHOH perpeccueii ymeror paboTtaTh MHOTHE T1aTdopmbl — ot Excel o Python
u R. B 91011 KHITe MBI IIPOAOJIKUM IIpUAepKUuBaThes Python u HaureM ¢ 6ubinoTeku
scikit-learn, xoropas cmenaer Bcio pabory 3a Hac. [oske B 9TOH IJ1aBe Mbl y3HAEM,
KaK II0CTPOMTD JINHEIHYIO PErPECCHIO C HyJIs1, 4TO0BI YCBOUTH TAKUE BasKHbIE METO/IbI,
KaK TPaJIMEHTHBIN CITYCK U METOJi HAUMEHbIINX KBAJ[PaTOB.

B mpumepe 5.1 mokasaHo, KakK ¢ MOMOIIbI0 scikit-learn BBIIOJHUTD MPOCTEUTIIYTO
JIMHENHYI0 perpeccuto 6e3 Basuaaiiy Ha Beibopke u3 10 cobak. B aToM Koze MbI
HUMITOPTUPYEM [aHHbIe ¢ momolibio pandas (https://oreil.ly/xCvwR), ipeoGpasoBbiBaeM
ux B MaccuBbl NumPy, npoBoauM JIMHERHYO perpeccuio ¢ nmomolipo scikit-learn
U BbIBOAUM Tpaduk ¢ momomibio Plotly.

Mpumep 5.1. JInHeliHas perpeccust ¢ noMoLbio scikit-learn

import pandas as pd
import matplotlib.pyplot as plt
from sklearn.linear_model import LinearRegression

# MMNoOpTUpyeM TOYKM [aHHbIX U3 BHEWHero UCTOYHUKA
df = pd.read_csv("https://bit.ly/3go0Ant", delimiter=",")

# M3BneKkaemM BXOAHble nepemeHHble (BCe CTPOKM M BCe CTON6Ubl, KpPOMe Moc/iefHero
cTonbua)
X = df.values[:, :-1]

# M3Bnekaem cTonbel C BbIXOAHbIMWA 3HaYeHWAMM (BCe CTPOKM, TOJIbKO MOC/IefHUI
cTonbeu)
Y = df.values[:, -1]

# MoaroHAem nNpaAMyl K TO4YKam
fit = LinearRegression().fit(X, Y)

m = fit.coef_.flatten()

b = fit.intercept_.flatten()
print(f"m = {m}") # 1.93939394!
print(f"b = {b}") # 4.73333333

# BbiBOAMM rpaduk

plt.plot(X, Y, 'o') # auarpamma paccesHus
plt.plot(X, m*X+b) # nuHus perpeccumu
plt.show()

! Kopu na Python BeiBoquT K0a(hpUIUEHTBI B BUIIE YUCEII C IIJIABAIOIIEH TOYKOI, O[HAKO HA CAMOM JIeJie
. 31 11
B 9TO perpeccuut K03 GUIUEHTD! B TOYHOCTU PAaBHbL m:l?;H h=4T§.—J@ummﬂ@m4w&
22


https://oreil.ly/xCvwR

168 Tnaga 5. JluHeiiHan perpeccus

E1te pa3 moapITOKUM, YTO TPOUCXOAUT B 9TOM Koze. CHavama Mbl UMIOPTHPYEM
nannbie us daitiaa CSV, koropsiii pasmeren Ha GitHub (https://bit.ly/3cIH97A). St
JaHHbBIE COCTOAT M3 JABYX CTOJIOIIOB, KOTOPBIE MBI € TIOMOIIIBIO pandas pasjeisieM Ha
HaOopbI JaHHBIX X 1 Y. 3aTeM MbI [IO/ITOHsIEM MOJIE/Ib LinearRegression K BXOLHBIM
nauHbiM X U BRIXOAHBIM JaHHBIM Y ¢ omotnsio ¢hyakiuu fit(). [loce atoro mur
mosrydaeM Ko3(GUIUEHTHI m 1 b, KOTOPbIE OIMCHIBAIOT MOJOTHAHHYIO JTUHENHYIO
byHKIHITO.

Ha rpaduke, Kak u ce10Bajio 03KU/IATh, OJIYYaeTCs MOJA0THAHHAS JIUHUS, KOTOPast
HPOXOIMT IIOGIU30CTH OT TOYEK JAHHbIX, KaK II0Ka3aHO Ha PUC. 5.5.

/7

n 1o

Puc. 5.5. scikit-learn noaroHAeT MUHMKO perpeccun K MMeLLMMCA AaHHbIM

Kaxk Y3HaTb, KaKasd JUHWA JIYUIIIE€ BCETO ITOJIOMIET K STUM TOYKaM? O6cleI/IM 9TO JaJIbIIIE.

Octatku n KBaApaTu4iHble OTKJIOHEHUA

Kakum 06pa3omM crarucTiyecKiie MHCTPYMEHTBI, Takye Kak oubiunoreka scikit-learn,
HOAGUPAIOT JIMHUIO, KOTOPAst MOAXOAUT K JAHHBIM TOUKaM? ITOT BOIIPOC CBOAUTCS
K JIBYM JIPYTUM, HA KOTOPBIE OTIMPAETCS BCE MAIIUHHOE 00yUYeHUE:

® Yro 3HAYUT «HAWUJIYYINAs MOJITOHKA ?

® Kax 106UThCs «HaUIyYIleil IOATOHKI» ?

Ha HepBI)IfI BOIIPOC €CTb UCTOPUYECKN yCTOHBIHHfICH OTBET: HYKHO MUHUMU3NPO-
BaTb KBaZpaThbl, a TOYHEE, CYMMY KBa/[paTOB OCTAaTKOB. ﬂaBaﬁTe pas6epeMc;1, qTo
9TO 3HAYUT. HpOBelII/ITe OOJIU30CTH OT TOYEK ]IIO6YIO NpAMYIO. Ocmamxu — 3TO


https://bit.ly/3cIH97A
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apu(pMeTHIECKIE PA3ZHOCTH MEK/Y TOUKaMU JaHHBIX 1 OJMKANIITIMU 10 BEPTUKAJIH
TOYKAMHU Ha MPSIMOH, KaK TIOKa3aHO Ha puc. 5.6.

0 ] 10

Puc. 5.6. Octatku — 370 pacxox/eHue Mex Ay NpAMOIA 1 TOYKaMI AHHbIX

Ecnu Touka pacrionioskeHa BbIliie PSIMOI, € COOTBETCTBYET MOJIOKUTENbHBIN OCTATOK,
a ecJIi HIKe — OTPUIIATEIbHBIH. [[pyTUME CIIOBAaMH, OCTATOK — 3TO PA3HOCTb MEXKTY
[IPOTHO3UPYEMbIM 3HAYeHUEM i (KOTOPOE JIESKUT Ha IIPSIMO ) U (DAKTHUECKUM 3HAYEHU-
eM (13 Habopa JaHHbIX ). OCTaTKU TaK:Ke HA3bIBAIOTCST OMKLOHEHUSMU, WU OUUOKAMU,
MIOTOMY YTO OHU OTPAKAIOT, HACKOJIBKO HAIIN TIPOTHO3BI PACXO/ISTCS C JAHHBIMU.

B IpuMepe 5.2 ITOKa3aHO, KaK BbIYMCJNUTH OCTATKN MEKAY UMEIOITNMHUCS 10 Touka-

MU U IpAMON 1,93939394x+4,73333333, a B mpuMepe 5.3 TepeqrceHbl oJyYeHHbIe
OCTaTKHU.

Mpumep 5.2. BoluvcieHne 0CTaTKOB MEXAY NPSIMOM 1 TOUKaMU AaHHbIX

import pandas as pd

# MMNOpPTMPYeM TOYKM [AaHHbIX M3 BHEWHero WCTOYHUKA
points = pd.read_csv("https://bit.1ly/3go0OAnt", delimiter=",").itertuples()

# 3apaem npAamyio
m = 1.93939394
b = 4.73333333

# BblumMcnaem ocTaTku
for p in points:
y_actual = p.y
y_predict = m¥p.x + b
residual = y_actual - y predict
print(residual)
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Mpumep 5.3. OcTaTky AN KaXA0M TOUKK
-1.6727272727272728 # -137/55
1.3878787878787868  # 154/16s
-0.5515151515151508 # -°1/,¢5
2.509090909090908 # 228/
-0.43030303030302974 # -71/,¢5
-1.369696969696971  # -151/,45
0.6909090909090914  # 38/
-2.24848484848485 # -2%1/165
2.8121212121212125  # 2134/,45
-1.1272727272727288 # -17/5s

Korma mbl mogaronsiem npsiMyio K 10 TOukaM IaHHBIX, CKOPee BCETro, Hy’KHO MUHUMU-
3MPOBATh 9TU OCTATKH, YUTOOBI HTOTOBBIN Pa3PBIB MEKIY IPSIMOU ¥ TOUKAMU OBLT KAK
MO>KHO MeHbIle. Ho Kak M3MepUTh «UTOTOBBIN pa3pbiB» ? Jlydilie BCETo OIEHUTH €T0
KaK CYMMY K8aopamog BCEX OCTATKOB — TO eCTh BO3BECTU KasK/BIiT OCTATOK B KBA/[paT
U CTIOKUTH UX. VI3 KaXK10T0 (haKTHUECKOTO 3HAUEHUS Y MBI BBIYTEM ITPOTHO3UPYEMOE
3HaueHue y (To ecTb KOOPAMHATY ¥ COOTBETCTBYIONIEH TOYKM Ha IIPSMOIL), a 3aTeM
BO3Be/IeM B KBaJIpaT 1 IIPOCYMMUPYeEM Bce II0JIy4YeHHbIe PAa3HOCTH.

MOYEMY HE UCMOJNIb3YIOTCA ABCOJTIIOTHBIE BEJIM4UHDI?

Bo3MOsKHO, BBI 33/1aIUTECH BOIIPOCOM, 3a4€M BO3BOJIUTH OCTATKU B KBa-
ZpaT, mepejl TeM Kak WX CKJIajbiBarh. [ToueMy GbI TIPOCTO HE CIOKHUTH
OCTaTKH, He BO3BOMAS UX B KBaApaT? JTO He cpabdoTaer, HOTOMY 4YTO II0-
JIOKUTEJbHBIE W OTPUIIATEIbHbIE 3HAYEHUsT aHHYJIUPYIOT APYT JAPyTa.
Hy a 4ro ecim cJI0KUTH aOCOMOTHBIE 3HAUYEHNUsI, OTOPOCUB BCE 3HAKU
MUHYyca? 3By4nuT MHOroo0Oewaolie, Ho abCoMI0THbIE 3HaYeHUs Hey 100HbI
¢ MaTeMaTHYecKoil Touku 3peHust. Eciu GbITh TOUHEE, OHU ILJIOXO CO-
YEeTalTCs ¢ IPOU3BOIHBIMU, KOTOPbIE MBI BCKOpPe Oy/IeM UCIIOIh30BaTh
IJIST TPAZIEHTHOTO CITycKa. BoT moyeMy MblI olleHHBaeM 00Iue ToTepu
C MMOMOII[BIO KBAAPATOB OCTATKOB.

Ha puc. 5.7 moka3aHo, Kak BU3yaJbHO MIPEACTABUTH CeOe T BBIUNCIEHUST: C KasK/[BIM
OCTATKOM CB3aH KBaJIPaT, IJIMHA CTOPOHBI KOTOPOTO PaBHA OCTATKY. MBI cyMMUpyeM
MJIOMIA/IA BCeX KBAPATOB U MO3/[HEE Y3HAEM, KaK HAUTH ONTUMAaJIbHbIC 3HAYCHUS
m u b, 4TOOBI MUHUMHU3UPOBATH 3Ty CYMMY.
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n

Puc. 5.7. (ymma KBappaToB OCTAaTKOB B HArNAZHOM NPeACTABAeHIM. ITO CyMMa NOLLAZeN Bcex
KBaJpaToB, AINHA CTOPOHbI KA AOT0 U3 KOTOPbIX PABHA OCTATKY

[laBaiite MopuuIMpyeM HaIll KOJI, KAK IOKA3aHO B IpUMePe 5.4, 4TOOBI HANTH CyMMY
KBa/IpaToB.

Mpumep 5.4. BbluncrieHne CyMMbl KBaApaTOB OCTaTKOB A/1S1 3aiaHHOM NPSIMOMN U AQHHbIX

import pandas as pd

# MMNOpTMPYeM TOYKM [aHHbIX M3 BHEWHero WCTOYHUKA
points = pd.read_csv("https://bit.1ly/2KF29Bd").itertuples()

# 3apaem npAamyio
m = 1.93939394
b = 4.73333333

sum_of_squares = 0.0

# BblumMcnAem cymmy KBagpaToB
for p in points:
y_actual = p.y
y_predict = m¥*p.x + b
residual_squared = (y_predict - y_actual)**2
sum_of_squares += residual_squared

print(f"Cymma kBappaTtoB = {sum_of_squares}")
# Cymma KBafpaToB = 28.096969696969715 = 2832/3;4

Cuenyromuii Borpoc: kak 6e3 momoru 6ubmorexu tuia scikit-learn HaiiTi sHaue-
Hyst m 1 b, KOTOpbIE AaZyT MUHUMAJIBHYIO CyMMY KBaapaTtoB? Mbl pacCMOTPHM 3TO
B CJIE/IYIONIEM pasJelie.
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Wrak, y Hac ecTh crocod U3MepHTh, HACKOIBEKO XOPOIIIO Ta WJIN WHAS TPSIMas TTO/I-
XOJUT K TOYKAM JaHHBIX: CyMMe KBa/[paTOB OCTaTKOB. UeM MeHblIlle 3TO YUCJIO, TEM
JIydiiie ojioruata rnpsimasi. Kax ske Terepb HaiiTu Hy>KHble 3HAUEHUS KOI(DDUITNEHTOB
m u b, KOTOpble MUHUMU3UPYIOT CYMMY KBa/IPaTOB?

Cy1iecTByeT HECKOJIBKO aJITOPUTMOB, KOTOPBIE MBITAIOTCST HAWTH ONITUMAJIbHBIN Ha-
6op 3HaueHuit. XyAIuil U3 HUX — Memoo 2py0oil Cuibl: Bbl TeHEPUPYeTe MUJLIMOHBI
CIIyYaliHbIX 3HAYEHMIT m ¥ b 1 BBIOWpaeTe TaKoe UX COYeTaHue, [IPU KOTOPOM CyMMa
KBaJ[PATOB OKa3bIBACTCS HaMMEHbIIEH. ITO BPsiA U cpaboTaeT, IIOTOMY 4TO HH 3a
KaKoe pasyMHOe BpeMs He [OJIyYrTCs 10J00paTh Aaske IPUOIU3UTEIbHOE PElleHHE.
Hawm nonagoburcs 6oJiee cucreMaTu3MpoBaHHbIN 101X0/1. 51 pa3bepy IsATh METO/IOB,
KOTOPBIE 371€Ch MOXKHO UCIIOJIb30BaTh: aHATUTHYECKOE PElleHne, MeTo 00paTHBIX
MaTpUII, Pa3JI0KE€HIE MaTPUII, TPAANEHTHBIN CITYCK ¥ CTOXaCTUYECKUU TPAANECHTHBIN
ciryck. CyIiecTBYIOT U APYTHE AJITOPUTMBI — HATIPUMED, TIOMCK BOCXOKAEHIEM (BCe
OHU ONUCAHBI B IPUJIOKEHUN A), HO 371eCh MbI OyIeM TIPUAEPKUBATHCS CAMbBIX Pac-
POCTPAHEHHDBIX METOZOB.

OBYYEHWE MOAENIN — 3TO NOATOHKA PEFPECCUN

VmeHHO 9TO 1 0603HAYAET CIOBO «0OydYeHHe» B KOHTEKCTE MAITMHHOTO
06yUYEHUS: MBI TIPEIOCTABJISIEM UCXO/HbBIE JAHHbBIE W TIEIEBYIO (hYHKITHIO
(HampuMep, CyMMY KBaJ/IPAaTOB), a aJITOPUTM HAXOJUT HY’KHbIE KO3 DU-
[UEHTBI 7 U b, 4TOObI ONTUMU3UPOBATH Ty (pyHKIMIO. TakuM 06pasom,
KOT/Ia MBI «00ydYaeM» MOJIEIb MAIMHHOTO OOYYEHUs, Mbl HA CAMOM JIeJie
MUHUMU3UPYEM (DYHKITHIO TTOTEPb.

Ananutnyeckoe peLueHune

HekoTopble unTaTean MOTYT CIIPOCUTB, CYIIECTBYeT Jiu popMyIa (Tak Ha3bIBaeMoe
ananrumuyeckoe pewenue), 110 KOTopoi MO>KHO TOUHO pacCYuTaTh IMHEHHyIo perpec-
cuto. OTBeT — 713, HO OHa 3(h(PeKTUBHA TOJIBKO JJIs TPOCTON JIMHEHHOU perpeccun
C OJTHOM BXOIHOM TIepeMeHHoi. [[J1T MHOTHX 3a/1a4 MATITIHHOTO OOYYEHNUS ¢ HECKOTb-
KUMU TIEPEMEHHBIMU 1 GOJBITNM 00HEMOM JAHHBIX He CYIecTBYeT 3(hHEKTUBHOTO
AHATNTUIECKOTO pernennst. YTo6bl MacTabupoBaTh 3a/1a4y, MOKHO HUCIOTH30BATh
METO/IBI IMHEHHON anrebphl, 0 KOTOPBIX MBI TIOTOBOPUM B Girizkaiiiiee Bpemst. Kpo-
Me TOTO, MBI [I03HAKOMHUMCS C aJITOPUTMAMU [TOUCKA, TAKUMU KaK CTOXaCTHUYECKUI
IPaIEHTHBII CITYCK.
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[l IpoCTOM IMHEWHOW PEerpeccy ¢ OMHOU BXOIHOM 1 OTHOM BBIXOAHON TTepeMeHHOM
K03 OUTIMEHTRI m 1 b MOSKHO BBIYUCTUTH 110 (DOPMYJIie, KOTOpast TPUBOINUTCS HITKE.
B mpuMepe 5.5 mokazaHo, Kak BBITIOJHUTH 9TH BBIYKCIeHUS Ha Python.

- nEXy—2X2Y
nyx®-(Xx)
_xy_ XX

n n

b
Mpumep 5.5. Boiuncnermne ko3hdUUMEHTOB M U b Ans NPOCTON IMHENHOW perpeccum
import pandas as pd

# VmnopTupyem AaHHble
points = list(pd.read_csv('https://bit.ly/2KF29Bd', delimiter=",").itertuples())

=}
1}

len(points)

(n*sum(p.x*p.y for p in points) - sum(p.x for p in points) *
sum(p.y for p in points)) / (n*sum(p.x**2 for p in points) -
sum(p.x for p in points)**2)

3
I}

o
1}

(sum(p.y for p in points) / n) - m * sum(p.x for p in points) / n

print(m, b)
# 1.9393939393939394 4.7333333333333325

It (HOPMYIIBI 7151 BBIYUCTEHUS KOA(DMHUIMEHTOB 71 U b MOKHO BBIBECTH METOJAMU
MaTeMaTHYEeCKOTO aHAJIN3A, U TTO3KE B 9TOH IJIaBe Mbl HEMHOTO TopaboTaeM ¢ SymPy
Ha TOT CJIydaii, eciu y Bac BOSHUKHET >KeJlaHue y3HaTh, KaKk OHU BbIBOZSATCS. [loka
JKe MOXHO IIPOCTO TOACTaBUTH B (POPMYJIY KOTIYECTBO TOUYEK JAHHBIX 71, & TAKXKE
miepebpaTh 3HAUEHNUS X U Y, YTOODI TIOMYIUTH PE3YIIBTAT.

B pasbHeiinmem Mbl Gy1eM U3ydaTh METOJBI, KOTOPbIE GOJIbIE OPUEHTHPOBAHBI Ha
COBPEMEHHYIO TIPAKTUKY PabOTHI ¢ OOJIBIIMMHU 00beMaMU TaHHBIX. AHATUTUIECKIE
PeIIeH s, KaK IPAaBUJIO, II0X0 MACIITAOUPYIOTCS.

BbluncnutenbHas CNoXHOCTb

IToyemy ananuTHyeckre GOPMYJIbI IIJIOXO MACIITAOUPYIOTCs Ha OOJIbIITIE Ha-
6opbI TaHHBIX? [[eJ10 B TaK HA3bIBAEMO 6bIUUCIUMENDHOT CLONCHOCTIU: HTO TIO-
HsITHE N3 UHGOPMATUKU, KOTOPOE ITO3BOJISIET OIEHUTD, CKOJIBKO PECYPCOB YIIET
HaTO, ‘ITO6bI BBITIOJTHUTDH aJITOPUTM, B 3aBUCUMOCTHU OT pa3Mepa 3ala4u. Catum
MOHSITHEM TT0JIE3HO O3HAKOMUTBCS, U 5T PEKOMEH/IYIO IBA OTJIMYHBIX BUIEOPOJIH -
kaHa YouTube Ha aty Temy: «P vs. NP and the Computational Complexity Zoo»,
(https://oreil.ly/TzQBI), «What Is Big O Notation?», (https://oreil.ly/EjcSR)


https://oreil.ly/TzQBl
https://oreil.ly/EjcSR
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Metoa 06paTHbIX MaTpuL

B nanpHeiimem s 6yay mHorza obosnadats Koaddunuents 6yksamn S, n B, BMecTo
m 1 b coorBercTBeHHO. C TAKUMHU 0O603HAYECHHUSIMHU BaM [IPEICTONT YAIIE CTATKMBATHCSI
B TPO(heCCUOHATILHOM Cpejie, TaK UTO ceifyac camoe BpeMsi K HUM ITPUBBIKATD.

XoTs MbI IIOCBITUJIN JIMHERHOM ajrefpe LeJIyio TJIaBy, IPUMEHSTH €€ MOKET OKa3aTh-
51 HETTOCUJIBHOM 33j1auell, eCJv BbI ellle HeyBEPEeHHO OPUEHTUPYETECh B MATEMATUKE
u data science. VIMeHHO 1103TOMY B OOJIBIIMHCTBE IPUMEPOB U3 9TOM KHUTY UCTIOJIb-
syercst 00brunbIil Python win 6ubaunoreka scikit-learn. Ouako st 6yry oOpamarbest
K JINHEWHOU ajireGpe TaM, TJIe 9TO MMEET CMBICT, — IIPOCTO YTOOBI TIOKA3aTh, KK OHA
ObIBaeT moJie3Ha. ECJIU 3TOT pas/ies MOKaKeTCsT BaM CJIUIITKOM CJIOKHBIM, TPOITYCTUTE
€T0 U BEPHUTECH CIO/IA TI033Ke.

YT0o6BI MOAOTHATE IMHEHHYIO PETPECCHIO, MOKHO UCTIOTB30BATh TPAHCTIOHMPOBAHHBIE
1 06paTHBIE MATPUIIBI, KOTOPBIE MbI U3yYaJIH B TJIaBe 4. Jlasiee Mbl BBIYUCIMM BEKTOP
K03 PUINEHTOB b, B3SIB 32 OCHOBY MATPUILy 3HAUYEHUI BXOIHBIX T€PEMEHHBIX X
1 BEKTOP 3HAYECHUIT BBIXOIHBIX IepeMeHHBIX y. He yxo/1s1 riry6GoKo B MaTeMaTHYeCKuii
aHAJIN3 ¥ JIOKA3aTeJbCTBA U3 JINHEHHOI aareGphl, PUBEAEM FOTOBYIO (hOPMYJIY:

b=(x"-X) X"y

Kax Bpl HaBepHsIKa 3aMeTHJIH, 3/1eCh HAJ MaTpUIllell X BBIMOTHSAIOTCS Ollepaluu
TPAHCIIOHUPOBAHUS 1 MOMCKA OOPATHOI MaTPHUIIbI, & TAKIKE TPOUCXOIUT YMHOKEHUE
MmaTpuil. B mpumepe 5.6 mokazaHo, Kak 1o 3Toli (popMyJie BBIYUCIUTD KOAhUITEHTbI
perpeccuu m u b ¢ momoiibio NumPy.

Mpumep 5.6. Vicnonb3oBaHne 06paTHbIX U TPAHCMOHWMPOBAHHBIX MaTpu1L ANs NOATOHKK
NIVHeWHOW perpeccum

import pandas as pd
from numpy.linalg import inv
import numpy as np

# VmnopTupyem AaHHble
df = pd.read_csv("https://bit.ly/3go0Ant", delimiter=",")

# N3Bnekaem BXoAHble NepemeHHble (BCe CTPOKU M BCe CTonbUbl, KpoMme MocC/iefHero
cTonbua)
X = df.values[:, :-1].flatten()

# [lobaBnseM cTonbeu-3anosHUTENb U3 eAMHUL, YTO6bl CreHepupoBaTb NepeceveHue
C ocbio
X_1 = np.vstack([X, np.ones(len(X))]).T

# M3Bnekaem cTonbel C BbIXOAHO! MepemeHHON (BcCe CTPOKW, TONAbKO NocneaHuit ctonbel)
Y = df.values[:, -1]
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# BbluMcnAem yrnoBoi Ko3QOULMEHT M OpAMHATY nepeceyeHus C ocCbk Y
b = inv(X_1.transpose() @ X_1) @ (X_1l.transpose() @ Y)
print(b) # [1.93939394, 4.73333333]

# lMporHosupyem 3Ha4deHua y
y_predict = X_1.dot(b)

ITO HETPOCTO MOHSTH UHTYUTUBHO, HO 0OPATUTE BHUMAHHUE, UTO MBI CO3/IA€M CTOJIOET]
U3 OJIHUX CIMHUIL U PA3MEIAeM €ro PSAAoM o cTOMGIoM X. ITO HYKHO JIJIsT TOTO,
4To6B OTYyYnTh B, — ToukKy mepecederust ¢ ochbio Y. [ToCKOMBKY B 5TOM cTOJIOME
BCe 3HaYeHUs paBHbI 1, oH (baKTUUECKU TeHepUpyeT OPAMHATY IlepeceyeHus B J10-
MOJIHEHUE K YTJI0BOMY KO3 duiuenry f,.

PaznoxeHune MaTtpuu

KOI‘I[a Y BaC MHOTO /JTaHHBIX 1 MHOTO I/ISMepeHI/IfI, KOMITIBIOTEPBI MOTYT HadaTb 3a-
XJIeOBIBATHCS 1 BBIZIABATh HECTAOMIILHBIE PE3YJIBTATHI, DTO TOAXOMIIUI ClIeHAPHUit
JUTS PA3JIOXKEHUS MaTPHIL, 0 KOTOPOM MBI Y3HAJTH B TJIaBe 4, TTOCBSANIEHHON TUHEWHON
anrebpe. B 1aHHOM cJyuae MbI BO3bMeM MaTpHILy X, 100aBUM K Hell JIOMOTHUTETbHBIN
CTOJIOEIT U3 eIMHMUIL, YTOOBI CTEHEPUPOBATD Tlepecedenne f, , Kak B TIPEIbILYIIEM TTPHU-
Mepe, a 3aTeM Pas3IokIM MATPUILY Ha [[Be Ipyrue Matpuilpl Q u R:

X=0-R.
He yrny6isisich B MaTeMaTHYeCKUI aHAIN3, TpUBeieM (hOPMYJTY, IO KOTOPOH ¢ T10-
Momtpio Q 1 R MOKHO BhUUCINTD Koaddunuentor fF, u B, B popme marpuis b:
b=R"'-Q"-y.

B npumepe 5.7 mokazaHo, Kak aTa (hopmyna QR-pas3noskeH s HO3BOJISET BBIIOTHITD
JmHelHyo perpeccuto Ha Python ¢ momousio NumPy.

Mpumep 5.7. JInHeliHas perpeccus ¢ NOMOLLbIO QR-pasnoxeHus

import pandas as pd
from numpy.linalg import qr, inv
import numpy as np

# UmnopTupyem paHHble
df = pd.read_csv("https://bit.ly/3go0Ant", delimiter=",")

# M3BnekaemM BXOAHble nepemeHHble (BCe CTPOKM M Bce CToN6Ubl, KpOMe Moc/iedHero
cTonbua)
X = df.values[:, :-1].flatten()
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# Nob6aBnaem cTonbel-3anonHUTeNb U3 eAUHUL, YTObbl CreHepupoBaTb nepeceveHue
C ocbk
X_1 = np.vstack([X, np.ones(len(X))]).transpose()

# M3Bnekaem cTonbel C BbIXOAHO! MepemeHHON (BCe CTPOKW, TONAbKO NocneaHwit ctonbel)
Y = df.values[:, -1]

# BbluMCNAEM yrnoBoil Kod3dOULMEHT M MepeceyeHue C ocbh Y
# c nomoubk QR-pasnoxeHua

Q, R = gr(X_1)
b = inv(R).dot(Q.transpose()).dot(Y)

print(b) # [1.93939394, 4.73333333]

Yro6bl BBHIMOJHUATH JUHEHHYIO PETPECCHIO, BO MHOTHX HAYYHBIX OGUOIMOTEKAX HC-
MOJIb3yeTCsl UMEHHO MeTol OR-Pa3iioskeHUs, TOTOMY YTO OH Jierde CIpaBJgeTcs
¢ 6oIbIIMHU O6bEeMaMU JIAHHBIX U paboTaeT yeroitursee. UTo 3HAUUT «yCTOHYHBEES ?
Buruucaumenvnas ycmotiuugocmo (https://oreil.ly/A4BWJ) roBopuT 0 TOM, HACKOJIBKO
XOPOIIIO AJTOPUTM MUHUMU3UPYET OIMUOKH, a He YCYTYOJIIeT X MPU TPUOJIVIKEH-
HBIX BEIYUCTeHUSAX. [[OMHUTE, YTO KOMITBIOTEPHI PabOTAIOT C AECSTUYHBIMU POOIME
OrPaHUYEHHOW TOYHOCTU W BBIHYK/IEHBI BBITIOIHSTH MPUOIMKEHHbBIEC BHIYUCTCHIS,
MOTOMY BaXKHO, YTOOBI HATITK AJITOPUTMBI He TETPAUPOBAIH M3-32 TOTO, YTO B ITUX
BBIYUCJICHUSAX HAKATTUBAIOTCS OMIUOKH.

Taxeno ycauBatb matepuan?

He nepesxuBaiite, eciii BaM HOKaKyTCS CIUIITKOM CJIOKHBIMU IIPUMEPBI TOTO,
KaK BBIYHCJISITD JINHENHYIO PErPECCHUIO C TIOMOIIBIO IMHENHOI anreGpbi! S Beero
JIVIIIIB XOTEJI TIPOJIEMOHCTPUPOBATD, KaK IMHEWHYIO a/IreOpPy MOKHO IPUMEHSITH
Ha ITPaKTUKe. B fabpHeiineM Mbl cCOCPeZIOTOYMMCS Ha JIPYTUX METO/IaX, KOTOPbIe
MOTYT BaM IIPUTOAUTHCSL.

[papmneHTHbIN CRyCK

I'paduenmmuoiii cnyck — 3TO METO]] OTITUMMBAIINH, T/I€ UCTIONb3YIOTCS TPOU3BOIHBIE
U UTepaIuu, YToObI Mog00paTh HaboP MAPAMETPOB, TPU KOTOPOM MUHUMUZUPYETCST
W MaKCUMU3UPYETCsT 3HAUeHUE TiesieBoi (GyHKIII. UTOOBI TIOHSATD, YTO TaKOE
TPaZIneHTHBIN CITYCK, JaBaiiTe TPOBe/leM He3aTeHINBBI MBICJIEHHBIN 9KCIIEPUMEHT,
a 3aTeM IMMPUMEHNM €ro Pe3yJIbTaThl Ha TPOCTOM TIpUMepe.

MbicneHHblit JKCMEePUMEHT CTPpafUeHTHbIM CMTYCKOM

HpeﬂCTaBbTe, YTO Bbl HaXO/IUTECh HOYbBIO B FOpHOﬁ MECTHOCTH, 1 Y BaC €CTb (l)OHa-
PHK. Bor ieiTaerech Z[O6paTbC5{ 110 caMOIl HU3KOM TOYKH MECTHOCTHU. BbI 0603peBaeTe
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GIIVKAUTIINE y9acTOK CKJIOHA BOKPYT cebs ellle JI0 TOTo, Kak HauHeTe JIBYKeHUE. Bbr
JieJiaeTe KK bl CJIe Iy TOTIHIA ITTar B TOM HAIPaBJI€HUH, T/I€ CKJIOH KPyde BCETO YXOUT
BHU3. Ha KpyThIX CKIOHAX BbI JiejlacTe OOJIBIINE TITarH, a Ha MOJIOTHX — MaJIeHbKHE.
B xoHIIe KOHITOB BBI OKa)keTeCh B HIKHEN TOUKE, T/Ie MECTHOCTD TIITOCKAsT, TO €CTh €€
YKJIOH paBeH (. 3ByUUT HETJIOXO, TpaBzia? Takoe ABIsKeHME ¢ (hOHAPUKOM U3BECTHO KaK
2paduenmmblil Cnyck, KOT/Ia MBI IBUTAEMCsI B TY CTOPOHY, I/l CKJIOH Kpyde TIOHUKAETCSI.

B MaimnHHOM 06y JYeHIH 334aCTYI0 TIPUXOIUTCS 33/lyMBIBATHCST 000 BCEX BO3MOKHBIX
CYyMMaXx KBaJIPATOB IIOTEPD, C KOTOPBIMU MOXKHO CTOJIKHYThCS TIPU PA3JIUIHbBIX HTapa-
MeTpax, Halo[00 e KPyTU3HBI TOPHOTO CKJIOHA. UTOOBI MUHUMU3UPOBATH OTEPH, MBI
nepeMernaeMcs 1o JauamadTy noreps. st 3TOro y rpaiieHTHOTO CIIyCKa eCTh IIPH-
BJIEKaTeJIbHAST 0COOEHHOCTD: YACTHAS IIPOU3BO/HAS CITYKUT TEM CaMbIM (DOHAPUKOM,
KOTOPBIiT TO3BOJISIET BUAETH KPYTU3HY OJIMZKANIIIETO CKIIOHA JIJIST KAK/IOTO TTapaMeTpa
(B manHoM ciydae m u b, unu B, u ;). Mbl aiBuraemMcs B TeX HallpaBAeHIAX 1 m 1 b,
rjie yrI0Bol koadduimeHT MakcumaseH. /[ 60IbImX yrioBeix KoahGUineHTon
MBI JlelaeM OoJiee MUPOKUN MIArT, a it MeHbIuX — GoJiee y3kuit. [llupuny atoro
I1ara MO;KHO BBIYUCIIUTD, B3SIB OIIPEIEIEHHYIO IOJIIO OT YTI0BOrO Koadduimenra, —
OHAa U3BECTHA KaK CKOPOCMb 00yuenust. deM BBIIe CKOPOCTD 00YU€eHMs, TeM ObICTpee
Gyner paboTaTh CHCTEMA 33 CYET CHUKEHUST TOYHOCTH. HO 4eM HIKE CKOPOCTD, TeM
GoJibIlie BpeMeHU 3aiiMeT 00yueHue U TeM OOJIbIle uTepaiuii morpedyercs.

Boi6upars ckopocTb 00y4eHusT — BCe PABHO YTO BBIOMPATH MEK/IY MYDPABbEM, de-
JIOBEKOM WJIM BEJIMKAHOM, KOTOPBIN cIlycKkaeTcs 1o ckjaony. Mypaseii (MaseHnbkas
CKOPOCTh 00yUeHwsT) Oy/IeT IeIATh KPOIIEYHBIE MIATH U TOTPATHT HETPUEMIIEMO MHOTO
BpeMeHH, 4TOObI [06PATHCST [I0 MOJAHOKUST TOPbI, HO C/IEJIAeT ITO TOYHO. Besukan
(60JibIAsT CKOPOCTH OOYUEHsT) MOKET [TOCTOSTHHO TIE€PENIAruBaTh Yepe3 MUHUMYM
Y HUKOT/[A B HETO HE I0IIACTh, CKOJIBKO ObI IIATOB OH HU cJieJasl. Y desoBeka (yme-
pEHHas CKOPOCTh 00yUYeH s ) MIUPUHA Tara, BepOsATHO, HanboJiee cobamaHcupoBaHa:
OHa TO3BOJISIET JOCTHYh ONTUMAIBLHOTO HajlaHca MEKLY CKOPOCTHIO U TOUHOCTHIO
0OHAPYIKEHUSI MUHUMYMA.

Hayunmcs xogutb, npexae uem 6eratb

Nnsa dyukmun f(x)=(x-3) +4 Haiinem 3HaueHue X, IIpu KOTOPOM 3HaueHHe
(YHKIMY MUHUMaIBHO. XOTS 3Ty 3a/a4y JIETKO PEIIUTh ajrebpandecku, gapaiire
BOCIIOJIb3YEMCS TPAJMEHTHBIM CITYCKOM.

Ha puc 5.8 nmokazano, 4to Mbl IIBITaeMcs cfieJiaTb. MBI XOTUM <IIarHyTb» 110 OCH X
B Ty CTOPOHY, T/Ie IOCTUTaeTCst MUHUMYM (DYHKIIUU (TO €CTh YroJ HakoHa paBeH 0).

B npumepe 5.8 ucnonbayetcs dyHKIms f(x) 1 ee Tpou3BOAHAS O X — dx_f(x).
Hanomanm, 9Tto B T71aBe 1 MBI pacckasblBaIA O TOM, KaK BBIYUCISATH TTPOU3BO/IHBIE
¢ omotipio SymPy. Ilocse Toro Kak MBI HAIIM TPON3BOHYIO, MOKHO TTEPENTH
K TPaAUEHTHOMY CILyCKY.
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Puc. 5.8. [IBixeHne K T0KanbHOMY MUHUMYMY, Fe YTON HaKMOHa focTuraet 0

Mpumep 5.8. MpaaneHTHbIN CNYCK AN HAXOXAEHWUS MUHUMYMa napaborbl

import random

def f(x):
return (x - 3) ** 2 + 4

def dx_f(x):
return 2*(x - 3)

# CKopoCcTb 0b6y4eHus
L = 0.001

# KonuyecTBO UTepauuit rpafMeHTHOro cnycka
iterations = 100_000

# HayuMHaem co c/ly4YailHOro 3HayeHus X
x = random.randint(-15,15)

for i in range(iterations):

# Bbl4UCNAEM yrnoBoi KoddpduumeHT
d_x = dx_f(x)

# O6HOBNsSieM X, BblYUTAA U3 HEro Mpou3BedeHMe CKOPOCTU Oby4YeHWUAa Ha YyrioBoi
KO3¢PUUNEHT
x -=L * d_x

print(x, f(x)) # BbBOAMT 2.999999999999889 4.0

Ecau moctpouts rpaduk dyHkimn (kak mokazaHo Ha puc. 5.8), MOKHO yBUJIETb,
YTO €€ MUHUMYM HAXOJUTCS B TOUKE X =3, U MPEBIIYIINN IIPUMEP TTOOIIEN OYEHb
6JIM3KO K 9TOMY 3HaueHnt0. CKOpOCTb 00y4eHHst — 3T0 (DaKTHIECKH J0JIS OT YIJIOBOTO
K02 dUIeHTa, KOTOPas BBIUUTAETCS U3 3HAUEHUS X Ha KayKIoi urepanuu. boibiune
yr10Bble K03(hOUIUEHTHI IPUBOAAT K OOJIBIINM IIaraM, a MEHbIINE — K MEHBIIIM.
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ITocse mocTaTouHOTO KOMWYECTBA MUTEPAITHIl X OKaKeTCsI B caMOil HIDKHEH Touke
(dhyHKIIMH, T/Ie HAKJIOH paBeH 0 (uim BechbMa OJIM3KO K 9TOI TOUKE).

[paaueHTHbIIl CNYCK M NUHeNHaA perpeccus

Tenepb BaM, HaBepHOE, MHTEPECHO, KaK TPUMEHUTD 3TY MPOIEAYPY K JUHENHOM pe-
rpeccun. Vziest octaercst mpeskHe, TOJIBKO TENepb B POJIU TIEPEMEHHBIX BBICTYTIAIOT
mu b (onu xe f, u f,), ane x. [Touemy Tak? /leso B TOM, 9TO B POCTON JTMHEHHOM
pPEerpeccum HaM y3Ke U3BEeCTHbBI 3HAUEHUS X U I, IOTOMY YTO OHU JIOCTYITHBI B COCTaBe
oby4aromux JaHHbIX. [lepeMentbie, KOTOpbIe HY;KHO HANTH, — 9TO Ha CAMOM JIeJie
napameTpsl m 1 b. OHM 337a10T ONITUMAIBHO TIOAOTHAHHYIO TIPSIMYIO, C TTOMOTI[BIO
KOTOPOM MOKHO TTPE/ICKa3bIBATh HOBbIE 3HAYEHMUS Y 110 3HAUCHUSIM X.

Kak BbraucuTh yriopbie KOahOUIMEHTH («KPYTU3HY CKJIOHA» ) st m 1 b'? Ham
MOHAZIOOSITCST YaCTHBIE TPOU3BO/HBIE TIO KasK/I0N M3 9TUX TepeMeHHbIX. OT Kakoii
dbyHK1MM 6paTh Tpou3BoAHBIE? [TOMHITE, YTO HAIIA TeJIb — MUHUMH3UPOBAThH T10-
Tepu, OITOMY IleJIeBoil (hyHKIMeH OyzeT cyMMa KBaApaToB OTKJIOHeHMi. Takum
06pa3oM, MbI UIIEM TIPOU3BO/HBIE OT 3TOU (GYHKIUY TI0 m U b.

B mpumepe 5.9 hurypupyior 1Be 4acTHbIE TPOU3BOAHBIE — 110 1 1 110 b. (Bckope Mbr
y3HaeM, Kak BBITIOJTHUTD Te K€ BRIYMUCIeHU ¢ momolbio SymPy.) B atom npumepe
MBI MIIEM m 1 b METOJIOM rpasreHTHOro ciycka: 100 000 uTeparuii mpu CKOpoOCTH
o6yuenust 0,001 6ymet nocrarouno. O6paTrTe BHUMAHHUE, YTO UM MEHBITE CKOPOCTh
06y4YeHNsT, TEM MeJIEHHee OHO TIPOUCXOIUT U TeM OOMbINE UTeparuil TpedyeTcs.
OiHAKO ecyiu 3a/1aTh CJIMIITKOM BBICOKYIO CKOPOCTB, TO aJrOpUTM OyeT pabotaTh
GBICTPO, HO JaCT TI0X0e TpubmsKenue. Kora roBopsrt, 4To aJropiutM MalinHHOTO
06y4eH st «00yUaeTCsT» UK «TPEHUPYETCS», 9TO SHAYWT, YTO OH HA CAMOM JIeJie TIPO-
CTO MOJTOHAET PETPECCHIO, KAK 37ECh.

Mpumep 5.9. MpaaneHTHbIN CNYCK ANS IMHENHOW perpeccum
import pandas as pd

# VMnopTupyem AaHHble
points = list(pd.read_csv("https://bit.ly/2KF29Bd").itertuples())

# CTpoum mopenb
m=0.0
b =29.0

He sanyraiitecs ¢ yriosiMu koadduimentamu! Korza Mbl paccMaTpuBaeM TOTOBYIO IIPSIMYIO
perpeccuut y = mx+ b, TO m CIY>KAT YTJIOBBIM KO3(h(GUINEHTOM ([PYTUMHU CJIOBAMH, 3TO TAHTEHC
yTJIa HaKJIOHA TPSIMOI TT0 OTHOIIIEHNIO K TIOIOKNUTeTbHOMY Harpasienuio ocr X). Ho 3aech 3agaua
COCTOMT B TOM, 4TOOBI HAIITH CaMy LPSIMYIO PECPECCUN — TO €CTh BBIYUC/IUTH €€ K0a(HUIIHEHTbI 7 1 b.
JL151 5TOTO MBI MUHIMU3HPYeM (QYHKIINIO TIOTePh Z ( (mx, +b)-y, ) 1 1ccJle/lyeM HaKJIOHbI (TO eCTh

yrioBble KoadduimenTsr) rpaduka aToit HYHKINK B HAPABJIEHUSIX m U b. — [Ipumeu. nayu. peo.
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# CkopoCcTb 0by4eHun
L = .001

# KonuyecTtBOo uTepauui
iterations = 100_000

n = float(len(points)) # KonuyecTBO 3nemMeHTOB B Habope [aHHbIX

# FpafMeHTHbIA cnyck
for i in range(iterations):

# Yrnosoit Ko3ddGUUMEHT B HanpaBAeHUU m
D.m=sum(2 * p.x * ((m * p.x + b) - p.y) for p in points)

# Yrnosoit ko3dduUMEHT B HanpasneHuu b
D b=sum(2 * ((m * p.x + b) - p.y) for p in points)

# O6bHoBNnAeMm m u b
m-=L *Dm
b-=L*Db

print(f"y = {m}x + {b}")
# y = 1.9393939393939548x + 4.733333333333227

Yro x, Hemaoxo! Ta aNMPOKCUMAIINST TOBOJBHO OIM3KA K AHATUTHIECKOMY pe-
mennio. Ho B uem ke 3arBo3zka? To, 4ToO MBI HAIJIK «OMTUMAJIbHO TIOJJOTHAHHYIO
MPSIMYIO», MUHIMU3MPOBAaB CYMMY KBaJ[PATOB, ellle He 03HAYAeT, YTO Hallla JINHEeN-
Has perpeccusi yaauyHa. Ecim MUTHUMU3UPOBATh CyMMY KBa/IpaTOB — TapaHTUPYeET
JIW 3TO, YTO IIOJIYYUTCs OTIMYHAs MoZesb i porno3os? He coscem. ITociie Toro
KaK MbI y3HaJI1, KaK [10l0THATh JIMHEHHYIO perpecculo, JaBaiiTe c/esiaeM Lar Ha3a/l,
B3TJISTHEM Ha O0TIYT0 KapTUHY ¥ IPESK/IE BCETO MOMEM, 0OECTIETNT JIF 9Ta PETPECCHUST
Ka4eCTBEHHbBIE ITPOTHO3BL.

Ho Tpexae 4eM 3aHATHCA 3TUM, HEHA/IOJTO OTBJICUYEMCA Ha aJIbTEPHATUBHOE peIle-
HHUE — ¢ TOMOIIbIo 61boTeku SymPy.
[papueHTHbII CNycK ANA NMHEIHOM perpeccum ¢ nomolublo SymPy

EcJi BBI XOTHTE Y3HATD, KaK C IOMOIIBI0 SymPy yaaaock moyuuTs obe IPOU3BOIHbIE
ISt QYHKITUKA CYyMMBI KBAZIpaToB (10 m U b), TO B3rJISHUTE Ha COOTBETCTBYIOIINIA
Ko/ B mpumepe 5.10.

Mpumep 5.10. BbluncneHne YacTHbIX NPOM3BOAHLIX MO MU b
from sympy import *

m, b, i, n = symbols('m b i n")
X, y = symbols('x y', cls=Function)
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sum_of_squares = Sum((m*x(i) + b - y(i)) ** 2, (i, @, n))

d_m = diff(sum_of_squares, m)
d_b = diff(sum_of_squares, b)

print(d_m)
print(d_b)

# BbIBOJ
# Sum(2*(b + m*x(i) - y(i))*x(i), (i, o0, n))
# Sum(2*b + 2*m*x(i) - 2*y(i), (i, 0, n))

ITa mMporpaMma BBHIBOAUT JIBE YaCTHBIE MPOU3BOAHBIE — M0 m U 1o b. O6parute
BHUMaHWe, 4T0 (QYHKIHI Sum() mepebupaeT ajeMeHTh Habopa U CKIAAbIBAET WX
(B TaHHOM CJTy4ae 3TO BCe TOYKH JJAHHBIX ), a X U Y MBI pACCMaTPUBaeM Kak (hyHKIINH,
KOTOPbIE BO3BPANIAOT KOOPAWHATHI TOUKN TIO MUHAEKCY .

B matremaTnueckoii 3alucu, rae e(l‘] O3HadaeT (byHKL[I/IIO IIOTEPDb B BU/€ CYMMbI KBa-
APaTOB OCTATKOB, 9Ta (I)yHKHI/IEI " €€ YaCTHbIE TPON3BOJHDIE ITO m 1N b BBITVIALAT TaK:

e(x) =3, ((m,+b)-3,)

ﬁe(.\f) =D 2(b+mx, - y,)x,
%e(x] = Z:;U[2b+2m\: _2)'.5)

Yro6bl 3a1€liCTBOBATH Halll HAOOP JAHHBIX U MPOBECTH JUHEHHYIO PETPECCUI0 Me-
TOJOM I'DAZIEHTHOrO CILyCKa, IIPUAETC BBIIOJHUTH HECKOJIbKO JOIIOIHUTEIbHbBIX
ITaroB, KakK MoKa3aHo B mpuMepe 5.11. B nponsBoHbie d_m 1 d_b HYKHO MTOJICTaBUTD
3HaueHus n, x(1) 1 y(i) A7 Bcex TouekK JaHHBIX. B pe3yJsbraTe JOJIKHBI OCTAThCS
TOJIBKO TlepeMeHHbIe m U b, ONITUMAaJIbHble 3HAaUeHUS KOTOPBIX HYKHO HAWUTH C T10-
MOIIbBIO TPAJAUEHTHOIO CILyCKa.

Mpumep 5.11. JInHeliHas perpeccus ¢ NOMOLLbIO SymPy

import pandas as pd
from sympy import *

# UmnopTupyem AaHHble
points = list(pd.read_csv("https://bit.ly/2KF29Bd").itertuples())

m, b, i, n = symbols('m b i n")
X, y = symbols('x y', cls=Function)

sum_of_squares = Sum((m*x(i) + b - y(i)) ** 2, (i, @, n))
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d_m = diff(sum_of_squares, m) \
.subs(n, len(points) - 1).doit() \
.replace(x, lambda i: points[i].x) \
.replace(y, lambda i: points[i].y)

d_b = diff(sum_of_squares, b) \
.subs(n, len(points) - 1).doit() \
.replace(x, lambda i: points[i].x) \
.replace(y, lambda i: points[i].y)

# Komnunupyem npousBogHble ¢ nomowpbl lambdify, 4TO6bl YyCKOPUTb BbIMMC/IEHUA
d_m = lambdify([m, b], d_m)

d_b = lambdify([m, b], d_b)

# CTpoum mopesnb

m=0.0

b =20.0

# CkoOpoCcTb 0by4eHun
L = .001

# KonuyecTtBOo uTepauui
iterations = 100_000

# FpaAMeHTHbIA cnyck
for i in range(iterations):

# O6bHOBNAeM m u b
m -= d_m(m,b) * L
b -= d_b(m,b) * L

print(f"y = {m}x + {b}")
# y = 1.939393939393954x + 4.733333333333231

Kaxk nokasano B ipumMepe 5.11, 1711 06erx GyHKIUIT YACTHBIX TPOU3BOIHBIX CTOUT
BbI3BaTh (DyHKIUIO lambdify(), uToObI TpeobpasoBath ux u3 SymPy B onrumMusu-
poBantbie pyHkiyu Python. B pesysisrate npu rpaiueHTHOM CITyCKe BBIYUCIEHUST
GyayT ropaso osictpee. [Toryuennnie pyrkimm Python coBmectumb ¢ NumPy, SciPy
WK JIOOBIMU JIPYTUME YUCJIOBBIMU OuOIMoTeKaMu, KoTopsie SymPy oOHapy:Rut
B Baieii cucreme. ITocsie Toro kak (GyHKIUU 1peoOPa30BaHbl, MOKHO BBITTOJIHSITH
IPaJIieHTHBIN CITyCK.

Haxomer, eciin BaM JTI0O0TIBITHO, KaK BBITIAAUT (DYHKIHS TOTEPb AJISI TOI MTPOCTOi
JIMHEIHOI perpeccuu, To B ipuMepe 5.12 mokasaH Koz Ha SymPy, KoTopblii ojcTas-
JIIeT 3HaYeHUd X, y ¥ n B (QYHKIUIO IIOTEPb, a 3aTeM CTPOUT ee TpaduK B 3aBUCUMOCTH
oTrmu b (cM. puc. 5.9). AIropuT™ rpaJIueHTHOTO CILyCKa IIPUBO/IUT K CAMON HIKHEN
TOYKe 3TOro rpaduka.
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Mpumep 5.12. MNpaduk byHKUMM NOTEPL ANS MIMHENHON perpeccum
from sympy import *

from sympy.plotting import plot3d

import pandas as pd

points = list(pd.read_csv("https://bit.1ly/2KF29Bd").itertuples())
m, b, i, n = symbols('m b i n")
X, y = symbols('x y', cls=Function)

sum_of_squares = Sum((m*x(i) + b - y(i)) ** 2, (i, @, n)) \
.subs(n, len(points) - 1).doit() \
.replace(x, lambda i: points[i].x) \
.replace(y, lambda i: points[i].y)

plot3d(sum_of_squares)

Puc. 5.9. paduk GyHKLMN NoTepb ANA NPOCTON SIMHEIHOI perpeccun

[lepeobyuenue n gucnepcus

IMoxymaiiTe BOT O 4eM: eciu OBl MBI XOTEJH TOJHOCTHI0 MUHUMU3UPOBATH M0-
TEPH, TO €CTh YMEHBIIUTh CyMMY KBaapaToB 10 0, kKak Obl MblI HoCTynuau? EcTb
JIV IpyTHE BAapUAHTHI, KpoMe JuHelHol perpeccun? OHO U3 pelieHni, KoTopoe
MPUXOJINAT B TOJIOBY, — 3TO TTOCTPOUTH KPUBYIO, KOTOPAsi COEIMHSIET BCE TOUKH.
JleiicTBUTEIBHO, TI0YeMY OBl IIPOCTO HE COEAMHUTHh TOYKU OTPE3KaMM, KakK I10-
Ka3aHo Ha puc. 5.10, ¥ He UCIOJb30BATh 3TY MOJIEJb /ISl IPOTHO30B? DTO NacT
HaM HyJIeBBIe ToTepHu!
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Puc. 5.10. Perpeccvm nyTem NpocToro COEANHEHNA TOUEK NPUBOAUT K HYNEBbIM NOTEPAM

U npaBzia, 3aueM MblI TaK 0JIT0 BO3WJIKChH € JIMHEHHON perpeccueii, a He moCTy I
no-nipocromy? ITomMHUTE, YTO Hala cTpaTernyeckas 1ejb — He MUHUMU3UPOBATh
CYMMY KBa/[PaToB, a JIeJlaTh TOYHbIE TIPEICKa3aHUs Ha HOBBIX BXOIHbIX IaHHBIX. DTa
MOJIEJIb «PUCOBAHUS 110 TOUKAM» CUJIbHO Nepeobyuena, TO eCTh OHA CJMIIKOM TOYHO
[I0JICTPAUBAET PErPECCHUIO MO 00yUaIOIKe JaHHbIE U B pe3yJbrate OyAeT MI0X0
paboTaTh ¢ HOBbIMU AaHHBIMU. [TepeobyuenHast Moje/Ib 4yBCTBUTEIbHA K BBIGPO-
caM, KOTOPbIe HaXOJATCS JAEKO OT OCTAIbHBIX TOYEK, a BHAYUT, B IPOrHO3aX Oy1eT
BBICOKAs ducnepcusi. XOTsk B 9TOM IIPUMePe TOUYKH PACIIONOKEHbI OTHOCHTENbHO
GJIMBKO K IIPSIMOTE JiHIH, TIpoOJieMa Oy1eT HAMHOTO XyKe, eCJii paboTaTh ¢ IPYTUMU
HabopaMu JaHHBIX, IIe Habmogaercs 6obliii pasdbpoc u BeIGPOCHL. I10CKOIbKY
13-32a 1epeo0yYeHs yBETNUMBAETCS AUCIIEPCUS], IPOTHO3UPYEMble 3HAYEHUS MOTY T
0Ka3aThCs Ijie HU morais!

NepeobyueHne — 3710 3anomuHaHue

Korzma BbI cablimte, OYATO perpeccus «3aloMuuIa> (WIM <«BbI3yOpua»)
JIAHHbIE, a He 06001I1Ia UX, — PeYb UAET O TIePeoOyUEHIH.

Kak BbI yiKe IOTajialuch, MOJIEIIb CTPOUTCS 3aTeM, YTOObI HaliTi 9 erTHBHbIE
06061enus, a He 3yGpUTH JaHHble. MHaue perpeccust MpeBpaTUTCs TPOCTO
B 6a3y JAHHBIX, KOTOPAs TOAUTCSI TOJIBKO ISt TOTO, YTOOBI HCKATh B HEll yike
nMelolecs 3HaueHHs.

VIMEHHO MTO3TOMY B MAITHHHOM O0YYeHUH K MOJIEJTH JOOABJISIETCS CMEIIEHIE, a JTH-
HeWHas PEerpeccus CYUTAETCS CUIBHO CMENEHHOM MO/IENIbI0. JTO HE TO XKe caMoe,
4TO CMEI[eHNE B JAHHBIX, 0 KOTOPOM MbI TIOAPOOHO TOBOPUJIN B rJiaBe 3. Chewenue
MOOeu O3HAYAET, UTO MBI OT/IA€M MPETIOUTEHNE OMPEIETIEHHON cxeMe (Hampumep,
TOMY, YTOOBI TO/IIEPKUBATH MPSIMYIO JIMHUIO) B TPOTUBOBEC TOMY, YTOOBI U3TUOATH
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rpaduK ¥ TOYHO MOATOHSATH MOJIEJb MO faHHble. CMelIeHHAsT MOJIEb OCTABJISIET
HEKOTOPOE TIPOCTPAHCTBO JIJisi MaHEeBPa, GJrarogapsi 4eMy MOKHO MUHUMH3UPO-
BaTh OTEPU Ha HOBBIX IAHHBIX U MOJYYUTH OOJI€e TOUHbIE TPOTHO3bI BMECTO TOTO,
4TOOBl MUHMMHU3MPOBATH MOTEPU Ha JaHHbBIX, HA KOTOPBIX MOJIENb Oblia 00yJeHa.
MOo3KHO cKa3aTh, 4To, €cjii 100aBUTH CMENIEHHE B MOJIeJIb, Mbl IIPE0TBPAIIAeM
niepeobyueHue, pajiu Yero A0nycKaeM #edoobyuenue, To €CTh MEHBIITYIO TIOJATOHKY
K 00YYatOIUM JaHHBIM.

Kax Bbl HOHUMaETE, 3Ta 33/[a4a TPEOYET CI0KHOTO OAIAHCUPOBAHMSI, TIOTOMY YTO OHA
OPUEHTUPYETCS Ha JIBE TIPOTHBOIIONOKHBIE T1esTH. [1o cyTH B MaMHHOM 0GYYeHUH MbI
TOBOPUM: «5] X0uy 110/10THATH PErpeccuio 110/l CBOU JJaHHble, HO He XO4Y HO/JITOHATH ee
CUWKOM CUbHO. MHe Hy>KeH HEKOTOPBIH 3a11ac /11 TPOTHO30B Ha HOBBIX /IAHHBIX,
KOTOPBIE OYIYT OTJIMIATHCST OT UMEIOTITAXCST>.

Nacco-perpeccus u rpe6HeBasn perpeccus

Eme 1Ba 10BOIBHO TOTYJISIPHBIX BapuaHTa JUHEHHON Perpeccuu — MeTO[l

«Jacco» u rpeGHeBast perpeccusi. [peGHeBast perpeccust 106aBIISIET K JTUHEN-
HOI1 perpeccui JI0MOJHNUTEIbHOE CMellleHre B Bujie mrpada, 0T4ero Ta Xyxe
MOJIrOHsIeTCs K JIaHHbIM. Jlacco-perpeccust MbITAETCs M30JMPOBATH IIIyMHbIC

IIepeMEHHbIE, 6J1ar011apﬂ 4eMy OHa I10JI€3Ha, KOT/la HYKHO aBTOMAaTUY€CKN
YAanTh IIepeMEHHbIE, KOTOPbIEC MOTYT OBITH HepeJIeBaHTHBIMU.

Kak 6bI TO HU GBLIO, HEJB3s1 TPOCTO MEXaHUYECKH IPUMEHUTH JIMHEIHYIO PErPECCHIO
K TeM WJIM MHBIM JIAHHBIM, C/IeJIaTh IPOrHO3BI Ha €€ OCHOBE M CYUTATh, YTO BCE B 110-
psizike. Perpeccusi MOKeT OKa3aThCst epeoOyUeHHOT, Taske eCIi CMeIeHne CBOIUTCS
K npsiMoii inann. [loaToMy Beer/ia Hy:KHO aHaJIM3MPOBATh MOJIE/b Ha TIPEAMET KaK
nepeoOyveHust, Tak U HeT0OOYUEHUs, U UCKATh 30JI0TYIO CEPEANHY MEKLY STUMU
kpaitnoctamu. Eciim HaliTi Takyio cepeiniy He TOJIydaeTcs, BCIO MOJIEb TIPUIETCSI
O0TOPOCHUTS.

CroxacTuyecknit rpafMeHTHbIN CAYCK

B KOHTEKCTE MAITUHHOTO 00YYEHMS BaM BPSIZL JIU JJOBEAETCS BBITIOIHSTD MPAEeHT-
HBII CIIYCK TaK, KaK MbI I 3TO [0 CHX MOP, KOTrAa 00ydYain MOJE/b Ha OCHOBE
BceX 00yYaloIuX JaHHBIX (TaK HasbIBaeMbIN naxemuolil zpaduenmuniii cnyck). Ha
MPaKTUKE BbI, CKOPEE BCETO, Oy/IETe 3aHUMATHCST CIMOXACMUUECKUM 2PAOUCHMHBIM
CNYCKOM, KOTOPBIN Ha KaskJ0H urepanuu 06ydaeTcss TOJIbKO Ha OJHON BBIGOPKE U3
Habopa MaHHbIX. [Ipy Munu-naxemmnom zpaduenmuom cnycke Ha KaskI0H uTeparim
UCIIOJIB3YETCs HECKOJIBKO BHIGOPOK (Hampumep, 1mo 10 mim 100 Touek AaHHbIX ).
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3ayeM UCTOIb30BaTh TOJBKO YaCTh JAHHBIX HA KaXA0M nteparun? CreruaancTbl
0 MANTMHHOMY OOYYEHHUI0 BUAAT B TAKOM TIOIXO/IE€ HECKOJIBKO TIPENMYyTIecTB. Bo-
TIEPBBIX, OH 3HAUUTETTHHO COKPATIAET BBIYUCIEHUS, TOTOMY UTO Ha KaXK/I0H UTepanuu
MTPUXOANTCS TIepebupaTh He Bech 00yJaronnii Habop JaHHBIX, & TOJBKO ero (hparMeHT.
Bropoe mpenmytiiectBo — MeHbIee mepeodyderine. Ecim Ha KaKI0# UTeparim aj-
TOPUTM OOYUEHIS MOTYYaeT TOJTBKO YaCTh JAHHBIX, TO (DYHKIIUST TIOTEPh MTOCTOSTHHO
MeHsIeTCsI, TIO3TOMY CITYCK He OCTaHABJIMBAeTCs Ha ee MITHIMYMe. B KoHIle KOHIIOB,
MMEHHO MUHUMHU3AIUS TOTEPh TPUBOINT K MePeobyUeHHT0, TOITOMY CTOUT BHECTH
HEKOTOPYIO CAYIaHOCTD, YTOOBI MOJIETh OCTANTACh HEMHOTO He000yueHHON (HO
GyIeM HAlESITHCS, ITO HE YePECUYP).

KoHneuno, pu 3TOM anmpoKCUMaIlis CTAHOBUTCS MeHee TOYHOM, TI09TOMY HY>KHO
IelCTBOBATH OCTOPOKHO. VIMEHHO M03TOMY B OJimsKaiiliiee BpeMst MbI TOTOBOPUM
0 TOM, KaK Pa3jieJisiTh JAHHbIE Ha 00YYAIOIIYIO M TECTOBYIO BRIOOPKH,  TAKIKE O JIPY-
X METPHUKAX, C MTOMOIIbI0 KOTOPBIX MOKHO OIEHUBATh HA/EKHOCTD JMHEHHON
perpeccuu.

[Ipumep 5.13 geMoHCTpUPYeT, KaK BBIIIOJTHUTD CTOXACTUYECKUH IPaIMEeHTHBIH CIIyCK
Ha Python. Ecau 3agats pasmep BbiGopKY Gosibiie 1, MOJyYUTCS MUHU-TTAKETHBII
IPaIueHTHBII CITyCK.

Mpumep 5.13. CTOXaCTUYECKMIA TPAANEHTHBIN CMYCK AJISt IMHEMHON perpeccum

import pandas as pd
import numpy as np

# VmMnopTupyem AaHHble
data = pd.read_csv("https://bit.ly/2KF29Bd", header=e)

X
Y

data.iloc[:, @].values
data.iloc[:, 1].values

=}
1}

data.shape[@] # konnMyecTBO CTpOK

# CTpoum mopenb
= 0.0
b =29.0

3

sample_size = 1 # pa3mep BbIbOpKU
L = .0001 # cKopoCcTb 0by4eHus
epochs = 1_000_000 # KONMYecTBO MTepauuint ANA rpaguMeHTHOro cnycka

# CToxacTu4ecKnid rpafMeHTHbIA cnyck

for i in range(epochs):
idx = np.random.choice(n, sample_size, replace=False)
x_sample = X[idx]
y_sample = Y[idx]
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# Tekywee nporHosupyemoe 3HayeHue Y
Y_pred = m * x_sample + b

# MpoussoaHaa ¢yHKUMW NoTepb Mo m
D_m = (-2 / sample_size) * sum(x_sample * (y_sample - Y_pred))

# MpoussoaHaa ¢yHKUMWM noTepb nNo b

D b= (-2 / sample_size) * sum(y_sample - Y_pred)
m=m- L * D _m# obHOBNsSeM m

b=Db - L * D_b # obHoBnAem b

# BbiBOAMM NapameTpbl Kaxaoi uTepaunn
if i % 10000 == 0:
print(i, m, b)

print(f"y = {m}x + {b}")

Korza st 3a1mycTi Kojt, To Oy qus InHEHyo perpeccuto ¥ =1,9382830354181135x +
+4,753408787648379. TIpakTHuecKn HaBePHIKA BAIIUA PE3YJIBTATHI GYIYT HEMHOTO
OTJINYATHCS, IIOTOMY YTO CTOXaCTUYECKUN I'PaJieHTHBIN CILyCK He CXOAUTCS K KOH-
KPEeTHOMY MUHUMYMY, a 3aKaHYUBAETCS I71e-TO B er0 OKPECTHOCTH.

CnyvaitHocTb — 3T0 nnoxo?

Ecau Bam HeKOM(I)OpTHO HUMETD /1€J10 CO C]Iy‘-IaﬁHOCTbIO 1 10JIy4aTb pa3Hbl€ OT-
\ BETbI Ka)KI[bel Ppas, Kor/la BbI 3allyCKa€eTe KO/, — 4YTO HOJleJIaTI)! Tax YCTPOEH MUD
MalllMHHOTO 06yquH${, OIITUMU3AIINHN N CTOXAaCTUYIECKUX a]IFOpI/ITMOB! Muorne

AJITOPUTMBI alllTPOKCUMaIlU OCHOBAHbI Ha CJIy'-IaﬁHOCTH, 1 XOTs HEKOTOPbIE
n3 HUX '—IpeSBbI‘—IafIHO II0JIE3HDI, /IPyTrHe, KaK U CJE€J0BaJIO OKH/aTh, MOTYT
pa6OTaTb He6pe>KHO 1 IIPUBOJAUTD K HEYZIOBJIETBOPUTEJJIbHBIM PE3YyJIbTaTaM.

MHuorue BOCIIPUHUMAIOT MaIlllMHHOE O6y‘{€HI/I€ n I/ICKyCCTBeHHbII'/JI MHTEJLIJIEKT
KaK THCTPYMEHT, KOTOprf/JI JaeT O6T>€KTI/IBHI)I€ 11 TOYHDBIE OTBETHI, HO 9TO OYE€HDb
JIaJIeKO OT UCTUHbBL MammmHHoe o6ydeHre obeciieunBaeT NpUubIUKEHHbIE Pe-
3yJIBTATHI C TON MJIM MHOH CTENEeHBIO Heollpe/leJIeHHOCTH, YacTO He OMUPasiCh
Ha (GyHIAMEHTaIbHYI0 UCTUHY. ET0 JIerKo MCIIoIb30BaTh He 110 HAa3HAYEHUIO,
€CJIM He 3HATh, KaK OHO paboTaeT, u ObLI0 Obl HEIIPABUJIBHO HE YUUTHIBATH €0
He/IeTEPMUHUPOBAHHbII 1 IIPUOJIN3UTEBHBIN XapaKTep.

XorTs ciryyaliHOCTD TI03BOJISIET CO3/1aBaTh BecbMa a(h(heKTUBHbIE HHCTPYMEHTHI,
€10 YacTo 370ynoTpebisiior. He cTONT 3aHUMATBCSI p-XaKMHIOM U MAHUITYJIH-
pOBAaTh 3aTPABOYHBIMM 3HAYEHUSMHU M CIYYaiHOCTBIO B HAJEXK/E TOJYYUTD
«XOPOIIHiT» PE3YJIBTAT; JIydllle IPUIOKUTD YCUIIUS K TOMY, YTOObI TIPOaHAIU-
3UPOBATH JIAHHbIE U MOJIEJIb.
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Koa¢pdpuuueHT Koppenauuu

BarisnuTe Ha AMarpaMmy paccestHusI K COOTBETCTBYIONIYIO IMHEHHYTO PETPECCHIO Ha
puc. 5.11. [Touemy B 1aHHOM cJTydyae JUHENHHAs PErPECCUsT MOKET TLIOXO0 ¢paboTaTh?

Puc. 5.11. [lnarpamma pacceaHust JaHHbIX C BbICOKOI aucnepcueii

ITpoGiieMa B TOM, UTO JAHHbIE OTJMYAIOTCS BBICOKOU aucrepcueii. Eciu nanHbie
CHJIBHO pa3OpOcatbl, JUCIEPCUsT MOKET YBEJIMYUTHCS O TAKOI CTEIEeHH, YTO IIPO-
IHO3bI [I0JIy4aTCs MeHee TOUHBIMU U MeHee II0JIE3HBIMU M3-3a OOJIbIINX OCTaTKOB.
Koneuno, Takyto cMelieHHY0 MO/IeJb, KaK JJUHEHAs Perpeccusi, MO>KHO 3aCTaBUTh
HE OTKJIOHSITBCSI M MEHBIIIE pearnpoBarh Ha auctepcrio. OHaKo HeIooOydeHre TOKe
OyeT HOPTUTH IIPOrHO3bI, IOTOMY YTO JIaHHbIE OY4EHb CHJIbHO PasOpocaHbl. XOTEI0Ch
ObI YUHCJIEHHO OIIEHUTb, HACKOJIBKO «IIPOMAXMBAIOTCST» HAIIK IIPOTHO3HL.

Kax >xe nameputb atn octatku B 11esioM? Kak mosyduTh mpe/icTaBieHe o TOM, Ha-
CKOJIbKO BeJIMKa JUcIiepcusl B laHHbIX? [103BOJIBTE TIPEACTABUTD BaM JUHEUHbBLIL KO-
agPuruenm xoppensuuu, KOTOPLIN TaKKe HA3BIBAETCS K03QQUUUESHMOM KOPPEAIUUU
IHupcona n orieHUBaET CTENIeHb B3aMMOCBSI3N MEXK/Y JBYMSI TIEPEMEHHBIMU B BU/lE
sHavenus ot —1 1o 1. Eciu koadduiment koppenaimu 6130k k 0, 9T0 3HAYUT, YTO
B3aMMOCBsI3H HeT. YeM OJisKe OH K 1, TeM CHITbHEE NOIONCUMENbHAS KOPPEAAUUS, KOTIIA
MIPU yBEJTMYEHUU OTHOW TIePEMEHHON MPOTIOPITHOHAJIBHO YBEJIMUNBAETCS U JAPYTas.
Ecin koaddumuent 61130k K —1, 9T0 03HAYAET CUIIBHYIO OMPUUAMELbHIIO KOPPELSUUIO,
KOTJIa TTPU yBEJNMIEHUH OTHOH TePEMEHHOH /IpyTas TPOTIOPIINOHATFHO YMEHbBIITAETCSI.

KoaddurueHT Koppensinu yacto 0603HavaeTcst GyKBOI 7. Y CHIIBHO pasOpOCaHHBIX
JaHHbBIX Ha puc. 5.11 on pasen 0,1201. TTockosbKy 9T0 3HaU€EHME ropaszio omxe K 0,
4eM K 1, MOXKHO clIeJIaTh BBIBOJI, YTO JIaHHbIE CJIA00 CBSI3aHBI MESKILY COOOM.

Ha puc. 5.12 npuBeneHsbI elile yeTbIpe JUarpaMMbl paccesiHUsI M yKa3aHbl COOTBET-
crByforue Koadduimentsl Koppessiuu. ObpaTrre BHUIMAHKWE, 9TO YyeM GOJIbIie



Koadpuunent koppenauun

189

PacCosIoOKEHNE TOYEK MMOXO0KE Ha IIPAMYIO JINMHUIO, TEM CUJIbHEE KOPPEJIAINA, a 6ec-

TTOpAI0YHO paS6pOCB.HHbI€ TOYKH Aal0T cna6y10 KOpPpEesAnunIo.

]

KoadouuneHt

KoadouuneHt

KoapduuymeHt KoadduumeHt
Koppenauyun Koppenaumu Koppenayun Koppenaumu
0,923133 0,643237 -0,44984 -0,9267

Puc. 5.12. KosddpuuueHTbl Koppenaumun AnA YeTbipex AMarpamMm paccesHus

Kaxk BbI HaBepHSsIKa /0Ta1aTMCh, KO3(MGMUIMEHT KOPPEJISAIUU TOMOTAEeT TTOHSTh,
MOJKHO JIV TIPEITIOIOKUTD CBSI3b MEKIY ABYMSI TlepeMeHHbIMU. Eciin HabJmrogaeTcst
CUJIbHAS TIOJIOKUTEJIbHAS WJIN OTPUIIATEbHAS KOPPEJISINS, TO TIepeMEHHbIE MOTYT
MIPUTOUTHCS JIJIs TMHEeTHOH perpeccun. Ho ecsin Koppesisiiiny HeT, OHU TPO3SIT MPOo-
€TO 106ABUTH IIYM U YXYAIIUTH TOYHOCTH MOJIEJIH.

Kaxk Bbruricsmute Koadduuuent koppessiuuu Ha Python? [laBaiite Bocmosbayemcst
pOCThIM HabopoM faHHbIX u3 10 Touek (https://bit.ly/2KF29Bd), ¢ KOTOPBIM MBI yiKe
pabotasit. YTo6bl GBICTPO U MTPOCTO TPOAHATMZUPOBATH KOPPEJISIIIUN JIJIST BCEX TIap
TIEPEMEHHBIX, MOJKHO MCIIOB30BaTh GYHKIMIO corr() u3 6ubmnorekn pandas. OHa
BBIBOJUT KO3 MUITUEHTHI KOPPESAIUN MEXKIY IePeEMEHHBIMU B KaKI0H TTape 13 Ha-
Gopa IaAHHBIX — B HAIlIeM CJIydyae 9TO TOJIBKO IIepeMeHHbIE X U y. Takas KOHCTPYKIIUs
HA3bIBAETCS KOPPELAUUOHHOU MAmpuyei VI BEIYUCJsIeTcs B puMepe 5.14.

Mpumep 5.14. BoluncrneHme k03hdOULMEHTOB KOPPENALIMKN AN KaXKA0W napsbl
nepeMeHHbIX C nomoLbio 6ubnnotekn pandas

import pandas as pd

# 3arpyxaem paHHble B paTadpeiim pandas
df = pd.read_csv("https://bit.ly/2KF29Bd", delimiter=",")

# BbiBOAMM KOSDGULMEHTH KOPPENAUUn Mexay nepemeHHbIMMU
correlations = df.corr(method="pearson")

print(correlations)
# BblBOA:
# X y

# x 1.000000 0.957586
# y 0.957586 1.000000


https://bit.ly/2KF29Bd
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Koadpdurment koppessaiuu 0,957586 Mex Ly X M y YKa3bIBAaeT HA CHJIbHYIO TIOJIOXKH-
TEJBHYIO CBSI3b MESK/LY 9TUMHU ABYMST liepeMeHHbIMU. MOKHO He 00palaTh BHUMAHHS
Ha Te sTYCHKM MATPHUIIBI, T/I€ X UJIK ) COMOCTABJISIIOTCS CaMU ¢ COOOH 1 KOPPEJISIIIHST
paBHa 1!, OQ4eBUIHO, UTO €CJU COTIOCTABISITh MEPEMEHHYIO caMy ¢ co60i, TO Koppe-
SISt Gy IET uaeanbHON U ee KOa(MHUIIMEHT COCTABUT POBHO 1, TOTOMY UTO KaXkKI0€
3HaUEHeE MTEPEMEHHON TOYHO COBMAAET caMo ¢ coboit. Koraa mepeMeHHBIX G0IbIIe
IIBYX, B KOPPEJISAIIMOHHON MaTpuiie 6yaeT GoJIbIIie CTPOK U CTOJIOIIOB — MO KOJTUYECTBY
TTepeMeHHBIX, KOTOPbIe HYKHO COTIOCTAaBUTh U CKOPPEJTUPOBATE.

Eciu nozgictaBuTh B KOJI APyroii Habop AaHHBIX ¢ GOJIBIION auciiepeueii (re JaHHbie
cuibHee PasdpocaHbl), Bbl yOeAUTECD, YTO KOIP(MUIIMEHT KOPPEISIINN YMEHbIIAETCS,
4TO yKasbiBaeT Ha 6oJiee cabyio B3auMOCBSI3b.

KAK BbIYNCNTUTb KOOOOULIMEHT KOPPENALIUIA

[L71s1 TeX, KTO MHTEPeCyeTcss MaTeMaTUKOH, TPUBEILY (GopMyJry, O KOTOPO
BBIUKCIIAETCA KOADPUITUEHT KOPPEIAINU:

nExy—(Xx)(Xy)
JﬁZxE -(z xl)\{!‘fz:y2 -(Z»)
Uro6bI peasnzoBath aTy popmy.ry Ha Python, st ipezmounraio nerosbsosats

OTHOCTPOYHBIE IIUKJIBI for, KOTOPBIE CYMMUPYIOT 37ieMeHThI. B mpumvepe 5.15
MOKA3aHO, KaK BBIYUCIUTEH KOI(DMOUIMEHT KOppessiiy ¢ Hy st Ha Python.

MpumMmep 5.15. BuluncneHne koaddurumeHTa koppensumm ¢ Hynst Ha Python

import pandas as pd
from math import sqrt

# WmnopTupyem AaHHble
points = list(pd.read_csv("https://bit.1ly/2KF29Bd").itertuples())
n = len(points)

numerator = n * sum(p.x * p.y for p in points) - \
sum(p.x for p in points) * sum(p.y for p in points)

denominator = sqrt(n*sum(p.x**2 for p in points) - sum(p.x for p in points)**2)
\
* sqrt(n*sum(p.y**2 for p in points) - sum(p.y for p in points)**2)

! B nedopmanbHOil peun JIs1 KPATKOCTU MHOT/IA TOBOPSIT «KOPPEJIAIHst paBHa N», IMest B BUJLY,

410 K0appuuenm xoppeasyuu paseu N. — Ipumeu. nayu. peo.
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corr = numerator / denominator
print(corr)

# BblBOA:
# 0.9575860952087218

CraTucTnyeckas s HaUYMMOCTb

B smneliHOl perpeccrn Hy>XKHO YYUTBIBATh elle OJMH acleKT: He SIBJIsIeTCs JI Kop-
peJsidIMs IaHHBIX caydyaiiHoi? B riiaBe 3 Mbl MO3HAKOMUJIUCH C TIPOBEPKON TMIIOTE3
U p-3HAYEHUSAMM, a TENlePb PACCMOTPUM 9TH ITOHATHUS Ha IpUMepe JIMHEHHO Perpeccuu.

BUBJINOTEKA STATSMODEL

XoTs B paMKaX 9TOM KHUIM Mbl He COOMPaeMCst OCBauBaTh elile 0OAHy 61biu-
OTEKY, CTOUT YIIOMAHYTb, YTO €CJIN Bbl XOTUTE 3aHUMATbCA CTAaTUCTUYECKUM
aHaJIM30M, TO UIMEET CMBICJI 0GPaTUTh BHUMaHKe Ha 6ub moreKy statsmodel
(https://oreil.ly/80EHO0).

B scikit-learn u apyrux 6ubarorekax MaIlMHHOTO OOYYEHUST HET UHCTPY-
MEHTOB, KOTOPBIE TO3BOJISIIIA GBI OI[EHUBATH CTATUCTHYECKYIO 3HAUUMOCTh
U CTPOUTD JIOBEPUTEIBHBIC MHTEPBAJIBI; IPIUUHBI 3TOTO MBI 00CYIUM B IPYTON
Bpeske. Mbl Oy/leM Peai30BbIBATE 9TH MHCTPYMEHTBI CaMOCTOsATeIbHO. HO
3HaiTe, YTO MOAXOASIIAA OUGIMOTEKA CYIIECTBYET, U €€ CTOUT MOTPo6GOBaTh!

Haunewm ¢ ocHOBOIOIATAIONIErO BOTIPOCA: MOYKET JIU ObITh TAaK, YTOOBI JIMHEHHAs 3a-
BHUCHMOCTD B IAHHBIX HAOJIIOIAIACh B Pe3yJIbTaTe caydaiiHoro copnagenus? Kax ro-
6UThCST 95 %-HOI YBEPEHHOCTH B TOM, UTO KOPPEJISIIISI MEKILY IBYMSI TIePEMEeHHBIMU
3HAUMMa, a He caydaiiHa? Ecyin 9To HamOMHIIIO BaM TTPOBEPKY TMITOTE3 U3 TJIaBbI 3,
TO 3HaliTe, YTO 9TO OHA U ecTb! HaMm HyKHO He TTPOCTO BBIUUCAUTD KO dUIIeHT
KOPPEJISIIIAN, HO U KOJIMYECTBEHHO OIIEHUTh, HACKOJIBKO MBI YBEPEHBI B TOM, UTO OH
BO3HUK HE CJIyYaITHO.

3/1ech MbI OI[EHUBAEM He cpejiHee apudMeTuiecKoe, Kak B IJiaBe 3 Ha IPUMepe C UC-
IBITAHUEM JIEKAPCTBA, 2 KOIMOMUIUEHT KOPPEJISIINU TeHEPATbHON COBOKYITHOCTU Ha
ocHoBe BIOOpKH. KoathuImeHT KoppesIsiiiu COBOKYITHOCTH MbI 0G03HAYNM rPEYECKOi
OykBoii p (po), a BoiGopku — r. Kak u B riiase 3, y Hac Gyzer nysesast runoresa H
1 ajsTepHaTUBHAs H | :

H, : p = 0(Her B3anmocss3u );

H, : p# 0(ecTb B3aHMOCBA3b).


https://oreil.ly/8oEHo
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Hynesast runoresa H,, 3aKI109a€TCsI B TOM, YTO MEKLY IBYMsI [IEPEMEHHbBIMU HET CBA3N,
ui, ToBopst 6oJiee hopMasibHO, Ko UIMEHT Koppesauy paped 0. AJibrepHaTUBHAsT
rumnoresa H, 3aKII092€TCSI B TOM, 4TO CBSI3b €CTh, M OHA MOJKET OBITh KaK MOJIOKUTEIb-
HOM, TaK ¥ OTpHIaTe bHOM. Il0aTOMY aprepHaTUBHAS TUTIOTE3a (DOPMYIHPYETCS KaKk
£ # 0, 9TO6BI YUECTDb U TIOJOKUTETBHYIO, M OTPUIIATETBHYIO KOPPEJISIINIO.

