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lpeauncnoeue

Hura «Paz6epuchk B Data Science» BBIIIUIa OYeHb CBOEBPEMEHHO, YUUTHIBAsA
KTeKymy}o CUTyalYIO C JaHHBIMU U aHAJIUTUKOW B opraHusaunuax. /Jlasaiite
KPAaTKO MPOOeXUMCcs 1Mo mociaefHUM cobbrtvsaM. Haunnas ¢ 1970-X rozoB JIUIlb
HeMHOTUe TlepeZioBble KOMIaHUH 3P PeKTUBHO UCIIONb30BAIU JaHHbIE U aHAJIHU-
TUKY JJI IPUHATUA PENIeHUH U 000CHOBAHUA CBOUX JIEHCTBUHN. BOJBITMHCTBO
WTHOPHPOBAJIO 3TOT LEHHBIM PecypcC WIN He NMPUAABATI0 eMy 0cOO0ro 3HAUeHMU .

B 2000-x rogax cuTyanua crtajga MEHATHCA, U KOMIIAHWW Hadajayd IOHUMATh,
KaK OHM MOTYT U3MEHHUTb CBOIO CUTYallHIO C IIOMOIIbIO JAHHBIX U aHAJIUTUKMU.
K mavany 2010-X TO0B UHTEPEC CTaT CMEIIATHCSA B CTOPOHY «OOJIBIINUX AaHHBIX>,
KOTOpBIe M3HAYa/IbHO IIOABUINCh B MHTepHET-KOMIIAHUAX, a 3aTeM pacipocTpa-
HIWINCH 10 BCEHM SKOHOMUKe. B cBA3M ¢ Bo3pocuInM 06beMOM U CIIOXKHOCTBIO JaH-
HBIX B KOMIIaHUAX BO3HUKJIA POJIb «laTa-calileHTUCTa», OIIATh JkKe, cHadasia B Cu-
JINKOHOBOM JI0NIVHE, a 3aTeM IIOBCIOZY.

OpHako Kak TOJbKO GUPMBI Havyaay MPUCIOCAOINBATHCA K OONBIIUM JaH-
HBIM, B mepuoz ¢ 2015 mo 2018 rog akiieHT BO MHOTHX pUPMax CHOBA CMECTHIICH,
Ha 3TOT Pa3 B CTOPOHY MCKYCCTBEHHOTO MHTeJUIeKTa. CO0p, XpaHEHUE U aHAIN3
OOJIBIINX JAAHHBIX YCTYMIIM MECTO MalIMHHOMY obydeHUI0, 06paboTKe ecTe-
CTBEHHOT'0 A3bIKA U aBTOMAaTHU3alUHU.

B ocHOBe 3THX OBICTPBIX ¢ABUTOB GOKyca JIeKasl psAZ AOMYIIeHUH OTHOCUTEb-
HO /JaHHBIX ¥ aHAJIUTHUKHY, PACIPOCTPaHEeHHbIX BHYTPU OpraHusanuii. { paz coob-
IITUTh, YTO KHUTA «Pa3beprch B Data Science» paspyliaeT MHOTHE U3 HUX U leJIaeT
3TO BeCbMa CBOEBpeMeHHO. MHOTYe JII0ZY, BHUMATENIbHO HAOIIOAAIOIINE 32 3TH-
MU TeH/IeHIIUAMHY, y>Ke HauUHaIoT IIPU3HaBaTh, YTO 3THU JOIIyIIeHUA HaIlpaB/IAoT
Hac II0 HeIIPOAYKTHUBHOMY IIyTH. B ocTaBielica yacTy 3TOro NpeAucaoBUA 1 OIU-
Iy AT B3aMMOCBA3aHHBIX JOMYIIEHUH U TO, KaK U3JI0)KeHHbIe B 3TOW KHUTe
nzen 060CHOBAaHHO ONIPOBEPTaIOT UX.

Jonyienue 1. AHasuTUKa, 60sblnre gaHHble U UM — coBepIlleHHO pa3Hble
ABJIEHUS.

MHoOrHe MoJIaraloT, YTO «TPaJUIIMOHHAsA» aHAJIUTHUKA, OOJbIlve JaHHble u TN —
3TO OTZAeNbHbIe ABIeHUA. OfHAaKO aBTOpPHI KHUTU «Pazbepuch B Data Science»
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CIIpaBeINBO CYUTAIOT, YTO STU BEIIU TECHO CBS3aHHBI APYT C ApyroM. Bce oHM
TPeOYIOT CTATUCTUIECKOTO MBIILIEHUS, UCIIONb30BAHUA TPAAUIIMOHHBIX aHAH-
TUYEeCKHUX II0AX0J0B, BPOJE PErpecCHOHHOr0 aHauu3a, a TakKe METOZOB BU3ya-
JIU3alny JaHHbIX. [[peIMKTUBHAS aHATUTHUKA — 3TO, TI0 CYTH, TO XKe CaMOge, YTO
¥ KOHTPOJIMpyeMoe MallnHHoe obydeHue. Kpome TOro, 60JIbIIMHCTBO METO/OB
aHayu3a IaHHBIX paboTaloT ¢ HabopaMu JaHHBIX JTI060T0 pasmepa. Kopode ro-
BOpS, TJIaBHBIN IO AaHHBIM MOXeT 3¢ deKTUBHO paboTaTh BO BcexX Tpex obia-
CTSX, TAK YTO 3a0CTPSTh BHUMAaHHUE Ha PA3IUIUAX MEXAY HUMU He OYeHb IPO-
JOYKTHUBHO.

Jomnymenue 2. B 3TOi meCOYHUIE MOTYT UT'PaTh TOJIBKO /laTa-CalleHTUCTBI.
MBI YacTo IPOCIABIISIIN aTa-CAaleHTUCTOB, MoJjIarasi, YTO TOJbKO OHU CIIOCOOHBI
3¢ dexTUBHO paboTaTh C ZJaHHBIMU U aHATUTUKOM. TeM He MeHee B HACTOsIIIEe
BpeMsd 3apokJaeTcs BakHas TeHJEHIUA K JeMOKpaTuU3aluu 3TUX Uzel, U Bce
6oJIbIlle OpraHU3aIui PaCHIMPSIOT MTOJHOMOYHUSA «TPAKAAHCKUX CITEIUAINCTOB
Mo paboTe ¢ JaHHBIM». ABTOMAaTHU3UPOBaHHbIE MHCTPYMEHTHI MAallTMHHOTO 00yJe-
HUSA YTIPOIIAIOT CO3/laHre Mo/iesiel, KOTOpble OTJMYHO CIIPABJAIOTCS C IIPOTHO3U-
poBaHHeM. PazymeeTcs, HaM Bce ellle HY)XHBI ITpodeccruoHaabHbIe JaTa-caiieH-
TUCTHI JJIs1 pa3pabOoTKKU HOBBIX aJTOPUTMOB U MPOBEPKU PabOTHI IpaKAaHCKUX
CIeNVaTNCTOB, 3aHUMAIOUIUXCA CJIOXKHBIM aHannu3oM. OZHaKO OpraHu3aluu, Ko-
TOpBIE IeMOKPATU3UPYIOT 3aHATHE aHAJIUTUKOUN U HayKOM O JaHHBIX, IIPUBJIEKast
K 3TOMY «JII0OUTENEl», CTIOCOOHBI 3HAYUTETBHO PACIIUPUTh UCIIOTb30BAHUE ITUX
Ba)KHBIX BO3MOXKHOCTEH.

Jomnymenue 3. /laTa-caiieHTHCTBI — 3TO €JUHOPOTH, 00JIalal0MMU BCEMH
HeO00OXOAMMbIMY HaBbIKaMH.

MBI IPUBBIKJIH [TOJIATATh, YTO JaTa-CalleHTHUCTH, YMeolie pa3pabaTeBaTh Mojie-
JIM, TAKXKe CIIOCOOHBI PellaTh BCe OCTA/IbHbIE 33/]a4l, CBA3aHHEIE C BHEJIPEHUEM
3TUX MoZenei. J/[pyruMu CJI0BaMH, MbI CYUTaeM UX CBOEOOPA3HbIMU «€ZIMHOPOTa-
MU», KOTOpbIe MOTYT Bce. HO TaKuX «eJUHOPOTOB» HET BOOOIIE, WIX OHU CYIIe-
CTBYIOT JIUIIb B HEOOJBIIIOM KOMUYeCTBe. [JTaBHbIE TIO JaHHBIM, KOTODPBIE ITOHU-
MarOT He TOJIBKO OCHOBBI HAYKU O JAHHBIX, HO ¥ OCOOEHHOCTY OUM3Heca, a TaKXKe
crtoco6HBI 3G GEKTUBHO YIPABJIATh MPOEKTAMU U BBICTPAUBATh /I€JOBBIE OTHOIIIE-
Hus, OyZyT Ype3BBIYaHO IIeHHBI KaK YYaCTHUKY TPOEKTOB 10 paboTe ¢ JaHHBIMH.
OHU MOTYT CTaTh NPOAYKTUBHBIMU WieHaMU KOMaH/ JaTa-CalieHTUCTOB U IOBHI-
CUTh BEPOATHOCTH TOTO, YTO IPOEKTHI IO paboTe ¢ JaHHBIMU IPUHECYT OGM3HeCy
IOJIB3Y.
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Jonymienue 4. YTo6bl IpeycreTh B paboTe ¢ JaHHBIMU U aHAJINTHUKOM, BaM
Heo0X0AMMBI BhIIAIOIHEC MaTeMaTU4eCcKHe CIIOCOOHOCTH 1 MHOTO TPEHH-
POBOK.

Eille ofHO TOXOXee JOMyIeHre CBOAUTCS K TOMY, YTO /it pabOThl C JaHHBIMU
YeJIOBEK ZIOJKEeH OBITh OUY€Hb XOPOIIIO ITOJTOTOBJIEH B 3TOM 00J1aCTH, a TAKIKE XO-
polIo pa3buparbcsa B MaTeMaTrke. MareMaTuyeckye CIOCOOGHOCTH M HOATOTOB-
Ka, 6€3yCJIOBHO, OYeHb BaXKHBI, HO aBTOPHI KHUTU «Pa3bepuch B Data Science»
yTBEPKAAIOT (U 51 C HUMU COIVIACEH), YTO MOTHUBUPOBAHHBIN YYEHUK CIOCOOEH
OCBOUTH HEOOXOAMMbIE HABBIKU B JOCTATOYHOM CTENEHH /IS TOTO, YTOOBI CTaTh
MOJIE3HBIM YYaCTHUKOM IIPOEKTOB 110 paboTe ¢ JaHHBIMU. Bo-miepBhIX, 00IIMe
MPUHITUIIBI CTATUCTHYECKOTO aHAIN3a JaleKO He TaK CJIOXKHBI, KaK MOXKET TIOKa-
3aTbCs. BO-BTOPBIX, ISt TOTO, YTOOHBI «OBITh IOJE3HBIM» YYaCTHUKOM IIPOEKTOB
o paboTe C JaHHBIMHU, Balll yDOBEHb BIaJIeHUsI aHATUTUKOM He 06513aTeNbHO /10T-
’KeH OBbITh Ype3BBIYAIHO BBHICOKMM. PaboTa ¢ nmpodeccroHaNIbHBIMHU JaTa-calieH-
THCTaMU WIM aBTOMAaTU3UPOBaHHBIMU VV-iporpaMMaMu TpebyeT JIUIIb JTH060-
3HATEIBHOCTU U YMEHUS 3a/laBaTh XOPOIINE BOMPOCH], HAXOAUTb B3aUMOCBSI3H
MeXxay 6u3Hec-TIpobieMaMy M KOJTMYECTBEHHBIMU Pe3y/bTaTaMM, a TaKke obpa-
IIaTh BHUMaHUE Ha COMHUTEbHbIE IPEANOI0KEHNU.

Jomymienue 5. Eciiv B KoJule/pke WiIKU acliMpaHType Bbl HE 3aHUMAJIUCh B OC-
HOBHOM KOJIM4€CTBEHHBIMH IIpelMeTaMH, BaM C/IUIIKOM II03JHO OCBauBaTh
HaBbIKH, HeOOXOAUMbIe /I paboThI ¢ JAHHBIMU U aHAJTUTHUKOMN.

DTO TpeAIoJoKeHNe NOATBePK/aeTCsa JaHHBIMU ONpocoB. CoIlacHO pe3ysbTa-
TaM OTIpoca, MpoBeJeHHOro Kommnanuei Splunk B 2019 rozay, B KOTOpOM TIPUHS-
s ydactue oxkoso 1300 pykoBogUTesNel 110 BceMy MUPY, TPaKTUYEeCKU KaXKAbIN
pecrioHzieHT (98%) corviaceH C TeM, YTO HaBBIKU PAGOTHI C ZAHHBIMU BaYKHBI JJIs
crerranucToB 6yayiierol. A 81% pecrnoHZEHTOB CUMTAET, YTO HABBIKU pabOTEI
C JaHHBIMH HEeOOXOAVMMEI JJI1 TOTO, YTOOBI CTATh CTAPUINM PYKOBOAUTENEM B UX
KOMITaHUAX, a 85% COIJIaCHHI C TEM, YTO IIeHHOCTh TaKHX HABBIKOB B UX GUp-
Max OyzeTr pactu. Tem He MeHee 67% pPeCIOH/EHTOB 3asBUJIM, YTO UM HeEyZ00-
HO MOJIy4aThb AOCTYII K JAHHBIM WIWA UCIIOJb30BaTh UX CaMOCTOATENbHO, 73%
CYMTAIOT, YTO HABBIKU PAOOTHI C JAHHBIMU TPYZHEE OCBOUTH, YEM JApyrue Ous-
HeC-HaBBIKY, a 53% — YTO OHU CJIUIIKOM CTaphl U1 OCBOEHUA HABBIKOB PAbOTEHI
c JaHHBIMU. [ToZ106HO€e MOpaKeHYeCTBO HAHOCHUT yIiepb KakK OT/JeIbHBIM JIUIaM,

1 Splunk Inc., “The State of Dark Data,” 2019, www.splunk.com /en_us/form /the-state-of-dark-
data.html.
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TaK ¥ OpraHu3alyaM B LIeJIOM, ¥ HU aBTOPHI 3TOU KHUTU, HU S HE CYUTAEM €ro
OIpaBJaHHBbIM. B Xo7le 4TeHUsA 5TOM KHUTHU BBl YBUAUTE, YTO B 3TOM HET HHUYEro
cJ1I0kHOTrO0!

Htak, oTOpOChTE 3TU JIOXKHBIE ZIOMYIIEHNs U CTAHbTE [IAaBHBIM I10 AHHBIM.
OTO MO3BOJIUT BaM IOBBICUTH CBOIO LIEHHOCTh KaK COTPYZAHUKA U CZeNaTh CBOIO
opraHuzaruio 6ojee ycrnemHoi. VIMEHHO [0 3TOMY ITyTHU JBHUKETCS MUP, TaK YTO
MIPUIUIO BpeMs y3HATh OOJIbIle O JAHHBIX U aHAIUTUKE. §I yBEpeH, YTO Mpoliece
yTeHUs1 KHUTH «Pasbepuch B Data Science» okaxeTcs ropaszo 6osee Moje3HBIM
Y IPUATHBIM, Y€M BBl MOXKeTe cebe MpeICTaBUTh.

Tomac X. /lasennopm
3acnyxcennntii npodeccop BabcoH-Kkonednca, npuziaileHHbLi
npogeccop BusHec-uikonwvt Cauda npu OxcgopOckom yHUBepCU-
meme, HAayuHblll compyOHUK uHUYUamuesl Maccawycemckozo
MexHOI02UHecK020 UHCmumyma 8 chepe yudpoeoil SIKOHOMUKLL,
asmop KHu2 «AHANUMUKA KAK KOHKYDEHMHOe NPeuMyuecmaon,
«BHeOpeHUe UCKYCCMBeHH020 UHMeleKma 8 OU3HeC-NPAKMUKY:
Ipeumywecmea u cioxcHocmu» u «Big Data @ Work»
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aHHbIE — 3TO, TIOXKAJIYH, BAYKHEHIIIMH acIleKT Balllel paboThl, HpaBUTCSA BaM
3TO WIH HeT. U, CKopee BCero, BbI PEIIN IPOYUTATH ATY KHUTY, YTOOBI JIyd-
IIle B HUX pa3o6paThCs.

[l Havasia CTOUT KOHCTAaTUPOBATh TO, YTO YIKE MOYTH IIPEBPATHUIIOCh B KJIH-
Ille: B HACTOsAIIee BpeMs MBI co3aeM U moTpebiiseM 6osbiiie nHGOpPMAIUH, YeM
Korza-mubo mnpexae. Mel, 6e3 COMHEHUs, )KUBEM B 30Xy JaHHBIX, KOTOpas TIO-
poawia Maccy obelllaHuii, MOAHBIX CJIOBEYEK U MPOAYKTOB, MHOTHE 13 KOTOPHIX
BBI, Ballli MEHE/)KEPHI, KOJUIETHU U MMOAYMHEHHBIE y)Ke UCIIONb3yeTe Win OyaeTre
HCI0Ib30BaTh. OJHAKO, HECMOTPS Ha paclpoCcTpaHeHue 3TUX ObelaHuil U Ipo-
JYKTOB, POEKTHI TI0 paboTe C JaHHBIMU TEPIIAT HeyJady ¢ Myralolled peryaip-
HOCTBIO?.

Pa3ymeeTcs, Mbl HE YTBEPXK/JAeM, YTO BCe OOEIAHUA MyCThI, & MPOJAYKTBl —
ykacHbl. CKopee, 4TOOBI TI0-HACTOSAIIEMY Pa3obpaThbCsi B 3TOM 06JIACTH, BHI A0JI-
JKHBI IPUHATH QyHJaMEHTaNbHYI0 UCTUHY: paboTa ¢ JaHHBIMU OYeHb CIOXKHA
Y COTIPSDKEHA C HIDAHCAMU U HEOTIPeIeIEHHOCThIO. /laHHbIe, 6€3YCIOBHO, BaYKHBI,
HO paboTaTh ¢ HUMH COBCEM He MPOCTO. Y BCe JKe CYIIeCTBYET Liesiasd UHAYCTPUA,
KOTOpas 3acTaBJsAeT HAc AyMaTh WHaue, obellaeT onpeaeeHHOCTb B MUpPE He-
OTIpeZIeIEHHOCTH M UTPAET Ha CTpaxe KOMIIaHUH YITyCTUTh BHITOAy. Mbl Ha3bIBa-
€M 3TO MMPOMBIIUTEHHBIM KOMILIEKCOM HayKH O JaHHBIX.

MPOMbILLJIEHHBIA KOMIJIEKC HAYKHU 0 IAHHbIX

Ora npobisiema KacaeTcs Bcex. Kommanuy 6eCKOHEYHO HIIYT IPOAYKTHI, KOTOPbIE
aymainy 6bl 32 HUX. MeHe/pkepbl HAHUMAIOT TpodeCcCHOHaIOB B 06J1aCTH aHAJIH-
THKH, KOTOPBIE Ha CAaMOM /IeJIe TAKOBBIMU He SBJIIOTCA. JlaTa-calleHTUCTOB HaHU-
MaFOT /ijisi paGOTH B KOMITAHUSX, KOTOPBIE K HUM HE TOTOBbL. PYKOBOAUTENN BhI-
HY)X/ZIEHBI CJIYIIATh TEXHUYECKYIO G0ITOBHIO U JeaTh BU/, YTO IOHUMAIOT, O YeM
uzieT pedb. PaboTa HaJ MPOEKTaMU CTONIOPUTCA. JIleHbI'M TPATATCSA BIIyCTYIO.

2 Venture Beat. “87% of data science projects failing”: venturebeat.com/2019/07 /19 /why-
do-87-of-data-science-projects-never-make-it-into-production
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TeMm BpeMeHeM IIPOMBIILIEHHBIN KOMIUIEKC HayKH O ZaHHBIX HITaMITyeT HOBBIE
KOHIIENIUY OBICTpee, YeM MBI MOXKEM OIPEAETUTD U cHOPMYIMPOBATh IIOPOXKae-
MbIe UMY BO3MOXKHOCTU (U Tpo61eMbl). CTOUT MOPTHYTh, ¥ 0653aTeTbHO YTO-HU-
6yab pomycTulrb. Korza aBTopel 3TOM KHUTH HaYaay paboTaTh BMeCTe, BCE TOBO-
pwIH 0 6obIIMX AaHHBIX. CO BpeMeHeM MONyJIAPHOM HOBOW TEMOM CTajia HayKa
0 ZJaHHBIX. 3aTeM BHUMaHUeE OOIECTBEHHOCTH COCPEOTOYMIOCH HA MAIIMHHOM
obyueHnH, ITyOOKOM 00y4eHHH U MCKYCCTBEHHOM MHTEJUIEKTE.

Ho campIx 110603HATETBHBIX U KPUTUYECKU MBICJIAIMINX U3 HAC YTO-TO
He ycTpauBaert. JlefiCTBUTENBHO JIM 3TU NMPOOGJIEMBI HOBbIE? VI OHU IIPOCTO TIe-
peoCMBIC/IEHE CTaPhIX?

OtBeT Ha 06a BOIpOCa yTBEPAUTETHHBIH.

OnHako MBI HaZleeMCsl, YTO BBI 3aZjaeTech Oosiee BaXXHBIM BoripocoM — «Kak
Hay4UTbCA KPUTUYECKU MBICJIUTD U TOBOPUTD O JAHHBIX?»

MEI Bac aTOMy Hay4UM.

B 2T0i1 KHUTe BBI TO3HAKOMUTECH C UHCTPYMEHTAMHU, TEPMUHAMU U 06pa3oM
MBIIUIEHNs, HeOOXOAUMBIMU /11 HABUTAIMH TI0 IIPOMBIIIIEHHOMY KOMIUIEKCY Ha-
VKU O ZJAHHBIX. BbI HAyYUTeCh MOHUMATh JJaHHbIE U CBA3aHHBIE C HUMU ITPOGJIEMBI
Ha 6oJ1ee TIyOOKOM YPOBHE, KDUTUYECKU OTHOCHUTBCA K JAHHBIM U Pe3y/IbTaTaM, C KO-
TOPBIMH CTaJIKBAETECh, & TAK)KE PA3yMHO I'OBOPUTB 000 BCEM, UTO KacaeTcs JaHHBIX.

Kopoue rosops, Bbl cTaHeTe [VIABHBIM 110 JAHHBIM.

NOYEMY HAM 3TO BAXXHO

[Tpexze yeM MBI HAaYHEM, CTOUT CKa3aTh, I04eMy aBTOPOB 3TOM KHUIHU, AjeKca
u /XxopZaHa, Tak BOJHYeT 3Ta TeMa. B 3ToM paszesie Mbl ONUIIEM /IBA BaXKHBIX
IpUMepa TOTO, KaK /JaHHbIe TTOBJIUSAIN Ha OOLIECTBO B IIEJIOM U HA HAC JIMYHO.

Kpuauc cy6cTaHpapTHOrO MNOTEYHOTO KPeUTOBaHMS

MBI eBa 3aKOHYMIM KOJUIE/K, KOT/IA pa3paswics KPU3UC CyOCTaHAapTHOIO UIIO-
TEeYHOro KpeauToBaHuA. Mbl 06a ycTpownuck Ha paboty B BBC B 2009 rozy, ko-
rga HaTH paboTy ObLIO OYeHb TPyAHO. HaM moBe3so, MOCKOJIBKY MBI 00J1aza-
JIX BOCTPEOOBAHHBIM HABBIKOM — MBI yMeu paboTaTth ¢ JaHHBIMU. MBI KaXKIBIH
JieHb paboTanu HaJ Ipeobpa3oBaHUEM pe3yabTaTOB HCC/IeAOBAHUMN, IIPOBeJeH-
HBIX aHAJUTUKAMU U yieHbIMU BBC, B IPOAYKTHI, KOTOPbIE MOIVIO GBI UCIOIbH30-
BaTh NMPABUTENbCTBO. Hamr mpuem Ha paboTy cTan MpeJBECTHUKOM I'DAAYIIETO
pocTa BaXKHOCTH TeX poJieil, KoTopble MbI HCIIONHANU. Byayuu crienuanucraMu
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o paboTe ¢ JaHHBIMU, MbI HAOJIIOZIA/IN 33 PA3BUTHEM HUIIOTEYHOTO KPU3KCA C UH-
TEPECOM U JIFOOOTIBITCTBOM.

Y kpu3suca cy6CTaHAAPTHOTO UIIOTEYHOTO KPEJUTOBAHUA OBUIO MHOXKECTBO
npuauH®. [IpUBOZS ero 37ech B KauecTBe IpUMepa, Mbl He OTpUllaeM Ipoure dax-
TOPBI, OAHAKO, 110 HAIlleMy MHEHUIO, B)KHEUIITM U3 HUX OblIa cepbe3Has Ipo-
6yeMa ¢ JaHHBIMY. BaHKY 1 UHBECTOPHI CO3/Ia/I MOZENHU /JI OIIeHKU 1€HHOCTU
obecrieueHHBIX UTIOTEKOM JOATOBLIX 00s13aTenbcTB (CDO) — MHBECTUIIMOHHBIX
WHCTPYMEHTOB, CTAaBIIUX MPUYNHON o6Basa peiHka CIIIA.

O6surauyy ¢ UMOTEYHBIM MOKPHITUEM CUUTATUCH 6e30MaCHBIMU MHCTPYMEH-
TaMH, IIOCKOJIbKY PacIIpeiesisii PUCK ZedoIITa 0 KPeJUTY MeXKAY HECKOJTbKUMU
WHBECTUIIMOHHBIMU eUHUIIaMU. Viesa 3akiodanach B TOM, YTO €CJIU JIUIIb He-
KOTOpBIE aKTUBHI B [TOPTdeie UTOTEYHBIX KPEJUTOB OKAXKYTCA YOBITOYHBIMU, 3TO
He OKa)XeT CyLIeCTBEHHOTO BIMAHUA HAa CTOUMOCTD BCETo noprders.

U Bce ke, ecJIi IOPa3MBICTUTD, CTAHOBUTCA OUYE€BUHO, YTO HEKOTOPHIe PpyH/a-
MeHTaJIbHBIE PEATIONOKEHNS ObLTN HEBEPHBL. B EPBYIO 0Yepeh pedb UET O 10-
MyIIeHNH He3aBUCUMOCTU MEX/IY BO3MOXKHBIMU edOITaMU, TO €CTh IIPEAII0NO0-
*KEHHH O TOM, YTO €CJIU 3aeMIIVK A He BBIIIOJHUT 0053aTeIbCTBA 110 KPEJUTY, 3TO
He TOBJMAET Ha PUCK HeIllaTe)ka 3aeMiluka b. BiocaezcTBrY MBI y3HAIU O TOM,
YTO ZePONTH TPOUCXOAAT TIO IPUHIUITY IOMUHO, TO €CTh IPEABIAYIINN AeoT
MOJKeT Ipe/ICKa3aTh BePOSATHOCTh AanbHeHmux gedontoB. JedbouT mo ogHOMy
WIIOTEYHOMY KPEAUTY MPUBOAWI K CHIDKEHUIO CTOMMOCTH HaXoAslIelcs mobiu-
30CTU HEABWKUMOCTH, YTO CIIOCOOCTBOBAIO POCTY pHUCKa AedosTa Mo COOTBET-
CTBYIOIUM KpeauTam. [1o CyTH, OZVH OM yTATHUBAJ 32 06O coceHUeE.

JlomylieHe He3aBUCUMOCTU (aKTUYECKU CBA3aHHBIX MeXIy cCOOOH COOBI-
TUIN — paclpocTpaHeHHas OUIMOKa B CTATUCTHKE.

Ho gaBaiiTe yriybuMcs B 9Ty UCTOPUIO. VIHBECTUIIMOHHBIE GAHKY CO37aJI MO-
JleJId, KOTOphle IIepeolleHWIN 3TU UHBecTUU. Mozgenu, o0 KOTOPBIX MBI IIOI'OBO-
pUM Jajiee B KHUT'e, — 3TO YIIPOILleHHble BepcuU peasbHOCTU. OHU UCIOIb3YIOT
[IpeANONIOKEeHHUA O peaIbHOM MUpe /I IOHUMaHUA U NIpe/icKa3aHus ollpe/ieeH-
HBIX SIBJIEHUN.

A KTO co3zaBal 3TU MoAean? DTO OBUIM JIIOAU, KOTOPBIE 3aJ0KUIN OCHOBBI
Oyaymeil npodeccun garta-caiieHtucra. Jlirogu Bpoge Hac. CTaTUCTUKYU, SKOHO-
MUCTBI, GU3UKU — JIIOAW, KOTOpBIe 3aHUMAJIMCh MAIIMHHBIM 00ydeHHeM, UCKYC-
CTBEHHBIM UHTEJUIEKTOM U CTAaTUCTUKOM. OHM paboTasu ¢ JaHHBIMU. Y OHU ObLTH
yMHBL. HeBepoATHO YMHBI.

3 www.brookings.edu/wp-content /uploads /2016 /06 /11_origins_crisis_baily_litan.pdf
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U BCe ke YTO-TO MONUIO He TaK. MoXXeT 6BITh, OHU He CYMeJH 3a/aTh PaBUJIb-
HbIe BOmpockr? Miin nHbOpMaIus 0 pUCKEe U HEONPeAeSeHHOCTH He 6blia JOJK-
HbIM 06pa3oM ZIOHECEHA IO JIWII, IPUHUMAIONINX PEIIEeHUs, B Pe3yIbTaTe Yero
y HUX BO3HHUKJIA WUTIO3US COBEPIIIEHHO IPEACKA3yEMOT0 PhIHKA HEBUKUMOCTH?
A MOXeT 6BITh, KTO-TO OTKPOBEHHO COBpAJI O pe3y/ibTaTax?

Ho 6oJblile Bcero HaC MHTEPECOBAIO TO, KaK M36ekaTh MOAO0OHBIX OMKMOOK
B Halllelf co6CTBEHHOM paboTe?

Y Hac 6bUI0 MHOTO BOIIPOCOB, 1 06 OTBETAX MBI MOIJIU JIMIIIb T'ajaTh, HO OHO
OBUTO SICHO — 3TO ObUIA KpyIIHOMacinTabHas kaTacTpoda ¢ JaHHbIMU. V1 o0Ha 06e-
masa ObITh HE TTOCIeHEN.

Bceobuiue Bbibopbl B CLUA 2016 roga

8 Hos6ps 2016 roga kaHAMAAT OT peciybnukanueB JoHanba k. Tpamn mobeat
Ha Bceobmux Beibopax B CoerHeHHbIX [IITaTax, 000Ms peIioaaraeMoro Juepa
Y KaHZW/IATa OT IEMOKPATHIeCcKod nmaptuu Xwutapu KiuHTOH. /i1 TOMTUTAYeCKIX
COIIMOJIOTOB 3TO CTaJI0 HACTOAMIMM IIOKOM, IIOCKOJIBKY WX MO/Je/IU He NpeZCKa3bl-
BasK ero mobezy. A roz ObUT CAaMBIM MOAXOISIIAM /I MTOJOOHBIX ITpeCKa3aHMH.

B 2008 roay Hetit CunbBep, aBTop 6s10ora FiveThirtyEight, Torza 6siBiiero ya-
ctbio rasethl The New York Times, npozenan ¢aHTaCTUYECKYIO pPabOTy U Tpes-
cka3as nobeny bapaka O6aMbl. B To BpeMA 3KCIIePTHl CKENTHYECKU OTHOCUINCH
K CITIOCOOHOCTH €r0 ajJroOpuTMa MPOrHO3UPOBAHUS TOYHO TIPE/CKA3bIBaTh Pe3y/Ib-
TaThl BbIOOPOB. B 2012 roxy HeiiT CribBep CHOBa OKa3ajcs B IleHTPe BHUMAaHUS,
IpeZicKa3aB odepesHyto mobexy O6aMel.

K aToMy MOMEHTY Z1eJIOBOM MUp y:Ke HadyajJ OCBauBaTh paboTy C ZaHHBIMU
Y HAaHUMATh JlaTa-CalleHTUCTOB. YCIIENTHOEe TIpeZicka3aHnue epen3bpanus bapaka
O6amsbl Hetitom CHIBBEPOM JIMIIH TIOAYEPKHYJIO BAXKHOCTh M OPaKy/IOMOA0OHbBIE
BO3MOXXHOCTH IIPOTHO3MPOBAHUA Ha OCHOBe JaHHBIX. CTaTbU B JENOBBIX XKYp-
HaJax IpeziocTeperaayu PyKOBOAUTEEH O TOM, YTO eCIM OHU He OCBOAT paboTty
C IaHHBIMH, TO IIPOUTPAIOT B KOHKYPEHTHOU 60phbe. [IpOMBIIUIEHHBIH KOMIUIEKC
HayKH O JaHHBIX 3apaboTasl B IIOTHYIO CHTY.

K 2016 rozy xaxkioe KpyIrTHOe HOBOCTHOE M3/IaHHEe BIIOXKUJIO CPEJCTBA B aJro-
PUTM TpeACKa3aHusa UCXo/ia Bceobmux BEIOOPOB. [logaBisrolnee 60JbITUMHCTBO
13 HUX MIPOTHO3UPOBAIN COKPYIIUTEIbHYIO Tobely KaHAWAAaTa OT AeMOKpaThde-
ckoit maptuu Xwutapu KinnnatoH. Kak e oHU omubanuick.

JlaBaiiTe cpaBHHUM 3Ty OLIMOKY C KPHU3UCOM Cy6CTAaHZAPTHOI'O UIIOTEYHOTO
KpeAuTOBaHUsA. MoXHO 6bLTO OBl yTBEp:K/AaTh, YTO MBI MHOT'OMY HaY4MINCh U 9YTO
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WHTepeC K HayKe O JaHHBIX [I0/DKEH ObLT ObI TO3BOJUTD U36eKaTh OIMIMOOK IIPO-
uuioro. /lefictBuTenbHo, HaunHasA ¢ 2008 rozia, HOBOCTHBIE OpraHU3aIlUU CTaIU
HaHUMaTh JaTa-CaleHTHUCTOB, BKIAZBIBAaTh CPEICTBA B MIPOBEAEHNE OTIPOCOB 06-
IIEeCTBEHHOT0 MHEHUS, pOPMUPOBATH KOMAaH/bl AHATUTUKOB U TPATUTH OOJIBITIOE
KOJINYECTBO JIeHeT Ha cO0p KaueCTBEHHBIX AaHHBIX.

YTo K€ POU30IIUIO, YIUTHIBAsA BCE OTO BPeMs, €HbIU, YCUINA U 00pa3oBa-
Hue?*

Hawa runoTe3a

[ToueMy BO3HUKAIOT MOZOOHBIE TPOBIEMBI C JaHHBIMU? MBI BUAUM TPU MPUYU-
HBI: CJIOKHOCTD ITPOOJIEMBI, HEZIOCTATOK KPUTHUYECKOTO MBIIIIEHUS U [UI0Xast KOM-
MYHUKALIYA.

Bo-miepBhIX (Kak MBI YK€ TOBOPWIHN), paboTa ¢ JaHHBIMM 3a4acTyI0 OYeHb
cioxkHa. Jlaxke IPU HAJUYUU OOJBIIOTO KOJTMYECTBA JAHHBIX, TOAXOASIINX UH-
CTPYMEHTOB, METOANK U YMHEUIINX aHATUTUKOB CIy4aroTCs OMUOKU. [IpOrHO3bI
MOTYT U OYZyT OKa3bIBaThCs OUIMOOYHBIMU. V1 3TO He KPUTHKA JaHHBIX U CTaTH-
CTUKU. TakoBa peasbHOCTb.

Bo-BTOPBIX, HEKOTOPble aHATUTHUKUA U 3aMHTEPECOBAHHBIE CTOPOHBI ITEPECTa-
JIN KDUTUYECKU OTHOCHUTHCS K IIpo6IeMaM JaHHBIX. [[pOMBIIUIEHHBIN KOMILIEKC
HayK! O J]AHHBIX B CBOEM BBHICOKOMEPHY HapUCOBaJ KAPTUHY YBEPEHHOCTHU U TIPO-
CTOTHI, ¥ HEKOTOPBIE JIIOZIX Ha Hee KYIIWINCh. BO3MOXKHO, TAKOBA 4eI0BEYECKast
IpUpoJA: JIOAU He XOTAT MPU3HABaTh, YTO He 3HAIOT Oyayiero. OJHAKO KO-
YEeBBIM aCIEKTOM MPABUIBHOTO OCMBICJIEHUS U UCIIONb30BAHNS JaHHBIX SBISET-
s TIpYU3HaHME BO3MO)XHOCTU MPUHATHUSA HEBEPHOT'O pellleHus. ITO 03HAYaeT I10-
HUMaHWe W paclipocTpaHeHre WHGOPMAaIMK O PUCKAX M HEOIPEJENEHHOCTSX.
Ho oTa uzes rae-to 3arepsiiack. MBI HaJesIuCh, YTO KOJIOCCAIBHBIM ITporpecce
B MCCJIEZIOBAHUAX Y METOJAX aHaiu3a U paboThl C JAHHBIMU OOOCTPUT KPUTHUE-
CKOE€ MBIIIJIEHHUE KaXK/J0T0 YeJIOBeKa, HO, CY/A [0 BCeMY, HEKOTOPBIE JIFO/IU €70, Ha-
000pOT, OTKJTIOULIH.

TpeThsi MpUYMHA BO3HUKHOBEHUsS MPOGIEM C JaHHBIMH, [0 HAIleMy MHe-
HUIO, — IUIOXasi KOMMYHUKAI[UA MeXAY AaTa-calleHTUCTaMU U JIUI[aMH, TPUHU-
MalUUMH pelieHus. Jlake MpU HAJIUYUU CAMbIX JYYLIINX HaMEPEHUH pe3yiib-
TaThl 3a9ACTYI0 JOHOCITCS C MCKaXKeHUsAMHU. JIuila, IPUHUMAIOIYE PEIIeHuUs,

4 Heiit CrwibBep HaIcal 0 3TOMY IIOBOAY Lienyto ceputo crareit (fivethirtyeight.com/tag/the-
real-story-of-2016). OzxHa 13 OmHU60K COLMOJIOTOB 3aKII0YaIaCh B IOMYIIEHUN HE3aBUCUMOCTHU
COBBITHI, KaK U B CIydae C UIOTEUHBIM KPU3HCOM.
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He TOBOPAT Ha fA3bIKe JaHHBIX, IOTOMY YTO HUKTO He YAOCYXXWICA UX 3TOMY Ha-
yuuTh. KpoMe TOTO, CIIEIMaIUCTh IO paboTe ¢ JaHHBIMU JaleKO He BCerga CIio-
COOHBI TIOHSTHO OOBSCHUTH TE WM WHBIE BeIU. MTak, CylecTByeT mpoben B 06-
IIeHUH.

JAHHbIE HA PABOYEM MECTE

Baru mpo6ieMbl ¢ JaHHBIMU, CKOPee BCEro, He TPO3AT 06pylIeHreM MUPOBOI
SKOHOMMKH WM HENPaBWIbHBIM IIpe/ICKa3aHueM pe3y/IbTaTOB CIeAYIOIUX Ipe-
3UJeHTCKUX BBIOOPOB B CIITA, HO KOHTEKCT 3TUX UCTOPUI UMeeT 3HayeHue. Eciu
HeJZIOTIOHMMAaHUe U OMHUOKU B KPUTUYECKOM MBIIUIEHUN CIYYalOTCA Ha Ia3ax
y BCETO MUpa, TO, BEPOSATHO, 3TO MPOMCXOAUT Ha BalleM pabodyeMm MecTe. B 60ib-
IIMHCTBE CJTy4aeB TU MUKPOCOOU YKPEIUIAIOT KYJIbTypy 6€3rpaMOTHOCTH B OTHO-
IIeHUU JAHHBIX.
ODTO MPOUCXOAWIO U HA HallleM pabodyeM MecTe ¥ OTYACTH 110 Halllell BUHe.

CueHa B 3ane 3acefjaHuit

[TOKJIOHHMKaM HAayYHOM GaHTACTUKU U MPUKIIOYeHIeCKUX GUIBMOB XOPOIIO 3Ha-
KOMa TaKas CIIEHA: TepOil CTaJKHUBAETCs, Ka3anoch OB, C HEpelaeMoii 3aaJei,
Y1 MUPOBBIE JIUJIEPHI U YYEHBIE COOMPAIOTCSI BMECTE, YTOOBI OOCYIUTH CHUTYAIIHIO.
OfVH M3 YU€EHBIX, CAMbIi 3aHy/IHbIN CpPeIY BCEH I'PYIIIIHI, IPe/JIaraeT UAEek0, UCIOIb-
3ysl HETIOHATHBIHN JKaproH, a TeHepasl OOphIBAeT ero, Tpebys «TOBOPUTD IO-YeIoBe-
YecKu». [10cIe 3TOTO 3PUTENB MONTYIaeT HEKOTOPOE OOBSICHEHHE TOTO, YTO UMEIOCh
B Buzy. CyTh 3TOTO MOMEHTa — NPeobpa3oBaHue KPUTUYECKU BaXKHOU /ST MUC-
cvu THGOPMAIIUH B TO, UTO CIIOCOOEH TIOHATD He TOJIBKO HAlll F'epOi, HO Y 3pUTEIb.

MBI yacTo 06CYKIaIi 3TOT CIOXKET B KOHTEKCTe Halllel pOJIH UcciefoBaTenei
[uisi GeZiepabHOTO MpaBUTeIbCcTBA. [Toyemy? [ToTOMY 4TO HAM Ka3auoch, YTO CH-
Tyalus HUKOT/|a He pa3BopavynBaiach TaKuM 06pa3oM. Ha paHHUX dTamax Hallei
Kapbepbl Mbl 4aCTO HAOJII0/IaIM HEYTO ITPOTUBOIIOIOKHOE.

ME&I peZACTaBIIM Hally paboTy JIFOASIM, CMOTPEBITUM Ha HAC MYyCTHIMU IVIa-
3aMHu, KOTOPBIE BSUTO KMBAJIH, a MHOT/A TIOYTH 3achinanu. Mel Habmogamu 3a TeM,
KaK COUTHIE C TOJIKY 3PUTENN BOCIIPUHUMAJIHN BCE, YTO MBI TOBOPWIH, 6€3 eANHO-
ro Bompoca. VIx 6o BIeYaT/Isio TO, KAKUMH YMHBIMU MBI Ka3aJIKUCh, TU60 UM
OBUIO CKYYHO, TIOTOMY YTO OHM HUYEro He MOHUMaau. HUKTO He MPOCUI TIOBTO-
PUTH CKa3aHHOEe Ha ITOHATHOM BceM s3bIKe. OUeHb 4acTO CUTyalUs pa3BoOpadu-
BaJIach CIeAYIOMUM 06pa3oM:
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Mui: «[Ipogeds aHanus 6UHAPHOLL nepemeHHOT OMKAUKA MemoO0OM KOHMPO-
AUPYeM020 00yUeHUs. ¢ UCNONb308AHUEM MHONCECMBEHHOIL lo2Ucmuueckoll pe-
2peccull, Mbl NOLYUUNU BHEBLLOOPOUHYH NPOU3BOOUMENLHOCTL CO CTLeYUPUUHO-
cmuto 0,76 U HecKOIbKO CMamucmuuecku 3HaUUMbLX He3d8UCUMbLX NepeMeHHbIX
C UCNONIb308AHUEM 3HAUeHUTL anbda pasHbix 0,05».

BusHec-npogeccuoHan: *Henogkoe Monuanue*

Mbl: «9mo noHAmMHO?»

BusHec-npogeccuoHan: *cHosa muwuHa*

Mpbi: «<Ecmb 8onpocsL?»

BusHec-npogeccuoHan: «B 0aHHbLL MOMEHM BONPOCO8 HeM».

BuympenHuil moHon0e 6usHec-npodeccuonana: «O uem, uepm 803bMi, OHU 20-
gopam?»

YBuzeB OJ06HYIO ClIeHy B KMHO, BbI MOIVIM ObI ITIOAYyMaTh: HAZI0 IIePeMOTaTh
HasaZ, BO3MOXHO, 5 4YTO-TO yIycTwiI. Ho B peanpHON XW3HU, KOrZa IpUHAMae-
MBIe pellleHNs UMEIOT OIPOMHOE BIMAHME Ha pe3y/lbTaT MUCCHU, TaKOe CIydaeT-
ca pefko. MBI He nepeMaTtbiBaeM. MBI He IIPOCUM pa3bACHEHUH.

OrnsagpiBasgch Ha3aZ, MBI IOHMMAeEM, YTO HAUIW Mpe3eHTalUy ObUIM CIIHII-
KOM TeXHU4YecKuMU. OT4acTy MPUYMHA 3aKII04Yanach B 6aHaJIbHOM YIPSIMCTBE:
ZI0 UTIOTEYHOI'0 KpU3Kca TeEXHUYECKUE JeTalu Ype3MepHO YIIPOLAINCh; aHAIUTH-
KOB IIPUIVIAIIATIH /IJIS1 TOTO, YTOOBI OHU TOBOPIJIN PYKOBOAUTEJAM TO, YTO T€ XOTe-
JIV YCJIBIIIATE, HO MBI He COOMpPaINCh UTPaTh B 3TY UI'PY. MBI XOTeH, YTOOBI HAIlIN
3pUTeNN TIOHMMaJIX Hac.

Ho M1 nepectapanuce. Hamma ayzuropus He MoIIa KPUTHYECKH OCMBICIUTD
pe3y/IbTaTHl Halllel paboThI, TOTOMY YTO He IOHMMaJIa, O YeM MBI TOBOPIUIU.

Me! mozymManu, 4To JOKeH ObITh criocob mosydiuie. MBI XOTenu IMOBIUATH
Ha CHUTYalUIO C IIOMOIIbIO CBOEH pabOTHI, MO3TOMY Ha4yalu IPaKTUKOBATHCA
B OOBSICHEHUU CJIOXKHBIX CTATUCTUYECKUX KOHIEIIIWH APYT APYTY U HAIIUM 3pU-
TeJIAM, a TAK)XKe UCC/IEA0BATh TO, KaK HALTH OOBSICHEHHUA BOCIPUHUMAIOT APYTHE
JIIOZIN.

Hawm yzanock 0OHApYKUTh TOYKY COIPUKOCHOBEHUSA MEX/Y CIIeLNaIHCTa-
MU 10 paboTe ¢ JaHHBIMU U Ou3Hec-podeccroHaIaMu, B KOTOPO MOTYT UMETh
MeCTO YeCTHBIE AVICKYCCUU O JAHHBIX, HE OYAYYH IIPU STOM CIUIIKOM TeXHUJe-
CKUMH WIH CJIUIIKOM YIPOIIeHHBIMHU. DTO IpeAnosaraer 6oiee KpUTUIECKOE
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OTHoIlleHHe 06enX CTOPOH K NpobeMaM JaHHBIX BHE 3aBHCHMOCTH OT MX Mac-
mraba. IMeHHO 06 3TOM U IOMJET peyb B 3TOM KHUTE.

Bbl MOXXETE MOHATb OBLLIYI0 KAPTUHY

Jlis1 Tydirero MoHMMAaHUS JaHHBIX U pabOTh ¢ HUMU BaM HEOOXOAUMO OBITH TO-
TOBBIM K U3y4€HUIO CJIOXKHBIX KOHIIENIUH. U Jaske eciIy B yoKe 3HAKOMBI C HUMU,
MBI HayYUM Bac TOMY, KaK JOHECTH UX JI0 Ballel ayuTOpUU.

BaMm Tak)xe IPeICTOUT IIPUHATD TAKOM PeAKO 06CyKAaeMbIii GaKT, YTO BO MHO-
IUX KOMIIAHUAX paboTa ¢ JaHHBIMU OKa3biBaeTcs HeaddeKTUBHOM. Brl pa3oBbe-
Te WHTYULINIO, IOHUMAaHUe U 3Z0POBBII CKENTHUIIN3M B OTHOLIEHUH YKCeNT U Tep-
MUHOB, C KOTOPBIMU CTaJKMBaeTech. JTa 33/lada MOXET II0KA3aThCs CJIOXKHOM,
HO 3Ta KHUTA IIOMOXKET BaM €€ PeluTh. U i1 3TOro BaM He OHaA00ATCsI HU Ha-
BBIKU IIPOTPaMMHUPOBAHUA, HU JOKTOPCKAsA CTEleHb.

C mOMOIIBIO0 YeTKUX OOBACHEHUH, MBICIEHHBIX YIIPAXKHEHUA U aHAJIOTUN BRI
CMOKeTe BBICTPOUTH MEHTAIbHYIO MOZENb /I IOHUMAaHU HayKU O IJaHHBIX, CTa-
THUCTUKY U MalIMHHOTO 00y4eHuUs.

B crnepytomem npumepe MbI ciesilaeM UMEHHO 3TO.

Knaccudukaums pectopaHos

[IpeacraBbTe, YTO BB HJETE IO YIULE U BUAUTE IYCTYIO BUTPUHY C BBIBECKOU
«HOBBIF pecTopaH: CKOPO OTKPHITHE». BBl yCTal MUTAThCA B CETEBBIX PECTOPA-
HaX ¥ TIOCTOSTHHO UIIeTe HOBbIE MECTHBIE 3aBe/IeHUs, TI0ITOMY 3aZlaeTeCh BOIIPO-
com: «[logBUTCA JIU 3/leCh HOBBIY HE3aBUCHUMBIN PECTOPaH?»

JlaBatiTe mocTaBUM 3TOT BOIpOC Gosiee popMarbHO: KaK BB [yMaeTe, OyaeT iu
HOBBIA PECTOPAH CETEBBIM M HE3AaBUCUMBbIM ?

Yragaiite. (Cepbe3Ho, mogyMaiTe 06 3TOM, IIpeXK/e YeM JBUTATHCA JablIle.)

B peasbHOM >KU3HU BBl CZeNaIU OBl JOBOJBLHO XOPOIIEE MPEANONIOKEHUE
3a o ceKyHAB. HaxoAsicb B MOZHOM paliOHe ¢ MHOXKECTBOM MECTHBIX IIa-
6OB U 3aKYCOUYHBIX, BBl OBbI TIPEAMIONIOXWIN, YTO PECTOPAH OyAeT He3aBUCUMBIM.
A ecii OBbI peyb IITa O MEXKINITATHOW aBTOMAruCTPaIU C PACIIONIOKEHHBIM PAJOM
TOPTOBBIM IIEHTPOM, BbI ObI IPEATIONIOKHUIN, YTO PECTOPAH OYZIET CETEBBIM.

Ho xorga Mbl 3a/1ali BOIIPOC, BBl 3aK0oyiebainch. Bl MogyMasu, 4TO MBI Ipe-
JIOCTaBWIM HefoCTaTOYHO uHbopMaluu. U Bbl 66N ITpaBhl. MBI He TIpeoCTaBuU-
JIY BaM HUKaKUX JaHHBIX JJIT IPUHATHUS PEIIeHUS.

Mopaib: 1jisi IPUHATH 0O0CHOBAHHBIX PEIIeHU TPeOYIOTCS JaHHbIE.



BBEJIEHWE 27

Temepb IOCMOTPHUTE Ha IepPBOe M300paKeHUe Ha ciaeAyrollei crpanuile. Ho-
BBHIH pecTOpaH oTMe4eH KpecTUKOM (X), 6ykBoii C 0603HaYEHEI CETEBBIE PECTO-
pansbl (chain), a 6ykBoii I — He3aBucuMble (independent) MecTHBIE 3aKyCOYHBIE.
Kakoe npezmnonoxeHue BbI ciesiaay 66l Ha 3TOT pas?

BoJIBIIMHCTBO JIIOZIel TIpeAToiaraeT, 4YTo pectopal 6yaer He3aBucuMbIM (1),
MIOTOMY 4TO TaKOBa GOJIbIIIast 4YacTh GIM3JIEKAIINX pecTopaHoB. OfHAKO 06paTUTe
BHUMaHME Ha TO, YTO HE3aBUCHMBIMU SIBJISIIOTCS JaleKo He Bce U3 HUX. Ecau 6B
MBI TIOTIPOCHJIA BaC OIIEHUTDh YPOBEHbB JJOCTOBEPHOCTH® BaIIero IIPOTHO3a B Ua-
masone ot 0 70 100, To oHa, cKkopee Bcero, 6biia 661 BEICOKOM, HO He paBHOU 100,
TIOCKOJIBKY T10 COCE/ICTBY BIIOJIHE MOXKET ITOBUTHCA ellle OFIUH CEeTeBOU pecTopaH.

MopaJsib 3aKJII09aeTCsS B CAEAYIONEM: TTpeACKa3aHusI HUKOT/ZIa He MOTYT OBITh
Ha 100% AOCTOBEpHBIMU.
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PaiioH OBep-PaiiH, LiuHuyuHHaTH, wTaT Oraiio

Ternepb B3WITHUTE Ha ClIefyolee n300paxeHue. B aToM paiioHe ecTh 60IbIION
TOPTOBHIH I[EHTP, ¥ OOJBIINHCTBO PECTOPAHOB 37lech — ceTeBble. Koraa ioaam

> IIpuMedaHue JJIs1 KOJUIET-CTATUCTUKOB: Mbl UIMeeM B BUZY OOBIYHYIO, @ HE CTATUCTUYECKYIO Z10-
CTOBEPHOCTb.
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Ipe/JiaraeTcs npejcKasarh, KakKuM OyzleT HOBBIN pecTOpaH B 3TOM paiioHe — ce-
TEBBIM WM HEe3aBUCHMBIM, OOJIBIIUHCTBO BhIOMpaeT BapuaHT (C). Ho Ham Hpa-
BUTCS, KOTZIa KTO-TO BEIGMpaeT BapuaHT (), MOTOMY YTO 3TO MOAYEpPKUBAET He-

CKOJIBKO BA>XHBbIX MOMEHTOB.
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Kensyp, TayH LienTp, LiuHumHHaTH, wrat Oraiio

B X0/ie 3TOTO MBICJIEHHOTO 3KCIIEPUMEHTA KaXKAbIH YYaCTHUK CO3/Ia€T B CBO-
el TOJIOBe CJIeTKa OTIMYAOIIUICA aJrOPUTM. PasymeeTcs, Bce CMOTPST Ha Map-
Kephl, OKPY’KaIOIllie HHTEPECYIOIIYIO Hac TOYKY X, YTOObI TIOHATh 0COGEHHOCTH
paiioHa, HO B KaKOM-TO MOMEHT HEOOXOAMMO PEIIUTh, YUTO PECTOPAH HAXOAUTCS
CJIMIIIKOM J]aJIeKO, YTOOBI MTOBIUATH Ha IMPOTHO3. MIHOTa YeI0BEK BUAUT €WH-
CTBEHHBIN OJIVDKAUIINK pecTOpaH, B I]AHHOM ciiydyae — He3aBucuMbli (I), u oc-
HOBBIBAET Ha 3TOM CBOU IPOTHO3: «BirKaliuM coceZioM pecTopaHa X sABIsgeTcs
He3aBUCUMBIN pecTopaH (I), moaToMy Mo mporao3 — (I)».

OfHaKo GOJBIIMHCTBO JIOAEH YINTHIBAIOT HECKOIBKO COCETHUX PECTOPAHOB.
Ha BTOpOM M306pakeHUW BOKPYT HOBOT'O PECTOpPAaHa HapUCOBaHa OKPYKHOCTD,
BKJIIOYAIOIas ceMb ero GmKalimux coceieil. BeposATHO, Bbl BRIOpaIu ApPyroe

YHMCII0, HO MBI BeIGpanu 7. lllecTs U3 ceMu pecTopaHoB ceTeBbie (C), TO3TOMY MBI
MIPOTHO3UPYEM, UTO HOBBIM PECTOPaH TOXKe OyZeT CeTeBhIM.
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Yro panbe?

Ecnu BBI TOHAIN IIprUMeEp C peCTOpaHOM, 3HAYUT, BbI y2K€ HA IIYTHU CTaAaHOBJICHUA
TJIaBHBIM I10 /IaHHBIM. ,Z[aBaﬁTe HpOﬁ,Z[eMCH II0 TOMY, 4YTO BbI Y3HaJJIHU.

— BrI BRIMOTHWIN Ky1accuUKAIUIO, IpecKa3aB METKY ZJI1 HOBOT'O PeCcTo-
paHa (ceTeBOM WM HE3aBUCUMBII), 06YIUB alrOPUTM Ha Habope JaHHBIX
(cozeprkalieM MeCTOIOJIOXKEHUA PECTOPAHOB U COOTBETCTBYIONIHE METKH).

— B aToM cocTouT cyTh MamuHHOTO 00ydenwus! IIpocTo Ay pa3paboTKu aj-
TOPUTMA BBl HCIIOJIb30BAIA HE KOMIIBIOTED, 2 COOCTBEHHYIO I'OJIOBY.

— JlaHHBII TUN MALUIMHHOTO OOy4YeHUs HA3BIBAETCS KOHTPOJIUPYEMBIM 00-
y4eHUeM, TIOTOMY YTO BBl 3HAJIU, YTO CYIIECTBYIOUINE PECTOPAHbI GBLTH
cereBbiMU (C) wiu He3aBUCUMBIMU (I). 3TH MeTKU HampaBisiu (TO eCThb
KOHTPOJINPOBAJIN) XOZ, BallIMX MBIC/IEeH IIpU pasMbIIUIEHUU O TOM, KaK pac-
II0JIO’KEHME pecTopaHa CBA3aHO C ero TUIIOM (CeTeBOM WK He3aBUCHMBIN).

— Eciu elle KOHKpeTHee, TO BBl MCIOJb30BAJU QJITOPUTM KOHTPOJHpPYe-
Mol KiaccudUKaIiy 1Mo Ha3BaHUEM MeToz, k-Oiuxcatiwiux cocedeli®. Eciu
K = 1, mocmoTpuTe Ha OIMDKAWIINE PECTOPAH U MOJIYYUTE CBOM MPOTHO3.
Ecmu K = 7, mocMoTpuTe Ha 7 GJIMKaMIINX PECTOPAHOB U cAeaiiTe mpej-
CKa3aHUe Ha OCHOBE UX OOJBIIMHCTBA. DTO MHTYUTUBHO MOHATHBINM M MOIII-
HBIH anropuTM. V1 B HeM HeT HUKAKOTro BOIebCTBa.

— BBl TakXe y3HATH O TOM, YTO JJIsI MPUHATHUA OOOCHOBAHHBIX pelleHUH
BaM HY)XHBI ZIaHHble. OZIHAKO IOMMMO HUX BaM HEOOXOZNMO KOE-4To ellle.
B KOHIle KOHIIOB, B 3TOM KHWUI'€ MHOT'O BHUMAaHUA y/endeTcsd KpUTUIeCKO-
My MBIIUIEHUI0. MBI XOTUM ITOKa3aTh HE TOJIBKO TO, KaK paboTaloT Te Win
WHBIe Bellly, HO U TO, oYeMy MHOIZA OHU He cpabaTriBaroT. Eciiu 651 MBI
IIOIIPOCWJIM Bac CIIPOTHO3UPOBaTh, ONIMPAsACh Ha IIpHUBeleHHbIE B 3TOM pas-
Jene u3obpakeHus, OyZeT U HOBBIM pecTOpaH OPUEHTUPOBAH Ha JieTel,
BHI OBbI HE CMOIJIM OTBETUTb. /I IPUHATHA 0O0OCHOBAHHBIX PEIIeHU TTO/-
XOJAT JasieKo He Jro0ble JaHHbIe. I 3TOr0 HYXKHO ZIOCTATOYHOE KOJIHJe-
CTBO TOYHBIX U PeJIeBAHTHBIX JaHHBIX.

— IloMHUTE TeXHUYECKHE TePMHUHBI, KOTOpPble MBI YIIOMUHAIN paHee, TOBO-
ps 06 «...aHanau3e OUMHApPHON NEpEMEHHON OTKJIMKA METOAOM KOHTPOJIU-
pyeMoro obydeHus?..» [1o3apaBisgeM, BBl TOJIbKO YTO BBIMIOJTHUIU TaKOU
a"anus. [lepemeHHasa OTKJINWKA — 3TO IIPOCTO ellle OZHO Ha3BaHWE METKH,

6 Meroz k-6mmkalux coceZieil MOXKHO HCIIONb30BATh IS IPeACKa3aHUsl HE TOJNbKO KJIacCOB,

HO U 4Mces. OTU TaK Ha3blBaeMble 3a/jauu perpeccruu Mbl paCCMOTPUM Jajiee B KHUT'E.
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Y OHa ABJIfeTCcs GMHAPHOM, IOTOMY YTO B HallleM IPUMepe UX ObLIO BE —

@ ud.

B atom pa3zesie Bbl MHOT'O€ Y3Ha/Iu, IIPUYEM JaXe HE OCO3HaBasd 3TOrO.

A KOro HAMACAHA 3TA KHUTA?

Kak TOBOPUTCA B Havdajie oTOM KHUT'YU, JaHHbIE 3aTparuBarOT XXU3HU MHOTHUX CO-

TPYAHUKOB COBPEMEHHBIX Kopropanuii. Ml IpuzyManyu HeCKOJIbKUX aBaTapoB,

IIpeaCTaBJ/IAIOIIUX ]IIOL[CIZ, KOTOpBbI€ MOT'YT BBIMI'PATh OT CTAHOBJICHHUA IJITaBHBIMU

I10 IaHHBIM.

Muiesnp — CIenuaaIrcT II0 MapKeTHUHTY, KoTopas paboTaeT 60K 0 OOK ¢ aHa-
JIUTUKOM JaHHBIX. OHa pa3pabaTeiBaeT MapKeTUHIOBble MHUIIMATHUBEL, a ee
KoJlTera cobupaeT JaHHble U U3MepsieT BANUSAHNE, OKa3blBaeMoe 3TUMU UHU-
qUaTuBaMu. MUIIETh CIMTAET, YTO UX paboTa Z0mKHA OBITH 60Jlee UHHOBA-
IUOHHOM, HO HE MOXKET JOHECTU 0 KOJUIETH CBOU MOTPEOHOCTU B JJAHHBIX
u ux aHanuze. Ob6uIeHNe MeXAy HUMU 3aTpygHeHo. OHa mouckana B Google
HEKOTOpHIE CIIEI[UaTbHbIE TEPMUHBI (MalUIMHHOE O6yYeHNe U MPOTHOCTUYE-
CKasl aHAJIMTUKA), HO B GOJIBIIMHCTBE Hal/IEHHBIX €10 CTAaTel UCITOIb30BaINCh
Ype3MepPHO TeEXHUYECKUE OIpe/iesIeH s, Hepa360pYMBLIi KOMIIBIOTEPHBIH KOZ,
peKyIaMa aHIUTUYECKOTO IPOIPaMMHOI0 obeclieyeHUsA WM KOHCY/IbTaIOH-
HBIX YCIIYT. B pesysibTaTe IOMCKOB OHA IIOYYBCTBOBAJA ellle OOIBIIYIO TPEBOTY
U pacTepsIHHOCTD, YeM paHbIIe.

Jlar UMeeT ZOKTOPCKYIO CTENEHDb B 0OJIACTH HAYK O XKU3HU U paboTaeT B OTze-
Jie MCCIeIOBaHUH U pa3paboToK KpyHmHOU Kopropanuu. CKeNTHK 110 HaType,
OH 3aZjaeTcs BOIIPOCOM O TOM, He ABJAeTCA JIU IIyMUXa BOKPYT JaHHBIX Ode-
peznbIM xatinoM. OpHako Jlar ctapaeTcs He IEMOHCTPUPOBATh CBOU CKEITH-
I[U3M Ha paboueM MecTe (0COOEHHO B MPUCYTCTBUY HOBOTO JUPEKTOPA, KOTO-
PBIH HOCUT GyTOOJIKY C HAZITUChIO «/JaHHBIE — 3TO HOBasi HEPTH»), TOCKOIBKY
HE XOYeT, YTOOBI ero CYUTAIU JaTa-NIyJAUTOM. B TO Ke BpeMs OH YyBCTBYeET
cebs He y Zle1 U pelllaeT y3HaTh, U3-32 Yero BECh TOT IIYM.

PemxyHa — TOI-MeHe)Kep KOMIIAaHWU U XOPOILIO OCBeJOMJIEHA O IMOCek-
HUX TEHZEHIUSIX B 00JIACTH HAyKU O JaHHBIX. OHA KypHUpyeT HOBOE II0Zpas-
JeJleHre CBOel KOMIIaHWH, 3aHMMalollleecs HayKOW O JaHHBIX, U Peryap-
HO B3auMMO/IeHICTByeT CO CTapIIMMU JaTa-calileHTUCTaMU. Pe/ykuHa joBepseT
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CBOMIM CIIelIalNCTaM, HO e XOTeIoCh Obl UMEeTh Hostee IIyOoKOoe MOHUMAaHIe
CYTH UX AeATEeTbHOCTH, IIOTOMY YTO €l YaCTO IPUXOJUTCS MPEACTABIATh U OT-
CTauBaTh Pe3yJbTaTHl PAOOTHI CBOE KOMAaHZBI Iepe/i COBETOM JUPEKTOPOB
KOMITaHUH. PepKIHe TakKe IMOpydYeHa IPOBepKa HOBOTO TEXHOJIOTUIECKOTO
IporpaMMHOro obecrnedeHus. OHA IOZ03pEBAET, YTO HEKOTOPhIE 3asBIeHUA
MTOCTABIIUKOB OTHOCUTENIBHO «HMCKYCCTBEHHOTO MHTE/IEKTa» CJIUIIKOM XOPO-
Y, 9YTOOBI OBITH IPABAOH, U XOUET IIONTYIUTH JOTIOMHUTENbHBIE TEXHHYECKHE
3HAHUA, YTOOB! OTAETUTh MAPKETHHIOBEIE 3asIBI€HUS OT PEATbHOCTH.
HeJibCOH pyKOBOAUT paboTOl TpeX JaTa-CalieHTUCTOB B paMKaX CBOEH HOBOM
JOJDKHOCTU. ByAyuu CIeruajncToM IO KOMIIbIOTEPHBIM HayKaM, OH 3HaerT,
KaK IHCcaTh IPOrpaMMbI ¥ paboTaTh ¢ ZaHHBIMU, HO ILUIOXO pa3bupaeTcs B CTa-
THCTHKe (IIOCKOJIBKY IIPOIIIEJT B KOJUIEXKE TOIBKO OAWH KyPC) U MAIITHHOM 006-
y4eHUH. YIUTBhIBask HAIMYKME TEXHUYECKOTO 06pa30BaHMs, OH XOUET U MOXKET
pasobpatbcs B IeTalax, HO IIPOCTO He HAXOJUT Ha 3TO BpeMeHU. PYKOBOZCTBO
TaKKe MOOYXK/JAeT ero KOMaHAy «boJIbllle 3aHUMAThCS MAIIMHHBIM 00y4JeH!U-
€M», HO Ha JJAHHBbIII MOMEHT 3TO KQXKETCS e BONIIEOHBIM YePHBIM SIUKOM.
HesbCcoH mpUCTyTIaeT K MOUCKY MaTepuaia, KOTOPhIM IIOMOXKET eMy 3aBOeBaTh
JoBepyie KOMaH/bl U TIOHATh, KaKue MPo6IeMbl MOXXHO PEIIUTh C TIOMOIIbIO
MaITMHHOTO 0OYJYeHUs, a KAaK1e — HeT.

M&l HaZieeMcs, BHI Y3HaIU ce0s1 B OAHOM WIX HECKOJbKUX U3 ITUX IIepPCOHa-
e, O6UIUM I HUX U, BEPOATHO, AJIA BacC ABIAETCA JKeJaHUe CTaTh JIyYIINM
«TI0TpebuTeneM» JaHHBIX U aHATUTUKU, C KOTOPBIMU BBl CTAIKUBAETECH.

MBI TaKKe CO3/Iau aBaTap, MPeACTABIISIONINH JIIOel, KOTOPBIM CIeAyeT IPo-
YUTATh ITY KHUTY, HO KOTOPBIE, CKOpee BCETrO, HE CTAaHYT 3TOr'O JieyaTh (II0TOMY
YTO B K&XA0H UCTOPUU AOKEH OBITD 37I07€11).

Jhxopax — MeHe/Kep CpefIHErO 3BeHa, YUTAET TOCIeHUE JeJOBbIe CTaThU
06 MCKYCCTBEHHOM MHTE/UIEKTE U pacChUlaeT IIOHPABUBINKECS BBEPX U BHU3
[0 CBOeH ILleloYKe yIpaBjieHHA, KaK J0Ka3aTeJbCTBO CBOEH TeXHUYECKON
noakoBaHHOCTU. OIHAKO B 3ajie 3aCelaHUM OH MPEATIOUUTAET «IIPUCTYIIH-
BaTbCA K CBOEHM MHTYHUIIUM». JPKOPMKY HPABUTCA, KOTZIA €ro JlaTa-calieHTH-
CTBI TIPE/ICTABIAIOT eMy ITUGPHI C TOMOIIBIO OZHOT'O WU ABYX ciaizoB. Ko-
r7ja pe3yJabTaThl aHAJIM3a COIVIACYIOTCA C TEM, YTO IMO/CKa3aja ero UHTYHUIWA,
TIpeK/le YeM OH 3aKa3aJl UCCIeZIOBaHUE, OH IMePefaeT UX BBEPX IO I[eITOYKe
U XBaCTaeTcs Mepesi KoJUIeraMy «BHEAPEHUEM MCKYCCTBEHHOTO MHTEIEKTax.
Ecnu pe3ysbTaThl aHaIM3a He COVIACYIOTCS C ero UHTYUIIMEeN, OH 3a/laeT CBOUM
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ﬂaTa-CaﬁeHTHCTaM pAA TYMaHHBIX BOIIPDOCOB M OTIIPABJIAECT UX Ha ITIONCKHU «10-
Ka3aTeJlbCTB», HeO6XOﬂI/IMBIX AJIA IIPOABUXKEHUS €0 IIPOEKTA.

He 6yzpTe Takumu, Kak Jxopmx. Eciu Be 3HaeTe «/KOpAKa», TOPEKOMEH-
JAyWTe eMy 9Ty KHUT'Y U CKa)XXUTe, YTO OH IIOX0XX Ha «Pe/KuHy».

3AYEM Mbl HAMUCAJIA 3TY KHUT'Y

MBI cYrTaeM, 9YTO MHOTHE JIFO/IM, [TOXOKHE Ha OMHCAHHBIE BHIIIE aBaTapHI, XO-
TAT GOJIbIIlEe Y3HATH O JAHHBIX, HO HE 3HAIOT, C Yero HayaTh. CyIIeCcTBYeT MIUpPO-
KUY CIIEKTP KHUT, MOCBANIEHHBIX HAYKe O IAHHBIX U CTaTUCTHKe. Ha ofHOM KOHIIe
3TOTO CITEKTPA HAXOAATCSA HETEXHUYECKHE KHUTH, TIPEBO3HOCAIINE IOCTOUHCTBA
U TIepPCIEeKTUBHI PaboTHI ¢ AaHHBIMU. Kakue-To U3 HUX jydile, yem gpyrue. Ca-
MBI€ JIy4Illve U3 HUX HAIOMUHAIOT COBpEMeHHble 6r3Hec-KHUTH. OfHAKO MHOTHE
HaTIMICAHBI )KyPHAIUCTAMHU, KOTOPBIE CTPEMSTCS APaMaTU3UPOBATh HAYAJIO 3II0-
XU JAHHBIX.

B 5THX KHUTaxX OMUCHIBAETCS TO, KAK Te WIN WHble OU3HEeC-TIPOo6IeMbl ObLITH
peIlleHbl MyTEM WX PACCMOTPEHUS Yepe3 MPU3MY AaHHBIX. VI B HUX JaxKe BCTpe-
YaKTCA TaKUe TIOHATHS, KaK UCKYCCTBEHHBIN WHTEIEKT, MAITUHHOEe 00yJeHre
U ToMy mofio6Hoe. He moiiMuTe Hac HEMPaBUIBHO, 3TU KHUTH CIIOCOGCTBYIOT CO-
3AaHUI0 OCBeZoMIeHHOCTH. OZIHAKO OHU He MTO3BOJIIOT ITyGOKO BHUKHYTH B CO-
OTBETCTBYIOI[HI€ TEMBI, BMECTO 3TOTO COCPENOTAYMBASACH HA BHICOKOYPOBHEBOM
OITUCAHUU KOHKPETHOM MPOBIEMBI U €€ PEIIeHMS.

Ha zipyroM KoOHIIe CIIeKTpa HaXOAATCSA Y3KOTeXHUYIecKue KHuru — 500-cTpa-
HUYHBIE TOMA B TBEP/OM IIepeIUIeTe, Iyraloliie KaKk CBOUM 06bEMOM, TaK U CO-
JeprKaHueM.

Ha IpOTHBOIIONOKHBIX CTOPOHAX 3TOTO CIIEKTPA COCPEAOTOYEHBI TOPHI KHHUT,
YTO ycyry6iiseT pa3phiB B 00IIeHUH, — OOJBIIIMHCTBO JIFOZIel YUTAIOT MO0 TOMb-
KO GM3HEC-KHUTHU, TUOO0 TOJIBKO TEXHUYECKUE KHUTH, a He TO U JPYToe.

K c4yacTbio, MEXIY STUMHU JBYMS KPAWHOCTAMU €CTh MHOTO OTUYHBIX KHUT.
Harmumu JT106MMbIMUY SIBJISTFOTCS CJIEYIONINE:

— «Data Science for Business: What You Need to Know about Data Mining and
Data-Analytic Thinking», ®octep ITpoBocT 1 Tom PocerT (M37aTENHCTBO:
O’Reilly Media, 2013 ropx);

— «MHoro 1u¢dp. AHamu3 60IbIINX AAaHHBIX U oMoty Excel», ixxon dop-
MaH (M3zaTenbcTBo: AnbiinHa [Tabnuiep, 2016 rox).
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MEeI X0TUM Z06aBUTD K 3TOMY CIIMCKY ellle OZHY KHUTY, KOTOPYIO BBl CMOXETE
MIPOYMTATh, HE UMeS TIOZ PYKOU HU KOMIIbIOTepa, HU 610kHOTa. EC/i BaM MoHpa-
BUTCS Hallla KHUTA, MbI HACTOSITEIbHO PEKOMEH/yeM IIPOYUTATh OAHY WIU 00e
13 YKa3aHHBIX BBIIIE KHUT, YTOOBI YIIyOUTh CBOe IIOHUMaHMe. BEl He moXkaeere.

Kpowme TOro, Mbl 04eHb JII06UM 3Ty TeMy. EC/TM ¢ MOMOIIBIO CBOEH KHUTH HaM
yZacTcs mobyAnuTh Bac y3HATh OOJIbIIE O JAHHBIX ¥ aHAJTUTUKE, MBI OyZIEM CUUTATB,
YTO JZOCTUIVIN yCIiexa.

YTO Bbl Y3HAETE

OTa KHHUTa IMOMOXXET BaM MOCTPOUTh MEHTATBHYIO MOZEIb /i1 IOHUMAaHUs Ha-
VKU O ZIaHHBIX, CTATUCTUKU ¥ MAIIMHHOTO 0OydyeHus. MeHTalbHass MOJeNb —
3TO «yMPOIIEeHHOE IIpe/CcTaBleHne Hanboee BaXKHBIX 3JIEMEHTOB HEKOTOPOM
MIpeAMETHOM 06/1acTH, JOCTATOYHOE /JIA pellieHus mpobyiemM»’. JlymaiiTe o Hel
KaK O XpaHWIHUIIE B BallleM MO3TY, B KOTOPOE BBl MOXKETe MOMECTUTh MHPOpMa-

IHIO.
HeKoTOpble KHUTY U CTAThW HAYMHAIOTCS CO CITHCKA ONpeJeeHunit: «MarinH-
Hoe o0ydyeHUne — 3TO...», «[JIyboKoe 00ydyeHHne — 3TO...» U Tak Aajnee. UTeHue

TeXHUYEeCKUX OIlpeZie/ieHUl B OTCYTCTBHE MEHTAJIbHON MOJeny, B KOTOPYIO 3Ty
“HGOPMAIHIO MOXKHO OBbLIO GBI BIKCATh, IIOXOXKE Ha CKYIKY OZE€XK/bI, KOTOPYIO
BaM Her/le XpaHUTb. PaHO MM MTO3ZIHO BCA OHA OKAXXeTCA Ha CBaJIKe.

OfHaKo ¢ MOMOIIbIO MeHTaJIbHON MOJeNN BBl HAyYUTECh IOHUMAaTh, JyMaTh
1 FTOBOPUTH Ha A3bIKe JaHHBIX. BBl cTaHeTe IIaBHBIM 10 JaHHBIM.

B yacTHOCTH, IPOUYNTAB 3Ty KHUTY, BBl CMOXKETe:!

— /JlymMaTh cTaTUCTUYECKU U IIOHMMAaTh, KaKylo pOJIb BapUalli UTpaoT B Ba-
el KU3HU U TIpoliecce MPUHATUS PeIIeHNH.

— Pasbuparbcs B JAaHHBIX — Pa3yMHO FOBOPUTH U 33/IaBaTh MIPABIIbHBIE BO-
MIPOCHI O CTATUCTUKE U PE3Y/IbTaTaX, C KOTOPhIMU CTaJIKUBaeTech Ha pabo-
yeM MecTe.

— Oco3HaBaTh UCTUHHOE IIOJIO}KEHE Bellleil B chepe MAITMHHOTO 00yJYeHus,
TEKCTOBOM aHAJIMTUKH, INIyOOKOT0 00y4eHUs U NCKYCCTBEHHOT'O MHTEJUIEKTA.

— W36eraTh pacmpocTpaHEHHBIX JOBYIIEK MPU paboTe ¢ ZaHHBIMU U UX WH-
TepIlpeTaluu.

7 Dta uzes obCcy)KaaeTcs B Upe3BbIUaiiHO Tose3Hoi kuure [ Ywicona «Teaching tech together»
(CRC Press, 2019).
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KAK OPTAHU30BAHA 3TA KHUTA

[JTaBHBINM 10 JaHHBIM — 3TO TOT, KTO CIIOCOOEH KPUTUUECKU OCMBICIATD JaHHbIE
BHE 3aBHCHMOCTHU OT CBOEH O0QHUIUATBHOM POJIU. DTO MOMKET OBITh AHAIUTHK, CH-
JAIIUN 32 KOMIIBIOTEPOM, WIH TOI-MeHeKep, Habmoaomui 3a paboToi apy-
rux. B 3Toil KHUTe BaM KakK IIaBHOMY I10 Z@aHHBIM MPEJCTOUT CHITPATh pasHbIe
POJIH.

XOTA «CIOXKeT» KHUTY BBHICTPOEH B XPOHOJOTMYECKOM IOPSAAKE, KaXKaasi riia-
Ba — 3TO OTJAEIbHBIH YPOK, KOTOPBIA MOXKET OBITh U3y4eH caMm 1o cebe. OgHa-
KO MBI peKOMeHZyeM MPOYUTATh KHUTY OT Havasa [0 KOHIIA, YTOOBI BBICTPOUTD
CBOIO MEHTAJIBHYIO MOZIEb U TIEPEUTH OT OCHOB K 60Jjiee TTyb6OKOMY MTOHUMAaHHIO.

KHHra COCTOUT M3 YEeThIPEX YaACTEMH.

YacTs I. lymaliTe kak IVIaBHBIN MO JaHHBIM. B 5TOI YacTu BB Hay4duTeCh
MBICJTUTh KPUTUYECKU U 3aJaBaTh IPaBIIbHbIE BOIIPOCH O ITPOeKTax 1o pabo-
Te C JAHHBIMU, peaar3yeMbIX B Ballleil opraHU3alyy; Bbl y3HaeTe, 4YTO TaKoe
JAHHBIE, & TaK)Ke OCBOUTE CIIELIMATbHYI0 TEPMHUHOJIOTUIO U HAyYUTECh CMO-
TpeTb Ha MUp Yepes IIPU3MY CTaTUCTUKU.

YacTs II. ToBOpUTE KaK INIABHBIA MO JaHHBIM. [JIaBHBIE TI0 JaHHBIM — aK-
THUBHBIE YYACTHUKY BAKHBIX 0OCY)KA€HUH. DTa YacTh HAYYUT BAC «CIIOPUTDH»
C JJAaHHBIMHU U 33/aBaTh IIPaBUJIbHBIE BOIIPOCH! I IOHUMAHUsA CTaTUCTUKMU,
C KOTOPO BBHI CTaJKUBaeTeCh. B Hell BBl IO3HAKOMUTECh C OCHOBHBIMU ITOHSA-
THUAMY CTATUCTUKU U TEOPUU BEPOATHOCTEH, HEOOXOAUMBIMHU JIJIs1 MOHUMaHUs
Y OCIIapUBaHUsA IPEJOCTaBIAEMbIX BaM pe3y/IbTaTOB.

Yactse III. OcBoiiTe HA6Op MHCTPYMEHTOB AaTa-cafieHTHCTAa. [J1aBHBIE
10 IaHHBIM JOJDKHBI TIOHMMaTh QyHZaMeHTa/lIbHbIe KOHIENINY, Jexaliye
B OCHOBe pabOoThI CTATUCTUYECKUX MoOJelell U Mogeseli MallnHHOTO ob6yJe-
HUA. B 5T0# yacTy BBl TOJMyYUTe UHTYUTUBHOE NIpe/icTaBleHne O HEKOHTPOJIU-
pyemMoM oOy4eHUH, perpeccuy, KiIacCubuKauy, TEKCTOBOY aHATINTHKE U IITy-
60KOM OOyYEeHUU.

YacTts IV. l'apanTupyiite yciex. [yaBHble 110 JaHHBIM 3HAIOT O paclpocTpa-
HEHHBIX OMMOKaX, ZOMyCKaeMBIX IIpU paboTe ¢ ZaHHBIMU. B 3TOH yacTu BHI
y3HaeTe 0 TEXHUUYECKUX JIOBYIIKAX, KOTOPhIE IIPUBOJAAT K IIPOBAJY IIPOEKTOB,
a TaxoKe O JII0AAX U TUIlaX IMYHOCTEH, y4acTBYIOIMX B COOTBETCTBYIOIINX IIPO-
exTax. HakoHel, MBI ZaZM BaM HeCKOJbKO PeKOMEHJAIUi O TOM, KakK Jo-
OUTHCA yCcIlexa B KaueCTBe IIaBHOTO TI0 JaHHBIM.
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NPEXAE YEM Mbl HAYHEM

MbI He pa3 OTMevasu, YTO 06'beM JAaHHBIX pPacTeT ropaszio OBICTpee, UeM Hallla
CIIocO6HOCTb GOPMYIUPOBATH MOPOXKAAEMBIE STUM IIPO6IEeMBI K BO3MOXKHOCTH.
MBI moKasasy, 4To IPOILIoe KaK Bcero o6IIecTBa, TaK U aBTOPOB 3TON KHUTHY Ha-
[IOJIHEHO HeyZlauaMU, CBA3AHHBIMU C JAHHBIMU. V1 TONBKO IOHAB 3TO IIPOILIOE,
MBI MOXXeM TIOHATD Oyayiee. [t Havasa Mbl TIO3HAKOMIUIN Bac ¢ HECKOJIbKUMU
B2)KHBIMU KOHIIEIIUAMHY B IIPUMeEPE ¢ KIaccubUKanrel pecTopaHoB.

Jlna 6osee r1ybOKOTO MOHUMAHUS JaHHBIX BaM HEOOXOAWMO MPOPBATHCA
CKBO3b IIYM, KPUTHYECKU OCMBICJIUTE CBA3aHHBIE C JaHHBIMHU NPOGIEMBI U Ha-
yuuThCs 3¢ GEeKTUBHO B3aUMOAENCTBOBATh C COOTBETCTBYIOUIUMU CITEI[UATHCTA-
Mu. MBI yBEpPEHEI, YTO, BOOPYKUBIIUCH STUMU 3HAHUSIMU, BEI 100beTech ycIexa.

ToToBBI? Bam myTh CTaHOBJIEHUA IVIAaBHBIM IIO JAHHBIM HauMHAEeTCA Ha Cie-
ZyIollleli cTpaHUILe.



yMaunTe KaK rnaBHbIN
Mo AaHHbIM

https://t.me/it_boooks

M HOTHie KOMITAaHUH CIENaT MormpoboBaTh «4TO-HUOYAb HOBEHBKOE», HE OCTa-
HaBJIUBAsACh I TOTO, YTOOBI 33/]aTh MPaBWIbHbIE OU3HEC-BOTIPOCHI, U3yIUTh
6a30ByI0 TEPMHUHOJIOTHIO WIN HAYYUThCSI CMOTPETh HA MUP CKBO3b IIPU3MY CTaTH-
CTHUKH.

Y maBHBIX TI0 ZaHHBIM He 6yZeT Takoil mpobiemsbl. YacTs I, «/lymatiTe Kak
[JIABHBIH T10 JAHHBIM», TIOATOTOBUT BacC K MPEACTOAIIEMY ITyTH U MIOMOXKET chHop-
MHPOBATh IPAaBWIbHBIN HACTPOU /I PA3MBIIUIEHUH O TAHHBIX U UX IIOHUMAaHUS.

JTa 4acThb COCTOUT U3 CIEAYIOMINX [VIaB:

[naBa 1. B yem cyTb Ipo6IeMBI?
I'maBa 2. Yto Takoe JaHHBIE?
I'maBa 3. [0TOBBTECH MBICIUTh CTATUCTUYECKU.



1

B yem cyTb npo6nembi?

«Xopowwo chopmynupoBaHHas NpobaemMa — 3T0 HaNONOBMHY pellieHHas npobnema
_ Yapnb3 KeTTepuHr, nsobpetatesib u uHxeHep

" €PBBIi 1Iar Ha MyTH CTAHOBJIEHUs [IABHBIM IT0 IAHHBIM 3aK/II0YAETCS B TOM,
YTOOBI TOMOYb CBOEI OPTaHU3alUY BEIOPATD I PELIEHU Te TPO6IEMBI, KO-
TOPBIE ZIEHCTBUTENBHO Ba)XKHBL.

OTO MOXXET MOKa3aThCsA OUEBUAHBIM, OTHAKO MHOTHE U3 BaC HaBepHAKA ObLTH
CBUJETESIMU TOTO, KaK KOMITAHUY TOBOPUJIM, HACKOJIBKO 3aMeyaTeNbHbIe ¥ HIX
[laHHbIE, a 3aTeM IPEYBETUIUBATIN UX BIUSHUE, HENPABUIbHO UHTEPIPETUPOBA-
JIV pE3YJIbTAThl WM MHBECTUPOBAJIM B TEXHOJIIOTHUH PAabOTHI C JAHHBIMHU, KOTOPbIE
He CO37IaBajIy LEHHOCTH i1 6u3Heca. YacTo KaykeTcsl, YTO KOMITAHUY 3aITyCKaloT
MIPOEKTHI IT0 paboTe C ZAHHBIMU IIPOCTO [TOTOMY, YTO UM HPABUTCS, KaK 3TO 3BY-
YUT, HE BIIOJIHE TOHUMasi BAXKHOCTh CAMUX IPOEKTOB.

Taxkoii mozxos obopaurBaeTcs HalpacHOH TPaToll BpeMeHHU U JIEHET U MOXKET
MOPOJUTH HETAaTUBHOE OTHOLIEHUE K OYAYIIUM IIpoeKTaM. J[eiCTBUTENBHO, CTpe-
MSCh HAWTH CKPBITYIO IIEHHOCTh B UMEIOIIUXCSA AaHHBIX, MHOTHE KOMIIaHUU 4Ya-
CTO TepIAT HeyZady Ha caMOM IIEPBOM 3Talle MPOLeCca, CBI3aHHOM C OTpeesie-
HUEM CTosAllel nepesi Or3HecoM pobeMbl®. MTak, B 3TOM I/IaBe HaM IIPEJCTOUT
BEPHYTHCS K HAUaITy.

8 HagexHas crparerus paboThl C JaHHBIMHU CIIOCOOHA CMATYUTH 3TU NMPOOGIeMbl. Pasymeercs,
BaKHBIM KOMIIOHEHTOM JII060¥ OJOOHOM CTpaTeruu ABJIAETC PellleHre 3HaYUMBIX TIPO6JIeM,
¥ UIMEHHO Ha 3TOM MBI COCPEJOTOYMM BHUMAaHUE B 3TOM IIaBe. ECJIM BB XOTHTe y3HATb OOJIbIIe
0 BBICOKOYPOBHEBOI CTpaTeruu paboTsl ¢ JaHHBIMU, o6paTuTech K KHure Jagare, U. Data science
strategy for dummies. (John Wiley & Sons, 2019).
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B ciiefyromux paszienax Mbl paCCMOTPHUM II0JIE3HBIE BOIIPOCHI, KOTOPHIE CIIEAY-
€T 33/]aTh IVIABHOMY IIO ZIaHHBIM, YTOOBI YOEZUTHCS B BAYKHOCTH €70 paboThl. 3aTeM
MbI PACCMOTPHUM IIPUMEPHI TOTO, KAK UITHOPUPOBAHUE 3TUX BOIPOCOB 0O60pavYnBa-
eTcsl IPOBaJIOM IpoekTa. HakoHell, Mbl 06CYZUM HEKOTODPbIE CKPBITBIE U3ZIEPKKH,
CBsI3aHHBIE C HEZIOCTATKOM YE€TKOCTH B UCXOHOM OIIPeZeNEHUH IPOOIEMEI.

BOMPOCHI, KOTOPBIE JO/MKEH 3ALATb IJIABHbIN 110 JAHHBIM

MBI 110 OTIBITY 3HAaeM, YTO BEPHYThCA K OCHOBHBIM IIPUHIUAIIAM U 33/aTh QyH/a-
MEHTaJIbHbIE BOTIPOCHI TOPA3/l0 CJIOXKHEE, YeM Ka)KeTCsI Ha TIEPBBIN B3Iz, Kax-
Zlasi KOMITAHUS UMeeT YHUKAIbHYIO KyJIbTYPY, U KOMaH/IHAsA ANHAMUKA He BCera
MTO3BOJIIET OTKPBITO 3a/laBaTh BOIPOCH — OCOGEHHO Te, KOTOPhle MOTYT 3acTa-
BUTb /IPYTUX IIOYYBCTBOBATh CBOIO HECOCTOATENIBHOCTD. MHOI'HE ITIaBHBIE 110 JaH-
HBIM He MOTYT Jla’ke HavyaTb 3a/[aBaTh BaXKHbBIE BOMIPOCHI, CIIOCOOCTBYIOIIME pea-
JIU3AIMHY IPOEKTOB. BOT moueMy UMeTb KYJIbTYPY, KOTOPasi TOOIIPSIET TOCTAHOBKY
TaKUX BOIIPOCOB, TaK ke Ba)KHO, KaK U CAMU BOIIPOCHI.

He cymecTByeT yHUBepCcaIBbHONU GOPMYJIBI, TOAXOAAIIEH /JIA BCEX KOMIIAHUH
U IJIaBHBIX I10 JaHHBIM. EC/ii BBl PYKOBOZAMTEJb, Mbl IIPU3bIBaeM Bac CO37aTh OT-
KPBITYIO Cpely, IIO3BOJISIIONIYIO 33/IaBaTh Takue Bompockl. (HauHuTe ¢ mpuBiede-
HUA K 00CY)KIEHUIO TEXHUYECKUX SKCIepToB.) U 3a/aBaiiTe BOIIPOCkH caMu. DTO
II03BOJIUT BaM IIPOZIEMOHCTPUPOBATh TaKylO KJIOUEBYIO UepTy JIUAEePCTBa, Kak
CMUpEHUE, a TaKKe MOOYAUT APYTUX BKIIOYUTHCS B IIpoliecc. Eci BB HE PYKOBO-
[IUTENh, MBI BCE PABHO PEKOMEHZIyeM BaM 33/laBaTh 3T BOIIPOCHI, He 60siCh Hapy-
IIUTh CTATyC-KBO. Halll cOBET — MPOCTO /iesiaTh Bee OT cebst 3aBucsiiee. Vcxozs
U3 OIIBITA, MBI CIMTAEM, YTO 3a/jaBaHNe IPAaBUWIbHBIX BOIIPOCOB BCer/ia IT03BOJIAET
MTOJTyYUTDb TOpaszao boJIblile, YeM OTKa3 OT 3TOTO.

MBI XOTUM Hay4UTh BAac BOBPEMsI 3aMeuaTh MpeAyIpeXAaone 3HaKU U CO-
001IaTh 0O BO3HUKAKONIUX MTpobsemMax. BOT ATk BOITPOCOB, KOTOPHIE BaM CJIeAyeT
3a/1aTh, TIPEX/e YeM MIPUCTYIIATh K paboTe C JaHHbIMU:

1. Tlouemy aTa mpobsiemMa BaskHa?

2. Koro 3aTparuBaer aTa mpobysema?

3. Yto, ecsii y HaC HET HYKHBIX JJAHHBIX?

4. Korza mpoekT 6yzeT 3aBepIieH?

5. Uro, ecsii HaM He ITIOHPaBATCA pe3y/IbTaThl?

JlaBatiTe mogpo6HO pazbepeM KaXK/bli U3 HUX.
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Mouemy ara npobnema BaxHa?

HecmoTpa Ha KaXXyIyrocsa MIPOCTOTY, 3TOT GyHAaMeHTaTbHBIM BOIIPOC YacTo YIIy-
CKAIOT U3 BUZY. 3a4acCTyIO ellle 0 Havasla peaaru3anuy IpoeKTa MBI COCPeJOTOYH-
BaeM BHHUMaHMe Ha CIIocobax perreHusa npobieMbl ¥ Ha TOTeHIIMATbHBIX BBIFOAAX
OT 3TOT0. B KOHIIE I/IaBbl MBI IIOTOBOPUM 00 HCTUHHBIX OCJIE/ICTBUAX OCTABIEHUS
3TOT Bompoca 6e3 orBeTta. Kak MUHUMYM 3TOT BOIIPOC ITO3BOJIAET ONPEENUTHCA
C OXKUZIAHUSIMU OTHOCUTENBHO PE3YIBTAaTOB IPOEKTa. DTO BAXKHO, TOCKOJIBKY MPO-
€KTHI 10 paboTe ¢ ZaHHBIMU TPeOYIOT 3aTpaT BpeMeHH U CHJI, a 3a4acTyio U J0-
IIOJIHUTEbHBIX MHBECTUIIMH B TEXHOJOTMU U JaHHbIe. [IpocToe omnpezeneHue
Ba)KHOCTH IPOGJIEMBI /10 3allycKa MPOeKTa MOMOKET MOBHICUTh 3GGEeKTUBHOCTD
HCIIOIb30BAHUSA PECYPCOB KOMITAHUU.
BbI MOKeTe 3aZjaTh 3TOT BOIIPOC II0-PA3HOMY:

— Yrto MelaeT BaM (HaM) CIIOKOMHO CIIaTh II0 HOYaMm?

— Tlouemy 5TO BaXKHO?

— Ora npobsemMa HOBasi WIK OHA yXKe ObLIa pellleHa paHee?
— Kaxoii mpu3 Ha koHy? (KakoBa oTjaya OT MUHBECTULIMIA?)

BaM HY)XHO MOHSATH, KaK 3Ty NMPobIeMy BUIAT ApyrHe. DTO, B CBOIO OYEPE/D,
IIOMOXET IOHATh, KaK Pa3HbIe JIIOAU OyAyT MOAAepKUBATh MMPOEKT U COIIACAT-
Cs1 JIM OHU Ha ero 3aIyckK.

Bo BpeMs mepBOHAYaJbHBIX OOCYXKJEHUM BaM CJIEAYEeT COCPEAOTOYUTHCS
Ha IIeHTPaJIbHOM GM3Hec-IpobIeMe ¥ MPUCTAIBHO CJIEAUTD 32 PA3TOBOPAMHU O I10-
CJIEZIHUX TEXHOJIOTUYECKUX TEHAEHIIUAX: OHU MOTYT JIETKO OTBJIeYb YYACTHUKOB
OT OCHOBHOU TeMbI coBelanusa. Obpaiaiite ocoboe BHUMaHNE Ha [Ba MIpeayIpe-
KIAIOUTNX 3HAKa:

— ®okyc Ha MeToOoMOTHH. DTO KOIZa KOMIIAHUY KaXKeTCsA, OyATO HCIOIb30Ba-
HUe KaKOr'o-TO HOBOT'O MeTO/[a aHaJIM3a AaHHBIX WIN TEXHOJIOIMU JacT el He-
KOe TIPeMMYIIecTBO. Bbl HaBepHAKa CTAJIKHUBAINCh C MAPKETHHIOBBIMU YJIOB-
KaMu Hamogobue: «Eciu BbI He UCHOJb3yeTe UCKYCCTBEHHBIN MHTE/UIEKT
(MI1), To BBI OTCTaeTe. ..» VIT1 Kor/ja KOMIIaHUs TPUBA3BIBAETCSA K KAKOMY-TO
TIOHpaBUBILIEMYCA eif MOZHOMY TEPMUHY (Bpo/ie «aHaIN3a HaCTPOEHUIl»).

— dokyc Ha KOHEYHOM pe3yibTaTe. HeKOoTOpble MPOEKThI COUBAIOT-
¢S C IMyTH, IIOTOMY YTO KOMITAaHUU YZAEJSIIOT CJIUIIKOM MHOTO BHUMAaHUS
TOMY, KaKUM JI0JDKeH OBITh KOHEYHBIN pe3ysbrat. HanprumMep, OHU rOBOPAT
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0 HEOOXOMMOCTH CO3/IaHUA B paMKax IPOEKTa UHTEPAKTUBHON HHpOpMa-
IIMOHHOU MaHenu. BBl IpucTyIiaeTe K peanu3aldy IpOeKTa U OKa3blBae-
TeCh Iepe/; BLIOOPOM MeXAy CO3ZlaHueM HOBOM MHGOPMAIMIOHHO MTaHeT!
U YCTAHOBKOM CHCTeMBI OU3HEC-aHATUTUKU. [IpOEKTHbIE TPYIIIIHI JODKHBI
OBITb TOTOBHI CZIeJIaTh IIAT Ha3a/| U MOHATh, KaK UMEHHO TO, YTO OHU COOU-
paroTcs co34aTh, IPUHECET I0JIb3Y OPraHU3alHH.

To, 4T0 062 peAyNpEKAAIOMINX 3HAKA KACAIOTCSA TEXHOIOTHH, a TAKXKE TO, YTO
ee He cJleZlyeT YIIOMUHATh Ha 3Talle ONpeeeHUs MPOOIEMBI, MOXKET OKa3aThCs
HEOXXMJAHHOCTbBIO Wi obieryeHueM. Ha 6osiee 1103/1HeM aTarie peannu3anuy Ipo-
€KTa METOZIOJIOTHAM U pe3y/ibraTaM, 6e3yCJI0BHO, IPUJETCSA YAETUTh BHUMAaHUE.
OznHako B caMOM Havasle pobsieMa Jo/KHA ObITh U3JI0)KeHA B SICHBIX ¥ IOHATHBIX
KaX/IOMy TepMUHaX. BoT modeMy MBI peKOMeEHZyeM BaM OTKa3aThCAd OT TeXHU-
YeCKOU TEPMUHOJIOTUY U MapKETUHTOBON PUTOPUKHU. HayHUTE ¢ OmMUCaHuUsA MPo-
6J1eMBI, KOTOPYIO TpebyeTCs PeluThb, a He TEXHOJIOTUHU, KOTOPYIO IUIaHUPYETCs
HCIOTH30BATb.

[Toyemy 3TO BaxHO? Jlelio B TOM, UTO IPOEKTHBIE KOMAaH/bI OOBIYHO COCTOAT
13 TeX, KTo 000)KaeT ZIaHHbIe, U TeX, KTO uX 6outcsa. Kak ToabKo B xoze obcyx/ae-
HUA IPo06IeMBI Pa3roBOP 3aXOUT O MeTOZaX aHaIN3a WM TEXHOJIOTHAX, MOTYT IIPO-
W30UTU ZBe Bely. JIIou, KOTOPBIX IyTal0T JaHHbIe, IEPeCTal0T YYacTBOBATh B OIIpe-
JenieHnn 6usHec-pobIeMel. A Te, KTO UX 000)KaeT, GhICTPO pa3buBaroT mpobremMy
Ha TeXHUYeCKHe MoA3a[auu, KOTOPhIE MOTYT COOTBETCTBOBATh WM HE COOTBETCTBO-
BaTh peasbHOM OM3Hec-Lemn. [Toce mpeBpaleHysa 6usHec-IpobeMbl B Habop nog-
3a/1a4, CBI3aHHBIX C 0OpabOTKOM aHHBIX, HA OOHApY)KEHUE JIOMYIIEHHOMN OITMOKHI
MOT'YT YUTH HEJIETU U JaXKe MECSIIbL, TIOTOMY YTO IIOC/Ie Havyaia paboThl Hajl IPOEK-
TOM HUKTO HE 3aX04eT IepecMaTpUBaTh GOPMYITHUPOBKY OCHOBHOM TPOOIEMBIL.

ITo cyTH, KOMaHZBI JOJKHBL OTBETUTh Ha BOIPOC: «/[eHACTBUTENBHO JIU 3TO pe-
asbHasA 6Gu3Hec-MpobieMa, KOTOPYIO HEOOXOUMO PEIINTh, WIM Mbl 3aHUMAaeM-
cs1 aHAJIM30M JJaHHBIX pajy HEro caMoro?» JTO XOPOUIUU U MPAMOJUHENHBIHN BO-
MpOC, KOTOPHIH CIeAyeT 3ajaBaTh UMEHHO ceifuac, KOrZia BOKPYT HayKU O JaHHBIX
Y CMEXHBIX 0bJ1acTeli TaKOM aKUOTaXK U IIyTaHUIIA.

Koro 3aTparuBaeTt ata npo6nema?

B ZaHHOM cilydae Ba)XKHO IMOHATb HE TOJBKO TO, KOTO 3aTparuBaeT mpobieMa,
HO U TO, KaK MOXXeT U3MeHUTHCS paboTa COOTBETCTBYIOIINX CIIEI[UATIVICTOB B Oy-

ZlyTeMm.
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BBl 0/DKHEL TOAyMaTh 060 BCeX YPOBHAX OpraHM3aluu (a Takke o ee KJINeH-
Tax, eCJIM TAaKOBbIe UMeIOTcs). MBI He UMeeM B BUAY AaTa-caiieHTHCTa, paboTarolie-
ro HaZ IpobIeMO, Wi KOMaHJy WHXXEHEePOB, KOTOPBIM MIPUJETCS TOAAEPKUBATh
porpaMMHoOe obecriedenuie. Peub uieT 06 yCTAaHOBIEHUN KOHEUHBIX II0JIb30BaTeE-
JIefi. 3a9acTyio 3TO He TOJBKO Te JIIOAU, KOTOPBIE YIaCTBYIOT B OIIpe/ieJIeHUH IIpo-
6sembl. [ToaTOMy OYeHb Ba)KHO TOHATD, Ubs TOBCEAHEBHAs paboTa GyeT 3aTpo-
HyTa B CJIydae peaju3allii IIPOeKTa, U MPUBJIEYDb ITUX JIIOZEl K ero 0OCYKAeHUIO.

MEeI peKOMeHyeM NEPEeYNCIUTh UMeHA TeX, Ubs paboTa U3MEHUTCS B CIydae
pellleHus OoCTaBaeHHOM npobiembl. Eciu Takux Jitofell MHOTO, cobepuTe He-
GOJIBIIYIO TPYIITY U3 UX NpeAcTaBuTeneii. CocTaBbTe CIIMCOK STUX JIIOZEH U MO-
MUTe, KaK Ha HUX IOBJIUAET pe3y/IbTaT IPOeKTa — a 3aTeM CBSKUTE IToTydYeHHBIe
OTBETEHI C IIOCJIEZIHIM BOIIPOCOM.

BbI MOXKETe BBITIOJIHUTb MPOOHBIH 3aIyCK PelleHHs B paMKaX MBICJEHHOT'O
SKcIlepuMeHTa. JJoImycTUTe BO3MOXXHOCTh OTBETA Ha BOIIPOC, a 3aTe€M CIIPOCUTE
CBOIO KOMaHJY:

— MozkeM JI1 MBI UCTIO/Ib30BATh OJTy4Y€HHBIA OTBET?
— Ypbsa paboTa OT 3TOr0 U3MEHUTCA?

PasymeeTcs, 3To IpejmosnaraeTr, YTo y Bac €CTh Hy)KHbIe JJaHHble /i1 OTBeTa
Ha Borpoc. (Kak Mbl yBUAMM B IVIaBe 4, 9TO IIpeAIIOI0XKEeHNe MOXXeT OKa3aTbCsA
Ype3MePHO ONTHMHUCTUYHBIM.) TeM He MeHee BBl JOJDKHBI OTBETUTDh Ha 3TU BO-
IIPOCHI ¥ PacCMOTPEeTh HECKOJIBKO CIleHapUeB, IIPeANoIaraluux yCIenrHoe pe-
ImeHye Tpo6eMbl. Bo MHOTHX CTy4asx OTBETHI HA 3TU BOIIPOCHI O3BOJIAIOT JTUOO0
YCWINTD BIMSHUE MPEAJIOKEHHOTO IIPOEKTa, JTU60 YCTaHOBUTD TOT PaKT, UTO €70
peanu3aiys He IpeBeniaeT KOMMepYEeCKOU BBITO/BI.

Y70, €CNIM Y HAC HET HYXKHBIX faHHbIX?

Kaxzapiii Habop AaHHBIX COAEPKUT OTpaHUYEHHOE KOJIMYECTBO MHGDOpMAaIUH,
U Ha KaKOM-TO 3Tare y»Ke HUKaKasg TEXHOJIOTHS WU METO/ aHaInu3a He TIOMOTYT
BaM JIBUTaThCA JablIe.

MBI 110 OTIBITY 3HAeM, YTO HEKOTOPHIE U3 CAMBIX OOJIBIINX OINOOK KOMITAHUHI
COBEPIIAIOT TOTZA, KOT/la He 3aZal0TCs 9TUM BOIPOCOM. A BeZb 3THX OLINOOK
MOXXHO OBLIO 6bI M306€KaTh, €CIU OBl UX YWIN 0 Havala peaau3aliuy MpoeKTa.
Zlesio B TOM, YTO JIFOJIH, KOTOPHIE 10 CUX MTOP paboTaiu Haf MPOEKTOM, XOTAT J0-
BECTH €ro JI0 KOHIIA JIF0O0H 11eHOH. [J1aBHbIe 110 JaHHBIM U3HAYAJIBHO JOITYCKAIOT
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BEPOATHOCTh OTCYTCTBUA HEOOXOAUMBIX JaHHBIX. Ha 3TOT ciyuyaii oHU IpefycMa-
TPUBAIOT BO3MOXKHOCTb cbopa 6ojiee KaueCTBEHHBIX JaHHBIX JJI1 OTBETA HA BO-
Ipoc. A ecsii TaKUX JaHHBIX HE CYILIECTBYET, OHU BO3BPALIAIOTCA K UCXOAHOMY BO-
IIPOCY U MBITAIOTCS IIEPECMOTPETD COZEPKAHUE IIPOEKTA.

Korpa npoekT 6yper 3aBepiueH?

MHOIMM M3 Hac JOBOAWIOCH YYaCTBOBATh B IPOEKTAX, KOTOPbIE [JIAIKUChH CJIUIII-
KoM Jio/1ro. Ec/i O)KHzIaHus OTHOCUTENBHO JJIUTEHHOCTH IIPOEKTA HESICHBI C Ca-
MOTO HaJasia, TO CO BpeMeHeM KOMaH/[bl HAUWHAIOT IIOCEIIATh COBEIIAHUSA ITPOCTO
IO TIPUBBIYKE U F€HEPHUPOBATH OTYETHI, KOTOPhIE HUKTO HE YuTaeT. YTOOHI mepe-
JIOMUTH TTIO[06HbBIE TEHEHINH, CIeZlyeT OTBETUTh Ha Bompoc: «Korzaa mpoekt 6y-
JIeT 3aBepIIeH?» ellle /10 Hayasla ero peajn3alnu.

DTOT BOIPOC MTO3BOJIAIET COCPEAOTOUNTHCS Ha TPUYKHE, TI0 KOTOPOU ITPOEKT GhLI
MHUIMUPOBAH, U COIVIACOBATb OXKU/JAHVS BCEX YIaCTHUKOB. Cephe3Hbie TPOGIeMbI
MOTYT BO3HUKHYTh B CBSI3U C TEM, YTO B OYZAyIIEM BaM MOXKET MOTPeOOBATHCS He-
KoTopas nHGOPMAIIUS WIH MIPOJYKT, KOTOPHIX IIOKA He cyliecTByeT. OnpeAenuTech
C OKOHYATEeJbHBIM PE3y/bTaTOM. DTO MO3BOJUT BO30OHOBUTH IIPOIiECC 06Cyxae-
HUS MOTEHIUATIBHOM OT/IaYy OT MHBECTUIIUH B PEATU3AIHIO ITPOEKTA U YOEAUThCS
B HAJIMYMU Y KOMaH/IbI COTVIACOBAHHOM METPUKHU JIJIsI UBMEPEHUS €70 BO3JEHCTBUS.

Hrak, cobepuTe BCeX YIaCTHUKOB IIPOEKTA U OIIPe/EeIUTE MPUIHMHBIL, IT0 KOTO-
PBIM OH MOJKET OBITh 3aBepiieH. HeKoTopble U3 HUX J0BOJIBHO OYEBUIHBI, HAIIPH-
MED, TPOEKT MOXKET OBITh CBEPHYT M3-3a OTCYTCTBUS GUHAHCHPOBAHUS WK CHILKE-
Hust uHTepeca. OTOPOCHTE 3TH OUEBUIHBIE HEYIauX U COCPEAOTOYBTECH HA TOM, UTO
HY’KHO CZIeJIaTh /I pellleHrs Ou3HeC-po6JIeMbI U YCIIENTHOTO 3aBePIIeHHUs TPOeK-
Ta. B cilydae ¢ mpoeKTam# 1o paboTe ¢ JAHHBIMU KOHEYHBIM Pe3y/IbTaTOM OOBIYHO
ABJIAETCS MMOHMMaHue (HampuMep, TOTO, HACKOJIBKO 3G beKTUBHON ObUIa TOCIe-
HASI MAPKETUHTOBAsA KaMIIAHYs) WK IpUMeHeHre (HarpuMep, TPOrHOCTHIeCKOU
MOJIeu, KOTOpasi Mpe/icKa3bIBaeT 00'beM MOCTAaBOK Ha HeZEeNo Briepes). MHorue
[IPOEKTHI OTPEBYIOT JAOTIOMHUTENBHOM pabOTHI, HATIPUMED, B BU/E AalbHeHIIe
TTOJIIEP’KKY 1 OOCTYKUBaHUA, ¥ 06 3TOM KOMaH/ie He0OX0JUMO COOOIIUTD 3apaHee.

He gymatiTe, 4TO 3HaeTe OTBET Ha 3TOT BOIMPOC, IIOKA HE 3a/IaJTH €ro.

Yro, ecnu HaM He NOHPaBATCA pesyanaTbl?

OTBeT Ha NOC/IeHUY BOIIPOC TOTOBUT YYaCTHUKOB IIPOEKTa K TOMY MCXOZAY, O KO-
TOPOM OHU IpeAnowin 6Bl He AyMaTh, — K BEPOATHOCTU YCTAHOBJIEHUSA TOTO,
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YTO UX U3HAYaIbHBIE TIPEATIONOKEHNA ObUTH OMHUOKOM. YTOOB OTBETUTH HA STOT
BOIIPOC, BbI ZIOJDKHBI IIPEACTAaBUTh, YTO HAXOAUTECH B TOUKE HeBo3Bpara. [loce
MHOTHX YaCOB, MOTPAYEHHBIX HA PEATU3AIHIO IIPOEKTA, Bl IOHUMAETE, UTO ETO0
pe3yJIbTaThl IOKAa3bIBAIOT COBCEM HE TO, Ha UTO BBl paccuuThiBaiu. O6paTuTe BHU-
MaHHe, YTO pedyb UIET HE O TOM, UTO JaHHbIe He TI03BOJISIOT OTBETUTH Ha IMOCTAB-
JIEHHBIN Bompoc. JlaHHBIe OTBEYAIOT Ha BOIIPOC U, BO3MOKHO, JOBOJILHO YBEPEH-
HO — HO MOJIYYEHHBIN OTBET HE YCTPAUBAET 3aUHTEPECOBAHHBIE CTOPOHBI.

Oco3HaBaTh TO, YTO PE3Y/IBTATHI IPOEKTA OKA3aIUCh HE TAKUMHU, KaK BBl OXKU-
nanu, Beerga Hemerko. K cokanieHuro, Takoe CIydaeTcs ropaszo Jaiie, YeM MOXK-
HO OBLIO GBI MIPEATIONOXKUTh. 3apaHee 064yMaB BO3MOXKHOCTh HEY[OBIETBOPH-
TEJILHOTO Pe3y/IbTaTa MIPOEKTa, BBl CMOXKETe pa3paboTarh IUIaH JeiCTBUI Ha TOT
ciIy4aii, ecii BaM moTpeGyeTcst COOBIUTh YYaCTHUKAM IIOXHUE HOBOCTH.

3a/1aB 3TOT BOIPOC, Bl TAKXKE CMOXKETe OGHAPYKUTh PAa3/INUKs B BOCIIPUATHH
PE3yJIBTATOB MPOEKTa PasHbIMU JIFOAbMU. Harprmep, BCIOMHUTE HAIIIEro aBarapa
Il:xopmka u3 BBefieHus. [PKOP/K OTHOCUTCS K TOMY THITY JIFOZIEH, KOTOPBIE CKJIOH-
HBI UITHOPMPOBATH PE3YJIETATHI, HE OTBEYAIOIINE VX YOEKIEHUAM, U HA060POT — OT-
CTaMBaTh Pe3Y/IbTaThl, KOTOPhIE UM COOTBETCTBYIOT. [IoCTaHOBKA JAHHOTO BOIIPOCa
TI03BOJISIET BEISIBUTD TIOZI0OHYIO TIPEAB3SATOCTS €Ilie /[0 Havasla Peair3aliiy IIPOoeKTa.

He crout mpuctynarth K paboTe Ha/ MPOEKTOM, €CIU BBl 3HAETE, YTO Y HETO
€CTh TOJIKO O/IMH TIPUEMJIEMBIN Pe3y/IbTar.

NPU4YUHDLI NPOBAJIA NPOEKTOB 110 PABOTE C JAHHbIMU

[TpoeKThI MOT'YT IPOBAJUTHCA II0 MHOTMIM IIPUYMHAM, CPeJy KOTOPHIX HeXBaTKa
¢duHaHCUPOBaHUsA, OTPAaHUYEHHBIE CPOKU, OTCYTCTBHE HEOOXOAUMOM SKCIIEPTUSHI,
HeoOOCHOBAHHbIE OXKUAAHUA U TOMY TI0Z0OHOE. A ellle CyNIIeCTBYIOT MPOGIEMEI,
CBsI3aHHBIE C JAHHBIMY U METOZAMHU UX aHanu3a. Hanpumep, mpoeKTHas rpymmna
MOXET IPUMEHUTh METO/] aHAIN3a, KOTOPHIH OHA HE MOXKET OOBSACHUTD, K JaH-
HBIM, KOTOpble OHa He MIOHUMAET, YTOObI PENIUTh He UMEONIYI0 3HaYeHUS TIPO-
6J1IeMy — U BCe PABHO CYUTATH IIOJTyYEHHBIN PE3YIbTAT YCIIEXOM.
JlaBatiTe pacCMOTPUM TaKOU CIieHApUH.

KnueHTckoe Bocnpusitue

Bl paboTaeTe B koMmmaHuu X, BXoAsIIeH B ciucok Fortune 10, 4bs cofranbHO
HEeYyBCTBUTENbHASA MapKeTUHIOBasA KaMIaHUA BbI3Bajia HETaTUBHYIO PEaKIUIO
CO CTOPOHBI CPEACTB MaccoBOUM MH$OpManuy. Bac Ha3HAYMIN OTBETCTBEHHBIM
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3a MOHUTOPHHT «KJUEHTCKOTO BOCIPHUATHs». B KOMaHAy MPOEKTa BXOJAT CJie-
ZYTOIIIME JIFOTU
— MeHe/Kep MpoeKTa (BBI);
— CIIOHCOP IpoeKTa (JIUII0, OIUIAYHBAIOIIEE ero Peann3aluio);
— /IBa CIIENAAJIMCTA TI0 MAPKETUHTY (He UMEOIIYE OIbITa pabOoThI C JaHHBIMHU);
— MOJIOZION JlaTa-caiieHTHUCT (TONBKO YTO OKOHUYMBIIHMH KOJJIEMX M CTPeM-
ITUIACA TIPUMEHUTD U3yYeHHBbIE METO/bI HA MTPAKTUKE).

B Xo7ie yCTaHOBOYHOT'O COBEIIAHUSA CIIOHCOP MPOEKTA U JjaTa-CaleHTHUCT 6oz-
PO U B3BOJTHOBAHHO OOCYKZAIOT TO, YTO HA3bIBAETCA «aHAJIM30M HACTPOEHUI».
CHoHCOp MpoOeKTa yCIbIan 06 3TOM MeTOoZle Ha HeZlaBHEN TeXHUYeCKOi KoHbe-
PEeHINH, KOTZIa KOHKYPUPYIOIasgd KOMIIAHUA 3asgBWIa O ero UCIoab30BaHuu. Jla-
Ta-calleHTUCT cKa3asl, YTO Hay4dwics NMPOBOJUTh aHAJU3 HAaCTPOEHUU B XoZe pa-
6OTHI HaJl CBOMM JUIUIOMHBIM ITPOEKTOM, U TIPEAJIOKII IPUMEHUTD 3TY TEXHUKY
K KOMMEHTapHuAM KJINEHTOB Ha CTpaHullaXx KoMrnaHuu B Twitter. MapkeTonoru
lyMaloT, 9YTO 3Ta TEXHUKA MTO3BOJIAET UHTEPIPETUPOBATh SMOIIOHAbHBIE PeakK-
LIUM JIIoZlel, UCIIONb3ys JaHHble U3 COI[MalbHBIX ceTell, HO IIpaKTUYeCcKu He yda-
CTBYIOT B 0OCY)XI€HUH.

Bam roBopATt, 4TO aHaIU3 HACTPOEHUM MO3BOJIAET aBTOMATHU4YeCKU [TIOMEeTUTD
TBUT WJIM TIOCT KaK «IOJIOKUTENbHBIN» WIN «OTPUIATENbHBIN». HarpuMep, ¢ppasza
«Cracu60 3a croHcopcTBO OIMMIIHA/IbI» ABISETCS MOJ0KUTETHHHIM KOMMEHTaPH-
eM, a «Y>kacHoe 06CTyKMBaHUE KINEHTOB» — OTPUIAaTeIbHBIM. JlaTa-calleHTHCT
CKa3aJl, YTO MOT OBl eXKeJHEBHO TIO/ICYUTHIBATD KOJMYECTBO MOJIOXKUTENTbHBIX U OT-
pUIIaTEThHBIX KOMMEHTapHUEB, CTPOUTh IpadUKH, OTPaKAIOIINE TEKYIIHE TEHAEH-
I[UY, U TyOJUKOBATh pe3y/bTaThl Ha NHGOPMAIMOHHOMN MaHeH /JIs BceobIero
03HAKOMJIEHUsA. A caMoOe IVIaBHOe, HUKOMY OOJIbIlle He Hy>KHO YUTaTh KOMMEHTa-
pUHU KJIMEeHTOB. MaruHa cZiesaeT 3To cama. ltak, pemteHo. IIpoekT 3amyieH.

Mecs1r crycTs AaTa-CaleHTUCT C TOPJOCThIO IEMOHCTPUPYET WHGOPMAIUOH-
HYIO MaHeJsb ¢ pe3yJbTaTaMU aHalu3a KJIMEeHTCKOTO BOCIIPUATHUS, IPOBEeIEHHOTO
Ha 6a3e KIMEHTOB KoMIaHuU X. Pe3ynbTaThl 0OHOBIAIOTCA KaXKABIN E€HD C yde-
TOM MOCJTIEJHUX JAHHBIX U BKJIIOYAIOT B CeOs P «IOJOKUTENbHBIX» KOMMEHTA-
pHEB, OITyOIMKOBAHHBIX 32 MPOIIeAlTylo HeZemto. Ha puc. 1.1 mokasaH IIaBHbIN
rpaduk 3TOM MHGOPMALIMOHHON ITaHEIH, OTPAKAIOIIUA JUHAMUKY HaCTPOEHUH
KJIMEHTOB. Ha HeM MoKa3aHbI TOJBKO JOJH MOJOXUTETbHBIX U OTPHULATENbHBIX
KOMMEHTapHeB, XOTs OONBITMHCTBO UX — HEHUTPaIbHBIE.

CrnioHCOp TpoeKTa f0BoJieH. Hezento cnycTs 3Ta HOpMaIMOHHasA TaHeb
BBIBOJIUTCSI HA MOHUTOP B KOMHATE OTZAbIXa Ha Bceobiiiee 0603peHue.
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ITO ycIex.

[ITecTh MeCAIEB CITYCTSI MOHUTOP YOUPAeTCs M3 KOMHATHI OT/bIXa B CBS3HU C €€
PEMOHTOM.

HukTo 3TOro He 3amMeyvaer.
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Puc. 1.1. TeHaeHuuu, BbISIBNEHHbIE B pe3ynbTaTe aHan3a HaCTPOEHUN

KpuTtnyeckuil aHaiu3 mpoekTa Imokasaj, YTO HUKTO B KOMIIAHUU He HCIOJIb-
30BaJl IIOJTyYeHHBIE Pe3y/IbTAaThl aHAIN3a HACTPOEHUH — Jake MapKeTOJIOTH, BXO-
JAImye B KOMaHAy poekTa. Korza ux crpocwnu, moyeMy, OHU IPU3HATHUCh, YTO
VM He OYeHb [TOHpaBWIach M3HavadbHad uzed. /Jla, KakJoe coobIIeHne MOXKHO
OBUTO IOMETUTH KaK IOJIOXKUTENBHOE WIN OTpHUIlaTebHOe. HO MBICIB O TOM, UTO
HUKOMY OO0JIbIIle HE HYXKHO YUTATh KOMMEHTAPHH, Ka3alach IPUHATHEM JKeJae-
MOTO 32 JIeHiCTBUTENbHOE. MapKeTOJIOTY COMHEBAINCE B ITOJIE3HOCTU TAKOTO Me-
TOZa MapKHUPOBKHU. Kpome TOro, 1Mo UX MHEHUIO, KJTUEHTCKOE BOCIIPUATHE HE MO-
JKeT OBITh MTPOAHATU3UPOBAHO HA OCHOBE JIUIIb OHJIAWH-B3aUMOAENCTBYA, XOTS
3TOT HabOP JaHHBIX — CAMBbIH JOCTYITHBIH JJI IPOBEJEHUS aHATN3a HACTPOEHUH.

06cyxpaeHue

Ha nepBbIii B3MIAZ KaXKeTcsd, YTO B 9TOM ClieHapuH Bce IIPOoLUIo Xopollo. OZHaKo
byHZaMeHTaIBHBIM BOIIPOC O BAXKHOCTH IIPOEKTa TaK U He OBUI MIOAHAT. BmecTo
9TOr0 KOMaH/ia NIpoeKTa MoIbITalach OTBETUTh Ha Apyrou Bompoc: «MoxeM 11
MBI cO3/aTh MHGOPMAIMOHHYIO TaHeb AJi OTCIEKUBAHUSA HACTPOEHUS KIIH-
€HTOB, UCXO/ U3 COZepXKaHud UX KOMMeHTapueB Ha CTpaHUIlaX KOMIIAaHUU?»
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PasymeeTcst, OTBET Ha 3TOT BOMPOC OBUT MONOKUTENbHBIM. OZIHAKO PEe3y/IbTaTh
3TOTO TPOEKTA JJIsI OPTaHU3alUK 0Ka3aIKrCh OECIIONE3HbI U JaXKe He BaXKHEL.

Kazanoch 6b1, MAPKETOIOTH MOTIU OBbI CKa3aTh 6OJIbIIIE — OJHAKO OHU He ObLITH
M3HAYaJIbHO BKJIIOYEHBI B CITUCOK JIFOIEH, KOTOPBIX MOTYT 3aTPOHYTh pe3yJbTa-
THI TIpoekTa. KpoMe Toro, B mMozgxo/ie KOMaH/bl K PENIEHUI0 IIPO6IEMBI TPOSBH-
JIMCh /IBA ONMCAHHBIX paHee IpeAylpekJaiIuX 3Haka — (OKyC Ha MeTO0JIO-
ruu (aHamu3 HacTpoeHUH) U GOKyC Ha KOHEUHOM pe3yabTaTe (MHGOpMalloHHAasa
TaHesb).

BoJiee TOro, MpoeKTHAas IPYIINa U3 BHIIIEONCAHHOIO CIEHAPHSA MOTJIA ObI BBI-
TIOJTHUTD MPOOHBIH 3aMyCK CBOErO PeIleHUs, IPEAIIONIOXUB, YTO Y Hee YiKe eCTh
WHPOpMaITMOHHAs TTaHeb, KOTOpas eXXeJHEBHO OOHOBJISIETCS C YIETOM Pe3yJIbTa-
TOB aHAJIN3a KOMMEHTAPHEB B COITUAbHBIX CETHX:

— MorkeM Ji MBI MCITOJIb30BaTh MOMyIeHHBIH 0TBeT? KoMmaHga Moria 65l T0-
AyMaThb 06 aKTyaJbHOCTU aHAJIM3a HACTPOEHUH C TOUKU 3PEHUS U3yUeHUs
KJINEHTCKOT'0 BocpuATHia. Kak KoMaHZa MOXKeT HCIIOIb30BATh MOMyYeH-
Hy!0 uHpopManuio? Kakyio BEIIoZly MOXKET U3BJI€Ub OM3HEC U3 3HAHUSA Ha-
CTPOEHUI KINEHTOB, OCHOBAaHHOT'O Ha aHa/IN3€e X KOMMEHTAPUEB B COIU-
QIBHBIX CETAX?

— Ybs pabota oT 3TOro M3MeHUTCA? [IpeAnonokuM, KoMaHaa yoeauna cebs
B TOM, YTO 3HAaHHE HACTPOEHUH BaxXHO /A 3PPEeKTUBHOTO yIpaBIeHUs
6usHecoM. Ho 6yzieT i KTO-TO CJIeUTH 3a [TOKa3aTeNAMU Ha 3TOM MHPOP-
MalMOHHOU maHenu? ByzeM Jii MBI IPUHUMATh KaKue-Tub0 MepHl, eCIu
BAPYT HAMETUTCSA TEHAEHIINA K CHIDKEHUIO? A K ITOBBILIEHUIO?

Ha sToMm aTarme B pa3roBop, BO3MOXXHO, BCTYIIHIHN 61 MapKeTosoru. Ho usme-
HWIY GBI OHU CBOIO TIOBCEHEBHYIO JIESITEHHOCTD C YYETOM MOTyIEHHON HHOD-
Mmarmn? CKopee Bcero, HeT. [IPOeKT B ero HbIHEITHEM BU/IE 3allles B TYITHK.

Bce 6b110 6B MHAYE, 3a/1al1 OHU Te MATH BOIIPOCOB.

PABOTA HAJ]1 3HAYUMbIMW NPOBJIEMAMU

Jlo cux TOp MBI OOBSCHSIN IIPOBaIbl IPOEKTOB HEIPAaBUIbHBEIM OINpeAeIeHN-
€M OCHOBOIIOJIAraloIel MPoGJEMBl U CBA3HIBAIN UX C IOTEPEH JeHer, BpeMEeHH
v sHeprun. OfIHAKO B MHMPE HAyKH O JaHHBIX €CTh O0Jiee cepbe3Hast ¥ BechMa He-
oXXuJaHHas mpobema.
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B HacTosAIIEe BpeMs OTpacib COCpeZOTOYeHA Ha ITOATOTOBKE CIIEIIATNCTOB
1o pabote ¢ ZJaHHBEIMU. UTOOBI yZOBIETBOPUTH CYIIECTBYIOIIUH CIIPOC, BCEBO3-
MOJKHBIE y4eOHBIE YUPEXKIEHUSA BHITYCKAIOT MHOXXECTBO KPUTHUECKU MBICIIINX
JIfozie. A TIOCKOIBKY paboTa ¢ ZaHHBIMU 3aKJII0YAETCsI B HAXOXKAEHUH UCTHHEI,
TO IVIaBHBIE II0 JAHHBIM CTPEMATCSI UMEHHO K STOMY.

YTO Ke MPOUCXOJUT, KOT/Ia OHU BBIHYKAEHBI OpaThCs 3a MPOEKT, KOTOPHIN UX
He BIOXHOBJISIET, KOT/ZIa UM MPUXOAUTCA paboTaTh HaZ IUIOXO OIpe/eIeHHOM Ipo-
6J1eMO¥ WIIH KOTZJa X HAaBBIKY CTAHOBATCS BCETO JIMIIB ITIOBOJOM /I XBACTOBCTBA
pyKoBOAUTENEH?

B oTHX cily4yasx MHOTHE CIIEIMAIHCTHI IT0 paboTe ¢ ZaHHBIMU pa304apOBbIBa-
I0TCA B cBoel npodeccun. Pabora Haz mpobieMaMu, KOTOpble Ype3MepPHO cocpe-
JOTOYEHBI HA TEXHOJIOTUAX WIX UMEIOT HEOJHO3HAYHBIE PE3Y/IbTATHI, BEI3bIBAET
y HUX pasfpaxkeHue U HeyZoBieTBopeHHOCTh. CalT Kaggle.com, Ha KoTopoM fa-
Ta-caileHTUCTHI CO BCETO MUPA COPEBHYIOTCA JPYT C APYTOM M M3y4alOT HOBBIE
MeTOZbl aHa/IN3a JaHHBIX, IPOBEJ ONIPOC OTHOCUTENBHO TOTO, C KAKUMU MIPeMAT-
CTBUSIMU 3TH CIIEIUAINCTEI CTATKUBAIOTCS Ha pabote’. HekoTophle U3 mepeyuc-
JIEHHBIX JIajiee MIPEeATCTBUH HAIPAMYIO CBA3aHBI C IUIOX0 CHOPMYIUPOBAHHBIMU
mpob6eMaMy ¥ HETTPaBWIbHBIM IIAaHUPOBAHUEM

— OTCyTCTBHE YETKO ITOCTABJIEHHOT0 BOTIPOCA, HAa KOTOPHIN HEOOXOAMMO /1aTh
oTBeT (¢ aTuM cTonKHyAuCch 30,4% pecroH/IeHTOB).

— Pe3ynbraThl He UCMOIb3YIOTCA TUIIAMU, IPUHUMAIIUMU pelieHus (24,3%).

— OTcyTCTBYE BKJIaZia CO CTOPOHBI 9KCIIEPTOB B ITpeIMeTHOM obactu (19,6%).

— OxuzaHusA OTHOCUTENBHO Bo3ZieticTBusA rmpoekTa (15,8%).

— HHTerpanus pesynbraToB B pemieHus (13,6%).

Bce 3TO MMeeT oueBU/IHbIE TTOCAEACTBYA. Te, KTO He yI0OBIETBOPEH CBOEH pa-
GOTOH, YXOJISAT.

NOABEAEHUE UTOI0B

Llesb JAHHON KHUTM — HAy4YHMTb BaC 3aJaBaTh OOJIbIIE BOMIPOCOB. DTOT IIPOLIECC
HaYMHAETCsI C B)KHEUIIIEr0, a MHOT/A U CIOKHEHNIIETo BOTIpoca: «B 4eM CyTh IIpo-
61eMBI?»

® 2017 Kaggle Machine Learning & Data Science Survey. Pe3ynbTaTsl JOCTYIIHBI IO aZpecy:

www.kaggle.com/kaggle /kaggle-survey-2017. ocTyn nosnydeH 12 auBaps 2021.
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B 3T0i1 I1aBe BB y3HAIM O TOM, KaK MOXKHO YTOUYHUTD U NIPOSICHUTD IIeHTPaJIb-
HBIH O6M3HEC-BOIPOC, a TAKXKe O TOM, ITOYeMY IIPO6JIeMBbI, CBI3aHHbBIE C JaHHBIMU
U UX aHAJIN30M, OCOOEHHO BaXKHBI. MBI MIEPEYNCIUIN IATh BRXKHEUIITUX BOIIPO-
COB, KOTODHIE JIOJDKEH 33/IaTh ITIABHBIN 10 JAHHBIM 1P OIpeie/IEHUN IIPOOJIEMEL,
a TakKe IpeAyIpexJarolyie 3HaKy, TOBOPAIIKEe O pHUcKe cOUTheA ¢ myTu. Ecam
mpu 0OCy>KIeHUHU BOIIpOca BhI 3aMevaete, 4To pokycupyerech (1) Ha METOAONO-
ruy Win (2) Ha KOHEeYHBIX pe3y/bTaTaX, 3HauYWT, IPUIUIO BPeMs B3ATh IIayay.

OTBeTHUB Ha BCe 3TH BOIIPOCHL, BBl MOXKETe IIPUCTYIATh K pabore.
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YT0 TaKoe fAaHHbIe?

https://t.me/it_boooks

«Ecnu y Hac ecTb jaHHble, jaBaiiTe CMOTPETD Ha JlaHHble.
Ecnu Bce, 4TO y Hac ecTb, — 3TO MHEHUS, laBaiiTe NPUAEPKMBATHCS MOErO»
_ [bxum bapkcpeiin, ObIBLUnA reHepasbHb W upekTop KoMmnaHuy Netscape

M HOTHe JIIoZY paboTaroT ¢ JaHHBIMHY, He BJIaJies] COOTBETCTBYIOIIUM S3bIKOM.
YToOBI YIIPOCTUTH TIOHUMaHUEe MaTepuaa, U3JI0XKEHHOTO B OCTAIbHOM Ya-
CTU KHUTH, B 3TOH IVIaBe MBI IIOTOBOPUM O JAHHBIX U UX TUnax. Eciu BH yxe
MPOXOAYUTH 6a30BEIN KypPC 10 CTATUCTUKE WIN aHAJIUTHKE, TEPMUHBI OyZyT BaM
3HAKOMBI, OZJHAKO HEKOTOPbIe pparMeHTH! U3JI0KEHHOTO Zjajiee MaTeprasa MOryT
BBIXOJIMTD 32 PAMKU Balllero 00y4eHus.

JAHHbIE U UHOOPMALIMA

TepMUHBI «ZaHHBIe» U «MTHGOPMaI[HsA» YaCTO B3anMo3aMeHsAeMbl. OHAKO B 3TOU
KHUT€ MBI IPOBOJIIM MeXKZy HUMHU pasjndue.

