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Jlnst Tex, KTo 6ouTes popmy.,
HO HE NPOYb OCUUTATD.

Mpeaucnosue

Hacrosmee usganue — He coBceM 06braHoe. OHO HAMMCAHO, YTOOBI [TOMOYb JIIOJSM,
JKeJTafoNINM aHaJU3MPOBATh JaHHbIE, OCBOUTH METO/BI UX IMEPBUYHOTO aHAJIM3a TakK,
4yTOOBI 110 BO3MOKHOCTU 0OOUTHUCH Oe3 clieluajbHbIX MaTeMaTUYeCKUX 3HAHUI.
OcHOBHOIT npeaMeT yueOHUKAa — METO/bl aHAIU3a OAHOMEPHDBIX U JABYMEPHBIX pac-
npezeseHnii, TeMa, KOTOPYIO JApyrue y4eOHUKN <«IIepPerpbiriBaloT>, YAess eil Jnlib
oyeHb HeDOJIbIIOE BHUMaHKE. BO BCAKOM C/iydae, aBTOP He 3HAET APYrUX y4eOHUKOB,
B KOTOPBIX ObI IIpeMeT ObLI PACKPBIT ¢ TaKoii mosnotoi. «Huvero cebe, monHoral —
YCMEXHETCST UJIM BO3MYTHUTCSI CJIYYaitHO 3aTJISTHYBIIUM B KHUTY CIEIUAJUCT 110 MaTe-
MaTHUKO-CTaTUCTUYECKUM MeTozaM. — He TONbKO He MOJHOTa, a Ha0OOPOT, CILIONIHAS
JIBIPKA. 3/1eCh HET MPAKTUYECKU HU CJOBA O CTATUCTHKE OJIHOMEDPHBIX BEPOSITHOCT-
HBIX paclpeieIeHUi 1 MTPOBEPKE CTATUCTUYECKUX THTIOTE3 O HUX, a Bellb 9TO JECATKU
U COTHM CTPaHUII TIPOIMYIIEHHOTO TeKcTas. M 910 OyzeT TOT caMblil ciydaii, KOTOpPbIi
umes B Bupy Kosbma [IpyTKOB, IpeayIpekias, YTo «CHEeUaNIucT mogo0eH (ocy:
MTOJIHOTA €T0 OHOCTOPOHHS». Y TBEPIK/EHUE CITEIINATUCTa, KAK TOBOPUTCS, BEPHO,
HO He MPABUJIBHO. Y TOMSHYTbIE Pa3jieJibl JeHCTBUTETHLHO TIPOIYIEHbl — HO He yIy-
IIEHbI, IOTOMY 4YTO, [10 MHEHUIO aBTOPA, OHKU HE BXOAAT B 6a30BOE CojepKaHue aHaIN3a
JaHHBIX. MeTOo/Ibl MPOBEPKU CTATUCTUYECKUX TUIIOTE3 UTPAIOT POJIib, M OUEHb BAXKHYIO,
B CIICIIUAIBHOM KJIacce CUTYaIliid, KOT/la, HaTpuMep, aTPOHOM XO4YeT TOHATD, KaKok
COPT CEeMsIH, TIPU TIPOYNX PABHBIX YCIOBUSIX IIPUHECET HAWIYUIIUNA YPOXKal, NI Bpad
IIBITAETCS OTIPEJIEJIUTD, JIA€T JIM HOBASI METO/IMKA JIEUeHUs 3AMETHO JIYUIINil Pe3yJIbTaT,
yeM CYIIECTBYIONast MeToauKa. JIJisg oTBeTa Ha MOA00HbBIE BONPOCHI HAl0 AaKKYPATHO
MOCTAaBUTH IKCIEPUMEHT, IMOJYUYUTh COMOCTABUMbIE JIAHHbIE U AKKYPATHO CPABHUTH
pesyJ/IbTaThl, IPUHUMA BO BHUMaHKE UX CIydaiiHbli pasdpoc. MaTemarnyeckas cra-
TUCTUKA JIAET METO/IbI, TIO3BOJISIONINE TPOBECTH TAKOE CPABHEHUE BO MHOTUX CJIydasX.
Ho s10 cxopee 60k0BOe OTBETBJIEHHKE, A HE MarUCTPabHAs J0POra B aHalIn3e JaHHbIX,
1 [I09TOMY PAcCKa3 O TaKUX METO/IaX 3/IeCh OTCYTCTBYET.

Ananus JaHHBIX UMEET JIeJIO0 C TAKUMHU JIAHHBIMU, KOTOPbIE OKA3aJIMCh B PACTIOPsIKe-
HUU HCCIefoBaTeIst 6osee NI MeHee CIyJYaiiHo, He KaK Pe3yIbTaT IleJIeHATPaBIeHHOTO
DKCIIEPUMEHTA, a KaK Pe3yJibTaT YbMX-TO HAGJIONEHUI WM TIPOCTO CTATHCTUYECKOI
CBOIKU. ITO MOIYT ObITh, HAIIPUMEP, JaHHbIE O COLMANbHO-9KOHOMUYECKOM COCTOS-
Huu pernonoB Poccun wnu crpan EBporisl B TakoM-TO roay. Vin 910 MoKeT GbITh
COBOKYIIHOCTb COOOIIEHMIA, OTIIPABJIEHHBIX YIeHAMHU KaKoi-J1nb0 COLUAIbHON ceTu
B TEYEHUE OIPEJEJCHHOrO IPOMEKYTKA BpeMEHU. B 110100HbIX CUTYalIMAX TUIIMYHbIE
BOIPOCHI TaKOBbI. Kakoii cMbICT MOKHO M3BJIeYb U3 ATUX JaHHBIX? EcTh in kakas-
HUOY b CTPYKTYPa B JAHHBIX O pacCMaTPUBAEMOM MHOKeCTBe 00bekToB? MoryT jin
9TH IIPU3HAKU [TIOMOYb B IIPOrHO3UpOBaHuK Tex? [lomo0Hast cuTyalus cKkopee Xxapakx-



TepHA JIJIST [Ty TEeleCTBEHHUKA, YeM YUEHOTO. Y YeHbII CUIUT 32 CTOJIOM, IOJIyYaeT BOC-
[IPOUBBOIUMbBIE JIaHHbIE 00 OKPYIKAOIIEM MUPE U CTAPACTCS BKIIOUNUTH UX B TPAH/IM-
O3HYIO HayYHYIO MOJIeJIb aTOro Mupa. [lyreliecTBeHHUK ke TOJKEH MOHATh, KaK eMy
Jyuiie cebOs BECTH 3/1eCh U celiuac.

AHa/lu3 JJaHHBIX B HACTOsIIIee BPeMs He BKJIHOYAET IPOOJIeMATUKY U3YUYeHHs MeXa-
HU3MOB I0JIyYeH s JaHHbIX. Bee, 4To Hac mHTepecyeT — 9TO HAINYMe B TAHHBIX KAKIX-
6o obmux narrepHoB. Eciiu ypacTes Takoil matTepH 0OHAPY/KUTh; €CIM yIACTCS
HOTOM YOEAUTHCS, YTO OH — He apredakT MPUMEHEHUs] METO/a, a JAEHCTBUTEIHHO
CYIIECTBYET B JAHHBIX; €CTU yIACTCS MOHATD, UCXO/IS U3 HAMUX 3HAHUN O SBJICHWH,
K KOTOPOMY OTHOCSTCSI JIaHHbIe, BO3MOKHYIO IIPUYNHY BO3HHKHOBEHUS MATTEPHA;
U eCJIH, HAKOHEI], Ha 3TON OCHOBE yIACTCsI TPEJIOKUTh HOBBII METO/[ UCIIOJIB30BAHUS
SIBJIEHUST — BOT TOTJIa MOKHO TOBOPHUTB O TOM, UTO METOJ| aHAJIN3a JaHHBIX padoTaer!
Bripouem, BOIIPOCHI HCIOIBb30BAHUS PE3YJIHTATOB AHAIN3A JIAHHBIX OOBIYHO OCTAIOTCSI
BHE TI0JIsT 3PEHUSI CIIEIMAIMCTOB 10 aHAJM3Y JAHHBIX: CYUTACTCS JOCTATOUHBIM, YTOOBI
HAIIleJICsT ATTePH, [TPOJINBAIONIIE HEKUII HOBBII CBET HA sIBJIEHUE, K KOTOPOMY OTHO-
cATCH JaHHbIe, 4YTOObI OOBABUTH 00 YCIEITHOCTH aHAIN3a.

