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BBEJEHHUE

Jucrumiraa «MoJenu ¥ MeTO/Ibl ITIAaHUPOBAHUS SKCIIEPUMEHTOBY HaIpaBlieHa Ha MO
TOTOBKY MarlCTPaHTOB K CAMOCTOSITEIILHOM JACSATEIIbHOCTH B 00JIaCTH OpPraHU3alliy U IPOBEICHUS
HAy4YHBIX HCCIICAOBAaHUI U UMEET 1eJTb AaTh HEOOXOAUMBIE ISl TPAKTHUECKOM AeATeIbHOCTH 3Ha-
HUSI 10 MHOTOMEPHOMY aHAJIM3Y JaHHBIX U MAaTeMaTHYeCKUM METOJIaM IUIAaHUPOBAHUS IKCIICPH-
MEHTOB. Marepuaisl Uil U3y4eHUs] AUCLMIUIMHBL W BBITOJHEHUS JIAOOpaTOpHBIX paboT (KOH-
TPOJILHBIX 33JJaHUH ) IPECTaBIeHBI B Kypce Ha mopraiie do.Scif [1]. lonoinHuTenbHbIe MaTepraibl
MOYKHO HaWTH B MCTOYHHKaX [2-8].

B pe3ynbTrare 0ocBOCHUS TUCHUILTHHBI «MOJIEIU U METObI IUIAHUPOBAHUS IKCIIEPUMEH-
TOB» y 00y4aromerocsi JOKHBI C(POPMUPOBATHCS ONPEICICHHBIC YIeOHBIM IUIAHOM KOMITETEH-
IIMH, ¥ MAarUCTPaHT JIOJDKCH:

3HaTh: MOJICJIU TIPEIMETHBIX 001acTel! MHPOPMAIIMOHHBIX CUCTEM M METOMbI IJIaHUPOBa-
HUSI OKCIIEPUMEHTOB.

VYMeTh: pa3pabaThIBaTh IUIaHBI KCIIEPUMEHTOB M CHHTE3UPOBATh MOJAEIH IIPOLECCOB U
00BEKTOB MpeAMETHBIX 001acTeil; orleHnBaTh 3 (HEeKTUBHOCTH SKCIIEPUMEHTOB U Kau€CTBO MOJIE-
Jeii; mpo(ecCHOHANBHO IKCILTYaTHPOBaTh COBPEMEHHOE 000PYI0BaHUE U TIPHOOPHI.

Branets: HaBbIKaMu pa3pabOTKU U UCCIICIOBAHUS TEOPETUICCKUX H SKCIICPUMEHTAIbHBIX
Mozeseld 00bEKTOB MPOPECCHOHAIBHON NEeITEIFHOCTH; PA0OTOM ¢ MaKkeTaMy MPUKIAJHBIX MIPO-
rpaMM MaTteMaTh4deckoi cratuctuku, Matlab, Mathcad, MS Excel.

JInst fOCTHKEHUS TOCTABIICHHBIX eIl H3y4YeHUs! AUCIUIUTMHBI Y4eOHBIM ITIAHOM TIpeTy-
CMOTpEHBI JICKIIUH, Ja00paTOpHbIE 3aHATHS, KOHTPOJIbHAsA pabora (3aouHast Gpopma oOydeHUs),
caMoCTOATeNIbHAs PaboTa U OIICHKA Pe3yIbTaTOB O0YUYEHUS M0 AUCIUILIHHE.

1. OCHOBHBIE TEOPETUYECKHME ITOJIOKEHUA

1.2. Bb10OpKH, KOPPeJSIIUOHHBIH, TUCTIEPCHOHHBINI U perpecCHOHHbINH aHAIN3
AAHHBIX

MartemaTu4eckasi CTATHCTHKA — HayKa, U3y4arollas METO/bI UCCIIEI0BAaHUS 3aKOHOMEP-
HOCTEHN B MAaCCOBBIX CIyYalHBIX SIBJICHUAX U MPOLECCAX M0 JaHHBIM, IIOJIYYEHHBIM U3 KOHEUYHOTO
quciaa HaOMI0ACHNH 32 HUMHU, C 1IeJIbIO TIOJTYYEHUs! BEPOSITHOCTHO-CTATUCTUUECKUX MOJIENEH CITy-
YalHbBIX SIBJICHUMU.

IIpyn nmpoBeneHUM PA3IUYHOTO POAA UCCIEAOBAHMM NMPUXOJUTCS M3ydaTb OTACIIBHBIC
MpU3HAKK OOJBIIMX COBOKYITHOCTEH OJAHOPOJHBIX O00BEKTOB. I'eHepabHON COBOKYNHOCTHIO
Ha3bIBAETCSI COBOKYITHOCTh BCEX BO3MOJKHBIX 3HAYEHHMM IPU3HAKA UCCIIEyEMOM CIly4ailiHOM Be-
muunHbl (CB). Ciy4yaiiHoil BbIOOPKOI 00beMa n Ha3bIBACTCS MHOXKECTBO 3HAYEHUN MpU3HAKA
CB, nony4yeHHoe B pe3yjibTate n HabmoaeHui 3a 310t CB.

Br16opka Ha3bIBaeTCs penpe3eHTATUBHOM (1IpeICTaBUTENbHOM), €CJIM OHA ITPaBUIIBHO OT-
pa’kaeT MHTEpeCyIollIre HaC CBOICTBA reHepalbHOM COBOKYMHOCTH. Hanbonblyto BEpOsITHOCTD
MOJIYYUTh MO-HACTOSIIEMY IIPEICTAaBUTENIbHYIO BHIOOPKY MBI KIMEEM TOTJa, Korja oT0op 00beK-
TOB HCCJIEZIOBAHUS U3 TeHEPAIbHOW COBOKYITHOCTU MbI IIPOU3BOJIUM CIy4alHBIM 00pa3oM.

Ecnu anemMeHTOoB BBIOOPKH MHOTO, TO UX T'PYHIHUPYIOT, IPU 3TOM BO3MOXHBI JIBa Ciyvas
3aJlaHMs 3aKOHOB paclipeieIeHus MpU3HaKa Mo BBIOOPKE (IMCKPETHBIM M MHTEPBAJIbHBIN BapHa-
LIMOHHBIE PAJIbI), KOTOPHIE 33Aa0TCS B BUJI€ TaOIUI MK TpadUKOB.

I'paduueckoii mmrocTpaeld AMCKPETHOTO BapHALMOHHOTO Psiia CIYXKUT TIOJIMIOH 4a-
CTOT — JIOMaHasl, COSIUHSIOIIAsi OTPE3KaMH MPSIMbIX TOUKU C KOOpIUHATAMHU ( X, W; ).

I'paduueckoii MITIOCTpallMel MHTEPBAJIbHOIO BapUAI[MOHHOTO psiia CIY>XUT THUCTO-
rpaMMa — CTyrneH4yaras urypa ¢ BICOTOW CTYNEHBKH HaJl KaXIbIM HHTEpBAIOM ( @;_1, Q; ),
paBHON ;.

Jlist npruOIMKEHHOTO HAX0XKICHHS TapaMeTpOB pacipeaeaeHus (MaTeMaTHUYeCKOro 0XK1-
JaHUs, TUCIEPCHUN) IO BHIOOPKE MPUMEHSIOTCS TOUE€UHbIE M HHTEpBaibHbIE OlIeHKH. ToueuHoM

4



OLIEHKO# MapaMeTpa TEOPETHUYECKOTO PACIPEICSICHUSI Ha3bIBAECTCSI CTAaTUCTUYECKas OLICHKA, 3a-
JaBaeMasi OJIHUM YUCIOM. TOYeUYHBIC OIEHKU Malio WH(OPMATUBHBI, TIOCKOJIBKY 3TO CIydyaiiHbIe
BEJIMYUHBI, U OHK MOTYT 3aMETHO OTJIMYAThCS OT OLIEHUBAEMOT0 nnapamerpa. JJist oBbIIEHUS UH-
(OpPMaTUBHOCTH HCIOJIE3YIOT HHTEPBAJIbHBIE OIIEeHKH (IOBEPUTEIHHBIC HHTCPBAJIBI).

JIy1st TOro 94TOOBI TOYEUHBIE CTATUCTUYECKUE OLICHKH O0eCTieYrBaIn “Xopolne” mpuoiIn-
JKEHUSI HEM3BECTHBIX ITAPaMETPOB, OHU JIOJDKHBI OBITh HECMEIICHHBIMU, 3(PPEKTUBHBIMH U COCTO-
SITCJIbHBIMU.

HecmenieHHOM HA3bIBAIOT TOYEYHYIO OLIEHKY, MATEMAaTUYECKOE OKUAaHUE KOTOPOW COB-
MajaeT co 3HaYe€HHEM OIICHWBAEMOI'O IapameTpa IeHePaJbHOW COBOKYMHOCTH (HE 3aBHCHT OT
00BbeMa BBIOOPKH).

Bbi0opouHoii cpeaHeli Ha3bIBACTCS TOUEYHAS OLICHKA MATEMATUYECKOTO OKUAHUS TTPHU-
3HaKa, KOTOPAast BEIYUCISETCS 10 (OpMYyJie CpeTHETO apu(hMETHUIESCKOTO 110 BRIOOPKE

S XN X N, X N
o n
Bbi0opouHoii nucnepcueil Ha3bIBACTCS TOUEYHAS OLICHKA JUCIIEPCUM ITPU3HAKA, KOTO-

, TIE N +N,+...4+N, =N.

— =2
2 2
pas Bbrumcisgerca no popmyne Sy = Xz~ — X , Sp- BBIOOPOUHOE CPEIHEKBAIPATHYECKOE OT-

KIIOHCHHUEC, KOTOPOC MOKET 0003Ha4YaThCA O-XB .

BriOopounast cpemnsisi  sBISETCS HECMEIICHHOM OLIEHKOW reHepabHOM CpeHeH, a Bbl-
OopouHas JUCIepcHs — HEeT, I03TOMY BMECTO HEe UCIOIb3YeTCsl  MCIpaBJeHHAs BbIOOPOYHAas
quenepenst, onpesensemas Gopmynoit s = ﬁ -S5, KOTOpas ykKe ABISETC HECMEIICHHOM
OLICHKOM I'€HEPAIbHON AUCIIEPCHH.

Hecmeniennas oneHka Ha3biBaeTcs 3¢ (peKTHBHOM, €ClIi OHA UMEET MUHUMAJIbHYIO JIHC-
NEPCUI0 IO CPABHEHMIO C JIPYTMMH BHIOOPOYHBIMU OLIEHKAMHU. B MpakTH4YeCKUX HCCIeI0BaHUAX
3TO 03HA4YaeT BO3MOXKHOCTb MIEPEX0/a OT TOYEYHOI'O OLIEHUBAHMSI K HHTEPBAIILHOMY .

OneHKa Ha3bIBAETCS COCTOSATEIbHOM, €CIIN [TPU YBEJTMUYEHUN 00beMa BBIOOPKH (T.€. eciiu
N — o0 ) OHA CTPEMUTCS K OLleHuBaeMoMy napameTpy. COCTOSATENIbHOCTh OLIEHOK XapaKTepHu3yeT
YBEJIMYEHUE UX TOYHOCTHU C YBEIMUYEHUEM 00BbEMa BIOOPKH.

KoppeasiunoHHblii 1 perpecCHOHHBIN aHAJM3 — 3TO METOJ(bl MaTEMAaTUYECKON cTaTH-
CTHKH, IO3BOJISIOIINE BBISBIISTH CBS3b MEK/Y BETMUMHAMMU, 3HAUEHUSI KOTOPBIX MOJy4YaloT B pe-
3yJIbTaTe CTaTUCTUYECKUX HaOmoneHnit. OCHOBHAs 3ajjaua KOPPESAILMOHHOIO aHAJIN3a — OLIEHU-
BaHUE TECHOTHI CBSA3M MEXKIY BEJIMUYNHAMU, & PETPECCHOHHOTO — YCTAaHOBJICHHUE €€ BUA.

Korna kaxnoMy 3Ha4u€HHIO OJHOM NEPEMEHHON COOTBETCTBYET BIIOJIHE OINPEACIECHHOE
3HAUCHUE JPYTOH, TO peub HAET O QyHKIHOHANBEHOU 3aBucuMocTH Y = f(x) . OueHb 9acTo
MEXly IEPEMEHHBIMU BEIMYMHAMMU CYIECTBYIOT TAKUE 3aBUCUMOCTH, KOT/1a KAKIOMY 3HAUYEHUIO
OJIHOI IIEpPEMEHHOM COOTBETCTBYET HE KaKOE-TO ONpPEAENIEHHOE, a MHOXKECTBO 3HAUEHUMN Ipyroi
HepeMEeHHO (WK oIpeiesIeHHOE YCIIOBHOE paclipeieieHne Apyroi nepemeHHoi). Takas 3aBucu-
MOCTb MOJTyYHJIa Ha3BaHUE CTaTUCTUYECKOM.

Bo3HukHOBEHHE Takoil CBsA3M 00YCIOBIEHO TEM, UTO 3aBHCHUMas MEpeMEHHas Y MOJBEp-
JK€HA BIMSHUIO HEKOHTPOJIMPYEMBIX WIM HEYUYTEHHBIX (DAKTOPOB, a TAKXKE CITy4allHbIM OIIHMOKaM.

Korna kaxnoMy 3HaU€HUIO X OJHOW IEPEMEHHOM X COOTBETCTBYET ONPEAEIEHHOE YCIIOB-

HOE MaTeMaTU4eCKOe OKUAAHUE (CpeAHee 3HAUCHHE) Mx(Y ) JIpyroil mepeMeHHoil Y, To Takas

3aBUCUMOCTb Ha3bIBACTCS KOPPEJIALIMOHHOM: Mx(Y) = f (X) OTO ypaBHEHHE Ha3bIBAETCS MO-
JIENIbHBIM YPABHEHUEM MAPHON PErPECCUH MM NPOCTO yPaABHEHHEM perpeccuu, a e€ rpapux —
auHUel perpeccuu. [lepemenHass X Ha3bIBacTCs HE3aBUCHMOW MEpEeMEHHOH, (aKTopoM Win
NPHU3HAKOM, TIepeMeHHast Y — 3aBHCHMOM MepeMEHHOM, PYHKIMEH OTKIIMKA MK Pe3yIbTATHB-

HBIM IPH3HAKOM.
Jlis TOYHOTrO OMHMCAaHMSI YPaBHEHMSI PErpeccuu HEoOXOJUMO 3HATh YCJIOBHBIM 3aKOH
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pacrpeneneHus nepeMeHHon Y Ipu yCIIOBUH, UTO IEpeMeHHasi X MpUMET 3HaueHue X . B cratu-
CTHUYECKOW MPAKTUKE, KaK MPaBUIIO, TAKOW MH(OpMAIMK MOTYYUTh HE yJIaeTcs, a OObIYHO UMe-
eTcsl BBIOOpKA 3HAYEHUI 3aJaHHOrO OOBbeMa.

[TycTs nMmeeTcst BBIOOpKa oObeMa M. (Xi ' Yi ) UIu (Xil’ Xig 5+ Xin - Yi ), =1,2,...m,
ecyu ecTh N pakTopoB. B aTOM ciyyae pedb MOKET UATH O MIPUOIMKEHHOM BBIPKEHUH (OIICHKE,

anmnpoKkcUMaluu) mo BbeIOOpKe. Takol OIEHKOW sIBiIsSIeTCS BHIOOPOYHOE YpABHEHHE MHOKe-
CTBEHHOIl perpeccuu:

y=f (x1 Xps Xgyon Xy, 00, -y bq)
rae X, Xy, Xgy....X,, — MHOXECTBO dakTopoB, N — yncio GaKkToOpoB;
a, b, ..., b,— mapamerpsi (kodpduLMEHTDI) YPaBHEHHUS, OJIEKAIIUE ONPEACTICHUIO.

B wyactHOM cnyuae, ecnmu N=1, mnoiy4aercs YpaBHEHUE MAaPHOM pErpeccuu
y:f(x,a,bl,...,bq).

Otki1oHeHHEM (OCTATKOM) B i-0if TOUKE HAa3bIBACTCS BEIPAKECHHE |9, - yi| =&.

HaxoxneHue ypaBHEHHUsI PErpecCUU BKIIIOYAET HECKOJIBKO ATAIIOB:
| mar: crienuguKaIys MOJICNH, T.€. BHIOOP BUAA YPAaBHEHHS PETPECCHH;
2 miar: onpejeneHle Hauidy4lluX 3Ha4YeHUH mapamMeTpoB;
3 miar: olleHKa KauecTBa MOJIEIH 110 KPUTEPUSIM.
PaccMoTpuM HEKOTOpBIE BH[Ibl yPaBHEHUS PETPECCHMU:
y=a+bXx +...+b X, — nuneiinas saBucumocTs;

4 b b
y=a: lel - X5%...- X" — CTCNEHHAas 3aBUCUMOCTb;
A AatbX A

y=¢€ — IIOKa3aresbHas 3aBUCUMOCTb.

JUIs oJTy4eHusl ypaBHEHUs PErpeccum, UCIONb3ysl MaTeMaTUYECKHE aKeThl, TpeOyeTcs
BBINOJIHATH JTMHEAPHU3ALMIO YPABHEHUS IIyTEM BBEIEHHUS BCIIOMOIATENIbHBIX NepeMeHHbIX. Kak
IIPUMEP PACCMOTPUM JIMHEAPU3ALUIO CTEIICHHOI'O YPaBHEHUS!

by b b

y=a-x;'x,° %" = Iny=lna+binx;+bylnx,....+b,Inx,.

O003HaUNM Y=y, A=lIna, X;=hx, i=1n

torna Y = A+Db X, +...+ b X —nmuneapuszopannoe ypasnenue uy = exp(Y).

[TpyuMeHUTETHHO K MHOXKECTBEHHOI perpeccuu HeoOXOAMMO A0 MOJYYEHHs YPaBHEHUS
perpeccur IpoM3BeCTH O0TOOP (PakTopoB X, X,, Xg,....X, . DaKTOpHI, BKIOUYAEMBIE B MOJEID,

JIOJDKHBI OBITH KOJTMYECTBEHHO M3MEPUMBI U HE JOJDKHBI OBITH MHTEPKOPPEITHPOBAHBI (KOJUTHHE-
apubl). KommHeapHOCTh (PaKTOpPOB MOKET HPUBECTH K TOMY, YTO CUCTEMA YPAaBHEHHUN JUIs OIpe-
JIeJICHUS TTapaMEeTPOB MOXKET OKa3aThCsl TUIOXO0 OOYCIIOBIIEHHOM U MOBJIEYb 32 COOON HEYCTONYH-
BOCTb U HEHAIEKHOCTh OIIEHOK ITapaMeTPOB YPaBHEHMSI PETPECCHH.

Jlia uccrnenoBaHusl KOJUIMHEAPHOCTH (DAaKTOPOB MOKHO MCIIONB30BAThCS ONPEAETUTEND
KOppesIMOHHOM MaTpHIiibl. Eciu (hakTopsl He KOppearpoBaHbl Mexay coboi, To Det(R)=1 (uze-
anpHbIH cityyait). [IpeamouturensHo, 4To0bl Det(R) Obu1 6in3ok k enunuie. Ecinu gpakropsl kop-
peupoBaHbl (KOJJIMHeApHBbI) Mex 1y co0oif, To Det(R) 6mu3ox k 0.