BepreMcs k Habopy gaHHbIX 13 10 TOUEK, KOTOPBIN TIpecTaBieH Ha puc. 5.13. Ha-
CKOJIBKO MPABIOIOA00HO, YTO 3TH TOUYKU 00PA3OBAIUCH CIyYAitHO U TIPU 9TOM UX
KOH(UTYPaIs HATOMIHAET JINHEHHYIO 3aBHCHMOCTB?

1

1]

Puc. 5.13. Hackonbko npaBaonogo6Ho, 4o Mbl M0 CyyaiiHoMy CTeueHio 00CTOATENbCTB MONTYYUM
TaKite laHHble, YTo WX AMarpamMma pacceaAHUs HanoMUHAET JIHEIAHYI0 3aBUCUMOCTb?

B npumepe 5.14 Mbl yrke BBIMUCIIAIIN JJIsE HTOTO Habopa TaHHBIX Ko UITMEHT KOppe-
JISITIH, KOTOPBIN coctaBui 0,957586. ITo cusibHas 1 y6e/:[1/1TeJ1bHa${ OJIOKUTEIbHASA
koppessnust. Ho mo-npesxaeMy Hy»KHO OIEHUTD, He OObICHIETCS JIM OHA CIyYaiHbIM
Be3zeHueM. /laBaiiTe mpoBepuM HaIITy TUTIOTE3Y € TIOMOITIBIO IBYCTOPOHHETO TECTa Ha I0Be-
PUTETHHOM YPOBHE 95 % ¥ BBISICHUM, €CTh JIN CBSI3b MEKY STHUMU IBYMST TIEPEMEHHBIMU.

B rsaBe 3 ynomunaznoco pacupenesnenne CTbioJleHTa, KOTOPOE OTIMYAETCS OT HOP-
MaJIbHOTO 60JIee MUPOKUME XBOCTAMH, OTPAKAIONIUMHU OOJIBIITYIO AUCTIEPCHIO U He-
olpe/iesleHHOCTD. [l TPOBEPKU rMIIOTe3 B KOHTEKCTE JUHEHHON perpeccuu Mbl
Gy/ieM MCTob30BaTh pactpenenenne CTbiOeHTa, a He HopMaiabhoe. CHavyasa mo-
cTpouM rpaduk pacrpezenenus CTbIOIEHTa U BBIZIETUM HA HeM 95 %-HblIii KpUTHYE-
CKUIl MHTepBaJI, KaK 0Ka3aHo Ha puc. 5.14. B Hameii BeiGopke 10 3amuceii, osToMmy
y pacupeznesenus Oyzaer 9 cremeneii cBobonp (10-1=9).

Kputnueckoe 3HaueHne cocTaBisieT TpUMeEPHO £2,262, 1 ero MOKHO BBIYUCIUTD HA
Python, kak okasauo B mpumepe 5.16. COOTBETCTBYONINN KPUTUIECKUI HHTEPBAI
OXBAaTbIBaeT 95 % ILIOMIAIH B IIEHTPAIbHON YacTu pactpeznesenus CTbiogeHTa.
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Puc. 5.14. Pacnpepenenne (TblofieHTa ¢ 9 cTeneHamn cBo60abl

Mpumep 5.16. BoluncneHne KpUTMHECKoro 3HaveHuns ans pacnpeaenenns CroelogeHTa

from scipy.stats import t

n =10
lower_cv = t(n-1).ppf(.025)
upper_cv = t(n-1).ppf(.975)

print(lower_cv, upper_cv)
# -2.2621571628540997 2.2621571628540993

Ecm recToBoe 3nauenue (Tak HasblBaeMasi {-CTaTUCTHUKA) OKa)KETCS BHE HHTepBaJa
(—2,262, 2,262), MO:KHO GyIET OTBEPTHYTH HYJIEBYIO TUTIOTE3Y. UTOOBI paccunTaTh
{-CTaTUCTHKY, BOCHOJIb3yeMcsl cienyloleil popmyitoit. 3nech r — koaddunuent
KOPPEJISILIAN, & 1 — Pa3Mep BbIOOPKHU:

t= __0.957586 _ 9,339958

Il —0,957586°
10-2
IlaBaiite peayisyeM Bech Tect Ha Python, kak nokasano B npumepe 5.17. Eciiu recro-

BO€E 3HAUEHUEe HAXO/IUTCS 32 TIPeJIeJIaMU KPUTUYECKOTO UHTEPBAJIA HA JIOBEPUTEIIBHOM
yPOBHE 95 %, MBI TIPU3HAEM, YTO HAIIa KOPPEJISAIUS He Oblia CIyJaiiHOM.
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Mpumep 5.17. MpoBepka 3HaUMMOCTM ANs AaHHbIX C NPeanofiaraeMoi TMHENHOM
3aBMCUMOCTbIO

from scipy.stats import t
from math import sqrt

# Pasmep BbI6OpKMU
n =10

lower_cv = t(n-1).ppf(.025)
upper_cv = t(n-1).ppf(.975)

# KoappuumeHT Koppensauuun
# Ha ocHoBaHuM paHHbIX https://bit.ly/2KF29Bd
r = 0.9575860952087218

# BbinonHAeMm TecCT
test_value = r / sqrt((1-r**2) / (n-2))

print(f"TecToBoe 3Ha4yeHue (t-cTtaTuctuka): {test_value}")
print (f"Kputuyeckuit untepsan: {lower_cv}, {upper_cv}")

if test_value < lower_cv or test_value > upper_cv:
print("Koppensuus obocHoBaHa, oTBepraem Ho")

else:
print("Koppenauua He oboCHOBaHa, Henb3A OTBEpPrHyTb Ho")

# BblumMcnaem p-3HadeHue
if test_value > 0O:

p_value = 1.0 - t(n-1).cdf(test_value)
else:

p_value = t(n-1).cdf(test_value)

# [IBYCTOpPOHHMI TecT, MO3TOMY YMHOXaeM Ha 2
p_value = p_value * 2
print(f"p-3Hayenue: {p_value}")

TecToBOoe 3HaUeHME COCTaBJsIET TPUMEPHO 9,39958, uTO OmpeeIeHHO HAXOANTCS
3a npejenamMu auanaszona (—2,262, 2,262), moaToMy MOKHO OTBEPTHYTH HYJIEBYIO
TUII0Te3Y U IPU3HATbH, UTO HAIlA KOPPEJISIIIUS He cJIydaitHa. ITO CBS3aHO C TEM, UTO
p-3Hadenne BecbMa 3Ha4nMO: 0,000005976. DTO HAMHOTO HIKE Harero mopora B 0,05,
TaK YTO MBI IMEEM JIeJIO He ¢ COBIAAEHUEM: KOoppesius obocnoBana. Brosne Jio-
TMYHO, YTO p-3HAYEHHE TaK MaJo, TOTOMY YTO PACIIOJIOKEHNE TOUYEK OYeHb ITOX0XKe
Ha Tpsamyio. Kpaitie MasioBeposSTHO, YTO OHU BBICTPOUJIUCH B PSIJ] CIYYATHO.
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Ha puc. 5.15 mokasanbl Apyrue HaAGOPHI JAHHBIX C COOTBETCTBYIOIUMHU K02 duIm-
eHTaMU KOPPEJISIIN U p-3HadeHnsiMu. M3yunre kaxabiii u3 Hux. Kak Bam kaxercs,
Kakoii Habop HanboJiee MoJie3eH JJIs1 TTPOrHO3UPOBaHst? B ueM nmpoGieMsl ¢ ApyrumMu
Habopamu?

0 T i i) 7 T | | [ P

15 A o] ¢ T I g ¥

Koppenauna  0,771454  Koppensauma 0,957586095  Koppensuus 0,100984708  Koppenauua 0,037875905
Pp-3HaveHune 0,34913 p-3HayeHne  0,000005976  p-3HaueHme  0,569732057  p-3Hauyenve  0,831544971

Puc. 5.15. Pa3nnuHble Habopbl JAHHDBIX € COOTBETCTBYIOLLMMU KOIDGULIMEHTAMU KOPPENALMM
1 p-3HAYEHUAMN

ITocsie TOTO Kak BbI M3y4uJIi HaOOPBI JaHHBIX HA PHC. 5.15, aBaiiTe IOCMOTPUM, 4TO
yaanoch BeisicHuTh. Camast JieBasi uarpamma JIeMOHCTPUPYET BbICOKYIO MOJIOMKU-
TEJIbHYI0 KOPPEJISINIo, HO Ha Hell Bcero Tpu Touku. HexBaTka JaHHBIX TPUBOIUAT
K TOMY, UTO p-3HadeHue Bozpacraet a0 0,34913 u yBesunBaeTcda BEpPOSITHOCTD TOTO,
4TO JaHHbIe 00PA30BANUCH CAYYAHO. ITO JIOTUYHO, IIOTOMY YTO €CJIM Y HAC eCTh
BCETO TPU TOUYKU, B HUX HETPYHO YCMOTPETh JTUHEIHYIO MOZIesIb, HO 3TO He HAMHOTO
Jiydilie, YeM J[Be TOUKH, Yepe3 KOTOPble MOXKHO TIPOCTO MpoBecTH psamyio. OTciona
BBITEKAET BasKHOE IPAaBUJIO: 4eM OOJIbllle Y BaC JAaHHBIX, TeM MEHbIIIe p-3HAYEHME,
0COOEHHO €CJIN 3TH JAHHbBIE TATOTEIOT K IPSIMOi JIMHWH.

Bropast auarpaMmma — 910 HAOOP JAHHBIX, KOTOPBII MBI TOJBKO YTO PACCMOTPEJIH.
B mem Bcero 10 To4ek, HO OHI 0OPA3YIOT TUHENHYIO (GOPMY HACTOIHKO OTYETIUBO,
4TO HaBJIIOAETCS HE TOMBKO CHIIbHAS TTOJMOKUATETbHAST KOPPEJISIHS, HO U YPE3BbI-
JaiiHo HU3Koe p-3HaveHue. Korma p-3HaueHne Tak Majo, MOXKHO GUThCs 00 3aKJIaj,
YTO BBl UCCJIE/lyeTe CIVIAHMPOBAHHBIN U XOPOIIO KOHTPOJIMPYEMBII TIpoIlece, a He
COIMOJIOTUYECKOE UJIA TIPUPOJTHOE SIBJIEHUE.

Ha sByx mpaBbIx guarpaMmax Ha puc. 5.15 He ynaeTcst 0OGHAPYKUTh JIMHEHHYIO 3aBH-
cuMocTh. VX koadduiimenT xoppensiiiny 61u30K K 0, 4TO yKa3bIBAeT Ha OTCYTCTBUE
B3aMMOCBSI3H, & P-3HAYEHVST YOEIUTETHHO CBUAETENBCTBYIOT O TOM, UTO JIAHHBIE HOCSIT
CITyJaWHBIN XapakTep.



196 Tnaga 5. JluHeiiHan perpeccus

O6Luee IIPaBMUJIO TaKOBO: YEM 6obIre ¥ BacC JIaHHDBIX, PACIIOJIOKEHNE KOTOPDIX CTa-
OUILHO HATOMUHAET IIpAMYIO, TEM 60JIee CTaTUCTUYECKU 3HAYNMBIM 6y/:IeTp—3Haqu1/Ie
UL KOPpPEJIAL NN, YeM MeHbIIIE JAHHBIX WUJIN YEM IMpe OHU paCCe€AHbI — TEM BbIIIIE
6leeT p-3Ha4€HUE, 1 IIPUJIETCA 3aKJII0OYNUTD, YTO KOPPEJIAINA BOSHUKIIA T10 C]Iy‘-Iaﬁ-
HOMY CT€YECHUWIO obcToATENbCTB!,

KoappuumeHt getepmuHaLmu

JlaBaiiTe TO3HAKOMIMCSI C B&’KHBIM ITOHSATHEM, KOTOPOE YaCTO BCTPEUYAETCSI B CTATH-
CTHKE, a TAKJKE B PETPECCHSIX B MALIMHHOM 00y4yeHnn. Kospduuuenm demepmunavuu,
KOTOPBIi 0603HaYaeTCA 1~ , M3MepsIeT, Kakas 0/ AUCTIePCHI O[HOIT TlepeMeHHO
00BsICHSIETCSL IUCTIEpcrel ApyToil tepeMeHHON. OH TakKe SIBJISIETCS KBAIPATOM
Koa(unmenta koppesanuu r. Yem Oamke T K uaeaabHoii koppeasauuu (—1 wim 1),
tem 6make 7° x 1. Ilo cyty, 7 TOKa3bIBaeT, HACKOIBKO CHJIBHO J[BE TIepeMeHHbIe
CBSI3aHBI JIPYT C IPYTOM.

[laBaiiTe npo/o/:kMM U3y4yaTh JaHHble Ha puc. 5.13. B npumepe 5.18 Mbl Bo3bMeM
KO/l U3 IpuMepa 5.14, KOTOpBIi BIYUCIAT KOI(POUIIMEHTHI KOPPEJIAIUY, U IIPOCTO
BO3Be/IeM UX B KBaJIpar.

MpumMmep 5.18. MaTpuua K03hPUUNEHTOB AETEPMUHALNM, NOCTPOEHHAS C MOMOLLbIO
pandas

import pandas as pd

# 3arpyxaem paHHble B paTadpeiim pandas
df = pd.read_csv('https://bit.ly/2KF29Bd"', delimiter=",")

# BblBOAUM KOIOGULMEHTH AeTepMUHALMUW MEXAY MepemMeHHbIMM
coeff_determination = df.corr(method='pearson') ** 2
print(coeff_determination)

BbIBOA:
x y

x 1.000000 0.916971

y ©.916971 1.000000

H H HH

! B peasibHbIX 33/[a4ax 3aBUCHMOCTH MEK/LY [IEPEMEHHBIMU MOKET ObITh HeIMHEHHOI, KOT/Ia O/IHA Tiepe-
MeHHas TeCHO CBSI3aHa C IPYTOii, HO UX WarpaMMa PaccestHus MOX0Ka He Ha IPSIMYIO, 4, HallprMep,
Ha [1apaboty, SKCIIOHEHTY, CHHYCOU/LY HJIM IPYTYIO MATEMATHYECKYIO KPUBYIO. B aTOM ciryuae, ecom
He MPeoOPa3oBbIBATH IaHHbIE, THHEHAST PErPeccust He TIOMOKET BbISIBUTh HACTOSIILY 0 3aBUCUMOCTb,
JIMHEHBIT K0a(bUITHEHT KOPPEJISIINT MOKET ObITH OJIM30K K 0, 2 COOTBETCTBYIOIIEE P-3HAYEHIE MOKET
OKa3aTbcsl BBICOKUM. Ecii Bac uHTepecyeT B3anMOCBSI3b MEXXLY IBYMs IIePEMEHHBIMU, IIEPBBIM JIETIOM
CMOTPUTE HA JINATPAMMY PACCESTHUS, KOTOPAS TTOICKAKET HAJIMYNE U XapaKTep B3auMOCBsI3u. UToObI
U3y4aTh HEJMHEHYO CBsI3b, MOXKHO MPe0OPA30BBIBATH OJHY HJIN 00€ MePEMEHHBIX U [TPHMEHSTD
JIPyTHE CTATHCTHYECKIE METO/IBI, KOTOPbIE HE PACCMATPUBAIOTCS B 3TOH riase. — [Ipumey. nay. peo.
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Koabdurment nerepmunaruu 0,916971 untepperupyercs tak: 91,6971 % aucrepcun
HepeMeHHOH x 00BSICHSIETCS TIepeMeHHOH i (1 HaobopoT), a ocrasurrecs 8,3029 % —
3TO IIyM, KOTOPBIN BBI3BAH APYTUMU HEYYTEeHHBIMU 1epeMeHHbIME. 0,916971 — 370
JIOBOJTHHO XOPONIIH KO3 MUITUEHT e TePMUHAIINY, KOTOPBI TIOKA3bIBAET, YTO X 1 Y
00BSICHAIOT UCTIEPCHIO APYT Apyra. Ho B cucTeMe MOTYT y4acTBOBATh U JAPYTHE Mepe-
MeHHbBIe, KOTOPbIe 0TBeualoT 3a octaBinuecs 0,083029. [TomHuUTe, 4TO KOPPEAIIUS He
PaBHOCUJIbHA MIPUYNHHO-CJIE/ICTBEHHON CBSI3U, U JPyrUe NepeMeHHble TOKe MOTYT
BHOCUTH CBOU BKJIJI B HAOJIIOIAEMYIO B3AMOCBSI3b.

Koppensauusa — 370 He NPUYNHHO-CNEACTBEHHAA (BA3D!

BaskHO OTMETUTD: XOTSI MBI YI€JIsIEM MHOTO BHUMAHUSI TOMY, 4TOOBI BEIYUCIISTD

\ KOPPEJISAIMIO M CTPONTH METPUKH Ha €€ OCHOBE, [IOMHUTE, UTO KOPPEAUUS — MO
He NPUYUHHO-CIe0CMeeHHasl c6513b] BeposITHO, BBI yiKe CJIBIIIAIH 3Ty MAHTDY,
HO 5T X04y OOBSICHUTb, [I0YEMY OHA TaK TMOIYJISIPHA CPEIH CIIEUATICTOB 110
CTaTUCTHKE.

Ecyu Mbl HabII01aeM KOPPEJISILIUIO0 MEKLY X U y — 3TO caMo TI0 cebe He MOBOjI
CYIIMTb, YTO X SIBJISIETCSI TIPUYMHOI . Ha caMoM J1esie MOKET ObITh, UTO y SIBJISIETCSE
npUYrHON x! A MOXKeT, CyIIleCTBYeT TPEeThsl HeyYTeHHAs IepeMeHHas z, KOTopast
BBI3BIBAET U X, ¥ y. MOKET OKA3aThCst, 4TO X 1 ) BOOOIIIE He 00YCIOBIUBAIOT JAPYT
JIpyTa, 2 KOppeJIsiys HoJayYnIach ciaydaiito. IMenHo moaToMy Tak BakKHO U3-
MEepSATb CTATUCTUYECKYIO 3HAYUMOCTD.

A Tenepb y MeHst 60Jiee HaCyIIHBINA BOIPOC: YMEIOT JIU KOMITBIOTEPBI OTJIMYATh
KOPPEJIAIMIO OT IIPUYUHHO-CJIEACTBEHHOMN cBsa3u? OTBET — HET, HET U elle pa3
Het! KoMIIboTepbl MMEIOT MPeCTaBIeHIEe O KOPPEJISIUY, HO HEe O TIPUYUHAX
u cnenctusx. [Ipexcrasum cebe, 4o s 3arpyskaio B scikit-learn nabop naHHbIx
06 o6beme TToTpeBJIeHHON BOJBI U 0 MOUX HAYKMCJICHUSX 32 BOAOCHAOKEHME.
Kommbiotep wiu sioGast iporpamMma, BrJodas scikit-learn, monstust He umeer
0 TOM, YBEJMYHMBAETCSI JIM CYET, ECIU MHTEHCUBHEE MOTPEGJISATh BOLY, WIH
norpebJieHre BOJbI PACTET M3-3a TOTO, YTO PACTYT KOMMYHAJIbHbIC TIJIATEKH.
CucTeMa HCKYCCTBEHHOTO HHTEJIJIEKTA BITOJHE MOJKET C/IEJIaTh BBIBOJ O TOM,
4TO MMEeT MECTO BTOPOM BapMaHT, Kak GBI HEJIENo 3TO HU 3Bydano. ViMerHo
[09TOMY MHOTHE IIPOEKThI MAIIMHHOTO 00yYeHust He 00X0AATCs Ge3 yuacTust
YeI0BeKa, KOTOPBII MPUBHOCHUT B HUX 3/[PABBINT CMBICIL.

C crcTeMamMu KOMITBIOTEPHOTO 3PEHHUST TOKE CIIyIAI0TCsi Ka3ychl. UToOBI pejicKa-
3aTh KATETOPHIO OOBEKTA, TAKIE CUCTEMBI YACTO UCIIOJIBb3YIOT PEPECCHIO HA OCHOBE
YUCTOBBIX 3HaYeHU T THKCcesoB. Ecitu st 6ymy 06y4arh CHCTEMY KOMITBIOTEPHOTO
3PEHH Paclio3HaBaTh KOPOB, UCTIOJB3YsI (hoTorpadmy macymuxcs Kopos Ha JIyTY,
OHA BITOJTHE MOKET CKOPPETUPOBATH I1eJIEBbIE OGBEKTHI € JIYTOM, & He ¢ KOPOBAMIL
W BuTore, ecom s okaky crcteMe (poTorpaduio MyCcToro JIyra, OHa TOMETHT TPaBy
KaK KOpoB! ITO CHOBA IIPOMCXOAUT IIOTOMY, YTO KOMIIBIOTEPBI He OPUEHTUPYIOTCS
Ha TIPUYMHHO-CJIE/ICTBEHHYIO CBsI3b ((hopMa KOPOBBI JIOJKHA BBI3BIBATH METKY
<KOPOBa» ), 4 3aIyTLIBAIOTCS B KOPPEJIALIAX, KOTOPble HAC He HHTEPEeCYIOT.
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(TaHaapTHaA oWKn6Ka OLEeHKHN

OpuH U3 c11oco60B U3MEPHTD 00MIYI0 OMMOKY JMHEIHOIT perpeccuut — 910 SSE, uim
cymma xeadpamos own6ox. Mbl y:ke BCTPEUATIH Ty BEJIUUNHY, KOT/IA BO3BOAUIN
B KBa/J[paT Kask/Iblii OCTaTOK M CyMMUPOBaJK UX. Ecii ) — 5To Kaxk/0e 3HauyeHue,
KOTOpPOE TIPOTHO3MPYET NPSIMasi PeTPeccuy, a y — Kaxkoe hakTHIecKoe 3HaAUEHIE )
u3 Habopa JaHHbIX, TO SSE BBIYKCIISETCS 110 TaKoit (hopmyJie:

SSE=X(y-5)

OpHAKO BCe 9TH KBa/[PATUIHBIE 3HAUEHUS TPYAHO HHTEPIIPETUPOBATD, TOATOMY JIydllle
U3BJIEYb KBaJIPATHBII KOPEHb, YTOOBI BEPHYTHCS K UCXOIHBIM eIHHHUI[AM H3MEPEHUSI.
Kpome Toro, cTOUT yCpeTHUTH BCe 3HAUEHUSI, U IMEHHO JIJISI 3TOTO CIYKUT CMaH-
oapmuas owudxa oyenxu (S, ). IIpumep 5.19 moKasbIBaeT, KAK PACCUUTATH CTAHAAPT-
HyIo omn6OKy S, Ha Python, ecii n — 3T0 KOJHUYECTBO TOYEK JAHHBIX.

Mpumep 5.19. BbluncneHne cTaHAApTHOW OLWMOKU OLIEHKU

import pandas as pd
from math import sqrt

# 3arpyxaem AaHHble
points = list(pd.read_csv("https://bit.ly/2KF29Bd", delimiter=",").itertuples())

=}

= len(points)

# Mpamasa perpeccuun
= 1.939
= 4.733

o =3

# BbluMCiAeM CTaHAApTHYW OWMBKY OLeHKK
e = sqrt((sum((p.y - (m*p.x +b))**2 for p in points))/(n-2))

wn

print(S_e) # 1.87406793500129

[Touemy 3z1ech n—2, a He n—1, Kak 9To OBLIO B pacyeTax AUCHEPCUU B raase 3?
Ecau He yriy6asaTbess B MaTeMaTHYeCKUE JIOKA3aTEIbCTBA, TO HTO CBSI3aHO C TEM,
YTO B JINHEHHOM perpeccuu JiBe iepeMeHHble, a He 0/[HA, T03TOMY HYKHO YBEJUYUTD
HEOIPe/IeJIEHHOCTD €Il Ha OJIHY CTeNeHb CBOOO/IBI.

O6paTI/ITe BHUMaHNeE, YTO CTaH/apTHaAd omnbKa OII€EHKN Y/IUBUTEJIbHO IIOXO0Ka Ha
CTaHZIapTHOE OTKJIOHEHUE, KOTOPOE MbI N3y4aJin B I'JlaB€ 3. 910 He cnyqaﬁHo: Sc, —
9TO U €CTb CTaH/IaPpTHOE OTKJIOHEHUE 1JIAd JIMHENHOMI perpeccuun.
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WHTepBanbl NporHo3upoBaHus

Kak y:ke roBopuiioch, JaHHbIE, HA OCHOBE KOTOPBIX CTPOUTCS JIMHEWHAS PETPECCHS, —
9TO BBIOOPKA M3 TeHEePaJbHON COBOKYIMHOCTH. I109TOMY perpeccusi Xopolia JIHIib
HACTOJIbKO, HACKOJIbKO X0polia Bei6opka. KpoMe Toro, st Kax1oro sHaYeHUs X
MPOTHO3UPYEMbIe 3HAUEHUSI ) TeHEPATBHON COBOKYITHOCTH UMEIOT HOPMAaJIbHOE pac-
npeaeserne. Takum 06pasoM, Kaskaoe MPOTHO3UPYEMOe 3HAUEHHUE ) MOYKHO CUMTATh
BBIOOPOYHOI CTATUCTUKOM, OI00HO cpearemy. DaKkTHYECKH «CpeHees TepeMeliia-
€TCS B/IOJTb TIPSIMOA.

[TomHuTE, KaK B TJIaBe 2 MBI TOBOPUJIM O UCIIEPCUH U CTAH/AAPTHOM OTKJIOHEHWHN
B CTATUCTUKE? JTU MOHATUS IPUMEHUMBI U 37iech. [Ipu smHeliHOI perpeccuut Mbl
Ha/IeeMCsl Ha TO, YTO KKJIOMY X COOTBETCTBYET HOPMaJIbHOE pactipeziesieHne y. B aTom
caiydae mpsiMast PErPECCHE CJIYKUT CMEIIAIONIMMCS «CPEAHUMS KOJIOKOJI006PasHOM
KPHUBOH, a pa3bpoc MaHHBIX BOKPYT MPSAMOM OTPAsKAeT AUCIEPCUIO U CTaHIAPTHOE
OTKJIOHEHUE, KaK ITOKa3aHo Ha puc. 5.16.

Puc. 5.16. JluHeiiHaa perpeccua npeanoaraet, YTo HOpManbHoe pacnpefeneHie nepeMelLaeTca
BAOMb NPAMOIA

Ecom Brosib mpsiMoil perpeccuu nepeMeniaeTcsa HOpMajibHOe paciipeziesieHue, 3T0
3HAYWT, YTO Y HAC €CTb HE TOJIBKO OfIHA TIEPEMEHHAs, HO U BTOPast, KOTOPas TOKe yIIpaB-
Jiget pacrpeziesienrieM. BOKpyT Kak/10ro IPOrHO3UPYEMOT0 3HAUeHUS i CYIIeCTBYET
JIOBEPUTEJIbHBII WHTEPBAJI, KOTOPBII HA3BIBAETCS UHMEPBAIOM NPOZHOIUPOBAHUS.

JlaBaiiTe BepHeMCsI K TPUMEPY € BeTEPUHAPAMH, T/IE OIEHUBAETCST BO3PACT COHAKH
1 KOJINYECTBO ee IPUEMOB y Bpaua. 51 Xouy y3HaTbh HHTepBaJ IPOrHO3UPOBAHMS IS
KOJIMYECTBA TIPUEMOB BeTepUHAPA Ha IOBEPUTETHHOM YPOBHE 95 % /st COOaKU B BO3-
pacte 8,5 roga. Ha puc. 5.17 nmoka3aHo, Kak BBITJISIAUT 3TOT WHTEpBaL. Mbl Ha 95 %
yBepEHbI, uTo cOOAKY B BO3pacTe 8,5 JIeT BOAUIU K BeTeprHapy oT 16,462 10 25,966 pasa.
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Puc. 5.17. MHtepBan nporHo3upoBanua ans cobakn B Bospacte 8,5 roa Ha AoBeputeNbHOM ypoBHe 95 %

KaK TIOJIY4NTb 3TOT pe3yJIbTaT? Hy)KHO BBIUMCJINUTD ITIOTPENTHOCTD 1 OTJIOJKUTD €€ B 066
CTOPOHBI OT MPEICKAZAHHOTO 3HAYeHUs ). [[OrpeIHOCT BHIYMCIISIETCS TI0 Ky TKOBATOM
(bopmyTe, B KOTOPYTO BXOAUT KPUTHUIECKOE 3HAUEHIE U3 pactipenenaennst CThlofieHTa,
a TaK)Ke CTaHZapTHAs OIIUOKA OLIEHKN:

EtyxS,x 1o e 100 *T)

n n(ze)-(zx)

3nech MHTEpECyIoOlee Hac 3HaYeHne X 0003HAYEHO X, ¥ B JAHHOM CJIydyae PaBHO 8,5.
B npumepe 5.20 nokasaHo, Kak MOKHO BBIYUCIUTD MHTEPBAJ [IPOTHO3UPOBAHUS HA
Python:

MpumMep 5.20. NHTepBan NporHO3nMpoBaHMs KOMYeCcTsa NpUeEMOB Y BETEpUHapa
ans cobakm B BospacTte 8,5 roga

import pandas as pd

from scipy.stats import t

from math import sqrt

# 3arpyxaem pAaHHble
points = list(pd.read_csv("https://bit.ly/2KF29Bd", delimiter=",").itertuples())

n = len(points)
MpAamaa NuHenHOW perpeccum

#
m = 1.939
b =4.733
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# BblumMcnAeMm uMHTepBan NpOrHo3uposaHuA ana x = 8,5
X_0 = 8.5
x_mean = sum(p.x for p in points) / len(points)

t_value = t(n - 2).ppf(.975)
standard_error = sqrt(sum((p.y - (m * p.x + b)) ** 2 for p in points) / (n - 2))

margin_of_error = t_value * standard_error * \
sqrt(1 + (1 / n) + (n * (x_@ - x_mean) ** 2) / \
(n * sum(p.x ** 2 for p in points) - \
sum(p.x for p in points) ** 2))

predicted_y = m*x_0 + b

# BbiBOAMM WHTepBajs MNPOrHO3UpoOBaHMA
print(predicted_y - margin_of_error, predicted_y + margin_of_error)
# 16.46251687560351 25.966483124396493

Oit, mama! ITosyuynioch oueHb MHOIO BBIYMCJICHUH, U, K coxkasienulo, SciPy u ipyrue
ocHoBHBIE 6ubMoTeRN 1715t data science He BRITTOMHSIOT uX 3a Hac. Ho ecoin BoI He-
PaBHOZYIIHBI K CTATHCTUYECKOMY aHAJIN3Y, 3TO OUeHb MoJle3Hast nHbopManus. M
He TOJIBKO JIeJIaeM TIPOTHO3 Ha OCHOBE JINHEHHOW perpeccuu (HampuMmep: cobaka
B Bo3pacte 8,5 roga mobbiBaeT y BerepuHapa 21,2145 pasa), HO U MOKEM 3aKITIOUUTh
HEYTO TOPas3no MeHee OYEBUIHOE: ¢ BEPOSITHOCTBIO 95 % cobaka B Bozpacte 8,5 rona
noGeIBaeT y BeTepuHapa ot 16,46 mo 25,97 pasa. Cormacurecsk, aTo 316poBo? U ato
ropaszio HoJiee HA/IEKHOE YTBEPIKIEHIE, TIOTOMY YTO OHO OXBATHIBAET HHTEPBA, & He
OJIHO 3HAYEHNE, 1 TAKUM 00PA30M YUUTHIBAET HEOTIPEIETEHHOCTb.

DOBEPUTEJIbHbIE UHTEPBAJIbI AN1A MAPAMETPOB

Ecan 3amymathbest, cama 1o cebe mpsiMasi JIMHEIHON perpeccuu — arto
BBIGOPOYHAS CTAaTHCTUKA, U CYIIECTBYET CBOS IpsiMast JIMHEHHOH pe-
IPECCUM JIJIS BCEU TeHEePATbHOM COBOKYITHOCTH, O KOTOPOI MBI TIBITAEMCST
cZieaTh BBIBOJ. DTO 3HAYUT, UTO y TAKUX MapaMeTPOB, Kak m U b, eCThb
CBOM COOCTBEHHDBIE PACIIPE/IEIEHNU S, U MOKHO IIOCTPOUTD JI0BEPUTENbHbIE
WHTEPBAJIBI 1T m 1 b TI0 OTAETBHOCTH, YTOOBI OXapaKTEPU30BaTh YIIOBOI
K09 (DUITUEHT U Tepecederre ¢ 0ChIO Y 17t COBOKYITHOCTHU. JTA TEMA BbI-
XOJIUT 32 PAMKHU 3TOU KHUTH, HO CTOUT OTMETUTH, YTO MOKHO ITPOBECTH
¥ TaKOU aHaJIN3.

Hetpyzato HaliTu mocoOust 0 TOM, KaK BBITIOJIHSTE 3TH PACUYETHI C HYJISL, HO,
BO3MOJKHO, TIPOIe OYIET BOCTIOIB30BATHCS NWHCTPYMEHTAME PETPECCUU
Excel unu coorBercTBytonuvu 6ubnimorekamu st Python.
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06yuatowan n TectoBas BbIOOpPKM

K coskasmenno, mpakTUKYIOIIUE CIIEUATICTHI 1o data science 4acto mpenebperaor
AQHAJIM30M, KOTOPBIU 5 TOJIBKO YTO IIPOBEJI, KOIJIa BBIYMCANI KoabduimenT koppe-
JISTTIVH, CTATUCTHYECKYTO 3HAUNMOCTD U KO3 PUINEHT geTepMunanuu. ViHorna onn
CTAJIKUBAIOTCSI ¢ TAKUM OOBEMOM JIAHHBIX, YTO HA AHAJIU3 Y HUX HE XBATAET BDEMEHU
WJIA TEXHUYECKUX Bo3aMokHOCTel. Harpumep, nzo6pasxkenue pasmepom 128 x 128 nuk-
ceJieit — 910 He MeHee 16 384 nepemennbix. Haiiziercst s y Bac BpeMst, 4TOObBI TPOBECTH
CTaTUCTUYECKUI aHAIN3 KasKJ0N U3 9TUX IIMKCEJIbHBIX IlepeMeHHbIX? CKopee Beero,
Het! Kak HU [e4asibHO, HO 9TO IPUBOAUT K TOMY, YTO MHOTHE CIIEIHMATICTHI 110 data
science BOOOII[e HE U3YYAIOT 9TH CTATUCTUYECKUE TIOKA3aTE M.

Ha omnom mamnoussectnom popyme (http://disq.us/p/1jas3zg) st kak-TO yBUEN TOCT
0 TOM, YTO CTATHCTUYECKAsT PETPECCHST — ATO CKAJBIIEIb, & MAITMHHOE 00yJYeHe —
Gensomnuia. Korjia BbI IMeETe €710 ¢ OTPOMHBIM MACCHBOM JAHHBIX U [TEPEMEHHBIX, BbI
He cMosKeTe 06paboTaTh Bee 3TO CKasbiiesieM. IIpuxoaurcs npuberats K GeH30IIIE,
1 XOTSI TIPU 9TOM TEPSIETCST OGBICHUMOCTD M TOUHOCTb, PEIIeHNeE, TI0 KpaitHell Mepe,
MOKHO MacHITabUPOBaTh, YTOOBL [eJ1aTh (oJiee MIMPOKUE IIPOTHO3BI Ha OOJIbIIEM
KOJITYeCTBE JaHHBIX. [Ipr 9TOM Takue CTATHCTUYECKHE TIPOOTIEMBI, KaK CMeIeHue
BBIOODKH U TlepeoOyUenie, HUKya He neBafotcst. Ho ecTb HECKOIBKO METOIOB, € TTO-
MOTI[bIO KOTOPBIX MOXKHO OBICTPO MTPOBEPSTH PEIICHIE.

Mouemy B scikit-learn HeT foBepUTENbHBIX MHTEPBANOB U p-3HauEHNIA?

bubnuoreka scikit-learn He mogmepKUBaeT HOBEpUTENIbHBIE WHTEPBAJIBI
U p-3HAYEHUS, IOTOMY YTO C 3THMHU JIByMSI KOHCTPYKIIMSIMU CBSI3aHO MHOTO

HEPEIEHHBIX TIPOOJIEM B CJIy4ae MHOTOMEPHBIX JAHHBIX. DTO 06CTOATEILCTBO
TOJIGKO MOAYEPKUBAET PA3PhIB MEK/Y CIENUATMCTAMU MO CTATUCTHKE U 110
ManmHHOMY 00y4enwuio. Kak ckasan oxun us pazpabotunkos scikit-learn Teiin
Bapoky (Gaél Varoquaux), «B 0011eM ciydae, YT0ObI BBIYUCIISIIUCH KOPPEKT-
HbIE P-3HAYEHUS, [IAHHbIE JIOJUKHBI YIIOBJIETBOPSIT JAOMYIIEHUSIM, KOTOPBIE HE
CBOWCTBEHHBI PEATbHBIM JIAHHBIM B MAITMHHOM 00y4YeHun (4To0bl He OBLIO
MYJIBTUKOJIJIMHEAPHOCTH, YTOOBI JAaHHBIX OBLJIO [OCTATOYHO [0 CPABHEHUIO
C PA3MEPHOCTHIO)... p-3HAYEHUST — ITO TAKASI METPHUKA, KOTOPAST I0JIKHA OBITH
XOPOIIO NPpoBepeHa (Ha HUX OMUPAIOTCS BBIBOJBI B MEAUIMHCKUX UCCIIEN0-
BaHUsIX ). BHeAPSATh X — 3HAYUT HaBJIEKATh HA CeOsl HENPUSITHOCTH... Mbl
MO3KeM 0GECTICYHTh P-3HAYEHHST TOJIBKO B OY€Hb Y3KOH 061acTH (€ HeGOBIITIM
KOJINYECTBOM TI€PEMEHHBIX )».

Ecsiu BbI XOTHTE YIIIyOUTHCS B 3TY T€MY, 00paTUTe BHUMAaHUE Ha UHTEPECHBIE
obcysxnenus na GitHub:

https://github.com/scikit-learn/scikit-learn/issues/6773;
https://github.com/scikit-learn/scikit-learn/issues/16802.


http://disq.us/p/1jas3zg
https://github.com/scikit-learn/scikit-learn/issues/6773
https://github.com/scikit-learn/scikit-learn/issues/16802
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Kak yzxe ynomuHanocs, bubianoreka statsmodel (https://oreil.ly/80EH0) npeno-
CTaBJISIET TOJIE3HbIE MHCTPYMEHTBI 7S CTATHCTHYECKOTO ananusa. OaHaKko
uMeiite B BULY, YTO 110 BBINIEYIOMSIHYTHIM [TPUYMHAM €€ PElleHUsI, CKopee
BCero, He Oy/yT MacIITAGUPOBATHCS HA MOJIE/IN GOJIbIEN PA3ZMEPHOCTH.

OCHOBHOIT METOJI, € TIOMOIIBIO KOTOPOTO CIHENUATUCThI 0 MAITUHHOMY OOYYEHUIO
GOpIOTCS ¢ TIepeoOyUeHHNEM, 3aKII0YAETCS B TOM, YTOOBI pasiesisiTh Habop JaHHBIX

Ha 06yuaowyio u mecmosyio evi6opku. OOBIYHO IPH ITOM — JAHHBIX BKJIIOYAETCSI
2 3
B TECTOBYIO BBIOOPKY, & OCTATHHBIE 3B 06yUaroIILy0, XOTsI OBIBAIOT U JAPYTHE TIPO-

niopruu. O6yuaiouas 6bl60pKa NCTIOIb3YETCst IS TOTO, YTOOBI TI0JI0THATH IMHEHHY IO
perpeccuio, a mecmogasi — 4ro0bI OEeHUTh 3(PPEKTUBHOCTD PETPECCUU HA TAHHBIX,
€ KOTOPBIMHU OHA PaHbIIle He CTATKHBAIACH. ITOT TIPHEM OOBIYHO HUCTTOTB3YETCS BO
BCEX BUJIaX MANTMHHOTO OOYUEHUS ¢ YUUTEIEeM, BKJTIOUast IOTHCTHIECKYTO PETPECCHUTO

u HelipoHHbIe ceTy. Ha puc. 5.18 HarIsiHO TOKa3aHO, KaK MOKHO BBIIETTUTD 3 QHHBIX

B 00yUAaIOIIYI0 BHIOOPKY 1 % — B TECTOBYIO.

[aHHble

ObyuatoLas
Bbl6OpKa

TectoBas
BblbOpKa

Puc. 5.18. Pa3genenue faHHbIX Ha 06yyaloLuyto 1 TeCTOBYH BbIOOpKIA. [pAMas perpeccun NoAroHAeTCA
nog obyualoLme faHHble (0603HaUeHbI TEMHbIM LIBETOM) N0 METOAY HaUMEHbLLIUX KBAAPATOB,
a 3aTem NpOBePAETCA Ha TeCTOBbIX AaHHDIX (0603HaueHbI CBET/bIM LIBETOM), UT06bl NOHATD,
HaCKOJbKO OLLIMOOUHBI NPefCKa3aHiiA Ha aHHbIX, KOTOpble He BCTPEeUaNnnch paHee

He6onbioi Ha6op AaHHbIX
Kaxk Mbl y3HaeM 1103:K€, Habop JaHHBIX He 06513aTe/IbHO PAas3/e/IsaTh Ha 00yJato-

21 . .
\ 1y10 1 TECTOBYIO BI)I60pKI/I B IIPOIIOPIUN —:—. Ecim Yy BaC Takoun HeGOIbIION
o I |

HabOp JaHHBIX, KaK B 9TOM IIPUMEPE, TO, MOKET OBbITD, JIyYIlle TOA0MHIEeT COOT-
9 1 . o
HOIIIEHUE m 5 B COYETAHUU C IEPEKPECTHON BaJIUAAIMEN NN Taske TI03JIe-

MeHTHOU Basmzanueil. [Togpobuee cM. Bo Bpeske «O06si3aTeIbHO JIH PA3/esIsITh
HabOop JaHHBIX Ha TPeTH?» Ha cTp. 206.


https://oreil.ly/8oEHo
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B nmpumepe 5.21 mokasaHo, kak ¢ momoIisio scikit-learn pasgemts HabOp TaHHBIX Ha
21
00YYAOIIY0 U TECTOBYO BHIOGOPKH B IPOTIOPITHH —: —.

]
2 2

Mpumep 5.21. PazgeneHne Habopa AaHHbIX Ha 06y4aloLLYIO 1 TECTOBYIO BbIGOPKHM
NS NINHENHON perpeccum

import pandas as pd
from sklearn.linear_model import LinearRegression
from sklearn.model_selection import train_test_split

# 3arpyxaem AaHHble
df = pd.read_csv("https://bit.ly/3cIH97A", delimiter=",")

# M3BneKaemM BXOAHble MepemeHHble (BCe CTPOKM U BCe CTONbUbl, KpPOMe MOC/IeAHEro
cTonbua)
X = df.values[:, :-1]

# M3Bnekaem cTonbel C BbIXOAHO! MepemeHHON (BCe CTPOKW, TONAbKO NocneaHuit ctonbel)
Y = df.values[:, -1]

# Paspensem faHHble Ha ob6y4vawllyld U TeCTOBYW BbIOOPKHU;
# Ha TecToByW BbIGOPKY MpuUxoAMTCA /3 AaHHbIX
X_train, X_test, Y_train, Y_test = train_test_split(X, Y, test_size=1/3)

model = LinearRegression()
model.fit(X_train, Y_train)

result = model.score(X_test, Y_test)
print("r2 = %.3f" % result)

06yt|e|w|e — 3TO NOAroHKa perpeccuun

OGparuTe BHUMAHKE, YTO MOATOHSATH PETPECCUI0 — ITO TO JKE caMoe, 4To 00-
yuaTh ee. CeIMaarCcThl TI0 MAIIUHHOMY OOYYEHUIO TPEANOYNTAIOT BTOPOM
TEPMUH.

B sToM kozme dyuknusa train_test_split() Geper mabop maHubIX (cTOAOLB X
u Y), nepeMenBaer ero, a 3aTeM BO3BPaIlaeT 00YJaIOI[YI0 U TECTOBYIO BHIOOPKU
B COOTBETCTBUHM C 33/[aHHON TIPOTIOpIIel (apryMeHT test_size=1/3 3a/1aeT pa3Mep
TecToBOI BIOOPKH ). MeTos fit() Kiaacca LinearRegression IOAIOHSET PECPECCUIO
10/ o6yqafoume BbI60pKI/I X_trainuY_train. 3areM Mbl IIpUMeHsAeM MeToz score()
K TECTOBBIM BBIOOPKaAM X_test 1 Y_test, 4TOOBI OLEHUTh KO3 UIUMEHT JeTepMIHA-
1y r°: OH JacTt IPECTABIEHUE O TOM, XOPOLIO JIM Perpeccusi paboTaeT Ha JaHHbIX,
C KOTOPBIMU OHA PaHblile He CTalKuBaiach. YeM 6oJiblie 7% JUIS1 TeCTOBOI BbIOOPKHY,
TeM Jiydriie. Bpicokoe 3HaueHMEe, KOTOPOE MBI TTOJTYYUJIH, CBUAETETILCTBYET O TOM, UYTO
perpeccus 3¢GGEKTUBHO PabOTAET Ha HOBBIX JAHHBIX.
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r* ANA TECTOBOW BbIBOPKU

O6paTHTe BHIMaHMe, 4TO 7~ 371eCh PACCIUTHIBACTCS HEMHOTO MO-IPYTOMY,
MOTOMY UTO y Hac eCTh yiKe oOyueHHas JuHelHas perpeccust. UTo6bl Bbi-
YUCJUTH 77, MBI CPaBHMBAEM IIPOTHO3BI HAa TECTOBOI BBIGOPKE ¢ MPSAMOii
perpeccumu, KOTOpast oI0THaHA Ha 0Oyvarotiell Beroopke. CMBICT 0CTAaeTCst
NpexKHUM: yeM Ojmke r° K 1, TeM cuiibHee OKa3bIBAeTCS PerpeccHoHHast
KOPpeJIAIHs aske Ha TeCTOBOI BEIGOPKe, a ecai 1 6/m30K K 0, 5TO 3HAYHT,
YTO PETPECCHSI TIOXO0 PAabOTAET HA TECTOBBIX JAHHBIX. JTOT MMOKA3ATEb BbI-
UHCIISETCS 10 caeAytomeii hopmyiie, rie v, — Kaskaoe (hakTuieckoe sHadeHue
¥, ¥, — Kakjoe [IpeicCKa3aHHOoe 3HaUeHNe y, a ¥ — cpejiHee 3HadeHue y 1L
BCEX TOUEK JAHHBIX:

-

Pll]— Z(,‘v} _;"]’
Z(—VF _y)_

2 (5]
Ha puc. 5.19 nokazanbl pa3inuHble 3HAUEHUS #~ U1 HECKOJIBKHUX JIMHEH -
HBIX perpeccuil.

.

[] 5 o [ ] 5

r’=1,0 r’=0,917 r’=0,071
MpeanbHo Xopouwo Mnoxo

8 I N

Puc.5.19. 7% ana 0byueHHOI NNHENHOM PErpeccun ¢ pasnuHbIMI TECTOBBIMU BbIGOpKaMM

MoHO TaksKe 00ydaTh U TECTUPOBATh MOJEIb TPUAK/IbI, KasKblil pa3 HazHavas Te-
CTOBOII BBIOOPKOI HOBYIO TPETh HaOOpa JaHHBIX, a 00yJaIoIell — OCTaBIINeCs [IBe
TPETU. ITO HABBIBAETCS NEPEKPECNHOU 6ANUOAUUET W 3a9ACTYIO CUUTAETCS ITAJIOHHBIM
MeTozoM Basmnaruu. Ha puc. 5.20 mokasano, Kak Kask1asi TpeTh Ha6opa JIaHHBIX I10-
HePEMEHHO CJIYKUT TECTOBOU BBIOOPKOIA.

Kox B nmpumepe 5.22 1eMOHCTPUPYET TPEXKPATHYIO IIEPEKPECTHYIO BATUIAIUIO.
B koHIIE BEIBOAATCS METPUKH KadecTBa KaK/[0H 13 TpeX Mojiesell (B TaHHOM caydae
9TO cpefiHeKBaapaTnyble omnOku, nan MSE), a takxke cpeansst MSE o Bcem
MOJIEJISIM U ee CTaHJapTHOe OTKJIOHEHYe, KOTOPOe TO3BOJISIET OIIEHNUTh, HACKOJIBKO
eMHO0OPa3HO MOJIENb BefleT cebst Ha PasHbIX BHIOOPKAX.
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[aHHble

O6yualioLas O6yuatowas

ObyuatoLas Ob6yualoLasn
O6yuatowas Ob6yualoLan

Puc. 5.20. TpexkpaTHas nepekpecTHas Banugauus

Mpumep 5.22. TpexkpaTHas NepeKkpecTHas Banuaaumus ansi IMHEMHON perpeccum

import pandas as pd
from sklearn.linear_model import LinearRegression
from sklearn.model_selection import KFold, cross_val_score

df = pd.read_csv("https://bit.ly/3cIH97A", delimiter=",")

# N3Bnekaem BXOoAHble nepemeHHble (BCe CTPOKU M BcCe CTonbubl, KpoMme Moc/iefHero
cTonbua)
X = df.values[:, :-1]

# N3Bnekaem cTonbel C BbLIXOAHON MepemMeHHoW (BCe CTPOKU, TONbKO NocnefHui ctonbeu)
Y = df.values[:, -1]

# MpocTaA NuHelHaAa perpeccua

kfold = KFold(n_splits=3, random_state=7, shuffle=True)

model = LinearRegression()

results = cross_val_score(model, X, Y, cv=kfold)

print(results)

print("MSE: mean = %.3f (stdev = %.3f)" % (results.mean(), results.std()))

OBA3ATEJIbHO JIN PA3AENATb HABOP JAHHbIX HA TPETW?

ﬂaHHbIe He 00g3aTeJbHO paS6I/IBaTb Ha TpPETH. Mo:KHO BBIITOJHATH

k-xpamuyio nepexpecmiyio 6a1u0ayu10, KOTIA B TECTOBYIO BBIGOPKY BXOAAT

1 1 1
— zanHbiX. OOBIYHO TECTOBAsA BHIOOPKA COCTAB/ISET l, — WIX — 4YacTh

1 3 5 10
HabOpa JaHHBIX, HO YaIle BCEro — 3

Kax npaBuio, k BbIOuparoT Takum 06pa3oM, 4TOOBI TeECTOBasl BhIOOPKaA ObLia
JIOCTATOYHO OOJIBIIION B KOHTEKCTE ITOCTaBJICHHON 3amaun. Tak:ke caMo KO-
JIMYECTBO YEPEyIOIUXCS TECTOBBIX BBIGOPOK JOJLKHO OBITH I0CTATOYHBIM JIJIST
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TOTO, 9YTOOBI IOCTOBEPHO OTIEHUTD, KAK MOZIESh PAOOTAET Ha TAHHDBIX, KOTOPbHIE
paHee He BeTpevasuch. [t HeOoIbIUX HAOOPOB TAHHBIX MOKHO UCTIOJIB30-
BaTh 3HAUEHWsI k, paBHbie 3, 5 unn 10. Ilpu nosaemenmuoti nepexpecmuoti sanu-
Oayuu (LOOCV) TecToBOIi BBIGOPKOU OYAET ITO0UYEPEIHO KasKAast OTAeAbHAs
TOYKA JIAHHBIX, ¥ 9TO MOKET OBITh TTOJIE3HO, KOT/Ia BECh HAG0P TAHHBIX MAJL.

Eciu Bac 6ecioKOUT MCTIEPCHST B MOJIEITH, MOSKHO HE TIPOCTO Pa3ziesiATh Habop naH-
HBIX Ha 00YYAIOIIYIO 1 TECTOBYIO BBIOOPKY WM BBIIOJIHSTH EPEKPECTHYIO BaINia-
110, & TPUMEHUTD CAYUAUHYIO 6AIUOALUUI0, KOTOPAST TO3BOJISIET CKOJIBKO YTOTHO Pa3
TIePEMETITIBATD JIAHHbIE, PA3/IENISITh UX Ha JIBE BBIGOPKY U aTPEeTHPOBATDH PE3YIIBTATEI

o . 1
TecTupoBaHud. B mpumepe 5.23 BoinosinsgeTcs 10 utepaiiuii, Ha Kax 01 U3 KOTOPBIX =
HabOpa JAHHBIX CJIYYallHBIM 0OPa30M OTOUPAETCS B TECTOBYIO BBIOOPKY, & OCTAIbHbBIE

5
3 CTaHoBATCA obyuaronieil BBIOOPKOiL. 3aTeM pe3ybraThl 10 TecTUpOBaHUIA yepe-

HAIOTCA 1 BBIYHUCJIACTCA UX CTAaH/IaPTHOE OTKJIOHEHUE, 110 KOTOPOMY MOJKHO CyJANUTbH
O TOM, HaCKOJIbKO crabuibHa MO€eJIb.

Mpumep 5.23. CnyyaiiHas BanuaauMs ons MHEHON perpeccum

import pandas as pd
from sklearn.linear_model import LinearRegression
from sklearn.model_selection import cross_val_score, ShuffleSplit

df = pd.read_csv("https://bit.ly/38XwbeB", delimiter=",")

# M3BneKkaem BXOAHble MepemeHHble (BCe CTPOKW M BCe CTON6UbI, KpOMe Moc/iefHero
cTonbua)
X = df.values[:, :-1]

# W3Bnekaem cTonbel C BLIXOAHON MepemMeHHoOM (BCe CTPOKU, TONbKO NocnefHui ctonbeu)
Y = df.values[:, -1]

# MpocTana nuHeinHaa perpeccua

kfold = ShuffleSplit(n_splits=10, test_size=.33, random_state=7)
model = LinearRegression()

results = cross_val_score(model, X, Y, cv=kfold)

print(results)
print("mean = %.3f (stdev = %.3f)" % (results.mean(), results.std()))

B uem nenocraTok Takoro noaxozaa? OH OueHb 3aTPATEH C BBIUUCIUTENBHON TOUKI
3peHUs, IOTOMY UTO PETPECCUIO TIPUXOAUTCS 00y4aTh MHOTOKPATHO.

[ToaToMy, KOT/Ia BBl OTPaHUYEHBI [I0 BPEMEHU WJIVW BAlllK JaHHBIE CIUIIKOM 00b-
€MHBI JIJIST CTATHCTHYECKOTO aHAIN3a, TIPOCTO OJIMH Pa3 PasfesisiiTe Habop MaHHBIX
Ha 06YYAIOILYIO U TECTOBYIO BHIOOPKU. ITO MO3BOJIUT OIEHUTH, HACKOJIBKO XOPOIIIO
JIMHeRHas perpeccust paboTaeT Ha JAaHHbBIX, ¢ KOTOPBIMU OHA PaHbIIEe He BCTPeYasach.
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06yt|a|ou4aﬂ nTecToBasn Bbl60pKM He rapaHTupyloT ycnexa

p BaskHO OTMETHTD, UTO Ballla MOZENb He OyeT XOPOIo paboTaTh IPOCTO M3-3a
\ TOr'0, YTO BbI IPUMEHSIETE TIEPEOBbIe METObl MAIIMHHOIO O0YYEHUsT U pas-

JesisieTe JaHHbIe Ha 00YYaIoIyIo U TECTOBYIO BRIGOPKHU. BriosiHe MoskeT 1moJTy-
YHUTHCS TaK, YTO BBI IlepeaflalTHPyeTe CBOIO MOJIENb 1 € IIOMOIIIBIO P-XaKIHTA
00beTech XOPOIINX PE3YJIBTATOB B TECTAX, a TOTOM 0OGHAPYIKHTE, UTO C Pe-
ATbHBIMU JAHHBIMU OHA paboTaeT ILI0X0. BoT moyemy mHOTIa HEOOXOANMO
MPELYCMOTPETH €Ille OJHY BBIOOPKY, KOTOPasi Ha3bIBAETCS BANUOAUUOHHOL,
0COOEHHO KOT/Ia BbI CPaBHUBAETE PasHble MOJIEN M KOHGbUTYparui. Takium
06pa3oM, eciit BB MOAHMUITIPYeTe 0OYYAONLYI0 BHIOOPKY, YTOOBI AOCTHYD
JIydIieii IpOM3BOAUTEIHbHOCTH HA TECTOBBIX JAHHBIX, 9TO HE IPUBE/ET K TOMY,
9TO B 0OyUAIOIIHe TaHHbIE TPOHUKHET JUNIHsIs nHdopMmarmst. PacemarpuBaiite
BJIM/IAIIMOHHYIO BBIGOPKY KaK TOCTeHUI PyOesK MPOBEPKH TOTO, HE TIPHBEJT
JIVL p-XaKHHT K T1epeoOydeHnIo MOJIEH TI0Jl TECTOBYIO BBIGOPKY.

Ho naxe B 3TOM ciyyae Bech Balll HAGOp JaHHBIX (BKJIOYAst 00YYAIOIILYIO,
TECTOBYIO U BAJIMIAIMOHHYIO BEIOOPKU) MOT OBITh M3HAYATIBHO CMEIIEHHBIM,
U HUKaKKeE Pa3jle/IeHUsl He TIOMOTYT 3TO uctipaBuTh. JHApIo bla (Andrew Ng)
Ha3BaJI 9TO GOJBINON TIPO6AEMOil MATMHHOTO 00YYEeHUA B PAMKaX WHTEPBHIO
mist DeepLearning. Al u Stanford HAI (https://oreil.ly/x23S3). On nipuseJ npu-
Mep, KOTOPbIii TOKA3bIBAET, I0YEMY MAIIIMHHOE 0OYYeHUe HE CMOTJIO 3AMEHUTD
Bpayeil-peHTreHOIOTOB.

MHoromepHasa nuHeiHas perpeccus

Ira ruasa 6bLIa MTPAKTUYECKU TOJTHOCTHIO TIOCBSIIEHA IMHEIHO PErPecCUu ¢ OJIHOM
BXO/THOU U OJIHOW BBIXO/IHOU TiepeMeHHOoi. OIHAKO TIOHSTHS, KOTOPBIE MbI 3/1€CH 13-
YUWJIU, B 3HAYUTEJIbHO CTeTleH! IIPUMEHNMbI M K MHOTOMEpHOI JIMHEHOH perpeccuu.
JLJ1s1 Hee HO-TIPEsKHEMY MOYKHO HCIIOJIb30BaTh TAKME METPUKH, KAK 7~ , CTAHIAPTHASI
ommoOKa U JOBEePUTEJIbHbIE UHTEPBAJIbI, HO YeM OOJIbIIIE IEPEMEHHBIX, TEM 9TO CJIOKHEE
ocytiecTBuTh. [Ipumep 5.24 neMOHCTPUPYeET TUHEUHYIO PETPECCUIO C IBYMS BXOI-
HBIMU Y OZIHOM BBIXOIHOM IIepeMEHHOI ¢ ucIob3oBanneM onbmorexu scikit-learn.

Mpumep 5.24. JIvHelHaa perpeccus ¢ ABYMsi BXOAHbIMW NEPEMEHHbIMU

import pandas as pd
from sklearn.linear_model import LinearRegression

# 3arpyxaem AaHHble
df = pd.read_csv("https://bit.1ly/2X1HWH7", delimiter=",")


https://oreil.ly/x23SJ

3aKkniouenme 209

# M3BneKkaem BXOAHble nepemeHHble (BCe CTPOKM U BcCe CTonbupl, Kpome MOCiefHero
cTonbua)
X = df.values[:, :-1]

# M3Bnekaem ctonbel C BbIXOAHOW MepemeHHON (BcCe CTPOKW, TONbKO NocneaHuit ctonbeu)
Y = df.values[:, -1]

# 06by4aem mopenb
fit = LinearRegression().fit(X, Y)

# BbiBOAMM nNapameTpbl Moaenu

print(f"Yrnosbie kosdppuumenTsl = {fit.coef_ }")

print(f"Mepeceyenne = {fit.intercept_}")

print(f"z = {fit.intercept_} + {fit.coef_[0]}x + {fit.coef _[1]}y")

OpHAaKo BBI PUCKYyeTe OKA3aThCA B MIATKOM TIOJIOKEHUH, KOT/Ia MOJIETTb HACTOJIBKO
HEePETIOJTHUTCS TIEPEMEHHBIMU, YTO HAYHET TEPSTH OOBSICHUMOCTD, U UMEHHO TOT/IA
BEJIK COOJIA3H MEPEKIIOUNTHCS B IPUBBIYHBINA PEKUM MAIITHHHOTO OOYYEHUS U pac-
CMaTPUBATH MOJIETTb KaK YepPHBIH suk. Hajietoch, Bbl yOEUINCE, UTO CTATUCTHYECKUE
COOOpaKeHNsT HUKY/IA He JENUCD, U 4eM OOJIbIIe TIEPEMEHHBIX BBI J0OABIISETE, TEM
paspeskenHee CTaHOBATCA ganuble. Ho ecin caesaThb miar Hasal, IpoaHaIu3upoBaTh
B3aMMOCBS3M B KaXX/I0H TTape IePeMEeHHBIX € TIOMOIIBI0 KOPPeJISIIMOHHON MaTpHUIIbI
1 TIOTIBITAThCSl MOHSTD, KaK IlepeMeHHble B KaX/I0il Ilape B3auMO/IeCTBYIOT IPYyT
C IPYTOM, 3TO TIOMOJKET CO3/1aTh 3 (HEKTUBHYIO MOJIETb MAIIUHHOTO O6YYeHUL.

3aKnueHue

B 5T0i1 r71aBe MBI pacCMOTpeIM MHOTO BOIIPOCOB. MaTepuas He orpaHudnBaIcs 110-
BEPXHOCTHBIM IIPEJICTAaBICHIEM O JIMHENHON perpeccun, Koraa pasieieHne Habopa
JIaHHBIX Ha 0OYYATOILYIO U TECTOBYIO BBIOOPKY CTAHOBUTCS €IMHCTBEHHBIM CIIOCOO0M
Bajmaanuu. S mocrapajics mokasaTh BaM KaK CKalbIleab (CTAaTUCTUKY ), TaK 1 OeH-
3oy (MallMHHOE 00yueHue), YTOObI Bbl MOIJIM OLLEHUTD, YTO JIyYILIE IIOMOKET
PEIIUTh KOHKPETHYIO MPo6JIeMy, ¢ KOTOPOI BbI CTOJIKHYIUCH. CyIIECTBYET MHOTO
METPUK U METOJ0B aHAJIN3a, KOTOPbIE JOCTYIIHBI TOJBKO B JIMHEHHOI perpeccun,
1 MBI PACCMOTPEJIN HEKOTOPBIE M3 HUX, YTOOBI ITOHSATH, HACKOJIbKO Hale/KHa TTHEeHAs
perpeccus s IpOrHo30B. Bo3aMoKHO, THOTIA BaM IIPUETCS BBIIOIHATD PETPECCUIO
115 Tpy6OTro IpUOIMIKEHU, a MHOI/A TIATEJbHO aHAIU3UPOBATh U CUCTEMATU3U-
pOBaTh JaHHBIE C MOMOMIBIO CTATHCTHYECKUX MHCTPyMeHToB. Kakoii mogxox uc-
0JIb30BaTh — 3aBMCUT OT CUTyalyu. Ecim BbI X0TUTe GOJIbIIE Y3HATH O TOM, KaKue
CTaTUCTUYECKUE MHCTPYMEHTBI JOCTYIHBI B Python, osmakombrech ¢ 6ubanorexoi
statsmodel (https://oreil.ly/80EHo).


https://oreil.ly/8oEHo
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B I'JIaBe 6 KOTOpas IMOCBAIIECHA JIOTUCTUYECKOM perpeccnu, Mbl BHOBb O6paTI/IMCH K
I‘h W CTaTUCTUYECKON 3HAYMMOCTH. HalleIOCb TEKyIlas IiaBa y6eIII/I]Ia BaC B TOM,
YTO JaHHDBbIE CTOUT aHAJIU3UPOBATH OCMBICJICHHO, a BJIOJKEHHbIC YCUJINA MOTYT CTaTb
3aJIOTOM YCHEMIIHOTO IMTPOEKTA.

YnpaxXHeHUa ana camonpoBepku

Habop faHHbBIX 13 ABYX IIEPEMEHHBIX X U i IOCTYTIeH 10 ceblike (https://bit.ly/3C81zrM).

1. BeIMoOJIHUTE TPOCTYIO TMHEHHYIO PETPECCUIO, YUTOOBI HATH 3HAYEHWS m U b, KO-
TOpble MUHUMU3UPYIOT I0TepU (CyMMY KBaJIpaTOB OCTATKOB).

2. Paccuuraiite K0a(pDUIUEHT KOPPEAINN U CTATUCTUYECKYIO 3HAUMMOCTD 3TUX
JMaHHBIX (Ha IOBEPUTETHHOM YPOBHE 95 %). 3HAUNMA JIN KOPPETSIIIUST?

3. KakoB 95 %-Hblil MHTEPBaJ MPOTHO3UPOBAHUS JJIsSI TIPOTHO3UPYEMOTO 3HaUe-
Hust y ipu x =507

4. HauHWTe PETPECCUI0 3aHOBO U Pas/eiTe JaHHbIe Ha OOYUYAIIYI0 U TECTOBYIO
BbIOOPKU. He cTecHsANTECH 9KCIIEPUMEHTHPOBATD € TIEPEKPECTHON U CITydaiiHOM
Baymganyei. Hackoibko Xopouio u ctabuibHo paboTaer JUHeHas perpeccust
Ha TEeCTOBBIX MaHHBIX? [Touemy Tak?

OtBetoI cM. B [Ipunoskennn b.


https://bit.ly/3C8JzrM

[TIABA 6

Jlornctuyeckasn perpeccus
n Knaccupukauma

B aT0i1 r1aBe peus MOUAET 0 102ucmuteckoul pezpeccuis, KOTopas IpOTHO3UPYET BEPOSIT-
HOCTb TOTO MJIM HTHOTO UCXO0/IA TI0 OTHOMN WJIM HECKOJIbKMM HE3aBHCUMbBIM TIEPEMEHHBIM.
B cBoto ouepenn, pe3yabTaThl JOTUCTUIECKON PETPECCUN MOXKHO UCTIOTH30BATH ST
KAACCUDUKAUUL, TO €CTH JIJIS TOTO, YTOObI IIPEJCKA3bIBATH KATErOPUH, a HE YUCIOBbIE
3HAUYEHMS, KaK B CJIy4ae ¢ JIMHEHHOU perpeccuei.

[TepemeHHbIE HE BCET/A TOTKHDBI OBITH HENPEPbIGHbLIMYU BETUYMHAMU U TIPUHUMATD
3HaUYeHUs U3 GECKOHEYHOTO MHOKECTBA BEIECTBEHHBIX JIECATUYHBIX YKCesl. BhIBaoT
CHUTYAITUH, KOT/Ia JIy4IIie, 4TOOBI TIeEpeMEHHbIE OBUTH QUCKPEMHbIMIL, TO €CTh TPUHUMATIH
B KauecTBe 3Ha4eHU 11es1ble yucJia uin jJorndeckue sHadennsd (1 wim 0, «<uctuHay uin
«JI0XKb» ). JlorucTrdeckas perpeccust obydaercs Ha IiepeMeHHOM, KOTopasi SABJIsSIeTCsT
6unapHoii (1 unu 0) wiu KareropuaibHON (1eJ0e uncyio). Pesynsrar perpeccun —
HepepbIBHAS TIEPEMEHHAst B BUJIE BEPOSITHOCTH, HO €€ MOKHO ITPeoOpa3oBarh B JIHC-
KPETHYIO BEJIMYMHY C TOMOIIBIO TIOPOTOBOTO 3HAUEHUS.

Jloructuueckyio perpeccuio pocTo peajn3oBaTh, U OHA JOCTATOYHO YCTOMYMBA
K BBIOpOCaM ¥ APYruM gedeKTaM JaHHBIX. MHOTHE 3alaui MAITMHHOTO O0yJYeHuUsT
JIy4lile BCEero penaTh ¢ HIOMOIIBIO JIOTUCTUYECKOH Perpeccun, KoTopast OKa3blBaeTCs
npakTuyHee U 3(HEKTUBHEE, YeM APYTUE METObI O0YUEHUST C YUUTETIEM.

Kax u B rs1aBe 5, rjie 1111a peyb 0 JUHEHHON PerpecCui, Mbl TIOTTBITAEMCST TIPOUTH T10
TOHKOW TpaHU MEXK/IY CTATUCTUKOM U MAlTUHHBIM 00yUeHHUEM, 3a[1eHCTBYSI MHCTPY-
MEHTBI 1 METOJIbI aHAIM3a U3 06enx MUCIMILINH. JIorneTHYeckass perpeccust 00b-
eIMHUT MHOTHE TTOHSATHUS, KOTOPbIE MBI PACCMAaTPUBAJIN B 3TOH KHUTE, — OT TEOPUN
BEPOSITHOCTEH /10 TMHEWHON Perpeccuu.



212 [naBa 6. Jloructuueckas perpeccua u Knaccuukauma

Yo TaKoe NIOrmucTuyeckas perpeccus

IIpecraBbTe, UTO HA 3aBOJIE TPOU3OIILIA HEOOIbIIIAsT ABAPHST, U BbI [TBITAETECH OLIEHUTD
TIOCTIE/ICTBHS BO3/IENCTBUS XUMUYECKHX BETECTB. Y Bac ecTh 11 marmeHToB, KOTOpbIe
B T€UEHUE PA3HOTO BPEMEHH TIOIBEPTATUCH BO3IEHCTBUIO BpeHOTro XuMuKaTa. (ITo-
JKajryiicta, 00paTiTe BHUMAHIE, YTO 9TO BHIMBIIIICHHbIE JAHHbIE,) Y OHUX MallUeHTOB
MPOSTBUJTUCH CUMIITOMBI XUMHUYECKOTO OTpaBJieHus (3HaYeHue 1), a y Apyrux — HeT
(3navenme 0).

Jlasaiite n3o6pasuM 9TH JaHHbIe Ha puC. 6.1, rie 3HadeHue 1o ocu X MOKa3bIBaeT,
B TeUeHUE CKOTBKUX YaCOB MAIMEHT TOIBEPTAJICS BO3IEUCTBUIO, a TIO OCU ¥ — TIPO-
SIBUJIMCH Jin Y Hero cumiitombl (1 uiu 0).

[
o

ol ~ 27 T 4 € 8

Puc. 6.1. lnarpamma Hanuuua (1) unm otcytctma (0) cuMnTOMOB Y NaLlMeHToB
B 3aBUCUMOCTM OT NPOJOMKUTENBHOCTU BO3AEICTBIA XMMUKATA

Kak 1107110 HysKHO TIOABEpPraThCst BO3AEHCTBUIO XUMITYECKUX BEIIECTB, YTOOBI HAUaIIH
TPOSIBJIATHCS CHMIITOMBI OTPaBJieHNs ? JIerko 3aMeTUTb, YTO IPUMEPHO HA YPOBHE YETHI-
PEX YACOB IMarpaMma Pe3Ko TEPEXOUT OT MarueHToB 6e3 cuMntoMoB (0) K marnneHTam
c cummiromamu (1). Ha puc. 6.2 mpesictaBiieHbl Te 5ke JJAaHHbIE C TIPOTHOCTYECKOU KPUBOT.

==L.—0—

Puc. 6.2. Yepes ueTbipe Yaca B03AeiCTBIA HaONIOAAETCA OTYETANBDIIA CKAUOK,
KOrfia y NaLMeHTOB HauMHaIT NPOABAATLCA CUMITOMbI

Ecuiit 6eryio mpoaHaiu3upoBaTh 3Ty BIGOPKY, MOKHO CJIEJIATH BHIBO: BEPOSITHOCTD
TOTO, YTO CUMIITOMBI TIPOSIBSITCSI Y MAIMEHTa, KOTOPBIN IMOJABEPTAJICS BO3AEHCTBUIO
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XMMUKATa MEHEe YETHIPEX YaCOB, COCTaBIsIeT MouTH 0 %, HO BEPOSTHOCTH TOTO, YTO
OHU TIPOSIBSITCSI ¥ TAIMEHTA, KOTOPBIN TOBEPTAIICS BO3AENUCTBUIO HOJIEE YEThIPEX
4acoB, paBHa npakTudecku 100 %. Mex1y aTuMu AByMsI TPy ITaMK HAOJII01aeTCst OT-
YeTJMBBIN CKAYOK: CHMIITOMBI HAUMHATOT ITPOSIBJIATHCS TPUMEPHO Yepe3 YeThIpe yaca.

Koneutio, B peaTbHOM MUpPe BCe He TaK OMHO3HAYHO. J[0TycTiM, BB cOOpasu 60bIie
JIAHHBIX, ¥ TETePb B CPeiHel YacTH MHTePBaJa eCTh MallMeHThl U C CUMIITOMaMH,
u 6e3, Kak T0Ka3aHo Ha puc. 6.3.

|
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Puc. 6.3. B cpepHeli yactu auarpammbl eCTb nawueHTbl U ¢ cumntomamn (1), u 6e3 cumntomos (0)

WuTepnpeTrpoBaTh 3TO MOXKHO TaK: YeM JOJIbIIE TTAIMEHT MOIBEPrasics BO3IEHICTBUIO
XUMUYECKUX BEIECTB, TEM BbIIIIE BEPOSITHOCTh TOTO, UTO Y HETO MPOSIBATCS CUMITTOMbI
orpasienys. [IpeacTaBuM 3TO ¢ IOMOILIBIO L0ZUCIUUCCKOL (ynKuuu — S-00pasHoi
KPUBOM, TJIe BBIXO/IHAS ITePeMeHHast HaXouTcst B inarnasone ot 0 710 1, Kak mokazaHo
Ha puc. 6.4.
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Puc. 6.4. [ToaroHka norncTuyeckoi GyHKLMM K AaHHBIM

M3-3a TOTO, 4TO JBE TPYIIIbI TOYEK IIEPEKPHIBAIOTCSI, TENEPD HET YETKON BpeMEeHHOM
IPaHUILIbL, [IOCJIE KOTOPOii y allMeHTa IIPOSIBJISIIOTCS CUMIITOMBI, 8 HaOJII0aeTcs 110~
CTETeHHbII 1epexo/ oT BepositiocTh 0 % K BepositHocTH 100 % (10 ectb 0T 0 K 1). ATOT
MPUMeEp IEMOHCTPUPYET, KaK J02UCTNUUECKAS peZpeccusi TIOPOKIAeT KPUBYTO, KOTOPast
MOKa3bIBAET BEPOSITHOCTH TOTO, YTO MTPOM3OILIO HEKOTOPOe coObITre (y Tal[ieHTa
MTPOSIBUJIMCH CUMIITOMBI XUMUYECKOTO OTPABJIEHUST), B 3aBUCIMOCTH OT 3HAYEHUST
HE3aBUCHMOI ITepeMeHHOH (TPOI0JIKUTETBHOCTD BO3IEHCTBHST).
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JIOTHCTHYECKYIO PETPECCHIO MOKHO MOAUGDHUIINPOBATH, YTOGBI OHA He TPOCTO TPO-
THO3MPOBaJia BEPOATHOCTD AJIA TEX NI MHBIX 3HAYEHU N BXO/HBIX ITIEPEMEHHDBIX, HO
U TPE/ICKA3bIBaIa, K KAKO# M3 JBYX KATETOPHIl OTHOCUTCS MAIUEHT, — JIJIST 3TOTO
HY’KHO 33/1aTh TIOPOTOBOE 3HaveHue. Harpumep, eciiu st uccsieyio HOBOTO Tal[HeHTa
1 Y3HAI0, UTO OH MOIBEPTAIICS OTIACHOMY BO3/IEHCTBHIO B TeUEHE 6 YACOB, 5T TPOTHO-
3UPYI0 BEPOSATHOCTH 71,1 % TOTO, 4TO y HETO TPOSBSTCS CUMITOMBI (CM. puc. 6.5).
Eciiit toporoBast BEpOSITHOCTD TIPOSIBJIEHUSI CUMIITOMOB cOcTaBlisieT He MeHee 50 %,
s IPOTHO3UPYIO, YTO OHU JOJIKHBI TIPOSIBUTHCSL.

" | (6,0[711)
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Puc. 6.5. MoxHo npeanonoxuTb, 4To y NaLmeHTa, KOTOPbIil NOABEpranca Bo3AelcTBIto
XMMUYeCKUX BELLECTB B TEYeHue 6 YacoB, CUMMTOMbI OTPABNIEHUA NPOABATCA C BepoATHOCTbI0 71,1 %.
[MockonbKy 3Ta BeMYMHA NpeBbILLALT NOPOroBoe 3HaueHue B 50 %, Mbl IPOrHO3MpyeMm,

YTO CUMATOMBbI JOMKHbI NPOABUTHCA

Kak BbINOAHATD NOrUCTNYECKYHK perpeccuio

Kak >xe BBIIOTHUTD JIOTUCTUYECKYTO perpeccuio? /I Hadanta pacCMOTPHUM JIOTUCTH-
JecKyI0 PYHKINIO ¥ N3YINM MaTeMaTHIeCKHI alllapat, Ha KOTOPBIH OHA OMUPAEeTCs.

Norncrtuyeckas GyHkuumA

Jozucmuueckas ynxuus — a1o S-obpasHast KpuBast (TaKyKe U3BECTHAST KAK CUMOUOQ),
KOTOPasl B 3aBUCUMOCTHU OT 3HAYEHUI BXOHBIX TIePEMEHHBIX IIPHHIMACT 3HAYCHNUS
mesxy 0 1 1. ITockosbKy BbIXO/HAs llepeMeHHas JIesKUuT B uHTepsade or 0 1o 1, ¢ ee
TIOMOTIIBIO0 MOKHO TIPE/ICTABJSTH BEPOSITHOCTb.

Bor norunctindeckast (I)YHKHI/IH, KOTOPasA BbIAAECT BEPOATHOCTD Y [AJISI OTHOTO aDIyMEHTA X!

1

Y e A

O6parute BHUMaHVE, YTO B 3TOI (hopMyJie (PUTYPUPYET YKCIIO €, KOTOPOE MbI PACCMA-
tpuBanu B riase 1. [Tlepemennas x — 9To HezaBUCUMas nepeMennas, a f, u ff, — ko-
adduruenTs perpeccuu, KOTOPbIE HYKHO HAUTH.
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Kosdduimentnr B, u f, HaxoasaTcs B MOKas3aTesle CTEIIEHH, KOTOPBIA HATOMIHAET
JUHEHHYI0 QYHKINIO (KaK BBI IIOMHUTE, OHA BRITVIIUT UACHTUYHO: y = mx +bh WIN
V= pf,+ B x). IT0 He cOBIAjIEHNE: JOTUCTUYECKAST PETPECCUST HA CAMOM JIEJI€ TECHO
CBsI3aHA C JIMHEIHOI perpeccueil, U Mbl TOTOBOPUM 00 3TOM I03Ke B ATOH TJIaBe.
B, — 310 OpAMHATA TIepecevYeHNsI BHIIIEYIOMSHYTON JIMHEHHOM (GYHKIMHU ¢ 0chio ¥
(koadpurrieHT b B IPOCTOIT IMHEIHOM perpeccun), a ff; — ee yriaoBoit KoahuimenTt
(TO’Ke, uTO M B IIPOCTOH JIMHEWHOI perpeccun ). Jta InHelHas (pyHKIus B oKa3artese
crernenn usBecTHa Kak orut-pynkims (log-odds wri logit), XoTst oka Bam 10cTaTOYHO
TIPOCTO 3HATD, YTO BCS JIOTUCTHYECKASA (DYHKITUS TOPOXKIAET ATy S-06pasHyIo KPUBYIO,
KOTOpas OTPAXKAET, KaK U3MEHSETCS] BEPOATHOCTD ITPU IBUKEHUU BIOJIb OCH X.

O6bstBUTD JToTHCTUYECKYTO DyHKIINIO HA Python MokHO ¢ oMo1bio hyHKIMY exp ()
u3 6ubamoTekn math, KOTOpast 3a/1a€T CTETIEHD YHCIIA €, KaK TIOKa3aHo B IpuMepe 6.1.

Mpumep 6.1. Jlornctmueckas dyHKUMS OAHOIO aprymeHTa Ha Python
import math

def predict_probability(x, be@, bl):
p=1.0/ (1.0 + math.exp(-(b® + bl * x)))
return p

ITocMoTPUM, KaK BBITJSAUT Tpaduk sTOH QyHKIUU B ciaydae, korga [, =—2,823
u S, =0,62. B upumepe 6.2 oKazaHo, Kak IIOCTPOUTH STOT rpaduK ¢ IoMoIbio SymPy,
a caM rpaduk 1300pakeH Ha puc. 6.6.

MpumMep 6.2. MocTpoeHe rpacmka NOrMCTUYECKON PYHKLMK C NOMOLLbO SymPy

from sympy import *
b, bl, x = symbols('b@ bl x")

1.0 / (1.0 + exp(-(b® + bl * x)))

p
p = p.subs(be,-2.823)
p = p.subs(bl, 0.620)
print(p)

plot(p)

—

0 5 10

Puc. 6.6. [paduk noructnyeckoil pyHKLmm
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B HEKOTOPBIX yqe6HI/IKaX JIOTUCTUYIECKYIO (byHKL[I/HO MOJKHO BCTPETUTD B ]Ipyl"Oﬁ (bopMe:

of B

B+

p:l+e

He BosHyiiTech: 910 Ta jke camast (DYHKIIUsL, TPOCTO OHA areOPanvecK BhIpaskKeHa
unade. O6paTrTe BHUMAHUE, YTO JOTUCTUYECKYIO PEIPECCHIO, KaK M JIMHEIHYIO,
MOKHO PACIIPOCTPAHUTD Ha JIBE U OOJIee BXOMHBIX MEPEMEHHDBIX (X, X,,..., X, ), KaK
HOKa3aHo B caeAylomieil (hopmyJie. [[Jist 9Toro mpocTo Hago A00aBUTh AOMOJTHATEIbHbIE

Koo dutuentsr S :
1

|+ e—[ﬁ,, + B+ Baxy ot Box, )

p=

Moaroxka noructnyeckoil KpUBON

Kax rogoruars JJOrucTHIECKYIO KPUBYIO K 3aJaHHOI oby4datomnieil Bri6opke? Haunem
C TOTO, YTO JIAHHBIE MOTYT COJIEPKATH JIOGYI0 KOMOUHAITMIO BEIECTBEHHBIX, TIETBIX
U JIBOMYHBIX TIEPEMEHHBIX, HO BBIXO/[HAS TIEPEMEHHAs IOJKHA OBITH TOTBKO IBOUYHOI
(0 win 1). Korga Mbl [ieJ1aeM IIpOrHO3bI, 3HAUEHNE JJOTUCTUYECKON yHKIIK Oyaer
HaxoUThest Meskay 0 1 1 1 TeM caMbIM Oy/IeT Mo06HO BEPOSITHOCTH.

JlaHHbIE COIEPIKAT 3HAUECHUS BXOHBIX 1 BBIXOIHOI ITEPEMEHHBIX, HO YTOOBI TOIOTHATH
JIOTHCTHYECKYIO (DYHKIIMIO, HAM HYKHO HaiiTh KoadduimenTsr S, u ;. Bo3aMoXKHO, BbI
BCIIOMHHTE, KaK B IJIaBE 5 MBI HCIIOJIb30BAJIM METO/ HAMMEHBIITIX KBAJPATOB, OHAKO
311eCh OH HE TIOJIXOIUT. BMECTO 3TOT0 HYKEH MEMOo0 MAKCUMATLHOZ0 NPagoonododus,
KOTOPBIif, KaK MOYKHO JIOTA/IAThCS TI0 HA3BaHWIO, MAKCHMU3HUPYET TPaBIOTION00ME
TOTO, YTO 3a/[aHHAsT IOTHCTHYECKAST KPUBAS MOPOsK/IAeT HabII0laeMble TAHHbIE.

