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Jloceauaemcs c6emAol NAMAMU
Cepzess Bradumuposuua JITuxonosa

BBeaeHue

OCHOBOMNOJIO)KHUKAaMH MPENOJAABAHUS MAaTEMATUYECKUX METOJOB
Ha ¢akynbTeTe OMOJIOTUU M DKOJIOTUU SPOCIaBCKOTO rocydapCTBEH-
Horo yHuBepcutera uMm. I1. I'. lemuaoBa  sBisroTcss  mpodeccop
JI. A. KakoB u crapmmii npenogaBarelib Kadeapbl SKOJIOTUH H
3oodorun  C. B. TuxonoB. MeTogndeckoi OCHOBOM JUCIIAILINHBI
«MatemaTuyeckiue MeTOAbl B OMOJOTHM M DKOJIOTHW», TperojiaBa-
emoil Ha (akynbreTe B TeueHne MHorux jeT C.B. THXOHOBBIM,
SIBIJIOCHh TIpUMEHeHue B Kypce «OCHOBBI PRIOHOTO X03s1ticTBa» (1980-
1990 rr.) y4eOHBIX HIMUTAILIMOHHBIX MO/ICIICH.

3ajaun OCBOEHHUS JUCIUIUIMHBI — 00y4YEHUE CTYACHTOB NMPUMEHE-
HUIO COBPEMEHHBIX METOJI0B 00pa0OTKH M aHalin3a OUOJOTHYECKUX U
HKOJIOTMYECKUX JAHHBIX, OCHOBAHHBIX HA WCMOJIb30BAHUU MaTEeMaTH-
YECKOM CTAaTUCTUKM M COBPEMEHHOW BBIYMCIIUTEIBHOU TEXHUKHU.
OCHOBHOE Ha3HAYEHHUE MPEIJIAraeMOro y4eOHOro MmocoOusi 3Hauu-
TEJIbHO CKPOMHEE — 03HAKOMJICHUE CTYJAEHTOB OMOJIOTUYECKUX U KO-
JIOTUYECKUX CHEIUaIbHOCTEH C 0a30BBIMU MOHATUSIMU W 3JIEMEH-
TapHBIMU METOJIaMHU KOJIMYECTBEHHOTO aHAIN3a JaHHBIX HAOJIOJEHUM
(oxcriepumenToB). OCBOCHHE CaMBIX MPOCTHIX MPHUEMOB OHOMETPH-
YeCcKOor 00pabOTKHU JaHHBIX MO3BOJIUT CTYyACHTaM OCO3HAHHO MOJONUTH
K MCIIOJIb30BaHUIO 00JIEE CIIOKHBIX MATEMATUUYECKUX METOJIOB MPH pe-
HIEHUH Pa3HOOOPA3HBIX UCCIIEIOBATENBCKUX 3a/1a4.

HeobxoauMocTh npenojaBaHusi Kypca Ha ¢GakyJbTeTe OMOJOTUH
u skosioruu SApl'Y ompexnensiercst TpeMs oOcToaTenbcTBaMu. Bo-niep-
BbIX, KypC IMOMOTaeT B OCBOCHHU M 0oJiee TIyOOKOM IMOHUMAaHUHU
y4eOHOTO MaTepuaja Mo AUCIUILIMHAM CIeIUaln3alliy, MOCKOJIbKY
MPAKTUYECKUE 3aHITUA W JICKIIMM OCHOBAaHbl HAa MHOT'OYMCIICHHBIX
npuMepax u3 00JacT OUOJOTUM U AKOJIOTMH. BO-BTOPHIX, AUCIUII-
nuHa «MaTteMaTu4ecKrue METOJbl B OMOJIOTUM M DKOJOTHU» CITYKHUT
METOJIMYECKON OCHOBOM BBITIOJHEHHSI CTYJACHTAMH KYpCOBBIX U
JTUIJIOMHBIX HAy4YHBIX pPa0O0T. AJEKBAaTHOE NPUMEHEHUE METOJIOB
CTaTUCTUYECKON 00pabOTKH HAy4HBIX JAHHBIX SIBISETCS HEOOXOU-
MBIM YCJIOBUEM YCHENIHOW 3al[UThl BBITYCKHBIX KBATU()UKAIIMOHHBIX
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paboT, 3TO MOBBIIIACT JOKA3aTEIHLHOCTh BHIBOJIOB M OOIIUH YpPOBEHB
HAay4YHOU paboThl CTyAeHTOB. OTHOCUTEIBHO CIIOKHBIE MaTeMaTU4eC-
KM€ METOJbl MPUMEHSIOTCS YYalllMMHUCS B Hay4yHbIX paboTax [o-
BOJIBHO PENIKO, C JPYyTrod CTOPOHBI, TAaKHE DJIEMEHTApPHBIC CTATHUCTH-
YeCKUE MPOIEAYPhl, KaK pacyeT CpeHEro 3HaueHMs, IoKas3aTesei
BapualliM, CTaHIAPTHOM OIIMOKH, JTOBEPUTEIBHOIO HMHTEpBaia, IO-
CTPOCHHME CTATHCTHUECKUX T'padUKOB M TaOJIUIl, MUCIOJB3YIOTCS IIO-
BcemecTHO. IlepBble mpeacTaBieHuss O crocobax pacuera pa3HoO-
OOpa3HbIX ONHCATENbHBIX CTATUCTUK U MPUMEHEHHH TrpaduyuecKux
METOJIOB aHaJM3a JaHHBIX C HMCIOJIb30BAHUEM PAa3IMYHBIX IAKETOB
CTATUCTUYECKUX MPOTPaMM CTYACHTHI MOJIY4YalOT Ha 3aHATHUAX TIO
mucuuiiiae «MartemaTudeckre METOAbl B OMOJOTHU M DKOJIOTHUMY.
B nanpHeiilieM 3TO 3HAYUTENBHO oOjerdaer padoTy Haj odopm-
JICHUEM W TIPEACTaBICHUEM pPE3yJIbTaTOB HAYYHOI'O HCCJICIOBaHUS.
B-TpeTbux, Kypc SBIAETCA XOpPOLIEW OCHOBOW JISI ITOATOTOBKHU
OyIymMX HAyYHBIX COTPYAHUKOB YHHBEPCHUTETOB M HMHCTUTYTOB.
OO01en3BecTHO, YTO OHoOJOTHYEeCKHEe (DAKyJIbTEThl YHUBEPCUTETOB, B
oM unciae Apl'Y, SBISIIOTCSI OCHOBHBIMH  «IIOCTaBUIAKAMU»
BBICOKOKBaJTU()UIIMPOBAHHBIX CIICIIMAIIMNCTOB JIJISI MCCIICIOBATEIIbCKUX
WHCTUTYTOB OHOJIOTUYECKOTO U IKOJOTHUECKOTO Mpoduiis B Haleh
ctpane. IlpencraBuTh HAydyHOro COTPYJHHKA, HE BIAJCIOIIETO
MaTeMaTHYeCKUMH METOJaMHU aHajii3a JaHHBIX, MPU COBPEMEHHOM
YPOBHE Pa3BUTHSI OMOJIOTUU U SKOJIOTHH JOBOJIBHO cll0kHO. C npyroi
CTOPOHBI, CIEAYET MPU3HATH, YTO B OOJBIIMHCTBE HAyYHBIX paldOT B
Haled CTpaHe, B TOM 4YHUCJIE MyOJIMKYEeMBIX B PEIEH3UPYEMbBIX
KypHaJlax, COBCEM HE MPUMEHSIOTCA CTOJb HEOOXOAUMBIE METOJIbI
KOJJMYECTBEHHOT0 aHaiu3a. MX mpumeHeHue 3aMeHsieTCs apryMeH-
TaMH THUIA «MBI CYUTAEM», «I10 HAIIEMy MHEHHUIO», KBEPOSTHO», MPHU
ATOM XKeJTaeMOoe 4acTo UCKaxKaeT aeiicTBuTenbHoe. Emé 6onee omacHa
CUTYyalusl, Ipu KOTOPOH MaTeMaTHYECKUE METOIbl 0OPAOOTKH JAHHBIX
B HAy4YHBIX pabOTaxX HCIOJB3YIOTCS HEKOPPEKTHO, 3TO MPUBOAUT K
JIO)KHBIM BBbIBOAaM. OrpoMHOE KOJIMYECTBO MOAOOHBIX OIIMOOK B
HayYHBIX CTAThSIX M JUCCEPTAIMIX YWTATENb MOXKET HAWTH Ha cauTe
www.biometrica.tomsk.ru B pasngene «Kynctkamepa». Ilpemocrepeun
CTYJICHTOB OT PAacCHpPOCTPAHCHHBIX OMMOOK TMPU KOJUYECTBEHHOM
00pabOTKe JaHHBIX €II¢ OJHA U3 3aJlad JAHHOW KHUTH.

BrenpeHne B COBPEMEHHBIX YCIOBUSX KOMIBIOTEPHBIX TEXHOJIOTHI
B MPOIECC MAaTEMaTHYECKOrO aHaJM3a JAHHBIX SIBISIETCS CYIIECTBEH-
HBIM yclioBueM. [1oATOMy mepBhIii COBET aBTOpa MOCOOMS CTYACHTaM U
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HAYWHAOIIAM HCCJIEA0BATENISIM — 3a0bITh O BBIUUCIIEHUSIX «B CTOJIOMK»
WIA Ha KaJbKyJIATOpax, a MPOBOAUTH OOpabOTKY MAHHBIX TOJBKO Ha
NEPCOHAIIBHOM KOMITBIOTEPE C MCMOIB30BAHUEM CHEIMATM3UPOBAHHBIX
POrPaMMHBIX TTAKETOB JIJISl CTATUCTUYECKOTO aHaIM3a.

YuebHoe mocodue He COACPKUT KAKON-TU0O0 CYIIECTBEHHO HOBOM
uHpopMaIMi MO KOJMYECTBEHHBIM METOJIaM OOpaOOTKH JaHHBIX B
CpaBHEHHHM C JPYTMMH aHAJIOTHYHBIMH paboTamu. OJHAKO aBTOP
OPEANPUHSIT CKPOMHYIO TOIBITKY H3JI0KUTH MaTepuay, UCXOAsl W3
OPEANOCHUIKM  3aMHTEPECOBAHHOCTH  OOJBIIMHCTBA OWOJIOTOB U
HKOJIOTOB B TIOJIYYEHWH KOHKPETHBIX PE3yJIbTATOB KOJIMYECTBEHHOM
00pabOTKU UMEIONIUXCS NaHHBIX M UX MPaBUIBLHONW HMHTEpIpETAIUu.
[Ipr 5TOM CyTh 0a30BBIX NOHSATHUM OHMOMETPUM U3JIaraercs, Kak
XOUeTcsl JyMaTh aBTOPY, B MaKCHMaJIbHO TOJIPOOHOW M MPOCTOM
dopme. [ToaTOMY Mpu YTEHUU KHUTH CIEHUATBHOW MaTEeMaTUYeCKOM
NOATOTOBKU He mpedyemcs!

ABTOp CO3HAeT, 4TO MOCOOME HE JIMIICHO HEIOCTATKOB M JaXKe
OMMUOOYHBIX CYXKIEHUMU, MOATOMY OyJeT OijarojapeH ChenuainucTam
MO0 CTaTUCTUKE 3a KOHCTPYKTHMBHBIE KPUTHUYECKHE 3aMedaHus,
HaIlpaBJICHHBIE HA YIyYIICHUE MTOCOOMS, KOTOPhIE MOKHO OTIIPABIISATH
Ha 3JICKTPOHHBIH anpec: Sidelev@mail.ru.

[maBa 1. O6wme BONpPoOChLI NPUMEHEHUA
KONMUYeCcTBEeHHbIX MeToaoB
B OMONoOrmm n aKonorum

1.1. Posib cmamucmu4yecKux Memoooe
8 buoJsio2uu u 3Kosio2uu

3HAYMMOCTh CTATUCTHUYECKUX METOJIOB B OHOJIOTMM U SKOJIOTHH
ONPEAEIACTCS KaK CaMHUM XapaKTEPOM COBPEMEHHBIX MCCJICIOBAHUN B
3TUX 00JIACTAX, TAK M €CTECTBEHHBIMH CBOMCTBAMHU OOBEKTOB M3YUCHHUSI.

OCHOBHOM METOJI COBPEMEHHOUN OWOJOTHH W 3KOJOTUM — KOJIH-
YECTBEHHBIM, KAYECTBEHHAsI MHTEPHPETAMS H3y4YaeMbIX SIBJICHUN WU
IIPOIIECCOB JIaBHO IlepecTayia OBITh JOCTAaTOYHBIM M HAJACKHBIM
MHCTPYMEHTOM [IJI1 TTOATBEPKIACHUS WJIM OMPOBEPKEHUS BbIIBUTAC-
MBIX THIIOTE3, JOKA3aTEJIbCTBA TCOPETUYECKUX MOJOXKECHUM, YCTAaHOB-
JICHUSI TPUYMHHO-CJIEJICTBEHHBIX 3aBUCUMOCTEM, OIPEACICHUS BIIHSI-
HUS (AKTOPOB Cpelibl Ha CBOWCTBA JKUBBIX CHUCTEM. BOJIBIIMHCTBO
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COBPEMEHHBIX OHMOJIOTHYECKUX W OSKOJIOTHYECKUX HCCIICIOBAHMM
UMEET JIeJI0 C <«JIaBUHOW» YHUCEeN, 4Yepe3 KOTOPhIE BBIPAKAIOTCS
JAHHBIE O pa3Mepax, Bece, BO3pacTe, YUCIECHHOCTH, OMomacce, Ij0/10-
BUTOCTH OPTaHWU3MOB, MPOIYKTHUBHOCTH 3KOCHCTEM, YPOKAHHOCTH
COpPTOB, KOHIICHTPAIIMH BEIIECTB, COOTHOIICHUHN MEXAY MPU3HAKAMH,
no3aMu (aKTOpPOB, PA3IUYHBIMU KOJIMYECTBEHHBIMU MOKA3aTeNsIMHU U
YHUCJIOBBIMH XapaKTEPUCTHKAMH.

Ha 3TOT KaXymuiicsi nmepBOHAYaIbHO XaOTHYHBIM Ha0Op MepBUY-
HOM 4HncI0BOM MH(OpPMAIMK HAKJIAJAbIBAIOTCS CBOMCTBA CaMUX OOBEK-
TOB M3yUYCHUS, YCUIMBAIONTUE pa30poC JaHHBIX, B YACTHOCTH ITHPOKas
W3MEHYUBOCTH JKUBBIX cucTeM. COBpeMEHHasi CTaTUCTUKA OKa3bIBACTCS
CTOJIb TIOJIE3HOM TIpH OO0paOOTKE YHMCIICHHBIX JIaHHBIX B OWOJIOTHH U
9KOJIOTMM MMEHHO ITOTOMY, YTO OHa OCHOBaHA Ha TPHU3HAHHWH 3TOMN
W3MEHYMBOCTH U 00JIaJIaeT MOIIHBIMH Cpe/icTBaMu e€ yueTta. B urtore, B
KaXXYyIIEMC Xaoce MOJYYCHHBIX HU(P BAPYT OTKPHIBAIOTCS KOHKPET-
HbIE 3aKOHOMEPHOCTH, KOTOPbIE TPEOYIOT OOBEKTUBHOU OlleHKH. [log-
TBEPIKJICHUE CYIIIECTBOBAHMUS 3aKOHOMEPHOTO B BUJIMMOM Xa0CE€ M3MEH-
YUBOCTHU JOCTUTAETCS MOCPEICTBOM MCHOIB30BAHUSI METOJIOB CTATUCTH-
yeckoro aHanmza. [IpuMeHeHHe MPHUKIAIHBIX METOJIOB CTATUCTHKH K
CJIO)KHBIM JKHMBBIM CHCTEMaM CIIOCOOCTBOBAJIO TMOSIBJICHUIO HOBOTO
HamnpaBJICHUST B OHOJIOTMYECKUX HAyKaX W MaTeMaTHKE, KOTOpOe
MOJTYUYHJIO Ha3BaHUE «Ouomempusi». Kpome JaHHOTO OOIIEPHU3HAHHOIO
TEPMHHA, HMCTOJL30BAINCh W HCIOIB3YIOTCS JIPYTHE — OuoMempuxa,
8APUAYUOHHASL CMAMuUcCmuKa, Ouoloeudeckas Ccmamucmuka, ouoma-
memamuka, B TIOCIEAHEE BpeMsl KomnvlomepHas ouomempus. OIHAKO
Kakue Obl TEPMHUHBI K TPOMKHE CIIOBOCOYETAHUS HU MPUMEHSIIUCH, CYTh
JTAHHOTO HAy4YHOT'O HaIlpaBJICHUsS OCTaeTcsl (PaKTUYECKH OJHOM M TOMU
K€ — CTaTUCTHYeCcKas o0paboTKa pe3ysbTaTOB HAOJIOJACHUN M DKCIIe-
PUMEHTOB B OMOJIOTMYECKHX HaykaX (K KOMM OTHOCHUTCS M DKOJIOTHS) C
LEJNbIO OTJIEICHUS] 3aKOHOMEPHOTO OT CIIy4ailHOTO, OLIEHKH pa3Ho-
OoOpa3HbIX CBSI3¢M W  3aBUCUMOCTEM MEXIy OHOJIOTMYECKUMHU
SBJICHUSIMU, TOMCKA MPUYHH, ONpeAeTeHUs BIUSHUSA (akTopa U T. .
Hekotopeie uccneqoBaTeid ONpEAessioT OMOMETPHUIO Kak HarpabJie-
HUE, OMUPAIOIIEECS HA UHOYKMUBHBIL TIOXO0I, Uy OT KOHKPETHBIX
OSMIUPUUYECKUX JAHHBIX M (PAKTOB K TEOPETUUECKUM OOOOIICHUSIM.
[IyTh OT «3MIIUPUKK» K OOIIMM TEOPHUSIM «OOCITYKUBAETCA» OMOMETPH-
YECKUMHU METOJIaMH, TIO9TOMY OMOMETPHIO MPUHATO CUYUTATh CPEACTBOM
OMIIUPUYECKOTO TO3HAHUS TPUPOALL. B ocHOBe OuoOMeTpuM JieKaT
TaKde pas3/ieibl MaTEeMaTHKH, KaK TEOpHs BEPOSTHOCTEH W MaTema-
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TUYECKasi CTaTUCTUKA. J[pyroil myTh Ha3bIBACTCSI O€0YKMUBHBIM NOOXO-
O0om, TIpU KOTOPOM Ha NEPBOE MECTO BBIIBUTAIOTCSI MAaTEMATUYECKUE
MO/JIEJI, OCHOBAHHBIE HA TEOPETUUYECKUX O0OOIICHUSIX, C TOCIEAYIOIEH
OPOBEPKOIl MOJIENIEN OMBITOM. DTOT MYTh «OOCITYKUBAETCSA» TaK Ha3bl-
BAaEMOU Mmamemamuueckou oOuonozuel, UCCIAEAYIOIENR TEOPETUUECKUE
poOJIEMBI C TTIOMOIIBI0 MATEMATHYECKOTO MOJICTUPOBAHUSI.
XapakTepHO OCOOCHHOCTbIO OMOMETpUU SIBIIAECTCS TMPUMEHU-
MOCTb €€ METOJIOB HE K €IMHUYHBIM (haKTaM, a TOJIbKO K UX COBOKYII-
HOCTSIM, K MacCOBBIM sIBJI€HUsIM. IMEHHO B cdepe MacCOBBIX CiIyyai-
HBIX SIBJICHUM OOHApPYXUBAIOTCS 3aKOHOMEPHOCTH, HE CBOWCTBEHHBIE
eAMHUYHBIM 0OBbekTaM. B 3ToM mutaHe 00sacTh MPHIIOKEHUS CTaTHUC-
TUYECKUX METOJIOB B OMOJIOTMM M PKOJIOTUM OYE€Hb 3HAUMTEINIbHA, TaK
KaK MHOTHE€ HKOJOTUYECKHE U OMOJIOTMYECKUE SIBIICHHUSI MACCOBBI 10
CBO€I MpUpo/ie — B HUX YUYACTBYIOT HE OJIHA KJIETKA, HE OJlHAa OCOOb,
HE o7Ha OakTepusi, HE OJWH BUJI WU MOIMYJISIHUS, 4 UX COBOKYITHOCTH,
B3aUMOJICUCTBYIOIIME MeXTy co00H. OcCyIIecTBICeHHE COOBITUM B
TaKMX COBOKYITHOCTSIX MOKET OBbITh OLIEHEHO BEPOSITHOCTSIMU. Takue
mpoOJIeMbl, KaK M3MEHYUBOCTh MOP(OIOTUUECKUX, (HU3UOJIOTH-
YECKHX, IKOJIOTUYECKUX MPU3HAKOB KUBOTHBIX U PACTEHUH, BO3PaCT-
Hasg W3MEHYMBOCTH OpPraHOB y YEJIOBEKA, YCTAHOBJICHHUE BIIUSHUSA
HKOJIOTUYECKUX (PAKTOPOB, KOJUYECTBEHHBIM y4EeT OPraHU3MOB, KJiac-
CU(UKALMOHHBIE TOCTPOCHHS B CHUCTEMAaTUKE, M3y4YEHHUE HACIEICT-
BEHHOCTH B F'€HETUKE, WHAWBUYAJIbHBIA POCT OPraHU3MOB, MOMYJIs-
IMOHHAs JUHAMHKA YUCIECHHOCTH, OCOOEHHOCTH CYKIIECCHMH IKOCHC-
TE€M, MOTYT M3Yy4aTbCsl JIUIIb C MOMOIIbI0 MAaTeMaTUYECKUX U MaTe-
MATHUKO-CTaTUCTUYECKNX METOHOB. C Ipyroml CTOPOHBI, HE BCAKOE
UCCJIEOBaHNE B OMOJIOTHHM M HKOJOTUM JIOHKHO M MOXKET ONMHUPATHCS
Ha OMOMETpUIO, MHOTHE BEJIUKHWE OTKPBITUS ObLIM CJeNaHbl 0e€3
MCIOJIb30BaHMUSI KOJIMYECTBEHHBIX METOA0B aHanu3a. Ho B Tex oGnac-
TAX OMOJIOTMYECKUX HAYK, TJI€ UCCIETOBAaHUS MPOBOJATCS HA OCHOBE
M3MEPEHUI U MOJICYETOB, UTHOPUPOBAHUE CTATUCTUUYECKON 00paboT-
KA TOJYYEHHOTO MCCIEAOBATENEM MaTrepuaga MOXET NPUBECTH K
Majo yOeAUTENbHBIM WM JaXXe OIIMOOYHBIM BbIBOAaM. Hampotus,
KOPPEKTHOE MNPUMEHEHUE OHOMETPUUECKUX METOJOB YBEIMYHUBAECT
JI0OKA3aTeIbHOCTh CAEIAHHBIX 3aKIIOUYCHUH, IOMOTAaeT MPaBUIbHO
MJIaHUPOBATh IKCIIEPUMEHTHI, BBIABIISITH CKPBIThIE 3aKOHOMEPHOCTH U
NpaBUJIbHO UX MHTEPHPETHPOBATH, YCTAHABIMBATH MPUUYMHBI HAOIO-
NAE€MbIX SIBIICHUM, OTHENATh HUX OT CIEACTBUM, BBIICIATh U3
MHO’KE€CTBAa BO3JCHCTBYIOIIUX Ha sBJICHUE (PAKTOpOB HaumboJsee
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Ba)KHBIC, U3MEPATHh CHIIy MX BIIUSHHS, Ja€T BO3MOKHOCTH MOJYYHTh
TOYHYIO KOJIMYECTBEHHYIO XapaKTEPUCTUKY U3MEHYMBOCTH HCCIIEIye-
MBIX TOKa3aTesel, OLIEHUTh JOCTOBEPHOCTh MPOBEPSIEMOM TUIIOTE3HI,
OTIPEICTTUTh CTETICHD PA3TUYHN MEXY NMPHU3HAKAMHU.

HecMoTpst Ha IEHHOCTh IPUMEHEHUSI METO/IOB CTATUCTUKH B OHO-
JIOTUU Y 3KOJIOTHUH, CYHIECTBYIOT HEKOTOPBIE OMACHOCTH, OT KOTOPBIX
ClIeTyeT MpeocTepedb CTYICHTOB M HAUMHAIOIINX UCCIIeI0BaTENCH.

[lepBasi U3 HUX — 3TO MEXaHUYECKOE HCIOIh30BAHUE KOJIMYECT-
BEHHBIX METOJIOB aHaJIN3a B UCCIICIOBAHUSX, O€3 TOHUMAHUS UX CyTH
U TPUIOKUMOCTH K TE€M WJIM WHBIM OHWOJOTHYECKUM SIBJICHUSAM U
IKOJOTUYECKUM TiporieccaM. OQd4eHb BaXXHO 3HATh W YYUTHIBATH
OCOOEHHOCTH U YCJIOBUS MPUMEHEHUS TEX WJIM UHBIX CTAaTUCTUYECKUX
poleayp, MOCKOJIBKY JIF0OOH METOJ HMMEET CBOM OrPaHHYCHUS.
be3 yuera 53THX OrpaHUYeHUN MPUMEHEHHE COOTBETCTBYIOIIETO
METOJa CTAaHOBUTCS MaTEMaTUYECKH HEMPABOMEPHO, 3TO MPUBOJUT K
danpcudukanuu pe3yJbTaTOB W BHIBOJOB HAydyHOW pabOTHI, K
OTKJIOHCHHUIO TMPOBEPSEMON THUIIOTE3bl TaM, TJ€ Ha caMoM Jeie e
HYKHO OBUIO OBl MPHUHATH, K YCTAHOBJICHHWIO BIMSHUS daKTopa,
KOTOPBIM B PEaJbHOCTH HE BJIUSACT, K IMOJTBEPKIACHUIO HE CYIIECT-
BYIOIIIUX CBSI3€M MEXKIy JIeMeHTaMu cucTeMbl. OnucaHHble (QaabCu-
dbuKanuyM MOTyT BO3HUKaTh MNpU (HOpMaIbHOM MPUMEHEHUH OHo-
METPUYECKUX METOJIOB C IEJbI0 CO3/aTh JIMIIb BUIUMOCTH CTPOTOMN
HAy4YHOCTH B TOM WJIM MHOM MCCIIE0BATEIHLCKOM paboTe.

Btopas omacHOCTh CBf3aHa C IIMPOKO PacHpOCTPAHEHHBIM
MHEHHEM O TOM, 4YTO MaTeMaThueckas oO0paboTKa TaHHBIX MOXKET
€CJIM HE MOJHOCTHIO Y4€CTh, TO CBECTH K MUHUMYMY T€ TEXHUYECKHE,
OpraHU3alMOHHBIE U METOJIMYECKUE ONTUOKU, KOTOPHIE BOSHUKIIA TIPU
npoBeneHun uccienoBanus. Ha 3To wacto HanmeroTcss HenoOpoco-
BECTHbBIC HcclenoBarenu. JlaHHoe MHEHHE TIIyOOKO OIMOOYHO, CTa-
TUCTUYECKUE METOAbl MOXXHO C PaBHBIM YCIIEXOM MPUMEHSTh KaK K
BEPHBIM JIaHHBIM, TaK W K HEMPaBUJIBHO TOJYYEeHHBIM. B mgaHHOM
cilydae padoTaeT MPUHIUII: «YTO TOCEEIIhb, TO U MOXKHeIIb». [loaTomy
OMOMETPUIO MOKHO CPaBHUTH C KEPHOBOM, KKOTOPBIN BCSIKYIO 3aChII-
Ky CMEJNET, HO IEHHOCTh IOMOJIa OMpPEAeNseTCS HCKIOYUTEIBHO
IICHHOCTBIO 3achimanHoro» (Jlakuu, 1990).

Hakonern, octajioch 1aTh KpPaTKyH0 HCTOPHYECKYI0 CIPaBKY.
B Ouonornn ¥ SKOJOTUM HCMOJb30BAaHWE MATEMATHKH HAdajoCh
3HAQYMTENBPHO TO3XKe, HEXeNMn B (U3WKE M XUMHUHU. buojgormueckue
HAyKH JIOJITO€ BpeMs Pa3BUBAIMCH HA OCHOBE TOJBKO KaYECTBEHHOTO
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aHanu3a siejaeHuid. HeoOXoaMMOCTh KOJTMYECTBEHHOTO aHajiu3a cTajia
SCHO OCO3HaHHOM ToJIbKO B KoHIle XIX Beka. @pencuc [anbmon
(1899) pa3paboTasi OCHOBBI HOBOM HayKH, Ha3BaHHOM WM
«ouomMerpusa». @. ['anbTOHY NPUHAUICKUT MEpBasi MOMbBITKA MpUMe-
HUTh CTAaTUCTUYECKHE METOAbl K PEUICHUIO MPOOJEeMbl HaCIEICT-
BEHHOCTH M M3MEHYMBOCTH OpPraHU3MOB. [[OCTOMHBIM IpoAOJIKATE-
neM uccienoBannit @. ['anproHa sBUIICA ero yueHuk Kapn Ilupcon.
OH co3gan MaTeMaTUYECKHUI anmapar OMOMETpPUH, pa3BUIl YUYEHUE O
pa3HBIX TUNIAX KPUBBIX paclpeeieHns, pa3padoTan Kputepuid y2 («xu
KBaJpar»), BBEN B OMOMETPHIO TaKWe TOKA3aTeNH, KaK CTaHJIAPTHOE
OTKJIOHEHHE, Ko3pduuneHT Bapuanuu. Cieayer OTMETUTh, 4YTO
uccienoanus ['anproHa m IlupcoHa moHavany HE MOJYYWIM MOpPU-
3HaHUS Y HAyYHOU OOIIECTBEHHOCTH U MX CTAThH Ja)Xe OTKa3bIBAIUCH
neyaTtaTh B BeyIIMX Hay4HbIX u3aanusax. [loatomy B 1901 r. ITupcon
ObLT BBIHYXKJIGH OpPraHM30BaTh BBIIIYCK COOCTBEHHOIO JKypHajia
«Biometrika», koTopwlii CyIecTByeT g0 CHX TIOpP W CUHUTACTCS
HanOoJiee aBTOPUTETHBIM H3JaHUEM B cBoei oOmactu. OmHOU U3
OPUYMH HEJOBEPHUS K MEPBbIM OMOMETpUYECKUM paboTaM ObLIO TO,
YTO OMOMETPUKH aKIIEHTUPOBAIM CBOE BHHMAHUE HAa MHOTOYHUCIIECH-
HBIX psiiaX JAHHBIX M (DAKTUYECKH HE HMHTEPECOBAIUCH AHAIM30M
«MaJibIX BbIOOpOK». [loaTOMy, naxke mpuHsAB HOBBbIN noaxo. [ansToHa
u I[lupcoHa, OOJNBIIMHCTBO UCCIAEAOBATEIEH HE CMOTJIO Obl UCMOJb-
30BaTh €ro Ha MnpakTuke. JJaHHyro mpoOieMy pa3pelinil aHrIu4aHuH
Bunvsam 'occem, 000CHOBaB TEOPHUIO Majoll BBIOOPKH M MPEICTaB-
JI€HUE O TOM, UTO JIa’Ke JJI1 HEOOJBIIOTO KOJIMYECTBA JAHHBIX MOYXHO
YCHEIIHO MCT0JIb30BaTh cTatucTudeckue Metoibl. B. 'occer B 1908 r.
noJ iceBmornMoM Student (CterofieHT) OImyOJIMKOBaI CBOIO M3BECT-
HyI0 paboTy «BeposiTHas ommOKa cpenHei», riae omucan paspa-
OoranHbli M t-kpurTepmii. /lanpHeiilliee pa3BUTHE TEOpUS] MaJOM
BBIOOPKHM TMOJIy4YWJIa B TPyJaxX BBIJAIOUIETOCS AHTIMHUCKOTO CTaTHUC-
Tuka Ponanvoa @uuepa. Ero HaydyHbie paOOTHI MO MPaBy MOXKHO
CUMTATh BEPIIMHOW KJIACCUYECKOW M (YHIAMEHTOM COBPEMEHHOMN
onomerpur. OH OCHOBaTeNb AUCIHEPCHOHHOTO aHajau3a M CTaTHUC-
TUYECKOM TEOPUU IUITAHUPOBAHUS SKCIICPUMEHTOB. [[eHHBIN BKIIag B
pa3BUTUE M MpOMNaraHay METOJO0B OMOMETPUM BHECIM U OTEUECT-
BeHHble yueHble! C. C. YerBepukos, lO. A. ®wmnuenko, II. B. Te-
pentbeB, B. . BacuneBuu, JI. A. )KuBoroBckuii, A. A. JlroOuies,
H. A. ITnoxunackuii, FO. A. Ilecenko, H. C. PoctoBa, I1. ®. Poxuukunii.



1.2. lMMpoepammHoe obecnevyeHue aHanu3a OaHHbIX

[TporpaMMHOe OOecIieueHUE aHaau3a JaHHBIX MOYKHO YCIOBHO
pasnenuTh Ha IakeThl ooOmiero HasHauenus (MS Excel) m cnemnm-
aJIbHBIC MPOTrPaMMHBIC TIPOAYKTHI, KOTOPBIE, B CBOKO OYEPE/Ib, ICIATCS
Ha MaTematudeckue mporpammbl (Mathematica, Matlab, Maple,
Mathcad), cratuctuyeckue mnporpammbl (Statistica, StatGraphics,
SPSS, Stadia, Biostat, Systat, Attestat) n makeTsl Hay4HOU rpaduKH.

Haubonee JOCTYNMHBIMH B By3aX M IIUPOKO NMPUMEHSIEMBIMHA B
HAYYHO-UCCIICIOBATEIbCKUX OPraHU3aIUsIX OHOJOTHYECKOr0 U SKOJIO-
ru4ecKoro mpoduis sistoTcs Tabauunbiil nporeccop MS EXCEL u
naker STATISTICA. Xopoield anbTepHATUBOW MOMYJSPHBIM U
JOPOTOCTOSIIMM 3apyOCIKHBIM IaKeTaM CTAaTUCTHUYECKOrO aHajan3a
(Statistica, StatGraphics, SPSS) sBasercs ymoOHas B pabote
pycckosi3pluHas cratuctuueckas nporpamma ATTESTAT, noctymHas
mis OecruiatHoro ckauwBanusg B cetw Internet (http://attestatsoft.
narod.ru, paspadotunk Mrops I"aiisimies).

Taboauunbiii mpoueccop MS EXCEL

OcHoBHBIMU cpeacTBamMu aHanmm3a JaHHeIXx B MS EXCEL
SBJISIFOTCS CTATUCTHUYECKUE W MaTeMaTH4YeCKue (PyHKIMU OMOIMOTEKH
BCcTpoeHHBIX ¢yHKIMI (MacTtep pyHKUWI), cTaTUCTHYECKHE MTPOoIie-
aypsl HaacTpoiiku [1akeT aHanusa u cnenuanabHbI HHCTPYMEHT JIIS
npoBenieHus rpaduveckoro aHanmmsa — Macrtep guarpamm.

Dyuxyuu — 3TO 3apaHee ONMpeaAeNICHHBbIC (POPMYJIIbI, C TTOMOIIBIO
KOTOPBIX MOXKHO OBICTPO BBITOJHATh BBIYUCICHUSA 10 3aJaHHBIM
BEJIMYMHAM, Ha3bIBa€MbIM apryMeHTamMu. CIHUCOK apryMEHTOB MOXKET
COCTOSITh M3 UYHCEJ, TEKCTa, JIOTMYEeCKHMX BeIWYHMH (HampuMmep,
NCTUHA wmu JIOXb), maccuBoB m ap. Kpome Toro, aprymeHTHI
MOTYT OBbITh KaK KOHCTaHTaMH, Tak U (popmynamu. ITu Gopmyibl, B
CBOIO O4Yepe/ib, MOTYT cojepkath npyrue ¢yakiuu (Tuxonos, 2003).
Jlns moctyna k (pyHKIUSIM HeoOXoauMo B MeHI0O BCTaBKa BwIOpaTh
yKazaTeJleM MBIIH CTpoKy PYHKLUNSA, OTKPOETCS TUaIoroBoe OKHO, B
KOTOPOM MOKHO BhIOpaTh HeoOxoaumMyto ¢yHkimio (puc. 1.1).

Crpykrypa pyakiuu B MS EXCEL naunnaetcs ¢ ykazaHusi ume-
HU (DYHKIIMH, 3aT€M BBOJMUTCS OTKpBIBAIOIIAs CKOOKA, YKa3bIBAIOTCS
apryMEHTBI, OTJACJISIEMble TOYKAMU C 3alsThIMH, a 3aT€M — 3aKpbl-
Baromas ckoOka. Ilepen nveHeM QyHKIIMH BBOAMTCS 3HAK PaBEHCTBA
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(=) (Tuxonos, 2003). Nmena HEKOTOPBHIX (GYHKIMH M WX KpaTKas
XapaKTePUCTHKA TPUBEICHBI HIKe (Tadm. 1.1).

Hactep PyHELUHK - war 1 K3 2

MoKck diyHIKLHH:

BESAMTE KPATKOE OMNMCaHKME ABACTEMA, KOTOPOE Hy#HOD
BLINOMHUTE, H HAWMHTE KHOMKY "HafTH"

KaTeropya: | CTaTHCTHHECKHE

BribepuTe dryHKUMHD:

CP3HAYA

CPOTHEN
CTAHAOTENOH
CTAHADTENOHA
CTAHAOTENOHD
CTAHAOTENOHNA
CTOWY

FPALCM{x;cTeneny_ceobogbil;cTenely_ceobonbi2)
BosepallaeT F-pacnpeaengHie BEQOATHOCTH (CTENEHE OTKNOHEHNA) AnA

AEy HABOPOE AaHHE,

CnpaBka No 3ToH diyHKLHA

W

[ [0];8 J I CTrMEHA I

Puc. 1.1. JIuanorosoe okHo «Mactep GyHKUIUI»

Tabmuna 1.1

Hexomopbvie mamemamuueckue u cmamucmuuecKue QyHKyuu
maoauunozo npoueccopa MS EXCEL

Kamezopus Haszeanue Buvinonnsemoe oeticmeue Cnucok
apeymeHmos
Marematuueckue | LN PaccunthiBaeT HaTypaabHbIN | (YHCIIO)
jJorapudm guca.
Maremaruueckue | LOG PaccunteiBaer  norapudm | (duco;
yucia o 3aJJaHHOMY | OCHOBAHHE)
OCHOBAHHUIO.
Maremaruueckue | LOG10 PaccunthiBaeT AecATUYHBIN | (YHCIIO0)
jgorapu@m yuca.
Marematnueckue | KOPEHDB PaccuuThIBaeT MOMOKUTENB- | (4HCIIO)
HOE 3HAYEHUE KBaJPaTHOIO
KOPHSI.
Maremarnueckue | CTEIIEHD PaccuuteiBaer pesynbTat | (duco;
BO3BEJICHUS B CTENIEHb. CTEIICHb)
Maremarnueckue | CYMM Cymmupyer yucina. (nuanazon
qHCe)
Cratuctuueckue | JJOBEPUT PaccunteiBaeT goBepUTEIb- | (KPUTHYECKHIA
HBIM MHTEpPBAJ JIsl CPEJTHETO | YPOBEHb  3HA-
reHepaJbHOW COBOKYITHOCTH. | YUMOCTH,
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CTaHJapTHOE
OTKJIOHEHHUE;
KOJIMYECTBO
yuces B IMana-
30HE)
Cratuctuueckue | MAKC Onpenenser HaunOoIbIee | (quama3on
3HAYCHHUE B BEIOOPKE. YHCEN)
Cratuctuueckue | MUH Omnpenenser  HauMeHbInee | (AMana3oH
3HaueHHUE B BHIOOPKE. qHCe)
Cratuctuueckue | MEJIMAHA Onpenensier Meauany. (mmamazon
qrcen)
Cratuctuueckue | MOJIA Omnpenensier Hanbosee dac- | (quamnazoH
TO  BCTpPEYAIOIIEEeCs WU | YHCEN)
MOBTOPSIIOLIEECS] 3HAYCHUE.
Cratuctuueckue | CKOC PaccuuteiBaer ko3¢ dunm- | (1namazon
€HT aCHMMETPUHM pacIpe- | YHcCel)
JIEJICHUSI.
Cratuctuueckue | OKCHECC PaccuutsiBaer k03 du- | (Tramnazon
IUEHT JKCIlecca  pacrpe- | Yucen)
JIEJICHUSI.
Cratuctuueckue | CPI'EOM PaccunthiBaeT cpemHee reo- | (amamazoH
METPUYECKOE. qrcen)
Cratuctuueckue | CP3HAY PaccuuteiBaer cpennee | (muana3oH
apudMeTHIeCcKoe. qKCen)
Cratuctnyeckue | CTAHIOTKIJI | PaccumteiBaeT cranmapTHoe | (auamna3oH
OH OTKJIOHCHHE 110 BBIOOPKE. qrcen)
Cratuctuueckue | JAMCII PaccunteiBaeT aucnepcuio | (auamnazoH
10 BBIOOPKE. YHCeN)

B a51eKTpOHHBIX TaONMHIIaX TakKe HMeeTcs makeT AHANU3 OaHHbIX,
BeI3bIBacMbIil 13 MeHI0 CepBuc (puc. 1.2). I[Ipu oTcyTcTBUM Ha3BaHUS
MaKeTa B CIIUCKE CJIeIyeT UCTIOIBh30BaTh MyHKT «Hanctporikm».

Cratuctudeckue nporneaypsl [lakeTa aHanmsa o6manart 00J1b-
IIMMH BO3MOKHOCTSIMH, YeM CTaTUCTHYEeCKUE QPYHKIUU. C MOMOIIBIO
JaHHOTO MOJYJISI MOYKHO peliaTh 0oJiee CIOXKHBIC 3aaur 00paboTKH
JaHHBIX, TPUMEHEHUE OTIEIBHBIX MPOIEAYyp MaKeTa JUisl pelieHus
NPaKTUYECKUX 3a7ad pa30upaeTcs B HEKOTOPHIX paszjenax Mocoous.
OpHako clieayeT OTMETUTh, 4To B [1akeT aHanu3a BXOAST TOJIBKO
napaMeTPUIECKUE METOJbI, OCHOBAaHHBIC Ha MPEINOIOKCHHH O HOP-
MaJbHOCTH paclpeeeHUus H3y4aeMbIX TNPH3HAKOB, YTO OTpaHU-
yuBaeT ucnonb3oBanne MS EXCEL mo cpaBHeHHIO CO CIlelUaIN3H-
POBaHHBIMH ITPOTPAMMaMHU.
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AHANH3 AaHHBK EiE3 |

WHCTPYMEHTEI aHANKES

2 AHODAK TOPHEIR AMCAEPCHOHHEIA GHANKS

Aeyxhak TOPHEIA AMCAERCHOHHEIR SHANME C NOETOPEHHANH CITHMEHA |
ABvxhaK TOPHEIR AMCNEPCHOHHEIR aHanHs DES NOBTOPEHKHA

Foppenauna

KoBapHauna Lnpaeta |

CINMCcaTeneHaA CTATHCOTHES

IKCAOHEHUMANEHOE CFAA%HEAHHE

AEyxERIB0pOYHEIR F-TECT ANA AHMCNEPCHH

AHaNH3 Dvpee

MHETOrpaMMa ;I

Puc. 1.2. OOwmuii Bug MeHIO ITakeTa «AHaJIN3 JaHHBIX»

Haxonen, B MS EXCEL ecTh BO3MOXXHOCTh MPOBOJUTH Tpadu-
YCCKHMI aHAJIM3 JaHHBIX U CO3JaBaTh JUarpaMMbl B rpadUKH JTOBOJIb-
HO TIPUEMJIEMOTr0 KadecTBa. JIJIsi 3TOro mMeeTcsl CIelraibHOe Cpe-
crBo — MacTep gumarpamm (puc. 1.3), moa pykoBOJCTBOM KOTOPOTO
II0JIB30BAaTEIb MPOXONT 4 3Tarma mpoiecca mocTpoeHus rpaduka. Jlo-
cryn k Mactepy guarpamm ocymiectBisieTcs uepe3 MeHro BCcTaBka.

Macrep aHarpars (War 1 13 4): THO JHarparsas

CTaHAapTHEIE | HecTaHAapTHEIE

Tun:

| THeTOrpEHME A
[~ NuHEfuaTan

|ﬁ Fpadmk

» Kpyroean

.+ TOYEYHaA

‘ C 0BnacTaAMH

D Koneuesan

@r NenecTrosan

@ MoBEpxHOCTE

8 [Ty3bipbKOBAR |

OBEIMHAR rMCTOrparMa oTobpaxasT
BHAYEHKA PASNHYHED KaTEropHA,

l MNpocHMoTR pEsyAETATa J

l Hanes = JI CoToED I

Puc. 1.3. JInanororoe okHo «MacTep nuarpaMmm»
IMaker npuxkiaagubix nporpamm STATISTICA

STATISTICA mpencrapnsier co00il HMHTETPUPOBAHHYIO CHUCTEMY
CTATUCTUYECKOTO aHalin3a U 00pabOTKH JaHHBIX. CHCTEMa COCTOUT U3
CJICAYIOIINX OCHOBHBIX KOMITIOHEHTOB:

13



® MHOTO(DYHKITMOHATILHON CUCTEMBI JJIsI pa0OThI ¢ JJAHHBIMHU, KO-
TOpasi BKJIIIOYAET B Ce0s JICKTPOHHBIC TAOIMITHI ISl BBOAA U 3aTaHUS
UCXOHBIX JaHHBIX, a TAKKe creluaabHbie Taomuilel (Scroolsheet) ms
BBIBOJIa YHCJICHHBIX PE3yJIbTATOB aHanm3a. J[s crmokHo# (cnerumanm-
3upoBaHHOM) 00paboTku maHHBIX B STATISTICA umeercs Moy
«VYnpasnenue oanHviMu»,

e rpapUECKON CHUCTEMBI JIJIi BU3yaJM3allMM JAaHHBIX U PE3yJib-
TaTOB CTATUCTUYECKOTO aHAJIN3a;

e Ha0Opa CTATUCTUYECKUX MOYJICH, B KOTOPBIX COOpaHBI IPYIIITBI
JIOTUYECKH CBS3aHHBIX MEXIYy COOOH CTaTUCTUYECKHX IMPOIEAYD.
B m060M KOHKPETHOM MOJYJi€ MOKHO BBITOJHUTH OIpEIeIEeHHbBIN
croco0 CTaTUCTUYECKOW 00pabOTKH, HE 00paIlasiCh K MPOLEAypaM U3
apyrux wmoxayied. Kaxnaplii Momyiab  SBISICTCS — IMOJTHOIICHHBIM
Windows-nipunoxenuem. [loaToMy mosiabp30BaTellb MMEET BO3MOXK-
HOCTh OJTHOBPEMEHHOM pabOThl KaK ¢ OJHHM, TaK U C HECKOJIbKUMU
MoayiisiMu. [lepekmrouaTbcsi MEXAYy HHUMH MOXKHO Kak MEXKIY
oO0braHbIME WiNdOWS-tipritoskeHussMU. Bce OCHOBHBIE Omepalidu Mpu
paboTe ¢ TaHHBIMU U TpauUecKue BO3MOKHOCTH JOCTYITHBI B JIIOOOM
CTaTUCTUYECKOM MOJIyJIC M Ha JIFOOOM IlIare aHajau3a;

® CTICIIMAIBHOTO HMHCTPYMEHTapusi JJIsi TMOATOTOBKH OTYETOB.
[Ipu momoIM TEKCTOBOIO pEAaKkTopa, BCTPOCHHOTO B CHUCTEMY,
MOXHO TOTOBUTEH IoiHOIleHHbIE OoTueThl. B STATISTICA Takxke
UMEETCsI BO3MOXKHOCTh aBTOMAaTHUYECKOTO CO3/ITaHUSI OTYETOB.

Hanusle B STATISTICA opranuzoBaHbl B BHAE SJICKTPOHHOMN
Tabmuiel — Spreadsheet. OHu MoOTyT coepKaTh KaK YMCICHHYIO, TaK
U TekcToBylo wuHpopmanmio (puc. 1.4). DJICKTpOHHBIC TaOJMIBI B
STATISTICA noanepxuBaroT pa3aIudHbIC TUIBI ONEpaIUil ¢ JTaHHBI-
MU. OIIEpaIMK C UCHoJb30BaHueM bBygepa oomena \Windows; omepa-
IIUU C BBIACICHHBIMM Ojokamu 3HaueHuii (anamormuno MS EXCEL),
B TOM 4YHCIE€ M C HCIOJb30BaHHeM Metona Drag-and-Drop —

«[lepemawums u onycmums», aBTO3aNOJHCHUE OJOKOB H T. .
(Tuxonos, 2003).
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Yarz|Cazes

‘it Data: Children 5TA 21v = 308c
2 3 4 g B 7 8 9
BOSPACT| POCT BEC OrE1 OrE2 OrK3 OKH1 OHHZ

E 128.5 24.10 67.0 3.0 59.10 10.0 5.0
2| f & 135.0 25.5 61.0 57.5 4.0 15.5 10.0
= f E 12e.0 20,3 63.0 9.0 gg.0 9.0 9.0
4 | f E 124.0 20,2 60.0 S56.0 £3.0 15.0 6.0
5 f E 128.5 20,4 60.0 S56.0 £3.0 1a0.0 1a0.0
B f E 124,56 20,5 68,0 62.0 7.0 6.0 1a0.0
7 f & 124.0 19,8 58.0 57.0 56.0 3.0 4.0
A | f & 124.0 20.0 58.0 57.0 56.0 6.0 4.0
R f £ 130.0 25.6 62,0 60.0 60,0 3.0 6.0
Ao | f £ 125.0 27.2 65.0 63.0 B2, 0 15.0 13.0
11 | f E 124.10 21.1 60.0 58.0 56.0 5.0 9.0
12 | f E 124.10 21.1 59.0 57.5 57.0 1a0.0 1z2.0
13 | f E 12z2.0 23.8 62,0 60,0 9.0 10.0 12,0
14 | f E 112.0 17.10 56.0 54.0 53.0 9.0 5.0
1 f E 129.0 24.10 59.0 57.0 56.10 14.0 11.0
16 £ £ 1727 € 24K £3.n g2 £1.0 c.n c n=]
|l 14

Puc. 1.4. Dnexrponnas tabnuna cuctembl STATISTICA.
Knomnka obOecrnieunBaeT yrnpaBieHUE CTOIOIaMU TaOIUIIbI
(mepemennbivMu — Variables), — cTpokamu (HaOJIIOICHUSAMU)
(mo: Tuxonos, 2003)

BBecTH JaHHBIC B 3JCKTPOHHYIO TaOJIMIy MOXKHO OIHHUM U3
CJIEYIOIIUX CIIOCOOOB:

— HETIOCPEJICTBEHHO BBECTH WX B DJJIGKTPOHHYIO TaOJHUIly C
KJIaBUATYPHI,

— BOCTIOJIL30BAThCS JAHHBIMH, TTOJATOTOBIICHHBIMHU B JIPYTOM TPH-
JIO’K€HHH, IPUMEHSISI KOTTMPOBAHUE JaHHBIX Yepe3 bygep obmena.

YuclieHHbIC pe3yiIbTaThl CTATUCTHYECKOTO aHajgu3a B CHCTEME
STATISTICA BBIBOAATCS B BUJIE CIEHHUAILHBIX 3JICKTPOHHBIX Ta0-
aur. OHA MOTYT CojeprKaTh JIFo0yro nHpopMaluio (Kak YHUCICHHYTO,
TaK U TEKCTOBYIO), OT KOPOTKOH CTPOYKH JIO MerabalToOB pe3yJib-
taToB. OOBIYHO JaKe B pe3yJbTaTe MPOCTEHUINEr0 CTAaTHCTHYECKOTO
aHaJIM3a TOJIy9aeTCsl Ha BBIXOJIe OOJIBIIOE KOJUYECTBO YHUCICHHON U
rpapuyeckori unpopmanuu. B cucreme STATISTICA sta undop-
MaIisl BBIBOJUTCS B BHJIC MOCJICAOBATEILHOCTH TAOJIHII U TPaPUKOB
(Tuxonos, 2003). STATISTICA coaepkur OO0JbIIOE KOJIUYSCTBO
MHCTPYMEHTOB JIJIsi YJOOHOTO IPOCMOTpa pE3yJbTaTOB CTATHCTH-
YECKOTO aHalM3a W WX BH3yalu3amuu. K mpuMmepy, CTaTHCTUYECKH
3HAYMMBIE Pe3yJIbTaThl BBIJCISAIOTCS B TAOIHUIIAX KPACHBIM I[BETOM.
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[IpssMOli [OCTYIT KO BCEM CTaTUCTUYECKHMM U TpaPuUyecKuM
MeTOo/1aM 00pabOTKH JTaHHBIX OCYIISCTBIISAETCS Yyepe3 MeHro Statistics
(Craructuka, Ananus) u mexio Graphs (I'paduku) (puc. 1.5).

Fil=  “iew | Statiskics Graphs Tools Help

D IEF; Resume. .,
EE ByiEroup Analysis

File Wew 3tatistics | Graphs Tools Help

Resune, ..

E'EE Byiaroup Analysis
e Basic Skatistics) Tables
M Multiple Reqgression
B anova

4l Monparametrics

[ Distribution Fitting

Histograms...

| Scatkerplats, ..
Means wyError Ploks, ..

| Surface Plats...

l? advanced Lineat/Monlinear Models * 20 Graphs

£ Multivariate Exploratory Techni . - ,

i wafla e %jf:ra l:lr'?.-' e.c niques m‘j 3D Sequential Graphs \

Industrial Statistics & Six Sigma * l@ DE G ,
p raphs

'_‘jﬂh Power Analysis = P

f2a Meural Metworks % Matrix. Plats. .

v+ Data-Mining r oee Loon Plots,..

QT Data Mining & Rook Cause Analysis  + E% Cateqgorized Graphs r

ﬁ!{ Text & Document Mining, Web Crawling * @ User-defined Graphs ¥

Statistics of Block Data ’ Gzraphs of Block Data ’

#5 STATISTICA Visual Basic Graphs of Input Data v

244 Probability Caleulator v |j| Mulkiple Graph Layouts ¢

Puc. 1.5. Habop cratuctudeckux u rpaduyeckux MoJIyjIe aHaau3a JaHHbIX
B MeHIo «Statistics» u «Graphs» makera STATISTICA 7

Craructuueckue mponeaypsl cuctrembl STATISTICA crpynmnu-
POBaHbI B HECKOJIbKUX CHEHUATM3UPOBAHHBIX CTATUCTUYECKUX MOMY-
79X, B KaXJI0M MOJIyJie MOYKHO BBITIOJHUTH OMPEACICHHBIM CIIOCO0
o0paboTku. B cucreme peann3oBaHBl MPOIEAYpPHl HEMapaMeTpHUuec-
KMX METOJIOB aHaJIu3a M BCE APYrHE€ U3 W3BECTHBIX TUIIOB CTaTUCTH-
4eCcKo 00pabOTKHU JaHHBIX.

Cuctrema STATISTICA obnagaeT mUpPOKUMH TpaduuecKUMHU
BO3MOKHOCTSIMH, BKJIIOYasi OOJIbIIOE KOJUYECTBO Pa3HOOOpa3HBIX
KaTeropuii U TUIOB rpadukoB (Hay4dHBIC, JEIOBBIC, TPEXMEPHBIC U
JIBYXMEpHBbIE TpaQUKU B Pa3IMYHBIX CHUCTEMaxX KOOPAMHAT, THCTO-
rpaMMBbl, MaTPHYHBIC, KATETOPU30BaHHBIC TPadUKH U JP.).

B cucreme nmeercs BO3MOKHOCTh CO3/IaHUS OTYETa, B OKHO KOTO-
poro MokeT ObITh BbIBeZIeHa BCsl MH(MopMalmsi. OT4eT — 3TO IOKyMEHT,
KOTOPBIM MOXET COJIEep)KaTh JI00YI0 TEKCTOBYIO WM TpadUyecKyro
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uHpopmarmo. [Ipu stom mrobas Ttabmuma Scrollsheet wm rpaduk
MOTYT OBITh aBTOMAaTHYCCKH HampasiieHbI B oT4eT (Tuxonos, 2003).

Cratuctuueckass obpadbotrka manHHbiX B cucreme STATISTICA
OOBIYHO COCTOUT U3 CIICAYIONIUX OCHOBHBIX ITArOB:

— BBOJI MCXOJHBIX JaHHBIX B JJICKTPOHHYIO TaOJHWIy CHCTEMBI
STATISTICA;

— BU3yaJlM3alys JaHHBIX IPH TMOMOIIM TOTO WJIW HMHOTO THIIA
rpauKoB;

— CTATUCTHYECKUI aHajgu3 TpPHU TOMOIIUM HEKOTOPOTO CTAaTUCTH-
YECKOI0 METO/1a;

— BBIBOJ] YHCJICHHBIX, TEKCTOBBIX M TPaPUUYECKUX PE3yJIbTaTOB
Ha paboyee MPOCTPAHCTBO CUCTEMBI U B (haiiJl C OTYETOM;

— aHaAJIM3 U UHTEPIIpETalns pe3yJIbTaToB.

IIporpamma anaau3a nanabix AT TESTAT, Bepcus 12.5

[Tporpammuoe obecnieuenue ATTESTAT mpennaznadeHo ajisi ma-
TEMaTHUKO-CTaTUCTHYECKOTO aHaJn3a JaHHBIX. [Iporpamma BbITIoIHEHA
B BHUJEC HAJACTPOMKH K TMOMYJISPHBIM SJEKTPOHHBIM Tabmuiam MS
EXCEL. Iloatomy pnms paboThl ¢ MPOrpaMMHBIM OOECIIeYeHUEM
ATTESTAT nocne ero ycTaHOBKHM NPOCTO HEOOXOIMMO 3aIlyCTUTh Ta0-
mnunbiil iporieccop MS EXCEL wu 3aiitu B 100aBi€HHBIN MpOrpam-
MHBIM oOecrieueHneM HOBBbIM TyHKT MeHio AtteStat. Ha skpane mo-
SIBUTCS TMAJIOTOBOE OKHO ITPOTrpaMMbI ¢ HabopoM moyieit (puc. 1.6.).

KoHCTpyKTUBHO TIporpaMMa COCTOUT M3 (YHKIIMOHAIHHO HE3aBH-
CUMBIX MOJyJieH, OOBEIUHEHHBIX OOLIMM HHTETPATOPOM. AJITOPUTM
paboThl BO BCEX MOMAYJISX OJMHAKOB, pa3depeM ero Ha MpuMepe
Moyt OnucaTteneHada ctatucTuka (cm. puc. 2.7 pasaena 2.4).

1. Ilepsviti wae: AHTEpBAI NMEPEMEHHOM — HEOOXOIMMO MHpPH TIO-
MOIIM YyKasaTelisi MBI BBECTH HMHTEPBAI SYCEK C HMCXOIHBIMHU
TaHHBIMU U3 3ekTpoHHor Tabmuiet MS EXCEL.