Vudopmanusa — 5To u3BJeYeHHOe 3HaHWe. BBl MOXKeTe U3BJIeKaTh 3HAHUSA
pasHBIMU criocobamMy — HaIpuMep, IIyTeM N3MepeHUs IloKa3aTesel mpoiecca,
PasMBIIIIEHUH O YeM-TO HOBOM, U3yYeHUA IPOU3BEAEHUI UCKyCcCTBa U 06Cy-
XKIEeHUs HeKoero npeaMeTa. MiHbopMalus co3zaeTcs MOCTOAHHO, U €€ UCTOY-
HUKaMU ABJAETCA MHOXEeCTBO Belllel, HAaUMHadA C JaTYUKOB CIIyTHUKOB U 3a-
KaHuYMBas HellpoHaMu B HameM Mo3are. OfiHaKo IiepesaTh U 3adUKCUPOBATH
oty undopMmariuio He Bcerga ObIBaeT jerko. HekoTophle Bely JOBOJIBHO MPO-
CTO U3MEPUTH, a Apyrue — HeT. U Bce ke MBI cTapaeMca Ilepe/laBaTh 3HAHUA
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IOPYTHUM U COXPaHATh TO, YeMy Hay4dunuch. OAUH U3 CIIOCOOOB Mepefavy U Xpa-
HeHUA nHGOPMaILNM — ee KOAUPOBaHUeE. B mpoliecce KOAMPOBAHUA MBI CO3/a-
eM gaHHble. TakuM 06pa3oM, JaHHbBIE MPEACTABIAIOT cOO0M 3aKOANPOBAHHYIO
nHbOpMAIUIO.

Mpumep Habopa AaHHbIX

Cozep:xuMoe Tabi1. 2.1 pacckasbIBaeT UCTOPUIO KOMITAHUH, KOTOPasi KaKbIN Me-
CAILl IPOBOJUT pa3NyHble MapKeTHHIOBbIE MepolnpusaTus B MIHTepHeTe, Ha TeJle-
BUZIeHUM WK B IedyaTHbIXx CMMU (raseTax u XypHajax). JTOT MpoliecCc KaKAbIN
MecsII] TeHepupyeT HoByIo nHdopmanuio. CoszZiaHHas KOMITaHueH Tabauia mpe-
cTaBJsAeT cOOOM pe3y/nbTaT KOAUPOBAHUA 3TOM MHPOPMAIUU U, CIel0BaTENIbHO,
COJIEPXKUT JlaHHBIE.

Tabnuia ¢ JaHHBIME, TOA06HaA TabJ1. 2.1, Ha3bIBaeTc HAOOPOM JaHHBIX.

O6paTuTe BHUMaHUe Ha TO, YTO 3Ta TabIUIlAa COAEPIKUT CTPOKU U CTOJIOIIHI,
KOTOpBIE UTPAIOT OTpe/ieJIeHHBIe POJIU B MPOIlecce UHTEPIPETALUU ee COZep-
)KuMoro. Kaxkzias ropu3oHTaIbHAass CTPOKA TAaOIHUIIbI PeACTaBIsAeT cO60H u3me-
PEHHBIN 5K3eMIUISIp CBA3aHHOW MHpopMauuu. B faHHOM ciydae — mHpopMa-
IIMM 0 MAapKETUHTOBOM KaMmaHWHU. KakAblli BepTUKaIbHbIN cTONI6EI TabaIuIlbI
MpeACcTaBAseT coOO0OM CMMCOK MHTEPECYIONUX Hac pparMeHTOB MHDOpPMAIIUH,
HMEIINX 00IIYI0 KOAUPOBKY, YTO IMO3BOJIAET HAM CPABHUBATh dK3EMILISAPHI
MeXIy cOOO0i.

CTpOKH MOAOOHBIX TAabIUIl OOBIYHO HA3LIBAIOTCS HAOIIOAEHUIMHU, 3aTIUCAMH,
KOPTEXXaMU WU UCTbITaHUIMU. CTOIOIBI B HAO0OpaX JaHHBIX 9YacTO Ha3bIBAIOTCS
MpU3HaKaMU, MOJMAMHU, aTpUOyTaMu, TPEJUKTOPAMU WIH IIepeMEHHBIMU.

3HaiiTe CBOIO ayAuTOPHIO

PaborTa ¢ JaHHBIMU BEZIETCSI BO MHOXKECTBE TIPEAMETHBIX 00acTel, B KaXK-
JIOA 13 KOTOPBIX UCIIOJIb3yeTcss IPOGeCCHOHANBHEIN CIEHT, T03TOMY I
OJHUX U TeX Ke Belllel CyllecTByeT HeCKOJIbKO HazBaHUU. OZHM clienya-
JIUCTHI 110 paboTe C JaHHBIMU MOTYT Ha3bIBATh CTOJIOIE B HAOOpE JaHHBIX
«IIpU3HAKaMU», a APyrue — «IepeMeHHbIMU» WK «IpeJUKTopaMu». I1o-
9TOMY IVIABHOMY I10 ZJaHHBIM BaXKHO YMeTh OPUEeHTHPOBAaThCA B IpeAIIoUTe-
HUAX Pa3HbIX I'PyIIIL.
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Touka JaHHBIX — 3TO MECTO TlepeceveHus HabJeHns U IpU3HaKa. B gan-
HOM CJTyJ4ae MPUMEPOM TOYKH JaHHBIX ABJsieTcss 150 eIMHUI] TOBapa, MPOAaHHO-
ro 01 ¢espasnsa 2021 roza.

Ta6n. 2.1. Mpumep Habopa AaHHbIX O PEKNTAMHbIX pacxofax U npubbin

Jara PexsamMHBIE KonngecTtBO IMpu6sUIL Meaua
pacxobl IIPOJaHHOI'O
TOBapa
2021-01-01 2000 100 10452 [TleuaTh
2021-02-01 1000 150 15349 WuTepHeT
2021-03-01 3000 200 25095 TeneBuzeHue
2021-04-01 1000 175 12443 WuTepHeT

Ta6suia 2.1 uMeeT 3aroyoBOK (pparMeHT HEUUCIOBBIX JaHHBIX), KOTOPBIHA
[MOMOraeT HaM IMOHSATH, YTO O3HAYaeT KXKABINA mpu3Hak. OOpaTuTe BHUMAHUE,
YTO CTPOKA 3arojIOBKA He 0Os13aTenbHa. B TakuX ciryyasx 3arojioBOK IOZApasyMe-
BaeTcsd, U 4eJoBeK, paboTarouiuii ¢ HabopoM JaHHBIX, ZIOJKEH 3HATh, YTO O3HA-
YyaeT KaXK/bli U3 TPU3HAKOB.

TUMbl JAHHbIX

CylilecTByeT MHOXKECTBO CIIOCOOOB KOAMPOBaHUs WHGOPMAIIMH, OJHAKO CIIEIHA-
JIUCTHI 110 PaboTe C JaHHBIMU UCIIOIb3YIOT HECKOJIBKO BUIOB KOAWPOBKH JJISI Xpa-
HeHUA UHGOPMAIIUHY U Tlepejauy MOJMyYeHHBIX pe3ynbTaToB. /IBa Hanboee pac-
MPOCTPaHEHHBIX TUIIA JAHHBIX — YKUCIOBbIE U KaTeropruaabHBIE.

YucIioBbie JaHHBIE B OCHOBHOM COCTOSIT M3 YHCEJI, HO MOTYT BKJIFOYATh JIOMOJ-
HUTEJIbHBIE CUMBOJIBI IJIs1 0003HaueHus eAnHUI. K KaTeropuasibHBIM JaHHBIM OT-
HOCSTCSA CJI0OBa, CUMBOJIBL, $pa3bl ¥ (KaK HU CTPAHHO) MHOT/A YKCJIa — HaIpUMep,
MMOYTOBBIE MH/EKCH. V1 YMCIOBbIE, U KaTeropuaabHbIe JaHHbIE JAeATCI Ha AOMO-
HUTEIbHBIE TOJIKATETOPHH.

CylileCTBYIOT /[Ba OCHOBHBIX THIIa YUCIOBBIX JAHHBIX:

— HempephiBHBIE AaHHBIE MOTYT IPUHUMATD JTIE0O0€ 3HaYeHNE B HEKOTOPOM
YUCIOBOM Auana3oHe. OHU IMPeJCTABIISAIOT coO0M MPUHIIUITNANBHO HEVC-
YuCIAeMBId Habop 3HaYeHUH. Bo3pMeM, k mpumepy, norozay. Temmepary-
pa Bo3/lyxa Ha y/uile, Tpeo6pa3oBaHHas B JaHHbIE, OyeT IPeACTaBIATh
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co00li HEITpephIBHYIO ITepeMeHHY0. JIoMycTrM, OHa cocTaBisieT 65,62 rpa-
nyca o @apenreiity (18,67 °C). MecTHasa HOBOCTHAsA CTAHIMA MOXKET IIe-
peaats 3To 3HaYeHue Kak 65 °F (18 °C), 66 °F (19 °C) wiu 65,6 °F (18,7 °C).

— CueTHble (WY AUCKPETHBIE) JaHHbIE, B OTJIMYME OT HENTPEPHIBHBIX, OTPAHU-
YUBAIOT TOYHOCTD IIeJIBIM YKC/IOM. HamprmMep, KOMUYeCTBO aBTOMOOWIEH,
KOTOPBIMHU BHI BJIafieeTe, MOXKeT ObITh paBHO 0, 1, 2 u Tak gaee, Ho He 1,23.
ITO OTpa’kaeT OCHOBOMOJIATAIOIIYIO PeaTbHOCTh U3MepsIeMOU Beru .

KaTeFOpI/IaJIbHI)Ie AaHHBbIE TaKXKe JeJIATCA Ha IBA OCHOBHBIX THIIA:

— YnopsimodueHHble (WIN TIOPSAKOBBIE) JAaHHBIE — 3TO KaTeropuaabHbIE JaH-
HbIe, KOTOPBIM IIPUCYII] OTlpe/ieIeHHBIN MOPsA/oK. Takue JaHHbIE UCTIONb3Y-
10T, HaIIp¥Mep, OPTaHU3aToPhl OIIPOCOB, KOT/|a IIpe/jiaratoT BaM OL|eHUTh
CcBOM onbIT 1o IKaje oT 1 7o 10. XoTsA 3TH JaHHBIe HAIIOMHUHAIOT CYETHEIE,
MBI HE MOXEM [IPUPAaBHATH PasHULly Mexay oleHKkaMu 10 u 9 k pasHule
Mexay 1 u 0. PasymeeTcsi, MOPSAKOBBIE KaTeropuaibHbIE JaHHBIE HE 0051-
3aTeJbHO KOJAMPOBATh B BU/e yuces. Hanmpumep, pasmep pybalikyd OTHO-
CUTCA K ITOPAAKOBBIM JAHHBIM, HO €r0 MOXXKHO 3aKOAUPOBATh C IIOMOIILIO
CJIOB: MaJIeHbKUH, CpeAHUH, 6OIBIITON, O4eHDb HOIBIIOMN.

— HeymniopsigouenHbie (Wi HOMUHAJIbHBIE) KaTeropuaabHbIe JAHHbIE HE Me-
0T MPUCYIEro UM nopsiaka. Hampumep, Tabi. 2.1 comep:KuT npusHak «Me-
Jua» co 3HauYeHUuAMHU «IleuaTh», «MIHTepHeT» U «TeneBuzeHue». Jpyrue
IIpYMepPBl HOMUHAJIBHBIX [IePEMEHHBIX — OTBeTHI «/la» u «HeT», a Takxke
MIPUHAJIEXKHOCTD K IEMOKPATHYECKOU WIH PECITYOJIUKAHCKOM TapTuu. I1o-
PALOK UX MEPEeYUCIeHUs BCeraa ABIAETCA IPOU3BOJIBHBIM — HEJIb3A CKa-
3aTh, YTO OZIHA KaTeropus «BaykHee» IPYroil.

B Tabis. 2.1 TakKe eCTh MPU3HAK «J[aTa», PEACTABIAIOMINN OO0 JOTOTHU-
TeJIbHBIN THUII JAaHHBIX, KOTOPBIN SABJISETCS IOCAeA0BATENbHBIM U MOXET UCITOJb-
30BaThCsA B apUGMETUIECKUX BHIPAKEHUAX B KAUECTBE YHUCIOBBIX JaHHBIX.

10 CyuiecTByIOT [JOTIOJHUTEIbHbBIE YPOBHU HENPEPHIBHBIX /IaHHBIX, Ha3bIBAEMbIE OTHOLIEHHUEM
U UHTEPBAJIOM. BBl MOXKETE 03HAKOMUTBCS C HUIMU CaMOCTOSTEIbHO, OJHAKO, COIVIACHO HAIUM
HaOJIIOIEHUSAM, 3TH TEPMUHBI IOBOJILHO PE/IKO UCIIONb3YIOTCs B OGusHec-cpesie. Kpome Toro, 6bI-
BAIOT CUTYAIMH, KOT/[A Pa3Iniue MeX/AY HEIIPEPEIBHBIMU U CYETHBIMU JaHHBIMU HEe KMEeET 0CO-
6oro 3HaueHus. Takue GOJIBbINME YKCIA, KAK KOJUYECTBA IMOCEIEHNI BeO-CaiTOB, YacTO CYU-
TAIOTCS MPU aHaIn3e AaHHBIX HEMPEPHIBHBIMU, a HE CYETHBIMU. DTO Pa3jndIre OKa3bIBAETCS
BaKHBIM JIMIIb TOT/A, KOT/]A PEYb UET O OIM3KUX K HY/II0 3HaYeHUsIX. MBI IIOTOBOPUM 06 3TOM
noAipo6GHee B CIEAYIOUINX IIaBaX.
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Cb0P U CTPYKTYPUPOBAHUE JAHHbIX

B npeapizyieM paszesie Mbl TOBOPWJIM O THUIIAX JaHHBIX B HA60pax, OZHAKO CyIIe-
CTBYIOT 060JIiee KPYITHbIEe KaTETOPUH JJI OMKCAaHUsA crocoba cbopa U CTPYKTYpU-
POBaHUA JaHHBIX.

DNaHHble HabnoaeHNN H JKCnepumMmeHTa/ibHble faHHble

B 3aBucumocTH 0T crrocoba c6opa JaHHbBIe MOI'YT Ha3bIBAThCSA IKCIIEPUMEHTATb-
HBIMU WIU JaHHBIMU HaOIIO[eHUI.

— JlaHHBIE Ha6]HOZ[eHHﬁ CO6I/IpaIOTCH B IIpoI1ecce nmaCcCuBHOI'O Ha6JIIOLLeHI/IH
YeJIoBEKa NI KOMIIbIOTEPA 3a KaKHM-TH00 IIpo1eccoM.

— BKCHepI/IMeHTaHBHHe JAaHHbIE co61/1pa}0Tcs{ B COOTBETCTBHHU C HAYYHbIM MeE-
TOAOM C MCIIOJIb3OBAHHUEM HpeﬂHHCﬁHHOﬁ METOA0JIOTNH.

Bosbmas 9acTh JaHHBIX B Ballell KOMIIAHUY U B MUPe BOOOIe OTHOCUTCSA
K JJaHHBIM HabstoleHni. VX mpuMepsl — YHCIIO TIOCelle i Beb-caiiTa, 06beM
MIPOZAK Ha OMPeeEHHYIO ATy U KOJMYECTBO MEKTPOHHBIX IIMCEM, KOTOPHIE BbI
MIOJIydaeTe KX/l ZieHb. VIHOTA TaKye JaHHbIE COXPAHSIOTCA C OIpeAeeHHOH
LIesTbI0, a MHOTZIA — IIPOCTO TaK. ITopoi aHHbIe 3TOTO TUIIA HA3BIBAIOT «0OHAPY-
’KEHHBIMH»; OYeHb YaCTO OHU SBJIAIOTCSA MOOOYHBIM MPOAYKTOM IIPOJAK, IUIaTe-
JKeHl, cZIeTaHHBIX C TOMOIIBIO KPEAUTHBIX KapT, MyOIuKanuy coob1eHui B Twitter,
JIAWKOB U TOMY IT0Zi06HOT0. TO €CTh OHU HaXOAATCA TZie-TO B 6a3e JaHHBIX, OXKUZAs,
KOTZIa X 0OHaAPYy»KaT U UCIIOIB3YIOT C KAKOH-TO Iiebio. VIHor/a aHHbIe HabIIoe-
HUH COOMPAIOTCA IIOTOMY, YTO X cO60p HUUEero He cToUT. Ho MHOrAa nx cobuparoT
CIIeIMaIbHO — HAMpPUMep, C IIOMOIIBIO OMIPOCOB.

OKcIleprMeHTaIbHbIe JaHHBIE COGMPAIOTCS He TTaCCUBHO, a HAMEPEHHO U Me-
TOAWYHO, YTOOBI OTBETUTH HA KOHKPETHBIE BOIPOCHL. [10 3TUM IpUYMHAM DKC-
IeprMeHTalbHbIe JaHHbIe — 30JI0TON CTaHAApPT AJIs CTATUCTUKOB U UCCIe/0-
BaTeseil. UTo6BI cobpaTh SKCIEPUMEHTaNIbHbIE JAHHBIE, BB JOKHBI OKa3aTh
BO3/leliCTBHMe Ha CIAy4allHBIM 00pa3oM BBHIOpaHHBIM 0OBeKT. PacmpocTpaHeH-
HBIM [IPUMEPOM B JAHHOM CJIy4yae SIBJISAIOTCA KIMHUYECKUeE UCITBITAHNSA JIEKApCTB,
B XO/le KOTOPBIX ITAIlMEHTOB CIyYaifHBIM 00pa30oM JeJAT Ha /IBe IPYIIIBI — TPYyII-
Iy aKTUBHOT'O BO3JIEMICTBUSA U KOHTPOJIbHYIO TPYIILy. [IpH 3TOM MaI[UeHTHI U3 Iep-
BOH TPYIIIBI TOJYYAIOT HACTOSIIEE JIEKAPCTBO, a MAIlEeHTHl U3 BTOPOI I'PYIIIHL —
wrane6o. CryyaifHoe paclipefiesieHre ITAIlMeHTOB 103BOJIIeT cOATaHCHUPOBATh
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nHOpMaIIO, He IPeJCTABIAIONIYI0 BAXKHOCTD /IS UCC/IeZ0oBaHuA (TaKylo Kak
BO3pAacCT, COI[UATbHO-9KOHOMUYECKHUH CTaTyC, BEC U TaK Jiajiee), YTOOHI IBe TPYII-
bl OBLTM MaKCUMAaJIbHO MTOXOXKU BO BCEX OTHOIIEHUSX, 32 UCKIIOUeHHEeM daKTa
[IpUMeHEeHUs JleKapcTBa. DTO MO3BOJIIET UCCIEA0BATENAM U30JIMPOBATh U U3Me-
puTh 3ddeKT mpenapara, He OECIOKOSACH O TTOTEHIIUMAIPHOM CMENIEHUH TIPH3Ha-
KOB, CITOCOOHOM MCKAa3UTb Pe3yJbTaT SKCIepuMeHTa'l.

Takoi OAXOZ MOXET MPUMEHITHCS B Pa3HBIX chepax, HAYMHAA C KIMHUYE-
CKUX WCIIBITAHUH JIEKAPCTB U 3aKaHYMBAs IIPOBeJeHNeM MapKETHUHTOBBEIX KaM-
naHuii. B cdepe nudpoBoro mapkeTHuHra Be6-IU3aiiHEPHI YaCTO IPOBOAAT HaJ
HaMM SKCIIEPUMEHTHI, pa3pabaThiBas pa3jUyHble MAaKeThl BEO-CTPAHUI] UK pe-
ki1aMHble 6aHHephl. Korga Mel gestaeM nokynku B VIHTEpHeETe, 3a KyJIMCaMU TIPO-
HCXOAUT CBOeobpa3Hoe MogOpackiBaHNe MOHETEL, OT PE3Y/IbTATOB KOTOPOT'O 3aBU-
CHUT TO, KaKOH MMEHHO BapHaHT M3 JIBYX PEKJIaMHbIX OObsABIeHUH (Ha30BEM UX
A u B) 6yzet HaMm moka3aH. [Tocjie TOTo Kak CalT MOCETAT HECKOIBKO THICIY HUYe-
T'O He T0[03PEBAIOIINX «MOPCKUX CBUHOK», BeO-An3aiiHephl YBU/AT, KAKOU U3 Ba-
pUaHTOB obecrieuyns 6OJbIle «KIUKOB». A MOCKOJbKY 00bsiBIeHuA A U b moka-
3bIBAJIUCh CIyYalHBIM 00pa3oM, OHU MOTYT OIPEAETUTh, KaKoe U3 OObABIEHUN
6osee 3pPeKTUBHO C TOYKU 3PEHUA YHCIA KIUKOB, TIOTOMY YTO BCE OCTAJIbHBIE
MOTEHIIMAIBHO CMENTUBAOLINECS IPU3HAKU (BPEMs CYTOK, THII Beb-1I0Ib30BaTe-
JIST ¥ TaK fayiee) 6bUtH cOaaHCUPOBAHBI ITyTEM PaHAOMU3AIUN. IT00OHBIH METOZ
4yacTo HasbiBaeTca «A/b-TecTupoBaHueM» WK «A/B-3KClIepUMEeHTOM».

[TogpobHee 0 BaXXHOCTH 3TOTO Pa3jUYHUA MBI TIOTOBOPUM B IiaBe 4 «CoMHe-
BaliTeCh B JAHHBIX».

CTPYKTYpHpPOBaHHbIE M HECTPYKTYPUPOBaHHbIE AaHHbIe

JlaHHBIE TAK)Ke MOTYT OBITH CTPYKTYPUPOBAHHBIMU M HECTPYKTYPUPOBAHHBIMH.
[IpuMep CTPYKTYPUPOBAHHBIX JAHHBIX — COAEPKUMOE TabJIHL], YIIOPALOUYEHHOE
B BU/IE CTPOK U CTOJIOIIOB.

K HECTPYKTYpUPOBAHHBIM JaHHBIM OTHOCSATCS TEKCTHI 0630pOB Ha Amazon,
M300paKeHUs B COLMANbHBIX CETAX, BUAeo Ha YouTube, ayamodaiinb U Tomy

11 TIpuMep TaKUX UCKaKAIOUINX Pe3y/IbTaThl IPU3HAKOB MOXKHO HAaWTH B cdhepe KINHUIECKUX HC-
MBITAHUY JIeKapcTB. Eciiu rpymnmna akTUBHOTO BO3ZIEHCTBUA COCTOUT TOJIBKO U3 JIeTel U HUKTO
13 HUX He 3a60J1e1, BaM OCTaHETCS TOJBKO rafiaTh, 4eM 3TO 06yCIOBIeHO — 3G HEKTUBHBIM Jie-
KapCTBOM WM OCOOEHHOCTBIO IETCKOT0o opranuama. D$¢eKT OT UCIoIb30BaHus Ipenapata Oy-
JieT cMelIaH ¢ Bo3pacToM. CirydaliHoe pacnpe/iesieHre y9acTHUKOB SKCIIepUMeHTa Ha JiBe IPyTI-
IIBI TO3BOJIAET 3TOT'O U30€XKaTh.
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mozio6Hoe. [IpeobpasoBaHrie HECTPYKTYPUPOBAHHBIX JaHHBIX B CTPYKTYPHUPOBaH-
HBIE C IIeJbIO ZabHEHIero ananausa TpebyeT IpuMeHeHUs ClIelUaJbHbIX METO-
JoB (cM. yacTh III 7aHHOM KHUTH).

Data — aTo oguH unu MmHoro?

Hacrano BpeMs yTOYHUTh, KAKOW MTO3UIIUK MbI IPUJEPKUBAEMCS B CIIOPE,
0 KOTOPOM BBI, BEPOSITHO, ZIa)Ke He CJIBIIIAIIH.

Ha camom giene cioBo data (ZaHHBIE) B aHIVIMICKOM A3BIKE SIBJIAETCA
MHOXECTBEHHBIM YK CJIOM cioBa datum. (Kak B ciiyyae co cJIOBaMH criteria
(kputepum) — criterion (kputepuii), agenda (moBecTKa AHA) — agendum
(TIyHKT IIOBECTKU JHA).)

MBI BITATUCh PUEPKUBATHCA TIPABU S3bIKa, TOBOPSA the data are...
BMecTo the data is... HO OBICTPO MOHSIH, YTO 3TO He /A Hac. HaM KaxeT-
Cs1, 9YTO TO 3BYYUT CTPAHHO. M He TONBbKO HaM. ABTOP IMOIYJISIPHOTrO 6J10-
ra FiveThirtyEight.com'? mpezjiaraeT UcIIosb30BaTh CJIOBO data B Ka4eCTBE
HEWMCYNCISIEMOTO CyIIECTBUTEIHLHOTO, BpoZie water (Boza) mau grass (Tpasa).

OCHOBbI CBOJJHOU CTATUCTUKU

JlaHHBIE He Bcerzia BBIVIAAAT KaK Habop WIHM 3JeKTPOHHAasA Tabiuna. YacTo oHU
OBIBAIOT MPEZCTABJIEHBI B BU/IE CBOJHOM cTaTUCTUKU. CBOZHAS CTATUCTHKA MTO3BO-
JIIeT TIOIYYUTh MHOOPMAILINIO 0 Habope JaHHBIX.

Tpu cambIX pacIpoCTpaHEHHBIX IOHATUA CBOZHOU CTAaTUCTUKU — cpeZHee
3HadyeHue, MeJraHa U MoZa, C KOTOPBIMU BB, BEPOATHO, YK€ XOPOILIO 3HAKOMBI.
Tem He MeHee MbI XOTUM MOTPATUTh HECKOJIBKO MUHYT Ha 0OCYy)KJeHUe 3TUX II0-
HATUH, TIOCKOJIBKY 4acTO 3aMedyaeM, YTO B Pa3srOBOPHOU pedM CJIoBa «HOPMaJlb-
HBIH», «OOBIYHBIN», «TUITUIHBIN» U «CPEIHUMN» UCTIOTB3YIOTCSA B KaueCTBE CUHOHU-
MOB /11 HUX. UTOOB! n36€eKaTh MIyTaHUIIBI, JaBaiTe IPOSCHUM, YTO JKe O3HAYaIOT
STU NOHATHUA.

— CpeJHee 3HaueHHe — 3TO CyMMa BCeX HMEIOLIUXCA y Bac 4ucel, Je-
JIeHHas Ha UX KojaudecTBO. HaxoxJeHue cpefHero sHaueHHudA JaeT BaM

12 “Data Is” vs. “Data Are”: fivethirtyeight.com /features/data-is-vs-data-are
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MIpe/ICTaBIEHUE O TOM, KaKOH BKJIaZ B OOIIYIO CYMMY BHOCUT KQXKZIO€ U3 Ha-
GJIIO/IEHUI, KOT/Ia BCE OHU MMEIOT OZIHO U TO )K€ 3HaYeHUe.

— MeauaHa — 3TO cpeAHsAs TOYKA AUarna3oHa 3HaYeHUH, OTCOPTUPOBAHHBIX
IO TIOPSIZKY.

— Moga — 3T0 4MCJIO0, KOTOPO€e BCTpedyaeTcss B Habope JaHHBIX dallle BCeX
OCTaJIbHBIX.

CpenHee 3HaYeHMe, MeJMaHa U MO/Ia HA3bIBAIOTCA MEPAMU TIOJOXKEHUS WU
MepaMU IleHTpaJbHOM TeHZeHIMU. Mephl Bapualluu — AMCIEPCUs, pasMax
Y CTaHJapTHOEe OTKJIOHEHUE — ABJIAI0TCA MepaMu pazbpoca. HoMep monoxkeHus
YKa3bIBaeT, IZle UMEHHO B YUCJIOBOM PAAY HaXOAUTCA TUIIMYHOE 3HAYEeHUe, a pas-
6pOC TOBOPHUT O TOM, HACKOJIBKO JPYTHE YHCIa OTKJIOHAIOTCSA OT 3TOTO 3HAYEHMUS.

B kauecTBe npumepa Bo3pMeM uucia 7, 5, 4, 8, 4, 2, 9, 4 u 100. B fanHOM Ci1y-
yae cpeZiHee 3HaUYeHUe paBHO 15,89, meguana — 5, a Moza — 4. O6paTuTe BHU-
MaHHe Ha TO, YTO CpeAHee 3HadYeHUe 15,89 He MPUCYTCTBYET CPeAU MCXOLHBIX
3HaueHWH. Takoe caydaeTcs O4eHb YacTO: Cpe/Hee KOJIMYECTBO JIIOJEN B JOMOXO-
ssaiictBe B CIIIA B 2018 roay cocrassiio 2,63 denoBeka; 3Be3za 6acker6osa Jle-
6poH [IxeiiMc HabupaeT B cpeAiHeM 27,1 ouKa 3a Urpy.

PacnpocTpaHeHHas olrbka — UCIOIb30BaHUE CPeIHETO 3HAYEHUs KaK Cpe-
Hel TOYKU JJaHHBIX, KOTOPOU fABJAETCA MeauaHa. MoXeT MOoKa3aTbCs, YTO II0-
JIOBUHA 3HAUYEeHUH JI0/KHA OBITH BHIIIE CPEAHEro, a MoJoBUHA — HInke. Ho aTo
He Tak. Yaiile Bcero 60JbIIMHCTBO 3HAUEHU HaXOAATCS MO0 HIKe, TUOO0 BhIIle
cpeaHero. Hampumep, y mMogaBIAmoIero 60JbIIMHCTBA JTIOAeH KOJTUIECTBO Malb-
1IeB TIPEBLINIAET CPeHee 3HaUeHre (KOTOPOe COCTaBIsAeT 9 ¢ 4eM-TO).

Yrobbl M36€KaTh IMyTAaHUIBI U HEAOPA3yMEHUH, Mbl PEKOMEHyeM HCIIOIb30-
BaTh Ccpe/iHee 3HaUeHUe, MeJUaHy U MOJY BMECTO TaKUX MOHATUM, KaK «OOBIY-
HBI», «TUITUYHBIN» WA «<HOPMAaIbHBIM».

NOABEJEHUE UTOI0B

B aTO¥ m1aBe MBI MPeNoZjajyd BaM OCHOBHI SI3bIKA, HA KOTOPOM BBI MOXXETE TOBO-
PHUTB O JaHHBIX Ha paboyeM MecTe. B 4acTHOCTH, MBI OOCYAVIIN:
— JlaHHbIe, HAOOPBI JAHHBIX U PA3/IMYHbIE HA3BAHUS CTPOK U CTOJIOIIOB B HUX;
— YHUCJIOBbIE JaHHbIE (HETIPEPBIBHBIE U IUCKPETHBIE);
— KaTeropuasjbHbIe JaHHbIE (TTOPSAKOBBIE U HOMUHAIBHBIE);
— JKCIepUMeHTaIbHbIE JaHHbIE U JaHHbIE HAOIOAEeHUIH;
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— CTPYKTYPHPOBaHHBIE 1 HECTPYKTYPUPOBaHHbIE JaHHBIE;
— MepHI IIeHTPaJbHOHN TeH/IEeHITNH.

Teneps, korza Bbl OCBOWIN TEPMHHOJIOTHIO, ITOpa IIPUCTYNaTh K CTaTUCTHUYe-
CKOMY OCMBICJICHUIO UMEIOINXCA JaHHBIX.



[oTOBbTECH MbIC/IUTb CTAaTUCTUYECKH

«CTaTMCTMYECKMM Ha3bIBAeTCA 0COObI CTUNb MbILLAEHHUS, KOTOPbIN COYETaeT B cebe
3MeMeHTbl leTEKTUBHOI PaBoTbl U CKENTULM3MA, @ TAKXKE NpeAnonaraeT UCNoNb30BaHue
anbTepHATUBHBIX MOJXO0A0B K peLieHuto npobnembi» '

_ ®paHK Xappenn, cTaTucTuk 1 npocheccop

3 Ta IVIJaBa HAy4UT Bac KPUTUYECKHU BOCIIPUHUMATDh U OCMBIC/IATD JaHHEBIE, C KO-
TOPBIMHY BB CTIKMBAaeTeCh HA pabodeM MecTe U B ITOBCeHEeBHOM KU3HU. OHA
3aKJaZbIBaeT OCHOBY /JI IOHMMAaHUA OCTAIbHOU YacTH KHUTH, U eC/IU KaKoe-TH-
60 13 OIMCAHHBIX Jajiee MOHATUM OKaXKETCA /I BaC HOBBIM, TO BCKODE BHI, Be-
POATHO, 0OHAPYKUTE, YTO CMOTPUTE HOBOCTU WM YUTAETE HAYIHO-IIOMYJIAPHbIE
CTaThU CKBO3b HOBBIHM CTaTUCTUYECKUHA OO'BEKTUB.

[Tpex e yeM MBI HAUHEM, CTOUT cZeIaTh Ba BaXKHBIX 3aMedaHu.

Bo-nepBbIX, B 3TOU IaBe MBI KOCHEMCA JIMIIb II0BepXHOCTU. Ee uyTeHue He 3a-
MEHUT CEMECTP U3y4YeHUs CTATUCTUKU U He MO3BOJIUT pa3obpaThcsa BO BCEX ac-
IeKTax Ipoliecca «MbIIIIeHHUA», KaK 3TO II03BOJIAET CAeNIaTh yKe CTaBllas Kaac-
CUYecKO¥ KHUTa «Jlymal MeJJIeHHO. .. pemaii Ob1cTpo»14. Ho MBI Bce-TaKu BBeZiEM
HECKOJIBKO MOHATHIH, YTOOBI 3aJI0’KUTh OCHOBBI /11 OCBOEHUS CTATUCTUIECKOTO
o6pasa MbIIUIEHUS, HACKOJIBKO 3TO BO3MOXKHO.

Bo-BTOPEIX, CylIeCTBYeT PHUCK TOTO, YTO IIPU YTEHUU CJIEeAYIOIUX HECKOJIb-
KHX IVIaB y Bac cGOPMUPYETCS ZOBOJBHO IIMHUYHOE OTHOIIEHUE K JAHHBIM. Bl

3 @. Xappesur, mpodeccop u 3aBeAyromuil Kapeapoit GHOCTATUCTUKU YHUBepCUTETa BaHae pOwIb-
ta: www.fharrell.com/post/introduction

14 «Jlymaii MeJIeHHO. .. pel1aii 6bIcTpo», Jlanuanb Kaneman (M3zarensctBo: ACT, 2014).



FOTOBBLTECb MbICJIUTb CTATUCTUYECKH 61

MO)XeTe BCKMHYTb PYKH U 3aABUTh, YTO BCA 3Ta CTATUCTHUYeCcKas Yelyxa CKpbIBa-
eT TIpaB/y IOZ CJOXKHBIMU YpPaBHEHUAMU U IMdpaMH U HadyaTh BOCIIPUHUMATH
B LITHIKY JII0OBbIE Pe3yJbTaThl aHAIN3a, MTOTAAAloIUecs BaM Ha I1a3a. A MOXeET
OBITh, BBl HaYyHeTe OpocaThCsd MOMHAOPAMU B KKAYIO MPOYUTAHHYIO CTAThIO
TOJIBKO IIOTOMY, 4TO BBl Y3Ha/IW HECKOJbKO CTAaTUCTUYECKUX IIPUEMOB U COMHe-
BaeTech B KOMIIETEHTHOCTH aBTOPOB.

[ToxkanyiicTa, BO3ZEPKUTECH OT 3TOTO. MBI XOTUM, YTOOBI BBl HE OTBEpPrau
IpeJIOKeHHYI0 BaM MHGOPMAINIo, a CTABWIN ee II07 COMHEHNE, BHUKAJH B ee
CMBICJI, OCO3HABaJIM MMeIoIIYecs OTpaHu4YeHUs — U, BO3MOXXHO, JlaXke ee IeH-
HOCTb.

3A[JABAUTE BOMPOCbHI

OCHOBHOM MPUHITUI CTATUCTUYECKOTO MBIIUIEHUS — «33/]JaBaTh BOMIPOCHI».

MHorue 13 Hac ZealoT 3TO B IIOBCEAHEBHOM KU3HU. MBI IIpeAnoiaraeM, 4To
BBI KaK YWTaTelb KHUTHU O paboTe ¢ JaHHBIMU He BOCIPUHUMAETE BCEPhe3 I'POM-
KHe 3asdBJIeHusa pekaamogareneil («[loxyzeil Ha 5 KMJIOrpaMMOB 3a MECALL!» WIH
«DTHU aKIIMK CKOPO GYAYT CTOUTh KakK aKIuu Amazon!») U CTpaHHbBIE COOOIEHNUS
B COI[MAJIbHBIX ceTAX. MITak, 3Ta MHBIIIIA y Bac y)Ke HaTpeHupoBaHa. Korza BeI
TOJIbKO HabJII0IaeTe CO CTOPOHBI, pa3bupaTh OYEBUIHYIO JIOXKb MOXKET OBITh OY€Hb
BeceJIo.

OfHako Bce CTAHOBUTCA ropaszio CIoXHee, KOTZa 3aABIeHUA U JaHHbIe Kaca-
IOTCSI HAC JIMYHO. DTO AeMOHCTPUPYIOT JIIOObIe MOJTUTHYeCKYe BEIOGOPEL. TTombITaii-
TECh YECTHO OTBETUTH cebe Ha BOIIPOC O TOM, HACKOJIBKO OBICTPO YTBEPKAEHUS
WK UUQPHI, 03ByYUBAEMbIE MPEACTABUTENIMU APYTOM MOJUTUIECKOHN MapTUH,
HaYMHAIOT BBI3BIBATH Y Bac MOA03peHuUA . Kakue MBICIU MPUXOJAT BaM Ha yM?
«Y HUX TUTOXHE€ UCTOYHUKHU. MOU UCTOUHUKHU Xopolue. VX nHpopMaus JToKHasl.
Mos uadopmarusa BepHa. OHU IPOCTO He TOHUMAIOT, YTO IIPOUCXOUT>.

CoBepIIeHHO OYEBU/HO, YTO 3Ta JUCKYCCUA MOXKET OYeHb OBICTPO IpeBpa-
TUTbCA B Gumocodckuii ciop. Mel He CTPEMUMCS Pa3KUraTh MOJIUTUYECKUE Jle-
6aThl WU YIIyOJIAThCS B T€ GaKTOPHI, KOTOPHIE ONPEAEIAIOT HAIy JIMYHYIO U TI0-
JINTAYECKYIO U/Ie0IOT 0. MBI IUIIb XOTUM IOAYEPKHYTh TOT GaKT, IYTO YEIOBEKY
TPYZAHO TIOABEPraTh COMHEHHUIO TO, YTO 3aTPAarMBaeT caM IIPOIIECC €70 MBIILIEHUS
Y paccyX/eHuA.

15 B CIIIA cyIecTBYyIOT JB€ TIOJUTHYECKUE TTAPTUH.
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A Tenepsb nmogymariTe 06 nHGOPMAIIUH, C KOTOPOU BBI CTaJIKMBaeTeCh Ha pabo-
yeM MecTe. [[eliCTBUTENBHO JIM BBl CIIOCOOHBI CKENITUYECKU BOCIIPUHUMATD COZED-
YKUMO€e JIEKTPOHHBIX TabyuIl U npe3eHTaluii PowerPoint, Biusioliee Ha ycex
Ballleil KOMIIAHUH, Pe3yIbTATUBHOCTD Ballleil paboTHl 1, BO3MOXKHO, JaKe Ha pa3-
Mep Bauieit mpemuun? Hairy HabnroZeHUs TOBOPAT O TOM, YTO 3a4acTyIO 3TO
He Tak. B 3aje 3acezaHuii coBeTa AUPEKTOPOB 1Pl BOCIPUHUMAIOTCSA KaK He-
OTIPOBEPXKUMBIE GaKTHI, KaK MCTUHA, HAITMCAHHAs YePHBIMU YePHUIAMU U OKPYT-
JIeHHas JI0 GIMKaMIero JeCATUIHOrO 3HaKa.

[Touemy? BeposATHO, 3TO CBA3aHO C TEM, YTO ¥ BaC HET BpEMEHHU 33/1aBaTh BO-
IIPOCHI WJIM COOUPATh JOTIOIHUTEIbHY0 HHOpMaIUio. Y Bac eCTh OrpaHUYeHHOE
KOJINYECTBO JaHHBIX, HA OCHOBE KOTOPHIX BBl IPUHUMAETe PelleHus U Ha KOTO-
pBIe B Ciiydae HEOOXOAUMOCTH MOXKETE CIIUCATh HEYAady. B yCIOBUAX MOAOOHBIX
OrpaHMYEHUH CKENTULIM3M OTKJII0YAeTCs MOYTH pediiekTopHO. Elle ogHa mpuyu-
Ha MOXXET 3aKJII0YaThCs B TOM, UTO JIaXKe €C/I Bbl TIOHUMAETe CBSI3aHHBIE C JaH-
HBIMU IIPOOJIEMEI, 3TO He BCErZia MOXKHO CKa3aTh O BalleM HavaibHUKe. [lemHas
peakxI[us 3aIycKaeTcsl TOrZa, KOr/a BCe MOoJIaraiT, YTO OCTalIbHbIE 3BeHbs YIIPaB-
JIEHYECKOH LIETIOYKH TPUHUMAIOT TIPEJOCTaBIsAeMble UM IIUGPHI 32 YUCTYIO MOHE-
Ty. V1 3TO IpeANoIoKeHe PacIpoCTpaHAeTC sl Ha BCeX, BKJIIOYAs Te€X U3 HAC, KTO
paboTaeT ¢ MeKTPOHHOM Tabmulel. PykoBoACTBO He 6yzeT moABepraTh HHPOP-
MaI[HI0 COMHEHUIO, TIO3TOMY MbI OyZieM eliCTBOBATh TaK, OYATO OHA IIpaBAUBA.

[J1aBHBIE IO JAHHBIM CMOTYT MPOTHBOCTOSAThH 3TOM TEHJEHIIUU, €CJIU OUMYT
CYyTh BapHaliu.

KOMMEHTapHﬁ no nosoAy «CTaTUCTUYECKOro MbiLLIEHUA»

B MOHSTHE «CTaTUCTUYECKOE MBINUIEHNE» MBI BKJIaZIBIBAEM CMBICT U3 IU-
TaThl, IPUBEAEHHON B Havase JaHHOH IIaBbl. BBl MOXKETEe Ha3bIBATh 3TO
BEPOATHOCTHBIM MBIIIJIEHUEM, CTATUCTUYECKON T'PaMOTHOCTBIO WM Ma-
TeMaTUYECKUM MBIIUIEHUEM. BHe 3aBUCMOCTH OT TOTO, KaKyio ¢ppasy B
MIPEATIOYNTAETE, BCE ITU MOHATUS CBA3aHBI C OLIEHKOM JaHHBIX WU J0Ka-
3aTEJIbCTB.

HexoTopble MOTyT 3a1aThCsI BOIIPOCOM O TOM, Y€M OOYC/IOB/IEHA BaXK-
HOCTB 3TOTO CTWJIA MBIILIEHUS. B KOHIIE KOHIIOB, ¥ OM3HEC, U JKU3Hb B Iie-
JIOM IO CUX TIOp obxoauauch 6e3 Hero. Tak movyemy ceivac? [ToyeMy 3To
ZIOJDKHO BOJTHOBATh IVIaBHBIX 11O JJAHHBIM?
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OTBeT Ha 5TH BOIIPOCHI MOXHO HAWTH B CTaThe MO/ HazBaHueM «Data
Science: What the Educated Citizen Needs to Know» («Hayka o JaHHBIX:
YTO HY)XKHO 3HaThb 0OPa3sOBaHHOMY I'DaKJAHUHY»), HAIIMCAHHOMN rapBapi-
CKHM 5KOHOMUCTOM M BpauoM AyiaHoM I'ap6Gepom: 1©

Ipeumyuyecmea UCnoIb308aHUSL HAYKU 0 OAHHBLX PealbHbl U KAK HUK020a
3aMemHbl U 8avcHbL. Pocm mouHocmu npo2Ho308 coesidem npodyKmbl Mol
Hayku 6oJiee UeHHbIMU U NOBbICUM UHMepec K Hell. O0HAKO ee ycnexu mak-
e MO2ym nopoxcdams camoycnokoeHHOCTb U 3aCMAagisims HAC 3AKPbl8amb
2sla3a Ha ee Hedocmamku. Cneyuanucmast 6ydyuie2o 00NN CHBL 0CO3HABAMD
He MOoJIbKO Mo, KAK HAYKA 0 OaHHbLX noMozdem um 8 pabome, HO U mo, 20e
u k020a oHa okasbleaemcs becnone3Holl... Bonee 2ybokoe oceoeHue 8epo-
AMHOCMHO020 MbIUIEHUS U OUeHKU (AKMO8 — 3Mo MOm HABbIK, KOMOopPblil
npu2ooumcs cem.

BO BCEM ECTb BAPUALIUK

Pe3ysnbraThl HAOMIOAEHUN PA3IUYAIOTCA MEXIY COOOM, U 3TO BPAJ JIU MOXET
KOT'O-TO YAUBUTb.

Llenbl Ha GOHZOBOM PHIHKE KOJEOMIOTCSA €KeTHEBHO, PE3YIbTaThl TIOJUTHYE-
CKHUX OTIPOCOB MEHSAIOTCS B 3aBUCHUMOCTH OT HeZlelu (M OT TOTO, KTO UMEHHO ITPO-
BOZIUT TH OTIPOCHI), IIeHbl Ha OEH3WH TO PACTYT, TO CHIKAIOTCS, a Ballle KPOBSHOE
JlaBJieHUe Pe3KO MOBBINIAeTCsA, KOTZla BBl BUAUTE Bpada (MIPU 3TOM Ha MeACECTPY
BBI Tak He pearupyete). Jlake Balll eXKeJHEBHbIE TTOE3ZIKU Ha paboTy, ecyiu pas-
OUTb UX Ha YaCTH U U3MEPUTD C TOYHOCTBIO 10 CEKYH/IbI, KQXK/IbIH IeHb OyAyT He-
MHOT'O OTJIMYaThCSA B 3aBUCHMOCTH OT 3arPYKEHHOCTH JIOPOT, TIOT0/Ibl, HEOOXOH1-
MOCTH TIOBO3UTD ZIETEH /10 IIKOJIBI WJIU OCTAaHABIUBATHCS, YTOOBI BHITUTH KOde.
Bapwuaiiuu ecTb Bo BceM. Hackoibko BaM KOM(OPTHO OT 3TOM MBICTH?

BeposiTHO, BBI JaBHO IPUHSJIN WIH, 110 KpalHEW Mepe, CMUPWJINCH C Bapua-
LUAMU B CBOel MOBCEeJHEBHOM JKU3HU, a, BO3MOKHO, OHM BaM Jlake HpaBATCA.
(Hy, 3a uckiroueHreM KonebaHuii GoHAOBOTO phiHKa.) OZHAKO B 1[€JIOM MBI TIO-
HUMaeM, YTO HEKOTOPBIE BEIIN MEHSIOTCS M0 IPUYMHAM, KOTOPblE MBI HE BCe-
r7a MoXkeM OObsCHUTh. Korga Zieio JoXOAUT 0 TaKUX Belllel, KaK HaKayKa II1H,

16 Ccpuika Ha cratbio B Harvard Data Science Review: hdsr.mitpress.mit.edu/pub/pjlOjtkp
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3ampaBKa 6eH300aKa WIM OILIaTa CYeTOB 3a AIEKTPUUECTBO, MBI TOTOBBI MUPUTD-
s C TIOCTOSTHHBIM M3MeHeHueM IUGp IpU YCJIOBUU, YTO OHU UMEIOT I Hac UH-
TYUTHUBHO MTOHATHHIN cMbIcI. Ho, Kak 6bUTO CKa3aHO B IPeAbIAYINeM pa3zese, HaM
ropasZio CIOXKHee OTHOCUTBCS CTOJIb JKe OeCIIpPUCTPACTHO K IaHHBIM, 3aTParuBaro-
MM Hallly Kapbepy Win GU3HecC.

O6beM mpozaX KOMITAaHUH KoJebeTcs eXKeTHEBHO, eXKeHeIebHO, eXXeMecsTd-
HO U eXXerofHo. Pe3ysibTaThl ollpoca Ha TeMy yZOBJIeTBOPEHHOCTH KJIMEHTOB MO-
T'YT CWJIBHO Pa3JIW4aThCs B pa3Hble AHU. ECIM MbI IpU3HAEM peasbHOCTh BapHa-
I[UH B HAIIIEH *KU3HU, HAM He HY>KHO OO'BACHATD KaXKABIH MUK U KAXKAYIO BIIAZUHY
Ha rpaduke. OJHAKO UMEHHO K 3TOMY CTPeMUTCs JTI060# 6r3Hec. «4To Aenanoch
HMHaue B TeYeHHe HeJled BBICOKUX MIPOAaK? — CIpalluBaeT pyKoBoAcTBo. — Jla-
BaliTe IIOBTOPUM BCe XOpOIllee U YCTPAaHUM IUIOXO€e». Bapuanuu 3acTaBifioT JIio-
Zielt 9yBcTBOBaTh ce6s1 6eCIIOMOIIHBIMY B OTHOIIEHUY TeX CaMBIX Belllel, 3a 3Ha-
HUe KOTOPBIX UM IUIATAT JeHbTU ¥ Ha KOTOPbIe OHU JIOJDKHBI OKA3bIBATh BIUAHHE.

BeposATHO, KOT/Ia IeJio KacaeTcst Ou3Heca, BapyUalliy BEI3BIBAIOT Y HAC FOPaszio
6oJbIlIe AUCKOMOPTA, YeM HaM XOTEJIOCh OBbI [yMaTh.

Cy1ecTBYIOT /iBa TUIa Bapuanuii. OUH U3 HUX CBf3aH €O crocoboM c6opa
JIAHHBIX WIH [IPOBeJIeHNA U3MepeHUH U Ha3bIBaeTCsA Bapualeil usmepeHuii. Bro-
PO TUII CBA3aH CO CIIYY4alHOCTHIO, JieXKalllell B OCHOBe caMOro IIpoliecca, 1 Ha3bl-
BaeTcs cayJyaiHoU Bapuanued. Ha mepBeIil B3I/ pa3HUAIA MEXAY HUMU MOXKET
[IOKA3aThCsl He3HAYUTEbHON, OJHAKO UMEHHO 3/IeCh IIPOSABIAETCA BAXKHOCTD CTa-
THUCTUYECKOTO MBIIUIEHUA. [IpUHUMAIOTCA JIU pellleHHs B OTBET Ha CIydaliHble Ba-
pualuy, KOTopble HEBO3MOXXHO KOHTPOJIMPOBaTh? In uMelomasca Bapuaiusa ot-
pakaeT KaKOU-TO OCHOBOIIOIAT A0 ITPOLIECC, KOTOPBIY MOXKHO KOHTPOJIMPOBATD
IIPU YCJIOBUY €r'0 IPABWIBHOTO BHIABIEHUA? Bee MBI HaZieeMcs Ha MOC/IeIHEe.

[Tpoite roBopsi, Bapualuy MOPOXKJAIOT HEOIPeJeTeHHOCTD.

JlaBaliTe paccCMOTpUM OJVH TUIIOTETUYECKUN ClleHapui U OJWH UCTOpUYe-
CKUU TIpUMEpP TaKWX BapUallii.

Cuenapnii: KnueHTckoe BocnpusiTe (npogonmxenue) '’

Bl — MeHe/Kep PO3HMYHOrO MarasvHa, M Ballle PYKOBOZACTBO BHUMATEIbHO
OTCJIEXXUBAET JlaHHbBle 00 YZOBJIETBOPEHHOCTHU BaIUX KJIWEHTOB, KOTOPBIE CO-
6uparoTcs, Koraa Te 3BOHAT 1o HoMepy 1-800... yka3aHHOMY B HIDKHEH 4acTu

7 MBI yzessieM Tak MHOTO BHUMAaHHUSA KINEHTCKOMY BOCIPUATHIO TIOTOMY, 4TO (1) ero TpyaHO U3-
MEPUTh TOYHO, (2) HeboblIas IPyIa IpeAB3ATHIX JIIoJel OKa3blBaeT CHIbHOE BIMAHUE HA pe-
3y/bTaThl U (3) PyKOBOACTBO OYEHb THIATENBHO €r0 aHAIU3UDYET.
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KBUTaHIVU. B xoze ompoca KiIneHTaM IIpejaraeTcsa OLeHUTb CBOIO Y OBJIETBO-
peHHOCTSE 1o mmKaue oT 1 zo 10, rae 10 o3Ha4YaeT «IIOJHOCTBIO YOBJIETBOPEH».
(Ompoc BKJItOYaET psf, AOMOJTHUTEIbHBIX BOIIPOCOB, HO MEePBBIA — CaMBbIN BaK-
HBIN.)

[Tpu 3TOM PYKOBOZACTBO YCTPauBaIOT TOJbKO OLleHKU 9 u 10. OueHka 8 14
Hero paBHo3HauHa 0. /laHHBIE COOUPAIOTCS €XeHeJeNbHO U OTIPABIAIOTCS JIUY-
HO BaM U B KOpIiopaTuBHEI oduc B dpaitie PDF ¢ kpacouHbIMU rpaduKaMu, B KO-
TOPOM CJIMIIIKOM MHOT'O CTPAHMII JJIS IPeCTaBIeHHON B HeM nHopManyu. Tem
He MeHee 3TY 3HaYeHUA BIUAIOT Ha pasMep Ballleli IpeMuy U Ha pasMep IpeMUn
Balllero HavyajabHUKA, II03TOMY KaXKAyI0 HEJeJII0 Bbl HEPBHO U OZEP:KUMO IO/ -
CUUTBIBAETE CPEJHIOIO OLIEHKY YIOBJIETBOPEHHOCTH KJINEHTOB, Ha/leACh, YTO BaM
yZAacTcA JOCTUYb ToKa3arensa B 85%.

37ech HaM cJIeflyeT OCTAaHOBUTHCA U IIOTOBOPUTH 00 OZTHOM U3 HCTOYHUKOB Ba-
puaiuii — o crocobe nU3MepeHus pe3y/IbTaToB ompoca. O6IEN3BECTHO, YTO Olle-
HUTH 4TO-THO0 110 IiKase oT 1 10 10 BecbMa mpobiemaTtuyHo. Onenka 10, BbI-
CTaBJIEHHAs OJHUM YeJIOBEKOM («Y HUX He ObLIO TOTO, YTO S UCKaJI, HO COTPYAHUK
TIOMOT' MHe HaWTHu 3aMeHy!»), paBHO3Ha4yHa OlleHKe 5, BBICTaBI€HHON JpyrUuM
(«Y HuX He 6BUTO TOTO, UTO 5 McKaj! COTPYAHUKY MPUIILIOCH TIOMOYb MHE HAUTU
3aMeHy»). MBI IPOUTHOPHUPYEM JpyTrUe MOoTeHINaIbHble HCTOYHUKHN BapHalui,
Takye KakK rpyboCTb COTPYZHUKA, ITepelloJHeHHBIH Mara3uH, SKOHOMUYECKUH
Cra/fi, 3aCTaBIAIIINM BceX HepBHUYATD, TO, YTO IIOKyIIATesI0 IPUILIOCh OTIIpa-
BUTBCA 32 NTOKYIIKAMU BMeCTe C IeTbMU U TakK Jajee.

MbI BOBCe He IpezjaraeM OTKasbIBaThCA OT TAKUX OIIPOCOB. MBI JIUIITb XOTUM
[IOKAa3aTh, YTO CaM CITIOCO0 M3MepeHUs JaHHbBIX ABIAETCS UCTOYHUKOM BapUallyii,
4acTo yIyCcKaeMbIX 13 Buay. V3-3a UTHOpUpOBaHuA Bapualuii MokeT I10Ka3aThbCs,
YTO OTKJIOHEHUA OT HAIIUX OKUAAHUHN OTPa’KaloT HEKaueCTBEHHOe OOCIy)KUBa-
HUe, a He Te pa3jIndus, KOTOphIe IPHUCYIN caMOMy BoIpocy. U Bce ke KOMITaHUU
IIPO/IOJIKAIOT THATHCA 32 BBICOKUMM LieJIeBBIMU ITOKa3aTeIAMU (B JaHHOM cilydae
aTo oeHkH 9 1 10), He MOHMMAsA, YTO IVIABHAA [IPUYMHA BapUalii — BBIOPaH-
HBIH CTII0Cc06 U3MepeHUs.

BoT kak 3To MOXeT pa3BepHyThCA. [IpeanonoxuM, 50 4e0BeK OCTaBIIAT OT-
3BIBBI KQXK/IBIH ZIeHb Ha MIPOTHKeHUH 52 HeZienb. T0 3Ha4uT 350 ommpocoB B Hele-
sro wir 18 200 B roz. MokeT ITOKa3aThCs, YTO TaKOe KOJINYeCTBO YYaCTHUKOB I10-
3BOJIsIeT IIOJMYYUTh XOpolllee IIpe/icTaBAeHNe O KIMEeHTCKOM BOCIIPUATUM. B KoHIle
Ka)XZI0H HeZleIV TPOUCXOUT MOZICUeT pPe3y/IbTaTOB: PYKOBOZCTBO CKIaZIBIBAET BCe
oueHkH 9 u 10, esUT NOTyYeHHYI0 CyMMY Ha ofIlee KOJIMIECTBO OIIPOCOB 3a He-
nenro (350) 1 HAaHOCHUT pe3ybTaThl HA TpaduK, TOKAa3aHHBIN Ha puc. 3.1. Eciu
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MOKa3aTesib MPEBHIIAET OTMETKY 85%, Bac 0ZJl06PUTETHHO MOXJIOBIBAOT 110 CIIH-
He, a €CJIA HeT, TO Bbl IOKPhIBAETECh XOJIOAHBIM IIOTOM.

KaxzpIli moHeAeIbHUK BbI IIOIydaeTe OTYeT U 3BOHUTE B KOMIIAHUIO, 4TO-
6Bl 0OCYZNTE pe3y/IbTaThl. [IpezcTaBbTe, KAKOW CTPECC BBHI3BIBAIOT 3TH Pa3rOBO-
PBI Ha 5-9 HezlesIAx, KOrZia pe3y/bTaThl OKas3aIich YyTh HIDKe IIOPOTOBOIO 3HAUEHUA.
Ha 10-i1 Heziesle BaM HaKOHel] yZiaeTcs IIPEBBICUTh IIOPOroBoe 3HaYeHue (HeCOMHEeH-
HO, b71ar0Z1apsA MOTHBALIMH CO CTOPOHEI Balllero Hadya/lbHUKA), HO HacTymnaet 11-1 He-
JieJisl, Y BB JIOCTUraeTe HOBOI'o MUHUMyMa. VM Tak IpoucXoAnT CHOBA U CHOBA.

OzHako To, YTO BBl BUAUTe Ha puc. 3.1 — uncras ciydaiiHocTb. MBI creHe-
pupoBay 18 200 ciydaiiHBIX YHces, KOTopble 6bUIM paBHHL 8, 9 win 10, 4TOOBI
CUMYJIMPOBATh Pe3yJIbTaThl OIIpoca 00 yZOBIETBOPEHHOCTH KJIMEHTOB, U Ilepe-
TacoBa/IM MX, KaK KOJIoAy KapT'®. Kakayio «Hezmemo» Mbl Hotydaau 350 oreHoK
Y pacCYMTHIBAJIN Ha UX OCHOBE 3HaueHHe MeTpuku. CpeZiHUI IIPOLIEHT OLIeHOK 9
u 10 B Habope AaHHBIX cocTaBmI 85,3% (0YeHb OIM3KO K NUCTUHHOMY 3HAYEHUIO
B 85%), 4TO COOTBETCTBOBAJIO KOPIIOPATUBHOMY CTAaHZAPTY, HO KAXAYI0 HEAEI0
OTKJIOHAJIOCH OT 3TOT'0 IIOPOr'0OBOI'0 3HAYEHNUA IIPOCTO U3-3a CIy4aliHbIX BapUalui.

Pe3yanaTbI onpoca K/iMeHToB
MocneaHue 52 Hepenun

%

!

88%

86%

84%

82%

Hepens

Puc. 3.1. PesynbTaTbl eXkeHeieNIbHOro Onpoca KAWEHTOB: MPOLLEHT NONOXMTENbHbIX 0T3bIBOB.
lopu3oHTanbHas nMHUA Ha ypoBHe 85% COOTBETCTBYET LieNieBOMY NoKa3aTento

18 B Hame# cCUMYJISILUYA BEPOSATHOCTH MOJIyYeHUs OlleHKU 8 cocTapisia 15%, BEpPOATHOCTH MOJY-
4eHHUs olleHKHA 9-40%, a BepOoATHOCTD MoMydeHUA oneHKkU 10-45%. [TockoIbKy MBI CAMU CreHe-
pYpPOBAH 3TU JaHHbIe, MBI TOYHO 3HAEM, YTO MCTUHHOe 3HAaYeHHe II0Ka3aTesls YAOBIeTBOPeH-
HOCTHU KJIMEHTOB, TO €CTb BEPOATHOCTBD IOJIy4eHUs oLleHKU 9 uiu 10, cocTasiidgeT poBHO 85%.
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V3-3a TOTO, YTO HUKTO HE MBICJIWJI CTaTUCTAYECKU, BB, BAlll HAYAJIbHUK U PY-
KOBOZICTBO KOMIIAaHUU CTapajucCh AOOUTHCSI pPOCTa MPOU3BOJIBHOTO MOKAa3aTels,
3HaYeHre KOTOPOTO B IIPUHIIUIIE HE 3aBUCEIO OT YbUX-TUOO ZIeHCTBUM.

[Tomo6HOE CTpEMJIEHUE YIIPABIATh METPUKAMU, HE UMesI YETKOTO CTaTUCTH-
YeCKOro 000CHOBAHMA TOT'O, YTO OHM 03HAYAIOT, Mbl Ha3bIBAeM WLIIO3KMEI KBaH-
TuduKau.

CTalKUBaeTeCh JIK BBl C TAKOW WUTIO3MEH Ha paboueM MecTe?

AHanu3 peanbHoii CUTYyaLMK: NOKa3aTenH 3a601eBaeMOCTH PaKOM NOYKM

CaMpble BHICOKHE TTOKasaTenu 3aboseBaeMoCcTH pakoM mouku B CIIIA, uaMepsie-
MBbIe KaK 9uciio caydaeB Ha 100000 yesoBek, HaOIIOJAl0TCSA B CETBCKUX OKPYTax,
pasbpocanHbIx 1o CpegHeMy 3amazgy, FOskHOMy 1 3armasgHOMy perioHaM CTPaHBL.

OcTaHOBUTECh HA MTHOBEHUE U MTOAyMaiiTe, 4YeM 3TO 0OYCIOBJIEHO.

BBl MOXXeTe IToZlyMaTh, YTO KUTEIU CeIbCKO MECTHOCTH He NMEIOT Z0CTYIIa K Ka-
YeCTBEHHOMY MEJUIMHCKOMY OOCITyKUBaHUI0. VUK, MOXKeT OBITh, 3TO Pe3y/IbTaT He-
30poBoro 06pasa >KU3HHU, AUETHL C BBICOKUM COZIepPKaHUeM MsICa, COTH U XKUPa WK
3/I0yTIoTpebeHus ankoroneM. Ha caMoM Jiejie CTPOUTh MPEATIONOXKEeHNA Ha OCHOBE
(baKTOB BIIOJIHE €CTeCTBEHHO. Bl yKe HaBepHsIKa MPeACTaBIIsIeTe, KaK HCCIeaoBaTe-
JI HAYMHAIOT pa3pabaThIBaTh MePHI, HEOOXOMUMBIE /I PENIEHUS STON MPOOIEMBI.

OpHako ecTh emne ofWH GakKT: caMble HU3KUe [TOKa3aTelnu 3ab0jeBaeMoCTU
pakoMm mouku B CoezmHeHHBIX IlITaTax Takke OTMeYarOTCA B CETbCKUX OKPYTax,
Haxozamuxca Ha CpefgHeM 3amaze, a Takke B KOKHOM M 3anmaZlHOM pernoHax
CTpaHbl, KOTOpPbIe 4acTO COCEACTBYIOT C OKPYraMU C CaMBbIMH BBICOKMMU II0Ka3a-
TeAMU 3abonreBaeMocTu .

Kak Takoe MoxkeT ObITH? Kak B ZByX ropogax c moxoxei zgemorpadueii Mo-
T'YT HaOII0AAThCA CTOIb Pa3Hble pe3ynbTaThl? Jlo6as NpuYruHa, KOTOPYIO BBl MOT-
Jii 6B TIPEJIOKUTD JIT OOBACHEHUS BBICOKOTO YPOBHS 3a00/1€BaEMOCTH PAKOM
TIOYKU B CeJIbCKUX OKpyrax, HaBepHska (B HEKOTOPOU cTemeHU) NMpUMeHuMa
U K COCEZIHUM OKpyraM. 3HAUUT, eJI0 B UeM-TO elIle.

BospMeM iBa coceIHUX CebCKUX OKpyra Ha CpesHeM 3anaje, OKpyT A ¥ OKpyT
b, ¥ IpeAIoNoXuM, 94TO B KaXKJ0M U3 HUX IpoxkuBaeT Bcero 1000 sxureneii. Ecim
B OKpyTe A OTCYTCTBYIOT c/Iydau 3ab0yieBaHUs, TO COOTBETCTBYIOUUN YPOBEHb

¥ TIpezcTaBbTe, YTO MBI OITHCATIN O6PATHYIO CUTYAIMIO U CKa3aId BaM, YTO B CEIbCKOM MECTHOCTU
HabJII0jaeTcs caMblil HU3KUI YPOBEeHb 3a00JIeBaeMOCTH PaKOM ITOYKU. Kakue IpUYrHEL BB GBI
HasBauu? [TonpobyiiTe TOPa3MbIILUIATh O HUX, U BBl YBUAUTE, KaK JIEFTKO COYMHUTDH UCTOPHUIO
Ha OCHOBE MMEIOIUXCA JaHHBIX.
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6yzetr paBeH 0, a 3HAYUT, 3TOT OKPYT OYZAET OTHOCUTHCSA K KATETOPUU C CAMBIM
HU3KHM YpOBHeM 3aboseBaemMocty. Ho eciu B okpyre b ecTb X0Ta 6bI OZUH CIIy-
yaii 3a60eBaHUs PAKOM IOYKHU, TO COOTBETCTBYIOIIUI YPOBEHDb TaM OyZeT co-
craBnATh 100 ciaydaeB Ha 100 000 >xuTeseid, 4ToO ABIAETCA CaMbIM BBICOKMM IIOKa-
3aTejieM B cTpaHe. IMeHHO HU3Kasi YUCIEHHOCTh HaceIeH!Us B IOZ0OHBIX OKpyTax
00yCJIOBJIMBaET BapUalyio, KOTOpas OJHOBPEMEHHO IPUBOZAUT K CAMBIM BBICO-
KMM Y CaMbIM HU3KUM II0Ka3aTesAM 3aboseBaeMocTy. I Ha060pOT, OAUH JOIOJ-
HUTe/LHBIN cTydaii 3a6omeBanus B okpyre Hbio-Mopk (B KOTOpHIi BXOAUT MaH-
X3TTEH) ¢ HaceleHueM 6osiee 1,5 MIJUIMOHA Y€TOBEK BPSJ JIM MOXKET ITOBIUATD
Ha 3TOT [TOKa3aTeb. YBeJIUYeHEe KOJNYeCTBa CIy4Yaes ¢ 75 70 76 u3MeHWIo Obl
yncso caydaes Ha 100000 yesnosek ¢ 5 Ha 5,07.
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Puc. 3.2. [padmk u3 ctatby B XypHane American Scientist

Bce a1 pesysnbTaThl peaabHBI M B3ATHI U3 CTAaTbU B XKypHale American Scientist
moz HasBaHueM «The Most Dangerous Equation» («CaMoe omacHoe ypaBHe-
HHe») 2, Pe3ysbTaThl U3BMEPEHUSA YPOBHS 3a00JIeBA€EMOCTH B Pa3HBIX OKpyrax

20 Wainer, H. (2007). The most dangerous equation. American Scientist, 95(3), 249.
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CIITA noka3aHsl Ha puc. 3.2. MajoHacesleHHbIe OKpyTa B JIEBOU YacTH rpaduka
JEMOHCTPUPYIOT TOpaszZio 60jiee BHICOKYIO BapHallUio YPOBHS 3a60eBaeMOCTH
pakoMm — oT O 10 20 (cambIii BBICOKWM ITOKa3aTenb B cTpaHe). [Io Mepe gBMKe-
HHA CJIeBa HAllpaBoO C POCTOM YHCJIEHHOCTHU HaceJeHUd Bapualusa YMEeHbIIaeTCs,
YTO IpHUAAET IpaduKy TpeyroabHyto Gpopmy. B mpaBoii yacTh Bapualus COBCEM
HeboJbIast. ITO 3HAYUT, YTO B T'YCTOHACETEHHBIX OKPyTax ypOBEHb 3a00IeBaeMo-
CTH CTaOWINBUPYETCs y OTMETKHU 5 ciydaeB Ha 100000 yemoBeK U MPaKTUUYECKU
He MeHAETCA IIPU BBIABJIEHUU JONOJHUTEIbHBIX CIyYaeB.

B 5TOli Ke cTaTbe MIPUBOJATCA U [PyTHe IPUMEPHI TOr0, KaK HeGOIbIIINE YKC-
Jla TIPUBOZAT K 6osbIoi Bapualuu. Hampumep, 66UtH OB BB YAUBJIEHBI, Y3HAB
0 TOM, YTO MaJieHbKHe IIKOJIBI IEMOHCTPUPYIOT KaK Jydllive, TaK U XyAllue pe-
3y/nbTaThl TecTOoB? OANH WM ABa YY€HHKA, IPOBAJMBIINE dK3aMeH, MOTYyT OYeHb
CWIBHO TIOBJIUATHh Ha OOIUI IPOILEHT. DKCTPEMalbHbIE PE3YyIbTaThl YacToO 00-
YCJIOBIUBAIOTCSA UMEHHO HEOOIBIIMMY YHCIaMMU.

BEPOATHOCTU U CTATUCTUKA

B HECKOMBbKUX MPeJBIAYIINX pa3zenax Mbl TOBOPWINA O BapHallMd U O TOM, YTO
OHa — HMCTOYHHUK HEOTIPe/IeIEHHOCTH JIi MHOTUX Ou3HecoB. OZIHAKO Heolpese-
JIEHHOCTBIO MOXKHO YIIPaBJISITh, U UMEHHO 3/IECh B UT'PY BCTYIIAIOT BEPOATHOCTh
Y CTaTUCTHKA.

[Ipu omrcaHUM MaTeMaTHKH, Je)Xallleil B OCHOBE Pe3y/lbTaTOB, MBI 4acTO HC-
MOJIb3YEM TEPMUHBI «BEPOATHOCTb» U «CTATUCTUKA» KaK B3aNMO3aMeHsIEMBIE.
[laBatiTe HeMHOTO TTyO)ke pa3zbepeMcs B 3TUX MOHATHUAX, YTOOBI [TO-HACTOAIIEMY
0CO3HATDb PA3HUILY MEXK/IY HUMHU.

[IpesacTaBbTe GOJBINON MEIIOK CO CTEKJISIHHBIMU IIapUKaMu. Bl He 3HaeTe,
KaKOr'o OHM IiBeTa. Bbl He 3HaeTe HU UX GpOPMBI, HU pa3Mepa. Bl faxxe He 3Hae-
Te, CKOJIbKO UX. BBI OIycKaeTe pyKy B MELIOK U BCJIEMYIO 6EpeTe TOPCTh MIaPUKOB.

JlaBaiiTe ocTaHOBUMCSI Ha MTHOBEHHE. Y BacC €CTh MEUIOK, B KOTOPBIH BB
He 3alIAAbIBAIN, U TOPCTh CTEKJSTHHBIX IIIAPUKOB B PYKE, KOTOPbIE BBl HUKOTZA
He BU/eJU. Y Bac HET HUKAaKOH MHPOPMALUY O TOM, YTO HAXOAUTCA Y BaC B PyKe
I B MEIIIKE.

Y BoT B 4yeM pas3uwuiia. Teopus BEPOSITHOCTH MTO3BOJISIET BaM yTaZaTh, YTO HAXO-
[UTCS Y BaC B PyKe, eCIM BaM TOYHO M3BECTHO COZIEPKUMOE MeITKa. A CTaTUCTH-
Ka MO3BOJISIET BaM Y3HATh O COAEPKMMOM MEIIKA Ha OCHOBAHUH TOT'O, YTO OKa3a-
JIOCh y Bac B PyKe.
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Teopusa BePOATHOCTH 103BOJIAET ABUTATHCA OT OOIIET0 K YaCTHOMY, a CTaTH-
CTMKa — OT YacTHOTO K ob1nemy. Hazieemcs, Tak TOHATHee.
A Tenepb JaBaliTe pacCMOTPHM /Ba IIpUMepa U3 peasbHOU KU3HU.

— B ocHoBe paboTsl kazuHO Jlac-Beraca JieXXuT BeposaTHOCTh. KaAbIH pas,
KOT/]a BBl UT'PAeTe B a3apTHbIE UI'PHL, BBl BEITACKUBAETE U3 IIpUHAAIeKalle-
r0 Ka3WHO MeIIKa IapUKU, KOTOPHIE SIBJISIOTCS MO0 BBIUTPHIIIAMHY, JTUO0
NIpoUrphIIaMy. KomyuyecTBO BEIUTPHIIIHBIX IIAPUKOB B 9TOM MEIIKE JJ0CTa-
TOYHO POBHO /IJIsI TOTO, YTOOBI BBl HE YTPATWIN UHTEPEC K UTPE. BiiazienbIisl
Ka3WHO XOPOILO MOHUMAIOT CyTh Bapualuu; 6ojiee TOro, OHU ee KOMMep-
[[UATU3UPOBAH, ONTUMU3UPOBAB BEIUI'PHIIIN U IIPOUTPHILIN, YTOOBI TOA-
JepXKUBATh B Bac Ollpe/leIeHHBIH ypOBeHb MHTepeca u Bo30y:xaeHusa. Oz-
HaKoO BjIaZle/IblIbl TOYHO 3HAIOT, YTO B JIOJITOCPOYHOM IepCleKTHUBe KasuHO
OKaXXeTCA B BBIUIPHILIE: MMEHHO OHU CO3JaJIU MEIIOK, U3 KOTOPOI'O UI'PO-
KU ZIOCTAlOT IIapUKH, II03TOMY OHU TOYHO 3HAIOT, YTO BHYTpU. Korza Bh
JleylaeTe CTaBKy, KinazieTe QUIIKY Ha CTOJ WIH JiepraeTe 3a pelyar UTPOBOTrO
aBTOMAaTa, Ka3WHO TOYHO 3HAET BEPOATHOCTD Balllero BBIUTphIIa. Eciu Bbl
IoZlyMaeTe O TOM, KaKUM KOJIMYeCTBOM JIAaHHBIX pacliojaraeT Ka3uHo, BbI
Mmo¥iMeTe, YTO OHM GYKBAJIBHO KUBYT B MUpPE BapHUaLlUi U IPU 3TOM UMEIOT
YeTKOE IIPEe/CTaBIEHNE O BO3MOXXHBIX Pe3y/IbTaTax.

— B ocHOBe IIOJINTUYECKUX OIIPOCOB JIEKUT CTATUCTUKA. B ciydae ¢ KasuHO
COZEepKMMOe MellKa C IIapyuKaMU TIIaTeJbHO IIPOAYMaHO, U U3 HEro Io-
CTOSTHHO JleiaeTcsl BRIOOpKa. UTo KacaeTcs BEIOOPOB, TO MOJUTHUKY He 3Ha-
0T, YTO Ha CaMOM /ieJie HaXOAUTCA BHYTPU BCErO MEIIKa, BIUIOTh /IO IHA ro-
JIOCOBAHUA, KOT/]a BCe MIApUKU (TO CTh I0JI0Cca) BEITACKUBAIOTCA HAPYXKY2..
Tonpko TOrza IMOJUTUKU MOTYT y3HaTh, 4YTO B MeEIIKe, U JOCTATOYHO JIU
B HEM BBIUTPBILTHBIX /11 HUX IIAPUKOB. JI0 BEIGOPOB MOJIUTUKU U TIOJIH-
TUYeCKHe TapTUU UMEeIOT JOCTYII JIUIIb K HeOOJIbIIOMY HabO0py CIydaiiHbIX
11apuKoB (pe3y/bTaToB OIIPOCOB), U 3a 3TOT JOCTYIl OHU IIATAT OTPOMHEIE
ZAeHbpI'u. Ha ocHOBaHUM aHa/lIu3a pe3yJabTaTOB OIIPOCOB OHMU /€/Ial0T BHIBO-
ABbl O 3aKOHOMEPHOCTAX paclipe/ieieHNUA IIapUKOB BHYTPU MEIIKa U COOT-
BETCTBEHHO KOPPEKTUPYIOT CBOM IIpeABHIOOPHEIE KAMITAHUU. [I0CKOIBKY
ux nHGOpMaLUA ABIAETCA HEIONMHON (U ITOCKOJIBKY OHHU YacTO /IOITyCKa-
IOT TIPEB3SATOCTb U OUIMOKK), OHU He BCerJa IMPaBWIbHO ee TIOHUMAIOT.

21 3/ech Mbl HEMHOT'O yrpouiaem. Hepea BbI60pﬂMI/I TIOJIMTUYECKUE TTapTHUU NIbITAIOTCA ITIOBJIUATH
KaK Ha KOJIMYECTBO IIapUKOB B MEIIKE, TaK X Ha UX LIBET. Ho paxxe 9To He MO3BOJIAET UM y3HaTb
BCE O COAEPXKUMOM MEIKA, II0O3TOMY UM ITPUXOAUTCA I10JIaraTbCA Ha BbI60pKy.
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Ho xorza UM aTo yzaeTcs, MOJTy4eHHBIN pe3y/nbTaT olpezesaeT pasHUlly
MeXAy UX ob6eIol U mopakeHueM Ha BBIGOpax.

HekoTopble BaskKHble KOHIEIIIMU TEOPUM BEPOSTHOCTU U CTATUCTUKU MBI
KpPaTKO PacCMOTPUM B CJIEAYIOMINX Pa3jeax.

BeposiTHOCTb M MHTYNLMSA

PaHee B 3TOM IVIaBe MBI TOBOPWIH O TOM, 4TO CJIy4aliHas BapUallysA He IOAJaeTcs
KOHTpoJ0. OHaKO ee MOXXHO U3MEPUTh, U TeOPHUA BEPOATHOCTH JaeT HaM /1A
9TOT0 UHCTPYMEHTHI.

VHOTZIa BEPOATHOCTH /U1 HAC BIIOJHE NMOHATHHL. EC/IM BBl OPOCHIN 9eCTHBIN
KyOUK, TO BBl 3HaeTe, KAKOBA BEPOATHOCTD BBINAA€HUA TOI'O WIM MHOTO YHC/IA
(1 u3 6) vnu 6yxsel (1 13 4). [Ipu Urpe B MPOCThIE a3apTHBIE UT'PBI BEPOATHOCTH
KaXXyTCsl HAM MHTYUTHUBHO IOHATHBIMU. OZHAKO 3TO MHTYUTUBHOE IOHUMAaHNUe
3a4aCTyI0 CKPBIBAET CJIOXKHOCTB, JIeXKalllyl0 B OCHOBE 3TUX BeposATHocTel. Hampu-
Mep, PeKJIaMHbIe POJIMKHU 4acTO alleJUIUPYIOT K IIPOCTHIM BEPOATHOCTAM, CBOJA UX
K TOMY, YTO Ka)XeTCs HaM MHTYUTHUBHO IIOHATHBIM.

Ta6bn. 3.1. BepOHTHOCTb TOro, YTO CTOMATONOrK cornacATca ¢ peKnamMHbiM YTBEPXAEHUEM

Cromarosioru
1 2 3 4 5
Cornacue Ja Ja Ja Ja Het
BeposTHOCTD 0,8 0,8 0,8 0,8 0,2

Bbl HaBepHSKA BU/IEU PEKJIAMHbIE DOJIMKH, B KOTOPBIX TOBOPUJIOCH YTO-TO
BpoZie: «4 U3 5 CTOMaTOoJIOTOB COIJIaCHbI» C peKJIaMHBIM yTBepxkAeHueM X (X Mo-
JKET OBITh YeM YTOJ/HO, HAYMHAas C TOTO, YTO JKeBaTeJbHAas pe3WHKa CHIDKAEeT PUCK
Pa3BUTHSA Kapueca, U 3aKaHYMBasi TEM, YTO MUIIEBAS COZla OTOENUBAET 3yOhI).

Temnepb MPEATIONOXUM, YTO IEPe], BAMU CHAAT IATh CTOMATOJOTOB. ECTu BB
3Haete, 4T0 80% BCEX CTOMATOJIOTOB COITIACHHI C yTBEP)KAeHUeM X, HACKOJIBKO Be-
POSITHO, YTO C HUM COIJIAaCHBI POBHO Y€THhIPE U3 TIATH CUZSAIINX TTepe/] BAMU CTOMa-
TOoJI0TOB?22 100%, 90% wmm 80%?

22 NTaHHBIN IpUMep B3AT ¢ calita www.johndcook.com /blog /2008 /01 /25 /example-of-the-law-
of-small-numbers
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Ha camowm gene orBeT paseH 41%.

VIHTYUTHUBHO OH MOXKET IOKa3aThbCA CIUIIKOM MaJIeHbKUM, HO OH IpaBUJIb-
HbIH. JlaBaliTe pazbepemcs, mouyeMy. Tabsuma 3.1 oTpakaeT ogHy U3 KOMOUHA-
IIMi OTBETOB MATH CTOMATOJIOI'OB Ha BOIIPOC O TOM, COIVIACHEI JIU OHU C yTBEp-
’KaeHueM X.

BepossmHocms makoti kombunayuu = 0,8 X 0,8 x 0,8 X 0,8 X 0,2 = 0,08192

Winu, ecnu KpaTko,
p =0,8* x 0,2 = 0,08192

Opnaxko otBeT «HeT», MOKa3aHHBIN B Ta0JI. 3.2, MOXKET OBITh IaH IATHIO PA3HBI-
MU CTOMAaTOJIOTAMU, IO3TOMY CYIIECTBYIOT IIATh KOMOWHAIUI OTBETOB.

TakuM 06pa3oM, MBI JZOKHBI YMHOXXUTh MCXOJHYIO BEPOATHOCTb HA TIATH:
0,08192 x 5 = 0,4096, yTo IIpHUMepHO paBHO 41%.

Mp&I 3HaeM, 4TO C yTBepXKJeHreM X CoIvIallaloTcsa B cpe/lHeM 4eTBepo U3 IIATH
CTOMAaTOJIOTOB, HO 3TO HE TaPAaHTUPYET TOTO, YTO TAKOH pe3y/ibTaT OyZieT HabIo-
JaThCSI B KaXKZOH BHIOOPKE, COCTOAIIEN U3 MATH CTOMATOJOTOB. BepHemcs K Ha-
nreit anasoruu c mapukamu. Eciu 80% 1mapukoB B MellIKe COOTBETCTBYeT OTBETY
«fa», a 20% — oTBeTy «HeT», TO MHOT/Z|a BCe IATh IIAaPHUKOB, OKA3aBIINXCA Y Bac
B pyKe, OyZyT COOTBETCTBOBATH IIOJIOXKUTEIHHOMY OTBETY, & B OU€Hb PEIKUX CIIy-
yaax — oTpulareabHoMy. (Tak mposBiAeTcs Bapuanys.)

MBI IpUBEIU 3TOT IPUMED, YTOOI ellle pa3 MOAYEPKHYTD TO, UTO JIFOJY YaCTO
HeJIOOIIeHMBAIOT 3HAYeHNe Bapualuy, 0cOOeHHO KOTZa UMEIOT ZIeyIo ¢ HebOb-
IIMMHU yuciaaMu. VX oXuzaHudA, OCHOBaHHBIe Ha WHTYULIMU, PEJKO COBIAZA0T
C peasIbHBIMH pesyJbTaTaMU pacueTa BeposATHocTell. HezoolleHKa Bapualuu 3a-
CTaBJIAET JIofel IepeolleHUBaTh CBOIO YBEPEHHOCTb B TEX CIydasax, KOTAA OHU
HMeIOT ZIeJI0 C HeOOIbUINMY 3HAYeHUSIMU. JTa «CKJIOHHOCTh ITPEYBeINIUBaTh Be-
POSAITHOCTH TOTO, YTO Masias BHIOOPKA TOYHO OTPAXKAEeT CBONCTBA reHePabHOM CO-
BOKYITHOCTH»* MOJTy4ria Ha3BaHUe «3aKOHA MaJIbIX YHCET».

MBICIUTD CTAaTUCTUYECKU, KaK ¥ MOZ06AET INIABHOMY IO ZAaHHBIM, 3HAYUT
IIOMHHUTD O TOM, YTO MHTYUIMA MOXET ChIlpaTh C HAMU 3Jyi0 IyTKy. MbI pac-
CMOTPHUM ellle HECKOJIBKO IOZ0OHBIX TPUMEPOB U 3a6/IyKEeHUI B CIeAYIOMINX
ryaBax.

% Tversky, A., & Kahneman, D. (1974). Judgment under uncertainty: Heuristics and biases. Science,
185(4157), 1124-1131.
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Ta6n. 3.2. Bo3aMoXHble KOMOWHALMM U3 NATU CTOMATO/OrOB, Cpeau KOTopbiX 4eTBEPO COrnacHbl
C PeKNIaMHbIM yTBepXXAeHUeM

CTOMAaTOJIOTH: COIJIACHBI JIM BBI C yTBEpXKACHUEM X?

Komb6uHays 1 2 3 4 5

1 Zla Ja Ja Jla Het
2 Ja Ja Ja Her Ja
3 Jla Ja HeTt Jla Ja
4 Ja HeTt Ja Ja Ja
5 Her Ja Ja Ja Ja

OTKpPbITHS C MOMOLLbIO CTATUCTHKK

CraTucTHUKa 4acTO JENUTCSA Ha OMMCATENbHYI0O M WHAYKTUBHYIO. CKOpee Bce-
0, BBl y?Ke 3HAKOMBI C OTIMCATENbHON CTATUCTHUKOM, JaKe €CJIU HE HCIIONb3yeTe
3TO BeIpaykeHue. OnucaresbHasa CTATUCTUKA — 3TO YUCIA, 0000IIaroNIie HeKHe
JaHHbIe, 3HaYEHUsI, KOTOPHIE BBl BUUTE B Ta3eTe WIM Ha MPOEKIIMOHHOM Kpa-
He B oduce. CpegHue 06beMbI TIPOJAK 3a TMOCAEAHUN KBapTas, POCT IO CpaBHe-
HUIO C IPOILUIBIM T'OZIOM, YPOBEHb 6€3pabOoTHUIIBI U TaK Jasee. TaKye OKa3aTesy,
KaK cpeZlHee 3Ha4YeHUe, MeJuaHa, pa3Max, JUCIEPCUA U CTaHZAPTHOE OTKJIOHE-
HUe, OTHOCATCS K OITUCATENbHON CTATUCTHKE, U I UX pacdeTa TpebyroTcs cre-
1uaabHble GOPMYJIBI, KOTOPbIE BO MHOXKECTBE BCTPEYAIOTCS B COOTBETCTBYIOIINX
yuyeOHUKaX.

OmnrcaTenbHAasA CTATUCTHKA MIpeAIIoNaraeT peHaMepeHHOe YIpolleHre JaH-
HBIX U TO3BOJIIET, HAIPUMED, CBECTH BCIO 3JIEKTPOHHYIO TAabGIUIy C JaHHBIMU
0 TpoZiakax KOMITAHUU B HECKOJIbKO KJIFOUEBBIX MTOKasaTesnel. B aHasmoruu ¢ mia-
pUKaMHU OIMcaTeIbHasA CTATUCTHKA MPeAIoaraeT IpocToe CyMMUPOBaHUE Ia-
PHUKOB, OKa3aBIUINXCS B Balllell pyKe.

HecMOTpst Ha MOJIE3HOCTD 3TOM OTlepalliy, MBI PEJKO Ha Hell OCTaHaBINBAEM-
cs1. MBI XOTUM CZIeIaTh JOMOTHUTENbHBIN AT U TOHATh, KaK Mbl MOJKEM CZETaTh
MIPEATIOIOKEHNE O COAEPKUMOM MeITKa Ha OCHOBAaHUM MHPOPMALIUHU O IIapUKaX,
OKa3aBIIUXCSA B Halllell pyke. B 3TOM 3aK/I09aeTcs CyTh MHAYKTUBHOM CTaTUCTH-
KM, KOTOpast ITO3BOJIIET «IIePEHTHU OT MUpPa K JaHHBIM, a 3aTeM OT JaHHBIX 00paT-
HO K Mupy»2*. (ITogpo6Hee 06 3TOM MbI IOTOBOPHM B IVIaBe 7.)

24 O’Hun Kartn, latT Paituen. «Data Science. Hcaiigepckas nabopManus st HOBUYIKOB» (M37a-
TenbeTBO: [Tutep, 2019).
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A TIoKa ZiaBaiiTe pacCMOTpUM npuMep. [IpeAcTaBbTe, KaK ObI BB OTPEarupoBa-
JIU Ha 3aroJIoBOK «75% aMepuKaHIieB BepAT B cyliecTBoBanue HJIO!», 3Hasn o Tow,
YTO 3TOT pe3yabTaT ObUI MOMy4YeH B XoZe ompoca 20 moceTuTeneir MexayHapoz-
HOro My3ef U ucciesoBarenbekoro eHrpa HJIO B Posyamne, mrat Hpro-Mekcuko.
Kaxk BBI fymaeTe, MOXXHO JI HA OCHOBE ITOJ06HOT0 MCCIeJOBAaHNUA CAeNaTh BEIBOJ,
00 UCTMHHOM IIPOIEHTE aMePUKaHIEB, Bepamux B HIIO?

[1aBHBIN 1O JAHHBIM OTHeCCS OB K TAKOMY Pe3yJIbTaTy BeCbMa CKENTUYECKH,
TIOCKOJIBKY B JJaHHOM CJIydae IokasaTesnb 75% OCHOBaH Ha:

— IIpeaB3sarToii Beibopke. Jltogu, mocemaminue Po3yas, ¢ ropasgo 60yb-
mel BepoATHOCThIO BepAT B HJIO, 4yeM cpefHeCTaTUCTUYECKUE KUTE-
su CIIIA.

— He6onbimoit BeibOpKe. Bhl yKe 3HaeTe, KaKas 3HaYUTeNbHAsA Bapuallus
MOXXeT HabII0JaThCs B BEIOOpKe HEGOMBIINX pa3MepoB. HeT cMmbicia fe-
JIaTh BBIBOJBI O TOM, YTO AYMAIOT MWUIMOHBI, HA OCHOBe MHeHu# 20 de-
JIOBEK.

— OcHoBononaramoux AoNylleHuaX. B 3arojoBke TOBOPUTCA O TOM, YTO
«aMepHUKaHIIbl» BepAT B HJIO mMpoCTO MOTOMY, YTO OIPOC OBbLI MPOBEAEH
B Amepuke. OHaKO ZJaHHBI My3ed — MeXXAyHapoAHas J0CTONpUMeYa-
TEJbHOCTD. BBl HE MOXKeTe OBITh YBEPEHBI B TOM, YTO YYAaCTHUKHU OIpOCa
6bUTM aMepUKaHIIAMHU.

Takue MMOHATHUA, KaK MPeAB3SITOCTh U pa3Mep BBIOOPKU, — MHCTPYMEHTBI CTa-
TUCTUYECKOTO BBIBOJA, IOMOTAIONINE HAM IIOHATH, 3aCAYKUBAIOT JIU JZOBepUs
Te CTATUCTUYECKHe JaHHbe, KOTOpble MBI BHAUM WIN IIOJIy4aeM B pe3yJabTaTe
BerurcyieHrs. OHM — BaKHAs 9acTh HAIIero HHCTpyMeHTapusa. OCHOBOIOJIarao-
mye JOMyLUeHUA TaKXKe BaXXHO YIUTHIBaTh. EC/IM BBl XOTUTE MBICJIUTH KaK IVIaB-
HBIH 110 JAHHBIM, HE CTOUT IPUHUMATh 32 YUCTYIO MOHETY JOIyIIeHU, JTeXKallre
B OCHOBE BBICKAa3aHHOT'O BHIBO/IA.

CrankuBasch ¢ KAKUMHU-TU60 JaHHBIMU B CBOEH paboTe, CTapaiiTech He TIpU-
HUMAaTh NPEeAJOXKEHHYI0 NHGOPMAIIUIO Ha BEPY U HE MPUCTYLIIUBATHCI K COO-
CTBEHHOU UHTYUIINM.

JymaiiTe cTaTucTrdecKy. 3a/iaBaiiTe BOIpock. VIMEHHO 3TO /IeIaloT [VIaBHbIe
10 IaHHBIM. B cileZyroImux rmaBax Bbl HalieTe BOIIPOCH], KOTOPbIe IIOMOTYT BaM
OCBOUTD CTAaTUCTUIECKUI 06pa3 MBIIUIEHUS.
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Pecypcbl A/19 0CBO@HMS CTAaTUCTHYECKOTo 06pa3a
MbILLJIEHMS

PaHee B 3TO¥1 IIaBe MBI CKa3aJIy O TOM, UTO B XOZ€ AaJbHEHIIETO 00CyXKe-
HUA CTATUCTUYECKOTO MBINUIEHUSA MbI COOGMpPAEMCs JIMIIb KOCHYTHCS II0-
BepxHOCTU. K cyacThio, €CTh HECKOIBKO OTJIMYHBIX KHUT, B KOTOPHIX 3Ta
TeMa paccMaTpUBaeTcs 6osiee TOAPOOHO. BoJiblile Bcero HaM HPaBSATCS CIIe-

J137{0)1117 (S

* «Damned Lies and Statistics: Untangling Numbers from the Media,
Politicians, and Activists», Joel Best (University of California Press,
2001);

» «Kak He ommbarbcesa. Cria MaTeMaTUYecKOro MBIIUIEHUsT», JpKopAaH
Sitenbepr (M3zatenbctBo: ManH, MiBanoB 1 ®epbep, 2021);

* «Kak JiraThb IpU TIOMOIIY CTAaTUCTUKU», Jlapesut Xad¢ (M3aaTenbCcTBO:
AnbnivHa ITabmumrep, 2015);

* «[onas cratucruka. Camasa MHTepecHas KHUATA O CaMOU CKyYHOU Ha-
yKe», Yapib3 YuiaH (V3zarenbctBo: MaHH, ViBaHOB 1 ®epbep, 2022);

= «Proofiness: How You’re Being Fooled by the Numbers», Charles Seife
(Penguin Books, 1994);

* «(He)coBepiuieHHas ciay4aHOCTh. Kak ciydad ympaBisfeT Hallei
JKU3HBIO», JleoHapa MinoauHoB (M3zaTenbcTBo: Livebook, 2021);

* «CurHan u Illym. [ToueMy OZiHU TIPOTHO3BI COBIBAIOTCS, a APYTHUE —
HeT», Heiit CrtbBep (M3gatenbcTBO: KoJlubpu, 2016);

* «Jlymail MeZIeHHO. .. pelai 6s1cTpo», Jauuanb Kaneman (M3garTeb-
cTtBO: ACT, 2014).

NOABEAEHUE UTOI0B

B 5Toli I71aBe MBI 3QJIOKUIN OCHOBHI JJI1 OCBOEHUS CTATHCTUYECKOTO 0Opasa
MBINIUTEHUsI, OT KOTOPHIX O6yZIeM OTTaJIKUBAThCS B CIEAYIOMIUX ITIaBaX KHUTHU.

B yacTHOCTH, MBI IOTOBOPWIN O BAXXHOCTU BapUalli U MOHUMaHUA UX Cy-
IIeCTBOBAaHUA B KOHTEKCTe M3MepsAeMbIX HaMmu Belnell. MbI mokasanu, 4To pe-
3y/IBTATHl OIIPOCOB KJIMEHTOB MOTYT UMeTh IIUPOKUI pa3bpoc He IIOTOMY, YTO
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o6ciy>KuBaHue OBUIO IVIOXUM (XOTS U 3TO BO3MOXKHO), @ IOTOMY, YTO CaM BOIIPOC
IpeZipacioiaraeT K Jlade COBEPIIEHHO Pa3HBIX OTBETOB, KOTOPHIE /10 U3MepeHU
MOL'YT XapaKTepH30BaThCA KaK MTOXOXKUE.

MBI Takke TOTOBOPWIN O BEPOATHOCTU U CTAaTUCTHKE, KOTOPhle IIOMOraoT
HaM YIIpaBJATb BapualUAMHU, JeMOHCTPUPYS TO, YTO HEKOTOPbIE U3 3TUX Bapua-
I[UY ABJIAIOTCA MPeACKa3yeMbIMU, 8 HEKOTOPbIe He UMEIOT 3HaYeHU B I0JIT0CPOY-
HOH IepCIIeKTUBeE.

Teopusi BEPOATHOCTU IO3BOJIAET HAM JBUTATHCA OT OOIIErO K YaCTHOMY,
TO eCTb JleJIaTh BBIBOZBI O HEOOIbIIOM pparMeHTe ZAaHHBIX Ha OCHOBe 3HAHUU
0 COBOKYITHOCTHA MHPOpPMaLMU. A CTaTHUCTHKA TIO3BOJIAET HAM IBUTAThCA OT YacCT-
HOTO K OOIIIeMy, TO €CTb JeJIaTh BBIBOZABI O COBOKYITHOCTH HHPOPMAIUU HA OCHO-
Be ZIOCTYIIHBIX HaM ¢parMeHTOB. U Teopus BepOATHOCTH, U CTATUCTUKA — WH-
CTPYMEHTHI, KOTOPBIE TOMOTAIOT HaM Y3HATh OOJIbIIE O TOJHOM KapTUHE, IIOKa
OHa ocTaeTcs /I Hac HesicHOM. HakoHell, Mbl IOTOBOPUIN 06 MCIIONb30BAHUH
3HAHUM O TEOPUM BEPOATHOCTU M CTATUCTUKE JJIA OTTaYMBAHUA HaBBIKA KPUTH-
YeCKOT'O MBIIUICHUS.



[oBOpMTE KaK rNaBHbIN
Mo JLaHHbIM

https://t.me/it_boooks

q actb II, «['oBOpUTE KaK IVIAaBHBIN 110 JAHHBIM», TaK K€, KaK U IepBasi, MoOyK-
ZlaeT BaC MBICJUTh CTATUCTUYECKU U TTOZIBEPTaTh BCE COMHEHUIO. B Hell BB
HaliZieTe BOIIPOCHI, KOTOPbIE CJIeAYeT 3aZaTh, U BEIU, KOTOPHIE CIeAyeT 06AyMaTh
HE3aBUCUMO OT TOT'O, O YbeM IIPOEKTE MO paboTe ¢ JAHHBIMU HJET pedb — O Ba-
IIIeM WIH O 9y>KOM. MHOTHE U3 3TUX BOIIPOCOB OTPAXKEHHI B Ha3BAHUAX OYAYIITUX
paszenoB. CunTaiiTe 3TO cBOeoOpasHO# moAcKa3koi. JlaHHasA 4acTh KHUTH COCTO-
UT U3 CJIeAYIOLINX I7IaB:

I'maBa 4. CoMHeBaMTeCh B JaHHBIX.
['maBa 5. UccnenyiiTe gaHHbIE.

['maBa 6. 3y4aliTe BEpOSITHOCTU.
I'maBa 7. BpocaiiTe BBI30B CTAaTUCTUKE.

HPO‘II/ITaB OTH IJIaBbl, Bbl HAYYUTECh 3aZlaBaTb IPAaBUJIbHbIE BOIIPOCHI OTHO-
CUTEJIbHO JaHHBIX YU aHAJIUTUKHU, C KOTOPbIMU 6yz[eTe CTaJIKMBaTbCA Ha pa60Te.
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CoMmHeBauTeCh B JlaHHbIX

«[lns n3BneyeHns pa3yMHoro OTBETA U3 UMEIOLLEICS COBOKYMHOCTM JaHHbIX OfHHOTO
CTPACTHOTO YXeNnaHUs HeloCTaToOYHO»
_ JDxoH TbioKu, U3BECTHBIA CTATUCTUK

KaK [JIaBHBIH 110 ]AHHBIM, UMEHHO BhI JIOJDKHBI TIOZIBEPTaTh COMHEHUIO JJaH-
HbI€, UCIIO/Ib3yeMBIE B pAMKAX TOT'O WK HHOTO [TPOEKTa.

MsI roBOpUM 0 Heo6paboTaHHBIX JaHHBIX — HCXOAHOM MaTepuase, Ha oc-
HOBE KOTOPOTO PAaCCYUTHIBAIOTCS BCE CTAaTUCTHYECKUE MOKAa3aTeNu, CTPOAT-
cs MOZIETM MAaIlMHHOTO OOyYeHMs U CO3[aloTCsA BU3yalu3aluu, oTobOpakae-
Mble Ha MHPOPMAITMOHHBIX TTaHEAAX. DTO JaHHbIE, KOTOPhIE XPAHATCSA B BaIlIUX
3JIEKTPOHHBIX TabiuIlax Win 6a3ax AaHHBIX. Eciu 3T Heo6paboTaHHbIE JaH-
HbIe TUIOXWeE, TO HUKaKhe MEeTOABl OYMCTKHU, CTATUCTUYECKONH 06paboTKu win
MaIIMHHOTO 06ydYeHUsI He TIOMOTYT 3TO CKPBITh. B KauecTBe pe3ioMe I JaH-
HOM IJIaBHI JIy4Ille BCETO IMOAXOAUT ppasa, KOTOPYIO BbI, BEPOSITHO, YiKe CJIBIIIA-
sn: «Mycop Ha BXoZle, MycOp Ha BbIXO/ie». B 3TOM I/1aBe MbI [TEPEYUCTUM T€ TUIIHI
BOIIPOCOB, KOTOPHIE BaM CJIeAyeT 3a/laTh, YTOOBI OIIEHUTh KaYeCTBO MMEIOIINX-
¢Sy Bac JaHHBIX.

MBI BBIZIE/TWINA TPU OCHOBHBIX Ml HECKOJIBKO YTOYHSIIOIIHUX BOIIPOCOB, KOTOPHIE
ITIOMOT'YT BaM IIOCIIOPUTh C UMEIOIUMUCS JaHHBIMHU.

— KakoBa uctopus MpOUCXOXKAEHUS STUX JaHHBIX?
* Kto cobupar ganHbie?
* Kak cobupanvch 3TU JaHHbIE?
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— fBnAIOTCA I JaHHBIE peNpe3eHTaTUBHBIMU?
* VIMeeT i MECTO TIPEAB3ATOCTb BEIOOPKU?
* YTo BHI cZIeTanu ¢ BEIOpocaMu?
— Kakue faHHBIE 1 He BUXKY?
* Kak BBI IOCTYIIWIY C OTCYTCTBYIOIIMMU 3HAYEHUAMMU?
* [103BOJIAIOT JIU JaHHBIE U3MEPUTh TO, UTO BaC UHTepecyeT?

B ciepyromx paszenax Mbl HOAPOOHO pacCMOTPUM KaXKABIH BOIIPOC, IIOT'OBO-
PUM O IPUYMHAX, IT0 KOTOPBIM €ro cjIeflyeT 3a/laBaTh, U O TOM, KaKue IIPoOIeMbl
OH OOBIYHO TO3BOJIAET OOGHAPYKUBATh.

OnHako mpexze, 9YeM 3TO CZeaTh, MBI IIpeJjlaraeM BaM BBIIOJHUTH OZHO
MBICJIEHHOE YIpa)KHEHUe.

YTO bbl Bbl CAENANIN?

Bbl oTBeuaeTe 3a KPYIIHBIHM TPOEKT B TEXHOJIOTUIECKON KOMIIaHNUU, KOTOpas Haxo-
ZIUTCS Ha MOPOore IPOpPhIBa B 06J1aCTH CO3/IaHUs 6ECTTMIOTHBIX aBTOMOOHMIIEH. DTO
BaXKHBIN MOMEHT /|1 BaC U Balleil paboThl, He TOBOPS Y3Ke O Kapbepe. YCIelHas
J€MOHCTpAIs BaIllero MPOAYKTa 00eNaeT UCKYTIUTh BCE CBEPXYPOYHBIE Yachl pa-
6OTEI, Ype3MEPHO ONTUMUCTUYHEIE 0OeNaHusA, JaHHbBIE PYKOBO/CTBY, 3aJI€PXKKU
B peanu3anuy MPoeKTa U OI0KeTHbIe 3aTPaThl Ha UCCIeJOBAaHUA U pa3paboTK.

U ceituac Beuep HaKaHyHe ITpe3eHTalNH IIPOTOTUIIA HOBOTO aBTOMOOWIIA.

PyKoBOZUTEN KOMIIAHUH, IECATKYA COTPYAHUKOB, TOTEHIIMATbHBIE NHBECTOPHI
u npezacraButenu CMI npoexany COTHU KUIOMETPOB, YTOOBI 3aCBUETENBCTBO-
BaTh TO, YTO MOXKET CTATh IIEPEJIOMHEIM MOMEHTOM B UCTOPHH aBTOMOOMIEeCTpoe-
HuA. OHAKO MO3HO BEUYEPOM Balll CTAPIINI UHKXEHEP COOOIAET, YTO Ha 3aBTPa
cuHontuky nporuo3upytot 31 °F (-1 °C). Ilo cioBaMm nHxeHepa, HU3KUe TeMIepa-
TYpPbI MOT'YT IIOCTaBUTD 1107 YTPO3Y KU3HEHHO BaKHble KOMIIOHEHTHI NHHOBAI[U-
OHHOH CHCTeMBbI aBTOHOMHOTO BOXK/IEHVS [TPOTOTHUIIA aBTOMOOWIA. Jleio He B TOM,
YTO OH YBEPEH B HEITPEMEHHOM BO3HUKHOBEHUU MpobeMsl. [IpocTo cructema, Ko-
TOPYIO B OyAyleM IUIaHUPYETCA aZallTUPOBATh U UCIBITATh MIPYU OTPUIIATETHHBIX
TeMIlepaTypax, ellle He 6pUIa olrpoboBaHa Ha MOpO3e, TaK YTO IEMOHCTPAIA PU-
CKyeT IIPEBPATUTHCS B MyOIUIHYIO M IOPOTOCTOSNIYIO KaTacTpody.

OnHaKo TepeHecTH MOZ0OHOE MEPOIIPUATHE AOPOro u Hempocto. Ecau mpe-
3eHTallA He COCTOUTCA 3aBTPa, TO UAeaTbHBIX YCIOBUM MPUAETCA XKAATh MecsAIa-
Mu. Barra koMmaHus TOTpaTiIa 60IbIIYIO YacTh MPEABIAYIIETO IOja Ha CO3aHUe
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QXUOTaXka BOKPYT 3TOro MoMeHTa. Ecu npeseHTanuio nepeHecTy, ypoBeHb 3a-
MHTEPECOBAHHOCTH y2Ke He GyZleT TAKUM BBICOKHM.

BbI IpoCcHTe MH)XXeHepa IPeAOCTAaBUTh JaHHbIE, 3aCTaBIIAIONINE ero 6eCIOKOo-
WUTBCS O BO3MOXKHOM ITOBPEXX/IEHIHM BHYTPEHHIUX KOMIIOHEHTOB aBTOMOOWIIA U3-32
HU3KUX TeMnepaTyp. OH IoKasbiBaeT BaM I'paduk, IIpeCTaBlIeHHbIN Ha puc. 4.1.

[To cnoBaMm WHXeHepa, KOMIIaHUA IIpoBesa 23 TecT-ApaiiBa IIpU pasIuyHbIX
TeMIlepaTypax, U B Xo/le CeMH U3 HUX (OTMeUYeHHBIX Ha rpaduKe) UMeN MECTO
BBIXO/] U3 CTPOSI KpUTHUYECKOMN YacTU CUCTEeMbI CaMOHaBuranuu. B xoze aByx Tect-
ZpaliBOB U3 CTPOS BHIIUIM Cpa3y ABa KPUTUUYECKUX KOMIIOHEHTA.

JaHHble 00 0TKa3e KOMNOHEHTOB
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Puc. 4.1. Fpad)uk 3aBUCUMOCTHU YMCNa 0TKa30B KPUTUYECKUX KOMINOHEHTOB
0T TeMnepaTypbl BO BpeMA TECT-ApaVIBOB

Bary WHXeHEephbl YUIU BEPOATHOCTDH IMOJOOHBIX OTKA30B, IO3TOMY OHH
obecrneymnu U36BITOYHOCTD. Kaxas cucreMa mpeaycMaTpUBaeT IIECTb KPU-
TUYECKUX KOMIIOHEHTOB (BOT MMOYEMY MaKCHMaJbHOEe 3HAaYeHWEe Ha BEPTH-
KaJIbHOU ocu — 6). Hanmuume 3amacHBIX YacTel 03HA4YaeT, 4To JaXKe B CIydae
ITOJIOMKH HEKOTOPBIX U3 HUX MAIlHA POJO/LKUT GYHKIIMOHUPOBATh. B xo1€
23 TecT-ApaiBOB M3 CTPOSA HU pa3y He BHIILIO cpasy 6osiee BYX KOMIIOHEH-
TOB, TIO3TOMY ¥ MPO6JIEM C UCIIOJb30BaHUEM aBTOMOOWIS HU pa3y He BO3HUK-
Jio. B 060uX ciy4yasx, MMeBIIUX MecTo mpu Temmepatype 53 °F (12 °C) u 75 °F
(24 °C), mamuHa Tak ¥ He OCTaHOBMJIACh. MUHMMaIbHaAaA TeMIlepaTypa, Ipu
KOTOpPOU MpPOBOAMIOCH UCHBITaHUe, cocTaBsna 53 °F (12 °C), a MmakcuMaib-
Hasa — 81 °F (27 °Q).
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«OHAKO MBI HE TECTUPOBAIU CUCTEMY IPH O0Jiee HU3KUX TEMIIEpaTypax», —
TOBOPSAT UHXKEHEPHI. V1 BB IOHUMAaeTe, YTO OHU 06ECIIOKOEHHI.

Ho kak OBl BBl HU CTapavCh, BBl HE MOXKETE 3aMETHUTD CBA3b MEXK/Y TEMIIEPATY-
POH U BEPOSITHOCTBIO OTKa32 KOMIIOHEHTOB 32 MCKJIFOYEHUEM TOT'0, YTO BCE OHU UMe-
JI MECTO IIpU TeMIlepaTypax 3HauuTeabHo Bhitie 30 °F (-1 °C). Bam TpyzHO nipeacTa-
BUTH ClIeHapUH, IPH KOTOPOM HU3KKE TEMIIEPATyPhl MOT'YT BHIBECTH U3 CTPOsI Hosiee
ZIBYX KOMIIOHEHTOB U3 LIIECTH, IUTHIBasA JaHHbIe, [TOJy4eHHbIe B Xo/e 23 TecT-Apaii-
BOB. Kpome Toro, MamnriHa BIIOJIHE MOXKET ITPOJOJDKATD ABIKEHYE U TIPU HATUMIUU
YeThIpeX UCIIPaBHBIX KPUTUIECKUX KOMIIOHEHTOB. ECiii Bo BpeMs JleMOHCTpaIuu
BBIMZIET M3 CTPOSI MAKCHMYyM /IBa, y3HAET Ji 00 3TOM KTO-HUOYZb BOOOIIE?

Yro 65l BH cenanu? OmIOKWIN OBl Ipe3eHTAIHIO WU IIPOBETH ee B 3aIuia-
HUPOBAHHBIN IeHb?

OcTraHOBUTECH HA MIHOBEHUE U TIOAyMaKTe O TOM, €CTh JIU KaKue-HUOyb He-
JOCTAIOIINE AaHHbIE, KOTOPhIE BBl 3aX0TEIH OBl YU€ECTb.

KaTachod)a, Bbi3BaHHadA HeJO0CTAaTKOM AaHHbIX

28 auBapsa 1986 roza Ha miasax y Bcero mupa HACA 3anycTuwio KOCMUYeCKUN
matTi «Yemwtenmxep» u3 Kocmudeckoro nienrpa uM. Kenneau so ®nmopuze npu
OTpUIlATENbHBIX TeMIlepaTypax.
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Puc. 4.2. [paduk 3aBUCMMOCTM YUCNa HEUCTIPABHOCTEI YNIOTHUTENbHDBIX KOMeL, OT TeMnepaTypbl
BO Bpemsi nonetoB. Mpadmk B3AT U3 oTyeTa MNpe3ngeHTCKoi KOMUCCUM, 3aHUMaBLLeHCA
paccnepoBaHueM KatacTpodbl KOCMUUYECKOT0 YenHoKa «Yennenmxep»
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MHorue 13 Hac 3HalOT 3Ty 4aCTh UCTOPUU «HesUleHpKepa», O4HAKO Majo KTO
3HAKOM CO CTOALIUMU 3a Hell JaHHbIMU. Jles1o B TOM, UTO Y «HeneH/pKepa» Toxe
OBUIO IIECTh KPUTUYECKH BAYKHBIX KOMIIOHEHTOB, U3BECTHBIX KaK YIIOTHUTEh-
HBIe KOJIbLIa, KOTOPBIE «[IPeJOTBPAllal0T YTEeUKY rOpAILIEro pakeTHOTO TOILIMBA
13 coeIMHEeHUH ycKopuTena»*. Jlo 3amycka B xoZe 23 UCIBITAHUHN UMeNIu MeCTo
CeMb UHIIW/IEHTOB C 3TUMH YILIOTHUTEIbHBIMU KOJIbLIAMU.

3HaKOMBIY ClieHapuii?

Beuepom HakaHyHe 3amycka HACA oka3sayioch mepes TeM JKe TPYAHbIM BbIOO-
POM, YTO ¥ BBl B XO/I€ BBIITOJIHEHUA CBOEr'0 MBICJIEHHOI'O yIpakxHeHud. CoracHo
oTueTy Komuccuu Pomkepca (KOTOPHIN ObUT 3aKa3aH mpe3uieHToM PoHaIbI0M
Pefiranom nocie aBapuu «He/uieHAXepa»), B HOUb IIepeJi 3aIlyCKOM COCTOSIOChH
COBeEIJaHKe 10 3TOMY BOIIPOCY.

MeHe/PKephbl CPaBHUIN TOJBKO T MOJIETHI, B X0/ KOTOPHIX HAOJFO/IaIUCh Tell-
JIOBBIE MTOBPEKIEHUSA YIUIOTHUTENBHBIX KOJIEL], BMECTO TOT'O, YTOOBI ITPOAHAIIH-
3MPOBATh YaCTOTY BOSHUKHOBEHMs 3TOM HEUCIIPABHOCTH C YYETOM BCEX IIOJIE-
TOB (puc. 4.2)%,

«[Ipy TaKOM CpaBHEHUU, — FOBOPWIOCH B OTYETE, — B PACIPeIe/IEHUN «TIOBPEX/e-
HUI» YIUIOTHUTEIBHBIX KOJIell B Iuana3oHe TeMIlepaTyp IIBOB MeXay 53 u 75 rpagy-
camu o ®apeHreiiTy, pUKCHPYyEeMBIX IPU 3aMyCKe, HET HUYEro HEOOBIYHOTO.

[IpoananusupoBas 5TU HeucnpasHocTy, HACA ocyiecTBuio 3amnyck. Ho us-3a
HEOOBIYHO XOJIOAHBIX YCJIOBUM YIUIOTHUTEIbHBIE KOJIbIIA He CpaboTaIN JOJLKHBIM
obpa3oM, U Ha 73-U ceKyH/e IoJIeTa AT pa3Balwica Ha yactu. [Torubiu Bce
ceMb acTPOHABTOB Ha OOPTY.

Kak BbI ymMmaeTe, kakue JaHHBIE YIIYCTHIU CIIeLIMaIMCThl KOCMUYeCKOI'O areHT-
cTBa’?

Kak HacueT Tex 16 ucnblTaTeIbHBIX 3alyCKOB, B X0Ze KOTOPBIX He BO3HUKJIO
HUKaKUX HEUCIIPaBHOCTEM, OTMEeYEHHBIX Ha PUC. 4.3 U 3aJ0KyMeHTUPOBAaHHbIX
xomuccueii Pomxkepca?

% Ilutara u3 cratbu NRP. “Challenger engineer who warned of shuttle disaster dies.” www.npr.
org/sections/thetwo-way/2016/03/21/470870426 /challenger-engineer-who-warned-of-
shuttle-disaster-dies

2% IluraTa u3 oTdera [Ipe3nEHTCKOM KOMICCHH, 3aHUMABIIENCs paccief0oBaHeM KaTacTpodb
KOCMHUYeCKOTo denHoka «Yemnenmkep» (Report to the President by the Presidential Commis-
sion on the Space Shuttle Challenger Accident). C. 146. sma.nasa.gov/SignificantIncidents/
assets/rogers_commission_report.pdf
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Puc. 4.3. [padmk 3aBUCMMOCTM YMCIa HEUCNIPABHOCTEIA YNIOTHUTENBHBIX KOJIEL, OT TEMNEpPaTypbl BO Bpe-
MSl NIONETOB, BK/TIOYas MCTbITaTesbHble 3aMycku 6e3 MHUMAEHTOB. MpaduK B3AT U3 oTyeTa Mpe3uaeHT-
CKOIf KOMMCCHM, 3aHMMaBLLEIACS pacciefioBaHUeM KaTacTpodbl KOCMUYECKOIO YesHOKa «Yennenmxep»

Mpumeyvanue

B rraBe 2 «4YTo Takoe JZaHHBIE?» MBI TOBOPWIM O TOM, KaK THUII JaHHBIX
JVIKTYET BEIOOp MeToZa aHamm3a. JTO KaK pa3 OAWH M3 TaKux ciydaes. Ko-
JINYECTBO UHIIUJEHTOB — 3TO YHCJIOBBIE CIETHBIE JAHHbIE, KOTOPBIE Tpe-
OyIOT IpUMEHEHU CIIENUAJTbHOTO TUIIA MOZAEIUPOBAHMS, Ha3bIBAEMOTO
6UHOMUANIBbHOM perpeccreil. [IoCKOIbKY peYb HJET O CYETHBIX, a HE O He-
IIPEPHIBHBIX JAHHBIX, BBl HE MOXKETe UCII0Ib30BaTh JUHEHHYIO Perpeccuto,
0 KOTOPO¥ MBI IIOTOBOPUM B IiaBe 9. OmrcaHre OMHOMHAIBHOMN perpec-
CHU BBIXOZIUT 33 PAMKU 3TOM KHUTHU, HO THII JAHHBIX, O KOTOPBIX UJET PeYb,
JVIKTYET UCIIOIh30BaHME UMEHHO 3TOr0 METOZa aHaau3a. Eciu Ol BBI HC-
MOJTH30BAJIY JTMHEHHYIO PETPECCHI0, YTOOBI TPOBECTH IPAMYIO JHUHHIO Ye-
Pe3 TOYKHU JJaHHBIX, BBl OBl TPe/ICKa3aIu OTPUIATENbHbIE 3HAYEHHS KOJTYe-
CTBa OTKA30B /I BRICOKUX TEMIIEPATYP, YTO HE UMeeT HUKAKOTO CMBICIIA.

BepHeMCsl K MBICJIEHHOMY YTIPaKHEHUIO. 3alpOCHIn OBl BBl KaKue-HUOYAb He-
JocTatomye AaHHble? Eciy OB BBI 3TO cZeiaiy, a BO3MOXKHO, U MPUBJIEKIN ObI
K aHaJIN3y CTaTUCTUKOB, BBl MOIVIM OBl 3aMETUTDH TeH/IEHIINIO, IIPeAYTIPEKIAIONIYIO
0 BO3MO)XHOM OTKa3e KOMIIOHEHTOB ITpU 6oJiee HU3KUX TeMIiepaTypax. Ha puc. 4.4
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[IOKAa3aHbl HCIBITAHUA HAIEero UIIOTETUYECKOro 6eCIMIOTHOIO aBTOMO6I/IJ'IH,
B TOM 49HCJIE T€, B XOJ€ KOTOPbIX KPUTUIECKNE€ KOMIIOHEHTBI HE BBIXOAWIN U3 CTPOA.

[laHHble 06 0TKa3e KOMMOHEHTOB C MOfebio
Bce faHHble yuTeHbl

6
P [insnporHo3upyemoit Ha 3aBTpa
N Temnepatypbl B 31°F (=1 °C) Mogenb
§ A npefckasbiBaeT 5 0Tka30B
Fi
=
5
==y
=
(=]
S 2
=
0 0@0e® 00 00 ¢

40 60 80
Temneparypa (°F)

Puc. 4.4. Tpaduk 3aBUCMMOCTM YMCNA OTKA30B KPUTUYECKMX KOMMOHEHTOB OT TEMNePaTypbl BO BpeMsl
TecT-ApaiiBoB. /IuHus NpefcTaBnsieT co6oii Mofenb GUHOMUANbHON perpeccuu

B nocsezyromive AecATHUIETHS CTATUCTUKY, WH)KEHEPHI U UCCIe[0BaTeNH TIa-
TeJIbHO M3yJYau JaHHbe?, cBs3aHHbIe ¢ KaTacTpodoi «YemneHmkepa». C IoMo-
ITHIO 3TOTO PEATBLHOTO CIIEHAPUS MbI XOTEJIH MPOJIEMOHCTPUPOBATh BaM T€ BOITPO-
CBI, C KOTOPBIMHU IIPUXOJUTCS CTAIKUBAThHCS CIIEIAAIHUCTaM 10 paboTe ¢ JaHHbIMHU.
B crarbe, omy6IMKOBAaHHOM B IpeCcTKHOM xypHase Journal of the American
Statistical Association (JASA), uagaBaeMoM AMEPUKAHCKOUW CTaTUCTHUYECKOM ac-
conpaIyen, 6bUT MpeACTaBIeH aHaIu3, KOTOPHIH MbI Bocco3ianu Ha puc. 4.4. OH
TOBOPHT O TOM, YTO IIPU OTPUIIATENIbHBIX TEMIIEPATYPAX MATh U3 IIECTH OCHOBHBIX
VIUIOTHUTENBHBIX KOJIEI] MOTYT BBIUTU U3 CTposA. [Ipu cocTaBieHUu 3TOro rpadu-
Ka MCIIOJIh30BaUCh JaHHbIE, KOTOPBIE He OBLTM YUTEHBI HaKaHyHe 3aIycKa 1aTT-
Jla. B cTaThbe TOBOPUTCSA O TOM, YTO «CTAaTUCTUYECKAs HayKa MOIJIAa BHECTH IIeH-
HBIF BKJIQ/l B TIPOIIECC TPUHATHUSA PEIIEHUS O 3aIycKe»2,

XoTenu 6b1 BBl YBUAETh TaKOH JKe rpadMK HaKaHyHE BaXKHOU Mpe3eHTaIlun?

27 JlaHHBIE IOCTYIIHBI AJIsI 3arPY3KU U3 PEIIO3UTOPHS AJIsI MAlIMHHOTO 06y4yenusa KanudpopHuiicko-
ro yHuBepcutera B MpBaiiHe: archive.ics.uci.edu/ml/datasets/Challenger+USA+Space+
Shuttle+O-Ring

% Dalal, S. R., Fowlkes, E. B., & Hoadley, B. (1989). Risk analysis of the space shuttle: pre-
Challenger prediction of failure. Journal of the American Statistical Association, 84(408), 945-957.
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KommeHTapuit Anekca no noBogy AaHHbIX 0 COCTOSHUM
«Yennenpxepa»

BHUMaTe/bHbIE YNTATENH, BEPOSATHO, 3aMETIIN HEeOOJIbIIIOE PACXOXKIEHHE
MEeX/Jy JaHHBIMH, IIpeACTaBIeHHBIMU Ha puc. 4.1, U rpadprKaMu U3 OTIe-
Ta Komuccuu Pomkepca Ha puc. 4.2 u 4.3. Ha puc. 4.1 temneparype 53 °F
(12 °C) cooTBeTCTBYIOT ABA UHIW/EHTA, a HA puc. 4.2 u 4.3 — Tpu. (Bce
OCTaJIbHbIE TOYKU JJaHHBIX COBNAZA0T.) JleJ1o B TOM, YTO KOHCTPYKIIMS KOC-
MHYEeCKOT0 YeJHOKa IIpeZycMaTprBaja MIeCTb OCHOBHBIX U IIECTb BTOPO-
CTEMEHHBIX YIIOTHUTENbHBIX KOJell. TpeTuii MHITUAEHT ITPU TEMITepAType
53 °F (12 °C), oTMe4eHHBIN Ha puc. 4.2 1 4.3, Ipou301es CO BTOPOCTeeH-
HBIM YIUIOTHUTENTbHBIM KOJIBIIOM U ObLT €JUHCTBEHHBIM CTydaeM IOA00HO-
r'o MOBpeX/JeHNsA, UMEBIINM MeCTO B XoZie 23 I0JIeTOB, IIPeAIeCTBOBaB-
mwux Kartactpode. [IpUBeeHHBIN 3/IeCh aHAIU3 COCPEAOTOYEH Ha IIECTH
OCHOBHBIX YIUIOTHUTEIBHBIX KOJIBIIAX, KAK ¥ aHAIN3, IPUBEJEHHBIA B CTa-
The B XXypHaie JASA.

Victopusa «HemneHmKepa» JEMOHCTPUPYET AOBOJBHO PACIPOCTPAHEHHOE
U nyrampliee ABJIeHUe. MBI 4acTo cocpeZoTouMBaeMca Ha JaHHBIX, KOTOpPHIE,
KaK HaM Ka)KeTcsA, KOAUPYIOT HY)XXHYI0 HaM WHpopMaIuio, oTépaceBas Ipu
3TOM Te AaHHbIe, KOTOPble MBI CYMTaeM HecylleCTBEHHBIMU. MBI IpU3HaeM,
YTO ZaJIeKO He BO BCeX CUTYaUUAX MOCIEACTBUSI MOTYT OBITH CTOJB JKe yXKac-
HBIMHU, KaK B cIydae ¢ «HelIeHI)XKepoM», KOTZja Ha KapTy OBLIO MOCTaBIEHO
TaK MHOTO.

ME&I He yTBep:KJaeM, UTO aHAIU3 TIOJTHOTO Habopa JaHHBIX TO3BOJIII ObI IPHU-
HATDb IPABWIbHOE peleHre. HUKTO He MOXeT 3HaTh 3TO HaBepHsAKa. Jlpyrue dax-
TOPHI TOXe, 6€3yCIOBHO, CHITPATH CBOIO POJb. MBI IPOCTO XOTHUM CKa3aTh, YTO
CTIOp C ZAaHHBIMU 4acTO IIOMoraeT cZieaTh JOIIOTHUTEeIbHbIe OTKPBITHA.

V1 B 3TOM CMBICJIE UCTOPUS, paccka3aHHasA JaHHBIMU O COCTOSAHUU «YesieH-
[Kepa», BrioyiHe sicHa. OZHAKO OOJIBIIMHCTBO KOMITAHUH He CIIOPAT CO CBOUMU
JAaHHBIMY, pasBHUBasg BMECTO 3TOT'0 KyJAbTYpYy NpUHATHA. Pe3ynpTaT 3TOro — CU-
CTeMaTU4yecKue IPOBaJbl IPOEKTOB IO paboTe ¢ JaHHBIMHU, 0OYCIOBJIEHHbBIE He-
TOTOBHOCTBIO 33/1aBaTh BaKHbIE BOIIPOCHI.

VTak, 1esnb 9TOM IIaBbl — HAy4UTh Bac CIOPUTH C JAHHBIMU U 3a/aBaTh IIpa-
BWIbHBIE BOIIPOCHL.
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PACCKAXXUTE MHE UCTOPWIO MPOUCXOXAEHNA NAHHBIX

Bce maHHbIe GepyTcs M3 KaKOTO-TO UCTOYHUKA, KOTOPHIN HaM He CJIeAyeT UTHO-
pupoBarth. MTak, Mbl IpeZjlaraeM BaM CIIPOCUTH: «KaKOBO IIPOUCXOXAEHNE STUX
JaHHBIX?»

DTOT BOIIPOC HPABUTCA HAM TE€M, UTO OH SIBJISIETCS OTKPHITHIM U TIO3BOJISIET OBI-
CTPO OLIEHUTH COIVIACOBAHHOCTH CBHIPBIX JAHHBIX C 3aZlaHHBIM OTHOCUTEIBHO HUX
BorpocoM. KpoMe Toro, /i1 OTBeTa Ha Hero He TpebyloTCA HU MaTeMaTHUJYeCKHe,
HU CTaTUCTHYecKUe 3HaHuA. Ellle BaXkKHee To, 4TO caM BOIIPOC CO3JaeT OLIyIleHUe
OTKPBITOCTH U YKpeIUIsieT JoBepre K MOC/Ie[yIOIINM pe3yabTaTaM (WIu 3acTaBs-
€T COMHEeBaThCA B HUX).

BHUMAaTETHHO MPOAHATU3UPYHTE OTBET Ha MPEAMET BO3MOXHBIX MPOLIeM
C KOPPEKTHOCTHIO U [IEJIOCTHOCTBIO JAHHBIX, 00YCIOBJIEHHBIX 0COOEHHOCTSIMU CO-
3/IaBILETO UX JIMLA WIW OpraHu3alyu.

B wacTHOCTH, TOCTapalTeCh MOJTYIUTh OTBETHI HA CJIEAYIONIUE BOTIPOCHI:

— Kro cobupai gaHHbIE?
— Kak cobupasuch 3T¥ ZaHHble? DTO AaHHbIe HAOMIOAEHUH WK SKCIIEPUMEH-
TaJbHBIE JaHHbIE?

Kro cobupan ganHbie?

3azaBast 3TOT BOIIPOC, MBI IIBITAEMCSI, BO-TIEPBHIX, YCTAHOBUTD, OTKYZla UMEHHO
OBLTH TTOJTyYEHbI JAHHBIE, @ BO-BTOPHIX, BHIIBUTH BO3MOXKHBIE ITPOOIEMBI, CBSA3aH-
HBIE C UX MTPOUCXOXKJEHUEM, YTOOBI ITPU HEOOXOAMMOCTH 33/IaTh JOTIOTHUTEb-
HbI€ BOIIPOCHI.

MHoTHe KpyIIHbIE KOMITAHUH CUUTAIOT, YTO BCE UX JaHHbIE O€PyTCsa U3 BHYTpeH-
HEero UCTOYHUKa. Harpumep, KOMITaHUsA, UCIIONb3YIOIast aHHbIe 0 paboueli cuie
(To ecTb JaHHBIE, OCHOBAHHbIE Ha pe3y/IbTaTaxX OIPOCOB COTPYAHUKOB U APYToi co-
OTBETCTBYyIOIIEN MHOOPMALIMH), HA CAMOM /ieJie MOXKeT HCIIOIb30BaTh JaHHEIE, CO-
GpaHHbIE TPEeTheHM CTOPOHOM U MpUHAIeKale ei. [ToTpebeHne 3TUX JaHHBIX
MOXKET IMPOUCXOANTH Yepe3 MOPTaI KOMITAHUU. DTO MOXKET CO3/IaTh WITIO3UIO TOTO,
YTO JJaHHbIe OBUTM COOPAHBI KOMITAHUEHN U IPUHAJIEXKAT eH, ZIasKe eCJTU 3TO He TaK.

Mgl XOTHM, 4TOOBI BB TOYHO OTNpEAETMIN TOTO, KTO cobupan gaHHble. Kak
[JIaBHBIM 110 ZJaHHBIM, BbI ZIOJDKHBI yOEAUTHCS B TOM, YTO IOJyYEHHBIE U3-
BHE JIaHHbIE HAZIe)KHBI M UMEIOT OTHOIIEHUE K MOCTaBJIeHHOU OUW3Hec-3a/ayve.
Bosbiryto 4yacTh JaHHBIX, TTOJIYIEHHBIX U3 CTOPOHHUX UCTOYHUKOB, JOBOJBHO
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TPYAHO HCIIOJb30BaTh B TOM popMaTe, B KOTOPOM OHU IIPEAOCTABIAIOTCSA. Bam
WM KOMY-TO U3 Balllell KoMaH/Ibl IPUZETCs peobpa3oBaTh aHHBIE, TOTyUYeHHbIE
OT TPeThel CTOPOHBI, B HYXKHBIH (popMaT u MpuAaTh UM HEOOXOAUMYIO CTPYKTYDY,
YTOOBI IPUBECTH UX B COOTBETCTBUE C YHUKATHbHBIMU MHPOPMAIIMOHHBIMU aKTH-
BaMM Ballleii KOMIIaHUM.

Kak co6upanucb aTh faHHble?

BaMm Taxke HeO6XOMMO BBIACHUTD, KAK COOMPAIHCh IaHHBIE. DTOT BOIIPOC TOMO-
JKET BaM BbISIBUTh BO3MOXKHBIE HE/IOMyCTUMbIE BRIBOZbI, C/ieIaHHbIE 00 STHUX JaH-
HBIX, a TaKXKe dTUYECKUE TPOOIEeMBI, CBSI3aHHbIE C TIPOIIECCOM UX cOopa.

HarmoMHuM, 4TO CyIIeCTBYIOT ZiBa OCHOBHBIX MeTOza c60pa JaHHbIX — HabJIio-
JeHUe U SKCIIEPUMEHT.

Hab6:rofieHre — 9TO TacCUBHBIH crmocob cbopa AaHHBIX. [IpuMepaMu JaHHBIX
HabJII0IleHUI MOTYT OBITh KOJUYECTBO TTOCETUTENEl Be6-caliTOB, MOCEIaeMOCTh
3aHATUHN U 06bEM IIPOJaXK. DKCIIEPUMEHTAIbHBIE JaHHbIE COOMPAIOTCS B YCITOBUAX
SKCIIepUMeHTa TPY YIaCTUH TPYIII aKTUBHOI'O BO3/IEMCTBUS U IIPUHATUH IIPOBE-
PEHHBIX BpeMeHeM Mep MPeAOCTOPOKHOCTH, TIO3BOJIAIOIINX 00ECIIEYUTD 11€JI0CT-
HOCTh 1 M36€KaTh UCKaXXeHHUsA Pe3yIbTAaTOB M3-3a CMENINBAIOIINXCS TIePEMEHHBIX.
DKCIleprMeHTaIbHbIE AHHBIE — 3TO 30JI0TOM CTaHZApT. Biarogaps TIiaTeabHO-
My IUIaHUPOBAHUIO SKCIEpPUMEHTA, HallpaBJeHHOMY Ha obecliedyeHre HaZleKHO-
CTHU pe3y/JIbTaTOB, 3TU JaHHbIE MMO3BOJIAIOT BIABIATH NPUYUHHO-CIECTBEHHbBIE
cBs13u. Hampumep, sKkciieprMeHTa bHbIE JaHHBIE MOTYT TOMOYb OTBETUTD Ha CJie-
JYIOIITME BOIIPOCHI?:

— Ecmm MBI laiiM TalleHTY HOBOE JIEKAPCTBO, [IOMOXKET JI 3TO BbUICUUTD €r0?
— Eciu Mel jagum 15%-Hyro CKUJKY Ha Halll IPOAYKT, IIPUBEAET JIU 3TO K PO-
CTy IPOJAaK B CJIeZyIOllleM KBapTase?