B oTawume ot nuHeHOW perpeccuy, He CYNIeCTBYET aHAJIUTUUECKOTO PElieHus,
C TIOMOII[BI0 KOTOPOTO BBIUUCJIAIOTCS NCKOMbIe KO3 duiinerTbl. OHAKO MOXKHO
PUMEHUTh TPAJAMEHTHBIN CIIYCK WU TIOPYYHTh paboty bubimoreke. Jlaaiite pac-
cMOTpUM 00a 3THX IOAX0/1a, Hauas ¢ Oubsmorexu scikit-learn.

WUcnonb3oBanue 6ubnuoteku scikit-learn

IMpusarnasa ocobennocts scikit-learn cocrour B ToM, 4TO MOJEIM MALITUHHOIO 00-
YUYEHUST 4acTO MOJJIEPKUBAIOT CTaHIAPTU3MPOBaHHbIH Habop GyHKimit 1 API, Tak
YTO BO MHOTHX CJIyYasiXx MOKHO KOIMMPOBATh OJUH W TOT JK€ KO/, 4TOObI TOBTOPHO
WCIIOJTh30BATh €70 B PAa3HBIX MOJIeNIsIX. B mpuMepe 6.3 BBl BUAUTE JIOTUCTUYECKYIO Pe-
Tpeccuio, KOTopas BBITIOTHEHA Ha JAHHBIX O TanueHTaxX. Ecii cpaBHUTD 9TOT IpUMep
C JIMHEHHOU perpeccreil U3 TIaBbl 5, TO MOKHO YOEIUTHCS, UTO 3[1€Ch UCIIOIb3YeTCsT
MPAKTUYECKU TOT JK€ CaMbIil KOJI, YTOOBI 3arpysKaTh M PasesisaTh TaHHBIE, a TAKKe
MOATOHATh MOziesib. OCHOBHOE Pa3jinyue — B TOM, YTO JIJISI MOJIENTN UCTIONIb3YeTCs
LogisticRegression(), a He LinearRegression().



Kak BbINOMHATB NIOTVICTUYECKYI0 Perpeccitio 217

MpumMmep 6.3. NpocTas normcTuyeckasl perpeccust C NoMoLLpio scikit-learn

import pandas as pd
from sklearn.linear_model import LogisticRegression

# VmMnopTupyem AaHHble
df = pd.read_csv("https://bit.ly/33ebs2R", delimiter=",")

# M3BneKkaem BXoAHble nepemeHHble (BCe CTPOKM M Bce CTonbupl, Kpome MOCNeAHEero
cTonbua)
X = df.values[:, :-1]

# N3Bnekaem cTonbel C BbLIXOAHOW MepemMeHHoW (BCe CTPOKU, TONbKO NocnefHui ctonbeu)
Y = df.values[:, -1]

# BbinosIHAEM NOrUCTUYECKYW perpeccul

# OTknwyaem wtpad (penalty)

model = LogisticRegression(penalty=None)
model.fit(X, Y)

# KoappuumeHT B1
print(model.coef_.flatten()[0]) # ©.6926893863085584

# KoappuumeHT Bo
print(model.intercept_.flatten()[0]) # -3.175805042563378

MNPOrHO3MPOBAHUE

YT06bI IPOrHO3UPOBATH 3HAYEHU Y [/ KOHKPETHBIX 3HAYEHUN X, IPH-
MeHsiiTe K 00beKTy model MeTobI predict () u predict_proba() us scikit-
learn. Onu paboTaloT Kak jijist LogisticRegression, Tak 1 iJist JIIOOBIX APYIHX
Mojiesieit kinaccudukaiuu. OyHkims predict () TPOrHO3UPYET KOHKPETHBII
kiacc (Hampumep, 1 nsn 0), a byHkms predict_proba() BEIBOAUT 3HAUEHNE
BEpPOSITHOCTH JIJIST KayK/I0TO KJacca.

Ecin 3ammycrutb Moziens B scikit-learn, mosydnrest joructudeckast perpeccusi, B Ko-
Topoit B, =-3,175805042563378,a B, =0,6926893863085584. Ipachuk oructudeckoit
(byHKINHN TOKa3aH Ha puc. 6.7.

—

TR peee - 10
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Puc. 6.7. [paduk noructuueckoit GyHKLMM
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3tech ciieyeT OTMETUTD HeCKOJIbKO MoMeHTOB. Koryia st co3naBas Mozenb Logistic-
Regression(), 51 aHHYJIMPOBAJT apryMEHT penalty, ¢ ITOMOIIBI0 KOTOPOTO 3a/1a€TCsI
METOJT PETYIIpU3aIi, Harrprumep 11 v 12. XoTsT 9Ta TeMa BLIXO/INT 32 PAMKH KHH-
T'H, 5T BKJIIOUNJ KPATKHE CBE/ICHIS B CJIEYIONLYI0 Bpe3Ky «Ilapamerpst 6ubmorekn
scikit-learns, 4T06b1 y Bac Moz pyKO# OBLIH TTOJE3HDBIE CCHITKH.

Hakownert, s mpumenns metof; flatten() K yrioBomy K0a(hhUIIUEHTY U TIepeceueHn o
C OCBIO Y: KKIbIH 13 3TUX KOa(hDUIMEHTOB TIPe/ICTaBICH KAK MHOTOMEPHAS MAaTPUIIA,
HO CO/IEPKUT OJIUH 3eMeHT. MeTo flatten() M0O3BoJIsIeT PeyIIIPOBATh MATPHUILY
B MEHDIIYIO Pa3MEPHOCTD, OCOOEHHO KOT/[a KOJIMYECTBO 3JIEMEHTOB MEHBIIIE, YeM
pasMepHocTb. Harrpumep, 3/1ech 3TOT MeTO/T IIPeBpalliaeT IByMEPHYIO MaTPUILY B O/THO-
MEPHBIII MacCUB U3 OJTHOTO YMCJIA, 3 MH/EKC [0] U3BJeKaeT 3TO YMCJIO0 B BUJE OT-
nespHOro 3uavenust. [locie atoro y nac nostBistiorcest koadduimentsr S, u .

Napametpbl 6ubnuotekn scikit-learn

Bub6mmoreka scikit-learn npeamaraeT MHOKECTBO HACTPOEK /IS MOZETICH pe-
rpeccun u Kiaaccudukanun. K coxkaneHuio, B 9TOll KHUTE He XBATHUT MeCTa,
4TOOBI UX PACCMOTPETH, IOTOMY YTO KHHMIa HE MOCBSIIEHA UCKIYUTENbHO
MaITHHHOMY 00Y4YeHHIO.

Opnnaxo scikit-learn conpoBoskaaeTcst Xopoliei 1 moApoOHOI JOKYyMeHTaIUEH,
a CBEJIEHUs O JIOTUCTUYECKOM Perpeccuy MOKHO HalTu 1o azapecy https://
oreil.ly/eL8hZ.

Ecin MHOTHE TepMUHBI BaM HE3HAKOMBI — HATPUMeEP, PETyJ/IsPH3allns 1 IITpa-
ot 11 w12, — Bam momoryT Apyrue 3aMevaTesbHbIE KHUTH M3aTeNbCTBA
O'Reilly. Opun us Haubosiee MoJe3HbIX y4eOHUKOB, KOTOPbIE MHE yIal0Ch
Haiitu, — «Hands-On Machine Learning with Scikit-Learn, Keras, and
TensorFlow»' Openbena Kepona (Aurelien Geron).

MeToabl MakcMManbHoOro npaBnononoﬁm N TpaaueHTHOro cnycka

Ha nporsikeHnn Bcell KHUTH sI CTPEMJTIOCH JIaTh MPEACTaBJIeHNe O TOM, KaK MpH-
MEHSITh Te WM MHbIe METOJIbI C HYJIs, JasKe e/ OUOIMOTEKH MOIYT CleJIaTh 9TO 3a
Hac. [TogorHarh JIOTMCTHYECKYIO PETPECCUI0 MOKHO HECKOJIBKUMHU CIIOCOOaMHU, HO
BCe OHU O0BIYHO CBOASTCS K OLleHKe MaKkcHMasibHOro npasaomnogodus (MLE). 3tor
MeTOJl MAKCUMU3HUPYET IIPABIOII0L00KE TOTO, YTO 3ajlaHHast JIOTHCTHYECKAasT KPUBast
HOPOKAaeT HabI0JaeMble JaHHbIe. ITO HE TO K€ CaMOe, YTO METOJ HaMMEeHbIINX
KBaJ[PATOB, HO 3/IECh BCE PABHO MOKHO IIPUMEHUTH IPAJAMEHTHBIN CIIYCK (B TOM YHCJIe
CTOXACTUYECKHUNA ).

1 0. XKepon. «IIpukiraanoe MamHHOe 06yderHue ¢ nomolipio Scikit-Learn, Keras u TensorFlow:

KOHIIEIIWNU, MTHCTPYMEHTbBI U TEXHUKU JIJIA CO3/JaHNA NHTEJJIEKTYAJIbHBIX CUCTEM». 2-e usm.


https://oreil.ly/eL8hZ
https://oreil.ly/eL8hZ
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H ITOCTaparoChb prOCTI/ITb MaTeMaTI/I‘—IeCKI/Iﬁ JKaprOH U CBECTHU K MUHUMYMY ]II/IHefI-
Hylo aare6py. ITo cyTu, uzest 3akiodaerTcs B TOM, 4T00bI HATH KOd(DPUIMeHTs [
u f3,, KOTOpble MAKCUMAJIbHO IIPUOINKAIOT IOTUCTUYECKYIO KPUBYIO K STUM TOYKAM.
EcJiit BbI IOMHUTE U3 TJIaBbI 2, YTOOBI HAWTH BEPOSITHOCTD IIEPeceYeH s HECKOIbKUX
CO6LITI/HL/,I, HY/KHO TIEPEMHOXHUTD NX BEPOATHOCTH, 1 COBMECTHOE HpaBZ[OHOI[O6I/Ie BbI-
YyKCIgeTcs Tak Jke. B JaHHOM cirydae HysKHO BBIYMCJIUTD IPaBAOIOA00KE TOr0, YTO IIPU
JAaHHOI KPUBOIi JIOTMCTUYECKOH perpeccuu OyayT HaOIOAAThCs BCe YKa3aHHbIe TOYKH.

Ecan mpuMeHnTh TPUHITATI COBMECTHOHN BEPOSITHOCTU, MOKHO 3aMETUTD, UTO JJIST
KayK/IOTO TIAIIMEHTA YAeTCs OIEHUTD MPABAOIOA06Me TOTO, YTO Y HErO MPOSBATCS
CHUMIITOMBI, H OCHO8E NOOOZHAHHOU I0ZUCTNUYECKOU (DYHKUUU, KAK TTOKA3aHO Ha PHC. 6.8.

P

| ertt] |

° 3 - - oo

Puc. 6.8. Kaxxoe BXoAHOE 3HaueHe COOTBETCTBYET NPaBAONOA0OMI0 Ha IOrUCTUYECKOIA KpUBOIA

JIJist Kask/Iof TOUKM ITAHHBIX MBI PACCMATPUBAEM ITPABIONON06HE TOTO, YTO OHA Ha-
XOJIUTCSI HEe Ha JIOTUCTUYECKON KPUBOH (TO ecTh BBIIEe UJIN HIKe Hee). Ecam Touka
HaXOAUTCS HUXKe KPUBOH, HYKHO BbIYECTb COOTBETCTBYIONLYIO BEPOSATHOCTD U3 1,
MOTOMY YTO MBI XOTHM MaKCUMHU3UPOBATH MPABIOMOA00ME U IJIST TEX TOUEK, KOTOPBIE
COOTBETCTBYIOT MAleHTaM 6€3 CHMITTOMOB,

C yderom Toro, uto f3, =-3,175805042563378, a f, =0,6926893863085584, B mpu-
Mepe 6.4 TI0Ka3aHo, KaK BHIYMCINTL COBMECTHOE IIPAB/ONOA00UE I STUX JAHHBIX
Ha Python.

Mpumep 6.4. CoBMecTHOE npasaonoaobue Toro, YTo A8 AaHHON JIOrMCTUYECKON
perpeccuu 6yayT HabnoaaTbCs BCE aHHbIE TOUKM

import math
import pandas as pd

patient_data = pd.read_csv("https://bit.ly/33ebs2R", delimiter=",").itertuples()

be = -3.175805042563378
bl = 0.6926893863085584

def logistic_function(x):
p=1.0/ (1.0 + math.exp(-(b@ + bl * x)))
return p
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# BbluMcnnem coBMeCTHOe npasaonopobue
joint_likelihood = 1.0

for p in patient_data:
if p.y == 1.0:
joint_likelihood *= logistic_function(p.x)
elif p.y == 0.0:
joint_likelihood *= (1.0 - logistic_function(p.x))

print(joint_likelihood) # 4.7911179961362736e-05

Yro6bl YIPOCTUTH BBIPAKEHUE BHYTPH GJI0Ka if, MOKHO MPUGETHYTH K MaTeMaTH-
geckoit xurpoctr. Kak ynoMmuuanocs B riiase 1, moboe yncio B crenenn 0 Beeraa
pasHo 1. [TocmoTpuTe Ha 5Ty hopMyITy 1 06paTUTE BHUMAHUE Ha TO, KAK BEIYT CeOst
TIOKa3aTeJIH CTeTeHeH B cirydae, korja y; = | (IIposBUINCh CUMIITOMBI) 1 Korza y, = 0
(HeT CUMTIITOMOB):

¥ 1-y
n 1 " 1 '
CcOBMecTHOe npasjonojodue = | | (_7] X [1 - _7]
n,=| l+e (Boy+hix) l+e (B+Bx;)
3ty bopMyIy MOKHO YMECTUTH B TEJIO UKJIA for, KaK TOKa3aHo B mpumepe 6.5.

MpumMmep 6.5. Boiuncnenne coBMecTHoro npaeaonoaobust 6e3 MHCTpykuum if
for p in patient_data:
joint_likelihood *= logistic_function(p.x) ** p.y * \
(1.0 - logistic_function(p.x)) ** (1.0 - p.y)

Yro 31ech k yemy? QOGpaTnTe BHIMAHIE, YTO 9TO BHIPAKEHIE COCTOUT U3 ABYX YacTel:
ojtHa JIsT catydast, koraa y =1, a apyrast — xorga y = 0. Ecim BosBectH sio6oe 4nciio
B crenend 0, momyuutcs 1. [Tosromy He3aBUCHMO OT TOTO, YeMy PaBHO 3HAYeHUE Y
(1 wmm 0), ojHa u3 yacTteit BeIpaskeHust 00paTuTCs B 1 11 He Gy/I€T OKA3BIBATH HUKAKOTO
addexra mpu ymHOKeHUH. TakuM 06pa30M MbI BBIPA3UIIN HHCTPYKITUIO if, HO C/IeTanm
3TO MOJTHOCTHIO B MaTEMaTHIeCKOi (hopme. DTO Oy/IeT MOJIE3HO B JATbHEIIEM, T10-
TOMY YTO HeJTb3st GPaTh MPOU3BOIHDIE OT BBIPAKEHNUH, B KOTOPBIX UCTIOTB3YETCST 1f.

O6paTI/ITe BHUMaHHE, YTO KOMIIBIOTEPBI MOTYT HE CIIPABUTBHCA C BBIYMCICHUAMU,
KOT/Ia TTEPEMHOKAI0T MHOTO MaJIEHbKHX JECITUYHBIX IpO6Geil, — 9TO Ha3hIBAETCS
UCUe3HOBEHUEM NOPAOKA. DTO 3HAUWT, UTO IT0 MEPE TOTO KaK AECATHUHbBIE YKCIIA TIPH
YMHOKEHUH CTAHOBSITCSI BCE MEHDIIIE, KOMITHIOTED PAHO WJIH ITO3/IHO TEPSIET BOZMOK-
HOCTH OTCJIEKUBATH TAK MHOTO JECIATUYHBIX 3HAKOB. B pesysbrare MUKpOCKOIHye-
CKY10, HO BCE-TaKU HEHYJIEBYIO JIPOOH KOMITBIOTED OMTHOOYHO MpecTaBIsteT Kak 0.

Yr06b1 0601TH 5TY IIPOOIIEMY, €CTh OYepeHast MaTeMaTHYeCKask XUTPOCTh. MOKHO
B3SITh JIOTapU(M OT KaXKI0i JAeCATUIHON APpoOU, KOTOPass BXOAUT B [IPOU3BE/ICHUE,
1 BMECTO TOTO YTOOBI [IEPEMHOKATH APOOH, CJIOKUTH UX JOTapudMbL. ITO BO3MOK-
HO 6y1aroziapsi CBOMCTBaM CJIOKEHUs T0rapuMOB, 0 KOTOPBIX 1IjIa pedb B Tiase 1.
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Croxenne 60siee BEIYUCIUTENHHO YCTONYNBO, & TIOAYIEHHYIO CYMMY MOXKHO TTpe-
06pa3oBaTh 06PATHO B TIPOM3BEEHIE TTPABAOIONOOUI: [I7IsT STOTO HAO BO3BECTH €
B CTeTIeHb, PaBHYIO 3TOH CyMMe.

JlaBaiiTe mepejieiaeM HAIl KOJ[ TaK, YTOOBI HE YMHOKATDH JAPOOU, & CKJIABIBATH X
sorapudmbr (cM. ipumep 6.6). ObpaTure BHUMaHUe, 4TO (GYHKIUSA 1log() 1O yMOJI-
yaHuio Geper JiorapudM 1Mo OCHOBAHUIO e. X0Tst (hOPMAIBHO TOAOIIET U JTI000€E
JPYTO€e OCHOBAHWUE, YHCJIO € TIPEATIOYTUTENHHEE, TOTOMY 4TO (DYHKIHS € SBJISETCS
MIPOU3BOJIHOM OT caMoii cebst, uTo criocobeTByeT GoJtee 3((HEKTUBHBIM BHIYHCTIEHUSIM.,

MpumMmep 6.6. CnoxeHne norapmdmos

# BblyMcnAaem coBMecTHOe npaspgonogobue
joint_likelihood = 0.0

for p in patient_data:
joint_likelihood += math.log(logistic_function(p.x) ** p.y * \
(1.9 - logistic_function(p.x)) ** (1.0 - p.y))

joint_likelihood = math.exp(joint_likelihood)

Ita popmyia BeIpaskaeT mpeablay i ko Ha Python MmaremaTuvecku:

¥, =y
" 1 X 1 o
CUBMCCTHOCﬂpﬁBﬂOﬂOﬂOﬁHL—-E:Lﬂn (TIEQRTFIT] X[I_T::;ﬁfﬁﬁj)

Bl ropute skesaHneM BEIYUCISITH YACTHBIE TIPOU3BOIHBIE IO f, 1 f; B 9TOM BhIpake-
Hun? Jlymaro, Bpsaz Jin; 910 Obiia 661 TUIHSAST MOpoKa. Eciii yk Ha TO TOTILIO, ake
MpocTo 3anucarh 3ty pynkiuio Ha SymPy — arto yxe 1enas anonest! [Tocmorpute
Ha BbIpa’keHUe B pumMepe 6.7.

Mpumep 6.7. CoBMeCTHOe Mnpaszonofobve Ans OrMcTUYecKon perpeccum Ha SymPy
joint_likelihood = Sum(log((1.0 / (1.0 + exp(-(b + m * x(i)))))**y(i) * \
(1.0 - (1.8 / (1.8 + exp(-(b + m * x(1))))))**(1-y(i))), (i, @, n))

[ToaTomy maBaiiTe mpocto opyunM SymPy BBIYUCINTD YaCTHBIE TPOU3BOHBIE TT0
B, u . Tlocsie 3T0ro UX MOKHO Cpa3y OTKOMITUJINPOBATH M IPUMEHUTD JJIsT IPAJIU-
€HTHOI'O CIIyCKa, KaK IIoKa3aHo B mpumMepe 6.8.

Mpumep 6.8. MpaaneHTHbIN CNyCcK ANs IOFUCTUYECKOW perpeccum
from sympy import *
import pandas as pd

points = list(pd.read_csv("https://tinyurl.com/y2cocoo7").itertuples())

bl, bo, i, n = symbols('bl b® i n')
X, y = symbols('x y', cls=Function)
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joint_likelihood = Sum(log((1.0 / (1.0 + exp(-(b® + bl * x(i))))) ** y(i) \
* (1.0 - (1.0 / (1.0 + exp(-(b8 + bl * x(1)))))) ** (1 - y(i))), (i, @, n))

# YacTHas npousBoAHas no Bo C MNOACTAHOBKOW To4vek

d_bl = diff(joint_likelihood, b1) \
.subs(n, len(points) - 1).doit() \
.replace(x, lambda i: points[i].x) \
.replace(y, lambda i: points[i].y)

YacTHas npousBoAHAas no Bi C NOACTAHOBKOW Touyek

b = diff(joint_likelihood, b@) \
.subs(n, len(points) - 1).doit() \
.replace(x, lambda i: points[i].x) \
.replace(y, lambda i: points[i].y)

#
d_

# Komnunupyem c nomowbt lambdify, 4TO6bl YCKOPUTb BbIMUCIEHUSA
d_bl = lambdify([bl, be], d_b1)
d_be = lambdify([bl, be], d_be)

# FpadMeHTHbIA cnyck

bl = 0.01
be = 0.01
L =.01

for j in range(10_000):
bl += d_bi(bl, bo) * L
b += d_be(bl, be) * L

print(bl, be)
# 0.6926693075370812 -3.175751550409821

ITocie TOro Kak Mbl BBIYMC/IMIN YaCTHBIE IIPOU3BOAHEIE 10 By 1 f,, MbI IO CTaBIIsIEM
B HUX 3HAYEHUS X 1 ), 2 TAK)KE KOJIMYECTBO TOUEK JIAHHBIX 71. 3aT€M MbI BbI3bIBAEM (DYHK-
o lambdify(), yTOOBI OTKOMIIUJIPOBATh obe IIPOU3BOJHBIE U TEM CAMBIM ClleJIaTh
BeruMcIeHus apdexTrBHEe (3Ta (hyHKIMA nctiosnbdyeT NumPy «1oz karotoms ). [Tocie
HTOTO MBI BBITIOJTHSIEM TPAINEHTHBIN CITYCK, KaK B TJIaBe 5, HO MTOCKOJIBKY 3/IECh MBI TThI-
TaeMcsl MAKCUMU3MPOBATh, 2 He MUHUMU3UPOBATh 1IEJIEBYIO (DYHKIIHIO, MbI JOOABJIsIEM
KaxKIyIo Honpasky K B, u f,, a He BbluMTaeM, Kak B METO/Ie HAMMEHbBIIMX KBaJIPaToB.

Kaxk Buznno us npuMepa 6.8, Ml noaydunu S, =-3,17575 u B, =0,692667 . It pe-
3yJIBTAaThl BeChMa GJIM3KY K TeM K0a(hPHIneHTaM, KOTOPbIE Mbl PAHBIIIE BBIYUCIILIN
¢ omorbio scikit-learn.

ITo mprMepy TOTO, YTO MBI Y3HAIU U3 TJIABBI 5, MOJKHO TAKIKE BBHITIOJHUTH CTOXaCTAYE-
CKWI IPaJINEHTHBIN CITYCK U Ha Ka)KI0i nTeparuu o6pabaThiBaTh BEIGOPKY TOJBKO U3
OJTHO MJIM U3 HECKOJIBKUX 3aMMCell. ITO MO3BOJIUT YBEJNIUTHh CKOPOCTh U POU3BO-
JIMTEJIBHOCTD BBIUMCJIEHUT, a TaKKe TIPEAOTBPATUTD Miepeobyderue. [ToBTOpATh 3/1eCh
BCe MOAPOGHOCTH BPSIZL JIM IMEET CMBICII, TO9TOMY TIepeiieM K CIIeAYIONIEi TeMe.
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MHoromepHas noructuyeckas perpeccus

[laBatiTe pacCMOTPUM TIPUMEP JIOTUCTUIECKON PETPECCUU C HECKOTHKIMHU BXOTHBIMI
nepeMeHHbIMU. B Tabsmie 6.1 npuBeeHbl HEKOTOPbIE 3AIIMCU U3 BbIMBILLICHHOTO
Habopa JaHHBIX O 3aHATOCTU COTPYAHUKOB U TEKYUECTH KaApoB (IOJIHBIH Habop Ha-
xoauTcs 1o azpecy https://bit.ly/3aqgsOMO).

Ta6nuua 6.1. Boibopka AaHHbIX 0 3aHATOCTI COTPYAHNKOB

Bo3pacr MoBbiwenus Crax pa6otbl YBonex
age promotions years_employed did_quit
1 32 3 7 0
1 34 2 5 0
1 29 2 5 1
0 42 4 10 0
1 43 4 10 0

Bcero B Ha6ope JMaHHBIX 54 3anucu. [lomycTM, Mbl XOTHUM C €T0 TOMOIIBIO TTPOTHO-
3MPOBaTh, COOUPAIOTCS JIM YBOJIBHSATHCS APYTUE COTPYAHUKH, ¥ AOTTYCTHM, UTO 3[[€Ch
yMecTHa Jjoructrdeckas perpeccusi. (Ha camom ziesie v To 1 Apyroe — He 04eHb XOPO-
IIHE UEH, ¥ 1y Th T03Ke 51 00BSICHIO, TIoueMy.) BcrioMHUTE, UTO perpeccust OmycKaeT
6oJiee OTHOI BXOIHOI TIepeMeHHOM, Kak MOKa3aHo B aTOl (opmy.ie:

1
—(Bo+ By + By +it o, )

J.‘ =

l+e
A cozmam S-koadbuIIUeHTs 151 KAKI0H 13 TIepeMeHHBIX: 10T (sex), Bo3pacT (age),
KOJINYECTBO TOBBIIIEHNH 110 carysk6e (promotions) u cTaxk pabOThI B rojiax (years_
employed). Berxognas nmepemenHas did_quit (yBoJieH JiM COTPYAHUK) SBJISIETCS
OGUHAPHOMN, 1 UMEHHO OHa OY/IET OTBEUATD 3a PEe3YJIbTaT JJOTUCTUYECKON perpeccuu,
KOTOPBIN MBI TPOTHO3UPYeM. [T0CKOIBKY MBI IMEEM JIeJI0 ¢ HECKOJTbKUMU U3MEPEHMU-
sIMH, Oy/IET HETIPOCTO HATIISITHO N300Pa3UTh NU30THYTYIO THIIEPTLIOCKOCTD, KOTOPAST
3/1eCh CILY KUT JIOTUCTUYeCKoU KpuBOil. [IoaTOMY MBI BO3I€P/KUMCS OT BU3YaIU3alIUHU.

Jlagaiite cieslaeM 3aa4y yBJeKaTeJabHee: Mbl OyzieM ucrob3oBars scikit-learn, Ho
CO3[a1M MHTEPAKTUBHYIO 060JI0YKY, C HOMOIIBIO KOTOPOI CMOKEM TECTUPOBATD
COTPYIHUKOB. B ipuMepe 6.9 1oka3aH COOTBETCTBYIOIINI KOJI, U, KOT/Ia Mbl €T0 3a11y-
CTHUM, OH TIOCTPOUT MOJIEJTh JIOTUCTUYECKOU PETPECCHH, a 3aTeM [TO3BOJIUT HAM BBOJIUTh
JaHHBIE O HOBBIX COTPYAHUKAX, YTOOBI IIOJYYUTD IIPOTHO3 O TOM, YBOJISATCS OHU HJIH
HeT. Yto 31ech MoxkeT oty He Tak? KoHeuHo ke, Hudero! MbI BCero JIUIIb AeIaeM
MIPOTHO3bI OTHOCUTEJIBHO JINYHBIX KAYECTB JIIO/IEN ¥ IPUHUMAEM PelleHNsT Ha OCHOBE
HTHUX MPOTHO30B. 5 yBepeH, uTo Bee noizeT Kak no maciry. (Eciu uto, 910 Gblia UpoHust.)


https://bit.ly/3aqsOMO
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Mpumep 6.9. MHOroMepHas IOrMCTUYECKas PErpeccust Ha AaHHbIX O COTPYAHMKAX

import pandas as pd
from sklearn.linear_model import LogisticRegression

employee_data = pd.read_csv("https://tinyurl.com/y6r7qjrp")

# CTonbubl C HE3ABUCUMBIMU MEpeMeHHbLIMU
inputs = employee_data.iloc[:, :-1].to_numpy()

# CTonbeu c 3aBucumoi nepemeHHoW did_quit (yBoneH nuM coTpyaHUK)
output = employee_data.iloc[:, -1].to_numpy()

# Jlornctudyeckasa perpeccus
fit = LogisticRegression(penalty=None).fit(inputs, output)

# BbiBOAMM KO3dOULMEHTDI
print(f"YrNIOBbE KO3OOULMEHTbI: {fit.coef_.flatten()}")
print (f"NEPECEYEHUNE: {fit.intercept_.flatten()}")

# OYHKUMA ONA WHTEpPaKTUBHOIO MPOrHO3WpOoBaHWA 06 YBOJIbHEHWM HOBbLIX COTPYAHWUKOB
def predict_employee will stay(sex, age, promotions, years_employed):
prediction = fit.predict([[sex, age, promotions, years_employed]])
probabilities = fit.predict_proba([[sex, age, promotions, years_employed]])
if prediction == [[1]]:
return f"YBOJIMTCA: {probabilities}"”
else:
return f"OCTAHETCA: {probabilities}"

# lpoBepaeM NporHosupoBaHue
while True:
n = input("MporHo3upyem, ocCTaHeTCA AU COTPYAHWUK uau yinaeTt.\n\
BBeauTe AaHHble (Uesble HeoTpuuaTesbHble Yucna) yepes 3anatyk:\n\
non, BO3pacT, KOAUYECTBO MOBblUeHWU, cTax paboTwel (net): ")
(sex, age, promotions, years_employed) = n.split(",")
print(predict_employee_will stay(int(sex), int(age), int(promotions),
int(years_employed)))

Ha puc. 6.9 nokaszano, Kak IporpaMma IpOrHO3UPYeT, YBOJIUTCS JIU COTPYIHUK.
ITon corpynnuka — <«1», Bo3pacT — 34 rojia, OH MOJYYUJ OJHO MOBBIIIEHNE

u paboTaeT B KOMIaHuu ysxe 5 ner. HeyausurenbHo, 4TO POrHo3 GyeT Takou:
<«YBOJIUTCSA».

MozxHO 3aMeTuTb, 4TO (hyHKIUSA predict_proba() BBIBOJAUT [Ba 3HAYEHUS: IEPBOE —
BEPOATHOCTH TOTO, UTO COTPYAHUK OCTaHETCS (TO €CTh BEPOATHOCTD HYJIS, UJIH 3HA-
YEHUS «JI0XKb» ), a BTOPOE — BEPOSITHOCTD TOTO, YTO COTPYAHUK YBOJUTCA (TO €CTh
BEPOSITHOCTD €IMHNUIIBI, NN 3HAYEHUST <MCTUHA» ).
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Run:  #, Playground

C:\Users\thoma\AppData\Local\Programs\Python\Python39\python.exe C:/git/python_playground/Playground.py
YINIOBbIE KOSOOUUMEHTbI: [ ©.03216406 ©.03683014 -2.50414078 ©.97423186]
- NEPECEYEHUE: [-2.73503152]

MporHosupyem, OCTaHeTCA /M COTPYAHUK UM yineT.

BBeauTe AaHHble (Lenble HeoTpuUaTesbHble YMCNA) Yepes 3anATyi:

non, BO3pacT, KONMYECTBO MOBbIWEHWA, CTax paboTel (net): 1, 34, 1, 5
YBO/MNTCA: [[0.28569689 0.71430311]]

MporHosnpyem, OCTaHeTCA NU COTPYAHUK UM yipeT.

BBeauTe AaHHble (Lenble HeOTpUUATesbHble YMCNa) Yepes 3anATyi:

non, BO3pPacT, KONMYECTBO MOBLILEHUA, CTax paboTul (neT):

f23
« >

[T (I P |

Puc. 6.9. [lporHo3upoBaHue Toro, yBOAUTCA Nl 34-NETHNA COTPYLHUK,
KOTOpbII MONYYMN 0fHO NOBbILLIEHNe W npopaboTan 5 net

O6paruTe BHUMaHKE, YTO KOI(DMUIIMEHTBI A/ T0J1a, BO3PACTa, KOJNYECTBA MOBbI-
IEeHNH 1 cTaska paboThl 0TOOpaKarOTCI MIMEHHO B TakoM mopsiake. [To Becy koaddu-
IIUEHTOB BUJIHO, YTO TIOJI ¥ BO3PACT UTPAIOT OYEHb MAJIYIO POJIb B TPOrHO3e (UX BEC
630k K 0). OnHako KoadGUIMEHTHI A1 KOJUYECTBa IIOBBIIEHNI U CTa)Ka UMEIOT
CYILECTBEHHBIE Beca: 2,504 1 0,97. BOT B 4eM cekpeT aTOro MCKyCCTBEHHOTro Habopa
JAHHBIX: s1 CKOHCTPYUPOBAJ €TO TaK, YTO COTPYAHUK YBOJIBHAETCS, €CJIU He ToJTyda-
€T MOBBINIEHWS TPUMEPHO Pa3 B /iBa rojia. EcTecTBEHHO, JIOTHCTUYECKAs PETPECCUsT
YJIOBUJIA ATY 3aKOHOMEPHOCTD, U BBI MOJKETE IPOBEPUTD €€ U Ha IPYTUX COTPYIHUKAX.
OnHAKO ecIu BBIATH 3a IIPeeJIbl HHTEPBaJIa JaHHbIX, HA KOTOPBIX 00yYaach MOZIEb,
TO MpeNICKa3aHusI, CKOpee BCeTo, CTanyT HeHaexkHbiMu. (Hanpumep, TpyaHo npe-
yrajiaTh, Kak [oBeJeT cesl Perpeccris, eCciii BBECTH JaHHble 0 70-JIeTHEeM COTPYAHKKE,
KOTOPBI He MOJIydast MOBBIIEHUS B TeUeHUe 3 JIET: Be/[b Y MOJIEJU HET JaHHBIX B 9TOM
BO3PACTHOM JIMATIa30He. )

KoneuHo, B pealbHOCTH BCE He TaK OJJHO3HAUHO. MOXXeT 0Ka3aThCsI, YTO COTPY/IHHK,
KOTOPBIi paboTaeT B KOMITAHUH y3Ke 8 JIET ¥ HU Pa3y He MOTy9al TIOBBIIEHYSI, BITOJTHE
JIOBOJIEH CBOEH MO3UIMel U He cOOUpaeTcst yXOAUTh B Oimkaiiinee BpeMsi. B atom
clTydae Takue IepeMeHHbIe, KaK BO3PACT, TOXKe MOTYT CBITPATh CBOIO POJb M TIOTYIUTh
Bec. KoHeuHO, Ha TIPaKTHKE UMEET CMBICT 03a00TUTHCS U IPYTHMHU PEJIeBAHTHBIMU
nepeMEeHHBIMH, KOTOPBIE B ATOM TIPUMepe He YUUThIBAINCH. Jlajiee BO Bpe3Ke aTa TeMa
PacKpBIBAeTCs TTOPOGHEe.

Knaccnduuunposatb niofeit Hago ¢ ymom!

BoicTphiii u BepHBIH criocob co3aath cebe mpobIeMbl — HTO COGUPATh TaHHbIE

\ O JIIOAAX U 663]1yMHO A€JIaThb IIPOTrHO3bI, OIINPAACh Ha 9TU JaHHBIE. B atom

CJIydae MOTYT BCIIJIBITb HE TOJIBKO BOITPOCHI KOH(l)I/I]leHHI/IaJIbHOCTI/I, HO U IOpn-
JANYECKNE N perryTallMOHHbIC 3aTPY/AHEHN A, €CJIN MOJEJIb OKaXKETCA NUCKPU-
MI/IHaHI/IOHHOI;'I. MamwaHOe 06yquHe MOJKET IPpHUAATh BEC TaKUM BXOHbIM
TIepeMEHHbIM, KaK paca M I10JI, B PE3YJibTaTe 4Ye€ro IMOCTPaAaloT IIPEeACTaBUTEIN



226 [naBa 6. Jloructuueckas perpeccua u Knaccuukauma

olpe/iesIeHHbIX IeMOrpahUueCcKUX rPYIIIL: HAPUMED, UX He BO3bMYT Ha paboTy
WM OTKXKYT UM B kpeaure. Elie 60Jiee BOIUIONIME CITyYau IIPOUCXOJIST, KOTa
CHCTEMBI BUIEOHAOIIOIEHUS OITMO0YHO PACHIO3HAIOT JIIOJIEN KaK HapyIIUTe el
MJIN KOT/Ia UCKYCCTBEHHBIH MHTEJJIEKT OTKA3bIBAET B YCJIOBHO-OCPOYHOM
ocBobosk e, OTMETHM TaKsKe, 4TO TAaKHe, Kazanoch Obl, 6e300UHbIE TIepe-
MEHHbIE, KaK BPeMsI TI0€3/IKK Ha PaboTy, ToKe HEPEAKO KOPPEIUPYIOT ¢ IUC-
KPUMHUHAI[MOHHBIMU IIePEeMEHHBIMU.

Ciyyan QMCKPUMUHALMU B 00JIACTU MAUTMHHOTO 00yYeHHs YIIOMUHAIOTCS
B psizie cTaTeli, HalpuMep:

Karunanna Kyau, «[IIKoJIbHUILY He TIyCTUJIN HA KATOK TOCJIE TOTO, KaK UCKYC-
CTBEHHBIN MHTEJIEKT OIIMOOUHO pacnosHas ee Kak gebourpas (https://oreil.
ly/boUcW), The Register, 16.07.2021 (Katyanna Quach, «Teen turned away
from roller rink after AT wrongly identifies her as banned troublemaker»);

Karmup Xu, «/ledeKTHBIN aropuT™ IPUHSIT JOOPOTIOPSIIOYHOTO TPask/a-
numa 3a npecrynuukas (https://oreil.ly/dOJyI), New York Times, 24.06.2020
(Kashmir Hill, «Wrongfully Accused by an Algorithm»).

[TockosbKy 3aKOHOAATENBCTBO O KOHGMUAEHIINATBHOCTHU TAHHBIX TPOIOJIKAET
Pa3BUBATbHCSI, CTOUT IIPOSIBIISITH OCTOPOKHOCTh M aKKypaTHee 0Opaiarbest
¢ NepcoHasIbHOI nHpopManueii. 3agyMbIBaliTeCh 0 TOM, Kakue pelenus Oy-
JIyT TIPUHUMATh ABTOMATU3MPOBAHHbIE CUCTEMBI M KAK OHU MOTYT HaBPEIUTh
soaaM. VHora Ty die IpocTo 0TKa3aThCsl OT IOMOIIN KOMIIBIOTEPOB ¥ IIPO-
JIOJIKATH PEIaTh Ty WU UHYIO IIPOGJIEMY BPYUYHYIO.

HakoHell, B mpuMepe ¢ 3aHATOCTHIO COTPYAHUKOB CTOUIIO ObI BBISICHUTD, OTKY /12 B3s-
JIMCh 9TH JlaHubie. [a, 9ToT Habop MaHHBIX S CO3/IAJ UCKYCCTBEHHO, HO B PEAIbHBIX
3a/[a4ax BCEr/ia MIMEET CMbBICII YTOYHUTD, KaK KOHKPETHO MOJTYYUJINCH TAKUE JAHHBIE.
Kaxoii epuos Bpemenn oxBaTbiBaeT BoiGopKka? HacKoIbKO aBHO MOT YBOJUTHCS
COTPY/IHUK, KOTOPBIH Momas B BHIGOPKY? Kak onpezesisieTcst, 4o COTPYAHUK OCTaICA?
TakOBBIMHU CUMTAIOTCS BCe [IECTBYIOIINE COTPY/AHUKK Ha JAHHBII MOMEHT BPEMEHN?
OTKy/1a MBI 3HaeM, YTO OHU He coOuparoTcs yBoubHsAThesA? (Ecau oHM TIaHUPYOT
yXoauThb, HO BI)I60pKa 9TOTO HE€ YUYUTBIBACT, 9TO MOPOKAACT JIOJKHOOTPUIIATEIbHDIE
TouKM faHHbIX.) CrieruasucTs o data science JIeTKo BIIAAA0T B 3201y KACHUE, KOT/IA
AHAJIM3UPYIOT TOJIBKO TO, O YEM T'OBOPAT JaHHbIE, HO HE 3a/[aI0OTCA BOIIPOCOM, OTKY/la
9TH JIaHHbIE B3SJIMCh U KaKUe JTOMYIEHNsT B HUX 3a/10KEHBI.

Jlyuimii c1rocob y3HATh OTBETHI HA 3T BOIIPOCHI — MOHSTH, PAJAU YETO MBI JeJIaeM
MPOTHO3bI. MBI XOTUM PEITUTh, KOT/[a CTOUT MOBBIIIATH COTPYAHUKOB MO CIIYKOE,
4T00BI yepKaTh ux? MOXKeT JIn 9TO CO3/1aTh KPYrOBOE CMEIIEHUE, M3-32 KOTOPOTO
COTPY/IHUKH C OTIpe/IeJIEHHBIM HAOOPOM KauecTB HoJrydar npenmyiinectsa? He ycyry-
GUTCSI JIM 3TO CMEITIEHE, KOT/[a TH TIOBBITIEHUST BOMIYT B HOBBIE 06YYAIOIINE JaHHbIE?


https://oreil.ly/boUcW
https://oreil.ly/boUcW
https://oreil.ly/dOJyI
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Bce 910 BakHBIE U TasKe, BO3MOSKHO, HEYI0OHbIE BOTIPOCHI, 13-332 KOTOPBIX B KOJUICKTH-
B€ MOTYT BOSHUKHYTb HexKeJIaTeJbHble TpeHus. Ecm Balia KoMan/ja Ui pyKOBOJCTBO
He TPUBETCTBYET TAKYI0 CKPYITYIE3HOCTD, TOAYMAHTE O TOM, YTOOBI TIEPERTIOUUTHCS
Ha JIPYTYIO POJIb, T/i€ JIFOOOIBITCTBO IIOMOTAET, & HE MEIIAET.

Nlorut-pyHKuma

Ha satom mecte TIPpUIIJIO BPEMA yF]Iy6I/ITbCH B JIOTUCTUYECKYIO PETPECCUIO U PA30-
6paTbCH, KaK OHa yCTpO€Ha C MaTeMaTH4eCKO TOUKHU 3peHuA. ITOT MOJKET ITOKA3aThCsI
HEIPOCTDBIM, ITO3ITOMY HE TOPOITUTECH. Ecnu BB IIO9YBCTBY€TE, UTO TEPSAECTE HUTD,
OTJIOKUTE YTECHNE U BEPDHUTECH K 9TOMY Pa3J€JIy ITO3KeE.

C mavama XX Beka MATEMATHKOB MHTEPECOBAJIO, KAK OTMACIITAOMPOBATD 00JIaCTh
3HAUEHW JTMHEHHON DYHKIINHU TaK, 4TOOBI OHU Jieskaiu B mHTepBasie ot 0 110 1, a 3Ha-
YUT, HOAXOAMIM JIJIsk TOTO, YTOOBI IPOrHO3UPOBATH BEPOSTHOCTD. B jlornctideckoit
perpeccun it 3TOT0 MOYKHO HCIIOJIb30BATh (DYHKIINIO ToTaprMa MaHCOB, KOTOpast
TaK’Xe Ha3blBaeTCs JIOTUT-(YHKITHEH HJIN TIPOCTO JIOTHTOM.

[TomuwuTe, 1 yKe yIIOMUHAJ, YTO MOKa3aTesb crernenu B, +fx — 9o nuHeiinas
pyuruua? Barisnute Ha oructTudeckyio GyHKIUIO ellle pas:

1

(B +Bx)

p:
l1+e

JIunelinas gyHKIUA, KOTOpasg CTOUT B IIOKasaTeJsie CTElleHU YUCcJIa e, — 9TO
U €CTh J02apu@m uancog Nt MHTEPECYONeTo Hac coObITHsI. BO3MOKHO, BBI
ynusuteck: «[logoxauTe, s He BMKY TYyT HU JjorapudMa, HU IMIAaHCOB. JTO MTPOCTO
suHelHasa GpyHKuA!»> HeMHOTO TeprieHust, 1 1 TOKaXy BaM Bce MaTeMaTH4YecKue
nOAPOGHOCTH.

B xavecTBe mpuMepa BO3bMeM HPEBIYIIYIO IOTHCTHUECKYIO PETPECCHIO, B KOTOPOH
B, =—3,175805042563378,a 3, = 0,6926893863085584 . KakoBa BepOSATHOCTD TOTO, YTO
CUMIITOMBI TIPOABATCA y ITalTUEHTA, KOTOprfI moziBeprajica BOSI[eIL/,ICTBI/IIO XUMHNYECKUX
BEIMIECTB B T€UEHME MECTU 9YaCOB, T. €. IIPU X = 6? MbI YK€ 3HaeM, KaK 3TO BbIUUCJINTD:
HY>KHO ITPOCTO TTOICTABUTD 3TU KOA(DPUITUEHTBHI B IOTUCTUYECKYTO (DYHKITHIO:

1

pP= l+e (~3.175805042563378+0,6926893863085584 <6

y= 0,727173943653684

TakuMm 06pazoM MbI TOJY4IHIN BeposiTHOCTD 0,72717. Ho maBaiite mocMOTpuM Ha
Hee ¢ TOYKH 3PEeHUsT IMAaHCOB. BCmoMHNTE, Kak B T/1aBe 2 MBI HAYYUJINCH TIEPEBONTH
BEPOATHOCTD B IIIAHCBHL:



228

[naBa 6. Jloructuueckas perpeccua u Knaccuukauma

p _ 0,72717

= =2,6653390566575306
l-p 1-0,72717

HIAHCBI =

TaxkuM 06pa3oM, eCTi TTATIMEHT TIOIBEPTAJICST BO3JIEHCTBHIO B TeUEHHE 6 4acOB, TO Be-
POSITHOCTB TOTO, UTO Y HETO MPOSBATCS CUMIITOMBI, B 2,66534 pa3a BblIllle BEepOSITHOCTU
TOTO, YTO OHH HE IPOSIBATCS.

Ecii B34Th OT (DyHKIINH TTAHCOB HATYPAIbHBIN JTJoTaprhM (110 OCHOBAHUIO €), TO MOJIY-
quTcst QYHKITVS, KOTOPasi TaK U HA3BIBAECTCS — J02APUPM ULAHCO8, NITA J02UM-DYHKUUSL:

p
I-p

Jgorut = In

0,72717

JIOruT = In| ———
1-0,72717

J =0,9803312752879725

3nauenue joruT-GyHkimu s 6 yacos cocrapiset 0,9803313. YUrto 310 3HAYUT U 110-
yeMy HaM 3TO BaxkHO? Korza Mbl omepupyeM JioraprudMaMu MaHCOB, CTAHOBUTCS
Jierdye CpaBHUBATDh O/THU MIAHCBI C APYTUMH. Ecim norut 60JH)H_[€ 0, TO HIQHCBI TOBOPAT
B I10JIb3Y TOTO, YTO COOBITHE TPOM3OUJIET, & €CJIU OH MeHbliie 0, — B TOJIb3y TOTO, UTO
cobbiTre He Tipousoiziet. Ha uncioBoii mpsiMoit iorapudm mancos — 1,05 HaxoauTcest
Ha TOM sKe paccrostauu o1 0, uto u 1,05. OgHaKo eciu paccMaTpUBATD IAHCH O€3 JI0-
rapuMoB, 9Tu 3HaueHus pasHbl 0,3499 u 2,858 COOTBETCTBEHHO, UTO HE TaK yI0OHO
HUHTEPIIPETUPOBATh. B 5TOM 1 3aKJIH09aeTcst yaI00CTBO JIOTUTOB.

Llancobl v norapumbl

Jlorapudmbl ¥ [IAHCHI KHTEPECHBIM 0OPa30M CBSI3aHbI APYT ¢ Apyrom. [lancst
Ha Heyady coObITUSI HAXOIATCS TOJIbKO B uHTepBase ot 0 70 1, a miaHchl Ha
yCIex 3aHUMAIOT BCIO YKCJIOBYIO MIPSIMYO OT 1 /10 T10/10:KUTeIbHON GeCKOHeu-
HocTH. Takast aCHMMeTpPHS BBITJISIIUT HeakKypaTHo. OjiHako jorapudmuposa-
HUEe MacIITaGUPYeT MAHCHI TaK, YTO OHU CTAHOBSTCS TIOJHOCTBIO JIMHEHBIMU
u cumMeTpudHbiMu. Ecsii orut pasen 0, 9T0 03HAYAET, UTO MIAHCHI HA yCIIEX
U Ha HEY/Ia4y OMHAKOBBI. JloruT, paBubiid — 1,05, TUHEHHO HAXOIUTCST HA TOM
ske paccrostanu ot 0, 910 1 1,05, T09TOMY CPaBHUBATH MTAHCHI TOPA3IO TPOIIIE.

¥V [Ixxouia Crapmepa (Josh Starmer) ects orsmunoe suzgeo (https://oreil.ly/
VOH8W) 06 910l B3auMOCBSI31 MEK/LYy IIAHCAMU U JIOTaprhMaMH.

ITomHwMTE, 5T TOBOPUIL, 4TO JIMHeHHasd QyHKIMA B, + £X B PopMyJie TOruCTIHIeCKOi
perpeccuy — 3To M eCTh JIoTapubM MaHCcoB? YOeIuTech B 9TOM:

norut = B, + fx =

3,175805042563378 +0,6926893863085584 x 6 = 0,9803312752879725


https://oreil.ly/V0H8w
https://oreil.ly/V0H8w
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I10 10 ke camoe 3Havenre (0,9803313, 9To U B IpeBIYIIEM pacyeTe, Tie Mbl BBIUKC-
JISLTV TIIAHCBI JIOTUCTUIECKON perpeccuu Ipu X = 6, a 3aTeM JIoTaprupMUPOBAIN UX!
Kaxk oH0 ¢ npyrum csizano? ITouemy o6e (hopMyIIbl IAI0OT OMUHAKOBBIN PE3yJIbTAT?
[Momydaercs, 9To ecmt p — 3TO BEPOSITHOCTD M3 JIOTUCTUIECKON PETPECCHUM, a X —
BXO/THAsT TIepEMEHHAs, TO BEPHO PABEHCTBO:

In P =0, +px
1-p

[laBaiiTe mocTponM rpaduk JOruT-GYHKIIMN BMECTE C JIOTUCTUYECKON perpeccuei,
KakK MoKa3aHo Ha puc. 6.10.

Puc. 6.10. Mpamas norapudma LuaHcoB npeobpasyeTca B NOMUCTNYECKYI0 GYHKLMIO,
KOTOpas BO3BpaLLaeT BepOATHOCTb

Kakmas moructudeckast perpeccus Ha cCaMoM Jieie OTIMpaeTest Ha INHEHHY10 QyHKITHIO,
u ata QyHKIMs — jorapudm mancos. ObpaTuTe BHUMaHKe Ha puc. 6.10, 4T0 Koraa
Jorut paset 0, TO BEPOSTHOCTD Ha JIOTUCTUYECKON KpUBOii paBHa 0,5. ITO JTOr1YHO,
MOTOMY UTO KOT/IA IIAHCHI COCTABJISAIOT OJIMH K OJIHOMY, TO BEPOSITHOCTB ycnexa — 0,5,
0 YeM U CBUIETETBCTBYET JIOTUCTIIECKAST PETPECCHS, A IOTAPU(DM TITAHCOB 00PAIIAeTCsT
B 0 — TO ecTb ero npsmMas nepecekaer och X.

EcTb elrie 0iHO IPEUMYIIECTBO B TOM, YTOOBI pACCMATPUBATh JIOTUCTHYECKYIO perpec-
CHIO C TOYKU 3PEHUS IITAHCOB: MOXKHO CPABHUBATB JIPYT € APYTOM 3h(PeKThI ITPH pa3HbIX
3HauYeHUAX X. J{OIyCTUM, MBI XOTUM BBISICHUTD, HACKOJIBKO Pa3JIn4yaioTCs IaHChI JII0/IeH,
KOTOPBIE ITOIBEPTATIUCH BO3/IEUCTBUIO XUMUKATA B TedeHue 6 u 8 yacoB. MOXKHO B34Th
0 OT/IETTBHOCTH MAHCHI [T X = 6 U X = 8, a MOTOM Pa3/IeJINTh OJTHU IIAHCHI Ha IPYTHE
U [IOJIYYUTh omuoutenue wancog. He myraiite aTy BeJIMUMHY ¢ OOBIYHBIMU HIAHCAMH,
KOTOPbIE TOKe SABJFIOTCS OTHOIIIEHUEM, HO He OTHOIIIEHUEM I1IaHCOB.

Cuauasia HaiijieM BePOSITHOCTH [TPOSIBJIEHHST CUMITTOMOB JIJIs1 6 11 8 4acoB (0603HAUNM
UX KaK Py M pg COOTBETCTBEHHO):
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1

(B +Bix)

p:
l+e

1

Ps = ] 4 o~ (73175805042563378.+0,6926893863085584x6)

=0,727173943653684

~3,175805042563378+0,6926893863085584<8)

Ps = =0,914174871957759

l+et

Tenepnb npeo6pasyem UX B IIAHCHI, KOTOPbIE 0003HAYNM KaK O :
o=-"L
l-p
_0,727173943653684
1-0,727173943653684

_0,914174871957759
1-0,914174871957759

=2,66533905665753006

6

=10,651599278801253

8

N nakonel, cocTaBUM U3 9TUX ABYX lIOKa3aTeJlell OTHOLIEHUE IIaHCOB — [IPOIIOPLIMIO,
r/ie B YMCJAUTENIEe CTOST MIAHCHI /IJIT BOCBMU YacoB, a B 3HAMEHaTesle — I TIeCTH.
B pesyibrate nosyyurcs npumMepHo 3,996: aTo 3HA4YUT, UTO €CJIU 110/iBepraThes BO3-
JelicTBUIO XUMUKATa Ha 2 yaca J0JIblle, TO BePOSATHOCTD [10ABJICHUS CUMITOMOB
YBEJIMYNBAETCS TIOYTH B 4 paza:

10,651599278801253

OTHOLLEHHE IIAHCOB = =3,9963393220819325
2,6653390566575306

MoskHO yOenuThes, 4TO OTHOIIEHHUE MaHcoB 3,996 coxpaHseTcs Ha IroOOM HHTePBaJe
MPOIOJKUTENLHOCTRIO 2 Yaca, HallpuMep MeXXIy 2 U 4 yacaMu, MexKIy 4 1 6 yaca-
mu, Mmeskay 8 u 10 wacamu u T. 1. [Ipn 1Byx4acoBoM MHTEpBaJie OTHOIIEHNE AHCOB
OCTaeTcsl HEM3MEHHBIM, a TIPY APYTOH TPOAOKUTENLHOCTH MHTEPBATA OHO GyIeT
OTJINYATHCS.

RZ

B riiaBe 5 MBI paccMOTpesI HECKOJIBKO METPHUK KaueCTBa J1Jist TMHEHHON perpeccuu,
U ceiidac NOTbITaEMCS ClIeJIaTh TO JKe caMoe JIJisl JIOTUCTU4YecKoi perpeccuu. Hac
HO-IIPeXKHeMY 3a00TAT MHOTHE U3 TeX e Mpo0JIeM, YTO U B JIMHEHHON perpeccuu,
B TOM 4mcJIe Iiepeobyderne u auciepcus. K cuacTbio, MOMKHO [103aMMCTBOBATh He-
KOTOPbI€ METPUKHU U3 JIMHEHOW PEerpeccuu M aialiTUPOBATh UX K JIOTUCTUIECKOM.
Haunem ¢ R”.
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JLJ1s1 JIOTHCTIYECKOIT Perpeccui, KaK i JIs JTMHEeHHOIL, CyIecTByeT mokasareab R .!
Ecsit BbI TOMHNTE M3 TJIaBBI 5, OH XapaKTePU3yeT, HACKOJIBKO XOPOIIO Ta WJIN MHAs
He3aBHCHMast lepeMeHHast 06bsICHsIeT 3aBucumyto. [IpuMeHnTeTbHO K Hatleil 3a1ade
BO3/IEICTBUS XUMUYECKUX BENIECTB 3TO 03HAYAET, YTO MbI XOTUM OIEHUTH, B KaKOI
CTETIeHN TTPOIOJIKUTENBHOCTD BO3IENCTBUsST OOBSICHSIET TIPOSIBJIEHNE CUMIITOMOB.

He cymectByeT eIMHOTO MHEHUS O TOM, KaK JIy4Ille BBIYUCTISTH R? 717151 IOTHCTIYECKOIT
perpeccuu, HO eCThb MOMYJISIPHAsT METPUKA, KOTOpast M3BECTHA KaK nceBo-R*> Maxk-
(apnena u ouenb MOX0Ka HA KOIGDPUIMEHT IeTEPMUHAINY, KOTOPBIN BBIYUCIISIETCS
B JIMHEHHOW perpeccun. Mbl 6y/IeM UCTOIB30BATH ITY METPUKY B TOCIEMYIONINX
puMepax, a BOT (DopMyJIa, 0 KOTOPOI OHAa PACCUUTHIBAETCS:

e In(npaeonogo6ue ) — In(npasonoao6ue ¢ noAroHKoii )

In(npasaononoGue)

In(npassionoo6ue ¢ noaAroHKoii )

In (npaB,qono,I:loG He)

st Havyanma pasbepemcs, 4To Takoe <In(mpaspomnonobue)» u «In(mpasgomnogobue
% 2
C TIOJITOHKO# )» U KaK UX BBIYUCIIUTD, YUTOOBI ONTYyIuTh R .

3/1ech He TOJIyUYUTCS NCIIOIb30BAaTh OCTATKH, KAK B INHEIHOW Perpeccuu, HO MOKHO
CITPOEIMPOBATD IMOJyYeHHBIE PE3YJIBTAaThI HA IOTUCTUYECKYIO KPUBYIO, KaK IIOKa3aHO
Ha puc. 6.11, 1 HaliTK COOTBETCTBYIOLIIE MM TIpaBaomoxobus ot 0 g0 1.

10
Puc. 6.11. lpoeurpoBaHue NoayYeHHbIX 3HAYEHNIT HA NOTUCTUYECKYI0 KpUBYIO

3aTeM MOXKHO B3SITb HATYPAJIbHBIN JIOTapudM OT KaKIOTO U3 3TUX TIPABAOIOA00MI
U CJIOKUTH UX BMecTe. 1o U Gyet «In(mpaBaomnonobue ¢ moAroHKON )» U3 MPebILy-
el popmyJibl (eM. iprmep 6.10). Kak u ipu pacyere MaKCUMaIbHOTO TIPaBAOIION00USI,
MBI BBIYUTAEM MPABIOTIONOOMS «JIOKHBIX> PE3YJIBTATOB U3 1.

! DopMasbHO B JIOTUCTUYECKON PETPECCUH HEIb3s BBIYUCIUTD TAKOH ke KoadduiuenT perep-

MHHaIU, KaK B .Z'II/IIIeI'/JIHOI‘/.IY IIOTOMY 4YTO BbBIXO/IHAs IIEPEMEHHAs 3/1€Chb IIPUHUMAET HE YN CJIOBbIE,
a Kareropuasbubie 3Havenunst. OHaKO pa3paboTaHO HECKOIBKO aJIBTEPHATUBHBIX METPUK, KOTOPBIE
Ha3bIBAIOTCSI 1ce600- R? 1 OIIEHUBAIOT KAY€eCTBO MOJTOHKH, T000HO RB JTMHElHOI perpeccui. asee
B KHUTE PAaCCMaTPUBAETCSI OJ[HA U3 HTUX METPUK — TiceBno-R> Makdamuena. — [pumeu. nayu. peo.
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Mpumep 6.10. BouiuncneHne norapudmmyeckoro npasaonoaobust C NoAroHKom

from math import log, exp
import pandas as pd

patient_data = pd.read_csv("https://bit.ly/33ebs2R", delimiter=",").itertuples()

be -3.175805042563378
bl = 0.6926893863085584

def logistic_function(x):
p=1.0/ (1.0 + exp(-(b0® + bl * x)))
return p

# Cymma norapu¢mmyeckux npasaonopobui
log likelihood_fit = 0.0
for p in patient_data:
if p.y == 1.0:
log_likelihood_fit += log(logistic_function(p.x))
elif p.y == 0.0:
log_likelihood_fit += log(1.0 - logistic_function(p.x))

print(log_likelihood_fit) # -9.946161678665305

Wcrnonp3ys crienuaabHble TPUEMbI IBOMYHOTO YMHOKEHUS U CTUCKOBOE BKIIIOYEHUE
Python, MokHO 06BEAMHUTD UK for U MHCTPYKIMIO if B OJHY CTPOKY, KOTOpast
BO3Bpalnaet 3HayeHue log_likelihood_fit. AHAZIOTHYHO TOMY, KaK MBI TIOCTYTIATH
¢ opMyI0i MAKCHMMATBHOTO MIPABAOIIOA0GHS, MBI HCIIOJIb3YEM JBOMYHOE BHIUMTAHUE
MESKLY TIOJIOKUTENbHBIMUA U OTPUIIATEIbHBIME CJIYYastMU, YTOObI MaTeMaTHYECKH
UCKJTIOYHTD JIOO MePBHIif, 1160 BTOPOil BapuanT. Ha ka0l uTepanun oJHO U3
ciaraeMbix (HO He 00a) yMHOsKaeTcst Ha 0, a 3HAYNT, B MTOTOBYIO CYMMY BXOAUT JTHO0
HOJIOKUTEIBHBIN, IMOO0 OTPUIIATETbHBIN CJIydali, HO He 06a cpasy (cM. mpumep 6.11).

Mpumep 6.11. OAHOCTPOUHAS MHCTPYKLUMS ANS BbIYMCIIEHUS TIOrapuMMUecKoro
npaBaono06u1si ¢ NOAroHKOM
log likelihood_fit = sum(log(logistic_function(p.x)) * p.y +
log(1.0 - logistic_function(p.x)) * (1.0 - p.y)
for p in patient_data)

Bor xaxk Buirssiaut In(mpasronogo6ue ¢ MOATOHKON) B MATEMAaTHUECKOH (hopme.
O6patute Buumanue, uto f(x;) — 510 JOrUCTHYECKas DYHKIIMS /IS 3aIaHHOTO
aprymMeHra Xx,:

In(npasoonodobue c nodzonxoii) = i(ln(f(x{.))xyi +In(1- 7 (x,))x(1 —y!.))

i=l

Kaxk 6b110 paccunTato B mpuMepax 6.10 u 6.11, jorapupmMudeckoe mpasBaonogodue
C OJATOHKOM paBHO —9,9461. YTOObI BEIYUCIIATD R’ , HeobXoaMMa e1Iie OTHA BEJIMINHA;
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In(mpaBaomoa06ue), KOTOPOE PACCUMTHIBACTCS 6e3 KaKUX-/TMO0 BXOIHBIX TEPEMEHHbIX
U IIPOCTO PABHO KOJIMYECTBY HOJIOXKUTEJIbHBIX CJIy4aeB, /ieJIeHHOMY Ha KOJIMYeCTBO BCexX
ciydaeB ((akTUUECKH 3TO COOTBETCTBYET IIPOCTO Mepecederuio ¢ ochio). Obparute
BHUMaHUe, YTO KOJMYECTBO CIy4aeB, B KOTOPBIX MPOSBIISAIOTCS CUMITOMBI, MOXKHO
HOJCYUTATH, ECJIH TIPOCTO CJIOKUTH BCE 3HAUEHMsT Y (TO €CTh HOJIYYUTh CyMMY 2. V),
MIOTOMY YTO B CYMMY BOUIYT TOJIbKO 3HaueHus 1, a He 0. Bot nrorosas ¢opmyuia:

In (npasf)(mo(}oﬁue) = i[ln[g]xx_ + In(l - Q]x (l -y ])
n n

i=1

B npunMepe 6.12 mipezicTaBiieH paclIvipeHHbI 9KBUBAIEHT 3TOH (hopmyJibl Ha Python.

MpumMmep 6.12. Jlorapudmuyeckoe npasaonoaobue anst BbIGOPKU NaUMEHTOB

import pandas as pd
from math import log, exp

patient_data = list(pd.read_csv("https://bit.ly/33ebs2R", delimiter=",") \
.itertuples())

likelihood = sum(p.y for p in patient_data) / len(patient_data)
log_likelihood = 0.0

for p in patient_data:
if p.y == 1.0:
log_likelihood += log(likelihood)
elif p.y == 0.0:
log_likelihood += log(1.0 - likelihood)

print(log_likelihood) # -14.341070198709906

YT00bI MPUBECTH ATY JIOTUKY B COOTBETCTBHE ¢ (DOPMYJIOi, MOKHO ITpeoOpasoBaTh
IIUKJ for 1 MHCTPYKUUIO if B OJHY CTPOKY, UCIIOJIb3Ys ABONYHOE YMHOKEHUE 11
MOJIOXKUTEJbHBIX U OTPUIATEBHBIX ciyuaeB (Tipumep 6.13).

Mpumep 6.13. OHOCTPOYHASA MHCTPYKLUMS A8 BbIYMCIIEHNS NIOrapnuMUUECKOro

npasaonoaobus

log_likelihood = sum(log(likelihood)*p.y + log(1.0 - likelihood)*(1.0 - p.y) \
for p in patient_data)

5
Haxomerr, moficTaBuM 3TH 3HAYEHUS B HCXOAHYIO (DOPMYITY, UTOOBI BEIYUCIUTE R™:

21 In (npaBono1061e ¢ NOArOHKOI )

In (npaBaononoGue)

~ —9,946161678665305 _
—14,341070198709906

0,30645610537768353
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B npumepe 6.14 npusezen ko na Python, koTopsrii Berumcasger R’ ot mavama
710 KOHIIA.

2 v
Mpumep 6.14. BoiuncneHne R Ans NormcTMYEcKon perpeccum

import pandas as pd
from math import log, exp

patient_data = list(pd.read_csv("https://bit.ly/33ebs2R", delimiter=",") \
.itertuples())

# KoadppuumeHTbl NOAOrHAHHOW NIOFUCTUHECKOW perpeccuu
bo = -3.175805042563378
bl = 0.6926893863085584

def logistic_function(x):
p=1.0/ (1.0 + exp(-(b® + bl * x)))
return p

# Norapudmmyeckoe npasaonofobue ¢ MoAroHKOw

log_likelihood_fit = sum(log(logistic_function(p.x)) * p.y +
log(1.0 - logistic_function(p.x)) * (1.0 - p.y)
for p in patient_data)

# Norapudmmyeckoe npasgonopobue 6e3 NoAroHku
likelihood = sum(p.y for p in patient_data) / len(patient_data)

log likelihood = sum(log(likelihood) * p.y + log(1.0 - likelihood) * (1.0 - p.y)
\
for p in patient_data)

# Bbluucnaem R2
r2 =1 - (log_likelihood_fit / log_likelihood)

print(r2) # ©.3064561053776833

Wraxk, mocsie TOro Kax MblI TTOJTYYNIA R* =0,306456 , MOJKHO JTH CKa3aTh, YTO MPO-
IOJIKUTEIHHOCTD BO3AEHCTBUS XMMUYECKIX BEIIECTB 00bACHSIET IPOSBACHUE
CHUMIITOMOB y TocTpafaBinux? Kak Mbl BBISSCHUIN B IyiaBe 5, e 06CysKaaiach
JIUHeiHasg perpeccust, Ipy ca1aboil MOATOHKe R’ Oyzmer Oimzke K 0, a IIpU CUJIb-
HOM — Oymmske K 1. Takum 06pasoM, MOKHO CeJIAaTh BBIBOJ, YTO IIDOAOJIKUTENLHOCTD
BO3/IECTBUS IJIOXO TPOTHO3UPYET CUMIITOMBI, IOTOMY YTO R* cocraBiisier Bcero
0,306456. [ToJKHBI CYIIECTBOBATD IPYTUE TIEPEMEHHbIE, TOMUMO ITPOIOJIKUTETh-
HOCTH BO3/IEHCTBUS, KOTOPbIE JIydIlle TPOTHO3UPYIOT, MPOSIBSITCS I CUMITTOMBI.
ITO BIIOJIHE JIOTUYHO, IOTOMY YTO Ha OOJIbLIEN YaCcTU MHTEPBaja HAOII0LAeMbIX
JAHHBIX BCTPEYAIOTCS MAIMEHTDl KAK ¢ CUMIITOMAaMU, Tak U 0e3 CUMIITOMOB, KaK
MOKa3aHo Ha puc. 6.12.
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:

0 ro—¢ o

Puc. 6.12. [laHHble N0Ka3bIBaIOT NOCPeACTBEHHbIN R* =0,306456,
MOTOMY UTO B LIEHTPaNbHOI YaCcTh KPUBOI H0MbLLIOI pa3dpoc

Ho ecyiu Gb1 janHble ObLIN Y€TKO pasfiesieHbl u ucxobl 1 1 0 He nepexpbIBajIi APyT
ApYra, Kak MOoKasaHo Ha puc. 6.13, To Mbl ObI HOJIYYMJIN HAeaJbHOE 3HaueHne R°,
paBHoe 1.

-

0 5

Puc. 6.13. 3Ta norucTyeckas perpeccust UMeeT WieanbHoe 3Hauenne R =1,
MOTOMY UTO pe3ynbTaTbl, Npe/icka3aHHble B 3aBUCUMOCTIA OT NPOJOIKUTENbHOCTY BO3AEHCTBUS,
YETKO OTeNeHbI APYT 0T Apyra

p-3HaueHus

Kax u B ciyuae ¢ nmuHeitHO# perpeccueit, Hamra paboTa He 3aKaHYNBAETCS HA TOM,
4TO MBI TTOJTyunan R* . HyKHO BBIACHUTD, HACKOJIBKO BEPOSTHO, UTO OTH JaHHbIE
BO3HUKJIU CJIYYAITHO, a HE B Pe3yJIbTaTe 00beKTUBHOM B3aNMOCBSI3U. ITO 3HAYUT, YTO
HaJI0 BBIYUCJIUTD P-3HAYCHHUE.

J1J1s1 5TOr0 HaM MTOHAOOUTCST U3YUNTh HOBOE Pacipe/ieJieHre BEDOATHOCTE, KOTOPOE
HABBIBACTCS pacnpedenenuem Xu-keaopam u 0603HAYACTCS ¥~ . ITO HENPEPHIBHOE
pacrpe/esieHre UCTIOJb3YETCsT B PA3JIMYHBIX 00JIACTSAX CTATUCTUKY, BKJIIOUYAST JIOTH-
CTUYECKYIO PETPECCHIO.
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Ecisu B34Tb Kask0e 3HaueHe CTaHaPTHOTO HOPMaJIbHOTO paciipe/iesieHus (Co cpes-
HuM 0 ¥ CTaHAAPTHBIM OTKJIOHEHHEM 1) U BO3BECTH €r0 B KBa/IPaT, TO TOJTYYUTCSA
pactpeniesienvie ¥~ ¢ OMHON CTemeHbio cBOOOALL. JIJIs HANMMX TIeTell KOMMIecTBO
crerneHeii CBOGOIbI 3aBUCUT OT KOJMYECTBA TAPAMETPOB /1 B JIOTUCTHIECKOMN PErPeccuit
u paBHO 1 — 1. TIpuMepbI pactipeieIeHnii ¢ PA3HBIM KOJIUIECTBOM CTeTeHeH CBOOO BT
TIpe/ICTaBJIeHbI Ha pucC. 6.14.

0 Y 0 | o0 | | N

KonnuectBoBo cTeneHen KonnuectBoBo cTeneHen KonnuectBoBo cTeneHen
csoboppl =1 csoboppl = 2 csobopbl = 3

Puc. 6.14. Pacnpenienere %~ ¢ pasninuHbIM KOMMYECTBOM CTeneHeit CBo6oAbl

[Tockosbky B Halnel perpeccuu aBa nmapamerpa (Ipo0KUTETBHOCTD BO3/IeCTBUS
U HAJIMYKE CUMITTOMOB ), KOJTHYECTBO cTenenei cBo6ob Gyet paBuo 2—1=1.

Hawm nonaobutcs morapudpmMudeckoe npasaonogo0ue ¢ MoAroHKoH 1 6e3, KOTOPOe MbI
BBIYKCJISLIN B TIPEIBIAYIIEM pasziesie. mocssiieHnoM R™. Bot dhopmyiia, mo koTopoii
paccuuThIBAaeTCS HYKHOE 3HAUeHue Y :

7 =2x ( In (npasononobue ¢ moAroHkoii ) - In (npaanon0ﬂo6ne)}

3aTeM BO3bMEM ATO 3HAUEHWE U HAlIeM COOTBETCTBYIOIIYIO €My BEPOSITHOCTH M3
pacrpeneseHust ¥~ . 1o u OyeT p-3HaueHNE:

p-3HaueHue = PDF(ZE) = PDF(Z x (In(npaeonono6e ¢ noaronkoii) - In (npaanono;mﬁue})]

B npumepe 6.15 nokasano, Kak BEIYHCIUTH p-3HaYeHUE IJIsI HAIIEH JOTHCTUYECKON
perpeccun. YTo6b1 paboTaTh ¢ pactpeieleHneM XU-KBaJIPAT, MbI HCTIOJIb3YeM KJIACC
chi2 u3 6ubnuorexn SciPy.

Mpumep 6.15. BoluncnieHne p-3HayYeHNUs A4St IOFMCTUYECKO perpeccum

import pandas as pd
from math import log, exp
from scipy.stats import chi2

patient_data=1list(pd.read_csv("https://bit.ly/33ebs2R", delimiter=",").
itertuples())
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# KoappuumeHTbl noAorHaHHOW NOrMCTUYECKOW perpeccuun
bo = -3.175805042563378
bl = 0.6926893863085584

def logistic_function(x):
p=1.0/ (1.0 + exp(-(b® + bl * x)))
return p

# Norapudmmyeckoe npasgonogobue C NOArOHKOW

log likelihood_fit = sum(log(logistic_function(p.x)) * p.y +
log(1.0 - logistic_function(p.x)) * (1.0 - p.y)
for p in patient_data)

# Norapudmmyeckoe npasponogobue 6e3 NoAroHkKM
likelihood = sum(p.y for p in patient_data) / len(patient_data)

log_likelihood = sum(log(likelihood) * p.y +
log(1.0 - likelihood) * (1.0 - p.y) \
for p in patient_data)

# BblumMcnaem p-3HadeHue

chi2_input = 2 * (log_likelihood_fit - log_likelihood)

p_value = chi2.pdf(chi2_input, 1) # ogHa cTeneHb cBoboabl (n - 1)
print(p_value) # ©.0016604875719245015

Wrak, p-3nadenue Haieit gjoructudeckoi perpeccuu pasHo 0,00166, u ecan 3aman
ypoBenb 3HaunmocTu 0,05, To MOKHO CKa3aTh, 4YTO B3AMMOCBSI3b MEXKIY TIPOJIOJI-
JKUTEJBHOCTHIO BO3/IEHCTBYSI XUMUKATOB U MPOSIBIEHUEM CUMIITOMOB OTPABJICHU
CTaTUCTUYECKN 3HAUNMA U He SIBJISETCS CIyIalfHOCTBIO.

06yuvatowas n TectoBas Bbl6OpKHU

Kak y»ke yroMuHamoch B IiaBe 5, KOTopasi 6blia OCBSIeHa IMHEHHOHN perpeccuu, st
BaJIU/IAIIAY AJITOPUTMOB MAIMHHOTO OOYYEHUST MOKHO PasbuBaTh HAaGOP aHHBIX HA
06YUaIIYI0 ¥ TECTOBYIO BBIGOPKHU. ITOT CIIOCO0 OIIeHUTD 9P HEKTUBHOCTD JIOTUCTH -
YeCKOU perpeccun OOJIbIIE OTBEYAET XY MAIIUHHOTO 00ydeH st XOTSI OJIaraThCst
HA TAKME TPAANIIHOHHBIE CTATUCTUYECKIE TOKA3ATE/HN, KAK R® 1 p-3HAYCHUS, — XO-
poTITast ujest, OHa CTaHOBUTCST MEHee MPAKTIHYHOM, KOT/[a BBl UMeeTe JIEJI0 ¢ GOJIBIINM
KOJITYECTBOM ITepeMeHHBIX. BOT TyT-TO CHOBA MMeET CMBICJI Pa3/eJIuTh HAbOD JaHHBIX
Ha zBe BbiOopku. Ha puc. 6.15 nokasaHa TpexKpaTHas IIepeKpecTHast BAIUAAIMA, T/IE
Ha KaykK7I0M UTepaiiy TeCTOBOM BBIGOPKO# CTAHOBUTCSI HOBAs TPETh HabOPa JIAHHBIX.

B npumepe 6.16 BBIIOIHAETCA JOTUCTHYECKAs Perpeccus Ha Habope JaHHBIX O 3a-
HSATOCTU COTPYAHUKOB, HO JaHHbIE Pa30MBAIOTCS HAa TPETH, U KaKAas TPETh IO0Ye-
PeIHO UCIOAb3yeTCs B KaueCTBe TeCTOBOM BbIOOpKU. Hakonel, 4To0b 0606IIUTH
TP 3HAYEHMs TOYHOCTH, Mbl BBIUMC/ISIEM UX CPeAHee M CTaHAAPTHOE OTKJIOHEHHE.
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[aHHble

O6yualioLas O6yuatowas

ObyuatoLas Ob6yualoLasn
O6yuatowas Ob6yualoLan

Puc. 6.15. TpexkpatHas nepekpecTHas Banuaauma:
KaXfjas TpeTb Habopa aHHbIX NonepemMeHHO CTaHOBUTCA TeCTOBOI BbIOOPKOIA

Mpumep 6.16. Jlornctnyeckas perpeccusi C TpEXKpaTHOW BannaaLlmen
import pandas as pd

from sklearn.linear_model import LogisticRegression

from sklearn.model_selection import KFold, cross_val_score

# 3arpyxaem AaHHble
df = pd.read_csv("https://tinyurl.com/y6r7qjrp", delimiter=",")

X
Y

df.values[:, :-1]
df.values[:, -1]

# random_state — 3aTpaBo4HOe 3Ha4deHue ANA reHepaTopa CAy4aiHbIX 4ucen
kfold = KFold(n_splits=3, random_state=7, shuffle=True)

model = LogisticRegression(penalty=None)

results = cross_val_score(model, X, Y, cv=kfold)

print(f"CpeaHaa ToyHocTb: {results.mean():.3f} (cT. oTkn.= {results.
std():.3f})")

Tak:ke MOKHO MCIIOTb30BaTh CJIyYalHYTO BATU/IAINIO, TOJIEMEHTHYIO TIePEKPECTHYIO
BJINJIAIINIO M BCE OCTaJIbHble BAPUAHThI BAJUAIMN, KOTOPbIE Mbl PaCCMaTpPUBAIN
B riase 5. He GyzieM MOBTOPATHCS, a Jrydiiie 00CyIMM, TOYeMY TOYHOCTh! — T10Xast

MeTpHUKa JIJIs 33/1a4 KJIacCU(DUKAIIIH.

! B pycckosiabruHoii imTeparype o data science HeT KOHCEHCYCA O TOM, KaK EPEBOIUTD AHTJIUICKIE
Ha3BaHMsI METPUK OMHAPHOI Kiaccubukaimu. B yactHoCTH, U accuracy, n precision B pa3HbIX
HCTOYHHKAX (a MHOT/[a B OZTHOM U TOM JKe HCTOUHHKE ) TIEPeBO/IATCS Kak mourocmy. J|pyroii BcTpe-
YAIONNIICS] BAPUAHT: Precision — TOYHOCTD, ACCUracy — JI0JIsI BePHbIX Pe3yJIBTaToB. B aToil kHure
IS ACCuracy COXpaHeH TepeBoll mounocms (Kak Hanbosiee YCTOSIBIIMICS BAPUAHT), & precision
[EPEBOAUTCS KaK npeyusuonnocmy (B coorsercrsuu co crangapramu TOCT P ICO 5725-1-2002

u PMT 29-2013). — IIpumeu. nayu. peo.
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Matpuua ownbok

IIpeanosnoxum, MojiesIb IPUIILJIA K BBIBOJLY, YTO JIIOAU ¢ UMeHeM MaiKJ CKIOHHbI
yBOJIBHATbCA U3 Komnanuu. Ha camom Jiesie ucnosnb3oBaTh MeHa U haMUiInu
B KaueCTBe BXOJHBIX IEPEMEHHBIX — COMHUTEIbHBIH MOAX0/I, TOTOMY YTO TPYAHO
peICTaBUTh cebe, YTOOBI UM COTPYAHUKA BJIUSLIO Ha TO, YBOJIUTCSA OH UJIU HET.
Onnako, 4TO6BI YIIPOCTUTH IPUMEP, AaBalTe MPOJAOJIKUM PACCMATPUBATD TAKYTO
Mozesb. OHa MPOTHO3UPYET, UTO JI00O0I YemoBeK 110 uMeHr MallKi yBOJIUTCS
¢ paboThL.

Bor TyT-TO KaK pa3 TOYHOCTD (J[0J151 BEPHBIX IIPOrHO30B) ¥ He paboTaeT. B koMmmanun
CTO COTPYIHUKOB, N3 KOTOPBIX 0IHOTO 30BYT Mafiki, a ipyroro — Cam. Mogesn onim-
GOYHO TIpe/ICKa3bIBAET, 4TO MallKJ yBOJIHUTCS, HO B utore yBoJibHsieTcst Cam. Kakosa
TouHOCTh Mozesn? OHa paBHa 98 %, MOTOMY UTO Ha CTO COTPYAHUKOB MPUXOANTCS
TOJIBKO J[Ba HEBEPHBIX IIPOTHO3a, KaK ITOKAa3aHO Ha puc. 6.16.

SAZZIAAA2228393 32227
SRR 28283280287
SRR 22228
2AAZAAILAAJINAZIAAIIL

dakTnyeckn: MporHos:
YBONbHAETCA 3TOT COTPYAHUK. [TpOorHo3 3TOro coTpyAHMUKa
OKa3anca owmnboUHbIM, HO TOYHOCTb 30ByT Maiikn.
Mofenu Bce paBHO cocTaBnAeT 98 %! JTOT COTPYAHUK YBONNTCA

Puc. 6.16. Mogenb nporHo3upyer, yto COTPYAHMK No UMeHn Mailkn yBonuTca,
HO Ha CaMOM JieNne YBOJIbHAETCA APYroi COTPYAHIK, @ TOUHOCTb MOJENN NpU 3TOM paBHa 98 %

B 3aauax knaccuduraIy METpUKa TOUHOCTH OCOOEHHO COUBAET € TOJIKY B CJIyYae
nucbananca TaHHBIX, KOT/IA WHTEPECYIOIIHe Hac COOBITHS (HATIPUMED, YBOJbHEHNUS)
[POUCXOMAT peko. Eciiu mocTaBIuK, KOHCYJIBTAHT WK CIIEIUaNUCT 110 data science
MBITAETCST MPOJIATh BAM CUCTEMY KJacCHU(PUKAIIMK 1 YTBEPIKAAET, 4TO OHA 0bsafaer
BBICOKO TOUHOCTBIO, OIIPOCHUTE MTOKA3aTh MATPUILY OIMTUOOK.