2. Bmopoii wae: vHTEpBald BBIBOJA — CJEAYyET yKa3zaTh SUYEHKY
B anekTpoHHO# Tabmuue MS EXCEL, nauunas ¢ koropoit OyayT Bbl-
BEJICHBI BEIYMCIICHHBIC CTATUCTUYCCKHE MTOKA3ATEIIH.

3. Tpemuti wae: HEoOXOAWUMO TIOCTABUTh YyKa3aTEJIEM MBIIIN
(bIaXKM HAMpOTHB TE€X CTAaTHCTHYECKUX ITOKa3aTesIeH, pacCUMTaTh
KOTOpbIE HEOOXOUMO MOJIb30BATEIO.

4. Yemeepmuiti wiae. 1Jid BBIBOJA PE3YyJbTATOB aHaln3a HAJo
HaXkaTh KHOMKY BbINONHUTL pacyer.
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E4 Microsoft Excel - fucr Excel

@_’I davin Mpaska Buwa Beraska dopmar  Cepewc  fandele  Okno Cnpaeka Biplot | AtteStat

Lrial -0 - K &F U E=E= :E .___@ % 000 1'-68 _,)?g gg .gg Moy ne KTAE - KpoccTaby nauma .3
J ._.:f‘ H _5 = j __}v ,:L:" ;.i # EN JE’I . f Mo4wne TRFG - MpeobpasosaHa 4 aHHED. ]
A1 - p Moayne TIME - AHaNH3 BREMEHHEIX PAACE ]
A B C (0] E F G H Mogyne SURVIVE - AHanWs BEeI¥HEASMOCTH ] \.1_
1 |:! Moayne SQC - KOHTRONE KaYecTEa ]
2
3 Moayne RNZ - PaHiomMrzauma ]
4 Moayne PS - MapaMeTpHYeckan CTAaTHOTHRS 3
g Moayne PRT - PacnosHasatye obpasos 3
7 Moayne OF - OfpatoTka ewbpocos »
g Moayne WP - HenapameTpr4eckan cTaTHCTHES 3
190 Moayne NDC - MpoEepka HOPMANEHOCTH 3
1 Moayne MOP - OBpaboTka NponyILeHHE s AaHHEX k
12 Moayne MDS - MHOMroMEpHOE LWKANHpOE aHHE »
13 Moayne ENOW - 3KCNepTHEIE OLEHKH ]
15 Mo4wne IA - MHbOpMALKOHHEIR SHANKME »
16 Mo4yne FAR - DakTopHEIR aHanMs ]
17
18 Moayne EXACT - TouHeE KPMTERHH ]
19 Moayne DS - ONHCaTENEHEA CTATHOTHRS 3
20 Moawne CORA - KoppenauHoHHER aHanMs 3
21
22 Moayne CLA - KnacTepHeId aHanHs 3
3 Moayne AY - JMCNEPCHOHHEIN SHANHS 3
24 Moay e APY - ANNPOKCHMALKA 33EHCHMOCTEHR 3
25
25 O nparpamme
27 KaK HauaTe pabioTy

Puc. 1.6. Habop cratuctuueckux moxayJsei nporpammel ATTESTAT

[Iporpammy ATTESTAT BbITOHO OT/IMYaET KOMIAKTHOE U JIeT-
KO MHTEPIPETHUPYEMOE MPEICTABICHUE PE3YJIbTATOB aHAIN3A, IIUPO-
Kl Habop METOOB 00pPaOOTKU NaHHBIX (B HEKOTOPBIX CIIYYasX 3TOT
Ha0Op 3HAYUTENBHO MPEBIIIAET TAKOBOUW B MOIMYJISIPHBIX 3apyOeKHBIX
IporpaMmax), yIOOHBIH PYCCKOSI3bIUHBIN UHTEPQEIC, HATMYUE CIIpa-
BOYHOI CUCTEMBI IO CTATUCTUYECKUM METOJaM aHaju3a U MOoIIaroBon
WHCTPYKLIHUH pabOThI C MPOTPAMMOW.

1.3. HeckoJsibKO c/108 0 mepMuHoJI02UU

BBenenue naHHoro paszaena oOyCIOBICHO HEOOXOAMMOCTHIO
OMPEACIUTh T€ OCHOBHBIE TEPMHUHBI M MOHATHS, KOTOPHIMU MPHUHSITO
ONEPUPOBaTh TMPU CTATUCTUUECKOM 00pabOTKEe OMOIOrMYECKUX
Y DKOJIOTUYECKUX JaHHBIX. B OMOMETpuM 10 CHUX TMOp HET eIUuHOMN
TEPMHUHOJIOTUYECKON CUCTEMBI, U B pabOTax pa3HbIX aBTOPOB UCIIOJIb-
3YIOTCSA pa3IuYHbIE TEPMUHBI U Pa3HbIE CUMBOJBI JJIsI 0003HAYEHUS
OJIHUX U Te€X K€ CTAaTUCTUYECKHUX IoKazaresiei. B maHHOM mocoOun
3a4acTyl0 OyJeT daBaThCs HECKOJIBKO TEPMHUHOB JIJISI OINMCAHUS
OJIHOTO M TOTO K€ CTaTUCTUYECKOrOo TIOHATHS, a TaKXe HuX
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aHTJIOS3BIYHBIA  aHAJIOT. OJTO TIOMOXET CTyJeHTaM B paboTe C
HePYCUPUIIUPOBAHHBIMU KOMITBIOTEPHBIMH ITporpaMMamMu. Temneps ke
nepeiieM K HEKOTOPhIM 0a30BBIM MOHATUSM, 0€3 KOTOPBIX JAJIbHEMH-
1Iee TOHMMaHNe MaTepralia MOKET OKa3aThCs 3aTPYIHUTEIBHBIM.

CratucTuyeckasi COBOKYIMHOCTb — MHOXECTBO OTHOCHTEIIHHO
OJTHOPOJHBIX, HO WHIWBHAYAIHHO PA3THUYUMBIX EIUHUI, 00beIu-
HeHHBIX Juisi rpynmoBoro usydenus (Jlakwn, 1990); Bcsikoe MHO-
KECTBO OTACIBHBIX OTIUYAIOIIUXCS JIPYT OT JIpyra U B TO K€ BpeMs
CXOOHBIX B HEKOTOPBHIX CYIIECTBEHHBIX OTHOIICHHSIX OOBEKTOB,
cymMa HaOmoaennii u uamepennii (Poxunkuii, 1973).

Ipumepol: TOMYNSIIUKA KUBOTHBIX, BUABI B AKOCHUCTEME, CTaJ0
KOPOB, pPacCTCHHMsS Ha OIBITHBIX JCNSHKAX, JNaHHBIE O YHCICHHOCTH
u Oromacce BHJIOB 3a ONPE/ICIICHHBIN MPOMEXKYTOK BpeMeHH, 0a3a J1aH-
HBIX TI0 KOHIIEHTPAIMSM 3arpsS3HSIONINX BEIIECTB B BOIHBIX 00BEKTaX.

Enununa HaooaeHuss (COBOKYIMHOCTH) — 3JICMEHT CTaTHCTH-
yeckoi coBokyrHocTH (JIakun, 1990).

Ilpumepyor. otaenbHas 0COOb MOIMYJSLUM, OINPEACICHHBIN BHU/I
B DKOCUCTEME, KaXKJasi KOpoBa B CTajie, KaKJI0€ OTIEIHbHOE pACTEHUE
Ha OTBITHOW JEJISHKE, OTIACIbHOEC 3HAYEHHWE YHCICHHOCTH BHJA WU
KOHIICHTPAIIMH 3arPsI3HSIONIETO BEIIECTRA.

O0beM COBOKYNMHOCTH — YHCIIO €AMHUI] HAOIIOICHUS, BXOISAIINX
B CTATUCTHUYECKYIO COBOKYMHOCTD (Pokurikuii, 1973).

IIpumepuol: 4uciio KOPOB B CTaJi€, YUCIIO PaCTCHUM, OTOOpAHHBIX
JUTSL DKCTIEPUMEHTA, KOJIMYECTBO MPOO, B KOTOPHIX M3MEPEHa KOHIICH-
Tpalusl 3arps3HSIONICTO BEIIECTBA 3a OINPEISICHHBIN MPOMEKYTOK
BPEMEHH, KOJIUUECTBO KUBOTHBIX, OTJOBICHHBIX JIJISl U3YUYCHUS.

Ilpu3Hak — CBOWCTBO, MPOSBIECHUEM KOTOPOTO OJWH OOBEKT
ornuyaetrcs ot apyroro (Jlakwn, 1990); xapaktepucTHka OOBEKTa
uccienopanus (Peoposa, 2002); mobas nHpopMaIms o HadJII01aeMOM
00BeKTe, BBIpAKCHHAs KAUYECTBEHHO WJIM KOJMYECTBEHHO OIpejie-
nennas (MBanrep, Kopocos, 2003).

Ilpumepywr. UBET TI1a3, KOJUYECTBO 3€PEH B KOJIOCE, JIJTMHA U BEC
0ocoOH, 4YHCIIO BHAOB B Ppa3HBIX CcoO0OIIEeCTBaX, NPOILEHT KUpa
B MOJIOKE ONpPEACICHHON KOPOBBI, KOHIIEHTpAIUs XJopodrmia «a»
B JINCThAX PACTECHUM.

B KkauecTBe CHHOHMMOB B IIOCOOMH HCIIOJIB3YIOTCS TaKHE
TEPMHUHBI, KaK MOKa3aTe/b, XapaKTePUCTUKA, BeJIMUMHA, yIOTPEO-
J€HUE KOTOPBIX 0o0Jiee MPUEMIIEMO B OTHOIIEHHWU SKOJOTHYECKUX
o0bekToB. Kpome TOro, mMOCKOJNBKY NpHU3HAKH MOTYT IPUHUMATH
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pa3IuYHBIC 3HAYCHHUS, TO HX IPHUHATO HA3BIBATh IICPEMCHHBIMH
BEJIMYMHAMH WM TIpocTo mepeMeHHbIMH (variables). Kaxkmas emm-
HUIIAa HaOJIIONCHUS, TaKUM OOpa3oM, MOXKET XapaKTepHU30BaThCs
OTpeJIeICHHBIMUA TIPU3HAKaMM, OJHAKO BCTPEYAIOTCS CIydad, Koraa
HMOHATUS «CIMHMIIA HAOIIONCHHSI» U «IpHU3HAK» (IIOKa3aTeib, Xapak-
TEPUCTHKA, BEJIMYMHA ITIEPEMEHHAs) COBIIAIAOT.

Ilpumepuol. Takue ToOKa3aTeId, KaKk 3HAUYCHHS YHCIECHHOCTH BHUJA
WM KOHIICHTPAIIMHM 3arps3HSIONICTO BEIIECTBA, IOJYUYCHHBIC HCCIIe-
JOBaTEJIEM 3a HEKHH IIPOMEKYTOK BPEMEHH, OJHOBPEMEHHO OYIIyT
SBIIATBCS M CAMHUIIAMU HAOJIOJICHUS, COCTABJISS CTaTHCTHYCCKYIO
COBOKYITHOCTb.

BapuaHnTra — OTAEIBHOE  YHCIOBOC  3HAYCHHEC  IIPH3HAKa
(Poxukwuit, 1973; Jlakun, 1990).

1.4. Xapakmep 6uosiocud4ecKux
U 3KOJ102U4YeCcKUX OaHHbIX

XapakTepHbIM CBOMCTBOM MPU3HAKOB OMOJIOTUUECKHUX U HKOJIOTHU-
YECKUX OOBEKTOB SIBJIETCS BapbUpPOBAHHE WX 3HAUYCHUU B OIpeje-
JIEHHBIX Mpejesiax MpHU IMepexojie OT OAHOW €AMHMIIbI HAOIIOJEHUs
K 1pyroi. IlomoOGHas 0OCOOEHHOCTh B CTAaTUCTHKE OOO3HAYAETCS
TEpMUHAMU Bapuauus, JUcHepcusi, BapuadelbHOCTh, paccesiHue
BAPUAHT, Pa3dpoc, N3MEHYNBOCTD.

Ilpumepwvi: 0cobW OTHON TOMYJSIUU Pa3TUYAIOTCS IO Macce
U pa3Mepam Teja; B JUCThSIX PaCTeHUIl OJHOTO BUJA WU JaXKe B pa3-
HBIX JIMCTBSIX OJTHOTO PACTEHHUS MOXKET COJAEPKAThCs Pa3InYHOE KOJIH-
YeCTBO XJIOpOdHUIlIa «a», U3MEHUYMBOCTh OKPACKU y KUBOTHBIX OJI-
HOT'O BUJIA;, U3MEHEHUE TUIOTHOCTH MOMYJISIIIUH, YPOKAHOCTH COPTOB,
MJI0JIOBUTOCTH OPTAaHU3MOB BO BPEMEHU U MTPOCTPAHCTRBE.

[TonobHas BapuabGenbHOCTH OOYCJIOBJICHA BIWMSHUEM Ha H3yvae-
MBbI€ OOBEKTHl MHOTOYHMCICHHBIX TPUYUH (TEHETUYECKUE pPa3IAIHS
ocoOcii, BiusHUE (akTOpoB cpenbl). KpoMe Toro, Ha BeIUYHHE IIPH-
3HAKOB CKa3bIBAIOTCS TOTPEnTHOCTH (OIMTMOKHM) M3MEpEHUH — pa3HUIa
MEXIy pe3ybTaTaMi U3MEPEHUs U IEUCTBUTENHHO CYIIECTBYIOIIUMU
3HaYeHUsAMH u3MepseMmoii BenmmunHbl (JlakuH, 1990). IMorpemHoctn
MU3MEPCHHI MPUHSATO AeTUTh Ha 2 Tpymmsl (Jlakus, 1990):

1. Cucmemamuyeckue (CMEIICHHWE OIEHOK) — HECITydaiHbIE,
MOCTOSIHHO MOBTOpsAoNIMecs. B Tom uuce:

20



1.1. Texnuueckue. Bo3HUKAIOT M3-32 HETOYHOCTH H3MEPHUTEIHHBIX
nprOOPOB W HMHCTPYMEHTOB (IMprOOp HE OTKAIMOpPOBAaH WJIM HMEET
TEXHUYECKYI0 HEHCIIPABHOCTh, UCIOIB30BAHNE TEPMOMETPA, TAIOIIETO
OIITMOKY Ha IMOJITpajyca B IMOJIOKHUTEIBbHYIO cTopony) (Jlakun, 1990).

1.2. JIuunsie. BO3HUKAIOT M3-3a JIMYHBIX KAYECTB HCCIIEIOBATEII,
ero HaBBIKOB M MacTepCTBa B paboTe (CHCTEeMaTHYeCKOe MPUMEHEHHE
OJTHOW M TOM k€ OmMOOYHON (OPMYJIbI pacueTa KOHIICHTpAIlUu Be-
IIECTBA, IOCTOSHHOE HEIOJMBAHUE BOJABI [0 METKH TIpU TMpH-
roroBjcHuH pactBopoB) (Jlakun, 1990).

2. Cnyuatinvie (HETOYHOCTHh OIICHOK) — BO3HHUKAIOT OT IICJIOTO
psila APYyrux, HE TOMJAIOIIMXCS PETyJIMPOBAHUI0 U HEYCTPAHUMBIX
npu4yuH (771a00paHT TpU CHATHY MTOKA3aHWW TIeperyTall 3HAYCHHE Ha
mkaie npudopa) (Jlakun, 1990).

CucremaTudeckue OomMuOKH MOYKHO CBECTH 10 MUHMMYMa, TTOCTO-
STHHO TIPOBEPSIsi TOUHOCTh U3MEPEHUN MPUOOpa, COBEPIICHCTBYS TEX-
HUYECKHE CPEJICTBA, MOBbIas kBaaudukaiuio. CiaydailHple OIIMOKH,
KaK HE3aBUCUMBIE OT BOJIM UCCIIEIOBATENISA, OCTAIOTCS U CKa3bIBAIOTCS
Ha pe3yJIbTaTax HUCCIEAOBAHUM, 00yCIOBIUBAs ONPEICICHHYIO OO
BapHalluy MPU3HAKOB OMOJOTHUYECKUX M KOJIOTHICCKUX 0OBEKTOB.

buonornueckue U 3K0JIOrMYECKUE TaHHbIC, PUTOAHBIC JIJIsI MaTe-
MaTH4eCKOM 00pabOTKH, MOTYT OBITH IIPEICTABJICHBI B Pa3IMUYHOM
dbopme. B MaremMaTnueckoW CTaTUCTUKE pa3IuyaloT TpPU THUIIA
npusHakoB (YpOax, 1964; Poxuukwuii, 1973; TepeutheB, PocToBa,
1977; Jlakun, 1990; Pe6posa, 2002; MBantep, Kopocos, 2003, 2005):

1. KonudyecTBeHHbIC TPU3HAKW SBJISIOTCS YHMCIOBBIMHU, MOTYT
OBITh YMOPSAIOYECHBI, U JIJII HUX HUMEIOT CMBICI Pa3JIUYHbIC BHIYHC-
JICHUS, HAIPUMEP CPEIHUX BEJIWYWH U MoKa3aTenen Bapuaruu. Komu-
YECTBCHHBIC MPU3HAKH ACIATCS Ha cuemHble (AMCIIO BETBUCTHIX JTydeh
B CIIMHHOM IIJITABHUKE PHIOBI, YHUCIIO 3€PEH B KOJOCKAX, SUIIEHOCKOCTD,
IUTOTHOCTh TTOMYJISIIIUN) — BaphbUPYIOT MPEPHIBUCTO (AMCKPETHO), WX
YUCJIOBBIC 3HAYCHUS BBIPAYKAIOTCS TOJBKO IEIBIMU YHCIAMU — U Mep-
nole (pasmep, Bec ocoOHW, TeMIeparypa Teja, apTepHalbHOE JaBlic-
HHUC) — BapbUPYIOT HEIPEPHIBHO, WX BEIWYMHA MOXKET NPHUHUMATH
B OTIPEJICIICHHBIX Tpeenax (0T — J10) JIF0ObIE YHCIIOBBIC 3HAUCHMUS.

2. KauecTBeHHbIE TpU3HAKH (ITOJI JKMBOTHOTO, BHUJ PAaCTCHU,
I[BET IJj1a3) SBJISIOTCSA HEYMCIOBBIMH, OHU O3HAYAIOT IPHHAJIICKHOCTD
K HEKOTOPBIM KjlaccaM M HE€ MOTYT OBITh YIOPSJAOYEHBI WA He-
MOCPEICTBEHHO HCIOJIb30BaHbl B BBIYUCIICHUSX. 3HAUCHHUS TaKUX
MPU3HAKOB, KaK IPaBUJIO, BBIPAKAIOTCS CIOBAaMH, CMMBOJIAMH, 3Ha-
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kamu (9, &, Oypblid, cuHUi, 3eneHbii, +, -). [IpocTelmumii crocod
NepeBo/ia KaYeCTBEHHBIX JAaHHBIX B KOJHMYECTBEHHBIC — 3TO MOJACUET
qrclia SJMHUIl HaOMo/IeHusT (J4acToTa BCTPEUAEMOCTH), Y KOTOPBIX
OTMEUYAETCA TOT WM MHOM KAayeCTBEHHBIM IpU3HAK. B nanpHelieM
3TO JAeT BO3MOXKHOCTh 00padaThiBaTh IMOJOOHBIE MPU3HAKU C TIO-
MOIIBIO KOJIMYECTBEHHBIX CTATUCTUUYECKUX METOOB.

3. [lopsinkoBbie TPHU3HAKK 3aHUMAIOT MPOMEKYTOUHOE IOJI0-
KCHUE. UX 3HAYCHUS YIOPI0UeHBI (CTaaus Pa3BUTHSI JKUBOTHOTO HJIH
pacTeHusi, ypoBeHb 3BTPO(UKAIIMA BOJIOEMA, 30HBI 3arpsi3HEHUS BO-
KPYT MPOMBINIICHHOTO TPEINPUSITHS), HO HE MOTYT OBITH C yBEpCH-
HOCTbIO U3MEPEHBI U COMOCTABIEHbI KOIM4YecTBeHHO. OHU B OOJbIlIEH
VI MEHbBIIEH cTerneHu o0JaaloT KaueCTBOM, BBIPAXKEHHBIM JaHHOMN
nepemMeHHo. OJHAKO OHM HE TO3BOJISIIOT CKa3aTh, «HA CKOJBKO
OOJbIIIE» UK «HA CKOJBKO MEHbIIEe». Tak, paHKUpys 30HbI 3arpsizHe-
HUS B TIOPSIJKE BO3pACTaHUS CTETICHU ATOro 3arpsi3HeHus, kak 1, 2, 3
...10, MOXHO ¢ YBEpEHHOCTbHIO YTBEpk1aTh, yTo 10-51 30Ha 3arpsi3He-
Ha CWJIbHEE, YeM S-5 30Ha, HO BOBCE HE B JIBa pasa.

Ilpumeuanue. JIns pa3nuyHbIX TUIOB MEPEMEHHBIX MTPUMEHSIIOT-
csl pa3Hble MeTOJIbI cTarucTuueckoro ananusalll Ilpu mianupoBanumn
UCCJIEIOBAaHUN Ba)KHO TOHUMATh, UTO MOPSAIKOBBIE WIIM KaUeCTBEHHbBIE
JaHHBIE MOXKHO CTATUCTHYECKH HCCJIEAOBATh TOJIBKO C TMOMOIIBIO
HenapamMeTPUYECKUX MPUEMOB, TOT/Ia KaK JJIsi KOJUYECTBEHHBIX MPH-
3HaKOB MOKHO HMCIOJIb30BaTh, KPOME TOr0, TOYHbIE U BBICOKOI(PPeK-
TUBHBIC TTapaMEeTPUYECKUe METO/bl. B 11e10M, BO3MOXXHOCTH CTaTHUC-
TUYECKON 0OpabOTKM MOPSIAKOBBIX M KAYECTBEHHBIX JAAHHBIX 3HAYM-
TEIbHO OIPaHUYEHBI.

1.5. Bbi60po4HbIlU MemoO0 uccriedoeaHusi

OCHOBHOM METOJIOJIOTHEN TOJIABIISIONIEr0 OOIBIIIMHCTBA OMOIOTH-
YECKUX M DKOJIOTMUECKUX HCCIEOBAaHUMN SIBISETCA KOJUYECTBEHHOE
oOcJeJ0BaHUE JIUIIb ONPEICTIEHHON YaCcTH 3JIEMEHTOB HAOJIIOCHUS BbI-
OpaHHOTO 00BEKTa M3ydeHHs. UTO TIpeACTaBIsIeT COOOM 3Ta 9acTh dJie-
MEHTOB HaOJIIOJICHMS, KaK MpaBWIbHO €€ (OpPMHUPOBATH U 1O KaKUM
MpUYMHAM OUOJIOTH M 3KOJIOTH BBIHYKJICHBI MPUOETaTh K MOJOOHOMY
METOJTy UCCIIEI0BaHNs, TIOCTAPAEMCSI BBISICHUTH B IAHHOM pas3Jieiie.

I'enepanbHasi COBOKYNHOCTh M BbIOOpKaA. Ecnu uccnenoBanue
OXBaThIBAET BCE €IMHUIIBI HAOJIOJICHUS CTATUCTUYECKOW COBOKYII-
HOCTH 0€3 €IMHOT0 MCKJIIOUEHHMS, TO OHO HA3bIBACTCS CHIOUWHBIM UTU

22



noanvim (M3y4eHHE BCEX 0COOEH OMOJIOTMUYECKON IMOMYJISINH, ydeT
BCEX BHJIOB PACTECHUH M JKMBOTHBIX B dKocucTeMe). Ecnm orpaHudm-
BaIOTCSI OOCJIEAOBAHMEM JIUIIh HEKOTOPOM YacTU CTAaTUCTHYECKOM
COBOKYITHOCTH, TO UCCJICIOBAHUE HA3BIBACTCS YACMUYHBIM UL 8blOO-
pourviM. B COOTBETCTBUM C 3THUM B MaTE€MAaTHYECKOW CTAaTUCTUKE
OPUHATO AEIUTh CTATUCTUYECKYI0 COBOKYITHOCTh HA T€HEPAJIbHYIO H
BbIOOPOYHYIO0. [TOCKOIBKY 3TH MOHATUS SIBISIOTCS KIIOUEBON uaeei
MaTEeMaTHYE€CKON CTAaTUCTHKU, PAacCMOTpUM UX moapoOHee. Hinke
MPUBOJIATCS P ONPEACICHUMN.

1. «CoBOKYITHOCTb, U3 KOTOPOH OTOMPAIOT ONPECICHHYIO YacTh €€
AJIEMEHTOB JJI1 COBMECTHOTO U3YUECHMUSI, HA3BIBACTCS 2€HEPAILHOU COBO-
kynnocmoto. OTOOpaHHAs 4acTh T€HEPATLHOM COBOKYITHOCTH JJISl U3Y-
YEHUSI HAa3bIBACTCS 6bIOOPOYHOU COBOKYNHOCMbBIO UIU  8bIOOPKOU»
(JIaxus, 1990).

2. «B momaBsitorieM OOJIBIIMHCTBE CIIy4aeB HCCICIOBaHHUE Be-
JIETCSl BBIOOPOYHBIM METOJIOM, T. €. M3 BCEro KOJIMYECTBa CYIIECTBYIO-
IMX B MPUPOJEC OOBEKTOB WJIM HU3 TEOPETHMUECKU BO3MOXKHOTO Oec-
KOHEYHOTO MHOXKECTBA ONBITOB (ceHepanvbHasi COBOKYNHOCHIb) YUUTHI-
BACTCS JIMIIb Kakas-To 4acTh (svi60pka)» (TepeHtbes, PocTopa, 1977).

3. «[l'enepanvHas coOBOKYNHOCMb — ATO BCS TMOJJISKAIIas HU3yde-
HUIO COBOKYITHOCTH JIaHHBIX OOBEKTOB. B mpenene oHa paccmarpu-
BAETCSl KaK COCTOSIIAsA U3 OECKOHEUHO OOJIBIIOTO KOJIMYECTBA OT/ICIb-
HBIX eAWHUIl. Ta 4acTb OOBEKTOB, KOTOpas IMOJBEPraeTcs HCCIEN0-
BaHMIO, HA3BIBACTCA BbIOOPOUHOU COBOKYNHOCHIbIO WIHA TPOCTO
sbiooprotr» (Poxurkuii, 1973).

4. «Bcro COBOKYITHOCTh MHTEPECYIOIIUX HAcC OOBEKTOB HCCIIEO-
BaHMsI Mbl OyJieM Ha3bIBaTh 2€HEPAIbHOU COBOKYNHOCHbIO, a MaJyIo,
JICTaJIbHO U3ydaeMylo €€ 4acThb — ebitbopounou» (Ilomopckuii, 1935).

5. «kMHOXKECTBO OOBEKTOB, KOHEYHOE WIH OECKOHEYHOE,
OTHOCUTEIBHO KOTOPOTO JENAKOTCS CTATUCTUYECKUE BBIBOJIBI, HOCUT
Ha3BaHUE 2eHEePAalbHOlU COBOKYNHOCMU. DTOT TEPMHUH IpUOOpeTaeT
CMBIC]I B COYETAaHMM C TOHATHEM O 6blOOpKe, T.€. YaCTU ITOTO
MHOkecTBa» (Bmagumupckuii, 1983).

6. «...00BIYHO W3y4YaeTCsl JHIIb YacTh TMOMYJSIUH, KOTOPYIO
NPUHSATO HAa3bIBATh 6bIOOPKOU W3 2EeHEePAbHOU COBOKYNHOCMU —
COBOKYIMHOCTH BCEX JK3EMIUIAPOB, MU OCOOCH, MM YJIECHOB JaHHOU
COBOKYMHOCTH, KOTOpPbIE BOOOIIE B MPUHITUIIE MOTYT OTHOCUTHCS K
3TOM COBOKYIHOCTH. ...B 3KCIEPUMEHTAIBHON OMOJIOTUHA MOYTH
BCETJa UMEIOT JEJN0 C 8blOOPKAMU — 2€HEPAlbHOU COBOKYNHOCMbBIO
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3/1eCh OOBIYHO SIBJISIETCA OECKOHEUYHOE MHOYKECTBO OJTHOTHITHBIX JKC-
NEPUMEHTOB, KOTOpbIE B MPHUHIHUIIE MOXKHO OBbUIO OBl MPOBECTH»
(YpoOax, 1964).

7. «Tepmun "gvib0opra” yka3pIBaeT Ha MPOIECC BHIOOpA YacTH U3
4ero-To OOJBIIET0, B JAHHOM ClIydae — Ha MPOIIeCC MOJIyYeHUs Orpa-
HUYCHHOTO KOJMYECTBA 3HAYEHUW W3 TEHEPATbHON COBOKYITHOCTH.
I'enepanvras co80KynHocms — 3TO MHOXKECTBO BCEX BapHaHT OIpe-
JeIeHHoro Tuma (BbIOOpKa OECKOHEUHOro pasmepa). Yare Bcero
MOJIyYUTh BCE BO3MOXHBIC 3HAYCHHUS B MPHUHIUIIE HEBO3MOXHO.
[ToaTOMy CynuTh O T€HEpadbHON COBOKYIMHOCTU MPUXOJIUTCS, UCCIIE-
nysi BBIOOPKH — MO YacTH COCTaBJISITH TMPEICTABICHUE O IIEJIOM»
(UBanTtep, Kopocos, 2005).

8. «Bblb60pouHOll COB0KYNHOCHBbIO WA TIPOCTO 8b100PKOU Ha3bI-
BalOT COBOKYMHOCTb CIIy4allHO OTOOpPaHHBIX OOBEKTOB. I enepanvHou
COBOKYNHOCHbIO HAa3bIBAIOT COBOKYMHOCTh OOBEKTOB, M3 KOTOPBIX
npou3BoAUTCs BeIOOpKka» (I'mypman, 2001).

AHanmu3upys MPUBEJICHHBIC ONpEEICHUs, HY>KHO BBIICIUTD P
BaYKHBIX MOMEHTOB!

1. O6vem BeIOOPKHU (0003HAUaeTCss OyKBOIM N) HE MOXET TPEBHI-
1aTh 00bEM TeHePaTbHOM COBOKYIHOCTH (0003HauaeTcs OykBoit N).

2. O0beM TeHepaIbHOM COBOKYMHOCTH 4YacTO NPEACTaBISETCS
TEOPETUYECKU OECKOHEYHBIM, HO Ha MPAKTHKE OH UMEET KOHEYHBIC
pasmepbl. Takum oOpazom, N U N MOTYT 3HAYUTEIBHO PA3TUYATHCS
B 3aBUCHUMOCTH OT 1IeJiel U 00bEKTOB UCCIICOBAHNS.

IIpuMep: B KadecTBE TIEHEPAIBbHOM COBOKYIIHOCTM MOKHO
paccMaTpuBaTh BceX 0co0Oel M3y4aeMoro BUAA UM 0COOEH 3TOro ke
BHJIa, OOMTAIOIIMX Ha KOHKPETHOW TeppuTtopuu (reorpadudeckas
TIOTYJISIINS), B OTOM Clydae 00beM TeHepallbHOM COBOKYITHOCTH OY-
JIET MEHBIIIE; B TCHEPAIbHYIO0 COBOKYITHOCTh MOTYT BXOJIUTh HECKOJIb-
KO MEJKOBOJHBIX 03€p pPEruoHa, WIM OJHO MEJIKOBOJHOE 03€po
MOJKET pacCMaTPUBAThCS KaK reHepaibHasi COBOKYITHOCTb.

3. COBOKYITHOCTh €JIMHUIl HaOJIOJACHUS B BBIOOPKY JOJDKHA
O0TOUpaTHCS ONpeEEICHHBIM 00pa30M, a UMEHHO CIIy4YaiHoO.

4. JItobo#l ucclienoBaTeab CTPEMUTCS OXapaKTEPU30BaTh OOBEKT
U3y4YEeHHs B LIEJIOM, IIOATOMY BBIOOpKa cama 1Mo ce0e He JOJIKHA Mpe-
CTaBJISITh WMHTEpPECa ISl MCCIEAOBATENs, OHA CIYXXHUT JJii OIICHKH
TEHEPAIIbHONU COBOKYITHOCTH, U3 KOTOPOM U3BJICYCHA.

3aKOHOMEPHO BO3HHKAET BOIPOC. 3adeM Ouosory (9KoJjory)
U3BJIEKaTh BBHIOOPKH W3 TEHEPATbHOM COBOKYMHOCTH, €CJIM HE00XO-
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JTUMO 0XapaKTepH30BaTh O0BEKT U3ydeHHS B 1estoM? s aToro 6osee
11eJiecoo0pa3HbpIM OYyIET IOJHOE HCCIEI0BaHHWE T'€HEpajJbHOM COBO-
KYIHOCTH, YTO MO3BOJIUT MOJYYUTh MCUYEPMBIBAIOILYI0 MH(OPMAIIUIO
00 00beKkTe u3ydenus. Tem Oosiee 4TO IpH 3TOM OYAYT OTCYTCTBOBATH
omuOKH (0 HUX MBI IIOTOBOPHUM B I1aBe 4), Hen30€KHO BO3SHHKAIOIINE
B IIpo1iecce 0TOOpa BEIOOPOK U3 TEHEPATIbHOW COBOKYITHOCTH.

Jlenmo B TOM, YTO CIUIOIIHBIE MCCJIEJIOBAHUS B OMOJIOTHH M JKO-
JIOTHHU, TaKWe KakK, K TIPUMEPY, OLIEHKA PHIOONPOAYKTUBHOCTH MyTEM
TOTaJIbHOTO BBUIOBA PHIOBI, UMEIOT PsiJ] CYIIECTBEHHBIX HEJIOCTATKOB U
OTpaHWYCHUN, KOTOphIE TIPeoOpa3yrTCs B MPEUMYIIECTBA TIPH
POBEACHUN BHIOOPOYHOTO UCCIIEAOBAHUS.

[IpuunHbl NpUMEHEHNS BBIOOPOYHOI'O METO/1a NCCIIECIOBAHUS

1. DKoHOMHSI BpPEMEHH, MaTepUAJIbHBIX M KaJpPOBBIX PECYpPCOB
IpU TPOBEJACHUU HUCCIEAOBAHUS, MOCKOJIbKY H3y4aeTCsl JHIIb YacTh
TEHEPAIBHON COBOKYITHOCTH.

2. BO3BMOXXHOCTh HM3y4daTh OOBEKTHI, CIUIOLIHOE OOCIEIOBAHUE
KOTOPBIX MPAKTUUECKU HEBO3MOXKHO WJIU Hellelecoo0pasHo.

IlpuMep: HEBO3MOKEH MOJHBIN ydeT OakTepuo-, PuTo- Uiu 300-
TUTAaHKTOHA JIayke HEeOOJBIIIOr0 BOJOEMA, WM (PAaKTHUECKH HepeaabHO
OTPENIeNIUTh BCE BUABI PACTEHUMU, KUBOTHBIX U MUKPOOPTaHU3MOB B
HKOCHUCTEME, HEBBIMOJHUMA 3ajaya OTJOBa JJI U3YyUYECHHS BCEX OCO-
Ocit 13 MOMyJISIMU KaKoro-an0o BHJIa HACEKOMOI'0, HeIeaecoo0pa3Ho
BBICEMBATh BCIO MAPTUIO CEMsIH, YTOOBI OMPEACIIUTh UX BCXOXKECTH,
uiu He uMeeT cMbiciia otoupats 100 mpobd B 0JTHOM M TOM K€ CTBOPE,
YTOOBI OIICHUTH IKOJOTHUUECKOE COCTOSHHUE Y4acTKa PEKH.

[Io »>TuM mpuyrMHaAM OHOJIOTH W HKOJOTU MPAKTUYECKU BCETIa
BBIHYKJICHbl UMEThH JICJI0 C BBIOOpKaMH, MPU I3TOM OT TOTO, KaAKUM
00pa3oM ObLIa B34Ta BHIOOpPKA U3 T€HEPAIbHOW COBOKYITHOCTH, OyJIEeT
3aBUCETh KOHEUHBIN PE3yJIbTaT UCCIEIOBAHNS.

IIpumep: MOXKET JIU UCCIIEIOBATENb IMOIYYUTh IPABUIILHOE TIPEI-
CTaBJIEHHWE O COCTOSTHUM TUTAHKTOHA O3€pa B 1I€JIOM, aHAIU3UPYSI MPO-
OBI BOJIBI, OTOOpPaHHBIC HAa OAHOM cTaHIMH? Ecim mcciaemoBaTenb s
U3y4eHUs OTOMpaeT pacTeHHUs TOJILKO B IIEHTPE JIyra U HE OTOMpaeT
UX IO KpasM, MOXKHO JIM B UTOTE€ Pe3yJIbTaThl OJAOOHOTO HCCIE0BA-
HUS TIEPEHOCUTH Ha BCIO JIYTOBYIO dKocuctemy? Yacto Ha HU3noIoru-
JecKuX Kadeapax YHHBEPCHUTETOB CTYACHTHI, 3aHUMAsCh HAy4YHOM
paboTOM, BeIyT OTOOP UCIBITYEMBIX HAa OMOJIOTHYECKUX (haKyIbTeTax.
[Ipu 5TOM BBIOOPKHU CO3/IAIOTCS U3 3HAKOMBIX, COKYPCHUKOB U JpY3€eH.
MoryT 11 Takue BBIOOPKH KOPPEKTHO OTpakaTh CBOMCTBA reHEpasib-
HOW COBOKYITHOCTH (BCE€ CTYJCHTHI OMOJIOTHUECKOTO (haKynpTeTa)?
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MareMmarndeckass CTaTHCTHKAa Ha BCE ITOCTABJIICHHBIC BOIPOCHI
OTBEYAET OTPHUIIATENIbHO. {151 TOro 4TOOBI JIMIIG MO YaCTU TeHepasb-
HOW COBOKYITHOCTH, KOTOpasi U3ydeHa, MOKHO ObUIO TPABWIBHO CY-
JTUTh O BCEH TEHEPAJIbHOM COBOKYIHOCTH, BBIOOpKa JOJKHA OBITh
penpezeHmamueHoti, THa4e MPeICTaBUTEILHON. Penpe3eHTaTHBHOCTD
BBIOOPKU O3HAYAET PABHYIO BEPOSTHOCTH ISl BCEX €IMHMII HAOJIO 1e-
HUS TCHEPAJTbHOW COBOKYITHOCTH OBITh NMPECTABIICHHBIMH B COCTAaBE
BBIOOPKH, APYTUMHU CJIOBAaMHU, B BHIOOPKE JOKHBI OBITH MpECTaBIIe-
HBI BCE BO3MOKHBIC BAPHAHTHI U3y4aeMOi IEPEMEHHOM B TEX K€ MPO-
MOPIMAX, YTO U B I'eHEepaJbHONH COBOKYITHOCTH. Bo Bcex mpuBeeH-
HBIX NPUMEpax JaHHOE TpeOOBaHKE, OYEBUIHO, HE OBLIIO BHITIOJHEHO.

Kakum 00pa3zom MOXXKHO JOCTHYb PaBHOW BO3MOKHOCTH JJISI BCEX
CAMHUI] HAOJIOMCHUS TOMAacTh B BBIOOPKY? JJIs ATOro mpu TUIaHH-
POBaHUU MCCJIEIOBAHUN HEOOXOIUMO COOMIOIATh MPUHITUI PAHOOMU-
sayuu (0T aHrI. random — ciyvaif) — ciry4aiHbIi 0TOOp JIEMEHTOB M3
TCHEPATHPHOM  COBOKYITHOCTH, HCKJIFOYAIOMUA CHUCTEMaTUYECKHUE
omuOku. PaccMoTpuM Hanbosee 4acto ynoTpebiseMbie B OMOIOTUH U
9KOJIOTHUH CHOCOObl (hOPMUPOBAHUS BBIOOPOYHBIX COBOKYITHOCTEH
(Beitmm, 1962; Ypo6ax, 1964; Bacunesuy, 1969; ITnoxuuckuii, 1970;
Amnioctonos, MBamos, 1981; IlImuar, 1984; Jlakus, 1990).

Cnoco0b1 0TOOpa BHIOOPOK M3 reHePAJIbHOH COBOKYITHOCTH

|. Iloemopnbiit ombop — TPOU3BOJAT MO CXEME BO3BpaIlCHUS
YUTEHHBIX €IMHHI] B TEHEPAIIbHYIO0 COBOKYITHOCTb, TaK YTO OJIHA U Ta XK€
CIIMHKIIA MOKET TI0NACTh B BEIOOPKY TIOBTOPHO (OTJIOB OKOJIBIIOBAHHBIX
NTUIl, CYTOYHBIM KOJMYECTBEHHbIM YYET >KUBOTHBIX Ha MPOOHOI
TUTOIIA/IKE, IIOBTOPHOE UCITOJIb30BAaHUE OOBEKTOB ISl SKCIICPUMCHTOR).
[TonoOHbIN OTOOP HE BIUSET HA COCTaB F€HEPAIbHOW COBOKYITHOCTH, U
BO3MOYKHOCTb KaX0W €IMHUIIbI MONACTh B BLIOOPKY HE MEHSETCSI.

Il. Becnoemopmwiii 0ombop — yaTe€HHbIE €IUHUITBI HE BO3BPAILIAIOT-
Csl B T€HEpaJbHYI0 COBOKYIHOCTh, KaXkJasi OTOOpaHHAs €IWHUIIA pe-
TUCTPUPYETCS TOJBKO OJWH pa3 (OTJIOB KUBOTHBIX JIJISI HM3yYCHUS
MUTaHHS, OTOOP MOYBEHHBIX WJIM BOJIHBIX MP00). ITOT OTOOp BIUSAET
Ha COCTaB TEHEPAJbHOM COBOKYIMMHOCTH W BO3MOXKHOCTh KaKJOU
€MHUIIBI TOMACTh B BELIOOPKY MEHSAETCSI.

O0a crnocoba otOopa (MOBTOPHBI W OSCHOBTOPHBIN) ACIATCS
Ha 2 TUIA:

1. OT60p, HE TpeOyrOIUN pacuyIeHEHUs T'€HEPAIbHOW COBOKYII-
HOCTH Ha YaCTH, — NPOCMOU CAVYALHbII 0mOOp — DIIEMEHTHI U3BJICKa-
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I0TCSl  Cy4dailHbIM O0Opa3oM HEMOCPEACTBEHHO W3 T'e€HepajbHOU
COBOKYITHOCTH (OTOOpP JKMBOTHBIX JJIsI SKCIIEPHUMEHTA, OTJIOB >KUBOT-
HBIX U3 MOMYJISAIUN, BEIOOpKAa M3 pab04YMX BPEIHOTO IMPOM3BOJICTBA).
YemoBek BechbMa HECOBEPIICHHOE «OPYAHME» CIIy4ailHOro oToopa.
B ncuxuke KaXaoro w3 Hac, Jaxke MpH KaXKyllewucs OecrpucTpact-
HOCTH, 3aJI0)KEHO TI0JICO3HATEILHOE TMPEANOYTCHUE OIPEaeIEHHOTO
o0nMKa O0BEKTa, a 3HAYUT M CTPEMJICHHE K TEHJICHIIMO3HOMY CyOb-
EKTUBHOMY OTOOpPY 3JIEMEHTOB HaOmrofeHus. HezaBucumMo OT Harmx
MOTMBITOK COOJI0aTh MAaKCUMAJIbHOE OJlaropa3yMue M 4eCTHOCTh MpHU
dbopMupOBaHUN BBIOOPOK BCErJa HMMEETCS OIpeseicHHas BEpOsT-
HOCTh TOTO, 4YTO TOSBUTCS HEBOJIbHAs CHCTEMaThyecKas OIIHOKa.
Ha npakTuke st OCyIIEeCTBICHUS CIy4alHOTO OTOOpa MPUMEHSIOT
METOJ| CIyYalHBIX YHCEN. I 3TOTO MOYKHO BOCIIOJIB30BaThCS JINOO
Ta0IUIaMU CIIy4alHBIX YKCell, MO0 COOTBETCTBYIOIIMMHU MOYJISIMU
(mporerypamMu) B CTATUCTHYECKUX IPOTpamMmMax.

Ilpumep: s nposBeneHus 3xcriepuMenTa u3 100 mMoAOMBITHBIX
MbIe Heooxoaumo otobpath 10 ocobeit. Koneuno, uccienoBarenb
MOXKET OTOOpaTh TEX J>XMBOTHBIX, KOTOpPHIE TEPBBIMU BBIOCTYT W3
KJIETKU TIOCJIE OTKpBIBaHHUS ABepiibl. Ho B 3TOM cilyyae OH JOKEH
OyJleT MOHUMATh, YTO €r0 OTOOP SBJISETCS JOBOJBHO CYOBEKTUBHBIM U
HE JIMIICH CKPBITHIX CHCTEMATHUYECKHX OIMOOK. B pesynbrare 3TOrO
BBIOOpKAa MOJKET HEaJeKBAaTHO OTpa)kaTh CBOMCTBA TI'€HEpaIbHOU
COBOKYITHOCTH WJIM ONBITHas M KOHTPOJbHAsS TPYIIbI >KUBOTHBIX
MOTYT OKa3aThCA W3HAYAJIBLHO HEOJHOPOAHBIMU, UYTO OYIET BIUSATH
Ha pPe3ybTaThl JKCIEepuMeHTa. UTOObI MPOU3BECTH JIEUCTBUTEIHHO
IPOCTON CilydyalHbIH OTOOp, HEOOXOAMMO CO3/1aTh PaBHYIO BEPOST-
HOCTH JIJISl BCEX MBIIICH ObITh BKIIOUYCHHBIMU B BBIOOPKY. Jljist 3TOTO
UCCIICIOBATEIb TPEABAPUTEILHO MOXET MpoHyMepoBaTh (ot 1 10
100) Bcex XKMBOTHBIX (reHepajbHas COBOKYITHOCTb) W i OTOOpa
BOCIIOJIb30BaThCs TaOIuIel cinydaiHbix yucel (Tadi. 1.2).

Tabmuna 1.2

Cnyuaunote yucna (no: Jlakun, 1990)

3393 | 6270 | 4228 | 6069 | 9407 | 1865 | 8549 | 3217 | 2351 | 8410

9108 | 2330 | 2157 | /416 | 0388 | 6173 | 1703 | 8132 | 9065 | 6717

7891 | 3590 | 2502 | 5945 | 3402 | 0491 | 4328 | 2365 | 6175 | 7695

9085 | 6307 | 6910 | 9174 | 1753 | 1797 | 9229 | 3422 | 9861 | 8357

2638 | 2908 | 6368 | 0398 | 5495 | 3283 | 0031 | 5955 | 6544 | 3883
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Cnyuatinble yucia — 3TO MOCIEAOBATEIILHOCTh YHCEII, BHIOPAHHBIX
13 HEKOTOPOM T'eHepaIbHOM COBOKYITHOCTH YHCEN TPH MOMOIIH KaKOTro-
HUOY b CIy4aiHOro mporecca (3kepedbeBka). M3 TabnuIbl He00X0IUMO
orooparp 10 ymcen, He mpepbimaomux 3HadeHre 100 (T. k. B HameMm
crysae N = 100). IIpocMarpuBaHHe TaOJWILI MOXXKHO HAYMHATH
B JJIOOOM MECTE M BECTH B MPOU3BOJILHOM HaIpaBjieHUH. J[OMyCTHM, MBI
HA4YHEM C TMIEPBOTO CTOJOIA TaOIUIlbl U OyJeM JBUTaThCS MOCIIEI0BA-
TEIHHO CBEPXY BHU3, YUUTHIBAS 2 MOCIECIHUX MU(PPHI YETHIPEX3HATHBIX
yucen. B utore meimel nmox Homepamu 93, 8, 91, 85, 38, 70, 30, 90, 7,
28 Heo0X0IMMO OYJIeT 0TOOpATh ISl SKCIIEPUMEHTA.

bonee ymoOHBIN CMOCOO COCTaBICHUS CIyYaHBIX BBIOOPOK
HCClieIoBaTelb MOXKET HAWTH, OTKPBIB TaOMWUYHBIA mpoieccop MS
EXCEL: B wmento CepBUC HYXHO BBIJICINUTH CTPOKYy AHanus
OaHHbIX, HaiiTk mporienypy BblboOpka u menkayth Ha KHOmkKy OK

(puc. 1.7).

7 B Bw6opka '->-<-'
AHa/H3 JAHHEIX L - —
XOAHEBIE A3HHEE -
(0] 4
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BKCI'IDHEHI.LHEJ'II:\HQE M N3¥HEIHHE M MeToa seibopn
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TMCTOrpana
Ckanb3AEE CpeaHes LIPaBKa © EnEESE
TeHEPALHA CY3aIHEL: YHCEN Hrene eriGopok:
PaHr 1 NEPCEHTHIBL MapaMeTpEl BRIE0AA
lPEl’DEECHﬂ () BelxoAHOH HHTEpEAN: B
BbIﬁDDKa (#) HoewiA patoumid aucT:

() Hosaa patiousa kHura

Puc. 1.7. O0Omuii Bug MEHIO ImakeTa K AHaJIN3 JaHHBIX»
1 JIMAJIOTOBOE OKHO MPOIEaypbl «BBIOOpKa»

B nuamoroBoM okHe mpoueaypbl Bblbopka HeoOXoauMo JHIIb
yctaHoBUTh Cny4YyamHbIl  MeTox BBIOOPKH, MBIIIKOW  yKa3aTh
BxooHon uHTepBan (cronder 3IeKTPOHHON TaOIHUIBI C MOPSIKO-
BBIMM HOMEPAMM JKHBOTHBIX) M BBECTH OOBEM BBIOODKH B TIOJIC
Uncno BbIOOpoK (B Hamem mpumepe 10). HeoOxoauMo OTMETHTH,
4TO JaHHAs MPOIEaypa peau3yeT MOBTOPHYIO CIYYaHYIO BBIOOPKY,
MOATOMY 3apaHee IMOJIE3HO YKa3blBaThb HEMHOTO OOJbIIMK 00BeM
BBIOOpKH, 4YeM Tpelyercs OToOpaTh IS HCKIIOYEHHUS MOBTOPSIO-
[INXCSI OOBEKTOB.
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He wmenee ynoOHbIM g 1ened  (GopMupoBaHUs BBIOOPOK

SBIIIETCS. MOMYJb PaHOOMM3aUMA CTaTHCTUYECKOW MPOTrpaMMbl
ATTESTAT (puc. 1.8).

PaH a0 MHFaALHA E
MHTEpEAN ASHHEL: | A
MHTEPEaN pE3Y NETATOE | A
YKCno reHepHpYEMEL: BIBOpOK I Pexkm paboTel

(* PaHaommzaTop
MeToA reHEpaLMH CRyYakHE: YHCEN
" MeHepaTop
[+ CTaHAapTHLIA ANSI
“HCNEHHOCTE 1 i‘
Mk =
BEINONHMTE pac4eTt OTMEHA | MomMowE ‘

Puc. 1.8. JInanoroBoe okHO Moyst «Parmomuzamusi»

K mpumepy, ¢ MOMOIIBI0O JAHHOTO MOJIYJISI MOXHO CIyYaiHBIM
o0pa3zom pacrnpeensiTh 00bEKThl B KOHTPOJIbHBIC U OMBITHBIC TPYTIIIHI.

[IpocToii crmydailHBIMi OTOOp HMMEET MPEeUuMyIlecTBa B TeX CIy-
qasx, Kormaa o0beM reHepajbHOM COBOKYMHOCTH HE CIMIIKOM BEJIHK.
Ho kakum 00pa3oM MOKHO CO3JaTh PaBHYIO BEPOSITHOCTH IOIAIaHUS
B BBIOOPKY €IMHMI] HAOJIOACHUS, €CIU HCCIIeA0BaTEh UMEET JEIO,
HaIpuMep, ¢ HACEKOMBIMH WJIM TIJIAHKTOHHBIMH JKMBOTHBIMH HIIH €TO
LEIBI0 SIBISETCS 3KOJIOTMYECKOE HCCIIEIOBAaHHE OOLIMPHOTO reorpa-
dbuueckoro paitona? I[lpeaBapuTenbHO OTJIOBUTh U MPOHYMEPOBATH
BCEX 0CO00€ll sl TOro, 4ToOBbl MPOU3BECTH NPOCTOW CIIydalHBIN
oTOOp, SIBHO HE MOJYyYHUTCS. B 3TOM cilydae MOKHO HCIOIb30BATh
0TOOp BTOPOTO THIIA.

2. OT0O0p, IpU KOTOPOM T'e€HEpalibHasi COBOKYITHOCTh pa3OuBaeTcs
Ha YacTH.

A. Ceputinviti ombop — TeHEpaIbHYI0 COBOKYITHOCTH IpeaBapH-
TENBHO JESIT Ha Kiacchl (cepum), 3aTeM W3 OOIIET0 KOJIMYeCTBa
cepuil Ccily4allHbIM CHOCOOOM OTOMPAIOT HECKOJBKO CEepuil s
crutomHoro m3yudenus. [loo0HBIN BapuaHT oTOOpa cleayeT mpume-
HATH TpU pabOTe€ C OTHOCUTEIHHO OJHOPOIAHBIMH OOBEKTAMU
UCCIICIOBaHMS (arpOdKOCUCTEMBI, TPYIIITBI UCIBITYEMBIX OJIMHAKOBOTO
BO3pacTa, HeOOJIBIITUE U MPOCTHIC 110 MOP(OJIOTUN BOJTOEMBI).
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IIpumep: HEOOXOIUMO COCTABUTH BHIOOPKY M3 KYKOB JIFOLIEPHO-
Boro mnois. IlpeaBaputenbHO HYKHO Pa3OUTh BCIO ILUIONIA[b MOJIS
Ha HEOOJIbIlIME MPOOHBIE IUIOMIAJIKH, MPUCBOUTH HUM TOPSAKOBBIC
HOMEpa U C IMOMOIIBIO YK€ M3BECTHBIX HaM CIOCOOOB ClIy4alHbBIM
00pa3oM 0TOOpaTh PsiJi MPOOHBIX IJIOIIAJI0K, HA KOTOPBIX IIPOU3BECTH
CIUIOLIHOE 00CIIEIOBAHUE 110 YUETY KYKOB.

b. Tunuueckuit omb6op — TeHepaibHasi COBOKYIHOCTh JEIUTCS
Ha HECKOJIBKO KJIACCOB (THITUYECKUX TPYIIIT), a 3aTeM CIy4aiiHbIM 00pa-
30M JIeNaeTcsl BBIOOpPKA W3 KaKJAOW OTACIbHON THUIHUYECKON TPYIIIIBI
(T. €. B OTVIMYHE OT CEPUHHOIO OTOOpPA CILIONIHOIO M3YUYCHMS KaXKIOH
TUITMYCCKON TPYIITBI HE MPOM3BOAMTCSA). MCImomb3yercss 3TOT crocod
C YCIIEXOM B T€X CIIydasx, KOrja UccleayeMble O0bEKThl HEPAaBHOMEPHO
pacnpeiesieHbl B ONPEIeICHHOM 00beME WM Ha OINPEACIICHHON Teppu-
TOPHH, YTO U BCTPEUAETCSI HAMOOJIEE YACTO B MPUPOJIHBIX YCIOBUSIX.

Ilpumep: HEOOXOOUMO YCTAHOBUTH PA3MEPHO-BO3PACTHYIO
CTPYKTYPY NOMYJISIIUAU SITIEPUIIBI KUBOPOJSIICH HaA OINMpeeIeHHON
TEPPUTOPUH, BKIIOYAIONMICH pPAa3JIMYHOrO THUIIA JIECHBIE U JyTOBBIE
Y4aCTKH, BBIPYOKH, JOPOTH U T. 1. JJisl HOJTy4eHUs1 penpe3eHTaTUBHON
BBIOOPKH BCIO TEPPUTOPUIO HY)KHO MOJACIHUTh HA PSJ TUMHYECKUX
rpynn (y4acTKH Jjieca, JIyT, ONYIIKH, BbIpyOKa, OOOYHMHBI JIOpOT),
B HAMOOJIBIIICH CTEMEHU Pa3IyaloIuXxcsa MEXAy coOoi. 3arem
KOKAYI0 TUIUYECKYI0 TPYIIYy MOXHO pa30uTh Ha psii MPOOHBIX
IJIOMIAIOK, CIIy4alHbIM CHOCOOOM BBIOpaTh B KaXKIOH Tpymre
HECKOJIBKO TaKUX TIUIOMIAJ0K, HAa KOTOPBIX M TMPOU3BECTH OTJIOB
)KUBOTHBIX. TakuM oOpa3zoM, oOmui 00beM BBHIOOPKH OyJeT
BKJIIOYATh OCOOM M3 KaXJOW TUIIMYECKOW TPYMIbI, YTO OOECIECUUT
pPENpPE3EHTATUBHOE OMUCAHNE BCEW F€HEPATTbHON COBOKYITHOCTH.

B. Mexanuueckuti ombop — reHepalibHass COBOKYIIHOCTh «MeXa-
HUYECKU» JEIUTCS Ha CTOJIBKO TPYIMI, CKOJIBKO OOBEKTOB JOJKHO
BOWTH B BBIOOPKY, a U3 KaXKJIOU IPYMIIEI OTOMPAETCS OJUH OOBEKT.

Ilpumep: npu oOcHenOBaHUM TOCEBA PXHU HA YpPOKANHOCTH
HameueHo otoopathk 100 komockeB. CienoBaTesbHO, MOJE P>KU MOYKHO
pazouts Ha 100 paBHBIX JIENSHOK U C KaXKJI0H ciiydallHbIM 0Opa3oM
oroOpatb 10 1 pacTeHuto; TpU UIYYECHUHU TUTAHUS MOXKHO
OTJIABJIMBATh KXKIBIW MATHIA, TECATHIA U T. I1. SK3EMILISP )KUBOTHOTO
JAHHOTO BHJIa Ha MapuipyTe. B mocieaHeMm ciiydae, oJHaKO, HYKHO
CJIEAUTH 3a T€M, YTOOBI aJITOPUTM COCTABJICHUS BEIOOPKH HE COBIIAIAJI
C KaKUM-JTUOO TMEPUOAMYECKUM IPOIIECCOM B MPUPOE, CIIOCOOHBIM
MOBJIUSITH HA PENPE3EHTATUBHOCTh BHIOOPKHU.
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Ilpumeuanue 1. HecmoTps Ha TO, UYTO METOJABI MareMma-
TUYECKOW CTAaTUCTUKU TIOCTPOCHBI Ha MPEANOJOKEHUH ClIydai-
HOCTH (POPMHUPOBAHUS BEIOOPOYHON COBOKYITHOCTH, Ha MPAKTHUKE HE
UCKJIIOUCHBI CHUTYaIlud, KOTJa HWMEHHO B CHJIY CIy4alHOCTH
B BRIOOPKY MOTYT MOMACTh DK3EMIUISIPHI C MPEUMYIIIECTBEHHO Kpaii-
HUMHU BapWaHTaMU IPU3HAKOB (HEpelnpe3ecHTAaTUBHAS BBIOOpKA)
(IlImuar, 1984). HccmemoBarenb IOJDKEH IOHMMAaTh, 4YTO BEpO-
ATHOCTb TOJO0OHOTO OyAeT TeM BBIIIE, YEeM MaJO4YUCICHHEE
dbopmupyemas BEIOOpKA.

