1. OCHOBHBIE IOHATHUA CTATUCTUHYECKOW OBPABOTKH
IKCIHHEPUMEHTAJIBHBIX TAHHBIX

1.1. dean, 3a1a44 1 METOABI CTATHCTHYECKOH 00padOTKH

OKCIEPUMEHTAIBHBIE JaHHBIE, IOJy4aeMble B IpPOLECCE HU3MEPEHHH,
ABISIIOTCA  OCHOBHBIM HMCTOYHUKOM HHpOpMaIlUM O XapaKTepHUCTHKAX
MpPOLIECCOB, MPOTEKAIOIMNX B H3ydyaeMblx oObekTax. [Ipuyem, yeM MeHee
CTpOrOi sBJIsIETCS Hayka, TeMmM O0oJiee 3HAYUMYK pOJIb B HEH Hrpaer
JKCIIEpUMEHT. B Haykax, HCHOJB3YIOLIMX PpPa3BUTHIM MaTeMaTHYECKUMN
annapat (Hampumep, B QU3UKE), MHOTUE PE3YyJIbTaThl MOTYT OBITh MOJYy4YEHBI
1 000CHOBaHbI TEOPETUYECKHU Ha 0a3e MpeeCTBYIOMNX 3HaHUM, TOra Kak B
OMOJIOTUM WJIM MEAULMHE HKCIEPUMEHT 3a4acTylo SIBJISETCA €JUHCTBEHHBIM
CIocoOOM TMOJATBEPXKACHUS CHPABEIJIMBOCTH THUIOTE3bl U PE3yJbTATOB
TEOPETUUYECKOI 0 UCCIICIOBAHUS.

Hayunblli 5KClIEpUMEHT peliaeT CIEeAYylue OCHOBHbIC 3a1au:

- BBICTYIIAE€T CPEACTBOM IIOJIyYE€HHUS] HOBBIX HAYUYHBIX JaHHBIX;

- ABJSAETCA CIOCOOOM BBIJIEJIEHUS OOLIEro B CEPUU CXOAHBIX SBJIEHMUI,
000CHOBAaHUS 3aKOHOMEPHOCTEH, (POPMHUPOBAHUS TUIIOTES;

- BBICTYNIA€T CPEACTBOM IIPOBEPKU THUIIOTE3 U TEOPUH, KPUTEPUEM HUX
UCTUHHOCTH.

OTanaMy OCTAHOBKU U IIPOBEJCHUS IKCIIEPUMEHTA SABISIOTCS:

OIpEACIICHUE IEJIU U 3a/1a4 UCCIEeIOBAHUS,

BBIOOP KOHKPETHBIX METOJUK,

HCIIOCPCACTBCHHOC ITPOBCACHUC SKCIICPUMCHTA,

00paboTKa TaHHBIX dKCIIEPUMEHTA.

PaccmoTtpum CIEeIYIOIYIO MO/JIEIb MEIUKO-OHOIOTHIECKOTO
HKCIIEPUMEHTA.

[lenpto PKCIEpUMEHTa SABIACTCS OOOCHOBAHWE W3MEHEHHUS COCTOSHUS
HKCIIEPUMEHTAJIbHON TPYNIBl XUBOTHBIX B pPE3yJIbTaTe I€JICHAPABICHHOTO
BO3JICHCTBHS HA HEE HOBOTO JIEKAPCTBEHHOTO CPEJICTBA.

Hns  Toro, droOBl  BBACIWTH B  SIBHOM  BHUJE  PE3yJIbTaT
[[EJICHANIPABICHHOTO  BO3JEHCTBHSI, HEOOXOAMMO B3ATh AHAJIOTHYHYIO
KOHTPOJBHYIO TPYNIy U MOCMOTPETh, YTO MPOUCXOJUT C HEW B OTCYTCTBUU
BO3JICHCTBUI WU TPH WCIOJb30BAHUN TPAAUIHMOHHOTO JIEKAPCTBEHHOTO
CpeacTBa.

[TosToMy MeTOnWKa HKCIEPUMEHTA, CXEMaTHUYECKH H300pakeHHAas Ha
puc. 1, 3akiro4aeTcs B CIEAYIOMEM:



- Ha OCHOBAaHWM CpaBHEHHUS | yCTaHOBUTH COBNAJEHHE Ha4daJbHBIX
COCTOSIHUM DKCIIEPUMEHTAIBLHONU U KOHTPOJIBHOU IPYNIILL;

- peanu3zoBaTh Bo3AeiicTBHe Ha dkcnepumeHTtanbHyro (Ill) wu
KoHTpoJbHYI0 (V) rpynmsr;

- Ha OCHOBaHMHM cpaBHeHHUs Il yCTaHOBHUTH pa3auuYue KOHEUYHBIX
COCTOSIHUM DKCIIEPUMEHTAIILHONU U KOHTPOJIBbHOU IPYIIII.
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Puc. 1. CtpykTypa s3KcriepuMeHTa

CrnenyomuM 23TanoM sBIsieTcss 00paboTka HJKCHepUMEHTAIbHBIX
NAHHBIX, OCHOBHOMW LEJBI0 KOTOPOW SIBISETCA HAXOXIACHHE MAKCUMAJIbLHOTO
KOJIMYECTBA COJEpXKallelcss B HUX H HEOOXOOUMOW DKCIEPUMEHTATOPY
MHPOpPMAIUU ¢ MAKCUMAJIbHOW JOCTOBEPHOCTHIO U TOYHOCTHIO.

IIpy npoBeneHUH 3KCHIEPUMEHTA B PEAJIBHBIX YCJIOBHUAX U C IMOMOIIBIO
pEANIBHBIX M3MEPUTEIBHBIX CUCTEM INOJy4aeMbI€ PE3YyJbTaThl BCErJa HOCAT
BEPOSTHOCTHBI XapaKTep BCJIEACTBHE HEU30EKHOTO BIUSHUS BHEIIHUX
¢bakTOpOB, HEMOJIHOTHI 3HAHUU O COCTOSTHUU O0BbEKTa MCCIECTOBAHUS U T.].

Ta0Omuma 1.
3ajauM CTATUCTUUYECKOTO aHaln3a U METOIbl UX PEIICHUS
3amayu CTATUCTUYECKOTO aHalin3a MeToabsl CTATUCTHYECKOTO
TaHHBIX aHaJu3a JaHHBIX
Omnucanne JaHHBIX OmnucarenpHas CTaTUCTHUKA
N3ydenue cX0ICTBA WM pa3IUYUS [TapameTpuueckue u
TaHHBIX HEMapamMeTPUUECKUE CTATUCTUUECCKUE




KPUTEPUU

KoppensunoHnHblii aHanu3s,
HccnenoBanue 3aBUCUMOCTEN pPErPECCUOHHBIN aHAIIU3,
JIUCIIEPCUOHHBIN aHAJIN3

MeToa rinaBHBIX KOMIIOHEHT,
CHuXeHune pasMepHOCTH (bakTOpHBIN aHaNU3, MHOTOMEPHOE
HIKAJIMPOBAaHUE

JIMCKpUMUHAHTHBIM aHAJINU3,
Knaccudukauus u nporuo3s .
KJIaCTEPHBIN aHAJINU3

[ToaToMy npu MOABENEHUH HUTOrOB HDKCIEPUMEHTA CYILIECTBEHHYIO
pOJIb UTPAIOT METOJbl TEOPUU BEPOATHOCTU M MATEMATUYECKOW CTATUCTHUKH,
KOTOPBIE JAIOT BO3MOXHOCTh PEelIaTh CIACAYIOUUE 3aaUu:

- KOMIIAKTHO ¥ MH(OOPMATHUBHO OMHCHIBATH PE3YIbTATHl DKCIICPUMEHTA;

- yCTaHaBJMBaTh CTENEHb JOCTOBEPHOCTH CXOJCTBA U pa3auvyus
UCCIIeyEMBIX OOBEKTOB Ha OCHOBAaHHUHM pE3YyJIbTATOB H3MEPEHUH HUX
IMoKa3aTeyei;

- AHAJM3UPOBATH HAJWYHWE WJIU OTCYTCTBHE 3aBUCUMOCTHU MEXKAY
Pa3JIMYHBIMH TTOKA3aTEISAMU (SIBJICHUIMHU);

- KOJIMYECTBECHHO OIMCHIBATh TH 3aBHCUMOCTH,

- KJaccuUIMPOBATh U3ydaeMble OOBEKTH U IPOTHO3UPOBAThH 3HAUCHUS
UX TOKa3aTelield U XapaKTepUCTHK, U JIp.

B Ta6n. 1 mpeacraBieHbl OCHOBHBIE CTATUCTUUYCCKHE METOJbI PEIICHUS
BBIIIICYKa3aHHBIX 3a]a4.

1.2 lllkanbl u3mMepeHnii

KonmuuectBo wmHbDOpmMamuu u mnpuMeHseMble MpU 00pabOTKE METOIbI
aHaJIM3a 3aBUCAT, B IEPBYI O4YEpEeIb, OT TUMA LIKAJIbl, B KOTOPON TaHHBIC
MMOJIyYEHBI.

IIlkana — 53TO uucioBas CHUCTEMA, B KOTOPOM OTHOIIECHUS MEXAY
PAa3IUYHBIMH CBOWMCTBAMH HM3y4Ya€MBbIX SIBICHHH, MPOLECCOB INEPEBEACHBI B
CBOMCTBA MHOXECTBA YHUCE.

OCHOBHBIM KJTAaCCHU(PUKAIMOHHBIM TMPU3HAKOM SIBISETCS MOIIHOCTh
IIKAJBbI, T.€. BO3MOXXHOCTh JONYCTUMBIX MpeoOpa3zoBaHUM MIKAJIbl, KOTOPHIE
HE MEHSIOT COOTHOIICHUUN MEXY 00bEKTaMU U3MEPEHHUS.

Hanpumep, npu usMepeHnn AJHUHBI EPEXO] OT OIOMMOB K METpaM HeE
MEHSIET COOTHOIIEHUW MEXIYy IJIUHAMU pacCMaTpuBaeMbiXx 00BEKTOB. Ecnu




MepBbI OOBEKT UJIMHHEE BTOPOro, TO ATO OyAET YCTAHOBIEHO U TIpH
W3MEpPEeHUHU B Ar0WMax, U Ipu u3MepeHuu B meTpax. [Ipu 3ToM yuciaeHHOE
3HAYEHUE JUIMHBI B JAIOWMax OTJIMYAETCS OT YMCJICHHOTO 3HAYE€HWS JJIMHBI B
METpax, HE MEHSIETCS JIUIIb PE3yIbTaT CPAaBHEHUS JIUIMH IBYX 0O0BEKTOB.

B 3aBUCUMOCTH OT MOITHOCTH pa3inyaloT, Kak MOKa3aHO Ha PUCYHKE 2,
IIKaJIbl OTHOIICHUM, UHTEPBAJbHBIC IIKAJBI, MOPSAKOBbIC (PAaHTOBBIC) IIKAJIBI
Y HOMUHAJbHbIC MIKaJbI (IIIKaJIbl HAUMEHOBAHUM).

Mkana MIkana M kanaa Hlkana
HAUMEHOBAHUM MopsAKa HHTEPBAJIOB OTHOIIIEHU

MoOmHOCTH HIKAJBI

Pucynok 2. Knmaccudukanus mkaa uaMepeHun

Uem O0JBIITYI0O MOIIHOCTh MMEET IIIKajaa, TeM 00Jblle HHOOPMATUBHBIX
XapaKTEPUCTUK O pe3yJbTaTax SKCIEPUMEHTA MOXKHO MOJY4YHUTh, T.€. TEM
BBIIIE€ JIOCTOBEPHOCTh MPOBEICHHBIX HCCIENOBaHUU. B wuaeanbHOM ciyuae
pe3yJIbTaThl  JKCIEPUMEHTA JOJDKHBI OBITh MPEACTAaBICHBI B  IIKale
OTHOIIICHUH.

K mkxanam kadecTBeHHBIX MPU3HAKOB OTHOCATCS MOPSAAKOBas IIKajia
Y IIKaJa HAUMEHOBAHU.

Ilkana HaumMeHOBaHMH (HOMHMHaJbHas MIKajla) (GaKTHYESCKH yXKE HE
CBsI3aHA C MOHSATHUEM «BEJIUYMHA» U HUCIOJB3YETCS TOJBKO C LEIbI0 OTIUYUTH
OJIMH O0BEKT OT APYroro: HOMEpP >KUBOTHOTO B IPYINIIE WU MPHUCBOCHHBIN €My
YHUKAJIbHBIN MU U T.II.

B mikane HauMeHOBaHUM, HaNlpUMEp, U3MEPSIOTCA 3HAUYCHUS MpPU3HAKa
«IIOJI»: «MYXKCKOW» W «KEHCKHH». OTH KjIacchl OyIyT pa3IdduMBbl
HE3aBUCUMO OT TOTO, KaKHUE€ pa3iIudyHble TEPMHUHBI WJIM 3HAKA M MX
0003HaYeHUM OyayT MCIIOJB30BaHbI: “female” u “male”, nimm “A” u “B” u T.1.
CnemoBaTenbHO, JUIS IIKaJbl HAUMCHOBAHHH NMPHUMEHHMBI JIOOBIC B3aHMMHO -
OJHO3HAYHBIE TpeoOpa3oBaHMWsA, TO €CTh COXPAHSIOIINE YETKYIO
pa3IMUuMOCTh 00BEeKTOB. TakmMm oOpa3zom, camas ciabas Imkajga, IIKana
HAaMMEHOBAaHUH, JOMYCKAET CaMblil IMPOKUN AUANa30H MpeoOpa3oBaHUM.

IMopsaakoBasi mKkaga (IIKaja PaHroB) — I[IKaJla, OTHOCHUTEJIbHO
3HAYEHUH KOTOPOW YK€ HeNIb3s TOBOPUTH HH O TOM, BO CKOJBKO pa3s
u3MepsieMasl BelMYMHA OoJsiblie (MEHbIE) ApYrod, HU Ha CKOJbKO OHa



Oonpmie (Menbmie). Takas IIKajla TOJBKO YHOPSJOYMBAET OOBEKTHI,
MPUNKUCHIBAS UM T€ WU UHbIE OaJIbl.

Hanpumep, Tak mocTpoeHa mikala TBEPAOCTH MHUHEPANOB Mooca: B3ST
Habop 10 »TaJlOHHBIX MHUHEPAJIOB [JIsI ONpEAESeHUs OTHOCHUTEIbHOM
TBEPAOCTH METOAOM IapamaHbs. 3a | NpUHAT Tanbk, 3a 2 — rumc, 3a 3 —
KaJbIUT U Tak jgajee ao 10 — anmas. JlroOoMy MuUHEpally COOTBETCTBEHHO
OJHO3HAYHO MOXET OBITh NpUIIHCAHA OMNpeJeeHHas TBepAOoCTh. Ecnu
HcclieyeMbld MHUHEpal, IOMycTUM, lapamaeT kBapil (7), HO He Iapamaer
Tomna3 (8), TO COOTBETCTBEHHO €ro TBEPAOCTh OyaeT paBHa 7. AHaJIOTHUYHO
MOCTPOCHBI MIKaikl cuiabl BeTpa bodopra u 3emnerpscenuit Puxrepa.

[Ixanbl mopsiAka MUPOKO HCIOJB3YIOTCS B TEAAaroruke, MCUXOJOTHH,
MEIUIIMHE U APYTUX HayKaX, HE CTOJb TOYHBIX, KaK (U3UKa WiIu Xxumus. B
YAaCTHOCTH, MOBCEMECTHO pacHpOCTpaHEHHas IIKajia IIKOJbHBIX OTMETOK B
Oaytax MOXeT ObITh OTHECEHAa K IIKaJie Mopsjaka. B Menuko-01uoIorHuecKux
UCCJICIOBAHMAX IIKaJbl TOPSAKAa BCTpPEUAKOTCS, HaIpuUumep, MpPU aHaIu3e
CBepTHIBaHUS KpOBU (TpombOoTecT). OTau4ue MOPSIAKOBOM MIKaIbl (KA JIBI
PaHTOB) OT IIKaJibl HAMMEHOBAHUM 3aKJII0YaeTCs B TOM, YTO B IIKaJIC PAHTOB
KJIacChl (TpymIibl) 00bEKTOB ynopsigoueHbl. [loaToMy Mpou3BOJILHBEIM 00pa3oM
U3MEHATh 3HA4YEHUs IPU3HAKOB HEJIb3s — JOJDKHA  COXPaHSAThCS
YHOOPSAJAOYEHHOCTh OOBEKTOB (MOPSJOK CJIEJOBaHUS OJHUX OOBEKTOB 3a
npyrumu). CrnenoBaTeiabHO, JJS  MOPSAKOBOM  IIKaldbl  JTOMYCTHUMBIM
aBisieTcss  J1000e MOHOTOHHOE TMpeobOpa3oBanue. Hampumep, ecinu mpoba
TpomMOoTecTa y XMBOTHOTO A 5 OaminoB, a y )kuBoTHOro b 4 Gamna, 1o HX
yOOpSAJAOYEHHE HE MU3MEHHUTCS, €CJIM Mbl YHUCIO0 OalsIOB YMHOXHM Ha
OJWHAKOBOE€ [JISI BCEX MXHUBOTHBIX IOJIOKUTEIBHOE YHUCIO, WIH CIOXKHM C
HEKOTOPBIM OJMHAKOBBIM JJI BCEX YUCIIOM, UM BO3BEAEM B KBAaJApaT U T.1.

YacTHBIM ciaydaeM MOOPSAKOBOM IIKaJbl SIBISETCS AUXOTOMHUYECKAS
Kajga, B KOTOPOM HMEIOTCA BCEro JBE VYIOPSJOUYECHHBIE Tpajalluu,
HaMlpUMeEP, «BBIKHI MOCJIE AIKCIEPUMEHTA», «HE BBIKUIY.

IIlkana WHTEPBAJOB XapaKTepU3yeTCsl TEM, YTO IS Hee He
CYILIECTBYET HM €CTECTBEHHOI'0 Haydaja OTCYETa, HU €CTECTBEHHOW €IWHUIIBI
U3MEpPEHHUS.

[IpuMepoMm 1mIKaabl HHTEPBAJOB SBISETCS IIKajla TeMIOepaTyp IO
Henbcuto, Peomiopy unu @apenreiity. lllkana [leabcus, kak U3BECTHO, ObIIa
yCTAHOBJIEHA CJEAylImuM o0pa3oM: 3a HOJb Oblla NPUHATA TOYKA
3amep3aHus BoJbl, 3a 100 rpagycoB — TOUKa €€ KUIIEHUS, U, COOTBETCTBEHHO,
MHTEpBaJ TEMMEPATyp MEXAY 3aMep3aHUEM M KUIECHHUEM BOJbl MOJIEJEH Ha
100 paBHBIX HacTeil.

JInst miKanael MHTEPBAJIOB JONYCTUMO YK€ HE J11000€ MOHOTOHHOE



npeoOpa3oBaHUe, a TOJBKO TaKO€, KOTOPOE COXpPAaHAET OTHOLIECHUE
pa3HOCTENl OLIEHOK, TO €CTh JUHEHHOE NpeoOpa3oBaHHE — YMHOXEHHUE Ha
MOJIOKUTEJbHOE YUCIO U 100aBlIeHUE MOCTOSAHHOrO uncia. Hanpumep, ecnu
K 3HaueHuro Ttemmepatypbl B rpaaycax llenbcus noGasuts 273°C, TO
nojayyuMm Ttemneparypy mno KenbBuHY, nOpuueM pa3HOCTH JIOOBIX ABYX
TeMmiepatyp B oOeux mkanax Oyny oAMHAKOBBI. A ecinu OT mkaiel Lleabcus
nepeidtu k wmkane Dapenreidita, TO I JAOOBIX YETHIpEX TEMIEpPATyp
OTHOILIEHUE PA3HOCTU INEPBOU U BTOPOM K PA3HOCTU TPETbEH U UYETBEPTOU
OyJyT OJUHAKOBHI B O0CHUX IIIKajIax.

IIkana oTHOmIeHWHA — camas MoOINHas MIKaJla W Haubojee
pacnpocTpaHeHHas mkana. OHa MO3BOJIIET OUEHUBATh, BO CKOJBKO pa3 OJUH
u3MepseMblii 00beKT OoJblile (MEHbIE) APYroro o0beKTa, MPUHUMAEMOTO 3a
ATaJoOH, eAMHULy. J[JIs mIKajdl OTHOIIEHUN CYIIECTBYET €CTECTBEHHOE HAYAJIO
oTcueTa (HyJb), HO HET €CTECTBEHHOW €IMHULIBI U3MEPEHUM.

[xanaMu OTHOIIEHUN HU3MEPSIOTCS MOYTHU BCe (PU3MUECKUE BEIUUYHUHBI
— BpeMs, JIMHEHbIe pa3Mepbl, MIolaad, 00beMbl, CHJIa TOKA, MOIIHOCTh U
T.1. B Menuko-OMONOrMYEeCKUX  HCCIENOBAaHUAX IIKaja OTHOIIEHUM
UCIIOJIb3YETCSA, HAIPUMEpP, KOTJa HU3MEpPAETCs BpeMs IOSABICHUS TOrO0 WU
MHOTO IIPU3HAKa I10CJIe Havyajla BO3JEHUCTBUA, HHTEHCUBHOCTD BO3IEHUCTBUS 10
HOSIBJICHUSI KAaKOro-anbo MpH3HAaKa, KOHLEHTPAllMU BEIIECTB, BPEMEHHBIC
oKazaTeJu 3JIEKTPOKapAuOorpaMMbl U T.II.).

B mkane oTHomeHUH BO3MOJXHBI JIMIIb NpeoOpa3oBaHUs MOJOOUS -
YMHOXXEHHMS Ha MOJOXKHUTEJIBHOE 4YHCIO. OTO O3HadaeT, 4TO, HaIpHUMep,
OTHOIIIEHUE MACC JABYX IIPEAMETOB HE 3aBUCUT OT TOTO, B KaKUX €IMHMIAX
U3MEPEHBI MacChl — I'paMMax, KWJIOrpaMMax U T.J.

[TxansI VHTEPBAJIOB 151 OTHOLIEHUU SABJISFOTCS HIKaJlaMu
KOJIMYeCTBEHHBIX IPU3HAKOB.

Tabnuna 2. [llkansl 1 JoMycTUMBIE TPe0oOpPa30BaAHUS

[[Tkana JlomyctuMoe npeoOpa3oBaHUE
HaumenoBanuit B3zaumHO-01HO3HaYHOE
[TopsinkoBas Ctporo Bo3pacraroliee
NnTtepBanpHas JIunerinoe
OTHoOmIeHUH [Tomo6us

B rtabmume 2 npuBeAeHO COOTBETCTBHME MEXAYy IIKaJaMH H
JTOMYCTUMBIMHU MPE0OPa30BAHUSIMU.
B npouecce pa3BuTUs COOTBETCTBYIOLIEH 00JacCTH 3HAHUS THII IIKAJBI



MOJKET MEHAThCA. Tak, cHayajla TeMmiepaTypa u3Mepsiaach N0 MHTEPBAJIbHOU
1iKaje, a Mmocjiae OTKPbITUSA a0COJIOTHOrO HYJS TEMIEPATYPY MOXKHO CUUTATh
M3MEPEHHOM Mo ImKajae oTHomeHun (mkana KenbBuHa).

1.3. ITonsiTHe reHepaIbHON COBOKYNIHOCTH U BBIOOPKH

COBOKYNHOCTh OOBEKTOB WJIM HAOJIIOJAEHHUH, BCE AJIEMEHTHI KOTOpPOU
MoJUIe)KaT  M3YYEHHMI0O NpPU  CTAaTUCTUUYECKOM  aHaliu3e, Ha3bIBAETCS
reHepaJbHOM COBOKYITHOCTBIO.

HccnenoBanue Bcero Habopa 3JE€MEHTOB T'€HEPaIbHOM COBOKYMHOCTH
4acTO OKa3bIBA€TCS HEBO3MOXHBIM MM HeleraecooOpa3HbiM. Hampumep,
u3ydyeHrue SPGEKTUBHOCTH HOBOrO JEKApPCTBEHHOTO CpeACcTBa Ha BCeX
OOJBHBIX, JJ KOTOPBIX 3TO CPEACTBO pa3paboTaHO, WIJIM OINpejesieHue
npenaena MPOYHOCTU BCEro oObeMa BbHINIYCKa JeTaled 3aBoJOM, AJS Yero
HE00X0UMO OBLIO OBl Pa3pYyIIUTh OTH JICTAH.

