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AJITOPUTMBbI AHAJIU3A JAHHbBIX U
MAaIMHHOE 00YYeHHe

Mbl KMBEM B BE€K 4-0M IPOMBIIIJICHHOW PEBOIIOLUH.
IlepBasi mpoOMBINICHHAS PEBOJIONUS MpHIIA C H300pETEHHEM
TKAIlKOTO CTaHKa, BTOPasi — C OTKPBITHEM JJIEKTPHUYECTBA U
aBTOMaTHU3allMe CTaHKOB, TPEThs IPOUCXOAWIIA B MPOILJIOM BEKE,
KOIJIa JIFOJIM HAYYMJIMCh JI€JIaTh KOHBEHEPHYIO COOPKY M OCBOMJIH
MacCoBO€ MOPOM3BOACTBO. Ha Hammx 1na3zax IIPOUCXOOUT
yeTBepPTAasi IIPOMBIIIJICHHAS PEBOJIIOMS, KOrga HOBAas 3KOHOMHKA
OyZIET HOCTPOCHA Ha 3HAHUSX, KOTOPhIC MOJIYYarOT JIFoAu. B cBs3M ¢
3TUM  IPpUOOPETaeT OrPOMHYIO  aKTyaJdbHOCTh  IIpodeccus
nH:keHepa mo 3HanusaM (Data Scientist). Osxumaercs, 4910 B
OmkauIeM OyaymiemM OyaeT TpeOOBaThCs OIPOMHOE KOJHMYECTBO
BBIIIYCKHUKOB C HABBIKAMH aHAJIM3a JIaHHbIX.



BBeaeHre B MAIMHHOE O0y4YeHM e

MamuHHOe o00y4eHHe — 3TO 00JacTh HCKYCCTBEHHOIO HWHTEJJIEKTA,
CBSI3aHHAsI C CO3/IAHUEM aJTOPUTMOB, CIIOCOOHBIX CAMOCTOATEIBLHO CTPOUTH MOJIEIH,
oOydaTbCcsi Ha OOJIBIIIOM KOJIMYECTBE JaHHBIX 0€3 JKECTKO 3amporpaMMUPOBAHHBIX
npaBui. Jlannas ooOmacte T B HacTosimiee BpeMsi OYEHb NONYJISIPpHA U CBSI3aHa C
uudpoBusanuen 3KOHOMHUKH. [lo omudpoBaHHBEIM JaHHBIM MOXXHO MPOBOAUTH
MalMrHHOE 00ydeHre. OOBIMHO PENICHUE MPUHUMAET YEJIOBEK, a B CIy4ae MAIIMHHOTO
oOyueHHus 3Ty (YHKIMIO BBHINOJHSAET KOMIbIOTEp. MalinHHOE OOy4YeHHE K TOMY XKe
CTPOUT MOJIEJIH, KOTOPbIE MOTYT MPEACKA3bIBaTh PE3YIbTAThl KAaKUX-TO OyIyIIUX
CUTyaliil U SABJIICHUU.

IIpumensiercss MmamunHoe o0ydyenue (MQO) B camMbIX pa3IMYHBIX 00JIACTSX.
Hanpumep, B 0€30macHOCTH Il paclo3HABaHUs JUI U OOHAPYKEHHSI BTOPKCHUU B
KOMITBIOTEPHBIE CETH; B MEAUIIUHE U B (hapMalleBTUKE — HaUMHAasl ¢ aBTOMAaTH4Y€CKOIO
BBICTABJICHUS JWArHo3a JI0 MOJy4YeHUs HH(OpMallMM Kakue BENIeCTBa MOTYT OBITh
NOTCHIUAJIbHO MEPCHEKTUBHBIMUA JUJIA CO3JaHUA HOBBIX JIEKAPCTB OT KAaKHUX-TO
CEpPbE3HBIX OOJIE3HEH; I MpEACKa3aHUs NPOAaX, CO3JaHUSI PEKIaMbl, MPUHITHSA
pa3JMYHBIX PEIICHUM, HAmpuMmep, O Bblgade kKpeauta U T.J. OnHa U3 OCHOBHBIX
obnacreit npuMmeHeHust MO — 00padoTKka TEKCTOB, KaK MEYaTHBIX, TAK U PYKOIHUCHBIX,
a TaKXKe PaCIO3HABAHUE I'0JI0CA U IIEPEBOJ] €TO B TEKCT.



BBeaeHre B MAIMHHOE O0y4YeHM e

MPUMEHEHWA MALLNHHOIO OBYYEHUA

BAHKU U ®UHAHCbI

PEWenne O BaAINE KPeNnTa
Toproans na Gupwe

BLRBACHKE MOWCHHMNCCTBA

UHTEPHET

KOHTEeKCTHAA PpeKAIMA
PeKOMOHAATENLHEN CHCTEMBE B OHAIRH-MITIIHHAX W

COUMANBHBIX CETAX

BU3HEC

FONOCOBRE NOMOULHHKH
KNaccnPrcauiMa noNTH
YNPABACHKHE KOAN-UCHTPIMMH
[POrHOIKPOBAHKE OTTOKA KIKECHTOD

METEOPO/1IOIUA

NPOrHOIMPOBaHKE CTrxminux GeacTonA
NporHo3 noroan

LA

b’

BE3ONACHOCTb

PacnoOIHanaHne nuu

KouTpons Ge30NACHOCTH AOPOMHOIO JIBMKCHHA

MEAUUUHA U
®APMALIEBTUKA

JAHArHOCTHKA 3300N¢BAHKA
ButOOp CTparervm n

EHAN

Bosenenne noGoMHbIX  IDPEKTOB  NEeKAPCTBEHHBIX

cpepcrs

OBPABOTKA TEKCTOB

PaCNOIHABINKE NEHATHONO ¥ PYRONKUCHOIO TEKRCTA
[posepra rPaMMATHKK # OPPOrpaPnn

AHANUY OTILBOB KAKCHTON

Cnam-$mnuTpd

PUTENN

[POTHOIMPOBIHKE NPOAIK
Mpeporepawenne noreps



JTanbl CO31aHUA MOEJIHN
MAIIUHHOIO 00y4YeHHU

1. Coop nmaHHBIX (CaMbld TPYJAOEMKHH 3Tal) MOXET OBITh PYYHBIM,
aBTOMAaTUYECKUM MM TMoJiyaBroMatuueckuMm. Ilpum aHamuze TekcTa
pa3MeTKa TEKCTa JIeJIaeTCs BPYUYHYIO.

2. BpigejieHne NMPU3HAKOB (IPEIUMKTOPOB) — MOATOTOBKA JAaHHBIX JIJIS
MaIlIMHHOTO 00y4eHus (Jie1aeTcs 4yacTo BpyuHyro). KpayacopeuHr — 310
METOJI cOopa JJaHHBIX, KOTJa pa3MEeTKa TEKCTa MPOU3BOAUTCS OOIbIIUM
KOJIMYECTBOM JIFO/ICH, HAaIlpUMeEp, KOrja B Opay3epe BCILIbIBAET KapTHHKA
M Bac CHpAIlMBAaIOT YTO-TO, YTOOBI IIPOBEPHUTH, YTO BBl HE PpOOOT (TIe
NEIIEXOAHbIM TIEPEX0])) M BbI JICIAETE Pa3METKy TEKCTa, KOTopas B
AajibHEeMIIeM OyaeT Ie-TO UCIO0JIb30BaHa.

3. BplOop aaropurMa o0y4YeHHMsI — OIIpeleiseT KadyeCTBO U CKOPOCTh
00y4YeHMS.

4, O0yuyenne Moaeau (B mporecce MPUMEHEHHS PEIICHUM MHOMKECTBA
CXOIHBIX 3a7a4).



O030p aaropurmo MO

Pazmuuaror 2 tuna aaroputMos MO:

1. Knaccuueckoe MO — OCHOBAaHO Ha CTAaTUCTHYECKHX aJITOpUTMaXx,
pazBuBaetrcs ¢ 1950-x romaos.

2. HeiiponHble ceTH M 1iIy0okoe oOydyeHHMEe — WCIIOJb3YIOT MO/ICIb,
BJOXHOBJICHHYIO yCTpoHcTBOM Mo3ra, B 1980-x rogax morepnenu Heyaady,
TaK KaK HE OBLIO JOCTAaTOYHBLIX BBIYMCIUTEILHBIX MOIIHOCTEH, aKTUBHO
pazBuBaetrcs ¢ 2012 ropa.

OTH aaropuTMbl PEIIalOT OAHU U T€ K€ 3aJa4d, HO KJIACCHUYECKHUI
noaxod TpeOyeT W3BJICYCHMS NPHU3HAKOB, a ITTyOOKOE€ OOy4YEeHHE MOIydacT
IIpU3HAKU W3 TEKCTa aBToMaTH4ecku. [ myookoe MO — odeHb momyisipHas Ha
CEeTOAHAIIHUI ACHb TEMA, HO 00JbIIMHCTBO 3a4a4 I0-IIPEKHEMY PeIIaroTCs
METOJIaMH KJIACCHYeCKHUX aaroputMoB MO, Tak KaKk OHM UMEIOT CJICAYIONINE
MPeMMYINecTBA. BBICOKAS CKOPOCTh OOYYEHMS, HY>KEH MEHBIIMHA O0BbEeM
JAHHBIX IIpU 00y4YEeHHUH, OOJIbIIE CTAOMILHOCTh aJTOPUTMOB MPHU U3MEHECHUM
JAHHBIX U OHU JIETY€ HHTEPHPETUPYIOTCS YETOBEKOM.



AJaropurMsl kjaaccunyeckoro MO

C YYUTENEM BE3 YYUTENA
KNACCUDUKALMA PErPECCUA KNACTEPU3ALIUA
MNpeackasaHue Kareropuum MNpeackasaHue 3Ha4YeHun PaspeneHune no cxoxecTu

Bbiaarb 2 kpeauT? Cronbko Gyaer crouts gomx?»:::::::u
Ectb nm 3a6onesanme? KBapTupa?




AJropuTMbI Kjaaccuuyeckoro MO

OO0yueHue ¢ yuuTeseM MPOU3BOIUTCS, €CIIM €CTh LIEJIeBasi IEPEMECHHAS
U Mbl 3HAEM 3HAYECHUE OTOU IEPEMEHHOM HAa HCTOPUYECKUX HaHHbIX. Jlid
TEKCTOB TAKXE€ PEHIAIOTC 3aja4M Kjiaaccuurkanum (rpyniupoBKa TEKCTa Ha
OCHOBE 3apaHee OMNPENIEICHHOTO II0JIb30BaTelIEM CIUCKA KJIACCOB, HAIPUMED,
CIIOPT, TONHMTHKA, HayKa W Jp.) W 3ada4d TPYNNmUPOBKH (OIM3KHUX TIO
COJICPKAHUIO TEKCTOB 0€3 IpeaBapuTesibHOW HHpopManuu). Yarmie Bcero Ha
TEKCTAaX HE PEIIAOTC 3a/1a4 NpeJICKa3aHus YUCIIEHHOIO PEIICHUS.

OmHMM M3 CcaMbIX MONYJIAPHBIX H  CaMbIX CTapblX METOIOB
Kiaccuueckoro MO sBIAETCS MeTOld JepeBbeB pelleHul. /lepeBbs pelieHun
CUMYJIHPYIOT IIPOLECC, KOTOPBIM paHbllIe MTpou3BOAWIU Jtoau. Hampumep,
COTPYIHUK OaHKa BCTPEYACTCA C KIIMEHTOM, KOTOPBIM 3aX0TeJI MOJIYUYHUTh 3aiiM U
HAYUHAECT 337aBaTh BOIPOCHI, UCXOA U3 CBOETO OMNbITA — €CTh JU Yy KJIHUEHTA
HEABMXKHMOCTb, KAaKOW Yy HEro J0XOA, €CThb JIU CeMbsS M T.J. Ha OCHOBE
MOJIyYEHHBIX OTBETOB OH IIPUHUMAET PEIICHHUE O HAJACKHOCTU KIMEHTA WU
MOKHO JIU €MY BbIJIABATh 3aKM.



Kiaaccnueckue ajgropurmsl MO

NEPEBbA PELLEHUW

MNpumep anropuTma NPUHATHUA PELEeHKUA O BblAaue Kpeaura

EcTe nun
HEeABMXMMOCTL ?

EcTb v cemba? m % HOXOA > 100007
ECTb 1Y NOCTOAHHAA
pabora? '!- | ?:I

@ Bbiaars ® OTtkasarb



Kiaaccnueckue ajgropurmsl MO

JlepeBo pelieHuil aBTOMaTU3UPYET MPOLECC MPUHATHS pemieHnuss. Cucrema
MOJIy4aeT HAa HCTOPUYECKHUE HAHHBIC, M3ydaeT KOrjga ObUI BBIJAH WJIM HE BbIJIAH
KPEAUT, MOJy4YaeT MapaMeTpbl YEJI0BEKa, HAIPUMED, HATMYUE TTOCTOSHHOW paldoTHhl,
CPEIHETOIOBOM JI0XOJ, CEMEWHOE TMOJIOKEHUE, HAIWYUE HEABHXKAMOCTH W T.J.
Cucrema HaxoIWT MO KaKUM IMPU3HAKaM MOKHO pa3Je/UTh JaHHbIE Ha 2 Kjacca,
MPUYEM KOJIMYECTBO “‘ma” W “HET’ B MOJYYHMBIIMXCS ITOJAMHOXKECTBAX JaHHBIX
JTOJKHO OBITh MAKCUMU3UPOBAHHO. JIepeBbs pPEIICHUH MOTYT MCIIOJb30BaTh Pa3HbIC
(yHKIIMU 715 paclienyieHus (HalpuMep, €CTh AEPEBbS PELUICHUM, ITOCTPOCHHBIEC HA
MAKCHUMHU3AIAHA SHTPOIINH ).

PenieHue CcucTeMbl, IOCTPOCHHOE Ha JEPEBE€ PEIICHUK, BBIAACTCA C
HEKOTOPOM BEPOSITHOCTHIO, YEM BBIIIE BEPOSATHOCTh, TEM JIY4IIEC MOJYYECHHOE
pemieHue. TakuM 00Opa3oM MOXKHO peliaTh 3aJa4yu Kak OMHApHOMW KJIacCU(hHUKAIWH,
HalpuMeEp, BbIAATh JH KPEAUT, TaK M 3aJadyd MHOXXECTBEHHOM KiacCHU(HUKaIIUU,
KOIJIa €CTh MHOTO KJIAaCCOB M HY)KHO OIPEACIUTh K KAKOM TEMAaTHMKE OTHOCHUTCS
TEKCT, HalIpUMeEP, PO IKOHOMUKY, MOJTUTHKY, CIOPT U T.J. K ToOMy ke eCcTh ciocoObI
MPUMEHEHUS JICPEBHEB PEIICHUN IS MPEICKA3aHUS YMCICHHBIX 3HAYCHHUM.



Kiaaccnueckue ajgropurmsl MO

Mogenu, MoOCTPOEHHBIE HA OCHOBE aJITOPUTMA JiepeBa pelueHu,
MTONYJIAPHBI 0 CUX IIOP HE CMOTPS HA TO, YTO 3TO OJUH U3 CAMBIX CTAPbIX
anroputMoB MO, TIOTOMy 4YTO OHM MMEKT OYE€Hb CEPbE3HBIC
npeMMyliecTBa:

1. ITpocToTa MHTEPIPETALIMU U HANNISIAHOCTD PE3YJILTATOB ISl YETIOBEKA,
3716Ch MOXKHO C(hOPMYIMPOBATh YETKHE JIOTHUeCKue npaBuia. Jlaxke eciu
pe3yabTaThl OyAyT 4yTh MEHEE TOYHBI, YEM PE3YJbTaThl, MOJYUYCHHBIE C
MOMOIIBIO TIIYOOKOTO OOyYEHHSI C NPUMEHEHHUEM HEUPOHHBIX CETEH,
3/1€Ch MOKHO JIETKO OOBSICHUTH IIPUUYUHBI BHIOOpA PEILICHUS CUCTEMOH.

2. BO3MOXXHOCTBh pabOThI KaK C KaTEropusMH, TaK U C KOJUYECTBCHHBIMU
3HAYCHUSIMH.

3. BreIcOkas  mpoOWM3BOAMTENIBLHOCTH MNP KJIACCH(PUKALIMA 10
IIOCTPOCHHOMY JIEPEBY, T.€. €CIIM IIOCTPOECHA MOJIEIb, TO KIacCU(PUKaIIU
10 JIEPEBY PELICHUN TPOU3BOAUTCS OYEHBb OBICTPO /IS HOBBIX JaHHBIX.



Kiaaccnueckue ajgropurmsl MO

Monenu, mHOCTPOEHHbIE HAa OCHOBE [ilepeBa PpelleHuil, WNMEIOT
HEOCTATKHU:

1. CTpykTrypa 4acto ObIBaeT HeCTAOMJIbLHA W HEKOTOPhIE HW3MCHCHHUS B
JAHHBIX M MEpeoOydYeHHE MOXKET IIPUBECTH K TOMY, UYTO ACPEBO PEIICHUM
MEPECTPOUTCA MOIMHOCTHIO. Hampumep, i NPUHATHS PEMICHUS O BBIIAUYEC
3aliMa KJIHMEHTY IIEPBBIM JI€JIOM MBI OyaeM CMOTPETh HE Ha HaJIM4ue
HEABMKMMOCTH, 4 Ha €r0 CEMEMHOE MouokeHue. I1103ToMy Ha30pHBIM OpraHaMm
OpUACTCA OOBSCHATH NOYEMY TaK CHJIBHO HM3MEHWJIACh CHUCTEMa HPUHSATHS
pEIICHUS.

2. C107KHO KOHTPOJIMPOBATH pa3Mep JiepeBa pemeHuil 1 3TO 4acTO NPUBOIUT
K TIOSBJICHMIO JIMIIHUX BeTOK. HO ecTh chnenuanbHble CTaTUCTHYECKHUE
aJTOPUTMBbI, KOTOPBIE MO3BOJISIOT U30€KaTh ATOTO.

3. Mcrnonp30BaHue HauMIydIiero OMHApHOro BOIpOca sl pa30MBKU JAHHBIX He
Bceraa BeleT K TOYHBIM MNpeackasaHusaM. HMHorma i JIy4IIero
IPOTHO3UPOBAHUSA HY>KHBI MeHEE 3(P(PEKTUBHBIC NTEPBOHAYAIIBHBIE PA30HMECHU.



Kiaaccnueckue ajgropurmsl MO

YT100b1 000MTH 3TH OrPAHUYEHHUA, MOKHO M30€KaTh OPUCHTAIIMHU Ha
JYYIIYH pa30WBKY JAHHBIX M HWCIOJIB30BaTh PA3JIMYHBbIE BAPUAHTHI JEPEBHEB
PEIICHUN COBMECTHO. TO €CTh MOKHO MOJIYYUTh 00JIE€ TOYHBIE U MMOCTOSHHBIC
pE3YJABTAaThl MyTEM KOMOWHUPOBAHUSA MPOTHO30B, MOTYYEHHBIX OT PAIAYHBIX
JIEPEBBEB PEILICHUN.

Ecth ABa cmoco0a cjaeaarn 3TO:

1. CHauama pa3znuyHble KOMOWHAIIMM OWHApPHBIX BOIPOCOB JI CO3JaHUS
JIEPEBbEB  BBIOUPAIOT  CIy4YaWHBIM  00pa3oM, a 3are€éM MOJIYYCHHBIC
NPEICKAa3aHusl CYMMHUPYIOTCA. OTOT METOJ M3BECTEH KaK IOCTPOCHUE
CJYYAUHOIO Jieca.

2. buHapHble BONpPOCH BBIOMPAIOTCS CTPATETHYECKH, BCJICIACTBUE YETO
TOYHOCTh TPOTHO3UPOBAHUS TMOCIEAOBATENBHO YiaydlIaeTcs. Pe3ynpraroMm
CTAaHOBHUTCSI B3BEIICHHOE CPEAHEE 3HAYEHME, MOJTYYCHHOE MPU MOMOIIHN BCEX
JICPEBBEB PEIICHUK. JTOT METOJI HAa3bIBACTCA T'PAAUEHTHBLIM OYCTHHIOM
(gradient boosting).



Kiaaccnueckue anropurmsl MO

XOTs ciy4alHbIE Jieca U TPaJUCHTHBINA OyCTHHT MTO3BOJISIIOT JIeJIaTh 0oJiee
TOYHBIC MPOTHO3bI, UX CJIOKHOCTh MEIIACT BU3yaJIU3allMU, B CBI3U C OTUM MX
IpPO3BAIM YEPHBIMH SIIIUKAMHM. OTO OOBACHSIECT, MOYEMY MOMYJISIPHBIM
MHCTPYMEHTOM IIPOJOJIKAKOT OCTaBaTbCsl OOBIYHBIE JEpEBbsl pelieHuil. Mx
HaISIIHOCTh ~ YOPOIIAET  OLIEHKY  IPEeAuKTOpoB  (OPHU3HAKOB) M HX
B3aMOJICCTBUS.

Jlnst Toro, 4ToOBI MPOBEPUTH PeE3YJbTATHI PadOThI JAepeBa PellIeHMI,
JaHHBIC pa30MBalOT HA o0ydaromme U TecToBble. OOyJaromux Oepercs Mmopsaka
70-80%, cTpoutcs Moaelb M 3Ta Mojaeab IpuMeHseTcs Ha ocraBiuxcsa 20-30%
JaHHBIX, KOTOPBHIC HE HMCIIOJIL30BAIMCh B IIpolecce oOydeHus. Eciam mpoieHT
OIIMOOK, KOTOpPBIC JAeiJaeT MOCTPOCHHAs MOJEIb, HE CHJIBHO OTJIMYAECTCS OT
IPOLIEHTAa OIIMOOK, MOJIYYEHHBIX Ha OOydaromeid BBIOOpPKE, TO JaHHAs MOJEIb
YCTOMYMBA U MOXET NPHMCHATHCSA Ha MpakThke. EciInM XKe MPOICHT OIIMOOK
MOJIyJaeTcs ropa3no OOJbIIe HAa TECTOBBIX JAHHBIX IO CPAaBHCHHUIO C TEM, YTO
noiaydajiu Ha oOydyarolied BBIOOpKE, TO O3TO CHTHAIM3UPYET O TOM, YTO
IIPOM30IILIO MepeodydeHue, T.€. Mbl HCIIOIL30BaId CIIMIITKOM MHOTO KOHKPETHBIX
IIPH3HAKOB U 3Ta MOJIC]Ib HE UMEET MpecKa3aTeIbHON CUJIBI.