Koppeasiunmonnas MmaTpuua u ee onpeeNnTelb HaxXoaATcs o (GopMyIam:

VIV X_ rX1X1 erxz rx1x3
B 0 B B _ ,
E—— Det|R|=1r, T, T -



rae X; — OLEHKa MATEMATHYECKOrO OXKUAAaHM IIEPEMEHHOM X;, O, — €€ CPeIHEKBaApaTu-
1
4eCcKoe OTKI0HeHHE. Koppensauuonnas MaTpuia BCeraa CuMMerpuyna, t.e. I, =1 .
i N

[Tpu OTCYTCTBUY KOJITMHEAPHOCTH (PAKTOPOB B OMPEIACIUTENEC HET JIEMEHTOB, OTIUYHBIX
OT JAMarOHAJbHBIX, OJNM3KMX K eauHuIe. Eciam Kakoi-mubo 3JIEMEHT OmpeeIuTelNs Mpu iZ]

e, =L, =~ 1, 510 03HavaeT HaNKMYKE TMHENHOM CBsA3M MexIy pakTopamu X; u X i, T.C. HX KOJI-
17 I

JIMHEAPHOCTb, YTO MOXKET MPUBECTH K HE3HAUMMOCTHU (HEHAJIC)KHOCTH) YPaBHEHUSI PETPECCUM.
3HAUMMOCTb YPABHEHUSI PETPECCHH B 1IEJIOM U 3HAYUMOCTb €r0 OTAEIbHBIX KO3 UIeH-

TOB ONpEENseTCA B pe3ysbTaTe AUCIEPCHOHHOTO aHAM3a, IPU 3TOM HCHOJb3yeTcs Gopmya,

CBSI3BIBAIOIIIAS OOIILYIO, (baKTopHon u OCTaTO‘{HYI-O CyMMBI KBa/IpaTOB OTKJIOHEHU WJIM OCTATKOB:

Z(y -y)? = Z(y‘ _)2+§;(yl‘_;’i)2

06u;a;z qbakmopna;z ocmamouHas
TSS = ESS + RSS

Jlist mpoBepKY 3HAYMMOCTH YPABHEHUS PErPECCUU B IIEJIOM HCIIOJIB3YIOTCS KO HUITEHT
JIeTepMUHaIuu, kKputepuit duinepa, cpenHss omMOKa almpoOKCUMAIIUU.
Koshdumment nerepmunanuu R? onpenensercs, Kak eIMHUIA MUHYC 071 HEOObACHEH-
HOM (0CTaTOYHOI) qUCTIepCUU B OOIIEH TUCTIEPCUU Pe3yIbTaTUBHOIO MpHU3HaKa Y
RSS _ ESS

R?=1-22=22
TSS TSS

JI71s 3HAYMMOCTH ypaBHEHHMS perpecchn KodD(HUIMeHT aeTepMUHaIu R? 10/mkeH GBITh
oosbie 0,95.

O6masi, pakTopHas U OCTaTOYHAs AUCIIEPCHH, KOTOPbIE HCIONB3YIOTCS B Kputepun Ou-
niepa, ONpEeNeNsIOTCs, KAK CYMMBI KBaJIpaTOB COOTBETCTBYIOIIUX OTKJIOHEHUH, OTHECEHHBIE K CO-
OTBETCTBYIOILMM CTENEHIM CBOOOIbI .

TSS D ESS D RSS D
m—1 — Yoouw n — Yaxm m—n—1 — Yocmam
L k1 parm k20cmam

Pacuetnoe 3nauenune kputepuss Oumepa F st 3HAYUUMOCTH ypaBHEHUS JIOJDKHO OBITh
6outbIire TabnuaHOTO 3HaYeHUS ), 5, [ 7] IpH 3a1aHHBIX YPOBHE 3HAYMMOCTH M CTETIEHSIX CBOOO/IBI,
T.€.

qbaKm
F= > Fmaﬁn(a qubakm' kZocmam)

ocmam

Cpennsist ommbOka annpokcuManuu COA - Haubosee 4yBCTBUTEIbHBIA KPUTEPUH, JKena-
TEJIbHO, 9TOOBI OHA ObLIa OOJIbINE 8 MPOILIEHTOB, T.€.

coa=131% " 10006 > 8%
mi=| Y,

Bxopnsmue B popMyIibl KpUTEpHUEB BETMUMHBI MOTYT OBITh PACCUMTAHBI C MTOMOIIIBIO pa3-
JIMYHBIX TPOTPAMMHBIX CPEJCTB, B YaCTHOCTH, B EXCel ¢ ucrnonb3oBannemM HaJCTPOWKH «AHAITU3
JAHHBIX).

1.2. KoMNOHEHTHBII ¥ KJACTEPHBI aHAJIH3

! yucno cremneneil cBOGOABI — PTO KOJMYECTBO 3HAYEHHIA, HCIIOIb3yEMbIX IIPU pacyeTe CTaTHCTUUECKOM
XapaKTEePUCTUKHU, KOTOPBIE MOTYT CBOOOTHO U3MEHSITHCS
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Merton riaaBubix komnoHeHT (PCA - Principal Component Analysis) uix KOMIoHeHT-
HBIH aHAJIU3 — 3TO TEXHOJOTMS MHOIOMEPHOI'O CTATUCTUYECKOTO aHAJIN3a, UCIOJIb3yeMas s
COKpAIEHHUS pa3MEPHOCTH NMPOCTPAHCTBA MPU3HAKOB C MUHMUMAJILHOM IIOTepeit moie3Hoil nHpop-
Maluu.

MeTto T7aBHBIX KOMIIOHEHT BKJIFOYAETCSl B COCTaB OOJBIIMHCTBA aHAIUTUYECKUX IJIaT-
(GopM U MIMPOKO UCIOIB3YETCS sl CHUKECHHUSI Pa3MEPHOCTH BXOJIHBIX JIaHHBIX HA ATarle MX Ipe-
J00pabOTKH.

C mMaremMaTH4yecKol TOUKH 3PEHHUSI METO/I TIIaBHBIX KOMIIOHEHT MPEJICTaBIIsET OO0 OpTO-
TOHAJIbHOE JIMHEWHOE MpeoO0pa3oBaHue, KOTOPOe 0TOOpakaeT JaHHbBIE U3 UCXOJHOTO MPOCTPaH-
CTBa MPU3HAKOB B HOBOE IIPOCTPAHCTBO MEHBIIEW pa3MEPHOCTH.

[Ipu 3TOM mepBast OCh HOBOW CUCTEMBI KOOPJIUHAT CTPOUTCSA TAKUM 00pa3oM, 4TOObI JAHC-
nepcus JaHHBIX BIOJIb He€ ObU1a ObI MakcuMalibHa. BTOpas ock CTPOUTCS OPTOrOHAIBHO MEPBOM
TakK, 4YTOObI AUCTIEPCHs] JAaHHBIX BI0JIb He€, Obliia Obl MAKCUMAJIBHOM UX OCTABIIMXCS BO3MOXKHBIX
u T.1. [IepBas ock Ha3bIBaeTCs NEPBOU INIABHOM KOMIIOHEHTOM, BTOpasi — BTOPOM U T.[I.

KoMmoHeHTHBII aHalu3 MO3BOJISIET ONPEAETUTh CTPYKTYPHYIO 3aBUCUMOCTh MEXTy (ak-
TopaMu. Mes MeTona 3akiltoyaeTcsi B 3aMEHE KOPPEIHMPOBAHHBIX MEpEeMEHHBIX ((pakTOpoB) HO-
BBIMH MI€PEMEHHBIMH (TTIaBHBIMH KOMIIOHEHTaMU ), MEX]Ly KOTOPBIMH KOPPEJISIIHS OTCYTCTBYET.
B pesynbTaTe ero ucnoiab30BaHUS MOJMY4YaeTCsl CKATOE ONMMCAHWE MEHBUIEro o0beMa, HeCylllee
MOYTHU BCIO MH(OPMALIHIO, COAEPKAIIYIOCS B UCXOIHBIX NaHHBIX [ JlaBHBIE KOMIIOHEHTBI, MOJTY-
YaIOTCS U3 UCXOAHBIX IEPEMEHHBIX KaK JIMHEHHbIE KOMOMHALIMM UCXOJHBIX IEPEMEHHBIX.

AJITOPUTM KOMIIOHEHTHOT'0 aHAJIN3A!

— OrtbIcKaHuEe COOCTBEHHBIX 3HAYCHUU KOPPESAIMOHHON MAaTPHUIIbl JaHHBIX, LIEHTPUPO-
BaHHBIX U HOPMUPOBAHHBIX 110 CTOJIOLAM.

— Br16op cpeay coOCTBEHHBIX 3HAUEHUM CYIIECTBEHHBIX (>1).

— OTbICKaHUE COOTBETCTBYIOIINX COOCTBEHHBIX BEKTOPOB (TJ1aBHBIX KOMIIOHEHT) U Mart-
PHIIBI HATPY30K, CTOJIOIAMHU KOTOPOH SBJISIOTCS COOCTBEHHBIE BEKTOPHI.

— OTbICKaHUE MaTPHIIBI CUETOB (BECOB), CTPOKH KOTOPOIl — OPTOTOHANIbHBIE MPOSKIIUU
CTPOK MCXOJHBIX JIaHHBIX Ha ITIaBHbIE KOMIIOHEHTHI.

Marpuua c4eToB ABIJISIETCS HCKOMOM MaTPULIEH CKAThIX JaHHBIX.

PaccmoTtpum pacuetHbie GopMyIIbl sl MPOBEAECHNS KOMIIOHEHTHOTO aHaIN3a.

[lyctb ectb BeIOOpKa naHHbIX. Harpumep, BIOOpKa MOXKET OBITH IO JIFOJSIM, PACTEHHUSM,
JOKYMEHTaM, M300paXeHUsIM, 3BYKOBBIM (DaiijioM MM IO 4EMY-TO €Ile, YTO MOXKHO OIHCATh C
MOMOIIbI0 Ha0Opa YMCIOBBIX AaHHBIX. CTPOKHM BCEr/la COOTBETCTBYIOT OTAEIbHBIM OOBEKTaM,
CTOJIOIBI COOTBETCTBYIOT IPU3HAKAM WM (aKTOpaM, HaIpUMep, LIBET, JUINHA, BEC U T.A. 3Haye-
HUS MPU3HAKOB OOBIYHO IMPEICTABISAIOT COOON BEIIECTBEHHbIE YHCIIA, HO B HEKOTOPBIX CIIydasx
OHHU MOT'YT OBITb OYJIE€BBIMH WJIM UMETh JUCKPETHbBIE 3HAYCHHUS.

ITycts X — uncioBas MaTpUIa JAHHBIX Pa3MEPHOCTH (MXN), 3JIEMEHTBI KOTOPOH X;;. Ta-
KYI0 MaTpHIly Ha3bIBAIOT TaKXKe MaTpHllei MPU3HAKOB MK (aKTOPOB.

X0 — cranaapTH30BaHHAS MATPHIA HCXOIHBIX JTaHHBIX, IEHTPHPOBAHHBIX U HOPMHPO-
BaHHbIX 110 cToNOaM. Ee 31eMeHTBI BBIYUCISIFOTCS 110 popMylaM  XO;; = %.

xj
KoppeasiunonHass matpuia pasmMepHocTd (NXN), IEHTPUPOBAHHBIX ¥ HOPMHPOBAHHBIX
xoT-x0

-1 "

ITycte Al,....An— cob6cTBeHHBbIe 3HAYeHHss MaTpuibl R(X0). OHu ompenensroTcs u3
ycnoBusi Det(R — AE) = 0. CooTBeTCTBYOIIHME COOCTBEHHBIC BEKTOPBI P HAXOIATCS KaK periie-
HHSI OZIHOPO/IHOM CHCTEMbI JIMHEHHBIX anreOpandeckux ypasuenuii: (R — AE)p = 0.

Marpuiia P pasmeproctu (nxK) , crombmaMu KOTopoit sIBIIsiOTCSt K COOCTBEHHBIX BEKTO-
POB, COOTBETCTBYIOIIUX K CYIIIECTBEHHBIM COOCTBEHHBIM 3HaUCHUAM (Ai>1), Ha3pIBaETCSI MATPH-
el Harpy30K WM MaTpULEH II1aBHBIX KOMIIOHEHT.

TI0 CTOJIOIaM UCXOIHBIX JaHHBIX, BRIUUCIsIETCs 10 opmye R(X0) =



Matpuia cueros, onpeaeisiemas popmynoit T=X0-P, pasmeprnoctu( mxKk) — 310 cxxaras
MaTpuiia JaHHbIX. CTPOKM MaTpHIIbI CYETOB — MPOEKUUHU CTPOK X0 Ha BEKTOPHI TTIaBHBIX KOMIIO-
HEHT.

CoOctBennble 3HaueHUs Al,....An marpunbl R(X0) paBHBI AUCHEpCUsIM CTOJIOLOB MaT-
PHIIBI CYETOB M TIOKA3bIBAIOT BKJIAJ COOTBETCTBYIOIICH KOMIIOHEHTHI B CYMMAapHYIO AUCIIEPCHIO.
JlaHHbIe, CipoeMpPOBAaHHBIC HA TJIaBHBIC KOMIIOHEHTHI, XapaKTePU3yIOTCsS HAHOOJIBIIUMHU JTUC-
nepcusMu (paccessHUSIMU), TO3TOMY TO3BOJISIIOT COXPAHUTh MAKCUMYM MH(POpPMAIUH 110 UCXO/I-
HBIM JJaHHBIM, IIPU TOM YMEHBIIUB Pa3MEPHOCTb 3a/1a4H.

J1J1 OLIeHKH MOTPEUIHOCTH, AOMYCKAEMO MPU YMEHBIIEHUN Pa3MEPHOCTH UCXOHBIX JaH-
HbIX MeToioM PCA, ucrone3yercst MaTpuna omméok E = X0-T-P'— marpuna omm6ok pa3mep-
HOCTH (mxn), KOTopasi AOJDKHA ObITh Onm3ka K O-MaTpulle, eciyd HeT MOTepU AaHHBIX HpPU UX
CKaTHUU.

KaacrepHblii aHaau3 npeHasHaueH A1 pa30ueHHs] HICXOIHBIX JIaHHBIX HA TPYIIbI, Ta-
KHUM 00pa3oM, 4TOOBI SJIEMEHTHI, BXOASAIINE B OAHY TPYIILY, ObLIIH MAaKCUMAIIBHO «CX0XKH», a dJ1e-
MEHTBI U3 pa3HbIX IPYMI ObUIM MAaKCUMAJIbHO «OTIMYHBIMUY» JPYT OT ApYyra.

KrnacTtepHblil aHanu3 — rpyrmna MeTo0B, UCIIOIb3YEMbIX Ul KilacCu(UKalMU 0ObEKTOB
WX COOBITHI B OTHOCUTEIBHO TOMOT€HHbIE (0JIHOPOIHBIE) IPYIIIIBI, KOTOPBIE HA3bIBAIOT KJIACTe-
pamu (clusters).

B KOMIIOHEHTHOM aHajKu3e rPyNIUPYIOTCs CTOJIOLBL, T.€. 1eNlb — aHAJIU3 CTPYKTYPbl MHO-
ecTBa (PaKTOPOB U BBISABIICHHE 0000MIEHHBIX (PaKTOPOB. B KimacTepHOM aHaM3€e TPYIITUPYIOTCS
CTPOKH, T.€. LIeJIb —aHAJIU3 CTPYKTYPbl MHO>KECTBA OOBEKTOB.

JlonycTma reoMeTpuyecKas HHTepIpeTanus KiacTepu3aluu: Kax bl 00beKT (pecnoH-
JIEHT) — TOYKa B [IPOCTPAHCTBE IPU3HAKOB. 3a/1aya KJIACTEPHOI'O aHAJIN3a —BBIJCJIECHUE «CTYILIe-
HUID» TOuek, pa30MeHrne COBOKYITHOCTH Ha OJIHOPOIHBIE IOJMHOXeCcTBa 00bekTOB. Ha npakTuke
TPYIHO BBIJCIHUTH TPaHUIly KiactepoB (puc. 1.1).

MNepemeHHas 1
MNepemeHHas 1

MNepemenHan 2 MepemeHHasn 2

Pucynok 1.1. Knactepu3zanus B TEOpUHM U Ha IPAKTUKE

Cy11ecTBYIOT pa3In4HbIE METO/IbI KJIACTEpU3ALUUA. MOKHO BBIJEJINTD JIBA OCHOBHBIX THIIA
METOJIOB, AJITOPUTMbI KOTOPBIX HECKOJIBKO pa3inyiHsbl (puc. 1.2).



|-|pH ManeHbKOM KOnuuecTee rlpM BonbWoOM KonuyecTee
HabnoaeHuin HabnogeHun

Pucynok 1.2. Buapl knactepusanuu

AJITOPUTM MepapXu4ecKoi KjiacTepu3anuu

— IlepBoHauyabHO KaXAbIi 0OBEKT 0OPa30BBIBACT CBOM OTAEIBHBIN KilacTep.

— Ha xaxaom nocnenyromieM mare 1sa coceaHux (OJM3KUX MO BHIOpAaHHOW Mepe) Kiia-
cTepa O0BEAUHSIOTCS B OHH.

— OTOT mpouecc NpoAoHKAETCs 10 T€X MOp, MOKA HE OCTAHETCS TOJIbKO OJUH KJlacTep
1100 pacCTOSTHUE MEXKTy KIacTepaMi HAUMHAET yBEIMYUBATHCS CKAYKOOOpa3Ho, TOT1a mpoIiecce
00BeIMHEHNS OCTaHABIUBAIOT.

Mepa ux O6IM30CTH MEXIY OTACTBHBIMA 00bEKTaMH WM KJIACTEPaMH — PACCTOSIHHE, IS
ONpeIeTICHUsI KOTOPOro MPUMEHSIOTCS Pa3IN4YHbIC TOJAXO/bI.

Jlnist onpesiesieHust PacCTOSAHUS MeX Ty o0bekTamMu Xi  X] dYalle UCIOIb3YeTCsl BKIHI0BO

2
paccrosiaue d = \/ Y (o — xi j) , TJie N — KoJau4ecTBO (haKTOPOB MIIH IIPU3HAKOB.

Jlist onipeesieHus pacCTOSIHUS MEXTy KJIacTepaMu MPUMEHSIFOTCS PA3IMIHbIEC TTOIXO/IbI:

— MexrpymnmoBas cBs3b (Between-groupslinkage) — sTot meron B mporpammax 0OBIYHO
YCTaHABIMBAETCS M0 YMOJIYAHUIO.

— bnmxaitmmii cocen (Nearestneighbor).

— Cawmpiit gansuuit cocen (Furthestneighbor).

— Ilentpounnas knacrepuszanus (Centroidclustering).

— Menaunannas knacrepusanus (Median clustering).

[Tpexe yeM IpOBOUTH KITACTEPU3AIIUI0 OOBIYHO BHITIOIHIETCS CTAaHIaPTU3AINS JAHHBIX,
B YaCTHOCTH MpUMEHSIETCs Z-CTaHAapTH3aIusl, pacCMaTpruBaeMas Ipu KOMIIOHEHTHOM aHalln3e

oy = 575
Oy j

AJITOPUTM KJIACTEPH3AINH METOA0M K-CPeIHUX

— Cuy4aiiHbIM 00pa3oM co3aaroTcst k ToUek - LeHTPOB KIIaCTEPOB.

— Kaxaomy 00beKTy U3 MaTpHUIIbl JAHHBIX CTABUTCS B COOTBETCTBUH OJIMDKAWUIIINHN K HEM
LIEHTp KJIacTepa.

— Beruucnsrores cpennue apudmMernueckrue ToueK, NPUHAIeKALMX K ONpeaAeIEHHOMY
KJacTepy. DTU 3HAYEHUSI CTAHOBSITCS HOBBIMM LIEHTPaAMH KJIACTEPOB.

— Iaru 2 u 3 NOBTOPSAIOTCS 10 TEX MOP, MOKA NMEepecUYET LIEHTPOB KIACTEpOB OyeT UMETh
cmbicit. Kak TOJbKO BBICYMTAHHBIC IEHTPHI KJIACTEPOB MPAKTHYECKH COBMAAYT C MPEIbIITyIIUMH,
QITOPUTM OYZET OKOHYEH.

CpaBHeHHe KJIacTepH3alii MeTOI0M K-CPeIHUX M HePaAPXHYeCKOil KiIacTepu3annu

Henocratku kiactepusaluy METOIOM K-CPETHHX:

— UyBCTBUTENBHOCTH K BEIOpOCaM.

— Heo6xonumo 3apaHee 3ajjaBaTh KOJUYECTBO KJIACTEPOB, a HE KaK B HEPAPXUUECKOM
aHaJM3e, MoJIyJaTh 9TO B KAYECTBE pe3yJIbTaTa.
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Joctounncrna:

— Ilpumenenue npu 00JIBIIOM 00BEME JaHHBIX.

— IIpocroTa UCIONB30BaHUS: B KAUECTBE METPHUKH UCIIOJIB3YETCS €BKJIMIOBO PACCTOSIHHE.

— Bo03MOXHOCTh HArJIATHONW HMHTEPIPETALUU KJIACTEPOB C HCIIOJIb30BaHUEM TIpaduka
«CpenHux 3HaUCHUH B KJ1acTepax».