OzHako 60JibllIasg YacTb OM3HEC-JaHHBIX OTHOCUTCS K JaHHBIM HaOIIOZEHUHN.
Jlnst ycTaHOBJIEHUsA TPUYMHHO-CIEICTBEHHBIX CBA3€H He CTOUT UCIIOJIh30BaTh
HCKJIIOYUTENbHO JaHHble HabmoZeHui*°. TIOCKOIbKY TaKue JaHHbie He OBbLIU

2 Q6paTuTe BHUMaHHe Ha TO, YTO TI0Z0OHBIE BOIIPOCH BaM CJIeyeT 33/1aTh 10 Hayasla peanan3aluu
MpoeKTa 1o paboTe ¢ JaHHBIMU, KaK ObUIO CKa3aHo B riase 1.

%0 CymecTBYIOT CIIOCOOBI HCIIOJNb30BAHUA JAHHBIX HAOMIOZEHUN /s BBIABIEHUS HPUYUHHO-
CJIeZICTBEHHBIX CBA3€el, KOTOpBIe ONKMPAIOTCA Ha CUIbHbIE IIPeAIONOKeHHUA U IPOAYMaHHYIO CTa-
TUCTUKY. OHU Ha3BIBAIOTCA METOAAMU BbIABIEHHUA IPUUYUHHOCTH.
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coOpaHbI B XO7le TI[ATEIbHO MPOAYMAaHHOI'O SKCIIEPUMEHTA, X TI0JI€3HOCTD U OC-
HOBaHHBIE Ha HUX PE3YJIbTAThl AOKHBI OIEHUBATHCSA B COOTBETCTBYIOIIEM KOH-
Tekcre. JIfoOble YTBEPXKAEHUS O MPUINHHO-CI€JCTBEHHON CBSI3U, OCHOBAHHBIE
Ha IaHHBIX HAOJIIOAEHUH, CIeyeT BOCHPUHUMATD CKEITUYECKH.

3aziaB BOIIpOC O crocobe cbopa aHHBIX, BBl CMOYKETE MMOHATh, HACKOJIbKO 00-
OCHOBAaH BBIBOJ, O HAJIMYUH NIPUYMHHO-CIeICTBEHHOU cBA3U. Ha camowm zese He-
KOPPEKTHOE yCTAHOBJIEHUE MPUIMHHOCTH — BechbMa CyIecTBeHHas mpobieMa,
K KOTOPOY HaM ellle He Pa3 IPeACTOUT BEPHYThHCS B CIEAYIOMINX [TTaBaX KHUTH.

Kazanoce 6bl, 4715 pelreHUA 3TON MPo6IeMBl I0OCTaTOYHO KaK MOXKHO dalie
HCIIOJIb30BaTh dKCIIEpUMEHTaNbHbIe JaHHble. OfHAKO UX cOOp He BCerza BO3MO-
*KeH, GUHAHCOBO OTpaB/aH U Aaxe 3THdeH. Hanpumep, ecii 651 BaM TOPYYIN
WU3YYUThH BIUSHNE «BEUNUHTa» (KypeHUSA dJIEKTPOHHBIX CUTAPET) Ha TOJPOCTKOB,
BbI HE CMOIVIM OBI CIy4aliHBIM 06pa30M Pa3/eNuTh UCIBITYEMbIX Ha SKCIIEPUMEH-
TaJbHYIO0 ¥ KOHTPOJIBHYIO I'PYIIbI U 3aCTABUTh YYaCTHUKOB TIEPBOM TPYIIIEL KY-
PUTH 3JIEKTPOHHBIE CUTAPEThI BO UM HAayKU. DTO OBLIO ObI HEATUYHO.

Kak mIaBHBIN IO JAHHBIM, BbI IOJDKHEI paboTaTh C UMEIOUINIMUCS Y BacC JaH-
HBIMU, OJHOBPEMEHHO OIOCPEAYs X CIIOCOOGHOCTD BIUATH Ha IPUHUMAaeMble O13-
Hec-pelleHus. Y HEKOTOPBIX KOMIIAaHUH U OT/IeJIOB eCTh PeCypCHl, ITO3BOJIA0NINE
IIPOBEPUTH MHOT0O0OEIAONTHE JaHHbIE HaGMIOAEHHH C TIOMOIIBIO CEPhe3HbBIX IKC-
nepuMeHTOB. OZIHAKO ZaleKo He Bce OU3HeC-IIPOOIeMEI IOAAAIOTCA SKCIIEPUMEH-
TaJIbHOMY aHAJIU3Y.

ABNIAOTCA JIN JAHHDIE PEMPE3EHTATUBHbIMU?

BbI 10/DKHBI YOEAUTBCA B TOM, YTO UMEIOIHECS Y Bac JaHHBIE OTPAXKAIOT XapaKTe-
PHCTHUKY MHTEPECYIONIE BaC COBOKYITHOCTH. EC/I Bac MHTEPECYIOT MTOKyTaTe b-
CKY€ MPUBBIYKY aMEPUKAHCKUX ITOAPOCTKOB, TO Balll HAGOP JaHHBIX JO/DKEH OT-
pa)kaTh MTOKYIIaTeTbCKIE TPUBBIYKY BCEX TIOAPOCTKOB, KUBYIKX B CIIIA.

VIHAYKTUBHAsA CTaTUCTUKA CYIIECTBYeT UMEHHO IIOTOMY, UTO y Hac pej-
ko (ecsu BooOGIIe KoTZa-mub0) ecTh BCe AaHHbIE, HEOOXOAMMBIE /I PeIleHUs
CTOAIIEH mepeZ HaMu MPobeMbl. Mbl BRIHYKE€HBI OITUPAThCA Ha BHIOOPKM L.
OpHako eciu BhIOOpKa Hepenpe3eHTaTUBHA, TO BHIBOJBI, C/leJIaHHbIe Ha ee OC-
HOBe, He OYAYT OTpa)KaTh peasbHble XapaKTEPUCTUKN TeHePaJbHOU COBOKYII-
HOCTHU. UYTOOBI YOeAUTHCSA B pelpe3eHTaTUBHOCTU JaHHBIX, 3a/jaliTe CleayIo-
II[1€ BOIMPOCHI:

31 Cbop Bcex cBeZieHNUIT 06 MHTepeCyIolliell COBOKYIIHOCTH Ha3bIBAETCS MIEPENUCHIO.
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— VIMeeT 1 MECTO TPe/IB3ATOCTh BHIOOPKHU?
— YTo BBI CZIe/TaU C BRIGpOcamMu?

Wmeet nin MecTo NpeAB3ATOCTDb BbIGOPKN?

[IpeAB3ATOCTh BRIOOPKY BO3HUKAET TOTZA, KOT/Ia UMEIOIINECs Y Bac aHHBIE CU-
CTEMATUYECKU OTKJIOHAIOTCA WIM OTJIMYAIOTCA OT TeX JAaHHBIX, KOTOPHIE Bac
MHTepeCcyoT. [IpeB3ATOCTh BBIGOPKU YAaCTO OOHAPYKUBAETCS MO KOCBEHHBIM
MpU3HAKaM II0CJIe IPUHATHA MHOXECTBA PEIIeHU Ha OCHOBE JJaHHBIX, ILIOXO
OTpaXaUIMX Ty IpobiieMy, A pelleHus KOTOpoi oHu 6putH cobpaHbl. CucTe-
MaTu4yecKas HeCIIOCOOGHOCTD MOTYyYUTh NPeACKa3aHHBIN JaHHBIMY PE3yJIbTaT 3a-
CTaBJSET aHAJIUTUKOB BEPHYTHCA K HAYady U IMPOBEPUTh KOPPEKTHOCTb MCXO[-
HBIX /JaHHBIX.

Ec/ii BBl 3aXOTUTE Y3HATh PENTUHT OZ0OpPEHU MOJUTHUKA Ha OCHOBE OIIPO-
ca u3buparesel, COCTOSIINX B €ro MOJUTHYECKOM TapTHH, Balla BeIbopka OyzaeT
MIPe/AB3STON. XOPOIINiA TIaH SKCIIEPUMEHTA MO3BOJISIET IPEJOTBPATUTD ITY IIPO-
6seMy.

B cBoeii paboTe BB MOXXET€e CTOJKHYThCSA C M3HAYATIbHO MPEAB3SATHIMU AaHHBI-
Mu. [laHHbIe HAOMIOAeHUH 0COOEHHO TTOBEPKEeHBI IOZOOHOM MpeAB3ITOCTH. Bo-
mpoc: «3a4eM JaHHble ObUTH COOPaHbI?» MOMOXKET BaM MOHATh UX HasHAYeHHUE.
[Tpu cbope OAOOHBIX JAHHBIX PEAKO MPUHUMAIOTCS MEPHI /11 00ecIieueHUs X
HEIPeAB3ITOCTH.

BaMm ciefiyeT paccMaTpUBaTh BCe JaHHbIE HAGMIOAEHUH KaK M3HAYaIbHO MIpeJ-
B3sThIe. BaM He HY)KHO MX 0TOPACHIBaTh, HO BBl BCET/IA ZIOKHBI YUUTHIBATD UX He-
JOCTaTKH.

Yro BbI CA@Nanu ¢ Bbibpocamu?

[IpezAcTaBbTEe, YTO B 3apIUVIATHOW BEJOMOCTU KOMIIAHUM BBl BUAUTE IUPPY
50000000 gomnapos CIIIA psizioM ¢ UMeHeM HOBOTO yIIPaBJIAIOIIero. Bel 6l mo-
CYUTAU 3TO 3HAYeHUe BRIOpocOoM? UTO GBI BBI C HUM CZAEIaau?

BBIOPOCH — 3TO TOYKH JJaHHBIX, KOTOPhIE 3HAYUTETHHO OTIMYAIOTCS OT BCEX
ocTtanbHBIX. OOHApYKeHHE BLIOPOCOB ZIOKHO CIIPOBOIUPOBATD JUCKYCCHIO O TOM,
Kakue JlaHHbIe cyleflyeT MCKIIOUUTD 13 aHanu3a. Eciu KoMy-To He HpaBUTCA BINA-
HHe 3KCTPeMa/IbHOT'O 3HAaUeHUA Ha pe3y/bTaT aHa/lin3a, 3TO ellle He 3HAYUT, YTO
OT 3TOTO 3HAYeHUs cIeAyeT n3baBUThCA. [l yAaaeHUs TOUYKY JaHHBIX He06X01-
MO UMeTh XOopolee 060CHOBaHUE.
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[Tpou3BOJIbHOE MIPUCBOEHUE TOYKAM JAHHBIX CTATYyCa BBIOPOCOB MOXKET IIPH-
BECTH K TOMY, YTO Ballla BLIOOPKA CTAaHET IPeAB3iATON. B cilydae MCKIOYEHUs
BBIOpOCA MCXOZHAS TOYKA JAaHHBIX U IPUYMHA €€ UCKIIOYEHU JOJIKHBI OBITh 3a-
JOKYMEHTHPOBAHEI U JOBEZIEHBI JI0 CBe/IEHUA OCTAJIBHBIX, 0COOEHHO eCJIH 3TO HC-
KJIIOUeHMe NIPUBeJIO K CyllleCTBEeHHOMY M3MEHEHUIO pe3yJibTaTa.

KAKWE [IAHHDBIE 1 HE BUXY?

OTcyTcTByIOLIME AaHHBIE — 3TO JaHHBIE, KOTOPHIE b0 He 6bUTH 3adpUKCUPOBa-
HBI (He UMEIOT UCTOYHUKA), MO0 BBl UX IIPOCTO ellle He BUAeIu. PaccMoTpuM crie-
ZYIOIIYEe TIPUMEPHI:

— JlaHHbIe O HENOJHOW 3aHATOCTH He YUUTBHIBAIOTCSA IIPY OIIpeZiesIeHNH ypOB-
Hs1 6e3paboTHUIIHI.

— KomnaHnwus, WHBeCTHPYIOUas BO B3aUMHBIe QOHJBI, «CIIMICHIBAET» AKTH-
BBI C IUIOXOM ZIOXOJHOCTBIO, B pe3yJbTaTe 4ero JoArocpo4yHas JOXOAHOCTh
ocTaBmMXcA GOHJOB B CPeIHEM OKa3bIBAETCS BBILIE.

— B ucropum «HesneHmxepa» He ObUIO yUTEeHO 16 U3 23 TOYEK AAHHBIX, CBSI-
3aHHBIX C [TOJIETAMU 3TOT0 KOCMHUYECKOTO YETHOKA.

Bcerza cToUT 3ayMbIBaThCsI 06 MHPOPMAIUU, KOTOpas He Oblia 3aKOAUPOBa-
Ha B paccMaTpHUBaeMbIX BaMU JaHHBIX. IrpaiiTe B JeTeKTHBa 2.

Kak Bbl nocTynunm ¢ 0TCyTCTBYIOLLUMH 3HAYEHUAMU?

OtcyTcTByOIIME 3HAUEHUS — 3TO GYKBAIBLHO ABIPH B HAb0Ope AaHHbIX. OHU Mpes-
CTaBJISAIOT COOOM TOYKU JJAHHBIX, KOTOPBIE He OBLTM COOPAHBI, MU UCKIIOYEHHBIE
BBIOpOCH! (CM. TIpeAbiAyIuil paszen). OTCYyTCTBYOIINE 3HAYEHUSA IPEACTABIISIIOT
mpo6JIEMY, HO ee MOXKHO PeIlluThb. MITaK, BCera CTOUT CIIPOCUTD: «Kak BBI TIOCTY-
IIWIY C OTCYTCTBYIOIIMMU 3HAUEHUAMU ?»

I[TpeamonoxuM, BbI paboTaeTe B KOMIIAaHUY, BBIITyCKAIONIEH KpeAUTHEIE KapTH,
U cobupaeTe Takue JaHHbIE 3asBUTENEN, KaK UMsA, aZjpec, BO3pacT, CTaTyC 3aHs-
TOCTH, JOXOJI, eXKeMeCTYHBIE PACXO/bl HA KWIbE U KOJTMYECTBO UMEIOIIUXCA 6aH-
KOBCKUX CUeTOB. Bama 3azjaua — mpezckasaTh, He IPOCPOYAT JIU 3TU 3asABUTENN

32 MbI BepHEMCS K 9TO Hziee B OHOM U3 CJIEAYIOINX IJIaB IIPU 00CYKJeHUH TaK Ha3bIBaeMOM CH-
CTEMATUYECKOHN OIMNOKU BHDKUBILIETO.
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IUIaTexX B cefylomeM roxy. OZHAKO HECKOIBKO 3asBUTeNIeH He YKa3bIBAIOT CBOU
ZIOXOZIBL, U3-3@ YETO B CHCTEME COXPAHAETCS IPOOEeT — OTCYyTCTBYOllee 3HaUYEHUE.

BepHeMcCs K MCTOPUU MPOUCXOXKAEHUSA JAHHBIX. DTa UCTOPUS HAYMHAETCS
C TIOZIaY¥ 3a5BKY Ha IOJTyYeHNe KpeJUTHOHN KapThl. BO3MOXXHO, 3asBUTENb He yKa-
3aJI CBOM /10X0/I, TIOTOMY YTO Z[yMaJl, YTO €My OTKQKYT B BBIiade KpeJUTHOU KapThl,
€CJIN ero /I0X0/, OKaXKeTCs CIMIIKOM HU3KHUM. DTO O3HAdaeT, YTo caM GaKT OTCYT-
CTBUS 3TOTO 3HAUYEHUs MOXKET TOBOPUTDH O BO3MOXKHOM IMPOCPOYKeE IUTaTexa B 6y-
aymieM. Takyto HHGOPMAIIMIO HU B KOEM CJTydae He CTOUT OTOpaChiBaTh!

[Tonumas sTO, aTa-calleHTUCT MOXKET CO3/laTh HOBBIM KaTeropuaybHBIM IIpU-
3HaK I10/] Ha3BaHUeM «/loXoZ yka3aH?» U BBECTH 3HaudeHUe 1, ecIu YesloBeK yKa-
3aJ1 cBOH Zoxoz, U 0, eci OH 3TOrO He czenajn. TakuM o6pa3oM, MOXKHO 3aKO-
JVPOBATh OTCYTCTBYIOIIYE JAHHBIE C TIOMOIIBIO CIIeINATbHON KaTeropruaIbHOU
TiepeMeHHOM.

Mo3BONAIOT M AaHHbIE U3MEPUTD TO, YTO BaC MHTEPECYET?

MBI 9acTo BepyM B BO3MOXHOCTh U3MEPUTH BCe U Bes. OHAKO MTPU aHATU3E CIIOXK-
HBIX UZIel, TIPeXKJe 9eM UTO-TO U3MEPATh, BaM HEOOXOAUMO BBIICHUTH, TIO3BOJIS-
IOT JIU TIpE/IOCTaBJIEHHBIE IaHHBIE 3TO CZAeIaTh. Hampumep, mogymaiTe BOT O YeM:

— Kaxk 65l BbI U3MEPWIH JIOSIBHOCTD KJIMEHTA K Ballleil KOMITaHUU?

— Kakwue fiaHHbIe BBl UCIIONB30BaNU OBl [ USMEPEHUS «KaluTaaa GpeHa»
WIN «peIyTanum»?

— Kakwue gaHHbIe MOTYT [TOKa3aTh, HACKOJIBKO CHJIBHO BHI JIIOOUTE CBOETO pe-
6enka? Wiy joMalrHero Jroboumoa’?

Bce 2TO OYeHb TPYAHO M3MepHUTh. Biarogaps KoAupoBaHU0 WHGOPMAIMH
JlaHHbIE TTO3BOJISIOT HaM MPUGIU3UTHCS K OTBETAM Ha 3TH BOIIPOCHI, HO B I[EIOM
HICIIO/Ib3yeMble HAaMU JIaHHbIE TIPEJCTABIIAIOT COO0 HEKOTOPYIO 3aMEHY TOT'O, YTO
MBI TIBITAEMCS U3MEPUTD. U CTeleHb, B KOTOPOM TaKue JaHHbIE OTPAXKAIOT Peajb-
HOCTB, BapbupyeTcsa®.

[TocKOIbKY U3MepeHUe TaKUX CJIOXKHBIX [TOKa3zaTesiell, Kak KanuTan 6peHga
U penyTanysi, Tpe6yeT KOCBEHHBIX MTPUOIMKEHU, BbI IO/DKHBI OBITH MaKCUMaslb-
HO MPaBAWBBIMHU ¥ Y€CTHBIMHU B OTHOIIIEHUH BaIlINX AaHHBIX.

33 HPOI/IBBOACTBGHHLIM, WHXEHEPHBIM U UCCIIEA0BATE/IbCKUM OpraHU3alluAM TaKXKE CJIEAYET I103a-
6otutbest 06 OIIpE€AEIEHNHU IIOBTOPAEMOCTU U BOCIIPOM3BOAUMOCTH JaHHBIX, U3MEPAEMBIX C I10-
MOIIbIO TEXHUYECKOT'O 060pyﬂ0BaHHH.
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COMHEBAMTECH B [JAHHbIX JIIO50r0 PA3MEPA

MosKeT IoKasaThCsi, YTO cOOp HOIBIIETO KOTMYECTBA JaHHBIX [TO3BOJISIET PEIIUTD
po06JIeMBI, TPUCYIIE OTPAHUYEHHBIM BhI6GOpKaM. OHAKO HE CTOUT AyMaTh, YTO
yeM 60JIbIlle BEHIOOPKA, TEM HaZleXKHee AaHHbie. Ecii JaHHbIe COOPaHBI JOKHBIM
obpasoM, To 6osblas BbIOOpKa MOXKET IIOMOYb, OHAKO B C/Iydae HaJIW4UsA MpeJ-
B3ITOCTH JIOTIOJTHUTEIbHBIE JaHHbIE BaC He CIIacyT.

HegosroBeyHas myMuxa BOKPYT OOJIBINKX JaHHBIX [IpeAIoaarana, 4o 60b-
Iee KOJMYECTBO ZIAHHBIX CAMO IO cebe MOXKeT 00eCledyUuTh OOJBIIYI0 HayIHYIO
cTporocth. He aymaiiTe, uTo HabOp AAaHHBIX CJIUIIKOM OOJIBIIOHN JJis TOTO, YTO-
6Bl ¢ HUM crtopuTh. CTaTUCTUKA He MpeAInoiaraeT Kakoro-inbo moporoBoro 3Ha-
YeHHs I pasMepa BbIOOPKH, IPEBHIIIEHNE KOTOPOIO aBTOMAaTUYECKH M30aBIs-
€T ee OT TpeAB3ATocTh. CTaTUCTHKA MIPeAIIoaraeT OUCK KOMIIPOMUCCOB MEXKIY
TEM, YTO BbI XOTHUTE Y3HATh, U UMEIOUIUMUCS V Bac JaHHBIMU 4,

NOABEEHWUE UTOIOB

MbI HavaIu 3Ty IIaBy ¢ 0OCYXAeHUs JaHHBIX O KatacTpode marmia «HeteH-
[Kep», HO TIEPeHeCI WX Ha TIpUMep ¢ aBToMoOwieM. Kak GbUIO CKa3aHO B Hava-
Jie 3TOM KHUTH, YMHBIE JIFOJY U OpraHU3al[uy HEPEeJKO JOMYCKAIOT OIIUOKY B 1aH-
HBIX.

BOT moueMy MbI IEPEYHCIIMIIA BOIIPOCH], KOTOPHIE BaM CJIeAyeT 3a/1aTh, U Pas-
JINYHBIE TPOGJIEMBI, KOTOPhIE 3TU BOIIPOCHI MO3BOJISIOT BBHIABUTH. MBI pEKO-
MeHZyeM BaM HCIIOJb30BaTh 3TU BOIPOCH, YTOOBI ITyOKe U3yUYUTh MPOOIEMBI,
CBsI3aHHBIE C BALIMMU JaHHBIMH. BBl MOXXeTe CaMOCTOATENBHO MPUAYMATh J0-
MIOJTHUTETbHBIE BOMIPOCHL. MBI HACTOATETHHO PEKOMEHAYEM BaM MOJETUTHCI 3TH-
MU BOIIPOCAMU C Balllell KOMaH/OM, YTOOB! COIIACcOBAaTh YCHIUS BCEX €€ WIEHOB.
[ToCTOsTHHO 33JjaBast CJIOXKHBIE BOIIPOCHI, IVIABHbIE 110 ZaHHBIM J€MOHCTPUPYIOT
CBOIO CIIOCOOHOCTDb aHAJIM3UPOBATD JaHHBIE U TIOJAIOT XOPOIIUII IIPUMED JPYTHUM.

34 TIpu 06AyMBIBAaHUY TTOAXO/SIIETO Pa3Mepa BEIGOPKY CIIEI[UATHUCTHI [0 CTATUCTUKE OTTATIKUBA-
FOTCS OT BEIMYMHBI MOII[HOCTH, O KOTOPO¥ MbI IOTOBOPYM B IVIaBE 7.
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Uccnepynte AaHHble

«Ecnu Bbl 3acTaBnsieTe flaTa-CaleHTUCTa BbIY)XMUBATb [JaHHbIE... TO 3aCNyXXNBaAeTe TOT MJIOXOM
aHanu3, KOTopblii B UTOTe NonyyaeTe»®s,
_ Tomac PagmaH, «[JoKTop AaHHbIX» M aBTOp cTaTed ANs XypHana Harvard Business Review

P eayiM3alys MPOeKTOB 110 paboTe ¢ JaHHBIMU HUKOT/IA He OKa3bIBAETCs TaKOM
MPOCTOM, KAaKOU ee TIBITAI0TCS MPeACTABUTh PYKOBOACTBY. Kak mpaBwio, 3a-
UHTepeCcOBaHHBbIE CTOPOHBI BUAAT OTIIOJIMPOBAHHYIO ITpe3eHTaluio B PowerPoint,
B KOTOPO¥ OIMCaH YETKUM MyTh OT BOIIPOCA K JaHHBIM, HEOOXOJUMBIM /I HaXO0-
*KaeHus orBeta. OHAKO 3/leCh OTCYTCTBYIOT BCE BaXKHbIE PENlIeHUs U TOMyIeHNA,
cllelaHHble aHAJTUTUKAMM Ha 3TOM ITyTH. Xopolas KoMaHza JaTa-CaleHTUCTOB
uzeT He JIMHEeWHBIM, a U3BWIMCTBIM ITyTeM, aJaliTUPYACh K COBEPUIEHHBIM IO JI0-
pore OTKpHITUAM. [0 Mepe MpOABMKEHUA OHU BO3BpaIialoTcsa K 60ojee paHHUM
sTaraM ¥ 00HapyKUBalOT HOBhBIE TIyTH.

DTOT UTEPATUBHBIN Mpoliecc 06HAPYKeHUS U THIATEJbHOTO U3yYEeHUA JaH-
HBIX W3BECTEH KaK pa3BelOYHBIM aHanmu3 AaHHbIX (EDA, exploratory data
analysis). OH ObLT peANoXeH cTaTUCTUKOM /I)koHOM Thioku B 1970-x Togax
B KauyecTBe clocoba OCMBICJIEHUS JAHHBIX C IIOMOIIbIO CBOJZHOI CTaTHUCTHU-
KM ¥ BU3yaJdu3alluU Mepej MpuMeHeHHeM 6ojiee CIOXKHBIX MeToAoBS. Thio-
ku paccmatpuBai EDA kak paboTy ZieTeKTHBa, Mojaras, YTo MOoACKa3Ku CKPHI-
THI B ITaHHBIX, @ UX NIPaBUIbHBIN aHaIN3 MOXeT MOZCKa3aTh CIeAYoIIue maru.

% Ilurara u3 crathu “Understand Regression Analysis”, Amy Gallo, maBa 10 B HBR Guide to Data
Analytics Basics for Managers (HBR Guide Series).

% Tukey, J. W. (1977). Exploratory data analysis (Vol. 2, pp. 131-160).
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ITo cytu, EDA — 2T0 elife oZiuH CIIOCO6 «ITOCIIOPUTh» C UMEIOIIMMUCSA Y Bac JaH-
HBIMU. OTO QyHZaMeHTaIbHas 9acTh Bcell pabOTHI ¢ JaHHBIMU, KOTOPAasi OJHO-
BPEMEHHO 3a/jaeT U MEHAEeT HallpaBJeHUuEe Pa3BUTUA IPOEKTA, UCXOAA U3 CHAe-
JIAHHBIX OTKPBITUMU.

PA3BEAOYHbIA AHAJIU3 AAHHBIX W Bbl

Viiess pa3BeZOYHOIO aHAMM3a JAHHBIX MOXXET IIOKa3aThCsA KOMY-TO HeKOMQOpPT-
HOM, MMOCKOJIbKY OHa OOHakaeT CyObeKTUBHYIO MPUPOAY (MCKYCCTBO?) pabOThI
¢ JaHHBIMU. EC/IU MOCTaBUTH Mepes ABYMs KOMaHJaMU OZfHY U TY e Ipobaemy
U IPeZIOCTAaBUTh UM OJHU U Te JKe JaHHbIe, TO, UCIOJIb3ysl Pa3Hble METO/BI aHa-
JIM3a, OHU MOTYT NIPUNATH K OMHAKOBBIM WJIM K Pa3HBIM BBIBoZIaM. Ha aToMm mmyTu
Jo0Oble 1Be KOMaH/b! (WM /[Ba CHELUaINCTa) BPAZ JIU CAENAIOT BCe OJUHAKOBO,
MTOCKOJIBKY /IS PellleHUs MOCTaBIeHHON MPoOIeMbl KaXKIbIi YeloBeK OyZeT uc-
MTOJIb30BATh CBOM OCOOBII OTIBIT, U/IEW U MHCTPYMEHTHI.

[TosTOMy B 3TOM IVIaBe MBI OIIMCHIBAEM Pa3BeZOYHBIN aHAIN3 JaHHBIX KaK He-
MIPEPBIBHBIIN TIPOIIECC, MOAAepIKaHe KOTOPOTO — 06s3aHHOCTb IJIAaBHOTO IO AaH-
HBIM BHe 3aBHCHUMOCTHU OT TOT'O, IBJIAETCA JU OH PAZOBHIM CIIEIIUAJNCTOM WU
PYKOBOZMTEJIEM BhICIIEro 3BeHa. BBl y3HaeTe, KaKkue BOIIPOCH! CJIeZyeT 3aJaBaTh
Y Ha 4TO CJieiyeT obpaljaTh BHUMaHUeE IPY U3yYE€HUU JaHHbIX.

Bbl MeHe)Kep Unu pyKoBoAUTeNb?

Ecnu B — 3auHTepecoBaHHOE JIMI0, MEHe/Kep WK SKCIIepT B IIpeiMeT-
HOW 061aCTH, CZeTalTe TaK, YTOObI aHAIUTUKY MOIJIM IIPU HEOOXOAUMOCTH
C BaMH CBA3aThCA. BeAnTe OTKPHITHII JUAIOT U OyAbTe FOTOBHI K IIOBTOPE-
HusAM. PaboTaiiTe ¢ HUMU HaZ BEIPAOOTKOM KOPPEKTHBIX MPEATIOI0KEHHH.
He mo3BosisaiiTe KOMaHze 3aHUMAThCS BEIY)KMUBAaHUEM JaHHbBIX 6€3 IOHUMa-
HUA OM3HEC-KOHTEKCTA. B MPOTHBHOM Cilydae OHU MOTYT MOWUTH IO IIyTH,
KOTOPBIM MMeeT CTaTUCTUUYeCcKuH, HO He ITpaKTUUeCcKui cMbica. OgHO He-
BEpHOE IIPEe/IIOI0KEHE MOXKET ITOCTaBUTD 107 yTPO3Y BeCh JalbHeUIIN
aHaIus.

MBI IpeKpacHO IOHUMAaeM, YTO MEHE/KEPHI HE MOTYT OBITb TaK JKe
CWIBHO NIOTPYXKEHBI B TOHKOCTH IIPOEKTa, KaK CHEIWaINCTHl 1o pabo-
Te ¢ JaHHBIMU. OZIHAKO BO3MOXKHOCTHU /IJIA HEKOTOPOT'O YIy4IlIeHUA eCTh
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Bcerzia. Bam He HY)KHO 3aHMMAaThCs MUKpPOMeHePKMeHTOM. [IpocTo He ur-
HOpPHUPYITE 3Ty paboTy™.

OCBOEHWE UCCNE[IOBATEJIbCKOI0O ObPA3A MbILLJIEHUA

CyIIeCTBYIOT JeCSITKU UHCTPYMEHTOB U SI3BIKOB IIPOTPAaMMUPOBAHUSA, CIIOCOOHBIX
[TOMOYh KOMaH/[aM aHAJINTHKOB 6e3 0cOOBIX BpeMeHHBIX U IeHeXKHBIX 3aTpaT U3-
YYUTh UMeEIoLIHecs JaHHbIE C UCIIOIb30BaHUEM CBOJHOM CTaTUCTUKU U BU3yaJId-
3anuii. OgHako EDA ciegyeT paccMaTpuBaTh He Kak HAO0p MHCTPYMEHTOB WU
KOHTPOJIBHBIH CITMCOK BOIIPOCOB, a CKOpPee KaK ONpeZeeHHbIH 06pa3 MBIIUIEHNS,
BIUIETEHHBIA B KaXKABIKA 3Tall pabOTHI C JaHHBIMU, KOTOPBIA BB MOXXETE HCITOJb-
30BaTh, AaXe He Oyayuu mpodeccroHaTbHBIM aHATUTHKOM.

HanpaBnmom,ue BOMPOChbI

YTOOBI OCBOUTH HCCIEA0BATENBCKII 06pa3 MBIIUIEHUA U MOTyYUTh 00lIee mpej-
crapyeHue o mpouecce EDA, MBI Iipe/jiaraeM BaM pacCMOTpeTb KpaTKUU clieHa-
U C UCIIOIb30BaHKUEM MOMYJIIPHOTO Habopa gaHHbXx Ames Housing Data (/]aH-
HBIE O TIPOZAXKE JOMOB B ropo/ie DUMC), CO3ZaHHOTO B 00pa30BaTENbHbBIX IeNAX >,

XOTs eAUHCTBEHHO BEPHOTO criocoba aHalr3a 3TUX AAHHBIX HE CYIIECTBYET,
JUIS TOTO YTOOBI TIOMOYb CBOEM KOMaHZe IPUNTH K OCMBICIEHHOMY BBIBOZY, BB
MOXeTe 3aJaTh CJIeyIolre BOIIPOCH:

— [1o3BOJIAIOT /U JAHHBIE OTBETUTH Ha IIOCTaBJIE€HHBIN BOIIPOC?
— OGHapYXWIU JIU BBl KaKre-T160 B3aUMOCBSI3HU?
— OOGHapPYXWIU JTU BbI HOBbIE BO3MOYKHOCTH B TAHHBIX?

JlaBaiiTe pacCMOTPHUM CIleHapuii, a 3aTeM pazbepeM KakJbIi U3 3TUX TPEX BO-
MIPOCOB, IPUYMHBI TIOUCKA OTBETA Ha HUX U MPOOGJIEMBI, C KOTOPHIMU BBl MOXKETE
CTOJIKHYTHCS.

37 SaI/IHTepeCOBaHHble CTOPOHBI HE IO/DXKHBI 3aHUMAaTbCAd MUKPOMEHEPKMEHTOM. Me){cz[y GU3HEC-TH-
J€paMH1 1 KOMaH/laMU, pa60Ta101u1/1M1/1 C IaHHBIMU, IOJDKEH OBITH onpe,aeﬂeHHmf/i YPOBEHD IOBEPUS.

% De Cock, D. (2011). Ames, lowa: Alternative to the Boston housing data as an end of semester re-
gression project. Journal of Statistics Education, 19(3). /laHHbIe MOXXHO 3arpy3UTh C CAiTa WWW.
kaggle.com/c/house-prices-advanced-regression-techniques.
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CueHapui

Brl paboTaeTe B cTaprarme, 3aHMMAaIONEMCS HEJBM)XMMOCTBIO, M Ballla 3aja-
ya — TpuBIeYb Tpaduk Ha cailT. OgHAKO BaM TPYAHO KOHKYPUPOBATh C TaKH-
MM TEXHOJIOTUYECKUMHU TUTAaHTaMU, KaK aMepHUKaHcKas kommnanus Zillow, deit
3HAMEHUTHI MHCTPYMEHT OLIEHKU CTOMMOCTH KHWIbs Zestimate®*® npuBiexkaeT
OOJIBIIIOE KOJTMYECTBO Jitofiel (u feHer) Ha cadT Zillow.com. YToObI KOHKYPHPO-
BaTh C 3TUM, BallleMy CTapTaIy Hy>KeH COOCTBEHHBIM MHCTPYMEHT MPOTHO3UPOBa-
Hud. VITak, mepe/i BaMH IIOCTaB/IeHa 3a/lava MOCTPOUTh MO, KOTOPas UCIIOb-
3yeT B KaUeCTBE BXOAHBIX JaHHBIX MHPOPMAITUIO O IOME, a8 B KAYECTBE BBIXOAHBIX
JIAHHBIX BbIJAET OPUEHTHPOBOYHYIO IIEHY IIPOAAXKH.

HavaipbHUK IIpUChLIAET BaM HabOp AaHHBIX, B KOTOPOM cogeputcs 80 cTosb-
110B. Kask b1t 113 HUX ONTKMCHIBAET Te WU WHBIE aCITeKThI COTEH JKUJIBIX JOMOB, IIPO-
JIAHHBIX B TOpoZie DUMC, mTaT ANoBa, B mepuoz ¢ 2006 mo 2011 rog.

Takoe KOJIMYECTBO JAAaHHBIX OIIEJOMUT KOTO YyTOAHO. TeM He MeHee Iepeyuc-
JIeHHBIE BbIIlle BOITPOCHI MOT'YT IIOMOYb BaM MTPUCTYITUTh K UX aHAJIH3Y.

JlaBaiiTe pasbepeM KaXKIbIl X HUX.

M03BONAIOT N JAHHBIE OTBETUTb HA MOCTABJIEHHbIN BONPOC?

Kak 6Bl BaM HU XOTeJIOCh IIOCKOpee CKOPMUTH ZJaHHBIE HOBOMOJHOMY aJTOPUTMY
(HanpuMep, BOCIIOJIB30BAThCA METOJOM IIyOOKOTO OOyJeHuUs, OIMICAHHBIM B IJIa-
Be 12), cHauasa cieAyeT CIIpOCUTh: «[103BOJIAIOT IU JaHHBIE OTBETUTH Ha ITOCTaB-
JIEHHBIN BOIpoC?» U /I MOJTydeHNs OTBETa Ha Hero 4acTo ObIBaeT JOCTAaTOYHO
[IPOCTO B3WIAHYTH Ha MUMeloIlrecs JaHHEIE.

OHPEAEIIMTECb C OXXUJAHUAMHU K pYKOBOACTBYﬁTGCb 3ApaBbiM CMbICJIOM

BBl IOJKHBEL UMETH JI0BOJIBHO XOpoOIllee IpeZicTaBIeHre O TOM, Kakas uHbopMa-
1Ys HeoOXoAMMa AJIS ONpeJesIeH s IIeHbI IPOJaKU JoMa, HallpuMep, obIast mio-
ma/ib, KOJIMYECTBO CIajieH, KOJIMYeCTBO BaHHBIX KOMHAT, 'O/l IOCTPOMKHU U TaK
Janee. DTU XapaKTePUCTUKY Yallle BCETO NHTEPECYIOT TOTEHITNATIbHBIX [TOKYIIaTe-
JIEV JKUJTbsI, 3aXOAALINX Ha Ball Be6-caiiT. be3 ux yuera mpe/icka3aHue IieHbI JoMa
He Ka)keTcs pa3yMHBIM.

3 Kowmmanus Zillow odeHs cepbe3Ho oTHOCHUTCS K Zestimate®. B 2019 rogy oHa Beigenwia 1 M-
JIVOH /JI0JIapOB KOMaH/le laTa-CcaleHTHUCTOB paJiyl TIOBBILIEHUS TOYHOCTH IIPOTHO30B 3TOI'O MH-
cTpyMeHTa. venturebeat.com/2019/01/30/zillow-awards-1-million-to-team-that-reduced-
home-valuation-algorithm-error-to-below-4
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OTKpHIB Qaii, BBl BUAUTE Ha3BaHUs CTOJOIOB M THUIIBI JaHHBIX. B HEM mpu-
CYTCTBYIOT BIIOJIHE OXKW/laeMble IIPU3HAKH, a TaKXKe I0JIe3Hble MTOPAJKOBBIE JaH-
Hble (HampuMmep, «Obiiee kauecTBO goMa, 1-10, rae 10 o3HavaeT «IIpeBocXoz-
HOe»), HOMUHAaJIbHbIE JlaHHbIe («OKPeCTHOCTH») ¥ MHOXKECTBO IPYTUX ITPU3HAKOB.
Ha mepBrIit B3MIA, C JAaHHBIMU BCe B MOPSI/IKE.

Ha cnegpyroiiem sTame Bbl, BEPOATHO, pelIUTe U3YIUTh 3HAUEHU:A, KOTOphIE
MIPUHUMAIOT IepeMeHHble. OXBATHIBAIOT JIU OHU Te CliIeHapHUU, KOTOPhIe BBl XOTH-
Te IIpOoaHaIN3UpPOBaTh? HampuMep, eciu Bbl 0OHAPYKUTE, UTO ITeEpeMeHHas « ThI
3JaHUA: TUII XKWINILA» IPUHUMAaET TOJbKO OJHO 3HauyeHue — «/loM Ha OZHY ce-
MbIO», HO He BKJIFOUAeT KBapTUPHI, AYIIEKCHl WIX KOHJOMUHWUYMBI, TO Ballla MO-
Jenb OyZeT UMeTh OTPaHUYEHHBIM OXBAT IO CPABHEHUIO C MOJEIbI0 KOMITaHUU
Zillow. Ee uHcTpymMeHT Zestimate® MOXKET IIPeACKa3aTh [EHY IPOJaXKH KOH/IOMU-
HMYMa — HO, €CJIU V Bac HeT UCTOPUYECKUX JJaHHBIX O HUX, MOZIeJIb Ballleil KoM-
TIaHWUU He CMOXKeT Ha/Ie)XKHO IIpeZicKa3aTh ero IeHy.

Mopasb 3aKa09aeTcs B CIeAYIONeM: He BBIY>KMBaWTe JaHHbIE, KaK TOBOPU-
JIOCh B IIUTaTe, IPUBEAEHHON B HavyaJse IIaBbl. YOeIUTeCh B TOM, YTO JaHHBIE TTO-
3BOJISIOT OTBETUTH Ha IIOCTaBJIE€HHBIHN BOIIPOC.

WmeloT nu paHHble MHTyuTMBHbIﬁ cMmbicn?

[IporpaMMHOe obecrieueHre CreHEPUPYET AJIsT BaC MHOXKECTBO CBOJHBIX CTaTH-
CTUYECKUX IMOKasaTesel. Bama 3azaqya — MOMECTUTh 3TH JaHHbIE B KOHTEKCT.
O1eHHTe COOTBETCTBUE 3TON CBOAHOM CTATUCTUKU CBOEMY UHTYUTUBHOMY ITOHU-
MaHuto pobsemsl. Ene ofiuH KitoueBoi KomnoHeHT EDA — Busyanusanuu. Vic-
MTOJIB3YHTE UX A1 OOHAPY)KEeHUS aHOMAaJIUI U IPYTUX CTPAHHOCTEH B aHHbIX.

Busyanusauus AaHHbIX

JlaBaiiTe pacCMOTPUM HECKOJbKO IPUMEPOB IPOBEJEHUA Pa3BeJO0YHO-
ro aHajgW3a JaHHBIX C MCIOIb30BaHMEM T'MCTOrpaMM, AUarpamMmM pa3Ma-
Xa, CTOJIOUKOBBIX TPadUKOB U AUArpaMM paccesHusa. ECau BH yKe X0po-
110 3HAaKOMBI C TAKUMU TpapuKaMU, TO MOXKETE MMPOIYCTUTh 3TOT paszell.
T'vcTorpaMMBbl TIO3BOJIAIOT ONpeAeNuTb GOpPMy paclpeleseHus He-
TIPePBIBHBIX YMCJIOBBIX JaHHBIX. PACCMOTPUM THCTOTPaMMy MPOJAXKHBIX
1leH, u3obpaxeHHyro Ha puc. 5.1. Ha Heli Mbl BUAUM OKosio 125 m10MOB



WCCNEQYWTE JAHHbIE 99

crouMocThio 0 200000 0/UTapoB U VIMHHBIN XBOCT CIIpaBa, cGopMUpo-
BaHHBIM CaMbIMH ZIOPOTHMHU ZIOMaMu. M3-3a 3TOT0 XBOCTa CpeAHssS LieHa
npozgaxku (181000 mosmapoB) mpeBbIIaeT MeguaHHyto 1eHy (163 000 gor-
napoB). To ecTh U3-3a HEOOJIBIIOTO KOJUYECTBA IOPOTUX JOMOB CpeZiHee
3HavYeHMeE TIPEBBINIAeT MeJUAaHHOE.

PacnpepaeneHue LeH Ha joma
Jiimc, AitoBa 2006-2011
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Puc. 5.1. ucTorpamma, oTpaxatowias hopmy pacnpefeneHus LeH Ha joMa

['McTorpaMMBbl TIOMOTAIOT OOHAPYKUBATh aHOMAaINU. Eciu Gbl BBl YBU-
ZleJIi OTpullaTe/NbHble 3HAUYeHUsA, TOBOPAIIUE O MOIyYeHUH IOKyIaTeleM
IUTATHI 32 TOKYIIKY I0Ma, WU HEOXKUJAHHO OOJIbININe 3HAYEHHUs Y PABOTO
Kpas rpaduka Ha puc. 5.1, 4To 6bIBaeT Ipu 3aZlaHUU MaKCUMAaIbHOTO 3Ha-
yeHus (Hampumep, Korza joboe 3HaueHue, IpeBbiatiree 500000 gos-
JIapoB, 3amuckiBaeTcsa kak 500000 zosapoB), BaM OBl 3aX0TEN0Ch 331aTh
ZOTIOJTHUTEIbHBIE BOIIPOCHI.

JuarpamMebl pazmaxa*’ MOXHO MCIIOJTb30BaTh I CPAaBHEHUS JaHHBIX,
NIpUHaJJIeXalluX HeCKOJbKUM rpynnam. Ha puc. 5.2 nokasaHa guarpam-
Ma pa3Maxa /jIsl KQKJIOoro peUTUHTa KavyecTBa /IoMa, r7ie 1 o3HavaeT IuUIo-
xoe, a 10 — mpeBocxofHOe.

40 NTmarpaMMbl pa3Maxa TakKe Ha3bIBalOT JUarpaMMaMHU TUIA «SIIIUK C yCaMU». «IIIUK» COAEPKUT
LeHTpasbHble 50% HabmofeHNit (3HaYeHNs B AUana3oHe MeXAY 25-M U 75-M MPOLEeHTWIAMU),
JIIHUS B SIIIMKE — 9TO MeJMaHa, a «yChl» IIOKAa3bIBAIOT JHAIa30H, B KOTOPOM HaXOZSTCS OCTaB-
IIMeCs] TOYKH JaHHBIX. TOYKY, BEIXOASAIINE 3a IIPEAENHl 3TOTO AUanas3oHa, — MOTeHINanbHble
BBIOPOCHI.
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CpaBHeHue LieH Ha aoMa
Jiimc, AitoBa 2006-2011
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Puc. 5.2. Vcnonb3oBaHue aunarpamm pasmaxa ans CpaBHeHUa NpojaxKHbiX LeH npu
Pa3NnYHbIX peVITMHFaX KayecTBa

B JaHHOM cilyyae B3aMMOCBS3b MEXKIYy OOIIMM KaueCcTBOM ZioMa U eTro
IIEHOH KayKeTCsi MHTYUTUBHO MTOHATHOM. Boslee kauecTBEHHbIE JoMa 0ObIY-
HO MPOZAIOTCA MO OoJiee BBICOKOU IleHe. MBI MOXXeM OOHApYKHUTh 0OM
3a 200000 goytapoB, oblee KaueCTBO KOTOPOTo OBUIO olleHeHOo Ha 10
(HwxHUE KoHell MUHUK). OHAKO Pa3yMHO MPEZATIONOKUTh, YTO OH ObUI
TIpO/IaH JIeNeBie, YeM JPYTHE oMa ¢ olfeHKo# 10 13-3a mpounx GpaKTOpoB.
CnernuanycraMm Mo paboTe ¢ JaHHBIMU CJIEZYET MPOBEPATH TAKOTO PO/ia HH-
dopmaruro.

CronbukoBble rpadpuku (puc. 5.3) oTobpakaroT pacipezeneHue KaTe-
TOPUANbHBIX JAHHBIX.

Yucno gomoB ¢ Pa3HbIMK TUNAMK ANEKTPOYCTAHOBOK
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Puc. 5.3. CTon6uKoBbIN rpaduk, NoKa3sblBaloL Uit KONMYECTBO JOMOB
C Pa3HbIMU TUMAMU SIEKTPOYCTAHOBOK
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He Bce Bupl Budyanusalui MOTyT II0OKa3aTbCs UHTEPECHBIMU Ha IIep-
BBIY B3MIAZA. TeM He MeHee O3HAKOMUTHCA C HUMHU BCE PABHO CTOUT —
XOTs1 OBI /I TOTO, YTOOBI OATBEPAUTD (WUTU OCIIOPUTH) OTBET HA BOIPOC:
«VIMEIOT JIU IAHHBIE THTYUTUBHBIA CMBICIT?» CoriacHO rpaduKy Ha puc. 5.3,
IIOYTH BCe ZioMa UMeIOT OJMHAKOBOe 3HauYeHNe yKa3aHHoro npusHaka. Of-
HAaKO C TOYKM 3peHHs II0CTaBJIeHHOU Iiepe/] BaMH 3aiauu 3Ta nHbopMaIus
mosie3Ha. IT0CKOJIbKY 3HaYeHUe 3TOH MepeMeHHON OJUHAKOBOE s OOJb-
IIMHCTBA ZIOMOB, OHA, BEPOATHO, He OyZeT CyIeCTBEHHO BIMATH Ha Pa3HU-
IIy B UX CTOMMOCTH.

KonuyecTtBo J0MOB, NPOfiaHHbIX B PasHble MecsiLibl
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Puc. 5.4. JluneiiHas guarpamMma, 0TpaXKaioll|as Kofu4YecTBo OMOB, IPOfIaHHbIX B pasHble
MecsLbl

Ha puc. 5.4 nokasaHa jJuHelHada JuarpamMMma, oTpakalolas Kojude-
CTBO ZIOMOB, IIPOZIAHHBIX B Pa3Hble MecALHl. fIBIeHne, Ip1 KOTOPOM IIPOZa-
KU JIOMOB YBEJIMYUBAIOTCA JIETOM U COKpAIaloTCsA 3UMOM, Ha3blBaeTCs ce-
30HHOCTBIO. JIMHeliHbIe AuarpaMMbl XOPOIIIO OTPaXKaloT TaKKe TeHeHIUU.

Ha ciepyromem sTane MBI MOXXEM M3Y49UTh AUarpaMMy paccesHuA, Je-
MOHCTPUPYIOLIYIO 3aBUCUMOCTD LIeHBl joMa OT ero pasMmepa (Iouiagu
[IEPBOTO 3Ta)Xa B KBAZIPATHBIX yTax).

3aBHUCUMOCTD, OTOOpa’keHHas Ha PUC. 5.5, UHTYUTUBHO MOHATHA. BoJTb-
IIye IoMa OObIYHO CTOAT ZOpoXKe. PasymeeTcs, 13 aTOro npaBuia ecThb UC-
KJIIOYEeHUA: MHOI/IA HeOOoIbIIINe I0Ma CTOAT I0POKe, yeM Gosbinve. Bapua-
I[UM €CTh BCEIrZa, HO OHU He OTMEHSIOT OOIIYIO TeHAEeHUIN0. Y IIOCKOIbKY
B KOHEYHOM WUTOTe MBI IIbITaeMcA IIpescKa3aTh IieHy MIpoAaku JoMa, ero
IUIOIIA/b — BechbMa Iojie3Has MHpopMaIu.
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Pasmep fjoMa 1 LeHa npoaaxu
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Puc. 5.5. [lnarpamMmma paccesHusl, 0TpaxkaioLiasi nowasb B KBafpaTHbIX dyTax
W LieHY Nposiam

B aTOM pasziesie MBI JIUITb B OOUIUX YepTaxX OOCYAWIN pa3IHUYHbIE CIIO-
coObI BU3ya/lM3alluU JaHHbBIX U TO, KaKyI0 WHGOPMAIIUIO MOXKHO ObICTPO
MOJIYYUTh C UX MOMOIIbI0. EC/IU BBl XOTUTE ITy0Ke U3YYUTh METOZBI KC-
MTOJIb30BAHUSA BU3YaTU3allMH B MIPOI[ECCE MCCIEe0OBAHMUA JaHHbBIX, MBI PEKO-
MeH/IyeM 03HaKOMUTbCS CO CEAYIOMNMYI KHUTaMU:

— Now You See it: Simple Visualization Techniques for Quantitative
Analysis, Stephen Few (Analytics Press, 2009);

— The Visual Display of Quantitative Information, Edward Tufte
(Graphics Press, 2011).

OCTOpOXHO: BbIGPOCHI M OTCYTCTBYIOLLHE 3HAYEHUS

B xaxkgoMm Habope AaHHBIX OYAYT HaOMIOAATHCA aHOMATIUM, BEIOPOCH U MIPOILY-
IIeHHbIe 3HaueHus. YTO ¢ HUMU MOXKHO CZeTaTh?

Hanpumep, B zuarpamMme pasMaxa Ha pUcC. 5.2 HCIOIb30BAIOCH dMIIUpUYE-
CKOE€ TIPaBWJIO ISl TOTO, YTOObI OTMETUTb HECKOJIBKO TOYEK JIAHHBIX B KAaUECTBE
BO3MOXXHBIX BEIOpOCOB. OZIHAKO BaM He CJIeAyeT OTKIIYaTh KPUTHUECKOE MBIII-
JIEHWEe W aBTOMATWUYECKU YAAIATH MOJ0OHbIE TOUKU KaK MOTEHIMAIbHO Oecro-
JIe3HBIe TOJIBKO ITOTOMY, YTO Ha rpadrke OHM KJIACCUPUIIMPOBAHBI KAaK «BBIOPO-
cel». Kommnanusa Zillow HuKorga He yzanseT Moje3HYI0 HHGOPMAIHIO U3 CBOUX
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HabOpOB JAHHBIX ITPOCTO ITIOTOMY, UTO CPE/CTBO BU3YaIU3AINA IPUHSJIO UX 32 BHI-
6pOChI. YUHUTBIBaliTe KOHTEKCT JaHHBIX: B MUPE HEJBMKUMOCTH HEPEAKO BCTpeYa-
IOTCS I0Ma, KOTOPBIE CTOSAT HAMHOTO OO0JIbIIe, YeM GOBUTMHCTBO APYTUX JOMOB.
BcoMHUTe ypOKY U3 NpeAbIAyIeli IaBsl. [ yAaaeHus BBI6POCOB BB JODKHBI
HMMeTh Xopoliee ob6ocHOBaHUe. EcTh 1 OHO y Bac?

A KaK OBITh C OTCYTCTBYIOIIUMU 3HaYeHUAMMU? O3HAvYaeT I OTCYTCTBUE 3HAYUE-
HUA B 110JIe «PasMep nozasaja» To, 4TO B JOMe €CThb II0/BaJl, HO HAaM HEU3BECTHA €0
wIomaas? VM 3TO 3HAYUT, YTO TIOBAJA HET, ¥ 3HAYeHHe JJOJDKHO ObITh paBHO 07

MsI nMmeeM npaBo 3abpectu B 1e6pu. CleUaIuCcThl 10 paboTe ¢ ZaHHBIMHU
MPUHUMAIOT COTHU TIOZOOHBIX PEIIeHUH B X0[le pealn3aluu IpoeKToB. OZHaKo
UX CyMMapHBIH 3GdeKT MOXKeT 0Ka3aThCs BechbMa 3HAYUTETbHBIM. [IpesocTaB-
JIEHHBIe caMUM cebe U JIMIIeHHbIEe PYKOBOJCTBA CO CTOPOHBI SKCIIEPTOB B MpeJ-
METHOM 06JIaCTH aHAJUTUKU MOTYT OT6PACHIBATh CJIOKHBIE U HIOAHCUPOBAaHHbIE
cJIydau [0 TeX Iop, IIoKa JaHHble He CTaHYT CJAWIIKOM OTOPBAHHBIMU OT TOU pe-
QJIBHOCTH, KOTOPYIO OHM NIPU3BaHBI ONMCaTh. BOT moyeMy BceM, BKIKOYas MeHe-
[KepoB, BXXHO YeTKO IOHMMAaTh, YeM 3aHMMAaIOTCA KOMaH/bl JaTa-CalleHTUCTOB.

OBHAPYXXWJIU JIN Bbl KAKUE-JIN60 B3AUMOCBA3WU?

K cuacTtbio, IepBble CBOAHBIE CTATUCTUYECKUE TIOKA3aTENU U PE3yIbTATHI MEp-
BOU BU3yaIM3alUH JAHHBIX O JOMax KaKyTCsA 00Ha/ZIeKUBAIOIIUMU, U BB JiyMae-
T€, YTO STH JaHHBIE JIeHCTBUTENBLHO MOTYT OBITh MCITOJIB30BaHbI ITPU TOCTPOEHUH
MOZIEJI JIJIS1 IPOTHO3UPOBAHUS IIeHbI MTPoAaku. [103TOMY BHI ITepeXOUTE K CIe-
AytoleMy Borpocy: «OOHapy:KUIU U Bl KaKHe-TH60 B3aUMOCBSI3H ?»

Busyasuzaliys JaHHBIX TOKa3aja, YTo 6ojiee BHICOKOEe 00lee Ka4yecTBO J0Ma
1 ero 6GoJibIlias IJIOIMIaAb CBSI3aHBI ¢ 6osiee BBICOKUMM I[eHaMU, U 3TO HEYAUBU-
TeJbHO. DTO Ta 0OpaTHAas CBSI3b, KOTOPYIO Bbl XOTUTE TOJIYIUTh OT JaHHBIX. DTU
B3aMMOCBSI3M UMEIOT CMBICJI, ¥ BRIOpaHHbIE BaMU IIepeMeHHbIe OYAyT HUCIOIb30-
BaThCA MPU IMTOCTPOEHUU MOJIENHU JIJIsl TIPOTHO3UPOBAHUS CTOUMOCTHU loMa. Kakue
elle mepeMeHHbIe MOTYT OBITh CBS3aHBI C €T0 LIEHOU MPOJAKH?

Ha zanHoM aTate A1 OOHapY»KeHUsA B JaHHBIX MHTEPECHBIX 3aKOHOMEPHOCTEH
Y B3aMOCBSI3€ll UM€EET CMBICJI ICIIOTb30BAaTh CBOAHYIO CTaTHUCTUKY, TTIOCKOJIBKY TI0-
CTPOEHUE BCEX BO3MOKHBIX [arpaMM PacCesTHUS MOXKET OKa3aThCs HeIlenecoob-
pasHbIM. BMeCTO 3TOT0 B3aMMOCBsA3H, 0OHApyKeHHbIe Ha TAKUX JarpaMMax, MOTYT
OBITH CBE/IEHBI K CTATUCTUUECKOH KOPPEIAIUY, KOTopas A0IycKaeT (HO He ZI0Ka3bl-
BaeT) CyIIeCTBOBAHME B3aMMOCBSI3U MEX/Y ABYMs YUCIOBBIMU ITepEMEHHBIMU.
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Pasmep foMa M LeHa npojaxu
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Puc. 5.6. KoadduumeHT Koppensuum Mexay nioLLaabio foMa W LeHol npogaxu coctaenset 0,62
(onpepensieTcs cTeneHblo 61M30CTH TOUEK AaHHbIX K JIMHUM TPEHAa)

Koppensiuus

Koppessaiusa — 3To Mepa CBA3aHHOCTH JIBYX MepeMeHHbIX. Hanbosee pacrmpoctpa-
HEHHBIN KO3QPUITUEHT KOPPeAIuY B chepe OusHeca — K03GOHUITUEHT KOPPETAITUN
[Mupcona. OH nprHUMAaeT 3Ha4eHUA B uanasoHe oT —1 /o 1 u usMepseT CTeleHb Jin-
HENHOM 3aBUCUMOCTH (TIpoCTast IIpsiMasi IMHUA) MEX/Y [TapaMy 9uces, OToOpaskae-
MBIMH Ha ZiarpaMMe paccestHus. Koppesrsaius MoXKeT OBbITh TOJIOXKUTENTbHOM, Kora
yBeJIM4YeHre OZHOU IepEMEHHOU CONPOBOXKIAETCS YBEIUMIEHUEM JPYTOi: 6obIye
ZioMa TIPOZIAIOTCSA 3a OoJbIIMe JeHbI'. Koppesnysa Takke MOXKeT ObITh OTPULIATeNb-
HOI1: OoJIee TsKeTIble aBTOMOOWIN MeHee SKOHOMUYHEI B IJTaHe pacxofa Tomimsa. Ko-
3bOUITUEHT KOPPEJAINN MEXy Pa3MepPOM IoMa U IIeHOH Mpoaaku coctasysieT 0,62
(puc. 5.6). UeM OimiKe TOUKY K JIMHUH TPEH/A, TEM BHIIIE CTEIIeHb KOpperanuu*.

B 1aHHOM CiIy4ae KOppeJIIua MOXKET IIOMOYb IByMs criocobaMu. Bo-nepBrIX,
HaxoXK/JieHue IlepeMeHHBIX, KOPPeIUPYIOLUUX C LIeHOHU IPOoAaXH, yIpollaeT ee
mpezcKa3aHue. Bo-BTOPHIX, KOPPEIALNS MMO3BOJISIET YMEHBIIUTh U3OBITOYHOCTD
JAHHBIX, IIOCKOJIbKY /IBE CHJIBHO KOppeJIMpOBaHHbIE [lepeMeHHble coZepKaT Mpu-
MepHO OZMHAKOBYIO MHbopManuio. IIpescTaBpTe Ba CTONONIA C JAHHBIMY, B Of-
HOM M3 KOTOPBIX IUIONAJb I0Ma yKa3aHa B KBaZpPaTHBIX QyTax, a BO BTOPOM —
B KBa/IpaTHBIX MeTpax. DTU 3HAUYEeHUS UJealbHO KOPPEIUPYIOT MEXKIY COOOM,
U I IpPOBeZleHNs aHa/In3a JOCTaTOYHO TOJIbKO OZHOIO 13 HUX.

41 KoppeJsnus BOBce He 03HAYAET, YTO HAKJIOH JIMHUU JJOJDKEH OBITh KPYTHIM. VieaqpHast Koppe-
JIALMA MEXY JByMsA IepeMEeHHBIMH BIIOJIHE MOXKET OIMCHIBAThCA IIOYTH IUIOCKOH (XOTh U He ro-
PHU30HTAIBHOM) JIMHUEH.
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XoTst GONBIIMHCTBO M3 HAC UMeeT 6a30BOe IMPeJCTABIEHNE O KOPPEIALUN
¥ 9aCTO UCIIONB3YET ee, JaHHas METPUKA MOXKET BBECTHU B 3abmyxaeHue. JlaBaii-
Te pazbepeMcsi, TOUEMY.

LeHaHpoa Xunnton
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Puc. 5.7. [1Ba Habopa AiaHHbIX ¢ KoadduuneHTom Koppensiumm 0,8

OCTOpOXXHO: HeBepHas MHTepNpeTaLyUs Koppensuuu

Jlroay 4acTo 3ab6BIBAIOT O TOM, YTO KOPPEJAIUSI — 3TO Mepa JUHENHON 3aBUCH-
MOCTH, HO He BCe 3aBUCHMOCTHU JTUHENHHI.

[TpeamnonoXyM, 4TO BBl aHAIM3UpyeTe JaHHbIe 110 IBYM pailoHaM, B KaXKIOM
U3 KOTOPBIX HaxoauTtcs mo 11 gomoB. CTaTUCTUYECKUH aHATN3 TTOKA3bIBAET, YTO
KOJIMYECTBO /IEPEBBEB HA YYaCTKE CUIBHO KOPPETUPYET C I[EHON JOMOB B 3THX
paiionax. KoaddurueHnt koppenanuu paseH 0,8: oma ¢ 60TbIINM KOJTUIECTBOM
JlepeBbeB Ha YYaCTKe, KaK IIPAaBUJIO, IPOAAIOTCA JOPOXKeE.

OpHako BU3yaau3arus JaHHBIX TTOKa3bIBaeT HEYTO HeOkuAaHHoe. Ha puc. 5.7
cJleBa MTOKa3aHa BITOJHE OXKHUaeMas il BBICOKOM KOPPeIAlny KapTUHA: JIUHEHN-
HBIM TpeHZ ¢ pa3bpocaHHBIMU BOKPYT HErO TOYKaMH AaHHBIX. OfiHaKO rpaduk
CIIpaBa IIOKa3bIBAET, YTO KOJIMYECTBO JIEPEBbEB MOJIOKUTEIFHO KOPPEJIHpPYeT C Lie-
HOU ZiloMa TOJIBKO 10 ompefeneHHoN Touku (11 gepeBbeB), MOCIe KOTOPOU TeH-
JEHIIUS MEHSETCS Ha MPOTUBOIIONOXHY0. B paiioHe XWUITOI Ha Ta30HAaxX y HEKO-
TOPBIX ZIOMOB /IePEBBEB MOXKET OBITH CJIHUITKOM MHOTO.

JlaHHbIe, IpeICTaBJIeHHbIE HA PUC. 5.7, B3ATH He U3 Habopa JaHHBbIX O HE/IBU-
JKUMOCTH B DIiMCe, C KOTOPBIM MbI paboTasu 0 3TOTO, a U3 MOMYJIAPHOro Habopa
JAaHHBIX T0/] Ha3BaHueM «KBapTeT DHCKOMba»*2. Y Hero yeTeipe Habopa YUCIOBBIX

42 Anscombe, F. J. (1973). Graphs in statistical analysis. The American Statistician, 27(1), 17-21.
Jlns mostydeHus 3HaUeHUH, HAaIOMUHAOIINX IIeHbl Ha J0Ma, Mbl YMHOXKWINA 3aBUCUMYIO Iepe-
MeHHyIo Ha 22 000.
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AAaHHBIX, UMEIOINX UAECHTUYHbIE CBOAHbIE CTaATUCTUYECKUE ITOKa3aTeJ, HO pa3-
HbI€ pE3yJ/IbTaThbl BU3ya/IN3alllN. (B,ZIGCI) MBI ITPUBEJIN TOJIBKO ABAa U CKOPPEKTHPO-
BaJIM JaHHBbIE€ B COOTBETCTBHUHU C TeMo HeﬂBI/I)KI/IMOCTI/I.)

MOpaJIb: HCHO]’IBByﬁTe METOJbI BU3yaln3allvuu AJId IIPOBEPKU 3aCIyKHMBaro-
IM1X BHUMaHUA KOppe]IH]_[I/Iﬁ B J@HHBIX, IIOTOMY YTO BbIABJIC€HHAaA JIMHEeWHas 3a-
BHCHMOCTDb MOXKET HE paCCKa3aTb Bcel HCTOpPHUH.

Koppenﬁu,uﬂ OTCYTCTBYET, HO BCE PaBHO UHTEPECHO

Ha puc. 5.8 mokasaHsl fBa rpaduka, KOTOpble UMEIOT OAUHAKOBBIN 6n3-
KU K Hyao ko3douireHT Koppensnuu. OfHAKO 3TO He 3HAYUT, YTO
Ha HUX He IPOMCXOAUT HIUYETo MHTepecHOTo. C «aTa3aBpoM», N300pakeH-
HBIM Ha JIEBOM IpaduKe, BaM BPSZ JIU IOBEJETCA CTOJIKHYTHCS, Y€Tr0 Hellb-
351 CKa3aTh O ClleHapuu Ha mpaBoM rpaduke. Ha HeM Ha caMoM /fiejie OTo-
6pa)keHBI MATh TPYII JUHEHHO KOPPEIUPOBAaHHBIX JaHHBIX, KOTOPBIE TIPH
PacCMOTPEHUY UX KaK eJMHOM I'PYIIIBI OKa3bIBAOTCS JIMHEHHO HEKOPPEIHU-
POBaHHBIMH. DTO SIBJIEHHE U3BECTHO KaK MapasoKc CUMIICOHA, ¥ MBI ITOTO-
BOPHM O HeM 0oJiee Mogpo6HO B m1aBe 13.

Ha6op aaHHbix Datasaurus

100 e JEC
..o .:....: ., . . '.‘.o .
o °
75 o® ° . . O. . ° . . .'.‘
. H °
. o o 8 o % oo -
50 ...'.l. ...... .C. ..'. .‘. T oo
o ..o‘.o N ..:. o°
'} % ° e ° o e ®
300 .o ¢ ".. 00~
25 ® o000 @ “Q.. 0 oo ‘.:
RO \ o .
:’. o0 OO;O ° '#
0
20 40 60 80 100 20 40 60 80 100

Puc. 5.8. Habop faHHbix Datasaurus MOXHO 3arpy3uTb 6ecniiatHo*. Kak u B cnyyae
¢ «KBapTeTom JHckoM6a», 06a NpefCcTaBNeHHbIX 3AeChb HA60pa faHHbIX UMEKT MAEHTHYHbIE
CBOJHble CTAaTUCTUYECKMe NoKasaTenu

4 Habop gannbix Datasaurus 6sut cozzan Anbbepto Kaupo u goctymes Ha GitHub: github.com/
lockedata/datasauRus
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OCTOPO)KHO: Koppenauua He O3HavyaeT NPUYNHHOCTD

Ckopee Bcero, BBl y)Ke CIBIIAIU $pasy «KOPPeIAlys He O3HadyaeT MPUYMH-
HOCTb»**. OfIHaKO TIOBTOPUTH €€ OyZeT HETUIIHUM, YIUTHIBAsA, KaK YacTO ee Ur-
HOPHUPYIOT ¥ HEMPABWIHHO TOHUMAIOT.

Korza fBe mepeMeHHbIE KOPPETUPYIOT MEX/Y COOO0M, MyCTh aXKe U CHIBHO,
3TO He O3HAYaeT, YTO OffHA BJIUAET Ha Apyryio. OJHAKO MHOTHE JIIOJU MONaatoT
B 9Ty JIOBYIIKY, IBITAsCh OOBSICHUTH KOPPEJIAIMIO MEXAY AByMs TIepeMeHHBIMU
HaJIMYUEM IPUYUHHO-CIEACTBEHHON CBA3M MeXAy HUMU. YTOOBI TOKAa3aTh, YTO
KOppesAlrs He MoApa3yMeBaeT IPUINHHOCTh, CTATUCTUKY UCIOIb3YIOT MAKCH-
MaJbHO abCcypAHbIE IPUMEpPHL. B 4aCTHOCTH, IPOJA’KU MOPOXKEHOT'O KOPPEIUPY-
IOT C HanaZIeHUAMU aKysl (B 000UX CIydasx MUK MPUXOAUTCS Ha JIETHUE MECSIIB).
Pasmep 06yBU KOPPETUPYET C HABBIKAMU YTEHUS (M TO U IPYTO€ YBETUIUBAETCS
¢ Bo3pactom). OfHAKO MPEATIONOKEHHUS O TOM, YTO COKpallleHue 0b6beMa MPoAax
MOPOXKEHOT'O MOXKET CHU3UTDb PUCK HalaZIeHUs aKyJl, a TOKyIKa 06yBU OOJIbIIETO
pa3Mepa MOXeT Y/IyYIIUTh HAaBbIKU YTEHUs, abcypAHbl. OUeBUIHO, YTO IIOMUMO
TEMIIEpaTypPhl BO3yXa Ha Y/IMIle B IPUMEPE C MOPOXKEHBIM U BO3pacTa B IPUMe-
pe ¢ paaMepoM OOYBH €CThb U pyTHue GaKTOPHI, UT'PAOIIKE POJIb B POPMUPOBAHUU
3TUX MHUMBIX B3aIMOCBsA3€H.

OzfHaKo B TeX C/Iy4asx, KOIZla B OCHOBe KOPPEIALUY He JIeKUT OTKPOBEHHAsA
IIyTKA, 2 UCTUHHBIM IPUIMHHBIN GAaKTOp He U3BECTEH, O MAHTPE «KOPPEIALUS
HE O3HaYaeT IPUYMHHOCTb» OYeHb YacTO 3a0bIBAIOT.

Hanpuwmep, B Xo/le aHa/iM3a JaHHBIX O HEJBIKUMOCTH BBl OOGHApYy>KUBaeTe,
YTO ITOKa3aTeIy MIKOJIbHOH yCIIeBaeMOCTH KOPPEIHPYIOT CO CTOMMOCTBIO JIOMOB.
OsHaYaeT JIM 3TO, YTO OJIM30CTH XOPOIIEl IITKOJIbI TIOBHIIAET CTOUMOCTD 0oMa?
Xopoliue MIKOJbI, TI0-BUANMOMY, JeJaloT paiioH 6ojiee MPUBJIEKATENbHBIM. A MO-
JKeT ObITh, HA0OOPOT: 6oJiee BBICOKHE II€HBI Ha KWIbe CIIOCOOCTBYIOT IOBBIIIE-
HUIO IIKOJIbHOMU ycreBaeMocTu? Bo3aMokHO, 61arofapst yBeTUIeHUIO HAJTOTOBBIX
MOCTYIUIEHUH IIKOJIE BBIAESAETCS GOMbIIEe PECYPCOB. A MOXKET OBITh, IPUYUHHO-
CJIe/ICTBEHHAs CBS3b JIEHCTBYyeT B 000MX HANpaBJIeHUsX, CO37aBas METII0 06paT-
HOW cBsA3U? B GOJBIIMHCTBE CIy4aeB Mbl TOYHO 3TOT'O He 3HAEM. 3/1eCh COUETAIOT-
cs1 MHOTHE GaKTOPHI, U B UMEIOIIEMCS Y Hac Habope ZaHHBIX PeAKO MOXXHO HaHTH
BCE OTBETHI.

4 ABTOPBI 5TOrO PYKOBO/JCTBA IIOCIIOPWIN O TOM, MOXXHO JIM BOOOIIEe HE YIOMSAHYTh 3Ty dpasy
B KHUTE, [TOCBAILIIEHHON HayKe o ZaHHBIX. O pe3y/nbTaTe 3TOrO CIopa BBl MOXKETe [orafaThCs
camu.
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Bcerza 6e3omacHee mpezronaraTh, YTo MeX/Y ABYMA KOPPEIUPYIOMIUMHU Iie-
PEMEHHBIMU «HET MPUINHHO-CIeICTBEHHOU CBS3U», €CTM TOJBKO KTO-TO HE IPO-
BeJI OKCIIEPUMEHT, A0Ka3bIBaroIuii obpaTHoe. OZHAKO He CTOUT BIAZaTh B Kpaii-
HocTU. MBI 110 COOCTBEHHOMY OIIBITY 3HAEM, YTO MHOI/IA KOMITAHUY, aKaZeMUKU
u CMU npeznonaraioT Haaudue NpUYMHHO-CIeJCTBEHHOM CBA3U TaM, IZie 3TOro
JleJIaTh He CJIelyeT, a ’HOTJa HA060pOT — OTBEPraioT BaXKHYIO B3aUMOCBS3b, IPH-
HSB ee 3a oMOKYy. [IprMep Mo70O6HOTO HEOHOCHOBAHHOT'O UTHOPUPOBAHUS B3au-
MOCBSA3U OIKCaH B ciefyroleli BpeskKe.

KypeHue u paK nerkux

PoHasbg 3. uiep, o4UH U3 BeAYIIUX CTATUCTUKOB XX BEKA, yIaCTBOBaB-
MUl B pa3paboTKe psAZa METOZOB, ONMMCAHHBEIX B 3TOM KHUTE, JOBOJIHHO
CKENTUYECKHU OTHOCWICSA K MCCIeZOBAHUAM, CBA3BIBABIINM KypeHue Taba-
Ka ¢ 3a60J71eBaeMOCThI0 PAKOM.

Bosbiie Bcero duinepa 3a60TWin cMeIIMBaOIIecs nepeMenHble. Ha-
MPUMED, YTO, €CJIM HEKOTOPHIE JIIOJY TeHETHUYECKH IIPeJPaCION0KEHBI
K Pa3BUTHIO paKa JIETKUX U KYPAT AJIT TOTO, YTOOBI 0OIErYUTh CUMITTOMBI
6one3nu? I[To coBam dumiepa, paHHUE UCCIELOBAHUA PUCKOB yIOTPED-
JieHUs Tabaka CoAepiKaly «M3ZlaBHa U3BECTHYIO OUIMOKY, BBIPAXKaBIIYIOCT
B TOM, YTO BBIBOZ O IIPUIMHHOCTH JI€JIAJICSI HA OCHOBE KOPPEIAINN»*.

OfHaKo Temeph MBI TOYHO 3HAEM, YTO CBSI3b MEXAY HUMU ecThb. VITak,
HaM CJIelyeT MPOSBIIATH OCTOPOXKHOCTD He TOJIBKO /JIs TOTO, YTOOBI HE YBU-
JIeTh IPUYMHHOCTD TaM, I/l €€ HeT, HO U YTOObI He IPOUTHOPUPOBATH ee
TaM, IZie OHa IIOKa ellle He JOKa3aHa.

OBHAPYXXWJIX 1N Bbl HOBLIE BO3MOXXHOCTWU B JAHHBIX?

Pa3BeZjOUHBIN aHAaIN3 JaHHBIX — 3TO He MPOCTO MIPOLIECC, TO3BOJIIONIMI TydIite
pa3obpaThCs B JAHHBIX ¥ HAMETUTh MyTh PEIIEHUs CTOSIIUX TIepes HaMU TIPOo-
6seM. DTO ellle W IMAHC HAUTH JOTIOTHUTENbHBIE BOSMOXXHOCTH B DTHX JJAHHBIX,
KOTOpBIE MOTYT OKa3aThCs [eHHBIMU /IS Ballieidl opranusanuu. Jlata-caieHTrcT
MOJKeT 0GHAPYKHUTb YTO-TO MHTEPECHOE WK CTPAHHOE B HabOpe AaHHBIX U cPOp-
MYJIMPOBATh IPOOIEMY.

4 Fisher, R. A. (1958). Cancer and smoking. Nature, 182 (4635), 596.
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OzfHaKo BBI HE CMOXKETE OIEHWTb Ba)XHOCTb HAMJEHHOTO BaMU pelleHUs
[I0 TeX TIOp, TIOKA He BHITMIOJIHUTE ZIeHCTBYs, ONMCAaHHbIE B I1aBe 1 «B ueM cyThb
POGIEMBI?»

NOABEJEHUE UTOI0B

YT0oOBI CTATh [VIABHBIM II0 AaHHBIM, BaM HGO6XOL[I/IMO IMOCTOAHHO 3aHMAaTbCA pa3-
BE€JOYHBIM aHaJIM30M /JaHHBIX. ITO ITO3BOJIUT BaM:

— Hametutb 60siee YeTKUH Iy Th pelleHUs TPOOIEMBL.

— YTOYHUTb UCXOAHYIO OM3HeC-337ady C YYETOM BBIABIEHHBIX B JZaHHBIX
OrpaHUYeHUH.

— CdopmynupoBaTh HOBBIE TPOGIEMBI, KOTOPHIE MOXKHO PELIUTH C IIOMOIIBIO
OTUX JJAHHBIX.

— OTMeHUTH NPOEKT. XOTA 3TO He IPUHOCUT yAoBaeTBOopeHuda, EDA cuuTaeTt-
CA yCIIEIHBIM, €CJIU OH IIpeJoTBpalljaeT TpaTy BPEMEHHU U ieHer Ha pellle-
HU€ TYITUKOBOM MPOOIeMBI.

Mer mpoBesu Bac yepe3 Bech IIPOILeCC, UCIOIb3ysA HAbOp AaHHBIX O IleHaX
Ha HEeZBIKUMOCTD (K KOTOPOMY BepHEMCH B ITIaBe 9 JJIg MOCTPOEHHU NpesicKa-
3aTeNbHON MOZEH), U PAcCKa3aay O TeX MPEMATCTBUAX, C KOTOPBIMU Bbl MOXKe-
T€ CTOJIKHYThCA.

CozeprkaHue 5TOH IVIaBBI IPEAIIOATAET Ballle yIacTHe BO BCEX ITAIax Ipolec-
ca EDA. OgHako MHOIZIa 3TO HEBO3MO)XHO, OCOOEHHO /ISl CTapIIUX PYKOBOAUTE-
JIe, KypUPYIOLINX MHOXKECTBO MTPOEKTOB. TeM He MeHee MPOITYCK PaHHUX 3TAllOB
He 0CBOOOX/aeT IIaBHBIX 110 JaHHBIM OT 00S3aHHOCTY IPUAEPXKUBATHCA UCCTIE-
ZI0BaTENbLCKOT0 06pa3a MBIIUIeHHUA. [T0AKII0YasaCh K IIPOEKTY Ha 3aBePIIAIOIINX
JTamax ero peajau3alyy, CIIPOCUTE AaHAJIUTUKOB, [I0YEMY OHU BBIOpAIN TOT WU
WHOM MeTOZ aHa/In3a JaHHBIX U C KAKUMU pobeMaMy CTOMKHY/IUCh. Tak BB MO-
JKEeTe Y3HATh O IPETIONOKEHUAX, KOTOPBIE CaMU OBl HE CZeIaH.



WU3yyaKTe BepoSsITHOCTH

«[peficTaBNeHNs MHOTUX N0/ 0 BEPOSITHOCTM HAacTONbKO CKYHbI, YTO OHU A0MYCKaloT
TonbKO [0fHO] M3 ABYX ee sHaueHmit: 50 Ha 50 1 99%, TO ecTb a6COMIOTHYIO CYYaRHOCTb
1 NPaKTUYeCKMN NOJHYI0 YBEPEeHHOCTb»
_ [DxoH AnneH Iaynoc, MaTeMaTuK u aBTop KHUIM
«MaTemaTunyeckoe HEBEXECTBO 1 €ro I'IOCI1e,L'lCTBl'1ﬂ»46

aBaliTe MOTOBOPUM O BEPOSITHOCTH — SI3BIKE HEOIpeleIeHHOCTH — U Bep-

HeMcA K TeMe, pacCMOTpeHre KOTOPOY MBI Hadauu B viaBe 3 «[0TOBbTECH
MBICJTUTh CTaTUCTUYECKU». HalIOMHUM, YTO BO BCEM IIPUCYTCTBYeT Bapuamus. Ba-
pHaIys MOPOXKAAEeT HEOTIPEAENEHHOCTb. A TEOPUSI BEPOATHOCTH U CTATUCTUKA —
3TO MHCTPYMEHTSHI, TOMOTralolyie HaM YIIPaBIATh HEONIPEe/IeIeHHOCTBIO.

ToT KpaTKuii pas3zes, MOCBAIIeHHBIN BEPOSATHOCTH, 3aKOHYWICS CIIEAYIOIINM
HamyTCTBUEM: OyZbTe BHUMATENbHBI U IOMHUTE O TOM, YMO UHMYUUUS MOdcem
Cbl2pamsb ¢ 8AMU 3JLYH0 ULYMKY.

OTo crpaBeINBOE YTBEPXKAEHUE, OHAKO TaKue TEMBI, KaK BEPOATHOCTD, 3a-
CITYKUBAIOT OOJIBIIIE 3TOTO MpeaynpexaeHus. [lofHoe ee TOHUMAaHUE, €CJTU OHO
BOOOIIE BO3MOXKHO, TpeOyeT MPOUTEHUS OTPOMHOTO KOJUYECTBA YIEOHUKOB,
MIPOCTYIINBAHUSA JTMHHBIX JIEKIIUN U TOCBAIIEHNS BCeH KU3HU UCCIeJ0BAaHUAM
u gebatam. U gaxxe oTO He rapaHTUPYeT COIVIACHS SKCIIEPTOB OTHOCUTEIBHO UH-
Teprperanyu U purocoduu BeposTHocTU?. Y Bac, CKOpee BCETro, HET BpeMEHU
WJIY JKeJTaHWs BHUKATh B IOJPOOHOCTH 3TOTO CIIOPa; y HAaC ero Toxe HeT. [ToaTomy

4 Tlaymoc, [Ix. A. «<MaTeMaTU9ecKoe HEBEXKECTBO U €ro MocIeACcTBYs» (M3aarenbetso: CTyausa Ap-
Temus Jlebezena, 2021).

4 Tloumurte B VIHTepHeTe «VIHTEpIPETAIN BEPOSATHOCTH», YTOOHI IOHATH, YTO MBI UIMEEM B BUAY.



U3YYAWTE BEPOSTHOCTH 111

MbI 1306aBUM Bac OT HUX U COCPEZOTOYMM BHUMAHUE Ha TOM, YTO TIOMOXXET BaM
OTTOYUTDb UHTYUILINIO U JOOUTHCA yCIlexa B CBoeit paboTe.

VTax, 11e/ib 3TOM IIaBbl — IIOMOYb BaM YIIyOUTBCS B TEOPUIO BEPOSTHOCTEH,
OCBOUTB COOTBETCTBYIOIINH S3bIK M 0003HAYEHUs, & TAK)KE ITO3HAKOMUTHCS C MH-
CTPYMEHTaMH U JIOBYIIKaMU. K KOHIly 3TO# IIaBBl BBl CMOKeTe AyMaTb U I'OBO-
PHUTb O BEPOATHOCTSIX HA CBOEM paboueM MecCTe, aXKe eCIi CaMHU He 3aHIMaeTech
pacdyeTaMu, a Takke 33aBaTh CJIOKHBIE BOIIPOCHL O IIpeZCcTaBlIeHHBIX BaM BEpO-
ATHOCTAX. [OTOBHOCTD IIOT'PY3UTHCA B TEMY BEPOATHOCTU 1 HEOIIpe/leIeHHOCTH —
Ba)XHBIY IIar Ha ITyTU CTAHOBJIEHWA [VIABHBIM 110 JAHHBIM.

MOMPOGYWTE YTAJIATb

s Hayama monpoOyiiTe BEIIOJHUTDL MBICJIEHHOE yIIpaXKHEHHeE.

Bamra kommanus, BxozdAmias B crucok Fortune 500, crasna xxepTBoii kubepara-
KH: XaKepHhl 3apa3wiu BUpycoM 1% Bcex MOPTATUBHBIX KOMITbIOTEPOB. Jlo6iecT-
Has IT-koMmanza 6bIcTpo pa3paboTasna crocob MPOBEPKU HOYTOYKA Ha MpeAMeT
Ha/JM4MA Ha HEM 3TOTO BHUpyca. DTO OYeHb XOPOIIWi, IOYTH HJealbHBIA TecT.
VccnepoBanus IT-KkoMaH/bI TOKa3aly, 4TO MPU HAJIWYMK B HOYTOYKE BHpyca pe-
3yJIbTAT TecTa O6yZeT MOJOKUTENbHBIM B 99% ciydaeB. A IPU OTCYTCTBUU BUPYCa
B 99% ciydaeB pe3ysbTaT TecTa GyeT OTPULIATETbHBIM.

[Tpu npoBepKe Bamiero HOyTOyka Ha HajJaH4Ke BUPycCa PE3Y/IbTAT OKA3bIBAET-
A MOJIOKUTENbHBIM. KakoBa BepOATHOCTb TOT'0, UTO Ha BallleM yCTPOMICTBe Jel-
CTBUTEJIbHO €CTh BUPYyC?

[TomymatiTe Haz 5TUM, IpeX/Je YeM JBUraThCA Jasblile.

[TpaBunbHEBIHM oTBeT — 50%. (MBI IOKAXKEM 3TO Jajee B 3TOU ITaBe.)

YavBeHbI? DTO YAUBIAET OONBIINHCTBO JIFOAEH.

OTBeT He IOHATEH UHTYUTUBHO. JlaXke ec/Iv BBl 3HAETe, YTO BEPOSTHOCTh MO-
JKET ChIrpaTh C BaMU 3J/IyI0 IIYTKy, OHA BCe PABHO MOXKET Bac IO/JIOBUTh. VIMeH-
HO 3TO OOJIbIlle BCETO pasfpakaeT B TEOPUM BEPOATHOCTH — Jr06asa mpobiema
CTAaHOBUTCA HACTOALIEel IroJ0BOJIOMKOM. OfHAKO He CTOUT pacCTpanuBaThCA, €ClId
BBHI He yrajajy IpaBWIbHBIN OTBeT. HacToALui TeCT 3aKIodancsa B TOM, 3aZyMa-
JIUCH JIU BEL O CBOE HEYBEPEHHOCTU B OTBETE.

Jlanexo He Bce 3TO ZiesatoT. BoJIbIIMHCTBO Jo/ieli He IOHMMAIOT WIN He Y4U-
THIBAIOT BEPOATHOCTHU. XOTUTeE JoKa3aTeabCcTBa? JIIoAu Mo-IpeKHeMY ITOKyIaloT
JIoTepeliHble OUIETHI, cTeKaroTcsA B Jlac-Berac v mproGpeTarT pacuIinpeHHyIo Ta-
PaHTHIO Ha CBOM TeJeBU30pbl. OHU JOBOJBCTBYIOTCS CBOMM NPUCKOPOHBIM He-
BEXKEeCTBOM B OTHOUIEHUM BEPOSATHOCTU, OCOOEHHO KOIZIa MPUHUMAaeMble MU
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pellleHus CBA3aHBI C MOTEHIIUANbHON BBHITOZOU (UTPOBBIE aBTOMAThI) WJIU BO3-
MOKHOCTBIO M36eKaTh MpobieM B OyyIeM (rapaHTAX Ha TeJIEBU30PHI). DTa IIa-
Ba ZIaCT BaM YETKOE IPe/CTABIEHNE O BEPOSITHOCTHU, IIPABWIAX €€ OIpeieeHrs
Y OIMMOOYHBIX TIPE/CTABIEHHSX.

HTak, HauHeM.

NMPABWJIA UT'Pbl

Teopusi BepOATHOCTEl MO3BOJISET KOJUYECTBEHHO OIEHUTH BO3MO)XHOCTH Ha-
CTYIUIEHUS TOT'O WIX UHOTO COOBITHUA.

[Ipexx/ie 4eM MBI IOT'PY3UMCSI B MaTEMATHKY, CTOUT OTMETHUTH, YTO HAIl MO3T
3alporpaMMHUpPOBaH Ha paboTy ¢ BEPOSITHOCTSIMU. B MOBCeHEBHOM JKU3HU MBI
MOCTOSTHHO HCIIOJIb3yeM BEPOSATHOCTHEHIE YTBEPXKAEHUs. BBl HE MOXKeTe TOYHO
3HaTh, IPOU3OUET JIU TO WIK UHOE COOBITHE B Balllel )KU3HU, HO BBl 3HAETE, UTO
HEKOTOPBIE UCXOAbI 60JIee BEpOATHHI, YeM Apyrue. Hampumep, B odrice BB MOXKe-
T€ YCIbIIaTh Gppassl Hamogobue:

— «BrioHE BepOATHO, YTO OHU MOATMIIYT KOHTPAKT!»

— «Cy1mecTByeT HebO0IbIast BEPOATHOCTD TOTO, YTO MBI IIPOITYCTUM KpaiHUMI
CPOK, Ha3HAYEeHHBIN Ha CIeAYIONTUN IOHEeIeTbHUK.

— «Bpsaz i1 HaM yaacTes JOCTUYb KBAPTAJIbHBIX TeTei».

— «TpeBop, KaK MPaBUJIO, OMA3/BIBAET HA COBEIAHUM».

— «ComIacHO MPOTHO3Y MTOTO/IbI, CETOHS, CKOpee BCETo, OyAeT A0k b. JlaBati-
Te TIeEPEHECEM BHIE3/THYIO BCTPEUY».

Y ABYX Jtofieil MOTYT OBITh pasHble TPEJCTABIEHUS O TOM, KaK 4acTO IPOUC-
XOJUT «BEChbMa BEPOATHOE» WU «BEPOSITHOE» COOBITHE, & 3HAYUT, OOBIIEHHBIH
SI3BIK 3/IeCh He ITOMOXKeT. HaM Hy)KHO MCIIOIb30BaTh YKCTIA, JaHHbIe 1 0O03Hade-
HUA U1 KOTUYECTBEHHOM OLEHKU BEPOSATHOCTHBIX YTBEPXK/EHUHN, YTOOBI HaIIK
3asBJIEHUS CTAIN Ha/le)KHee MHTYUTUBHBIX I0TA/IOK (Zake ecIy Hallla UHTYULIAA
OTIMYAETCsI BHICOKOM CTeMEeHbI0 HAJZIeXKHOCTH). Bojiee TOro, HaM HYXKHO COOJIIO-
JIaTh OIpe/ieJIeHHbIe TPABWIA U JIOTUKY BEPOSTHOCTH.

Hotauus

Kaxk TOBOPWJIOCH paHeEe, TEOPpUA BepOHTHOCTefI IIO3BOJIAET KOJTMYECTBEHHO OIIE-
HUTHb BO3MOXXHOCTb HAaCTYIUVICHUA TOT'O WX UHOI'O coOpITHsA. COOBITHEM MOMKET
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OBITH JIF060 UCXO — OT IIPOCTOro (BHIIaZIEHUE OpJia IIPU ToAOpachIBAHUY MOHe-
TBI) ZI0 CJIOXKHOTO («ZloHanbz Tpamn mobeauT Ha BeIOOpax 2016 roga»). Jlaxke pe-
GEHOK MOJKET OIEHUTh BEPOSTHOCTD BHIMAZEHUA OpJjia MPU MoAOpackiBAaHUH MO-
HeThl Kak 50 Ha 50, ofHAaKO BCS MHAYCTPHUS OMPOCOB OOIECTBEHHOTO MHEHUS
He cyMesia Tpe/icka3aTh pe3y/braThl Bbi6opoB 2016 roza, HECMOTpPs Ha aHAIN3
TepabaiToOB JaHHBIX.

B 3TOM KpaTKOM YPOKEe Mbl PACCMOTPHUM IIPOCTHIE CIyYaH.

BeposiTHOCTE MpUHMMAET 3HAaYeHUA B Auana3oHe oT 0 70 1 BKIIOUUTENBHO, T7e
0 o3HaYaeT HEBO3MOXKHOCTh (BBITIaZIeHHE 7 TIPY OPOCAHUH IIeCTUTPAHHOTO KyOHKa
c uudppamu 1-6), a 1 — abCOMOTHYIO YBEPEHHOCTD (BHINaieHUE YHCIa MEHBIIETO 7
IIpU 6POCAHUHM IECTUTPAHHOTO KyOUKa). BeposSTHOCTh YacTO BRIpAYKaeTcs B BUZE
MIPOCTOM Ipo6U (BEPOSTHOCTD BHITIAZIEHUS OpJia MIPH MoA0paChIBAHUM MOHETHI CO-
craBisieT 1/2) wiu B mpoieHTax (y Bac ecTh 25%-Hblii [IaHC BHIOPATh KapTy ITUKO-
BOM MacCTU M3 CTaHAAPTHOU KOJIOABI UT'PAIBHBIX KapT). MHOTHe JIFoAY P OTHca-
HUM BEPOSITHOCTH MCITOIB3YIOT YKCiIa, APOOH U MPOIIEHTH B3aMO3aMeHAeMO.

Jl71s1 5)KOHOMHY MecTa MbI OyZieM UCITOIb30BaTh COKpallleHre U 0003HaYaTh Be-
poATHOCTH GyKBOI P. Omrcanust COOBITUI MBI TakKe OyzeM cokpaiats. Hampu-
Mep, ¢ppasy «BepoATHOCTDb BBIMAAEHUS OpJia IPU MoAOPaCEIBAaHUM YECTHOU MO-
HeTHI paBHA 1/2» MOXXHO KpaTKO 3amucaTh B Buzie P(M == O) = 1/2. Vnu, emie
kopoue, P(O) = 1/2. ®aKkTuvecKu BeCh MPEABIAYIIUI ab3al] MOXKHO MMOKa3aTh
B BH/IE CJIEAYIOIIEHN TaOTUIBL.

Ta6n. 6.1. CueHapuu, onucaHHbIe C NOMOLLbIO COKPALLLEHHO! HOTaLUM

CrueHapuii Horanua
BeposATHOCTB BhINIaZieHNs 7 IIPU OPOCAHUY IIECTUTPAHHOTO KY- PK==7)=0
6uKa

BeposTHOCTH BBITIQZIEHUS YMCIa MeHbIIero 7 pu 6pocanuu me- P(K <7) =1
CTUTPAHHOTO KyOuKa

BeposaTHOCTB BBIOOpa KapThl TMKOBOM MAaCTH U3 KOJIOABI KapT P(IT) = 0,25

Ucnonb3oBaHue «==» BMECTO «=»

Ecu BB y)Ke TIPOXOAWIN KypC IO TEOPHUU BEPOSTHOCTEM WIM CTAaTHUCTU-
Ke, HICITOJIb3yeMble 0003HaYEHUs BaM, CKOpee BCero, 3HakoMbl. OZIHAKO /st
OOJIBIIEN ICHOCTHU MBI OOABWIH €I1je KOEe-4TO.
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ObpaTuTe BHUMaHUE: KOTZA MBI MPOBEPSIEM BEPOSTHOCTH BBIMAZE-
HUS OpJia TIpU MoA6GpackiBaHUU MOHETHI, MbI muiieM P(M == O) BMecTO
P(M = O). M&I fefiaeM 3TO /JIA TOTO, YTOOBI TPOBECTU PA3IUYNE MEXKIY
JByMsI HabopaMu 3HAKOB paBeHCTBA B HalleM ypaBHeHUH. C ITOMOIIBIO
[IBOMHOI'O 3HAaKa paBeHCTBa (==) MBI GpaKTUYECKHU IIPOBEPSIEM Pe3yIbTaT
moAOpackiBaHNA MOHETHI M.

C zpyro# cTopoHbl, koraa Mbl umieM P(M == O) = 1/2, eAuHCTBEH-
HBIM 3HAK PABEHCTBA B KOHIIE 3aIIMCH YKA3bIBAET HA TO, YTO PE3y/IbTAT
P(M == O) paBeH 1/2.

DTa HOTAIUSI COOTBETCTBYET CUHTAKCHUCY OyJI€BOIi IOTUKU, UCIIOIb3ye-
MOMY BO MHOTHX SI3bIKaxX MPOTrPaMMHUPOBAHUSI.

Bripaxxenue P(K < 7) = 1 o603HauaeT CyMMapHYIO BEPOSATHOCTh U TOBOPUT
0 TOM, YTO «BEpPOSTHOCTh BHINIAJIEHUS YKCJIA MEHBIIETO 7 MpU OpPOCAHUU Iie-
CTUTPAHHOTO KybHKa paBHA 1». DTOT pe3y/ibTaT MOJYIAeTCs IyTEM CIOKEHUS
PK==1)+PK==2)+P(K==3)+P(K==4)+P(K==5)+P(K==6) =
6 X 1/6 = 1 (tabu. 6.2). Cymma BEPOSTHOCTEM BCEX MCXO/OB JO/KHA PABHATH-
cs eIVTHUIIE.

Tabn. 6.2. CymmapHas BepOSITHOCTb BbINafieHns yucna MeHbluero 7 npu 6pocaHum Kybuka

CueHapuii HoTtanusa BeposaTHOCTB
Brmmagenuve 1 PK==1) 1/6

Brimmazenue 2 PK==2) 1/6

Brimmagenue 3 P(K==23) 1/6

Brimmagenue 4 PK==4) 1/6

Brinmagenue 5 P(K==15) 1/6

Brinagenue 6 P(K==06) 1/6

Brinmagenuda uncia medb- P(K < 7) 6/6 =1 =100%
uero 7

YcnoBHas BEpPOATHOCTb U HE3aBUCUMbIe cobbITHA

Korza BEPOATHOCTb HACTYIUIEHUA OAHOI'O COOBITHSA 3aBHUCHUT OT HaCTyILIEHUA
APyTroro, 3TO Ha3bIBA€TCA yc.?IOBHOfI BEPOATHOCTBIO. YcioBHasa BEPOATHOCTD
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0603HavYaeTCsA BEPTUKAIBHOM YEPTOH, |, KOTOpasa YUTAETCS KaK «IIPU YCIOBUU».
BOT HECKOJIBKO ITPUMEPOB /1A 6OJIbIIell ICHOCTU:

— BepoATHOCTB TOTO0, UTO AJIEKC OTIO3/IaeT Ha paboTy, cocTassaeT 5%. P(A) = 5%.

— BepoATHOCTH TOTO, 4TO AJieKC OIo3ZaeT Ha paboTy NpU YCIOBUH, ITO
y Hero cirycTuT Koseco (C), pasHa 100%. P(A | C) = 100%.

— BepoATHOCTB TOTO, UTO AJIeKC OIMo3JaeT Ha paboTy NMpU YCIOBUM, UTO
Ha MeXIITAaTHOU aBToMaructpanu 75 6yzer mpobka (IT), cocrasiseTr 50%.
P(A | IT) = 50%.

Kak BUNTE, BEPOSITHOCTh HACTYIUIEHUS COOBITHSA CUIBHO 3aBHCHUT OT TIpe/Iie-
CTBYIOIIIETO €My COOBITUS WJIU COOBITHIA.

Korzia BeposiTHOCTb HACTYILIEHUA OAHOIO COOBITHSA He 3aBUCUT OT HACTYILIE-
HUsA APYTOTO, 3TU COOBITHUA CIMTAIOTCA He3aBUCUMBIMU. HamipuMep, ycIoBHas Be-
POSITHOCTB BBIOOpa KapThl MMKOBOM MacTH M3 KOJIOZABI KapT MPU YCIOBUM BhITIa-
ZieHust opiia mpu noabpaceiBanuu MoHeTsl P(I1 | O) paBHa BEpOSTHOCTU BbIGOpa
KapThI IIMKOBOH MacTu camoro 1o cebe, P(IT). Kopoue rosops, P(I1 | O) = P(ID),
1 TouHo Tak ke P(O | II) = P(O), MOTOMY 4TO MEXAY STUMH COOBITUSIMU HET
HUKaKou 3aBucumocTu. Kosiozie kapT Bce paBHO, YTO IIPOM3OILIO C MOHETOM,
1 Ha06OPOT.

BepoATHOCTb HaCTYNNEHNUS MHOXECTBa COObITHI

[Ipu MoieTMPOBaHNUY BEPOATHOCTH HACTYILUIEHUS MHOXKECTBA COOBITUM HOTAIUA
U TIpaBWIA 3aBUCAT OT TOTO, IPOUCXO/AT I OHU OJHOBPEMEHHO (HaBOJHEHUE
U OTKJIIOYEHUE DJIEKTPUYECTBA) WU IMIPOUCXOAUT TOJIBKO OJHO M3 HUX (WIU Ha-
BO/JIHEHME, WY OTKJIIOUeHVe 3JIeKTPUIecTBa).

0gHoBpeMeHHO€e HacTyneHne iByX CObbITHI

CHauasia IIoroBOPUM O JBYX COOBITHAX, HACTYIAIOUINX OZHOBPEMEHHO.

P(BBIMaieHus opja mpu nmogbpackiBaHuu MoHeThl) = P(0) = 1/2.
P(BBI6OpA KapThI MMKOBOM MacTH U3 Kookl KapT) = P(I1) = 13/52 = 1/4.

BeposATHOCTH TOT'O, YTO IPOU3OUZET U TO U IPYTOe, TO ECTh BHITIaZIEHUE OpJia
¥ BBIOOp KapThl MUKOBOM MacTH, MOKHO 0603HauuTh Kak P(O, IT). [Ipu aToMm 3a-
[IATasA 03HAYAET «U».
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B aTOM citydae COOBITHS ABIAIOTCSA He3aBUCUMbIMU. OZHO COOBITHE He BIUAET
Ha gpyroe. Korga coOOBITHA ABIAIOTCA HE3aBUCUMBIMU, BEPOSITHOCTHU UX HACTYILIE-
HUA MOXKHO ITepeMHOXUTh: P(O, IT) = P(O) X P(IT) =1/2 X 1/4=1/8 = 12,5%.
TyT BCE ZOBOJBHO IIPOCTO.

Temepb pacCMOTPUM YyThb OoJiee CA0XKHBIN IpuMep. Kak Bbl IOMHUTE, BEPOST-
HOCTb TOTO, YTO AJIEKC OIT037IaeT Ha paboTy, cocTasisgeT 5%, P(A) = 5%. A Bepo-
SITHOCTB TOTO, YTO /KOpZaH ommoszZiaeT Ha paboTy, coctapaseT 10%, P(I) = 10%.
YTo BB MOXKETE CKa3aTh O BEPOSITHOCTH TOTO, YTO MbI 00a OI037aeM Ha paboTy,
P(A, [1)? YTOYHMM, 4TO MBI )KHUBEM B Pa3HBIX ITaTax, Ajekc paboraet B oduce ¢ 9
n0 5, a /xopaan — pputancep*s.

[TepBoe mpeamonoxenue: P(A, 1) = P(A) X P(/) = 5% X 10% = 0,5%. Be-
POSITHOCTbH [JOBOJIbHO HU3Kas, HO IEUCTBUTENBHO JIM 3TH /IBa COOBITHSA HE3aBUCH-
MBI IpyT OT Apyra? [loHauasmy MOKeT 10Ka3aThCs, YTO TaK U €CTh, TOCKOIBKY MbI
JKUBEM U paboTaeM B pa3HBIX MecTaX. V1 Bce jke 3TU COOBITUA He ABIAIOTCA He-
3aBUCUMBIMU. B KOHIIE KOHIIOB, MBI BMECTE THIIIEM KHUTY. MbI 062 MOTJIN OTIO-
31aTh Ha paboTy, MOTOMY YTO HaKaHyHE BEYEPOM /JOTIO3IHA CIIOPWIH O JIydIlIeM
criocobe 0ObsICHEHUA KOHIEMIUN BEPOATHOCTU. TakuM o6pa3oM, BEPOSATHOCTh
oTo3/aHuA AJleKca 3aBHUCUT OT omno3zanuA JxopzaaHa. I1oaToMy 37ech pedb et
00 YCIOBHOI BEPOATHOCTH. IIPEATIONI0KIM, YTO BEPOSITHOCTh OIMO3ZIaHus AleKca
mpu ycaoBuu ono3ganus /xopzaana cocrasiset 20%, P(A | 1) = 20%.

OTO ZlaeT HaM UCTUHHYIO GOpPMYTy BEPOSITHOCTH OHOBPEMEHHOI'O HACTYILIE-
HUA 3TUX ABYX COOBITHH, Ha3bIBaEMYIO IPABWJIOM YMHOXKeHUsA. Ee MOXXHO 3amu-
catb cieayrommm obpasom: P(A, /) = P(ZI) X P(A | II) = 10% X 20% = 2%. 310
3HAYUT, YTO BEPOATHOCTb OJHOBPEMEHHOTO oro3Aanus Anekca u /xopgaHa pas-
Ha BepOATHOCTH omno3jaHus J[»Kop/ilaHa, YMHO>KeHHOM Ha BEpOATHOCTh TOTO, UTO
AJtekc omo3zaeT Npy yCJIOBUM omo3zaHud xopAaHa.

VToroBas BEpOSAITHOCTD, 2%, HUKOT/IA HE MOXKET MPEBHIIIAaTh HAUMEHBITYIO
U3 OTZAENbHBIX BeposiTHOcTel, P(A) u P(/]), KoTopas B IAHHOM CJTydae COCTABJISET
5% py1s1 Anekca. OTo OObACHAETCS TEM, YTO Y Astekca ecTh 5%-HBIN IIaHC OTI03/1aTh
BO BCEX BO3MOJKHBIX CI[eHApUAX, BKJIIOYasA Te, B KOTOPHIX onasjbeiBaeTr /KopAaH.

ITO MOABOAUT HAC K BAXKHOMY TIPABWIy TEOPUU BEPOSTHOCTEN: BEPOATHOCTD
OJTHOBPEMEHHOI'0 HACTYIUIEHUS JIIOOBIX BYX COOBITUM HE MOKET MPEBLIIIATH Be-
POSAATHOCTh HACTYIUIEHUA KaXK/JOTO U3 HUX B OTAEJbHOCTH.

Ha puc. 6.1 3T0 npaBmIo IpOMWJUTIOCTPUPOBAHO C TOMOIIBIO AarpaMMel BeHHa.
Eciu peZicTaBUTh BEPOSITHOCTh B BU/IE 00JIaCTH TTepeceYe s WIN MePEKPBITUS

48 Pa3Be MOXKHO OII037]aTh Ha paboTy, paboras Ha ceba? B aTom nprumMepe — aa.
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KpyroB (COOBITHIT), CTAHOBUTCSA OYEBHUHO, YTO IUIOMAZb OOJACTH MEPEKPBITHUA
KpyroB A u /| He MOXeT IIPeBBIIAaTh IUIOIIA/Lb CAMOTO MaJeHbBKOTO KpyTa.

HacrynneHMe O4HOro nan gpyroro cobbITHA

YTo, ecay HACTYIAEeT OHO WIH Apyroe cobrpitre? CTATUCTUKA U TEOPHUSI BEPOSAT-
HOCTEH YYUT HaC TOMY, YTO BCE 3aBUCHUT OT 00CTOATENbCTB. HauHuTeE € pearoso-
’KEHUA U KOPPEKTUPYITe ero, onupasich Ha UMeIyIocsa MHPOPMAITHIO.

Korza sBa cOGBITHA HE MOTYT IPOU30MTH OJHOBPEMEHHO, BCE CBOAUTCA K IIPO-
CTOMY CJIOXKEHUIO BeposTHOCTel. [Ipu 6pocannu Kybrka He MOXKeT OZHOBpEMEH-
HO BBINACTh 1 U 2, TO3TOMY BEPOATHOCTD BhINazieHus 1 wiu 2 paBHa P(K == 1
wmK==2)=PK==1)+PK==2)=1/6+1/6=2/6=1/3.

An]

Puc. 6.1. [uarpamma BeHHa, nokasbliBatoLias T0, YTO BEPOSATHOCTb OHOBPEMEHHOI0 HacTynneHus
ABYX COObITHIA HE MOXET npeBbIWaTh BEPOATHOCTb HACTYN/IEHUA KaXXA0ro N3 HUX B OTAENbHOCTHU

PaccMoTpuM 4yTb GOJiee CIAOXKHBIM MPUMEpP C aBTOPaMU-IIPOTYIbIUKAMU
¥ BMECTO OIIpe/ie/IeHUsI BEPOSITHOCTUA TOTO, YTO Ha paboTy OmoszaioT u AJEKC,
u /xopziaH, BEIYUCIUM BEPOATHOCTD OMo3ZIaHusA AJlekca wiu JXKopziaHa, To eCThb
P(A wiu [T).

Bam usBecTHO, uT0 P(A) = 5%, a P(/l) = 10%. [IepBBIM pasyMHBIM IIPEAIIOJIO-
JKeHueM MoxkeT 6bITh: P(A) + P([I) = 15%. 3a 100 aHeit Anekc omo3gaet 5 pas,
a /bxopaad — 10. Ecsiu MBI CJIOXKUM 3TU 3HAUYEHUs, TO MOAyIuM 15 AHEl, 94TO co-
crasisgeT 15% ot 100. Ecytu 661 cOOBITUA OBUIH B3AaMMOUCKIIOYAIOMINMI U HUKO-
r/ia He MTPOUCXOVIN OHOBPEMEHHO, 3TO MIPeAIIOJIOKeH e ObUIO ObI KOPPEKTHBIM.

OJHaKO MMOMHUTE O TOM, YTO MBI 06a MOXKeM omoszaTh (cM. puc. 6.1.). FHo-
r7ja MbI OTIa3JbIBaeM Ha paboTy ApyT U3-3a Apyra, TO €CTh BEPOSATHOCTb TOTO, YTO
omoszzaroT u Anekc, u /xxopaas, P(A, /1), npesermaeTr 0. Mbl He MOXXeM IIPOCTO
CJIOJKUTh 06€ BEPOSTHOCTH, IIOTOMY YTO IPU STOM OBUIM ObI JBAXKAbl YUTEHbI
[HU, B KOTOpPbIe MBI 06a omaszipiBaeM. YTOOBI 3TO KOMIIEHCUPOBATD, MBI JOJIKHBI
BBIYECTb BEPOSTHOCTh TOTO, YTO MbI 00a OMo3ZaeM Ha paboTy Mocjae HOYHOTO
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obOCyXZieHUsI KHUTH, KoTopas coctaisieT P(A, /1) = 2%. B utore Mbl uMeeM Be-
pOATHOCTD omno3ganua 5% giaa Anekca, 10% aaa Jpxopaana, MuHyc 2%, korzga
omasgpiBaroT oba: 5 + 10-2 = 13 1 13/100 = 13%.

OTTanKuBasCh OT 3TOTO, MbI MOXeM CPOpPMYIHUPOBATh MPABUIO CJIOXKE-
HUS BEPOSATHOCTEHN JIA Caydasi, Korja HacTyIaeT OJHO WK JPYyroe COOBITHE:
P(AAumu ) = P(A) + P(Z) —P(A, I) = 5% + 10% — 2% = 13%.

MomHuTe 0 nepeceyeHuu

[Tpy BEIYUCIEHUN BEPOATHOCTH HACTYIUIEHUS MHOXECTBA COOBITUM HEKO-
TOPBIE HCIIBITHIBAIOT CJIOKHOCTU C BEIYUTAaHUEM IlepeceKaroleiics obia-
cti. OfIHaKO ZiesaTh 3TO HEOOXOANMO, TOCKOJIBKY BEPOATHOCTh HUKOTZA
He MOXKET MpeBHIIaTh 1. JlaBaiiTe CHOBa 06PAaTUMCS K TIPOCTOMY IIPUMEpPY
¢ 6pocaHueM KyOrKa. BepoATHOCTD BBIMTaIEHUS YHCIa, OOJIBIIETO 2, paBHA
4/6. BepoATHOCTD BBINIaZlcHUA HEYETHOT'o Yncia cocTasisaeT 3/6. Ecau Bel
XOTUTE Y3HATh BEPOATHOCTh HACTYIUIEHUA TOTO WK APYTOTO COOBITHSA, BBI
He MOXKETe MPOCTO CIOXKUTHL 4/6 + 3/6, TOTOMy YTO B UTOre y Bac IOJY-
untca 7/6 = 1 Y%, TO eCTh YNCJIO, IPEeBhILIaoliee eANHUILY, YTO HapyliaeT
BBINIIEYTIOMSAHYTOE TIPaBUJIO. MBI ZIOMKHBI BHIYECTD IIEPECEKAIOITYIOCS 00-
JIaCTh, BKJIIOYAIOIIYIO BCE CJIy4au, Korzja IIpy OpocaHuM KyOUKa BBIIaaeT
9uCII0, 6oIbIee 2 U ABIAIONIEECS HEYETHBIM, TO €CTh YKciIa 3 U 5, BeposT-
HOCTb BBINTaZIeHUA KOTOPBIX COCTaBAET 2/6.

ITocTtanoBka 3agzauu: P(K > 2 wiu K HeueTHOE) =

IMpaBuio cioxenus: P(K > 2) + P(K vHeuetHoe) — P(K > 2, K HeueTHOe) =
BepostHoctu: 4/6 + 3/6-2/6

OTBeT: 5/6

BrimazeHue yncnaa 2 — 3TO €AMHCTBEHHBIN CIydali, KOTOPBIN He yJoBie-
TBOPSIET HU OZHOMY U3 YCJIOBUU.

Brl HaBepHAKA y)Ke yCTalIu OT Pa3jqWYHBIX HOTAIUM, UTPaJbHBIX KOCTeH,
MOHETOK W OIa3/bIBAIOIINX HA paboTy aBTOPOB. UTOGRI BEI MOIJIU OTZOXHYTh
OT BCEro 3TOro, MBI IIpeJjiaraeM BaM BBHIIIOJIHUTDL cieAylolllee MBICIEHHOE
yIpaXHEeHHeE.
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MbICJIEHHOE YNPAXXHEHWUE HA ONPERENEHUE BEPOATHOCTU

CoM — 3aMKHYTHIH, HO O4eHb CIIOCOGHEINH. EMy 29 sieT. OH MOJIy4WI BBICIIEE 3KO-
HOMUIYecKoe ob6pa3oBaHue B popHoH Kanudbopuuu. B cTyzeHYecTBe OH OBUI OZEp-
’KUM JIaHHBIMU, PAb0Tal BOJIOHTEPOM B YHUBEPCUTETCKOM CTATUCTUIECKOM KOH-
CY/IBTalJMOHHOM LIeHTpe U CaMOCTOATENbHO YYWICA IPOrPaMMHUpPOBATh Ha A3bIKE
Python.

Yro u3 3TOro 6oJee BEpOSATHO?
1. CamMm xuBeT B Oratio.
2. Com xuBeT B Oratio u paboTaeT JaTa-calleHTHCTOM.

[TpaBuibHBIN O0TBeT — N2 1, XOTA B ONMCAaHUU HET U HamMeKa Ha To, 4To CaMm
MOXeT kUTb B Oraiio, He fIBJIASACH IPU 3TOM JaTa-calleHTUCTOM. JTO Bapualnus
TTOMYJIAPHOI 3aa4u PO JIMHAY U3 KHUTHU «/[yMai MeJJIeHHO... peliai 6bIcTpo»+,
C KOTOPOW y 6OJIBIIMHCTBA JIIO/Iel BOSHUKAIOT CIOKHOCTU. A KaKOU OTBET BhIOpa-
JIY BBI?

OtBeT N° 2? BO3MOXXHO, IIOTOMY, YTO MBI paccKkasaju BaM o0 TOM, 4To CaM 3a-
HUMAJICS POrpaMMHPOBaHUEM M MOT OBITH JaTa-catieHTHcToM. OTBeT N2 2 Ka-
JKeTcs1 6osiee BEPOSITHBIM UMEHHO ITOTOMY, YTO B HEM YIIOMHUHAETCs COOBITHE, CBS-
3aHHoOe ¢ npouuibiM CaMa. OfHaKO OH BCe Ke MeHee BepoATeH, yeM oTBeT N° 1.
U BoT noyemy.

B MaHHOM IIpHUMeEpEe OTCYTCTBYIOT 0603HAYEHUS W YKUCIA, HO OH IO-TIpEeXKHe-
My OTpakaeT BaXKHBIM YPOK U3 MpeAbIAYIIero pasziena. BeposTHOCTh OHOBPe-
MEHHOTO HACTYIUIEHHUs JIFOOBIX IByX COOBITUM HE MOXKET ITPEBBINIATH BEPOSITHOCTD
HACTYIUIEHUs KaKJOTO U3 HUX B OTAEIbHOCTU. YeM 6OoJIblle «M» BBl A0OaBIIIETE
B TO WIX WHOE yTBEP)KAEHUE, TeM MeHbIlle 6yZeT UTOTOBast BEPOATHOCTb. [l
Toro uyro6sl CoM OBLT ZaTa-calieHTHuCTOM U kw1 B Oraiio, OH [OJKEH /i Hava-
Jia mpocTo kuTh B Oraito. Hanmpumep, oH Mor 6bI kuTh B Oraiio u paboTaTh ak-
TyapueM.

[ToMHUTE, YTO BEPOATHOCTh OJAHOBPEMEHHOI'O HACTYIUIEHUS ABYX COOBI-
TUU ONpeZiessieTcss IPaBUIOM YMHOXKeHUs. BepoaTHOCTh Toro, 4To CaM JKUBET
B Oraifo u paboraet gaTa-caiieHTHCcTOM (/I), MOXXKHO 0603HaYUTh Kak P(O, /) =
P(0) x P(Zl | O). A IOCKOJIbKY BEPOSITHOCTh HUKOT/Z]A He TIPEBHIIIAeT eAUHHUILY,
ymHOxkeHUe P(O) — BepoAaTHOCTU TOTO, uTo CaM kuBeT B Oraiio — Ha Jt00yIo

49 «Jlymait MeZJIeHHO. .. pemmai 6picTpo», Jlanuans Kaneman (M3gatenberso: ACT, 2014).
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ZPYTYIO BEIIMYVHY BEPOATHOCTU HE MOXET YBEJIUYUTh pe3yAbTUpPYIOllee 3Hade-
uue P(0) X P([] | O). Takum o6pasom, P(O, [T) HY TP KAKKUX YCIOBUAX HE MOXKET
npeBbicuTh P(O), KakKuM ObI TIPEATIOYTHUTETHHBIM HU Ka3ascs oTBeT N2 2.

Bce eme cioxHO0? Bel Momu mpouuTaTh OTBeT N2 2 KaK YCJIOBHYIO BEpOAT-
HOCTb: KaKOBa BEPOSTHOCTD TOT0, YTo CoM >kuBeT B Oraiio Ipu ycJI0BUU, YTO OH
pabotaer zara-catientuctom, P(O | Z1)? BepoATHOCTb 3TOr0 MOKET MMPEBHIIIATh
BEPOSITHOCTD NpoxkuBaHus Cama B Oratio, P(O). OmHako B JAHHOM CJIydae Pa3HU-
11a MEX/Y «H» U «[IPH YCIOBUM» UMeEET OOJIbIIIOe 3HAaUeHHE.

PaccmoTpuM 6osiee IpocToii mpuMep. Belic6onbHas komanza «Heio-HMopk AH-
KHC» UMeeT IIpelaHHbIX TOKJIOHHUKOB 10 BceMy MUpy. [IpeAnonoxuM, 4To nps-
MO cefyac IpOXOJUT MaTy, KOTOPBIA CMOTPST MWUIMOHBI JIFOZe KaK BXKUBYIO
Ha CTaJMOHE, TaK U IO TeJIeBU30py. Temephb caydaliHbIM 00pa3oM BHIOEpPUTE Of-
HOT'0 KUTEJIS IJIaHEeThl. YUUTBIBasi, YTO B MUPE KUBYT MIWLTHAPABI JTioflel, kpaliHe
MaJIOBEPOSITHO, UTO BBl BbIOepeTe dpaHarta «fIHKuC». Ellle MeHee BeposTEH BEIOOD
danaTa «IHKUC», CMOTPSIIIETO UTPY Ha CTAZMOHEe, IOTOMY 4YTO He Bce ¢paHaThl MO-
T'yT TaM MPUCYTCTBOBaTh. OfIHAKO ec/u ObI y Bac 6bLIa BO3MOXKHOCTD CIyYalHBIM
obpa3oM BbIOpaTh YeloBeKa, IPUCYTCTBYIONIETO Ha CTafuOHe, Bce OBLIO ObI MHA-
4e. BecbMa BEpPOATHO, YTO OH OKa3asics 65l paHaTOM «THKHC».

TakuM 06pa3oM, BEPOATHOCTD TOTO, UTO TOT WM MHOH YeoBeK — ¢aHaT «fH-
KHC» U TIPUCYTCTBYET HA UTPE, CHJIBHO OTINYAETCS OT BEPOSITHOCTH TOTO, YTO Ye-
JIOBEK siByiseTcs GpaHaTOM «SHKHC» TIPU YCIOBHUH, YTO OH NPUCYTCTBYET Ha UTPeE.

JanbHewue warn

[Tocsie BBIOJIHEHUA 3TOT'O MBICJIEHHOT'O YIIPaXXHEHUA MMeeT CMBIC BCIIOMHUTD
0 TIpeAyIpeXAeHUN, KOTOpOe OBLIO C/IelaHO B Havasle 3TOU IVIaBbl: OyzbTe BHU-
MaTeJbHBI U IIOMHUTE O TOM, YTO Ballla UHTYULIUA MOXeT ChII'PaTh C BAMU 3JIYIO
mIyTKy. BeposiTHOCTU perysiapHO OyAyT 3amyThIBaTh U COMBATH BAC C TOJIKY. Bo3-
MOXKHO, JIy4Illee, YTO MBI MOXKEM CZeJIaTh A1 60phObI ¢ 3TOM MpobIEMOii, — 3TO
Y3HaTh O CaMBIX PaCIPOCTPAHEHHBIX JIOBYIIKAX.

Tenepb, KOTZa BBl MO3HAKOMIINCH C 0003HAUEHUSIMU U TIPaBUWIAMU TEOPUU
BEPOATHOCTEHN, IPUILLIIO BpeMsA Hay4YUThCA OCO3HABATh U KPUTUYECKN OCMBICIATD
BEPOSITHOCTH, C KOTOPHIMU BaM IIPE/ICTOUT CTOJKHYTHCA B XOZle CBOel paboTkHI.
BOT HECKOJIbKO COBETOB, KOTOPBIE TIOMOTYT BaM He COUTBCS C IIyTH:

50 Dta BeposiTHOCTH He 6bLIa 651 paBHa 100%, MOTOMY YTO Y KOMAaH/IbI IPOTUBHUKA TOXE eCTh 60-
JIETBIIUKY.
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— ByzbTe 0CTOPOXKHBL, /leiast TPEANONIOKEHHUSI O HE3aBUCMOCTU COOBITHH.
— 3HaliTe, 9YTO BCce BEPOSITHOCTH YCJIOBHEL.
— Yb6ezauTtech B TOM, YTO BEPOSTHOCTU UMEIOT CMBICII.

bY/IbTE 0CTOPOXHbI, AENAA NPESNOI0OXEHNA 0 HE3ABUCUMOCTH
COBbITUU

Eciu coObITHSA He 3aBUCAT APYT OT IPyra, BBl MOXKETE IEPEMHOXKHUTH BEPOSITHOCTH
UX HacTyIuleHuA. Hanpumep, BepOATHOCTD BBINNAJEHUSA BYX OPJIOB MOAPAJ NpU
moA6packIBaHUY YeCTHOM MOHeTHI cocTaisieT P(O) X P(O) = 1/2 x 1/2 = 1/4.
OznHako He Bce COOBITUA SABJIAIOTCS HE3aBUCUMBIMU, [TO3TOMY C OCTOPOXKHOCTBIO
JenaliTe COOTBETCTBYIOIlee IIPe/IIoNoKeH e IIPYU BEIYMCIeHUN WIN aHalInu3e Be-
pOATHOCTEI.

ME&! y2Ke ynoMuHaIu 06 3TOM B Hayajie KHUTH B CBSI3U C UTIOTEYHBIM KPU3UCOM
2008 roza. BepoaTHOCTB TOTO, YTO YEJIOBEK II€PECTAHET IUIATUTDh UIIOTEKY, HE AB-
JiAeTca He3aBUCHUMOH OT BEPOATHOCTH TOI'O, YTO €ro coceZ, TOXKe IlepecTaHeT ee
IUTATUTD, XOTA GUHAHCUCTHI C YOJUI-CTPUT Ha MPOTSHKEHUH MHOTHUX JIET AyMasu
nHave. U To U Apyroe coObITHE HEPA3PBIBHO CBA3aHO C OOIIUM COCTOSHHUEM 3KO-
HOMUKHU U MUPA B LIeJIOM.

Tem He MeHee JOTylleHHE HE3aBUCHUMOCTH COOBITHI, KOTOPBIE TAaKOBBIMU
He sSBJIAIOTCSA, — BechbMa paclpocTpaHeHHas olrbka. PYKOBOACTBO Ballleil KOM-
[IaHUY MOXKET JIONyCTUTD ee IIPU NPUHATUN CTpaTernyecKrx pelleHn — U, Kak
Clle[ICTBUE, CUJIbHO HeJOOLeHUTh BePOATHOCTb OJHOBPEMEHHOI'0 HACTYIUIEHUA
HECKOJIbKUX COOBITHM.

[IpeAcTaBbTe 3aceiaHue COBETA AUPEKTOPOB. O6CYyK/1aeTCsI BEPOITHOCTh TOTO,
9TO B OyAyIleM roZy KOMIAHUM YAACTCS peayn30BaTh TPU UHTEPECHBIX, HO pU-
CKOBaHHBIX IIpoekTa: A, B, C. Oco3HaBasA NOTeHIMaIbHble PUCKH, PYKOBOAUTENN
KOMIIaHUHU OIleHMBaIOT BEPOATHOCTh HeyJauyu AJiAd KaKJOoro IpoeKTa kak P(1po-
Bana A) = 50%, P(mpoBana B) = 25%, a P(ipoBaa C) = 10%.

KTo-TO 6epeT KaJbKylIATOp U MepeMHOXaeT BepoaTHocTu: 50% X 25% X
10% = 1,25%. PykoBoauTenn B BOCTOpPre: BEPOATHOCTD TOT'0, YTO BCE TPU MPOEK-
Ta MOTEPIAT HeyzAady, COCTaBiAeT Bcero 1,25%. B KOHIle KOHIIOB, CTABKU BBICO-
KM, TaK YTO BCErO OJMH YCIIENIHBIHN IIPOEKT CIIOCO6EH OKYIIUTh UHBECTHUIINH, Ce-
JIAHHBIE BO BCE TPU. A TIOCKOJIBKY CyMMapHasi BEPOATHOCTb I0JDKHA OBITh paBHa 1,
BEPOSITHOCTB yCIleXa XOTs OBl OZHOTO IPOEKTA COCTABIAET 1 MUHYC BEPOSITHOCTD
IpoBaJjia Bcex MpoeKToB, wiu 1 — 0,0125 = 0,9875 = 98,75%. «Huyero cebe, —
JIYMaloT OHU, — BEPOATHOCTD OOIIIEro yclexa COCTaBIsET MOUTH 99%!»
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YBBI, UX pacyeThl HEBEPHEI. Bce Tpu COOBITHA 3aBUCAT OT OOIIETO ycIexa KOM-
TTaHUU, KOTOPBIN MOXKET OBITh IIOOPBaH TaKUMHU HaKTOpaMH, KaK KOPIIOPATUBHBIMA
CKaH/aJ, IUIOXVEe KBapTalbHbIe Pe3y/IbTaThl WIN KaKoe-TO HoJiee KPYITHOe COObITHE,
BJIUAOIIEE HA MUPOBYIO SKOHOMUKY, Bpozie manzemuu COVID-19. CobbiTus A, B
u C 3aBUCAT OT HeCKOJIIBKUX pakTopoB. [ToaToMy, Korza pyKOBOAUTEIN HEOOOCHO-
BaHHO /IOIIYCKAIOT UX HE3aBUCHMMOCTb, OHU HeZI0OLIeHUBAIOT BEPOATHOCTD TOTO,
YTO BCe TPU MPOEKTA MOTEPIIAT HeyAauy B OyAyIeM Tofy, a 3HaYUT, TepeOLIeH!U-
BAIOT IIAHCHI Ha TO, YTO 10 KpaifHel Mepe OZiH M3 HUX OKa)XeTCs YCIIeUTHBIM.

Eciiv 3T0 KaXkeTcs BaM HEBRKHBIM, BCTIOMHUTE GUHAHCOBBIA Kpuauc 2008 roza
U IIOCJIEAYIOIYIO PeLeCCHIO.

He ponyckaiite owM6Ky Urpoka

C Apyroii CTOPOHBI, HEKOTOPBIE COOBITHA ABMAIOTCA HE3aBUCUMBIMU, HO HE BOC-
MPUHUMAIOTCA TAKOBBIMU. DTO MOPOXK/AAET APYroi BUJ pUCKa, brarogaps KOTo-
pOMY IIpOLIBETAIOT Ka3MHO. B JaHHOM cily4ae JIIoAY IIepeolieHUBaI0T BepOATHOCTD
HACTYIUIEHVS TOTO WIX MHOTO COOBITHS, OCHOBBIBAsICh Ha MPEJIIECTBYIOMINUX CO-
OBITHUSX.

Eciu mpu noa6packlBaHUU YeCTHON MOHeTH 10 pa3 mozApsz BHIIAZET Opel,
TO BEPOSTHOCTD BHIMAZIEHUA OpJia B Pe3y/bTaTe CyIeAylomero Opocka Bce paBHO
6yzet coctaBsaTb P(O) = 50%. B ciyyae ¢ He3aBUCHUMBIMU COOBITHSIMU BEPOST-
HOCTb HACTYIUIEHUs OJHOTO U3 HUX He yBeJWYUBaeTCA U He YMeHbIaeTca B 3a-
BUCHMOCTH OT TIPEABIAYIINX Pe3ylbTaToB. OJHAKO UTPOKU OLIMOOYHO MOJIaraoT,
YTO BeJIMYMHA BEPOATHOCTH MEHSETCA — OTCIOZIA U HA3BaHUE «OIINOKA UTPOKa»°L.

Kaskaplii ocseyromuii 6pocok KyOuKa He 3aBUCHUT OT Pe3y/bTaTa MpebIAY-
mero 6pocka. To Ke caMoe KacaeTcss UTPOBBIX aBTOMATOB U PyJeTKU. TeM He Me-
Hee UTPOKU IBITAIOTCS OTHICKAaTh 3aKOHOMEPHOCTH B 3TUX COOBITUAX. OHU MO0
ZyMaroT, YTO Ha UT'POBOM aBTOMATe «/J0JK€H» BBIIIACTh BEIUT'PHILI, IOTOMY YTO OH
y2Ke JaBHO He BBIOPAChIBAJT MOHETHI, IU60 CUUTAIOT, YTO «TOPSUKe» UTPATbHbIE
KOCTH TI03BOJIAIT UM BBIMT'PBIBATH U BIIpE/b.

OfHaKo KaXk/oe TOoCeayIollee COObITHE UMEET Ty JKe€ BEPOSATHOCTD BHIUTPHI-
I1a, YTO U Ipezblgylee. A ITOCKOJIBKY pedb UZeT O Ka3WHO, TO LIAHCHl He B Ballly
mosib3y. OZIHAKO, 3aMeTHUB II0C/IeJ0BATENbHOCTh PEAKUX COOBITUH, TrobuTenu
a3apTHBIX UTP ZeTaloT GOMbIINe CTaBKY, IyMasi, YTO HACTajl UX CIaCTIUBHIN JeHb.

51 Bepa B TO, YTO IPOLUIbIE HE3ABUCHUMBIE COOBITHS MOTYT IIPOM30MTH IO IIPOLIECTBUH JOCTATOY-
HOTO KOJIMYECTBA BPEMEHH, TAK)KE M3BECTHA KaK «3aKOH CPEJHUX YHCE» — HAyKOOOpasHbIA
TepMUH, 0003HAYAINH CKIOHHOCTh IPUHUMATh XKeJlaeMoe 3a JeHCTBUTEbHOE.
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O, Kak ke oHu oumbaroTcs. [IpaBza, Ka3MHO MOXKET YTOCTUTD UX «OeCIUIaTHBIM»
3aBTPaKOM ™2,

BCE BEPOATHOCTW AABJIAIOTCA YCJIOBHLIMU

Bce BepoATHOCTH B HEKOTOPOM CMEIC/IE YCJIOBHBI. BepOATHOCTH BhINIaIeHUA OpJia
pu nogbpaceiBanuy MoHeTH! P(O) paBHa 50% IIpu yCI0BUM, YTO MOHETA SIBJISAET-
cs1 yecTHOM. To JKe camoe KacaeTcss BEPOSITHOCTU BHITIAZIEHUs eUHUILIBI TIpy 6po-
canmuu Ky6uka: P(K == 1) = 1/6. BepoATHOCTb ycIiexa IIpoeKTa 1o paboTe ¢ JaH-
HBIMU 3aBUCUT OT KOJUIEKTUBHOTO pasyMa I'DYIIbl aHAJIUTUKOB, TPaBWJIbHOCTU
JAHHBIX, CJIOXKHOCTH TTPOGJIEMBI, OTCYTCTBUS BUPYCOB Ha KOMIIBIOTEPAX, PUCKa 3a-
KPBITUS KOMIIAHUHU U3-3a NTaHZIEMUU U TaK Jajee.

Taxoke mogyMaiTe 0 TOM, KaK KOMIIaHWU U JIFOAU OI[eHUBAIOT yCIIeX U KoMIle-
TeHTHOCTb. OOBIYHO 3TO JieTaeTCsl UCXOAsA M3 IMPOIUIbIX ycexoB. KoMmmanuu Ha-
HUMAIOT KOHCYJIbTAaHTa C yCIIEIIHBIM MOCTY>KHBIM CITMICKOM I a/IBOKATa, KOTO-
PBIN BBIUTPBIBAET GOJIbIIE BCETO e, a YeJIOBeK obpaliaeTcs K KapAUOXUPypry,
YbY NALMEHTH YMUPAIOT B XO7le ollepalliuy pexe Bcero. JJomycTuM, KOHCYJIbTaHT
3apabaThIBaeT JEeHbIU JJIs CBOMX KIUEHTOB B 90% ciiyyaeB, aZIBOKAT BBIUTPhIBA-
eT 80% gen, AoLIeAIUX 0 CyAa, & YPOBeHb CMEPTHOCTHU MallMeHTOB KapAUOXU-
pypra cocrasiifeT Bcero 2%.