Kiaaccnueckue anropurmsl MO

Hanpumep, eciad Mbl XOTUM OpEJICKa3bIBaTh KYNUJ WM HE KYIHJ TOBap
TaKON-TO MOKyIaTelb M €CIM Mbl B Ka4ye€CTBE OJHOIO M3 IIPU3HAKOB BO3bMEM
MacIIOPTHHIC JaHHBIEC MOKyHaTelIei, TO Mbl CMOXKEM OJHO3HAYHO IMPEJCKa3aTh Ha
00y4aroluX JaHHBIX, YTO JIFOAU C TAKUMHU-TO HACIOPTHHIMM JAHHBIMH IIOKYIIAIOT
Ham ToBap. Ho aTa Mojaens B OyayiieM OyzieT abCOIIOTHO O€CCMBICIIEHHA, TOTOMY
YTO B CIEAYIOIIEM MOTOKE MOKyHaTejiew OyayT JIoAd ¢ JAPYTMMHU MacIOPTHBIMHU
JaHHBIMU M Hallla MOJICJIb HE CMOXKET IIpeAcKa3aThb POBHO HHUYEIr0. DTO HpUMEP
TOr0, KaK MHPOUCXOAUT Nepeo0y4YeHHe CHCTEMbI, KOIJa CHUCTEMa HCHOIb3YET
CIIMILIKOM crierupuieckue aaHHeie. IIpoBepka MojieIn Ha TeCTOBOM BBIOOPKE Kak
pa3 UCKIIKOYAET MOA00HbBIE ITepeoOyUeHUS.

YacTo MeTo/bl, KOTOPhIE UCKIIOUAIOT Mepeo0ydeHrne MOJIeI BCTPOCHBI B
caMy CHCTEeMY JJig TMOCTPOCHHMS MOjejeld. DTH METOJbl Ha3bIBAIOTCS KPOCC-
BaJMAalMel, Korjla CHCTEMa caMa BHYTPHU ceOsl BBIKIAIbIBACT aJlTOPUTM, KaKoe-
TO KOJUYECTBO JIaHHBIX, caMa YUYMTCSI Ha oOydaromieid BbIOOpKE M MOTOM
poBEpsECT UX HA OTIOKEHHBIX JaHHBIX. Kak mpaBuio, 3TOT Npoiecc MPOUCXOaUT
MHOTO pa3 M KaXIbld pa3 OTKJIAJbIBAIOTCS JpPyrde HemepeceKaronecs
MOJMHOXXECTBA JAHHBIX.



Kiaaccnueckue anropurmsl MO

Eme omuH W3 O4YE€Hb NOMYJSPHBIX W JIOBOJBHO CTAPBIX KJIACCHYECKUX
MeTo10B MO — 310 balecoBckuii kiaaccuurkarop. OH nocTpoeH Ha MHPOpMa-
UM U3 Teopuu BeposTHOCTH. Teopema baleca — 310 ofgHa U3 (QyHAAMEHTAIbHBIX
TEOPEM TEOPUU BEPOATHOCTH, KOTOpPAsA IIO3BOJAECT YCTAHOBUTH BEPOSTHOCTH
HACTYIUICHUS CIIOKHOTIO COOBITHSL A, €CIIM UMEET MECTO BO3ZHUKHOBEHHME APYIOro
HECBSI3aHHOTO C HUM CcOObITHSA B.

BAVECOBCKUN KJIACCUDUKATOP
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Kiaaccnueckue anropurmsl MO

Ha ocnoBe baiiecoBckoro kiaccupukaropa CTPOMIN ClaM-(QUIbTPHI,
KOIJla, HallpUMEpP, MBI IIBITAEMCSl ONpPEJACIMTh OYIET JM CBA3aHO CO CJIIOBOM
“ckujKa”’ TO, YTO JAHHOE COOOIIeHHE OyJIeT OTHECEHO K cHaMy WM HET.
MOoXHO pelmTh U APYTYIO 3aJia4y, €CJIU Mbl BCTPETHUIIN B COOOIIEHUN KaKOE-TO
CJI0BO, HalpuMeEpP, CJIOBO “‘CKHJKA”’, TO JaHHOE COOO0IIeHHUE OyIeT OTHOCUTHCS K
criamy. CnaMepbl HayYUJIUCh 00XOAUTH 3TOT AJTOPUTM, OHU CTaJIU JOOABIATH
B KOHIIE€ CIIaM-COOOIIICHMUSI HECKOJIBKO CJIOB, KOTOPBIE SIBIISIIOTCS JIETUTUMHBIMU
u oOMaHbIBalOT bailecoBCkuii Kiaccu(HUKATOp, B pe3yJbTaTe Yero cram
IPOXOAUT Yepe3 IMoaoOHble (UILTpbl. B HacTosiiee BpeMs IpUIyMaHbI
ropaszno Oojiee IPOABUHYThIE (QUIBTPHI, HO bailecoBCkuil KiaaccupHUKaTOp
OCTaJICSI KaK IIaMSITHUK OJHOMY H3 CaMbIX YCHEIIHBIX II€PBOHAYAIBHBIX
npumenenu MO.

Knaccuueckue anroputMbl MO pa0oTaroT HE C MCXOJIHBIM “‘ChIPHIM”
TEKCTOM, a C HaOOpOM MPHU3HAKOB, KOTOPHIE KAaKMM-TO OOpa3oM M3BJIICKIIU.
[Ipu3zHak (WM IPEAUKTOpP) — ITO HHMOpMAIUS, MOJYYEHHAs W3 HCXOIHBIX
JAaHHBIX, ¢ KOTOpor padotaeT MO, Hampumep, 3TO MOXKET OBITH 3a00JICBaHUE,
KOTOPOE €CTh y YEJIOBEKA, BO3pACT WJIM 1I€HA TOBApPA, HAIIMYHUE CEMBH U JIp.



Kiaaccnueckue anropurmsl MO

Mano3HauuTenbpHbIE TPU3HAKU B TEKCTE YaCTO HY>KHO OTCEKATh, YTOOBI
00JIErYuTh pabOTy M CYy3UTh Pa3MEPHOCTH 3ajauu. Hampumep, 4eI0BEeK 3BOHUT
1 COOOIIAET O MOJOMKE, TO anroput™ MO noinkeH BbIOpaTh CI0Ba O TOM, YTO
CJI0MAaJ0Ch, KAKUM 00pa30oM CIIOMAJIOCh, ...

B caydae aHaaum3a TekcToB B MO 4YacTto NpuXOgUTCS O€JIaTh
npeaodpadoTKy JaHHBIX, YTOObI MOJIYYUTh XOPOIIHUE PE3YJbTaThl C IOMOIBIO
MO. YacTto ogHO W TOXKE CIOBO BCTPEUACTCS B PA3HBIX MaJieKax M s TOTO,
yTOOBl MAaIllMHA IOHSJIA, YTO 3TO OJHO M TO XK€ CJIOBO, HY)KHAa HEKOTOpas
00paboTKa.

EcTh pa3Hbie TUIIBI TPEeI00PaOOTKH TEKCTA!
- TEKCT HY>KHO IIPUBECTH K €TUHOMY PETUCTPY;

- HY>KHO yJaJIuTh CTOII-CJIOBAa, T.€. CJIOBAa HE HECYIIHME Harpy3Kd, HallpUMeED,
PEIJIOTH, COO3HI, ...

- HY)XHO IIPUBECTH BCE€ CJIOBa K HadaJbHOW (hopMe, T.€. B MMECHUTEILHBIMI
agexK.



Kiaaccnueckue anropurmsl MO

OcHOBHasl HjJes MeTOAAa ONMOPHBIX BEKTOPOB COCTOUT B YBEIWUYCHUU
Pa3MEPHOCTH 3aJlau, Ha KOTOPYIO MBI CMOTPHM, ISl TOTO, YTOOBI TOYKH, KOTOPHIC
OTHOCSTCS K pa3HbIM TpymnaM, MOITIM OBITh Pa3elCHbl THUIIEPIIIOCKOCTHIO
HanOosiee ONTUMAJIbHBIM 00pa3oM. I'HIEPIIOCKOCTh — 3TO OOBEKT, y KOTOPOIO
pPa3sMEpPHOCTh Ha CAWHHUIY MCHBIIEC, YeM Pa3MEPHOCTh IIPOCTPAHCTBA, B KOTOPOM
MBIl cMoTpuM. Hampumep, aist 3-MEpHOTO MPOCTPAHCTBA THIEPIIOCKOCTh — 3TO
AByMEpHas INIOCKOCTh, a JJI ABYMEPHOM IIJIOCKOCTH — 3TO MPOCTO IIpsMasl.

METO/, ONOPHbIX BEKTOPOB

B ABYMEPHOM MNPOCTPAHCTBE B TPEXMEPHOM INMPOCTPAHCTBE



Kiaaccnueckue anropurmsl MO

Meton omopHbix BekTopoB wmwm SVM  (Support \ector
Machines) — 3to anroputM MO, MHPOKO MCIOIB3YEMbIil Ha MIPAKTUKE IS
pereHns 3a1ad KJIACCH(PMKAIMUA, OH BBISABISCT ONTHMAIbHYIO TPaHUITY
IUISL pa3feieHus JaHHBIX Ha JBE IPYINIBL. JTO HE TaK MPOCTO, KaK KayKeTcs,
IIOCKOJIBKY BO3MOXXKHBIX BAPHAHTOB OYCHb MHOTO.

Kakas u3 1ByX JUHUU
(>KeaTas Uid 3eJeHas )

o nydlile pasaeiser ABa
. & KJacca U SBJISICTCS

® ¢ OoJiee OIITUMAJILHOM?



MeTtoa onopHbIX BeKTOPOB (SVM)

YToOBl HAWTH ONTHMAJIBHYI JIMHMIO pa3rpaHUyYCHUs, HY>KHO
CHavajia HaWTu nepu@epuiiHble 3JIEMEHThI JaHHBIX, KOTOPhIC HAXOISTCS
OJIMKE€ BCEro K MOPOTUBOMONOXKHOM rpynme. OntuMmanbHas TIpaHHUIA
IIPOBOJIUTCS TIOCEPEIMHE MEXKY TaKMMM NepudEepUMHBIMHU 3JIEMEHTaAMMU
JaHHBIX B 00euXx rpynmnax. IIoCKoJabKy 3TH 31€MEHThl JaHHBIX TOMOIalOT
OOHAPYXWUTh OINTHUMAJIbHYIO JIMHHUIO pPA3rpaHUYCHHUs, TO HMX Ha3bIBAIOT
ONMOPHbLIMHU BEKTOPAMM.

AnroputM  SVM  BbIUKCHSIET 3a30p — PACCTOSIHUE MEXKITY
OIIOPHBIMM  BEKTOpAMU U  PA3JACISOIIEN IUIOCKOCThIO. Jly4dmieu
TMIEePIVIOCKOCTHI0 CUUTAECTCS TAKAS TUIIEPIIIOCKOCTD, UISI KOTOPOU 3TOT
3a30p SIBJISIETCS MAaKCHMaJIbHO OoJibIM. Takum 00pa3oM OCHOBHAas
neJib airoputMa SVM — MakCMMHU3UPOBaTh PacCTOSHUE 3a30pa.

B paccMoTrpeHHOM paHee mnpumepe aiaroput™M SVM BeiOeper
KEITYIO JIMHUIO, TMTOCKOJIBKY OHAa CO3/Ia€T OOJIBIINM 3a30p, YEM 3eJIeHas
JTAHUA.



MeTtoa onopHbIX BeKTOPOB (SVM)

Optimal Hyperplane

Support vector.

o )
Support vector

B paccMOTpeHHOM npUMEPE Mbl MOXKEM U UHTYUTUBHO MOHATH, YTO
OoJjiee ONTUMAJILHOW TpaHUIICH pa3AciCHUsS JaHHBIX Ha JBE TPYIIIbI
ABJISIETCS KENTAS JINHUS.



MeTtoa onopHbIX BeKTOPOB (SVM)

OIHO U3 MPEeUMYILEeCTB METOIa OIMIOPHBIX BEKTOPOB — 3TO BBICOKAS
CKOPOCTb BBIYMCJICHUS, ITOCKOJIBKY JIMHUS Pa3rpPAaHUYCHUS OIPEIACIISCTCS
TOJIBKO 10 IIepU(pEepUMHBIM dJIEMEHTaM JaHHbIX. TeM He MEHee ATa MaHepa
ONHPATHCS HA OTIAECIbHBIC DJIEMEHTHI JaHHBIX UMEET U OOOPOTHYIO CTOPOHY.
PazgenurenbHas TpaHWIA OKa3bIBACTCS YYBCTBUTEIBHOU K IOJIOKCHHUIO
OIOPHBIX BEKTOPOB, & 3HAYUT, CJIMILIKOM 3aBUCHUT OT MCIOJIb3yEeMOIro Habopa
JAaHHBIX. boyiee TOro, 3J€MEHTHI JAHHBIX PEAKO JEIATCS TaK POBHO, KAk
OBLIO ITOKa3aHO HA PUCYHKE, B PEAJILHOCTH OHM YaCTO IEPEKPHIBAKOTCH.

Emie ogHO CylieCTBEHHOE AOCTOMHCTBO METOAA COCTOUT B €TO
CIIOCOOHOCTH OOHApPYKHBATh B JIaHHBIX KPHBOJHMHEHHbIE NATTEPHbI
(pEryJIIpHOCTH, 3aKOHOMEPHOCTH). BMecTo TOro 4roObI cpa3y mnpodep-
YYBaTh I'PAHUIY Ha IJIOCKOCTH JAHHBIX, METOJ, OIOPHBIX BEKTOPOB CHavalia
OPOCHUPYET UX HA JOIMOJHHUTEIBHOE HW3MEPEHUE, KOTOPOE MOXKET OBITh
ONPEACICHO MPSIMOM JUHUEH. DTU IPSIMbIC JUHUM JIETY€ KAaK BBIYHUCISATH,
TaK M IPpeoOpa3oBbIBaTh B KPHUBBICE MNPH BO3BpAT€ K H3HAYaIbHOH
Pa3MEPHOCTH.



MeTtoa onopHbIX BeKTOPOB (SVM)

Xots Metoa SVM sBisieTcss alaliTUBHBIM U OBICTPBIM HHCTPYMEHTOM,

HO OH MOZKET HE€ MOAXOJAMTH B CICOAYIOIINX CIIyYasaX.

1.

Mauble Ha0OpPbI JAHHBLIX (ITOCKOJBKY [UISI OMNPEACICHUS TPaHUI[ METO/I
OMHUPAETCS HA OMOPHBIE BEKTOPHI, TO HEOOJIBIIION HA0OP JAHHBIX COKpAIAET UX
YUCJIO U OTPULIATEIIBHO BIMSAET HA TOYHOCTh PACUeTa).

MHoxkecTBO rpynn (MeToja CIoCcOoOEH KiaacCU(HUIMPOBATh JAHHBIE TOJBKO Ha
IBE TPYIIIBI 32 pa3, a €CId TPy TPU U Oojiee, TO HCOOXOAUMO IPUMEHSTH
UTCPATUBHO [JI BBIABICHUS KaXXJOH OTOEIBbHOM TIPYIIbl METOI, KOTOPHIM
Ha3BIBACTCS MHO20KIAcCco8as Kiaccugurayus — multi-class SVM).

BoJibioe nepexkpouiTHEe JAHHBIX (METOJ KJIACCU(PUIIUPYET PJIEMEHTHI JaHHBIX
MCXOJIS1 U3 TOTO, C KAKOW CTOPOHBI TPAHMIIBI Pa3TPAHUYCHUS OHU OKa3aJrCh, HO
€CJIM AJIEMEHTHI JTaHHBIX CHUJIBHO MEPEKPHIBAIOTCS 0OCUMHM TpYyIIaMu, TO TE U3
HUX, KOTOPBIE HAXOISATCS OJIMKE K TpaHUIIE, MOTYT OBITh KJIaCCU(DUIIMPOBAHBI
OlMOOYHO; OoJiee TOro, METOA HE Jaer HHPOpMAlUM O BEPOATHOCTH
OIIMOOYHOM KIacCu(UKAIUM JJIs1 OT/ICIBHOIO JIEMEHTA JaHHBIX, MOKHO JIUIIIb
OPUEHTHUPOBATHCSI HA PACCTOSTHUE OT HETO JI0 TPAHUIIbI pa3jiena).



MeTtoa onopHbIX BeKTOPOB (SVM)

Merton onopHbIX BekTopoB ( Support Vector Machine — SVM) —
3TO OYE€Hb MOIIHAsg W YyHHBEpCalbHasg MOJEIb MAIIIMHHOTO OOyYEHWS,
CIIOCOOHAsI BBINOJHATH JUHEHHYI WM HEJMHEHHYI Kiaaccupukanuio,
perpeccuio 4 Jaxke BbIABJICHUE BbIOPOCOB, OHA SBIISIETCS OJHOM U3 CaMbIX
nonyisipabix Mozened B MO. OcoObiM CBOWCTBOM METOAA OIOPHBIX
BEKTOPOB SIBJISIETCS HEMPEPHIBHOE YMEHBIICHUE SMITMPUYECKON OIIMOKHU
KJIACCU(DUKALIMA M YBEIWYCHHUE 3a30pa, MOATOMY METOJ TAKXKE H3BECTEH
KaK MeToJ KJaccupukaropa ¢ MaAaKCHUMAJIbHBIM 3a30poM. Metonsl SVM
OCOOEHHO XOPOIIO MOAXOAAT JJId KIacCU(PUKALMU CI0KHBIX, HO HE OYECHb
OOJIBIIIUX HAOOPOB JIAHHBIX.

Cnocobonocts Metoga SVM paboTarh ¢ HECKOIBKUMU U3MEPEHUSIMU
obecrneurBaeT €ro IONYJSIPHOCTh B aHalIM3e HAOOPOB JaHHBIX CO
MHOXKECTBOM II€pPEMEHHBIX. ET0 HEpeIKO MPUMEHSIOT AJIfl PEUICHUS TaKUX
CIOXKHBIX 3aJlad MAaIIMHHOTO OOy4YeHHs, KaK paciin(ppoBKa T'€HETUUYECKOM
MH(pOpMAallMY, aHAJIU3 TOHAJIBHOCTH TEKCTA, ONIPEJICIICHUE 110JIa YEJIOBEKA 110
(otorpaduu, BEIBOJ PEKIAMHBIX OAHHEPOB HA CaMThI U JIP.



Metoa K-0oauxauiux coceaeu

Memoo K-baudcaiiweco coceoa (auri.: k-nearest neighbors method, k-NN) —
OJIMH U3 METO0B PELICHUS 3a1a4M KIaCCU(DUKALINN.

[Ipeanonaraercs, 4To yKe UMEETCSl KaKOe-TO KOJIMYECTBO OOBLEKTOB C TOYHOM
Ki1accu(pukauuen (T.e. A KaKA0r0 HUX TOYHO U3BECTHO, KAKOMY KJIACCYy OH NpUHAl-
nexut). HyxHo BeipaboTaTh npasuno, nozeonsiowee omHecmu HOBblll 00beKm K 0OHO-
MY U3 B03MONCHBIX KNACCO6 (T.€. CaMU KJIACChl U3BECTHBI 3apaHee).

B ocnoBe k-NN nexur cneayrouiee npaBwio: 00vbekm cuumaemcs npuHao.ne-
HCAUJUM MOMY KAACCY, K KOMOPOMY OMHOCUMCA OONbUIUHCMBO €20 OIUNCATUUUX COCe-
oeti. Iloa «coceassmmu» 3/1€Chb MOHUMAKOTC OOBEKTHI, OJU3KUE K UCCIEYEMOMY B TOM
WJIM UHOM CMBICJIE.

3amMeTuMm, 4TO 3/1eCh HEOOXOAMMO YMETh OINPEAEJIATh, HACKOILKO 00BEKThI 0J1U3-
KU JIPYT K JIPYTY, T.€. YMETh U3MEPATh «PACCTOSIHUE» MEX Yy 00beKTaMu. ITO He 00s3a-
TEJILHO €BKJIMJIOBO PACCTOSIHUE. DTO MOXKET ObITh Mepa 0JM30CTH 0OBEKTOB, HAIPUMED,
Mo uBeTy, (popme, BKYCY, 3anaxy, MHTepecaM (eciau pedb UAET 0 (POPMUPOBAHUM TPYIIMN
mojeit), ocobeHHoCTAM noseaeHust U T.4. Ciie0BaTeIbHO, 11 IPUMEHeHus MeTtoaa k-
NN B npocTpaHcTBe NpU3HAKOB 00OBEKTOB J0JKHA ObITh BBEACHA HEKOTOpAs MempuKa
(T.€. hyHKkyust paccmosinus).



Metoa K-0Oamxkanimux coceaen

[Ipeanonaraercs, 4To OOBEKTHI ¢ OJU3KUMU 3HAYEHUSIMU OJIHMX MPU3HAKOB OyAyT OJIU3KU U MO
APYrUM NPU3HAKaM (T.€. OTHOCUTHLCS K OJHOMY U TOMY K€ KJ1accy).

PaccmoTpum paboty metona k-NN Ha npocTtom npumepe.