Brinmonnenne KiIaCTCpu3anuu, AaXC 1Ipu OTHOCUTCIILHO HC6OHLH_II/IX OGBeMaX JAaHHBIX,
TpeOyeT 00bIIOro 00beMa BRIYUCICHUN, B MATEMAaTHYECKUX MMaKeTaxX CYIIECTBYIOT BCTPOCHHbBIE
nmpoucaypsl 411 3TOTr0, OAHAKO JIA IOHUMAHHWA AJITOPUTMA U TPAKTOBAHUA PE3YyJIbTATOB, 110JIy4a-
€MBIX C IIOMOILBIO 3TUX MPOLIEYP, JIyUIlle H3HAYAIbHO BBITOJIHUTH KJIACTEPU3ALNIO BPYUHYIO Ha
MaJIOM OGT:GMG AAaHHBIX, YTO WU OpCJIaractcia CACjaTb B 3a/laHUU 4.5.

1.3. MaremaTn4ueckue METOAbI INIAHUPOBAHUSA IKCIIEPUMEHTOB

JKCNepUMeHT (OMbIT) — 3TO COBOKYIHOCTh OIEpallHii, COBEPIIAEMBIX HaJ OOBEKTOM, C
LIEJIBIO MOJIy4eHUs] HHPOpMaLUU O ero cBoiictBax. Teopus MIaHUPOBaHUS HKCIEPUMEHTA TECHO
CBsI3aHA C MHOTOMEPHBIMHU CTaTHCTUYECKUMHU METOJaMH. DTa TEOPHS BKIIOYAET MAaTEMaTHIECKUE
METO/bI MJIAHUPOBAHUS SKCIIEPUMEHTOB, KOTOPbIE JAal0T BO3MOXKHOCTh YIPABJIATh YCIOBUAMU
MPOBEICHUS SKCIIEPUMEHTA C LIEIBIO MOBBIIICHHUS eT0 3(P(PEKTUBHOCTH. DKCIIEPUMEHTHI, OCHOBBI-
BAIOIIMECS METO/1aX IUIAHUPOBAHUS SKCIIEPUMEHTOB, IPUHATO HA3bIBaTh AKTHBHBIMH. DKCIIEpH-
MEHTBI, KOTOPbI€ CTaBATCS Ul PEIICHUS ONMTHMHU3AIMOHHBIX 33Jad, HA3bIBAIOTCS IKCTPEMalb-
HBIMHU.

Lenun niianHnpoBaHusi IKCIIEPUMEHTOB:

— HaAXOXXJCHHE YCIOBHUI MPOBEACHUS SKCIIEPUMEHTOB, MPH KOTOPHIX YIACTCS MOIYYUTh
JIOCTOBEPHYIO HH(pOpMAIHIO 00 UCCIeyeMOM 00bEKTE ¢ HAMMEHBIIUMHU 3aTpaTaMu (IIpU MUHU-
MaJIbHOM KOJIMYECTBE OIBITOB);

— TpeacTaBiIeHHE HHPOPMALUHU B YA0OHOU (opme Ui ee U3BJICUeHUsS 1 00pabOTKH.

3agauM NIIAaHMPOBAHUS IKCIIEPUMEHTOB:

— IOCTPOCHHE MAaTeMaTHYeCKOH MOJeIM M3ydaeMoro oObeKTa, BKJIIOYAIOILEH MOoKa3a-
TEJIM Ka4eCcTBa OOBEKTA, 3aBUCALINE OT MapameTpoB ((PaKTOpOB), 1JIsk OLIEHKU €TO CBOMCTB;

— HaxoXJeHHE TaKoll KOMOMHAIMU (aKkTOpOB, MPU KOTOPOIl TOCTUTAIOTCS SKCTpEMallb-
Hbl€ 3HAUEHUs BIOPAHHBIX MOKa3aTesel KauecTBa,;

— aBTOMAaTH3allMsl peLIeHMs 33/1a4 YIIPaBJIeHUs SKCIEPUMEHTOM (TIJITAHUPOBAHUS, OLIEHKU
HOTPEIIHOCTEN, IPOTHO3UPOBAHUS).

MeTob! ¥ IOJXO/IbI K TUTAHUPYEMBIM SKCIIEPUMEHTaM JIOCTaTOYHO XOPOIIO pa3padoTaHb
B HAYYHO-TIPUKJIAJHBIX HCCIEIOBaHUAX. B HMccie0BaHusAX NCIONb3YIOTCS pa3IMyHble BBIYUCIIH-
TEJIbHBIE MHCTPYMEHTHI M HHCTPYMEHTHI aHAIM3a OT CTaHJAapPTHBIX MAaTEeMAaTHYECKUX U CTATHCTH-
yeckux  makeroB ooOmero HasHadeHuss (MATHCAD, MATLAB, STATISTICA, SPSS,
STATGRAPHICS u np.) 1o criennaiu3upoBaHHbIX aBTOPCKHUX MMAKETOB, KaK MPaBUIIO, OPUEHTH-
POBaHHBIX Ha BBIOPAHHYIO IPEAMETHYIO 00J1acTh.

JlanHOE ocoOue MOMOKeT IPUOOPECTH HABbIKU UCIIOJIb30BAHMSI MOJIENIEH M METO/I0B Ijla-
HUPOBAHMS HKCIIEPUMEHTOB IPH PEILICHUH MPAKTUYECKUX 3a/1a4 U3 MPO(pECCHOHATIBLHON 00JIacTH.

MareMaTudeckasi MoJe]Ib IVIAHUPOBAHHUSA IKCICPUMEHTA

[Ipu nnaHupoBaHUM FKCIIEPUMEHTA, CleAys KUOEpHETUYECKOMY MOJAX0AY, HCCIeAyEMBbIi
OO0BEKT TNPENCTABIISAETCS «UYEPHBIM SIIUKOM», BXOJAHBIE MapaMeTpel KoToporo Xi,X,, ..., X, —
(haKkTOPBI, a BEIXOIHOW apaMeTp (WK apaMeTpsl) Y — omKauK. BRIXOJHOM napamMeTp sSBIIsSIeTCS
MCKOMBIM MTOKa3aTeJIeM KauecTBa UCCIEAyEMOro OObEKTa.

3aBUCUMOCTD BBIXOJJHOTO IIapaMeTpa WJIN BBIXOHBIX [TAPAMETPOB, €CIIU UX HECKOJIBKO, OT
BXOJIHBIX BBITIOJHSIOTCS JTUOO € TOMOIIBIO 3KCIIEPUMEHTOB Ha MOJIENSIX (AHAIUTUYECKUX, YNCIICH-
HBIX, UMUTALMOHHBIX U JIp.), TUOO MyTEeM HATYypHBIX SKCIIEPUMEHTOB.
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B MaTemaTnueckoi TeOpuu IJIaHUPOBAHUS SKCTICPUMEHTOB BBIXOTHOM MapameTp 00beKTa
npezcTaBisiercss QyHKIUEH OT BXOAHBIX TApaMeTPOB, KOTOpasi OINpPEEeTCsl B BHIE HEKOTOPOM
pPEerpecCUOHHOM 3aBUCMOCTH.

y = F(X]JXZI ...,Xn).

CraTucruyeckas
MpOBEpKa rMIOTe3

M PF(XL X2, .. Xn)
Bxozer Xi .I Vpagrenue perpeccun| > | Boixon J

KoppensuuonHsiit,
JIMCIICPCHOHHBINA aHAIIN3

PI/ICYHOK 1.3. MaTteMmaTuyeckas MOJCIIb INITAHUPOBAHUS SKCIICPUMCHTA

[Tpu 5TOM AJ1s OTyUYeHUE OoJIee MOIHOM U JOCTOBEPHOM KApTUHBI 3aBUCUMOCTH OTKJIMKA
0T (paKTOPOB PErpeCcCHOHHBII aHaU3 JOMOJHAETCS CTATUCTUYECKUMU HCCIEA0BaHUAMU: KOppe-
JSIMOHHBIM, JTMCIICPCHOHHBIM aHAIN30M, CTATHCTHYECKOH MpoBepKoii runote3 (puc. 1.3).

JlJis OCTpOEHMsI PErpecCHOHHON MOJENN HUCHOJIb3YIOTCS IUIaHbl (HAOOpHI 3HAYCHHIA
BXOJIHBIX IIapaMETPOB), KOTOPbIE MO3BOJIAIOT C HAMMEHBIIUMHU 3aTpaTaMu (I HAUMEHBIIEM KO-
JINYECTBE KCIIEPUMEHTOB) ONIPEACTUTH PErPECCHOHHYIO 3aBUCUMOCTD U OLICHUTh €€ 3HAYMMOCTb.

PaccMOTpUM OCHOBHBIE MOHATUS M TEOPETUYECKUE MOJO0XKEHUS TEOPUHU IJIAHUPOBAHUS
HKCIIEPUMEHTOB.

YpoBHsAMHE (paKTOPOB Xi Ha3bIBaeTCs HAOOp 3HAUYEHUIl, KOTOpbIE ITOT (HaKTOp MPUHU-
MaeT, ¥ KOTOPBIE UCITIONIB3YIOTCS TPH MPOBEJICHUN YKCIEpUMEHTOB. i1 moctpoenus 3pdexrun-
HOW MaTeMaTH4ecKOil MOozenH 1eecoo0pa3Ho NpeaBapUTENbHO MPOBECTH aHAIM3 3HAYUMOCTH
(GakTOpoB, X BO3MOXKHOHN KOJUTMHEAPHOCTH, UCKITIOUUTh Majlo3Havyalue (GakTopshl.

JIONmyCcTUM M3BECTHBI AMANa30HbI M3MeHeHUs (MaKTOPOB [Ximin, Ximaxl, i = 1,m. O6na-
CTBIO TUIAHUPOBAHUS WM (PAKTOPHBIM IPOCTPAHCTBOM HA3bIBAETCSI MHOTOMEPHBIN Mapaliene-
NUIea, OrpaHMYEHHBIN JUana3oHaMy U3MEHEHUs (aKTOpOB.

IKCIEPUMEHTOM, C TOYKH 3PEHHSI MATEeMATHYECKONH MO/Ie/IH, Ha3bIBAETCS TAKOE COYE-
TaHUE 3HAYEHUN PA3IUYHBIX (AKTOPOB, KOTOPOE COOTBETCTBYET YCIOBUSM IPOBEJCHHS OIBITA.
@opMaIbHO 33JaHMIO YCIIOBUM D3KCIEPUMEHTa COOTBETCTBYET 3aJaHuE N-MEpPHOM TOYKHU

MI(x!, X é ....... X)) B (haKTOpPHOM MPOCTpPAHCTBE, KOOPAUHATE KOTOPOii — 3HAYEHHS (haKTOPOB:
J 1
Xi € [Ximin' Ximax]'l - 1,n,

X l] — 3Ha4eHue I-ro (haKkTopa B HATYPaIbHOM U3MEPESHUU IS J-TO IKCIIEPUMEHTA.
0O0603HaYUM KOJIMYECTBO TOUYEK B (PAKTOPHOM NPOCTPAHCTBE MJIN KOJTMYECTBO IKCIIEPUMEH-

toB uepe3 N, Torma j =1, N.

Kak mpaBuio, TOUKHM HE BBIXOJAT 3a Mpeaessl PakTOPHOTO MPOCTPAHCTBA, UCKIIIOYEHHE
COCTaBJISIIOT KOMIIO3UIIMOHHBIE IJIaHbl, O KOTOPBIX OyZeT roBOpUThCs HIKE. COBOKYITHOCTh BCEX
TOYEK IKCIIEPUMEHTA HA3bIBAETCS MJIAHOM JKCIIEPHMEHTA.

KonupoBanue mepeMeHHbIX U ypaBHeHHe perpeccuu

W3navanbHO 3HaueHus: Gpaktopon X l] paccMaTpuBalOTCAd B HATypaJbHOM HU3MEPEHHH, 3a-
TE€M IEepPeXoAsT K KOAUPOBaHHBIM (0e3pa3MepHbIM, MPUBEIEHHBIM) 3HaUeHUAM (pakTopoB. bynem
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0003HaYaTh UX CTPOYHBIMHA 6YKBaMI/I Xi] . 3HaYeHUS KOOUPOBAHHBIX IEPEMEHHBIX IJIsI HCKOM-

MMO3UIIMOHHBIX [IAHOB HM3MEHSIOTCS B Hpezxenax2 ot -1 mo +1:

J ST i
x; €[-11],i=1n, j=1,N,
rie xl] — 3HaYEHHE KOJUPOBAHHOIO (pakTopa X; B j-Oi TOUYKE IIaHa.
®opmyJibl ePexoaa K KOAUPOBAHHBIM MePEeMEHHbIM UMEIOT BU/I

' Xiavg = (Ximin + Ximax) /2,

x) = Xi]_Xiavg
avg min
Koopaunater X l] TOYCK TUIaHA B HATYpaJIbHOM M3MEPEHUH (OOpaTHBIN MMEepexo]1) BBIYKC-
JS0TCS 0 hopmytam
J— J
Xi - (Xiavg - Ximin)xi + Xiavgr

rae i=1n,j=1,N,
IleHTpOM 3KCcHIEpPUMEHTA HA3bIBACTCS TOUKA, B KOTOPOH BCe xl] = 0.

B kauectBe QyHKIMHU OTKIMKA (perpeccuonHoi Momaenu) f(xq, Xz, ...,Xp)  OT KOIUPO-
BaHHBIX NIEPEMEHHBIX HAHOO0JIEe YacTO HCIIOJIB3YIOTCS MOJHHOMHAIbHbIE MO/IeIH MePBOil U
BTOPOM CTeNeHu:

5 o— _— n n n n 2
Y = f(x1, X3, s Xn) = bo + Xia bixi + X5 j=1 bijxix; + X k=1bijrXixjx, + Xiz1 buxi
i%] i#j2k

rac X; — KOoupOBaHHBIC ICPEMECHHBIC ITOJIMHOMA.
BBeI[eM AOIMMOJIHUTCIIbHBIC TICPEMCHHBIC UL JIMHCAPU3allUU YPABHCHUA:

Xn+1 = X1X2, Xni2 = X1X3) -y
TOTJIa TIOJIMHOM 3aIUIICTCS B JIMHEAPU30BAHHOM BH/IE
5 k
Y = b + Xi=1 bix;,

rie K — komnuecTBo K03 (GUIIMEHTOB PH HEM3BECTHBIX B MOJIMHOME.

Onpenesenne kK03pGUUMEHTOB PYHKIMU OTKIUKA

OcHoOBHOI1 MaTpuLeii M1aHa Ha3bIBaeTCst MaTpuLa pazmepHoctd N Ha n

X0 = : o

KonuyecTBO CTpOK MaTpHIIBI COBIAIAET C KOJIMUECTBOM IKCIIEPUMEHTOB (TOUEK IJIaHa), a
KOJIMYECTBO CTOJIOIOB — C KOIMYECTBOM (DaKTOPOB.

Jli1g ynoOcTBa pacyeToB HCIONb3YETCs TaKXKe paclliMpeHHas MaTpulia IJIaHa WK MaTpULa
CMEIIaHHBIX (aKTOPOB, YaCcTh CTOJOIOB KOTOPOM SIBISIOTCA CTOJNOIAMU OCHOBHOW MaTpPHIIBI
IJIaHa.

PacuumpenHoii MaTpuuei JiaHa B KOAMPOBAHHBIX NepPeMEeHHbIX Ha3bIBAETCA MaTpULIa

X pasmeproctu N Ha (K +1), a51eMeHTBI KOTOPOIA xi] , Trie K — konnvecTBo K03 PUITMEHTOB TIpU
HEU3BECTHBIX JINHEAPU30BAaHHOTO ypaBHEHUs perpeccuu. l[lepBblil cTonbeln paciimpeHHON mat-
PHIIBI COCTOUT U3 €IMHHULI, CIEAYIOIIKe N CTOJIO0B COOTBETCTBYIOT OCHOBHOM MaTpHIle TU1aHa, a
OCTaJIbHBIE CTOJIOLBI MOMYyYarOTCsl B pe3yJbTaTe MPOU3BEACHUN CTOJIOIOB MaTPUIl OCHOBHOTIO

IUIaHA, COOTBETCTBYIOLIUX JONOTHUTEIbHBIM NEPEMEHHBIM Xy 41, X425+ y Xk -

2 3HaueHMs KOJMPOBAHHBIX IEPEMEHHBIX MOTYT TAKK€ U3MEHATHCS OT 0 10 1, HO B JAHHOM TOCOGUH 3TH CIIy-
Yau He pacCMaTPHBAOTCH.
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xg oxd X} o xliixi
X = : - :
xy XN XN XN L

O603HaunM Y — MaTpUILy-CTOJIOEI] 3HAUEHU I paccMaTpruBaeMOro oKa3aTess KadyecTBa Mo
pe3ynbratam skcnepuMenta B N toukax, B — marpuily-ctonden Heu3BecTHbIX KO3 (GUIINEHTOB
MOJIMHOMA:

YT — (ylexp’yZExp’ .yNexp) ’
BT = (bo, bl' e bk),

rae T o3HayaeT onepanuio TPaHCIIOHUPOBAHUS MAaTPULIBI.
Haxoxnenue cronbua ko3hGUIueHTOB MOJIMHOMA BBIITOJIHACTCS CIEIYIOIUM 00pa3oM:

Y=X-B= B=(X"X)1(XTY),
YTO COOTBETCTBYET ()OPMyJIaM, MOTyIEHHBIM 110 METOly HAMMEHBILINX KBAJPATOB.
O603HaunM Y — MaTpuIly 3HAYeHHWil IOKa3aTens KauecTBa B TOUKAX ILIAHA, HAiICHHBIX
1o ypasuenuio perpeccnt, T.¢.Y=X-B, rtorma Y7 = (1,52, ...y").

Buauenns y/ (j = 1,N) BBIXOIHOIO IIapaMeTpa B TOYKAX IUIAHA B CTy4ae HEHACKHIIICH-
HOTO TIMaHa, T.¢. mpu N> k+1, He coBmazator ¢ y’/¢*P. KauecTBO I0ITy4eHHOI PerpeccHOHHOI
MOJICTIH OIICHUBACTCS PA3jIMYHBIMU METOJaMH: C MOMOIbI0 Kputepus dDuiiepa, mo cpeaneit
omuOke anmpokcumarmu u ap. [lpu pacuere kputepus durinepa HCIONB3YIOTCS OCTATOYHAS U
(dakTopHas IUCIIEPCUU, OTHECEHHBIE K YUCTy cTeneHed cBo0oabl (cM. pazaen 1.1, ctp. 7). Ilpm
pacyere cpeaHeil OMUOKH AMMPOKCUMAIIHH HCIIONB3yeTCs hopMyJia
_ Zli\lzll(yi_yiexp)/yiexp|

N

COA

Buabl nJ1aHOB U UX XapaKTepUCTUKaA

[Tanel pa3nTU4YalOTCs MO CBOUM XapakTepucTiukaMm. OCHOBHBIMU XapaKTePUCTHKAMH SIBIIS-
IOTCSl HACBIIIEHHOCTh, POTaTa0eIbHOCTh, OPTOrOHAIBHOCTh, HOPMHUPOBAHHOCTb, CHUMMETpPHUY-
HOCTb, KOMIIO3UI[UOHHOCTb.

[Tnan Ha3bpIBaeTCsl HACBIIIEHHBIM, €CIIH YUCIIO SKCIIEPUMEHTAIbHBIX ToueK N B HEM COB-
najgaeT ¢ YuciIoM KodpduimeHTo nonmHoMa K+ 1. HachlleHHbIH 11aH He TO3BOJISIET YCPEAHUTD
OLIMOKH 3KCIIEPUMEHTA, €CJIM OHU €CTh, M ONPEICIINTh UX BETUUUHBI. I30bITOYHOE YHCIIO OIBITOB
npu N> k+1 mo3Boisier 310 cienath.

[1nan Ha3bIBaeTCsl POTATA0CIBHBIM, €CITH AUCTIEpCHS GYHKIMU OTKIHKA f (X1, X3, ..., Xp)
OJIMHAKOBA Ha OJIMHAKOBOM PAaCcCTOSIHUU OT LIEHTpA IJIaHa, T.€. TOUKHU IJIaHa JIeXaT Ha KOHIIeH-
TPUYECKUX TUnepchepax.

[Inan Ha3bIBaeTCs OPTOrOHAJBHBIM, €CIM CTOJIOIBI MAaTPUIbl IJIAHUPOBAHUS MOMAPHO
OpPTOTOHAIBHEI

Vorx(xf =0, ij=0Kk,i#.

Jlnst oproronansHoro muana matpuna C = XTX gBnsercd AuaroHaabHOM, I03TOMY KO3 (-
(buIUEeHTH TOJTMHOMA OTIPEACIIIOTCA HE3aBUCUMO JIPYT OT ApyTa.