Ilpumeuanue 2. Cnenyer NMpu3HATh, YTO OMHUCAHHBIE B JTAHHOM
paszene MeTOJIbl BBIOOPOYHOTO MCCJICIOBAHHUS B MpPaKTUKE OHOJIO-
TMYECKUX M DKOJOTMUYECKUX PadOT MPUMEHSIIOTCS JaleKO HE BCErja.
[IpuyrHAMHU 3TOTO MOTYT OBITh HEOCBEOMIICHHOCTh HCCIIeIOBATENICH,
JaHb TPAIUIIUSIM, UHOT/Ia TPYAHOCTH TEXHUYECKON peaau3aiiu TOTO
WM WHOTO croco0a CIy4ailHOro COCTaBJIEHUSI BHIOOPKH, HEJOCTATOK
BPEMCHH U T. . B KOHEYHOM HTOTe H3ydaeTcs COBCEM HE TO, UTO
JEKJIApUPYETCs B HAa3BAHMSAX CTaTell Ha CTpPAHUIAX PEIEH3UPYEMbBIX
KypHanoB. K mpumepy, dacto uccieaoBaTenu MPUBOISAT PE3yIbTaThl
M3Y4YEHUS BOIHBIX JKOCHUCTEM, IIPH ATOM HMES B HAIMYHUU JaHHBIC
JMINb C OJHOM, TaK Ha3bIBACMOM «CTaHIAPTHOW», CTAHIUU (TOUKH)
orbopa 1mpod6. Teopuss BHIOOPOYHOTO HCCIIEIOBAHUS PEIKO HCHOJIb-
3yeTcs TIpU H3y4eHUHu OCHToca C €ro KpaliHe HepaBHOMEPHBIM
pacnpezielieHueM B JOHHBIX OnoTomnax (bakanos u np., 2001). Muorue
METObI KOJTMYECTBEHHOI'O YUeTa >KMBOTHBIX M PACTCHUI Ha MPAKTUKE
MPUMEHSIOT, UTHOPUPYS OMUCAHHBIE B pa3jiesie NpUHIUIbL. [Ipu sTom
JAHHBIE, TOJYYCHHBIC IO HEPEIPE3CHTATUBHON BBIOOPKE, HUKAKUM
o0pa3oM Hesb3d OyJeT «UCIPABUTHh» WIH IOIIPABUTH» B IPOIIECcCe
UX CTaTUCTUUYECKOM 00padoTku. Kakue Obl MOIIHBIE METO/Ibl MaTeMa-
TUYECKOU 00pabOTKU HU MPUMEHSIIUCH, TTOJTYYUTh aJICKBAaTHOE MPE/I-
CTaBJICHHE O T€HEPAIbHOW COBOKYIMHOCTH HE YJIACTCH.
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[naBa 2. NNpueMbl nepBUYHOMU
CTaTUCTUYECKOMN OOpaboTKN AaHHbLIX

OOBeKTaMH MCCIEOBAHUN OHOJOTOB M HKOJOIOB MOTYT OBIThH
CHCTEMBI Pa3IMIHOTO YPOBHA (KJI€TKa, OpraH, OpraHu3M, MOMYJISAIHS,
OMOIIEHO03, PKOCUCTEMA) M pa3HOOOpa3HbIe OHMOIOrHYecKue (IKOJIOTH-
YECKHE) TPOIECChl M sABIICHUs (pa3MHOXKCHHE, NMUTaHWE, JHHAMHKA
YHCIICHHOCTH TOMYJISAIUHN, CyKIeccHst 3KocucTeM). i wm3ydeHus
TUX OOBEKTOB HEOOXOIUMO IOIYYHUTh, 00pabOTaTh M IPOAHAIU3U-
pOBaTh COOTBETCTBYIOIIWE JIaHHbBIC. /laHHble — TO UCXOAHAsT UH(OP-
Malusi 00 0OBEKTE HCCIASTOBAaHMS, MOTydYeHHAs MyTeM HaOIIOACHUS
WM DKCIIEpUMEHTA W TIPEeJCTaBlIeHHas B (popMe, MPUTOTHOU JJIs T10-
CTOSIHHOTO XpaHCHHMsl, Mepeaadd, o0paboTKH M aHaimu3a (Hampumep,
HA0OP KOHKPETHBIX YHCEII).

B OunoJIOTHYECKUX M 3KOJIOTHYECKUX HCCIICAOBAHUSAX TPUHSITO
PErUCTPUPOBATh TEPBUYHBIE JaHHBIE B CHEIHAIBHBIX JKypHaiax,
JTHEBHHMKAX, OJIaHKaX, BEJOMOCTSIX.

IHpumep:

1. YuerHas (MapiipyTHas) BEIOMOCTh BCTPEYaEMOCTH IITHII,

2. bianku 006pabOTKH THAPOOUOTOTHUYECKHUX MPOO.

3. UxTronornyeckuii >xypHaj TpaJIOBOW ChEMKH 03epa.

4. JIabopatopHbIil )xypHai o0paboTKH Mpoo.

3aduKkcupoBaHHbIE B TOJOOHBIX JOKYMEHTAaX ydeTa CBEACHUS
00 M3y4yaeMoM OOBEKTE MPEACTABISAIOT COO0I OSCIOPSIAOYHYIO MacCy
(aKTU4YEeCKOro MaTtepuasa, BhIpaKEHHOTO, KaK MPaBUJIO, B YUCIOBOH,
OaJITbHOM, TEKCTOBOM, 3HAKOBOW (popMax. B COBpEeMEHHBIX YCIOBHSIX
BHEJIPEHUS B HAy4YHBIC HMCCJICJAOBAHUS KOMIBIOTEPHBIX TEXHOJIOTHI
CJICAYIOIMUM O0s3aTEIbHBIM JTallOM SBISETCS BBOJ JTHX JaHHBIX
B OJIHY M3 IIPOrpaMM CTAaTUCTHYECKOTO aHalin3a, K MPUMEpYy B JICKT-
pornyto Tabmuiy MS EXCEL wnmu maker STATISTICA. dopma
OpraHu3alluy TEPBUYHBIX JAHHBIX B DJIGKTPOHHBIX TaOIUIAX,
€CTECTBEHHO, OyJeT pa3nuyaTbCsd B 3aBUCHUMOCTH OT IIEIM CTa-
TUCTUYECKOU 00pabOTKH.

IIpumep: 11 BEIYUCICHUS OMTUCATEIBHBIX CTATUCTUK HEOOXOAUM
BBOJI BCEX YHCIIOBBIX 3HAYEHWU HCCIEAYyEeMOTO TOKaszaTelsl B OIWH
CTOJIOCIT AIIEKTPOHHOM TAaOUIIbI, a JUIsl MPOBEICHUS TUCTICPCUOHHOTO
aHajn3a TpeOyeTcs BBOJ B COCETHHUI CTOIOEI] HEKOW TPYIITHPYIOIIEH
NIEPEMEHHON MJIK pa30MBKa ATUX 3HAUYCHMI 10 HECKOJIBKUM CTOJIOIaM.
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daKkTUYECKH YK€ Ha ATOM JTafe HCCeIoBaTelb MPUCTYIACT
K IPOCTEHIIEe CTaTUCTUYECKONM 00pabOTKe COOpaHHBIX JAaHHBIX JIs
BBISIBIICHUSI CKPBITHIX B MEPBUYHON MH(MOpPMALMU 3aKOHOMEPHOCTEH.
OBnageHue TmpUEeMaMH CTAaTHCTUYECKOHM OOpadOTKHM TEpPBUYHBIX
JAHHBIX HEOOXOJAMMO B MEPBYIO OYEpe/ab ISl MOCIEIYIOIETO OCBOE-
HUA 00JIee CIIOKHBIX CTATUCTUYECKUX METOA0B, MTOCKOJIBKY 3TH IpHUe-
MBI 9acCTO SIBJISIFOTCS BaKHBIMU dTallaMU K MPOBEJICHHUIO JTaJTbHCHUIIIETO
KOJIMYECTBEHHOT'O aHAJIN3a.

IIpumep: MOCTpOEHUE CTATUCTUYECKUX PSAJOB SBISICTCS MEPBBIM
ATANOM OCYIIECTBJICHUSI aHaJIu3a BPEMEHHBIX PSJIOB, KOPPEISIMOH-
HOTO W PErpecCHOHHOr0 aHalIu30B; rpaduyueckoe MpeacTaBICHUE
JaHHBIX — HEOThEMJIEMasl YacTh KJIACTEPHOI'O aHAJIM3a; pacueTr psaa
OIMCATEIbHBIX CTAaTUCTUK (CpEIHEro 3HAYCHUS WIH JUCIICPCHH)
HEO0OXOUM TIPU IPOBEPKE CTATUCTUUECKUX TUIIOTE3.

Crartuctudeckas oOpabOTKa MEPBUYHBIX JIAHHBIX UMEET U CaMO-
CTOSITeJIbHOE 3HaueHue. Tak, MOCTPOCHHE BapHAIlUOHHBIX PSIJIOB U
KPUBBIX MOXET J1aTh UCCJICAOBATENIO LICHHYIO HH(POPMAITUIO O 3aKOHE
pacrpeieieHus M3y4yaeMoro Mpu3HaKa WIM T[OoKa3aTess, B Jalib-
HEUIIIEM 5TO MOXKET IMOMOYh KaK B BBIOOpPE KOPPEKTHBIX METOIOB
MaTeMaTHYeCKOH 00pabOTKH, Tak W B oOmNpeAciacHUH (haKTOPOB,
BBI3BIBAIOIIUX M0I00HOE BapUAIMOHHOE PACIIPEICIICHUE; BEIYUCICHHUE
CpEeHUX 3HAYEHUW U MOKazaTeJel Bapualih caMo Mo ceOe sBIsIeTCS
Ba)KHOM XapaKTEPUCTUKON 00BEKTa UCCIICIOBAHUH,

MeTtopl, paccMaTpuBaeMble B JTAHHOM TJIaBE, OTHOCSTCS, MOXKa-
Ay¥, K HaumOoyiee MOMYJSPHBIM M YacTO HCMOJb3yeMbIM (hopMam
CTATUCTUYECKOM 00pabOTKHU JaHHBIX U B HAYYHBIX pabOTax CTyJACHTOB
BY30B, M B TOJABJISIONIEM OOJBIIMHCTBE CTaTel, MyOIUKYEeMbIX
B BEIYIIMX HAay4YHBIX >KypHajiax. Takue >SJIeMEHTapHbIe CTaTUCTH-
YeCKHE MPOIEAYphl, KaK pacyeT CpeHEro 3HAueHMs, TOKaszaTesei
Bapualluy, TOCTPOCHUE CTAaTUCTUYECKUX TpadukoB U TabwIl,
NPUXOJINUTCS TPUMEHSATH OMOJOoraM M HKojoram, BeposTHO, B 95%
ciaydaeB. [Ipoiie HalWTHU MHOXECTBO palOT, TJe HE MNPUMEHSIOTCS
HEOOXO/IMMbIE OTHOCUTEJIBHO CJIOKHBIE METOJbl CTATUCTUYECKOU
00pabOTKM JaHHBIX (HApUMeEp, KOPPEISAIHOHHBIA WA JUCIIEp-
CHUOHHBIM aHaJIM3bl), YeM pabOThl, B KOTOPHIX HE INPEICTABJICHBI
pacueTbl CpPEIHUX 3HAYEHUM MCCIEAyEeMbIX TIOKa3aTejied WiH
rpadudecKuil aHaIU3.

33



2.1. Cmamucmu4eckue psiObl

Matematudeckas o0paOoTka COOpaHHBIX JaHHBIX YacTo (HO
JaJeKko He Bcerjgal) HayMHACTCS C IOCTPOCHUS TaK Ha3bIBa€MBIX
cmamucmu4eckux psooe, MPEACTaBISIOMUX cO00i HA0Op YHCIOBBIX
3HAUCHUH MTPU3HAKA, PACIIOJIOKEHHBIX B OTIPEICTICHHOM TOPSIIKE.

Paccmotpum Gosee mogpoOHO THUIIBI CTATUCTUYECKUX PSJIOB.

1. Panstcuposanmsiii psi0 — ONMUHAPHBIN Psifi, B KOTOPOM 3HAYCHUS
NpH3HAKa pacIoyiaralorcs B Bo3pacTraromeM (Wid  yObIBaloIeM)
TOPSI/IKE.

IHpumep:

34342543345
23333444455 — panxupoBaHHBIHN PSII.

3HavYeHUE psa. MOXKHO ONPEACIUTh pa3Max H3MEHUUBOCTH
npu3Haka (oT 2 10 5), HauboJjee yacTo BeTpedarorieecs 3HaueHue (3 u
4), MOATOTOBHUTEILHBIHN 3TAIl JISl TOCTPOCHHS BAPHAIIMOHHOTO PsijIa.

2. Bapuayuonnviii pso (pso pacnpedenenus) — IBOWHON Ps
YUCEJ, OTPAXKAKIUM COOTHOIIEHUE PAHXXUPOBAHHBIX 3HAYCHUU
MpU3HAKa C 4aCTOTOM UX BCTPEUAEMOCTH B JAHHOUW BBIOOPKE.

IMpumep:

23333444455 — paHXUpOBaHHBIN psi,
2345 — 3HadeHNE IpU3HAKa,
1442 — qacToTa BCTPEUaEMOCTH.

3HavyeHUe psAaa: MO3BOJISIET ONMPENETUTh 3aKOHOMEPHOCTh BapbH-
poBaHus (3aKOH pacHpe/IeICHUs) H3y9aeMOoro MpU3HaKa.

B 3aBUCMMOCTH OT TOro, B KakoM JMAaNa3oOHE€ U KaK BapbUPYET
IIPU3HAK — JUCKPETHO WJIM HEMPEPBIBHO, — CTATHCTHYECKAs] COBOKYII-
HOCTh MOXET PaCIpeACISITECA B Oe3bIHmMep8aibHblll WIH UHMEPBAlb-
Hblll BapUAllMOHHBIC PAAbl. TUN BapUAllMOHHOTO psAZla MOXKHO
onpeaeuTh 1mo dhopmyse (Jlaxun, 1990):

A = Xmax — Xmin e

rac A— IMpHUHA KJIAaCCOBOI'0O HHTCPBAJIa,

Xmax; Xmin — MaKCHUMaJIbHOC 1 MUHHUMAJIbHOC 3HAYCHUC BBI60pKI/I,

K — ducio xmaccoB, Ha KOTOpBIE CIEAYyeT Pa30UTh BapHAIHIO
npu3HaKa, paccuuThiBaeTcs 1o ¢popmyse Crepmkeca:
k=1+3.321g(n), rae n — 00beM BBIOOPKH.
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Takum oOpaszom, eciiu A = 1 wnn A = 1, To crpoutcs Oe3bIHTEP-
BAJIBHBIN psif, €civl A # 1, TO CTPOUTCA UHTEPBAIILHBIN PSII.

Ecnu mpu3Hak BapbUpyeT AUCKPETHO U B y3KUX IpaHunax (A = 1
wm A = 1), To CTpOUTCS OC3BIHTCPBAIBHBIN BapUAIIMOHHBIA PSI.
PaccmoTpuM faHHBIE O KOJIMYECTBE NMTEHIIOB B THE3JaX APEBECHOM
nactouku Tachycineta bicolor (Poxunkuii, 1973):

466455555551454545574665644565542646256554

JIaHHBIN TIPU3HAK SBIAETCS AUCKPETHBIM M A = 1, 3HaUUT JOCTa-
TOYHO MOJCYUTATh BCTPEYAEMOCTh KOHKPETHBIX 3HAUEHU, HE pa3ou-
Bas MX Ha KJIAcCOBble HHTEpBaJbl. VCKOMBIM O€3bIHTEPBaAIbHBIN
BapUALMOHHBIN Pl OyJET BBITISIETh CIECIYIOMNUM 00pa3oM:

Konuuecmso nmenyos Yacmoma ecmpeuaemocmu
1 1

2

11

18

9

1

~N|o|ob~ N

NHTepBalibHbI BapUALMOHHBIA DAl IPUMEHSETCS, €CIIU U3ydae-
MBIA MPU3HAK M3MEHSETCS HenpepblBHO (A # 1) MM 3HAYCHUS JIHC-
KPETHOT'O TMPU3HAKA, BAPBUPYIOWIETO B MIMPOKHUX MPEAENIax, UMEKOT
MaJIyl0 IMOBTOpseMOCTh. B Bome MenkoBoaHoro osepa Hepo (Spo-
CJIaBCKasg 00JIacTh) B TCUYCHHE rojia ObLIM HW3MEpPEHbI KOHIICHTPAIIUU
obrmiero dgocdopa (B Mxr/n):

46 41 153 98 140 95 208 88 65 108
60 41 179 320 176 118 191 108 62 91
90 66 189 274 170 95 62 108 45 58
90 83 202 134 166 82 117 62 91 37
80 45 111 83 120 108 91 241 90 66
163 110 117 91 180 104 91 134 92 83

JI1si ocTpoeHHsT MHTEPBAIBHOTO BapHAllMOHHOTO Psijla cHavasa
BECh JIMAIla30H U3MEHUYMBOCTH KOHIIEHTpaluii oomiero gocdopa pas-
OWBaeTcs Ha CEPHI0 PABHBIX KJIACCOBBIX MHTEPBAJIOB, 3aTEM IIOJICUH-
THIBAETCS, CKOJBKO BapHaHT MOMANIO B KaXIbl MHTEpBaI. B Harmem
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npuMepe MIHPYHA KJIAacCOBOr0 MHTEpBaia A = 41, yuciao KiaccoBbIX
MHTEPBAJIOB K = 7, COOTBETCTBEHHO BapUAIIMOHHBINA PSIT UMEET BUJ:

Knaccoevie unmepeanvl Konyenmpayuii Yacmoma
(mxeln) scmpevaemocmu
3778 14
78.1-119 28
119.1-160 5
160.1-201 8
201.1-242 3
242.1-283 1
283.1-324 1

3. Bpemennoti pso (ps0 Ounmamuxu)— IBOHHOH PO dHCE,
OTpaKaOIIMI BapbUPOBAHHE BapHaHT M3y4aeMOI'o MpH3HAKa BO Bpe-
MeHH (IT0 ToJaM, MecsiaM, JHSIM, YacaM).

Ilpumep: ce30HHBIE U3MEHEHHS OMOMAcChl (PUTOIJIAHKTOHA
B 03€pe MOKHO OXapaKTepHU30BaTh CIACAYIOITUM BPEMECHHBIM PSJIOM

2 11 6 1 20 30 10 2 - owuomacca purortankToHa (mr/i),
i 1v v VI VII VIII IX X - wMecsipl.

4. Omnupuueckuil paod pezspeccuu — TBOMHOM psij 4YHCeN, OTpa-
YKAIOITUN CBSI3b MEXK]Ty 3HAUCHUSMU COMPSHKEHHBIX MPU3HAKOB.

IIpumep: B 2011 r. B pailone OWOCTaHIIMU «YjeilMa» CTyACH-
Tamu Spl'Y ObUIM MOJYyYEHBI CIEAYIONIHME JTAHHBIE O YUCICHHOCTH
HACCKOMBIX-OMBIINTENICH Ha POOHOM Tutomanke (X) U TeMIepaTrype
BO3/yXa B MIEpHOJIbI yueTa HaceKOMBIX (VY):

X 17 19 59 114 94 78 78 64 78 48 3 36 S5 5 11
V: 17 16.8 238 256 27 247 218 227 231 218 203 19 15 145 188

2.2. Fpapuyeckul aHanu3s

Busyanuzauus, WiaM HariasgHOE NPEACTaBICHUE, pE3YyJbTaTOB
UCCJIEIOBAHUN SIBISIETCS Ba)XHBIM ATAlOM MpPU MEPBUYHOM Marema-
TUYECKOW 00paboTke aaHHBIX. ['paduyeckoe ocMmbicieHue (HakToB
BXOJHT IMOYTH B KXKIYI0O HAyYHYIO padOTy, U K HEMY CIEQYET IpU-
oerarp, rJ¢ TOJIBKO BO3MOXKHO U IlienecooOpaszHo. Iloctpoenue rpa-
(UKOB pa3IMYHBIX TUIOB YIPOILIAET COJEPKATEIbHBIN aHaIu3 KOJIH-
YECTBEHHBIX JAHHBIX U BO MHOTHUX CIIy4asix siBJsieTcs d(PPeKTUBHBIM
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CPEICTBOM KOHTPOJII BO3MOXKHBIX OIIMMOOK TIPH HHTEPIPETALNH
PE3yIBTATOB, MOJYYEHHBIX TEM WM UHBIM CTATUCTUYECKUM METOJIOM.

B nanHoM pasjene Mbl HAYHEM 3HAKOMCTBO C BO3MOXKHOCTSIMH
rpadUuecKOro aHajau3za IpU MaTeMaTUYeCKOW 00paboTke OuOoJIoTH-
YECKUX M DKOJIOTMYECKUX MAaTEPHAIOB HA MPUMEpPE HATJISIHOW WILTIO-
CTpAIlMU 3aKOHOMEPHOCTEH, 3aKIIOYEHHBIX B CTATUCTUYECKUX PAJAX.
N3noxkeHne WHBIX CIOCOO0B BHU3yaIM3allUM PE3yIhTaTOB KOJIMYECT-
BEHHOT'0 aHaJIn3a OyIeT MPOAOKEHO B MOCICAYIOIINX I1aBax.

['padpuueckoe mnpeacraBiieHHE 3aKOHOMEPHOCTEM BapbUPOBAHUS
KOJIMYCCTBEHHBIX MPHU3HAKOB OCYIIECTBIISICTCS C IMMOMOIIBIO 8apuayu-
ounvix kpuevix (noaucon pacnpedenenus uacmom) (puc. 2.1 a)
U eucmoepamm pacnpeoenenus (4acTOT BCTPEUAEMOCTH 3HAYCHUH
npu3Haka) (puc. 2.1 0).

Bapuanonsasie KpuBbIE CTPOSTCS AJisi O€3bIHTEPBAIBHBIX BapHa-
IIMOHHBIX PSAJOB B OCSX: 3HA4YeHHMs Npu3Haka (abcrmcca)— 4actora
BCTPEYAEMOCTH 3HaueHWW mpu3Haka (opamHara). JlaHHBIA Tpaduk
MPEACTABISAIOT COOOU Psii TOUEK, COCAMHEHHBIX MPSIMBIMHU JIMHUSIMH,
IPU 3TOM KaXK/asi TOYKAa OTPaKaeT YaCTOTy BCTPEUAEMOCTH KOHKPET-
HOTO 3HAYECHHUS JUCKPETHOrO TpH3HaKa. AHAIu3 BapHAIlMOHHOMN
KpUBOM Ha puc. 2.1 a oOHapyXMBaeT XapaKTEPHYIO 3aKOHOMEPHOCTh
MOBEJICHUS KOJWYECTBEHHOTO MPU3HAKA — YUCJIO NMTEHIIOB B THE3/Iax
JPEBECHOM JIACTOYKH. BBICOKHE YaCTOThI BCTPEUAEMOCTH BapHaHT
HaAOJII0JAl0TCS B IIEHTPE pacipeesieHus], a HU3Kue 1o nepudepuu.

BecbMma cxoAHBI ¢ BapUallMOHHBIMU KPUBBIMH TaK Ha3bIBa€MbIC
2UCTNOCPAMMbL pACHpedeneHUss 4acmom — CTOJ0YaThie AUarpaMMbl,
OTPKAIOIIME pacCIpeeiCeHUe 4YacTOT BCTPEUYAEMOCTH 3HAYCHUH
NpPU3HAKA MO OTJEIbHBIM KJIACCOBBIM MHTepBaiaM. COOTBETCTBEHHO,
B OTJIMYME OT BAapUALIMOHHOM KPUBOW HA THUCTOTpAMME pacmpe-
JCJCHUST 4YacTOT 10 OCH a0CHUUCC OTKIAABIBAIOTCS KJIACCOBBIE
untepBaibl. [logoOHbIe Tpaduku TPUMEHSIOTCA AJISI MHTEPBAIBHBIX
BapUaIllMOHHBIX psoB. Bo3Bpalaschk kK paHee ONMUCAaHHOMY MPUMEDY,
MOHO 3aKJIOYUTh, YTO 3aKOHOMEPHOCTh BapbUPOBAHUS KOHIICH-
Tpanuii oOmiero ¢ocdopa 3HAYUTEILHO OTJIMYAETCA OT pachpee-
JICHUSI KOJIMYECTBA MTEHIIOB B THE3/IaX JAPEBECHOMN JTaCTOUKH: HAOIO-
JaeTcs CMeElleHne HamboJiee 4acTO BCTPEUAOIIMXCS KOHIICHTpAIui
docdopa B 001acTh MEHBIINX 3HAYCHUH (puc. 2.1 0).
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Puc. 2.1. I'padudeckoe npencraBieHne 3aKOHOMEPHOCTEH CTATUCTUYECKUX PSJIOB:
a — BapuallMOHHAsl KpYBasl paclpeesieHHs] KOJIMYECTBA MTEHIIOB B THE3/IaX
apeBecHo# nacTouku Tachycineta bicolor; 6 — ructorpamma pacrnpeaencHus
KOHIIeHTpaIuit od1iero ¢ocdopa; B — Ce30HHAS TMHAMHUKA OMOMAaCChI
(UTOTUTAHKTOHA B 03€pe; T — TOUEeUHAs JUarpaMma, OTPaKaroIIas CBsI3b
TEeMITepaTyphl BO3yXa U YHCICHHOCTH HACEKOMBIX-OTBIITUTEIICH
Ha TPOOHOM TUTONIAIKE

Tabnumunsiii npoueccop MS EXCEL coaepxut npouenypy aBTo-
MATHYCCKOTO IIOCTPOCHUS M3 HMCXOMHBIX JaHHBIX OJHOBPEMECHHO
BapUAIMOHHOTO Psifla W TUCTOTPAMMBI PacHpeIeICHUSI 9acTOT 3TOTO
psana. Jlis 3Toro B auajgoroBoM OKHe AHaNM3 [OaHHbIX HaIo
BBIICIUTh mponenypy [uctorpamma wu Haxare kHonky OK
(puc. 2.2). Jlng mOCTpOEHUsS THCTOIPAMMBI PacHpeeiCHUS YacTOT
He00X0IMMO YCTaHOBHTH (piiaxkok BbiBoA rpadumka (puc. 2.2).
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Puc. 2.2. O0mmii BUg MEHIO MMakeTa K AHaJIN3 JaHHBIX»
U IUAJIOTOBOE OKHO Tporeaypsl «[ mctorpamma

[To maHHBIM PSIIOB JTUHAMHUKH CTPOMUTCS rpaduK B OCIX. BpeMs
(abcmucca) — 3Hauenue npu3Haka (opauHata) (puc. 2.1 B). I'padwu-
YeCKMH aHaJIu3 CE30HHOW JMHAMHKU OHWOMAacChl (UTOTUIAHKTOHA
BBISIBIIIET HAJIMYME BECEHHETO M IO3JHEJETHEr0 NHKa B OOWIMHU
MUKpoBosiopocieid. Crag B pa3BUTHU TPUXOIUTCS HA paHEe JIETO,
B TUAPOOMOJIOTUN ATOT MEPUO] UMEHYETCS CTaAueh «YUCTOW BOIBI»,
YTO YacTO CBS3aHO JUOO C OMOTCHHBIM JIUMUTHPOBAHHEM, JUOO C
BbIeJlaHWEM (PUTOTUIAHKTOHA 300TIJIaHKTOHOM.

Ha ocHOBe SMOUPUUECKUX PSIOB PErPECCUM CTPOUTCS MOUeyHas
ouaepamma (Quaspamma paccesuusi), OTpPaKaIIAs CBSI3b MEXKITY
napoi nmpu3HakoB (mokasareneii) (puc. 2.1 ). ITo ocn abcumce oTkIma-
IBIBAIOTCS 3HAYEHUSI OJHOTO MpH3HAKA, MO OCH OPJWHAT — JAPYroro
IPU3HAKa, COMPSHKEHHOTO ¢ TepBbIM. TakuMm oOpazoM, Kakaas Touka
Ha TOAOOHOW JuarpaMme OTpakaeT 3HAYEHHUs IMapbl IPU3HAKOB.
dopma ¢urypsl, co3gaBaeMoil COBOKYITHOCTBIO TOUEK Ha Tpaduke,
SABJSICTCS TIOKa3aTeJeM CBs3M JIByX IMIPU3HAKOB. Ecim Mexmy
NEPEMEHHBIMU CYIIIECTBYET CHJIbHAs CBsA3b, TO TOYKU Ha Tpaduke
00pa3yloT ynopsaodYeHHY0 ¢GopMy (Hampumep, OJHM3KYIO K MPSMOK
WIKM KpUBOH JnuHUM). Ecim mnepeMeHHbIE HE CBS3aHBI, TO TOYKH
obpasyroT «obnako». U3 pucynka 2.1 v BUIHO, YTO TOYKH 0OpazyroT
burypy BBHITSHYTOU (HOPMBI, Yepe3 KOTOPYIO B IEPBOM MPUOIMKEHUH
MOXXHO TIPOBECTH MPSAMYIO JHMHHUIO, TMPH OTOM 00jiee BBICOKUM
3HAYCHUSM TeMIIepaTypbl BO37yXa COOTBETCTBYIOT 00jiee BBICOKHE
YHCJIICHHOCTH HACEKOMBIX-OMBUINTEICH Ha MPOOHOM IUIONMIaKe. ITO
yKa3bIBaeT Ha CYIICCTBOBAHHUE CBSI3M MEXKIY JIBYMsI IIEPEMEHHBIMHU.
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IIporpammHoe obecneuyeHue rpaguueckoro aHajausza. Y 100HbIM
CpEICTBOM TIpoBeJeHUs rpaduueckoro ananmsa seiasercs MacTtep
AavarpaMmm B anekTponHbix Tabmuiax MS EXCEL. B mporpammaOM
nakere STATISTICA mnpemnaratorca emé Oosee pazHOOOpa3HbIE
rpaduYecKre METOJIbI, C TIOMOIIBI0 KOTOPBIX HCCIICIOBATEIh MOXKET
3alpaliuBaTh MM CaMOCTOSITEJIbHO OpPraHM30BBIBATh IIOCTPOCHHE
rpadukoB (puc. 2.3). Jloctynm k rpadudeckuM CpeICTBAM OCYIIECT-
BJISICTCS Yepe3 BepXHee MeHIo ¥ komaHy Graphs (rpadukn).

Tak, mporpamma STATISTICA naer BO3MOXKHOCTb aHalU3U-
poBaTh JaHHBIC B TPEXMEPHOM IPOCTPAHCTBE, JJIS 3TOTO HCIIOJb-
3yI0TCS MHOT'00OpasHbie TpexMepHbie Tpadukn (3D Graphs). MoxHO
OJTHOBPEMEHHO IOCMOTPETh, KaKUM 00pa3oM MOTYT OBbITh CBSI3aHBI
MEXITy CO0OM HECKOJBKO TEPEeMEHHBIX. K TPHUMEPY, YUCICHHOCTH
HAaCEKOMBIX-OMBUINTENICH Ha MPOOHOW IUIOMIAJKE, TeMrepaTypa BO3-
ayxa ¥ atMoc(epHOe JaBjiICHUE. DTO MO3BOJISICT CACIATh TPEXMEpHas
auarpamma  paccesaus (3D XYZ Graphs), rme kaxmas Touka
oToOpa)kaeT 3HaYCHHS 3-X MepeMeHHBIX (puc. 2.4).

STATISTICA - HEro 408 rHADOXHK (iaKT
afin Mpaeka Bua Bcragka Qopmat Axanz [paduka Cepemc Owko  Cnpaexa
(B= =1 @. i) JnfiaeuTs & Pafodyio kHAry ¥ JoBasTe B OTHeT * @ a2,
[Slrepanrwiirezs.. ~| 0 & B EE # @ AEE O XY B ok A,

e TpatuE yposHa
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Puc. 2.3. I'padmueckoe npeacraBnenue nanueix B makete STATISTICA
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3D Scatterplot (Spreadsheetl 10v*16c)

1oLV RR
ol T

Puc. 2.4. TpexmepHas nuarpamma paccestHusi, HOCTpOSHHast
B nporpamme STATISTICA

2.3. Tabnuusbi

TabmuuHbIil c1OCcOO TpeACTaBICHUS JTaHHBIX SBISIETCS HE MEHEe
Ba)KHBIM, HapsIy C TpaUUYECKUM aHAJIU30M, CPEJCTBOM MEPBUYHOTO
YHOPSIOYCHUS, CUCTEMATHU3aIlMHA ¥ TPYIITHUPOBKH Pe3yJIbTaTOB HCCIIe-
noanuii (Tepentse, PocroBa, 1977; Jlakun, 1990).

CratucTrueckre TaOJIUIlbl BHEIIHE MPEJCTABIAIOT TEepeceUeHuUs
BEPTUKAIBHBIX T'pad M TOPU3OHTAIBHBIX CTPOK, KOTOphIE 0OpazyroT
KJICTKH, TIpeJHA3HAUYCHHBIC IS 3allMCH B HHUX CTAaTUCTUYECKOTO
marepuana. CraTuctuyeckas TaOauIa OT APYTHX TaOIU4YHBIX (HOpM
OTJINYAETCS TEM, YTO OHA JOJDKHA COJEp)KaTh Pe3yibTaThl MOJCUYECTA
(0OpabOTKM) MCXOTHBIX KOJUYCCTBEHHBIX JTaHHBIX. BakHBIM TpeOo-
BaHHEM SIBJISIETCSI OTCYTCTBHE MEPErPYKEHHOCTH TAOIUIBI «U3JIUII-
Hel» dYHCIIOBOM WH(OpMammei, KoTopas MOXET 3aTyIIEBBIBAThH
OCHOBHYIO KOJIMYECTBEHHYIO 3aKOHOMEPHOCTh. B 3agaum HaHHOTO
nocoOusi HE BXOJIUT MOAPOOHOE U3JI0KEHUE CTPYKTYphI, THIIOB
unpaBual  0oQOPMIICHHS ~ CTaTUCTHYECKUX  TaOJMI,  IOITOMY
OCTaHOBUMCS JIMIITb HA HECKOJIBKUX HATJISITHBIX TTPUMEpax.
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Tab6muma 2.1

Cnekmp numanus auwiepuybl HcUueopooauiell 6 pasHvlX OUOmonax

Obvexm numanus Tun 6uomona Bcezo
Buipyoka Xeounvui nec | wm. | %
[Tayku 10 4 14 38
JIByKpbLIbIE 9 2 11 | 30
Kykn 3 3) 8 22
CapaHuoBbIe 3 - 3 8
JloK1eBbIE YEPBU 1 - 1 2

Bcero, mir. 26 11
Tabmuna 2.2

3Hauenue paznuyHbvIX ZPYRN KOPMOE 8 NUMAHUU HEKOMOPbIX
3emHo600nbix (no. bannukoe, /lenucosa, 1956)

Buowt amghubui

% HnaszemHbIX

% xopmos,

% 600HbIX KOpMOB

KOPMO8 Mo2ywux 6vimy

0006bIMbIMU U 8

800e, U Ha cyuie

Cepas xaba 100 0 0
TpaBsiHas asrynika 94.2 3.6 2.2
[IpynoBas 78.6 4.2 17.2
JATYIITKA
O3epHas JsTyIiKa 67.5 9.1 23.4
Tabnuma 2.3

Buomacca 6enmoca (2Im°) 6 03epax paznwvix npupoonsix 30n
(no: Kumaee, 1984)

buomacca benmoca
Tynopa Cesepnas mavea | Cpeouss mavea | CmewanHwlli iec
5.00 4.04 5.17 3.73
3.21 3.85 3.92 7.56
3.75 4.02 5.10 8.74
3.85 3.32 3.80 8.75
5.39 2.23 3.77 15.39
3.59 2.11 2.56 11.85
8.44 1.87 1.94 9.84
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Tabmnura 2.4

2
Buomacca 6enmoca (2lm”) 6 3a6ucumocmu om niowadu ozepa
u npupoonoii 30nvt (no: Kumaee, 1984)

buomacca benmoca Cpeonee
IInowaow ozep | Tynopa | Cesepnasi | Cpeonsia | CmewanHwlli |3HaueHue
mauza mauica nec
<10ra 5.00 4.04 5.17 3.73 4.5
10-50 ra 3.21 3.85 3.92 7.56 4.6
50-100 ra 3.75 4.02 5.10 8.74 54
100-500 ra 3.85 3.32 3.80 8.75 4.9
500-1000 ra 5.39 2.23 3.77 15.39 6.7
1000-5000 ra 3.59 211 2.56 11.85 5.0
>5000 ra 8.44 1.87 1.94 9.84 55
Cpennee 3Hauenue | 4.7 3.1 3.8 94

UTo moka3bIBalOT NMpuBeACHHBIE Tabmuibl? B tabnuue 2.1 rpyn-
MUPOBKA COJECPKUMOTO JKETYAKOB SIIECPHUIl, OOMTAIONINX B Pa3HBIX
OnoTomax, MO3BOJIACT BHIIBUHYTH Ha OCHOBE BBIOOPOYHBIX JaHHBIX
1o KpaiiHel Mepe 4 TUIOTE3bI:

1. 'maBHBIMM THUIIEBBIMA KOMIIOHCHTaAMHU SIIEPUIl HAa HCCIIC-
JOBaHHBIX ydYacTKax sBistroTcs mayku (38%), nBykpeuibie (30%)
u xkyku (22%).

2. ['MaBHBIMU KOMIOHEHTaAMU MUTAHUS SIIEPUI] HA BBIPYOKE BBI-
crynaror nayku (10 mr.) u nBykpeuisie (9 mT.), a B XBOHHOM JieCy —
xyku (5 mt.) u nayku (4 mr.).

3. Ha BeIpyOke paruion pasHooOpasznee (5 00BEKTOB), YeM B
XBOMHOM Jiecy (3 00beKTa).

4. IHTEeHCUBHOCTh IHTAHMS SIICpUIl B XBOWHOM Jiecy (11 1mT.)
MEHBIIIE, YeM Ha BeIpyOKe (26 mit.).

YnopsoueHne KOJMYECTBEHHBIX JaHHBIX O Tpynmax KOPMOB
B IIUTAHUU HEKOTOPBHIX 36MHOBOJHBIX (B OTHOCHUTEIBHBIX CIMHMIIAX)
B Ta0M4YHOM (opMe HE TOJIBKO TIOKAa3bIBAET HUX COOTHOIICHHE
B CIIEKTpE TUTaHUS pa3HBIX BUIOB aMpuOMii, HO U TO3BOJISACT
CPaBHUTb PACCMAaTPUBAEMBIX KMBOTHBIX MO 00pa3y >KU3HU U OCOOEH-
HOCTAM WX MecTooOuTanus (tadn. 2.2). I'maBHas KOJIMYSCTBEHHAS
3aKOHOMEPHOCTh B DSy «cepas iaba— mpaeaHas aacyuKa —
npyooeas Jisi2yuKa — 03epHas Ia2yuKa» 3aKIIo4aeTcss B YMEHbIIICHUN
J0JIU HAa3eMHBIX KOPMOB U OJHOBPEMEHHOM YBEJIMYCHHH JIOJHU
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BOJIHBIX KOPMOB B IIUTAHUU 3TUX 36MHOBOJIHBIX. MI3BECTHO, YTO KaO0BI
10 CPaBHEHUIO C JIpyruMu ampuOusiMu 0ojiee YCTOMYMBBI K 3acylll-
JUBBIM YCJIOBHUSM U, SBJISACH TUIMMYHOM JECHOU (hOopMoOii, OKOJIO
BOJIOEMOB KOHIIEHTPUPYIOTCS TOJIbKO Ha MEPUOJ] UKPOMETAHUS. ITUM
MOXHO OOBSICHUTH OTCYTCTBHE BOJHBIX ()OPM B THUTAHUU CEPOU
*Ka0bl. TpaBsHbIe TATYIIKH OoJjiee TUTPOGUIBbHBI, OJJHAKO CIIOCOOHBI
yAalIsAThCsl OT BOJOEMOB MOCJE TEpuoia pPa3MHOKEHHUSI Ha 3HAYM-
TEIbHBIE PACCTOSIHUSI, MPOBOJAS BCE JieTo Ha cyue. llo-Bunumomy,
B CBSI3U C 3TUM TPABSIHbIC JISITYIIKH OYEHb PEAKO KOPMSTCS BOIHBIMU
dopmamu. U, HakoHell, 3eJIeHbIC JATYIIKH (IIPyA0Bas U 03epHasi) BCIO
XKW3Hb MPOBOJAT B BOJE WJIM OKOJO BOJIbI, IOATOMY JIOJSl HA3€MHBIX
KOPMOB B UX NMUTAHUM CHIXKAETCS U TOBBIIIACTCS MPOLIEHT BOJHBIX
dbopM. bosee BbicOKas 107151 HA3EMHBIX KOPMOB y MPYAOBBIX JISATYIIEK
M0 CPAaBHEHUIO C O3€PHBIMU MOKET OBITh CBSI3aHA CO CIIOCOOHOCTHIO
NEPBBIX YAAIATHCS OT BOJOEMOB Ha 00Jiee 3HAUUTEIIbHBIE PACCTOSHUS
B nouckax nuinu (banuukos, Jlenrcona, 1956).

Croco0bl TPYNMUPOBKK KOJUYECTBEHHBIX JAHHBIX, IPUMEHSE-
MBIX TIPU BBIICHEHUU NPUYMHHO-CJIEJACTBEHHBIX OTHOIICHHUI MEXIy
NpU3HAKaMHM, TpeactaBieHbl B Tabnuuax 2.3 u 2.4. B tabnuue 2.3
MOKa3aHo, KakuM o0pa3oM U3MeHseTcsl Omomacca O€HTOca B 03epax,
pPacIoJIOKEHHBIX B Pa3HbIX MPUPOJIHBIX 30Hax. IIpu nepBUUHOM
aHanu3e TaOJaulbl TPYAHO OMPEACIUTh, JEUCTBUTEIBHO JIM OMoMacca
O€HTOCa 3aBUCUT OT MPHUPOJTHON 30HBI, B KOTOPOH HAXOIATCA O3epa.
Jnst aTOr0 HEOOXOIUMO TMPOBECTH JUCIIEPCUOHHBIM aHaIu3, Mpe/-
CTaBJICHHBIM B TyaBe 6. EnmHcTBEeHHOE, 4TO OpocaeTcss B Iia3a IMpu
aHanu3e TaOJNHIBI, — 3TO 0OJiee BBHICOKHME OMOMacchl OEHTOCa B 03epax,
PacroJIOKCHHBIX B 30HE CMEIIaHHBIX JiecoB. EIé Oosee CIOXKHBIM
BapHaHT TPYNIUPOBKH JaHHBIX MpejcTaBiieH B Tadiuie 2.4. B qanHoM
Clly4ae BBOJIUTCSl JOIOJIHUTEIbHBIA (DAaKTOp — IUIOIIAAb 03€p, U BCE
KOJIMYECTBEHHBIC JIaHHbIE TI0 Ouomacce O€HTOoca TPYHIUPYIOTCS
B «0CsX» NBYX (haktopoB. [Ipu 3TOM, B OTJIMUKE OT MPUPOHOMN 30HHI,
nake 0€3 MPOBEJICHUS CIEeUaIbHOIO CTATUCTUYECKOTO aHAIN3a BUTHO,
41O OMomacca OEHTOca Majio 3aBHCHUT OT Bapualldid IUIOMIAIud 03€p,
MOCKOJIbKY TIPM 3HAYMUTEIBHOM yBenudeHuu Iiomaan ot <10 ra
10 >5000 ra cpenHue 3HaYeHHs OMOMAcChl OCHTOCA M3MEHSIOTCS CJ1a0bo
(4.5-6.7 r/mM®) (1abn. 2.4). B 3aKioucHHE CIELYeT OTMETHTb, YTO
€/IMHCTBEHHBIN KOJIMYECTBEHHBIN MOKAa3aTelb, MPEACTABICHHBIA B Ta0-
mune 2.4 ¥ HE OTOBOPEHHBIM N0 CHX TIOp, — ITO CpeoHee 3HaueHue
IpU3HaKa. ITUM MbI 3aiiMEMCS B CIICAYIOIIEM pa3Jiee.
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2.4. Cmamucmuyeckue xapaKkmepucmuku
8bI60POYHOU COBOKYNMHOCMU,
UJ1U Kak cxxamo ornucamp OaHHbIe

B mpenpinynux paszgenax ObUIM MPEJCTABICHBI JIEMEHTapHBIC
IPUEMBI YIOPAIOYCHUS U BU3YaJIU3aIlMUd KOJMYECTBEHHBIX JTaHHBIX,
MOJIYYEHHBIX C HCIOJb30BAaHWEM BBIOOPOYHOI'O METOJIa HCCIIeI0Ba-
HUs. OJIHAKO 10 CHUX TOp peyYb B OCHOBHOM IIIJIa JIUIIh O Pa3JIMYHBIX
croco0ax rpymnmupoOBKH MCXOIHBIX BRIOOPOYHBIX JIAHHBIX, O€3 pacue-
Ta Kakux-TH00 (OTIMYAIOIIMXCS OT MCXOJHBIX BapHaHT) 0000Imaro-
IIMX YHUCIOBBIX TOKAa3aTeNIel, CIIOCOOHBIX XapaKTepHU30BaTh BHIOOPKY
nenukoM. JIjist 6osiee MOTHOTO OMUCaHUsl BRBIOOPOYHOM COBOKYITHOCTH
UCITONTB3YIOTCS CIICIHMAIBHO pa3pabOTaHHBIC CTATUCTUUYCSCKHE Xapak-
TEPUCTUKU — cpeOHUe 3HadveHus U nokasamenu eapuayuu. [lpn nzyde-
HUU OMOJIOTHYECKUX M IKOJIOTMYECKUX OOBEKTOB pacueT BEIOOPOUHBIX
XapaKTEPUCTHUK COCTABJISET OCHOBY TIEPBUYHON MaTeMaTHYECKON
00pabOTKH TaHHBIX.

CpenHue BeJJHYHHBI

Heo0xomuMocTh ompeeieHuss CpeHel BEIMYMHBI KaKOoTro-JTH0O
KOJIMYECTBEHHOTO TIPH3HAKa OOBIYHO BO3HUKAET TOIJA, KOIja HCClie-
JIOBATENIO0 TPEJCTOUT CPABHUTh MEXKIYy COOOW BBIOOPKH IO CTENEHU
BBIPKEHHOCTH JJAHHOTO MpH3HaKa. PaccMoTpuM, K ipuMepy, JTaHHBIE O
pocTe AEBOYEK U MAJIBYUKOB JOIIKOJIBHOTO BO3pacTa.

Pocm 6-nemnux oesouex, cm Pocm 6-1emnux manvuuxos, cm
128.5 111
135 112
126 125
124 116
128.5 120
124.6 127
124 119
124 127
130 135
125 116

45



Bo3HuKaeT BOIPOC: OTIWYAIOTCS JIM B BBHIOOpPKAX JIEBOYKH 6-JeT-
HET0 BO3pacTa OT MAJIbUMKOB 3TOTO K€ BO3pacTa Mo PocTy? YKe UHTY-
UTUBHO SICHO, YTO TBITaThCS OTBETUTH HA JIAHHBIM BOMPOC, CPABHUBAsS
MEXTy COOOM OTAENbHBIX JEeTel Mo pocTy, ObUlo OBl Helese-
coo0pa3HbIM. Bo-TiepBbIX, B CHITy M3MEHUMBOCTH MPHU3HAKA B BHIOOPKE
€CTh JICBOUYKH, KOTOPBIE KaK BBIIIE, TAK U HMUXKE OTICIIbHBIX MAJIbUYUKOB,
TOYHO TaK K€ BCTPEYAIOTCS M MaJbUMKH, KOTOPBIE BBHIIIEC WM HIDKE
HEKOTOPBIX JIEBOYEK. BO-BTOpBIX, Kak TMPaBWIO, MOJTy4aeMble
UCCIIEIOBATENIIMA pPEaJIbHbIE BBHIOOPKM YacTO OBIBAIOT 3HAYUTEIBHO
MHOTOYHCJICHHEW TOHM, 4TO pacCMaTpHUBAETCS B JIAaHHOM TpuUMepe. YiKe
OJTHO 3TO OyJeT 3aTpyJHSATH COMOCTaBJICHUE OTIEIbHBIX 3HAYCHUI
npu3HaKa 2-x BBIOOPOK Mexay coboi. Takum 00pazoMm, UYTOOBI
CPaBHHTHh BBIOOPKM MAaJbYMKOB M JIEBOYEK IO POCTY, HEOOXOIMMO
YYUTHIBATh BCE 3HAYCHUSA TMPU3HAKA OJHOBPEMEHHO, T.€. paccmar-
pUBaTh BHIOOPKY M3 MaJBLYMKOB M BBIOOPKY M3 AeBoyeK B 1enoM. Che-
JaTh 3TO MO>KHO, BBIYUCIISISI CPETHUE 3HAYCHUS H3y4aeMOro IMpU3HaKa.

Cpennve BeTWYUHBI TPUHATO PA3JCsITh Ha  CMeneHHvie
U CIMpYKmMypHble.

|. Cmenennvie cpeonue senuyunsvl. CymecTByeT HECKOJIBKO BUIOB
CTEICHHBIX CpeaHUX (CperaHss apudMeTHUecKas, CPEIHSS reOMETpH-
qecKasi, CpeHss KBaJpaTHyHasi, CpeaHsIs KyOndecKkas), HO B TIPAKTHKE
OMOJIOTUYECKUX U DKOJOTUYECKUX HCCIETOBAaHUM HauOoJblllee 3Ha-
YeHUE UMEET CPelIHss apudMeTudeckas — BEIUINHA, BOKPYT KOTOPOH
KKOHIEHTPUPYIOTCS» OT/IETbHbIC 3HAUCHUS TPU3HAKA.

1. Cpeonssa apugpmemuuecxkas — 3T0 OTHOIIEHUE CYMMBI OT/ICJIb-
HBIX 3HaYeHWi npm3Haka (Xj) B BBIOOpKE K uX umciay (oO0bemy
BBIOOpKH, N). Ecmum cpemHss apudmeTnyeckas pacCUMTHIBACTCS
Ha OCHOBE JAHHBIX BBIOOPKHU (BBIOOPOYHOE CpeAHEE 3HAUCHHME), TO €&
0003HAYalOT CUMBOJAMU C 4YepTOM HaBepxy — X, YH T.J. uiu M.
Ecnu cpemgnioro apudMeTHUECKyr0 MOJIydaroT TMPU H3YUYCHUH BCEH
TrCHEPAIbHOM COBOKYHNHOCTH (T€HEpallbHOE CpeIHee 3HaucHUe),
TO HCIOJIb3YIOT CUMBOJI [ (UMTAETCS KaK «MIO»).

O6mias ¢gopmyna ajis ONpenesieHus: cpelHeil apudmeTnyeckoi
UMeeT BUI:




PaccunrtaB mo ganHoi (GopMyie cpeaHue 3HAYCHHUS POCTa B BHI-
OopKkax, JJIs IeBOYCK MOTYUYHUM BeauduHy 127 cM, a 1 MaJIburKOB —
121 cm. B utore MoXXHO YTBEpKJaTh, UTO B MOJYYEHHBIX BBIOOpPKaX
JICBOYKH B CPEJTHEM BBIIIIC MAJIbUYHUKOB.

3HaueHue cpeaHel apupmMeTudecKou:

— 00JIaTaeT CMOCOOHOCTBIO XapaKTepHU30BaTh IIEAYI TPYIIILY
OJTHOPOJIHBIX €AMHUIL HAOIIOICHUS OJTHUM YHCIIOM,

— SIBJIAETCS IIEHTPOM BapUAIIMOHHOTO PaclpeiesieHHs, BOKPYT KO-
TOPOr0 TPYNIUPYIOTCA OTJEIbHbIE 3HAY€HUsI BBIOOPOUYHOM COBO-
KYITHOCTH, B3aMMOTIOTAIIAI0TCS U OTMETAIOTCS CIydaliHbIe KOoeOaHus
OT LIEHTPAJIbHOW TE€HJICHIINH,

— TIO3BOJISIET JIETKO M OBICTPO MPOU3BOJAUTH CPABHUTEILHBIN aHa-
713 BEIOOPOK pa3zHOro o0bema.

Kpatko paccMoTpuMm JApyrue CTENEeHHBbIE CPEIHUE 3HAYCHUS,
MOJIyYUBIIIME B OWOJOTMM M DKOJOTUM B IIE€JIOM MEHbIIEe pac-
IPOCTPAHCHHE, MO-BUIUMOMY, H3-3a OOJIBIICH CIIOKHOCTH BBIUHCIIC-
HUW W OTCYTCTBHUSI HEOOXOAMMOCTH B OOJIBIIMHCTBE HCCIIEIOBAHUMN
pacyeta 0OoJiee TOYHBIX CpPEIHUX TOKa3aTeslel, HEXENU CpeaHss
apudmeTrueckasl.

2. Cpeonss keadpamuueckas — TIPUMEHSCTCS ISl 00jiee TOIHOM
XapaKTEPUCTUKU MEp IUIOMIAJU, T.€. KOrjJa HM3y4aroTcs IPU3HAKH,
BBIPOKCHHBIC B CAMHHUIAX ILIOmMAnu (CM?, M?), WU JJI1 TOTO, YTOOBI
BBIYUCIIUTH CpefHee apudMeTHIecKOe 3HaUeHUE TIIOIIaAN Ha OCHOBA-
HUM 3aMEPOB JIMHCHHOTO TOKa3aTeNsl (IuaMeTp), XapaKTepU3YIOIIETo
9Ty IJIOIIaAb. B mocnegHeM ciydae ompenemisioT CpeaHIO KBaapa-
TUYECKYIO JIJI TUHEWHOTO IMOKa3aTelIs.

Ee MOXHO HMCHOJIb30BaTh MPU pacyeTe CPeAHEro AuameTpa dpu-
TPOILIMTOB, BEIMYMHBI JINCTOBOW IIJIACTUHKU y PACTCHHUH, pa3MepoB
KOJIOHUI MUKPOOOB, TUIOIAX TOBEPXHOCTH MOKPOBOB TeJa U T. 1.

Cpenusisi KBaJpaTU4yHas pPaBHIETCS KOPHIO KBAJpPAaTHOMY U3
CYMMBI KBaJIpaTOB OT/ICTbHBIX 3HAUCHUHN MpH3HAKa, OTHECCHHOU K X
obmiemy unciy (00beMy BEIOOPKH), U PACCUUTHIBAETCS 10 hopmysie:

3. Cpednsasa Kybuueckas WCIONB3YETCS B KadeCTBE XapaKTepuc-
TUKH OOBEMHBIX TPU3HAKOB WJIU JJISI TOTO, YTOOBI BBIYUCIUTD CPEHEE
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apudmeTHueckoe 3HauyeHHe oO0beMa Ha OCHOBAHUHU 3aMEpPOB JIMHEM-
HOTO IOKa3arels (IMaMeTp), XapaKTepH3yIoLero 3ToT o0beM. B mo-
CJIETHEM CJIydae OMPENesiOT CPEIHIO KyOHMUeCKyO Ml IMHEWHOTO
nokasareis. CpeHss KyOndeckasi paBHACTCS KOPHIO KyOHYecKoMy U3
CYMMBI KyOOB OTIEIbHBIX 3HAYCHHH NpPH3HAKa, OTHECCHHOW K HX
obmiemy uuciy (00beMy BRIOOPKH), H PACCUMTHIBACTCS 110 (hOpMYyIIe:

Cpenusst kyOudeckas MOXET OBITh IOJIE3HOM TIpU pacueTax
CPE/IHEro pasMepa KIETOK MUKPOCKOIMYECKHX BOXOPOCIEH (MKM®),
OIIPEICICHUH CPEIHEr0 CyMMapHOro odbema (OMoMacchl) OaKkTepHO-
¥ (QUTOTUTAHKTOHA | T. [I.

4. CpeoHnss eeomempuyieckas — UCTIONB3YETCS MPU UCCIIETOBAaHUU
CPEIHEH CKOPOCTH MPUPOCTA KAKOW-TO BEIIMUMHBI C TECUCHUEM BpeMe-
HU, XapakTepusyeT nporecc. CpeaHss reoMeTpudeckas 0ObIYHO TIPH-
MEHSETCS TIPH aHAJIU3€ MPU3HAKOB, BEIMYMHA KOTOPHIX BO BPEMEHU
U3MEHSETCS IO 3aKOHYy TreoMeTpuuyeckou mnporpeccun. Croga OTHO-
CSITCA U3MEHEHHE Beca Tejla B HAYaJIbHOM MEPHUOJIE POCTa OpraHu3Ma
WJIM POCT YUCJICHHOCTH TOMYJISAIINKN B €CTECTBEHHBIX YCIOBUSX.,

CKOpOCTh TPHUPOCTa YACTO BBIPAKAIOT B OTHOCUTEIBHBIX
BenuuuHax. OTHOCHTENBHYIO CKOPOCTh POCTa MOKHO BBIYHCIIHTH
o ¢popmyie Y. MaitHoTa:

V:ﬂ.loo%’

L

rae 1y u ty— 3HauYeHud NpU3HAKa B Hadajle U KOHIE HCCIEIYEMOIO
OTPE3Ka BPEMEHU.

Ecnu BBIUKCIIEHBI BEIUYUHBI OTHOCUTEIBHOM CKOPOCTH pocTa Vq,
V5, V3 ... V, u1s OClIe10BATEIBHBIX PABHBIX TPOMEKYTKOB BPEMEHH,
TO CpPEIHSAS OTHOCHUTCIBbHAS CKOPOCTH pocTa (CpeaHss TeOMETpPH-
4eckas) AJIS BCEro Mepruoja MCCICAOBAHUS BBIUMCISCTCS 0 CIACAYIO-

e popmyire:
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X, =V,V, V.V,

Il. Cmpyxmypuvie (necmenennvie) cpeonue GenuuuHvl Xapax-
TEPU3YIOT CTPYKTYPY paclpeieacHus Mpru3HaKa.

1. Meouana (Me) — 3HadeHHe IPU3HAKA, OTHOCUTEIIBHO KOTOPOTO
pPaHXUPOBAHHBIN Psij ACTUTCS HA 2 paBHBIC YacTH. B 00€ CTOPOHBI OT
MEIMaHbI PacIojiaracTcs OJIMHAKOBOE YMCIIO BAPHAHT.

2. Mooa (Mo) — 3HaucHHE TIpU3HaKa, HanOoJIee YacTo BCTPEUaro-
nieecsi B BHIOOpOUYHOI coBOKyMHOCTU. Kiacc ¢ Hanboblel 4acToToi
Ha3bIBaCTC MoOoaabHbiM. Ha rucrorpaMme pacrpeneiacHHs 4acToT
MOJIE COOTBETCTBYET CaMbIi BBICOKHI CTOJOEIl, Ha BapHAIlMOHHOU
KPUBOW — camasi BBICOKasi TOUKA.

IIpumep: BepHEMCS K JTaHHBIM O KOJIMUYECTBE NMTEHIIOB B THE37aX
apeBecHoi mactouku Tachycineta bicolor (Poxurkmii, 1973):

46645555555145454557466564456
14444444455555555555556666066 7— pamxupoBaHHBIN PsiI.