IIpoaykr Caapocts | Xpycr Kaace
10J10K0 9 8 bpykKT
OEKOH 1 B MPOTEUH
OaHaH 10 | GpyKT

3/1ech Ka4ecTBa NMPOAYKTOB (CIAA0CTh U XPYCT) OLIEHUBAKOTCS
no 10-6amibHON 1IKaie. DTU 3HA4YEHUsI MOYKHO PacCMaTpUBaTh
KaK KOOP/JAMHATBI TOYEK (ITPOJAYKTOB) B 2-MEPHOM IIPOCTPAHCTBE.

[To ocu Oynem oTknaabiBaTh CTENEHb CIAJA0CTH MPOAYKTA,
10 OCH OpJMHAT — CTEMNEHb XPYCTa.

[Tonyuum rpaduk, uzoOpaxénnslii Ha Puc.

A
celery carrot
lettuce
apple
P cucumber
-g green bean
(o]
= pear
£
-
> nuts
< r
o grape
§ bacon
|
0
3
o -
p4 shrimp
fish banana
cheese
Puc. how sweet the food tastes

JInst ka)xa0ro U3 Ha3BaHHLIX MPOAYKTOB Mbl TOYHO 3HAEM THI (KJIACC) — CM. MOCAEAHUI CTOJIOCL TaOJIMLIbI.

MoOKHO 3aMETUTh, YTO TOYKH (ITPOAYKTHI) HA rpaduke MOXKHO pa3OUThb HA KJIACCHI:

— B JIEBOM BEPXHEM YIUIy «TPYHIUPYIOTCH» OBOLIM (Orypel, MOPKOBb, CajlaT-JIaTyK, CeJibJIepeil) — OHU

XPYCTSALLME U HECIIAJIKHE,

— B JIEBOM HW)KHEM — IPOJAYKThI, OOrarbie MpOTEMHOM (OEKOH, KPEBETKH, ChIP, pbi0a, OPEXH) — OHU

HEXPYCTSALIUE U HECTIaKHE,

— CIIpaBa «BLICTPOMJIUCHY (PYKThI (10J10K0, rpyla, BUHOTPaAJl, anejabCuH, 0aHaH) — OHU CJIAZIKUE 110

CPaBHCHUIO C IPYIrMMHU KJ1aCCaMH, HO HEOAHOPOAHLI B OTHOLWEHHUHU XPYCTa.



Metoa K-0Oamxkanimux coceaen

PazOueHnue Ha kJj1acChl nokaszaHo Ha Puc.

A /’ -------------------- \\
' celery carrot | .
| lettuce \ {4 Fruits |
| I '
! apple
: cucumber 1!
2 I l:
| |
2|\ green bean K :
§ Vogaiabieg: [Wreerwerrwer |
B | : pear
S| o ~ |
> | | nuts .
5| | : - g
|
§ . bacon ,
— 1 v |
o i = I
2 | ! g .
o : shrim 2 | orange
s | ! P o .
| |
|
| fish | banana
\ cheese / \
N 7/ G 7
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how sweet the food tastes



Metoa K-0Oamxkanimux coceaen

[Ipennonoxum Tenepb, 4TO HaM MPEMIOKEH HOBBIA NPOAYKT,
M Mbl JOJDKHBI ONPEIENIUTh, K KAKOMY KJIACCY OH OTHOCUTCA — CM. Puc.

NPk ~
' celery carrot ! :
' lettuce w Fruits .
I I |~ \
I apple i
o : cucumber | : l
- - | | l :
i
3 \ green bean ! :
O Vegetables |---=-=======-" | .
o | ‘ : pear
-E o~ N : !
> | | nuts | l |
I (i | ra
ﬁ | [ : : ' grape :
< \  bacon M |
[ i 0 d I
c J
'; ! T tomalo : : |
: = | orange I
c : shrimp - | 9
< : & l |
I : I
: fish | | banana |
\ Ccheese / \ I
D — # '\‘_ ________ =’
-

how sweet the food tastes



Metoa K-0Oamxkanimux coceaen

CornacHo metony k-NN Mbl OTHECEM €ro K TOMY KJIacCy, K KOTOPOMY MPUHAJICKUT
OOJBIIUHCTBO M3 k ero Ommxaiimux cocezieil. PaccrosHue Mexay oObekTaMu Oyaem
[IOHUMATh B CMBICIIE E6Knu00601 HOpmbl, T.€. PACCTOSHUE MEXKAY O0BEKTaMU C KOOp-

JIMHATaMU (X1, Y1) ¥ (X3, Y, ) PaBHO \/((xl —y1)% + (x3 — ¥2)2.

Taxk, eciin y Tomara nokasarens ClIaJ0CTU paBeH 3, a MokKasareslb Xpycra paBeH 7, TO
ero paccrosinus 10 s1010ka, OekoHa U 0aHaHa paBHbI npuMepHo 6,1; 3,6, 9.2, coorser-
cTBeHHO. [IpuBeném paccTosHus OT TOMaTa 10 BCEX OCTAILHBLIX MPOAYKTOB, YIIOPS/I0-
YUB MX I10 BO3PACTAHUIO:

Ne | IIpoaykr | Kmace | Paccrosinme || Ne | IIpoaykr | Knace | Paccrosinue

10 TOMATA /10 TOMATA
1 | anenbcud | Gpykr 1,41/ 8 |orypen OBOIII 5,9
2 | BuHOrpam | Gpykr 2,219 |sa6m0k0 bpyxT 6,1
3 | KpeBeTKa | MPOTEUH 3,5 || 10 | MmOpkoOBb 0BOL1 6,8
4 | 6exoH MPOTEUH 3,6 || 11 | cenbaepeit | oot 7,0
5 | opexu MPOTEUH 3,6 || 12 | canar-naryk | 0BOIII 7,2
6 |coIp [MPOTEUH 4,0 || 13 | 6anan bpyxr 9,2
7 | 60051 [MPOTEUH 4,2




Metoa K-0Oamxkanimux coceaen

Teneps HykHO BbIOpaTh YMCIO K M ONPEAEIIUTh, K KAKOMY KJIACCy NPUHAIJIEKAT
OONBIIMHCTBO U3 K Onmkailimux coceneit rtomara. Tak, eciu k=1, To Ommkaiiuii cocen
— OJIUH, ¥ ITO anejabCcuH, oH — GpykT. [Ipu k=2 310 anenwcun u BuHOrpan, od6a Gpykrhl.
[Ipu k=3 Mbl umeem 2 Qpykra (anensCUH U BUHOTPaAa) U KPEBETKY (IIPOTEUH). 3HAYMUT,
metoa k-NN omate gact orser: «(ppykm». [Ipu k=4 orBetom cOyaer «ppykr unum npo-
TEUH C paBHON BeposaTHOCTBLIO». [Ipu k=5, k=6, k=7, k=8 «nobexnaer» nporeun. 1ot
MpoLEecC MOKHO NPOJOJLKATHL U Jaliee, yBelruuBas 3HauyeHue k. Mbl BUauMm, 4to pe-
3yaemam, nonydaemoiii memooom k-NN, cunono 3aeucum om gelibopa napamempa k.

Ecnu mb1 BeiOEpeM 3HAYEHHUE K CIMILKOM MajbIM, TO €CTh ONACHOCTb, YTO €/IMH-
CTBEHHBIM OJMKaliuM OOBEKTOM OKAKETCH «BLIOPOCY», T.e. OOBLEKT C HENPABUILHO
OIPEAEIEHHBIM KJIACCOM, U OH JAacT HEBepHOe pelueHue. Kasaioce Obl, yBenn4yuBas
3HAYEHUE Iapamerpa K, Mbl CHMKAEM BEPOATHOCTb CIY4aiHOrO IONAJAaHUsS HA TaKHUe
«BBIOPOCHI» B KauecTBe Onmakaiiliux coceneii uccaeayemoro oorexra. Ho 3xech BO3HU-
KaeT Jpyras onacHoCTb. YTOObI MOHATL B 4€M OHA 3aKJIKOYAETCs, PACCMOTPUM CJIy4ail,
Korja k pasHo oOwwemy ducity 00bekToB N. [TIoHATHO, 4TO TOraa «1modeauT» camelii mo-
NyJISIPHBIA (MOJAIBHBIN) KJIACC, U PACCTOSIHUE 10 UCCIEAYEMOro 00beKTa He OyAeT ur-
paTbh BooOLIE HUKaKo# posnu. [IpoGiiemy BeIOOpa onTUMaIbHOrO 3Ha4eHUs napamerpa k
Ha3bIBAOT «bias-variance tradeoff», T.e. «KOMIIPOMUCC MEKIY «BbIOpOCAMU» M JIHC-

nepcueit». Ha npaktuke wamie Bcero nosnaratot k=[,/N|. T.e. B Hamem npumepe k=3 u
pe3yJbTaTOM KJaccu(pukauuu OyaeT TO, 4YTO nOMUOOp — hpykm.



Metoa K-0Oamxkanimux coceaen

B ToMm ciydae, ecinu Mbl YBEPEHBI B «4UCTOTE» BBIOOPKH, Mbl MOKEM BbIOUPATH A
meHblM. CyliecTByeT Takke MpUEM MOJ Ha3BaHWeM «weighted voting» (T.e. Oyk-
BaJIbHO «B3BELIEHHOE IOJIOCOBAHUEY ), IIPU KOTOPOM OoJiee OJIM3KUE COCEAU UCCIIe/Lye-
MOTr0 00BbeKTa UMEIKT 00JIbIINI Bec, yeM 0oJiee JaJibHUE.

Paccmotpum ewié oauH acnekt npuMmenenus Metoja k-NN — npeasaputenbHyio
MOJIOTOBKY JTAHHbIX.

IToaroroBka 1aHHbIX 115 npuMeHeHus MeToaa k-NN

3amMeTuM, YTO B PaCCMOTPEHHOM mpuMepe 00a npu3Haka (YpOBEHb CJIAJOCTH U
XpycTa MpoIyKTOB) U3MEPSUTUCH B OHOM 1IKane — npuHumaiiv 3Havenus ot 0 go 10. Ha
MPAKTUKE pa3IU4HbIC MPU3HAKKM MOTYT UMETh Pa3HbIC €AUHUIILI U3MEPEHUSI U Pa3HbIC
[LIKAJIbI, YTO MOXKET CYILIECTBEHHO UCKAXKATh PeaibHOE PACCTOSHUE MEXKY 00bEeKTaMu.
Jlns pewenust 3Toit npoGiemMsl nepen npumenenuem Meroga k-NN npousBoasT Tak
Ha3bIBAEMYIO HOpmaauzayuro (WM macuimaouposarue) JaHHbIX (aHIIL.: scaling).

CywecTByloT pasiauusble cnocoObl HopManuzauuu. IlpuBeaém HekoTOpbIE

HaudoJIee YaCTO UCHIONIB3YEeMBbIC: . — _Xi~Xmin (1)
I- — .

Xmax~—Xmin
®opmyna (1) o3Hayaer nepexoa OT adCOMIOTHBIX 3HAYEHUN MPU3HAKOB K OTHOCUTE/Ib-
HbIM. [ IpeuMyLIECTBO HOBBIX IIEPEMEHHBIX COCTOMT B TOM, YTO OHM [PUHUMAIOT 3HAYE-
HUst 0T 0 10 1 (MM, ecim nepeiTH K NpoLueHTHOMY BeipaxkeHuto, To 0 0 go 100).



Metoa K-0amkaliux coceaen

BTopoii criocod macitabupoBaHusi UMEET BULL:

xy =, 2)

S

= - 1
rje X — BbIOOpOYHOE cpejHee (T.€. X = = i=1X;), S — BEIOOPOUHOE CPe/IHE-

) N
KBa/JJPaTH4ECKOE OTKJIOHEHHUE (T.€. S =. \/E =X —%) .

Kak n3BecTHO, €Ciu C.B. { UMEET HOPMAJILHOE PACIpeIe/ICHUE C apaMeTpaMu L U G, TO

C.B. nEE?Tu TAKKE ABJIACTCS HOPMAJILHO pacrpeaeI€HHON, HO apaMeTpsl €€ pacripe/e-

nenust paBHbl 0 U 1, COOTBETCTBEHHO (TaKUE C.B. HA3BIBAKOTCS CMAHOAPMHBIMU TAYCCO-
BBIMMU ).

He Bce npusHaku UMEKT KOJIMYECTBEHHOE BbIpakeHue. B aTom ciyyae npube-
raroT K TaKk Ha3bIBaeMOMY dummy coding. Hanpumep, 3Ha4Y€HUE MPU3HAKA 10 MOXK-
HO 0003HAYUTh | /1 MykuMH U 0 17151 JKEHILUH.



Kiacrepuzanuss MmeTogoMm K-cpeanux

Kaacrepusamusi MeTooM K-CpeIHMX — 3TO CIOCOO0 CrpyHmupoBaTh
BMECTE TIOXOXKHE 3JIEMEHTHI JIaHHBIX 110 K KimacTepam. JlelicTBHe aaropuTMa TakoBo,
YTO OH CTPEMUTCSI MUHHUMHU3UPOBATh CYMMapHOE€ KBaJpaTUYHOE OTKIIOHCHUE TOUEK
KJIACTEPOB OT IEHTPOB ATUX KjiacTepoB. JUJIsi TpyNMUPOBKU AJIEMEHTOB JAHHBIX
cHayaja KaXXJbli M3 HHUX COOTHOCHUTCA C KJACTEPOM, a IIOTOM OOHOBIISIIOTCS
MO3UIIMUA KJIACTEPHBIX IEHTPOB. DTH JiBa IlIara MOBTOPSIIOTCS A0 TE€X IOp, MOKa
M3MCHEHHUSI He OymyT ucdepmnanbl. Kmactepusammss metomoMm K-cpemHmx ydiire
paboTaeT Jj1s CPpepUUYHbIX, HEIIEPECEKAIOIINXCS KIIACTEPOB.

OrnpenenuB oOIIME MPEANIOYTEHUS WM XapaKTEPUCTUKU, STUM METOIO0M
MOXXHO pa3eiauTh KJIMEHTOB Ha IPYMIIbI, KOTOPBIE 3aT€M MOYKHO HCIIOJIb30BaTh JIJIsi
TapreTUPOBaHHON pekiaaMbl. OJHAKO OMNpeeNICHue TaKUuX TPYIH — XUTPOYMHas
3a71a4a. Mbl U3HAYaJIbHO MOXKEM HE 3HaTh, KaK CJIEAYET TPYIMUPOBATh KIMEHTOB U
CKOJIBKO TPYIII CYILIECTBYET.

YtoOBl OMNpenenuTh KIacTepbl KIHWEHTOB C IIOMOIIBIO KJIacTepHU3aIuu
meTronoM K-cpemnmx, Ham motpelyercs HHGoOpManHs 0 KJIHMEHTaX, KOTOPYIO
MOXXHO cou3MepsaTh. OOmias nepeMeHHas — 3TO JO0XO[. I'pynmbl C BBICOKHUM
10X00M 00Jiee CKJIIOHHBI MPUOOPETATh MPOIYKIIMIO HW3BECTHBIX OpPEHIOB, YEM C
HU3KUM. B wuTOore Mara3smHbpl CMOTYT HCHOJIB30BaTh ATy HHGMOpPMAIUIO, YTOOBI
aZpecoBaTh peKJIaMy JOPOTHMX TOBAPOB IPYyIIaM C BHICOKMM YPOBHEM JI0XOAA.



Kiacrepuzanuss MmeTogoMm K-cpeanux

OCOOEHHOCTH JUYHOCTH TOXE€ XOPOIIMH CIOCOO TPYyNIHUPOBKH
KJIMEHTOB, KOTOPBIM Jydllle MOKa3aTh Ha MpHUMEpEe MOJIb30BaTelIei
Facebook.

[lonp30BaTesiell  OpUIDJIACHJIM ~ MPOMTH  ONPOC,  YTOOBI
pacupelenuTh HMX, HCXOJd M3 YETBIPEX CBOMCTB. OKCMpasepcuul
(HAaCKOJIbKO HMM B paJoCTh  COIMAJIbHBICE  B3aUMMOJICHCTBHSA),
0obpocosecmrocmu (HACKOJIbKO OHHU TPYHAOIIOOUBEL), IMOUUOHAILHOCU
(KaK 4aCTO OHHU MCIIBITBIBAIOT CTPECC) U omKpvimocmu (HACKOJIbKO OHHU
BOCIIPUMMYHUBEI K HOBOMY).

[lepBUuHBIN aHAIW3 MOKa3ajl HAJIUYUE CBA3U MEXKAY ITHUMU
JAYHOCTHBIMM OCOOCHHOCTIMHM. JJ0OpOCOBECTHBIC JIIOAU OOBIYHO OO0JjIee
IKCTpaBepTHHL. KpoMe TOro, XoTs 3TO MPOSIBIASIETCS B MEHbBIIIEH CTEIICHH,
HO BBICOKOOMOIIMOHAJILHBIC JIOAM HMEIOT TEHJACHIUI OBITh OoJiee
OTKPBIThIMU. [103TOMY M1 NTydinedl BU3yaln3alii 3TUX CBOMCTB MbI MX
00beAUHUIN (T0OOPOCOBECTHOCTD C AKCTPABEPCHEH, IMOIIMOHATIBHOCTD C
OTKPBITOCTBIO) ITyTEM CIO0KEHHMS OUKOB ISl Kaxkoi mapsl. [locie atoro
MBI ITOJTYYHIM ABYMEPHBIN rpaduk.



Kunacrepusauus merogom K-cpeaHux

[obpocoBecTHbIE U 3KCTPpaBepTHbIe

HeasaHbie rocT™

Cnewwu nobutb CnagHble napHu

MNpeanoxexne

Conr
27 cBane6 Banbechol

KpecrHbin oTell

B nponere

50 nepBbIX Nouenyes

TepmuHaTop FopaocTe 1 npeaybexaexne

BnacrenwH koneu

Kapare-nauaH
Asarap Knyb «3astpak»

XpoHWKH HapHum

Haszan e 6 ee
s KpynHas pbiba

KpumuHansHoe 4TMBo

CxotT NMunurpum npoTne scex

Puc.. lNepcoHanbHbie n Unu
P Pod Paitoq Neg MoOH™ MNaiToH 1 cesleHHbIn Mpaans

KUHO3pUTENnen

alIgLadi1o U SI9HAUBHOUTIONE



Kiacrepuzanuss MmeTogoMm K-cpeanux

CyMMapHble O4YKM 4YEpT Xapakrepa OBbLIM COOTHECEHBI C
uHpOpMallUEl O CBSI3aHHBIX C (QUIbMaMHU CTpAaHUIAX, KOTOpHIE
OJIb30BaTeIb JaWkHyn Ha Facebook. DTto mamo HaM BO3MOXKHOCTH
COOTHECTHM TPYHIIbl KHHO3pUTENEeH ¢ npoduisiMu. Ha puc. Mbl BUAUM 1Ba
OOJIBIINX KJIACTEpA.

- CBemblil: JOOPOCOBECTHBIEC DKCTPABEPTHI, KOTOPHIM HPABATCS OOCBUKHU
1 POMAHTHUYECKHUE (PUIIBMBI.

- TemMHBIA. >MOLMOHAIBHBIE M OTKPBITBHIE JIIOAW, KOTOPBIM HPABUTCS
aBaHTapJaHOE KMHO U (PAHTE3MU.

PuabMbl  TOCEPEAMHE, I10-BUJAUMOMY, (PABOPUTHI CEMEHHOIO
IpOCMOTpA.

OO6nanmas Tako MHGMOpMaLME, MOKHO pa3padoTaTh TapreTUupPOBaH-
HyI0 pekiaMy. Ecim 3purtento HpaButcs «(CnasHvle napHuy, TO BIaAeiell
Mara3uHa MOXKET IMOPEKOMEHJIOBaTh €My JIpyroi (PuibM 3TOro KaHpa WJIM
Ja)ke IpoaaBaTh Takue (PUIbMbI BMECTE, IPEII0KNUB CKUAKY.

IIpu onpeieneHny KjaacTEpOB HaM HY>KHO OTBETHUTH Ha JiBa BOIIpoca.
1. CKOJIBKO KJIACTEPOB CYIIECTBYET?

2. UTo BKIIIOYAIOT B C€0s KIacTephl?



Kiacrepusanus meroaom K-cpeaHux

CKOJIBKO K€ KJIaCTE€pPOB CYIIECTBYET? ITO CYOBEKTHMBHO, HO MO MeEpe
BO3pacTaHUsl YUCICHHOCTH KJIACTEPOB YJICHBI KaXKIOI0 U3 HUX CTAHOBSITCS OOJIbIIIE
IMOXOKM JPYyr HAa JApyra, U COCEIHUE KJIACTEPhl IIPU ATOM CTAHOBATCS MEHEE
paznuuuMbl. ECIM HOBECTM 3TO OO0 KPAMHOCTH, TO KAXKIBIKM 3JIEMEHT HJAaHHBIX
OKAXXETCA B OTIEIbHOM KJIACTEPE, YTO HE JaCT HAM HHUKAKOW MOJIE3HOM
uHpopmanuu. IlosToMy HykeH KoMmIpoMucc. UmMca0 KJIACTEPOB HOKHO OBITh
JOCTAaTOYHO BEJIMKO, YTOOBI MO3BOJUTh HAM BBHISIBUTH Ba)KHBIC 3aKOHOMEPHOCTH, HO
HE CJIMIIIKOM, YTOOBI KJIAaCTEPhl COXPaHIN OTYCTIUBBIC Pa3IUIMSI.

OxauM 13 crroco0oB
OIIPEJCIIUTH ONTUMAJIBHOE
KOJIMYEeCTBO KJIACTCPOB
SABJISIETCS MCIIOJIb30BAHUE
TaK Ha3bIBAEMOTO Irpaduka
KAMEHHUCTOM OCBINU WU
rpaduka Karrema (scree

plot).

3 4 5 6 7 8 9 10
“Yuncno knacTtepos

o
—
M

BHyTpuknactepHoe pasHoobpasne

Puc. M'paduk ocbinu NokasbiBAaeT U3M0MbI, U3 KOTOPbIX CNeayeT,
4TO ONTUMASILHOE YUCO KNacTepos OT 2 Ao 3



Kiacrepusanus meroaom K-cpeaHux

I'paduk ochInmM TMOKA3BIBAET, HACKOJBKO CHUIKAETCS pa3zHOOOpa3ne BHYTPU

KJIACTEPOB TIPU YBEJIWYEHUN UX YUCHA. ECIIM BCE WICHBI OTHECEHBI K €AUHCTBCHHOMY

KJIaCTEPY, TO pazHO0Opa3ne mMakcuMalibHO. Ho 1o Mepe yBelnndeHus 4rciia KiIacTepoB

CaMH OHHM CTAHOBATCA IINIOTHEC, 4 X YJICHBI OAHOPOIHCC.

N30mM — 3TO OCTpBI M3rHO Ha
rpayke OCBINHK, KOTOPBIM mMpeaiaraet
ONTHUMAJIbHOE YHCJIO KJIACTEPOB, UCXOAS
U3 Pa3yMHOW CTENEHW BHYTPHUKIIACTEP-
HOro pazHooOpasus. Ha puc. Mbl BUIUM
M3JIOM Ha JBOMKE, KOTOpas COOTBETCT-
ByeT JIByM KJjacrtepam. Jlpyrou wusiiom,
IIOMEHBIIIE, HAXOAUTCS HA TPOUKE, TOBOPS
O TOM, 4YTO JUIS JAHHOTO CJiy4as Mbl
MOXKEM BBECTH TPETHM KJIACTEP. A BOT
BBEICHHUE €Ille OOJILIIEr0 MX 4Yucia Ui
JAHHOTO TIpUMEpa YK€ JAaCT CIUIIKOM
MaJIbI€ KJIACTEPHI, CJIa00 OTINYAIOIIHECS

IpyT OT Jpyra.

0 1 2 3 4 5 6 7 8 9 10
“Yuncno knacTtepos

BHyTpuknactepHoe pasHoobpa3sne

Puc. Fpacpmc OCbIMNK NMOKa3blBAET M3/10Mbl, U3 KOTOPbLIX CnegyeT,
YTO ONTUMalbHOE YMCNO KNacTtepos OT 2003



Kaacrepusanust Metogom K-cpeaHux

Yto BKIIIOYAIOT B ce0s KiacTepbl? JlaHHBIE pacnpeessstoTcs 1o KilacTepam B
UTEPATUBHOM IPOIECCE, MMOKA3aHHOM I JBYXKJIACTEPHOTO MPHUMEpPA HA PUCYHKE
HIUKE.

a) war 0 b) war 1 c) war 2 d) war 3

[TOCKOJIBKY XOpPONIIMH KJIACTEP COAECPKUT IMOXOXKHE DJIEMEHTHI JAHHBIX, Mbl MOXXEM
OLICHUTH €r0 IO TOMY, KaK JTaJICKO €ro YICHbI HaXOAATCs OT neHTpa. Ho n3HayansHO
MO3UIIUM KJIACTEPHBIX IIEHTPOB HEM3BECTHBI, TOATOMY OHHM OEpyTCsl IPUOIHU3UTEIBHO.
3aTeM BPJEMEHTHl JAHHBIX CBA3BIBAIOT C OJIMIKAMIIUM K HUM KJIACTEPHBIM IIEHTPOM.
[locne 3TOro KIIACTEPHBIM LEHTP CHOBA BBIYUCIIETCS IJIsI CBOMX WJIECHOB, a I
3JIEMEHTOB JIAHHBIX IIPOLECAYpPa MOBTOPSAECTCS, M €CIM DJIEMEHT JIaHHBIX OKAXKETCS
OJIM>KE K [IEHTPY JIPYroro Kjiacrepa, €ro 4ieHCTBO Oy/1eT U3BMEHEHO.



Kiacrepusanus meroaom K-cpeaHux

Ciuenyromnye IIard TOYHO OINMCHIBAIOT MPOLECC  OIPEACICHUS
YJIEHCTBAa B KJIACTEpPE M MOTYT HCIIOJIb30BAThCS MPU JHOOOM KOJIHUYECTBE
KJIAaCTEPOB.

Ilar O: HauaTh ¢ OPEANOJIOKEHUS O TOM, IJIe HaXOASATCS LEHTPHI KJIACTEPOB.
YCIOBHO MOXXHO Ha3BaTh UX ICEBAOLICHTPAMHU, ITOCKOJIBKY MbI [IOKA HE 3HAEM,
COOTBETCTBYIOT JIM OHU B JIEUCTBUTEIILHOCTH LIEHTPAIbHOMY MOJIOXKEHUIO.

Ilar 1. cBs3aTh KaXKabIi JIEMEHT JAHHBIX C OJMIKAWIIMM IICEBAOLICHTPOM.
CnenaB 3T0, MBI IOJIy4aeM JIBa KJIacTepa.

IIlar 2. BBIYMCIWTL HOBOE ITOJOXKEHUE IICEBIOLICHTPOB, OPUEHTUPYSCh Ha
LIEHTP OTHECEHHBIX K KJIACTEPY YJICHOB.

IIlar 3. NoOBTOpATH IIepeHa3HAUYCHHE YJIEHOB Kiactepa (mar 1) m ero
PEIO3UIIMOHMPOBaHUE (Iar 2) 10 TeX IOp, ITOKa BCE M3MCHCHUS B UYJICHCTBE
HE MPEKPATITCS.

XOTS 30€Ch Mbl PACCMOTPEIM IIard JUid JBYMEPHOIO aHaJIM3a,
IPYIIIMPOBAHKUE B KJIACTEPHI MOXKET OBbITh TaK)KE BBIIIOJHEHO JJI TpeX U 0oJiee
U3MEPEHUN.



Kiacrepusanus meroaom K-cpeaHux

XOTs KIacTepH3alMs METOIOM K-CpeIHMX OUYeHb IIOJIe3HAa, Y HEE €CTh
OTrPAHUYCHUA:

-  Kaxapiil 3j1eMeHT JaHHBIX MOKET ObITh CBSI3aH TOJBKO ¢ OJJHUM KJIACTEPOM.
WMHorga 3J1eMEeHT JTaHHBIX HAXOAWTCS POBHO MOCEPEAMHE MEXIY ABYX LIEHTPOB,
OTYETO €r0 BKJIIOUECHHUE B 3TU KJIACTEPHl PABHOBEPOSITHO.

- Ilpeamosiaraercs, 4ro Kjacrepbl cpepuuHbl. MTepaTuBHBIN IpOIECC MMOUCKA
ONMVKAMIIEro KJIacTepHOTO IIEHTpa JUIsi 3JIEMEHTOB JAaHHBIX OrPAHUYEH €ro
pagnycoM, TTOATOMY MTOTOBBIM KjacTep IMOX0K Ha IUIOTHYIO cepy. DTO MOXKET
cTaThb Npo0JieMou, eciau pakTuueckas popma Kiacrtepa, HapuMmep, dunc. Toraa
KJIAaCTEP MOXKET OBITh YCEUYEH, 2 HEKOTOPHIC €0 YWICHBI OTHECEHBI K IPYTOMY.

- Kuacrtepsl npeamnoJiaranrcs neJbHbIMH. Metog K-cpeaqunux He nomycKaeT Toro,
YTOOBI OHU MEPECEKAINCh WX ObLIM BIOXKEHBI APYT B ApyTa.

BMeECTO NPUHYAUTENBHOIO HA3HAYEHUs] KaXIOrO JJIEMEHTA JAHHBIX B
CAMHCTBEHHBIN KJIAaCTEp MOXKHO BOCIHOJIL30BaThCAd Oojiee TMOKMMH METOJaMHU
IPYNIHAPOBKHU, KOTOPBIE BBIYUCISIIOT TO, C KAKOM BEPOSATHOCTBIO KAXKIBIM SJIEMEHT
JAHHBIX MOXKET MPUHAIJIEKATh APYrAM KJIIACTEpPaMm, IIOMOras Ham HaXOJUTh
HEC(PEPUUECKHUE WM TTEPECEKAIOIINECS KIIACTEPHI.



MeToa riiaBHBIX KOMIIOHEHT

IIpencraBere, 4uTo BBl AueTosior. Kak nydme Bcero aud@epeHuupoBaTh
nuiieBbie npoaykTel? Ilo comepkanuto ButraMuHOB? Mnu Oenka? Mnum, MoxerT, 1o
TOMY Y IPyromy?

3HaHUE O IEPEMEHHBIX, KOTOpbIC JIydllle BCEro AUMGEepeHUUPYIOT BalllM
JTAHHBIEC, MOXXET UMETh HECKOJIbKO MPUMEHEHMIA:

-  Bumsyaam3anusa. OToOpaxeHHE AJIEMEHTOB Ha rpauKe ¢ MOAXOAAIICH IIKaIon
MOXKET JaTh HX JIy4lllee IIOHUMaHHE.

- OOHapy:keHMe KJacTtepoB. Ilpu Xxopomiel Bu3yalu3allid MOTYT OBbITh
OOHapy»>KE€HbI CKPBIThIC KaTEroOpuy WK KJacTepbl. Hampumep, eciau roBOpUTh O
MUIIEBBIX IIPOAYKTaX, Mbl MOXEM BBISBUTh TaKH€ IIHUPOKHE KaTETOPHUM, KaK
MSICO M OBOILIM, a TaKXK€ MOJIKATErOpUH Pa3JIWYHbIX BUJIOB OBOIIIECH.

Bonpoc B TOM, KaKk HaM IOJIYy4HUTb A
NEpEeMEHHBIE, KOTOphie AUPDHEpEeHUUPYIOT / © %

HAIIIM JaHHbIC HAMIYYIINM 00pa3oM. w

Puc. ObblyHas nupamuaa nuTaHms



MeToa riiaBHBIX KOMIIOHEHT

Meton raaBHbix kommoHeHT (Principal Component Analysis,
MI'K) — 3T0 cnoco0 HaxO0XKJICHHS OCHOBOIIOJATAIOIMIMX IMEPEMEHHBIX (M3BECTHBIX
KaK IJIAaBHBIE KOMIIOHEHTHI), KOTOpbIE TU(DPHEPEHUUPYIOT BALIKM SJIEMEHTHI JaHHBIX
ONTUMAaIbHBIM 00pa30M.

OTH IJ1aBHBIC
KOMIIOHEHThI JAFOT
HanOOJIbIINN pa3zopoc
JTAHHBIX (CM. pucC.).

Puc. BM3yaanoe npeacraBieHne rnaBHbiX KOMMNOHEHT



MeToa riiaBHBIX KOMIIOHEHT

I'1aBHAsEI KOMIIOHEHTA
MOKET BBIPAXKATh OJIHY WJIU
HECKOJIBKO TIEPEMEHHBIX.

Hanpumep, Mbl MOXKEM
BOCIIOJIb30BaThCA
€IMHCTBEHHOM MIEPEMEHHOM
«Buramun Cy.

[Tockonbky BuTamun C
€CTh B OBOIIIAX, HO
OTCYTCTBYET B MsICE,
UTOrOBBIN I'paduk (J1eBas
KOJIOHKA Ha PUC.)
pacopeeIuT OBOIIHU, HO
BCE MSICO OKaXKETCA B
OIIHOM Kyue.

ButamuH C

- Cos

« AMc

- Amc

» OkyHB
« CKymBpua

(Butamuu C) — (xkup)

? Cnapkas kyky

py3a

(ButamuH C + nuuieBbie BonokHa) — (kup)

: Kopeus noToca

- Con
» Baknaman

: Crnafkas Kykypyaa

: [pubeI

- Tpecka

» OKyHi
« CkymbOpmaA

Puc. lNuwesble NpoOAYKTbl, pacnpegeneHHble pa3sHbiIMU
KOMBUHaUMAMMK NEPEMEHHDbIX



MeToa riiaBHBIX KOMIIOHEHT

Jliis pacripenesnieHus MSACHBIX IIPOJYKTOB MbI MOXKEM MCIIOJIB30BaTbh B
KaueCTBE BTOPOU IEPEMEHHOU KUP, MOCKOJBKY OH IPUCYTCTBYET B MACE, HO €TI0
MOYTH HET B OBOIIAX. TeM HE MEHEE, MOCKOIbKY XUP U BUTaMUH C HU3MEpSIIOTCA B
pa3HbIX €IUWHMIAX, TO TNPEXkKJIE YEeM HUX CKOMOMHHUPOBATH, MbI JOJKHBI
CTAaHIAPTU3UPOBATH UX.

Cranaaprusanmsa — 3TO BBIPAKECHUE KAXKIOM NIEPEMEHHOM B MTPOLICHTUIISX,
KOTOpbIE TPEeoOpa3yloT ATU INEPEMEHHBIE B E€IMHYIO IIKaldy, II03BOJSAS HaMm
KOMOWHUPOBATH UX ISl BEBIYMCICHUS HOBOW MEPEMEHHOM

BuTamMuH C — sKup

Ilockonbky BuTamMmH C yKe pacOpeelnyI OBOIIM BBEPX, TO KHUP MBI
BBIUUTAEM, YTOOBI paclOpeaciauTh MsAco BHU3. KoMOMHHMpOBaHHME OTHX JIBYX
IIEPEMEHHBIX IOMOXKET HaM pacHpele/INTh KaK OBOINM, TaK M MSCHBIC MPOIYKTEHI
(cTonbel mocepeauHe).

MBI MOXKEM YIy4YIIUTh pa30poC, MPUHSIB BO BHUMAHHUE MUIIECBLIC BOJIOKHA,
COIEpKaHHE KOTOPBIX B OBOIIAX PA3JIMYACTCH:

(Butamun C + nuineBble BOJIOKHA) — 'KUP



MeToa riiaBHBIX KOMIIOHEHT

MBI MOKEM YIYUILIUTh pa3zopoc,
IPUHSB BO BHUMaHUE MUIIEBBIC
BOJIOKHA, COJICP’KaHUE KOTOPHIX
B OBOIIAX Pa3IuvyaeTCs:

(Buramun C + nuieBbie
BOJIOKHA) — JKHUP

JTa HOBas IIEPEMEHHAsA JacT
HaM OITUMAaJIbHBIN pa3zopoc
JTAHHBIX (CM. IIpaBbIM CTOJIOEIT).

B To BpeMs KaK MbI OJTYYHJIN
IJIaBHBbIC KOMIIOHEHTHI B 3TOM
IpUMEPE METOJIOM MPOoO U
omm6ok, MI'K MmoxkeT nenarb
3TO HA CUCTEMHOMN OCHOBE. MBI
YBUJMM, KaK 3TO paOOTAET, Ha
CIEIYIOIIEM ITpUMEDE.

ButamuH C

LA dRdR KYRYPY3c

« OkyHL

« Cxymbpus " Tpecka

(Butamuu C) — (kup)

» OKyHb

« CymBpus

(ButamuH C + nuwieBble BOMNOKHA) — (3KUp)

Puc. Muwiesble NpoayKTbl, pacnpeaeneHHble pa3HbiMu
KOMBMHALMAMK NEepEMEHHbIX



MeToa riiaBHBIX KOMIIOHEHT

Ipumep:

AHAJIN3 ITNIICBLIX I'PYIII
ArHaTnHa

Hcnonb3ys naHHbie
MuHuCTEPCTBA CEIIBCKOTO
xo3saiictea CIIA, Obutn
IIPOAHATIU3UPOBAHBI CBUHMHA
IIMTATCIbHBIE CBOMCTBA

clly4aliHOro Habopa

MIPOAYKTOB, PACCMOTPEB R

YETHIPE MUILIEBBIX S

IIEPEMEHHBIX: KUPBI, OCIIKH, TN ——
MTUAIIEBBIC BOJIOKHA U

BuTtamMuH C. Kak BuaHo Ha

pHC., OIIPEAECIICHHBIE

MTATATEJILHBIE BEIIECTBA P— —

MeTpyLuka

qaCTO BCTPCHAKOTCA B Kup Benok BonokHa Butamuu C

HIPpOAYKTaX BMCCTC. Puc. CpaBHeHMe NULLEBON LEHHOCTU Pas3nnyHbIX NPOAYKTOB



MeToa riiaBHBIX KOMIIOHEHT

B yacTHOCTH, YPOBHU COJIEp>KaHUS )KUPOB U OEIIKOB BO3pPACTAIOT B
OJTHOM HAITPABIICHUMU, IIPOTUBOIIOJNIO)KHOM TOMY, B KOTOPOM pAacCTyT
YPOBHHU IHIIEBBIX BOJIOKOH U BuTamuHa C.

MBI MOXXEM MOATBEPAWTL HAIIA TPEANONOKCHHS, TPOBEPUB,
KaKue IIepEeMEHHBIE KOoppelnupyroT. M AeHCTBUTENBHO, MBI HaXOIUM
3HAYMMYIO MOJIOKUTEIBHYIO KOPPEIAIUIO KaK MEXYy YPOBHIMHU OCJIKOB U
xupoB (r = 0,56), Tak W MEXIy YpPOBHSIMHU IIHMIICBBIX BOJOKOH H
Butamuna C (r = 0,57).

Takum  oOpa3zoM, BMECTO aHajdW3a YEThIPEX  MHUIIEBBIX
NEPEMEHHBIX  II0  OTJACJBHOCTH MBI  MOXEM  CKOMOMHHPOBATH
BBICOKOKOPPEIUPYIOIUE U3 HUX, MOJYUYUB JIJISI PACCMOTPEHHUS BCETO JBE.
[ToaTOMY METOA ITTaBHBIX KOMIIOHEHT OTHOCAT K TEXHUKAM YMEHbIIICHU S
Pa3MEPHOCTH.

[IpyMeHHB €ro K HalleMy MNHUIINEBOMY HA0OpPY MTaHHBIX, MBI
MOJyYUM IJIaBHBIC KOMIIOHEHTBI, H300paXKEHHBIE Ha CJIEAYIOIIEM
PUCYHKE.



MeToa riiaBHBIX KOMIIOHEHT

PC1 | PC2 | PC3 | PC4
Knp ~045 | 0,66 | 0,58 0,18
Benok 0,55 | 0,21 |-0,46|-0,67
BonokHa 0,55 | 0,19 | 0,43|-0,69
Butamun C| 0,44 | 0,70 (0,52 | 0,22

Pwuc. [NaBHbIE KOMMOHEHTbl — 3TO KOMOMHALMWN NULLEBBIX
nepemeHHbIX. CBETNo-cepkblie AYENKU Vi D,D,HDIL“l 1 TOW KE KOMMOHEHTHI
npeacTaBnda0T coboi CBA3aHHbIE NnepeEMEHHLIE

Kaxnagd riiaBHass KOMIIOHEHTA — DTO KOMOWHAIIMA ITHINEBBIX

IICPCMCHHBIX, 3HAQYCHUC KOTOpOﬁ MOZKCT OBITH ITOJIOKUTCJIBHBIM,

OTPUIATEILHBIM HWJIM OJM3KUM K Hymo. Hamnpumep, 4ToObl MONYyYHUTH
MOXEM BBIYUCIIUTH

KOMIIOHCHTY 1 A OTACIIBHOI'O IIPOAYKTA, MBbI

CIETYIOIIEE:
0.55(mumeBbie BoJ10KHA) + 0.44(Butamun C) — .045(xkup) — 0.55(0es10K)



MeToa riiaBHBIX KOMIIOHEHT

To ectb BMeCTO KOMOMHUPOBAaHUS
MIepPEMEHHBIX METOAOM MPOO0 M OLIMOOK,
KaK MBI JeJajd paHbIIle, METOJI INIABHBIX
KOMIIOHEHT CaM BBIYHCISECT TOYHEIC
(hopMyIIbI, TPH TTOMOIIY KOTOPBIX MOXKHO
muddepeHIpoBaTh HAIIU HO3UIIHUH.

OcHOBHast  JUIs  HAC  IJIaBHas
xomnoHenta 1 (PCl) cpa3y oObeaunser
KHUPBI ¢ OeJKaMu, a MHUIIEeBbIC BOJIOKHA C
ButaMuHoM C, W 5TH mapel 00paTHO
npornopiroHaabHbl. B To Bpemst kak PC1
muddepeHpyeTr MsICO OT  OBOIIEH,
xomnoHenTa 2 (PC2) nmoapobHee uaeHTH-
bumupyeT BHYTPESHHHE IMOJKATCTOPHUH
Msca (MCXOM M3 KUPHOCTH) W OBOIIECH
(o comepkanuto ButamuHa C). Jlyurmmii
pa3opoC JTaHHBIX MbI MOJYYHM, HCIIOJb-
3ys s Tpaduka 00e KOMITIOHEHTHI (CM.

puc.).

1-9 rmaBHasa KOMNOHeHTa

MeTpyLwKa »
CBWHWHA
. KanycTta kane
ArHaThHAa

Bproccensckan kanycTa
Cos Epokkonu
[oBAOKMHA

[opox
Jlyk-pesaned

+ Kypuua
+ CkymbBpus
LiseTHan KanycTa
- Okyne YecHok
WHpeiika « * Msico uecapku Ui o
MC
Ocbmutor » * YCTPUUGI
Tpecka Cnapxa - - MopkoBb
[pnbel - . Cenbaepei

1-9 rmaBHas KOMMNOHEHTa

Puc. Npadvk NpoayKTOB NpW UCMONb30BaHUM ABYX MMaBHbIX
KOMMOHEHT




MeToa riiaBHBIX KOMIIOHEHT

Y MSCHBIX TOBapOB HHU3KME 3HAYEHMUS] KOMIIOHEHThI 1, 1O3TOMYy OHHM
COCpPEJIOTOYEHbl B JIEBOM 4YacTu Tpaduka, B MPOTHUBOMOJIOKHOM CTOPOHE OT
OBOIIHBIX. BUAHO Takke, 4TO CpeJd HE OBOIIHBIX TOBAPOB HHU3KOE COJIEP)KaHUE
KHUPOB Y MOPENPOAYKTOB, MOITOMY 3HAYEHHE KOMIIOHEHTHI 2 Il HUX MEHbIIE, U
CaMHM OHHU TATOTEIOT K HWKHEW 4acTu rpadguka. CxoxuMm o0pa3oM y Te€X OBOIIEH,
KOTOpBIE HE SBJISIIOTCS 3€JICHbIO, HU3KUE 3HAYEHHS KOMIIOHEHTHI 2, YTO BUIHO B
HIKHEW 4acTu rpaduka cripasa.

Bp100p KoM4YecTBAa KOMIOHEHT. B 3TOM mpumMmepe CO37aHbl YETHIPE TIABHBIX
KOMITIOHEHTBI IO YHCJIY W3HAYaJIbHBIX MEPEMEHHBIX B HaA0Ope MaHHBbIX. [I0CKOJIBbKY
IJJaBHBIE KOMIIOHEHTBI CO3Jal0TCS HA OCHOBE OOBIYHBIX MEPEMEHHBIX, HH(POpMAIIHs
ISl pACHpelieICHUs] JIEMEHTOB JIAHHBIX OrPAHUYMBACTCS UX IEPBOHAYAIBHBIM
HabOpOM.

BMecrte ¢ TeM IS cOXpaHEHHs] MPOCTOTHI M MACIITAOMPYEMOCTH PE3yJIbTaTOB
HaMm cjelyeT BbIOMpaTh JJIs aHalIM3a M BU3YaIU3allMU TOJIBKO HECKOJBKO IMEPBBIX
[JJABHBIX KOMIIOHEHT. [J1aBHbIE KOMIOHEHTHI OTJIHYAIOTCSI MO 3(P(PEKTUBHOCTH
pacmnpeiesICHUs JIEMEHTOB JAHHBIX, U MEPBbIM U3 HUX AEIAET 3TO B MAKCUMAJIbLHOM
cTerieHu. YKCio IMIaBHBIX KOMIIOHEHT ISl PACCMOTPEHUS OIPEENSAIOT ¢ MOMOIIbIO
rpauka OCBhIIH.



MeToa riiaBHBIX KOMIIOHEHT

I'paduk moOKa3bIBaeT CHUKAKOIIYIOCA S()PEKTHUBHOCTh MOCICIYIONIUX TIJIaBHBIX
KOMIIOHEHT B AU(P(HEepEeHINPOBAHUU 3JIEMEHTOB JIaHHBIX. Kak mpaBuio, UCIIONIb3YyeTCA
TaKO€ KOJWYECTBO ITIAaBHBIX KOMIIOHEHT, KOTOPOE COOTBETCTBYET IMOJIOKEHUIO OCTPOTO
u3ioMa Ha Tpaduke ochimd. Ha puc. H3I0M pacmojioXeH Ha OTMETKE B JIBE
KOMITIOHEHTBI. DTO O3HAYa€T, YTO XOTS TPU WU 0O0JIEE ITIABHBIX KOMIIOHEHT MOIJIA OBl
nyuiie audPepeHIpoBaTh 3JIEMEHThl JAHHBIX, 3Ta JIONOJHUTEIbHAs WH(pOpMaLUs
MOXET HE ONPaBAATh CJI0KHOCTH UTOTOBOIO PEIICHUS.

20

Kak BugHO 13 rpaduka

OCBIIIH, JIBE MIEPBBIEC ITIABHBIE %0

KOMITOHCHTHI yke JaroT 70 %- 30

HbII pa3opoc. Mcrnonb3oBanue

HEeOOJIBIIIOrO YMCJIIA TVIaBHBIX 20

KOMIIOHCHT IJIsA aHaJIN34a i

HAHHBIX N1ACT I'apdHTHUIO TOI'O,

% y4TeHHoro pasbpoca gaHHbIX

YTO cXeMa IMOJOMIIET U JJId
Oynyiel nH(poOpMaIyH.

1 2 3 4
Yncno KOMMNOHEHT

Puc. Ha rpacduke ocbinu BuaeH 13nom, o6o3Haqaiowmm,
YTO ONTUMANBLHOE YMCNO MMAaBHbLIX KOMMOHEHT — ABE



MeToa riiaBHBIX KOMIIOHEHT

MeTto IJIaBHBIX KOMIIOHEHT — A3TO IIOJE3HBIM CIIOCOO aHaiau3a HabOpoB

JAHHBIX C HECKOJILKUMHU MEPEMEHHBIMU. OTHAKO Y HETO €CTh U HEAOCTATKH.

-  Makcumuszanusa pacnpeaegenuss. MI'K wucxogut w3 BaXHOrO HOIMYIIECHUS
TOro, 4YTO HauOoJjiee II0JIe3HbI T€ H3MEPEHMS, KOTOpPhIC JarOT HaMOOJbIINI
pa3z0opoc. OmHako 3TO He Bcerga Tak. M3BECTHBIM KOHTPHPUMEPOM SIBISETCS
3aj1aua C MOJACUYETOM OJIMHYUKOB B CTOIIKE.

YT100BI cOcUnTaTh OJMHYNKH,

MBI OTJIEJISIEM OJIMH OT JIPYroro

10 BEPTUKAJIBHON OCH (TO €CTh

1o BbicoTe cronku). OyHako eciu ~ BbICOTA CTOMKM
cronka HeBenmka, MI'K 6rH4mKoB
OIIIMOOYHO PEIIUT, YTO JTyYIIeH

IJIJAaBHOM KOMIIOHEHTOM OydeT

rOpU30HTAJIbHAs OCh (JIMAMETP

OJIMHYMKOB), U3-3a TOTO UTO B

9TOM U3MEPCHUN MOKHO HAWUTH Puc. AHanorus ¢ noacyeToM 6IMHYMKOB
OOJIBIIKM Pa30pPOC 3HAUYCHU.

<

OuameTp 6nmMH4uKa



MeToa riiaBHBIX KOMIIOHEHT

Nurepnperanusa KOMNoHeHT. [1aBHas tpynHocts ¢ MI'K cocrour B
TOM, YTO HEOOXOMMa MHTEPIpETaLsl CTCHEPUPOBAHHBIX KOMIIOHEHT, 1
MHOTJIa HYXXHO OYECHb IOCTApaThCsl, 4YTOOBI OOBSCHHUTH, MOYEMY
IIEPEMEHHBIC JIOJKHBI OBITh CKOMOMHHUPOBAaHBI MMEHHO BBIOPAHHBIM

CIIOCOOOM.
Tem He MeHee HAC MOTYT BBIPYYHUTH NOPEABAPUTEIBHBIC OOIIHE

cBelcHMsA. B Hamrem npumepe ¢ mpoaykKraMu CKOMOWHUPOBATh MUILEBBIC
IIEPEMEHHBIE 11 IJIABHBIX KOMIIOHEHT HaMm IIOMOrarOT HMEHHO
IpeIBapUTEIbHBIC 3HAHUS 00 UX KaTCropusiX.

Oproronasbubie  komMmoHeHTol. MIK  Bcerma  gopmupyer
OpMO2OHAIbHbIE TIABHBIE KOMIIOHEHTBI, TO €CTbh TaKHUE, KOTOPHIC
pa3MEIIarTCs B OTHOIIEHUM Jpyr apyra nona yriaoMm 90°. OmHako 3TO
JONYIIEHWE  MOXET  OKas3aTbCs  HM3JIMIIHUM NOpu  paboTe ¢
HEOPTOTOHAJIbHBIMH MH(OPMAIMOHHBIMHU H3MEpPECHUSIMU. {1 perieHus
3TOM TIpOOJEMBl MBI MOXKEM BOCHOJIL30BAThCS  AJIBTEPHATUBHBIM
METOJIOM, U3BECTHBIM KaK aHAJM3 He3aBUCHUMBbIX KOMIIOHEHT (A HK).



MeToa riiaBHBIX KOMIIOHEHT

AHK (anainu3 He3aBHCHMBIX KOMIIOHEHT) JOITYCKaeT HEOPTOTrOHAIHHOCTH
KOMIIOHEHT, HO 3alpellacT CHUTyallud B3aMMHOIO TMEPEKPBITUS COJepKaIencs
uHpopManmu (cMm. puc.). Kaxkmas 13 BBIJICTICHHBIX UM IJIaBHBIX KOMIIOHEHT OyaeT
colepXaTh YHHUKaJbHYIO HHpoOpMaluio o Habope npaHHbIX. I[lomMumo o00xona
optoroHajibHoro orpanuueHuss AHK B mouckax IiaBHbIX KOMIOHEHT NMPUHHUMAET BO
BHUMaHHE HE OJMH TOJIbKO pPa3z0opoC JaHHBIX M IIOOTOMY MEHEE IOJBEPKEH

«OJIMHYUKOBOU OIIIHOKE)).

Xotsg AHK moxeT nmoka-
3aThCA COBEPIICHHEE, CAMBIM
HOMYJISIPHBIM CIIOCOOOM
YMEHBIIEHUS Pa3MEPHOCTH
octaercst MI 'K, u nounumaHue
TOI'0, KaK OH paboTaeT,
BECbMa MOJIE3HO. B ciyyae
COMHEHHH UMEET CMBICII
Bceraa 3anyckarb AHK B
nonoiHednue K MI'K mns
noay4yeHus 0oJjiee 001
KapTHUHBI.

a) komnoHeHTa MI'K b) komnoHeHTbl AHK

Puc. CpasHeHue Toro, kak MK n AHK onpeaensitoT riasHble
KOMMOHEHTbI




AcCOLIMATHBHbIC NMPaBUJIA

OTnpaBisiACh B NPOAYKTOBBIA Mara3uH, Bbl HABEPHSKA BO3BMETE C
COOOM CITMCOK TOKYIIOK, MCXO/ISI MX BalIMX NOTPEOHOCTENW U MPEAITOYTECHUM.
JIoOMOX0341Ka, BO3MOXHO, KYIIUT IIOJIE3HbIE IPOAYKTHI s CEMEWHOTO
yKAHA, a4 XOJOCTSK, CKOPEE BCEro, BO3bBMET NMHUBA W YHUIICOB. [loHMMaHue
TAKUX 3aKOHOMEPHOCTEN MTOMOXKET YBEJIUYNUTH MPOAAKHU CPpA3y HECKOJIbKAMU
criocobamu. Hampumep, ecinm mapa TtoBapoB X M Y 4HacTO IOKYIIAeTCs
BMECTE, TO:

- pekiama ToBapa X MOXKET ObITh HAIlpaBJICHA HA MOKYIIaTeIen ToBapa Y,

- ToBapbl X U Y MOTI'YT OBITh Pa3MEIICHbI HA OJHOM 1 TOM K€ MOJIKE, YTOOBI
noOyaUTh MOKyHaTeJIel OJHOr0 ToBapa K MpUOOPETEHHUIO BTOPOIO;

- ToBapbl X U Y MOryT ObITb CKOMOMHHUPOBAHbI B HEKMH HOBBIM IPOAYKT,
Takou Kak X CO BKyCOM Y.

Y3HaTh, KAK UMEHHO TOBApbI CBSI3aHbI APYT C JAPYTrOM, HAM IOMOTYT
acconuaTuBHble nmpaBuJa. Kpome yBelnmyeHUs IPOJaX aCCOIMATUBHBIC
npaBujia MOrYT OBITh TaKXE MWCIOJIb30BaHbl B JPYyrux oomactax. B
MEIUIIMHCKOM JIMarHOCTUKE, HampuMmep, IOHUMAHHUE COIYTCTBYIOIIHUX
CHMIITOMOB MOXET YJYUIIUTh 3a00Ty O MaICHTAaX.



AcCOLIMATHBHbIC NMPaBUJIA

CyLIECTBYIOT TPHM OCHOBHBIE MePbI Ui ONPEICIICHUS aCCOIHAIINH.
Mepa 1: mogaep:xka. [logaepkka MOKa3bIBAET MO, KAK YACMO OAHHbIU MOBAPHBIU
HAOOp NoABAsAemcsl, YTO U3MEPSETCS J0JIEH MTOKYIIOK, B KOTOPBIX OH MPUCYTCTBYET.
B Tabn. 1 {s010Kk0} MOSBISETCS B YETHIPEX M3 BOCHBMM IIOKYIOK, 3HAUMT, €TI0
noaaepxkka 50%. ToBapHble HAOOPBHI MOTYT COAEPkKAaThb M HECKOJIBKO 3JIEMEHTOB.
Hampumep, nopjuep:kka Habopa {s0JI0OKO, IIMBO, pUC} — JIBA U3 BOCBMH, TO €CTh

25%.

Tabnuua 1. NMpumep NOKynok

J1J1s1 onpenesieHus 4acTto BCTpeya- Mokyrka 1 “ U <o \?
IOIMXCS] TOBAPHBIX HA0OPOB MOYKET

OBITH YCTAHOBJICH MOPOT MOAAEPKKH. Mokynka 2
ToBapHbIe HAOOPHI, BCTPEYAEMOCTh Mokynka 3
KOTOPBIX BBIIIC 3aJaHHOTO YHCIIA,

O

»

b
OyAyT CUUTAThCS YACTOTHBIMH. Mokynka 4 ‘

Mokynka 5

[Mokynka 6

Mopnepxka {@} =

oo

[Mokynka 8
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Mepa 2: n0cTOBEepHOCTh. JIOCTOBEpPHOCTh MOKA3bIBACT, KAK UACHIO
mosap Y nosensiemcs emecme ¢ mosapom X, 9ro BeIpaxkaercsa kak {X->Y}.
DTO U3MEpSETCs I0JIEM UX OJHOBPEMEHHBIX IosBiaeHUM. CornacHo tadi. 1,
TOCTOBEPHOCTh {0JIOKO->TIMBO} COOTBETCTBYET TPEM M3 YETHIPEX, TO €CTh

75 %.

NocTosepHocTs (@ = U} = nﬁgﬂsg}:{?{ ;{'.?_}

Puc. Mepa «AoCTOBEpPHOCTb»

OaHuM M3 HEAOCTATKOB OSTOM MEPHI SABJSIETCS TO, YTO OHA MOXKET
HUCKA3UTh CTEIEHb BAXKHOCTH MPEIOKEHHOM accouuanuu. [Ilpumep Ha puc.
PUHHMMAET BO BHUMAHMUE TOJIBKO TO, KAK YaCcTO MOKYMNaloT 10JI0OKH, HO HE TO,
KaK 4acTO IMOKYIIAT MUBO. ECIN MUBO TOXKE TOBOJBHO MOIYJISPHO, YTO U
BUJHO U3 Ta0d. 1, TO HEYAUBUTENIBHO, YTO MOKYIIKH, BKIFOUAOIINE SIOJIOKH,
HEpEAKO COJepXaT M IHMBO, TaKUM OOpa3oM yBEJIWYHUBAs  MEpy
JOCTOBEPHOCTU. TeM He MEHee Mbl MOXKEM NPUHATH BO BHUMAHUE YaCTOTY
000MX TOBAPOB, UCIIOJIB3Ys TPETHIO MEPY.



AcCCOLIMATHBHbIC PaBUJIA

Mepa 3: audrt. Jlupt orpaxkaer mo, kax yacmo mosapvl X u Y
NOABAAIOMC 8Mecme, OOHOBPEMEHHO YYUMbBIBAs, C KAKOU YacCmomou
nosesiemcs Kaxcovit u3 Hux. TakuM oopazoM, JTUPT {s10JOKO->TIHBO }

PaBEH JOCTOBEPHOCTH {s0JIOKO->TIMBO }, JICJICHHOM HA YaCTOTy {II1Ba}.

. __ Nopnepxxa { @, M
NneT {@— B} Nopaepxka {@) x Moaaepxka {7 }

Puc. Mepa «nucpt>»

CormacHo Ta6m. 1, mudt mis {40J0KO->TIMBO} pPAaBEH EIMHUIIE, YTO
O3HAYae€T OTCYTCTBHE CBS3U MEXKIY TOBAPHBIMU IMO3ULMSMHU. 3HAYCHMS
nu@Ta OOJIbIIE EIMHULIBI O3HAYAIOT, YTO TOBAP Y 8eposmHO KyISIT BMECTE
C ToBapoM X, a 3HAYEHHE MEHBIIE EAUHUIBI — YTO MX COBMECTHAs

ITOKYIIKA MANIO6EPOAIMHA.
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Ipumep:
BeJleHHEe MPOAYKTOBBIX MPOIAXK
YT0O0BI

HCIIOJIb30BAHHUC MCP aCCOLMAllNM,

IPOAEMOHCTPUPOBATH

OBLIM MPOAHAIM3UPOBAHBI JaHHBIC
OJTHOTO TIPOAYKTOBOIO Mara3uHa
3a 30 nHel. PucyHOK IOKa3bIiBaeT
ACCOIUALIUN MEKIY TOBAPHBIMHU
mapaM, B KOTOPBIX JIOCTOBED-
HocTh Bhiie 0,9 %, a mudt — 2,3.
boJablme Kpyru O3HA4YaKOT BbI-
COKYIO TOIJACPKKY, a TeMHble —

OOJbIIUI JTH.

ManoHes

e anepuTus
* abpa3uBHbI o4YMCTUTEND @)
cneuum
O TpaBbl
COCUCKH : nyk BaHouyHOe NuBo
‘roroabne 3aKyCKu O O MyXCKas
KOCMEeTUKa
npoune oaou.uo
Cbip B Hapeske 9
O O 6yTunuposaHHas
MSICHbIE ocobble Cbipbl e
nawrTeTsbl
O UHAOewnKa
) TBOpOr
norypr
puc
O (@) BUHOrpan

nnasneHbin Cbip
Tponuyeckue pyKTbi O

XNonbs :
O S6NOKK, rpyLLM O

OBOLLHbIE KOHCEPBbI

MArKUA Cbip

4yaun

Puc. Npad accoumaumi mexay TOBapHbIMU MO3ULIMAMU
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MBbI MOXKEM Ha6J'HOI[aTI> TAaKHE€ 3aKOHOMECPHOCTH B ITOKVIIKAX.

Apyrast yacTas IOKYIIKa. JIYK U OBOILH,

(PYKTHI.

BCHOMHI/IM, 970 OAHHMM M3 HCIAOCTATKOB MCPbI «IOCTOBCPHOCTB» ABJISICTCA
TO, YTO OHa MOXCT CO34aBaTb MHCKAXCHHOC BIICYHATIICHUC O 3HAYNMMOCTHU

accoranuu. YToOsl 1oKazaTh 3TO, PACCMOTPUM TPU aCCOLIMATUBHBIX IIpaBUIIA,

CoJICp KallluX IMHBO.

qalle BCEro NOKyNarT SI0JIOKU U TPONUYECKHE (DPYKTHI;

C€CJIM KTO-TO IIOKYIIA€T ChIPp B HAPE3KE, OH, CKOPEC BCEro, BO3bMET U COCHUCKH,

CCJIM KTO-TO IIOKYIIACT qaﬁ, TO OH, BCPOATHO, BO3bBMCT H TPOIIMYCCKHC

Tabnuua 2. AccounaTuBHbIe METPUKK ONA TPpEX NpaBun, CBA3dHHbIX

C NMMBOM

KOCMETWUKa

[Mokynka Mopnepxka |[JoctoBepHOCTb| JlnMdT
MuBo — Ma3npoBka 1,38 % 17,8 % 1,0
Mueo — Arogpl 0,08 % 1,0 % 0,3
[MuBo — Myckas 0,09 % 1,2 % 2,6
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[IpaBuno {MHUBO->Ta3MpOBKa} UMEET BBICOKYIO JOCTOBEPHOCTh —
17,8 %. OpgHako W NMBO, M ra3upOBKa BOOOIE YaCTO MOSBISIOTCS
cpeau MOKyINokK (Taba. 3), MOPTOMY HX acCOIUAIUs MOXKET OKa3aThCs
IPOCTBIM COBHAJCHUEM. OJTO IOJATBEPKIACTCS 3HAYCHUEM JIH(Ta,

YKA3bIBAIOIIMHUM Hd OTCYTCTBHUC CBA3U MCKY F&BI/IpOBKOﬁ N ITMBOM.

Tabnuua 3. 3HayeHune nogacpXxkKuv Ans OTAaesibHbIX TOBAPOB
B NMpdBUJidX, CBA3dHHbLIX C MMBOM

"ToKynKa MNoonepxka
lMBO 7,77 %
“a3UPOBKa 17,44 %
Aroael 3,32 %
My»KcKkasi KocMeTuKa 0,46 %
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C npyroi CTOPOHBI, IIPABUJIO {TUBO->MYKCKasi KOCMETHUKA} UMEET HU3KYIO
JOCTOBEPHOCTH M3-3a TOTO, UTO MYKCKYI0 KOCMETHKY BOOOIIE PEXKE MOKYIIAOT.
Tem He MeHee eclii KTO-TO MOKYIIAET €€, OH, BEPOSITHO, KYIIUT TAaKXKE U MUBO,
Ha 4TO YKa3bIBa€T BBICOKOE 3HaYeHue JudTta B 2,6. [l mapel {IIMBO->SATobl }
BEpHO oOpaTHOe. Buas 1udT MeHbIIe €UHUIIBI, Mbl 3aKJIFOYAE€M, YTO €CJIU KTO-
TO MTOKYTIAe€T MUBO, TO OH, CKOPEE BCETO, HE BO3LMET STO/I.

XOTsl HECJIOKHO OIPEICIUTh YaCTOTHOCTh OT/EJIbHBIX TOBAPHBIX HAOOPOB,
BJajiesiel] OnW3Heca OOBIYHO 3aMHTEPECOBAH B ITOJIYYEHHH IIOJHOIO CIIHCKA
4acTO MOKYIMaeMbIX TOBApHBIX HAOOpOB. s 3TOro morpedyercs BBIYUCIUTH
3HAUEHUS TOAJACPKKUA JUISI KaKJ0ro BO3MOXXKHOIO TOBAapHOro Habopa, mocie
4ero BbIOpaTh T€, MOAJACPKKA KOTOPBIX BBIIIE 3aJaHHOTO IMOPOra.

B Mara3suHe co BCero JecAIThi0 TOBapaMH CYMMApHOE YHMCJIO BO3MOKHBIX
KOHpuUrypanuii s aHanms3a cocraBut 1023 (to ecth 2710 — 1), m 3TO YmCIIO
HKCHOHECHIIMAJILHO BO3pAcTaeT Il Mara3mHa C COTHSMH TOBAapHBIX MO3UIUH.

ScHo, uTO HaM noTpedyeTcs 0oJiee 3(PPHEKTUBHOE PEIICHUE.



AcCCOLIMATHBHbIC PaBUJIA

OngHuM K3 ciocOOOB CHU3UTH KOJMYECTBO KOH(PUTYpALMK pACCMATPUBAEMBIX TOBaPHBIX
HAOOpOB ABJISETCS MCIIONB30BaHre MpuHImuna Apriori. Eciu Bkpariie, To npuaIIn Apriori
YTBEPKAAET, YTO €CIIM KAKOW-TO TOBAPHBIN HAOOP PEAKHM, TO U OOJbIINE HAOOPHI, KOTOPHIE
€ro BKJIFOYAIOT, TOKE JOJIKHBI OBITh PEKU. DTO 3HAYUT, YTO €CIIU PEIKUM SIBJISICTCS, CKAXKEM,
{IMBO}, TO PEIKUM JOJKHO OBITh U COYETAHHUE {MMBO, MULIA}. TakuM 00pa3oM, COCTaBIISS
CIIUCOK YAaCTOTHBIX TOBAPHBIX HAOOPOB, MBI YK€ HE OyJAeM pacCMaTpuBaTh HU Tapy {IHUBO,
MUIIA |, HA KaKy0-IHOO JIPYTYIO C COJIEpKaHUEM ITHBA.

C mnpumeHeHneM mpuHIOHIA ApPriori Mbl MoOKeM TMOJYYHTh CIHHCOK YaCTOTHBIX

TOBAPHBbIX Ha60pOB, HCIIOJIB3Y CIACAYIONINC IIaru.

IIlar O: Hayarh C TOBapHBIX HAOOPOB, COACPIKAIIUX BCEr0 OJUH DJIEMEHT, TaKUX Kak
{a0710KM } WK {TpyILLH}.

Hlar 1: BBUKWCINTD TOAACPKKY JJISI KaXJI0ro TOBapHOro Habopa. OctaBUTH HAOOPHI,
yJIOBJICTBOPSIOIIKNE TTOPOTY, U OTOPOCUTH OCTAIbHBIE.

Ilar 2: yBeaIWYWTh pa3Mep aHAIM3UPYEMOTO TOBAPHOIO HaboOpa Ha €IUHUIY U
CTCHEpUPOBATh BCE BO3MOXKHBIE KOH(MUIypallMd, HCIOJb3ysl TOBAapHbIE HAOOPHI U3
IpeIbIIYIIEro Iara.

Ilar 3: noBropsaTh marn 1 W 2, BBIUKUCIAS MOAJAEPKKY IS BO3PACTAIOIIUX TOBApPHBIX

HaOOpPOB JI0 T€X IMOP, MOKA OHU HE 3aKOHYATCSI.



AcCCOLIMATHBHbIC PaBUJIA

Ha pucyHke mnoka3aHO, Kak YHCJIO pPacCMaTpUBAEMbIX TOBAapHBIX HAOOPOB
MOJKET 3HAYUTEIHLHO COKPATHUTHLCS IIPY MCIOJIb30BaHUH puHIHIa ApPriori. Eciom y
aneMeHTa {sg0JI0KHM} HHu3Kas NOAJEp)KKa, TO OH OyaeT yHaleH M3 CIHCKa
aHAJTM3UPYEMbIX TOBAPHBIX HAOOPOB BMECTE CO BCEM, YTO €T0 COACPXKHUT, TEM

CaMbIM 3TO COKPATUT YMCJIO HA0OPOB /ISl aHa/IM3a 00JIee YeM BABOE.

T o s

Puc. ToBapHble Habopbl B npeaenax NyHKTUPHON NTMHWUK
6yayT oTOpOLLEHDI



AcCCOLIMATHBHbIC PaBUJIA

Ilouck TOBApPHBIX NMPABUJI C BBICOKOH JOCTOBEPHOCTHIO MJIH JIN(PTOM

Kpome omnpeneneHus TOBapHBIX HAOOPOB C BBICOKOM IMOIACPIKKOM,
npuHOEn APriorl Takke MOXKET IIOMOYb HAWTH TOBAapHBIC aCCOIHMAIUN C
BBICOKOM JIOCTOBEPHOCTHIO WK JU(PTOM. IIoMCK ATHX accolyanuii TpeoyeT
MEHBIIIE BBIYMCIICHUM, MOCKOJBKY €CJIM TOBapHbIE HAOOpPhI C BBICOKOM
NOAJCPIKKOM H3BECTHBI, TO JIOCTOBEPHOCTh MU JU(MT BBIYUCISIOTCS YKE C
HCITOJIb30BAHUEM 3HAYCHUS MOAACPIKKHU.

Bo3pMeM  gid npuMepa 3ajady  IIOMCKAa OpaBMWJI € BBICOKOU
JOCTOBEpHOCTRIO. Ecnu mpaBmiio {IUBO,YUICHI->SI0JI0KH} HUMEET HHU3KYIO
JOCTOBEPHOCTh, TO W BCE APYyrM€ MpaBUja C TEMHU K€ OOpa3yIOIIUMHU
JIEMEHTaMHU M SI0JIOKOM C IpPaBOM CTOPOHBI OyJIyT TOXKE HMETh HHU3KYIO
JTIOCTOBEPHOCTD, BKJTFOYasI {TIMBO->50JI0KH, YNUTICHI } 17| { YATICHI-
>sg010ku,muBO}. Kak m mpexae, 3TH MOpaBUiia MOTYT OBITh OTOPOIICHBI
Onaromapst mpuHIUAIY APrIOri, TeM caMbIM CHIDKAs YHCIO ITOTCHIIUAIBHO

paccMaTprBaEMbIX MTPABUIL.



AcCCOLIMATHBHbIC PaBUJIA

OrpannuyeHus

1. TpeOyer moarux BbIUMCJIeHHHA. XOoTsa mpuHOHO APriorl U CHIKaeT
YUCJIO MOTCHIMAIbHBIX TOBApPHBIX HAOOPOB JJISI PaCCMOTPEHHUS, OHO BCE
€IIC MOKET OBITh JOCTATOYHO 3HAYMUTEIIBHBIM, €CJIM CIHCOK TOBapOB
OOJIBIIOM WJM yKa3aH HHU3KMH T1Opor MOJAepkKKA. B  KkadecTBe
aJbTEPHATUBHOTO PEIICHUS MOXKHO COKpPaTUTh YHCJIO CpaBHCHUH,
UCIOJIB3YSl  pACIIMPEHHBIC CTPYKTYpbl JAHHBIX, 4YTOOBI OTOOpPATH
IOTEHIIMAJIbHBIE TOBAPHBIE HA0OPHI C 00JIbIIIEH APPEKTUBHOCTHIO.

2. JloxHble accoumanmum. B Oonpiimx HaOopax JaHHBIX acCOLMAIUU
MOIyT OBITh YHCTOM  ClOy4yalHOCThbIO. UYUTOOBI  yOE€auTHCA, YTO
OOHapy’>KEHHbIE AaCCOIMAllMM MACIITA0UPYEeMbl, WX HYKHO OILICHMTb.
HecmoTpss Ha 3TH OrpaHUYECHMS, aCCOLMATUBHBIC MpaBUJIa OCTAIOTCS
MHTYUTHUBHO-TIOHSITHBIM METOJIOM OOHapyK€HHsI 3aKOHOMEPHOCTEH B

HaOOpax JaHHBIX C YIIPABISIEMbIM Pa3MEPOM.



AccoMaTUBHBbIE IPABUJIA
Q ACCDHHHTHBHHE [IpaBHWJld BBIABJIAIOT TO, KdK HdCTO 3JI€-
MEHTDLI ITOABJIAIOTCAH BCID6]JJ,E! N B CBA3H C IPYIUMH.

Q Ectpb TPHU OCHOBHBIX criocoba OL€EHKHW aCCOILIUAIIHN .

1. Iloodepicka {X} MOKa3bIBAET, KAK YaCTO X IMOSIBJISIETCS.

2. /locmogeprocmsv {X->Y} 1MOKa3bIBaeT, Kak 4acTo Y 10-
SBJISIETCS B IIPUCYTCTBUM X.

3. Jlugpm {X->Y} nnokasbiBaeT, KaKk 4acTo 3jieMeHTbl X U Y
MOSIBJIAIOTCS BMeCTe 110 CPaBHEHUIO C TEM, KaK 4acTo
OHU MOSIBJSIOTCS 110 OT/I€JIbHOCTH.

Q Ipunuun Apriori yCKOpsieT IIOMCK YaCTO BCTPEUAIOIUXCS
TOBapHbLIX HAOOPOB, OTOpachIBasg 3HAYUTENLHYIO JOJIIO
peJIKUX.



AHAJN3 COUAJIBHBIX CeTeH

BOJIBIIMHCTBO U3 HAC MMEET MHOXKECTBO KPYTOB OOIICHMS, BKIIOYAIOIINX TaKUE
KaTerOpHM JIIOACH, KaK POJACTBCHHUKH, KOJUIETH WM OJHOKJIACCHHKH. YTOOBI
BEIICHUTD, KaK YCTPOCHBI OTHOIICHHS BCEX ITHX JIIOICH, ONPEACIUB, HAIIPHUMED,
AKTUBHBIX IIEPCOH M TO, KAK OHM BIIMSIOT Ha I'PYIIOBYIO JUHAMHKY, MbI MOXKEM
BOCIIOJIL30BaThCS METOJOM II0J Ha3BaHHEM aHAJHM3 CONMHAJBLHBIX cerei (Social
Network Analysis).

DTOT METOJ MOKHO PUMEHSATH
B BUPYCHOM MapKETHHTE,
MOCIMPOBAHUM IIUAECMUMN 1
Aa)ke ISl CTpaTeruii B KOMaHTHBIX
urpax. Tem He MeHee OH OOJIbIIIEe
M3BECTEH CBOMM HCIIOJIb30BaHUEM O
JUUTSL aHAIU3a OTHOIIECHUM B
COITMAIBHBIX CETAX, YTO U JIAJI0 O Tom
eMy HaSBAHMC. Ha pHCYHKe Puc. HDDCTEIH CEeTb ,ﬂ,p‘y‘BEﬁ. Bonee 6nu3kne OTHOLEHMS NOKa3aHbl
IpHUMEpP TOTO, KaK aHaIu3 YTOMLLEHHBIMA IMHUSAMY
COITMAIbHBIX CETEH MOKa3hIBACT
OTHOIIICHHS.

Mspu

Aoxynus

Aasug



AHAJN3 COUAJIBHBIX CeTeH

PrcyHOK MOKa3bIBae€T CeTh W3 YETHIPEX HWHIAWBUJIOB, TAaKKE HM3BECTHYIO Kak
rpad, B KOTOPOM KaKIbIH U3 OJTHX IEPCOH IMpeacTaBieH y3JjaoMm (node).
OTHOIIICHUST MEXKIY y3JIaMH IPEACTaBICHBI JIUHUSIMH, Ha3bIBACMBIMU pedpamMu
(edges). Kaxmoe peOpo MOKET HMETh Be¢, IIOKa3hIBAIOIIUI CHITY OTHOILICHHUI.

N3 pucyHKa Mbl MOXKEM
3aKJIFOUUTH CIEIYIOIIEE:
- JIBug uMeeT OOJIbIIIE
BCEX CBA3ECH, Oyayun
3HAKOMBIM
C OCTaJIbHBIMU TPEMS
MIEPCOHAMU;
- ToM HE 3HaeT HUKOTO,
Kpome /[3Buna, ¢ KOTOpbIM
OHU OJW3KUE APY3b;
- JLxynuda 3Haer Moapu u
JIPBraa, HO HE OJIM3Ka C
HUMH.

Mspwu

O

Axynusa

Tom
Aasug

Puc. lNpocTasa ceTtb p,pyseﬁ. bonee 61M3KMe OTHOLIEHUSI NMOKa3aHbl
yTonweHHbIMA TMHUAMMW



AHAJN3 COUAJIBHBIX CeTeH

KpoMe OTHOIIECHWK aHAIW3 COLMAIBHBIX CETEH MOXKET CTPOUTH CXEMbI H
IJIE IPYTUX CYIIHOCTEU, IIPU YCJIOBHUH, YTO MEXIAY HUMU €CTh CBI3MU.
Bocnonb3yemMca UM I aHAJIU3a MEXIYHAPOIHOM CETH TOPIOBIU OPYKHUEM,
YTOOBI BBISIBUTh JOMUHUPYIOIINE CUIIBI U UX C(hEPhI BIUSHUSL.

IIpuMep: reonoJUTHKA B TOPIOBJIE OPYKHEM

bbUIM MoJIydeHbl JaHHBIE O JIBYCTOPOHHHX TpaHC(epax OCHOBHBIX BHJIOB
OOBIYHBIX BOOPYKEHUU M3 CTOKIOJBMCKOTO MEXIYHAPOAHOIO MHCTUTYTA IO
HUCCIIE0BaHUIO IIpo0jaeM Mupa. BoeHHbIE MNOCTaBKM OBLIM BBIOPAaHBI B
Ka4eCTBE KOCBEHHOI'O IOKa3aTeisl JBYCTOPOHHUX OTHOIIECHWH, IOCKOJBKY
JTOJKHBI CBHUJICTEJILCTBOBaTh O TECHOM CBA3M CTpaH Ha MEXIyHApOIHOMH
apeHe.

B sTOM aHanu3e ObUIM CTaHIAPTU3UPOBAHBI CTOMMOCTh OPYKHS HAa YPOBHE
neH 1990 roma B mommapax CIIIA, mocie 4ero NpUHSJIM B PacyeT TOJBKO
caelkd, cymma Kotopbix mpeBbicwia 100 miaH gomnapoB. UToOBI yudecTb
(IyKTyallud B TOPIOBJIE OpPYKHEM, OOYCIIOBJICHHBIC IPOU3BOACTBECHHBIMHU
LUKJIAMH HOBBIX TE€XHOJIOTHH, ObLI paccMoTpeH 10-neTHuit nepuon, ¢ 2006 1o
2015 roa, noctpoun ceTh u3 91 y3ma u 295 pebdep.



AHAJN3 COUAJIBHBIX CeTeH

JUIs BH3yalmM3alliM CETH MCIIONB30Bajics cuioBoii ajaroputm (force-directed
algorithm): y3mer Ge3 cBsi3eld OTTaANKHBAIOTCS JPYr OT JApyra, a CBS3aHHBIC Y3IIHI,
HA00O0POT, MPUTITUBAIOTCS C TOW CTEMEHBIO OJIM30CTH, KOTOPAsi OTPAXKAET CUIIY UX CBSI3U
(cM. puc.). Hanpumep, MakcMMaIbHBIN 00beM TOProBiIN 3adUKCUpOBaH Mex 1y Poccueit n
Wuueii ($ 22,3 mapn), MO3TOMY 3TH FOCYIapCTBa COCIUHEHBI TOJICTOM JIMHUCH M OJIM3KO
PaCITOJIOKEHBI.

Bulgaria
Denmark Belgium
Latvia Hungary Joran
Netherlands i, Thailand
Ecuador Sweden Switzérland > e
Rorffuinia . SouthiAfrica Mprocco opbn  Cantodia
Chile & gpce |, . INdonesia Turkni@nistan D
Portugal United Klngdom N TanZania >nfan a-‘ .
anc'Austria Saudi‘Arabia_ Fr n Pakistan Bangladesh Equatoript Gu'"fn
German Singapore FI"'aNCe Ethiopia DR @ongo
Y SouthiKorea China Ukraine. = cd
T Turkey JonE Venézuela DPUIRL G€°"8"'
Lib
= United States 4, R i
L .
Spaln Austialidjagen el gyphaq usAslg'e?;a Azerbaijan Sudan
Norwa JanvagROC) Vietham :
Mexico Malaysia Italy Uzbekistan |"f";  Beldrus
yEia Yefi
Ireland Finland Poland , Afghanistan Kazakhstan Njigeria e
Colombia Pt Mongolia
Philippines Brazil Qatar Peru Arniienia
Argentina
Bahirain
Necw Zealand Tufiisia

Lebanon

Puc. CeTb CTpaH, UCxoas M3 BOEHHbIX NOCTaBOK



AHAJN3 COUAJIBHBIX CeTeH

[Tocne amanu3a moaydMBiiehics ceTd JyBeHckmM wMerogoM (Louvain Method)

reONOJIMTUYECKHUE AJIBSIHCHI OBUIM CIPYMNIIMPOBAHbI B TPH KJacTepa:

- CBemno-cepblil: 3TO KPYITHEUIIINN KJIACTEP, B KOTOPOM TOMHUHUPYIOT CIIIA u KOTOpBIU
BKJIIOUAET UX COIO3HUKOB, TAKUX Kak BennkoOputanus u M3paunse.

- CBemiblii: B HEM Juaupyer lepmaHus, ¥ OH BKJIIOYA€T B OCHOBHOM EBPOICUCKHUE
CTPaHbI, a TAKXKE TECHO CBI3aH CO CBETJIIO-CEPHIM KIIaCTEPOM.

- TeMmHblil: B 3TOM Kiactepe JOMUHUPYIOT Poccust u Kurail, OH TUCTaHIMPOBAH OT ABYX
JIPYTHX U BKJIOYAET B OCHOBHOM a3MaTCKHUE U appuKaHCKHE TOCyaapcTBa.

Knactepsl orpaxkaroT reonosutudeckue peanmun XXI| croynerus, Takue Kak J0JAr0CPOYHbIE
aNbSIHCHl MEXKAY 3alaJHbIMM  HAMSIMH, TOJAPU3ALHNI0 MEXIY JEMOKPaTUYECKUMHU U
KOMMYHHUCTUYECKMMHU CTpaHAMH U BO3PACTAIONIYIO0 pojib MpoTUBOCTOSIHUA Mexay CIIA wu
Kuraewm.

Kpome rpynnupoBKH B KIACTEPbl TAaKXE IPOPAHKUPOBAINA OTIECJIBHBIE CTPaHbl IO
YPOBHIO UX BIIHMSHUS, BOCIOJIb30BaBIINCH ajJroputMoM PageRank (ommceiBaeTcs ganbie).
Ha cnenyromeM puUCyHKE MNpEACTABICHBI 15 CaMbIX BIUATEIbHBIX TOCYAApPCTB, KOTOPBIE
TaK>Ke€ OTMEYEHBI Ha PUCYHKE 00Jiee KPYITHBIMU y3JIaMU U TIOATTUCSIMHU.

CornacHO HalleMy aHaIu3y, B MATEPKY CaMbIX BIMATEIbHBIX cTpaH BxomsaT CIIIA,
Poccus, ITepmanusa, Opannus wu  Kurai. ITu  pe3ynbrarbl IMOATBEPKAAOTCS TEM
OOCTOSITEILCTBOM, YTO YETHIPE M3 MSATH ITUX FOCYIapCTB UMEIOT BIUSHHUE €Ie U KaK YJICHBI
Cosera be3zomacnoctu OOH.



AHAJN3 COUAJIBHBIX CeTeH

CLIA
Poccua
NepmaHma
®paHuKnA
Kutai
YKpauHa
HwoepnaHab!
NTanua
BenukobputaHus
WcnaHua
Lseuns
W3paunb
Typuus
Muama
[NakucTaH

0

» PageRank

Puc. Camble BNIMATENLHBIE CTPaHbLI B TOProBne Opy»MeM, CornacHo
anroputMy PageRank. 3Hayenne PageRank ons Kaxaoi cTpabl
MoKa3aHo CBETNLIM, @ TOProebli 06beM — TeMHbIM

i} 8 10

m Obwas cymma caoenok (B $mnpa)



AHAJIN3 COIMMAJBHBIX CeTEeH

[Io pucyHKy ceTH CTpaH ObLIM HaAWACHBI KJIACTEPhl CETHU
IyTEM TPYNIUAPOBKHU Y3JIOB. VI3ydeHHE 3TUX KJIACTEPOB ITOMOMKET
IMOHATbH, YEM PA3IUYAIOTCA YACTU CETU U KAK OHU COCJIUHEHBI.

JIyBeHCKHII MeTOA — 3TO OJWH M3 CHOCOOOB ONpEACICHUS
KiacTepoB cetd. OH moaOupaeT pa3idyHble KJIaCTEpHBIC
KOH(UT'ypalllH, YTOOBI:

1) MakCHMMH3HpPOBATh YHCIO M CHIIY CBS3CH MEXKIy y3JIaMH B

OJTHOM KJIacTepe;

2) MUHHMH3HUPOBATh IPHU 3TOM CBSI3H MEKIY y3JIaMU Pa3IddHBIX

KJIaCTEPOB.

CrencHb yIOBICTBOPCHUS 3TUM ABYM YCIIOBHSM H3BECTHA KaK
moayasipaoctb (modularity), u 6oxee BeIcOKass MOIYISIPHOCTD —
3TO MPU3HAK 00JIee ONTUMAIBHBIX KJIACTEPOB.



AHAJN3 COUAJIBHBIX CeTeH

YT0OBI MOJYUYUTh ONITUMAIbHYI0 KOH(UTYpaLUIO KIACTEPOB, TYBECHCKUI
METOJ, UTEPATUBHO MPOXOJUT CICIYIOIINE CTAAMM.
Cragust 0. paccMaTpuBaeT KaKIbld y3€]I B KaueCTBE KjacTepa, TO €CTh
HAYMHAET C YMCJa KJIacTePOB, paBHOIO YHCIY Y3JIO0B.
Cragma 1. MeHsSET KIacTepHOE UWICHCTBO y3Ja, €CId 3TO HPUBOAUT K
VIYYIICHUID MOAYJSPHOCTH. Eciam MOIyIsapHOCTh OOJBINE  HEIb3S
YIYUYIINUTh, y3€JI OCTACTCS Ha MECTE. DTO IMOBTOPSACTCS IS KaKJIOro y3Jia
710 T€X MOP, ITOKa U3MEHEHHUS KJIaCTEPHOTO YICHCTBA HE Oy1yT MCUEPIIAHBbI.
Cragusi 2. cTpouT rpyOyr0 BEPCHIO CETH, B KOTOPOM KaXKIIbIi KJIacTep,
HaleHHbIM Ha cTaguM 1, mpeacTaBlieH OTACIbHBIM Yy3JIOM, U OOBEIUHSET
OBIBIIIME MEXKKJIACTEPHBIC COCAUHEHMS B YTOJIIEHHBIE peOpa 3THUX HOBBIX
y3J10B B COOTBETCTBUH C UX BECOM.
Cragust 3. noBtopsieT ctaguu 1 m 2 10 Tex mop, moKa HE 3aKOHYATCS
JNaJIbHEHIIINE U3MEHEHHUS YICHCTBA U pa3Mepa CBA3ECH.

Takum o00Opa3oMm, JYBEHCKMH MeTOX IOMOraeT BbIIBUTH 0o0Jiee
3HAYMMBbIE KJIACTEePbl, HA4aB C OOHAPYKCHUS MaJbIX U3 HUX, a 3aTE€M IIpH
HEOOXOIUMOCTH COCIUHSASA UX.




AHAJN3 COUAJIBHBIX CeTeH

[Ipoctora ®u >(PdEKTUBHOCTL ACHAIOT JYBEHCKHH MeTOo.
MONMYJISIPHBIM PELICHUEM IS Kiactepu3annu cetu. OQHAKO OH UMEET
CBOW OrPAHUYECHUS.

1. BakHble, HO MaJjble KJACTEPbI MOIyT OBITh MOIVIOLICHBDI.
HMrTepatuBHBIN MPOLIECC CIUSHUS KJIACTEPOB MOXKET MPUBECTU K TOMY,
4TO 3HAYMMbIe, HO HeOOJbIIME KJacTepbl OyayT 00O ICHBI
BHUMaHMeM. YUToObI M30eKaTh 3TOTO, Mbl MOXKEM MPHU HEOOXOAUMOCTHU
OPOBEPATh MACHTU(PUIIMPOBAHHBIE KJIACTEPHI HA IPOMEKYTOUHBIX
(hazax ureparui.

2. MHOKeCTBO BO3MOKHBIX KJIACTEPHBLIX KOHurypaumii. [
CEeTEU, COAECPKAIIUX IEPEKPHIBAOIINECA WJIA BIIOKEHHBIE KJIACTEPBl,
ONPENEINUTh ONTUMAIBHOE KJIACTEPHOE PEIICHUE MOXKET OKa3aTbCsA
TPpyAHbBIM. TeM HE MEHee, KOTJla HUMEIOTCS HECKOJBbKO PEUICHUMN C
BBICOKOW MOJIYJISPHOCTBIO, MBI MOXEM CBEPUTH KIIACTEPHI C IPYTUMHU
MH(POPMAIITMOHHBIMU UCTOYHUKAMM, YTO MbI U MPOJICJIATIN HA PUCYHKE C
CEThIO CTPAH, MPUHSIB BO BHUMAHUE TeOorpa)MueCKOE MECTOTIOIOKEHUE
U MOJIMTUYECKYO UJIE0JIOTHIO.




AHAJN3 COUAJIBHBIX CeTeH

Aaroputm PageRank

ITOCKOIBKY KIacTEphl BBISBISIOT O00JAaCTH BBICOKOM KOHIICHTpALUU
B3aMMOJICMCTBUI, 3TH B3aUMOACHCTBHUS MOIYT YIPaBISITHCS BEAYIIUMU
y3JaMH, BOKpPYI' KOTOPBIX O3TH KjacTepbl Hu chopMupoBaHbl. [l
ONpEJCIICHUSI ATUX AJOMUHUPYIOIIMX Y3J0B MOXHO MCIIOJIb30BaTh HX
paHXKUPOBAHHUE.

Anroputm PageRank, HasBaHHBII 1m0 mMeHU coocHoBarens Google
Jlappm Ileiimxa, cran omauM U3 IepBeIX aiaroputmoB Google s
paHXKUpOBaHMs BeO-caToOB. OH MOKET OBITh MCIOJIBL30BaH JJI TOr0, YTOOBI
KJIAaCCU(UITUPOBATH y3JIbI JIF000TO THIIA.

3naucHue PageRank mis BeG-caiita onpenensercs TpemMs paKTOpaMu.
1. YUncao cepliok. Eciu Ha oauH BeO-CaMT CCHUIAKOTCS APYTHE, TO OH,
CKOpEE BCEro, MpUBJICKAET OO0JIbIIIC MOJIb30BaTEIICH.

2. Cuaa ccpliok. UeM dale mepexoasT MO 3TUM CChUIKaM, TEM OOJIbIIIE
TpauK CauTa.

3. UCTOYHHK cChLIIOK. PaHr BeO-caiiTa MOBBIIIAETCS U OTTOr0, YTO HA HETO
CCBIJIAIOTCS APYTHE BLICOKOPAHTOBBIE CAMTHI.




AHAJN3 COUAJIBHBIX CeTeH

YroOwl yBumeTh padory PageRank, mocMmorpum Ha mpuMmep ceTH Ha
PUCYHKE, T Y3JIbl IPEJICTABISIOT Be0-CalThl, a pcOpa — TMIEPCCHLIKM.

Bxopsmas rumnep-
CCBUIKA C OOJILIIINM BECOM
O3Ha4vaeT OOJILITUN 00BEM 1
TpaduKa 115 canTa.
Ha pucyHke BUIHO, 4TO
ImoceTuTelb canta M
C BIIBOE OOJIbIIIEH O .
BEPOSTHOCTBHIO ITOCETUT D 2
cait D, uem J, 1 MoxeT Puc. CeTb, B KOTOPO#M y3Mbl — 3T0 BeH-calThI,
HUKOT A HC IIOCCTUTH a pebpa — rMnepccbInkm
caut T.

YTOoOBI TOHATH, KAaKOHW CaWT IpPUBJIEKACT OOJbIIEC I0JIb30BaTEIICH,
MOXXHO CMOJICIMPOBaTh IOBeJAeHHE caMita wu3 pucyHka i 100
II0JI30BATEJIEW U IOCMOTPETH, HA KAKOU CAUT OHU B UTOTE MONAAYT.



AHAJN3 COUAJIBHBIX CeTeH

M

CHa4dajia paBHO pacnpeaciuM
100 nonw3oBarenei No 4eThipeM BeO-
canuTaM, Kak IOKa3aHO Ha PUCYHKE
CITpaBa.

Puc. HauansbHoe nonoxexue, B kotopoM 100 nons3oBaTenei
pacnpefeneHsl No YeTbipem seb-canTam

M 3aTeM mepepacrpencimM I0JIb30BaTelIeh
Ka)KIIOro calTa B COOTBETCTBUU C €IO0
UCXOOAIUMU CChUIKaMu. Harpumep, aBe
TPETH IO0JIb30BaTee canta M oTnpaBsTcs
Ha cauT D, B TO Bpemsi Kak OCTaBIIASICS
TpeTh nmoceTuT cauT J. PeOpa Ha pucyHke
Puc. I'Iepepacnpe,qenEHHe I'IGHb31‘.‘]BBTEJ'IEﬁ, OCHOBdHHOE Ha CcHine BHI/I3y HOKaBBIBaIOT qI/ICH(?’ HpI/IXOI[HIHHX 1

MCXOASALLUMX CChINOK YXOAIINUX  ITOJIB30BATCICH IJISA  KAXKIO0I'0

cauTa.




AHAJN3 COUAJIBHBIX CeTeH

ITocie niepepacnpeneiicHus BCEX IMOJIb30BATENIEW HA cauTe M 0Ka3ajaoCh OKOJI0
23 nosib3oBaresiei, u3 Kotopeix 10 npunuum ¢ cata D n 13 ¢ caunra J. Cinegyrommin
PUCYHOK MOKa3bIBAECT PE3YJIBTATHI PACIIPEACIIEHUS MOJIb30BATEIIEH 10 KAXKIOMY
CauTy, OKPYIJIEHHBIE JI0 1IEJI0T0.

YT0OBI MOJIYYNUTH 3HAYEHHE M

PageRank mpjas ka;kmoro caiira,
HY>KHO MOBTOPATH 3TOT MPOIIECC 0
TE€X IOP, MOKA YUCIEHHOCTD
[10JIb30BATEIIEN CAUTa HE NIEPECTAHET
MEHATHCS. MITOroBoe 4nciio
MMOJIL30BATEIEN U1 KAXKJIOro BEO-canTa
OyJIeT COOTBETCTBOBATH €I0 3HAYCHHUIO
PageRank: wem OoibIne mojb30BaTenci
OH MPHBJICYET, TEM BBIIIE €0 PAHT.

Puc. Yvcno nonb3oBaTenel Ha KaxaoMm eeb-canTe nocne
pacnpegeneHus

Tem >xe cmocobom c¢ momomipio PageRank MokHO H3MEpHTh U BIHSATCIHLHOCTH
rocynapctsa. B ceTw, WIUIIOCTPUPYIOIIEH TOPTOBIIO OPYKHEM, CTPAHOHW C BBICOKHM
3HaueHneM PageRank OymeT Ta, KoTopasl y9acTBYyeT BO MHOTHX 3HAYMTEIIBHBIX TOPTOBBIX
CAEJKax C JPYTMMHA BBICOKOPAHTOBBIMM CTpaHaMM, YTO JEJA€T €€ BIUATEIbHBIM
UTPOKOM B MUPOBBIX BOCHHBIX ITOCTABKaX.



AHAJN3 COUAJIBHBIX CeTeH

HecMoTpst Ha IpOCTOTY MCIONB30BaHM, y anroputMma PageRank ects
HEJIOCTATOK: HeO0bEKTHBHOCTH B OTHOINEHHHM CTapbIX Y3JI0B.
Hanpumep, XoTs HOBasi BeO-CTpaHHUIIA M MOXET COJIEp)KaTh OTIWYHBIMI
KOHTEHT, €€ OTHOCUTEIbHAsI OE3BECTHOCTh B MOMEHT IOSIBJICHUS JAaCT €l
HU3KOe 3HaueHHe PageRank, 4To moTeHIMAIbHO MOXKET MNPHUBECTH K
MCKJIFOYECHUIO M3 TIEPEUYHEW PEKOMEHIYEMBIX CaWTOB. UTOOBI M30€KaTh
3TOro, 3HaueHUs PageRank MoryT peryiaspHo OOHOBJISITbCS, JaBas
HOBBIM CaliTaM BO3MOXXHOCTh IIOJHHMMAaTh CBOM paHTH II0 Mepe
3apa0aTbIBaHUS PEITy TAllUH.

Tem HEe MeHee Takoe CMEIIEHUE HE BCETJAa KPUTUYHO, OCOOCHHO IMPH
MOJCIMPOBAHUN JIOMMHMPOBAHUSA 3a JIOJATHME TEPUOJbl BPEMEHH,
HalpuMeEp, KOrJa Mbl PAHXKUPYEM CTpPaHbI, MCXOJS H3 CTEINEHH HX
BJIVSIHUASL. DTO MOKA3bIBAET TO, KAK OIPAHUYEHHSI aJITOPUTMOB MOTYT HE
OBITh UX HEAOCTATKAMHU, B 3aBUCHUMOCTH OT IIEJIEH UCCIICIOBAHMUS.

XOTsT METOIbl KJIACTEpU3AlUM W PAHKUPOBAHUA ITO3BOJIAIOT Ham
MOJYYUTh OYEHb MHTEPECHBIC PE3YIBTAThI, HHTEPIPETUPOBATH UX HY>KHO
C 0OJIBIIONM OCTOPOKHOCTBIO.




AHAJN3 COUAJIBHBIX CeTeH

Bo3bMeM, K mpuMepy, HaIle€ MCHOJIb30BAHUE JAHHBIX IO ITIOCTaBKaM OPYXKHUS IS
OLICHKHW BJIMATEIILHOCTU TOCYIApCTB. Y TAKOM YIIPOIIECHHOU OICHKHA €CTh HECKOJIbKO
IIOJIBOJIHBIX KAMHEH.

- UrHopupoBaHue IUILVIOMATHYECKHUX OTHOLIEHHHM NPH OTCYTCTBUHU IMOKYIOK
BOOPY:KeHHUsI. BoJIbIIMHCTBO pedep NpoBeACHBI MEXKAY AKCIIOPTEpaAMU U UMIIOpTEpaMu
opyxkus. Takum 00pa3oM, JPYyKECTBECHHbIC OTHOIICHUS MEXKIYy CTpaHamMu, o0e u3
KOTOPBIX SBJISIIOTCS UMIIOpTEpaMM (JIHOO AKCIIOPTEPAMHM ), HE OTPAKEHBI.

- UrHopupoBaHue APyrux cooopaxeHud. Bo3M0XHO, HY’)KHO yYE€CTh CIOKHUBIIHECS
CUCTEMBI OTHOIIEHUH, OTPAaHUYMBAIOIIAE MOTEHIIMAIBHBIX TOKyIareinern. Kpome toro,
CTPaHBI-PKCIIOPTEPHI IPHU NPHUHATHM PEIICHUN O MPOAAXKE OPYKUS MOTYT IIPEAIIOUECTh
JIBYCTOPOHHHUM OTHOIICHUSAM BHYTPEHHHUE CJIICJIKH (HAIpUMEp, W3 SKOHOMHYECKHX
cooOpakeHMi). ITO MOII0 Obl OOBACHUTH, MOYEMYy YKpawHa, 3HAUYUTEIbHBIM
AKCIIOPTEP OpYKMs, IIOJydHMia IIECTOM PaHI, BONPEKH OTCYTCTBUIO pPEMyTalyiu
BJIUATEIILHON CTPAHBI.

[ToCKOJIbKY OOOCHOBAaHHOCTb HAIIUX BBIBOJOB 3aBHCUT OT TOI0O, HACKOJIBKO
KAa4€CTBEHHOE MTOCTPOCHUE I aHAJIM3a JAI0T JaHHBIC, UCIIOJIb3YEMBbIC ISl TEHEPaAlun
CETH, TO OHHU JIOJKHBI BEIOUPATHCS ¢ 0COO0M THIATEIBLHOCTHIO. UTOOBI yOEIUTHCS, YTO
HAIIA UCXOJHBIE JAHHBIE U METObI AHAIM3A JOCTATOYHO HAJICKHBI, HYKHO NPOBEPATH
MOJYYEHHBIC PE3YJIbTAThI M0 APYTUM UCTOYHHUKAM HH(OpPMAaIIHH.




PerpecCHOHHBIN aHAJIH3

BoiBeeHUE JIMHUM TPEHAA

JIMHMM TpeHaa — NMONyJIAPHBIK UHCTPYMEHT IJIi MPOTHO3UPOBAHUA,
IMOCKOJIBKY OHU NPOCTBI KaK JJIsl BBIYMUCIICHUSA, TaK U JJIsI TTOHUMAaHUS.
JlocTaTOYHO OTKpPBITH JIIOOYI0 €XEAHEBHYIO Ta3e€Ty, 4TOObl YBUJECThH
rpa@uKd TPEHJOB B CaMbIX Pa3jJUYHBIX OOJACTAX: OT IIEH Ha aKLUHWH J10
IIPOTHO3a ITOTOJIBI.

OO1me TpeH1bl OOBIYHO MPUMEHSIOT €IUHCTBEHHBIN MPEIUKTOP JIs
IpeJICKa3aHusl pe3ysibTara, MCHONb3Yys, Hampumep, BpeMs (MPEauKTOp)
U1 TPOTHO3WPOBAHUS I1I€H HA AKIUHW KOMITaHWHU (pe3ynbrar). OmgHako
MOXXHO YJIYYIIWTh MOpPEJACKa3aHWE€ II€H Ha akKliud, J00aBHUB JAPYTHE
MPEAUKTOPBI, TAKHME KaK YPOBEHB IIPOJIAXK.

DTO CTAaHOBUTCS BO3MOXHBIM C PerpecCMOHHBIM AaHAJIU30M,
MMO3BOJISIIOIIMM HE TOJIBKO YJYy4YIllaTh HPOTHO3UPOBAHUE IIYTEM YUETa
MHOXECTBA MNPEAUKTOPOB, HO W CPABHUBATH ATHU NPEAUKTOPHI MEKIY
co0O0l MO CTEeNEHU BIMSAHUS. PaccMOTpuM nmpuMep ¢ NpeacKa3aHueM IeH
Ha 0Ma.



PerpecCHOHHBIN aHAJIH3

IIpumep 1: npeackazanue 1eH HA 10MAa

37mech ObLIM WCIOJIB30BaHbl JaHHBIE 3a 1970-e roapl 0 1ieHax Ha
agoMa B boctone. IIpenBapuTenbHBIM aHAIW3 IIOKA3bIBA€T, YTO ABYMS
CUJIbHEHIIIMMU NPEAUKTOpPAMU LICH Ha JIoMa SBJISIIOTCS YKMCIO KOMHAT B
JIOME U JTOJIA COCENEN C HU3KUM JTOXOJIOM.

Ha puc. 1 BugHO, 4T0 Y 1O0pOrux =

(©
JOMOB OOBIYHO OOJIBIIIE KOMHAT. S \
JLJ1st mpeacka3anus LEHbI IoMa ? e %
MOKHO ITOCTPOUTH JIMHUIO TPEHAa, 32 = L AR

= S P W
M3BECTHYIO TAKXKE KaK JIMHUSA o 2 T asad:

T o '.‘"“;‘i 3
HAWJIYYIlIEero cooTBeTcTBUsA. OHa o -

Q. T

&)

IPOXOJIUT OJIU3KO K HAMOOJIbIIEMY
YHCY AJIEMEHTOB JJaHHBIX Ha

rpaduke. Hanpumep, ecnu y 1oma
BOCCMb KOMHAT, €I'0 ICHA COCTAaBHUT Yucro komHat

HpI/I6JH/I3HTeHBHO $ 38 150. Puc. 1. LleHbl Ha 10Ma B CPAaBHEHWUM C YMC/IOM KOMHAT



PerpecCHOHHBIN aHAJIH3

IIpumep 1: npeackazanue 1eH HA 10MAa

Kpome umcia koMHaAT Ha IIEHY JOMa TaK»Ke BIIUSJIO €r0 OKPYKCHHE.
Jloma okazanuch JEHIEBIE TaM, rAe€ Oblaa BBINIE MPOMOPIHUS COCEHAEH C
HU3KHM J10X0a0M (puc. 2). IToCKOabKy TpeH moydajcs HEMHOTO HW30THY-
ThIM (pHC. 2, a), TO IPUMEHWIM K NPEAUKTOpaM B3siTHE jJorapudma. biaro-
aaps 3TOMY 4Ye€pe3 AJIEMEHTHI JaHHBIX IPOIIE MPOBECTH MPAMYIO JTUHUIO
TpeHaa (puc. 2, b).
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= a) NCXOOHbIN b) NIBMEHEHHbIN

Puc. 2. LieHbl Ha aoMa B CpaBHEHMM C A0NEN coceaemn
C HU3KUM 0XO0M



PerpecCHOHHBIN aHAJIH3

IIpumep 1: npeackazanue 1eH HA 10MAa

MOKHO 3aMETUTh, YTO JIEMCHTHI JAHHBIX Ha puC. 2, b mioTHee
pUICTalOT K JIMHUKA TPEHAA, 4YeM Ha puc. 1. DTO O3Ha4aeT, 4To
(haxkTOp coOcCelCTBa OKa3zaicid O00Jie€ TOYHBIM MPEIAUKTOPOM IICHBI
I0Ma, YEM YHCJIO KOMHAT.
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a) UCXOOHbIN ) UBMEHEHHbIN

Yucno komHaTt

Puc. 2. LleHbl Ha aoma B CPaBHEHUM C ﬂoneﬁ Coceﬂeﬁ Puc. 1. LleHbl Ha AOMa B CpaBHEHUU C YUCIIOM KOMHAT
C HU3KMM 40X040M



PerpecCHOHHBIN aHAJIH3

IIpumep 1: npeackazanue meH HA J0Ma

JIng ynydnieHust 3TUX pacdyeToB IIEH Ha JIOMa MOYKHO YYECTh M YHMCJIIO
KOMHAT, U BIWSIHUE COCEACTBA. HO MOCKOIBKY BBISICHUJIIOCH, YTO BIIUSIHUE
COCEJICTBA JYYIIE MPEACKA3bIBACT IEHY J0MAa, MPOCTOE CIIOKEHUE ITUX
JABYX TIPEAUKTOPOB HE CTAHET HJCaJbHBIM peIIeHuEeM. BMecTto 3Toro
MPEAUKTOPY COCEACTBA HYXKHO 33J1aTh OOJBIIHI BEC.

Puc. 3 moka3siBaeT rpaduk IIEH Ha
JI0Ma COTJIACHO OINTUMAJILHON KOM-
OMHAIMK IBYX OPEAUKTOPOB. 3AECh
AJIEMEHThI JAHHBIX PACHONararTCs
ere OIMKe K UTOTOBOM JIMHUM
TpeHJIa, YeM paHbIIIEe, II0OITOMY
IIPOTHO3 C UCIIOJIb30BAHUEM TAKOU
JIMHUY TPEHJA JIOJKEH OKa3aThCs
TouHee. UTOOkI MPOBEPUTDH ATO,
MOKHO CPaBHHUTH HOTPEITHOCTD

- Puc. 3. LleHbl Ha foMa B CpaBHEHUU CO CKOMBUMHMPOBAHHbLIM
Tp CX JINHUA Tp CHA (Ta6ﬂ‘ 1) NPeaVKTOPOM M3 YMCa KOMHAT U 40NN coceaen C HU3KUM A0X0A0M

CpegHue ueHbl Ha goma
B TbIC. AONN.
4
4

CKOMBUHMpPOBaAHHbLIE NMPeaUKTOpPbI



PerpecCHOHHBIN aHAJIH3

IIpumep 1: npeackazanue meH HA J0Ma

Tabnuua 1. CpeaHas NporHoCcTUYecKas ownbka npu ncnosb30BaHUK
Tpex pa3HbIX NIMHUA TPeHaa

[lorpewHocTb
NPpOrHo3nMpoeaHnA
(B ThIC. gonn.)
Uncno komHaT 4.4
BnuaHue okpyxeHusa 3,9
YHncno KoMHaT U 37
BITMAHWE OKPYXXEHUS ’

XOTsl OYEBUIHO, YTO YypaBHOBEIICHHAs KOMOMHAIMS IIPEIUKTOPOB
BEJIET K 00JIee TOUHBIM MPEJCKa3aHNsIM, BOSHUKAIOT IBA BOMPOCA:

1) xaK BEIYHCIIMTH ONTHMAJIbLHBIA BEC IPEIUKTOPOB,;

2) Kak cIIeyeT UX IPOUHTEPIPETUPOBATD.



PerpecCHOHHBIN aHAJIH3

I’ paieHTHBIN CIIYCK

Bec mnpeaukTOopa — T[UIaBHBIM IIApaMETP PErPECCUOHHOIO
aHalIN3a, W ONTHUMAJIbHBIA BEC OOBIMHO BBIYHCISETCA IYTEM
pelICHUsA ypaBHEHUU. TeM He MeHee, IMOCKOJIbKY PErpeCCUOHHBIN
aHAJIN3 OPOCT U TOAUTCA IS BU3YATU3AIUU, BOCIIOIb3YEMCSA UM JIJIS
JTEMOHCTpAIUH aJITEPHATUBHOIO crioco0a OTNITUMU3ALIUU
[apaMeTpoB. DTOT METOH HA3bIBAETCSA TIPAAMEHTHBIM CIIYCKOM
(gradient descent) u umcmonb3yeTcs B Caydasx, Korja IapamMeTpbl
HEJIb3s TOJIYyYUTh HAPSIMYIO.

Bkparme: ajaroputM TIpagydeHTHOrO CITyCKa JeJlaeT MepBO-
HayaJlbHOE IIPEAIOI0KEHHE O HaOOpEe BECOBBIX COCTABISIOIIMNX,
IIOCJI€ YE€ro HAYMHAETCS MTEPATUBHBIM MPOIECC UX NPHUMEHEHHS K
KOKJIOMY JJIEMEHTY HAHHBIX IS MPOTHO3WPOBAHMS, a 3aT€M OHM
IIEPECHACTPAUBAIOTCS I CHIDKCHHUS OOIer OIMMOKM IIPOTrHO3H-
POBaHHS.
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I paaMeHTHBIN CIIYCK

DTOT OPOIECC MOXHO CPAaBHUBATh C IOIIArOBbIM CITYCKOM B OBpar B
MOMCKaxX JTHA. Ha KaXJIoM 3Tare aJroputM ONMPEIEIIseT, KAKOE HAIPABICHUE
nacT HauOoJiee KPyTOM CMYCK, M TIEPECYUTHIBAET BECOBBIE COCTaBisAmomue. B
KOHEYHOM HWTOT€ Mbl JOCTUTHEM CaMOM HWXHEW TMO3UIAM, KOTOpas
IpeaCTaBIsIET COOOM TOYKY, B KOTOPOM IIOrPEHIHOCTh HPOTHO3UPOBAHUSA
MHUHHMaJbHa. Mvkns Tpewna panveHTHBIl cryc

PucyHok 4 moKa3bIBa€cT, KaK
OINTUMAJIbHAS JIMHUS TPEHA
PErPECCUN COOTBETCTBYET
HUKHEW TOYKU I'PATUCHTA.

a) HeonTUMarbHbIN

[MorpewHocTe
NPOrHo3MpoBaHusA

b) onTumanbHbIn

MorpewHocTe
NPOrHO3MPoOBaHKA

—

Puc. 4. Kak nvHus TpeHaa AocTuraeT onTuManbHOCTU bnarogaps
rPagVEeHTHOMY CrycKy



PerpecCHOHHBIN aHAJIH3

JlnHna TpeHaa [ pagMeHTHbIN CryCcK
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a) HeonTUMarnbHbIN ° v

L
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L
[NorpeluHoCcTb
NPOrHO3MpPoOBaHWA
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b) onTumManbHbIN ¢« o -,
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L]
[NorpewHocTb
NPOrHO3MPOBaHUA
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>

Puc. 4. Kak nuHus TpeHaa AoCcTuraeT onTuManbHOCTM Bnarogaps
rpagneHTHOMY CrycCKy
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I paaMeHTHBIN CITYCK

Kpome perpeccun TpaJIMeHTHBIA CITYCK MOXET TAKXK€ HCIIOJIb30BATHCS
UL ONTHMHU3ALMKA  TIAPAMETPOB B APYIUX MOJEIAX, TAKHUX KAK METOJ
OIOPHBIX BEKTOPOB MJIM B HEMPOHHBIX CEeTAX. OJTHAKO B ATUX 00JIE€ CIOXKHBIX
MOJIEIAX PE3YJIBTATHI TPAJAUECHTHOIO CITYCKAa MOTYT 3aBHCETh OT CTApPTOBOU
MTO3UIAM B OBpare (TO €CTh N3HAYAJIbHBIX 3HAYCHUN ITapaMeTpa).

Hampumep, eciiu
CIIy4YUTCSl Ha4aTh B
HEOOJIBIION IMeE,
aJTOPUTM I'PaIUEHTHOTO
CITyCKa MOKET
OIIIMOOYHO MPUHSTH ITO
32 ONTUMAJIbHYIO TOUKY

(puc. 5).

[lorpelwHoCTb
NMPOrHO31pOBaHUS

Puc. 5. Kak 6nmkanwias sMa MoXeT 6biTb OLLIMO0YHO NPUHATA 3a
ONTUMAJbHY TOUKY (TPeyrofibHUK), XOTS UCTUHHAS ONTUManbHas
TOUYKA HaXOAUTCSH HUXKe ee (YepTa)
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I’ pagMeHTHBIN CITYCK

YTOOBl CHM3UTH PHUCK IONAJAHUS B TAKYIO SIMY, MOKHO
BOCIIOJIb30BAaThCS CTOXACTHYECKUM TI'PAAMEHTHBIM CIIYCKOM,
IIPU KOTOPOM BMECTO MCHOJIb30BAHUSA BCEX JIEMEHTOB JHAHHBIX
JUIs. PETYIMPOBKU IMapaMETPOB IPHU KaKJA0M HUTEpalund OepeTcs
TOJBKO OJMH. ODTO IIPUBHOCUT BAPUATUBHOCTH, IO3BOJISS
AJTOPUTMY M30€rarh sIM. XOTS UTOTOBBIC 3HAYCHHUS MapaMeTpPOB
ocjie padOThl CTOXAaCTUYECKOrO MPOIecca MOTYT OKa3aThCsl HE
ONTUMAJILHBIMH, OHH, KaK IIPaBHIO0, 00ECIEYHNBAIOT JTOCTATOYHO
BBICOKYIO TOYHOCTb.

TemM He MeHee ATOT «HEIOCTAaTOK» OTHOCHUTCSA TOJBKO K
0oJie€ CIOXKHBIM MOJICJISIM, IIOATOMY HE CTOMT 00 3TOM
O€CIOKOUTHCS, KOTJIa UCITOJb3yEM PErPECCUOHHBIN aHAJIN3.



PerpecCHOHHBIN aHAJIH3

Ko puumeHTsl perpeccuu

[locne moaydeHHss ONTHUMAIBLHOIO HabOpa perpecCHOHHBIX
MPEAUKTOPOB UX HYKHO UHTEPIIPETUPOBATD.

Bec perpecCrHoHHBIX NPEIUKTOPOB HAZHIBACTCI KOI(PPUIIMEH-
TOM perpeccun. KodpduiuueHT perpeccun IOKa3bIBaeT ToO,
HACKOJIBKO CWJICH MPEIUKTOP MPHU COBMECTHOM HCIOJIb30BAHUM C
apyruMu. WHBIMH caoBaMM, 3TO 3Hady€HHE, J00aBIISIEMOE K
OpPEIUKTOPY, a HE €ro CcoOOCTBEHHas IpeacKa3aTelibHas
CIIOCOOHOCTb.

Hampumep, ecnr kpoMe Yuciaa KOMHAT JIs IPEACKa3aHus
[ICHBI JIOMa MCIIOJIb30BaTh €ro OOINYI0 IIONIAJb, TO 3HAYUMOCTH
Yrcjla KOMHAT MOXET I0Ka3aTbCs HE3HAYUTEIBbHOM. 110CKOIBKY M
YHCJIO KOMHAT, U 00Ias oAb JOMa CBSI3aHbl C €r0 Pa3MEPOM,
3TO J00ABJIAET K MPEACKa3aTeIbHON CUIIE HE TaK Y>K XU MHOTO.



PerpecCHOHHBIN aHAJIH3

Ko puumeHTsl perpeccuu

TonkoBoil HHTEpHpETallMd PETPECCUOHHBIX  KOI(D(PUIIUEHTOB
MeIllaeT TakXKe pa3jIndue B eAuHMIAX H3MepeHus. Hampumep, eciu
IPEIUKTOp M3MEPSETC B caHTUMeTpax, ero Bec Oyaer B 100 pa3
OTJINYAThCS MO BECy OT IPEAUKTOpa, Oepyierocss B MeTpax. UToOsl
M30€XKaTh TAKOro, HY>KHO CTAHAAPTH3HPOBATH CIUHHUIILI U3MEPECHUS
IPEIUKTOPHBIX MEPEMEHHBIX IMEPE TeM, KaK MPOBOJAUTh PErpecCUOH-
HbI aHanu3. CTaHgapTu3alus — O3TO BBIPAKCHHE IIEPEMEHHBIX B
npoueHTUIsIX. Korga mpeauKkTopbl CTaHAapTU3UPOBaHbI, TO KO3(phu-
[IMEHT, KOTOPHI Ha3bIBacTCs 0eTa-BeCcOM, MOXET ObITh HMCIIOJIb30BaH
1151 00JIe€ TOYHBIX CPAaBHECHUM.

B npumepe ¢ nieHamu Ha qoMa JBa NPEAUKTOpa (IEPBbIM — YUCIIO
KOMHAT, BTOPOM — COCEOM C HHU3KHM JOXOJAOM) OBLIM CTaHaap-
TU3UPOBAHbI B COOTHOIIeHUM 2,/ K 6,3. DTO O3HAYaeT, 4To J0Jsi
’KUJIBLIOB C HU3KHUM JIOXOAOM SIBISETCS 00Jiee MOIHBIM IPEIUKTOPOM
IIEHBI HA JIOM, Y€M KOJIMUECTBO KOMHAT.



PerpecCHOHHBIN aHAJIH3

Ko puumeHTsl perpeccuu
YpaBHEHHE perpeccun OyaeT BbIIAACTh IPUMEPHO TaK:
uena = 2,7 (konuuecmeo komnam) — 6,3(% coceoeit ¢ nuzkum 0oxooom).

B sTom YPpaBHCHHUHN [JOJIA KWJIbBOOB C HHU3KHM J0XOAOM HMCCT
OTpHH&TCHBHBIfI BCC, 4TO BBIPA’KCHO 3HAKOM «MHHYC).
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PerpecCHOHHBIN aHAJIH3

Ko punueHThI KOppeasiuuu

Ecin nOpeaukTop TOJBKO OJWMH, O€Ta-BE€C TAaKOro IpEeAUKTOpa
Ha3bIBacTCd KOI(P(PUIHEHTOM KOppeJsaiud U 0003HAdaeTcs Kak I.
Koaddummentsl koppeisinuyu BapbupyroTcs oT —1 10 1 u HecyT JBe
CAUHUILIBI THPOPMALIUH. p=—1 r=0

Hanpasiaenue. [Ipu nonoxurensb-
HBIX KOA(PDUIIMEHTAX MTPEIUKTOP B

CTPEMUTCS B TOM JK€ HaIlpaBJICHUH, L %&

4To U pe3yabTar. [Ipu orpunarens- | Bl :

HBbIX — B OOpaTHOM HAIpaBJICHUH. r=05 r=1
LleHbI TOMOB MOJIOXKUTEIBHO KOppe- TR g,?
JJUPYIOT C YHUCJIOM KOMHAT, HO I o ;@:M
OTPHLATENEHO KOPPETHPYIOT C *«,-;:? ,
NOJIEN KUIBLOB C HU3KHUM JI0XOJIOM c‘g:«
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Puc. 6. NpuMep pacnpenenennst AaHHbIX B COOTBETCTBUN
C pa3nuyHbiMK KO3 dULUMEHTaMN KOppensauum



PerpecCHOHHBIN aHAJIH3
r=0

. .

-.. - ° ..

- 5 :.' '. . LY

. . ®er - _'f.o

A -l : < 3

£ 5% »8% o, tlLaA.e mh s
& - Soent o v M :. ~

N 5 . ..3: )-[.‘ '.-n K3 :, ";‘2‘ “-.- . ‘\
. 8 I WL A B E X AP AART
.t ,"ﬁ_. 'f.'. .“ s . .... See™ Lo,

et ‘.'. &8 -_f“’. A Tl 'y -'4-:. ) .
palp & 0% "B N0 Cfse o0 ¥ O My

e 2.? 8 o P e o ® 05 o we'l -
. IR F N P §57 R ag, 0 L.
'.};-..c % .:"\.'. 2 P, |. ¥ 0\.'0-
eondr By e T i R

¢ Lo 0587 e ot .o ?. v
PSR I G
-8 .”ﬁ. o S e 2 . o

A . : e ., B

- “p® oo
'.-v. S'e e

.
s - F) i O
e .,

-‘;,:-.- A 2 Papd .s'l AT .
. e sl
o 'e“l' .

. \'_o.l

2 -

Puc. 6. [NpumMep pacnpegeneHns AaHHbIX B COOTBETCTBUM
C pas3nn4yHbIMK KO3 ULMEHTAMU KOppensLumm



PerpecCHOHHBIN aHAJIH3

Koa(ppuuueHThI KOppeasiuuu

Beaununna. Uem Ommxe koddpduuueHt k¥ —1 mmm 1, Tem cunbHee
npeauktop. Hampumep, xkoa@OUUIHEHT KOppesilnu, MOKA3aHHBIM JTUHUCH
TpeHaa Ha puc. 1, pasen 0,7, B To BpeMsa kKak Ha puc. 2, b sto —0,8. D10
03HA4aeT, YTO JOCTATOK coceer — 0o0Jjiee TOCTOBEPHBINM NPEIUKTOP 1IEH Ha
aoMa, 4yeM 4yuciio komHaT. HynmeBas koppeisinusi o3Hadanda Obl OTCYTCTBHE
CBSI3Y MEXY MPEAUKTOPOM U PE3YJIBTATOM.
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Puc. 1. LleHbl Ha AOMa B CpaBHEHUU C YUC/IOM KOMHAT i i



PerpecCHOHHBIM AHAJIN3

KoydpunmueHnTsl  KOPpEJSlUM  MOKA3bIBAIOT  AOCOJIOTHYK) — CHITY
OTJICJIbHBIX MPEAUKTOPOB M, CJICIOBATEIbHO, SBISIOTCS 00jiee HaACKHBIM
CIIOCOOOM UX PaHXXUPOBaHUS, YeM KOIPPHUIIMEHTHI perpeccum.

HecMoTpst Ha TO YTO perpecCUOHHBIN aHalIn3 MHQOPMATUBEH U HE TpeOyeT
JIOJITUX BBIYMCJICHUN, OH UMECET HEIOCTATKH

* YyBCTBUTEJIBHOCTh K Pe3K0 OTKJIOHSIIIUMCHA 3HAYeHMsIM. Perpeccron-
HBIA aHaJIW3 OJWHAKOBO YYHWTBIBAET BCE IIPEIOCTABICHHBLIC DJIEMECHTHI J1aH-
HbIX. Ecau cpeau HuUX OyneT XOTsS Obl HECKOJIBKO JJIEMEHTOB C KpaWHUMH
3HAYEHUSMH, 3TO MOKET 3HAUMTENIbHO HCKA3UTh JIMHUIO TpeHaa. YUYToObl
n30eKaTh ATOT0, MOXKHO HCIIOJIb30BaTh AUarpaMMy pacCesHUs JJIsl peaBapu-
TEJIbHOTO BBISBJICHUS TAKUX PE3KO OTKIIOHSFOIIUXCS 3HAYCHUM.

* HckaxeHue Beca Npu KOppeasldd NPEIUKTOPOB. BKIOUEHUE B perpec-
CUOHHYIO MOJIEJIb BBICOKOKOPPEIUPYIOMIUX MPEAUKTOPOB UCKAZUT UHTEPIIPE-
TaIMIO UX Beca. DTa Mpo0eMa Ha3bIBACTCS MYJIbTHKOJJIMHEAPHOCTHIO. J11s
MPEOJI0JICHUS MYJIBTUKOJUIMHEAPHOCTH HYKHO JIMOO HCKIIIOYWTH U3 aHAJIM3a
KOPPETUPYIOIINE MPEAUKTOPHI, JTUOO BOCIOJB30BaThCA 00JIE€ MPOABHUHYTHIM
METOJIOM, TaKMM KaK Jiacco WIM PpUHIKperpeccuss (uwid rpeOHEBas
perpeccus).



PerpecCHOHHBIN aHAJIH3

HecmoTps Ha TO 4TO perpeCcCHOHHBIN aHaI1M3 HH(POPMATUBEH U HE TPEOyeT

JOJITUX BBI‘II/ICJIGHI/Iﬁ, OH UMECT HEAOCTATKMH.

KpuBosiuHeliHble TpeHAbI. B HamieM npuMepe TpEeHIbl OTOOpaKaIUCh
npsMoi JuHuEeW. TemM HE MEHee HEKOTOpbIE TPEHJblI MOTYT OBITh
KpPUBOJIMHEMHBIMU, KaK Ha puc. 2, a. B 3ToM cayuyae mnoTrpeOyercs
npeoOpa3oBaTh 3HAYCHUS IIPEAUKTOPOB WM UCMOJIB30BATh AJIbTEPHATUBHBIC
aJITOPUTMBbI, TAKHUE KAK METOJ OIIOPHBIX BEKTOPOB.

Koppeasiuussi He TroBOpuT o0 nOpuYuHHOCTH. IIpeamonoxxkum, ObLIa
oOHapy’KeHa MOJOXKHUTEIbHAS KOPPEISIlUs MEXKAYy CTOMMOCTBIO J0Ma U
Hamu4yueM coOaku. ITIOHSATHO, YTO e€Clu IMPOCTO 3aBECTH CO0aKy, IieHa JoMa
OT 3TOT0 HE MU3MEHMTCS, OJHAKO MOXKHO HPEIAINOJIOKHUTh, UTO T€, KTO MOTYT
MIO3BOJIMTh Ce0€ coaepkKaTh CO0aK, paclojlaraloT B CPeaHEM OOJIbIINM
JIOXOA0M M, BEPOSITHO, IPOXKMBAIOT B paliOHAX, i€ JOMa CTOST TOPOKE.

HGCMOTp}I Ha 9TH OI'PAHHUYCHMNSI, perpeCCHOHHBIﬁ dHaJIM3 OCTAcCTCiA OJHHUM

N3 OCHOBHBIX, IIPOCTbBIX B HCIIOJIb30OBAHHMHN N MHTYUTHUBHO-IIOHATHBIX MCTOJOB
IS IIPOTHO3HUPOBAHMAL. BHuMarenpbHOE OTHOILICHUE K CHOCO6y HHTCPIIPCTALINN
pE3YyJIbTAaTOB — 3aJI0I' YBEPCHHOCTH B TOYHOCTH BbIBOIOB.



PerpecCHOHHBIN aHAJIHU3

Q PEFDECCHDHHHﬁ dHAJIN3 HAXOAUT TUHUIO HAWJTYHIIETO CO-
OTBETCTBUA, TATOTCIOILYIO K MAKCUMAJIbHO BOSMOKHOMY
HYUCJIY 2JIEMEHTOB /IaHHbIX.

Q Jlunus Tp€H/ld BbIBOJIUTCA Hd OCHOBAHWH YPABHOBEIICH-

HOIT KOMOMHAIMK IIPeIUKTOPOB. Bec mpeankTopa Ha3bl-
BaeTCst Koaguuuenmom pezpeccuu. OH MOKa3bIBAET CUITY

OJIHOT'O ITPEANKTOPA B IIPUCYTCTBUU /IPYTHUX.

Q PerpeccroHHBII aHAIN3 XOPOLIO PabOTAET B YCIOBUSIX
HU3KOU KOPPEJIAIUNA MEKY ITPeIUKTOPaMU, OTCYTCTBUS
PE3KO0 OTKJIOHSIONINXCS 3HAYeHUI U TaM, T/Ie JIMHUS TPeH-
J1a O’KUIaeTCs B BUJIE TIPSIMOU JIMHUM.
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