[Inan Ha3bpIBacTCs HOPMHPOBAHHBIM, €CIM CyMMa KBaJpaTOB HJIEMEHTOB JOOOTro
cTos01a paBHa yucy onbIToB N:

N (")’ =N, i=0k.

[Inan Ha3bIBaeTCS CMMMETPHYHBIM, €CJIM CyMMa 3JEMEHTOB JII000ro CToj0Ia, Kpome
nepsoro, pasHa 0:

Fixl =0, i=1Kk.
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Ecnu nnan no3possier onpenenuth KodhGUIUEHTH TOJTUHOMOB TOJIBKO MPU  MEPBBIX
CTETEHAX X; W CMEIIAaHHBIX MPOU3BEACHUAX (HAKTOPOB, TO TAKOW IUIAH HA3BIBAIOTCS MJIAHOM
NepBOro NopsiaKa.

[1nan Ha3pIBaeTCs IIAHOM BTOPOTO MOPSIAKA, €CJIM OH M03BOJIAET HATH KO3 (PUIIHEHTHI
TIOJIMHOMOB TIPH  KBajIpaTax IepeMeHHbIX X7, I TakuX IIaHOB XapakTepHO, 4To (GaKTOphI Ba-
PBUPYIOTCS, KAK MUHUMYM, Ha TPEX YPOBHSIX.

[1nan Ha3pIBaeTCSI KOMIO3ULUOHHBIM, €CJIY OH BKJIFOYAET JIOMOJIHUTEIbHbIE TOUKH K I1a-
HaM I[IEpBOT0 NOpsJIKa.

1.4. Moanblii pakTOPHBIN MJIaAH
dopmyiia, Mo KOTOPOIl paCCUNTHIBACTCS YHCIIO ONBITOB IPH MOJIHOM (PaKTOPHOM IKCIEPH-
MeHnTe (I1DD), BEITIAIUT ClieayomuM 00pa3om:
N =p",
riue N — 4KCI0 OIBITOB;
n — 9ucio (HakTopoB;
p — YUCIIO YPOBHEW BapbUpOBaHUs (haKTOPOB.
Ecnu yncino ypoBHel kaxaoro (akropa paBHO ABYM, TO MbI HIMEEM MOJHBIN (HhaKTOPHBI
skcriepuMenT tuma [P 2™
B [1®3 2™ ucnonb3yoTest KOAUpOBaHHbIC 3HaUYeHUs (pakTopoB: +1 u -1, COOTBETCTBYIO-
e HanboNbIlIeMy U HaMMEHBIIIEeMY 3HAUeHUSAM (aKTOPOB. Y CIOBHS HKCIIEPUMEHTA 3aIUCHIBA-
I0TCS B BUJIE€ TaOJIUIIBL, TJI€ CTPOKU COOTBETCTBYIOT Pa3JIMYHBIM OIIbITaM, a CTOJIOIbI — 3HAUEHUSIM
dakropoB. Takast Tabnuiia COOTBETCTBYET MaTpHIle MIaHUPOBaHUS dkcniepumenTa. [lnan [IDD
o0aaeT CBOMCTBAMU CUMMETPUYHOCTH, HOPMHUPOBAHHOCTH, OPTOTOHAIBHOCTH, poTaTabenbHO-
cTy (U1 TUHEHHON MOJICIH ).
Ha pucynxe 1.4 npuBenena MaTpuia pacimpensoro miana [1MD 23, yuureisaromas cMe-
[IaHHBIE MPOU3BECHHUS (B3aUMOICHCTBUS) (PaKTOPOB.

{ 0 1 2 3 4 3 6 7 g
U Xp X; x X3z XXy Xpxg Xy | xpeoxs Y
1 1 -1 -1 -1 +1 +1 +1 -1 Y;
2 1 +1 -1 -1 -1 -1 +1 +1 ¥,
3 1 -1 +1 -1 -1 +1 -1 +1 Y;
4 1 +1 +1 -1 +1 -1 -1 -1 Ve
5 1 -1 -1 +1 +1 -1 -1 +1 Vs
6 1 +1 -1 +1 -1 +1 -1 -1 Vs
7 1 -1 +1 +1 -1 -1 +1 -1 ¥z
g 1 +1 +1 +1 +1 +1 +1 +1 Vs

i Xitr 8 0 0 0 0 0 0 0

=1

Pucynok 1.4. Pacumpennas Matpuna mnana I1dD 23

OpTOroHaNnbHOCTh MIAHA 03HAYAET, uTo MaTpuia X' X JuaroHanbHa, Toraa kodhduim-
€HTHl TOJMHOMA OIPEAENSIOTCS HE3aBUCHUMO JIPYT OT Jpyra 1o ¢popMyliaMm

b; = (Z?’:lyjexpxij )/N,i=0k.

[Tnan [I®D 2™ oTHOCATCS K MIaHaM MepBoro nopsiaka. KomumuectBo k03hOUIIMEHTOB 1Mo-
JUHOMA OT N (aKTOPOB, COJEPKAIIEr0 CBOOOIHBIN WieH, epBble CTEIIEHN HEU3BECTHBIX U UX
CMeIlIaHHbIe TIpou3BeeHus, pasHo C + CL + C2+...+C = 2™ . OHo Bcera coBNajaeT ¢ Yuc-
J0M Touek miaHa [1dD 2™, mosToMy 3TOT MJIaH SIBISIOTCS HACBHIIICHHBIM.

Tax, npu N=3 xonuuyecTBO KOA((GHUIMEHTOB U YUCIO TOUEK IJIaHA OJMHAKOBO U PaBHO 8.
Perpeccuonnblii noaunom /703 2° 1 GpyHKIMM OTKINKA MMEET BUL:
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Y = bo + b1xq + byXxy+b3x3tby XXyt bsx1 X3+ DX x3+b7X1 X X3,

Ha npakTuke npu HeKOUTMHEAPHBIX (akTopax KO3(PPHUIHUEHTH! IPU CMEIIAHHBIX POU3-
BEJICHUX OJM3KU K HYJIIO, IO3TOMY UMEET CMbICI YYUTHIBATh TOJBKO JTMHEHHbIE YIeHbl. B 3TOM
cilydae MmpH N>2 KOJIMYECTBO OIBITOB MPEBHIACT KOTMYECTBO KO (OUIIMEHTOB MPH MEPBHIX CTE-
neHsx pakTopoB. C OHON CTOPOHBI, ITO HO3BOJIAET YCPEAHUTE JaHHBIE SKCIIEPUMEHTa y/¢*P 1
OIICHUTH OmMuUOKK anmpokcumaiuu. C npyroit croponsl, B [I®D npu yBenmuueHun N pa3sHOCTH
MEKJIy YHCJIOM ONBITOB 2™ W yuciaoM KodQ@UIMEeHTOB N+1 JTUHEHHOI YacTH, yBEeIUYHBACTCA,
IUIaH CTAHOBUTCS M30BITOYHBIM 10 KOJMYECTBY OINBITOB, BO3HUKAET Mpo0IeMa yMEHbIICHUS KO-
JINYECTBA OTIBITOB.

ApoOublii (pakTOPHBII IIaH

J1Jis TOrO, 9TOOBI YMEHBIIUTH YHCIIO OTBITOB, IPUMEHSIOTCS APOOHBIE (PAKTOPHBIC TIIIAHBI.

JIpoOHbBIM (haKTOPHBIM HKCIIEPUMEHTOM HA3bIBACTCSI CHCTEMa SKCIIEPUMEHTOB, MPE/ICTaB-
JSoMX co0oi yacTh [1DD, mo3BOIISFONIAs pACCYUTHIBATH KO (DUIIMEHTHI YPaBHEHHS PETPecCun
U COKPATUTh 00bEM SKCIIEPUMEHTAIIBHBIX JaHHBIX. Takue 3KCIepuMEeHThI 00J1a1at0T MEHbIIIEH HH-
(OpMaTHBHOCTHIO, HO MO3BOJISIOT 3HAYUTEIIBHO COKPATUTh KOJMYECTBO ONBITOB. B J1DD konuye-
CTBO 9KCIIEPUMEHTATBbHBIX Touek N = 2"~ ™ rne m - nokasatenb apoonoctu [IDD. Ecnum =
1, To N B nBa pa3za MeHbliie, yem B [1D3. Takue miaHbl HA3bIBAIOTCS MOTYPEIITUKAMH.

1.5. OpToroHanbHbIii HEHTPAIbHBIH KOMIIO3MIHOHHBIN IJIAH

Ecnu xapakrep GyHKIINM OTKIMKA HEIMHEHHBIH, TO CJIEAyEeT YUYUTHIBATh B YPABHEHUU Pe-
IPECCUU cllaraéMble, cojiepaKalliue KBaaparbl pakTopoB. [yt 3Toro, Kak MUHUMYM, KaIbli (hak-
TOP JIOJKEH BapbUpPOBAThCA Ha TpeX ypoBHsX. Mcnonbs3oBanue [1PDD B 3TOM cityyae NpUBOAUT K
HEONPABAAHHOMY YBEJIMUYEHUIO YUCIIA IKCIIEPUMEHTAIBHBIX TOUEK. J{pyrol moaxo1, OCHOBaHHBIN
Ha KOMIIO3ULIMOHHBIX IJIaHaxX, MpeaioxkeH bokcom n YuicoHoM. DTOT MOAXOA UCHOJIB3YETCS U
IIPY IIOCTPOEHUH IUIAHOB BTOPOT'O MOPSIKA.

O603naunm OLIKIT — neHTpaibHbIi CHMMETPUYHBINA OPTOrOHATBHBIA KOMITO3ULIMOHHBIN
ILJIaH.

B OLIKII BxoasT:

— sapo — mian [1®D ¢ N, = 2" Toukamu 1uiaHa;

— 1Ny — LEHTpaJbHas TOYKA IUIAHA;

— IO JIBE€ «3BE3/IHBIE» TOUKH ISl KAXKJI0T0 (paKTopa.

O6mee konmuuecTBo Touek B ruiane OLIKII Beruncnsiercs mo popmyiie:

N =2"4+2n+ny, rneny, = 1.

B OLKII xax/iplif KoIMpOBaHHBIN (akTOp BapbUpyeTCs Ha MATH YPOBHSX,
T.€. xi] (-0,-1,0,1,0),i = 1,n,j = 1, N, rie o — II€40 3BE3AHBIX TOUEK.

OpToroHanbHOCTh IJIaHa O0ecTeYnBaeTCsl MpeoOpa3oBaHUEM CTOJIOIOB, COOTBETCTBYIO-
IIMX KBajparaM (aKkTOpOB, U COOTBETCTBYIOIIKMM BbIOOPOM 3HAUE€HUN KOOPAMHAT 3BE3/HBIX TO-
yek. PacueTHsle pOpMyIIbI U1 TapaMeTpoB, 00ECTIEYMBAIOIIUX OPTOTOHAIBHOCTh, UMEIOT BUJL

a=.2"/N, a= \/(\/N - 2m —2m) /2.

BrruncrenHble 3HaU€HUs MapaMeTpoB MPUBEIECHBI HAa pUcyHKe 1.5
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n | 2 3 1 5 6 7 g
x| 1 |1,215|1,414 1,596 | 1,761 | 1,909 | 2,045
a |0,667| 0,73 | 0,8 | 0,8 | 0,91 |0,946 | 0,968
N| 9 15 | 25 | 43 | 77 | 143 | 273

Pucynok 1.5. 3nauenus mapamerpoB 1iana OLIKIT

Ha pucynke 1.6 mpusenena marpuna miana OLKII nmpu n = 3 B 06111eM BU/le, YIUTHIBA-
I0lasi CMEIllaHHbIe MPOU3BEACHUS (B3aUMOICHCTBHS) PaKTOpPOB, UX KBaJpaThl. Ha crnemyroiem
pucynke 1.7 mpencrasieHa 3Ta MaTpuiia, paccunTanHas B Excel.

Xa= X 5= X g—
U | xo | xr | xz | x3 |xpxg|xxs|xaxs|xpaxs | Zp2 0| 02, | o2, | v
o, T |[+1] -1 | -1 | -1 | +1 [ +1 | +1 1 1—a | 1-a | 1—a | ¥s
i 2 |+1] +1 | -1 | -1 | -1 | -1 | +1 | +1 T—2 | 1—-a | 1—-a | ¥:
S B O[3 [+1] -1 [ #T [ -1 | -1 [ +1 -1 | +1 T-a | 1-a | 1—-a | ¥=
s 5 (4 [F1|[+1 [+1 [ -1 [+#1 ] -1 -1 ] -1 1-a | 1-a | 1-a | ¥s
Be, [5[F1 -1 [ -1 [ +#1 [+1 [ -1 [ -1 [ +1 1—a | 1-a | 1—a | 7>
=L & |+1| +1 | -1 | +1 | -1 | +1 | -1 -1 1—a 1—a 1—a | Ys
B [7[#1| 1 [+ | +1 [ -1 [ -1+ 1 T—za | 1—-a | 1—-a | ¥~
2 8 [+1 | +1 [ +1 [ +1 [ +1 | +1 [ +1 [ +1 1—a | 1—a | 1—a | Ys
- 9 |+1)-a | O 0| 0 0| 0 0 & —a -a —a Yo
5. [10][+1]+a| O 0| o 0| o 0 & —a —a Ca Yio
e 2 [11|[+1] 0 [« 0 [0 0| 0 0 —a a® —a -a ¥iz
2 e [12[+1] 0 [+a| 0 | 0 0| 0 0 “a & —a “a Yiz
g 13+ o 0 |-« | o 0 0 0 “a a & —a | Fis
&5 4[+1| 0 | 0 |+a| © 0| 0 0 —a -a o —a | Tis
Hymemaz | 15149l 0o o | o|o| oo ] o -a -a -a | ¥is
TOYKEA
ny
Sxe |- |n| 0|0 o | o o | o 0 0 0 0
S}
Fis g w2 2 _ 2
Z X2, - or 4 o2 on 2 (21 a)” + 2(x ] a)” +
-1 +a“(2r—2)+n,a
Pucynox 1.6. Pacumpennas marpuna miana OLIKII mpu n=3
Mo %0 ®1 x2 %3 x4 *5 x6 7 x8 %9 x10
1 1 -1 -1 -1 1 1 1 -1 0,27 0,27 0,27
2 1 1 -1 -1 -1 -1 1 1 0,27 0,27 027
3 1 -1 1 -1 -1 1 -1 1 0,27 0,27 027
4 1 1 1 -1 1 -1 -1 -1 0,27 0,27 0.27
5 1 -1 -1 1 1 -1 -1 1 0,27 0,27 0,27
6 1 1 -1 1 -1 1 -1 -1 0,27 0,27 0,27
7 1 -1 1 1 -1 -1 1 -1 0,27 0,27 0,27
g 1 1 1 1 1 1 1 1 0,27 0,27 0,27
9 1 1,215 0 0 0 Q0 0 Q 0,75 -0.73 -0,73
10 1 1,215 0 0 0 0 0 ] 0,75 -0,73 -0,73
11 1 0 -1,215 0 0 0 0 0 -0,73 0,75 -0.73
12 1 0 1,215 ] [v] 0 0 1] -0,73 0,75 -0,73
13 1 0 0 -1,215 (] 0 0 o -0,73 -0,73 0,75
14 1 0 0 1,215 o 0 0 o -0,73 -0,73 0,75
15 1 0 0 0 a 0 0 1] -0,73 -0,73 -0,73

Pucynok 1.7. Pacumpennas marpuna ruiana OLIKII npu n=3, Beruncnennas B Excel

Bung JIMHCAPU30BAHHOTI'O IMOJIMHOMA (I)YHKI_II/II/I OTKJIMKAa:

k
y = bO + Z bixi,
i=1

rae k=Cl+C:+--Cl+n=2"+n—1, k — xonuuectBo KO>)PULHEHTOB IIPU HEM3-

BECTHEIX;

Xpn+1 = X7

X1, Xg,ene

X3,
» Xn

Xn+2 = X1X3,500nnen..

— KOJUPOBAHHEBIC ICPEMCHHBIC,

— .2
o Xg—1 = Xp-1 — Q,

X, = x2 —a,
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Koaddurments moamHoOMa BEIUUCISIOTCS 1O (OpMYyJIaM:
N yjexp.]
_1yN jex — (21=1y Xi ) N
by = 2 X ¥/, by =it i =1k,
(Zj=1(xi) )
j

rae  x; — 3HaueHue GaxkTopa X; B j-Oif TOYKe IJIaHA;

yJ€*P _ 3kcnepuMeHTaNbHOE 3HAUCHUE KPUTEPHS B j-Oi TOUKE IUIaHA.

ITpu n = 3 yncno Touek wrana N=15, konuyecTBO KO3 PUIMEHTOB OTMHOMA paBHO 11.
Jnis 3Be31HbIX TOuek 00=1,25. DTH TOUKM HE3HAYUTEIHHO BBIXOIAT 32 IIPEIeIIbl apajuleenune1a
(aKkTOPHOTO MPOCTPAHCTBA,

Perpeccuonnslii mosmmuom st pyukiuu otkimka B OLIKIT umeet By

Y = by + byxq + byxy+tbsxztbyx X+ bsx1 X3+bg Xy X3 by x1X,%3 +
+bg(xf — a) + bg(x5 — @) + byo(x5 — a)

2. KOHTPOJIBHBIE BOITPOCHI 1O AUCHUITJIMHE
«Mopenu 1 MeTOAbI IVIAHUPOBAHUSA IKCIIEPUMEHTOBY

1. Craructuueckuii aHanus. ['eHepanabHas COBOKYIHOCTbh M BblOOpKa. PenpeseHraTus-
HOCTb BBIOOPKH.
JIMCKpETHBIN U MHTEPBAJIBHBIA BAPUALIMOHHBIE PSAJIBI PACIIPEICIICHHUS.
ToueuHble 1 MHTEPBAIBHBIE OLICHKU XapaKTEPUCTUK PACIIPEICIICHUS.
HecmemnieHHOCTD, 3 PEKTHBHOCTD, COCTOATEIBHOCTH OLIEHOK.
KoppensiioHHBIi 1 perpeccnoHHbIN aHan3. KoppensiuonHas 3aBUCUMOCTb.
VYpaBHEHHE TAPHON WM MHOYKECTBEHHOW PETPECCUMU.
Bunel ypaBHeHHl HeJNMHENHOW perpeccud. JInHeapusanus ypaBHEHUS.
Koppensmmonnas matpuna. KommuaeapHocTs GakTopos.
Jucnepcuonsblil ananu3. O6mas, GpakTopHas U OCTaTOYHAs CYMMBI, CBSA3b MEXIY

CoNO R wN

HUMH.

10. Kpurepuu 3HaUUMOCTH YpaBHEHHs PErpeccuu B 1EeIOM (KO3 PUIIMEHT neTepMuHa-
1y, kpurepuit duriepa).

11. Kpurepuii cpeaHel ommOKH anmpoKCUMAIUH.

12. MHCTpyMEHTaIBHBIE CPEICTBA ISl IPOBEJCHHUS PETPECCHOHHOTO0, KOPPEISIIHOHHOTO,
JMCTIEPCUOHHOTO aHAJIN3A.

13. KoMIOHEHTHBII aHATTU3, €70 CYTh U aITOPUTM.

14. KoppensuoHHasi MaTpUlla CTaHAAPTU30BaHHBIX JAHHBIX.

15. Marpuua Harpy30K Ip1 KOMIIOHEHTHOM aHAJIU3eE .

16. Marpuupl cueTOB M OIINOOK IPU KOMIIOHEHTHOM aHaJIU3e.

17. KnacrepHblii aHanmu3, BUABI KJacTepU3aLIUU.

18. Hepapxuueckasi KiacTepuzalusi, €€ alropuT™M. MeToJbl HAXOXKAECHUS PaCCTOSHUS
MEXly 00bEKTaMH U KJIaCTEPaMHU.

19. Knacrepusauus METOJJIOM K-CpeIHHX, e anroput™. CpaBHUTENbHBIN aHAIN3 METOJI0B
KJIaCTEPH3aIINH.

20. WucTpyMeHTalbHbIE CPEACTBA I MPOBEACHUS KOMIIOHEHTHOTO U KJIACTEPHOTO aHa-
nm3a.

21. AKTUBHBIE SKCIIEpUMEHTHI. Llenu 1 3aaun miIaHUPOBAaHUS HKCIIEPUMEHTOB.

22. MaremaTuveckasi MOJICITb TTAHUPOBAHUS SKCIICPUMEHTA.

23. YpoBHH (PaKTOPOB, PaKTOpPHOE MPOCTPAHCTBO. EKCIIEpUMEHT € TOUKH 3€HUS MaTeMa-
THYECKON MOJIEIIN.

24. KoaupoBaHue nepeMeHHbIX.

25. PerpeccronHast MOJIENb B BUJIE TIOJHHOMA.

26. PacmmpeHHas 1 OCHOBHAsI MaTpuIa IJIaHA.
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27. OueHka KayecTBa PErPECCHOHHON MOJIEIH TI0 CPEAHEH ONMMOKEe arMmpOKCUMAIIHH.
28. OCHOBHBIEC XapaKTEPUCTHUKH IIIAHOB.

29. Tomusrii dakTopusli mian [1OD 2", ero marpuia.

30. Perpeccuonnsiii nomuaoM npu 1D 23 ans GyHKimuy oTKINKA.

31. JIpoOHslii pakTOpHBIH IUTaH.

32. OproroHaibHBII HEHTPAIbHBIM KOMIIO3UIIMOHHBIN TJIaH, €0 MaTPHILIA.

33. Perpeccuonnsiii monmaoM mipu OLIKII ms hyHKIMM OTKIIMKA.

3.3AJAHUSA JABOPATOPHBIX (KOHTPOJIBHBIX) PABOT U TPEBOBAHMUS 110
HUX BBIIIOJIHEHUIO

Ot4etsl o T1abopaTopHBIM paboTam (KoHTpobHas padora 3PO) odopmisercs B mevar-
HOM BH/JIE COTJIACHO TPeOOBaHUSIM K 0OPMIICHHIO TUCHbMEHHBIX paboT oOyvaromuxcs B AT TY, B
COOTBETCTBUU CO CBOMM BAapUaHTOM (IIOPSAJKOBBIM HOMEP B RJIEKTPOHHON BEAOMOCTH) U BKIIIO-
Yaer:

— TUTYJBHBIH JIKCT;

— TOCTaHOBKY 3aja4 uccienoBanus (popMyInpoBKy 3a1aHuil);

— TI0 K&XJIOMY 3aJ[aHUI0 ONMCAHUE X0/a paboThl (IPOBOJMMBIX PACUETOB M MCCIICI0BA-
HHI C yKa3aHUEM HUCIIOJIb3YEMBIX (POPMYJI, AITOPUTMOB, METOIOB M HHCTPYMEHTAIBHBIX CPE/ICTRB);

— PE3yJbTAThl U BBIBOJIBI IO KAXKIOMY 33aHUIO;

— TEpPEYCHb HCIIOJIb3YEMbIX HCTOYHUKOB JIUTEPATypbl U HHTEPHET-UCTOYHUKOB.

3ameuanue. Kpome chopMyTHpOBaHHBIX 33[aHUIi M YHCIOBBIX JaHHBIX 10 BApHAHTAM JKe-
naTenbHO cHOPMYIIUPOBATh COOCTBEHHYIO 3a/a4y (MHANBHIYyaJIbHOE 3aaHKE), CBI3aHHOE C Me-
TO/IAMHU TJTAHUPOBAHMSI SKCIIEPUMEHTOB U3 MHTEPECYIOIICH MPEIMETHON OOIACTH, CaMOCTOs-
TEJIBHO BBIOPATH YKCIIOBBIC TAHHBIC K HEH.

B nprMepax BBIMOJHEHUs 3aaHuil TabOPATOPHBIX PaboT, MPUBEICHHBIX B JAHHOM I10-
cobuu, ucnons3yrrcs Excel, Matlab, Colab. Tlpu BbimonHeHNU 1a00OPAaTOPHBIX PabOT, KOH-
TPOJIBHON PabOThl M MHAWBHIYAIBHOTO 3aJaHUs JOMYCKAeTCsl NPUMEHEHHE alrOpUTMHUYECKUX
S3BIKOB, HHCTPYMEHTAPHEB, a TAKKE CIEIUATH3UPOBAHHBIX TPOTPAMM JUTsi 00pabOTKH CTATHCTH-
YECKHUX AHHBIX, OTIUYHBIX OT YIOMSHYTHIX, HCIOIB3yEMbIX IJIsl PELICHHS 3a7a4 MaTeMaTH4e-
CKOTO TUIAHUPOBAHUSI IKCIICPHMEHTOB.

Ilocmanosexa 3a0auu 1
PesynpratuBHBIN npU3HAK Yy (BpeMs BBITIOTHEHHS 3alpoca) Mpu padboTe ¢ 6a30il JaHHBIX
3aBUCHUT OT TpeX KOMIUIEKCHBIX (pakTopoB x1,x2,x3. @akrop x1 onpeaenser pazMep, KOJIUIECTBO
¢aitnoB, KOTOpbIE HYKHO COSAMHUTH ISl BBIMIOJIHEHHUS 3ampoca; (akTop X2 onpeaensieT CTPyK-
Typy MEHIO 0a3bl (YMCIIO €ro YPOBHEW, X COCTaB M PACIHOJIOKEHHS MO Hepapxuu); GaxTop x3
OTIpe/IeTISIeTCSl XapaKTePUCTHUKAMH OmepaTopa-mnoib3oBatens. Ha ocHOBe cTaTHCTUYECKUX HM3Me-
peHHIi ToydeHa TaOnHIla 3aBUCHMOCTH 3HAYE€HUI pPEe3yJbTaTHBHOTO MPU3HAKA Yy OT 3HAUYCHHH
¢dakropos x1,x2,x3.
Tpebyetcs pazpaboTaTh MaTeMaTHIECKYIO MOJIEIb, TTO3BOJISIONTYIO OIICHUBAThH A (HEKTHB-
HOCTh paboThl MH(OPMAIIMOHHON crcTeMbl (0a3bl JaHHBIX), BIUSHUE PA3IUYHBIX (PAKTOPOB Ha
BpEMsI BHITTOJTHEHHS 3a1Tpoca.
Pa3zpaboTka mMaremMaTHuecKol BKIIIOYAET CIIEAYIOIINE 3TAIbl €€ PeIeHHs:
KoppensimonHsIii 1 perpecCHOHHbBIN aHanu3 (3amanuel).
ABTOMaTH3aIMs aHAIM3a JaHHBIX (3a1aHue 2).
KomnonenTHbIl aHanus (3aganue 3).
Knacrepuslii ananus (3aganue 4).
Ilocmanosxa 3a0auu 2
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N3BecTHO, 4TO pe3ybTaTUBHBIA MPU3HAK Y 3aBUCHUT OT Tpex (akropoB X1,X2,X3, mis

KOTOPBIX 3a/1aHbl IUana3onbl u3sMeHeHus X; € [Ximin, Ximax),i = 1,3. Ha ocHoBanuu oproro-
HaJBHOTO LIEHTpaabHOTO KoMmno3uimonHoro tuiana (OLIKIT) mpoBeaens! 15 3kcnepuMeHTOB, B
pe3yJlibTaTe KOTOPBIX HalICHbI 3HAYEHUS pPe3yIbTaTUBHOIO IIpU3HaKa Y eXp.

TpeOyeTcst MOCTPOUTh PErPeCCHOHHBIN MOaMHOM i GpyHKInK oTkimka mo OLKIT u co-

3[aTh IPOTPaMMy JJIsi TIPOTHO3HPOBAHUS 3HAYCHUN (PYHKIIMH OTKIIMKA 110 PErPECCHOHHOMY II0-
auHOMY (3amaHue 5).

VcxonHble qaHHBIC 110 BapuaHTaM npeacTaBieHsl Excel-gaiine B kypee [1] u B ryri-ta6-
nue [8] Ha nucre.

KonTponpnast padora (3P0) BKIOYaET TpPU 3aJaHUS 110 PA3HBIM TEMaM JUCIUILIAHBI
(3amanus 1, 4a-6, 5). Homepom BapuanTa CiykuT 4rcio N, paBHOE OPSIIKOBOMY HOMEPY B DIIEK-
TPOHHOM >XKypHaJe.

4. IPUMEPBI BIIIOJTHEHU S 3A TAHAI

IerecooOpa3Ho Bee 3Tambl aHAIM3a JaHHBIX, MPoBoAMMOro B EXcel, BeimomHsAThH HA pas-
HBIX JIUCTaX, 1aB UM COOTBCTCTBYIOIIMUC HA3BAHUA.
3ananue 1. KoppeasinuoHHbBIN U perpecCHOHHbBINH aHAJIN3

Buinonnenue 3adanusn coenacno nocmanoske saoaqu 1

Pasmectum Ha sucte EXcel nanHbIe B COOTBETCTBHHM CO CBOMM BapHaHTOM. UMCIIOBbIC
nannsie 1151 3P0 ¢ mucta «3P0 3ananue KP 1 ». Onpenenum KOppensuOHHYIO MaTPUILy AJIs
daxropoB X1,X2,X3, wucnonb3ys B Excel HamcTpoliky «AHanu3 IaHHBIX», BEIOPAB HHCTPYMEHT
«Koppensausy.

Pacuertsl mokasanu, yto hakTopsl X1 U X2 KOJUTMHEApHBI, OMPEACIIUTENh KOPPEISIIIHOHHOM
MaTpuilbl pakTundecku paBeH 0 (puc. 4.1). V3MeHMM 3Ha4YCHHS OJHOTO M3 3THX (AaKTOPOB, B
HalIeM ciydae X2, Tak, 4ToObl 3HAUYCHUE OIMPEACTUTEIN KOPPEISIMOHHON MAaTpHUIBl OBLIO
6oubiire 0,8 (puc. 4.2).

Jx {=MOMPEL(J12:L14)}
B C D E F H I J K L
Mo ¥ %1 X2 X3 x1 x2 x3
1 57,48 2,58 9,75 1,78 x1 1
2 110,18 3,72 13,15 2,18 ®2 1 1
3 203,39 5,16 17,47 2,30 %3 0,179845 0,179845 1
4 85,25 2,80 10,39 2,66
5 134,51 3,61 12,83 2,57
6 99,87 2,81 10,44 3,12 x1 x2 x3
7 195,88 4,22 14,66 3,41 x1 1 1 0,179845
8 134,39 3,16 11,48 3,95 x2 1 1 0,175845
9 223,84 4,26 14,75 4,62 %3 0,179845 0,179845 1
10 289,68 4,85 16,55 4,73
11 275,38 4,55 15,65 4,92 Boieon: hakTopbl X1, X2 HONNAWHEADHDI
12 254,14 4,13 14,56 5,55
13 161,75 2,99 10,97 5,58 Det | -4,05232E-21.|
14 329,68 4,67 16,01 5,57 Onpegenutens BAM3OK K HY N0
15 292,14 4,20 14,61 5,64
Pucynok 4.1. KoppessiiimoHHasi MaTpHIa MPH KOJUIMHEAPHBIX (KOPPETUPOBAHHBIX )
(akTopax
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14 15 16 17 18 21 22 23 24

No ¥ %1 %2 ®3 x1 x2 x3

1 57,48 2,58 9,75 1,78(x1 1

2 110,18 3,72 11,15 2,18(x2 0,279238 1

3 203,89 5,16 12,56 2,30(%3 0,179845 -0,24106 1

4 85,25 2,80 13,97 2,66

5 134,51 3,61 15,37 2,57

6 99,87 2,81 16,78 3,12 x1 x2 x3

7 195,88 4,22 18,18 3411 1 0,279238 0,179845

8 134,39 3,16 19,59 3,95|x2 0,279238 1 -0,24106

| 223,84 4,26 21,00 4,62|%3 0,179845 -0,24106 1

10 289,68 4,85 22,40 4,73

11 275,38 4,55 20,81 4,92 |Boieoa;: GaKTopbl HE KOMNMHEAPHDB

12 254,14 4,19 15,22 5,55

13 161,75 2,99 17,62 5,58|Det 0,807358

14 329,68 4,67 16,03 5,57|0Onpepenutens BAM3OK K EANHHMLE
Pucynok 4.2. KoppensuuoHnHas MaTpuiia pu HEKOJUTMHEAPHBIX (HEKOPPEJIUPOBAHHBIX )

¢akTopax

[To manHBIM BapuaHTa HalieM KO3 PHUIIMEHTHI ypaBHEHHSI TMHEHHON PErpeccuu, UCTIONb-
3yst B Excel HagcTpoiiky « AHaau3 qaHHBIX», BEIOpaB HHCTpyMeHT «Perpeccusi» (puc. 4.3).

PelleHne C NOMOLLI0 NaKeTa aHaNM3a B EReel

-

: KoadMUMEHT JeTepMUHALMK T 7SS RSS
BLIBOZ, MTOTOB 7w :

PezpeccuonHas cmar ki

CYMMa KBAOpPaTOE OTKIOHEHWH ~. AWCMEPCHA (Cymma KBaapaTos

|".-"|HCI.‘)I{EC‘TEIEHHt:lﬁ_.:.[.i_.-:jl-_l.___.._ D,B?’ S — eIl ORREA A

R-xsagpar 0,93, o6wan) _~ umcay cTeneweit caobonbi)

HopmUpoBaHHbIH R- 094176, O S i}

CTaHaapTHaA ownbe 23,43102771 g -¥) =§ik}'_.—.‘;{j +§ik:-'_. —.‘;_.J_i ) . R

HabnwaeHua 20 cbuar  Qamgpnaz ocommowan " PacueTHOe 3HaueHue

155 = RSS + Ess I:}. KpuTepua duwepa

[ycnepcnonssii aHanus 4 e
df 7 ss Ms - F —“Shoumocms F

Perpeccua|darTopH 3 170342,817 56780,94 103,42366 1,09194E-10

OcTaTok|oCTaTouH) 16 B8784,20895 549,0131

Wrtoro{obuwaa) 15 179127,026

Pucynox 4.3. JlucriepcHOHHBIIH aHAIN3

[omydens! caeyiomue pesyabTatsl. Kooddumuent nerepmunanun R?=0,95. PacuetHoe
(amnupuyeckoe) 3HadeHue kpurepus Puiepa npumepHo F=103,4. TabauuHoe 3HaYEHUE KPUTE-
pust @umepa Frabn=3,13 Haiinem mo tabmune [7] (npu cremensx cBo6oabl Kl=0fparop=3 ©
K2=0focrar=19 1 ypoBHe 3HaunmMocTH 0:=0,05) MEHBIIIE PACUETHOTO, YTO TOBOPUT O 3HAYMMOCTH
YpaBHEHHUS PETPECCUU B LIETIOM.

Ko duunenTsl TMHEHHOT0 ypaBHEHHS PETPECCUH MPUBEICHBI Ha pucyHKe 4.4.
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Perpeccua 3 170342,817 56780,94 103,42366 1,09194E-10
Ocratok 16 8784,20895 549,0131
WTaro 15 179127,026

Koagpgpuyuermer dapmuaaa oumamucmuP-3Hayedue HuxHue 95%

Y-nepeceysHue -224,622'}:3%3\ 30,7652722 -7,30118 1,778E-06 -289,8422469

x1 ?9,3528036‘.\_' "v'a',k02866186 11,29558 4,917E-09 64,49271111

x2 -0,64856647 . '*'S_?6454 -0,50718 0,6189458 -3,3594261593

X3 30,79898461) 3, 543 10,03356 2,622E-08 24,29173299
KoadMumeHT NMHeRHOTO -

S YPaBHEHHA perpeccuu
BbIBO, OCTATHA

Habarwoderue MpedckasaHHoe ¥y Ocmamku
57,48 1 29,01816804 28,4580987
110,2 2 130,356871 -20,173088
3
A

203,9 247,5096253 -43,61599
as 98 TN 2RA70714 14 292071

Pucynok 4.4. Jluneiinas perpeccus

Boerauciaum CPCAHIOIO OIJ_II/I6Ky allIpoKCHuMaluu, HCIIOJIb3YA (1)OpMy.]'Iy

coa=231%"Y) 1000,

maiz| Y,
fe || =cP3nAY(I16:125)
G H 1
v regr yexp coA Y=In(y) X1=In{x1) X2=In(x2) X3=In(x3)
29,01816804 57,48 0,495128 4,051372 0,948626 2,276906 0,579075
130,356871 110,18 0,183086 4,70215 1,313075 2,411687 0,778155
247,5096253 203,89 0,213915 5,317598 1,640287 2,530441 0,833462
70,35929714 85,25 0,174645 4,445557 1,028268 2,636577 0,979723
131,0091956 134,51 0,026026 4,901638 1,283663 2,732522 0,942045
83,95803497 39,87 0,159318 4,603859 1,034287 2,820062 1,138142
203,6520595 195,88 0,039697 5,277484 1,439541 2,900551 1,227709
1351764144 134,39 0,005863 4,900729 1,150344 2,975042 1,373919
242,4136088 223,84 0,082996 5,410914 1,449669 3,044367 1,530494
251,4758704 289,68 0,006211 5,668765 1,578916 3,109196 1,553363
274,4497661 275,38 0,003373 5,618147 1,514365  3,0354 1,592378
266,2605163 254,14 0,047695 5,537882 1,432272 2,955721 1,713202
173,1733883 161,75/ 0,070613 5,08606 1,09544 2,86914 1,71886
307,1510524 329,68 0,068201 5,798109 1,541157 2,774346 1,716784
273,A176785 292,14/ 0,064073 5,677218 1,436093 2,669616 1,729365
362,2455141 384,80 0,058614 5,952724 1,586774 2,55262 1,805854
252,7774503 257,46 0,018173 5,55085 1,299099  2,4201 1,838525
825,6417318 358,17 0,090823 5,881013 1,49208 2,267297 1,888274
334,0672445 330,80/ 0,009883 5,801508 1,416543 2,086858 2,038861
209,5574353| 16445 0,274307 5,102596 0,900133 1,866532 2,06588
Pucynok 4.5. Beruncnenne COA Pucynok 4.6. Pacuer 3HaueHuit
IIpH JTMHEHHOMN perpeccun BCIIOMOTATEJIbHBIX TEPEMEHHBIX

Pesynbratel pacueroB npeactaBieHsl Ha pucynke 4.5. 3nauenne COA=10,46% He sBIs-
€TCsl yJIOBJIETBOPUTEIBHBIM, [I03TOMY BBIIIOJIHUM PETPECCHUIO C IOMOIIbIO CTENEHHON 3aBUCHUMO-
CTH.

[IpoBeneM nMHeapu3alUIO0 ypaBHEHMs, Kak MOKa3zaHO B paszaene 1.1, myrem BBeaeHus
BCIIOMOTATEIFHBIX TIEPEMEHHBIX U pacdera ux 3HaueHui (puc. 4.6). 3aTeM nmpoBeaeM ITUCTIepCH-
OHHBIN U PErPECCUOHHBIN aHaIu3 ¢ noMoulblo «Ilakera ananuzax». Pe3ynbTarsl mpencTaBieHbl Ha
pucynke 4.7. Ilo xpurepusim (ko3dduuueHTt nerepMuHanuu, Kkpurepuii dumiepa) 3Ta MOJIEINb
ayumte 1 COA=3,3%
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PeweHne C NOMOLLHO NakeTa aHanM3a e Excel

BbIBOO MTOIOB

PEEPECCUOHHGH CMamucmuEg

MHOMECTBEHHbIA F 0,997016
R-kBagpart

AncnepcMoHHbIR aHanMs

0,994041 7
HopmupoBaHHblF F 0,992924
CraHoapTHaA owwk 0,044361
HabntomeHMA 20

OTH/IOHEHMA
(paxTopHan,
OCTATOUHAA W
obuwan)

cymma HBaapaToe

Aucrnepcua (cymma
KBanpaToe
OTHACHEHKIA),
OTHECEHHAaA K
UKMCATY CTENSHSH

55 MS

df T F auumocme F
Perpeccua 3 5,252445224 1,750815 B889,67688 5,29E-18
OcTraTok 16 0,031486759 0,001968
WToro 19 5,283931983

KosggpuyuerHdapmHyaa owmamucmub-3HaueHueu i HUEe 95 epxrue 952 neHue 95.(p

Y-nepecedyeHmne 2,360109
In(x1) 1,522294
In(x2) -0,0633
In(x3) 0,719535

0,093955889 25,11933 2,778E-14 2,160932 2,5592869 2,160932

0,049669576 30.64843 1,225E-15

0,032352353

1,417 1,6275891 1.417

-1,9565 0,0680924 -0,13188 0,0052864 -0,13188

0,024089564 29.,86916 1,837E-15 0,668467 0,7706027 0,668467

Pucynok 4.7. CteneHHas perpeccus
3amanne 2. ABTOMATH3AIMA AaHAJIN3A JaHHBIX

Buinonnenue zaoanusn coenacno nocmanoske zaoauu 1

B stom 3ananuu HyxHO cpenctBamu VBA B EXcel co3nath hopmbl i mpoBeeHUS KOP-
PENSIIIHOHHOTO, TUCTICPCHOHHOTO ¥ PErPECCUOHHOTO aHAIIN3A.