Mampuua owubox — 10 TabINI@A, B KOTOPOIl IIPOrHO3HI COMOCTABJIAIOTCA ¢ (haKTh-
YECKHUMMU pe3yJibTaTaMU U MOACUYUTBIBAIOTCA PE3YyJIbTaTbl YETHIPEX TUIIOB: UCTUHHO
ITOJIOKUTEIbHDbIE, UICTUHHO OTPULATEJ/IbHbBIE, JIOKHOIIOIOKUTEIbHDIE (OH_[I/I6KI/I TIEpBOro
Poza) U JIOKHOOTPHILIATENIbHBIE (OLIMOKK BTOPOro poja) pesybrarel. Ha puc. 6.17
MOKa3aHa MaTPUIIA OIMUGOK JIJIST HAIIETO TPUMepA.
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e ®akTnyeckoe cobbiTne N\
CoTpyaHWK ocTanca CoTpyaHuWK ocTanca
(MonoXntenbHbIN (oTpuuaTtenbHbIn
pe3synbrart)’ pe3ynbTar)
COTPYAHVK yBONUTCA P=0 FP=1
(nonoxmrenbHbIN VMCTUHHO NONIOXKUTENbHbIE JIOXXHOMOJNOXUTENbHbIE
MporHosupyemoe pesynbtar) (true positive) (false positive)
cobbiTue FN=1 TN =98

CoTpyAHVK OCTaHeTcA
(oTpuuaTenbHbIn

JIOXKHOOTpULaTeNbHbIE

NCTUHHO OTpuuaTtesibHble

K pesynbrar) (false negative) (true negative) j

Puc. 6.17. lpoctas matpuua owmn6ok

Kax npaBuiio, Hac uHTEpecyeT, 4ToObl 3HAUYEHUS Ha IJIABHON AuaroHanu (Kotopas
UJIET U3 JIEBOTO BEPXHETO YIJIa MATPHIIBI B TIPABbIN HIKHU ) OBLIN BBIIIE, TOTOMY YTO
OHM OTPa’KAIOT IPaBUJIbHYIO Kiaccudukanuio. Ham BaskHO 3HATD, CKOJIBKO COTPY-
HUKOB, Yb€ YBOJIbHeHMe IIPe/icKa3aia MO/e/b, Ha CaMOM JieJle YBOIUINUCH (MCTUHHO
MOJIOKUTEJIbHBIE pe3yssTaThl). Ho He MeHee BaKHO 3HATh, CKOJIBKO COTPYAHUKOB,
KOTOPBIX MOJeJIb IIOMeTU/Ia KaK OCTaIoLUXCs, AeUCTBUTEIbHO OCTAIUCh (MCTUHHO
OTpUIATeJbHbIE PE3YJIBTATDL).

OcrapHbIe SUEHKN OTPAXKAIOT HEBEPHBIE TPOrHO3bl. Kora coTpyIHUK, Ybe yBOJIb-
HeHHUe CIIPOrHO3UPOBajia MOJIesIb, B UTOTe OCTAJICSA — 3TO JIOKHOIIOTOKUTETbHBIN
pe3yJIbTart, a KOrja yBOJUJICS COTPYAHUK, KOTOPOTO MOJIEJb COYJIa OCTAIOIINMCST, —
9TO JIOKHOOTPHUIATE/IbHBII pe3ybTar.

HyHo BMecTo 0/1HOM 061IIel METPUKH TOUHOCTH PACCMOTPETH GoJiee Y3KUe MOKa3a-
TEJIU, KOTOPBIE OPUEHTUPOBAHBI HA PA3JINUHBIE YACTH MATPUIILI OMTMOOK. BarsiauTe
Ha puc. 6.18, T71e IepeunceHbl HeCKOIbKO MOJIE3HBIX METPHK.

3 MaTpHIIbl ONTHOOK MOKHO BHIBECTH BCEBO3MOKHBIE TIOJIE3HBIE METPUKH, TOMUMO
TOYHOCTU. MOXKHO JIErKO 3aMEeTUTD, YTO IIPELIU3UOHHOCTD (KaKas /10Jg CIIPOTHO3U-
POBAHHBIX MOJIOKUTETHHBIX PE3YIBTATOB CIIPOTHO3MPOBAHA IIPABUJIBHO) Y UyBCTBH-
TEMBHOCTH (KaKast M0JsT (HDaKTHUECKUX TOTOKUTETBHBIX PE3yIBTaTOB ObLIa BEPHO
CIIPOTHO3MPOBaHa) paBHbI 0, a HTO 3HAYWT, UTO HAIlA MOJEb MAIUHHOTO 0Oy YeHUsT
COBEPIIIEHHO He OTpaBaaja cebst Ha MOJOKUTENHHBIX TIPOTHO3aX.

! B 3agayax 6MHAPHON KIacCUbUKAIIN NOLONCUMETbHIM PE3YJIBTATOM HA3BIBAETCS TOT, [IsT KO-
TOPOTO 3HaYeHHe I1eJIeBOT0 NIPU3HAKaA IPUHIMaeTcs 3a 1 (B JaHHOM ciIydae 3TO yBOJbHEHHE CO-
TPYAHHUKA). ITO He BCETZa TO, YTO TIOHUMAIOT TTOT OIOKUTeIbHBIM Pe3yJIbTaTOM B OBCETHEBHOM
peun (To ecTb GJIATOIPUATHBIN WK JKeJaTe/bHblil ucxon). — IIpumeu. nayu. peo.
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e ®akTunyeckoe cobbiTne N\
CotpyaHuk ysonunca | CoTpyaHWK ocTanca
c MpeunsnoHHocTb
OTRYRHIIK TP=0 FP=1 P 0
yBOnUTCA = =
TP+FP 0+l
MporHosupyemoe OTpuuatenbHas
cobbiTne nporHocTuveckas
Cotpyaruk FN=1 TN =98 LLleHHOCTb
ocTaHeTcA ™ o8
— =" _=0,99
TN+FN 98+1
MonHora CneunduyHocTb TouHoCTb
(YyBcTBUTENbHOCTD) [ 7 98 0.99 TP+TN
TP _ 0 _, |IN+FP 98+1 TP+TN +FP+FN
TP+FN 0+1 9
=____£i___=ugm
0+98+1+1
Fi-mepa
2x Hpeyuzuonnocme = Hoawoma

Hpeywzuonnocms + [lomoma

K = HE.’GHF(.’(}E neHo j

Puc. 6.18. Mone3sHble METPUKY ANA MATPULbI OLLINOOK

B npumepe 6.17 nokasano, Kak ucronbzosatb AP MaTpuirsl onmbok us 6ubamoreku
scikit-learn mist morucrudeckoii perpeccuu ¢ pazbueHreM Ha 00y4alonyio 1 TECTOBYIO
BeIGOpKK. O6paTuTe BHUMAHKE, YTO MATPUIIA OMIUOOK 3/1€Ch IPUMEHSIETCS TOIBKO
K TeCTOBOH BBIGOPKe.

Mpumep 6.17. MaTpuua oWMBOK ANs TECTOBOW BbIGOPKK € NMoMoLLbio scikit-learn
import pandas as pd

from sklearn.linear_model import LogisticRegression

from sklearn.metrics import confusion_matrix

from sklearn.model_selection import train_test split

# 3arpyxaem pAaHHble
df = pd.read_csv("https://bit.ly/3cManTi", delimiter=",")

# M3BneKaemM BXOAHble MepemeHHble (BCe CTPOKM U BCe CTONbUbl, KpPOMe MOC/IeAHEro
cTonbua)
X = df.values[:, :-1]

# W3Bnekaem cTonbel C BbIXOAHO! MepemMeHHOW (BCe CTPOKW, TO/AbKO MociedHuid cTonbeu,)
Y = df.values[:, -1]

model = LogisticRegression(solver="liblinear")

X_train, X_test, Y_train, Y_test = train_test_split(X, Y, test_size=.33,
random_state=10)
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model.fit(X_train, Y_train)
prediction = model.predict(X_test)

MaTpuua ownbok onpeaenseT KONMHECTBO pe3y/bTaTOB B KaxAoW KaTeropuu:
[ [MCTMHHO_nonoXuTeNbHbIE NOXHOOTPULATENbHbIE ]
[ noxHononoxuTenbHble UCTUHHO_OTpuuaTenbHbie] ]

[[6 3]
[4 5]]

[naBHas AuaroHasb OTpaxaeT MNpaBuJibHble MPOrHO3bI,
NosTOMY XenaTenbHO, 4YTObbl 3HAa4YeHMA Ha Hel 6bian bonble

matrix = confusion_matrix(y_true=Y_test, y pred=prediction)
print(matrix)

(Oopmyna baiteca u knaccupukauma

[Tomuure 11 BB hopmyny baiteca u3 riasei 2? C ee TOMOIIBIO MOKHO TTPUBJIEKATH
JOMOJTHUTEIbHYI0 NHMOPMAIUIO U3BHE, YTOOBI TOATBEPAUTH BHIBObI, KOTOPBIE
clesTaHbl Ha OCHOBE MaTpHIlbl omn6oK. Ha puc. 6.19 mokasana MaTpuIa OIHOOK st
1 000 manKMeHToB, KOTOPBIE OOCIEL0BAINCH Ha IIPEAMET HEKOTOPOro 3a00IeBaHusl.

( MaumeHT B rpynne pwcxa'.”\

Ha Het
MonoXxunTenbHbln 108 50
Pesynbrart (BblABNEHO 3a60neBaHE)
obcnepoBaHuA OTpuLaTenbHbIi
2 750
(He BbIABNEHO 3aboneBaHne) j

Puc. 6.19. Martpuua OLLMOOK AnA MeauLMHCKoro 06c1e10BaHNA, BblABNAOLLETO 3a60neBaH1e

JlaHHbBIE CBUAETENBCTBYIOT O TOM, UTO ¥ 99 % MManneHTOB, BXOASIINX B TPYIIITY PUCKA,
JMarHOCTUPOBAHO 3a00J1eBaHue (4yBCTBUTEIbHOCTD ). CII0/b3yst MaTpHILy OIIMOOK,
MO>KHO YBU/IETD, YTO 3TO MOATBEPKIAETCS MATEMATUYECKU:

P 198

TP+FN 198+2

Ho uto, ecii mepeBepHyTH yeaoBue? Kakas 101 T€X, KTO HOJYYHUIT TOJTOKATETbHBIH
pe3yJIBTaT, BXOAUT B TPYIITY PUCKa (ITPEIU3NOHHOCTD)? XOTS MBI ICPEBOPAYNBACM

YYBCTBHUTEJILHOCTh = =0,99

! Bartom IIpUMepe pe3yJibrat O6C]ICI[OBaHI/IH PacCMaTPUBAETCA KaK IIPOTHO3 TOTO, YTO y IallUE€HTa

ecTb 3a00JIeBaHNeE, a B TPYIITYy PUCKA BXOIAT BCE MAIMEHTBI, Y KOTOPBIX, IIPEAIIOI0KUTETHHO,
(aktuuecku ectb 3a6oseBanue. — [pumey. nayu. peo
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YCJIOBHYIO BEPOSITHOCTH, He HY’KHO HCIIOIh30BaTh hopmyny baiteca, motomy 4to
B MaTpHIle ONMMOOK yXKe eCTh BCe HEOOXOMMMBIE TAHHBIE:

MPEeLU3HOHHOCTD = _198 =0,798
198 +50

Bpose 661 79,8 % — He Tak YK M MaJio: TAKOBA JI0JIsI TAIIMEHTOB C BBISIBJIEHHBIM 3200-
JIeBaHUEM, KOTOPbIE, IPEATOJIOKUTEIBHO, AeHCTBUTENRHO 60JbHBL. Ho mogyMaiite BoT
0 YeM: Ha KaKue JOMyIIeHnsT 00 HCXOIHBIX JAHHBIX MBI OlTUpaeMcst? PenpeseHTaTHBHA
JIF 9Ta BHIOOPKA 110 OTHOIIEHUIO K TeHEPATbHOI COBOKYITHOCTH?

JlomycTiMm, U3 Ipyroro UCCJae0BaHNsI U3BECTHO, YTO STUM 3a00JIEBAHIEM CTPAIAET
1 % Bcero nacesieHusi. ITO MO3BOJISIET BOCIIOJIB30BaThest hopmyJioit bBaiteca. Econ
00beNHUTD TY JOJIIO C TI0KA3aTe/IsIMK HaIlleil MaTPUIIbI OITHOOK, MOXKHO 0OHAPY-
JKUTH KOE-4TO BAXKHOE:

P(B|4)P(4)

P(A|B)=
(418)= 25
P(B rpyIne pucka | nojoKUTe1bHbIi pc3y:[b'ra'1‘) =

P(nonommeﬂbubu‘»‘] pe3yabTar | B rpymne pp{cxa)x P(B rpynne pp{cxa)

P (nonoxkutesbHblil pe3ynbrar)

0,99x0,01

=0,399
0,248

P(B rpyIIe pucKa | MOMOKHTE/bHbIH Pe3ysbTar ) =

Ecin yaectn, 4To B rpyIilie prcka HaXOAUTCS TOJIBKO 1 % Bcero HacesieHusl, a B Hatel
BBIOOPKeE TakuX 20 %, TO BEPOSTHOCTD MIOMACTH B IPYIIITY PUCKA IIPH MOJOKHUTETBHOM
pesyJisraTe obcenoBanust coctaBuT 3,99 %! Kax ske oHa cHU3MIIach ¢ 99 %? JToT mpu-
Mep TTOKa3bIBAET, KaK JIEMKO 0GMaHYThCsT, €CJIU TT0JIATaThCsl HAa BEPOSTHOCTH, KOTOPbIE
BBICOKH TOJIbKO B KOHKPETHOM BbIGOpKE — Harpumep, cpeau 1 000 marueHTos, KOTo-
phIX obcaeoBaia apMaleBTHIecKas KoMIaHus. Tak 4To, eci 310 00c/IeI0BaHNE
Ha CaMOM JIeJie BBISBJISIET NCTUHHO TTOJIOKUTEJIbHBIE Pe3YJIbTaThl C BEPOSITHOCTHIO
Bcero 3,39 %, — ckopee BCero, ero He CTOUT UCITOJIb30BaTh.

ROC-kpuBad n nokasatenb AUC

OrnennBast pa3anyHble KOHMUTYPAIIMH MATTMHHOTO 06YYeHMsT, MOSKHO TIOJYYUTD JIe-
CSITKH, COTHU MJTH THICSTYM MATPUIL ONMUGOK. VI3ydarh MX MOXKET OBITh YTOMUTETHHO, TI0-
HTOMY MOKHO 0000IIITh UX Bee ¢ noMolbio ROC-kpusoii?, kak mokasaHo Ha puc. 6.20.

2 ROC — a10 ab6peBuarypa oT receiver operating characteristic (paboyas XapakrepucTuka npu-
emHuKa). — Ilpumeu. nepes.
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OHa MoKa3bIBaET, KAK CBSI3aHbI YyBCTBUTEIBHOCTD W CIENU(PUIHOCTH MOJIEJU TTPU
Pa3HOU MOPOTOBON BEPOSITHOCTHU MOJOKUTETLHOTO Pe3yJIbTaTa U MO3BOJIsIeT HAaUTH
MPUEMJIEMBIN GaaHC MEKIY A0JIell MCTUHHO MOJOKUTETBHBIX U JIOKHOMOIOKHU-
TEJIbHBIX PEe3yIBTaTOB.

[lonAa NCTUHHO NONOXKUTENbHbBIX
pe3ynbTaToB (4yBCTBUTENBHOCTD)

[lons NOXXHOMONOXUTENbHbIX
pe3synbTaToB (1 - cneundrnyHoOCTL)

Puc. 6.20. ROC-kpuBas

Takske MOJKHO CPABHUBATH PA3/IMYHBIE MOJIE/TH MAIIIUHHOTO OOYYEHHsI, €CJIM TIOCTPOUTD
1T Kk o1 13 Hux oTaesnbayio ROC-kpuByio. Hanmpumep, ecoiu Ha puc. 6.21 BepxHsis
KpHBas IPEICTABIISIET JIOTHCTIYECKYIO PETPeCCHIo, & HIDKHSISI — IepeBO PelieHu  (MeTox
MATITHHHOTO OGYYEHTsT, KOTOPBI He PACCMATPHUBAETCS B 9TOI KHUTE ), TO MOYKHO HATJISITHO
cpaBHuTh UX 3¢ dektusHocTh. AUC (area under the curve, miomaip o KpUBoii) —
TOIXOZIAIIAS METPHKA JIJIST TOTO, YTOOBI BHIOPATH OJIHY 13 AABYX Mozeeit. [Tnormap moj
BepxHell KpUBoii (JIorncTrYecKast perpeccust) GoJIblile, a 3HAUKT, 9Ta MOJIEJb Jrydiie’.

JlonA NCTUHHO NONOXMNTENbHBIX
pe3ynbTaToB (4yBCTBUTENbHOCTD)

[lonA NOXXHONONOXKNTENbHbIX
pe3ynbTaToB (1 - cneyndnyHoOCTL)

Puc. 6.21. ROC-kpuBbie n cootBeTcTBYIOWMe Nnowwaan AUC 4na cpaBHeHNA ABYX Mopeneii

U Yem 6immxe merpura AUC K 1, Tem syumie mogens. Eciin AUC 6iuska K 0,5, 970 3HAYKT, YTO MOZAED
Hey/la4Ha: KaueCTBO ee [POTHO30B He JIyylie, yeM 1pu caydaiitnom raganui. Korga AUC Giuska k 0,
HTO 3HAYUT, YTO OHA XOPOIIO MPOTHO3KUPYeT «Ha 180°>, IPUHUMAST TOJIOKUTETBHbIE PE3YJIBTATHI 32 OT-
pHIaTebHbIE U HA060POT. ECJIM B TAKOIT MOJIETH TIOMEHSITH MECTAMU TIOJIOKUTETbHbIE U OTPHIIATENbHBIE
nporHosbt, To ee AUC Oyzier 6iiuska K 1, 1 KauecTBO OKasKeTest BBICOKUM. — IIpumeu. nayuy. ped.
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Yr0o661 ucnosabzoBath AUC kak MeTpuky kadectBa mojenu, B API scikit-learn
M3MEHUTE MapaMeTp scoring Ha roc_auc, Kak rmokasaHo B mpumepe 6.18 st nepe-
KPECTHOH TPOBEPKH.

Mpumep 6.18. Mcrnonb3osaHne AUC B kayecTBe METPUKK KayecTBa Moaenu
# MomecTuTe croAa NIOrMCTUYHECKYH perpeccuw u3 npumepa 6.16

results = cross_val_score(model, X, Y, cv=kfold, scoring="roc_auc")
print(f"AUC = {results.mean():.3f} (cT. oTkn.= {results.std():.3f})")
# AUC = 0.814 (cT. OTKA.= 0.056)

Jlncéananc knacco

ITepea TeM Kak 3aBEPIIUTD ATY TJIABY, HEOOXOIMMO 3aTPOHYTH elile oHy Temy. Kak
y2Ke TOBOPUJIOCH PaHee, KOIia Mbl 00CY K Ia/Ii MATPHULIBI OIIOOK, OAHOIT 13 IpobieM
MaIlMHHOTO OOYYEeHUsI SIBJISIETCS OUCOALANC KLACCO8, KOTOPHII BO3ZHMKAET, KOIIa
B Pa3HBIX KJIACCAX PE3YJILTATOR MIPECTABJIEHBI HEMPOIIOPIIUOHAILHO PasHble 0GbEMbI
nauubix. K coxkanennio, 3To xapakTepHo /It MHOTUX 3a/1a4, KOTOPBIE MPE/ICTABISAIOT
UHTEPEC: HAPUMED, IIPOrHo3a 3a0071eBaeMOCTH, GOPBHOBI ¢ yTeukaMu HHGOPMAIIKH,
oGHapyKeHust MollleHHnYecTBa U T. 1. [Ipobiema aucbamaHca KIaccoB A0 CUX MOP
OCTaeTcst OTKPHITON, U Y Hee HET YHUBEPCATBHOTO pernenus. OHAKO CYNIIeCTBYIOT
HECKOJIbKO METOJI0B, KOTOPhIE MOYKHO MOTPOGOBATS.

I[JIH Hada/la MOKHO IIPUHATH OYEBU/IHBIE MEDBI: HAITIPUMED, CO6paTI) GoubIe JaHHBIX NI
HCHbITAaTb Pa3HbIE MO/IEJIN, a TAKIKE NCITOJIb30BATb MaTPHUIIbI onmb6ok?. Bee aTo momosker
OTCJIE)KNBATDb HEKQYECTBEHHBIE ITPOTHO3bI 1 33.6]IaFOBpeMeHHO BBISIBJIATD OIINOKU.

Etiie o/iH pacpocTpaHeHHbIN prueM — Ay6IMpoBaTh BEIOOPKKH B MUHOPUTAPHOM
KJIacce /1o TeX TIOp, TOKA OH He CPaBHSETCS ¢ MakKopuTapHbIM. Kpome Toro, ipu
pasOHEeHNH JaHHBIX HA OOYYAOIIYI0 U TECTOBYIO BEIOOPKH MOKHO MEpPeaTh METOLY
train_test_split napamerp stratify co cTo010M 3HAYEHUI 3aBUCUMON Iepe-
MEHHOM, ¥ OH TIOIBITAECTCS COXPAHUTH B KaXK/I0W BBIOOPKE TaKyIO JK€ MPOMOPIIHIO
KJIACCOB, KaK B 9TOM cToJI011e (cM. mpuMep 6.19).

Mpumep 6.19. MNMapameTp stratify B scikit-learn ana 6anaHcMpoBkmM Knaccos
B BblbopKax
X, Y = ..
X_train, X_test, Y_train, Y_test =\
train_test_split(X, Y, test_size=.33, stratify=Y)

2 Jlnst cunbHO HecbamancupoBanubix kiaaccoB Merpuka ROC-AUC moaxouT II0xo, 3aT0 MOKHO
npumenaTh PR-AUC. 3to noxoskast METpUKA, KOTOPas XapaKTepusyeT III0Ia/b 1o KpuBoii PR
(Precision — Recall, wnu npenusuontocts — nosinora). — pumeu. nayu. peo.
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CymecTByeT TaksKe ceMefcTBO aropuT™MoB 1o/ HazBanneM SMOTE, kotopsie rere-
PUPYIOT HCKYCCTBEHHBIE BRIOOPKH MUHOPUTAPHOTO Kiacca. OHako, 9To6br 60pOTHCST
¢ AUCOATAHCOM, JIyUIIle BCETO MUCIOTH30BATH MOIETH O0HAPYKEHMST aHOMATHH, KO-
TOPBIE CTIETMATHLHO Pa3paboTaHbI IS TOTO, YTOOBI NCKATH pefikre coObiTHst. [Ipasa,
TaK¥e MOJIEITH WY T BEIOPOCKHT U He 0053aTETBHO OTHOCSTCS K KIACCU(MDUKAIINH, TIO-
TOMY YTO MPEICTABIAIOT COO0IT aNTOPUTMBI 00yUeHus 6e3 yuuress. Bee aTi MeTO b
BBIXOJISAT 32 PAMKHU 3TON KHUTH, HO UX CTOUT YIIOMSHYTh, TIOTOMY YTO B HEKOTOPBIX
CIYYasaX OHU MOTYT 0O€CTIEYNTD JTydIliee pereHne I7ist KOHKPETHOMN 3a/1aum.

3aKnyeHue

JlorncTuyeckast perpeccust — OfiHa U3 CaMbIX PACIPOCTPAHEHHBIX MOAETEH st
POTHO3UPOBAHUS BEPOATHOCTEN U KilaccupUKalMy AaHHbIX. JloTucTrYecKas
perpeccust MoKeT IPOrHO3UPOBATh He TOJbKO OMHApHBIN pesyibrat («/la/Hers),
HO M MHOKECTBEHHBIE KJacChL. [[0CTaTOUHO MOCTPOUTH OTAENbHBIE JOTUCTUYECKUE
Perpeccun, KOTOpble MOAENUPYIOT, IPUHA/IEKUT JIM TOYKA JAHHBIX K TOH MM HHOM
KaTeropuu, 1 KJIacCUQUIUPOBATh TOYKY B COOTBETCTBUU C TOIM MOAENBIO, KOTOPast
naeT HanbOoJIBIIYIO BeposATHOCTh, Bripouem, 6ubanoreka scikit-learn mo Gosbimneit
4aCTH MOKET CJIeJIaTh 3Ty paboTy 3a Bac U OTIPEAEIUTD, KOT/IA JAHHbIE AeaATCs Goee
4eM Ha /IBa KJacca.

B 27014 ri1aBe MBI pacCMOTPEN HE TOJIBKO TO, KAK MOAOTHATH JIOTUCTHYECKYTO PErpec-
CHIO C TOMOIIBIO TPAJMEHTHOTO ciycka u Gubaunorexu scikit-learn, Ho u pasnuyHbie
TIOIXO/IbI K BaINJallN — C TOYKU 3PEHUA CTATUCTUKU U C TOYKU 3PEHNA MAIlIMHHOTO
oGyuennst. B 061acTi cTaTHCTHKY MBI M3y4uin R° ¥ p-3Hadenms, a B 061aCTH Ma-
IMUHHOTO 00yYeHnss — pazbueHune Ha 0OYYAOILYIO U TECTOBYIO BBIOOPKM, MaTPUIIbI
ombox u ROC-kpusbie.

Ecau Bl XOTHTE y3HATH GOJIBIIE O JIOTUCTUYECKOH PErpeccuu, To, BEPOSTHO, JIyd-
e Bcero Havath ¢ YouTube-kanana StatQuest Ixoma Crapmepa (Josh Starmer).
41 Becbma nipusnatesien [[>ko1y 3a To, 4TO OH TIOMOT MHe HAIMCATh HEKOTOPbIE YaCTH
9TOIi I71aBBI, 0COGEHHO IIPO TO, KAK BBIYUC/IATH R* 1 p-3HAUEHMS J/Is IOTUCTHYECKOH
perpeccuu. T BUAEOPOIUKHU CTOUT TIOCMOTPETh XOTst ObI PaJiv IOTPSICAIONIUX BCTY-
nurtesbubiX iecen (https://oreil.ly/tuel)!

Kax u B 1pyrux pasnesax data science, BaM OpUIETCS UMETh J€JI0 ¢ 00EMMU IACITATLIN-
HAMHU — CTaTUCTUKOM M MalTMHHBIM 00yueHneM. CyliecTByeT MHOTO KHUT U IPYTUX
PECYpPCOB O JIOTHCTUYECKOI PErpeccuy ¢ TOYKU 3PEHUs] MATMHHOTO 06yYeHus], HO
nocrapaiTech HaliTH U PeCYPChl U3 00JIACTH CTATUCTUKU. Y KaxKAOW AUCIIMILIMHBI
€CTh CBOU IMPENMYIIIECTBA U HEJIOCTATKH, ¥ BBI IPEYCITEETE TOTBKO B TOM CJIy4Yae, i
Gyere XOPOIo OPUEHTHUPOBAThCsS B 00eunx!


https://oreil.ly/tueJJ
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YnpaxxHeHua ana camonpoBepKu

ITo cenuake (https://bit.ly/3imidga) npezcrasien HabOp AaHHBIX ¢ TPEMS BXOAHBIMU
nmepeMeHHBIMU RED, GREEN 1 BLUE, KOTOpBIe 3a1aioT 1BeT (poHa B popmate RGB,
a Tak’Ke BBIXOHOH TmepeMeHHOH LIGHT_OR_DARK_FONT_IND, KOTOPasi TPOTHO3UPYET,
KaKoW mpudT JydIne MoaoueT Ayst aToro (ona — cetabiii (0) wam temusrit (1).

1.

Bomoanure JIOTUCTUYECKYIO PErpeCCUIo Ha 9TUX JITaHHBIX, NCIIOJIb3ys TPEXKPAT-
HYIO IIEPEKPECTHYIO BaJaUAallUI0 U TOYHOCTb KaK METPUKY KadeCTBa MOJIECJIN.

IMoctpoiite MaTpuily OMmUOOK, KOTOPask CPAaBHUBAET MPOTHO3BI 1 (DaKTHUECKHE
JTaHHBIE.

Boibepute HECKOIBKO Pa3HbIX 1IBETOB (DOHA ¥ MTPOBEPETE, MPABUIBHO JIM JIOTH-
cTudeckas perpeccrs Boioupaer cpetbiii (0) mau teMubiii (1) mpudT 11 Kax-
noro u3 Hux. (UTo6BI BHIOMPATH I[BETA, MOKHO MCTIOJIB30BATh OHJIAWH-TTATUTPY,
naripumep (https://bit.ly/3FHywrZ).

Crenaiite BBIBOJI HAa OCHOBE MPEIBIAYIINX yIIpakHeHUI: ah(PeKTUBHA JIU JIOTH-
CTUYECKAs] PETPECCHsT JIJIST TOTO, YTOOBI IIPOTHO3MPOBATh THI MpU(Ta ST 3a-
JIAHHOTO 11BeTa poHa?

OtBetnl cM. B [Ipunoskennnu b.


https://bit.ly/3imidqa
https://bit.ly/3FHywrZ

[MABA 7

HenpoHHble ceT

B nocnennee necatuieTue mepeskmBaIOT PEHECCAHC TaKUe METOJBI PETrpeccum
1 KJIaccudUKaImm, Kak Heupornvie cemu. B caMOM TIPOCTOM TIOHUMAHU U HEHPOHHAs
CeTb — 3TO MHOTOCJIOWHAS perpeccus, B KOTOPOI MKy BXOJHBIMU U BBIXOJIHBIMU
nepeMeHHBbIMU HaXOJISITCS CJIOU BECOBBIX KOA(D(hUIIMEHTOB, CMeIleHIH 1 HeJTUHEHHBIX
dbyuxuuit. Iybokoe obyuenie — 910 TOILyIIPHAsE PA3HOBUIHOCTD HEHPOHHBIX CETel,
B KOTOPOI1 NCIIOJIb3YeTCS HECKOIBKO CKPBITHIX (MJIH ITPOMEKYTOYHBIX ) YPOBHEH y3710B
¢ BeCOBbIMU KOa(huimenTaMu u cMetneHnsaMu. Kaskpril y3es moxoxk Ha TUHEHHYI0
(byrK1IMIO, KOTOpas 3aTEM TMOCTYTAeT HAa BXO/| HeIMHEHHOW (hyHKINY (TaK Ha3bIBa-
eMolt Qynxuuu axmueayuu). Kak m B cirydae ¢ TMHEWHON perpeccrueii, KOTOPYTO MBI
U3yYaJIH B IJIaBe 5, 4T0OBI HAUTH ONITHMA/IbHbIE 3HAUEHHSI BECOBBIX KOI(DPHUIINEHTOB
Y CMETeHWH ¥ TeM CaMbIM MUHUMHU3UPOBATH OCTATKH, UCTIOB3YIOTCS METO/IBI OTITH-
MU3AIMHU, HAIPUMep CTOXaCTUYECKUH IPaINeHTHBIN CITyCK.

HelipoHHBIE CETH NMpeAsaraloT BIIeYaT/ISAIONIME PelIeHus MPobieM, ¢ KOTOPBIMK
KOMIIbIOTEPBHI PAaHbLIE He CIPABJISINCH. BBIIONHAA MIMPOKUI CIIEKTP 3aa4 — OT
ugenTrdUKaINN 00bEeKTOB Ha N300pasKeHUX 10 06pabOTKH CJIOB B ayAN03aIIICH, —
HeHPOHHbIE CETU MOPOMIA UHCTPYMEHTBI, KOTOPBIE MEHSIOT HAITY MOBCEAHEBHYIO
#M3Hb. K HUM OTHOCATCS BUPTyalbHbIE TOMOUIHUKH U TIOUCKOBBIE CUCTEMBI, 8 TAK/KE
cpezcTBa 00paboTku pororpaduil B COBpeMEHHbBIX cMapT(hOHAX.

YuuTteIBas NyMuxy B Ipecce ¥ TPOMKUE 3asIBJIEHUST, KOTOPBIMU ITECTPST 3aT0JIOBKU HO-
BOCTell O HEPOHHBIX CETSIX, MOXKET ITOKA3aThCs YIUBUTETHHBIM, YTO OHU CYTIECTBYIOT
ette ¢ 1950-x rozioB. B 2010-X rolax OHM BHE3AITHO CTAJIU YPE3BBIYAINHO TOMTYJITPHBIMHI
13-32a TOTO, YTO JJAHHBIE HAUAJIU CTAHOBUTHCS TOPA3/I0 IOCTYITHEE, 2 BEIYNCIUTETHHBIE
MOIIHOCTH 3HAYUTEIbHO BhIpocau. [Toxkanyil, HanbOIbIINI BKJIA B BO3POKIEHIE
HelipoceTeli BHec TpoekT ImageNet, kotopsiii pazsuBasics B 2011-2015 rogax u no-
3BOJINJI TIOBBICUTD ITPOM3BOUTEILHOCTD KJIACCUMUKAIIMH C ThHICSTUEN KaTeropuii Ha
Mmarepuaie 1,4 MiTH n300pakeHMii, JOCTUTHYB TOYHOCTH 96,4 %.
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Oxnaxo riay6okoe obydenue, Kak 1 iodast pyrast pasHOBUAHOCTb MAIIMHHOTO 00-
Y4YEHUSsI, PEIIAeT TOMbKO y3KOCIEMAIN3UPOBaHHbIe 3a1a4n. Jlake B MPOEKTax 110
CO3/IaHMI0 OECIMIOTHBIX aBTOMOOMIIEH HEe UCIIOIb3YeTCS OAHO TOJbKO IybOoKoe
o0ydenne, a B OCHOBHOM IIPUMEHSIOTCSI CUCTEMBI IIPABUJI, KOTOPbIE 3aKOAMPOBAHEL
BPYUYHYIO, M CBEPTOYHbIE HEIPOHHBIE CETH, KOTOPbIE BBIIOIHAIOT (DYHKIUIO <pas-
MeT4YMKa», uAeHTUPUIUPYS 00beKThl Ha gopore. [[o3:ke B 3TOM I1aBe Mbl I0APOOHEE
IIOTOBOPHM O TOM, TJI€ Ha CAMOM JIeJIe UCIIOJIb3YIOTCS HelipoHHble cetu. Ho cHavyana
MbI pazpaboTaeM IIPoCTyIo HeiiponHyio ceTh Ha NumPy, a sarem nmpumenum scikit-
learn B kayecTBe 6GMOIMOTEUHOI PeaNTU3ALNN.

Koraa ncnonb3oBathb HeiipoHHbIE CeTH
n rny6okoe obyueHne

Hetipoutbie cetu u rirybokoe obydeHre MOKHO HCIIOJNb30BaTh JIJisI KJIacCupuKa-
[IAM U PETPECCUU, HO KaK OTAEJUTh 00JaCTh UX IPUMEHEHUsI OT 3aj1a4 JMHEIHO
perpeccuu, JJOTUCTUYECKO PErPECCUU U APYTUX METOAOB MAIIUHHOTO 00yUeHUs?
BosmozkHo, BbI cablany mocaoBuily: «Korga y Bac HeT HUYEro, KpoMe MOJIOTKA,
BCE BOKDPYT HAYMHAET Ka3aThCs TBO3AMU»!. Y KaXI0TO CEMENCTBA alTOPUTMOB
€CTb CBOM IIPeUMYyllecTBa U HeJOCTAaTKU, KOTOPbIE 3aBUCAT OT KOHKPETHOH CHU-
tyarnuu. JInHeHHas M TOTHCTUYECKAsT PETPECCHs], a TAKKe TPATUEHTHDIA OYCTHHT
(KOTOPBII HE pacCMaTPUBAETCS B 3TOM KHUTE ) OTJINYHO CIIPABJISTIOTCS C TTPOTHO3aMH
Ha CTPYKTYPUPOBAHHBIX JAaHHBIX — TO €CTh JAaHHBIX, KOTOPBIE JIETKO IIPEICTaBUTh
B BUJIE TaOJIUIBI CO CTPOKaMU U cTojbiamu. Ho Takue 3aadu BOCIIPUSTHS, KaK
KyaccudUKaIus n300pakeHnil, ropas3o MeHee CTPYKTYPUPOBAHBL YTOOBI pac-
MO3HATH (POPMBI U TTATTEPHBI, MBI IIBITAEMCS HANTH HEUETKIE KOPPEIAIINT MEKITY
IpyIIIaMU MUKCETEN, a He MEKILy CTPOKaMU JaHHbIX B Tabuite. Korga mporpamma
MPEICKA3bIBAET CJIEYIONINE YETHIPE UJIH MSITh CJIOB B HAOUPAEMOM ITPEJIOKEHUN
WM pacun@poBbIBaET TEKCT MO ayAM03aMNUCH, — 3TO TOXKE 3a/1a4U BOCIIPUATUS
U IPUMEPBI TOTO, KaK HEHPOHHBIE CETH UCTIONB3YIOTCS It 06pabOTKH eCTeCTBEH-
HOTO SI3bIKa.

B aToi1 rmaBe Mol COCPEAOTOUYMMCA Ha ITPOCTBIX HeﬁpOHHbIX CETAX C OTHUM CKPBITBIM
CJIOEM.

! Dranoc/oBUIIa BOCXOIUT K I[UTATE U3 KHUTH aMEPUKAHCKOTO Ticuxosora Abpaxama Macioy «Ilcu-

xoJiorus Hayku» (1966): «/[ymaro, 4To BecbMa COOIa3HUTEIBHO, PACTIONArask U3 WHCTPYMEHTOB
JINIIb OJTHAM MOJIOTKOM, OTHOCHUTBCSI KO BCEMY BOKPYT Kak K I'BO3/sIM». Bripouem, moxoxue 1o
cMbIc/Ty (hDpasbl MOSKHO BCTPETHTD 1 B O0Jiee PAHHUX HCTOYHUKAX. — [Ipumey. Hayu. peo.



250 [naga 7. HelipoHHble ceTn

PA3HOBUAHOCTU HEAPOHHbIX CETEN

Onna u3 pa3HOBUHOCTEN HEWpOceTeil — CBEPTOYHBbIE HEWPOHHBIE CETH,
KOTOPbIE YaCTO MPUMEHSIIOTCS [JIs1 PacTio3HaBa st 06pasos. [Ipyrast pasHo-
BUIHOCTD — LSTM-ceTn — mo3BoJisieT IpOTHO3MPOBATh BDEMEHHBIE PSI/IBL.
A pekyppeHTHbIe HeHPOHHBIE CeTH IINPOKO UCIOJIb3YIOTCS B IPUIJIOKEHUSIX,
KOTOPBIE TPE0OPA30BBIBAIOT TEKCT B PEUb.

HeiipoHHas ceTb — U3 nywWwKu no BopobbaAm?

Y BepodTHO, B IIpuMepe, KOTOPBIi OCIEAYeT Aajiee, HeHPOHHbIE CETU OYIyT 13-
\ JIMIIIECTBOM; JIOTUCTHYECKast perpeccust Obla Obl mpakTrdHee. MOXKHO 1axe
BBIYUCINTH pe3yasraT 1o dhopmyse (https://oreil.ly/M4W8i). Onnako s Bcerzma
ObLJI CTOPOHHUKOM TOTO, YTOOBI OOBSICHSITD CJOKHbBIE METOBI HA MIPUMEPE

HPOCTHIX 33/1a4. ITO IOMOTAET OHSITh CUJIbHBIE U CJIA0ble CTOPOHBI METO/IA, HE
OTBJIEKASICh HA GOJIbIINE MACCUBBI JIaHHBIX. Tak uTO MMeliTe 9TO B BULY U CTa-
paiiTech He UCIIOJIb30BATH HEMPOHHBIE CETU TaM, T JIyYIlle ooy T Goee
ripoctbie Moziein. OHAKO B 3TOH TJ1aBe Mbl HAPYIIIUM 3TO IIPABUJIO Pa/IU TOTO,
4TOObI JIyYllle yCBOUTH OCHOBHBIE IIPUHIIUIIBI HEPOHHBIX CETEN.

[pocTas HempoHHaA ceTb

Bort npocToii npumep, KOTOPBIT TOMOXKET MOJYYUTD MPeICTaBICHUE O HEUPOHHBIX
cersx. /Lyt TpOM3BOIBHOTO IIBeTa (JOHA HYKHO CIIPOTHO3MPOBATH, KAKOH MIPUGT
K HeMy Jydlile nogoiger — cBeTblil (1) uan temuntii (0). Ha puc. 7.1 npuseneno
HIECTh IPUMEPOB € Pa3HbIMU I1BeTaMu doHa. Bepxuuii psiz ydiie BCero BbITJISIUT
CO CBETJIBIM MIPUQPTOM, 2 HIZKHUH — C TEMHBIM.

CeeTnbiii CeeTnbin

[TeMHbuh ] [TEMHbII7I ] [TeMHbu?l ]

Puc. 7.1. TemHblii LupUQT NyyLLe CMOTPUTCA HA CBETIIOM (OHE, a CBET/IbIi — Ha TEMHOM

Oi1H U3 PacIpPOCTPAHEHHBIX CIOCOOOB MTPEACTABUTH IIBETA B KOMITBIOTEPE — 3HAUE-
st RGB: ato Tpoiika unces, KoTopble coOTBeTCTBYIOT KpacHomy (R, red), seeHo-
My (G, green) u cunemy (B, blue) kommoHenTam 1Beta. Kaskioe 4ncio HaXoAUTCS


https://oreil.ly/M4W8i
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B inanaszone ot 0 710 255, 1 UTOroBOe 3HaYeHUE MTOKA3bIBAET, KaK 3TH TPH 1IBETA CMe-
IIUBAIOTCST, YTOOBI CO3/ATh XKeTaeMblil 1[BeT. HampuMep, ecJiv mpeicTaBuTh 3HaYeHUE
RGB B hopmate (kpactulil, 3eienblil, CUHUIL), TO OPAHKEBOMY I[BETY OYAET COOTBET-
cTBOBaTh 3HaueHne RGB (255, 140, 0), a pozoBomy — (255, 192, 203). YepHblii iBeT
obosHavaercs kax (0, 0, 0), a Genbrii — (255, 255, 255).

C TOYKM 3peHUs] MAIIUHHOTO 0OYYEHUsT M perpeccuu 1mBeT (poHa 3a/aeTCst TPeMst
BXOJIHBIMU TIepeMeHHBIMU: red (KpacHbIl ), green (3eJieHbIi) 1 blue (cuHMIT). 3asaua
COCTOUT B TOM, YTOOBI TIOJOTHATH (DYHKIIUIO MO 9TH apTYMEHTHI M BBIBECTH, KaKO
mrpudT JIyUIie UCIOIb30BaTh /71T TOTO WJIM WHOTO 11BeTa (pona — cetbiii (1) nam
TemHbIi (0).

Liseta B popmate RGB

B uHTEpHETE €CTh COTHU IIBETOBBIX MAJUTD, I7I€ MOKHO BHIOHUPATD IIBETA, YTOOBI
HO9KCIIEPUMEHTUPOBATh co 3HayeHussMu RGB. W3 Schools npemaraer onmy
n3 takux nanutp (https://oreil.ly/T57gu).

O6parute BHUMaHUE, YTO HAII IPUMED HE TaK YK JAJTEK OT THITUIHOH 3a/[aui
HEHPOHHBIX ceTell — pacro3HaBaHUs M300PaKEHUA, TIOTOMY YTO KasKIbIi
IIIKCeJIb 9aCTO MOJeINPYeTCs Kak TPU YHMCIOBBIX 3HaueHus B popmare RGB.
B nannom cirydae Mbl IPOCTO pacCMaTPUBAEM TOJIBKO OJIUH «ITMKCEJb», KOTO-
Ppblii 3371aeT 1BeT GoHa.

[aBaiite HauHEM ¢ OOIel KAPTUHBI U HA BPEMsI OTJIOKUM BCE JIE€TATH PEATH3AI[IH.
Mpbi Gyzem pacecMaTpuBaTh 9Ty TEMY IO TPUHITUITY MATPENIKH: CiepBa 06CYIIM ca-
MBIl BHEITHUIT YPOBEHD, a 3aTeM OY/IeM TTOCTETIEHHO TIOTPYKATHCSA B MOAPOOHOCTH.
[Toatomy mporecc, KOTOPLIi IPUHUMAET BXOHbIE 3HAUEHUST U BbIIAeT BbIXO/HbIE, MBI
MOKa 0603HAYMM MTPOCTO KAK «3arajl0ouHasi MaTeMaTHKa». ITOT mporecc o6pabaThi-
BaeT TPU YMCJIOBBIE BXOJHbIE ITepeMentble R (kpacHblil), G (3esenblil) u B (cunuii)
U BO3BpallfaeT IIPoruo3 B uHTepBase oT 0 710 1, kak mokasaHo Ha puc. 7.2.

3aragoyHas

MaTeMaTuKa

Puc. 7.2. Ha ocHoBe Tpex umcen, KoTopble COCTaBAAT 3HaueHue RGB,
HelipOHHaA CeTb NPOTHO3MPYeT CBETAbIA WA TeMHbIi KT


https://oreil.ly/T57gu
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MToroBbIii IPOTHO3 TPEICTaBAseT cOO0M BEPOSITHOCTh. BBIBO/ BeposATHOCTEH — Cca-
MBIl PACIIPOCTPAHEHHBIH CIIOCO0 KIacCH(MUKAIMU ¢ TIOMOIIbI0 HEHPOHHBIX CeTel.
Ecau 3amenutb R, G 1 B Ha COOTBETCTBYIOIIKE YUCJIOBble 3HAUEHN, Mbl YBU/IUM,
9TO BEPOSATHOCTD MeHbIIre 0,5 03HAYaeT TEMHBIN MPUGT, a 6obIne nian paBHas 0,5 —
CBETJIbIH, KaK [TI0Ka3aHo Ha puc. 7.3.

3aragouyHas

MaTemMaTuKa

Puc. 7.3. Ecnv 3apathb po30Bbiii LBET ¢oHa (255, 192, 203), To 3aragouHas matematuka
PeKoMeHAyeT CBETNbIN LWPUGT, NOTOMY YTO UTOroBaA BepoATHOCTH 0,89 bonblue, uem 0,5

UYto ke TTPOUCXOANT BHYTPH 3TOTO YEPHOTO SATIUKA € 3aTA0THON MaTEeMaTHKOMN?
[laBaiiTe mocmoTpuM Ha puc. 7.4.

BbixopHas nepemeHHas =
W,(X\W, + X,W,+ X;W,+B,) +
W, X\ W,+ X,W,+ X;W,+ B,) +

W,(X\W, + X, W+ X;W,+ B,) + B,

MoBTopHOE
B3BeLUEHHOe
CcymMMUpo-
BaHue

Puc. 7.4. CKpbITbli COJE HEiPOHHO CETU HAKNaAbIBAET BECOBbIE KOIQOULIMEHTDI 11 CMELLIEHIA
Ha KaXX /1Yo BXOZHYI0 NePeMEHHYI0, a BbIXOHOI CNOii HaKNabiBaeT Apyrue
BECOBbIE KOIQOULIMEHTDI 1 CMELLIEHINA Ha BLIBOZ CKPBITOTO €108

B aToii HelipoHHOW ceTn He XBaTaeT elle OJJHOTO0 KOMIIOHEHTa — (YHKINU aK-
THUBaLlUM, HO O Hell 4yTh 1mosske. JlaBaiite cHavasa pasbepeMcs, 4TO 34eCh IPO-
ncxoaurt. [lepBolil cI0ii cjieBa — 3TO MPOCTO TPU BXOJHbBIE TIEPEMEHHBIE, KO-
TOpBIE B JAHHOM Clly4ae IIPeACTaBJIAI0T OO0l 3HaYeHUs KPACHOIM, 3eJIeHoi
U CUHEN COCTaBJIAIONINX IBETA. B CKPBITOM (Cpe/lHeM) CJI0€, KOTOPBIM HAXOAUTCS
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MEKy BXOJaMU M BBIXOJIOM, PACIIOJNOXKEHBI TPU Y31d, UJIN BecOBble HYHKITUN
co cmemenueM. [lo cyTu kaxapiil y3em — aTo auneiiHas QYHKIU, KOTOPas
YMHOKA€eT BXOJIHbIE TIepeMeHHble X, Ha BecoBble Koadduruentsr W, n cymmn-
pyeT NpousBe/leHus IpyT € APYTOM U niepecedenuem B,. Mexmy KA J[bIM BXO/I-
HBIM Y3JIOM M KasKJbIM CKPBITBIM y3JIOM ONpe/leIeH BecoBoil Koaduunent W,
a MESKIY KaXK/IbIM CKPBITBIM Y3JI0M U BBIXO/IHBIM Y3JIOM — €llle OJITUH BECOBOI K03h-
¢bunment. K kax10My CKPBITOMY U BBIXOJHOMY Y3JIy 400aBJIsieTCs cMeleHne B,.

O6parure BHUMAHNE, YTO BHIXOJHOM Y3€J1 TIOBTOPSIET TY JKe OTEPAINIO: OH TIPUHUMAET
B3BEIIEHHBIE CYMMBI U3 CKPBITBIX CJI0EB ¥ MepeaeT X Ha BXO/ B TIOCTETHUN CJIOH,
rJie IPUMEHSIETCSI JIPYToi Habop BeCOBBIX KOI(DGDUIIMEHTOB U CMEIIEHUTA.

Kopoue roBops, aT0 Takas ke perpeccus, Kak JUHEIHAS WM JOTUCTUYECKAas, HO
B Heil HYKHO BBIYHCITUTD TOpaszio 60Jblie mapamerpos. Becosbie koahduimeHTs!
1 CMENEHUST UTPAIOT Ty e POJIb, 4TO mapaMeTpsl m u b (wma B, u B,) B muHei-
HOI1 perpeccun. Kak u B IMHEHON perpeccuu, Mbl UCIIOJIb3yEeM CTOXACTHYECKHIT
rpajiieHTHBII CITYCK ¥ MUHUMU3HPYEM [OTEPH, HO HaM MOHAZ00UTCS TOMOJHU-
TEJIbHBIN MHCTPYMEHT, KOTOPBII HA3BIBAETCS OOPATHBIM PACIIPOCTPAHEHUEM U T10-
3BOJISIET OTBA3aTh JAPYT OT Apyra BecoBble koadduunentsr W, u cmemenus B,
Y BBIYMCJIUTD YaCTHBIE MPOU3BOJIHBIE 1T0 HUM C ITOMOIIBIO TIEMHOTO TTPaBUJIA.
OG6 9TOM MBI TIOTOBOPUM TIO33KE B ATOH IJIaBe, a MOKa JaBaiiTe MPeAnoJ0KIM, 4TO
BecoBbIe KOA(MMUITUEHTHI U CMEIIeHUs ysKe OMTUMI3UpoBaHbl. CHavama 00Cy M
(yHKkIIUYM aKTUBAIINNA.

OyHKUMM aKTUBaLMN

Qynryus axmueauuy — 3To 0OBITHO HeTUHeHHAT HYHKINST, KOTOpas mpeobpasyer
WJIN YIIJIOTHSET B3BENICHYIO CYMMY B y3J1€, TOMOrasi HepoHHOM ceTu ahexTuBHO
pasesATh JaHHbIE, YTOOBI UX MOXKHO OBLIO Kiaaccudunuposath. [lasalite mo-
cMoTpuM Ha puc. 7.5. Eciu 661 He ObLIO (DYHKITUN aKTUBAIIH, TO CKPBITHIE CJIOU
byHKIHOHIPOBaIU 61 HeA(MGHEKTUBHO, U HEHPOCETh GbITa Gbl He JIyyllie JUHEHOM
perpeccuu.

Dynryus axmueayuu ReLU (JuHelHbIA BRIIPAMUTEND) 00HYJISIET BCe OTPUILIA-
TeJIbHbIE BBIXOIHBIE TAHHbBIE CKPBITHIX Y3JI0B. Eciin B3BeneHHAss CyMMa BXOJIHBIX
MepeMEHHBIX CO CMEIEHUEM OKa3bIBAETCS OTPUIIATENBHOM, OHA TIpeobpasyercs B 0,
WHave BHIXOHOE 3HAUEHWE OcTaeTcst Oe3 uamenennit. Ha puc. 7.6 mpuBesieH Tpa-
duk pyuknuu aktuBanuu RelLU, mocrpoenHstii ¢ moMotibio 6ubanoreku SymPy
(cm. mpumep 7.1).
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OyHKumA ReLU Nornctnueckan yHKUMA

BleO,ClHaﬂ nepemMeHHana =
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WX\ W, + X,W,+ X;W,+ B,) + B,

MNMosTopHOE
B3BELUEHHOE
CyMMUpO-
BaHUue

Puc. 7.5. lpumeHeHue GyHKLMIA akTUBaLMI

Mpumep 7.1. Mpaduk dyHKumM RelLU

from sympy import *

# Ctpoum rpaduk ¢yHkuum RelU
x = symbols('x")

relu = Max(0, x)

plot(relu)

|

Puc. 7.6. Ipaduk dpyHkumm RelU
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Hassanwme ReLU mpoucxomuT U3 37IeKTPOTEXHUKH, Tl OHO PACIIA(PPOBBIBAETCS KAk
«rectified linear unit» (iuHelHbIi BHIIPAMUTEND). OAHAKO B KOHTEKCTE MAIIMHHOTO
06yUEeHsI 3TO TIPOCTO OCOOBII CITOCOD CKa3aTh «0OPATUTh OTPHUIIATETbHBIEC 3HAUCHUST
B 0». @yukius ReLU cramna momyisipHa st CKPBITBIX CJI0EB B HEHPOHHBIX CETSIX
1 Try6GOKOM 00yUYeHUH OJIaroiapst TOMY, 4TO OHa paboTaeT OBICTPO U TIOMOTAET OOPOTHCSI
¢ npobremoii ncuesaromero rpaguenta (https://oreil.ly/QGIM7). M cuesarorue rpaiueHTs
BO3HUKAIOT, KOT/IA YTJI0BbIE KOI(PDUITMEHTHI YACTHHIX TPOM3BOIAHBIX CTAHOBSTCS Ha-
CTOJIBKO MAJIBIMU, UTO TIPEKIEBPEMEHHO JIOCTUTAIOT HYJIsSI,  00YYEHHE BITA/IAET B CTYTIOP.

BbIX0IHOIT CJTOH BBIMIOTHSIET BAYKHYO PA0OTY: OH arpErHPYET MHOKECTBO MATEMATIHIECKIX
BBIBOJIOB M3 CKPBITHIX CJIOEB HEHPOHHOI CeTH 1 TPeoOpasyeT UX B MHTEPIIPETHPYEMBIiT
PE3yJIbTaT — HAT[PUMEP, BhIpabaThIBaeT MIPOTHO3bI KiIaccudukanum. B Harem npumepe
B BBIXO/[HOM CJIO€ HeHPOHHOM CeTH MCIOIb3YeTCS J02UCMUMECKAS (PYHKUUS AKMUBAUUL,
KOTOPast IIPEJICTABJISIET COOOM TIPOCTYIO curMoujty. Eciiu Bbl untasiv riiaBy 6, Joructude-
cKast (QYHKITHS IOJKHA OBITH BaM 3HAKOMA, U BBI JIETKO YOEIUTECh, UTO JIOTUCTHIECKAST
perpeccus AeCTBYeT Kak CJI0H B Hallleil HelipOHHOM ceTH. BhIXOIHOM y3es1 BhIUnCser
B3BellIEHHYIO CYMMY BeeX 3Ha4eHUH, KOTOPbIe IIOCTYIIAIOT U3 CKPBITOTO CJIOS, ¥ IPUMEHSIET
K Hell cMmertieHne. [ocsie 3TOro oH IpoIycKaeT 1nojyyeHHOe 3HaueHNe Yepes JOTUCTUYe-
CKYI0 (DYHKITHIO, 4TOGBI Ha BBIXOIE Oy 4InIoch 4ncyio ot 0 o 1. Kak u B oructideckoit
perpeccuu B ry1aBe 6, 3TO UNCJI0 — BEPOSATHOCTD TOTO, YTO K 11BETY (hOHA, KOTOPBII BBEZICH
B HEPOHHYIO CETh, TTOAXOUT CBETJIBIH MmprT. Ecii 5Ta BeposATHOCTH GOIThINE UTH PaBHA
0,5, To HelipoceTh PEKOMEH/TYeT CBETJIbIN MIPUMT, & eI MEHbIIIE, TO TEMHBDIH.

Ha puc. 7.7 npuBesen rpadmk JJOTHCTUIECKOH (DYHKIIMH, TIOCTPOEHHBIH € TIOMOIIIBIO
6ubanoreku SymPy (cm. mpumep 7.2).

Mpumep 7.2. MpaduK NOruCTUUECKOn yHKLIMN aKTUBaLIMK
from sympy import *

# CTpoum rpaduk norucTudeckoi QGyHKUMM aKTuBaLuu
x = symbols('x")

logistic = 1 / (1 + exp(-x))

plot(logistic)

Puc. 7.7. [paduk noructnueckoii GyHKLMM akTusaLmun
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O6paruTe BHUMaHME, YTO TIOCJIE TOTO KaK 3HaUeHUe y3a (B3BElIeHHAs CyMMa €O
CMeIIeHNEM ) TIPOXOUT Yepe3 (DYHKITNIO aKTUBAINHU, €T0 MOKHO HA3bIBATh AKMU-
BUPOBAHHBIM BLIXOOOM: TO 3HAUUT, YTO OH OT(UIBTPOBAH Yepes aTy (HYHKIUIO.
Korza ak THBUpOBaHHBII BBIXO/I [IOKUIAET CKPBITBIN CJION, CUTHAJ TOTOB K ITO/Iave Ha
caemytonuii cyioit. MYHKIUS aKTUBAIMK MOTJIA YCUJIATH CUTHAT, OCTTaOUTh €T0 UK
0CTaBUTH Kak ecTh. C 9TUM TOBeJIEHUEM CBsizaHa MeTadopa, KOTopasi yroaooJsier
HelPOHHBIE CeTU OMOJOrMIeCKON HEPBHOM crcTeMe!.

3aMeTuB, 4TO TepeYrcIeHHble (GYHKIIMU JOBOJIBHO TIPOCTHI, BBl MOKETE CIIPOCHUTD,
CYIIECTBYIOT Jiu Apyrue GyHKIMK akTuBaiy. Hanboree pacipocTpaHeHHbIE N3 HUX
npuBeIeHBI B Tabmute 7.1.

Ta6nuua 7.1. PacnpocTpaHeHHble GyHKLMM aKTUBALMN

TunoBoi
Ha3Banue . Onuncanue Mpumeyanus

(¢ [+]7]
JIuneiiHas BoixogHoit  OcTaBndeT 3HaueHna Kak  06bIuHO He McnoOb3yeTca

ecTb
Noructnyeckan BbixogHoit  Curmompa (Cxmumaet 3HaueHna B nHTepBan ot 0 fo 1, yacto
npumeHsAeTca B GuHapHoii Knaccudukaumum

lunepbonuuecknin ~ CkpbiTblit  Topoben curmounge; MomoraeT «LeHTPUPOBaTL» aHHbIE, MPU6N-
TaHreHC BO3BpALLIAeT 3HaueHuA XaA cpenHee K 0

B AuanasoHe ot —1 o 1

ReLU (nuHeitnbiii ~ CkpbiTblit  Obpalaet otpuuatenbHble  MonynaApHas GYHKUMA akTMBaLmu: paboTaeT

BbINPAMMTEND) 3HaueHusA B 0 ObicTpee curmomapl U runepbonmyeckoro
TaHreHca, CHIKaeT npobaemy ucyesatoLuero
rpajuenTa 1 notpebnaeT MeHblLe BblYMCIN-
TeNbHbIX pecypcoB

ReLU c «yTeukoit» ~ CKpbITblii ~ YMHOXaeT oTpuuatenbHble  CoMHUTeNbHbIRA BapuaHT RelU, KoTopblii

3HaueHUA Ha Manblii He 06HyNAeT, a yMeHbLUAET 0TpULaTENbHble

Ko3$duument (Hanpu- 3HaueHuA

mep, 0,01)
Softmax (MHoro-  BbixoaHoit  ObecneuunBaer, 4toobl Vicnonb3yetca Ana MHOrOMepHoIi Knaccu-
nepemeHHas CYMMa BCEX BbIXOAHBIX duUKaLmMm 1 MacwTabupyet peynbTathl Tak,
NorucTMYecKasn y3n108 6bina paBHa 1 yTo6bl OHYU B CymMe fasanu 1

byHkuua)

! HeﬁpOHHbIe CETU Ha3bIBAIOTCA TaK II0OTOMY, YTO OIINPAIOTCA Ha MaTEMAaTUYECKUE MOJIE/IN, KOTOPbIE

U3HAYAIBHO MMUTHPOBAJIK TT0BEIeHNE OUOIOrMYeCKIX HePOHOB (HEPBHbBIX KJIETOK). BiipoueM,
3TU MOJIEJIM HUKOT/IA He TIPETEHI0BAIM Ha TO, YTOOBI BOCTIPOM3BOAUTD MTPUPOJIHbBIE CUCTEMBI
¢ McyepnbIBaioniell TouHoCcTbio. CoBpeMeHHbIe HelipoceT 060raTUINCh MHOTMMY Ka4eCTBaMH,
KOTOPbIE [OJIE3HBI JIJIsI IPUKJIAHBIX 33/1a4, OJJHAKO ellle MEHbIIIE COOTBETCTBYIOT OMOIOINYEeCKOil
MeTaope. HekoTopbie aBTOPBHI BIIAAAIOT B 3201y K/I€HIE, KOT/IA MO MOBEIEHUI0 KOMITHIOTEPHBIX
HEHPOHHBIX CeTel CY/ISIT O TOM, KaK YCTPOEH TOJIOBHOI MO3T, U HA060poT. — Ipumeu. nayu. peo.
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ITO HEMOMHBIA CMCOK (DYHKIIMI aKTUBAIINK, U TEOPETUYECKH B HEHPOHHON CeTH
Jr00ast QYHKIINST MOKET OBITh (DYHKIIHEH aKTHBAI[IH.

OO0O0—=000

Puc. 7.8. HeiipoHHas ceTb, KOTOpas MPUHIMAET KaX/blii NUKCENb B KaueCTBE BXOAHOTO CUTHaNa
1 IPOTHO3MPYET, KaKyto Lndpy COpepXuT n3obparexue
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XoTs co3maercs BIeyaTJIeHNe, YTO Hallla HePOHHAs CeTh pasjmyaeT JBa Kaacca
(cBeTJIbIiA UM TEMHBIN TIPUQT), HA CAMOM JIeJie OHA MOJIEJIMPYET OJIUH KJIacC: I0JKEH
s wpudT 66iTh cBeTbiM (1) mim Het (0). Ecii HyKHO HOAAEPKIBATH HECKOIBKO
KJIACCOB, /IS KaXK/I0TO U3 HUX MOKHO I00aBUTH COOTBETCTBY IO BEIXOHON Y3€I.
Hanpumep, ecsiu Bbl IbITaeTech paclio3HaBaTh pykomnucHble 1udpst ot 0 10 9, TO
B HEWPOHHO# ceTu moHaso6utTcst 10 BBIXOIHBIX Y3JI0B, KaKIbIil 13 KOTOPBIX MPE/-
CTaBJISIET BEPOSATHOCTH TOTO, UTO Ha U300PAKEHUU HAXOAUTCS TO VI MHOE YHCIIO.
Korza y Bac HeCKOJIBKO KJIaCCOB, B KAU€CTBE BHIXOHOM (DYHKITUU aKTUBAIIUYA MOKHO
Takke MonmpoboBath Softmax (MHOrOMEpEMEHHYTO JIOTUCTHYECKYIO hyHKII0). Ha
puc. 7.8 ToKazaH mpuMep, Te onudpoBaHHoe M306pakeHe PyKOMIUCHON THdpBI
MOIMKCETHHO Pa3OMBAETCSI HA OT/IEJbHbBIE BXO/IbI HEHPOHHON CETH U TIPOXOIUT Ye-
pes [1Ba IPOMEKYTOYHBIX CJIOS, a 3aT€M Yepe3 BbIXOHOH CJI0H, KOTOPBII COCTOUT U3
10 y3J10B — 110 OTHOMY Ha BEPOSITHOCTH JIJIs Kakoro u3 10 kmaccos (1irdp ot 0 10 9).

B IIpusnoxenuu A mpuBejieH IpUMep TOTO, KaK B HEMPOHHOW CETH UCITOJIb3YeTCs
Habop nanHbix MNIST.

Kak BbiGpaTb QpyHKUUIO aKTUBaLMK?

Ecsn BbI He 3HaeTe, Kakylo (pyHKIIMIO aKTUBAIIMYU NCIIOJIb30BaTh, TO HA CErO/l-
HAIMHUH feHb ayunuii BapuadT — ReLU g npomeskyTOYHBIX (CKPBITBIX)
CJI0eB 1 JlorucTudeckast QyHKIms (CUTMOUA) /I BBIXOAHOTO cirost. Ecim Ha
BBIXO/IE ¥ BAC HECKOJIBKO KJIACCOB, MCTIOJIB3YHTe Softmax Ha BEIXOHOM CJIOE.

Mpamoe pacnpocTpaHeHue

[asaiite cobepeM BOEINHO BCE, YTO MbI y7Ke HaydI/IMCh JeJIaTh ¢ HOMOIIbIo scikit-learn.
OG6paTuTe BHUMAHME, YTO MbI 10K HE OIITUMU3UPOBAIHU IapaMeTpbl (BecoBble Koahdu-
IUEHTBI U cMelrieHus ). [IJis1 Hayaia Mbl MHUIIUAIU3UPYEM UX CJYYaHBIMU 3HAUEHSIMHU.

B npumepe 7.3 mokasaH ko Ha Python, KoTopbIii co3naeT mpocTyo HEHPOHHYIO CETh
IPSIMOTO PACIIPOCTPAHEHU S, TPUYEM OHA [TOKA He ONITUMU3UPOBaHa. [Ipsmoe pacnpo-
cmpanenue O3HaA4a€eT, YTO MbI IIPOCTO BBOAVIM IIBET B HeﬁpOHHyIO CETb U CMOTPUM, 4YTO
oHa BbiBeleT. BecoBbie KOah(UIIMEHTHI U CMETIEHNST 33/IaI0TCS CTYYaTHBIM 06pa30M.
Mpbr 6yieM OTITUMI3MPOBATH X TO3KE B 9TOH TJIaBe, TaK YTO TIOKA OT HEHPOCETH He
CTOUT OXUNAATb 6OJIb]_HI/IX YCIIEXOB.

Mpumep 7.3. MNpocTast HelipoHHas CETb NMPSIMOrO PacnpoCTPaHEHUS CO CyHaHbIMM
BECOBbIMU KO3CbeMU,VIEHTaMVI N CMeLWeHnaIMn

import numpy as np

import pandas as pd

from sklearn.model selection import train_test split
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all_data = pd.read_csv("https://tinyurl.com/y2gmhfsr")

# M3Bnekaem BXofHble cTonbuUbl, MacwTabupyem AaHHble ageneHuem Ha 255
all_inputs = (all_data.iloc[:, ©:3].values / 255.0)

all outputs = all data.iloc[:, -1].values

# Paspensem gaHHble Ha 06y4alwyw M TeCTOBYW BbIGOPKM

X_train, X_test, Y_train, Y_test = train_test_split(all_inputs, all_outputs,

test_size=1/3)
n = X_train.shape[@] # konnyecTBO 3anuceit B oby4valwwen BbibOpKe

# KoHCTpyupyeMm HelpoHHYyl ceTb,

# WHWUManusMpyem BecoBble KOIGOULMEHTb W CMeWeHUA CAyYaiHbMU Yuciaamu
w_hidden = np.random.rand(3, 3)

w_output = np.random.rand(1, 3)

b_hidden = np.random.rand(3, 1)
b_output = np.random.rand(1, 1)

# OYHKUMWM aKTuBauun
relu = lambda x: np.maximum(x, )
logistic = lambda x: 1 / (1 + np.exp(-x))

# MMponyckaem BXOAHble AaHHble Yepe3 HEWPOHHYW CeTb,
# 4TO6bl Ha BbIXOAE MONYYUTb MPOrHO3bI
def forward_prop(X):

Z1 = w_hidden @ X + b_hidden

Al = relu(Z1)

Z2 = w_output @ Al + b_output

A2 = logistic(Z2)

return Z1, A1, 72, A2

# Bbl4MCNAeM TOYHOCTb KﬂaCCMd)I/IKaLWIVI

test_predictions = forward_prop(X_test.transpose())[3] # 6epeMm ToNbKO BbIXOAHOM

cnoit (A2)

test_comparisons = np.equal((test_predictions >= .5).flatten().astype(int), Y_

test)
accuracy = sum(test_comparisons.astype(int) / X_test.shape[0])
print("ToyHocTb: ", accuracy)

3/1ech CTOUT OTMETUTH HECKOJIBKO MOMEHTOB. HaGop JaHHBIX, KOTOPBIH COAEPIKUT
Bxozauble 3Hadennst RGB, a Takske Boixonuble 3HaueHus (1 — cBeTsbiit mpudt n 0 —
TeMHBIN ), HaxomuTced B (haiine CSV mo aapecy https://oreil.ly/1TZIK. [Iporpamma ymenb-
maet Bxoguble ctos101bl R, G 1 B B 255 pas, uto6s! ux sHavenns Obuim Mesxay 0 u 1.
Ecuiu cxath pOCTPAHCTBO YUCE, 3TO TIOMOKET B JAJIbHENIEM 00ydaTh HEPOCETD.

2 1
O6paruTe BHUMAHUE, YTO MBI TAKIKE BBIIEJAIN 3 AHHbIX B 00yUaronLyIo BbIGOPKY 1 — —
En

B TECTOBYIO € TIOMOIIIbI0 6uborexu scikit-learn (Mbr U3ywasy 9TOT MpreM B TJIaBe 5).

YKCI0 N — 3TO IIPOCTO KOJAMYECTBO 3aluceil B 06ydaioneil BRIGOPKe.

Temnepb o6paTuTe BHUMaHNE Ha CTPOKHU KOJIa, KOTOPBIE TIOKa3aHbI B ipumepe 7.4.
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Mpumep 7.4. MaTpuubl BECOBbIX KOI(POULMEHTOB U BEKTOPLI CMELLEHUS, 3aAaHHble
¢ nomoubto NumPy

# KOHCTpyupyem HeMpoHHyWw ceTb,

# WHWUManusMpyem BecoBble KOIQOULMEHTb W CMeleHWA CAyHaiHbMU Ynciaamu
w_hidden = np.random.rand(3, 3)

w_output = np.random.rand(1, 3)

b_hidden
b_output

np.random.rand(3, 1)
np.random.rand(1, 1)

31ech OOBSBISIIOTCST BECOBBIE KOA((DUIIUEHTHI U CMEIEHUSI JIJIsT CKPBITOTO U BBIXO/THO-
IO cJIoeB HeHPOHHOM ceTi. Bo3MOKHO, 3TO TIOKa He 0U4€BU/IHO, HO YMHOKEHMe MaTPHI]
PaJIMKAIBHO YIIPOCTUT HAIll KO 61aronapst IMHedHoN anrebpe n 6ubarnoreke NumPy.

BecoBbre k0ahbUIIMEHTHI U CMEITIeHNST THUIUATU3UPYIOTCS KaK CTyJaiiHble 3HAUeHUsT
B uaTepBasie ot () 1o 1. /17151 Havama paccMOTPUM MaTPUIIBI BECOBBIX KO (PUITUEHTOB.
3aryCcTuB KOJI, ST OJIYYHJI TAKME MaTPUIIBL:

0,034535  0,5185636 0,81485028
0,3329199 0,53873853 0,96359003
0,19808306 0,45422182 0,36618893

e

W

FRICOANOTT

=[0,82652072 0,30781539 0,93095565]

O6patrure Buumanue, uto W, .., — 970 BecoBble K09 OHUIMEHTDI B CKPBITOM CJIOE.
IlepBas cTpoka MaTPHUIIBLI COOTBETCTBYET IIepBOMY Y3y ¢ Koaddunuentamu W, , W,
u W, BTopasi cTpoka — BTOpoMy y3Jiy ¢ koapduuuentamu W, , Wi u W, a tpetbs

3
CTPOKa — TpeTheMy y3iy ¢ Koahduuentamu W, W, u W, .

B BBIXO/THOM CJIO€ TOJIBKO OIWH Y3€JI, a 3HAYUT, €TO MaTPUIla COCTOUT BCETO U3 OZIHOﬁ

CTPOKH ¢ BecoBbIMU Koadbdunmentamu W, , W, n W, .

Bunute, B yeM TyT 3akoHOMepHOCTh? Kaxblil y3eJ1 1Ipe/icTaBjieH B BUJle CTPOKHU
B Matpuiie. Eciii B citoe Tpu y3J1a, TO B €T0 MaTpulle Tpu cTpoku. Eciu y3er ogus, TO
cTpoka oHa. B Kaxk oM cTosbIie copepRaTest BeCOBble KO3 MUITHEHTDI st KK I0TO
13 y3JI0B MPEJIBIYIIETO CJI0sT, BXOASAIINX 110 OTHOIIEHUIO K TAHHOMY Y3JTY.

[laBaiiTe mocmoTpuM u Ha cMertieHust. [TockobKy Ha KaXKIblid y3€J TPUXOAUTCS TI0
OJTHOMY CMEIIIeHNIO, B MaTpuIiax B, uB OyzeT BCero 1o 0JHOMY CTOJIOLY.

CRpBLmBL abxotno

B nepBoii maTpuite 6yieT TP CTPOKH CMEIIEHH I CKPBITOTO CJIOs, & BO BTOPOii —
OJlHA CTPOKA CMEIEHUH JIJIs1 BBIXOIHOTO CJIOSI.

0,41379442
0,81666079
0,07511252

B

CRpembn
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B

SR

=[0,58018555]

[laBaiiTe conmocTaBUM 3TU MATPHUIIBI ¢ BU3yaau3aluel Hallleld HeMpOHHOU ceTH, KaK
MOKA3aHo Ha puc. 7.9.

OyHKuma ReLU

Jlornctnueckas
dyHKUMA

MoBTOpHOE
B3BELLUEHHOe
CYyMMUpPO-
BaHve

W,=0,034535
W,=0,5185636
W,=0,81485028
B,=0,41279442

W,=0,3329199
W,=0,53873853
W,=0,96359003
B,= 81666079

W, ,= 0,82652072
W,,=0,30781539
W, = 0,93095565
B,=0,58018555

W,= 0,19808306
W,=0,45422182
W,=0,36618893
B,=0,07511252

Puc. 7.9. Busyanuzauna HeilpoHHOI CeTU €O 3HAUEHUAMMN BECOBbIX KOIPGULIMEHTOB 11 CMeLLeHWil

WTak, noMuMO TOT0, UTO MaTPHUIIBI BBITJIS/AT IPEAEIbHO KOMIIAKTHO, B UeM IpenMyIiie-
CTBO TOTO, YTOOBI IPEICTABJISATH BECOBbIE KOI(MMHUIIMEHTHI U CMEIIEHHSI B MATPUYHOM
dhopme? ObpaTriTe BHUMaHWE Ha CJIEAYOIINE CTPOKU KOJla B IprMepe 7.5.

Mpumep 7.5. OyHKLUMM aKTUBALMM M MPSIMOTO PAcNpOCTPaHEHUst ANt HEMPOHHOMN CeTu

# OYHKUMWM aKTuBauuu
relu = lambda x: np.maximum(x, )
logistic = lambda x: 1 / (1 + np.exp(-x))

# Mponyckaem BXOAHble AaHHble Yepe3 HeWpoHHYW cCeTb,
# 4TO6b Ha BbIXOAE MONYYUTb MPOrHO3bI
def forward_prop(X):

Z1 = w_hidden @ X + b_hidden
Al = relu(Z1)

Z2 = w_output @ Al + b_output
A2 = logistic(Z2)

return Z1, A1, 72, A2

ITOT KoJl 0COOEHHO UHTEPECEH, TIOTOMY YTO OH JIAKOHUYHO PEATU3YeT BCIO HAIITY
HEHPOHHYIO CETh C TIOMOIIBI0 YMHOKEHUST MAaTPUIl Ha PYTHe MaTPUIIhl M BEKTO-
Pbl — 00 3TUX ONEPAIUAX PACCKA3BIBAIOCH B TyiaBe 4. Bcero B HECKOJBKHUX CTPOKAX
Koja 1BeT oHa B Buje 3HaueHuss RGB 13 Tpex BX010B MPOXOIUT Yepe3 BeCOBbIE
ko3 duimenTsl, cMeleHus 1 (PYHKIIMU aKTUBAITUY.



262 [naga 7. HelipoHHble ceTn

Chauasa 371ech 00bsIBIISTIOTCS (DYHKITNK akTUBAIK relu() U logistic(), KoTopbie
MIPOCTO IPUHUMAIOT 33/JaHHOE BXOHOE 3HAYE€HNE U BO3BPAIAIOT COOTBETCTBYIOIIEE
BoixogHoe. Oyukimsa forward_prop() peaau3yeT BCIO HEHPOHHYIO CETh JJIST 3a/IaH-
HOTO BX071a X, KOTOPBIN COAEP:KUT IIBET (DOHA B BUIe 3HAYEHUI R, G 1 B. HelipoHHas
CeTh BO3BpAIAeT BBIXO/IHbIE 3HAYeHWST (MATPUIIBI, BEKTOPBI MJIM YNCJIIA) JJIST 9eThIPEX
9TAIOB: Z1, Al, Z2 u A2. HI/Id)pr «1» 1 «2» TTOKa3BIBAIOT, YTO oriepanuy OTHOCSTCST
K cJosiM 1 ¥ 2 COOTBETCTBEHHO. «Z» 03HAYaeT HEAaKTUBUPOBAHHBIN BBIXOJ CJIOS,
a «A» — aKTUBUPOBAHHBIN.

CKPpBITBII CJIOH TTPE/ICTaBIEH BEKTOPOM Z1 U MaTpuIieil Al. Z1 — 3T0 BeCOBbIe KO-
(bueHThI ¥ cMeTeHns, KOTOPbIe IPUMEHSIIOTCS K X. 3aTeM Al TPUHUMAET BBIXO 13
Z1 v TIpoIrycKaeT ero yepes ¢pyHkImio aktuBanuy ReLU. Z2 mpuaMMaeT BbIXo u3 Al
Y TIPUMEHSIET BeCOBbIe K0 (DUIMEHTDI U CMETIeHUs BBIXOHOTO ¢JI051. B ¢BOIO ouepesnn,
3TOT BBIXO/I MIPOITyCKaeTCs Yepe3 (PYHKINIO aKTUBAIUU (JIOTUCTUYECKYIO KPUBYIO)
n npespainaetcs B A2. [Tocineunii atan A2 — 3To IPOrHO3UpPYyeMasi BEPOSITHOCTD Ha
BBIXOJTHOM CJIO€, KOTOPas Bo3BparaeT 3nadenus Mexxay O u 1. Mbl Ha3biBaeM ero A2,
MOTOMY YTO 9TO aKTUBUPOBAHHBIN BBIXO CJIOS 2.

Jlagaiite pazbepeMcst BO BceM 9TOM TOApoOHee, HaulHast ¢ BeKTopa Z1:

Z, =W, +8

KBTI CRPBIRE

Cuavana Mbl ymHOKaem matpuity W, . . Ha BEKTOP BXOAHOTO IBETa X, KOTOPbIA

COZIEPKUT KPACHDIH, 3eJIEHbII 1 cutuii KomronenTsl Beta. Kaxaas crpoka W, ...
npeacTaBisier co00i Habop BeCOBBIX KOA(D(UIIMEHTOB JIJIs1 y3J1a, U MBI CKaJISTPHO YM-
HOKaeM KajKJIyIo CTPOKY Ha X. 3aTeM K 3TOMY Pe3yJIbraTy J00aBJISIOTCS CMETEHNS,

KaK IoKa3aHo Ha puc. 7.10.

7 =

.+ .
I CRPBIREBT CRPBIBT

_| 0,034535  0,5185636 0,81485028||(|0,82652072 0,41379442
Z, =] 0,3329199 +0,53873853+0,96359003 | |0,30781539] |+| 0,81666079
| 0,19808306 0,45422182 0,36618893 ||{0,93095565 0,07511252

10,946755221909086| [0,41379442
1,33805678888247 |+| 0,81666079
| 0,644441873391768 | | 0,07511252

N
Il

[ 1,36054964190909 |
Z = 2,15471757888247
0,719554393391768 |

Puc. 7.10. Becoble KO3QOUUMEHTbI M CMELLEHNS CKPBITOTO CNI0St MPUMEHAIOTCA KO BXOAY X
C IOMOLLbH0 MATPUYHO-BEKTOPHOTO YMHOKEHIS, A TAKXKe BEKTOPHOTO CNIOMEHMS



MpocTas HeiipoHHas ceTb 263

Bekrop Z, — 310 Heo6pabOTaHHBIH BHIXO/I CKPBITOTO CJIOST, KOTOPBIN HYKHO TPOBECTH
uepes (yHKIIIIO aKTUBAINH, YTOOBI IIPEBPATUTH B A, . DTO JIETACTCS IOBOJIBHO TIPOCTO:
HY>KHO TpuMeHuTh GyHKINI0 ReLU K Kaxk/10i KoopAMHATE BEKTOPa £, , ¥ TIOJTyYUTCS
A, . TTockoIbKy Bce KOOPIMHATHI TI0JI0KUTE TbHbIE, BEKTOP OCTAHETCs 6e3 N3MEHeHHil.

ReLU (1,36054964190909) 1,36054964190909
A =ReLU(Z)=| ReLU(2,15471757888247) |=| 2,15471757888247
ReLU (0,719554393391768) | | 0,719554393391768

Tenepb BO3bMEM BbIXO/[ CKPBITOT'O CJIOST A] W IIPOITYyCTHUM €T0 Yepe3 HOCJIG,Z[HI/II;,I CJIOﬁ,
4TOOBI TIOJIYYUTDb Zg , d 3aTEM A2 . A] CTaHET BXO/JOM BbIXO/HOTO CJIOA.

Zy =W,y + Brsoonos =

AR OIT abLodiai

1,36054964190909
=[0,82652072  0,3078159 0,93095565]| 2,15471757888247 |+[0,58018555]=
0,719554393391768

=[2.,45765202842636] +[0,58018555] =[3,03783757842636]

Haxkower, mpoIrycTuM aTOT OJJHOMEPHBII BeKTOp Z, vepe3 QYHKINIO aKTHBAIINH,
4T00OB! TONyuuTh A, . B pe3ynbrate MOJydInTCsT TTIPOTHOZUPYEMOE 3HAYEHIIE, PABHOE
npumepto 0,95425:

A, = logistic (Z, ) = logistic([3,0378364795204]) = 0,954254478103241

B aTom ipumepe 3ajieiicTBOBaHA BCST HEPOHHASI CETh, XOTS MBI €€ elrle He o0ydanu. Tem
He MEHee Y/IEJUTE BPEMsI TOMY, YTOOBI yOEJUTHCSI, YTO OHA IPUHUMAET BCE BXOHbIE
3HauEHUs, IPUMEHIET K HUM BecOBble KO3(MUIMEHTDI, CMeIleHUs 1 HeJIMHEeHbIe
dbyHKIMY 1 BbIPAGATHIBAET OTHO 3HAYEHHUE, KOTOPOE U CJYKHUT IIPOTHO30M.