PacrnoiiokuB 1aHHBIE B PAaHKUPOBAHHBIN PSI, JIETKO MOYXHO Hau-
TH MEJIMaHy, T. €. 3HaUCHHUE TIPU3HAKA, pa3JIeTIsIoIIee psl Ha 2 paBHBIC
gyactu (Me = 5) m Hambojee dYacTo BCTpeYarolieecs 3HauCHUEC
npu3Haka (Mo = 5).

3HaYeHMe CTPYKTYPHBIX CPeTHUX

— OTH BEJIMYMHBI MEHEE YYBCTBUTEIbHBI IO CPABHEHUIO CO Cpe/I-
HeW apudMeTHUeCKOH K KpalHMM wWieHaM (HauOojee HU3KUM
¥ HauOojiee BBICOKMM 3HAUCHHUSM) BBIOOPOYHOW COBOKYITHOCTH,
KOTOpPBIE€ OBIBAIOT /I HEE KaK pa3 MEHEee XapaKTePHBIMHU.

2334444555555 555 60— 3naueHus mpu3Haka
X (co 3Hauenuem 60) = 7.6, X (0e3 3Hauenus 60) = 4.3, Mo =5, Me = 5.

Tak, HanM4uKMe B BEIOOPKE JIMIIL OJHOTO 3HaueHUs npu3Haka (60),
PE3KO OTKJIOHSAKOLIETOCS OT BCEX OCTAIBHBIX, NPUBOAUT K 3HAYH-
TEJILHOMY CMEIICHUI0 cpeaHel apudmerndeckoil. CTpyKTypHbIE
CpedHUE B JAaHHOM Clly4yae SABJISIIOTCA OoJee yCTOMYMBBIMHU Xapak-
TEPUCTUKAMHU BBIOOPKH.

— Ecnmn uccnenoBaTenb UMEET A0 C KAUYECTBEHHBIMU JTAHHBIMH,
4acTO CTPYKTYPHBIE CPEHHUE OKA3BIBAKOTCS €AUHCTBEHHO BO3MOXHOU
KOJIMYSCTBECHHON XapaKTEPUCTHKOW «IeHTpa» (CpeaHeil BEIMYUHBI)
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npu3Haka. TakoBoil MoOxkeT ObIThb MoAa. JloCTaTOYHO MOACUMTATH
YacTOTYy BCTPEYAEMOCTH TOTO WJIM WHOTO KAYECTBEHHOTO IPH3HAKA
B momryJisiiium (cepast, Oeast, YepHas OKpacka 0co0ei), Ipr 3TOM MoJa
OyaeT ykaspIBaTh, K MpUMEpPY, Ha HanOoJee TUIMWIHBINA («CpemHuii»
JUTSL TIOTTYJISIIIAK) THIT OKPACKH.

Ilpumeuanue. I1lo pekoMeHIaKMSIM HEKOTOPHIX aBTOopoB (I'maHir,
1999; ITnaTonos, 2000), mpy HATUYHK HOPMAJIBLHOTO PACIIPEIACITICHHS
3HAUYCHUI TMpU3HAKa pacueT cpeaHed apupMeTUuecKor SBISIETCS
Jy4IIed XapakTepUCTUKOW BBIOOpKH. HampoTuB, korma 3HaueHHS
MPU3HAKA pacOpeaeICHbl HECUMMETPUYHO OTHOCHUTEIBHO CPEIHETO
(CUJIBHO OTKJIOHSFOTCSI OT HOPMAJIBHOTO PAaCIPEICICHHS), CPEIHEe
BBIOOPOYHOE 3HAYEHHUE JIy4llleé OMHUCHIBATH C MOMOIIBIO MEJIHUAHBI.
[TonsiTHE 3aKOHA HOPMAJILHOTO PACIPEICIICHUS CTyYalHOW BEJTMYUHBI
Oynmet maHo B T1aBe 3.

Iloxka3zare/inm Bapuauuu

CpeliHre BETMYHMHBI HE SIBJISTFOTCSI YHUBEPCATbHBIMU XapPaKTEPUCTH-
KaMU BapbUPYIOIMX MPU3HAKOB. [Ipr OIMHAKOBBIX CPEAHUX 3HAYCHHUSIX
IIPU3HAKUA MOTYT PA3JIMYaAThCS 110 CTENIEHU U XapaKTEPy BapbUPOBAHUS.

IMpumep:
Bribopka 1: 12345 x, =3
Bri6opka 2: 33333 x, =3

Takum o0pa3oM, AJis MOJHOM KOJUYECTBEHHOW XapaKTEPUCTUKHU
ar000ro mnpu3Haka (IIoka3aTelis) Ha OCHOBE BBIOOPOYHON COBOKYII-
HOCTH €r0 3HAYCHUH, TOMUMO CpeaHEel BEINIMHBI, HEOOXOIUMO YUH-
ThIBaTh CTCIICHb OTKJIOHCHHS OT He€ BapWaHT, a TaKKe 3HATh
CYIIIECTBEHHBIE Y€PThI BAPbUPOBAHUS ITPU3HAKA.

Jtst oTHX 1enell pa3paboTaHbl pa3HBbIC noOKA3amenu SapuayuiL,
KOTOPBIC HAXOAAT IIUPOKOE MPUMEHECHHE B OMOJIOTMH M SKOJIOTHH.

Bapuaryto nmpu3HaKoB MOYKHO OIEHUTH C IIOMOIIBIO CJICTYIONTUX
KOJTUYCCTBCHHBIX XapaKTEPUCTHK:

1. Jlumumer (npedenvl sapuayuu) — MUHAMAIBHOEC ¥ MaKCHMaJlb-
HOE 3HAYCHHE TNMPHU3HAKa B BHIOOPOYHOW COBOKYITHOCTH. YKa3bIBAIOT
IpaHUIlBl BapbUpOBaHUs Npru3Haka. O003HavaroTCs Kak lim.

2. Pasmax eapuayuu — pa3HOCTh MEKJYy MaKCUMaJIbHBIM ¥ MUHU-
MaJbHBIM 3HaYeHHEM Mpu3Haka. O0o3Hauvaercs OykBoil R.

50



YeM cuibHEee BapbUpPyeT MpPH3HAK, TEM OOJbIIEC IOKA3aTEIIH
NPE/ICIIOB U pa3Maxa Bapualliu, U Ha000poT.

Ipumep: auamerpsl (MM) KOJOHHMH 2 INTAMMOB OaKTepui
COCTaBWJIH:

X,2022242628 x,=24,lim=2.0-28, R=0.8
X,1620242832x,=24,lim=1.6-3.2,R=16

W3 mpumepa BUIHO, YTO BapuabEIbHOCTH JUaMeTpa KOJOHMMA
2-ro mrtamma O6aktepuii Oosbiine. OTHAKO TPUMEHEHHE dTUX 2-X MOKa-
3aTeyiel B OMOJIOTUM M DKOJOTHM JIJISl OIICHKH BapHaIliu TPH3HAKOB
UMEET OrpaHUYEHHOE 3HAUY€HHE, TTOCKOJIbKY OHHM 3a4acTylo HE OTpa-
KAIOT CaM XapaKTep BapbUPOBaHUs MTPU3HAKOB.

IIpumep: paccMoTpuM 2 BHIOOPOYHBIE COBOKYITHOCTH:

X; 100 110 120 130 140 150 160 170 180 190 x, = 145, lim = 100-190, R = 90
X100 145 145 145 145 145 145 145 145 190 x, = 145, lim = 100-190, R = 90

JlumMuTel W pa3Max BapHalldd HMEIOT OJMHAKOBBIE 3HAYCHUS
B 00eMX BBIOOpKAaX, OJAHAKO €CJIM BHUMATEIHHO MPUCMOTPETHCS, TO
caM XapakTep BapbUpPOBAaHUS 3HAYCHHH B KaXI0H U3 BBIOOPOK
CYIIECTBEHHO paznuyaercs. Eciu B mepBoil BHIOOpKE BCE BAapHUAHTHI
OTJIMYAIOTCS JAPYT OT Apyra, TO BO BTOpod BbIOOpke u3 10 BapmanT
8 UMEI0T OJIMHAKOBBIC 3HAUCHUS. TakuM 00pa3oM, B TIEPBOM BEIOOPKE
paccesiHie BapuaHT OOJIbIle, YeM BO BTOPOM, HO 3TO HUKAK HE CKa3bl-
BaeTCs Ha JINMUTAX M pa3Maxe BapHalluH.

Od4eBUHO, YTOOBI TMPEOJO0JIETh OTMEUEHHBIE HEIOCTaTKH,
HEOOXOJMMO YYMTHIBAaTh HE TOJBKO KpalWHHE 3HAYCHHUS MpPHU3HAKa
(maMuTHI), HO ¥ BCe BapHaHTHI B BhIOOpKe. Hamboee parimoHambHbII
MyTh 3aKJIIOYACTCS B ONMPEACICHUN OTKJIOHEHUN KaXKJI0r0 OTACIBHOTO
3HAYEHMs NIPU3HAKA OT CPEIHEN BENMYMHBI — (X, - X ), 3aTE€M BCE IIOITY-

YEHHBIC OTKJIOHEHUS MOXHO TIPOCYMMHPOBATH U Pa3IeIUTh HA 00bEM
BBEIOOpKU. B wWTOre MBI MOJTYyYUM HEKOE CpeHee JMHEHHOE OTKJIO-
HEHHE, KOTOopoe OyaeT TeM OoJibllle, YeM 3HAYUTEIbHEE KaxKaas
BapuaHTa OyJEeT OTKJIOHSATHCS OT CpeIHero 3HaueHus. Takum oOpa-
30M, C TIOMOIIBIO ATOTO MOKa3aTes sl MOXKHO ObLJIO ObI CpPaBHUBATH Pa3-
HbIC BBIOOPKHU IO CTETICHW BapbUPOBAHUS MPHU3HAKA U OJHOBPEMEHHO
YYHUTHIBATh BHYTPECHHHUE YEPThHI BapHaluu (CTEIICHb OTIUYHS KaXKIOH
BapuaHThl). OOpaTUMCS K TPEABLAYIIEMY NPUMEPY M paccunuTacM
CpelHee JIMHEWHOE OTKJIIOHCHHE JIJIs KaKI0U 13 BEIOOPOK:
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): 45 -35 -25 -15 -5 +5 +15 +25 +35 +45

(X, - X,)):
-X,): 45 0 0 0 0 O 0 0 0 +45

(X

[TonbITaBIIMCh TPOCYMMHUPOBATH BCE IMOJIYUYECHHBIE OTKIIOHECHMUS,
MBI HATOJIKHEMCS Ha BECbMa CYLIECTBEHHOE 3aTPYJHEHHUE, KOTOPOE
Jderko OyJneT YBHAETb, NPHUCTYNIMB K BBIYMCICHHUIO. CyMMa
OTKJIOHEHUH B 00enx BrIOOpKax Oynet paBHa 0.

W 3T0 HE ciywaliHas Wrpa 4ucel — JAHHOE 3aTpyAdHEHue Oyner
BO3HHMKATh BCAKUW pa3 A JIF0OOM Apyroi BBIOOPKH TpPHU CYMMHU-
pOBaHUU OTKJIOHEHUW BapUaHT OT cpelaHen apudmerndeckor. OauH
U3 MaTeMaTU4YeCKUX NPUEMOB M30aBICHHS OT OTPULIATEIIbHBIX
3HAYECHMI MMOJTYYEHHBIX OTKJIIOHEHHUI — BO3BEJICHUE UX B KBajJpaT. Tak
Mbl MOAXOJMM K OJIHOMY H3 KIIOYEBBIX IMOHATUN OHMOMETPUU

Y [10Ka3aTeJien Bapualyu.

2 Q2

3. lucnepcuss (6°, S°)— 3TO OTHOIIEHHWE CYMMBI KBaJpaToB

OTKJIOHEHHWI OT/EJIbHBIX 3HAUYCHUI TMpU3HAKa OT CpeaHed apudme-
TUYECKON K 00beMYy BBIOOPKH 32 BHIYETOM €IUHULIBI:

n

Z(Xi _)?)2

SZ — =l
n-1

N3 nByx 0003HaUYeHUN AUCIIEPCUM TOKa OyaeM MNpPUMEHSTh
cHMBOI S°, OH HCIIONB3YeTCS, SCITH JWCIICPCHS PACCUMTHIBACTCS 110
BBHIOOPOYHBIM JaHHBIM. B uyuciautene maHHOW (GOpMYJIBI CyMMHU-
PYIOTCSl HE OT/IeJIbHBIE OTKJIOHECHHUS, a KBaJpaThl OTKJIOHCHUH — TAKHM
00pa3oM MbI N30aBIAEMCS OT HYJIEBOU CYMMBI.

452 352 257 _15% .52 452 4152 4252 4352 4457

(X, - X,):
452 0> 0 0* 0° 0 0? 0? 0>  +45°

X -X,):

—_

(X,-X,)% | 20251225625 225 [ 25 | 25 | 225 | 625 | 1225 [2025 | = | 8250
(x-%,)% |2025] 0 [0 [0 [0[0 [0 |0 | 0 [2025]x= 4050

B urtore nonyyaem:
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g2 =820 _g157 g2 _ 400 _ 45
10-1 10-1

Kak u cienoBano 0uaaTh, MPpU OJUHAKOBBIX 3HAYEHUSIX pa3zMaxa
Bapuallid U JIUMUTOB BapuaOEIbHOCTh 3HAUYCHUW IO IMOKa3aTeto
JTYCTIIEPCUM B IIEpBOIl BBHIOOPKE OKa3ajlach BBIIIE, YEM BO BTOPOMU
BBIOOpKe. EnuHCTBEHHOE, YTO HE OBUIO OTMEYeHO B (Qopmylie
JTUCIIEPCUH, — ATO HaXOJIlasiCs B 3HaMeHaTesie pa3HocTh N — 1. Orta
Pa3HOCTh HA3bIBAETCS B CTATUCTUKE YUCIOM cmeneHel c800600bl. J1eno
B TOM, 4YTO, KOTJa HCCJIEI0BATEIb PACCUUTHIBACT JIUCIECPCHUIO HAa
OCHOBE BBIOOPKH, B35ITOM M3 IeHEPAIbHONH COBOKYITHOCTH (@ 3TO OBI-
BAeT, Kak MPaBUIJIO, B OOJIBIIMHCTBE CIy4YaeB), MOIy4aeMOe BBIOOPOY-
HOE€ 3HAYEHHE JUCIIEPCUH, CTPOTO TOBOPS, OKA3bIBACTCS 3aHUKCHHBIM
(MM, KaK TOBOPSAT, CMECIICHHBIM) OTHOCHUTEIBHO pPEalbHO CYIIECT-
BYIOILLIEM T'€HEPAIbHOM AUCHEPCUM, T. €. TOIO 3HAYEHUS AUCIICPCHH,
KOTOPOE MOTJIO ObI OBITh MOTYYE€HO, €CIK OBl UCCIIeIOBATENh UCTIOJb-
30BaJl BCE 3HAUCHUS NMPU3HAKA M3 T€HEPATbHONW COBOKYITHOCTH. UTOOBI
CKOPPEKTUPOBATH CYIIECTBYIOIIEE 3aHUKEHHE JUCIIEPCHH,
MOJIYy4Ya€MYK0) CyYMMY B YHCIHTEJIE ACIAT HE HAa N, a HA HEMHOTO
MEHBIIIEEe YHUCJIO — N— 1, 4TO MPUBOJUT K BO3PACTAHUIO BEIIMYMHBI
JTUCTIEPCUH, PACCUMTAHHON HAa OCHOBE BHIOOPOUYHBIX JTAHHBIX.

B HEKOTOpBIX clydasxX HCHOJIB30BAHUE JUCIEPCUM OKA3bIBACTCS
HE OYEHb YJIOOHBIM, MOCKOJIBKY B (POpMysie KaKJ0o€ OTKJIOHEHHE
BAPUAHTHI OT CPEAHETO 3HAYECHUSI BO3BOJIMTCS B KBaJpaT, B UTOre JIHC-
Nepcusi U3MEPSIETCS B €IMHUIIAX, PABHBIX KBAAPATy €AUHHIBI U3ME-
penus. Tak, Hampumep, €ClIM BBICUMTHIBACTCS JAUCIIEPCUS] U3MEpsie-
MOTO B KWJIOTpaMMax Beca, TO cama Aucrepcusi OyAeT BhIPaKaThCs
B KBaJIpaTHBIX KHUJIOTpaMMax, 4YTO camMO IO cebe OeCCMBICICHHO.
[ToaTOMYy 4acTO MCIOJB3yeTCs IPYyroi, oueHb OJM3KUN K JAUCIIEPCUHU
MoKasaTesb BapHallvu.

4. Cpeonee ksadpamuueckoe (cmanoapmuoe) omrkinonenue (o,
S) — KopeHb KBaJIpaTHBIN M3 IUCIepCcHH. Eciy cTaHIapTHOE OTKIOHE-
HUE PACCUMTHIBACTCS MO BBHIOOPOYHBIM JaHHBIM, TO MCHOJIb3YyETCS
o003HaueHHue S, eciii Ha OCHOBE T'eHEePAIbHOW COBOKYITHOCTH, TO CUM-
BOJI G (YnTaeTcs Kak «curma»). JlefcTBuTeIbHO, 1 N30aBIICHUS OT
KBaJPaTOB OTKJIOHCHHUH MPHUOETaIOT K JEHCTBUIO, TPOTUBOIOJIOKHOMY
BO3BEJCHUIO B CTEICHb, T. €. U3BJICKAOT KBAJIPAaTHBIM KOPEHb. B uro-
re CTaHJapTHOE OTKJIOHEHUE SIBIIACTCS B psJie ClaydaeB Ooliee ya00-
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HOM XapaKTEPUCTUKOM BapHalMy MPHU3HAKOB, MOCKOIBKY U3MEPSIETCA
B T€X K€ CIMHUIAX, YTO U UCXOIHBIC TAHHBIE,

S, =+/916.7 =30.3 S, =~/450 = 21.2

Takum 00pa3zom, TUCTIEPCHSI M CTAHJAAPTHOES OTKJIOHEHHE SIBJISIOT-
Csl MEPOH BapbHPOBAHHUS YHCIOBBIX 3HAUCHHU IMPH3HAKA BOKPYI HX
cpeaHel apuMEeTHISCKON U OJJHOBPEMEHHO OTPaKalOT BHYTPECHHIOKO
M3MEHYMBOCTD 3HAUCHHUM MPU3HAKA, 3aBUCSIIYIO OT Pa3HOCTEH MEXITY
OTJCIIbHBIMHU 3HAUCHHUSMH MTPU3HAKA.

OnHaKO ATH TIOKA3aTeIN 3aTPYTHUTEIBHO UCIIOIB30BaTh IIPH Pellie-
HUM psja 3aJa4 CPaBHCHUS NPU3HAKOB IO CTEICHH BapbHPOBAHMS.
[TosTOMY B OHOJIOTHH U SKOJIOTHH IUPOKOE PACTIPOCTPAHECHHUE MOy -
J1a TaK)KE OTHOCHUTEIIbHAS KOJMUSCTBEHHAS XapaKTePUCTHKA BapHAaIIHH,

5. Kosgpgpuyuenm eapuayuu (C,) — OTHOIICHHE CTaHAAPTHOIO
OTKJIOHCHHMS K cpeaHedl apu(MeTHYeCKOW BEIWYMHE, BBIPAKCHHOEC
B IIPOIICHTAX:

C, = .100%
X

BapoeupoBanue cuutaerca cmabbiMm npu C, < 10%, cpennum
npu C, — 11-25 %, cunpaeiM mipu Cy, > 25 % (JIakun, 1990).

3naueHnune Ko3pPuIHEHTa BAPUALUMT

e J[ucriepcus U CTaHIAPTHOE OTKJIOHEHUE MPUMEHUMBI JIJIsl CPaBHU-
TEJIHHOM OLIEHKHU MIPU3HAKOB, BBIPAKEHHBIX B OJTHUX M TeX YK€ €IUHHUIIAX
n3mepenus. Koadgduiment Bapuainy no3BoiasieT CpaBHUBATh BapUALIUIO
MIPU3HAKOB, BHIPAKEHHBIX PA3HBIMU €IMHULIAMHU U3MEPECHUSI.

IIpumep: cpaBHUM 2 npu3HaKa (HalpuMep, BEC U JJIMHA Tejia) 110
CTETICHU BapHaOeIbHOCTH.

X,=24xr, S=0.6xr, C,=24%
X,=83cMm, S=16cm, C,=19%

CraHapTHOE OTKJIOHEHHE MOKa3bIBaeT OOJBIITYI0 U3MEHUYHMBOCTD
JUIMHBI TEJa M0 CPpaBHEHUIO ¢ BecoM. OJHAKO CTaHJAAPTHOE OTKJIOHE-
HUE BBIPAXEHO B TE€X XK€ CIUHUIIAX H3MEPEHHUs, YTO M HCXO/JHBIC
JAHHBIC, TIOATOMY CpPaBHUBATh 3TH BEJIWYHMHBLI HE BIIOJHE KOPPEKTHO.
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B nmaHHOM ciydae yMECTHO MCHOJIb30BaTh Oe3pa3MepHblid Kod(du-
IIUEHT Bapyalyy, aHaJIu3 3HAYCHUH KOTOPOro JaéT oOpaTHBIN pe3yJib-
TaT: BEC BAPbUPYET CUIILHEE JIUHBI TEIIA.

e Kos(ppunmeHT Bapuanuu TMO3BOJISIET CPAaBHUBATH BapHUAIUIO
MPU3HAKOB, BBIPAXKEHHBIX B OJIHUX U TEX K€ €UHUILIAX U3MEPEHUS, HO
PE3KO PA3IMYAOIINUXCS M0 BEJTUYMHE CPETHETO 3HAYEHHS.

Ipumep:

JUTMHA HOT KYP il =10 cM, S=1cMm, C,=10%

mmiHa Hor crpaycoB X, =150cm, S=6c¢cMm, C,=4%

CraHIapTHOE OTKIIOHEHUE ONPEACIIAETCS MO OTKIOHEHUSIM OTIEIb-
HBIX 3HAUYCHUU OT CPEJHEro, HO B JAHHOM MPUMEPE CPEIHUE 3HAUCHUS
pa3IUYHbl MO0 BEJIUMYHMHE, MO3TOMY TOJBKO 3TO MOKET J1aBaTh 3HAYU-
TEJbHBIE OTJIMYMS CTAaHAAPTHBIX OTKJIOHEeHWU. Pacuer kordduimenra
BapHUaIliy MOATBEPKIACT 3TU PACCYXKJCHUA: JYIMHA HOT Kyp, HECMOTPSI
Ha MEHbIIIEEe 3HAUYEHUE CTAHJIAPTHOTO OTKJIOHEHUS, OKa3bIBaeTCsa OoJiee
BapraOeIbHBIM MTPU3HAKOM 110 CPABHEHUIO C JITTMHOW HOT CTPAyCOB.

Ilpumeuanue 1. ITokazareny Bapualvu, MIOMUMO TOTO YTO UCTOJIb-
3yIOTCS KaK BCIIOMOTATEIbHBIC BEIMYMHBI MPU pacyeTax OOJbIIOro
KOJIMYECTBA CTATHCTHUYCCKUX XapaKTEePUCTHK (CTaHIapTHAs OIIHOKa,
CTaTUCTHYCCKUC KPUTEPHUH, KOIDMHUIIMEHTHI KOPPEISAIUI U T. 1.) U KaK
MoKa3aTeNIi BapruaOeIbHOCTH 3HAUCHUH B OTJICIIBHBIX BRIOOPKAX, UMEIOT
B MPAKTUKE OMOJOTHYECKUX M HKOJIOTMUYECKUX HCCICNOBAaHUN U Camo-
CTOSITENBHOE 3HaUeHUE. K nmprumMepy, pacueT IUCIEPCUU U CTaHIAPTHOTO
OTKJIOHEHHUSI TIPUMEHSIETCSI TIPY ONPEACIICHUH TUIA MPOCTPAHCTBEHHOU
CTPYKTYpBI TOMYJISIHN (CITydaiiHOe, paBHOMEPHOE, TPYIIIIOBOE pacIipe-
JCNICHUE), OTU JKe TIoKa3aTear W KOI(PQPHIMEHT BaphaIlK IIHPOKO
UCIIOJIB3YIOTCSI TIPY pacyeTax MHJIEKCOB arperupOBAHHOCTU U YCTaHOB-
JICHUW HEOIAHOPOMHOCTH (MM PAaBHOMEPHOCTH) IPOCTPAHCTBEHHOTO
pacmpeneneHrs Kakux-J1u0o ToKaszaresied Ha OMNpPENeNIEHHON Teppu-
TOpUH WIH B BojloeMe. B cuctemMarnke TIMMUTBI OTHOCUTENIBHO IIUPOKO
UCTIONIL3YIOTCS B OMNPEACITUTENbHBIX TAOMUIAX C IEJbI0 YIPOILIECHUS
uaeHTUGUKay BUI0B (MoABUIOB). B ruapoOuosoruu s XapakTe-
PUCTUKH U3MEHYUBOCTH OMOMAcChl THAPOOUOHTOB B TEUECHUE CE30HOB,
rojla WM B MEXIOJIOBOM JUHAMUKE UCITOJIb3YETCS] OTHOLIEHWE MaKCH-
MaJbHOM K MUHUMAJILHOM OMOMacce 3a 3TH MPOMEKYTKA BPEMEHH.
JlaHHBIN TOKa3aTe b MOJYYWsI Ha3BaHUE «BapHaOEIbHOCTh TUHAMHUKU

55



onomacce», BJIb (Ammmos, 2001). Kak okazanocs, B/Ib cBsizana co
MHOTHUMH CTPYKTYPHBIMHU U (DYHKITMOHATBHBIMH MTOKA3aTEIIIMU BOTHBIX
OKOCHUCTEM. B YaCTHOCTH, B COOOIIECTBAX C BHICOKUMHU 3HAYCHUSIMU
BJ/Ib npeobnagaroT 3BpUOMOHTHBIE BUJIBI C I-CTpaTeryei, a Mpu 3arpss-
HEHUH U 3BTpodupoBannn BogoemoB BJIb Bo3pacraer (Anmmos, 2001).
3HaHUE CTETMEeHW M3MEHYMBOCTH TEX WM HWHBIX MPHU3HAKOB HMEET
00JIBIIIOE 3HAYCHHUE B TEHETHKE U celleKnun. Harpumep, ipu cpaBHEHUN
JIBYX CXOIHBIX IO MPOAYKTHUBHOCTHM M KaueCTBEHHBIM I1OKa3aTelsiM
COPTOB TPEANOYTEHHUE JIOJDKHO OBITh OTAAHO TOMY W3 HUX, KOTOPBIN
IIPH PaBHBIX YCIOBHSX 00J1a/1a€T MEHBIIIEH N3MEHUNBOCTBIO.

Ilpumeuanue 2. BaxxHO OTMETHUTbh, YTO, PACCUMTHIBAS CpPEIAHEE U
ToKa3aTey BapHallvy JUIsl BEIOOPOUYHBIX NAHHBIX, (PaKTUUYECKU HCCIIe-
JI0BaTeNb OICHUBACT BKJIAJl CUCTEMATHICCKUX M CIy4YalHBIX (HEH3BECT-
HBIX) (haKTOPOB B BApHAIMOHHOE pacrpeseiicHue npusHaka. CpemHss
apudMeTHIecKkas eCTh TOITOMY XapaKTepUCTHKA JCHCTBUS JOMUHH-
pyromiero ¢akropa Ha OJHY BapHaHTY, a IMOKa3aTeId BapHallud €CTh
Mepa W3MEHYMBOCTH MPU3HAKOB, OOYCIIOBJICHHAS BJIMSHHUEM Ha HUX
ciydaiineix  ¢akrtopoB (MBanrep, Kopocor, 2005). Yem OoJbime
CIIy4aiiHbIX (DaKTOPOB, YEM OHHU CHJIbHEE, TEM Jajbliie OyAyT pazOpo-
CaHbl OT/ICIbHBIC 3HAYCHUS MIPU3HAKA BOKPYT CPEeIHEN U TeM OOJILIITUMU
OKa3bIBalOTCs Nokazareau Bapuaruu (Meantep, Kopocos, 2005).

IIporpammuoe odecnieuenune. B pe3ynbrare nnepBUYHON MaTeMa-
TUYECKOM OOpabOTKM HCXOAHBIX JAHHBIX HCCIEAOBATEIb IMOJTYy4YaeT
pOCTOM HabOp 0000IIAIOMMX KOJWYECTBEHHBIX XapaKTEPUCTHUK, C
MOMOIIBI0 KOTOPBIX MOKHO CKaTO OMUCATh BRIOOPKH JIHOOOro o0bema.
OpmHako pacyeT BCEX ATHUX XapaKTEPUCTUK IO MPHUBEIECHHBIM (popMy-
JaM BPYYHYIO WJIH Ha KaJbKyJIATOpe TPeOyeT 3HAYMTENbHBIX 3aTpar
BpeMeHH. EcTecTBeHHO, YTO MOJOOHBIM IMOJIXO0JI B COBPEMEHHBIX
UCCJICOBAHUAX YK€ JaBHO HCKJIIOYEH, MOITOMY BO3HHUKAET HEOO-
XOJIMMOCTH OBJIAJICHUSI HABBIKAMH TIOJIOOHBIX pACYETOB HA MEPCOHATH-
HOM KOMIIBIOTEpE. DTO TIOBBINMIAET KA4YE€CTBO aHajlW3a W COKpaIiaeT
3atpatbl BpeMenn. B MS EXCEL cratuctuueckue xapakTepuUCTUKU
BBEIOOPKH MOXXHO BBIUYHUCIATH C TIOMOIIBID BCTPOSHHBIX (DYHKIIHMA:
CP3HAM — cpennsis apupmernueckas; CPITEOM - cpennsist reomer-
puueckas; OAUCI — aucnepcus; CTAHOOTKITOH — cranpapTtHOE
orknonenue; MOOA; MEOUWNAHA u np.

[IporpamMmMHOl peanu3alnuenr pacyera CTaTUCTUYECKUX XapaKTe-
PUCTUK BBIOOPOYHOW COBOKYMHOCTH SIBIISIETCS MOIYNb «Onucameib-
nas cmamucmuxa» (Descriptive statistics), BKIOYEHHBINH B OOJIBIITNH-

56



CTBO TAKETOB IS CTAaTHUCTUYECKOW 0O0pabOTKM JaHHBIX. Pabotas
B JIJAHHOM MOJYJI€, JOCTATOYHO CJCJIaTh CChUIKY Ha MAacCHB JaHHBIX
BBIOOPKH, BBIOpPaTh HEOOXOJIWMBIE CTAaTUCTHYECKUE XapaKTEPHUCTUKU
B CHICIIMAJILHOM JHAJIOTOBOM OKHEe M Haxarh Ha kHonky OK wm
BbinonHUTL pacdeT. B pesyibTare ncciaemoBaTeNb IMONYYHT Tao-
JMIY ¢ PACCUUTAHHBIMU CTATHUCTUYECKHUMH XapaKTePUCTHKAMU BBIOO-
POYHOM COBOKYIHOCTH. I[IpriMephl MOJAOOHBIX MOYJICH MPUBEICHBI
ke (puc. 2.5; 2.6; 2.7).

KpaTtkoe onucanue 3amycka MOaysl: B BepxHeM MeHro Statistics
HaJo BBIOpaTh kKomanmy Basic Statistics/Tables (ocHoBHBIE cTaTmC-
TUKW/Ta0JnIbl). B mosBHBIIEMCS MEHIO HAj0 BBIOpPATh KOMaHIY
Descriptive statistics (omucarenpHbie cratucTukH). st BeIOOpa
NEPEMEHHOM, OmucaTeIbHbIe CTATUCTUKH KOTOPOH HAC MHTEPECYIOT,
HaJ0 Ha)XaTh KHOMIKY Variables v B OTKpBIBIIEMCS OKHE IICIKHYTh Ha
UMEHHU TepeMeHHo# (TepeMeHHbIX). 3aiTh Ha BKiIaaky Advanced,
YCTAaHOBUB (MIaKKW HANPOTUB COOTBETCTBYIOIIMX IIOKa3aTeIICH.
Jlis mpocMoOTpa  pe3ysIbTaTOB  HAno HakaTh KHOMKY Summary.
OTtkpoercs TabauIa ¢ OCHOBHBIMHU CTaTUCTHKAMHU.

ONHCaTeNbHaA CTaTHCTHES E CpeZ[Hee 86.9
B TaHJAPTHAs OIINOK 25.
XDﬂ.HbI? AaHHEIE Cra JapTHasi o Oka 5.3
Bx0AHOH HHTEPEAN: FMf4z: $rE4a MeI[I/IaHa 124 5
[ Py NHPOEaHHE: @' no cTonbuam 1\/[0’[[a 120
() no cTpoKa C 62.1
[ Merion e nepsodi crpoce TaHJAPTHOE OTKIOHCHHE .
/lucnepcust BLIOOPKH 3857.6
MNapaMeTpel BRIE0AA SKCHGCC 1.7
) BoloAHDA HHTEpEAn: B -
® Hoswi ) ACUMMETPUYHOCTh -0.97
#) HoBbIH paboumi areT;
) HoBaa pafiouas KHHra HHTePBaJI 128.3
Mutrivym L13
[ ¥poBeHt HaaesHOCTH: 93 o MaKCI/IMYM 1295
[T K- HavmeHeLwpE: il CyMMa 521.7
[T K- HavBonewkii: 1 C‘-ICT 6
Vposens HagexuocTH (95,0%) 65.1

Puc. 2.5. [luanoroBoe oKHO npouexypbl «OnucaTenbHas CTaTUCTUKA»
tabmraHoro nporeccopa MS Excel u rabnmna pezynsraTo
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E Descriptive Statistics: Spreadsheet]

@ Wariables: | Warl E Surnrmary
Quick  Advanced l Nl:urmalit_l,l] Prob. & Scatterplutsl Cateq. plutsl Elptil:unsl Cancel

E Summary: Dezcriptive statiztics | Compute statiztics: E Optiohe =

Lacation, valid N Yariation, moments Pemcentiles, ranges

W Walid M W Standard Deviation v Minirourn & masimm

v Mean v Yarance | Lower & upper quartiles

v S W Std. en. of mean | Percentile boundaries

v Median W Conf. limits for means |'||l|:||:| .‘i‘; k3 | o w |

¥ Mods Interval: [35.00 [£] % o Gz |

W Geom. mean | W Skewness 0 o g

" Ham mean | W Std en. Skewress rahge f* 2
W Kurtosiz .
; Select all stats | Beset ML deletion
W Std. em., Kurtosis .
- [ Cazewize
= 5 i default o
ave settings as defau & Painice

Puc. 2.6. lnanoroBoe okHO MOAyJs «OnucaTenbHas CTaTHCTUKA»
(Descriptive statistics) makera STATISTICA

KpaTkoe onucaHue cTaTHCTHYECKUX XapaKTEePHCTHK

Valid N - o0bem BeIOOpKH; Mean — cpenssst apudMeTHIecKas;
Median — menuana; Mode — moma; Geom. mean — cpefHssi TeOMETpH-
yeckas, Standard Deviation — cranmapTHOe OTKIIOHCHHE; Variance —
nucniepensi; Standard error of mean — crannmaprtHas ommoOka; 95%
confidence limits of mean — noBepuTenbHBI MHTEPBAII JJIs1 CPEIHETO;
Minimum & maximum — MUHUMaJIbHOE W MaKCUMaJIbHOC 3HAYCHHSI
(mumuThl); Lower & upper quartiles — HUKHSS U BEpXHSS KBapTHIIH,
Range — pasmax Bapuarmu; Quartile range — kBapTHIBHBIN pa3zMax;
Skewness — acummerpust; Kurtosis — skcrecc; Standard errors of
skewness & Kurtosis — ommOKy aCHMMETPUH M DKCIECCA.
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OMHCaTebHaA CTAaTHCTHEA

MHTEpBaN NepeMEHHOM MK |
YMCAEHHOCTER KNACCoE

MHTEpBaN Knaccos AnA |
rPYNMMPOESHHEL A4SHHEX *

MHTEpEan BRIEDAA |

KonMYeCTEEHHEIE M NOPAAKOELIE EEIBOPKH AononHHTENEHD

v CpeaHEs ZHAYEHHE v KoshdHUHEHT BapHAaLHH J0EEpHTENEHARA 095 -
EEpOATHOCTE !

W CTaHAapTHaA owHEKa [ Mokasatens TOMHOCTH ONBITA
AonycTHman

[v ArcnepcHA cpeaHero | CpeaHas pasHOCTE J%HHH NOrpelWHoOCTE

v CTaHAapTHOE OTKNOHEHHE
[ CpeaHee oTKNOHEHHE

[v PazMax BeGopkH

v KoahdHupreHT acHmMeTpHK
v Zkcuece

o TRy F MEKCHY R

[ KeapTHmM

[ McesaomeanaHa

[ MeaMaHa MHOMECTES

[ MesKBAPTHIEHBIN pasHa:x
[ [ocTaToMHAA YHCAEHHOCTE
| MucTorpavma

| OnTHManeHoE YKCNo KNaccoe

YWcno KNaccoBkl:
HMHTEpEanoE *+

*+ [ - aETOMaATHYECKHA BRIBOD

* ok ok g e
YEAZIHHEIX METOA0E

Ece KonH4ecTEEHHEIE

“J I'_I'_LM

=

Ece Kad4ecTEEHHEIS

[ KpuTepmi AG6e
MNoMoLLE

HadecTEEHHEIE BRIDOpKH *+¥ THM AaHHEI:

[ Aona

{* HerpynnuposaHHee DTMena

DYHETHTE ECE |
BEINONHKTE pacqeT |

[ Owwbka aonm " IpyrnHpoEaHHERR *

[ AncnepcHa Aonu [ Aonp #*E

Puc. 2.7. JIlnanoroBoe okHO MOy st «OnucaTelIbHast CTaTUCTUKA»
nporpammel ATTESTAT: BeIOepuTe U3 MEHIO mporpamMmbl yHKT AtteStat |
Monyns «OnucarenbHas CTaTUCTUKA», HA DKPaHE TIOSIBUTCS JTUATOTOBOE OKHO,
MU300paKEHHOE Ha PUCYHKE

[maBa 3. 3aKOHbI pacnpeaeneHus
OMONOrn4yecKuUx U 3KONOrM4eCKuUX NnepemMeHHbIX

B naHHOM r71aBe MBI MO3HAKOMHUMCS € (PYyHIAMEHTaIbHBIM MOHSTHEM
BEPOATHOCTH, Y3HAEM, YTO TAKOE 3aKOH PaCHpEICICHHS ITPU3HAKA U JUIS
YEro MCCIENOBATEII0 MEpe]] NPUMEHEHUEM METOJOB MATEMAaTHYECKOU
CTaTUCTUKU HEOOXOAUMO 3HaTh, MO KAKOMY 3aKOHY paclpeaemstoTcs
OMOJIOTMYECKME M JKOJOTMYECKUE IepeMeHHble. M, HakoHel, KpaTko
paccMOTpUM HanOoJIee BaXKHBIEC U3 ATUX 3aKOHOB paCIIpe/IeTICHUS.

3.1. BepossimHocmb cobbimusi

Jlnst Toro 4ToOBI IBUTAThCS AJIBIIC B IOHMMAHUH 00JICE CIIOKHBIX
METOJIOB MaTeMaTU4eCcKol OOpabOTKH JaHHBIX, HEOOXOIWMO OCTaHO-
BUTHCS HA HEKOTOPBIX KITFOUEBBIX MOHATHSIX TECOPHUH BEPOSTHOCTEH.
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1. Ucxon wim pe3yiabTaT OTIACIBHOTO WCHBITAHUS Ha3bIBACTCS
coobImuem.

2. Ilox ucnvimanuem MOHUMACTCS HEKOTOPHIA KOMILUIEKC YCIIOBHUH,
HEOOXOJIUMBIX JJII TOTO, YTOOBI MOT OCYIIECTBHTHCS TOT WM HWHOMN
HCXO]I.

3. Y HEKOTOpBhIX COOBITMM MOXKET OBITh TOJBKO OJWH MCXO/,
3apaHee MpejckazyeMblil. Takue cOOBITHS HA3BIBAIOTCS O0CHOBEPHDI-
MUy — TIaJieHHE TOAOPOIICHHOTO KaMHS BHHU3, IO JJIMHE CTOPOHBI
KBaJipaTa BCEr/a TOUHO MOXKHO OIPEJETUTh €T0 IIOIIaIb.

4. Ecnv mpu OCYIIIECTBJIICHMH KOMIUIEKCa YCIIOBUM COOBITHS 3aBe-
JIOMO TIPOU3O0UTH HE MOTYT, TO OHH HA3BIBAIOTCS HEB03MOINCHHIMU —
BCIUIbIBAaHWE KaMHs, OpOIIIEHHOTO B BOJY, IIOIIAAb KBajapara C JJIH-
HOI1 cTOpoHHBI 1 cM, paBHas 4 oM.

5. OgHAaKo CyIIECTBYIOT COOBITHS, HCXOJ KOTOPBIX 3apaHee
HeTpeJIcKa3yeM, TaKhe COOBITHS MPU OCYIIECTBICHHUH KOMILICKCA
YCJIOBUI MOTYT MPOU30MUTH, @ MOTYT HE Tpon30iTH. OHU Ha3BIBAIOTCS
CAYHAUHBIMU — TIPU OpOCAaHUU MOHETHI OHA MOKET yIacTh BBEPX PEIll-
KOU WJIM OPJIOM, B TIOIYJISILIMK MOXKET POJAUTHLCS camell UiId caMKa.

6. Cyuaiitabie COOBITHS HA3bIBAIOTCS HECOBMECMHbIMU, €CTTU B Ce-
PUY UCIIBITAHUN BCAKUM Pa3 BO3MOXKHO OCYIIECTBIEHUE TOJIBKO OJHOTO
U3 HUX — NMPU OpOCAHWH MOHETHI OHa MOXET YIacTh BBEPX OPJIOM HIIH
PENIKOM, HO OJTHOBPEMEHHO 00a COOBITHUSI TPOU3OUTH HE MOTYT.

KpaTtko mo3HaKOMHUBIINCH C HEKOTOPBHIMH TOHSATHUSIMU, TIeperIemM
K KJACCHYECKOMY OIpEICTICHUIO BEPOSITHOCTH COOBITHA. Beposamuoc-
moio coovimusi A (P(A)) Ha3bIBalOT OTHOIICHHWE YHCJIa OJIArOIpPHUST-
CTBYIOIIIMX 3TOMY COOBITHIO HCXOA0B (M) K 0OIIEeMy 4YHCIy BCEX
PaBHOBO3MOXKHBIX M HECOBMECTHBIX McXoa0B (N) (I'mypman, 2001).

P(A)= T

Ilpumep: B ypHe HaxomuTcs S Oenbix W 10 YepHBIX IIApOB.
Hayran Heo6xoaumo BeIHYTH 1 map. KakoBa BEpOSATHOCTb, UTO BBIHY-
THIN 1map okakercs O6enbiM? Yuciao Bcex paBHOBO3MOXKHBIX MCXOJ0B
oynet paBao 15 (5+10). Yucno 61aronpusATCTBYIOIIMX HCXOJIOB, T. €.
CIydyaeB BBIHUMaHUs O€JIOro Iapa B OJHOKPAaTHOM HMCIBITAHHH,
paBHO 5. Ciie0BaTeIbHO, BEPOSITHOCTD BHIHYTH OEJIBIN 1Iap paBHA!

5 1

P= —==-20.33~33%
15 3
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Takum 00pa3oM, BEpOSTHOCTh MPEACTABISIET COOOW YHUCIIO, 3a-
kirodeHHoe Mexxay O m 1, m MokeT OBITh BhIpaKeHA JUOO0 B JOJISIX
eAUHUIIBI, MO0 B MPOIIEHTaX OT OOIEro 4ucia UCHbITaHuil. B cBete
ATUX TPEJCTABICHUN 00CMOBepHbIM HA3BIBACTCS COOBITHE, BEPOST-
HOCTh KOTOporo paBHa 1. Eciu BEpOsITHOCTb HEKOTOPOTO COOBITHS
paBHa 0, TO 3TO COOBITHE PACCMATPUBAIOT KAK HEBO3MOMCHOE; €CIIU
BEPOATHOCTh 3akiroueHa rae-to mMexay 0 m 1- kak cuyuaiinoe.
Cny4aitHoe coObITHE, BEPOATHOCTh KOTOpOro 6sn3ka k 0, HO HyJIIO HE
paBHSCTCS, MPUHITO CUNUTATh MAI000CMOsepHbiM (NpaKmuyecKu He-
BO3MOJICHBIM, MALOBEPOAMHbIM), W HAO0OPOT, €CIH BEPOSITHOCTH
CIIy4allHOTO COOBITHS TIpUOIMKaeTcs K 1, HO euHuIIe HEe paBHSETCH,
TO TOBOPSIT O NPAKMUUECKU O0CMOB8EPHOM COOBITHH.

3.2. 3aKoH pacnpedesieHust

Brosiornueckre u SKOJIOTHUSCKHE SIBICHUS (COOBITHSI) CITydaiHbl,
TOYHO HE Mpeickaszyembl. HaunHas OMonoruueckuii S3KCepuMEHT WK
npuCcTynas K HaOJIOJEHUIO0, HEBO3MOKHO TOYHO CKa3aTh, KAaKOB OyIeT
pe3yJIbTaT — YPOBEHb YHCIEHHOCTH XWBOTHBIX B JIAHHOM pailoOHE,
BBIKMBAEMOCTh MOJIONBITHBIX OCO0EH, apTepuaibHOE JABICHUE YEPE3
yac mocje BBeleHus mpemnapata. [losromy OuonoramMm u sKoJjioram
JacTO TPUXOIUTCS CTATKUBATHCS C BEPOSTHOCTHBIMH (CTOXacTHUYEC-
KAUMH) CYXACHUSAMU. Tak, I THapoOHOJIOTa, M3YYarollero YHCTOe
OJIUTOTPO(PHOE 03€pO, SICHO, YTO BEPOSITHOCTh OOHAPYKUTH MacCOBOE
pasButHe Bojopociau Planktothrix agardhii (maarkaTop BEICOKOH cTe-
NICHU CanmpoOHOCTH) KpaiHe Majia. OKCHEPUMEHT TI0 IPOBEPKE
TOKCUYHOCTH ONPEAECIEHHOI0 BEIIECTBA MOXKET MOKA3aTh, UTO B KOH-
TpoJIbHOM BapuaHTte BbDKWIO Ha 10% ocobeit Oomblie, 4eM B OMBIT-
HOM (c moOaBKOH BelmecTBa). 3aBucea JIM 3Ta Pa3HUIA B BBDKU-
Ba€MOCTH OCOOEH OT JCHCTBUS BEIIECTBA WJIM MOTJa OMPEAeTaThCs
apyrumu  (pakTopamu (HampuMmep, W3HAYAIbHOW pasHuIeld (usmo-
JOTHYECKOTO COCTOSIHUSL ocoOeld B Tpymnmax)? IKCIepUMEHTaTOp
MOXET CKazaTh cienytoiiee. «O4eHb BEPOSITHO, YTO UMEHHO TECTH-
pyeMoe BEUIECTBO OMNPEACIIMIO OOJBIIYyI0O CMEPTHOCTh 0OCO0El B
ONBITHOW TpyIle MO CPaBHEHUIO C KOHTpoJbHOW». Ero Oomee
CKENTUYECKH HACTPOCHHBIM KOJUIera MOXKET 3asBUTh. «HeOombInas
pazHuna, Bcero juiib B 10%, Moria OBITH CIEACTBHEM JEUCTBUS
CIIyJaiHBIX (HEKOHTPOJIHUPYEMBIX B SKCIIEPUMEHTE) MPUYUH, IOATOMY
MaJIOBEPOATHO, YTO BEIIECTBO SABISETCS TOKCHUHBIM.
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Onnako 1r000My OMOJIOTY W 3KOJIOTY $ICHO, YTO CIIYYalHOCTh
W3y4aeMbIX UMH SIBIICHHI OTHOCHUTEIbHA, HECMOTPSI HA TO, YTO TOY-
HBbIIl MPOTHO3 HEBO3MOXKEH, MNPUOIU3ZUTEIbHBIA PE3yJbTaT MOMKHO
npeackasath. Kakum 00pa3zoM MOXKHO JIaTh TAKOTO pojia MPOTrHO3?

PaccmoTrpum mpumep. 300510T, U3yYaOIIMKA TTOMYJISIUI0 KAKOTO-
amb0 BHUAA S>KUBOTHOTO, 3aJalicid LEJbl0 AaTh NPUOIM3UTEIbHBIN
MPOTHO3 TMOSBJIEHUS OCOOE B TMONYJSIIIMM C HEKOW MyTaruein
(HanpuMep, CBA3aHHOM ¢ OKpacko). UToObI pacCUMTaTh BEPOSTHOCTS,
eMy MOTPeOYIOTCS MPeIBAPUTEIbHBIC UCCIIEIOBAHUS U TAHHBIE O TOM,
HACKOJIbKO 4YacTO B TOMYJISIUM POXKIAAIOTCS OCOOM C JaHHOU
myTanuend. Tak, eciau wucciaefaoBaTelb OOHAPYXHUT, YTO 3a P
npemamectByronux et u3 10 000 poauBmuxcs ocoberr 100 umenn
JTAHHYI0 MYTallUIO, TO OH CMOKET PACCUUTATh BEPOSITHOCTDH POXKIACHUS
MYTaHTHOW 0COOU B JaHHOM TTOIYJISIINH.

=10 _o01

10000
Hpyrumu cnoBamu, B cpeaneM u3 100 pogusiiuxcs ocobeid oHa
MOXKET OBbITh MyTaHTHOH. [Ipw HalMuuu MOMOOHBIX JAHHBIX MOXKHO
pemuTh U 00paTHYIO 3ajlauy — HAUTH BEPOATHOCTH IOSBJICHUS B TO-
MyJISIITUU 0coOU 03 TaHHOW MyTalluu:

- 3900 _ 0.99
10000

N3 3TOr0 abCTpakTHOTO MpUMEpa BHITEKAIOT 2 Ba)XKHBIX BBIBOJIA.
Bo-niepBhIX, CcymMMa BEpPOATHOCTEM MPOTHBOIIOJOXKHBIX  COOBITHIA
(0.01+0.99) Bcernma paBHa emuHuIe. BO-BTOPBIX, MPHOIM3UTEIILHBIN
(BEpOSITHOCTHBINM) TPOTHO3 MOXKHO J1aTh, OPHUCHTHPYSCh Ha ITOBTOPS-
€MOCTh OJHOTHITHBIX COOBITHH, Ha YacCTOTY BCTPEYAEMOCTU 3HAUYCHUUN
IpHU3HaKa. 3Has 4acTOTy, C KOTOPOW JAaHHOE 3HAYEHWE MpPU3HAKA BCTpE-
YaeTcsl B MOMYJISILIMA OTHOCUTENILHO OOIIEro KOJIMYECTBA BCEX BCTPEUCH-
HBIX 3HaYeHWH Tpu3Haka (00beM BBIOOPKH), MOXKHO YCTaHOBHTH CHId-
MUCMUYECKYI0 8ePOAMHOCTb TIOSBIICHUS TAHHOTO 3HAYCHUS ITPU3HAKA!

f

P=—
n’

rae f — gacroTa BcTpeuaeMocTH,
N — 06beM BEIOOPOUYHOM COBOKYITHOCTH.
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CTaTUCTUYECKYIO BEPOSTHOCTh COOBITHSI IIPUHATO Ha3bIBATh OMI-
HOCUMENbHOU Yacmomou. Y CTAHOBJIEHO, YTO OTHOCUTEJIbHAS 4acTOTa
MOJTHOCTBIO HE COBIIAJAET C «KJACCUUYECKOW» BEPOATHOCTHIO, OJIHAKO
NpUOIMKAeTCsl K HEW MO Mepe 3HAYUTEbHOTO YBEIWYCHHS YHCIIa
HaOII0ICHUH, T. €. 00beMa BHIOOPKH.

TakuMm 00pa3oM, 3Hasl psiji pacupeieICHUs YacTOThl BCTpedaeMOC-
TU 3HAYCHUN MPHU3HAKA, MOXHO JIETKO MEPEHTH K IOCTPOCHUIO pac-
npedenenus eeposmuocmeti. CrnenaeM 5TO, BHOBb OOPaTHUBIINUCH K
JAHHBIM O KOJIMYECTBE IITEHIIOB B THE3JaX JIPEBECHOM JIACTOYKHU
Tachycineta bicolor (n = 42) (Poxukmii, 1973):

Konuuecmeo nmeHyoe Yacmoma ecmpevaemocmu Bepwzmﬁocmb

1 1 1/42 = 0.02
2 2 2/42 = 0.05
4 11 11/42 = 0.26
5 18 18/42 = 0.43
6 9 0/42 = 0.22
7 1 1/42 = 0.02
5 42 1.0

Kpome TOro, 3aKOHOMEPHOCTh, OTMEUYCHHYIO B pacIpeIeiICHUN
BEPOSATHOCTEH, MOKHO BBIPA3UTh HE TOJIBKO B TaOIu4uHOU hopme (psn
pacnpeescHus), HO U TpadUIecK:

0,5 4
0,4 -
0,3 -
0,2 -
0,1 -
O T T -1
1 2 4 5 6 7
KoanuecTBO nTEeHITOB

BepositHOCTB

Puc. 3.1. KpuBas pacnpezaenenusi BEpOATHOCTEH MOSIBICHUS
B BBIBOJIKE TOTO MJIM MHOTO KOJINYECTBA IITEHLIOB

Haxonen, 3aKOHOMEPHOCTh paCHpPEEIICHUs] BEPOSITHOCTEN MOXKHO
onucarb C MOMOIIBI0 MaTeMaTH4ecKor (opmyibl. DYHKIHUS, CBS3bI-
BAIOIAsl 3HAYEHHUs CIYYaWHOrO0 NPU3HAKA C UX BEPOSITHOCTSAMH, Ha-
3BIBACTCS 3aKOHOM pacnpedeneHusi npusnaxa. Kaxmplii npusHak (moka-
3aTelNlb) PAcHpeeNsieTCs MO CBOEMY 3aKOHY, MMEET CHermu(puIecKyro
3aKOHOMEPHOCTh pacrpe/ielicHus (TIOBTOPSEMOCTH) OTJICIIbHBIX 3HaYe-
Huit. TloaTOMy 3akoH pacnpefeneHuss oOpa3HO MOXKHO CpPaBHUTH
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C «IacIopToM» MNpU3HaKa. B 3aBUCUMOCTHA OT THUIIA NEPEMEHHOU BbI-
NEIAIOT OUCKpemHble W HenpepviéHble 3aKOHbI  PaCHpeCICHHUS.
OnrcaHHOE pacTpeNeNeHUe OTHOCUTCS K JUCKPETHBIM U, BEPOSATHEE
BCEro, OJIM3KO K TaK HA3bIBAEMOMY OUHOMUATILHOM) PACNPEOeNeHUIO.

K HacTosmieMy MOMEHTY HM3BECTHBI IECATKU TEOPETUUYECKUX pac-
npeeneHnid (MX MOXXHO MOCTPOHWTH HAa OCHOBE M3BECTHBIX MaTeMa-
THIeckuX (opmyn, puc. 3.2), K KOTOPBIM HCCIEAOBATEIH MOTYT
«MOJTOHATH» TOJIyYEHHbIE HA OCHOBE BBIOOPOK SMIIMPHUYECKUE pac-
IIPEJIECIICHYs, YCTAHABINUBAs C ONPEIECIIEHHON BEPOATHOCTHIO, 10 KaKO-
My 3aKOHY pacIIpelIelIsl0TCs u3ydaemble nIpu3Haku. 13 Bcero mHoro-
oOpa3us 3aKOHOB pacIpeeNieHus KpaTKO OCTaHOBUMCSI Ha HamOoJiee
3HAYUMBIX B MPAKTUKE OUOJOTMYECKUX W IKOJOTMYECKHUX HCCIE0-
BaHUUN — HOpMANLHOM N OUHOMUATLHOM.

HopmanbHoe PaBHomepHOe JlorHopmarnbHoe
ramma-pacnpegeneHve 3KcnoHeHuMansHoe Benbynna
4""“| ||||||||"""|III|... | llll{ |||||||||||||""""""""""III. ||||||I"""||IIIII|I||||| .......
BuHomumanbHoe [NyaccoHa "eomeTpuyeckoe

Puc. 3.2. HekoTopsie TUIIBI TEOPETHUECKHUX PACIIPEACTICHHIMA
CIIy4YallHOW BEJINYMHBIL. HenpepviéHble — HOPMAIbHOE, JTOTHOPMAJIbHOE,
raMmMa-pacrpe/iejieHrue, SJKCIIoOHEHIIMallbHOe, pacipeaeneHue Beitdymna,
Oouckpemmble — OMHOMHANIbHOE, pacnpeenenue [lyaccona, reomerpudeckoe,
paBaHomepHoe (ro: [Iutukos u ap. 2003)
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3.3. HopmanbHoe pacnpedesnieHue

Hanbomnee xapakTepHBIM TUIT pacIpeieNICHUS] HenpepblGHbIX CIY-
YAUHBIX GeUYUH, U3 HETO MOXHO BBIBECTH (K HEMY CBOJSTCS) BCE
ocTanbHbIe. TepMUH «HOpPMaIbLHOE pacIpeeeHue» BBEJEeH B OHOJI0-
rudeckyro Jiekcuky ®. ['anpronoMm B 1889 romy. OnHako emé 3a10ro
70 TOr0 OHO OBIJIO XOPOIIO WM3BECTHO MaTeMaTHKaM, KOTOPBIE 3TO
pacrpeesieHue 4acTo Ha3bIBaroT 3aKOHOM ["aycca — Jlamnaca. Ha3sa-
HUE pacmpeiesieHrs, KOHEUYHO, HE O3HA4aeT, YTO BCE JAPYTHe 3aKOHBI
pacIpeielicHUs] «HCHOPMAJIbHBIC», WIIM aTUIHYHBIE. [IpocTo momoo-
HOE paclpe/ie/ieHre 3HAa4YeHUH IpH3HaKa TaK YacTO BCTpEUYaeTcs B
CaMbIX Pa3JUYHBIX 00JACTSIX HAYKH U MPAKTHUKH, YTO MEPBOHAYAIBHO
IPUHAMAJIOCh 32 KHOPMY» CIy9aiHOTO MPOSBICHUS PU3HAKOB.

['padrueckn HOpMaIBHOE pacCIIPEACICHNE BRITIISIUT KaK CHMMET-
pUYHasi KOJIOKoJiooOpa3Hasi KpuBas. OCHOBHAs 3aKOHOMEPHOCTh MPH
HOPMaJbHOM paclpee/ICHHH 3HAUYCHHN MpPH3HAKA 3aKII0YacTCs
B TOM, YTO KpaiiHHe 3HaueHMs (HauOOJIbIINE U HAUMCHBIIHNC) IOSB-
JISIIOTCS PEJIKO, HO YeM OJIrbkKe 3HaueHHMs IpHU3HaKa K HeHTpy (K cpe-
HEel apuPMETHIECKO), TEM OHHM Yalle BcTpeuarores (puc. 3.3).