OzfHaKO OHU MOTYT BJIUATb Ha 5TU BEPOATHOCTU. KOHCY/IBTAHT, FOPUCT U XU-
PYPT MOTYT PENIUTh, 6paThcs 3a eio win HeT. OHU XOPOIIIO IIPeACTaBIAIOT CBOU
IITAHCHI Ha YCIIEX, U €CJIU 3TU MIAHChI KAXKYTCI UM CIUIIKOM HEeOOJbIIUMU, OHU
MOTI'YT OTKa3aThCs. BEpOATHOCTB ycIexa KaK/J0oro U3 HUX 3aBUCUT OT BBIOOpa ITpo-
€KTOB C HauboJIbIlell BEPOATHOCTHIO ycIlexa U u3beraHus TexX, KOTOPble MOTYT
IIPUBECTH K YXYALIEHUIO UX TIOKa3aTesneii™.

BBl ZIOJDKHBI YYUTHIBATh BCe GAKTOPHI, BIUAIOIINE Ha CTEIIEHU BEPOSTHOCTH,
C KOTOPBIMU CTaJKUBaeTeCh.

He meHsiiTe 3aBUCUMOCTH MeCTaMM

Ele ofHa JIOBYIIIKA COCTOUT B CKJIOHHOCTHU IpeAIosiarath To, 4To P(A | B) =
P(B | A) st iByX coGbITHII A U B. O6paTnTe BHUMaHUE Ha TO, KAK 3aBUCUMOCTH
IIOMEHANNUCh MeCTaMU: B OLHOM cilydae A 3aBUCHUT OT B, B ipyroMm — B oT A.

52 ABTOpr KHHUI'YM HUYEro HE UMEIOT IIPOTUB TaKHUX 3aBTPAKOB.

53 MbI He YTBEPXKZAEM, UTO KOHCY/IBTaHThI I XUPYPTU TaK ITOCTYIIAIOT. Tak fesatoT TOJIbKO aJBOKATHI.
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BoT nmpuMep, nokasplBalOIIUY pasHULY MEXAY ABYMA 3TUMU CIydasAMU.
TIycTh cobbiTie A 6yzeT «[IpoxkuBanueM B mTate Hpio-Mopk», a coberTre B —
«[IpoxkuBanueM B ropozie Hoio-HMopk». P(A | B), To ecTb BEPOATHOCTh HPO-
’KUBaHUA B mTaTe Hbio-MlOpK NP yCIOBUM, YTO Bl KHMBeTe B ropoge Hblo-
Mopk, cunbHO oTuyaercs ot P(B | A) — BepOATHOCTH IPOXUBAHUSA B FOPo/ie
Hbio-MopK Ipu ycI0BUH, YTO BhI XKuBeTe B mTare Hbio-Mopk. B mepsoM ciy-
yae BepoATHOCTh cocTaBisieT 100%, P(A | B) = 1, a Bo BTOPOM — HET, TO-
CKOJIbKY OKOJIO 60% sxuTesneii mTata Hblo-MlOpK )MBYT 3a IpeieslaMu ropoga
Hp1o-Mopk.

B TakoM IIpocTOM IpuMepe Bce ZOBOJIbHO OUYEeBHJHO, OJHAKO IIepeCcTaHOBKa
3aBUCHMOCTEN U MPEAIOIOKeHHE 0 TOM, ITO P(A | B) = P(B | A) — HacCTOJIBKO
pacrpocTpaHeHHas OIINOKa, YTO el Zaly Ha3BaHUe U IOCBATWIN LETYI0 CTaThIo
B Bukuneauu — Confusion of the Inverse («omu6Ka IprpaBHUBAHUSA ABYX YCIOB-
HBIX BepOSATHOCTEN»)>*. BBl HaBepHsKa TOXKe JIOIYCTHIN ee B IIPOIecce BBIMIOIHE-
HUA MBICJIEHHOTO YIIPaXXHEHUs, IIPe/JIOXKeHHOI'0 B Havyasie 3TO! ITIaBhI.

JlaBaiiTe BepHeMcA K ClieHapUIo U3 3TOr'0 yIIpaKHEeHUS.

Bama xomMnaHusa nojBsepriiach Xakepckoyl aTake, B pe3dyJbTaTe KOTOpoi 1%
HOYTOYKOB OKa3ajJuCh 3apa’keHbl BUPYCOM. [10JIOKUTENbHBIN pe3yabTaT TecTa
Ha HaJIM4Me BUPyca — 3TO COOBITHE +, OTPUIIATENbHBIN Pe3yIbTaT — COOBITHE —,
UHQUITMPOBAaHUE BUPYyCcOM — coObITHE B. Bam 6bUTa IIpejocTaBieHa CIeAyIomas
nnpopmanus: P(+ | B) = 99%, P(- | 6e3 B) = 99% u P(B) = 1%. [lpyrumu
CJIOBaMHU, BEPOSITHOCTb ITOJIOKUTENBHOI'O PE3Yy/IbTaTa TeCTa IIPU HAINYHUU BUpPyca
Ha HOYTOYKe cocTaBisieT 99%, BEPOATHOCTh OTPULIATETFHOTO Pe3yabTaTa TeCTa
MIPY OTCYTCTBUHU BUpPYyca Ha HOYTOYKe cocTaBisieT 99%, a BEpOATHOCTb HaTUIUA
BUpYyCa Ha IIPOU3BOJILHO BEIOpaHHOM HOYTOyKe cocTaBisgeT 1%.

MBI XOTeIH OINpeeIUTh BEPOATHOCTh TOTO, YTO KOMIIBIOTED 3apakeH BUPY-
COM, TIPH YCJIOBUU MOJIOKUTENBHOTO pedyibraTta Tecta, P(B | +). VimeHHoO 37eCh
BO3HUKJIA BHIIIEOMUCAHHAS ITyTaHua. Peus 1wta o P(B | +), a He o P(+ | B), oa-
HaKO MHOTHe JIIOAY IIPY BBHIIIOJIHEHUU 3TOT'O YIIPaXKHEHUA [JaloT OTBET, COOTBET-
crBytomuii P(+ | B) = 99%.

BepositHoctu P(B | +) u P(+ | B) He 0/IMHAKOBEI, OZIHAKO OHU CBSI3aHBI MEKY
coboii Teopemoii Baiieca — OfHOM M3 CaMbIX U3BECTHBIX TEOPEM B TEOPUHU BEPO-
ATHOCTEH U CTaTUCTUKE.

54 Confusion of the Inverse: en.wikipedia.org/wiki/Confusion_of_the_inverse. [ocTyn nosyuex
4 uronsa, 2020.
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Teopema baifeca

Teopema Baiieca, chpopmynupoBantas B XVIII Beke, — 3T0 crtocob pabOTHI € YCI0B-
HBIMHU BEPOATHOCTAMHU, KOTOPHIN IIPUMeHAETCS MOBCIOAY, HAaUMHAasA C IVIaHUPOBa-
HUS CPOKEHUH W yIpaBieHusa GuHaHCAaMH M 3aKaHYMBasA pacimudpoBkoit JTHK.
Jlns iByx coObITHH A M B TeopeMa batieca yTBepKAaeT cieayrolee:

P(A | B) X P(B) = P(B | A) x P(A)

I[Tycte Bac He myraet ata popmysna. CaMmoe BaXKHOe — He 3alIOMHUTH TY WIN
nHy10 GOpMYyIy, a IOHATH, YTO OHA JlelaeT U IIoYeMy O Hell CTOUT 3HAaTh.

Teopema Balieca 11o3BosfeT CBA3aTh YCIOBHYIO BEPOATHOCTD /IBYX COOBITHH.
BeposATHOCTh HACTYIUIEHUS COOBITUA A TIPU YCJIOBUU HACTYIUIEHUS COOBITUA B
CBsI3aHA C BEPOATHOCTBIO HACTYIUIEHUS COOBITHA B Ipy yCI0BUM HACTYIUIEHUS CO-
6bITrsA A. OHU He paBHBI, HO CBA3aHBI IPUBEAEHHEIM BHIIIE YDaBHEHUEM.

OTO MOXeT IPUTOAUTHCA, KOT/ZIa BaM M3BeCTHA OJHA U3 YCJIOBHBIX BEPOATHO-
CTell 1 BBl XOTHUTE OTIpeZeNTh APyryto. Hampumep:

— MeguuMHCKME UCCIeA0BaTeNN XOTAT 3HaThb BEPOATHOCTD TOT'O, YTO Y Y€JI0-
BeKa OyZIET MOJIOXKUTENbHBIN pe3y/IbTaT CKPUHUHTOBOTO TeCTa Ha pak Mpu
YCJIOBUH, UTO ITOT YeOBeK GoseH pakoMm, P(+ | P). Torga oHu cMOTYT Co-
37aTh O0Jiee TOYHBIE TECThI, TO3BOJIAIOIINE HeMeJIEHHO IIPUCTYITUTD K Je-
yeHH10. Pa3pabOTUYNKHU NOJIUTHUKY XOTAT 3HATh 00paTHOE — BEPOATHOCTh
TOT0, YTO YeJIOBEK OOJIEH PaKOM IIPH YCIOBUU IIOJIOKUTETBHOTO Pe3yIbTa-
Ta CKPUHUHTOBOTO TecTa, P(P | +), IOTOMY YTO OHU HE XOTAT IO/BEPTaTh
JIoZieli HeHy>KHOMY JIeYeHUI0 Ha OCHOBAHUU JIOXKHOIIOJIOXKUTENBHOT'O pe-
3ysbTarta (KOrZa TeCT ITOKa3bIBaeT HaluvKe OOJEe3HU IIPU €€ OTCYTCTBUH).

— IIpoKypopHl XOTAT 3HATh BEPOSATHOCTb TOTO, YTO MOACYAVUMBI BUHOBEH
[IPY YCIIOBUY HaMU4UA 0Ka3aTenbcTs, P(B | /). DTO 3aBUCUT OT BEPOAT-
HOCTU OOHApPYXEHUA [J0KA3aTeIbCTB IIPU YCIOBUMY, YTO YeTIOBEK BUHOBEH,
P(Z | B).

— Bam mocTaBHIMK YCIyT 3J€KTPOHHON IOYTHI XOUeT 3HATh BEPOSTHOCTH
TOT0, YTO JIEKTPOHHOE IMCbMO — CIIaM IIPH YCJIOBUU, YTO OHO COAEPKUT

5 C mozppo6HOUM MCTOpUEN JaHHOW TEOPEMBI MOXKHO O3HAKOMUTHCS B KHuUre McGrayne, S. B.
(2011). The Theory That Would Not Die: How Bayes’ Rule Cracked the Enigma Code, Hunted Down
Russian Submarines, and Emerged Triumphant from Two Centuries of Controversy (American First
ed.). Yale University Press.
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¢dpasy «becruiatHele geHbru!», P(Ciam | JeHbru). Vcmnosb3ys ucropude-
CKUe JJaHHBIE, OH MOXXET PAaCCIMTATh BEPOATHOCTD TOT'O, YTO JIEKTPOHHOE
MIUCHMO COZEPXKUT ¢pasy «becruiaTHbie feHbIH!» IPU YCIOBUU, YTO OHO SIB-
nsietest ciamoM, P(Jlenbru | Cam). (Mer Gosee ogpo6HO pa3bepeM 3TOT
npumep B mase 11.)

— B BBINIEONIMCAHHOM MBICJIEHHOM YTIPQ’KHEHUU BBl XOTUTE Y3HATh BEPOAT-
HOCTb HaJIMYUA BUpyca Ha BallleM KOMIIbIOTepe IIPU YCJIOBUU IIOJIOKUTENb-
HoOTO TecTa, P(B | +). Bam u3BecTHO 06paTHOE — BEPOSITHOCTH IIOIOXKHU-

TEJIbHOTO pe3yybTaTa TecCTa IIPU YCJIOBHUH HaJIUYHs BHpyca B KOMIIbIOTEpE
P(+ | B).

99 3apaxxeHbl BUpYyCOM

99% HOYT6YKOB 1 TECT NONOXUTENbHbIIA
TECT NONOXKMUTENbHbIIA
100
HOYTOYKOB
1% 3apaxeHbl
BUPYCOM

1% ]
TeCT 0TPULIATENbHbIN __,  3apaxeHBupycom
HOYTBYK W TECT OTPULLATENbHbIN

10000
HOyT6YKOB
0
1% . 99 He 3apaxxeHbl BUpYyCOM
999 TECT NOMOXUTENbHbIN HOYT6YKOB 1 TeCT NONOXMUTENbHbI
0
He 3apaeHbl
BUPYCOM 9900
HOYTOYKOB

99%
TeCT OTpULaTeNbHbIi

9801 He 3apaxeHbl BUPYCOM
e .
HOYTOYK ¥ TECT OTpULIaTENbHbIN

Puc. 6.2. [lpeBoBMAHaA fuarpaMma Ansi CKaHUpPOBaHUS KOMNbIOTEPOB B 60/bLLIOI KOMMNAHUM
Ha Hanuume Bupyca
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Bce ycioBHBIE BEepOATHOCTH B 3TUX IIpUMepax cBA3aHbl TeopeMoli balieca. 3To
XopoIas HOBOCTb. [1710xas HOBOCTh — HEKOTOPBIEe YacTH 3TOM TeOpeMbl TPYAHO
paccuuTarts. [lesio B TOM, 9TO He BCE BEPOATHOCTH JIETKO BBIACHUTDL. Hampumep,
BEpPOSITHOCTD TOT'O, YTO YeJIOBEeK OOJIEH PAKOM IIPU YCIOBUU MOJIOXKUTEIBHOTO pe-
3y/IbTaTa CKPUHUHTOBOTO TECTA, MOXKET OBITH Jlerde Y3HATh, YeM BepOsITHOCTD Ha-
JIMYUS STOTO 3a00JIeBaHUsA Y YeJIOBEKa C OTPUIATENbHBIM PE3YIbTaTOM TECTA.

YTOO6BI OIIpEeIENUTD, JOCTATOYHO JIK Y BaC HHPOPMAIUH I IPUMEHEHUS TEO-
pemsbl batieca, MOXXHO TOCTPOUTD IPEBOBU/HYO uarpaMmy (puc. 6.2). B kauectBe
IIpEMepa MBI UCII0JIb3yeM TO JKe caMoe MBICJIeHHOe yIIpaKHeHHe — U HaKOHel], I10-
KakeM, TIoyeMy ITpaBWIbHBIM OTBeT cocTasygeT 50%. [IpeAnosoKum, 9To B KOM-
manuu 10000 HOyTOYKOB. TIOCKOJIBKY BEPOSITHOCTD TIOJIOXKUTENBHOTO pe3yibTaTa
TecTa NMpY HAJIMYUU BUPYca Ha HOYTOyKe cocTaBisgeT 99%, MBI IIPEAToNIaraeM, 4To
[IpYU TeCTUPOBaHUM 1% HOYTOYKOB C BUPYCOM MBI OyZIeM IIOJIy4aTh OTPUIATENb-
HBIN pesynbraT Tecta, P(— | B) = 1%. ToYHO Tak ke, YYUTHIBAsL, YTO BEPOSITHOCTh
OTPUIIATETBHOTO Pe3y/IbTaTa TeCTa IPU OTCYTCTBUY BUPYyca Ha HOYTOYKe COCTaBIISA-
eT 99%, MbI IpeZIIoaraeM, 9To IIpU TeCTUPOBAaHUU 1% HOyTOYKOB 6e3 BUpyca MbI
6yzIeM TOJTy4aTh MOIOKUTENbHBIHN pe3ysibrat Tecta, P(+ | 6e3 B) = 1%.

Kak BuziHO Ha puc. 6.2, ucxozs U3 uMeroleiica y Hac napopmanmu, 10000 Ho-
yTOYKOB MOXXHO pa3/IeIuTh Ha YeThIpe TPYIIIBI: HOYTOYKYU C BUPYCOM, JaBIIUE OT-
PUIATENbHBIN WIN IOJIOXKUTETbHBINA Pe3y/IbTaT [IPU TECTUPOBAHUY, U HOYTOYKU
6e3 BHpYyca, JaBIINe OTPUIATETbHBINA WU TOJOXKUTENbHBIN PE3y/IbTaT IIPU TECTH-
poBaHuu. /laBaiite pazbepeMcs, UYTO 3TO 3HAUUT. EC/iM BBl TOCMOTPUTE Ha IPEBO-
BU/IHYIO UarpaMMy, TO IIoKMeTe, YTO HaM UHTePeCHBI TOIbKO /IBe BeTBU. [lepBhIii
clydail IpezriosiaraeT Hajauuyue BUpPyca U MOJNOXKUTEIbHBIN pesysbraT TeCTUPO-
BaHMA — 3TO 99 HOYTOYKOB. BTOpOIi Ciyyali IpeAronaraeT OTCyTCTBUE BUpYyca
U OTIATH K€ IOJIOXKUTENbHBIN pe3y/IbTaT TECTUPOBAHUA — Toxe 99 HOyTOyKOB. Ta-
KO pe3y/IbTaT Ha3bIBAeTCsA JIOXKHOIIOIOKUTETHHBIM.

Jeno BOT B ueM. MBI y»ke 3HaeM, 4YTO pe3y/IbTaT TeCTHPOBAHUA KOMIbIOTEpa
0Ka3aJICsA IOJIOXKUTEIbHBIM. DTO O3HadaeT, YTO OH MOXKeT IIPUHaZJIeXaTb TOIbKO
OHOM U3 3TUX JBYX I'pyNIl. BbI He 3HaeTe, Kakoil UMEeHHO, HO eCJIY NIPe/ICTaBUTh
HOYTOYKU B BUIe IIAPUKOB OAMHAKOBOTO Pa3Mepa, TO IIPU BHITACKUBAHUY OZHOTO
M3 HUX BCJIEIyI0 U3 MelIKa BepOATHOCTb TOr'0, YTO BRI IOCTAHeTe MIapUuK U3 TOM
WM WHOU TPYIIBI, OyzZeT cocTaBaaTb 50%.

A Temepb faBaliTe IpoBepUM cBoe (HOBOE€) MHTYUTUBHOE TOHUMaHHue CUTya-
LMY MaTeMaTUKOU. i 3TOro UCIOIb3yeM TeopeMy baiieca, 3aMeHUB COOBITHA A
u B cobbitusavMu B u +: P(B | +) X P(4+) = P(+ | B) X P(B). 3atem mojacTaBuM
M3BECTHbIE HaM BeJIMYMHBI BEPOATHOCTHU:!
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P(+) = BepoATHOCTH NOJIOKUTEIBHOIO pe3yJbTara TecTa = 198 MoIoXKUTeNb-
HbIX pesyabraros /10000 = 1,98%
P(+ | B) = 99/100 = 99%
P(B) = 100/10000 = 1%
[TogcraBuB 3TU 3Ha4YeHus B BeipakeHue P(B | +) X P(+) = P(+ | B) x P(B),
HoJIy4aeM:
P(B | +) X 1,98% = 99% X 1%,
P(B | +) = (99% X 1%)/1,98%
PB | +) =50%

MaTeMaTuKu MHOI'OBATO, HO OHA IIO3BOJJIM/Ia HaAM HprITI/I K [TpaBWJIbHOMY OT-

BETY: BEPOATHOCTh HAJWYNA BUpPyca Ha BalleM HOYTOYKe MPU ITOJOXKUTETHHOM
pesyibTarte Tecta cocrasiadeT 50%.

YBE[IUTECH, YTO BEPOATHOCTU UMEIOT CMbICJ1

B aToli rmaBe Bam MIPpUNLUIOCH UMETH Z€JI0 C MHOXECTBOM YUCE U O603Ha‘{eHHﬁ,
0COOEHHO B IIpeAbIAYIIEM pa3jeie. Tenepb ﬂaBaﬁTe cZeslaeM Hiar Hasaz M I1oro-
BOpPHUM O c11ocob6ax OCMBICIEHUS M MCITO/Ib30BaHUA BCPOHTHOCTefI.

Kanuépoeka

OnpezengeMble BePOATHOCTH JOIKHBI UMETh CMBICIL.

Hanpumep, npu ycI0BUM PaBHBIX 3aTPaT U BHITOJ, IIPOEKT C BEPOATHOCTHIO
ycrmexa 60% comnpsikeH ¢ GOJBIIUM PUCKOM, Ye€M TIPOEKT C BEPOSATHOCTHIO yCIIe-
xa 75%.

MB&I 3HaeM, YTO TO KaXKeTCS OYEBHAHBIM, OAHAKO JIIOAM YaCTO OIIEHUBAIOT CO-
OBITHS C BEPOATHOCTHIO 60% minu 75% Kak BechbMa BEpPOSATHBIE, IIOTOMY YTO KX
BepOATHOCTH TpeBbIiiaer 50%. Ho eciu GBI 3TO OBUTO TaK, BEPOATHOCTH HE MMe-
s 6B HUKaKOTO 3HAYEHUs ¥ CBOAWIUCH OB K GUHAPHBIM PENIeHUsIM THIA «Ia,/
HET», IPU KOTOPBIX IMOJTHOCTHIO YyTPAYMBAETCA CMBIC CTATUCTAYECKOTO MBIIILTE-
HUS ¥ pabOTHI C HEOTIPEZIEIEHHOCTBIO.

Boitee TOT0, €C/T BEPOATHOCTb COOBITHS COCTaBIAET 75%, OHO TOIKHO MTPOUC-
XOAUTh IPUMEPHO B 75% ciy4aeB®®. DTO KaKyllleecss OYeBUIHBIM yTBEPIKIEHUE,

56 MbI TOBOPUM «IIPUMEPHO», IOTOMY YTO BO BCEM eCTh Bapuauuu. Ho B I0TOCPOYHOI TepCIiek-
THBe COOBITHE, NMeIollee BEPOITHOCTD 75%, TODKHO IPOUCXOANUTE B 75% cirydaes.
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Ha3bIBaeMoe KaIrOpOBKOM, IpUaeT BEPOSATHOCTH cMbICT. «KannbpoBka ompeze-
JIIET COOTBETCTBUE GAKTUUECKOM YaCTOThI HACTYIUIEHUS TEX I UHBIX COOBITUI
B ZIOJITOCPOYHOM IEepCIIeKTHUBE BallleMy IIPOTHO3Y»>.

[Tnoxas kanubpoBKa ZieslaeT HEBO3MOXKHOHN TOYHYIO OLIEHKY prcKa. Eciu BbI
CaMOyBEPEeHHBIN IOPHCT, KOTOPHIH AyMaeT, YTO BBIUI'PAET ZIEJI0 C BEPOSATHOCTBIO
90%, XOT Z10 5TOT'O BEIUT'PHIBAJ TOIBKO B 60% cilydaeB, BB IepeolieHUBaeTe CBOU
IIAHCHI Ha yCIleX. DTO MPUMeEp IUIOXOU KalTU6POBKH.

VITak, BEPOATHOCTH JOJKHBEL IMEThH CMBICI. [IOMHUTE O TOM, YTO PeJKUe CO-
OBITHS He SIBJIAIOTCS HEBO3MOXXHBIMU, a BHICOKOBEPOSTHBIE COOBITHS He 00s3a-
TeJIbHO HaCTyTAoT.

Peakue cobbITHA MOryT ciyyaTbCa U CnyvaloTcs

Pezikoe cOOBITHE MOXKET He TIPOU30MTH C BAMHU WK C KEM-TUO0 M3 BalllUX 3HAKO-
MBIX, HO 3TO He 3HAa4MT, YTO OHO He MPOU30UAeT BooOIIe. TeM He MeHee y Hac 4a-
CTO BO3HUKAIOT CJIO)KHOCTH C IOHUMaHUEM PEAKUX COOBITHI.

JTOo TmpaBja: BBl BPsZ JIU COPBETE JKEKIOT B JIOTEPelo, OIHAKO HEKOTOphIe
JIIOY B Hee BCe-TaKU BBIMTPBIBAIOT. ECM yuecTh KOMYECTBO JIoTepeii, TPOBOAU-
MBIX TI0 BCEMY MUDPY KaXK/BIH IeHb, BEPOATHOCTb TOTO, YTO CTOJIb PEAKOE COOBI-
THE TIPOU30U/IET C KEM-TO U3 XKUTeJeN IUTaHeTHl, ITyCThb Jake He C BAMHU, OKa3bIBa-
eTcst He TaKoU y>X U HU3KOU.

Mgl yacTo 3a6piBaeM 06 OTPOMHOM KOJUYECTBE JIIO/IEH, JKUBYIIUX Ha 3eMIIe.
[Ipu HaceleHUY B HECKOJbKO MUJLTUAPAOB YeTOBEK COOBITUA TUTA «1 Ha MUJUIU-
OH» KaXyTCs ropaszio boyiee BepoATHEIMHU. Ha caMoM fieie, y4aCTHUKAMK TaKUX
COOBITHH CTAHOBUTCS TOpa3o OOJIbIIE JIIOAEH, YeM MBI MOXKeM cebe Mpe/iCTaBUTb.
B mMupe, rae mpoxuBaet 7,8 MwuIHap/a 4eoBeK, COObITHE THIIA «1 Ha MILTHOH»
MOXKeT IIPOUCXOAUTD eXeAHeBHO ¢ yyactrueM 7800 yesoBek.

C Ipyro#l CTOPOHBI, TO WM UHOE COOBITHE OYEHDb JIETKO IPEACTABUTh Upe3-
BBIYAlfHO peKUM, YTOOBI PHU/ATh €My ApaMaTru3Ma (a BO3MOXKHO, JaXKe BBECTHU
B 3abnyxzaenue). Hampumep, B amepukaHcKoM ¢yTOOIe O4eHb YaCTO BCTPEYaroT-
cs1 KOMMEHTapuu, HaMeKalollye Ha PeAKOCTh MMPOUCXO/SIIET0 Ha dKpaHe COOBI-
THA. «DTO IIePBLIH pas, Korza 28-yeTHIH HOBUYOK pobexai 30 ApAoB Moce ABYX
BBIE3/THBIX UTP U BCETO OJHOM UTPHI B IIpe/ice30HKe». Ecau chopMymmpoBaTh 3T0
TakK, TO I]AaHHOEe COOBITHE ZeHCTBUTEIHHO MOXET ITOKA3aThCA PEAKUM.

7 fivethirtyeight.com /features /when-we-say-70-percent-it-really-means-70-percent
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He nepemHoXaiiTe BepoATHOCTH 6e3 HE0OXOAUMOCTH

He mepemMHOXaiiTe BEPOATHOCTHU MPOLUIBIX COOBITUI 6e3 0c060i1 HeO6X0-
JUMOCTH. B IpOTUBHOM Ciry4ae BBl MOXKeTe CZEeNaTh TO WIN HHOe COOBITHE
IIPaKTUYECKY HEBEPOATHBIM.

JlaBaliTe IpUKHMHEM BEpPOATHOCTH TOT'O, YTO BBl UUTAeTe UMEHHO 3Ty
CTPOKY Ha 3TOM CcTpaHUIle 5TOU camoli KHUTU. [loMUMO AaHHOU CTpO-
KU Ha 3TOU cTpaHulle ele nmpuMepHo 35 cTpok (1/35), B KHUTe — elle
300 crpanur (1/300), a B MUpe — MWIITMOHBI KHUT. Ec/ii BBl TepeMHOKU-
Te 3TU BEPOATHOCTH, TO MOJYIUTE OECKOHEYHO Maoe uuciao. OUeBUZAHO,
MBI OBUTH CO3/IaHBI APYT AJIsA Apyral

NOABEAEHUE UTOIOB

Ora miaBa I0/bKHA ObLIa HAyYUTh Bac HE TOJIBKO OCHOBAM TEOPUU BEPOSTHOCTEMH,
HO U CMHUpeHUIo. BeposTHOCTH — 3TO coxkHasA TeMa. OfHAaKO BaXXHOe yCIOBUE
YCHEITHOTO U3y4eHUsI HOBOM TeMBbl — OCO3HaHME TOTO, YTO YTO-TO MOXKET ITONTH
He Tak. MlHpopMaIys, KOTOPYIO BBl Y3HAIM M3 3TOU ITIaBhl, IOMOXXET BaM Hai-
THU [IOTIOJIHUTEIbHBIE CBeZleHN A, NTpeX/e YeM IPUHUMATh pellleHNsI OTHOCUTEb-
HO BEPOATHOCTH, OCOOEHHO B TeX CIyYasX, KOTOPbIe Ha MEPBHIN B3MIAA KaXYTCsA
WHTYUTUBHO NOHATHBIMU.

B 3To¥ 1aBe MBI IOKA3aJIH, KaK JIETKO MOXKHO OIINOGUTHCA IIPY ONIpe/ieIeHU
BeposATHOCTeH. MHor/a onmbka 3akiIodaeTcs B caMoil GopMyIMPOBKE BOIIPOCa,
a MHOIZIJa — B IPeAINOoNIOKEeHNUAX, OCHOBAaHHBIX Ha IIpeJocTaBisieMoil nHbopma-
uu. UTo6s! n36exaTh HeZJOpa3yMeHUH, OIb3yHTeCh HAIIUMU PEKOMEH/aIus-
MU IIPU aHAINU3E BEPOATHOCTEMN:

— By,Z[bTe OCTOPOXKHBI, Aejad IIPEAIIOJNOXKEHNA O HE3aBUCUMOCTU COOBITHIA.
— 3HaﬁTe, 9TO BCE€ BEPOATHOCTU ABJJAIOTCA YCIOBHBIMH.
— Y6e,q1/n"ec13 B TOM, 4YTO BEPOATHOCTU NUMEIOT CMBICII.
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bpocaunTte BbI30B CTaTUCTHKE

KeHT bpokmaH: Muctep CMNCOH, KaK Bbl OTBETUTE Ha 06BUHEHMUS B TOM, YUTO MENKOTO
BaHJanu3ma spoge rpag@utu ctano MeHblue Ha 80%, B TO BpeMsl Kak KONMYECTBO Cyyaes
U36MEeHUA TAXKENbIMU MELLKaMM BbIPOCO Ha Wwokupytowme 900%?

Tomep: O, nloan MOTYT NPUAYMATb NIO6YI0 CTAaTUCTUKY, YTOObI f0KA3aTb YTO YroAHO, KeHT.

CopoK NpOLEHTOB /H0fieN 3HAIOT 3TO.
_ Mynbtcepuan «Cumnconbi»

B Bl KOTZIa-HUOY/ZIb CTAIKUBAINCH CO CTATUCTUYECKUM YTBEPXKIEHUEM B HOBO-
CTAX WK Ha pabodyeM MecTe, KOTOPOE Bbl XOTeJIH ObI OHATh, OLIEHUTH U, BO3-
MOXHO, Jaxke II0ABepPTrHyTh COMHeHUI0? JlaHHad I7laBa Hay4UT Bac UMEHHO 3TO-
My. B Hell MBI TIOTOBOPHM O CTAaTHUCTHUYECKOM BBIBOJIE, O TOM, KaK II0Jb30BaThCHA
WHJYKTUBHOM CTaTUCTUKOM U OCIIapUBaTh €€ Pe3yJbTaThl, a TakKe IIepeuyrcIuM
BOIIPOCHI, KOTOPBIE BaM cjezyeT 3aaTh /JJId II0OJIHOI'0 IOHMMAaHUA C/leJIaHHbIX BBI-

BOJZIOB.

KPATKWUE YPOKW N0 CTATUCTUYECKOMY BbIBOZ1Y

Kak 6p110 cKa3aHo B maBe 3 «[OTOBbTECH MBICIUTh CTATUCTUYECKU», UHIYKTUB-
Hasl CTaTUCTHKA II03BOJISIET HaM COOUPATh ZJaHHBIE O MUPE, B KOTOPOM MBI JKUBEM,
Y lelaTh Ha UX OCHOBAHUU IIPETIONOKEHUs 06 3TOM MUpe.

B maHHOM pasziesie Mbl pa3bepeM psz TPUMEPOB, YTOOBI ITOKA3aTh, HACKOJIbKO
WHTYUTHUBHBIM MOXKET OBITh MPOIIECC MTOCTPOEHUS CTATUCTUIECKOTO BBIBOJA TIPU
MTOCTETIEHHOM BBeZIeHUH GOPMATbHBIX CTATUCTUYECKUX TEPMUHOB (4acTh U3 HUX
BBl Y3HaJIU paHee B KHUTe, HO HallOMUHAHWE HUKOTZA He ObIBAeT JIUIIHUM).
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Xopo1iiasi HOBOCTh — BbI 6€3 Ipo6JIeM CMOXKETE MPOCIEAUTD IIPECTABIEHHYO /-
Jiee JIOTUKY CTaTHCTUYECKOTO BHIBO/IA BHE 3aBUCHMOCTH OT BAIllUX 3HAHUM B 06-
JIACTU CTATUCTUKH.

ObecneybTe cebe NnpocTop ANs MaHeBpa

OZWH U3 caMBIX PacIpOCTPaHEHHBIX U BAXXKHBIX IIPUMEPOB IPUMEHEHUA WH-
AYKTUBHOM CTaTUCTHUKU — IIpOBeZleHHWe OIIPOCOB. Bhl He MoOXKeTe ONpPOCHUTh
BCEX — TOJIbKO YYaCTHUKOB BBHIOOPKH, K KOTOPHIM y Bac ecTh AocTyil. C ee IoMo-
IIBIO MBI TBITAEMCsI JIYYIIIe TOHATH OKPYKaIoIIuii Mup. MiHaue roBops, 3Ta BEI6OD-
Ka IIoOMOraeT HaM OOJIbIlle Y3HATh O MOMY/ISIUH.

PaccmoTpum mipuMmep ompoca. CiydaifHo# BhIGOpKe, cocTosameii u3 1000 cTy-
ZI€HTOB BBOZHBIX KypCOB II0 CTaTUCTHKE, IPOBOAALIMXCA 10 BCel CTpaHe, 3aJatoT
Borpoc: «BaM y»xe HaZloeso To, YTO CTaTUCTUKU MCIIO/Ib3YIOT IPUMEpPHI OIIPOCOB
JUTs OO'BSCHEHUS OCHOBHBIX CTATUCTUYECKUX KOHIIETIIIHIH ?»

Pe3y/ibTaThl IAHHOTO OMIPOCA TaKOBHI: 655 CTYZIEHTOB CKa3au «Za». (A Kak OBl
TIPOr0JI0COBAJH BhI?)

Crasu GBI BB, OCHOBBIBAsICh JIMIIb HA OAHOU BhIOOPKe 13 1000 CTyZEHTOB, 3a-
ABJIATH O TOM, YTO MCTHUHHBIN MIPOIIEHT BCeX CTYAEHTOB BBOAHBIX KYPCOB IO CTa-
THUCTHKe (TIOMy/IAYA), KOTOPbIM HaZloeIy IIPUMeEPHI C OIIPOCaMU, COCTaB/IAET POB-
HO 65,5? Vnu BBl XOTHTEe UMeTh HEKOTOPOE IIPOCTPAHCTBO /I MaHeBpa, Jesnas
CBOe IIpe/ooKeHre?

Ckopee Bcero, BTopoe. DTO XOpOIIIO, IOTOMY YTO HeZeJI0 CIyCTsA IIPU OIIpoce
eme 1000 cTyzeHTOB yTBepAUTENbHBIN OTBeT Aanu 670 yenoBek. Pasymeercs, 655
1 670 — aT0 BecbMa 6JIM3KMe 3HAUEHUsI, Y, BO3MOXKHO, BHI ITOJIaraeTe, 4To [IpoBe-
JleHUE 3TUX OIIPOCOB TIO3BOJIMIO BaM MPUOIU3UTHCI K UCTUHHOM I0JIe CTYZEHTOB,
TOTOBBIX YTBEPAUTEIHLHO OTBETUTH Ha 33/laBaeMblil Borpoc. OZIHAKO, eCJU ObI BbI
IIPOBEJIN 3TOT OIPOC ellle pa3, BbI IIOIYyYWIN ObI pPa3Hble OTBETHl BCIEACTBHE Ba-
puanuy BEIGOpKHU. U ¢ 3TUM HUYEro Heslb3s ceIaTh, KpoMe KaK IIPeJCTaBUTh I10-
JIydeHHbIe pe3yJbTaThl B KOHTeKcTe. ONpoCHble areHTCTBA IOHMMAIOT 3TO U yKa-
3BIBAIOT «IIOTPELIHOCTb» Pe3yJAbTaTOB OIllpoca B mpezenax +/— 3%, koTopad
OTpakaeT HeollpeJeIEHHOCTb, OOYCIOBIEHHYIO BapHalyell U CIy4aifHOCTBIO.

B ciyyae ¢ nmepBBIM ompocoM 3HadeHue 65,5% — TouedyHas OljeHKa, U MbI
MOIIM GBI TIPEJCTAaBUTh Pe3y/IbTaThl Kak 65,5% + /- 3%, wiu (62,5%, 68,5%).
WutepBan (62,5%, 68,5%) Ha3bpIBaeTCsd JOBEPUTEIbHBIM U SBJISETCSI IIpUMe-
POM UHZAYKTUBHOMN cTaTUCTUKU. OH IIO3BOJIAET MOJTYYUTh HEKOTOPbIE CBeJeHUA
006 OKpy’)XarollleM MHpe Ha OCHOBe MH(OpPMAINH, IPeJOCTaBIEHHONW BHIOOPKOH.
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MsI HageeMcs, YTO 3TOT JOBEPUTENbHBIN UHTepBajl OTpa)kaeT MCTUHHBIM IIpo-
LIEHT BCeX CTYZAEHTOB BBOAHBIX KyPCOB 10 CTAaTUCTHKE, KOTOPbIE YCTAIU OT MpH-
MepOB C OIIPOCaMHU.

Mopaib: Ipy UCIOIH30BAHUN BEIOOPOK HAOIIIOAAIOTCS BapUaIlUH, AeTaroniie
HeoIlpe/ieJIeHHOM Ballly OLleHKY KOJIM4YeCTBa CTYZEHTOB BBOJHBIX KypCOB IIO CTaTHU-
CTHKe, YCTaBIINX OT NMPHUMePOB ¢ onpocamu. K cyacTbio, JoBepUTeNbHbIE UHTED-
BaJIbl OTIPEJEIIAIOT AVaa30oH MpaBAONoJ06HBIX 3HAUeHUH, B KOTOPHIX MOXXET Jie-
’KaTh UX UCTUHHAA J0JId, TO €CTh JAI0T BaM HEKOTOpOe IIPOCTPAHCTBO I MaHeBpa.

bonbLue AaHHbIX — 60nblue J0Ka3aTeNbCTB

Ecnu B mipoliecce coBepllieHNs IOKYIIOK B VIHTepHeTe BBl BUJUTeE IIPOAYKT Ha caliTe
Amazon ¢ pediTHHrOM B 1 3Be37ly, OCHOBAHHOM Ha €JMHCTBEHHOM 0630pe, BB MO-
JKeTe MPOUTHOPUPOBATh ITOT 0630p — MHEHUE OZJHOTO UeioBeka. OJHAKO eC/IH BbI
YBUZAWTE MIPOAYKT C HU3KUM PeUTHHI'OM, OCHOBAaHHBIM Ha COTHAX OT3BIBOB (CKaXKeM,
Ha 300), Barre MHeHUe OyZieT MHBIM. CyIIeCTByeT KOHCEHCYC, COIIACHO KOTOPOMY
JIAHHBIN IPOAYKT SBJISIETCS HeKauyeCTBEHHBIM. [103TOMY BBI BBIOMpAeTe APYyToii mpo-
VKT — C peUThHTOM 4,9 3Be3/pl, oOcHOBaHHOM Ha 200 oT3bIBax>®.

DTO FOBOPUT O TOM, UTO BHI y>Ke€ IIOHMMaeTe, KaK KOJWYEeCTBO TO4YeK JaH-
HBIX, JIeXKalllUX B OCHOBe peMTUHIa ToBapa Ha Amazon, BaufAeT Ha Ballle JoBepue
K HeMy. Paamep BBIGOpPKU MBI 6yzeM 0603Hav4aTh 6ykBoii N. Bbl He HUCIIBITHIBAETE
JIOBEpUS K PEUTHHTY, OCHOBAaHHOMY Ha ogHOM 063ope (N = 1), HO Bac crocob-
HbI YOeIUTh PENTHHIY, OCHOBaHHBIe Ha BEIOOpKax pazMmepoM N = 300 u N = 200.
Kak BBI yKe Zjorafianuch, pa3Mep BEIOOPKU UTPAeT OIPOMHYIO POJIb B CTATHUCTH-
4ecKOM BbIBOZe. B camoM zere, KaXkeTcs MaJlOBePOATHBIM, XOTA U He HeBO3MOXK-
HBIM, YTOOBI IPOAYKT ¢ peiTHHroM 4,9 3Be3zbl 1 N = 200 oka3asics HOJTHBIM XJIa-
MoM. A Kak HacueT npoaykTa ¢ N = 1? Ero 0630p Mor 6bITh HalIHCAH CTyIaifHBIM
HWHTEepPHeT-TPOJUIEM.

Mopasb: pa3mep BEIOOPKU MMeeT 3HaUeHUe. Bosble aHHBIX — 6oJIbIe J0-
kasarenbcTB. (MBI ke FOBOPW/IM, YTO 3TO UHTYUTUBHO IIOHATHO.)

Bpoche Bbl30B CTaTyC-KBO

ITo CyTH, HAyYKa U CO3JaHUE€ HOBBIX 3HAHUU nmpearnoJsiaraeTt 6pOC3HI/Ie BbI3OBa CTa-
TYCy-KBO. Korga HakarimBaeTcs AZOCTaTOYHO /JOKA3aTENbCTB B II0JIB3y TOTO, YTO

58 He 3a0yzpTe OCTaBUTH OT3bIB O HallleH KHUTe Ha caiiTe Amazon.
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MIPEXKHUY 06pa3 MBIIILIEHHUS OINOG0YEH, MBI €70 aZalITUpyeM. DTO XKe BEPHO U JJis
CTaTHUCTHUYECKOTO BBIBOZA.

[TpocTetimas aHa/JIOTUA — MPE3yMITINSA HEBUHOBHOCTU B aMEPUKAHCKOU CU-
cTeMe yTroJIOBHOTO npaBa. OO6BUHsIEMbIE «<HEBUHOBHHI /IO TEX TIOP, ITOKA UX BUHA
He OyzeT okaszaHa» (cTaTyc-KBo). [ToACyANMBIi OOBABIAETCS «BUHOBHBIM JIUIIb
TOTZIa, KOT/Ia [0Ka3aTeabCTBa BHE BCIKUX 0OOCHOBAHHBIX COMHEHUM YKa3bIBAIOT
Ha OIMMO6OYHOCTh CTATyC-KBO. BpeMs foKa3bIBaHUs TOTO, YTO IMEpBOHAYAIbHOE
MIPEATIONOXKEHUE O HEBUHOBHOCTH TMOACYZAMMOIO HEBEPHO, BO3JIaraeTcs Ha CTO-
POHY OOBUHEHWUS.

Ta6n. 7.1. Bonpocbl, Hynesble runotesbl (H,) v anbTepHaTuBHble runotessbl (H,)

Bompoc Hynepas rumoresa (H,) AnbrepHaruBHas runoresa (H)
Wsmenwsca v ypoBeHb  YPOBEHB Y[IOBJIETBO- YpOBeHb yZIOBIETBOPEHHOCTHU
VZOBIETBOPEHHOCTHU PEHHOCTH KJIMEHTOB kreHTOB MegaCorp U3MeHMICA
kmeHToB MegaCorp MegaCorp He U3MeHWICA  3a IIOCTeLHUH KBapTall.

3a IOCJIeIHUY KBapTan?  3a MOC/AeZHUN KBapTasl.

Crioco6cTBOBaA JIn Pexsnama MegaBank Pexnama MegaBank Bo Bpems
pexsnama MegaBank BO BpeMs «Cynepkybka»  «Cynepkybka» U3MeHIIa To/0-
BO Bpems «CymepkyOKa» He U3MeHUIa FOZ0BYIO BYIO IIPUOBUIB.

YBEJIMYEHUIO TOZI0BOH IPUOBLTb.

pUOBUTH?

3alKInaeT U 9KCIIepU-  JKCIIEpUMEHTANIbHAA BaK- OKCIepUMEeHTalbHaA BaKLIKMHA
MeHTa/IbHaA BaKLIMHA LIMHA He JIy4lle Iuiane6o.  Jydine Iwamnebo.

ot Bupyca COVID-19?

YpoBeHb 6e3paboTu- YpoBeHb 6e3paboTHUIIBI YpoBenb 6e3paboTuiiel B CIIA
bl B CIIIA n3MeHUICSa B CIIIA He U3MeHWICA U3MEHWICA € IIPOLUIOTO MecALa.
I10 CPaBHEHUIO C IIPO- C IIPOIIOT'O MecsAIaA.

LIJIBIM MecsiieM?

ViccenoBarteny, yueHble M KOMIIAHUU HUCTIONB3YIOT 3Ty JIOTHUKY JJIS CO3/IaHUs
HOBBIX 3HAHUH, HATIPABJIEHHBIX HA yJIydllleHue o0liecTBa win 6usHeca. BoT kak
aTO paboraer. OHM HAYWHAIOT C MMOCTAHOBKU BOIpOCca®’, mo0OHOTO TeM, KOTO-
pBIe TIepeYrCIe bl B Tabs. 7.1, ¥ UCIOMB3YIOT €ro JJiA TaK Ha3blBaeMOM IIPOBED-
KU TUIIOTE3HI.

CraTyc-KBO Ha3bIBAETCS HYJIEBOM I'MIIOTE30M, KOTOpasa OGEIYHO 0003HAYAETCS
kak H,. Kak mpaBuio, ee BLIOUPAIOT B HAIEXK/Ie BIIOC/IE/ICTBUN OTOPOCUTD B IOIb3Y

9 Kax BBl IOMHUTE U3 IVIaBHI 1, IPOEKT IO paboTe ¢ JaHHBIMU J0/DKEH HAYMHATHCA ¢ GOPMYIUPO-
BaHMA YETKOro BoIIpoca.
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HOBOTI'O 3HaHUs, HAa3bIBAEMOTO ajbTE€PHATUBHON TUIIOTE30#, 0603HaYaeMOoi
Kak H . Pasymeercs, Hy/leBas U albTepHATUBHAsA TUIIOTE3a 3aBUCAT OT 338/laHHOTO
Borpoca. B Ta6i. 7.1 mokasaHo, Kak 06IIre BOIIPOCHl MOTYT OBITh Pe0bpa3oBaHbI
B COOTBETCTBYIOIME TUIOTE3RI. VccmeoBaTe Iy CTPEMATCS HAWTH JOKA3aTeNb-
CTBa, TI03BOJIAIOIIYE OTBEPTHYTh HYJIEBYIO TMIIOTE3Y B I1OJb3Y aJlbTE€PHATUBHOMN.

O6paTuTe 0cob60€e BHUMaHUE Ha JIOTUKY IIPOBEPKU TUIIOTES, IIPEACTaBIEHHYTO
B Tabs. 7.1. Kakoii 661 IpaBAooqo6HOM HU Kasanach TUIIOTe3a, U3HAYaTIbHO BBI
Tpe/rosiaraeTe, YT0 OHa HeBepHaA (TO eCTh OTTAJTKUBAETECh OT CTaTycCc-KBO). [Ipnu
HaAJIWYUU JOCTATOYHOTO KOJIMYECTBA /J0KA3aTeNbCTB, TOBOPAIIUX O TOM, YTO HY-
JieBas rumotesa (H,) o4yeHb MaJOBEPOATHA, BB OTKJIOHAETE €€ B MOJb3y aJlbTep-
HaTtuBHO# (H).

Mopasnib: mTpoBepKa TUIIOTEe3bl — OTIMYUTENbHAS YepTa HAayYHBIX JKCIIEPHU-
MeHTOB. YUTOOBI OPOCUTDH BBHI3OB CTATYC-KBO, ZIOMYCTUTE €r0 UCTUHHOCTb B paM-
Kax Hy/IeBOU rumoTesbl. [Ipyu HAIWYUY JOCTaTOYHOTO KOJTMYECTBA I0KA3aTENbCTB
(maHHBIX), TOBOPAIINX O TOM, YTO HYJIEBas TUMOTE3a MAJOBEPOATHA, OTKJIOHUTE
ee B [T0JTb3y HOBOTO 3HAHWSA, CO/IEPXKAIIETOCSA B AIbTePHATUBHON TUTIOTE3E.

JokasatenbcTBa 06paTHOI'0

[TpeAmonoXuM, BbI UTpaeTe B 6ackeTOOJI C KOJUIETAMH, U CTAXKeP IIPOCUTCSA B BaLLy
KOMaHZy, 3asBJIAd O TOM, YTO OH ITonlaZilaeT MUHUMYM B 50% ciy4daes. «[loTpsacato-
1e», — ZyMaeTe BhI. Balliell koMaHzie Hy)KeH xopounii 6omoapaunp®.

I[lepez Urpoii BBl MBICJIEHHO OTMedaeTe (TO ecThb GOpMYIUpyeTe HYIEBYIO TH-
MOTe3y): MPOIEHT peaTu3aluyu 6pOCKOB cTaxkepa = 50%.

Vrpa HaunHaeTcsd, U BBl llepefaeTe eMy MAY JJIA BBIIIOJTHEHUA OTKPBITOIO
6pocka. [Ipomax. «Hu4yero crpaiHoro», — Aymaete Bbl. Ho 3aTeM OH He moma-
ZaeT cHoBa. [ToToM mpomaxuBaetcs ellle pas. U... emfe. YeTbIpe mpoMaxa MoApsz.
Hy u Hy. DTO IPOCTO y:KaCHO.

Baria Bepa B Hero HauMHaeT KouebaTbes. DTOT MapeHb AeCTBUTEIHHO yMeeT
WUT'paTh WK MPOCTO Aypauutca? TeM He MeHee Aaxke ¥ podecCcoHaIoB OGBIBAIOT
HeyZauHble JHU, ¥ MHOI/IA OHU IIPOMAaXMBaIOTCA YeThIpe pasa nozapsAz. 1 Bel mpo-
JloJbKaeTe laBaTh €My HOBBIe IIaHCHl. A OH IIPOZoKaeT IpoMaxyuBaThcA. 3a BCIO

0 MsI moHHUMaeM, 4To 50% — 3TO OTIMYHBIN MPOLIEHT peaar3anuy 6PoCcKoB B 6acket6oie. VY Jle-
6pona JxeliMca, HalIpUMep, TOT TIOKA3aTeIb 3a BCIO Kapbepy cocraeisieT 50%. Tak 4To Her,
Balll CTAXKep, CKOPEe BCEro, He UTPaeT HACTOIBKO XOPOIIO, IPOCTO 3HadeHune 50% obierda-
eT pacueTsl. OHAKO XOPOLIO, YTO BbI, KAK [VIABHBIH 110 JAHHBIM, 3ayMaJIiCh O TOM, HE CJIMII-
KOM JIKL 3TO OITHMHCTUYHO.
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Urpy craxkep npomaxsyscsa 10 pa3 noApsz, U Ballla KOMaH/a mpourpana. Bel pas-
O04YapOBaHBI U CYMTAETE STOTO NapPHA JDKEI[OM.

Brl Bo3BpalaeTech 3a CBOU CTOJI U pelllaeTe KOTMYeCTBEHHO OLIEHUTH TO JKaJl-
KOe BBICTYIUIEHHE, CBUZIETEIEM KOTOPOTO BbI TOJTBKO YTO CTAJIH.

VTak, KaKoBa BEPOATHOCTb TOTO, YTO UTPOK, peanusyromuii 50% cBoux 6poc-
KOB, IpoMaxHeTca 10 pa3 nozpaz?

OtTankuBasich OT 6a30BOI BEPOATHOCTH, BbI BBIMIOJIHETE HEKOTOPHIE pacye-
TBL. BEepOATHOCTB TOTO, YTO OH IPOMAaxXHeTCA OAUH pa3, cocTabageT 50%. Bepoar-
HOCTb /IBYX ITPOMaxoB MozipsAz coctasiseT 50% X 50% = 25% (mmpu ycioBUM, 4TO
pe3y/bTaThl GPOCKOB He 3aBUCAT APYT OT APYTa, KaK TOBOPUIOCH B TIPEABIAYIIEH
riaBe). [Ipozomkas 3Ty JIOTHKY, Bb YMHOXKaeTe Moka3zaTesnb 50% cam Ha cebs
10 pa3: 0,57 10 = 0,00098, To ects 0,1%, nnu npumepHo 1 u3 1000.

TakuM 06pa3oM, BEPOSTHOCTh JAHHOT'O KOHKPETHOT'O Pe3yJabTaTa, TO €CTh
10 mpomMaxoB MOAPs, TIPU YCJIOBUH, UTO CTaXKEP, IO €ro CJIOBaM, CIIOCO6eH pea-
nu30BaTh 50% 6pockos, coctapageT 1 u3 1000.

dTa BepoATHOCTh, paBHadA 1 u3 1000 wiu 0,001, HaspiBaeTcAd p-3HaYCHUEM
(p o3Hauaer probability — «BeposTHOCTB»). Teneph BbI ODKHBI PENTUTD, OBUT I
y cTa)kepa IPOCTO HeyZlauHbIH leHb WIN Ballla HyJleBasA FMIIoTe3a, COIacHO KOTO-
PO¥ TIPOIEHT peanusaliuiy 6POCKOB cTaskepa cocTapiseT 50%, omubouHa?

JlecsaTh TIPOITYTIIEHHBIX GPOCKOB JIUIIIb MOAPBIBAIOT oBepre. OfHAKO TO, YTO Be-
POSITHOCTD HeyIauHOTO /s cocTapisieT 1 u3 1000, I0BOJIBHO yOeaAUTeNbHO T0Ka3bI-
BaeT TO, YTO TIepBOHAYAIbHOE YTBEPK/IEHHE CTaXKepa BPsi/ /K ObUTO UICTUHHBIM. CKO-
pee BCero, BbI OTBEPIVIU HYJIEBYIO TUIIOTE3y Ha 60Jiee pAaHHUX STallaX UTPHI B TIOJIb3Y
a/bTepHaTMBHOM TMIoTe3bl, H : MpoLeHT peanusanuu 6pockoB craxepa < 50%.

OcTaHOBUTECh HA MTHOBEHUE U CITpOCUTe cebsi: KOria Bbl Hauaau COMHEBATh-
51 B CIIOCOOHOCTSAX CTaXKepa BMECTO TOTO, YTOOBI OTIPaBALIBATh ero? Kakum 65110
IIOPOTOBOE YHCJIO TPOMAaxoB, 3aCTaBUBIIee BaC OTBEPTHYTh HYJIEBYIO IMIIOTE3y?

[l mprMepa IpeAIoIoKUM, YTO 3TO TIOPOTOBOE 3HAUeHHEe COCTABJIIIO 5 IPo-
MaxoB. Eciu 6B cTa)kep MPOMAaxHYJICSA TOJBKO 4 pa3a MoAPs/, BEPOITHOCTh Yero
coctaBsgeT 50% X 50% X 50% X 50%° = 6,25%, vwiu 1 u3 16, Bel OBI ellle MOT-
JIV TIPOZIOJKATH BEPUTD B TO, YTO OH XOPOIIUi 6oMbapaup. OfHAKO MOCIe MATOTO
IpoMaxa /IoKa3aTeJIbCTB 0OPaTHOTO CTAJIO CJIUIIKOM MHOTO. DTOT IOPOT B 5 Tpo-
MaxoOB IOZIPsA/ Ha3bIBaeTCsl YPOBHEM 3HAYMMOCTH, ITOCJ/IE MPEBLIIIEHUS KOTOPO-
T'O TIOJIyYeHHbIE JJaHHbIE GOJIbIlle HE COOTBETCTBYIOT UCXOAHOMY YTBED)KAEHUIO.

61 O'Hun Kary, lllart Paituen. «Data Science. NHcaigepckas nubopmanus st HOBUIKOB» (M37a-
TenbcTBO: [Tutep, 2019).
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[Tockonpky BcenenHasa mosHa Bapuanui, BBl JOKHBI CMHUPUTHCA C HEKOTO-
PBIM YpOBHEM CiIydyaliHOCTU (M KOJUYEeCcTBOM IIpoMaxoB). IHOTrZia yesoBek Mo-
JKET IUIOXO UTpaTh 6e3 BCAKUX MPUYMH. TakuM 06pa3oM, ypoBeHb 3HAYUMOCTU —
3TO HEKUU YCJIOBHBIN YCTAaHOBJIEHHBIM BaMU IIPeZiesi, 0 KOTOPOTO BBl MOXKETe
MHUPHUTBCA CO CIy4alHOCTHIO U HEOOBICHUMBIMU BapHalldAMU, IPOAOJIKAA CUU-
TaTh HyJIEeBYIO TMIIOTe3y BepHOU. Eciiu p-3HaueHVe MeHbllle YPOBHA 3HAUUMOCTH,
BBHI OTOpachIBaeTe HYJIEBYIO TUIIOTE3Y U TOBOPUTE, UTO PE3YIbTAT CTATUCTHUIECKU
3HAYUM.

Ypok: npoBepKa TOro, 4YTO p-3HaueHue He IIPeBbIIlaeT yPOBHA 3HAYUMOCTH,
C LeTbI0 OTOPACHIBAHUSA HYJEBOM T'MIIOTE3bl — KJIOYEBasA 4acTh Mpoliecca Io-
CTPOeHUs CTaTUCTUYECKOro BEIBOJA. PasymeeTcs, Haau4yue Bapualdii U Ipous-
BOJIBHBIN BBIOOP YPOBHS 3HAYMMOCTH YPeBaTHl OUTMOKAMU IIPU IPUHATHH pelle-
HUM.

CoanaHcupyuTe OLIMOKH, AONYCKaeMble NPU NPUHATHN PeLLeHni

Korza Bapuanys npuBOAUT K HETPaBHWIbHOMY BBIBOZY, 3TO Ha3bIBAETCS OIIUOKOM
TIpY IPUHATUY pPelIeHUs .

Cy1IeCcTBYIOT /[Ba THIA MTOJOOGHBIX OIMIMOOK, HA3BAHU KOTOPBIX MaJIO O YeM Io-
BOPAT: omubKa IepBOro poza (JIOXKHOIIONIOXKUTETbHOE 3aKII0UeHre) U OmnbKa
BTOpOro poza (JIoXKHOOTpUIlaTeIbHOe 3aKItoueHne). [I0CKO/IbKY OIMCcaTebHOCTD
Ha3BaHUs UMeeT 60JIbIIIoe 3HAaUYE€HNE, MBI IIPEATIOYUTAEM HA3bIBaTh OIIUOKY Mep-
BOT'O U BTOPOTO poZila UMEHHO JIO>KHOTIOJIOXUTENbHBIMU 1 JIOXKHOOTPHULIATETbHbI-
MU 3aKTI0YeHUAMHU.

JIo:XHOMONIOXKUTEIbHOE 3aK/II04eHre BOSHUKAeT TOIZa, Kor/ia loKa3aTelbCTBa
TIOATBEPKAAIOT alIbTEPHATUBHYIO TUIIOTE3Y, KOTOPYIO CJIEA0BANIO OBl OTBEPTHYTH
(HampuMep, Y MyKYUHBI OKa3bIBAETCS TOJOXKUTETbHBIN TECT HA OEPEMEHHOCTB).
C Apyroii CTOpOHBL, JIO)KHOOTPULIATEIbHOE 3aKII0UueHe NMeeT MecTo TOIZa, Ko-
I/Zla BBl IPUHUMAaeTe JIOXKHYIO HyJIeByIO TUIIOTe3y (HalpuMep, y 6epeMeHHO XKeH-
IIMHBI OKA3bIBAETCS OTPUIIATENbHBIN TECT Ha GepeMeHHOCTh). B Tabi. 7.2 mpuBe-
JIEHBI IOTIOTHUTETbHBIE IIPUMEPBI OLTUOO0K MEPBOTO U BTOPOTO POZOB.

BbI KaK JIMI0, IPUHUMAIOIIEee pelleHwsi, BEIONpaeTe BepOSTHOCTD JIOKHOIIO-
JIOKUTEJNBHOI'O 3aK/II04eHNsA, ycTaHaBIMBasA YPOBeHb 3HAYMMOCTH. CO CTaTUCTH-
YyeCcKOU 3HaYMMOCTbBIO TECHO CBA3aHO TaKOe IOHATHE, KaK MOLTHOCTbh — BepOoAT-
HOCTb OTKJIOHEHHUA HYJIeBOM MIIOTE3bl, KOT/a aJbTepHATHBHAA TUIIOTE3a BEPHA.
YeM BBbIlIe MOILTHOCTb T€CTa, TeM HIDKEe BepOSATHOCTH JIOXKHOOTPHULIATEILHOI'O 3a-
KJIFOUEHUS.
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Tab6n. 7.2. NloXXHONONOXMUTENbHbIE U JIOXKHOOTPULaTeNbHble 3aK/TIOYEHNA NPU NPUHATUU PELLEHUA

Bompoc Hynesasa JloxkHOIONMOXKHUTENL- JIodKHOOTpHULIATE/Nb-
TUIIOTe3a HOe 3aK/IIo4YeHue HOe 3aK/JIIo4YeHue

[Moacyaumeiii coBep-  [loacyanumbiit 3aKJrouyeHre HeBU- BUHOBHBIN YeJIOBEK

LW IIPECTyIUIEHNe?  HEeBUHOBEH. HOBHOTI'O YeJIOBEKa ocraeTcs Ha cBobOoze.

BbI 6OJIBHBI?

Bl He 6OJIbHEL.

B TIOPbMY.
Y Bac HOJIOXUTEb-
HEI pe3y/bTaT TecTa,
XOTs BbI HE OOJIBHBL.

BbI 60JIbHBI, HO TECT
9TO He BBIABHUIL.

Wamenwnica u mo- YpoBeHb pe- YnyuymeHue pesynsra- PesynbraThl B 9TOM
KasaTesb y[OBJEeTBO- KOMeHJalul TOB B 3TOM KBapTaje KBapTae AeHCTBU-
PEHHOCTU KJIMEHTOB B 9TOM KBap- ABJAETCA CIydallHbIM. TeJIbHO YIy4lIWINCh,

HO TE€CT 3TOI'0O HE BbI-
ABWIL.

MegaCorp B po-
LIUIOM KBapraje?

Taje < ypoB-
HA peKOMeH7a-
UMM B IPOILUIOM
KBapTase.

BanaHcupoBaHue OIIMO0K IEPBOTO M BTOPOTO POZOB MpeAIoIaraeT KOMIIpO-
MICC, ¥, €CJIU BBl He cobepeTe OOJIbIlle JaHHBIX, TO HE CMOXKETE YMEHBIIUTD Be-
POATHOCTD OZHOTO, He YBEINYUB BepOSATHOCTD Apyroro. Hampumep, BBl XOTUTe
00ecrevnTh HU3KUI YPOBEHbD JIOXKHOIIOMOKUTENbHBIX 3aK/II0YEHUH B CIyJae CIa-
Ma. HyseBast rUmoTe3a 3aK/II04aeTcsl B TOM, UTO «3JIEKTPOHHOE MUCHMO He SIBJIS-
€TCs CITaMOM». B CBAI3U € 3TUM JIOXKHOIIOJIOXKUTENBHOE 3aKII0YeHNE MOXKET IIPU-
BECTU K TOMY, YTO 3JIeKTPOHHOE IMChbMO OT Balllell MaTepy OKaXeTcs B IallKe
co ctamoM. O6paTHasi CTOpOHA 3TOT0 — OoJIbIllee KOJUYECTBO CllaMa B BallleM
MIOYTOBOM sIIITMKe (OOJIbIIe JIOXKHOOTPHUIIATENbHBIX 3aKTIOUEHHUIT), HO BBl TOTOBBI
MUPUTHCSA C STUM PaZ¥ TOTO, YTOOHI ITONy4aTh OONBLIYIO YaCcTh CBOEH JIMIHOH
JIEKTPOHHOM mouThl. OZIHAKO B CIyyae CKPUHUHTA 3a00eBaHUN MeAULIMHCKOE
COOOIIECTBO MOXET JOMYCTUTH OOJIbIIE JIOKHOTIOIOXKUTETHHBIX 3aKII0UeHUH,
YTOOBI YMEHBIIUTh KOJMYECTBO JIOXKHOOTPUIIATENbHEIX (TIPOTYIEHHBIN ANATHO3).
Ecu y KOoro-To ecTh 3a60sieBaHue, MEIUKU XOTAT €r0 OOHAPYKUTB.

Mopasb: Bapuanuy yCaoKHAIOT Ipoliece IPUHATHA pelleHuH. VHorza Bam
OyZeT KasaTbCsA, YTO Ballla aJbTepHATUBHAs CUIIOTE3a BEPHA, XOTSA 3TO HE TaK
(JIO>KHOITOJIOXKUTENbHOE 3aKII0UeHHe), a MHOT/Ia OyZleTe OIMO0YHO JyMaTh, YTO
BEpHA HyJieBas TUTNOTe3a (JIOXKHOOTPULIATETHHOE 3aKII0UeHNE).
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NPOLIECC NOCTPOEHWUA CTATUCTUYECKOIO BbIBOJIA

B npeApIAyIINX IATH KPaTKUX YPOKaX MBI PACCMOTPENTU HECKOTBKO KOMIIOHEHTOB
Ipollecca CTaTUCTUYECKOTO BbIBOZA. [IpUIIIO BpeMs NOHATh, KaK 3TH KOMITOHEH-
TBI COYETAIOTCSA IPYT C ApyroM. JlaBaiiTe monpobyeM 0600IIUTh UX, YTOOBI BB KaK
[JIaBHBIHM 10 JAHHBIM MOIVIM TIOHATH U 9YeTKO OOBACHUTDH BECh IIPOIECC TIOCTPOe-
HUS CTATUCTUYECKOTO BHIBOJA.

Eciu BKpaTIie, TO B XOZle 3TOTO IIPOLiecca Bbl OJDKHBI BHIIOTHUTD CJIEAYIOLTIE
JEeUCTBUA:

1. 3agaiiTe OCMBICJIEHHBIA BOIIPOC.

2. ChopMynupyiiTe TUMIOTE3HI A/ IPOBEPKU, MCIIOIb3ys CTaTyC-KBO B Kaue-
CTBe HYJIEBOH TUITOTE3HI, a CBOE IIPEAIONIOKEHHNE — B KaueCTBe aJbTepHa-
TUBHOU.

3. 3azatiTe ypoBeHb 3HaYMMOCTH. (Hallle BCEro MCIOMb3yeTCsI IIPOU3BOIbHOE
3HaueHue B 5% mam 0,05.)

4, BpIYMCIIMTE p-3HAYEHKE Ha OCHOBE Pe3y/IbTaTa CTATUCTUYECKOT'O TECTA.

5. BBIYHCIIUTE COOTBETCTBYIOLIE JOBEPUTENbHBIE HHTEPBAJIBI.

6. OTKJIOHUTE HYJIEBYIO TUIIOTE3Y B IT0Jb3y aJbTepPHATUBHOM, €CTU p-3Hade-
HHe 0Ka3aJoCh MEHbIIIE YPOBHA 3HAYMMOCTH; B IPOTUBHOM CJIyJae He OT-
KJIOHSHTE HYJIEBYIO TUIIOTE3Y.

OcTaHOBUTeCh HA MI'HOBEHHE U MoAyMaliTe O IepedyrcJeHHBIX BhIIIe Iarax.
Ecau BBl MOXKeTe IIpOYNUTaTh U IOHATH BCe LIeCThb IIaroB — Iosgpasidem! Bel
JenaeTe yCIexyu B U3y4eHUHU fA3blKa CTaTUCTUKU. EAVHCTBEHHOE, YTO MBI IO 3TO-
ro yIyCcKaIu U3 BUAY, — 3TO UZes CTaTUCTUYECKOro TecTa, MeXaHW3Ma BblYHCIIe-
HUA p-3HAaYeHUsA. MBI UCIIONb30BAIM €r0 MPU ONpesieieHuH 6a30BOi BEPOSITHO-
CTU B MPUMEPE CO cTaskepoM-6ackeT6omrcToM (Bo3Bens 50% B 10-10 CTEIEeHb).
OfHaKo CyllecTBYIOT COTHU CTaTUCTUYECKUX TeCTOB, UCIIONb3yeMbIX JJIf OIKca-
HUA, CPaBHEHUA, OLIEHKH PUCKOB U B3aWMOCBsA3€l B JaHHBIX. VIMEHHO 3TUM UH-
CTPYMEHTaM yZeJseTCss OCHOBHOE BHUMAaHUE B YUeOHHMKaxX MO CTaTUCTUKE. MbI
He CTaJy COCPeLOTOYNBAThCA Ha CTATUCTUYECKUX TecTaX 3/leCh, IOCKOIbKY BEI
MOXKeTe U JOJDKHBI IIOHMMATh JIOTHKY, JieXKalllylo B OCHOBe CTaTUCTHKY, He3aBU-
CHMO OT MeTOoZa pacueTa p-3HauyeHU.

Bo3sBparasch kK IOCTaBJAeHHON 3aZiade, MBI IPU3HAEM, YTO IVIaBHBIE IO JlaH-
HBIM Yallle BCEro OyAyT MOTpeOUTeIsIMU CTATUCTUYECKUX Pe3y/IbTAaTOB, a HE UX CO-
3zarensaMu. [loaToMy B caezyrolieM pasziesie Mbl IepedrCcINM BOIIPOCHL, KOTOPBIe



140 TOBOPMUTE KAK ITTABHbIN N0 IAHHBIM

BaM cCJIeZlyeT 3a/1aTh, YTOOBI GPOCUTD BHI30OB TEM CTATUCTUYECKUM ITOKa3aTessaM,
C KOTOPBHIMU BBI CTaJIKUBAaeTeCh. EC/IM BBl XOPOIIO YCBOWIU MaTepHasl, U3/I0XKEH-
HBIH B IPeJBIAYIINX pa3zesiaX, BBl y2Ke JOKHbBI OBITh TOTOBBI 33/1aBaTh 3TU BO-
TIPOCHI.

BOMPOCHI, NO3BOJIAIOLLAE BPOCUTD BbI30B CTATUCTUHECKUM
MOKA3ATE/IAM

MBI COCTaBWJIM CITUCOK BOIIPOCOB, KOTOPHIE BBl MOXKETE 33/1aTh CBOMM TOBapH-
IaM 110 KOMaH/Ie C IIeJIbI0 KPUTHYECKON OLIEHKH MpeACTaBIeHHbBIX CTATHUCTUYE-
CKHUX IIOKa3aTeJen:

— KakoB KOHTEKCT dTOM CTaTUCTUKH?

— KakoB pazmep BBIGOPKU?

— Yro BBI TECTUpYETE?

— Kaxkosa HyneBas rumnoresa?

— KakoB ypoBeHb 3HAUUMOCTU?

— CKOJIBKO TeCTOB BBl IIPOBOAUTE?

— KakoBbI floBepuTeIbHbIE MHTEPBAJIBI?

— VMeeT i1 3TO IpaKTHUYeCcKoe 3HaUYeHue?

— IIpeanonaraere sy Bbl HAIMYUE TPUINHHO-CIEICTBEHHOU CBA3U?

II[aBaI‘/JITe pacCMOTpUM Ka)I(,Z[LIfI M3 5THUX BOIIPOCOB U pa36epeMCH B TOM, IIO4e-
MY OHH Ba’XHBbI.

KakoB KOHTeKCT 3TOW CTaTUCTUKKU?

KOHTEKCT CTAaTUCTUKY He MeHee BaXKeH, YeM caMU MOKa3aTeIu. YCIbmas Gpasy:
«[Tpogaxku Beipocin Ha 10%!» — BBI IOJKHBI CIIPOCUTD: «I10 CpaBHEHUIO € YeM?»

PaccMmoTpuM cteAyromuii npuMep. MapKeToror-aHaIuTHK COO0IIaeT CBOeMy
Ha4yaJIbHUKY O TOM, YTO IIPOAXU BbIpOCaU Ha 10% I10 cpaBHEHUIO C IIPOLLUIBIM
KBapTaJoOM, HO He TOBOPUT O TOM, YTO 00'beM IIPOJAXK €ro KPyIIHEHIIero KOHKY-
peHTa yBesmunics Ha 15%. HavanibHUK HaBepHAKA IIpeAnodes 65 3HaTh 3TOT J0-
TTOJTHUTENbHBIN KOHTEKCT. OZIHAKO MOMBITKH 06061ITUTh MHGOPMAIIUIO MOTYT IIPU-
BECTHU K MyTaHuIle. [JIaBHbIE TIO JAHHBIM JJOJDKHBI BBISACHATh KOHTEKCT U 6a30BbIE
TIOKa3aTesu JJid IPOBEe/IeHNA CPaBHEHN .
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PaccMmoTtpuM Apyroi npumep. [Ipeamnonoxxum, HoBas peksiama Ha YouTube mo-
BBIIIAET BEPOATHOCTD KJIMKA 110 00BbABIeHNIO Ha 50%. Be3 3HaHMA KOHTEKCTa 3TO
3BYYUT BecbMa BlleyaT/Aiome. OfHAKO ecId paccMaTpUBaTh JAHHBINA CTaTHCTHYe-
CKUH MTOKa3aTelb B KOHTEKCTE, CTAHOBUTCS SICHO, YTO KJIIMKAOETbHOCTD PeKIaMbl (OT-
HOIIIEHE YMCJIa JIFOZIEH, MEeIKHYBIIHX 110 OOBIBIEHHIO, K YUCITY JIFO/EH, IIPOCMOTPEB-
mmx peknaamy) ymyummics ¢ 0,1 7o 0,15% (to ects ¢ 10 13 10000 go 15 13 10000)
iy Ha 0,05% B abGCOMOTHRIX BeTMYMHAX. JIaHHBIN pe3y/IbTaT CaeqyeT IPeoHO-
CUTb UMEHHO TaK. YKa3aHUe OTHOCUTENbHOTO MpolieHTHOro n3MeHenwus (0,0015—
0,0001)/0,0001 x 100 = 50% cosziaeT HEBepHOe Mpe/CTaBIeHNE O HEM.

BeposATHO, B CBOeli paboTe BHI YK€ CTATKUBAIUCH C MTOZOOHBIMU ITPUMEPaMHU,
KOI/Ia BBl BUAWUTE TOYHBIN, OZHO3HAYHBIN U BIIeYaT/IAIOMINY CTATUCTUIECKUN TIO-
KasaTesb, HO He 3HaeTe, YTO OH Ha caMOM JieJie O3HavyaeT. B Takux caydaax cMesio
crpamBanTe: «KakoB KOHTEKCT 3TOU CTaTUCTUKU?»

KakoB pasmep BbI6opKu?

K aTOMy MOMEHTY BHI y>Ke JO0/DKHBI TIOHMMAaTh BXKHOCTb pa3Mepa BeIOOpKU. He-
6osbInioe 3HaueHue N, KaK PaBUIO, COTIPOBOXKAAETCA GOMBIINM KOJTUIECTBOM Ba-
puaruii. Het mpo6sieM: BBl IPOCTO 06ABIIAETE AOTIONHUTENBHBIE JaHHbIE. [IpH J10-
CTaTOYHOM KOJITYECTBE JAHHBIX Pe3y/IbTaThl OyAyT MeHee BApUATUBHBIMU, BEPHO?
B 3moxy «60JIBIINX JAHHBIX» ¥ BAC MOXKET BO3HUKHYTb COOJIa3H MPOCTO CAENATh
3HayeHue N HaCTONBKO OTPOMHBIM, YTOOBI BEIGOPKA YUUTHIBAIA BCE BEPOATHOCTH.

OzHako B Tex cilydasax, Korza 3HadyeHue N odyeHb BEJINKO, JIETKO IToAyMaTh,
yto N = BCE, TO ecTp B BalleM paclopsSKeHUH UMEIOTCA BCe BO3MOXKHbBIE TOUKU
naHHbIX. OZIHAKO MTOZ06HOE J0MYIIeHN e HE 0CBOOOXK/AET Bac OT HEOOXOAUMOCTH
33lyMbIBaThCsA O KayeCTBe JJaHHBIX U MIpeJB3ATOCTU. (BCIIOMHUTE YPOKU U3 IJia-
BHI 4.) JlefiCTBUTEIHHO JIU Ballla BHIOOPKA OXBATHIBAET JIIO/IEH, OTHOCAIIUXCS K MH-
TepecyIolel Bac KaTeropuu?

Kak oTmeuaetcs B kuure «Data Science. VHcalizepckas nHGOpMays g HO-
BUYKOB»: %2

MEl yTBep:kAaeM, 4To npeanonoxenue o ToM, uTo N=BCE, — oxHa 13 caMmbIx
6osbIINX TPO6IEM, C KOTOPBIMYM MBI CTAJIKUBAEMCS B 310Xy OOJIBIINX JaH-
HBIX. [Ipex/ie Bcero 3To crocob MCKIII0UEHNUS T0JI0COB JII0Zlel, ¥ KOTOPBIX HET

62 O'Hun Katuy, llaTT Paituen. «Data Science. MHcalizepckas nHdpopMaius /st HOBUYKOB» (M37a-
TenbeTBO: [Tutep, 2019).
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BpEMEHU, SHEPTUU WIN BO3MOXKHOCTEMH /I y4acTHsI BO BceX HepopMaIbHBIX
(BO3MOXHO, la’ke HEOO'bSIBJIEHHBIX) BBIOOpAX.

VIcKJIIOYEHHE TOJIOCOB OTHOCUTCS HE TOJIBKO K BhiOOpaM. Hyxzaaromuecs Mo-
I'yT OBITH IO OIMKOKe JUIIEHBI TPaBa Ha IMOTyYeHHue CKUIOK Ha e[y WIN OJeXKIY;
Ha y4JacTHe B OIIpocax, Kacalolluxcs rocyJapCTBEHHOM MOIUTHUKY; WIN UX rojoca
MIPOCTO He O6yAyT yuTeHbl. MOXKET MOKa3aThCsA, YTO AOCTATOUYHO OOJIBINON HAbOP
TOYHO OTpakaeT XapaKTEPUCTUKU MOMYJIAINN, OZHAKO pa3Mep BHIOOPKU — 3TO
ellle He Bce. XyXKe TOro, B «OOJIBIINX JaHHBIX» MOXKHO OYeHb JIEFKO OOHAPYKUTh
JIOXKHBIE 3aBUCUMOCTHU. EC/M mperapupoBaTh AaHHBIE ONpeeTeHHBIM 06pa3oMm,
B HUX BCETZia MOXXHO HAUTH YTO-TO UHTEPECHOE.

B Tex peaxux ciydasnx, korga N eficTBUTENHHO PAaBHO BCEN ronysauuu (1e-
penuch), MOXXeTe CYUTaTh, UYTO BaM IOBe3JI0. BaMm He mpujeTcs 3aHMMAaThCA T0-
CTpOEHUEM CTAaTUCTUYECKOT'o BBIBO/IA, IOTOMY UTO B IIOKa3aTesIAX ONMCcaTeNIbHOMN
CTaTHUCTUKYU He OyZeT Heolpe/ieIeHHOCTH MIPU YCJIOBUH KOPPEKTHOTO cbopa JaH-
HBIX.

Yro BbI TECTHpPYETE?

B ocHOBe J1T060T0 CTATUCTUYECKOTO BHIBO/IA, C KOTOPBIM BHI CTAJIKMBAaeTeCh Ha pa-
604YeM MeCTe WIX B HOBOCTAX, JIEXKUT (KaK MbI HaZileeMcs) KOHKPETHBIN BOIIPOC,
KOTOPBIA MOKHO ITPOBEPUTH C MTOMOIIBIO JaHHBIX. He TO3BOJIANTE CHIEIUAIHCTy
o paboTe ¢ AaHHBIMU MPEJOCTABIATh CTATUCTUYECKUH TIOKa3aTe/Ib, HE 03ByYH-
Bas IIPU 3TOM JIEXKAIIUI B €r0 OCHOBE BOIIPOC. YOeIUTECh B TOM, YTO Ballla KOMaH-
[la 3HaeT O IMPUYMHAX, [T0 KOTOPHIM Ta WK UHAs CTATUCTHKA BOOOIIE CO3JaeTCs.
3azatiTe Bompoc: «4UTO BBl TECTUPYETE?» — U MOMPOCUTE TIPEJOCTABUTH HA HETO
YeTKUH OTBET, CHOPMYIUPOBAHHBIN B HECTATUCTUYECKUX TEPMUHAX .

KakoBa HyneBas runore3a?

B aToM kBaprase Bam ctaxep B MegaCorp TECHO COTpyAHUYAJ C OTAEIOM 06-
CIY’KMBaHWsI KIWEHTOB, Tpejiaras ueu /st OBBIIIEHUS YPOBHS UX Y/OBIETBO-
pPEHHOCTHU. BBl XOTUTE OLeHUTH 3$GEKTUBHOCTD €T0 HU/El € TIOMOIIBIO IIPOCTOTO
ormpoca KiaueHToB MegaCorp, COCTOSIIEro U3 eJMHCTBEHHOTO BOIpoca: «Bbl ObI
MTOPEeKOMEHIOBAIN HAC APYTY?»

% 06 yTOYHEHHNU CaMOT0 BOIIPOCA Mbl TOBOPWIIH B IVIaBe 1.
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Craxxep popMaIu3yeT TeCT U BBIABUTAET HYJIEBYIO IMIIOTE3Y: «YPOBEHb PEKO-
MeHZIaIli B 3TOM KBapTajie He HIKe, YeM B IPOILIOM». TaKuM o6pasom:

— H,: YpoBeHb PEKOMEH/ALIMMI B 9TOM KBapTaje = YPOBHIO pEKOMEHAINI
B IIPOIILIOM KBapTaJe.

B ciyyae OTBepXKeHUs HYJIEBOM TUIOTE3Hl OyZeT MPUHATA aJbTepHAaTUBHAS
TUIIOTE3a, KOTOpas B JAHHOM CJIy4ae TaKoBa: «YPOBEeHb PEKOMEH/AINI B 3TOM
KBapTaje HIXKe, YeM B IIPOLLIOM KBapTaje». VICIob3ysi CTaTUCTUIECKYIO HOTa-
1LIMIO, aTbTEPHATUBHYIO TUIIOTE3Y MOXKHO 3alKCaTh TakK:

— H_: YpoBeHb peKOMEH/AIWI B 9TOM KBapTajie < YPOBHA PEKOMeHJAlun
B IIPOIILIOM KBapTaJe.

OcTaHOBUTECh HA MTHOBEHUE U MOyMaiTe O CIeITaHHOM JIOTTyIlleHHY. Bl He Buze-
JIV HUKAKUX JAHHBIX U CTATHCTUYECKUX TIOKa3aTesel, HO MOKETE OCIIOPUTH CAMY JIOTH-
Ky TIOZIXO/Ia BaIIIETO CTaXKepa. BblIBUrast HYJIEBYIO TUIIOTE3Y, OH M3HAYaIbHO HACTPOUT
cebs Ha obexy. Ecti pe3ysibTaThl OIIPOCOB 3a ZIBa KBapTasia IPAaKTUIeCKH HE Pasjiv-
YaOTCS WIM OCHOBAHBI Ha HEOOJIBIIION BEIOOPKE KIIMEHTOB, TO ZI0KA3aTETbCTB B MOIB3Y
OTBEpPIKEHUS UCXOHOTO /IOTYIIIEHVSI MOXKET OKa3aThCs HEIOCTATOYHO. VIMEHHO MT03TO-
MYy IVIaBHBII IO JAHHBIM JIOJDKEH CIIPOCUTD: «KakoBa HysieBast rumnote3a?» [Lnoxo cdop-
MYJIMpOBaHHAas HyJieBasi TUIIOTe3a MOXKET CO37IaTh 0OMaHYMBOE BieYaTIeHUe UCTHH-
HOCTU HEKOETO YTBEPKEHUs MTPOCTO B CITy OTCYTCTBHS JJOKA3aTEIbCTB OOPATHOTO.

[ToMHUTE, YTO 1[€/Ib HAYKU — OGPOCUTH BBI30OB CYIIECTBYIOIEMY MOJIOKEHUIO
Beei. CTaTyc-KBO COOTBETCTBYET HYJIEBOM TUIIOTe3€e, a albTEPHATUBHAS THUIIO-
Te3a OTpa’kaeT TO, BO YTO BEPUTE BHI. V1 ¢ TOMOIIbIO COOPAaHHBIX AAHHBIX BBI J0JI-
JKHBI JOKa3aTh, YTO HyJIEBas TUNIOTE3a ABIAETCS MAJIOBEPOSITHOM.

YTobbI 0Ka3aTh 3PPEKTUBHOCTL CBOEH PabOTHI TI0 TOBHIIIEHUIO YPOBHS Y/0-
BJIETBOPEHHOCTH KJIMEHTOB, BAIll CTAXXeP Z0JKEH IIPOBEPUTH CBOIO TMITOTE3Y CJIe-
AyIOIKM 06pa3oM:

— H,: YpoBeHb PEKOMEH/ALIMKI B 9TOM KBapTaje < YPOBHIO PEKOMEHZAINI
B IIDOIIJIOM KBapTaJe.

— H_: YpoBeHb peKOMeH/AlNK B 5TOM KBapTaje > YPOBHA PeKOMeHZJalui
B [IPOLIUIOM KBapTaJe.

(MbI BepHEMCS K 9TOMY IPUMEDPY Yy Th TO3XKeE.)
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ﬂOﬂyLL{eHMe 9KBUBAJIEHTHOCTU

[TpeamnonoxyM, Bbl 3aMeHsAeTe KI4eBO UHIPeUeHT B NIUIIEeBOM IIPOAYKTe, YTO-
OB COKPATUTD pacxoAsl. Bamra koMaHza IPOBOJUT OIPOC KINEHTOB, IIpejIaras UM
OLIEHUTD BKyC 10 10-6aJ/UTbHOM LIKase, YTOOBI BBIACHUTD, 3aMeYaloT JIM OHU U3Me-
HeHue. [Ipu HUCIoOIB30BaHUU NIpeAbIAYIIel perenTypsl 18 u3 20 yeloBeK roBopU-
JI O CBOEM 'OTOBHOCTH KYIIUTh IIPOAYKT. B X0zle HOBOT'O OIlpoca 0 FOTOBHOCTHU K-
MIUTh IPOAYKT, IPUTOTOBIEHHBIN 10 HOBOMY PelenTy, 3adBan 12 u3 20 4eloBexK.

[Ipu ucnonb3oBaHUM HysNeBoU rumoTessl: «KoadduimeHT moKymnok HOBOTo
npoaykTa = KoadUIMeHT MOKYIIOK IPeXHEero IpoAyKTa» U YPOBHI 3HAYHUMO-
ctu 0,05 p-3HaueHNe®, BEIYMCIEHHOE C TIOMOIIBIO CTATUCTHYECKOTO TECTA, PABHO
0,064. ITockonbKy p-3HaueHue npesuimaeT 0,05, HyleBasd TUIOTe3a He OTKJIOHA-
ercsd. Bamr HavanbHUK JDKOPAK BOCIIPUHMMAET 3TO Tak: «Mod KoMaHZa aHalIu-
THUKOB IOKa3aja, YTO MEXJY CTapbIM U HOBBIM 00Jjiee JelIeBbIM PEleNTOM HET
HUKaKOM cTaTUCTUYeCKU 3HaYMMON pa3HUIlbl. MOKHO COKPATUTh PacXOZbl».

JDKOpZX cuuTaeT CTapblii 1 HOBBIH pellelIThl SKBUBaJeHTHBIMU, HO y Hero IIpo-
CTO MOXET He OBITh ZJIOCTAaTOYHOI'O KOJIMYECTBA JAHHBIX, ZOKAa3bIBAIOIINX 00paT-
Hoe. MopaJb 37ech TaKOBa: He CyMETb OIIPOBEPIHYTh CTaTyC-KBO — 3TO HE TO e
camoe, 4TO ITOATBEPAUTH ero®.

KakoB ypoBeHb 3Ha4MMOCTH?

Kax BbI TOMHUTE, YPOBEHb 3HAYMMOCTH — 3TO IIOPOT'OBOE 3HAUYEHUE, 10 TOCTU-
YKeHUA KOTOPOT'0 MbI TOTOBBI MUPUTBHCS C TEM, YTO JaHHBIE HE COIVIACyIOTCs C Hy-
JIeBOM TMIIOTe30H, IPOoJoKasl IIPU 5TOM CUYUTATh ee BEPHOM.

[Io TpaguLyu ypoOBeHb 3HAUUMOCTH 3azaeTcAa B 5% win 0,05. B HEKOTOPBIX OT-
paciax MoxeT ucnonab3oBarbea 1% wim 0,01. HekoTopele ucciaenoBaTe Iy UCIOIb-
3yIOT ellle 6osiee HU3KOe 3HaYeHUe. Hanprumep, coTpyaHuky EBpomeiickoi opra-
HM3allUU 10 AfepHbIM HuccaefoBaHusaM (LIEPH) npuMeHsIn HeBepOSTHO HU3KUU
YPOBEHb 3HAYMMOCTH B IIPOIECCe TTOMCKA KPOUIEYHON GUINIECKON YaCTUIIBI, U3-
BECTHOM Kak 6030H Xurrca®. YeMm MeHblIlle ypOBEHb 3HAYUMOCTH, TEM MEHbIIIE
BEPOSITHOCTD JIOXKHOTIOJIOKUTENBHOTO 3aKII0UeHHUs.

64 MBI UCITOSIb30BAIU IBYCTOPOHHUI TOUHBIH TecT Ouirepa.

% B aTOM IpUMepe TpebyeTcs BHITOIHEHHE TaK Ha3blBaeMOM IMPOBEPKU SKBUBAJIEHTHOCTH, 00-
CyXK/leHre KOTOPOU BBIXOJWT 3a PAMKU JJaHHO# r1aBbl. OfHAKO UMeNTe ee B BU/Y, PACCKaXKUTE
0 Hell CBOel KOMaH/e U IpUMeHsiTe ee. ECiM BaM TIOHATHA JIOTHKA STOU IJIABHL, y BaC He BO3-
HUKHET CJIOXKHOCTEH C IOHUMaHUeM JaHHOM KOHILIEIIIHH.

6“5 Sigma What’s That?” blogs.scientificamerican.com /observations /five-sigmawhats-that
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Ckopee Bcero, Bbl HAUHeTe C ypOBHA 3HAUUMOCTHU B 5%, OZIHAKO UMelTe B BUAY,
YTO MPU TAKOM 3HAYEHUH BbI MOXKETE OLUIMOOYHO OTKJIOHATH HYJIEBYIO TUIIOTE3Y
(TO ecTh ZAeaTh JIOXKHOIIONIOXKUTENbHOE 3aKtoueHre) B 1 ciydae us 20. OTo mpu-
eMJIEMO JIJIsI Bac?

OueHb JIETKO BBIOPATh yPOBEHb 3HAYMMOCTH, TIPU KOTOPOM BaIlX Pe3y/IbTaThl
Bcerza 6yayT CTaTUCTUYECKU 3HAYMMBIMU. BO MHOTHUX UHCTPYMEHTAaX IO yMOJTJa-
HUIO 33/laHo 3HadeHHue B 5%. OZHAKO 3TOT YPOBEHb MOXXET He COOTBETCTBOBATD
0CcoOeHHOCTSM Balel orpaciu. KpoMe Toro, 3ToT ypoBeHb MOXET GBITh YCTAHOB-
JIEH BAIllUM CIEIMAJHNCTOM IO paboTe C JaHHBIMU, KOTOPBIN yMoI4al 06 3TOM
M3MeHEHUH, COOOIINUB BaM JIUIIb O TOM, YTO PE3Y/IbTaT OKA3aJICsAd CTAaTUCTHUIECKU
3HAYMMBIM. B XyZIIIeM ciiydae KTO-TO MOXKET IPOBECTHU TECT U BBIOPATh YPOBEHD
3HAYUMOCTH 3aZJHIM YUCJIOM, — 3TO BCE PABHO YTO OPOCUTH IPOTHK, a 3aTeM Iie-
PeABUHYTH B HY»KHOe MeCTO MullleHb. Hanprumep, KTO-TO MOXeT IIPOBECTU CTaTHU-
CTUYECKUM TecT, MOoNy4YuTh p-3HaueHue 0,11, a 3aTem 3a7aTh ypoBeHb 3HAUMMO-
ctu 0,15, YTOOBI pe3y/IbTaT OKa3aICs CTATUCTUIECKH 3HAYUMbIM.

BoT nouemy Bcerza BaXXKHO CIIpalinBaTh: «KakoB ypOBEeHb 3HAYUMOCTHU ?»

C npakTH4YeCcKOM TOUYKU 3peHUs IOHIKeHHEe YPOBHA 3HAYKMMOCTH, CKaXKeM,
¢ 5 70 1% coxpaiiaeT KoJU4ecTBO JIOKHOIIONIOXKUTENbHBIX 3aKII0YeHNI. JTO 3a-
JaeT 6oiee BBICOKYIO IUTAHKY /I OTKJIOHEHVS HYJIEBO TUITOTE3EL. B aTOM citydae
JlAaHHBIE JIOJDKHBI OBITh O0Jiee SKCTpeMaJbHbBIMU (WM, TIO KpaliHel Mepe, yoeau-
TeTbHBIMU), YTOOBI BBl OTBEPIVIM HYJEBYIO I'MIOTe3y. 3BYUYUT He TaK YX U IUIO-
X0, mpapga? OxHako obpaTHas CTOPOHA 3TOTO — yBEJUYEHUE YKCIIA JIOKHOOT-
pHULIATeIbHbIX 3aKI04eHUH. JIocTHYb KOMIIpOMKCCA B JaHHOM C/Iydae HeIIpoCTo,
1 KaKoU-To yHUBepCcaJbHON peKOMeHAalluu JaTh Heslb3d. JlocTikeHne paBuib-
HOTO GajlaHca 3aBUCUT OT KOHKPETHOM IIpobJieMbl U Balllel CliocOGHOCTH CIIpaB-
JIATBCA C TIOC/IEACTBUAME ONIMOOK, CBA3AHHBIX C JIOXKHOOTPULIATETBHBIMU U JIOXK-
HOIOJIOXKUTEIbHBIMU 3aKII0YEHUAMU.

CKOMIbKO TeCTOB Bbl NPOBOAMUTE?

[Mocste BBISICHEHUS YPOBHS 3HAYMMOCTH CIIPOCUTE CBOUX CIIELIMAIUCTOB IO pabo-
Te C JJaHHBIMH, CKOJIbKO T€CTOB OHU IPOBOZAT. [I0CKONBbKY OHU CMOTPAT Ha JjaH-
Hble II0-Pa3HOMY, OHM MOTI'YT IIPOBECTU JECATKH, a TO U COTHU HepOpMaIbHBIX
CTaTUCTUYECKUX TECTOB C YPOBHEM 3HAYMMOCTH B 5%. Hampumep, IpeIonoxum,
YTO UCC/IeZ0BATENb TECTUPYET OOJBIION HabOp JaHHBIX O OOJBHBIX PAKOM U THU-
I1ax MUIIEeBbIX IPOAYKTOB, KOTOPble OHU €/IAT, IIBITasACh BIABUTD Te IIPOJYKTHI, KO-
TOpble MOTYT OBITH CBA3AHHI C O0Jlee BRICOKMMU ITOKA3aTeIAMU BEDKUBAEMOCTH.



146 TOBOPMUTE KAK ITTABHbIN N0 IAHHBIM

[Ipu Hanuuuu B 6a3e gaHHBIX 100 pasIMyYHBIX BU/JOB IPOAYKTOB MTUTAHUA U HC-
MOJIb30BAaHUU YPOBHS 3HAYUMOCTH B 5%, 5 MPOAYKTOB MOKaXYTCS CTaTUCTUYE-
CKY 3HAYUMBIMU B 60pBOE ¢ paKkoM, Zjaske eCJIU HU OUH U3 HUX HE OKa3bIBAET pe-
anmbHOrO 3ddekTa’.

KakoBbl foBepuTenbHble HHTepBanbi?

Panee MBI y)Xe HEMHOTO TTOTOBOPWJIN O ZIOBEPUTEIbHBIX WHTEPBANAaX U HEKOTO-
PBIX UX KOMIIOHeHTax. [IpuIiio BpeMs cobpaTh Bce GpparMeHThl BMECTE.

YTo MBI TOgpasyMeBaeM IO/ CJIOBOM «ZoBepHe»? Kak U B cilyyae ¢ IOHATHEM
«3HAQUUMOCTbB», CMBICJI 3TOT'O CJIOBA B CTaTUCTUKE HECKOJIBKO OTIMYAETCH OT IIO-
BCEIHEBHOT0. B cTaTuCTHKe 3HAYMMOCTD U JJOBEpUe HeEPa3phIBHO CBA3aHbI. Ha ca-
MOM Jlejie MeX/y YPOBHEM 3HAaUYUMOCTU U YPOBHEM /IOBEPHS CYIIECTBYET CHUM-
MeTpHs — YPOBEHb 3HAUMMOCTHU B 5% COOTBETCTBYeT YPOBHIO I0BepUi B 95%.
Ecnu 6osee dopManbHO, TO yPOBEHb 0BepUsi = 1 — ypOBeHb 3HAYMMOCTH. [10-
3TOMY BMecTO ¢ppassl «Mbl OTBEPIVIM HYJIEBYIO TUIIOTE3y HA YPOBHE 3HAYMMOCTH
5%» BBl MOXKeTe yCIbIIaTh Gppasy: « Vbl OTBEpPIVIM HYJIEBYIO TUIIOTE3Y HA YPOBHE
foBepus 95%».

Tenepsb AaBatiTe pazbepeMcs, IOUeMY YeOBEKY, aHATU3UPYIOUEMY CTaTUCTH-
YyecKue pe3ysIbTaThl, CJIelyeT 3alpalinuBaTh JOBEpUTENIbHbIE UHTEPBabL. Kak ro-
BOPWIOCH paHee, I0OBEpUTENbHBIN NHTEPBAJ JOIKEH COZlepKaT UCTUHHOE 3Haye-
HIe MHTEPECYIOIero Bac mapamMeTpa MOIy/IAyuy. B mpuMepe ¢ ompocoM, KOTOPHIH
paccMaTpuBaJicad paHee B IviaBe, 95% J0BepUTeNbHBEIN WHTEpPBAI IIpU pa3Me-
pe Beibopku N = 1000 cocraisin (62,5%, 68,5%). [IpeAnIoNoKuM, 4TO BMECTO
1000 cTyzeHTOB HaM yZajoch ompocuTh Toabko 100, u 65% 13 HUX CKa3aiu «/iax».
B nanHOM ciydae 95% moBepuUTeIbHBIM UHTepBas cocTasisaeT (54,8%, 74,2%).
JlaHHBIN UHTepBaJl HAMHOTO IIMpe MCXOJHOTO M3-32 ropas/io MeHbIero pasMe-
pa BBIOOPKU. B CBA3U C 3TUM MBI JIOTyCKaeM GOJIBINHE Uana3oH 3HaYEHWH, KO-
TOpOMY, IO HallleMy MHEHUIO, Jo/KHA MPUHAAIeXKaTh HHTepeCytolias Hac J0Js
monyysauu. OfHAKO 0 Mepe YBeIUuYeHUs pa3Mepa BEIOOPKU N 10BEPUTENbHBIHI
WHTepBaJl COKpalaercs. Bosbie JaHHBIX — GOJIbINE 0KA3aTENbCTB U MEHBIIIE
HeoIlpeleJIEHHOCTH. JIornYHO, He TpaBza u? Eciu Bam yzacTcs cobpaTh JaHHbIE
000 BCcel TOMYJIALUH, TO HEOOXOJUMOCTD B JOBEPUTETHFHOM UHTEPBAJIE OTIAZET:
BBl HaiileTe UCTUHHOE 3HAYeHHE MHTEPEeCyIollero Bac mapamMmeTpa MOIMy/IALNH.

7 3TO MOYKHO HCIIPABUTh C IIOMOIIbIO TAK HA3bIBAEMOM IIOIIPAaBKU HA MHOXKECTBEHHYIO IIPOBEPKY
TUIIOTES.
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JloBepuTenbHblE NHTEPBAJBl TaK)XKe II03BOJIAIOT OIIeHUTh pasMep dddekTa
B CTATUCTUYECKOM TecTe®. [IpeaTosioKuM, BBl XOTUTE Y3HATDb, COBIIAZIAeT JIU POCT
y 6acketbonuctok u3 CIIIA u EBpomel. [IepBEIM e0M BBl GOpMYJIHpyeTe HyJle-
BYIO Y aJIbTEPHATUBHYIO TUIIOTE3BI:

— H,: CpeaHuit poCT aMepUKaHCKUX 6ackeT60MMCcTOK = CpelHEMY POCTY €B-
poreicKkux 6acKeTOONMMCTOK.

— H_: CpeaHuii pOCT aMePUKaHCKUX 6acKeT6OMUCTOK # CpelHeMy POCTY eB-
POIENCKUX 6acKeTOONMUCTOK.

Temepb MpeACTaBbTE, YTO BAlll aHAJTUTUK COOMpAET ZaHHBIE W BHIYUC/SIET
p-3HAYeHUe /JJIs1 CPaBHEHUs C YPOBHEM 3HAYMMOCTHU B 5%. CoracHO pe3ysbTa-
TaM 3TOT0 CpaBHEHUs p-3HaUeHHe MeHbIlle YPOBHS 3HAUMMOCTHU. Y 6ackeT6ou-
ctok u3 CIIIA u EBpoIbI pasHblii poOCT, U PE3yIbTAThl ABIAIOTCA CTATUCTUIECKU
3HAYUMBIMU®®.

OzHaKo He KaXXeTCs JI BaM, YTO BbI YTO-TO yITycKaeTe? VTHOT/ZIa MBI pacCMaTpU-
BaeM CTaTUCTUYECKYIO 3HAaUMMOCTbh KaK HeKoe IoATBep:kAeHue. O, Ballll pe3yiib-
TaThl CTATUCTAYECKU 3HAYMMBI? DTO O3HadaeT, 4yTo oHU Ha 100% BepHBI. OgHaKO
CTaTUCTUYECKUE TECTHI MMPOBOAATCS A OOHapy:KeHUA J060# pa3HUIIbI, He3a-
BUCHMO OT CTEIleHU ee BaAXXHOCTHU. BOT modyemMy BaM HUKOTZA HE CTOUT JOBOJIb-
CTBOBATbHCA p-3HAUEHUAMU. BepHeMcs K mpuMepy ¢ 6acKeTOONMNCTKAMU U TIpeJ-
IIOJIO’KUM, YTO cpeAHuM pocT Urpokos u3 CIIIA u EBpomnsl cocTasiaeT 72 AooiiMa
(183 cm) u 71,5 grotim (182 cM) cOOTBETCTBEHHO, a 95% ZIOBEpUTENBHBIN UHTED-
BaJI A71s1 3TOM pa3Hulbl cocrasiser 0,5 + /- 0,4 arorima (1 cm).

Vmeet 1 pasmep 3ddekra B noiagroriMa (1 ¢cM) mpakTHYeCKoe 3HAYEeHHE
Y TIPE/ICTABJIET JIX OH BOOOIIEe KaKOW-TNO0 MHTEpeC?

WmeeT nu 3to npakKTUyeckoe 3HayeHue?

Kpaitne HeGobime 3GbpeKThl MOTYT OBITh OGHAPYKEHBI TP UCCIE0BAHUN 60JTh-
0¥ BEIOOPKU. ECITH BBI BUAUTE TOJNBKO p-3HAYEHUSA, A HE JTOBEPUTEIbHbIE UHTED-
BaJIbl, TO MOXKETE MOAYyMAaTh, YTO OOHAPYKMIN 60IBIION 3GdEKT, XOTSI Ha CaMOM
ZieJie BBIABWJIM JIMIIb HE3HAUUTENIbHOE Pas3jinyue, He UMEIOIee MPaKTHIECKOH

B cTaTUCTHKE IIOHATHE «pa3Mep 3dpeKTa» MOKeT UMEeTh MHOXKECTBO 3HaYeHUH. 3/1eCh MbI [OBO-
puM o pazmepe 3ddeKTa IPOCTO KaK O pasHUIIE MEX/Y JABYMs YUCTaMU.

69 Hert, Ha camoM fiejie MBI He co61/1pa1m JAaHHBIE U HE ITPOBOAUIN moZI06HOE HCCIeIoBaHKe.
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IIEHHOCTMH. I/ITaK, A4 Ha JOBEPUTEJIbHBIE NHTEPBAJIbI, CIIPOCUTE C€6H, ABJIAET-
CA JIK TO, 9YTO Bbl BUJUTE, IPAKTUIECKN 3HAYUMBIM 3(1)(1)6KTOM.

I'IpeAnonaraeTe JIn Bbl HaNInyune I'IpM‘IVIHHO-CIIEACTBeHHOﬁ cBAA3U?

BEI yoKe ITOouTH 3a0bUIH O CTa)kepe. Bam MHTepecHO, TpuBesa i ero pabora K 1o-
BBIIIEHUIO YPOBHA yZOBJIETBOPEHHOCTU KJIMEHTOB B 3TOM KBapTaje IO CpaB-
HEHUIO C IpeAbiAymuM. YTOOk IpeJCTaBUTh BaM [OKA3aTeNbCTBA YIYUIIEHNUs,
cTakep chOpMyIUPOBAJ HYJIEBYIO U aJIbTEPHATUBHYIO TMIIOTE3bI CIIEAYIOMIUM 006-
pasom:

— H,: YpoBeHb PEKOMEHJALMKI B 9TOM KBapTaje < YPOBHIO PEKOMEHZAINI
B IIPOIIIOM KBapTaJle.

— H_: YpoBeHb peKOMEH/AIMI B 9TOM KBaprajie > YPOBHA PEKOMEHJANN
B [IPOLIJIOM KBapTaJe.

B KOHIle KaXXZIoT0 KBapTasia MPOBOAUICS OIPOC C UCIIOAb30BaHUEM BhIOOD-
KU, coctosAme n3 100 ki1nueHTOB. B npeapifyieM KBapTajie o CBOel TOTOBHO-
CTU PEKOMEHZOBATh KOMIMaHUIO coobmmnu 50/100 KIUeHTOB, a B 9TOM KBap-
Tasme — 65/100. ABnaA0TCA U pe3yNAbTAThl CTATUCTUYECKN 3HAYMMBIMU MIPU
ypoBHe 5%?

C IOMOIIIBIO CTATUCTUYECKOT'O TecTa’’ cTakep BBIUMUCIAAET p-3HadeHue. OHO
pasHo 0,02, To ecTb MeHbI1Ie 0,05, YTO ITO3BOJIAET BAM OTKJIOHUTD HYJIEBYIO T'UIIO-
Te3y U IPU3HATh TO, YTO PA3HUIIA B Pe3yJIbTaTaX ABYX KBAPTAJIOB ABIAETCA CTaTU-
CTUYeCcKU 3HaunMoM. CTakep o4eHb pajiyeTcs U YyBCTBYET, YTO €My yaloCh KOM-
MEHCUPOBATD CBOE IIOXOE BHICTYIUIEHUE Ha 6ackeTOOMBHOM TTomazike. «[Ioxoxe,
MHe yZIaJIoCh TIOBBICUTh YPOBEHb YAOBIETBOPEHHOCTU KJIUEHTOB>.

Ho tak v 3T0? Koppensrusa He oKa3bIBaeT HAIMYUE IPUYUHHO-CIeICTBEHHON
CBsI3U. YPOBEHbD YZIOBJIETBOPEHHOCTH KJIMEHTOB MOT ITOBBICUThCS G1arozapsi 1ejo-
My pszsy GaKTOpOB, U €CJIM TOJBKO He OBbUT MPOBeJEH CIUIAaHUPOBAHHBIN JKCIIE-
PUMEHT U He ObUIM TIIATETbHO M3MEPEHBI Pa3IUIUSI MEXAY CTaphIM MTOAX0J0M
U UZIesIMU CTaXXKepa, TO y BaC HET OCHOBAHUM MpeATIoNaraTh HaIMIue MPUIUHHO-
CJIeICTBEHHOM CBA3U.

70 TecT MPOBOAMIICS C ITOMOIIBIO SI3bIKA IPOrPaMMUPOBaHUA R s cTaTUCTUYECKOH 06paboTKU
JaHHBIX: 'prop.test(c(65, 50), (100, 100), alternative = «greater»)'
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NOABEJEHWUE UTOIOB

B aToOli IM1aBe BBI Y3HaJIX O CTaTUCTUYECKOM BBIBOZE 1 O TOM, KaK MOXXHO OCIIapH-
BaTb IpeoCTaB/IAEMbIE BaM CTaTUCTUYECKHUE JaHHBIE. B YaCTHOCTH, BbI IIO3HAKO-
MWJINCH C BOIIpOCaMHU, KOTOpPbI€ CTOUT 3aJaBaThb I10 ITIOBOAY TE€X WJIN UHBIX CTaTHU-
CTHUYECKHUX YTBep)KﬂeHHﬁ, a TaK)Ke y3HaJIH, II0YEMY 3TO Ba’KHO. Bor st BOIIPOCHI:

— KakoB KOHTEKCT 3TOM CTaTUCTUKU?

— KakoB pa3mep BBIOOPKH?

— YrT0 BHI TecTUpyeTe?

— Kakosa HyneBad rumnoresa?

— KaxkoB ypoBeHb 3HAUMOCTU?

— CKOJIBKO TeCTOB BBl IPOBOJAUTE?

— KaxkoBb! f0BepuTebHbIE HHTEPBasIbl?

— ViMeeT i1 5TO IpaKTUYECKOe 3HaUeHue?

— IlpeanonaraeTe iy BbI HAIU4YKe IPUYNHHO-CIEICTBEHHOM cBA3N?

BOOPYH(I/IBLHI/ICI) STHUM CITMCKOM, Bbl CMOXKETE 3(1)(1)eKTI/IBHO OCIiapuBaTh, IIOHU-
MaThb Y OLI€EHUBATb CTaTUCTHUYECKHE ITIOKa3aTear, C KOTOPbIMU CTaJIKWUBA€TECh.



OcBouTe Habop
WHCTPYMEHTOB
JlaTa-CaMeHTHCTa

C KOpee BCEro, B3ATh B PYKH 3Ty KHHUTY Bac MOOYAWIN TaKWe TEPMUHBI, KaK
MallMHHOe OOy4yeHUe, UCKYCCTBEHHBI MHTEIEKT U IyboKoe obydeHUe.
B 3T0i1 yacTy MBI cObUpaeMcs JIULIIUTh UX OPeoJia TAMHCTBEHHOCTH.

Cdepa zaHHBIX, KaK OBl MBI €€ HU Ha3Bad, IIOCTOSHHO u3MeHseTcsa. OfgHa-
K0 dyHZaMeHTaIbHbIE KOHIEMIUY ¥ UHCTPYMEHTHI CYIIECTBYIOT Ha IIPOTSKEHUN
JeCATWIEeTUH U JiekaT B OCHOBE CaMbIX aKTyaJbHBIX TeHJEHUIUH, BKIOYasa aHa-
JIU3 TeKCTa U n300paskeHn . B wactu 11 BBl HaliZieTe BEICOKOYPOBHEBOE OITMCAHHUE
3TUX KOHLENIUY U MeTOZOB.

OTa 4acTb COCTOUT U3 CJIEAYIOIIMX [VIaB:

I'naBa 8. MuTe CKpBITHIE TPYIIIIHL.

I'maBa 9. OcBoliTe MOZeNN perpeccuu.

[maBa 10. OcBoiiTe Mozeny KiaccubUKaIu.

[maBa 11. OcBoiiTe TeKCTOBYIO aHATUTHUKY.

[maBa 12. KoHnenTyanusupyiite rirybokoe obydeHue.

BbI Takxke Y3HaeTe O paClIpOCTpaHEHHBIX omunbKax u JIOBYLIKax, B KOTOPbIE
IIonagarroT gaXe OIIbITHbIEC aHATUTHUKH.



WwiuTe CKpbITbIE rpynnbi

«Ecnu Bbl NpoaHanusnpyeTe AaHHble AOCTAaTOYHO TLLATENbHO, TO CMOXEeTe 0TbICKaTb
nocnaxusa bora»
_ Aunbept™

" peZcTaBbTe, YTO BaM 3BOHUT ZIPYT U IIPOCUT [TIOMOYb KaTETOPHU30BaTh €T0 MY-
3BIKAJIbHYIO KOJUIEKITHIO, TPEACTABIISIONIYI0 COO0H HAOOP BUHTKHBIX BUHU-
JIOBBIX IUIACTUHOK. BEI coraiaerecsk.

I[To mopore BBl 3aZlyMbIBAeTeCh O CIIOCOGE OpraHM3alMKU TAKON KOJUIEKIIVH.
HavaTh MOXXHO C OYeBHHBIX KaTerOpHil, HAl[PUMep, C MY3bIKATbHBIX KAHPOB
Y TTO/PKAHPOB. Takyke MOXKHO CIPYIIITHPOBATh MY3bIKaJbHbIE KOMITO3UIIUHU TIO Tie-
prozaM, B KOTOPbIE OHU OBLIH BBIMTYIEHbI. DTy NHPOPMAIIHIO JIETKO HAlTH Ha 06-
JIOXKKe ajbboMa.

OpHako, KOorjja BBl IpUe3KaeTe K CBOEMY APYyTy, OH BPy4YaeT BaM BBICOKYIO
CTOIIKY YePHBIX BUHWIOBBIX IUIACTUHOK 6€3 06JI0KeK.

Batit pyT TOBOPUT, YTO KYIIWI STH IUIACTUHKY Ha TapaskKHOM paclpojake U To-
HATHS He MUMEET O JKaHpax, UCIIOJHUTEAX WIN IePUoaX BhIXO/a 3aIIMCAHHBIX
Ha HUX KOMITO3UIIMHI. BBl BBIHY)KJE€HBI OTKA3aThCSA OT CBOMX MPEAB3ATHIX IIPE-
CTaBJIEHUH O criocobax KaaccubUKaIu 3amuceil, TOCKOJIbKY V Bac HET 06JI0KeK
asbb0OMOB, Ha KOTOpbIE BBl MOTJIM OBl OTIEPETHCA IPU UX PYIIUPOBKE. 3ajada
KaTeropusalyy [UIACTUHOK BHE3AIIHO OKa3bIBAETCsS HAMHOIO CJIOXKHEE, YeM BEBI
[IpeIoJaraim.

71 Amamc, CkoTT. MynbTcepuan «/unbept». 3 suBaps 2000 roza.
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HabpaBimuch CMeIOCTH, Bl C IPyTrOM JJOCTAETE MPOUTPHIBATEND, TPOCIIYIIH-
BaeTe albOOMBI I HaUMHAeTe TPYIIITHUPOBATh UX M0 KaTErOpUsAM B 3aBUCUMOCTHU
OT TOT'0, HACKOJIBKO OHU IOXO0XKU. [10 Mepe MpOCIyIUBaHUS IIACTUHOK BBI CO-
3/laeTe HOBBIE I'PYIIIEI, 0ObeAUHsETE HEGObIINE IPYIIIBl B OJHY U UHOT/A Iie-
PEHOCHTE IUIACTUHKY M3 OJHOU I'PYIIIBI B APYTYIO MOCJIE OXKECTOYEHHBIX CIIOPOB
0 TOM, K KaKOH I'pyIile OHa «OJIKe».

B KoOHIIe KOHIIOB Y Bac ¢popmupyetrcs 10 KaTeropuii, KaXKA0H U3 KOTOPHIX BB
MIPUCBaVBaeTe OMUCATENbHOE Ha3BaHMUeE.

To, 4TO BBI C APYTOM TOJIBKO UTO CZENasH, Ha3bIBaeTCsA 0OyueHueM 6e3 yaure-
JIS1 WUIX HEKOHTPOJIMPYeMBIM 00y4eHreM. BMeCTO TOTO YTOOBI OMUPATHCS Ha TIPE-
B3SIThIE NTPE/ICTABIEHMS O IAHHBIX, BbI TIO3BOJIMUIN JAHHBIM OPTaHU30BaThCA CAMO-
CTOATENBHO 2.

OTa 1IaBa MOCBsANIeHa 00y4YeHUIO 0e3 yyuTensi — Habopy MUHCTPYMEHTOB,
MpeJHa3HavYeHHBIX i OOHAPYKEHUS CKPBITHIX 3aKOHOMEPHOCTEH U TPYIII B Ha-
60pax JaHHBIX TIPU OTCYTCTBUU 3apaHee ONpeJeeHHBIX IPYIIl. JTa MOUTHASI TeX-
HUKa UCITOJIb3YeTCs B CAMBIX Pa3HbIX O0JIACTAX, HAYMHAS C PACIpPEeZeTeHUs KIn-
€HTOB II0 Pa3HBIM MapKETHHTOBBIM KaTErOPUSAM U 3aKaHYMBas OpraHU3aluei
MYy3BIKaJIbHBIX KOMITO3UIINM Ha twiatdpopmax Spotify win Pandora u ymopsagodu-
BaHUeM ¢oTorpaduii B TeedoHe.

OBYYEHWE BE3 YYUTENA

B ocHOBe 006yueHUs 6€3 YIUTENA WIX HEKOHTPOJIHUPYEMOTO OOYUEHHUS JIEXKUT UAEs
O CYIIECTBOBAHUY CKPBITBIX IPYII B COBOKYIHOCTH JaHHBIX. ECTh MHOTO CIIOCO-
60B, TTO3BOJIAIOIINX BBIABUTh 3TH UHTEPECHbIE 3aKOHOMEPHOCTH U T'PYIIIIbI, €CIN
TaKOBBIE JEMCTBUTENBHO CYIIECTBYIOT. Kak IMIaBHBIN IO JAHHBIM, BbI JJOJKHBI
yMeTb OPUEHTHUPOBAThCS B MHOTOYMCIEHHBIX MeToZaxX 06ydeHus 6e3 yuuTesns
IIPY TIOWCKE CKPBITHIX IPYII JAHHBIX.

Ho c 4yero HauaTth, yYUTHIBAs MyTaroIle GOJIBIIOE KOJTUUYECTBO AOCTYIHBIX Me-
TO/ZIOB HEKOHTPOJIMpyeMoro obyuenus? K cuacTbio, I IPUMEHEHUS STUX METO-
[IOB BaM [JOCTATOYHO 6a30BOTO MOHUMAaHUS CBA3AaHHBIX C HUMH OCHOBHBIX [I€i-
CTBUIA. B JaHHOM ciTy4ae peyb WJET:

— O CHW)KEHUM Pa3MEePHOCTHU C ITOMOIIbIO aHaIN3a TIABHBIX KOMIIOHEHT;

— KJIaCTepU3alNU METOAOM K-CPEIHUX.

72 Hy Bpoze Toro. Ha camoM Jiesie Bce He TaK IPOCTO.
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B 3T0i1 I71aBe Mbl paCCMOTPUM JJaHHBIE METO/BI U pa3bepeMcst B TOM, YTO OHU
03HAYaT ¥ KaK UMEHHO MTO3BOJIAIOT JOCTUYD I[eJIeH [0 CHIKEHUIO Pa3MEPHOCTHU
U KJIacTepUu3alli COOTBETCTBEHHO.

CHWXEHWE PASMEPHOCTH

CHIKeHYEe pa3MEPHOCTH — 3TO MPOIIECC, C KOTOPBIM BHI y2Ke 3HaKOMEIL. Ero mpu-
MEPOM MOJKET CIYKUTh ¢poTorpadusi, KOTOpas CBOJUT TPEXMEPHBIH MUP K ILIO-
CKOMY IByXMEPHOMY M300pakeHHI0, KOTOPOe MOXKHO HOCUTh B KApMaHe.

B ciryuae c HabopaMu JaHHBIX Mbl paboTaeM CO CTPOKaMHU U CTOJIOIIaMU — Ha-
GII0ZIeHUAMU U TIpu3HakaMu. KomudyecTBo cTo6I[0B (MTpH3HAKOB) B Habope JaH-
HBIX Ha3bIBAETCS Pa3MEPHOCTHIO JAHHBIX, a MPOIecC 0ObeAMHEHUS MHOXKECTBA
MIPHU3HAKOB B MEHbIIlee KOJIUYECTBO HOBBIX KAaTETOPUU IIPU COXpaHEHUH UHOP-
Manuu o0 Habope AaHHBIX — CHIKEHUEM pa3MepHOCTH. [Ipoiiie TOBOPsI, MbI UIIEM
CKPBITBIE TPYIIBI B CTOIOIIAX Habopa ZaHHBIX, YTOOB 0O0BEJUHUTD HECKOIBKO
CTOJIOLIOB B OZMH.

llaBaiiTe pasGepemcs, oyemMy 3T0 BaxkHo. C MPaKTUYECKON TOYKU 3peHUsd
B Habopax JJaHHBIX C MHO)XECTBOM IIPU3HAKOB OYEHDb CJIOXKHO pa3obparbes. Mx
3arpyska B KOMITbIOTED MOXKET 3aHUMaThb MHOTO BPEMEHHU, U C HUMH TSDKENO pa-
60Tath. V13-3a 3TOTO MPOIIeCC pa3BeIOYHOTO aHAIM3a ITAHHBIX CTAHOBUTCS KpaliHe
YTOMHUTEJIBHBIM, 8 B HEKOTOPHIX CTy4asx — GpaKTHIeCKH HepeanudyeMbiM. Hampu-
Mep, B 6uonHpopMaTHKe pa3MePHOCTh HaboOpa JaHHBIX MOXKET ObITh OTPOMHOM.
Kaxkgoe HabimofieHre MccieoBaTee MOXKET BKJIIOYATh SKCIIPECCUU THICAY Te-
HOB, MHOTHE 13 KOTOPHIX CUJIBHO KOPPEJUPYIOT APYT C ApyroM (a, caegoBaTesb-
HO, ABJIAIOTCA MOTEHIUATbHO U30BITOYHBIMU).

CHUKeHUe pasMEepPHOCTU JAHHBIX MO3BOJIAET COKPATUTh BPeMs BHIUMCIIE-
HUM, yCTPAHUTh U30BITOYHOCTD U YIYUIITUTh BU3yaTU3aluio pe3yabTaToB. Ho kak
MIMEHHO 3TO MOXKHO CZejIaTh?

Co3paHne cOCTaBHbIX NPpU3HaKoB

OnvH 13 C1I0COO0B CHU3UTh Pa3MePHOCTh Habopa JaHHBIX — 0ObeJUHEHNE He-
CKOJIBKUX CTOJIOI[OB B COCTABHOM MTpU3HAaK. /laBaiiTe TOCMOTPUM, KaK 3TO JieJIaeT-
cs1, Ha IpUMepPe peaabHBIX JaHHBIX O Pe3yJabTaTaX CPaBHUTEIbHBIX TECTOB 32 aB-
TOMOOWIEH, OMyOIUKOBAaHHBIX B KypHanie Motor Trend 3a 1974 roza. CpaBHeHUe
3TUX aBTOMOOWIEH MPOBOAWIOCH TT0 11 MpusHakaM, TaKUM KaK pacxoj TOTLIU-
Ba B MWISIX Ha Ia/UIOH, MOIIIHOCTh IBUTATe IS B JIOMIAAWHBIX CHIAX, BEC U APYTHE
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XapaKTepUCTUKKU aBToMOOMIA’. Halra 3agaya — co31aTh METPUKY «dbbeKTUB-
HOCTH» /i1 pAaH)XXUPOBaHUA aBTOMOOWIEH oT Hauboree 10 HanMeHee 3pdeKTHB-
HBIX.

Busyanw3auvm Pa3NN4YHbIX KOMMNOHEHT AaHHbIX 06 aBTOMOGUNAX
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Chrysler Imperial !

Cadillac Fleetwood

Chrysler Imperial
adillac Fleetwood
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=

Cadillac Fleetwood

Puc. 8.1. PaHxupoBaHue aBTOMO6MIIEN Ha OCHOBE Pa3/iMyHbIX COCTaBHbIX NpU3HaKkoB. 06paTute
BHMMaHMeE Ha YBeJIMYeHNe AUCNepcum, To ecTb Ha TO, KaK aBTOMOGMNYN OTAANSIOTCS ApYr OT Apyra
no Mepe 06beMHeHUs BCe 6ONbLUET0 KONMYecTBa NPU3HAKOB B efMHOE U3MepeHUe Noj Ha3BaHKeM
«3QdeKTUBHOCTbY

OyeBuziHAA TOYKA OTCYETA /JIA JAaHHOT'O MCCIeAOBAHUA — pacxXoZ, TOIUIMBA
B MWIsAX Ha rawioH (M/T'). Pe3ynbTaT paHKUPOBAHUSA aBTOMOOWIEH 110 JaHHOMY
[IOKa3aTeJsIlo HaXOAUTCA B JIeBOM yacTy AuarpaMMsl Ha puc. 8.1. Kak BuzauTe, eciu
He CUMTATh JIYULIETO U XyAIIero aBTOMOOWIS ¢ TOYKU 3PEHHs pacxoza TOIUIMBA,
6OJIBIIMHCTBO aBTOMOOWIEH 0Ka3aI0Ch CTPYIIIMPOBAHO B IIeHTpe. MOXKEM JIU MBI
n00aBUTH ZIOTIONHUTENbHYI0 NHGOPMAIIUIO I AaJbHEHIIETO pasZeneHus AaH-
HBIX? [lepelifleM K cpefHeN 4acTHW AWArpaMMbl. 371eCb MbI CO3/Ial COCTABHOU

73 Peub uzeT 0 Habope AaHHBIX mtcars, BXOAsIEM B cocTaB mporpammer R. http://stat.ethz.ch/
R-manual /R-devel/library/datasets /html /mtcars.html. /{51 yriporieHus BocripusTus BU3ya-
JIM3aLMY MBI OTOOpakaeM TObKO 15 aBToMOobwMIel u3 32.
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MpU3HAK: Pacxo/ TOIUIMBa MUHYC Bec aBToMoOmwia’4, M/I" — Bec. O6paTuTe BHU-
MaHHe: IPoCcToe 0ObeIUHEHNE IBYX MPU3HAKOB B OIMH COCTaBHOM obecreynBa-
eT Topaszzo 6osbIuii pasbpoc.

Teneph JaBaiTe ceaeM elre OAWH IIar U CO3AaZIM TPEThIO METPUKY 3bdeK-
tuBHOCTH. ddpdexkTuBHOCT = M/T' — (Bec + MormnocTs). ([Tomo6HOe BhIpaske-
HUe Ha3bIBaeTCd JUHEMHON KOMOMHAalLMell.) DTa KoMOUHAUA CTOIO0B [I03BO-
JIWJIa pa3/leNiuTh JaHHBIE CIIbHEe, YeM JIpyTHe Npu3HaKu. birarogaps 6osbinemy
pasbpocy oHa jaeT HaM Oosibliie UHPOpMAaIuy 06 aBTOMOOWIISIX, OTKPhIBAs HEYTO
nHTepecHoe. Kak BUANTe, TAKeITble, TOXKUparoIyie 6eH3UH aBTOMOOMIN HAaXO/ISAT-
cs1 BHM3Y, a JIeTKWe U SKOHOMHUYHbIE — BBepXy. 10 cyTu, 06beIUHUB UCXOAHbBIE
M3MepPEeHUs], MBI CO3/JaI HOBOE U3MepeHUe AaHHBIX (3GdEeKTUBHOCTD), KOTOPOE
MTO3BOJISIET HAM UTHOPUPOBATh TPU UCXOAHBIX U3MEPEHUS. B 3TOM U 3aKTtoyaeT-
Cs1 CYTh CHIDKEHUS PAa3MEePHOCTH.

B aTOM prMepe MBI 3apaHee 3HAJH, YTO 00beJUHEHNE pacxoja TOIUINBA, Beca
Y MOIIHOCTHU JBUTATEJIsI aBTOMOOWIIS B HOBYIO COCTaBHYIO IIEPEMEHHYIO TIO3BOTUT
O0OHaAPYKUTh KOE-YTO MHTEPECHOE B COBOKYITHOCTH MUMEOIIUXCS IaHHBIX. HO 4uTO,
€CJIV BBl He 3HaeTe, KaK M Kakve IPU3HaKU cyiesyeT KOMOMHUPOBaTh? VIMEHHO
TaK OOCTOAT Jlefia B Clydyae HEKOHTPOJIMPYEMOTO O6yU€eHUsI, U 3/1eCh B UTPY BCTY-
MaeT aHau3 IJTaBHBIX KOMITOHEHT.

AHAJIN3 TTIABHBIX KOMIMOHEHT

Ananu3 raBHbIx KOMIIOHEHT (AI'K) — 3To MeToz cHIXKeHUMSA pPa3MepHOCTH, U30-
6petenubrii B 1901 roay’ 3aZ0jro Zio TOro, Kak TEPMUHBI «JaTa-CalleHTUCT»
U «MallluHHOE 06yJYeHue» CTalN YacThio 6usHec-TepMunonoruu. ATK 0 cux mop
OCTaeTCs MOIYAAPHOMN, XOTS U 3a4acTyI0 HENTPABUWJIbHO MTOHUMAEMOU TEXHUKOM.
Ms=I nnocTapaeMcsl YCTPAaHUTh 3Ty MYTaHUIY U Pa3bsACHUTH, B 4YeM CYTh JJAHHOTO
MEeTO/la 1 ero IMOoJIe3HOCTb.

B ominure OT MOAX0Aa, UCIOIb30BAHHOTO B IIPUMEpPE C aBTOMOOWIAMHU, ajl-
roputMm ATK 3apaHee He 3HaeT, KaKue TPYIIBI TPU3HAKOB CJIeAyeT OOBEANHATD
B COCTaBHBIe IPHU3HAKH, U IIOTOMY paccMaTpUBaeT Bce BO3MOXXHOCTU. C MOMO-
IIbI0 OCOOBIX MaTeMaTUYECKUX IIPHEMOB OH CO3/aeT pasHble KOHPUTYpaIuu

7+ TIoCKONbKY MTPU3HAKY UMEIOT Pa3HbIi pa3Max, repes 00beJMHeHHEM UX HeOOXOAMMO IIPUBECTH
K OZHOM YMCIOBOM LIKaJIe.

75 Pearson, K. (1901). LIII. On lines and planes of closest fit to systems of points in space. The Lon-
don, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 2(11), 559-572.
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“3MepeHUll B MOUCKAX JMHEHHBIX KOMOUHAIIMMI [TPU3HAKOB, 00€CIIeYnBaIOIINX
MaKCUMaJIbHBIN pa3bpoc JaHHBIX. JIydIilie U3 3TUX COCTABHBIX MPHU3HAKOB Ha3bl-
BAIOTCA IVIABHBIMU KOMIIOHEHTaMU. bosiee Toro, riiaBHble KOMIIOHEHTEI — 3TO HO-
BbIe U3MEPEHU JaHHBIX, KOTOPble He KOPPEeIUPYIOT APYT C APyroM. Eciau 61 MbI
IIPUMEHWIN JJAHHBIM [TOAX0Z B IpHUMepe ¢ aBTOMOOWIAME, TO IOMUMO H3Mepe-
HUA «dGEKTUBHOCTL» MBI MOIVIA OBbI BBIABUTh M TaKOE€ M3MEPEHUE, KaK «IIPOU3-
BOJUTEIBHOCTD».

BeposITHO, BBl XOTUTE Y3HATh, KaK MOXKHO OTPEAENUTD, TO3BONUT i AT'K 00b-
€IMHUTH IPU3HAKU HAbOPa AaHHBIX B 3HAYMMbIE I'PYIIIBI, 00pa3yolIye [TIaBHbIE
KOMIIOHEHTHhI. YTO UMeHHO MBI UllleM ¢ moMounibio AI'K?

[Tompo6yeM OTBETUTH Ha 3TH BOMPOCHI C MTOMOIIBIO CJIEAYIOIIEr0 MBICIEHHO-
'O DKCIleprMeHTa. II0CKOIBbKY aBTOPBI IAHHON KHUTY He pa3buparoTcs B aBTOMO-
OWIAX, B CIeAYIOIIEeM IIpuMepe GyeT UCIIONIb30BaThCs APYToi (TUIIOTeTUYECKIHT)
Habop JaHHBIX.

[naBHble KOMMOHEHTbI CMOPTUBHbIX cnoco6HocTen

[IpezAcTaBbTe, YTO BBl paboTaeTe B CIOPTUBHOM Jiarepe. Y Bac eCTb 3JIeKTPOHHAs
Tabauia ¢ coTHAMH cTpok U 30 cTonbiiamu. Kaskgass cTpoka coZiepskuT uHpop-
MaIyoo o0 GU3NIECKOH MOATOTOBKE CIIOPTCMEHA: KOJUYECTBO OTXKUMaHUM, MpU-
ceZlaHUM Y MMOBTOPEHUI CTAaHOBOM TATH, KOTOPBIE OH MOXeT C/lesiaTh 32 OJHY MU-
HYTY; 3@ CKOJIbKO BpeMeHU OH mpoberaet 40 meTpoB, 100 meTpoB, 1600 MeTpOB;
MTOKa3aTeNy XU3HEHHO BaXXKHBIX QYHKIIUH, TaKHe KaK My/TbC B COCTOSTHUM TTOKOS
U apTepUaJbHOE JJaBJIeHUE; U ellle HECKOJIbKO ToKa3aTeneid GpU3nIecKou moaro-
TOBKH U COCTOSTHUS 3/I0POBbs. Balll HAYaJIbHUK ZIaT BaM PacIUIbIBYATOE 3a/laHUE
«0BOOBIIUTD JaHHBIE», HO BbI YBSA3JIU B GOJIBIIOM KOJTUYECTBE CTONOIIOB 3JIEKTPOH-
HoIi Tabuiel. Bes coMmHeHuUs, B HEH COAIEPKUTCS OTPOMHBIN 06beM NHPOPMAITUH.
Ho Henb3s su cBectu 3T 30 IPU3HAKOB K 60jiee pa3yMHOMY KOJHMYECTBY, KOTO-
POe MOKHO ObLTO OBbI UCITOJIB30BATH /I 0000IIEHUA U BU3yaIHU3allui UMEIOITUX-
cs IaHHBIX?