B Takux caydasx paccMaTpuBalOT HEKOTOPYI YacTh TI'€HepajJbHOMU
COBOKYMHOCTH, KOTOpas Ha3bIBaeTCsi BbIOOPOYHONH COBOKYNHOCTHI HIIH
BBIOOPKOW.

CymHoOCcTh BBIOOPOYHOIO METOJa B MaTEMaTHUYECKOM CTaTHUCTHUKE
3aKJIl0YaeTcs B TOM, 4YTOOBl 1O ONpPEAENIEHHONW YacTu TeHepalbHOU
COBOKYIIHOCTH (BBIOOpKE) CYJUTh O €€ CBOMCTBAX B LIEJIOM.

Hns ATOTO BBIOOpKa TOTKHA OBITH NpeICTaBUTEIbHOM
(penpe3eHTaTUBHOMN ).
Penpe3eHTATHUBHOCTH - 9TO CITOCOOHOCTH BBIOOPOYHOM

COBOKYIMHOCTH KaK KOJHMYECTBEHHO, TaK W KayeCTBEHHO OTpaxaTh
CBOMCTBA TE€HEPAJIbHOU COBOKYITHOCTH.

Penpe3zenTaTUBHOCT,  BBIOOPKM  00ECIEUMBAETCS  BBINOJHEHUEM
4eThIpeX TpeOOBaHUU: ClydailHbIH OTOOp, OAHOPOJHOCTH, HE3aBHUCHMOCTHD,
JOCTAaTOYHBI 00BEM.

1. OcHoBHOe TpeOoBaHME, MPEAbIBIsIeMOe K (HOPMUPOBAHUIO BHIOOPKH
- PAaHAOMM3UPOBAHHBIH 0TOOP, T.C. CIy4ailHBIA OTOOP AIEMEHTOB BBHIOOPKHU
13 reHepajJbHONU COBOKYMHOCTHU, IPU KOTOPOM KaXKJI0W €IMHUIIE HAOII0ACHUS
obecrnieunBaeTCs paBHas BEPOSATHOCTD MOMAJaHUs B BRIOOPKY.

Cny4ailHblii OTOOpP MOXET NPOU3BOJAUTHCS HENMOCPEACTBEHHO U3
reHepaJbHOM COBOKYNHOCTH. [Ipn 3TOM CiydallHOCTH AOCTHUTAETCS IyTEM
NPUMEHEHHUSI KEePEeObEBKU WM UCIOJb30BAHUS TAOJUILBI CIYyYaWHBIX UYHCEII.
Jlpyrum crnocobOoM cliydyalHOro OoTOOpa SBJSETCS MeXaHUYeCKHil oToop,
KOTJla TreHepajbHasi COBOKYNHOCTh pa30MBaeTcsi HAa paBHbIE 4YacTH, U3
KOTOpBIX 3aTeéM B 3apaHee OOYCJIOBJIEHHOM MOpSJAKE OTOUPAIOT €IUHUIIBI



HAOMIOEHUS TMOJ OMNpPEJEJICHHBIM HOMEpPOM, TaK, 4YTOObl O0O0ECHeuuTh
HE00X0AMMOE YUCIIO HAOMIOJEHUN.

IIpu cnyyailHoM oTOOpe BO3MOXHBI JBa BapuaHTa (HOPMHUPOBAHUS
BBIOOPKHU:

- MOBTOpPHasi BBIOOPKA, KOrjga KaxkAbld DJJIEMEHT, CJIy4aillHO
OTOOpaHHBIA U HCCIIETOBAHHBIM, BO3BpAIIAETCis B OOIIYI0 COBOKYMHOCTb H
MOJKET ObITh 0TOOpPaH MOBTOPHO;

- OecmoBTOpHAasi BBIOOPKA, KorjJa OTOOpAaHHBIM JJIEMEHT HE BO3-
Bpamaercs B 0OIIYI0 COBOKYITHOCTb.

Kpome BeIlieyka3aHHBIX Cc1O0cO00B Tipu (HOPMHUPOBAHUU BBIOOPKH
UCTOJIB3YIOT:

- THNHYeCKU#Nl 0TOO0p, NMpU OCYIIECTBIECHUU KOTOPOrO TreHepaibHas
COBOKYITHOCTB JICJUTCS MO0 HEKOTOPOMY TMPHU3HAKY HAa TUIMUUYECKUE TPYIIbI, U
0TOOp €MHUI] MPOU3BOAUTCS U3 TUMMTUUYECKUX TPYIII;

- cepHiiHBbIA O0TOOP C PAaBHOBEIMKHUMHU CEPUSIMU COCTOUT B BHIOOpE HE
€IMHUI] COBOKYIHOCTH, a HEKOTOPBIX TPYIIN COBOKYMHOCTEH OJIMHAKOBBIX
00BEeMOB (cepuii);

-  KOMOMHHMPOBAHHBIN OTOOpP, TPU OCYUIECTBIEHUH KOTOPOTO
KOMOUHUPYIOTCS pa3iuyHble MeTonbl. CHadana, HampuMmep, OTOUpaIOTCs
cepuu, a 3aTeM U3 OTOOpaHHBIX CEpUMl MPOU3BOAUTCS HHIAUBHUAYyaTbHAS
BBHIOOpKA €UHUII.

2. OaHOPOAHOCTH BBIOOPKHM TMpeArojaraeT, 4YTO BBIOOPKA TOJKHA
COCTOSITh M3 DJIEMEHTOB, NMPUHAJICKANIUX OJHOMY OOBEKTY U BBHITIOJIHEHHBIX
OJMHAKOBBIM cImocooom U3MEPCHHUS. 2710 TpeOoBaHUE 9acTo
TPYJAHOBBITIOJIHUMO, TOITOMY CYIIECTBYIOT CIEIHAIbHbIE CTATUCTUYECKHUE
METO/bI TPOBEPKU OJTHOPOJTHOCTH.

3. He3zaBucumocTh TpenmonaraeT, 4YTO PE3YJbTAThl  KaXJOTO
HaOTIOICHUS WM U3MEPEHUS HE 3aBUCAT OT PE3YyJIbTATOB MOCIECAYIOMMUX WU
NPEeABIAYIUX HAOTIOICHHIA.

4. locTtaTo4HbIi 00beM BBHIOOPKH OMNpEAeIsieTCs, UCXOAsl U3 OMUOKH
pENpPEe3eHTAaTUBHOCTH, KOTOpas IOKa3blBa€T, HA CKOJBKO OTJIMYAIOTCA
XapaKTEePUCTUKA  BBIOOPOYHOM  COBOKYMHOCTH OT  COOTBETCTBYIOIIUX
XapaKTEPUCTUK I'eHEpabHON COBOKYIHOCTH.
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Puc. 3. 'uctorpaMMbl SMIUPUYECKUX paCTIPEICTICHUHN I PA3TUYHOTO

KOJINYCCTBA 3JICMCHTOB BBI60pKI/I N3 HOpMAJIBHO pacnpeneneHHOﬁ FGHCpaHLHOﬁ

COBOKYITHOCTH:
a)n =100, 6) n= 1000, B) n= 10000, r) n = 100000

B3zauMocCBsI3b  CTaTUCTUYECKHMX  IIOKa3aTelied  BBHIOOPOYHOUW W
reHEepaJbHOW COBOKYIHOCTEH oOmpefenseTcs 3aKOHOM OOJbIIMX 4YHCEN,
BeIpaxkasick B Teopeme II. Jl.UeOwimeBa: uem OoJibllle YHUCIO HEKOTOPBIX
CIy4YalHBIX BEJIMYUH, TEM HUX CpenHss apudmeTuueckas OJMKE K CpenHei
apu(pMEeTUUYECKONH TeHEepalbHOW COBOKYNHOCTH, T.€. TEM MEHBIIE pa3HHIIA
MEXAy MOKa3aTeasiMU BBIOOPOYHOW U TeHepalbHOW coBOKymHocTeh. Ilo
Mepe  yBEIWYEHUsT  Yucia  HAOMIOEHWN BEPOSITHOCTh OCYIIECTBICHUS
MpUOTMKEHUST TTOKa3aTeNs BBIOOPKM K TOKA3aTe0 TeHEPAIbHOW COBOKYITHOCTH
CTAaHOBHTCS BC€ OOJbINE, CTPEMSICh K EAWHHIE, €CIU YWCIO HaOII0ACHUIMA
CTPEMUTCA K OECKOHEYHOCTH.

Ha pucynke 3 moka3aHo, Kak M3MEHSIETCS BUJl THCTOrpaMM, MOCTPOECHHBIX
10 BEIOOPOYHBIM JAHHBIM U3 OJTHOW T€HEPaIbHOW COBOKYITHOCTH MPHU YBEIUYCHUH
KOJIMYECTBA 3JIEMEHTOB BBIOOPKH.

OMIUPUUECKUM nyTem YCTaHOBJICHO, 4TO HaJEXKHOCTh
CTaTUCTUUYECKUX OIIEHOK PE3KO CHIKaeTcs B amama3zone or 60 mo 10 — 20
HAONMIONEeHU, a TOpU  MEHbIIEM 4Yucjie HaOMIOJEHUN  NPUMEHSTH
CTAaTUCTUYECKUM aHanu3 B OOJBIIMHCTBE ciydaeB HelenecooOpaszHo. llpu



MaJIbIX BBIOOpKAX MPUOETaloT K CleNHATbHBIM CIIOCO0AM PacueTOB.

1.4 3akonbl pacnpeaejeHUs1 BEPOATHOCTEH, HCIIOJIb3yeMble IIPH
aHaJIM3e JaHHbIX

[Ipy oueHMBaAaHMM  DKCIEPUMEHTAJIBHBIX JAHHBIX U  HOPOBEPKE
CTaTUCTUYECKHUX TMIOTE3 HAXOAUT NPUMEHEHHUE PAJ TEOPETUUYECKUX 3aKOHOB
pacrpeesieHus.

Haubonee BaxkHbIM M3 HUX SIBISETCA HOpMaibHOe pactupeneneHue. C
HUM CBSI3aHBl pacnpenaeiieHus xu-kBaapatr, CreroaeHrta, Dumepa. [lus
yKa3aHHBIX 3aKOHOB 3HaueHUs (QyHKUUN pacmpeneeHus HaXOIITCS IO
cratuctuyeckuMm Ttabnunam (Ilpunoxenue 1, 2) wiIM ¢ UCHOJIb30BAHUEM
CTaHJIApPTHBIX NPOUEAYP MAKETOB MPUKIAJTHBIX CTATUCTUUYECKUX MIPOTrPAMM.

HopmaabHoe pacnpeae/ieHue.

DTOT BUJ pacupeieieHus SBIsSETCS HaumboJjiee pacupoOCTPaHECHHBIM B
CBSI3U C LEHTPAJbHOM MPEACIBbHOM TEOPEMOUW TEOPUM BEPOSATHOCTEMH,
COTJIACHO KOTOPOM pacHpeieieHHUE CYMMBbI HE3aBUCHMBIX CIIyYaWHBIX
BEJIMYMH CTPEMHUTCA K HOPMAJIbHOMY C YBEJIHMYEHHUEM HX KOJHYECTBA IMPHU
MPOU3BOJIBHOM 3aKOHE€ pPACHOPENCICHUS OTIEJIbHBIX CJAaraeMblX, €CJH
cllaraemMbie 00J1a/1al0T KOHEYHOH TUCTIEpCHUei.

Tak kak peanpHble (PU3MUYECKHE SBICHHUS YAaCTO MPEIACTABIAIOT COOOM
pe3yJIbTaT CYMMapHOTO BO3JIEUCTBUSI MHOTHUX ()aKTOPOB, TO B TaAKUX CIIydasx
HOPMaJIbHOE pacnpeneaeHue SIBJISICTCS XOpOLIUM NpHUOIMKEHUEM
HaOOgaeMbIX 3HaueHW. PacmpeneneHue MHOTMX CTAaTHUCTHK —SBISETCS
HOPMAJIbHBIM HJIK MOJXET OBITh IOJYYEHO H3 HOPMAJIbHBIX C IOMOIIBIO
HEKOTOPHIX MpPeoOpa3oBaHUM.

Mo’XHO CKa3aTh, YTO HOPMAJIILHOE paclpeiejieHue IPeICTaBIsIeT COO0M
OJHY W3 AMIIMPUUYECKH MPOBEPECHHBIX UCTUH OTHOCUTEIBHO OOIICH MPHUPOIBI
JNIeMCTBUTECIBHOCTH u MOJKET paccMaTpuBaThCs KakK OJIMH nu3
byHIaMEHTAIbHBIX 3AKOHOB IIPHUPOJIBI.

CnyvaiiHass BeauuwmHa § HWMEET HOpPMaJbHOE  pacHpeacicHue
BEPOSITHOCTEM, €CIIU €€ MIOTHOCTh ONMpeIesieTCs Mo MpuBeAeHHOU hopMmye:

1 -(x-m)®

0=t "

rJe M — MaTeMaTUuecKoe OXUJaHUe, G - CTAHJAAPTHOE OTKJIOHEHHE.

Ha pucynke 4 nmnpuBeleHbl KpUBBIE IUIOTHOCTH BEPOATHOCTH
HOPMAJILHOTO pacrpezesieHus ¢ M = 20 U pa3HbIMH 3HAYECHUSIMHU G.

Tounas  ¢opmMa  HOpMandbHOrO  pacopelenceHus  (XapakTepHas



"Kon0K0JI000pa3Has KpuBas') ompenenseTcs ABYMs MapaMeTpaMHu: CPEIHUM
U CTaHJAapTHBIM OTKIOHEHHWEM. XapaKTEepHOE CBOWCTBO HOPMAaJIbHOTO
pacmpenesieHuss COCTOUT B ToM, uTo 68% Bcex ero HaOJIOJACHUN JIeKaT B
auamna3oHe *1 cTaHgapTHOE OTKIOHEHHWE OT CpEeIHero, a auama3oH =2
CTaHIApPTHBIX OTKJIOHEHUS coAepkuT 95% 3HaueHui. Ilpm HOpmambHOM
pacnpeesieHuy MpakTU4ecku Bce HalmwoneHus (T.e. 6onee 99.99%) nmonmanyr
B JIMAIa30H +3 CTaHJAapTHBIX OTKJIOHECHUS.

CrangapTHOE HOPMAJIIBHOE paclpeiesieHne, KoTopoe umeet cpeanee 0 u
CTaHJapTHOE OTKJIOHEHHE |, HCHONB3YeTCs TMPH TMPOBEPKE PAZIHIHBIX
TUINIOTE3, B TOM 4YHCIIE O CpeJHEM 3HAauYCHWUH, O PA3IUUHU MEXIY IBYyMS
CpPEHUMH.
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Pucynok 4. ILIOTHOCTH BEpPOSITHOCTU HOPMAJIbHOTO pacupeaeiieHus npu
Pa3HBIX 3HAYECHUAX AUCIEPCUH.

I[Ipy onepanusx C HOPMAJIbHO paCHPEAEICHHBIMU CIy4YallHbIMH
BEJMYMHAMHU B IMPOIECCE aHaIu3a JaHHBIX BO3HHUKAET HECKOJBKO HOBBIX
BUJIOB pacnpeieIeHUu, CBA3aHHBIX ¢ HOPMAaJbHBIM.

Pacnpenesnenne CThro/ieHTA.

[lycTh cinydaliHble BeTUUYHUHBI £0,E1,...En HE3ABUCUMBI U KaXKJas U3 HUX
UMEeT cTaHaapTHoe HopmanbHoe pacnpeneirenue N(0,1). Baenem
CIEAYIOIIYIO CIYYailHYIO0 BEJIIMUYHUHY:
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[JE€ V - YACJIO CTENEHEN CBOOOIBI.
Pacnpenenenne 3TOW  BEIMYMHBI  HA3bIBACTCA  paclpeelicHUEM
CTrrofieHTa WU t-pacTpeeicHueM.

flt) &
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Pucynok 5. IlnotHocTh pacnpeneneHuss CThIOJEHTA [Jis pa3IUYHbBIX
3HAYEHUU CTEHEHEN CBOOOIBI V.

Ha pucynke 5 mnoka3aHa MJIOTHOCTh pacnpeneieHuss CTbOJEHTa IO
CPAaBHEHUIO C HOPMAJIbHBIM PACIIPENEICHUEM.

B MaremaTuyeckodl CTATUCTUKE CTeleHb CBOOOABI - HaUMEHbIIEE
YHCJIO HE3aBUCUMBIX (CBOOOJHBIX) BEJIMUYMH B IAHHOW 3a7a4e.

Ecnau N - yuciao BeaIU4YUH, M - YUCJIO OTrpaHUYCHUM (CBA3EH), TO YUCIO
CTEIEeHEeN CBOOOARLI V= N - M.

Tak, ecnu cymMma TpexX JaHHBIX paBHa §, TO MEPBBIE IBA U3 HUX MOTYT
NPUHUMATh JIFOObIe 3HAUCHUSI, HO €CIIM OHU OTPEAENICHBI, TO TPEThE 3HAUCHUE
CTAHOBUTCS aBTOMAaTHUYECKHU M3BECTHBIM. Eciu, HanpuMmep, 3Hau€HUE NePBOTO
JaHHOTO paBHO 3, a BTOPOTro -1, TO TpeThe MOXKET OBITh PABHBIM TOJBKO 4.
TakuM 00pa3zom, B TaKOil BEIOOPKE UMEIOTCS TOJBKO JIBE CTENEHU cBOOOAbI. B
ob1meM ciaydae AJs BEIOOPKHU B N TaHHBIX CYMIECTBYET M-l CTeneHb CBOOOIBI

Hanpumep, 3HameHnaTens B ¢GopMylie BRIOOPOYHOW AMCTIEPCUU BCeraa
paBeH Pa3HOCTH MEXKAy 00BEMOM BBIOOPKHM W YHCIOM CBs3€H, HAIOKEHHBIX
Ha 3Ty BBIOOPKY. DTa pa3HOCTb (PaKTHUYECKH MOKA3bIBAET, KAKOE KOJIUUYECTBO
3JIEMEHTOB BHIOOPKH MOXHO MPOU3BOJILHO U3MEHSITh, HE Hapyllas CBs3eil.

Ecniu wumeroTcss nBe He3aBUCUMBbIE BBIOOPKH, TO UYHCJIO CTEHEHEH
CBOOOJBI AJIs MEPBOM M3 HHUX COCTaBIsieT Vv 1-1, a aus BTopod — v -1 A


http://www.tryphonov.ru/tryphonov3/terms3/mathsta.htm
http://www.tryphonov.ru/tryphonov3/terms3/indvar.htm
http://www.tryphonov.ru/tryphonov3/terms3/randvar.htm
http://www.tryphonov.ru/tryphonov6/terms6/taskp.htm
http://www.tryphonov.ru/tryphonov6/terms6/interco.htm
http://www.tryphonov.ru/tryphonov3/terms3/frml.htm
http://www.tryphonov.ru/tryphonov3/terms3/sampd.htm
http://www.tryphonov.ru/tryphonov3/terms3/populat.htm
http://www.tryphonov.ru/tryphonov3/terms3/amon.htm
http://www.tryphonov.ru/tryphonov3/terms3/elemen.htm

MOCKOJIBKY TIpH OMNPEACICHUU JOCTOBEPHOCTH PAa3HUIBI MEXIY HHMH
ONUPAIOTCA Ha aHaIW3 KaXIOW BBIOOPKH, YHCIO CTENEHEH CBOOOMBI, MO
KOTOPOMY HYXHO OyJIeT HaXOAUTh KpUTepwid t B CTAaTHCTHYECKOW TabmuIIE,
Oynet coctaBiATh (V 1+ Vo) - 2.

Ecnu xe pedb uaeT o IBYX 3aBUCUMBIX BBIOOpKAX, TO B OCHOBE pacueTa
JIC)KUT BBIYUCICHUE CYMMBlI Pa3HOCTEH, MOJYYECHHBIX JUIS KaXJIOW Maphbl
pe3ynbTaTtoB (T.€., HAIPUMEpP, PA3HOCTEH MEXIy pe3ylbTaTaMU 10 U TOCIHE
BO3/ICMCTBUS HA OJHOTO U TOTO € UCIbITyeMoro). [Tockonbky onHy (Jito0y10)
U3 OTHX PAa3HOCTEH MOYKHO BBIYHMCIWTH, 3HAs OCTAJIbHBIC PA3HOCTH U HUX
CYMMYy, YUCJIO CTEIIEHEH CBOOOBI JJIs onpeaciaeHus kpurepus t OyaeT paBHO
n-1.

dopma pacnpeaeneaus CTbIOJCHTa 3aBUCHT OT 4YHCIAa CTEICHEH
CcBOOOIEL.

MaremaTtuyeckoe oxuaanue ero pasuo 0, nucrnepcust — n/(n-2).

[Ipu yBeaMUYEeHHUHM ATOTO MapamMeTpa KpuBas IJIOTHOCTH paclpeIeICHHS
CyXaeTcs W IpU N —> 00 ACHMITOTHYECCKU MPHUOJIMIKACTCS K HOPMAIBLHOMY
pacrnpeieIeHHIO.

Pacnpenenenue CrblojieHTa NpPUMEHSAETCS JIsI OMUCAHHUS OIIMOOK
BeIOOpku mpu N > 30. [lpu n>100 pganHOe pacmpeneneHue MNPaKTUYECKH
COOTBETCTBYET HopMmaibHOMy, miada 30 < n < 100 paznuuuss MexIy
pacupeneneHrueM CThIOJICHTa U HOPMAaJbHBIM PACIpPEEICHUEM COCTaBISIOT
HECKOJILKO MpOIeHTOB. [l09TOMY OTHOCHTENbHO OIEHKH OMHUOOK MallbIMU
CUMTAIOTCS BBIOOpKH 00beMoM He Oosiee 30 eauHUIl, OOJBIIUMHU — 00BEMOM
ooiiee 100 equHULL.

Pacnpenesienue xu-kBaapart

[IycTh ciydalinbie BeaIU4uHBI £0,81,...5, HE3aBUCUMBI U KaXKJ1ash U3 HUX
UMEeT CcTaHaapTHoe HopmanbHoe pacnpeneireHue N(0,1). Baenem
CIEAYIOLIYIO CIYYallHYIO BEIIMUYUHY:

Ao =&+t 8,

r7€ V - YUCIIO CTeNeHe CBOOOIBI.

[TonyyeHHO€ pacnpenesieHne Ha3bIBa€TCA PACHPEACIEHUEM XU -KBAagparT.
dopma ero Takxke 3aBUCHUT OT YHCJIa CTeNeHEeN CBOOOIBI.

MatemaTudeckoe OXUAaHNE eTo paBHO N, gucmepcus — 2N.

Ha pucynke 6 npuBeneHO H3MEPEHHUE NJIOTHOCTH BEPOSITHOCTEH
pacnpeaeeHus Xu-KBajapat npu creneHsx csoodoasl 2,4,10.



Puc. 6. [InoTHOCTH pacnpenesieHuss Xu-KBaapaT JUIsl pa3IndHbIX
3HAYEHUH CTEIIEHEN CBOOOILI V.

Pacnpenesnenne ®umepa (F-pacnpenenenue .

[Iycths cnyvaiiabsie BenwuuHbl &o,E1,...E)n U Mo,M1,...NMm HE3ABUCHMBI U
Kakaas M3 HUX HMEET cTaHgapTHoe HopMmanbHoe pacnpeneiaecuue N(0,1).

Torga cny4dailiHasg BeJIHYHUHA

E o nMm: +...+12)
om(E +LE))

uMmeeT pacnpenenenue dPumepa ¢ napamerpamMmu M u N. IIMOTHOCTH
pacnpeneiieHus BEpOSITHOCTENW 3aBUCUT OT COOTHOILIEHUS 3TUX ITapaMeTPOB.

F-pacnpenenenne SBASETCS aCHMMETPUYHBIM U OOBIYHO HCIOJB3YyETCSA
B JUCIEPCUOHHOM aHAJIHU3E.

2. CTATUCTHUYECKOE OIIMCAHHUE YU CJIOBbIX
XAPAKTEPUCTUK DKCIHEPUMEHTAJIBHBIX TAHHBIX

Bce xapaktepucTuku, MmoiiydaeMble I BBIOOPKHM W3 TEHEpPaIbHOU
COBOKYITHOCTH, HAa3bIBAIOT B MAaTEMaTHYE€CKOW CTATUCTUKE BBIOOPOYHBIMH
(mampumep, BBIOOpPOYHOE CcpeaHee, BBIOOPOYHOE WM HMIUPUUECKOE
pacnpejienieHue u T. 1.).