CorsiacHo TouYKe 3peHust, TOJAPOOHO OMMCAHHOU B GoJiee TIOJHOM yueOHUKe aBTopa
[17], uMeeTcs aBa OCHOBHBIX clocoOa aHAAM3a JAHHBIX: CyMMapHU3alus 1 KOppeJu-
poBanme. CymMMapusanus, Kak U aHTJIMHCKUN OPUTHHAJ, O3HAYAET TIOBITOKUBAHME,
arperupoBaHue, IPeJICTaBJIeHIEe B CKAaTOM BH/e. KoppesnpoBanie — 9T0 OThICKaHIe
CBsI3€il MEK/Y PA3IMIHBIME [TPU3HAKAMH, OIMCHIBAIOIUMU OOBEKTHI, 6€3 KaKUX-JH00
MOIBITOK MIPUIIKCATh 9TUM CBsI3sIM IIPUYMHHBIN XapakTep. [lonpobyem ocBeTUTH 9TO
HOHSATHE YyTh MoApoOHee Ha ciepytonieM pumepe. HabuoeHust oKas3aiu caery-
OIIYI0 KOPPEJISIIIUIO: HOBOPOJK/IEHHbBIE JIeTH (oJiee aKTUBHBI U BOCIIPUUMUYHUBBI Y TEX
Marepei, KOTOpbIe eIl MHOTO PBIOBI BO BpeMst GepeMeHHOCTH. 3HAYHT JIW 9TO, YTO
uMeHHo poiboenenue gaer adpderr? da, ropopar oxnu: B poibe muoro docdopa, a doc-
dhop — crpouresnbHbIil MaTepuan Mosra. Het, roBopsiT fipyTHe: ppiba TyT HU TIPH YeM.
ITpocto aTu sKeHIUHBl — GoraTbie, BeAb pblba JOPOro CTOUT, 0COOEHHO B Iepecyere
Ha KaJiopur. A y 60raThiX yXo/ 3a peGeHKOM JIyullie, BOT OH 1 OoJiee akTuBeH. Kro xe
npas? Vmelormasics nadopMaliys He O3BOJISIET MPUITH K OJ[HO3HAYHOMY BbIBOY. Bce,
YTO aHATM3 JTAHHBIX MOJKET JIaTh — 9TO MATTEPH, a /LIS BBISICHEHUS IPUYUHBI TATTEPHA
HY>KHBI JIOTIOJTHUTE/IbHBIE JIAHHbIE, B ]AHHOM CJyYae HA/I0 U3y4aTh MpUTOK (ocdopa
B MO3T HOBOPOJKIEHHOTO B TIpottecce GepeMeHHOCTH (0UeHb CIOKHO!) u (W) ypoBHU
6JIarOCOCTOSTHUSL POKEHUIT (3HAYNTEIBHO TIPOIIE).

ToBOPST 0 TIOJTHOTE UBJIOKEHUSI MATEPUATIA B IAHHOM yueOHUKE, aBTOP UMEET B BUJLY
[OJTHOTY PACKPBITH MPOGIEMaTUKI CyMMapHU3allui U KOPPEJIUPOBAHKS HA YPOBHE
OJTHO- ¥ JIBYMEPHBIX pactpenesnennii. Cirydail oHOr0O IPU3HAKA PACCMOTPEH B IJiaBe 2.
[maBa 3 TpakrtyeT ciydaii, Korja B aHaJn3 BKIIOYAIOTCS [Ba mpusHaka. [Ipu aTom
OT/IEJTBHO IIPOAHAIN3UPOBAHBI 33/1a41 KOPPEJUPOBAHUS /IJIsl CUTYAIHil, B KOTOPBIX ()
oba 1pusHaKa KojaudecTBeHHble, uian (6) oba npusHaKa KaTeropu3oBaHHbie, Win (B)
OJINH — KaTerOPM30BAHHBIIA, & IPYTON — KOJMUeCTBEHHBIN. Bo Bcex Tpex ciydasx uiest
KOPPEJIMPOBAHUS TIPOBOMTCS, UCXOJIsI N3 OCHOBHOI 1€ — YJIyuIleHus TIPeCKa3anust
3HAYEHWI OJTHOTO TIPU3HAKA 0 3HAUYEHUSIM Jpyroro. [louemy-To aTa 10BOJBHO TOITY-
JISIpHAsT WJlesl He HAlllla CBOETO OTPAKEHUsS B CYNIECTBYIONMX yyeOHuKax. [Toatomy
UBJIOKEHIE AaBTOPOM JIsKe TAKUX JOBOJIBHO TPAAUIMOHHBIX TEM, KAK JMHENHAST PErpec-
cus (curyanus (a)) u TabnuuHas perpeccust (cutyaiust (B)) MOJyYaeTcs: JOBOJbHO
CBEKMM W IIparMaTudeckn opreHTrpoBanibiM!. Uto kacaercs curyanuu (6) KaTeropu-

1 3ech xoueTes cocnaThesl Ha MHEHHe pelleHsenTa yueonnka [17]: «BbIIeso ToabKo 0/IHO U3 MHOTUX
YCIEITHBIX MECT yueOHHMKA: sI COMHEBAIOCh, YTO YUTATENb KOTa-I1100 CHOBA BCTPETHUT TAKOE JETANbHOE
U TIPEBOCXO/IHOE OIUcaHne Koppeasiuonubix nousituii> (Computing Reviews of ACM, June 2011).



30BaHHBIX ITPU3HAKOB, TO 3/IeCh UCIIOIB30BAHA M BOBCE HETPAAUIIMOHHAS HJlesl. 3a cUeT
IpPUMEHEHUS TaK Ha3bIBaeMbIX MH/eKCOB KeTie ymaercs npeactaButh Koahuiment
Xu-KBajpat, BBegennblii K. [Tupconom /it mpoBepKM TUIIOTE3bI O CTATUCTUYECKON
HE3aBUCHUMOCTH KaTerOPM30BAHHBIX TIPU3HAKOB, KAK MepPy MX KOPPEJAIUU, U Ha 3TOM
OCHOBE BU3YaJM3MPOBATh CTPYKTYPY CBA3U MEXK/Y 3HAUYCHUSAMU IIPU3HAKOB. B apyrux
yueOHUKAX YUTATES] CIIEUAIbHO TPEAYIPER/IAIOT: BEJMUIMHA XU-KBaJIPaT He XapaKTe-
pHU3yeT yPOBEHb CBA3M M HE MOJKET MCIIOJIb30BATDHCS JIJI €€ OIIEHKH; aH HET, COIJIaCHO
npejcTaBjieHHOMY 110/1xoay — Moxet! I'y1aBa 4 1aeT BO3MOXKHOCTD «O/IHUM TJIa3KOM»
B3IJISIHYTh HA METO/IbI aHAJIN3a MHOTOMEPHBIX JaHHbIX. [IprBoAATCSA Ba OUEHD TOIY-
JIIPHBIX METO/Ia, OJIMH I cyMMapusanuu (Meto/; K-cpeiHuxX KJIacTepHOTo aHAJIN3a),
ApyToii [ist KoppenupoBanus (HauBHbIH DBaitecoBekuii! kimaccudukarop)?. Beidop
METO/IOB ONPEIETIAETCS] He TOJBKO MOMYASIPHOCTHIO, HO ¥ BO3MOKHOCTBIO U30€kKaTh
CJIOKHBIX (DOPMYJI U BBIBOJOB TIPU UX 00bsICHEHUM. Bce M3JI0KeHe UILIIOCTPUPY-
€TCsl Ha TPUMePax KOHKPETHBIX JIAHHBIX, B OCHOBHOM CKBO3HBIX, KOTOPBIE IPUBOJSATCS
B BBOZHOI ryiaBe 1 BMecTe ¢ acCOMMPOBAHHBIMK MPOOJEMaMU aHAIU3a JTaHHbIX.