[ToBTOPUMCSI, A2 — 3TO KOHEUHBIH PE3YJIbTAT, KOTOPBIN IPOTHO3UPYET, KAKOH mpudT
MOIXO/IUT K 3TOMY 11BeTY (pora — cBetsibiii (1) nau temusriii (0). XoTst BecoBble KO-
ahUIMEHTDI U CMEIEHUS ellle He ONTUMU3NPOBAHBI, JABANTE PACCUNTAEM TOYHOCT,
KaK MOKa3aHo B ipumepe 7.6. BozbMeM TecToBYI0 BRIGOPKY X_test, TPaHCIIOHUPYEM
€ee U IIPOILyCTUM uepe3 PyHKIUIO forward_prop (), OHAKO U3 TOJTyYE€HHOIN MAaTPHIIbI
U3BJIEYEM TOJBKO BEKTOP A2 C IPOTHO3AMU JIJIsI KaXKIOTO I[BETA U3 TECTOBON BbI-
GopKH. 3aTeM CPaBHUM MTPOTHO3BI ¢ (DAKTUYECKUMY JAHHBIMU U BBIYUCIUM J0JIIO
MPABUJIBHBIX TIPOTHO30B.

Mpumep 7.6. BbluvciieHne TOYHOCTU HEVPOHHOW CETU

# BbluMCNfEeM TOYHOCTb Khnaccudukauuu
test_predictions = forward_prop(X_test.transpose())[3]
# 6epem TO/NbKO BbIXOAHOW cnoit (A2)
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test_comparisons = np.equal((test_predictions >= .5).flatten().astype(int), Y_test)
accuracy = sum(test_comparisons.astype(int) / X_test.shape[0])
print("To4HocTb: ", accuracy)

Korpa s 3amyckast moTHbIi Ko U3 TpuMepa 7.3, TOUHOCTb 0Ka3bIBaJach B UHTEP-
Basie ot 55 10 67 %. [llomuuTe, 4TO BecoBbie KOAMGMUIUEHTDI U CMEIEHUsI TeHEPH -
PYIOTCSI CJIydaiiHbIM 06pPa3oM, TO3TOMY OT 3aITyCKa K 3aIyCKy PE3YJIbTaThl MOTYT
pasanyaTbes. XOTSI C y4eTOM CJIyYalHbIX TapaMeTPOB TOUHOCTb MOXKET IT0Ka3aThCs
BBICOKOW, He 3a0BIBaliTe, UTO HA BBIXO/IE TIOJIyIaeTCst GUHAPHDIN TPOTHO3: CBETJIBII
Wwiu TeMHBIN mpudT. Jaxke ecau caydaiiHO mogOpachiBaTh MOHETY, 3TO BIIOJHE
MOKET ITPUBECTH K aHAJOTMYHOMY Pe3yJIbTaTy, TaK YTO MyCTh TaKasi TOUHOCTH Bac
He y/UBJISIET.

He 3a6biBaiiTe npoBepATb AaHHbIe Ha AucbanaHc!

P Kak y»e roBopuioch B ryiaBe 6, He 3a0blBaliTe aHAJIM3UPOBATH JaHHBIE HA
\ npeaMer aucbananca Kiaccos. B HameM npuMepe HaGOP MaHHBIX € IIBETAMU

(hoHa HeMHOTO HecOaTaHCUPOBaH: y 512 3amuceil BBIXOHOE 3HaUeHue paBHo 0,
ay 833 — 1. DTO MOKET CMECTUTH TOUHOCTD, U, BO3MOKHO, T03TOMY, HECMOTPSI
Ha cnyqalebIe BECOBbBIC KOS(I)(I)I/IHI/IGHTBI " CMENICHYA, OHA ITOJIy4aeTCA BbIIIC
50 %. Eciut raHHble upe3BblYaiiHo HecOaIaHCPOBaHbl (Harpumep, 99 % aaH-
HBIX OTHOCSITCSI K OJTHOMY U TOMY K€ KJIACCY ), He 3a0bIBaliTe CTPOUTH MATPUIIbL
OIIUOOK, YTOOBI OTCIIEKMBATD JIOKHOTIOJIOKITEIbHBIE 1 JIOKHOOTPULIATE/IbHBIE
MTPOTHO3DI.

Xopo111o Jir BaM Y/IaI0Ch YCBOUTD BECH MTPebIY NI MaTepuas? Bo3aMokHO, Ipesk/ie
YyeM JIBUTATbCS JJAJbIIIe, CTOUT IIOBTOPUTD BCE, UTO BB Y3HAJU /10 aToro. Ham octanocsh
c/ieNaTh TMOCAeHUH 1ar: ONTUMU3UPOBATH BeCOBbIe KOA(DhUIIMEHTDI U CMeTleHns.
[TpuroToBbre Kode moKperye, IOTOMY YTO BIEPEAN BaC XKAET MaTeMaTUKA, KOTOPas
OyzeT caMoii CJIOKHOI M3 BCEro, 4eM Mbl 3aHUMAEMCSI B 9TOI KHUTe!

06paTHoe pacnpocTpaHeHue

[Ipesxe yeM ONTUMU3UPOBATH HEUPOHHYIO CETh METOIOM CTOXACTUYECKOTO Tpa-
JIMEHTHOTO CITyCKa, HAM IMPEICTOUT BBISICHUTD, KaK PETYJUPOBATD KAXKIBIA BECO-
BOI KOa(UIMEHT U Kak0e CMEIIeHNe ¢ y9eTOM TOTO, YTO BCe OHM COBMECTHO
Y4YacCTBYIOT B BbIPa0OTKe BBIXOAHOMU II€PEMEHHOIi, Ha OCHOBE KOTOPOIl 3aTeM Bbl-
YUCHAAIOTCS ocTaTku. Kak HallTV MPOM3BOAHYIO OT (GYHKIIUU TTOTEPD 110 KaXKIOM
nepeMeHHoit BecoBoro koadduuuenta W, u cmemenus B, ? B aroMm Ham momoskeT
1errHoe npaBuiio (paBusio AuddepeHIupoBaHus CA0KHON (QYHKIINN), KOTOPOe
paccMmaTpuBasoch B riase 1.



06partHoe pacnpocTpaHeHue 265

Kak BbluncnATb NPON3BOAHbIE N0 BECOBbIM KO3QduLMeHTam
N CMeLeHNAM

Y Hac efiie He Bce TOTOBO JIJISI TOTO, YTOOBI 00y9IaTh HEHPOHHYIO CETh € TIOMOTITHIO CTO-
XaCTUYECKOTO TPAAMEHTHOTO ciycka. HysKHO MoJIydnTh YacTHBIE TPOU3BOIHBIE TI0 Be-
coBbiM KO3 dunmenTam W, u cmemenusam B, , 1 31ech IPUTOANTCS HEITHOE IIPaBIIIO.

XOTS CTOXaCTUIECKUH IPAJIUEHTHBIN CITYCK B 11€JIOM BBITIOJIHSIETCS TaK sKe, KaK B TJia-
Be 5, B HEIPOHHBIX CETSIX €T0 TIPUMEHEHHE COTTPSKEHO C HEKOTOPBIMU CIIOKHOCTSIMU.
Y3J1bI KaXK/I0TO CJIOsI, KPOME BBIXOJIHOTO, MEPEIAIOT CBOU BeCOBble KO PUIIreHTh
1 CMEIEHH B CJIeAYIONIMIA CII0M, KOTOPBII 3aTeM IIPUMEHSIET APyroil Habop BECOBBIX
k03¢ duIreHToB U cMenennil. Takum 06pa3oM, oJIy4aeTcst CTPYKTypa ¢ HECKOJIbKU-
MU YPOBHSIMU BJIOKEHHOCTH, KOTOPYIO HY;KHO PaCITyTaTh, HAUMHAS C BBIXOHOTO CJIO.

B mpotiecce rpaineHTHOTO CITycKa HEOOXOAMMO BBISICHUTD, KAKHE BECOBbIE KOA(hH-
IIMEHTHI ¥ CMEIIEHUS ¥ Ha CKOJIBKO CJIEAYET CKOPPEKTUPOBATE, YTOOBI YMEHBIIUTD
obryio ¢pyHKIHo ToTeph. [loTepn oHOro POrHO3a GY/IyT PABHBI KBAIPaTy PA3HOCTH
BBIXO/Ia HEPOHHOM cetn A, u paKkTUYecKoro 3HayeHus Y :

C=(4,-Y)

Ho npaBaiite oTcTynuM Ha OIUH CJION Ha3a[. AKTUBIPOBAHHBIN BRIXOA 4, — 3TO IIpo-
CTO 3HauYeHue Z,, K KOTOPOMY NpuMeHeHa (hYHKINS aKTHBAIMHU:

A4, = sigmo.fd(Zz)
B cBoto ouepens, Z, mosydaeTcs B pe3yJIsTaTe TOTO, UTO BBIXOHBIE BeCOBBIE KO3(]-

(bHHHeHTbI 1 CMEIIECHUA IMTPUMEHAIOTCA K aKTUBUPOBAHHOMY BBIXOY A], KOTOprfI
ITOCTYIIa€T N3 CKPbITOT'O caos!:

Z,=W,A +B,
A, noJry4aercs u3 BeKTopa Z, , KOTopblil IpoXoauT yepes dpynkimio akruanuu ReLU:
A =ReLU(Z))
Hakomner, Z, — 370 BXO/1ble 3HAYEHMS X, K KOTOPBIM IPUMEHSIIOTCSI BECOBBIE KO3(]-
(buIMenTb U CMeIeHNs CKPBITOTO CJIOS:
Z,=WX+B,

Hy>xHo HaiiTh Takne BecoBble KOI(POUITMEHTHI M CMEIIEHN (TO €CTh MaTPHITHI
u Bextopel W,, B, W, u B,), KoTopble MUHIMU3UPYIOT TTOTepH. YTOObI N3MEHNTH

! C aroro MoMeHTa aBTOp 0003HauaeT OYKBAMU M He OT/EJIbHbIE YHCJIa, KAK PAHbIIE, a MATPHU-
IIbl 1 BEKTOPbI BECOBBIX KO uineHToB u cMerleHuil. A umenno: W,= w, . .= w_hidden,
B, =B,y = b_hidden, W,=W,_ . .=w_output, B,=W,,,..= b_output. CoorsercreenHo,

TIIPOU3BOAHBIC BBIYUCIIAIOTCA 110 OTUM MAaTPUYHBIM U BEKTOPHBIM IIEPEMEHHBIM. — HpMMe’-l. Hayu. peb
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BeCcOBbIe KOA(DMUIIMEHTHI U CMEIIEHHSI, KOTOPbIe B HAMOOJIbIIEH CTEMEHN TOMOTa-
I0T YMEHBIIUTD [I0TEPU, MOKHO PeryJaupoBaTh yIJoBble KO3 @UIUEHTDI 110 3TUM
nepeMeHHBIM. OIHAKO Kask/Aast HeGOIbIas KOPPEKIUS Beca UM CMeleHust Oyaer
pPacIpoCTPaHATBCA MO BCeMy MyTH K (YHKIIMHU TTOTEPh HAa BHENTHEM cJioe. 371ech
U IPUTOUTCS [EMHOE MPABUJIO, C TIOMOIIBIO KOTOPOTO MbI pa3bepeMcs, Kak MIMEHHO
MapaMeTPBl BIAUSIOT HA TIOTEPU.

[laBaiiTe criepBa HaiijieM 3aBUCMMOCTb MEXK/Y BeCOBBbIM Koadduimentom W, BbI-
xonHoro ciost u pyukimeit noreps C. Ecau uamennts W, , or aTOTO M3MEHUTCS He-
aKTUBMPOBAHHBIN BBIX0OZ Z,. B cBOTO ouyepesnp, 9TO TOBIIIET HAa aKTHBUPOBAHHBIIH
BbIXOZ A, 1 B uTOTe Ha pyHKIMIO oTeph C. 110 1lenHoMy paBUITy TPOU3BOIHYIO OT
Cno W, MOHO ITpe/ICTaBUTh TaK:

dC _ dz, dA, dC
dw,  dw, dz, d4,

Ecm mepeMHOXUTD 9TH TPU TPaJeHTa, Mbl Y3HAEM, B KaKOU CTETIeHU MEHSIETCS
3navenne pynkiym noreps C npu usmenenun W, .

Ternepb BHIYMCIUM 3TU TPH ITpou3BozHbIe. JlaBaiite BocmosbsyeMcs: SymPy, uToGbr
HAWTH TPOU3BOAHYIO QYHKINY MOTephb 1o A, (cM. mpumep 7.7).

dac

—=24,-2y

dA, -

Mpumep 7.7. BoluvcneHne NponsBoaHoOM OT yHKLMK NoTepb No A,
from sympy import *

A2, Y = symbols('A2 Y')

C = (A2 - Y)**2

dC_dA2 = diff(C, A2)
print(dC_dA2) # 2*A2 - 2*%Y

Iasnee natieM mpousBoauyio ot A, mo Z, (cMm. mpumep 7.8). He 3abbiBaiite, 4To
A, — 3T0 BBIXOZI GYHKITMY AaKTHBAIIMH, B JAHHOM CJIyYae JIOTUCTHYECKON (PYHKINU.
Taxum 06pasoM, MBI IIPOCTO OepeM MIPOU3BOAHYIO CUTMOU/IBL.

dA, e %

5

dz, (l+e % ]_
Mpumep 7.8. BoluncneHne npomsBoaHon ot A4, no Z,
from sympy import *
Z2 = symbols('z2")

logistic = lambda x: 1 / (1 + exp(-x))
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A2 = logistic(z2)
dA2_dz2 = diff(A2, Z2)
print(dA2_dz2) # exp(-Z2)/(1 + exp(-Z2))**2

[poussonnas ot Z, no W, Gyaer paBna A, motomy 4to Z, — IIPOCTO JMHEHAsA
(yHK1IMS, 1 ee TPOU3BOIHASI BO3BPAIAET YIiI0Bol KoadduireHT (ipumep 7.9).
dz, _
aw,
Mpumep 7.9. Boluncnenne nponssoaHon ot Z, no W,
from sympy import *

AI

Al, W2, B2 = symbols('Al, W2, B2'")

72 = A1*W2 + B2
dz2_dw2 = diff(z2, W2)
print(dz2_dw2) # Al

Ecnu cBectH Bce 3TO BOEAMHO, TO TIOJYIUTCS TTPOU3BOIHAS, KOTOPAs TIO3BOJISIET
OIIPE/IENINTh, HACKOJIbKO M3MeHEeHne BecoBoro koadunuenta W, iuser na pyHx-
1io moteps C:

_Z‘,
dC _dz, dh dC_ | e 1o, o))
aw, dw, dz, dA, (1+e2) )"~

Ecam monaTh Ha BX0/ HEMDOHHON ceTH BEeKTOP X ¢ Tpemst KommoHeHTamu R, G u B,
MBI TIOJTyYMM 3Ha4eHus A, A, Z,ny.

He 3a6nygutecb B popmynax!

Ha aTomM ararre jreTko 3ammyTaThcst B (GOPMYJIax U IIepecTaTh IOHUMATh, YeTO MbI
IBITAEMCsI IOOUTHCS B IIEPBYIO OY€DEh: HAWTH TPOU3BOIHYIO (DYHKIIUH TTIOTEPH
110 Becopomy koadurmenty (W, ) B BoixoanoM caioe. Eciin Bbl oGHapyKuTe,
YTO 3AIY TATNCH U 3a0BLITH, PA/IA YETO 3aTESLTH BCE ATH BBIYMCJICHHUST, — ClIeaiTe
ayay, MporyJisiiitech, Bbieiite Kode n HamoMHuTe cebe, B 4eM COCTOSIIA UC-
Xo/iHas 3a/1a4a. ECJM BAPYT 9TO He yAAeTCsl, HAUHUTE BCE 3aHOBO U TIOBTOPHO
06EPUTECH 10 TOTO MECTa, T/ie 3a0JIyIUITUCh.

OpnHako pon3sBoziHas oT (pyHKIMYM 10Teph 110 W, — 3T0 JIUIIIL OZIMH KOMIIOHEHT HEli-
porHoii cetn. B mpumepe 7.10 mokazano, Kak ¢ moMotnpio SymPy HailTH ocTaiabHbIE
YacTHbIE IPOM3BOHBIE, KOTOPBIE TIOHAL00SATCSL, UTOOBI IIPUMEHUTD LIEITHOE IPABLIIO.

Mpumep 7.10. BoluncneHne Bcex YacTHbIX NPOM3BOAHbIX, KOTOpble NOHagao6sTcs,
4TOBbI NOCTPOUTL HENPOHHYIO CETb

from sympy import *

W1, W2, B1, B2, Al, A2, z1, 22, X, Y = \
symbols('Wl W2 B1 B2 Al A2 Z1 Z2 X Y')
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# MpousBogHaa oT dyHKUMM noTepb no A2

C = (A2 - Y)**2

dC_dA2 = diff(C, A2)

print("dC_dA2 = ", dC_dA2) # 2*A2 - 2*Y

# MpoussogHaa oT A2 no Z2

logistic = lambda x: 1 / (1 + exp(-x))

_A2 = logistic(Zz2)

dA2_dz2 = diff(_A2, 22)

print("dA2_dz2 = ", dA2_dz2) # exp(-Z2)/(1 + exp(-Z2))**2

# MpousBogHaa oT Z2 no Al

_Z2 = A1*W2 + B2

dz2_dAl = diff(_z2, A1)
print("dz2_dAl = ", dZ2_dAl) # W2

# MpoussogHaa oT Z2 no W2
dZ2_dwW2 = diff(_z2, W2)
print("dz2_dw2 = ", dz2_dw2) # Al

# MpousBogHaa oT Z2 no B2
dz2_dB2 = diff(_z2, B2)
print("dz2_dB2 = ", dz2_dB2) # 1

# MNpousBogHaa oT Al no 71
relu = lambda x: Max(x, 0)
_Al1 = relu(z1)
d_relu = lambda x: x > @
# Yrnoeo# koadpduumeHT paBeH 1, ecam X > O, uMHaye @O
dA1_dz1 = d_relu(z1)
print("dAl1_dzl1 = ", dAl_dz1) # Z1 > ©

# MpoussogHaa oT Z1 no Wil

_7Z1 = X*W1 + B1

dZ1_dWl = diff(_Z1, W1)
print("dzZ1_dwWwl = ", dz1l_dwl) # X

# MpoussogHaa oT Z1 no Bl
dz1_dB1 = diff(_Z1, B1)
print("dzi_dB1 = ", dZ1_dBl) # 1

O6paruTe BHUMaHKe, 4TO IPon3BoaHas oT pyHKIiwKr ReLU BblunciieHa Bpy4HYIO,
a He ¢ IIoMoLIbIo GyHKIWK diff() 13 6ubiamorexu SymPy. IT0 ¢BA3aHO ¢ TeM, 4TO
npousBoaHbe SymPy paboTatoT ¢ TIAKUMU KPUBBIMHE, a He C TAKMMH YTJIOBATHIMU,
kak ReLU. Ho 210 J1erko 060iiTi: MOKHO IIPOCTO OOBABUTH YIJIOBOM KOa(DhUIIMeHT
PaBHBIM 1 JIJIS1 TOJIOKUTENBHBIX Yrces 1 0 — /11 OCTATBHBIX. DTO JIOTUYHO, TOTOMY
4TO B 00J1aCTH OTPHUIaTebHbIX unces GyHKImsa ReLU npezacrasisier co6oii ropu-
30HTAJIBHYIO JIMHUIO C YIJIOBBIM KOaduimeHToM 0, a B 061aCTH TIOJIOKUTETLHBIX
qrIceT — TOKIECTBEHHYIO (QYHKITIIO C YTJIOBBIM KoadduireHToM 1.
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OTH YaCTHBIE IIPON3BOHBIE MOKHO O6T)€I[I/IHHTB B IIE€IIOYKH, YTOOBI HATH HOBBIE 9aCT-
HbI€ ITPON3BO/IHBIE 110 BECOBBIM KOE)(I)(bI/IHI/IeHTaM 1 CMEIICHUAM. ﬂaBaI'/JITe BbIIIUIIIEM
BC€ YETbIPE YaCTHbIE ITIPON3BOJIHBIE OT (byHKIII/II/I TIOTEPD 110 BECOBBIM KOB(l)(I)I/IHI/IeHTaM

W, n W, u cmemenuam B, u B,. Panee Mbl ysKe pacCMOTpPe/IH IIPOM3BOIHYIO W

[TponemoHcTpUpyeM ee BMeCTe € TpeMs IPYTUMU HY>KHBIMU IPOU3BOHBIMU, KOTOPbIE
HOJIyYEHDI 110 1IEITHOMY [1PaBUJLY:

dC _dz, d4, dC _ | e”

aw,  aw, dz, da, : |(24-2y)

-Z,
do_azandc [ et |,
dB, dB, dZ, dA, (1 Lot )
_z:
£=£%&ﬂ£=(241 -2y) L W,Z,X (npuZ, > 0)
dw, dA, dZ, dA, dZ, dw, : (l_l_e‘zz )‘ -

— w2, x1(npuZ, >0)

[I +e’z3)

dC _ dC dA, dz, dA, dZ, _ (
dB,  dd, dZ, dA, dZ, dB,

24, _2)’)

Jlasiee ¢ IIOMOII[BIO HTHX TPAZMEHTOB MbI Oy/IeM BBIUHCJISTD YIIOBbIE KOIhHUINEHTBI
bynkiuu norepy Cno W, B, W, u B,.

ABTOMATUYECKOE AU®OEPEHLIMPOBAHUE

Kak BumyTe, BBIYUCISIT MTPOU3BOJHBIE JIAKE C TIOMOIIIBIO TIEITHOTO MTPABHIIA
U CUMBOJIBHBIX OMGMoTeK Bpoje SymPy Bee elnie 10B0IbHO TPy 10eMKo. [To-
HTOMY TIOSIBIISTIOTCST OMOIMOTERH TN DEPEHTIMATBHOTO TTPOTPAMMUPOBAHIS,
takue kak JAX (https://oreil.ly/N96Pk), koTopyio paspaboran Google. Ona
npakTuyeck upeHTnaHa NumPy, HO TO3BOJISI€T BLIYNCTSATD TPON3BO/IHBIE
0 TTapaMeTpaM, KOTOPBIE YITAKOBAHBI B BUIE MATPUIIL.

Ecs BbI X0THTE y3HATH OOJIbIIE 00 aBTOMATHYECKOM AudepeHIInpoBa-
HUW, TO BUJIe0 0 3Toi cchiike (https://youtu.be/wG_nF1awSSY) oTimuno

OODBSICHSIET €TO CYTh.

(ToxacTyeckunit rpaneHTHbIIA CNyCK

Temepb Bce TOTOBO [JIsT TOTO, YTOOBI BBIIOJTHUTD CTOXACTUYECKUIT TPAIUEHTHBIM
CIIYCK, IPUMEHSIS TIEITHOE TIPaBUJIo. UToObI HE YCHOKHATD 3a/1a4y, Mbl Ha KaxI0i


https://oreil.ly/N96Pk
https://youtu.be/wG_nF1awSSY
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uTepanuu OyaeM UCIOIb30BaTh 06YUAOIYI0 BBIGOPKY TOJBKO U3 OJHOM 3aIVCH.
Ha npakTiike B HEIPOHHBIX CeTAX U IJIyOOKOM OOYUYEHMH IUPOKO IIPUMEHSIETCS
HaKeTHBII U MUHM-TIAKETHBII TPAIMEHTHBIN CIIYCK, HO 371eCh 1 6€3 TOro XBaTaeT He-
IPOCTOI TMHENHOH anreOpbl U MATEMATUYECKOTO aHAJIM3a, TAK YTO MbI 000HAeMCsT
O/IHOI BBIGOPKOIL 32 UTEPALIUIO.

[aBaiite mocmoTpuM Ha ipuMep 7.11, T/ie IpuBezieHa MoIHAs peaanu3alius Halleil Heii-
POHHOII ceTH € 0GPATHBIM PACITPOCTPAHEHUEM U CTOXACTHYECKIM IPAIUEHTHBIM CITYCKOM.

Mpumep 7.11. Peanusaums HEMPOHHOW CETU C MOMOLLIbIO CTOXacTUYECKOro
rpagMeHTHOro Cnycka

import numpy as np
import pandas as pd
from sklearn.model_selection import train_test_split

all_data = pd.read_csv("https://tinyurl.com/y2gmhfsr")

# CKopocTb Oby4YeHUs onpefenseT, HAacKONbKO 6bICTPO Mbl MPUBAUXAEMCHA K pelleHuH.

# Ecnm CcKOpoCTb C/MWKOM HU3KaA, HeipoceTb byaeT paboTaTb Yepecyyp LONrO.

# ECNM CKOPOCTb C/IMWKOM BbLICOKAA, HepoceTb MOXET MPOMaxHyTbCA M HE HAWTW peweHus.
L = 0.05

# M3BNeKkaeM BXOAHble CToNbubl, MacwTabupyem AaHHble ageneHuem Ha 255
all inputs = (all_data.iloc[:, ©:3].values / 255.0)
all outputs = all_data.iloc[:, -1].values

# Paspensem paHHble Ha oby4awlwyw M TeCTOBYW Bbl6OPKU

X_train, X_test, Y_train, Y_test = train_test_split(all_inputs, all outputs,
test_size=1 / 3)

n = X_train.shape[0]

# KOHCTpyupyem HeMpoHHyWw ceTb,

# MHMUMANU3upyem BecoBble KO3QOULMEHTbI U CMeWeHUs CAy4alHbMU Yuciamu
w_hidden = np.random.rand(3, 3)

w_output = np.random.rand(1, 3)

b_hidden
b_output

np.random.rand(3, 1)
np.random.rand(1, 1)

# OyHKUMM aKTuBauuu
relu = lambda x: np.maximum(x, )
logistic = lambda x: 1 / (1 + np.exp(-Xx))

def forward_prop(X):
"""NporoHAeT BXOAHble NepemMeHHble 4epe3 HEeNpOHHYW CeTb,
4TObbl Ha BbIXOAE MONYYUTb MPOrHO3

Z1 = w_hidden @ X + b_hidden
Al = relu(Z1)
Z2 = w_output @ A1l + b_output
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A2 = logistic(Z2)
return Z1, A1, 72, A2

# MpousBogHble OYHKUMUIA aKTUBaLUK
d_relu = lambda x: x > @
d_logistic = lambda x: np.exp(-x) / (1 + np.exp(-x)) ** 2

def backward_prop(z1, A1, Z2, A2, X, Y):
"""Bo3BpawaeT yrnosble KO3GOULUMEHTb NO BeCOBbM KO3PIULMEHTaM
M CMeWweHusaM, WCNo/b3ys LenHoe npaBuiio
dC_dA2 = 2 * A2 - 2 * Y
dA2_dz2 = d_logistic(Z2)
dz2_dAl = w_output

dz2_dw2 = A1
dz2_dB2 = 1

dA1_dz1 = d_relu(z1)
dz1_dwi = X

dz1_dB1 = 1

dC_dw2 = dC_dA2 @ dA2_dz2 @ dz2_dw2.T

dc_dB2 = dC_dA2 @ dA2_dz2 * dz2_dB2

dc_dAl = dC_dA2 @ dA2_dz2 @ dz2_dAl

dC_dwl = dC_dAl @ dAl_dz1 @ dzi_dwi.T

dc_dBl = dC_dA1l @ dAl_dzl * dz1_dB1
return dC_dwWl, dC_dBl, dC_dwW2, dC_dB2

# BbiNONHAEM FpafMeHTHbIN CnycK
for i in range(100_000):
# Cny4aillHO BblbMpaem ofHy 3anucb M3 oby4alowei BbIGOPKM
idx = np.random.choice(n, 1, replace=False)
X_sample = X_train[idx].transpose()
Y_sample = Y_train[idx]

# lMporoHsem cny4aiiHO BblbpaHHble oby4awiuue AaHHble 4epe3 HEeWpOoHHYW CceTb
71, A1, 72, A2 = forward_prop(X_sample)

# ObpaTHOoe pacrnpocTpaHeHue ownbKu;
# nonydvaem yrnosble KOIGOULMEHTbH ANA BECOBbIX KOIGOULMEHTOB U CMeWeHWi
dwWl, dBl1, dW2, dB2 = backward_prop(Z1, Al, Z2, A2, X_sample, Y_sample)

# O6bHOBNAEM 3Ha4eHUA BEeCOBbIX KOIPOULMEHTOB U CMewWeHui
w_hidden -= L * dWl
b_hidden -= L * dB1
w_output -= L * dwW2
b_output -= L * dB2
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# BbluMCNAEM TOYHOCTb Kaaccupukauuu

test_predictions = forward_prop(X_test.transpose())[3] # 6epem TonbKo BbIXOAHOW

cnoit (A2)

test_comparisons = np.equal((test_predictions >= .5).flatten().astype(int), Y_test)
accuracy = sum(test_comparisons.astype(int) / X_test.shape[@])

print("ToyHocTb: ", accuracy)

ITOT KO/l YCTPOEH HEITPOCTO, HO OH OITMPAETCs Ha BCe, YTO Mbl U3YYWJIU B 9TOH TJIaBe.
B newm BemomasieTcst 100 000 nTepalruii CTOXacTHYECKOTO TPAJIMEHTHOTO CITYCKA.

1
PasnesuB aHHble Ha 00YYAIONIYIO U TECTOBYIO BHIOOPKH B IPOIOPIHH 3y s 1o-

JIy4aio Ha TeCTOBOI BBIGOPKE TOUHOCTD IPUMEPHO 97—99 % B 3aBUCHMOCTH OT TOTO,
4TO BBIPAOATHIBAET TEHEPATOP CIIyYAWHBIX YUCET. ITO 3HAUUT, 4TO MOCTIE 00YIEHSI
HePOHHAs CeThb MPABUJIBHO CIIPOTHO3WPYET CBETJBIN WJIN TEeMHBIN MPUDT 11
97-99 % TeCTOBBIX JaHHBIX.

KirtoueBoit koMTIOHEHT 311ech — (hyHKITHsE backward_prop () ¢ TIETTHBIM MPABUIOM, KOTOPast
[PUHUMAET Ha BXOJ OUOKY B BBIXOJIHOM y3Jie (KBaJIPaT OCTATKA), 3aTeM PacIpeiesisieT
ee W PacipoCTpaHsieT 06PATHO Ha BECOBBIE KOI(MDOUIIUEHTHI 1 CMEIEHHsT BBIXOHOTO
U CKPBITOTO Y3JI0B, YTOOBI MOTYyIUTD YTIIOBbIE KOI(D(DUITHEHTHI IO KaKIOMY BECY U CMe-
IEeHUT0. 3aTeM B IIUKJIE for MbI YMHOXKAEM 9TH YTIIOBBIE KOI(D(DHUIIMEHTH HA CKOPOCTh
00y4eHus L, Kak 9TO JEMAT0CH B TIaBaX 5 1 6, ¥ BHIYUTAEM TIOTYIEHHYIO TIOMPABKY 13
COOTBETCTBYIOIIMX BECOBBIX KOA(DMUIIMEHTOB 1 CMeIeH i, YTOObI CKOPPEKTUPOBATH
ux. YT06bI pacipee uTh ONMOKY B 00paTHOM HaITpaBJIEHIH Ha OCHOBE YIJIOBBIX KO-
(DUIMEHTOB, MBI YMHOKA€M MATPUIIBI HA BEKTOPBI, & YTOOBI pa3Mepbl CTPOK 1 CTOIOIOB
COOTBETCTBOBAJIH JIPYT APYTY, IO HEOOGXOMMMOCTH TPAHCTIOHUPYEM MATPHITHI U BEKTOPHL.

Ecim BbI X0THTE, 4TOOBI HEHpOHHAsS ceTh ObLIa 60JIee MHTEPAKTUBHOM, II0OCMOTPUTE
(parmenT Koma B mpuMepe 7.12, KOTOPBIH TO3BOJIIET BBOAUTD PasJITyHbIe I[BeTa hoHa
B popmarte «R, G, B» 1 cMoTpeTh, kKakoii iBeT nipuTa CliporHo3upyeT HeHpoceTh —
CBETJIbIH viu TeMubIi. [[o6aBbTe 3TOT (hparMeHT B KOHEI[ KoJa u3 npumepa 7.11
u TompoOyiite camu!

Mpumep 7.12. [lobaBneHne MHTEPAKTUBHOM 060/IOYKUN K HEUPOHHOM CETH

# B3aumojeicTBME C HelpoceTbld W ee TeCTUMpPOBaHME Ha HOBbLIX LBeTax (oHa
def predict_probability(r, g, b):

X = np.array([[r, g, b]]).transpose() / 255

Z1, A1, 72, A2 = forward_prop(X)

return A2

def predict_font_shade(r, g, b):
output_values = predict_probability(r, g, b)
if output_values > .5:
return "TEMHbIA WPUOT"
else:
return "CBET/IbIA WPUOT"
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while True:

print("MporHosupoBaHue oTTeHKa wpudTa™)

col_input = input("BBeguTe uBeT ¢oHa B dopmaTe: {KpacHbii}, {3eneHvii},
{cunuin}: ")

(r, g, b) = col_input.split(",")

print(predict_font_shade(int(r), int(g), int(b)))

Yto6bl co3MaTh COOCTBEHHYIO HEHPOHHYIO CETh € HYJIsI, HY’KHO MHOTO pabOTHI M MaTe-
MaTHYECKNX BEIMUCJIEHHH, HO 9TO TTO3BOJISIET MOHSTH NCTUHHYIO TTPUPOLY HEHPOHHBIX
cereil. Eciin BaBarbes B 1oJpoOHOCTH CJI0EB, MATeMaTHYECKOIO aHA/IN3a 1 JIMHEIHOI
anrebPBI, MOKHO OTYIUTH GoJiee MOJTHOE MTPE/ICTABJIEHIE O TOM, YTO Je/IA0T Ha BHY-
TPeHHeM ypOoBHe Takue GubmoTeku riy6okoro odyuenus, kak PyTorch u TensorFlow.

[IpouyuTaB 3Ty raBy, BBl HaBepPHSIKA MMOHSJIN, YTO B HEUPOHHOW CETU OYeHb MHOTO
KOMIIOHEHTOB, KOTOPbIe B3aUMO/IEHCTBYIOT APYT € APYyroM. MoxeT oka3aTbcd I0-
JIE3HBIM PACCTABUTH TOUKU OCTAHOBA B PA3HBIX YACTSX KOJA, YTOODI TPOCTEIUTD, 4TO
IesaeT Kask/as MaTpIYHAsI onepaliist. Kpome TOro, MOSKHO TIepeHeCTH KO/ B MHTepaK-
TUBHYIO TeTpaas Jupyter Notebook u 6saromapst asromy mosryunth GoJiee HATTISITHOE
Ipe/ICTaBIeHre O KaK/IOM IIare.

3Blue1Brown 06 o6paTHom pacnpocTpaHeHuu

Ha YouTube-kanane 3Blue1 Brown ecTh HECKOJIBKO KJIaCCUYECKNUX BHEO-
poamkoBs 06 obpatHoM pactupoctpanenuu (https://youtu.be/Ilg3gGewQ5U)
U BBIYUCJIEHVSIX, KOTOPBIE JIEKAT B OCHOBe HelipoHHbIX cereil (https://youtu.be/

tleHLnjs5U8).

Scikit-learn gna HeMpoHHbIX ceTen

Xorts B scikit-learn gocTymHbI HEKOTOPBIE BO3BMOKHOCTH HEHPOHHBIX CeTel, UX (DyHK-
IMOHAJIBHOCTD BeCbMa OTrpaHndeHa. EC/i BbI BCEPhE3 PEIIUIIN 3aHATHCS TIyOOKUM
obyueHreM, To BaM, BEPOSITHO, ctouT usyduth Py Torch unu TensorFlow u o63aBectich
MOIITHBIM TPahUUECKIM TIPOIECCOPOM (3TO OTIMUHBIH MTPEJIOT, YTOOBI TPUOGPECTH
UTPOBOM KOMITBIOTEP, 0 KOTOPOM BbI MeuTasm!). S CIIbIIIa, 4To Be peasibHble TTallaHbl
ceituac ucrosb3yior PyTorch. OxHako B scikit-learn ectb HeCKOIBKO y00HBIX MOJIEIIEI,
B TOM umcJie MLPClassifier — Tak Ha3bIBAEMBIN KAACCUDUKAMOP C MHOZOCIOUHIMU
nepcenmponamu'. ITo HeliPOHHAS CETh, KOTOPAS IIPeIHA3HAYEHA [T KIACCUDUKAIIH
U TI0 YMOJIYAHUIO UCTIONB3YET JIOTUCTUYECKYTO (DYHKITIO AKTUBAIINHT HA BBIXOHOM CJIO€.

! @opmasbHO roBOPs, Y3J1bl KIACCH(DUKATOPOB TAKOTO POia HEKOPPEKTHO HA3BIBATD MHOZOCIOUHIMU

nepcnenmponamu (multi-layer perceptron, MLP), yantbiBast MATeMaTHUECKII CMBICJT STOTO MOHSTHSI.
Omako 5TOT 0GMAHYNBLII TEPMUH 3aKPEIIIIICS B IINPOKOM YIIOTPEOIEHII; TAK TIPUHSITO HA3BIBATD
HOJIHOCBSI3HbBIE HeliponHble ceTu npsimoro pactipocrpatetust (FCN). — Ipumey. nayu. peo.
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B ipumepe 7.13 Hame npusiokeHue I KiaaccuUKAIIN 11BeTa (hOHA PEaT30BaAHO
¢ momotbio scikit-learn. AprymeHT activation 3amaer (GyHKIMIO aKTUBAIIUN JIJIsT
CKPBITOTO cJiosi!.

Mpumep 7.13. HelipoceTeBoit knaccudukaTop Ha ocHoBe scikit-learn
import pandas as pd

from sklearn.model_selection import train_test_split

from sklearn.neural_network import MLPClassifier

# 3arpyxaem pAaHHble
df = pd.read_csv("https://bit.ly/3GsNzGt", delimiter=",")

# M3BnekaemM BXOAHble nepemeHHble (BCe CTPOKM M Bce CToNbUbl, KpPOMe MoC/iefHero
cTonbua)

# O06paTuTe BHUMaHWe, YTO 3[eCb HYXHO JIMHeiHoe MacwTabupoBaHue

X = (df.values[:, :-1] / 255.9)

# M3Bnekaem ctonbel C BbIXOAHO! MepemeHHON (BCe CTPOKW, TONAbKO NocneaHwit ctonbel)
Y = df.values[:, -1]

# Paspensem Habop AaHHbIX Ha O6y4alwlyw M TeCTOBYW BbIGOPKM
X_train, X_test, Y_train, Y_test = train_test_split(X, Y, test_size=1/3)

nn = MLPClassifier(solver="sgd",
hidden_layer_sizes=(3, ),
activation="relu",
max_iter=100_000,
learning_rate_init=.05)

nn.fit(X_train, Y_train)
# BblBOAMM BecoBble KOSPOULMEHTH U CMeleHUs
print(nn.coefs_ )

print(nn.intercepts_)

print(f"CpeaHaa ToYHOCTb Ha obyd4atwei Boibopke: {nn.score(X_train, Y_train)}")
print(f"CpeaHaa TOYHOCTb Ha TecToBoW Bbibopke: {nn.score(X_test, Y_test)}")

3alryckast 3TOT KOJI, 5 TI0JIy4Yato Ha TECTOBBIX JIAHHBIX TOYHOCTH GoJiee 99 %.

Npumep ncnonb3oBanus scikit-learn c 6azoit gaHHbIX MNIST

B IIpusosxkeHnu A MOKHO YBIIETH IPUMepP HEPOHHOU ceTu Ha OCHOBe scikit-
learn, koTopast pacriosHaer pyKorucHblie nudpbl 13 6asbl gJanHbIX MNIST.

! TTapamerp activation mo ymosuanuio npuHiMaet 3HadeHue relu, Tak 4TO B JAHHOM CJIydae

€ro MOKHO ObLJIO He 33/[aBaTh B SIBHOM BHe. — [Ipumeu. nayu. peo.
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OrpaHuyeHna HeMpOHHbIX ceTeil U ry6oKoro 06yueHus

ITpu Bcex cBOMX IOCTOMHCTBAX HEHPOHHBIE CETH TIOXO CIIPABJSIOTCS C HEKOTOPBIMU
tumamu 3aj1a4. [[Iupokne BO3MOKHOCTU PabOTHI CO CJOSIMH, Y3JIaMU U (PYHKI[USIME
AKTUBAIINH TIO3BOJISIIOT THOKO MOATOHATH HEHPOHHYIO CETh K TAHHBIM HEJTMHEHHBIM
06pa3oM — HO, BO3MOKHO, yepecuyp TuOKo. [Touemy? HelipoceTn MOTyT YpesMepHO
MOZICTPaMBaThCs O faHHbie. DHAPIO blH (Andrew Ng), mepBompoxoelt B 061acTu
riybokoro obyuenus u GuiBIIMii rasa npoekta Google Brain, yrnomsmyn 06 a1oii
npobieme B uuTepBbio B 2021 rony. B xypuane IEEE Spectrum nutupyercs ero
OTBET Ha BOIPOC, TIOUeMy MalllnHHOEe 06y4YeHne 0 CUX MOP He 3aMEHUJIO Bpadeii-
pentrenosoros (https://oreil.ly/ljXsz):

Oxazasiock, 4T0 KOrjia Mbl cobupaeM fanHbie 110 CTaH(bOpACKoit GoIbHIILE, a 3aTeM
o0ydJaeM U TeCTUPYEM MOJIEJIb Ha IAHHBIX U3 TOM e GOJIbHHUIIBI, TO IEACTBATETLHO
MOKeM IyOJIMKOBATh PE3YJIBTaThl, KOTOPbIE IIOKA3bIBAIOT, YTO aJTOPUTMBI CIIO-
COOHBI BBISIBJIATH OIIpe/ieIeHHbIe 3200 I€BaHMsI HE Xy Ke Bpauell-peHTTeHOIOrOB.

OIHAKO eCJIV [IEPEHECTH TY JKe MOJIEJIb, TY JKE CAMYIO CUCTEMY MCKYCCTBEHHOTO
MHTEJJIEKTa B MEHEe COBPEMEHHYIO GOJIbHUILY HA COCE/IHEN YIIHIE, CO CTAPhIM
obopyaoBanueM, rjae u300pakenns o6padaTeIBalOTCS 110 HEMHOTO IPYTOMY
MPOTOKOJTY, TO U3-32 Zpetiha TAHHBIX UCKYCCTBEHHBIH MHTEJLIEKT MOKAKET KyJia
MeHee BIeYaTJISiolme Pe3yisrathl. MesKILy TeM, e JI000i Bpau-peHTreHOIOr
IIPOTYJISIETCSI [0 YJIHIIE 10 CTAPOit GOJLHUIIBI, OH U TaM TI0-ITPEKHEMY OTIHIHO
CIIPABMTCS CO CBOEH paboTOM.

HO3TOMy Jaske ecin B KaKOW-TO MOMEHT BpeMEeHN Ha KOHKPETHOM Ha6ope
JaHHBIX YAa€TCA MPOAEMOHCTPUPOBATD, YTO I/ICKyCCTBeHHHﬁ MHTEJIJIEKT pa-
6OT8.€T, KIIMHNYECKas peaJlbHOCTb TaKOBa, YTO 3TUM MO/EJISAM €l1€ €CTb Ky/a
Pa3BUBaATbCA, TPEKRAE YEM UX MOKHO 6le€T IIPUMEHATDH B peaHbHOfI JKMN3HMU.

JIpyrumu croBamMu, MalllMHHOE 00yYeHHUE [TePe0dyUnIOCh Ha 00YYaIOIIel 1 TECTOBOI
BeIGOpKax U3 CTIH(OPACKON GOTBHUIIBI, & B APYTUX GONBHUIAX € APYTHM 060PYI10-
BaHUEM MOJIEJTH OKA3aIUCh TOpa3no MeHee 9 heKTHBHBIMIL.

Te sxe TpoOJIEMBI BOSHUKAIOT ¢ ABTOHOMHBIMU TPAHCIIOPTHBIMU CPEJICTBAME 1 OECTIn-
JIOTHBIME aBTOMOOUIIsIMEL. HerocTaTouHo 1pocTo 06yYuTh HEHPOHHYIO CETh HA OJHOM
noposkaoM 3uake! Ee HysKHO 00y4nTh Ha 6eCYNCIEHHBIX KOMOUHAIIISAX YCIOBUH BO-
KPYT 3TOTO 3HAKA: B XOPOIIYIO MOTO/Y H B IOXKIb, HOUBIO 1 THEM, KOT/IA 3HAK NCIIOPUEH
rpadduTH WK 3arOPOKEH IEPEBOM, KO/ €r0 AU3aUH COOTBETCTBYET UHOCTPAHHBIM
IIPaBUJIAM JJOPOKHOTO JABMIKEHUS U T. JI. 3ayMaiiTeCh O TOM, KaK B PeaIbHOM Tpaduke
HelpOHHast CeTh Oy/IeT Pas3nyaTh BCEBO3MOKHBIE TPAHCIIOPTHBIE CPEICTBA 1 TIETIEX0-
TIOB, @ TAKIKe TIETEXO/IOB B KAPHABATBHBIX KOCTIOMAX, POCTOBBIX KYKOJI 11 OECUUCTIEHHOE
KOJIMYECTBO MOTPAHUYHBIX cydaeB. CKOIBKO Obl BECOBBIX KO3 (DUIIMEHTOB 1 CMEIIle-
HUI HY I0GABJISTH B MOJZIEJTb, OHA BCE PABHO HE CMOXKET 3(h(HEKTUBHO YUUTHIBATH BCE
BO3MOSKHBIE OOBEKTBI U COOBITHSI, KOTOPBIE BCTPEYAIOTCS Ha JIOPOTeE.


https://oreil.ly/ljXsz
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NMmenHO MO5TOMY aBTOHOMHBIE TPAHCIIOPTHBIE CPEJICTBA HE MOJATAIOTCS Ha OJTHU
TOJIBKO HEHIPOHHBIE ceTH. BMecTo 9TOT0 pa3IimyHble MPOrpaMMHBIE U CEHCOPHBIE MO-
JIyJIV BBITIOJTHSIOT pa3uble (hyHKImuu. Hanpumep, o/1iH MOZLYJTb MOJKET UCTIOIb30BAThH
HEHPOHHYIO CETh, 4UTOOBI TOCTPOUTH MPSIMOYTOIBHYIO 061aCTh BOKPYT 00BEKTa. 3aTeM
APYTOi MOIYJIb € IIOMOIIBIO IPYTOil HEPOHHON ceTH KiaccuGUUUpPyeT 0ObEKT B 9TOIL
obJsacT — HarpuMep, retexo/a. Ilocse aToro TpaguinoHHast IPOrPAMMHAST JIOTHUKA,
OCHOBaHHAsI Ha TIPABUJIAX, IOMBITAETCS CIIPOTHO3UPOBATH TPAECKTOPHUIO IBUIKEHHUS TIe-
IIEX0/1a, & KECTKO 3aKOJNPOBAHBIE AJITOPUTMBI BBIGEPYT PEAKITUIO CHCTEMBI, ICXO/IS U3
Pa3JINYHbBIX YCJIOBUIL B 9TOM IpuMepe MalinHHOe 00y YeHIe CBOJMTCS K TOMY, YTOObI
pa3MedaTb OGBHEKTHI, 2 He OTIPEIENSATh TAKTUKY M MaHEBPHI aBTOMOOMIIs. Kpowme Toro,
6a30Bble JATYNKH, TAKUE KaK PAjIap, TPOCTO OCTAHOBST ABTOMOOLIIb, €CITU TIPSMO TI0
KyPCY OOHAPY/KUTCSI HEU3BECTHDINA 0OBEKT, — 3TO €IIle OJHA YACTh TEXHOJIOTHYECKOTO
CTeKa, B KOTOPOIT He MCMOMB3YETCST MATMMHHOE WK TIYOOKOe 00yUeHHe.

ITO MOKET TOKA3aThCs CTPAHHBIM, €CJTV YYUTBIBATH MHOTOUHCJIEHHBIE 3aTOJIOBKU
B CMMU o0 ToM, 4To HEHPOHHBIE CETH U TIyOOKOe 06yUeHre TIOOEKIA0T YeTOBEKa
B TaKMX UTpax, kak maxmartbl u 1o (https://oreil.ly/9zFxM), uiu gaske peBOCXOSAT
JIOTOB B cuMyJisitopax 6oeBbix BbuietoB (https://oreil.ly/hbdYI). OxHako, Korma Mbl
HMeEeM JIETIO ¢ TOIOOHBIMU CPeIaMU OOYYEHHUS C TIOAKPETIIEHUEM, BasKHO TOMHUTD, UTO
CUMYJISIUN — 3TO 3aMKHYTbIE BUPTYaJIbHbIE PEAIbHOCTH, T7I€ MOKHO TeHEPUPOBATD
GeCKOHEUHOE KOJIMYECTBO PasMeUeHHbIX JaHHBIX U 00y4aThCsl Ha OTPAaHUYEHHBIX ¥C-
KYCCTBEHHBIX BBIOOPKaX. OHAKO PeabHbIil MUP — HTO HE CUMYJISAIHS, T/Ie MOKHO
CIIETIHAJIBHO TEHEPUPOBATH JIIOOBIE IAHHBIE, KOTOPbIe HaM 3abraropaccyautcst. (Taxske
9Ta KHura — He GUI0COMCKUI TpaKTat, II09TOMY Mbl IIPOILYCTUM JAUCKYCCUIO O TOM,
SKMBeM Jii Mbl B cumyJistiuit. [Tpoctu, Mimon Mack!) B peabHoM Mupe coGupath JaHHbIe
3aTpaTHO U TPyI0eMKO. KpoMe TOro, peaibHbIii MUP KpaiiHe HellpeICKa3yeM 1 HalloJTHEH
penkuME coObITUAME. Bee 9T (haKTOPBI 3aCTABJISIIOT CIIEIMATUCTOB 110 MAITTHHOMY
o6yudeHio mpuberaTh K PyYHON pasMeTKe M300paKeH il I0POKHBIX 06bekToB (https://
oreil.ly/mhjvz) u gpyrux ganubix. Crapranam B 06JacTu GECIIIOTHBIX aBTOMOOUIIEH
YACTO IIPUXOAUTCS COBMEIIATD 3Ty PA3METKY ¢ CUMYJISIIIUEH, TOTOMY UTO, YTOOBI COGPATh
HeoGXOAUMBIE 06YYAIONHE TaHHBIE, HY5KHO TIOKPHITH ACTPOHOMUYECKUE PACCTOSHIUS
U PACCMOTPETh GECUNCTIEHHOE KOJIMYECTBO MOTPAHUYHBIX CIIEHAPUEB, A 9TO HEJIb3ST
OCYIIECTBUTD, €CJIU TIPOCTO MTOPYYUTH ABTOTIAPKY HAE€3/IUTh MUJLIMOHBI KUJIOMETPOB.

Bot nouemy ucciegoBarenu B 001aCTH HCKYCCTBEHHOTO MHTEJIIEKTa JII00ST IPUBJIE-
KaTh HACTOJIbHBIE M BUIEOUTPBI, KOTOPbIE TO3BOJISIIOT JIETKO U IIPOCTO CreHEPUPOBATD
CKOJIBKO YTOJIHO Pa3MeYeHHBIX JHaHHbIX. V3BecTHbIN niskenep us Google Mpancya
IoJure (Fran ois Chollet), kotopstit paspaboran 6ubnnorexy Keras mist TensorFlow
(a Takxke Hanmucas oTJaM4HyIo KHury «Deep Learning with Python»!), mogenuics ne-
KOTOPBIMHU COOOpasKeHUSAMHM Ha 9TOT CYeT B cTaThe Ha caiite Verge (https://oreil.ly/4PDLf).

Jlesio B TOM, 4TO, €CJii BbI BRIOEpETE Ty WM MHYIO METPUKY, BbI OyJIeTe «IIPOKAYH-
BaTbh» €€ BCEMHU JIOCTYNMHBIMU criocobamu. Hampumep, eciii BBIOpaTh B KauecTBe

U @. Mlosne. «Tmy6okoe obyderue Ha Pythons. 2-e mesx. uzn.— CII6, uznarenbeto «ITuteps.
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MePBI MHTEJJIEKTA YPOBEHD UTPHI B TMAXMaThI (KaK MbI Hayasn feath B 1970-x romax
1 TpozioJiKasu BIoTh 10 1990-X), To B KOHIIE KOHIIOB BbI ITOJIyYUTE CUCTEMY, KOTOPAst
yMeeT UTPATh B IAXMATHI, U Huuero 6osiee. HeT HUKAKUX ITPUYKH MOJIAraTh, 4TO OHA
GyeT Xopolia JI7isT 9€To-To eTife. Bee CBeMETCsT K MONCKY TI0 JIEPEBY M MUHUMAKCY,
U 3TO COBEPIIIEHHO HUYETO HE TOBOPUT O YeJIOBEUECKOM MHTeJIEKTe. B Hatle BpeMs
BbI [IOT1A/IA€TE B TAKYIO K€ MEHTAJIBHYIO JIOBYIIIKY, KOT/IA PACCMATPUBAETE MACTEPCTBO
B Buzieonrpax Bpoje Dota miu StarCraft kak mokasatenb 06IIEro HHTETEKTA. ..

Ecsm st 3amamycs 1esbio npoiitu Warcraft 111 Ha cBepXueioBe4ecKOM YPOBHE € [IOMO-
I[IO TIIYBOKOTO 00y UEHMsT, — MOKETE GBITh YBEPEHBI, UTO Y MEHST 9TO MOTYIUTCS, €CITH
TOJIBKO YIACTCSI IPUBJIEYD TATAHTIMBBIX TEXHUYECKUX CIIEIIUAIUCTOB 1 33/I€HICTBOBATh
ZOCTATOUHBIE BEIYUCINTETbHBIE MOITHOCTH (KOTOPBIE 7SI TAKOH 3a/1aU COCTABIISIOT
MOPSAZIKA IECATKOB MUJUTHOHOB 0J11apoB). Ho xorma st 5Toro 106bI0Ch, Y3HATO JIK
sl 4TO-TO HOBOE 006 nHTesIeKkTe? TTIOMOXKET Jii 9TO penuTh podiemMy 0000IIeH st
B 06JIaCTH HCKYCCTBEHHOTO nHTeIeKkTa? CKOpee HeT, ueM a. Bo3MOKHO 5T Hay4dych
JIydiiie MacutabupoBaTh rrybokoe o6yderme. Tak U4To st He TOTOB PaCCMATPUBATh ITY
3a1ayy Kak HAYYHOe UCCJIeJ0BAHNE, IIOTOMY YTO OHA He IPUHOCUT HOBBIX 3HAHMIA,
KOTOPBIX y HAC He ObII0 panbine. Takoe «MCCIeoBaHues He OTBEYAeT HU HA OIMH
OTKPBITHII Botpoc. Eciit 6b1 Bonpoc 3Bydas Tak: « MOKHO JIM IPOATH TaKyI0-TO UTPY
HA CBEPXYEJOBEYECKOM YPOBHE?>, TO OTBET ObLI ObI O[HO3HAUHBIM: «Be3ycioBHO,
MOJKHO, €CJTH TOJILKO YAACTCS CTEHEPUPOBATH OCTATOYHO OOMBIIYIO BHIGOPKY 00y-
YAIOIIUX CUTYAIIMH U CKOPMUTH UX JOCTATOYHO BHIPAZUTENBHOM MOJIEN TIIyGOKOTO
00yueHUsT>. ITO U TaK yXKe JaBHO U3BECTHO.

VHBIMY CJIOBAMU, MBI [OJUKHBI OBITH OCTOPOKHBI, YTOOBI HE CMEIIUBATE MTPOU3-
BOJMTEIBHOCTD aJTOPUTMA B UTPe ¢ GoJiee MUPOKUMEI BO3MOKHOCTSIMU, KOTOPbIE
elle IPeACTOUT MccienoBaTh. MalnHHoe o0ydeHne, HelipoHHbIe CeTH U IyOoKoe
00yUeHtE PEIA0T Y3KOCIEIUATU3UPOBAHHBIE YETKO ouepueHHble 3agaun. OHU He
YMEIOT PacCysKIaTh Ha OTBJIEUEHHBIE TEMbI, CAMOCTOSITEJILHO BEIOMPATh cebe 3aaHIist
WJI OCMBICJIATH OOBEKThI, KOTOPBIX PaHblile He Buean. Kak 1 1o6as KOMIIbIOTepHAsT
POrpaMMa, OHU JIEJAI0T TOJBKO TO, HA YTO UX 3aI[POTPAMMUPOBAIHU Pa3pabOTINKU.

Permraiite kaskay1o 3amadqy ¢ TTOMOIIBIO TOTO MHCTPYMEHTA, KOTOPBIH /7151 Hee TIOAXO/IHUT.
He crouT ¢ 0co6biM mpeybeskIeHreM OTHOCUTBCST K HEHPOHHBIM CETSIM HUITH K JIF0OOMY
JPyroMy MHCTPYMEHTY B BallieM pactiopsizkeHuu. HeliponHasi ceTb MOJKeET OKa3aTbCs He
CaMbIM JIYUIITIM CIIOCOGOM PEIIUTD 33/1a4y, KOTOPast Iiepejl BAMU CTOUT. BaskHO Beer/a
UCXOAUTH U3 TOTO, KAaKy10 MPOOJIEMY BBI ITbITAETECH PEIIUTD, @ HE CTABUTH OCHOBHOM
IEJTBIO 33/I€HICTBOBATH TOT WJIM MHON MHCTPYMeHT. [y6okoe obydeHne CTOUT mpu-
MEHSITh 000CHOBAHHO 1 06lyMaHHO. Be3yCI0BHO, /1J1s1 HETO CYIIECTBYIOT IOIXOSIIINE
CIIeHAapUHU HCIIOJIb30BaHUsI, HO B OOJIBIIMHCTBE TEKYIIUX 3a/a4 Bbl, CKOPee BCETO,
nobbeTech GOJIbIEro yenexa ¢ 60ee IPOCTBIMU U CMEIEHHBIMU MOJIEJISIMU, TAKMMU
KaK JIMHEWHAS PErPECCHs], TOTUCTUYECKAS PETPECCUs WU TPALUITUOHHBIE CUCTEMBI,
OCHOBaHHbIe Ha TipaBuyIax. Ho ecin BaM TOHAZ0OMIIOCH KIaCCU(BUIINPOBATH 00bEKTHI
Ha N300pPaKEHUSIX U Y BAC €CTh OI0/IKET U YeJIOBEUECKUE PECYPCHI, UTOOBI COCTABUTH
COOTBETCTBYIONIHIT HAGOP JAHHBIX, TO IIYOOKOEe 06yUYeHe — TO, YTO BaM HYIKHO.
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rPAAET 1N 3UMA UCKYCCTBEHHOI'O UHTEJIIEKTA?

I[Toste3HbI Jin HelipOHHBIE ceTH U IIy6oKoe obyueHne? KoHeuHo, moJie3Hbt!
N ux onpenestenHo crount uayuaTh. OiHAKO Bl HaBepHsika Buiesin, kak CM,
HOJIMTUKU U 3HAMEHUTOCTH MPEBO3HOCAT TyboKoe obyueHne Kak HeKuii
YHUBEPCATbHBIN UCKYCCTBEHHDIN UHTE/IEKT, KOTOPBI MOXKET CPAaBHUTHCS
C YeJIOBEYECKUM, €CJIU He TIPEB30UTH €T0, U JIa’Ke BOT-BOT 3aXBATUT MUP.
51 GpIBaJT HA BBICTYIUICHUSX JIMEPOB MHEHHH B 06/1acTu 1T, KoTopble yoex-
JIaJTi TIPOTPAMMHUCTOB, UTO Yepe3 HECKOJIBKO JIET Te OCTaHyTCsT 6e3 paboTh
M3-32 MAIIHHOTO OOYYEHNUS, 2 KOJI GY/IET MTCATh UCKYCCTBEHHBIA HHTEIUIEKT.

Crycrs mout 10 JieT aTH NMpeicKasaHus Bce elle He CObLINCH, IIOTOMY
YTO OHU TIPOCTO HE COOTBETCTBYIOT NENUCTBUTENBHOCTU. VICKyCCTBEHHBIN
UHTEJUIEKT HOPOKAAET TOpasao Gosblne mpodieM, 4eM IPOPhIBOB, a MHE
BCe ellle IPUXOJIUTCSI CAMOMY BOJIUTh MAIIMHY U Nucath Kojl. Heliponubie
CeTH OTJJAJIEHHO HATIOMUHAIOT YeJIOBEUECKUI MO3T, HO HU B KOEM CJIydae
HE BOCIIPOU3BOAAT ero. VX BO3MOKHOCTH Jaske OJM3KO He MMOX0KU Ha TO,
YTO BBl BUEIU B TaKUX DPUIbMaX, Kak «Tepmurnamops, «Mup /luxozo 3a-
nada» um «Boennvie uzpvi». BMecTo 3TOr0 HEPOHHBIE CETH U IIIyOOKOe
obydenne paboTaioT HaJ Y3KOCIIENUAJU3MPOBAHHBIMU 3aayaMi — Ha-
puMep, pacrosHaior (ororpaduu cobak U KOUIEK Iocje 00ydeHus Ha
ThICSTYAX n300pakeHuil. Kak yke rOBOPUIIOCH, OHU HE YMEIOT PACCY/KIATh,
CaMOCTOSITEJIBHO CTAaBUTh cebe 3aJaUil, YIUTHIBATD HEONPEAETEHHOCTD HIN
paciio3HaBaTh 0GBEKTHI, KOTOPBIX OHU paHblie He Bugean. HeliporHbie cetn
u riry6oKoe 00yueHte AeIaloT TOABKO TO, Ha YTO UX 3aIlPOrPaMMUPOBAJIN.

Takoe HECOOTBETCTBUE MOXKET TIPUBECTH K 3aBBINIEHHBIM WHBECTUITUSIM
U OXKHUAAHUSAM, 1 00pa3yeTcsl IIy3bIpb, KOTOPBIA I'PO3UT JIOIMHYTh. Torna
HavHETCsT OYepeHasi «3UMa MCKYCCTBEHHOTO MHTEJJIEKTay, KOT/Ia 13-32a
pasoyapoBaHus IIPeKPaTUTCs (PUHAHCUPOBAHKE UCCIEA0BAHNUN B 9TOi 00-
sactu. B CeBepHoii Amepuke, EBporie n AmoHUN «3UMBI HCKYCCTBEHHOTO
WHTEeJJIEKTay CIYyJaInCh HEOHOKPaTHO, HaunHas ¢ 1960-x rogos. Brosxe
BEPOSITHO, YTO OUEPEHAS 3MMa YKe He 32 TOPaMU, HO 3TO He 3HAYUT, YTO
HepOHHbIE ceTU U IIyboKoe 00yueHre cTanyT HeBocTpeOoBaHHbIMI. OHI
IIPOJOJIKAT IIPUMEHSTHCA B TeX 06JIaCTIX, I/ie XOPOIIO ce6sI 3apeKoMeHI0-
BaJIM: HAIIPUMe], KOMIIBIOTEPHOE 3peHue, 06paboTKa 3ByKa MM Paclio3Ha-
BaHIe€ eCTECTBEHHOTO A3bIKa. BO3MOYKHO, BBI JJaskKe HalieTe HOBBIE CIIOCOOBI
ux npuMenenust! J{Jis Kax 01 3a1a9n ciieyeT BBIOUPaTh TOT HHCTPYMEHT,
KOTOPBII JIydllie 1151 Hee ITOAXOAUT, Oy/Ib TO INHENHAST PErPEeCCHs, JIOTHCTH-
YecKasi Perpeccusi, TPAANIMOHHAs IPOTrPaMHast JIOTHKA Ha OCHOBE TIPABUJI
WJIM HelipOHHAs ceTh. YMeHHe HoA0MPaTh IPaBUIbHbIE HHCTPYMEHTHI JJIST
MPaBUJIBHBIX 33/1a4 TBOPHUT Uyjiecal
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3aKnoueHue

Heiiponmbie cetn u riy6okoe 06ydeHue MoIe3Hbl BO MHOTHX TIPUKJIAIHBIX 3a/1a9aX,
U B 9TOii TJ1aBe MBI TOJBKO MOBEPXHOCTHO UX 3aTPOHY/IM. DTH TEXHOJOTUN HAXOIAT
IIIPOKOE TIPYMEHEHNE B Pa3HBIX 06JIaCTAX — OT paclo3HaBaHUd M300paskeHni 10
00pabOTKH eCTECTBEHHOIO SI3bIKA.

MpbI HAyIUIUCH C HYJISI CTPOUTH IIPOCTYIO HEHPOHHYIO CETh C OTHUM CKPBITBIM CJIOEM,
KOTOpast IPOrHO3UPYET, KAKOit IPUMT CJIeIyeT UCIOMb30BATh Ha (DOHE TOTO UIIU HHOTO
1[BeTa — CBETJIBIN WJIM TeMHBIH. MBI Takke MPUMEHWIN HEKOTOPbIe MTPOJBUHYThHIE
IIOHATHUA MaTeMaTN4YeCKOTrO aHaJIn3a, ‘{TO6I)I BBIYUCJIUTD YaCTHBIC IIPOU3BO/HBIE
BJIOKEHHbBIX (I)yHK]_[I/II;)I, KOTOPbIE NCITOJIb30BAJIMNCh B CTOXACTUYECKOM I'PpaJEHTHOM
cIycKe, 4TOObI 00YYUTh HEHPOHHYIO ceTh. MBI TaKKe KOCHYJIUCH TAKUX GUOIHOTEK,
kak scikit-learn. Xorst TensorFlow, PyTorch u 6osiee MotiHbIe HHCTPYMEHTBI BBIXO-
JAT 32 PAMKH 9TOH KHUTH, CYIIECTBYIOT OTJMYHBIE PECYPChI, KOTOPBIE TIOMOTYT BaM
PacIMpUThL CBOM 3HAHMSI.

Ha YouTube-kanase 3Bluel Brown ecTb BeIMKOJIENHbIHA [IIEHINCT 10 HEHPOHHBIM
cerstMm 1 oOparHoMy pactpocrpanenuio (https://oreil.ly/VjwBr), 1 ero cTouT mocMo-
TPETh HECKOJIBKO pa3. He MeHee 1osie3en u mieitnct na kanasie StatQuest /[xxora
Crapmepa (Josh Starmer) o neiiponnsim cetsim (https://oreil.ly/YWnF2) — ocobenmo
B TOM, KaK BU3yaJIM3UPOBATh HEHPOHHbBIE CeTH B (hopMe MAHUITYJISAIINIA C TONOJIOTHYe-
ckrMU MHOTOOOpasusiMu. Elite 01HO 3amMedaresibHOe BUIEO O TEOPUU MHOTO0Opas3uii
U HEIPOHHBIX CETSIX MOKHO HaliTu Ha Kanane Art of the Problem (https://youtu.be/
e5xKayCBOeU). Hakonel, korga Bbl OyZeTe TOTOBBI IIy0xKe U3ydaTh MaTepHal, O3Ha-
KOMBTEChH € yske yrnoMsayThiMu kHuramu Opesbena JKepona «Hands-On Machine
Learning with Scikit-Learn, Keras, and TensorFlow» u ®pancya Ilosne «Deep
Learning with Python».

Ecjit BbI 0NN 10 KOHIIA 9TOH IJIaBbl U UyBCTBYETE, YTO YCBOMUJIM OOJIBILYIO YacTh
MaTtepuaJia, IPUMHITE MO TI03/IpaBeHus! Bbl He IIPOCTO MI0I0TBOPHO MTO3HAKOMUJIUCh
C Teopuel BepOSATHOCTEH, CTATUCTUKOW, MAaTEMAaTUUYEeCKUM aHATU30M U JIMHEHHON
anre6poid, HO ¥ MTPUMEHIJIN 9TH AUCIMIUIMHBI HA IPAKTUKE — HAIPUMep, B INHEHHOM
perpeccuu, JOTUCTUYECKON Perpeccun U HEHPOHHBIX ceTsiX. B cienyromieit riase
MBI TIOTOBOPUM O TOM, KaK BaM JIEHCTBOBATH JIAJIbIIle M KaK HaYaTh HOBBIN 9Tall IPO-
(beccnonanbHoTO PocTa.


https://oreil.ly/VjwBr
https://oreil.ly/YWnF2
https://youtu.be/e5xKayCBOeU
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YnpaxxHeHua ana camonpoBepKu

ITpuMeHnTE HEMPOHHYIO CETh K HAGOPY JaHHBIX O 3aHATOCTH COTPYAHUKOB, C KOTOPHIM
MbI paboTaiiu B riiase 6. JJaHHbIe MOKHO UMITOPTHPOBaTh oTcroa (https://tinyurl.com/
y6r7qjrp). Ilonpobyiite mocTporTh HEHPOHHYIO CETh TAK, YTOOBI OHA JaBaJia IIPOTHO3BI
Ha 3TOM Habope JaHHBIX. UTOOBI OIIEHUTD ee 9P HEKTUBHOCTD, UCTIOAB3YHTE METPUKY
TOYHOCTH ¥ MATPHUIIBI OMIMOOK. XOPOIIast JiK 3TO MOAEJb JJist 9To 3agaun? [Touemy
Jla WJIA TTIoYeMy HeT?

XOoTsi HEHPOHHYIO CEeTh MOKHO TIOCTPOUTH C HYJISA, /Il 9KOHOMUM BPEMEHU BOC-
noJb3ayiirecs scikit-learn, Py Torch waun apyroit 6ubanorexoii riry6okoro o0y4eHusl.

Ortgetst cm. B [Tpunokennu B.
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CoBeTbl N0 ganbHelLWwen Kapbepe

[Tpubamkasch K KOHILY 9TON KHUTH, HETLIIOXO GIJIO ObI TIOyMaTh O TOM, Ky/Ia IBH-
raTbCs JaJibliie. Bl U3yUnim 1 OCMBICTIMIINA NIUPOKUH CIIEKTP AUCHUTIIIMH IPUKJIAAHON
MaTeMaTUKU: MaTeMaTUYeCKUl aHaIu3, TEOPUIO BEPOSATHOCTEH, MaTeMaTH4eCKYIO
CTaTUCTHUKY ¥ JIMHEHHYTO a/reOpy. 3aTeM BbI TPUMEHHJIH 3TY TEOPUIO K IIPAKTHYECKIAM
MeTO/1aM, BKJII0Yasi IMHEHHYIO perpeccuio, IOTUCTUYECKYIO PerpecCuio M HePOHHbIe
ceTu. B aT0Ii r71aBe MBI IIOrOBOPUM O TOM, Kak HUCIIOJb30BaTh 3T HABLIKU B J1aJib-
HeliTreM, 00KUBast HE3HAKOMBIH, 3aXBATHIBAIOIIHIA U YIMBUTEIbHO PA3HOOOPA3HbIIA
MWUp, B KOTOPOM Pa3BMBAETCS Kapbepa crernuanucra mo data science. S moggepkry,
YTO BaKHO MMETb OPUEHTUPBI U OCSA3aeMYIO 11eJIb, K KOTOPOH BbI CTPEMUTECD, a He
3ay4MBATh UHCTPYMEHTDI U METOJIbI, HE TIPEJICTABIISISI ce0e PeaibHBIX 3a/[aU.

ITocKoIbKY MBI OTBJIEKAEMCS OT (PYHAAMEHTAIBHBIX OHATHUI U IPUKJIAHBIX METO/IOB,
9Ta T71aBa OYAET OTINIATHCS OT OCTATBHON KHUTH. BeposiTHO, BbI OJKI/IAETE COBETOB
0 TOM, KaK IIPeMETHO U Pe3YJIBTATUBHO MPUMEHUTD [TOJIyY€HHbIe HABBIKM MaTeMa-
THUYECKOTO MOJIEJIUPOBAHUS B CBOEH mpodeccronaiboi gesrensHoctu. OnHako
4To6BI JOOGUThCA yCTiexa Kak creruanuct o data science, Bam puzeTcst OCBOUTD e1Ile
HECKOJIbKO TEXHUIECKUX 00IacTell, Taknx kak SQL 1 mporpaMMiUpOBaHue,  TAKKe
ruGkue HaBbIKH (soft skills), uTo6br pasBuTh MpodeccroHanbHy 0 HHTYUIIO. THOKHE
HABBIKU 0OCOOEHHO BaKHBI JIJIs TOTO, YTOOBI He COMTHCS € T TH B OBICTPO MEHSIIOIIEM-
cs mupe data science u 4TOObI «HEBUMMAs PyKa PHIHKA» HE 3aCTajla BaC BPACILIOX.

1 He TIpeTeH/YIO0 Ha TO, YTOOBI 32 BAC PEIATH, B UM COCTOSAT BalIN MPODHECCHOHATb-
HBIE 1IEJTU UJTH Y€TO BbI HaJleeTeCh IOCTUYD, IPOYNTAB 3Ty KHUTY. O/THAKO, pa3 y K BbI
ee UNTaeTe, 5T O3BOJIIO cebe CeaTh HECKOMBKO 3aKOHOMEPHBIX TPEITOTOKEHHI.
1 mpenmonaraio, 4To Bac MHTEPECYET Kapbepa B obsactu data science, Mii, BOSMOKHO,
BBI y2Ke paboTaete B cepe aHATN3A JAHHBIX U XOTUTE (POPMATU30BATh CBOIO MaTeMa-
TUYECKYIO TIOATOTOBKY. BO3MOKHO, y Bac €CThb OIBIT TPOTPpaMMUPOBaHUS, U BBl pac-
CUUTBIBAETE TTOJYIUTH TPEACTAaBIEHUE 00 UCKYCCTBEHHOM MHTEJIEKTE U MAITMHHOM
o6ydeHn. A MOJKET ObITh, BBI PYKOBOJIUTE TEM UJIH WHBIM TPOEKTOM U 1yBCTBYETE, 4TO
BaM HEOOXOMMO MOHMUMATh BO3MOXKHOCTH KOMaHJIbI CHIEIMAIUCTOB 110 data science
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NJIN NCKYCCTBEHHOMY MHTEJIJIEKTY, 4TOOBI TIPaBUJIbHO OIICHUTD MacITaObt IIPOEKTa.
chlKOHe]_[y HE NCKJIIOYEHO, YTO BBI IIPOCTO JM0603HATETHHBIN CIIEMUAJUCT, KOTOPOMY
MHTEPECHO, KaK MaTeEMaTHKa MOKET IIPUTOIUTHCA Ha ITPAaKTHUKE, a HE TOJTBKO Ha 9K-
3aM€HaX B YHUBEPCUTETE.

$1 mocTapaloch y4ecThb BCe 9TH MOTUBBI U IATh HECKOJIBKO COBETOB 00IIIET0 XapaKTepa
110 NPO(ECCHOHAIBHOMY Pa3BUTHUIO, KOTOPbIE, HAZIEIOCh, Oy T T0JI€3HBI GOJIBITMHCTBY
unrareseid. HauneM ¢ Toro, uto ke Takoe data science. Mbl U3y4nji MaTEMaTHYECKUE
OCHOBBI 3TOM JIMCITUTIIIMHBI, a TeTIepb IIOTOBOPUM O Hell B KOHTEKCTE KApPhePHOTO POCTa
1 TIEPCIIEKTUB ee Pa3BUTHS.

06beKTUBeH nu aBTOp?

TpyzaHO He MOKa3aThest CYOBEKTUBHBIM B TAKMX T€MaX, KaK AT, TJI€ 5T [IAi0 CO-
BETBI 110 IPO(eCCUOHATBHOMY POCTY, OIIUPASICh HA COOCTBEHHBIIT OIIBIT (1 T1ep-

COHAJBHBIM OMBIT JPYTHUX JIIOZIeil), a He Ha pelpe3eHTaTUBHbBIE, TIIATETHHO
OPraHU30BaHHBIE OIIPOCHI U UCCJICA0BAHMSL, KOTOPBIE 51 K€ CaM MPOTIaTaH/I1-
pyio B riiage 3. OfHAKO B MOIO T10JIb3Y MOJKHO 3aMETHUTb, YTO si IIPOpaboTasl
6oJee mecaTH JIeT B KOMIIAaHMAX M3 cimcka Fortune 500 m mabmoman, Kak
OHU MeHsIUCh Oyiarofaps passuruio data science. 1 BbICTyIIad HA MHOTHX
TEXHUYECKUX KOH(DEPEHIMSIX [0 BCEMY MUPY U CJBIIIAN OT OeCUMCIEHHOTO
KOJIMUeCTBa cOOPATHEB 110 1eXy: «Y HAC TOXKE TAKOE CIIy4aoch!» S ocTosHHO
YUTAI0 MHOKECTBO GJIOTOB M aBTOpUTETHBIX n3fannii ot «Wall Street Journal»
1o «Forbes» u mojospesat, yTo HAyYUIICS PACIIO3HABATH, KOT/A PACXOKUE
CTEPEOTHUIIBI HE COOTBETCTBYIOT peasbHOCTH. OCOOEHHO IPUCTANIBHO 51 CIIEKY
3a IPUSHAHHBIMU JINAEPaMU U «CEPbIMU KapAWHa/JIaMU» B Pa3JIMYHBIX OT-
paciisix u HabJIto/1a10, KaK OHU (DOPMUPYIOT U PA3BUBAIOT PHIHKK C IOMOIIbIO
data science 1 MICKYCCTBEHHOTO HHTEJLIEKTA. B HacTos1IIee BPEMSI 51 IPENOIAI0
U KOHCYJIBTUPYO TIPEICTaBuTe el GusHeca 1o Borpocam 6e301acHoCTH B cde-
pe UCKyCCTBEHHOTO mHTesiekTa B Yausepcurere HOxnoit Kanudopuuu, Ha
Kadeape aBUAOHHON GE30MaCHOCTH.

$1 npuBest CBOII MOCITYKHOI CIIMCOK TOJIBKO JIJISL TOTO, YTOObI OTMETHUTD, YTO,
XOT3I 51 He MPOBOIMII OPUITHATBHBIX OITPOCOB U UCCJIEIOBAHIIT 1 He UCKII0Ue-
HO, YTO MOU BBIBOJIbI ONIMPAIOTCST HA PA3PO3HEHHbIE YACTHbIE CIydYau, TEM He
MeHee BO BCeX MOMX MCTOYHUKAX ITPOCJIEKUBAIOTCS OJTHU U T€ JKe YCTONUNBbIE
HappaTtusbl. Buku Boiikuc (Vicki Boykis), po3opimBbiii HH;KEHED 10 MalIliH-
HOMy 00yuenuto B komnanuu Tumblr, B cBoem 6J10re 1mo/1e111ach OXOKUMIE
seiBogamu (https://oreil.ly/vm8Vp), u s1 HacTosTeIbHO PEKOMEHYIO TPOYECTH
3Ty cTaThio. Be3ycioBHO, BbI IMEETe MOJHOE IPABO BOCIIPUHUMATH MOU CO00-
pasKeHUsI C JI0JIell CKeIICUCa, OIHAKO obpaliaiite IpUCTaIbHOE BHUMAHUE HA TO,
YTO TIPOUCXOJUT B BalleM MPohecCHOHATbHOM OKPYKEHUHU, U CIIEIUTE 32 TEM,
Ha KaKue MMPeTOChIIKY OITPAETCST Ballle PYKOBOJCTBO 1 KOJIJIETH.
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TakK yTo e TaKkoe data science?

Data science aHamn3upyer AaHHDIE, YTOOBI TOTYIATH PE3YIBTATHI, KOTOPbIE MOKHO
HEeIoCcpe/ICTBEHHO TPUMEHNUTD Ha TPaKTHKe. B eificTBUTeIbHOCTH 9Ta AUCIIUATIIIN -
Ha 00bennHsAeT B cebe pasinnyHbie 06JACTH, CBA3AHHBIE C TAHHBIMU: CTATUCTHKY,
aHAJIVM3 ¥ BU3YATU3AIIIO TAaHHbIX, MAITHHHOE 00yYeHe, HCCIEe0BAaHUe OTlePaIinii,
pa3paboTKy MPOrPAMMHOTO OOECTIEYeHHST — 1 9TO AAJIEKO He TOTHBIN CIICOK.
ITpakTuvecku JIOOYIO A€ATEIbHOCTH, KOTOPAsT CBsI3aHA C JAHHBIMU, MOKHO Ha-
3Barhb «data science». OTCyTCTBUE YETKOTO OTPEAENEHHsI CTAIO TPOOIEMOit IJIst
Bcell MHAYCTPUU. B KoHIle KOHIIOB, ecin y IpeiMeTa HeT OIHO3HAYHOI'0 OIIpe/ierie-
HIIST, €70 MOKHO TPAKTOBATH MO-PA3HOMY, TOTOOHO MTPOU3BENEHNTO AGCTPAKTHOTO
ucKkycctBa. VIMEHHO MO3TOMY KOMIIAHUSIM HETIPOCTO COCTABIATH OOBSBIEHUS
0 BaKaHCHSX CIIEIHAIUCTOB 110 data science, TOTOMY 4TO (HOPMYTUPOBKY TAKUX
BaKaHCHUW BapbUpYyOT B caMoM mupokoM auanazoHe (https://oreil.ly/NHnbu).
Ha puc. 8.1 mepeunciieHbl pa3juyHble TUCITUTIMHBI U UHCTPYMEHTBHI, KOTOPbIE
MOXHO OTHecTH K data science.

VIMEHHO MO3TOMY sl TOBOPIO CBOMM KJIMEHTaM, YTO JIyYIlie BCEro CUNTaTh, 4To data
science — 310 pazpaboTKa IPOrPAMMHOTO 0OECIIeUeHUST HA OCHOBE CTATHUCTUKY, Ma-
IIXHHOrO 00y4eHus 1 onTuMu3anun. Eciu yopaTh 4To-TO OZHO 13 9TOr0 (pa3paboTKy
IPOrpaMMHOro 0OecrieyeHus, CTaTUCTUKY, MALIMHHOE 00yJYeHIe UIN OIITUMUBALIKIO ),
crenuagncT mo data science puCKyeT He CIIPaBUTHCS ¢ 3aadeil. BOIbITHHCTBO
OpraHM3aIKil KAJYITCS Ha TO, 9YTO UM TPYAHO Y€TKO 0003HAUYNTD, KaKe HABBIKK
Tpebyiores oT 3¢ deKTUBHOrO crenuanucTa o data science, Ho HaJeIOCh, YTO 3TO
onpejieJieHe MTOMOKET BHECTHU SICHOCTh. XOTS KOMY-TO MOJKET MOKa3aTbhCs, YTO
paspaboTKa MPOTPaMMHOTO 06eCIIeueHIsT — 9TO CIOpHOe TpeGOBaHUE, s CUNTATD,
4TO OHO KpaiiHe He0OXOIMMO, €CJIM YUUTBIBATh, B KAKOM HAIIPABJICHUU JBUKETCSI
WHLyCTpUs B 11eJIoM. MBI ellle BEpHEMCS K 3TOMY BOTIPOCY.

Ho na Havyasa, utoObl pasobpaThest, uTo Takoe data science, gaBaiiTe mpocCIe M
HCTOPUIO ATOTO MMOHSATHUS.

Kak mbl k aToMy Tiputizin? Ml Kak MoJIydnsiock, YTO TPEAMET, Y KOTOPOTO HET YETKOTO
OTIpeJIeJICHYIS, TPEBPATUJICS B TAKYIO HETTPEOIOJUMYIO CHITY B JIEIOBOM MUpe? A TJ1aB-
Hoe, Kak onpezesenne data science (MM €ro OTCYTCTBYE) BIMSET Ha Ballly Kapbepy?
Bce BaskHbIE BOITPOCHI TAKOTO POJIa MBI PACCMOTPHM B 3TOH TIaBe.
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Data science
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Kpatkaa ucropua data science

Data science yXoauT KOpHSIMU B PAHHIOIO NCTOPUIO CTATUCTUKHU, KOTOPYIO TIPUHSITO
ncuncasats ¢ XVII wmm gaxke ¢ VIII Beka (https://oreil.ly/tYPB5). OnHako A1 KpaTKOCTH
MBI HayHeM cpa3y ¢ 1990-xX ro/10B, KoTia aHAaJIUTUKH, CIICIIUATNACTBI 110 CTaTUCTUKE,
HCCJIeIOBATENN, «KBAHTbI> ((DMHAHCOBbIE AaHAJUTUKK) ¥ WHKEHEPHI 110 06padoTKe
JaHHBIX 32YaCTYI0 BBIOJIHSIN Pas/IMdHble 3a7aun. VX Habop MHCTPYMEHTOB B OC-
HOBHOM COCTOSIJ M3 9JIeKTPOHHBIX Tabsmil, R, MATLAB, SAS u SQL.