[TycTh B pe3ysibTaTe dKCIIEpHUMEHTA MOJyYeHa BRIOOpKA TaHHBIX X = (X1,
X2 . . ., Xn), T.e. HA0Op U3 N HE3aBUCHUMBIX U OJUHAKOBO paclpeaesIeHHBIX
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CIlydalHBIX BeJIWYMH. Eciu 27eMEeHThl BBIOOPKH  YHOPSAAOYUTH IO
BO3paCTaHUIO, NOJYYUTCS HOBAsA CTATUCTUYECKAsT COBOKYITHOCTBH: X1 < X2 < ..
. < Xp.

CraTtuctuueckas  COBOKYIHOCTb, pPACIOJOXXEHHasT B  MOPAIKE
BO3pacTaHUs AJIEMEHTOB BBHIOOPKH, HA3bIBACTCSI BAPUAINMOHHBIM PSIIOM WU
PaHKMPOBAHHOM BHIOOPKOM, a ee pa3auuHbie (HECOBIAAAIOIINE) PIEMEHTHI -
BapHaHTaAMMU.

CraTucTHYeCcKUM pacnpeaejieHUEM BBIOOPKU Ha3bIBAETCS
COOTHOIIIEHUE MEXKAY 3HAYEHUSAIMU BapUaHT M COOTBETCTBYIOUIUMH WM
4acTOTaMH N, WM OTHOCUTEIbHBIMH dacToTamMu P =n./n. TabmnuuHbii

BApPHUAHT 3alUCU IApaMCTPOB CTATUCTUYCCKOTO pPACHPCACICHUA ITOKA3dH B

Talnuie 3.
Tabnuna 3.
BapuaHThl X, X, [ X, [ X5 [ [ X [ | X,
Yucno HabmroaeHui (wacrora) N, n, [n, (n, [... [N |..[Nn
OTtHOCHTENbHAsA YacToTa P P |P, |P, |... [P |... |P,
IMIUpPUYECKOH byHkumen pacnpeaejeHust (bynkuen

pacmnpezaesneHusl BBIOOpKH) HasbiBaroT QyHKuuio F (X), ompenenstonryro s

KaXkJIOTO 3HAYEHHUS X OTHOCUTEIbHYIO 4acTOTYy COOBITHS ( X < X ):
n
F(X)=—,
n

rae N, - 9uciio BapHaHT, MEHBIIUX X; N - 00beM BBHIOOPKH.

OMIUPUYECKUM, U BBIOOPOYHBIM aHaJIOTOM MJIOTHOCTHU
pacmpeneseHus sIBISeTCA TUCTOrpaMMa.

I'mcTorpammoii HaswsiBaeTcs crtosibuaTtas auarpaMma, Mo ocu abciucc
KOTOPOW OTKJIAABIBAIOTCS CTPYNIHUPOBAHHBIE AJIEMEHTHI BBIOOPKHU, a MO OCH
OpJMHAT - COOTBETCTBYIOIAsi UM YacTOTa N, WJIM OTHOCUTEIbHAsA yacTtoTa P .

Benvnumna wHTEpBanma TpynmupOBKH CYHIECTBEHHO BIWSIET Ha OOMHI
BHUJ TUcTOTpaMMmbl. Ecnu nnmHa mHTEpBana Mana, TO mMpeobiagaceT BIUSHUE
cay4aHbIX KosieOanuid. [Ipu ciumkom GONbIINX MHTEpPBAIaX CKPaJbIBAIOTCS
XapaKTEPHBIE YEPTHI pacIpeaeICHUS.

Uucno WHTEpPBAJNOB TPYHNNHUPOBKU MPUHSITO OMNPEACNsITH Mo Qopmyie
Crepaxecca:

k=k(n)=1+[3.322 Ig n],

B coorBerctBum ¢ Qopmymnoir Crepmxecca mpu n = 50 - 100




MHUHHUMAaJIbHOE YUCJIO UHTEPBAJIOB I'PYNNUPOBKU OOBIYHO MpUHUMAETCH 6 - 8,
a npu n > 100 - e menee 10 - 15.

[Tocne Toro, kak ompeAesieHbl TPAHUIIBI BCEX HHTEPBAJIOB, OCTAETCS
pacmnpenenuTh MO0 3TUM HHTEpBajaM BBIOOpOYHBIE BapuaHThl. Eciau kakas-
b0 W3 BapuUaHT IMoONajaeT TOYHO HAa TPaHUIY COCEIHUX HHTEPBaJIOB
IPYNOUPOBKU, TO TaKHWE€ BapUAHThI MOTYT OBITH OTHECEHBI K JIOOOMY U3
COCEJIHUX MHTEPBAJIOB MO BHIOOPY.

BapuanuonHbie psjbl U TUCTOTPAaMMBI JAIOT HArJsiTHOE TIpEACTaBICHUE
O TOM, KaK BapbUPYIOT OKCIEpPUMEHTAJbHbIC JaHHBIE B BHIOOPOUYHOU
COBOKYMHOCTH. HO OHHM HEIZOCTaTOYHBI JJIsg TOJHOM XapaKTepUCTUKU
BBIOOPKHU, TMOCKOJBKY COJEpXaT MHOTO JeTajied, OXBaTUTh KOTOpPHIC
HEBO3MOHO 0€3 MpUMEHEeHHU 0000IAIINX YUCTOBBIX XapaKTePUCTHUK.

UuciaoBele  XapakKTEePUCTHKH  BBIOOPKHM  JAKOT  KOJHUUYECTBEHHOE
npejCcTaBiIeHUEe 00 HSMIUPUYCCKUX JaHHBIX U TO3BOJAIOT CPaBHHBATh HX
MEXIy COOOM.

Jlnst  pe3ynapTaToB U3MEPEHUWM B IIKajde OTHOIICHUW YHCJIOBBIC
MOKAa3aTeJIu ONMUCATEIbHON CTATUCTUKU MOXHO pa3OUTh HA HECKOJBKO TPYII:
XapaKTepPUCTUKU  TIOJOXKEHUsA, paccesHuss U (GOPMBI  AIMIUPUYECKUX
pacrpeiesIcHU M.

XapakTepuCTUKHA MOJI0KEeHU S ONHUCHIBAIOT NOJIOKEHUE
AKCIEPUMEHTANbHBIX JaHHBIX HAa YUCIOBOW ocH. [IpuMepbl Takux JaHHBIX -
MaKCUMaJIbHBII M MUHUMAJBHBIM 3JIEMEHTHI BBIOOPKH, CpellHEe 3HaudeHUe,
MeJuaHa, MoJa u JIp.

Cpennee unu cpennee apupMeTHYECKOE - TaKOe 3HAYCHUE TMPHU3HAKa,
CyMMa OTKJOHEHHH OT KOTOPOTO BBIOOPOYHBIX 3HAYEHHH MpU3HAKa paBHa
HYJIO0 (C y4eTOM 3Haka OTKJIOHeHus). CpeaHee sBASETCS MOMEHTOM IEPBOTO
MOpSaKA.

Ecnan BOCHOJIB30BaThCA T€OMETPUUECKOM MHTEPIPETALUEH, TO CPEIHEE
apu(pMEeTUIECKOE MOKHO OMPEASIUTh KaK TOYKY Ha OCH X, KOTOpas SBJSCTCS
abcIuccoi MeHTpa Macc TUCTOTPAMMBI.

CpenHee, Kak ¥ JIpYTrHe€ YHUCIOBBIE XAPAKTEPUCTUKU BBHIOOPKHU, MOXKET
BBIUUCISATBCS KaK MO HEoOpaOOTAaHHBIM MEPBUYHBIM JIAHHBIM, TaK U MO
pe3yJibTaTaM IpyHNUPOBKU 3TUX JTaHHBIX.

JInst HecrpynmUpPOBAHHBIX JAHHBIX CpEeJHEE OmpeaensieTcss o
cinenyromei popmyie:

1 n
X==3X;
niz
rjae N — o0beM BBIOOPKU; Xj — BapUaHThI BHIOOPKHU.

Ecnu nanHbple CrpynnupoBaHsbl, TO



X:EZnixi;

niz

rae N - o0beM BBIOOPKH; K - 4MCIIO HWHTEPBAIOB T'PYNIUPOBKHU; Nj -
4acToTa I-Oro MHTEepBaia; X - CPSAMHHOE 3HAYCHUE 1-OT0 HHTEpBaJja.

CpennHee, BBIUHCIEHHOE MO CrPYNIUPOBAHHBIM JaHHBIM, Ha3bIBAETCS
B3BEeIIEHHBIM CpPeAHHM, T.K. B JaHHOM cliydyae Xj CYMMHUPYIOTCS C
kod(pdunuentamu (Becammu), paBHBIMHM YacTOTaM NOMaJaHUs B HHTEPBAJbI
IPYNIUPOBKH.

MeaunaHnoii Ha3bIBaeTCAd 3HAUEHUE HCCIEYyeMOro MpHU3HaKa, ClpaBa U
cieBa OT KOTOPOrO HaxoJUTCS OJIMHAKOBOE YHUCJIO YHOPSAIOUYEHHBIX
3JIEMEHTOB BBIOOPKH.

JIns BbIUMCIEHUS MeIUaHbl BBIOOPKY PaHXHUPYIOT, T. €. pacrnoJiararor
JaHHBIC B TIOPSJIKE BO3pacTaHWs WM YOBIBaHUS, W B pPaHKXUPOBAHHOU
BBIOOpKE, cojepiKaiied N 4dieHoB, paHr R (mopsakoBblii HOMEp) MeAUaHBI
omnpenensieTcs Kak:

n+1

R=——-.
2

OTnu4uTenbHbIE 0COOCHHOCTH MEIUAHBI:

- € 3HAa4YeHHE He 3aBUCUT OT (OPMBI pacHpeelIeHUs] dIMIUPUIECKUX
JNaHHBIX;

- €CJIM dMIIMPUUYECKOE paclipelie]IeHne UMeeT CUMMETPUUHYI0 (opMmy,
MeJraHa COBIAJAET CO CPEAHUM 3HAUEHHUEM;

- KOorga »SMIUPHUYECKOE pPaCHpEeNeseHUE OKa3blBAa€TCS  CHUJIIbHO
ACUMMETPHUYHBIM, MEIHaHa TPEICTABIACT COOOW IYyUIIyI0O XapaKTEPUCTUKY
LHEHTpa pacHpeleseHus, a CPeAHEE TepseT CBOIO MPAKTUYECKYIO LIEHHOCTb,
MOCKOJIbKY TpU 3TOM OOJIbIIasi YaCTh JaHHBIX OKA3bIBAETCS BBINIEC WIIM HHUKE
CpEIHErO.

Ha  pucynke 5a) mnoka3aHa  TruUcTOrpaMMa  CUMMETPHUYHOIO
pacmpeaeneHus, cpeaHee U MeJuaHa CoOBNaaaT U paBHbI 50.

Ha pucynke 50) ¢ acuMMeTpU4YHBIM pacrpeaeieHueM u cpeanum S0
MenuaHa paBHa 40 wu, Kak BHAHO, O0OJIee TOYHO OTpaKaeT IEHTP
IPYyNIHUPOBAHUS BRIOOPKH.

Hns  Oomee  geTtanbHOTO  omucaHUS  GOPMBI  OMIHUPUUYECKOTO
pacnpeeeHus UCI0JIb3YIOT BBIOOPOUYHbIE KBAHTUIIU.

Bpi0opoYHOii KBAHTHJBIO TIOPSAIKA 0 Ha3bIBaeTCs (PyHKIUS BBHIOOPKH,
paBHas 2JIEMEHTY BapHAIlMOHHOTO psija ¢ HomepoM [na+1]).

I[Ipu o = 0.5 xBaHTUIB sABIASETCS MeaAMaHou, kBaHTUiau ¢ o = 0.1, 0.2,
..., 0.9 Ha3zpIBaroTcsa aeumassMm, kautuiau ¢ o = 0.25, 0.5, 0.75 Ha3pIBaroTCcs
KBAPTUJIAMM.
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Pucynok 5. [Ipumepsl rHCTOTpaMM: a) CHUMMETPUYHOTO U 0)
ACUMMETPUYHOTO YHUMOJAJBHBIX pacnpenesieHui, (B) MOJIUMOAAIBHOTO
pacnpeaeieHus.

Mopaoit Ha3bIBaeTCs TaKOE 3HAYCHUE U3MEPEHHOTO MPHU3HAKA, KOTOPHIM
o0namaeT MAaKCHUMaJbHOE YHCJIO 3JIEMEHTOB BBIOOPKHU, TO €CTh 3HAYCHUE,
KOTOpOE€ BCTpeyaeTcsi B BHIOOpKE Hauboliee 4acTo.



Psin Ha3piBaeTCss yHMMOAAJbHBIM, €CJIM B HEM TOJBKO OJHO MOJAaJIbHOE
3HAYECHHE U MOJHUMOJAAJbHBIM, €CIH €CTh HECKOJIbKO 3HAUYEHUW MNPHU3HAKA,
KOTOpBIE BCTpPEYAIOTCS OIMHAKOBO 4YacTo. llpumep moammopaanbHOTO
pacrnpeneneHus NoKa3aH Ha pUCYHKE SB).

[TonumonanbHOE pacrpeneIeHue MOXKET ObITh CJIEICTBUEM TOT0, YTO
BBIOOpPKA SKCIEPUMEHTANIBHBIX JTaHHBIX MOJIyY€Ha M3 Pa3HbIX T'€HEPabHBIX
COBOKYMNHOCTEW WJIM HapylII€Hbl YCJIOBHUS pENpe3eHTaTUBHOCTU. Hampumep,
JBYMOJAJIbHOE pacCIpeaelieHue MOXET OBITh IMOJIyY€HO, €CJIM IMpPHU aHaJIU3e
KOJIMUECTBAa TeMOrjJo0MHa B KPOBH BBIOOpKa OyaeT cocTaBieHa 0Oe3 yueTa
noJja ManMeHTOB, TOrJa KaK U3BECTHO, YTO CPEIHUMN YpOBEHb IreMOrjioOnHa y
KEHIUH HUXKE, YeM y MYKYHH.

Jiisi ofHOMOJANbHBIX pACOpPENEICHU, CHUMMETPUUYHBIX OTHOCHTEIBHO
CPEIHET0 3HAYEHUs, MOJA COBMNANAET CO CPEJHUM 3HAYEHUEM U MEIHAHOM,
I aCUMMETPUYHBIX CpelHee 3HaueHHEe OOBIYHO CMEIIEHO OTHOCHUTEIBHO
MOJIBl B CTOpOHY OoJjiee JAJMHHOTO "XBOcTa" W3MEHEHUS TMJIOTHOCTHU
BEPOSITHOCTEMN.

XapakTepuCTUKH paccesiHUs ONMUCHLIBAIOT CTENEHb pazdpoca JaHHBIX
OTHOCHUTEIIBHO CBOEro ueHTpa (cpeaHero 3HayeHus). K HUM oOTHOcCATCS:
JAYcTiepcus, CTAaHJAPTHOE OTKIOHEHHE, KOA(PIUIIUEHT Bapralluu | .

Pasmax wuiauM pa3HOCTh MEXAYy MaKCHUMalbHOW M MHUHHUMAaJbHOU
BapuaHTaMHu BBIOOPKH OIpeaessaeTcs Kak:

R=X_ —X..-

NudbopmMaTUBHOCTH 3TOTO MOKa3aTels HeBelauka. Pacnpegenenus MoryT
CUIIBHO OTJuuaThcs mo ¢opme mo dopMe, HO UMETh OJWHAKOBBIM pa3zMax.
Pa3zMax ucnosibp3yeTcssi MHOrJa B MPAKTUYECKUX HCCIEHOBAHUSIX MPU MaJIbIX
00beMax BBIOOPKH JUISI TPUOIM3UTEIbHON OIEHKN Bapyalluu JaHHBIX.

Jucnepcuss WMJIM MOMEHT BTOPOTO MOPSAKA SBISETCA BaXKHEUILEH
XapaKTEpPUCTUKOU pacCesiHUA.

JAucnepcueil Ha3pIBaeTCsA CpeAHUM KBaJpaT OTKIOHEHUS 3HAYECHUU
npu3HaKa OT cpeaHero apudmeTndeckoro. Jucrnepcus 62, BhIUUCIsAEMas 110
BHIOOPOYHBIM JTaHHBIM, Ha3bIBA€TCSI BHIOOPOYHON JTUCTIEPCHEH.

Jlns HeCTpyNIUPOBAHHBIX JAHHBIX BHIOOpOYHAS AUCTIEPCHS paBHA:

s’ =12n:(xi —X)* uin
nia

n
$*=——> (X, —X)* (HecMelLIeHHas AUCIIEPCHS);

n—-1%4
C 2
rae ) (X, —X)® - cyMMa KBaJpaToB OTKJIOHEHHUI 3HAYECHUH NPU3HAKA X;
i=1

OT CpeIHEro apu(PMETHUECKOTO X.



JInsg crpynnupoOBaHHBIX B HWHTEPBAJIbHBIM BApPUALMOHHBIN Pl
JAHHBIX:

n
$ =30, (x, %)’
N iz

TJ€ Xj - CPEIHNE 3HAUYECHUSI HHTEPBAJIOB IPYIIUPOBKH;

n

>N, (X, —X)* - B3BeLICHHAs CYMMa KBaJIpPaTOB OTKIOHEHHH.

i=1

CraHgapTHbIM WM CpPEeAHMM KBaJAPATHYECKHM OTKJOHEHHEM
Ha3bIBAETCSA KOPEHDb KBAJIPATHBIN U3 JUCIEPCHUU: s=+/s?.

Pa3sMepHOCTh CTaHIAPTHOTO OTKJIOHEHHUS B OTJIMYHE OT Pa3MEPHOCTHU
OUCIIEPCUU COBMANAET C €AMHHUUAMHU HM3MEPEHMUS BapbUPYIOLIEr0 MPHU3HAKA,
NO3TOMY B MPAKTUYECKOM CTATUCTUKE JJISi TOrO0, YTOOBI OXapaKTepH30BaTh
paccesiHMe TpHU3HAKA HUCMOJIB3YIOT OOBIYHO CTaHAApPTHOE OTKJIOHEHHE, a He
TUCIIEPCUIO.

Koyppuuuenr BapHanuu - 3TO OTHOIIIEHHE CpELHETO
KBAaJPaTUUECKOr0 OTKJIOHEHHUS K CPETHEMY 3HAUECHHUIO:

K,, =S/X.

OH u3mepsieT pa3dpoc B OTHOCHUTENBHBIX €IWHUIIAX, B TO BpeMs Kak
CpellHee KBaJIpaTUUECKOE OTKIOHEHUE — B a0COJIIOTHBIX.

Koadpdumnuent Bapumamuum  HCHOIb3yeTCS W Kak  MOKa3aTelb
OJHOPOJHOCTH  BBIOOPOYHBIX  HabOmonenuit. Cuurtaercs, YTO  €CJIHU
kod3bdunueHT Bapuanuu He npesbimaet 10 %, To BEBIOOPKY MOXXHO CUUTATh
OJTHOPOJHOM, T. €. TIOJYYEHHON U3 OJHOU I'€HEPATBbHOU COBOKYITHOCTH.

K mokasareassm d¢opmMbl pacnpeaejeHMsi SKCIECPUMEHTAIbHBIX
JaHHBIX OTHOCATCA KO3(QPUIIMEHTH acUMMETPUU M DJKCIlecca, KOTOpbIe
BBIUMCIISIFOTCSL HAa OCHOBE MOMEHTOB TPETBETO M YETBEPTOro MOpsKa

COOTBETCTBEHHO.
Kos¢ppuuuenr acUMMeETPHUH XapaKTepHU3yeT "CKOIIEHHOCTB"
pacnpeaeneHus OTHOCHUTEIBHO CUMMETPUYHOTO HOPMaJIbHOTO

pacupenenenusi. OH sABIseTcs O0e3pasMEepHON BEIMYHMHOW M OMpENeNsieTcs
KaKk: ass=p,/s’%;

1 - . .
rae p, == (X, —X)’ - BEIGOPOYHBIN LEHTPAIBHBIH MOMEHT TPETHETO
i=1

1o _
MopsiAKa sl HECIPYNIMPOBAHHBIX JaHHBIX ® W, =— > (N,X, —X)® mus
ni=

JNaHHBIX, CTPYNIUPOBAHHBIX B MHTEPBaJbHbIA BapUALIMOHHBIN PSI.
Ecnam ass = 0, To pacnpeneneHne CUMMETPUYHO, ecau ass > 0, To
peo0aaiaoT NOJ0XKUTEIbHbBIE OTKJIOHEHUS OT MAaTE€MAaTUYECKOTO OXHUJIaHUS,



ecnu ass < 0 - orpunarensHsie. Hanpumep, pacnpeneneHue Ha pucyHke 40)
UMEET OTPUILIATEIbHYI0O aCUMMETPHIO.

Koydpuuuent IKcuecca XapaKTepUu3yeT OCTPOBEPIINHHOCTh
pacrnpeneneHuss OTHOCUTEIbHO HOPMAJIBHOTO paclpeieseHus, AJisi KOTOPOTo
AKCIIECC PABEH 3:

exc=(u,/s")-3;

1 4 . .
rae w,==>(X,—X)* - BHIOOPOUYHBIl LEHTPANBHBII MOMEHT
i=1
YEeTBEPTOTO nopsijika TS HECTPYNIUPOBAHHBIX JIAHHBIX "

1o
1, ==>.(n,X, —X)* 1ust crpynnupoBaHHBIX.

i=1

Eciu exc > 0, To pacnpeneneHue umeeT OoJjiee OCTpPbIA MUK MO
CPaBHEHHUIO C HOPMaJbHBIM pacmpeneneHueM, ecau exc < 0, To
pacrmpeneneHle HMeEeT IUIOCKOBEPIIMHHYI0 (QOpMYy IO CpaBHEHHUIO C
HOPMAaJbHBIM pacIpe/ieICHUEM.

Bce BelmeonucaHHble UYHWCIOBBIE XApaKTEPUCTHUKH MOTYT OBITh
paccUMTaHBbI ISl TAHHBIX, U3MEPEHHBIX B IIKAJIE OTHOIICHHU.

Jnsa pe3ynbTaToOB HM3MEPEHHUN B MOPSAKOBOM IIKaje NMPU HEOOIBIIOM
yucie Tpagaunuil (pa3auuHbIX 3HAYEHUH) €IMHCTBEHHBIM HH()POPMAaTUBHBIM
oKa3aTejleM ONMUCATEIbHON CTATUCTUKU SIBJISIETCS TUCTOrpaMma.

Ecnu 4ucno rpaganuit Benuko, TO HMHOOPMATHUBHBIMU MOTYT OBIThH
Tak’k€ MOJa U MeJIHaHa JaHHBIX, CTPYNIUPOBAHHBIX IO BO3PACTAHUIO
NpU3HAKa.

3. IPOBEPKA CTATUCTHUHYECKHUX T'UIIOTE3
3.1. O6masi MeTOAMKA MPOBEPKH TUINOTE3

CratucTuyeckasi Trumore3a IpeACTaBisieT Cco00OMl  HEKOToOpoe
MPEANONIOKEHUE O 3aKOHE pacClIpeNesieHHUs CIy4YalhHOW BEJIMYHMHBI WU O
mapaMeTpax 3TOTo0 3aKoHa, GOPMYIHPyEeMOE Ha OCHOBE BHIOOPKH.

[IpuMepamMu CTAaTUCTUUECKUX TUNOTE3 SIBISIOTCA MPEANOT0KECHUS:
reHepalibHasi COBOKYIHOCTh PAacCIpelesieHa MO AKCIIOHEHIMAJIbHOMY 3aKOHY;
MaTeMaTUYECKUE OXUAAHUA JBYX OSKCIOHEHUHAJIbHO pacrpeaceHHbIX
BBIOOPOK paBHBI APYT Apyry. B mepBoil 3 HUX BBICKA3aHO MPEAMNOJI0KEHUE O
BUJI€ 3aKOHAa pachopeleieHus, a BO BTOPOM — O MapaMeTpax JABYX
pacnpencieHui.

'nnortespl, B OCHOBE KOTOPBIX HET HUKAKUX JONYIEHUNA O KOHKPETHOM
BUJI€ 3aKOHAa paclpejieieHus, Ha3blBal0OT HemapaMeTPpU4YeCKUMH, B



IIPOTUBHOM CJIy4ae — NapaMeTPH4eCKUMHU.

['mnore3y, yTBEpk a0y, YTO Pa3jiH4de MeK1y CPABHHUBAEeMbIMH
XapaKTepUCTUKAMHM  OTCYTCTBYeT, a  HaOurogaeMble  OTKJIOHEHUS
00BSACHAIOTCA JIUIb CIy4aWHBIMU KOJIEOAHUSMU B BBIOOpPKAX, HA OCHOBAHUHU
KOTOPBIX NPOU3BOAMUTCS CpaBHEHHE, HA3BIBAIOT HYJAEBOM WIU OCHOBHOWU
runore3on  Ho. Hapsiny ¢ OCHOBHOM TI'MIIOTE€30M paccMaTpuUBalOT U
aJbTePHATUBHYIO, IPOTUBOpEYAIYIO €l Tunore3y Hi.