VMerornuecs: pycCKOsI3bIYHbIE YIeOHUKU aHAIM3a JaHHBIX JIMOO0 JeNat0T CUIbHbIIM
MEePEKOC B CTOPOHY 33/1a4 OI[EHKU BEPOSITHOCTHBIX PACTIPEAETICHUI U TTPOBEPKU CTaTH-
ctryeckux rumnorte3 (kak, Hanmpumep, A. C. Aiteazsn, U. C. Entoxos, JI. /. MemankuH,
1983; 10. H. Tropus, A. A. Maxkapos, 2003; M. B. Jlarytus, 2009), 1160 ¢ MecTa B Kapbep
[EPEXO/AT K Peaju3aui METOJ0B MHOTOMEPHOIO aHa/i3a JaHHbIX Ha KaKOM-JTH00
npuksaagaHoM nakere mporpamm (B. H. Kanununna, B. 1. Conosses, 2010; A. I1. Kyumra-
nues, 2006), 1u6o xe caunikom crenuanbtbl (H. T. 3aropyiiko, 1999; B. T. MupxkuH,
1985). laHublil yueOHUK He OTHOCUTCS HU K OJHON U3 9TUX KaTEropuil.

Jlpyrue 0coGeHHOCTH YUeOHUKA COCTOST B CIIE/LYIONIEM.

Bo-nepesuix, 0CHOBHOE M3JI0KEHUE PACTIPE/IETIEHO TI0 TPEM OTHOCUTEIBHO HEe3aBUCH -
MbIM JINHUSIM: <IIPEJICTABJIEHIE>, «(DOPMYJIUPOBKay U «BbIUUCIeHIE>. B taHHOM yueb-
uuke OyKBol «I1», «D» u «B» B pyGpukaiiun mojgnaparpahoB 03HAYAIOT, UTO JTaHHbBIE
nozaparpadgbl OTHOCATCS K JIMHUSAM <IIPEJICTABICHIE>, «(POPMYIUPOBKA» U «BBIYHC-
JieHue» cooTBeTCTBeHHO. «[IpencraBieHmes He COMEPKUT MAaTEMATUIECKUX (DOPMYT
¥ Ha KOHKPETHBIX JTAHHBIX MMOKA3bIBACT 33/I1a4y, METO/[ €€ PEIIeHMs, a TAaKKe KOMMEHTa-
puHU K pe3yJibTaTaM, Korja aTo HeoOxoaumo. Hamnpotus, B «(hopMyInpoBKe» cOCpeo-
TOYEHBI BCe MaTeMaTHYECKUE IETAJIN TOCTAHOBKY 33/1a4M U METO/Ia. B «BbrunciaeHun»
0OBSICHSIETCST, KAK TPOBECTU BBIYUCJIEHHUE C UCTIOJIH30BAHUEM BBIYUCIUTENHHOM CPEIbI
MarJIa6. JKenarenbHo, 4TOObI YMTATEb MMEJI JOCTYII K 9TOI cpeje. YuebHas Bepcus
MarJIaba, 0co6eHHO B OPUTHHAILHON HepyccupUIUPOBAaHHOI BEPCUM, CTOUT COBCEM
Hegoporo. Mcnoabsoatnue MarJlaba B KOHTEKCTE pacCMaTPUBAEMbBIX IOHATUN U METO-
JI0B He TpeOyeT MPOrpaMMUCTCKUX HABBIKOB. A3bl paboThl Ha MatJlabe o6bsicHSIOTCS
B IIPUJIOKEHUH K JaHHOM KHure. Takum 06pasoM, KasKAblil ykTaTe] b MOKET BbIOpaTh
TaKOM C110c00 M3JI0KEeHMs, KOTOPBII eMy HarboJiee OAXO0/IMT.

Bo-emopuix, TpUMeHSETCS YeTHIPEeXyPOBHEBAS CTPYKTYPa CAMOCTOSITEIbHBIX 3a/1a-
HUI, TPe/[Ha3HAYEHHbBIX [IJIsT AKTHBU3AI[MH PAGOTHI YU TATEJISE:

1 Baitec Tomac (Bayes Thomas, 1702—1761) — anrsmiickuii <ienpodeccHoHanbHbIi» MaTeMaTHK,
ubst paboTa cTasa M3BecTHA TmocJe ero cmeptu. Hamncanne «Baiiecy Guriske K aHTIIMIICKOMY [TPOU3HOITIE-
Huto hamuin, «baiinzs», yem ykopennsmasics: B Poccun hopma «Baitec». ABTOp Hactansaer Ha mepexojie
K 9TOMY 60JT€€ KOPPEKTHOMY MPOU3HOTIIEHUIO, UMESI B BHILY, YTO YUTATEJH TAHHOTO TEKCTA — JIOII MEKITY-
HAPOJIHBIX KOHTAKTOB, B KOTOPBIX IpousHoleHne «baiiec» HeyMecTHO, TaK KaK BOCIIPOU3BOAUT [TPOU3HO-
IIEHITe aHTINICKOTO ¢T0Ba «biasy, 03HAYAIOIIETO «IIPE/IB3SITOCTh>.

2 O nomyIApHOCTH STUX METOIOB FOBOPHT, HAIPHMED, TOT (DaKT, UTO UX BKIIOUMIN B HEPBYIO OUePEh
6ubauorekn porpamMm MaxayT AUt TPOBeIeHNsT 0OJAYHBIX BHIYUCJACHUN Ha TAK HA3BIBAEMBIX OOJBIINX
nanubix (URL: http://mahout.apache.org/).



1) «paboune mpuMepbi», KOTOPbIE TIPOCTO UILTIOCTPUPYIOT PaboTy TOTO UM HWHOTO
METO/1a; B Havajie Kax/[0To U3 HUX HA KOHKPETHOM IIpUMepe TTOKa3bIBAETCs, KaK IIPO-
BECTH pacyeT ¥ MHTEPIIPETAINIO PelleHts, KOT/Ia 9TO YMECTHO, a 3aTeM JIaeTcsl 3a/la-
HIIE JIJISI «CAMOCTOSITETTbHON paboThl» — MOBTOPHUTH TO JK€ HA IPYTUX JaHHBIX. VIHOTIA
3a/laHuUE JIA€TCS B BUJIE «BOIIPOCA» C FOTOBBIM OTBETOM — 3TH 33/IaHUS TOXKE CJIEyeT
BBITIOJTHATH CAMOCTOATEIBHO; OTBET IPUBOAUTCS TOJDBKO JIJISI CBEPKH;

2) «3ajanusi> — OoJiee CJIOKHBIE 33[[a4d, B KOTOPBIX UMEETCSI OMpPeeeHHbII
HeOPMaTIbHBIN 9JIEMEHT, HAITPUMED HEOOXOAUMOCTH CO3/[AHUsI HOBOTO MHOKECTBA
HMaHHbIX (10 OIpe/eJIeHHOMY TIPABUJIY ) UK Ke HeOpMaIbHBIN CII0c0b WHTEPITpeTa-
nu;

3) «IpoexThi» — etie 6oee CIOKHBIE TIPOOIEMBI, B KAKOH-TO MEPE UMHUTHPYIOI[IE
Hay4HbIe TIPOEKTHI U TPEOYIOIINE TIPOBEACHUS HEGOMBIIOr0 HAYIHOTO MCCICHOBAHUS;

4) «BOMPOCHI» — MaTeMaTUYECKIE MU BHIYUCIUTEbHbIE TIPOOJIEMbI JIJIs1 TEX YUTa-
TeJield, KOTOPbIe BCe JKe He DOSITCST MaTEeMATUKM; OHH, KaK TPABHUJIO, CHAOKEHbBI OTBe-
TaMu — 760 B SIBHOM BHJIE, TUOO COMEPIKATCS B caMOil (hOPMYJIMPOBKE BOMPOCA.
Ho aT0 He 3HaunT, 4TO MX He Ha/MO peniarh camoctodTesbHO. Hamo. OTBeThl nMpuBo-
JSTCsI JIALTD I IPOBepKU. Beero B yueOHUKe comepskatcst 27 pabouux MpUMepOB,
8 sajanuii, 6 TPOEKTOB U 54 BoTpoca. DOJIBITMHCTBO PEIeHUI COITPOBOKAAETCS KOM-
MeHTapusaMu 6oJiee 06IIETO XapaKTepa, OIYac TAJTeKO BBIXOSIIMMI 32 PAMKHI JIaH-
HOrO ciydas. KoMMeHTapuu HOCST YHUKAJIbHbII XapakTep u 6ojiee He MOBTOPSIIOTCS.
[ToaTomy coBeTylo BHUMATETbHO 3HAKOMHUTHCSI CO BCEMU MPUMepPaMU KOHKPETHOTO
aHaM3a.