ITocae 2000 roma cuTyarus Havyaaa CTPEMUTETBHO MEHSAThCA. VITHTEpHET 1 MOAKITIO-
YeHHbIE K HEMY YCTPOMCTBA CTa/I TEHEPUPOBATh OTPOMHbBIE 0GBeMbI flaHHbIX. C 110~
sterreM mpoekta Hadoop kommanust Google passuiia aHamuTuky 1 c60p JaHHBIX
110 HeBOOOpasuMbIx BeicoT. Bimxke k 2010 roxy pykosoauten Google cramu mpo-
THO3WPOBATh, UTO B CAEAYIOIIEM JCCATUIECTUN CTATUCTHKA CTAHET BeCbMa 3aMaHINBOM
npodeccueit (https://oreil.ly/AZgfM), u 9111 3as1BIEeHUST OKA3AJUCDH TIPOPOYECKUMH.,

B 2012 rony xypuan «Harvard Business Review» mmpoko morysspusosain nomstie data
science, 0ObSIBUB €€ «caMoil IpuBJeKaTebHoi mpodeccueit XXI Bexas (https://oreil.
ly/XYbrf). ITociie Bbixoma cratbu B « Harvard Business Review» kak 11esibie KOMITAHHH,
TaK U OT/eJIbHbIE COTPYAHUKN GPOCHIICH BOCIOIHATD Ipobes B obmactu data science.
KoHCy/IbranThl [0 YIIPaBJICHUIO Hadaau 00y4aTh PyKOBOAUTE I KOMITAHMI U3 CIIUCKA
Fortune 500 ToMy, Kak BHEIPUTD data science B cBOU opranusaiuu. CrienuaamcTsl 1o
SQL, anaMTHKU, NCCIIeI0BATENH, KBAHThI, CTATUCTUKU, UHKEHEPHI, (PUBNKU U TTPeI-
CTaBUTE/IM MHOTUX APYTUX IPO(eCccuii cTamu HasbIBaTh cebs «crenuamicTamu o data
science». TexHosiornyeckme KOMIIAHUU TOKE TOUYBCTBOBAJIN, UTO TPAJAUIIMOHHbIE HA-
3BaHUs JIOJKHOCTEN BPOJIE «AQHAUTUKY, «CTATUCTUK» WJIM «UCCJIE0BATENb> 3ByYaT
YCTapeBILIMU, U [IePENMEHOBA/IM UX B «clienuanict 1o data science.

EcrectBenno, komnanuu u3 ciucka Fortune 500 moj gaBieHreM CBOETO BBICIIETO
PYKOBOJICTBA CTPEMUJIVCH «3ATTPBITHY T Ha TIOHOXKKY TpamBast data sciences. M3ana-
YATBHO 9TO OTPAB/BIBATIOCH TEM, UTO KOMITBIOTEPHBIE CUCTEMBI COOUPAIOT OYEHb MHOTO
MAHHBIX, TIOITOMY OOJTBIITIE TAHHBIE CTAHOBSITCS TPEHIOM, ¥ HYKHBI CITETIHATICTDI TTO
data science, 4T06BI X OCMBICISATD. [IpUMEPHO B 9TO JKe BPEMsI K CAMBIM pasHO06pas-
HBIM TIPOJyKTaM, IIpolleccaM U TeXHOJIOTHAM CTaIM IPUCTABJATH CJIOBOCOYETAHUE
«Ha OCHOBE JJAHHBIX» WJIH «YIIPaBJIsAeMbI JaHHBIMI»> . KOpIOpaTUBHBIN MUP CYUTAIL,
YTO IAHHBIE, B OTJIMYHE OT JIO/IeH, 0OBEKTUBHBI U GECTIPUCTPACTHHL.

JlaHHble He 6bIBalOT 06bEKTUBHBIMK U GecnpucTpacTHbiMu!

Muorue CIIEIIUaJINCTBI, B TOM YHCJIE MEHE/[KEPDIL, 110 ceit J€Hb 336J1y>KI[aIOTCH,
cuuTad, 4To JaHHbIE 0OBEKTUBHBI U HE CMeENIEHbI. HaaeeMcsI, 4TO, IPOYUTAB 3Ty
KHUTY, BbI y6eI[I/ITer, YTO 3TO JaJIEKO HE TaK. Ecin Bam 3ax04eTcst OCBEXKUTH
B I[TaMATH, B YEM TYT [1€J10, — O6paTI/ITer K TJy1aBe 3.
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PykoBoauTe M 1 KaJpoOBBIE OTIEIbI KOMITAHUI OKa3aIich HECTTOCOOHBI KOHKYPUPO-
BaTh 32 JUILJIOMUPOBAHHBIX CIIELUANUCTOB B 00J1aCTU IITyGOKOr0 00y YeHM s, KOTOPBIX
norsoTusu kpyHeiine kopropaiuu (Facebook, Amazon, Apple, Netflix u Google).
OHaKO, TOCKOIBKY MEHeEe MOTYIIECTBEHHBIM KOMIAHUSIM MO-TIPEKHEMY ObLIO BaXKHO
IIOCTaBUTb TAJIOUKY B rpade «data sciences, OHU IIPEAIPUHSIIM HHTEPECHBII XO/I: Iepe-
MMEHOBAJIK CYLIECTBYIOIUX aHAIUTUKOB, SQL-pazpaboTunkos u oreparopos Excel
B «creruanuctos mo data sciences. Kaccu Kospeipbprosa (Cassie Kozyrkov), kotopast
paborajia CTapIIUM Hay4YHBIM KOHCYJIBTAHTOM IO IIPUHATHIO peinenuii B Google,
omucasa atot cekper [onummunesns B 6iiore B 2018 roxy (https://oreil.ly/gNI53).

B kask10ii KoMItaHuy, 1€ 8 3aHuMaIa 0JKHOCTD clielramceTa 1o data science,
sI 710 3TOTO YK€ 3AHUMAJIACh TOM JKe caMoil paGOTOM TI0/] IPYTHM Ha3BaHUEM,
HOKa 03a0049€eHHbIE PEOPEHANHIOM AT U3 OT/ENa KaAPOB He IePEeMEH0Ba-
JIY IOJKHOCTH B 6ase coTpyIHUKOB. Mon 06513aHHOCTH He UBMEHUJIMCH HU Ha
fory. 5 He o1HA TaKas: B MOeM KPyTy OOIIeHUSsT TIOJTHO ObIBIIHMX CIIEI[HATICTOB
10 CTaTUCTHUKE, MHKEHEPOB TI0 MOJ/IEPIKKE MPUHSITHUS PelleHu i, (PUHAHCOBbLIX
AHaJINTUKOB, HpO(bECCOpOB MaTeMaTUuKU, CIIeIaJINCTOB I10 6OJII)H_[I/IM JTaHHDbIM,
HKCIIEPTOB 110 OM3HEC-aHATUTUKE, BEAYIIUX aHATUTHKOB, yY€HbIX-HCCIe0Ba-
TEHeﬁ, IIPpOrpaMMMCTOB, OTIEPATOPOB EXCGI, JAUTITIOMHUPOBAHHBIX CIIEITUAJINICTOB
B Y3KHMX 00JIACTSAX — U BCE OHU CETOHS TOP0 HA3bIBAIOTCS «CIEIAAIICTAMK
o data science».

Dopmaibao data science He UCKJIIOUAET HU OJIHY U3 3THX MPOGMECCHL, TIOTOMY 4TO
BCe OHU TaK WJIM WHAYe UCIOJIB3YIOT JaHHbIE, YTOOBI A€IaTh MOJE3HbIE BBIBO/IBI.
Pasymeertcst, HayaHOE COOOIECTBO HE TOPOMUIIOCH TIPOBO3TIamarh data science
(B GyKBaJIbHOM TIEPEBOJIE «HAYKY O IAHHBIX» ) HACTOSIIIEN HAyKON. B KOHIIE KOHIIOB,
3HaeTe JII BBl XOTh OJIHY HayKy, KOTOpas He nMeeT fesa ¢ JaHHBIMI? B 2011 romy
ITut Yopuen (Pete Warden), KoTOpbIil Ha MOMEHT HaIlMCAHUSI 9TOI KHUTH paboTaer
pykoBoautesieM Harpasienust TensorFlow B Google, Harucan nHTEPECHYO CTATHIO
B samuty cheps data science (https://oreil.ly/HXgvI). OH Takke yaadHo chopMyiu-
POBaJI aPTYMEHTDI TeX, KTO BO3pakaeT 110 TOBOLY OTCYTCTBUS Y€TKOTO OIIPeIe/IeHUSL.

[Uro kacaercs otcyTeTBUsI onpesesienus data science, To 9T0], HoKaIyii, camoe
3HAUNTEJIbHOE BO3PAKEHIE, U HA HETO CJI0XKHEE BCero OTBeTUTh. He cyrecTBy-
eT OGIIETPUHATOTO TOHUMAHUS, YTO BXOJHT, & YTO He BXOAUT B IIPEIAMETHYIO
obmactpb data science. MoskeT 6bITh, 3TO MPOCTO BPEMEHHBIN PeOPEHIUHT
cTaTuCTUKU? MHe Tak He KaKeTcs, HO Yy MEHS TOXKe HET MCYEPIBbIBAIOIIETO
ompesenenys. 1 canuTaio, 9To COBpEMEHHOE OOIITIE TAHHBIX TTOPOIIIIO HEKYIO
HOBYIO CYIITHOCTb, U €CJIU OTJISTHY ThCSI BOKPYT, TO MOKHO YBU/IETH JIIO/EH C TTO-
XOKUMU HABBIKAMU, KOTOPBIE HE BITMCBIBAIOTCS B TPAUITMOHHBIC KATETOPUU.
Kak mpasmuiio, 1esITeTbHOCTD 3THX JII0/iell He OTPAaHIYNBAETCST PAMKAMHU Y3KUX
CIIeIINATU3AIIHii, KOTOPbIe TOMUHUPYIOT B KOPITOPATUBHOM M HAYYHOM MUPE.
OHU 3aHUMAIOTCST BCEM CPa3y: UIIYT JaHHbBIE, BCECTOPOHHE UX 00pabaThIBAIOT,
BHU3yaJM3UPYIOT W MIPENCTABJSIOT BBIBO/LI B (hopme nctopun. Kpome toro,
OHM OOBIYHO CHAYAJIA BBICHSIOT, O YeM MOTYT PacCKa3aTh JaHHbIE, a TIOTOM
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BBIOMPAIOT MHTEPECHBIE TEMBI, KOTOPBIE CTOUT U3YUUTh TIyOsKe. DTO OTIHYAET-
Cs1 OT TPAMITHOHHOTO MO/IX0JIA YYEHBIX, KOTOPBIE CIIEPBaA BHIOMPAIOT TPOOJIEMY,
a 3aTeM UIIYT JaHHbBIE, YTOOBI IPOJIUTDH HA HEE CBET.

Kak nu crpanno, ITut Toske He cMOT IpUyMaTh orpeziesierre data science, 3aTo BHAT-
HO 060CHOBAJI, TIOYEMY 9TO TIOHATHE HECOBEPIIEHHO, HO Toie3H0. OH Takke 06paTut
BHUMaHMe Ha TO, YTO B UCCJICA0BAHMIX BCE Yallle OTKa3bIBAIOTCS OT HAyYHOTO METO/Ia
B TI0JIb3Y TAKUX HEKOT/A TIOPUIAEMBIX MPAKTUK, KaK JaTa-MalHWHT, O KOTOPOM MBI
TOBOPHJIN B IJIaBe 3.

Bcero yepes HeckoIbKko seT mocite cratbu B Harvard Business Review B data science
npousolies nHTepecHbIi ToBopoT. Korma npumepno B 2014 rogy MammmHHOE U TTy-
6oKoe 06yueHne CTaI0 JOMUHUPOBATH B 3aTOJIOBKAX Ta3€T, AaHHBIE PEMOAHOCUIIUCH
KaK ChIPbE JIJIsI CO3MAHNSI NCKYCCTBEHHOTO MHTEJIEKTA. ITO €CTECTBEHHBIM 00pa3oM
pacupuiIo TpaHuIlsl data science m IPUBENO K CAUSHUIO C NCKYCCTBEHHBIM HHTEJ-
JIEKTOM ¥ MAIlTMHHBIM 0OydenneM. B uactocT, mpoekt ImageNet osxuBmT BeceoOumit
WHTEPEC K UCKYCCTBEHHOMY WHTEJJIEKTY U CTUMYJIMPOBAJ PEHECCAHC MATUHHOTO
1 riry6okoro o0yuenus. Takue kommanun, kak Waymo u Tesla, o6etrasnu, uro 6aro-
Japsi JOCTIZKEHUSIM B 00J1acTh IIyGOKOro 06ydeHus: GeCUIOTHbIE aBTOMOOIIIH TI0-
SIBSITCSI BCETO Yepe3 HECKOJIBKO JIET, UTO ellfe CUIbHee o[orpeBasio axknotaxx 8 CMU
U TIPUBJIEKAJIO CJIyIIATeJIel Ha KYPChI IO ITOBBITIIEHUTIO KBAJTN(PUKAIUU.

ITOT BCIUIECK MHTEPECa K HEHPOHHBIM CETSM U TIIyOOKOMY 00YUEHUIO TIPUBEJI K UH-
TepecHoMy 1060YHOMY ahdeKTy. MeTo/Ibl perpeccuu, Takie Kak epeBbsi peleHuii,
METOJI OTIOPHBIX BEKTOPOB U JIOTHCTUYECKAsI PErPECCHst, KOTOPBIE AECATUIECTUAMU He
BBIXOZINJIN 3a TIPEIEJIbl aKa/IECMUYECKUX KPYTOB U CHENNAJIN3NPOBAHHBIX CTATUCTH-
4eCKHMX IPOECCHH, «yIaIH Ha XBOCT> IIyOOKOMY 0OY4YEHHIO U CTAJIN JOCTOSTHUEM
obuiectBeHHOCTH. B TO K€ Bpemst Takue 6ubmoTexy, Kak scikit-learn, snaunrenbHo
CHU3UJIM OHapbep BXOJIa B HOBYO 00J1aCTh. ITO 00EPHYJIOCH OMPEIETEHHBIME U3IEPIK-
kamu: B cpepe data science nosBurch paboOTHUKM, KOTOPBIE HE TOHUMAJIH, KaK (PyHK-
IMMOHUDPYIOT T€ UJIN NHbIE 6I/I6JII/IOT6KI/I nJin MOoZieJir, HO BC€ PaBHO UCITIO0JIb30BaJIN UX.

[Mockonbky auctumuinaa data science pazBuBaiach ObICTPEE, YeM JIJIs Hee yCreBasu
TIPU/IYMATh OTIPE/IeJIeH e, CIIeIaIncTaM 1o data science CTajm PUITHCHIBATH CAMble
pasHble OMKHOCTHBIE 00SI3aHHOCTH. I 3HAKOM € HECKOJBKUMU JTIOIBMHU, KOTOPBIE
3aHUMAJIM TaKyIO JOJLKHOCTh B KOMIaHusX u3 crrcka Fortune 500. HekoTopsie u3
HUX MPEeKPAcHO pasOUpParoTCs B MPOTPaMMHUPOBAHUHN U, BO3SMOKHO, PaHbIIIe TakKe
ObLIH Pa3pabOTUNKAMU, HO He MMEIOT HU MAJIEHTIIETO MTPECTABIEHMUS O TOM, UTO Ta-
KO€ CTaTUCTUYECKAst BHAYUMOCTh. /Ipyrue He Bbiie3aoT u3 Excel v moutu He 3HAIOT
SQL, ne roBops yske o Python mim R. S Berpeuan «cnenmanucros o data sciences,
KOTOPbIE CAMOCTOSITEIbHO OCBOMJIM HECKOJIbKO (DyHKIMI u3 scikit-learn u GbicTpo
OKa3bIBAJIUCH B 3aTPYAHUTETLHOM TIOJI0KEHHUH, TIOTOMY UTO GOJIbITE HUYETO He 3HAJIM.

Kakue xe BEIBOJIBI JIJIAA BaC U3 9TOTO CJIeI[y}OT? Kak ,ZIO6I/ITBCH ycexa B TaKOI HEUETKO
OHPCZICJICHHOI'/JI n HepeMeHQHBOﬁ obmactu? Bee CBOAUTCA K TOMY, KaKOTO pO/ia 3a/ia4n
BaC MHTEPECYIOT, M HE CIICTIUTE I10JIaraThbCsA Ha TO, KaK pa6OTOZIaT€]II/I Ha3bIBAIOT TY WJIN
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MHYIO T0JKHOCTB, UT0OBI 3aHUMaThes data science, HeOGS3aTETPHO UMEHOBATHCS
«crermanuctoM 1o data sciences. CyIecTByeT MHOKECTBO c(hep AeSITETbHOCTH, B KO-
TOPBIX MOJKHO YCIIENTHO PAOOTATH C TEMU 3HAHMSIMU, KOTOPBIMHE BbI celiuac obJiaiaeTe.
MosKHO GBITh AaHATUTUKOM, MCCJEI0OBATEIEM, MHKEHEPOM MAIMHHOTO 00YYEeHNs,
COBETHMKOM, KOHCYJIBTAHTOM WJIM IIPe/ICTaBUTEIeM MHOTUX JIPYTUX OJIKHOCTEH,
B Ha3BAHUAX KOTOPBHIX He 00s13aTeNbHO yromMuHaeTcs data science.

Ho cnauana paBaiite 06Cy1MM, B KAKMX HAIPABJIEHUSX MOKHO 00ydaThCsl Aasiblie,
4T00BI HaliTu paboTy cBoeii MeuTsl B cepe data science.

Kak HaitTu paboty cBoei MeuTbl

Yrobsl yerentHo paborarh, creruaincty mo data science HEOCTATOUHO TIPOCTO Pas-
GUPaThCSA B CTATUCTHKE U MAIIMHHOM 00y4eHu. B GOJIBIIMHCTBE CIyYaeB HE CTOUT
OKUJIaTh, UTO B BAIlleM PACTIOPSKEHUH OYLy T TOTOBBIE JAHHBIE, KOTOPBIE CPA3Y MOKHO
HCIIOJIb30BAaTh JIJIsI MAIITMHHOTO OOYYEHUS U JIPYTUX TPOEKTOB. BMecTo 3TOTO BaM 11pu-
JIETCST NCKATh HCTOYHUKY JIAHHBIX, Pa3pabaThIBATh CKPUIITHI U TPOTPAMMABI, [TEPEJIOTa-
YMBaTh JOKYMEHTHI 1 Tabmuibl Excel 1 nase cosnasath coOCTBEHHBIE 6a3bl JAHHBIX.
A korma BBI Oy/eTe micath Kof, 95 % Ballix yCUIuii Gy/IyT CBI3aHbI HE C MATTHHHBIM
00yJeHneM WIN CTATUCTHYECKUM MOJIETTUPOBAHUEM, a C CO3[aHIEM, TIePEMEIEHITEM
1 IpeoOpasoBaHNeM JAaHHBIX, YTOOBI X MOKHO OBIJIO MCIIOJIB30BaTh.

Kpome ToT0, BaM CTOUT HPECTABISITh cebe, KaK yCTPOEHA Ballla OPraHU3aIist U Ky1a
oHa aBrKercst. OTpenesisist Kpyr Bamux 06s3aHHOCTEH, PYKOBOIUTENN MOTYT OTIU-
paThCsT Ha Te WIIH UHBIE OMYIIEHNST, U BAYKHO UX BBIIBUTD, YTOGBI TOHUMATh, Y€TO OT
Bac OKUAAIOT. XOTS 110 BOMTPpocaM GU3Heca BbI TIOJIATAETECH HAa CBOUX KIMEHTOB U Py-
KOBOJICTBO, BBI JIOJKHBI 00ECTIEUNBATh TEXHUYECKIE 3HAHUS U TIPEJIIaTaTh PEIIEHNUST,
KOTOPBIE PeasbHO OCYIIeCTBUMBIL. /laBaiiTe TOTOBOPUM O TOM, KaKHe TEXHUYECKHe
U COIMANIbHbIE HABBIKK BaM, CKOPEE BCETO, MOHAT00SITCS.

A3bIk SQL

SQL (structured query language, cTrpyKTypupOBaHHbIH SI3bIK 3AIIPOCOB) — 9TO S3bIK
3aIpOCOB, KOTOPBIH T03BOJISIET TOJNYYaTh, EPEIaBaTh 1 3aMUCHIBATh TAOJIUYHbIE
namubie. [[udpoBbie MaHHble Yallle BCETO XPAHATCS B PEAAUUOHHDIX 6A3GX OAHHDLX,
KOTOPBIE COCTOSAT M3 TAOJIHUII, CBA3AHHBIX APYT ¢ ApyroM. A3bik SQL moamepKuBaoT
BCE CHCTEMBI yIIPABJICHUS PeJAIHOHHBIMEI 6a3aMu JaHHbIX, Takue Kak MySQL,
Microsoft SQL Server, Oracle, SQLite u PostgreSQL. Kak Bbl HaBepHsKa 3aMe-
i, SQL u pessiiornbie 6a3bl JAHHBIX TAK TECHO CBSI3AHBI JPYT C APYTOM, UTO
ab6pesuaTypa SQL 4acTo MCIIOIB3YETCS B HA3BAHMU COOTBETCTBYIONIHMX MPOAYKTOB.
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[Tpumep 8.1 — 310 MpocToit 3ampoc SQL, KOTOPBII U3BIEKAET T0JsT CUSTOMER_ID
1 NAME (uaeHTU(DUKATOD ¥ UM KJIMeHTa) 13 TabJuiibl CUSTOMER («KineHTbl» ) mist
3armuceii, B KOTOPBIX oJie STATE nMeeT 3HaueHue 'TX' (KJIMeHTh! U3 mrarta Texac).

Mpumep 8.1. MNpocToii 3anpoc SQL

SELECT CUSTOMER_ID, NAME
FROM CUSTOMER
WHERE STATE = 'TX'

ITpote roBopst, TpyAHO HOOUTHCs yenexa B data science, e He 3Hath SQL. Bee
KOMITAHUU MCITOJIb3YIOT XPAHWJINIIA JAHHBIX, 1 Yallle BCETO JaHHbIE U3 HUX U3BJIE-
KatoTcst ¢ momoIpio SQL. BaM 10/UKHBL OBITH XOPOIIIO 3HAKOMBI KJIIOUEBBIE CJIOBA
SELECT, WHERE, GROUP BY, ORDER BY, CASE, INNER JOIN u LEFT JOIN. YToOBI U3BJIEYD
MaKCHMAJTHHYIO O3y M3 TAHHBIX, CTOUT elle Pa3bupaThest B TTOA3ampocax, TPOn3-
BOJIHBIX TaOJIHUIIAX, 000OIIEHHBIX TAGIMIHBIX BHIPAKEHUSIX U OKOHHBIX (DY HKITHSIX.

HECKPOMHbI COBET. ABTOP HAMMCA KHUTY 110 SQL!

ITo 3akasy usmaresabctBa O'Reilly s Hamcan kuury «Getting Started with
SQL» (https://oreil.ly/K2Na9). B meii uyTh 60J1bIIIe CTa CTPAHUIL, TAK YTO BCIO
KHUTY MOKHO [IPOYNTATD 32 JIHb. B Hell paccMaTpuBaiOTCst OCHOBHBIE TIOHSITHST

SQL, BiIOUYast coeinHEHNE U arperupoBaHue, a TAK)Ke PACCKa3bIBAETCsI, KAk
coszaTh coOcTBeHHY 0 6asy nanubix. Vcnonssyercs CYB/I SQLite, koTopyio
MOYKHO HACTPOHUTDb MEHee YeM 32 MUHYTY.

O’Reilly Bbiycrumo u apyrue sameuatesibhble KHuru 1o SQL, B Tom unciie
«Learning SQL»"' Anana Bosbe (Alan Beaulieu) u «SQL. Pocket Guide»2 Dauc
7Kao (Alice Zhao). ITocsie TOro Kak Bbl GbICTPO IIPOUYTETE MOIi CTOCTPAHUYHbIIT
orryc, oOpatuTe BHUMAHKE U HA 9TU KHUTH.

SQL rtakke He0OXOAUM JIJIsl TOTO, 4TOOBI JIEFKO 0OpaIiaThes K 6asaM JaHHBIX U3
Python u apyrux si3pikoB nmporpamMmmuposatust. Eciiu Bl oripasisiete us Python
sanpockl SQL k 6ase JaHHBIX, MOKHO BO3BpalllaTh JaHHbIe B (hopMaTe gatadeiiMoB
pandas, kosurekiuit Python u gpyrux crpykryp.

B npumepe 8.2 nokasan mpoctoit 3ampoc SQL, koTopslil BeimosHsercst Ha Python
¢ nomoipio 6ubsmorexku SQLAlchemy. On Bo3Bpalaer 3aIcu B BU/ie UMEHOBAHHbBIX
KopTeskeit. ITo6bI 9TOT KoJI paboTat, He 3a6ybre cKkayath (aii 6asbl gaHHbIx SQLite
(https://bit.ly/3F8heTS) 1 moMecTUTh €ro B cBOM 1mpoekT Python, a Takxe samycTuTh
KoMaHAy pip install sqlalchemy.

' A. Bosbe. «M3yuaem SQL. Tenepaiiyst, BBIGOPKa U 06pabOTKA TaHHBIX>. 3-€ U3/l
2 3. Kao. «SQL. Pocket guide». 4-¢ uzp.— CII6., uznarenbcto «ITutep».
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MpumMmep 8.2. BrinonHernne 3anpoca SQL Ha Python c nomowbto SQLAIchemy
from sqlalchemy import create_engine, text

engine = create_engine("sqlite:///thunderbird_manufacturing.db")?*
conn = engine.connect()

stmt = text("SELECT * FROM CUSTOMER")
results = conn.execute(stmt)

for customer in results:
print(customer)

A yto Hacuet pandas n NoSQL?

MeHns yacTo crpanmBaior 06 «ajprepHaruBax» SQL, takux kak NoSQL i pandas.
Ha camom ziesie 3T0 He abTepPHATHBBI, & HHCTPYMEHTHI IPYTOTO Ha3HAYEHM:, KOTO-
phl€ TOXKE 3aHUMAIOT CBOE MECTO B TEXHOJIOTHYECKOM creke data science. Bozbmem,
Hanpumep, pandas. B nmpumepe 8.3 cosnaercs sampoc SQL, KOTOPbIil U3BJIEKAET BCe
3amucu U3 Tabauiibl CUSTOMER 1 TIoMernaet ux B fatadpeiim pandas.

Mpumep 8.3. MMnopT 3anpoca SQL B aaTacdpeiiM pandas

from sqlalchemy import create_engine, text
import pandas as pd

engine = create_engine('sqlite:///thunderbird_manufacturing.db')
conn = engine.connect()

df = pd.read_sql("SELECT * FROM CUSTOMER", conn)
print(df) # BbiBOAUT pe3ynbTaTbl 3anpoca SQL B Buae AaTadpeirma

SQL 3/ech MOHATOOUIICS JIST TOTO, YTOOBI TIPEOIOJIETH PA3PHIB MEK/TY PEISATIMOHHOM
6asoii JaHHbIX U cpenoil Python u sarpysuts manubie B gaTadpeiim pandas. A ecim
B 3a/1a4e (GUTYPUPYIOT CIOKHBIE BBIYUCIEHUS, C KOTOPBIMH YMeeT cipaBasaThest SQL,
a¢dexTruBHee Gy/IeT BBIIOJIHUTH UX Ha cepBepe 6asbl JAHHBIX ¢ TToMoIbio SQL, a He
uepe3 pandas Ha JoKaTbHOM KoMITbioTepe. IIpotie roBops, pandas u SQL moryT
paboTtaTh BMeCTe U He KOHKYPUPYIOT JIPYT C APYTOM.

To ke camoe MOKHO CKa3aTh U 0 cucreMax kiaacca NoSQL, kK KOTOpBIM OTHOCSTCS
takue miaardopmbl, kak Couchbase 1 MongoDB. XoTs HEKOTOpbIE YUTATENU CO MHOU
He COTJIacATCS ¥ HaBepHsIKa IIPUBELYT BECKHUE APTYMEHTHI, S CUUTAI0, YTO CPABHUBATD

! TIyTp k 6ase JaHHBIX 3aBUCKT OT TOTO, Te Bbl coxpanuau (aiir thunderbird _manufacturing.db

Ha JIOKQJIBHOM KOMITBIOTEPE M KAKUM 00Pa3oM MOKIIOUHIIN €T0 K poekTy. Harmpumep, eciim Bbi
pabotaere B Windows u coxparnnu ¢aiisn 8 Karasore D:\SQL, To a1a cTpoka Koja 6y/IeT BhIIsIIeTh
Tak: engine = create_engine(«sqlite:///D:\\SQL\\thunderbird manufacturing.db»). — IIpumeu.
Hayu. peo.
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SQL 1 NoSQL — 5T0 Bce paBHO U4TO CpaBHUBATH SIGJIOKH C aTieIbcHaMu. BesycioBHo,
CHCTEMBI TOU U JIPYTON KaTErOPUHU XPAHST JaHHbIE U MO3BOJISIOT 0OPAIIAThCS K HUM
C 3aIIPOCAMHU, HO $I He [yMAI0, YTO ATO IIPOTUBONOCTABISAET UX APYT ApyTy. OHu ycTpo-
€HbI IT0-PA3HOMY U OPHEHTUPOBAHBI HAa PasHble ClleHApUu ucioab3oBanmsa. NoSQL
paciugpoBbiBaeTcs Kak «He Tobko SQL» (not only SQL) u Jrydiie HOAXOMUT 1JIsI
TOTO, YTOOBI XPAHUTH HECTPYKTYPUPOBAHHbIE TAHHBIE, TAKHE KAK N300PasKeH ST T
TEKCTOBBIE CTaThH B CBOOOHOI (hopMe. B cBot0 ouepenb, SQL syutire puciocobieH
IUIST CTPYKTYPUPOBAHHBIX MAaHHBIX. SQL 6oJee CTPOTO MOATEPKUBAET IIETOCTHOCT
nanHbiX, yeM NoSQL, HO pacxojyer OOJIbIle BEIYUCIUTENBHBIX PECYPCOB U XYIKE
MacuTabupyercs.

SQL — BCEOBLUIA A3bIK MUPA S AHHbIX

B 2015 romy mHOTHE TIpencka3biBasn, 4TO TexHomoruu NoSQL u pacmpe-
neJieHHON 00paboTKu MaHHBIX, Takue kak Apache Spark, serrecasar SQL
U peJIAIUOHHbIe Ga3bl JAaHHBIX. B 1efiCTBUTEIHBHOCTH TIOTyYUIOCH HAbO-
pot: SQL okaszajcsi HACTOJIBKO BaKeH [IJIs1 TIOJIb30BaTeiell TaHHbIX, YTO
[0 UX MHOTOYMCJEHHBIM 3asBKaM B 3TH MIaTHOPMBI ObLIN 100aBIEHBI
komnonenTsl SQL. Hanpumep, ¢ TakuMu KoMIioHeHTaMu paboraior Presto
(https://oreil.ly/Qfécl), BigQuery (https://oreil.ly/iCEWW) u Apache Spark
SQL (https://oreil.ly/1IPft). BosbiimHCTBO 33124 10 paboTe ¢ JaHHBIMU HE
OTHOCSTCS K GOJIBIITUM JIAaHHBIM, U B 9TOU 00JIACTH HUUYTO HE MOKET TIpe-
B3oitTr SQL no adexktuBHOCTH 3ampocoB. [Toaromy SQL npoxoskaet
MPOIBETATH U OCTAETCST «BCEOOIIUM SI3BIKOM» B MUPE JAHHBIX.

ITpu atom npomarara miatdopm NoSQL 1 60IbIINX JaHHBIX MOKET OBITH
addexroM cuHIpOMa «cepebpsiHoii myny. Xaau Xapupu (Hadi Hariri) u3
JetBrains BeicTynui ¢ gokaanom Ha 3ty Temy B 2015 roxy (https://oreil.ly/
hPEIF), 1 9TO BBICTYILIJIEHUE CTOUT IIOCMOTPETb.

MporpammupoBaHue

MHorue crenuaaucTsl o data science He yMEOT IIPOrpaMMUPOBATh, M0 KpalHel
Mepe Ha yPOBHE TPOGheCCHOHATBHBIX Pa3paboTymkoB. OMHAKO yMETh TTHCATH KO
CTAaHOBUTCS BCe Ba)KHEE, U 9TOT HABBIK JIA€T IIPEUMYIIECTBO TIPU TPYAOYCTPOHCTBE.
N3zyuaiiTe 06bEKTHO-OPUEHTUPOBAHHOE TTPOTPAMMHUPOBaHUE, (DYHKIMOHATBHOE
IPOrpaMMHPOBaHUE, MOJIYJIbHOE TECTUPOBAHNE, CUCTEMbI KOHTPOJII Bepcuii (Ha-
npumep, Git u GitHub), aHanus anroputMos ¢ momoiibio Hotauu «O-00I1bloes,
KpHUITorpaduio, a TakKe IpyTHe pa3/iesbl computer science M BO3MOKHOCTH SI3BIKOB,
C KOTOPBIMH BbI CTAJIKUBAETECh.


https://oreil.ly/Qf6c1
https://oreil.ly/iCEWW
https://oreil.ly/IIPft
https://oreil.ly/hPEIF
https://oreil.ly/hPEIF
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U BOT 3a4eM 9TO HyKHO. J[OMyCTUM, BBI CO3/Ia/U TIEPCIIEKTUBHYIO PETPECCHOHHYIO
Mozeab (HallpUMeEp, JIOTHCTHYECKYIO PErPECCUI0 UM HEHPOHHYIO CETh) Ha OCHOBE
BbIGOPOYHBIX JJAHHBIX, KOTOPBIE BaM IIPEAOCTaBU/IM. BbI IpocuTe ITaTHBIX IIporpam-
MIICTOB 13 Bamrero otgena I'T MOAKIIOYNTE ee K CyLIeCTBYIOUEMY IIPOrPAMMHOMY
00eCIIeYeHnIo.

OHU BOCIPUHUMAIOT Bally ujaeio 6e3 ocoboro sHTy3nasMa. «Ham moHagobuTcst
repenucarh 3To Ha Java, a He Ha Python», — HexXoTst TOBOPUT O/IMH U3 HUX. <A Tjie
Y Bac MOJLyJIbHbIE TECThI? — CIPAIIUBAET APYTOil. — Y Bac He OIpeeJieHO HU OJTHOTO
Ksacca miy Tuna? Ham npujercs nepezgearhb Ko, 4ToObI OH ¢Tajl 00beKTHO-OPUEH-
TUPOBAHHBIM». BI[O63.BOK KO BCEMY ITPOTPaMMHUCTBI HE TIOHNUMAIOT MATEMATUIECKOTO
CMBICJIA Ballleil MOJIeJIM U CIIPABEJIMBO OMACAIOTCS, YTO OHA MOXKET HEelPaBUJIbHO
BecTH cebs Ha JIaHHbBIX, ¢ KOTOPBIMU PaHblile He CTaJKUBaIach. [[0OCKOIbKY BbI He
O6eCHe‘H/UH/I MOAYJIbHBIX TECTOB, KOTOPbI€ HE TaK ITPOCTO IMOATOTOBUTD B CJIy4Yae Ma-
IIMHHOTO 0OYYEHUsI, OHU He 3HAIOT, KaK IPOBEPUTD Ka4ecTBO Baieit Mmoenu. K tomy
Ke OHU GECIIOKOSITCS O TOM, KaK MPHUIETCS YIPABJIATH ABYMsI BEPCUSIMU KOJIa — Ha
Python u Ha Java.

Bol HaurHaeTe 4yBCTBOBATH Cebst He B CBOEH Tapesike 1 TOBOPUTE: «51 He MOHMMAIO,
MoYeMy HeJIb3s1 IPOCTO MOAKMIOYUTH CKpunT Ha Pythons. Onuu us porpaMmMucTos
JIeJTaeT 3alyMUMBYIO IIay3y 1 oTBevaeT: «Mbl Moriu 66l co31ath BeG-crysk0y Ha Flask,
U TOT/Ia KOJI He TIOHAZOOUTCS MepenuchiBaTh Ha Java. OqHako Apyrie mpobaeMbr
HUKy/a He fenyTcsa. Ham npujercst 6eCIIOKOUTHCSA 0 MACIITAGUPYEMOCTH 1 HOJTb-
oM TpaduKe, KOTOPBIA MOKET OOPYIIUTLCS HAa BeO-carysx0y. Bripouem, morogure:
He UCKJII0YEHO, YTO MBI CMOJKEM Pa3BepHYTH pelieHue B obiake Microsoft Azure
B BHUJIE MacIITabUpyeMoro Habopa BUPTYaTbHBIX MAIIMH, HO TOT/Ia HAM BCE PaBHO
MOHAOOUTCST Pa3pabaThiBaTh CEPBEPHYIO YACTh apXUTEKTYPHI. B 060M carydae, Kak
HU KPYTH, CUCTEMY NIPUJIETCS [IEPENPOEKTUPOBATD>.

VIMeHHO TI09TOMY MHOTHE CIIEIUaUCThI 1Mo data science gep:kat BCio ¢BO0 paboTy
TOJTBKO Ha COOCTBEHHOM KOMTIbIoTepe. Ha caMoM jiesie BHEAPSTH MAITHHHOE 00y YeH e
B MaCCOBYIO 9KCILTYATAIINIO CTAJIO HACTOJIBKO TPOGIEMATHYHO, YTO B TOCIEHIE TObI
pacTeT Crpoc Ha CIENUANUCTOB B 3TOH obmacT. CyIecTByeT OTPOMHBIN Pa3phiB
MEJKLy TEMHU, KTO 3aHrMaeTca data science, U TeMu, KTO pazpabaTbIBaeT IPOrpaMMHOe
obecrieueHne, TIOITOMY HEYIMBUTEIBHO, YTO MEPBBIM MPUXOIUTCS TaK WU WHAYE
CTaHOBUTBHCS BTOPBIML.

Takast pa3HOCTOPOHHSIS CITETTNAIN3ATINS MOXKET TTOKAa3aThCsI YPE3MEPHOM, TTOTOMY
uro data science u Tak OXBaThIBaeT BEChMa IHIMPOKYIO 00JIACTh, CO MHOKECTBOM JIHC-
nuILIAH U TpeboBanuii. OHAKO pedb He 0 TOM, YTO BaM HY’KHO CPOYHO YYUTH Java.
Bbi MoskeTe ycrenHo nucarh porpammbl Ha Python (vim Ha 11060M ApyroM si3bIKe,
KOTOPBIN TOAUTCS [1JIsI TPOMBIIILIEHHON pa3paboTKH ), HO BaM He TOMEIIAET XOPOIIOo
B HeM pasbuparbes. OcBoiite 00bEKTHO-OPUEHTUPOBAHHOE IIPOrPAMMIPOBAHME,
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CTPYKTYPbI JaHHBIX, GYHKIIMOHAJBHOE TPOTPAMMUPOBaHIE, KOHKYPEHTHOCTD
U Ipyrue maTTepHbl paspaboTku. Eciu roBoputsk o Python, To BoT aBe X0portrie
kuuru: JIycuany Pamasnpo (Luciano Ramalho), «Fluent Pythons' u 9s Ceefirapr
(Al Sweigart), «Beyond the Basic Stuff with Python»2.

A3bIK GO U DATA SCIENCE

B 2016 roxy [Jlpauen Yaiitaek (Daniel Whitenack) warmican gist O'Reilly
crarbio «Data science gophers» («Go-paspaborumku B data science»)
(https://oreil.ly/j4z4F), B koTOpOIl paccka3biBaJd O JOCTOWHCTBAX S3bIKa
nporpammuposanus Go giua data science. ITpumeudartensto, uro Januen
ocBeTHJI IPobJIeMbl BHEAPEHUsE Mojiesiell data science B MacCOBYTO SKCILTY-
aTaIUIo 3a/[0JITO JI0 TOTO, KaK 3TH MPOGJIEMBI CTAJIH TPEAMETOM BCEOOIIETO
00CYKICHSL.

HaxoHerr, mo3HaKOMBTECh ¢ TIPUKIAAHBIMU 06JACTSIMHU, 6€3 KOTOPHIX HE 0O0NTHCH
B mpakTudeckux sagavyax: API 6as maHHbIX, BeG-cirykObl (https://oreil.ly/gN9e7),
JSON (https://oreil.ly/N8uef), peryasipabie Boipaskerus (https://oreil.ly/lyD2P), Be6-
ckpeiinunr (https://oreil.ly/90WWb), Gesonacrocts u kpuntorpadus (https://oreil.
ly/oxliO), obiaunbie Boruncienus (Amazon Web Services, Microsoft Azure) u Bce
OCTAJIbHOE, YTO TIOMOSKET BaM BBIKUTH B TPO(ECCHOHATTBHOM MIIPE.

Kax y:ke roBopuiioch, BaM He 006s13aTelbHO 0cBanBaTh uMeHHO Python. Bel MoxeTe
OBJIAJICTh IPYTUM SI3BIKOM TIPOrPAMMUPOBAHYSI, HO JKeJIATeTbHO, YTOOBI OH ObLII K-
POKO pacipoCTPaHEHHBIM U MOAXOMJI 115t 3a/1au data science. Ha MoMeHT Harmucauust
ATOM KHUTHU K TAKUM SI3bIKaM OTHOCSITCSI, Haripumep, Python, R, Java, C# u C++. A Ha
ycrpoiictBax Apple u Android gromuaupyror Swift u Kotlin — toske 3ameuarenbHbie
SI3BIKU C IIMTPOKOH TTO/IEP>KKOH. XOTS MHOTHE U3 TIEPEYNCIEHHBIX S3BIKOB IIPENMY-
IIECTBEHHO OPHEHTHPOBaHbI He Ha data science, BaM CTOMJIO ObI BBIYYUTH XOTS GbI
elle OJINH sI3bIK, TOMUMO Python, uTo6bI onupaThest Ha GoJree IMUPOKHIA KPyTo30p.

A YTO HACHET BJIOKHOTOB JUPYTER?

CrenmasmictoB mo data science 4acTo yKOPSIIOT 3 TO, UTO OHU TTHTIYT TIOXOH
KOJI. DTO MOKET TTPOUCXOJIUTH TI0 MHOTUM TPUYMHAM, U OJIHA U3 HUX —
CTHJIb PabOThI, KOTOPBIH MOOMIPSIOT GJIOKHOTHI (OHU JKe TeTpaaKi ) Jupyter
Notebook.

! JI. Pamaibo. «Python — k Bepinaam macrepersa: Jlakonuanoe u 9 beKTUBHOE TIPOrPAMMUPO-
BaHUe». 2-€ U3
2 3. Cseiirapt. «Python. Yucrstii Koz st ipoposkatouxs».— CII6., uzaareabctso «Iluteps.
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JTOIKHO GBITD, BBI 34/IaBATICH BOTIPOCOM, TOUEMY T He MCTIOTH30BaIT (UJTH He
pekoMeH 10BasT) 6JIOKHOTHI Jupyter B 310i1 KHuUTe. Jupyter Notebook — ato
HOTyJIsIpHast IaTdhopMa It TOTo, YToObI TicaTh Kot ist data science. Ona
MO3BOJISIET COCPETIOTOUNTD B OTHOM MECTE TEKCTOBBIE 3aMETKH, (PParMeHThHI
BBITTOJIHSIEMOTO KOJIA M PE3YJIBTaThl BEIBOJA KOHCOJIH U iUarpaMm. BiiokHo-
TBI MOTYT CJIYKUTH MOJIE3HBIM HHCTPYMEHTOM M 06€CTIeYMBAIOT YA0OHBII
c1oco6 pacckas3aTh UCTOPHIO € TIOMOTIIHIO TAHHBIX.

Tem He Menee, yTOOBI ycIeNIHO 3aHUMaThcs data science, COBEPIIEHHO He
006s13aTEIbHO NCIIOIB30BATH OJIOKHOTHI, ECJIU TOJIBKO 9TOTO He TpeOyeT Ball
pabotonarens. Bee, 0 4eM MBI TOBOPU/IM B 9TOII KHUTE, OBLIO PEATN30BAHO
Ha unctom Python 6e3 Jupyter. 51 caenan aTo clrenuanbHo, HOTOMY YTO He
XOTe/1 0OPEMEHATDh YnTaTe el TeM, 4TOOBl yCTaHABINBATD AOMOJTHUTEb-
HblE NHCTPYMEHTHL. BO3MOKHO, KOMY-TO MOE MHEHHE IIOKAKETCSI €PECHIO,
HO 5 YOEKIEH, YTO MOKHO CAENAaTh HEILTIOXYIO Kaphepy, He IIPUTParuBasiCh
K ITOZOOHBIM OJIOKHOTAM.

Jlesio B TOM, UTO OHM Pa3BUBAIOT BPe/HbIE IPUBBIUYKHU ITPOrPAMMUPOBAHUSL.
BJIOKHOTBI HalleJIeHbl Ha TaKOW CTUJIb PabOThI, KOTOPBINA MOYEPKUBAECT
JINHENHOCTD, & He MOJIYJIbBHOCTD, @ 3TO 3HAYUT, UTO C HUMU TPY/IHEE MHICATh
KOJI, KOTOPBII MOJKHO UCIIOJIh30BaTh IIOBTOPHO; 4 BE/Ib IIOBTOPHOE UCIIOJIH30-
BaHWe — 3TO, MOKATYH, camast hyHAaMeHTaTbHAS T1eJTb TPOrPAMMHUPOBAHUS.
Kpome Toro, siueiikut 6JIOKHOTOB ¢ (hparMeHTaMH KOJia MOKHO 3aIlyCKaTh
B ITPOM3BOJIBHOM ITOPSI/IKE MJIM MHOTOKPATHO Tepe3anyckath. Eciu BoBpemst
HE YCJIeIUTh, MOKHO MTOPOJUTH HECOTJIACOBAHHBIE COCTOSTHUS U JIEe(DEKTBI,
KOTOPBIE B JIyYIlleM cJlydae SsBHO HapyIiaT paboTy Kojia, a B Xy/IIIeM — [IPH-
BT K HE3aMETHBIM OIIMOKAM B BayKHBIX pacuerax. Ec/ii Bbl HAUMHAIOMUI
[IPOrpaMMHUCT, TaKOi crocob nsydyeHnus: Python Mosker okasaTbest 711 Bac
0COOEHHO MYUYUTENbHBIM, IOTOMY YTO 9TH TeXHUYECKUE JOBYIIKU Heoue-
BUZIHBI JIsI HOBUYKOB. TaKsKe MOKET OKA3aThC, YTO € IIOMOMIBIO OJIOKHOTOB
Jupyter BbI 0GHAPYKUTE MHTEPECHBIE PE3YJIBTATHI 1 00HAPOLYETE X — a B
pesyJibraTe BBISICHUTCS, YTO OHU BO3HUKJIN M3-3a OLIMOKK M HE COOTBET-
CTBYIOT JIEHCTBUTETBHOCTH.

51 He mpusbIBato Bac usberath OIOKHOTOB. KOHEUHO, 1OJIB3yHTECH MU HA
3MI0POBbE, €CJM OHU JIOCTABJISIOT YAOBOJBCTBIE BaM ¥ BallleMy TPENpu-
sruio! OHaKo 1 yOesK/IeH, 4TO Ha HUX HE CTOUT CJIETIO osaraThest. JIkoau
Ipyc (Joel Grus), aBrop kuuru «Data Science. From Scratchs, ybeaurensto
packpbL Ty TeMy Ha JupyterCon B 0KJIa/ie, KOTOPbIH MOKHO TOCMOTPETh
o ccoiike (https://oreil.ly/V0O0bQ).



https://oreil.ly/V00bQ
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3ddeKT NpUBA3KU 1 NepBble A3bIKU NPOrpaMMMpPOBaHUA

Texunveckne CIeMAMNCTHI CKIOHHBI OMOITMOHATHHO TTPUBSI3BIBATHCS K TEXHO-
\ JiorHsiM U T1aThopMam, 0cOGEHHO K sI3bIKaM ITporpaMMupoBatust. [Toxkanyiicra,
He 3aBO/INTE 3Ty BpenHyto MpuBbUKy! Takas mpeaB3sTOCTh HENIPOAYKTHUBHA

1 PaCXOJUTCA C PEATTbHOCTBIO: BE€/Ib Pa3HbIC A3BIKU ITPOTrPAaMMUPOBAHUA ITOAXOIAT

JUUIA PAa3HBIX 3a/1a4 U CIICHAPUEB NCITOJIb30BAHUA. EH.[C OIMH (l)aKTOp 3aKJII04YaeTCA

B TOM, 4YTO OAHU A3BIKU ITPUIKUBAIOTCA, 4 APYTUE HET, U IIPUINHDBI 9TOr'0 4aCTO HE

UMCIOT HUKAKOI'0 OTHOMICHUA K JOCTOMHCTBAM CaMUX SA3bIKOB. Ecnn KpyItHas

KOMIIaHHMA HEe CbI/IHaHCI/IpyCT Pa3BUTHE A3bIKA, TO HIAHCHI BBIKUTD Y HETO HEBCJIMKH.

MbI TOBOPUJIH O PA3HBIX TUIIAX KOTHUTUBHBIX CMellenuii B riiase 3. Erie o/1o
cmemtenne — addexr npusssku (https://oreil.ly/sXNh0), KoTopblii 3aKJ0UaeTCs
B TOM, YTO MBI MOKEM YPE3MEPHO IIPUKHUTIETH AYIIOHN K TIEPBOMY, YTO MBI H3yYa-

€M, — HallpuMep, K sI3bIKY ITporpaMMupoBanusl. Eciin Bl 4yBCTByeTe, UTO 110pa

BBLYyYUTH HOBBIIT SI3bIK, Oy/IbTe HEITPEAB3SATHI 1 alite emy manc! Hu onuH s3bik

He UJleajieH, U BaJKHO JIUIIIb, YTOOBI TOT UJIM MHOU A3BIK 03BOJISLT 3 (hEKTUBHO

pelInTD Ballly 3a/ady.

Opnako 6ynbre OCTOPOXKHBI, €CIH KU3HECTIOCOOHOCTD SI3bIKA BBI3BIBAET CO-
MHEHVISI: HAIIPUMED, eCJIN €T0 CYIIECTBOBAHIE MOIEPKIBAETCSI UCKYCCTBEHHO,
OH He OOHOBJISIETCSI UJIU €T0 He COTPOBOYKIAET HUKAKast KPYITHAST KOPIIOPALIHSL.
B kauectBe mpumepoB MoxkHO TiprBecTr VBA ot Microsoft (https://oreil.ly/B8c5A),

Ceylon ot Red Hat (https://oreil.ly/LJdw4) u Haskell (https://oreil.ly/ASnnN).

BUBJINOTEKWN JAVA ANA DATA SCIENCE

XoTd a3bIK Java He Tak moIyaspel B objactu data science, kak Python,
B Java eCcTb HECKOJIBKO COOTBETCTBYIONMUX OGUOIMOTEK, KOTOPHIE aKTUBHO
noaznepxxuBaorcs. ND4]J (https://github.com/deeplearning4j/nd4j) — ato
anasior Num Py g supTyanbnoit mammast Java, a SMILE (https://haifengl.
github.io) — amasor scikit-learn. TableSaw (https://github.com/jtablesaw/
tablesaw) — a0 sKBUBasieHT pandas 1y Java.

Apache Spark (https://spark.apache.org) 6bL1 U3HauaIbLHO pazpaboTaH Ha
mraTdopMe Java, B ToM uncie Ha si3bike Scala. VIHTepecHo, uto Spark B cBoe
BpeMst OBLT (pJIarMaHOM HHHUITHATHBBI, KOTOPast [IbITAIach IpeBpaTuTh Scala
B OCHOBHOII s13bIK /711 data science, XOTst OH He TIPUIKUJICS B TO CTETIEHH, Ha
KOTOPYIO, BEPOSITHO, PACCYUTHIBAJIO co001IecTBO Scala. IMeHHO mosToMy
paspaboTunku Spark IpPHIOKIIN MHOTO YCUJIHI, 4TOOBI TOOABUTH COBME-
ctumoctb ¢ Python, SQL u R, a He TosibKO ¢ Java u Scala.



https://oreil.ly/sXNh0
https://oreil.ly/B8c5A
https://oreil.ly/LJdw4
https://oreil.ly/ASnnN
https://github.com/deeplearning4j/nd4j
https://haifengl.github.io
https://haifengl.github.io
https://github.com/jtablesaw/tablesaw
https://github.com/jtablesaw/tablesaw
https://spark.apache.org
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Busyanusauusa gaHHbIX

Erte omua TeXHUYECKUI HAaBBIK, KOTOPBIM BaM CTOUT BJIAZIETD B TOU WU WHOU CTeTe-
HU, — BU3yaJU3aIus JaHHbiX. HayunTech cTpouTh rpauku, CXeMbI U TUATPAMMBI,
KOTOPBIE HE TOJIBKO PACCKAXKYT UCTOPUIO PYKOBOAUTEJISIM, HO M TIOMOTYT BaM CAMUM
usyyaTh JaHHbIe. JlaHHbIE MOKHO JIEFKO 0000LIMTE ¢ IOMOIIbI0 KoMana SQL, Ho
MHOT/Ia TUCTOrPaMMa WJIH JHarpaMMa PacCesTHUs TOMOKET TIOJTyYrTh GoJiee oJTHOe
TIpeZICTaBJICHNE O TAHHBIX 32 MEHbBIIIEe BPEMS.

Kakue mHCTpYMEHTBI HYsKHBI, YTOOBI BU3yaJIM3MpoBaTh AaHHble? OTBETUTH HA 9TOT
BOIIPOC HE TaK IIPOCTO, IIOTOMY YTO IIPOCTPAHCTBO BHIOOPA UPE3BHIYANHO IIUPOKO 1 Pas-
HooOpasno. Eciiu Bbl pabGoraere B TpagMLIMOHHON 0(UCHOI cpejie, To, CKopee BCero,
npezanourere Excel u PowerPoint, u 3naere uto? Onu Briosite xopouiu! § He CIoib-
3YIO X JIJISL BCETO IOAPSI], HO ¢ OOJIBIIMHCTBOM 3a/a4 OHU IIPEKPACHO CIIPABJISIOTCSL.
Hy>xHa quarpamma paccestius Jist HeOoJIbInoro Habopa ganubix ? Vi rucrorpamma?
Her npob6iem! Ee MOKHO OCTPOMTD BCETro 32 HECKOJIBKO MUHYT, €CJIU CKOIIMPOBAThH
U BCTABUTh JaHHbIe B Tabauiyy Excel. DToT €110co6 0TIMYHO MOAXOANUT, YTOObI €AMHOPa-
30BO BU3YaIU3UPOBATH JIaHHBIE, U HET HUYETO [OCTBIAHOTO B TOM, YTOOBI HCIIOJIb30BaTh
Excel, eciu on paboraer.

Oxmako OpIBAIOT CUTYALUK, KOI/Ia HY>KHO 3aIIPOrPAMMUPOBATh IIOCTPOEHHE IPadUKOB,
4TOOBI KOJI MOKHO OBLIO TIOBTOPHO MCIOJIb30BaTh ¥ (UJIM) HHTETPUPOBATH € APYIUM
KoJoM Ha Python. JIyuimm pelieHreM J1st 5TOro ysKe JaBHO cuuTaercs GubamoTeKa
matplotlib (https://matplotlib.org), u 6e3 Hee C10KHO OGOUTHUCH, ECJIA BbI B OCHOBHOM
pabotaere ¢ Python. Bu6aoreka Seaborn (https://seaborn.pydata.org) nipeocrasisier
o6eptry moBepx matplotlib, uTo6bI ee GbITO MpPoIIE UCTIOIB3OBATH JJIST CTAHAAPTHBIX
rpacdukos. bubimoreka SymPy, kK KOTOPOil MbI 4acTO 0OPALIAINCh B 9TOI KHUTE, KC-
nosbayer matplotlib B kauectse BHyTpennero unrtepdeiica. OnHaKO HEKOTOPBIE CYUTAIOT
matplotlib yske He cTOJIBKO 3peJIOii, CKOJIBKO «II€pe3Peioit> GubIMoTeKOM, KoTopast Bee
GOJIbIIIE IPEBPAIIIAETCS B YCTAPEBIIY0. 3aTO aKTHBHO Pa3BUBAIOTCSI TAKUE TIPHUSITHBIE
B HCIOIb30BaHum Ouborexn, kak Plotly (https://plotly.com/python), kotopast ocHoBata
Ha Gubsmoreke JavaScript D3,js (https://d3js.org). JTuuto s1 ycrernHo padoTaio ¢ Manim
(https://www.manim.community). Ona cosmaer Busyanusaimu B cruiie 3Bluel Brown,
KOTOPBIE BBITJIAST BHIPA3UTEILHO U IIPOU3BOST HA KIMEHTOB TOT CaMblii Bay-addexT,
a ee API yuBHTEIBHO [TPOCTO KCIIOIB30BaTh, YYUTHIBAsA BCIO MOIIb aHUMAIIUH, KOTO-
pyto npeaaraet 6ubmoreka. OHAKO OHA MOSIBUJIACH OTHOCUTEBHO HEIABHO M €IIlE
He JIOCTHTJIA 3PEJIOCTH, & 3HAUUT, He UCKJIIOUEHO, UTO €€ OOHOBJIEHUsI Oy /Ly T HapyIIIaTh
COBMECTHMOCTD C KOZIOM, KOTOPBII BBI IIMCAIA PAHEE.

Boi Touno He Iporaza€re, €CJin N3y4nTe BCE 9TU pEIICHUA 1 OCTAaHOBUTECH HAa TOM, KO-
TOPOE JIy4dlI€e BCETO HOHOﬁlIeT MMEHHO BaM, €CJIN Y BallleTO pa60TOlIaT€JIH NJIN KJINEHTa
HET KOHKPETHBIX HpeﬂHOQTeHHﬁ.


https://matplotlib.org
https://seaborn.pydata.org
https://plotly.com/python
https://d3js.org
https://www.manim.community
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CyIecTBYIOT 1 KOMMepUeCKHe JTUIIEH3UpyeMble cUCTeMbl, Takue kKak Tableau (https://
www.tableau.com/products/desktop), KOTopbIe TOKe XOPOIIH B OTIPeieIEHHON CTETICHN.
Paszpabotunku Tableau cTpemMusnch co3aath cOOCTBEHHYIO TIAT(GOPMY, KOTOpast
CTENUATTNBUPYETCS Ha BU3YATM3aIUH U TIpeIyiaraeT mHTepdelic ¢ mepeTacKuBaHueM,
KOTOPBIN JIOCTYIIEH JJIst HETEXHUIECKUX creruaanctos. Y Tableau maske ectb 1oKy-
MEHT TI0J] HazBaHWeM «Kax ciiesaTh U3 KaXI0TO COTPYAHUKA Ballleil OpTaHU3aInm
crermasncTa 1o data science» (https://oreil.ly/kncmP), KoTOpbIi, BIIpoYeM, He IPO-
SICHSIET y3Ke 00CY KAaBIIUICS BOTIPOC O TOM, KOTO JK€ CUMTATh CIIEIIMaInCTOM 1o data
science. S Buky mpo6sembr Tableau B TOM, 4TO OHa XOPOIIO CIPABJISIETCST TOJIBKO
¢ BU3yaJm3alueil 1 Tpedyer A0porocTosiiel JuieHsnn. XoTs ¢ oMolsio TabPy
(https://tableau.github.io/TabPy/docs/about.html) MokHO B HEKOTOPOIT CTETIeHN WHTE-
rpupoBaTh Python B Tableau, nyuiiiee pernieHre MOKET 3aKTIOUATHCS B TOM, UTOOBI
HCTIO/Ib30BATh BBIIIEYTIOMSIHYThIe GUOIUOTEKH C OTKPBITBIM UCXOTHBIM KOIOM, €CJIH
TOJIBKO Balll paboTomaTeN b He HactanBaeT Ha Tableau.

Nuuensupyemoe 0 Kak 3nemeHT KOPNOPATUBHOI NOAUTUKM

[IpescraBsire, uTo B paspaboraim npusioxkerue Ha Python mmm Java, kotopoe 3a-
\ MPAIINBAET OTIPE/IeTIEHHBIE IAHHBIE OT TTOJIb30BaTeeH, TOTyYaeT i 06pabaThiBaeT

MH(OPMALIMIO U3 PA3HBIX MCTOYHUKOB, BBILIOJIHSIET HECKOJIBKO TOHKO OTDEryJI-
POBaHHBIX AJITOPUTMOB, a 3ATEM BBIBOJUT BU3YAJIUBALMIO U TAOJIUILY C Pe3yJIbra-
Tamu. [lociie HeCKOJIBKUX MECSIIIEB HANPSIKEHHON PaboThbl BbI IEMOHCTPUDYETE
3TO NMPUJIOKEHNE HA COBEIAHNHY, HO TYT O/IMH U3 MEHE/ZKEPOB MTOJHUMAET PYKY
U CIIPAIIABAET: <A TT0UeMy HeJib3st ObLITO ¢/IesaTh To ke camoe B Tableau?»

HexoTopbIM pyKOBOAUTESAM TSKEJIO IPUHATD TOT (DAKT, YTO OHU MOTPATUIIN
TBICSTYH JIOJIJIAPOB Ha JIMIIEH3UU KOPIIOPATUBHOTO IPOrPAMMHOT0 06eCIIeYeH s,
a BBl IPUXOJIUTE U MTOKasbiBaeTe 6oiee apdekTuBHOE (XOTsI 1 HOJIeE CAOKHOE
B MCITOJIb30BAHUN ) PEIICHUE C OTKPBITBIM UCXO/IHBIM KOJIOM, KOTOPOE HE Ha/l0
JIMIIEH3UPOBATh. B CBOIO 3a1IUTy BBI MOJKETE CZI€JIATh YIIOp Ha TOM, 4To Tableau
HE MOJIIePsKUBAET HY KHbIE aJITOPUTMBI MJIM KOMILJIEKCHBIE TEXHOJIOTUYEeCKHe
[POIIECCHI, KOTOPbIE BaM MIPUIILIOCH padpaboTaTs. B kouile kon1os, Tableau —
3TO IPOCTO IIPOTPaMMa /ISl BU3yasM3aluu, a He 1aaTdopMa, Kotopas 110-
3BOJISIET IMCATD KOJ[ C HYJIsl, 9TOOBI CO3/ATh CIIENMATU3UPOBAHHOE PELIIEHIE.

PykoBoauTessim yacTo BHyIIaioT, uto Tableau, Alteryx win apyroii kommepue-
CKUI MHCTPYMEHT MOJKET C/IeJIaTh BCe. B KOHIIE KOHIOB, OHU [IOTPATUIIN HA HETO
Kydy JIEHET U, BEPOSITHO, HAXO/ISTCS MOJ] BIICYATICHUEM OT PEKIAMHBIX TIPE3EH-
TaIMi MOCTABIIUKOB. ECTeCTBEHHO, OHM XOTSAT OKYITUTh MHBECTUIIUK 1 IOOUTHCS
TOrO, YTOOBI JIMIIEH3UEN [T0JIb30BAIMCH KaK MOJKHO GOJIbIlE COTPYAHUKOB. Bepo-
SITHO, OHU MIOTPATHJIM €I1[e OJIHY Ky4y Z€HET, YTOObI 00YYUTh COTPYIHUKOB pabo-
TaTh C IPOTPAMMON, 1 XOTSIT, YTOObI J[PYTUE MOTJIU COIPOBOKIATE Ballly paGoTy.


https://www.tableau.com/products/desktop
https://www.tableau.com/products/desktop
https://oreil.ly/kncmP
https://tableau.github.io/TabPy/docs/about.html
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OTHecuTech K 3TOMY € HOHUMaHKeM. EC/iu pyKOBOAUTEIN XOTSIT, 4TOObI BbI MC-
OJIb30BA/IM HHCTPYMEHT, 32 KOTOPbII OHHU 3aILIaTUIN, TO M3YYHTe, HACKOIBKO
3TO OCYMIECTBUMO. EC/IN y HHCTPYMEHTA €CTh KPUTUYECKIE OTPAHUYEHIS U
ecJIM OH KaTeropuyecky HeynoOeH B BallMX KOHKPETHBIX 3ajayaX, HaliauTe
€11oco6 AUIIIOMAaTHYHO COOOIIUTDL 06 3TOM.

lpeameTHas obnactb

[aBaiiTe cpaBHMM ZBE OTPAC/IM: CTPUMHUHIOBYIO IaTdopmy (mampumep, Netflix)
U BOEHHO-ITPOMBIIIIEHHY0 Kopropaiuio (Hampumep, Lockheed Martin). Ectb sin
y HUX 4TO-TO 061iee? Exsa ! O6e KOMIIaHUU OIUPAIOTCS Ha BBICOKUE TEXHOJIOTHH,
HO O/lHA U3 HUX IIPOCTO II0Ka3bIBaeT (PUIbMBI 110 UHTEPHETY, a Apyras IIPOU3BOAUT
BOECHHBIE CAMOJIETHI.

Korza st KOHCYJIBTUPYIO 110 BOTIPOCAM MCKYCCTBEHHOTO MHTEJIEKTA B KOHTEKCTE
6€e301acHOCTH, TO B KaYeCTBE OJHOTO M3 MEPBBIX COOOPaKeHUN 0Opalar BHUMA-
HUE Ha TO, YTO 9TH JIBE OTPAC/M PA3JIUYAIOTCSA COBEPIIEHHO PA3HOI TEPIUMOCTHIO
K puckam. CTPUMHUHIOBasK KOMIIAHUS MOKET HAXBAJIUBATh COOCTBEHHYIO CHCTEMY
MCKYCCTBEHHOTO MHTEJIEKTa, KOTOPasi PEKOMEH/LyeT (DHIbMbI KIIMEHTaM, HO 4TO Oy-
JIET, €CJIV OHA JIACT TIJIOXYI0 PEKOMEHIAII0? B Xy iieM cirydae Bbl IIOJyYrTE CJIerka
Pa3o4yapoOBaAHHOIO 3pUTEJIsl, KOTOPbII IIOTPATUII [Ba Yaca, YTOOBI HOCMOTPETD (DUJIbM,
KOTOPbIii €My He TIOHPaBUJIC.

A xax Hacuet 060poHHOrO npeanpusaTusa? Eciau ucrpebuTesb ocHAIEH UCKYC-
CTBEHHBIM UHTEJIJIEKTOM, KOTOPBII aBTOMAaTHYECKH CTPEJISIET TI0 EJISIM, HACKOJIBKO
karacTpoduyHoil Oyzer omubka? Peub MIET 0 YeJTOBEYECKHX KU3HSIX, a HE O PEKO-
MeHAaIusxX GuiabmMos!

[lomycTrMBbIil ypOBEHDb pUCKa B 9TUX /IBYX OTPACJIAX CYIlleCTBEHHO pasanvaercs. 11o-
HTOMY HEYAUBUTEIBHO, YTO a9POKOCMIIECKast 000POHHAST KOPIIOPAITHst GYIET TOPa3io
KOHCEPBATHBHEE OTHOCUTDCS K BHEAPEHUIO TI0OO0H SKCITIEPUMEHTATBHO CUCTEMBL. ITO
03HayYaeT GIOPOKPATHIO ¥ pabodre TPYIIEI 0 6e30MaACHOCTH, KOTOPBIE OIEHUBAIOT
KaK/IbII IPOEKT U OJIOKMPYIOT €0, €CJIM CUUTAIOT PUCKY HETPUEMJIEMBIME, — 1 9TO
BITOJTHE OTIPaBAAHHbIH 1101x0/1. OJIHAKO MHTEPECHO, UTO MO Mepe TOTO KaK NCKYCCTBEH-
HBII MHTEJJIEKT 3aBOEBBIBAJ yCIIeX B cTapTanax KpeMHMeBoit 10J1HBI (B OCHOBHOM
B MAJIOPMCKOBAHHBIX MPUJIOKEHUSX, TAKAX KaK PeKOMeHIauu (HUIbMOB), TasKe
PYKOBOAUTENN 0O0POHHOMN TIPOMBITIZIEHHOCTH HAYAJTH GOSTHCS MPOIYCTUTD BCE CAMOE
unrepecHoe. BepoaTHo, 9T0 ¢BA3aHO € TeM, UTO He BCe B [I0JIHOI Mepe IIPeACTaBIIAIoT
cebe, 4eM pasInyaeTcs JOIyCTUMBIN YPOBEHD PUCKA B 9THX JIBYX 00JIACTSIX.

KoneuHo, prcKu CUITBHO Pa3HATCS — OT Pa3apakeHHBIX I0Ib30BaTe el B OJIHOM chepe
1o trbenu Jozieit B Apyroi. BaHKK MOTYT € TIOMOIIBIO HCKYCCTBEHHOTO MHTEJLIEKTa
peIaTh, KOMY OJI0OPUTH KPEUT, HO TIPM 9TOM BO3HUKAET PHCK, YTO CUCTeMa Oy/IeT
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MUCKPUMUHUPOBATH OTIPeiesieHHbIe cion Hacemenus. CyneOHble OpTaHbl IKCIEPH-
MEHTHUPOBAJIN C UCKYCCTBEHHBIM WHTEIIEKTOM B 00JACTH YCIOBHO-TOCPOYHOTO OC-
BOOOJKIEHNS 1 HAJI30Pa, HO CTOIKHYJIMCH C TEMH JKe TIPOOIeMaMU TNCKPUMUHAT[HH.
CornasbHble CeTH TMHITAIOTCS OIaTOaPsT MCKYCCTBEHHOMY WHTEJTEKTY OTINYATh
npueMJemMble TOCTBI OT HempueMyeMbix (https://oreil.ly/VoK95), Ho ipu aTOM OHU
Pa304apoOBBIBAIOT TMOJIB30BATENEH, KOTAA OIOKUPYIOT O6€300MIHDBIN KOHTEHT (JTOXK-
HOIIOJIOKUTEJIbHbIE Pe3yJIbTaThl), a TaKKe HACTOPaKUBAIOT PEryJsIsaATOPOB, Korja He
GIOKUPYIOT OMACHBII KOHTEHT (JI0KHOOTPHUTIATETHHBIE PE3YIBTATHI ).

ITO TOBOPUT O TOM, UTO BaM CTOUT [TIOHUMATh [IPEAMETHYIO 00J1aCTh, B KOTOPOU BbI
paboraere. Ec/ii BbI XOTUTE MHTEHCUBHO 3aHUMAThCsS MALIMHHBIM 00yYeHHeM, TO,
CKOpee BCEro, BaM MMEET CMbBICJI TPYAUThCS B HUBKOPUCKOBBIX OTPACIISX, I/I€ JIOKHO-
HOJIOKHUTEJIbHbIE U JIOKHOOTPHUIIATE/IbHBIE PE3YITaThl He IPEACTABIISIOT OIACHOCTH
Y HUKOrO He oropuaior. Ho ecii 9T0 Bac He NpUBJIEKaeT U Bbl XOTUTE PabOTaTh Ha/l
6oJiee aMOMIIMO3HBIMU [IPOEKTAMU, TAKMMHU KakK OecrinioTHbie aproMobuiu (https://
oreil.ly/sOYs6), aBuanus U MeUIMHA, TO Oy/IbTe TOTOBBI K TOMY, YTO MOJEJIM MaIlIH-
HOTO 00yYeHUsT, KOTOPBIE BbI CO3/IaeTe, OYIYT YacTO 3a0PaKOBBIBATHCSL.

He yausnsiitech, eciiv B 3TUX BHICOKOPHCKOBBIX OTPACJISAX TIOTPEOYETCS Crelnau-
3UpOBaHHOE 06pasoBaHue U Apyrre ohuInaIbHbe 3acayru. Jlaxke ecid y Bac ecTh
y4€eHas CTETEHb B HYKHO 06JIaCTH, JIOKHOIOTOKUTENBHBIE U JIO)KHOOTPUIIATETbHbIE
PE3yJIBTaThI HE POy T caMu coO0i. Eciii BbI He TOTOBBI IOCTUTATH BBICOT B PAMKAaX
TaKol y3KOU CIEIMaIn3aIiii, TO BaM, CKOpee BCero, Oy/IeT Jiydiie OCBOUTD APyTrue
WHCTPYMEHTBI, TOMUMO MAITMHHOTO 00yYeH I, — HAIPUMED, Pa3pabOTKy IIPOTrpaMM-
HOTO 0beciedeH s, OITUMU3AINIO, CTATUCTUKY U CUCTEMbI OM3HEC-JIOTUKH.

JdpdekTnBHOE 00yyeHUe

B 2008 rony crennan-komuk bpaitan Puran (Brian Regan) pacckasbiBaji, HaCKOJIb-
KO OH HeJII00OIIbITEH, CpaBHBas cebs ¢ TeMU, KTO ynTaeT raseTbl. OH OTMETHIL, 4TO
UCTOPUS Ha IIEPBOM II0JI0CE Ta3eThl BCera 0OpbIBaeTCcs Ha CAMOM MHTEPECHOM MECTE,
1 3a51BIJI, YTO Y HErO He BO3HUKAET JKeJIaHUS [IePEX0OIUTh Ha PYIYIO0 CTPAHUILY, YTOObI
y3HaTb, yeM Bce 3akoHuuTcs. «Ilocie geBsatuierHero cyne6Horo pasbupareibcTBa
HPUCSKHBIE HAKOHEL] BBIHECIU BEPAUKT: OOBUHSEMBIIL... CMOTPUTE IPOAOJIKEHIE
Ha cTpanuiie 22 B TpeThell KoaoHKe. UTo kK, He 04eHb-TO U XOTEJN0Ch», — IpeHedpe-
SKUTEJNbHO 3aMETIJI KOMUK. 3aTeM OH JJIS IYIIero KOHTpacTa u300pasuil TOro, KTO
MEPETUCTHIBAET CTPAHUIIBI, BOCKHIAs: <51 xouy 3HaTh! A X0uy Mosy4yaTh 3HaHMs !>

HO-BI/IJII/IMOMy, Puran umen B BUAYy CaMOMPOHUIO, HO, BO3MOKHO, B YEM-TO OH ObLI
IIpaB. I/Isyanb IMpeaAMET pa/ii HETO CaMOTI0 — 3TO HE CaMasd IJIOAOTBOPHasA MOTHBaA~
1A, a OCTaBaTbCA PAaBHOAYIITHBIM — HE€ BCeEr/ia IJIOXO. Ecau BBI OTKpOETe y‘le6HI/IK
10 MaTEMaTUY€CKOMY aHa/In3y, HE UMES 1eJIN €T0 U3y4aThb, TO, CKOpee BCETro, B UTOTE
OKa’KETECh pa304apOBaHbI. HPEZ[HOJIaI‘aIO, YTO Bbl OPUEHTUPYETECH Ha KaKoI-TO IIPOEKT
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NI APYyTryIo 1eJb, a €CJaU Bbl CHUTAECTE, YTO TEMAa HEMHTEPECHA B KOHTEKCTE 9TOTO
IIPOEKTa, TO 3a4€EM €€ I/ISy‘IaTb? JIvuno g TIO9yBCTBOBAJI OTPOMHOE 06JI€I"{€HI/IG, Koraa
TepecTag MHTEPECOBAThCA TEMaMU, KOTOPBIE Ka3aJIMCh MHE HE 3aCayKUBAIOIINMU
BHUMaHU. YTO ere 6omee YAUBUTEJIBHO, g CTAJ pa6OTaTb TOpa3no MPOAYKTUBHEE.

ITO He 3HAYUT, UTO BAM He CTOUT MPOSIBJISITD JI060IBITCTBO. OJTHAKO B MUPE OUEHD
MHOTO UH(hOPMAIIH, 1 BB, 0€3YCJIOBHO, BRIUTPAETE, ECJM HAYIUTECH PACCTABIISITD
[PUOPUTETHI B TOM, YEM 3aHUMATD CBOIO rosioBy. CripamniBaiite cebst, Kakast 0JIb3a
OT TeX WJIM WHBIX CBEJEHUN, U, eCIU He yaaeTcss cHOPMYJIUPOBATD OJHO3HAUHDIIA
OTBeT, 103BoJIBTe cebe oboiTrch Oe3 Hux! Eciu Bce BOKPYT raiasat o6 o6paboTke
€CTECTBEHHOTO SI3bIKA, — U3 9TOTO HE CJIEAYET, YTO BAM CTOUT HPHUCOEIUHSATHCS
K 0o6memy rBasiTy! BOJIBIIMHCTBY KOMIAHUN He HY;KHA 06PabOTKA eCTECTBEHHOTO
SI3bIKA, ¥ He OY/IeT HIYEro MI0X0T0, ECIIH BBl COUTETE, UTO 3Ta TEMA He CTOUT BAIITIX
YCUJINI U BDEMEHMU.

HGBEDKHO, HUAET JIM pe€4Yb O BalllMX ITPOEKTaxX Ha pa60Te niun o CaMOO6paSOB8.HI/II/I, —
XOpOo1Io, Koraa y BacC €CTb 0CsA3a€Mbl€ OPUEHTHUPDbI, K KOTOPbIM MOKHO CTPEMUTDHCA.
Tosbko 6bt camu peniaeTe, 4YTo BaM CTOUT U3ydaTb, M HUYTO HE MEIIAET OTCTPAHUTBCS
OT MO/JIHOTO ITOBaJIbHOI'O yBJI€eY€HUA, COCPEJOTOUYNUBIINCD HAa TOM, YTO BaM CaMUM
Ka’XeTCsI UHTEPECHBIM U aKTyaJ/IbHbIM.

"paKTI/IK WU KOHCYJIbTAHT

Bo3Mmo:kHO, 9T0 f0cysKee 06001IeHIe, HO B Pa3HbIX IIPEIMETHBIX 00J1aCTsIX 1 HaOJII0-
JIA10 DKCIIEPTOB JABYX THUIIOB: IIPAKTUKK U KOHCYJIBTaHThL. YTOOBI HAliTH CBOE MeCTo,
peliuTe, KM M3 HUX Bbl XOTHUTE CTaTh, M COOTBETCTBYIOIIUM 00PA30M pa3BUBANTE
npodeccuoHa bHbie HABBIKH.

B mupe data science u ananuTHueckoil paboTHI TPAKTUKYIONIHE CHEIMATUCTHI TUTITYT
KOJI, Pa3pabaThIBAIOT MOJIEIH, UCCJAEAYIOT JAHHBIE W MBITAIOTCS HEIOCPEACTBEHHO
CO3/IaTh PeasibHyI0 IIEHHOCTh. B CBOIO 04Yepe/ib, KOHCYIBTAaHTBI O0BACHSIIOT PYKOBO-
JIUTEJISIM, COCTOSTETbHBI JIM UX 1EJTH, TOMOTAIOT Pa3pabaThiBaTh CTPATETUIO U 3a/1AI0T
HanpasJyieHue. VIHOT/ia MPakTUKY CTAHOBATCA KOHCYJIBTAaHTAMU, HO HEPEIKN 1 TAKHUe
KOHCYJIBTAHThI, KOTOPbIE HUKOT/IA He OBUIN MPAKTUKaMU. Y KasK0H POJIM €CTh CBOU
TJTIOCHI I MUHYCBI.

HpaKTI/IKy MOJKET HPaBUTbHCA ITPOIrPpaMMHPOBATh, aHAJIN3NPOBATH JaHHbIE 1 BBIITIOJI-
HATD IPYTYIO pa60Ty C OCA3a€MbIMU DE3YJIbTaTaMU. HpeI/IMyHleCTBO IIPAKTUKYIONIETO
CII€EIUAJINCTAa B TOM, YTO OH pa3BHUBAET HPO(I)ECCI/IOHEUIBHBIG HaBbIKH. OZIHB.KO, ecn
CJIMIITKOM FJIY6OKO TIOTPY3UTHCA B KO/, BbIYMCJICHUA U JITaHHBIE, JIETKO ITOTEPATDH U3
BUAY O6HIyIO KapTUHY U yTPAaTUTDH CBA3b C OCTAJIBHOM YaCTbI0 KOMITAaHUU 1 oTpac-
JIbIO B II€JIOM. S gacrto CJIBIITLY OT pYKOBOZII/ITeJIef/,I sKaJ100bI Ha TO, 4YTO UX CIIEIINAJINCT
no data science IpeaInoYnTaeT pa6OTaTb Ha/l 3ala4aMU, KOTOPbI€ €MY KasKyTCs
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MHTEPECHBIMU, HO HEe IPUHOCST BBITOAbI sl KOMIAHUU. SI TaKsKe CIIbIIIaI 5Kaao0bl
OT TPAKTUKYOIIUX CIIEIHATUCTOB, KOTOPBIE XOTEIU GbI IPOABUTATHCS TI0 KAPhEPHOU
JIECTHUIIE, HO YYBCTBYIOT, UTO KOPIIOPATUBHOE OKPY’KEHUE UX CTECHSET U HE JIACT
MPOCTOPA JIJIsT PAa3BUTHSL.

Cuwuraercst, 4T0 paboTaTh KOHCYJIBTAHTOM B HEKOTOPOM CMBICJIE JIETUe, YeM MPaK-
TUKOM. KOHCYJIBTaHTBI JAIOT COBETHI U CHAOKAIOT PYKOBOAUTEEN HH(bOPMAIHel,
a TakyKe IOMOTAIOT 3a/[aTh CTPATErMUECKOe HallpaBieHre pa3BuTus Gusteca. Kak
IIPaBUJIO, OHU He MUIIYT KOJ M He UCCeNYIOT JaHHble, HO TIOMOTAIOT PYKOBOJICTBY
HAXO/IUTDb TeX, KTO 3TUM 3aHUMaeTcs. KapbepHble PUCKH 37IeCh COBCEM JIpyTHe, Mo-
TOMY 4TO KOHCYJIBTAHTAM He IPUXO/IIUTCS BOJHOBATHCS O TOM, YTOOBI YKJIA/IbIBATHCSI
B JIeJIJIAliH CIIPUHTA, OTJIAKUBATD KOJ| TN UCIIPABJISITH OMIMOOYHBIE MOJIEJIH, KAK 3TO
JleJ1al0T TpakTUKU. Ho /17151 KOHCYJIbTaHTOB Ba’KHO OCTaBAThCSI KOMIIETEHTHBIMH,
aBTOPUTETHBIMU 1 COBPEMEHHBIMU.

Y0661 2((HEKTUBHO BBITOIHATH POJIb KOHCYJIBTAHTA, BAM HYJKHO OBITh Oeticmeumens-
HO CBEIYILIMM U 3HATD TO, YT He 3HAIOT JIpyrue. Bol 10JKHBI BJaIeTh KPUTUUYECKH
BaJKHOMW M aKTyabHON HH(bOPMAIKEii, KOTOPast TOUHO COOTBETCTBYET OTPEGHOCTIIM
Barero KianenTa. YTobbl BAIU COBETHI HE OKA3aJIMCh YCTAPEBIITMMHE, BAM MOHA0OUTCSE
KaK/IbIH JIEHb YMTATh, €Ile Pa3 YNTATh 1 CHOBA YUTATh, & TAKXKE UCKATh U 06001I1aTh
uHMOPMAIHIO, KOTOPYIO Apyrue yiyckaoT 13 Buay. Hemocrarouto nmpocro paséu-
paThcsl B MAIIMHHOM OOYYEHUH, CTATUCTHKE U IIyGoKoM obydenun. Bam npuercst
OPUEHTUPOBATLCS B OTPACIU CBOETO KJIMEHTA, a TAKKE B IPYTUX OTPACIISAX U OTCJIe-
JKHMBATb, KTO JIOOUBAETCS YCIIEXa, a KTO HeT. Bbl TakiKe I0JKHbBI HAYYUThCS HAXOUTh
IPaBUJIbHBIE pellleH s /15 IPAaBUJIbHO IIOCTaBICHHbIX 33/1a4 B YCJIOBHUSX, KOTJIa MHOTHE
nesTesn GU3HECA UILYT «CePeOPAHYIO TyTi0». V1 4TOOBI OCYIIECTBAATH BCE 9TO, BAM
HY’KHO GBITH XOPOIITUM COGECEITHUKOM 1 YMETb AeTUThCA HHPOPMAIEi TakK, 4TOOb!
IIOMOYb CBOEMY KJIMEHTY, & He IIPOCTO IPOIEeMOHCTPUPOBATD, HACKOJIBKO BbI CBE/LYIIN.

CaMmblii GOJIBIION PUCK JIJIT KOHCYJIBTAHTa — MIPEJOCTABUTh MHMOPMAIIHIO, KOTOPast
B UTOTE OKAKETCST HeBePHOH. HeKoTopbhle KOHCYIBTaHThI HAJIOBYHMIIACH TTEPEKIIABIBATD
BUHY Ha BHelHue (pakTopsl, Harrpumep: « HUKTO B oTpacsiv He 03KNIaJ TAKOTO PA3BUTHS
COOBITUI» MJIH «ITO COOBITHE 32 TIPEIEIaMH IIIECTH CUTM» (TO €CTh Y HEJKEJIaTeIbHOTO
COOBITHSI OBLI OJMH U3 TIOJYMHUJLTHAP/A [IAHCOB TIPOM30ITH, HO OHO BCE PABHO TIPO-
usonwio). Eme ognH pruck — He 06J1a1aTh HeOGXOANMBIMU HaBBIKAME PAKTUKYIOIIETO
CIIEIIHAJIICTA U JIEHCTBOBATH B OTPBIBE OT TEXHITYECKO# CTOPOHBI GusHeca. BoT mouemy
CTOUT PETYJISIPHO CAMOCTOSITETBHO MTPAKTHUKOBATHCS B IPOTPAMMIPOBAHUT Y MOJIETTH-
POBaHUU WJIH, TT0 KPaiiHell Mepe, He ePecTaBaTh YNTATh TEXHUUECKYIO IUTEPATYPY.

B pesysbrare Xopoiuii KOHCYJIBTAHT CTAPAETCS CTATh CBS3YIONINM 3BEHOM MEXKITY
KJIMEHTOM U €T0 KOHEUHOM IIE/TBI0, YACTO 3aTI0JIHSISI CYIECTBY MU MTPpoOesT B 3HAHUSX.
Peub ujiet He 0 TOM, YTOOBI OTPAbATHIBATH KAK MOKHO GOJIBIIE YACOB HJIU CO3/1aBaTh
BUUMOCTD KUITyU€eil JIEITEILHOCTH, & O TOM, YTOOBI HA CAMOM JieJie Pa3bupaThCst, 4TO
GECIIOKOUT BAIIIETr0 KJIMEHTA, U IOMOTATh MY Pa3peliath mpoOIeMBl.
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YCNEX HE BCEFAA USMEPAETCA NMPUBbIIbIO

BoisicnuTe, 4TO Ball KIMEHT MOANMaET 1o/ ycrnexoMm. Kommannu BreapsioT
HCKYCCTBEHHBIN MHTEJJIEKT, MallliHHOE 00yueHue u data science, 4ToObI
CTaTh ycnemnbiMu, BepHo? Ho uTo Takoe ycmex?

Onpenesistercst i o0 peHTabebHOCTRIO Tipepusitusi? He Beerma. B Harmeit
KpaifHe CIEeKYJSITUBHOU 9KOHOMUKE yCIeX MOXKEeT O3HayaTh OYepeHOU
payH/l BEeHUyPHOTO (hMHAHCUPOBAHUS, POCT KJIMEHTCKOU Oa3bl WU BBIPY Y-
KH, 2 MOXKET, BBICOKYIO PBIHOUHYIO CTOMMOCTH KOMIIAHWH, JasKe €CJIM OHA
(hakTHUYecKM TepsgeT MUJIMOHBI MJIM MUJIMAP/BI 0oJuiapoB. Hu onuH u3
STUX TIOKa3aTesell HUKAK He CBSI3aH C PEHTaOeIbHOCTDIO.

[Touemy Tak mpoucxoauT? BeHuypHBIi KaUTaM TEPITUMO OTHOCUTCS K JI0JI-
FOCPOYHBIM CTPATETMAM W OTOABMIAeT PEHTAOEIbHOCTh HA BTOPOI IUIaH,
HaJesCh, YTO ee yAACTCs JOCTUTHYTh Ha 6oJiee MO3IHUX CTaAUsAX IPOEKTA.
OnHaKo He MCKII0YEHO, YTO MMEHHO 5TO IIPUBOIKT K 00PasoBaHMIO (PUHAH-
COBBIX ITy3bIPEii, II0L0OHBIX TOMY, KOTOPBII Mbl HAOIIOAAIU BO BpeMs OyMa
noTKOMOB B 2000 rozmy.

B kof11e KOHIOB, YUTO6BI KOMIAHUS GBI YCIETHOM B T0JATOCPOUHOMN TTep-
CTIEKTHBE, eff HeOGXOAUMO cTaTh peHTabeTbHOMN, HO HE BCE CTABIT TIEPEN
coboM TakyIo 11e1b. MHOTIE OCHOBATEN W MHBECTOPDI TPOCTO XOTSIT 3apa-
60TaTh Ha POCTE U BHIBECTH JIEHBIH JI0 TOTO, KaK JIOITHET Iy3bIPb, — 3a4aCTyI0
mpy myOGIndHON npogaske KoMmmanuu yepes [PO.

Yto 3TO MOKET 03HAYaTh /i Bac? He3aBUCHMMO OT TOTO, TPAKTUK BbI UJIN
KOHCYJIBTaHT, paboTaeTe JIM BbI B CTapTalle WTH B KOMITAaHUH U3 criucka Fortune
500, BBISICHITE, UTO JBUZKET BAIIUM KJIUEHTOM 1 paboropaTesieMm. CTpemst-
Cs1J11 OHU K 60JTee BBICOKOIT KAl TaTU3AIINH, OTIEPAIIMOHHON TIPUOBLIH, BHY-
TPEHHEH CTOMMOCTY WJIN BOCTPUHUMAEMOH 1ieHHOCTH? OT 3TOT0 HAIIPSIMYIO
3aBHCUT, Ha/l YEM BbI 6y/:[eTe pa6OTaTI) M YTO XOTAT yCJbINIATh Balllv KJIMEHTDI,
1 Ha OCHOBE 9TOTO BbI CMOJKETE CY/IUTh, CHOCO6HbI JIX BbI M IIOMOYb.

Ecnu BbI X0TUTE Y3HATH GOJIBIIE O BEHUYPHOM KalUTaJE, CIIEKyJIATUBHON
OlIEHKE KOMIIAHUY U KYJIBTYPE CTAPTAIIOB, TO BaM IIPEKPACHO TTO0M/IET KHUTa
«The Cult of We» (https://www.cultofwe.com) asTopos «Wall Street Journal»
dnmora Bpayna (Eliot Brown) u Mopun @appest (Maureen Farrell).

Kor/:[a TIPOEKTDI IIJIAaHUPYIOTCA B 3aBUCUMOCTHU OT MTHCTPYMEHTOB, a4 HE OT PEIITa€MbIX
3a/lay, BeJIMKa BEPOATHOCTD TOTO, YTO OHU HE IIPEYCIIECIOT. 910 3HA4YUT, YTO Bbl KaK
KOHCYJIBTAHT JOJIZKHBI OTTaYMBAaTh CBOE€ YMEHUE CJAYyHIaThb 1 BbIABJIATDH BOIIPOCHI,
KOTOPbIE KJIIMEHTBI 3aTPYAHAIOTCA 3a/1aTh, HE TOBOPA yiKe€ O TOM, 4TOOBI TIOTYYUTDb Ha
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HUX OTBETHI. ECJIM KPyITHAst CeTh PeCTOPaHOB OBICTPOTO MUTAHKS HAHSLIA BAC, YTOObI
BBI TOMOTJTH Pa3paboTaTh «CTPATETHIO UCKYCCTBEHHOTO MHTEJIEKTAY, M BbI BUINTE,
YTO UX OT/IE KA[POB CIIEITHO WIIET TATAHTIUBBIX CIEIHATUCTOB 0 TIy60KOMY 06-
YYEHHIO, BAM CTOUT CIIPOCUTD: «Kakue mpo6JieMbl BbI TIBITAETECH PENTUTH C TOMOTITHIO
riry6okoro obydyenus?» Eciii BaM He yIaeTcst MOJYYUTh YETKUIA OTBET, TPEJIOKUTE
PYKOBOJICTBY KOMITAHUHM C/IEIATh IIAT HA33/] U OIIEHUTD, C KAKUMU PEATbHBIMU TIPO-
GJIeMaMy OHU CTAJIKUBAIOTCS B ¢Boeit oTpacin. OHU He MOTYT HAJTaAuTh 9D HEKTHBHBIIH
rpaduk paboTsl mepconana? Torma UM Hy:KHO He TyGokoe obydeHwe, a TuHeHHoe
nporpamMmmupoBanne! Bo3aMOKHO, HEKOTOPBIM YUTATEJISIM ATOT IPUMED MTOKAKETCS
2JIeMEHTAPHBIM, HO MHOTHUE HBIHEITHIE PYKOBOAUTENU C TPYOM OTJIUYAIOT OJHO OT
Ipyroro. S He pa3 BCTpeyas MOCTABIIMKOB U KOHCYJIBTaHTOB, KOTOPbIE HA3bIBAJIA CBOU
peltieHust B 00/1aCTH IMHEHHOTO IPOrPAMMHUPOBAHUS UCKYCCTBEHHBIM HHTEJLIEKTOM,
4 3aTe€M CMETTUBAIIH MX TI0 CMBICITY € TJIYOOKUM 00y IeHTEM.

Ha uto cTout 06paTnTb BHUMaHMeE, yCTpauBaAch
Ha pa6oty B o6nactu data science

YTo6BI TIOHSTH, KaK YCTPOEH PHIHOK BakaHcuil B obmacTu data science, MOXKHO TIpOBe-
CTHU NapaJljIeJiv C OJIHUM KJIaCCMYeCKUM IIPOoU3BeieHueM aMePUKAHCKOTO TeJIeBUICHUS.

B 2010 roxy B CIIIA Bbimien cepuan «/lasaii eme, Toa» («Better Off Ted»). Ero anusoz
«Bapmarsior» («Jabberwocky» ) (cesoH 1, armzo/1 12) oTpasi XapaKTepHOE sIBJIEHHE U3
MUPa KOPIIOPATUBHBIX «<MOJIHBIX cJIoBeueK». B cepuasie Tep, riaBHbIii repoii, mpuyman
JUIsE CBOEl Kopriopanuu (pMKTHBHBINA IIPOEKT « BapMariors, 4ToObl CKPHITH IPOCYETHI
PEKJIAMHOI KaMITaHUU. JTO TIPUBEJIO K KoMudeckoMy addekTy: pykoBoauTtesib Ta/a,
TeHePaTbHBIN JMPEKTOP, & B KOHIIE KOHIIOB W BCS KOPIIOPAIINS OKA3aJIUCh BOBJIEYEHBI
B «paboty» Hay «BapMaroToMs, aske He 3Has, UTO 9TO Takoe. Bike K GUHALY ThICSYM
COTPY/THUKOB JIEAIOT BUJT, 6Y/ITO 3aHIMAIOTCST 9THM MTPOEKTOM, ¥ HUKOMY HE ITPUXOIUT
B TOJIOBY YTOYHUTD, HAJ[ YeM K€ OHU PabOTAIOT Ha CAMOM JieJie, — Be/lb HUKTO HE XOUeT
MIPU3HABATb, YTO OH HE B Kypce JIeJl 1 He OCBEIOMJIEH O YeM-TO BaXKHOM.

Ipgexmom bapmazioma 4acTo HA3BIBAIOT CUTYAITUIO, KOT/IA OTPACJIb MU KOMITAHW
MIPOJIBUTAET «MO/IHbIE CJIOBEUKUY> WJIU TIPOEKTHI, JIAJKe €CJIM HUKTO HE MOYKET TOJKOM
OOBSICHUTH, B 4YeM UX CMbICJ. KOMIAHUM MOTYT pas 3a Pa3oM CTPAaTh OT TAKOTO
addexTa, 103BOJIAS TEPMUHAM PACIIPOCTPAHATHCS 6€3 YETKUX OIpPeAeIeHUl, a Co-
TPYHUKAM — MacCOBO YBJIEKAThCS STUMH TeEPMUHAMU. B kauecTBe TpUMepoOB MOKHO
npuBecTy OGJOKYEHH, MCKYCCTBEHHBIN MHTEJIEKT, data science, Goblne JaHHbIE,
OUTKOITH, UHTEPHET Bellleii, KBaHToBble KoMIibioTepbl, NFT, «yIpasiisieMbie JaHHBIMI»,
00J1auHble BEIYMCAEHIS U <1 POBYIO TpaHchopMalmios. [laske peajibHble, MacIITaOHbIE
1 BIIOJTHE OCSI3a€MBbIe TIPOEKTBI MOTYT IMPEBPATUTHCS B 3araJIOUHBIE <MOJHBIE CTIOBEUKI»,
KOTOpBIE TIOHUMAIOT HEMHOTHE, HO O KOTOPBIX CyZladaT BCe KOMY He JIeHb.
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Yr006bI He TOTYCTUTH «addekTa BapMarioray, BaM CTOUT KaTATM3UPOBATH TIPOYK-
TUBHBIN Auanor. InTepecyliTech MeToZlaMU U CPEICTBAMU TOTO WJIX MHOTO MPOEKTA
WJI UHUITMATUBBI, & HE TOJTbKO Pe3yJIbTaTaMU 1 KOJTMYeCTBEHHBIMU MTOKA3ATEIISIMH.
Korga peub et o 10JKHOCTH — He HaHUMAET JIM Bac KOMIIaHUs, yToObl paboTaTh
Haj «bapmarmoroms? Vu Bam Bce-TaKu MPEACTOUT 3aHUMATHCS TPAKTUIECKUMU
1 KOHKPETHBIMU MpoekTamMu? He ctasia it KOMIIaHUsT 5KEPTBOUN «MOJTHBIX CJIOBEUYEK Y,
He [IPUBJIEKAET JIM OHA BAC IPOCTO IIOTOMY, YTO OOUTCS YIIyCTUTh KaKie-TO HOBbIE
BesHMsI, B KOTOPBIX He JI0 KoHIIa pasbupaercs? M y paboTogareeil 1eiicTBUTENBHO
€CTb OIIPe/IeIEHHbIE U 00bEeKTUBHbIE IIOTPEOHOCTH, PaJii KOTOPBIX OHKM BAC HAHUMAIOT?
OT TOT0, HACKOJIBKO XOPOTIIO BbI 3TO BBISICHUTE, MOJKET 3aBUCETH BAIlla JajibHeIast
Kapbepa — GyJIeT JIM OHa IJIaBHO WATH B TOPY WJIM 3aCTPSHET B HEJIOBKO MO3MIIHH.

C y4eToM 91X cOOOpaKeHNH aBaiiTe PACCMOTPIM HECKOJIBKO MOMEHTOB, Ha KOTO-
pble CTOUT 0OpaTUTh BHUMAaHUE, €CJIM Bbl ycTparBaeTech Ha pabory B obiactu data
science. HauteM ¢ TOro, Kak 04€pUYUBAETCs KPYT BaIIUX 00SI3aHHOCTEI.

JlomKHOCTHbIE 00A3aHHOCTH

Jlomyctum, Bac TIpUTJIAIIaoT Ha paboTy B KauecTBe crienuasicTa 1o data science. Co-
GeceroBaHe IPOIILIO OTJINYHO. BbI 3317111 BOIIPOCHI O I0JIKHOCTHBIX 00SI3aHHOCTSIX
U TIOJTyYUJIA UCYEPIBIBAIOIINE OTBETHL. BaM mpeiokuin paboTy, U Ternepb caMmoe
Ba)KHOE — YETKO IPEJCTABJISATH cebe, KAKMMU [TPOEKTAMU TIPECTOUT 3aHIUMATHCSI.

Kemarembio, 4T0OBI KPYT BAlTHX 06sI3aHHOCTEH GBI Y€TKO OTPEIENEH 1 YTOOBI Ballia
JedaTeIbHOCTb OPUEHTUPOBAJIACh Ha OcsA3aeMble Liesid. XOPOLLOo, Kor/ia He IIPUXOAUTCS
raj[ath, HAJ[ YeM BaM Hy)KHO pabotars. Eute myuiie, eciu y Bac GyaeT pyKOBOACTBO
C IeJIOCTHBIM BHIEHHEM, KOTOPOE MMOHMMAET, YTO HYKHO GusHecy. Bol cmosxkere s10-
GUBATHCS YETKO TMOCTABIEHHBIX TeJiell U Oy/ieTe 3HATH CBOETO KJIMEHTA.

U Ha060pOT, €CIIN BaC B35JIM Ha ATY JOJKHOCTD, TOTOMY UTO MOJPas/ieJIeHUue X0ueT ObITh
«OPUEHTUPOBAHHBIM Ha TAHHBIE» WJIA IMETh KOHKYPEHTHOE TPEHMYIIECTBO B 00TaCTH
«data science», — 3T0 TPeBOKHBII curHasI. He HCKIIFOYEHO, UTO OT BAC OYAYT OKUIAT,
4TOOBI BBI CAMU UCKAJIH TIPOOJIEMBIL, KOTOPBIMU OY/IETE 3AHUMATHCST, U JIEJTATUCH IEPBHIMH
MOMABITUMHUCS PelieHUSAMU. ECIH BBI TOITPOCKTE CTPATETHUECKOTO COBETA, BAM CKAXKYT,
YTO HYKHO TIPUMEHHUTH «MallMHHOE 06yYeHres K OGusHecy. Pasymeercs, Kor/ia y Bac HET
HUYETO, KPOME MOJIOTKA, BCE BOKPYT HAYMHAET Ka3aThCs TBO3MAMU. KoMaH IbI, KOTOpbIE
3aHUMatoTCs data science, 4yBCTBYIOT, Gy/ITO UX BBIHYK/IAIOT 00ECTIEUMBATD PEIIIEHUE
(HampuMep, MalTMHHOE 06YUeHHe) ellle 710 TOTO, KaK MOSABJISETCS 1eJIb WU TTpobJieMa,
KOTOPYIO HY’KHO PEITh. A KOT/Ia 00HAPY/KHBAETCST HACTOSTIAS TPOOIEMA, OKa3bIBAETCST
HETIPOCTO TTOJTYYUTD TOJZIEPKKY 3aMHTEPECOBAHHBIX CTOPOH U COTJIACOBATH PECYPCHI,
TaK 4TO OCTAETCS TOJIBKO MEPEKIITIOUATHCS C OIHOM BTOPOCTENIEHHOM 331a9H Ha JIPYTYIO.

HpO6JIeMa B TOM, 4YTO BaC HaHAJIN Ha IOJIDKHOCTD, ODUEHTHUPYSCb Ha MO/JTHbBIE CJIOBEY-
KH, a HE Ha (byHKIII/IOHaJIbeIe Tp€6OBaHI/I§I. Ecmm JLOJIZKHOCTHDBIE 003aHHOCTH ILII0XO
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OTIpEAEIEHDI, 3TO O6BI‘IHO TIPUBOIUT K IPYTUM HpO6]IeMaM, 0 KOTOPBIX HOﬁHET peYb
nainee. /laBatiTe mepetizieM K OpraHU3aIIMOHHON HATIPABJIEHHOCTH.

OpraHI/BaI.II/IOHHaFI HanpaBieHHOCTb U 3dUHTEPECOBAHHOCTb

Emte onun daxtop, Ha KOTOPbI CTOUT 06PATUTH BHUMAHKE, — 3TO TO, HACKOJIBKO
KOMIaHUS COIVIacOBaHa 110 KOHKPETHBIM I1eJISIM U BCE JIM YYACTHUKHU ITPOEKTOB B HUX
3aMHTEPECOBAHBI.

[Tocne 6yma data science MHOTHE KOMIIAHUH TIEPECMOTPEIIU CBOIO CTPYKTYPY, CO3/1aB
IeHTpaIbHYI0 KoMaHy o data science. ITo 3agymke pykoBoguTesei aTa KoMaH/Ia
JOJIKHA OBITh B Kypce BCeX COOBITHH, KOHCYJIBTUPOBATh U TIOMOTATh APYTHUM OTJIE-
JlaM OpPMEHTHUPOBATHCS HA JIAHHBIE Y BHEAPSTH TaKWe MHHOBAIIMOHHbBIE METO/IbI, KaK
MarmHHoe o0yueHue. Ha 3Ty KOMaH/y Tak:Ke MOTYT BO3JIOKUTH OTBETCTBEHHOCTD
3a TO, YTOOBI CBOAUTD B €ANHYIO CHCTEMY PA3PO3HEHHBIE JAHHBIE PA3HBIX MOZIPas/ie-
JeHnii. XoTst Ha Gymare aTo BBITJISIAUT MHOTOOGEIIAOIIE, B PEATbHOCTA BO MHOTHX
KOMTIAHWSIX TAKOH MOAXO] IPUBOINT K TIPOOTIEMAM.

[Mouemy 5710 mpoucxoanT? PYKOBOACTBO CO3MA€T KOMAH/Y CIEIUAIICTOR 10 data
science, HO He CTaBUT Iepe/ Heil ueTKoi 11esn. [loaTomy KoMaHia TOJIBKO 1 3aHNMAa-
€TCST TEM, UTO UIIET TPOBIEMBI, KOTOPbIE MOKET PEIIUTD, U Y HEE HET MOJTHOMOYMIA,
4TOOBI PENIATH JIEUCTBUTEHHO aKTyalbHble TPobIeMbl. Kak st yske oTMedas, UMEHHO
MOATOMY KOMaH/IbI CIIENUATICTOB 10 data science moJb3y0TCsT Iy PHOH CJIaBOM 13-32
TOT0, YTO TIPE/IJIaTatoT PelleHne (HalpruMep, MalInHHOE 00y U€eHIe) EIIe 10 TOTO, KaK
OTIPEMIETTAIUCE C T1eTbI0. OCOOEHHO MITOX0 OHU MPOSIBISIOT CeOs B KAUECTBE ABIIKYTIIEH
CHJIBI, KOTOPast GOPETCS ¢ PA3PO3HEHHOCTHIO JAHHBIX, TIOTOMY YTO 3Ta 33jla4a — CO-
BEPILEHHO He 110 UX IPOGUIIIO.

YcTpaHATb pa3po3HEHHOCTb AiaHHbIX — 3T0 paboTa anA IT-cneunanucros!

Y I10 Gosbiiioe 3abI1ysKAeHIE — TOPYYaTh crienuaiuctam 1o data science ycrpa-

\ HSITb PAa3PO3HEHHOCTb MAHHBIX («CUJIOC JAHHBIX» ) B KOMIIAHUH. 3a4acTyIO
JTAHHBIE OKA3bIBAIOTCS PA3PO3HEHHBIMU [TOTOMY, UTO B KOMITAHUY He HAJIAXKeHa
WHGPACTPYKTYpa XPaHUJINIIA JAHHBIX, U MTOAPA3/eJIeHNS XPAHIT JaHHbIe
B CaMO/IEJIbHBIX 9JIEKTPOHHBIX TaOJUIAX ¥ CEKPETHBIX (DaiiIax, a He B IEHTpa-
JIN30BAHHOW M TOAIEPKUBAEMOl Gase JaHHbIX.

Ecyim BBI cunTaere, 4TO CHIIOC IAHHBIX — 9TO NIPOBJIEMa, TO BaM MOHAI00ATCST
cepBepbl, 00sauHble CIIyKObI, CepTUDUIMPOBAHHBIE aJIMUHUCTPATOPBI Ha3
JIAHHBIX, IIPOTOKOJIbI He30IacHOCTH U paboyast rpyIiia crenuanuctos mno [T,
4T00BI COOPATD BCE 3TO BOEAUHO. DTO HE TO, YTO CTOUT IOPYUATh KOMAHJIE O
data science, 110TOMy 4TO y Hee, CKOpee BCEro, HeT HeoOXOAMMBbIX HABBIKOB,
OIO/IKETa 1 OPraHU3aIIMOHHBIX IOJIHOMOYUH, YTOOBI CIIPABUTHCSI C 9TOI 3a1a4eii
(3a UCKJII0YEHUEM Pa3Be UYTO OUeHb MAJIEHbKUX OPTaHU3aInii ).
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Kak Tombko HpO6JIeMa 06Hapy>1<eHa, OKa3bIBACTCSA HETIPOCTO MOJYYUTDH HMOAIEPIKKY
3aMHTEPECOBAHHBIX CTOPOH U PACTIPEAETUTD PECYPCHI. Ecim mosiBiisieTcst BO3MOKHOCTD
9TO OCYIIECTBUTD, H606XOZII/IMO CUJIbHOE PYKOBO/ICTBO, 4TOOBI CZleJIaTh CyeAyromiee.

3aaTh 4eTKYTO 1eJTb ¥ COCTABUTH TIJIaH JeCTBU.
IMosyauTh OIOIKET HA TO, YTOOBI COOPATh JAHHBIE W MOJIEPKUBATH HWH(pPa-

CTPYKTYDY.
Hanmanuth 0CTYI K JAaHHBIM U COTJIACOBATH BIaJIcHUE TaHHBIMU.

[IpuBreub Kk yyacTuio B IPOEKTe 3aMHTEPECOBAHHBIE CTOPOHBI U 9KCIIEPTOB
B IIpEMETHOI 06JIaCTH.

Jlo6uTtbest, 4ToObI IpeICcTaBUTe PYKOBOICTBA, Ybe YUACTHE KPUTUYHO JJIs IPOEKTA,
HAXOAWJIM BPeMsI /I BaXKHBIX COBELIAHUII 1 APYTroii HEOOXOAUMOIL AeATETbHOCT.

BblinosiHUTh 9TH TPeGOBAHUS 710CIe TOTO, KaK KOMIIAHKS HaHsIa KOMaHIYy CIIeIH-
anncToB 110 data science, ropaszio cJIoKHee, 4eM JI0 TOro, HOTOMY uTO (DYHKIIMU 9TOM
KOMaH/Ibl OY€PUYNBAIOTCS U (hMHAHCUPYIOTCS 110 hakTy. Eciu Bbiciiee pyKOBOJICTBO
He BBIIEJINJIO PECYPChI M HE 3aPYYHJIOCh TOIAEPKKON BCeX HEOOXOAMMBIX CTOPOH,
TO IIPOEKT 1o BHeApeHuto data science He OyzeT ycrenrHbiM. VIMEHHO TI09TOMY I1y-
GJIMKYETCSI CTOJIBKO CTaTell, KOTOPble OOBUHSIIOT KOMIIAHUU B TOM, YTO T€ HE TOTOBBI
k data science, — nanpumep, B «Harvard Business Review» (https://oreil.ly/IlicW) mim
«MIT Sloan Management Reviews (https://oreil.ly/U9CIF).

JIyumie paborath B KoMarmze mo data science, KOTopast OpraHM3AIHOHHO OTHOCHUTCST
K TOMY K€ TTO/IPa3/ieIEHUI0, UTO U ee 3aKa3uuK. Toraa mabopMaIist, GuHAHCH U KOM-
MYHHUKAIHST THPKYJIUPYIOT CBOOO/IHEE U CaaKeHHee. B 9TOM ciydae B KOJTEKTHUBE
MeHBIIIe HATPSPKeHHOCTH, TOTOMY UTO BCE YYACTHUKU OTHOTO TPOEKTA HAXO/SITCS B Ofi-
HOW KOMaHJIe ¥ TOPa3/Io MEHBIIIE TIOIBePKEHBI BHY TPUKOPIOPATUBHOM KOHKYPEHITUH.

ﬂOCTyﬂ K AAHHbIM — BOMNPOC Kopnopamsuoﬁ NOJNINTUKN

W Hun JUUIA KOTO HE CEKPET, YTO OPrann3aliii PEBHOCTHO OXPAaHAIOT CBOU JTaHHbBIE,
\ HO 9TO CBA3aHO HE TOJIBKO C COO6D8.)K€HI/IHMI/I 6e301TacHOCTH WJIN HeaoBEpuUAd.

JlaHHble — BaXKHBIN aKTHB B TIOJTUTHYECKUX UTPAX BHYTPU KOMITAHUU, 1 MHO-
rUe COTPYJAHUKU HEOXOTHO JIEJISITCS JAHHBIMHU Ia7Ke CO CBOUMM OJIMKa MK
Kosmeramu. /laske moapasesieHnst OHOI U TOH Ke OPTaHW3aIuu CKPhIBAIOT
CBOM JIaHHbI€ APYT OT JPYTa [0 OJHOM IIPOCTOM IIPUUYKMHE: OHU He XOTSAT, 4TOObI
JPYTHE BBIIOJIHSLIN UX PabOTy, a TeM OoJiee BBIIOJHSIM ee HelpaBuabHo. OHU
PaccysKAAT Tak: 4TOObI MHTEPIIPETUPOBATH JAHHBIE, MOTYT MOTPEOOBATHCS
Hawu podhecCOHAIbHbIE HABBIKM, KOTOPBIE TT0/IPA3yMEBAIOT 3HAHUS B Ha-
wiell IpeIMEeTHON obacTu. B KOHIE KOHIIOB, HAIIA JJAHHBIE — 9TO HAIIIE AeJI0!
U ecyin BBI TIPOCUTE JOCTYTI K HAWUM TAHHBIM, 3HAYHT, BbI XOTUTE BJIE3TH B HAULY
chepy nesiTebHOCTH.


https://oreil.ly/IlicW
https://oreil.ly/U9C9F
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Kpowme Toro, crierauctsi 1o data science HHOTA IePeOIeHUBAIOT CBOIO CIIO-
COGHOCTH UHTEPIIPETUPOBATH UysKUe HAOOPHI JAHHBIX U OMIUGOYHO CUMTAIOT,
YTO UX 3HAHUU XBATUT, YTOOBI KCII0JIb30BATh 3TU JiaHHbIe. UTOObI 1PE0I0JIETh
3TO 3aTPy/IHEHUE, HYKHO YCTAHOBUTD JIOBEPUTEILHBIE OTHOLIEHUS CO BCEMU
MPUBJIEYCHHBIMU IKCIIEPTAMU B TIPEAMETHON 00JIaCTH, TOTOBOPUTHCS O TOM,
Kak Oy/yT MepefaBaThCsl 3HAHUS, U, €CIU NOHATA0OUTCS, PEOCTABUTD UM
3HAYUTEJIBHYIO POJIb B IPOEKTE.

Heobxoaumble pecypcbl

Elte o11H PUCK, KOTOPOTO CTOUT OCTEPETATHCS, 3aKJIF0UAETCSI B TOM, YTO Y Bac He Oyzer
HY’KHBIX PECYDPCOB, YTOGBI CIIPABJISATHCS CO CBOUMHE 3a1auamu. HenmpusTHO, Korja Bac
HAHUMAIOT Ha PaboTy, HO He CHAOKAIOT BCeM HEOOXOMMMBIM, YTOObI €€ BBIIIOJIHSITD.
Koneuno, HaxoqunBocThb 1 npodeccroHanbHas CMeKaIka — OeClieHHbIe KauecTBa.
Ho pase camblii cMeKaIUCThIN pa3pabOTYMK WK CIIELUaIKCT 110 data science MoskeT
OBICTPO «YIIEPETHCsI B IOTOIOK>. VIHOTIA 1151 pabOThI HYKHBI BEIIH, KOTOPBIE CTOSIT
JieHer, a paboToarTeb He XO4eT UX BbIJIe/ATh.

Tomyctum, BaM Hy»kHa 6a3a JaHHBIX, 4TOOBI [1esaTh Tporuosbl. Coenutenue ¢ 6a3oit
JaHHBIX CTOPOHHETO ITPOM3BOAUTEIIA pa60TaeT KOe-KaK, C YaCTbIMU O6prBaMI/I n1po-
crosmu. [locentee, 9To BB XOTUTE YCJABIIIATD B TAKOUW CUTYAIINH, — 3TO «CAeaiTe
TaK, 4To0BI Bce paboTaios, MOTOMY UTO 3TO He 3a/a4a crienuasiucta mo data science.
JlomycTuM, BbI TIPUXOIUTE K BBIBOLY, YTO MOXKHO OBLITO ObI PETLIUIUPOBATH Oasy
OaHHBIX JIOKAJIbHO, HO [JIA 3TOI'O HYKHO COXPaHATDH 40 f6 JTaHHbIX B /ICHDb, 4 3HAYUT,
Tpebyercs cepep Win 001auHbli pecype. Tak Bbl ¥ «yIIUPAETECh B IIOTOJIOK»: CIELIU-
azmct o data science npespaiaercs B otzen I'T, Ho 6e3 cooTBeTCTBYOIIEro O1oKeTal

B rakux cutyarusix npuxoAnTCs n306peTaTh PeleHuns, yT0Obl COKPATUTH PACXOibl 6e3
yiepba st ipoexta. MoskeT ObITh, XPAHUTH TOJIBKO CAMbIE CBEXKHUE JIAHHbIE U YAJISITh
ocTaibHbIe? A MOJKET, CO3/IaTh Kakoi-HuOy b crieHapuil Ha Python, kotopsrit 6ymer
06pabaThiBaTh OMUOKN M BOCCTAHABJIMBATH COCMHEHNE, KOT/Ia CBSI3b OOPBIBAETCS,
U TIPY HTOM Pa36UBATh JAHHbBIE HA TAKETHI TAK, YTOOBI 3arPy3Ka BO30OHOBJISLIACH Ha-
YWHAs C IOCJeHETO YCIIENIHO MIePeIaHHOro MakeTa’?

Eciin BaM KasKeTcst, YTO 9TO CIUIIKOM peKast MpobjieMa ¥ CIMIIKOM clierduye-
CKOe pellleHre, — UMeliTe B BULY, YTO MHE TIPUXOIUIIOCH 3TUM 3aHUMATHCS, 1 MOU
Mepbl cpabotasu! IIpuaTHO IPUAYMBIBATh 0GXOJHbBIE PEIIEHUsT U ONITUMU3UPOBAThH
npoiecc 6e3 JoNoJIHUTENbHbBIX 3aTpatr. Ho TeM He MeHee /JIsi MHOTHX IIPOEKTOB 110
paboTe ¢ JaHHBIMKU MOTYT IIOHaZOOUThCST KOHBEHEPHI JaHHBIX, CEPBEPBI, KIaCTePHI,
paboune craniyu Ha 6ase GPU u gpyrue BbIYMCIMTENbHBIE PECYPCHI, KOTOPBIX HE
MOKET 00€eCTIeunTh OGBIYHBINA HACTOJIBHBIN KOMIIbIOTED. [IPYIrUMU CIOBaMHU, BCE 9TO
CTOMT JIEHET, a Y Ballleil OpraHu3alMy MOKET He 0Ka3aThCsl HYKHOTO OlofKeTa.
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A KaK e maTemaTuyeckoe Monenuposauue?

Ecsm BbI 3a12eTECDH BOIIPOCOM, KaK TaK IOJIYy4YHJIOCh, YTO BaC HAHAJJIN 3aHUMATb-

cs1 perpeccueii, CraTUCTUKOMN, MAITMHHBIM 00y4YeHHEeM | TIPOYeii TIPUKJIa[HOI

MZlTeMaTI/IKOIK/'I7 a BbI OKa3aJIUCh «aUTUIITHUKOM T10/L IIPUKPBITUEM», — TO 3HafITe,
YTO B HbIHENTHEM KOPIIOPAaTUBHOM MHPE 9TO HE PEIKOCTD.

Brpouem, Bbl paGoTaeTe ¢ JaHHBIMU, 2 9TO HESIBHO IOAPa3yMeBaeT, YTO BaM
IPUXOAUTCS KacaTbesa 3anad us obaactu IT. [maBHoe — yOeanThCs, 4TO Balln
HABBIKY HE PACXOIATCS C JOJKHOCTHBIMU OOSI3aHHOCTSIME U TPEOYEMbIMIE pe-
gyabsratamu. Q6 9TOM MbI 6y/IeM FTOBOPUTD Ha IIPOTSKEHUN BCE 0CTaBIIENCs
YaCcTH STOI TJIaBbI.

PazymHble uenu

ITO BaKHBII MOMEHT, KOTOPBIN CTOUT ITPOKOHTPOIUPOBaTh. B armMocdepe, mosHoi
MIYMUXW W TPOMKUX OGETAHUTH], JIETKO CTOJIKHYThCS ¢ HEAeKBATHBIMI TIEJISTMIL.

BriBaioT cayyan, KOT/Ia pyKOBOIUTEIh HAHUMAET crenuaiicra mo data science
1 O5KM/IAET, YTO OH TJIAJIKO BIUILIETCS B pabouyio cpey 1 OyeT IPUHOCHTD KOMIIAHU K
TPOMAIHYIO TTOJTB3Y. Bes3ycmoBHo, Tak 1 Gy/ieT, KOT/[a B KOMITAHUH BBITIOJTHSIETCSI MHOTO
PYYHOI paboThI U eCTh OOIBIION TTIOTEHITUAI JIJIs aBTOMaTH3aruu. Hanpumep, eciu
KOMITaHUsT 0OCUUTHIBAET BCE B 3JEKTPOHHBIX TabJIMIAX, & TIPOTHO3DI [IETAI0TCS Ha
OCHOBE YHCTBHIX JIOTAJIOK, TO CIIEIMAICT 110 data science CMOKeT OTIIMYHO ITPOSIBUTD
ce6st1, ecITh YIIOPSIIOYHT TIPOTIECCHI B €INHOMN 6a3e JAHHDIX U YIYUIIUT TIPOTHO3DI TAKe
C TIOMOIIIBIO ITPOCTBIX PErPECCUOHHBIX MOJIeJIeH.

OxHako ecaM KOMITaHMS HAHUMAET crieruanrcTa 1mo data science, 4To6bl BHEAPUTD
B CBOM [IPOTPaMMHBbIe IIPOAYKThI MAIIUHHOE 00y4YeHue, KOTOpoe OyAeT paciio3HaBaTh
00BEKTBI Ha M300PaKEHNSIX, BCE CTAHOBUTCS C10KHee. ONBITHBIN CIIEIUATUCT 00b-
SICHUT PYKOBOZCTBY, YTO 9TO HAUMHAHIE 000MIETCS 110 MEHbLIE Mepe B COTHU ThICSY
nosnapos! TToHazo6uTest GIOKET HE TOJIBKO Ha TO, YTOOBI pasmo0bITh 00yJaoIIne
u300pakeH s, HO ¥ Ha TO, YTOOBI OIIAYUBATh PYYHOI TPy OIIEPATOPOB, KOTOPbIE
GynyT pasmedath 06bekThl Ha HUX (https://oreil.ly/ov7S5). U Bce 9TO TOIBKO Ha aTale
cbopa JaHHbIX!

Bogce He yuBUTEIBHO, KOT/IA cHielauct 1o data science tparut riepsoie 18 MecsiiieB
cBoeit paboThl Ha TO, YTOGBI OOBICHUTH PYKOBOJCTBY, YTO OH JI0 CUX MTOP HE 3aKPhLT
3ajlauy, IOTOMY YTO OH BCE elle MBITAETCsA cOOPaTh U MOATOTOBUTD JAHHbIE, UTO OT-
HuUMaeT 95 % YCUJINi, CBSA3aHHBIX ¢ MAITMHHBIM 00yueHreM. PYKOBOACTBO MOKET
UCIBITATD PA30YapPOBAHUE, TOTOMY YTO OHO JIOBEPUIIOCH PACXOKEMY TIPEICTABIECHUIO
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0 TOM, 6YITO MAITUHHOE 0OyYIEHNe U NCKYCTBEHHBIN HHTEJIIEKT M30aBSIT OT PYYHOI
paboTBI, — a ITOTOM OOHAPYIKHJIO, YTO IPOMEHSIIIO OIHY PYUHYIO paboTy Ha IPYTyIO —
HOJTOTOBKY Pa3MeUYeHHbIX JAHHBIX.

IToaTomy mep:kuTeCh MOANBIIIE OT CPEIBI, B KOTOPOI CTaBITCS HeafleKBaTHBIE I[eJIH,
U HaXOJAWTe AUILIOMATUYHBIE CIIOCOOBI COTIACOBBIBATH OKMIAHUS PYKOBOJCTBA
C PEaTbHOCTHIO, 0COOEHHO KOT/Ia APyTHe 06emaoT KHOMKY «CienaTh Bce 1 cpasys.
[axe B aBTOPUTETHBIX /I€JIOBBIX JKYPHaAJaX U BBICKA3bIBAHUAX JJOPOrOCTOAIINX
KOHCYJIbTAHTOB II0 YIIPABJIEHUIO YACTO BCTPEUYAIOTCS YTBEPKAEHUS O TOM, UYTO
CBEPXMHTEJJIEKTYAJbHBIN MCKYCCTBEHHBIN MHTEJJIEKT yiKe He 3a TopamMu. MeHes-
JKepBl, Y KOTOPBIX HET TEXHUYECKOH IOJrOTOBKH, MOTYT CTaTh KePTBAMU 3TOTO
PacKpyYeHHOTO HappaTuBa.

Komy 310 BbirogHo?

ITOT BOIIPOC CTOUT 33/IaTh, €CJIN BbI IBITAETECH MOHSATH, TOYEMY JIFOJIU ITOCTY-
MafoT TEM MJIM MHBIM 00pa3oM, Korza «addekt bapmarioTra» B caMoM pasrape.
Ecsim CMU npoasuraror uctopuu 06 UCKYCCTBEHHOM UHTEJIEKTE, KTO OT 9TOI0
BeIUrphIBact? He3aBUCHMO OT TOTO, KTO OKAKETCsI OCHOBHBIM OeHe(hUIIHapoM,
nmeiite B Buay, uto CMMU Toske U3BJIEKAIOT BBITO/LYy U3 KJIMKOB U I0XO/IOB OT
pekJsiaMbl. BpicokooriaunBaemMble KOHCAJITHHIOBbIE KOMITAHUN HAYMCJASIOT
60uibIe paboumx 4acoB 3a «crpareruio V>, [IpousBoauTessb MUKPOCXEM
MOJKET PEKJIAMUPOBATH TIIyO0KOe 00ydeHue, 4TOOBI [IPOIaBaTh OOJIbIIE BHe-
oKapT, a obJsiauHble IATGOPMBI 3apabaThIBAIOT HA JIUCKOBOM HPOCTPAHCTBE
U [IPOIECCOPHOM BPEMEHU JIJIsI IIPOEKTOB MAITMHHOTO 00y Y€EHUSL.

Yro obbepunsier Beex aTnx Genedunuapos? /lesio He TOJIBKO B TOM, 4TO TEMa
HCKYCCTBEHHOTO MHTeJJIeKTa [ToMoraeT UM IIPOJiaBaTh CBOU IPOAYKTHI, HO
U B TOM, YTO y HUX HET JOJTOCPOYHON 3aHHTEPECOBAHHOCTH B TOM, YTOObI X
KJIMEeHTbI o6uBanCh yeriexa. OHU IPOJIAIOT He PE3yJIbTaT IPOEKTA, & e[UHMU-
bl IPOYKIMH, TOA0OHO TOMY, KaK IIPOIABaJIU JIOIIATH BO BPEMEHA 30JI0TOi
JINXOPAJKN.

Onnako s He yTBepx a0, 6yaro CMU 1 mocTaBIIMKU BeAyT ceOst HEATUYHO.
VX coTpyHUKaM HYKHO 3apabaThiBaTh [€HbTH JIJISI CBOEH KOMIAHUU 1 00e-
crieunBath cBou ceMbu. OBelanusi, ¢ TOMOIIIBI0 KOTOPHIX OHU ITPOJIBUTAIOT CBOU
HPOJYKThI, MOI'YT ObITh BIIOJIHE 0OOCHOBAHHBIMU U BBIIOJHUMbIME. OHAKO
CJIOBO HE BOPOOEIL; CTOUT YUUTHIBATH, YTO €CJIU KOMITAHKS YTO-TO OOGEIaIa,
TO [OTOM TPYAHO JaTh OOPATHBIN X071, Aake eciiu obellaHue 0Ka3aloch He-
OCyIIeCTBUMbIM. MHOTHE KOMIIAHUN CKOpPee CMEHSIT BEKTOP CBOUX YCHUJINIA,
yeM IPU3HAIOT, YTO MX TI0CYJIbl He ONpaBAauch. Tak uTo momMHUTE 00 9TON
TEHJICHIINH 1 BCeT/a 3a/aBaiite Borpoc: « KoMy 2To BEITOTHO?>
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KOHK)’pEHU,I/Iﬂ ccywecrsyowumu cuctemamm

ITO TIPEOCTEPEKEHITE MOKHO OBLIIO GBI OTHECTH K TEME PA3YMHBIX IIEJEH, HO sT CIUTAIO,
YTO TaKasg CUTyallHs HACTOJIBKO PACIIPOCTPAHEHA, YTO €€ CTOUT PACCMOTPETH OT/IEITb-
HO. BosHuKaeT moHavyasry HesaMeTHast, Ho TaryGHast mpobJieMa, ey Ballld TPYA0BbIe
(byHKIIMM KOHKYPUPYIOT C CYIIECTBYIOLIeH CUCTEMOM, KOTOpas BIIOJIHE CIIPABJIAETCS
co cBOMMM 3afiauamu. Takue crydanm MOTYT BO3HMKATh B paboueil cpere, r7e y co-
TPYAHUKOB MaJIO peaibHON pabOTHI, HO M HYKHO BBITJISIZIETh IOCTOSTHHO 3aHSATHIMU.

JlomycTiM, HeCKOJILKO JIET Ha3ajl Balll paboToaTe b 3aKy I CHCTEMY, KOTOPast ITPo-
THO3UPYeET 00beM poaxk. Termepb PyKOBOIUTEb OPYYAET BAM YCOBEPIIEHCTBOBATH
9Ty CHCTEMY, TIOBBICHB TOYHOCTD Ha 1 %.

Bol 3aMeTniin, B 4eM 371eCh CTaTHCTHYeCKast pobeMa? Eciu BbI ynTasiu riiasy 3, To
noHumaete, uto 1 % Bpsizt i GyIeT CTATUCTUYECKU 3HAYMMBIM, M CITyYallHOCTD MOJKET
JIeTKo 06ectiednTh 3T0T 1 % 6e3 Kaknx-1160 yeuITuii ¢ Bareii croposl. Y Hao60poT, oHa
MO’KET U3BMEHUTD PacKJIaji B APYTYIO CTOPOHY, N HEBUINMasl PyKa PbIHKA, KOTOPYIO BB
HUKAaK He KOHTPOJIMPYETe, CBeZeT Ha HeT ahdekT oT Barmmx pa3paboTok. Ecim kBapram
TPoZiask OBLT HEYIAUHBIM, U BMEIIAINCH He 3aBUCSIITHE OT Bac (hakTOPhI (HATPUMED, HA
PBIHOK Ballieif KOMIIAHUU BRI KOHKYPEHTHI ), BRIPYIKA MOXKET CHUBUTHCS HA 3 %,
a He TIOBBICUThCS HA | %, KOTOPBIIT BAM IPHUIILIIOCH «HAIIEAUTHY C IIOMOIIBIO p-XaKUHTA.

I'naBHas mpobieMa 371eCh, TOMUMO AyOIUpoBaHUs PaBOTDI, 3aKJII0YAETCS B TOM,
YTO Pe3yJIbTaT HAXOAWTCS BHE BAIIETO KOHTPOJS. DTa CUTYAITHSI MOXKET OKa3aThCs
BecbMa HepuATHON. OTHO /1e10, ecJIu CYIIeCTBYIONAs CUCTEMA, C KOTOPOi BBI KOH-
KypHUpyeTe, HercIpaBHa, HeyHKIMOHAIBHA WU TIPEyCMATPUBAET PYUHYIO paboTy
6e3 Bestkoil apromMaTusaruu. Ho KOHKypUpPOBaTh ¢ CHCTEMOI, KOTOPast HOPMAJIBHO
paboraeT, — 3HaYMT KOTaTh cebe siMy. Eciii ecTh BO3MOKHOCT, He TIPUOMMIKATECH
K TaKUM TTPOEKTaM Ha TTyIIeYHbIN BbICTPEJL.

«YTO A 30ECb AEJIAIO?»

MoskeT Jin CTyduThCSI TaK, 9TO CIelraancTa 1mo data science HaHMMAOT Ha
paboTy, KOTOPasi He MPUHOCUT HUKAKOH MOJIb3bI, HECMOTPS Ha I06POCOBECT-
HBIH TpyZ U cTapanus? K coxanenuio, 1a: pakTopbl, KOTOPbIE HE 3aBUCAT OT
COTPY/IHUKA, MOTYT MEPEUEPKHYTH CAMYIO JIYUTITYIO PabOTY, U CTOUT CJIE/IUTh,
4TOOBI HE TIOTTACTh B TAKOE TTOJIOKEHUE.

Komemust Maiika [Ixxamxa (Mike Judge) «Oductoe pocrparctBos 1999 roza
CTaJia KyJIBTOBOI 111 MHOTHX 0(UCHBIX paboTHNKOB B CIITA. B uibme rias-
Hblii repoii [Turep Tu66oHc, corpyanuk oraesa I'T, IoBpekaaeTcst yMOM 13-32
TOTO, UTO JTOJKEH OTYMTHIBATHCS TTEPE] BOCEMbBIO PAa3HBIMU MEHE/IKEPAMHL.
Korza KOHCYIBTaHTBI IO ONTUMHU3AIH KQJIPOB CIIPAIITIBAIOT, Y€M OH 3aHIMA-
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eTcsI B TedeHre pabovero JIHsI, OH YECTHO OTBEYAET, UTO TIPUMEPHO 15 MUHYT
OH 3aHNMAETCST «HACTOSIIEH, PeaTbHON paboToity. 5 He Gy Ly CofmIepuTs 11T
TeX, KTO He CMOTPeJT (DIIIbM, HO, KaK U B JTI000H XOPOIIei KOMe/INH, Pa3Bs3Ka
CIOKETA OKAKETCS BeChbMa HEO)KUIAaHHOM.

PasBuBast IpeIbIIYIHI TIPUMEP, MOKHO CKa3aTh, UTO [yOJMPOBATH CUCTEMY,
KOTOpast paboTaet, — 9TO TO, YTO OKOiHbIN aHTponoor Jasug Ipsbep (David
Graeber) nazsas 661 6pedosoii pabomoti (bullshit job). Cormacto Ipabepy, aTo
oITaunBaeMasi paboTa, KOTOpasi HACTOJIBKO OECCMBICIEHHA, HATPACHA HJIN
MOTIPOCTY BPE/IHA, UTO JIaKe caM PaOOTHUK He BEPHT, YTO OT HEE €CTh KAKOI-
TO TIPOK, HO BBIHY’KJIEH 3TO CKPbIBaTh. B cBoeil kaure «BpeoBast paboras
U oJHoUMeHHO# BupycHo# cratbe 2013 roma (https://strikemag.org/bullshit-
jobs/) Tpabep 3ameuaer, uto Takast paboTa CTAHOBUTCSI HACTOJIBKO OOBIIEHHOI,
YTO HAHOCHT MICUXOJIOTHYECKYIO TPaBMy paboyeil cujie u SKOHOMUKE,

Xots pabotsl [pabepa n300MIYIOT CMEILEHUEM M3-3a caMO0TOOpa U CyOb-
eKTUBHBIMU BbIBOJIAMH, & OTCYTCTBHE AMITMPUYECKHX JOKA3ATEIbCTB 1aeT
HOBOJL /IS KPUTUKHM, TPY/IHO YTBEPIKIATh, OyTO TAKOU «OpeoBoii» paboThl
BOBce He cyliectyeT. B samuty [paGepa MOKHO CKa3aTh, 4TO OMITUPUIECKU
9TO SIBJIEHKE TPYAHO U3MEPUTD, M MAJIO KTO 13 PaGOTHUKOB Oy/IeT YECTHO
BBICKa3bIBATbCS HA ATY TEMY, YTOObI He OCTABUTD MO/ yTPO3Y CBOIO Kapbepy.

3amuniena jm pabora B obnactu data science ot Takux npobaem? Kaccu
KosbIpbKOBa, GBIBIINI CTAPIIHIA HAYYHBIA KOHCYJIBTAHT IO IPUHSATHIO Pe-
mennii B Google, menntcs xapaktepHbIM caydaem u3 sxusun (https://oreil.
ly/fwPKn), KOTOPBIIf TOMOTaeT OTBETUTD Ha 3TOT BOIIPOC.

Heckonbko et Ha3az OfMH 3HAKOMBIN TEXHUYECKUH TUPEKTOP, KOTOPBIH
paboTal B chepe BHICOKMX TEXHOJIOTHIL, CETOBAM HA CBOUX «BECIIOIE3HBIX>
cnenuanucTos 1o data science. 51 emy ckasana: «MHe KaxkeTcs, Tbl Ha-
HUMAaEIh TAaKUX CIEIUAIUCTOB TaK JKe€, KAK HapKOOAPOH MOKYMAeT TUTPa
VTSI CBOETO CajIoBOTO y4yacTKa. Thl He 3HAEIIb, 3aueM TeOe THTP, HO Y BCEX
OCTJIBHBIX HAPKOOAPOHOB OH YK€ €CTh>.

Bot tebe u 3xpackre. MoskeT 6bITh, PYKOBOJICTBO HAHMMAET CIIEI[MATIMCTOB
no data science, 4T0ObI TOBBICUTH ABTOPUTET KOMITAHUU U €€ KOPIOPATUB-
HyI0o peryTaiuio? Eciu Bbl okazanuch Ha paboTe, KOTOpasi He MO3BOJISIET
BaM C03/1aBaTh PeaJIbHYIO IIeHHOCTb, T0IyMaliTe, Kak Bbl MOKeTe ITOBJINATh
Ha TO, YTOOBI CUTYAllUs U3MEHUIACH K JiydiiieMy. MosKeTe Jii Bbl CO3/1aTh
GJIaronpuUsATHLIE YCIOBUS, 4 HE JK/IaTh, TOKa X obecriedar apyrue? Moxere
JIVL BBI B3SITh Ha ce6s1 OTBETCTBEHHOCTD 32 TO, 4TOOBI PEATN30BATh HAMEYEH-
HbIE MHUI[HATUBBI U TAKMM 00Pa30M IIPOJIBUHYTH CBOIO Kapbepy? Eciiu aTo
HEBO3MOKHO, OY/[BT€ TOTOBBI UCKATD [IPYTHe BAPUAHTHI TPYAOYCTPOICTBA.
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JlomKHOCTD He CO0TBETCTBYET BALUMM 0XXUAAHUAM

YT0 [e1aTh, €CJIM BBI TIPUCTYIIVAIN K PabOTe M OOHAPYIKILIH, UTO OHA HE COOTBETCTBYET
BaImM okupanusiM? Hampumep, BaM T000eIaii, 4To Balia IesATeqbHOCTD OyaeT
CBsI3aHa CO CTATUCTUKON 1 MAITHHHBIM OOYYEHIEM, HO BMECTO 9TOTO BaM MIPUXOATCST
GoJrbiite 3aHMMAThCs 3amadamu u3 obmactu 1T, moToMy 4To paboTa ¢ JAaHHBIMU B OP-
TAHU3ATIMN TTPOCTO HEOCTATOYHO PA3BUTA [IJISI MATTTHHOTO O0YUYEHHSI.

BoamoskHo, BaMm yzacTcs 1peBpaTUTh HelOCTaTKU B IOCTOMHCTBA. He Mckio4yeHo,
4TO BaC JIasKe YCTPOUT TIpeBpaliieHue 13 crienuanucra o data science B creruaimcra
110 I'T, u, MOJKeT OBITh, B ITPOIECCE HTOTO MPEBPAIIEHSI BBl OBJIAJIEETE HABBIKAMU TIPO-
rpaMMUPOBaHUst U PaboTHI ¢ OHasaMu JAHHBIX. BbI 1aske MOKeTe CTaTh He3aMEHMMBIM
aKcrepToM 110 SQL Wi TeXHUYECKUM TYPY, U 9TO TOJOKUTETBHO CKAKETCS Ha BallleM
poeccoHATEHOM pa3BuTH. [IPUBOJISI B TIOPSIOK yITPABIEHUE JAHHBIMU U Pabodre
ITPOIECCHI B KOMITAHWM, BBI TEM CAMBIM IIO/ITOTABJINBAETE €€ K GOJIeE CIIOKHBIM 3a/[a4aM
B Oymymiem. [Toka Baia TpyI0Bast JIESITEIbHOCTD UIET TJIAIKO, BBl MOJKETE BLIIEJISITH BPE-
M1 Ha TO, YTOOBI YUUTHCSI U TIPOGECCUOHATIBHO PA3BUBATHCSI B TOM, UTO BaM HHTEPECHO.

OnHAKO eCJIu BbI PACCUNTHIBAIH 3aHIMAThCS CTATHCTIHIECKIM AaHATN30M M MAIIIMTHHBIM
06y4eHneM, a BMECTO 9TOTO OTJIAKUBACTE HEMCTIPABHBIE 3IEKTPOHHbIE TaOIHITBI, 6a3bl
Microsoft Access u Mmakpocsl VBA, BbI MOsKETE HCIIBITATh pasodapoBaHue. B Takoii cu-
TyaIruu MOKHO MOIPOOOBATH MHUITHUPOBATD epeMenbl. [Ipe/iaraiite nien o Tom, Kak
MOJICPHU3UPOBATh MHCTPYMEHTApUH, Tiepeiitn Ha Python v BHeAPUTH COBpEMEHHYIO
mwrardopmy 6a3 maHHbIX — Hantpumep, MySQL win gaxe SQLite. Ecoin BbI cMoskeTe
3TOTO IOOUTHCS, TO TIO KpaiHe! Mepe CO3/Ia/ITe 3a/1e]T, KOTOPBIi TOMOKET BHEJPSATH
WHHOBAIIUH, ¥ CYIECTBEHHO MTPUGIU3UTECH K TOMY, YUTOOBI TIPUMEHSITH UEH U3 DTOM
KHUTH. DTO TaKKe MPUHECET M0JIb3y KOMIIAHUH, TOCKOJIBKY MHCTPYMEHTHI CTAHYT
GoJiee THOKUMU U OYIIYT JIyUIlie TIOIJIEPIKUBATHCS, & HANTH XOPOTIUX CIIEIHATIUCTOB
o coBpemenHomy Python mpotie, ueM 1o TakuM ycTapeBHIMM TEXHOJIOTHSIM, Kak
Microsoft Access niu VBA.

YTO TAKOE TEHEBBIE IT?

[Tox menesvimu IT (https://oreil.ly/9ZDb8) 06BIYHO IOHUMAIOT AEATEIBHOCTD
COTPYAHHMKOB, KOTOPbIE pa3pabaThiBAIOT HI(PPOBBIE CUCTEMBI B 00X0 CBOETO
orzena IT. K aTuM cucreMaM MOTYT OTHOCUThCSI 0asbl JaHHbBIX, CKPHIITHI
U TIPOIIECCHI, a TAKKe IMPOrpaMMHoe obecriedeHne, KOTOPOe COTPYAHUKU
probpenu uian paspaboranu camu 6e3 yyactis oraena IT.

Panbiie Teresbie IT B KOMITaHUSAX He 0f00PSIINCH, TOTOMY YTO UX paboTa
He perlaMeHTHpOBaHa 1 mporcxoaut 6es Begoma otzesa I'T. KoneuHo, korza
GyxrajaTepusi, OTe] MAPKETHHTA WU APYTHE «HealTHIIHbIe> TOoApasiesie-
HUS HAJIAKUBAIOT cBoe sjoMopotieHHoe [T, 3To MokeT mpuBecTr K CKPBITHIM
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u3/iepKKaM KOMITAaHUHY B BHjIE Hea((EKTHBHBIX PabOUrX MTPOIIECCOB U MPOBIEM
¢ 6e3onacHocThio. MOTYT BOSHUKHYTH U HEIPUATHBIE TPEHHUST, KOTzia oTe bl [T
u He [T BeTymaroT B KOH(IIMKT, U Kask[ast CTOPOHA OOBUHSIET IPYTYIO B TOM, UTO
OHa BBIXO/IUT 32 PAMKHU CBOUX TIOJTHOMOUHT HJTH TTPOCTO UCKYCCTBEHHO CO3/IAET
cebe 00beM paboT, 4TOOBI He YBOIBHSATH HEHYKHBIX COTPYIHUKOB.

OJiHAKO OJIHO W3 IPEUMYIIECTB Pa3BuTHs data science 3aKJIIOYAETCS B TOM,
gro Gmaroziapst eMy teneBbie [T cTamm BOCIPUHUMATBCS KaK HEOOXOANMBII
(haxrop nnnoBanumii. COTpyZHUKH, KOTOPbIE HE CIIEITHATN3UPYIOTCS HA KOM-
MIBIOTEPHBIX TEXHOJIOTHUSIX, TOXKE MOTYT CO3/[aBaTh TPOTOTHITHI U 9KCIIEPUMEH-
THPOBaTh ¢ HAbOPaMU JAHHBIX, clieHapusiMu Ha Python u perpeccnoHHbIME
MozensiMu. B cBoto ouepenn, otaen I'T MoKeT miepeHsTh 9TH paszpaboTKu
1 [IOJZIEPKUBATH UX OUIUAIBHO 110 Mepe Pa3BUTUA. ITO TaKKe [103BOJIeT
6usHecy 6GoJiee THOKO MOJCTPAUBATHCS K PHIHOUHOU cuTyaruu. YTtoObl us-
MEHWUTh OU3HEC-JIOTHKY, IOCTATOYHO OBICTPO MOMPABKTH ClieHapHii Ha Python
WA «CAMOTIAJIbHYI0> a3y JIAHHBIX, a He TI0/[aBaTh 3asIBKY B CJIy:KOy Moji-
nepsxxku IT. [IpaBaa, mpu 9TOM M3MeHeHNe He TIO[BEPTaeTCs TIATETbHOMY
TECTUPOBAHUIO 1 BHEPSAETCS B 06X0/1 GIOPOKPATUYECKIX TIPOTIEYP — HO 3TO
MO’KET OKa3aThCsl PA3yMHBIM PEIIEHNEM B I10JIb3y OIIePaTUBHOCTH.

B 1iestom, ecoint BbI OKaskeTech B posin TeHeBoro [ T-criermanuicTa (2 310 BostHe
BEPOSITHO), YOEIUTECh, UTO BBI BIIOJTHE TOHUMAETE PUCKHU ¥ HAJIAJINIIU XOPO-
e orHoinenus ¢ otgesoMm 1T, Eciu Bol gobbeTech ycriexa, Takast pabora
MOJKeT B30OJIPUTH KOMIIAHUIO W TIPUHECTH eif mosb3y. Ecm BbI mperuys-
CTBYeTe MOTEHINAIbHBIN KOHMJIUKT ¢ 0T/1e7ioM [T, OTKpOBEHHO paccKaskure
006 9TOM cBOEMY PYKOBOACTBY. Eciti BbI 06bsICHITE, 4TO Ballia paboTa — 9TO
«IIPOTOTHIMPOBAHKES ¥ <UCCIIEI0BAHIE> (OCOOEHHO €CJIM ITO TIPABIA), TO Ha-
YaJbCTBO MOKET COTJIACUTHCST, YTO OHA HE OTHOCUTCS K KOMIIETEHIIUN OT/IeJIa
IT. OnHako HUKOTIA He feiicTBYiiTe 6e3 MOAIEPKKH PYKOBOACTBA: IIYCTh OHO
€aMo 3aHUMAETCST BOIPOCAMU B3aUMOIEHCTBUS MEXK/LY TIOIPa3/ie/IeHUSIMI.

A cywectyet nu paboTa BaLueil meyTbi?

XoTs BB BCerga MoKeTe OTKa3aThCsl OT PaboThl, KOTOPasi He COOTBETCTBYET BallliM
OKMIAHUSM, He 3a0y/IbTe OLEHNUTD, HACKOJIbKO OHM peaaTiuCcTHYHbL. MoxeT ObITb, CO-
BpPeMEHHBIE TEXHOJIOTHH, HA KOTOPBIE BB OPUEHTUPYETECH, — CJTUTITKOM COBPEMEHHBIE?

BosbmeMm, Hamrpumep, 06paboTKY eCcTeCTBEHHOTO s13bIKA. [[OTTyCTHM, BB XOTHTE pas-
pabaThiBaTh 4aT-60ThI Ha OCHOBE IIy6OoKOTO 00yUeHus. OHaKO AJI 9TOH PabOThHI
He TaK YK MHOTO PEATHHBIX BAKAHCHH, TIOTOMY YTO Y GOJIBITUHCTBA KOMITAHUT HET
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MPaKTHYECKON TOTPeOHOCTH B YaT-60TaX. /[eJIo B TOM, YTO Ha MOMEHT HATIMCAHWUSI
JTOU KHUTU OHU ellle HeJIOCTATOYHO PA3BUTHI. XOTs Y TaKUX Komranuit, kak OpenAl,
ecTb JI00OIBITHbIE OIbITHBIE pazpaboTku Bpoae GPT-3 (https://openai.com/blog/gpt-
3-apps), OHU B OCHOBHOM TIPEJICTABJISIOT COO0I UMEHHO TIPeIBAPUTENbHBIE OMBITHBIE
paspaborku’. B koHeunoMm cuere GPT-3 — 9T0 BEpOSITHOCTHBIN paclio3HaBaTe/lb
1mabJI0HOB, KOTOPBII COEIMHSIET CIOBA B IIETIOUKH M He 00JIa/IaeT Y€T0BEUYECKUM 3/[Pa-
BBIM CMBICJIOM. ITO MOATBEPKAACTCS UCCIENOBAHUAMU, B TOM uncie paboramu [apu
Mapxyca (Gary Marcus) us Hpio-IMopkckoro yansepentera (https://oreil.ly/fxakC).

ITO 03HAYAET, 4TO PazpaboTKa YaT-60TOB JIJIT MACCOBOTO TIPUMEHEHUST OCTAETCS OT-
KPBITOM MTPOOJIEMO, ¥ TIOABJIsTIOIIee GOJIBITMHCTBO KOMITAHHH ellle He BOCTPUHIMAET
UX Kak (hakTop p1obaBIeHHON IeHHOCTH. ECiiv Bbl 1€fICTBUTEIBHO CTPEMUTECH 3aHH-
Matbcs 0OPabOTKON €CTECTBEHHOTO sI3bIKa, HO HE BUAUTE MEPCIEKTHB KaPbePHOTO
pocTa, To, MOKeT ObITh, BaM OyzeT Jiydilie Bcero paborarh B Hay4HoIi cdepe U 1po-
BOJIUTD MCCJE0BaHMsL. XOTsI CYIIECTBYIOT KoMIanuu Bpoze Alphabet, kotopsrie 3a-
aumarorcst HUOKP, MHOTHE 113 X COTPYTHUKOB TIPUTILIN U3 aKaJIeMUIECKIX KPYTOB.

[ToaTomy, KOT/Ia BBl OCMATPUBAETECH HA PBIHKE TPY/Ia, OYbTE PEaTNCTUYHBI B CBOUX
OXKUIaHUAX. Eci OHM TPEBOCXOIAT TO, UTO MOSKET MPEIOCTABUTH PHIHOK, IOyMaiiTe
0 Hay4HOH Kapbepe. Bam Tak:ke cieyeT pacCMOTPETb 9TO HallpaBJieHUe, eCyu [
paboThI Ballieil MeUThl TPeOYETCs yueHas CTelleHb WK CIIENHaTu3uPOBaHHOEe 00pa-
30BaHue, 6e3 KOTOPOro He MPUHUMAIOT Ha PaboTy.

Kyaa e nogatbca?

Terepb, Korga Mbl PACCMOTPEJIM CIIEKTP BO3MOKHOCTel B oOsactu data science, Kyna
CTOMT JBUraThes aajbure? U uro sxzuer data science B Oymyuiem?

s Havasa mogymaiiTe 0 TOM, KaKue OCJIOKHEeHNS CBI3aHBI C OKHOCTBIO CIIEIN-
anucra 1o data science. OT TaKOro COTPyAHMKA YACTO HESIBHO OKMIAIOT HIMPOKOM
kBasndUKanuy 63 4eTKO 04ePYEHHBIX TPAHUL] — B OCHOBHOM M3-3a TOT'O, YTO Y 9TO
JIOJKHOCTU HET CTaHAAPTU3MPOBAHHOTO OIIPEAEeIEHUs ¢ OTPAaHUYEHHO 06/1aCThIO

! AHIJI0A3bIYHOE M3/IaHKe KHUTY BBINLIO B mioHe 2022 roza. B Hostbpe 2022 roga kommnanusg OpenAl

BhITycTUIIa B MaccoBoe obpaienue yat-60tr ChatGPT na ocnose GPT-3.5. Ha MoMeHT Bbix0/1a
PYCCKOTO TepeBo/ia MIMPOKO ucnonbayercst Mogeib GPT-4 — B uactHocTH, B ipoaykTax Microsoft,
B cHCTeMe ypaBienus sHanusamu Morgan Stanley u B mpoexTax npasutesibcTBa Mcaananu.

Xorsa mozesn GPT nokasblBaioT Bie4aT/Isionne pe3yJ/IbTaThl, OHM TaKKe BBI3BIBAIOT Bee GoJTblie
OIaCeHMH 110 YaCT! JMCKPUMUHAIINH, OJUTHIECKUX U PEJTUTHO3HBIX TEM, PUCKOB B cdepe 10pu-
CIPY/JEHIIUN 1 MEAULUHDL, 3¢ deKTa IPUBSI3KYU U IPYTUX KOTHUTUBHLIX cMelienuil. Ha MmomenT
BBIXO/Ia PYCCKOTO TlepeBo/a Gosbime a3bikosbie Mogenu (LLM) ai1st 06paboTK ecTecTBEHHOTO
SI3BIKA CTPEMUTEBHO Pa3BUBaIOTCst. CUTYalns B MHYCTPUM MEHSETCSI C KasK/IbIM THEM, X MHOTHE
[PEUMYIIECTBA U HEJOCTATKM YaT-O0TOB €IIle TOJILKO IIPEACTOUT OOHAPYKUTh, — [Ipumey. nayu. peo.


https://openai.com/blog/gpt-3-apps
https://openai.com/blog/gpt-3-apps
https://oreil.ly/fxakC
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OTBETCTBEHHOCTHU. EC/i MbI 1 HAyIHJIUCh YeMy-TO 3a nocyearue 10 Jiet, Habonas
3a TeM, Kak pasBuBaeTcs data science, Tak 9TO TOMY, UTO OT OTIpe/IeJIeHUsT MHOTOE 3a-
sucut. CoBpeMeHHBIN crienmauct o data science Bce 60JIbIIe CTAHOBUTCS TIOXOK
Ha TMPOTPAMMUCTA, KOTOPBIN BJaileeT CTATUCTUKON, ONMITUMU3AINEN U MAITUHHBIM
obyueHueM. Y cOTpyAHUKA, KOTOPbIi 3annMaercst data science, MOXKeT Jiaske He OBITH
TAKOTO CJIOBOCOYETAHUSI B HA3BaHUU JOJKHOCTU. HeecMoTpst Ha TO, 4TO TpeGoBaHMs
K CIIEIAIICTY CTaJIM FOpasio UIKpe, 4eM Torga, Korga data science 6b11a oObsaBIeHa
«caMoli mpuBJIeKaTebHoll paboroil X X1 Bekar, Heo6X0auMO 00J1a1aTh COOTBETCTBY-
IOLIMMU HaBBIKAMH, YTOObI YCTPOUTHCS HA XOPOIIYIO TO3UIIUIO.

Jlpyroil BapraHT — mepeiiTu Ha 6oJiee Y3KYIO CIIEIUATN3AIUIO, YTO B TOCJEIHUE
TOZIBI TTPOMCXO/IAT BCe yalie. BHOBh CTAHOBSITCS TOIYJISTPHBIMU TaKne JAOJIKHOCTH,
KaK WHXEHEep 0 KOMIBIOTEPHOMY 3PEHUI0, WHKEHEP MaHHBIX, AaHATUTUK JTaHHDIX,
HCCJIe/IOBATE b, AHAJUTUK TI0 UCCJIEIOBAHUIO OTIEPAIIUIl U KOHCYJIBTAaHT. Mbl Bce
pesKe BCTpeyaeMcs ¢ JOJKHOCTBIO «crielnannct o data science», u, ckopee Beero,
9Ta TeHJEHIIUs COXpaHuTCs B Oiskaiiiiue 10 Jiet, B IepPBYIO OYepeiib U3-3a CIeln-
anusanui. Her HUYEro 10Xoro B ToM, 4To0bI CI€0BaTh 9TON TEHIEHIIHH.

BaskHO OTMETHTB, YTO PHIHOK TPYZa CUIBHO U3MEHUJICI, U UMEHHO TI09TOMY BaM
MPUTOATCS KOHKYPEHTHBIE TPENMYIIECTBA, O KOTOPBIX LA PeYb B ITOH TJIaBe.
Ecom 82014 roxy crienmasmcTst mo data science CauTaInch «3Be3aaMiry U MOTyIasi
IeCTU3HAYHbBIE 3aPIIATHI (B 0JITAPaX), TO CETOMHS HAa aHATOTHYHYIO BAKAHCHIO
B JIF00OO0T KOMITAHUHU MOTYT TIOCTYNATh COTHY WJIU THICSIYHU 3asBOK, TPUTOM YTO TOJI0-
Bast 3apIiata OyIeT BCEro JIUIIb A TU3HAYHOU. MHOTOUYMCIEHHBIE YHIUBEPCUTETCKUE
porpaMmbl U yueOHble Kypchl 110 data science mpuBeau K OrPOMHOMY OyMy IIpe-
JIOJKEHUs] CTIEIUAIUCTOR B 9TOM 06JIACTH, ¥ CPeIN COUCKATeJell BOSHUKAET OCTpast
KOHKYpeHIust. IMEHHO T09TOMY He CTOUT cOPAChIBATH CO CYETOB TAKUE BAKAHCHM,
KaK <QHAIUTUKY, <CIIEIUATIUCT 110 UCCIEI0BAHUIO OTIEPAIUii» U «pa3paboTYnK 1po-
rpaMMHOro obecnieuenust». [Toxanyii, jydiie Bcex 06 aToM ckaszaia Buku Boiikuc
(Vicki Boykis), crapiimii nHxeHep 1o MammHHOMY 00ydeHuio B Tumblr, B cBoeit
crarbe «Data science is different now» (https://oreil.ly/vm8Vp):

IMomHwMTE, YTO KOHEYHAS 1[€JIb COCTOUT B TOM, 4TOOBI 0OCKAKATh TOJIIIBI CTY-
JIEHTOB, KOTOPbIe TOJIYYHIn JUIIOM B oOsactu data science, 3akoHumiu
WHTEHCUBHbBIE KYPCBI ¥ TPOCMOTPEJIH TepabaiiThl 00YYaioIMX BUAEOPOTIUKOB.

Bawm crout yXBaTuThCS 32 yIAUHYI0 BO3MOKHOCTD ¥ TIOJTYIUTD JOJZKHOCTD, KO-
TOpast XOTb KaK-TO CBSI3aHa C JAHHBIMU, a 3aTeM IIPOJBUIaThCs K paboTe cBoei
MEUTHI, BIUTHIBAS TIPH 9TOM KaK MOKHO OOJIbIIIE 3HAHUHT 00 HIYCTPUH BBICOKHX
TEXHOJIOTUH B I[E€JIOM.

He Brnapaiite B anamuTuyeckuil napaiand. Beibepure HeGOMbIION yIaCTOK
NeATeNbHOCTH U HaYHUTE ¢ Hero. [lenaiite uTo-To HeGoabioe. Hayunurech
yeMy-To HeboJIbIIOMY, pazpaboraiite uTo-To HebobInoE. JloHOCHTE HTO /10
apyrux Jojeit. Vimeiite B BULY, 4TO Ballia mepBast IOJKHOCTD B obmacTu data
science, ckopee Bcero, OyieT Ha3bIBaThCsI He «CIeruaucT mo data sciences.


https://oreil.ly/vm8Vp
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3aKnoueHue

ITa TJIaBa OTJIMYAETCST OT OCTAJbHBIX TJIaB KHUTH, HO OHA BasKHA, €CJIN BbI XOTUTE
OPHMEHTUPOBATHCS Ha PhIHKE TPYA0YyCTPoiicTBa B 061acTu data science 1 a(heKTUBHO
[PUMEHSITh TTOJIyYeHHbIe 3HaHW. Bpsi iu Bam OyAeT IPUSATHO M3yvaTh CTATUCTHU-
YeCKHe MHCTPYMEHTHI M MAITHHHOE 00yUYeHHUE TOJIBKO JIJIsT TOTO, YTOOBI OOHAPYKUT,
4TO GOJIBITMHCTBO BAKAHCHIT TTOOYKAAIOT BaC MEPEKIIOUYNTHCS HA APYTYIO paboTy.
Ecsm tak coryunTcest, paccMaTpUBaiTe 9Ty CUTYaIMIO KaK BOBMOKHOCTbD TPOJIOJIKUTh
obyuenue u npuobpectu HoBble yMeHust. Korma Bel 00beinHUTE CBOU (DYHIAMEH-
TaJIbHbIE MAaTEMATUYECKHUE 3HAHUS ¢ HABBIKAMU IIPOIrPAMMUPOBAHUS U Pa3pabOTKU
POrpaMMHOTO 00ecIieYeH I, BbI CTaHeTe OECIIEHHBIM CIIEIUATUCTOM, TOTOMY 4TO
cMosKeTe peooieTh paspbi Mexkay IT u data science.

O6parnaiite BHUMAHUE HE HA PEKJIAMHYO IIIYMUXY, 2 HA TPAKTUUECKUE PEIICHUS U He
3aMbIKAITECh HA YMCTO TEXHUYECKUX ACTIEKTaX, 4TOOBI HE MOCTPAIAaTh OT «HEBUIMMOMN
pyKH peIHKa». CTapaiiTech HOHNMATh MOTHUBBI PYKOBO/ICTBA, & TAKKE JTIOAIEH B IIETIOM.
NHTepecyiiTech, nouemy TOT UM WHON METOJ] MJIM MHCTPYMEHT PEIaeT mpobemy,
a He TOJbKO Kax OH PAOOTAET ¢ TEXHUYECKON TOUKU 3PEHUSI.

Yuurech He Pajiii TOTO, YTOOBI YUUTHCS, & PAJH TOTO, YTOOBI HAPAIUBATH CBOU BO3-
MOKHOCTH U TIOAOMPATDH PABUIbHBIE HHCTPYMEHTDI, KOTOPBIE MMO3BOJISIIOT PEIIATh
IPaBUJIBHO IOCTaBAeHHbIe 3agaun. Oaun u3 caMbiX 3G(EKTUBHBIX CII0C000B 06~
y4YeHUsI — B3AThCA 3a MPobsieMy, KOTopast BaM WHTepecHa (a He 3alMKJINBAThCS Ha
orpesieieHHOM nHCTpyMeHTe). [IOTSIHYB 32 3Ty HUTOUKY, Bbl OOHAPYIKUTE €IIlE OHY
UHTEPECHYIO TEMY, & IIOTOM elile O/IHY, U elile. He yiyckaiiTe u3 Buiy NOCTaBJIEHHYIO
1eJIb, MPOIOJIKANTE YIAYOISATHCS B HYKHBIE TEMbBI 1 BOBPEMSI OT/IEJIBIBAUTECH OT
HEeHY)KHbIX. TaKkoll MOX0I ONPABABIBAETCS C JIUXBOI U MO3BOJISIET TOJIYIYUTD Y-
BUTEJIbHO MHOTO 3HAHMIA U OTIBITA 32 KOPOTKOE BPEMSI.
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Kak ncnonb3oBatb BepcTKy LaleX ana BbipaxeHuii
SymPy

ITo Mepe TOro Kak Bl OCBAUBAECTECHh C MATEMaTHYECKUMU 0003HAUCHISIMY, BaM MO-
XKeT OBITD MOJIE3HO 0TOGPAKATD BHIpaKeHrst SymPy B BUIe TOTHOIEHHBIX (GOPMY.L.

Camplii GBICTPBIH CIIOCOO CIEIaTh 3TO — BBI3BATH JIJIst BRIPasKeHUs (DYHKITHO latex ()
u3 6ubnamoreku SymPy, a 3areM cKOMUPOBATH PE3yJBTAT B TIPOTPAMMY TIPOCMOTPA
opmyn LaTeX.

B npumepe A1 Mbl Gepem TIpocToe BhIpaskeHue 1 peobpasyeM ero B CTPOKy B (hop-
mare LaTeX. Koneuno, BeIpakeHus ¢ MPOU3BOJAHBIMY, MHTETPAJIAMU U [PYTUMHU
oTieparusiMu, KOTopbie JOCTYIHbBI B SymPy, Toxe moxkHo nipeactasuth B LaleX. Ho
IIyCTb 9TOT IIPUMEP OCTAHETCS IIPOCTHIM.

Mpumep Al. Vicnonb3osaHue SymPy ansa npeobpasoBaHus BbipaxkeHusi B popmat LaTeX

from sympy import *
X,y = symbols('x y')
z = x*¥*2 / sqrt(2*y**3 - 1)

print(latex(z))
# BoiBoauT: \frac{x"{2}}{\sqrt{2 y*{3} - 1}}

Crpoxka \frac{x*{2}}{\sqrt{2 y~{3} - 1}} npexcraBiiena B (popMaTe UCXOIHOTO
kona LaTeX, u cyniecTByeT MHOKECTBO MHCTPYMEHTOB U (DOPMATOB JIOKYMEHTOB,
KOTOPbIE MOKHO HACTPOUTDH, YTOOLI OHU HoAAepKuBaan 3ToT popmar. Ho uTobbr
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IPOCTO 0TOOPAsUTh (HOPMYITY, BOCIOJIB3YiiTech pemakTopoM dopmya LaTeX. Bor asa
OHJIAIH-PEIAKTOPa, KOTOPBIMU S TTOJIB3YIOCH!

Lagrida LaTeX Equation Editor (https://latexeditor.lagrida.com);
CodeCogs Equation Editor (https://latex.codecogs.com).

Ha puc. Al nokasano, kKak 0TOGpaXKaeTcss MATEMATHYECKOE BBIPAKEHNE B OHJIANH-
penakrope Lagrida LaTeX.

ETeX Equatlonigwc‘_iﬂlﬂtgf
Functions ~ Functions 2 v Celor ~  Size v  Matrices  Examples
W FITN[ <>52 s~n==xV af1dc€ éd
rae [UNcbn ese—o ==o a8 pawe ()]
Displaystyle E m—m ﬂr‘ OImage output Font size 0 | BIEX o

Pe— 1} Downioad image

Wrac{x*{2}H\sart{2 y*{3} - 11}

12

Vo -1

Puc. A1. BoiBog ¢opmynbl B popmare LaTeX B oHnaiiH-pefakTope popmyn

Ecin BbI X0THTE 000UTHCH 6€3 KOIMPOBAaHUS M BCTABKH, MOKHO J00aBUTb CTPOKY
B ¢popmarte LaleX nenocpencreento B kayectBe aprymenTa K ajipecy URL penakropa
CodeCogs LaTeX, kak nmokasato B mpumepe A2. B aToM cirydae MaTeMaTHYeCKOE BbI-
paxeHue oTo6pasuTcs B BaleM Opaysepe.