[IpoBepka THUMOOTE3BI OCHOBBIBAETCA HA BBIYUCIEHUUM HEKOTOPOU

CAy4alHOW BEJIWYMHBI — KpUTepusi Z, TOYHOEC WIM HPUOITHUKESHHOES
pacmpelesnieHrue KOTOPOTO UW3BECTHO. 3HAYCHUE KpUTCPHUS  SABJISACTCS
GyHKIHEH OT 37eMeHTOB BhIOOPKH Z = Z(X1, X2, ..., Xn).

Haubonee wyacTto wuCHONB3YIOTCA KpUTEpUU, MNpuUBOAsSUIHEe JTHOO K
2
HOpMaJbHOMY pachpejelieHuto, Jubo K pacnpeneneHuto y°, aubo k T -

pacnpeneneHnto CThIOJEHTA, TH00 K pacnpeaencHuto duiepa.

MHOk€CTBO BO3MOXHBIX 3HAYECHUW CIy4YalHOU BEITUYUHBI Z MOXKHO
pa3OuTh Ha JBa HEMEPEeCEeKAIIUXCs MOAMHOXKECTBA, KaK IIOKa3aHO Ha
pUCYHKE §:

- kputuueckas o6Omacte (1,3) comepXUT 3HAYECHUS KPUTEPHS, TPHU
KOTOPBIX HYJI€Bas TUIOTE3a OTKIIOHIETCH,

- 007acTh TMPUHATHUS TUMOTE3bl (2) — 3Ha4YeHUus Z TNPH KOTOPHIX OHa
IMIPUHUMAETCH.

A
f(2)

N

ZKp. JI. ZKp. np.

Pucynok 8. JIByXCTOpOHHSI KpUTHYECKasd 00J1aCTh KPUTEPHUSL.

3HayeHus Z, OTHENAIONIMEe KPUTHUECKYI0 o00JacTh OT o00JlacTu
NPUHATUA TUNOTE3bl Hp, HA3BIBAIOTCS KPUTHYECKHUMH TOYKAMH Zp.
Kputnueckass o6iacTh MOXET ObITh MPAaBOCTOPOHHEH, €CJIM OHAa HAXOJUTCS



npaBee Z JE€BOCTOPOHHEH, €Cclu OHa HaxoAuTcs JeBee Z UIH

Kp.1p ? Kp.JI12

nBycTOpoHHeH, korna £ < ZKp_JI ulz> Zmnp

Ecnu B mpouecce mpoBepku HyseBas TUMoTe3a OyAeT OTBEpPrHyTa, TO
BEpHA aJbTEPHATHBHAS THIIOTE3a.

[Ipu mpoBepke TUMOTE3bI MOTYT OBITH JOMYIICHBI ONIMOKH JBYX BUIOB
(pucyHnoxk 9):

- ou0Ka MepBOro pojaa, eciiu OTKJIOHEHAa BepHas HyJeBas TUIOTE3a,

- oIM0KAa BTOPOTO PojAA, CIIM NPUHSITA HEBEpHAs HyJIEBas TUIIOTE3a.

Jnsg HaxXoXJACHHS KPUTUUYECKHX TOYEK HYXHO 3aJaTh YPOBEHb
3HAYMMOCTH. YPOBHEM 3HAYHUMOCTH O HAa3bIBACTCS BEPOATHOCTh OIIHOKH
IEepBOr0 poja, 3aKIOYAONICHCS B OTKJIOHCHHHM (HE TMPUHATHH) HYJIEBOU
TUIOTE3bI, KOTJa OHAa BEPHA, TO €CTh BEPOATHOCTH TOTO, YTO PA3IHYUS
COYTECHBI CYIICCTBEHHBIMM, a OHM Ha caMOM JeJie ciydaiiHel. Torna,
HampuMep, IMPaBOCTOPOHHSSA KpUTUYECcKas o00JIaCTh 3aJaeTcsi YCJIOBHEM

p(Z>Z )=a.

Omubka BTOpPOTroO poada BO3HUKACT C BCPOATHOCTBHIO B B TOM CJiydac,

Kp.TIp

KOrJa MpUHUMAaeTcs HeBepHas rumote3a Ho, B TO Bpems Kak crpaBelinBa
KOHKypupytomas runoresa Hj.

BeposaTHocTs  OTBeprHyTh JIOKHYH runotedy Ho HasbiBaeTcs
MOIIHOCTBHIO KPUTEPHS.

f(z|H) el
Z 0

v

Z

Kp

Pucynok 9. OmuOKku mepBOro u BTOPOro pojaa Mpu MPOBEPKE TUITOTE3bI

[Ipu 3aganHOM 0ObeMe BBIOOPKH BEPOSTHOCTH COBEPUICHUS OIIUOKHU
MEPBOTO pOJia MOKHO YMEHBIIUTh, CHUXAasl yPOBEHb 3HAUMMOCTHU o. OJHAKO
IPpU 3TOM YBEJIUUYHUBAETCA BEPOATHOCTh OMIUOKHU BTOpOro poza P (CHUkaeTcs



MOIIHOCTh Kputepus). EqMHCTBEHHBIN c1OCOO yMEHBIIUTh 00€ BEPOATHOCTHU
COCTOUT B YBEJIMUYEHUH 00bEMa BBIOOPKH

YpoBeHb 3HAYMMOCTHM Ha3HAa4yaeTcs B 3aBUCUMOCTH OT JOMYCTUMOU
BEPOSTHOCTH OMUOKKU 3KcrepuMeHTa. OOBIYHO  HCHOJB3YIOT  YPOBHU
3HaunMocTtu pasusie 0,05, 0,01 u 0,001.

B Meauko-OMONOTMYECKHX  AKCIEPUMEHTANbHBIX  HCCIEIOBAHUAX
orpanuunBaroTcs 3HaueHueMm 0,05, To ecTh gomyckaeTcs He Oonee yeMm 5%-as
BEPOSITHOCTH OLIHOKH.

OO0mas MeToAMKA MPOBEPKM CTATUCTUUYECKUX THUIOTE3 3aKII0YaETCs B
CIEYIOLIEM.

Oran 1. BeiaBuraroT npeanosioxkeHue - HyJleBYy0 (OCHOBHYIO) THIOTE3Y
H,.

Otan 2. 3a7a10T BEJIUYUHY YPOBHSA 3HAYUMOCTH L.

Oran 3. [nsa runorte3bsl H, BrIOMpaeTcs CTAaTUCTHUYECKUN KpUTEpHUid

0
(pemaromiee mpaBmiio), Kak (YHKIHS OT pe3yJIbTaToB HaOTIOACHUM
Z(X,, X, X,).

Oran 4. BpIUHCAAIOT WIKM HAXOOAT C HCIOJIL30BAaHUEM TaOIHI]
KBaHTUJECH COOTBCTCTBYIOIIUX pacnpeneneHI/Iﬁ KPUTHYCCKUC TOYKH ZKp. B
3aBUCHMOCTH OT YPOBHA 3HAYUMOCTH COL, YHUCJIa OIIBITOB N, BUAA @YHKHI/II/I Z.

Otan 5. B ¢yHKIuio 7 MOOACTaBISAIOT HMEIOIIUECS KOHKPETHBHIC
BI>I60p0‘IHI>IC JaHHBIC U MMTOACUYHUTBIBAIOT SMIIMPUYICCKOC 3HAYCHHC Z

omm "

Ecnu sMmnupuyeckoe 3HaueHUe KPUTEPUS OKa3bIBACTCS MEHbINE HJIHU
PAaBHO KPUTH4YECKOMY, TO NMPUHUMAaETCHd HyJeBasi THNOTe3a — CUYUTAETCH,
YTO HA 33JJaHHOM YpPOBHE 3HaYMMOCTHU (TO €CTh MpPH TOM 3HAYECHUH O, JJIs
KOTOPOTO pAacCCUYUTAHO KPUTHUUECKOE 3HAUCHUE KPUTEpHUs), CpaBHHUBAEMBbIC
XapaKTEpPUCTUKH COBIAAAIOT.

B mnpoTtuBHOM ciydae, e€ciu 3MIOHpPUYECKOEe 3HAYEHHE KPUTEepPUs
OKa3bIBA€TCS CTPOro 0OoJibllle KPUTHYECKOr0, TO HYyJieBas THIOTe3a
OTBepraeTrcs W NPUHHUMAETCS aJlbTE€pPHATHBHAS TUIIOTE3a — CpPABHUBAEMBbIC
XapaKTePUCTUKH CUUTAIOTCS Pa3IUUYHBIMH C JOCTOBEPHOCTHIO (.

Jlpyrumu cioBaMH, YEM MEHbIIE YMIUPUUYECKOE 3HAUCHUE KPUTEPUS IO
CPAaBHEHUIO C KPUTHYECKUM, TeM OoJbIie CTEIEHb COBIAJCHUS
XapaKTepUCTUK CpaBHUBaeMbIX  00BekTOB. M HaobopoT, uyeM Ooublie
SMIIUPUYECKOE 3HAYECHHUE KpUTEpHs, TeM CUJIbHEE pa3INyarTCA
XapaKTEPUCTUKH CPABHUBAEMBIX OOBEKTOB.

JlanHble, TOJy4EHHBIE B pealibHbIX HKCHEPUMEHTaX, MOTYT OBITh
MpeCTAaBICHbl HE3aBUCUMBIMU UIH COMNPSKEHHbIMU BbiOOpkKamMu. K sTum
BBIOOpKAM MPUMEHSIOTCS KPUTEPUU 3HAYUMOCTH JJIsi HE3aBUCUMBIX WIW AJs



COMPSIKEHHBIX BEIOOPOK COOTBETCTBEHHO.

Kputepun st He3aBUCHMBIX BBIOOPOK TMPUMEHSIOTCS, YTOOBI
BBISIBUTh CTATUCTHYECKYIO 3HAYUMOCTh Pa3JIMYU ABYX Pa3HBIX UCCIETYEMBIX
rpynm. Hanpumep:

- mapaMeTphl JBYyX TpyNI NalUeHTOB, K KOTOPbIM MPHUMEHSIUCH
pa3IuYHbIE METOJAUKHU JECUYEHHUS, C LEJIbI0 M3YUYEHHUS 3HAYUMOCTH Pa3Inuui
MEXIY METOJUKAMU;

- mapaMeTphl IBYX TPYNIl MAUMEHTOB, SKCIIEPUMEHTAIBLHOM, K KOTOPOU
NPUMEHSJIOCh BO3JIEUCTBUE METOJAUKH, M KOHTPOJBbHON, K KOTOPOW HE
NPUMEHSJIOCH, C LEJIbI0 HW3YUYEHUS 3HAYUMOCTH JAaHHOW METOJUKH Ha
pE3yabTaThl JCUECHUS.

Kputepuu, npumeHsiemble K BBIOOPKAM C TMOMApHO CONPSKEHHBIMHU
BapUaHTaMU, HAa3bIBAIOTCS MApPHBIMH KPUTEPUSAMU WM KPUTECPUAMH AJIS
CBSI3aHHBIX (COMPSIKEHHBIX) BbIOOpOK. Hanmpumep:

- mapaMeTpbl OJHOW M TOW JXKE€ HCHBITYEMOW Tpymnmbl JO U MOCIHE
BO31CHCTBUS;

- mapamMeTpbl OJHOTO M TOT0 e O00BEeKTa, HO OTHOCSIIHUECS K
Pa3JIMYHBIM €TO YaCTAM.

Kputepuu paznensitorcss Ha nBe OOJIbIIIME TPYIIBI: MapaMETPUIECKUE U
HenapaMeTpU4YeCcKue.

OcobeHHOCThIO napamMeTpu4ecKnx KpHUTepHeB ABIISIETCS
NpPEAINOJIOKEHHE O TOM, 4YTO paclpefesieHue MNpu3Haka B TeHepaJbHOU
COBOKYITHOCTH, U3 KOTOpPOW B3sTa Hccieayemas BbIOOpPKa, MOJYUHSETCA
HOpMaJIbHOMY 3aKOHY pacnpeneneHusi. HopMalbHOCTh SMIUPUYECKOTO
pacrmpeneneHusi BBIOOpPKH JOJDKHA OBITH JOKa3aHa [0 MpPUMEHEHUs
napaMeTpUYECKOT0 KPUTEPHSL.

Henmapamerpuyeckue Kpurepuu  (KpUTEpUHU, CBOOOIHBIE  OT
pacmpeeneHs) HUCHOJAb3YIOTCS ISl CTaTUCTUUYECKOW MPOBEPKU THUIOTE3,
KOrJla 3aKOH pacHpeiciieHuss HCXOJHOM TE€HEPAIbHOW COBOKYNHOCTH
HEU3BECTECH.

[TapameTpudeckue KpUTEpUU SBISIOTCS OoJiee MOIIHBIMH, 4YeM UX
HelapaMeTpUUYeCcKue AHAJIOTH. Ecnun CYILIECTBYET BO3MOXHOCTb
HCIIOJIb30BAaHUS  MNapaMETPUYECKUX  KPUTEPHUEB, HO  TNPUMEHSIOTCS
HEeTlapaMeTPUYECKHE, yBEIMYMBACTCS BEPOSATHOCTH OIIMOKH BTOPOTO pOa,
T.€. IPUHATHUS JIOKHON HYJIE€BOU T'MIIOTE3HI.

4.2. IlpoBepka rumore3 0 3aKoHe pacnpeaenenusi. Kpurepmii xm-
KBajapar.



IIpoBepka rumoTe3 O 3aKOHE pPACHpPENEIEHUs  OCYIIECTBISAETCS C
MOMOIIbI0O KPUTEPHUEB COTJIACHS.

3aaya 3aKJI0YAETCS B MPOBEPKE COOTBETCTBUS JIMIUPUYECKOTO U
TUIOTETUYECKOTO 3aKOHOB pacmpenenenus. HyneBas rumoreza yTBEpXkIaeT,
YTO pa3inyue MEXIY SMIUPUUYECKUM U TEOPETUYECKUM 3aKOHAMU (Hampumep
HOPMAaJIbHBIM) 3HAQYUMO U, CII€JOBAaTeJIbHO, pacCMaTpPUBAEMYIO CIy4yalHYIO
BEJUYUHY C OOJBIION BEPOATHOCTBIO HENb3s CUUTATh HOPMAJILHO
pacrnpejelieHHON. AJIbT€pHAaTUBHAS K€ MPEJnojaracT OTCYTCTBHE 3HAUMMBIX
OTJIUYUM, a 3HAYUT U COTJACOBAHHOCTU AMIUPUUYECKOTO M TEOPETUUECKOTO
pacrpenesieHu M.

TakuMm oOpa3oMm, KpUTEepUW corjacus, Kak W JAPyrde CTaTUCTHYECKHUE
KPUTEPUH, TOJDKEH MOATBEPAUTD UK OTBEPTHYTHh HYJIEBYIO TUIIOTE3Y.

3alaya TOPOBEPKH COOTBETCTBHUS DMIUPUYECKUX paclpeesieHUun
TUTOTETUYECKUM  OYeHb BaKHA. BwigBuras Tumorely o0 COIJIaCUH
AMITUPUYECKOTO pacrpeaeseHus HU3BECTHOMY TEOPETUYECKOMY,
UCCIIeI0BATEIh dbakTudecku  BBIOMpPAET  CTAaTUCTUYECKYIO MOJIEJb
UCCJIEyeMOTO Mpollecca, KOTOPYIO OH OyJIeT MCHOAb30BaTh MPH €ro aHalln3e.
Ecnu, Hanpumep, KpuTepuil MNOKaXXeT, 4YTO 3aKOH pachnpeieneHus,
NOCTPOEHHBIM 1O HaOJI0JaeMbIM 3HAYEHHUSM MCCIEAyeMON BEIUYHUHBI,
COrJIaCyeTCsl C HOPMaJbHBIM, TO MOXHO CYUTaTh, YTO OHA SBISETCS
HOpMaJIbHO paclOpeleNeHHOW. OTO O0YeHb BaXHO INpPU NPUMEHEHUHU
CTaTUCTUYECKUX METOJOB aHaiau3a, I[OCKOJbKY BO MHOTHX M3 HHX
UCTIONIb3YETCS  MPEAINOJIOKEHUE O  HOPMAJIbHOCTH  paclpelesieHUs
UCCIIEYEMBIX BEJIUYUH

B 00paboTke maHHBIX MpUMEHSAETCS OOJBIIOE KOJUYECTBO Pa3IUUHBIX
kputepueB coriaacus. Cpenum HuUX Hauboyiee TOMYIIPHBIMH SABISIOTCS
kputepuu xu-kBaapat [lupcona, Konmoroposa-CmupHoBa, u zp.

[IpocTemuM METOAOM HPOBEPKU COOTBETCTBUSA SMIIMPUUYECKOTO
pacnpeeneHns TEOPETUYECKOMY SIBISIETCS Ia30MepHbI meton. ng storo
Ha TUCTOTpaMMy  HaKJIaJbIBa€TCs KpUBas IUIOTHOCTHU  BEPOATHOCTH
MPEIoJIaraeMoro TeOpeTUHYECKOTO pacipeaeieHuUs.

Jnss rpy0oil mnpoBEpKHM HOPMAJbHOCTU pacHpelieICHUsT MOXKHO
MCTI0JB30BaTh KO PUIIMEHTH aCHMMETPHUHU U JKCIIECca:

- pacmpeelieHue CYUTAETCs CUMMETPUUYHBIM, eciu |A| < 0,1, u cunpHO
acUMMETpHUYHBIM Tipu |A| > 0,5;

- pacmpejelieHre cuuTaeTcs: OJIM3KUM K HopManbHOMY, ecau |[E| < 0,1, u
CHJIBHO OTKJIOHSIOIIUMCS OT HOpMmanbHoOro mipu |[E| > 0,5.

Haubonee yHuBepcaibHBIM M3 KPUTEPUEB COTJIacUsl SIBISIETCA

2
kputepwuii corsacus IMupcona wian kpurepuii X . OH N03BONIAET NPOBEPATH


http://www.basegroup.ru/glossary/definitions/normal_dist/
http://www.basegroup.ru/glossary/definitions/normal_dist/
http://www.basegroup.ru/glossary/definitions/null_hyp/
http://www.basegroup.ru/glossary/definitions/

TUITOTE3bl O Pa3JIUYHBIX 3aKOHAX PacIpeIeICHuUs.
Ecau smnupuyeckoe pacmpenelieHUe 3aJaHO B BHJEC B BUJIE COCCIHUX
UHTEpBaiIOB (AX,) U COOTBETCTBYIOIIMX UM YacTOT (N,), TO IMIUPHUYECKOE

3HayeHne kputepus [Iupcona B »TOM ciydae BbIUMCIAETCS 1O popMyJe:

m

(ni _niT)2

o = 20—,
i=1 n-

rae N - TEOpeTHYeCKWe YacTOTHl JJIsl ITPOBEPSIEMOro 3aKOHa
pacrpeaeneHus.
Ecin AMIIUPUYUECKOE pacrnpeaeneHne 3aJ1aHO B BUJE

NOCICAOBATCIIBHOCTH X,, TO IPEABAPUTECIILHO H€O6XOI[I/IMOI

- PacHoJ0KUTh MOCIEI0BATEILHOCTD MO0 BO3PACTAHUIO;
- pa30uTH Ha UHTEPBaJbI, HanIpumMmep, no popmyne Crepkecca;
- IOJICUMTATh YACTOTY MOMaaaHus X, B KaKJAbI MHTEpPBAJL.

2 o
KpI/ITI/ILIGCKOG 3HA4YCHHUC XKP HaXOo4AUuTCA II0 Ta6HI/IH€ KBaHTHIICH XZ-

pacmpenesieHus MO 3aJaHHOMY yPOBHIO 3HAUMMOCTH Ol W YHUCIYy CTENeHEeH
cBoboapr v=m-1-k, rae k - KoJauduecTBO TapaMeTpPOB 3aKOHA

pacapeaciiCHus , ONCHUBACMBIX 1O BLI60pKC.

T
i

TeopeTI/I‘IGCKI/IC HaCTOThI n JJIA HOPMAJbHOI0 3aKOHAa

pacnpeacjJeHusa MOXHO ITOJYUYHUTb C MCIIOJIbB30BaAHUEM (1)yHKLII/II/I Jlannaca mo
COOTHOIMICHHUIO:

Xi+1_mx —(D Xi_mx
o c

X X

n'=n-P"'=n|®

rage X, X,, - TpaHHULBbI I-T0  MHTEpBalla B OMIMPUYECKOM

pacnpenesieHuu (B THCTOTpaMMeE);

m,oc, - BI>I60pO‘-IHI>Ie OLCHKH MATCMATHUYCCKOI'0O OKHMAAHUA U CPCAHCTO

x 1 X

KBaJIPaTUUECKOTO OTKJIOHEHUS CIyYallHON BEJIHUYUHBI X;

m
N=>Nn, - 06beM BEIOOPKH.

i=1
[Ipu sTom v=m-3.
Jli1s moka3aTejibHOT0 3aKOHA:
n'=n-P(x, <X<x,,)=n(Ee"” —e™"); v=m-2
J{y1s1 OMHOMMAJIBLHOT O pacnpe/iejIeHus:
n/=n-P ' =n-CiP*1-P)™™; v=m-2,
riae P - BepoATHOCTh MOSABICHUS COOBITUS B KaXKJOM HMCIBITAHUU; X; - YHCIIO

MOSIBJICHUM COOBITHS B OAHOM OIIBITC, COCTOAINCM M3 mM HC3aBHCHUMBIX



ucnsrranmii (X, =0,1, 2, ..., m—1).

s 3akona Ilyaccona: n/ =n ';e_a; v=m-2,

1
OrpannyeHust IpU UCIOIB30BAHUM KpuTEepusa Puinepa:
- YUCJIO YWIEHOB BHIOOPKH JAOJKHO ObITh HE MeHee 30);
- B K&XJOM UHTEpPBaJIE JOJKHO OBITH HE MEHEE 5 YJIEHOB BHIOOPKHU.

3.3. [lapaMeTpuyeckne KpUTEPUN NPOBEPKHU TMIIOTE3 0 MapaMeTpax
pacnpejaeJieHus.

[TapameTpruueckue KpUTEPUU TpEAHA3HAYEHBl I  ONpPEAEICHHUS
JOCTOBEPHOCTH COBMNAJEHUM M  Pa3lU4Yuil MapaMeTpoB pacHpelieacHUs
UCCIEyeMbIX 00BEKTOB.

'mnmoTe3sl O NOCTOBEPHOCTH COBHAJEHUH U  pa3iIWuyuid CPEIHUX
3HAaYEHUW 4Yalle Bcero nposepsieTcs no kpurepuro CThIOAEHTa U €ro
MOJUPUKAIUASIM.

Kpurtepuii Cthionenta win {-kputepuii - o0iiee Ha3BaHHUE AJIs CEPUU
CTATUCTUYECKUX KPUTEPHUEB, B KOTOPBIX CTATUCTUKA KPUTEPUS HUMEET
pacrnpenenenne Crerogenta. Hanbonee yacto t-KpuTepuu MPUMEHSIOTCS IS
NPOBEPKHU PABEHCTBA CPEHUX 3HAUEHHI B IBYX BBLIOOpPKAX.

Hynepas runoresa mpeamojaraetr, 4ro cpeaHue paBHbl. OTpullaHUE
ATOTO MPEAINOJIOKEHU HA3bIBAKOT I'UII0OTE301 caBura Hi.

Bce Pa3HOBUIHOCTH KpUTEpUs CrproneHTa ABIISIFOTCS
napaMeTpUYECKUMU M OCHOBAHbBl Ha JOMOJHHUTEIBHOM HPEANOJ0XKEHUU O
HOPMaJIBHOCTU BBHIOOpPKM AaHHBIX. [loaTOMYy mepen mpUMEHEHHEM KpHUTEpHs
CtproneHTa TpeOyeTcsl BBHIMOJHUTHh MPOBEPKY HOPMATBbHOCTH.

Paccmorpum  cnenyrompe  BapuMaHTBl  MCIOJB30BAHUSA  KpPUTEPUS
CTprofeHTa IS HE3aBHCHUMBIX BBIOOPOK.

BapuanT 1: reHepajibHble COBOKYNHOCTH X H Y pacnpeaesieHbl
HOpMaJbHO, MpuYeM U3BecTHBI ux qucnepcun D(X) u D(Y).