[TepBBIM ZIeJIOM BBl 3aMedaeTe HECKOJIbKO OYEBUAHBIX 3aKOHOMEPHOCTEM.
CrnopTCcMeHBI, KOTOPBbIE MOTYT CZieJiaTh OOJIbIlle BCETO OTXKUMaHWH, KaK MpaBU-
JI0, IeTAar0T OO0JIbIEe TTOBTOPEHUH CTAaHOBOU TATH, a Te, KTO MeJIEHHO TpoberaeT
CTOMETPOBKY, UMEIOT Ty e mpobyieMy B cydae co ClipuHTOM Ha 40 MeTpoB. [1o-
XOXKe, YTO MHOTHE TIPU3HAKU KOPPETUPYIOT APYT C APYTOM, TIOCKOJIbKY U3MEPSIOT
CBSI3aHHBIE MEXY COO0M TTOKa3aTeau GU3NIECKOHN MOATOTOBKHU. DTa KOPPESIU
3acTaBJIsIeT Bac 3aZ[yMaThCsi O BOSMOXXHOM CITOCOO€e MX CXKATHsA B MEHBIIIEe YHCIIO
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HE KOPPEIUPYIOLUIUX APYT C APYTOM U3MEPEHHUH, CoAepKalX MaKCUMaIbHO BO3-
MOXKHOE KOJIMYECTBO MHGOPMAIIMY U3 UCXOJHBIX JaHHBIX. B 3TOM U 3aKJI0YaeT-

cd cyTb AT'K!
Ums Omxumanus lMpucepanus CraHoBas  [lynbc 40m 100m 1600M  ApTepuanbHoe [MpbbkKK [MpbikKK
TAra  BCOCTOSHMM (Bpemsi) (Bpems)  (Bpems)  fjaBfieHue HaTymGy CO CKaKanKoit
noKosa
Criopremet 1\ _J N\ _J
Cnoptcme 2
CnoptcmeH 3
Cnoptcmen 4
CnoptcmeH 5
CropTcMen 6 AHanu3 rnaBHbIX KOMMOHEHT
Cnoptcmen 7 no3BoNsieT 06beANHUTD HECKOMbKO
Croprcwmen 8 cTON6L0B (NPU3HAKOB) B OAMH
CnoptcmeH 9

Puc. 8.2. AHanu3 rnaBHbIX KOMMOHEHT NO3BONISET CIPYNNUPOBATh U 06bEAUHNTD CTONGLbI Habopa
JaHHbIX B HOBbIE HE KOPPENUpYHoLLMe Mexay co60i u3MepeHust

Ha puc. 8.2 B 00IIux 4epTax MpeACTaBIEHO TO, YETO BB IBITAETECH JOCTUYb.
OnHaKo BB HE MOXKETeE C JIETKOCTBIO MCCIEZ0BaTh Koppeaanuu Mmexay 30 mepe-
MEHHBIMU JJaKe C IIOMOIIbIO KoMITbIoTepa. ([ u3ydeHus KaXK/[0H maphl Mpru3Ha-
KOB ITOTPeboBaioch 6b1 435 OTZEMbHBIX UarpaMM paccesiHus’®.) VITak, Bbl IIPOTO-
HseTe ZaHHbIe Yepe3 anroput™M AT'K, 4ToObI BOCIIOIB30BATHCS CYIECTBYIOIUMU
B HabOpe ZIaHHBIX KOPPEIAIUAMU, U Ha BBIXO/Ie TTOJTydaeTe iBa Habopa JaHHbIX .

Ha puc. 8.3 moka3aH mnepBbiii Ha60p. CTPOKHU TabIUIIBI COZEPKAT ITPU3HAKHU
CIIOPTCMEHOB, a CTOJIOIbI — Beca 3THX MPU3HAKOB U UX BKJIAZ B IIABHYIO KOMIIO-
HEHTY. DTU Beca OTPaKaloT BXKHBIM IIar B mpoliecce AI'K, cBI3aHHBIN C CO37aHU-
€M HOBBIX U3MeEPEHUH B JaHHBIX. (O6paTuTe BHUMaHUE Ha TO, YTO 37IeCh CJIOBO
«BeC» — CITeMaJIbHBIA TEPMUH, KOTOPBIA MMeeT oTHoleHre K AT'K, a He K moz-
HATHIO TsDKeCTeN.) MBI BU3yaIM3UPOBAJIU Beca, OHAKO UMEHUTe B BUAY, UTO B UKC-
JIOBOM BBIPQ)KEHUM OHU MPEJCTABJISAIOT CO60M Mepy KOppesalyuu, 3HaYeHue KO-
TOPOM HaxXoAUTCA B AuamnasoHe oT —1 7o 1. YeMm 61mKe ee 3HaUeHUE K JI060MY
U3 DKCTPEMYMOB, TEM CHWIbHEE KOPPEJIAIUS U TEM BBIIIE BKJIAJ UCXOJHOTO MpU-
3Haka. MITak, BaM HY>KHO OTBICKaThb WHTEPECHbIE 3aKOHOMEPHOCTH B Becax IVIaB-
HBIX KOMITOHEHT (0003HAaYEHHBIX Ha CIEAYIOeM pucyHKke ab6peBuatypoii ['K).
Beca, KOTOpBIE€ OTKJIOHSIIOTCS JaJeKO OT BEPTUKAJbHOU HY/IEBON JUHUHU, MOTYT
pacckKa3aTh MHOT'O UHTEPECHOTO.

76 KomnyecTBo coyeTanuii u3 30 mo 2 = 30!/((30 - 2)! 2!) = 435.

77" Hu ofiHa U3 IporpaMm He Bo3Bpaiaetr pesyiabraTsl AT'K, mokazaHHble 3/1ecb. YTOObI 060HTHUCH
6e3 MHO)KECTBA ypaBHEHUI U YHCeJl, MBI PELIMIA COCPEJOTOYNUTHCSA Ha BU3yaIU3alUU.
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B nepBom crosbiie «Beca a7 TK 1» BbI BuziMTe 60JbIIMe Beca AJIs TAaKUX MPH-
3HAKOB, KaK OTXKUMaHUsA, IpHCeZlaHUA U CTaHOBAsA TAra; OHU, KaK 0TMevaJoch pa-
Hee, TIOJIOKUTETLHO KOPPETUPYIOT APYT ¢ ApyroM. ATK o6HapyKXui1 3TO aBTOMa-
TUYECKU. DTy KOMOMHAIIWIO MMPU3HAKOB MOXKHO HasBaThb «Cuia». [JAAa Ha Beca
i TK 2, BB 3aMevaeTe CBSI3b OTPHUIATEIbHBIX CTOJIOMKOB C TTOKa3aTeasiMu «CKo-
pocTu» (HU3KUH My/IbC B COCTOSHUM TIOKOS, MeZIJIEHHBIN Oer Ha 40 MeTpOB, MeJ-
JleHHbIH 6er Ha 100 MeTpoB). AHaIOTMYHBIM 06pa3oM BbI MoxKeTe AaTh ['K 3 Ha-
3BaHUe «BBIHOCIIUBOCTD», a 'K 4 — «3710pOBbe».

PamblIile y Bac GbLIO HECKOJIBKO KOPPEIUPYIOIIUX MEXAY CO00M M3MepeHuH.
OJHaKo YeThIpe HOBBIX M3MEPEHUS IPEACTABIAIOT COO0M YeThIpe COCTaBHBIX
NpH3HaKa, KOTOphle He KOPPEIUPYIOT APYT C APYroM. A OTCYyTCTBUE KOppeJd-
LMY O3HayaeT, YTO KaXXJoe HOBOe U3MepeHHe IIpeJoCTaBiAeT HOBYIO, Helepe-
cekaromtyiocs nudpopmariiuio. ITo cyTu, Mbl pa3buBaeM coZiepiKaiyiocs B Habope
JAHHBIX THOOPMALIUIO Ha OT/ebHble U3MEPEHHU, KaK YKa3aHo B CTPOKe «% HH-
dbopmanuu A1 KakA0M KOMIIOHEHThI». VICIOIb3ysT BCETO JUIIb YEThIPE HOBBIX
MpU3HaKa, Mbl MOKEM COXpaHUTh 91% wHbOpMAaIUU, cofepKallencsa B UCXO-
HOM Habope JJaHHBIX.

Mpwanak Beca ans Beca ans Beca ans Beca ansa Beca ansa Beca ans Beca ansa
K1 K2 K3 rK4 TK5 K6 rK30

OmKMMaHus

lMpucepanua

CraHoBas Tsra

Ty”bC B COCTOSHMM NOKOR

40 ™ (Bpems)

100 m (Bpems))

1600 M (Bpems)

ApTepuanbHoe aBneHue

TpbIXKM Ha TyMBY

TpbDKKY €O CKaKanKoi

% MH(OPMALWUK ANS KXW

KOMMOHEHTbI 33,0 28,0 21,0 9,0 1,0 0,5 0,1

KymynsatusHbIi % 33 61 82 91 92 93 100

Puc. 8.3. ATK HaxoauT onTMManbHble Beca Ans CO3JaHus COCTaBHbIX NPU3HAKOB, KOTOPbIe
NpeAcTaBAAOT CO60I NIMHENRHbIE KOMOUHALMK APYTUX NPU3HAKOB. NHOTAA Bbl MOXETE NPUCBOUTD
HOBOMY COCTaBHOMY NMPW3HAKy OnuUcaTeNibHOe Ha3BaHue

C IoMOIIbIO BECOB, YKa3aHHBIX Ha puc. 8.3, 30 UCXOAHBIX MTOKa3arenel Gpusu-
YeCKOH MOATOTOBKU KaXKJOTO CIIOPTCMEHa MOXKHO Tpeo6pa3oBaTh B TaKWeE TIaB-
Hble KOMIIOHEHTHI, Kak «Cua», <<CKOpOCTb>>, «BBIHOCIIUBOCTB» U «3,aoposbe>>, uc-
TIOJTB3Y# TUHEeNHbIe KoMOUHanuu. Hampumep, criia cliopTcMeHa pacCYUTHIBAeTCs
TI0 creAytotei popmyire:
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Cuna = 0,6*(konmyecTBO oT:kMMaHuii) + 0,5* (kosryecTBO MOBTOPEHUH
cTaHoBOU TAru) + 0,4* (KoaM4yecTBO NpuUcefaHuil) + (He3HAauYUTeNbHBIN BKIAZ
OCTaJIbHBIX IPU3HAKOB)

3HaueHusa (Beca) 0,6, 0,5 u 0,4 — pesynsrar AI'K. MBI IPOCTO peumiyu ux BU-
3yaJll3UupOBaTh.

BrinosiHeHMe 3TOY cepuy BHIYUCIEHUH /I BCEX CIOPTCMEHOB ZjaeT HaM BTO-
poii pesynbTaT mpuMeHeHusa anroputma Al'K, moka3zaHHbi Ha puc. 8.4. OTo HO-
BBIIf HAGOP JAHHBIX TOTO JK€ Pa3Mepa, YTO U UCXOAHBIH, TOJBKO Ha 3TOT pPa3 Mak-
CHMaJIBHO BO3MOXKHO€E KOJIMYECTBO MHGOpMAIUy 6BUI0 COCPEJOTOYEHO B IIEPBOM
rpyIIle HEKOPPEJIUPOBAHHBIX ITITaBHBIX KOMIIOHEHT (Tak)Ke M3BEeCTHBHIX KakK CO-
cTaBHBIe Tpu3Haku). O6paTuTe BHUMaHNE Ha Pe3KOe COKpallleHUe BeJTUIHUHBI
BKJIQ/]a IVIABHBIX KOMIIOHEHT, HAYMHAasA C ISITOU.

[naBHas [naBHas naBHas
KOMMNOHeHTa 5 KOMMOHeHTa 6 ~  koMnoHeHTa 30

CnoptcmeH 1
CnoptcmeH 2
CnoptcmeH 3
CnoptcmeH 4
CnoptcmeH 5
CnopTtcmeH 6
CnoptcmeH 7
CnoptcmeH 8
CnoptcmeH 9
33,0 9,0 1,0

% uHbopmaLun Ansa 28,0 21,0 X ! 0,5 0,1

;a»(noﬁ KOMHOVHEHTbI 3é 61 82 91 92 93 100
YMYNATUBHDBIA %

Umsa Cuna CkopocTb BbiHocnuBocTb  30poBbe

Puc. 8.4. Anroputm ATK co3iaeT HOBbIiA HAbOP JJaHHbIX TOTO e pa3Mepa, YTo U UCXOAHDIN, rae
CTON6LbI NPeACTaBASIOT CO60I COCTABHbIE NPU3HAKM, HA3bIBaEMbIe IMaBHbIMU KOMMNOHEHTaMM

Takum o06pa3oM, BMeCTO UCI0ab30BaHus 30 mepeMeHHBIX A 00bICHEHUS
100% wundopmManuu, cogepkaiieiics B UICXOAHOM Habope JaHHBIX, HAOOp ZaH-
HBIX, TOKa3aHHBIM Ha puc. 8.4, MOXXeT 0OBACHUTL 91% 5Toi MHbOpPMAIUU C TIO-
MOII[BIO BCETO JIUIIb YeTHIPEX MTPU3HAKOB. DTO MO3BOJIAET HAM MPOUTHOPHUPOBATD
26 cTos6110B. BOT 3TO IOHKeHNE pa3MepHOCTH! BOOPYKUBIIKCH 3TUM HaGOpPOM
JAHHBIX, BBl MOJKETE BBISICHUTD, KTO U3 CIIOPTCMEHOB CAMBIi CHJIbHBIH, CAMbIH OBI-
CTPBIH Wwin obnagaeT 060¥ KOMOWHAIIMEN STUX IPU3HAKOB. BU3yarn3nupoBaTh
Y UHTEPIIPETUPOBATH JAHHBIE CTAJI0O HAMHOTO IIPOIIIE.
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AHanu3 rnaBHbIX KOMMOHEHT. Pe3lome

[laBatiTe cZiesiaeM 11ar Hasaz, YTOObI KOe-YTO TIPOSICHUTD.

Bo-TiepBhIX, KOrZla pedyb HAET O CToJbIle B Habope JaHHBIX, XOPOIIUM CH-
HOHMMOM uHopManuu ABIgeTcsa Aucnepcus (Mepa pasbpoca). IToaymaiite
06 3ToM Tak. [TpeAnosoKUM, YTO MBI I00ABUIM HOBHIK cTosbEl] B HAGOp ZaH-
HBIX O CIIOPTCMEHAX, MIOKa3aHHBIN Ha puc. 8.2, oz HazBaHUeM «J/IFobrMas Mapka
06yBU», ¥ KaXbIN criopTcMeH oTBeTUI: «Nike». B TakoM cjlydae B 3TOM CTOJIOIIE
He 6bUTIO ObI HUKAKUX BapHUalli, MO3BOJAIONINX OTIMYUTh OJHOTO CIIOPTCMeHa
oT apyroro. Het Bapuaiuu = HeT HHGOPMAIHH.

OcHoBomnosaratoias uzes ATK — B3saTh BCIO CofiepyKallylocss B Habope JaH-
HbIX HbOpPMaIH0 (MHOXKECTBO CTOIOIIOB) U CXKATh KaK MOYKHO 60JIblIe 3TOM HH-
dbopmaly B Kak MOXKHO MeHbIIIee KOJTUIECTBO OTAENbHBIX U3MEPEHUN (MeHbIIee
KOJIMYECTBO CTOJIOIOB). [IIs1 3TOTO aJITOPUTM OIpeZeNsaeT, Kak UMEHHO KaXKaoe
U3 MCXOJHBIX U3MepeHUl Koppenupyer c ApyruMu. Koppensanus, CyliecTByIo-
mast MeXXy MHOTUMY U3MEPEHUAMU, OObSICHIETCS TEM, YTO OHU U3MEPSIOT OZHY
U Ty YK€ OCHOBOIIOJIATAIOMIYIO Belllb. B 3TOM cMmbIciie y HAc eCTh JIUIITb HECKOIBKO
WCTUHHBIX U3MEPEHUH JJaHHBIX, OXBATHIBAIOIINX OOJBIIYIO YacTh MHPpOpPMAITUH,
cozeprkaiieiics B Habope ZaHHbIX. MaTeMmaTHKa, Jexaias B ocHoBe AI'K, 1o cyTu
«BpalljaeT» U3MepeHus, CBOJA UX K MEHbIIeMY KOJTUYECTBY IIaBHBIX KOMIIOHEHT
Y TI03BOJISIS HAM paccMaTpuBaTh UX 6e3 MmoTepu GOJIBIIOT0 KOIUYecTBa UHPOP-
MaIlyu.

STo HamoOMHUHaeT mpoliecc ororpadupoBanusa. Hanpumep, BbI MoxkeTe cdo-
TorpadrpoBaTh BeJUKHUe MUpaMubl Erunta ¢ 6ecurciieHHOTO KOJIMYecTBa pa-
KYPCOB, OJJHAKO HEKOTOPBIE PAKypChl OKa3bIiBalOTCsA 6osiee MHPOPMATHUBHBIMU,
yeM Jipyrue. Eciu BB cZiefiaeTe CHUMOK C TIOMOIIBIO [POHA CBEPXY, TO MHUpPaAMU-
IBI OyAyT BHIIIAZETh Kak KBaZpathl. Eciu Bel choTorpadpupyere X, CTOS TOIHO
HaIpOTHUB OJJHOM U3 TpaHel, oHU OYAYT BRIIIAZAETDH KaK TpeyroJbHUKKU. Ha Kakoi
yTOJI HEOOXOAUMO MTOBEPHYTh KaMepy, YTOOHI 3apUKCHPOBATh MaKCHMalbHOE KO-
JIUYECTBO MHPOPMALIMU TIPU CBEJEHUM TPEXMEPHOTO MUPA ['M3bI B IBYXMEPHYO
¢doTrorpaduio, CrIoco6HYIO TPOU3BECTH BIleUaTIeHHe Ha Apy3eii? ONTUMaTbHbIHI
PaKypc MOXHO HaiTu ¢ momoinbio ATK.
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MoTeHuuanbHble JIOBYLUKH

Temneps, Korza Bbl MO3HAKOMMWINCH ¢ oOcHOBaMU AI'K, MbI O/DKHBI IPU3HATD, YTO
B peabHOM MHUpPe HabOophI IAHHBIX HUKOT/IA He YIaeTCs CBECTH K CTOJIb YK€ YEeTKO
Pa3TMYMMBIM IJIABHBIM KOMITOHEHTaM, KaK B IIPUMEpPE CO CIOPTCMEHAMMU.

V13-3a HEyTIOPsAZI0YeHHOCTH JJaHHBIX Pe3yJIbTUPYIOIINE IVIABHbIE KOMIIOHEHTHI
3a4acTyio GBIBAIOT JIMIIEHBI SICHOTO 3HAYEHUS U OMKCATEIbHBIX Ha3BaHUM. Mbl
IO OTIBITY 3HA€M, YTO B ITOTOHE 3a 6GPOCKMM HazBaHUWEM /IJI [JIABHOW KOMITOHEH-
THI JIIOZM 3a9aCTYIO0 CO3/Ial0T ONMCAHWE HECYIIeCTBYIOINX JaHHbIX. Kak miaBHO-
My TIO J]AHHBIM, BaM He cJieZlyeT IPUHUMAThD YKe TOTOBbIE OIpe/ie/IeHUs TJITaBHBIX
KOMITOHeHT. Korzia kKTo-To npe/cTaBisgeT BaM y:Ke Ha3BaHHble KOMIIOHEHTHI, I10-
cTapalTech OCIIOPUTDb UX OIpe/eIEHYs], BBIACHUB, KaKie UMEHHO YpaBHEHHU Jie-
)KaT B OCHOBE TOW WJIN WHOU T'PYIIITUPOBKH.

Bonee Toro, AT'K He cBOAUTCA K UCKIIIOYEHUIO HEBAYKHBIX WM HEMHTEPECHBIX
mmepeMeHHbIX. MBI 4acTO BUAMM, KaK JIIOAA COBEPUIAIOT 3Ty OMMOKY. [1aBHbIE
KOMIIOHEHTHI TeHepUPYIOTCA Ha OCHOBE BCEX MCXOAHBIX IIPU3HAKOB. |1 3TOTO
HUYEro He yzaajsieTcsa. B mpuMepe cO CIIOPTCMEHAMU KaXKABIM MCXOAHBIN TIPH-
3HAK MOXET OBITH CTPYIIITUPOBAH C HECKOJBKUMHU APYTUMHU JJIS TIOJYIEHUSA YETHI-
pex MaBHBIX KOMITIOHEeHT: Cuia, CKOpOCTbh, BEIHOCIUBOCTE U 370poBbe. [loMHU-
T€ 0 TOM, YTO HabOP JaHHBIX, TTOJYIEHHBIH B pe3y/IbTaTe IPUMeHEHs aITOPUTMa
ATK, mo pa3mepy aHaJIOTU4YeH UCXOAHOMY. AHAJIUTHK IOJDKEH CaM PElTUTh, KOTza
oTOpaceiBaTh HeMHGOPMATUBHBIE KOMIIOHEHTBI, ITOCKOJIbKY OIHOT'O MPABUJIBHOTO
crioco6a cziesiaTh 3TO MIPOCTO He CYIIeCTByeT. ITO O3HAYAET, YTO, KOTZAa BaM IpeJ-
cTaBiAloT pe3ynbTaThl AI'K, BaM cieayeT BBISICHUTh, KaK UMEHHO Te, KTO eTo Ipo-
BO/IWJI, PEIIVJIN, CKOJTbKO KOMIIOHEHTOB CTOUT OCTABUTb.

Haxownern, AI'K ocHOBBIBaeTcs Ha IMPEATION0XEHUN O TOM, YTO BBICOKAs JIUC-
repcus CBUZETENbCTBYeT O IPUCYTCTBUM B IlepeMeHHBIX Yero-To WHTepecHOTo
WIN BaXXHOTO. B HEKOTOPHIX CIydasax 3TO IpeAIooKeHre OKa3hlBaeTCs OIpaB-
JTAHHBIM — HO He Bcerzia. Hampumep, Mpu3HaK MOXXET MUMEThb BbICOKYIO JMCIIep-
CHIO Y TIPY 9TOM HE UMETh 0c000TO IIPAaKTUYECKOro 3HaUeHUsA. [Ipe/icTaBbTe, YTO
MbI 06aBWIN K IJAHHBIM O CIIOPTCMEHAX TAaKOM MPU3HAK, KaK KOJTUYECTBO JKUTe-
Jiel B pOAHOM TOPOZie KaXkA0ro U3 HuX. HecMOTpst Ha GoJbIiie pasandus, 3TOT
MIpU3HAK HUKaK He CBSI3aH C JAaHHBIMU 06 UX CIIOPTUBHBIX pe3yabTaTaX. [I0CKOJIb-
Ky airroputm AT'K cTpeMuTcs OTBICKATh CylleCTBEHHBIE Bapualli¥, OH MOXET
ONIMOOYHO MPUHATH 3TOT IPU3HAK 3a HEYTO BaXKHOE, XOTS HAa CAaMOM Jiejie 3TO
He Tak.
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KJIACTEPU3ALIUA

['pymmel MpU3HAKOB (CTOMGITBI) MOTYT paccka3aTh OHY UCTOPHUIO, KaK B CIydae
¢ ATK, a rpymmbl HabmoZieHu (CTPOKH) — ApYyTyro. VIMEHHO 371eCh B UT'PY BCTY-
MaeT KIacTepusanusa’s.

[To HameMy OIBITY, KJIacTepUsalusa — caMas UHTYUTUBHO MTOHATHAA TeXHU-
Ka paboTHl C JAaHHBIMU, IOTOMY YTO €€ Ha3BaHUE TOYHO OTPaKaeT ee CyTh (B OT-
JU4yie OT Ha3BaHUs «AHAIN3 [VIaBHBIX KOMIIOHEHT»). Ecyii 6B Balll HAYaJIbHUK
MIOPYYWI BaM Pas3ZeuTh CIOPTCMEHOB Ha I'PYIIIBL, BbI OBl MOHAIU 3a7a4y. [Ipu
aHaJIM3e JaHHBIX, [IPe/CTAaBIeHHBIX Ha PUC. 8.5, y Bac BO3HUK ObI PsZl BOIIPOCOB —
HampuMep, OTHOCUTEIHLHO BO3MOXKHOTO KOJIMYECTBA TPYIIIL U CIIOCOO0B UX KaTe-
ropusanuu. TeM He MeHee y Bac 6bUTO GBI OT 4ero OTTONKHYThCA. Hanpumep, Bb
MorTH 66 cGOPMHUPOBATH OAHY I'PYIIITY U3 HauboJiee CIIbHBIX U Me/IJIEHHO Oerato-
IIMX CIIOPTCMEHOB, a APYTYI0 — M3 CAMBbIX CIa6BIX M OBICTPBIX. BBl MOIIN OBI Ha-
3BaTh 3TU IPyIIsl «bogubmzepe» u «beryHsl Ha JJIMHHbIE AVCTAHIIA.

[ToTpaTbTe MUHYTKY Ha Pa3MBIIUIEHHUSI O TOM, KaK OBl BbI ITO/IOILIN K IPYIIITH-
POBKE 3TUX JAHHBIX U KaKue pelleHNs BaM IPUILIOCh ObI IPUHATDH B XOJ€ 3TOTO
mporiecca. Ecau 651 BaM GBUIO JIEHD 3TO JeIaTh, BBl MOIVIU ObI CKa3aTh: «KakAbIi
YelIoBEK B 3TOM TabiuIle — CIOPTCMEH, IIO3TOMY €CTh TOJBKO OZHA I'PYyIIa —
CIIopTCcMeHbI». Vmn: «Kaxzblil yenoBek ob6pasyeTr OTAeNbHYIO Ipymny. Bcero ectsb
N rpynm». U To u gpyroe yTBep:kaeHue abcomoTHO becrone3Ho. OgHAKO OHU IO-
3BOJIWUIM BaM IIOHATb OYEBUZIHOE: KOJUYECTBO TPYIII JODKHO OBITh Oosblie 1,
HO MeHbIe N.

Eme ofHO pelreHre, KOTOPOe BaM IIPUAETCS IPUHATh CAMOCTOATENHHO, CBA3a-
HO C OIIpeZieJIeHUEM CTelleHU «II0XOXKeCTH» OJHOr'0 CIIOPTCMeHa Ha Jpyroro. Pac-
CMOTPUM IIOAMHOXXECTBO JaHHBIX B Tabi. 8.1. Kakue gBa U3 3TUX CIIOPTCMEHOB
CHJIbHee BCETo MOXOXKU APyT Ha Apyra?

BbI MOXKeTe IPUBECTH apryMeHT B IOJIb3Y JII0OOH mapsl. Bce 3aBUCUT OT TOTO,
10 KAKUM KPUTEPUIM BbI OLIEHUBAETE UX «CXOXKECTh». CTopTCMeHbBI A 1 B moxoxku
I10 KOJIMYECTBY OT:KUMaHUM U mysbcey. CriopTeMeHH A U C IeMOHCTPUPYIOT caMble
JIydIiivie pe3yabTaThl B 6ere Ha 1600 M U KOJTHUYECTBE OTKMMaHUM COOTBETCTBEH-
HO. A crioptcMeHs!l B u C TOX0XXu TeM, 4TO OeraloT MezijieHHEE BCEX OCTaIbHBIX.
3zech Bbl MOXKeTe YBUZETb TO, YTO XOTHUTe. Bce 3aBUCUT OT TOTo, Kakue Mpu3Ha-
KM JJI1 Bac HauboJjiee Ba)XXKHBI, a TAK)XKe OT TOTO, YTO BBl MOZApa3yMeBaeTe IOZ

78 ATK u xiacTepusanyst HUKaK He CB3aHbI MeX/y CO0O0H, TaK YTO X MOXKHO MCIIOIb30BaTh He3a-
BUCUMO JIPYT OT ZpyTa.
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IIOHATHUEM «CXOZACTBO>». Hpouecc HEKOHTPOJINPYEMOI'O O6y‘{eHI/IH, pa3ymMmeeTcd, HU-
4yero 06 5TOM He 3HaeT.
Ums Omxumanus Mpucepanus CraHoBas  Mynbe 40m 100m 1600M  ApTepuanbHoe [MpbbkKK [Mpbikky

TAra  BCOCTOSHWM (Bpemsi) (Bpems)  (Bpems)  fJaBnieHue HaTymGy CO CKaKanKoit
noKost

CnoprcmeH 1
CrioptcmeH 2
CnoprcmeH 3
Cnoptcmen 4 KnacTtepusauus nossonser

Croprcmen 5 rpynnupoBaTh CTPOKM

CrioptcmeH 6 6
Croprcme 7 (HabniopeHus).

CroptcmeH 8
CnoprcmeH 9

Puc. 8.5. Knactepusauus — 310 cnocob rpynnuMpoBKK CTPOK Habopa AaHHbIX, Toraa kak ArK
no3BoAseT rpynnupoBaTh CTON6LbI

Ta6n. 8.1. Kakue u3 aTux AByX aTneToB 60NbLue BCEro NOXOXU ApYr Ha apyra?

CrnoprcMeH OT:xuMaHUA [Iynbc B COCTOSAHUU IIOKOA 1600 M (Bpems)
A 40 50 4:30 MuH.
B 30 55 8:00 muH.
C 100 65 9:00 MuH.

DTOT IpUMep ZIEMOHCTPHPYET OCHOBHBIE MTPOGIEMBI KIaCTEPU3AIHN: CKOJIb-
KO KJIaCTEPOB y HaC JO/KHO OBITH? [10 KaKUM KpUTepUsM Jjtobble Ba Habroe-
HUST MOTYT CYHUTAThCSA «TIOXOKUMU»? W KaK JIydille BCEro TPyITUpoBaTh TaKMe Ha-
G0 eHUA?

HavaTh MOXXHO C KJIaCTepHU3aIllui METOZOM k-cpeiHUX "°.

KJIACTEPU3ALIUA METOJIOM K-CPEAHUX

Mertog k-cpegHUX BechMa MOMYJIAPEH CpeAU AaTa-caleHTUCTOB. C ero moMoIbIo
BBHI COOOIIIAETE AITOPUTMY HEOOXOAUMOE KOJUIECTBO KiaacTepoB (k), mocse yero
OH rpymmupyeT Bany N CTPOK C JaHHBIMU B k-Ky1acTepoB. TOYKY JaHHBIX BHYTPU
KJIacTepa HaXOJATCS «IIOOIM30CTH», B TO BpeMS KaK CaMU KJIaCTEPhl MaKCUMaJlb-
HO yZ.aJeHbl IpYT OT Apyra.

3amyranuch? /laBaliTe pacCMOTPUM IIPUMED.

7 Lloyd, S. (1982). Least squares quantization in PCM. IEEE transactions on information theory,
28(2), 129-137.
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KnaCTepusauuﬂ TOYEK npojax

Kommanus xoueT pacnpegenuTsb cBou 200 Toyek Ipozask, IoKa3aHHbIX Ha puc. 8.6,
IO IIIECTH PETMOHAM KOHTHMHeHTasbHOH uactu CIIA. Mx Mo)XHO 6bUTO OBI pac-
MIPEeJIEIUTD 110 CTAHAAPTHBIM reorpadudecKuM pervoHaMm (Hampumep, CpeaHUiA
3amaz, I0r, CeBepo-BocTok U Tak flajiee), OfHAKO MECTOHAXOXKIeHNe Mara3nHoB
KOMITaHHUH BPSZ, JIM YAI0Ch ObI COIIACOBATh C STUMHU NIPeJOIPe/ieIeHHBIMU I'pa-
HUIIaMU. BMecTo 3TOro KomIaHus MONbITaaach CrpyNnupoBaTh JaHHBIE C IIOMO-
mpio MeToza k-cpeguux. Habop ganHbx cocTouT u3 200 CTPOK U ABYX CTOJIOIOB,
B KOTOPHIX YKa3aHbI 3HAY€HU MUPOTHI U ZOATOTEI.

Puc. 8.6. 200 ToproBbIX TOYeK KOMMaHWUW [0 KnacTepu3aLuu

Llesb COCTOUT B HAXOXKJAEHUM Ha KapTe LIeCTU HOBBIX MECTOIIOJIOKEHUHN, Kax-
JlO€ U3 KOTOPHIX ABJISIETCS «IIEHTPOM» KJIacTepa. B YMC/I0BOM BhIpa)KEHUH 3Ta IEH-
TpaJbHas TOYKA, IO CYyTH, IIPeACTaBIAeT cOO0M cpefHee 3HAaUEHUE BCEX WIEHOB
rpynmsl (OTCIOZa U Ha3BaHWe MeToJia k-CpefiHUX). B JaHHOM TpHUMepe LeHTPHI

80 B aTOM IIpHMepe MBI /ieflaeM MHOKECTBO YIIPOIAIOIIUX AOIyieHH. C TEXHUYeCKOH TOYKH 3pe-
HUA 3TOT METO/ He TIOAXOAUT JJIs IPYIITUPOBKY TOYeK Ha chepe, TOCKONBKY KOOPAUHATEI IINPO-
TBI U IONITOTHI He HAXOAATCA B €BKJIM0BOM IIPOCTpaHCTBe. Vcmonb3yeMas HaMu MeTpHKa pac-
CTOSIHUA He YYUTBIBaeT KPUBU3HY 3eMJIH, a TakKe IPakTUYecKre orpaHUdeHNs, Bpoje AoCTyma
K aBTOMarucTpasaM.
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KJIACTEPOB MOT'YT OBITH BO3MOXXHBIMU JIOKAI[UAMYU PETHOHAIBHBIX OQYCOB, ¥ KaXK-
Ab1ii 13 200 MarasuHOB MOXKET OBITh IPUBA3aH K O/IKaiieMy oducy.

Bot kak aT0 paboraer. CHavasa aIropuTM BhIOHMpAET LIECTh CIyYaHHBIX Me-
CTOTIOJNIOXKEHUH B KauecTBe MOTEHI[HAJIbHBIX PerHMOHAIbHBIX 0ucoB. [louemy
cryqaiHbIX? [IoTOMY 4TO HYKHO C 4ero-To Ha4yaTb. 3aTeM, HCIOIb3ysA PacCTos-
HUe MeXAy TOYKaMU Ha Hallel KapTe (4TO HAa3bIBAeTCA «I10 IPAMOI»), KaXKAbII
n3 200 MarasyHOB Ha3Ha4yaeTCsA TOMY WIM MHOMY M3 LIECTH KJIacTepoB B 3aBHUCHU-
MOCTH OT TOTO, K KAKOMY U3 CTaPTOBBIX MECTOIIOJIO}KeHUH OH OJrnKe Bcero. Pe-
3yJIbTaT [IOKa3aH B JIEBOM BepxHeM yIviy Ha puc. 8.7 («Payng 1»).

Puc. 8.7. anMeHEHMe MeToja k-CpEAHVIX AnAa Knactepu3alum po3HUYHbIX MarasuHoB

Kaxkzoe ymciio o603HavaeT HadyaJlbHOE MECTOIIOIOKEHYE U CBA3aHO C OTPAHHU-
YUBAIOUINM KJIaCTEP MHOTOYTOJIbHUKOM. OOpaTuTe BHUMAaHUe Ha TO, UYTO B «PayH-
Ze 1» MecTomnosoxkeHue «6» HaXOAUTCA JaleKo OT CBOero KjiacTepa, I1o KpaiiHei
Mepe, B 3TOl IepBoii urepanuu. Takke obpaTrTe BHUMaHUE Ha TO, YTO HEKOTO-
pBle BEIOpaHHbBIE MECTOIIOIOXKEHHA OKA3aIMCh B OKeaHe.

B xaxxz0M payHZie aJropUTMa BCe TOYKH B KJacTepe yCPeAHAITCA JJIA MOJy-
YEHUS IeHTPAJbHOU TOUKU (Ha3bIBa€MOU «I[€HTPOH/IOM»), B KOTOPYIO IlepeMe-
maeTcs 9uciao. B pesynbrare kakapiid 3 200 Mara3mHOB MOXXET OKa3aTbCs OJId-
Ke K IpPyroMy perrioHaabHOMY oduCy, KOTOPOMY OH U IlepeHa3HavaeTcs. [Iporjecc
IIPOJIOJIKAETCA 0 TeX IOP, II0KA TOYKHU He IepecTaHyT IIepeXOAUTh U3 KaacTepa
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B Kkjnactep. Ha puc. 8.7 mokasaHbl pe3y/abTaThl 10CAe[0BaTeIbHbIX PAyHJOB Kila-
CTEpU3AIMH METOOM k-CpeZIHUX.

TakuM o6paszoM, KommnaHuus ob6beauHwIa 200 CBOMX Mara3uHoOB B IIECTh KJia-
CTepOB Y Halllla B K&XXAOM M3 HUX IIOTEeHI[HaJIbHOE MECTO /JIA PACIONIOXKEeHUS pe-
TMOHAJIBHOTO oduca.

WTak, anropuTtm k-cpeZIHUX MBITAETCA BBIABUTD B JAHHBIX €CTeCTBEHHBIE KJla-
CTEPHI U MIOCTENIEHHO CTATUBAET k-C/TydaliHbIX HadaJIbHBIX TOUEK K IIEHTpaM 3THX
KJIaCTEPOB.

MoTeHyManbHble JIOBYLUKH

B npezpigyieM npuMepe Mbl UCIIOIb30Ball PACCTOSHUE «IIO IPSAMO», OZHAKO
€CTb HECKOJIBKO TUIIOB GOPMYJ PACCTOSHUSA, KOTOPblE MOXXHO IIPUMEHUTDH IIPU
KJIacTepy3ali Habopa Hereorpadu4ecKux JaHHBIX. VX 00CyK/eHe BBIXOJUT
3a paMKH 3TOi KHUTU. KpoMe Toro, HU ofHa U3 3TUX GOPMYJ He SBIAETCA Ipa-
BWIbHOH. TeM He MeHee He CTOUT IojlaraTh, YTO Ballla KOMaH/a aHAJIUTUKOB UC-
[T0JIb30BajIa CaMylo IIOAXOJALIYIO, @ He CaMylo IIPOCTyI0 GOPMYJIY PaCCTOSHUSA.
O6s13aTebHO CIIPOCUTE, KaKyl0 UMEHHO GOPMYJLy OHU UCIOIb30BAIU U OYEMY.

BaM Tak)xe HeOOXOZMMO YYWTBHIBATH MaciiTab cBOMX ZaHHBEIX. He ciexyer
CJIeTIo JOBepATh pe3yJbTaTaM, IOTOMY YTO MaTeMaTuKa MOXET CI'PyIINpOBaTh
IO CcTelleHU «OJIM30CTH» ABa AZOMUHHUPYIOIINX 3HAaUeHUA. Hanmpumep, Bo3bMeM
TpPeX COTPYAHUKOB, JaHHBIE O KOTOPHIX MpUBeJeHb B Tab. 8.2. Kakue gBa Ka-
XKYTCSA BaM MaKCHUMAaJIbHO «OJIM3KUMU» PYT K APYTy?

Ta6bn. 8.2. HEMaCUJTEIGMPOBaHHbIE AaHHblE MOTYT cobuTb anropuTMbl Knactepusauuu C TonKy

CoTpysHUK Bospact KosnuuecTBO feTeit Joxon, $
A 36 3 100000
B 37 2 80000
C 22 0 101000

[Ipy OTCYTCTBUY JOJKHOI'O MacIITabMpOBaHUA JAaHHBEIX 3HAaUeHUe Joxoza Oy-
JieT ZOMUHHPOBATh B OOJBUIMHCTBE GOPMYJI PACCTOSHUSA, TOCKOIbKY pa3HHIlA
B €ro abCOIOTHOM 3HAYEHUU MEXAY JI0OBIMU AByMs TOUYKaMU JaHHBIX — caMas
CyllecTBeHHasA. DTO O3HAYAET, YTO «PACCTOSTHUE» MexAy aogbMu A u C 6yzer
«MeHbIIle», YeM MeXAy A U B, ecyii cyZuTh 110 YPOBHIO 0X0za. V1 3TO HeCMOTps
Ha TO, YTO COTPYAHUKH A 1 B Moru 661 06pazoBaTh 6osiee MPeAIOYTHUTETbHYIO
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I'PYTITy, COCTOALIYIO U3 IByX paboTalomux poauTesneil B Bospacre 6osee 30 seT,
B TO BpeMs Kak 4enoBeK C — HOBHYOK, KOTOPBIM TOJBKO YTO OKOHYMI KOJUIEMXK
Y TIOJIyYMJT BEICOKOOIUIAYMBAEMYIO JIOKHOCTD B pUpMe.

Haxkonel, TOMHUTEe O TOM, YTO IIPU CO3ZAHUU I'PYIII MBI IprberaeM K IOMO-
I KOMITBIOTEpA, a 3TO O3HAYAeT, YTO IPABWIBHOTO OTBETa He CYLIeCTByeT. Bee
Mozenu omu604Hb. OJHAKO IPU MTPABWIBHOM TIOAX0Je METOZ k-CPeHUX MOXKET
OKa3aThCs MOJIE3HBIM.

Wepapxuyeckas Knactepusaums

[pexx/ie YeM 3aBEPIIUTh 3TOT Paszies, CTOUT YIIOMSIHYTb ellle 06 OZHOM II0-
MyJIIPHOM aJTrOPUTMe KJaCTepH3alliy 110 Ha3BaHUEM «HepapXuyecKasn
KJIacTepU3anus». [Ipy UCIIOIb30BAaHUN 3TOTO aJTOPUTMA KOJIMYECTBO KJIa-
CTEPOB HE OTIPEIENAETCS 3apaHee, KaK B CIydae C METOAOM Kk-CpeZIHUX.
BcroMHHUTe IpyMeEp M3 Havyasa 3TOU IVIaBbl, B KOTOPOM BaM C JpyroM
HY’KHO OBUIO YIIOPAZOYUTD MY3bIKa/IbHbIE 3aIIICH [TPY OTCYTCTBUH OOIOXKEK
ampb0MOB. BBI He 3HaAJM, CKOJIBKO CYIIECTBYET KiacTepoB. [10 cyTH, BBI Ha-
vasu ¢ N-Tpymm, KakzAas u3 KOTOPBIX COCTOsUIA U3 OAHOM 3amucu. OZHaKo
B IIpoIlecce POCIYIINBAHUSA IIACTUHOK TPYIITBl HaYauu GOpMHUPOBAThCSA
€CTECTBEHHBIM 00pa3oM. Bo3MO)XHO, BEI OObEANHIIIH JIBE 3aIIUCH B KaTETO-
PHIO «COBPEMEHHBIH Ka3». ECIM y Bac Takke ObUIA IPYIINa U3 TPEX 3aIucei
B KaHPE «KJIACCHYECKUL /I?Ka3», BBl MOIJIM CUECTb TAKYIO JAETATHU3ANNI0 U3-
JIUIITHEN ¥ 00BEeIMHUTH JIBE TPYIIIHI B OHY IO/ OOIUM Ha3BAHUEM «/PKas».
[Toz06HBI cIOocOb CO37aHuUsA IPYIIII «CHU3Y BBEPX» II03BOJIAET IPOU3BeE-
CTH MiepapXuyecKoe YIopsZoYeHe BalluX JaHHbIX. [Ipy 9TOM BBI CAMH pe-
I1aeTe, Ha KAKOM YPOBHE UePAPXUU OKHBI HAXOAUTHCS KOHEYHBIE TPYIIIEL

NOABEJEHUE UTOI0B

B 3T0#1 m1aBe BB y3HaIU 00 00y4eHNY 6e3 yIuTesis, KOTOPOe YaCTO OIUCHIBAETCS KaK
CI10c00, TTO3BOJIAIONIHIH JAHHEIM OPIraHU30BaThCA B IPYIIIIE CAMOCTOATENBHO. OZHAKO,
KaK OTMEeYaJIoch B CHOCKE B HavaJle IVIaBbl, BCe He Tak MpocTo. CIIocobHOCTh 06HAPY-
JKMBATb IPYIIIEI B HAOOPe JaHHBIX — 3TO OOJIbIIAs CHJIA, a, KaK MbI 3HAeM, 4eM O0JIb-
IIle CHJIa, TeM OOJIbIIe OTBETCTBEHHOCTb. MBI Ha/IEeMCs, YTO BBI YIOBIJIN STY MBICIIb.
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Ta6n. 8.3. 06yyenue 6e3 yuutens. Pesiome

OOGyuyeHue CHMxeHue pa3MepHOCTU Krnacrepusanusa
6e3 yuuresnsa

[Ipumep Ananus r7aBHbIX KOMIIOHEHT Mertog k-cpeaHuX

Yro 3T0? I'pynmupoBKa U 00beJUHEHNE I'pynmupoBKa CTpoK (Habioze-
CTOJIOLOB (IIPU3HAKOB) HUI1)

Yro genaeT? HaxozuT MeHbIIHI HAbOp HOBBIX  ['pyImupyeT moxoxve HabIIOAeHu,

HEKOPPEIUPOBAHHBIX IIPU3HAKOB, CO3/aBas k-3HAYMMBIX «KJIACTEPOB»
coZeprKaluil GOJBIIYIO YacTh UH- B JaHHBIX.
dopmariu B Habope TaHHBIX.

3auem? OTO NO3BOJIAET BaM BU3yalU3Upo- JIaHHBIM METOZ II03BOJIAET BHIABUTD
BaTh U MCC/IEJ0BATh JAHHEIE WIM  3aKOHOMEPHOCTH U CTPYKTYPY JaH-
YMEHBIIUTD pa3Mep Habopa AaH-  HBIX U IaeT BO3MOXKHOCTb I10-pas-
HBIX /IJI1 yCKOPEHMA IIPOLjecca Bbl-  HOMY BO3/J€MCTBOBATh Ha KJlacTe-
uyucneHuil. Kak nmpasuno, ATK AB-  pel (HarpuMmep, 3anycKaThb pasHble
JII€TCA IPOMEXYTOYHBIM 3TallOM  MapKETUHI'OBblE KAMIIAHUHU /IS

aHaJx3a. Pa3HbIX CETMEHTOB pI:IHKa).
HeO6XOZ[HMI>II>'I [Tonb3oBaTenb AOJDKEH PENINTD, [Tonb3oBaTenb AOJDKEH PENIUTD,
KOHTPOJIb KakK MaCH_ITa6I/IpOBaTL JAaHHBbIE, KakK MaCIHTa6I/IpOBaTL JaHHBbIE,
CKOJIBKO ITaBHBIX KOMIIOHEHT a TakKXke BI)I6paTI> IIOAXOAAIIYIO Me-
OCTaBUTb U KaK UX UHTEPIIPETU- TPUKY «paCCTOAHUA» U HEO6XOZ[I/I-
poBaThb. MO€ KOJIMYECTBO KJIaCTEPOB.

BO3MOXKHOCTh KaKOM-TH60 I'PYNNMPOBKY JAHHBIX 3aBHCUT OT BHIOPAHHO-
ro ajJropuTMa, €ro peajanu3alyy, KaueCcTBa UCXOAHBIX JaHHBIX U CYIIECTBYIOIIEH
B HUX Bapual[iy. DTO 03HAYAET, YTO IPUHATHE PA3HBIX PEIIEHUN MOKET IPUBO-
[IUTDb K CO3/IaHUIO PasHbIX TPYIIIL. [Ipoiie roBopsi, o6yueHue 6e3 yunuTtesst Tpebyer
KOHTPOJIsI. BBl HE MOXKeTe IPOCTO HaXKaTh KHOIKY Ha KOMIIBIOTEPE U IIO3BOIUTh
JAHHBIM OPraHHU30BaTbCS CAMOCTOATENbHO. BaM HEe06XOAUMO IIPUHATH OIpese-
JIEHHBIE PellleHus], KOTOpble Mbl 0000IIMIM (HApsAy C OIMCAHHBIMU B 9TOM IVIaBe
aqropuTMamu) B Tabi. 8.3.

B s3aBepineHue cIefyeT elle pas cKa3aTh O TOM, YTO IIPU 00ydeHUn 6e3 yuuTe-
Jis1 He ObIBAeT HY MIPABHWIbHBIX IPYIIIIMPOBOK, HU ITPaBWIbHEIX 0TBETOB. Ha camom
ZieJie BBl MOYKETE CYUTATD TOZ0OHBIE YIIPAKHEHUS IIPOO/IKEHHUEM CBOETO MCCIIE-
JIOBATEIbCKOIO IyTEIIeCTBYs [0 00IaCTy aHa/IM3a JaHHBIX, OMMCAHHOIO B IVIa-
Be 5, [MO3BOJIAIONINE BaM B3MIAHYTDb Ha JaHHbIE IO/ APYTUM YIJIOM.



OcBouTe Mozenu perpeccuu

«PerpeccuoHHbIit aHann3 NOX0X Ha OAAMH M3 TeX U30LLPEHHBIX MOLLHbBIX MHCTPYMEHTOB,
KOTOPbIA OTHOCUTENIBHO NIErKO UCMONb30BaTh, HO CIOXHO JienaTh 310 NPaBUIbHO. A ero
HenpaBuWNbHOE UCTONb30BaHKe NOTEHLMaNbHO ONacHo»

_ Yapnb3 Yunan, yutata u3 knury «fonas cratuctuka»®’

OBYYEHUE C YYUTEJIEM

[Ipexpiayiias riaBa Oblia MoCBAlNIeHa 00yUeHNo 6e3 YUUTesT — Ccrtocoby obHapy-
JKEHMsI 3aKOHOMEPHOCTEHN WK KJIACTEPOB B HAGOpe JaHHBIX €3 MCIIONb30BaHMUsA
3apaHee OMNpeAeIEHHBIX IPYII. [IOMHHTE, YTO K HEKOHTPOJHUPYEMOMY O0yYEHIIO
MBI TIOAXOAUM 0€3 KaKUX-T160 IPeAB3ATHIX MPEACTaBIEHNH. BMECTO 3TOr0 MBI
onMpaeMcs Ha OCHOBOIIOJIATAIOIIYE aCIEKTHI JaHHBIX, 3aJIaéM HEKOTOPEIE IPaHu-
1Bl ¥ [TO3BOJISIEM JAHHBIM OPraHM30BaThCSA CAMIIM.

OzHaKO BO MHOI'MX CJIyYasx O Habope JaHHBIX YTO-TO U3BECTHO. Toraa Bbl MO-
JKETe KCII0Ib30BaTh 00YIEHUE C YIUTENEM WIK KOHTPOIUPYEMOe 00ydeHue s
BBISIBJIEHUS B HEM B3aHMMOCBS3€M C IIOMOIIBIO BXOJHBIX M M3BECTHBIX BBHIXOAHBIX
JAHHBIX. B 1aHHOM cjIy4yae y Bac eCTh IPaBUIbHBIE OTBETHI, HA KOTOPHIX BBl MO-
JKETE «YUUThCsI». 3aTEM Bbl MOXKETE OLIEHUTD HAZIEXKHOCTh MOZEIH, CPABHUB €€ pe-
3yJIBTATHI C TEM, YTO BaM HM3BECTHO O PeaJbHOM MHUpe. XOpolllas MOJeb [03BO-
JIUT BaM JIeJIaTh TOYHbIE ITPOTHO3HI K OOBACHATh HEKOTOPBIE OCHOBOITO/IATAIOIITE
B3aMMOCBA3U MEXK/Y BXOAHBIMU Y BEIXOAHBIMU JAHHBIMHU.

81 «Tomas craructrka. Camasi MHTepecHas KHUra O CaMO# CKy4YHOU Hayke», Yapib3 Ywian (M3ga-
TenbCTBO: ManH, MiBaHOB u ®epbep, 2022).
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Kax BbI, BEPOSITHO, IOMHUTE, O0y4YeHUe C yYUTeIEM YKe YIIOMUHAJIOCh BO BBe-
JEHUW — B cCaMOM Hauajie Ballero MyTHU CTAaHOBJIEHW: [VIABHBIM 10 JaHHBIM. To-
TZla MBI TIOTIPOCKJTH Bac CIIPOTHO3UPOBATh, OYZIET I HOBBIA PECTOPAH CETEBBIM
WM He3aBUCUMBIM. UTOOEI C/1eaTh COOTBETCTBYIOIee MIPEeAIIONIOKeHNe, BBl CHA-
yajia U3y4mwIu MeCTOIIONIOKEHUA CyIIeCTBYIOLINX PECTOPaHOB (BXOZHBIE JJaHHEIE)
Y U3BECTHBIE METKU «CETEBOI» WIN «HE3aBUCHUMBIii» (BBIXOJHBIE JaHHBIE). BBl 06-
Hapy>KWIN B3aUMOCBA3U MeX/y BXOZHBIMU U BBIXOZHBIMH JAHHBIMU U CO3/aTH
«MOZIeJIb» B CBOE T'0JIOBE, KOTOPYIO HCIIONIB30BAJH /JIs1 TOTO, YTOOEL 0O0CHOBAH-
HO CIIPOTHO3UPOBATh METKY /11 HOBOT'O MECTOIIOIOKEHUA.

Mpu3nak 1 MpusHak 2 Mpusnak 3 MpusHak 4| Lienb
Bxog 1 Bbixopg 1
Bxop 2 Bbixop 2
Bxop 3 Bbixop, 3
Bxop 4 Bbixop 4
Bxop 5 Bbixop, 5

!

Anroputm 0byyeHus
C yuutenem

HoBblii BX0A Mopenb o6yyeHus [ICKa3aHHblil
C yuutenem BbIX04

Puc. 9.1. basoBas napaaurma Oﬁy‘JEHMﬂ C yuutenem: conocrtaBJieHne BXOAHbIX AaHHbIX C BbIXOAHbIMK

MoskeT OBbITh, BAC 3TO YAUBUT, HO BCE 3a/la4¥ KOHTPOJUPYEMOTO OOyYEHUS
TIOAYMHSAIOTCA OAHOM U TOM ke mapagurMe. OHa npezicTaBieHa Ha puc. 9.1. Bxog-
Hble U BBIXOZIHBIE /JaHHbIE, Ha3bIBaeMble 0OYUaIOIIUMU, TIOAAI0TCS Ha BXOJ airo-
pUTMa, KOTOPBIN UCTIOb3yeT B3AUMOCBSI3U MEX/Y BXOAHBIMH U BHIXOJITHBIMU JJaH-
HBIMMU JIJIS1 CO3/JaHUA MTPOTHOCTUYECKON MoZien (YpaBHEeHUs). DTa MOZeNb MOXET
MIPUHUMATh HOBBIE BXOZHBIE ZJAHHBIE U COMOCTABJIATDH UX C MPOTHO3UPYEMBIMU
BBIXOZHBIMU JJaHHBIMU. KoT/ja BRIXOAHBIE JaHHBIE MPEACTABIAIOT COOOM YKcCia,
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MO/ieJTb KOHTPOJIUPYEMOTO 00ydeHMsA Ha3bIBaeTCsA perpeccuoHHoi. Korga Beixos-
HBIMU JaHHBIMU ABJIAIOTCA METKU (KaTeropuaibHble TlepeMeHHbIe), MOJeNb Ha-
3BIBAETCA KJIaCCUUKAITMOHHOM.

O perpeccrOHHBIX MOZIEISAX MBI IOTOBOPUM B 3TOH IVIaBe, a O KiIacCUUKAIIK-
OHHBIX — B CJIe/IyIoLel.

OTa mapajgurma OXBaThIBAeT MHOXKECTBO MHTEPECHBIX U LIEHHBIX C IPaKTU4e-
CKO¥ TOYKY 3peHus 3ala4 KOHTPOJIUPYEeMOTo 00ydeH s, IPUMEHsIEMBIX KaK B CTa-
PBIX, TaK U B HOBBIX TEXHOJIOTHAX. J[eTEKTOp CcllaMa B Ballled 3JIeKTPOHHOU MoY-
Te, OI[eHKa CTOMMOCTH BallIero IoMa WM KBAPTHUPHI, TIEPEBO/] PEYH, TPUIOKEHUS
JUTs pacrio3HaBaHUs JIUI] U 6eCITMIOTHBIE aBTOMOOWIN — BCE 3TO PE3y/IbTaT KOH-
TposupyeMoro obydenus. B Tabsi. 9.1 ykaszaHbl BXOAHBIE U BHIXOJHBIE JaHHBIE,
a TakKe TUITBI MOJZIeJIEl, UCIIOb3yeMbIe B BHIIIENTEPEYNCIEHHBIX chepax.

Ta6n. 9.1. 06nacTv NPUMEHEHUS| KOHTPONMPYEMOTO 06y4eHust

[IpunoxeHue BxoaHbie faHHBIE BeixoaHble JaHHBIe THUn Mozaenu

Jetextop cmama  TekcT asekTpoHHoro Cnam mwiu He cnam Knaccudukaunonnas

nicbMa
OueHka HeBU- XapaKTepuCTUKU [TprmepHad LieHa PerpeccroHHas
SKUMOCTH U MECTOIIOJIOXKEHNE  INPOAAXKU
00beKTa
[lepeBoz peuu TekcT HA aHIIUHA- TekcT Ha kuTaiickom KiaccudukanroHHas
CKOM fA3BIKE A3bIKE (xaxxzoe CcJI0BO ABJIA-
eTcsl METKOI)
Pacnio3naBanune  M3o6pakeHue JIuiio o6HapyKEHO KraccudpukanmonHast
JIULL win JIumo He obHa-
pPYy’XeHO
YMHBIE KOJIOHKU  Ayzivio CpearupoBa’o i KraccudpukarmonHas
YCTPOKCTBO HA UM
«Anekca»?

[To mMepe pa3BuTHs obacTeli MpUMeHEHUs KOHTPOJIUPYEMOTo 0OyJIeHHs CcTa-
HOBUTCSA BCe JIerde YIIYCTUTh U3 BUAY TOT GaKT, UTO B X OCHOBE JIEXKUT KJIaccude-
CKUII METOZ JTUHENHOH perpeccuu, pa3paboTaHHbl npuMepHO B 1800 rozgy. Jlu-
HeWHas perpeccusi, B YaCTHOCTH, METO/] HAUMEHBIINX KBaApaToB®?, — pabouas

82 Korza BBl CJIBIIINTE CIOBOCOYETAHUE «JIMHEHHAs pPerpeccus», Jalle BCero peyb UeT UMEHHO
0 perpeccuy MeToZloM HauMeHBIINUX KBaZipaToB. CyIlecTBYIOT U pyTHre TUIIbI IMHEeHO perpec-
CHUH, HO METO/, HAUMEHBIIUX KBa/pPaToB HanboJiee IOIyIAPEH.
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JIolIa/Ika KOHTPOJIUPYEMOTO OOyJYeHN s, OHa YacTO MPUMEHSETCS B IEPBYIO Ove-
peZb MpU IPOTHO3UPOBAHUU YETO-TH00. DTOT MOIUIHBIM METO/ UCIIONIb3YeTCs 10-
BCEMECTHO, 1 UM HEPEeZKO 3/I0yIIOTPeOIIAIOT.

JIMHEWHAA PETPECCHA: YTO OHA IENAET

[TpeanosnoxuM, Bel IpoZiaeTe IMMOHAZ, B TOPrOBOM LieHTPe U NpeArioaraeTe, YTo
TEMIIepaTypa BIuseT Ha 00beM IpoAax. To ecTh YeM Kapye Ha y/IHIle, TeM O0Jb-
Ile JINMOHA/a BHI ITpoJlaeTe. JTa 3aKOHOMEPHOCTD, €C/IM OHAa BepHa, MOXET II0-
MOYb BaM ILUIAHUPOBATh 3aKYyINKU U IPOTHO3UPOBATh YPOBEHD NPOJAXK B Te WIU

WHbIE JHU.
O ° °
18 18 A 18
= ° = a7 | =2
g 16 ° 216 /,;’::3:’::'/ 216 *
= ° = o i = °
=4 g 2
=14 ° S| e =14 °
o ’//’,’
12 @ 1210 12 e
81 82 83 84 85 86 81 82 83 84 85 86 81 82 83 84 85 86

Temnepartypae (x)

Temnepatypa (x)

Temneparypa (x)

Puc. 9.2. 3TUM aHHbIM JOCTAaTOYHO X0OpOoLLOo COOTBETCTBYET MHOXECTBO JIMHWRA, HO KaKasi U3 HUX
HyllUJE? Oﬂpep,EHMTb 3T0 HaM MOMOXET JINHeHas perpeccusa

Bbl HaHOCHTE Ha TpaduK UCTOPUYECKUE JaHHbIE (JIeBbI rpaduk Ha puc. 9.2)
Y 3aMevaeTe HeYTO, HallOMUHAloIIee JJUHEWHBIN TpeH . YTOObI IPOBECTH JIMHUIO

yepe3 5TH TOYKU JaHHBIX, BBl MOXKETE HCITONb30BaTh ypaBHeHUe®® [Tpogaxu
m(Temmeparypa) + b. [IpocToe ypaBHeHHE, TOJOGHOE STOMY, ABIAETCA CBOETO
poaa Mozenbio®. Ho kak BeIOpaTh yncia m (HAKJIOH JUHWK) U b (TOYKa mepece-
YEHUS C OCBIO) JJIS TIOCTPOEHUA STOU MOZAETH?

85 [Ipu u3y4eHUU aareOpel Bbl TO3HAKOMILIHMCH C ypaBHEHUEM IIPSAMOM TMHUM: y = mx + b. [l sito-
60r0 BX0/ia X BbI MOYKETE MOJTYYNUTh BBIXO Y, YMHOXKHB X Ha m u pubasuB b. Ecmny = 2x + 5,
TO BXOZ X = 7 laeT BHIXOAy = 2X7 + 5 = 19.

84 KpaTKOE HallOMUHAaHUE TI0 IIOBOAY TEPMUHOJIOTUN: BBIXO/ Yy HAa3bIBA€TCA HepeMeHHOfI OTKJIMKA,

1IeJIeBOY WIV 3aBUCHMMOM IlepeMeHHOM. Bxo/ x HaszpiBaeTcss IpU3HAKOM, IPeAUKTOPOM WIN He3a-
BHUCHMOH IIepeMeHHOU. BBl MOXKeTe CTOJIKHYTBCA CO BCEMU 3TUMU TePMUHAMU B CBOell paboTe.
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Mo:xHo monpo6oBath yrazaTh. Ha cpegHem rpaduke Ha puc. 9.2 mokazaHbl
YeThIpe BO3MOXKHBIE JIMHUU, U BCE 3TH MPEATIONIOKEHNUA KaXKYTCA BIIOTHE Pa3yM-
HbIMU. HoO 3TO BCero JIUIb NMPeANONoKEeHU: KaK ObI OHU HU OBUTH K 3TOMY OJ1n3-
KU, OHU He OO'BSCHAIOT OCHOBOIIOJIATAIOIINe B3aUMOCBS3HU B JaHHBIX.

JluHeliHas perpeccus NpezrnoaraeT BEIIOJHEHNE BHIUUCIEHUHN I TToIyde-
HUSA JIMHUY HAWIyYIIero COOTBeTCTBUA. 107 HAaWIy4dIIUM COOTBETCTBUEM MBI
moZpa3yMeBaeM TO, UTO JaHHAs JUHUA ONTUMATIbHBIM 06pa3oM OOBACHSIET
UMeIOIuicA TUHEWHBIN TpeH 1 pa3bpoc gaHHbIX. OHA IpeACcTaBIsgeT coO0H
ONITMaJIbHOE pellleHre, HACKOIbKO 9TO BO3MOXKHO C MaTeMaTU4eCKOH TOYKHU
3peHUs ¢ yYeTOM IIpeoCTaBlIeHHbIX JaHHBIX. Ha mpaBoM rpaduke Ha puc. 9.2
[I0Ka3aH pe3y/bTaT IPUMeHeHU: JUHEeWHOU perpeccuu B Bue ypaBHeHuU:A: [Ipo-
naxu = 1,03 (Temnepartypa) — 71,07.

JlaBaiiTe TOCMOTPUM, KaK 3TO paboTaerT.

Perpeccusi MeTOf,0M HaUMEHbLUNX KBaApaToB: 60ﬂbl.lle, YeM YMHOe Ha3BaHue

JlaBaliTe Ha MrHOBEHMeE COCpPeJOTOUYUMCS Ha Hallled BBIXOJHON IepeMeHHON —
YpOBHE MPOAaK TUMOHaZa. Eciu 6B MBI XOTENU CIIPOTHO3UPOBATh 06BeM Oyay-
IIUX IPOZAAXK, Pa3yMHO ObLIO ObI BEHIYUCIUTD CpeAHEe 3HAYEHUE /I POIUIBIX 1T0-
kazarenert (12 + 13 + 15 + 14 + 17 + 16 + 19) / 7 = 15,14 gomnapa. Utaxk,
MBI [IOJIYYWJIN IPOCTYIO JIMHEHHYIO0 MO/Jeslb, COIIacHO KoTopoH IIpogaxu =
15,14 nomnapa.

ObparuTe BHUMaHKe Ha TO, YTO ITO INO-NIPEKHEMY JUHEHHOE ypaBHEHUE,
TOJIBKO 0e3 yJeTa TeMIlepaTypsl. DTO O3HAYaeT, YTO BHE 3aBUCUMOCTH OT TeMIIe-
paTypel MBI IIPOIHO3UPYEM IIPOAAXKU Ha ypoBHe 15,14 nosutapa. Mel 3HaeM, 4TO
5TO BecbMa HauBHOe IIPe/TIoI0KeHNe, HO OHO COOTBETCTBYeT HallleMy oIlpeZiesie-
HUIO MOZIEJIH, COIIOCTABJIAIOIIEe BXOAHbIE JaHHBIE C BEIXOJHBIMH, JaXKe eCIU Bce
BBIXO/JIHBIE ZIaHHBIE ABJIAIOTCA OANHAKOBBIMU.

VTak, HaCKOJIBKO XOpOIIa Halla IpocTasd Mozenb? UTOOH OLIEHUTH ee IIpo-
HU3BOAMUTENBHOCTD, JaBaliTe MOACYMUTAEM, HACKOJIBKO JATeKO IIPOTrHO3UPYEMBbIH
YPOBEHb IPOAAXK HAXOAUTCA OT KAXXAOTO U3 GaKTUUECKUX MOKazaTesneil. [Ipu
temneparype 86 °F (30 °C) BbI mpozamy TMMOHa/1a Ha 19 10/171apoB, a MOJeNb TIPeJ-
ckasbiBaza 15,14 gosnapa. [1pu Temnepatype 81 °F (27 °C) BB Ipofanu INMOHA A
Ha 12 fo/11apoB, a IIPOTHO3 MOZEJIH OIIATD XXKe COoCTasisI 15,14 fosnapa. B mepsom
CJIydae IPOTHO3 OKasascs IPUMepHO Ha 4 fosnapa Hike GaKTUYecKoro 3Hade-
HUA, a BO BTOPOM — IIPUMepHO Ha 3 Ziojutapa Bhille. Ha faHHBIM MOMEHT Halla
MoZesib lajieKa oT Hzeasa. 11 94Tobbl Kak ciiefiyeT OLIeHUTD ee Ipe/icKa3aTelbHyIo
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CIIOCOOHOCTH, HaM HYKHO TIOHSTh PA3HUILy MEXy TPOrHO30M MOZEIU U TEM, YTO
MIPOM3OIILJIO Ha CaMOM JieJie. DTa pa3Hulla Ha3blBaeTcsd IMOTPENTHOCThIO U ITOKAa3hl-
BaeT, HACKOJIBKO CHJIBHO IIPOTHO3HOE 3HaUY€HUEe OTKJIOHAETCS OT GaKTHYeCKOTO.

Kak ke MO)XXHO M3MEPUTh 3Ty HOTPEIIHOCTh, YTOOHl IOHATH, HACKOJIBKO XO-
poiio paboTaeT Hama Mozeab? /i 3TOr0 MBI MOIJIU OBl B3ATh KaXXAyI0 GaKTh-
YecKylo IleHy IPOZAaXU U BbIUECThb ee U3 CpeJiHero IPOrHO3HOT0 3HAYeHUsA, KOTO-
poe cocTasiisAeT 15,14 fomnapa. OfHAaKO B 3TOM ClIydae pe3yabTaT CyMMHPOBAaHUA
MOTpeITHOCTel Bcerga OyZieT paBeH HyJIo, IOTOMY YTO CpeZiHee 3HaUYeHHe, KOTO-
pOe MBI HCIIOIb3yeM B KayecTBe MPEeJUKTOPA, IPeACTaBIsieT coboi apudpmeru-
YeCcKUU IIeHTP 3TUX Todek. IToroBas pa3sHOCTb MeXAy BCEMHU 3TUMU TOUYKaAMU
U LIeHTpaJbHBIM 3HaUY€HUEM BCerZla paBHa HYJIIO.

OzHako HaM Bce-TaKW Hy)KeH KaKOH-TO CIoco6 arperupoBaTh 3TU MOTPENTHO-
CTH, TTIOCKOJIbKY MOJIEJIb SIBHO JlajieKa OT uzeana. Haubosee pacnpocTpaHeH Tak
Ha3blBaeMblil MeTO/ HAUMEHBIINX KBaIpaTOB, KOTOPHIM IIpeAIIoIaraeT Bo3Be/e-
HUe BCeX 3HAaYEHUU Pa3HOCTH B KBAZpaT JJIS TOTO, YTOOHI CZIeIaTh UX IOJIOXKU-
TenbHEIMU®. [IpY CyMMHPOBAHUU 3TUX YHICEJT PE3Y/IbTaT He OyZeT paBeH HYIIIO
(Takoe BO3MOXKHO, TOJIBKO €CJTM B HAIIMX JAHHBIX BOOOIIEe HET IMOI'PEITHOCTEN).
[Tosmy4yeHHBIN pe3ynbTaT Mbl Ha3blBaeM CyMMOU KBa/IpaTOB.

Paccmorpum puc. 9.3(a). Ha HeM BBl BUAMTE WCXOAHYIO AUarpaMMy paccesi-
Hus, rae x = Temnepatypa, a y = I[Ipogaxxu. ObpaTruTe BHUMAaHUE: MBI IIpUMe-
HWIY 3/leCh Hallly HAWBHYIO MOZeJ/Ib, IIPOrHO3HOE 3HaueHNe KOTOPOH He 3aBUCUT
OT TeMIlepaTypel M Bcerga paBHO 15,14, 4To zaeT HaM rOPU3OHTANIbHYIO JIU-
Huto IIpogaxu = 15,14. [[pyruMu coBaMu: TOYKa JAaHHBIX C TeMIEpaTypor =
86 (30 °C) u pakTUUECKUM 3HAYEHUEM TpoZiaXk = 19 COOTBETCTBYET MPOTHO3-
HOMY 3HayeHUIO npogax = 15,14. CiulonHas BepTUKaabHad JUHUA IIOKa3bIBa-
eT pasHUuIly MeXJy GaKTHUYeCKUM M IIPOTHO3HBIM 3HAUYeHUEM /JI 3TOM TOUKU
(1 Bcex ocTaJbHBIX TOYeK). [Ipy UCIIONB30BAaHUN Perpeccui MBI BO3BOAUM JJINHY
STOU JIMHUM B KBaZIpaT, YTOOHI MOJyYUTh KBAZIPaT C IUIOMaAbio 14,9.

dakTrYecKkoMy YPOBHIO IIpOJaX B 15 Z0JIapoB Tak ke COOTBETCTBYeT IIpPO-
THO3HOe 3HaueHue 15,14 fostapa, MO3TOMY COOTBETCTBYIOIIMU KBaApaT UMeeT
mwiomazab (15,14-15)2 = 0,02. CioKuB TUIOMIAZAN KBaZIPATOB /JI BCEX TOYEK, MbI
TIOJIYYMM CyMMAapHYIO TIOTPEIIHOCTh Halllel MpPoCcTod Mozenu. B mpaBoi yactu

8 Vcnonp3oBaHUe abCOMIOTHBIX 3HAYEHUH TakKe IO3BOJIMIO OBl CZle/IaTh OTKJIOHEHU IIOJIOXKH-
TeJIbHBIMU Ilepe]] arperrpoBanueM. OfHaKO BO3BeZeHUE B KBaZpaT 6ojiee MpeAnoYTUTENHHO
¢ MaTeMaTH4YeCKON TOYKH 3peHUs, TIOCKOJIbKY OHO MMeeT CBOMCTBO ArddepeHIIPyeMOCTH, YTO
ObLTO KU3HEHHO Ba)KHO HA PAHHUX 3Talax NPUMeHEHUs MeTOo/a JIUHEHHOM perpeccuu, Koraa
BCE pacyeTsl IPUXOAUIOCH [ieJlaTh BPyYHYIO.
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puc. 9.3(a) mpoiiecc BBIYMCIEHUS CYMMBI KBa/[paTOB OIIMOOK IIpeJCcTaBIeH Ha-
rAgHo. YeM Gosibllle cyMMa KBaZIpaTOB, TEM XY)Ke MOZENTb COOTBETCTBYET JlaH-
HBIM, ¥ HA0OOPOT: YeM MeHbIlle CyMMa KBaJ[paTOB, TEM JIyYIlle COOTBETCTBHUE.

Cymma kBapgpatoB = 34,86
Haknox = 0 u Touka nepeceyenus = 15,14

Temnepartypa (x)

Cymma kBapgpartoB = 12,23
HaknoH = 0,6 1 Touka nepeceyenmns = —34,91

-

Temnepartypa (x)

(c) Cymma kBagpaToB = 7,4
= 18 HaknoH = 1,03 u Touka nepeceyenus = -71,07
2 16
[1°]
S
= 14
. L

80 82 84 86
Temnepartypa (x)

Puc. 9.3. Perpeccust MeToZl0M HaUMeHbLUNX KBAJPaToOB NPeAnonaraeT HaxoX/JeHue TaKoil IMHUK,
npy KOTOpO CyMMa nnoLajieit KBafpaToB OTKIOHEHHIA NPOrHO3UPYeMbIX 3HAYeHUil 0T GaKTUYECKUX
ABNSIETCA MUHMMANbHOIA
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BosHuKaeT Bompoc: MOXKeM JIU Mbl HAUTU Takoe 3HaYeHUe HaKJOHA U TOY-
KU TlepecedeHus, KOTOPbIE IO3BOJISIOT ONTUMHU3UPOBATh (TO €CTh MUHUMMU-
3UpOBaTh) CYMMY KBa/IpaTOB OTKJOHEHWI? B HacTosllee BpeMs Halla HaWB-
Hasg MOZleib He MMeeT HAKJIOHA, HO MMeeT TOUYKY IlepecedeHrss Ha OTMeTKe
15,14 mnonnapa.

O4ueBUJHO, YTO MOZeJb, NIpeJcTaBieHHas Ha puc. 9.3 (a), He oNTHUMAaIbHA.
YTo6BI MPUOIU3UTHCA K ONITUMYMY, ZaBaliTe 106aBUM HaKJIOH m, BBEZsS B ypas-
HeHUe IlepeMeHHYI0 TeMneparypsel. Ha puc. 9.3(b) MbI mpegnonaraem, 4To pasym-
HBIMU 3HAYEHUAMHU /I HAaKJIOHA ¥ TOYKU [lepecedeHust MoryT 6biTh 0,6 u —34,91
COOTBETCTBEHHO. DTO IIpeBpallaeT HaIlly MOZENb C IUIOCKOH JTMHUEH, pe/cTaB-
JIeHHYI0 Ha puc. 9.3(a), B HAKJIOHHYIO JIMHUIO, KOTOPasA OTPa)kaeT HEKOTOPHIN
BOCXOJAIIUH TpeH/. KpoMe Toro, MbI cpa3dy 3aMedYaeM yMeHbIlleHHe 00IIel IIo-
IaZiv KBaIpaTos.

Brarozapa BKJIIOYEHUIO B MOJelIb IlepeMeHHOMN TeMIlepaTyphbl 3HaUeHHe
OTKJIOHEHUS CYN[eCTBEHHO YMEHBIIUIOCH. [IDOTHO3HOE 3HAYEHUE JJIA TOUKHU
¢ remneparypoir = 86 (30 °C) uamenunocsk ¢ 15,14 B ciiygae mpoCTON MOZETH
Ha [Ipogaxu = 0,6(86) — 34,91 = 16,69, 4TO MpUBeEJIO K YMEHBbIIEHUIO BKIaZa CO-
OTBETCTBYIOIETO HabI0leHusI B CyMMy KBazpaToB ¢ 14,9 g0 (16,69-19)? = 5,34.

Bbl MoT/IU GBI TIOAICTABIATh 3HAYEHUS HAKJIOHA U TOYKU IIEPECEUEHUS BILIOTh
[0 TIOJyYeHUsA eJUHCTBEHHOW KOMOWHAIWMK, MUHUMH3HUPYIONEX CyMMYy KBa-
AparoB. OfHaKO JUHEWHas perpeccus Mo3BoJsAeT C/eaTh 3TO MaTeMaTUYeCcKu.
Ha puc. 9.3(c) moka3aHa HauMeHbIIIas CyMMa KBapaToB OIMIUOOK /I MMEIOIIHX-
¢S JaHHBIX. MaJeiiliiee OTKJIOHEHUE OT YKa3aHHBIX 3HAYEHWH HAKJIOHA U TOYKHU
repeceveHus MIPUBEJIO Obl K YBETMYEHUIO TUTOIIAeN STUX KBaJPaTOB.

BbI MOYKeTe HCIIO0Ib30BaTh 3Ty MHGOPMAIIHIO, YTOOBI OI€HUTD, HACKOJIBKO XO-
POILIO UTOTOBAs MOZIeTb COOTBETCTBYET JaHHBIM. Pe3y/ibTaT IMHEHHOM perpeccuu,
ToKa3aHHBIN Ha puc. 9.3(c), Bce ellle He uzeaseH, OIHAKO OH SBHO MTPEBOCXOAUT
MoZenb, IIpeZicTaBleHHyIo Ha puc. 9.3 (a), IpOrHo3HOoe 3HaueHue KOTOPOil Kax-
ZIbIH pa3 cocTasisio 15,14 gomtapa.

Hackonpko npeBocxoauT? MbI Haualu ¢ Iioiaau (CyMMbI KBaZipaTos) B 34,86,
a MpY UCIIOTb30BAHUY UTOTOBOU MOJIENIH 3TA IUIOIIAAbh YMEHbBIIMIACh 0 7,4. OTO
3HAYMT, YTO MBI YMEHBITWIHN 0bIIyI0 TUTomaab Ha (34,86-7,4) = 27,46, TO ecTb
Ha 27,46/34,86 = 78,8%. B Takux ciIy4asx 4acTo TOBOPAT, YTO MOJIEb «OOBsICHU-
Jla», «OIHcala» WIU «IIpefckasana» 78,8% (wmu 0,788) aucnepcuu AaHHBIX. ITO
YucIo Ha3blBaeTcs «R-kBagpaTom» wiu R2.

Ecnu Moziesib W/ieaTbHO COOTBETCTBYET AaHHBIM, R? = 1. OfHaKO He CTOUT pac-
CYMTBIBATh HA TO, YTO B paboTe BaM OyAyT 4acTO BCTPEYAThCS MOJENN C BHICOKUM
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3HaueHreM R?%. Korzia Takoe IpOUCXOAUT, 3TO TOBOPUT O TOM, 4UTO, CKOpee BCe-
ro, IPOM30IIUIa OMKOKa, ¥ BaM CJIeZyeT IIepECMOTPETH IIPOLECCH cO0PA AAHHBIX.
Kak BBl IOMHUTE U3 IVIaBbl 3, BapUaluy IIPUCYTCTBYIOT BO BCEM, U UX HEBO3MOXK-
HO OOBACHUTD MONHOCTBIO. Tak YK ycTpoeHa BeeeHHas.

JIMHEWHAS PETPECCHA: YTO OHA JAET

JlaBaiiTe OBICTPO MMOBTOPHM TO, YTO MbI OOCYK/JaIK paHee, B KOHTEKCTE TTapajIur-
MBI KOHTPOJIUPYEMOTO 00yUeHu s, TpeCcTaBlIeHHOM Ha puc. 9.1. Y Hac 65u1 Habop
JAHHBIX, COCTOSIINH U3 CTOIOIIA C BXOAHBIMU 3HAYEHUSIMHU U CTOJIOLIA C BEIXOJHBI-
MU 3HAaYeHUAMU, KOTOPBIN MBI ITOAAJIM Ha BXO/ aJITOPUTMA JIMTHEHHOMN PErPeCcCUi.
ODTOT aJrOPUTM H3BJIEK U3 JAHHBIX ONTUMAaTIbHBIE KOOPPUITMEHTHI A IOZCTa-
HOBKWU B JIMHeliHOe ypaBHeHUe [Ipogaxku = m(TemnepaTypa) + b, cozzaB Moenb
IMpogaxxu = 1,03(Temneparypa) — 71,07, KOTOPYIO MOXHO HCIIOJb30BaTh JJIs
IIPOrHO3WPOBAHMUS PUOBUIH OT IIPOAAXKU IMMOHAZA.

Mogenu TMHeHHOM perpeccuu MoJib3yI0TCA MOMYIAPHOCThIO BO MHOTHX OTpac-
JIIX, TIOTOMY YTO OHU He TOJIBKO /I€Ial0T IIPOTHO3BI, HO U OOBSCHSIOT TO, KaK BXOJ-
Hble PU3HAKU COOTHOCATCA C BBIXOAHBIMU JaHHBIMU. (KpoMe Toro, Ux coBceM
He TPYZAHO BHIYMCINTL.) KoaddunmeHT HakioHa, paBHBIA 1,03, TOBOPUT O TOM,
YTO IIPY IIOBBIIIEHNY TeMIIepaTyphl Ha OJ1H IPaZlyC MOXKXHO OXKUAATh YBeJIUYeHNA
mpozaax Ha 1,03 gosutapa. OTo 3HaYeHHe COOOIaeT HaM KaK BEeJIMYMHY, TaK U Ha-
IIpaBJjieHUe BIUAHUA BXOAHBIX JaHHBIX HA BEIXOJHBIE.

Y4YuThIBasg TO, YTO B MHUpPE U B COOMPAEMBIX JAaHHBIX IIPUCYTCTBYeT CJIydai-
HOCTb Y M3MEHYMBOCTb, MOXXHO IIPEANOJIOXKUTh HajJUudle BCTPOEHHON H3MeH-
YUBOCTH U B 3HAUYEHUAX KOIPPUIIMEHTOB JUHENHOU perpeccuu. Eciu 6B BB
cobpaji HOBBIM HaboOp ZAaHHBIX O MPOJA’KaxX CBOEro JUMOHA/a, Bbl MOIJIU OBI 06-
Hapy>XHUTb, YTO IIPYU pPOCTe TeMIlepaTyphl Ha 1 rpazyc Ballla BEIpydKa yBeJIU4KBa-
erca He Ha 1,03, a Ha 1,25 gosnapa. JlaHHBIe, oJaBaeMble Ha BXOJ, aArOpPUTMa,
SIBJITIOTCS BBIOOPKOM, TIO3TOMY BaM CJIeAyeT AyMaTh O MOJYIeHHBIX pe3yabTaTax
B TEpMUHAX CTAaTUCTUKU. CTaTUCTHYECKOE IIPOTPAMMHOE obecriedeHre MOMOraeT
3TO ZleN1aTh, IPEAOCTABIIAA p-3HAUYeHUA 1711 KaKA0ro KoadduiirenTa (HyneBas -
nore3a, H : koapdurment = 0) 1 coob1as 0 HATMIUKM CTATUCTUYECKU 3HAYUMOTO

86 JIjIst IPOCTO¥ perpeccuu ¢ OAHUM BXOZHBIM ITapaMeTpoM R? mpezicTaBiiseT coboit KBagpaT Koad-
dunreHTa KOppealuy, KOTOPIH MBI 06CyXzany B r71aBe 5. OgHako 3HayeHHe R? MOXKeT ObITh
U OTpUIIaTeNbHBIM. Takoe ObIBaeT, KOTZ[a MOZIE/b IMHEHHOM Perpeccuy OKasbIBaeTcs: MeHee a¢-
bEeKTUBHOM, YeM Ipe/cKa3aHue CPeZHero 3HaYeHUs.
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oTnnuus koddpduinenrta ot Hynad. Hampumep, koadounuent 0,000003 oueHb
GJIM30K K HYJIIO U U1 IPAKTUYECKUX IIeJIel MOXKET CUMTAThCsA HYJIEBBIM B Balllei
MOJIETIH.

VIHBIMU CJTIOBaMU, eC/id KO3GPUIIMEHT 3HAYNMO HE OTIUYAETCS OT HYJA, BB
MOJKETE WCKJIIOYUTh COOTBETCTBYIOUIUI MPU3HAK U3 CBOEH MOJENH, MOCKOJIb-
Ky BXOJHOe 3HAa4YeHUe He BIUSET Ha BBHIXOJHOe. PasymeeTcs, yPOKU CTaTUCTH-
KU U3 IJIaBBl 6 He TePSIIOT IPU 3TOM CBOel akTyanbHOCTH. KoadouimeHT MoxeT
OBITh CTATUCTUYECKH, HO HE MPAKTUYECKU 3HAYMMBIM. Bcerzia BhISCHANTE KO3 (-
buIMeHTh MOZIeel, BAUAIOMINX Ha Balll GU3HEC.

BkloYeHNe MHOXKeCTBa NPU3HAKOB

Me1 mpezmnonaraeM, 9YTo Ball OM3HeC He OTPAaHMYUBAETCA MIPOCTOM TOProBiei
JINMOHAaI0OM. Bamy mpozaku, ckopee BCero, 3aBUCAT He TOJIbKO OT TeMIlepary-
PHI (€CITH 3TO Ce30HHBIN OM3HEC), HO U OT MHOT'HX Apyrux ¢pakTopoB. K cyacTsio,
MIPOCTYIO MOZIeJIb TMHEWHOU Perpeccuul, 0 KOTOPOU Mbl TOBOPWJIN BBIIIE, MOXKHO
pacuIMpuTh, BKJIOYUB B Hee MHOXKECTBO NTPU3HAKOBY. Perpeccus ¢ ofHUM BXOJ-
HBIM ITapaMeTPOM HasblBaeTCs IIPOCTOM JIMHENHON perpeccuei, a ¢ HeCKOJIbKU-
MU — MHOXXeCTBeHHOMU JIMHeHOH perpeccueil.

PaccMoTpuM mpuMep MHOXKeCTBEHHOU IMHEWHOW perpeccry Ha OCHOBE IaH-
HBIX O JKWIbe, KOTOPBIE MBI aHAIM3UPOBAIY B IIaBe 5. DTOT HAbOP JaHHBIX CO-
JepxuT 1234 foma u 81 BXoZHOM apaMeTp, U3 KOTOPBIX JJIA YNIPOLIeH!s IIpU-
Mepa MBI pacCMOTPUM TOJBKO 6. (MBI Takke Moryu Obl ncnonab3oBath ATK aia
CHIDKEHUS Pa3MEPHOCTH, HO He CTAJIH DTOTO AeaTh, YTOOHI He YCIOXKHATD MPU-
Mep.)

JlaBaiiTe IIOCTPOUM MOJIeJb /7S IPOTHO3MPOBAHUA I[eHBI IIPOAAXKY joMa (BBI-
XOZHOM IapaMeTp) Ha OCHOBe IUIOMIAAX y4acTKa, rofia MOCTPOMKY, IJIomaAun
1-ro, 2-ro TaXXa U MoABaia B KBAAPATHHIX QyTax U KOJIUIECTBA IIOTHOIL[EHHBIX
BaHHBIX KOMHAT. Ha OoCHOBe ZJaHHBIX aJITOPUTM JWHENHHON perpeccuy BbIUYUC/IA-
eT Hawlydllye 3HaueHUs TOUKU IepecedeHUsA U K03pPUIMEeHTOB, ITepedrciieH-
HEbIe B Tabi. 9.2.

87 BepXHUU Ipezies KOJTMIeCTBA MPU3HAKOB,/BXOAHBIX TapaMeTPOB B MO/IENTU IMHENHOM perpeccuu
cocrasisieT N — 1, rge N — KOJIMYECTBO CTPOK B Habope ZaHHbIX. TakuM 06pa3oM, AJist TPOTrHO-
3UPOBAHUS €XKEMECIYHBIX 06'5EMOB MPOAAXK Ha 12-MeCSYHBIN IEPUO/, BBl MOXKETE HCII0/Ib30BaTh
710 11 BXOZHBIX TapAMETPOB.
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Ta6n. 9.2. Mogienb MHOXECTBEHHOW IMHEHOM perpeccuy Ans ONUCaHNA AaHHbIX O HeABUXUMOCTH.
Bce cOOTBETCTBYIOLME P-3HAUEHMS CTATUCTUYECKU 3HAUMMbI Ha ypoBHe 0,05

BxozHOI mapameTp Koadpdunuent p-3Ha4YeHHe
(Intercept) (Touka mepeceueHNs) -1614841,60 <0,000
LotArea (11omazp yyacTka) 0,54 <0,000
YearBuilt (roz mocTpoiku) 818,38 <0,000
1stFIrSF (mnomazgs 1 3Taka B KB. QyTax) 87,43 <0,000
2ndFIrSF(mwromaas 2 aTaxka B KB. dyTax) 90,00 <0,000
TotalBsmtSF (mwromazs nmogsana B KB. pyrax) 53,24 <0,000
FullBath (mmonHoIeHHBIE BaHHBIE KOMHATE) —7398,13 0,017

OCHOBHO1 IPUHIIUIT MOZIENN MHOXeCTBEHHO!H PEerpeccuy COCTOUT B TOM, UTO-
OBl M30JIMPOBATh BIUSHUE OJHOM NIepeMeHHOM, KOHTPOJUPYS MIPU STOM OCTajlb-
Hble. Hampumep, MBI MOXKEM CKa3aTh, YTO MPU IPOYUX HEM3MEHHBIX 3HAUYEHUAX
BXO/IHBIX ZIaHHBIX 1[€HA MPOJAAXKU ZI0OMa, TIOCTPOEHHOT0 T'OZIOM Mo3/Hee (B Cpea-
HeM), OyzeT Boilie Ha 818,38 moswtapa. KoadduimeHTs KakJoro mpu3HakKa Io-
Ka3bIBaIOT BEJIMYMHY U HallpaBJeHUe ero BO3ZeiCcTBUA Ha IeHy. O613aTeqbHO
YYUTBIBAlTE eAMHUIIEI M3MepeHus. JlobaBneHre 1 eIMHULIBI UIOIAM B KBaApaT-
HBIX QyTax OTINYaeTcs oT fo6aBaeHus 1 eANHUIBI K KOTUYECTBY BAHHBIX KOM-
HaT. CTaTUCTHUK MOXKeT MacliTabupoBaTh JaHHBIE TPU HEOOXOAUMOCTHU CpaBHe-
HUS COIIOCTaBUMBIX K03 UIIMEHTOB.

Kaxzpiii k03$OUIIMEHT TaKKe TOABEPTAETCS COOTBETCTBYIOIIEMY CTATHUCTHU-
YECKOMY TECTY, KOTOPHBIH cOODIIIaeT HaM O TOM, UMEET JIU ero 3HaueHUe CTaTH-
CTUYECKU 3HAYMMOE OTIMYHME OT HyJs. Eciiu HeT, MBI MO)keM 0Oe3 omaceHHi uc-
KJIFOUUTD €ro M3 MOJENH, TOCKOJIbKY OH He 00aBiisieT HUKaKylo HHPpOPMAIIHIO
U HE BJIUsET Ha pPe3y/Ibrar.

JIMHEWHAA PETPECCUA: KAKYIO MYTAHULLY OHA BbI3bIBAET

Ecnu 661 MBI ObUTH KAaKUMU-HUOYZAb adeprcTamMu, Mbl ObI 3aKOHYWIH IJIaBY Ipe-
JBIIYIIAM pasZieJioM, MPeJIOKUB BaM MPUOGPECTH MIpOrpaMMy ZJis pacdeTa Jiu-
HEWHOU perpeccyuy B KayeCcTBe MMaHAlleH, TTO3BOJIAIONIEH PEIIUTh BCE TIPOOIEMBI
Baurero 6r3Heca. Hai pekiaMHBIN cIoTaH ObUT OB TAKUM: «BBeUTE JaHHEIE, I10-
JIy9WTe MOZEIb ¥ HAYHUTE JIeJIaTh IIPOrHO3bI OTHOCUTENBHO CBOET0 GM3Heca yxe
cerozits!» 3By4uT HaHTACTUYECKU TIPOCTO — OFHAKO K 3TOMY MOMEHTY BBI yiKe
HaBepHAKa IIOHUMAaETe, YTO NP paboTe ¢ JaHHBIMU HUYTO HE TaK IIPOCTO, KaK
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kaxeTcs (Wim pexsnamupyercs). Kak roBopuiock B anurpade K 3ToH miaBe, pu
HeIpaBWJIBHOM IIPUMeHEHUH JIMHEHHAas perpeccusa MOXXeT OKa3aThCA IOTeHI[U-
aJbHO OIacHOU. [ToaTOMy IIpU CO3/JaHUM WIU UCIIOJIb30BAHUU PEerpecCHOHHBIX
MOZIeJiel BCer/ia COXpaHsNUTe 3[0POBBIN CKENTUIIN3M. YPaBHEHUS, TEPMUHOJIOTHS
Y BBIYUCJIEHUS CO3/IAI0T BIIeYaTIeHUe, OyATO MOZENb JUHENHONH perpeccuu CIio-
cobHa aBTOMATUYECKH UCIIPABUTH JI0OYIO pobIeMy B BallleM Habope JaHHBIX.
Ho sT0 He Tak.

JlaBaliTe pacCMOTPHM HEKOTOpbIe IIOJBOJHbEIE KAMHU HUCIOIh30BAHMUSA JNHEN-
HOU perpeccuu.

MponyuieHHble NepeMeHHble

Mogeny KOHTPOJIMPYEMOT'o 00y4YeHUs He MOTYT BBIABUTH B3aUMOCBSI3b MEXIY
BXO/ZIHOM ¥ BBIXOZHOU IIepeMeHHOH B cilydyae NCK/I0YeHUA BXOAHOU nepeMeHHON
U3 Moziesi. PaccMOTpuM Hallly MPOCTYIO MOZIeNIb, KOTOpas Ipe/icKa3biBajia ypo-
BeHb MMPOJIa’K IMMOHA/Ia Ha OCHOBE CPEIHUX 3HAYEHUH MPOIIUIBIX MPoJax 6e3 yue-
Ta TeMIlepaTyphl.

[MaBHBIE TIO AAHHBIM, OYAYYH OCBEAOMJIEHHBIMU 00 3TO¥ mpobieme, MOTYT
MIPEJIOXKUTD /IS BKJIIOUEHUS B MOZIeIM MHpOpPMaTUBHbIE, peJieBaHTHBIE PU3HA-
ku. OZJHaKO He CTOUT OTJaBaTh BHIOOP IIPU3HAKOB Ha OTKYI aHAIUTUKaM. Kirou
K CO3/JaHUIO YCIIEITHON MOZIENTM KOHTPOJHUPYEMOT'O 00yueHUsI — BKJIIOYEHHE B Hee
MIpaBWIbHBIX JAHHBIX U HAJIMYWE OIbITa B MHTEPECYIOIell peIMeTHOM 06IacTH.

Hanpumep, Moziesib ¢ leHaMU Ha XWIbe, ONTMCAHHAs B MPEbIAYIIEM paszere,
nMeeT 3HaueHue R?, paBHoe 0,75. DTO 0O3HAYAET, YTO C IOMOIIIBIO HAIlIeH MOZeTH
MBI 00BbACHWIN 75% Bapuanuil LeHsl MpoAaky. Teneph MogyMaiTe 0 He BKIIO-
YEeHHBIX B 9Ty MOZeJNb IpU3HAKaX, KOTOpPhle MMOMOIIU OBl Mpe/ACcKa3aTh I[eHY
ZloMa, — HaNpUMeEpP O TaKWX BellaX, KaKk YKOHOMHYECKUE YCIOBUS, TTPOIIEHTHbIE
CTaBKH, PEUTUHTY HAaYaJbHBIX ITKOJI U TaK Jiajee. OTHU MPOIYyIIeHHbIe TIepeMeH-
Hble He TOJBbKO BJIMAIOT Ha MPOTHO3BI MOZENN, HO U MOTYT IPUBECTU K COMHHU-
TeJbHBIM TOJKOBAHUAM. BBl 3aMeTWIU, YTO YKa3aHHBIA B Tabs. 9.2 koadduiu-
€HT, CBSI3aHHBIHA C KOJTMYECTBOM BAaHHBIX KOMHAT, SIBJIIETCS OTPUIIATETbHBIM? DTO
He UMeeT HUKAKOTO CMBICIA.

Bor emnie oguH npuMep. PaccMoTpyM Mozenb TUHEWHOM perpeccuu, KOTopas
BBISIBUJIA TIOJIOXKUTETBHYIO KOPPEJISIIUIO MEX/Y pasMepoM 00yBU U KOTUYECTBOM
CJIOB, KOTOPBIE YEJIOBEK MOXKET MPOYUTATh 32 MUHYTY. OUeBUAHO, YTO B JIaH-
HOU MOZIeJTA OTCYTCTBYET TaKasl BXOJHAs IepeMeHHasi, KaK BO3pacT, BKIIOYEHUE
KOTOPOU TI03BOJWJIO OBl OOOUTHCH 6€3 BXOAHOU IMepeMeHHOU «pa3Mep 00yBH».
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PasymeeTcs, B cBoeli paboTe BbI peZiKo OyZieTe CTaIKUBAThCA CO CTOJIb OUE€BU/IHBI-
MM NpUMEPaMH, OZHAKO IIOBEPhTE HAM Ha CJIOBO: IMPOIYIIeHHbIe TepeMeHHbIe
MOTYT U OyZyT NOPOXKAATh MPOOIEMBI U HEBEPHBIE UHTepIIpeTanuu. Kpome Toro,
MHOTHE BEIN KOPPEJUPYIOT C TAKOK YaCTO OIyCKaeMOM IepeMeHHOM, KaK BpeMs .

Mz HazileeMcs, ITO [IPU YTEHUH 3TOTO pas/iesia BBl BCIOMHUTE O TOM, UTO «KOp-
pesAlusa He TOBOPUT O HAJIMYUU MIPUYNHHO-CJIe/[CTBEHHON CBA3W». Ecau ofHa
IlepeMeHHasa [IoMe4yeHa B MOJie/Id KaK BXOJHAdA, a pyrasd — KakK BBIXOJHAasA, 3TO
He 03HAYaeT, YTO BXOZAHBIE JAHHEIE OOYCIOBINBAIOT BEIXOJHBIE.

MyanuKonnuHeapHoch

Eciv mpu ncnob30BaHUY JIMHEMHON perpeccuu Balllel Mesbio ABJsAeTCS UHTEP-
[IPETHUPYEMOCTh — BO3MOXKHOCTb OIIPEZIe/IUTh BIMAHME BXOAHBIX IIepeMeHHBIX
Ha BBIXOZHBIE ITyTeM U3y4eHUA KO3PUINEHTOB — TO BaM CJIeZyeT 3HATh O TaK
Ha3bIBaeMON MYJIbTUKO/UIMHEAPHOCTU. MyIbTUKO/UINHEAPHOCTh O3HAYAET, YTO
HEeCKOJIbKO [TeEPEMEHHBIX KOPPEIUPYIOT APYT C APYTOM — U 3TO CO3ZaeT Ipobie-
MY /711 THTepIIPEeTUPYEeMOCTH Balleil MOoZesH.

Kak BBI IOMHHUTe, 1eJIb MHOXECTBEHHOU Perpeccru — U30JIUPOBATh BIUAHNE
OZJHOM M3 ITlepeMEeHHBIX IIPU COXpPaHEeHUH IIOCTOSHHBIX 3HaYeHUN OCTaIbHBIX BXOJ-
HBIX IlepeMeHHBIX. OZIHAKO 3TO BO3MOXKHO JIUIIb B TOM CJIydae, eCciu JaHHble fAB-
JIAIOTCS HEKOPPEINPOBAHHBIMH.

Hanpumep, mpeAnonIokUM, YTO ZaHHBIE O IPOJa)kax JUMOHaZa, KOTOpbIe
MBI aHAJIM3UPOBAJIU paHee, UMEIOT TeMIlepaTypy Kak B rpazycax llenbcus, Tak
u B rpazycax ®apenreiita. O4eBHHO, YTO 3TU JiBA IIOKa3aTess [IOJHOCTBHIO KOp-
PEJIMPOBaHEL, ITOCKOIBKY OAUH fABIAeTCs QyHKIMeH gpyroro. OfHAKO JAOMYCTHM,
YTO TOKA3aHUA TEMIIEPATYPHl PETUCTPUPYIOTCA C IOMOIIBIO Pa3HBIX IPUOOPOB
C LIeJIbI0 BHECeHU HeKOTOpol Bapuanuu®. B aToM cirydae Mozenb IpeBpaTUTCs:

1. U3 IIpogaxxu = 1,03 (Temnepatypa) — 71,07.
2. BIlpogaxu = —0,2(TemnepaTtypa B rpagycax @apenreiita) + 2,1(Temmnepa-
Typa B rpazgycax Lenbcusa) — 30,8.

Tenepb mOXOKe, UTO TeMIlepaTypa B rpazaycax PapeHreiita oTpULaTETHHO
KOPPEeJIUPYET C BBIXOAHBIM mapaMeTpoM! OfHAKO HaM U3BECTHO, YTO BXOJHBIE

8  Mogenu IMHEHHOW perpeccuy He BEIYUCIISAIOTCA, €CIU 1Ba BXOAHBIX IIapaMeTpa UealbHO KOp-
PeMPOBAHEI, IO3TOMY MbI J06aBWIX IIIyM B JAHHBIE B 9TOM IIPUMEDE.
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JaHHbIe CMeEIIaHbl, fa)ke U3OBITOUHBI, U JINHEHHAs Perpeccus He B COCTOSTHUU
Pa3pyuIuTh UMEMUIYIOCS B3aUMOCBA3b. My/JIbTUKOUIMHEAPHOCTh UMEET MECTO
B GOJIBIIMHCTBE HAOOPOB ZIAHHBIX HAOMIOZEHUH, TaK YTO CUIMTANTE 3TO MpeAyTIpe-
KaeHreM. YTo KacaeTcst SKCIIepUMEHTaIbHbIX JaHHBIX, TO OHU OOBIYHO cobrpa-
FOTCS TAaKUM 06pa3oM, YTOOBI TPEOTBPATUTD MYJIBTUKOTMHEAPHOCTh, HACKOJIb-
KO 3TO BO3MOXKHO®,

YTeuka faHHbIX

BepHeMcs K IOCTPOEHUIO MOZENH /I IPOTHO3UPOBAHYSA LieHbl TPOJAXKU JloMa.
Ho Ha 3TOT pa3 J0IyCcTHUM, 9TO HabOp 00yJaIOMIKNX JAHHBIX BKJIIOUAET HE TOJTHKO
XapaKTepPUCTUKU JioMa (IUIollazb, KOJIUYeCTBO CllajlleH U Tak Jajee), HO U IepBo-
HavYaJIbHO TPEJIOKEHHYIO [IeHy. DTOT Habop JAaHHBIX IIOKa3aH B Tab. 9.3.

3amycTUB MoJiesib Ha 3TUX JAHHBIX, BBl MOXKeTe 3aMeTUTh, YTO HadalbHOE
IIpe/yIoKeHNe O4eHb XOPOIIO IPeZCKa3bIBaeT LieHy NMpoAakUu. «OTau4yHO!» — Jy-
MaeTe BHI U pelllaeTe MOJOKUTHCA Ha 3TO, YTOOBI CIIPOrHO3UPOBATD I[EHBI HA XKU-
JIbE VI CBOEH KOMIIaHUHU.

3aTeM MoOZesb 3alycKaeTcs B IPOU3BOACTBO. [Ipy MOMBITKE MCIIOIb30BATh
MoZieTb BB OOHApYyKUBaeTe, YTO V Bac HET AOCTYIA K TepBOHAYAIBHOMY IIPe-
JIO’KEHUIO II0 loMaM, LieHbl IPOJiaXKy KOTOPBIX BBl IIBITaeTech Ipescka3aTh, II0-
CKOJIbKY OHHU ellle He IIpoZiaHbl! DTO IIpHUMep yTeuKH AaHHBIX, KoTopas IPOKC-
XOJIUT, KOTZla HeKas COIYTCTBYIOIAasA BBIXOAHAA IIepeMeHHas MacKUupyeTcs Mo/,
BXOZHYIO.

[Tpobema ¢ MCHOIB30BAHUEM IIEPBOHAYATHHOTO IIPEAJIOKEHNS 3aKII0YAETCS
BO BpeMeHH. [IpescTaBbTe, UTO BB MOXKeTe Y3HaTh 3HaUeHHe HadaJlbHOIO IIpej-
JIOXKEHMS TOJIBKO Toce GpaKTHUIecKo! MPoJakul oMa.

[ToCKOJIbKY MBI TIOTPYKEHBI B JaHHBIE, HAM OYEHb TPYAHO 3aMETUTh MOA00-
Hble yTeuku. K coxxaneHuo, BO MHOTHX y4eOHUKAX 3TOU IpobiieMe He yAeIsaeTcs
BHUMaHUe, IOTOMY YTO TaM HUCIOJIb3YIOTCA HeaIN3UPOBaHHbIe HAOOPHI JaHHBIX,
TOT/Ia KaK B peaJbHBIX Habopax BePOATHOCTh YTEUKU eCTh Bcerga. Kak riaBHBIM
IO IJAHHBIM, BHI OJDKHBI CIEUTH 38 T€M, YTOOBI BaIlll BXOAHBIE U BHIXOAHBIE T1a-
paMeTpHl He CoZiep:Kall ePEeKPHIBAIOLIYIOCST HHPOPMAIIUIO.

Mz BepHEMCS K 00CY:KJEHIIO IPOOIeMBI YTEUKU JAaHHBIX B CJIEAYIONINX IIaBaX.

8 DTOU MZee MOCBAIIEHA Iiejast 061acTh CTATUCTUKY 10/, HasBaHWeM «[TaHMpOBaHUE SKCIIEPH-
MEHTOB».

% https://en.wikipedia.org /wiki/Leakage_(machine_learning)
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Ta6n. 9.3. BbibopKa AaHHbIX 0 JOMax

IL1omwasp KonuyectBo KosuuectBo IlepBoHavanbHOoe LleHa

B KBaZIpaTHBIX criajieH BaHHBIX npegnoxenue, $  mpoaaxwu, $
dyrax KOMHAaT

1500 2 1 190000 200000
2000 3 2 240000 250000
2500 4 3 300000 300000

OwK6KM IKCTPANONALUN

DKCTpamnoaALua — 3TO MIPOTHO3UPOBaHNe 3HAUeHUd 3a IpeJeslaMu Juana3oHa
BXO/IHBIX JAHHBIX, UCIIOJIb30BAHHBIX /IS TIOCTPOEHUA MoZiesiu. B cirydae TOpros-
JIA IUMOHaZIoM Tipu Temieparype 0 °F Mojienb pezckasana 66l 00beM MPoAaK
Ha ypoBHe —71,07 monnapa. Eciu 661 B JoMe He 6bUIO HU OZHOTO KBaZIpaTHOTO
dyTa mIonaau v HY OAHOM BAaHHOM KOMHATHI (TO eCTh ecyiu 6bI ZloMa GaKTUIECKU
He CyIIeCTBOBAJIO), MOJIeNb TIpeZicka3aa Obl IeHy mpogaku B —1 614 841,60 mos-
sapa. O6a 3HaYeHUsI HE UMEIOT CMBICIIA.

Mogenu fenaioT IPOTHO3HI 3a MpefiesiaMU Jualia3oHa JaHHBIX, HA KOTOPBIX
OHU «yYWIWCh». B OT/IMYME OT JIo/Iel, ypaBHEHUSA HE UMEIOT 3/[paBOT'0 CMBICTIA,
TTO3BOJIAIONIETO TIOHATH, YTO UX PE3YJIbTAaThl HEBEPHBI. MaTeMaThuecKre ypaBHe-
HUS He CTIOCOOHBI IyMaTh. EC/IU BbI IIO/ICTABUTE B HUX YMCJIA B KAYECTBE BXOAHBIX
JIaHHBIX, OHU BBIZIAZIyT BaM HEKUI YMC/IeHHBbIN pe3ynbraT. IMeHHO BBl Kak IVIaB-
HBIN T10 JaHHBIM JIOJKHBI IOHUMAaTh, YTO UMEET MECTO SKCTPATIOJIAIUS.

CrnenyeT NOAYEPKHYTh, YTO pe3yIbTaThl MOJeIY BCera pacCYUThIBAIOTCA HA OC-
HOBE KOHKPETHBIX JAHHBIX. TO eCTh BbI He [IOJKHBI ZleJlaTh TPOTHO3bI HA OCHOBE
JAHHBIX, KOTOPHIE «COOTBETCTBYIOT» AMAMa30Hy 00yJalouX JaHHBIX, HO He COOT-
BETCTBYIOT KOHTEKCTY, B KOTOPOM 3TH JaHHbIE OBLIN COOPaHbI, TTOCKOJIBKY MO/ENb
HUYETo He 3HAET O MPOUCXOJANINX B MUPE N3MEHEHUSAX.

Eciy GBI BBI TIOCTPOWIY MOZIENTh, MTPEICKA3BIBAOIIYIO IIeHbI Ha fiomMa B 2007 rozy,
OHa IToKa3aja 6bI ce6s yxacHo B 2008 rozy mocie o6Baia peIHKa XKUbs. VICITOb-
30BaHue Takoii Mogenu B 2008 rory o3Havano 6bI SKCTPATIOAIINIO JAHHBIX O PBI-
HOYHBIX ycoBusax 2007 rozsa, KOTOpble BeCbMa CHJIBHO OTIWYAJUCh OT YCIOBUN
2008 roza. B 2021 rogy, moxa Mbl MMCaJIU 3Ty KHUTY, MHOTHE OTPAC/IU CTAJIKUBa-
JIUCH C 9TOM mpobemoii u3-3a nauzemuu COVID-19. Mozenu, oby4eHHbIe Ha JaH-
HBIX, COOpaHHBIX /I0 ee Hayasa, 60oJIbIlle He OTPa)KaloT MHOTHE U3 BHOBb BO3HUK-
IITUX B3aUMOCBSI3€H, a 3HaYUT, 60JIbIlle HE aKTyalbHBHI.
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Muorue B3aUMOCBSI31 He ABNSAIOTCSA JIMHEHHbIMM

JInHelHasA perpeccus He TOAUTCA JJIs MOJETUPOBAHUA MOBeleHUA GOHI0BOTO
PBIHKA, KOTOPBIN Ha MPOTSHKEHUU BCEH CBOEU MCTOPUU POC SKCIIOHEHI[UATBHO,
a He jmHelHo. CTaTUCTUYECKUI OTAe] KoMIaHuu Procter & Gamble mocosero-
BaJI OBI «HE TIOATOHATD IPIMYIO IMHUIO K KPUBOU B popme GaHaHa».

B apceHasie CTaTUCTUKOB €CTh MHCTPYMEHTHI Jjis Ipeobpa3oBaHusa HEKOTOPHIX
HeJIMHEWHBIX TaHHBIX B TMHEWHbIE. TeM He MeHee MHOT/Ia CTOUT ITPOCTO IIPU3HATD
TOT $aKT, UTO JUHEHHasA Perpeccus He MOAXOAUT Jisl PEIleHUs CTOANIEN TTepes
BaMU 3a/Ia4uM.

Bbl 06bsicHseTE MAM npeackasbiBaete?

B aToili mIaBe MBI OOCYXAaIU [Be LU IPUMEHEHUs PETPECCHOHHBIX MOJE-
Jielt — oObsCHEHNE B3aUMOCBsA3€el U nporHo3upoBanue. Cyzs 1o BCeMy, Mozie-
JIA TMHEWHOM perpeccuu MOTYT AeaTh U TO U Apyroe. KoadoduireHTh Mogenu
JIMHENHON perpeccuu (Ipy MPaBWIBHBIX YCIOBUSIX) 00€CIEUNBAOT UHTEPIIPETHU-
PYeMOCTb, KOTOPO#1 yAessieTcss 60obIioe BHUMaHUe BO MHOTHUX OTpac/saX — Ha-
MpUMep, B KIMHUYECKUX HCIBITAHUAX, KOTAA MCC/IEOBATENH TIBITAIOTCA TIOHATh
TOYHYIO BEJIMYUHY U HalpaBjieHUe BIUSHUA BXOAHOTO TapamMerpa (Z03UPOB-
Ka JieKapcTBa) Ha BBIXOAHOU (KPOBSHOE JaBjieHue). B faHHOM ciydae Heobxo-
VMO TIPOSIBJISITH GOJIBIITYIO OCTOPOXKHOCTH, YTOOBI U36€KaTh HETATUBHOTO BITHUA-
HUA MYJbTUKOJUIMHEAPHOCTHU U MPOIYIEHHBIX TIepEMEHHBIX Ha 00BACHUTEIBHYIO
CITIOCOOHOCTH MOZIETIH.

B Apyrux 061acTaX, TAKUX KaK MalTuHHOE 00yUeHNE, [ENbIO0 ABJISETCSI TOYHOE
npezckasanve’l. Hanpumep, Hajaudrie MyJTbTUKOUIMHEAPHOCTA MOXKET HE TIPe/-
CTaBJIATDH NMPOGJIEMEI, €CJIM MOJENb CIIOCOGHA XOPOLIO MpeCcKa3biBaTh OyAyIIye
pesynbTaThl. Korza 1esib Mozien — IpeCcKa3aTh HOBBIE BHIXOAHbBIE JaHHbBIE, BbI
ZIOJDKHBL OBITH OYEHb OCTOPOXKHBI, YTOOBI M36€XKaTh TaK HAa3bIBAEMOTO MEPe0s-
y4IeHwUsl.

Kax BbI TOMHUTE, MOZIEJT — 3TO YIPOIIEHHBIE BEPCUU PeaTbHOCTU. XOopouias
MO/Ie/Tb XOPOIIO aMMPOKCUMHUPYET B3aUMOCBS3U MEXKY BXOAHBIMHU U BBIXOZAHBI-
MU AaHHbIMU. [10 CyTH, OHa PETUCTPUPYET HEKOE CKPHITOE SIBJIEHUE, BHIPAKEHMU-
€M KOTOPOT'O U ABJISIOTCS JaHHBIE.

%l PazHuIla MeXay oOBsICHEHHEM U Ipe/CKa3aHHeM C [TOMOIIbI0 MOJeNel MoApo6HO onucaHa
B cratbe: Shmueli, G. (2010). To explain or to predict? Statistical science, 25(3), 289-310.
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OnHaxo niepeoby4yeHHast Moziesib GUKCHUPYET He B3aUMOCBS3b, CyIIECTBOBAHHE KO-
TOPOI MBI TIPEATIONaraeM, a B3aUMOZEHCTBIE OOYJAIOIHX JAHHBIX CO BCEM IIPHUCYT-
CTBYIOIIMM B HUX IIIyMOM ¥ BapHalusMHU. [[03TOMY e€ TPOTHO3bI — HE PE3Y/IBTAT MO-
[IeTTMPOBAHKs, a POCTO HEKWE HabOp TOUYEK JAHHBIX, KOTOPBIE Y HAC YIKE eCTb.

[To cyTtu, mepeobydeHHbIe MOJENN 3alIOMUHAIOT BHIOOPOYHBIE OOyJaroIe
JAaHHBIE U TJIOXO 0606IaloT HOBble HabmoZeHus. [locmoTpuTte Ha puc. 9.4. Cre-
Ba BBl BUZIUTE JAHHBIE O [IPOJAXKaX JMMOHAJA C MOZEIBIO IMHENHON PEerpeccui.
CripaBa TpeZcTaBieHa CJI0XKHAas PerpecCOHHAs MOJeb, KOTOpas MpeKpacHo
IIP€e/ICKa3bIBaeT HEKOTOPHIE TOYKU. KaKylo U3 HUX Bbl XOTEIH Obl HCIIOIb30BATh
ZJIA1 IPOTHO3MPOBAHUA?

12| @ 12| @
81 82 83 84 85 86 81 82 83 84 85 86
Temnepatypa (X) Temnepatypa (x)

Puc. 9.4. [1Be KoHKypupytowwue mogenn. Mogenb cnesa xopoluo 0606wwaeT, a nepeobyyeHHas MofeNb
CrpaBa, Mo CyTH, NPOCTO 3anOMUHAET AaHHble. 113-3a Bapuawmit Moieslb CpaBa He CMOXET XOpOLLO
MpefCcKa3biBaTb HOBbIE TOUKM

i mpeioTBpalieHUs epeobydeHnsI MOXKHO pa3euTh Habop AaHHBIX Ha /IBE
gacTH: 06yJaromuii Habop, UCIOIb3yEMBIH I IOCTPOEHUS MOJEIH, U TECTOBBIN
Habop, TIO3BOJIAIOIINM OlleHUTD ee 3P PeKTUBHOCTD. [IpOU3BOAUTENBHOCTD MOJIE-
JIM Ha TeCTOBOM Habope ZJaHHbBIX, HA KOTOPBIX OHA HE YYWIach, O3BOJISET OLe-
HUTH ee TIPe/ICKa3aTelbHYI0 CIOCOOHOCTD.

"p0M3BOAMTeanOCTb perpeccuouuoﬁ Mopenu

CranKuBasich C PerpecCMOHHOM MoJesbio Ha paboTe, 6yAb TO MOJENb MHOXe-
CTBEHHOU JIMHEMHON perpeccuy WM YTO-TO 6ojiee M30UIPEHHOE, BHI MOXKETE
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OIIEHUTD €€ COOTBETCTBUE BaIIMM JJAHHBIM C IIOMOIIbIO rpadpuKa cpaBHEHUS hak-
TUYECKOTO ¥ IIPOrHO3MPYEMOT0 3HaUYeHWi. HeKoTopErle moJyiaratoT, YTO MBI HE MO-
JKeM BU3YaJIM3UPOBATh ITPOU3BOAUTENBHOCTh MO/JIENTA PETPECCUU TIPU HATAYUHU
CJIUIIKOM OOJIBIIIOTO KOJMYECTBA BXOAHBIX JAHHBIX — OJHAKO IIOMHHTE O TOM, 4TO
caenana mozenb. OHa mpeobpasoBajia BXO/HbIE TapaMeTps! (OAUH WIN HECKOJIb-
KO) B BBIXOZHEIE.

VTaK, A1 KaXZ0W CTPOKM B Habope JaHHBIX ¥ Bac ecTh GpaKTUIECKOe 3Ha-
YeHWe U CBSI3aHHOE C HUM MPOTrHO3upyeMoe 3HaueHue. Co3zaiiTe Ha UX OCHOBE
auarpammy paccesiiusi. OHU JO/DKHBL ObITh XOPOIIIO KOppeaupoBaHbl. Takoi Bu-
3yasIbHBIM TECT MO3BOJIUT BaM OBICTPO OLIEHUTh 3¢ PEeKTUBHOCTD Ballei MOZETH.
Baiu crienpaaucTs Mo paboTe ¢ JaHHBIMH MOTYT TIPEJ0CTaBUTh HECKOIBKO CBS-
3aHHBIX MMOKa3areyned (OHUM M3 KOTOPBIX ABJsieTcss R-KBazpar), OHAKO HE CTO-
WT CMOTPETD TOJIbKO Ha aTH 1uphl. Beeraa, Beeraa TpebyiiTe IpejoCTaBUTh BaM
rpa¢uk cpaBHeHUS QpaKTUIECKUX U MIPOTHO3UPYEMBIX 3HaUYeHUH. [Ipumep ¢ uc-
TI0JTh30BaHUEM MOJIENH, TIOCTPOEHHOUM Ha OCHOBE IaHHBIX O XKWJIbe, TIPe/ICTaBIeH
Ha puc. 9.5.

padumk cpaBHeHMs haKTUYECKNX
W POTHO3HbIX 3HAYEHUI

$600 000 .

$400 000

lporHo3Hoe 3HayeHue

$200 000

$0
$0 $200 000 $400 000 $600 000
(dakTuyeckoe 3HaueHue

Puc. 9.5. Ha aToM rpaduke Bbl BUZUTE, YTO MOZENb NJIOXO NPOTHO3MPYET LieHbl Ha CaMble [Oporue
Aoma. MoxxeTe vt Bbl ONPeAENUTb ApYrue HeAoCTaTKN 3TO MOAENM, UCMONb3YA 3TOT rpaduk?
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NPOYUE MOJIEJIN PETPECCUU

Brl Tak)ke MOXKeTe CTOJKHYThCA ¢ TAKUMU BapHaHTaMU JUHEHUHON perpeccu,
kak LASSO u Ridge (pumx-perpeccusi, wim rpebHeBas perpeccus), KOTOpBIe
MOTI'YT IIOMOYb IIPY HAJIMYUH OOJBIIOTO KOJIUYECTBA KOPPEINPOBAHHBIX BXOJ-
HBIX JJaHHBIX (MYyJIbTUKO/UIMHEAPHOCTD) WIHN B Te€X CJIydadax, Korza KOJU4ecTBO
BXOZHBIX TIEPEMEHHBIX IIPEBBIIIAET KOJIUYECTBO CTPOK B BalleM Habope JaH-
HBIX. B pesysibraTe mosy4yaeTcs MoZJesb, I0X0XKasA Ha MOZeJU MHOXXeCTBEHHOU
perpeccumu.

Jlpyrrie MoJieny perpeccy BBIIVIAAAT COBEPIIEHHO nHave. MeToz k-6ivpkaii-
MUX cocefiel, 06CyKAaBUINiica BO BBEJEHUU, IPUMEHSICA K 3aZade Kiaaccudu-
Kalluy, HO €ro TaKXXe MOXXHO IPUMEHUTD U K 3a/ade perpeccuu. Hanpumep, A1
IIpe/iCKa3aHuA LeHb! IPOAAYKU JII0OO0T0 J0Ma MBI MOIUIH OBl B3ATh CPEJHIOIO LIEHY
MIPOZAXKH TPeX OIIDKalIINX K HeMy HeZIaBHO IIPOJAHHBIX IOMOB. B aTOM ciydae
JUIsl pelleHUs 3a/la4yl PErPECCUM KUCIIOIb30BaJICSa ObI MeTo/ k-GIIKalIIuX Cco-
ceziet.

B cnezyroueli miaBe Mbl pacCMOTPHUM HEKOTOPbIe U3 3TUX MoZesel, TOCKOJIb-
Ky UX MOKHO HCIIOJIb30BaTh JJIA pellleHud 3aa4 KaK KiIaccupUKaluy, Tak U pe-
IpeCCUu.

NOABEAEHUE UTOI0B

Hama 1ienp B 3TOH I71aBe COCTOsUIa B TOM, YTOOBI IIOMOYb BaM pa3BUTh MHTYU-
THUBHOE NMOHMMAaHUe IPUHIINUIA KOHTPOJIHUPYeMOro obydyeHus U ero GpyHzameH-
TaJBHOT'O JIFOpPUTMa — JIMHEHHOH perpeccuu. MBI Takke pPacCMOTpeNIN MHOKe-
CTBO IPUYUH, T10 KOTOPBIM PErPeCCHOHHBIE MOJEIN MOTYT OIIn6aThesa. [loMHUTE
00 3TuX mpobyeMax U IIOABOAHBIX KAMHAX, IIOTOMY YTO BOIIPOC HE B TOM, KaKue
M3 HUX TIOBJIUAIOT Ha Ballll perpecCHOHHBIe MOZeNH, a B TOM, CKOJIBKO 3TO cZe-
JIAIoT.

Kax BBI, BEpOATHO, yKe ZI0ra/IaTich, 00yJaroIye JaHHbIe 00yCIIOBINBAIOT KaK
MOIIlb, TAK U OIPAHNYEHHOCTh KOHTpOIUpyeMoro obydenus. K coxxaneHuto, 3a4a-
CTYIO KOMIIaHUU YZAEJAI0T O0Jblile BHUMAHUA HOBEHIIUM aJITOPUTMaM KOHTPO-
JIUPyeMOoro 00y4JeHuUs, yeM cO0py aKTyalbHbIX, TOYHBIX U JOCTATOYHBIX JAaHHBIX
JUTS TIOZQYU Ha BXOJ 3TUX alrOpUTMOB. [ToxKanyiicTa, HOMHUTE MAaHTPY «MyCOp
Ha BXO7le, MyCOp Ha BBIXOZle». XOpOIllre JaHHble — KJII0YeBOe YCIoBHe d3GEeKTUB-
HOCTH MOZeJIell KOHTPOJIUPYEMOTO O0yIeHHUs.
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Eciu BBl TOHMMAaeTe MPUHINI 06ydeHUs 6e3 yuuTess u o6ydeHus ¢ yuuTe-
JIEM, TO BBl IOHUMAETE CyTh MAIIMHHOTO 00y4enus. [Tosapasisem! V1 usBuHuTE
3a OTCYTCTBUE GOMBIINX OTKPBITUM. MBI CTPEMIIUCH MIPENOAATh BAM OCHOBBI Ma-
IITMHHOTO O0y4eHUs, 000UACh 6€3 POMKUX PEKJIAMHBIX CJIOTAaHOB U JIUIITHEH IIIy-
Muxu. MarmuHHoe o6ydeHre Iperonaraer Kak obydeHue 6e3 yauress, Tak 1 06-
y4YEHUE C YIUTETIEM.

MBI IPOJOKUM PA3roBOP O MAIITHHOM OOYYeHUHU B CJIEAYIOIIEH IIaBe B KOH-
TeKCTe 00CyX/IeHUs MoZieiel KiacCuUKaIliHy.
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OcBouTe Mogenu Knaccupukawum

ANropuTM MawWwuHHOTO 06y4YeHUs 3aX0AHT B 6ap.
BapmeH cnpawmBaeT: «4To bypete?»
AnroputM oTBeyaeT: «A UTO 3aKasanu ocTasbHble?»
_ Yet Xaace (@chethaase)

B IpeJbIAYyIel IJIlaBe MBI TOBOPUIN O KOHTPOJIUPYEMOM OOYYEHUH C ITOMO-
IIBI0 MOJeJIell perpeccuy, KOTOphle MO3BOJIAIOT MPeCKa3bIBaTh YHCJIEH-
Hble 3Ha4YeHUs (BpoJe oO0beMa MpoJa)K) IyTeM IOATOHKU MOZeNu K Habopy
npusHakoB. Ho uTo, eciiu BaMm TpebyeTcs IpeJcKa3aTh KOHKPETHBIN pe3yiib-
tar? Hampumep, 3axodeT Jiu 4eloBeK, 00J1aZalouil onpesiesleHHBIM HabopoM
neMorpaduIecKUX XapaKTEPUCTUK, KYIIUTh KHUTY O AaHHBIX? Ecau BB KorZa-
HUOYAb 33/JaBaJIMCh BOIIPOCOM O TOM, KaK KOMIIAHUU OIleHUBAIOT BEPOATHOCTh
TOTO, YTO BBI I[eJIKHETE 10 TOMY WIN HHOMY PEKJIAMHOMY O0BSIBIEHUIO, KYIIUTE
MPOAYKT (M KaKOU UMEHHO), He CMOXKETe BBIILIATUTb KPEJUT, B3SAThIM Ha TOKYII-
Ky aBTOMOOWIA, poiiZieTe cobecesoBaHNe WIN 4eM-HUOYAb 3aboseeTe, TO 3T
I1aBa I Bac.

B Takux 3azavax, I7fe Hy)XHO INpeZcKa3aTh KaTerOpHAIbHYIO IlepeMeHHYIO
(TO ecTb METKY), HEOOXOMMO HCIIOTb30BATh MOZETH KiIacCUbUKALIIH.

BBE[JJEHWE B KJIACCUDUKALINIO

Mozenu, mpe/icKa3blBaloIie ABa BapuaHTa, Ha3bIBAIOTCA MOJENIMU OGUHAp-
HOU KJaccudukanuu. Mogenu, UCIoab3yeMble Jis TIpeCKa3aHusd MHOXKeCTBA
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KJIaCCOB, HA3bIBAIOTCS MOJENAMU MHOTOKJIAcCOBOM Kiaccudukanuu®?. OueH-
Ka BEPOSATHOCTH TOTO, YTO YEJOBEK HE CMOXET IOTaCUTh aBTOKPEJUT, — IIPU-
Mep 3aZlauu OHapHOU Kiaccupukanuu (fa/HeT), a IpeicKa3aHue TOro, KaKyio
MaluHy KymuT denoBek («Honda», «Toyota», «Ford» u Tak manee), — IpuUMep
3alauy MHOTOKJIacCOBO# Kiaccudpuranuu. YTobObl He YCIOKHATD, MBI COCPEZIO-
TOYMMCS Ha 3aZlauax 6uHapHOU kiraccudukanuu. [IpocTo UMelTe B BUALY, YTO
JOTIOTHUTENbHBIE KJIACCHI IOTUYHO IIPO/IOJIKAIOT T€ TEMBI, KOTOPhIE MBI 06Cy-
JVM B 5TOH IJIaBe.

Pe3y/ibTaThl IpUMeHEHUsI HEKOTOPBIX MoZiesiel KiiacCubUKaIUU YacTo JeJAT-
s Ha «TI0JIOXKUTEbHBIE» WU «OTPULIaTeIbHbIe». Kak BbI MOMHUTE, HAyYHAas MPO-
BeEpKa OCYIIECTBISAETCS B pOPMe YTBEPIKAEHUS, a 3HAUUT, BBl JOJIXKHBI HCTOJIKO-
BBIBaTh TIOJIOKUTENBHOE M OTPHUIIaTENbHOE HAOIIOZEHUE KaK O3HAYAIoIIEee «Za»
U «HET» COOTBETCTBEHHO. DTO MIO3BOJIIET OT/EIUTh HAOMIOAEHUSI, IEMOHCTPHPYIO-
mue ZeiicTBre (IIeqY0K IO KHOTIKE, TIOKYIIKa ToBapa, AedoyT Mo KpeauTy, Ha-
suyvie 3ab0eBaHuUA), OT TEX, KOTOPbIE 3TOTO HE JealoT. B Apyrux ciydasx —
HamnpuMep, NMpU NpeACcKa3aHuU TPUHAAIEKHOCTH U30UpaTeNs K MOJTUTHIECKON
MApTUX — BaM CJIeyeT YETKO ONPeAETUTh, KAKOU KJIACC ABJISAETCS «ITOJIOKUTEb-
HBbIM», a KaKOH «OTpUIlaTeNbHBIM», YTOOB U36€XaTh MyTaHUlbl. Hanpumep, To,
YTO BRI OTIPEZIe/IieTe TPUHA/IEKHOCTh U30HpaTes K IeMOKpaTaM WK PECITyOTH-
KaHIIaM KaK MTOJIOKUTETbHYIO WIKU OTPUIIATEIbHYIO B CBOEH MOZIETH, — HE OlIeHKa
STOM MPUHA/JIE)KHOCTH, a ee MPOU3BOIbHOE 0603HaveHue. Kak IiaBHBIH 110 AaH-
HBIM BBI JIO/DKHBI YOEUTHCS B TOM, UTO BCe WieHbl KOMaH/Ibl OMHAKOBO TIOHUMA-
0T HCIIOJIb3yeMbIe B MOZIETT 0O03HAYEHUS.

Yemy Bbl HayuuTeChb

B 3Toii I1aBe MBI GyZIeM UCIIOJb30BaTh HAGOD AaHHBIX O YEJOBEYECKHUX Pecypcax
[UTs OTIMICAHMS CJIEAYIOIIUX MOZieiel KacCuUKaIiu:

— JIOTUCTAYECKAs Perpeccus;

— JlepeBbs pelleHn;

— aHcam01eBbIe METO/BI.

2 He myTaiiTe KJIacTepHU3aluo ¢ kiaccudukanueii. [IOMHUTe 0 TOM, YTO KJIacTepU3alyis He TIpes-
IoJIaraeT MCIoIb30BaHUe MeTOK. [Ipy KJlacTepU3aliiy eC/Ii MeTKHU U IIPHCBAauBaIOTCs, TO CAMUM
AQHAIUTUKOM U TOJIBKO BIIOCIEACTBUU. [Ipy peleHUH 33/1a4 KJIacCUGUKAIIMKY METKH U3HAYAJIBHO
MIPUCYTCTBYIOT B HAbOpe JaHHbIX.
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Jloructryeckas perpeccusi®® M ZiepeBbs peEIIeHMI Yallle BCEro M3y4arTcs
B paMKaX KypCOB ITO HayKe O ZaHHBIX U IIMPOKO UCIIONb3YIOTCA B IPOrPaMMHOM
obecneuenuu. [IpocToTa IpUMEHEHUA U UHTEPIPETUPYEMOCTD ZENAl0T UX HJe-
aJIbHBIM BBIOOPOM /IJIsI PellleHrsI HEKOTOPBIX 3aza4. OZIHaKo, KaK U BCe IIPOYUe aj-
TOPUTMBI, OITUCAHHBIE B 3TOW KHUTE, OHU HE JINIIEHbI HEIOCTATKOB.

Mg TaKKe MO3HAKOMUM Bac C aHCaMOJIEBBIMU METOZIaMH, KOTOPhIE ITOCTEIEH-
HO CTAHOBSITCS HOBBIM CTaHAAPTOM /IJIs CHEIUATUCTOB 10 paboTe JaHHBIX, OCO-
GEHHO /I YYaCTHUKOB COOTBETCTBYIONUX COPEBHOBAHMM ™,

Bo BTOPOI1 IIOJIOBUHE 3TO¥ IIaBbl MBI H0JIee TTOAPOOHO PACCMOTPUM TpobIeMy
YTeYKU JAHHBIX U Tlepeobyderuss. O6CYyKAeHUI0 TOYHOCTH MbI IIOCBATUM IEJTBIHA
pasziest B KOHI[E IIaBhI, TOCKOJIBKY TOHMMAaHUE 3TOT0 TepMUHA (B KOHTEKCTE JaH-
HBIX) Tpe6GyeT pacCMOTPEHU Psifia HIOAHCOB. A MBI XOTUM yOepeyb Bac OT CAMBIX
pacrpocTpaHeHHbIX OIIUOOK.

MocTaHoBKa 3afaum Knaccud)m(au,uu

[TpeacraBbTe, YTO KaXKJ0€ JIETO COTHU CTYZIEHTOB, U3y4YaIOUINX HAYKY O JAHHBIX,
MOZIAIOT 3asIBKU Ha CTAXKMPOBKY B Ballleli KOMIaHuU. [[pocMaTpuBaTh BCe 3TU 3a-
SIBKY BPYYHYIO KpaifHe YTOMUTEIbHO. Hesb3s U KaK-TO aBTOMaTU3UPOBATh 3TOT
npotecc?

K cuacTblo, y Ballleil KOMIIaHUU eCTh HabOp UCTOPUYECKUX JaHHBIX, KOTOPHIE
MO>KHO UCIIOIb30BATD /IS 00yYeHUs MOAETH, — UHGOPMAIIHS O KaXIOM COUCKa-
TeJle ¥ MeTKa «/la/HeT», TOBOPAIAA O TOM, ObLI JIU OH IIpUIVIalleH Ha cobecezo-
BaHMe. Vcrosb3ysa nCTOpUYecKue JaHHbIE U TAKOH MHCTPYMEHT, KaK JIOTHCTHYe-
CKasi perpeccus, BBl MOIVIH GBI pa3paboTaTh MIPOrHOCTUYECKYIO MOZENb, KOTOPast
HCIIOJIB3YET COZEPIKAIIYIOCA B 3asiBKe MHGOPMAIIUIO B KaUeCTBEe BXOAHBIX JaHHBIX,
HaIpUMep, CpeHUH 6asu1, roz 00y4eHus, Creluaan3aliys, KOJTU4ecTBO BHEKIacC-
HBIX 3aHATHH, ¥ COOOIIAET O TOM, CTOUT JIM IIPe/JIaraTh COMCKATENIO IIPOUTH CO-
6ecenoBanue. Eciu oHa okakeTcs 3P PeKTUBHOH, 3TO M30aBUT Bac OT HEOOXOAHU-
MOCTHU IIPOCMAaTPUBATh PE3IOME BPYUHYIO.

Kak MO)XHO penruTh 3Ty 3aauy? [ Hauasa Mo3HAKOMUMCS C IOTUCTHYECKOH
perpeccueti.

% JloructudecKas perpeccus, Kak Bbl Y3HaeTe Aajee, Ipe/icKasbiBaeT BepOATHOCTH. IIpu fo6aBie-
HUMY pellalolero IpaBwia OHA IIPeBPAllaeTCs B aITOPUTM KIacCUUKaINK.