B-mpemuvux, BBOISATCS caMble COBPEMEHHBIE METO/[bl BBIYUCIUTEIbHON HAYKH, TAKHUE
Kak GyTCTPIII [/t OLEHKH JIOBEPUST K PE3YJIbTaTaM U 9BOJIOIMOHHBIE aJITOPUTMBI JIJISk
OTNITUMU3AINN HEJIMHEHHBIX KPUTEPHUEB.

Kpowme Toro, ¢ yueToM cCOBpeMeHHOI TeH/IEHIIUN YAeJSITh U JIeJly BpeMsi, U 1oTexe
vac, B yueOHIKe MPECTaBIEHO HECKOIBKO KaPTUHOK M € TIOJICOTHH ITYTOK U3 COBpe-
MEHHOTO (DOJIBKIIOPA, ¢ IOMOPUCTHYECKON CTOPOHBI MJILTIOCTPUPYIOIIUX 00CYKIaeMbIe
noHsATHs. B KOHIle Kakmoil riaBbl uMeercss HeOOJbION pasaesn «KeraT roBopsis,
B KOTOPOM Pa3MeNieHo HEKOTOPOe KOJWYECTBO aHEKJOTOB, CBSI3AHHBIX C TEMAaTUKOHN
TJIABBL.

VueOHUK OCHOBaH Ha Kypcax aBTOpPa JJisl CTY/IEHTOB (GaKaJaBpHaTa U MarucTpa-
Typbl B Bupkbek-romiemke Jlonnonckoro yausepcurera (2004—2010), ais caymare-
seit ITkoubr ananusa ganubix npu dugexce (2008—2010) u crymeHToB OakamaBpuaTa
U MarucTPaTyphl OTACTCHUN MPUKIATHON MATEMATUKU U TTPOTPAMMHON WHKECHEPUU
HarmnonanbpHOTO MCCI€I0BATENBCKOTO YHUBEPCUTETA BhIcieil MKOoJIbl 9KOHOMUKHN
(2008—2013). B HekoTOPOIT Mepe ero cojepsKaHue cjaeiyer Moemy 0oJjiee TOJTHOMY
AHIJIOA3bIYHOMY yueOHuKy [17].

XO0Tst OCHOBHOI TEKCT HAIMCAH TaK, YTOOBI €r0 MOT OCBOUTDH YEJOBEK, HE M3YYaB-
T BBICIIIYIO MAaTeMaTUKYy, HEKOTOPOe 3HAKOMCTBO € Hel, KOHEeYHO, 1moJie3H0. Peub
UJIET TIPEX/Ie BCero 06 a3ax MaTeMaTHIeCcKoro aHaam3a (MoHsTust GYHKINH, ee TPOU3-
BOJTHOM, TOUeK MUHUMYMA ), TEOPUU BEPOSITHOCTEN (YacTOTa U YCJIOBHASI BEPOSITHOCTD,
(byHKIMS TIIOTHOCTH) M TEOPUU MHOKECTB (HMOHATHUSA BKIIOYEHUS MHOXKECTB ¥ IIPH-
HA/IJIESKHOCTH 9JIEMEHTA JIAHHOMY MHOKECTBY ).

Terepb HECKOIBKO CJIOB TIO CYIIECTBY COleP:KaHusl yueOHMKa. B HeM YeThipe rJIaBbl.
B nepsou enase paccMaTpuBaioTCs OCHOBHBIC THIIBI M ITPUMEPBI 33/1a4 aHAJIN3A JAHHbBIX
Ha OTHOCUTEIbHO HEOOJIBIINX MPUMEPaX JaHHbIX. Bo 6mopoil 2iase paccMaTprBaioTest
OCHOBHBIE IOHATUS OJTHOMEPHOTO aHAIN3A, T.€. AHATIM3a UHAMBULYJILHBIX IPU3HAKOB.
B mpemweii 2nase paccmarpuBaioTCs OCHOBHBIE TOHATHS ABYMEPHOTO aHA/IN3A, T.€. aHa-



JI3a Tap MpU3HaKoB. B uemseepmoii enage paccMaTpuBaIOTCS /[BA MOIMYISPHBIX METOA
MHOTOMEPHOTO aHaJn3a JAaHHbIX: HAauBHBIN DaliecoBckuil kiaccudukaTop U MeToj
K-cpeanux kiactepHoro ananusa. B 3akiqiodeHnn Ha IpUMepax aHaau3a peaabHBIX
JMIAHHBIX TOKa3bIBACTCS, UTO aHAJIM3 JaHHBIX — 9TO JaJIeKO He BCe.

B pesysbrare usydeHus Mmatepuaia yueOHUKA CTYIAEHT OyeT:

3Hamo

° OCHOBHBIE IIOHATHUS aHAJIN3a JaHHBIX U CMEKHBIX JUCIIUILINH;

* OCHOBHBIE ITOHATUSA ¥ METOIbl BU3YAJN3AlUN U aHAIN3a UHAUBUYJIHHBIX TTPU-
3HAKOB;

* OCHOBHBIE TIOHATHS U METOIbl aHAJIN3a ¥ BU3yaJIu3aluy 1ap MPU3HaAKOB, BKJIIO-
yas CHTyal[iK, Korja oba NpU3HAKA KOJIMYeCTBEHHbIE, 00a IIPU3HAKA HOMUHAJIbHbIE
WJIM OJIVH TIPU3HAK KOJIMYECTBEHHBIN, a BTOPOI — HOMUHAJIbHBII;

e nauBHbII MeTos; Balieca g knaccudukamm MHOTOMEPHBIX 0OBEKTOB, €ro 000~
CHOBaHUE ¥ CIOCOOBI OIEHKU TOYHOCTH TIPOTHO33;

* Metron K-cpemHUX JJIs KJaCTEPHOTO aHaJlNW3a JaHHbBIX, €T0 KPUTEPUH 1 WHTE-
JIEKTYaJIbHYIO BEPCUIO, OCHOBAHHYIO Ha aBTOMATH3AIlUU BHIOOPA YNCJIA KITACTEPOB U MX
HaYaJbHBIX IIEHTPOB;

Yymemo

* NPOM3BOAUTH MPEABAPUTEIbHOE MPEOOPa3OBaHKE JAAHHBIX MyTeM OMHAPHOTO
MePEeKONPOBAHNUS KaTeTOPUil HOMIHATBHBIX TPU3HAKOB, IIEHTPUPOBAHUS U HOPMAaJTH-
3aIlU¥ TTPU3HAKOB,;

* TIPOW3BOJAUTH aHAJIU3 W BU3YAIU3AIUIO PACTIPEeICHUN WHANBUAYAIbHBIX TIPU-
3HAKOB, BKJIIOUAs MCIIOJb30BaHNE BBIYNCIUTETBHOTO METO[a OYTCTPAII AJisI TOCTPOE-
HUS JOBEPUTETHHOTO WHTEPBAJa CPETHETO 3HAYCHNS;

* CIOJIb30BATh METOBI aHAJIN3A W BU3yaTU3AIIUN pacIpeicICHU Tap mpu3Ha-
KOB, BKJIIOYAs JIMHENHYIO PErPECCUIO /i 1ap KOJIMYECTBEHHbIX PU3HAKOB, Tab 1y~
HYIO Perpeccuio KOJNYeCTBEHHOTO MPU3HAKA TT0 HOMUHATHLHOMY TTPU3HAKY W aHAIHU3
CTPYKTYPbI TaOJIUIBI COIPAKEHHOCTH /IS AP HOMUHAJIBHBIX IPU3HAKOB;

* CIOJB30BaTh HAMBHBIN MeTo/ baileca nys kaaccudukamy JOKyMeHTOB 1 Olle-
HUBATb TOYHOCTD MTOTYIaeMOTO TIPOTHO34,;

* HCIOJB30BaTh MeTOA K-CpelHNEX, a TaKKe ero MHTEIICKTYAIbHYIO BEPCUTO, TS
KJTACTEPHOTO aHAJIN3a JaHHDIX;

61a0emv HABLIKAMU

*  KOMIIBIOTEPHOIO IIPEACTABIEHUS U IIPeBAPUTEIbHON 06PabOTKH PeabHbIX JAaH-
HBIX I METQJIJaHHBIX Pa3MepaMu 10 HECKOJBKUX JICCATKOB MMPU3HAKOB U HECKOJIBKUX COT
0OBEKTOB;

e ucnoabzoBanusa MarJlaba win APyroil BbIYMCIMTENbHON CPelbl JJIsl aHaIn3a
1 BU3YQJIN3AINH Pacpeie/IeHU MHANBUYATbHBIX TPU3HAKOB HA PEAThHBIX JaHHDIX;

e ucnoabszoBanusa MarJlaba win APyroil BbIYMCIUTENbHON CPebl AJIsl aHaIn3a
1 BU3YQJIN3AINH CBA3e MEKIY MMapaMy TPU3HAKOB HA PeaTbHbBIX TAaHHDBIX;

e ucnoab3oBanusg MarJlaba win Apyroil BEIYMCAUTENbHON CPebl IS KiacTep-
HOTO aHAJIN3a MHOTOMEPHBIX PEATbHBIX JAHHBIX MeTOZIOM K-CPeHUX U er0 UHTeJJIeK-
TyaJbHOU BepCUen.