IMoaxarounMm B HagcTpoiikax Excel maker ananuza VBA u no6aBum B HacTpoiikax JIeHTHI
BKJIaaKy Pa3zpaboTuuk. 3aiinem B penaktop VBA uepe3 Pazpaboruuk, Visual Basic 6o couera-
HueM kaasumr ALT+F11.

B okoHYaTenbHOM BUE CO3aHHBIE (HOPMBI UMEIOT BUJI, TIOKa3aHHBINA Ha pucynke 4.8. Ha
PHUCYHKE ITOKa3aHbl TpU GOPMBI: CTapTOBasi popma, hopmMa KOPPESALUU 1 THHEHHON PErPECCHHU.

ABTOMATUSAUMA BHEANSS A8rHDIX

Perpaccus
Avam daxTopce
Nunadiean
| Koppeanswmr, KoNmeeapHocT s I
L — Crenessan
Brruncnerme xosGPrumerTon NapHOit Koppensumi & ]
| BHECTH OaHHME C NISCT ICHOM-M ARHHMX I Naneinas perpeccna =

Nlaperectsn aaas € AcTS WORAIE Abiwasx 4o I

» PECHaTHMR AMCT
Pacomrars kosdduuments Naproi Koppennun |

PaccunTaTi KoSDPIUMENTM YPISHEHHA DErPecCHIt

BupecT KoadduLmenTM Koppensw Kij
" CPRARION OBy ANpoKCImaLMn OO

Kx1x2

I BrsecTn COA
Kx1x3

K3
COR %

Onpeasmrens
EOPPANBUMOHIOR
smarpue Det Ecnm COA <8%, 7o ypasmerne
PErPECCINN B LGIOM JHI GO
Ecnu Dot Enuzck « 1, TO PINTOPM HE KOAMUHIIEHM, §

MPOTHENGN Cyse - KORAHEaE |

Pucynox 4.8. ®opMbl cTapTOBast, KOPPEISIIUA U THHEHHON PerpeccHu
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st cozmanms popm B pegaktope VBA ucnons3zoBanucs nactpymeHnTs Insert, UserForm,
Ui 00aBieHst 00bEKTOB Ha (OPMBI (I10JIs1 BBOJIA, MTOANKCH, KHOIIKH ) HCIOJIb30BAIIUCH HHCTPY-

meHTBl  T00IBOX, cBoiictBa o00bekToB Name, Caption nacrpauBaiuch B okHe Properties (puc.
4.9).

E Microsoft Visual Basic for Applications - 3apanna3-4 MMuMMC_KoppPerpVBAxlsm

I File Edit View Insert Format Debug Run  Tools  Add-Ins Window Help

B E-d youoE Y[R
Project - VBAProject E

-

Mct5 (MuomCTaHaPerpliaH) -
Micte (Ao dasMHon)

fuer? (et 1) ABTOMATM3ALMA BHANN3E JaHHBIX

Mucrd (MHowCTanaPerpCTen) bl &
----@3TBKHMFB S
El-Z% Forms S
-8 FormBegin S
-8 FormCaorrel S
-8 FormLinReqr S
..... & FormPowRegr .

3agannasd-4 MMuMMC_KoppPerpVBAxdsm - Fon

m

- (£ Madules " SRR ERS AR SRR R SR
‘ m P
Properties - FormBegin x|
|FormBegin UserForm j

Alphabetic ] Categorized ]

{Mame) FormBegin -

— [] &H8000000F & -

BorderColor Bl =H800000125 Toolbox
BorderStyle 0 - fmBorderStyleMone

Caption ABTOMaTHZALMA GHANK3E AaHHbIX EILGEE l

Cyde 0 - fmCydealForms k A abl B8
DrawBuffer 32000 =

Enabled True 1 T O
Font Tahoma m -
FaoreColor B :Hz00000128 N

Height 227,25 3 2

Pucynox 4.9. Hactpoiika cBoicTB cTapTOBOM (popMBI

CraproBas ¢opma FormBegin 3amyckaeTcsi MaKpOCOM, 3alMCAHHOM B CTaHIAPTHOM MO-
nyiae Modulel (puc. 4.10). Jlns kaxaoi KHOMKM B MOIy/IsX (hOpM HamucaHa mporieaypa oopa-
00Tk coObITHs. [Ipoteaypsl KHOOK MOy st FOrmBegin aHamoru4Hbl U MPEICTaBICHBI PUCYHKE
4.10.

s kHonok Koppensuus, JIuneitnas, CreneHHast perpeccus MCIojb30Bajlach aBTOMAaTH-
yeckas 3anuck Makpoca. Ha pucynke 4.11 mpencrasienst mporeaypbl moayist FormCorrel. 13-
Ha4YaJbHO MAKpPOC JUIs BBITOIHEHUSI KOPPEISILUK 3alMChIBACTCs B CTaHIapTHOM Moyiie Module,
3aTeM KOJI MePEHOCHUTCS B mpolieaypy moayiis popmer FormCorrel. [lpu 3Tom cienyer 3aMeHUTh
B aBTOMATHYECKH CO3JaHHOM KoJi¢ Be3le Ha3BaHue jucta ActivSheet na Ha3Banue mucra
Worksheets("Koppenauus(VBA)"), Ha KOTOpOM BBINOIHSIETCS KOPPETALUS.
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E Microsoft Visual Basic for Applications - 3aganna3-4 MMuMMC_KoppPerpVBA.xdsm

| File Edit View Inset Format Debug Bun  Tools Add-Ins  Window Help
EE-dl s \ pn @K EEFY @ Ll col
Project - VBAProject x|
: E W88 3ananma3-4 MMuMMC_KoppPerpVBAxlsm - Modulel (Code)
MucTd (Mo dasMAos) - General - De
Muct 7 (Mucr 1) I: ) J I:_
McTd (MHowCTaHaPerpCTen) 'MpoexT "ABTOMATHMIAINMA OREACTAEBNSHWMA NaHHEX"
@ ST1akHura 'Mpoueypl cTaHmapTHOro MoOyins Modulel
-5 Forms
----- FormBegin Public S5ub StartFormBegin() 'BHI0B HadameHONM
FormCorrel FormBegin.Show
FormLinRegr End Sub
----- FormPowRegr
=5 Modules
L Module1 i
[+] 3apanua3-4 MMuMMC_KoppPerpVBAxlsm - FormBegin (Code)
IlGeneral} j IlDe{:Iﬂrations}

' Mpouenyvpl MoOyad dopMe FormBegin

Private Sub CommandCorrel Click() 'BH3S0E $ODMH KODDENALMM
FormCorrel.Show

End Sub

Private Sub CommandlLinBegr Click() "EHICE fopMH MMHEMHOH pETpECCHM
FormLinRegr.Show

End Sub

Private Sub CommandPowRegr Click() "BHICoE fopHH CTENSHHOW DETDECCHM
FormPowRegr.Show

End Sub

Pucynok 4.10. IIpouenyps! kHomok Moyisi FormBegin

UserForm ~ | |Click

' Tpolefyps Mofgynsa dopMsl FormCorrel

Private Sub Commandcalccorrel_click{) ' HAXOROEHUE KOPPENALMOHHON MATPUIH

' ONA NONy4eHWMA KOIa MCIONbSYTCHA aBTOMATHMYECKas Saluch Makpoca
Zpplication.Run "ATPVBAEN.XLAM!Mcorrel", Worksheets ("Koppensaums (VBA)").Range ("$D55:5F3S25"),
Worksheets ("Koppenaums (VBR) ") .Range ("$I55"), "K", True

End Sub

Private Sub CommandGetCorrel Click() ' oTofpamenMe ROSQIMIMEHTOB NMADHON KODDENALMK
TextKxlx2.Value = Format (Worksheets ("Koppemauma (VBR) ") . [R7C10], "Fixed")
TextKxlx3.Value = Format (Worksheets ("Koppemauma (VBR) ") . [RBC10], "Fixed")
TextKx2x3.Value = Format (Worksheets ("Koppemauma (VBR) ") . [RBC11], "Fixed")
TextDet.Value = Format (Worksheets ("Koppenauma (VBA)") . [R18C%], "Scientific")

End Sub

Private Sub CommandSetData_Click() ' NepeHOC MCXOIHHX IAaHEHX c JMcTa "McxlaHMHO®R" Ha mucT "Koppensauus (VBR) "
For i = 3 To 22

For 3 =3 To 6

Worksheets ("Koppenauud (VBA) ") .Ccells(i + 3, j) = Worksheets ("McxllanMuox") .Cells (i, j)

Next j

Next i

End Sub

Pucynok 4.11. TIpouenypst moaysns FormCorrel

Pe3ynbraTsl paboThl NPUIIOKEHUS MpeicTaBiIeHbl Ha PucyHok 4.12.
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4 Nuweitnan perpeccs

-
BoluncaeHne Ko3QOUUNEHTOB NAPHOA KOpPeasunm X4 NepesHecT AGHHLIE € INCTE MOWAHEIX AHHEIX HA
6 7 8 9 15 pacyerHeii ucT

" BHECTH AAHHEIE C INCTA NCXOJHBX ABHHbIX —

| ABTOMaTHM33LIMA aHAIN33 AaHHDIX P |

2 PACCHMTATH XOXPHUUMEHT yPABHEHURA PEFPECCHi W
CPeARIoK owwbiKy aNPoKCHMALIM COA

Paccuntate xoadd

sl N2PHOR

Buisects COA

'
| Anana daxropos BalBeCTH KoIBDUYNENTH Koppensunm Kif
i | CoA% | 1046%
e | 100
Koppensuns, KonamseapHocTh
Kxbia 0,18 EC/n COA <B8%, TO YPBEHEHHE PErpecciu
B LE/IOM IHANHMO
| 023 0,18
Onp e
KOPPEAALMONHON l-4,095~21
marpiusl Det
L ECnn Dot 6/M30K & 1, TO GAKTOPLI HE KOANHHEAPHLI, B -

NOOTHBHOM CIVNBE = KOMIMHEADH

Pucynok 4.12. Pe3ynbrarhl paboThl NPUIIOKEHUS
3aganue 3. KoMnoHeHTHbIN aHAJIN3

Buinonnenue 3aoanus coenacno nocmanogke 3aoavu 1

Omanvl pewenus 3a0aqu

— Coznare m-gaiin: New, script, umst, Hanpumep, CompAnCorrFam.

— Bxectu ncxoHble JaHHBIE: [IPEIBAPUTEIIBHO CO3/1aThB pabOYeM KaTallore TEKCTOBBIN
(aiin ¢ HCXOAHBIMU JaHHBIMH, J1aB UMsl, Hanpumep, Ir Corr XY N.

— Haiitu X0 u R(XO0) (¢-u mean, std, corrcoef).

— Haiitu coGcTBeHHBIE 3HaUE€HUS U BEKTOPHI (-5 eig).

— Haiitu matpuny Harpy3ok P (rJ1aBHBIX KOMIIOHEHT).

— Haiitu matpuity cuetoB T (c:kaToii MaTpHIIBI TaHHBIX).

— Haiitu matpunty ommbok E m1st orieHKH moteps.

— Haittn maTpuiy BKJ1aia KOMIIOHEHT CS.

Cosmaaum (aiin B Matlab 17151 BRIOTHEHHS KOMITOHEHTHOTO aHaTH3a.
Crefyetr paccMOTPETh Clydan KOJUTMHEAPHBIX (KOPPETUPOBAHHBIX) U HEKOJUTMHEAPHBIX
(aKTOPOB U MPOAHATM3UPOBATH BO3MOKHOCTE CXKATHS JAHHBIX B KAXKIOM M3 CIIyYaeB.

1 clec, clear

2

3 load 1lr_Corr XY _N.txt % 3arpysxa xonnuHeapHsix AaHHLIX U3 Texcrosoro Qanna

4 X = 1r_Corr_XY_N(:,2:4) CAWG"

5 KOAAMHEAPHbIX

6 [m n] = size(X) %Haxokgewue pasMepHOCTH MaTpULb cdpakTopos

7 XMean = mean(X) ¥Haxoxaewve cpeaHero 3HaqeHuAa no ctonbuam no ymonuawwuio

8 XStd = std(X) ¥uwaxoxaewuue embopoqnon aucnepcuu no ctonbuam, aenutca wa m-1,
o % a B redepansHo# Ha m

1@ X0 = (X - repmat(XMean,m,1))./ repmat(XStd,m,1)% ueHTpupoBaHue M HOPMMPOBKA
11 ZmaTpuus, npumeHenue PyHKuuM noBTOpeHuA MaTpuusi, m cTpok, 1 crtonbey

12 X0Mean = mean(X@) ¥npoeepka UEHTPUPOBaHMA

13 Xestd = std(Xe)

14 RX@=corrcoef(X0) Feuuncnenue KOpPPensuUMOHHON MATPULL

Pucynok 4.13. Kox a1 HaX0xkIeHUs CTaHIapTH30BaHHOW MaTpuIlbl X0 UCXOMHBIX TaHHBIX
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Command Window

15
16
17
18
19
28
21
22
23
24
25
26
27

UL lsd —u.

S EAY]

- l.3au

-1.2800 -1.2766 -0.8380
m = 0.4259 0.4266 -0.6831
-0.8565 -0.8568  -0.3%47
20 0.4742 0.4791  -0.0369
1.1880 1.1894 0.0219
0.8251 0.8262 0.1234
n = 0.3896 0.3862 0.4599
-1.0622 -1.0627 0.4759
3 0.9703 0.9715 0.4706
0.4017 0.4064 0.5079
1.2364 1.2338 1.0901
-0.2395  -0.2434 0.8551
HMean = 0.7041 0.7010 1.0260
0.3049 0.3096 1.5975
3.8675 13.6025 4.7382 -1.7034 -1.7044 1.7097
¥sStd = X0Mean =
0.8261 2.4782 1.9408 1.0e-15 *
0.1332 0.1332  -0.5218
X0 =
X0s5td =
-1.5560 -1.5560 -1.5220
1.5606 1.5606 -1.2556
-1.296% -1.2969 -1.06R9
-0.311¢  -0.3119 -1.11%& RX0 =
-1.2764 -1.2764 -0.8333
0.4252 0.4252 -0.6826 1.0000 1.0000 0.1802
-0.8574  -0.8574  -0.4057 1.0000 1-0000 U.1804
0.4772 0.4772  -0.0607 U.1802 U.1804 1.0000

disp(' Matpuus cobcte eexTopos w colcTeeHHsx 3HAY no BozpacTaHmw cobcTe sHadenwid')
eig(RX@) %HaxoxaeHue opToromancHoi maTpuusl KoopauHaT colcTeenHwx BekTopos
%(maTpuun ¥Harpysok) U w npeobpazosanHoil KoppenAumoHHoi maTpuus D (anaroHansHoit)

[U D]

Pucynoxk 4.14. Pe3ynbraThl pacueToB

%8 Oaznce w3 cobcTeennbx BekTopos (colCTBEHHbE 3HAYEHWA NO BO3PaCTaHWK)
disp(' MaTpuua Harpysok no yOweanuw cofcTBeHHEX 3HadeHuit')

P=[U(:,3) U(:,2)] %eubop cymecTBeHHbX koMnoHeHT ¢ wambBonsummu cobcTeeHHbMM

%3naveHnamn (aucnepcuamu)
PT=P.' % TpaucnonuposaHwe maTpuus Harpysok (PT*P=E)- opToroHansHocTs P
PTP=PT*P
disp(' MaTpuua cyetos')

T=X0*P %Haxoxaexue MaTpwipl c4eToe (HOBLIA BEKTOP AaHHbIX)

disp(' MaTpwmua omwﬁoK')|
E=XA-T*P."' % npoeepka - MONYYeHWE WCXOAHON MaTpUL

Pucynox 4.15. Kog nnis Beruucnenust MaTpull Harpy3ok P, cueros T, ommbok E
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Command Window
Command Window

RX0 =
PT =
1.0000 1.0000 0.2069
1.0000 1.0000 0.2069 0.6825 0.6825 0.2617
0.2069 0.2069 1.0000 0.1850 0.1850 —-0.9652

MaTpHlla CYETOB
MaTpuiE CcOOCTE BEKTOPOB M COOCTBEHHHX BHAY [0 BOSPACTaHMR COOCTB 3H

T =
U=

-2.5221 0.8931

0.7071 0.1850 0.6825 ~0.5930 1.2063

-0.7071 0.1850 0.6825 1.8016 1.7894

~0.0000  -0.9652 0.2617 -2.0499 0.5517

-0.7187 0.9652

-1.9603 0.3319

D= 0.4018 0.8162

~1.2764 0.0743

0.0000 0 0 0.6355 0.2351

0 0.9207 0 1.6215 0.4454

0 0 2 0793 1.1504 0.2173

0.6389 -0.2584

. -1.3359  -0.8106

ManVLLLa Harpysor IIo YEI:IBEHMZBD COBCTBEHHEIX SHAYSHMI 1.4377 ~0.0525

0.6776 -0.2962

P= 2.0889 -1.0283

-0.1241 -0.8606

0.6825 0.1850 1.2085 —0.6705

0.6825 0.1850 0.8188  -1.3495

0.2617 -0.9652 fx -1.9006 -2.1991

Pucynok 4.16. Pe3ynbraTsl pacuera MaTpULbl C4€TOB T (CXKAThIX JAHHBIX)

- ot A
Command Window
E =
1.0e-0% *
0.1610 -0.1610 0
-0.7a64 0.7%64 0
-0.2286 0.2286 0
0.8905 0.8%905 0
-0.1636 0.1636 0
0.2737 -0.2737 =-0.0000
0.0423 -0.0423 0
} =0.6505 0.6505 =0.0000 (:
0.4180 -0.41&0 ]
0.4367 -0.43&7 0.0000
0.1223 =0.1223 0.0000
0.4255 -0.4253 0.0000
-0.6216 0.6216 -0.0000

Pucynoxk 4.17. Beruucnenue maTpuiibl ook E

Marpuna omubok mana (puc. 4.17), 4To CBHUIETEILCTBYET O BO3MOKHOCTH CXKaTHS

JaHHBIX.

28
29
38
31
32
33
34
35
36

37
29

HpOBCI[eM OICHKY BKJIaJla KOMIIOHCHT.

disp(' cozganve BekTopa MO AMarOHAaNLHLIM SNEMEHTaM W PaCNONoxeHus 3neMeHToB no ybueanwo ')
Dfli=flipud(diag(D) )¥cozpanme BekTOpa MO AWarOHaNLHLIM 3MEMEHTaM W

%zepkancHoe oTobpaxeHuMe OTHOCUTENEHO cepedWHbl, 4Tobw cobcTE. =HadYewua no ybOweanuw Boinm
disp(' Bknag KoMNOHeHT ofMON, ABYX, TpeX, Ha4MHAA C CyWecCTBeHHsx' )

cs=cumsum(Dfli) / sum(Dfli) %onpegenexvwe Bxknana kKaxaoi kKoMmnoHeHTs B ofuyw aucnepcun
%KOMNoOHEeHTL, ucnons3oBavve QyHkumn Tlipud, koTopas u3MeHAET MOPALOK

%cnefoBaHWA SNEMEHTOE Ha MPOTUEOMOMNOKHBIA

disp('xoppenAuMoHHaA MaTpMua CkaTbiX AaHHbBIX')

RT=corrcoef(T) %Buu4ucnenue koppenAUMOHHOR MaTpuusl npeolipazoBaHHBIX [aHHLIX

covT=cov(T) ¥ebHMCAeHMe KOBApMUMOHHOW MaTpuusl nNpeobpazoBaHHbIX AaHHBIX

Pucynoxk 4.18. Kox 111 O11eHKH BKJ1a/la KOMIIOHEHT

28



PI/IC}’HOK 4.19. PeayanaTm pacdcTa BKiIaga KOMIIOHCHT IIPH KOJUIMHCAPHBIX TaHHBIX

Dfli =

Z.0613
0.%387
0.0000

EXIa0 KOMIIOHEHT OIHOM,

s =

0.6871
1.0000
1.0000

KOPpPpeNlALMOHHAA MaTpHIla CEATHX OaHHEX

RT =

1.0000
—-0.0000

Z.0613
—-0.0000

-0.0000
1.0000

-0.0000
0.%387

OBYX, Tpex, HauMHAA C CYLECTBEHHHX

3HaueHus IEPEMEHHOM «CS» MMOKa3bIBAIOT, UTO JIBE€ KOMIOHEHTHI JOCTATOYHBI [yl COXpa-
HEHHS UCXOIHOM MH(POPMAIINH, TaK KaK BKJIAJ] TPEThEH KOMIIOHEHTHI HYJICBOH.

[IpoBeneHue pacyeToB ¢ HEKOJUIMHEAPHBIMHU JAHHBIMH (KOJ MPOrpaMMbl

AHAJIOTN4YCH

IIPUBEICHHOMY BBIILIE, MEHSIOTCSI TOJIBKO UCXO/IHbIE JJaHHbIE) I10KA3aJI0 OTCYTCTBUE BO3MOYKHO-
CTH UX CKaTus 0e3 moTepu nH(pOpMAINK, TaK KaKk MaTpulla OMMOOK HE Maja, T.€. JIBE KOMIIO-
HEHTHI HE TepeaanyT Bcio uHpopmanuio. Ha pucynke 4.20 nmpuBeneHsl MaTpuna ommbok E B
Clly4ae HEKOJUIMHEApHbIX JaHHBIX W MaTpULa BKJIaJa KOMIIOHEHT CS.

HAaTHLUA

Pucynok 4.20. PacueTsl B cilydae HEKOJNTMHEAPHBIX (DaKTOPOB

ek

sl

CoRfaHKNe BRETORA 05

BEXRAN KOMOOWSHT Omwodl, ABYX, TPEX,

ca

=0.4d

BReNAUMCHHAR MaTEHLA

QU

2 3000

CEATHY DaHHNEX

EL TR,

IHATCHENThHEM SNSMEHTAM W DACHONSESHMS

C CYMeCTREHHEX
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3aganue 4. KnacrepHblii anam3
Buinonnenue 3aoanus coenacno nocmanogke 3aoavu 1
Brimonnenue nabopaTopHoit (KOHTpossHON paboTsel 3M0) npennoaracT HCHoIb30BAHNE
HeckoubkuX nHeTpymenToB Excel u Matlab/Python.
JUis NOHMMaHUS CyTH HEPAPXUUECKOM KIIaCTEpU3ALMK BBIIIOJHUM €€ MOIIaroBo JJis 1ie-
cti 00beKTOB. McXonHbIe JaHHBIE IPUBEACHBI B Cleayomeil Tadnume. YncioBele JaHHBIE IS
3P0 c nucra «3P0 3ananue KP 4a-6».

HOMEp 00BEeKTa 1 2 3 4 5 6
Xi 1 1 1 1

1 5 6 5 0 1 10
Xi 1 1 1

2 0 2 3 9 9 7

CocTaBuM Ta0JIMIBI PA3HOCTE 3HAYCHHI KOOPMHAT JUIsl K&XKJO0T0 (paKTOpa U BEIYUCITHM
marpuity Rij(1) eBKINIOBBIX pacCTOSIHUN MeXIy oObekTamu (puc. 4.21).

D23 h Fe =KOPEHB({CYMMHKEB(D5;M5))

A B C D E F G H | J K L M M a [ Q
1
2
3 iy 1 2 3 4 5 B ilj 1 2 3 4 5 B
3 iy w1 15 B 15 10 11 10 w2iy x2j 10 12 13 9 9 7
5 1 15 0 -9 0 -5 -4 -5 1 10 0 2 3 -1 -1 3
5 2 ] g 0 g 4 5 4 2 12 -2 0 1 -3 -3 5
7 3 15 0 -9 0 -5 -4 -5 3 13 -3 -1 0 -4 -4 &
3| 4 10 5 -4 5 0 1 0 4 9 1 3 4 0 0 2
3 5 11 4 -5 4 -1 0 -1 5 9 1 3 4 0 0 2
0| & 10 5 -4 5 0 1 0 i 7 3 5 & 2 2 0
1
1]
|1y i 2 3 4 5 B
2 Rij{1) MaTpHLE EBRAMAOELIX PRCCTOAHKA Me#ay 0GBERTEMH
3 I 1 0,00 9,221 3,00 510| 412| 583
4| 2 9,22 0,00 9,06] 500| 583 640
5| 3 3,00 9,06 0,00 640| 566| 7,81
6| 4 510| 5,00| 640| 0,00 100| 2,00
7| 5 412| 583| 566| 1,00 0,00f 2,24
8| 6 5,83 6,40| 7.81| 200| 224| 0,00

Pucynok 4.21. Marpuiia eBKIHIOBBIX PACCTOSTHUN MEKAY UCXOTHBIMU OOBEKTaMH

M3HauanpHO cUNTaEM, U4TO IIECTh OOBEKTOB COOTBETCTBYIOT IIeCTH Kitactepam. OOpaszyem
HOBBIH celbMOI KitacTep, 00beIMHUB 4,5 00BEKTHI, TaK KaK MKy HUIMHU MUHUMAJIbHOE PaccTo-
saue. CoctaBuM HOBYIO Matpully Rij(2), o0beaunus ctosibipl 4 u 5. B HOBO# MaTpuHIile OCTaBUM
B cTOJIONIE 4,5 B KQXK/IOW CTPOKE MEHBIINE M3 YUCEI, CTOSIMX B 4 1 5 cronduax wmatpuis! Rij(1),
TaK KaK pacCTOSHUS MEX1y KIacTepaMu OIlpeselsieM o MeToay Ompkaiimero cocena. Ilpu co-
CTaBJICHUH MaTPUIbl YUYUTHIBAMTE €€ CHMMETPHUYHOCTb.

Hanee mpomomkum odpa3oBanue kinacrepos 7,8, 9, 10 mo Tomy ke mpuHnmmy. Ha xaxxaom
mare oOpasyercsi OJMH HOBBIN Kiactep (puc. 4.22). B pe3ynbrare moiy4uiioch JBa Kiactepa
(1,2,3) (4,5,6) c Homepamu 9 1 10, MeX Iy KOTOPHIMH paccTOsIHUE paBHO 5. Eciu Mbl 00beAMHUM
kiactepbl 9 u 10, To momyuutcst 11 xnactep, 00beAMHSAIONIMI BCE M3HAYATIBHO 33aHHBIE 00b-
eKThl. [Ipn mepapxuueckoil KilacTepu3aui HOMep MOCIeIHETo KiacTepa Beeraa 2Nn-1, rue n -xo-
JMYECTBO U3HAYAIBHO 3a/JaHHBIX O0BEKTOB.
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i\j 1l 2] 3] as] s i\j 0 12,3 as| &
Rij{2) o|Riji3)

1 0,00 2,24] 300 412] 583 1 0,00 2.24] 5,10] 5,83
2 2,24 o0,00] 1.81] 500 640 23 224| 0,00] 500] 640
3 3,00 1.41] o00| s5.68] 7.81 45 5,10] 5,00] 0,000 2,00

45 5,10] s5,00] 6.40] 000 200 6 5,83| 640 200 0,00
6 5,83 6,20] 7.81] 2,00[ 0,00

ij of 1[23 [456 i\j 0[1,2,3 456

o|Rij(4) o|Rij(s)

1 0,00 2,24] 5,10 123 0,00/ 5,00

23 2.24| 0,00] 5,00 456 5000 0,00

56 5,10 5,00 0,00

Pucynok 4.22. epapxuueckas kiactepusanus B Excel

[TocTponm uepapxuueckoe JepeBo OMHAPHBIX KIACTEPOB (JICHIPOrpaMMy ) U 3aIHIIEM €T

marpuiy (puc 4.23). B nepBom cros0iie MaTpuibl HyMepalys BHOBb CO3[1aBaCMbIX KJIaCTEPOB,
HauuHadg ¢ 7 1o 11. Bo BTopom u TpeThem cTonb1ax HoMepa 00bEeINHIEMbIX KIacTepoB, B UeT-
BEPTOM — paccTosiHME Mey HUMH. Kiactepsl ¢ Homepamu 1-6 —3T0 HCXOHbIE OOBEKTHI.

suoio 500

400 7 4 5 1
8 2 3 1,41

3,00 9 7 6 2

3501 2 2,00 10 1 8 2,24

o 1 11 9 10 5

1,00/ _Ll 1,00

NI

0 1 2 3 4 5 6

Pucynok 4.23. JlenaporpaMma 1 MaTpHIIA HEPAPXHUECKOTO JIepeBa
OMHAPHBIX KJIACTEPOB

Breinmonaum HECPAPXUUCCKYIO KIIACTCPU3ALNIO U KIIACTCPU3ALUI0O METOJ0M K-CpCAHUX. 910

MOYHO CJIeJIaTh, HCIOJIB3Ys Pa3INUHbIC MATEMAaTHUYECKUE TaKeThl, HanpuMep, B MatLab, 6u6mumo-
teku Python u ap. Yucnossie nanubie ais 3OO0 ¢ mucta «3DO0 3ananust KP 4.4a-06».

Wt N W W

= e e e
BwNn R ®

clc, clear

load 1r NotCorr XY N.txt % sarpy3ka KONAWHeapHbIX AaHHBX W3 TekcToBoro Qaina
disp('vcxoaHaa MaTpuua OaHHbx ' )%BbIBOA KOMMEHTAPWEE B KOMaHAHOM OKHE

X = 1r_NotCorr XY _N(:,2:4)

disp('HaxoxaeHne pa3mMepHOCTW MATPWUbl AaHHbIX' )% BLIBOA B OKHO 3arooBka

[m n] = size(X) % BLIBOOATCA B KOMaHOHOE OKHO

Y=pdist(X); % Haxowaenwe paccToaHuid m*(m-1)/2 paznvyHbiX paccTOoAHWNA

% ; 03HauyaeT B KOMa@HAHOE OKHO He BbIBOOWTH

disp('maTpuua mepapxudeckoro gepesa DWHapHbX KnacTeposB pasmepHocTu{m-1)%*3")
Z=linkage(Y)% 7 BbpiaeTcA B KOMaHAHOE OKHO

disp(' m+i - wHAeKc knacTepa, rAe 1 - HOMEP CTPOKW KNacTepa B maTpuue Z')
disp('nepewii v BTOpOl CcTONBUBl - WHAEKCH KNACTEpOB, KOTopue obbeduHAnTCA')
disp('TpeTuit cTonbey - paccToAHWe Mexay OOLeOMHAHNWMMWCA KnacTepamu ')
dendrogram(Z) % nocTpoenue geHAporpamMmbl B OTAENbHOM OKHE

Pucynok 4.24. Kon s uepapxuieckoit kinactepusanuu B Matlab
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43

15

disp('knacTepu3aunAa No MEXrpynnoBeM cpefHum, dyHKUMA kmeans')

MUM=1:m; %=apaHue MacCcUBa-CTPOKM MOPAAKOBLIX HOMEDPOB

MUMT=NUM."'; % .' - TpaHcnoHWpoBaHWwe, ; 03Ha4YaeT DONOKWMPOBKY BbIBOAA B OKHO
[IDX,C,SUMDIST ]=kmeans(X,5);

disp('clust - Homepa knacTepoE v HoMmepa obrekToB')

clust=[NUMT IDX]

disp('C - uenTpsl knactepos W SUMDIST - cyMMmapHele pacCTOAHWMA A0 UEHTpoB')
d

SUMDIST

X1=X(:,1); X2=X(:,2); X3=X(:,3); % maccuBbl cTONBUOB [AaHHbIX

color=["'r"' 'g' 'b' "c' 'm']; % Maccue pazHbX UBETOB ANA Pa3HbIX KNACTEPOB

figure % co3paeT HoBoe rpadW4eckKoe OKHO, CTapoe rpafu4eckoe OKHO OCTaeTcA

% nocTpoeHue TpexmepHoro rpadMka KNacTepoE B OTOENEHOM OKHE
for i=1:1:m % uwkn no obbexkTam
switch IDX(i) % nepeknw4aTens
case 1
plot3(X1(i),X2(i),X3(i), 'Color',color(1), '"Marker"', 'o")
case 2
plot3(X1(i),X2(i),X3(i), 'Color',color(2), 'Marker', 'o")
case 3
plot3(X1(i),X2(i),X3(i), 'Color’',color(3), 'Marker','c")
case 4
plot3(X1(i),X2(i),x%3(i), 'Color',color(4), 'Marker','c")
case 5
plot3(X1(i),X2(1i),X3(i), 'Color',color(5), '"Marker','0")
end
hold on % coxpaHenue Tekyuero rpabwvka v gobaeBneHwe Hosoro rpaduka B
% Tekyuem okHe
end
grid on % nocTpoeHWe KOOPAWHATHOW CETKM

Pucynok 4.25. Ko st knactepusanuu MetonoM K-cpenaux B Matlab

4 Figure 2 - O x

File Edit View Insert Tools Desktop Window Help N

Nade|@ 08 k(E

Pucynok 4.26. Busyanusanus kiacrepusaiuu B Matlab
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ITpuBenem mpumep Koja, co3aanuoro Ha Python B uarepaktusHoii cpeae Colab [6] (puc.
4.27), n pe3ynbTathl Kiactepuzaimu (puc. 4.28) B COOTBETCTBUH C JAaHHBIMHU BapuaHTa. MlcxonHbie
JaHHbIe pa3MelleHsl B (aiine dataCluster.xIsx u mpeaBapuTEIbHO 3arpy>Ke€Hbl B CECCHOHHOE Xpa-
HUWIHILE.

import matplotlib.pyplot as plt

from mpl_toolkits import mplot3d

import numpy as np

from sklearn.cluster import KMeans

X = np.array(pd.read_excel( 'dataCluster.xlsx"))

print(X)

print("-"*10a)

kmeans = KMeans(n_clusters = 5, n_init=28)

kmeans . fit(X)

print( UeHTpouae knacTepoe’ )

print(kmeans.cluster_centers_)

print( MeTkn KnacTepoe')

print(kmeans.labels_)

ax=plt.axes(projection="3d")
ax.scatter(kmeans.cluster_centers_[:,8] ,kmeans.cluster_centers_[:,1],kmeans.cluster_centers_[:,2], color="black")
ax.scatter(X[:,0]1,X[:,1],X[:,2], c=kmeans.labels , cmap="rainbow")
plt.xlabel("x")

plt.ylabel("y")

Pucynoxk 4.27. Kon mist npoBeieHus kiacrepusaiuu Ha Python

LleHTponas KNacTepoe
[[ 2.83768961 18.513868383 2.87996349]

[ 4.384p2184 15.1538p552 5.83158879]
[ 2.7252141 18.17564229%9 6.735208128]
[ 5.15665852 17.46995157 2.38127113]

[ 3.84872874 13.54618622 2.718689115]]
MeTkn knacTepoe
[e430804040111121111112]
Text(®.5, 8.5, 'y")

MW s m oo o

2.5

30 12 Y

3.5

4.0

X 4.5 10
5.0

Pucynok 4.28. Busyanusanus knacrepusainuu Ha Python

PaccmatpuBanoch 5 kiactepoB. OOBEKTHI, TPUHAIEKAIINE OJHOMY KIIAacTepy, UMEIOT
onuH 1BeT. C MOMOIIBIO MPOrpaMMbl HaiIeHbl LEHTPHI KJIACTepoB (Ha rpaduke N300paKeHbI
YEPHBIM I[BETOM ), METKH KaK10T0 00BEKTa, 10 KOTOPBHIM MOKHO OTIPEJIEIINTh, K KAKOMY KJIacTepy
00BEKT MPUHAIIICHKHUT.
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3ananue 5. [lnanupoBanune 3xkcnepuMenTa ¢ ucnoab3oBanuem OLKII

Ilocmanosxa 3a0auu 2

W3BecTHO, 4TO pe3yibTaTUBHBINA MpU3HAK Y 3aBUCHUT OT Tpex (akropoB X1,X2,X3, mis
KOTOPBIX U3BECTHBI Uana3onbl usMeHeHus X; € [Ximin» Ximax), 1 = 1,3. Ha ocHOBaHuMM opTOTO-
HaJBHOTO LIEHTpaIbHOTO KoMmno3uimonHoro ruiana (OLIKIT) mpoBeaens! 15 3kcnepuMeHTOB, B
pe3ylibTaTe KOTOPBIX HalICHbI 3HAYEHUS Pe3yIbTaTUBHOIO IIpU3HaKa Y EeXp.

TpeOyeTcst MOCTPOUTh PErPeCCHOHHBIN MOaMHOM i GhyHKInK oTkimka mo OLKIT u co-
3/1aTh MPOTpaMMy JJisi IPOTHO3WPOBAHUA 3HAYCHUM (YHKIUU OTKJIMKA IO PErPeCCUHOHHOMY IO-
JUHOMY .

Buinonnenue 3a0anus

JlanHble BapuaHTa BCTaBUM Ha JIUCT paboueii kuuru. Yucnossle nanusie A 300 c iucra
«3D0O 3amanus KP 5».

Paccunraem cpepnue 3HaueHus 10 popmynaM Xigg = (Ximin + Ximax)/2 (puc. 4.29).

Jlns ymoOCTBa B AajibHEHIINX pacyeTax MokHO naTh uMeHa (alf, a, N, Ncoef) sueiikam B cooTBeT-
CTBUHM CO 3HAYEHUSIMH ITAPAMETPOB.

A B C D E F G H 1 J
1 Yexp
2 | 5,397447
3 | 7,630355
4 | 5,508893
5 7,6002
6 | 6,115107
7 | 7,116865
8 | 6438498
9 | 8,507912
10 | 5,824821
11| 7,161622
12 | 6,215063 alf= 1,215
13| 7,122938 a= 0,73
14 | 7,361126 N= 15
15 | 7,095445 Ncoef= 10
16 | 6,747072

Homep

17 Bapuwanta X1MIN XIMAX X2MIN X2MAX X3MIN X3IMAX
18 0 5 6 4 5 8 11
19 X1AVG X2AVG X3AVG

20 55 a5 9,5

Pucynok 4.29. VicxonHble JaHHbIE

B 3aganun Oyaem Mcnosib30BaTh OPTOrOHAJIBHBIN IEHTPAIbHBIN KOMIO3UIIMOHHBIN TU1aH
(OLIKII) (c™m paszzen 1.5). Chopmupyem Ha nucte Matpuily ocHoBHoro miaHa OLKIT (puc. 4.30)
B KOJMPOBAHHBIX NIEPEMEHHBIX U PACCYMTAEM MATPHILy TUIaHA B HATYPAIbHBIX TIEPEMEHHBIX, HC-
noJb3yst GopMyIIBI

Xi] = (Xiavg _Ximin)xi] + Xiavg-
3Ha4yeHUs UX ITON MaTPUIbl TOJKHBI UCTIONIB30BaThCsl IPU MIPOBEACHNUN IKCIIEPUMEHTOB

JUISL TTOJTyYeHHUsI cToJI0Na 3HaueHui YeXp. B yueOHOM npumMepe 3Tu 3Ha4eHUsI yKe 3a/1aHbl.
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42

44
45
46
47
48
49
50
51
52
54
55
56
57
58

24

39
40

Homep

3KCn

Wl (~N|o || s |w|N (e

A el =
s |w|n|=|o

C D E
KOJMAPOBAHHLIE 3H ®AKTOPOB
x1 x2 x3

-1 -1 -1
1 -1 -1
-1 1 -1
1 1 -1
-1 -1 1
1 -1 1
-1 1 1
1 1 1
1,215 0 0
1,215 0 0
0 -1,215 0
0 1,215 0
0 0 -1,215
0 0 1,215
0 0 0

G H I J K
HATYPA/IBHBIE 3H ®AKTOPOB
X1 X2 X3 Yexp
5 4 8 5,397447
6 4 8 7,630355
5 5 8 5,508893
6 5 8 7,6002
5 4 11 6,115107
6 4 11 7,116865
5 5 11 6,438498
6 5 11 8,507912
4,8925 4,5 9,5 5,824821
6,1075 45 9,5 7,161622
5,5 3,8925 9,5 6,215063
5,5 5,1075 9,9 7,122938
5,5 4,5 7,6775 7,361126
55 4,5 11,3225 7,095445
5,5 4,5 9,5 6,747072

Pucynok 4.10. 3nauenus GpakTopoB B TOUKAX IUIaHA U 3HAYCHHS YeXpP
Cdhopmupyem Ha JHCTe paclIMpeHHY0 MaTpuily riana (puc. 4.31), mpeicraBieHHYIO B
o01eM Bujie, CripaBa MIPUITHIIEM CTOJIOCI] 3HaUeHu Y exp.