% OmucaHHbIE B 3TOM IVIaBe JepeBbs PelIeHNIT 1 aHcaMbJieBble METOZBI MOXKHO HCIIOJIb30BATh JJIS
pelreHus 3aza4 perpeccuy. Tak 4To, €CIM BBIXOZHOM ITapaMeTp Ballero Habopa AaHHBIX ABJA-
€TCs YUCIIOM, TTOTPOOyiTe NX NPUMEHUTb.
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JIOTMCTUYECKAA PETPECCUA

HauHeM ¢ mpocTOro U pacCMOTPUM JaHHBIE U3 AECATU IPOLUIBIX 3aBOK, UCIIOJb-
3ys B KaUeCTBe BXOAHBIX ITapaMeTPOB TOJIBKO CpeHUM 6asul. [I0CKOIbKY KOMIThIO-
Tepbl TOHUMAIOT JIMIIb YKCJIA, BBl MOXETE MMPeoOPa30BaTh OTBETHI «a» U «HET»
B 3HayeHusa 1 1 0 COOTBETCTBEHHO, TO eCTh 1 0603HAYAET IOJIOKUTENbHEIHN KJIacc.
Jlanuble mpezcTapaeHbl B Tabs. 10.1. O61ast TeHAeHIIUS HeyAUBUTEIbHA: CTYAEH-
THI ¢ 60JIe€ BBICOKUM CPEJHUM 6/JIOM UMEIOT GOJIBIIE MIaHCOB MOMYIUTh MPUTJIa-
LIeHre Ha cobecejoBaHUe.

Ta6n. 10.1. NMpocToi Habop JaHHbIX A1 NOFUCTUYECKOI PErpeccum: UCNoNb30BaHNe CPefHero banna
ANs NPOrHO3MpOBaHUA BEPOSITHOCTH NPUINaLLEHNs Ha cobecejoBaHne

Naentudukarop Cpeauuii 6aywt [Ipurnamenue [Ipurnamenue

3aABKU (na/uet) (1/0)
2,00 HeT 0

2 2,20 HeT 0

3 2,50 HeT 0

4 2,80 Aa 1

5 2,85 HeT 0

6 3,50 na 1

7 3,60 HeT 0

8 3,70 na 1

9 3,80 fa 1

10 4,00 za 1

Ecsiyt 661 BBl TOIBITATUCH IPUMEHUTh K OTUM JaHHBIM METOJ JIMHEHHOH pe-
T'PeccHy, OMMCAHHBIN B IIpeAbIAYIIell J1aBe, BB IOTyJWwId Obl BECbMa CTPAHHBIE
pe3yabTaThl. Harpumep, eciu Mbl BBeZieM JaHHble 13 Taba. 10.1 B cTaTucTHhve-
CKyI0 IIpOrpaMMy U CreHepUpyeM pPerpecCHOHHYI0 MOZesb, TO IIOIy4UM ypaBHe-
HHUe cJIeyoLero BUja:

[Mpurnamenue = (0,5) X Cpeanuii 6amn — 1,1
OpuHako fJaBatiTe 3agymaeMcst 06 3Toi Mozesu. [IpeoIoKUM, YTO CpeaHUM

6aJLT HOBOTO coMCKaTesis cocTapseT 2,0. B aToM ciiydae perpeccroHHast MOJENb
BbIZIasia OBl pe3ynbrart: [purtamenue = (0,5) X (2,0) — 1,1 = -0,1. A eciu 65
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cpenHuil 6at KaHAnuAaTa coctasusit 4,0, To pesyabraT 66Ut 661 paBeH 0,9. Ho uto
o3Havaror ynciaa —-0,1 u 0,9 B KOHTEKCTe IIpe/cKa3aHusd TOro, IOJY4YUT JIU KaHAu-
JaT mpurianieHye Ha cobecegoBanue? (MbI TOXXe TOYHO HE 3HAEM. )

Yo MOIIO OBl 0KA3aThCSA IOJIE3HBIM, TaK 3TO IPOTCHO3 BEPOSTHOCTH IIOJIy4e-
HUA TaKOTO NIPUIVIANIEHNA Ha OCHOBe cpefHero 6auta conckaTessa. HanprumMep, Bl
3HaETe, UTO /JIsA COUCKaTesNel co cpegHuM 6autoM 2,0 BEpOATHOCTD TOTyYEHHUs
MpUIVIalIeHus Ha cobecefoBaHUe cOCTaBIET 4%, a /I COMCKaTeNel o CpeTHUM
6amnom 4,0 — 92%. Ota nHGOpMaLKA NUMEET OTHOLIEHNE K [TOCTABJIEHHOH 3a/a-
Ye, TIOCKOJIbKY ITO3BOJISIET BaM BBECTH MPaBIJIa KiaccuUKalny OyAyIuxX KaHAN-
naToB. OfIHAKO IIOMHUTE O TOM, YTO 3HAYEHUA BEPOATHOCTH IOJKHBI HAXOJUTHCS
B mpeziesiax oT O 0 1 BKJIIOYUTENBHO, & MOJEIU PEerpeccuu He paboTaloT B paM-
KaX 3TUX OTPaHUYEHUI U MOTYT BBIZABaTh abCOMIOTHO 060e 3HaYeHue. [103To-
My JINHeHas perpeccus He BJIAETCS ONTUMATIbHBIM MeTOZOM /IJISI pellleHus JaH-
HOWU 3aJa4u.

TakuMm 06pa3oM, BaM HY)KHO KaK-TO OTPAaHUYUTh Pe3y/IbTaT PEIleHUs ypaB-
HeHUs BUJAy = mx + b, 4TOOGB rapaHTUPOBATH €T0 HAXOXK/JEHNE B IIOAXOSAIIEM
Jiriana3oHe BepOATHOCTeH. IMEHHO 9T0 U /lelaeT JIOTUCTHYecKas perpeccus: oHa
«BTUCKUBAET» BBIXOZIHBIE JaHHBIE B AMamna3oH oT 0 1o 1, mpeAocTaBIsaa MOIb30-
BaTeJII0 BEPOATHOCTh MPUHA/JIEKHOCTH pe3y/ibTaTa K IMOJOKUTETbHOMY KJIAaccy
(B JaHHOM CTy4ae: IpUIVIALIEHNe = «/1a»).

PaccMoTpyM ypaBHEHUeE JIOTUCTUIECKOH Perpeccuu:

BepOHTHOCTb IIPUHAAJIEKHOCTHU K ITOJIOKUTEIbHOMY KJIACCy IIPU yCJIOBUU

e 1

14 (met) (1
Z 1,00 ° _eeoe 100 ] eese 1,00
% /// / //
3 075 / 0,75 / 0,75

/

= / !
= 050 / 0,50 / 0,50
= / /
5 02| )/ 0,25 / 0,25
o / /
p= 7 7/
£ 00060 @ o ° 0,00 [0 & -0 "® ° 0006 @ @ °
:3_,- 20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
«@ CpepHuii 6ann CpepHuii 6ann CpepHuii 6ann

Puc. 10.1. MogroHka pasnnmyHbix MOZENEN NOrMCTUYECKOM perpeccum K AaHHbIM. Mogenb cnpaBa
COOTBETCTBYET UM JlyuLle BCEro
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Bam HaBepHsKa yKe 3HaKOM pparMeHT mx+b, MOCKOIbKY 3TO popmysia JTuHeH-
HOH perpeccud. ToJIBKO Telleph OHA ABJAETCA YacCThIO ypaBHEHUA, HA3bIBAEMOTO
JIOTHCTHUYECKOH GyHKIMeH (0TCIofa ¥ Ha3BaHUe JIOTUCTUIECKOHN perpeccun)?, Ko-
TOpas rapaHTUpyeT TO, YTO MTOIyIeHHOe YHUCIIO ABIAETCA 3HaueHreM BePOATHOCTH.

Jlna GosbIliel SICHOCTHM PacCMOTPUM HeCKosbKO rpadpumkoB. Ha puc. 10.1
Ipe/iCTaBJeHbl TPU JMarpaMMBbl paccesiHUsA, TIOCTPOEHHbIe Ha OCHOBE JaHHBIX
u3 Tabs. 10.1. (B npeapiAyineil raBe MNpu MOCTPOEHUU «JIMHUM HAWTYYIIEro Co-
OTBETCTBUSI» MBI TIOJIYYHIH IIOXOXKUHM Habop U3 Tpex TpadpuKkoB.) Kaskablil U3 3TUX
rpaduKOB OTpakaeT pa3HbIil HaGOp BXOAHBIX 3HAYEHUH A1 m U b B ypaBHe-
Huu (1). HamoMmHAMM, 9TO B Cay4ae JMHEWHOU perpeccuu 3Ha4eHUs m u b Mmo-
AyIVPOBAIU ONTHUMAJIbHOE IMOJOXKEHHe JUHUU, MUHUMU3UPYIOIIee BeJTUIHHY
omMOKY, BEIpaXXKaeMylo CyMMOU KBaZpaToB. Ho MBI yCTAHOBWIN, YTO IIPSAMAst JIU-
HUA JUHEHHON perpeccuu He MOXKeT XOPOIIO COOTBETCTBOBATh 3TUM JaHHBIM, I10-
CKOJIbKY BBIXOZUT 3a Ipezeinsl O cieBa u 3a npezeisl 1 ciipaBa. OfHaKo ypaBHe-
Hue (1) BHe 3aBUCUMOCTHU OT 3Ha4eHU m u b Bcerga OyzeT aBaTh S-06pasHyto
KpHUBYIO, JIexKallyio B aAuanasone ot 0 g0 1.

[TpoaHanu3upywTe JIeBBIA U cpeqHUM rpadrky Ha puc. 10.1 u onpeznenuTe UX
cnabeie Mecta. Ha ieBoM rpaduke IyHKTUPHOM JTUHUEN TIOKa3aHa MOJENb, KOTO-
past CIMIIKOM YBEPEHHO Ipe/CKA3bIBAeT TO, YTO BBICOKUI CpeAHUI 6alt mpuBe-
JieT K IIpUIVIAlleHuIo Ha cobecejoBaHe, yITycKas IPU 3TOM KaHAWJATA CO CpeJ-
HUM 6ayutoM 3,5, KOTOPHIH 3TO MpUIVIAIIEHUE He MOTydmI. Mo/iesb, ToKa3aHHas
Ha cpegHeM Trpaduke, BblJaeT HEOIPABAAHHO HU3KYIO BEPOATHOCTD JJIA CTyJEeH-
TOB C HU3KUM cpeZHUM 6asuioM. COIacHo ei, CTYAEHT Co cpefHUM 6ayutoMm B 2,8,
KOTOPOT'0 IPUIVIACUIN Ha cobecejoBaHMe, UMeJl Ha 3TO MOYTU HY/IEeBOM IIAHC.
Kpaitnuii mpaBeiii rpaduk Ha puc. 10.1 MOXKeT MOXBacTaThCsl ONMITUMAaIbHBIM 6a-
JIAHCOM. DTOT pe3y/bTaT MPUMEHEHUS aJIrOPUTMAa JIOTUCTUYECKON perpeccuu
HaWIy4IIIM 06pa3oM YpaBHOBEIIUBAET JIEBYIO U CPEAHION AUarpaMMBbl U C MaTe-
MaTH4ecKOU TOUKM 3peHuUs ABIAeTCA OINTUMU3MPOBAHHBIM pellleHueM /IS UMelo-
muxca TodeK AaHHBIX. [ToaydeHHasA B pe3y/bTraTe MOZe/b IOTUCTUYECKOM perpec-
CUU MMeeT clIefylollee YpaBHeHHe:

BepoAaTHOCTD noIy4eHus r[pI/IrJIaulJeHI/IH IIpY JaHHOM

cpeznHeM Gaie = —1+ . oG -

(2)

% Yucno e B ypaBHEHUHM — MaTeMaTHUdecKas KOHCTaHTa BpoJie 7, KOTopas IPUMEHSETCS 1aleKo
HE TOJIbKO B JIOTUCTUYECKOH perpeccuy. JTO TaK HasblBaeMas [IOCTOAHHAA Diiepa, pUOIU3H-
TeJIbHO paBHadA 2,71828.
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Jloructudeckas perpeccus yMeHBIIaeT TaK Ha3bIBAEMYIO JIOTHCTUYECKYIO
GYHKIIMIO TOTephb, KOTOpas IpPe/ACTaBAeT cOO0H Crocob U3MEpPEeHHs CTeleHU
6JIM30CTH IIpe/ICKa3aHHBIX BEPOATHOCTEN K GaKTUIECKUM MeTKaM. XOT JNHeH-
Has ¥ JIOTUCTUYECKasl PErpecCHy HCIOJIb3YIOT pa3Hble METOZABI, MX Ielb OfHA
Y Ta ’Ke — MaKCUMaJIbHO MPUOIU3UTh COBOKYITHOCTD MPEACKa3aHHBIX MOJETbIO
3HauUeHUH k GpaKTUIeCKUM.

Jloructnyeckas perpeccus: uTo AaHbI.IIE?

Jloructrudeckas perpeccus AaeT IBa IPeruMyIlecTBa: MbI oxydaeM GopMyiry, KOTO-
past IOMOTaeT Jie/IaTh MMPOTHO3bI HAa OCHOBE JJAHHBIX, 8 KO3GOHUIIMEHTHI 3TOH (Hop-
MYJIBI OOBSICHSIIOT B3aUMOCBSI3M MEX/Ty BXOAHBIMU M BBHIXOJHBIMU MTapaMeTPaMHU.

[IprMeHUTH ee MOXKHO ciefyrounuM obpasom. Ha puc. 10.2 mokasaHa Bepo-
ATHOCTH TIPUIVIAIIEHUA Ha cobeceZloBaHMe AJI CTyAeHTa co cpeAHuM bautom 2,0,
COTVIACHO HAIIe! MOZIeNIN JIOTUCTUYECKOHN perpeccuu. IIlaHC MOMyIUTh TaKoe TIpU-
IallleHYe JJI 9TOro YeJIoBeKa COCTaBJsieT 0Koio 4%. KaHauaT, mOBBIIIAOII
cBOM cpexnHuii 6aywt ¢ 2,0 7o 3,0, MOBBIIAET BEPOATHOCTh IOJMYYEHUS ITPUTIA-
IeHus Ha cobecenoBaHue ¢ 4 10 41%, TO ecTh pasHuUlA cocTaBiseT 37%. OaHa-
KO yBeJMUeHUe cpefiHero 6ajia ele Ha ofHy eauHuly, ¢ 3,0 10 4,0, moBHIIIa-
€T BePOATHOCTB C 41 110 92%; 371ech pasHUIla COCTABSET 1ebiXx 51%! O6parute
BHHUMaHMe Ha TO, YTO IIPU UCIOIb30BAHUM MoJeel IOTMCTUYECKOM perpeccuu
BJIUSHUE JOMOJHUTENBHOTO 6ajia Ha BepOATHOCTD IPUIJIAIIIEHUS He ABIAETCS
TTIOCTOSTHHBIM. B 3TOM 3akitoyaeTcs elfe OHO OTJIUYUE JIOTUCTUYECKON perpec-
CUU OT JVMHEWHON: B C/Iy4ae JUHEWHOU perpeccuy yBeJIudeHHe BXOJHOU Iepe-
MEeHHOH Ha OJJHY eIMHUILY BCETZa OAMHAKOBO BJIHSAET HA Pe3y/bTaT, KAKUM OB
HM OBUIO HaYa/IbHOE 3HAUYEeHHe.

Cama 110 cebe JIoruCTHYeCKast PETPECCHUsT He CKaXXeT BaM, CJIEAYeT JIU TIpUIJIa-
CUTb Ha cobeceZloBaHME TOTO WM MHOTO 4YejoBeka Wik HeT. CKopee OHa co06-
1jaeT BaM BEPOATHOCTb TAKOI'o MpUIIalieHusA. Ecau Bbl XOTUTe aBTOMAaTU3UPO-
BaTh IIPOIeCC MPUHATUA pellleHUU ¢ TOMOIIBIO JIOTUCTUYECKON perpeccuy, Bam
HeOoOXOAMMO 33/]aTh TOUKY OTceueHUs (TOPOroBoe 3HAYEHUeE), TaKKe U3BECTHOE
KakK pelaroliee MpaBUio; OHO OIpe/essieT peau3anuio TOro, YeMy HayduIach
Bara Moziesb. Ecy BbI 33/1aiUTe TOUKY OTceueHUs Ha otMeTke 90%, To ecTh Oy-
JleTe pacCMaTpUBaTh TOJNBKO Te 3asBKU, CPEAHUM 6a/UT B KOTOPHIX IPEAToiaraeTt
90%-HyI0 BEPOATHOCTD TIPUIJIANIIEHUS Ha cobece/loBaHue, TO, CKOPee BCETO, cle-
JlaeTe MeHbllle TpeyioeHui. C pyroil CTOPOHBI, €CJIN BBl TOTOBBI pacCMaTpHU-
BaTb 3aABKU COMCKaTesel, IIaHC Ha IMPUIJIalleHe KOTOPBIX, UCXO/A U3 MPOILIBIX
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JAHHBIX, cocTaBiseT 60%, TO YBUAKUTE TOpas3zio 6oJbliie KaHAWAATOB. 3aJjaH1e TO-
YeK oTceueHus TpebyeT yIacTHsA SKCIEPTOB B IPeIMETHOM 06JIacTH.

0,92

0,41

BeposTHOCTb npurnawexus

0,04

[ ]
2,0 2,5 3,0 35 40
CpepHuii 6ann

Puc. 10.2. lpumeHeHne Mogeny NOrUCTUYECKOI perpeccumn Ansi NPOrHo3MpoBaHUs BEPOSTHOCTH
npurnaweH1s npu cpegHem 6anne pasHom 2, 3 u 4

Kak roBopmiock paHee, K03$pUIMEHT 000N perpecCHOHHON GYHKIUU TO-
BOPUT O B3aMMOCBA3AX MEXAY BXOAHBIMU U BBIXOJHBIMH ZaHHBIMU. C EPBOTO
B3IIAZA TMIOHATHO, YTO 3HaUYeHHe KoapPUIMeHTa i cpefiHero 6auia B ypaBHe-
HUM (2) ABIAETCA MONOKUTETBLHBIM U COCTABIAET 2,9. DTO TOBOPUT O TOM, YTO 60-
Jiee BBICOKUI CPeZHUI 6ajll MOBBIIIAET IIAHCHI YeJI0BEKA Ha MOJTydeHHe MpHUIJIa-
IIeHUs. B JaHHOM ciIydae 3TO He CTOJIb Y)K CHOTCIIMOaTeIbHasA HOBOCTb, OJHAKO
JUIS1 ICCITeZIoBaTeNe, IpeCKa3bIBAIOIIUX BEPOSTHOCTD PAa3BUTHSA paKka Ha OCHOBE
OTIpeZieIEeHHBIX 6MOMAapKepPOB, 3TO MOXKET UMETh OOJIbINIOe 3HaUeHUEe S,

Ha uTto cnepyet 06paTuTb BHMMaHKe npu pabore
C JIOTMCTHYECKOMN perpeccuen
MO,ZIeJ'IHM JIOTUCTUYECKOM perpeccun CBOMCTBEHHEBI T€ Ke HpO6JIeMbI, 4qTo

Y MOZIEAM JIMHEMHOW Perpeccryl, KOTOpbIE MBI ITOAPOOHO pacCcMOTpenn
B IIPEJBIAYIIEH [IaBe, 8 UMEHHO:

% Yrobbl 10O-HACTOSIIEMY IOHATH 3Ty GOPMYyIIy, HEOOXOAUMO MMO3HAKOMUTHCS C KOHIEMI[HEeN
siorapudMa OTHOLIEHUS LIIAHCOB, PACCMOTPEHIE KOTOPO# BHIXOAUT 3a PAMKH JaHHOM KHUTH.
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» TIporyIieHHbIe TIepEMEHHBIE. AJITOPUTM HE MOXKET YIMTHCSA HA J[aH-
HBIX, KOTOPBIX HET.

*  MyJIBTHKO/UIMHEAPHOCTD. KOppennpoBaHHbIE BXOAHBIE IPUSHAKU MO-
I'yT CWIbHO MCKA3WTh BAIlly MHTEPIPETAIUIO KO3QDUIIUEHTOB MOJE-
JIM, @ UHOT/JA IaXKe CAeaTh IMOJOKUTETbHBIN K03OHUIIMEHT OTpHUIla-
TeIbHBIM (MM Ha060poT).

* DKCTpamoJsiusA. B ciydae ¢ JOrMCTUYECKON perpeccruei mpobiema
C DKCTPAIOJAUEN CTOUT HE CTOJIb OCTPO, KaK B CIyYae C JIUHEHHOH,
ITOTOMY YTO €€ BBIXOZHBIE JaHHBIE BCET/IA HAXO/ATCA B IpeJeiax Jua-
masona ot 0 710 1. OgHaKo pacciabaaThes Bce-Taku He caenyet. [Ipes-
CKazaHWe 3HAYEHWH 3a IpeAelaMy JUana3oHa 00yJIaromuX JaHHbBIX
MOJKET IIPUBECTH K YPE3MEPHO YBEPEHHBIM OLIEHKAM BEPOATHOCTEM,
ITOCKOJIBKY STU MPOTHO3HbBIE 3HAYEHUS aCUMIITOTHYECKHU TTPUOIMIKA-
IOTCA K eJUHUIIE.

Pa3yMeeTca, IIpY UCII0JIb3OBAHUU JIOTUCTUYECKOMN perpeccuu cieayeT mus-
6eraTh 1 APYyTux OIJ.II/I6OK, KOTOpPBbIE MBI O6CY,Z[I/IM B KOHIIE IVIaBhbI.

LEPEBbA PELLEHUNA

HeKOoTOphIX JIto/Iel OTTaMKUBaEeT (M, BO3MOXKHO, IyTraeT) MaTeMaTUKa, CBA3aHHas
C HCIIOJIb30BaHUEM JIOTUCTHUYECKON perpeccur. KpoMe TOro, fajeko He KaXKAyio
B3aMMOCBS3b MEXK/Y BXOAHBIMU U BBIXOAHBIMU JAHHBIMU MOKHO OITHCATh C ITOMO-
b0 JIMHEHHON MoZenu y = mx + b. AJIbTepHAaTHUBHBIHN, 60Jiee TIOHATHBIN U TIPO-
CTOM /IJIT BU3yaTU3alluy MOAX0 — AePEBO pelileHu. JlepeBbs pellleHui pa3buBa-
10T HabOp ZIAHHBIX Ha HECKOJIBKO YaCTeH, MMPeZ0CTaBIISAsA CITMCOK IPABIIT HAammoo00ve
6JIOK-CXeMBbI, KOTOPBIMHM MOYKHO PYKOBO/ICTBOBAThCS IIPY IIPOTHO3UPOBAHUH.

Bo3bMeM, K IIpuMepy, Habop AaHHBIX, IPHUBEeAeHHBIX B Tabm. 10.2. 31ech BB
BUIUTE BBIOOPKY JJaHHBIX O ZIeCATH cTyAeHTax (13 300), KOTOphIe MTOJaIH 3asBKY
1 OBUTH MTpUIJIANIIEHH Ha cobeceZloBaHME B Ballly KOMITAHUIO. BMeCTO TOro 4TOOBI
HCIIOIb30BaTh CpeJHUl 6a/l B KayecTBe €ZIMHCTBEHHOI'O BXOAHOI'O IMapaMeTpa
JUIsT CBOel MOJie/iv, BBl pelllaeTe IMPOoaHaIu3upOBaTh BCe MPU3HAKU, YTOOBI BbI-
SICHUTD, KaK MPUIVIAIIeHUs Ha UHTEPBbIO Zesaauch B mpouuioM. O6paTUTe BHU-
MaHUe Ha TO, YTO B 3TOM Habope JaHHBIX Ha cobeceZioBaHUE ObLIY MTPUTIAIIIEHBI
120 ctyaeHnToB (To ecTb 40%).
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Taén. 10.2. dparmeHT Habopa faHHbIX 0 cTaxepax. Cnewuanusalum cTyaeHToB TakoBbl: UH. =
WHpopmaTuka, IKOH. = IKOHOMMKa, CTaT. = CTaTucTUKA U Bu3. = BusHec.

ID crynenta Cpeanuit Kypc Cnenuanuszanusa KonmdecrBo IIpurianieHue?

Gaut BHEKJIACCHBIX
3aHATHU
1 3,41 1 VHo. 1 Her
2 3,33 3 DKOH. 2 Her
3 2,96 3 Wuo. 5 Ja
4 3,28 2 Crar. 4 Ja
5 2,78 2 Vud. 3 Het
6 3,01 4 DKOH. 0 Het
7 2,56 3 Crar. 2 Het
8 2,72 3 Wuo. 4 Ja
9 2,00 3 Crar. 2 Her
10 2,42 1 bus. 3 Her

Ec/M BBl XOTUTE WCIIOJNB30BATh 3TU NPU3HAKU, YTOOBI MOHATH, KTO MOTYYII
IIpUIIallleHyne, a KTO HeT, BBl MOXKeTe CaMOCTOATEIbHO BBIBECTH HECKOJIBKO IIpa-
BwiI. HanpumMep, CTyZEHTHI ¢ BHICOKUM CPeZHUM 6ajuioM, YYacTBYIOIINE BO BHeE-
KJIACCHBIX 3aHATHAX, BEPOSATHO, NMEIOT OOJIbIIIe [IAHCOB MOMYYUTh IIPUIVIAlIeHHE.
Ho kxakoii cpezHuii 6a/ul BB UCIIOIB30BaIU ObI /IS «paszieleHus» COBOKYITHOCTH
ctyzeuToB? 3,0? 3,5? U ¢ moMolIbio Kakoi nHGOpMaIu Bkl 661 060CHOBaIN CBOE
pemenue? Kak BBl y»Ke, BepOATHO, IIOHMIU, CAMOCTOATEIbHOE BhIBeZeHue Iipa-
BIJI — Ype3BbIUalHO CI0XHaA 3azava. K cuacTplo, afropuTM A1 co3jaHus JepeBa
pelIeHni MOXeT 03a60TUThCA 06 3TOM 3a Bac. OH UIIET BXOAHOHN NPU3HAK U €TO
3HaYeHMe, KOTOPOe HAWIYYIIUM 06pa3oM OTIMYAET CTYAEHTOB, MTOTYYUBIINUX MTPU-
IVIallleHWe Ha UHTEPBbBIO, OT TeX, KTO ero He IONy4YWI. 3aTeM OH HaxOJUT CJIeZyIo-
U IpU3HAaK, T03BOJIAIOIINY pas/ie/IuTh ke 3TH JiBe IPYIIIL U TaK Jajee.

Mgl poTHa/IX Halll HA6OP JaHHBIX Yepe3 aaropuTM mmof HadBanueM CARTY
U CTEeHEPUPOBAJIU JIEPEBO pellleHu, n3obpaxeHHoe Ha puc. 10.3. OHo 6osblie
[IOXOXKe Ha [lepeBepHyTOoe JePeBO, COCTOAIee U3 «Y3JI0B», «<BETBEU» U «IUCThEB»

7 CyIlecTByeT HeCKOJIBKO aJITOPUTMOB /ISl CO3/JaHusI IePEBhEB PelleH i, HO HanboJiee MOIyIiip-
ubiil u3 Hux — CART (Classification and Regression Trees, ZiepeBbsi KiacCubUKAIUU U Perpec-
cun). [loapo6Hyto nHGOPMAIKIO O HEM MOXXHO HaiTu B pabore Breiman, Leo; Friedman, J. H.;
Olshen, R. A.; Stone, C. J. (1984). Classification and regression trees. Monterey, CA: Wadsworth
& Brooks/Cole Advanced Books & Software.
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pelieHni, B KOTOPOM OKOHYATeJbHBIM ITPOTHO3 Olpe/iesisgeTcs JUCToM. JlaBaiite
oboiieM 3TO ZiepeBo, YTOOBI pa3obpaThCs B TOM, Kak OHO paboTaer.

| Cp_6ann
<3 ‘
>= 3
Yucno_B3 | Yucno_B3
<4 <2 ‘
>=4 >=2
Crewus
bu3.,3koH.,CTar. bu3.,9KoH. <34
Wnd. Wud.,Crar. >=34
[Ep_6an
<35 bu3.,9KoH.
>=35 Wng.,Crar.
Het Her la Het Her Her la
0,02 0,14 0,75 0,07 0,24 0,36 0,87
29% 12% 4% 10%, 6% 8% 10%

Puc. 10.3. MpocToii anropuTm JepeBa pelueHuid, TPUMEHEHHDBI K HA60py aHHbIX O CTaxepax

[IpeamosoxuM, YTO COMCKaTeslb [0 MMeHU DJUIeH yYWUTCA Ha BTOPOM Kypce,
HMMeeT cpefHuli 6amt 3,6, creranu3upyeTcs Ha U3ydeHnu nHGOpMaTHUKK U 3a-
HUMAETCS CIIOPTOM. DTHU JaHHbIE MOXXHO 3aKOAMPOBATH CIEAYIOIIUM 06pa3oMm:
{Cp_6amr = 3,6, Kypc = 2, CiertuanbHocTh = MH., Yucno_B3 = 1}, rae Yucio_
B3 o3HayaeT «4MCI0 BHEKIACCHBIX 3aHATUN .

B camom Bepxy puc. 10.3 HaxoAUTCA KOPHEBOH y3eJl, yKasblBaloUui Ha MIpU-
3HaK, MMO3BOJIAIONUIL JIYUIlle BCETO Pa3ZeuTh AaHHbIE; 3/IeCh 3TO CPeAHUHN Ga.
Cpeznuii 6amn DiieH cocTaBiseT 3,6, IOITOMY OHA IIEPEXOAUT B MPABYIO BETBb
K ClleflyrolneMy y3ay IpuHaTusa petneHuii: Yucno_B3. Ee Yucno_B3 pasHo 1, mo-
9TOMY OHA IIepeXOJUT B JIEBYIO BETBb K CJIeJyIoLleMy Y31y IIPUHATHA pelleHnH:
CrnenuanbHOCThb. CTyZEeHTHI, CllelaTu3upyoIiiecs Ha U3ydeHU NHPOPMATUKH,
[lepexoJAT Halpaso, U TYT B eJI0 CHOBA BCTyIaeT TaKOU IMpU3HAK, KaK CPeJHUH
6asu1. CpesHUH 62T DIIEH COCTABJISIET HE MeHee 3,5, TO3TOMY BBl MOXKETE IMpe-
cka3zarthb «/la», oHa OyZeT mpurvalieHa Ha cobeceZjloBaHUe.

O6bparuTe BHUMaHMe Ha TO, KaK 3TO JIepEBO pacKphIBaeT B3aUMOJAEHCTBUA
BXOJHBIX NPU3HAKOB. B IaHHOM ciTydae HeOOJbIIOE KOJTUYECTBO BHEKIACCHBIX
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3aHATUN KOMIIEHCUPYETCS HaJUYKMeM BBHICOKOTO cpeZiHero Gauia 1mo uadopMaru-
Ke WIU CTaTHUCTUKE.

Yucsa Ha JUCTbAX B HIDKHEN YacTu puc. 10.3 MOABITOXXUBAIOT pasziesieHre 00-
YYaloIUX JaHHBIX, IPOU3BeZIEHHOE lepeBOM penteHnY. KpaliHuii cripaBa JuCT
“MeeT TpU TOYKM AaHHBIX: {/la, 1,00 u 17%}. 3To TOBOPUT O TOM, YTO B IIpO-
oM 100% couckareseii co cpefHUM 6a/IoM = 3,4 ¥ KaK MUHUMYM TPeMs BHe-
KJIaCCHBIMU 3aHATUAMU OBbLIW MPHUIJIANIEHB HAa cobeceoBaHNe BHE 3aBUCHUMO-
CTH OT CBOeM cnenuanu3anuu. (Bbl MOXXeTe 3TO YBUZETD, €CIU MPOCIeIUTe MyTh
OT 3TOTO JIUCTA 0 KOPHEBOro y3ia.) [l Jto60ro HOBOTO KaH/AUAATa, COOTBET-
CTBYIOILIETO 3TUM KPUTEPUIM, IIPOTHO3HBIM 3HaUeHUEM OyaeT «/[a», IOTOMY YTO
B IIPOIIJIOM TIPOI[EHT COMCKATeJeH, MOMaZialoluX B TOT JIMCT, TTpeBbiman 50%.
B aHHOM CJIy4ae peyb uzeT 0 51 couckarese, Ha KOTOPBIX TPUXOAUIOCh 17% 06-
Y4amwIuX JaHHbBIX.

KpaitHuii JieBblii IUCT MOKA3bIBaeT, YTO 29% OBIBIINUX IPETEHJEHTOB UMETH
cpenuuii 6amt Hke 3,0 U MeHee 4 BHEK/IACCHBIX 3aHATUM, U U3 HUX TONTBKO 2%
ObLTM TIpUIVIANIEHBl Ha cobeceoBaHue. [103TOMY JaHHBIN y3€Jl COAEPIKUT IIPO-
rHo3 «HeT»%8,

JlepeBbs pellleHuH OTINYHO TOAXOAT i OTOOpakeHUs pa3BeJOYHBIX JaH-
HBIX U TIO3BOJIAIOT JIETKO U OBICTPO YOEAUTHCS B TOM, YTO BXO/AHBIE JaHHbBIE B Ba-
1ieM Habope CBSI3aHbI C BHIXOAHBIMH.

OZHaKO OZHOTO JZiepeBa peAKO OBIBAeT JOCTATOYHO /J NMPOTHO3UPOBA-
Hus. /laBaiiTe TOCMOTPUM, KaK OAHO ZE€peBO pelieHUil (Bpoge M300paKeHHO-
ro Ha puc. 10.3) MoxkeT BBeCcTH B 3abmykeHue. C 0[HOM CTOPOHBHI, ZIEPEBO MO-
JKET MPOJIOJDKATh PACTH BIVIYOb /10 TEX TOP, MOKa KK KaHAUJAT He OKaXKeTCs
B CBOEM OTZAEJNbHOM JIUCTE, YTO Oy/ZIeT IPeACTaBIATh HeaTbHble TIPaBWIa MpH-
HATUA pelieHu Ana Bcex 300 mpeTeHZEHTOB U3 Habopa o6ydaroIux AaHHBIX.
U ecnu cieAyionias TPyIia CTakepoB OyZeT UMeTh TOYHO TaKHe JKe XapaKTepH-
CTUKHU, TO Ballle ZiepeBo OyzeT naeanbHbIM. OZIHAKO, YIUTHIBAsA TO, YTO B JAHHBIX
Bcerzia MpUCYTCTBYIOT BapUalluM, 3/[paBblii CMBICJ MOZCKA3bIBA€T HaM, YTO 3TO
HEBO3MO)XHO. HOBbIe KaHAUAATHI OYAYT OTIMYATHCS OT TEX, HAa KOTOPBIX MBI YIH-
JIUCh, a TepeobydeHHOoe epeBo OyZeT OueHb YBEPEHHO MpearaTh BaM ITOTEHITH-
QJIbHO HEBEPHBIE pellleHU .

JleicTBUTENbHO, OAUHOYHBIE [IePEBbs PellleHU CKIOHHBI K IIepeobydeHuIo,
MIPU KOTOPOM MO/IeJIb OTIMCHIBAeT HA6Op 0OyYalomUX JaHHBIX TOpasjo JIydllle,

8 MBI CO3/IaJTH 3TO IEPEBO U €TI0 BU3YaIU3aLIUIO C TIOMOIIbI0 (6eCIUIaTHOM) CTaTUCTUYECKOM MTPO-
rpaMMbl R ¢ OTKPBITHIM UCXOZHBIM KO/IOM U [TAKETOB «rpart» u «rpart.plot». He Bce fepeBbs pe-
LIEHUH, C KOTOPBIMU BBI CTOJIKHETECH, OyZyT MMETh MOZ0OHBIN YPOBEHb JeTaTN3aIiH.
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YeM Ty peasbHOCTb, [JIs IIpe/iCKa3aHusI KOTOPO# oHa 6bita co3gana. OfuH U3 CIIo-
co60B yCTpaHeHUs 3TOM IpobIeMbl — Tak Ha3biBaeMas 06pe3Ka, OJHAKO OJUHOY-
HBIE JIepPEBbsT OCTAIOTCS BEChMa YYBCTBUTENIbHBIMU K CBOUM 00YJaIOITUM JJAHHBIM.
Ecim 6561 BBl oToOpanu 100 KaHAMJATOB U3 CBOEro Habopa JaHHBIX U MTOCTPOWIN
HOBOE /IEPEBO PEIIeHu, TO, BEPOSITHO, OOHAPYXWIN OBl APYTHe Y3JIbl PEIleHUH
U pasfenuTebHble 3HaUeHUsA BHYTpU JepeBa. HanmpuMmep, Ayid paszeneHus Kop-
HEBOTO y3JIa MOXET HCIT0Jb30BaThCs 3HayeHre cpeAHero 6amma 3,2 BMecto 3,0.

Jlns ucnipaBieHys mpobsieM, CBOMCTBEHHBIX IEPEBBSAM PEIIEHUN, MOXKHO HUC-
II0JIb30BaTh aHCaMObJIeBbIE METO/HI.

AHCAMBJIEBbIE METO/bl

AHcaM6JieBble METOZIB, IPEATIOIaralolyie arperupoBaHre Pe3y/IbTaTOB JECITKOB,
a TO U TBHICAY 3aIMTyCKOB aJTOPUTMa, TIOJIb3YIOTCS MOMYIIPHOCTHIO CPEAU CIIelra-
JIUCTOB IO paboTe ¢ JaHHBIMH 6J1arofiapsi CBOel CIOCOOHOCTH ZieJiaTh 3HAYMMBbIE
IIPOTHO3HI Ha /IETAJIbHOM YPOBHE.

A6comoTHBIX HaBOPUTOB Yy JaTa-CaleHTUCTOB /iBa — CJIyYaiHbIe Jeca U Jie-
PEBbS pENIEHUH C TPaJueHTHBIM ycuieHreM. OHU YacTO MCIOIb3YIOTCS KOMaH-
JaMu, MoOeXJaIUMU B COPEBHOBAHUAX MO HAyKe O JJAHHBIX, MPOBOAWUMBIX
Ha Beb-catiTe Kaggle.com; xoMmaHuu pasMelnaioT HaGOPh! JaHHBIX U BPy4aroT
JlaTa-calieHTHCTaM, CO3/IaBIINM Ha UX OCHOBE MaKCHMAabHO TOUHBIE MO/IENH, CO-
JIUHBIE JIeHEXXHbIE PU3bl. B 3TOM pasziesie MblI IPeAOCTaBUM BaM KpaTKOe WH-
TYUTUBHO TIOHATHOE 00bSICHEHUE 3TUX METOZIOB.

CnyvaiiHble neca

Ecu BBl MOHabII01aeTe 3a JIOOBIMU IBYMsI OIIBITHBIMU MHTEPBBIOEPAMHU, TO 3a-
METHUTE, YTO KaKbIM U3 HUX HCIIONb3yeT COOCTBEHHbIE MTpaBUia IPUHATHA Pele-
HUM, OCHOBaHHbIE HA UX JMYHOM OIIBITE U TUIIaX KaHJUAATOB, C KOTOPBIMU OHU
B3auMOo/ielicTBOBaH. [Ipolie roBopsi, OHU OLIEHWBAIOT KAHUJATOB T10-Pa3HOMY.
BoT moyeMy BO MHOTMX KOMIIaHUSX 3a OTOOP HOBBIX COTPYIHUKOB OTBEYAIOT IIe-
JIble KOMaH/Ibl, a pellleHre TPUHUMAETCs Ha OCHOBE KOHCEHCYCa, MTO3BOJISAIONIETO
cbayaHCHPOBATh Pa3INYMUs B OlIEHKaX HECKOJIbKUX YeJIOBEK.

Crryqalinblii jiec’® — 3TO SKBUBAJIEHT JJAHHOU W/IeW B BU/IE lepeBA PEIIEHUH.
DTOT aNrOpUTM GepeT caydaiiHyio BRIOOPKY JaHHBIX U CTPOUT JIEPEBO PEIeHUH,

% Breiman, L. (2001). Random forests. Machine learning, 45(1), 5-32.
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a 3aTeM MOBTOPSIET 3TOT MPOIIECC ellle HECKOIBKO coTeH pasl®. B pesynbrare mo-
JIyJaeTCsI «JIEC», COCTOAIINHN U3 ZiepeBbeB, KOTOPhIE HMUTHUPYIOT MHOXKECTBO He3a-
BHCHMBIX OLIEHIIINKOB Balllero Habopa JaHHbIX, 8 OKOHYATENbHBIHN IIPOrHO3 — 3TO
KOHCEHCYC, TO €CTh pellleHre, IPUHATOe OONBUIMHCTBOM rosocoB. (CirydaliHble
Jleca Takyke MOTYT UCIIONIb30BATHCA /IS pacyeTa cpeiHero 3HaYeHus Ipe/icKa3aH-
HBIX BEPOSTHOCTEH MPH PellleHU  3aa4 KaaccuUKaIK WK CpeHee 3HaUeHHe
HeIPEePHIBHBIX YHMCIOBIX JAHHBIX MIPU PEIIeHUN 3aa4 PErPEeCCHH.)

Ha puc. 10.4 mokasaHsl 4eThIpe /ilepeBa B HalleM Jjiecy. [IpucMoTpuTech, U Bhl
3aMeTHTe ellle OJHy 0COOEHHOCTh CIYIaiHbIX JIECOB. B ZBYX /lepeBbsX MEPBBIM
pasziesuTesieM ABJAETCA CpeJHUi 6al, B OAHOM — CIIEIUaIn3alusd, elle B of-
HOM — KOJIMYECTBO BHEKJIACCHBIX 3aHATUH. Tak U AOMKHO ObITh. CaydaiiHble
Jleca CIydaiHbIM 06pa3oM BHIOHMPAIOT HE TOJBKO HAOIIOAeHUS (CTPOKH) AJIs T0-
CTPOEHWUS ZiepeBa, HO U MPU3HAKU (CTOJOLBI). DTO YCTPAHAET KOPPEIALHUIO CO-
CTaBJISIOIINX JIEC IePEBbEB, MO3BOJAA KAKJOMY U3 HUX HAaXOJUTh HOBHIE B3aU-
MOCBSI3U B JaHHBIX. B IPOTUBHOM Cilydae HalifleHHas JepeBbAMU UHpOpMAIUs
OKa3asach ObI U3OBITOYHOM.

[lepeBbs pelueHwil C FPagNeHTHbIM yCUleHHeM

JlepeBbs pelleHUi ¢ rpafHeHTHBIM ycHieHHeM'*! HCIIONb3YIOT APYTod MOAXOZ.
B TO BpeMs KakK CJIyIaiiHBIN JIEC CO3ZAET COTHU OTAENbHEIX IepEBbEB U B KOHIIE
yCpeaHAeT UX Pe3y/IbTaThl, IEPEBhs C IPAZIUEHTHHIM YCUWIEHHUEM CTPOSITCA TIOCIIe-
ZI0BaTeNbHO.

B cuTyauuu mpueMa Ha paboOTy 3TO O3HAYaeT, YTO HECKOJbKO MHTEPBbIOE-
POB BBICTPAUBAIOTCA B OYepesb 3a ABEPhI0, YTOOHI IIOC/IeA0BaTENbHO mobeces1o-
BaTh ¢ KaHAWAATOM. KaXXbIii HHTepBbIOep BXOAUT B KOMHATY, 3aZlaeT KaHAUAATY
OZIH-/IBA BOIIPOCA, BBIXOAUT ¥ TOBOPUT CJIEAYIONIEMY HHTEPBBIOEPY UTO-TO BPOZE:
«Ha aHHBIN MOMEHT 1 CKJIOHAIOCH K TIPUEMY 3TOTO YeJIoBeKa Ha paboTy, HO HaM
HY’KHO 33/1aTh 6OJIbIlle HABOAAIINX BOIIPOCOB, KACAIOIINXCSA TAKUX-TO obracTeii»,
U TaK fajee. Pe3ymbraT — eiHAs peKOMeH/al1A, OCHOBAHHAs Ha COBOKYITHOCTU
pEeKOMeHZaLN BCel IPYIIIBI, @ HE MHOXXECTBO OT/ETbHBIX PEKOMEHJA, 00'b-
eZINHEHHBIX B OJHY.

100 TTocTpoeHne Mozeeil Ha OCHOBeE CIy4aifHbIX BHIOOPOK JaHHBIX Ha3bIBAeTCsA «63rTUHIOM». CIIy-
YaifHble Jieca — OJWH M3 BAPUAHTOB IPUMEHEHUs JaHHOTO MeTO/a.

101 JIOMOMHUTENBHYI0 NHGOPMALIUIO O TPAZMEHTHOM yCIeHUHU (OyCTUHre) MOXKHO HAWTH B IVa-
Be 10 kuuru Friedman, J., Hastie, T., & Tibshirani, R. (2001). The elements of statistical learning
(Vol. 1, No. 10). New York: Springer series in statistics, ¥ B yka3aHHbBIX TaM UCTOYHUKax. OfHa-
KO MIMeWHTe B BU/Y, YTO 3TO JOBOJIbHO CJIOXKHBIH TEKCT.
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Kak npaBuio, fiepeBbs pellleHu! ¢ IpaZMeHTHBIM yCUIeHHeM HauWHaloTCA
C TIOCTPOEHMS TaK Ha3bIBAEMOTO HETyOOKOTO ZiepeBa ¢ HECKOJbKUMU BETBAMU
Y y3jaMu. JTa [lepBas UTepalys II0 cBoel cyTu BecbMa HavBHA U He [103BOJIAET
MIPaBWIBHO pa3fennuTh Habop AaHHBIX. Ha cireayromeM artare ¢ y9eToM OIIHUOOK,
JIOITYIIIeHHBIX [IePBBIM JIEPEBOM, CTPOUTCSA HOBOE JIepeBO € YCWIEHHBIMU HabJIIo-
JEHUSMU, JJIT KOTOPBIX OBUIM XapaKTEPHBI 0COOEHHO OOoJbINe OMUOKY (B 9TOM
IIpoABJIAeTCA AelicTBUe IrpajueHTa). Jid co3iaHusa yCIeHHON MOZeN 3TOT IIpo-
I[ECC BBIITOJIHAETCS THICSYU Pa3 C UCIIOIb30BaHNEM OOIBIINX HAOOPOB JaHHBIX.

Kak mpaBmio, 3TU aHCaMOJeBble METOZbI He MpeJHa3HAYEeHHI I aHaIn3a
«HeOOJBIIUX JaHHBIX», TIO3TOMY CIIELIMATUCTAM CJIeAyeT MPUMEHITh UX IIPU pa-
60Te C COTHAMHU, a He JecATKaMU HabIIoeHU .

WHTepnpeTupyemocTb aHcambneBbix Mojenen

TosbKO TIpeACTaBbTE, KaK CJI0KHO OBLIO GBI Pa306PaThCS B THICIYaX JIUCThEB U y3-
JIOB JIepEBbEB, IIPaBMIa KOTOPHIX YYBCTBUTEIbHBI K METbYaUITUM U3MEHEHHSM
B JaHHBIX. DTU MOJEIU YacTO Ha3bIBAIOT «U€PHBIMU SIUKAMU», IOCKOIBKY UX
BHyTpEHHEE YCTPOUCTBO OUY€Hb TPYAHO MOHATH. [IpH UCITOIB30BAHUH CTydaliHbIX
JIECOB U JIEPEBbEB PEIIeHUH C IPaIUeHTHBIM YCUIEHNEM BMECTO JIOTUCTUYECKOMH
PErpeccuy, BBIUTPBIBASA B TOYHOCTHU, BbI TEPSETE B MUHTEPIPETUPYEMOCTH. DTO
KOMITpoMucc 12,
JlpyTrie MoZiesi TUTIA «9ePHBIN AMIMK» MBI 06CyAUM B TIaBe 12.

OCTEPEIAMTECD JIOBYLUEK

Kakoti 661 MOITIbIO HU 06Taiaid MOZIeNTN KaacCcupUKaIuu, Py UX HEMMPaBUIbHOM
MIPUMEHEHUY MOXXHO YTOZIMTh B HECKOJIBLKO JIOBYIIIEK. He 3a0Iy>kqaliTeCh: MOJIENH,
KOTOPBIE UMEIOT HEZIOCTATKH, OTIMICAHHBIE B CJIEAYIOIINX pa3zieaX, He MOTYT OBbITh
«IOCTAaTOYHO XOPOIINMU». Kak ITTaBHBIHN 110 ZAHHBIM, BHI JO/DKHBI XOPOIIIO [TOHU-
MaTh CJIeyIoIye TTOTEHINATbHBIE JIOBYIIIKU:

— HEeNPaBWIbHOE OIIpe/ieJIeHre TUTIA 33/]a4y;

— yTeuKa JIaHHBIX;

— OTCYTCTBHE pas/ie/ieHUs JaHHBIX;

102 Xopomuruii 0630p MOXKHO HaiTu B cratbe “Ideas on interpreting machine learning” na catite
www.oreilly.com/radar /ideas-on-interpreting-machine-learning. B HacTosiiee Bpemst mnpo-
BOJATCS UCC/IeZ0BAHYsA, HallpaBIeHHbIE Ha YIy4LIeHe TOHNMaHNsA paboThl 3TUX METOZOB.
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— BBIGOP HEMPABWIHHOI'O IOPOTOBOT0 3HAYEHUS U1l TIPUHATHUSA PEIIEHU;
— HeNpaBWIbHOE TOHUMaHUe TOYHOCTH.

TMocieHEe MBI OOCYZIMIM B CJIEAYIOIIEM pa3zelie.

HenpaBunbHoe onpejeneHne Tuna 3agaym

CoBepIIeHHO OYeBU/HO, YTO €CJIU BBl XOTUTE IIpe/CKa3aTh KaTeropuajbHyIo me-
peMeHHy10, BaM He cjie[[lyeT MCII0JIb30BaTh JUHEUHyI0 perpeccuto. Hampumep,
BCIIOMHUTE, YTO B Tabs1. 10.1 MBI 3aMEHWWIH «Za» U «HeT» 3HaYeHUuAMHU 1 u 0 mpu
TTIOCTAHOBKE 33/Ia4U, PENIaeMOH C TIOMOIIbIO IOTUCTUYECKOU Perpeccud.

Bamra craTucTrUvyeckasa mporpamMma He IONPAaBUT Bac, €CJIN Bbl HEIIPABWIBHO
TIpUMEHNTe JMHENHYIO perpeccuio K 3TUM ZaHHbIM. OHa He 3HaeT, 4YTo Bamu 1
u 0 o3HavatoT «/la» u «HeT». Mbl BUZEHN, KaK TOA0OHOE IIPOUCXOJUT MHOXKECTBO
pas. [J1aBHBIM 110 JaHHBIM CJIeZlyeT UMEeTh 3TO B BUZYy Y HE3aMeZJIUTEIbHO UCIIPaB-
JIATH OIINOKY.

YTeuka aHHbIX

4YTo, ecau A MOCTPOEHUA KIacCUPUKAIMOHHOW MOZIeX BBl COOpaiv BCe BO3-
MOXKHBIE MCTOPUYECKUE JaHHBIE O 3asiBKaxX COMCKaTelel Ha ITPOXOK/eHUE CTaKU-
POBKH, B TOM YHCJIE O TOM, OBUIM JIM OHU B KOHEYHOM MTOTe HAHATHI Ha paboTy
wiu HeT (0 o3HavaeT «HeT», a 1 — «/la»). A 3aTeM BBl IPUMEHWIHN JIOTUCTUYE-
CKYIO PETPECCHI0, YTOOBI MPeCKa3aTh, MOMYYUT JIU IPeJIOKeHUEe TOT WIM UHON
KaHAW/aT.

Kak BHI fiymMaeTe, YTO He Tak C UCIOIb30BaHUEM aTpUOyTa «HAHAT»?

CJIOBO «HAHAT» O3HA4YaeT, UYTO COMCKATEJb COIJIaCUJICA YCTPOUTHLCA HA IIO-
CTOSAHHYIO paboTy mocjie CTaXUPOBKU (BOT U yTedyka). TOJIBKO COMCKATENH,
TIOJyYMBIIME TIPe/JI0KeHNEe MPONUTH CTAXXUPOBKY (UTO BBl U IBITaeTECh MPeJ-
cKasaTh), OyZyT UMeTh BXOAHOM mapameTp «HaHAT?» = 1. Eciu 3HaueHue aT-
pubyra «HaHaT?» = 1, TO 3HaUeHUeE LIeJIeBOTO apaMeTpa «[I[pUTIacuThb?» TakK-
JKe Bcerza J0/DKHO ObITh paBHO 1. JlaHHas Mozenb abcomoTHO Gecrosie3Ha,
MMOTOMY 4TO obydeHa Ha JJaHHBIX, KOTOPbIEe HE MOTYT OBITh JJOCTYITHEI BO Bpe-
Ms IPOTHO3UPOBAHUA.

Kputuyeckoe ocMbIC/ieHUE UMEIOIIUXCA JaHHBIX Y BXOAHBIX MIPU3HAKOB B ajl-
TOPUTMeE KOHTPOJHUPYEMOTO 0O6yUeHHS — 3TO TO, UTO IIpOorpaMMa He MOXKET Cie-
JIaTh 3a CIIEIIUAIUCTOB 110 paboTe C JaHHBIMHU.
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OTCYTCTBMe pa3geneHns faHHbIX

Eciu BBI He pa3jesiiTe CBOM JaHHBIE HA HA60D /s 0OydeHUs u Habop /Js Te-
CTUPOBAHWUS, BBl PUCKYETE MepeobydUTh CBOIO MOJENh U MOJTYYUTh YKACHYIO
MIPOU3BOAUTENBPHOCTh NIPU aHaJIM3€e HOBBIX JaHHBIX. Kak MpaBmwIo, peKOMeHy-
eTcs UCIob3oBaTh 80% HabII0AeHUH B HAOOpe AaHHBIX I OOYIeHU MOJENH,
a ocranbHble 20% — /111 TECTUPOBAHUA €€ IIPOU3BOANUTENTbHOCTH.

Aun JleKyH, I71aBHBIN HayYHBIN COTPYAHUK Meta* 1o BollpocaM HCKYCCTBEH-
HOTO MHTe/UIeKTa, CHOPMY/IMPOBAJ 3TO TaK: «TeCTHpPOBaHHE MOJEIH Ha 06yJaro-
nmeM Habope npezaeTcs aHadpemMe B MUPe MAIIMHHOTO OOYYeHUs, TOCKOJIBKY 3TO
BeJIMYANIINH TPeX, KOTOPBINA TOJIbKO MOXKHO COBEPUINTH» %, [ToaToMy ybeauTech
B TOM, YTO BBl TECTHPYETEe CBOM MOJEJU Ha ZAHHBIX, C KOTOPBIMU OHU paHblile
He CTaJIKUBaJIWCh. ECiu Baml aJropuTM MaIlMHHOTO OOyYeHUs AeMOHCTPUPYET
IIPaKTUYECKU WJieaTbHbIe IPOrHO3BI, YTO BO3MOXKHO B CJIydae IepeBbeB pelleHNH
C 'paIUEHTHBIM yCHIEHHEM — 3HaYUT, Ballla MOZEJIb, CKOPee BCero, nepeobydyeHa.

Bbl60p HenpaBWIbHOIro NOPOroeoro 3HaYeHua AnA NpUHATUA pellueHus

BoJTbIIMHCTBO MoOZiened KjaacCUPUKAIUU BBIJAIOT HE METKY, a BEPOATHOCTD
MIPUHA/JIEXXHOCTU K IMOJIOXKUTETbHOMY Kiaccy. Kak BBl TOMHUTeE, A CTyZAEeHTa
co cpegHuM 6ayutoM 2,0 IIaHC MOJYYUTh IMPUIJIANIIEHe Ha CTaXKUPOBKY COCTaB-
J511 4%, a 1S cTyZieHTa co cpeHuM bayuiom 3,0 — 41%. OgHaKo Ha OCHOBE 3TOU
nHOpMAaIIKU Helb3s HUYEro cZieiaTh 0 TeX Mop, MoKa He 6yZeT chopMyaupoBa-
HO pelliatoliiee mpaBUio.

VIMEHHO 3/1eCh B UTPY BCTYIIaeTe Bbl. BEIOOD MOPOTOBOTO 3HAYEHHSI BEPOSTHO-
CTH /IS BBITIOJTHEHUS OKOHYATEThHOU KiIacCupUKAIIMU — 3TO pelleHue, KOTOPOe
JIOJDKEeH TIPUHATH YeJloBeK, a He MallnHa. MHoTue IporpaMMHbIe ITaKeThl B Kave-
CTBe TaKOTO 3HAYEHUS TI0 yMOIYaHuio BeioupatoT 0,5 mau 50%. OgHako 3To 3Ha-
yeHUe He 003aTeTbHO COOTBETCTBYET OCOOEHHOCTSM CTOSAIIEH Tepes BaMU TIPO-
GIEMBL.

He cTOUT OTHOCHUTBCS K €ro BEIOOPY JIETKOMBICJIEHHO. [I7I1 MoZiesiu, KoTopast
ompeziesisieT, KOMY CTOUT OTIIPABUTh IO MTOYTE MPEAIOKeHUE KPEAUTHON KapThl,
MOXKHO 33/IaTh HU3KOE IIOPOTOBOE 3HAaYeHUe (Cy/Is 110 HAIIIMM ITOYTOBBIM AIIUKAM,
TaK M MPOMCXOJUT), TOTZAa KaK Mo/esib, OlleHUBAoIasi IIpeTeH/IeHTOB Ha Ipo-
XOX/IeHHEe JIOPOTOCTOSAINero JieueHUsA, MOXXeT MMeTh BBICOKOe 3HaueHUe. Bam

* [Ipr3HaHa SKCTPEMHUCTKOU Ha Tepputropuu PO.
103 TIuTaTa U3 mocTa.
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HEOOXOZIMMO YYUTHIBATh 3T KOMIIPOMUCCHI, KOTOPhIE CHJIBHO 3aBUCAT OT CIIEITH-
¢uku Baleii 6U3HeC-3aa4H.

Tenephb AaBaiiTe TOTOBOPUM O TOYHOCTH B KOHTEKCTE KIacCUpUKAIIUU U O TOM,
YTO MBI BOOOIIE TIOAPA3yMEBAEM I10 STUM CIOBOM.

HenpaBunbHoe NOHMMaHHE TOYHOCTH

[TockosibKy BBl M OCTajbHBle COTPYZHUKYU Balllei KOMIIAaHUM 3aHUMaeTech I10-
CTpOEeHUeM, pa3BepThIBAHUEM U IOAZEepKaHUeM paboThl Mozesell kinaccuprka-
MY, IpefHa3HavYeHHbIX I aBTOMaTH3aluu Npoliecca MPUHATUA pellleHUU, Bbl
ZIOJDKHBI YMETh OLIeHUBATh 3TH MOZEJIH.

Bama nepBas 3asaya — cZies1aTh ay3y ¥ IPOBECTH MHBEHTApU3alUI0 UCTOPU-
4YeCKUX AaHHBIX. Korza BEI IpUCTYyNUTE K pasBepThIBAHUIO CBOEU MOZe/IH, BaM II0-
Hago6UTCA 3aZ]aTh KPUTEPUIA AJIS €€ OLIEHKH, TO €CTh CO3/IaTh «CPEACTBO KOHTPO-
Jis1». V1 9TO HEO6XOAMMO CAeNaTh i 000 MoZeny KiaccudUuKauu, KOTOPYIo
co3ZaeTe BB WK BAIllU CIEIMAIKCTEI 10 paboTe ¢ JaHHBIMU. B cirydae 6uHapHOH
KJIacCUPUKALIUY I STOTO JOCTATOYHO OIPEZIeTUTD JOJII0 Kiiacca OOMBIINMHCTBA
B Habope ZaHHBIX. B Habope ZaHHBIX O CTAXKepax 3TUM KaaccoM ObL1 «HeT», Tak
kKak 60% KaHAWAATOB He TIOJYUWIN TIPEJJIOKEHUA TPOUTU CTAXKUPOBKY (a 40%
TIOJTYIVIIN) .

Terneps npeAnonaOkKUM, UTO KTO-TO U3 Balllelt KoMaH/bl TpuMeHseT XGBoost
(anropUTM TpaZIMeHTHOTO YCUIEHUs JepeBbeB pellleHuit) k 80% maHHBIX (06-
yJaromuii Habop), U MoZeb KiaccupUKaIuy NpeicKa3blBaeT BEPHbIE Pe3yIbTa-
ThI B 60% citydaeB Ha ocTaBiuxcs 20% AaHHBIX (TecTOBbIM Habop). [TOCKOIBKY
aTo 6osblne, yeM 50/50, TaKOW pe3y/IbTaT MOXKET IMOKa3aThCs BaM BIIOJTHE XOPO-
MM, TaK KaK B ZIOJITOCPOYHON TIEPCIEKTUBE 3Ta MOZENb obelaeT paboTaTh Jyd-
Ille, YeM MoAOpachIBaHUE MOHETHI.

OzHako Ha caMOM Jiejie 3TO YKa3bIBaeT Ha TO, YTO IIPU3HAKY B BamieM Habope
JIAHHBIX HUKaK He CBA3aHBI C BEIXOAHBIMU ITapaMeTpaMu. Kak B 3ToM MOXKHO ybe-
authesa? Hy, eciu 661 BBl 00paTWINCh K CBOEMY UCXOAHOMY HabOpY JaHHBIX, ITOJI-
HOCTBIO IPOMTHOPUPOBAIU BXOAHBIE ITapaMeTpPhl U MONBITAINUCh IPOCTO yraZaTh
KJIacc OOJBITMHCTBA AJI KaXKJ0T0 porHo3a («HeT»), To Bl OKa3zaiuch 66 TpaBbl
B 60% ciydaeB! Tak uto anroputm XGBoost HU4eM BaM He TOMOT. MeTpuKa To4-
Hoctu 60% B KaKOM-TO HETOYHA, IIOCKOJbKY He IIPeBbIIIaeT KOHTPOJIbHBIN MTOKa-
3aTesb.

[TogymaiiTe 0 COGBITHAX, KOTOPbIE CIYIAIOTCS HedacTo. Hampumep, pekiam-
Hoe oObsABNIEHNE B MIHTepHeTe MOXKET OBITh ITOKA3aHO THICIYAM II0JIb30BaTeNeH,



210 OCBOWTE HABOP MHCTPYMEHTOB [IATA-CAUEHTUCTA

HO JIUIIb HECKOJIBKO YeJIOBEK KJIUKHYT 110 HeMy. MbI O6bI Ha3BaIu 3TU AaHHBIE He-
cbasaHCUPOBAaHHBIMH, TIOCKOJIBKY CIUIITKOM OOJIBINYIO ZI0/T0 06ydatolero Habopa
COCTaBJIAIOT OO'BEKTHI OJHOTO Kjiacca (GOJBIMHCTBO MOMb30BaTeNeH «He IeTKHY-
J» 110 06bsABMeHHI0). Ectu, HanpuMep, 99,5% Jioziell He IIeNKaloT 1Mo 00bIBIe-
HUIO, TO IIPOTHO3 IO YMOJYaHUIO, TOBOPSIIUI O TOM, YTO HUKTO HUKOT/A TI0 HEMY
He IIIeJIKHET, OKaXXeTCs BEPHBIM B 99,5% ciryyaes.

[To 3To¥ MpUYMHE BaM He CJIeAyeT OIeHUBATh MPOU3BOJUTENHHOCTD aJTOPUT-
Ma MalIMHHOTO 00y4YeHUs UCKIIOYUTENbHO M0 KPUTEPHIO TOYHOCTH. ['opaszo 60-
siee 3pdEeKTUBHBIN CIIOCO0 OLIEHKU MOZAETH KaacCUPpUKAIMU — KCITOIb30BaHue
MaTpPHIIbI OUTHOOK.

Matpuubi owméok

Marpuiia omuboK — 3TO COCO6 BU3yalIU3allMU PE3YIbTaTOB MOJENU KJIaCCH-
¢buKaMy U onpezieJIEHHOTO TOpoTa MPUHATHA pellleHuii. [IpeAcTaBbTe, YTO MO-
JieNib, TIOCTPOEeHHAs HAa OCHOBEe aJIrOpUTMa CIy4alHoro Jeca, OpUa obOydeHa
Ha 80% gaHHBIX O cTaxepax (240 xaHAMAATOB) U IPOTECTUPOBaHa Ha OCTaB-
muxed 20% gaHHbIX (60 kKaHAWAATOB) C LIeJIbI0 UMUTALIMY IIpoliecca ee MCIIOb-
30BaHUsA B peaJibHOM Mupe. MaTpuna omubox, npuBeieHHas B Tabn. 10.3, zge-
MOHCTPHUPYET pe3y/bTaThl, II0JIy4eHHble IPYU UCIIONIb30BaHNHU [1I0pOra OTCeueHU
o yMosr4aHuio, pasaoro 0,5. O6paTuTe BHUMaHUe Ha TO, YTO CyMMa BCeX 3Ha-
yeHUH cocTaisieT 60, YTO COOTBETCTBYET KOJMYECTBY HAOMIOAEHUI B TECTOBOM
Habope. B 3To# BEIGOPKe 23 KaHANWATA MOMYUWIHN IPUIIALIeHNEe Ha CTAXKUPOBKY,
a 37 — HeT. HaCKOJIBKO XOPOIIO JITOPUTM CIIPABIIICS C KJIacCUPUKALMEH 3TUX
JaHHBIX?

MaTpuiia oumboK MpeAoCTaBIsIeT HECKOIbKO KPUTEPUEB /IS OIIEHKU TTPOU3-
BOZAUTENBHOCTH Mozenu. OOBIYHAST TOYHOCTh — JTO BCETO JIUIIb OAWH U3 HUX.

TouHocTh = [IpolleHT BepHBIX POrHO30B = (36 + 19)/60 = 91,6%

OJHAKO TOYHOCTb — 3TO HE TO, HA YEM BaM CTOUT COCPEAOTOYMBATH BHUMA-
HUe, 0COOEHHO YYUTHIBAs €€ YI3BUMOCTD K IpobieMe HecOaaHCUPOBaHHbIX JJaH-
HBIX. B GOJIBIIMHCTBE CJIy4aeB Bac, CKOpee BCero, OyeT BOJIHOBATh TO, HACKOJIBKO
XOPOIIIO Balll aJITOPUTM MPEACKA3bIBAET UCTUHHO MOJIOKUTENbHbIE I UCTHHHO OT-
pullaTeNbHbIE 3HaUYeHUs. J[pyriMu CIOBaMU, HAXOAUT JIU KJIacCUUKATOP Te CIIy-
Yau, KOTOPBIE IOMKEH HAXOAUTh (MCTUHHBIE TIONOKUTEbHBIE), U UTHOPUPYET U
Te HabJIIOIeHNsA, KOTOPbIe IOJDKEH UTHOPHUPOBATh (MCTUHHO OTPULIATETbHBIE)?
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Ta6n. 10.3. MaTpuua own6oK ANs NPOrHO30B MOAENM KnaccudukaLum ¢ noporom otcedeHus 0,5

dakTHYecKue 3HaUYeHUs

Ila Het
Ja 19 1
[IpenckasaHHble 3HaYE€HUA
Her 4 36

Zl0JIsI MICTUHHO OJIOKUTEBbHBIX PE3Y/IbTATOB (OHA Ke «1yBCTBUTENBbHOCTh»
win «OT3BIBYNBOCTh») = KoMnuecTBO coucKaTesel, MpUIJIallleHHbIX Ha CTa-
YKUPOBKY, JleJIEHHOE Ha KOJTMYECTBO COMCKATeNEH, KOTOPhIe I0JKHBI OBUTH T10-
JIy9UTh Takoe npumiamenve = 19/(19 + 4) = 83%. Bam Hy>XHO, 4TOOBI 3TO
3HaYeHKe OBIO MaKCUMaJIbHO 613Ko K 100%.

Jloyi UCTUHHO OTpULIaTebHbIX pe3yabraToB («CrenuduyHocTs») = Komu-
YeCTBO COMCKaTeNel, KOTOPhIM OBUIO OTKAa3aHO B IIPUIVIAIIEHUH Ha cobece/o-
BaHUe, /ieIeHHOe Ha KOJIMYECTBO COUMCKATENeH, KOTOPHIM JOJIKHO ObLIO OBITh
B HeM OTKaszaHo = 36/(36 + 1) = 97%. DTo 3HaueHNe TaKXKe JODKHO OBITh
MaKCHMaJIbHO 6/113K0 K 100%.

HammoMHMM, 9TO /JIs CO3JaHUA MAaTPHUIIBI OUIHOOK [T0 YMOJIYaHHUIO, KaK IIpa-
BWJIO, HCITOJIb3yeTcs mopor orcedenusa 0,5. Eciu GbI MbI YBEIUYUIN TO 3HA-
yenwue 10 0,75, TO /IS TOyYeHUs IPUITIANIeHNs] COMCKATENb JOIKEH ObLI GBI
COOTBETCTBOBATh 6Ojiee CTPOrMM KpUTepuaAM. HoBas maTpuiia IoKasaHa
B Tabi. 10.4.

O6paTuTe BHUMaHNe, KaK N3MEHWIKCH IIOKA3aTe IH.

Zl0JI1 HCTUHHO MOJIOKUTEJIbHBIX pe3yJbTaToB = KonndecTBO couckaresel,
MIpUIVIALIEHHBIX Ha CTAXKUPOBKY, ZleJIEeHHOe Ha KOJUYeCTBO COMCKaTeslel, Ko-
TOpBIE ZOJDKHBI ObLTH IOMYIUTh Takoe mpumiamenue = 12/(12 + 11) = 52%.
Jloyi1 MCTUHHO OTpUIlaTeJbHBIX pe3yabTaTOB = KosindecTBO couckare-
Jiel, KOTOPBIM OBUIO OTKa3aHO B IIpUIVIallleHUU Ha cobecejoBaHue, /leleHHOe
Ha KOJINYECTBO COMCKATeNEH, KOTOPBIM JOIXKHO ObLIO OBITh B HEM OTKa3aHO =
37/37 = 100%.

YBennueHue IIOpPOroBOT0 3HAYE€HHA IMPHUBEJIO K YMEHbIIECHUIO AOJIN UCTHUH-
HO ITOJIOXXKHUTEJIbHBIX PE3YJbTaTOB, YTO, B CBOIO O4YE€pE€Ab, YBEIUYNIO JOJIO HC-
THUHHO OTPpHUIATE/IbHBIX PE3YJ/IbTATOB. Bosee BBICOKUI IIOPOT IIO3BOJIAET OTCEATDH
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HEeINOAXOAIMX KaHANJATOB, HO 3a 3TO IIPUXOJUTCA 3aIUIaTUTh OTCEBOM HECKOJIb-
KUX TMOJXOAAIINX KaHIUJATOB.

MbI XOTenu NpoAeMOHCTPUPOBATh KOMIIPOMUCC, HA KOTOPBIM IPUXOAUTCA
WJTH TIPU OIpeZieJIeHUU IOpora OTCedeHUs. B KOHEYHOM cueTe BBIOOD MOAXO-
JSIIETO TOPOTOBOT0O 3HaYEHUsS TPeOyeT SKCIEPTHBIX 3HAHUH B IIPEAMETHOM 06-
sactu. Kak IIaBHBIHM 11O JaHHBIM BBI JIOJI’KHBI TIOTPATUTh BpeMs Ha 0O6JyMbIBa-
HUe ITopora oTceyeHus, JIy4llle Bcero IOAXOAAIero JJId pellleHuA CToALIel epe
BaMU 3a/lauH.

Ta6n. 10.4. MaTtpuua owK60K Ans NporHo30B MoAeNM KnaccudukaLum ¢ noporom otcevenus 0,75

dakTuyeckre 3Ha4YEeHUSI

Ila Het
Ja 12 0
IIpenckasaHHble 3HaYE€HUA
Het 11 37

HYTaHHI.la B TepMHUHaX, CBA3aHHbIX C MﬂTpHI.lEI?I OLIH6OK

JloJI1 MCTUHHO IIOJIOKUTEJbHBIX YU UCTUHHO OTpULIaTE/IbHBIX PE3yJjibTa-
TOB — 3TO JaJIEKO HE BCE IMOKa3aTeJr, KOTOPbIE MOKHO IIOJYYHUTH Ha OC-
HOB€ MaTpHUIIbI OIIHOOK.

CTaTUCTUKU U Bpa4u HA3bIBAIOT AOJJI0 MCTUHHO ITOJIOXKHUTEJIBbHBIX peE-
3YJIbTaTOB «9YBCTBUTEJIbHOCTBIO», a CIIEIIUAJIMCTHI I10 pa60Te C IAaHHBIMHA
U MalllTUHHOMY O6Y‘IeHI/IIO — «OT3BIBYUBOCTHIO». B Pa3HbIX obJacTax AJIA
OAHUX U TEX XKE ToKa3arejen HCIIOJIb3YIOTCA pa3Hbl€ TEPMUHBI.

NOABEJEHUE UTOI0B

B 3T0i1 m1aBe MBI O6CYWIN JIOTUCTUIECKYIO PETPECCUIO, IEPEBbs PELIEHMI U aH-
cambiieBble MeTOZBl. KpoMe TOTO, MBI ITOTOBOPUJIM O MHOXXECTBE IIOZBOAHBIX
KaMHeH, ¢ KOTOPBIMU BBl MOJKETE CTOJKHYTBHCS MIPU paboTe ¢ MOAEIIMU KIacCH-
¢dukaruu. B yacTHOCTH, MBI OOCYAMIN TaKUe PacIpOCTPAHEHHbIE JIOBYIIKY Kac-
cudHUKaIum, Kak:



OCBOWTE MOZE/N KJTACCUDUKALIAN 213

— HeIpaBWIBHOE Ollpe/iesieHre TUIla 3aa4u;
— yTeduKa JaHHBIX;

— OTCYTCTBHE pas/ie/ieHUs JaHHbBIX;

— BBIOOD HENPaBWIHHOI'O IOPOTOBOTO 3HAYEHUS /IJIsI IPUHATUSA PEIIeHNUs;
— HeIpaBWIbHOE IOHUMaHMte TOYHOCTH.

J1s TydIero MOHUMAaHUA TOYHOCTH MBI OITUCATINA MaTPUILY OMKUOOK U TO, KaK
ee MOKHO MCIIOIb30BaTh JJIA OLleHKU [IPOM3BOAUTENBHOCTH MoJenu. B cienyto-
el IaBe Mbl IOTOBOPUM O HeCTPYKTYPHUPOBAaHHBIX JaHHBIX M TEKCTOBOH aHa-

JIUTHUKE.
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OcBounTe TEKCTOBYIO aHANIUTUKY

«CTpeMI/ITECb K ycnexy, HO rotoBbTeCb K OBOLLAM»
_ InspireBotm, 60T Ha ocHoBe UCKYCCTBEHHOI0 UHTEJINIEKTa, «npe,qHasHaquHbM AN co3fjaHna
HeorpaHn4yeHHoro Koamn4yectBa yHUKallbHbIX BOOXHOBNIAOWNMX 4UTAT» 104

B HECKOJIbKUX TPEJBIAYIINX [IaBaX Mbl TOBOPIJIU O IAHHBIX B UX TPAJUIIMOH-
HOM MOHUMaHUU. [Ijisi 6OTBIIMHCTBA JI0ell HAbOPHI JaHHBIX TIPEACTABISAIOT
€060t TabJIUIIBI, COCTOSIINE U3 CTPOK U CTOJIOIOB. DTO CTPYKTYPHUPOBAHHBIE JaH-
Hble. OZJHAKO B PeaJIbHOM MUPE OGOJbINAs YaCTh JaHHBIX, C KOTOPbIMU BBl B3aHMO-
ZIefCTByeTe KaXK/Iblii IeHb, SIBIAETCS HECTPYKTYPUPOBAHHOM. DTH JaHHBIE COZAEP-
JKATCS B TEKCTAX, KOTOPhIE BB YUTAETE, B CJIOBAX U MPEJIOKEHUSIX STEKTPOHHBIX
MMCceM, HOBOCTHBIX CTaTel, COOOILIEHHI B COLMAIBHBIX CETSIX, 0030pPOB MPOAYK-
TOB Ha Amazon, ctaTell B «<BUKUTIEZIMM» U KHUTH, KOTOPYIO BHI ZIEPIKUTE B PyKaX.

OTU HECTPYKTYPUPOBAHHbIE TEKCTOBHIE JAHHbBIE TaKXKe MOXXHO MTPOaHaIU3HU-
pOBaTh, HO C HUMH HY)XHO 00paIjaThcsi HECKOJIBKO MHAa4Ye — O YeM MBI U TIOT'OBO-
PHM B 3TOM IaBe.

0)XMJAHUA OT TEKCTOBON AHATIUTUKU

[Ipexxze 4eM yIIyOUTHCA B TEMY, MbI XOTeNIU OBl IIOTOBOPUTH 00 OXKHUJAHUIX
OT TEeKCTOBOI aHaMUTUKU. Ha MpoTAXKeHUM MHOTHUX JIeT 3TOMY BUZAY aHAJIUTUKU
YAEJSIOCh JOCTaTOYHO Oosbiioe BHUMaHue. OHUM U3 CIOCOO0B ee IMpUMeHe-
HUA ABJIAETCA aHAINU3 HACTPOEHUM, MO3BOJIAIONINN ONpe/iesiATh SMOILUU aBTopa

104 CreHepupyiiTe cOOCTBEHHbIE BOXHOBIIAIOIINE IIUTATHI Ha caliTe inspirobot.me.
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MyOJIMKAIUY B COLIMAIBHBIX CETSAX, KOMMEHTAapPHs WIH Kanobbl. OZIHAKO, KaK BhI
YBUAUTE Jiajiee, IPOaHAIU3UPOBATh TEKCT He TaK-TO MpocTo. K KoHIly 3To# ria-
BHI BBI ITIOMIMeTe, II0YeMy HEKOTOpble KOMIIaHUU IIpeycCIeBaloT B UCIOIb30BAHUN
TEKCTOBOM aHAJINTUKY, a IpyTHUe — HET.

MHorue Jrofy yKe NpeACTaBIAIOT, HA YTO CIIOCOOHBI KOMIIBIOTEPHI, aHAH-
3UpYIOIIKe YeJOBeYeCKUH fA3BIK, 6arofapss OrpOMHOMY yCIEXy KOMITbIOTepa
IBM Watson B BukTopuHe Jeopardy! B 2011 roay'®® u 6osiee MO3AHUM AOCTHIKE-
HHUSIM B 06IacTU pa3pabOTKU CHUCTEM paclio3HaBaHWA pevyu (Hampumep, Alexa
oT Amazon, Siri ot Apple u Assistant ot Google). Takue cucTeMBbI epeBo/ia, KaK
Google Translate, ZOCTUI/IN YPOBHS TPOU3BOJUTENBHOCTH, OJIM3KOTO K YeIoBede-
CKOMY, 3a CYET HCIOJIb30BAHUA MAIIMHHOTO 00y4eHUs (B YaCTHOCTH, KOHTPOJIHU-
pyemoro). OTH IPWIOKEHUS 10 IIPABY CIUTAIOTCSI OZHUMHY U3 CAMBIX BBIJAIOIINX-
¢ JOCTYDKEHUH B 001aCTH KOMIIBIOTEPHBIX HayK, TUHTBUCTUKH U MAIIMHHOTO
0b6yJeHwUsI.

VIMEHHO MO3TOMY MPEANPUATHUSI UMEIOT YPE3BBIYAHO OOJbIINE OXUAAHVS,
KOIZla HAUMHAIOT aHAJIM3UPOBATh UMEIOIIKECS Y HUX TEKCTOBbIE JaHHBIE: KOM-
MEHTapuu KJIHEHTOB, Pe3yJbTaThl OMPOCOB, MEJUIMHCKUE 3aMKUCU — JIOO0H
TEKCT, XpaHANuiAca B 6a3ax JaHHbIX. ECIM YK MyTelleCTBEHHUKY MOTYT IIepeBe-
CTH CBOIO peYb Ha OJMH U3 COTHU S3BIKOB 3 ZIOJIO0 CEKYH/IBI, TO U KOMIIaHUs, 6e3-
YCJIOBHO, CMOXKET ITPOAHATU3UPOBATh THICIYN KOMMEHTAPUEB KJINEHTOB, YTOOBI
BBISIBUTDH CaMble HaCylIHbIe TpobieMbl. BepHo?

Hy, moxxeT, u Tax.

TeXHOJIOTMY aHA/IN3a TEKCTA, XOTh U [TO3BOJIAIOT PellaTh MacCIITabHbBIE U CIOXK-
Hble 33/1a4¥, BpozZie TpeoOpa30BaHMs rojIoca B TEKCT M PEYeBOro ITepeBo/a, HO Ja-
CTO He CIPABJAIOTCA C 33/Ja4aMU, KOTOPbIe KaXKyTcs Topas/o OoJiee MPOCTHIMH.
U1 MBI TTO OIBITY 3HAEM, YTO, KOTZIJa KOMIIAHUHU MIPUCTYIIAIOT K aHAIU3y COOCTBEH-
HBIX TEKCTOBBIX JJaHHBIX, UX YaCTO IIOCTUraeT padodyapoBaHue. Kopoue rosops,
AHAIM3UPOBATD TEKCT CIIOXKHEE, YeM MOXKET IT0Ka3aThes. 1 KaK ITIaBHBIH 110 JaH-
HBIM, BBI JIOJDKHBL YIUTHIBATE 3TO NPU GOPMYINPOBAHUN CBOUX OKUJAHUH.

Llenb 3TOM IIaBBl — MPEMOAATh BAM OCHOBBI TEKCTOBOM aHATUTUKU %, KOTO-
pas MO3BOJIIeT U3BJIEKATh IOJIE3HYI0 MHGOPMAIMIO U3 HEOOPAaOOTaHHOTO TEK-
cta. ViMeliTe B BUAY, YTO MBI KOCHEMCS 3TOM pa3BUBAIOIENCA 0OJIACTH JIUIIHh
BCKOJIb3b. OZIHAKO MBI HaZleeMCs, YTO 3TO IIO3BOJUT BaM ITOJYIUTH HEKOTOPOE

105 OTIMYHOE OMHMCaHKe CHCTEMBI BOIIPOCOB-OTBETOB, HCIIOIb3yeMOU KOMIIbIoTepoM Watson, MOX-
Ho Haiitu B kHure: Siegel, E. (2013). Predictive analytics: The power to predict who will click, buy,
lie, or die. John Wiley & Sons.

196 TekcToBas aHAJUTHKA TAK)Ke MHOT/IA Ha3bIBAETCA TEKCT-MAaHHUHTOM.
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IIpe/ICTaB/IeHNe O ee BO3MOXKHOCTAX U IIpobiemax. biarozapsa aToMmy 1o Mepe 1o-
SIBJIEHVSI HOBBIX pa3paboToK B 3TOM 06/1aCTH Bl CyMeeTe MOHATD, YTO U3 HUX MO-
JKET OKa3aThCs MOJIE3HBIM, a 4TO — HeT. Kak u B ciry4ae ¢ Jt06BIM JAPYTUM Ha-
IpaBJeHNeM, yeM OOJbIlle BbI €ro M3ydaeTe, TeM JIydlle MpeACTaBIAETE eTro
BO3MOKHOCTH, a TaK)Xe BhIpabaThIBaeTe HEKOTOPBIN CKENTHUIIM3M, BIIOJIHE MPU-
JINYECTBYIOUIUH [JIABHOMY I10 JaHHBIM.

B ciexgyromux paszenax Mbl TOTOBOPUM O TOM, KaK OOGHAPYKUTh CTPYKTYPY
B HECTPYKTYPHUPOBAHHBIX TEKCTOBBIX JaHHBIX, KAKOMY aHaIu3y BBl MOXeTe UX
[I0ZBEprHyTh, a 3aTeM BepHEMCA K BOIIPOCY O TOM, IIoueMy KpylHelIye TexHo-
JIOTUYECKHe KOMIIAHUU MOTYT JOOUThCA HayIHO-GaHTACTUIECKOTO Iporpecca
B aHaJIM3e CBOUX TeKCTOBBIX JJAHHBIX, B TO BpeMs KaK OCTaJIbHbIe MOI'YT UCIIBITHI-
BaThb C 3TUM TPYZAHOCTH.

KAK TEKCT NPEBPALLLAETCA B YUCJIA

YuTas TEKCT, JIIOAY TIOHUMAIOT HaCTPOEHUE, CAPKa3M, HAMEKH, HIOAHChI U CMBICIL.
VHorzIa 3TO Zja’ke HEBO3MOXKHO OOBSICHUTD: CTUXOTBOPEHUE BhI3BIBAET B MAMATH
BOCITOMMHAHWE, IIIyTKA 3aCTaBJSIET CMESIThC.

Tak 4TO COBCEM HE YAUBUTEIBHO, YTO KOMITBIOTED HE TIOHMMAET CMBIC/IA TaK Ke,
KaK 3TO /leJlaeT YeoBeK. KOMIbIOTepPHI MOTYT JIUIIb «BU/ETh» U «CIUTHIBATE» UKC-
Jia. YToOBI MPOaHATU3UPOBATh MAaCCy HECTPYKTYPUPOBAHHBIX TEKCTOBBIX JaHHBIX,
MX He0OX0AMMO CHavasa mpeobpa3oBaTh B YKMC/IA U yKe 3HAKOMBIE BaM CTPYKTYPH-
pOBaHHbIe HA6OPHI JaHHBIX. DTO IPe0OpPa30BaHNEe HECTPYKTYPUPOBAHHOTO U 3a-
IMyTaHHOTO TEKCTa, coZiepaiiero opporpadprudeckre ommOKY, CJIEHT, CMAMINKU
Wi abbpeBUATYPEI, B aKKypaTHBIN CTPYKTYPUPOBAHHBIN HAOOP JaHHBIX U3 CTPOK
U CTONOI[0B MOXKET ObITh BeChMa CYOBEKTUBHBIM U TPYZOEMKHUM IIpoiieccoM. Cre-
JIaTh 3TO MOXKHO HECKOJIbKUMU CIIOCO6AaMU; TPU U3 HUX MBI PACCMOTPUM [JaJiee.

Bonbluoit MeLoK cnos

CaMbIii TIpOCTO# ctocob Mmpeobpa3oBaHusI TEKCTa B YMC/Ia MPEeATIoIaraeT co3aa-
HHe MO/JIeIU «MelllIKa CJI0B», KOTOpasd UTHOPUPYET MOPAZOK CJIOB U 'PaMMAaTHKYy.
B pesysnbraTe dpaza «ITo NpeIoKeHUE ABIAETCI 0YEHD OONBITUM MEIIKOM CJIOB»
npeobpasyercs B HA6Op, Ha3bIBa€MBIN JOKYMEHTOM, B KOTOPOM KaXKJj0€ CJIOBO
SBJIAETCSA UAEHTUPUKATOPOM, a KOJTHMIECTBO CJIOB — MPU3HAKOM. [TopsAz0oK C/IOB
He UMeeT 3HaYeHMUs, TI03TOMY MBI COPTHUPYEM COAEPKUMOE MeIlKa o andaBUTy:
{6ombiM: 1, MerikoM: 1, oyeHb: 1, mpegyioxkenue: 1, cioB: 1, ato: 1, apagercs: 1}.
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KpaTko 06 o6nakax cnos

[Ipex/e YeM ABUTAThCA AaJblile, JaBaliTe MIOrOBOPHUM 06 obJIakax CJIOB; 3TO
MIEPBOE, C YEM CTATKUBAIOTCS JIFOAM, HHTEPECYIOIINECS TEKCTOBOM aHa M-
THKOM. O6JIaKO CJIOB — 3TO IMPOCTOE BU3yalbHOE MPeJCTaBlIeHNEe, B KOTO-
POM pasMep CJI0BA 3aBUCHUT OT YaCTOTHI, C KOTOPOI OHO BCTPEYAETCs B CJIO-
Bape. O6J1aKo CJIOB U3 TEKCTA JaHHOM IVIaBHI MOKa3aHo Ha puc. 11.1197,

KOMNaHuy {BepOﬂTHOCTM

C
somuwon[ LA HH D e
c AP,

~DOCW

NOHILMAUL, HaVEHbIiA

AT ,!O S
Ha3bIBaeTCﬂ uaTa 4,@
pe npnmep

YNCJ1a
aHa/l l/ITl/IKa

Puc. 11.1. 06naKo cnoB 13 TeKCTa JJaHHOM rNaBbl

Bam yzamoch U3BIeYb KaKyr0-HUOYAb MOIE3HYI0 MHGOPMAITUIO 13 prc. 11.1?
BeposaTHO, HeT. MBI TOHUMAaeM, YTO obIaKa CJI0OB — OTIUYHBIN MapKETUH-
TOBBIM MaTepwaj, HO Mbl He UX GaHATH U HE PEKOMEHJYEM X HCIIOJb-
30BaTh Jake B KaueCTBe MHCTPYMEHTAa BU3yalIu3aliy, [IOCKOJIbKY aHalIu-
3UpOBaTh YaCTOTY BCTPEYAEMOCTH CJIOBAa B TEKCTE IO pa3Mepy mpudra
ropaszio CJIOXKHEE, YEM TIO AJHUHE CTOJOWKA THCTOTPAMMEBL.

107 O61aK0 CJIOB CO3JaHO C IMoMoInbio caiita wordclouds.com.
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Kakapiit npeHTHOUKAaTOp Ha3bIBaeTCsa TOKeHOM. Habop TOKEHOB U3 BCEX [I0-
KyMEHTOB — CJIOBApeM.

Pa3zymMmeeTcsi, Ballu TEKCTOBBIE JaHHBIE OYAYT COZepKaTh HE OAUH JOKYMEHT,
MIO3TOMY MEIIOK CJIOB MOXXET CTaTh OYeHb 6osbinM. Kaxkzoe yHUKaIbHOE CII0BO
Y BapHaHT HaIVCAHUSA CTAHET HOBBIM TOKEHOM. BOT Kak OyzeT BhIIVIAAETh TabIu-
11a, B KQXK/I0M CTPOKE KOTOPOH COZEPKUTCSA MpeaioskeHre (KOMMEHTapHi, OT3bIB
O IIPOJYKTE U TaK Jajee).

Jlns1 Heo6paboTaHHOTO TEKCTA:

— DTO IpeAIoXKEHNE SBJISIETCA OUY€Hb OOIBITUM MEIIKOM CJIOB.
— DTO ABJsIETCS OOMBIIUM MEIIKOM C IPOAYKTAMU.
— OTO mpejjioKeHre COCTOUT U3 IBYX CJIOB.

Meliiok cjioB 6yZIeT BRIIIIZIETh TaK, KaK MoKa3aHo B Tabi. 11.1, rie TOYKH JaH-
HBIX — KOJIMYeCTBO TOT'O WIN MHOTO CJI0BA B MIPeJIOKEHUH.

[nazas Ha Tabs. 11.1, Ha3bIBaeMyl0 MaTpUIlEH «IOKYMEHT — TePMUH» (OZNH
JOKYMEHT B CTPOKE, OIMH TEPMUH B CTOJIOIIE), CTAHOBUTCS ITOHATHO, YTO 6a30Bast
TEKCTOBas aHAJWTHKA MOXET CBOAUTHCA K IIOZCUETYy KOJUYecTBa IIOBTOPEHUN
KaXKZI0TO M3 CJIOB (camoe TIOMy/ISAPHOE CJI0BO — «3TO») M OINPEeJEIEHUIO TIPEJIO-
YKeHUs, coZleprKalllero MaKCHMaabHOE KOJIMYECTBO TOKEHOB (ITepBoe IpeJioKe-
Hue). XOTsA NpUBEAEHHBIA MPUMeDP He 0COOEHHO MHTEPECEH, UMEHHO TaK Paccyuu-
ThIBaeTcst 6a30Bast CBOAHAS CTATHUCTUKA JJIST JOKYMEHTOB.

Ckxopee Bcero, Bbl TaKkKe 3aMETHJIM HEKOTOpble HeZocTaTKu B Tabm. 11.1
(u B obsake cioB!). [To Mepe 06aBIeHN HOBBIX JOKYMEHTOB KOJTMYECTBO CTOJIO-
1I0B B Tabuuile OyZeT YBeIUYUBAThCSA, IIOCKOJIBKY BaM MPUAETCs A00aBIATh HO-
BBIH cTOJIOEI A1 KayKJOT0 HOBOTO TOKeHa. KpoMme Toro, B pe3yabraTe 3TOro Tab-
JINTIA CTaHEeT Pa3peXKeHHOM, TO eCTh 3aMOJTHEHHON HYMAMU, TIOTOMY YTO KaXKZ0e
OTZEbHOE TPeAJIOKeHNEe OyIeT CoZiepsKaTh JIUIIb HECKOJIBKO CJIOB M3 CIOBaps.

CTaHZapTHHIN CIIOCOO pelleHUs 3TOM IPOoOIeMbl — YAAIUThb TaKue CI0Ba-
3allOJIHUTEJIU, KaK «HU», «HO», «4TO», «WJIHN», «3TO» U TaK Jajie€, KOTOpbl€e CaMU
o cebe He 06aBAIOT CMBICTIA. DTO TaK Ha3bIBaeMble CTOI-C/I0BA. TakKe TIPUHSA-
TO yZIAJIATh 3HAKU MPEeNUHAHUS U ITU(PBI, TpeoOpa3oBhIBATh BCE CUMBOJIBI B HIK-
HUU PErUCTP U IPUMEHATh CTEMMUHT, TO €CTh 0TOpachiBaTh CYGPUKCH 1 OKOHYA-
HU CJIOB, YTO [TO3BOJIAET COIIOCTABJATh TAKHE CJI0BA, KAK MPOAYKTHI U IPOAYKTOB,
C OTHOU U TOU YK€ OCHOBOU «IIPOAYKT-», & CJIOBA YUTATh, YNTAIO, YUTAET — C OC-
HOBOU «4mTa-». bojiee MPOABUHYTHIM aHAJIOT CTEMMHUHTA — TaK Ha3bIBaeMas
JleMMaTU3a11s, KOTopas M03BOJIsIET COTIOCTABJATD CJIOBA «XOPOUINM», «Iydlles,
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«JIY4IIUi» CO CIOBOM «XOPOILIHii». B 3TOM cMBIC/Ie JeMMaTU3alua «yMHee» CTeM-
MWHTa, HO 3aHUMAaeT ropaszo 60JIbllle BpeMeHH.

[Tomo6HbIE KOPPEKTUPOBKY TIO3BOJISIIOT 3HAYUTENBHO YMEHBIIUTD Pa3Mep CJIO-
BapA U yIPOCTUTH Ipoljecc aHanu3a. Ha puc. 11.2 mokasaHo, Kak 3TOT Ipoliecc
BBIVIAZUT /I OAHOTO IIPEJIOKEHUS.

I'napga Ha puc. 11.2, cTaHOBUTCA ITOHATHO, B 4YEM CJIOKHOCTh aHa/IU3a TEKCTa.
TTportecc mpeobpa3oBaHus TEKCTA B YKCIA OTGIIETPOBA SMOLIMOHAIBHYIO COCTaB-
JIAOIYI0, KOHTEKCT U MOPAZOK CJIOB. EC/i BaM KakeTcd, 4To 3TO IOBIUAET Ha pe-
3YJIBTAThI JIFOOOTO TIOCIEAYIONIETO aHaIM3a, TO BbI IPaBhL. U B JaHHOM CJIydae HaM
ellle TIOBE3JI0, UTO B TEKCTE OTCYTCTBYIOT opdorpadudeckue OMUOKU, IPEACTAB-
JIIOIIVE IOTIOTHUTENbHYIO TIPOOIeMy [ CIIELIUAIHUCTOB 10 paboTe C JaHHBIMU.

MNpeo6pa3oBaHue TeKcTa B YnCNa JTanbl 06paboTKM TeKcTa

Bbl yuTaeTe KopoTKoe, npocToe npeanoxexue u3 10 cnos! MpeobpasoBaHne CUMBOJIOB B HUXHUI
perucTp, yaaneHue 3HaKoB MyHKTyaLuu
Bbl YMTaETe KOPOTKOE NpocToe npeanoxenue u3 10 cnos
YnaneHue cTon-cnoB u yncen
yuTaeTe KOPOTKOE NPOCTOE NMPeAIoXeHHe COB

HaxoxaeHue 0CHOB CNnoB

4nTa KOPOTK NPOCT NPeAsIoXeH CoB
p P pea [MopcyeT TOKeHOB

KopoTK: 1, npegnioxeH: 1, npocT: 1, cnos.: 1, yuta: 1 WToroBblii peaynbTar

Puc. 11.2. Mpeobpa3oBaHue TeKCTa B MELLOK C/OB

Vcnonb3oBaHKME METOZA «MelIKa CIOB», JOCTYITHOTO B CBOOOZHOM ITPOrpaMM-
HOM ObecCIeYeHrH U M3y9aeMOTo Ha KypcaX IO TEKCTOBOM aHAJUTHUKE, IIPUBe-
J10 GBI K TIOTyYEeHUIO OANHAKOBOTO Pe3y/IbTaTa IIPU YUCIOBOM KOAUPOBAHUU Clle-
JYIOUIVX ABYX NIpe/JIOKeHNH, HeCMOTPsA Ha OYeBH/HbIEe Pa3jInylsa B UX CMBICIIE:

1. xopAaH JIOOUT XOT-A0TH, HO HEHaBUAUT raMOyprepsi .
2. Jl:xopaH HEHAaBUJUT XOT-ZIOTH, HO JIIOOUT raMmOyprepehl.

JltoZiy TIOHUMAIOT PasHUIY MeXAY STUMU ABYyMs IpeIoKeHUAMH, a MOJesb
«MelIKa cJIoB» — HeT. OZJHaKo He CIeMINTe CIUCHIBATh ee co cueToB. HecMoTps
Ha CBOH MPUMUTUBHBIN IPUHIINII, MELIOK CJIOB MOXKET OKa3aThCsl BECbMa II0JIe3-
HBIM IIpU 00001IeHNY Pa3pO3HEHHBIX TeM, KOTOPhIE Mbl PACCMOTPHM B CJIEAYIO-
IMUX pazjenax.

108 JTrobumoe 6070 )xopaHa — 3TO XOT-ZOT.
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N-rpammbl

Ha npumepe ¢ /XOpAaHOM U €ro JIF0OUMBIMHU XOT-Z0TaMHU JIETKO YBUZETh HEAOCTa-
TOK MeTozia Melka cyioB. dpasa U3 JByX CJIOB «IIOOUT XOT-AOTH» MO CMBICIY MIPO-
THUBOIIOJIOXKHA (pase «HEHABUIUT XOT-AOTH», OAHAKO IIPU HCIIOJIb30BAHUN METO-
[la MeIIKa CJIOB KOHTEKCT U TIOPSAOK CJIOB UTHOPUPYIOTCA. B JaHHOM CiTydae MOTYT
noMo4yb N-rpaMMsbl. N-2pamma — 3TO TIOCIeA0BATENBHOCTD U3 N-CJIOB, TI03TOMY
2-rpamMbl (popManbHO Ha3bIBaeMble bUrpamMmamu) i Gpassl «KopAaH JI06UT
XOT-ZIOTH, HO HEHABUIUT raMOyprepbl» OyayT Takumu: {/l>KopaaH Jro6ut: 1, mroout
XOT-I0TH: 1, HEHaBUAUT raMmOyprepol: 1, HO HEHaBUAUT: 1, XOT-Z0TH, HO: 1}.
JlaHHOe paciIMpeHHe MeTo/a MeIlKa CJIOB J00aBjsgeT KOHTEKCT, HeoOX0AU-
MBI 1 pa3nudeHus ¢ppas U3 OAUHAKOBBIX CJIOB, HO PACIIONIOKEHHBIX B Pa3HOM
mopsizike. TOKeHbI HUTPAMM YacTO Z0OABISIOTCSA B MEIIOK CJIOB, UTO €Ille CHIbHEE
YBEJIMYMBAET pa3Mep U Pa3perKeHHOCTh MATPUILIbI «IOKYMEHT-TepMUH». C Mpak-
TUYECKOM TOYKH 3pEHHs 3TO 03Ha4YaeT He0OXOANMOCTb XPaHUTh OOJBIIYIO (1IIH-
POKYI0) TabJIHUILy, COAEPIKAIIYI0 OTHOCUTENBHO HEOOMBIIONH 06beM UHGOPMATIHH.
Mb1 106aBWIM HECKOJIBKO 6UrpaMm B Tabs. 11.1 u momyywiu tabi. 11.2.
O Towm, creayer v OTGUIBTPOBBIBATE OUTPAMMBI CO CTOMN-CJIOBAMU, BEAYT-

Cs CIIOPBI, TOCKOJIBKY TaKOM MOAXO0/, MOXKET IIPUBECTH K ITOTepPe KOHTEKCTA. B He-
KOTOPBIX IIPOTPaMMax CJIOBA «MOM» UM «Balll» CUUTAIOTCA CTOI-CJIOBAMU, OJHAKO
CMBICJI OUTPAMMHBIX $pa3 «Moe IMpeAIOUYTeHNE» U «Ballle IPeAIIOYTeHNe» IIPU OT-
GpachIBaHUU CTOII-CJIOB MOJHOCTBIO UCYE3a€ET. DTO €ellle OJHO pellleHre, KOTOPOoe
JOJDKHBI IPUHATD BaIllK CIEIMAIUCTHI IIPY aHAJIM3€e TEKCTOBBIX JaHHBIX. (Bepo-
STHO, BBl YK€ HAYMHAeTe TOHUMAaTh, HACKOJIBKO CJIOXKHA TEKCTOBAs aHATUTHKA.)

Ta6n. 11.2. MNononHeHue «MeLuKa cnoB» burpaMmamu. Monyumsluasics B pesynbrate MaTpuua
«[JOKYMEHT-TEPMUH» SIBIIETCS 0YEHb GONbLION
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OzHako Hocjie TaKOH IOATOTOBKY 0600IIeHNe TEKCTa MOXKHO [IPOU3BECTH ITy-
TEM IpoCTOro mnojcyera. Takue Beb6-caiiThl, Kak Tripadvisor.com, MpUMeHSIOT
3TH MOZAXOABI U IPEZIOCTABIIAIOT II0Ib30BATENIAM BO3MOXKHOCTD OBICTPO HAXOAUTh
OT3BIBHI 10 YaCcTO YIIOMHUHAEMBIM cJI0BaM wiu ¢pasam. Hampumep, Ha caiiTe Ba-
1Iero MeCTHOIO CTeHK-Xxayca cpefy Ipe/jaraeMbIX MOMCKOBBIX 3aIIPOCOB BBl MO-
JKeTe BCTPETUTh TaKue OUrPaMMEBL, KaK «3alleYeHHBIN KapTodeab» WIH «H/ealb-
HO TIPUTOTOBJIEHHBI».

BekTopHOe NpeAcTaBneHue CNOB

C TOMOIIbI0 MeTOZa MellKa ¢IoB ¥ N-rpaMM MO)XHO OOHapy»KUTh CXO/JCTBA Me-
XKy AOKyMeHTaMHu. ECIM HECKOJBKO JOKYMEHTOB COZIEPXKAT MOXOXKUE HabOPHI
cJI0B v N-TpaMM, BBl MOKETE MPEATIONOXHUTD, YTO MPEAJIOKEHUA CBI3aHbI Me-
KAy coboil (B pasyMHBIX IpeZiesiax, KOHEYHO: TIOMHUTE O JI0OBU/HEHABUCTH
IbxopzaHa K XOoT-foraMm). B aToM ciryyae CTPOKU B MaTpPUIIE «IOKYMEHT-TEPMUH»
OYyT YUCJIEHHO TTOXOXU.

Ho kak MOXXHO YHCJIEHHO OIPEAENUTDb TO, KAKHEe CJIOBa B CJIOBApe — He JIOKY-
MEHTHI, 2 UMEHHO CJIOBa — CBsI3aHBI MEXK/Y cOO0Ii?

B 2013 roay xommanus Google mpoaHanusupoBasa MHWLTHAPABL TIap CJIOB
(mBa cyoOBa, HAXOAAIIUXCS B HETIOCPEACTBEHHOM GJIM30CTH PYT OT ApyTra B IpeJ-
JIO)KEHWH) B CBOEH OrpoMHON 6a3e aHHBIX cratedl Google News!?. TTpoaHnanu-
3UPOBaB YacTOTY BCTPeYaeMOCTH Iap CJIOB, — HampuMmep, (BKycHas, TOBAIWHA)
U (BKyCcHasi, CBMHUHA) BCTPEYaIMCh Jalle, 4yeM (BKycHas, KOpoBa) U (BKycHasd,
CBUHbBS), — CIIENHATUCThI KOMIIAHUM CMOTJIM CT€HEPUPOBATh TaK Ha3bIBaeMoe
BEKTOPHOE IIPEe/ICTaBJIeHUE CJIOB, TO €CTh IPE/CTaBJIeHNE CJIOB B BU/E CITHCKA YH-
ces (W BeKTOPOB). Ecik citoBa «roBAAMHAa» U «CBUHUHA» YaCTO COMTPOBOXKAAIOT-
s CJIOBOM «BKYCHasi», TO MaTeEMaTUIECKH OHU OYAyT IIpeACcTaBIeHbl KaK IIOX0XKUE
B TOM 3JIEMEHTE BEKTOpa, KOTOPHIN CBSI3aH C BeIlaMU, OOBIYHO OMKMCHIBAEMBIMU
KaK «BKYCHBIE», TO €CTh C TEM, YTO MBI, JIFO/IU, HA3bIBAEM €/I0H.

YTo6BI 06BSCHUTD, KaK 3TO paboTaeT, MbI 6yZieM HCII0Jb30BaTh HEOGOJIBIIIOE KO-
JINYeCTBO map cyoB (kommaHus Google vcmonb3oBasa MULIHapAbl). [IpeacTaBh-
T€, YTO IIPU IIPOCMOTPE CTAaTbU B MECTHOU Ta3eTe Mbl 0OHAPYKUBAEM CJIEAYIOIINE
mapsl cjoB: (BKycHas, roBsfinHa), (BKycHBIH, canaT), (kopM, KopoBa), (roBaau-
Ha, KopoBa), (CBUHbA, CBUHUHA), (CBUHMHA, canar), (cajiatT, roBsziuHa), (ecTs,

199 Bosee moapo6Hoe omnucanue mozenr Word2vec MOXKHO HalTH B miaBe 11 3aMevaTebHOM KHU-
ru: Mitchell, M. (2019). Artificial intelligence: A guide for thinking humans. Penguin UK.
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CBHMHWHA), (KOpoBa, pepma) U Tak fgasnee. (IIpuaymaiiTe elne HECKOIBKO Map CIOB
110 aHasoruu.) Kaxxzjoe cjoBo nomnaziaeT B CJI0Baph: {TOBAANHA, KOPOBA, BKYCHBIH,
dbepMma, KOpM, CBUHbsI, CBUHMHA, caiaT } .

CJI0BO «KOpOBa», HAIIPUMED, MOXKET OBITh IIPE/ICTABIEHO B BU/IE BEKTOPA, JJIH-
Ha KOTOPOT'O COOTBETCTBYET JJIMHE IIPUBE/IEHHOTO BhIlIE CI0Baps, CO 3Ha4eHU-
eM 1 Ha MecTe c/IoBa «KOpPOBa» U 3HauyeHHeM 0 Ha MecTe BCeX OCTAJbHBIX CJIOB:
(0,1,0,0,0, 0, 0,0). 3TOT BEKTOp MpeAcTaBIAeT OO0 BXOJHbIE AaHHBIE /IS
aNropyuTMa KOHTPOJIUPYEMOIO OOYYEeHUsS U COIIOCTABJSETCS C COOTBETCTBYIO-
LIMM BBIXOZHBIM BEKTOPOM (ZJIMHA KOTOPOI'O TaK)Xe COOTBETCTBYeT JJIMHE CJI0Ba-
p1). B HeM cozeprkarcsa BepOATHOCTH MOABIEHUA APYTHX CJIOB U3 CIOBaps PALOM
C BXOZHBIM CJIOBOM. TakuM 06pa3oM, BXOZHOMY CJIOBY «KOPOBa» MOXXET COOTBET-
cTBOBaTh BeIXOAHOM BekTop (0,3, 0, 0, 0,5, 0,1, 0,1, 0, 0), roBOpAIINIL O TOM, YTO
CJIOBO «KOPOBAa» COIIPOBOX/AAJIOCh CIOBOM «roBsfrHa» B 30% ciy4aes, CJIOBOM
«pepma» — B 50% ciaydaeB, a CIOBAMH «KOPM» U «CBUHbSI» — B 10% ciy4daes.

Kak u mpu peleHuu 10601 Apyrod 3ajjaqvl KOHTPOJHUPYEMOTO OOydYeHus,
MOZiesib IIBITaeTcs KaK MOXKHO JIy4llle COIIOCTaBUTh BXOJHbIE JaHHBIE (ClIOoBa-
BEKTOPHBI) C BBIXOAHBIMU (BekTOpaMu BeposiTHOcTell). Toabko B JaHHOM cilydae
Hac UHTepeCyeT He caMa MOJeJTb, a CTeHepHUpPOBaHHasA €10 TabIuIla YKiCe, JeEMOH-
cTpuUpyloLas To, KaK KaXzoe U3 CJIOB B CJIOBape CBA3aHO CO BCEMU OCTa/bHBI-
MU CJIOBaMHU. OTO U eCThb BEeKTOpPHOE IIpe/icTaBIeHre CJI0B, KOTOpOe MOKHO pac-
cMaTpuBaTh KaK 4UCIOBOE IIpe/iCTaBleHHe CI0Ba, KOAUPYIOIIee ero «CMBIC».
B Tabs. 11.3 moka3aHbl HEKOTOPBIE CJIOBA M3 HAIIEro CI0Baps HapsAy C UX Bek-
TOPHBIM IIpeZcTaBieHreM. CI0BO «KOpOBa», HAIpUMep, B IaHHOM CJIydae 3aIu-
caHO B Buie TpexMepHoro Bekrtopa (1,0, 0,1, 1,0). PaHbllle OHO GBUIO 3aMMCAHO
B Bu/Zle 6oJjiee AJTMHHOTO U paspeskeHHoro Bextopa (0, 1, 0, 0, 0, 0, 0, 0).

Ta6bn. 11.3. MNpegcTaBneHue cNoB B BUfE BEKTOPOB

CnoBo N3mepenue 1 HN3mepenue 2 HN3mepenue 3
Koposa 1,0 0,1 1,0
T'oBaauHa 0,1 1,0 0,9
CBUHBSA 1,0 0,1 0,0
CBUHMHA 0,1 1,0 0,0
Casat 0,0 1,0 0,0

10 JTa, 3s€Ch Mbl UTHOPUPYEM MHOXKECTBO I1ap CJIOB, KOTOPbIe MOT'YT IIPUCYTCTBOBATh JaKe B ca-
MBIX KOPOTKUX CTaThsAX. YK€ OHO 3TO ZOJDKHO 1aTh BaM IIPeACTABJIEHNE O TON BBIYMCIUTENb-
HOM CJIOXKHOCTH, C KOTOPOH NPUIIUIOCHh CTOIKHYThCA KOMIaHUU Google.
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VHTepecHas 0cOGEHHOCTh BEKTOPHOT'O IIPECTABIEHUA CJIOB — U3MepeHUs
coZiepyKaT UX CMBICI MOJO0OHO TOMY, KaK CHIKEHUE Pa3MEPHOCTU IIPU aHaIN3e
[JIaBHBIX KOMIIOHEHT I103BOJIsI€T OTPa3UTh TEMBI IPU3HAKOB.

[TocMOTpUTe Ha cofep:kuMoe cTosbia «M3mepenue 1» B Tabn. 11.3. Bugu-
Te 3aKOHOMepHOCTh? YTo ObI HU O3HAYaJIO JJaHHOe usMepeHue, Koposa u CBu-
Hbs 06/1aJal0T COOTBETCTBYIOIIUM CBOMCTBOM B TIOJHOM Mepe, a CaymaT Boobiie
He UMeeT K HeMy OTHOIIeHus. Mbl MOITH Obl Ha3BaTh 3TO uaMepeHue KUBOT-
Hble. V3MepeHre 2 MOXHO 6BUTO ObI Ha3BaTh Efla, YUUTHIBAsA BHICOKVE 3HAYEHUSA
s cnoB ToBaanHa, CBuHMHA M Casar, a Mi3amepeHne 3 Mbl MOIIK OB Ha3BaTh
KopoBbUM, MOTOMY YTO B HEM BBHIIEJIAIOTCA CJIOBA, UMEOIINe OTHOIIEHHE K KO-
poBam. biarozaps 3Toil CTPyKType MOKHO YBUZIETh CXO/ICTBA B TOM, KaK HUCIIOJIb-
3yIOTCS CJIOBA, U IaKe COCTABUTh M3 HUX IIPOCTHIE YpaBHeHUs (KakuM OBl CTpaH-
HBIM 3TO HU Ka3aJIoCh).

B kauecTBe yrpakHeHUsI, UCIIOIb3ys Tabs. 11.3, mompobyiiTe yOeAUTHCA B TOM,
yro ['oBaamHa — KopoBa + CBuHbA = CBUHUHA '

dtoT crocob HasbiBaeTcss Word2vec!!? (mpeobpa3oBaHUe CIOB B BEKTOPHI),
a BEKTOPHI, creHepupoBaHHbie Google, 10CTYIIHbI /151 GecruiaTHOM 3arpysku''®, Pa-
3yMeeTCsI, He CTOUT JKZATh, UTO BCE COOTHOIIEHUA OyAyT UaeanbHbIMU. Kak BB yiKe
ybeAIrch, BApUAIMU €CTh BO BCEM, U B TEKCTE TOXE. BKYCHBIMU MOTYT Ha3bIBATh-
Cs1 He TOJIbKO IIPOAYKTHI TUTAHUs, HO U COBEPIIeHHO HecheoOHEIe Bemy. Kpome
TOT'0, CUTYaIUIO YCYTYOIseT MHOXKECTBO CYLECTBYIOIINX B I3bIKE OMOHHMOB.

BekTOpHOeE INpeZcTaBlIeHNE CJIOB C €er0 YUCJIOBOU CTPYKTYpPOH, TO3BOJIAIOIIEH
BBINIOJIHATH BBIYUCJIEHUA, IPUMEHAIOTCA B IIOMCKOBBIX U pPeKOMeHJaTeIbHbIX
cucremax. OZHAKO BEKTOPHI, CO3ZaHHbIe HA OCHOBE TEKCTa HOBOCTEH cepBHca
Google News, MOT'YT He UMETh OTHOIIEHHUSA K CTOALINM [epe/; BaMu IpobieMam.
HanpuMep, TOProBble Ha3BaHUs CTUPaAIbHOTO mopourka Tide® (B mepeBozie ¢ aHIIL.
«IIpWwInB») U KpekepoB Goldfish® («3omoras pribka») B cucteme trma Word2vec
MOT'YT OBITh CEMAHTUYECKH OJIM3KU CJIOBaM «OKeaH» U «ZIOMAalllHee JKUBOTHOE» CO-
oTBeTCTBeHHO. OZIHAKO /JIs IIPOAYKTOBOT'O Mara3uHa 3TU TOBaphl MOI'YT OKa3aTh-
cs1 ceMaHTUYeCcKu 6ojiee GIM3KUMU TaKUM KOHKYPHPYIOIIUM OpeHAaM, KaK CTH-
panbHBIH Topoinok Gain® u Kpekepsl Barnum’s Animals®.

1 Topaauua = (0,1, 1,0, 0,9), Koposa = (1,0, 0,1, 1,0), CBunss = (1,0, 0,1, 0,0). Eciu npou3sse-
CTH CJIOXKEHUE ¥ BEIYUTAHNE COOTBETCTBYIOIUX JIEMEHTOB, TO onyunutcs ['oBsaznna — KopoBa
+ Csunbs = (0,1, 1,0-0,1), 4T0 10BOIHHO OJIM3KO K 3HaueHUo cioBa CBunuHa = (0,1, 1,0, 0).

112 Mikolov, T., Chen, K., Corrado, G., & Dean, J. (2013). Efficient estimation of word representa-
tions in vector space. arXiv preprint arXiv:1301.3781.

113 code.google.com/archive /p /word2vec.
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BbI MOXeTe MpUMeHUTb Moiesib Word2vec K CBOMM TEKCTOBBIM JIAHHBIM U CTe-
HEepUPOBaTh COOCTBEHHBbIE BEKTOPHI CJIOB. [Ipu 3TOM BBl MOXKeTe OOHAPYKUThb
TEMBI ¥ KOHIIEITIIUY, KOTOPhIE B IIPOTUBHOM CJIydae JjaXke He MPUNIUTA OBl BaM B rO-
JioBy. OTHAKO BBISIBJIEHUE ZIOCTATOYHOI'O KOJUYECTBA CMBICTIOBBIX B3aUMOCBS3€eH
MOJKET CTaTh Ipobiemoii. He Kaykgas KOMITaHUS UMeET JAOCTYII K TAKOMY JKe KO-
JINYECTBY AaHHBIX, Kak Google. BaM MOXeT IIPOCTO He XBaTUTh TEKCTOBBIX JJaH-
HBIX JIJIS1 TIOJIYI€HUS OCMBICIEHHBIX BEKTOPOB.

TEMATU4YECKOE MOJE/IMPOBAHUE

[Mocste peBpaleHus TeKCTa B OCMBICJIEHHBINM HAG0P ZaHHBIX MOKHO TIPUCTYIIATh
K ero aHayiusy. VIHBeCTUINA B Ipeobpa3oBaHue HECTPYKTYPUPOBAHHBIX TEKCTO-
BBIX JAHHBIX B CTPYKTYPUPOBAHHBIN HAOOP U3 CTPOK U CTOJIOI[OB OKYIIAeTCs BO3-
MOXXHOCTBIO IIPUMEHEHVA METOZOB aHaIN3a, OIIMCAHHBIX B IIPEABIAYIINX [VIaBaxX
(c HEKOTOPHIMU M3MEHEHUAMHU). DTUM METOAAM OyAyT TOCBAILIEHBI CIEeAYIOIINEe
HECKOJIBKO Pa3ZesioB.

B m1aBe 8 MBI FOBOPIIN O HEKOHTPOIUPYyeMOM OOy4eHHUH, CyTh KOTOPOI'O 3a-
KJIFOYaeTcs B IIOUCKe eCTeCTBeHHBIX 3aKOHOMEPHOCTEH B CTPOKax U CTOIOIaX Ha-
6opa JaHHBIX. [[pUMEHUB aJITOPUTM KJIaCTepU3aLUU BpoJe MEeToAa k-CpeJHUX
K MaTpuIle «TOKyYMEHT-TEPMUH» Hamozo6ue Taba. 11.1 u 11.2, MBI TOJSyYUM Ha-
60p u3 k pa3nUYHBIX, HO B Y€M-TO [TOXOXKHUX I'PYII TEKCTOBBIX JaHHBIX. B HeKo-
TOPBIX CIy4asAx 3TO MOXET OKasaTbeA IOoJMe3HBIM. OZIHAKO BBHIIIONHATH KJIacTepU-
3alIUI0 TEKCTOBBIX JAHHBIX METOZOM K-CpeHUX JOBOJIBHO CJIOXKHO. PaccMOTpuM,
K IIpUMepYy, cle[yIollle TPU IPeAI0KeHNs:

1. MUHUCTEPCTBY OOOPOHBI CJIEAYET ONPEAETUTHCA ¢ OPUITUATHHOUN TTONTUTH-
KOIi B OTHOIIIEHMH KOCMOca.

2. JToroBOp O HepaCIpOCTPAHEHUHU SIAEPHOTO OPYXKUS BayKeH /IS HallMOHAJIb-
HOI 060POHBI.

3. Coeaunennsble llITaTel HEJABHO OTIPABWIM B KOCMOC IByX aCTPOHABTOB
B paMKax CBO€M KOCMUYECKOHN ITPOTrpaMMBl.

Ha Hamm B3I, 37ieCh 00CY»KJal0TCA ZiBe 001IMe TeMbl — HallMOHaIbHasA 060-
pPOHa 1 KOCMOC. B IepBoM NpezioKeHUH 3aTparuBaioTcsa 06e TeMBI, a BO BTOPOM
U TpeTbeM — TOJbKO ofHa. (Ec/u BbI ¢ 3TUM He COIVIACHBI — a Ha 3TO ¥ Bac, 6e3-
YCJIOBHO, €CTb IIPABO, — TO BBI YIKe MIPeCTABIISIETE IIABHYIO ITPOOIEMY KIacTepH-
3aI[MM TEKCTOBBIX JAaHHBIX: YETKOE paszieieHre TeM BO3MOXKHO JialeKO He BCerza.
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Kpowme TOro, OoTHOCUTEJIBHO TEKCTa JIFOAW MOTYT COCTaBUTh pasHble MHEHUA, Yero
He CKa)Xelllb 0 YMCJIax.)

TemaTu4eckoe MozeTMpoBaHue ' moxoxke Ha MeTO/ k-CPeIHUX B TOM CMBICIIE,
YTO 3TO AITOPUTM HEKOHTPOJIUPYEMOTO OOYUEHNA, KOTOPBIH IBITAETCS CTPYIIITU-
pOBaTh MOXOXKME HAGIIOAEHUs, HO [IPU 3TOM He TpebyeT, YTOOBI KaXAbIi Z0KY-
MEHT OBbLT ABHO OTHECEH K OZIHOMY KJIacTepy. BMeCTo 9TOro OH BBIZAET 3HAYEHUSA
BEPOATHOCTHU, TOBOPAILKE O TOM, KaK OAWH JJOKyMEHT CBAI3aH C HECKOJIbKUMU Te-
mamu. [lpeaoxxerve 1, HampuMep, MOXeT MOMIYIUTh OIleHKYy 60% 1o TeMe Ha-
LIMOHAJIBHON 060pOHHI ¥ 40% IO TEMe KoCMOca.
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Puc. 11.3. KnacTepusaums JOKYMEHTOB U TEPMUHOB MyTeM TeMaTU4ecKoro MoAen1poBaHus.
MoxeTe nu Bbl BbIAENUTDb NSTb OCHOBHbIX TEM Ha 3TOM M306paxxeHnn? Kak 6bl Bbl UX Ha3Banu?

114 JIBa MOMy/IAPHBIX METOJA TEMATUYECKOTO MOJETNPOBAHNUA — JIATEHTHO-CEMAHTUIECKUI aHAIN3
(JICA) u natentHoe pasMmerenue Jupuxie (JIP/D).
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Yro6bl Jydlie B 3TOM pa3obpaThCs, PacCMOTPUM ellle OAUH IpUMep.
Ha puc. 11.3 mpeacraBieHa nepeBepHyTas HabOK MaTpulla «JOKYMEHT-Tep-
MuH»'">. CiieBa BBl BUUTe TePMUHBI, KOTOpBIe BcTpevyatoTesd B 20 JOKyMeHTax
d0-d19. Kaxxgas ss4eiika OTpaXKaeT 4acTOTy BCTPEUYAeMOCTH CIOBA B JOKYMEHTE:
6oJiee TEMHbIE STYEHKH COOTBETCTBYIOT OOJiee BBICOKOH YacToTe. [IpudeM TepMu-
HBI U ZIOKYMEHTHI OBUTH YITOPSAZ0YEHBI C TOMOIIBIO METOA TEMAaTUIECKOTO MOJie-
JINPOBaHUA.

Inagsa Ha 9TO M3006paKeHUe, BBl MOXKETe 3aMeTUTh CJI0Ba, YaCTO BCTpeYalo-
mpecs B JOKYMEHTaX U BMeCTe 00pa3ylolux BO3MOXKHBIE TEMBI, & TAK)XKE ZIOKY-
MEeHTHI, CoZiepKalliie TEPMUHBI, CBA3aHHbBIE C HECKOJIBKUMU TeMaMH (B 4acTHO-
cTd, obpaTuTe BHMMaHue Ha d13, TpeTuii ctonbel] crpaBa). OJHAKO WMeNTe
B BUZY: JZaHHBIN MeTOZ He rapaHTHpyeT IIOJydeHUs TOYHBIX pe3y/lbTaToB, KaK
Y IpyTvie METOZbl HEKOHTPOIUPYEMOT'0 0OyUeHU.

C mpaKTHUYeCKOM TOYKY 3peHUs TEMaTHIeCKOe MOZIeTMPOBaHue paboTaeT JIy4-
Ille BCETO, KOTZla B HAbope JOKYMEHTOB MPeCTaBIEHbl PA3IMYHbIE TEMBL. DTO MO-
JKeT ITOKa3aTbCA OUYEeBHJHBIM, OJHAKO HaM WM3BEeCTHHI CjIydau, Korja TeMmaThnye-
CKOe MO/ie/INpOBaHue IPUMEHAIOCh K IOJMHOXKeCTBaM TeKCTOB, KOTOPhIe Iiepe],
aHaMIM30M OBUTH OTGUIBTPOBAHEI IO KOHKPETHON MHTEPECYIOIIel aHAIUTHKOB
TeMe. DTO BCe PAaBHO YTO B3ATh I'PYIITY HOBOCTHHIX CTAaTel, 0TO6PATh TONBKO Te,
KOTOpBIE COZIEPXKAT CJIOBA «bacKkeTbo» U «JIe6poH [)kefiMc», a 3aTeM OXKUJATh
3HAYMMBIX pe3y/IbTaTOB OT IIPMMEHEeHHs TeMaTU4eCKOro MOZeJIUPOBaHUs K OTO-
OpaHHBIM CTaThAM. Pe3y/bTaThl Bac pa3odapytoT. OTOUIBTPOBBIBAs TEKCTHI, BHI,
IO CYTH, 33/laeTe OFHY TEMY JJI OCTaBUIMXCA cTaTed. [IoMHUTE 06 3TOM HIOAH-
ce, IpoJiojoKalTe CIIOPUTh CO CBOMMMU JAaHHBIMU U KOPPEKTHUPYUTe OXUJaHUA
10 Mepe HeOOXOAUMOCTH.

KJIACCUOUKALIMA TEKCTOB

B aToM paszesne MBI MOTOBOPUM O KOHTPOJUPYEMOM OOyUYeHUM Ha MaTpU-
1le «IOKYMEHT-TEPMUH» (IPU YCJIOBUU HAJIUYUS U3BECTHBHIX II€JIEBbIX aTpUby-
TOB). B cslygae ¢ TEKCTOM MBI, KaK [IPaBUJIO, IIBITAEMCS IIPeJCKa3aTh KaTErOpU-
aJIBPHYIO ITlepeMEeHHYIO0, I03TOMY ZlaHHAA 3aJa4a PellaeTcs ¢ IIOMOIIBI0 Mozetel
KJIacCUPUKAIUU, O KOTOPBIX MBI TOBOPWIU B IIPEABIAYIIEH IIaBe, a He MOAee

115 310 nsobpaxkeHue B3sATO C caiita en.wikipedia.org/wiki/File:Topic_model_scheme.webm,
co3gano Kpucropom Kapmom Kunrom u pacrnpocrpanseTcs 1o aunen3uu Creative Commons
Attribution-Share Alike 4.0 International.
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perpeccuu, KOTOphIe IIpe/ICKa3bIBaloT Yucaa. OfWH U3 CAaMBIX U3BECTHBIX IIPUMe-
POB YCIEIIHOT'O IPUMEHEHU MeToZa KaaccuUKaIUU TEKCTOB — CIIaM-QUIIbTP,
HCIIOIb3yeMBIM B cepBHUCax 3JeKTPOHHOMN MOYTHI, BXOAHBIMU JAHHBIMU JJI KO-
TOPOTO SABJISIETCS TEKCT COOOIIEHWUS, a BRIXOAHBIMU — OWHAPHBIN dJar «cram»
WK «He cram»!'®, [Ipumep IpruMeHeHUs MHOTOKIACCOBOM KiaccudUKaIiuu TeK-
CTOB — aBTOMAaTH4YeCcKoe paclipesie/ieHrie HOBOCTHBIX OHJIalH-cTaTel 1o Karero-
pHUAM: MeCTHbIe HOBOCTH, ITOJUTHUKA, MUP, CIIOPT, Pa3BledeHus U TaK JaJjee.

YTOO6BI TOTYIUTH IPEJCTABIEHNE O TOM, KaK IPOUCXOAUT KIacCUUKAIIA TeK-
CTOB C IIOMOIIBIO METOZA MeIlKa CJIOB, JaBaliTe PAaCCMOTPUM OAUH (YIIPOIIeH-
HBIH) cayvaii. B Tabi. 11.4 moka3aHbl ATh Pa3JIUYHBIX TEM 3I€KTPOHHBIX MTHCEM,
Pa3OUTBIX Ha TOKEHBI, ¥ METKH, YKa3bIBAIOIIHE, IBJISAETCS JIU MMUCHMO CIIaMOM WU
HeT. (CyegyeT IOMHUTE O TOM, CKOJIbKO YCHIMH KOMITAaHUU TPATAT Ha cOOp II0-
JIOOHBIX IaHHBIX. Beskuii pas, Koraa mpoBatiziep a/eKTPOHHOM ITOYTHI CIIpaIlnBa-
eT Bac, ABJIAIOTCA JIU Te WIX UHBIE IChbMa CIIaMOM, BHI IIPeJIOCTABJIAETE JaHHBIE
[T aJITOPUTMOB MAIIMHHOTO 06ydeHus!)

Ta6n. 11.4. MpocTeiiwnit npumep Knaccudukaumm cnama

=
=
= ° g =
;Es( o = o
s 8- & E § g N ]
5 2 ¢« EE &g g EE s
%55 5328 3¢% ¢ ¢ § ¢
Tema nmucbma S B & ¥ & B 5 A B = ® 5
CoBer i1 BeYepUHKU 1 0o 1 0 0 0o 1 1 0 0 0 0
TI0 CJIy4alo IHA POXKAEeHUA
MaMBbl
BecrutaTtHaa «Buarpal» o o o o 1 o o0 O o o 1 1
BecruiaTHBIN coBeT 1 0 0 0o 1 0 0 0 0o 1 0 1
110 TIOBOJY aKLIUH
BecmiaTHBIN cOBET 1 0 0o 1 1 0 0 0o 1 0 0o 1
10 136aBJIEHUIO OT ZI0JII'OB
JIbiceeTe? MBI MOXKeM 0 1 0 0 0 1 0 0 0 0 0 1
TIOMOYb!

116 OpHa M3 caMbIX 3HAYMMBIX CTaTel B faHHOM obimactu — Drucker, H., Wu, D., & Vapnik, V. N.
(1999). Support vector machines for spam categorization. IEEE Transactions on Neural networks,
10(5), 1048-1054.
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Kak MOXHO HCIOJIb30BaTh aITOPUTM JJiA WU3BJIE€YEHUA YPOKOB U3 JaHHBIX
B Tabn. 11.4 u GopMUPOBAHUA TIPOTHO30B OTHOCUTENIBHO HOBBIX, HEBUAAHHBIX
paHee TeM 3JIEKTPOHHBIX ITHCEM?

B03MOKHO, BBl IOZYMAaJIH O JIOTUCTUYECKOH perpeccuu, KoTopas ObIBaeT Io-
JIe3Ha JIJIs IpeZicKa3aHus OGMHApHBIX pesyabratoB. Ho, K coXaleHu!o, 3/iech OHa
He cpaboTaeT M3-3a CINIIKOM OOJIBIIOr0 KOJTMYECTBA CJIOB U HEJOCTATOYHOT'O KO-
JINYeCcTBa MPUMepOoB A1 00ydyeHusa. B Tabn. 11.4 cTonbuoB 6osbIle, YeM CTPOK,
a JIOTUCTUYECKAs PETPECCUS ATOTO He JIIoOUT!Y.

HamBHblii 6aileCOBCKMI anropuTm

B mozio6HO# cuTyaliuu 06BIYHO TIPUMEHSIETCA TaK Ha3bIBaeMbIN HaUBHBIA Oatie-
COBCKHU aJICOPUTM KJiaccubukaiuu (Ha3BaHHBIA TaK B YECTh TOro camoro batie-
ca, KOTOPOTO MBI YIIOMUHAJIU B TIaBe 6). JlaHHBIN alTOPUTM IIBITAETCS OTBETUTD
Ha IIPOCTOU BOIPOC: IZie ¢ 60blIell BepOATHOCTBIO BCTPEYAIOTCA CI0BA, MCIIONb-
3yeMble B TEMe 3JIEKTPOHHOI'O ITMChbMa, — B CIIaMe WIX B 0OBIYHOM nHcbMe? BEI,
CKOpee BCero, IBITAaeTeCh C/leIaTh TO JKe caMoe, KOIZia IpoCMaTpUBaeTe COAEPKU-
MO€ CBOETO MOYTOBOTO AIUKA: BbI 10 COOCTBEHHOMY OIIBITY 3HAETE, YTO CJIOBO
«becIuraTHO», KaK MIPaBIJIO, BCTpeyaeTcs B crmaMe. To e KacaeTcs CJIOB «I€HbIM»,
«Buarpa» wiu «6orarcTBo». ECiii GOJIBIIMHCTBO CJIOB ACCOLUUPYETCA CO CIIaMOM,
TO 3JIEKTPOHHOE IIMChMO, CKOpee BCero, UM U ABJsgeTcA. Bee mpocTo.

JlpyruMu CcJIOBaMU, BBI TIBITAETECH PACCUUTATh BEPOSATHOCTb TOTO, YTO 3JIEK-
TPOHHOE IIMCbMO — CIIaM, ONIMPAasAch HA CJIOBA, COZEpPXKAIUecd B CTPOKE TeMBI,
(w,, w,, w,,...). Ecii 5Ta BEpOATHOCTDb MPEBBINIAET BEPOATHOCTD TOTO, YTO MHCh-
MO CITaMOM He fIBJIAeTCS, MBI OTMEYaeM ero Kak criaM. JTH KOHKypHpYyIollle Be-
POATHOCTH 3aIMCHIBAIOTCS C IIOMOIIBIO CIeAYIOLIe HOTal[uu:

— BeposTHOCTh TOTO, YTO DIEKTPOHHOE IIUCHMO SABJSAETCA cllaMoM = P(cmam
| w,w,w,...).

— BeposiITHOCTb TOTO, YTO DJIEKTPOHHOE MHMCHMO He SBJIAETCA CIIaMOM =
P(ue cnam | w,, w,, w,,...).

[Ipexxzie YeM ABUTATHCA Jajblle, JaBaTe U3y4yWM JaHHbIE B Tabm. 11.4.
Ham usBecTHa BepOATHOCTb, C KOTOPOM KakZoe M3 CJIOB BCTpedyaeTcsa B CaM

117 JluHeliHas perpeccus He paboTaeT U B TOM CJIydae, eCJIM B Habope JaHHBIX COAEPIKUTCA OOoIblIIe
MPU3HAKOB, YeM HabroZieHuii. TeM He MeHee CyLIeCTBYIOT Pa3HOBUAHOCTH JIMHEWHOW U JIOTH-
CTUYECKOH perpeccu, IO3BOJIAIOIINE CIPABUTHCA C TAKOW CUTyaLHeH.
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(1 He cnaM) mucbMax. CIOBO «beCIuIaTHO» MPUCYTCTBOBAJIO B TPEX U3 YEThIPEX
CITaM-CcOO0OIIeHUH, TO3TOMY BEPOATHOCTb BCTPETUTH ZAaHHOE CJIOBO IIPU YCJIOBUH,
YTO MUCHMO SIBJIAETCS CIIaMOM, cocTtasiisieT P(6ecruiatHo | cnam) = 0,75. Beimosn-
HUB aHAJOTUYHbIE PACYETHI IS CJIOB «JIOJIT» U «MaMa», MBI OIydrM: P(aour |
cam) = 0,25, P(Mama | He ctam) = 1 u Tak gasee.