Takum 06pa3oM, B pe3yJibTare U3y4eHus PeACTaBIeHHOro MaTepuasia CTyAeHT 10J1-
JKEH Oblms KOMRemeHm1viM B TOHUMAHUY OCHOBHBIX TIOHATUN 1 METO/I0B, CBA3aHHbIX
C aHAJM30M JIaHHBIX, TIPEK/ie BCETO B pa3pese OTAeJbHBIX MPU3HAKOB WJIN Tap TpH-
3HAKOB, a TaKKe YMCHUU UX TPUMEHSTD [IJI aHAJIN3a PEATbHBIX JaHHBIX C UCIIOJIb30-
BaHMEM BbIYUCJIEHUI HA COBPEMEHHBIX BBIUNCIUTENbHBIX YCTPOHCTBAX. DTO OTHOCUTCS
U K TIPEJICTaBJIeHHBIM MHOITOMEPHBIM MeTO/ilaM: HauBHOMY baiiecoBckomy kiaccudu-



KaTopy u MeTojy K-cpelHuX KJIAaCTEPHOTrO aHAIM3A C ero MHTEJJIEKTYaJIM3uPOBAHHOM
Bepcueil. Bosee moapo6HO KOMIIETEHIMK OIMCAHbI B AaHHOTAIMSX K OT/AE/IbHBIM IJIaBaM.

YueOGHUK OPUEHTHPOBAH Ha MCII0Jb30BaHUE B Kypcax aHaju3a JAaHHBIX, MaTeMa-
TUYECKOH CTATHCTUKU W MAITMHHOTO 00y4YeHus B GaKajJaBpuaTe WHKEHEPHDBIX CIICIH-
aJIbHOCTEN — IMPUKJIAJAHON MaTeMaTHKH, WHOOPMATUKHU, ITPOrPAMMHON MHIKEHEPUH,
a Tak’ke B KypcaX KOJIMYeCTBEHHBIX METO/IOB /IJIsl HEMH)KEHEPHBIX CIIeIUaTbHOCTEN —
9KOHOMUKHU, COIMOJIOTUY, MeHe/KMeHTa, reorpaduu, ¢uionoruu u np. [lag veun-
JKEHEPHBIX CIIEIUAIbHOCTEH Y4eOHUK MOKET ObITh PEKOMEH/I0BAH K MCIIOJb30BAHUIO
U B MarvucTepckux mporpammax. Kpome Toro, yueOHUK MOKET ObITh UCIIOJAb30BaH JIJIsT
CaMOCTOSITEIbHOTO M3Y4YEeHUsI TEMU, KTO TI0 XapaKTepy CBOEH AeATeNbHOCTH XOTEJ Obl
WCITI0JIb30BATh JJAHHBIE U METO/IbI UX aHAJIM3A.

B sakJioueHne Xouy BbIPasuTh GJIaroapHOCTh MOMM KoJjuieraM 1o pabore 8 HITY
BIII3, caenaBmuMu BO3MOKHOI 1 IPUATHON paboTy HaJl TaHHBIM yUeOHUKOM, 32 BHU-
MaHue U noJ/Iep:KKy. Peub njiet npeskze Bcero o Kadenpe anaansa JaHHbIX 1 UCKYC-
CTBEHHOTO WHTEJLIEKTa, JIAOOPaTOPUN MHTEJJIEKTYaJbHBIX CUCTEM U CTPYKTYPHOTO
ananmsa (3asenyomuii kapeapoit C. O. KysHenos) n MexayHapoaHOIl 1abopatopun
aHa/mM3a u BbiOopa pemtenuii (pykosoauteab @. T. Aneckepos). E. JI. UepHsik B3siia
Ha cebs1 OJIMH U3 IUKJIOB BBIYUTKHU PYKONUCH. PEKOMEHIAIMU 1 MHOTOUYMCJICHHBIE
HonpaBKy peakTopa usgarenbersa «IOpaiit> E. B. Tkauenko OblLIM y4TeHbI IPU 0pPa-
6otke pykorcu. KoHeuHo, Bee ocTaronmecst OImMOKH — BCEIEIO0 Ha MOEI OTBETCTBEH-
HOCTH.



naBa 1
YTO TAKOE AHAJIN3 OAHHbIX?

B aToli BBOIHOI T71aBe paccKa3bIBAeTCsI, YTO TaKOe aHAIU3 JAAHHBIX U YeM OH OTJINYAeTCs
OT MareMaTHyecKoi cratuctuku. [IpuBoasiTcs mpumepsl 3ajiau aHaau3a JaHHbIX. BBoggTCS
JIBa OCHOBHBIX THIIA 33j1a4 aHAJIM3a JAHHBIX: CYMMapu3alus 1 Koppejanposanue. /laercs mpen-
CTaBJIEHUE O CXOJHBIX AUCIUILIMHAX, BO3HUKIIUX B CBSI3U C PAa3BUTUEM M PACIIPOCTPAHEHUEM
BBIYMCJIUTEIBHON TEXHUKA.

ITocsie n3y4yeHus AaHHOM TIaBbl CTYAEHT Oy/IeT:

3namo

* TIOHsATHE TaOJIHUIBI JAHHBIX <O0bEKT-TIPU3HAK>;

e OCHOBHBIE THUIIbBI 33/[a4 aHAJIM3a JAHHDIX;

* OCHOBHBIE TUIIBI ITKAJI TPU3HAKOB;

* OTJIMYMS B ITOJX0/[aX MaTEMATUUECKOHN CTATUCTUKY U aHAJIN3a JJAHHbBIX;

* TOHSTHUE O CBSA3AHHBIX TTOIX0/IAX;

ymemo

* (popmMupoBaTh TabIMIBI JAHHBIX 1 (POPMYIUPOBATH TUIIOBbIE 3a/laull MX aHAJIM3A;

* TIePeBOJINTH IAHHBIE B KOJTMUECTBEHHBIHN (hOPMAT ITyTeM CBeJIeHNsI HOMITHATBHBIX TPU3HAKOB
K COBOKYITHOCTSIM OUHAPHBIX;

enademo HABLIKAMU

* OTBICKaHWs TabJIMI[ TaHHBIX, CBSI3aHHBIX C TOI WM MHOU COAEPKATENbHOIN MPo6IeMOi,
B MHTepHere;

* TIPeZBapUTENBHOrO aHaIn3a TabJIWIL IaHHBIX Ha TPEIMET BBIABICHN BO3SMOKHBIX 3aj1a4,
OTHOCSIIIUXCS K CYMMapU3aIUK U KOPPEJUPOBAHUIO IPUBHAKOB;

° IepeBO/ia JAHHBIX B KOJIMUECTBEHHbII (DOPMAT ITyTeM CBejieHnst HOMUHATbHBIX TIPU3HAKOB
K COBOKYITHOCTSIM OMHAPHBIX PU3HAKOB.