W3 reHepanbHBIX COBOKYIHOCTECH H3BJIICUCHBI JIBE HE3aBUCHUMBIC
BBIOOPKU 00HEMOM COOTBETCTBEHHO N m M. IlpuyemM, n ¥ m JOJDKHBI OBITH
6omnpmre 30.

[Ipu 3ajaHHOM ypOBHE 3HAYUMOCTH O TIPOBEPSCTCS HyJIeBas TUIIOTE3a O
PaBEHCTBE MAaTEMAaTHYCCKUX OXKHUJAHUH TeHEPATbHBIX COBOKYITHOCTEH:

Ho: M (X) = M (Y).

CTaTHCTUYECKUM KPHUTEPHUEM JJIS MPOBEPKH ITOW THIOTE3bI SBIACTCS


http://www.machinelearning.ru/wiki/index.php?title=%D0%A1%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%B5%D1%81%D1%82
http://www.machinelearning.ru/wiki/index.php?title=%D0%A0%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5_%D0%A1%D1%82%D1%8C%D1%8E%D0%B4%D0%B5%D0%BD%D1%82%D0%B0
http://www.machinelearning.ru/wiki/index.php?title=%D0%92%D1%8B%D0%B1%D0%BE%D1%80%D0%BA%D0%B0
http://www.machinelearning.ru/wiki/index.php?title=%D0%9D%D1%83%D0%BB%D0%B5%D0%B2%D0%B0%D1%8F_%D0%B3%D0%B8%D0%BF%D0%BE%D1%82%D0%B5%D0%B7%D0%B0
http://www.machinelearning.ru/wiki/index.php?title=%D0%93%D0%B8%D0%BF%D0%BE%D1%82%D0%B5%D0%B7%D0%B0_%D1%81%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0

cllydaliHas BeJIUYHHA:

_ M(X) - M(Y)
Jmm+owf
m n

UMeEIoIasl CTaHAapTHOE HOPMAJIbHOE pacipeseeHue.
Habnronaemoe 3HaueHne KpUTEpuUs:

X -y
Z = :
Jmm+mw
m n

Bun kputuueckodt o06sacTH 3aBUCHT OT THUIIA KOHKYpHUPYIOIIEH
TUIIOTE3bI:
- Hi: M (X) # M (Y), T.e. kpuTuueckas 00JacThb ABYCTOPOHHSA, Zip
ompeaensieTcs Kak apryMeHT GyHkuuu Jlamiaca, mpu KOTOpom
1-a

(D(ZKP)IT,

M KpUTHYeCcKas 00JacTh 3a7aeTCsl HEPABEHCTBOM |Z| > Z,,,.
- Hi: M (X)>M (Y), T.e. xputnueckas o0JIaCTh MPABOCTOPOHHSA, Zyp
ompenensieTcs Kak apryMeHT ¢yHkuuu Jlannaca, mpu KOTOpoM
1-2a
D(Z,)= B u KpUTHYECKas 00J1acTh omnpenaesieTcs
HEPABEHCTBOM Z > Z,.
- H: M (X) < M (Y), T.e. kxpuTH4eckas o00JIaCThb JEBOCTOPOHHSISA,
3aJlaHHas HepaBeHCTBOM Z < -Z.,, rae Zy, BBIYHCISIETCA TaK K€, KaK B
IpeablIyIIeM ciydae.

Bapuant 2: reHepajibHble COBOKYNHOCTH X M Y pacnpeaejeHbl
HopMmaabHo, Aucnepcuu D(X) u D(Y) u3BeCTHBI M paBHBI MEXKAY CO0O0ii.
Eciin u3BecTHbIE JUCIEPCUU T€HEPAIBHOU COBOKYITHOCTH PAaBHBI MEXKIY
co0oM, BeIpaKeHHE I Z-KPUTEPHUS YIPOIIACTCS:
_ M(X) - M(Y)
1 1

7_‘_7
m n

Z

BapuanT 3: reHepajibHble COBOKYNHOCTH X H Y pacnpeaesieHbl
HopMmaabHo, aucnepcudn D(X) m D(Y) paBHBl Mexkay co0oii, HO
HEHM3BECTHBI.

N3 reHepa’dbHbIX COBOKYIMHOCTEW M3BJICUYEHBI JIBE€ HE3aBUCUMBIC
BBIOOPKH 00BEMOM COOTBETCTBEHHO N u M. Ilpuuem, n u m Mensme 30



(Manbie BBIOOPKH).
B kadectBe kpuTepus A5 TPOBEPKU HYJIEBOU T'MIIOTE3BI
Ho: M (X) =M (Y) cnyxut ciyuyaiiHas BeJIWYUHA:
M(X) — M(Y) \/nm(n+m—2)
JM=1Ds? +(n—1)s’ n+m

UMerolas MpU CHOPaBEIJIUBOCTH HYJIEBOM THUIOTE3bl paclpejiesieHue

CreroneHTa c v=Nn+ M — 2 cTeneHsIMHu CBOOOIBI.
Hab6nronaemoe 3HaueHUEe KpUTEPUS BBIUKCISIETCA 110 hopmyIie:

B X—y nm(n +m-—2)
JM=1s? +(n-1s’ n+m

HaOI

Kputnueckass obGnacTh TakXe CTPOUTCS B 3aBUCUMOCTH OT BHJA
KOHKYPHUPYIOIIEH TUTIOTE3bI:

- Hi: M (X) # M (YY), kpuTnuueckas 001acTh ABYCTOPOHHSIS, 3ajjaBaeMast
HepaBeHCTBOM: |T| > tusyer.ip.,

1€ tisyerip.(0,V) HaxomwTcss M3 TAaOMUIBI KBAaHTWJICH pacrpeieicHus
CTprONICHTA.

- H: M (X) > M (Y) — Kkputhdeckas 00JacTh NPaBOCTOPOHHSISA,
onpexnensemMas yciaoBUEM T > tupas p..

- Hi: M (X) <M (Y) — kxpuTtrdeckas 00J1acTh JIEBOCTOPOHHSIA,

onpexnensemMas yciaoBUeM T < — tupag.p..

Kputnyeckass Todka BHOBb HAXOJUTCA IO TalIuIle KBaHTUIIEH
pacnpeaenenus CTbIOJICHTA.

Bapuant 4: reHepajibHble COBOKYNHOCTH X M Y pacnpeaejeHbl
HopMaabHo, aucnepcun D(X) m D(Y) He paBHBI Mexay co0oii u
HEHM3BECTHBI.

[IpoBepka rumoTe3bl O TE€HEpPaAJNbHBIX CPEAHUX [BYX HE3aBHCHUMBIX
rpylnn ¢ HOPMaJlbHBIM paclpelelieHHEM U HEH3BECTHbBIMU HEPaBHBIMHU
JIUCTIEpCUAMUA B MaTEMAaTUYECKOW CTAaTUCTUKE Ha3bIBaeTCs MpoOiieMon
bepenca-dumepa u uMeeT B HACTOSIIEE BpPEeMS TOJbKO MNPUOIUKECHHbBIE
peuieHus.

Eciun BbIOOpKM 3aBHCHUMBI, T.€. B3SIThI M3 OJHOW TEHEpalibHOUI
COBOKYIHOCTH ¢ HeusBecTHOW mucrnepcueir D(X) m mMeOT OIMHAKOBBIN
00bEeM N, TO CPaBHEHUE CPEIAHUX BO3MOXKHO MO KpuTepuw CThHJAeHTA 11
3aBHCUMBIX BbIOOPOK:



al _1Zn:(xi _yi)

TH: n n !
I3 -y - (0 - vy
i=1 i=1
rie (X, —Y,) - pa3HOCTH OJHOMMEHHBIX OJJIEMEHTOB 3aBHCHMBIX
BBIOOPOK.

B »tom cunywae mnposepsercs HylseBas runoreda Ho: X=Yy npu
albTepHATUBHON runorese Hi: X#Y.

Takum oOpa3zom, ans wucnonb3oBaHus kputepus CTbhlOJeHTa MpH
IIPOBEPKE paBEHCTBA JBYX CpPEIHUX TEHEPAJIbHBIX COBOKYIIHOCTEH IIO
HE3aBUCUMBIM  BBIOOpKaM  HEOOXOAMMO,  YTOObI  JHCIEPCUHM  ITHUX
COBOKYMHOCTEN OBLIM U3BECTHBI, MO0 HEU3BECTHBI, HO PAaBHBI MEXIY COOOM.

Jns  cpaBHEHMsT JABYX JMCHEPCUM  HOPMAJbHBIX TIE€HEpaJbHBIX
COBOKYMHOCTEH dYalle BCETro NpuMeHsiercs Kpurepuid dumepa unu F-
KPUTEPUH.

[Iycte uMmeroTcs ABe BBIOOpKH 00BEMOB N1 U N2, W3BJICYCHHBIE W3
HOPMaJIBHO pACIHPEAECICHHBIX TE€HEpaJbHBIX COBOKymHocTed X wu Y.

2 2
TpeGyercs 10 MCIPaBICHHBIM BHIOOPOYHBIM JUCHEpCHIM S, W S, MPOBEPHUTH

HYJEBYIO THIIOTE3Y O PABEHCTBE T'C€HEPANbHBIX IUCIEPCUI PACCMaTPUBAEMBI X
reHepanbHbix coBokynHocTei: Ho: D (X) = D (Y).

QN

Kpurepuem ciyxut ciyyaHas BeEJIMYMHA F= OTHOIIIEHHUE

m|m
|

z N

0O0JBIICH HECMENEHHON TUCTIEPCUU K MEHBIIICH.
Ecou F, < F_nyneBas rumore3a mpuHumaetcs, eciu F >F_ HyzneByro
Kp H Kp

TUIIOTE3Y OTBEPraroT.

DTOT KPUTEpHH TPU YCIOBHHM CHPABEIIUBOCTH HYJICBOW THIIOTE3BI
uMeet pacnpenencaue Oumepa-CHenekopa co CTEIEHIMH CBOOOIBI Vi = Ng —
luvy=ny— 1.

Kputnueckas 001acTh 3aBHCUT OT BUJa KOHKYPHUPYIOIIEH THIIOTE3HI.

Ecau Hi: D(X) > D(Y), to kputrmdeckas o0JIaCTh MPaBOCTOPOHHSISA:
p(F>F_(o,v,,v,)) =0

[Ipu xkoukypupyromeir rtunorese Hi: D(X) # D(Y) kpurnueckas
o6acte aBycropounss: P(F<F) = %, p(F>F)= %.
a

Kpurnyeckne touku F (a,v,,v,) wim Fm(a,vl,vz) HaXOMATCS  T10

Tabnuue KBaHTUIEH pacnpenenenus Ouiiepa.



NHorma B CTaTUCTHUYECKUX pacueTax NPUXOAUTCS HUMETh JIeJI0 C
HECKOJIbKUMH BBIOOPKAMM, OTHOCHUTEIHHO KOTOPBIX HAJ0 PEIIUTH BOMPOC
00 OMHOPOAHOCTH MX SMIUPUUYECKUX AHMCHEpcHid. JpyruMu cioBamu, Halo
pelIUTh BOMPOC, B OJWHAKOBBIX JM YCJIOBUSIX, C OJWHAKOBON In
NOTPENIHOCTHI0O TOJYyYEeHbl BBIOOPKH U, CIEAOBATEIBHO, MOXHO JIH
CpPaBHHMBATh UX MEXIY COOOM.

Jlnss TpoBepKHM THMOTe3bl 00 OJHOPOJIHOCTH  DMIUPUUYECKHUX
AUCIEPCUIl HECKOJNBbKHX BBIOOPOK CIEAyeT TMONb30BAaThCS KPHTEPUEM
Koxpena, KoTopblli OCHOBaH Ha 3aKOHE pacmpeelieHUus OTHOIICHUS
MaKCHUMaJbHOW dMIUPUUYECKON TUCTIEPCHUH {Sf}m K CyMME BCE€X THUCTIEPCH,

TO €CTh
_
G = Cim
28
i=1

DTo pacrnpeacaeHue UMEET CTENeHH ¢BOOOBI Vi = N — 1, rae N - o0beM
oJHOM BBIOOpKHU ¥ V2 = K, e K — uncao BeIOOPOK U MeHseTcs B mpeaenax 0 <
G<1.

BaxubsiM  ycnoBueM npumeHeHuss kputepuss Koxpena sBusercs
OJIMHAKOBBII 00beM N BO Bcex K BrIOOpKaX.

3aTeM 1Mo BRIOpAaHHOMY YPOBHIO 3HAYMMOCTH 0L M CTETIEHSIM CBOOOJBI V1
U V2 Mo TallHIle KpUTHYECKUX 3HaueHud kputepus Koxpana ompenensercs
Gp-

Ecnu Bbluuncinennoe 3HaueHue G < Gyp, TO HpUHHUMAETCs HyJieBas
runore3a Ho: s% = s% =..= s} =..= s? 00 OJHOPOJAHOCTH BCEX
SMIOUPUYECKUX TUCIIEPCHU.

Ecnu BemmonHsAwoTcs cootHomenne G > Gyp, TO HyneBas TUmnoTe3a
OTBepraeTca U NPUHUMAeTCs albTepHATHBHAS rumoresa Hi: s?; = s2; =.. .= s
=...= S’max, TO €CThb, MAKCHMMAaJbHas IUCIEPCHs CYIIECTBEHHO OTIMYAETCH OT
OCTaJIbHBIX.

4.4. HemapaMmerpu4eckue KpUTepUHU MPOBEPKHU rUMOTE3

Henmapamerpuueckue KpuUTEpUM NOPEAHA3ZHAYEHBI MAJ ONPEACIICHUSA
NOCTOBEPHOCTHM COBIAACHUNW M PA3JIUYUNA DKCIEPUMEHTAJbHBIX JTaHHBIX,
KOrJla 3aKOH pacIpelesieHHus] T'eHEepajJbHOM COBOKYNHOCTH HEU3BECTEH WIIU
OTJIMYAETCS OT HOPMAJIbHOTO.

Kpurepun, KOTOpBIE PEKOMEHYETCH MPUMEHSATH npu
HEMAapaMETPUUECKON MPOBEPKE TUIOTE3 JJs JTaHHBIX, H3MEPEHHBIX B
pa3JIMYHBIX IIKaJiaX, IPUBEJECHbI B TA0JIUIIE



Ta0Omuua

[IIkama . .
. CTaTUCTUUECKUN KPUTEPU
U3MEPEHUM
. Konmoroposa-Cmupnosa, Kpamepa-¥Yanua, Bunkokcona-
OTHomeHu#
MaHHa-YuUTHHU
Bunkokcona-ManHa-YuTHH,
ITopsakoBas 9
y- Puiepa
HomunanbHas VYrioBoe npeobpazoBanue duiepa

/AByXBbIOOpPOYHBIii  kpuTepuii  oagHopoaHoctu  Koumoroposa-
CvmupHOBa TO03BOJIIET OOHAPYXUTh pacxoxJaeHus B ¢dopMe JABYX
AMIUPHUYECKUX pacTpeaesIeHUM.

C nomoInbio 3TOro KpuTepus nposepsiercs runoteza Ho: Fy(X) = Fy(y) o
ToM, 4TO0 (QyHKUMU pacnpeneiaenus F,(X) u F,(y) coBmamaror mnpoTus
anpTepHaTHBHOM runore3sl Hi: Fy(X) # F5(Y) 0 TOM, 4TO OHU pa3TUYHBI.

Kpurepuiit Konmoroposa-CmupaoBa Dmn onpenensieTcs Kak MaKCUMYM
MOJIYJIsl Pa3HOCTH MEXIy sMmmnupuueckoin pynkiuend F,(X), mocTpoeHHOU MO
BBIOOPKE X1,X2,...Xn, U SMIOHUpUYecKod (yHkmueir F,(X), mocTpoeHHO# 110

BBIOODKE Y1,Y2,...Ym:

D,,, =max|F,(x) - F,(y)|.

[Ipu cnpaBegnuBocTu TunoTe3sl Ho craTucThka
mn

m+n
UMEET aCHMIITOTHYECKOoe pacmpeneneHue Koamoropoa, a A

»=D,, <A,

kp
OINpeeNsseTcs U3 yCIOBUs P{?» > Ka} = 0, TJI€ 0~ yPOBEHDb 3HAYUUMOCTH.

Kputnueckue 3nHauenuss kputepus KomamoropoBa mpuBeIeHH B
COKpamieHHOU Tabmauiie

Tabmuma . Kputnueckue 3nHauenus xpurepus Komamoropona-
CMupHOBa.
o 0,1 0,05 0,01
A, 1,22 1,36 1,63

AJITOpUTM NPOBEPKHU TUNOTE3bl Hp 3aKI04aeTcst B CIEAYIOUIEM:
- CTPOSITCA AMIIUpUUYecKue PyHKuuu pacapeneaeHut X u Y,




- OmIpenensieTcs MaKCUMyM MOAYJS Pa3HOCTH MEXKIY 3MIHPUYECKUMHU
(GYHKIMAMU pacnpeaeeHui;
- PACCUYHMTHIBAETCS IKCIIEPUMEHTAIBHOE 3HAUEHHE CTATUCTUKH A |

- U3 CpaBHCHUA 7\, )51 >\«Kp ACIACTCA BbBIBOJ O NPUHATHUHU WK OTKIOHCHWUHU

HYJIEBOW T'MIIOTE3HI.

Kpurtepuit Buiakokcona-MaHHa-YHUTHH NPUMEHSETCA IJs NPOBEPKHU
CXOJICTBA WJIM PA3JIMYUs IBYX BBIOOPOK, HI3MEPEHHBIX BO BCEX IIKaJIaX, Kpome
HOMUHAJIbHOMU.

[IpoBepka Mo 3TOMY KPUTEPUIO MOMKET OCYIIECTBIATHCS HE TOJBKO IO
a0COJIOTHBIM 3HAYEHHUSAM DJEMEHTOB, HO W IO pe3yJibTaTaM HUX IMapHBIX
CpaBHEHHHU.

YcnoBus IpUMEHEHUS] KPUTEPUSL:

- CpaBHUBaeMble BBHIOOPKM HUMEKIOT OSMIUPUYECKHE paclpeaesiCHus
OJMHAKOBOU (hOPMBI M Pa3IMYAIOTCS PACTIOT0KECHHUEM;

- BRIOOPKH JTOJKHBI OBITh HE3aBUCHUMBI;

- KOJIUYECTBO 3JIEMEHTOB B KaXKJ10M BHIOOPKE JOJKHO OBITH HE MEHEee 3.

OnHako, Tak Kak TIPaBUJIO TPUHATHA PEUIEHUH OCHOBAHO Ha
ACUMIITOTUYECKOW HOPMAJIBHOCTH CTAaTUCTUKU KpHUTEpUsi, TO OOBEMBI
BHIOOPOK JOJUKHBI ObITh He MeHee 10. HMuaue Hamo moab30BaThCs
ClielMaIbHBIMU TaOIUIIAMH.

Meroauka pacuera Kputepus BuinkokcoHa-MaHHa-YUTHHU 3aKIH04YaETCs
B CJIEYIOIEM.

HNmeroTcst 1Be cpaBHUBAEeMbIE BHIOOPKHU:

X = (X1, X2.. .., Xn),

Y=(ynY2...,Ym).

JIst Kakaoro 3JIeMEHTa MepBOM  BBIOOPKH X OMpPEAEIIeM YHCIO @i
DJIEMEHTOB BTOPOW BBIOOPKH, KOTOpPHIE TMPEBOCXOMSIT €ro IO CBOEMY
3HAYEHUIO (TO €CTh, YHCIIO TAKUX Yj, 9TO Yj > Xj), a TaKKe YHCIO D;j 2IIeMEeHTOB
BTOPO# BBIOOPKH, KOTOPHIE MO CBOEMY 3HAYEHHUIO paBHBI €My (TO €CTh YHUCIIO
TaKux Yj, 9410 Yj = X;).

CymmMma

a,+a,+..+a, +%(b1 +b, +..+ bn):iai +%ibi

o BCEM N wWiIeHaM TepBOW BBHIOOPKU HA3BIBACTCSA OMIHPUYECCKUM
3HadeHueM Kputepus Manna-YuTHu u o6o3nadaercs U.

Beipaxenue s onmpenelieHus SMIMUPUYECKOrO 3HAYECHUS KPUTEPHS
Buikokcona:



m_y
2
\/ nm(n+m+1)
12
AJITOPUTM OMpeaesieHns JOCTOBEPHOCTH COBMAACHUN WM Pa3IMUUil IS

OKCIICPUMCHTAJIBHBIX JOaHHBIX, HW3MCPCHHLIX B IOKaJIC OTHOIICHUN WM

W =

MHTEPBAJIOB, C MOMOLIbIO KpuTepus Buikoxcona-MaHHa-YUTHU Takou xe,
KaK U B MPEAbIAYIIUX Clydasx:

- BBIYMCIUTH [UISI CpaBHUBaeMbIX BbIOOpok W, - sMIOupUuUecKoe
3HaueHue Kputepus Bunkokcona no popmyie;

- cpaBHUTh W, ¢ KpuTHueckuM 3HaueHueM Wy o5 = 1,96.

Ecim W, < 1,96, TO XxapakTepuUCTHKU CpPaBHUBAEMBIX BBIOOPOK
coBmajaarT Ha ypoBHe 3Hauumoctu 0,05; ecniu Wy > 1,96, To 10CTOBEPHOCTH
pa3nuuui XapaKTepUCTUK CPAaBHUBAEMBIX BBIOOPOK cocTaBisieT 95%.

Metoauka omnpenesieHus JOCTOBEPHOCTH COBNAACHUNW M pa3iuuuid C

OMOIIBI0 KPHUTEPHS XZ—(I)mnepa IJIsL  DKCIIEpUMEHTAIbHBIX JIaHHBIX,
U3MEPEHHBIX B MOPSAIKOBOH IIKaje, 3aKIF0YAETCS B CICIYIOMIEM.

XapakTepUCTUKON TPYIIBI SIBISETCS YHCIO €€ YWICHOB, HaOpaBIIUX
TOT WJIW WHOW Oani.

JIist KakIoW rpynibl GOPMHUPYETCS BEKTOP OAJIOB :

- ms sxcnepuMmenTansaoi rpynmsl N = (N1, N, ..., Ni),

- It KOHTposbHOU rpynnel M = (Mg, Mg, ..., M(),

rae L — uucio 0anioB mopsaKOBOM IIKAJbI.

DMIUPUYECKOE 3HAYCHUE KPUTEPUS OJHOPOJHOCTH % IS HOPAIKOBBIX
IIKaJl BBIYUCISCTCS MO CIeayIomei popmyiie:

N, M,
, L (nI _ﬁ)z
—qmy-n_m

=M M,

rae N u M — ofIIee KOJTUYECTBO YJICHOB CPAaBHUBAEMBIX BHIOOPOK,
Ni 1 M; - KOJIMYECTBO WICHOB CPaBHUBACMBIX BHIOOPOK, HaOpaBmux I-
ThI OaJlI.

Kputnueckne 3HaueHHsT KpUTEpHUS XZKp BbIOMpalOTCa 1O Tabiuuam
KBaHTHJIEN pacnpeneneHuss @dumepa B 3aBUCUMMOCTH OT YHUCJIA CTEIEHEU
CBOOOJIbI U YPOBHS 3HAUUMOCTH.

Uucno crteneHeid CBOOOJBI AJsl JAAHHBIX, U3MEPEHHBIX B MOPAAKOBOM
mkaie paBao L — 1.



HNcnonp3oBanue KpuTepus XZ—(DHHJepa JUIL CpPaBHEHUS KOPPEKTHO,
TOJBKO TOrJa, KOrjaa B JI00O0N M3 CpaBHUBAEMBIX BBIOOPOK HE MEHEE MIATH €€
YJIE€HOB MOJYYHUIN TaHHBIN Oas.

ITosTOMY anbTepHATUBON MOXKET CIAYKUTh MEPEX0O] K JUXOTOMHUYECKOU
LIKaje.

MeTonuka onpeneneHus JOCTOBEPHOCTH COBIAJECHUN U PA3IUYUU A
DKCIICPUMEHTAJILHBIX JAaHHBIX, HM3MEPEHHBIX B JUXOTOMHUYECKOM IIKaje,
3aKJII0YAETCS B CIECAYIOLIEM.

JIns sKCepuMeHTalbHOM TPYINbI, ONUChIBaeMON AByMs yuciaamu Ni +
N2 = n, nons p ee WwieHOB, HAOpaBIIUX MaKCUMalbHBINA Oa, paBHa: P = Nj /
n.

Hnst xoHTponbHOU rTpynmnel, Mi + Mz = m, gons ( ee UJICHOB,
HaOpaBIIMX MaKCUMaJIbHBIN Oami, paBHa: = My / m.