~36 =26 =16 X +16 +26 +36

Puc. 3.3. KpuBas HopManbHOTO pacrpeaesieHus

JleNCTBUTENBHO, €CIIA B3SITh TaKOW MPU3HAK, KaK YEJIOBEUYECCKUU
POCT, ¥ IOCTPOUTH PacCIpeCICHUE, TO MOXKHO YOCIUTHCS, U4TO JTFOIU C
HEKHM CPEJIHUM POCTOM OYIyT BCTPEUAThCS OUCHb YacTo (IEHTpP pac-
NPEJICIICHNS), & BEPOSTHOCTh OOHAPYKHUTh JIFOJICH ¢ OYEHBb BBICOKUM
(Harmpumep, BbINIE 2 M) WM OYeHb HU3KUM (Hampumep, MeHee 1 M)
pocToM OyJeT 3HAYUTEIbHO MEHbIE (Kpas pachpeneiacHus). ITo
O3HAYAET, YTO YEJIOBEUYECKUN POCT — MPU3HAK, MTOTUUHSAIOIIUNACS HOP-
MaJbHOMY 3aKOHY pacIpeeacHusl.

BaxxHOil 0COOEHHOCTBHIO HOPMAJIBHOTO PACHpPEACIICHUS SBISETCS
TO, 4TO (hopMa U MOJIOKEHUE €Tro rpaduka onpeaenseTcs ToabKo 2 mna-
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paMeTpaMu. CPEeIHUM 3HAYCHHEM IMPU3HAKA M CTaHJAPTHBIM OTKJIO-
HeHueM. [Ipu 3TOM 7151 OLIEHKHU CTEIIEHU OTKJIOHEHHMSI OTACIbHBIX 3HA-
YeHMI MPU3HAKA OT CPEIHEr0 3HAYCHHUS HCIOIB3YIOT HE CaMO CTaH-
JIapTHOE OTKIOHCHHME, a BEIHMYHMHBI TaK HA3bIBACMOTO HOPMUPOBAH-
Ho2o omxnonenusi (1) — OTHOIICHUS OTKJIOHCHUN OTACIIbHBIX 3HAUCHUH
IpU3HAKA OT CPEIHET0 3HAUEHHS K CTAHAAPTHOMY OTKIIOHCHHIO!

t= (Xi_)z).

Ortcrona

TakuM o00pa3oM, 3aKOH HOPMAJIBHOTO pachupeaesieHus ¢(akTu-
YECKU ONMUCHIBAET (DYHKIMOHAIBHYIO 3aBUCUMOCTh MEXK]Iy BEPOSITHO-
cThi0 P (oChb opauMHAT, Y) U HOPMHPOBAHHBIM OTKJIOHEHHEM t (och
abcmuce, x). OH yTBEp)KJIaeT, YTO BEPOSATHOCTh OTKJIOHEHHUS JIH000T0
3HAUYCHMs TPU3HAKa OT IIEHTpa pacnpeencHus (T.e. CpPeaHEro
3HAYCHWSI) OMNpeaessaeTcss (PYHKIMEeH HOPMHUPOBAHHOTO OTKJIOHCHUS.
3aKOH HOPMAaJIbHOTO PACHpPEACIICHUS MOXXET OBITh OXapaKTepU30BaH
JIOBOJIBHO CIIOKHOM MaTeMaThu4eckoil (opMyJioit:

_=%)?
P=—F"—e 2

IJIe 7 — OTHOIICHHE JJTMHBI OKPYKHOCTHU K nuameTpy (paBuo 3.1416),
¢ — OCHOBaHME HaTypaJIbHBIX JIorapudmoB (paBHo 2.718).
OcranbHble TApaMETPbl YpPaBHEHHUS UYMUTATEIIO YK€ HM3BECTHBI,

OTMETUM JIWIllb, YTO B TOKA3aTeJie CTENEHU BEIUYUHBI € HAXOJUTCS

BO3BEJIEHHOE B KBAJ] t? = M

paT HOPMUPOBAHHOE OTKJIOHEHHE praa
JlaHHO€ YypaBHEHHE OMNPEAECTACT XOJ KPUBOM HOPMAIBHOIO
pacnpenesieHusi, T. €. MO3BOJISIET BBIYHCIUTh OPJWHATHI HOPMAIBHOM

KPUBOH, HIJIH KIUIOTHOCTH BeposiTHOCTH» (P).

HopmanbHas kpuBas co cpeiHUM 3HaueHueM, paBHbiM 0, n 6 = 1

HA3BbIBACTCS CMAaHOApmMU308aHHOlU U OMMCHIBACTCS CIEIYIONICH Marte-

MaTH4eCKOu PopMyJIOu:



Ecnu nannyto GopMyiny HECKOJIbKO MOIU(HIIMPOBAThH, TO Ha €€
OCHOBE MO’KHO BBIYHCIISATH YK€ HE BEPOATHOCTH, 4 TEOPETUUYECKHE
4acTOThl BapHAIlMOHHOTO psifla U CTPOUTH, COOTBETCTBEHHO, meope-
muueckue (HOPMaJIbHBIE) Kpusvle pacnpeoeieHus. ITH KpUBbIe OyAyT
TJIABHBIMU, U, COMOCTABJISII MX C JIOMAHBIMHU SMAUPUUECKUMU KPU-
gvimu (T. €. ¢ BapUAITMOHHBIMU KPUBBIMH WJIUM THCTOTpaMMaMH pac-
IpeIeICHUs, IOJTYYCHHBIMH II0 BBIOOpKE), HCCISAOBATEIb MOXKET
B [IEPBOM MPHUOIMKEHUU OMNPEACNSITh COOTBETCTBUE H3y4aeMOro
pU3HAaKa HOPMAJIbHOMY 3aKOHY pacipeiesICHHUs .

KpaTko onuiieM cBOWCTBA HOPMAJIBHOTO PACIIPEICIICHUA

1. HopmanbHasi KpuBasi IpuOIMIKAETCS K OCH aOCIMCC aCUMITO-
TUYECKH, T. €. HUKOTJ]a HE Kacasch €.

2. Bce 3HayeHus mpu3HaKa Jie)KaT B MHTEPBAJE IUIIOC — MUHYC
O0ecKOHEYHOCTh. IHBIMU CTTOBaMHM, ¢ BEpPOATHOCTHIO P = 1 MBI BrpaBe
OKUJIaTh MOSBJICHUE HOBOTO 3HAUYECHUS B MpeJeiax OT —o0 J10 +oo.

3. HopmanbHasa kpuBas UMEET XapaKTEepHbIA U3rud Mo Mepe ynaa-
JEHUs OT IIEHTpa paclpelesieHus: Touka meperuda JEKUT TOUHO
Ha paccTosHuH B 1o ot X .

4. ]Insi HOpMaJBHOTO pacIpeeieHUs] XapaKTepHO COBIAJCHUE
cpeaHei apupmMeTuiecKon, MOJIbl U MEIUAHBI.

5. Ilnomany MeXIy CTaHAAPTH30BAHHOW HOPMAJbHOW KPUBOM
U ochio abciuce paBHa 1. Takum oOGpa3oM, mIOAaL MOl KPUBOM HH-
TEPIPETUPYETCS KAK BEPOSITHOCTD.

N3 3Tux CBOMCTB BBITEKAET BAXKHOE CIICACTBUE, MOJIYyYMBIICE Ha-
3BaHUE npasuia 3-x cuem. OTIETbHbIE 3HAUYCHHS JIIOOOTO MPHU3HAKA,
UMEIOIIETO HOPMAJIbHOE pacCIpeesieHUue, OTKJIOHSIOTCS OT CPEIIHETrO
3HaueHus (T. €. OT MEeHTpa pacrpeacsieHnus) ¢ BeposaTHocThio 0.997 He
Oosiee yeM Ha 3 cuUrMbl BjiaeBo W BipaBo (x3c). M Tonbko ¢ Bepo-
atHOCThI0 0.003 oTaenpHOE 3HAUYEHWE MPU3HAKA MOXKET HE IOINACTh
B TIpeienibl nHTepBaia +3c (puc. 3.4).

OTkyna nosiBUIUCH B 3ToM npasuiie BeposstHocT 0.997 u 0.0037

Kak ™Mbl yxe 3HaeM, OTKJIIOHEHHUE KaKJI0T0 OTACIBHOTO 3HAYEHUS
NpU3HaKa OT IIEHTpAa HOPMAJIIBHOTO PacIHpeieICHUs] XapaKTepru3yeTcs

onpeeneHHbM 3HauenneM t, . e. (X;—X)=t-o . Jlpyrumu ciosamu,

3Hasg t, MOXHO yYCTaHOBHUTH, B KAKYK) CTOPOHY M HACKOJBKO OTKJIO-
HSAETCA BapUAHTA OT LIEHTPA PacupeaeICHHUS.
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M

-3 -2 -1 68% +1 +2| +3
95,4%

99,7%

Puc. 3.4. UnmocTparus npaBmia 3-X CUT'M

Tax, mpu t = +1 3HadyeHHWe mpu3HaKa OyJIET HAXOAWTHCS CIIpaBa
OT LIEHTPa pacHpeleCHUsI M OTKJIOHATBCI OT Hero (T.e. oT X)
Ha BeauuuHy lo; npu t = -1.5 3HadyeHue npu3Haka OyJeT HaXOIUThCS
CJIeBa OT IIEHTPA PACTIPEACIICHUS B OTKIOHATHCSA OT HETO Ha BEJTUYHHY
1.56. Kpome ToOrO, M3 Marematudeckod Qopmysibl HOPMaJIBHOTO
pacnpenescHus, CBSI3BIBAIOIICH BEPOATHOCTh C HOPMHUPOBAHHBIM
OTKJIOHEHWEM, CJeayeT, 4To B TpaHuiax ot —t mo +t Bcerma Oyner
3aKJIF0YCHA ITOCTOSIHHAS BEPOSATHOCTh HAXOXKJICHHUS OIPEICICHHOIO
3HAYCHMS MpU3HaKa. Tak BOT, B npeaenax 1o (1. ¢. mpu t = 1) Bcerna
orcekaercs 68.3% or oOmel tiomand ¢GUrypsl TOA  KPUBOM
HOpMaJIBHOTO pactpenencHus (puc. 3.4). DTO 3HAYUT, YTO C BEPO-
aTHOCThIO 0.683 3HaueHue ciy4ailHON BETUYMHBI TIOMA/IET B MHTEPBAJ
ot -16 10 +1o, a ¢ BepostHOocThIO 0.317 (1 — 0.683) 3TO 3HAUYCHUE
MOJXKET TIONACTh 3a MpEIeNbl JaHHOTO HMHTepBaja. Ecim mHTEpBal
pacmmpuTh 10 +26 (T. €. ipu t = 2), TO oTcekaThes Oyaer yxe 95.4%
oT oO0mied momanu QGUrypsl MOJA KPUBOM HOPMaJILHOTO pacripe-
nenenus (puc. 3.4). Jlpyrumu ciioBaMu, B MHTEpBal OT -2G6 10 +20
HayTaj] 0TOOpaHHas BapHaHTa MONajeT yke ¢ BeposaTHocThIo 0.954, n
muib ¢ BeposTHOCThIO 0.046 (1 — 0.954) ona MOXeT HE MOIAcTh B
TOT WHTepBai. W, Hakownen, B mpeneinax *3c (t.e. mpu t = 3)
sakmoueHo 99.7% ot oOmei momanu QUTypel TOA  KPHUBOM
HOpMaibHOTO pacmpeneneHus (puc. 3.4). ®DaxkTHYECKH MOXKHO
yTBepkaaTh (Mpeacka3ats), 9to ¢ BeposTHOocThio 0.997 Bce 3HaueHuUs
npu3Haka OyIyT OTKJIOHATBHCS OT IIEHTpa pachpeicieHus (CpemHen
apu(MeTHICCKOW) Ha BEIMYHHY, HE MpeBbImaronyo +3c. W mumib
¢ sepostHOcThI0O 0.003 (1 - 0.997) mayram oTtoOpaHHas BapuaHTa
MOJKET HE TOTIacTh B 3aJJaHHBIC TPAHMIIBI.
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Ilpumeuanue. HopmanbHble pacupeieneHnsl BCTPEYAOTC OYCHb
4acTo, KOrJa HeKas BEJIIMYMHA OTKJIOHSETCS OT CPENHEW IOJ JIEUCT-
BUEM MHOKECTBa Cla0bIX, CIIy4yalHbIX, HE3aBUCUMBIX JAPYT OT Apyra
(GbakTOpOB, KOTOpBhIE MPUBOIAT K (HOPMHUPOBAHUIO CHMMETPUUYHOIO
pactipeneneHus. Takum 00pa3oMm, HOPMaJIbHOE paclpeaeiIeHue
ABJISICTCSI MOJIENIBI0 WJEATbHOTO PAaBHOBECHOTO COCTOSIHHS, HE TMO/I-
BEPKEHHOIO JEHCTBHIO KaKOTo-1MOO OJHOro  CrIenupuyecKoro
dakTopa. OgHAKO B €CTECTBEHHBIX YCIOBUSIX HOPMaJIbHBIE pacrpee-
JIEHUSI IPU3HAKOB YaCTO HAPYILIAKOTCA.

3.4. lNloHsmue acummempuu
U 3Kcuyecca pacrnpedesieHus

CymiecTByeT 2 Tuma OTKJIOHEHHMM pacnpeeseHus Mpu3HaKa
OT HOPMAJIbHOM KPUBOM:

1. Acummempus (AS) — IpH HOPMAJIBHOM pacIpeACICHUH MOJa
U MeWaHa coBmagarT. [lpm acuMmeTpunm Moaa OTKIIOHSETCS OT
MeJIMaHbl BOpaBo JMOO BieBo. Eciyu Moma OTKIOHSETCS BIEBO OT
MEJMaHbl, a TpaBas BETBb KPHBOW JUIMHHEE JIeBOW (T. €. sABIsAETCS
0oJjiee IMOJIOroi), TO TOBOPAT O nonoxcumenvrol (npasocmoponneii)
acummempuu, Tpu dToM Kodhuuuent acummerpuun As >0
(puc. 3.5). Ecnmm Moma OTKJIOHSETCS BIPAaBO OT MEAHWAHBI, a JIeBas
BETBb KPHUBOW JJIMHHEE TPABOM, TO TOBOPIT 00 ompuyamenvHol
(resocmoponmnett)  acummempuu, TpA  OTOM  KOIPPHUIUEHT
acummetpun As < 0 (puc. 3.5).

As>0 As=0 As<0
/7 \

Puc. 3.5. Acummerpus pacupeneiaeHus

2. Okcyecc (EX)— um3MeHEHHE BBICOTHI MOJAIBHBIX KJIACCOB
SMITUPUYECKON KPUBOM OTHOCHUTEIBHO BBICOTHI MOJAJBHBIX KJIACCOB

69



HOPMAJIBHOM TEOPETUYECKOW KpUBOW. Eciv BeplIMHA SMIIMPUYECKON
KPUBOM OKAa3bIBAECTCSA CHJIBHO IIOJHITOM OTHOCUTEIBHO BEPIIMHBI
HOPMAJIBHOW KPUBOM, TO TOBOPAT O HOJNOICUMENbHOM 3KCYecce
pacnpeoenenusi, ipu 3ToM kodpdumuent skcrecca Ex > 0 (puc. 3.6).
Eciu BepuirHa SMIUPUYECKON KPUBOU OKA3bIBAETCS HUXKE BEPILIUHBI
HOpPMaJIbHOM KPUBOW, TO TOBOPAT 00 ompuyamenbHoM dKcyecce
pacnpeoenenusi, Ipu 3ToM kodddurment 3xcrecca Ex < 0 (puc. 3.6).

Ex>0 Ex<0

Puc. 3.6. Dkciecc pacrpeaeneHus

Takum 00pazom, TEOPETUUECKOE HOPMAIIBHOE PACIIPEACTICHUE UMEET
As=0mEx=0.

Ilpumeuanue. Paccuntath KO3(OPUIMEHTH ACUMMETPUH U 3KCIIEC-
ca MOKHO B MoayJie «Onucamenvhas cmamucmuka» (CM. TIaBy 2).

[IpruvHBl BO3HUKHOBEHHUS ACHMMETPUYHBIX OSMIUPUUYECKUX
pacrpeesieHuil MOTYT OBbITh pa3HBIMU:

1. «Mexanuueckas» npuuuna — aCUMMETPUYHOCTb paclpeaelie-
HUS CBA3aHA C HENPABUJIbHOW IPYINIUPOBKON 3HAYECHUM ITPU3HAKA T10
KJIACCOBBIM HHTEpBajaM WM C HEMPaBWIBHBIM Pacue€TOM IIUPUHBI
KJIACCOBOI'0 MHTEpBaia. B pe3ylsibTare ¢ OQHOKW CTOPOHBI KPUBOM Yac-
TOTa BCTPEUAEMOCTH 3HAUYCHHMM MPHU3HAKAa MOXKET OKa3aThCad OOJIbIIE,
yem ¢ apyroil. [logoOHbIe acHMMETpUYHbBIE pACIPEIeICHUs] Ha3bIBa-
IOTCS JIO’KHBIMU.

2. Moouguyupyrowue ycrosus 6HewiHell cpeobl — JICUCTBHE
KCTPEMAJIbHBIX WU crienupruueckux (HakKTOpoB MPUBOJIUT K OTKJIIO-
HEHUIO 3HAYCHHM OMOJOTMYECKUX MPHU3HAKOB OpraHu3Ma OT «HOP-
MBI», U TP U3YUYECHUU JTAHHBIX NMPU3HAKOB PACIPENECICHUE UX OKa3bl-
BACTCSI ACUMMETPUYHBIM.
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3. HeoOnopoonocms 6bl00pKu — O0OBEAMHEHUE 2 Pa3sHOPOIAHBIX
COBOKYITHOCTEH, KaXkJas U3 KOTOPBIX HMMEET HOpMalbHOE pacmpe-
JeNieHue, HO B CyMME OHHM 00pa3yl0T aCUMMETPUYHOE paclpeiesieHue
(kak TpaBHII0, OMMOJIATPHOE WIIH JIBYXBEPIIIMHHOE, B OOIIEM clTydae —
MOJIMMOAITBHOE).

3.5. BuHoMuanbHoOe pacnpedesieHuUe

Bo MHOrom 06mm3ko kK HOpMaigbHOMY. OTIMYHE COCTOWT JIHIITH
B TOM, YTO OHO XapaKTepH3yeT MOBEICHNES TUCKPETHBIX MPU3HAKOB, BBI-
PaXCHHBIX IEIBIMH YHCIaMH. TakuM 00pa3oM, mpu OMHOMHATIHLHOM
pacrpenesieHiy TPOSBIIICTCS Ta )K€ camas 3aKOHOMEPHOCTb, YTO M TIPH
HOPMAJIHLHOM PACIIPEICIICHUH. YeM OJIFbKe 3HAYCHHS JUCKPETHOTO MpH-
3HaKa K IIEHTPY pacipeIeIeHus, TEM BBIIIIC BEPOSTHOCTh MX MOSBICHUS.

MaremaTH4eCKd paclpeeiCHUE Ha3bIBACTCS OUHOMUATbHBIM,
CCJIM BEPOSTHOCTH TOSBIICHHUS OTJCIBHBIX 3HAUCHUI MPU3HAKA BBIpa-
YKAIOTCS BEJIMYMHAMH, COOTBETCTBYIOIIMMU KOA(DbHUIIMEHTaM pasiio-
*)eHnst omnoma HrroToHa!

(p+ Q)"

IJI€ P — BEPOSITHOCTD IOSBJICHUS NTPU3HAKA,

( — BEpOSATHOCTb HEIOSBICHUS TPU3HAKA,

K — YMCJIO KJIACCOB, OTJIMYAKOLIUXCS IO TOSIBJIEHUIO PU3HAKA.,

Koadduurentsl npu OTAENbHBIX YI€HaX pPa3joKeHUs OWHOMa
HproToHa T1pM BO3BEIEHMM €ro B pa3Hble CTENEHU OyayT
CJIEIYIOILNMU:

(p+0q)=

®+q)=p g
(pIQ)4— 3pq+3pq+q .
(p+q)*=p*+4p°g +6p°q° + 4pg° + g

Oti  KOIDPUIMEHTHI MOXHO JIETKO IIOJYYHTh C ITOMOIIBIO
TpeyronbpHuKa llackamns, B KOTOpOM IUQPHI KaXKIOTO MOCIEAYIOMIETO
psaaa TOMY4aroTCs IyTeM CIOXKCHHS ABYX WGP psjaa, pacroio-
*KeHHOro Haja HuM (puc. 3.7).

B ocHOBe OWHOMHAIBHOTO pAaCHpPENEICHHUS JICKUT allbTepHA-
TUBHOE MPOSBICHUE KA4eCTBCHHOTO TNPHU3HAKA: OH MOXET OBITh
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y €IUHUYHOIO O0BEKTa HIIM OTCYTCTBOBATh, IPOSBHUTHCS WM HET.
B ruesnmax npesecHoii sactouku Tachycineta bicolor moxxao obnapy-
KHUTh 1 MTEHIAa WK HE OJHOTO, 2-X MTEHIIOB WM HE IBYX NTEHIIOB,
3-X MITEHIIOB WU APYroe X KOJIUYSCTBO U T. .

n buromuanssie  Koap@uyveHms

0 1

1 1 {

2 f 2 i

J 1T 3 3 !

4 r & 6 & 1

5 iP5 w 0 5 1

b f 6 5 20 5 & 1

7 17 2 3% Hx a7 1
i &8 B % W % 8 & {1
g 1T 9 3 & m 2 & % 9 1
1711 0 4 20 20 252 20 W 4 0 1

Puc. 3.7. Apudmernueckuii TpeyroiabHuK [lackamns

OTnenbHBIA KOPHEIUIO[ MOXKET OBITh OOJBHBIM HIIM 370POBBIM
(mpu3HaK Ka4eCTBEHHBIN), TOTAA npoba U3 HECKOJIBKUX KOPHEIUIOIOB
OyJAeT coepKaTh HEKOTOPOE HuCI0 3I0POBBIX KOPHEILIOI0B (MPU3HAK
KOJIMYECTBCHHBIN), a MHOXKECTBO PaBHOOOBEMHBIX MPoO o0Opasyer
y>K€ BBIOOPKY YHCeN, I KOTOPOH MOYKHO TIOCTPOHMTH THCTOTPaAMMY
pacnpeseiieHns. BepoSTHOCTh OTICIBHOTO COOBITHS (KOPHEILION
00JIbHOM) COCTaBIsSCT P, a BEPOATHOCTh aJbTCPHATHBHOTO COOBITHS
(kopHerion 3m0poBbIH) paBHa ( =1—p. [Ipu paBeHCTBE BEpOSAT-
HocTel coObiThii P =0 = 0.5 GonpmmHCTBO TIPpOO (BapwaHT) OyneT
UMETh OKOJIO ITOJIOBHHBI BO3MOYKHBIX COOBITHH (ITOPOBHY OOJBHBIX U
3JIOPOBBIX KOPHEIUIONOB); pAaCIpeACIICHHE IMPUMET CHMMETPHUHYIO
dopmy (puc. 3.8). B ciayuae HepaBeHCTBA BEpOSTHOCTEH HAOII0qaCTCs
Ta WIA WHAas CTEIeHb acuMMeTpuu pactpenenenus (MBantep,
Kopocog, 2003).
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Puc. 3.8. I'paduk 6uHomuansHoOro pacnpenenenus (npu p = g = 0.5)

[TpumepamMu onucaHus MPH3HAKOB C IOMOIIBI0 OMHOMHAIBHOIO
pacnpeieieHuss MOTYT CIYXKHTh IMOPaKCHUS TJIMCTHBIMU MHBA3UAMU
pbIO, menopuyeckas ¢GopMa IBETKA B IMONYJSALNHIX JbBHHOIO 3€Ba
(ITmoxuuckuit, 1970); yuciIO MOBPEKICHHBIX YYAaCTKOB Ha JINCTHIX,
YKCIIO BOJIOCKOB Ha €IMHHUIIE IUIOMIAAM IIKYPKH, KOJIUYCCTBO JTyde
B IUIABHUKAX PBHIO, YKCIIO XBOCTOBBIX INUTKOB y PEHTHIIMH, IUIOIO-
BUTOCTh (pa3mep BhIBojKa) camok (MBantep, Kopocos, 2003); uucio
JUCTOYKOB OKoJIOBeTHHKA y Anemone nemorosa L. (IlImuar, 1984);
TUIUYHAS 00JIaCTh MPHMEHEHHMS B D3KOJIOTMHM — OIIMCAHUE OJHO-
POJIHOCTH coobIecTBa 1mo Berpeuaemoctu BuaoB (Ily3auenko, 2004).

3.6. pyaue munbl meopemu4eckux pacnpedesieHull

3akon Ilyaccona onmchiBaeT penkue coObITHs (TPU3HAKH), TPO-
ucxoxsmme 1, 2, 3 ¥ T. 1. pa3 Ha COTHU U THICSYN OOBIYHBIX COOBITHIA.
JpyruMu cioBamu, COOBITHS, BEPOATHOCTb p KOTOPBIX KpailHe Mara,
a (, COOTBETCTBEHHO, MPHUOJMKAeTCd K eauHuIle. TakuMm o0pa3oM,
pacnpenenenue IlyaccoHa MOXKHO paccMaTpuBaTh Kak MpeaesibHBIN
ciyyail OmHOMHUaAIBHOTO pacnpenenenus. [Ipu p = ( OGuHOMUATBHAS
KpUBas CTPOTO CHMMETPUYHA, MPU 3HAUYUTEIHHOM YMEHBIICHUU P
OMHOMHAJIbHAS KPHUBAsi CTAHOBHUTCS aCHMMETPHUYHOM (puc 3.2).

B Owomorun u skosioruu 3akoHy IlyaccoHa yaOBIETBOPSIOT
peaKo HaOJI0JaeMble SIBIICHUS: 4acTOTa HApYIICHUH XPOMOCOMHOIO
ammapara Ha KaXIyl ThICSYy MHTO30B, BCTPEYAEMOCTh CEMSH
COpHsIKa B OOJIBIION CEpUU HABECOK CEMSIH KYJIbTYpPHOTO pacTEHUS,
YHUCJIO TIOBTOPHBIX TOMAIaHUMN )KUBOTHBIX B JIOBYIIIKH, BCTPEYAEMOCTh
’KUBOTHBIX Ha OTPE3KaxX JUTMHHBIX MapIIpyToB (WJIM Ha IPOOHBIX ILIO-
IaJIkax OOIIMPHOW TEPPUTOPHUHU), OTIIOBBI KHBOTHBIX B OTJICIHHBIC
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IPOMEKYTKA BpPEMEHU IIPH JUIMTCIBbHBIX HaOmoaeHusx (MBantep,
Kopocos, 2003); sBieHre moau>MOPUOHUN B CEMECHHBIX PaCTCHUSX,
4acTOTa POKJEHUS TPOCH M YETBEPEH Y YEJIOBEKa, 4acTOTa OCTPOBKOB
Jlanrepranca B TKaHSIX IOJDKETyIOYHOU skenre3nl (Poxurkmid, 1973);
YUCJICHHOCTh TEPEe3MMOBABIIMX KJIOMOB BPEAHOM dYepemalikyd Ha
MPOOHBIX TIJIOMIAKAX, YaCTOThl CMOHTAHHBIX MYTallUid y KHUIIEYHOU
nayouku (Jlakmn, 1990); uucno map BeTBel y OeperoBoil 3KOIIOTH-
yeckoit hopmer Odontites serotina Dum. (ILImuar, 1984).

Pacrnipenenenue iocnopmanvroe, Uiam 102apugpmuiecku HopmMaiv-
Hoe, XapaKTEepPU3yeTCs TEM, YTO JIOTapu(PMbl HCXOIHBIX 3HAYCHHUI
BBIOOPKH 00pa3yloT MpaBUIIbHOE HOPMAJIBHOE paclpeesieHHe; pac-
npeeseHue K€ UCXOTHBIX 3HAYeHUH, KaK MPaBUIIO, YMEPEHHO CMe-
IIICHO B MPaBYIO0 CTOPOHY BapHarMoHHOW KpuBoi (puc. 3.2). DTa Mo-
Neib TOAXOIUT JUIsl OMUCAaHUS TaKUX IOKa3aTesied, Kak KOHIIEH-
TpaIyy BEIIECTB B Pa3IMUHBIX CPeaax, THAPOXUMUYECKUE, (HU3HOIIO-
rHueckue M Omoxumuueckue xapakrepuctuku (MBantep, Kopocos,
2003); maHHOW MOIEIBI0 yJadyHO MOXET OBbITh OIHKCAHO paclIpeje-
JeHue aTMocdepHoro u nmouBeHHoro 3arps3uenus (Ilyzadenxo, 2004),
a TaKXKe paclpeleIcHUe YHUCICHHOCTH M OMoMacchl OEHTOCHBIX
opraan3moB (IIIutukos u np., 2003).

Pasnomepnoe pacnpedenenue XapakTepuzyercs OIHMHAKOBOM
YaCTOTOM BCTPEYAEMOCTH BCEX 3HAYCHUM JUCKPETHOTO NPU3HAKA
(b=0 mma ABYX KmaccoB umm P;=P; =...=pPj... =P A
HECKOJIbKUX KiaccoB) (puc. 3.2). Takol THI pacrpeaesieHus MOKHO
WCIIOJIb30BaTh MPH aHAJIM3E YacTOT T'eHOB U (PEHOB B MOIYJIAIHUSAX,
IpU TOJACYETE TECT-OPraHU3MOB, BBIKHUBIIUX B TOKCHKOJOTHYECKOM
skcriepumente (MBantep, Kopocos, 2003).

L'amma-pacnpeodenenue MCTIONB3yeTCA JUIsl ONMUCAHUS pacmpe]ie-
JeHUs aTMOC(EpHBIX OCAAKOB, a’PO30JieH, XUMUUYECKHX BEIICCTB
B TTOYBE, CTOKE, YMCJICHHOCTH HEKOTOPHIX BHJIOB HOPHBIX JKUBOTHBIX
(ITy3auenko, 2004).

[Tocne omucanusi HEKOTOPHIX 3aKOHOB paCHpeEICHUs OCTaNIOCh
MOHSATh, 3aU4eM OHOJIOTY U DKOJIOTY HEOOXOAMMO 3HATh, KAKOMY 3aKO-
HY COOTBETCTBYET paclpe/eiieHue U3y4aeMbIX WM KOHTPOJIHPYEMBIX
MPU3HAKOB W TIOKa3aTeJed B MpoIlecce HCCAeAOBaHUA. JTa 3ajada
BHEIIIHE Ka)KETCS BCIIOMOTaTEIbHOM, TTOCKOIBKY CaMo TI0 cebe OIeHU-
BaHHME 3aKOHA paCIpeAC/ICHUS HE MMEET OOJBIIOr0 MPaKTUYECKOTO
cmbiciia. C Apyroil CTOpPOHBI, ATa OMEpalusi MOXET IaTh HCCIENO0-
BaTeI0 HEKOTOPYIO BAXXHYIO HHPOPMAIIUIO O COCTOSTHUN 3KOCUCTEMBI
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WJIU TIOMYJISIIIMU, 00 SKOJIOTMU BHJIA, O JACHCTBUU B IKOCUCTEME HEKO-
TOPBIX JSKCTPEMAJIbHBIX (PAKTOPOB, yKa3aTh Ha ONPEACICHHYIO
TEHJICHILIUIO B HAIIPaBJIEHUU €CTeCTBEHHOro otOopa. Hampumep, cuib-
HBIN MOJIOKUTEIbHBIM AKCIIECC B PACTIPEICIICHUN KU3HECHHO BaKHBIX
MPU3HAKOB TOMYJISIIIMM MOXET yKa3blBaTh HAa YXKECTOUEHUE CTaOu-
JIU3UPYIOLIET0 0TOOpa, a ACUMMETPUYHOE OTKJIOHEHHE OT HOpMallb-
HOT'O pacIpeeieHus1 — Ha CMEHY CTaOMJIM3UPYIOIIEro 0TOOpa Ha ABU-
xymmii (MBantep, Kopocos, 2003). Kpome TOro, pe3ko acMMMeT-
pUYHOE pachpe/iesieHHe KaKoTo-Iu00 MpHU3HAKAa MOXKET CBHJIETEIIb-
CTBOBaTh O BJIMSHUM Ha MPU3HAK HEU3BECTHOTO JIMMUTHUPYIOIIETO
¢dakTopa, MPUBOAIIETO K OJA00HOMY cMemieHuto. [Ipu aTom caenartsb
BBIBOJI O TOM, YTO 3TO 3a (paKTOp U3 aHAIM3a 3aKOHA pacHpeacsICHUs
OyJzer, KOHEYHO, mpoobieMatudHo. [ToaToMy mogoOHbBIE yIIpaKHEHUS
MOTYT CHUJIBHO HAlOMHUHATh «TaJaHus Ha KodelHou ryme». bonee
BOKHBIM TMPUJIOKEHUEM MPAKTUYECKUX HABBIKOB HCCIEAOBATENS
ONPEACIISITh TUM PACIPEACIICHUS SIBISETCS KOPPEKTHOE MPUMEHEHHE
OOJBIITMHCTBA METOJOB MAaTeMAaTHYECKON CTaTUCTUKW. 3HAs THI pac-
peCIICHNs, MOKHO BOCIIOJIb30BAThCSl Pa3pa0OTaHHBIMU CHEIUATBHO
JUISL HETO TIpUeMaMy MaTeMaTH4YeCKOW OOpaOOTKH M MOJYyYUTh Mak-
CUMaJbHYIO0, a TJIaBHOE, IOCTOBEPHYIO MH(OpMaIHIO O SBIICHUH, CHE-
naTh 00Jiee TOUHBIM MPOTHO3, MPABUIbLHEE OLEHUTH PA3INUU MEXIY
napaMeTpamMu pa3HbIX BBIOOPOK. B OoNBIIMHCTBE CiaydaeB HCCIe-
JIOBATEIIO Tepe]] MPUMEHEHHEM KOHKPETHOrO METOoJa MaTeMaTu-
YecKol 00pabOTKU AaHHBIX JOCTATOYHO OTBETUTH HA BOIPOC. OTJIU-
YaeTcs JIM PaclpeAesieHUEe U3yd4aeMoro Mokasareiis OT HOPMalbHOTO
TEOpPETHUECKOTro (B Ciydyac JMCKPETHBIX MPHU3HAKOB OT OMHOMHAIIb-
Horo) wiu Het? Ecim pacnpeneicHre HOPMaIbHOE WM OJU3KOE K
HOPMaJIbHOMY, TO HEOOXOJAUMO MPUMEHSTh TOYHBIE U BBICOKOA(PEK-
TUBHBIC MapaMeTpuueckue metonabl. Eciau pacrmpeneneHue CUIBHO
OTKJIOHSIETCS OT HOPMAJIbHOTO, TO MOJb30BaThCA MapaMeTPUYECKUMU
METOJIaMM HemNpaBOMEpHO. B 3ToM ciydae KOpPpEeKTHBIM OyJeT
UCITIOJIb30BaHKNE HEMapaMeTPUIECKUX METOIOB aHAJTU3A.

Ilpumeuanue. Vcnionb3dys MapaMeTPUUECKUE CTATUCTHUUYECKUE
METObI JIJII OMHMCAHWs HEMPEPHIBHBIX MPU3HAKOB, HYKHO OBITH yBe-
PEHHBIM, YTO OHHU JEUCTBUTEIHLHO MOMAYUHSIOTCS HOPMAJILHOMY 3aKO-
HY, a B ClIy4ae JUCKPETHBIX MPU3HAKOB — OMHOMHaIbHOMY. B nanb-
HEWIIIeM JJIsl TPOCTOThI M3JI0KEHUS, MOJpa3yMeBas CKa3aHHOE, MBI
OyZneM TOBOPUTH JIUIIbL O MPOBEPKE HOPMAJIBLHOCTH pPaCHpeIeNICHUS
MU3y4YaeMbIX [MOKA3aATEIICH.
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MaBa 4. CTaTuctuyeckme oueHkKu
reHepanbHbIX NapamMeTpoB,
WJIU HACKOJIbKO TOYHO AaHHble BbIOOPKHU
COOTBETCTBYIOT peanbHOCTH

B sToli rnmaBe uMTaTe b MO3HAKOMUTCS C TE€M, KaKUM o0pa3om
MO>XHO OIICHHMBATh CTATHCTHYECKHUE TapaMeTphl T'€HEpPaJIbHOW COBO-
KYITHOCTH, €CJIU B PACIOPSKEHUU HCCIEN0BATENsl UMEIOTCA pacCyu-
TaHHbIE CTAaTUCTUYECKHE XapPaKTEPUCTHUKUA BBIOOPKH, H3BICUECHHOMN
U3 3TOM TeHEPATHHOW COBOKYITHOCTH.

HamoMHMM, 4TO OCHOBHOM II€JIbI0 BEIOOPOYHOTO METOJIa MCCIie-
JIOBaHUS SIBIISIETCS OLICHKAa TeHEepajJbHOM COBOKYNMHOCTH Ha OCHOBE
W3BECTHBIX XapaKTePHUCTUK BBIOOPKH, MPEACTABIISIONICH JUIIL YacTh
TOM COBOKYMHOCTU. JIt0oOoro wucciemoBaTenss B NEPBYIO Oyepenb
OyJeT MHTEepecoBaTh, K MPUMEPY, CPEIHSS YUCICHHOCTH (OMoMacca)
BHUJIa WJIM BO3pacTHas CTPYKTypa TOMYJAIMH HE B HW3YUYCHHBIX
Ha MPOOHBIX IUIOIIAKaX BBIOOPKAX WM B OTOOpaHHOM U3 o3epa
npoOe, a BO BCEH MOMYJSAIMU BUJIAa WX B IIEJIOM JIJIs BCETO 03epa.
YucnoBble TOKa3aTeNM, XapaKTEPHU3YIOIMNE TEHEPATbHYI COBOKYII-
HOCTh, Ha3bIBAIOT 2€HEPANbHbIMU NApAMempamu, a CTAaTUCTUUYECKUE
MOKa3aTelM, XapakTepu3yrolue BEIOOPKY, — 8b100pOUHbIMU XapaKme-
pucmuxamu. V3 3TOTO pa3feieHusi CTAHOBUTCS MOHSITHBIM, MOYEMY
JUTSl OTHUX U T€X K€ CTAaTUCTUYECKUX MOKa3aTesie MpUMEHSIOTCS pa3-
Hble OyKBEHHBIE 0003HaueHMs. Tak, eciu cpenHss apudmeruyeckas
paccuuTaHa Ha OCHOBE JIaHHBIX T'€HEPAJTbHOW COBOKYMHOCTH, TO €&
o0o3HayaroT OyKBOH |l, €CIIM Ha OCHOBE BBIOOPKH — X miu M, rexe-
pasbHas QUCIIEPCHS — 3TO 67, BEIGOPOUHAs AucIepcus — S°; reHepaib-
HOE CTAaHJAPTHOE OTKJIOHEHHE — 3TO G, BBHIOOPOYHOE CTAHIAPTHOE
OTKJIOHEHHE 0003HavaeTcs Kak S. Paznnuns B 0003HAYESHUSIX TTOTIEP-
KUBAIOT TOT ()aKT, YTO BHIOOPOUYHBIEC XAPAKTEPUCTUKH, KaK BEIUUYMHbI
CilydaliHble, HE COBMAJAIOT IMOJHOCTHIO C T'€HEpaJIbHBIMHU IapamerT-
paMu, a ¢ HEKOTOPOU CTEMEHbIO OTKJIOHEHHUS B Ty WJIM UHYIO CTOPOHY
BapbUPYIOT BOKpYr HUX. MccrmemoBarens k€ Bcerga HHTEPECYIOT
UCTHHHBIC TMapaMeTphl T€HEPATbHOW COBOKYIMHOCTH KaK OCHOBHOTO
0o0BEKTa HCCIIENIOBaHUS, HO B HEMOCPEICTBEHHOM PACHOPSKEHUH
UMEIOTCS, KaK MPaBUJIO, JIUIITL BRIOOPOUYHBIE XapaKTepucTHKU. [1oaTo-
My YacTO ¥ BO3HHMKAET 3aJa4a KaKMM-TO 00pa30M OILIEHUTh TOYHOCTb,
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C KakoW clydailHas BBIOOpOYHAsS XapaKTEPUCTHKA COOTBETCTBYET
UCTUHHOMY T€HEpaIbHOMY ITapaMeTpy.

JIns TOHMMaHUS TOTO, IOYeMYy BBIOOPOUYHBIE XapaKTECPUCTUKH
SBJISIIOTCS JIMIIh TPUOJIMKCHHBIMM OIICHKAMHU TeHEpalbHBIX Mapa-
METPOB, 00pPATHUMCS K IIOHITHIO KCMAHOAPMHASL OUUOKA.

4.1. CmaHOapmHasi owubka cpedHe20 3Ha4YeHus

CranmapTHas omuOKa CPEIHEro SBJISIETCS WHTEPBAIIBHOM OLICH-
Kol («OT — J10» WU %) TeHEepaJbHOrO CPEIHEro 3HAYCHHS M pac-
CUMTBHIBACTCS HAa OCHOBE M3BECTHOTO BBIOOPOUYHOTO CPEIIHETO.
BHhauane mpuBeneM onpeieneHue. cmanoapmuas owubka (cpeowsis,
cpedHeksaopamuiecKkas, Cmamucmuyeckas owuoxka;, owuoxka penpe-
3eHMAMUEHOCMU, OWUOKA 8bIOOPOYHOCMU) — OTO CPEIHSS BEIIMYMHA
OTKJIOHCHHUSI BBIOOPOYHON XapaKTEPUCTUKU OT €€ TEeHEPaIbHOTO
napamerpa. Haubosee yacTto B OMOJOTUM U HKOJOTUM UCTIOIB3YETCS
MOHATHE «CTAaHJAAPTHAsS OIIMOKA CPEAHETO 3HAUCHUSY,

CrnenyeT cpa3y OroBOPUTBHCS, YTO CTaHAAPTHASI ONTMOKA HE SIBIIS-
€TCS MOTIPEHIHOCThIO (OIIMOKOM M3MEPEHHMS), a MMEET COBEPIICHHO
Ipyryo npupojay. YToObl TOHATH, KaKuM 0O0pa3oM BO3HHUKAET
CTaHJapTHas OMIMOKa, PAaCCMOTPHUM IMPOCTOM MPUMEP BHIOOPOUYHOTO
UCCJICIOBaHUs, KOTOPBIH, OJIHAKO, B PEATHHOCTH HEOCYIIECTBUM,
MOCKOJIBKY B JIEHCTBUTEIBHBIX YCIOBUSX MPUMEHEHUS BHIOOPOYHOTO
MeToAa 00bEM TeHepaIbHON COBOKYIMHOCTH OBIBACT IOJIABIISAIOIIE
BEJIMK M TEOPETUUYECKH CTPEMHTCS K O€CKOHEUYHOCTH. JlomycTuM, 4To
WHTEpECYIoIas HCcCleoBaTels TeHepaibHas COBOKYITHOCTh COCTOUT
BCEro W3 5 BapwaHT, MPEACTABIAIONMX COOOH, K mMpuUMepy, UTHHY
TeJa KaKoro-1u00 BUa )KHBOTHOTO (CM):

816 20 24 32

Takum oOpa3zoM, 00beM reHepainbHON coBOKymHOCTH (N) Oynmer
paBeH 5, 3HAUMT reHepaibHas CpeaHss OyAeT paBHa.

_ 8+16+20+24+32 ~90 e,

U

Ou4eBUIHO, YTO B PEAIbHOCTH MCCJIEIOBATENIb HUKOTIa HE 3HAET
HU 00beMa TI'eHEepaIbHOM COBOKYIIHOCTH, HM TE€HEpaJIbHBIX Mapa-
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MeTpoB. [Ipeanosioxknm, 4To Mbl 3aXOTENIH OLIEHUTh CPEIHIOK JUINHY
TeJla KUBOTHOTO, UCIIOJIb3YsI OOBIYHBIN JJI 3TUX LEJei BHIOOPOUHBIM
METOJ. 3alIaHUPOBAHHBIM HAMU 00bEM BBIOOPKH JOJKEH COCTABUTH
n = 4. TTockoyibKy BBIOOpKA JAOJAKHA OBITh B35iTA CIy4ailHBIM 00pa3oM,
ATO O03HAYaeT, YTO €CTh paBHAs BEPOSATHOCTh BCEX BApUAHT I'EHE-
paJbHONM COBOKYITHOCTH IIOIMACTh B COCTaB ATOM BBIOOPKHU. Jpyrumu
CJIOBaMH, KaXJas U3 3TUX O BapUAHT T'€HEPaJIbHON COBOKYIMHOCTH
MOKET IONacTh B BBIOOPKY B cocTaBe emi€é 3-X pPaBHOBO3MOXKHBIX
BAPUAHT, B MWTOr€ BO3MOXHBI CIEOYIOLIAE PABHOBEPOSTHHIC
COYETaHUA:

8162024 8162032 8162432 8202432 16202432

Ecnum BbIOOpKa cocTaBisieTCs CIy4alHBIM CIOCOOOM, 3HAYMT
KaXKJI0€ U3 MATH COYETaHUN BapUaHT C PaBHON BEPOSITHOCTHIO MOXKET
OBITH OTOOpPAHO HCCIIEIOBATENEM i1 YCTaHOBJICHHS BBIOOPOYHOTO
CPEIHETO 3HAYCHHS JUIMHBI Tejia. JTO O3HA4YaeT, YTO B HAaIIUX
pacyeTax HEOOXOAMMO YUYWUTHIBATH BCE PABHOBEPOSATHBIC COUYETAHUA,
HE MPOITyCcKasi HA OJHOTO U3 HUX.

Tenepr paccunTaeM Bce BBIOOPOYHBIE CpEIHWE 3HAYCHMS,
KOTOpPBbIE MOT OBl TTOJTYUHTh UCCIIEI0BATENb MPU CIIy4YaiiHOM OTOOpE:

X1=8+16+20+24=17CM
)z2:8+16+420+32:190M
)?3:8+16+424+32:20 oM
)?4:8+20+424+32:21 oM
N :16+20+24+32:23 oM

° 4

Kaxxnoe u3 pacCUMTaHHBIX BBIOOPOYHBIX CPEAHUX C HEKOTOPHIM
npUOTMKEHUEM U XapaKTEPU30BaAJIO Obl HEM3BECTHOE MCCIIEIOBATEIIO
TeHEpAIbHOE CPEIHEE 3HAUCHHE MPHU3HAKA, MPUYEM, MPUHUMAs OJTHO
U3 OTUX BBIOOPOYHBIX CPEHUX 3a TCHEPAIbHYIO CPEIHIOI, HCCIe-
JI0BaTelIb B KaXKJIOM Cllydae JOMycKaad Obl HEKOTOPYIO HEU30EKHYIO
OUUOKY.
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Bocmonb3dyemMcss TeM, 4YTO B HaIlleM YHCIOBOM IIPUMEPE 3TO
reHepaabHoe cpeaHee yke u3BecTHo (U = 20), ¥ BBISICHUM BEIUYUHY
TaKOW OIMMOKUA B MPUMEHEHUHU KO BCEM IISITH BHIOOPOYHBIM CPEIHUM.
Tak, ecnu ObI MccaeAOBATENIb UME JICJIO C IEPBBIM BBIOOPOYHBIM
cpennuM (X, =17), mpuHuMas ero 3a renepanpHoe cpenee (U = 20),
OH cjenan Obl OITMOKY, paBHYIO Pa3HOCTH:

X, —u=17-20=-3, 1. e.

omuOcs Obl HA 3 CM B CTOPOHY MPUYMEHBIIEHUS AJIMHBI Tena. Pacyet
OCTaJIbHBIX OTKIIOHEHHH AaeT ciaeayromue omuoku: -1; 0; +1; +3.

Tenepp HYXHO ONpPEAENINTh, KaKOBa CPEOHSAS BEIUYMHA ITUX
AT PaBHOBEPOSITHBIX OMMOOK. J[pyrumu cioBamu, HACKOJIBKO
B CpEJIHEM MOT Obl OIIMOUTHCS UCCIEA0BATENIb, MPUMEHSIA BbBIOO-
pounsblii MeToa. Kak u B ciydae pacueTa AUCIIEPCHU M CTAHIAPTHOTO
OTKJIOHEHUs (CM. TJ1aBy 2), 4TOOBI HM30aBUTHCA OT OTPHUIATEIBHBIX
3HAQUYECHUI, BO3BEJAEM BHAuaje KaXAyl OLIMOKY B KBaApar, 3aTeM,
CYMMHUPOBAB IMOJYYMBIIHMECS 3HAYEHUA W TOJEJIMB HUX Ha YHUCIO
cmaraembix (5), mpousBemeM oOpaTHYI apu(METHIECKYIO orepa-
U0 — U3BJICYCHUE KBAAPATHOTO KOPHS:

-3/-1]0 | +1|+3
911170119

9+1+0+1+9=20

,/?Z\/ZZiZ cM

OTa cpeaHss BeTUYHHA MATH PABHOBEPOSTHBIX OMMOOK B HAIIEM
npuMepe W eCTh CTaHAapTHas OIHMOKa CPETHEro 3HAYCHUS JJIMHBI
Tena )KMBOTHOTO. MTak, craHmapTHas ommOKa MOKa3bIBAeT, HACKOb-
KO B cperaHeM (HO He MakcuMaibHO!!!) pUCKyeT OmMONUTBCS MCCIea0-
Barejb, NPUHUMAS OJHO W3 CIyYallHBIX BBIOOPOUYHBIX CPEIHHUX
3a HEM3BECTHOE €My TeHepajbHOe cpeaHee. B Hamem mpumepe,
CJICIOBATEIHHO, IPUHUMAS 32 CPETHIO JUTMHY Tela BCEX 5 JKMBOT-
HBIX (IeHEepalibHAs COBOKYIIHOCTH) CPEIHHMHA pa3Mep Tella TOJIbKO
4 )xMBOTHBIX (BBIOOpKA), MCCIIENIOBATEIb B CPEIHEM PHCKYET OIIIH-
OUTHCS HA BEJIMYMHY 2 CM.

BrrunciieHHbIC 3HAYCHHSI ONTUOOK II0JICTABIISIOT K COOTBETCTBYIO-
MM BBIOOPOYHBIM XapaKTEPUCTHKAM CO 3HAKAMH KILIIOC — MHUHYC»
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(xapakTtepucTrika * ommOka) W B Takoi (opMe MpeACcTaBIsIOT
B HAyYHBIX OTYeTax W mnyOnukauusax. Ecau Obl uccienoBaTesto
ClIy4yaiiHpIM 00pa3oM momajach IepBas BbIOOpKA, TO CTaHAapTHas
3aMKUCh MOJYYEHHON OIMOKN BHIOOPOYHOCTH UMena Obl BU/L:

X, =17+2 cm.

N3 paccMOTpPEHHOI0 THUIIOTETUYECKOTO IMpPHUMEpPa BBITEKAIOT JBa
Ba)KHBIX BLIBOJA.

1. CranaapTHas ommOKa IO CBOEHM MPUPOJIEC SBJSETCS HE OIINO-
KOM M3MEpPEHMS, a CTATUCTUYECKON OITMOKOM, HEM30€KHO BO3HUKAIO-
et mpu 0TO0pe BHIOOPOK M3 reHepabHOM COBOKYITHOCTH U, COOTBET-
CTBEHHO, CBSI3aHHOU C MEPEHECECHHUEM Pe3yJIhbTaTOB, MOIYUYCHHBIX MPHU
W3YUYCHUHU BBIOOPKH, Ha BCIO T€HEPATBHYIO COBOKYMHOCTh. [Ipu 3TOM
OUYEBHIHO, YTO OIMOKH U3MEPECHHS MOTYT YBEINUNBATh CTAaHAAPTHYIO
ommoOKy. Takxke ciaeayeT MOHUMATh, YTO ONPEICIATh BEIUUNHY OIIIH-
OOK pernpe3eHTaTUBHOCTH TPEOYETCS TOJBKO JIJIsi BBIOOPOYHBIX Xapak-
TEPUCTHUK, TeHepaIbHbIC TapaMeTPhl HE UMEIOT CTaHIAPTHBIX OITHOOK.

2. Pacuer craHmapTHOM OmMOKK (DaKTUUECKH COBMHAJAeT C BHI-
YUCJIEHUEM CTaHJIApTHOT'O OTKJIOHEHHUsI, MPOU3BEACHHOIO JIJIsi BHIOOD-
ku B riaBe 2. IloaTomy crammapTHas omuOka HE 4YTO HWHOE, Kak
CTaHJIAPTHOE OTKJIOHCHHE MHOXXECTBA CIy4alHBIX BBIOOPOYHBIX
CpPEIHUX OT HICTUHHOW T€HEPAIbHON CPEIHEM.

Ha mnpakTtuke OOBIYHO HET BO3MOXKHOCTH JeiaTh HECKOJIBKO
BBIOOPOK W BBIYHCIATH HECKOJBKO BBIOOPOUYHBIX CPEIHHUX, UYTOOBI
10 HUM MPOBOJMUTHL pacyeTbl. CTaTUCTUUECKass TEOpHsl IOKA3bIBAECT,

YTO CTaHJApTHAas OIIMOKA CPeIHETrO 3HAYCHUS B Jn pa3 MEHbIIIE, YEM
CTaHJapTHOE OTKJIIOHEHHE. [10ATOMYy OmMOKY MOKHO pacCUUTATh IS
CIMHHYHON OTHCNbHOW BHIOOpKM (Ha OCHOBE BCErO OJIHOTO
BBIOOPOYHOTO CPETHEr0 3HAUYCHHS) IO (hopMyJIe:

S

5
X \/ﬁ ,
I7ie Sy — CTaHJapTHOE OTKJIOHECHHUE,
N — 00bEM BBIOOPKH.
JpyruM 4YacTo UCHOJIb3yEMbIM O0O3HAYEHUEM CTaHJAPTHOMU
OIIIMOKH, KpOME Sy , ABJIsIETCA OykBa M.,
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Ilpumeuanue 1. Tlone3Ho 3HaATh, YTO MpHUBEACHHAs QGopmyia
Bcerja Aa€T 3HAYCHHS CTaHIAPTHOW OIIMOKH, HECKOJBKO 3aBBIIICH-
HbIE MO CPAaBHEHUIO C JCHCTBUTENIbHBIMH, IMOCKOJBKY B pacuerax
WCIIOIb3YETCS BHIOOPOYHOE CTaHAPTHOE OTKIOHEHHE, a He UICTUHHOE
reLepaipHoe. JlaHHasg HETOYHOCTh IIPU pacdeTax CTaHAApPTHOMU
OIMUOKK CUMUTAETCS JIONMYCTUMOM, TOCKOJBKY B CTaTUCTHUKE U3
aNbTEPHATUBBI — TIPCYBEIMYCHUE WM TPESYMCHBIICHUE OIIMOKH —
MMEHHO TI€PBOE SBJISIETCS MEHEE OMACHBIM.

®dopmysia CTaHIAPTHOM OMMOKKW TIOKa3bIBAE€T, YTO BEJIUYHUHA
OmMOKKA TeM OoJIbIlle, YeM OOJbIIe BapbUpOBaHUE MNpu3HaKa (Sy)
¥ ueM McHbIie BbiOopka (Nn). Ilpm yBenuueHMM oObeMa BHIOOPKH
OIMOKHU PENPe3eHTATUBHOCTH CTPEMSITCS K HYJIIO, IO3TOMY MpH IJia-
HUPOBAaHUWU HAy4YHBIX padOT MpernosiaraeéMbliii 00beM COOMPAEMOro
MaTepuasa BCerja SIBISETCS BaXXHBIM KPUTEPUEM aJIeKBAaTHOCTU TEX
JaHHBIX, KOTOpble OyAyT MOJy4eHBI B Mpoliecce uccienoBanus. [Ipu
BCEeM HEM30EKHOCTH CTATUCTUYECKON OITMOKH OHA MOYKET OBITH CBe-
JCHa K MUHIMYMY OTOOPOM JIOCTaTOYHOI'O YKCIIa 0co0ei (BapHraHT).

Takum oOpa3oM, cTaHgapTHas OmMOKa YKa3blBaeT HA TOYHOCTD,
C KaKo# BEIOOPOYHBIN TTOKa3aTeIh XapaKTepU3yeT reHepaabHbIN Mmapa-
meTp. Uem wmeHblie ommubka, Tem OJMKe BBHIOOpOYHAs XapakTe-
pUCTHKA K BEJIMYMHE TEHEPAJbHOrO MHapameTpa, W, Hao0OpoT, 4eM
OoJpllie OIIMOKAa, TEM MEHEE TOYHO BBIOOPOYHAS] XapaKTEPUCTHKA
ompeneNnsieT TEeHEepalbHBIM MapaMeTp, HM 3HAUYUT TI0JIb30BATHCS
MOJ00HBIMHU JJAHHBIMH HEOOXOIMMO C 0CO00H OCTOPOKHOCTHIO.

4.2. [loeepumenbHbIil UHMepear
0151 cpedHe20 3Ha4YeHust

CrangapTHas omuOKa XapaKTepu3yeT JHIIb cpeoHue TPeeibl
BapbUPOBAHUSI BEIOOPOYHBIX CPEAHUX OKOJIO UCTUHHOI'O T'eHEepaIbHO-
ro cpeaHero 3HaueHus. Eciu cpennss ommOKa OKa3bIBaeTCsl paBHOM
2 CM, Kak B HallleM TMpeabIAyIIeM MpUMeEpe, 3TO CBUJICTEIHCTBYET
JUIIb O TOM, YTO HEKOTOPhIE U3 BBIOOPOYHBIX CPEIHUX OYIayT
OTKJIOHSATHCS OT T€HEPAITHHOTO CPEIHETO MEHBIIIE YeM Ha 2 CM, a Jpy-
rue, Hao0OpOT, MOTYT OTCTOSATh OT HEro OoybIle 4eM Ha 2 CM,
BCJICJICTBUE YEr0 pa3HUIA B 2 CM W SIBISIETCA CpedHell XapaKTepuc-
THKON BCEX BO3MOXKHBIX OTKJIOHEHHMH STHX BBIOOPOUYHBIX CPEIHHUX
OT UX OO0IIIEeT0 TeHepaJbHOro cpeaHero. OIHaAKO YacTO UCCIea0BaTENs
MOET UHTEPECOBAaTh HE CTOJILKO CPEHSS BEJIMUMHA dTUX Pa3HOCTEH,
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CKOJIBKO TIPEACIbHO BO3MOXHOE OTKJIOHCHHE BBIOOPOUHBIX CPETHUX
OT TEHEPAIILHOM CPEIHEH, IPYTMMH CJIOBAMHU, HE CPEIHSA, 4 MAKCH-
MaJjbHas OuInoKa.