A B C D E F G H I J K L M
x1x2 x1x3 x2x3 x1x2x3 x1A2-a x272-a x3A2-a
HOMepP
sken  |x0 x1 x2 x3 x4 X5 X6 x7 x8 x9 x10 Yexp
1 1 -1 -1 -1 1 1 1 -1 0,27 0,27 0,27 5,397447
2 1 1 -1 -1 -1 -1 1 1 0,27 0,27 0,27| 7,630355
3 1 -1 1 -1 -1 1 -1 1 0,27 0,27 0,27 5,508893
4 1 1 1 -1 1 -1 -1 -1 0,27 0,27 0,27 7,6002
5 1 -1 -1 1 1 -1 -1 1 0,27 0,27 0,27| 6,115107
6 1 1 -1 1 -1 1 -1 -1 0,27 0,27 0,27| 7,116865
7 1 -1 1 1 -1 -1 1 -1 0,27 0,27 0,27| 6,438498
8 1 1 1 1 1 1 1 1 0,27 0,27 0,27 8,507912
9 1 1,215 0 0 0 0 0 0 0,75 -0,73 -0,73| 5,824821
10 1 1,215 0 0 0 0 0 0 0,75 -0,73 -0,73| 7,161622
11 1 0 -1,215 0 0 0 0 0 -0,73 0,75 -0,73| 6,215063
12 1 0 1,215 0 0 0 0 0 -0,73 0,75 -0,73| 7,122938
13 1 0 0 -1,215 0 0 0 0 -0,73 -0,73 0,75( 7,361126
14 1 0 0 1,215 0 0 0 0 -0,73 -0,73 0,75( 7,095445
15 1 0 0 0 0 0 0 0 -0,73 -0,73 -0,73| 6,747072
Pucynok 2.31

Jlanee cnemyeT BEIYUCTUTH KOG (DUIIMEHTHI b; TOTUHOMA PErPecCuu, UCIONB3YS (POPMYITBI
u3 paznena 1.5

. ; i\2
— (YN j N (]
b; = (Zj=1 y'ePal )/ ( J=a(x; ) )
JJ1s 9TOTO TIpeIBApUTEIHLHO paccunTaeM B stueiikax [B59:L59] cymMb! kBagpaToB 3Hade-
HHI COOTBETCTBYOLIMX cTONONOB. Ha pricynke (4.32) mokasaH gparmMeHT Tabiuib ¢ GopMyIaMu.

i=0,1, 2, ...,10. N=15.
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42

44
45
46
47
48
49
50
51
52

3
54
55
56
57
58
59

I0TCS Tpou3BeaeHus y/ P x

A B C D E F G
x1x2 x1x3
HOMEP 3Kcn x0 x1 x2 x3 x4 x5

1 1 -1 -1 -1 =5C44*5D44 =5C44*SE44
2 1 1 -1 -1 =5C45*5D45 =5C45*SF45
3 1 -1 1 -1 =5C46*5D46 =5C46*SE46
4 1 1 1 -1 =5C47*5D47 =SCAT*SEAT
5 1 -1 -1 1 =5C48*5D43 =5CA8*SFA8
6 1 1 -1 1 =5C49*5D49 =5C49*SE49
7 1 -1 1 1 =5C50*SD50 =SC50*SES0
8 1 1 1 1 =5C51*5D51 =5C51*SE51
9 1 =-alf 0 0 =5C52*5D52 =5C52*SE52
10 1 =alf 0 0 =5C53*5D53 =5C53*SE53
11 1 0 =-alf 0 =5C54*5D54 =5C54*SE54
12 1 0 =alf 0 =5C55*SD55 =$C55*SE55
13 1 0 0 =-alf =5C56*5D56 =SC56™5SE56
14 1 0 0 =alf =5C57*5D57 =SC57*SES7
15 1 0 0 0 =5C58*5D58 =5C58*SE58
CYMMKB =CYMMHKB(B44:B58) |=CYMMHKB(C44:C58) [=CYMMHKB(D44:D58) | =CYMMHKB(E44:E58) |=CYMMHKB(F44:F58) [=CYMMHKB(G44:G58)

. 2
Pucynok 4.32. Beruuciienue cyMM KBaJIpaToB ?Ll(xij ) , 1=0,1,2,...10, N=15

Jlo6aBuMm k Tabmune [A42:M59] momonuutensabie ¢cToa0mbl N-X, B KOTOPBIX BBHIYHCIIS-

J
i

u 3areM Beruucisitores b; [N59:X59] myrem nenenust 3THX mpo-
U3BE/ICHHUI Ha COOTBETCTBYIOIIME CyMMbI KBajpaToB (puc. 4. 33). Cronbupl C-K Ha pucyHke

CKPBITHI.
A B L M N 0 P Q R S T U ) W X Y

40

41

42 x372-a

HOMmep

43 skcn  [x0 x10 Yexp x0Y x1Y x2Y x3Y x4Y x5Y x6Y x7Y x8Y x9Y x10Y Yregr

44 1 1 0,27 540| 5,3974473| -5,397447| -5,39745| -5,39745| 5,397447| 5,397447| 5,397447| -5,39745| 1,457311]| 1,4573108| 1,4573108 5,56
45 2 1 0,27 7,63| 7,6303547| 7,630355| -7,63035| -7,63035| -7,63035| -7,63035| 7,630355| 7,630355| 2,060196| 2,0601958| 2,0601958 7,59
46 3 1 0,27 5,51| 5,5088931| -5,508893| 5,508893| -5,50889| -5,50889| 5,508893| -5,50889| 5,508893| 1,487401| 1,4874011| 1,4874011 5,76
47 4 1 0,27 7,60| 7,6001996 7,6002 7,6002| -7,6002 7,6002| -7,6002| -7,6002| -7,6002| 2,052054| 2,0520539| 2,0520539 7,64
48 5 1 0,27 6,12| 6,1151068| -6,115107| -6,11511| 6,115107| 6,115107| -6,11511| -6,11511| 6,115107| 1,651079| 1,6510789| 1,6510789 6,08
49 6 1 0,27 72| 7,1168649| 7,116865| -7,11686| 7,116865| -7,11686| 7,116865| -7,11686| -7,11686| 1,921554| 1,9215535| 1,9215535 6,88
50 7 1 0,27 6,44| 6,4384985| -6,438498| 6,438498| 6,438498| -6,4385| -6,4385| 6,438498| -6,4385| 1,738395| 1,7383946| 1,7383946 6,49
51 8 1 0,27 8,51| 8,5079118| 8,507912| 8,507912| 8,507912| 8,507912| 8,507912| 8,507912| 8,507912| 2,297136| 2,2971362| 2,2971362 8,36
52 9 1 -0,73 5,82| 5,8248207| -7,077157 0 0 0 0 0 0| 4,346627| -4,252119| -4,252119 5,48
53 10 1 -0,73 76| 7,1616223| 8,701371 0 0 0 0 0 0| 5,344182| -5,227984| -5,227984 7,48
54 11 1 -0,73 6,22| 6,2150634 0| -7,5513 0 0 0 0 0] -4,536996| 4,6378357| -4,536996 6,33
55 12 1 -0,73 72| 7,1229377 0| 8,654369 0 0 0 0 0| -5,199745| 5,3153142| -5,199745 6,98
56 13 1 0,75 7,36| 7,3611263 0 0| -8,94377 0 0 0 0] -5,373622| -5,373622| 5,4930565 7,02
57 14 1 0,75 7,10| 7,0054454 0 0| 8,620966 0 0 0 0| -5,179675| -5,179675| 5,2947938 741
58 15 1 -0,73 6,75| 6,7470717 0 0 0 0 0 0 0] -4,925362| -4,925362| -4,925362 6,77
59 | cymmks 15 4,361404 6,79 0,82 0,26 0,16 0,12 -0,16 0,20 0,15 -0,20 -0,08 0,30

60 Y Bl B2 83 B4 B5 B6 87 88 B9 510

[

Hanee BbruncnuM Yregr. Mcnomns3yercs dopmyia

Pucynoxk 4.33. Berunciienne ko3 GUIIMEeHTOB MTOJIMHOMA PETPECCUu

stueiiku [Y44] npuobpeTaet Bu
[Y44]=$N$59*B44+$0$59*C44+$P$59*D44+$Q$59*E44+$R$59*F44+$S$59*G44+$T$59*
H44+$U$59*144+$V$59*J44+$W$59*K44+$X$59* L 44
B pesymnbrare pacueToB MOJIYYEH CIEAYIOUIHA PETPECCHOHHBIN ITOJUHOM B KOJHPOBAH-
HBIX TTIEPEMEHHBIX

—0,20(x? — 0,73) — 0,08(x2 — 0,73) + 0,3(xZ — 0,73) .

JIeMeHThl aABTOMATH3ALUU

VBA+Excel

y = by + XX, b;x;,, koTOpas s

5; = 6,79 + 0,82x1 + 0,26XZ+0,16X3+0,12x1x2*_0,16x1X3+0,20x2x3+0,15x1xe3 -

IVIAHUPOBAHUA IJKCIIEPUMEHTA € HMCHOJIbL30BAHUEM
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Jlo6aBuM B TOKYMEHT, UCTIOJIB3Ys cpeactBa VBA, popMy s mporHo3upoBaHusl 3HaUe-
HUS pe3yJIbTATUBHOTO MTPU3HAKA Y B 3aBUCUMOCTHU OT BBEICHHBIX 3HAUYCHHH (PaKTOPOB.

Hcnone3ys Brmanaky (puc. 4.34) «PA3BPABOTYUK», BcraButh smemeHT ActiveX
«Knomkay ¢ 3aronoskom «IIpornozupoBanue» Ha padounii 1ucT. B Hamem cirydae Ha3BaHUE JH-
crta PLEXp 00. Oto ums OyieT UCIOIb30BaThCS B TaJIbHEUIIIEM.

B TABES AN TS, C TP AHHL IS e Tl

R . Al - —  [EreeeslN = S ——
. L . tirgram

S tperiiee Hasd rpaodas  [ECERENTR
Eeracrac o T, MaRpo e O - mscTpyesepe | 4| DhrtEaaen
Tt e AE e AR
1 0B =
Y A
B gt Thd BT,

. 1= I

& 1,215
- [0 |
] 15
Peoel Bl

Mo
Bapssausa  Xikdikd LA kAT A EERAI HERLAN
o 5 B 4 = 3 11
LA AR AT

Pucynox 4.34. Jlo6aBnenue kaonku «IIpornosupoBanuey

B pexxume KoHCTpyKTOpa (IBOMHOMN 1IETUOK 110 KHOMKE) (puc. 4.35) HaCTpOUTH €€ CBOM-
ctBa B okHe Properties (u3menuts Caption ua «IIporuo3upoBaHue» ) ¥ HamucaTh IPoLeaypy 00-
pabotku coOpiTus (puc. 4.36): Mo HAXKATHIO KHOTIKH BBI3BIBAETCS (hopMa IpOrHO3UpoBanus Form-
Progn.

QAN TNABHAA BCTABKA PA3METKA CTPAHWLIBI DQOPMY /bl AAHHBIE PELIEH3MPOBAHWE BML PA3PABOTHMK HALCTPONKMN Komanaa

d r '\_-|3anw(b Makpoca =] E‘ = b{‘ CeoiicTea [E ConocTaBuTL CBOWCTBA @? Wmnopt

i OTHOCHTENbHBIE CCbINKN {} il - OF MpocmoTp koaa ij MakeTel pacwmpeHns SkcnopT

Visual Makpocs Haacrporikn Haactpodku  BeraewTs Pexmm Wcrounuk .

Basic 1. Be30NacHOCTL MaKpOCoB COM - KOHCTpykTOpa, (3] OT06pasuTL okHO O6HOBUTE laHHbIE 2

Koa Haacrpoiikn 3IneMeHTEl ynpaBneHna XML 2
Command... ~ f\ =BHEAPWTb("Forms.CommandButton.1";"")
A B C D E F G H I J K L M N

16 | 6,747072

17 Bapwarnta X1MIN X1IMAX X2ZMIN X2ZMAX XIMIN X3MAX

18 0 5 6 4 5 8 11

19 X1AVG X2AVG X3AVG

20 5,5 4,5 9,5

21

22 KOOWPOBAHHGIE 3H ®AKTOPOB HATYPAJIbHBIE 3H ®AKTOPOB

Homep

23 3ken x1 X2 X3 X1 X2 X3 Yexp |[Yregr Yexp-Yregr)/Yregr

24 1 1 1 1 5 4 8 5,40 5,56| 0,029831803

25 2 1 1 1 6 4 8 7,63 7,59 0,004718238

26 3 1 1 1 5 5 8 5,51 5,76 0,042808854
Pucynox 4.35
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21 s v s T Rprcarons TS Koo s
File Edit View Insert Format Debug Run Tools Add-Ins Window Help

HE " : o aal9 e o0 o [KYEFY 5@ n2co

Project - VBAProject

B = [

-2 atpvbaen.xis (ATPVBAEN.XLAM)
(-2 Solver (SOLVER.XLAM)
[+-88% VBAProject (FUNCRES.XLAM)
-4 VBAProject (MMN3_KP.xism)
EI@ Microsoft Excel Objects
Tucrl, (calc3 y1) Private Sub CommandButtonl Click()
Mucr2 (cale3_y1 (2)) tE‘omProg‘n Show —
Fucr3 (McxoaHse AaHHeIE) )
Nucr4 (PLExp_00) End Sub
i TNucr4s (Ftabl)
3] arakHmra
=55 Forms
FormProgn

(X

CommandButton1
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Pucynox 4.36
B penakrope VBA (niepexox ALT+F11 wmu ¢ Brnanku PASPABOTUMK) coznate popmy

FormProgn (Insert—UserForm). Pasmectuts Ha Heit 00bexThI (TextBox, CommandButton,Label)
¢ manenu T00lbox, kak mokasano Ha pucynke 4.37.
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TiporHosuposanme

PaccunTath 3Hauenme Y(X1,X2,X3) o

[Properties - FormProgn
FormProgn UserForm

Alphabetic | Categonzed
[(Hame) FormProgn
BackColor [ aHsono000Fe.
BorderColor M sHs00000128
Borderstyle 0 - fmBorderStylenone
Capron MporwoaHpoRaHIE
Cycle 0 - fmCycleallForms
DravBuffer 32000
Enabled True
Tahoma = ‘ - it
ForeColor W s+s00000128 E
Height 2352
HelpContextiD

0
KeepScrollBarsvisible 3 - fmScrollBarsaath

Pucynok 4.37. O6bekThl hopMbl «IIporHo3upoBanue

HactpouTs cBO¥cTBa 00BEKTOB, HCIOJB3YSI TTAHETh CBOMCTB Properties B 1eBoM HUKHEM
yriay. CoiictBo Name i1st KaKA0ro 3JaeMeHTa OyJleT UCIOIb30BaThCsl B JalbHEHIIEM B KOJe
MPU OTIMCAaHUH TPOIETyp 00pabOTKH COOBITHH.

B monyne ¢opmer FormProgn (okHO koma (hopMbI BBI3BIBACTCSI ABOWHBIM HIEITYKOM IO
dopme nm kaonkoi View Code B okHe ipoekToB Project) namrcarts aBe mporeypsl 00padoTKu
COOBITHI, COOTBETCTBYOIINE HAYKATUIO KOMAHIHBIX KHOIIOK Ha (opMme.
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(5] MM3_KPxlsm - FormProgn (Code) (== [E3]
UserForm » Click -
' FormProgn [N

Private Sub CommandcalcYproqnfClick(] 'DACYET SHAUEHNA KPUTEPKMA B NPUSBOIBHON TOUKE U3 BHODAHHHKX [IMAL
Dim Z(11), B(11l) As Single
If IsNumeric(TextBoxX1l.Value) And IsNumeric (TextBoxX2.Value

And IsNumeric (TextBoxX3.Value) Then

}
x2

x1l = CSng(TextBoxX1l.Value): = C8ng (TextBoxX2.Value): %3 = C3ng(TextBoxX3.Value)

Else

MsgBox "X1, X2, X3 pomserl GHThE uMcCIamMi"

Exit Sub E
End If

with Worksheets ("PLExp_00"

Ncoef = .Range ("F15")

a = .Range ("F13")

B(0) = .Range("N59").Value
B(l) = .Range("059").Value
B(2) = .Range("P59").Value
B(3) = .Range("Q59").Value
B(4) = .Range("R59").Value
B(5) = .Range("S59").Value
B(6) = .Range("T59").Value
B(7) = .Range("U59").Value
B(B) = .Range("V59").Value
B(9) = .Range("W59").Value
B(10) = .Range("X59").Value
xlavg = .Range("D20") .Value
xlmin = .Range("D18") .Value
x2avg = .Range ("F20") .Value
x2min = .Range("F18") .Value
x3avg = .Range ("H20").Value
x®3min = .Range ("H18") .Value
xlmax = .Range ("E18").Value
®2max = .Range("G18").value
®3max = .Range("I18").vValue

b

x1min And x1 <= xlmax And x2 >= x2min And x2 <= x2max And x3 >= x3min And x3 <= x3max Then
Z(0) =1
Z(1) = (x1 - xlavg) / (xlavg - xlmin)
Z(2) = (x2 - x2avyg) / (x2avg - x2min)
Z(3) = (%3 - x3avg) / (x3avg - x3min)
Z(4) = Z(1) * Z(2)
Z(5) = Z(1) * Z(3
Z(8) = Z(3) * Z(2)
Z(7) = 2(1) * Z2(2) * Z(3)
Z(B) = 2(1) ~ 2 - a
Z(9) = Z2(2) ~ 2 - a
Z(10) = 2(3) ~ 2 - a
'MsgBox Z(0) & " ™ & E(l) & " " & Z(2) & " " & E(3) & " " & Z(4) & " " & E(5) & " " & Z(G) & " "
'MsgBox B(0) & " " & B(l) & " " & B(2) & " " & B(3) & " " &B(4) & " " &B(5 &" " & B(6) & " "
s =0
For j = 0 To Ncoef
5 =5+ B(j) * 2(3
Next
TextBoxY¥progn.Text = Format(s, "#.##E+00")
Else
MsgBox "BrHauenmAa x1,x2,x3 OOJRHE [IpHMHAJIE®ATbh YKasSaHHBM IualasoHam"
Exit Sub
End If
End Sub

Pucynoxk 4.38. Ilponienypa 06paboTku COOBITHSI: HAXKATHS KHOTIKU
«Paccuntarh 3HaueHus Y»

Pacuernsrii uct Excel, ums kotoporo ucrnonb3yercs B koje, umeet HazBanue PLEXp_00.

Private Sub Commandclean_click() 'OUMCTKa TEKCTOBHRIX [IOJEN

TextBoxKl.Value = ""
TextBoxX2.Value =
TextBoxK3.Value =
TextBoxY¥progn.vValue = ""
End Sub

nn

nn

Pucynox 4.39. [Iponenypa 0o0paboTKu COOBITHS: HAXKaTUsI KHONTKA «OYHCTUTBH MO (POPMBD»

[Tposepum pabdoty npuinoxenus. [lepexmounmcs Ha muct PLEXp 00 u HaxxmMeM KHOTIKY
«IIporno3upoBanue» (pexum KoHCTpyKTOpa M0MKEeH OBITh OTKIIIOUEH). B pe3ynbrare mosBUTCs
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co3nanHas ¢hopma. 3anosHUM TekcToBbie ot X1,X2,X3. [Iporpamma KOHTPOJIUPYET, YTOOBI 3a-
JaBacMble 3HAYCHHs OBLTH KOPPEKTHBIMU M TPHHAJICKATN YKa3aHHBIM Tuana3zoHam. Jlamee
Ha)KHMaeM KHOIIKY PacCYMTaTh M IojaydaeM pe3ynbrtat (puc. 4.40) Y=6,88.

B c D E F G H hponc i P R s

Xt 55
PaccuMTaTh 3HaueHue Y(X1,X2,X3)
x2 42
6,89E+00

alf= 1,215

10

Homep MporHosnpoBaHue
Bapuanta X1IMIN XIMAX X2MIN X2MAX X3MIN X3MAX

0 5 6 4 5 8 11
X1AVG X2AVG X3AVG
55 45 9,5

z2 2z
AR
9]
e
[
-
&

KOAWPOBAHHBLIE 3H ®AKTOPOB HATYPAJIbHBIE 3H PAKTOPOB

x1 X2 X3 X1 X2 X3 Yexp |Yregr [Yexp-Yregr)/Yregr
-1 -1 -1 5 4 8 5,40 5,56] 0,029831803]

Pucynox 4.40. Pesynbratsel paboTsl npuitoskeHus «IIporaosuposanuey
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