Mpumep A2. OTobpaxkeHne GopMysbl, 3anncaHHol B popmaTte LaTeX, ¢ NoMOLLbIO
CodeCogs

import webbrowser
from sympy import *

X,y = symbols('x y')
z = x*¥*2 / sqrt(2*y**3 - 1)
webbrowser.open("https://latex.codecogs.com/png.image?\dpi{200}" + latex(z))

Ecnv B ncmosp3yete Jupyter, B HeM MOKHO oToOpakatsh dopmyisl LaTeX ¢ mo-
MOTIBIO ceTnanbHbIX TIarnHoB (https://oreil.ly/mWYf7).


https://latexeditor.lagrida.com
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buHomuanbHoe pacnpeaenenue C HynA

Ecnm BB XOTHTE peann3oBaTb OMHOMHUAIbHOE paciipezaesieHue ¢ HyJisA, TO BCe Heob-
XOJIIMOE JIJISI 3TOTO MOKHO HAWTH B IpuMepe A3.

MpumMmep A3. NocTpoeHne BUHOMMANBHOIO pacnpeaeneHnst C Hyns

# GakTOopuMan — 3TO npoussefeHne 4ucen ot 1 go n
# Mpumep: 5! =5 x 4 x 3 x 2 x 1
def factorial(n: int):
f=1
for i in range(n):
f *= (1 + 1)
return f

# TeHepupyeT KO3GOULMEHTbI, KOTOpble HEO6XOAWUMbl AN GUHOMUANBLHOrO pacnpefeneHus
def binomial_coefficient(n: int, k: int):
return factorial(n) / (factorial(k) * factorial(n - k))

# BWHOMMaNbHOe pacrpefesieHne MokasbiBaeT BEepOATHOCTb HacTynneHua k ycnexos
U3 N MOMbITOK,
# B Kaxaoi M3 KOTOpbIX BEPOSATHOCTb ycrexa paBHa p
def binomial_distribution(k: int, n: int, p: float):
return binomial_coefficient(n, k) * (p ** k) * (1.0 - p) ** (n - k)

# 10 nonblITOK, B KaxAOW U3 KOTOpPbIX BEPOATHOCTb ycnexa cocTasnAeT 90 %
n =10
p =0.9

for k in range(n + 1):
probability = binomial_distribution(k, n, p)
print(f"{k} - {probability}")

C nomotnpio hynkimii factorial() u binomial_coefficient() MOXXHO TOCTPOUTH
OGUHOMMAIBHYIO PYHKIMIO pacipenenenus ¢ Hyasa. MakTopuan — 910 IpousBeneHne
HOCJIe0BATENbHbIX 1ebIX unce oT 1 go n. Hanpumep, daxropuain 5 (obosHavyaer-
ca 5!) Gyzer paen 5!=1x2x3%x4x5=120,

ODyukuus binomial_coefficient() BO3BpaIlaeT KOJIMYECTBO COYEMAHUL U3 Il TIO
k, TO ecTb KOJIMYECTBO BCEX MOAMHOKECTB pasMepa k B MHOKeCTBe pasMepa n 0e3
yuera nopsiika. Eciu k=2, a n=3, 3T0 3HAYUT, YTO HYKHO MMOJACUYUTATH KOJIH-
4eCTBO HEYNOPS/IOUEHHBIX TIap B MHOXKECTBE U3 TPeX ajeMeHToB. Hanpumep, us
mHoxectsa {1,2,3} Moxno cocrauts napsi {1,3}, {1,2} u {2,3}. [Tockosbky 3zech 3
coueTaHus, To OMHOMUANbHbII KoadduIeHT Oyaer paseH 3. Pasymeercs, GyHKINs
binomial_coefficient() MO3BOJIAET HE BO3UTHCA CO BCEMU ITUMU II€PECTAHOBKAMY,
a UCIIOJIb30BaTh (DAKTOPHUAIBI U aprpMeTHIECKUE OMIEPAIINN.
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B peanmzaruu ¢pyHKInu binomial_distribution() obpaTuTe BHUMaHWE HA TO, UTO
OUHOMUAIBHBIN KO3(DMUIMEHT YMHOKAETCS Ha BEPOSITHOCTD TOTO, YTO yCIIeX (BEPOSIT-
HOCTH KOTOPOTO PaBHA p) TPOU30MIeT k pa3 (MHOKUTENb p ** k), ¥ Ha BEPOSITHOCTD
TOTO, YTO Heyzlaua (BEPOSATHOCTh KOTOPOi paBHa 1.0 - p) mpousoiiser n - k pas
(MHOXUTEND (1.0 - p) ** (n - k)). B pesynbsrare momgydaeTcst BEpOSITHOCTH TOTO,
YTO yCIeX MPOU30HeT POBHO k Pa3 U3 n TOIBITOK.

berta-pacnpepenenue c Hyns

Ecsii BaM HHTEPECHO, KaK peain30BaTh GeTa-pacipeieieHue ¢ HyJIs, BAM MIPUTOIUTCST
dyHkuusg factorial(), KOTOPYIO Mbl UCIIOIb30BAJIH /i OMHOMHUAIBHOTO PacIIpeie-
JICHWSI, a TakKe (DYHKITUST approximate_integral(), KoTopast yTOMWUHAETCS B IIaBe 2.

AHaJIOTUYIHO TOMY, KaK MBI JIeJIaJTU 9TO B IJIaBe 1, MbI YKJIaJbIBae€M MPSIMOYTOJTBHIKN
MO/l KpUBOW HA MHTEPBAJse, KOTOPBIA HAac mHTepecyeT (cM. puc. A2).

Hpasponapobiie 8 ycrexos
13 10inonbITO

02 | | 04 . | o6 | | o8 | | | 1
I baBoBas uactota vcnexa

=1

Puc. A2. Uckomas BEPOATHOCTb — 3TO 3aKpalLieHHaA YacTb NAOLAAMN Noj KPUBOI

YeM GoJblite TPSMOYTOJIBHUKOB MbI YKJIaJbIBa€M, TeM TOUHee pesysbraT. [laBaiite
peanusyeM GbyHKIUIO beta_distribution(), KoTopas ctpout Oera-pacipeneieHue
¢ nyJig, u uarerpupyem 1 000 npsaMoyrosasHUKOB B unTepsaste ot 0,9 1o 1, kak mo-
KasaHo B mpuMepe A4.

MpumMmep A4. beta-pacnpegeneHve ¢ Hyns

# GakTOopuan — 3TO npoussefeHne 4ucen ot 1 go n
# Mpumep: 5! =5 x4 x 3 x 2 x 1

def factorial(n: int):

f=1
for i in range(n):
f *= (i + 1)

return f
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def approximate_integral(a, b, n, f):
delta_x = (b - a) / n
total_sum = ©

for i in range(1l, n + 1):
midpoint = ©.5 * (2 * a + delta_x * (2 * i - 1))
total_sum += f(midpoint)

return total_sum * delta_x

def beta_distribution(x: float, alpha: float, beta: float) -> float:
if x < 8.0 or x > 1.0:
raise ValueError("x ponxeH 6bITb Mexay 0.0 u 1.0")

numerator = x ** (alpha - 1.9) * (1.0 - x) ** (beta - 1.9)
denominator = (1.0 * factorial(alpha - 1) * factorial(beta - 1)) / \
(1.0 * factorial(alpha + beta - 1))

return numerator / denominator

greater_than_90 = approximate_integral(a=.90, b=1.0, n=1000,
f=lambda x: beta_distribution(x, 8, 2))
less_than_90 = 1.0 - greater_than_90

print(f"BeposaTHocTb 6onbwe 90 %: {greater_than_90}")
print(f"BeposTHocTb MeHbwe 90 %: {less_than_90}")

Be1 HaBepHsika 3ameTuu, uTo B QyHKIMY beta_distribution() MbI yka3biBaem 3a-
MaHHOoe TPaBaomonodue x (IEBYIO TPAHUIlY KaKIOTO TIPSIMOYTOTLHIKA), 3HAUEHIE
alpha (KOJIMYECTBO yCIIEXOB) U 3HauYeHMe beta (kosaudecTBO Heyzaay). OyHkiwms
BO3BpalllaeT IJI0Iab TPIMOYTOJIbHIKA, KOTOPBIH COOTBETCTBYeET KoopauHate x. Ho,
OIISITh K€, UTOOBI [OJIYYUTh BEPOSITHOCTH BEPOSITHOCTH X, HYKHO HATH TLIOIIAb JIsT
VMHTepBaJia 3HaYeHUH X.

K cuacteio, y Hac ecTb roToBas hyHKIMS approximate_integral() us raassi 2. C ee
HOMOII[BIO MOKHO BBIYKMCJIUTH BEPOSITHOCTH TOIO, YTO BEPOSITHOCTH yciexa 00Jib-
1re 90 %, a Takske MeHblie 90 %, Kak [MOKa3aHo B IIOCJAETHUX HECKOIBKIX CTPOKAX KOJIA.

BbiBoa dpopmynbi baiteca

Ecu BB X0THTE pasobparhest, moyeMy dopmysia Baiieca paboraer, a He MpocTo 110-
BEpPUTDH MHE Ha CJIOBO, /JaBaiiTe IIPOBE/IEM MbICJIEHHBIN 9KCcIIepuMeHT. JomycTim, Mbl
n3ydaeM reHepajgbHyio COBOKYIMHOCTb U3 100 000 yesoBeK. YMHOKUM 3TO 3HAUEHUE
HA M3BECTHBIE BEPOSITHOCTH, YTOOBI MOJYUYUTh KOJUYECTBO JIIOAEH, KOTOPBIE TTBIOT
Kode, U KOJTUIECTBO JIo/iell, KOTOPbie GOJLHBI PAKOM:
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N =100000;
P(Kode) = 0,65;
P(Pak) = 0,005;

[Tetot ko(e = 65000;
bonbhe! pakom = 500,

Wrax, y Hac ectb 65 000 mobureneit kode u 500 601X pakoM. CKOIBKO U3 9TUX
500 GosbHbIX MIHIOT Kothe? TlockonbKy nana yesoshas Bepositiocts P(Kode | Pak),
ee MOKHO YMHOKUTD Ha 9TO KOJMYECTBO OOJIbHBIX, YTO JACT HaM 425 GOJIbHBIX PAKOM,
KOTOpBIE TIBIOT KOe:

P(Kode | Pax) =0,85;

JlrobuTenu xode, koTopsie GonbHBI pakoM = 500 0,85 = 425,

A kakoBa n0J1s1 JmobuTesieil Kode cpeau Tex, Ko 6ojieH pakoM? YTo Ha 4TO HYKHO
Pa3/IeNUTh, YTOOBI MOJTYUUTD HTY BEJMUMHY? MBI yske 3HAEM, CKOJIBKO JIIOJCH MbIOT
Koe u 601bHbBI pakoM. [T09TOMY MOJKHO Pa3/IeJIuTh 9TO YHUCJI0 Ha 06IIee KOTUYECTBO
nmobureneil Kode:

Jlrobutenu kode, koTopbie 60/1bHBI pakom 425

= =0,006538
Jlroburenn kode 65000

P(Pak | Koge) =

[TopoxanTe MUHYTKY, HEey>KeJIX Mbl TOJIbKO 4TO MEepeBEePHYJIN HAIly YCJIOBHYIO Be-
positHocTh? Mmenno tak! Ml Hauasu ¢ BepositHocTH P(Kode | Pak), a 3aKkOHININ
BepoATHOCTBIO P (Pak | Kode). Mbi B35 {Ba TOAMHOXKECTBA HCXO[HOM TeHePaTbHO#
coBokymHoctH (65 000 mo6uTeseii kode 1 500 GOIBHBIX PAKOM ), IPUMEHIIN COBMECT-
HYIO BEPOSITHOCTD C NCITOJIb30BaHNEM 33/IaHHON YCJIOBHOM BEPOSITHOCTU U ITOJTYYHIIH,
4T0 425 YesIoBeK U3 BCEH COBOKYITHOCTH OIHOBPEMEHHO MBIOT KO(e 1 GOTBHBI PAKOM.
3aTeM MBI PasIe/IUIN 9TO YUCJI0 Ha KOJUUYECTBO JoOuTeNel Kode, UTOOBI TI0JYInTh
BEPOSITHOCTD 3200JI€Th PAKOM TIPH YCJIOBUH, UTO YETIOBEK THET KOde.

Ho r7e e 3neck popmyna Baiteca? /laaiite Beprenmcs k Bepoarnoctr P(Pak | Koge)
U TIO/ICTAaBUM B ee (hopMyJy BCe BbIPasKEHUsI, KOTOPbIE MbI BBIYNCJITUIIA PAHEE:

100000 P(Pak)x P(Kode | Pak)
100000 P(Kode)

P(PaK|l{0d)e):

OO6patTuTe BHUMaHUE, 4YTO pasMep TeHepaabHOi coBokynHoctd N =100000 ectpb
U B YKCJINTENIE, ¥ B 3HAMEHATEJIe, II09TOMY OH COKpaiaercs. Terepsb ¢hopMmyJia Bbl-
TJISTTAT 3HAKOMO?
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P(Pak)x P(Kode | Pax)
P(Koge)

P(Pak|Kode) =

It1o u ecTh hopmyJia Baiieca!

P(A[B]:%Z()Bw

Ecau BoI 3amyTanuce B hopmysie Baiieca wiv He moHMMaeTe, Kak OHA BBIBOAUTCS,
nonpobyiite 6paTh U3 (HUKCUPOBAHHOI reHePaJbHONU COBOKYITHOCTH PasHbIE TOJ-
MHOJKECTBA B COOTBETCTBUU C 3aJaHHBIMH BEPOATHOCTAMMU. OTTaJIKuBasCh OT HUX,
BBl CMOJKETe IIPOCJIEUTD, KaK IIePeBEPHYTh YCIOBHYIO BEPOSTHOCTb.

Kak noctpoutb pyHkumio pacnpepenequna (CDF) n obpathyto
K Heil QYHKLMIO C HynA

BesycioBHO, 4TOOBI BHIYKC/IMTH ILJIONIAIb [0 KPUBON HOPMAJIBHOTO Paclpeie/eHus],
MOZKHO UCIIOJIb30BATh METOJI YKJIAKY TTPSIMOYTOJTBHIUKOB, KOTOPBIN Mbl U3Yy4aJIu B TJ1a-
Be 1 U IpuMeHsIn K OeTa-pacipese/eHuio PaHee B 9TOM IIPUIOKEHNN. DTOT METO He
tpebyer dyuknuu pacupeneietus (CDF), a mpocTo yKIaabIBaeT MPsiMOYTOJbHUKH
nozi pyHkiueil miornoctu Bepositnoctu (PDF). Mcrnionbays ero ¢ 1 000 mpsimoy-
TOJILHUKOB, MOXKHO HAWTH BEPOSITHOCTD TOTO, UTO 30JIOTUCTBIN PETPUBED BECUT OT
61 1o 62 (yHTOB, KaK MMOKa3aHO B TpuMepe AS.

Mpumep AS5. Mnowaab Noa KpMBOM HOPMANbHOrO pacnpeaeneHus Ha Python
import math

def normal_pdf(x: float, mean: float, std_dev: float) -> float:
return (1.0 / (2.0 * math.pi * std_dev ** 2) ** @,5) * \
math.exp(-1.0 * ((x - mean) ** 2 / (2.0 * std_dev ** 2)))

def approximate_integral(a, b, n, f):
delta x = (b -a) / n
total_sum = ©
for i in range(1, n + 1):
midpoint = 0.5 * (2 * a + delta_x * (2 * i - 1))
total_sum += f(midpoint)

return total_sum * delta_x

p_between_61_and_62 = approximate_integral(a=61, b=62, n=7,
f=lambda x: normal_pdf(x,64.43,2.99))

print(p_between_61_and_62) # ©.0825344984983386
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Taxum 06pa3oM, MBI TIOTyYUM BEPOSITHOCTH TPUMEPHO 8,25 % TOTO, UTO 30JI0TUCThIA
peTpuBep BecHT OT 61 110 62 dhyHTOB. HO eciit MbI XOTUM UCTIOJB30BATh (DYHKITHIO
pacrpe/esieHust, KOTopas ysKe IPOUHTErPUPOBaHa 1 He TPeOyeT BO3UTHCS ¢ TIPSIMO-
YTOJIBHUKAMU, €€ MOKHO OMIPEIETUTD C HYJIsA, KaK TTOKa3aHo B IpuMepe A6.

Mpumep AG6. Vicnonb3osaHne dyHkunm pacnpeaeneHuns (CDF) Ha Python
import math

def normal_cdf(x: float, mean: float, std_dev: float) -> float:
return (1 + math.erf((x - mean) / math.sqrt(2) / std_dev)) / 2

mean = 64.43
std_dev = 2.99

x = normal_cdf(66, mean, std_dev) - normal_cdf(62, mean, std_dev)

print(x) # 0.49204501470628936

Oynuknus math. erf () u3BecTHa Kak (DyHKIUS OITHOOK U YACTO UCTIOJIB3YETCST, UTOOBI
BBIYUCIATH PYyHKIMHU pactpeneaenuit. Hakoretr, uto6bi Berauciuts PPF (dyHKIiuo,
obparuyio CDF) ¢ Hyist, Hy:KHO IPUMEHUTD PYHKIIIO erfinv(), KoTopas o6paTHa
erf(). B npumepe A7 rernepupyetcs 1 000 ciydaliHbIX 3HAUEHUI MACChI TeJia 30J10-
THUCTOTO peTpuBepa ¢ nmomolibio PPFE co3nanHoii ¢ Hy 5.

Mpumep A7. CiyyaitHo creHepMpoBaHHas BbIGOPKa MaccC Tea 30/1I0TUCTbLIX PETPUBEPOB

import random
from scipy.special import erfinv

def inv_normal_cdf(p: float, mean: float, std_dev: float): # ¢yHkuma PPF
return mean + (std_dev * (2.0 ** 0.5) * erfinv((2.0 * p) - 1.0))

mean = 64.43
std_dev = 2.99

for i in range(0,1000):
random_p = random.uniform(@.0, 1.0)
print(inv_normal_cdf(random_p, mean, std_dev))

Kak NMPUMEHATDb YNCNo e, yToObI NPOrH03UpoBaTb BEPOATHOCTD
co0bITUA BO BpeMeHU

PaCCMOTpI/IM €nie O/INH BapHUaHT MCIIOJIb3OBaHUA YUCJIa €, KOTOprﬁ MOJKET BaM
IIPpUTOANTHCA. ﬂOHyCTI/IM, BbI IIPOMU3BOAUTE GaJLIOHDI C IIPOITaHOM. O‘{GBI/IIIHO, Bbl
He XOTHure, 4TOOBI HAIOHBL IIPOTEKAJIH, ITIOTOMY YTO 3TO MOJKET BbI3BATb JE€TOHAITUIO
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1 ToKap, 0COOEHHO BOJIM3Y OTKPBITOTO OTHS U UCKD. VICTIBITBIBast HOBYHO KOHCTPYK-
1uIo GaJLIOHa, Balll MHKEHEP COOOIAET, YTO BEPOSATHOCTD IPOTEYKU B TEYEHUE oA
cocTasJisier 5 %.

Bei monumaete, 9T0O 3TO yKe HEIPUEMJIIEMO BBICOKOE YKCJIO, HO BbI TAKKE XOTUTE
OIIEHUTD, KaK 9T BEPOSITHOCTD PAcTeT co BpeMeHeM. MoskHO 3a71aTh Bompoc: «Kako-
Ba BEPOATHOCTH TOTO, YTO MIPOTEYKA MPOU30MIET B TeueHue 2 jet? 5 yet? 10 ner?s
ITpaBza s, 4to, ueM GOJIbIlle BDEMEHH TIPOXO/INT, TEM BBIIIE BEPOSITHOCT TOTO, YTO
GasutoH mporeder? Yucsio e CHOBa MOMOKET HAWTH OTBeT!
-AT
ymeuxu = ] - e

IT1a PYHKIMS OMUCHIBAET BEPOATHOCTH COOBITUS C TEYEHUEM BPEMEHH, B JAHHOM
cilyyae — BEPOSITHOCTH MPOTEUKHU OAJITIOHA Yyepe3 KoaudecTBo Jiet 7. 31ech A — aTo
YacTOTa OTKA30B B KAXK/YIO eJIMHUILY BpeMeHU (Ka K Iblii TOJ).

Ecisn moctpouTts rpaduk aToil hyHKINY, TAE 110 ocu X OTKJIaabIBaeTcs BpeMs T, 1o
ocu Y — BeposiTHOCTH nipotedku, a 4 = 0,05, To MbI osryuum puc. A3.

BepoatHocTb
HecyacTHoro ciyyas

Puc. A3. [IporHo3 BepoATHOCTI NPOTEYKM C TEYEHNEM BPEMEHN

A BOT Tak BBITJIAANT 9Ta pyHKIM Ha Python mis 4 =0,05 u T =35 ner.

Mpumep A8. MNporHo3npoBaHNE BEPOSTHOCTM MPOTEYUKUN C TEUEHUEM BPEMEHM
from math import exp

# BepoATHOCTb npoTeyvkn 3a 1 ropg
p_leak = .05

# KonuyecTtBO net
t=>5
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# BepoATHOCTb npoTeykn 3a 5 net
# 0.22119921692859512
p_leak_5_years = 1.0 - exp(-p_leak * t)

print(f"BeposTHocTb npoTeyku 3a 5 neT: {p_leak 5 years}")

BeposiTHOCTB TOr0, 4T0 GaLJIOH BBIMAET U3 CTPOS Yepes 2 rojia, COCTaBJIseT 0K0JI0 9,5 %,
yepes 5 jieT — 0kos1o0 22,1 %, a uepes 10 ser — okoJio 39,3 %. Yem GoJibllie BpeMeH!
ITPOXOUT, TEM BEPOSITHEE, UTO OAJIJIOH IACT Teub., ITY (POPMYJIY MOKHO 0O0OOIIUTH,
4TOObI IPOrHO3UPOBATDH COOBITHUS € 33JaHHOU BEPOATHOCTDIO 3a OIIPe/Ie/IeHHbLI epro|
BpEMEHU U CMOTPETh, KaK 3Ta BEPOSITHOCTh U3MEHSIETCS CO BpeMeHeM!.

Mouck BocxoXaeHneMm K BepLunHe U JIHeilHasA perpeccus

Eciu BaM KaskeTcsl HEMIOCUIBHOM 3a/1auell CTPOUTH MOJIEJIN MAIITMHHOTO OOyYeHNUsT
1o (hopMyJIaM M3 MaTEeMAaTHYECKOTO aHaIN3a, MOKHO TTonpoboBath Gosiee TpyObIii
Metoz. [laBaiiTe pacCMOTPUM AJITOPUTM HOUCKA BOCXONCOCHUEM K 8€PULLHE, B KOTOPOM
MBI CJIyYaiiHBIM 06pa3oM peryupyem KoaunuenTsl m u b, No6aBJsis ciaydaiiHbie
3HAYEHMST HA KK/IOU TP, DTH 3HAYEHHS MOTYT ObITH IIOJIO;KUTEIbHBIME WU OT-
puIaTebHBIMU (TOT/A OllepaIus CI0KeHU (DAKTUYECKHU IIPEBPATUTCA B BHIUUTAHUE),
U MBI GY/IeM COXPAHSATH TOJIBKO Te TOTIPABKHU, KOTOPBIE YJIYYIIAIOT CYMMY KBa[PATOB.

Ho mMeeT Jin ¢MBICJI IPOCTO FeHEPUPOBATh JIIOObIE CydaiiHble YicIa B KauecTBe
nonpaBok? Ham xoTesioch Obl [eaTh MIaru MOMEHbIIE, HO B OTHAEIbHBIX CIydasx
CTOUT JIOIYCTHUTD 1 OOJIbIIHE TiepeMelieHnst. Takum 00pazoM, B OCHOBHOM MBI CTaHEM
N0GABJISITh MaJIeHbKUE MOMPABKY, HO MHOTAA OyAeM JieiaTh GOJbIINE CKAuKU, €CIIH
HYy>KHO. JIyummiii ”HCTPYMEeHT /71 3TOTO — CTaHIapTHOE HOPMATbHOE pacipesieieHre
co cpeqauM O 1 cTaHZAPTHBIM OTKJIOHeHUEM 1. BcmomHUMTE T/1aBy 3: cTaHAApTHOE
HOPMaJIbHOE pacIipe/ie/IeHre UMEET BBICOKYIO MIJIOTHOCTh 3HaYeHU i BO 131 0, U ueM
nasbire 3HaveHre ot ) (Kak B OTPUIIATEIHHOM, TaK 1 B MOJOXUTETbHOM HaIpaBJie-
HIM ), TEM MeHee OHO BEPOSITHO, KaK TTOKa3aHo Ha puc. A4.

BosBpainascs K JIMHENRHO perpeccun, 3agajiuM 1yt m v b 3Hadenus 0 uiu gpyrue
HauasbHble 3HaYeHus. 3areM B reueHue 150 000 ureparuii B iukiie for Mbl Gyem
caIydaiiHbIM 00Pa30M PETYIUPOBATH M U b, 10OABJISISA TIOMPABKH, KOTOPbIE 0TOOPa-
HBI U3 CTAHJAPTHOTO HOPMAJBHOTO pacipeneenus. Eciau ciaydyaiinas monpaBka
yirydmiaet (TO eCTh YMEHbIITAET) CyMMY KBaJPATOB, MbI €€ OCTABJISIEM, 4 €CJIM CyMMa
KBaJIPATOB YBEJIMYUBAECTCS, MBI OTMeHsIeM monpaBky. [Ipumep A9 nemoncTpupyer

3Ty MPOTIELYPY.

! COOTBeTCTByIOH_[ee pacipejeneHmne BepOHTHOCTeﬁ Ha3bIBA€TCA 9KCNOHEHUUATIDHBIM, NJIU NOKA3A -

meavivim. — Ipumeu. nayu. peo.
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Puc. A4. bonblIMHCTBO 3HAUEHWI B CTAHAAPTHOM HOPMaNIbHOM pacripeAeneHiny Manbl i 61M3KK K 0,

a bonbLune 3HaueHus BCTPEUAKTCA peXxe N HaXoA4ATCA Ha XBOCTaX pacnpefeneHua

Mpumep A9. MonCK BOCXOXAEHMEM K BEPLUMHE ANS NIMHENHOW perpeccmm

from numpy.random import normal
import pandas as pd

# 3arpyxaem paHHble U3 daina CSV

points = [p for p in pd.read_csv("https://bit.ly/2KF29Bd").itertuples()]

# CTpouMM HavanbHyWw MoAesb
m=0.0
b=0.0

# KonunyecTBO uTepauuit
iterations = 150000

# KonunyecTBO TOYek
n = float(len(points))

# WMHWUManusupyem mopesb C O4eHb 6ONbWMM 3Ha4yeHWeM noTepb,
# KoTOpoe 3aBefOMO U3MeHWUTCA
best_loss = 10000000000000.0

for i in range(iterations):
# KoppekTupyem KosdpduumeHTbl m U b cnyyaiiHbim obpasom

m_adjust = normal(e,1)
b_adjust = normal(e,1)

# Bblumcnsem ¢yHKUMIO MOoTepb, KOTopaa mpeAcTaBnseT coboil CymmMy KBaapaTos
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new_loss = 0.0
for p in points:
new_loss += (p.y - (m * p.x + b)) ** 2

# Ecnu noTepu yMEHbWWIUCb, COXPaHAEM HOBble 3HayeHua m u b,
# vHave BO3BpawaemcA K npegpiaywmum
if new_loss < best_loss:
print(f"y = {m}x + {b}")
best_loss = new_loss
else:
m -= m_adjust
b -= b_adjust

print(f"y = {m}x + {b}")

Bol yBusinTe Ha aKxpare X0/ paGOThl aJIrOPUTMA, HO B KOHEYHOM UTOTE MOJIyunTe
MOJIOTHAHHYIO (DYHKIINIO, KOTOPasi paBHA MIPUMEPHO y = 1,9395722046562853x +
+ 4,731834051245578. UT0ODbI IPOBEPUTD ITOT pe3yabraT, MOKHO BBIIIOJTHUTD JIN-
HeliHylo perpeccuio ¢ mominbio Excel min Desmos. Hanpumep, Desmos Bbigaa MHe
y = 1,93939x + 4,73333. 310 04eHb OJIU3KO K HAIIEMY PE3yJIbTary!

Kaxk y3Hath, CKOJIbKO uTeparuii Hy:kHO? OTBITHBIM IyTeM st 0OHAPYIKILI, UTO TTOCTIe
ollpe/le/IeHHOI0 KOJIMYecTBa UTepaluil pellienue yxKe He CUJIbHO YJIy4lIaeTcs U CX0-
JINTCST B MAJION OKPECTHOCTH ONITUMAJIbHBIX 3HAUCHUH 7 U b, KOTOPbIe MUHUMU3UPYIOT
CyMMy KBafipaToB. Bo MHOTHX GHOMHOTEKAX 1 aJITOPUTMAX MATIIMHHOTO OOy IEHUS €CTh
mapaMeTp /I KOJIM4ecTBa UTePallnii, ¥ 371eCh UMeeTcs B BULy UMeHHO oH. M Teparnii
JIOJIZKHO XBaTATh, YUTOOBI AJITOPUTM CXOJIMJICS TPUOIHUIUTETHHO K BEDHOMY OTBETY, HO
WX He JIOJKHO OBITh Yepecyyp MHOTO, YTOOBI BIICTYIO HE TPATUTh BHIUMCIUTETbHBIE
pecypcebl, KoT/ia yKe HalifieHO IIpUeMJIeMoe pellleHue.

¥ Bac MoKeT BOSHUKHYTH BOIIPOC, TOUEMY $1 TPUCBOWII IEPEMEHHOI best_loss oueHb
GOJIBIIOE YUCJIO. DTO CAEIAHO IS TOTO, YTOOBI MHUIMAIM3UPOBATH (DYHKIIMIO IIOTEPD
TaKUM 3HaYeHKMEM, KOTOPOe TOYHO OyZeT 3aMelleHO [ocjie Hayala MOKUCKa. 3aTeM
Ha KasKJI0# UTepalni yske 3aMellleHHOe 3HaueH1e OyIeT CPaBHUBATHCS C HOBBIM Pe-
3YJIBTaTOM, YTOOBI IPOBEPHUTD, IPUBEJIH JI HONPABKHU K yiIyulleHno. BMecTo oueHsb
GOJIBILOTO YHCJIA MOKHO ObLIO ObI HCIIOAB30BATh HOJIOKUTENbHYIO GECKOHEYHOCTD:
float('inf").

Monck BOCX0XAeHMEeM K BepLUMHE U IOTUCTYecKasn perpeccus

IToxo6HO mpeabIAyeMy IPUMEPY € JIMHEIHOI perpeccueii, airopuT™ MOKUCKa BOC-
XOXK/IEHUEM K BepIITHE MOKHO TPUMEHUTD K JIOTHCTUYEeCKON perpeccun. OTsTh ke,
WCTIOJIb3YUTE 3TOT MPUEM, E€CJIN BaM KasKeTCST, YTO MaTeMaTUIeCKIH aHA/IN3 1 YaCTHBIE
IIPOM3BO/IHBIE — ITO CJMIIKOM CJIOKHO.
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HpI/IHL[I/IH BOCXOXAECHUA OCTAECTCA IMIPEKHUM: MbI HapallluBaeM m u b cnyqaﬁHH—
MU 3HAUYCHUAMHA U3 HOPMaAJIbHOTO PAaCIIpeIeICHIA. O[[HaKO Yy HaC apyrasd 1esaeBast
(byHKL[I/IH — OII€HKa MaKCUMaJIbHOTO HpaBI[OHOI[O6I/IH, KOTOPY1O MbI paCCMaTPUBaJIN
B TJ1aBe 6. HO3TOMy MbI IIPUHUMAEM TOJIBKO T€ CJIy'—IafIHbIe ITOIIPaBKH, KOTOPBIE
YBEIUYUBAIOT 3Ty OILIEHKY, 1 IIOCJIE JOCTATOYHOT'O KOJINYECTBA I/ITepa]_[I/Iﬁ AJITOPUTM
JLOJIZKEH COUTHCH HA HOlIXOlIHHIeIL/,I JIOTUCTUYECKOM perpeccun.

Bce aTo nemonctpupyercs B ipumepe Al0.

Mpumep A10. MNonck BOCXOXXAEHNEM K BEPLUMHE AN MPOCTON TOFMCTUYECKON
perpeccum

import math
import random

import numpy as np
import pandas as pd

# Fpapuk Ha Desmos: https://www.desmos.com/calculator/6cbl@atg3l
points = [p for p in pd.read_csv("https://tinyurl.com/y2cocoo7").itertuples()]

best_likelihood = -10_000_000

be =
bl = .

.01

# BbluMcnAem mMakcumanbHoe npaB.u,ono,qo6V|e

def

for

predict_probability(x):
p=1.0/ (1.0001 + math.exp(-(b@® + bl * x)))
return p

i in range(1_000_000):

# Cny4aiiHo Bbl6Mpaem KO3QOULMEHT Bo WaM PBi W perynupyem ero cjydvaiHeiM obpasom
random_b = random.choice(range(2))

random_adjust = np.random.normal()

if random_b ==

b® += random_adjust
elif random_b == 1:

bl += random_adjust

# Bbl4MCnAeM cymmapHoe npasgonofobue

true_estimates = sum(math.log(predict_probability(p.x)) \
for p in points if p.y == 1.0)

false_estimates = sum(math.log(1.0 - predict_probability(p.x)) \
for p in points if p.y == 0.0)

total_likelihood = true_estimates + false_estimates
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# Ecnu npaBgonofobue ynyuywuiaocb, COXpaHseM NOMpaBKW,
# WHaye BO3Bpawaemca K NpefplAyluM 3HayYeHUaAM KO3PPULMEHTOB
if best_likelihood < total_likelihood:
best_likelihood = total_likelihood
elif random_b ==
b® -= random_adjust
elif random_b ==
bl -= random_adjust

print(f"1.0 / (1 + exp(-({b0} + {b1}*x))")
print(f"Haunyywee npasgonogo6bue: {math.exp(best_likelihood)}")

IMoxpoGHee 06 olleHKe MAaKCHMAJIBHOTO MIPABAOIOA00HS, IOTUCTHYECKOH (DYHKIMK
1 0 TOM, 3a4eM MBI UCITOTh3yeM (DYHKITHIO log( ), unTaiiTe B TJ1aBe 6.

KpaTkoe BBeeHuMe B IMHEHOE NPOrpammupoBaHue

Kasxnomy crienmasuety mo data science CTOUT OBJIAJIETh JUHEUHBIM NPOZPAMMUPOBAHIL-
€M — METOJIOM PEIleHNUsT CUCTEM HEPABEHCTB, IIPU KOTOPOM HepaBeHCTBA TPeobpasy-
I0TCS B PABEHCTBA € TIOMOIIIBIO TaK HA3bIBAEMbBIX nepeMenHbvlx paccoeiacosanus. Koraa
nepeMeHHble B CUCTeMe JIMHEHHOTO IIPOTPAMMUPOBAHUSA SIBJISAIOTCS JUCKPETHBIMU
1eIbIMU Wi GuHapHBIMU YncaaMu (0 uim 1), 3T0 Ha3bIBAETCS ULLOUUCLEHHDIM NPO-
epammuposanuem. Korja ucnosb3yloTcs U HellpepbIBHbIE, U IUCKPETHBIE IIePeMEeHHbIE,
3TO HA3bIBAECTCS CMEULAHHBIM UETOUUCIEHHBIM NPOZPAMMUPOSAHUEM.

JluneitHoe MpOTpaMMUPOBAHUE U €0 Pa3HOBUAHOCTU GOJIbIIE OPUEHTUPOBAHDBI
Ha aJITOPUTMBI, UeM Ha JaHHbIe, OJHAKO C UX ITOMOIBI0 MOKHO PEIIaTh IMTHPOKUI
CTEKTP KJIACCHUECKUX 33/1a4 NCKYCCTBEHHOTO MHTEJIEKTa. XOTs Ha3bIBATh CHCTEMBI
JIMHEHHOTO MTPOTPAMMUPOBAHUS NCKYCCTBEHHBIM MHTEJIJIEKTOM — COMHUTEJbHAS
MPaKTHKA, OHA cTaja OOBIYHOMN TSI MHOTUX TIPOU3BOAUTEIEH 1 KOMIIAHUH, TIOTOMY
YTO ATO MMO3BOJISIET UM BBITJISIIETH COJIM/IHEE.

PeaﬂbeIe 3a/la4un ﬂHHeﬁHOFO IIPOTpaMMUPOBAaHUA JIYUIIl€ BCETO peNIaTh C TIOMOIIbIO
MHOTOYNCTEHHBIX TOCTYITHBIX OUOIMOTEK, OMHAKO B KOHIIE 3TOTO pasiesa OymayT
CCBIJIKM Ha MATEPUAJIBI O TOM, KaK JIeJIaTh 9TO ¢ HyJIst. 31eCh Mbl 3ajieicTByeM Ou-
6smoreky PuLP (https://pypi.org/project/PuLP), xorst Pyomo (https://www.pyomo.org)
TOKe XOPOoIo rozota 661. Kpome Toro, auist HarsiiHOCTH MBI Oy/IEM NCTIOJIh30BATh
BU3YaAJIU3AIINIO, XOTS CJIydan ¢ osiee 4eM TPeMs U3MEPEHUSMU TPYAHO N300pasnuTh
TaKUM 00Pa3oM.

Paccmorpum npumep. JomyctuM, Bbl TPOU3BOAUTE ABE JUHEHKU MPOAYKTOB —
iPac u iPac Ultra. Kaxnaprii iPac npunocut mpubsas 200 moanapos, a iPac
Ultra — 300 goJapos.


https://pypi.org/project/
https://www.pyomo.org
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Optako c60pOUHAs JTMHUSI MOKET paboTaTh TOIBKO 20 YaCOB B CYTKH, IPUYEM Ha
npousBoACcTBO iPac yxoaut 1 4yac, a Ha npoussoacTtso iPac Ultra — 3 yaca.

B zieHb BaM [10CTaBJISIOT TOJBKO 45 KOMILJIEKTOB /1J1st COOPKH, IIpUY€eM, 4TOOBI IIPOM3-
Bect iPac, Tpebyercs 6 KOMILIEKTOB, a uTo6bI iponssectr iPac Ultra — 2 koMiuiekTa.

Ecou npeamnonokuThb, 4To BCsI MPOU3BEAEHHAS TIPOAYKIU Gy/IET TIPOAata, CKOIbKO
iPac u iPac Ultra HyskHO IpOAaTh, YTOOBI MOJYIUTh MAKCUMAIBHYO TPUOBLIH?

ZI]IH Ha4vaJjia paCCMOTPUM IIEPBOE OTPAHUYCHNE U PA3JIOKHUM €TI0 Ha COCTaBHbIC YaCTH.

C6opouHast TUHUS MOXKET paboTaTh TOJBKO 20 4aCOB B CYTKH, MPUYEM HA MPOU3-
BOJIcTBO iPac yxomaut 1 vac, a Ha ipousBocTBO iPac Ultra — 3 vaca.

ITO MOXKHO BBIPa3UTh B BI/Ie HEPABEHCTBA, I/le X — KoJn4decTBO exuHuIl iPac, ay —
kosnuectBo enuuuil iPac Ultra. O6a 3HaueHUsT TOKHBL OBITD TOJIOKUTENIbHBIMHA,
1 Ha prc. A5 MOKa3aH COOTBETCTBYIONIUH rpaduK.

x+3y<20(x=0,y>0)

Puc. AS. [paduk nepBoro orpaHuueHua

Tenepb IIaBaIL/,ITe PaCCMOTPHUM BTOPOE OTrpaHUYCHUE.

B n1erb BaM MOCTABJISIOT TOMBKO 45 KOMILIEKTOB 17151 COOPKH, TPUYEM, YTOOBI TTPOU3-
BectH iPac, Tpebyercs 6 KOMILIEKTOB, a uToObI IpoussecTr iPac Ultra — 2 koMIuiekTa.

[l aTOTO OTPAaHMYEHNS TOKE MOSKHO IOCTPOUTD MOJIENb B hopMe YPaBHEHUS U ee
rpaduK, KOTOPBIN 106aBIeH Ha puc. A6.
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6x+2y<45(x>0,y>0)

Puc. A6. [paduk nepBoro 1 BTOPOro orpaH1yeHuii

Ha puc. A6 BuaHo, uto 0b61acT 3TUX JBYX OrpaHuueHuii mepecekatorcs. Haie pe-
HIEHEe HAXOUTCS TJIe-TO B TIPeJIeIax 3TOTO [EPECEUEHNUST, i MBI Oy/IeM HA3bIBATH €T0
o6racmvio donycmumvix pewenuii. HakoHel, ¢ yueToM Toro, KaKkyio IPUGBLIL IPHHOCUT
iPac u iPac Ultra, Mmbl MaxcuMusupyem o611yio npubbLib Z, KOTOpas BHIPAKaeTcs Tak:

Z =200x+300y

Ecau mpenctaBuTh 3Ty GYHKIMIO B BUE IPSIMO, TO YBEIMUNBATD Z MOXKHO /IO TEX
0P, TTOKa TPSIMAst He BBIH/IET 32 MPEIENbl 00JIACTH 0Ty CTUMBIX PEIEHUH. 3aTeM MbI
3aUKCUPyeM COOTBETCTBYIONINE 3HAUEHNS X U ¥, KaK MTOKa3aHo Ha puc. A7.

)

Puc. A7. lepemelLieHne LeneBoil npAMONA Jo Tex nop,
MOKa OHa He BbliAfET U3 0611aCTIN AONYCTUMDIX peLLeHuil
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paduk uenesoii pyHkuumn B Desmos

Ecsi BbI XOTHTE TI0CMOTPETH Ha 1eJIEBY 0 (PYHKIINIO B G0JIee HHTEPAKTUBHOM
1 aHMMHUPOBAHHOM BHjIe, TO BOT ee rpacuk B Desmos (https://oreil.ly/RQMBT).

Korza mpu6bLiib yBeTMYUTCST HACTOIBKO, YTO 3Ta MPSIMAsT CTAHET KacaTbCsi 00J1acTH
JOTYCTUMBIX PEIIeHU B OJTHOM TOUKe, BBI MOMAETE B BEPIIIHY 3T0it obaactu. Ko-
OPIUHATHI X U J 9TOU BEPITHHBI MAKCUMHU3UPYIOT TPUODLIB, KaK TIOKA3aHO Ha prc. A8,

20

Puc. A8. Makcumu3npoBaHHas LieneBas QYHKLIMA ANA CUCTEMbI IMHERHOTO MPOrPaMMUPOBAHUSA

XO0Tst MOKHO HUCTIOIE30BaTh NumPy 11 MHOTO MATPUYHBIX OTEpaIinii, 4ToOBI PEIUuTh
3Ty 3ajlauy YHCJIEHHO, Tpoiie Gyaer oboiituch cpencrsamu PulLP, kak mokasaHo
B ipumepe All. O6paTute BHUMaHMe, 9TO LpVariable ompe/esisieT HeN3BECTHBIE,
OTHOCHTEJbHO KOTOPBIX MBI PEIllaeM CHCTeMY YPaBHeHUI. LpProblem — 3T0 cuctema
JIMTHEITHOTO MTPOrPaMMHUPOBAHUS, B KOTOPYIO I00ABISIOTCS OTPAHUYEHUS U [IEIEBBIE
(YHKIIUH ¢ TIOMOIIBIO o1tepaTopoB Python. 3ateM /ist LpProblem BBI3BIBAETCS METOLI
solve(), 4ToOBI BHIPA3UTh HEU3BECTHDIE.

Mpumep Al1l. PelieHne CUCTEMbI TMHEMHOIO NPOrPaMMUPOBAHUS C MOMOLLbIO
6ubnunotekn PuLP ansa Python
# papuk: https://www.desmos.com/calculator/iildqi2vt?7

from pulp import *
# 06bsBNAEM HeusBeCTHble

X = LpVariable("x", 0) # x
y = LpVariable("y", 0) # vy

v v

# Onpepensem npobnemy
prob = LpProblem("factory_problem", LpMaximize)


https://oreil.ly/RQMBT
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# Onpependem orpaHuyeHus
prob += x + 3*y <= 20
prob += 6*x +2*y <= 45

# Onpenendem ueneByl OYHKLWK, KOTOPYH HYXHO MakCUMU3UpOBaTb
prob += 200*x + 300*y

# Pewaem npobnemy
status = prob.solve()
print(LpStatus[status])

# BbiBOAMM pe3ynbTaThi: X = 5.9375, y = 4.6875
print(value(x))
print(value(y))

BBl MOKeTe CIPOCUTE: a KaK e IPOU3BOAUTH APOOHbIE eMUHUALBI IPOAYKIUN
(5,9375 1 4,6875)? Jle10 B TOM, YTO CUCTEMBI JIMHEHHOIO IPOrpaMMUPOBaHUs pabo-
TaIOT TOpaszio a(pheKTUBHEE, €CIIN IOMYCKATh HEITPEPHIBHbIE 3HAUEHUS TIEPEMEHHDIX,
KOTOPBIE TIOTOM B CJIy4ae 4Yero MO;KHO ITPOCTO OKPYTAUTh. HO HEKOTOPbIE TUTIBI 33124
KaTeropuyecKu TpeGyIoT, UTOObI IepeMeHHbIe ObLIN IeJIBIMU UJIA OMHAPHBIMHU YHCIAMH.

YTo6b HEU3BECTHBIE X U Y PACCMATPUBAJINCH KaK TIEJbIE YKCIIa, TIepeaiiTe apTyMeHT
KaTreropuu cat=LpInteger, Kak oka3aHo B mpumepe Al2.

MpumMep Al12. MNpuHyanTenbHOE NpuBeAeHne HeM3BECTHBIX K LiefbiM Ynucnam
# 06bABNAEM HeU3BeCTHble

X = LpVariable("x", @, cat=LpInteger) # X

y = LpVariable("y", 0, cat=LpInteger) # y

0
0

v v

Ipaduueckn 5T0 03HAYAET, 4TO 0OJACTH JOIYCTUMBIX PELIEHUIT COCTOUT U3 AUCKPET-
HBIX TOYEK, a He [IPe/ICTaB/IseT co00il HellpepbIBHbIN y4acTOK IJI0CKOCTHU. PenieHue
He 00st3aTeJIbHO OY/IeT MONAAaTh B BEPIINHY; OHO MOJKET IIONACTh B TOUKY, KOTOpast
HaxoAuTCs GJIMIKE BCEro K BEPIIMHE, Kak II0Ka3aHo Ha puc. A9.

10

N

= (55)

=

5

Puc. A9. (nctema ANCKPETHOO NMHEIHOMO NPOrpaMMUPOBaHIA
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B suHeHOM IIpOrpaMMUPOBaHUY BCTPEYAETCS HECKOIBKO OCOOBIX CIy9aeB, KOTOPhIE
mokaszansl Ha puc. Al10. VlHorga pemenuii MoKeT OBITh MHOTO, a MHOT/A MOKET He
OBITH BOOOIIIE.

HeorpaHuuyeHHas Her o6nactun MHoro pelueHuii N36bITOYHOCTD
obnactb AONYCTUMbIX
. LleneBas npamas [lBa orpaHunyeHmna
Llenesyto dpyHKLMIO petieHnn napannesnbHa CTOPOHe 3afaloT rpaHuLy obnactu
MOXHO MaKCMMWU3UPOBaTh He cywecTByet o6nactu, oﬁnac;rm [ONYCTUMbIX [OMYCTUMbIX peLLeHWNiA
VN MUHUMU3NPOBATb B KOTOPOW NepeceKaniich PELUEHMIA, 1 BCE PELUeHus, B OfIHOM V1 TOM Xe
HeorpaHUYeHHo, 6bl BCe 0bnactu nexatiue Ha 3Ton HanpasieHun, 1 nx
06bIYHO 13-3a TOTO, UTO orpaHuYeHNi CTOPOHE, OMHAaKOBO MOXXHO 06beaNHNUTL
OI'paHVI'-IeHI/IIh CINWIKOM ONTUMaJbHbI

Mano nnn oHn ,Eled)eKTHbl

Puc. A10. Ocobble cnyyau IUHERHOTO NPOrpaMMUPOBaHUSA

ITO BBLIO BCETO JIMIITD KPATKOE BBEIEHNE B THHEHHOE TIPOTPAMMUPOBAHUE, U B 9TOH
KHUTE, K COKAJIEHIIO, HE XBATUT MECTa, YTOOBI Y/IEJTUTh 3TOH TeMe 0JKHOE BHIMA-
Hue. JInHeliHOe TPOTrpaMMIPOBaHIE TIOMOTAET PEelIaTh camMble pa3Hble 33/1a4M, B TOM
YucJIe COCTAaBJIATh PACIUCAHUS B YCIOBUAX OIPAaHUYEHHBIX PecypcoB (Halpumep,
OTPaHUYEHHOTO KOJINYEeCTBA COTPYIHUKOB, MOIITHOCTEN cepBepa UM MOMEIIEeHU ),
pelaTh Cy0Ky U ONTUMHU3UPOBATh (DUHAHCOBBIE TIOPTQEIH.

Ecian BbI XO0THTE Y3HATH GOJIBIIE, MOTY MOPEKOMEH/I0BATH HECKOJIBKO XOPOIIUX
BUZeopoMKoB Ha YouTube, B ToM uncie Ha kanamax Patrick]MT (https://oreil.ly/
IgeeR) u Ixonrya Immanyass (Joshua Emmanuel, https://oreil.ly/jAHWC). A ecin
BaM WHTEPECHO TIYOOKO OKYHYTHCS B TUCKPETHYIO OMTHMHU3AIINIO, TO TIPOheccop
[Tackamns Ban Xenrenpuk (Pascal Van Hentenryck) okasan BaM OTpoMHYIO YCITYTY,
pasmectus obyuatoniuii kypc Ha Coursera (https://oreil.ly/aVGxY).

Knaccudukarop MNIST Ha ocHoBe scikit-learn

B mpumepe A13 mokaszaHo, Kak pacTio3HaBaTh PyKOTMCHBIE TTU(MPBI ¢ TOMOIIBIO HEH-
poHHO# ceTu u3 6ubauorexu scikit-learn.

Mpumep A13. HelipoHHasi ceTb — knaccubmkaTop pyKOnuUCHbIX Lndp Ha scikit-learn

import numpy as np
import pandas as pd


https://oreil.ly/lqeeR
https://oreil.ly/lqeeR
https://oreil.ly/jAHWc
https://oreil.ly/aVGxY
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from sklearn.model_selection import train_test_split
from sklearn.neural_network import MLPClassifier

# 3arpyxaem paHHble
df = pd.read_csv("https://bit.ly/311Jc2C", compression="zip", delimiter=",")

# M3BneKkaemM BXOAHble MepemeHHble (BCe CTPOKM U BCe CTON6Ubl, KpPOMe MOC/IeAHEro
cTonbua)

# 06paTuTe BHUMaHME, 4YTO 34eCb HYXHO JIMHENHoe MacwTabupoBaHue

X = (df.values[:, :-1] / 255.9)

# N3Bnekaem cTonbey C BbLIXOAHON MepemMeHHON (BCe CTPOKU, TONbKO NocCnefHui ctonbel)
Y = df.values[:, -1]

# BblBOAMM KONMMYECTBO 3/IEMEHTOB B KaxAoM Knacce,
# 4yTObb ybepuTbCA, 4TO KJlacChl cbasaHCUPOBAHDI
print(df.groupby(["class"]).agg({"class" : [np.size]}))

# Paspensem Habop AaHHbIX Ha Oby4awWyw M TeCTOBYW BbIGOPKM.

# NapameTp stratify HyxeH pns Toro, 4TO6HI

# Kaxgblh Knacc 6bl1 MpoMopuUMOHanbHO MNpeacTaBiaeH B obeux BbIbOpKax

X_train, X_test, Y_train, Y_test = train_test_split(X, VY,
test_size=.33, random_state=10, stratify=Y)

nn = MLPClassifier(solver="sgd",
hidden_layer_sizes=(100, ),
activation="logistic",
max_iter=480,
learning_rate_init=.1)

nn.fit(X_train, Y_train)

print(f"To4yHocTb Ha oby4atweit Boibopke: {nn.score(X_train, Y_train)}")
print(f"ToyHocTb Ha TecToBoi Bbibopke: {nn.score(X_test, Y_test)}")

# CTpoum Tennosyw KapTy
import matplotlib.pyplot as plt
fig, axes = plt.subplots(4, 4)

# Wcnonb3syem rnobanbHble MUHUMANbHBLIA M MaKCUMasbHbIl KO3GOULMEHTDI,

# 4TO6b BCce BecoBble KO3PUUMEHTb oTobpaxanucb B OAHOM MacwTabe

vmin, vmax = nn.coefs_[@].min(), nn.coefs_[0].max()

for coef, ax in zip(nn.coefs_[0].T, axes.ravel()):
ax.matshow(coef.reshape(28, 28), cmap=plt.cm.gray, vmin=.5 * vmin, vmax=.5 * vmax)
ax.set_xticks(())
ax.set_yticks(())

plt.show()



MPUNOXEHUE b

OTBeTbl Ha ynpaXHeHUA
ANA camonpoBepKu

[naBa1

1. Ywucno 62,6738 parmonanibHOe, TOTOMY YTO B HEM KOHEYHOE KOJMYECTBO JIECsI-
v

TUYHBIX 3HAKOB, a 3HAYUT, €TI0 MOKHO BbIPDa3UTb B BU/€ ,Z[pO6I/I 10000

2. 107x10° =107 =10% =100.
3. 812 =81=9.

4 257 =(25-"2]' _5 =125,

5. Wrorosas cymma cocrasut 1161,47 gosapa. Kog na Python Beirisiaur Tax:
from math import exp

1000
.05
3

12

S5 + 5 T

a=p* (1+ (r/n))**(n* 1)

print(a) # seiBoauT 1161.4722313334678

6. Urorosas cymma coctaBut 1161,47 mosunapa. Kox #a Python Beirisiaut tax:

from math import exp
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p = 1000 # HayvanbHLIN KanuTan
r = .05 # npoueHTHaa cTaBKa, roOAOBbIX
t = 3.0 # BpemA, Konu4ecTBO neT

[\J]
n

p * exp(r*t)
print(a) # sbiBOAMT 1161.834242728283

7. Tlpoussoanas paBHa 6x, a ykioH 1pu x =3 Gyzuer pased 18. Kox ¢ ucnosnbsosa-
HueM SymPy BBITISIIUT Tak:

from sympy import *

# 06bsBNAEM cumBon X gna SymPy
x = symbols('x")

# 06bsBNAeM QGyHKUMI Yepe3 O06bl4HbIN CUHTakcuc Python
f o= 3*x*¥*2 + 1

# BbluMCNSEeM MPOM3BOAHYW GYHKUUK
dx_f = diff(f)

print(dx_f) # BbBOAMT 6*x
print(dx_f.subs(x,3)) # 18

8. Tlnomanp mox rpacdukom dyukium Ha orpeske ot 0 g0 2 paBHa 10. Kop ¢ uc-
moJib3oBanueM SymPy BBITJISIAUT Tak:

from sympy import *

# 06bsBNAEM cumBon X pgna SymPy
x = symbols('x")

**

06bABNAEM QYHKUMK 4Yepe3 06bl4HbIM CUHTAkcuc Python
= 3¥x**2 + 1

-+

# BblyMcnAeM MHTerpan oT ¢yHKUMM Mno X
# Ha oTpe3ke oT © Ao 2
area = integrate(f, (x, 0, 2))

print(area) # BbiBOANUT 10

[naBa 2

1. 0,3%x0,4=0,12; cm. pasgen «BeposaTHocTh epecedyenns: coObITUI» Ha C. 59.

2. (1-0,3)+0,4-((1-0,3)x0,4)=0,82; cm. paszen «BeposiriocTs oGbeumenys
cobbITHil> Ha ¢. 60 U TIOMHUTE, YTO HAC UHTEPECYET, YTOOBI 0K/ He OBLIO, T10-
HTOMY BEPOSTHOCTD IO/ HY/KHO BbIY€CTh 13 1.
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3. 0,3x0,2=0,06; cm. paznen «YcaoBHas BEPOSTHOCTH 1 (hopmyia baitecas Ha c. 62.

4. Cuaenyiomuii kog Ha Python Bbrunciser pesyssrar 0,822, CcyMMUPYsE BEPOSITHO-
CTH TOTr0, 4TO 50 1iu 6oJjiee naccakupoB HE IPUILYT:

from scipy.stats import binom

n = 137
p = .40
p_50_or_more_noshows = 0.0
for x in range(50,138):
p_50_or_more_noshows += binom.pmf(x, n, p)

print(p_50_or_more_noshows) # ©.822095588147425

5. I/ICHO]H)SYH 6eTa-pacnpeﬂeneHHe, KaK ITOKa3aHO /Jlajie€ B KO/I€ Ha SCIPy, BbIUunC-
JINTE IJIOIa/lb 1O 'PAHMYHOTO 3HAYCHUA 0,5 U BBIUTHUTE ee u3 1. PeBy]II)TaT CO-
CTaBJIAET OKOJIO 0,98, IO9TOMY BEPOATHOCTD TOTO, YTO 3Ta MOHETA — HIYyJIEPCKaAA,
OYC€HDb BbICOKA.

from scipy.stats import beta

8
2

heads
tails

p =1.0 - beta.cdf(.5, heads, tails)

print(p) # 0.98046875

[naBa3

1. Bwibopounoe cpennee paBHO 1,752, a craHgapTHOE OTKJIOHEHUE — IIPUMEPHO
0,02135. Kox Ha Python Beirsisgaut Tak:

from math import sqrt
sample = [1.78, 1.75, 1.72, 1.74, 1.77]

def mean(values):
return sum(values) / len(values)

def variance_sample(values):
var = sum((v - mean(sample)) ** 2 for v in values) / (len(values) - 1)
return var

def std_dev_sample(values):
return sqrt(variance_sample(values))
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mean_sample = mean(sample)
std_dev = std_dev_sample(sample)

print("BbibopoyHoe cpepHee:", mean_sample) # 1.752
print("CTaHpapTHoe oTknoHeHue:", std_dev) # 0.023874672772626667

2. Ucmnoabayiite CDF, uTo6B! OTyYUTh TIIOMIAb MO KPUBOIH Meskay 30 u 20 Me-
CSIT[aMU, KOTOPOH COOTBETCTBYET BEPOATHOCTH 0K0JI0 0,06. Ko sa Python BbI-
TJI/IAT TaK:

from scipy.stats import norm

mean = 42
std_dev = 8

X = norm.cdf(30, mean, std_dev) - norm.cdf(20, mean, std_dev)

print(x) # 0.0638274380338035

3. CBepossTHOCTHIO 99 % cpenHuii auamerp GrIaMeHTa HaXOIUTCS B [UAMTa30He OT
1,70 1o 1,73. Kox Ha Python BBITJISIIAT TaK:

from math import sqrt
from scipy.stats import norm

def critical_z_value(p, mean=0.0, std=1.0):
norm_dist = norm(loc=mean, scale=std)
left_area = (1.0 - p) / 2.0
right_area = 1.0 - ((1.9 - p) / 2.9)
return norm_dist.ppf(left_area), norm_dist.ppf(right_area)

def ci_large_sample(p, sample_mean, sample_std, n):
# B BbIbOpKE AONXHO ObITb Gonble 30 3nemeHTOB

lower, upper = critical_z_value(p)

lower_ci = lower * (sample_std / sqrt(n))

upper_ci = upper * (sample_std / sqrt(n))

return sample_mean + lower_ci, sample_mean + upper_ci

print(ci_large_sample(p=.99, sample_mean=1.715588,

sample_std=0.029252, n=34))
# (1.7026658973748656, 1.7285101026251342)

4. MapkeTuHroBas KaMmianus cpaborana ¢ p-aHadeHreM 0,01888. Kox Ha Python
BBITJIAAUT TaK:

from scipy.stats import norm

mean = 10345
std_dev = 552

pl = 1.0 - norm.cdf(11641, mean, std_dev)
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# Bocnonb3yemca cumMmeTpuei
p2 = pl

# p-3HayeHne oboux XBOCTOB
# MoOXHO 6bUIO Takke MpPOCTO YABOUTb p-3HAYeHWe OAHOro XBOCTA

p_value = pl + p2
print("[BycTopoHHee p-3HayeHue:", p_value)
if p_value <= .05:

print("[lBycTOpoHHMI TecT npoigeH")
else:

print ("ABYyCTOpOHHUWII TecT He npoiaeH")

# [IBycTOpOHHee p-3HaveHue: 0.01888333596496139
# [IBYCTOPOHHWIA TecT nponaeH

[naBa 4

o 2
1. Bexrop niepeiizier B TOUKY [.} Koz ra Python Bbirsisaur rax:
2
from numpy import array

v = array([1,2])

i_hat
j_hat

array([2, ©])
array([0, 1.5])

basis = array([i_hat, j_hat]).transpose()

# npeobpa3yem BeKTOp V B W
w = basis.dot(v)

print(w) # [2. 3.]
. 0
2. Bexrop nepeiizier B touky | _ | Kox na Python Beirymsiaut tak:
-3
from numpy import array
v = array([1,2])

i_hat = array([-2, 1])
j_hat = array([1, -2])

basis = array([i_hat, j_hat]).transpose()

# npeobpa3syem BeKTOp V B W
w = basis.dot(v)

print(w) # [ 0 -3]
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3. Omnpenenurens pasen 2. Kox va Python Beirssaur rax:

import numpy as np
from numpy.linalg import det

i_hat = np.array([1, 0])
j_hat = np.array([2, 2])

basis = np.array([i_hat,j_hat]).transpose()

determinant = det(basis)

print(determinant) # 2.0

4. l[a, ITOTOMY YTO MaTpUYHOE€ YMHOKEHUE ITO3BOJIACT O6’beI[I/IHI/ITb HECKOJIbKO Ma-
TPUII B OAHY, KOTOPas NPEACTAaBJIAECT KOMITO3UIIUIO Hpeo6pa30BaHHﬁ.

5. x=19,8, y=-5,4, z=-6. Kox na Python Beiriagut Tak:

from numpy import array
from numpy.linalg import inv

A = array([
[3, 1, o],
[2, 4, 1],
[3, 1, 8]

B = array([
54,
12,
6

D

X = inv(A).dot(B)
print(X) # [19.8 -5.4 -6. ]

6. [la, Marpuiia JUHEHHO 3aBUCUMa, TIOTOMY 4TO ee onpeneauresb paser 0. O6-
paTtuTe BHUMaHUe, YTO B NumPy MOKeT IPOSIBUTHCST TOTPENTHOCTD BHIUUCTIEHUIH
C IUTaBaoIIel TOUKOM!:

from numpy.linalg import det
from numpy import array

i_hat
j_hat

array([2, 6])
array([1, 3])

! B zaBucumoctu ot Bepcuii Python 1 NumPy Ha BaiieM KOMIIbIOTEPE 9TOT KO/ MOKET BBIBECTU

JIPYTO€e MaJIoe YUCJIO WK JJaske TOYHO O . 0. — [Tpumeu. nayu. peo.
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basis = array([i_hat, j_hat]).transpose()
print(basis)

determinant = det(basis)

print(determinant) # -3.330669073875464e-16

Y1061 136aBUTHCS OT HOIPENTHOCTH, MOYKHO HCIIOJIb30BaTh SymPy, KoTopast
BBIBOAUT TOYHO 0:

from sympy import *

basis = Matrix([
[2,1],
[6,3]

D

determinant = det(basis)

print(determinant) # ©

[naBa>5

1. s muHeHOW perpeccuy eCTh MHOTO METOJZIOB U MHCTPYMEHTOB, O KOTOPBIX
MBI Y3HAJIHU B IJIaBe 5. 37IeCh MPECTaBIEHO perenne ¢ moMoIbio scikit-learn.
Yriosoit koadduiuent m pasen 1,75919315, a opaunarta nepecedenust b —
4,69359655.

import pandas as pd
import matplotlib.pyplot as plt
from sklearn.linear_model import LinearRegression

# 3arpyxaem pAaHHble
df = pd.read_csv("https://bit.1ly/3C8JzrM", delimiter=",")

# N3Bnekaem BXogHble nepemeHHble (BCe CTPOKU M BCe CToNbUbl, KpoMe MocC/efHero
cTonbua)
X = df.values[:, :-1]

# N3Bnekaem cTonbey C BbLIXOAHLIMM 3HaYeHUAMU (BCe CTPOKM, TOJIbKO MOCAeAHWi
cTonbeu)
Y = df.values[:, -1]

# MoaroHAeMm NpAMY K TOYKam
fit = LinearRegression().fit(X, Y)

# m = 1.75919315, b = 4.69359655
m = fit.coef_.flatten()
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b = fit.intercept_.flatten()
print(f"m = {m}")
print(f"b = {b}")

# BbiBOAMM Trpaduk

plt.plot(X, Y, 'o') # auarpamma paccesHus
plt.plot(X, m*X+b) # npsmas perpeccuu
plt.show()

2. KoadduimenT Koppeasiuu M0BOJbHO BbIcOK: 0,92421. TecToBas cTaTHCTHKA
paBHa 23,8355 mpu kpuTHUeckoMm nHTepBaje or —1,9844 no 1,9844. Ita koppernsi-
ITUST OTIPE/IETIEHHO COCTOSITENTbHA W CTATHCTUYECKU 3HAYMMa. KO/l BBITJISIUT Tak:

import pandas as pd

# 3arpyxaem pgaHHble B paTadpeiim pandas
df = pd.read_csv("https://bit.ly/3C8JzrM", delimiter=",")

# BbiBOAMM KOSDGUUMEHTH KOpPPeNnauun Mexay nepemeHHbIMU
correlations = df.corr(method="'pearson')

print(correlations)
# BbIBOA:
# X y

# x 1.00000 0.92421
#y 0.92421 1.00000

# TecT Ha CTaAaTUCTUYECKYH 3HAYUMMOCTb
from scipy.stats import t
from math import sqrt

# Pasmep BbI6OpKM

n = df.shape[0]

print(n)

lower_cv = t(n - 1).ppf(.025)
upper_cv = t(n - 1).ppf(.975)

# Bblumcnsem Ko3dPULMEHT Koppensauuu
r = correlations["y"]["x"]

# BbinonHAem TecCT
test_value = r / sqrt((1 - r ** 2) / (n - 2))

print(f"TecToBoe 3Ha4yeHue (t-ctaTuctuka): {test_value}")
print (f"Kputuyeckuit untepsan: {lower_cv}, {upper_cv}")

if test_value < lower_cv or test_value > upper_cv:
print("Koppenauua obocHoBaHa, oTBepraem Ho")

else:
print ("Koppensuua He 060CHOBaHa, Henb3A OTBEPrHYTb Ho")
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# BblumMcnAem p-3HaveHue
if test_value > 0O:

p_value = 1.0 - t(n-1).cdf(test_value)
else:

p_value = t(n-1).cdf(test_value)

# [IBYCTOPOHHMWIA TecT, NO3TOMYy yMHOXaeM Ha 2
p_value = p_value * 2
print(f"p-3Hayenue: {p_value}")

TecToBoe 3HadeHue: 23.835515323677328

Kputudeckuh nHtepsan: -1.9844674544266925, 1.984467454426692
Koppensauusa obocHoBaHa, oTBepraem Ho

p-3HayeHue: 0.0 (nNpeHebpexumo Mano)

[Tpu x =50 wunrtepBan nmporuosupoBanus cocranisier ot 50,79 no 134,51. Kon
BBITJISIZIUT TaK:

import pandas as pd
from scipy.stats import t
from math import sqrt

# 3arpyxaem AaHHble
points = list(pd.read_csv("https://bit.ly/3C8JzrM", delimiter=",") \
.itertuples())

n = len(points)

# MpsAmasa NUHeNHON perpeccuu
m = 1.75919315
b = 4.69359655

# BbluMcnAem MHTepBan MPOrHO3MpoOBaHUA ANA X = 50
X_0 = 50
x_mean = sum(p.x for p in points) / len(points)

t_value = t(n - 2).ppf(.975)

standard_error = sqrt(sum((p.y - (m * p.x + b)) ** 2 for p in points) / \
(n - 2))

margin_of_error = t_value * standard_error * \
sqrt(1 + (1 / n) + (n * (x_@ - x_mean) ** 2) / \
(n * sum(p.x ** 2 for p in points) - \
sum(p.x for p in points) ** 2))

predicted_y = m¥*x_@ + b
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# BblBOAMM WHTEpBan MpOrHO3MpoBaHWA
print(predicted_y - margin_of_error, predicted_y + margin_of_error)
# 50.792086501055955 134.51442159894404

4. TecroBble BBIOOPKH IIOKA3bIBAIOT YAOBJIETBOPUTEIbHBIE PE3YJIBTAThI, €CII pas-
JeJUTh HAOOD JaHHBIX HAa TPeTH M 06paboTaTh ¢ IIOMOIIbIO TPEXKPATHOII T1epe-
KpecTHOU Basuzpaiuu. [ Tpex HabopoB JaHHBIX cpegHee 3Hadenne MSE co-
crasJisiet okoJsio 0,83, a ctranapTHoe oTKJIoHeHHe — 0,04.

import pandas as pd
from sklearn.linear_model import LinearRegression
from sklearn.model_selection import KFold, cross_val_score

df = pd.read_csv("https://bit.1ly/3C8]1zrM", delimiter=",")

# M3Bnekaem BXOAHble MepemeHHble (BCe CTPOKW M BCe CTonbubl, KpoMe MociefHero
cTonbua)
X = df.values[:, :-1]

# N3Bnekaem cTonbel C BLIXOAHLIMM 3HaYeHUAMM (BCe CTPOKM, TOJIbKO MOCAeaHui
cTonbeu)
Y = df.values[:, -1]

# lMpocTaA NuHeiHaa perpeccua

kfold = KFold(n_splits=3, random_state=7, shuffle=True)

model = LinearRegression()

results = cross_val_score(model, X, Y, cv=kfold)

print(results)

print("MSE: cpegHee = %.3f (cT. oTkn. = %.3f)" % (results.mean(), results.
std()))

[0.86119665 ©.78237719 ©.85733887]
MSE: cpepHee = 0.834 (CT. OTKN. = 0.036)

[naBa 6

1. Perpeccust, mocTpoeHHas ¢ momoinsio scikit-learn, obecreunBaer kpaiite BbICO-
KYIO TOUHOCTb. 3aITyCcKast KOJ[ HIKe, 5 TOJTy4Yaro CPEeAHIO TOUHOCTH Ha TECTOBBIX
BBIOOpPKax He MeHee 99,9 %.

import pandas as pd

from sklearn.linear_model import LogisticRegression

from sklearn.metrics import confusion_matrix

from sklearn.model_selection import KFold, cross_val_score
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# 3arpyxaem AaHHble
df = pd.read_csv("https://bit.ly/3imidga", delimiter=",")

X
Y

df.values[:, :-1]
df.values[:, -1]

kfold = KFold(n_splits=3, shuffle=True)
model = LogisticRegression(penalty=None)
results = cross_val_score(model, X, Y, cv=kfold)

print(f"ToyHocTb = {results.mean():.3f} (cT. oTkn.= {results.std():.3f})")

ManI/IHa 01IMOO0K II0Ka3bIBaeT 04eHb OOJIbIIOEe KOJIMYeCTBO UCTUHHO II0JIOMKU-
TE€JbHbIX U UCTUHHO OTPHULATE/IbHBIX PE3YyJIbTaTOB U OY€Hb MaJIO JIOJKHOIIOJIO-
JKUTEJIbHBIX U JIOJKHOOTPUIATEJIbHbIX. Yr1o6b1 y6€I[I/ITbCH B 9TOM, 3allyCTUTE KO

import pandas as pd

from sklearn.linear_model import LogisticRegression
from sklearn.metrics import confusion_matrix

from sklearn.model_selection import train_test_split

# 3arpyxaem AaHHble
df = pd.read_csv("https://bit.ly/3imidga", delimiter=",")

# M3BNeKkaem BXOAHble nepemeHHble (BCe CTPOKM U BCe CToN6Ubl, KpPOMe MOCNeAHEero
cTonbua)
X = df.values[:, :-1]

# U3Bnekaem cTonbey C BbIXOLHOW MepemMeHHoW (BCe CTPOKU, TONbKO MOCneaHui crtonbew)
Y = df.values[:, -1]

model = LogisticRegression(solver="liblinear")

X_train, X_test, Y_train, Y_test = train_test_split(X, Y, test_size=.33)
model.fit(X_train, Y_train)
prediction = model.predict(X_test)

MaTpuua ownbok onpeaenseT KONMYECTBO pe3y/bTaToOB B KaxAoW KaTeropuu:
[ [MCTMHHO_noNOXuUTENbHbIE NOXHOOTpPULATENbHbIE ]
[noxHononoxuTenbHble UCTUHHO_OTpuUUaTenbHble] ]

[naBHas AuaroHanb OTpaxaeT MNpaBuJibHble MPOrHO3bI,
No3TOMY XenaTenbHO, 4YTObbl 3HAa4YeHUA Ha Hel 6binu bonble

matrix = confusion_matrix(y_true=Y_test, y_pred=prediction)
print(matrix)

Bot nntepaktuBHast 060109Ka, C TOMOIIBIO KOTOPOH MOJKHO TECTHPOBATH TIBETA,
BBeJIEHHbIE MTOJIb30BaTeeM. [TonpoGyiiTe MPOTECTUPOBATH MOJIEIb /st YUEPHOTO
(0, 0, 0) u Gesoro (255, 255, 255) dhoHa, YTOOBI IPOBEPUTH, IIPABUIBHO JIM OHA
MIPOTHO3UPYET TEMHBIN U CBETJIBIN MPUMDT.
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import pandas as pd
from sklearn.linear_model import LogisticRegression
import numpy as np
from sklearn.model_selection import train_test_split

# 3arpyxaem AaHHble
df = pd.read_csv("https://bit.ly/3imidga", delimiter=",")

# U3Bnekaem BXoAHble nepemeHHble (BCe CTPOKM M Bce CTOn6Ubl, KpoMe mociegHero ctonbua)
X = df.values[:, :-1]

# M3Bnekaem cTonbel C BbIXOAHOW MepemMeHHoW (BcCe CTPOKM, TONbKO MociegHuit cTtonbeu)
Y = df.values[:, -1]

model = LogisticRegression(solver="liblinear")

X_train, X_test, Y_train, Y_test = train_test_split(X, Y, test_size=.33)
model.fit(X_train, Y_train)
prediction = model.predict(X_test)

# lpoBepAeM nNporHosuposaHue
while True:
n = input("BBeauTe uBeT ¢oHa B dopmaTe: {KpacHbit}, {3eneHvit}, {cunuin}: ")
(r, g, b) = n.split(",")
x = model.predict(np.array([[int(r), int(g), int(b)]1]))
if model.predict(np.array([[int(r), int(g), int(b)]1]))[@] == 0.0:
print ("CBET/IbIA WPUOT")
else:
print("TEMHbIA WPUOT")

4. Jla, moructuyeckass perpeccusi o4eHb 3(h@PEKTUBHO MPEACKA3BIBAET CBETJIBIH
WJIA TEMHBIN IIpudT 1Jis 3alaHHoro 11BeTa poHa. ToYHOCTD MO/Ie/N Ype3BbIYaii-
HO BBICOKA, a B MaTPHIIE OIMMOOK BBICOKUE TIOKA3aTe/ M Ha TJIABHOW JMaroHaJIN
1 HU3KKME — B OCTAJIbHBIX sSUeiKax.

[naBa7

OueBHIHO, YTO 3/1ECh MOKHO MHOTO 9KCIIEPUMEHTHPOBATE 1 TPOOOBATH PA3IMUHbIe
CKPBITHIE CITOU, (QYHKITMHT AKTUBATINT, PA3HbIE PA3MEPHI TECTOBLIX BHIGOPOK M T. /1. 1 1m0~
POBOBAT MCTIOMBb30BATH OINH CKPBITHIH CIIOM € TPEMST y3mamMu ¢ DYHKITHEH aK THBATIAHT
ReLU, u MHe He y1a710Ch [TOJIy4UTb XOPOIIMX IIPOrHO30B Ha TECTOBBIX JaHHBIX. TOUHOCTD
OKa3BIBATIACH CTAOUITHHO HU3KOM,  MATPHITHI ONMMMOOK — HEYAOBIETBOPUTETHHBIMI,
7 HUKaKWe N3MeHEHVsT KOHMUTYPAITNH He TPUBOIWIN K JIYUIINM Pe3yIbTaTaM.

[Touemy HelipoHHAS CETh HE CIIPABUIIACE C 3a/1aueii? Bo-TiepBbIX, BO3MOXKHO, TECTOBAs
BBIOOPKa ObLJIA CTUIITKOM MaJia JIJist HEPOHHO#T ceTn (KOTopasi oueHb TpeboBaTeIbHA
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K 00beMaM JIaHHBIX ), @ BO-BTOPHIX, 33/Ia4l TAKOTO POJIa ToOPas/o mpotiie 1 apdekTrBHEe
PETAIOTCS € TOMOTIBIO APYTUX MOJIeNIeH, HapuMep JIOTHCTUIECKON perpeccui. JTO
He 3HAUWT, UTO B TIPUHITUTIE HEBO3MOXKHO HANTH KOH(PUTYPAITNIO HEHPOCETH, KOTOpAst
XOpOIIIo cpaboTaeT, HO BaM CTOUT CJIEAUTD 3a TEM, YTOOBI He CKATUTHCS B p-XaKUHT
1 9TOOBI PAIN XOPOIIIETO Pe3yJIbTaTa He MepeodyInTh MOIEb HA TOM HEOOIIIIOM
oObeMe 00YUArOTINX ¥ TECTOBBIX JaHHBIX, KOTOPBIE Y BaC €CTbh.

Bor ko Ha scikit-learn, koTopslii s ucIoIb30BAL:

import pandas as pd

from sklearn.metrics import confusion_matrix

from sklearn.model_selection import train_test_split
from sklearn.neural_network import MLPClassifier

# 3arpyxaem pAaHHble
df = pd.read_csv("https://tinyurl.com/y6r7qjrp", delimiter=",")

# M3Bnekaem BXOAHble nepemeHHble (BCe CTPOKM M Bce CToNbupl, KpoMe MoCieAHero
cTonbua)
X = df.values[:, :-1]

# M3Bnekaem cTonbew C BbIXOAHOW MepeMeHHOW (Bce CTPOKW, TONbKO MocnedHuit ctonbeu,)
Y = df.values[:, -1]

# Pa3pensem faHHble Ha 0o6y4alwyw M TeCcTOBYW BbIGOPKM
X_train, X_test, Y_train, Y_test = train_test_split(X, Y, test_size=1/3)

nn = MLPClassifier(solver="sgd",
hidden_layer_sizes=(3, ),
activation="relu",
max_iter=100_000,
learning_rate_init=.05)

nn.fit(X_train, Y_train)

print(f"CpeaHaa ToYHOCTb Ha obyd4aiweit Bbibopke: {nn.score(X_train, Y_train)}")
print(f"CpeaHAaa TOYHOCTb Ha TecToBoW Bbibopke: {nn.score(X_test, Y_test)}")

print("MaTpuua owunbok:")
matrix = confusion_matrix(y_true=Y_test, y_pred=nn.predict(X_test))
print(matrix)
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Tomac Huin — ocnosatesb komnanuu Nield Consulting Group, a rakske npernojasa-
tesb O'Reilly Media u Yausepcurera IOsxHoit Kaymudopauu. EMy HpaBuTcs nsnarath
TEXHUYECKHE TEMBI IOCTYITHO U MHTEPECHO JIJIS TEX, KTO HE 3HAKOM C ITPEIMETOM HJIH
noGauBaercs ero. ToMac PeryJsipHO BeIET 3aHATHS [10 aHAIU3Y JaHHbBIX, MAIIHHHOMY
00yUYEeHNI0, MATEMATUIECKON ONTHMU3AIMH U IIPAKTHYECKOMY HUCKYCCTBEHHOMY MH-
resiekty. OH Hanmcan kaurn «Getting Started with SQL» (O’Reilly) u «Learning
RxJava» (Packt), a takxe ocHoBas kommanuio Yawman Flight, kotopast paspaGaTbi-
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UnniocTpaumna Ha obnoxke

JKuBOTHBIE Ha 06JI0KKE KHUTH — MBIIIIEBUIHbBIE IPHI3YHBI, U3BECTHBIE TAKKe KaK I10-
JlocaTtble MbIIY Wi Kpbickl (Rhabdomys pumilio). 9Tu rpbl3yHbI OGUTAIOT B I03KHOIT
yact AQpPUKN — B caBaHHAX, IIYCTBIHSX, CEJIbCKOXO3STHCTBEHHBIX YTO/IbSIX, KyCTap-
HUKOBBIX CTEISIX U Jlaske B Topojiax. OHU HA3bIBAIOTCS TaK MOTOMY, UTO UMEIOT Ha
CTIMHE YEeThIPE OTUYETJIUBbIE TIPOJIOJIbHBIE TEMHBIE TIOJIOCHL. Y3Ke MIPU POSKICHUH 9TH
HOJIOCHI BUIHBI KaK IIMITMEHTUPOBAHHbBIE YYACTKU Ha Ge3BOJIOCON KOJKe JIeTeHbIIIa.

Oxpacka Mexa [0JI0CATON MbIIIN BAPbUPYETCST OT TEMHO-KOPHYHEBOH /10 CEPOBATO-
6eoit, ¢ 6osiee cBeTbIMU GoKamu 1 GprorikoM. JKuBoTHOe BbipacTaet 10 18—21 caH-
TUMETpPa B JTMHY (HE CYNTas XBOCTA IPUMEPHO TAKOH JKe JITTUHBL, KaK TEJI0) M BECUT
30—55 rpammoB. Mbilib HarboJee aKTHBHA JIHEM ¥ BCESITHA; OHA TIUTAETCST CeMeHa-
MU, PACTEHUSIMU 1 HACEKOMBIMU. B JIeTHIE MecsIIibl OHa, KaK TIPABIUIIO, €CT OOJIbIIIe
PacTEeHUI ¥ CeMsH, a TaKKe 3a[acaeTcst KIMPOM, YTOOBI TIPOAEPIKATHCS B IEPUOJ
CKY/IHOTO ITUTaHWSI.

3a 1oJ10caThIMU MBIIIAME JIETKO HAOII0aTh, YYUTHIBAS UX IIUPOKUI apea OOMTaHusL.
BBLI0 0TMEYEHO, YTO OHM MEPEMEKAIOT OJUHOYHBIN U COIMAIbHBIN 00pa3 KU3HN.
B ce30H pasMHOKEHMsI OHH JepiKaTcs 000c00aeHHo (BO3MOMKHO, 4TOOB N36eKaTh
Ype3MepPHOI pENPOAYKTUBHOM KOHKYPEHITHH ), & CAMKH TPUIEPKUBAIOTCS TEPPUTOPHUN
cBoux HOP. OHAKO B OCTaIBHOE BPEMsI MBILIN COOMPAIOTCS B TPYIIIIBI, YTOOBI LOOBI-
BaTh IIMIILY, CIIACATHCS OT XUIIHUKOB U IPHKUMATHCS APYT K IPYTY, YTOOBI COTPETHCSL.

MHorue U3 JKUBOTHBIX, KOTOPbIE N306pakeHbl Ha 0OJ0KKAX KHUT U3/IaTebCTBA
O'Reilly, HaxomgTcst oz yrpo3oil HCYE3HOBEHUS; BCE OHM BasKHbI /IS HALIIETO MUPA.

WiutocTparuio 11st 060xku Hapucosaiaa Kaper Monrtromepu (Karen Montgomery)
Ha OCHOBE CTAPMHHON TpaBiopsl 3 My3est ecTeCTBEHHOUW UCTOPHH.
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