Onpenenuth MakCUMajdbHOE OTKJIOHEHHE BBIOOPOYHOM CpenHel
OT WUCTUHHOW T'E€HEPAJIbHOM CPEIHENM MOXKHO JHIIb C OIPEICICHHOU
BEPOSITHOCTHIO. B ciiydae HOpMaiIbHOTO pachpenesieHUus] U3y4aeMoro
MpU3HaKa 3TO MOXHO CJIeJlaTh Ha OCHOBE MpaBuijia 3 curMm. Paccmot-
pUM CIEAYIOIIMN MpUMEp: MyCTh HMeEeTCs OECKOHEUHO OOoJblas
reHepalibHasi COBOKYITHOCTb, HAIIpUMEp MOMYJISIIUS KaKOro-au0o Buia
*KuBOoTHOTO. OTOEepem u3 3toit monyssiiuu 10 000 BeIOOpOK, B Kaka0M
u3 kotopeix Oyaer mo 100 ocoGelt, u u3mMepum y Bcex ocober IIuHy
tena. B urore mpl moxkem paccuntath 10 000 BBIOOPOYHBIX CpeTHHUX
3HAQYEHUN JUIMHBI Tena. Eciu mpu3Hak COOTBETCTBYET HOPMAJIbHOMY
3aKOHY, TO paclpejiesieHne dTUX BBIOOPOUYHBIX CpPEIHUX Ha rpaduxe
OpUMET YK€ M3BECTHBIM YWUTATENI0 «KOJOKOJI0OOpa3HbI» BU/I.
B nienTtpe manHOro pacrpeneneHuss OyJeT HaxOAUThCS HWCTUHHAS
reHepaibHas cpeanss (L), oT He€ BICBO U BIPaBO OYAYT OTKIOHATHCS
BBIOOpOYHBIE cpeauue 3HadeHHs (X, ... Xio0 ), KaK XapaKTEpUCTUKH,

CIIy4aitHO BapbUpYIOIIHe 0Kojo M (puc. 4.1).

Puc. 4.1. I'paduk, WILTIOCTPUPYIOMIHI OTKIOHEHHUS BEBIOOPOUYHBIX CPETHUX
3HAYEHUU OT UICTUHHOTO I'€HEPaTIbHOTO CPEIHETO

[IpyyueM MOXXHO YCTAHOBHUTH C OIPEACICHHOW BEPOSITHOCTHIO
TpaHMIBI, B Mpelesiax KOTOPBIX OyIayT IPOUCXOAWTH IOJO00HBIC
OTKJIOHEeHUS. YuTaTenp yke 3HAKOM C MOJOOHBIMH BEPOSTHOCTIMHU
u rpaHuiiamu. Tak, Hanpumep, ¢ BepoATHOCThI0 0.683 BBHIOOpOUHBIE
cpenHre OyayT OTKJIOHSTHCA OT MCTUHHOTO T€HEepaIbHOTO 3HAYCHUS
B nipefienax Ptlm (ogHa craHmapTHas OIIMOKa), a C BEPOSATHOCTHIO
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0.997 B mpenenax ME3m (Tpu craHmapTHBIC ONIMOKHW). B maHHOM
cllydae MCIOJIb3yeTCsl He curMa (CTaHIapTHOE OTKJIIOHEHHWE), a CTaH-
JapTHAas OMTMOKA, TOCKOJIBKY MMEHHO OHA, KaK ObLIO TIOKa3aHO BHIIIIE,
SBJISICTCSl CTAHJIAPTHBIM OTKJIOHEHHEM, XapaKTepHU3YyIOIIUM pa3opoc
BBIOOPOYHBIX CPETHUX OTHOCUTEIHLHO F€HEPaTbHOTO CpeHero. Bepro
U obpamuoe 3aKno4eHue. MOXKHO yYTBEPKIATh, YTO C BEPOSTHOCTHIO
0.997 uctuHHas reHepabHas CPEAHsSA OKaKETCS BHYTPU MHTEpBaJa
X +3m. Takum 00pa3om, Mbl TOJONUIM K MOHSTHIO JOBEPUTEIHHOTO
uHTepBaa. [IpuBenem onpeneneHue.

Hosepumenvubiii unmepean — TpaHUIlbl, B KOTOPBIX C 3aJaHHOU
BEPOSATHOCTBIO (CTENEHBIO JOCTOBEPHOCTH) HAXOAMTCS HW3y4acMbIH
reHepaabHbI TapaMmeTp. B sxonorum m Omonoruu Hanbojee 4acTo
UCITONIB3YETCS IOBEPUTEIBHBIN HHTEPBAJ IS CPEIHETO 3HAYCHHSI.

[Ipu pacuerax (MOCTPOEHUSIX) JOBEPHUTEIBHBIX HHTEPBAJIOB,
OJIHAKO, HE TPUMEHSIOTCS BEPOSITHOCTH, KOTOPHIMU MbI ONIEPUPOBAIIH
B nipaBuiie Tpex curM (P = 0.683; 0.954; 0.997). HanomHr0, 4TO pas-
HBIM 3Ha4YeHUAM ! COOTBETCTBYIOT CTPOTO ONPEACIICHHBIC BEPOST-
HOCTH, TaK:

t=1=>P=0.683;t=2=>P=0.954;t=3=>P=0.997

B ciywae ¢ J0BepHUTENBbHBIMM HMHTEpBajaMU BaKHEHIIIEe
3HAYCHUE WMEET TaK Ha3biBaemoe «cornameHue o 95%-it BeposT-
HOCTH». B COOTBETCTBUM C HMM COBOKYITHOCTH, cocTosiei u3 95%
ocobOeii (00BEKTOB), MBI JOBepsieM Tak ke, kak U 100%-ii. [Ipyrumu
CJIOBaMHU, JaHHAs BEPOATHOCTh MPHUHATA KaK HaWMMEHbIAs, KOTOPOM
MOXHO J1oBepATh kKak 100%-ii mpu NPUHATHUM TOrO WJIM HMHOTO
pellieHus, CBS3aHHOTO C MaTeMaTHYeCKOM 0OpabdOTKOM JaHHBIX.
[ToaToMy momO0OHAass BEPOSTHOCTH MOJyYHJIa 0003HAUCHUE «dogepu-
MeNbHAsl 8ePOSMHOCb» — BEPOATHOCTH, MPU3HAHHAS JOCTATOUYHOM
JUTS YBEPEHHOTO CYKJICHUSI O TEHEPAJIbHBIX TMapamMeTpax Ha OCHOBA-
HUW W3BECTHBIX BBIOOPOYHBIX XapaKTepUCTUK. [IpUMEeHUTETHHO
K IOBEPUTEILHOMY HMHTEPBAIY OTO 6ePOIMHOCMb MO20, YMO
eenepanvubii  napamemp (cpeonee  3nauenue)  OeUCMBUMENTbHO
OKAMCEeMCsl 6HYmMpU 008epumenbHo2o unmepeana. Ecim BeposiTHOCTb
0.95 sBnsieTcss HauMEHbIEH B PEUTUHIE JOBEpHUsS, TO, 3HAUMT,
CYILIECTBYIOT W JPYTH€ HOBEPUTEIIBHBIE BEPOSTHOCTH. JlEeHWCTBU-
TEJIbHO, €CJU pelIeHHue, KOTOPOE HYXHO MPHUHATH MPU MaTeMaTH-
yecKkoll 00paboTKe JaHHBIX, SBISETCS OUYCHb OTBETCTBEHHBIM, TO €TI0
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CTaparoTCs MPUHUMATL C emé OOoJIbIICH BEPOSTHOCTBIO, K MPUMEPY
0.99 mmum 0.999, yToOBI CBECTH BO3MOXKHBIC OIMMOKH IMPAKTHYECKU
K HyJ10. Bce 9TH TpU BEpPOSTHOCTH OTHOCSTCSA K JOBEPUTEIbHBIM,
U UMCHHO OHH HCIIOJB3YIOTCS IIPH IOCTPOCHHUH JIOBEPUTEIBHBIX
uHTepBaloB. Kakue jxe 3Ha4YeHHS ! COOTBETCTBYIOT STHM BEpOST-
HocTaM? OTBET UMTATEND HAHIET HIKE:

P =0.683 t=1 => P=0.95 t=1.96
P =0.954 t=2 => P=0.99 t=2.58
P =0.997 t=3 => P =0.999 t=3.29

Tenepp HacTajgo BpeMs BBECTH €IIE OAHO Ba)KHOC IIOHSATHE
B MATEMAaTHYECKON CTATUCTHKE, €ro o0003HAYalT KaK YpoeeHs
snauumocmu (p uiu o). JlaHHOE MOHATHE UMEET MHOTO ONpPEICICHUMH,
B OOII[EM BHE 3TO BEPOSTHOCTH JOIMYCTUTH OLIMOKY, MPHUHMMAS TO
I HWHOC pEIICHHE, CBSI3aHHOE C MaTeMaTHYeCKOH 00paboTKOM
JAHHBIX, WX BEPOSTHOCTh, IMPOTHUBOIOIOKHAS JIOBEPUTEIHLHOM.
Boiiee KOHKPETHOE OIpEICICHNE IPUMEHUTENBHO K TOBEPUTEILHOMY
HHTEPBAIY — 310 6ePOAMHOCIb MO20, YMO 2eHEPAbHbLU NAPAMemp
(cpeonee 3nauenue) npu 3a0aHHOU 006ePUMENLHOU BEPOSMHOCHU
(P=0.95, P=0.99, P=0.999) oxaocemcs 3a epanuyamu 0osepu-
MenbHO20 UHMEPBAA.

B cratucTuke mnpuHATEL 3 YPOBHS 3HAYMMOCTH, COOTBETCT-
BYIOIIME JOBEPUTCIBHBIM BEPOSTHOCTSIM:

P =0.95 p = 0.05 (1-0.95)
P =0.99 => p=0.01(1-0.99)
P = 0.999 p = 0.001 (1-0.999)

Otcrona caeayert, uro npu p = 0.05 puck ommOUTHCS COCTABISAET
1 pa3 Ha 20 cioyqaeB (5%), npu p = 0.01 — 1 pa3 na 100 cayuaes (1%),
npu p = 0.001 — 1 pa3 na 1000 cinyyaes (0.1%). Takum oOpazoM, yem
MEHBIIIC YPOBEHb 3HAYMMOCTH M, COOTBETCTBEHHO, BBIIIC JIOBCPH-
TebHAs BEPOSITHOCTh, TEM MEHBIIIC PUCK OITHOKH.

JloBepUTETBHBIN WHTEPBAT IS OIEHKH T€HEPATBHOTO CPEIHETrO
3HAYCHHUS MOXKHO PaCCUYMTATh, UCXOJIS U3 3-X IMapaMeTPOB:

1. BeibopouHoe cpennee 3HaueHne — X |
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2. CrangaptHas ommubOKa BEIOOPOYHOTO cpemHero (M) B JaHHOM
Clly4ae SIBJISICTCS CTaHIAPTHBIM OTKIOHCHHEM BBIOOPOUYHBIX CPEIHUX
OT T€HEPAJIbHOM CPEIHEM.

3. HopmupoBanHoe oTkioHeHue (f) HEOOXOAMMO It yCTaHOBIIC-
HUS JOBEPUTEIHLHON BEPOSATHOCTH, C KOTOpOM OyaeT paccuuTaH
JOBEPUTENIbHBII NHTEPBAJL.

Takum o00pazoM, TreHepaabHOE CpeaHee 3HAueHUE HaXOIUTCS
B UHTEpBAJE:

X+t-m

B 3aBucMMOCTH OT 3aJaHHOW JOBEPUTEIBHOM BEPOATHOCTH
MOYHO PacCUUTaTh CIECAYIOIINE BUIbI TOBEPUTEIbHBIX HUHTEPBAJIOB!

95%-i1 noBeputenbHbIl HHTEpBAT X +1.96-m
99%-11 moBepUTENbHBIN HHTEPBAII +2.58-m
99.9%-i1 noBepUTEILHBIA UHTEPBAT +3.29-m

x| X

ITpumeuanue 2. Eciu Bbi00opka HeBenrka (N < 20), To HE0OX0AMMO
BBOJUTH TOINpPaBKU Ha O00BEM BBIOOPKH, pacuiupsisi 001acTb BO3MOXK-
HOT'O MPeObIBaHUSI TEHEPAIILHOTO MapaMeTpa. ITO MOHSATHO, TOCKOJIBKY
npu aeduiute nHOOPMAITUH JTFO0BIC 3aKITFOUCHUSI HE MOTYT OBITh OYCHb
TOYHBIMHU. DAKTUYECKU B ATHX CITyJasiX MOMPABKH MPEACTABIISIOT COO0H
OoJiee BbICOKHME 3HAYCHMS 1, 4eM Te, KOTOphIe ObLIN MpeICTaBICHbBI. TaxK,
eciii o0beM BBIOOPKHM paBeH N = 4, To 18 pacuera 95%-ro
JIOBEPUTEIIBHOTO MHTEpBalia HEOOXOAMMO B3ATh 3HadeHHe I, paBHOE
3.18, a He 1.96. JlaHHble MOMpaBKKA YHUTATENb MPHU KETAHUH MOMKET
HAWTA B JIOOOM ITOCOOMH II0 CTATUCTHMKE B BHJE TaK Ha3bIBAEMOU
TaOMUIbl KpUTHYECKUX Touek t-kputepus CthrosieHTa. OgHAKO €ciu
pacueThbl IPOU3BOJIATCS ¢ UCTIOIB30BAHUEM CTAaTUCTHUECKUX MPOTPAMM,
TO B ITOUCKAX JTAHHOU TaOJHUIILI HET HEOOXOIUMOCTH.

bruonorudeckass (9KoJoTHYECKas)) WHTEPIPETAIUs JOBEPUTEIb-
HOTO MHTEpBaja JI0BOJLHO MPOCTA: B MPUMEPE C pacyeTOM CTaHIapT-
HOM OWIMOKM /JiA JJIMHBI Tejla «HEW3BECTHOr0» BHJA >KUBOTHOTO
nepBas BHIOOpOYHasi CpeaHssl OKa3aiach paBHa 17 ¢M, pacCUMTaHHBIN
s Heé 95%-1 moBepuTenbHBIN HHTEpBaNI coctaBmsaeT £10.9 cm. OTo
03HAYyaeT, 4To ¢ BepoATHOCThIO 0.95 ucTHHHAS reHepalibHasl CpeaHsIs
JUIMHBI TeJla HaXOAWTCS BHYTpH rpanui oT 6.1 cm mo 27.9 cm (T. e.
17+10.9 cm), HO ¢ BepositTHOCThIO 0.05 cpemHsis TeHepabHON COBO-
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KYITHOCTH MOXET HaXOAUThCA BHE TPaHMI] JAHHOTO HWHTEpBaja.
['enepanbHas cpemHsas B JgaHHOM TmpuMepe Obita paBHa 20 cm
U JICUCTBUTENIBHO TMONAaJaeT B PACCUMTAHHBIM WHTEpBaN, a OOJIbIINE
pa3Mepsl MHTEpBaJia, KaKk ObUIO CKa3aHO, OOBSCHSAIOTCS MajOUYUCIICH-
HOCTBIO BEIOOpKH (N = 4),

IIporpammHoe obOecnieuenue. PacdeT cTaHIapTHOW OIIMOKHU
U JIOBEPUTEIHHOTO MHTEpBaja JJisi CPEIHEr0 3HAYCHUS MPOBOJUTCS
B U3BECTHOM 4YHUTaTeN0 Moayie «OnucamenvHas Ccmamucmuka»,
KOTOPBIA MMEETCS B OOJBIIMHCTBE CTATUCTHUSCKHUX IMPOrpaMM (CM.
Beime). Kpome Ttoro, B8 MS EXCEL MOXHO BOCHOJIB30BATHCS
dyukiuerr JOBEPWUT. Yacto yno0HO mpeacTaBisTh HHTEPBAIbHBIC
OIICHKM TeHEpaJbHbIX MapaMeTpoB rpaduueckd B BHJE OTPE3KOB,
OTKJIaJbIBAEMBIX OT CpPEIHEro 3Ha4YeHWss B 00€¢ CTOpOHBI ().
[TonoOHble TpaduKd MOXKHO Ha3BaTh OuazpamMmamu pazmaxd,
B nporpamme STATISTICA oHu 0003HA4YalOTCS KakK  «AIIUKU
¢ ycamm» (Box & Whisker plot) (puc. 4.2).
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Puc. 4.2. Jluarpammsbl pa3maxa, BU3yJIM3UPYIOIINAC
MHTEPBAJIbHBIC OIICHKH T€HEPATbHBIX MapaMEeTPOB.
Ha neBom rpaduke: ctonder — BEIOOPOYHOE CpeiHee, OTPE30K — CTaHAapTHAS
omunOka 1ubo n1oBepuUTeNbHbIN nHTEpBai. Ha nmpaBom rpaduxke:
TOYKa — BBIOOPOYHOE Cpe/IHEE, MPSIMOYTOJIbHUK — CTaHIapTHAas OlIMOKa,
OTPE30K — JOBEPUTEIIBHBIN HHTEPBA

Ilpumeuanue 3. BoiOOp TOBEpUTEIIBHON BEPOSTHOCTH OCYIIECT-
BIISIETCSI MCCJENOBATEIEM B 3aBUCHMOCTH OT TOW OTBETCTBEHHOCTH,
C KaKo¥ JTOJKHBI OBITh CHENaHbl BHIBOJIBI O T€HEPAIBLHOM MapameTpe.
Ecnu, x mpuMepy, UCCIENOBAHUE CBA3AHO C TOKCUYHOCTBIO BEIIECTBA
WA C JI03aMH JICKAPCTBEHHBIX IPEMapaToB, OT KOTOPBIX 3aBUCHUT
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KU3Hb TAIIMEHTOB, TO JJII YBEPEHHOTO CYXJICHHS O TEHEPAIbHBIX
napamMeTpax HeoOXOJMMO OINEepUpPOBaTh 00Jiee BRICOKUMHU BEPOSTHOC-
Tamu — 0.99 unu naxe 0.999. C apyroi#t cTopoHbI, BAXXHO MOHUMATh,
YTO YEeM BBIIIE JIOBEPUTEIIbHAS BEPOSATHOCTb, TeM IIHUpe OyaeT
JIOBEPUTEIBHBIN MHTEPBAJl U TEM MEHEE YETKOW CTAHOBUTCS OLICHKA
reHepaIbHOro mapaMerpa. B OONBITMHCTBE SKOJIOTHYECKUX U OHOJI0-
TMYECKUX MCCIEIOBAHUM JIOCTATOYHO HaaeKHOM cuutaeTcsa 95%-s
JOBEpUTEIIbHAS BEepOoATHOCTh (Wi 5% ypoBeHb 3HAYMMOCTH), KOTO-
pbI€ U HUCTOJIb3YIOTCA HanboJiee 4acTo.

Ilpumeuanue 4. PaccMOTpeHHBII B JTaHHOW I1aBe croco0 pac-
YyeTa JOBEPUTEIHHOTO WHTEpPBaJa MPUMEHHUM JIMIIL B CIydae HOp-
MaJLHOCTH pacHpelesieHus] U3y4aeMbIX MPU3HAKOB. bojee mmpokue
BO3MOKHOCTH HCITOJIb30BaHMS JIOBEPUTEIHHOTO MHTEpBAJIa YUTATENb
MOXET HaTU B MoayJie «OnucamenvHas cmamucmuxa» nporpaMMbl

ATTESTAT.

[naBa 5. lpoBepkKa CTaTUCTUYECKUX FTMNoTe3

B nanHOi1 T71aBe OymyT OOCYKIAThCSl CpasHumenvHvle ONECHKU Te-
HEPAJTBHBIX MAPAMETPOB, T. €. METOJIbI, MMO3BOJISIONINE YCTAHOBUTH, Ha-
CKOJILKO Pa3IMYus MEXTy BBIOOPKAMH IIPABUIIBHO» OTPAKAIOT Pa3iIH-
YUl MEXKy TeHEpaIbHBIMUA COBOKYITHOCTSIMHU, U3 KOTOPBIX OHH B3STHI.

B Owuonornueckux M HKOJOTUYECKUX MCCIICAOBAHUSAX aHaJU3
OTJICTTLHBIX BBIOOPOK PEIKO SIBISETCS KOHEUHOH 1esbio. OYeHb 4acTo
MPUXOJUTCA CPABHUBATH 3TH BBIOOPKH MEXKIy co00il. Merton cpas-
HEHUS SIBJIsieTC Hanbojee o0IKUM CIOCOOOM AMITUPUYECKOrO MO3HAa-
HUS M HCHOJB3yeTCs JUIsl TOoJlydeHus HHPopMmanmuu 00 OOBEeKTe
UCCJICOBAaHUS KaK B €CTECTBEHHBIX, TaK M B TYMaHUTAPHBIX HayKax.
Hu omHo wuccinemoBanue OHOIOrOB M DKOJIOTOB HE OOXOIUTCS O€3
CpaBHEHMsI, CPAaBHUBATh MPUXOJNUTCS JAHHBIE OMBITHOM M KOHTPOJIb-
HOM rpy1it (BEIOOPOK) B SKCIIEPUMEHTE, ITOKA3aTEIIM KaueCcTBa BOJIBI 3a
pa3Hble IPOMEXKYTKH BPEMEHH, CTENECHb 3arps3HCHUS] T€X WM MHBIX
YY9aCTKOB, TMOMYJISAIMA IO YHUCICHHOCTH W CTPYKType, MPOIYyK-
TUBHOCTh pa3HbIX 03€ep, MophodPuznosornyeckue O0COOECHHOCTH
Pa3HbBIX TPYIN JIOJEH U KUBOTHBIX U T. 1. [Ipu 3TOM cpaBHEHUE NBYX
BBEIOOPDOK HE MOXET OBITh CaMOIICNIbI0 HH OHOJIOTHYECKOTO, HH
HKOJIOTUYECKOTO HKCCJICIOBAHUS, TOCKOJIBKY COBPEMEHHYIO HayKy
WHTEPECYIOT HE MPOCTO (PakThl, HO MPUYMHA HUX BO3HUKHOBEHUSI.
B aToM kiroue cpaBHEHHE JIBYX BBIOOPOK BBICTYIAET B POJH METOJa
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IOMCKA OTJIMYHMHA B IPUYMHAX, OOCCIICUMBIIHNX CYIISCTBOBAHUEC JBYX
rpynn o0beKTOB (BBIOOPOK) Pa3HOTO KAayecTBa; B KOHIIE KOHIIOB, 3TO
MOWCK BIMSIHUS (PaKTOpa, MOWCK 3aKOHOMEPHOCTH, OTICICHHE €€ OT
ciryqaiinoctu (MBanTep, Kopocos, 2005).

[Ipu cpaBHeHMM NIBYX BBIOOPOK BCErJla BO3HHMKAECT BOMPOC, JO-
CTOBEPHBI JIM HAOIIOJaeMble OTIMYUS MEXIy BHIOOpDKAMU WM OHU
0OYCJIOBJICHBI JIMIIh KaKMMH-TO CIIyY4alHBIMHA TpUYrHAMU? J[pyrumu
CIIOBaMH, MOYKHO JIM JTAHHOE Pa3INure CUYMTATh 3aKOHOMEPHBIM, XAPAK-
mepHbviM OJisl BCell 2eHePalbHOU COBOKYNHOCMU W PAacCCMAaTPUBATh €TO
KaK pe3yJIbTaT PeajbHO JSHCTBYIOMIMX B CUCTEME (DAKTOPOB MJTH K€ OHO
CIlydalilHO M SBIISETCS CIEACTBUEM HEAOCTATOYHOTO KOJMYECTBA
JaHHBIX W B CICAYIONMX ONbITax (HAOIOJICHUAX) MOXKET He
nposiBuThbes? [loscHUM ckazaHHOe Ha TpuMmepe. BepHemcs k pocty
JeTel TOIIKOIBHOTO BO3pacTa, B TJIaBe 2 Mbl YCTAHOBWIIH, YTO B ITOJTY-
YEHHBIX BBIOOPKAX JIGBOYKH B CPEIHEM BBIIIE MAJLYMKOB, MPUYEM
BBIOOpOYHAsT Pa3HOCTh POCTa COcTaBMiIa 6 ¢cM (CpeaHMIA pOCT JIEBOUCK
127 cM, a MaburkoB — 121 cMm). MOKHO 7 cpa3y YTBEpPKJaTh, YTO H
B TEHEPATHHBIX COBOKYMHOCTSIX, U3 KOTOPBIX W3BJICUEHBI 2 BHIOOPKU
JeTe, HaOJOaeTCs TaKoe JKE pa3iuuie MeEXIy TeHEepaIbHBIMU
CPEIHUMH 3HAuUeHWSIMHU (T.€. TEMH, KOTOPBIE MOXHO OBLIO OBl
TOJTYYHTh, W3YYHB BCEX JETeH NaHHOro Bo3pacta)? OTBET OUSBHUJICH —
Het! B mpenpiayiiemM pazzese ObUIo MoKa3aHo, YTo JH00bIE BELIOOPOUYHBIC
CpEIHHE SIBJISIOTCS BEIMYMHAMH CITy9alHBIMU, OTKJIOHSIONIMMHUCS OT
UCTUHHBIX TEHEPAJTBHBIX CPEAHUX © TO3TOMY C HUMH HE
COBMAJIAIOIIMMU. Ty CPEIHIOI BEIWYMHY OTKJIIOHCHHS OIICHUBAET
cTaHmapTHas ommoOKa. MaKTUIECKH ATO O3HAYAET, YTO B «PEATLHOCTH
CPEITHUH POCT MAJILYMKOB M JICBOUSK MOXKET OBITh PaBHBIM (Harpumep,
¥ MQJTLYMKH M JICBOYKA MOTYT UMETh CPEAHHUN POCT [y = My = 125 cm) u
TOJIBKO B CHJIy CIIYYalHOCTH, BO3HHMKAIOIIECH IPH OTOOpPE BHIOOPOK U3
TeHEPATBLHBIX COBOKYITHOCTEH, MOTyUYEeHHBIC UCCIIEIOBATEIEM BHIOOPOY-
uele cpeanue (X, =127 cmu X, = 121 cM) MOTYT OTJIMYATBCS JAPYT OT

Ipyra, T.€. UX pa3HOCTh MOXET ObITh HemoctoBepHa. Ho, ¢ mpyroi
CTOpPOHBI, TOCKOJIBKY HCCIIEIOBATENb HUKOTAA HE 3HAET WCTUHHBIX
TE€HEPANIbHBIX CPEJHMX, MOJYYEHHAsl Pa3HOCTh MEXIYy BHIOOPOUYHBIMU
CPEIHUMU BIIOJIHE MOXET OKA3aTbCsl HE CIYyYalHOM, a 3aKOHOMEPHOW,
T.€. PEaJbHO CYIIECTBYIOUIEH B T'C€HEPAIBHOM COBOKYITHOCTH.
[IpuBeneHHBI MpUMEp MOKa3bIBAE€T, YTO MPU CPABHEHUM JFOOBIX
BBIOOPOK HCCJIEIOBATENI0 BCErja HEOOXOAMMO KakUM-TO 00pa3zom
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yCTaHaBJIMBATh JIOCTOBEPHOCTh HAOMIOAACMBIX PA3IMUUN, JJII TOTO
YTOOBI MOJTBEPKAATh PEATHHOCTh UX CYIIIECTBOBAHMUS.

[Ipexe yeM MPUCTYNHUTH K MPAKTUYECKOMY OCBOEHUIO METOOB,
MO3BOJISIIONIMX YCTaHABIMBATh JTOCTOBEPHOCTh BHIOOPOYHOM paszHOC-
TH, OCTAHOBUMCSI HA OCHOBOIIOJIATAIOIINX HOHSITHUSIX.

5.1. JocmoeepHocmb 8 bI60POYHOU pa3HOCMU.
Hyneeasi u anbmepHamueHasi 2urnomes3s.il.
lNoHssimue kpumepusi docmoeepHocmu

HHocmoseprnocms — 3TO CBOMCTBO BBIOOPOYHOM pa3HOCTH (pa3iu-
qhe CPEIHMX, TUCIEPCHH 2-X BBIOOPOK) MPaBHIBLHO C 3aJaHHOU
BEPOSTHOCTBIO OTPaXaTh T'€HEPAIbHYIO pPa3HOCTh (pa3iHuue TIeHe-
paNbHBIX CPEIHUX U JUCHEpCHii). BBIOOpOYHAs pa3HOCTh MOXKET OBITH
oocmosepua  (cmamucmuuecku  3Hauuma) VI  HeOOCMOBEPHA
(cryuatina, cmamucmuuecku nesHawuma).

Bwibopounas paznocmes 0ocmogepHa — 3TO O3HAYAET, YTO €CIIH
B BLIOOPOYHOM HCCIEA0BAHMU 3a()UKCUPOBAHO Pa3IMYUe BLIOOPOU-
HBIX XapaKTePUCTUK (CpeaHUX 3HAYCHHM, IHMCIIEPCUI), TO TOYHO
TaKoe K€ pasuuuie HaOII0MACTCd MEXIy COOTBETCTBYIOIIUMHU
reHEpaJbHBIMM TapaMeTpaMyd B T'E€HEPAIbHBIX COBOKYITHOCTSIX,
U3 KOTOPBIX U3BJICUCHBI BHIOOPKH.,

Ecnu monydeHa HedocmosepHas 6vbl00OpOUHAsi PA3HOCMb, DTO
3HAYUT HE MOJYYEHO HUKAKOI0 ONMPeAeIEHHOIr0 0TBETAa 0 PAa3HOCTH
MEXIY COOTBETCTBYIOIIMMHU TI'€HEpaJIbHBIMU IapamMeTpaMud B TEHE-
pPaJbHBIX COBOKYIHOCTSIX, M3 KOTOPBIX H3BJICUCHBI BBIOOPKHU.
Jlpyrumu cioBamu, HAYETO HEJb3s 3aKJIIOYWTHh C 3aJaHHOM BEPOSIT-
HOCTBIO O T€HEPAJIbHOW PAa3HOCTU — HHA YTO OHA €CTh, HU YTO €€ HET,
T. €. pa3HUIA OCTAETCS CTATUCTUYECKHU HEJOKAa3aHHOM.

Ilpumeuanue 1. PacipocTpaneHHas ommOKa Cpeau UccieoBaTe-
Jiel — 3TO HeMpaBUJIbHAS WHTEPHPETAIUS HeOdOCmOBepHOCMU Pa3IIu-
Yuii BBIOOPOYHBIX XAPAKTEPUCTHUK: HAJIUYUE MEXAY BBIOOpKAMHU
HEJIOCTOBEPHOUW PA3HOCTH HE CBUAETEIBCTBYET OO0 OTCYTCTBUM pPas-
HOCTH MEXJIy COOTBETCTBYIOUIMMH T'€HEPAIbHBIMU IapaMeTpPaMH,
(GaKTUYECKH OTCYTCTBUE Pa3IMUMl B T€HEPATbHBIX COBOKYITHOCTSX
JI0Ka3aTh HEBO3MOKHO.

Ilpumeuanue 2. B coBpeMeHHOW JuTeparype IO MaTeMaTH-
YECKOM CTaTUCTUKE BMECTO TEPMHMHA «JIOCTOBEPHBIN» MPU MPOBEPKE
CTaTUCTUYECKUX THUIIOTE€3 PEKOMEHAYETCS HCIOIb30BaTh CIIOBO-
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COUYETAaHUE «CTATUCTUYECKHW 3HAYUMBIN», OCOOCHHO B Hay4HBIX
nyonukamusax. B 1aHHoM mocoouu npuMeHsoTcst 00a TepMUHA.

JIns ycTaHOBJIGHHMST TOTO, JOCTOBEpPHA WJIM HEJOCTOBEpPHA BBIOO-
pouYHasi pa3HOCTh, UCCIIEIOBATEIb BHAYAJIE JOJDKEH CHOPMYIUPOBATH
2 IPOTUBOIIOJIOKHBIE CTATUCTUYECKUE TUIIOTE3HbI;

1. Hynesas eunomesa (H,)— pasanumss MEXIy BbIOOPOYHBIMH
XapaKTepUCTUKAMU CITy4alHbl, HEJIOCTOBEPHBHI.

2. Anbmepnamuenas cunomesa (H,) — pa3nudus Mexay BEIOOpOY-
HBIMU XapaKTEPUCTUKAMHU JOCTOBEPHBI, T. €. pCaIbHO HAOIIOIAI0TCS
MEX]ly TeHEpAIbHBIMU MTapaMeTPaMu B T€HEPAJIbHBIX COBOKYIMHOCTSIX,
U3 KOTOPBIX U3BJICYEHBI BEIOOPKH.

JI71 OTKIIOHEHUSI WM TPUHATHS TOW WM WHOW TUIOTE3bI ITPUME-
HSIIOTCSI TaK Ha3bIBAEMbIC Kpumepuu O00CMOB8EPHOCHU — CIIEIUATIBLHO
pa3paboTaHHBIC CTATUCTHUECKHUE MOKA3aTeNu C W3BECTHBIMU (DYHKIIHSI-
MU pacipeiesiCHus, MO3BOJISIONINE C 3aJAHHON JOBEPUTEILHON BEPOSIT-
HOCTBIO ITPOBEPATh UCTUHHOCTD HYJIEBOW WJIU AJIbTEPHATUBHOM TUIIOTE3.

PaccMoTpuM ynpoIIeHHYI0 CXeMYy TPOBEPKU UCTUHHOCTU CTaTHC-
TUYCCKUX THIIOTE3 KPUTEPUSAMHU JO0CTOBepHOCTH (pHcC. 5.1).

OO6s1acTh NPUHATHS PEIICHUS

Kputnueckas
95% 00JacTh
0
H, npunumaercs T H, otBepraercs

KPpUTHYCCKAaA TOYKa

Puc. 5.1. Cxema ucrnosib30BaHusi KPUTEPUEB JOCTOBEPHOCTH

Pa3mecTuB B NpEACTABICHHON CXEME 3HAYEHUsS] KPUTEPHUS IOCTO-
BEPHOCTH, MOKHO 3aMETUTh, YTO NIPU MPOBEPKE HYJEBOU TMIIOTE3bI OHU
pa30MBAIOTCSl HEKOEW KPUTHUUECKOW TOYKOM Ha 2 MOJMHOXKECTBA: OJTHO
U3 TIOJIMHOKECTB COACPKUT 3HAYCHUS KPUTEPUsI TOCTOBEPHOCTH, MPHU
koTopbiXx H, oTBepraercs (kpurmyeckas 00JIacTh), a JIPYyroe — IpH
KoTOpbIX H, mpuHMMaeTcs (00aacTh npuHATHS perienus) (puc. 5.1).
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KpuTrueckyo TOUYKY, TaKUM 00pa3oM, MOXKHO OIPEICIHTh Kak
YHCIIOBOE 3HAYCHHE KPUTCPHUS JOCTOBEPHOCTH, MPHU JTOCTHIKCHUN HIIN
NPEBBIIIICHUA KOTOPOTO HyJIeBas THUIIOTe3a OTBepraercs, T. €.
J0Ka3bIBae€TCs JOCTOBEPHOCTH BBHIOOPOUYHOM pasHocTH. Kpurnueckue
TOYKH (3HAYCHHUSA) IS KaKIOrO KPUTEpUs TaOyJIupOBaHbI, T. €.
CBEJICHBI B CIICIIUAIBHBIC TAOJIHUIIBI, KOTOPBIMH JIO CHUX TIOP TOJB3YIOT-
Csi1 MHOTHME HccieaoBaTeid. Ha OCHOBe CpaBHMBAEMBIX BBIOOPOK
MOYKHO pacCyuTaTh TaK Ha3bpiBaeMoe (hakThueckoe (JIOCTUrHYyTOE,
aMmEpudeckoe) 3HaueHue kpurepust (P3), KOTOpoe W CPaBHHBAIOT
c KpuThudecko Toukoi (3HauenumeM) (K3) mo omnpenencHHOMY
HpaBHITy, OTPAKCHHOMY Ha CXEME:

Ecmu @3 > K3, To H, oTBepraercs, JOKa3bIBAETCA TOCTOBEPHOCTD PA3HOCTH.
Ecin @3 < K3, To H, npunrmaetcs, 10Ka3bIBaeTCsl HEAOCTOBEPHOCTh Pa3HOCTH.

Mps1 OyneM TMob30BaThCsl HECKOJBKO JIPYTUM MOJXO0J0M, Ooliee
yAOOHBIM TPU TPUMEHEHUH CTATUCTUYECKUX KOMITBIOTEPHBIX TIPO-
rpamm. Jleno B TOM, 4YTO MPUHUMATh WJIM OTBEPraTh HYJIEBYIO THIIO-
T€3y MOKHO JIMIIb C 3aJaHHON JOBEPUTEILHON BeposTHOCTHIO: (.95,
0.99 unu 0.999. /s GMOJIOTMYECKUX M DKOJIOTHUYECKUX HCCIISIOBaHUM
BrojHe aoctarouHa 95%-s moBeputenbHas BepOSATHOCTH. Kaxkmoit
JIOBEPUTEIHLHON BEPOSITHOCTH COOTBETCTBYET OOpaTHas €d BeJIUYu-
Ha — yposenv 3uavumocmu (0.05, 0.01 u 0.001). IIpumeHHTETHHO K
KPUTEPHUAM JTOCTOBEPHOCTH — 3TO BEPOSITHOCTH OIIMOOYHO OTBEPT-
HYTh HYJICBYIO THIIOTE3Y, KOTJ]a OHAa HA CaMOM Jieiie BepHa (T. €. Koraa
THIIOTE3a BEPHA, HO OTKIIOHSETCS HCcienoBaTesieM). boree mpocroe
OTIPECIICHUE P-YPOBHS ZHAUUMOCMU — ITO BEPOSATHOCTH CIIPABEIJIU-
BOCTH HYJIeBOM TumnoTe3bl. CMBICA 2-TO MOAXOAa K OLIEHKE HCTUH-
HOCTH CTaTHCTHUYECKUX THIOTE3 3aKII0YaeTCsl B TOM, YTO JUIA KaX-
n0ro (HaKTUYECKOTO0 3HAYEHUS KPUTEPHUS JOCTOBEPHOCTH C YUYETOM
o0ObeMa BBIOOPKHM MOKHO pAacCUUTATh YPOBEHb 3HAYUMOCTU. ITO
03HAYaeT, YTO MOXKHO TIEPEUTH OT CpaBHECHHS (DAKTHUSCKUX 3HAUCHHM
KpUTEpUA C KPUTHYECKONM TOUKOM K CpaBHEHHIO (DAKTUUYECKOTO
YPOBHSI 3HAYMMOCTH C KPUTUYECKUM YPOBHEM, UTO sIBIsieTCs Oojee
yaoOHOW mporeaypoid mpu o00pabOTKe JTaHHBIX HAa KOMIBIOTEPE.
B stom ciyuae BepostHOocTh 5% (mim 0.05) sBiseTcss TPHHITHIM
HAy4HBIM COOOILECTBOM BEPXHUM KIIOPOTOM OLIMOKU» MPHU MPOBEPKE
CTAaTHCTHYCCKMX THIIOTe3 (KPUTHYECKUH ypoBeHb). Ecimu dakrtu-
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YEeCKUI P-ypOBEHb 3HAUMMOCTH (OH PACCUMTHIBACTCS CTATUCTHUECKOM
IpOrpaMMOl HAa OCHOBE CpPaBHHBAaEMBIX BBIOOPOK) TPEBBIMIAET
KpUTHYeCKUl p-ypoBeHb (00bruHO 0.05), TO BEpOATHOCTH OIIMOUTHCH,
OTBepras HyJIeBYIO THUIIOTE3Y, cuuTaeTcs Beicokoi (Oombime 0.05), uro
ABJIIETCSI OCHOBAHMEM HE OTKJIOHSATH HyJeByro rumnote3y. M Haobo-
pOT, €CIIM TOJy4daeTcs HHU3Kas BEPOSTHOCTHh OIIMOUTHCS, OTBEpras
HyJIeByt0 rumnote3y (dpakrtuueckuii p-ypoBeHb < 0.05), To, 3Hauywr,
€CTh BCE OCHOBAHHUS OTBEPTrHYTh HYJEBYIO THUIOTE3y. [lpyrumu
CJIOBaMH, BBIOOPOYHASI PA3HOCTh MOXKET CUMUTATHCS JIOCTOBEPHOMN
TOJIbKO ¢ BeposATHOCTHIO > 0.95 (nmpm p < 0.05), ecimu BeposSTHOCTH
ATOr0 OYeHb BBICOKas, HO paBHa, momyctum, 0.94 (p = 0.06), To
paznu4re MEXIy BBIOOPOYHBIMH  XapaKTEPUCTUKAMH  CIICTyeT
npu3HaTh HeAgocToBepHbIM. [log00HOE xecTkoe cornameHue o 95%
SBIISIETCS HEOOXOUMBIM YCIOBHEM TPU MaTeMaTHUeCKoi oOpaboTke
JaHHBIX, TIOCKOJIBKY HCCIEAOBATElIb MMEET JEeI0 CO CIyYalHBIMU
apieHussMU. Vcxonst W3 STUX PaACCYXJIEHUW BCE CTATHCTHUYECKHE
CpPaBHCHHS CBOJATCS K BBIYUCICHHUIO (DAKTHYECKOTO  YPOBHS
3HAYMMOCTH, YTO JIETKO MOXKHO JeJiaTh, UCIOJIb3YysI CTaATUCTUYECKHE
IPOrpaMMBbl U CJIETYIONIEE YCIOBUE!

Ecau p <0.05, To H, orBepraercsi, foka3bIBa€TCsl JOCTOBEPHOCTh PA3HOCTH.
Ecmu p > 0.05, To H, npunumaeTcst, JoKa3bIBa€TCs HEIOCTOBEPHOCTh PA3HOCTH.

Ilpumeuanue 3. B xauecTBe KpUTUUECKOTO YPOBHS 3HAUYUMOCTH
UCCJIe0BaTENh B 3aBUCUMOCTH OT TOW OTBETCTBEHHOCTH, C KOTOpPOH
HEOOXOJMMO MPUHATH PEIICHUE, MOXKET BbIOWpaTh Jpyrue, Ooljiee
Hu3kue BeposaTHOCTH — 0.01 mm 0.001. Takum oOpaszom, mporiecc
MPOBEPKU UCTUHHOCTH CTATUCTUUYECKUX TUIIOTE3 BCET/1a OTHOCUTEIICH.
JlomycTuM, eciau TOCTUTHYTHIA ypoBeHb 3HaumMocTH paBeH 0.04, To
npu KpuTudeckoM p-ypoBHe, paBHoM 0.05, mccriemoBarenb HOKEH
orBepruyTh H,, a eciu BbiOpan kputudeckuii p-ypoenb 0.01, To
HE00X0auMO NPUHATH H,,.

OT 00IIeTeOPETUYSCKUX PACCYXKICHUN IIepeaeM HEmoCpeCT-
BEHHO K MPAKTUYECKUM 3aJayaM, peliaeMbIM MpHU MPOBEPKE CTATHUC-
THYECKUX THUIOTe3. Vcmonp3oBaHWe KPUTEPUEB JTOCTOBEPHOCTH
MO3BOJISICT peniaTh 3 OCHOBHBIC 3aa4H .
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1. OcymecTBisATh OLICHKY COOTBETCTBUSL MEXIAY AMIIUPUUYECKUM
pacIpeieICHUEM U3y4aeMOro MOKa3aTeNsi U U3BECTHBIM TEOPETHYEC-
KUM PaCTIPE/ICTICHUEM — HOO20OHKA paAcnpeoeieHUsl.

2. ITpon3BOauTh CpaBHEHHE ABYX BBIOOPOK M ONPENIEICHHUE JTOCTO-
BEPHOCTH Pa3IMYUI CPEAHHUX BEIMYUH U TUCIIEPCUI ATUX BBIOOPOK.

3. YcraHaBnuBaTh NPUHAUICKHOCTh  OTACIBHOTO  3HAYEHUSA
U3y4acMoOi MEePEMEHHOM K BBIOOpKE (FeHEpabHONH COBOKYITHOCTH) —
OpaKoexa 6bl0pOCO8 NN GblCKAKUBAIOWUX 3HAUEHUU.

5.2. Knaccugpukayusi kpumepuee docmoeepHocmu
B 3a6ucumocmu om muna cpasueuuﬂ:

1. Kputepuu, ompenenstonue CTeneHb COOTBETCTBUS SMITUPH-
YECKOTO pacrlpe/ieleHUs] U3BECTHOMY TEOPETUYECKOMY, HA3bIBAIOTCA
KpUMepUsIMU CONLACUS.

2. Kputepuu, onpeaestomne J0CTOBEPHOCTh Pa3Iuuuil 2-X BbI-
OOpPOK TIO ONpeaeNIEHHBIM XapaKTepUCTUKaM (cpeaHee WIH JIHC-
TIepCUs), HA3bIBAKOTCS KPUMEPUAMU PA3TUYUSL.

3. Kputepun, omnpegensiomie MNPUHAIICKHOCTh  BBHIOPOCOB
K BEIOOpKE (TeHepaibHOW COBOKYITHOCTH), HA3BIBAIOTCS KpUmepusmu
UCKTIIOYEHUSL.

B 3aeucumocmu om cnocooda pacuema Kpumepus:

1. Ilapamempuueckue Kpumepuu — pacCUUTHIBAIOTCS HAa OCHOBE
napaMeTpoB BBIOOPOYHOM COBOKYIMHOCTH (Ha OCHOBE CpEIHETO
3HAYCHUS, JUCTICPCHH, CTAHIAPTHON OIMUOKH U T. JI.).

o T-xpumepuii Cmoiooenma (t-test) — ocHoBaH Ha BBEIOOPOUYHOM
cpenHeM 3HadeHWHW. Ecnym BO3HMKAET 3a/iada CPaBHUTH JIBE BHIOOPKHU
10 CPEAHUM 3HAYCHUAM, TO (haKTHUEeCKoe 3HaueHHue Kputepus CThbio-
JICHTa PACCUYUTHIBACTCS B KJIACCMYECKOM BapHUAHTE KaK OTHOIICHUE
Pa3HOCTH 2-X BBIOOPOYHBIX CPEAHUX K CTAaHAAPTHOW OIMIMOKE 3TOU
Pa3HOCTH:

t = il_ 2
S)(l_z

x|
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[Ipy 5TOM COBEpIIEHHO OYEBUIHO, YTO YeM OOJIbIlie Pa3HOCThH
MEXIY CPEIHUMHU 3HAYEHUSIMU 2-X BBHIOOPOK M YeM MEHbIIE CTaH-
JapTHas OITMOKa ATOW Pa3HOCTH, TeM OO0JbIlIe BEPOSTHOCTh TOTO, YTO
2 BBIOOPKM JOCTOBEPHO pa3JIMUAIOTCA MEXKIYy COOOH MO CpenHei
teHaeHIMu. Kak oTMewanoch Bbilie, [ KaXAOro MOJOOHOTO
(haKTUUECKOTO 3HAYCHHS] KPUTEPUSI MOXKHO pacCUUTaTh (HaKTUICCKUH
P-YPOBEHb 3HAYUMOCTH, CPaBHUTh €ro C KPUTUYECKUM YPOBHEM
(0.05) u ompenenuTh JOCTOBEPHOCTH pazimuuii. [TomoOHas cxema
NPUHITHS PEIICHUS COXPaHsIETCS IS BCEX JPYTUX KPUTEPHUEB
JOCTOBEPHOCTH.

o F-xpumeputi @uwepa (F-test)— ocHOBaH Ha BBIOOPOUHOM
mucnepcun. GakTudeckoe 3HaueHUE F-KpUTepusi pacCUMTHIBACTCS KaK
OTHOLIEHUE OO0JIbIIIEH BEIOOPOUYHON JUCTIEPCUN K MEHBIIECH:

2. Henapamempuueckue kpumepuu — pacCUMTHIBAIOTCS HA OCHOBE
4aCTOThI BCTPEYAEMOCTH UJIU PAHTOB.

e YacTOoTHBIE KPUTEPHUU:

Kpumepuii  y?> («xu keadpam»), WIA Kpumepuii CO2AACUS
ITupcona, (Chi-Square test) — npeacraBisger coboii cymMMy KBaJpaToB
OTKJIOHEHUH 3MIuprueckux 4acToT (f) OT BBIUMCIIEHHBIX TEOpPETHYCC-
kux yactor pacnpeneneHus (f'), oTHeceHHy0 K TeOpeTHYECKHUM
JacTOTaM:

0 (f - f1)?
P
i=1

e PaHroBelie KpUTEPUU:

Kpumepuit Manna — Yumnu (U) (Mann — Whitney test)
Kpumepuii Bunxoxcona (T) (Wilcoxon test)

Kpumepuii 3uaxoe (Z) (Sign test)

Kpumepuii cepuii Banvoa — Bonwgosuya (S) (Wald-Wolfowitz test)

[IpumeHeHne paHrOBBIX HEMApaMEeTPUUIECKUX KPUTEPUEB OCHOBA-

HO Ha PaHXUPOBAHWHM OTJCIBHBIX 3HAYCHUN JBYX CpPaBHHUBAEMBIX

BBIOOpOK. [Ipu 5TOM COMOCTAaBIAIOTCA HE CaMH IO ceOe OTIEeTbHbIC
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3HAYCHHUS PaHKXKUPOBAHHOTO PsZia, a €ro IOPSIKOBBIE HOMEpa WU
paHTH. AJTOPUTMBI pacyeTa pPAHTOBBIX KPUTEPUEB OTIMYAIOTCS
npoctoTol. Ecnu 3HaueHus pa3HbIX BBIOOPOK Oojice WM MEHee
PETYIISIPHO YepPEeayIOTCS B 00IIEM paHKUPOBAHHOM DSy, 3HAYUT OHU
pacnpeeaeHbl CXOIHBIM 00pa30M U OTJIMYUN MEXITY BBIOOpKAMH HET.
Ecim e 3HadYeHHWs BBIOOPOK TiepeceKaroTcs He moiHo (Tepe-
KPBIBAIOTCS TOJBKO KpasMHU pacIpeCIICHHI) I BOOOIIE HE Tepece-
KAalOTCA, TO OYEBHIHO, YTO 3THU BBHIOOPKH JTOCTOBEPHO OTIWYAIOTCS
ApyT OT apyra (BEIOOPKH CO CMEIICHHBIMU IIEHTPAMH WJIH Pa3HBIMHU
aucnepcusiMu).  KOHCTPYKIIMM — PaHTOBBIX  KPUTCPHEB  IMOAPOOHO
pasouparotcs B psje nocoowmii mo omomerpun (Ypbax, 1975; Majera,
Tapacos, 1982; Jlakun, 1990), Kk KOTOpHIM aBTOp M HaNpaBIIsSCT
guTaTeds TpH HeoOxoammocTH. HyneBas rumores3a, Kak IpaBHIIO,
COCTOHUT B TOM, YTO CPaBHHBAEMbIC BEIOOPKU Pa3INYaAIOTCS CITyYaiHO,
HEJ0CTOBEpHO. B HEKOTOpHIX paboTax MOIXOJI OKaszbIBaeTcs Ooiiee
mudpepeHITMPOBAaHHBIM: BBIJICISIOT PAHTOBBIE KPUTEPUH, OTIPEACIISIO-
IIMEe JOCTOBEPHOCTH OTIIMYMM BBHIOOPOK MO HEHTPATBLHON TEHACHIIUU
(cpeaHemMy 3HaAYEHMIO) M IO pa30pocy 3HAUYCHUHN (IUCIIEPCHH) HIIU
OJIHOBPEMEHHO 110 000MM MapaMeTpam.

Paznenenune KputepueB JOCTOBEPHOCTH HA MapaMeTPUUECKUE U
HenapaMeTPUUIECKHE SBISETCS Hanbosee BaKHBIM B IIPAKTUKE OMOJIO-
THYECKUX M DKOJIOTHYECKMX HCCIAEIOBAHUN, TMOITOMY PacCMOTPUM
Oosee moApoOHO MPEUMYIIECTBA U HEAOCTATKU JBYX TPy METOIOB.

ITapaMeTpuYecKkue KpUTepuU

IIpeumywecmeo — OOMBINAST KMOIIHOCTB» MO0 CPABHEHUIO C HETlapa-
METPUYECKUMU KpUTEPUsIMU. MOIITHOCTh KpUTEPUSI — CIIOCOOHOCTh 00-
nee 6e301MO0YHO OTBEpPraTh HYJIEBYIO THIIOTE3Y, €CJIM OHA HEBEPHA.

Heoocmamxu:

1. MoryT npuMeHSTHCS TOJIBKO MPU HOPMAITLHOM PACTIPEICTICHUH
CpPaBHHBAEMBIX MTEPEMEHHBIX.

2. bonee dYyBCTBUTENBHBI K MajloMy OOBEMY BBIOOPKH, YeM
HETapaMeTPUUIECKUE KPUTEPHUH.

3. Mcrionb3yroTest TOJIBKO ISl KOJIMYECTBEHHBIX IIEPEMCHHBIX.
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Henapamerpudeckue KpuTepumn

IIpeumywecmsa.

1. MoryT npuMEHSTbCS HE3aBUCUMO OT 3aKOHA pacipeacsICHUs
CpPaBHUBAEMbIX MEPEMEHHBIX, T. €. B CIIydasx, KOTJa pacrpeaciiCHUeS
MEPEMEHHON OTJIMYAETCSI OT HOPMAJIBHOTO.

2. Ucnionp3yroTcss AJisi KOJIMYECTBEHHBIX, MOPSAJKOBBIX U Ka-
YECTBEHHBIX JTAHHBIX.

3. Xopoiio paboTaroT IpH MaJbIX 00beMax BHIOOPKH.

Heoocmamoxk — nart 6ojiee rpyOyI0 OIEHKY pa3inyuii BEIOOPOK
110 CPaBHEHHUIO C TAPaMETPUICCKUMH KPUTEPHUSIMH.

B 3aeucumocmu om muna 6b160pKu:

1. Kputepuu a1t He3aBUCUMBIX BBIOOPOK (t-xpumeputi Cmviooenma,
kpumepuii Manna — Yumnu, kpumepuii cepuii Banvoa — Bonbgosuya).

2. Kputepun [j1s1 3aBHCHMBIX BBIOOPOK (napuwiti t-xpumepuil
Cmbrodenma, kpumepuii Bunkoxcona, kpumeputi 3HaKo0s).

He3aBucumble BLIOOPKH — CpaBHUBAaEMbIC BLIOOPKH, OT/CTHHBIC 3HA-
YEeHHUSI B KOTOPBIX HUKAK HE CBSI3aHBI MeXIy co0oil. O0bemM 06enx BbIOO-
POK MOXKET KaK pa3indaThCs, TaK M ObITh paBHBIM (T. €. Ny 7 Ny WIK Ny = Ny).

Ilpumep: cpaBHEHHE POCTa WIH Beca KMUBOTHBIX U3 2-X TOIYJIs-
MM, CPABHEHHUE KOHILICHTPAIIUM BEIIECTBA 32 Pa3HbIC T'O/IbI.

3aBucuMbIe BLIOOPKH — CPaBHUBAEMbIC BBIOOPKH, OT/ICIbHBIE 3HA-
YEHHUS KOTOPBIX IOMAPHO CBSI3aHBI MEXIy co00il. O0beM 00eHnx BbI-
OOpOK Bcerja JODKeH ObITh paBHBIM (T. €. Ni=N,). [IpenmymiecTBo
MOJIOOHBIX BHIOOPOK B TOM, YTO MPU CPABHEHUM PA3TUYUsI BHYTPH BbI-
OOPOK CTAaHOBSITCSI MEHBIIIMMH, YEM MEXKIY BHIOOPKAMHU, 3TO MOBBIIIAET
BEPOSATHOCTh YCTAHOBJICHUS JIOCTOBEPHOCTH BEIOOPOYHON PA3HOCTH.

Ilpumep: cpaBHEHHE CHWIIBI JICBOM W TMPABOM PYKH Yy TPYIIIBI
UCIIBITYEMBIX, CpaBHEHUE (DU3MOJIOTHYECKHUX MMOKa3aTelie y OJHUX U
TeX K€ JKUBOTHBIX JI0 U MOCJIE TPOBECHHUS OMBITA.

[Ipu ucnosib30BaHUKM METOJIa CPAaBHEHHUM Ba)KHO 3HATh HE TOJBKO
K KakoW rpymnme OTHOCUTCS M KaKyl 3ajladyy CIOCOO€H peliaTh TOT
WIM WHOW KPUTEPHUH JTOCTOBEPHOCTH, HO M YCJIOBHUS €T0 MPUMEHU-
MOCTH, COOJIIOJICHHE KOTOPBIX IMO3BOJIIET CTATUCTHUYECKH KOPPEKTHO
MPOU3BOAUTH KOJUYECTBEHHYIO 00pabOTKy naHHbIX. WMHpopmanus
noJA00OHOTO poJa KpaTKO CBeleHa B Tabmuiy U OyAeT moJie3Ha
yurareiro (tad. 5.1).

[TogpoOHBIM pa300p MPAKTHYECKOTO IMPHUMEHEHHS KaKJIOro W3
KPUTEpPUEB HE BXOJUT B 3a/1a4M JJAHHOTO MOCOOUS, AJISl 3TOI0 MOYKHO
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o0paTuThCsl K pa3HOOOpa3HON CTATUCTUYECKOW JUTEpaType, yKas3aH-
HOUM B KOHIIE TOcOOUsl. EAMHCTBEHHOE, YTO OCTAJIOCh MPOJEMOHCTPHU-
pOBAaTh YMUTATEIIO, — 3TO HEKOTOPBIE MPUMEPHI IIPOBEPKU CTATUCTHU-
YECKHUX TUIIOTE3 C IPUMEHEHUEM CIIEUATM3UPOBAHHBIX IIPOTPAMM.

Tabnuma 5.1

Knaccugukayusa u ocobennocmu npumenenus
HEeKOmopbwiX Kpumepues 00CHo8epHoCmu

Yenosus u ocobennocmu

3adaua Rpumepuii Tun xpumepus npUMeHeHUsi Kpumepust
JokazaTp paznuuune 1. O6beM BBIOOpPKM d0I-
MEXIy SIMIUpHUYEC- Kpurepunii )KeH  ObITh  OOJIBIIUM
KM M TEOpEeTHYEC- [Tupcona (n >50).
KAM YacTOTHBIMH | XH-KBaJpaT 2. Hempumenum i Ma-
pacrpeeIeHUSIMU. aeIx  BeIOOpOK (N < 10—

20).

3. HeoOxomnMo,  49TOOBI
9YacTOTHl 3HAYCHHHA IIpHU-
3HaKa B KpallHUX KJlaccax
obLTH > 5.

Kpurepun 4. [TpumensieTcs mpu mpo-
coriacus BEpKE KaK HENPEPHIBHBIX,
(HOpMaJIBHOCTH) | TAaK M JMCKPETHBIX 3aKO-
HOB pPacnpeiesICHHUs.
Kpurepuit Ob6namaer GopIei MoIII-
Konmoroposa — HOCTBIO I HENpPEpbIB-
Cwmupnosa (d) HBIX TIEPEMCHHBIX.
(Kolmogorov —
Smirnov test)
Kpurepuit 1. Cunraercs  Hambomee
[Tanmupo — MOIITHBIM KpUTEpHUEM,
Yunka (W) ecid  00beM  BBIOOPKH
(Shapiro- HeOompImoit (8 < n < 50).
WilK's test) 2. Bonee WMomHBIA TIpU
ONpPEACIICHUU PA3JIUYUN B
aCUMMETPUM  pacrpe]ie-
JICHUS], YEM B JKCIIECCE.
Jlokazate paznnuue 1. HopmanibHOCTH pacmpe-
IBYX cpefHux apud- | t-kpurtepuii [TapameTtpu- JACICHUS  CpaBHMBACMBbIX
METHYECKHUX i | CrerogeHTa YEeCKHUH, NCPCMCHHBIX.
OJIHOT'O IIPU3HAKA. KpUTEpUI
paznuuus
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2. HepocroBepHoe  oTim-
Yyue MCIEePCUil CpaBHMBA-
eMbIX IepeMeHHbIX. Eciu
JAHHOE YCJIOBUE HE CO-
omronaercd, To B MS Excel
u Statistica HeoOxoaUMO
paccuuThIBaTh {-KpUTEpHUIA
CrprofieHTa C pas3nyaro-
LIMMUCS TUCTIEPCHUSIMU.

Hoka3zare paznuuue
JIBYX JIACTICpCUI
UL OJHOTO TpH-
3HaKa.

F-kputepuit
Ourrepa

[TapameTpu-
YEeCKHUH,
KpUTEpUI
pas3Inuus

HopmansHocTh  pacmpe-
JEJIeHUsI  CPaBHUBAEMBIX
MEPEMEHHBIX.

JlokaszaTh pazianuue
IBYX BBIOOPOK B
IEJIOM.

Kpurepnii
Manna —
Yurun

Kpurepuii
Banpna —
Bonbdosuna

Hemnmapamerpu-
YeCKHUe
paHTOBBIE, IS
HE3aBUCHMBIX
BBIOOPOK,
KpUTEPUH
pazmTugus

1. HanOosiee MoiHas He-
napameTpudecKas
anpTepHATHBA [-KpUTEpHS
CrrrozmedTra i1 HE3aBU-
CUMBIX BBIOOPOK.

2. Haunbonee menecoodpas-
HO TIPUMEHATH ISl MaJIbIX
BbIOOPOK (3 < n < 60).

3.B 2-x cpaBHHMBacMBIX
BBIOOpKAX HE JIOJHKHO OBITH
COBITIQJIAIONIMX  3HAYCHUU
WIA TaKuX COBIAJEHUN
JIOJDKHO OBITH OYEHDb MaJIo.

1. [lpumeHuM nJisi MaJbIX
BBIOOPOK.

2.B nmocratoyHo 00b-
IIMX BBIOOPKAX yJIaBIIMBa-
€T pa3Iudus MPaKTUISCKH
JII000ro THIA. II0 I[EHT-
pallbHOM TEHAEHLIMH, TI0
JUCIIEPCHH, TI0 XapaKTepy
pactpeneneHus. B BuI-
Oopkax Majoro oObema
pearupyetr B OCHOBHOM Ha
CIABUTH TI0 IEHTPaIbHOMN
TEHICHINH.

Kpurepnii
3HAKOB

1. OGmamaer GosblIeH YyB-
CTBUTEJIBHOCTBIO K BBI-
OOpKaM CpeqHero u 0OJb-
oro oobeMa.

2. YuuThIBaeT JHIIb Ha-
MPABJICHHOCTh  M3MEHe-
HHUM B Ka)XJIOM Mape 3Ha-
YEHUM MpU3HAaKa.
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Henapametpu- | 3. [IpumeHnM K mOpSIKO-

YECKHE BBIM U Kau4e€CTBEHHBIM
PAHTOBBIC, ISl | IAaHHBIM.

3aBUCUMBIX 4. Ecnu CpaBHHUBAIOTCS KO-
BBIGOPOK, JIMYECTBEHHBIE JaHHBIE, TO
KpUTEpHH MIPUMEHEHUE KpUTepus
3HAKOB BO3MOKHO TOJIBKO
pasiaus TUTS IIPEIBAPUTEILHON
OLICHKU PA3JIUYUN 2-X BbI-

OOpOK.
Kpurepuii SABnsiercs 6os1ee MOIIHBIM
Buiikokcona KpUTEpUEM IO CpaBHE-

HUIO C KPUTEPHUEM 3HAKOB,
T. K. YIUTHIBAaCT HE TOJb-
KO 3HaK Pa3HOCTH MEXIY
CBSI3aHHBIMU 3HAUYEHUSIMU
2-X BBIOOPOK, HO W BEIH-
YUHY 9TOH Pa3HOCTH.

5.3. [Iposepka HoOpmasibHOCMU pacrnpedesieHust
8 nakeme STATISTICA

[Ipy pyTHUHHBIX OHMOJOTUYECKUX M DKOJOTMYECKUX HCCIEA0Ba-
HUSX, KaK TPaBUIIO, JOCTATOYHO OBIBAET MPOBEPUTH MPE/IOI0KEHNE
O COOTBETCTBUHU 3IMITMPUYECKOrO paCIpEEICHU HU3y4YaeMbIX Mepe-
MEHHBIX TEOPETUUECKOMY HOPMAJIbHOMY 3ak0oHY. Kak 3HaeT unurtarensb,
OT 3TOr0 3aBUCUT KOPPEKTHBIA BBIOOp JMOO MapaMeTpUUYECKUX
(ocHOBaHHBIX Ha HOpPMAJIbHOM pacHpelIeicHuu), JIubo Hemapa-
METPUUYECKHUX METOJIOB aHaliu3a JaHHbIX. Eciii uHTEpec npencraBiser
aHaJu3 CaMoOro SMIMPUYECKOTO pacHpeieieHus, TO, HUCHOJIb3Ys
Kkpumepuii coenacus Ilupcona, MOXHO C ONpENEICHHON BEpOSTHOC-
ThIO YCTAHOBUTH TEOPETHUYECKUM 3aKOH, KOTOPOMY COOTBETCTBYET
pacnpeneiacHue (TOJATOHKA pacmpeneiacHus). MbI  OCTaHOBUMCS
Ha MIEPBOM 3aJ1a4e.

IIpu npoBepke HOPMAIBHOCTH PACIPEACICHUS HEOOXOIUMO
chopMyIUpOBaTh CTATUCTUYECKUE TUIIOTESBI:

H, — sMnupuueckoe pacrpeeieHue HeAOCTOBEPHO OTJIMYAETCS
OT HOPMaJILHOT'O TEOPETUYECKOTO, T. €. OTIUYHUS YaCTOT CIyUalHBbI.

H, — sMoupuyeckoe pacnpenesieHue JOCTOBEPHO OTIIMYAETCA OT
HOPMaJIbHOTO TEOPETUYECKOTO.

B  nporpamme  STATISTICA  1npoBepky  HOpMaJIbHOCTH
pacnpeneicHusT IEPEeMEHHBIX MOYKHO OCYIIIECTBUTH B MOjayJsie Basic
Statistics / Tables (OcHoBHble cTaTuUcTUkn / Tabnuubl). Ilepen
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aHAJM30M B OTJACJIbHBIE CTOJOIBI 3JIEKTPOHHON TaOIUIIBI BBOJMSITCS
JUCJIOBBIC 3HAYCHHUS IEpEMEHHBIX. B KauecTBe mpumepa IpoBEpUM
HOPMAaJLHOCTh PACIPEICIICHUS CICAYIONINX MOKa3aTeaen: poCT JeTeu
JOIIKOJIBLHOTO BO3pacTa M KOHIIEHTparuu oOiero ¢gocdopa B Boje
o3epa Hepo (ApocnaBckas o6nacts) (puc. 5.2).

STATISTICA - [Data: Spreadsheet1* {10y by 1308c)]

Eile Edit Wiews Insert Formab Statistics Graphs Tools Data  Window Help

O = = & &+ i) <t |« i Jf:’f_;" &dd to workbook = &dd ko Report = @ K2

[ S Bru s==8 A-2-E-9
1 2 3 4 = B il
PaocT, cm @occpop, mrn | Vard “Ward “ars YWarb “War?
1 1285 0,041
2 135 0,041
3 126 0 066
4 124 0,083
5 1285 0,045
B 124 & 0,103
7 124 0,083
=3 124 0325
9 130 0274
10 125 0,134
11 124 0,083
12 124 0,091
13 122 0,095
14 112 0,113
15 129 0,095
15 1225 0,052
17 127 5 0,108
18 116 0,104
19 127 0,088

Puc. 5.2. Onexrponnas tabnuna nporpammsl STATISTICA

ﬁ Descriptive Statistics: Spreadsheet1

@ Yariables: Pact, cr-Focgap, Mrin

Cuick ] Advanced  Mormaliby l Frab. & Scatlerplnls] Cateq. plots] Dplions]

Distribution Use Distribution Fitting, Bl Options ~

: Process Analysis, or Graphs
ffl Frequency tables| 7] Histagrams | (PP or G-yt fit ather

P distrbutions; use Survival
Categorization Faalysis to fit distributions

(¢ Murber of intervalz: (10 EI to censored data.

O Integer intervals [categaries)

[ Momal expected frequencies
[+ Kolmogoroy-Smirnoy & Liligfors test for normality

[ Shapirowilk's W test

: D ow
-
= r

Stem and leaf .
L_/ 20 histograms, bivariate distributions | EF  Stem&lesf plot MD deletion
oo ) . = " Casewise
oo Categorized histograms | | Compressed & Paivice

Puc. 5.3. JluanoroBoe okHO MOAyJsl «OnucaTenbHas CTaTHCTUKA»
(Descriptive statistics), Bkimaaka «HopmansHocTh» (Normality)
nakera STATISTICA
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Jlisg 3amycka mporpaMMbl B BepXHeM MeHIo Statistics Hamo
BbIOpaTh KoMaHay Basic Statistics / Tables. B nosBusiemcs MeHio
Hajo BBIOpaTh KoMmaHay Descriptive statistics (OnucaTtenbHble
CTatTUCTUKK). Jlns BeIOOpa TIEPEeMEHHOH, pacrpeieiieHue KOTOPOM
HEOOXOIMMO TPOBEPUTh, HAI0 HakaTh KHOmKy Variables u B
OTKPBIBIIIEMCS OKHE IIECJIKHYTh HA UIMEHHU IIEPEMEHHOM (IIepEeMEHHBIX ).
3aiitr Bo BKiagky Normality (HopmanbHOCTb) u mocTaBuTh (hiiaxku
HanpotuB kpurepueB Konmoroposa — Cmupnosa u [lanupo — Yuiika,
Kak TMoka3aHo Ha pucyHke (puc.5.3). OcTtaercs HaXKaTh Ha KHOIKY
Histograms (['MctorpamMmbl) u mpoBecTH KOPPEKTHYIO HHTEpIIpe-
TalUIo pe3ynbTaToB (puc. 5.3).

PaccMoTpuM pe3ysibTaThl IO POCTY JeTeH JAONTKOJIEHOTO BO3pacTa

(puc. 5.4).

Histogram: PocT, cm
K-S d=,08860, p> .20; Lilliefors p<,20
Shapiro-Wilk W=,98982, p=,83934

30

25t

20 +

151

No. of obs.

10

0 J7ﬁ B
100 105 110 115 120 125 130 135
X <= Category Boundary

Puc. 5.4. Pe3ynbTaThl IPOBEPKH HOPMAIILHOCTH PACTIPEICIICHHS B TIAKETE
STATISTICA: poct nereit AOITKOILHOTO BO3pacTa

Ha mpencraBieHHONW TUCTOTpaMME CPAaBHEHUS SMIIUPUYECKOTO
pacnpeze/ieHus pru3HaKa (cToj0yaras JuarpaMMa) ¢ TeOPETHICCKON
HOPMaJIbHOM KPUBOM BUIHO XOPOIIEE COBIIAJACHUE, YTO YKA3bIBACT HA
HOPMAJILHOCTh pachpeleieHus] pocTta. bonee TOYHBIM BBIBOJ MOXKHO
cAenath, OOpPaTUBIIUCH K PACCUYUTAHHOMY (DaKTUUECKOMY P-YPOBHIO
3HAYUMOCTH, TIPEACTABICHHOMY i OOOUX KPUTEPUEB BBEPXY
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ructorpammbl (puc. 5.4). Tlo xputeputo Kommoropoa — CmupHOBa
(K-S) p > 0.2, a cormmacao kputepuro [llamupo — Yunka p = 0.839,
TakuM 00pa3oM, 00a 3HaYeHUsI yPOBHEH 3HAYUMMOCTH HAMHOTO TIPEBBI-
maroT kputndeckuid ypoeHb (0.05), 3HaUUT HyJIeBas THIIOTE3a IPH-
HUMAETCs, YTO JOKa3bIBACT HEOCTOBEPHOE OTIIMYUE PACIIPEACTICHUS
pocTa JeTeit NOIIKOJIBHOTO BO3pacTa OT HOPMAJIBHOTO 3aKOHA.
OOpaTtumcs Termeps K pe3ysibTaTaM 10 KOHIIEHTPAIUsIM OOIIEro

docdopa (puc. 5.5).

Histogram: ®ocdop, mr/n
K-S d=,16861, p<,05 ; Liliefors p<,01
Shapiro-Wilk W=,88861, p=,00001
35 - : . :

301

251

201

No. of obs.

15

10+

0 :Ii\_ I ]

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
X <= Category Boundary

Puc. 5.5. Pe3ynbpTaThl MpoBEpKH HOPMAITLHOCTH PACTIPEICIICHHS B TTAKETE
STATISTICA: o6uruit hochop

I'paduk ykas3piBaeT Ha SIBHYIO TOJIOKUTEIHHYIO aCUMMETPHIO B
pacripeiesieHuu JaHHOTO Tokasarens (puc. 5.5). dakTudeckuii ypo-
BEHb 3HAYUMOCTH 1o kputepuro Konmoroposa — Cmupnona p < 0.05,
no [lammpo — Yunka p = 0.00001 (puc. 5.5). Takum o6pazom, ¢ Bepo-
ATHOCTBIO Ooibiieit 95% mokazaHa JTOCTOBEPHOCTh OTIMYHUS pacipe-
JieJIeHusl KOHIIEHTpaluit oomero ¢gocdopa 0T HOPMAIHHOTO 3aKOHA.

5.4. Ucnonb308aHue napamMempu4ecKux Kpumepues
e MS EXCEL

PaccmotpuMm anroputm npumeHeHus Ut-kpurepusi CThIOACHTAa H
F-kputepus @uiepa B Tabmmunom mporeccope MS EXCEL. ITapamer-
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PUYECKHE KPUTEPUU BBIYHCIISIOTCS B YCIOBHUSAX CTPOTHX MPEANOCHUIOK
(mepeuncnensl BhIme). Ecnu  yka3aHHBIE TPEINOCHUIKH, OCOOCHHO
HOPMAJIbHOCTh  pacmlpeiesieHus, He COOMOJCHBI TIpu  00paboTKe
JTAHHBIX, TIOJIL30BATLCS MapaMETPHUECKUMHU KPUTEPUSIMU HETPaBOMED-
HO. [IpuMeHeHHe 3THX KpUTEpUEB B TAKOM CIy4ae MOXKET HMCKYCCT-
BEHHO 3aBBIIIATH JIOCTOBEPHOCTHh OOCYKIAEMBIX a3yl — 3T0 (ajb-
cuduKanys JaHHBIX. Takum 00pa3oM, MEPBBIN AT MPH UCTIOIL30BaHUN
KPUTEPUEB Pa3INUUs — 3TO MPOBEPKA HOPMAITBHOCTH PACIIPEICTICHHUS 110
ATOPUTMY, TIOKa3aHHOMY BbIe. Eciu yciaoBUS TPUMEHUMOCTH
t-KpUTepHs HE BBITIOJIHEHBI, CIICAYET UCIOIB30BaTh HEMapaMETPUIECKIE
albTepHaTHBHI t-kpuTepus (Hanpumep, U-tect ManHa — YUTHH).

B kadectBe mnpuMepa paccMOTPUM TpUMEHEHHE U-KpuTepus
CrhroieHTa IS BBISICHEHUS JOCTOBEPHOCTH pa3IMYUN CPEIHUX
BEJIMYHMH JBYX HE3aBUCHUMBIX BBIOOPOK B JJIEKTPOHHBIX TaOJIHUIIaX.
BepHeMcs K WM3BECTHOMY YHUTATENIO MPUMEPY U CPaBHUM CPEIHUN
pPOCT JAeTeil ABYX rpymi, NPeIBapUTEIbHO CPOPMHUPOBAB 2 CTOJIONA
¢ nagaeiMu B Ta0mmne MS EXCEL:

Poct 6-1teTHHX neBouek, cM | PocT 6-IeTHHX MaJIbYUKOB, CM
128.5 111
135 112
126 125
124 116
128.5 120
124.6 127
124 119
124 127
130 135
125 116

CTaTUCTHUYECKHE TUMOTE3bI JJIsl pelIeHUs] JaHHOW 3aj1adu OyayT
3By4YaTh CJASIYIOMNM 00pa3oM:

H, — cpennuii pocT 6-I€THUX JI€BOYEK HEIOCTOBEPHO OTIIMYACTCS
OT CpeHEro pocTa 6-TeTHUX MaJbYUKOB, T. €. pa3IU4Ms B BHIOOpKAX
CIIyYalHBbl.

H, — cpeanuii poct 6-1€THUX I€BOYEK JOCTOBEPHO OTJIMYAETCS OT
CpEIIHEro pocTa 6-JIETHUX MaJIbUYHUKOB.

[leppoe ycnoBue mnpuMeHumMoctu t-xpurepuss CThrOAEHTA —
HOPMAaJIbHOCTh paclpeieNICHNs — ObLUTO IPOBEPEHO HA JAHHBIX O POCTE
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JeTeN JOIIKOJIBHOIO BO3pacTa. PaBEeHCTBO AuCHEPCHN IPOBEPUM C
noMouplo F-kputepust @uiepa. [IpeasapurenbHo ciaeayer chopmy-
JMPOBATh HYJEBYKO THIOTE3Y. PA3IUUUs MEXKAY OUCIEPCHUSIMHU POCTA
IBYX TPYII JETEHd HEAOCTOBEPHBI, a €CIM U HAOIIOJAIOTCS MEXIY
BBIOOPOYHBIMHU JUCIIEPCUSAMH, TO 3TO CIy4dailHOE siBieHHEe. B MeHro
CepBuC Haa0 BBIIEIHTH KOMaHy AHaNM3 JaHHbIX, B OTKPBIBIIEMCS
JIMAJIOTOBOM OKHE BbIOpaTh MOAYJb [BYXBbIOOPOYHLIM F-TeCcT ans
ancnepcun u Haxartb kHotiky OK (puc. 5.6).

g |

AHAIH3 JaHHBIX X

MHCTPYMEHTEI aHANKES

C1aHO AR TOPHEIA AHCNEPCHOHHEIA 3HANHE ~

Ay DAk TOpHEIR AMCNEPCHMOHHEIR GHaNME C NOETOPEHHARMH 1

Ay dakTopHEIR AMCNEPCHMOHHEIR aHanks Bes NOETOPEHHA

FoppenauHa

KoBapHaumA

ONHMCaTENEHSA CTATHCTHES

SKCNOHEHUMANEHDE CMAS#HEIHHE

BV XERID0DOYHEI F-TECT ANd AHCNEDCHK

AHanuzs Dypee

HCTOrparMa ]

Puc. 5.6. O0muii B MEHIO makeTa «AHaAJIN3 TaHHBIX» C BEIOPAHHBIM MOJIYJIEM
«JIByxBbIOOpOUHBIH F-TecT nis aucnepcun»

BayTpn naHHOrO MOJyJs yKa3aTeleM MBI HE0OXOIUMO aBTO-
MAaTUYECKHM BBECTH [IaHHbIE NEPBOM M BTOPOM BBIOOPOK B MO
NHTepBan nepemeHHon 1 u IHTepBan nepemMeHHOM 2 u HaaThb
kuHonky OK (puc. 5.7).

JABYXEHO0POYHEHHK F-TECT 118 JMCNEDPCHH

BxoaHEIE AaHHEIE

MHTEpEan NepeMeHHoNA 1 o HE45: $aHES4
MHTEpEaN NepeMeHHOR 2 $AI$45: $AI454
[ MeTkm
Aneca; (0,05

MapaveTpel BEIEDAS

i

() BelxoAHOH HHTEpEAN:

(*) HoBkli pafioumi omeT:

() HoBan pafiouad KHHra

Puc. 5.7. JIlnanoroBoe okHO mporieAypsl «JIByXBoIOOpOUHBIN F-TecT mis
mucnepcun» Tabnmmanoro mnpomeccopa MS EXCEL
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B pesynbTare MosBUTCS TabJMIA C pACCYUTAHHBIMU 3HAYCHUSIMU
BBIOOPOYHBIX JUCTHEPCHM Uil  2-X BBIOOPOK H  (DAKTUYECKUM
P-YpPOBHEM 3HAYUMOCTH (Tadu. 5.2).

Ta0muna 5.2

Pe3yﬂbmambl npoeepKu cunome3svl 0 paAGEeHcCmee CeEHePAibHblX

oucnepcuii ¢ nomowvio F-kpumepus @uwepa ¢ madauunom
npoueccope MS EXCEL

Jlsyxevioopounsiii F-mecm 01 ducnepcuu
llepemennasn 1 | l[lepemennas 2
Cpennee 126.96 120.8
Hcnepcus 12.8048 57.7333
HaOnronenus 10 10
Df 9 9
F 0.2218
P(F<=f) omHocTOpoHHee 0.0175
F KpuTHUYEeCKOE OTHOCTOPOHHEE 0.3146

®daktuyeckuii ypoBeHb 3HaumMmoctu (0.0175) MeHble KpuTH-
yeckoro (0.05) u HyeByIO THIIOTE3y O PABESHCTBE JUCIICPCHUH CIICAYET
OTKJIOHUTh, O YE€M CBHUACTEIbCTBYIOT WU CHJIBHO pa3IUYaronIuecs
3HA4YCHUS BBIOOPOYHBIX IUCTiepcuid st 2-X BbIOopok (12.8 m 57.7).
Taxkum 00pa3om, BTOpoe yciioBue mpuMeHuMocTH t-kpurepus Ctbio-
JIEHTa HEe BBINOJHEHO, ToaToMy B MS EXCEL Heo6XxoaumMo BOCTIOJIb-
30BaThCs MoaysieM [BYXBbIOOPOYHLIN t-TECT C pasfiMyHbIMU
OANCNEPCUAMU, B KOTOPOM HCIIOJIB3YETCs CIeUANbHBIN METOJ| pac-
yera t-kputepus. Crnemaem 31o: B MeHIO CE€pPBUC BBIIETUM KOMaH]Ty
AHanNn3 [JaHHbIX, B OTKPBIBIIEMCS JUAJIOTOBOM OKHE BBIOEpEeM
MoyIib [1BYXBbIOOPOUHbIN t-TECT C pasfnnMYHbIMU UCNEPCUSMUN U
HaxkmeM kHOTKy OK (puc. 5.8).

Ilpumeuanue 4. B cinyyae npuHSITHS HYJIEBOW FMIIOTE3BI O PABEH-
CTB€ JMCIEPCUN MPU UCTOTB30BaHUU F-kputepus duiiepa crneayet
NPUMEHATh MOAY/Ib [BYXBbIOOPOYHLIA t-TECT C OAMHAKOBbLIMU
ancnepcnamm (puc. 5.8).

Buytpu moayns [BYXBbIOOPOYHLIN t-TECT C pasfnyHbIMM
ONCNEPCUAMMN TIPOJIENIbIBAEM aHAJIOTHYHBIC OMKUCAHHBIM BBIIIE MPO-

neayps! (puc. 5.9).
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X

—

AHaIH3 JaHHBIX

MHCTPYMEHTE! aHaNK=A

[HCTOMpaMMa s

CKonesAWes CpeiHes B |
MEHEPALMA CRvUaRHEL: HHCEN

P&Hr M NEpCEHTHE

Perpeccra
BriGopka

MNapHBIA AEYXERIBOPOYHEIR E-TECT ANA CpeAH Y
AevxERIBODOYHBIA E-TECT € 0AMHAKOEEIMKM AHMCAEDCHARH

By EEID0DOYHEIM F=TECT £ DaZIHYHEIMM AHCNEDCHAMK
AEy<EEIO0POYHEI 2-TECT ANA CPEAHHX ]

Puc. 5.8. O0muii B MEHIO IakeTa « AHAJIM3 JAHHBIX» ¢ BBIOPAHHBIM MOJTYJIEM
«JIByXBBIOOPOUHBIH t-TE€CT ¢ pa3IMUYHBIMU JTUCTICPCHAMU»

JABYXEHO0POYHLH t-TECT C paz.IHUHBMAH JHCTIEPCHARMH

BxoaHEIE AaHHEE
IHTEpEaN NEpEMEHHOA 1

. OTHMEHS
HTEpEanN NepeMEHHON 2:
CMNoOTETHYECKaA CPeAHAR PASHOCTE:

|:| MeTEH
Aneda: (0,05

MapaMeTpel ERIED LS

i

() Bblx0AHOH HHTEpEAN:

(%) HoBkii pabioumid aMcT:

(") Hoean patioyan kHHra

Puc. 5.9. JInanoroBoe okHO mporeaypsl «/IByXBbIOOpOUHBIi t-TecT
C pa3IUYHBIMH aucnepcusmMm» Tabauanoro nporeccopa MS EXCEL

OxoHUaTeNIbHbIE PE3YJIbTAThI aHAIM3A ITPEJICTABIICHBI B TAOIHIIE .3.

Tabnuia 5.3

Pezynomamot npoeepku cunome3st 0 pageHcmee
2eHePANbHBIX CPeOHUX ¢ nomouivio --kpumepus Cmorooenma
6 maoauunom npouyeccope MS EXCEL

Heyxsvibopounuiil t-mecm ¢ paznuunvimu
oucnepcusimu
[lepemennasn 1 |[lepemennas 2
Cpennee 126.96 120.8
Jlucniepcus 12.80489 57.73333
HaOmronenus 10 10
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['MroTeTudeckas pasHOCTh CPEITHUX 0

Df 13

{-cTaTUCTHKA 2.319362
P(T<=t) ogHOCTOpPOHHEE 0.018647
t KpUTHYECKOE OJJTHOCTOPOHHEE 1.770933
P(T<=t) nByxcTopoHHee 0.037293
t KpUTHYECKOE ABYXCTOPOHHEE 2.160369

[Tockonbky BenuunHa akTrudeckoro ypopHs 3HaunmoctH (0.037)
MmeHbIie kputndeckoro ypoBHs (0.05), HyneBas rumore3a OTKJIO-
HSCTCS M MOXHO CJeNaTh 3aKIIOYCHUE O JOCTOBEPHOM pPa3IndMH
pocra jgeBouek (127 cm) u pocra MaibuukoB (121 cm).

5.5. Ucnonb3o08aHue Henapamempu4yecKux
kpumepuee 8 nakeme STATISTICA

Panee ObUTO yCTaHOBJEHO, YTO paCIpeIClICHUE KOHIIEHTpAITHi
obmiero ¢ocdopa B Boae o3epa Hepo He mogumHAETC HOPMAJIbHOMY
3aKOHY, IOATOMY MPHUMEHEHHE TMapaMETPUYECKUX METOJO0B Herpa-
BoMepHO. OOpatumcst K cleayroleMy MpuMepy. B pesyibTaTe psaa
U3MEpPEeHUM OBLIN TMOJy4YeHbl KOHIIEHTpauuu ooiero docdopa as
o3epa Hepo B 2010 u B 2011 romax. Heo6xoaumo yCTaHOBUTH JOCTO-
BEPHOCTh CHIDKCHHS CPEHETO cojaepkaHus ooIero ¢ochopa B Boje
o3epa 3a JJaHHbI TPOMEXYTOK BpeMmeHu. Hanbosee mMoiHoi Henapa-
METpUYECKOH anbTepHATUBON U-kpuTepuss CThIOJACHTA CUHUTACTCS
Kputepuid MaHHa — YUTHH, TOATOMY TMOMBITAEMCS PEUIUTh MPe-
JIO)KEHHYIO 3aJjadyy Ha ero ocHoBe. JlaHHBIE MO KOHILEHTPALMSIM
obmero dhocdopa npeacTaBICHbI HIXE!

OO0t Cpennee
dbochop, 40 |56 |57 |60 |65 |70 |80 |89 |104 125 74.6
MKI/ 11,

2010 .

OO0muit Cpennee

dbocdop, 30363813941 (45|51 |55|62 |[105|95 |106 |58.6
MK/ 11,

2011 r.

Br10opouHbIe cpeHue 3HAYCHUs] JEHCTBUTEIBHO Pa3inyaroTcs,
chopMyIUPYyEM THUIIOTE3HI:
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H, — xonueHntpamuu oOiero ¢ochopa B o3epe HEIOCTOBEPHO
OTJINYAIOTCS B Pa3HbBIC TOJIBI.

H, - xonmentpanum oo6miero docdopa B 03epe JTOCTOBEPHO
OTJINYAIOTCS B Pa3HbBIC TOJIBI.

JInst mpaBUIILHOM OpraHW3allii UCXOJHBIX JaHHBIX B 3JIEKTPOH-
ol tabmuie STATISTICA HeoOxoauMo 00 BHIOOPKH TTOMECTHUTH B
onun cronberr (Dependent variable), a B cocequem crondiie pa3ouTh
UCXOJIHbIC JaHHBIC HAa 2 TPYMIbI, BBEAS COOTBETCTBYIOIINE KOJbI, Ha-
npumep 2010 m 2011. Drtor crondenr 00O3HAYAETCs Kak TPYyMIIU-
pupytomas nepemennas (Grouping variable) (puc. 5.10).

- [Data: Spreadsheet1* {10v by 110C
Fl STATISTICA - [Data: § dsheet1* {10v by T10C)]

Eile Edit  Wiew Insert Formak 3Statistics Graphs Tools Daka  Sindow  Help

0O = Sl & &< @h ©7 Addtoworkbook ~ Addbo Report + | 2 WP

| Arial -l Bru E=E=E A-2-E-% = & 4
1 2 3 4 5 B 7 g
Dochop, Mer/n Kogkl “Ward “ard Vard Warb “ard “ard W
1 40 2010
2 56 2010
3 57 2010
4 B0 2010
5 B5 2010
B 70 2010
7 B0 2010
5] 09 2010
9 104 2010
10 125 2010
11 30 2011 I !

12 36 2071
13 35 2071
14 39 2071
15 41 2071
16 45 2071
17 51 2071
18 55 2071
19 B2 2071
20 105 2071
21 95 2071
22 106 2071

Puc. 5.10. Opranuzanus UCXOJHBIX TAaHHBIX B AJIEKTPOHHON TaOIHUIe
nporpamMmbl STATISTICA npu ucnosib30BaHNM KPUTEPUEB IOCTOBEPHOCTU
JUTSl HE3aBUCUMBIX BBIOOPOK

Jliis TIpoBeIeHMs aHaau3a B BepXHEM MeHro Statistics mago BbI-
opath komanay Nonparametrics (HenapameTtpuyeckada ctaTucTu-
kKa). B mosiBuUBIIEMCS MEHIO BbIOMpaeM Moayias Comparing two
independent samples (groups) (CpaBHeHNe OBYX HE3ABUCUMbIX
Bbl6OpOK). Jlms BbhIOOpa IEpEMEHHBIX HAIO0 HaKaTh KHOIKY
Variables u B oTKpBIBIIEMCS OKHE IIEIKHYTh Ha KIMEHU IIEPEMEHHBIX,
KaK Toka3aHo Ha pucyHke (puc. 5.11).
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Select dep. variables and an indep. {grouping) variable

1-Focsop, Mern 1-Focdop, Herdn oK |
2-K.onel 2-K.oae
Iard 3-ard
4ard 44 dard Lancel
B ard 5 ars
- arf B ark Usze the "Shaw
T ary T ard appropriate
A ard 8- arg wariables anly™
3+ard 3 ar3 :rp;'_:;:;n
10arld 10-Warl0 R
show categorical
and continuous
wariables. Press
Select Al | Spread | Z00m | | Spread | Zoom F1 far more
. . N ) information.
Dependent wariable lizt: Indep. [grouping)] variable:
i 2
[ Show appropriate variables only

Puc. 5.11. /TluanoroBoe okHO BeiOOpa nepemeHHbIX B makete STATISTICA

[Tocite aToro B moayine Comparing two independent samples
(groups) ocraercs Haxkath Ha kHomky Mann-Whitney U-test
(puc. 5.12), pesynbTaThl OYyIyT BBIBEJACHBI B TaOMU4YHOW (opme
(tabu. 5.4).

E Comparing Two Groups: Spreadsheet]

@ Wariables M-
Dependent: Pocpop, Merdn Cancel

Grouping: Kookl

Codes for: Group 1: (2010 Group 2 2011

Duickl [ 0Options ~
i W ald-t olfowitz runs test | s |5

M kolmogoroy-Smimay bwo-sample test | Diouble-click on the
respective field to
g select codes from the
i M ann-whitney U test | list of valid wariable

walues

afige Bow & whizker plat by group |
p_—lev_el fqr
EE Lategorized histograms by group | el s
05 [

Puc. 5.12. /IlnanoroBoe OKHO MOy
«CpaBHEHUE ABYX HE3aBUCUMBIX BHIOOPOK»
(Comparing two independent samples (groups)) makera STATISTICA

B Ttabnuiie pe3ynbTaTOB JOCTATOYHO HAWUTHU CTONOEI] C (haKTu-
yecKuM p-ypoBHeM 3Hauummoctu (p-level). B namem mnpumepe o
oonbire kpurrueckoro ypoBus (0.086 > 0.05) (tad6n. 5.4), uro o3Ha-
4aeT HEJIOCTOBEPHOCTh OTJIIMYMN KOHIIEHTpauuii odiero docdopa B
o3epe Hepo B pazHbie rosibl U3MEPECHUM.
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Tab6mauma 5.4

Pe3ynomameut ucnonvzoeanua kpumepua Manna — Yumuu

Variable | Rank | Rank U ~ p- ~ p- | Valid | Valid | Rank

Sum | Sum level level N N Sum

®ocdop [ 141 112 |34 |1.71 |0.086 |1.71 | 0,086 |10 12 0.093

5.6. bpakoeka ebI6pOCO8 U Kpumepuu UCKJTHOYeHUs

B Ouonoruu M 9KOJOTUM YAaCTO BCTPEYAIOTCS CHUTYaIlMH, KOT/Ia
OJIHO M3 TIOJyYEHHBIX 3HAYEHHUI BBIOOPKHU CHIIBHO OTIUYAETCsI OT OC-
TaNbHBIX. JTU OTKJIOHEHHUS MOTYT BO3HHUKHYTh B pe3yJbTaTe HETOU-
HOCTH M3MEPEHUH, OIMOOK BHUMAHUS, METOJIMYECKUX MOTPEITHOCTEN
u T. 1. C apyroil CTOPOHBI, OTKIIOHSIOIIEECs 3HAYECHUE MOXKET OTpa-
KaThb €CTECTBEHHYIO BapuabeNbHOCTh NMpHU3HAKa. MOXXHO M Takue
PE3KO BBIICTSIONIMECS 3HAYEHUs MCIOIb30BaTh NPHU JAbHEUITNX
pacuetrax? OTBETUTH HA 3TOT BOMPOC OBIBAET 3aTPYIHUTEIHHO, OJTHUM
U3 BO3MOXKHBIX METOJIOB MPUHSATHS PEIICHUS ABISETCS MPUMEHEHUE
KPUTEPHUEB UCKITIOUCHUSI.

bpaxosxoti 6b10pocoé TPUHATO HA3bIBATh CTATUCTUYECKYIO MPO-
He1ypy MPOBEPKU COMHHUTEIBHBIX (BBICKAKMBAIOIINX) 3HAYCHUN TIPH-
3HaKa B BhIOOpKEe. Bo MHOTrMX ciyuasx NaHHBINA BUJ aHaau3a HE0O0-
XOJIUM, TIOCKOJIbKY OT/EJbHbIE HETUIUYHbIC 3HAYCHHUS MOTYT 3HA4M-
TENBHO CMEIATh BHIOOPOYHBIC XapaKTEPUCTUKH, HAPUMEpP CpelHue
apupMernueckue. JaHHbI aHanM3 HamOoJiee aKkTyaJeH MpPU MajoM
o0beMe BBIOOPKH, MOCKOJIBbKY JaK€ OJMH BBIOPOC MOXKET 3HAYUTEIh-
HO CMECTUTh 3HA4YeHMsI BBIOOPOUHBIX XapakTepUcTHK. CTaTHCTHU-
YECKHE THUIIOTE3bl IMPHU PEHICHUH JTaHHOW 3amauu (opMyIHpPYIOTCS
CJICAYIOIINM 00pa3oM:

H, — comHuTEenpHbBIC 3HAUCHUS TIPU3HAKA IPUHAIJIEKAT K JaHHON
BBIOOpKE, OTJIWYME BBIOpOCAa OT JPYrUX 3HAYCHUM MpU3HAKa
HEJ0CTOBEPHO.

H, — coMHuTenbHbIE 3HAYEHUS MpHU3HAKA HE NPUHAIIEKAT K
JAaHHOM BBIOOPKE, OTJIMYME BHIOpOCA OT JIPYTUX 3HAUYCHUN MpPHU3HAKA
JOCTOBEPHO.

OmHUM W3 TPOTPaMMHBIX CPEICTB pEUICHHs TaHHOW 3aJadu
sBisieTcs Moaysib OBpaboTka BbIOPOCOB CTaTUCTHYECKOTO MakeTa

ATTESTAT (puc. 5.13).
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0B6paboTEa BMOPOCOB E

HTEPEaN NEPEMEHHDH | A

BelbpaTe meToa obpaboTim AONoNHMTENEHEIE NapaHeTpL
* KpuTepHid CrapHoea-Tpafitca * MPOBEOMTE MAKCHMYM

[ KpuTepA THTeeHa-Mypa [ MPOBEDHTE MAHMMY M

" Npaevno ToMAcoHa I_ KonMyecTED EEIOpOCOE
" KputepHi LLoseHe * MPHMEHMMO HE ANA BCEx

METOAOE, CH, CMIPEEBKY

O KpuTepei dnkooHa

[ KpuTepHA duHa-Aukcona

OTHEHA
[ Mpaeno "AWMK ¢ yoamu”

Marale

Puc. 5.13. luanoroBoe okHO Moayst «O0paboTKa BEIOPOCOB»
nporpammbel ATTESTAT

JlocTaTOYHO BBECTHM HMHTEPBAJI BBHIOOPKM W BHIOpaTh W3 MPEI-
JI0KEHHOTO MHOT000pa3usi COOTBETCTBYIOIIMM KpuTepuit. [Ipu oTkIi10-
HEHUM HYJIEBOM TUMOTE3bl BBIOpPOC OyAeT MOMEYaThCAd KPacCHBIM
1IBETOM B 3jiekTpoHHOM Tabmuie MS EXCEL.

[naBa 6. KonuyecTtBeHHas oLeHKa
BNUAHNA dpakTopa

6.1. CywyHocmb Memooda

Haubonee pacnpoctpaHeHHON 3agadeid B OMOJIOTMH M DKOJIOTHUH
B 0011IeM BHJIE SIBJIACTCS ycTaHOBIeHHE 3¢ dexTa nelcTBus ¢akropa,
JIOKA3aTeJIbCTBO NPUYMHHO-CIEACTBEHHBIX MEXaHU3MOB HM3y4aeMOro
SABJICHUSI WIM IIPOLECCA, OTACICHUE CUCTEMATUYECKOTO BIIMSHUS JKO-
JOTUYECKOTO (paKkTopa OT CIIyYalHBIX NMPUYUH, OLICHKA POJIU KaXKI0TO
u3 (aKToOpoB B OTACIBHOCTH MU MX COBMECTHOTO BO3JICUCTBUS Ha KU-
BbIC CUCTEMBL.

B mpensiayieit riiaBe KpaTko ObLIA pa3oOpaHbl METOJIBI OIpe-
JEJICHUST Pa3IMuvii MEXAy ABYMS BBIOOPKaMHU IO TEM WJIM HHBIM
NoKa3areysiM uiu npusHakaM. [1o cyTu, B 3TOM yKe TpocMaTpruBaeTCs
3a/laya BBISIBIICHMS] TPUYMH, JIKAIIUX B OCHOBE HaOII0aeMbIX
pa3nnuuid IByX BRIOOPOUYHBIX COBOKYMHOCTEW. BakHO HE AOKa3aTelib-
CTBO PEAJIbHOCTH CYIIECTBOBAHUS PA3IMUYHMI MEXIy ABYMS BbIOOp-
KaMH, a aHaJIu3 T€X MPUYUH, KOTOPBIE MPUBOAAT K 3TUM Pa3ITUUUSIM.
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JlpyruMu cioBaMH, €CIU pa3Iudus MaTEeMaTHYeCKH TOATBEPKICHBHI,
3HAYUT JIOJDKEH CYIIIECTBOBATh (PaKTOp, Onpenesitomuil ux. Takum
oOpa3oM, NPOBEPKAa CTAaTUCTUYECKUX THUIOTE3 Ha OCHOBE JBYX
BBIOOPOK, JIBYX T'PYNIN 3HAYCHWH NpPHU3HAKA NP TPaMOTHOM ILJIaHU-
POBAaHUM CPABHUTEJILHOIO aHAJINU3a — 3TO NPOCTEHIIUNA UHCTPYMEHT
KOJMYECTBEHHOW OLICHKM BJIMSHUSA (paKTOopa HAa M3ydaeMbId IMOKa3a-
tenb. K mpumepy, mpocrteiliine OMONIOTMYECKHE M SKOJOTHYECKHUE
AKCTIIEPUMEHTHI OCHOBAHbI Ha PACTHPENCICHUM H3Y4aeMbIX OOBEKTOB
Ha JIBe TPYIIBI — kormpoavbhyio (0e3 BIUSHUS (HaKTOpa) U ONbIMHYIO
(rme BBOmMTCS BIMsiHUE (akTopa). B mrore permaercs 3amgada oObIY-
HOTO CpaBHEHUS JIBYX BBIOOPOK C MCIOJIb30BAHUEM KPUTEPHUEB JTOCTO-
BEPHOCTH M, TIPU KOPPEKTHOM ILJIAHUPOBAHUE IKCIIEPUMEHTA, HCCIie-
J0BaTEIb CIIOCOOEH C OMPEAEICHHON BEPOSITHOCTHIO YCTAHOBUTD JINOO
OTCYTCTBHE, 100 Hamuuue »Hpdexra geicTBus QakTopa Ha
U3y4aeMblii OOBEKT.

CymiecTBYyIOT CHOCOOBI  YCIIOKHEHUS CXEMbl HCCIIeI0OBaHUN
MO OLICHKE JCHCTBUS Ha TMPU3HAK HHTEPECYIOIMMX HCCISIOBATENS
(GakTOpoB C 1ENbI0 H3BICUEHHUS JOMOJTHUTEIBHON uUH(pOpManuu
O MEXaHU3MaxX M Xapakrepe BiMsHUS Qakrtopa. B ocHoBe 3TOrO
YCJIOKHEHUSI JISKUT METOAOJOTH, JaBHO MPUMEHseMas B IKOJIOTH-
YECKHX HayKax, — CO3JaHue cpaduenma ¢hakmopa, T.e€., 00pa3HO
rOoBOpS, PaH)XHUPOBAHHOE paCHpelie]IEHUE BO BPEMEHH WJIH B IPO-
CTpaHCTBE 3Ha4YeHUHN (HaKkTopa, OT MUHUMAIHHOTO YPOBHS ACHCTBUS
710 MAaKCUMAaJIbHOTO Bo3/ielicTBUA. Eciu akTop BiIMsSeT HA M3y4aeMbIi
MPU3HAK, TO W 3HAYCHUs MpU3HAKa 00S3aTETbHO JOJKHBI KaKHM-TO
o0pa3oM M3MEHSTHLCSA B 3TOM IpaaueHTe. Eciu gakTop HE okas3biBaeT
BO3JICHCTBHS, TO KaKoil Obl MIMPOKHM TpagueHT dhaKTopa HcclienoBa-
TeIb HU CO37aBaj, 3HAUYCHUs MpHU3HAKa OyAyT OTHOCUTEJIBHO IIO-
CTOSIHHBI MIPU PA3HBIX YPOBHSX JEUCTBUS (DaKTOpA.

Coznanue rpaauenta (hakTopa — 3TO IEPEXO]T OT 3a/1a4l CPaBHEHUS
JMIIG JBYX BBIOOPOK K 3a/laye CPaBHEHHSI OJJHOBPEMEHHO HECKOJBKUX
BBIOOPOK, YMCIIO KOTOPBIX OYyAET OMpenesIThCcs KOJTUYECTBOM ypOBHEHN
BO3/ICUCTBUS (pakTOpa, BHIOPAHHBIX HCCienoBareneM. MareMaTuiecku
pEILINTh MOCTABJICHHYIO 3a/lady MO3BOJISIET TaK Ha3bIBa€MBIN Oucnep-
CUOHHbIL aHanu3. PaccMOTpUM CYIIHOCTh JAHHOTO METOJla Ha KJjlac-
CHUYECKOM TPUMEpPE. MOTYUYCHBI TJaHHBIE 00 YPOKANHOCTH O3UMOM PXKU
NpU Pa3HBIX [103aX BHECEHHUS B IIOYBY MHUHEPAIbHBIX YIAOOpEHUM.
Heo0xo1uMo ycTaHOBUTH JOCTOBEPHOCTh d(PQeKTa BIUSHUS MUHEPAIIb-
HBIX BEILICCTB HAa M3y4acMbIi TIOKa3aTeib (YPOKAHHOCTB).
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Ypoorcarinocmo Cpeousia
Hosvi M“Hepaﬂ;’*‘blx no noemoprocmsm, ylea YpoACatiHOCmb,
sewecms, kelea N1 Ne 2 e 3 ylea
15 8 8.4 8.6 8.3
20 8.2 9 10 9.0
25 11 12 13 12
30 7.5 8.5 7.4 7.8

B mpumepe co3zian rpaiveHT (QakTopa «MUHEpAJIbHbIE ya00pe-
Hus» ot 15 kr/ra 10 30 kr/ra, BeIIEICHBI 4 YPOBHS MPEAOIaracMoro
BO3/IeCTBUS (DAKTOpa, COOTBETCTBEHHO ATOMY TOJIYUYeHbI 4 BHIOOPKU
0 OJHOMY U TOMY K€ NPU3HAKY — «YPOXKAUHOCTh KYJBTYPBI»,
B Ka)XJI0M U3 KOTOPBIX MO 3 TOBTOPHOCTH DKCIIEpUMEHTa. PaccunTaHbl
CpeIHUE 3HAYCHHUS B KaXKJI0M BHIOOPKE HA OCHOBE 3-X MOBTOPHOCTEH,
0003HaYMM HUX KaK epynnosvle cpeoHue 3HadyeHus npuszHaka. CII0XUB
TPYIIOBBIE CPEHUE 3HAYCHUS U TOJICIUB UX Ha YUCIO ClIaraeMbIX
(4), momyuum o06wyl0 epynnosyio cpeowiolo, YIUTHIBAIOIIYIO BCE
4 Bp10opku. OHa OyJieT paBHa!

8.3+9+12+7.8 _93y/ea

AHanu3 TaOJauIbl MOKAa3bIBAET, YTO C YBEJIUYCHHUEM 03Bl MUHE-
palbHBIX BEIIECTB TPYIIIOBBIC CPEIHHUE 3HAUYCHUS YPOKAMHOCTH HE
OCTalOTCSl TIOCTOSIHHBIMHM, @ HEKHM 00pa3oM BapbUPYIOT WM H3MeE-
HstOTCs. [Ipy 3TOM HM3MEHEHUs CpeHEW YpOKAMHOCTHU HE KaXyTCs
3HAYUTEJIbHBIMU, YTOOBI YBEPEHHO TOBOPUTH O (paKTE BIUSHUS MUHE-
paJbHBIX BEIIECTB Ha 3TOT mokazareib. C Apyroi CTOPOHBI, pa3iu-
4aloTcsl MEXAy COOOH He TOJBKO TPYMIOBBIE CPEAHUE 3HAUYCHUS
YPOKANHOCTH, HO U YPOKAUHOCTH MO MOBTOPHOCTSIM BHYTPH KaXJIOU
U3 TPYII IPU MOCTOSSHHOM YpOBHE M3yudaemoro ¢aktopa. [logoOHoe
U3MEHECHUE YPOKAWHOCTH MPHU HEU3MEHHBIX 3HAYECHUSX BBIJICICHHOTO
dakTopa CBUACTEILCTBYET O BIMSAHUM HA HM3y4aeMbIM MpPHU3HAK, TO-
MHUMO MHUHEPAIbHBIX YJIO0OpEHUMN, IPYruX HEU3BECTHBIX WJIM HEYUTEH-
HBIX B JJAHHOM HCClieoBaHuU (akTopoB. Takum oOpazom, cywyHocms
OUCNEePCUOHHO20 AHAIU3A 3AKITIOYAETCS B CPaBHEHHHM CPEIHUX 3HA-
YEHUM MPU3HAKA, CBSI3aHHBIX C COOTBETCTBYIOIIMMHU YPOBHSAMU BIIUS-
fomero (akropa: eciu CpeaHHE 3HAYEHUSA MPU3HAKA CUJIBHO H3Me-
HSIFOTCS, 3HAUUT (PAKTOP OKA3bIBACT BIUSHUE HA MPU3HAK.
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[TouemMy ke TOraa aHaiau3, OCHOBAHHBIM HA CPABHEHUU HECKOJIb-
KUX CpPEJIHMX 3HAYEHUN MeExXAy co0o0H, Obl1 0003HAYEH Kak ducnep-
cuonnwlli? 31ech €CcTb HeOoJbllas XUTPOCTh. Jleno B TOM, 4YTO
CpeaHUE 3HAUYCHUS MPU3HAKA CPABHUBAIOTCS MEXKy COOOM Ha OCHOBE
paziokeHus o0Iel Jucnepcuu MpU3HaKa Ha KOMIIOHEHTHI.

Ilpumeuanue 1. 1lpu npouTeHWU CIEAYIOINIUX a03aleB aBTOP
COBETYET UMTATENIO 3arjiiHyTh B TJaBy 2 (pazzaen 2.4) U BCIIOMHUTH
dbopMyTy pacdera TUCIIEPCHH.

OOBEKTUBHBIM CTATUCTUYECKUM IIOKa3aTEJIEM BapbUPOBaHUS
IPYIIIOBBIX CPEIHUX 3HAYCHWH W OTHCIbHBIX 3HAYCHUW IPU3HAKa
B paccMaTpyuBaeMoil  TaOiuile SBISETCS  JUCTEPCHs, JAPYyTHUMU
CJIOBaMH, MUMEHHO pacueT JUCIEPCHH CIOCOOEH TOKa3aTh CTEMEHb
M3MCHEHUS TPYIIOBBIX CPEIHMX 3HAYCHUH YpOKallHOCTH B Tpaju-
ente (akropa. OOmas aucnepcus BapbUPOBAaHUS MpPU3HAKA TIPU
OllCHKEe BIMsSHUSA (akTopa paznaraercss Ha @akmopuaibHyro
(mesicepynnosyro) aucnepcuro u ocmamounyio (8Hympuepynnosyio)
nucriepcuto. PazdepeM 3TH moHATHS MOIpoOHEE.

Daxmopuanvhas (mescepynnosas) oucnepcus CBs3aHa C BIIHS-
HUEM H3y4aeMoro (akTopa M PacCUMTBHIBAETCS KaK OTHOIICHHUE CyM-
MBI KBaJIpaTOB OTKJIOHEHUH TPYNIOBBIX CPEAHUX 3HAUCHUI MpU3HAKA
OT OOIIeH CpeTHeH K YHCITy CTeTeHel CBOOO/IbI.

> (X, -M)’

82 AKN =
. n-1 '

riae X, — TPyIIIOBOE CPe/IHEE 3HAUCHUE MPU3HAKA,

M — o0utas rpymnmoBas CpeHsis,

N — 00beM BBIOOPKH.

Yem cymiecTBeHHee (DakTOp BIUSET HAa MPU3HAK, TEM CHUIIbHEE
TPYIIIIOBBIC CpeIHWE 3HAYCHUS JOJDKHBI OTKIOHSATHCS OT OOIei
rpYNIoBOM cpeaHed, Tem Oojblie AO0JKHA OBITh (haKkTOpHUaIbHas
nucrepcusi, 1 HaoOopoT. Takum 00pa3oM, MUMEHHO OT BEJIIMYHMHBI
(akTOpUaTBbHON JUCIIEPCUHM 3aBHCUT BEPOSTHOCTH JOCTOBEPHOTO
BIUSHUS (DaKTOpa, MPU HE3HAYUTEIHLHON (DAKTOPHATBHON AUCTIEPCUU
BEPOATHOCTH JOCTOBEPHOIO BO3/ICUCTBUS (hakTOpa Oy1eT HEOOIBIIIOM.

Ocmamounas  (6Hympuepynnoeas)) JUCHEPCHS  ONPEICIISICTCS
BIUSHUEM CIyYalHBIX (T. €. HEYYTEHHBIX, HEKOHTPOIHPYEMBbIX
B MICCJICIOBaHMH) (DAKTOPOB M PACCUUTHIBACTCS KAaK OTHOIICHHE CYM-
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MbI KBaJpPaTOB OTKJIOHEHUU OTAECIbHBIX 3HAYCHUW NMPU3HAKA BHYTPHU
CPYIIIBI OT COOTBETCTBYIOLIEH TPYNIIOBOM CPEIHEN K YHCILY CTEIICHEU
CBOOO/IBI:

> (%, %)’

82
ocm n—1

rae  Xj— OTOEIbHOE 3HAaYCHHE IPU3HAKA BHYTPH TPYIIIIHI,

X — IpynmnoBoe cpejHee 3HaYCHUE MPU3HAKA,

N — 00BEM BBIOOPKH.

Uem 3HayuTeIbHEE BEIMYMHBI TPU3HAKA OTKJIOHSIOTCS APYT
OT Jpyra BHYTPH KaKJIOH rpymmbl (T. €. IpH OJWHAKOBBIX YPOBHSX
nu3ydqaeMoro (akropa), TeM OoJbIlie OYJET OCTaTOYHAs JUCIICPCHS U
TEM CYIIECTBEHHEE pOJb CIyYalHBIX (HaKTOpPOB 110 CPaBHECHHIO
C TPAIMEHTOM HU3y4aeMoro (akropa.

Hakonen, obwyrwo oucnepcuro 3HAYCHUW U3y4aeMOro MpH3HaAKa
MO>XHO pacCUMTaTh KaK OTHOIIECHHWE CyYMMBI KBaJpaTOB OTKJIOHCHHM
OT/ICJIbHBIX 3HAYEHUU MPU3HAKA BHYTPHU TPYIIbI OT OOIIEH cpeHen K
YUCITy CTEICHEH CBOOO/IBI.

(X~ My

obwas = n— 1

2 _ 2 2
HJIn S obwas S paxm +S ocm

O nmoctoBepHOCTHM BIUSHUA (DakTOpa HA TPU3HAK CYAIT IO
F-xkputeputo duiepa, ¢ MOMOIMIBIO KOTOPOTO MOXKHO PacCUUTATh
BEepOsATHOCTh d(PdekTa aercTBUs (DakTopa, MPU JOCTOBEPHOM BIIUS-
HUHM BEPOSATHOCTHh A0kHA ObITh P > 0.95 (mmmu p < 0.05). dopmyna
pacyeta (HaKTUYECKOTO 3HAUYCHHS Kputepus Dwuiiepa mpu aucmep-
CHOHHOM aHajiu3e JOBOJIbHO TIPOCTa— OTO OTHOIICHHE (HAKTO-
PHUAIBHOU TUCIIEPCUM K OCTATOYHOW

2
F __ T gaxm

2 .
Socm

Yewm Oomplie (akTopuagbHas TUCIIEpCHs, OMNpenaensemasi BIIus-
HUEM Hu3y4yaeMoro (hakTopa, MO CPaBHEHHUIO C OCTATOYHOM aucrep-
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CUEH, He 3aBHUCALIEH OT HM3ydyaemoro (akropa, TeM BbilIe (aKTH-
yeckoe 3HaueHue F-kpurepusi Ouiepa U BEpPOSATHOCTH IOCTOBEPHOTO
BIIMSHUS M3y4aeMoro (pakTtopa Ha MpHU3HaK.

[lepen pacueroM akTHueckoro 3HadueHUs Kputepus Durnepa
(ecm WCHONMB3YIOTCS CTATUCTHUYECKHE TPOTPAMMBI, TO TEpe
pacueToM (PAKTUYCCKOIO P-YpOBHSA 3HAYMMOCTH) HEOOXOIHUMO
c(hOpMyIMPOBATh CTATUCTUYECKUE TUTIOTE3HI:

H, — dakTop HepocTOBepHO (CITyYaiHO) BIMSET Ha MPU3HAK;

H,— ¢akTop mocToBepHO BIMAET Ha MPU3HAK, B TCHEPAITHHOMN
COBOKYITHOCTH TPYIIIIOBBIE CpEIHHE 3HAYCHUS IPHU3HAKA HE pPaBHBI
MEXK]Ty COOO1.

Teneppr o0003HaUMM Kpyr 3aaad, KOTOPbIE MOXHO pellaTh
METOJIaMU JTUCTIEPCUOHHOTO aHaJN3a.

1. OnpeneneHue BIAUSHHUS OJHOTO WJIM HECKOJIBKUX (PAaKTOPOB
Ha U3y4aeMbIi TPU3HAK WJIU TTOKA3aTeNb.

2. OneHKa BIMSTHUS HA MPU3HAK HE TOJIBKO KaXJI0T0 U3 (hakTOpOB
B OTICIILHOCTH, HO M HMX COBMECTHOTO 3dekTa (B3amMOACHCTBUE
(hakTOpOoB).

3. YcTaHOBJIEHHE CHUIIBI BIUSHUS OTACIBbHBIX (PaKTOPOB M UX CO-
BMECTHOTO  JICHCTBMSI ~HAa  HM3MCHUYMBOCTH  (BapuaOeIbHOCTB)
M3y4aeMoro Mpu3HakKa.

4. B pamkax MeToja BO3MOXKHO IPOM3BOJIUTH MHOYKECTBEHHBIC
CpPaBHEHHUSI CPEIHUX 3HAYCHUHN MPU3HAKA.

6.2. ba3osasi mepMuHosio2us
ducrnepcuoHHO20 aHasu3a

1. Ilpu3Haky, U3MEHSIOIMECA MO BO3JAECHCTBUEM TEX WJIM UHBIX
IIPUYMH, HAa3bIBAIOT pe3)IbmamueHbIMU.

IIpumep: ypoXallHOCTb O3UMOUM PXKU — PE3YJIbTATUBHBIA IIpHU-
3HAaK.

2. IIpyurHbl, BBI3BIBAIOIINE H3MEHEHUE PE3yJbTaTUBHOIO IpH-
3HaKa, Ha3bIBAIOT haKxmopamu.

IIpumep: MuHepanbHOE yI00peHue — (pakTop.

@akTOopsl B OUCIEPCUOHHOM AHAINW3E IPUHATO  JIECIIUTH
Ha 2 TPYNIIbI:

— Pezynupyemvie (konmpoaupyemvie, opeanuzosanHvie) — Gpakto-
pBI, BIUSHAE KOTOPBIX HEOOXOIUMO OIMPEAEIUTh B UCCIEAOBAHMH.
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— Cnyuatinvle (neyumennsie, nepecyaupyemole) — HaKTOPhI, KOTO-
pbi€ HE KOHTPOJUPYIOTCS B MCCJIEIOBAHUHU, HO OKA3bIBAIOT BO3ICHUCT-
BHC Ha BEJIMYHMHY PE3yJIbTATUBHOTO MPU3HAKA.

3. 3HaueHus (CTeNeHb MHTEHCUBHOCTH) (DaKTOpa MPUHSATO HA3bI-
BaTb epadayusimu uiu ypoeusmu NaHHoro ¢akrtopa. ['pamamum Moryt
OBITh KOJTMYECTBEHHBIMU 1 KaU€CTBEHHBIMU.

Ilpumep: rpaganuu pakTopa «KMUHEpAIBLHOE YAOOPEHUE» — JO3BI
15, 20, 25, 30 xr/ra; rpagauuu GakTopa IPUPOIHAS 30HA» — TYHJIpa,
CEeBEpHas TaWra, Cpe/IHsa Taura, CMEIIaHHbIN JIEC.

Ilpumeuanue 2. Yacto 1pu IUJIAHUPOBAHUU HCCIICIOBAHUS
OT MPaBWJIBHOTO BBIOOpa 4YHCIAa ypoOBHEH (¢akTopa  3aBUCSIT
pe3yabTaThl JUCIEPCUOHHOTO aHaiuu3a. Uem mupe pa3Max ypOBHEU
dakTopa, TeM OOJIBIIIE BEPOATHOCTh BBISBUTH SPGEKT BIUSHUS
¢dakTopa Ha pe3yIbTATUBHBIN MPU3HAK.

4. [lucnepcuonmnsilti KoMnjekc — CTaTUCTHUYecKas Tabnuna, oTtpa-
Karolas 3aBUCHUMOCTh 3HAYCHHH PE3yJIbTaTHBHOTO IIPH3HAKa OT YPOB-
Heil dakropa(o). CToaOUBI — YpOBHH (AKTOpa, CTPOKHM — 3HAYCHUS
(MTOBTOPHOCTH) pe3yJIbTATUBHOIO TIPU3HAKA JUTS KAKIOTO YPOBHS.

B 3aBucuMocTu ot umcia (akTopoB, BIUSHUE KOTOPBIX OJHOBpE-
MEHHO M3y4aeTcsi, TUCTIEPCUOHHBIE KOMIUIEKCHI JEATCA Ha 00HO(aK-
mopuvle, 08yxgaxmophuvie u mHocoghakmopuvie. COOTBETCTBEHHO
U JTUCIIEPCUOHHBIA aHalIu3 MOXET OBITh 00HOPAKMOPHLIM, O8YX-
DaKmMopHbIM U MHO20HAKMOPHBIM.

6.3. Ycnoeuss npumMeHUMoOCmu U OCHOBHbIe amarnbl
ducrnepcuoHHO20 aHasu3a

Kak u mg1000#1 gpyroil MeToa mMareMaTH4eckoi oOpaOOTKH JaH-
HBIX, JUCIICPCUOHHBIA aHAIu3 C MpuMeHeHueM F-kpurtepus durepa
UMEET CBOM CTPOTHE TPAHUIIBI TPUMEHUMOCTH

1. KoppekTHoe mnpuMeHEHHE IWCIEPCHOHHOIO aHalm3a IIpea-
moJlaraeT HOpMajJbHOE WM OJM3K0e K HOPMAJbHOMY pacIpeciICHHUS
pe3yIbTaTUBHOTO MPHU3HAKA.

2. XKematenpbHO, YTOOBI TPYHIBI B JUCICPCHOHHOM KOMILICKCE
OBLIM OJIMHAKOBOTO WJIM MPUMEPHO OJMHAKOBOTO oOBhema. Hecol:ro-
JICHWE ATOTO YCJIOBHS BJIMSET HAa MOIIHOCTh METOJ]Ia, OCOOCHHO IpH
JBYX- 1 MHOTO()aKTOPHOM aHaJIN3e.

3. I'pynmbl T0KHBI ©IMETh TPHUMEPHO OJIMHAKOBYIO OCTATOUYHYIO
TTUCTIEPCHIO.
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Ecnu ycnoBus TPUMEHMMOCTH METOJA HE BBINOJIHEHBI, HEOO-
XOJIUMO HMCTOJIb30BaTh HEMAPAMETPUUECKUE MPUEMbI OLIEHKU BIIUSHUS
daxTopa.

BblgeauM  yCIIOBHO OCHOBHBIE 3Tallbl TPOBEACHUS AUCIEp-
CUOHHOT'0O aHaJIn3a:

1. Co3nanue CTPYKTYphl TUCIIEPCUOHHOTO KOMILIEKCA.

2. [IpoBepka ycnoBui MPUMEHUMOCTH IUCIIEPCUOHHOTO aHAJIM3a.

3. OnpejenieHre TOTo, BIUSAET WM HET M3ydaeMblii(bie) (akTop
(daxTophl) HA Pe3yIBTATHBHBINA TPU3HAK.

4. [IpoBeacHNE amoOCTEPUOPHBIX (MHOKECTBEHHBIX) IIOIMAPHBIX
CPaBHEHMU I'PYNIIOBBIX CPEAHUX 3HAYCHUU MPU3HAKA.

5. 3aKJIIOUMTENIbHBIM 3Tal — OILIEHKAa CWJIbl BIMSHUA (haKTOopa
Ha MpPU3HAK.

Pa3bepeM OCHOBHBIE 3Talbl AUCIIEPCUOHHOTO aHAIM3a Ha OCHOBE
VCIIOJIb30BAaHUS TPUKIAJHBIX CTATUCTUYECKUX ITPOTPAMM.

6.4. OOHObakmopHbIl AucrnepCcUOHHbIU aHaau3
e cpede MS EXCEL u e nakeme STATISTICA

Bosmoxnoctu nakera STATISTICA u orpandyeHus: TaOIMYHOTO
npoueccopa MS EXCEL npu npoBeneHMH JUCIEPCHOHHOTO aHAIn3a
NPOAEMOHCTPUPYEM Ha  KJIACCHUECKOM IPUMEpPE HCCIEIOBaHUS
YPOXKAMHOCTH O3WMMOM PXKH B 3aBUCHUMOCTM OT PAa3HbIX 103
MUHEPAIILHBIX yI00pEHUH.

llepsviti wae — Co3maHue CTPYKTYpPBl JHCIIEPCUOHHOTO KOM-
IeKca.

B MS EXCEL naucnepcuoHHBI KOMIUIEKC OpPraHM3yeTcsl 10
CTOJI0IIaM — 3TO YPOBHHU (DaKkTOpa, CTPOKU — OTJICJIbHBIE TIOBTOPHOCTHU
ypoxaitHoctu (puc. 6.1).

B MS EXCEL oaHodakTOpHBIA AUCIEPCUOHHBIN aHAN3 BBINOJ-
HSIETCS C TIOMOUIBIO OJHOMMEHHOM CTaTHUCTHYECKOW MpPOUEaYpHlI,
Bxojmiei B [akeT aHanunsa (puc. 6.2).
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HMicrosoft Excel - fMuct Excel

IE_] dain  Opaska Bua BoTaska @opmaT Cepewc flaHHels
OKHO  Cnpaeka Eiplot  Aktestak - 8 X
Arial -0 - K KE Y E AL T
DEHR 9 - E - 4l bl 4 00w - 2
010 - S
A B C (] E [
1 =
2 Nozbl MHHEPABHLIX BeWleCTE
3 Takafaa 20 wafza |25 wsfza |30 wafaz
4 a a2 11 =]
5 8.4 9 13 85
=} fafla} 10 12 74
r
(=}
9
i e
12
13
14
15
16
17 =
M4 v M el 4 MecT2 b mer3 s < 2
devictena = Lp | Aetodwrype S w100 B <l O -
FoTor

Puc. 6.1. CtpykTypa nucnepcuonHoro komiiekca B cpeae MS EXCEL

B nporpamme STATISTICA B oauH U3 cTOJIOLOB 3aHOCSTCS BCE
3HAYCHHS YPOXKAMHOCTH, a B COCEIHEM CTOJIOIIe OpraHUu3yeTCs Ipym-
NUpUpyIolIas TepeMeHHas, pa30uBaromias 3HA4YCHUS MpPHU3HAKa
Ha 4 Tpynnbel ¢ TOMOIIBIO COOTBETCTBYIOIIUX KOJOB, HaIpUMEp
15 xr/ra, 20 xr/ra, 25 kr/ra, 30 kr/ra (puc. 6.3).

0 JHO(AKTOPHBIH SHCNIEPCHOHHBIH AHATH3

ExoaHEIE AaHHEIE

-
Bx0AHOH MHTEpEAN: |
Py NNHPOEaHHE: {*) no cTondua
O caporn

[ ] MeTkm B nepeoii cTpoke

Aneda: (0,05

MapaMeTpel BRIEDAE

!

() Bulx0AHOM MHTEpEAN!
(#) HoBkif pabioumi amMcT:

) HoBaA pafiodan KHHCa

Puc. 6.2. JIuanorosoe okHO nporeaypsl «OqHOoPaKTOPHBINA JUCTIEPCUOHHBIN
aHanu3» Tadiauanoro npomeccopa MS EXCEL
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STATISTICA - [Data: Spreadsheet1¥ {10v by 110c)]

File Edit View Insert Format Statistics Graphs Tools Data  Window Help

D2l gl R v

4 '-?.;’ Add ko Workbook = Add ko Report =

[are o] rru|EE=E A-2-E-%
1 2 3 4
Y¥poxanHoCTE, ura Hoza yaobpeHwi, krra “ar3 “ard

1 3 15
2 g4 15
3 [ 14
4 8.2 20
5 3 20
6 10 20
7 1 25
g 13 25
9 12 25
10 Fls 3
1 85 gl
12 74 a0
13

14

15

Puc. 6.3. CtpykTypa IucrnepCuOHHOTO KOMITJIEKCa B 3JIEKTPOHHOM Ta0uiie

makera STATISTICA

OpnnodakTopHbiii nucrepcuonHsii anaau3 (Analysis of variance,
cokpameHHo ANOVA) MOXHO 3aImyCTUTh JINOO Yepe3 BEpXHEe MEHIO
Statistics u Beimagaronryro komanay ANOVA, mubo yepe3 KoMaHy
Basic Statistics / Tables. B mocneqnem ciaydae HyXHO 3aiiTH B MO-
nyns Breakdown & one-way ANOVA (I'pynmupoBka W OJHO-
(dakTOpHBIN TUCTIEpCHOHHBIN aHam3) (puc. 6.4).

ﬁ Basic Statistics and Tables: Spreadsheet] ! E

Quick |

il Descriptive statistics
ﬁ Coarrelation matrices

Cancel

% ttest, independent, by groups
B8

El® ttest. single sample

ttest, independent, by wvariables

t-test, dependent zamples

E Optiohs =

== Breakdown & one-way AMDYVA

H:QE:__ Breakdown; non-factorial tables
S Frequency tables

% Tables and banners

ﬁ Multiple responsze tables

MEh Difference tests: 1, %, means
,?_4',;}1]1 Probability calculator

= OpenData

§|&lﬂ|

Puc. 6.4. Menro komanasl «Basic Statistics / Tables»
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Bmopoii wae— llpoBepka ycClnOBUHA NPUMEHUMOCTH JHCHEP-
CHOHHOTO aHaJIu3a.

B HameM npuMmepe KOJIM4eCTBO MOBTOPHOCTEM B KAXKIOW T'PYIIIE
OJIMHAKOBO, 3HAYUT II€PBOE YCIOBHE O PABEHCTBE BBIOOPOK IIO
KaXJIOMY YPOBHIO (haKTOpa BBITIOITHEHO.

B MS EXCEL oTcyTcTBYIOT cpeacTBa MPOBEPKU MPUMEHUMOCTH
JTUCIIEPCUOHHOTO aHaJli3a, B YaCTHOCTH OJHOPOIHOCTH JWCIEPCUN U
HOPMAaJIbHOCTH paclpe/iesieHNs pe3yIbTaTUBHOTO MTPU3HAKA.

B mnakere STATISTICA mnpoBepuTh HOPMaJbHOCTH pacIpe-
JCNeHUsT PEe3yJIbTAaTUBHOTO IIPU3HAKA MOXXKHO C HCIIOJIb30BAaHHEM
KpuTepueB corjiacus. [IoCKOIbKY YHCIO TMOBTOPHOCTEH HEBEIMKO
U 001mMit 00beM BBIOOPKH HEOOBINON, TO HauOoJee MOIXOASAITUM
aBusgeTca kputepuid [llanupo — Yunka. Anroputrm nOpoBEpKH HOP-
MaJbLHOCTH paclpelnesieHus] Mpu3Haka Obul pa3o0OpaH B TjaBe b5,
MO3TOMY 37IeCh TNPUBOAUM (HAKTUUECKUN P-YpOBEHb 3HAUYUMOCTH
kputepus [lanupo — Yunka. On okazaics paBeH p = 0.067, uto 607b-
me kputuueckoro (0.05), ciemoBarenbHO HyJieBas —THIIOTE3a,
rylacsAmas O CIy4alHOCTH OTJIMYHUS SMITMPUYECKOTO pacIpeaesieHus
OT HOPMAJILHOT'O 3aKOHA, TPUHUMAETCS. BTOpoe yciI0BUE BBITIOHEHO.

Tperbe ycioBue 00 omHOpomHOCTH (IPHUMEPHOM pPaBEHCTBE)
IUCTIEPCUI TIPOBEPSIETCS C TOMOIIBIO CIEIHMAIBHO pa3paboTaHHBIX
KpUTEpHeB, K npuMmepy kputepus JleBena (Levene test) m kpurepus
bpayna — ®opcarita (Brown-Forsythe test). Hynesas rumotesa ¢op-
MYJIMPYETCS U3BECTHBIM CIIOCOOOM: AMCIEPCUU TPYIII Pa3InyaroTCs
HEJ0CTOBEPHO (IucIiepcuu OAHOPOMAHBI). JlIs TpoBepKH HYJIEBOMH
THIIOTE3bl HEOOXOIMMO 3aiTh B Moayib Breakdown & one-way
ANOVA, ykazarh mnporpamMme 3aBUCUMYI0 W TPYHIHAPUPYIOITYIO
nepeMeHHble W mociie Haxkarus KHomku OK B OTKpbIBIIEMCS
TUaJIOrOBOM OKHE BBIOpaTh TpeThio 3akmaaky ANOVA & tests, kak
noka3aHo Ha pucyHke (puc. 6.5).

OcraeTcs Ha)KaTh Ha KHOMKY JuOo0 Levene tests, nubo Brown-
Forsythe tests (puc.6.5), mnpumep TaOJUIBI Pe3yIbTATOB
1o kpureputo JleBeHa rmokaszan Hike (Tadu. 6.1).
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ﬁ Statistics by Groups - Resulis: Spreadsheet H

DEPENDENT: 1 wariahle: ¥powafmocTs, m/ra

GEOTPING: l-Jlo=a ymoid4): 15 E0 25 30
LY
t] PDSl-hDCI E Summary

Quick] Descriptives AN

Fl  4nalysis of Wariance | Categorized normal prob. plots | Cancel
sl of limag) o veliEmees Categornized half-normal p-plots | E Options - |
il Levene tests | -
Categonzed detrended p-plots |
ff Brown-Forsypthe tests |
E Flot of means vz std. devs |
Interaction plots |
v Plat confidence
Ei-lgeh\lfizlhfﬁr:g' 5 @ intervals for means: |20 EI #

Puc. 6.5. luanmoroBoe okno moxayis «Breakdown & one-way ANOVA»,
sakianka «<ANOVA & tests»

Tabnuua 6.1
Pe3ynomamul ucnonvzoeanusa kpumepus Jleeena
Variable SS df MS SS df MS £
Effect | Effect | Effect | Error | Error | Error P
ypo”;e};‘:""“’ 036 | 3 | 012 | 125 | 8 | 015 | 076 | 054

dakTrdeckuii p-ypoBeHb 3HaunMocTH (0.54) 3HauuTeNBHO TIpe-
BeimaetT kputudeckuit (0.05), crnemomaTelbHO HyJieBas THITOTE3a
NPUHUMACTCS, JIUCTICPCUU TPYII Pa3IHYaIOTCsl HEIOCTOBEpHO. TpeThe
YCIIOBUE BBIITOJIHEHO.

Tpemuii wiae — Y cTaHOBJICHHE JOCTOBEPHOCTH BIIMSHUS (DakTOpa
Ha pe3yJbTaTUBHBIIN MPU3HAK.

BHayaiie 0003HaYMM CTaTUCTUUCCKHE THITOTE3bI!

H, — 1m03b1 yaoOpeHuit HETOCTOBEPHO BIHUSIOT Ha ypPOXKaMHOCTH
O3MMOM PIKH, pa3InYKsl TPYIIIOBBIX BBIOOPOUHBIX CPEIHUX CAyUYaiHBI;

H, — 10361 ynoOpeHuii TOCTOBEPHO BIUSAIOT HA YPOKAUHOCTH 03U-
MO P3KH, Pa3JIMYHs TPYIIIOBLIX BEIOOPOUYHBIX CPEIHUX HECTyUYalHbI.

B MS EXCEL B amamoroBom okHe mporenypbl OgQHOdaKTop-
HbIM ONCNEPCUOHHbIN aHanm3 (puc. 6.2) yka3aTejaeM MBIIIH
HEOOXOJMMO  BBIJICIIUTh JUANA30H SUEEK C JIUCICPCUOHHBIM
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KOMILIEKCOM, TIOCTaBUTh (urakok HamporuB MeTkM B nepBomn
cTpoke u HaxaTh KHOnKy OK (puc. 6.2). Pe3ynbraThl MOSBSATCS B BHJIE
Tabnuie! (Taba. 6.2).

Tabnuua 6.2

Peszynvmamut oucnepcuonnozo ananusa 6 cpeoe MS EXCEL

Hcemounux F
sapuayuu SS df MS F P-s3nauenue | kpumuuecxoe
Mexny

rpynnamu | 31.58667 3 10.52889 | 18.4987/8 | 0.000587987 | 4.066180557
BuyTtpn

rpyIm 4.553333 8 0.569167

Utoro 36.14 11

B Tabnuiie pe3yJbTaTOB COJIEPKATCS BCE HEOOXOIUMBIE CTaTHUC-
THYECKHE BBIKJIAJKH, B YaCTHOCTH paccuMTaHa (GakTopuanbHas (Mex-
ny rpymnamu) agucnepcus (MS = 10.5) u ocrarounast (BHyTpH TpyII)
muctiepcust (MS = 0.57), mpuBomutcst pakTudeckoe 3HaueHue F-xpu-
tepus Oumiepa (18.49) u cOOTBETCTBYIOIIHNI ATOMY 3HAYCHHUIO P-ypO-
BeHb 3HaunMocTH (0.000587). ITockonbky (haKTHUECKHIl p-ypOBEHB
3HAYUTENIbHO MeHbIe kputuueckoro ypoBHs (0.05), mymeBas rumo-
TE3a OTBEPracTCs M CTAaTHCTUYCCKU JOKA3bIBACTCS BIIMSHHE MHHC-
PAILHOTO YIOOPEHHS Ha YPOXKAHHOCTH O3UMOU PIKU C BEPOSITHOCTHIO
P =99.99994,

AHanornunble pe3ysbTarbl noiaydaem B makere STATISTICA:
s storo B moayie Breakdown & one-way ANOVA, B 3akiaake
ANOVA & tests, neobxomumo Hakath Ha kHomky Analysis of
variance (puc. 6.5). Pesymbrar Oymer mpeacTaBicH B TaOIUYHOU
dopme (Tadu. 6.3).

Tabnura 6.3

Peszynvmamut oucnepcuonnozo ananusa 6 cucmeme STATISTICA

Variable
SS df MS SS df | MS -
Effect | Effect | Effect | Error | Error | Error P
VPO’KS?ZOCTB’ 3158 | 3 | 1052 | 455 | 8 | 0.569 | 18.498 | 0.000588
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Yemesepmulti wae — AnoctepuopHble (MHOKECTBCHHBIC) CpaBHE-
HUSI TPYIIIOBBIX CPEJTHUX 3HAYEHUM MPU3HAKA.

[Tocne TOro kak JOCTOBEPHO YCTAaHOBIICHO BIIUSIHUE PETYJIHApYE-
Moro ¢akTopa Ha pe3yJbTATUBHBIN MpPU3HAK, MPU HEOOXOIUMOCTH
NpUOEraloT K MHOKECTBEHHOMY CPaBHEHUIO T'PYMHIOBBIX CPEIHUX
Ipyr C APYroM WM C KaKOW-IMOO APYrod BEIMYMHOMN, HAIpUMED
KOHTPOJIbHBIM BaPUAHTOM KCIIEPUMEHTA.

B Ttabaumunom mporeccope MS EXCEL mnpoBenenue TaHHOTO
JTara AUCIIEPCHOHHOIO aHAIU3a HEBO3MOXKHO. B makeTe nmpukiagHbIx
nporpamMm STATISTICA nns 3TuX uenell UMEITCS CHEUAIbHO
pazpaboTaHHbIE KPUTEPUHU JOCTOBEPHOCTH.

B yeM CyTh MHOECTBEHHBIX IOINAPHBIX CPABHEHWUW TPYNIOBBIX
cpeHux? YCTaHOBJICHUE JOCTOBEPHOCTH BIUSHUS (DaKTOpa Ha pe3yib-
TQTUBHBIA MPU3HAK O3HAYAET, YTO TPYIMIOBBIE CPEIHUE HE PaBHBI
Mexay coboil. OpHako TpUHATHE JaHHOTO (akTa B pe3ysbrare
OTKJIOHEHHUSI HYJICBOW THIIOTE3bl HE TOBOPUT O TOM, KaKH€ HWMEHHO
IPYIIIOBBIE CPEIHUE 3HAYECHMSI NPHU3HAKA JIOCTOBEPHO OTJIMYAKOTCS
MexIy coO0H, a kakue HeaocToBepHO. Hynesas runoresa o cirydaiiHOM
BIUSIHUU (paKTOpa Ha MPU3HAK MOXKET OTKJIOHSATHCS W B Clydae, Koraa
BCE TPYNIOBBIE CPEIHHE JOCTOBEPHO OTIMYAKOTCS JPYr OT Jpyra, u
B CJIy4ae, KOI/ia JIUIIb OJHO CPEIHEE 3HAUEHHE JIOCTOBEPHO OTIMYAETCS
OT BCEX OCTAJIbHBIX, PA3IMYAIOIINXCA MEXKIY COOOIl JIMIIb CIy4YalHoO.
PesynpTar B 000MX Cily4asx OAWUH U TOT K€ — OTKJIOHEHHE HYJIEBOM
TUIOTE3bl, HO XapakTep JCHCTBUSA (pakTopa HaA TPU3HAK pa3HBIN.
[ToaTOMy BO MHOTHMX CIIy4asiX MOJOOHBIN aHaIu3 Ja€T UCCIEA0BATEIIO
BAXHYIO JIOMOJIHUTEIBHYI0O HMH(POpPMAIIMI0O O CaMOM XapakKTepe BO3-
necTBus (pakTopa Ha pe3yJIbTaTUBHBIN NMpPHU3HAK, MO3BOJISIET YCTaHO-
BUTbH YPOBEHb (PAKTOPa, OKA3BIBAIOIINI HAMOOIBIIIEE BO3ICUCTBHE.

Crnenyromui BONpoc: MOXKHO JIM MPUMEHATH MPU MHOKECTBEH-
HOM CpPaBHEHUU CPEJIHUX 3HAYEHUU HamOoJiee MOMyJIIPHBINA U U3BECT-
HbIN ynTartento t-kpurepuii CteionenTa? He BaaBasich B ToapoOHOCTH,
cleAyeT MpeaynpeauThb, uto npumenenue t-kpurepust CThroieHTa s
pelIeHns] MOCTaBJICHHOW 3aJjauyd HEMPaBOMEPHO, MOCKOIbKY JaHHBIM
METOJ] pa3paboTaH JIsi CpaBHEHUS CPEIHHMX 3HAUYCHUM 2-X BHIOOPOK,
IIpU AUCIIEPCHUOHHOM aHAJIN3€ UCCIIEIOBATENh UMEET AEJI0 C HECKOJIb-
KUMU BbIOOpKamu. [Ipy MHOTOKpaTHOM HCIIOJIb30BaHUM {-KpuTepus
CrtbrofieHTa ISl TIOMAPHOrO0 CPaBHEHUS MHOTMX CPEAHUX 3HAYCHUH,
CBSI3aHHBIX MEXIY CO0OM, YBEIMUYMBACTCA BEPOATHOCTH OIIMOOYHOTO
OOHapy>KEHUS TOCTOBEPHBIX OTIMYMI MEXAY CPEAHUMH 3HAUYCHUSIMU,
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KOTI'JIa X Ha caMoM jieie Het! B cratucrrke qaHHas mpoOieMa moy-
yuja 0003HAYCHHUE «aghghekm MHOMCeCMBeHHbIX cpasHeHuu». YTo ne-
nath B 3TOoM ciydae? JIuGo BBOAUTH TMOMpaBKH s l-KpuTepus
CThIOJICHTA, CHWXXas KPUTHYCCKUH YPOBCHb 3HAYUMOCTH C yYETOM
YHCJIa TIOMAPHBIX CPAaBHEHMM, JIMOO HMCIOJIB30BaTh KPUTEPUH MHO-
YKECTBEHHBIX CPABHECHUM:

1. Kpumepuii naumenvweti s3uauumou paszwocmu (LSD test) —
aHayior t-xputepus CTblOJEHTa, pa3pabOTaHHBIM IS TIOMAPHOTO
CpaBHEHUS OOJIBIIIOTO YKCiia BEIOOPOK.

2. Kpumepuii Toroxu (Tukey test) — mpumensieTcs ipyu cpaBHEHUU
TPYIIIOBBIX CPETHUX AUCTICPCHOHHOTO KOMILUIEKCA IIPH PAaBHOM YHCIIC
HaOJII0ICHUH B KaXKJIOW TpyMIIe.

3. Kpumepuii Illegpgpe (Scheffe test) — wucmonp3yercs mnpu
HAJIMYMY KaK HEPAaBHOYHMCIICHHBIX, TaK U PAaBHBIX IO 00BEMY TPYIII B
TUCTIEPCUOHHOM KOMILIEKCE.

[lepen mnpoBeacHUEM MHOMCECTBEHHBIX IIONAPHBIX CpPaBHCHUM
IPYNIIOBBIX CPEIHMX 3HAYCHHHM NMPU3HAKA PEKOMEHIYETCS TPOBECTH
rpadudeckuii aHanM3, MO3BOJISIONIUN MPEABAPUTEIBLHO OICHUTH Xa-
paKTep Ppas3auYMi MEXAY CpPEeIHUMHU 3HAYeHHSAMHU. JIJIS 3TOro
B Moayiie Breakdown & one-way ANOVA Hazno 3aiiTd B IEPBYIO
sakmanky Quick (beictpas) m Hakath Ha KHOMKY Interaction plots
(I'paduku B3auMoelicTBus). B pe3ynbrare MosSBUTCSA 3HAKOMAs YUTa-
TEJIIO JMarpaMma pa3Maxa, Ha KOTOPOH TOYKaMH 00O3HAa4YeHBI CPEi-
HUC 3HAYCHUS YPOXKAWHOCTH JJIA KaKIOW M3 4-X 703 MHHEPAIbHBIX
yaoOpenmii, a otrpe3kamu— 95% JOBEpUTEIBHBIM HWHTEpPBAT
JUIS TeHepalIbHOM cpennei (puc. 6.6).

13 rpaduka BUIAHO, YTO B rpajHeHTe (haKTOpa OT HAMMEHBIIINX
70 HauOONBIIHUX 703 YPOKAWHOCTh O3MMOW PKH U3MEHSICTCS HEJH-
HEHHO, BHaYajie BO3pacTacT, a MIOTOM cHrbkaercs (puc. 6.6). I[Tpu atom
CpeIHsSsl ypOXKaMHOCTh IpH pgo3ax (akropa 15 kr/ra, 20 kr/ra
n 30 kr/ra pasnuyaercs HE3HAYMTEIBHO, a TEPEKpPhIBAHUE JOBEpH-
TCIbHBIMH HWHTEPBAJIAMH CaMHX BBIOOPOYHBIX CpPEIHUX 3HAUYCHUU
CBUJCTCIIBCTBYET B IIEPBOM MPHUOIMKEHUH O HEJOCTOBEPHOM
OTJUYHMH 3THX 3-X CPEAHHX 3HAYECHHWH Apyr oT Apyra. Hampotus,
CpEeIHSsS YpPOKAMHOCTh O3UMOM pXKHM TMPU J103¢ MHHEPAIbHBIX
ynoopenuii 25 xr/ra 3HAYUTCIBHO OTIMYACTCS OT OCTaJIbHBIX
CPEIIHUX, TIPU 3TOM JOBEPUTEIbHBIM HHTEPBAJI HE HAKPHIBACT HU OJHY
13 BEIOOPOYHBIX cpeaHux (puc. 6.6).
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Flot of Means and Conf. Intervals (95 00%)
YpowRaRHoCTE, uira

Yalues

o]

15 20 25 30
Hoza yoobpeHuid, 1ira

== YpowaiHocTe, uira

Puc. 6.6. lmarpamma pazmaxa

[TpoBepuM HaIlK PACCYKACHUSA C IOMOIIBIO KPUTEPUS HAMMEHb-
IIeH 3HAYUMOM Pa3HOCTH. HYJIEBas TMIIOTE3a COCTOMT B TOM, YTO IO-
MapHO CPEIHUE 3HAUCHUS YPOXKAHHOCTH OTIIMYAIOTCS JPYT OT JIpyra
HegocToBepHO. Heobxoaumo B ToM ke camoM Moayiie Breakdown &
one-way ANOVA zaiitu B deTBepTyIo 3aKianky Post-hoc (Amocre-
pPHOpHBIC KPUTEPUH) U HaXkaTh Ha kHONKy LSD test (puc. 6.7).

E Statistics by Groups - Results: Spreadsheet]

DEPENDENT: 1 wariashle: ¥powalfmiocTn, L/fra

GROUPING: l-Noza ymofd4): 15 Z0 25 20

Duick] Descriptives] AMOWA & tests Post-hoc l

@ Wariables YpowalHocTe, wira Cancel
i LSO test or planned comparizon | E Optiokns =

Scheffe test |

Alpha level for
critical ranges:

Duncan's multiple range test & critical ranges | 060 EI

For additional post-hos
tests (Dunnett, Bonfermoni,
complex degigns) see also
the *dsual General Linear
hdels option.

Hewman-Keuls test & critical ranges

B Tukey honest significant difference [HSD)

il Tukey HSD for unequal M [Spjotvoll/Stoling]

prlevel for highiishting: [05 2]

Puc. 6.7. luamorosoe okno moxayis «Breakdown & one-way ANOVA»,
3akmanaka «Post-hoc»
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B Ttabnune pe3ynbTaToB paccyuTaHbl (PAKTUUECKHE P-YPOBHU
3HAYMMOCTH JIJIsl Ka)XXJOro MOMapHOro CpaBHEHHUs BceX 4-X CpeaHHX
3HaueHUH ypokarHocTH (Tadi. 6.4). IiBeTom 0003HAYEHBI P-yPOBHH,
menbiue 0.05, cnemoBartenbHO, HWMEHHO OTH Tapbl CPEIHUX
¥ OTJIUYAIOTCSA JPYyr OT Jpyra jJocTtoBepHO (Tabm. 6.4). Ananm3
TAaOJIUIIBI TOKA3bIBAET, YTO JOCTOBEPHBIC OTIWYUS OTMEYAIOTCS
TOJILKO MEXAy 3-U cpemHeil (ypokallHOCTh O3MMOUN PXKH TIPU J103€
25 kr/ra) W Bcemu ocTanbHbIMH cpenHuMH (Ta0m. 6.4). Ilepmas,
BTOpasi W 4eTBepTas cpenuue (YpoKalHOCTh O3MMOM PXKU TPH J103aX
15 kr/ra, 20 kr/ra u 30 kr/ra) oTIMYaIOTCS HEIOCTOBEPHO.

Tabnuria 6.4

Pe3ynomamot ucnonvzoeanus Kpumepus HauUMeHbulell 3HAYUMOU
paznocmu ¢ cucmeme STATISTICA

Jlo3bl
yoobpenuii {1} {2} {3} {4}
15 kr/ra {1} 0.267977 0.000341 0.411804
20 kr/ra {2} 0.267977 0.001423 0.073782
25 kr/ra {3} 0.000341 0.001423 0.000135
30 kr/ra {4} 0.411804 0.073782 0.000135

Takum oOpa3zoM, MpUMEHEHHE KPUTEPUST HAUMEHbBIIEH 3HAYNMON
Pa3HOCTH MOATBEPAWIIO MPEANOJIOKEHNS, ClEIaHHbIE MPU rpaduyec-
KOM aHajiu3e. JTO O3HAayaeT, 4YTO ONTUMAIbHOM WM Haubosee
3¢ PexTUBHON 103011 MHHEPAIBHBIX YIOOpPEHUN B HalIEM IpUMeEpe
sBisieTcst 25 kr/ra, ganpHEiIee YBeTUYCHNE KOJTMYeCTBa MHUHEPAITb-
HBIX YA00pEeHH Helenecoo0pa3Ho, MOCKOJIbKY HE BbI3IBAET COOTBET-
CTBYIOILIEW NpPUOaBKM B ypOKalHOCTU O3UMOM pxku. Kpome Toro,
MHOKECTBEHHBIE allOCTEPUOPHBIE CPABHEHHUS JTOKA3aJIU HEJTWUHEHUHBIN
et BIusSHUS MUHEPATbHBIX YI0OPEHUM Ha YpOKAHHOCTH O3UMOMN
PKY B U3YYEHHOM TpajiueHTe (akTopa.

Ilpumeuanue 3. Metopl MHOKECTBEHHOTO CPAaBHEHHS CIEIYET
IPUMEHATh TOJBKO IIOCJIE TOrO, KaK C MOMOIIBIO JUCIEPCUOHHOIO
aHaju3a OTBEPrHyTa HyJIEBas TMIIOTE3a O PABEHCTBE BCEX CPEIIHMUX.
B kadectBe €mé ogHOTO MapaMETPUUYECKOTO KPUTEPHUS TSI MHOMXKECT-
BCHHBIX CPABHECHHUM MOMXHO HCHOJIb30BaTh Kputepud HbroMeHa —
Keitnca (I'manu, 1999). MuHorga 3amada 3akiiodaeTcss B TOM, YTOOBI
CPaBHUTH HECKOJIBKO TPYIMII C €IUHCTBEHHOU — KOHTPOJIBHOUN. B 3TOM
CIIy4ae MOXHO BOCIOJIb30BaThCs KpurepueM JlaHHera, mpenHa3Ha-

127



YEHHBIM JIJIsI CPABHEHUSI HECKOJIBKUX BBIOOPOK C OJHOM KOHTPOJILHOM
rpynmoi (I'manm, 1999). Texuuuecku JaHHas MPOIICAypPa MOKET OBITH
peanu3oBaHa B makeTe npukiaagabeix nporpamm STATISTICA.

IIamuoiii wae — OueHKa CUiIbl BIUSIHUSA (pakTopa Ha MPHU3HAK.

[Tocrnennee, 4TO MOXKET YCTAaHOBUTH MCCIIEIOBATEb OTHOCH-
TenbHO d(ddekTa aeklcTBusA (akTopa HA TPU3HAK, — OTO JOJA
BapHalliy 3HAYCHHUM MPU3HAKa, KOTOpasl 3aBUCUT OT PEryIUPyeMOTro
dakTopa, MOKeT ObITh 00BSICHEHA BIMSHUEM 3TOro (akropa. Takxke
MOXHO paccyuTaTh, Kakas 4acTh pa30poca 3HAYCHUN MpU3HAKA
OTIpeIeNISIeTCS] BO3ACHCTBUEM CITy4allHBIX HEM3BECTHBIX (DaKTOPOB.

[lokazaTens cwibl BIMsSHUA (dakTopa MPEACTABISIET COOOM
OoTHOIIeHHE (haKTOpHATBLHOM JHCIEepCUM K OOIIed aucmepcuu
U BhIpakaeTcsi (hOpMyJIOii:

2 qubaxm
h? = =22 .100%

obwas

[TockonbKy (pakTopuaabHas JTUCIICPCHS ONMPEICISCTCS BIUSHUCM
peryiaupyeMoro ¢gakropa, To €€ 10 OT oOlleil Bapualuy 3Ha4eHUM
MpU3HaKa SBISETCS KOJWYECTBEHHOM XapaKTCPUCTUKOM  CHJIBI
nercTBHUA (akTopa Ha MpPHU3HAK MPU JaHHBIX yCIOBHAX. Paccumraem
MoKa3aTellb CHJIbl BIUSHUSA (akTopa [JIsS HAIIeTo IpHUMEDPa,
BOCITIOJIb30BaBIIINCEH TA0OIUIIEN 6.2,

ho__ 1052
(10.52 +0.569)

-100% = 94.9%

Takum o00pazom, 10yis OOBSICHEHHON BIMSHUEM MHUHEPaTbHBIX
ya0OpeHuil BapHalluk B YPOXKAWHOCTH O3UMOM PXKU COCTaBIISIET
94.9%. Ocrapmmuecs 5.1% Bapuanuu mpu3HaKa OMPEAeIISIIOTCS JCHCT-
BHUEM CIIy4alHbIX (PaKTOPOB.

6.5. Henapamempu4eckuti 0OHOhaKmMOPHbIU
ducrnepCcuoOHHbIU aHanu3

JIaHHBI BapuaHT METOJAA MPUXOAUTCSA HUCIOJIB30BAaTh B CiIydae,
KOrJla HE BBIMOJHSIOTCS TpeOOBaHUA K MPOBEACHUIO MapaMeTpu-
YECKOI0 JUCIEPCUOHHOIO AHAIU3d, B YAaCTHOCTU IIPEIAIOJIOKEHUE
O HOPMAJIBHOCTU pPACIPENEIICHUS PE3yJAbTATUBHOIO IIPU3HAKA, WU
KOTJIa UCTIOJIh3yEeMbIC JAHHBIC KHU3KOTO KauecTBa» (MOPSIKOBBIC).
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Henapamerpuueckoil anbTEpHATUBOM HUCIEPCHOHHOTO OAHO(DAK-
TOpHOro aHamm3a sBisgercs Meron Kpackema — Yommmca (ANOVA
Kruskal — Wallis). ITpu #crons30BaHul HEMapaMETPUIECKOIro JTUCIIep-
CHOHHOTO aHajm3a (PaKTUYECKH MpPOBEPSIEMbIC THUIIOTE3bI TE JKE€ CaMble
(dbakTop BAMSIET WM HE BIUSACT HA MPU3HAK), HO METOJ pacdyeTa MHOM:
CPaBHMBAIOTCSl HE TPYMIOBBIE CPEAHUE 3HAYEHUS MPU3HAKA, & CYMMBbI
PaHTOB IS Pa3HbIX TPYIII, €CJIM OHU 3HAYUTEIIBHO OTINYAIOTCS IPYT OT
npyra, 3Ha4UT (AaKTOp OKa3bIBACT BIUSHUE HA TMpPHU3HAK. TEXHUYECKU
HemapamMeTpUUeCKUX aHali3 MOKHO TpoBecTH B makete STATISTICA
WM B porpammMe aHanu3a qanHeix ATTESTAT.

Jl71st mpyuMepa OLIEHUM BJIMSHUE MUKPOOHOJIOTHYECKOTO TIpemnapa-
Ta, coAepKaIero a3oTgukcupyrome 6akTepuu, Ha Npya0Bor puto-
TUTAHKTOH, COCTOSAIIWN TJaBHBIM 00pa3oM H3 3€JCHBIX XJOPO-
KOKKOBBIX BoJiopociiell. B pe3yibTare mpoBeaeHHUs dKCIepUMEHTa N
Situ OBLTH MTOTYYCHBI CIICTYIOIINE TaHHBIC O BIMSHUN Pa3INIHBIX pa3-
BeJieHui nperapata (1 yacTh mpermapata : N 4acTeil Ipya0BOM BOIbI)
Ha KOHIICHTpaluu Xjopodmiia «a» B mIpyaoBoi Boue (Tadm. 6.5).
DKCIEPUMEHT MPOBEJICH B 3-X MOBTOPHOCTSAX ISl KaXKJIOTO BapHaHTA.

Tabmuma 6.5

H3menenue konuyenmpayuii xaopogpunia «a» (mkzlin) 6 eapuanmax
IKcnepumenma 0e3z 0obaseHus u ¢ 0odasieHuem 6 pazHvlx
Pa3zeeodeHusAX MUKPOOUON02U4ecKo20 npenapama

Koumponw Jlobaska Jlobaska Jlobaska
(6e3 0obasku npenapama npenapama npenapama
npenapama) 6 pazeedenuu 8 pazeedeHu 8 pazeedeHuu

1:40 000 1:4000 1:400
34.6 32.1 54.6 78.5
39.3 34.3 53.6 110.0
34.9 39.3 56.0 85.0

Tabnuiy pe3yapTaToB MOXKHO TEPEHECTH B TaOJWYHBINA TPO-
neccop MS EXCEL u Bocnonb3oBathest nmporpammoid ATTESTAT u
moayiem [ucrnepcnoHHbln aHanms (puc. 6.8).

B ctpoxy MIHTepBan AaHHbIX HEOOXOIUMO BBECTH yKaszaTelleM
MBI MHTEpBAN s4yeek u3 djekrpoHHoM Tadmuier MS EXCEL
C HCXOJHBIMH YHCJIOBBIMU JaHHBIMU (CTOJIOIBI C TMOBTOPHOCTSIMH
KOHIICHTpaIuii xjaopodmnia «a»). B VIHTepBane BbiBoga ciemyet

129




yKa3aTh JI00YI0 CBOOOJIHYIO SUEMKY B SJEKTpOHHON Tabmuie MS
EXCEL, naunnas ¢ KoTopoit OyayT BbIBEJICHBI BHIYUCICHHBIE CTATHUC-
THYecKkne Tmokasarenu. Jlamee B rTpynme Henapametpuyeckue
MeToAbl craBuMm (duaxxok HampotuB Kputepuin Kpackena — Yon-
Mca W HakuMaeM Ha KHOMNKY BbIMONMHWUTL pacudeT (puc. 6.7).
Pe3ynbrarsl OSBATCS B siueiikax siekTpoHHou Tadmuisl MS EXCEL
B TeKCTOBOH opme (puc. 6.8).

JHCNEPCHOHHBH AHA K3, KOBaPHALMOHHBIN aHaTH3 H MHOCKECTEEHHHE CPABHEHMA

MHTEpPBan AaHHLE MNH 1 BeIBopKK
ANA MHOMEC TEEHHEL CRIEHEHHA

MHTEpEaN 2 BRIDOpEK 4nA
MHOMECTEEHHEL: CRAEHEHMH *

MHTEPEAN BLIEDAA

NapaMeTpHHeCkHe METo Ak

[ iDaHohaK TOPHEIA aHARMS |

| AevxdakTopHed aHanws
[ KpwTepwi BapTneTTa

| EpwTepnd G Kokpena

[ MeToa Wedde

[ MeToa Wedde napHbIE
| KpHTepH#A MieeHa

| Epureprd dyHrana

| EpuTepmA TerokH

HenapameTpudyecke METo AR

v KprTeprd Kpackena-¥Yonnuca **
[ KpTeprid DpramaHa **

[ EpTepnd dxoHkxmepa-TepncTpa
[ KpHTepHiH Mafaka

| EpwTepsd JdaHHa

| EpuTepnA KoHosepa **

| EpuTepnd Kesra

BMHEpHEIE BRIB0PIKH

[ EpuTepud Q KokpeHa

oo o 1 B O

MHO¥ECTEEHHEIE CRPABHEHMA e

[ KpHTERHA X0TENHH S

| EpureprA dweRnca-Co

[ KprTepmd Kynebaka

| EpwrepuA Mypr-CeHa-Tamypa
[ KpHTepHi Mypr-CeHa

| EpureprA WaApepa-Paa-Kefpa
AONONHKTENEHEIE OMLHH

v WueT ceasok **

* ¥ Onura AnA vKaszaHHER: METOADE

| KoBapHaunoHHeIA aHanms

CraHohaK TOpHEIM aHanHs CITMEHA

(MOBTORHEIE MEMEPEHHA)

BeINoAHMTE pacdeT Momowe

Puc. 6.7. JluanoroBoe okHO MOJyJis «JlMCIEpCUOHHBIN aHAIU3»
nporpaMmMbl aHanuza gaHaeIx ATTESTAT

[Tockonbky (akTudeckuii p-ypoBeHb 3HaunMocTH (0.021) meHb-
me kputndeckoro (0.05), ciemoBaTenbHO q00aBlIEHHE MUKPOOHOJIO-
I'MYECKOT0 IIperapara JOCTOBEPHO IIOBIHMSIO HA KOHICHTpAIUU
xjopodpuiuia «a» B npynoBoi Bojae (puc. 6.8). Kak BumHO u3 Tad-
nwiel 6.5, Bo3AcHcTBHE Tpenapara B IEJIOM OKa3allo CTUMYJIUPYIO-
i 3P exT Ha npy10BOM (PUTOTIIIAHKTOH.
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E Hicrosoft Excel - 3Ecnepus#eHT C Npenaparom - O E

@_)l dafn  [paska Bwa Bcraeka ®opmatr  Cepeuc  fladHHeie OkHo  Cnpaeka

Biplot  AttesStat -8 X

frial -0 - K & U EE =@ = E,{hvﬁ,;
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=78 - Fe 0 0212456752181813

F G H =

74 Brlgaya BEKNHYEET

75 [Homep], [HoMep], cTaTMCTHES, P-3HaveHMe, [cTeneny ceboae]
76 PaHroebild ogHodakTopHEIR aHanus Kpackena-Yonndca

77 C yyeTom ceAsok
78 5 BBEGEEEET | 00212456751 3
79

80

g1

g2

g3

84

g5

ala

T

Puc. 6.8. Pe3ynbrarsl HEMapaMeTpu4ecKoro TMCIEPCUOHHOTO aHAIHN3a
Kpackena — Yomnuca

Ilpumeuanue 4. B ciydyae HeEmapaMeTpUYECKOTO HUCIIEPCHUOH-
HOT'O aHaJIn3a IMpHU OTKIIOHCHUHN HYHGBOﬁ THUIIOTE3bI U HGO6XOI[I/IMOCTI/I
IIPOBEACHUS AINlOCTEPUOPHBIX MHOMXKECTBEHHBIX CPAaBHEHUW TPYIIIO-
BbIX CpPEIHUX 3HAYCHUU IPU3HAKA MOXKHO IMPUMEHUTH HEMapamer-
puueckuii kpurepuii Jlanxa (Dunn’s multiple comparison post-test)
(I'manm, 1999).

CyTh 0o0Jice CIIO)KHBIX CXEM JUCIIEPCHOHHOTO aHain3a (IByX-
(dakTOpHBIN ¥ MHOTO(AKTOPHBIN), TIO3BOJISIONTUX OIECHUBATH HE TOJh-
KO BJIMAHHUC KaAXKIO0I'O @aKTOpa 110 OTACJIBbHOCTH, HO W HUX B3dHUMO-
JICHCTBUE (coquaHHoe I[eﬁCTBI/Ie), 3HAYUTEIJIIBHO HE OTJIHYaeTCs
OT pacCMOTPEHHOI'O B JAHHOM MOCOOWUH aJITOPUTMa OJIHO(DAKTOPHOTO
AUCIICPCUOHHOI'O aHaJIn3a.
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3aknyeHue

B nocoOum ciaenaHa mombITKa U3JIOKUTh 0a30BbIC MOHSATHUS OHO-
METPHUH U JIEMEHTApPHBIC METO/Ibl KOJIMYECTBEHHOTO aHAJIN3a JAHHBIX
HAOJIIOICHUN U DKCIIEPUMEHTOB MPUMEHUTEIBHO K OHOJOTHYECKUM
1 DKOJIOTMYECKUM MCCJICIOBAaHUAM B JOCTYITHOM ISl uuTaTes s popme.
YcBoeHHe CTyJIeHTaMH TaKWX TOHATHH, KaK CTaHJapTHas OIIHOKa,
JIOBEPUTEIbHBIA UHTEPBAJI, AUCIIEPCUs, IOBEPUTEIIbHASI BEPOSITHOCTD,
YPOBEHb 3HAYMMOCTH, CTATUCTHYECKHE THUIIOTE3bl, KPUTEPUHU JIOCTO-
BEPHOCTH, 3aKOHBI paCOpEACICHUS, IBIICTCA KIHOYEBBIM ATAOM JJIs
MOCJIEAYIONIETO CaMOCTOSITEIbHOTO OCBOCHHUS 00Jiee CIIOXKHBIX METO-
JIOB OJHOMEPHOM M MHOTIOMEPHOM CTaTUCTUKU M IJIAHUPOBAHUS
AKCIIEPUMEHTOB. BO MHOTMX aHaJOTMYHBIX MOCOOMSIX ITOMY YAEIIs-
€TCSd MEHbBIIIE BHUMAHUS, Kak TMPaBWIO, IPUBOIITCS TOTOBbBIC
GhopMyJIMPOBKH 0€3 IMOJIPOOHOr0 pa3bICHEHHUS CYTH 0a30BBIX MOHS-
tuil. KpoMe Toro, npuBeaeHHbIE NTPUMEPHI UCIIOJIb30BAHUS KOMIIbIO-
TEPHBIX MPOTrpaMM aHaJdu3a JaHHBIX TMPU PEUICHUH UCCIE0-
BATEJIbCKUX 3a/a4 SIBIISIFOTCS DJIEMEHTAPHOM OCHOBOM JIsl MPaKTHU-
YECKOTO OCBOCHHUS YYAIIUMHCS METOJ0B OmomeTpuu. M momHuTeE:
OCBOCHHUE OHMOMETPUM JHUIIb HMHCTPYMEHT, TO3BOJISIIOIIUM KOJIU-
YECTBEHHO M3MEPUTh U YBUJIETh B COOPAaHHOM MaTepHaje CKPhIThIC OT
HCCIIEA0BATEINS 3aKOHOMEPHOCTH. [ JTaBHOE OCTAaeTCs B TOM, 4YTO U3ME-
pPATH U HAa YTO CMOTPETh MPHU PEIICHUH HAYYHO-HCCIIEI0BATEIbCKUX
3a7a4, T. €. B IEPBYI0 OYEpeJb HYKHO OBITh BIYMUYMBBIM HCCIIENO-
BATEJIEM U TOJIBLKO TOTOM YMEJIBIM CTATUCTUKOM HJIM MaTeEMAaTUKOM!
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Bonpochl K 3K3aMeHy

1. OcHOBHBIC TOHATHS OWOMETPUHU (CTATUCTHUYECKAs COBOKYII-
HOCTh, €JIVHUIIA HAOIIOJCHUS, TMPU3HAK, BapbUPOBaHUE MPU3HAKOB
U UX TpU4IuHbBI). OMUOKN N3MEPCHHIA.

2. Tumpl 3KONOTHYECKUX JaHHBIX. CTaTUCTUYECKHE PANBI M HX
rpauKH.

3. Be1OOpOoYHbIli ¥ CIUIOIIHOW METOJbl MCCEIOBAaHUS, MPEUMY-
iecTBa M HeJAoCTaTKu. [loHATHE TeHepadbHOW COBOKYIMHOCTH U BBI-
OOpKH, TPUMEPBL.

4. Penpe3eHTaTUBHOCTh BBIOOPOK. CrocoObI B3ATHSI BBIOOPOK
Y3 TEHEPAIIbHOM COBOKYITHOCTH.

5. CTeneHHbIE W CTPYKTYPHBIE CpPEIHUE BEJIUYMHBI, (POPMYIIbI
pacueTra v 3HauYeHHUE ITpU 00pabOTKE HIKOJIOTMYECKUX TaHHBIX.

6. [Tokazarenu Bapuaiuu, (GopMysbl pacdyera U 3HAUCHUE TPU
00pabOTKE IKOJOTHUECKUX JTAaHHBIX.

/. IloHsiTHE BEPOSITHOCTU. ANPUOpPHAsE U aANOCTEPUOPHAsE BEPO-
ATHOCTh, IPUMEPBL. 3AKOH HOPMAJIBHOTO PACHPEACICHUS PU3HAKOB,
napaMeTpbl HOPMAJIBHOTO PaCIpEIEICHHUS .

8. IlpaBuiio 3-X cUrM, €ro MPaKTUYECKOe MPUMEHEHHUE. IMIIUPU-
YECKOE U TEOPETUUIECKOE PACIIpe/ieTICHIE MPU3HAKOB (9KOIOTHUECKIX
nokasareneii). ITloHSITHE acMMMETPUM M DKCIecca SMITMPUYCCKOTO
pacrpeneneHusl.

9. CratucTuyeckoe OlICHMBaHUE T€HEpaJbHBIX MapameTpoB. To-
YEYHbIE W HUHTEpPBAIbHBIE OLEHKU. [IOHSATHME HOBEPUTEIBLHOW BEPO-
ATHOCTH W YPOBHS 3HAYUMOCTH TIPU pacyuere JIOBEPHUTEIbHBIX
WHTEPBAJIOB JJIs1 BHIOOPOUYHBIX CPEHUX 3HAUEHUM.

10. OcHoBHBIE 3a7a4H, peIIacMble MPU CTATUCTUUECKUX CpaBHE-
Husx. [loHsiTue a0OCTOBEpHOCTH BBIOOPOYHOM pa3zHocTH. Hynesas
U aJbTepHATUBHAS TUNIOTE3bI. [[OHATHE KPpUTEPHUS TOCTOBEPHOCTH.

11. IloHdaTHE YpPOBHSI 3HAYMMOCTH MPUMEHUTEIBHO K KPUTEPHUSIM
noctoBepHoctH. Kitaccudukamuu xputepueB moctoBepHocTu. IIpe-
UMYIIECTBA U HEJIOCTATKU MapAMETPUUYECKUX U HEMapaMeTPUUYECKUX
KPUTEPUEB JIOCTOBEPHOCTH.

12. CriocoObl TPOBEPKH HOPMAJIBHOCTH AMITUPUUYECKOTO pacipe-
neneHus npusHaka. Kpurepuu cornacust (HOpMaJIbHOCTH), YCIOBHS HX
PUMEHUMOCTH.

13. IlapameTpudeckre KpuTepuu paznuduii: t-xpurepuii CThblo-
nenta u F-xpurepuit @umepa. OOmacTh UCTOJIB30BaHUSA, (HOPMYIIBI
pacuera, yCciaoBUs TPUMEHUMOCTH.
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14. HenapaMeTpuiecKue KpUTEpUM pa3iiuuid: Kpurepud MaHHa—
YutHH, Kpurepuil BUIIKOKCOHA, KpUTEpPUM 3HAKOB U KPUTEPUN CEpPUI
Banbna-Bonbdosuiia. O01acts HCNOIB30BaHUs, YCIOBUS IPUMEHUMOCTH.

15. Jlucnepcuonnsiii aHanu3. CymHoctb Meroaa. OCHOBHbBIE MO-
HATUS W TEPMHHBI (pe3yIbTaTUBHBIN TNPHU3HAK, (aKTOp, Tpajaliuu
¢dakTopa, TUCTIEPCUOHHBIN KOMIUIEKC, uX BHbI). HyneBas u anprep-
HAaTUBHAs TUTIOTE3bI B IUCTIEPCUOHHOM aHAJIMU3E.

16. OcHOBHBIE ATaNbl TUCTIEPCUOHHOTO aHAIU3A.

17. Buasl IUCTIEPCUOHHOIO aHalv3a. YCIOBHUS MPUMEHUMOCTH
KJIACCUUECKOTO MapaMeTPUUECKOro JIMCIIEPCUOHHOIO aHanu3a. Hena-
paMETPUUECKUM JUCTIEPCUOHHBIN aHAIU3.

18. IlonsTust «PyHKIMOHATBHAS CBA3B» U KKOPPEJSAIUS», IPUME-
pbl. OCHOBHBIE 3TAMbl KOPPEIJISIITUOHHOTO aHAIU3a.

19. 3nauenne Kod(phUIMEHTa KOPPEISIIMNA, BHUIBI, Tpaaalus,
ycioBus mpuMeHuMocTtu. [louarue koadduiimenTa geTepMuHaIIUU.

20. OnpeneneHne AOCTOBEPHOCTU KOA(DPUIIMEHTa KOPPEISLHUU.
Koppensauust 1 npuauHHO-CIEACTBEHHAS 3aBUCUMOCTh. [loHsITHE T0XK-
HOU U YaCTHOU KOPPEIALIMU.

21. Tlonsitue o perpeccun. CylIHOCTh PErPECCUOHHOIO aHAIU3a U
o0nacTh ero npuMeHeHus1. OCHOBHBIE ATAIbl PErPECCUOHHOTO aHAJIU3A.

22. Bugpl perpecCMOHHBIX CBsI3€M, ypaBHEHHS, TpaduyecKue
MOJENH PETPECCUMN.

23. OnpenerneHne JOCTOBEPHOCTH ITapaMETPOB PErPECCHOHHOTO
ypaBHEHUS U aJIeKBAaTHOCTH ypaBHEHHUs perpeccuu. Perpeccust u Bbl-
Opochl. Perpeccust 1 HEOJJTHOPOAHOCThH BHIOOPKH.

24. Ananu3 BpeMEHHBIX PSAJIOB, OCHOBHBIE ATAIIbI.

25. MHOXXECTBEHHAs perpeccus, CylUHOCTh, ypaBHeHUE. MeToabl
MOLIATOBOW PETPECCUM.

26. OTaure MHOTOMEPHBIX METOJIOB aHaiM3a OT OJHOMEPHBIX.
CyIIHOCTh KIaCTEPHOr0, AMCKPUMUHAHTHOTO U (DAKTOPHOTO aHATIM30B.

27. OCHOBBI TEOpUU IIJIAHUPOBAHUSI OIKCIEPUMEHTOB. Bumasbl
sKcepuMeHTOB. [IpobaeMa MHUMBIX MOBTOpHOCTEH. CxeMa MOITHOTO
dakTopHOrO 3KCcrnepuMeHTa. CTaTUCTUUECKHE METOJbl 00paboTKU
AKCIIEPUMEHTAIbHBIX JaHHBIX.

28. MoaenupoBaHue KaK METOJI UCCIICAOBAHUS CIIOXKHBIX CUCTEM.
Knaccudpukanus mozaeneit. CTaTUCTUYECKOE, aHATUTUYECKOE U UMU-
TallHOHHOE MOJEINPOBAHUE.

29. MaTeMaTuuecKkue MOJIEIHN POCTa MOMYJISAIUM, MOJICTUPOBAHUE
HKOCHUCTEM.
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