I JaHHBIX, U3MEPEHHBIX B JUXOTOMHUYECKOH IIKaJe 1eaecoo0pa3Ho
UCIIOJIb30BAHHUE B KAUECTBE KPUTEPUS YII10BOe npeodpasosanue Pumepa:

. . mn
¢ = ‘Zarcsm(\/ﬁ) - 2arcsm(\/a)‘1 | o

HpOBepKa SHAYUMOCTU KPUTCPUA OCYHICCTBIIACTCA I'IYTéM HaXO0XIACHUA
BCPOATHOCTHU IMOJYYCHHOT'O 3HAYCHUA B Ta6n1/1uax KPUTHYCCKUX 3HAaYE€HUH t-

pacnpeneneHnud CThIOJIEHTa B 3aBUCUMOCTH OT KOJIMYECTBA CTEIECHEH
cBOOOJBI VvV = (Nn1+N2-2) ¥ ypOBHS 3HAYUMOCTH.

[Ipu wucmosb30BaHUU yTI0BOTO TpeobOpasoBanus duinepa Ha 00BEM
BBIOOPOK HAKJIAJBIBAIOTCS CICAYIOIINE OTPAaHUYCHHUS.

Hwxuuii npegen - 2 HaON0eHUS B OJJHOU U3 BBIOOpOK. [Ipu aTOM:

- eClIi B OJHOHM BBIOOpKE POBHO 2 HAOJIOJCHHSA, TO B APYrod TOJIKHO
ObITH HEe MeHee 30;

- ecllm B OJHOW BBIOOpPKE POBHO 3 HAOJIOJCHHSA, BO BTOPOH JOJIKHO
ObITH HE MeHee 7;

- ecllm B OJHOW BBIOOpPKE POBHO 4 HAOJNIONCHHSA, BO BTOPOH JOJIKHO
OBITh HE MEHEE 5.

5. UICCJIEJOBAHUE 3ABUCUMOCTEN
5.1 KoppeasiunoHHbIA aHAJHU3 TAHHBIX
Bo mHorux 3amayax oopaOOTKu pe3yiabTaTOB 3KCIIEpUMEHTa TpeOyeTcs

YCTAHOBUTL B3aMMOCBA3b MCKAY IICPCMCHHBIMHM BCIWMYXMHAMHW Ha OCHOBC
BBIGOpO‘-IHI)IX JaHHBIX.



[lepeMeHHBIE MOTYT OBITh HE3aBUCHMBI, CBSI3aHbl ()YHKLIHMOHAJIBHOW WUIIH
CTaTUCTUYECKON 3aBUCUMOCTBIO.

Cesa3p  Mexay AByMs IIEpEeMEHHBIMM X W Y  Ha3bIBaeTCs
(pyHKIHMOHANBHOM, €CIU ONPEACICHHOMY 3HAUYEHUIO IEPEMEHHOU X CTPOro
COOTBETCTBYET OJHO UM HECKOJILKO 3HAYECHUUN APYrOU IIEPEMEHHON Y.

Ecnu o0e mnepeMeHHble WJIM OJHA M3 HUX MOJBEPKEHBI JEHUCTBUIO
CllydalHBIX (PAKTOPOB, CpeIU KOTOPBIX €CTh (akTophl, oOmue a1 o0eux
IIEPEMEHHBIX, M€Ky HUMU BO3HUKAET CTATUCTUYECKAS] 3aBUCUMOCTb.

CrarucTH4ecKOM Ha3bIBA€TCS 3aBUCUMOCTb, IPU KOTOPOW HM3MEHEHUE
OJHON M3 CIy4YalHBIX BEJIWYMH X NPUBOJHUT K U3MEHECHHUIO paclpeaeseHus
IPYrou CIy4auHOW BEJIIMYUHBI Y.

Ecnu npu n3sMeHEeHUn OJHOW BEJIMYMHBI U3MEHSETCS Cpe/iHee 3HAYeHHUe
IPYrou, TO CTATUCTUYECKAs 3aBUCUMOCTb HA3bIBAETCS KOPPEJASIUOHHOM.

3azayeil KOPPeJSLMOHHOI0 AHAJHM3a SBISETCS H3MEPEHUE TECHOTHI
CBSI3U MEXKIY IEPEMEHHBIMU.

[Ipy u3ydYeHUU KOPPENSLUOHHOW 3aBUCUMOCTH MEXKAY MEPEMEHHBIMU
BO3HUKAIOT CIEAYIOUIHUE 3a1aUH:

- W3MEpPEHHE CUJIIBI (TECHOTHI) CBA3H;

- IIOCTPOCHUE KOPPEIALUOHHON MOJIEIIH;

- IPOBEpPKA 3HAYMMOCTH IIapaMeTPOB CBS3H.

Jlnst u3MepeHHusT TECHOTBl CBSI3M B 3aBUCHUMOCTH OT KOJIHWYECTBA
AJIEMEHTOB B aHAJIM3UPYEMbIX BBIOOpKaX, OT THINA IIKaJlbl, B KOTOPOWH
NPOU3BOAUINCH  U3MEPEHUS UCXOJHBIX JAaHHBIX, OT Tpedyemoi
NOCTOBEPHOCTU pPE3yJbTAaTOB CPAaBHEHHUS M T.A. MOTYT HCIIOJb30BATHCS
pa3nuuHblie nokazarean. OCHOBHBIE U3 HUX CIIEAYIOUIUE.

Koy puuueHTsl accouuanmm 1 KOHTUHTECHIUH.

OHM [OpuUMEHSIOTCS [  ONpPENEJIEHHUS TECHOTHI CBS3UM  JBYX
KAaUYEeCTBEHHBIX IPU3HAKOB, KAXIbIM M3 KOTOPBIX COCTOUT TOJIBKO M3 JABYX
CPYIIIL.

Jns wX BBIYMCICHUS CTPOUTCS TaOIHIa, KOTOopas MOKa3bIBaeT CBSI3b
MEXAy JOBYMS  SIBICHHSIMH, KaXJ0€ U3 KOTOPBIX JOJKHO  OBITh
aJbTEPHATUBHBIM, TO €CTh COCTOSAIIMM H3 JABYX KAau€CTBEHHO OTJIHYHBIX
Opyr OT JApyra 3HauYeHWH Mpu3HakKa (HaAOmpuMmep, HU3JeNNe TOJHOE WU
OpakoBaHHOE).

[Iycts mpoBenu n HaOMOACHWN 3a JByMsa mnpuzHakamMu A u b
(nN=n,+n,+Nn,+N,) ®u pe3yiabTaThl 3aHECAW B TAOJUIY, KOTOpas

Ha3bIBACTCA YETHIPEXKICTOYHON TAOJHIEH CONMPAKEHHOCTH:

[Ipusnak A

[Ipusnaxk b na HET
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Torna xo3¢pduuuent accoumanuu K, ompenensercs mo BBIPAKEHHIO:

_ n1n4 B nzns

K =——L4 23
n,n, +n,n,

a

, mpuuem -1 < K < +1,

IIpumep 26.

beito onpomeno 500 4yenoBek MO JBYM IOKa3aTeasM: HAJIMYUE WIIH
OTCYTCTBME Yy HHUX NPUBUBKU NPOTUB rpumnmna u ¢paxt 3aboieBaHUS WIU
He3a0o0JieBaHUs TPUMTIIOM BO BPEMS €0 3MHUIEMUM.

Tabnuma 15.
Yucno nui
I'pynma nun 3a00JIEBIITNX He 3a00JIeBIINX
T'PUIITIOM T'PUIITIOM
CIleJIaBIINX PUBUBKY 30 30
HE CJIeJaBIIUX IPUBUBKY 120 120

JlaHHBIE oOmpoca CBEACHBI B TaOaumy 15, 1m0 KOTOpOW paccUuTaH

K03 (pUIIMEHT accoIUalnu:
~nn,—n,n, 30-80-120-270
*nn,+n,n, 30-80+120-270

CymecTBeHHBIH HEA0CTATOK KOd(hHUIIMEeHTa acCOUAIUM: €CJIU B OJTHOM

K

—0,86.

U3 YEThIpeX KJIETOK TaOJHIBI CONMPSKEHHOCTH YacToTa paBHa 0, TO ‘Ka‘ =1, u

TEM CaMbIM IPEYBEJINYECHA ME€PA JCUCTBUTEILHOU CBA3U.
UYto6b1 3TOr0 M36exkath, K. [lupcon mpennoxun apyroi mokaszareipb -
KO3 (PUUIHMEHT KOHTUHTCHIUMU
_ n.n, —N,Nn,
\/(nl + n2)(n3 + n4)(nl + n3)(n2 + n4)
Hnsa npumepa 26 k03P PUIIHEHT KOHTUHTECHIIUHA PABEH:
_ 30-80-270-120 _ 0534,
/300 - 200 - 150 - 350
CBs13b cuMTaeTCs JOCTATOYHO 3HAYMUTEIBLHOW U MOJATBEPIKICHHOM, €CIIH
‘Ka‘>0,5 Win ‘Kk‘>0,3.

[Tootomy B mnpumepe 26 o00a koddpduuHeHTa XapaKTePU3YIOT

k

k

TOCTATOYHO OOJIBIIYyI0O OOpPaTHYIO 3aBUCUMOCTb MEXIY HCCIEAYEMbIMU




npu3zHakamu. Takum 00pa3oM, MOXKHO MPEANOJOXKUTh, YTO MPUBUBKA
MOJI0KUTENIBHO BIMAET Ha NPENyHpexacHuEe 3a00IeBaHUS.
JInHeHHBIH KO (PUIHEHT KOppPeJsIHH.

Jlunedinpii  kodGPuuueHt Koppenasuuu . wWId  KodhpuuueHt

Koppensuuu [IupcoHa BBIPaX)aeT CTENEHb TECHOTHI JIMHEHHOW CBSI3H MEXIY
IBYMsI TEPEMEHHBIMU, U3MEPEHHBIMU B KOJHWYECTBEHHBIX IIKAJAaX, & €CJIHU
dbopma cBsI3U MEXKTYy MEPEMEHHBIMU €Ille HE OMNpej/ieieHa, ero pacCUUThIBAIOT
C LEJbI0 IMOJYYUTh OTBET Ha BOIPOC, MOXKHO JIM CYUTATh 3aBUCUMOCTh
JIMHEUHOM.

[To BEIOOPOYHBIM TaHHBIM JIMHEWHBIN KOA()PUIIMEHT KOPPENSLUN BBIUUCIAETCS 1O
cineaymomei Gopmye:

> (= %)Y, - )
D0 =%)"Y, -Y)°

Uucnautens popmysie pacuera KodhdUIMEHTA KOPPEAIUH, JCTCHHBIH

Ha N, T.c.

> (%~ XY, ~Y) _
n
MpeaACTaBIIACT coboi CpCaAHCC IIPOU3BCACHUA OTKJIOHEHUUW 3Ha4YeHUU

(X, = x)(Y; = Y),

JIBYX  NPU3HAKOB OT HMX  CpPEIHUX, Ha3bIBAEMOE€  BbIOOPOYHBIM
KOPPeJANUOHHBIM MOMEHTOM uilu KoBapuaumeii. IloaTomy MOXHO
CKa3aTh, 4YTO JHUHEHHBIM KOAIPPUIHMEHT KOppenasiuyd MpeaAcTaBiIsieT coOOoM
YaCTHOE OT JeJICHUS KOBapUaIlUM MEXJY X U y Ha MPOU3BEICHUE UX CPEIHUX
KBaJIPAaTHYE€CKUX OTKJIOHCHUM:
X%y

5,8,

er

B omnuyme oT koBapwanuu KOIPOUIUEHT KOPPEIAMUU SBISCTCS
0e3pasMepHON BEIMYUHOMW, TMOITOMY €ro MOXXHO HCIOJb30BaTh IS
COMOCTAaBJIEHUSA pa3HbIX CTATUCTUYECKUX pAAoB. Hampumep, koppensuus
MEXJY POCTOM H BECOM OyIeT OJHOW M TOW e, HEe3aBUCHUMO OT TOTO,
MPOBOJAUINCH HM3MEpEHHS B MOoWMax W (QyHTaAxX WIM B CaHTUMETpPaxX U
KUJIorpaMmax.

OcHoBHBIE CBOMCTBA KOA(PPHUIIHEHTA KOPPEIAIUN:

- KOO(PDUUMEHT KOppeNsiliui XapaKTepHU3yeT CTENEHb CTATUCTUYECKOMU
CBSI3M MEXJY NMEPEMEHHBIMU, HO HE YCTAaHABIMBAET MPUUUHHO-CJIEICTBEHHYIO
CBSI3b MEXJY HUMHU, T.€. I'xy = lyx;



- YMHOXEHHE MEPEMEHHBIX X U Y Ha MOCTOSAHHBIE KODPOUIMEHTHI M
CIIO)KEHHUE HMX C HEKOTOPHIMH IOCTOSHHBIMH BEJIMYHHAMH HE H3MEHSET
K03 PUIHEHT KOoppeasuuu: fyy =r(ax + b, cy + d);

- K09 QUIMEHT KOPPeIANnU HaxoguTcs B nuanasone —1<r <1,

I'padpuueckoe npeacraBieHrne HIKCIEPUMEHTANBHBIX JaHHBIX BUE TOUEK
Xi U Yi Ha MJIOCKOCTH B CUCTEME KOOpAMHAT XY HAa3bIBAETCS JAMArpaMMoil
paccessHUA WIKM KOPPeJsIHMOHHBIM I0JIEeM.

Kak nokazano Ha pucysnke 14, ecnu @ >;§/, To Iy Error! Reference
source not found.0yaet MOJOKUTEIBHBIM, YTO XapaKTEPU3YET MPSAMYIO CBSI3b
MEXIy X W Yy, B mpoTHUBHOM ciyuae (Ixy < 0) — oOpaTHywo cBs3b. Eciu
Xy = XY, T0 'xy = 0, 4TO O3HaYaeT OTCYTCTBUE JUHEHHON 3aBUCUMOCTH MEXIY
X Uy, a IpH 'y = 1 3aBUCUMOCTb MEXAY X U Y CTAHOBUTCS (PYHKIIMOHAIBHOM.

Takum  o6pazom, KodQPUIIMEHT KOppEIAlUH TpU  JUHEHHOU
3aBUCHUMOCTH CIYXUT KakK MEpOW TECHOThl CBSA3HM, TaK U TOKa3aTeseM,

XapaKkTePU3YIOIIUM CTENEeHb MPUOIMKEHUS KOPPEIIIUOHHON  3aBUCUMOCTHU
MEXIY X U Y K JIMHEWHOM.
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Pucynok 14. KoppensnuoHHOE IOJIE JaHHBIX B 3aBHUCHUMOCTH OT
ko3 punuenta koppensiuuu: 1 < ryy > 0 (a), -1 > rxy <0 (0), I'ry = 0 (B), I'ny =

1 (r).

Tonpko mo BenuunHe KOdPPUIIMEHTA KOPPEIAIUU HEIb3sl CYIUTh O
A0CTOBEPHOCTHU KOPPEJISIIUOHHON CBA3M MEXY MPU3HAKAMHU. DTOT MapameTp
3aBHCHT TaK)Xe€ OT YUCJIa CTEIEHEH CBOOOABI: V=1 —2,

rJe N — 4UCJIO KOPPETUPYEMBIX Tap MmokazaTeiae X u'y.

Uewm Ooubiie N, T€M BBIIIE JOCTOBEPHOCTh CBSI3U MPU OJHOM U TOM JKE
3HaYeHUU Kod(PdumeHTa Koppesiuu.

B mnpaktuueckod AeSITEIBLHOCTH, KOT/Ja YHCIO KOPPEIUPYEMBIX Tap
npu3zHakoB X U Y He Beiauko ( n =30), mpu OLIEHKE 3aBUCUMOCTU MEXIY
MOKa3aTeJIIMU UCTIOIb3YETCS CIEYIoas rpagaius:

- BBICOKas CTEINEeHb B3aMMOCBSI3W, Korja 3HadeHus kodddumuenrta
Koppensanuu HaxonuTces B npeaenax ot 0,7 mo 0,99;

- CpemHsAs CTENeHb B3aMMOCBS3HM, Korja 3HadueHus KoddduiuenTta
Koppensiiuu Haxonarcs B npeaenax ot 0,5 mo 0,69;

- ci1abas cTeneHb B3aMMOCBA3HM — 3HaYeHUs Kod(pdummeHTa koppensinuu
Haxoagarcs ot 0,2 no 0,49.

Koppeasiuus 6ucepuajbHO - TOUYEYHAS.

bucepuanbHO-TOUYCYHAST KOPPEJIALMSA 3TO BHJA KOPPEISIUH, KOTOpas
UMEET MECTO B cllyyae, KOTjJa OJWH M3 JIByX B3aMMOCBS3aHHBIX IPHU3HAKOB
BBIPA)KCH B aJbTEpHATUBHOU hopme.

Ecim wumerorcs 1Be ajdbTepHATHBHBIC TPYNIBl  MOKazaTteias X
YUCJICHHOCTH N1 M nz (N1 + N2 = n), To KO03pPUIHEHT OHUCEPHUATBHO -
TOYCYHON KOPPEIAIUN HAXOIUTCS IMyTEeM OIpPEASICHHS T'PYIMOBBIX CPEIHUX

(X1, X2) ¥ OOLIEro CpejHEro KBAJPATUYECKOrO OTKIOHCHHS O
X=Xz nn,
° o n(n-1)"

Kos¢ppuuuent pgerepMHHAnUMM ecTh KBaapar kKodduiueHrta

K

KOPPEISAINY CIydaiiHbIX BenuurH X 0 Y: K, = (ryy)?.

Koadhdbunuent nerepMuHAIMM MOPEACTaBISET COOOW MO0 BapuallWu,
001y JUISL IBYX MEPEMEHHBIX

YacrTHble (mapuuajJabHbie) KOO GUUMEeHTHI KOppeJasiiuu.



YacTHbie KOAXPPUIIMEHTH KOPPEISIUU HUCIOJB3YIOTCS JUISI OLIEHKHU
TECHOTBI CBSI3M MEXJAY JBYMs I[IOKa3aTels MU U3 HECKOJbKUX TIpH
HCKJIIOUEHHOM BJIMSIHUM IPYTUX MMOKA3aTEIE.

Hanpumep, ycTaHoBiIeHa mipsiMasi KOPPEIAIMOHHAS CBSI3b MEXKIY
CMEPTHOCTBIO B PE3YyJIbTATE SNUAECMHUNA TpHUINA U KOJIUUYECTBOM Bpauei,
y4aCTBYIOIIMX B JTUKBUIALMU ITTUAEMUM.

[IpyyrHa TakoW KOpPpENSIIUU B TOM, YTO MUMEETCS TPEThs MEepeMeHHas
(HayanbHBIM pa3Mep IMHUAEMHUH), KOTOpas BIHUAET KaK Ha YUCJIO MOTHOIINX,
TaK W Ha 4uciao Bpadel. Ecim "KoHTpoaupoBath" 3Ty TMEPEMEHHYIO
(HampuMep, paccMaTpPUBATh TOJBKO AMUIEMUU ONPEACICHHONW BEIMYUHBI), TO
UCXOJIHAsA KOppensauus Jubo UCUYE3HET, JIMOO, BO3MOXKHO, J1aXe U3MEHUT CBO U
3HAK.

I[Iyctp umeercss Tpu mnokazarens X, Y, V. YacTHelii kodpdumueHt
KOppEIAMU MEXAY X U Y NPU UCKIIOYECHUU V OMpeAeisieTcsl uyepe3 MmapHbie
K03 (D HUIIHMEHTHI KOPPEAIUU COOTHOIICHUEM:

r, = "
|><,v - "
o a-Re-r)

Panrosbie ko3ppunmentsl Cnupmena u Kengaaaa oOIEHUBAIOT

X ryv r'xv

CTENEHb TECHOTHI CBA3M MEXIY JIBYMS PAHTOBHIMU (Ka4€CTBEHHBIMH HIIH
HOPSIAKOBBIMH) MMOKAa3aTEISIMHU.

[Iycte umMeeM n 00BEKTOB, KOTOPBIE XapaKTEPU3IYIOTCSA JIBYMs
KauyeCTBEHHBIMHU MOKa3aTensiMu A u B.

[Ipopanxupyem o0OBEKTH B TOpPSAAKE YXYAIIEHUS KayecTBa IO
nokaszaTteiqto A M MPUCBOUM OOBEKTaM PaHTU Xj, PABHbIE UX MOPSIAKOBOMY
HOMEPY B 3TOM pAAY, T.€. Xj = 1. 3aTeM MPU JAHHOM PACIOJOKEHHU 00HEKTOB
NpunuieM paHr Y, mo mnpuszHaky B. Torama paHrossii ko3¢ ¢puUuIUeHT

koppeasauun CnnupMeHa BBIUHCIAETCS MO GopMyIie

6 n
2
=12 % -y,)
C 3 1 1 *
n" —n iz
JlomyctuM, 4YTO crpaBa oT Y, uMmeercs K, paHroB Oousibiie yeM Y,, a
cupaBa ot Y, - K, panros Oosbine 4em Y,, ..., cipaBa oT Y, , - K, , paHroB

Oounbiie, yeM Y, ;.

Torna panrossii ko3¢ puuueHT Koppeasuuu KengaJia Beruncisercs
no ¢popmyiie
4 n-1

Sk 1.

N=——-+
n(n-1) =



O06a kox(ddunreHTa mo MOAYJIO MEHBIIE €IUHUIIBI U MPU OOJBIIUX N
MEX/y 3HAYCHUSIMH I¢ U Ik HAOIIOAAETCS ONMpEeIEHHOe COOTHOIICHUE I/l ~
2/3.

[IpeumyiiecTBa paHroBbiXx Ko3¢dduuueHtoB koppensiuuu CnupmeHa u
Kenpamia: OHM JIErKO BBIYMCISIOTCS, C HUX MOMOIIBIO MOXHO H3ydaThb U
U3MEPSTh CBA3b HE TOJBKO MEXAY KOJUYECTBEHHBIMH, HO M MEXIY
Ka4yeCTBEHHBIMHU aTpuOyTUBHBIMU NpU3HAKAMU, pPaHXUPOBAHHBIMHU
ompeneneHHbIM obOpazomM. Kpome TOro, mnpu UCHOJb30BAHUU PAHTOBBIX
K03GPULUEHTOB KOppensaluu He TpeOyeTcs 3HaTh (POpMy CBS3U M3Yy4aeMbIX
SIBJICHUU.

OnHako MOIIHOCTH HMX MEHbIIE, YeM MOIIHOCTh KO3 duuuenra
Koppensauuu Ilupcona.

[Tocne ompexneneHuss MOKa3zaTeNEd KOPPEISLHUU CIACAYIOIIUM 3Talnom
KOPPEJISIUMOHHOTO  aHalu3a  SBIAETCS ompejaejiecHue  3HAYMMOCTH
peanojgaraeMoun CTATUCTHYECKOM CBA3H MEXAY CIIy4alHBIMHU
NEPEMEHHBIMU X U Y.

JInd naHHBIX, W3MEPEHHBIX B KOJHWYECTBEHHBIX IIKajlaX, MOHSATHE
3HAYMMOCTH OCHOBBIBA€TCS HA MPEANOJIOKEHUH, UYTO PacCIpeacieHUe
OCTaTKOB (T.€. OTKJIOHEHUM HAOIIOJAEHUI OT CpeIHEro) IJsi MEepeMEHHOU Y
ABIISIETCSI HOPMAaJbHBIM C IMOCTOSIHHOM JuCHEepCcHed A BCE€X 3HAYECHUM
IEPEMEHHOU X.

[lepen omnpeaeneHueM 3HAYMMOCTH  KOPpPEISLUNA  1eJIecoo0pa3Ho
BU3yaJlbHO OLIEHUTh paCHpElelICHHE HKCIEPUMEHTAIbHBIX JAaHHBIX B
npocTpaHcTBe KoopauHatT XYy. Ilpu 3TOM cienyer y4yuThIBaTh CJIEAYIOIIUE
0COOEHHOCTH pacupeieICHUs] IEPEMEHHBIX.

Brsiopochl.

BriOpocsl  SABASIOTCA ~ HETUNHYHBIMH,  PE3KO  BBIAEIAIOLIUMUCS
HaOmogeHusmu. OnHu MOTYT CYIIECTBEHHO IIOBJIMATH Ha 3HA4YCHHE
K03 (pUIMEeHTa KOPPEISAIHH.
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Pucynok 16. KoppensumonHoe moje SKCIEPUMEHTAJIbHBIX TaHHBIX C
BBIOPOCOM.