Yro HaM 3TO AaeT? MBI XOTUM 3HaThb BEPOATHOCTH TOT'O, YTO TO WIM MHOE 3JIeK-
TPOHHOE TIMCHhMO — CIIaM IIPU YCJIOBUM HAJIUYHWA B HEM OIpe/leJIeHHBIX CJIoB. [Ipu
3TOM HaM M3BECTHA BEPOSITHOCTb BCTPETUTH TO WJIN MHOE CJIOBO B MHChME TIPH YCJIO-
BUHU TOTO, YTO OHO SIBJISIETCS CIIAMOM. DTH IBE BEPOATHOCTH HE OMHAKOBBI, HO OHU
cBsi3aHBI TeopeMoii batieca (cM. miaBy 6). Kak Bel IOMHUTE, OCHOBHAA Wies JaHHOU
TEOPEMBI — TIOMEHATD YCJIOBHBIE BEPOATHOCTH MecTaMH. TaKMM 06pa3oM, BMECTO
P(cnam | w,, w,, W,,...) Mbl MOMKeM HCIIONb30BaTh P(W,, W,, W,,... | ciam). Brarogaps
JIOTIOJTHUTENIbHBIM pacueTaM (KOTOPBIE MbI OITyCKaeM /I KpaTKOCTH ®) mpuHATHE
pellleHNs OTHOCUTENBHO KIAacCUPUKAIIK HOBOTO JIEKTPOHHOTO NMKChMa KaK CliaM-
COOOIIEHNST CBOAUTCS K BBISICHEHUIO TOTO, KAKOE U3 IBYX 3HAUEHU BHIIIIE:

1. Ouenka «cnam» = P(cnam) X P(w, | cnam) X P(w, | cmam) X P(w, | cmam).
2. O1eHKa «He cllaM» = P(He cmam) X P(w, | He crmam) X P(w, | He crram) X
P(w, | He cmam).

Bes ata mHbopManus cogepxkutrca B Tabi. 11.4. BeposaTHoctu P(cmam)
1 P(He craM) OTpakaroT JI0JI0 cllaMa U He criamMa B 00yJaronux JaHHeIX — 80%
u 20% COOTBETCTBEHHO. JIpyTMMU CJIOBAMHU, €CJIU OBl BBl XOTENIHU ZIe1aTh IPEIIO-
JIOJKEHUS, He VIS Ha CTPOKY TEMBI, BbI ObI IIPE/TIONAraIu, YTO MUCbMO — «CITaM»,
[TOTOMY YTO TaKHe ITHUChbMa COCTABJIAIOT KJIACC GOMBIIMHCTBA B 0OYYaOIINX JaHHbIX.

YTOO6BI IPUITH K IPUBEAEHHEIM BbIIIE GOpMYysIaM, HAUBHBIHM 6aiieCOBCKUIA a-
TOPUTM COBEPIITHI TO, YTO OOBIYHO CUUTAETCS BOIMUIOIIEH OIIMOKOM Ipu paboTe
C BEPOATHOCTAMU, & UMEHHO — JIOMyCTUJI OTCYTCTBHE 3aBUCUMOCTU MEXY CO-
OBITHUAMY. BEPOATHOCTH BCTPETUTD B CIIaM-CO00IeHNN 06a cI0Ba «beCIuiaTHO»
u «Buarpa», o6o3Hayaemas kak P(6ecraTHo, BUarpa | cmam), 3aBUCHT OT TOTO,
HAaCKOJIbKO YacCTO 3TU CJIOBA BCTPEYAIOTCS B OJJHOM U TOM XK€ MHUChbME, OZHAKO
3TO 3HAYUTEIHHO YCIOKHIET BRIYMCIEHUS. «HauBHOCTh» HAMBHOTO 6alieCOBCKO-
ro ajJirOpUTMa BhIpa)kaeTcs B MPEATION0KEHUN He3aBUCUMOCTU BCeX BEpPOATHO-
creii: P(6ecruiatHo, Buarpa | cnam) = P(6ecruiatho | ctam) X P(Buarpa | cmam).

118 JlomoHUTENbHYI0 NHGOPMAIIHIO Bl MOXKeETe HalTH B ctathe https: //ru.wikipedia.org/wiki/
BaifecoBckas_duisTpanusa_cnama
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Bonee rny6okui B3rnsag

YBU/ZIEB 2JIEKTPOHHOE TTMCHMO C TeMOU «M136aBbTECH OT ZI0JITOB C TIOMOIITHIO
HAIIIUX COBETOB I10 TOPIOBJIE AKI[UAMHU!», BBl OB COCPEIOTOYMINCH Ha CJIO-
BaX «M30aBbTECH», «OJITH», «aKI[UU» U «COBET» U BBHIYUCIWIN OBl CIIEAYIO-
I¥ie KOHKYPUPYIOIIe 3HAaUeHUS:

1. Ouenka «cam» = P(cmam) X P(u36aBbTech | ciam) X P(gosru | cmam) X
P(akiuu | cmam) X P(coBeT | cram).

2. OreHka «He cram» = P(He ciam) X P(u36aBbrech | He ciam) X P(zonr# |
He cam) X P(akuuu | He cmam) X P(coBeT | He cmam).

OnHako ecTh HebobInas mpobaema. HoBble U pezikue cioBa TPeOYIOT He-
KOTOPOU KOPPEKTUPOBKU PACUETOB, YTOOBI BEPOATHOCTH HE YMHOXUIUChH
Ha HOJIb. B KpoIlieuHoM Habope JJaHHbIX, TPUBEAEHHBIX B Ta01. 11.4, cioBO
«136aBbTECH» BOOOIIE HE BCTPEYAETCS, TOT/IA KAK CJIOBA «ZIOJITH», «aKIIAH»
U «COBET» BCTPEYAIOTCsA TOJBKO B CIIaM-COOOINeHUAX. M3-3a MOAZOOHBIX
HIOQHCOB OIIEHKH «CIIaM» U «HE CIlaM» OKaXXyTCs PaBHBIMH HYII0. UTOOBI
3TO WCIPABUTH, JaBalTe MPEACTAaBUM, YTO MBI BCTPEYAIU KaXKA0€ CIOBO
XOTs ObI OZIMH pa3, IpubaBUB 1 K YacTOTe BCTpeyaeMocTu. Kpome TOTo, MbI
MpubaBUM 2 K YaCTOTe BCTPEIAEMOCTH citaMa (U He cliama), YTOObI 3Have-
HUA He ObUTH paBHBI 1'%,

Ternepb MbI MOYKEM TIPOM3BECTH BHIUUCIEHUS:

0+1X1+1X1+1X2+1
4+2 4+2 4+2 4+2

O+1><0+1><O+1><1+1
1+2 1+2 1+2 1+2

1. OneHKa «CIaM»: (O,S)X =0,0074 .

2. O1eHKa «He CIIaM»: (0,2)>< =0,0049 -

[TepBoe 3HaueHUEe GOJIbIIE BTOPOTO, TIO3TOMY 3JIEKTPOHHOE ITHUCHMO C Te-
Moii: «/136aBbTECh OT OJITOB C TOMOIIBIO HAIIUX COBETOB IO TOPTOBJIE aK-
IUsIMU!» MBI KJIaCCUOUIUPYEM KaK CITaM.

19 3t0 Ha3bIBaeTcs MONPaBKoii Jlamiaca, KOTopast IOMOraeT IpejoTBPaTUTh BHICOKYIO BapUAIUIO
B HEOOJIBIINX KOJTMYECTBAX 3HAYEHHH, O KOTOPOI Mbl TOBOPWJIU B IIaBe 3.
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AHanu3 HacTpoeHuii

AHanu3 HacCTPOEHUH — 3TO MOMYJIAPHBIM CrOCO6 NMpPUMEHEHUsA aJTOPUT-
MOB KJIaccUUKAIIUU TEKCTOB K JAHHBIM COIMANbHBIX ceTell. Ecau BBl BBee-
Te B IIOMCKOBYIO CTPOKY Google 3ampoc «aHajn3 HaCTPOEHUH 10 COOBIIEHUAM
B Twitter», TO KOMMYeCTBO pe3y/NbTATOB BaC HAaBEPHAKA YAUBUT; CKIAJbIBAET-
s BIleYaT/IeHUe, YTO 3TUM 3aHATH Bce. CyTh U/leH B JAHHOM CJIydae Ta ke, IYTO
U B paCCMOTPEHHOM BBIIIIE IIPUMePe CO CIIaMOBBIMU/He CIIaMOBBIMU MTUCbMaMHU
U CBOAUTCA K OTBETY Ha BOIIPOC O TOM, SIBJISIOTCS JIU CJIOBA B COOOIIIEHUHY B COLIM-
anbHOM ceTH (0630pe MPOAYKTA WM OIIPOCE) CKOPEE «IIOJOXKUTENbHBIMU» WU
CKOpee «OTpUIaTeNbHBIMU». T, 4YTO BBl OyZeTe AesaTh C MONy4eHHON UHPOp-
Mallye, 3aBUCUT OT KOHKPETHOTO Ou3Hec-Keiica. OZHAKO CleyeT OTMETHUTb,
YTO IIPU aHAJIN3€ HACTPOEHUM He CTOUT BHIIOJHATH SKCTPAMOJIALUIO 32 Ipesie-
JIBL KOHTEKCTa 00YJaIOMNX JaHHBIX, PACCYUTHIBASA HA MTOJMyIeHNEe OCMBICIEHHBIX
PEe3yIbTaTOB.

Yro MBI UMeeM B BUAy? Jleso B TOM, YTO MHOTHE KjacCuGUKATOPHI IS «aHa-
JM3a HACTPOEHUI» 06YJalOTCsA Ha JAHHBIX, HAXOAAIUXCA B CBOOOZHOM JIOCTY-
e B lHTepHeTe. [TOmynapHBIA HAOOP ZAaHHBIX JJIS CTYAEHTOB — OOJIbIIas KO-
JIEKI[UA pelieH3ui Ha GuIbMbl U3 6a3bl JaHHBIX IMDb.com. 3ToT HabOp ZaHHBIX
U mob6asg Mozenb, Co3aHHasA Ha ero OCHOBe, OyZyT UMeTb OTHOIIEHUE HCKIIIO-
YUTENTHHO K 0630paM ¢uabMoB. Pazymeercs, oHa 6yzeT acCOIMUPOBATH TaKUe
CJIOBA, KaK «BEJIUKOJIEITHBIN» U «3aMedaTeNbHbIN», C TOJI0KUTENbHBIMU DMOLIHSI-
MU, OZIHAKO He CTOUT OXKH/ATh, YTO 3TA MOJeJIb OyZeT XOPOIIo paboTaTh IIPH ee
MpUMeEHEHUH K YHUKaJIbHOMY OU3Hec-Keicy, KOTOpOMy IMpHcylna ocobas Tep-
MUHOJIOTHA.

A KaK HacyeT MeTo,0B PaboThbl C TEKCTOM Ha OCHOBE
AepeBbeB?

MeTopl Ha OCHOBE ZIePEBbEB, TAKWE KaK CIYYaHHBIN Jiec U 6ycTuHT (ycu-
JIEHUE), MOT'YT IPUMEHSTHCA AJIs pellleHUs 3a/1a4 KIaccuUKaIIU TEKCTOB
Y, KaK [PaBWIO, PAOOTAIOT JIy4llle, YeM HauBHBIM 6alieCOBCKUI alTOPUTM
C HEKOTOphIMU HabopaMu aHHBIX. OZIHAKO HaWBHBIN 6AHECOBCKUN ajro-
PUTM OOBIYHO CTAHOBUTCS XOPOIIEH OTIIPABHOM TOYKOM U OTJIMIAETCS TIPO-
3pavyHOM MHTEPIPETAINEN.
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NPAKTUYECKWE COOBPAXXEHWA 1MPU PABOTE C TEKCTOM

Terepsh, KOTZIa BBl TO3HAKOMIINCH C HECKOMBKUMU WHCTPYMEHTAMHU TEKCTOBOM
aHAJIMTUKHY, JaBaiiTe clesaeM Iar Hasa/ v IOrOBOPUM 06 aHau3e TekcTa Ha 60-
Jiee BEICOKOM YPOBHE.

I[Tpu paboTe ¢ TEKCTOM BaM ZOCTYITHA POCKOIIb YTEeHUS JaHHbIX. Eciu Temarty-
YecKoe MOZIeTMPOBaHue HaMeKaeT Ha TO, YTO T€ WK WHbIE TPEAI0KEHNs OTHO-
CSATCS K OTPE/IENIEHHBIM TEMaM, Bbl MOXKETE OL[EHUTh 3TH pe3y/IbTaThl. ECciiu KTo-TO
CTPOUT MOZeJb KiacCubUKaIuU TEKCTA, IOTIPOCUTE TIPEACTABUTh KaK XOPOIIHE,
TaK U IUIOXHUE PE3YJIbTaTHI.

[To OMBITY HaM U3BECTHO, YTO MPE3EHTOBAThH YCIEIIHBIN TPOEKT TEKCTOBOMN
AHAJIUTUKY 3aWHTEPECOBAHHBIM CTOPOHAM /IOBOJIBHO BECENIO, TIOCKOIBKY B ZlaH-
HOM CJlydae pe3y/lbTaThl IPEJCTABIAIOT He PA/bl YKCes, a TO, YTO ayJUTOPHUs
MOJKET MIPOYUTATh, MOHATh U 006CyAUTh. OZHAKO JOKJIAJAYUKK CKIOHHBI aKIleH-
THPOBAaTh BHUMAaHWE Ha 3aXBATHIBAIOIINX U JIETKUX mobesax, a He Ha SBHBIX
mpoMaxax. [Ipu mpezicTaBIeHUN Pe3yabTaTOB aHAIN3a TEKCTa [VIaBHBIH 110 aH-
HBIM ZIOJDKEH CTPEMUTHCA K MaKCUMAaJbHOM Mpo3pavHoCcTU. Takke mpu obpa-
60TKe pe3y/NbTaTOB 3alIPOCUTE IIPUMEPHI, KOT/Zla aIrOpUTMbI He cpaboTanu. Ilo-
BepbTe, TaK ObIBaET.

DTO BO3BpalllaeT HAC K 3aMEYaHUI0, KOTOPOE MBI C/IeJIaii B HavYasle [IaBhl: KO-
IZla KOMIIAHWUY MPUCTYIAIOT K aHAIU3y COOCTBEHHBIX TEKCTOBBIX JAHHBIX, UX Ya-
CTO mocTUTaeT pazodapoBaHue. OHO OBLIO CZeaHO BOBCE HE JJI TOTO, YTOOBI
OTBpPaTUTh BaC OT TEKCTOBOM aHANMUTUKKU. OTKPHITO FOBOPS O HEJOCTATKAX, MBI
HaJieeMCsl TIPeZIOTBPATUTh BO3MOXKHYIO HETATUBHYIO PEAKIUIO CO CTOPOHBI BacC
WY Ballell KOMIAHUUM, KOTOPasi MOXKeT BO3HUKHYTb, KOT/Ia Bbl HAYHETE aHAIH3U-
pOBaTh TEKCT, MOWMETE, YTO 3TO CIOXKHEE, YEM BBl IyMaJId, U OTKAXKETECh OT 3TOU
WJieV WIN YIOBJIETBOPUTECH CI1ab0i aHATUTUKOM.

K 3TOMy MOMEHTY BBI YK€ [ODKHBI OBUTH BBIPAOOTATh ZIOCTATOYHO CKETICH-
ca, YTOOBI TIOHUMATh, T7ie UMEHHO MOTYT BO3HUKHYTh Ipo6eMbl. OZIHAKO HEKO-
TOpBIEe KPYIIHbIE TEXHOJOTHMYECKEe KOMIIAHUY, MO-BUAUMOMY, IIPEOAOJIENU ITH
TPYAHOCTU U JOOWINCH JTUAEPCTBA B 06JIaCTH TEKCTOBOM aHAIUTHUKHU U 06paboT-
KU ecTecTBeHHOTO s3bika (NLP, Natural Language Processing), koTopas ©uMeeT
ZIeJI0 CO BCEMHU aclleKTaMHU sI3bIKa, BKJIF0Yas 3ByK (B OTIMYME OT IIPOCTO ITHUChMEH-
HOT'O TEKCTAa).
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I'Ipemwym,ecTBa TE€XHOJIOTMYeCKUX rHraHtoe

B oT/i4rie OT MHOTUX JPYTUX KOMIIAHUM, TaKUE TEXHOTOTMYECKUE TUTAHThI, KaK
Apple, Amazon, Google u Microsoft, 06;1azar0T 06¥MINEM TEKCTOBBIX U T'OJIOCO-
BBIX [IAHHBIX (aHHBIX, CHAGKEHHBIX METKAMH, KOTOPbIE MOYKHO MCIOIb30BaTh
[UIsT KOHTPOJTUPYEMOT0 06y4eHUsT Mo/iesielt), MOIITHBIMU KOMIThIOTEPAMHU, TPYIITa-
MU [IpeJIaHHBIX AeTy VccleZoBaTeleil MUPOBOTO YPOBHS U I€HbTaMHU.

Biiarogaps TakuM pecypcaM OHU Z0OWINCh 3HAYUTENBHOTO IIporpecca B 06a-
CTY aHa/IM3a He TOJbKO TEKCTA, HO ¥ 3ByKa. B mMoC/Ie[HIE TOABI TPOU3OIIIIN 3aMET-
HBIE YIYYIIEHVS B CIEAYIONMX chepax:

— IIpeobpasoBaHue peud B TEKCT. [0JI0COBBIE TIOMOIHUKYU U GYHKIUU TIpe-
00pa3oBaHMs rooca B TEKCT Ha cCMapThOHAX CTalX paboTaTth 60j1ee TOYHO.

— IIpeobpa3oBaHue TeKcTa B peyb. [010ca B mporpaMmax i YTeHUs ¢ SKpa-
Ha KOMITBIOTEPA Tenepb O0JIbIlle HATIOMUHAIOT YeJI0BEYECKHE.

— IIpeo6pa3oBaHue TeKCTa B TEKCT. [IepeBoz ¢ OZHOTO sI3bIKA HA IPYTO BHI-
IIOJIHAETCA MIHOBEHHO U C JOCTATOYHO BBICOKOM TOYHOCTHIO.

— Yar-60Tel. OKHaA 4aTa, KOTOpbIe Telmepb aBTOMAaTUYeCKH OTKPHIBAIOTCS
Ha KaXJoM Beb-caliTe ¢ BompocoM: «4YeM s MOTy BaM IIOMOYb?», CTaJIN
(ayTh) HosIE€e TTOTE3HBIMMU.

— TeHepanusa IOHATHOTO 4YeJOBeKy TeKkcTa. fI3pikoBad Mozenb GPT-3'20
oT koMmmanuu OpenAl crioco6Ha reHepUpOBATh TEKCT, HATTOMUHAOIIUH Ye-
JIOBEYECKHUH, OTBeYaThb Ha BOIIPOCH], a TaKXKe 'eHepupoBaTh KOMIIbIOTEP-
HBI KOZ 110 3ampocy. Ha MoMeHT HanucaHuA 3TOM KHUTH JJaHHasA MOZeslb
camasi IpOABUHYTasA B CBOeM poze. CoracHO OIleHKaM, CTOMMOCTh ee 00-
y4ueHUA (37eCh UMeeTCs B BUAY TOJBKO HCIIOIb30BaHNE KOMIIBIOTEPOB 6e3
ydeTa OILIaThl TPyZa ucciaefioBaTeseil) cocraBuia 4,6 MWLUIMOHA [0JIapOB
CIIA™,

Jo6aBpTe K 3TOMY Haju4dMe JOCTyIa K JAHHBIM WM TPYIIIBl SKCIEPTOB-
vcciefioBaTeNeld, U Bl MOiiMeTe, moyeMy 0OpaboTKa eCTECTBEHHOTO S3bIKa
(moka) ocTaeTcss HEIOCTYITHOM GOJIBIIMHCTBY KOMITAHUH. XOTS aJrOPUTMBI Me-
IOT OTKPBITBIM MCXOAHBIHN KOZI, MACCOBBIH COOP JAHHBIX U JOCTYII K CYIIEPKOMITBIO-
TepaM OCTaeTCs IIPeporaTuBOX TeXHOJOIMYEeCKUX IUI'aHTOB.

120 Generative Pre-trained Transformer 3

121 https://www.forbes.com/sites /bernardmarr/2020/10/05 /what-is-gpt-3-and-why-is-it-
revolutionizing-artificial-intelligence /?sh=2f45a93b481a
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Kpowme Toro, npu ¢opMyIHpoOBaHNN CBOUX OXXUJAHUHN ClIeflyeT YIUTHIBATh TO,
YTO MPUIOXKEHUS, CO3/[aBaeMbleé TEXHOJOTUIECKUMU TMTaHTaMU, YHUBEPCAIb-
HBI /IJIS1 MIUUIHOHOB JTIOZIEH, TO €CTh NpeAHa3HaueHbl I PelIeHUs 3a/1a4, 00X
JUIA TIpeJiCTaBUTeNel Bcex caoeB obmecTBa. Hanpumep, Tos0COBO ITIOMOIHUK
Alexa oT koMIIaHUM Amazon NpeJHAa3HAYEH JIA BCeX, BKIOYAs leTel. A TEKCTO-
BBIH ITEPEBO/] OCYLIECTBIIAETCS C YUETOM KECTKUX MPABUWI, BCTPOEHHBIX B Hab0-
PBI 0OyJaromux AaHHBIX. CJIOBY «BeYEPUHKA» B AHIVIMHCKOM SI3BIKE COOTBETCTBY-
€T CJIOBO «drecTa» B UCIIAHCKOM. CyTh B TOM, UTO BCe ITOJIb30BATENH ITUX CUCTEM
OKUZIAIOT TOTO, YTO OHU OyZAyT paboTaTh OAMHAKOBO.

CpaBHUTE 3TO C 33/laueii K1accudpUKamy TeKCTa, CeuduIecKoi s TOro
WM UHOro 6u3Heca. Hampumep, TOHaNIBHOCTD Gpasbl «TenedpoH Samsung ayd-
e, yeM iPhone» 3aBUCHUT OT TOT0, B KaKOW KOMITaHUM BhI paboTaeTe, — Apple
wim Samsung. /laHHbIe, K KOTOPBIM Y Bac €CThb ZIOCTYII, MOTYT OTJINYaThCSA OCO-
GeHHBIM, YHUKaQJIbHBIM TOJIBKO JJI Balllell KOMIIAaHUU sA3bIKOM. KpoMe Toro, pas-
Mep ZIaHHBIX OyZIeT 3HAUUTENbHO MEHBIIE, YeM Y TEXHOJIOTMUYECKUX KOMIIaHUH.
COOTBETCTBEHHO, PE3yJAbTAThl MOT'YT OKa3aThCAd HE TAKMMU YeTKUMU, KaK BB
OXUJIaeTe.

Tem He MeHee MBI HAaCTOATENHHO PEKOMEHAYEM BaM BOCIIONb30BAaThCS BCeE-
MU ZOCTYITHBIMU aJTOPUTMaMHU, BKJIIOUas METOZABI TEKCTOBOM aHAJIUTUKU. [TOHU-
MaHMe 3aBUCUT He CTOJBKO OT MOITHOCTH KOMIIBIOTEPOB, CKOJIBKO OT KOHTEKCTA
U oxxugaHuil. Ecay BBl OCO3HAETEe OrpaHUYeHUA TEKCTOBOM aHAJIUTUKU 0 TOTO,
KaK IPUCTYIIUTE K Hell, BBl OyZleTe TOTOBBI TPABUIbHO €€ UCIIOTb30BaTh.

NOABEJAEHUE UTOIOB

MbI HaZleeMcs, YTO C MTOMOIIBIO JAHHOH IVIaBBI HAM YZAaJI0Ch yOeAUTh Bac B TOM,
YTO KOMIIBIOTEPHI IIOHUMAIOT A3BIK He TaK, KakK JIOAU, — /JIs KOMIIBIOTEPa 3TO
mpocTto uudpsl. Ha Hal B3miA/, MOHUMaHNe OJHOTO 3TOTo GaKTa yKe OUeHb BaX-
HO. B ciepyrouiuii pa3 BbI ¢ MeHbIIIeH BEPOATHOCTBIO KJIIOHETE Ha MapKeTUHIO-
BYIO VZOYKY, KOTZIQ YCJIBIIINTE O TOM, YTO UCKYCCTBEHHBIN MHTEJUIEKT CIIOCOOeH
peuuTh Jt00yto 6U3Hec-3a/jauy, CBI3aHHYIO C TEKCTOM: B IIpoliecce Ipeobpa3oBa-
HUA TEeKCTa B YMCJIA TepAETC YacTh CMBICTA, KOTOPHIN MBI BKIaZbIBAEM B CJIOBA
U TIpe/JIOXKEHUA. B 5TO m1aBe Mbl 0OCYAWIN TPU METOAA:

— MEIILIOK CJIOB;

— N-rpamMmBsI;

— BEKTOPHOE IIpe/iCTaB/IeHe CJIOB.
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[Tocsie mpeobpa3oBaHUsA TEKCTA B YKC/IA BBl MOXETE IIPUMEHATb METOABI 00-
yueHus 6e3 yIuTessd, HallpuMep, TeMaTUIeCKOe MOJeTUPOBAHME, TN METOABI
00y4eHUs ¢ YIUTeNeM, TaKue KaK KiraccuduKaimsa TeKCToB. HakoHel, MbI 1IOro-
BOPWJIM O TOM, II0YeMy TeXHOJIOTM4YecKre 'UI'aHThl OZlep:KUBaloT BepX, U IIOPeKo-
MeH/ZI0BaJIu BaM GOPMYJIMPOBATh CBOU OXUJAHUSA UCXOAA U3 NMEIOIUXCA JaH-
HBIX ¥ PECypCOB.

B crnegyromieli riaBe MBI IIPOAOKUM aHAIM3UPOBATh HECTPYKTYPHUPOBAaHHEIE
JAaHHBIE U TIOTOBOPHUM O HEHPOHHBIX CETAX U INIyOOKOM O6YUeHUH.



12

KoHuenTyanusupyure
rny6okoe o6yyeHue

«[osiBNeHNe UCKYCCTBEHHOIO UHTENNIEKTA MHOTAA HA3bIBAlOT HOBOM NPOMbILIEHHON
peBostoLment. U ecnn rny6okoe 06yyeHre — 3T0 NapoBOW JBUraTeNb 3TOM PEBOIOLUM,
TO AlaHHble — 3TO Yro/ib: TONANBO, NUTAIOLLEE HALUIN MHTENNEKTYaNbHbIE MaLLMHbI, 6e3
KOTOPOro HUYEro He 6b1N10 6bl BO3MOXHO»

__ ®pancya Lllonne, uccnegosatens N n aBTop KHur'#

" 03JpaBJsieM: BaM yZajloch 06paThCA 0 IVIaBbl, KOTOPas BO MHOT'UX OTHOIIIE-
HUSAX SBJIAETCS KyJbMUHAIMEH Balllero MyTH CTAHOBJIEHUS TVIABHBIM IO JJaH-
HBIM. B Heill MbI cobepeM BMecTe pasiuvHble pparMeHTH MO3aUKU U TIOTPY3UM-
€A B pa3BUBAIOIIYIOCA 001aCTh MAITMHHOIO 00y4YeHNs, Ha3bIBAEMYIO [NIyOOKUM
obyuyeHUeM.

CeroziHA UCHOIb30BaHHUE TTyOOKOro 0OYUYEHUA CTUMYIUPYET pa3BUTHE Iepe-
ZIOBBIX TEXHOJIOTUH, a €r0 YeJI0OBEKOMOAOOHBIE TPOSBIEHUS TEPUOANYECKU BhI3BI-
BalOT BOocxXullleHHe o61ecTBeHHOCTU. Cdepa myboKoro o6ydeHus 0XBaThIBAET
TEXHOJIOTHH, JIe)XKAIllFie B OCHOBE PabOThI CUCTEM PaCliO3HABAHUA JIHII, aBTOHOM-
HOTO BOXX/IeHUs, OOHapYyXeHUs paka U IepeBofa peuud. To eCTb OHU TIOMOTAIOT
MIPUHUMATD PEIIeHUs], KOTOPbIe HEKOT/IAa CYUTAINCH PEPOraTUBOI uenoBeka. Of-
HaKo, KaK OyZIeT MoKa3aHo Jjajee, IITy0oKoe 0OydYeHue He SIBISETCI YEM-TO HOBBIM
Y He HaCTOJIbKO MIOX0XKe Ha paboTy 4e0BEYeCKOro pa3syMa, KaK MOXKeT II0Ka3aTh-
Cs1 Ha TePBBIH B3IV,

122 TMTone ®paHcya, «[mybokoe obyuenue Ha Python» (M3zarenbcTBo: [Tutep, 2018).
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BoJbiiias yacTh OXXKUJAHUM U aXKuoTaxa B cdepe paboThl ¢ JaHHBIMHU 00YCIIOB-
JIeHa TIOTEHIUAIOM Ty6oKoro obyuenus. HeyIuBUTETbHO, YTO MPEACTABUTENU
ZIeJIOBOTO MUPA TPATAT MHOTO JIeHET Ha BHEJPEHUE 3TOU TEXHOJIOTUH, YTO B OJIHU-
JKaWIve roAbl MOXXeT MOBJIUATh Ha MHOTHe oTpaciu. OJHAKO 110 Mepe Pa3BUTHS
cdepsl rrybokoro oOyueHus HapacTaeT U IIyMuXa BOKPYT Hee. [Ipu 3TOM U3 BUAY
YacTO YIYCKAIOTCH [TOPOXKAAEMBbIE €10 STHYECKHE ITPOOIEeMBL.

B 3TOI1 1aBe MBI pAaCCMOTPUM KOMITOHEHTHI TIIyOOKOTO 0OydeHMs, HauaB C ero
CTPYKTYPBL. B OCHOBE [IyOGOKOT0 06YUEHIs JIEKUT CEMENCTBO MOZIEIEl, Ha3bIBAEMbBIX
WICKYCCTBEHHBIMU HEMPOHHBIMU CETAMU. CYMTAETCS, YTO 3T aITOPUTMbI UMUTHUDY-
IOT TO, KaK MO3T 0OZlyMBIBA€eT WIEU, — OAHAKO, KaK Mbl YBUAUM Jajiee, 3TO BEPHO
JIUIIb OTYACTU. 3aTEM MBI IOTOBOPUM O TOM, KaK HEMPOHHBIE CETH MOXXHO MOJH-
durpoBarth 1 peleHns 6ojee CIOKHBIX 3a1a4 (Bpo/ie paclio3HaBaHUsA 06pa3oB).
B KOHIIE IVIaBbl MbI KOCHEMCS [TPAKTHYECKUX ITPOOIEM, CBA3aHHBIX C IIPUMEHEHH-
€M TEXHOJIOTHH IJIyOOKOro 00y4eHus, IIOT'0OBOPHM O ee HEIPaBIJIBHOM HCIOIb30Ba-
HUU U 60JIee MUPOKUX MOC/IEICTBUAX IIPUMEHEHUS MO/IeJIEH TUTIA «J€PHBIH SIIIUK>.

HEWPOHHbIE CETH

[Ipex e 4eM KOHIIENTyaJTU3UPOBaTh Iyb0oKoe 0OydeHue, cHaYasa HeoOXoquMo
MO3HAKOMUTBCS C €0 CTPOUTETHHBIMU 0JI0KaMU — HCKYCCTBEHHBIMH HEWPOH-
HBIMU CETSMU.

Yem HEﬁPOHHbIe CeTH NOX0XH Ha M03r?

YetoBeUECKUI MO3I — 3TO CETh, COCTOAIIAS U3 OGHOTOTUYEeCKUX HEHPOHOB. Cun-
TAETCA, YTO 3TU HEUPOHBI «IIOIVIOMAIOT MHPOPMALUIO» B BU/IE XUMHYECKUX CUT-
HAJIOB U 3JIEKTPUYECKUX UMITY/IbCOB. B OIlpe/ie/IeHHbIH MOMEHT — MBI He ZI0 KOH-
1[a TOHUMAaeM, B KaKOW MMEHHO — 3Ta WHGOPMAaNKs «aKTUBUPYeT» HEWPOH,
TO €CTh 3aCTaBJIAIET €r0 CpearupoBaTh. EC/IM BB BeZieTe MAIIKHY, U Ha JOPOTY BHE-
3aITHO BBIOEraeT oJieHb, Balll MO3T OBICTPO 06pabaThIBaeT BXOAHbIE JaHHbBIE (Balry
CKOPOCTb, PACCTOSTHUE /IO OJIeHs, IPUCYTCTBHE MAIIUH TOOIU30CTH), aKTUBUPYS
MUJUTHOHBI HEHPOHOB, KOTOPbIE, B CBOIO OYePe/b, IPUHUMAIOT peliieHre (HaKaTh
Ha TOPMO3 WIH CBEPHYTH C I0poru) 1%,

123 PagymeeTcs, IPOJEMOHCTPUPOBATh PE3KUE U OXKUAAeMble UI3MEHEHUS B XMMUU MO3Ta MOXKHO
HE TOJIbKO C IIOMOIIbI0 TAKOTO SKCTPEMAIbHOTO IPUMePa, KaK BhIOETaoIInii Ha JOPOTY OJIEHb.
Jleno B TOM, uTO Ball MO3T 06pabaThiBaeT BXOAHbIE U BHIXOHBIE JaHHBIE MIPAMO ceityac. Mut-
JINOHBI HEHPOHOB aKTUBUPYIOTCA B IIpoliecce YTeHUs STUX CTPOK.
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B cBf3U C 3THM BO3HHKAET BOIIPOC: MOXKHO JIM CO37ATh CEPHI0 MoJiesiel U asl-
TOPUTMOB, CITIOCOOHBIX YUUTBCA TaK JKe, KaK 3TO AejaeT Hall Mo3r? MoXKHO Ju
OBICTPO MPe06PaA30BaTh BXOAHBIE TAPAMETPHI B BUZE JaHHBIX, N300pasKeHUN WK
3BYKa B OCMBICJIEHHBIE BBIXOJHBIE JaHHEBIE? TONBKO moAyMaiTe, KaKue BO3MOX-
HOCTH TIPEeJOCTaBWI ObI HAaM QJITOPUTM, UMUTHPYIOIINY paboTy HAIIEro Mo3ra.
CKOJIBKO OIIEHOK, ZIeIa€MbIX HaMU KOXKAYI0 CEKYH/Y, Mbl MOIJIA GBI ONITUMU3UPO-
BaTh, IIOPYIMB KOMIIBIOTEPY pellleHNe COOTBETCTBYIOIINX 3a/a4?

JIs1 oTBeTa Ha 3TOT BOIPOC U OBUIM CO3/IaHbI UCKYCCTBEHHBIE HEHPOHHBIE
CEeTH — BHIYUC/IUTEIbHBIN aHAIOT GUOJIOTMYECKUX HEMPOHHBIX CeTeH.

Bce 5TO 3ByYUT HEBEPOSITHO, U, Pa3yMeeTcs, aBTOPhI 3TOU KHUTY CYUTAIOT BCe
CBfI3aHHOE C HEPOHHBIMU CeTAMU YPe3BbIUaiiHO 3axBaThIBaOUKM. [lepBrie HeH-
POHHEBIE ceTH OBUTH CO3JaHbI B 1940-X rofax i IMUTAIUY OMOJIOTUH YeloBeKa
B ee TOTZANTHEM IIOHUMaHUU. Bosbias yacTh a)XHoTaxka BOKPYT HEUPOHHEBIX ce-
Tel — a 3HAYUT, ¥ TIyOOKOro oO6yueHuss — oOyCc/IoBIeHa TeM, YTO OHU BJOXHOB-
JieHBI paboToii Hamero mosra. OfHAKO YIOAOOIATh HEHPOHHYIO CETh MO3TY BECh-
Ma PUCKOBAHHO, TOCKOJIbKY TaKas aHAJIOTHs [IPUIIHCHIBAET YPOBEHDb abCTpaKIuu
1 OOIIMX 3HAHWI MOZIEISIM HEMPOHHBIX CETel, KOTOPhIE, IT0 CYTH, ABJISAIOTCI BCe-
'O JIUIIb TUTAHTCKUMY MaTeMaTU4YeCKUMU yPaBHEHUSIMU.

TakuM 06pa3oM, HeCMOTps Ha 3aaBiaeHus CMI 1 MapKeTOJIOrOB, MBI HE JI0JI-
JKHBI 0OMaHBIBAThCS, IyMasi, OyATO MOC/AeHUE JOCTHKEHUA B 006J1aCTU HEUPOH-
HBIX CeTel U IIyOOKOro 06ydeHUs OTPakaroT Ux OoJiee TECHYIO CBS3b C YeJloBe-
YEeCKUM MO3TOM. YCIeX 3TUX aJITOPUTMOB CKopee 06ycioBieH 6oee GBICTPHIMU
KOMITBIOTEPAMU, OTPOMHBIMU 06'beMaMU JaHHBIX 1 MHOXKECTBOM HCC/IEZ0OBAHUH,
IIPOBOZAVMEIX B 001aCTH MAUTUHHOT'O 0OYYeHMUsI, CTATUCTUKY U MaTEMAaTUKH.

JlaBatiTe pacCMOTPUM MPUHITUI PaOOTHI HEUPOHHBIX CETeH Ha AByX IIPUMepax.

MpocTas HeiipoHHas ceTb

Kak Brl noMHuUTe, B mase 10 MBI cO34aMU MOJesb, IPeACKAa3bIBAIOIIYIO, ITOIY-
YUT JIM KaHAWJAT MpUIIalieHre Ha cobeceZloBaHUe, UCXOAsS U3 €r0 CPeJHEro
6asuta, Kypca obydeHuUs, Clielaau3aliy ¥ KOJUYeCcTBa BHEKIACCHBIX 3aHATUM.
Ha puc. 12.1 nmoka3aHa ee Bu3yanusalys B BU/e IPOCTENIel HEHPOHHOU CETH.

Ha puc. 12.1 npezcTaBiieHbl YeThIpe BXOJHBIX IapaMeTpa:

— Cpeanuii 6at = 3,90

— Kypc =4

— Cnernuanu3anus = «CTaTUCTUKa» (3aKOAUPOBaHa C MTOMOIIbIO TUPPHI 2)

— BHexsaccHble 3aHATHA = 5 (00lee KOJIMYEeCTBO BHEKIACCHBIX 3aHATHN)
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Cpeanuit 6ann: 3,90

Kypc: 4
Mpurnawenwe: [la (1)

Cneuyuanusaums: Ctatuctuka (2)

BHeKnaccHble 3aHATHS: 5

Puc. 12.1. MpocTeiiwan HeNpoHHas CeTb U3 BCEX BO3MOXHbIX. YeTbipe BXOAHbIX NapaMeTpa
0bpabaTbIBaloTC GYHKLMEN aKTUBALMM OfHOTO HEMPOHa, ONpefeNnsitoLLeil BbIXOJHOI CUrHan

DT 3HaUYeHUs TEPEAAIOTCA B BRIUYUCIUTEIbHYIO eINHUIY — HEWPOH, KOTO-
PDBIH TIpeICTaBIEH Ha PUCYHKE B BU/Ie KPYXKKa. BHYTpU 3TOr0 HEHpOHA HaXOUTCS
byHKIMA aKTUBAIIUY, KOTOpast IpeobpasyeT YeThipe BXOJHBIX ITapaMeTpa B eu-
HOe YUCJIOBOe 3HaueHue. Eciu KoMOMHALIMA BXOJHBIX TTapaMETPOB IIPEBHIIIAET
ITOPOTOBOE 3HaUeHUe, HEWPOH «aKTUBUPYETCSI» U TIPEACKA3bIBAET, YTO 3aIBUTEND
MTOJTyYUT TIPUTIAIIIEHHE.

B xadecTBe QYHKIUM aKTUBAIIUK MOXXHO HCITOJIb30BaTh pa3Hbie QYHKIUU
B 3aBUCUMOCTH OT PelIaeMoi 3aZlauil ¥ UMEIOIIUXCSA JaHHbBIX. [I0CKOIBKY B 3TOM
IIpUMepe MBI pelliaeM 3aady KiaacCubUKalWHU, TO eCTh MpeAcKas3biBaeM, MOJy-
YUT JIM JAHHBIA CTa)Kep MpUIVIallleHue, — Halra QyHKIUA aKTUBAIUU J0DKHA
MPEeZIOCTAaBUTh HAM 3HaY€HHE BEPOSATHOCTHU MOJMyIeHUs TPUTVIAIIEHUSA, aHATIOT Y-
HO TOMY, KaK 3TO ZieJlajioch B aBe 10 ¢ ITOMOIIbIO IOTUCTUYECKOM perpeccu 24,

B ypaBHenwusix 12.1 u 12.2 nokasaHa Haubosiee pacrpocTpaHeHHass GyHKIUSA
aKTHUBanuK. Mbl pa3buiM ee Ha JIBE YaCTH, YTOOBI ee GBLIO JIETYe MCIOIb30BaTh
(v Habuparth):

1
BepOHTHOCTb IDpUrIameHusa =

>

)
l+e (12.1)

rme X = w, X Cpeznnuii 6amt + w, X Kypc + w, X Crienuanusanus + w . X Buexu.
3aHATHA + b. (12.2)

124 HefipOHHBIE CETH MOXKHO HCIIOJIb30BATh U /I PEIeHUs 33/1a4 perpeccuu. ToIbKo pu aToM 6y-
JeT IPUMEHATbCA Apyras GyHKIUA aKTUBAIMH, IOCKOJIBKY UTOTOBOE BBIYHMCIEHHE, 110 CYTH, OY-
ZleT CBOAUTBCA K MOJeIU JTIMHEMHOM perpeccuu.
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Mbl HazeeMcA, YTO 3THU ypaBHEHU:A yXKe KaXyTCA BaM 3HAKOMBIMU. YpaB-
HeHue 12.1 — 3T0 norucrtuyeckas yHkIuA U3 massl 10, a ypaBHeHue 12.2 —
byHKIIMA TMHEHHOM perpeccuu, IpeAcTaBleHHad B miaBe 9. Takum o6pasom,
C MaTeMaTU4ecKoy TOYKU 3peHusA HelpoHHAaA CeTh [IPOCTO COAEPKUT KOMIIOHEH-
THl MAIIMHHOTO OOy4YeHUs M CTATUCTUYECKUX aJITOPUTMOB. YpaBHEHUE JUHUU
JINHEWHOU perpeccuu 12.2 103BoOJsIET 0OBEAUHUTD YETHIPE BXOAHBIX MTapaMeTpa
B OZIVH, a Joructrdeckas GyHkIms 12.1 «<BTUCKUBaEeT» pe3y/IbTaT B IMana3oH oT 0
70 1, B KOTOPOM ZJOJKHBEI HAXOJWUTHCS 3HAYEHUs BEPOATHOCTH.

Llesb ceTH, Kak U JIOTUCTUYECKOH perpeccuy, — HalTH HaWwiIydlive 3Ha4eHUA
BECOB U MIOCTOSTHHOTO WieHa (TpecTaBIeHHbIX B ypaBHeHUH 12.2 6yKBaMu w U b
COOTBETCTBEHHO U BMECTe Ha3bIBAeMBIX [TapaMeTpaMU), KOTOPhIe eJaloT BBIXOZ-
Hble JaHHbIe, IPOTHO3UPYEMBIE CeThI0, MAaKCUMATbHO OJIU3KUMU K GaKTHIeCKUM
BBIXOJIHBIM JIJAHHBIM B COBOKYMHOCTH %°, [Toz «0OydYeHrneM» HEMPOHHOMU ceTH (Kak
U B CJIydae MalIuHHOTO 0Oy4YeHUs B 1IeJIOM) TOHUMAETCS MPOLIECC ONTUMU3AIUN
ImapaMeTpOB YpaBHEHUH, TOAZOOHBIX 12.2, 1718 MTOMyIeHNs IIPOTHO3A.

Kak yuutcs HeipoHHas ceTb

[TaBHBIM BOIIPOC — KAaKUMU ZIOJDKHBI OBITH 3TH TTapaMeTPhI /IS JOCTHKEHUS OIl-
tumyma? OTBeT Ha Hero NpeBpaliaeT HeHPOHHYIO CETh B TOJIE3HYIO MAIITVHY JJIs1
mporsosupoBanusi. OJHAKO B caMOM Hadvasie Ipoliecca 06ydeHus mapaMeTpbl MO-
T'YT GBITB JO6BIMU. [I03TOMY Halll JITOPUTM IIPHUCBAUBAET UM CIyYaifHbIE 3HAYE-
HUS B KaueCTBe OTIIPaBHOM TOYKU. Eciiy 6B BaM HY)XKHO GBLJIO BRIMBITh PYKH IO/
KpPaHOM, KOTOPBIU BBl BUJWTE BIIEPBHIE M Y KOTOPOT'O OTCYTCTBYIOT METKU TOPS-
Yell U XOJIOZHOM BOJIbI, TO B IIPOCTO BKJIIOYWIN OBl €r0, OIIeHWIN TEMITEPATypy
U oTperynaupoBaiu ee. To ke camoe U 3/1eCh.

DTU Hava/lbHbBIE CIyJaliHble Beca HEBEPHBI B TOM CMBIC/IE, YTO OHU OBUIM yCTa-
HOBJIEHBI TIPOU3BOJILHO, a HE OIpe/eeHbl B Mpollecce o6ydyeHus. OfHAKO OHU
TIO3BOJIAIIOT C Yero-To HayaTh, a caMoe IJIaBHOE — IOJIYYUTh YMCJI0BOU pe3yiib-
taT. Hampumep, IperonioKuM, YTO BEl GepeTe JaHHbIE JBYX BBHIAAIOUIUXCS OBIB-
IITUX CTAXKEPOB, YWIA U JJUTH, U TIOlaeTe UX Ha BXO/ HEMPOHHOU ceTu (TO eCTb
TIOZICTAaBJIsIETE B MIPUBE/IEHHBIE BHINIE YpPaBHEHUs). VICOnb3ys ciydaliHble mapa-
MeTpHl, MBI nosydunu pesynasraT 0,2 and Ywuia u 0,3 aaa Oin. [lpyrumu ciio-
BaMU, IIPU UCIIOJIb30BAHUU CJIyYalHBIX 3HAUeHUN BECOB U IIOCTOSTHHBIX WIEHOB

125 Beca Takke Ha3bIBatOTCs KoaddurmieHTamu. JIJist OAHUX U TEX XKe MMOHATUI CYI[ECTBYET HECKOITb-
KO HasBaHUM.
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BEpOSTHOCTD TOTyYeHNA IPUIVIAlIeH!s 060UMHU NpeTeHAeHTaMU OKa3aaach HU3-
koii. OfHaKO, TOCKOJIBKY 3TO MCTOpUYECKHe obydarolye ZaHHbIe, Mbl 3HAEM,
KaKUMU JJOJDKHBI ObLUTH OBITh BBIXOAHBIE 3HAYeHUA. V1 YU, U DJUIU MOMYIHIN
mpumianeHusa. VICTUHHbBIE BEIXOJHbBIE 3HAYEHUA B 000MX CIIy4asx ObUIM paBHEI 1,
HO MOZesIb IIpeZickasasla HU3KWe 3HauYeHUs AJIA KaXA0oro U3 cTaxepos. Mrak, uc-
XOZIHOE KauecTBO Ipe/icKa3aHull HeIPOHHOM CeTU y>KacHO.

Ha sToM sTame Mojenb aHaIU3UpyeT UCTUHHBIE 3HAUYEeHUs BBIXOAHBIX I1apa-
MeTpoB (1 u 1) u oTpaBiAer coobIeHre O TOM, YTO TEKYIIHe IapaMeTpHl He-
BEPHBI, U UX HEOOXOJUMO CKOPPEKTHpOBaTh. HO Kak MMEHHO MBI JOJDKHBI U3-
MEHUTh Ka)KbI Bec? AJITOPUTM, Ha3bIBa€MbIM OOPAaTHBIM pacIpoCTpaHEHUEM
ourm6KY 126, KOppEeKTUPYET 3TU Beca U PellaeT, Ha CKOJIBKO UX HEOOXOAUMO yBe-
JIMYUTH WIN YMEHBIIUTh. MoXeT OBITh, IpUAaTh OOJblllee 3HAYEHUE CPeSHEMY
6aty? A MOXKeT ObITh, CTOUT YMEHBIIUTb BaXXHOCTh Kypca? 3aTeM IIPOoIecc mMo-
BTOpsieTCs: OOHOBJIEHHBIE Beca CHOBA MPUMEHSIIOTCS JJIs OIIEHKU AaHHBIX Y-
Jla ¥ DJUTM, ¥ Ha 3TOT pa3 BeigaroTcs pesynbraTel 0,4 u 0,6. Yke nydine, HO ellle
He HzleasIbHO. AJITOPUTM 0OpPaTHOTO PaCcIpOCTPaHEHUA OIIUOKU OTIIPABJISET CUT-
HaJ 06paTHO IO CETH ¥ CHOBA KOPPEKTUPYET Beca, IOCJIe Yero IPOLeCC TOBTOPS-
etcs. Co BpeMeHeM MapaMeTphl MPUOIIIKAIOTCA K CBOEMY TUITOTETUYECKOMY OII-
TUMyMYy, IPU KOTOPOM TIpeZicKa3aHHbIe 3HAYEHUA B cCpeZiHeM Haubosiee OIM3KU
K pakTHieckuM MeTKam'?.

qYTb 6onee cnoxHas HEﬁPOHHaﬂ ceTb

B mpegpizynieM IpuMepe MBI IIPOCTO B3SLUTH JIOTUCTHYECKYIO Perpeccrio U Ipe-
BpaTWIX ee B BU3yaIU3allMIo HEHPOHHOM ceTn. MaTeMaTrka ObUla WAEHTUYHOM.
B CcBsI3U ¢ 9TUM BO3HUKAET BOIIPOC: 3a4eM BOOOIIIE 3TO AeaTh? 3aYeM IIpe/CTaB-
JIATH JIOTUCTUYECKYIO PEerPECCUI0 B BUZIe Yero-To HOBOT'O, Ha3bIBaeMOr'o HepoH-
HOH ceTblo?

OTBeT Ha 3TOT BOIPOC U peaysbHAas [10Jb3a HEHPOHHBIX CeTell 3akJiodaer-
cs1 B TOM, UTO MIPOUCXOAUT, KOTZIa MBI 06aBJIsIEM B CETh «CKPBIThIE» CJIOU. UTaK,

126 JIns1 HOKJIOHHUKOB UCYUCJIEHHs co0bIaeM, 4To 06paTHOE pacpocTpaHeHNe OIIUOKH, 10 CYTH,
Ipe/icTaBIAeT cOOOH LeNHOe MPaBWIO, NIPeOCTABIAIONIee HHCTPYMEHTHI AJI ONTUMHU3ALUN
BJIOXKEHHBIX yPaBHEHUH, IIOZOOHEIX TeM, KOTOPbIE HCIIOJIb3YIOTCA B HEHPOHHEBIX CETAX.

127 B ciyyae TMHEHHOHN perpeccuy i IapaMeTpoB CYIIeCTByeT HACTOSALINI MaTeMaTHIeCKUH Ol
THUMYM (TO €CTb TOYKA, B KOTOPOU CyMMa KBaJPaTOB ABJSIETCS MUHUMAIbHO). K coxanenuto,
pu paboTe ¢ HEMPOHHBIMU CETAMH Yy HAC YaCTO HET HUKAKOI'O CIocoba y3HaThb, JOCTUIVIA JIH
Hallla HepOHHASA CETh MAaTEMAaTHYECKOTO ONTUMyMa WIH IIPOCTO «JOCTATOYHO XOPOIIET0» pe-
3yJbTaTa.
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JaBaiiTe 106aBUM B MPEABIAYIIYIO CETh CKPBITBIM CJIOW ¢ TpeMs HEHPOHAMU, KaX-
JBIA 13 KOTOPBIX COAEPIKUT JIOTUCTHIECKYI0 QYHKIIUIO aKTUBALMU. B pesynbrare
MBI IIOJIyYUM CEeTEBYIO CTPYKTYpY, IOKa3aHHYI0 Ha puc. 12.2.

CpepHuii 6ann: 3,90

@ Mpurnawenwe: [la (1)

Puc. 12.2. HeiipoHHas ceTb CO CKPbITbIM coeM. CpefiHuii Coii «CpsiTaH» MeXJY OCHOBHBIM
BXOZHbIM CJIOEM CJIeBa U BbIXOAHbIM C/IOEM CripaBa

Cneuuanu3sauus:
CratucTuka (2)

BHeknaccHble
3aHATHA: 5

Vizes COCTOUT B TOM, YTO HEHPOHBI B CKPBITOM CJIO€ OYZAYT «M3y4aTh» HOBBIE
U COBEPIIEHHO WHBIE MPEACTABIEHUS BXOJHBIX JAHHBIX, YTO YIIPOCTUT 3aJady
IIPOTHO3UPOBaHUA. J/laBaiiTe MOCMOTPHUM Ha BEPXHHUIN HEHPOH CKPBITOTO CJIOS:
HaXOAUTCS B cepeJuHe U COCTOUT M3 TpeX HeHUpoHOB. [IpeAnonokum, 4To B pe-
3y/bTaTe 00y4eHUs Ha UCTOPUYECKUX JJAHHBIX BEPXHUN HEHPOH «HAyYHIICH» I10-
HUMaTh, YTO CPeAHUN 6ajUl KaHAWAATA, €r0 CIeluaIu3alnysa U KOJTUIeCTBO BHe-
KJIACCHBIX 3aHATUN — BaXKHbIe pAKTOPBI, BIUAIOIINE HA BEPOATHOCTD IOTyIEHUS
[pUIVIALIeHusA. DTO 3HAYUT, YTO JaHHbIe KAHJUATa C BBICOKHM CPeJHUM 0ayuIoMm,
6OJIBIIMM KOJIMYECTBOM BHEKJIACCHBIX 3aHATUHN U CJIOXKHOH CllelihaIu3anuen 3a-
CTaBAT 3TOT HEUPOH «aKTUBUPOBATBHCSI» U MOCJIATh CUTHAJ, 0603HAYAIOUTUH HO-
BBIH IIPU3HAK B JAHHBIX. DTOT IPU3HAK MOXXHO OBUIO ObI HAa3BaTh JOCTIDKEHHUEM.
C MaTeMaTHYeCKOM TOYKU 3PEHUs 3TO 03HAYAET, YTO B PYHKIINHU aKTUBAIUN 3TO-
ro HelipoHa Beca TaKUX apaMeTpOB, KaK CpeAHUIN 6aJUl, Clielanu3anys U BHe-
KJIACCHBIE 3aHATHUSA, SIBJISTIOTCS «OONBITIMU».

AHaJOTUYHBIM 06pa3oM KOMOUWHAITMA KOJUYECTBA JIET OOyUYeHUs U KoJuve-
CTBa BHEKJIACCHBIX 3aHATHUU MOXKeT 3aCTaBUTh CPeJHUN HeHPOH MOoAATh CUTHAII,
COOTBETCTBYIOLINI TaKOMY ITPU3HAKY, KaK OIIbIT, & HIDKHUIN HeHPOH MOXKeT aKTH-
BUPOBATHCS TIPU HAJMYUH Y CTYAEHTa MOAXO/AIIEero Habopa HaBHIKOB. PasymeeT-
Cs1, BCe 3TO YHMCTO TUITOTETHYECKU: KaK U B CJIydae aHAIN3a [TIaBHBIX KOMITOHEHT,
MBI KaTeropusupyeM IIpU3HAKU Ha OCHOBe KOMOWHAIIUU II0JIeH, KOTOphle BIUA-
IOT Ha HUX CUJIbHee BCero.
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HamoMHUM, 4TO YeTHIpE UCXOAHBIX BXOJAHBIX IIapaMeTpa MOAA0TCsA Ha CKPHI-
TBHIM CJIOM U BBIBOJAATCS B BUJE TPEX HOBBIX MPU3HAKOB. 3aTeM IIPU3HAKU «JI0-
CTV)KEHUS», «OIBIT» U «HAO0Op HABBIKOB» CTAHOBATCS BXOAHBIMU JAHHBIMU IS
MOCJIe[HETO HEWPOHA, KOTOPHIM GepeT B3BEIIEHHYI0 KOMOMHAIIUIO 3TUX BXOJ-
HBIX /JaHHBIX, [IPOITYCKAET ee depe3 ele ogHY GYHKIIMIO aKTUBALMK U BbIAAET
MIPOTHO3.

C TOYKY 3peHUs BEIYUCIEHUH CeTh MOXKHO PACCMaTPUBATh KaK CEPUI0 MOZeNIel
JIOTUCTUYECKOH PErpeCCUH, 3aKII0UYEHHBIX B KQXKIOM U3 HEHPOHOB 2, B CKphITOM
CJI0€ TIPUCYTCTBYIOT TPU MOJIEJIH JIOTUCTUIECKOM Perpeccu, Kaxkas u3 KOTOPhIX
IpUJiaeT pasHbIi BeC TaKUM IIapaMeTpaM, KaK CpeHUH 6aul, Kypc, Clenranim3a-
VA ¥ KOJIMYECTBO BHEKJIACCHBIX 3aHATUH. (UTOOBI HE YCIOXKHATD BU3YATU3AIIHIO,
MBI YKa3a/Iu He BCe CBSA3U C HEMPOHaMU CKPBITOTO CJIOSI, IPOUTHOPUPOBAB Te, KO-
TOpBIE UMeNu Obl HeCYI[eCTBEHHbIE Beca.) BRIXOZHbIE CUTHAJIBI ATUX TPEX MOJe-
Jiel CTAaHOBSTCA BXOAHBIMU I TIOC/IEZHETO HEHPOHA, KOTOPHIH B3BEIIMBAET KOM-
OUHAIMIO BXOAHBIX JAHHBIX U BBIZIAET OKOHYATETbHBIN Pe3y/IbTar.

[Ipu 3TOM MOJIyYalOTCS YpaBHEHUs B ypaBHEHUAX — MaTeMaTUYECKOE T0/0-
6vie MaTpeIIKU. BOT KaK 3TO MOXKET BBIIISZAETh.

«BHeIHsAs» GYHKIMS IpeJCcTaBIseT co00i GyHKIUIO aKTUBAIIMH B ITOCIETHEM
cioe cetu. s ceTy, u3obpaskeHHOH Ha puc. 12.2, aTo 6yzet:

BEPOHTHOCTB IIpurjpameHusa =

1
%—(w1 X Jlocmuscerus+w, X Onsim+w, X Habop Haswbikoe+b)

OHAaKO KaXKJbI M3 NMPU3HAKOB B 3TOM yPAaBHEHUM — [JOCTWKEHUS, OIBIT
1 HaboOp HABBIKOB — MPEACTABJISAIOT COOOM OTAeNbHBIE YpaBHeHUs. EC/IU MBI 3a-
MEHUM B TIPUBEZIEHHOM BHITIIE YPABHEHUU TONBKO «/IOCTHKEHUA», TO TTOTYIUM
(ue myraiiTech):

BepOHTHOCTb npurjaameHusa =

1
1
—[w1 X[ ]+w2 X Onwbim+w, X Habop HaeblKOS-l—la
I+e

(w,, X Cpednutl 6ann+w,, X Kypc+w,, x Cneyuanusayus+w,, X B3+b1)
e

128 31ech MBI OJDKHBI CZielaTh OrOBOPKY. Eciy QyHKINA aKTUBAIlMKM He JIOTUCTHUYECKasi, TO 3TO
yTBep)KZeHre HEBEPHO.
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W 5T0 ecsiv MBI OIpPaHUYUMCS TOJNBKO IPU3HAKOM «JlocTrkeHUA»! MBI He cTa-
JI1 3aMEHATb OCTaJbHBIE, HO HaZleeMCs, YTO HaM y/,aJ0Ch IPOWIIIOCTPUPOBATD
BBICKA3aHHYIO PaHee MBICTb O TOM, YTO HEHPOHHBIE CETH MPEACTABISAIOT COOOM
TUTaHTCKHE MaTeMaTU4eCKre yPaBHEHNU .

PesynbpTaT 9TOIH BIOXXEHHON CTPYKTYPBl — OT'POMHO€ ypaBHEHHE C MHOXe-
CTBOM IIapaMeTPOB, KOTOPOE MPUHUMAET BXOAHON HAOOP JAaHHBIX U PA3TUIHBI-
MU crioco6aMu uX KOMOUHUPYeT. VIMEHHO HacIoeH e 3TUX QYHKIINA U TIO3BOJISET
CeTH BBIABJIATH OoJiee CJIOXKHBIE PeJCTaBIeHNA B JaHHBIX, YTO JieaeT BO3MOXK-
HBIM OoJiee JeTabHbIe IPeACKa3aHus.

OmnucaTh mporecc paboTsl HEHPOHHOM CETH TaK JKe CJIOXKHO, KaK U IPOIlece
MbIlUTeHYs. Ha mpakTUKe CKPBITHIM CJIOH, CKOpee BCEro, He OyZEeT BBIAABATh MO-
HATHBIE JJIA JIoZlel Ipe/iCTaBle s, ToOKa3aHHble 3/iech (AOCTHKeHNs, OIIBIT U Ha-
60p HaBBIKOB). XyXe TOTO, CJIOXKHOCTb OyZIET BO3pacTaTh IO Mepe Z0baBlIeHUs
ZIOIIOJIHUTEIbHBIX CJI0eB U HeHPOHOB. 1HOTZIa 5TH MO/iel Ha3bIBaIOT YepHBIMU
SIUKaMU M3-3a CJIOXKHOCTU ITOHMMAHWS Ipoliecca UX paboThl HA YPOBHE CJIOEB
Y HEWPOHOB.

[TosTOMy Ipu OOGBSCHEHUM IPUHIMIA PabOTHl HEHPOHHBIX CETEl HE CTO-
UT npuberaTh K paMaTUIECKUM CPaBHEHUAM C YeJOoBeYeCKUM Mo3roM. Bosee
PEaTMCTUYHO TIPEJCTABIEHNE O HEHPOHHBIX CETAX KaK O OOJNBIINX MaTeMaTH-
YeCKUX YPaBHEHUSX, OOBIYHO HCIIOJIb3YEMBIX P PEIleHUHU 33Za4 KOHTPOJIHU-
pyemoro oby4eHus (kaaccudpuKanus UIN PETPECCHs) U CIIOCOOHBIX HAXOAUTh
HOBBIE IIPE/ICTaBJIE€HUA BXOJHBIX ZJaHHBIX, YIIPOIlasd TeM CaMBIM IIpoLiecc IIpo-
THO3UPOBaHUA.

YTo XKe Takoe Iybokoe obyueHue?

NPUMEHEHUE I'1TYBOKOI0 ObYYEHWUA

I'ny6okoe obydyeHre — 3TO CEMENCTBO alTOPUTMOB, UCIIONB3YIOUIUX CTPYKTYPY
HCKYCCTBEHHOM HEMPOHHOM CETH C ABYMS WX 60Jiee CKPBITBIMU CI0AMU. (JIpyru-
MU CJIOBAMU, 3TO UCKYCCTBEHHAsI HEMPOHHAS CETh C YIydYIIeHHBIM GPEH/IMHTOM. )
Npes yrnybsenus (Wiu paclidpeHus, KaK MOKa3aHo Ha puc. 12.3) HelpoHHOU
CeTH COCTOUT B IIOCJTIEOBATEIHPHOM HAJIIOXKEHUU CKPBITHIX CJIOEB, IIPU KOTOPOM
BBIXOZIHBIE CUT'HAJIBI OJHOT'O CJIOSI CTAHOBATCS BXOAHBIMU CUTHAJIAMU JJIA CJIeYIO-
mero. B KaZ0M cJIoe peasu3yroTcss HOBble abCTpaKIMK U TIpeACTaBIeHUs JaH-
HBIX, B pe3yJIbTaTe 4ero u3 Habopa BXOJHBIX JAHHBIX CO3/aI0TCs Bee 6ojiee HIOAH-
CUPOBaHHbIE IPU3HAKU.
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DTO CJIOXKHBIM IMPOIECC, KOTOPBIM He BcerZa ObLIO JIETKO OCYIIECTBUTH.
B 1989 rozay uccregoBarenu oz pykoBozactBoM AxHa JleKyHna'?® cozganu mozenb
Iy6oKoro oby4yeHuUs, KOTopas MpUHUMaa B KaYeCTBe BXOAHBIX JaHHBIX PYKO-
MUCHBIE TTUGPHI U aBTOMATUYECKU MMPUCBAWBasa UM COOTBETCTBYIOIIYIO BBIXOZ-
HYIO YHUCIOBYIO METKY. DTO OBLIO CIETAaHO /I aBTOMATUYECKOTO PACIIO3HABAHUA
WH/IEKCOB Ha TIOYTOBBIX OTIIPABIEHUAX.

OTta ceThb cofepxkana 6onee 1200 HelipoHoB u moutu 10000 mapameTpos.
(Tosbko 3agyMaiiTech 06 3ToM. Moziesb B ypaBHEHUU 12.2 COAEPIKUT BCETO AT
mapameTpoB.) KomaHze uccieznoBatesneii TpeboBascs obyJaromuii Habop AaH-
HBIX, COZIEPKAIIUN THICAYN PYKOIMCHBIX ITUP ¢ MeTKaMu. Bce 3TO HY)XHO GBUIO
OCYILLECTBUTD, UCIIONb3YA TeXHOIOrnu 1980-X rozos.

Kazajioch, 4TO HOBEMHIIME KOMITbIOTEPEI, OOIBIION HAOOP pa3MeYeHHbIX JaH-
HBIX U TepIIeHue JO/UKHBI ObLTM rapaHTHPOBaTh ycieX B cdhepe rryboKoro obyde-
Hus. Ho HecMOTps1 Ha HEKOTOPBIH MPOTpece B 3TOM 06/1aCTH, HACTOAIINX TIPOPHI-
BOB IIPHUIILIOCH JKIATh €llle HECKOJIBKO JIeT, MoToMy uTo (1) obydueHue TIyOGOKOM
HEWPOHHOW CETU MPOUCXOAWIO MYYUTEIbHO MEJEHHO Jake Ha CaMbIX MOII-
HBIX U IOPOTUX KOMITBIOTEPAX TOTO BpeMeHH, U (2) AOCTYI K HabopaMm pasMedeH-
HBIX BXOJHBIX-BBIXOJHBIX JTAaHHBIX ObLI OTpaHUYEH. A HA OZHOM TePIIEHUU Jaje-
KO He yeZelllb.

Bxoj 1

BXoj, 2

BbIX0f1
Bxop, 3

Bxoa 4
I || | | |

BXO/IHOIA BbIXOJJHOM
cnoi cnon

CKPbITbII CNOW

Puc. 12.3. [ny6okas HeilpoHHas CeTb C ABYMS CKPbITbIMM COSIMU

129 TeCun, Y., et al. (1989). Backpropagation applied to handwritten zip code recognition. Neural
computation, 1(4), 541-551.
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Opnako B 2010-x rozax coueranue 60bIKUX HaOOPOB AaHHbIX (61arozaps VH-
TEPHETY), YCOBEPIIEHCTBOBAHUS aITOPUTMOB (B YaCTHOCTH, IPUMeHeHUs bosee
3 PEeKTUBHBIX IO CPABHEHUIO C JIOTUCTUYECKUMU QYHKIUN aKTUBAIUNA) U KOM-
MbIOTEPHOTO 060PYZI0OBAHMSA, U3BECTHOTO Kak rpadudeckue mporeccopbl (GPU),
MIPOM3BENIO HACTOAIIYIO PEBOJIOIHIO B cdhepe mrybokoro obyuenus. ['padude-
CKUe€ TIPOIIeCCOPHI TIO3BOJIMIN COKPATUTh BpeMs ob6yueHus B cTo pa3'®. biaroga-
PS 3TOMY /I M3yYEeHU THICSIY ITapaMeTPOB IIyOOKOM HEeHPOHHOM ceTu Tpebo-
BaJIMCh Y)Ke He HeJleJI WJIN MECSIIBI, 2 BCero HECKOIBKO YacoB WK gHel. C Tex
Op ycrexu B 061acTy IIyboKoro 06y4eHUsT pPOCIU KaK CHEXXHBIN KOM, 0COBeHHO
B TOM, YTO KacajoCh TaKUX HECTPYKTYPUPOBAHHBIX JaHHBIX, KaK TEKCT, U306pa-
JKeHUA U 3BYK. DTO MPOSIBWIOCH B CO3/ITaHUM CHUCTEM, ITO3BOJISIONIUX PeIlaTh BCe-
BO3MOJKHBIE 33/la4l — OT WIeHTUQUKAIIMY U MapKHUPOBKH JIUII ZI0 Tpeobpa3oBa-
HUA ayIU0 B TEKCT.

MpeumyuiecTBa rny60Koro 06yyeHus

[Mpexie YeM IPUCTYIIATh K 00CYKAEHUIO TOTO, KAK METO/IbI INIyOOKOTro 00yYeH s
MO3BOJIAIOT 06pabaThiBaTh HECTPYKTYPHUPOBAHHbIE JaHHbIE, JaBaliTe MOTOBOPUM
0 TOM, YeM ITyboKoe 06ydeHre OTIMYaeTCs OT alTOPUTMOB, C KOTOPBIMH BHI TIO-
3HAKOMUJIMCh paHee. MBI yKe CKa3aju, YTO CKPBITbIe HEMPOHBI CITOCOOHBI TeHe-
pHpOBaTh HOBHIE U 60Jiee HIOAHCHPOBAHHbBIE MIPeCTaBIeHNUs Habopa JAaHHBIX,
B3aMMO/IEMCTBUS MOZeIeN U HeJIMHeMHbIe B3aUMOCBA3HU, TEM CAMBIM I103BOJIAS
oOHapyKUBaTh TOHKOCTH, VIIyCKaeMble IPYTUMU METOAaMHU.

C MpaKTHUYECKOM TOYKHU 3PEHUSA DTO MOXKET OBITh HEBEPOSTHO IIOJIE3HO /IS
CIIeNMATUCTOB 0 paboTe ¢ JaHHBIMU, TOCKOJIBKY COKpalllaeT BpeMsA Ha PydHOe
KOHCTPYUPOBaHUE TPU3HAKOB.

KoHcTpyrpoBaHHue IPHU3HAKOB — 3TO TMpoliecc 06 beMHEHU WK TTpeobpaso-
BaHUsA HeoOpabOTaHHBIX JAHHBIX B HOBBIE TIPU3HAKU (HOBBIE CTOJIOIIBI) B Habope
JAHHBIX C MCIIOIb30BaHUEM IKCIIEPTHHIX 3HaHUM. Hampumep, B ciiydae ¢ Habopom
JAHHBIX, TTPEeCKa3bIBAIONINM BEPOATHOCTD edoTa 10 KpeJuTy, Co3JaHre MoKa-
3aTeJsl IOCTYIMHOCTH IyTeM /IeIEHUST CTOUMOCTH JKUJIbS Ha ZI0X0/] IOMOXO3AHMCTBa
MOXXET TTOBBICUTD 3 PeKTUBHOCTh MOAEe . OZTHAKO 3TOT MPOIIECC MOXKET OKa3aTh-
cs1 O4YeHb TPYZOEMKUM U 3allyTaHHBIM. biiarogapsi UCIogb30BaHUIO CKPBITHIX CJIO-
€B METOZbI TTyOOKOTO 00y4YeHUs YacTO MO3BOJIIOT aBTOMATHU3UPOBATD IPOIIECC

130 Cm. crartbio “From not working to neural networking” Ha crpanurie: https: //www.economist.
com/news/special-report/21700756-artificial-intelligence-boom-based-old-idea-modern-
twist-not
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KOHCTPYMPOBaHUSA MPU3HAKOB, CO3/laBasi MPeACTaBIeHUA JaHHbIX, O0jiee TIOAX0-
JSIIHE IJIST PEIIEHUS 3a/iad TPOrHO3UPOBAHMUS.

[1py MCIOMB30BaHUK GOJIBIIOTO KOJIUYECTBA AaHHBIX, Bce Ooee IIyOOKUX ce-
Tell, aBTOMaTUYECKOTO0 KOHCTPYHPOBAHUs IIPU3HAKOB U IIOC/IEZ0BATENbHOTO Ha-
CJIOEHUST HEMPOHOB B JaHHBIX MOTYT 0OHAPYKUBAThHCS Bee 6oJiee C0KHbIE U bora-
ThIE TIPE/CTABJIEHNSI, KOTOPhIE YIYYIIA0T IIPOU3BOAUTENBHOCTD MOJEH 110 MEpe
TOTO, KaK oHa obyJaeTcs Ha Bce bosee 06beMHBIX Habopax JaHHBIX. DTO ITOKa3a-
HO Ha puc. 12.4.

A
>

KpynHasi HepoHHas ceTb

CpeaHss HeMpPOHHAA CeTb

He6onbluas HeNpoHHas CeTb

TpaAMLMOHHbIE aNrOPUTMbI MALLMHHOTO 06yYeHUs/
CtaTucTnyeckoe obyyenue

Mpou3BoANTENBHOCTb MOJENHN

\

Pa3mep Habopa JaHHbIX

Puc. 12.4. TeopeTuyeckoe cpaBHeHNUe AMHAMMUKN POCTA NPOM3BOAUTENBHOCTM TPAANULIMOHHDBIX
anropuTMOB perpeccun U KnaccupukaLum u HeipoHHbIX ceTeld pa3HOro MacluTaba no Mepe
yBeNnYeHnsl paamepa Habopa pa3MeyeHHbIX AaHHbIX ¥

Ha gaHHOM M306paXeHUU IIOKa3aHbl TEOPETHYECKHE KPUBBIE IPOU3BOJY-
TEJIbHOCTU Pa3JIMYHBIX aJTOPUTMOB U TO, YTO IPOU3BOAUTENHHOCTD TPAAUIINOH-
HBIX METOZIOB (HampuUMep, JIOTUCTUIECKON U IMHEMHOU perpeccr) MOXKET CTar-
HUPOBAThH JlaKe IIPU yBeINUYEeHUN pasMepa Habopa pa3MedeHHbIX 00yJaromux
JAHHBIX. JIMHENHbIEe METOZBI CIIOCOOHBI 3aXBaThIBATh OY€Hb OIPAHUYEHHOE KO-
JINYECTBO CUTHAJIOB. B TO ke BpeMs yIybeHe apXUTEeKTYPhl HEHPOHHOM ceTH

31 V306parkeHue B3ATO U3 craTh lilianweng.github.io/lil-log/2017 /06 /21 /an-overview-of-
deep-learning.html u BioxHoBIeHO N306pakeHueM U3 kKHUTH Ng, A. (2019). Machine learning
yearning: Technical strategy for ai engineers in the era of deep learning. [loctym mosy4ueH yepes
caiiT mlyearning.org.



KOHLIENTYANIU3NPYMTE [1Y50KOE OBYYEHME 249

MO3BOJIIET «BBDKUMATh» U3 JAHHBIX BCe 60JIblile MHGOPMAaLUY U MOBBIIIATD ITPO-
rHocTuveckyo 3bdexTuBHOCTD. U M0 Mepe yBennueHus pasmepa Habopa AaH-
HBIX [IPOU3BOUTENHHOCTb KPYIIHBIX [IYOOKUX HEHPOHHBIX CETEN MOXKET IMPO-
Zo/KaTh pactu. Ha mpakThke, pasyMeeTcs, eCTh MpeAe, TOCKOIbKY KaX/Iblii
Habop JaHHBIX OTpaHuYeH. M3 n060T0 JUMOHA B KOHEYHOM UTOTE OyJEeT BhI-
’KaT BeCh COK.

OzHako 1o oBoJAYy puc. 12.4 cieayeT cenaTb BaXKHYI0 OrOBOpPKY. [IpousBogu-
TEJIIbHOCTh MOZIeU OyIET PACTH TONBKO B TOM CJIy4ae, eCIU B JAHHBIX IPUCYTCTBY-
€T 3HAYUMBIN CUTHAJ WK HHbOpMAIUs. A rapaHTUPOBATh 3TOTO HEJb3s.

[ny6okoe obydeHUe C €ro aBTOMaTU3MPOBAHHBIM KOHCTPYHPOBAaHUEM IIPH-
3HAKOB U CITIOCOGHOCTHIO Y/IaBIMBATh HIOAHCHPOBAHHBIE 3aKOHOMEDPHOCTH B ZIaH-
HBIX XOPOIIIO CIIPABJISIETCS C PEIIEHUEM 3a/lad BOCIPUATHUA. B ciieayromux pasze-
JIaX MBI IIOTOBOPHUM O TOM, KaK 3TO paboTaer.

Kak KomnbloTepb! «BUAAT» H306paXKeHus

B npezpiAyieli ry1aBe Bbl Y3HAJIU O TOM, KaK KOMITBIOTED «4UTAET» TEKCT. B aTOM
pasfiesie Bbl y3HaeTe, KaK KOMITbIOTEPHI «BUAAT» U300PAKEHUSA, a TAKKE MTOTYIH-
Te Mpe/iCTaBJIeHNEe O TOM, KaK METO/bI INTyOOKOTo 06ydeHUs TPUMEHSIOTCSA B 06-
JIACTU KOMITBIOTEPHOTO 3pEHUS.

Ha puc. 12.5 moka3aHo, KaK IpoCToe u3006pakeHue B IpaIlallisax cCeporo — Ha-
MMCaHHAas OT PYKU M pa — BOCIIPUHUMAETCA KOMIIbIOTepoM 2. Kak bl TKcest
n3o0b6pakeHusa 6bUT Tpeobpa3oBaH B 3HaUeHUe B guana3oHe oT 0 (6esblil BET)
210 255 ("4epHBIN 1IBET), KOTOPBIM BKJIIOYAET BCe OTTeHKH ceporo. Ha puc. 12.5 mo-
KasaHo u3obpakeHue pa3MepoM 8 Ha 8 IMUKCEIOB C HUSKUM paspellleHreM, Ipe/-
CTaBjIeHHOE B BU/le MaTpHUIIb! ¢ 64 3HaYeHUAMU B fuanasoHe ot 0 go 255. Jlroau
BUAT HAMMMCAHHYIO OT PYKH HUPPY CIEBA, a KOMITBIOTED — 3JIEKTPOHHYIO TabJIy-
Iy C YUCTaMU, TTIOKa3aHHYIO B CEPEJIUHE.

Teneps mpezcTaBbTe cebe 6a3y AaHHBIX, BKIIOYAIOIIYI0 HECKOIbKO ThICAY MPH-
MepOB — PYKOMMUCHBIX HUPP oT 0 10 9, OT/INYAOUIUXCSA CTUIEM HanucaHus. Jiroau,
BKJIIOYas IeTeH, CIIOCOOHBI POYUTATh U PACIO3HATh 3TH U PHI 6€3 0COOBIX yCH-
Jnii. Ho KaK KOMITBIOTEP MOKET OCYIIECTBUTD KJIacCUUKAIINIO U300paskeHUH?

132 ABTOMaTH4YeCcKOoe paclo3HaBaHUE PYKOIUCHBIX HUGP — 3TO HACTOAIUI 06D/ MOCBAILIEHUS
ZUIS T€X, KTO CTPEMUTCS OCBOUTH METOZABI ITybokoro o6ydyenus. fun JleKyH peurrn aTy 3azady
B 1989 rogy. CerozHs 3TOT IIPOLIECC MOXKHO peaju3oBaTh Ha HOyTOyKe. ba3a JaHHBIX PyKOIIHC-
HBIX UdP JOCTYIHA HO azipecy: yann.lecun.com/exdb/mnist.



250 OCBOWTE HABOP MHCTPYMEHTOB [IATA-CAUEHTUCTA
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Puc. 12.5. 3gecb nokasaHo, Kak M306paxeHue B rpafiaLusix CEporo «BOCMPUHUMAETCS» KOMMbIOTEPOM
W KaK 9T laHHbIe NOAAI0TCA Ha BXOA rMY6OKON HelpOHHOI ceTh. bonee TeMHble OTTEHKM B BbIXOAHOM
C/0e yKa3blBaloT Ha Hanbonee BEPOATHOE NPeamnosoXeHue

Mgl MoriH 6bI IPUMEHUTH K 3TOMY HabOPY JaHHBIX aJTOPUTM ITTyOOKOTO 00-
Y4YEHUs, CIOCOOHBIN 06yYaThCs Ha THICAYAX PYKOMUCHBIX 1IUdp. HelpoHBI CKPHI-
TOTO CJIOSl MOIVIA Obl «aKTUBHUPOBATLCA» B TOM CIydae, eC/Id, CKaXKeM, B Ludpe
npucyrcrBoBaia netia (0, 6, 8 unu 9), BeprukanbHad (1, 4) WM rOpU30OHTAIb-
Hast TUHUA (2, 4, 7) WIK UX KOMOWHAIIVSL.

37ech MBI CHOBA CXUTPWJIM, YTOOBI IaTh BaM IMpeACTaBIEHUE O TOM, YTO MO-
T'YT IIpeZCTaBaATh HelpoHbl. OfHAKO, KaK y>Ke F'OBOPUIOCH, CKPBIThIE CIOU 3ava-
CTYIO OY€Hb TPYZHO MHTEPIIPETHPOBaTh, 1 OHU MOTYT CO3/laBaTh IIpe/CTaBIeHN)s,
He UMeIoIre HeloCcpeACTBEHHO BOCIPUHUMAEMOTO cMbIciaa. Ho KoHLenTyastb-
Has uzies OCTaeTCs NMpeXXHel. BHyTpeHHNEe HENPOHBI IeHCTBUTENBHO CIIOCOOHBI
BBISIBJIATH 3aKOHOMEPHOCTH B HAMMCAaHUU I[P, HO OHU UMEIOT TOJIBKO MaTeMa-
TUYECKHU, a He BU3yalIbHBIN CMBICII.

CeepTouHble Hel{pOHHbIE CETH

Temepb AaBaiiTe paccMOTpUM 00Jiee TPOABUHYTHIM criocob aHanu3a uzobpaxe-
HUY C IOMOIIBIO CBePTOYHBIX HEMPOHHBIX CeTel, KOTOphle UCIIOMb3YIOTCS HCCe-
JIOBATEIIMU [IJI51 TIOCTPOEHUS CUCTEM KIacCUGUKAIMY IIBETHBIX U KPYITHBIX U30-
OpaKeHUH, COCTOSMINX U3 OOIBIIOrO KOJIUIECTBA MUKCETIOB.

Me! HauHeM ¢ OOBACHEHUS TOTO, KaK KOMIIBIOTEp «BUAUT» IIBETHOE H300pa-
*KeHHe. KakJpIil MUKCeN IIBETHOTO IU(PPOBOro M300pakeHUsI COCTOUT U3 TPeX
I[BETOB — KPAaCHOTI0, 3eJIeHOro U cuHero. MbI Ha3piBaeM MX 1IBETOBBIMU KaHasa-
mu. KpacHbIV KaHaJ COAEPKUT MaTpUIly 3HaueHUi oT O (KpacHBIN OTCYTCTBYET)
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710 255 (KpacHbIii); TO JKe caMoe KacaeTCs 3eJIEHOTO U CUHEro KaHasioB. Takum 06-
pa3oM, BMeCTO OZHOU MaTPHI[BI YHCET MBI UMEEM TPH, KaK IIOKa3aHo Ha puc. 12.6.
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Puc. 12.6. LiBeTHble M306paxeHus NpeACTaB/eHbl B BUE TPEXMEPHbIX MaTpPUL, COAEPXaLL X
3HayYeHNs! NMUKCENOB KPacHOro, 3ef1eHOr0 W CUHEro LiBeTOB

CooTBeTCTBEHHO, 10-MeramukcenbHOe H300pakeHHe OyAET COAEpKATh
30 MWIINOHOB 3HaUYeHUU (3HaueHHe KPacHOI'0, CUHEro U 3eJIeHOI0 I[BETOB /A
KaxkZoro us 10 MWIIHOHOB NukcenoB). M ecau 3T 30 MWIIMOHOB BXOAHBIX
JAHHBIX OyAyT MOZAHBI HA BXOZ HEHPOHHOW CETU CO CKPBITHIM CJIOEM, COCTOSI-
muM u3 1000 HEHPOHOB, TO BallleMy KOMITbIOTEPY MOTPEOYETCA U3YYUTh IETBIX
30 MwuIHapZ0B BeCOBBIX TapaMeTpoB'*. Ecyii y Bac HeT focTyma K caMOMY MOTII-
HOMY B MUpe€ CyIIepKOMITBIOTEPY (U ke ecii GBI OH y Bac OBUT), BaM JIYUIIe MPU-
ayMath bosee 3GdEeKTUBHBIN CIOCO0 pellleHus STOU 3a/jauH.

ViceeoBaTtesy U ClIEIIUAINCTHI 10 IITyO0KOMY 00y4eHUIO ZIeJIaloT 3TO € IIOMO-
1IbI0 TIpoljecca, Ha3bIBaeMOro cBepTKoN. CBepTkKa — 3TO MaTeMaTU4ecKuil aHa-
JIOT aHanIn3a U300pakeHUsI ¢ IOMOIIBIO PsAZla YBEIUIUTENbHBIX CTEKOJ, KaXKI0e
M3 KOTOPBIX IIpeZiHa3Ha4yeHo /[ pas3HbIX Lienel. [lepeMeniasd yBeauduTeaIbHOE
CTEKJIO 10 M306pakeHUIO CjIeBa HAIPaBO U CBEPXY BHU3, BbI 3aMeTHUTe MHOXe-
CTBO JIOKa/IbHBIX IATTEPHOB: JUHUH, YIVIOB, 3aKPYIVIEHHBIX KpaeB, TEKCTYP U TaK
nanee (puc. 12.7). CBepTKa OCyIIECTBIAET 3TO MaTEMATUIECKHU, TO €CTh BhITIOJI-
HfEeT BBIYMCJIEHUA C UCIIOIb30BaHUEM JIOKAJIM30BAHHOTO Habopa 3HAYeHU TTHK-
CeJIoB, Haxo/s kpas (Hampumep, 3Ha4eHUs 0 psAZOM ¢ GOTBIINMY 3HAYEHUSIMHU)
U ApyTHe MaTTePHBI. 3aTeM OHa «00beJUHAET» UX AT HaXOXKAeHUs Haubosee

133 Kaxzerid u3 1000 HEPOHOB B CKPBITOM CJIO€ IMPEJACTABIsUI GBI cO6O0I B3BEIIEHHYIO CYMMY
30 MWUIMOHOB BXO/JHBIX 3HAYEHUH.
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BBIPA3UTENbHBIX OTIHYUTEIHHBIX Y€PT, YTOOBI YMEHBIIUTb KOJIUYECTBO y4acT-
BYIOI[UX B IIPOIIECCE YHCEJL.
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Puc. 12.7. Mpouecc cBepTku Nof06EH UCMONb30BaHMIO CEPUN YBENUYUTENBHBIX CTEKON
ANsi BbISIBIEHMS! Pa3nnyHbIX GOPM Ha M306paXKeHNM, KOTOPbIE MOAAIOTCSA B CKPbITbIE CNOM HEHPOHHO
CeTH Ans Knaccudukauum

[Toce o6HAPY:KEHUS JIOKANTBHBIX MAaTTEPHOB (BPOJZie TOPU3OHTANBHBIX WU
JAVArOHAJIBHBIX KPaeB) C IIOMOIIBIO CBEPTKY HEHPOHEI CKPBITOTO CJIOS HAYMHAIOT
COeZIMHATH BAXKHBIE Kpasi (B MaTeMaTHIECKOM CMBICTIe) U OTQUIBTPOBLIBATh WH-
dopmanuio, He UMEIOIIYIO OTHOIIEHUA K LieJIleBOMY BbIXoZy. [Ipu 3ToM JaHHbBIE
o6pabaTeIBAOTCA TaK, YTO CETh HAy4aeTCsd OIPEEeNATh, eCTh U Ha poTorpadpun
JIeTH, a TAKXKe HAXOAUTh PA3JUYMs B JIULAX. A B ciiydae ¢ OeCIIIOTHBIMU aBTO-
MOOWIIMU — OTJINYATh IPUIIAPKOBAHHbIE aBTOMOOWIN OT ABIKYIINUXCSA, ITelle-
XOZIOB OT CTpOUTeJNeH, a 3HAK «CTOIl» OT 3HAKA «YCTYIIU ZIOPOTY».

[Tporecc cBepTKH He TOJBKO YMeHbIIaeT KOJTUMYeCTBO 3HAaYeHUH, TOCTYIIAI0NIUX
B y’Ke 3HAaKOMYIO BaM CTPYKTYPY HEMPOHHOU ceTu (HUKTO He 3aXOYET BBHIYUCIATD
MWUIHAP/BI TAPAMETPOB, €CJIM 3TOTO MOXKHO U30eXXaTh), HO U «HIIEeT» IIOXOXKHe
MIPU3HAKU Ha M300pakeHUAX. B OT/IMYME OT CTPYKTYPUPOBAHHBIX HAOOPOB JaH-
HBIX, IPU3HAKU B KOTOPBIX UMEIOT PUKCHPOBAHHOE MECTOIOIOXKEHUE B CTOJIOIAX,
MIPU3HAKY Ha U300pakKeHUIX HeOOXOAUMO He TOJMbKO MPOaHaIu3UPOBaTh, HO U 06-
HapyXuTb. VIMEHHO IIO3TOMY JITOPUTMBI COI[UATBHBIX CETel CIIOCOOHBI HAXOAUTh
Ballle JIMLIO Ha N300payKeHNH He3aBUCUMO OT TOTO, I7le BBI IIPAYETEC.

ny6okoe 0byuyeHue ans 06paboTKM A3bIKa U NOCNEA0BaTENIbHOCTEH

[my6okoe oOy4yeHHME TaKXKe CIIOCOOCTBOBAJIO MPOPHIBaM B chepe 06pabOTKH
sI3bIKa U MOC/eZ0BaTeNbHOCTEN 6arogaps UCIOAb30BAaHUIO CTPYKTYPHI, Ha3bl-
BaeMOU peKyppeHTHON HeHpOHHOH ceThio. Kak Bbl MOMHUTEe U3 MpeAbIAyIIei
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[JIaBBl, TPAAMUIIMOHHBIE METO/BI AaHAIN3A TEKCTA OKa3bIBAlOTCA Hed)pPEKTUBHBI-
MU II0 IPUYWHE UTHOPUPOBAHUA IIOPAZAKA CI0B, KOTOPBIE IIPOCTO ITOMEIAITCA
B «MEIIIOK CJIOB».

Ho mopsiZiok c/10B uMeeT OoJbllioe 3HaYeHUe. PacCMOTPUM CJIEAYIONIUE Ba
TIpe/IJIOXKEHUS CO CJIOBOM «alleJIbCUHOBBIM». MoxkeTe v BbI IIpeZicKa3aTh MOc/Ie-
Hee CJI0BO B KaXKIOM U3 HUX?

PekyppeHTHas
CcBA3b

Bxog :\/ > Bbixog

Puc. 12.8. MpocToe npepcTaBneHre peKyppeHTHON HENPOHHOI CeTH

1. 3a 3aBTpaKoM # 1060 TUTh AlleTbCHOBBIHI
2. Mo¥i 1BOIOPOHBIN OpaT JKUBET B KATUGPOPHUICKOM «alebCHHOBOM

».,

BeposATHO, BauI MO3r 6e3 MpOMeAIEHN BCTaBII MIPOIYIIEeHHBIE CJIOBA: «COK»
U «0KpyT». K TOMy MOMEHTY, KOTZa BBl JOCTUIVIN IIPOITYIIIEHHOI'O CJIOBA B IIEPBOM
IIpe/IJIOKEHNH, CJI0BA «3aBTPaK» U «IIUTh» YK€ HaXOAWINCh B Balllell KpaTKOBpe-
MeHHOH maMaTH. OUeBUAHBIM OTBETOM OBLT «COK».

Bo BTOpOM MpuMepe Baia maMsaTh o «KamndopHuu» 1 ¢I0Ba «KUBET B», CKO-
pee Bcero, HaTOJKHY/IHM BacC Ha MBICTh O KaTU(POPHUKCKOM «aleJTbCHHOBOM OKPY-
re» (Opunmk KayHTtu). B 0oboux ciayyasx Baml MO3T YAEp)KUBAaJ YK€ HU3BECT-
HYI0 eMy UHQOPMAIMIO BO BpeMsa 06paboTKU HOBOM. PeKyppeHTHasI HelipoHHas
ceTb ** — BBIYHUCITUTENbHBIN SKBUBAJIEHT 3TOTO MIPOIIECCa.

Ha puc. 12.8 mokazana npocTasi peKyppeHTHast HeipOHHast CEThb, B KOTOPOM BbI-
XOJIHBIE JaHHBIE TTOZIAI0TCS 0OPATHO B CETh, B PE3Y/IbTATE YeTr0 CO3/IAeTCs «IIaMATh.

B ciydyae c BBINIEOTIMCAHHOM 3ajaveil KiaccudUKaluy TeKCTa 06yJarouIyio
BBIOOPKY 00pa3yroT THICSYH WM MUUTHOHBI BXOJHBIX-BEIXOAHBIX I1ap, IepeceKaro-
muxcs ImocaefoBaTeIbHOCTel ciioB. HanpumMep, BXoz «3a 3aBTPAKOM 51» OyzeT co-
MIOCTAaBJIEH C BBIXOZIOM «3aBTPAKOM s Jirobmro». Korzga cucrema npocMaTpuBaet

134 CymiecTByeT HECKOJIBKO TUIIOB PEKyPPEHTHBIX HEHPOHHBIX ceTell. CaMast IIOIy/IipHasA U3 HUX Ha-
3BIBAETCS CETHIO C JIOJITOM KpaTKoBpeMeHHOM nmamaATbio (LSTM, Long short-term memory).
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[IOCJIeZIOBATEIbHOCTHU CJIOB B IIPe/JIOKEHUH, OHA TaKke «3allOMHUHaeT» Te CJI0Ba,
KOTOpBIE BCTPETWINCH eii paHee. TakuM 06pa3oM, KOTZia CETh BUAUT BXOJ| «ITUTh
arnebCUHOBHIN», TO BIXOZOM, CKOpee BCero, 6yZET «IIUTh aleJbCUHOBHIN COK»,
€CJIM UCTOpUYECKUE JaHHBIE COAEPIKAT NMpeAIoKeHHs ¢ ppa3oi «areabCUHOBBIHA
COK» WU «IIUThb COK».

BhI yKe HaBepHsSKa IIOHUMAaeTe, KaK MoA00HbIe aITOPUTMEI IITyOOKOTO 0byue-
HUS MOXHO HCIIONb30BaTh sl 60ojiee OBICTPOTO COUMHEHUs OTBETOB HA IIHCh-
Ma ¥ WCIPAaBJIeHUs TpaMMaTUYECKUX OIIMOOK MPsAMO B Ipoliecce Habopa Tek-
cTa. JTa TeEXHOJOTUA ObUIa peasn3oBaHa B GyHKIHMU «Smart Compose» cepBrca
Google Gmail B 2018 rozy; oHa IpejaraeT TeKCT, IOMOras BaM 3aKaHYHMBaTh
CBOU , ¥ paboTaeT Ha OCHOBE PEKYPPEHTHHIX HEHPOHHBIX CeTeH .

Temnepsb, KOTZIa MBI OOCYAMIN TEXHUYECKHE TIOAPOOHOCTH Mpoliecca IyboKoro
o0y4eHUs, JaBaliTe paCCMOTPUM €ro NMPaKTHUYeCKHe acIeKThl.

rMYBOKOE ObY4EHWE HA NMPAKTUKE

[To moBoAy TIyHOKOTO 06yYEeHUsA OUEHD CJIOXKHO HE MTPOHUKHYThHCS SHTY3Ua3MOM.
MBI KOCHY/IMCH JIUIIb IIOBEPXHOCTH €ro NOoTeHI[hana. A KpyInHeHe MBICTUTe-
JIX COBPEMEHHOCTH yOeAUTeTbHO JOKA3BIBAIOT, YTO TA TEXHOJIOTUA BO MHOTOM
6yzeT onpesenaTh Haie Oyayiiee. OJHAKO 3TOT SHTY3HMa3M MOXKET OTBJIEYb HaC
OT Ipo6JIeM, CBOHCTBEHHBIX PaboTe C JaHHBIMHU.

EcTb nu y Bac AaHHble?

Kakoii 6bI 3aXBaTHIBAIOIEN HU Ka3alach TEXHOJIOTHA TIyOOKOTo 06ydueHus, Be-
POATHO, caMyt0 GOJBIIYIO TPYAHOCTD I KOMIIAHUM TIPeJCTaBIAET HEAOCTATOK
pa3MedeHHBIX 00yJaromux JaHHBIX. Kak roBopmwiock B anurpade K 3TOH IIaBe,
JlaHHBIe — 3TO «TOILIMBO, TUTAIOIIee HAIK UHTEe/UIEeKTyaJbHble MAIlIUHEI, 6e3 KO-
TOPOTO HUYETO He ObLIO ObI BO3MOXKHO». TeM He MeHee, KaK y)ke He pa3 ObLIO cKa-
3aHO, MBI CHOBA U CHOBA BU/IMM, KaK MHOTHe KOMIIAHUM TOPOIIATCA MPUCTYIIUTD
K IIyOOKOMY OOy4Y€eHUIO, He UMesI IOCTaTOYHOTO 06'beMa pa3MeueHHbBIX JaHHBIX
[UTS pELIeHUs CTOSIIIEH mepe HUMU crielfuprIecKor 3a1auu.

OKcrepT 1o my6okoMy obyuenuto u I Duzpio bl chopmyaupoBait aTy mpo-
6iemy Tax: %

135 www.blog.google /products /gmail /subject-write-emails-faster-smart-compose-gmail

136 deeplearning.ai/the-batch /issue-62
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[1aBHOe IpenATcTBUE AJA UCIOJB30BaHUA IpeuMylnecTs VI B 5KOHOMU-
Ke — OTPOMHBIN 06beM HeOOX0AMMOM KacToMu3anuu. YToObl UCITOIB30BaTh
KOMIIBIOTEPHOE 3pEHHUE JJIA IIPOBEPKYU IIPOMBIILIEHHBIX TOBAPOB, HAM HY>KHO
00ydJaTh pasHble MOJENU U KAXKAOTO IPOAYKTA, KOTOPBIM MBI XOTUM IIPOBe-
PUTh: I KaX0M Mozenu cMapTdoHa, g KaKJOro IOIyIIPOBOJHUKOBOTO
YUIIa, I KQKAOT0 OBITOBOro IpHbopa U TaK Jajee.

U 1151 K&KJ0M U3 3TUX Moziesieli moTpebyeTcs coOOCTBEHHBIM — U, CKOpee Bce-
ro, O4eHb 60JIbI0M HabOp pasMeUYeHHBIX U300PAKEHUT.

TpancepHoe 06yyeHune, wiK Kak paboTaTb ¢ He6ONbIIMMH
HabopaMu JaHHbIX

[py HATMYUY HEKOTOPOTO KOJIMYECTBA Pa3MEUYEHHBIX JaHHBIX, HATIPUMED,
HE THICAY, a COTEH N300pakeHNH, Ballly KOMaH/y MOXKET BHIDYYUTH TaK Ha-
3bIBaeMOe TpaHchepHOe 0OyUeHHeE.

Unes TpaHchepHOro obyueHUs 3aKII0YaeTcs B 3arpy3Ke MOJeNu, 00-
y4EeHHOU PacIlo3HaBaTh TaKKUe MOBCEJHEBHbIE OOBEKTHI, KaK BO3/YIIHbIE
IIapHl, KOIIKK, CO6AaKU U TaK Aasee's’. DTo 03HAYaAEeT, YTO THICAYU 3HAUE-
HUM TTapaMeTPOB B CETU OBLTM ONTUMHU3UPOBAHKI AJIs1 Pa6OTHI C TPYIIIOHN
n3obpakeHuii. Kak BB IOMHUTE, TIEPBbIE CJION HEHPOHHBIX CETEH, 00yUIeH-
HBIX Ha U300paKEHUSX, U3YJIAIOT TAKHUE OOIIHe MpeACTaBIeHUA, KaK Gop-
MBI ¥ JINHUU. A TTOC/IeZyIoIye, 601ee IIyOOKYE CIOM COEAUHAIOT 3TH Kpas
U TUHUY, GOPMUPY 0XKUAaeMOE BBIXOJHOE U300paKeHUE.

CyTb TpaHChEPHOTO 06y4EeHNA — BBIZIEIUTDH HECKOIBKO ITOCTIEAHNX CIIO-
€B, KOTOPbIE U3yYalOT TO, KaK JIMHUU U Kpasi 00pa3yioT, HallpuMep, u3o6pa-
JKEHHsI KOIIIEeK U COOaK, M 3aMEHUTh UX HOBBIMU CJIOSIMU, KOTOPBIE B PE3YJIb-
TaTe OYEPESHOro payHza 00y4eHUA CTAHOBATCA CIIOCOOHBI 00 BEIUHATD 3TH
bOpMEI B OUepTaHUs OMyXOoJel Ha MeAUIMHCKUX M300pakeHUsIX. VIMer-
TE€ B BUAY TO, YTO TpaHCepHOe 0OyIeHHE MOXKET YMEHBIIUThH KOITUIECTBO
pasMeyveHHBIX n300pakeHu B 10 pa3, HO OHO He MO3BOJIAET 0OOUTHCH He-
CKOJIbKUMH J€CATKAMHU.

137 MHOTr¥e IPaKTUKU HCIIOIB3YIOT /s TpaHcdepHOro obyueHus Mogenu, obydeHHbIe Ha 6a3e faH-
sbix ImageNet (https: //ru.wikipedia.org/wiki/ImageNet).
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fIBNSI0TCA N BalLKM AaHHbIE CTPYKTYPUPOBAHHBIMK?

Opeost TAMHCTBEHHOCTH BOKPYT IMIyOOKOTO OOyYeHUs B 3HAUUTEIHHOM CTeeHN
06yCJIOBJIEH €r0 MPOTHOCTUYECKOH 3PGEKTUBHOCTHIO B OTHOIIEHUH TIEPIEITHB-
HBIX ZIaHHBIX: U300pakeHUM, BUIE0, TEKCTA U ayIUO, TO €CTh TE€X JaHHBIX, KOTO-
pble MBI MOKEM TIOHSITh, OIIEHUTDh U HUCIIOJIb30BaTh PE3yJIbTaThl, HE 3aIISAbIBASA
B 2JIEKTPOHHYIO Tabsuily. B cydae co CTPyKTYpHUPOBaHHBIMU JaHHBIMU, TO €CTh
TUMMAYHBIMU CTPOKAMU U CTOJIOIaMU, ITyboKoe obyueHUe JaleKo He BCeraa Mo-
JKET TIOBBICUTD ITPOU3BOAUTENBHOCTH MOJIEJTH.

Eciu TpU MONBITKE MOCTPOEHUS MOJAENH KOHTPOJIHUPYEMOTO OOydeHUs
Ha CTPYKTYPUPOBAHHOM HabOpe AaHHBIX BaIlK CIEIHaTUCTBI 06paIaTcs K TIy-
60KOMY OOYUYEHHIO KaK K METO/Y TOC/IeAHEN HaIeXKIbl, TIOTOMY UTO «BCE OCTaJIh-
Hoe He cpaboTanio» — Bac, CKOpee BCEro, MOCTUTHET pPa3oyapoBaHUE.

[Tpu paboTe cO CTPYKTypPUPOBAHHBIMU JIAHHBIMU [TyOOKKEe HEUPOHHBIE CETU
YacTo MPOUTPHIBAIOT METOZIaM, OCHOBAaHHBIM Ha HCIIOJIb30BaHUH /IePEBbEB pellle-
Huii (cM. iaBy 10). be3 coMHeHUsI, CyIIeCTBYIOT UCKIIOYEHYsI, HO €CJTU TOYHOCTD
Balllell MOZIe/ Ha OCHOBE /IEPEBBEB PEIIeHUH yapydarolle HU3Kasd, TO BaM JIyd-
IIle MOTPATUTh BPeMS Ha yCTpaHEeHHe MPOoOeM B BAlTUX JAHHBIX U OLIEHKY MPUH-
[[UMTIATHHON BO3MOXHOCTHU pellleHHUs IMOCTaBIeHHOU 3azaun. (IIToMHUTe, 4TO Ha-
JIn4Yre pasMeYeHHbIX JaHHBIX ellle He TapaHTHUPYyeT 0OHaPY:KeHUs CBA3EH MeXIy
BXOZHBIMU M BBIXOJHBIMU MTapameTpaMu.) 3auor 3pPpeKTUBHOCTH TIIyOOKOTO 06-
YYEeHHST — CYIIeCTBOBAaHUE OTHOIIEHUH MEXAY BXOAHBIMU U BBIXOJHBIMU JTaHHBI-
Mu. OZHAKO AHHBIN METO/, HE MOXKET CreHepHPOBATh HEUTO U3 HUYETO.

KauecTBo ¥ MOJTHOTA BallIMX AAaHHBIX MTO-TIPEXXKHEMY UMEIOT 3HAUEHUE.

Kak 6yaeT BbirnageTb cetb?

HecMOTps Ha KaXYUIYIOCSA MPOCTOTY HACTPOMKM ITyOOKMX HEWPOHHBIX CETeH,
B XOZle 3TOTO IIpoIjecca He0OXOANMO IIPUHATH MHOXECTBO pellleHuii. Hanprumep:

— CKOJIBKO CJIOEB JIOJDKHO OBITH B CETH?
— CKOJIbKO HEHPOHOB ZIOJBKHO OBITH B K&XKJOM CJioe?
— Kakue QyHKIMU aKTUBAIUU CJIEAYET UCIIONTb30BaTh?

Mk&I He 6yz[eM OCTaHaBJMBATLCA Ha 3THUX BOIIpOCax (I/IM IIOCBAIIEHO MHOXE-
CTBO OTJIMYHBIX KHUT — CM. BpesKy). HpOCTO OTMETHUM, YTO CII€EIUAJIMCTEI I10 pa-
6oTe ¢ AAHHBIMU MOT'YT IIOTPATUTHb HECKOJIbKO HE/ZIE/Ib Ha SKCIIEPUMEHTEI C 3TUMU
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rmapaMeTpaMu U O0IIel apXuTeKTypoit ceTu. [Ipy IocTpoeHny GOJBIIION CETH CTa-
paiiTech He OIyCKaTh ee TiepeobydeH s ; B 3TOM BaM ITOMOTYT YpOKH 13 iaB 9 u 10.

My6okoe 0byyeHne a1 NPaKTHKOB

Eciu BBI XOTHTE HAYYUTHCS CAMOCTOSTEIHHO CO3/IaBaTh MOZEIU IIIyOOKOT0o
oby4ueHUs, MBI HACTOATENHHO peKoMeHayeM ceputo kHur @pancya [loe,
MTOCBAIIEHHBIX MCIIOJb30BAHUIO OGMOINOTEKH IITyOOKoro obyueHus Keras
ZUTs sI3BIKOB R u Python.

= Ilomre ®. «['ry6okoe obyuenne Ha Python» (M3zaTenscTBo: IIuTep,
2018).

= Illoste ©. u Amtep JIx. k. «[tybokoe obyueHue Ha R». (M3gaTesns-
ctBo: ITutep, 2018).

WCKYCCTBEHHbIVA UHTENJIEKT W Bbl

B 3aBepIieHue 3TOU IVIaBbl MBI XOTUM HEMHOT'O ITOTOBOPUTb 06 HCKYCCTBEH-
HoM uHTesuteKkTe (M) u ero mpunoxxeHuax. Kak miaBHBIN MO JJAHHBIM, BBI J0J-
YKHBI 3HATh O CyII[eCTBOBAHUU JIBYX TUIIOB UCKYCCTBEHHOTO MHTeJUIeKTa. [lepBhIil
M3 HUX — OOIIMH UCKycCcTBeHHbIN uuTe/utekT (OVM), mpusBaHHbIN BOCIPOH3Be-
CTH MPOIIECC YeTOBEYECKOr0 TI03HAHUSI. 3/IeCh BBl MOXKETE BCTIOMHUTD CBOM JIFOOU-
MBI HayyHO-daHTacTHYeckuii ¢prabM. OfHako mporpecce B obnactu OVIU crosb
He3HAYUTEJIbHBIN, YTO ITOBO/OB I OECIIOKOMCTBA [TI0OKA HeT.

TeM He MeHee 3HAUUTENbHBIHN MPOTpecc ObUT JOCTUTHYT B 06/1aCTH UCKYCCTBEH-
HOT'O MHTe/UIEKTa Y3KOro HasHavyeHus (niu ciaboro VM), OHa 0XBaThIBAET KOM-
MIbIOTEPHBIE CHUCTEMBI, KOTOPBIE XOPOIIO CIPABJIAIOTCA C KAKOW-TO OJHOU 3a/a-
Yel, HallpUMep, C paclio3HaBaHKMEM JIUII, TIEPEBOZIOM peYU WM OOHapyKeHrueM
MIPHU3HAKOB MollleHHuYecTBa. DddeKTUBHOCTD cnaboro MM obyciosneHa apdek-
TUBHOCTBIO MAalTUHHOTO 00yYeHHUA. MOXKHO cKas3aTh, 4To Il — 3To U eCTh Ma-
muHHOe obydyeHue. ['oBops 06 VIV, MBI Ha CaMOM /[iejie TOBOPUM O MaIlMHHOM
oby4eHUU. A ecu 3aZiada CBs3aHa ¢ 06pabOTKOM TepPILENTUBHBIX, HECTPYKTYPH-
POBAaHHBIX JAHHBIX, TO P€Yb UJET O IIIyOOKOM 06yueHUH. MaltuHHoe 06yJeHre —
aTo moApaszen MU, a mybokoe obyyeHre — TOApaszes MalIMHHOTO O0yJYeHu s
(puc. 12.9).
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HexkoTopble o HUCIONb3yIoT TepMuH MU 6osee cBob0HO, YeM Apyrue. Ha-
[IpUMep, B OOIIECTBE MPUHATO HA3BIBATh CUCTEMY PEKOMEHANMM GUIBMOB HC-
KYCCTBEHHBIM MHTE/UIEKTOM, TOT/Ia KAaK B €€ OCHOBE JIEKUT CKOPEE MAIIUHHOE
WU CTaTUCTHYECKOe 0bydeHue. Tlouemy aTo BaxKHO? J[e/Io B TOM, YTO TIOHUMAaHHUE
TOTO, 4TO co3zanue «M», 0 KOTOPOM TOBOPUTCS B HOBOCTSIX, TPEGYET GOMBIITNX
HabOPOB ZIaHHBIX, COOPAHHBIX Y TAKHX JIFOAEHN, KaK BBl U sI, CTABUT BOIIPOC O Ka-
YeCTBE 3TUX JaHHBIX, U3MEHYUBOCTH, BO3MOXKHOM yTEUKe, Iepe0byIeHNH U MHO-
JKECTBE IPYTUX MPAKTUYECKUX pobieM. U yCHnIuBaeT 3aKOHOMEPHOCTH, COZIED-
JKalrecs B JAHHBIX, COBPAHHBIX B MPOILIOM; PeYb HE HJET O CO3JaHUN IE€r0-TO
HATIOMHUHAIOIIETO YeT0BEYECKOe CO3HAHUE.

NcKyccTBEHHbIN
WHTENNEeKT

MawmHHoe
0byyeHue

ny6okoe
0byyeHne

Puc. 12.9. ny6okoe o6yyeHre — 3T0 Nofpasfen MalMHHOMO 06yYeHus,
KOTOpOe ABNSIETCA NOAPa3AeNioM UCKYCCTBEHHOIO UHTEIeKTa

I'Ipeumym,ecTBa TeXHONIOrHYeCKUX ruraHToB

OfHaKO CyIIeCTBOBAHUE 3TOM AUXOTOMUU OOBACHAETCA MPEUMYIIECTBAMU TeX-
HOJIOTUYECKUX TUTAHTOB, KOTOPHIE HAa NMPOTHKEHUN MHOTHX JIET He3aMeTHO CO-
O6upasu pa3MedeHHbIE JaHHBIE /1T CBOUX MO/IeJIE MalIMHHOTO U ITyO0KOro 06-
YUEHUA.

[ToMHUTe, KaK MHOTO JIET Ha3a/ BHI IIEJKaIU 110 cBOUM doTorpadpusam B co-
I[UAJBHBIX ceTax? To jKe camoe Jieany MWUIHOHBI APYTHX JII0JeH, Tpe0CTaBIIAd
3TUM IUTaTGOpMaM MHOXKECTBO M300paykeHUH (BXOAHBIX JAHHBIX) C PACIIOJIOXKe-
HUeM JinI] (BBIXOZHBIX JaHHBIX). Ternepb Giarogaps rryboKoMy 0Oy4eHUIO CHCTe-
Ma crtocobHa HapUCOBaTh PAMKY BOKPYT Balllero JIUIA U OTJIMIUTh BaC OT BallIETO
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Jpyra. A HafloeZ/IMBbIe Kam4y, Ipearamoliye BaM J0Ka3aTb, YTO BbI YEJIOBEK,
MIPY TTOCEIeHUH OTIpe/IeIeHHBIX caliToB («BribepuTe Bce n3obpakeHUs C TIepece-
YeHUEM YJIUIl»), UCIOIb3YIOTCA JJiA TIyOOKOTO 00yIeHUsA ceTeld, JeXallux B OC-
HOBe pabOTHl CHUCTEM OECTWIOTHBIX TPAHCIIOPTHHIX CpPeACTB*®. BO3MOXKHO, BBI
pelInTe BO3ZEp)KaThCsA OT MOe3Z0K Ha GeCUIOTHOM aBTOMOOWIIE [0 TeX IOp,
MTOKa BeO-CalThl He MepecTaHyT IPOCUTh Bac UAEHTUGUIIMPOBATh 3HAKU «CTOII»
Ha U300paKEHUSIX.

[Ipu o6cykAeHNU TIy60KOro 06ydyeHus c60py JaHHBIX yAeIsaeTcs HauMeHb-
Ilee BHUMaHUe, TIOCKOJIbKY 3Ta TeMa ropaszio MeHee 3aXBaThIBAIOIIAs 10 CPaBHe-
HUIO C Pa3roBOpaMu O YeJIOBEYECKOM MO3Te M aBTOMAaTUYECKOU KIacCUPUKAIIUN
n3obpakeHuii. Ho eciu Bac MHTEpeCyeT TO, KaK Ballla KOMIIAHUS MOXKET U3BJIE€Yb
BBITOZly M3 TIyOOKOT0 OOYYEeHUS WX MAaITMHHOTO 0OyYeHHs BOOOIIE, TO BaIIUM
MepBHIM 1IaroM OyzieT c6op pa3MedeHHBIX JaHHbIX. Eciiu y Bac ecTh ZaHHbIE (Ha-
pUMep, U306pakeHUs1, KOTOPBIE HYKHO Pa3MEeTUTh), HO BBl HE XOTUTE TPAaTUTh
Ha 3TO BpeMs — He npobyeMa. /i peleHus 3TOH 3ajauu Co3aHa Iieyas uHIY-
CTpUS, U BBl MOXETE 3aIUIATUTh CYIUe KOMEWKU 3a TO, YTOOBI APyTHE JIOAU pas-
METWJIM BalllK ZJaHHBIE 3a Bac. Tak 4To GyAyliee, B KOTOPOM MOXHO JIETKO IIO-
JIYIUTh JOCTYI K HeOOXOAUMBIM HabopaM ZJaHHBIX, MOXKET OBITh Topaszo OimKe,
YeM KaXKeTCs.

3TnyecKuit acneKT rny6okoro o6yyenms

ABTODHI JaHHOU KHUTH — He CIEIUATUCTHI 10 3TUKE U HE Te JII0AU, KOTOphIe
BIIpaBe BECTH 3Ty AUCKyccuio. C Ipyroil CTOPOHEI, IVIABHBIH 110 JaHHBIM He 00-
3aH BECTHU JUCKYCCHUIO /I TOTO, YTOOHI B HEM y4acTBOBATh. [I0CKOJIBKY Bbl HAXO-
JUTeCh Ha TiepeZHeM Kpae paboThl C JaHHBIMU, BHI AOJDKHBI 006€CTIeYnThb UX J00-
POCOBECTHOE HCII0Ib30BaHNUE.

O6beM JaHHBIX pacTeT ropaszio ObICTpee, YeM Halla CIIocO6HOCTb GpopMynu-
pOBaTh CB3aHHBIE C 3TUM IIpobIeMbl. [[OMUMO TOTO, YTO BBI3BIBAET KPUTHUKY
B CJIy4ae CO BCEMU HOBBIMU TEXHOJOTUAMHU, UCIIOJb30BaHUE JAHHBIX TIOPOXKAA-
€T JIOTIOTHUTEIbHBIE TTPO6IeMbl. OHU CBS3aHBI C HAIllEH OUTMOO0YHON Bepoii B TO,
YTO OHU BCET/Ia OTPAKAIOT HEMOKOJIEOUMYIO UCTHUHY, U C T€M, YTO aJITOPUTMEI 3a-
JapOBLIBAIOT HAC KAXKYIIEHCa IOYTH YeJIOBeYeCKON CIIOCOOHOCTHIO K IPUHATUIO
pelIeHuH.

138 medium.com/hackernoon/you-are-building-a-self-driving-ai-without-even-knowing-
about-it-62fadbfa5fdf
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V1 XOTA MBI He pa3 IOAYEPKUBAIM, YTO JITOPUTMBI He BOCIPOU3BOJAT IIPO-
I[ECC YETOBEYECKOTO MBIIUIEHUs, PE3YIbTaThl UX IIPUMEHEHU MOTYT 3aCTaBUTh
Hac B 3TO NMOBepUTh. Hampumep, Xakepsl UCIOIB3YIOT TaKy0 Pa3HOBUIHOCTD aj-
TOPUTMOB IIIy60KOro 00ydeHus, KaK reHepaTUBHO-cocTA3aTenbHble cetu (GAN),
JUIS CO3ZIaHUA TaK HA3bIBAEMBIX AUNPENKOB. DTO IO3BOJIAET UM HaKJIaJbIBaTh
¢danpuIrBOE JUIO MTOBEPX JIMIA PEATbHOTO YeJOBeKa, CO3/laBas WUIIO3UIO TOTO,
YTO STOT YEJIOBEK CAENal YTO-TO, Yer0 Ha caMoM Jiesie He fenaj. PefikoBble HOBO-
CTH MOXKHO pacupocTpaHAaTh B Twitter, MCIIONB3ys AJI 3TOTO PEATUCTUYHBIE 3a-
TOJIOBKH, CO3/JaHHbIe HA OCHOBE peaJbHBIX 3ar0JIOBKOB. VIMEHHO TaK € IOMOIIHIO
JAHHOM TEXHOJIOTUU HAaC MOXXHO OOMaHYyTh.

Ha 6osiee rryO0KOM ypOBHE HaM CJIeAYET IPOSBIATh OCTOPOXKHOCTh B TOM,
KaKye MMEeHHO YeyoBedecKkre QYHKIMU MBI IIBITAEMCS IepeZiaTh aaropuTMaM
rybokoro obyueHus. HanpruMep, HacKOJIbKO MOJIE3HBIM JI CYAbU MOXKET OKa-
3aThCsA MHCTPYMEHT, IPOTHO3UPYIOIINI BEPOITHOCTh PEIUANBA /IS TpaBoOHapPY-
IIMTeNA ¢ IIoMolbio MN?

Kak MBI y>Ke TOBOPWIH, OCHOBHAsI IIPUYMHA KPUTUKH ITyOOKOro 0Oy4eHUss —
OrpOMHas IyTaHHUIIA C TEM, YTO IPOUCXOAUT 3a Ky/rcaMu. OueHb TPYAHO OOBSACHUTD
TUTaHTCKOE MaTeMaTH4eCcKoe ypaBHeHNe C MIWUIMOHAMU TTapaMeTpoB. OfHAKO 3TH
ypaBHEHUS MOTYT UCIOIb30BaThCS IPU BEIHECEHUH TIPUTOBOPA MPECTYITHUKAM, JIe-
JKaTh B OCHOBe paboThl GpyHKITMU Oe30macHOCTH Ha TesedoHe (Bpoze iPhone Face
Scan kommaHuu Apple) Wwiv IpUMEHATHCSA CUCTEMOM BaIlero aBTOMOOWIISA IS OKC-
TPEHHOTO TOPMOXKEHUSI WX TIOBOPOTA, €CIU Ha JI0POTe MOSBUTCS OJIEHb.

Bosiee TOro: 3a4acTyio TO, YTO MbI MOZEIUPYEM, — He IIPOCTO TOYKHU JaH-
HBIX, 2 KOHKpPEeTHBIE JIIoAU. Pa3jInyHble acleKThl UX WJEHTUYHOCTH KOAMPYIOT-
ca U cHabXkaloTcs MeTKkaMu. Korzja Mbl ojrydaeM JlaHHble, OHU MOT'YT He UMEThb
JUist Hac 6osbIoro 3HaveHus. Ho ecyid Mbl IpusHaeM TOT GakT, YTO 06beM JaH-
HBIX pacTeT OBICTPee, YeM Hallla CIIOCOOHOCTh GOPMYIUPOBATh CBI3aHHBIE C 3TUM
mpo0bJieMbl, HaM He CTOUT IpeAIoaratb, 6yATo 06IEeCTBO yXKe a0 HaM J00po
Ha UX UCMOJb30BaHKe. To, YTO MBI MOXKEM COOMPAThH OIpe/ieeHHbIE TPU3HAKH
Y 3aIyCcKaTh aJIfOPUTMBI, He BCET/Ia 3HAYUT, YTO HAM CTOUT 3TO ZejaTh. ¥ XoTs
MBI TIPEJOCTAaBWIM BaM WHCTPYMEHTHI [JIs1 MOHUMAHUSA XOPOILIO CKOHCTPYHUPO-
BaHHBIX NPWIOXKEHUH TIyOOKOro 0O0y4eHUsA, BaM He CJIefyeT IPeAIlonaraTb, YTo
B KQKJOM IIPWIOXKEHUH 3TO CZeJaHO NMpaBWIbHO. Jlake B CBOeH opraHM3aIuu
CTOUT CKENTUYECKU OTHOCUTBHCA K 3asBJIEHUSIM O TOM, UTO IIyOOKOe oOydeHuHe
pemaet npobyeMsl. [TonpocuTe He MPOCTO MOKA3aTh BaM JIaHHbBIE U aJTOPUTMEI,
HO U CIIPOCHUTE, KOTO NMEHHO 3aTparuBaeT IOJyYeHHBIH Pe3ybTat, a 3aTeM pe-
IUTe, HACKOJIBKO BAC 3TO YCTPAUBAaET.
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Kopoue roBopsi, MaIikHbI CTAHOBSITCSA YMHeEE, U BaM He CJIefyeT OT HUX OTCTa-
BaTh. He BocnpruHUMaiiTe COOCTBEHHYIO POJIb B IIPOIlecce MCIIOIb30BAHUA JaH-
HBIX JIIA YTy9IIeHNs pe3y/IbTaToB 6M3Heca 1 o6IjecTBa B I[eJIOM KaK HeYTO CaMo
coboii pasymeroreecs.

NOABEAEHUE UTOIOB

B 3To0I1 m1aBe MBI OObEJUHWIN MHOTO€E U3 ONKMCAHHOTO B IPEABIAYIINX IVIaBaX,
YTOOBI OOBACHUTD TIPUHIUI PAOOTH aITOPUTMOB TTyb0oKOTO 06yueHus. [loMHuU-
Te, YTO B OCHOBE ITyOOKOTO 0OYJYEeHUS JIeKAT UCKYCCTBEHHBIE HEMPOHHEBIE CETH,
COCTOSIIIME U3 HEMPOHOB, KAXK/BIN U3 KOTOPBIX COAEPIKUT YpaBHEHNE, Ha3bIBae-
Moe GYHKIIeH aKTUBAIMK. BEIXOZHOM CUTHA KaXK/IOTO CJIOS TIOCTYIIAET Ha BXOZ,
OZTHOT'O WJIN HECKOJbKUX HEHPOHOB. DTU CJIOU CTAHOBATCA MOAGYHKIUAMU IS
IIOCJIEZTHETO CJI0SA, KOTOPHIH, B CBOIO OYepesb, IPEBpalljaeTca B OAHO OOoJbIIOe
(u BrleuaTsOIee!) MaTeMaTUYecKoe ypaBHEHME, CIy»Kalllee MTPOTHOCTHYECKON
MO/JIETTBIO.

[my6bokoe obyyeHMe — 3TO 3axXBaTHIBAIOLIAsA HOBAd IVIaBa B MAIIMHHOM 00-
yd4eHHUH. 3aIycK Bce 6osiee CIOKHBIX MOZeNel ¢ KaKAbIM JHEM CTaHOBUTCA BCe
mpoiie u Jeniesie. TeM He MeHee, HECMOTPsI Ha TOTEHIMAT [TyOOKOTO 06yye-
HUf, HaM He CJIeflyeT BO3JIaraTh Ha HETO CJIUIIKOM OoJbIlve HaZexabl. JlaHHas
TEXHOJIOTUA T03BOJsAeT 3GGEKTUBHO pellaTh TaKue 3aZavu BOCIPUITHUA, KaK
KIaccuuKanys U306pakeHu U TEKCTOB, COCTOAIINX U3 BBICOKOKAUYECTBEHHBIX
Y TIPaBWIBHO pa3MeYeHHBIX JaHHBIX, HO He BCET/Zla OKA3hIBAETCS ONITUMAIbHBIM
BapUaHTOM /JIf pellleHrs HeOObIINX 3a/a4, IPEANOIaralIuxX paboTy CO CTPYK-
TYPUPOBAaHHBIMU JaHHBIMU.

B KOHEYHOM UTOTe MOZEIU 3amycKaioT Jioau. He Mo3BoJisiiTe Opeoy TauH-
CTBEHHOCTH, OKPYKAIOIIEMY aJITOPUTMbI [TIyOOKOTO 06yYeHuUs, 3aCTaBAATh Bac
ZyMatb, OyATO OHUM yMHEE Bac, U BEPUTh, YTO BBl UCIIOIb3yeTe UX HEMUTPATbHBIM
crioco6oM. B KOHIle KOHIIOB, 3TO Bamia paboTa, ¥ BbI JOJDKHBI YyBCTBOBATD Ceb
KOMGOPTHO, BBITIOTHSS €e.



IV

[apaHTUpyHTe ycnex

B vyactu IV BB y3HaeTe 0 TOM, KaK U3BJIeYb MAaKCUMaJIbHYIO TIOJIb3y U3 CBOETO
ITyTH CTAHOBJIEHUS IIAaBHBIM 10 JAHHBIM, Y9ach Ha 9y)KUX OITMOKAX, KaK TeX-
HUYECKUX, TaK U CBSI3aHHBIX C YETOBEUYECKUM PaKTOPOM.

JTa 4acTb COCTOUT U3 CIEAYIONINX [JIaB:

I'maBa 13. OcreperaiiTech JOBYIIEK.
I'maBa 14. 3HaiiTe J10[e ¥ TUIILI JUYHOCTEH.
I'masa 15. Yto ganbiie?
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OcTeperantecb NOBYLLEK

«[lepBblii NPUHLMN — He 06MaHbIBaTb cebs, a cebst 06MaHyTb Nerye BCero»
_ Puyapg @. deiinman, naypeat Hobenesckoii nipemun o ¢huanke

q TOOBI TOHUMATh, [YMaTh U TOBOPUTH Ha SI3bIKE JaHHBIX, OYeHb Ba)KHO 3HATh
006 onmbKax, KOTOPbIe BbI MOXKETE JIOYCTUTh, ECJIU TIOTEPSETE OAUTETHHOCTD
B X0Zle pabOTHI C HUMHU U UX UHTEPIIpeTanuu. HeKoTopble TOABOAHEIE KAMHU J10-
BOJIBHO JIETKO YCTPAHUTD, HO UX TPYAHO OGHAPYKUTh, €CJIU BHI He 3HAETe, T/e UC-
KaTb. A ecsiu Bbl He OyzieTe cOOI0ZIaTh OCTOPOXKHOCTh, TO OHU MOTYT OOEPHYTh-
cs1 KPYITHBIMM KaTacTpodamu, IOZOOHBIMU TeM, KOTOPbIe ObLIN OIMCAHBI paHee
B OTOU KHUTe (BCIIOMHHUTE aBapuio maTTia «JeieHpKep» U KpaX PhIHKA KUIbs
B 2008 rozy).

B 3To# I1aBe MBI HAITOMHUM BaM O TeX JIOBYIIKaX, O KOTOPHIX BHI yKe 3HaeTe,
Y TIO3HAKOMUM Bac ¢ HECKOJIBKUMH JPYTHUMU PaCIpOCTPAHEHHBIMU TOJBOJHBIMU
KaMHSIMU, KOTOPBIE MOTYT COPBaTh BCIO Bally paboTy win (YTO ellle XyXe) 3acTa-
BUTb BAC IIPUATU K HEBEPHBIM BBIBOJAM.

[IpexkZie YeM MBI HAYHEM, CTOUT OTMETHUTH, YTO OOCYKAATh UyKHe OUTUOKHU
U TIPOCYETH B paboTe C JaHHBIMU OYeHb JIETKO U Beceno. OfHAKO, XOTsA MBI ITPU-
3BIBAEM BAC CKENTHYECKU OTHOCUTHCA K paboTe, MPOAETaHHOMN APYTUMHU CIIe-
IUaIUCTaMU B Bamleil 06JacTH, CTOUT IIOMHUTH O TOM, YTO IO3UTHUBHBIE U3-
MeHEHUs HEBO3MOXKHBI 0e3 IPOSABJIEHUSA COYYBCTBUA U MOAAEPKKUA. OmUOKU
CJTy4alOTCs — UM HAZI0 OTMETHUTD, YTO aBTOPBI 3TOM KHUTH MPUIILTH K 3HAHUAM,
W3JI0KEHHBIM B 3TOH IVIaBe, IaJIeKO He JIETKUM IyTeM. [loaTOMy AaBaliTe npu3Ha-
€M, 9TO B OCHOBE OOJIBIIMHCTBA JIOBYIIEK JIEXXAT He YbU-TO THyCHbIe HAMEPEeHUs
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1 HeZIOGPOCOBECTHOCTD. Yallle JIFo/I IIPOCTO He 3HAIOT O TOM, YTO MOXKET IOUTH
He TaK. IMeHHO 06 5TOM MBI ¥ TOTOBOPUM B IaHHOH TIaBe.

NPEAB3ATOCTU U CTPAHHOCTU B IAHHbIX

IIpeaB3ATOCTb — 5TO CJIOXKHAA TeMa, 3aTparuBarolliasd pasjIu4YHble AUCLIUILIN-
HbI. [lo IpeAB3ATOCThIO MBI IIOHMMaeM OZHOOOKoe (a MHOTZA Jaxe HeIocse-
JloBaTeJlbHOE) IIpeAIouTeHre, OTAaBaeMoe UesaM U KOHIENIUAM OT[eIbHBIMU
JIIOZIBMY U TIOAKPEIUIeMOe UX TPYIIIaMU. B 3TOM paszesne Mbl 06CyANM pacIipo-
CTpaHEHHbIE BAPDUAHTHI NIPEAB3ATOCTH B MUPE JAHHBIX, & TAKXKe TaKue ABJIEHUA,
KOIZla IIpU IIePBOM B3IVIA/le HA JaHHbBIE Y BAC MOXET CJIOKUTHCA OJHO BIleYaTiie-
HHUe, a IPU TIOBTOPHOM HUX pacCMOTPEHNU — JIPYTOE.

CuctemaTnyecKas oWMOKa BbIKMBLLETO

[IpeacTaBbTE, YTO MHBECTUIIMOHHAS KOMIIAHUA B OJHOM M TOM e TOAy 3aIycKa-
€T IECATKYU B3aUMHBIX pOH/IOB, KAXK/IbIM U3 KOTOPBIX COJAEPIKUT CIyYalHbBIN Ha-
60p akuuii. Eciu doHJ He TOKaXKeT 1eIeBYI0 AOXOAHOCTD 3a ONpele/IEHHbIH T1e-
puoj BpeMeHU (Hampumep, eciu JoXoJHOCTh uHzAekca S&P 500 coctaBut 10%,
a ZIOXOAHOCTD OJHOTO U3 GOHZOB — TOJbKO 3%), TO €T0 AesITeNbHOCTh 6yaeT
npekpaireHa. [1o mponecTBUN HECKOJIbKHUX JIET OCTAHYTCS TOJIbKO «BbDKUBIIIHE>
B3auMHbIe GOH/BI, OTIIUYAIOIINECS BIIEYATIAIONIEN JOXOAHOCTbIO. VI TYT MOSB-
JIeTCs IOTEHITMAIbHbIN NHBECTOP B BallleM JIMIe. BaM eMOHCTPUPYIOT MTOKa3a-
Tenu GOHZOB KOMITAaHUM, TIPEBHIMIAIOININE PHIHOYHBIE HA TPOTSKEHUH HECKOJIb-
KUX JIET TOAPAL.

BbI ObI THBECTUPOBAJIU B HUX CBOM CPE/ICTBA?

Bo3Mo:kHO. KOMITaHWM OTKA3bIBAIOTCS OT IUIOXUX aKTUBOB, YTO TI0 CBOEH CyTH
COBCEM He IUI0X0. [1710X0 — ZieilaTh BUJ, YTO IUIOXUX aKTUBOB HUKOT/IA U HE CyIIle-
CTBOBAJIO, TIOCKOJIBKY 3TO CO37IaeT IIPeAB3SATOCTh. B 3TOM ImpuMepe BaM He ObUTH
MpeZiCTaBIEHBI IAHHbBIE O HU3KOAOXOAHBIX POH/AX, IIOTOMY YTO KOMITAHUSA OT HUX
OTKasasack. V3-3a 3TOrO pe3y/bTaThl AeITebHOCTH KOMIIAHUY TIOKA3aJIKuCh BaM
6oJiee BITEUAT/ISIONIMMY U 3aCTaBUJIN Bac MOBEPUTh B TO, UYTO B Hel paboTaroT
OTIBITHBIE pUHAHCOBBIE aHAJUTUKHY, TOTZIa KaK HauboJsee MpaBaonogobHoe 00b-
sICHEHHE — TIPOCTOE Be3€eHHeE.

OTO IpUMep CUCTEMATUYECKOHN OMMOKY BBDKUBIIETO, KOTOpas MpeACTaBIsi-
€T co00M «Pa3HOBUAHOCTb CUCTEMAaTHUYECKOM OIMMOKKU 0TOOpa, KOTza Mo OJHOM
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rpytie o6beKToB (YCIIOBHO Ha3bIBAEMBIX «BBUKUBIINE») JAaHHBIX MHOT'O, a I10 IpY-
roii («morubinye») — MPaKTUIECKH HET» 1,

Kiaccuyeckuii mpuMep CUCTEMATUYECKOH OIIMOKYU BBDKUBIIETO — CIydaid
cratucTuka Abpaxama Basibza, KOTOpOMY OBUIO IOPYYeHO MUHUMU3UPOBATh I10-
Tepu ¢ioTa 6oMO6APAUPOBIINKOB COIO3HUKOB BO BpeMst BTOpoil MUPOBO1 BOMHEI.
CaMoJieTHl, TEPEXKUBIITE KECTOKKUE 60U, BO3BpAIlaUCh Ha 6a3y ¢ Cepbe3HBIMU
MOBPEXAEHUAMH U MyJIEBLIMU OTBEPCTUAMU B QIO3EIKE U KPBUIbAX. VI3HaYah-
HO Huzlest 3aKJII0Yanach B TOM, YTOOBI YKPEIUTH T€ MeCTa CaMOJIETOB, B KOTOPBIX
HabJII0ZIaIoCh GOJIBbINE BCETO OBpeXAeHuit. OHaKo Basb mocuuTas ee nposbJe-
HUEeM OIIMOKU BEDKUBIIETO. JIeJI0 B TOM, UTO BO BHUMaHWEe PUHUMAIKUCh TOJBKO
BepHYyBIIHeECS caMojieThl. Ho Kak OBITb C TEMU, KOTOPbIe HE CMOIJT BEPHYTHCS?
YTO 3TOT XapaKTep MOBPEXAEHII TOBOPUT O HUX?

PexomeHzanysa Banpza kazanachk napaZioKCaabHON: OH IPesIoKUI OpOHUPO-
BaTh T€ yYaCTKH, KOTOpble UMeIN HauMeHbIIVe IOBPEXAeHNA Y BepHYBIINXCSA
camosieToB. [Touemy? IToTOMy 4TO camMoJIETHL, TOJYyIUBIINE TOBPEXKAEHUA B 3TUX
MecTax, TaK ¥ He BEepHY/IHCh Ha 6asy.

Perpeccus K cpegHeMy

Perpeccust K cpeJHEMY — 3TO sSIBJIEHUE, CyTh KOTOPOTO GOPMYIUPYETCS JOCTa-
TOYHO IIPOCTO: 32 DKCTPEMATbHBIMU 3HAYEHUSMU CIYIalHOW BEJTMYUHBI 9aCTO
C/IelylIoT MeHee SKCTpeMasibHble. DTO HaboeHre ObLIO BliepBhie CHOPMYIHUPO-
BaHO KaK «perpeccus K rocpeAcTBeHHOCTH» B 1886 roxy capom ®pancucom l'anb-
TOHOM '*°, KOTODBIM 3aMETHJI, YTO ZIETU BBICOKUX POJUTENEN OKAa3bIBAIOTCSI MEeHee
BBICOKMMH, Y€M OHH (YTO TOBOPHUT O PET'PECCHU JAHHOTO MOKa3aTessd), a AeTH
HU3KOPOCJIBIX POAUTENEN — He TAKUMU HU3KOPOCIBIMHU. [10 CyTH, OH BBISBII
€CTECTBEHHYIO, ITIyOUHHYIO CTAaOUIbHOCTD, CYIIECTBYIOIIYIO B POCTE JIIOAei U UX
ITOTOMKOB: 3a DKCTPEMAaJbHBIMU 3HAaUeHUAMU (HU3KUMU U BRICOKMMU) OOBITHO
CJIEZIYIOT HE CTOJIb SKCTpeMasbHbIe (He TaKve HU3KHE U He TaKHe BBICOKHE) 3Ha-
YeHUsI.

XOTsA 3TOT IpUMeEpP MOXKET IMMOKa3aThCsA OYEBUAHBIM, Perpeccus K cpeaHe-
My UMeeT 6oJjiee MHUPOKUE MOCIEACTBUS [JIs TIpollecca paccy:kaeHusa. Eciu BbI
He CMOTPUTE Ha BCE UMEIOIITUECS JAHHBIE C BBICOTHI ITUYBETO TI0JIETa, HEKOTOPHIE
HaOJIIOIeHUST MOTYT MTOKA3aThCsA SKCTPEMAIbHBIMU. B 3TOM ciy4ae mpeB3siTOCTb

%9 https://ru.wikipedia.org/wiki/Cucremarnyeckas_omnOKa_BbDKUBIIETO

140 Galton, F. (1886). Regression towards mediocrity in hereditary stature. The Journal of the An-
thropological Institute of Great Britain and Ireland, 15, 246-263.
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MOXKET MPOSIBUTHCS B TOM, UTO BBl IIPUMETE pellleHre, OCHOBAaHHOE Ha 3TUX JKC-
TpeMaJbHBIX COOBITUAX, HE IPUHUMAsA BO BHUMAaHHeE TO, YTO HE3aBUCHUMO OT Ba-
WX ZIEMCTBUI HAa TOPU30HTE HAaXOUTCS 6ojiee pecKas3yeMoe COObITHE, OIM3Koe
K UCTUHHOMY CpeJIHEMY 3Ha4YeHUIO.

Bo3bMewM, K npumepy, urpoka HanuonanpHou GyTd6ompHON guru (NFL), Ko-
TOPBIH MOC/Ie BBIZAIOIIEr0Cs Tofla OKa3ajacsa Ha 06JI0KKe TIOMy/IIPHON BU/EOUT-
psl Madden NFL, HO B ceAyIoIleM rofy [oKa3aj ropas3Zio MeHee BIIeYaT/IAIOIINe
pe3yIbTaThl. DTOT GEeHOMEH Oy Ha3BaHUe «IPOKJIATbI Madden»!*. Ho MbI
Ha3bIBAEM 3TO pErpeccuell K cpefHeMy 3HadeHuto. Vnu npejcraBbre cebe B 1ie-
JIoM 61aTOHAZIE’KHOTO COTPYAHUKA, ¥ KOTOPOTO BHIJAJICS TSKEJIBIN 'O/, B PE3YJIb-
TaTe 4ero ero paboTa MoTyIiia IJIOXKUe OT3bIBHL. /i HETO COCTABJIAETCS TUIAH HC-
MIPABJIEHUS, U B CJIEAYIOIIEM TO/y €r0 IPOU3BOAUTENBHOCTD BOCCTAHABIUBAETCS.
MeHe/pKep IPUIUCHIBAET 3TO YIyUIIEHUE CBOEMY MYAPOMY PYKOBO/JCTBY, OZHAKO
MoKa3aTenu paboTHUKA, CKOPee BCETO, B JIFOOOM CiIydae yIydIlIiach ObI U3-3a pe-
TPeCCHH K CpeHEMY 3HAaYEHUIO.

Perpeccust K cpeiHEMY ITPU3bIBAET HAC He BepUTh Beibpocam. Hu yzava, HU He-
yZAada He TIPOZJIUTCS BEYHO.

Mapapokc Cumncoxa

Elne ofHO fIBJieHUWe, HA KOTOPOE CjIefyeT OOpaTUTh BHUMAaHUE, — IapaZioKC
CumrcoHa. JTO OTEHIIMANIbHO KaTacTpoduyecKas JOBYIIKa MpU paboTe ¢ JaH-
HBIMU HabJMoZieHnH (C KOTOPBIMM BaM NPeACTOUT paboTaTh vaie Bcero). Ilapa-
nokc CUMIICOHA BO3HUKAET B TOM CJy4ae, KOr/la TEHJEHIIUSA WIH CBSI3b MEXAY
IepeMeHHBIMU MeHsSIeTCS Ha IPOTUBOIIOIOKHYIO MMocie f00aBaeHus TpeThel 1e-
peMeHHOM. B cBA3u ¢ mapagokcom CHMIICOHA BaM CJieZ[yeT OCTEPEraThCsa ABYX
OIUOOK: MIPUHATUS KOPPEJANUN 32 IPUIYNHHO-CIE[CTBEHHYIO CBS3b U BhHIABIIE-
HUS HETIPAaBWIbHOW KOPPEJIAIIHH.

PaccmoTpuM faHHBIe B Tabi. 13.1, B3AThe U3 ucciegoBanusa 1986 roga, mo-
CBAIIEHHOTO /BYM THIIAM XUPYPrUYecKUX MeTO/IOB yAajJieHus KaMHel B I0dY-
kax'*2, O630p MeAUIMHCKUX 3alliced MmoKasaj, YTO HOBasg, MUHUMaJbHO UHBA-
3WBHas Mpolleypa yJaJeHus KaMHel B TOYKax sBJsieTcs bostee yerenrHo# (83%)

41 https://ru.wikipedia.org/wiki/ITpokiaree_Madden

142 3toT IpUMep ObLT BIIEpBHIE UCIONB30BaH B pabote: Julious, S. A., & Mullee, M. A. (1994). Con-
founding and Simpson’s paradox. Bmj, 309(6967), 1480-1481. Mbl 06HAPYKIIH €r0 B OTIHY-
Hout kuure: Reinhart, A. (2015). Statistics done wrong: The woefully complete guide. No Starch
Press.



OCTEPETAUTECD JIOBYLUEK 269

10 CPaBHEHMUIO C TPAAULIMOHHOM (78%). Pe3ynbTaThl ObLIN CTATUCTUYECKH 3HAYH-
MBIMH U, IO 0011leMy MHEHUIO, BIIOJIHE YOEIUTENbHBIMHU.

Ta6n. 13.1. Moka3saTenu ycnexa XMpypruyeckux npoLeayp yaaneHus KaMHeii U3 noyek

Crroco0 yreyeHus OG1mMii mokasaTesib yciexa
TpaaunronHaa npoueaypa 78%
Hosasa mpoueaypa 83%

K coxxayieHuro, B 3TUX JaHHBIX BO3HUK Mapasiokc CUMIIcoHa. JlaabHeUIrii 06-
30p AAHHBIX [TOKA3aJl, YTO IIPU pa30MBKe KaMHEH B TIOYKaX 110 pa3MepaM, pe3yib-
TaT MEHSETCS Ha IPOTUBOIOJIOKHBIN. Kak okazanoch, TpaUIIOHHAs MTPoIeAypa
OT/IMYajach BHICOKMMH MTOKA3aTeNAMH ycllexa KaK y MallueHTOB ¢ HeGOIbITNMU
KaMHSMU B TIOYKaX (IUaMeTpoM <2 CM), TaK U Y AI[MEHTOB C OOJIBIIMMYU KaMHS-
MH (IrameTpoM =2 cM). JTa pa3buBKa mokaszaHa B Tabi. 13.2.

Ta6n. 13.2. Mapagokc CuMncoHa Ha npuMepe NokKasaTeneid yenexa XUpYpruyeckux npouesyp yAanewus
KamHeil U3 noyek

Cr1oco0 jieyeHusa HeGoabuue Boasmmue kam- OOIuMii MoKa3areb
KaMHM B [TIOYKaX HU B IIOYKaxX  yclexa

TpazgutinonHas mponeaypa 93% 73% 78%
Hogas nporeaypa 87% 69% 83%

Kak 3T0 BO3MO)XHO? [leslo B TOM, YTO HOBas Mpoliegypa 6piia ompoboBaHa
Ha MHO)XECTBE MalleHTOB ¢ HeOONbITMMY KaMHSIMU B TIOYKax (TO €CTh Ha MpeJ-
MTOJIOXKUTENBHO 60Jiee JIETKUX CIydasix), B TO BpeMs KaK TpaJuIMOHHasK IPOIeay-
pPa B OCHOBHOM HCITOJIb30BajIach JJis JIEUEHUS MaIlUeHTOB ¢ 6ojiee KPYITHBIMU
KaMHAMHU B Ioykax. HecMoTpsi Ha TO 4TO TpagulIMOHHAA Ipollefypa Mokasana
JIyJIIIE pe3yJbTaThl IPU yAaleHUn HeOOIbIIuX kKaMHuel (93%), HoBasA Mpoueay-
pa 6bUTa BHITIOJIHEHA TOpas3zio 6obIIEMY KOJTUYECTBY MAallMEHTOB, a TOKa3aTelb
ee YCIIeNTHOCTU cocTaBua 87%. TakuMm o6pa3oM, oOIUI OKa3aTelb ycrexa Ho-
BOU IIPOLIEAYPHI TATOTEET K 87%. B Tabs1. 13.2 MbI BUAUM, YTO OOIITUH MTOKa3aTeNb
YCIEIHOCTH TPaJAUIIMOHHO TpolieAypsl (78%) 6oJblile TATOTEET K IIOKA3aTeIAM
ycrexa y TIalfueHTOB ¢ KPyIHBIMM KaMHAMU B moukax (73%). HoBas mporeny-
pa cpaboTasa Xy)ke Ha 3TOH I'pyIIre, HO OHA ObLIa BHIIIOJHEHA CIUIITKOM HeOO0JIb-
IIIOMY KOJIMYECTBY MAITMEHTOB, YTOOBI 3TO MOBJIUSIO Ha ee OOIIMK TTOKa3aTelb
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VCITENTHOCTH. 3aMyTAJIUCh? DTO HOPMaIbHO. FIMEHHO TI03TOMY JaHHBIN GeHOMEH
Y Ha3bIBAETCs IapazloKCoM.

YToObl CHU3UTb PUCKH, CBSI3aHHBIE ¢ TapaZiokcoM CHMIICOHA, pa3zeuTe Ha-
OJII0/IEHYS 10 TPYIIaM COy4alHbIM 06pa3oM, YTOOBI UCKIIOUYUTh CMENTHBaHHUE.
Jpyrumu cioBaMu, cobeprTe SKCIIepUMEHTAIbHEIE JaHHBIE.

MpepB3aTOCTb NOATBEPKACHNS

Takas JIOBYIIKA, KaK IPeAB3ATOCTb ITOATBEPKIEHNA, IIPe/CTaBIAeT TOTeHIINab-
HYIO OTIaCHOCTb JIJISI JIFOGOTO IIPOEKTa Mo paboTe ¢ AaHHBIMU. Ee CyTh 3aKovaeT-
cs B TaKOM MHTEepIpeTalUy JaHHBIX U Pe3y/IbTaToB, KOTOPasa MIOATBEPKAAET yKe
CyLIecTByOUME YOeXXAeHNA; IPU 3TOM IIPOTHUBOpPEYalIlyie 3TUM YOeXIeHUAM J0-
Ka3aTeJbCTBAa OTOPACHIBAIOTCA.

B noZi06HOIT TPeIB3ATOCTU JIETKO OOBUHUTH PYKOBOJAUTEJIEN BBICIIETO 3BeE-
Ha, TOJIUTUKOB U JIUII, 3aMHTEPECOBAHHBIX B Pe3y/bTaTe AeATeNTbHOCTU OU3HE-
ca, — HO IIPU3HATh 3TO 3a cob60i ropas3zgo TpyaHee. TeM He MeHee I MHOTHUX
KOMaH/l aHAJTUTUKOB IIPeZIB3ATOCTD ITOATBEP)KAEHNUA — MPAKTUIECKU HEOTheM-
JleMas 4acTb obpasa Ku3HU. J[eJio B TOM, UTO IOPOH UM MPUXOAUTCI UCKATH
J0KazaTeJabCTBA IPaBWIBHOCTYU IIAaroB PYKOBOJCTBA, KOTOpble MOTYT Ipej-
IIPUHUMAThHCA ellle 0 aHaTu3a JOCTATOYHOr0 KOJWYeCTBa JaHHBIX. 1o Kpaud-
Hell Mepe, yacTh paboTH 3TUX KOMaH/Z HalpabjeHa Ha GopMUpOBaHUe IpeJ-
B3ATOCTHU MOATBEPKJEHUA. DTO HE IPOCTO, HO, KAK IJIaBHBIN MO JaHHBIM, BB
JIOJDKHBI CTPEMUTHCS TIPEOI0JIETh ITY IPEAB3SITOCTh U COOOIIUTD O Pe3y/IbTaTax
MaKCHUMaJIbHO NIPaBAUBO. B IpPOTUBHOM ciy4ae KOMaH/a MOXKET HCIOIb30BaTh
[IPeZIB3ATOCTb MOATBEPKAEHUA A1 000CHOBAHUA pelleHUi PyKOBO/CTBA BMe-
CTO TOTO, YTOOBI aHATU3UPOBATh BCE AOCTYIIHbIE PEIlleHNsA, He TIOABEPTasiCh AaB-
JIEHUIO C €r0 CTOPOHHL.

NoBywKa HeBO3BpaTHbIX 3aTpaT

CyTb JIOBYIIIKM HEBO3BPATHBIX 3aTpaT — JKeJIAHUE MPOJODKATh paboTy HaJ mpo-
€KTOM, B KOTODBIH yKe ObLIO BIOXXEHO OIPOMHOE KOJIMYEeCTBO BPeMEHHU, JieHeT,
pecypcoB U yewnuii. B Takoii cuTyanuy odeHb TPYyAHO OTKA3aThCs OT Pe3y/IbTaToB,
JlakKe eCJIU BBl IOHUMAeTe, YTO:

— ¥ Bac HeT HYKHBIX JJaHHBIX JJI pealu3aliy IPoeKTa.
— ¥ Bac HeT NOAXOAAIIe! TeXHOJOTUHU AJIA peaanu3alliy IpoeKTa.
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— HcxogHoe COZEPpIKaHUE IIPOEKTA HE OXBAThIBAET €0 OCHOBOIIOJararmime
AOCTOMHCTBA.

HexkoTopble KOMIIAHUY MTPEATIOWIH OBbI, YTOOBI BB IPEIOCTABIUIN XOTh KAKHE-TO
pe3yJIbTaThl, OTPaB/AbIBAIOIINE 3aTpauyeHHOEe BpeMs u ycuius. [logobHoe faBie-
HUe co3/laeT 6JaroflaTHyIO MOYBY i GOPMUPOBAHUA MHOTHX U3 TIE€PEeYrCIeH-
HBIX BBIIIE IIPEe/B3ATOCTEMN.

AnroputMuyecKas npegaB3aToOCTb

[To Mepe aBTOMAaTHU3AIUU BCE OOJBIIETO KOJUIECTBA PEIIEHUH ¢ MOMOIIBIO Ma-
IIMHHOTO 0OYYEHUsT MBI BCE Yallle CTATKUBAEMCS C TaK Ha3bIBAEMOU aJIrOPUTMU-
YeCKOU TpeAB3aTOCTbI0 4, 6YKBaJbHO BCTPOEHHOM B MHUD ZIaHHBIX W BBIYHCIIE-
Huii. XOTd UCCIeZ0BaTeNN U OPTaHU3alUY JIUIIb HeZIaBHO HaYyall BHUMATEIbHO
M3y4yaThb ee IPOUCXOXK/EHNE U TTOCIECTBYA, TaKasl MPEAB3SATOCTD CYIECTBOBATIA
B IaHHBIX Beerza. YacTo oHa ABJSIETCS IPOAYKTOM CTATyC-KBO, U €€ MOXKET OBITh
TPYAHO OOHAPYKUTH ZI0 TEX MTOP, IIOKA ITOT CTATYC-KBO He OyZEeT MoABEprHYT QyH-
JaMeHTaJlbHOMY TepecMoTpy. OfHAKO, ecik Bbl OyZieTe 0CO3HAHHO TOAXOJUTD
K cBOel paboTe, TO CMOXXeTe OOHAPYKUTh ATY IPEAB3ITOCTb TOPAa3Zi0 PaHbIIIE.

BcroMHUTE TpUMep U3 TMPEAbIAYIIUX [1aB, B KOTOPOM MbI pacCMaTpUBAIU
JlaHHbIE O KaHAU/aTaX Ha CTAKUPOBKY U MBITATUCH IPEZCKAa3aTh, TOIy4YaT JIU OHU
mpuIiaiieHue Ha cobecegoBanue. Eciu 661 HAOOp AaHHBIX BKIOYAI TaKyIO0 KaTe-
TOPUATBHYIO TIEPEMEHHYO0, KaK MOJI, U UCTOPUYECKH MY>KUUHBI TOJIy4au OBl IPU-
[J1alileHre Ha MHTEPBBIO Yallle, YeM JKeHIIUHBL, TO KaK/bIM aITOPUTM BBISBJISUT Obl
3Ty B3aMMOCBSI3b U Yallle OTAaBaJl IPeANOYTeHNEe COUCKATENIM-My)XX4YruHaM. s
aJIrOpUTMa CYIIECTBYIOT JIUIIb €IMHUIIBI U HYJIN, HO [VIAaBHBIE TI0 JAHHBIM JIOJIKHBI
3HATh, YTO NMOA00OHAS MPEAB3ATOCTh UMEET MECTO JaXKe B TAKUX BEAYIIUX TEXHO-
JIOTUYECKUX KOMIIaHUSX, 3aHUMAIOIINX TIepe/IOBbIe TO3UIMHU B 001aCTH MaIIKH-
HoOro oOy4yeHUs1, Kak Amazon ',

VimeliTe B BU/y: KaKMMU 61 HY OBUTH BAllTM HAMEPEHUSI, ITOPUTMHUYECKAs [IPE/I-
B3SITOCTb BCTPEYAETCS TOBCEMECTHO. [IpOTHO3bI MOZieNiel He SABJIAIOTCA UCTHHOM

143 AnroputMudeckas mpeAB3saTocTb: https: //en.wikipedia.org/wiki/Algorithmic_bias

144 B craThe Reuters 2018 roga “Amazon scraps secret Al recruiting tool that showed bias against
women” FOBOPUTCSA O TOM, YTO aJTOPUTMBI KOMIIAHWUHU 3aHWKaIu Oa/UIbl TeM KaHAuZaTaM,
B UbUX PE3IOME COZEPKAIOCH CJIOBO «KEHCKHI» U Ha3BaHUA JKEHCKHUX KOJUIE[Kell. WWw.re-
uters.com/article /us-amazon-com-jobs-automation-insight /amazon-scraps-secret-ai-
recruiting-tool-that-showed-bias-against-women-idUSKCN1MKO08G
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B ITOCJIEZIHEN MHCTAHITUU. Bee pe3ysibTaThl — 3TO MPOAYKTHI TPEATIONOXeHUH. 1 BBl
JIOJDKHBI IEFICTBOBATh TaK, Oy TO BCe AaHHbIE HAGMIOAEHU TIPEIB3SATHI, IOTOMY YTO
TaK OHO U eCTh. Jlesas MpOTHO3bI, MO/ETN TIOJATBEPXKAIOT U YCHWINBAIOT MTPE/B3s-
TOCTb U CTEPEOTHITHI, y3Ke PUCYTCTBYIOIINE B IAHHBIX. He CTOUT 0KUAaThCs M3Me-
HeHUs o6pasa MBIILIEHNA, YTOObI HaYaTh Pa3bUpaThCs B MpeayOerkIeHUAX, TPU-
CyLIMX Balliel cO6CTBEHHO paboTe. K aToMY cieiyeT MPUCTYIIUTD YKe CErOAHA 4.

Mpouue npepy6exaeHns

B aTOM pasziesie COAEPIKUTCA AaneKo He TONHBIN CIUCOK MpeaybexAeHni, mapa-
ZIOKCOB U CTPaHHOCTEM, BCTPEYAIOIIUXCS B JaHHBIX. Mbl peKoMeHayeM BaM obpa-
IaTh BHUMAaHUE Ha JIOBYIIIKY, He IPUHA/JIeXale HU OJJHOU 13 KaTeropuii. Ecim
BHI Oy/ieTe UCKATh JIUIITh KOHKPETHBIE TUIIHI IIPEAB3ATOCTEH MIN IOTUUECKUX OIITH-
60K, TO MOJKETE YIIyCTUTD APYTHe MeHee 3aMeTHbIe TIPeAyOeKIeHus, KOTOpPhIe 006-
IIECTBO ellle He OIpeeauIo. To, UYTO 5TH JIOBYIIKU He OTpeJesIieHbl, He 3HAUUT,
YTO UX HET.

BOJIbLLION CMUCOK JIOBYLLEK

Tenepb, KOrZja BBl HO3HAKOMIWINCH C HEKOTOPBIMY PAaCIIpOCTPaHEHHBIMU IIpeaybe-
KAEHUAMU ¥ KOTHUTHUBHBIMU JIOBYIIKAMU, IPUCYIIUMU paboTe ¢ JaHHBIMU, Ja-
BaliTe MMOTOBOPUM O 60Jiee KOHKPETHBIX ITOABOAHBIX KAMHAX, KOTOPIX CIEAyeT
n3berathb MpU peaar3alnuyl NoAOOHBIX TPOEKTOB. MBI pa3Zie/ I 3TOT OOIBIION
CIIMICOK HA /[Be KAaTerOPUU: JIOBYIUIKY CTATUCTUKYU U MALUIMHHOTO OOY4YeHUs U JIO-
BYIIKU IIPOEKTa.

JloByWwIKM CTAaTUCTUKKU N MALIMHHOTO 06y‘IEHm|

OTOT paszes COAepKUT CIUCOK JIOBYIIEK CTATUCTUKYM U MAUIMHHOTO 00ydYeHus,
MHOTYEe 13 KOTOPBIX MbI 0OCY:KJaTH paHee.

IIpuHATHE KOppenduuu 3a NPUYUHHO-CIeCTBEHHYIO cBA3b. He mozga-
BalTeCch UCKYIUIEHUIO ITOCTPOUTH NPUIMHHO-CIEACTBEHHBI HAppaTUB BO-
KPYT' KOPPEJUPOBAHHBEIX IIepeMeHHBIX. POCT YpOBHA MpOJa)X KOMIAHUU

145 B 3TOM BaM MOXET IOMOYb pecypc BpykuHrckoro mHctutyra: www.brookings.edu/re-
search/algorithmic-bias-detection-and-mitigation-best-practices-and-policies-to-reduce-
consumer-harms
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MOYKET KOPPEIUPOBATh C YBETUYEHNEM KOTUIECTBA IIPOCMOTPOB €€ PeKJIaMbl
Ha YouTube, HO 5TO He 3HAYUT, YTO OAHO BBI3BAJIO Apyroe. Kak mpasuo, cie-
ZiyeT u3beraTh pasrOBOPOB O MPUYNHHO-CJIEACTBEHHBIX CBA3SX, ECIH TOJBKO
BBI He paspaboTtaiu mporiecc cbopa U aHaiu3a JAaHHBIX CIENUATbHO I UX
movcka (TO eCTh eCJIU BBl HE UCIIOJb3yeTe SKCIIEpUMeHTAIbHBIE JaHHbIE). DTH
uzeu obCy)KJauch B IIaBax 4 u 5.

p-XakuHr. IIpeZicTaBbTe, 4YTO B HEKOIl cTaThbe roBOpUTcA: «JIIogu, KOTOpble
IIBIOT CJIMIIKOM MHOTO Kode, NMeIOT IOBBIIIEHHbIM PUCK Pa3BUTHSA paka Ke-
JyaKa. Pe3ysabTaT CTaTUCTUYECKU 3HAaUYUM Ha ypoBHe 3HauuMocTu 0,05»146,
Kak roBopwioch B IIaBe 7, Ipu ypoBHe 3HaUUMOCTH 0,05 pe3ynbraThl ObIBa-
IOT JIOXKHOTIOJIOXKUTEJIBHBIMU B 1 cimydae u3 20. p-XakKUHT — 3TO IIPOILIece Te-
CTUPOBAHUA HECKOJIbKUX 3aKOHOMEPHOCTEH B JAHHBIX BIUIOTH 10 OGHapyXKe-
HUSA CTaTUCTUYECKU 3HAYMMOTO p-3HaueHusa. CBA3b MEXAY yrnoTpebieHrueM
kode U pakoM kenyaka Oblia OB MeHee MyTarollel, ecii 6Bl BITOCAEACTBUN
BHI Y3HaJIU, YTO UCCIeOBATENN TAK)KE U3YIIIN B3aUMOCBS3b MEXAY YIIOTpeb-
JleHreM Kode 1 paKOM M03Ta, PAaKOM MOY€BOr'O ITy3bIpsi, pAKOM MOJIOYHOH 3Ke-
JIe3bl, paKOM JIETKUX WM JI0ObIM ApyruM u3 100 BuzAOB paka. [To yucTomy co-
BIIQ/IEHUIO B IIAATU CIy4Yasx ObUIO OB OOHAPYKEHO CTATUCTUYECKU 3HAUUMOE
p-3HauYeHUe, JaKe eciyu OBl HUKAKOH CBSI3UM He CYIIeCTBOBAJIO. YUTHUTE, YTO
D-XaKUHT — 3TO Pa3HOBUAHOCTH OMKOKU BBDKUBIIEr0, IIOCKOIBKY IIPU 3TOM
COO0OIIAIOTCA TOIBKO 3HAYUMBIE P-3HAYEHUA.

HepemnpeseHTaTuBHasE BbBIOOpPKa. Pe3ysnbTaThl OMPOCOB BO BpeMs BBHIOO-
POB, KOTOPHIE He MPE/CTABIAIOT I'OJIOCyIolee HaceleHre, OyayT HeBEepHBIMU.
Omnpoc noceTuTesnell CTpaHUIBI Balllell KOMIIAaHWU B COLIMAIBHOM CEeTH MOXKET
He OTpa)kaTh MHEHUE OOJIBIIMHCTBA BalllMX KJAWEHTOB. He 6oiiTech CIOPUTH
¢ AaHHbIMU (T71aBa 4), TOCKOJIbKY (pOPMUPOBAHUE MOJUTHKY WU MPUHATHE
pellleHn Ha OCHOBe BBIOOPKH JaHHBIX, He TIPE/CTABIAIONIEN COBOKYITHOCTD,
Ha KOTOPYIO OHU OYAYT BIUATH, MOXKET IPUBECTU K CEPbE3HBIM OIINOKaM.
XyKe TOTro, TaKHe AaHHBbIE MOTYT CO3/laBaTh YYBCTBO JIOXKHOTO CITOKOMCTBUS,
3acTaBJsAsA Bac [yMath, 6y/TO BbI IPUHUMaeTe 060CHOBAHHOE pellleHUe, TOT/a
KaK OTCYTCTBUE JJaHHbIX HaBePHIKA ObUTO ObI IPeAIIOYTUTEIbHEE UCIIOIH30Ba-
HUs Te€X HeKaYeCTBEHHBIX JaHHBIX, C KOTOPHIMU BBl paboTaere.

146 310 BCero JUIIb IPUMep. ABTODHI JAHHOY KHUTU He 3aHUMAIOTCs UCCIe0BaHUEM paka.
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Yreuka gaHHbIX. He obyuaiiTe MOZiesib Ha JJaHHBIX, HEAOCTYITHBIX BO BPEMs
MIPOTHO3MPOBaHUA. BaM MOXKeT IOKa3aThCs, YTO Yy Balleil KOMaH/bI IIPEBOC-
XOZHAasA MOJIesib, HO OHAa Ha CaMOM JieJie MOXKeT OBITh COBepIIeHHO Oecriones-
HOI1. TIpe/Zicka3aTh, KyIUT JIX TIOCETUTENb BAIIETO CaiiTa MPOAYKT, IOBOJIBHO
JIETKO, €CJIV BbI 3HAETE, UTO TP MTOKYIIKE OH IPUMEHWT KO/ KyroHa. [JIaBHbIE
IO JAHHBIM JIOJDKHBL yOeIUThCA B HATUYUH KQXKI0TO0 IIPU3HAKA B MOJIEIH B MO-
MEeHT NPUHATHUA pelieHus (cM. masel 9 u 10).

ITepeoGydyenue. Kak Bbl IOMHUTE, MOZEIN — 3TO YIPOIIEHHbIE BEPCUU Pe-
ampHOCTU. OHM HCIOJB3YIOT TO, YTO MBI 3HaeM, YTOOBI IOMOYb HaM IIpe-
cKasaTh TO, 4ero Mel He 3HaeM. Korzia Moziens xopoio paboTaeT Ha JaHHBIX,
C KOTOPBIMU OHAa YK€ CTaJKHUBaIach, HO He CIOCOGHA TPe/ICKa3aTh HOBBIE Ha-
OJII0ZIEHYSA, MOXKHO CKa3aTh, YTO MO/JIENb «IlepeobydeHa». B HEKOTOPOM CMBIC-
Jie MOJIeTTb «3alIOMUHAET» CLIEHAPUH, ONlpeJiesieHHble 00y4aloIMU JaHHBIMUY,
BMECTO TOTO, YTOOBI «yIUTHCsI» HA STUX OOYYAIONUINX AaHHBIX U [€1aTh IPO-
THO3bI OTHOCUTENBHO TOTO, UTO el Hen3BecTHO (cM. miaBbl 9 u 10). [aBHbIE
0 JaHHBIM MOTYT MPeJOTBPaTUTh NepeobydyeHre, pa3ieiuB JaHHbIE Ha 00-
yJdarlue U TecToBble Habopbl. O6yunTe MoAenb Ha obydaroleM Habope
u oneHuTe 3G HEKTUBHOCTD ee MpeACKa3aHuil Ha TeCTOBOM Habope.

Hepenpe3seHTaTuBHbIE O0ydJaroliye JaHHbIE. DTa JIOBYIIKA TpeANosara-
€T KCITOJIb30BaHUe «Hepelnpe3eHTaTUBHOM BHIOOPKU» JIT CO3ZIaHUs MOJENU
MaIllHHOTO 06yueHusA. Mojienn 3HAIOT TObKO Te JaHHble, Ha KOTOPBIX OHU
6b1TH 00y4yeHbI. Mozienb, oOyuyeHHasA Ha JaHHBIX O HeABW)XUMOCTU B Oraiio
JUTS TIpe/ICKa3aHus IIeHbI TPOoAiasku ZIoMOB B Oraiio, He criocoOHa Mpe/icKa3aTh
1leHy apeHZibl KBapTuphl B Hbio-Mopke. TOUHO Tak e HHTe/UIEKTyatbHbIH J1-
HaMUK C TOJIOCOBBIM ITOMOIITHUKOM, OOy4eHHbIHN Ha obpasiiax 3ByKa, 3alrcaH-
HBIX B CTYAWU 3BYKO3aIMCH, MOXKET UCIBITHIBATh CJIOKHOCTH C pa3bopom Ko-
MaH7l B ITyMHOM ZioMe. YToObI n36eXaTh 3TOM JIOBYIIKU, ITIAaBHBIE 110 JAHHBIM
JOJDKHBI THIATENBHO MPOAYMAaTh 0OCTOSTENbCTBA UCIIONb30BAHUS UX MOJEN
U cobpaTh OTpaskarolle ux obyJdaroIiye JaHHbIE.

NoBywiku npoexTa

B saTom paszaesie MbI IIOTOBOPUM O JIOBYIIIKAaX, B KOTOPbIE MOXXHO YI'OAWTL IIPpU pea-
JIn3alliy IIPOEKTa I10 pa60Te C JaHHBIMHU.
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OTKa3 OT IOCTAaHOBKU OCTPHIX BOIIPOCOB (WIN pellleHre HelpaBWILHOMN
3agaun). Jlaxke He6OIbLIAs JBYCMBICJIEHHOCTh MOXET NPUBECTU K MyTaHU-
Ile ¥ paccoIVIiaCOBaHUIO MeX/Y IPYIIIOHN CIIeNaJNCTOB 110 paboTe C JaHHEI-
MU, OU3HEC-TPYIIION U 3aMHTEPECOBAHHBIMY CTOPOHAMH IIPOEKTa. YOeIuTech
B TOM, YTO BCE YETKO TOHMMAIOT pelraeMyro OusHec-3aza4qy (miaBa 1).

Bomnpoc He azanTupyercs mocje npoBaia. IIpoacHUTh 6GU3HeC-3a4a4y Bax-
HO — Kak U GBICTPO MPU3HATH TO, YTO €€ HEJb3sl PeIlnTh. MHOTHE KOMaH/bI
CIIEITMAJIMCTOB 11O PaboTe C JaHHBIMU OBICTPO OOHAPYXUBAIOT HEZIOCTATKY UC-
XO/ZJHOT'O BOIIPOCA, HO IIPOZOJIKAIOT IBUTAThCA BIIEpe/, IOAUYUHAACH BHEITHEMY
JaBieHuio. YToOwl n3bexaTh BOSHUKHOBEHUS HECOOTBETCTBUIMA, BOIIPOC HEOO-
XOZIMMO CKOPPEKTHPOBATb.

JlaHHBIMH BJIaZ€IOT, a He YIIPaBJIAIOT (TO eCTh JaHHbIe TPYJHO IOJy49UTb).
B HeKOTOpBIX OpraHU3aUAX OINpeZeleHHble I'pynnsl (Hanpumep, UT-otaern,
bUHAHCOBBIN 0T Wi GyXTanTepus) BIaZeloT JaHHBIMY, KOTOPBIE TPEOYIOT-
cs1 BaM 1 paboThl. XOTA MHOT'HE U3 9TUX OPTaHM3aLUN IPAKTUKYIOT YIIPaB-
JIeHUe JaHHBIMU Ha GyMare, IIOJIy4UTh K HUM JOCTYII OBIBaeT HelmpocTo. Bama
KOMITaHUA JOJDKHA TOHUMAaTh, YTO NIPH OIPaHUYEHUHU JOCTYIA K JaHHBIM BB
MOXeTe cZieslaTh He TaK MHOTO.

JlaHHBIe He cozep:kaT HeoOxoguMoii nHpopmanuu. /laHHbBIE MOTYT GBITH
JIETKO JTOCTYTIHBIMU U «OTPSATHBIMH», HO OHU MOTYT HE COZEPXKaTh UHpOpMa-
110, HEOOXOAMMYTO /Il PEIIEHUS [TOCTABIEHHOM 3a/iauu. ECiu JaHHbIE HE CO-
JepKaT Hy>KHOU BaM WHOpMAIWH, ITocTapalTech coOpaTh 60jee KaueCTBEH-
HBIE JaHHBIE.

OTKa3 OT MCIO0JIb30BaHUA HeJOPOTUX NHCTPYMEHTOB U TeXHOJIOTHH ¢ OT-
KPBITHIM MCXOAHBIM KOZOM. [Ipexx/ie 4ueM B3SThCS 32 peaan3anuio MacTab-
HOTO INIPOEKTa, CBA3aHHOTO C BHEJPEHHEM KaKOH-T1O0 HOBOM TEXHOJIOTUH,
MOTpaThTe BpeMs Ha MIPOTOTUNMpPOBaHue. BriosiHe BO3MOXXHO, YTO MHBECTHU-
poBaHue B wiardopMy 06pabOTKY AaHHBIX [JIA YIPaBIeHUS OyAyIINMHU Olle-
pauuaMU U3MEHUT O4eHb MHOrOe /i Bauleli koMaHpl. OfHaKo Npexze yeM
TPaTHUTh AE€HBI'H, NONPOOYITE CO3AaTh MUHUMAJIBHO JKU3HECIIOCOOHEIN IIPO-
AOYKT ¢ momotnbio Microsoft Excel miu Takux 6ecIuiaTHBIX TEXHOJOTHUM C OT-
KPBITBIM MCXOZHBIM KOZIOM, KaK R wtu Python.
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C/IMIIKOM ONTUMUCTHUYHBIE CPOKH. [IpOEeKTH IO paboTe ¢ ZAaHHEIMU YaCTO
MIPOBAJIMBAIOTCS COBEPIIEHHO HEOXKUJAHHBIM 00pa3oM. ONKCaHHBIE BHIIIE
Ipob1eMbl 0OHAPYKUBAIOTCA TOIBKO Yepe3 HECKOIBKO HeZlesIb IoC/Ie 3aIycKa
IIPOEKTa, a KecTKHe CPOKYU MPUBOJAT K CPe3aHUI0 YIVIOB U IVIOXOMY aHaIU3Yy.
CpoKY peayu3anyiyl IpoeKTa JO0/DKHBI YIUTHBATh HeN30eKHbIe 33/IePXKKU IIPU
paboTe c JaHHBIMHU.

3aBbIIlIEeHHbIE OXXHJAaHWA OTHOCHUTEJIbHO IleHHOCTU. KoMnmaHuu IIPHUBBIK-
JIX MHOI'OT'O OKMJAaTb OT HAYKH O JaHHBIX, CTaATUCTUKU U MAalllTMUHHOI'O o6yqe-
HHA. FOBOpI/ITe O IIEHHOCTU, KOTOPYIO MOXKET IIPUHECTU Balll IIPOEKT, OTKPHI-
TO, HO HE HPCYBCHHHHBaﬁTe €e, YTOOBI HE BHI3BATh OTpUIIaTEJIbHYIO PE€AaKIIUIO;
OHa MOXXET HETaTUBHO CKa3aTbCA HA TEKYINUX U 6YLLYI.LII/IX IIpOEKTax.

OxujaHue mpejcKa3aHus HelpejcKadyeMoro. HekoToprle Bely HEBO3-
MOJKHO TIP€/ICKa3aTh BHE 3aBUCUMOCTH OT KOJIMYECTBA COOPAHHBIX UCTOPHYE-
CKUX ZaHHBIX. JIOKyMEHTUPOBAHUE KaXXOTO BPAIEHUs KaXKOro Kojeca py-
seTky B Jlac-Berace He TIOMOXET BaM TIPE/CKA3aTh Pe3y/IbTaT CIEAYIOIETO
BpalleHus.

Beixoz 3a paMKu pa3yMHOTO. Kak U BB, aBTOPBI 3TOM KHUTHU JIIOOAT paboTaTh
C J]AHHBIMU. MHOTHe 13 Hac TOTOBBI YXBaTUTHCA 3a odepeHyo nzeto. OzHako
OuYeHb 9aCTO U3 BUZly YITyCKaeTCA HeUTO COBEPIIeHHO OYeBUHOEe: HayKa O JaH-
HBIX, CTATUCTHKA, MalIMHHOE 00yueHre U VIV MOTYT peluTh MHOTHE BaXKHbIE
mpo6JieMbl, HO fayeKo He Bce. [Ipy paboTe ¢ JaHHBIMU, CTATUCTUKOU U aJIro-
pUTMaMM HepeZKO MOXKHO BBIMTHU 3a paMKU pa3yMHOIo. Bbl MoxeTe 3ajeli-
CTBOBaTh aJITOPUTM KJIacCUGUKALNU I onpeseneHus 6usHec-npaBwi. Of-
HAaKO MHOT/Ia Y HaC y»Ke eCTb Habop IpaBWI, B COOTBETCTBUU C KOTOPHIMU MBI
JericTByeM. B Takux ciaydasx 6yzeT ropaszo Ipollle, ecIr OKPYXKarolue Bac
JIIOZY TIPOCTO 3amuulyT ux. Ilo cyTu, eciu Balla KOMaHZa MOXKeT HaIlucaTh
6u3Hec-IIpaBuIa /I aBTOMATHU3alMH MPOLECca, TO Bally PaboTy MOXXHO CUH-
TaTh BHIIOJTHEHHOM. B HacTosAIee BpeMsa 3Ta ujed TepsaeTcsd Ha GpoHe IIyMuxu
BOKPYT HayKH O JIaHHBIX. MammHHOe 06ydeHre KaXXEeTCsS MPUBJIeKaTeTbHBIM
JU1s PyKOBO/ICTBA, HO MHOIZIA OHO — IIPOCTO M3JIUIIECTBO.
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NOABEJEHWUE UTOIOB

B 5TO#1 m1aBe MBI pacCMOTpPENU PacIpoCTpaHeHHbIe 3a0IyKAeHUA U JIOBYIIKH.
Kak y»xe ObUIO CKa3aHO, IPe/ICTaBIEHHBIH CITIICOK He SBIAETCS NCYEPITBIBAIOIINIM.
U BBI JOJDKHBI UCXOAUTD U3 TOT'O, YTO TAKOT'O CIIMCKA B IPUHIIUIIE He CYLIeCTBYeT.
[ToMHUTE, YTO 0OBEM JAHHBIX PACTET OBICTPEeE, YEM HaIlla CIOCOGHOCTH GOpMy-
JINPOBATh MOPOXKJAEMBbIE STHM POCTOM MPOGJIEMBI M BO3MOXKHOCTHU. Eciu BBl Ipu-
MeTe 3Ty U/el0, TO IIOHMeTe, YTO HU OZIUH CITMCOK He MOXKeT BKJIIOUUTD B cebs Bce
Te JIOBYIIKY, B KOTOPHIE JIFOAU ellle He rnonaganu. OZHAKO B 3TOH IVIaBe MBI IIPeZio-
CTaBWIU BaM OTIIPABHYIO TOUKY.

[IpoekThl YacToO 3aBepuIalOTCa HeyzauHo. U, ckopee Bcero, y Bac 6yzer
IO KpaifHell Mepe OAWH HEYZAYHBIM MIPOEKT, C KOTOPBIM BbI OyZIeTe acCOIUUPO-
BaThCA (BEpOATHee BCero, ux OyzeT ropaszo 6osblre). Bygpre OTKPHITH M OTKPO-
BEHHBI, KOI7la CIy4aloTcs HeyJauu, U 110 BO3MOXKHOCTH IIepeKyioyaliTech Ha pea-
JIM3ALMI0 HOBBIX H/IeH. Ball ombIT cTaHeT BaIllUM JIYYLINM yYUTEIEM.
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3HaMTe NnioAen U TUNbI IMYHOCTEH

«Jliogn nepexusaroT, 4TO KOMNbIOTEPbI CTAHYT CIULIKOM YMHbIMU U 3aXBaTAT MUP,
HO HacToALaa npoGnema B TOM, 4YTO OHK ABNAIOTCA C/IULLIKOM MynbIMK U YXXe ero

3axpaTuam» 14
_ legpo fomuHroc, nccnegosatens MA

B IpeAbIAYILIEH [TIaBe BBl y3HAIU O PACHPOCTPaHEHHBIX JIOBYIIKAX, B KOTOPHIE
MOXKHO YTOIUTh IIPY peann3aliu MpoeKTa 1o paboTe ¢ JaHHBIMU. B 3TOH 1a-
B€e MBI IIOTOBOPUM O JIFOJSAX U UX POJISX, & TAKXKE O TOM, CKOJIBKO IIPOEKTOB TEPIIAT
Heyzauy He M3-3a TEXHOJIOTUH WK JaHHBIX, a U3-32 KOHGIUKTYIOUNX JUIHOCTEN
1 HeahPEKTUBHOTO OOIIEHMUS.

VIMEHHO HeZOCTAaTKX KOMMYHHUKAIMM CTajgd NMPUYHUHOM MpoBajia MHOTHX
13 OMHCAHHBIX B 3TOM KHUTe NMPOeKTOB. Hallla 1eqp — HayIuTh Bac OPUEHTH-
pOBaThCsl B KOMMYHUKATUBHBIX KPaCHbBIX Quiakkax Giaarogapst IOHUMAHHUIO 0CO-
OGeHHOCTEN JTUYHOCTEH, BOBJIEYEHHBIX B MIPOEKT. B 3TOM m1aBe Mbl 06cyaum ybe-
JK/I€HUSA KJII0YEBBIX GUTYP U PACCMOTPUM CIieHapHUU TOTO, YTO IPOUCXOAUT MPU
HapyUIeHNH KOMMYHUKAI[UU MEXJY CIeIMaJuCTaMu 10 paboTe ¢ JaHHBIMU
1 6usHec-podeccroHanamu. [IoHMMaHWe PoJEl APYTUX JIFOJEM U MPOSIBIEHUE
COYYBCTBUSI IIOMOXKET BaM, KaK [IABHOMY II0 JaHHBIM, YCTPAHUTD Jt06bIe TIPoGe-
JIBI B OOIIEHUU.

B ciexyromeM paszesnie Mbl PaCCMOTPUM JOOJHUTETbHbBIE HAOMIOAEHN, Ka-
caroI[uecs: CHeIUaIrCcToOB 1Mo paboTe ¢ JaHHBIMU U GH3HeC-TPOdECCHOHAOB,

47 IlutaTa U3 uHTepBbIo: www.washington.edu/news/2015/09/17/a-q-a-with-pedro-
domingos-author-of-the-master-algorithm
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Y BBIIEJIUM CIIEHapUH, B KOTOPBIX ITPOOENbI B 0OIIEHNUY IPUBOJAT K IIPOBAJY IIPO-

€KTOB. 3aTeM MBI IIOroBOpHM O pasHOM OTHOIIIEHNU n}oaeﬁ K IJaHHBbIM — 3HTY3H-

a3Me, IMHM3ME U CKEIITUIM3ME.

CEMb CLLEH KOMMYHWUKATUBHOI'O Cb0A

Korga KoMMyHUKAIMsA HapylUlaeTcsi B XO[€ peaau3alliu MpoeKTa Mo paboTe

C JaHHBIMH '8, BBl MOXKETe CTaTh CBUAETEISIMU ONHOM U3 CEMM CIIeH, OIIMCAHHBIX

B Tabs. 14.1. B ciegyromux paszesaax Mbl TOAPOGHO PaCCMOTPUM CLIEHAPUU IS

Ka)KﬂOfI 13 HUX, KOTOPBbIE€ MOI'YT IIOKa3aTbCA BaM B€CbMa 3HAKOMbIMM.

Ta6n. 14.1. CeMb cLeH KOMMYHUKATMBHOTO €605

CieHa

KpaTkoe onncanue

IToctmopTeM

Bpewms ucropuit

Urpa «Tenedon»

B ne6pu

[IpoBepka

peajlbHOCTU

3axBarT BJIACTU

XBacTyH

CrapureMy ZjaTa-CaleHTUCTY [TOPy4YaeTcs BEPHYTh IIPOEKT B HY)KHOE
PYCJIO CITyCTSA I0JITOE BPEMs ITOCJIE MTOSABIEHM IePBhIX IPU3HAKOB
onacHocTU. Ho yxxe CIMIITKOM IO3JHO.

YMHBIN aHATUTUK UCKII0YaeT TEXHUYECKUe HIOAHCH 13 CBOeH
IIpe3eHTaluu, IOAYNHAACH MI/Id)y O TOM, 4YTO PYKOBOAUTEIAM HYXKXHO
OOBSICHATD BCE TaK Ke, KaK JeTAM. HPI/I 3TOM aHa/IUTUK YyBCTBYET,
YTO IIpeAaeT CBOIO POJIb KaK KPUTUYECKOTO MBICIUTEJIA.

HpeﬂBapI/ITe]IbHaﬂ CTaTUCTUKA BBIPBIBAETCA N3 KOHTEKCTA, a 3aTEM
PaCIpoCTpaHAETCA HAaCTOJIbKO IIMPOKO, YTO TEPAET TO HebOoIBIIoE
3Ha4Y€HHE, KOTOpOE OHA M3HAYaJIbHO UMeEJIa.

PeSyJ'IbTaTbI aHa/In3a HAaCTOJIbKO TEXHUYECKHE, YTO OHU
yTpadyuBarwT BCSIKUM CMBICT. VX IpeacraBieHNe GOJIBIIIE TIOX0XKE
Ha CaMOJI}06OBaHI/I€, YE€M UCTHUHHOE OIIMCaHuEe CUTyalluu.

Crieruanuct 1o paboTe ¢ ZaHHBIMU CTPEMUTCS YCOBEPIIEHCTBOBATD
HeNpaKTUYHOe pellleHre U He pacCMaTpUBaeT aJbTePHATUBEL 10 TEX
0P, ITOKA 3TOTO He MOTpebyeT PyKOBOJUTED.

JlaTa-calleHTHCT TBITAETCS PEIIUTh OCHOBOIIOIAraIoNHe GU3HeC-
po6JIEMBI, HE 3a60TsCh O IOBEPUM KOMAaH/bI WIN COCPEA0TAYNBAsACH
Ha GBICTPBIX TOOEAAX.

JlaTa-caiieHTHCT IPUAMPAETCS K Pe3yIbTaTaM 4y>KOH paboThl, TOITO-
My ero 60JIbIlle He IPUBJIEKAIOT K YIaCTHIO B IIPOEKTaX.

148 Ha coszaHue 3TOro paszesia Hac BOXHOBWIA cTaThst CkoTTa Bepunato «Data Science and the Art of
Persuasion» (hbr.org/2019 /01 /data-science-and-the-art-of-persuasion), ocHoBaHHas1 Ha HallleM
OTIBITE U OIBITE HAIINX KOJUIET 1O OM3HECY, KOTOpbIe JTI00Ee3HO TOAETINCh CBOUMH UCTOPUSMHU.
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MocTMopTem

BayKHBIIN TTPOEKT, peasnu3yeMblil TeIEKOMMYHUKAIIMOHHOW KOMIIaHUEH, 3aCTOIIO-
PIJICA TIOCJIE IIECTH MECALIEB PAOOTHI.

[Tepes KOMaH/IOH IPOEKTA, COCTOSIIIEH U3 OZIHOTO JIaTa-CalleHTHCTa, ObUIa ITOCTaB-
JIeHa 3a/iaya IPOTrHO3UPOBAHUSA OTTOKA KJIMEHTOB. EMy Hy)KHO OBUTO MpejcKa3aTh,
TIEPEKITFOYUTCS JIM KJIMEHT Ha HOBOT'O OIIepaTopa COTOBOM CBS3U B CIEAYIOIEM TOY.
Jlyisa sToro ObUIa pa3paboTaHa MOZE/b, KOTOPas OLIEHUBAET BCEX TEKYIINX KINEHTOB
KOMIIaHHH, OCHOBBIBAsICh Ha MCTOPUYECKUX JAaHHBIX: U KJIHEHTa_1 BEPOSTHOCTD
CMEHUTH oIleparopa CBA3U cocTasisaeT 85%, aia kineHTa_2 — 10% u Tak jasee.

Ha 6ymare paboTa 3aBepiieHa. Mozenn MOXXHO HCIIOIb30BaTh. Koz 3amyieH
B pou3BoACTBO. Ho ecTh MajieHbKast (Hy, MOJKET, He Takas y» MajeHbKas) IIpo-
6JsieMa: MoJiesIb JaJIeKO He TaK TOYHa, KaK KoMaH/a o0elaia 3auHTepeCOBAaHHbIM
CTOpPOHAaM.

PyKOBOZUTENb MPOEKTA Ha MPOTHKEHUH MOCTeAHUX HECKOJIbKUX HeZAeNb H3-
6eran oOCyXIeHUS TEKYIIUX MpobjeM c JaTa-caleHTHUCTOM, Tojaras, YTO OHHU
He3HAYUTEIbHEI ¥ JIErKO pemaeMbl. (KOMIIbIOTEpPEI MOTYT Bee, BepHo?) Ho mpo-
6JIeMBI OKA3a/IMCh TOPA30 Cepbe3Hee, YeM MTPEI0/Iaragioch, U pPyKOBOAUTEIb Ha-
YMHaeT HEPBHUYATh. BO3IMIaBUTh MIPOEKT IIpe/yIaraioT elle 60iee BEICOKOIIOCTAaB-
JIEHHOMY CIIEI[UAJIUCTY 10 paboTe C JaHHBIMHU.

Ho y’Ke CIMIIKOM II03JHO.

K 2TOMy MOMEHTY IIPUHATHI YK€ COTHU PeIleHU, U SKCIEPT He MOXKET JaKe
HavyaTh PaclyThIBaTh KJIyOOK MPo6IeM, yIUTHIBAs, YTO 0 IIPEeACTABIEHNUs PE3Y/Ih-
TaTOB BBICIIEMY PYKOBOZICTBY OCTA€TCS BCEro HeesisA. DKCIIEPT HE TOJBKO MOBTO-
PSET OIaCeHMs JaTa-CaleHTHCTa, HO U MOIOJIHSIET CIIMCOK IIPOGJIEM.

[ToTpatus eie oguH 12-4yacoBoii pabouuii ZieHb Ha CIIaCEHKE TOTO, YTO OCTa-
JIOCh OT TIPOEKTa, CTAPIINH CIelHaIUCT 10 paboTe ¢ JaHHBIMU BCIIOMUHAET IIU-
TaTy BHIJAIOIIErocs craThcThKa P. 3. Ouinepa: «BrI3BaTh CTATUCTHKA IIOCTIE 3a-
BepIIEHNsI SKCIIEPUMEHTA — 3TO TO JKE CaMO€, YTO IOMPOCUTH €ro IMPOBECTU
BCKDBITHE U CKa3aTh, II0 KAKOU IIPUYNHE DKCIIEPUMEHT 3aKOHYWICA Heyaadeii».
Ha pykoBoAWTEsIS IIPOEKTA BO3JOXKEHA HENmpHUATHasd 06g3aHHOCTH COOOIIUTH
0 IIpo6JIeMe BBICIIEMY PYKOBOJICTBY.

Bpems ucropui

TanasTinBasd CTYZE€HTKA, n3dy4daBliasa CJIOKHBbIE TEXHUYECKHNE KOHLEIIINNY B YHU-
BEPCUTETE Ha MPOTAXKECHUU ITOCTIECAHUX IIATHU JIET, pa60TaeT Ha/Z CBOUM II€PBBIM
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KPYIIHBIM ITPOEKTOM B MapKeTHUHIOBOM GupMe. 3a IeHb /10 IPe/CTaBIEHUA Pe3Ylb-
TaTOB ee MeHeKep TIpeAaraeT e MpeCTaBUTh Pe3y/IbTaThl TPOBEAEHHOTO aHa-
JIM3a B BUJIe «MCTOPUU» U COKPATHUTD ee CoZIepXKaHue 10 OfHOTO caiia PowerPoint.

«C HIMU Ha/I0 TOBOPUTH, KaK C IATUKIACCHUKAMU», — 3aABJIIeT MeHe[Kep.

OHa HEOXOTHO COIVIAIIIAETCsA, XOTSA 3HAET, YTO B ayauTopuu OyAyT yueHnbie. OHa
CYMTAET, YTO Tpe3eHTaIVA y)Ke ObUIa IOCTaTOYHO cOKpaiieHa. Kpome Toro, oHa 1po-
BepIIa MOHATHOCTh CBOET'O BHICTYIUIEHNS Ha TEXHUYECKU He TIOJKOBAHHBIX KOJUIETaX.

«IToBeph MHe, — TOBOPUT MEHeMKep, — Tebe He HY)KHO, YTOOBI 3Ta IpyIna
3a7laBajia Kakue-1nbo BOMpOCHl». V3-3a oTOpackiBaHus GONBUIMHCTBA TEXHUYE-
CKUX ZleTasell ¥ KPUTUYECKUX PACCY)KAEHUN Pe3ybTaThl pabOThI CBOAATCS K MIPO-
CTOMY 3aroJIOBKY.

Bo BpeMs mpe/iCTaBIEHUS Pe3YAbTaTOB B XO/i€ MPE3eHTANUN GOTIBITUHCTBO
3puTeneli kuBaeT. HekoTopble 3agatoTcs BonpocoM: «Ham fefCTBUTENBHO HYX-
HBI /laTa-CalleHTUCTHI, HaXO/IINe IPOCThIe OTBETHI?» !4 JIpyrue 3puresu, obia-
JaIolyie HEKOTOPBIMU TeXHUYECKUMU 3HAHUAMU, HeZIOYMeBaIOT, TI0YeMy OBLTH
MIPOUTHOPHPOBAHbI TEXHUYECKHUE ACTIEKTHI TPOEKTA.

O6yMBIBast CBOO MPE3EHTALNIO, CTYA€HTKA IOHUMAET, YTO MHOTHE HIOAHCHI
OBUTU TIOTEPSHBI, — U YyBCTBYET, YTO B HEKOTOPOM CMBIC/IE OHA TIpeJaja CBOIO
HUCXOJHYIO paboTy.

Urpa «Tenedou»

Bo BpeMms cirygaliHOI BCTpeyH 3a YaIKoH Kode JaTa-CaleHTHUCT pacCKa3bIBaeT
cBOeMy KoJuiere o6 MHTepecHOM dakTe, 0OHapy)KEHHOM B ZIaHHBIX KOMIIaHUU.
Y Hee elle He GBUIO BO3MOXKHOCTH Pa300paThcsi BO BCEM KaK CIeAyeT, HO Oervblii
0630p MmoKazaii, 4To 75% y4aCTHUKOB OIIPOCa 3asIBIWJIM O CBOEM HaMepEeHHUH CTaTh
MTOCTOSTHHBIMY KJIIEHTaMH.

I[Tocse BeTpeuu JaTa-caieHTHCT BO3BPAIIAeTCs K CBOEMY CTOJIY M CHOBA IIPO-
CMaTpUBaET pe3yJabTaThl aHanu3a. OHa ellle pa3 BUAUT [T0Ka3aTesab 75% U IOHU-
MaeT, 4YTO B OIPOCE IPUHSIN yYacCTHeE BCEro 8 4eJOBeK M3 HECKOIbKUX COTEH.
3aTeM OHa BBIACHAET, YTO COOTBETCTBYIOLIMI BOIIPOC ObLT 00aBIeH B aHKETY CO-
BCEM HEeZIAaBHO, TaK YTO HU OJWH U3 TeX JIIO/eH, KOTOpbIe BRICKA3aIl HAMEPEeHHe
CTaTh [TIOCTOSTHHBIMU KJIEHTAaMH, ellle He CTaJl TAKOBBIM.

149 TlogpobHee 06 3TOM MHEHUU MOXKHO y3HaTh B crartbe [Ixedda Jluka “Data science done well
looks easy — and that is a big problem for data scientists” ua catite: https://simplystatistics.
org/posts/2015-03-17-data-science-done-well-looks-easy-and-that-is-a-big-problem-for-
data-scientists/.
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Mecsr cuycts Ha obileM COOGpPaHHUU KOMIIAHWUN PYKOBOAMTEIU XBACTAIOT-
Cs1 CBOMMU yCIIeXaMU B Jiefie yZep:KaHuA KIneHTOB. OHU rOBOPAT O TOM, 4TO 3
U3 4 KJIMEHTOB CTaJIM IOCTOSTHHBIMU, CyZA 110 pe3y/bTaTaM Ollpoca COTEH JIIoJeH.

Jlata-calieHTHCT MOHMMAeT, YTO 3TOT GaKT OBUI 03ByYeH BO BpeMs CiIydai-
HOW BCTPEYH 3a YalIKO¥ Kode U HUKOI/A He [IOMKeH ObLT pacipoCcTpaHAaAThCsA 6e3
mpoBepkHU. K 3ToMy MOMEHTY OH MOBTOPSJICA B KOMIIAHUHM TaK MHOT'O pa3, YToO
cTaj BOCIIpUHUMAThHCA KaK HE4To caMmoodeBuHoe. /laTa-calieHTUCT 3ajaeTcs BO-
IIPOCOM O TOM, MOXKHO JI KAK-TO OCTAHOBUTD €T'0 UCIOIb30BAHNE B KOMIIAHUU —
Y CTOMT JI BOOOIIIE 3TO /Ie/IaTh.

B pe6pn

JlaTa-caltleHTHUCT IPUMEHSIET TIOAXOAAIIIE METO/BI /I PEIIeHUs CJIOKHOM TpobIte-
MBI H, 10 00IIleMy MHEHHIO, OTBEYaeT Ha MOCTaBIeHHbIe 6HU3HeC-BOpockl. Ho ero
WTOTOBAs MPe3eHTAINs [JIsT IPOEKTHOM T'PYIIIBI OKAa3bIBAETCS CIUIIKOM TEXHUYE-
ckoit. OH He MPEANPUHST TPAKTUYECKN HUKAKUX YCWIHM ZJIsT TOTO, YTOOBI 3HAYH-
MBIM 00pa30M CBSI3aTh MTOTYYEHHBIE PE3YJIBTATHI C IIEHHOCTHIO /ISt GH3Heca.

[IbiTasich JOOUTHCS TMPU3HAHUA B KAUECTBE YBAKAEMOTO TEXHUIECKOTO DKC-
MEePTa, OH U3JIUIIHE YBIEKAETCA TEXHUYECKOW TEPMUHOJIOTHEN, U XOTS 3aUHTe-
PECOBaHHBIE CTOPOHBI CYUTAIOT PE3YIBTATHI €r0 PAGOTHI BIIEUAT/ISIONMMU, OHU
MOKU/AIOT 3aj 6e3 YeTKOTO MPe/CTABIEeHUs O TOM, YTO JIe/laTh Aajbiile. [1o ux
MHEHHUIO, IPOEKT HEJb3sI CIUTATD 3aBEPIIEHHBIM M3-3a TOTO, YTO OH He ObUI ITPe/-
CTaBJieH MTOHATHO.

[Ipo6iieMa mpeBpalniaeTcs B TOPOYHBIN KPYT: CIIEIMANUCTA IO paboTe ¢ JaH-
HBIMU TIPOCAT pa3paboTars Jydlilee pellleHue s 3aBepiieHus npoekra. JlaTa-
CaleHTUCT yIIybssieTcs B Ae6pH. ..

lMpoBepka peanbHOCTH

JlaTa-calieHTHUCT TPOBOJUT aHAJIN3 PHIHKA, HO pa3paboTaHHOE UM pellleHre He MO-
JKeT OBITh pea30BaHO B KAUeCTBE PHIHOYHOMN CTPATErrH, TaK KaK OHO OTOPBAHO
OT TOTO, Kak paboTaeT 6usHec. Eci 651 B paciopsKeHUH KOMITAaHUU ObLIO GeCKo-
HEYHOE KOJINYEeCTBO KaYECTBEHHBIX JJAHHBIX, CPEZACTB U BPEMEHU, 3TO ObLIO GBI OT-
JINYHBIM pelitenrieM! OfIHAKO B IEMCTBUTENBHOCTH 3TO OTINYHOE pellieHre Ueab-
HOi Tpo6JIeMBI, a He TOH, KOTopas Ha caMOM /JieJle CTOUT Iiepes; G13HeCOM.

Ho gmata-caiieHTucT HempekyoHeH. OH XOYeT peaanu3oBaTh TO pelleHHe
«IIpaBUIbHBIM» (TO €CTh CBOMM) crtocob6oM. OH BBICOKOMEPHO 3asiBISET CBOUM
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KoJuleraMm 1o OW3Hecy, 4TO OHU JIOJDKHBI IPUAYMaTh, KaK 3TO cZenaTh. HakoHery
BMEIITUBAETCS CTAPIINI TapTHEP U TOBOPUT, YTO IIPOEKT OyET CBEPHYT, ECIU OHU
He CMOTYT IIPOJIOXKUTD IIyTh IO TeKyIel TpPaeKTOPUU.

«YTO ele MbI MOXXEM CZIeJIaTh?» — CIpaNIUBaeT crapmuii maptHep. (o cux
IIOp HUKTO He 33/IaBaj 3TOT BOIIPOC.)

[Tocsie 5TOT0 KOMaH/la HAXOAUT CITOCO0, BBIUTPHIIIHLIH /I BCEX.

3axsart BnacTu

[Tocne MHOroJIeTHEr0o B3aUMOJENCTBUA C KJIMEHTAaMU B CTPAaxXxOBOU OTpaciu
KOMaH/Ia MTpoeKTa MpUBJIEKaeT JaTa-caleHTHCTa AJId aHAMIU3a JaHHBIX O KIUeH-
TaxX, HAKOMMBIIMXCSA 38 MHOTHE TOZbl. DTOT CIELUAJIMCT HEZABHO ObLI ITOBBIIIEH
[l0 CTapIllero /laTa-caiieHTUCTa, 1 HOBOe 3BaHUE BCKPYKWIO MY T'OJIOBY.

Komanza ycepaHo paboTana HaJ BeICTpaUBaHUEM ZOBEPUTENbHBIX OTHOIIIE-
HUU ¢ KOKABIM KireHToM. Ho cTapmmii JaTa-caleHTUCT, KOTOPOMY He TEPITUTCS
PENIUTH TPOGIEMBI U /IOKa3aTh CBOIO IIEHHOCTh, HACTAUBAET Ha BCTPEYE C KIUEH-
TOM, YTBEpP)KJas, 4TO B IPOTMBHOM CJIydyae OH HUYEero He CMOXeT c/lesaTh. Bme-
CTO TOTO YTOOBI pacCMaTpPUBATh ceOs KaK YacTb KOMaH/bI, OH CUMTaeT cebs KOH-
CYJbTaHTOM, KOTOPOMY IIPE/ICTOUT CIIaCTU KOMIIQHUIO, BBEZA €€ B IPOCTPAHCTBO
JaHHBIX.

XoTs1 HET HUYEro Jydllle, YeM 33/]JaTh BOIIPOC U YCJIBIIIATh MHEHVE KIMeHTa
13 MepPBBIX yCT, KOMaH/a IIPOeKTa YyBCTBYeT HeyBaXkKeHHe CO CTOPOHHI laTa-caii-
€HTHUCTa. BO-TIepBhIX, 5TO CUTHATU3UPYET 06 OTCYTCTBUHU BEPHI B CIIOCOOHOCTU
KOMaH/Ibl OTPEZENATh MPaBUWIbHBIM KOHTEKCT, BBISABJIATH PealbHYIO MpobiemMy
¥ HaJIQXKWUBATh CBS3U JJI OKa3aHUA BO3JENCTBUA.

BO-BTOPHIX, 3TO yMassieT 3HAYUMOCTh CJIOXKHOM pabOTHI IO BHICTPAUBAHUIO
JIOBEPUTETbHBIX OTHOIIEHUM, TTOOYKAAIOMUX KINEHTa TOBOPUTh O CBOUX IIO-
TpeOHOCTAX. DTO CBUAETENBCTBYET O (CO3HATEILHOM MM HEOCO3HAHHOM) Ipe-
HeOpe)XXeHUHW PUCKOM, CBS3aHHBIM C HEHY)XHOUW BCTpeYel U MOTEHI[HATbHBIM
ocKopbJieHreM KIMeHTa.

XBacTyH

CTaTUCTUK OJePKUM TIPEA0CTaBIEHUEM MaKCUMAaTbHO TEXHUYECKUX 0OBSICHEHUH.

XOTs Apyrve y9acTHUKU KOMaHZBl — CTOJIb JKe 00pa3oBaHHbIE U KOMIIETEHT-
HbIe JIFOZIY, XBACTYH TPATUT MHOTO BPeMEHH Ha CIIOPHI O TOM, KaKas MeTO/0-
JIOTHUS SIBJIAETCS CaMoW JIydiel, a Takke Ha pa3bop nmpumepoB u3 VHTepHeTa
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1 yae6HUKOB. OH OTKPBITO KPUTHKYET OM3HeC-KOJUIer KaK HeJOCTaTOYHO YMHBIX,
YTOOBI TOHATH PE3Y/IbTAThI IPOJENAHHON PaboTHl (XOTS OHU paboOTAaIOT B KOMIIA-
HUY HAMHOTO ZIOJIbIIIE, YeM OH).

Bce 3HAIOT, HACKOJIBKO OH YMEH, U OH OYKBaJIbHO YITUBAETCS CBOUM CTATyCOM
coducra. Ho oH He MpOU3BOAUT pe3yabTaToB. [Ipoliecc co3ZiaHus Mpe3eHTaluu
JUIs Hero TIOUCTUHE My4YHTeJIeH. A 3a ero TATOH K CIlopaM CKpBIBaeTCs aHaJIUTH-
yecKud mapanud. Jlesas KakAbli ciaiz, oH 6yATo UaeT Ha KOMIPOMUCC CO CBO-
UMU YOEKIEHUIMH.

B pesynbraTe K HeEMy 00palliaroTcst JIUIIb TOT/a, KOTZa KTO-TO JO/DKEH ChIrPATh
POJIb a/IBOKaTa AbsABOJIA B paMKax ImpoekTa. Ho fjake B 3TOM ciIydae JIo/sIM MpH-
XOZWTCS BBICIYIINBATD €T0 HATIOJTHEHHBIE JKaPTOHOM TUPAZbl ¥ CPAaBHEHUS C TIpe-
JBIYIIAMY ITPOEKTAMHU, TIPYU Peau3aliii KOTOPBIX €r0 MHEHHS UTHOPUPOBAUCH.

B moBceziHEBHOU paboTe ero MHEHUs CKOpee MemIatoT, YeM ITOMOTafoT.

OTHOLUEHUE K JAHHbIM

B KOHEYHOM HTOTe KaXZas M3 OIMCAHHBIX CIIeH JeMOHCTPUPYET OTCYTCTBUE dM-
MaTUH ¥ YBAXKEHUA K BKJIQJy Ka)XX/JOr0 yIacTHUKA. 3agyMaiiTeck 06 3TOM Ha MHU-
HYTKY.

OueHb MHOTHE COBETHI IO TIOATOTOBKE OU3HECOB K paboTe ¢ ZaHHBIMU CBOASAT-
Cs1 K UHBECTUIMAM B TEXHOJIOTHMU U OOydeHUe COTPYAHUKOB. [Ipyu 3TOM MHOXe-
CTBO HeyZla4 BO3HMKAEeT Ha yPOBHE KOMMYHHUKAIMH. [Ipo6JIeMbl, JieKalle B 0C-
HOBE BBIIIEONMCAHHBIX CIIeH, CBA3aHBl HEe C TEXHOJOTUAMU WIHA JAHHBIMHU KaK
TaKOBBIMHU, & CKOPee ¢ KOHQIUKTYIOUUMHU JIOAbMHU, He KeJAUMMU CIyIIaTh
ApyT Apyra. Xopouas HOBOCTb: BCe MOXKeT ObITh MHave. ECThb roau (MblI HazieeM-
csl, UYTO YUTATENU 3TOM KHUTH OTHOCATCSA MMEHHO K 3TON KaTeropuu), KOTopble
XOTAT CJIyIIaTh ¥ TOHUMATh JPYTHX.

Jlasee MBI IOTOBOPUM O pa3HBIX THIIAX JUYHOCTH, C KOTOPBIMU BBl MOXKeTe
CTOJIKHYTBCS ITPU paboTe C JaHHBIMU.

JHTYy3MacTbl

HepBoe COIIPUKOCHOBEHNE C JAHHBIMU MOXET ITOKa3aTbCA 4YE€M-TO HEBEPOATHO
WHTEPECHBIM U YBJIEKATC/JIbHBIM. A BO3MOXXHOCTHU I 6I/ISH€C3, CBA3aHHBIE C HC-
ITOJIb3OBAaHUEM JaHHBIX, BbI3BIBAIOT Y JIIOZIeH JKeJlaHue 3TO HOHpO6OBaTb. ITo cBo-
en CyTHU 3TO HEILIOXO. OnHako HEKOTOPBIE JIOAW CIMIIKOM CHUJIBHO YBJIEKAKOTCA.
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i HUX KaxkZiass HoBasl Belllb KaXKeTcs YeM-TO ImoTpscaiomum. [Io ux MHEHUIO,
JlaHHBIE TTO3BOJIAIOT PELIUTH JIIOOYI0 TpobieMy. A 060e TeMaTUIeCKOe UCCIeAO0-
BaHMe, Pe3y/IbTaT WIH JUarpaMMa — J0Ka3aTelbCTBO MPOBEAEHUS TIIATETHHOTO
HAY4YHOT'0 aHaan3a. JHTY3UACTHI 9aCTO MPOCAT ITOKA3aTh UM /IaHHBIE, HO He 3a-
JAI0T JIOTIOTHUTENBHBIX CJIOXKHBIX BOITPOCOB, YTOOBI OTAEIUTH IIYMHUXY OT peaslb-
HOCTH.

PaboTas c sHTy3WacTaMHu, BaM CJeAyeT IMOOIIPSATh WX JIOOOBb K JaHHBIM,
HO OIHOBPEMEHHO HAIIOMUHATh UM O TOM, YTO JaHHbIE HE MOTYT c/leJlaTh HEBO3-
MOKHOe. B3pariuBas 3/[0pOBbIi CKENITUIM3M, Bbl MOXKETe ITOMOYb UM OZIHAXK/IbI
CTaTh IVIABHBIMH I10 JaHHBIM.

LLuHuKK

JU1sl IMHUKOB JIMYHBIN OIBIT BaXKHee, 4eM HayKa O JJaHHBIX, CTATUCTUKA WIN Ma-
IMUHHOE obydeHue. Takue 0N YacTo HacMeXaloTcsA HaJ BKJIaJOM JaTa-caieH-
THCcTOB. OHU paccMaTpUBalOT ZaHHbIe B JIydllleM clydae Kak paszpakalollyio He-
00XOZANMOCTB, TIPeAIOYNTAs CIe0BaTh CBoel MHTYHIINU. Korza nM He HpaBsATCA
Pe3y/IbTaThl, IUHUKW BEIMCKUBAIOT HEJOCTATKH, BEIXOZAIINE 32 PAMKA KOHCTPYK-
TUBHOU KPUTHKHU.

OcraHOBUTECH HA MTHOBEHUE U IOAYMAKNTe 0 TOM, 4eM 00YCJIOBIEHO TaKOe OT-
HoleHre. HeKOTOPHIN IMHU3M MOXKeT ObITh BIIOJHE ONpaBAaH. MoxeT ObITh, 3TO
0OBACHSETCS TEM, YTO OHU HE POCJH B SMIOXY ZaHHBIX? MoKeT 6BITh, OHU HabJIIO-
ZlaJiv 3a IPOBAJIOM IIPOEKTOB 110 paboTe ¢ JaHHEIMU? He oxuziaiiTe TOro, YT0 OHU
OyZyT LeHUTh JaHHBIE TaK XK€, KaK U BbL. [Ipy paboTe ¢ HUMU IPOSIBIIANTE dMIIa-
THIO U TOIBITaMTeCh MOHATD, YTO IeHAT oHU. ObparmaiiTech K 3TUM I[eHHOCTAM
B XO7le BalTUX KOMMYHHUKAIUH U MIOKAXXUTE UM, YTO BBl YUUTHIBAETE UX SKCIIEPT-
Hble 3HaHUA B pa3pabaThIBAEMBIX PEIIEHUAX.

Co BpeMeHeM, KOTZla IMHUKY HAy4aTCsA JOBEPATH JAHHBIM, OHM MOTYT CTaTh
[JTaBHBIMU I10 JAHHBIM, HO BbI ZIOJDKHBI ITIO3BOJIUTh UM NPUNTH K 3TOMY B UX CO0O-
CTBEHHOM TeMIIE.

CKenTHKM

B miy6buHe AyIiv IIaBHBIE 110 ZaHHBIM SBJISAIOTCA CKenTUKaMu. OHU He TIBITatoTCs
BBI3BaTh 3TUM pa3Zipa’keHue, a MPOCTO UCIOIb3YIOT CBOU HAaBBIKU KPUTUYECKO-
ro MblluieHus. Kak ¥ 9HTy3WacThl, OHU BBICTYIIAIOT 3a HCIIOJIh30BAHUE AAHHBIX
TaM, T7ie 3TO yMecTHO. [10ZI06HO ITMHUKAM OHH CTaBAT IO BOTIPOC TO, YTO CJIEAyeT
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TIOZIBEPTHYTh COMHEHMUI0. VX 3710pOBBIl CKENTUIIM3M OCHOBHIBAETCSA HA TEXHUYE-
CKUX 3HAHUAX ¥ IOHUMaHUU [TPeIMETHOM 06/1aCTH U BHIPAYKAETCS C COUyBCTBUEM.

Kak rmaBHOMY IO ZJaHHBIM BaM CJIeZyeT TIPUCIYIIUBATHCA KO BCe KOMaH/E.
B KOHIIe KOHIIOB, KB XOUeT ObITh YCJABIIIAHHBIM U OlleHEHHBIM. [103TOMY
BaM HeOOXOAMMO 3HATh O MPEMATCTBUIX, C KOTOPHIMU CTaJIKUBAIOTCs BalllK CO-
TPYZAHUKH.

NOABEJEHUE UTOI0B

B 3TOi1 1aBe MBI PACCMOTPENU CEMb CIIEH, Pa3bITPHIBAIOIINXCSA IPU B3aUMOAEH-
CTBUU Pa3HBIX YIACTHUKOB NMpoeKTa. Kaxkzas clileHa mpozeMOHCTpUpOBaia pas-
JIMYHBIE TIPOOEITBL B OOIIEHNH, BHIPAKAIOIIUECS B CIEAYIOIIEM:

— CrnenuanucTHl IO OU3HECY HE CITOCOOHBI OIIEHUTH PE3YIbTATHl PAOOTHI WU
BHUKHYTH B IIPOOJIEMEI CIIEIIATINCTOB IO paboTe C JaHHBIMU. DTa TeMa
packpeiBaeTcs B cijeHax «[locTmMopTem», «Bpems ucropuii» u «Mrpa “Te-
nedoH”».

— CrenuanucTsl IO paboTe ¢ JaHHBIMU He MOTYT OLEHUTh Pe3y/IbTaThl pabo-
TBI WIW BHUKHYTH B IPOOJIEMBI CIEINATINCTOB 10 Ou3Hecy. JTa TeMa pac-
KpbIBaeTcA B clieHax «[IpoBepka peasbHOCTU» U «3aXBaT BJIaCTH».

— CrenuanucT o paboTe ¢ JaHHBIMU OTKa3bIBAIOTCS OTKJIOHUTBCSA OT CBO-
el YUCTO TEXHUYECKOHN poJH M3-3a 160 Heoco3HAHHOCTH (cueHa «B z1eb-
pu»), 1060 BEICOKOMEpPUS (CIleHa «XBaCTyH»).

MbI TakKe MTOTOBOPWIM O TOM, YTO IVIABHBIN 110 JAHHBIM JIO/DKEH B3auMOZeH-
CTBOBATh C PA3HBIMU JIMYHOCTIMU UCXO/S U3 UX 0COOEHHOCTEH, OMHOBPEMEHHO
CITIOCOOCTBYA JIydllleMy TIOHUMAHUIO JaHHBIX. [/I1s1 3TOro HeoOXOANMO IIPOABIIATh
AMIIATUIO TIPU OOLIeHUH. B cieayrolieii riaBe Mbl IOTOBOPUM O TOM, YTO MOTYT
cZleslaTh IVIaBHBIE 10 JAaHHBIM /I CO3/IaHUA B CBOUX OPraHU3AIHAX CPeAbl, CIIO-
COOCTBYIOIIEH JTydIlieMy TOHUMAHUIO JaHHBIX.
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Yto panbiue?

«/3 KHUT 1 NPUMEPOB MOXXHO Y3HATb NINLLb O TOM, YTO B MPUHLIMNE BO3MOXHO. HacTosiuee
06yyeHue TPedbyeT haKTUYECKUX AeHCTBUI»
_ ®paHk [epbepT, amepukaHCKuii nucatesb

B oTOH KpaTKOﬁ IJIaB€ IMEePEYNCIEHBI TE BEUIY, KOTOPBIE IIOMOTYT BaM Z[O6I/ITB-
CA yCIIiexa Ha IIYTHU CTaHOBJIEHMA IVIaBHBIM I1O JaHHBIM.
[71aBHBIN 1O AaHHBIM — 3TO TOT, KTO:

— JlyMaeT CTaTUCTUYECKH U TOHMMAaeT, KaKyl pOJb BapUalUM HUTPaIOT
B )KM3HU U TIPOIIeCCe TIPUHATHUA PEIIEHUN.

— Pa3bupaercs B JaHHBIX — Pa3yMHO FOBOPUT U 33/1aeT IPABWIbHbIE BOIIPO-
CHI O CTATUCTHKE U PE3Y/bTaTax, C KOTOPHIMU CTAJKUBAETCs Ha paboueM
MecTe.

— Oco3HaeT UCTUHHOE TOJIOXKEHNe Belleil B chepe MaUTMHHOIO 06y4eHus,
TEKCTOBOM aHAJUTUKU, IMIy60OKOTO 00y4eHUA M UCKYCCTBEHHOTO WHTE-
JIEKTa.

— V3beraeT pacrnpoCTpaHEHHBIX JIOBYIIEK Py paboTe ¢ JaHHBIMU U UX WH-
TepIpeTaLUH.

JpyrumMu cioBaMy, ITIaBHBIN 110 JAHHBIM — 3TO KTO-TO BPO/e Bac.

YT0o6BI JOOUTHCS ycIleXa Ha 3TOM IIOMpHUIE, BBl JOIKHBI CTaTh YENOBEKOM,
HCIIOB3YIOUIMM JaHHBIE JJIA yIpaBieHusA W3MeHeHUsAMHU B Ballleil opraHusa-
uuu. MBI HaZileeMcst, 9YTO 3Ta KHUTA IIpeZocTaBuIa BaM AOCTaTOYHO ClieHapueB
21 o6xyMbIBaHusL. OZHAKO TIOMHUTE, YTO MBI UCIBITAIN HA CBOEM OIIBITE JJAaTeKO
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He BCe, TI03TOMY B 9Ty KHUTY ObUIH BKJIIOUEHBI HEKOTOPbIe HAMEPEHHO TPUBHATIb-
Hble IpUMepbl. PeaslbHBI MUP HAMHOT'O CJIOXKHee. Vies NCIIob30BaHUs JaHHbBIX
JUIsT U3MEHEHUsT MUPA XOPOIIIO BRIIVIAAUT B KHUTE, HO HA MPAKTUKE CAENIATh 3TO
COBCEM He MPOCTO.

Ecnu 3Ta KHUTA Bac BIOXHOBWIA, MBI OYeHb pazibl. OZ/HAKO HacTosAImas pabo-
Ta TOJBKO HAUMHAEeTCs. DTU BAOXKHBIE UJEU HE CMOTYT PacIpOCTPaHUThCs 6e3 Ba-
nrefi TOMOIIIH.

BOT HECKOJIBKO Bellleld, KOTOPHIE BBl MOJKETE CZENaTh:

— CosgatiTe pabo4yo TpyIIly [IaBHBIX IO AaHHBIM B CBOEl KOMIIaHUU.

— OpraHuayliTe peryaspHble BCTPEUH I YIIIyOJIEHHOTO PACCMOTPEHUS TEM,
KOTOpBIe MBI OOCYZWIIN, A TAKXKE TEX TeM, KOTOpPBIe MBI HE 3aTParuBaIH.

— BosbMure Ha cebs 0653aTENbCTBO AETUTHCA CBOUMY 3HAHUSAMHU U [TOMO-
raTh JpyTuM.

Korza-To u3yveHue HOBBIX KOHIIEMIWI B 00JACTU JAaHHBIX POUCXOAUIO
B paMKax KOH}pepeHIIHii, CAMMHUTOB U MacTEPCKUX. B siese 00yueHUs KOMIIaHUH
¥ COTPYAHUKM TI0JIarajkch Ha MepONpuATHsA. U Bce XKe, 3akaHUMBasA paboTy HaZ
aTOl KHUTOM B siHBape 2021 roza, cmycta 10 MecsIeB mocie Havaia ro6aabHON
MaHAEMUH, MbI HE MOXXEM He [yMaTh O TOM, UTO 3Ta MOJIE/b y3Ke He TaKas JKU3He-
croco6Hast, Kakoil Korza-To 6su1a. bosiee Toro, KoMImaHuM MOTYT Ha Gymare 3asiB-
JIATh O TOM, YTO MHBECTUPYIOT B 00y4eHUE CBOUX COTPYAHUKOB, HO B PeaTbHOCTHU
Or0KeTHI HAa O6yYeHre TOCTOSTHHO COKPAIIIAoTCA.

V3 3TOrO ClIeflyeT, YTO KOMITAHUY CHsUTU C cebs1 6pems oOydueHus. PaHblle OHU
CYUTAJIV HOBbIE U/IeU, CBSI3aHHBIE C JAHHBIMH, YEM-TO BHEIITHUM, YTO HY)XHO OBLIO
JIOHECTH 10 COTPYAHUKOB. Telepb OHU 0KUAIOT, YTO HOBbIE COTPYAHUKHU yKe 00-
JIaZIal0T HEKOTOPBIM OIIBITOM PabOTHI C JAHHBIMU. A yMeHUe GBICTPO 00y4JaThCs
B HACTOsIII[ee BPEMSI caMo TI0 cebe ABJSETCS HEOOXOAUMBIM HABBIKOM.

BBITh IVIaBHBIM 10 JaHHBIM 3HAYUT OBITh TOTOBBIM K 3TOM HOBOW PeasbHOCTH,
TO €CTh K TOMY, YTO 0OJIbIlIasl YacTh Ballero oby4eHus OyZeT MpOUCXOJUTh BHE
paboTsl (a He Ha paboTe). BoI 6y/ZieTe YIUTHCA C TIOMOIIBIO KHUT BPO/iE STOM, OH-
JIAaWH-KYPCOB U MporpamMM cepTudukaiyu. Ham Mup czenana BbIOOp B O3y 60-
Jiee ZielieBoro oOydeHus, a 3TO 03HAYAEeT, YTO 3a CBOoe 0O6pa3oBaHUeE OTBETCTBEH-
HOCTb HeceTe Bbl. He3aBUCHUMO OT TOTO, IZle UMEHHO Bbl HAXOAUTECh B UEPAPXUU
KOMITaHUMY, BBl HE MOXKETE OTPAHUYUBATH CBOE INYHOE PAa3BUTHE COOBITUAMHU, KO-
TOpPBIE TIPOUCXOAAT /IBa pasa B rofl. He CTOMT paccuuThIBaTh, YTO BaC BAOXHOBUT
KaKoU-HUOYAb foKJIaA. [laHHbIe He OYAYT KAaTh, IIOKAa BBl 3aXOTUTE MOAYMaTh
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0 HUX KPUTUYECKU. BbI IOTHKHEI IPOAO/DKATH YIYUTHCA M HECTU OTBETCTBEHHOCTD
3a TPAaeKTOPHUIO CBOEro Pa3BUTHA.

Temepb y Bac ecTh NpaBWIbHBIE HHCTPYMEHTHI 1 00pa3 MBIIUIEHUS [JI TOTO,
9YTOOBI CTATh IIABHBEIM I10 ZaHHBIM. JIFO[M, YMeEIOIIKe IIOHUMAaTh, IYMAaTh U TOBO-
PUTH Ha s3bIKE JAHHBIX, CIIOCOOHBI TPOOUTHCSA CKBO3b LIyM, a)KHOTaXK U 3a6.Iy-
KAeHusa. Bam He 06s3aTeIbHO OBITH TUTAHOM OTPACTEBBIX TEXHOJIOTUM, YTOOBI
HCIIOJIh30BATh MAIMIMHHOE O6yUeHNe U UCKYCCTBEHHBIN UHTE/UIEKT. XOTsS MHOTHE
KOHIIEMIINY, IPe/ICTABIeHHbIE B 3TON KHUTE, OTPAXKAIOT HOBBIE TEXHOJIOTUU, TIPO-
6J1eMBbI, KOTOPble OHU TIPEACTABJIAIOT AJIs GM3HECa, CYIIEeCTBYIOT YXKe Ha IPOTSKe-
HUU HECKOJIBKUX JECATWIETUN U CBOAATCA K HU3KOMY KaueCTBY ZaHHBIX, OIIN60Y-
HBIM IIPeJII0I0XKEeHNA 1 HEPEATUCTUYHBIM OXKUJaHUAM.

B TO :Xe BpeMs IIyMUXa U 3aBBIMIEHHBIE OXXKUAAHUSA OT JAHHBIX YacTO OTBJIE-
KalOT BHUMaHUE OT 3TUX OCHOBOIIOJIAraIoIUX IpobieM. B Hayasie KHUTH MBI 06-
CYZIWJTH HECKOJIBKO KaTacTpod, KOTOPHIE IIPOM30IUIN M3-32 TOTO, YTO COTPYAHUKU
OpraHu3aIu He AyMalu Kak IJIaBHbBIE IO ZaHHBIM. [To Mepe pocta ob6beMa JaH-
HBIX PUCK TaKUX OUTMOOK BO3PACTAET.

B sydineM ciydae Takve OmUOKY OBIBAET JIETKO UCIPABUTh. B Xyziiem ciy-
Yyae OHU IIPUBOZAAT K IIYCTOU TpaTe JeHeT, IIOABEPTAIOT OMTACHOCTH JKU3HU JIIofel
U YKPEIUVIAIOT 3a/I0KeHHbIe B JaHHBIX cTepeoTuNbl. Kak ImaBHbIN MO JaHHBIM BEI
JOJDKHBI 33/1aBaTh PABWIbHEIE BOIIPOCHL, CIIOPUTD C ZAHHBEIMU M BECTU Heyz00-
Hble pa3roBopbl. PyHAaMEHT, KOTOPBIM BBl 3aJI0KWIN IIPOUYTEHUEM 3TON KHUTH,
TIOMOXXET BaM CIIPaBUTHCSA C 3TOM 3a/jaueil.
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Anexkc [Ix.'yTMaH — zaTa-caleHTUCT, KOPIIOPATUBHBIA TpeHep, Mojay4daTeab
rpanTa ®ynbpaiiTa U aKKpeAUTOBAHHBIN MPOodecCHOHaTbHBIM CTATUCTHUK, KOTO-
PHIF C YZIOBOJIbCTBHUEM IIpEIOAaeT MTMPOKUU CIIEKTDP TEM, CBA3aHHBIX C HAYKOU
O /IaHHBIX, CJIYIIATEISAM C PAa3HBIM YPOBHEM TEXHUYECKOU MOATOTOBKHU. OH IIO-
JIY4UJI CTeNEeHb JOKTOpa GMIOCOdUU MO MPUKJIAJHON MaTeMaTHUKe B TeXHOJIO-
rudeckoMm uHcTUTyTe BBC CIIIA, re B HacToslnee BpeMsa paboTaeT abIOHKT-
rpogeccopomM.

Ixopzaau Tongmatiep — BCEMUPHO MPU3HAHHBIN MpodeccHoHaI B 061acT aHa-
JINTUKY Y DKCIIEPT II0 BU3yalH3alliK JaHHBIX, aBTOP U CIHKep. B mpouuiom oH
OBUT omepaluoHHbIM AupekTopoM Excel. TV u MHoro jieT obyuan yozneil pabo-
Te ¢ ganHbIMU. OH Hanwucan KHuru «Advanced Excel Essentials» u «Dashboards
for Excel». Ero pabotsl nutupoBanuck B Associated Press, Bloomberg Business-
Week 1 American Express OPEN Forum. B HacTosilliee BpeMsa OH — CEMUKpaT-
HBIH obsazaTenb Harpagsl Excel MVP Award, 4To ZjaeT eMy paBo MPeA0OCTaBIIATh
06paTHYIO CBA3b U JAaBaTh PEKOMEH/AINY TPYIIaM Pa3paboOTIMKOB IPOAYKTOB
Microsoft. OmHaXk/IbI C TTOMOIIBIO MporpamMmMbl Excel o cakonomm a5t BBC CITIA
60 MWLTHOHOB ZosapoB. Takke /KopzaH paboTaeT TEXHUKOM CKOPOH Meau-
I[MHCKOM ITOMOIITM B KaUeCTBe BOJIOHTEPA.



0 TexHMYyecKUX pejlaKTopax

Yunbam A. BpeHHeEMaH — Hay4HBIM COTPYAHUK U BeAYIIUU CIelUaNUuCT I0 IJI0-
6abHOM CTATUCTUKE B OT/ieNIe MOJETUPOBAHUA M HAYKKU O JAHHBIX KOMIIAHUU
Procter & Gamble, a TakXe agbIOHKT-TIpodeccop MPaKTUKHU B IIIKojie TPOMBIIII-
JIEHHOU U CUCTeMHOUN nHXeHepun uM. CTioapTa npu TeXHOJIOrn4eCcKOM UHCTUTY-
te /xopmxkuu. [Tocie npuxoza B P&G oH paboTan HaZi IIUPOKUM CIIEKTPOM ITPO-
€KTOB, CBfI3aHHBIX C IPYMEHEHNEM CTaTUCTUYECKUX METONOB B TAKUX 06JaCTAX
CBOEl KOMIIETEHIINH, KaK IIPOEKTUPOBAHNE U aHAIU3 SKCIIEPUMEHTOB, pobacT-
HOe MapaMeTpHuyecKoe IIPOeKTUPOBaHue, IPOeKTUPOBaHNe HaJ|le’KHOCTH, CTaTH-
CTUYECKOe yIIpaBaeHue IpoleccaMy, KOMIbIOTepHbBIE SKCIIEPUMEHTHI, MAIIMHHOE
oby4eHMe U cTaTUCTUYeCKoe MbluteHre. OH TaK)Ke ChIrpasl BaXKHYIO POJIb B pas-
paboTKe KOPIOPaTUBHOMN y4eOHOM MporpaMMBI 1o cTaTucTrke. OH MTOMyYn CTe-
MeHb 0KTOpa Gpurocoduu B 06IACTU CTATUCTUKU B MUIUTAaHCKOM YHUBEPCHTE-
Te, CTENEHb MarucTpa MaTeMaTUKKU B YHUBepcUTeTe AWOBBI M CTENIEHb OaKaiaBpa
MaTeMaTHUKU C IPaBOM IIpeno/aBaHus B CTApUINX Kjaccax cpefHel mkoisl B Ta-
6GOPCKOM KOJUTEKE. YUIbSIM SIBJISIETCSA WIEHOM AMEPHUKAHCKOM CTaTUCTUIECKOHN
acconmarnuu (ASA) u AMepuKaHCKOro obilectBa kadectBa (ASQ). OH 6bLT mpes-
cejlatesieM OTZesa CTaTUCTUKU ASQ, mpezcesaTeseM CeKIIMU KadyecTBa U IIPOU3-
BOZMUTENBHOCTU ASA, a TakKe 3aMeCTUTeNIeM peZlaKTopa JXypHazna Technometrics.
YunbsaMm Takxke ceMb JIET paboTasl IpernogaBaTeieM B CpeHel IKOJIe U KOJUTE/Ke.

Ibxennudep CTUppan — OCHOBaTeNb U TeHepaIbHBIA AupekTop Data Relish, Be-
Zyiiei 6pUTaHCKON KOHCAJITUHIOBOM KOMIIAaHUHM, paboTaroliell B 061acTH HCKYC-
CTBEHHOT'O WMHTEJUIEKTa U OGM3HeC-aHAJUTHUKU U pa3pabaThiBarollell CTpaTeruu
paboThI ¢ JaHHBIMU U OM3HEC-OpPUEeHTUPOBaHHEBIE pelneHusd. /iKeH — MpU3HaH-
HBIH aBTOpUTET B obacty VI u 6r3Hec-aHATUTUKY, BCEMUPHO U3BECTHBIN CIIH-
kep u3 cnrcka Fortune 100. OHa BXOAUT B 4K CJI0 50 JydIINX MUPOBBIX IPOBU/LIEB
B 06JIaCTH HAYKU O JAHHBIX, B YHMCJIO JIYUIINX aTa-CaHeHTUCTOB, Ha KOTOPHIX CJIe-
JyeT noznucarbed B Twitter, a Takke B 4UcI0 50 caMbIX BAUATENbHBIX KEHIIUH
Mupa B chepe TEXHOIOTHH.

JDKeH KOHCYJIbTHPYET KJIMEHTOB U3 24 CTpaH, PaclojIOKeHHBIX Ha IIATH KOH-
TUHEHTAaX, U UMEET yYeHble CTEMEeHU B 00JaCTU MCKYCCTBEHHOTO MHTEJUIEKTA



292 PA3BEPUCH B DATA SCIENCE

Y1 KOTHUTHUBHBIX HayK. /DKeH MUIleT KHUTY, ITOCBALIeHHbIE HayKe O JAHHBIX U UC-
KyCCTBEHHOMY UHTeJUleKTy. OHa ITpUHMMasa yyacTye B lepefiayax, BBIXOAMBIINX
Ha CBS Interactive u BBC, a Takke B CO3JJaHNU TaKUX U3BECTHHIX IIOJKACTOB, KaK
Digital Disrupted, Run As Radio u cobcTBeHHOM cepuu Be6rHapoB Make Your
Data Work.

Kpome Toro, /I:xeH BeICTyIlaja C IPOrpaMMHBIMU JOKJIaZlaMU B KOJLIeKax
Y YHUBEPCUTETAX, a TaKKe JeNUIach CBOUM OIBITOM C 0GJIaTOTBOPUTENTbHBIMHU
1 HEKOMMepUYEeCKUMU OpPraHu3alyaMHU, BEICTYIIasA B Ka4eCTBe HeUCIIOJIHUTEIbHO-
ro gupeKxTopa. Bee mokmazs! JkeH ocHOBaHbI Ha ee 6ojiee yeM 20-T€THEM OIIBITE
CaMOOTBEPXKEHHOM U yCepAHOM pabOoTHI ITO BCEMY MUPY.



bnarogapHocTH

ﬂ 3aMeTWI, YTO IIPU HANMCAaHUU paszena «birarogapHocTu» aBTOPH KHUT
OOBIYHO YIIOMHHAIOT CBOUX CYIIPYTOB B CaMOM KOHIle. BO3MOXHO, 3TO
00BsCHAETCA UX XKeJTaHUEM OCTaBUTH Jydlllee HarocaeZoK. OZHaKo g moobe-
IIaj CBOeH JKeHe, YTO eCIU KOTZa-HUOyAb HATIUINY KHUTY, TO MEPBBIM JeI0M
YVIOMAHY ee, YTOOBI SICHO TOKa3aThb, Yel BKJIaZ AJsA MeHd sABjsgeTcsa Haubo-
Jlee BaXXHBIM. VTak, s1 6y1arozapio CBOIo KeHy DpUH 32 ee M000Bb, TOALEPKKY
u yiaelOKy. TIpsMo celidyac oHa OepeT HAIIMX TPOUX MaJeHbKUX JleTel Ha BeJo-
CUIIeJIHYIO IIPOTYJIKY, IPeJOCTaB/IAA MHE BO3MOXXHOCTD JONIMCATh IOCTIESHIO0
ctpaHully. (f yBepsto uuTaTesneil, 4To 3TOT NOCTYIOK B IOJHOU Mepe oTpa-
’KaeT TOT 06pa3 KU3HU, KOTOPOTO MBI IPUEPKUBANIKUCH HA MPOTSKEHUH MIPO-
LIeAIIero roja.)

S xoTen 6Bl MOGIATOAAPUTE CBOMX poAuTeel, Dga u HaHcH, 3a TO, YTO OHU
NIOAZEP>KUBAIM MEHA BO BCeX HAYMHAHUAX U ITOKa3ald MHE IPUMEP XOPOILEero
POAUTENBCTBA, a TaK)XKe Moux 6paTheB PatiaHa u Pocca 1 cecTpy DpuH 3a UX MOJ-
JEPHKKY.

OTa KHUra — KyJbMHHaIMA MHOXECTBA JUCKYCCUH, IIPOBEeJEeHHbIX C ApPY3b-
SAIMU U KOJUIeTaMU, ¢ KOTOPBIMU MBI 00CY»K/IayI BCEBO3MOXKHEIE BOIIPOCHI, HAYU-
Haf C [[eJIecO00pa3HOCTH HalMCaHUA KHUTH 00 OBJIa/IeHUU S3BIKOM HayKH O JaH-
HBIX ¥ 3aKaHYUBas BEIOOPOM TeM, KOTOpPbIE CTOUT B Hee BKJIIOUUTD. fI BeIpaxkaro
ocobyto b6imarogapHocTs ANTEIHOeKY VicMmawmnoBy, Ouau Hoiimatiepy, bpagmu Bém-
ke, Bpargony I'punBesty, Bpenty Pacceny, Ketiny Caite, Kane6y I'yapo, Kapay
[Tapcony, JpHuany Ynnenkammy, [lyrnacy Kinapky, ['pery Auzepcony, /xxeiicony
®puicy, Jxoany Yetinuy, [xozedy Kemnepy, Jxactuny Maypepy, Hatitany CBu-
rapty, Qwry XapTke, Camioany Pugy, llony IlHaiigepy, Ctueny @eppo u 3axa-
pu AsteHy.

£ TakKe B OJTY Iepe] COTHIMU HHXXeHepOB, O13Hec-mpodeccroHalIoB U CIie-
LIMAJIMCTOB B 06JIACTH HAYKU O AaHHBIX, C KOTOPBHIMU s OOIIAJICI JTUYHO WU de-
pe3 VIHTepHET, U KOTOPHIe TIOMOIJIX MHE CTaTh 6osiee 3 deKTUBHBIM JaTa-caiieH-
THUCTOM U KOMMYHHUKATOPOM. fI Tak:Ke X049y CKa3aTh CIIacb0 CBOUM «CTyZEeHTaM»
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(kxosneram), KOTOpPbIE IIPeAOCTAaBUIN YeCTHBIE OT3BIBLI O KypcaX, KOTOpEHIe f Iipe-
noziaBal. f ycelman Bac u 6yaroZiapeH BaMm.

MHe mOCYaCTIMBUIOCH UMETh MHOXKECTBO aKaZeMUYeCKUX U Mpodeccro-
HaJIBHBIX HACTAaBHUKOB, KOTOPHIE ITOMOIJIM MHE 06pecTy cO6CTBEHHBIHN roJIoC
1 YBEPEHHOCTb B KadyecTBe CTaTUCTUKA, ZlaTa-calieHTucTa 1 TpeHepa. f BbIpa-
kar 6narogapHocTth Ixxebdpu Betipy, Jxony Tyzmoposuuy, K. T. Apacy, Paii-
MoHzay Xwuny, Po6y Belikepy, Ckotty Kpoydopay, CtuBeny Usmbany, ToHU
Yatity u Yuwibsimy BpeHHeMaHy (KOTODPBIH JIF06€3HO COMVIACHIICS CTaTh TEXHU-
YeCKUM peJaKToOpoM 3Toi kuuru). Obmasnch ¢ TaKUMU JIIOAbMHU, IIPOCTO HEBO3-
MOXXHO He CTaTbh MyZpee.

S TakKe X04y CKa3aTh criacubo koMmaHze uzgatenbcrBa Wiley: bxkumy MuHa-
TeJly 3a Bepy B IIPOEKT U MPeAOoCTaBIeHHBIN HaM maHc, [Tuty Torany u )xoHy
CnuBa, KOTOpBIE HANpaBJIAINA HAC Ha IIPOTAXEHUU BCEro IIpoliecca HAlMCAHUA
KHUTH, a TaKXKe IIPOMU3BOJCTBeHHOMY IepcoHany Wiley 3a TIIaTeIbHYIO BEIYUUTKY
r1aB. Takke BBIpaXkaro 06J1arolapHOCTb HAIIUM TeXHUYECKUM PeJaKTopaM YWIb-
amy bpernemany u [lxxer Ctuppan 3a IieHHbIe TIPeJIOKEHNS U OIIBIT, 6y1arogaps
KOTOPBIM KHHUTA CTasla ropaszo Jydlle.

OtzenpHO X04y mobiarofaputh cBoero coaBTopa /Jlxopzana lompmaiiepa
U He TOJIbKO 3a KHUTY, KOTOPYIO BBI IEp;KUTe B pyKaxX. B Hauase cBoeil kapbepEl
A noXkaynoBaJca /pKopAaHy Ha TO, 4TO JIIOJY He pa3feldaoT MOero MHTepeca K CTa-
TUCTUKE U CTATUCTUYECKOMY 06pasy MbIIUIeHU:. Ha 3To OH cKa3aJl, 4To pa3 MeHs
3TO TaK GECIIOKOUT, TO 51 AOJDKEH 3TO U3MEHUTh. C TeX TOP s BBITOIHSIO 3TO 005-
3aTebCTBO.

Haxkoner, 1 xoTes 65 CHOBA CKa3aTh CIIAacUO0 CBOeH KeHe DpUH (II0TOMY YTO
JIydiiee AeCTBUTEIbHO clle/lyeT OCTaBJIATh HAIOCIE/IOK).

— Antekc

S xoTen 6bI MOBIATOAAPUTH BCEX TEX JIFOAEl, 6arofapsi KOTOPBIM 3Ta KHUTA BHI-
1IUIa B CBET.

[Ipexke BCero s BhIpaykalo 6GarofapHOCTh MOeMy coaBTOpy Asekcy I'yTma-
Hy. B TeyeHMe MHOTUX JIET MbI OOCYX/JaTH H/IEI0 COBMECTHOTO HAMTMCAHUA KHHU-
ru. Korza noaxozaAmuii MOMEHT HacTal, MBI 9TO cAenanu. O jydiieM coaBTope
51 He MOT OBI I MEeYTaTb.

Cracubo 3aMevaTenbHEIM coTpyZHUKaM Wiley, B TOM 4ynciie pelleH3eHTy U3-
JartenbcTtBa pxumy MuHateny U pykoBoguTento npoekrta /xoHy Ciansa. Kpome
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TOT'0, 51 XOTeJI ObI BEIPA3UTh IIPU3HATEIbHOCTD HALIMM TeXHIUYECKUM peJaKTOPaM,
Yunbamy Bpennemany u >xeH CTupparl, 3a UX ycepAHYyI0 paboTy 110 pelieH3upo-
BaHWIO KHUTU. MBI yWIN Bce Ballli KOMMEHTapUU.

U nociegHee, HO He MeHee Ba)KHOeE: 5 XOUy CKa3aThb criaci6o MoeMy napTHepy
KaTu I'pei, koTopas Bcerza Bepuia B 3TOT IPOEKT — U B MEHA.

— ZIcopoan
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Amazon, kommanusa 234
Alexa, cuctrema 215
Apple, komnanua 234
Siri, cuctema 215
CART, aaroputm 200
Datasaurus, Habop AaHHBIX 106
FiveThirtyEight, 6;or 22
Google, xommanusa 222, 234
Assistant, cuctema 215
Gmail, cepBuc 254
News, cepsuc 222
Translate, cuctema 215
GPT-3, mogienib 234
IBM, koMItaHUA
Watson, kommeroTep 215
Keras, 6ubanorexka 257
Microsoft, kommanusa 234
N-rpamma 221
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P-3nHauenue 136
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P-xakuHr 273
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R, A3bIk mporpamMMupoBaHusa 148
Smart Compose, ¢yHkiusa 254
Word2vec, mozenb 224
XGBoost, anroputm 209
Zestimate, UHCTPyMeHT 97
Zillow, kommanusa 97

A/Bb-TectupoBanue 56
Anroput™m 28, 172
obyuenne 29
AHanu3 IIaBHBIX KOMIIOHEHT
(ATK) 157
JIoByuIku 163
Ananu3 HacTpoeHu# 46, 214, 232
Ancamb6ieBble MeTozbsl 203
Atpubyt 52
Batieca, Teopema 125
Bepunaro, CkoTT 279
Burpamma 221
BuHoMuanbvHaa perpeccusa 84
Bynesa noruka 114
Barruur 204
Banbg, Abpaxam 267
Bapuanusa 63, 110
u3MepeHuil 64
HeJloolleHKa 72
crydaiitHaa 64
BekTop 222
Bepoarnocts 110, 112
U uHTYyunua 71
kanubpoBka 128
joBymiku 120
HaCTyIUIEHUA MHOXeCTBa
cobeiTuii 115
HE3aBUCUMOCTh cOObITHIT 121
HoTanusa 112
cymmapHaa 114
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yciaoBHada 114, 123
Bec 241
Busyanusanusa gasHbeix 98
Beibopka 132
HebospIan 74
Hepemnpe3eHTaTuBHadA 273
npeaB3aras 74
pasmep 74, 133
Bri6oper B CITIA 2016 roga 22
Bei6poc 90, 102
lanbroH, ®paucuc 267
Tap6ep, Anan 63
l'enepaTuBHO-CcOCTA3aTENIbHBIE
cetu 260
['eHepanya IOHATHOTO YeJIOBEKY
TekcTa 234
l'nnoTesa
anprepHaTiBHaA 135, 143
HyneBas 134
npoBepka 134
I'mcrorpamma 98
I'1aBHBIE KOMIIOHEHTHI 158
I'maBHBIN 10 AJaHHBIM 39, 287
Bompocel 40
[imy6okoe obyuenue 237
Hajau4ure JaHHBIX 254
06paboTKa sI3bIKa U
ocaef0BaTeIbHOCTEN 252
npeumyuecrtsa 247
IIpUMeHeHue 245
CTPYKTYPUPOBaHHBIE JJaHHbIE 256
STHUYeCKU acrekT 259
I'paguent 206
I'paduueckue npoieccoper 247
Janubeie 19, 52
6onpme 15, 20
BU3yanusauua 98

BO3MOXHOCTU 92
BXogHBIE 97,171
BBIXOZHEIE 97, 171
[JIaBHBIN TI0 287
M30BITOYHOCTD 155
KaTeropuajbHele 53
JIOBYIIKY TIpu paboTe ¢ 265
Macmrab 168
HabmoeHuii 55, 88
Habop 52
Ha paboueM MecTe 24
Hayka o 20
HeobpaboraHHbE 79
HeIIpephrIBHBIE 53
Hepelpe3eHTaTUBHbIE
obyuarorue 274
HecbamancupoBanHbe 210
HeCTPYKTypUpOBaHHBIe 56, 214
HeyTopsAZo4YeHHble (WIn
HOMHUHAJIbHBIE) 54
obyuatoriye 172
OTHOIIIeHUe JioZen Kk 279
OTCYTCTBUE paszeneHua 208
oTcyrcTByomue 91
olleHKa KadecTtBa 79
neplenTuBHEIe 256
IIpeZB3ATOCTh 266
npoucxoxzaenve 87
pasBeZloYHBIN aHanu3 94
pasmMepHOCTb 155
penpeseHTaTuBHOCTh 89
cbop 87, 88
criop ¢ 79, 93
CTPaHHOCTU B 266
CTPYKTYpUpPOBaHHbIe 56, 214, 256
cuyeTHble (WU JUCKPETHBbIE) 54
TEKCTOBBIE 215
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TUNB 53
ynopsazfo4YeHHble (WIn
TOPSAAKOBBIE) 54

yreuka 184, 207, 274

4uCIoBBIe 53

OKCIIEpUMEHTa/IbHBIE 55, 88
Jata-catieutuct 15
JlepeBo pemenuii 199

obpeska 203

nepeobyuenve 202

C rpaZiieHTHBIM ycuwieHueM 204

caygavHbii ec 203
Ilxxeiimc, Jlebpon 58, 135
Juarpamma

Benna 116

ApeBoBugHas 127

suHeltHas 101

pasmaxa 99

pacceanua 101
Junodetixk 260
Jucnepcusa 58, 162
JloBepuTenbHBIN MHTEepBaa 132, 146
JlokazarenbcTBo obpatHoro 135
Joxyment 216
JlonylieHre 5KBUBAJIEHTHOCTA 144
Jasennopt, Tomac X. 18
EBporetickast opraHu3sarus 1mo

SIZIEPHBIM MCC/IeIOBAHUSAM

(LIEPH) 144
3aBUCUMOCTHA

rnepecTaHoBka 123
3akJtoueHre

JIOXKHOOTpULaTenbHoe 137

JIOXXHOIIOJIOXKUTENIbHOE 137
3aKOH

MaJIbIX yucen 72

cpefHux yucen 122

3anuce 52
Vtto3us kBaHTUGUKaALUKU 67
VuaykTUBHAA cTaTUCTUKA 73, 89
VHTepnperupyemocTts 183
aHcam6eBbIX Mozeneir 206
Vudopmarua 51
KOZUpOBaHUE 52
Vckouenue rosoco 142
VickyccTBeHHBIN MHTENNIEKT
obmuii 257
Y3KOTo HazHaueHus (crabbiii) 257
WcneiTanne 52
ViccenoBaTenbekuii o6pas
MBIIUIEHUA 96
Kaupo, Ams6epro 106
KBapreTr DHCcKOMba, Habop
nmanHpix 105
Kiacc 6onpumHcTBa 209
Knaccudukanus 29
6uHapHas 191
n300pakeHU 249
MHOTOKJIaccoBad 192
OoCTaHOBKa 3agauu 193
Knacrepusanus 164
nepapxudeckasa 169
MeTozoM k-cpegHux 165
Kinuentckoe BocnipusaTtue 45, 64
KiunaToH, Xwutapu 22
KosnuecTBO NPOBOAVIMBIX TECTOB 145
KoMMyHHMKaTHUBHBIHN c60ii 279
KoHcTpynpoBaHue npusHakoB 247
Koppensauusa 104, 162
BBIIBJIEHUE HellpaBUIbHOU 268
HeBepHadA uHTeprperanusa 105
He O3HavyaeT NpUYUHHOCTL 107,
268, 272
oTpuLlatesbHas 104
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nosoxurensbHaa 104
Koprex 52
Koaddurment 241
koppesnsanuu [Tupcona 104
Kpusuc unoreusoro
kpeauToBaHus 20
JlaTrenTHOe pa3melneHue Jlupuxie
(JIPII) 226
JlaTeHTHO-ceMaHTHUYeCKUH aHaIu3
(JICA) 226
JleKyn, fun 208, 246, 249
JlemmaTtusanus 219
JluHeliHasg komOuHanuga 157
JluneriHaa perpeccus 173
BapuaHThl 189
MHO)XecTBeHHas 180
noaBoAHbIe KamMHM 181
IIPOU3BOAUTENBHOCTb Mozenu 187
npocrada 180
yto gaetr 179
4uTo AenaeT 174
JloBy1ika
MalTuHHOTO 00y4YeHUs 272
HeBO3BpaTHbBIX 3aTrpaT 270
CTaTUCTUKU 272
Jloructudeckas perpeccusa 194, 229
npeuMyiectsa 197
mpobiemer 198
pemiarwllee npasuio 197
TOYKa OoTcedyeHUsa 197
Jloructuueckas GyHkusa 196
notepp 197
JIO>KHOIIOJIOKUTENIbHBIN
pesyibrar 127
Matpuna \«JOKyMeHT —
TepMuH\» 219
MaTpuria ormubox 210

IyTaHulla B TepMUHax 212
MarrHHOe obyueHue
JIOBYLIKU 272
Meauana 58
MeHnTanbHas Mogenb 33
Mepa
Bapuanuu 58
JuHEeWHOU 3aBucumocTu 105
pasbpoca 58
LIeHTpaJbHOU TeHAEHIIUU 58
Metka 29,172, 191
MeTtop
k-6mkaiimx cocegein 29, 189
ancamb6ieBbiii 203
BBIABJIEHUA IPUYMHHOCTA 88
HaVMeHbIINX KBazpatoB 173, 175
Merok cioB 216
HezocTaToK 221
Mopga 58
Mogzens 97
xnaccuduranronHaa 173, 191
nepeobyueHue 186
porHocTuyeckasa 172
perpeccuonHas 173
yepHBI AKUK 206, 245
MomnocTs 137
MynbeTuKO/LIMHEApHOCTL 183, 199
Ha6mronenue 52, 88, 164
Ha6op mzaHHbIx 52
obyuatomuit 187
TecTOBBIA 187
Hawryuree coorBetctBue 175
HACA 82
Hr, Suzpro 254
HeszaBucumeblie co6biTHs 115
Hetipon 240
Hetliponnas cetb 238
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Beca 241

HacTpolika 256

obpaTHOe paclpocTpaHeHUe

omubKu 242

namAarh 253

IPUHLUI paboTsl 239

mportecc obydenus 241

peKyppeHTHasa 252

cBeproyHasa 250

C OOl KpaTKOBPEMEHHOM

namAaTbo 253

¢dyHKIMA akTUBanuu 240
HenuHeitHble B3auMocBa3u 186
Heonpeznenennocts 110
HemnpasunbHoe

ompeziesieHre tuna 3azadu 207

NIOHMMaHue ToyHoctu 209

roporosoe 3HaueHue 208
HepemnpeseHnratuBHas BHIOOpKa 273
Obawma, Bapak 22
O6mako cioB 218
O6paboTKa ecTeCTBEHHOTO A3biKa 233
O6paTHOe pacrpocTpaHeHUe

omubku 242
Obyuenne 288

ybokoe 237, 257

KOHTpoaupyeMoe 29,171

MalrmHHoe 29, 257

c yuureneMm 171

TpaHcpepHoe 255
O611Hii NCKYCCTBEHHBIN UHTEIEKT

(oun) 257
OnucaresnbHada CTaTUCTUKA 73
Ormpoc 132

IIOTPEIIHOCTh pe3y/abTaToB 132
OcHoBoIIOMararnye JouyeHus 74
OT3BIBYNBOCTE 211

OtcyTcTByomue 3HaueHus 91
Ommbka 265
BTOpOro poza 137
BBDKUBIIEro 266
nepsoro poga 137
IIpY NIPUHATUY pelieHnus 137
aKcTpanonauuu 185
[lepemenHasa 52
kareropuaspHas 92, 191
OTKJIVKa 29
npomnyieHHaa 182, 199
cMmenuBaromasacsa 108
[Tepeobyuenue 186, 274
[lepenucy 89, 142
[MorpemHocTts 176
[Tone 52
[TorpaBxa Ha MHOXXECTBEHHYIO
IIpOBepKy rumnore3 146
Iomynauua 132
[TpaBwio ymHOXeHUA 116
[IpakTHyeckoe 3HaUYeHUE pe3y/IbTaTOB
Tecta 147
[TpeaBaaTocts 74, 266
BBIOOPKH 90
noaTeepxkzaeHua 270
[IpeaukTop 52
IIpencraBnenue 243
[Tpeo6pa3oBaHue
peuu B TeKeT 234
TeKCTa B peub 234
TEKCTa B TEKCT 234
[TpusHak 52, 155
Bec 159
BKJIIOUEHME MHOXKecTBa 180
KOHCTpyHpoBaHUue 247
cMmenieHue 56
cocTaBHOM 155
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[TpuynHHO-C/eCTBEHHAA CBA3h 148
IIPUHATHE KOppesALuu 3a 268, 272
[Tpobrema
BaXXHOCTh 41
ompezenenue 39
OTCYTCTBUE HY>KHBIX JJAHHBIX 43
[TpoekT 1o paboTe ¢ ZaHHBIMU
JUINTENIbHOCTh 44
Hey/I0BJIeTBOPUTEJIbHbIE
pesyabraThl 44
IIpUYUHBI TpoBana 45
[MpoxiaTee Madden 268
Pa3BesouHbBIN aHAIN3 JaHHBIX 94
Pasmax 58
PasmepHocTh 155
CHIKeHue 155
Pasmep addexra 147
Perpeccus
6uHoMuanbHast 84
K cpesiHeMy 267
JvHelHaa 173
Jorucrtuyeckas 194
MeTOZOM HauMeHBIITUX
KBazpaToB 175
MHOXecTBeHHada 181
Petiran, Ponanpg 83
PekyppeHTHas1 HEHPOHHAA ceTb 252
CeepTka 251
CBeproyHas HellpoHHasd ceTb 250
Cesonnocts 101
CubBep, Helir 22
CumrcoHa, napazokc 106, 268
Cucremarnyeckasi ommoka
BBDKUBIIEro 266
CKpBITBIE TPYNIBL 154
CrnoBapp 219
Cryyatinbiii 1ec 203

Cnam-uierp 228
Crnenuduynoctp 211
CpenHee 3HaueHue 57
CraHzapTHOEe OTKJIOHEHHE 58
CraTucTtuka
UHAyKTUBHaA 73, 89, 131
KOHTeKcT 140
JIOBYIIKU 272
omnucarenbHasg 73
cBogHas 57
CraTUCcTUYeCKUH BBIBOA 131
Cratuctuyeckuii Tect 139
CraTUCTUYECKOE MBIILIEHUE
OCHOBHOM IIpUHIIUN 61
CremmuHr 219
Cronbukoserii rpadux 100
Crom-ciioBo 219
CTpyKTypUpOBaHHbBIE JaHHBIE 214
Tabnuna
paspexxenHas 219
TekcT
ManHUHT 215
IIpaKTUYeCKHe COOOpaskeHUS TIPU
pabote ¢ 233
mpeo6pasoBaHue B uncia 216
TEXHOJIOTMM aHanusa 215
TexcToBad aHAIUTHKA
oXXuzaHug ot 214
TemaTtuyeckoe MozenupoBaHue 225
TeXHOIOTUYECKYe TUTaHThI
npeuMyliecTsa 258
Token 219
Toueunas orleHka 132
Touka gaHHBIX 53
TouHocTp 209
HelpaBWIbHOE TOHMMaHue 209
Tpamn, Jlonanex /Ix. 22
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Tpatcdeproe obydyerue 255 LlenTpoug 167
Trroku, ko 94 HenHoe mpasuio 242
YpoBeHb Yar-60T 234
noBepusa 146 YeueH/pKep, MaTTI
3HauuMoctu 136, 144, 146 katactpoda 82
Yreuka ganHbeix 184, 207, 274 YenoBeueckuii Mo3r 238
@uep, Poranpg 3. 108 UyBCTBUTENBHOCT 211
Dokyc [Mlonne, ®pancya 257
Ha KOHEYHOM pesynbraTte 41 Diinepa, nocrossHHaA 196
Ha MeTozgonoruu 41 JKcriepruMeHT 88
®yHKIMA akTUBauu 240 OkcTpanonanua 185, 199
Xurrca, 60301 144 Amwyk ¢ ycamu 99

LIBeTOBBIE KaHa/Nbl 250



Bce npaBa 3awuijeHsl. Kuura wam nwobasi ee 4acTb HEe MOXeT ObiTb
CKOMupoBaHa, BOCNPOV3BeAeHa B 3I€KTPOHHOM MM MexaHn4eckor gopme,
B BUAe GoTokonuu, 3anvcy B namsts IBM, penpoaykumn wam Kakmm-1n6o
WHBIM CIIOCOBOM, a TakXe MUCrosb30BaHa B 11000 NHGOPMAaLMOHHO cucteme
6e3 nonydeHuns paspelueHns ot naaartesns. KonvposaHue, Bocnpou3seneHne
n MHOe UCroNb30BaHWe KHUrM uau ee 4Yactu 6e3 corsnacusi usgarens
SIBJIIETCSI HE3aKOHHbIM M BJI€YET YroJ0BHYIO, aAMUHNCTPATUBHYIO
U rpaxaaHCKylo OTBETCTBEHHOCTb.

HayuHo-nonynsipHoe nagaxuve

MWPOBOW KOMMbIOTEPHbLIV BECTCEJJIEP

FaTmax Anekc Ox., Fonamenep OxopaaH

PA3BEPUCbDL B DATA SCIENCE
Kak ocBOMTb HayKy O AaHHbIX U HAYYUTbCS AyMaTb Kak 3KCnepT

MaBHbI pepakTop P. PacxytanHoB
PykoBoauTtens HanpasneHus B. O6pyyes
OTBeTCTBEHHbIN pepgakTop . KanadyeBa
Mnapwwnin pegaktop . JaHnnosa
Xy[oXeCTBeHHbI peaaktop A. LLykanH
KomnbtoTepHas Bepctka 3. bperuc
KoppekTtopbl A. backakosa, J1. Makaposa

B odopmneHnn 0610Xk1 NCnonb3oBaHa UIIKOCTPaLMS:
INGARA / Shutterstock.com
Mcnonb3yeTcs no nuueHaum ot Shutterstock.com

CtpaHa npovcxoxaeHus: Poccuiickas denepaums
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Wmnoptép B Pecnybnnky Kazaxcran TOO «PAL-Anmarbi».
KasakctaH Pecny6/mkachiHaarbl iMnopTTayiubl «PALL-Anmarsi» XLLC.
il opu o npremy np: A Ha NPOAYKLMIO,
8 Pecny6nuke Kagaxctan: TOO «PAL-Anmatsi»
K; P IHAA ANCTPUBLIOTOP XaHe BHiM BolibiHLIA apbi3-TananTapas!
KabblnaayLwbIHbIH ekini «PALL-Anmatbi» XLUC,
AMaTi K., lOMBPOBCKWiA KoL, 3«a», nuTep B, ouc 1.
Ten.: 8(727) 251-59-90/91/92; E-mail: RDC-Almaty@eksmo.kz
OHIMHiH XapamabnbIk MEp3iMi LeKTENMereH,
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BOMBOPA

W3OATENLCTBO ISBN 978-5-04-174810-4

BOMBOPA - nupep Ha pbiHKE NONE3HbIX Y BLOXHOBSIOWMX KHUT.
Mbi 11061M KHUU 1 CO3AaEM UX, YTOBbI BbI MOT/IM TBOPUTD, OTKPbIBATH
Mup, I'|p06OEaTb HOBOE€, pacTu. BbiTb cuactausbiMu. BbiTh Ha BonHe.

® bomboraru B bomborabooks €9 & bombora 9"785041"748104">



MutPec: o 9 @ 58

Mockea. OOO «Toprosbiii [loM «9KCMO»
Anpec: 123308, r. Mocksa, yn. 3opre, A.1, cTpoeHue 1.
TenedoH: +7 (495) 411-50-74. E-mail: reception@eksmo-sale.ru

Mo Bonpocam NprobpeTeHns KHUM «DKCMO» 3apyBeXXHbIMN ONTOBLIMMA
rnokynarensMv obpaLuatbes B 0TAEN 3apyOexHbIx npoaax T, «3Kkcmo»
E-mail: international@eksmo-sale.ru

International Sales: International wholesale customers should contact
Foreign Sales Department of Trading House «Eksmo» for their orders.
international@eksmo-sale.ru

Mo Bonpocam 3akasa KHUI KOPNopaTUBHLIM KIMEHTaM, B TOM YUCAE B CrieLmanbHOM
odopmneHun, obpawiatbes no Ten.: +7 (495) 411-68-59, no6. 2261.
E-mail: ivanova.ey@eksmo.ru

OnToBas Toproensi 6ymaxHo-6en108bIMMN
Y KQHLENSIPCKUMM TOBapamu AJ1s1 LWKOSbl 1 oduca «KaHL-OKCMOo»:
Komnanus «KaHu-9kcmo»: 142702, MockoBckasi 061., JIeHUHckuin p-H, . BugHoe-2,
BenokameHHoe wi., a. 1, a/a 5. Ten./dakc: +7 (495) 745-28-87 (MHOrokaHanbHsbln).
e-mail: kanc@eksmo-sale.ru, cant: www.kanc-eksmo.ru

dununan «Toproeoro floma «3kcmo» B HuxHem Hoeropope
Appec: 603094, . HuxHuii Hoeropop, ynuua KapnuHckoro, 4. 29, 6usHec-napk «MpuH Mnasa»
Tenedon: +7 (831) 216-15-91 (92, 93, 94). E-mail: reception@eksmonn.ru

dunnan 000 «U3paTenbCcTBO «dKCMO» B I. CaHkT-MeTepbypre
Apnpec: 192029, r. CaxkT-MeTepbypr, np. O6yxoBckoii 060POHbI, A. 84, nuT. «E»
TenedoH: +7 (812) 365-46-03 / 04. E-mail: server@szko.ru

dunnan 000 «U3paTenbcTBO «dKCMO» B T. EKaTepuHOypre
Apnpec: 620024, . EkatepuH6ypr, yn. HoBuHckas, A. 2u
TenedoH: +7 (343) 272-72-01 (02/03/04/05/06/08)

dunmnan 000 «U3paTenbcTBO «3dKCMO» B . Camape
Anpec: 443052, r. Camapa, np-T Kvuposa, 4. 75/1, nuT. «<E»
TenedoH: +7 (846) 207-55-50. E-mail: RDC-samara@mail.ru

dununan 000 «U3paTenbcTBO «dKCMO» B I. PocToBe-Ha-[oHy
Apnpec: 344023, r. PocTtoB-Ha-[loHy, yn. CTpaHbl CoBeToB, 44A
TenedoH: +7(863) 303-62-10. E-mail: info@rnd.eksmo.ru

®dunuan 000 «U3paTenbcTBO «IdKCMO» B I. HOBOoCuGUpCKe
Appec: 630015, r. HoBocubupck, KombuHatckuin nep., 4. 3
TenedoH: +7(383) 289-91-42. E-mail: eksmo-nsk@yandex.ru

006GocobGneHHoe noapa3aeneHue B r. Xabaposcke
daxTnyecknin agpec: 680000, r. Xabaposck, yn. PpyH3e, 22, od. 703
MouToBbili agpec: 680020, r. Xabaposck, A/A 1006
Tenedon: (4212) 910-120, 910-211.  E-mail: eksmo-khv@mail.ru

Pecny6nuka Benapycb: OO0 «9KCMO ACT Cu aHg Cu»
LleHTp onToBO-po3HUYHbIX Npoaax Cash&Carry B 1. MuHcke
Apnpec: 220014, Pecnybnunka Benapyce, r. MuHck, npocnekT Xykosa, 44, nom. 1-17, TL, «Outleto»
TenedoH: +375 17 251-40-23; +375 44 581-81-92
Pexum paboTsl: ¢ 10.00 o 22.00. E-mail: exmoast@yandex.by
KasaxcraHn: «PALL Anmatbl»
Appec: 050039, r. Anmartbl, yn. Zlom6poBckoro, 3A
TenedoH: +7 (727) 251-58-12, 251-59-90 (91,92,99). E-mail: RDC-Almaty@eksmo.kz
MonHbIin accopTUMeHT npoaykuumn 000 «U3paTenbCTBO «3KCMO» MOXHO NPUOGPECTU B KHUXKHbIX
MarasuHax «4uTan-ropopay» 1 3akasaTb B UHTEpPHeT-MarasmHe: www.chitai-gorod.ru.
TenedoH eanHoli cnpaBoyHol cnyx6bi: 8 (800) 444-8-444. 3BoHok No Poccum 6ecnnaTtHblii.
MHTepHeT-mara3mH OO0 «30aTtenbCcTBO «9KCMO»
www.book24.ru
Po3HuyHasa npogaxa KHUM C 4OCTaBKOM N0 BCEMY MUPY.
Ten.: +7 (495) 745-89-14. E-mail: imarket@eksmo-sale.ru
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NYYLWIUE KHUTU O BU3HECE
C IOrOTUNOM BALLEN
KOMMNAHUN?

YAMBUTbL CBOMX K/IMEHTOB, OBM3HEC-NMAapTHEPOB, CAENAaTb MAaMATHbIN MOAAPOK
COTPYAHMKAM N pacckasaTb O CBOEMN KOMMaHUM YnTaTenam busHec-nmTepatypbl?
[MpurnawaeM cTaTb NApTHEPAMM BbIMYCKA aKTYaslbHbIX U MOMYASPHbIX KHUT.

O Bawer KOMMaHMM y3HaeT Hanbonee akTUBHasA ayamMTopuS.

CreumanbHbI/ TUPaX YXKe CYLLeCTBYHOLLMX
KHUT C JTOrOTUIMOM Balleil KOMMaHUM.

PazMelleHmne norotuna Ha cynep-
06/10Ke AN MafbIX TUpaXei
(ot 30 WwTYyK).

Mopaepkka BbIXo4a HOBUMHKM, KOTOpas
paHee He 6bl1a 4OCTYMHa UATATENAM
(50 KHUr B nopapok).

PeknamMHas nonoca o Balwem
KOMMNaHNN BHYTPU KHUTWU.

BCTyI'IVITeJ'IbHoe CNOBO B KHUTe
OT NepBbIX NN, KOMNaHUN-NapTHepa.

O6palueHure nepBbIX 1L
Ha cyrnepobroxKe.

OT3biB Ha 060pOTE O6MOXKKN
BrIOXeHMe MHGOPMaLMOHHbIX
MaTepuasnioB o Ballel KOMMNaHUK
(3aKnagKu, IMCTOBKU, MUHWN-BYKETbI).

Y Bac ecTb BO3MOXXHOCTb 06CYAUTb CBOM MOXKENAHUSA C MEHEeAKEPaMMU
KopnopaTueHbix npoaax. Kak?

3BOHMUTE:
+7 495 411 68 59, n06.2261

3axoauTe Ha cauT:
eksmo.ru/b2b
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