1.1. UnniocTpaTusHbie Npo6nemMbl aHanM3a faHHbIX

ITpexie yeM nepexoanThb K 00CYKAECHIIO METO0B, PACCMOTPUM MTPUMEPBI aHHBIX
U 3a/1a4, CBA3AHHBIX ¢ UX aHaJN30M. YTOObI MPOUJLIIOCTPUPOBATH MbICJb, YTO aHa-
JIN3 JIAHHBIX MOKET IIPUMEHSITHCSI HE TOJBKO K OOJIBIIMM MHOMKECTBAM JaHHbIX, HO ¥
K MaJIbIM, TIEPBBII [IPUMED B3ST HAMEPEHHO OYeHb HEOOJIBUIMM. JTO TaKKe M0JIE3HO
C TOYKM 3PEHUsl TOro, YTO JaHHbIE MOXKHO YBUIETb TAaKUMU, KaK OHU €CTb, IIPOCTO
TJIsAZIs Ha TaOJIuILy.

IIpumep 1.1. Komnanuu

B tabu. 1.1 npuBomsTCs JaHHBIE O BOCBbMU KOMIAHUSX B Pa3pese CJAeAYIOUIUX [sATH [PU-
3HAKOB!

1) moxom — TOMOBOI HOXOM, MIIPA PYO.;

2) monst P — mosist peinka, %;

3) OIIl — umcsI0 OCHOBHBIX MOTPEOUTEEN;

4) Wut — ectb n Bemenne 6usmeca mo Vurteprety (+) win met (—);
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5) CeKTOp PKOHOMHUKHM — IIPEBAJIUPYIONAsl OTPACTb HAPOAHOTO XO3SHCTBA: a) XUMUST;
6) MeTaJlJIyprusi; B) TOPTOBJISL.

OO6paTuM BHUMaHKE Ha TEPMUHOJOTHIO: Tpadbl Tabr. 1.1, Kak u APyrux TabauIl TaHHbBIX,
COOTBETCTBYIOT NPUSHAKAM, CTPOKH — 006eKMAaM, & B CAMOU TabJIUIle HAXOISITCS 3HAUEHUsL TIPU-
3HAKOB.

Tabnuya 1.1
JlaHHBIE 0 KOMIIAHUSIX
Kommnanus Joxogn, Ilona P, % OIl Nnur CexTop

MIIpJL pyo. (na/uer) 9KOHOMUKHI
ABep 19,0 21,85 2 - Xumust
Anr 29,4 18,00 3 - Xumus
Acron 23,9 19,00 3 - Mertamryprus
Bmapr 18,4 13,95 2 + Xumus
Bpexk 25,7 11,15 3 + Merannyprust
Bymo 12,1 8,45 2 + Merannyprust
Buk 239 15,10 4 + Toprosus
Bypa 27,2 29,00 5 + Toprosist

IIpumeuanue. COBOKYIIHOCTb BOCbMU KOMIIAHUI OXapaKTePU30BaHA IISATHIO PA3HOTUIIHBIMM IIPU-
3HaKamMu. VIMeHa KOMITaHUI OTPaKal0T OCHOBHBIE TPYIIIIBI IIPOU3BOAUMON Tpoaykiuu (6o A, mubo B,
6o B).

XOTsT caMU JIaHHbIe HOCST YNCTO MILTIOCTPATUBHBIN XapaKTep, CIAEAYIONNEe BhIUUC-
JIUTEJIbHbIE TIPOOJIEeMbI IOBOJBHO TUIIMYHBI B aHAJIN3€ JaHHbIX:

*  OJHOPOAHOCTD. ECTb /I B JAHHBIX aHOMAJILHO GOJIbIIIE UK AaHOMAJIbHO MaJIble
KoMIaHuu? MOKHO JI yTBEPKAATh, YTO B JaHHBIX MEXaHUYECKH 0ObeNHEHbI Pa3HbIe
THUTBI KOMITAHWI?

e pusyanusanusa. OTobOpakeHne KOMIIAHUK Ha 9KPaHE TakK, YTOObI PaCCTOAHUS
MeXKIY UX HO3UIUAMU OTPakall CXOACTBO MEXKIY HIUMU: 4eM OoJiee TOX0KU KOMIIa-
HUM, TeM OJIMKe TO3UIUY;

*  eC/IM KJIaCTEPU30BaTh KOMIIAHUN B IPYIIIBI 110 CTEIEHU CXOACTBa, OYIyT JIU KJia-
CTEPbI COOTBETCTBOBATH OCHOBHBIM TpyTiniam npoaykiuu, A, b u B? Ecau na, To kakue
npusHaKy OyayT Hanbosee BECOMBI?

*  MOJKHO JIM BBIBECTH KaKKe-J1uOO0 TOUHbIE IPABUJIA /1Sl aTPUOYIIMK BUA IIPOLYK-
IIMU MCXOST U3 JIAHHBIX MPU3HAKOB? (DTH MpaBUJa 3aTEM MOKHO ITPUMEHUTD W JIJIsT
KOMIIaHWii, He BOIIEAIINX B AaHHYIO Tabuily (IIporHos));

*  MOJKHO JI1 OOHAPYKUTH KaKyIO-TMO0 B3aMMOCBS3b MEXKLY CTPYKTYPHBIMU IIPU-
3HaKaMM KOMIAHWil (TpU IIpU3HAKa clipaBa B TabJulle) M NPU3HAKAMU PHIHOYHON
aKTUBHOCTH (ZIOXOJ U JIOJIST PBIHKA)?

Vmeercst cepbe3nast CTPYKTYpHas pa3HUIla MeXIy MpusHakamu B Tabr. 1.1: He Bce
onu Kosmdyectsennbie! Ha camoMm zesie B a6 1.1 npezcraBiienbl Bee TP OOBIYHO pac-
cMaTpUBAeMbIe THUIIA TTKAJL:

1) Koruuecmeenmwvie, T.€. TaKue, JJisi KOTOPBIX OCMBICTIEHHA OTIEPAIs YCPEIHEHUS
ux 3HayeHuii. B tabsr. 1.1 TakoBbiMu sBIsAIOTCS npu3Haky «J{oxomn», «Tosst P» n «OIl»;

2) Ounapnuvie, T.€. TaKKe, KOTOPbIE JOIYCKAIOT TOJIbLKO 3HAYEHK, COOTBETCTBYIOIINE
OTBETaM «Jla» U «HeT»; TaKoB MpuaHak «HT» B Tabu. 1.1;

3) momunanvHole, T.e. TAKUE, KOTOPbIE JOTYCKAIOT HECKOJIbKO HellePeceKaonmxcs
kareropuii, takue kak «Cekrop» B Tabu. 1.1.

OO6b14HO GUHAPHBIE U HOMUHAJbHBIC IPU3HAKU PACCMATPUBAIOT KaK HEKOJIUYE-
CTBEHHBIE, T.e. «KaTeropu3oBaHHbie». Ha caMoMm Jiesie uX MOKHO MEPEBECTU B «KOJIMYe-
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CTBeHHbBIN» (hopMmar, npumuceiBast 1 otBety «a» u 0 — orBety <HeT». JIJIst OMHAPHBIX
IIPU3HAKOB 9Ta MEPEKOIUPOBKA TPUBHAIbHA. [HOMUHAIBHBINA MPU3HAK J[OJIKEH OBITH
CHavYajia «pacHielyieH» B CucTeMy OHHAPHBIX TIPU3HAKOB, COOTBETCTBYIOIINX OT/IENb-
HbIM KateropusM. Hanpumep, npustak «Cekrop» B Tabi. 1.1 Oyzer 3ameneH Ha Tpu
OUHAPHBIX MIPU3HAKA, COOTBETCTBYIONIMX ero kareropusm (tadu. 1.2):

o CeKTOp XUMUU;

* CekToOp MeTaLIypruy;

*  CeKTOp TOPTOBJIN.

Taxwe GuHApHBIE TIPU3HAKN YACTO HA3BIBAIOT (GMKTUBHBIMHU, WK «[AMMU» (OT aHTJL.
dummy — 4aypban).

Tabnuya 1.2
auHbie 0 kKoMnanusx u3 1a6. 1.1, npeoOpazoBaHHbIe B KOJIHYECTBEHHDIH (hopMaTt
Howmep [loxon Hons P OIl Wnr Xum Mera Topr
1 19,0 21,85 2 0 1 0 0
2 29,4 18,00 3 0 1 0 0
3 23,9 19,00 3 0 0 1 0
4 18,4 13,95 2 1 1 0 0
5 25,7 11,15 3 1 0 1 0
6 121 8,45 2 1 0 1 0
7 23,9 15,10 4 1 0 0 1
8 27,2 29,00 5 1 0 0 1

Cpennee 22,4 17,06 3,0 0,625 0,375 0,375 0,25

Bssre cpennero 3Havenus y 6unapuoro 1/0 npusHaka BIIOJHE OCMBICIEHHO: CPeJI-
Hee 3HAYEHKE eCTh He YTO MHOE KakK JI0JIs JaHHON KaTeropuu B MHOKECTBE 0ObEKTOB!
ITOT (hakKT, a TakKe eMy 1oA00HbIe, IPUBOAAT K TOMY, 4TO B AaHHOM Tekcre 1/0 npu-
3HAK CYUTAETCS KOJTMYECTBEHHBIM.

IIpumep 1.2. Upucsr

Wpucer — moskanyii, camast momyJsipias tabsmia ganneix (tadu. 1.3). Ona xapakrepusyer
KOJLJIEKIUIO, COOpaHHY0 O0TaHUKOM J. AHJIEPCOHOM 1 UCIojb30BaHHYI0 P. Duiepom (1936)
B €r0 OCHOBOIIOJIATAONIEN CTaThe O JMCKPUMUHAHTHOM aHasm3e. B vell npejcrasienst 150 mser-
KOB MPHUCa, OTHOCSIINXCSA K TpeM Bunam: 1. Iris setosa (manmonn), 11. Iris versicolor (TeTpamionn)
u IIL. Iris virginica (rexcarmounn), no 50 sK3eMIIAPOB U3 Kaxa0r0. [[pusHaku TabJmIBI OTHO-
cATCS K MI3MEPEeHNSIM JUIMHBI U MIUPUHBT yarreauctuka (wl, w2), a Taxke sernecTkoB (w3, w4)
(puc. 1.1).

Buner onpezenstiores reHotunom, a npusHaku — ¢geHorurioM. BosunkaeT Bompoc, MOKHO
JIV OTTNCATh BU/IBI B TEDMUHAX M3MEPEHHBIX MPU3HAKOB. XOPOIIIO U3BECTHO, YTO BU/I | 10BOJIBHO
JIETKO OT/IEJISIETCST OT OCTANIbHBIX, Toraa kak Buzbl 11 u 111 nepemernaner (Bo3aMo:kHO, 13-3a OMIIN-
60K AHzepcoHa B onpeeseHnn BUA0B). BMecTte ¢ TeM 60TaHUKH TIOHUMAIOT, YTO BBl MOKHO
HEIJIOXO OTJIUYHUTH 10 (hOpPMe JIerecTKa, KOTopasi B OIpe/leJIeHHON CTeleHn OTPasKaeTcst T1I0-
MA/IBIO TIPSIMOYTOJILHUKA, T.€. IPOU3BEIeHIS W3 - W4.

W3 npobJieM aHaM3a AaHHbIX, OTHOCAIIUXC K 9TOH TabJmIle, yKaKeM CJAeAyIOUIne:

* CYIIECTBYET JIM TIPU3HAK WJIX TIapa IPU3HAKOB, pacipe/iesieHiue KOTOPbIX NH(GOPMATUBHO
C TOUKM 3PEHUS ONMUCAHUS TPEX BUIOB UpUCA?

*  BUByaJIM3alMs JaHHBIX HAa 9KPaHe TaK, 4TOObI OXOKUE OOBEKThI OTOOPAKAIUCH OJI13-
KUMHU JIPYT K IPYTY TOUKAMU;

°  aHa/M3 CBSI3U MEXK/y Pa3HBIMU M3MEPEHUSIMU, BKJIIOYAsi BOBMOKHOCTD TIPE/ICKA3aHMS,
CKa’keM, Pa3MepPOB JIeTecTKa Mo pa3MepaM JalleJuCTuKa;

* BO3MOJKHOCTb CBEJIEHWSI BCEX IPU3HAKOB B €IUHBIN HEMOCPEJACTBEHHO HEM3MEPUMBII
MPUBHAK «Pa3MepP» I[BETKA.
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YarmenaucTux

Jlenectok

Puc. 1.1. Yamenucruk (sepal) u nenecrok (petal) B uperke upuca

Tabnuua 1.3
Hpucsi (B ctpokax — ungopmanus o 150 s3Kk3eMIIsIpoB upuca,

HU3MEepPEeHHBIX N0 YeThIPeM IPU3HAKaM B pa3pe3e TpeX BUIOB)

Ne I Iris setosa II Iris versicolor [T TIris virginica
wil w2 w3 w4 wil w2 w3 w4 wil w2 w3 w4
1 51351403 64324515 6.33.36.02.5
2 44321302 55243811 6.7335.721
3 44301302 57294213 72366.125
4 50351606 57304212 7.7386.722
5 51381602 56293613 72305816
6 49311502 703247 1.4 74286119
7 50321202 6.8284.81.4 7.63.06.6 2.1
8 46321402 6.1284.71.2 7.7286.720
9 5.0331.40.2 49243310 62345423
10 48341902 58273912 7.73.06.123
11 4.83.01.40.1 5.8264.01.2 6.83.05.52.1
12 50351303 55243710 64275319
13 51331705 6.73.05.0 1.7 57255020
14 50341502 57284113 69315123
15 51381904 6.73.14.41.4 59305118
16 49301402 5.5234.013 63345624
17 53371502 51253011 58275119
18 43301101 6.6294.61.3 63274918
19 55351302 5.023331.0 6.03.04.818
20 48341602 69314915 72326.018
21 52341402 5.020351.0 62284818
22 48311602 5.63.04.51.5 69315421
23 49361401 5.63.04.113 6.73.15.624
24 46311502 58274110 6.43.1551.8
25 57441504 63234413 58275119
26 57381703 6.13.04.6 1.4 6.13.04.91.8
27 48301403 59304215 6.0225.01.5
28 52411501 6.0275116 64325323




Oxonuanue mabn. 1.3

No I Iris setosa II Iris versicolor 1T Iris virginica
wil w2 w3 w4 wil w2 w3 w4 wl w2 w3 w4
29 47321602 56253911 5.8285.124
30 45231303 6.7314.715 69325723
31 54341702 62224515 6.73.05223
32 503.01.602 59324818 77266923
33 46341403 6.32549 1.5 63285115
34 54391304 6.0294.51.5 6.53.05.220
35 50361402 56274213 79386.420
36 54391704 62294313 612656 1.4
37 46361002 6.03.44.51.6 6.4285.621
38 51381503 6.5284.61.5 6.32.55.01.9
39 584.01.202 57284513 49254517
40 54371502 6.1294.7 1.4 6.83.25923
41 50341604 55254.01.3 7.13.059 2.1
42 54341504 55264412 6.73.35.725
43 51371504 54304515 63295618
44 44291402 6.3334.71.6 6.53.05.51.8
45 55421402 52273914 6.53.05.82.2
46 51341502 6.4294.31.3 73296318
47 47321302 6.63.04.4 1.4 67255818
48 49311501 57263510 56284920
49 52351502 6.1284.01.3 64285622
50 51351402 6.02.24.01.0 6.53.25.120

IIpumep 1.3. KomnbiorepHbie aTaku

C yueToMm pacTyliero 3HadeHus KOMIIbIOTEPHBIX CeTeil BO3pacTaeT OMaCHOCTDb MX aTak, IpH-
BOJAIIMX K HAPYHIEHUIO (DYHKIMOHUPOBaHus ceteit. [TpocTeinmii B ataku — OTKa3 0T 06¢y-
skuBanus [denial of service DoS]. Takas araka npu4uHSIETCss KOMaHIAMHU, KOTOPbIE TPUBOJSIT
K TOMY, 4TO KaKOH-JIO0 pecype — IMPOIECCOP, MaMsITh, BXOJHOE YCTPOHCTBO — OKA3bIBAETCS
HeperpyskeH u He MOXKeT 00CTyKUBAThL HOPMaJIbHble 3apochl. /[Be Takne ataku B Tabur. 1.4
noMeueHbl Kak «apache2» u «smurf».

Tabauya 1.4
IZ[a':lHHI)Ie O KOMITBIOTEPHBIX aTaKaxX

Pr |BySD| SH | SS | SE|RE| A | Pr | ByS| SH | SS |SE|RE| A
Tep 62344 16 | 16 | 0 | 094 | Ap | Tep | 287 | 14 | 14 | 0 | 0 | no
Tep | 60884 | 17 17 1 0.06 | 0.88 | Ap | Tcp | 308 1 1 0| 01| no
Tep | 59424 | 18 18 |1 0.06 | 0.89 | Ap Tep 284 5 5 0 0 no
Tep | 59424 | 19 19 10.05|089 | Ap | Udp | 105 2 2 0| 0| no
Tep | 59424 | 20 20 |1 005 | 09 | Ap | Udp | 105 2 2 0| 0| no
Tep | 75484 | 21 21 [ 005] 09 | Ap | Udp | 105 2 2 0] 0| no
Tep | 76944 | 22 22 1005|091 | Ap | Udp 105 2 2 0 0 no
Tep | 59424 | 23 23 1004 | 091 | Ap | Udp 105 2 2 0 0 no
Tep | 57964 | 24 24 1004|092 | Ap | Udp 44 3 8 0 0 no
Tep | 59424 | 25 25 | 004 | 092 | Ap | Udp | 44 6 11 0] 01| no
Tep | 0 | 40 | 40 | 1 0 | Ap | Udp | 42 5 8 | 0] 0] no
Tep | 0 | 41 | 41 | 1 0 | Ap | Udp | 105 | 2 2 100 no
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IIpodoncerue mabn. 1.4
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Oxonuanue maon. 1.4

Pr | BySD | SH SS SE RE A Pr ByS SH SS | SE|RE| A
Tep 5 1 1 0 0 no | Iemp | 1032 | 510 | 510 | O | O | sm
Tcp 288 4 4 0 0 no | Iemp | 1032 | 511 | 511 | 0 0 | sm

Araxka ‘apache2’ HaresieHa Ha TOTYJISIPHBINA BeO-cepBep OTKPBITOrO MoJb3oBanus, Apache
HTTP Server, 3acTaBJisisi €ro HOCBUIATH KJIMEHTY OTPOMHOE KOJIMYECTBO «IYCTBIX» 3aIPOCOB
u nepenosusisi Gydepubie kananbl. Ataka ‘smurf’ mocburaer dasibIiIiBbie OTBETHbIE TOCTAHYIS,
<IUHTU», 110 PA3JIMYHBIM A/[PECAM, 3ACTABJISISI COOTBETCTBYIONINE KOMITBIOTEPHI OTBEUATD «ITHH-
ramMmu» ke 10 0OpaTHBIM ajpecaM. Eciiu riaBHblil apec «I1ojIeiaH» HapyIuTeJaeM, BO3HUKAET
MIKBAJI «I[IMHTOB», HAIIPABJISIEMBIX KaKOMY-JIU00 CepBepY U3 TPYIIIbI KOMIIBIOTEPOB CETH, Mepe-
MOJIHSSL €T0 BXOJ[HBbIE KaHasbl. Takas aTaka MOXKET HAUMHATHCA C «Pa3Be/[KM», OTBICKUBAIO-
mieit mpobaembl B cetr. IlomynapHbiii codhTBep AT IPoBeeHns pa3Beakn HasbiBaeTcss SAINT
[Security Administrator’s Integrated Network Tool].

Tabmuma 1.4 — coyvaiinast BeIGOpKA M3 JaHHbBIX, CHHTE3MPOBAHHBIX B OJHON
u3 jaboparopuii Maccauycerckoro texuosoruueckoro uneruryra (Bocron, CIITA,
www.lL.mit.edu/mission/communications/ist/corpora/ideval /data/ intex.html). ITpu-
3HAKU XapaKTePU3YIOT MAKET U ero UCTOUHUK.

1. Pr — Tum npoToKoJia, B JAaHHOM CJydae OfuH U3 Tpex: tep, icmp, udp (aTot npu-
3HAK — HOMUHAJbHBIN ).

BySD — uuciio GaiiToB B makere.

SH — kosinyecTBO CoeiMHEHUIT UICTOUHUKA 32 MOCJIETHUE [IBE CEKYH/IBI.

SS — umcno coepunenuii ¢ TeM JKe cepBEpOM 3a MOCETHUE [IBE CEKYH/IBI.

SE — nporenT ommboYHbIX COeANHEHNH.

RE — npolieHT coeluHeHni ¢ 0TKa3oM 00CTyKUBAHUSI.

A — tum ataku (ap — apache2, sa — saint, sm — smurf, 1 oTcyTcTBHE aTaK — NO).

I/13 cotHu 06bekTOB B Tabs. 1.4 mepsbie 23 — ataku cepsepa apache2, makers
24—69 — mopMambHBIE, cenyionue oquaHAAIATh, 80—90, COOTBETCTBYIOT pa3BeaKe
SAINT, u nocaenuue pecars, 91—100, — araku smurf.

ITpumepbt pobJIeM aHAIN3a TaHHbIX, KOTOPBIE MOJKHO HCCJIEI0BATH € HCIIOJIb30Ba-
HuteM Tadu. 1.4:

* HAliTW NPU3HAKU MAKETOB, KOTOPbIE MOKHO HCIIOJIH30BATh JJIST TOTO, YTOOBI
OTPeIeTUTh, HOPMAJIBHO JI (DYHKITMOHUPYET CETh WU JKe OHA aTaKOBAHa,

* BBISCHUTD, €CTb JIN CBSI3b MEK/Y UCIOJIb3YEMbIM ITPOTOKOJIOM W TUIIOM aTaKW;

* BM3YaJM3UPOBATDb JAHHBIE TaK, YTOObI OJM30CTH TOUEK COOTBETCTBOBAJA 110XO0-
JKECTH 3HAYEHUH IIPU3HAKOB COOTBETCTBYIOIIMX OOBEKTOB.

N Ua W

IIpumep 1.4. Masbie ropoja aHrIMACKOro moGepeskbsi

B Tab. 1.5 mpuBeIeHbl MLTIOCTPATHBHLIE JAHHbBIE O 45 MAJIbIX TOPOIAX 10TO-3amajia AHTIIIH.
JLuist 1ieteii conuasbHOTO TIAHUPOBAHUST UMEET CMBICI BBIIETUTH CPABHUTEIHLHO HEOOJBIIYIO
WX TPYTIY TaK, YTOOBI KaK/IbIil MOMABIINI B Hee TOPOJ TIPEACTABIISIT BECH «KJIACTEP» TTOXOKIX
Ha HETo ropojioB. B tabumiie ropojia ymopsiiodemsl o gucry sxuteneil. Hampumep, 21 cambix
MaJtbiX TopozioB uMeloT Menbirie 4000 sxuteneit kaskapiit. Yucmo 4000 B3siTO B KayecTBe pasziesu-
TeJis He cJry4aitHo. Bo-1iepBbIX, OHO KpyTiioe. Bo-BTOPBIX, OHO ITOMeYaeT 3HAYUTEIbHBIN Pa3pbIB
B 60see uem 1300 meskay Kunrckepesesiom (3672 jkuTesist) v CreyIoNuM 1o YUCAEHHOCTH FOPO-
nom Jlye (5022 sxutesst). Cremyiommuii 60bi10i paspbis — 1ocsie Jiuckspaa (7044), otaensioniero
9 ropo/IOB CPeIHEro pa3Mepa OT IBYX TPYII GOJIBUINX TOPOIOB, HACYUTBIBAIOIINX COOTBETCTBEHHO
6 1 9 TOPO/IOB COOTBETCTBEHHO. Pazziesnresib MeXK/Y IBYMs HOCJIEJHUMH TPYIIIAMU — MEXK/LY
Tasucrokom (10 222) u Boamunom (12 553). Taxk MBI TTOIYYUM TPH UITH YETHIPE TPYIIIIHI TOPOJI-
KOB, KOTOPBIC MOYKHO MCIOJIb30BATh YKPYITHEHHO MTPU COIMATBHOM MOHUTOPUHTE. A ZI0CTATOYHO
JIF OJTHOPOJTHBI ATU TPYTIIBI ¢ TOUKU 3PEHMST IPYTUX MMEIOTUXCS pr3HakoB? B pabote [18] moka-
3aHo, 4TO GOJIee OZIHOPOHBI B 9TOM MHOKECTBE HE YETHIPE, & CEMb KJIACTEPOB: OOJIBIINE TOPOJIa
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