Hanpumep, kak moka3aHo Ha pUCYHKe 16, eciu aHanu3e B3aMMOCBS3U
MEXAY X U Y yYUThIBaTh BBIOpOC, TO Iyy = 0,36, ecnu BIOPOC HE YUUTHIBATH
TO I'vy = -0,6.

Ecnu pasmep BBIOOPKM OTHOCHUTEIBHO Majd, TO A00aBIEHHE WIU
HUCKIIIOYEHUE HEKOTOPBIX JaHHBIX, KOTOPBIE, BO3MOXKHO, HE SBISIOTCS
BbIOpOCaMH, CIIOCOOHO OKa3aTh CYIIECTBEHHOE BIMSHUE Ha KO3(PPHUIUEHT
KOppensiiuy. YBEJIWYEHUE KOJIMYECTBA UJEHOB BBHIOOPKHM TMOBBIIIAET
3HaYUMOCTb KOPpPEISIIHU.

OO0menpuUHATOr0O METOJa aBTOMAaTHYECKOT0 YyJaaldeHUs BBIOPOCOB He
cyuiectByeT. MHorma mnpuUMEHSIOTCS  YHUCIEHHBIE METOJbl  yJaJeHHUS.
Hanpumep, uckiouaroTcs 3HAYEHHS, KOTOPbIE BBIXOAST 3a TpaHULbl +2
CTaHJAPTHBIX OTKJIOHEHHH BOKpPYr BbIOOpOUHOTO cpeaHero. Ilpu 3ToM
HEeoOX0IMMO 0043aTeNIbHO MEepPEeNnpOBEPUTH HKCIIEPUMEHTATbHbIE JaHHBIE B
30H¢ BBIOPOCOB W TpU HEOOXOAMMOCTH CKOPPEKTUPOBATH CXEMY
HKCIIEPUMEHTA.

Koppeasiuum B HeOTHOPOAHBIX IPyNmax.

OTcyTcTBHE OIHOPOJHOCTH B BBIOOpKE TakkKe ABIAETCS (PAKTOPOM,
CMeNIaruuM (B Ty WJIM HHYIO CTOPOHY) BEIOOPOYHYIO KOPPEISAIUIO.
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Puc. 17. KoppensnunoHHoe moJie KOPPEISLHUU B HEOJHOPOIHBIX
rpymnmnax.

Eciu xo3dpduumeHT KOppensiiuu BBIYUCIECH IO JaHHBIM, KOTOpbIE
MOCTYNUIU W3 JBYX Pa3IUUYHBIX 3KCIEPUMEHTAIBHBIX TpYyIN, HE0OXoquma


../Application%20Data/Microsoft/Application%20Data/Microsoft/Local%20Settings/Temp/Rar$EX01.469/textbook/glossary/gloss_s.html#Standard Deviation

obs3aTenbHas IpeABapUTEIbHAS MPOBEPKA STHX TPYII HA OJJHOPOJTHOCTD.
HesiuHeiinble 3aBUCUMOCTH MKy NepeMeHHbIMU.
OTKJIOHEHHUS OT NMHEWHOCTH TAKXK€ CHIIBHO BIHUSIOT Ha KOA()PUIHEHT
koppensiuu. M3 pucyHka 18 BUIHO, YTO Ha HEM TMpEICTaBICHA SBHO
(GyHKIMOHANIbHAS HEJMHEWHAsA 3aBUCUMOCTh. OHaKo Iyy = -0,006,
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Pucynok 18. KoppensiniuoHHoe Mojie Mpu HEIWHEHHOU CBA3U MEXKIY
EepEMEHHBIMU.

Ecnu xoppensiuus cuibHas, 0OJHAKO, 3aBUCHMOCTH SIBHO HEJIMHEWHas,
CYIIECTBYET HECKOJBKO CIIOCOOOB OMMCAHUS TAKUX JAHHBIX:

- MOXHO TIpeoOpa3oBaTh OJHY WU 00€ MepeMeHHBIe, YTOOBI CleIaTh
3aBUCHUMOCTh JIMHEHHOW, a 3aTeM YK€ BBIYUCIUTH KOPPEIAIUI0 MEXIY
npeoOpa3oBaHHBIMH  BEJIMYMHAMH, JJI Yero YacTo  HCIOJb3yeTCs
norapudmMuyeckoe nmpeodpazoBaHue;

- MO’KHO UCHOJIb30BaTh HEMAPAMETPUUECKYIO KOPPEIAIHUIO;

- MOYHO TOTBITATHCS HANTU QYHKIMIO, KOTOpas HAUIYUIIUM CTIOCOOOM
ONHCHIBAET IaHHBIE, U TPOBEPUTH €€ CTENEHb COTJIACHS C JaHHBIMU.

[Tocnenuuit cnoco6 Hambomee CIOXKHBIN, HO €0 MOKHO Peain30BaTh C
MIOMOIIBI0 COOTBETCTBYIOIIET0 MPOrPaMMHOTO 00€eCIEeUYEHUS.

Konun4yecTBeHHasi OLlEHKA 3HAYMMOCTH KOPPeJSIHMM 3aKII0YaeTcs B
BBIIBUKEHHUU U TMPOBEPKE COOTBETCTBYIOIIMX CTATUCTUYECKUX THUMOTE3.
[Ipuuewm, IPOBEPSAETCSI  HyJeBasd rumnoresa 0 CTATUCTHYECKOM
HEe3aBHCHMMOCTH CIyYalHBIX TIEPEMEHHBIX X U Y.



[IpoBepka rumoTe3bl 0 3HAYMMOCTH BBIOOPOYHOTO MAPHOTO JHUHEHHOro
ko3 punnenra KoppeJasiuun (Hy:r,=0) OCYILECTBISIETCS C

MCTI0JIb30BaHNEM CTaTUCTUKHU Ty, uMeromeil pacupenenenne CThIOAEHTA:

T :$T(1—%; n-2).

[IpoBepka TruUMOTE3bl O 3HAYUMOCTH BBIOOPOUYHOTrO KO3(pduIUeHTa
pauropoii  koppeasiuun  Cmnupmena (H :r, =0) ocymecTBasercs

AHAJIOTUYHO C HCIOJb30BAHUEM CTATUCTUKH T,, MUMEIONUIEH pacnpeaciieHue
CrpIONICHTA:

T, =FT-2; n-2).
2

[IpoBepka THUMOTE3bl O 3HAYUMOCTH BBIOOPOYHOTO KO3 IHIMECHTA
panroBoii koppeasiuuu Kenmanaa (H,:r =0) ocymectBusercs c
MCIIOJIb30BAaHUEM CTAaTUCTHKH Z,, UMEIOIIEH HOpMaJbHOE pacipeelicHue:
In(n+1)
2(2n +5)

CpaBHenue 1BYX Kod(ppuuuentoB koppeassuun (H,: r, =r,)

OCYHIIECTBJISIETCSA C  HCIOJb30BAHWUEM  KPUTEpHs, NPUBOAAIIETO K
HOPMaJbHOMY 3aKOHY pacrpeaelieHus:

S _ L=l
H \/ﬁ
(521 +GZZ
1, 1+, 1 :
rne z,=—Ih=—" o= , 1=12.
2 1-r, " n, -3
[IpoBepka 3HAYUMOCTH TEOPETHYECKOro KOPPEJALHOHHOI 0

orHomenust M, (H,: n, =0) ocymectBasercs no kpurepuro dumepa:

= M e kg o m-1n-m),
(1_nT)(m_1)

€ N - YUCJIO OMBITOB, M - YHUCJIO WHTEPBAJOB (TPYII) pazIUUYHBIX
3HAYECHUH Y.

5.2. PerpecCHOHHBIA aHAJIMU3 TAHHBIX.

[TonsTua perpeccu U KOPpPENSILUUU HEMMOCPEACTBEHHO CBS3AHBI MEXAY
co0oil, HO MpU 3TOM CYIIECTBYET YETKOE pa3IWuhe MEXKAYy HUMHU.



Ecnu xoppensiinoHHBIA aHAIU3 AA€T OTBET HA BONPOC, KAKOBA CTENEHB
CBA3M MEXKJYy MEPEMEHHBIMHU, TO PErpecCHOHHbIA AaHAJM3 - 3TO METOJ
YCTAHOBJICHUSI AHAJIUTUYECKOTO BBIPAXKEHUS 3aBUCUMOCTH MEXAY ITUMU
MEPEMEHHBIMU.

B perpeccuoHHOM aHanu3e [JOaHHBIE COCTOST U3 Map 3HAYCHUU
3aBMCUMON WU Pe3yJbTATUBHOM IEPEMEHHOW MW HE3aBUCHMOM WU
¢daxkTOpHON MEPEMEHHOM.

B npuHiune He uMeeT 3HaYCHUS, KaKas U3 CPAaBHUBAEMbBIX MEPEMEHHBIX
OyJeT Ha3HAaYeHa 3aBUCHUMOM, a Kakas - HE3aBUCUMOMW T.K. PETPECCHUOHHBIN,
KaK M KOPPEIALUMOHHBIM, aHAlN3 MO3BOJISIET ONPENEHATh KOJIUYECTBEHHYIO
MEpPY CBSI3U MEPEMEHHBIX, HO HUUET0 HE TOBOPUT O MPUUYUHHO-CJIEJICTBEHHOMN
3aBUCHUMOCTH.

[Ipu npoBeneHUHM TakK Ha3bIBAEMOTO NMACCHBHOI0 3JKCIEPUMEHTa U
dakTtopHass mepemenHas X{Xi, X2, ... Xn}, W pe3yJbTaTUBHAs IEepEMEHHAas
x{y1, Y2, ... Yn} paccMaTpuBarOTCI Kak ciydaiiHble BeauuuHbl. OJHAKO MpPH
MPOBEJCHUU AKTHBHOI'0 IKCIEPUMEHTA dKCIIEPUMEHTATOP MOXKET BHIOUPATH
3HAYCHHUSI HE3aBUCUMOUN mnepeMeHHOW. Torga He3zaBUCHMas TNEepeMEHHas
MOJKET pacCMaTpPHUBAThCA KaK HECIydaiHas.

B o0mem cinyuae 3aBucuMas TepeMEHHass €CTb CyMMa 3Ha4YeHUU
HEKOTOPOU (YHKIIMOHATBHON MOJICTU U CIIyYalHON BEIMYNHBI.

y =f(x) + e,

rae f(X) - pyHKIUS perpecCHOHHON 3aBUCHUMOCTH,

€ - aIIUTHBHAs cilydailHas BeJIWYMHA C HYJEBBIM MAaTEMaTUYECKUM
0KHJTaHUEM.

[Ipeanomoxenne O XapakKTepe pacupelesiCHUusT OSTOM  BEJIUYHUHBI
Ha3bIBACTCA TUIMIOTE30M MOPOXKACHUS AaHHBIX. OOBIYHO MpEATnojaraeTcs, 4To
BEJIMYMHA € HMMEET HOPMAJIbHOE PACIHPEIEICHUE C HYJIEBBIM CPEIHUM U
nucnepcueil 62,

PerpeccroHHbIl aHANIN3 peMIACT CAEAYIOIMINE 3a0aUu:

- BBIOOp ()OPMBI CBSI3U MEXKIY MEPEMEHHBIMU, T.€. MOJEIIH PETrPECCUH;

- OLICHKA HEU3BECTHBIX MapaMeTPOB MOJEIH;

- IPOBEPKA COOTBETCTBYIOIIUX CTATUCTUYECKUX TUMOTE3 O PETPECCHUU.

®opMa CBSA3M MEXIY NEPEMEHHBIMH, T.€. BUJ YPABHEHHUS PETPECCHHU,
BeIOMpaeTCs  HWCciemoBaTeleM  JIMOO M3 KaKUX-TO  TEOPETUUYECKUX
MPEANOCHIIOK, TU00 U3 cooOpakeHuil ymobcTtBa paboOThl ¢ 3TOU POPMYJIIOH,
nubo W3 BUAA U a”Halu3za rpaduyueckoro H300paKeHUS HMEIIIUXCS
CTAaTUCTUYECKUX  JAaHHBIX, JU0O0 M3  COBOKYNHOCTH  BO3MOXHBIX
MaTeMaTUYECKUX MOJieieH, JIn00 U3 IPpYrux Kakux-audo npeanoyTeHui.
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HauGonee yHHUBepcalbHBIM  SBISETCS  KJAacC  IMOJUHOMHUAIBHBIX
yHKLIMA:

y=a+alx +a’?+...+ ¢

Jlnst Ttakoro kjacca 3ajada BbIOOpa (YHKIMU CBOJUTCA K 3ajade
BbIOOpa 3HaueHuil kod’bdunUeHToB dg, ai, a2, ..., an, ... . OIHAKO
YHUBEPCAJbHOCTh  IMOJMHOMHUAIBHOTO  MPEACTaBICHHUS  OOecCleYnuBaeTCs
TOJBKO TPU BO3MOXHOCTH HECOTPAaHMYCHHOTO YBCJIHMYCHHS CTCIICHH
MOJIMHOMA, YTO HE BCErJa JIOMYCTUMO Ha IMPAKTUKE, MO3TOMY TPUXOIUTCS
NPUMEHATh U Ipyrue Buabl pynkuuii. Hampumep:

noka3atelbHyo QyHKIHU0 y = ab* ;

npo6HO-panuoHansHyo GyHknuio y = (ax + b)?;

norapudmuyeckyro GyHkuo y = a - In(x) + b;

runepboanyeckyo GyHKnuio y = a + b/x;

- IpoOHO-panMoHaIbHYI0 GQYHKIIHIO ¥ = X/(ax + b).

YacTHBIM ciydaeM, HIMPOKO MHPUMEHSCMBIM Ha MPaKTHKE, SBISCTCS

IIOJIMHOM IIEPBOU CTENIEHU WA YPaBHEHHUE JUHEHHOM perpeccum y Ha X! Yy =
ax + b +e.

B »ToM ypaBHeHuM mapameTp a - cBOOOAHBIN 4YJIeH, rpauuecKku OH
IPEICTaBISAET, KaK OKa3aHO Ha puUC. 19, OTpe30K OpAUHATHI Y.

Y A

a=tea

> X

Puc. 19. I'paduyeckoe nzobpaxeHue ypaBHEHUS JINHEHHON perpeccun

[Tapametrp b HaspiBaeTcs K0IPPUUMEHTOM perpeccUd WU YTIOBBIM
KOA(P(OULMEHTOM, ONMPEENAIOINM HAKIOH JUHUHU PETPECCUU MO OTHOILIEHUIO
K OCSIM KOOpJAMHAT. ODTOT MapamMeTp MOKa3blBa€T, HACKOJIBKO B CpPEIHEM
BEJIMYMHA 3aBUCHUMON TMEPEMEHHOW Y HW3MEHSETCS TMpPU H3MEHEHUU Ha
€IVWHUIlYy MEpbl HE3aBUCUMOW TMEPEMEHHOW X, TO €CTh BapualUio Y,
NPUXOASAIIYIOCS HA €IUHUIY BapualHu X.



IlapameTpsl B YypaBHEeHMH perpeccud OOBIYHO BBIOMPAIOTCS IO
METOAY HauMEHbIIUX KBaapaToB. (OCHOBHOM MNPUHLMUI 3TOrO0 METOJA
3aKJI04YaeTcss B TOM, 4YTOOBl TakK ONpPEJENUTh HEU3BECTHBIE MapaMeTpPhl
MOJIeJIM, YTOObI CyMMa KBaJApaTOB OTKJIOHEHUNW HMEIOMIUXCS JaHHBIX OT
BbIOpaHHON KpuBON (ypaBHEHHUs) perpeccuu Obuia Obl MHUHHMMAJIbHOM:

Eciu B kadectBe (YHKIMOHAIBbHON MOJENHU perpeccur BblOpaHa
JUHENHasT MOJeNlb, TO COIJJaCHO JTOMY METOJy  HeoO0XOoAMMO HaWTH

MUHUMYM QYHKIIUU

F=3.(y, ~ax,-bJ"

Ucnonp3ys ycinoBue sxkcTpemyma pynkuuu F, Halinem

§:2i(yi—axi—b)-xi:0
Jaa i=1

oF 2

5 =22y —ax,—b)=0

OT HOCJIGI[HGﬁ CUCTCMBI MOHO HCprITPI Kk Ooiee HpOCTOﬁ, BBITIOJTHUB
Hanqg Hel 9JICMCHTAPHBIC aHFC6paI/I‘-I€CKI/I€ HpGO6p330BaHI/IHI

iyi "X _a'ixi "X, _b'ixi =0
i1 i1 i1
<

Zn:yi_a'zxi_bzo'

Li=1 i=1
Pemas nmocieaHow0 cucTeMyY OTHOCUTEIbHO A U B, monydum:

B ciayuae moucka ypaBHEHUsS perpecCuM B BUJI€ TOJUHOMA k-1 cTeneHH,

a

HCXOJd U3 MCTOAAa HAMMCHBINKUX KBAaAPATOB!:

2

Zzznl:(yi -V..)’ =an‘,(yi —a, —aX, —a,x’ —...—a,x*)? — min,



Bpruncisas u npupaBHUBas 4YacTHbIE INPOU3BOAHBIC KpuUTepus Z II0
0L
KaXXJOMy HEU3BECTHOMY IapaMeTpy K HYIIIO (a—=0), [I0JIYYUM CUCTEMY
a.
J
ypaBHEHUH,

a,n +alZn:xi +azzn:xf + ...+akzn:xik :Zn:yi,
i=1

i=1 i=1 i=1

n n n n n
k k+1 k+2 2k k
a, ) X +a, ). X +a, ) X+ +a ) X =Dy X,
L =l i=1 i=1 i=1 i=1
pemaﬂ KOTOpYIO, HaXoAsT HCU3BCCTHBIC HapaMeTpBI aj.

B HekoTOphIX ciyyasix, KOrja BU3YyaJbHbIM aHaIU3 KOPPEISIIUOHHBIX
MOJIEM  MOKAa3bIBAET  SIBHBIM  TUN  HEJIMHEHWHOCTH  MPEAIOoJaracMou
3aBUCUMOCTH, JAJI1 HAXOXJCHHUS YPaBHEHUS PErpecCUU HMCIOJb3YIOT MeTO[
npeodpa3zoBanusi koopamuHart. Jlns »sToro mpeanosnaraemas (YHKIUS
3aMEHSETCS JTUHEWHOW M ypaBHEHUE PETrpecCUr pacCMaTpPUBAETCS B HOBBIX
KOOpJIMHATAaX.

Hanpumep, apo6HO - panuoHanbHas QyHkuus y = (ax + b)? moxer
OBITH Tpeo0pa3oBaHa B JMHEHHYIO MyTEM CIEAYIONIEeH 3aMEHBI:

z=1/y, q =X, Toraa, Kak rmokasaHo Ha puc. 2la, z = aq + b.

Ananmoruyno (puc. 210) wMoxHO mpeobOpa3oBaTh B JIHHEHHYIO
gorapudmuyeckyro GpyHkumo y = aln(x) + b:

g=In(x),z =y,z=aq + b.

]
"\-.-.-‘b
L

i
@ =y @
/ q I
v \ L
4 5 7 V()
y(x) | o/)ﬂ\m* |
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a 0
Puc. 21. [IpeoOGpa3zoBanue KOOpAUHAT AJisi IPOOHO — palMOHaIbHOU (a)

o

u norapupmuueckon GyHkuuu (0)



[Tocne toro, kak Mojaeap MOCTPOEHA, TO €CTh HAWJACHBI €€ IMapaMeTphl,
HEOOXOMMO TPOBEPUTH €€ aJ€KBATHOCTh HCXOJHBIM JIaHHBIM, a TaKXke
MOJYYEHHYIO TOYHOCTb.

Ouenka aleKBAaTHOCTH IPUHATOU pEerpecCUOHHOU MOJEIH
OCYILECTBIISIETCA HECKOJBKMMHU CIoOCO0aMH, HO BCE€ OHHM Oa3zupyeTcs Ha
aHAJINU3€  PErpecCHOHHBLIX  OCTATKOB Ei, T.C. pa3HULBl  MEXAY
JNEUCTBUTEIbHBIMU 3HAYECHHUSAMHU 3aBUCUMOW IMEPEMEHHOU Yi U PACUETHBIMU
UJIM TEOPETUUYECKUMU 3HAUYCHUSIMU 110 YPaBHEHUIO perpeccuu Y: g =Y, — V..

AJIEKBATHOCTh PErPECCUOHHON MOJE€JIN O3HAYAET, UTO:

- OCTaTKH JOJDKHBI OBITh HE3aBUCUMBIMHU CIyYalHBIMU BEJIMYUHAMU,

- pacmpenesieHue OCTAaTKOB JOJKHO OBITh HOPMaJbHBIM C HYJEBBIM
CpEIHUM;

- TUCIIEPCHSI OCTATKOB JOJDKHA OBITh OJJUHAKOBOU U MOCTOSTHHOM.

BusyanbHO OIEHUTH paclpejelicHue OCTAaTKOB MOXHO 10 Tpaduky
3aBUCUMOCTH OCTAaTKOB € OT TEOPETUYECKUX 3HAYEHUH 3aBUCUMOU
nepeMeHHON ¥, Kak Moka3aHo Ha puc. 22.
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Puc.22. BapuaHnTsl pacnpeneneHus 0CTaTKOB

Ecim Ha rpaduke moisydeHa TOpU30OHTalbHAS MOJI0CA, KaK MOKa3aHO Ha
puc. 22a, TO MOXHO NPEIAMNOJIOKHUTh, UTO OCTATKHU & SIBIASIOTCS CIy4YallHBIMU
BEJIMYMHAMHU, HE 3aBUCHMBIMH OT Y, T.e. JHHHS PErpPECCUU XOPOIIO

ONUCHIBAECT PaKTUUECKUE 3HAYCHUS Yi.


http://www.machinelearning.ru/wiki/index.php?title=%D0%92%D1%8B%D0%B1%D0%BE%D1%80%D0%BA%D0%B0
http://www.machinelearning.ru/wiki/index.php?title=%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%BC%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D1%81%D0%BB%D1%83%D1%87%D0%B0%D0%B9%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0

Ecnn ocratku € He ciaydaWHbl, T.€. HE UMEIOT IIOCTOSIHHON NUCIIEPCUHU
(puc. 2206) uam 3aBUCAT OT BeJdWYHWHBI Y (puc. 22B), TO B TaKUX CIIydasx

HeoOXxonuMo JuOO0 MPUMEHATh JAPYrylo (GYHKIUIO perpeccuu, Juoo
MCIOJIb30BaTh [OMOJHUTENbHYIO HH(pOpPMAaNUIO, HANpPUMEpP, YBEIUYUBATH
KOJIMYECTBO HIKCIIEPUMEHTAIBHBIX TaHHBIX.

Ounenka no ko3ppuuMeHTY JeTepMUHALMH.

Cratuctndeckuii cmbicn Koddduumenta aeTepMuHanuu R?  wim
KBaapaTta Kod(pQpUIMEeHTa KOppEeIsLUU 3aKJI4YaeTcss B TOM, 4YTO OH
NOKa3blBaeT, Kakas JoJisi 3aBUCHUMOM TepeMeHHOW Yy oObsicHsAeTCS
nocTpoeHHo#l ¢yHkuueil perpeccun y(x). Hampumep, npu koszdduiuente
nerepmunanuu 0,49 perpeccuoHHass Mojelib 00bscHsieT 49% naucnepcuu
3aBUCUMON TNepeMeHHOM, ocTanbHble ke 51% cuutaroTcs 00yCIOBIECHHBIMU
dakTopaMu, HE OTPA’KEHHBIMHU B MOJIEJH.

Ouenka no kpurepuro Pumepa.

OueHka 3HAYMMOCTH YypaBHEHHMS PErpeccud B ILEJIOM JaeTcs ¢ Mo-
mompbio F-kputepus @umepa. B ee ocHOBe NexKHUT paszjokeHue oOuiei
OUCIIEPCHU 3aBUCHUMOM MEPEMEHHON HAa COCTABIISIOUIUE.

O0mas paucnepcusi 3aBUCUMON NHEpeMEHHOM Soom = Sp +  Socr
pasziaraeTcs Ha:

- (pakTOpHYIO AHUCcHepcuI0 Sy, OOYCIOBIEHHYIO JIMHUEH perpeccuei,
KOTOpas XapakTepu3yeT Bo3AcicTBUE (aKTOPHOUW MEpeMEeHHOMU;

- OCTATOYHYI0 AMCHEPCUI0 S,c; OTHOCUTEIBHO JIMHUM PErpeccud, T.e.
Ty 4acTh Bapualuu 3aBUCUMOU (pe3yJIbTAaTUBHON) MEPEMEHHON, KOTOPYIO
HEJIb3s OOBSCHUTH BO3JICHCTBHEM HE3aBHCHMOU ((paKTOPHOW) MEepeMEeHHOM.

Uem MeHbIIE Socr, T.€. MEHBIIE BO3JCHCTBHE HEYYTCHHBIX B
MOJIEIM WIH CIy4alHbIX (AKTOPOB, TE€M TOYHEE COOTBETCTBYET MOJIENh
dakTuyeckuM AaHHBIM. IMEHHO MOATOMY OCTAaTOYHAs MUCIEPCHUS MOXKET
OBITh MCIIOJB30BaHAa JJI1 OLEHKU KaueCTBa PErpecCUOHHON MOJeIn, TOUHOCTHU
nmoadopa perpecCHOHHON PYHKITUH.

OcHoBHasg rumore3a perpeccCHoHHoro ananusa Ho: ypaBHeHHe
perpeccun He 3HAYUMO, T.e. (aKTOpHas M OCTaTO4YHAsA JUCIEPCUH
CTATUCTUYECKU HEPAZIUYUMBI.

JInst npoBEPKU 3TOU THUIIOTE3bl UCMONb3YyeTCsl F-KpuTepuid:
sz (n—k)

SZ

F= , KOTOpBIM uMeeT pacnpenencHue Duuiepa ¢ 4YUCIOM
OCT
creneneir csobdoasl vi=K-1wu vy, =n—Kk,

rae N - KOJUYECTBO ONBITOB,



K - kKoauM4yecTBO mapaMeTpOB B YPaBHEHUHU perpeccuu (s JTUHCHHOUN
mogaenu K = 2),

n
s, =>.(§,-Y)’ - bakropHas cyMMa KBaJpaTOB OTKJIOHCHHUIA,
i=1
n

> (y,-¥,)" - ocraToyHas cymMMa KBaJApaTOB OTKJIOHCHHIA.
i=1

CyMMBI KBaAgpaToB OTKJIOHEHUW, OTHECEHHBIE K YHCIY CTEIEHEN

2 —
ocT —

S

cB00O/BI, MPEACTABISIOT COOOW HECMEIIEHHBIE OI[EHKHM COOTBETCTBYIOUIMX
JTUCIIEPCUM.

Ucnonezys dopmyny pacdera kodpduiumeHTta KOppeNsiuu, MOKHO
NOJY4YUTh ClieAylolllee BhIpaxeHue F-kpurepusi:

2

"
F=—2_(n-2).
= (0-2)

Xy

3a/aBasCh YPOBHEM 3HAYMMOCTH 0, U YUCJIOM CTEIEHEH CBOOOIBI Vi U

V2, 1IIO Ta6JIHHaM KPUTHYICCKUX 3HAUYCHUU F—pacnpeneneHI/I;{ HaxXO0JIUM

F, = F(l—a; k=1 n-K).

Ecau Fy > Fyp, Ho OoTKkIOHsIETCSA, ypaBHEHUE pErpeccuu INpU3HAETCA
3HAYUMBIM.

5.4. incriepCUOHHBIN aHAJIM3 JAHHBIX

JIUCTIEpCUOHHBINA aHaIU3 SBISIETCA CTATUCTHUYECKUM METOJOM aHaian3a
pe3yabTaTOB HAONMIOACHUN, 3aBUCAIIMX OT PA3JUYHBIX OJHOBPEMEHHO
neicTBYOMUX (HAKTOPOB, C 11€IbI0 BEIOOpAa HamboJiee 3HAYUMBIX (DAKTOPOB H
OLIEHKHU UX BIHUSHUS HA UCCIEAYyEMBbIN IIpOLECC.

Hanpumep, HeoOXoammMo mpoaHAIU3UPOBaTh, KakK BJIUSET CTENEHb
MEXaHUYECKOW TpaBMbl Ha TNPOJIOJKUTEIBHOCTh JI€UEHHUS WU HU3YUYHUTh
BIIMSIHUE TEepMHUUYECKON 00paboTKM Ha TBEPAOCTh 00pabaThHIBAa€MOTO
Marepuasia. B mnepBom ciaydae (pakTopom sBISIETCS TpaBma, KOTOpas
paccMaTpuBaeTCsl Ha pPA3IMYHBIX YPOBHAX (Jerkas, cpenHss, Tsxkenas), BO
BTOPOM cliyuae (pakTop - TepMmuueckas o0paboTka, ypoBHHM ¢akTopa —
3aKajka, OTOYCK, HOpMaJIn3alus.

TakuM 00pa3oM, AUCHEPCUOHHBIN aHAIU3 MNPUMEHSIOT, KOTAA XOTST
BBISICHUTb, OKa3blBa€T WJIM HE OKa3blBaeT BIUSHUE Ha pe3yiabTar
JDKCIIEPUMEHTAa HEKOTOPBIM KAYECTBEHHBbIM (PAKTOpP, KOTOPBIA HMEET
HECKOJIbKO Pa3JIMYHbIX YPOBHEH peain3alui.

JlucriepCMOHHBIA aHAIU3 MOXKET ObITh OJAHO(PAKTOPHBIM, €CiU
UCCIIeyeTCA BIUSIHUE Ha Pe3yJbTaThl 3KCIEPUMEHTAa OJHOTO KaueCTBEHHOTO



dbakTopa, U MHOropaKTOPHBLIM, €CIH HCCIEAYETCA BIHUSIHUE HECKOJIbKHUX
dbakToOpoB.

Ecnu ¢axktopsl, ube BAUSIHME HA BEIUUYMHY X HCCIEAYETCS, SBISIOTCS
KOJIMYeCTBEHHBIMH, TO JTUCTIEPCUOHHBIA aHAIU3 MOXKHO MPUMEHSTH U B 3TOM
cinyuae. Ho Oosiee riiyboKue BBIBOJBI O XapaKTepe BIUSHUSA TakKUX (PaKTOpoB
Ha BEJUYMHY X Jy4ylle cliejaTh Ha OCHOBE KOPPEIAIMOHHO-PErPECCHOHHOTO
aHaiu3a.

ITapameTpuyeckue METOABI NUCTIEPCUOHHOTO aHalM3a OCHOBBIBAIOTCS
Ha CJIENYIOUIMX MPEeaNnoChlIKaX:

- pacrpejielIeHUe UCXOHBIX CIyYalHBIX BEJIMYUH HOPMAJIbHO;

- JHUCIEPCUU DKCIEPUMEHTATbHBIX JaHHBIX OJHOPOJHBI JJISI BCEX
DKCIIEPUMEHTOB, BBIMOJHEHHBIX Ha PAa3JIUYHBIX YPOBHIX H3y4aeMOTO
dbakTopa.

[TosToMy mnpu mpOBEASHUM JHCIEPCHOHHOTO aHajau3a HEOOXOIMMO
npeaBapUTEIILHO MPOBEPUTH HOPMAJBHOCTh pacnpeaejieHHsl pPe3yJIbTaTOB
AKCTIEPUMEHTOB U OJJTHOPOAHOCTDb JAMCIEPCHIl DKCTIEPUMEHTATbHBIX TAHHBIX.

B ocHOoBe aMCNEpPCHMOHHOrO aHanu3a JIEKUT paszjelieHue oOuein
JIMCTIEpPCUU HA YaCTHU MIIU KOMITOHEHTHI.

PaccmoTpum crneayromuit HaOOp JaHHBIX:

I'pynma 1 I'pynma 2

HaoOmronenue 1 2 6
HaOmronenune 2
HaoOmronenue 3

N O 01

3
1
I'pynmoBoe cpennee 2
I'pynmoBasi cymMa KBaJIpaToB 2

OO6mee cpenHee 4
OO0mas cymma KBaJpaTtoB 28

Cpennue ABYX T'PYMIl CYIIECTBEHHO Pa3IuYHbI (2 U 6 COOTBETCTBEHHO).
CymMa KBaJpaToB OTKJIOHEHUU BHYTPH KakJo# rpynnsl paBHa 2. CKiaaabiBas
UX, Noyiydyaem 4.

Eciun Ttemepp MNOBTOPUTH 3THU BBIUMCIECHHS 0€3 yueTa TIpyNImoOBOM
NPUHAAJIEKHOCTU, TO €CTh, €CIH BBIYUCIUTH OOUIYI0 CYMMY KBaJpaToB,
MCXOJIsl U3 OOIIET0 CPEeTHEro ITUX JBYX BHIOOPOK, TO MOJYYHUM BeIUUHHY 28.

Hucnepcuss (cymMMa KBaJpaToOB), OCHOBAaHHAasT Ha BHYTPUTPYMNIIOBOU
W3MEHYUBOCTH, NPUBOJUT K TOpa3g0 MEHBIIMM 3HAYE€HUSIM, YEeM IpHU
BBIYHUCJICHUH Ha OCHOBE O0OIeil H3MEHYMBOCTH (OTHOCHUTEIBHO OOIIEro
cpeanero). IlpuymHa »5TOTO, OYEBUJHO, 3aKIOYAETCS B CYIIECTBEHHOMU




pasHUIe MEXIY CPEHUMHU 3HAYCHHUSIMH, U 3TO pa3jiuyre MEXAy CPEIHUMH U
0OBSICHIET CYNIECTBYIOIIEE pa3Indne MEXKIY CyMMaMH KBaJIpaToB.

Takum oOpa3zom, o0m@as cymMmMa KBajapaTtoB (28) pasbuta Ha
KOMIIOHEHTBI: CYMMY KBaJApaToB, OOYCIOBICHHYI0 BHYTPUTPYIIOBO
U3MEHUYUBOCTBIO (2 + 2 = 4) U cyMMy KBaJpaToB, 00YCIOBICHHYIO pa3IHuHeM
CpPeIHUX 3HAYCHUN Mexny rpynnamu (28-(2+2)=24).

B urtore nonyuaem:

S0. = S(_’p + SOCT1

So - obmas gucnepcus HaOJOJaeMbIX  3HAUYCHHUH, KOTOpas
XapakTepu3yeTcs pa3dpocoM JaHHBIX OT OOIIET0 CPEJHETr0 U OmpeaeiseT
BapHallMI0 MPU3HAKAa BO BCEW COBOKYMHOCTH IOJ BIHUSHHEM BceX (aKTOPOB,
00yCIIOBUBIINX 3Ty BapHUaIuio;

S¢ - MexrpymnmoBas unu  (akTopHas aucmepcus, KoTopas
XapaKTepu3yeTcs pa3jJudueM CpeJaHUX Ha KaXIOM ypoBHE ¢akrtopa W
OTIpeAeIACTCS BIUSHUEM UCCIENyeMOTo paKTopa;

Socr - BHYTPUTpYNIIOBas WM OCTaTOYHAas JUCIEPCHUS, KOTopas
XapaKTepU3yeT paccessHue JaHHBIX BHYTPU YPOBHEH (akTtopa W OTpa)kaet
CIy4aiiHyIO0 BapHaluio, T.€. YaCTh BapUaIlUH, MPOUCXOASAIIYIO MOJl BIUSHUEM
HEYUYTCHHBIX CIy4alHbIX (AKTOPOB U HE 3aBUCSLIYI0O OT HCCIEAyEMOTro
dbakTopa.

Takum o06pa3zoMm, wucciaeJOBaHHE KOMIOHEHT JAMCHEPCHHM CIYXUT
CPEIICTBOM OMpEeAeeHUS 3HAUYMMOCTH Pa3JIu4Yus MexKAYy CPeTHUMH.

OnnodakTOpHBIA MapaMeTPUYECKUH TUCIIEPCHOHHBIA aHAJIN3

B onHodakTOpHOM IUCTIEPCHOHHOM aHAIN3E Ha OJHY KOJIHMYECTBEHHYIO
MEePEMEHHYIO Y OKa3bIBaeT BIHsHUE ONUH (PakTop A (OJMH KauyeCTBEHHBIN
Mmokas3aTenb), HaOJoJaeMbli Ha Kk ypoBHAX, T. €. uMeeM K BBIOOPOK s
IIEPEMEHHON Y.

Hanpumep, HEoOXOAMMO MpOaHAIU3UPOBATH, KAaK BIHUSAET CTENEHb W
JOKANHU3aIus MEXaHUYEeCKOW TPaBMBI Ha MPOJOKUTEIBHOCTHh JICUCHUS HWIIH
W3YYUTHh BIUSIHUE TEPMHYECKONW 0OPaOOTKM M MapKH CTAIM HA €€ TBEPIOCTh
MoJie TEPMOYIPOYHEHUS.

ANTOpUTM TIpOBEACHUS OJHO(PAKTOPHOTO JUCTIEPCHOHHOTO aHaIM3a
COCTOUT B CIICAYIOMIEM:

- (hopMupoBaHue TAOIUIBI IKCIIEPUMEHTAIBHBIX TAHHBIX;

- BBIYHCJICHUE CPEJHUX KBAJAPATOB OTKIOHCHUI;

- BBIYMCJICHUE JTUCIIEPCHUIA;



- OIICHKA pe3yJIbTaTOB aHAIN3A.
Ucxonnbie naHHBIE COOUPAIOTCS B CIAEAYIOUIYIO TAOIUILY:

Howmep YpoBuu dakTopa A
HAOIIOAEHUS A1 Ao . Aj . Ay
1 yll y21 yil ykl
2 y12 y22 yi2 yk2
j Yi Y Yij Y
n Vi, Y, Y., Yo

Hab6sronaemble nanneie 0003HauuM Y,
rje i-uHJAeKC ypoBHA ¢akTopa, i= 1,2, ..., K,
J - uHACKC HAOIIOJACHHS Ha i-M ypoBHEe dpakTopa, j = 1,2, ..., n

Ha KaXXIO0M YPOBHC MOKCT OBITH CBOE YHCJIO Ha6JI}O)ICHPIﬁ nj.

k
Torma oGmiee unciio onbITOB (HabmoaeHuit) N = Z n. .
i=1

ITo JaHHBIM yij MOJKHO OIIPCACIINTD CICAYIOININC XapPAKTCPUCTUKU!

- cpeJHee 3HAaYEHUE IEPEMEHHOM Y Ha i-M YPOBHE
1 &
Y= _Zyij )
n, =
- cpelHee 3HAaYeHUE EPEMEHHOM Y 10 BCEM HaOII0JeHUIM
R LS 1&_
y=—2.2¥;=—2Yn;
N iz j= . n iz
- CyMMY KBaJpaToOB OTKJIOHEHHH BCeX HaOIIOAeHUH OT O0OLIEro
CPEIHETO
k n;
— N/ 2.
So = ZZ(yu -y)
il =
- CyMMY KBaJpaTOB OTKJIOHEHHUW CPEIHUX TPYNIOBBIX 3HAYEHUU OT

o01ero cpeaHero Yy

scb:g(vi—wzni:

- OCTaTOYHYIO CYMMY KBaJpaTOB OTKJIOHCHHUH



nj

k
Seer = H.Z ~ ( i)2'

CyMMBI KBaJpaTOB OTKJIOHEHWW, OTHECEHHBIE K YHUCIY CTEleHEeH
CcB00O/BI, MPEACTABISIOT COOONW HECMEIIEHHBIE OLIEHKH COOTBETCTBYIOLIMX
JTUCIIEPCUM.

Jlanee BBIYUCTAIOTCS KOMIIOHEHTHI AUCTIEPCUN:

- o0mas nncnepcm

§ =2 ZZ(y., y)’.

° n —1 - i=1 j=1
- (hakTOpHAas (MG)KprHHOBaSI) OHUCIIEPCUS
S

S; =1 ’n,.

- OCTaTO4YHaid (BHyTpI/IprHHOBaSI) AUCIICpCus
S
2 oct
SOCT — z z (ylj i

n—l —k i=1 j=1

B mapaMCeTpUuiUICCKOM HNUCIICPCHOHHOM aHAJIMU3C IMPOBCPACTCA TUIIOTC3a

H

nokazarens (H,: ¥, =Y,=...=V,).

0 O PpPaBCHCTBC CpPCAHUX TPYIIIOBBIX 3HAYEHUM KOJIHMYECTBEHHOIO

KpI/ITepI/IGM AJIs1 IIPOBCPKHU ATOM THUHOOTE3bl SBISIETCS COOTHOIICHHE
2

MEXTPYIIIOBON IMCIEPCHU M BHYTPUIDYIIOBOM aucnepcuu: F, =

oCcT

kputepuit dumiepa).
OaHodakTOpHBIA HeMapaMeTPUYEeCKUN AMCIIEPCUOHHBIN AHAJIU3

Henmapamerpuueckue MeTOAbl JUCIEPCUOHHOIO aHAINU3a IMPUMEHSAIOTCS,
KOrJla HET BO3MOXHOCTH IPOBEPUTH HOPMAJIBHOCTH pacIpeaeeHUs
HCXOJHBIX JaHHBIX, a TakXe KOTrJa pe3yJIbTaThl JKCIEPUMEHTOB
MPEICTABJICHBI NOPAAKOBBIX IIKaJIaX.

B kadecTBe HemapamMeTpHYECKOrO TeCTa JJIsl BBIABICHUS HaJIHYUS
CTATUCTUYECKU 3HAYUMBIX Pa3IMYUi MEXAY CPEAHUMH HECKOJbKHX BBIOOPOK
npuMeHAT kpurepuil Kpackeaa-Yoaauca.

OH wucnomp3yeTcs IS CpaBHEHHUS Tpex WM Oojee BBHIOOPOK, W
MPOBEPSAET HYJEBBIE THUIOTE3bl, COTJIACHO KOTOPBIM pPa3JUYHbIE BBIOOPKHU
ObIIU B3ATHl U3 OJHOTO M TOTO K€ paclpeielieHUs, U U3 paclpeaesieHUN ¢
OJMHAKOBBIMU MEIUAHAMM.


http://www.machinelearning.ru/wiki/index.php?title=%D0%9D%D0%B5%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%82%D0%B5%D1%81%D1%82%D1%8B&action=edit
http://www.machinelearning.ru/wiki/index.php?title=%D0%9A%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9_%D0%9A%D1%80%D0%B0%D1%81%D0%BA%D0%B5%D0%BB%D0%B0-%D0%A3%D0%BE%D0%BB%D0%BB%D0%B8%D1%81%D0%B0

Kpurepuii Kpackena-Yoinca HCHONB3yeT HE  KOJIWYECTBEHHBIE
3HAYE€HUS SKCIEPUMEHTAJIbHBIX [aHHBIX, a UX PAaHIHW, T.€. HOMEpa MecCT,
KOTOPBIE 3aHUMAIOT 3THU JAHHbIE B BAPUAILMOHHOM Py BBIOOPKH.

ANTOpUTM IPOBEPKHU HYJIEBOU TUNOTE3bl Ho COCTOUT B clieAyIOmIEM:

- Ha0JII0aeMbIe JIaHHBIE Y, YHNOPAJTOYMBAKOTCA IO BO3PACTAHUIO U

3aMCHAIOTCS paHraMu rij;

- JUISL KaXJ0T0 YpOBHsS Aj BEIUUCIAETCSA cpeaHUM paHr Rj:

1 o
R, =—>r;
i nj_ j

- HpOBepHeTCH TUIIOTEC3a Ho.
CTaTI/ICTI/IKa JJIsL HpOBepKI/I HYHCBOfI TUITIOTE3bI UMCCT BU/ .
2
12 k R
H = >3+,

B n(n +1) i—1 nj

rje N — BCS COBOKYMHOCTh HAaOJIIOICHUH.

Kputepuii H npeacrapisier co60i TUCIEPCUIO PAHTOBBIX CYMM.

[MIpu ni >5, k> 4 b copaBemIUBOCTH TPOBEPSAECMOW T'HUIIOTE3BI
Ho cTatuctuka noguunseTcs pacupeaenenuro x2 c (k - 1) creneHsaMu cBOOOIBL

[IpoBepsieMass TUMOTE3a OTKJIOHSAETCS HAa yPOBHE 3HAYMMOCTH 0., €CJIHU
IpH JaHHBIX peanu3anuax Bei6opok H > y? , rue y. - kBaHTWIb ypoBHs (1 — €)

pacnpenenenus y2 ¢ (k - 1) creneHsmMu cBOOOIbI.
JAByx(dakTOpHBIA TUCTIEPCUOHHBIH AHAJIHU3

B nByxdakTopHOM IMCIIEPCUOHHOM aHAIWU3€ HA OJHY KOJIHMYECTBEHHYIO
NEPEMEHHYIO Y OKa3blBalOT BIUSHHUE OJHOBPEMEHHO [Ba Kauye€CTBEHHBIX
dakTopa A u B Ha ypoBHAX A1, Ao, ...,Ax 1 B1, Ba,...,Bm cooTBeTCTBEHHO.

PesynbpraTel n3MepeHUss KOJIMUYECTBEHHOW NEPEMEHHOM Y MPEACTABIICHbI
nByX(akTOpHOU TabIUIIEeH, T1I€:

I = 1,k — umcio ypoBHei ¢pakTopa A (IUCIO CTOJIOIOB);

J = 1,n — uucno ypoBHei ¢pakropa B (4ncio cTpok);

®axktop | PakTop A >
B Aq As Aj Ayg

B1 Yu Yau Yi Y Y
B2 Yi Y2 Yi, Yo Y
Bi Yi Y, Yi Yii Y]




Bn yln yZn yin ykn Yln
> Y1 Yo Yi Yk

I[I/ICHepCI/IOHHBII\/’I aHaJIn3 IJId I[Bqu)aKTOpHBIX Ta6J'H/I]_I IIpOBOAUTCHA 110
CICAYIOIEMY aJITOPUTMY. BBIIH/ICJ'ISII-OTCH CYMMUEI:
1 n

Q ZZYU’ Qz_ Z i; Qsziijlz;

i=1l j=1 i=1 =1
n 1 Kk
=—QY)+=—2Y)"
I[aJIee HaAXoOgATCA OUCHKHU HHCHCPCHﬁ:
Sz :Q1+Q4 _Qz _Qg.
i (k-D(n-1) °
Sz — Qz - Q4 . Sz Q3 Q4
k=) (n-D

Ecnn S—’; > Fop(ve, vo), tme vi=n—1u vy, = (k—1) (n— 1), To BIusiHUE
o

@aKTopa A Ha YPOBHC 3HAYUMOCTH O IIPHU3HACTCA 3HAYUMBIM.
AHAJIOTUYHO 3HAYUMBIM IMPU3HACTCS BIHUAHHUC @aKTopa B, CCJIN

SZ
— > Fp(ve, v2), tmevi=n—-1uvy,=(k—1) (n-1).

So

Tako#l anropuTm mpeamnonaracT He3aBUHCHMOCTHL (aktopoB A u B.
Ecnu onu 3aBucumsl, To B3aumozeiictesue pakropoB C = AB Takxke siBisieTcs
dbakTopoM, KOTOPOMY COOTBETCTBYET CBOs aucmuepcus. Jas Toro, 4ToObI
BBIJICTUTH TaKO€ B3aUMOJEHCTBUE, HEOOXOIUMBI MapajiedbHble HAOII0CHUS
B KOXJIOU KJIETKE TaOJMIIBI, T. €. MPU KaXJI0M coueTaHuHn paktopoB A u B Ha

ypoBHSIX Aj 1 Bj COOTBETCTBEHHO HEOOXOAMMO HE OJHO HAOJIIOJEHHE, a Cepus

HaOmoaeHui Yija, Yij2, --., Yijm.
[lycTs Yij Teneps ABASETCS CpeAHUM M3 M HAOIIOAEHU, T. €.
1 m
" omIE "

JIns oOleHKW BIUSHUS B3auMOAEHCTBUS (akTopoB AB BeIUHCIsIEM
JNOTIOJIHUTEIIbHYI0 CYMMY:

RN

i=1 j=1 r=1



Jlamee aHanu3 mMpoBOAUTCS, KaK U paHee, C TOW JIMIIb Pa3HULIEHW, YTO B
KJIETKaxX TaOJulbl BMECTO OTHEJIbHBIX 3HAUYEHUM Yijr MCHOJB3YIOTCS HUX
CpeaHuE 3HAUYCHUA Yij.

Brraucnsercsa qucrniepcus:

SZ Q5 le

AB
nk(m-1)"

U MpoBepsieTcsl 3HAYUMOCTh B3auMojieicTBus paktopoB AB kputepuem:
2

SS; > Fuy(va, v2), tie vi = (K — 1) (N — 1) 1 vz = nk(m — 1).

C noOaBieHHeM KaxJ0ro HOBOTO (pakTopa MpUHIMIIHAJIbHAS OCHOBA

JMCIIEPCUOHHOTO aHajn3a HE W3MEHSAETCS, HO CYUIECTBEHHO YCIOXHSAIOTCS
bopMynbl U TaOIUIIBI JJISI PACUETOB.
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	Таблица 3.
	Размах или разность между максимальной и минимальной вариантами выборки определяется как:


