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BbIBOPKA

buomMerpuyeckoe uccienoBanie B IEHTP BHUMAaHUS BCETIa CTABUT 8blOOPKY
— MHOJCeCm80 3HAYEHUl CAYYAUHOU BeUYUHbl, COBOKYNHOCMb 6APUAHM, HAOOD
yycen; OTENbHAS BApUAHTA — 3TO OOBEKT, HECYIIUI KaueCTBEHHbBIN UM YUCIOBON
npu3Hak. TepMuH «BBIOOPKa» yKa3bIBA€T Ha MPOLIECC BbIOOpA YaCTU U3 YEro-To
OOJbIIeT0, B JAHHOM CJIy4ae — Ha MPOLECC MOTYYEHHUsI OTPAHUUYEHHOTO KOJIUYEeCT-
Ba 3HAYEHUI U3 T€HEPAJIbHON COBOKYNHOCTH. [ eHepanbHas CO80KYNHOCHb — 91O
MHOJHCECMBO 8Cex eapuanm onpeoenenHo2o muna (BbIOOpKa OECKOHEYHOTO pa3Me-
pa). Yamie Bcero mosy4uTh BCE BO3MOKHBIE 3HAUEHUS B NPHUHIIMIE HEBO3MOXKHO.
[ToaTOMYy CyauTh O reHepaibHOU COBOKYMHOCTH IPUXOAUTCS, UCCIAEAYS BBIOOPKH,
— 10 YaCTU COCTAaBIIATH MPEACTABICHUE O LEIOM.

Ilpusnax

Bapuanta xayecTBEHHO WJIM KOJMYECTBEHHO BbIpaXXAaeT MPU3HAK JTAHHOTO
o0bekTa uccieoBaHus (MOJYYEHHOro MPHU JAaHHOM YpOBHE (pakTopa BHEIIHEU
Cpenbl BIOJIHE ONpeeieHHbIM MeTo10M). [Ipu3Hak (CBOWMCTBO, MOKa3aTesb, BEJIU-
YyHa, XapaKTePUCTHKA, IEpeMeHHas ) — JItobast nH(popmals o HabJIroaaeMOM 00b-
€KTe, BbIpa)KEHHas KaUeCTBEHHO WJIM OIpEAeNICHHAsl KOJIMYeCTBEeHHO. B pamkax
BapUAIMOHHOM CTATHUCTUKU MPHU3HAKU BBICTYIAIOT B POJIM CIy4YalHON BEJTMYUHBI.
CnyualiHasi BeTMYMHA — YUCIICHHAS XapaKTePUCTUKA, IPUHUMAIOIIAs T€ WA WHBIE
3apaHee TOYHO HE M3BECTHbIC 3HayeHHs. HecMOTpst Ha TO, 4TO TOYHOE OMHCAHME
MOBEJICHUS CIIy9aliHOW BEJIMYHMHBI MOJYyUUTh HENNb3s, MAaTEMaTHIECKasl CTATUCTHKA
MIO3BOJISIET BHITIOTHUTH BEPOSITHOCTHOE OTMCAHHME.

CymiecTByeT 1EbIA Psifi METOJOB PETUCTPAIMH MTPU3HAKOB OMOTOTHIECKUX
00BEKTOB.

Kauecmeo (HeunclioBOM JUCKPETHBIN MPU3HAK) — MPOCTON, HETIOCPEACTBEH-
HBI, YyBCTBEHHBIA CMOCOO perucTpaiuu (akToB; ATO CTATYC, CE30H, TAKCOH,
IBET, IMJIOTHOCTb, TUM ACHCTBUSA U Mp. 3HAUCHUS TAaKUX MPU3HAKOB BBIPAKAIOTCS
CJIOBaMH WUJIM CUMBOJIaMH, OHM HE UMEIOT KOJIMYECTBEHHOIO COJIepKaHUsl U BbIpa-
KAIOT MPUHAMAIECKHOCTh JAHHOTO OOBEKTa K OMNpENeNIEHHOW OOIIMPHOM rpyrie
00BEKTOB (3€JIeHbIN, SHBAph, 7, J).

bann (oneHka) — TUCKPETHBIN MOMYKOJIUYECTBEHHBIM MPU3HAK, YUCICHHAS
XapaKTEPUCTHKA 00HEKTA, MPUCBOCHHAS B COOTBETCTBUHU C BHEITHEH 3apaHee MpH-
HATOW IKayioi OaysioB. Bo Bpemsi OIEeHKHM OOBEKT COOTHOCUTCS C 3TUMU KPHUTE-
pUSIMU U €My TIPUCBAMBACTCS COOTBETCTBYIONMHI Oasut. bamiel He 00amatoT CBOM-
CTBaMH YHWCEJ, B YaCTHOCTH, Oayu1 4 He B JBa pa3a Oosbmie Oamna 2, IS HHUX
apu(pMETHIECKHE OTIEPAINH TPUMEHSITh HeNb3s. st 6am10B MHOTHE BRIOOPOYHBIE
napameTpsl (CpeaHue, AUCTIEpCUH U Ap.) He OyAayT o0jaaarh CBOMCTBAMH CTAaTH-
CTUYECKHUX MapaMeTpPOB, UX HEJb3sl CTATUCTUYECKU CPAaBHUBATH, HAIIPUMEDP, C TO-
motbto kputepus CreroneHta. KoppekTHo Oyaer XapakTepus3oBaTh BBIOOPKHU
OAJITBHBIX OLIEHOK JIMIIb C TIOMOIIBIO0 YaCTOTHBIX paclpeeieHn, MOIbl, pa3Maxa
U3MeHUYMBOCTU. 11 cTaTUcTHYecKo 00pabOTKM OajuIbHBIX OLEHOK TpeOyroTcs
Henapamempuieckue METO/IbI.
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Konuuecmeo (4ncno) — MUCKPETHBIN (CUETHBINM) KOJMYECTBEHHBIN MPU3HAK
(4MCI0 HATYpPAJIBHOTO Psi/ia), XapaKTEPU3YIOIINNA MHOKECTBO OJTHOPOJHBIX OOBEK-
TOB, YEpT, AETalel CTPOEHUs, COCTaB (HAIpHUMEp, YMCIO AMOPHUOHOB Yy CAMKH,
YHCII0 KAOEPHBIX THIYMHOK y PbIO, YUCIIO THIYMHOK B IIBETKE, YUCIIO JEPEBbEB HA
npoOHOH 1omaake). OTAeNbHYI0 BapyUaHTy MOJIy4aroT, MOJACYUTAB YUCIO HEKUX
JUCKPETHBIX YEPT CTPOEHUS Y OTIENbHOrO 00BeKTa WK B npobde. /lpoba — ocpa-
HUYeHHAsl COBOKYNHOCHb PA3ZHOKAYECMEEHHBIX 00bEKMOo8, KOmopas XapaKkmepus)y-
emcsl YUCIOM 00BbeKMOo8 00HO20 ONPEeOeNeHHO20 Kauecmead, Smo 3Ha4eHue uepaem
POoJib 00HOU 8apuanmul 6vi6opku. [lomyuas ceputo mpoO, MBI OCYIIECTBIISIEM MEepe-
BOJ| KAYECTBEHHBIX MPU3HAKOB B KOJIMYECTBEHHBIE.

Ilpomep (psin APOOHBIX WIKM PAIlMOHATBHBIX YKCEN) — HEMPEPBIBHBIN (Mep-
HBII) KOJIMYECTBEHHBIN MPU3HAK, XapaKTePU3YIOIIN CBOIICTBA 0OBEKTOB C MOMO-
IIbI0 Pa3JIMYHBIX OTHOCUTEIBHBIX KOJMYECTBEHHBIX LKAl — TEMIIEPAaTypHOH, Be-
COBOM, pa3MepHOW, 00beMHOH U T. . OTAeNbHAas BapUaHTa IMOJIy4aeT KOJINYECT-
BEHHYIO XapaKTEPUCTHKY BBIPAKEHHOCTH JAHHOIO MPHU3HAKA Y JTAHHOTO OOBEKTa
(B mpezenax TOYHOCTU METOJA): TEMIIEpaTypy Tela, ero pa3Mepsl, ypOBEHb IJIIO-
KO3bI B KPOBU U T. 1. BOJIBIIMHCTBO METOIOB CTATUCTUKU pa3pabdOTaHO AJIsl UCCIIe-
JIOBaHMsI UMEHHO TaKMX HENPEPBIBHBIX IPU3HAKOB (MIApaMETPUUECKUE METOIBI).

Bapwvuposanue

OcHOBHast 0COOEHHOCTh BHIOOPKH KaK MHOKECTBA 3HAUECHUH CIy4yailHOW Be-
JIMYUHBI — 3TO OTJIMYME OTACIBHBIX BAPUAHT APYT OT APYra, SIBICHUE UBMEHUUBO-
cmu, BAPbUPOBAHUS, TIOSIBJICHUSI OTIIMYUNA MEK]y OT/ICJIbHBIMU BapUAHTAMM.

buonory BaxxHO 3HaTh OOBIUHBIE MPUYUHBI BapbupoBaHus. OIUH U3 UCTOY-
HUKOB, 3H/IOT€HHBIA, — 3TO UHAUBUAYAJIbHbIE OTJIMYUSA IO cmamycy U 10 COCMOosl-
Huio. HarpuMmep, ’KUBOTHBIE OJJHOTO BO3pAcTa pa3InyHbl HHANBUAYAJIbHO, TCHETH-
YECKH, T. €. M0 cTarycy. Kpome TOro, Kaxaoe M3 HHUX B Pa3HbI€ T'OJbl, CE30HBI,
BpEMs CYTOK UMEET pa3Hbie MOP(HO(DU3NOIOTUYECKHE XaPAKTEPUCTUKH, T. €. OTJIU-
yaeTcs Mo cOoCcTossHMI0. B Hanbosee TOYHBIX HaykaxX (TOKCHUKOJIOTHS, OMOXUMUS,
MOJIEKYJIIpHAsE OMOJIOTHSI) CTPEMSTCA C MOMOIIBI0 XUMHUYECKOW YUCTOTHI MOCTa-
HOBKH OIBITOB U BBIBEJICHUS YUCTHIX JMHHUMI MOJOMNBITHBIX XKUBOTHBIX yOpaTh Bce
MeEUIAIoIUe TPUYUHBI «U30BITOYHOT0» BapbUPOBAHUSI.

Jpyroit UCTOYHUK OTIWYMNA MEXTY BapraHTaMu — (paKTOphl BHEITHEH cpe-
Ibl, T. €. YCJIOBHSI IPOBECHUS HAOIOIEHUH, Cpella CyIeCTBOBaHUSI 00bEKTa, BO3-
MOJKHasl TPUYMHA, OMpEAeNsIoNnas TeKyllee COCTossHue 00bekTa. YacTo roBopst
npo (aKTOpbl HHAOTCHHBIE, BHYTPEHHHE (CTaTyC, CIIOCOO CYIIECTBOBAHUSA OOBEK-
Ta), ¥ DK30TCHHBIC, BHEITHUE (Cpe/ia, YCIOBUS CYIIECTBOBaHUS 00BhekTa). DakTop
BCETJla €CTh aKTUBHOE, JEHUCTBYIOLIEE HAYaslo, PU3HAK — €r0 Pe3ysbTar, OCIE-
cTBre. PaKkTOpPhI, BIUSIOIINE HA 3HAYECHHS BAPHAHT, PA3IMYarOTCS MO CBOEH MpHU-
pone. Eciu ¢dakTop BiMsieT Ha Bce BapuaHThl BHIOOPKHU MOCTOSIHHO M MPUMEPHO
OJINHAKOBO, OH HA3bIBAE€TCA CUCTEMATUYECKUM (HJIM TOoMUHUpYronuM). Eciu dak-
TOP HEMOCTOSIHEH, BJIUSET HAa BAPUAHTHI HE OJIMHAKOBO, C Pa3HOM CHJION, OH OIpe-
JEJSIeTCS KaK CIIy4alHbIA. DTU pacCy>KIeHUs Jal0T MOOenU 8APUAHMbL:

Xi = Xoom. + Xenyu.s
II€  X; — U3BMEPEHHOE 3HaUYECHHUE BapUaHTHI,
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[ — UHJAEKC BapuaHThl (I = 1, 2, ..., n),

n — 00beM (00111ee KOJIMUECTBO BAPUAHT) BEIOOPKH,

X0y, — CYMMApPHBIN BKJIAJT j JOMUHUPYIOUIMX (HaKTOPOB,

Xcaypy — CYMMAapHBIA BKJIAJ K CITydaiiHBIX ()aKTOPOB.

C MeronnyecKkoil TOYKM 3peHust NMpU HaOIIOJACHUSIX WM B SKCIIEPUMEHTE
caMbIM Ba)KHBIM OKa3bIBAa€TCsl 00s13aTeNbHAs pecucmpayus MaKCUMalIbHO BO3MOXK-
HOro yucia (akTopoB (KaK BHEIIHUX, TaK U BHYTPEHHUX). Toraa nosiBisercs Bo3-
MO’KHOCTb MCCJIEIOBaTh UX pa3ebHOE JIEHCTBUE Ha OOBEKT, MOCKOJIBKY CYIIECT-
BYIOT METObl, KOTOPbIE MO3BOJIAIOT U3 MHOTOKOMIIOHEHTHOM CpeNbl BBIUJICHSATH
3¢ deKThl NeWCTBUA OTAETBHBIX (AaKTOPOB (0COOEHHO PabOTOCTOCOOHBI AMCIIEp-
CHUOHHBIN, PETPECCUOHHBIA U KOMIIOHEHTHBII aHAJIU3bI).

[Tpu camoM HIMPOKOM BapbHUPOBAHUM MPU3HAKOB Pa30pOC 3HAUEHUN BBHIOOD-
KA He OECKOHEUHO HIMPOK, OH OrPAaHUYEH HEKUM JIMANa30HOM U TATOTEET K OIpe-
JIEJIEHHOMY OOIIeMY 3HAYE€HUI0. DTU CBOMCTBA CTATUCTUYECKMX COBOKYIHOCTEH —
BapbUPOBAHUE, HO B OTPAaHUUYEHHOM JMaNa30HE, — MO3BOJIAIOT MPEAJIOKUTh IS
ONMCAaHUS JIB€ TPYyNINbl BEJIWYMH: OLIEHKY LIEHTPAJIbHOI'O 3HAYEHMs AMANa30Ha
(cpeaHo0, MOAY WM MEAMAHY) U OLIEHKY pa3Maxa BapbUPOBaHUA (JIUMUT, IHUC-
NEPCUI0, CTAHJAPTHOE OTKJIOHEHUuE). OnpeseseHne 3TUX 3HAYEHUH BBINNOJIHSETCS
1ocJie MOCTPOEHUS! BapUALIMOHHOIO Psijia.

Ilocmpoenue sapuayuonno2o psaoa

JItoboe cTaTucTUYecKoe MCCIIe0BAHKUE JIOJDKHO HAYMHATHCS C YCTaHOBIIE-
HUS XapakTepa paclpeesieHus u3y4aeMbIX NpU3HaKkoB. Pacnpedenenue — smo co-
OMHOULEHUE MeHCOY 3HAYECHUAMU CTIYYAUHOU 8eIUYUHbL U YACTMOMOLL UX 8cmpeyde-
mocmu. bonbIast MOBTOPSIEMOCTh OAHUX 3HAYEHUN MO CPABHEHHUIO C APYTUMU 3a-
CTaBJSIET 3ayMbIBaThCsl O MPUYMHAX HAOIIOJaeMbIX TpoleccoB. Ecnu 3HaueHus
IpU3HaKa OTKJIAJIbIBATh M0 OCH abCIMCC, a YACTOThl UX BCTPEUYAEMOCTU — IO OCHU
OpAMHAT, TO MOKHO TIOCTPOUTD 2UCIOSPAMMY, YACMOMHYIO OUASPAMMY, YITOOHYIO
JUTSL LIeJIeW WIUTFOCTPALIMK U UCCIIEAOBaHUS.

OCHOBOI ISl TTOCTPOEHUSI TUCTOIPAMMBI CIY)KUT 8APUAYUOHHBIU PO —
npeocmasieHublli 8 uoe madauybl pso 3HAYEHUU U3YYAeM020 NPU3HAKA, pAcno-
JIOJHCEHHBIX 8 NOPAOKE 803PACMAHUSL C COOMBEMCMBYIOUWUMU UM YACOMAMU UX
gcmpeyaemMocmu 8 8bl60pKe.

Haunem ¢ npumepa m3ydeHus ILIO- IInonosu- Yacrora,
JOBUTOCTHU CCp€6pI/ICTO-‘{epHI>IX JIMCHL, KO- TOCTb, X a
TOPOE Jal0 CIEAYIOIIUE Pe3yJbTaThl (YHC- 1 1
JIO TIIEHKOB Ha caMKy): 55655644456 2 1
46646455853655555636464 3 8
62565376346863556543847 4 16
5431653456744656465, 2 ﬁ

JInst TucKpeTHOro npu3Haka (TakoBa 7 3
IJI0JIOBUTOCTh) MOCTPOEHUE BAPUALIMOHHO- 3 3

ro psjia OOBIYHO HE MPEICTABISET CIOKHO-
CTH, JOCTAaTOYHO IIOACYMTATh BCTpedae-
MOCTb KOHKPETHBIX 3HAaYCHHM.
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I'ucTtorpamma, moCTpoOEHHas MO JAHHBIM O IUIOAOBUTOCTH JHCHI (puc. 2),
cpa3y ke 0OHapyKMBaeT XapaKTEpPHOE MOBEACHUE CIy4ailHOW BEIMYUHBI — BBICO-
KM€ YacTOThl BCTPEUAEMOCTH 3HAUYEHHUM B LIEHTPE paclpeliejieHUus U HU3KHUE — T10
nepudepun.

25

20 A

15 —1 [

10 1

5 }
) Lo o 1 [
7 8

1 2 3 4 5 6

Puc. 2. Pacnpeoenenue nio0ogumocmu 1ucuy

Ecnu xe nu3yyaemblii Mpu3HAaK HENPEPBIBEH (TaKOBBI pa3MEpPHO-BECOBBIE Xa-
PaKTEPUCTUKH), TO JJISl TOCTPOCHHS BapHUAIIMIOHHOTO Psijia CHavyalla BeCh AHAMa30H
U3MEHYMBOCTU TpPHU3HAaKa pa30MBAETCA HAa CEPUIO0 PABHBIX HMHTEPBAJIOB (KJIAccOB
BapHaHT), 3aT€M MOJCYUTHIBAIOT, CKOJIBKO BApPHAHT MOMNAJIO B KAXKIbIH HHTEPBAJL
Yucno kimaccoB aist 60abmux BeIOOPOK (7 > 100) g0mKkHO OBITH HE MeHee 7 U He
Oonee 12, UX ONTUMAIBLHOE YUCIO MOXHO MPUOIUZUTEILHO ONPEIETUTh 10 SMITU-
puyeckoit popmyie:

k=1+3.32"-1g(n), rae n — o6wvem gvibopxu (Yucio eapuanm 6 8blOOpKe).

CocTaBuM JJ1s1 IpUMeEpPa BapUALIMOHHBIN Pl ISl HENPEPHIBHOTO MpU3HAKA —
0 JIaHHBIM O Bece 63 B3pOCIbIX 3eMJIepoeK (T):

92 116 81 9.1 101 96 93 97 99 99 9.6
76 100 9.7 84 86 90 88 86 93 119 93
92 102 11.2 81 103 92 98 99 93 9.1 94
96 73 83 88 92 80 86 88 90 95 9.1
&5 88 97 11.5 105 9.8 10.0 94 8.7 10.0 7.9
86 &7 91 82 92 94 88 98

1) Bce omepanmu MOryT OBITH BBITIOJHEHBI BpyuYHYI0. BHagane ciemyet ompene-
JUTh 00BEM BBIOOPKHU 1 = 63.
2) PaccuuTaTh mpenenbl pazmaxa usMeHuusocmu 3HaAUCHUHN, JUMUM — PA3HOCTb
MeAHCOY MAKCUMATLHBIM U MUHUMATbHbIM 3HAYEHUSMU:
Lim = X0 — Xpin = 11.9 =7.3 =4.6.
3) Haiitu uncio Ki1accoB BapUaIMOHHOTO psijia mo hopmyrie:
k=1+332-1g(63)=6.973811 = 7.
4) Haiitn nnuny uHTEepBajia dx (IOMyCTUMO OKPYTJICHUE):
dx=Lim/ k=4.6/7=0.7.
5) YcraHOBUTH T'paHUIBI KJIACCOB, B KAaueCTBE MEPBOW TPAaHUIIBI UMEET CMBICI
B3SITh OKPYTJICHHOE MUHUMAJILHOE 3HAUCHUE: X,y = 7.



6) BbruuciauTh LEHTpAJIbHOE 3HAUYEHUE MPHU3HAKA B KAXKJOM KJIacce; MCXOJHBIM
Oepercsa 3HaUYE€HME LIEHTpa MEPBOrO MHTEpBajia; JJiA MepBOro kiacca 7-7.7, nius

BTOpOro — 7.8-8.4...
7) IlpousBecTH pa3HOCKY BApUAHT B COOTBETCTBYIOIIME KJIACCHI C MOACUYETOM HX

qucia MEeTOJ0M KOHBepTa (Tadi. 2):
1 2 3 4 5 6 7 89 10.

R D IR A W 5 § N4
Teneps qaHHBIE MOKHO TIPEACTABUTH TPAPUUECKH, B BUE MTOJUTOHA YaCTOT
(JtoMaHO¥ KPUBOI) UM THCTOTPaMMBbI (CToNIOMKamu) (puc. 3).

Tabnuya 2
Knaccer LlenTp KnaccoBoro Iloncuet YacToThl, a
WHTEpBaja qacTOT
7-7.7 7.35 . 2
7.8-8.4 8.05 (3 7
8.5-9.1 8.75 i 18
9.2-9.%8 9.45 ®R: 22
9.9-10.5 10.15 R’ 10
10.6-11.2 10.85 . 1
11.3-11.9 11.55 ‘. 3
Cymma 63
a
25
20 ]
15
10
s _
0 l_l T T T T T — T |_| T

7.35 8.05 875 9.45 10.1510.85 11.55 12.25 «x

Puc. 3. Pacnpedenenue 6ypo3ybox no eecy mena
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BBIYUCJ/IEHUE TAPAMETPOB BbBIBOPOK

Cpeonasa apugpmemuueckas

OnHol 13 BaXHEHTTMX 0000IIAOIINX XapaKTEPUCTUK BapUAIMOHHOTO psiaa
SIBJISICTCS] CPE/THSISL BETMYMHA TIpU3HaKa (00b9HO 0003Havaetcs OykBoit M). Cyie-
CTBYET HECKOJBKO BHJIOB CpeHUX (CpemHsis apudpMeTndeckas — mpocTasi U B3Be-
IICHHAs, CPEAHsST TApMOHHWYECKAs, CPEAHSST KBaJIpaTUYHAsI), HO B MPAKTUKE OWO-
JIOTUYECKUAX HCCIICOBAaHUN HAMOOJbIIEe 3HAUCHUE UMEET CPeIHss apu(pMeTHde-
CKasl — BEIMYMHA, BOKPYT KOTOPOH «KOHIIEHTPUPYIOTCS» BapUAHTHI.

Oobmas Gopmyna It onpeAeeHUs] BEIMYHHBI CPeTHEN apu(METHIECKOl —
ATO OTHOIIIEHHE CYyMMBbI 3HAUCHHUI BCEX BapHaHT (X;) BEIOOPKH K MX 4uciIy (00beMy
BBIOOPKHU, 1):

M=zt
n

B namewm mpumepe c ompeneneHrneM Macchl 0ypo3yOOK CpemHSs BEIMYMHA
paBHa M = 9.298412698 r. IIpu pacueTax cTaTUCTUUYECKUX MapameTpoB Ha DBM
CeNyeT MOMHUTh, YTO OOJIBIIOE KOJUYECTBO 3HAYAIMX MU(p 0OBIYHO HE WMEET
HUKAKOTO OMOJIOTMYECKOTO CMBICIIA. 3aMuChiBasi TAKUE CTATUCTUYECKHE TMapaMeT-
pBI, KaK CPEIHSS U CTAaHIAAPTHOE OTKJIOHEHUE, CJIEyeT OCTABISATh B JIYUIIEM CITy-
Yyae Ha OJIHY 3HayaIyto mudpy OObIIe, YeM UMENU 3HAYEHUS BApUAHT, a OTI[CHKU
ommOOK — Ha JBe 3Havanmx mudpel. Macca Tena 6ypo3yook konebdanack ot 7.3 10
11.9 1, oTcrona cpeaHsisi C yueToM OKpYyIJIEHUS AOJKHA UMETh Bua M = 9.3 1.

Cpennsisi apudmeTrueckass XxapakTepusyeT NeHCTBUE TOJBKO CHCTeMaTHye-
CKHUX (haKTOPOB, MOCKOJBKY CyMMa CIy4YalHBIX OTKJIIOHEHUH BJIEBO W BIIPAaBO OT
CpelHel B CHUJIy CUMMETPUYHOCTH HOPMAJIBHOIO pacrlpezesneHusi oOpamaercs B
Hynb. [ToaTOMy MOzeNb BapuaHThl MEHACTCS: X; = M % X,y

B Ouonoruyeckux MccieIOBaHUAX 3a4acTyr0 BCTpEYAeTCsl CUTyalusl, Korja
TpeOyeTcs mepBUYHas cTaTUCcTUYeckas o0paboTKa OOJBIIOro YKcia BbIOOPOK, HO
HE00s13aTeIHLHO C OOJIBIITON TOYHOCTHIO. ITO MOXKET TIOHAIOOUTHCS TS TIPEABAPH-
TEJIHLHOTO PACCMOTPEHUS W OIEHKH MaTepuaja, B YaCTHOCTU JIsl OMEPATUBHOTO
BBISIBJICHUS OOIMX TEHACHIIMA €ro M3MEHYMBOCTH, C T€M, YTOOBI B JaJIbHEUIIIEM
MEPENTH K CIeNUaIbHBIM METOJIaM CTaTUCTUYECKOTO aHanmu3a. st 3Tux ciaydaes
MIPEIOKEH MPOCTOU IKCnpecc-memoo ¢ UCTIOIb30BAHUEM TIOJYISHHOTO JIJIS TaH-
HOW BBIOOpKH pa3maxa 3HaueHui (Lim). B ciydyae HOpManbHOTO pachpeneseHus
cpenssis apudMeTuyecKasi HAXOUTCA TOYHO MO IHEeHTPY (COBMAZAeT CO 3HAUYECHUEM
MEJIMaHBbI), T. €. JIeBas U MpaBasi TPAHULIbI paclpe/iesieHUus HaXOsTCs Ha OJIMHAKO-
BOM PACCTOSIHUM OT cpenHel. Mcxons U3 3TUX COOOpakeHUM, CpeiHIo apudme-
TUYECKYIO MOXKHO PacCUUTaTh MO (HopmMyJie METUAHBI:

M = Me = ~min T Xmax

s Oypo3ybok 3ta cpemusst coctaBut M =(73+11.9)/2=9.6 r, 4ro
BITOJTHE COOTBETCTBYET NIEPBOM TOUHOU OIICHKE.

B cnyuasx, xorma HE0OX0aUMO OOBEIMHUTH PE3yJbTAThl PACYCTOB IO HE-
CKOJIbKUM BBIOOpKAM M Ha 3TOW OCHOBE HAWTH OONIYIO CPETHION, XapaKTEPHU3YIO-
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IIYI0 BEChb HM3YYEHHBI MaTepHual, MOJb3YIOTCS 638€UEHHOU cpeonel, KOTopas
YUUTHIBAET 00bEMBI YACTHBIX BHIOOPOK:
>n .M.
M=—_J J ,
2N
J
rae  M;— 3HaveHue YaCTHOM CpelHeN,

1; — YCIIOBHBIE «BECA» YACTHOIO 3HaYEHHs, 00BEMBI BBIOOPOK.

YroObl paccuMTaTh CPEIHIOID B3BEIICHHYIO, HEOOXOAMMO 3HAUYEHUS BCEX
YACTHBIX CPEIHUX apU(PMETHUSCKUX MMOMHOKHUTH HA CBOU «BECA», BCE ITU TPOU3-
BEJICHUS CIIOKHUTh M CYMMY Pa3JeNTh HA CYMMY BECOB (0OIIHii 00hEM BCEX BBI-
6opok). [lycTs momyudeHsl pe3yabTaThl ONpeeNeHUsl CPeIHEeW BETUYMHBI BHIBOIKA
y PBDKHX TOJIEBOK (9K3./ camKy) mo Mecsmam: mait 5.0, utoHs 5.4, uronb 6.2, aB-
ryct 6.0, ceHTs10pb 4.5, MpUYeM U3BECTHO YMCIIO ONpEACsICHU (CaMOK) I Kax-
noro Mecsma: 22, 43, 103, 33 u 5. B3Bemennas cpeansisa apudmernyeckass cocra-
BUT:

M=(522+5443+6.2-103+633+4.55)/(22+43+103+33+5)=5.8.
CpenHss, paccuuTaHHasi OOBIYHBIM CIIOCOOOM, OKa3a1ach 3aHUKEHHOM:
M=(5+54+62+6+45)/5=54.

B unciio nmpounx KOHCTaHT BapHAllMOHHOIO psAlla BXOAUT meduana (Me) —
3HAaUCHUE, JIEJAIIee pa3Max BEIOOPKH Tomoiam, U mModa (Mo) — kimacce (Mmu 3Hade-
HUE), MPEICTABICHHBIN HAMOOIBIIIUM YHCIIOM BapHaHT.

Cmanoapmmnoe omkionenue

Cpennee kBaJipaTUYHOE OTKJIOHEHHUE (MJIU CTaHAAPTHOE OTKJIOHEHHE) — BTO-
pas Mo 3HAYEHHMIO KOHCTAaHTa BapHalMOHHOTO psAna. OHa ABISETCA MEPOU pa3HO-
o0pa3us BXOASIIMX B IPYIIyY 00BEKTOB U MOKA3bIBAET, HA CKOJILKO 8 CpedHeM OT-
KJIOHSIFOTCSI BapUaHThl OT CpeAHel apu(pMeTHYEeCKON H3ydaeMOil COBOKYMHOCTH.
Uewm cunbHee pa3OpocaHbl BapHaHTbl BOKPYT CpEAHEH, 4eM dallle BCTPEYaroTCs
KpalHUE WM JpyrHe OTHAJCHHbIE KIACCHI OTKJIOHEHMH OT CpeaHel Ba-
PUALMOHHOTO PsAJa, TEM OOJIBIIMM OKA3bIBAETCS M CPEIHEE KBaJPAaTUIHOE OTKJIIO-
HeHue. CTaHAapTHOE OTKIOHEHUE €CTh MEpa U3MEHUYUBOCTH IMPHU3HAKOB, O0YCIIOB-
JICHHAsl BIIMSIHUEM Ha HHUX CIydaHbIX (hakTopoB. KBaapar cTraHmapTHOTO OTKIIO-
HeHus (S?) Ha3bIBAETCS ducnepcuell.

Yrto Takoe «ciydaiiHOe» TpH AeTAIBHOM paccMoTperun? B dbopmyrne mome-
J¥M BapHaHT CIy4yailHBIH KOMIIOHEHT MPEACTAET B BUAEC HEKOW «I00aBKM» K JI0JI€
BapUaHThI, CPOPMUPOBAHHOM MO AEHCTBUEM CHCTEMATHYECKUX (PAKTOPOB, £ Xy .
Ona, B CBOIO ouepeib, CKIajbiBaeTcs U3 A((PEKTOB BIMSHUS HEOMPEIEICHHO
OO0JIBIIOTO YHCHA PAKTOPOB: Xenyy, = 2 Xeapu ke

Kaxnpiii u3 3Tux (akTopoB MOXKET OOHAPYXUTh CBOE CHUIIbHOE JeHCTBUE
(1aTh OOJBIION BKIJIA), @ MOXKET MOYTH HE YYaCTBOBATh B CTAHOBJIICHUHM KOHKPET-
HOM BapuaHThl (craboe AeiicTBUEe, HEe3HAUMWTENbHBIN BKIan). [Ipuyuem gons ciy-
JalHOU «IIpuOaBKW» JJIsl KOKJIOW BapUaHThl OKa3bIBaeTCs pa3iaudHoi! Paccmatpu-
Bas, HampuMmep, pa3Mepsl AapHUN, MOXKHO YBHUAETh, YTO OJHA OCOOb KpPYITHEE,
Apyras Meibp4e, HOCKOIbKY OJHA POAWIACH HA HECKOJIBKO YaCOB PaHbIIIE, IpyTras —
MO3KE, WM OJIHA TCHETUYECKH HE BIOJHE WJICHTUYHA MPOYUM, a TPEThSl POCIa B
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Oosee mporpeBaeMoii 30He akBapuyMa U T. 1. Eciiu 3Tu yacTtHble (haKTOpBI He 6X0-
0sIM 8 YUCII0 KOHMPOIUpyembix TIpu cOOpe BapuaHT, TO OHU, MHAUBUAYAIBHO MPO-
SBIISSICH B PA3HOM CTENEeHHW, 00ECHeuuBaIOT ClIyyaliHoe BapbUPOBAaHUE BapHUAHT.
Uem Oosbllie ciayyalHbIX (DAaKTOPOB, UeM OHHM CHUJIbHEE, TeM Jajbllie OyayT pas-
OpocaHbl BapuaHThl BOKPYT CPEAHEN U TeM OOJBIINM OKa3bIBAETCS XapaAKTEPUCTHU-
Ka BapbUpOBaHUs, Cpe/lHEE KBaJApaTUYHOE OTKIOHEHHE. B KOHTEeKCTe Halllel KHH-
I' TEPMUH «CIIy4ailHOe» €CThb CHHOHUM CJIOBa «HEU3BECTHOEY, «HEMOJIKOHTPOJIb-
Hoe». [loka MBI KakUM-TMOO CIOCOOOM HE BBIPa3sMM HHTEHCHUBHOCTH (akTopa
(TpynmupoOBKOH, Tpafalleid, YUCIOM), 10 TeX MOp OH OCTaHETCs (PaKTOPOM, BBI3bI-
BAIOIIUM CIIy4allHYyI0 U3MEHYHBOCTb.

CMBICT CTaHIAPTHOTO OTKJIOHEHHS (BapuUaHT OT CPEIHEH) BhIpakaeT ¢op-
Myna:

S(x—M)?
(n-1)

rle X — 3HaueHHE MPU3HAKA Y KAXKJI0T0 00BEKTa B TPYIIIIE,
M — cpennsis apupMeTHdecKas Mpru3HaKa,
1 — 9HCJIO BApUAHT BHIOOPKHU.
BrimonHsaTE pacueTs yaoOHee ¢ TOMOIIBIO paboueil hopmysl:

ZXZ _ (Zx)z

n
(n=1)
rae X x* — cymMMma KBaJIpaToOB 3HaUYEHUW MPU3HAKA JIJIsl BCEX BapUaHT,

2 X — CyMMa 3HAaYCHUH MMPU3HAKA,

n — 00BEM BBIOOPKH.

s mpumMepa ¢ maccoil Tena Oypo3yOOK CTaHIApTHOE OTKJIOHEHHE Oyaer
paBHo: S = 0.897216496, a nocie HeoOxoaumoro okpyrienus S = 0.897 r.

B HekoTopbIx ciydasx ObIBaeT HEOOXOAUMO ONPENCIUTh 838€UIEHHOE CPEeO-
Hee KeaopamuyHoe OMKIOHeHue AJIsi CYMMapHOIO paclpeaeseHnsl, COCTaBIEHHOTO
U3 HECKOJIbKUX BBIOOPOK, JJISI KOTOPBIX 3HAYEHUS CTAaHIAPTHBIX OTKIIOHEHUH yKe
M3BECTHBI. JTa 3a/la4ya PeIIaeTcs ¢ MOMOIIbIO POPMYIIBI:

o _ > S*(n-1)
> Zn—k ’

rae Sy — yCpeOHEHHas BEIWYMHA CPEIHETO KBAJPAaTUYHOIO OTKJIOHEHUS IS
CYMMapHOTO pacipeieeHus,

S — ycpenHsaeMble 3HaU€HUs CTaHJaPTHOTO OTKJIOHEHUS,

n — 00BEMBI OTJENBHBIX BEIOOPOK,

k — 4ucno ycpenHsIeMbIX CTaHAAPTHBIX OTKJIOHEHUH.

PaccmoTrpum Takon npumep. UeTbipe HE3aBUCUMBIX OINPEIEIICHUs Beca Iie-
YeHU (MI) y 3eMJIEpOeK-0ypo3yOOK B MIOHE, HIOJIE, aBI'yCTE€ U CEHTSOpE Aalln Clie-
JYIOIME BEJIMYMHBI CTAaHAAPTHBIX OTKJIOHeHui: 93, 83, 50, 71 (mpu n = 17, 115,
132, 140). IloacTaBuB B BBIMICTIPUBEACHHYIO (OPMYJY HYKHBIC 3HAUCHUS, TTOTY-
YUM CTaHJapTHbIE OTKJIOHEHUS ISl CYMMapHOUM BBIOOPKH (/17151 Bcero 0€CCHEKHOTO
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nepuoja):

2 2 2 2
5, = 93’ 16+837 114+503* 131+ 71°-139 _
404 — 4

B cnyuae, ecnu TpeOyertcs nepBuuHas cTaTUCTHYECKas oOpaboTka OOJIbIIO-
ro 4Kciia BHIOOPOK, HO HEOOs13aTeIbHO ¢ OOJIBIION TOYHOCTBIO, JIJISl OLIEHKU CTaH-
JAPTHOTO OTKJIOHEHUSI MOXKHO BOCIIOJIB30BAThLCS 9KCHpecc-mMemooomM, OCHOBAHHBIM
Ha 3HAaHWM 3aKOHAa HOpPMaJIbHOTO pacmnpenaenenus. Kak yxxe oTMeuanoch, kpaiiHue
3HAYEHMsI JJI1 BBIOOPKHU (C BEpOSTHOCTBIO P = 95%) MOXXHO CUMTaTh I'pPaHUIIAMH,
YAAJIEHHBIMU OT CPEIHEN Ha pacCTOSIHUE 28: Xpin = M — 28, Xmax = M + 2§, D10
3HA4UT, 4TO B JumuTe (Lim), B [uamazoHe OoT MaKCUMalbHOTO A0 MHUHUMAJIbHOIO
BBIOOPOYHOTO 3HAYCHU S, YKIIABIBAIOTCS YETHIPE CTAHAAPTHBIX OTKJIOHEHUS:

Lim= (M + 28) — (M — 2S5) =4S.

OnHako STOT BBIBOJ CHpPaBEJIUMB TOJBKO IO OTHOIICHHIO K BBIOOpPKaM
O0IBIIOr0 pa3Mepa, TOT/a KakK sl HeOOJIBITUX BEIOOPOK HEOOXOIUMO JIeTaTh IMO0-
npaBku. Pexomenayercs ciemyromas (Gopmynia mpuOIU3UTEIBHOTO pacdyeTa CTaH-
JTapTHOTO OTKJIOHEHUs (AmMapuH u 1ap., 1975):

S = Xmax ~ ¥min
d
rAc BEJIMYMHA d B3sTa U3 Ta6HI/IHBI 3 (HpOTI/IB COOTBCTCTBYHOIICTO 0o0beEMa BbI-
OoopkH, n).

b

Tabnuya 3
n d n d n d n d
2 1.128 7 | 2704 | 12 | 3.258 17 | 3.588
3 1.693 8 | 2.847 | 13| 3.336 18 |3.640
4 1 205 | 9| 2970 | 14 | 3.407 19 | 3.689
51 2326 | 10| 3.079 | 15| 3472 20 | 3.735
6 | 2534 | 11| 3.173 | 16 | 3.532 |Gomee| 4

Bri6opouHoe cTanmapTHOE OTKIOHEHHUE Beca Teia 0ypo3yook (n = 63), pac-
CUMTaHHOE I10 MPUBEIECHHON (hopMyIie, COCTABISET:

S=(119-73)/4=1.15r,

YTO I0CTaTOYHO OJIM3KO K TOUHOMY 3HaueHwuto, S = 0.89 r.

Hcnonb3oBaHue KCIPECC-OLIEHOK CTaHAAPTHOTO OTKIOHEHHSI 3HAYUTEIBHO
COKpaIllaeT BPEeMs PacueToB, CYIIECTBEHHO HE CKa3bIBasICh Ha UX TOYHOCTU. OTMe-
qaeTcs JHIIb HeOOJbIIas TEHACHIUS K 3aBBIIICHUIO TIOJy4aeMbIX 3TUM METOJ0M
3HAQUYEHHUH CTaHJAPTHOTO OTKJIOHEHUS MIPHU HEOOIBIINX 00beMax BEIOOPOK.

CraHgapTHOE OTKJIIOHEHHE — BEJIMUMHA UMEHOBaHHAs, MO3TOMY C €€ MOMO-
IIbI0 MOKHO CPAaBHHMBATh XapaKTep BapbUPOBAHUS JIMILb OJTHUX U TEX KeE MPU3HA-
KOB. UTOOBI COMOCTAaBUTh U3MEHYMBOCTH PA3HOPOIHBIX MPU3HAKOB, BHIPAYKEHHBIX
B Pa3JIMYHBIX CIUHUIIAX W3MEPCHHS, a TaK)KE HUBEIMPOBATH BIMSHUE MaciiTada
WU3MEPCHUM, HUCIIOIB3YIOT TaK Ha3bIBaeMbId Kodgppuyuenm sapuayuu (CV), 6e3-
pa3MEepHYIO0 BEIUYHHY, OTHOIICHHE BHIOOPOYHON OIIEHKH S K COOCTBEHHOU cpe-
Heu M:
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CV:i-IOO%.
M

B namem npumepe ¢ Becom tena 6ypo3yOok:

CVzi-IOO%zw-lOO%z 9.6%.
M 9.3

WunuBrayanbHas W3MEHYMBOCTH (BapbUpOBaHUE) MPU3HAKOB — OJHA W3
HanmOoJiee EMKHUX XapaKTePUCTUK OMOJIOTMUECKOM MOMYJSLUU, JTIF0OOro OMOJIOTH-
yeckoro mpoiecca unu siBieHud. KoadduiumeHnt Bapuanum MOXKET CUMUTATHCA
BIIOJTHE aJICKBATHBIM M OOBEKTHUBHBIM IMOKA3aTEJIEM, XOPOIIO OTPa)KaromuM ¢ak-
TUYECKOE Pa3HOO0Opa3re COBOKYMHOCTH HE3aBUCHUMO OT aOCOJIIOTHON BEJIMYUHBI
npusHaka. Muaekc Obu1 co3maH Juisi yHH(UKAMM MOKa3zarejaeldl M3MEeHUYMBOCTU
Pa3HBIX WA Pa3HOPA3MEPHBIX MPU3HAKOB MyTEM MPUBEACHUSA UX K OJJHOMY Mac-
mtaly. [IpakTika MoOKa3pIBaeT, 4TO MJIi MHOTUX OWOJIOTHYECKUX MPU3HAKOB Ha-
OJIfoaeTcs yBEIMYEHUE U3MEHYMBOCTH (CTaHIAPTHOTO OTKJIOHEHHUSI) C POCTOM HX
BenM4UHBI (cpenueit apudmernaeckoit). [lpu sTom korddurmenT Bapuanuu ocra-
eTCsl MPUMEPHO Ha OJTHOM M TOM ke ypoBHE — 8—15%. 3a yBenuuenue ko3 duru-
€HTa BapHallui OTBETCTBEHHBI, KaK MPABUIIO, PACTYIIUE OTINYUS pacrpeeacHus
IpU3HaKa OT HOPMAJILHOTO 3aKOHA.

OCHOBHBIE TUIILI PACOPEJIEJIEHUI NPU3HAKOB

Kak ye oTmeuanoch, OMOMETpHsI U3y4daeT CIydyaiHble COOBITHS, TOBEACHNE
Clly4aiiHbIX BeaW4MH. HaunHas OMOJOTMYECKUI SKCHEPUMEHT WIM IpHUCTyHas K
HaOJIIOJICHUIO, HEBO3MOXKHO TOYHO CKa3aTh, KaKOB OYAET pe3yibTaT — YPOBEHb
YUCJIEHHOCTHU KMBOTHBIX B JAHHOM paiiOHE, BEC €IlEe HE OTJIOBJIEHHBIX 0CO0€EM, KO-
JMYECTBO caxapa B KPOBHM Y€pe3 yac IOcie BBEICHMs Ipenapara v T. 0. B aTom
CMbICIIE OMOJIOTMYECKUE SIBJIEHHUS CIy4YalHbI, TOUHO HE MpeackasyeMbl. OJHaKO
nr000My OHOJIOTY SICHO, UTO CITy4yallHOCTh 3Ta He abcomitoTHa. HecmoTpst Ha ciox-
HOCTb TOYHOT'O IPOrHO3a, NPHUOJU3ZHUTENBHBIN pe3yJbTaT MOXHO MPEayragaTh, B
YaCTHOCTH, IPEJCKa3aB, YTO MHTEPECYIoLasi HaC BEIUYUHA OyIeT HaXOJIUTHCS B
npejenax HEKOTOPOro MHTEpBala MEXIy KOHKPETHbIMU MMHHUMAJIbHBIMU M MakK-
CUMaJIbHBIMU 3HAaY€HUSIMH. SICHO, HampuMep, 4TO POCT 4YeJOBEKa Bpsj JIM Ipe-
BBICUT JIBa WJIK OyJIeT HUXKE MOJyTOpa METPOB. BapnanyonHas cTaTUCTHKA MOXKET
naTh U 0oJiee TOYHBIA MPOTHO3, OPUEHTUPYSACh HA U3BECTHBIE 3aKOHBI MTOBEACHUS
CIIy4aiHbIX BEJIMYMH, OTHOCSALIMXCS K pa3HbIM THUIaM pacnpezeneHuil. Ilpu stom
I0JT paclpeiesieHuEM NPU3HAKOB (CIy4yallHBIX BEIMYUH, OOBEKTOB) MOHMMAETCA
COOTHOLIEHUE MEXKIY UX 3HAUEHUSMHU U YaCTOTON BCTPEYAEMOCTH.

Cpenn MHOTMX HM3BECTHBIX THIIOB PACIPEAECICHHN MBI PaCCMOTPHUM JIHILb
ATk (HOpMaslbHOE, OMHOMUanbHOE, IlyaccoHa, anbTEepHATHUBHOE, MOIMHOMMAIIb-
HO€, paBHOMEpPHOE). /[ onucaHus NpUPOAHBIX SBICHUM WHOTJA pPEATMCTUYHBIC
OCHOBaHMS MMEET pacIpelelieHue cunepeeomempuyeckoe (0€3BO3BpaTHOE U3bs-
tue). Pacnpenenenue necamugnoe OunomuanrbHoe MOAXOTUT IJs Cilydas, KOTAa
BEPOSITHOCTH 3JIEMEHTAPHBIX COOBITHI (p U ¢) HE IOCTOSIHHBI.
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Pacnipenenenuss Makceenna n Paness *MMEIOT YMEPEHHYIO ITPABOCTOPOHHIOK)
ACUMMETPHUIO M OIHCHIBAIOT MOBEJCHHE HETPEPBIBHBIX MOJOKUTEIbHBIX CIydaii-
HBIX BenuuuH. Pacnipenenenust [lapemo m noxazamenvHoe NPUTOJHBI AJISL OIKCA-
HUSI PE3KO MPABOCTOPOHHE ACUMMETPUYHBIX BAPHAIIMOHHBIX PSAAOB C MEpernagoM
yactoT. Pacnipenenenue 1ocnopmanvroe, unu norapupMu4ecku HOpMalbHOE, Xa-
paKTepu3yeTcs TeM, YTO JIOTapu(PMbl MCXOAHBIX 3HAUYEHUH BHIOOPKHU 00paszyroT
NpaBUIbHOE HOPMAJbHOE pacrpeiesieHue; 3Ta MOJENb MOIXOAMUT AJISl ONUCAHUSA
NPU3HAKOB, UMEIOIUX PACIpEACNICHUsI C YMEPEHHOM MPAaBOCTOPOHHEH aCUMMET-
pHeil, 3TO B MEPBYIO OYEpeab KOHIICHTPAIIMU BEIIECTB B PA3IMYHBIX Cpenax, T. €.
THAPOXUMHUYECKHE, (PU3HOJIOTHUECKIE U OMOXMMHYECKHUE MTOKA3aTeNH.

3Hasi TUI pacHpeeeHNus, MOKHO BOCIOJIb30BaThCS pa3pabOTaHHBIMU CIie-
[UAIBHO JIJIsl HETO MpUeMaMy MaTeMaTU4YecKoil 00paboTKU U MONy4YuTh Hanbosee
MOJIHYIO UH(OPMALIMIO O SIBICHUHU, TOYHEE OLICHUTDh Pa3In4yus MEXIy NapaMmerpa-
MU pa3HBIX BHIOOPOK.

Hopmanvnoe pacnpedenenue

Haunbonee xapakTepHblil TUII paclpeliesiCHUs] Henpepbl8HbIX CLYUAUHbIX Ge-
JIUYUH, U3 HETO MOKHO BBIBECTH (K HEMY CBOJSITCA) BCe OCTalbHble. Pacripenene-
HUE cCUMMempuyHo, IpUYeM KpaliHue 3HaueHUs (HauOOoIbIINEe U HAMMEHBIIUE) T10-
SIBJIAIOTCSL PEJIKO, HO YeM OJIMKe 3HAYeHUsl MpU3HaAKa K LEHTPY (K cpeaHelt apud-
METHUYECKOI ), TEM OHO yalle BcTpeuyaercs (puc. 4).

0.40 /\
0.30

0.20 -

0.10 A

0.00 1 1 1 1 1 1 1
735 805 875 945 10.15 10.85 11.55 12.25

Puc. 4. Hopmanvroe pacnpeodenenue ¢ napamempamun = 63, M= 9.3, S = 0.79.
Ilo ocu abcyucc — 6ec mena 3emnepoex-6ypo3yook, no ocu opouHam — madauyHvle
3HaueHUs Ol HOPMAIbHO20 pacnpeodenenus. Paccuumams opOunamsl HOPMATLHOU Kpu-

. —(x;—M)* /282
601l 0J1 KOHKPEMHO20 3HAYEeHUs X; MOJICHO NO popmyne: p; = (1/N2m)-e (x; =M)

CpenHee KBaJpaTHUYHOE OTKJIOHEHHME NPUMEPHO 4 pa3a YKIIAIbIBAacTCS B
pa3Maxe M3MEHYMBOCTH IIPU3HAKAa U IO BEJIUYMHE 3HAYUTEIBHO ycmynaem Cpel-
Hel. ['eoMeTpuyecku CTaHZAPTHOE OTKIOHEHWE PABHO PACCTOSHUIO OT LIEHTPA
KpUBOM paclpeneneHns 10 TOUKU nepernda kpusoid. [Tpumepsl pacuera napamer-
poB (M, S) HOpMaIBHOrO PaCIpPEEIICHHUs] TPUBEICHBI BBIILIE.
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bunomuanvnoe pacnpedenenue

Bo MHoroM 6i5M3k0 K HOpManbHOMY. OTJIMYKME COCTOMUT JHIIb B TOM, YTO
OHO XapaKTEepU3YEeT MOBEICHUE OUCKDEMHbIX NPUZHAKOB, GbIPANCEHHBIX UYeNblMU
yucaramu. Kak mnpaBuio, Ay onucaHusi OMOJOTUYECKUX TPU3HAKOB MOJIXOJUT
CUMMETPUYHOE OMHOMHUAJIBLHOE paclpeneneHne, y KOTOPOTro JUCHEPCHs MHOTO
MeHblle cpenHeit. Pacnpenenenue opranusyercs B mpolecce obopa npood (00obe-
MOM Oo0JbIIIe oHOTO, 1 > 1). Hucno kiraccoB Ooblie AByX, k > 2.

[IpumepamMu omucaHus MPU3HAKOB C MOMOIIBI0O OMHOMHAIIBHOTO pacIpejie-
JICHHSI MOTYT CIY>KUTh YHCIIO TIOBPEXKICHHBIX YYaCTKOB Ha JTUCTHSIX, YUCIIO BOJIOC-
KOB Ha €IMHUIIE TUIOMIAIN MIKYPKH, KOJTMYECTBO Jyuyel B IUIABHUKAX PBIO, YHCIO
XBOCTOBBIX IIMTKOB y PENTHIMM, TJIOJOBUTOCTH (pa3Mep BBIBOJKA) CAMOK U T. .
B ocHoBe OMHOMHUANBHOTO pacmlpeieNieHusl JEKUT ajJbTePHATUBHOE MPOSIBICHUE
KaueCTBEHHOI'0 MPU3HAKA: OH MOXKET MPUCYTCTBOBATh Yy €IMHUYHOIO 00BEKTA WU
OTCYTCTBOBATb, MPOSIBUTHCA UM HET. OTAENbHbBINA KOPHEIIO MOXKET OBbITh 00JIb-
HBIM WJIA 3I0POBBIM (ITPU3HAK KAYECTBEHHBIN), TOT/Ia npoba U3 HECKOJIBKUX KOP-
HEIJIONIOB OyIET CoAepKaTh HEKOTOPOE YUCIO 3MOPOBBIX KOPHEIUIOAOB (MPU3HAK
KOJIMYECTBEHHBII), a MHOXKECTBO PAaBHOOOBEMHBIX MPOO o0paszyeT ykXe BBIOOPKY
quCceN, NI KOTOPOM MOKHO IMOCTPOUTh THCTOTpaMMy pacripejesieHus. Bepost-
HOCTh OTJEIBHOTO COOBITHS (KOPHEIIOA OOJBHOM) COCTABISIET p, a BEPOSITHOCTD
aIbTEPHATUBHOTO COOBITHS (KOpHEIUIOJ 370poBbIi) paBHa g = 1 — p. Ilpu paBeH-
CTBE BeposiTHOCTEH coObITHil p =¢g = 0.5. OonpmIMHCTBO MpoO (BapuaHT) Oyner
UMETh OKOJIO TMOJIOBUHBI BO3MOXHBIX COOBITUH (TIOPOBHY OONBHBIX M 30POBBIX
KOPHEIIJIONIOB); paclpeiesieHue MpUMeT CUMMETpUUHyio gopmy. B ciaydae Hepa-
BEHCTBA BEPOSITHOCTEHM HAOIIOAAETCA Ta WM MHAsl CTETIeHb aCHMMETPHH pacIpe-
JICJICHUS.

PaccMmoTpuM pe3yibTaThl U3YYEHUS MIOAOBUTOCTH CEPeOPUCTO-YEPHBIX JIHU-
cull (YMCJI0 IEHKOB Ha caMKy) (CM. laHHble Ha cTp. 12). Jlns noctpoeHus: Bapua-
IMOHHOTO psifia OepeM 8 KIIAacCOB, KJIACCOBBIM MHTEPBAJ JIJISi 3TOTO TUCKPETHOTO
IpU3HaKa COCTaBUT dx = 1.

0.40

0.30 | —

0.20 A

0.10 A H

0.00 T [ T T
2 3

1

1 H 1 I_I
78

Puc. 5. bunomuanvroe pacnpedenenue (n = 76, M = 4.95, S = 1.33).
Ilo ocu abcyucc — 4ucno wenkos Tucuybl Ha 0OHY CaMKy, HO OCU OPOUHAM — YaC-
mocmu (omuHocumenvHble 4acmomsl)

4 5 6
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Bce ocHOBHBIE MapaMeTpbl paclpeiesieHUs] BBIUUCIISIOTCS M0 PacCMOTPEH-
HBIM BbIIIE (hOopMyIIaM:

= X 4.96 5K3./camMKy,
n
ZXZ . (Zx)z
S = n__ =1.33 3k3./camKky,
(n—1)
s 133
mys =—==——===0.1676 3K3./caMKy,
M6 Y
s 1.33

mg o 6 0.1185 sKk3./camky.

Jlnis pacdera mapamMeTpoB OMHOMHAIBHOTO PACIIPEIETICHUS MOYKHO BOCIIOJb-
30BaThCS IPYTrUMH, O0Jee MPOCThIMU (HOPMYITIaMH, €CITU MPEABAPUTEIHHO PACCUH-
TaTh BEPOSITHOCTH p U ¢ (B HaieMm citydae p = 0.62, g = 0.38):

M = mp = 8-0.62 = 4.96 3k3./camMKy,

S=ym-p-q=+8-0.62-0.38 = 1.37 ox3./camKy.

Pe3ynbrarhl 0Ka3bIBAIOTCS WACHTHYHBIMH C TOYHOCTBHIO O OLIMOKH OKpYT-
JICHHUSL.

JloBepHUTENbHBII MHTEpBaAN IJIs [apaMeTpOoB OMHOMUAIBHOIO pacipeesie-
HUS CTPOUTCS TaK XKe, KaK U Il HOPMAJIBHOTO pacnpenencHus: M + tmy, S + tmg.

Pacnpeoenenue Ilyaccona

OTO BapUaHT ONMMCAHMS CTOXACTUYECKOTO MOBEIACHUSI OUCKPEMHbIX KOJUYe-
CMBEHHLIX NPU3HAKOS JUISl CIY4aeB, KOTJA 6EepOSMHOCMb IIEeMEHMAPHBIX aAllb-
MePHAMUBHBIX COObIMULL HeOOUHAKOB8A, OJTHO W3 HUX HAOJIOAeTCsS 3aMETHO Yallle
apyroro (p << q) (k1accU4ecKkuil mpuMep — MOoMaJaHue TUTICPOBCKUX aBUAI[MOH-
HbIX O00MO B pasHble kBapTaisl JlonnoHna). 3akoH IlyaccoHa ommchIBaeT peakue
coObITUs, poucxodsaume 1, 2, 3 u T. 1. pa3 Ha COTHU U THICSYM OOBIYHBIX COOBI-
tuil. [loBenenne OUoIOrnuecKkux 00OBHEKTOB, COOTBETCTBYIONIEE 3aKkoHy [lyaccona,
HaOJIoaeTcsl B TOM Cilydae, Korja 1o mpo0am CIy4ailHO paclpeaesieHbl peaKue
00BbeKThI. [IpuMepsl TakuX SBJICHUA — 4acTOTa HAPYLIEHUH XPOMOCOMHOIO amma-
paTa Ha Ka)XAyI0 ThICSIYY MHTO30B, BCTPEYAEMOCTh CEMSIH COpPHSKA B OOJIBIION ce-
pUU HAaBECOK CEMSH KYJbTYpPHOI'O PACTEHHS, YHUCIO TMOBTOPHBIX MOMAJaHUN KU-
BOTHBIX B JIOBYILIKH, BCTPEUYAEMOCTb KUBOTHBIX Ha OTPE3KaxX JJIMHHBIX MapIIPyTOB
(u1 Ha TPOOHBIX TUIOMIAAKAaX OOUIMPHONW TEPPUTOPHUH), OTIIOBBI JKUBOTHBIX B OT-
JeIbHbIE TPOMEXKYTKH BPEMEHHU MPU JJTUTEITbHBIX HAOIIOJCHUSX.

Cnyuaiinasi BeJMUMHA, pacrnpeeieHHas no 3akony Ilyaccona, onpenenser-
Csl IIpH TIOJICUETE YKCIIa AJIEMEHTAPHBIX COOBITHH 6 npoobe (B rpyIiie, B HABECKE, HA
ydacTke, Ha dTtane). Yucino o0beKkToB B npode Oosibiie 1 (m > 1), ynucino KiaccoB
oosbie AByX (k> 2).

Pacnpenenenne [lyaccoHa pe3ko aCHMMETPUYHO, IPUUEM OUCHEPCUs PABHA
cpeouell apugmemuueckol, YTO MOKET CIY>)KUTb KpPUTEPUEM [JIsl OLEHKH XapaK-
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Tepa paclpeAesieHusl W3ydyaeMoro mnpusHaka (puc. 6). B TedyeHuwe omHoro rona
(1946) moMeTriIM KOJIBIIAMHU W BBIITYCTUIIN Ha BOJIIO 32 OypeBECTHHUKA.

Yucao moBTOPHBIX | YKCII0 OTIOBICHHBIX Yuco ciydae
OTJIOBOB, ’KUBOTHBIX, MIOBTOPHOTO OTJIOBA,
X a xX-a
0 15 0
1 7 7
2 7 14
3 2 6
4 1 4
n 32 31

B nocrnenyroiye nsTh J€T 4acTh U3 HUX OTJIABIMBAIM MMOBTOPHO: 7 3K3. MO
OJIHOMY pazy, 7 — o JBa, 2 — 1o TpH, 1 3K3. — yeTbIpe pa3a, 15 3K3. OKOJIbIIOBAH-
HBIX NTHI] TOBTOPHO HE Monaaanuck. Yucio kiaaccoB cocTaBisieT k = 4, UHTepBall
dx = 1. AcuMMeTpus B 9aCTOTax BCTPEYACMOCTH MTHI] TTO3BOJISIET MPEAINOaraTh
pacnpenenenue [lyaccona.

0.4

0.3 A

0.2

0.1

Puc. 6. Pacnpeodenenue Ilyaccona c napamempamu n = 32, M = §? = 0.968.
Ilo ocu abcyucc — yucio noOBMOPHLIX OMA0B08, NO OCU OPOUHAM — HACMOCMU
(omuocumenvHbie Yacmomaol)

Pacyetsl mokazanu, uto cpemHsis apudmerndeckas (M) mpuMepHO paBHa
nucriepeuu (S?):

M zgz%zm-p=4-0.242 — 0.968 k3.,
n
2 2
ZXZ_(Z'X) 69_(32)
- n___ 32 _1.121 53, S2 = 1.257,
(n—1) (32-1)
S~ M.

Kpurepuit ®Ouiiepa He BBISBAI JOCTOBEPHBIX OTIMYMM MEXAY CpPEOHEU U
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aucnepcueit: F'=1.257/0.968 = 1.157 < F(g0s3131)= 1.8, 4TO CBUAETENBCTBYET O
COOTBETCTBUH Ha0JII01aeMOro pacnpeneiieHus 3akony [lyaccona.
Bo3MoskeH pacder mapaMeTpoB 1o 0oJjiee IPOCThIM hopMyIaMm:

M=m-p, S=m-p.
JloBepuTenbHBIN MHTEpBAN AJIA NapaMeTpoB pacnpenaenenus Ilyaccona on-
penenuTh HECKOJIBKO CII0XKHee, ueM i apyrux tumnos (MBantep, Kopocog, 2003).

Anvmepnamuenoe pacnpeoeienue

Pacnpenenenne ouckpemnoii ciayuaiinou 6enuuunvl, UMCIOIICH UL JBa
MIPOTUBOIOJIOKHBIX (pa3HOKAYECTBEHHBIX ) 3HAUeHUs (ABa Kjacca, kK =2). B onHoi
poOe (B 0JJTHOM HAOJIOJACHUH) COJIEPKUTCS OJTHA BapuaHTa (m = 1), 0HO U3 ABYX
BO3MOYKHBIX 3HaYCHUH. BEpOoSATHOCTH KaXKIOTO M3 HUX MOTYT OBITh PaBHHI (p = q)
1160 He paBHBI (p < ¢, p > q). [Ipumepsl: caMIlbl U caMKd, OOJBHBIC W 3I0POBBIC
OpraHU3MBbI, Cpa0OTABIINE U MyCTHIC JIOBYIIKMA Ha OAHOW yYETHOM JIMHWU, JIBA Ba-
pUaHTa aJUIEThHBIX MPU3HAKOB, BAKIIMHUPOBAHHBIC W HEBAKIIMHUPOBAHHBIC Ia-
IIUEHTHI cpeau 3a0osieBmmx U Ap. (puc. 7). BeiunciaeHuss KOHCTAHT JOCTaTOYHO
MPOCTHI U HE TPEOYIOT MOCTPOEHUS BapUAIMOHHOTO PsIa.

0.5

camyvl camKu

Puc. 7. Anemeprnamuenoe pacnpedenenue (08a Kiacca apuanm,).
Ilo ocu opounam — vacmocmu (0onu) smux epynn

Baxxneiiiiel xapakTepuUCTUKOMN sBIsieTCs 107 (p) BapuaHT OMPENETIECHHOTO
BUja (A), IpeCTaBICHHBIX OOIIUM YHUCIIOM 714 B TIpEJiesiax BHIOOPKH 00BEMOM 7:
pP= <
n
Ecnu ucxoapl oTieNbHBIX UCOBITAHUHN BbIpa3uTh ynciaaMu O win 1 (4to ana-
JOTUYHO OTOOpPY mpod ¢ oObeMoM m = 1), 10JIsI BapUAHT COBMANAET CO CPEIHEU

apu(MeTHYECKOM, pacCUNTAaHHOMU AJI BCEX 3HAUCHUM:

> X

n

Hanpumep, pe3ynpTaT OTJIOBOB IMOJIEBOK M3 MPUPOAHBIX MOMYJISIHA MOKa-
3aj, 4yTo B uccaeayemoit rpynme (200 ocobeii) Obuto 120 camok u 80 camiios.
B nganHOM cimydae MBI MMEEeM JEN0 C ajJbTEpHATUBHBIM MPU3HAKOM (CamKa —
camerr). 13 200 po6 120 coxepkar camok (3Hauenue 1), 80 — He comepxat (3Ha-
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yenue (), Tak morydaem BeIOOPKY 7 = 200:
0000000000000000000000000000000000000000000000000000000000001
IRE RN RN RN R RN R RN R R R R a R n R Rn e aneanannanay!

1Tt e eIt eIt ti1It11anan.
JloJ1s1 BapuaHT CO 3HA4CHHUEM | cocTaBiseT:

_n, 120
n 200
4qTO COBIIaAgacT CO CpeHHeﬁ apPI(I)MGTI/I‘IGCKOfI JIJIA BCET'O p;ma:
M=2x_120_,¢
n o 200

JUis anbTEpPHATUBHOTO PaCIpeNeeHUsI MOTYT IPUMEHSTHCS T€ K€ (POpMyIIbl
pacuera BBIOOPOYHBIX MapaMeTpOB, UYTO U JUIsi OMHOMHAIBLHOTO pPaCIpeeieHHs.
Cpenusist (10751 CaMOK):

M=m-p=1-0.6=p=0.6.

CranpapTHoe OTKJIOHEHHE (1Tpu m = 1):

S=y\m-p-q=+p-q=+0.6-04=0.24.

Ommbka cpenHei (ommOKa 10IM CaMOK):

> _ 92 o017,

U200

JloBepUTENbHBII HMHTEpPBald IS aJbTEPHATUBHBIX MPHU3HAKOB (MX J0JEH,
IPOLIEHTOB U YacTOT) CTPOUTCS € MOMOILBIO P-ipeoOpa3zoBanus Puiepa, yTo JaeT
00JIe€ TOUHBIE I'PAaHULIbI, 0COOEHHO E€CJIM JI0JIM CHIIBHO oTiin4yaroTcs. CHavana BMe-
CTO 3HAuYEHUs JOJH (TPOILIEHTA) OJHOTO MPU3HAKA OOBEKTOB OEpyT 3HAUEHUE

(¢wu), naitnennoe no popmyne ¢ =2- arcsin\/; win 1o Tabnune 10//. 3atem BbI-

YUCIAIOT OWMOKY: m, =1/+/n, 00e NOBEpUTEIBbHBIE I'PAHHULBL Q 06 = @ — g,

2
@ npas. = @ + tm, TOCIIE Yero ¢ mnomoupro Tabnuusl 10/7 nepeBoiAT HalijeHHbIE
3HAa4YEHHsI 0OPATHO B MPOIICHTHI.

Haiinem noBepuTenpHbIE IpaHULBI U TOJAM CaMOK IoneBoK p = 0.6 mpu
ypoBHe 3HaunmocTtu a = 0.05. Mcnons3ys tabauiy 10// u mpoBoas pacyeTsl, Mo-

nyqaem: ¢(60%) = 1.772, m, =1/~4200 = 0.0707,

P aee. = 1772 =196 - 0.0707 = 1.6334, ¢ ,pse. = 1.772 +1.96 - 0.0707 = 1.9106,
D 26.(1.6334) = 53.1%, P 1pas(1.9106) = 66.4%.

JloJisi caMOK B reHepaibHOM COBOKYIMHOCTH (IOMYJISLIMM MOJIEBOK) COCTaB-
aser MUHUMYM 53.1%, makcumym 66.4%.

Honunomuansvnoe pacnpeoenenue

Habmonaercst ans kauecmseeHHbIX npu3Hakos, MMEIOIINX HE JBa allbTepHA-
THUBHBIX CBOWMCTBA, HO HECKOJIbKO B03MOJCHbIX NposasieHul kawecmea. lIpumepsl
noauMopdu3Ma MOMyIIuidi — U3 3Toi obnactu. B ux ymcie BapuaHTBl OKpacKu
MIOKPOBOB U BOJIOC, THUIIBI PUCYHKOB B OMPECIICHHBIX OOJACTSIX Teia, CIOCOOBI
KUIKOBaHUA JIUCTHEB PACTEHUN WIM KPBUIbEB HACEKOMBIX, BAPUAHTHI PACIOJIONKE-
HUS 1 GOPMBI MIUTKOB PENTUIIMI U IpYyTrHe MPOSBICHUS MHOXECTBEHHOCTH (hEeHO-
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TUTIOB 0co0eit. Dopmain3ys onmucaHue, YKakeM, 94TO B OJTHON MPoOe COACPIKUTCS
oaHa BapuaHta (m = 1), HO TUMOB BapuaHT (MOpd, GEeHOTUIIOB) OOJIbIIIE, YEM JBA
(k>2).

[IpumepoM NOJMHOMUATIBHOTO (MHAYE — MYJIbBTUHOMUAIILHOTO) pacipeerne-
HUSI MOXKET CIY>KUTh BCTpEYaeMOCTh 4 (hEHOB T'OJIOBBI KUBOPOSIIEH SIIEPULIBI —
4 BapuaHTOB KOHTaKTa JIOOHO-HOCOBOTO, IPEIJIOOHBIX U JIOOHOTO ITUTKOB (puc. 8).
Jlyumie Bcero BbIOOpKAa MOXKET OBITh MpPE/ICTABIIEHA BAPUALIMOHHBIM PSIOM — Yac-
TOTaMH (p;) BCTPEYAEMOCTH B HOIYJIAIMNA OCOOEH C NAHHBIM (j-M) IPOSBICHHEM
KaueCTBEHHOTO Tpu3HaKka U o0mmM urcioMm mopd (k). st Gomee eMkxoro mpe-
CTaBJICHUA PAJla U yUETa XapaKTepa pacipeeleHHsI YaCTOT MEXLy Pa3sHbIMU MOP-
(GaMu ucronb3yeTcsi BENMYMHA «CpelHee Yucao (PEHOTHIOB»: u = X(p;)*, CTaTH-

. C | k)
CTUYECKast OLIMOKA KOTOPOH PaCCUMTBIBACTCS TaK: M, = ,[—————.
n
Cpennee uncno GpeHOTHIOB (1) paBHO unciay (EeHOTUIIOB (k) TOJIBKO TOT/A,
KOT'/Ia 4aCTOTHI BCeX (DEHOTHUIIOB OJMHAKOBBI (P = p, = ... =p;... = p;), U MEHbIIE
BO BCEX JPYTUX CIydasx.
4 b B r
1
0.5 1
0 +! . I I
1 1 1

A b B I

Puc. 8. [lonunomuanvroe pacnpeoenenue (4 pena 2on086wvl auepuybl).
Ilo ocu opounam — uwacmocmu peros cpedu 64 ce2o1emro8 Hcugopooaulell auje-
puysl, omaoeieHuvix noo Ilempozasoockom

Pasnomepnoe pacnpeoenenue

YacTHbIN cily4all pacnpelesieHHs] albTEePHATUBHOTO M ITOJMHOMHUAIBHOTO.
PaBHOMEpHOE pacrpeneneHue XxapakTepu3yeTcsi OJUHAKOBOM 4acTOTOMW BCTpedae-
MOCTH BCEX 3HAYEHUH NUCKPETHOIrO MpHU3HaKa (p = ¢ i ABYX KJIAcCOB WJIU p; =
p2>= ... = Ppj... = py JJIs HECKONBKHX KJIAaccoB). Takol TUI pacrpenesieHus MOKHO
UCIONB30BaTh IS (OPMYIIMPOBAHUS TUIIOTE3 MPHU aHAIM3€ YaCcTOT T'eHOB U (PEeHOB
B MOMYJISIIUAX, IPH MOJICYETE TECT-OPraHU3MOB, BBDKUBIIUX B TOKCUKOMETpHUYE-
CKOM 3KCIIEPUMEHTE, MOKHO MPEANO0JIOKHUTh, YTO BETBH JI€PEBA MOTYT PaBHOMED-
HO pacIioyaratbcs 1o CTOpoHaM CBETa.
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CTATUCTHYECKAS OIIEHKA I'EHEPAJIBHBIX ITAPAMETPOB

buomMeTtpusi uzydaer nosejeHUE OMOJOTMYECKUX CIYHYAHBIX BEIMYMH, KO-
TOpbIE TOUHO HE MPEJICKa3yeMbl, XOTsI U He a0COIIOTHO cllydaiiHbl. B aToM paszzene
OyIyT pacCMOTpEHbI CIOCOObI OINpEAeNICHUs JUana3oHa BO3MOXHOW M3MEHUYHBO-
CTH M3y4aeMbIX OMOJIOTMYECKUX MpU3HaKOB. [IpuOnM3uTeNbHBIA MPOTrHO3 BCEra
MOYHO JaTh B BUJE MHTEpPBAJIA MEXKIY KOHKPETHBIMA MUHUMAJIBHBIMU U MaKCH-
MaJIbHBIMU 3HAUEHUSIMH, B TPEJIeNIax KOTOPOro OYJeT HaXOAUThCS MHTEpECyoImas
HAac BEIMYMHA. SICHO, HalpUMep, 4TO POCT OYEPEAHOTO BCTPEYHOI'O B3POCIIOTO Ye-
JIOBEKa BPSII JIM MPEBBICUT JBa METpa WK OyJeT MEeHbIlIe oJyTopa MeTpoB. boree
TOYHBIN (BEPOATHOCTHBIN) MPOrHO3 MOYKHO J1aTh, OPUEHTUPYACH Ha pacrpesese-
HUE CIIy4allHbIX BENWYHUH. Pacnpedenenue — amo coomuouieHue mexcoy 3Have-
HUAMU CTIYYAUHOU 8eTUYUHDBL U 4acmOmou ux ecmpedyaemocmu. Kak Mbl BUJIETN Ha
IIpUMEpEe Beca Teja 3eMJIEPOEK, YMCIIOBBIE 3HAYEHHSI BAPUAHT PACIOJIAraroTcs B
HEKOTOPOM OTpaHUYEHHOM 30HE, B LIEHTPE KOTOPOH UX OCOOEHHO MHOTO, a O Kpa-
aM MaJio. KilrouoM K MoJIy4eHUI0 BEPOSTHOCTHOIO MPOTHO3a CIIYXKUT 3HAHHUE 3aKO-
HOB paclpeiesieHusl CaydyalHbIX BeauduH. O4ueHb 00JbII0e YUCIO CIyYalHbIX Be-
JIMYHH, PACTIPOCTPAHEHHBIX B IPUPOJIE, MOKET OBITH OMKCAHO C MOMOIIBIO0 3aKOHA
HOPMAaJIbHOTO PaclpeaeeHus, KOTOPbII 3a1a€TCsl YPABHEHUEM:
A
p \/ﬂ D

_(x=M)*

roe t — HOPMHUPOBAHHOE OTKJIOHEHUE;

M, S — mapaMeTpbsl HOPMAIBHOTO paCIpPEACIICHHUS.
DTa MOJIeJb JIEKUT B OCHOBE MHOTMX CTATUCTUYECKUX METOJIOB.

Ceoilicmea HOpMAIbHO20 pacnpeodesieHus

IIpuBeneHHOE ypaBHEHHME ONPEAEISIET XOJA KPHUBOW JIMHUM, MUMEIOLIEH Xa-
PaKTEPHYIO KOJOKOJIO00pa3Hyto (GOpMy, U MO3BOJSIET BEIUUCIUTD OPOUHAMbL HOP-
MAbHOU KPUGOU, NN «IUIOTHOCTh BEPOSITHOCTHY (p). Bepoamuocmub (cmamucmu-
yeckas, Uiu 4acmocmy) — YUCTEHHAS. Mepa 803MOINCHO20, ONpeoensiemcs KaK om-
HOWleHUe YUcia 8apuanm (UCxo008 UCNbIMAHUL) ONpPeOesieHHO20 8Udd K 00uemy
yucny eapuanm (onvimog). I10CKoNIbKY HOpMaJIbHOE pacipeliefieHue XapaKTepHO
JUTSl HEMIPEPBIBHBIX CIYYaHBIX BETUYUH, TOBOPSAT HE O BEPOSATHOCTU KaKOIO-TO
OTPEICTICHHOTO 3HAYEHHSI BAPUAHTHI, HO O «NIOMHOCMU 8EPOSMHOCUY, OTpaXKas
TE€M CaMbIM IJIABHOCTh U3MEHEHUS! BEPOATHOCTU 3HAYEHUU NJIsl Pa3HbIX 3HAYEHUU
t, ueM OJMKe K LIEHTPY paclpeieieHus], TEM INIOTHOCTh BEPOSITHOCTH BBIIIIE.

C momoIpio NpeICTaBIEHHOTO BhIIIE YPABHEHHUSI MOKHO PacCUMTaTh BEpO-
STHOCTbH TIOSIBJICHHSI HOBOI'O 3HAUEHHUs CIy4yalHOW BEJIMYMHBI { B MHTEpBaJe TOU
WIM WHOM IIMPHUHBI U JAaTh CIMAMUCIUYECKYI0 OYEHK) — HAlmu UHmMepsean 3Have-
HUU NPU3HAKA, 8 KOMOPOM C MOU UIU UHOU 8EPOSMHOCMbIO 3AKIIOYEHO 3HAYEHUE
eenepanbHo2o napamempa. GopMyiia KOJTUUECTBEHHO BBIPAXKaeT BIOJHE OMpee-
JICHHbIE CBOMCTBA MOBEJEHUS CIy4alHON BETUYMHBI, U3 KOTOPBIX MOXXHO HA3BaTh
CIIETyIOIINE MPAKTUUYECKH Ba)KHBIE CIICICTBUS:
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1. Bce BapuaHTHI Jie’KaT B MHTEPBAJIE TUIFOC-MUHYC OECKOHEYHOCTh. MHBIMU
cioBami, ¢ BepossTHOCTBIO P =1 (P = 100%) MbI BripaBe 0KHUJaTh MOSBIEHUE HO-
BOM BapuaHTHI B Mpejesiax oT —oo g0 +oo. CreBa u cipaBa oT cpeaHed apupmMeTu-
yeckoi jexut no 50% BapuaHT (CBOMCTBO CUMMETPUU HOPMAIBHOTO pacrpe/iere-
HUsA), T. €. ¢ BeposTHOCThIO P = 0.5 (50%) MOXHO Tipe/cKka3aTh MOsIBICHUE HOBOU
BAPUAHTHI B UHTepBaax M — oo u M + .

P
0.4 -
0.3 1

0.2 1

0.1 7 50% | 50%

P

2. Mexny M —1.965S u M+ 1.96S nexur 95% BapuaHT. ITO MO3BOJISIET C
95%-011 BEpOATHOCTBIO MpEANOIararb, YT0 HOBask BapUaHTa OKaKETCsl B UHTEPBa-
ae M £1.96S (oxpyrieHHo M + 28 — Tak Ha3bIBAEMOE Npasuio 08yX CMAHOApm-
HbIX OMKIIOHEHUIL).

P
0.4

0.3 1

0.2 -
0.1 1 95%

P

3. C BepositHOCTBIO P = (.99 3HaYeHne HOBOM BapuaHTHI OYyAET 3aKII0YECHO B
npenenax M + 2.58S u ¢ BeposiTHOCTBIO P = 0.999 — B unTepBane M + 3.3S.

Hcxons W3 CKa3aHHOTO MOXKHO OILICHUTH BEPOSTHOCThH TMOSIBJICHHS] HOBBIX
3HAUYEHUH TpHU3HaKa. B OTHOIIEHUU HENPEPBIBHBIX CIyYaWHBIX BETUYHH (METpH-
YEeCKUX MPU3HAKOB) 3Ta MPOILEypa CBOJUTCS K TaK HA3bIBAEMOW UHMEPBAIbHOU
oyenke. [l MONMy4YEeHHBIX paHee XapaKTEPUCTHUK, MAcChl Oypo3yOoOK, cpenHen
M =9.26 u crangaptHoro otkjgoHeHus S = 0.79 (r), HaX0AUM MPOTHOZHBIA UHTEP-
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Bal: M+£1965=9.26+1.53. HoBoe 3HaueHue mnpu3HAKa C BEPOATHOCTHIO
P =0.95 mexnay 7.68 u 10.82 1. IIpenckazanue Beca 3eMJIepOeK, KOHEYHO, HE UMeE-
eT OOJBIIOro MPAKTUYECKOro 3HaueHHs. ['0pa3fgo BakHee MOXKET ObITh MPOTHO3
YHCJIICHHOCTH LIEHHBIX MPOMBICIOBBIX BU/IOB, CETbCKOXO03IUCTBEHHBIX BPEAUTEIICH,
BCIIBIIIIEK OOJIE3HEH, ypoxkKasi KyJIbTYpHBIX PACTEHUH U T. II.

Baxueiiiiee 3HaueHue NIl MPaKTUYECKOTO NMPUMEHEHHSI UMEET «COorJialle-
Hue o 95%y». B cooTBeTCTBHM ¢ HUM COBOKYITHOCTH, cocTosme u3 95% ocobeit
(00OBEKTOB), MBI TOBepsieM Tak ke, Kak U 100%-i1. TepmMun «dosepumenvras epo-
amuocms P = 0.95» o3Hauaer, 4T0, COMNIACHO MPUHATOMY AoNyllleHuto, 95% eapu-
anm 00CMamo4yHo NOJIHO XaApaKmepusyrom usyiaemoe seieHue (B JaHHOM cllydae
M3MEHYMBOCTh BECa 3EMJIEPOCK), YTO IMO3BOJISIET OFPAHUYUTHCA PACCMOTPEHUEM
BapuaHT B obnactu M + 1.96S, oxBaTbiBatonieil 3ty 95%-10 coBokynHoCTbh. Tak,
MbI MPUHUMAEM, UYTO HOPMAJIbHBIA BEC 3E€MJIEPOEK JAaHHOTO BHUJA MOXET H3Me-
HATHCS B mipenaenax 7.7—10.8 r, He OoJbllle U HE MEHbIIIE. 3a STUMU MpeeIaMy Mbl
00HapyKMBaEM KMBOTHBIX MHOTO BUA UJIU CTaTycA.

[Ipu 3TOM B OHOMETPUM OOBIYHO JOBOJLCTBYIOTCSA JOBEPUTEIBHONU BEPOSIT-
HOCTBIO P = 0.95 (ypoBenb 3HaunmocTH o = 0.05), XoTa B Hanbojiee OTBETCTBCH-
HBIX MCCJIEIOBAaHUAX IPUHUMAIOT U Oosiee cTporue ypoBHu — P =0.99 u P = 0.999.
OpHako 3TO UMEET CMBICH JIUIb MPU OYEHb OOJIBIIUX BHIOOPKAX MCXOIHBIX JaH-
HBIX, TOYHO OMHUCHIBAIOIINX 3aKOHOMEPHOCTH U3MEHUYMBOCTH MPU3HAKOB. OOBIYHO
K€ BBIOOPKHU HE OYEHBb BEIIUKH, YTO TIO3BOJISICT OTPAHUYUTHCS MEHBIIICH CTETICHBIO
NOBEpUTENBbHOM BepossTHOCTH P = 0.95.

Yposenv 3nauumocmu — NoHATHE, aTbTEPHATUBHOE JOBEPUTEIBLHON BEPOSAT-
HocTH (00 =1 — P). lna noepurenbHol BepoATHOCTH 0.95 ypOBEeHb 3HAUMMOCTH
cocrasisier 0.05, a mua 0.99 u 0.999 — coorBercTtBenHo 0.01 u 0.001. Yposens
3HauMMOCTH, paBHbId 0.05 (5%), MOXKHO MHTEPHPETUPOBATH TAK: UMEETCS BCErO
5% 11aHCOB, YTO MOJyYeHHasl BeTUYMHA HEe OyIeT COOTBETCTBOBATH N3Y4aeMoOil co-
BOKYITHOCTH. ¥Yposenv 3Hauumocmu — 3mo mom meopemudecKuii npoyenm 3Have-
HULI HOPMAILHO20 PAcnpeoeieHuUs], KOMOpblil MOMCHO OMOPOCUMb, He YYUmbleamy,
0abbl ¢ MEHbUWUMU YCUTUAMU NOJYYUMb OCHOBHYIO UHOpMayuio 0O u3yiaemom
sa61eHuy. MOXKHO 11eITyI0 KU3Hb MOJ0KUTh Ha TOMBITKH OTJIOBUTH OOBIKHOBEHHYIO
3eMIIepoiKy-0ypo3yOKy BecoM 2.5 T, HO TaK U HEe coOpaTh BHIOOPKY, 1IOCTATOUHYIO
no 00bBeMy, YTOOBI 3TO peanu3oBaTh (MUJUTMOHBI 0ocobeit). JlJisi MpakTHYeCKOro
MOHMMAHMS JOCTATOYHO 3HATh, UYTO YPOBEHb 3HAUUMOCTHU — 3TO BEPOATHOCTh OXKHU-
JAeMOM OIIMOKM HAIIMX BBIBOJIOB, 8€POAMHOCHb MO20, YMO OAHHbIL CIMAMUCMU-
yeckuii 6618600 He geper. VI ¢ aToil no3unuu 5% — nocrarouno maino. Mcnonb3oBa-
HUE JOBEPUTEIHHON BEPOSATHOCTH U YPOBHSI 3HAUMMOCTH MOKHO Ha3BaThb TEOpe-
TUYECKON 0a30i pa3zyMHOTO OTPAaHWYCHHUS BPEMEHU U MACIITa0OB WCCIICIOBAHMSI,
MO3BOJISIONIEH MOTYYUTh JTOCTOBEPHYIO OOIIYI0 MH(POPMAIHMIO 32 CYET UCKITFOYE-
HUSI HUYTOXXHOU JI0JIM YaCTHOM.

I'enepanvnasn co6oKynnocmo

I'enepanvhas cogokynnocms — 6ce apuanmsi 00Ho20 muna. B npeameTHon
OHMOJIOTUU 3TO MOHSATUE MOXHO UHTEPIPETUPOBATH KaK MBICTUMOE MHOKECTBO Ba-
puaHT, chOPMHUPOBAHHBIX MPU OJIMHAKOBBIX (BHEUTHUX U BHYTPEHHUX) YCIOBHUSIX.
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TeopeTtnueckas 6€CKOHEUHOCTh T€HEPATLHON COBOKYMHOCTH O3HAYaET, YTO
€€ HUKOI/Ia Helb3s MO3HaTh A0 KOHIIA, B IEHCTBUTEILHOCTH MbI BCEr/1a UMEEM Jie-
JI0 ¢ BBIOOpKaMU. BblOopouHas co80KyNHOCHb, 8b100PKA — MO MHOMCECMBO 8apU-
aHm 00HO20 Muna, ocpavuyerHoe cnocobom omoopa (METoJaMU TOJYYEHUs Ba-
PHUaHT) U3 eenepanvHou cogokynhocmu. OTinuue BEIOOPOK OT reHepaibHOU COBO-
KYITHOCTH COCTOUT B TOM, YTO JCHCTBYIOLIUE B T€HEPATHLHON COBOKYMHOCTH (haK-
TOPBI HE MOTYT IIPOSIBUTHCS 68 NOIHOU Mepe B I000H oTenbHoi BeiOopke. Kaxknas
HOBasl BEIOOpKa 00s13aTe€NIbHO OYAET OTJIMYATHCS OT MPEABIYIIEH 6 cCuny cayuaiHo-
cmu, BapUaHThl HOBOW BBIOOPKH OyIyT HECTHM OJMHAKOBBIM OTHEYATOK JEHCTBUSA
JOMHUHUPYIOIIUX (PaKTOPOB, HO Pa3HbIC CIEIbI JEHCTBUS CIy4alHBIX (PAKTOPOB.
I[To sToil mpuunHe napameTpsl (cpeaHss M U CTaHAAPTHOE OTKIOHEHHE S) pa3HbIX
BBIOOPOK U3 OJHOW I€HEpAJbHOM COBOKYIMHOCTH HHUKOTJA HE COBMAAyT HHU JAPYT C
JIpyroM, HU CO 3HAYCHUSIMHU TE€HEPaJbHBIX MapaMeTpoB (OOBIYHO 0003HAYAEMBIX
OykBaMu |, G), OHU OyIyT HEMHOTO OTJIMYAThCS, CMEIIASICh OTHOCUTENILHO JIPYT
Jpyra ¥ BapbUpysl BOKPYT F€HEPAIbHBIX 3HAUCHUH.

OTnuune reHepalbHBIX MapaMeTPOB OT MX OIEHOK MO BBIOOPKAM COCTOMT
elle U B TOM, YTO B MEPBOM CJlydae OHM PACCUMUTAHBI [0 BCEM BapUaHTaM, a BO
BTOPOM — I10 OFPAHMYEHHOMY HMX 4HClly. IHTYUTUBHO MOHSTHO, YTO YEM MEHbIIIE
00beM BBIOOPOK, TEM MEHEE TOYHBIM OYAYyT BBHIOOPOYHBIE OLICHKH T'€HEpabHBIX
napameTpoB, U, HAPOTUB, YeM OoJibllle BEIOOPKA, TeM OJMXKe BHIOOPOUYHBIE CPEJI-
HUE U JHUCIEPCHUU JIeKAT K T'€HEepaJbHbIM 3HAYEHUSIM. DTO SIBJICHUE Ha3bIBAaETCA
3aKOHOM OONLUUUX YUCeN — C POCMOM YUCIA HAONOOEeHUl 3HAYEeHUsT 8bl00POYHBIX
napamempos Cmpemsmcs 60CHPOU3IBECMU 2EHEPATIbHbIE.

OuiubKa penpezeHmamueHoCmu 6b100POUHBIX NAPAMEMPOE

[To yacTu HUKOTJA HE YAAETCs MOJTHOCTHIO OXapaKTEpU30BaTh 1IEJ0e, BCeraa
OCTaeTCsl BEPOATHOCTh TOTO, YTO BHIOOpPOYHAs OIIEHKA HEJOCTaTOYHO OJM3Ka K
3HAUYECHHIO TMapaMeTpa TeHepaIbHOW COBOKYNMHOCTH, UMEET HEKOTOPYIO OIIMOKY.
Omauuusi 3Ha4eHull 8bI00POUHBIX NAPAMEMPO8 OM 2eHEePAbHbIX HA3bIBAIOMCSL
OWUOKOU penpe3eHmamueHOCmuy 0aHH020 napamempa, Ui npocTo (CTaTUCTUYE-
ckoif) ommoOkoi. [Ipu yBenuyeHun oObeMa BHIOOPKH OIIMOKH perpe3eHTaTHBHO-
CTH CTPEMSITCA K HYINIO (CIEACTBUE 3aKOHA OOJIbIINX YKcen). YMCIEeHHO BhIpaXkeH-
HbI€ CTATUCTUYECKUE OUITUOKHU CITY>KAaT MEPOU TeX MPeEeioB, B KOTOPBIX BHIOOPOU-
HBIC TTapaMEeTPhl MOTYT OTKJIOHITHCS OT 3HAYEHUHN TeHepalbHBIX mapaMeTpoB. Ha-
IpUMED, €CIM I HECKOJIBKUX BBIOOPOK, MOYYCHHBIX M3 OJTHON M TOU K€ TeHe-
paJIbHOIl COBOKYMHOCTH, TMOCYUTATh CPEIHHE, a 3aTE€M OLIEHUTh HU3MEHYHBOCTDH
TUX CPETHUX, TO CTAaHJIAPTHOE OTKIOHEHWE cpeaHux (S),) ¥ OymeT YUCICHHOU
MEpOi OIIMOKM PEeNpe3eHTaTUBHOCTH BBHIOOpPOUYHON cpeaneil. OHa oOo3HavaeTcs
OyKBOH m.

Benuuuna ommbku Tem Gobliie, yem OoJbIlle BapbUpOBaHKUE MpU3HaAKa (.S)
¥ 4yeM MeHblIe BhiOopKa (7). OmubKy penpe3eHTaTUBHOCTA UMEIOT BCE CTATUCTHU-
YecKre MmapameTpbl, pacCCUUTaHHBIE MO BBIOOPKE. Il MPAKTUKHU CTAaTUCTUYECKOTO
OIICHUBaHUA pa3paboTaHbl crienraibHble GopMysbl. Jisi HOpMaIBHOTO pacipese-



S
JIEHUSI OHU UMEIOT caeayromuil Bua. Ommoka cpeaHei: my, = T,
n

S

omnoOKa CTaHAApTHOI'O OTKIIOHCHMUSI: Mg =

omnoOka KO3 GHUIMEHTa BapUallUU: M), =

Hlet

2-n

Boruncnennple 3HaU€HUSI OMMOOK MOJCTAaBISIIOT K COOTBETCTBYIOIIMM Ta-
pameTpaM co 3HaKaMU IUTIOC-MUHYC (TTapameTp + omubKa) U B Takoi popme mpe-
CTaBJSIIOT B HAyYHBIX OTYETaX W MyOnukanusx. B mpumepe ¢ Oypo3yOkamu s
Pa3HbIX MAPAMETPOB UMEEM:

my =222 Z0.113039, M =93 +0.11 T,
J63

g = 0.89
V2-63
96

He cneayer myTaTh CTaTHCTHYECKYIO OMMUOKY ¢ METOIUYECKUMHU OTMAOKAMH
¥ OIMOKAaMU TOYHOCTHU (TOYHOCTH U3MEPEHUH, aHATTN30B, TOJICYECTOB U T. II.), XOTS
METOJUYECKUE MOTPEIIHOCTH M YBEIMYMBAIOT OMIMOKY pENpe3eHTATHBHOCTH, HO
JIPYTHUM TyTeM — METOJIWYECKUE OTPEXH yBEIMYMBAIOT M3MEHYHMBOCThH MPHU3HAKA,
CTaHIapTHOE OTKJIIOHCHHE.

[Tpu Bcelt HeM30€KHOCTH CTATUCTHUECKON OIMMOKN OHA MOYKET OBITh CBEIE-
Ha K MUHUMYMY OTOOPOM JIOCTATOYHOTO unciia ocodeit (BapuaHT). C pocTOM 00b-
eMa BBIOOPKH OIEHKH MMapaMeTPOB CTAOMIM3UPYIOTCS, a X OIMUOKH perpe3eHTa-
TUBHOCTH YMEHBITIAIOTCA.

=0.07993,S=0.89 £ 0.079 1,

=0.859613, CV =9.6 + 0.9%.

osepumenvnviii unmepean

[TapameTpbl reHepaIbHOM COBOKYITHOCTH ITPAKTUYECKU BCETA OCTAKOTCS HE-
W3BECTHBIMH, O HUX CYJST MO BEIOOPOUYHBIM OIICHKAM, WCITOJIB3YS JJIS 3TOTO 3HA-
YEHHUs OIHUOOK PEeNpe3eHTATUBHOCTU. TE€OPETUUYECKUE UCCIEAOBAHUS TOBEICHUS
BBIOOPOYHBIX CpEeIHMX (KaK CIIy4alHBIX BEJMYHH) MMOKa3aJd, YTO OHU MOAUYUHSIOT-
Cs HOpMaJIBLHOMY 3aKOHY, OOJBITMHCTBO U3 HUX (95%) HaxoauTCcs MOOIM30CTH OT
Ir€HEPaJIbHOM CpEAHEN — B Juamna-

30H¢ M., +1.96m (npubIMKEHHO P pacrpedesneHue
+2m). DTO 00CTOATEIHCTBO I03BO- 0.4 1 gapuakm
JS€T JeylaTh 0o0paTHOE 3aKjIIoUYeHUe
A P 0.3 - 95% /écnpedenef-lue
— TCHEepaJIbHAsI CPETHSS HAXOIUTCS B
CpeoHuUX
nuanasone  Mg,e,, = 1.96m, 1. e. 0.2 -

IpeacKa3blBaTh NIMPHUHY MHTEpBAA,
B KOTOPOM 3aKJIIOYEH TE€HEpalbHbIN
napameTp, JaBaThb UHIMEPBAILHYIO 0 . —— . .
OYeHKy TEHEPAIbHOMY ITapaMeTpy.

0.1
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B coOTBETCTBUM € 3aKOHOM HOPMAJILHOTO PACIpeaesIeHUs] MOKHO OKUIATh,
YTO reHepaibHbIN napaMeTp (MICTUHHOE 3HAUCHHE) OKAXKETCSl B MHTEpBaJie

oT M —tm no M+ tm,
rae  m — omudKa cpeHelt apuPmMeTHIecKoid,

t — xBaHTWIb pacnpezenenuss CtprogeHTa (Tabn. 6//) mpu JTaHHOM YHUCIE
crerneneit cBo6o bl (df) u ypoBHe 3HAaUUMOCTH (00b19HO a0 = (0.05).

CkazaHHOe MOXHO mepedpa3supoBaTh Tak: ¢ BEPOSTHOCTHIO P MOXHO OXU-
J1aTh, UTO F€HEpaJbHAsl CPEIHsSA HAaXOJIUTCA B JOBEPHUTEIbHOM HHTEpBane M + tm,
MOCTPOESHHOM BOKPYT BEIOOPOUHO# cpenHer apudmMeTnueckon M.

JlosepumenvHulil unmepean — UHMepPE8An 3HAYEHU U3Y4aeMo20 NPUHAKA, 8
KOMOpOM C MOU UlU UHOU eepoamuocmouio P naxooumcs 3nauenue 2enepanbHo20
napavempa.

Bo3sBpaiuasices kK nmpuMepy 0 Bece 3eMIepOoeK-0ypo3yOOoK, Mbl TEEPh MOXKEM
3anucaTh JOBEPUTENIbHbIE MHTEPBAJIBI MPHU PA3HBIX YPOBHSX BEPOATHOCTU (rpa-
HUYHbIC 3HAUECHHUSI ¢ B3ATHI JJIA CIydas n = o0):

I P=095M+tm=93+196-0.11=93+021r;

st P=099M+tm=93+2.58-0.11=93+0.28T.

3n1ech UckoMasi TeHepajbHasl CPeAHssT BeTUYMHA Beca 3eMIIEPOEK C BEPOSIT-
HOCTBIO P = 95% Haxoautcs B npeaenax 9.11-9.53 r, ampu P =99% — 9.04-9.6 r.

Ecnu o0beM BBIOOpPKH, [J1s1 KOTOPOU OBbLIN MOTYYEHBI TapaMeTphl U OIIHOKa
penpe3eHTaTUBHOCTH M, OB HeBenHK (7 < 50), TO HE0OXOAUMO BBOJIUTH MOIPAB-
KH Ha 00BEM BBIOOPKH, pacliupsisi 00JaCTh BO3MOYKHOTO ITPEOBIBAHMS T€HEPATIBbHO-
ro mapaMmerpa. DTO MOHATHO, MOCKOJBKY MpHu AeuimTe nHpopManuu 1o0bie 3a-
KIIOUCHUST HE MOTYT OBITh OY€Hb TOYHBIMH. TaK, IS BBIOOPKH 0OOBEMOM

. 0.89 .
n =20 5k3. ommnoOKa cpenHen coctaBuT m,, = —— = 0.19901 r, a noBepuTenLHBIN

V20
uHtepBasl M +tm = 9.3+2.09-02 =93+£0.41 r— ot 89 10 9.7 r (ipu ypoBHE
3HauuMocTH a = 0.05 u uyucne creneneit cBoboasl df=n—1=20—-1 = 19 Ta6-
Ju4Has BelnunHa ctaTucTuku CthiogieHTa paBHa ¢ = 2.09).

AHanoruyHeIM 00pa30M MOKHO NMOCTPOUTDH JOBEPUTEIHHBIN WHTEpBAN IS
CTaHAAPTHOTO OTKIIOHEHUs (S =+ tmg), kodpdunmenta Bapuanuu (CV =+ tmcy), a
TaKXKe JPYTUX CTATUCTUYECKHUX MapaMeTpoB (KOd(D(PHUITMEHTOB aCHMMETPHH, JKC-
1ecca, perpeccuu, KOppesiium).

Onpeoenenue mounocmu onvima

B mpakTtuke OMOMETPHYECKOTO aHaln3a WCIOJIb3yeTCs] OTHOCHTEIIbHAS
omnOKa WU3MEPEHHHA — «IO0KA3aTeh TOYHOCTH OMNBITa» — OTHOIICHHUE OIIUOKU
cpeaHel K caMoW cpenHeW apudmeTHyecKkoi, BBIpaKEHHOE B MPOICHTAX:

m
£ = vl 100% . Yem TouHee ompenesieHa CpeHssl, TEM MEHbIle OyIeT &, U Ha000-

poT. TouHOCTH cunTaeTcss Xopouiei, ecinu ¢ MeHble 3%, U yIOBIETBOPUTEIBHOM
npu 3 <& < 5%. Wnaue npuxonurcs coOuparh NOMOJHUTEIbHBIM MaTepuan. B
npuMepe nokasaresib TouHOCTH coctaBui € =(0.11/9.3)-100 = 1.2%, uro roso-
PHUT O TOCTATOYHOM HAJIEKHOCTH BHIOOPOYHOM OLEHKH.
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Onmumanvuslii 00vem 6b100pKU

B Ouonorudeckux HMCCIeIOBAHUAX YACTO 3apaHee TPeOyeTcs yCTaHOBUTH
4KCII0 HAOMIOJEHUH, JOCTATOYHOE JJIs TTOJIyYEHUsI PETIPE3EHTATUBHBIX OLIEHOK I'e-
HEPAJIbHOW COBOKYITHOCTH.

JUis HeNIpephIBHBIX NPU3HAKOB METOJ] COCTOUT B TOM, YTOOBI, UCIIOJIB3YS U3-
BECTHBIE COOTHOILEHUS MEXIY CpeJHEH, CTaHAapTHBIM OTKJIOHEHUEM, OLIMOKON
CpelHeH, MIOTHOCTBIO BEPOATHOCTH pacupeneneHus CTbIOAEHTa, HAWUTH YUCIO
CTEeTeHel CBOOObI, COOTBETCTBYIOIIEE JOBEPUTEILHOMY MHTEPBANY ISl CPEAHEN
npu ypoBHe 3HaunuMocTH o = 0.05. O0beM BBIOOPKH, JOCTATOYHOM JIs MOJTYYEHUS
pe3ynbTara 3aJaHHOW TOYHOCTH, HaXOAT 0 opMyiie:

(z : CV)2
n = b
g

r7e 7 — 00beM BBIOOPKH,

{ —TpaHWYHOE 3HA4YeHHWEe W3 Tabmuipl pacnpeneneHus CThIOJCHTA
(Tabm. 6/1), COOTBETCTBYIOIIEE MPUHATOMY YPOBHIO 3HAUMMOCTH IpU IJIaHUpYE-
MOM 00beMe BHIOOPKH,

CV — npubnuszutenbHOe 3HaUeHne kodpduiuenrta Bapuanuu (%),

€ — TUTaHUpYyeMasi TOYHOCTh OlleHKHU (TorpermHocT) (%).

PaccuntaeM HeoOXoaMMBIM 00BEM YCIOBHOW BBIOOPKH, OOECIICUMBAIOIINNA
XOpOIIyI0 TOYHOCTh &= 3%, nns ypoBHs 3HauumocTu o =0.05 (r=1.98, nnsa
df = 100) u nnsa kospdunmenta Bapuauuu CV = 12% (TakoBa OTHOCUTEIbHAS W3-
MEHYUBOCTh MHOTHUX Pa3MEPHO-BECOBBIX MPU3HAKOB KUBOTHBIX):

2
n= (#j =62.726 = 63 7K3.

Ecnmu uccnenyercst penorunmueckoe (BumI0BOE) pazHooOpasne (JIUCKPETHBIN
MPU3HAK), MOKET BO3SHUKHYTH 3ajlada OIpPEACIICHUS] MHHUMAJIBHOTO 00bheMa BBI-
OOpKH, B KOTOPOH OyJeT MPUCYTCTBOBATH XOTS ObI OJUH SK3EMILISP C OMPEIEIICH-
HeIM QeHoturnoM (JKuBoTtoBckuii, 1991). C mo3unuii Teopun BEpOSTHOCTH 3a/1a4a
CTaBUTCS TakK: OMpPENEIUTh 00BEM BBIOOPKH, B KOTOPOH C BEPOSITHOCTHIO P MOXKHO
OXKUJaTh IPUCYTCTBUE OCOOM C MPU3HAKOM, YACTOTa KOTOPOTO B T€HEPAIBbHOM CO-
BOKYITHOCTH cocTtaBiisieT 7. [Ipeqnaraerca ciuenyromas Gpopmyina:

N In(1-P) .

In(1-1)

B nepBoM npubnmkeHUN 3HaYCHUE T MOKHO OTPECTUTh MPUOITU3UTEITHEHO
0 MUMEIOIIMMCS JaHHBIM. YTO K€ KacaeTcsi BEPOATHOCTU P, TO ee ypOBEHb J0-
BOJIbHO CHWJIBHO BJIHUSIET HA BEIWYMHY HEOOXOIUMOTO 0Obema BBIOOpKHU. Jlis
Oonbielt HageXKHOCTH cienyet Opath P = 0.99, Ho Toraa Bo3pacteT 06beM pabdoT;
HE CTOJIb BbicOKHE TpeboBanus (P = (0.95) MoryT u He MO3BOJUTH HAUTHU UCKOMBIN
dbenotun. B wactHOCTH, Ipu ypoBHE BeposTHOCTH P = 0.95 u mpeamnoaoxuTemns-
HOM yactoTe ¢penoruna B nomyssiiuu 7 = 0.05 notpedyetcs

N = =099 _ ¢4~ 59 oxs.
In(1 - 0.05)

9TOOBI OTIIOBUTH XOTS OBI (011:4% 0CO0b C 3TUM JAUCKPCTHBIM IIPU3HAKOM.
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OLEHKA INTPUHAUVIEZAKHOCTHU BAPUAHTDI K BBIGOPKE

MHorna BecTpedaercst cuTyanus, KOrja oHa U3 IOJIYYEHHBIX BapUaHT CHJIb-
HO OTJINYAETCA OT OCTAJIBHBIX. MOXKHO JIM TaKHE PE3KO BBIACISIIONIUECS 3HAYCHUS
UCIIOJIB30BAaTh IIPU JAJIBHEUIINX pacderax? B TepMuHAX mMareMaTU4ecKoW CTaTH-
CTHKH IOCTaBJIEHHBII BONIPOC 3BYUUT TaK: OMHOCUMCA U OAHHAS 8APUAHA 8Me-
cme ¢ Opy2umMu 8apUAHMAMU U3YYAEMOU 8bIOOPKU K OOHOU U MO Jice 2eHePalbHOU
coeokynnocmu unu K pasuvim? Ero MoxHO chopMyIupoBaTh M MO-IPYTOMY:
c(hOpMHUPOBAHO JM JAHHOE 3HAUYEHUE BapUAHTHI MOJ ACHCTBHEM TEX K€ JTOMUHH-
PYIOIUX U CIydalHbIX (PaKTOPOB, YTO U BCE OCTAJIbHBIC BApHAHTHI JAHHOW BbI-
O0OpKu, Uiu 3T0 ObUTH UHBIE (HAKTOPHI? 3/1€Ch BO3MOKHBI JIBa OTBETA.

1. dakTopsl T€ K€, T. €. BCE BAPUAHTHI B3ATHI U3 OJIHOM U TOM K€ TeHepasb-
HOW COBOKYITHOCTH.

2. @axkTopsl UHBIE, T. €. OCOOEHHAs! BapuaHTa U BbIOOpKA IIOPO3Hb B3STHI U3
Pa3HBIX F'€HEPaIbHBIX COBOKYITHOCTEH.

OTBeT Ha 3TOT BOIPOC MOXHO IOJIYYHTh C MCIOJIb30BAHUEM PAaCCMOTPEH-
HBIX BBIIIE CBOMCTB HOPMAJIBHOT'O pacnpeseseHus. Tak, eciiu Bce BapuaHThl ObUIH
B35Thl U3 OJHOW I'€HEPAJIbHOM COBOKYIIHOCTH, 3HAYWUT, OHHM JOJDKHBI OTJIMYATHCS
Jpyr OT Apyra TOJBKO B CHJIy CIy4dalHBIX IPpUUYUH U (C BeposTHOCThIO P = 0.95)
HaxoauTbea B auanazoHe M +2-S. UHpIMM ciioBaMu, IO CIy4YalHBIM NPUYMHAM
BapHAHTHI JOCTATOYHO OOJIBIION BHIOOPKH OYIyT OTKJIOHSTHCS BJIEBO WM BIPABO
oT cpenHelt He 6onee ueM HAa 2-S: x—M <2-Sum (x—M)/S <2.

OTa BEIMYMHA, HOPMUPOBAHHOE OMKIOHEHUe, U CIYXKHUT Oe3pa3MepHOil Xa-
PaKTEPUCTUKON OTKIIOHEHUSI OTAEIBbHONM BapUAHTHI OT CpeiHel apu(hMEeTUIECKO:

x-M
f=——
S
r/i€ { — KpUTEpHil Bblnaja (MCKIIOUECHUS),

X — BBIACIIAIONIEECS 3HAYEHUE NIPU3HAKA,

M — cpenHss Benu4MHA I TPYIIIBI BAPUAHT,

tmagr, — CTAHAAPTHBIE 3HAYECHUsI KPUTEPHS BBINAJ0B, ONPEIEISEMbIE CBOMCT-
BaMU HOPMAaJIbHOTO pAaCIpeneseHusl, UX MOXHO HalTu no tabn. S5I1 nust Tpex
YPOBHEHN BEPOSITHOCTH (AJ11 OONBIINX BHIOOPOK OOBIYHO MOJIB3YIOTCS 3HAUEHHEM
toacr. = 2 ipr P =0.95, wim o = 0.05).

JUis BapuaHT, NPUHAIEKAUX K U3y4aeMOM JOCTATOYHO OO0JBIION BBIOOD-
K€, HOpPMUPOBAHHOE OTKJIOHEHHE MEHbILIE IBYX (C BeposaTHOCThIO P = (0.95): ¢ <2.
B ciydae neiicTBust Ha BapuaHTY HEKOETO HEOOBIYHOTO (paKTopa, OHAa OKaXKETCs 3a
npeaeraMu yKazaHHOro auana3zoHa M =+ 2S u ee HOpMUPOBAHHOE OTKJIOHEHUE Oy-
JIET paBHO UM OOJNbIIE ABYX: ¢ > 2.

HopmupoBaHHO€ OTKJIOHEHUE €CTh MPOCTEUIINNA cmamucmuyecKutl Kpume-
puil, KOTOPBIA MOMOTAaeT ONPEIEIATh TaK Ha3bIBAEMBIE «BBICKAKMBAIOLME)» BapH-
aHTBl U peIIaTh BOIIPOC O BO3MOXKHOCTH UX OTOpachiBaHUs Kak apTedakToB (uc-
KJII04YaTh U3 JajbHele o0padotku). [locie Takoi «4uCTKN» mapaMeTpbl BEIOOD-
KU JTOJDKHBI OBITh paccUMTaHbl 3aHOBO. K OlieHKe 4yKepOJIHOCTH BapUaHT, Kak U K
JIPYTUM METOJaM CTaTUCTHKH, HENb3s MOAXOAUTH (OpMajbHO; 1esib OnomMeTpude-

~ tmaﬁﬂ.a
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CKOTO HCCIIEIOBaHMS BCErAa COCTOUT B TOM, YTOOBI TIOHSTH CIEIIU(UKY SBICHUS.
B yactHOCTH, «OTCKakuBarouas» BapHaHTa MOXET OBITh CIIEJCTBUEM TOTO, YTO
MPU3HAK UMEET UHOE, He-HOPMAJIbHOE pacrpe/ieieHUE.

Paccmotpum paboty kputepus Ha npumepe. [Ipu nuamMepenuun 1iuHbI yepena
B3pPOCJIBIX CaMIIOB OOBIKHOBEHHOW 3eMJIEPONKHU-0YypO3yOKU MOTY4YEHBI BHIOOPKHU C
TakuMu TapameTpamu: M= 18.8, §=0.3 mm. OOmiee 4uCIIO XKUBOTHBIX 7 = 85.
Cpenu npouyux BapuaHT JiBa OoJbmiux 3HaueHus (19.2 u 21.0) BbI3bIBAIM COMHE-
Hus. Onpenenum I HUX KPUTEPUH BbINAA:

_ 19.2-18.8 S13<2, 18, = 21.0-18.8 _

0.3

CornacHo Tabnuue 5/, KpUTHYECKOE 3HAaU€HHE HOPMHUPOBAHHOIO OTKJIOHE-
HUS U1 YpOBHS 3HaUUMOCTH o = 0.05 u n = 85 paBHo ¢ = 2.0. IlockoiyibKy nepBoe
nosryueHHoe 3HavyeHue (1.3) MeHbie TabauaHOTO (2), MePBHI U3 COMHUTEIHHBIX
pe3yabTaTOB UCKIIIOYATh HE CIIEAYET, a BTOPOil JOMIKEH OBITh OTOPOIIIEH — KpUTe-
puii Beinaza (7.3) npeBslaeT TabJuyHOE 3HaUeHHE (2).

[ToHsiTHE HOPMUPOBAHHOTO OTKJIOHEHHUS IMO3BOJISIET BBECTH Ba)kKHEMIIee Mmo-
HSTUE CTAaTUCTUKU. Cmamucmuka — 6e3pasmepHas ciy4yaunas 8eiuduna, Komopas
umMeem uU3B8eCMHbIU 3aKOH pacnpedeleHus U UCNOIb3Yemcs 8 Kayecmee Kpumepus
0JI51 NPOBEPKU CIAMUCTMUYECKUX SUNOME3.

B 3TOM cmbIciie HOpMUPOBAHHOE OTKJIOHEHUE €CTh CTaTUCTUKA. Bo-TepBbIX,
3TO Oe3pa3MepHasi BEIMYMHA, TTOCKOJIbKY €IUHUIBI U3MEpEeHUs yucaurtens (x;— M)
U 3HaMeHarens (S) B3aMMHO YHUUYTOXAIOTCS. BO-BTOPBIX, HOpPMUPOBAHHOE OTKJIO-
HEHUE HMEET BIIOJIHE OIPEACIICHHOE pacmlpeneieHue (B ciydae HENpephIBHBIX
MPU3HAKOB — HOPMAJILHOE) CO CBOUMM mapameTpamu (puc. 9). Ero cpeansisa paBHa
Hymo M, = tyy = (M — M) /S = 0, a crangapTHOE OTKJIOHCHHE PABHO €IUHHUIIC
Si=ts=(S—M)/S=(S-0)/S=S5/5S=1.

5 7.3>12.

95%
' A | I —
50 731 93 Xre
95%
196 . | 196
96 120 0 4169 L ¢

Puc. 9. Ilepexoo om peanbH020 NpusHaKa x K HOPMUPOBAHHOM) OMKIOHEHUIO t
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HopmupoBaHHOE OTKIOHEHHE — yHUBEpcalbHas BeauunHa. Kakoi Obl mpu-
3HaK (MMEIOUUI HOpMaJIbHOE pachpenesieHne) Mbl HU Opaiu, ero 3HauYeHus MOX-
HO BBIPa3UTh B BUJE PACCTOSIHUS OT LIEHTPA B €AMHULIAX CTAHIAPTHOIO OTKJIOHE-
HUs, T. €. Ha CKOJBKO S JaHHOE 3HAYECHHE X OTKJIOHWIOCh OT M. Ilpu 3TOoM, Kak
CJIEAYET U3 CBOMCTB HOPMAJIBHOTO paclpeAcsieHus, KpailHue 3Hauenus B 95% ciuy-
yaeB He OyJyT MPUHUMATh 3HAUECHHS] MEHbIIIe —2 U OoJible 2.

C nomomp0 HOPMUPOBAHHOTO OTKJIOHEHHSI MOXKHO, HallpUMEp, OLIEHUBATh
OTJINYUS Pa3HOKAYECTBEHHBIX OOBEKTOB (MIOPOJ U COPTOB, BUAOB, MOMYJISALIUMA, Te-
HEepalui 1 1p.), IpUYEM JaKe MO pa3HbIM IIPU3HAKAM.

HopmupoBaHHOE OTKIOHEHHME MOKHO HMCIOJB30BaTh U JUIsl CPAaBHUTEIbHOM
OLICHKM Pa3HbIX MHIAMBUIOB MO OJHOMY M TOMY € mnpusHaky. Hampumep, eciu
CONOCTAaBIIIEMbIE IO OTHOCHUTEJILHOMY BECY Cep/lla MOJIOAAsl U B3pociasl 3emiie-
POMKHU-O0Ypo3yOKH AEMOHCTPUPYIOT oauHaKkoBble mokazatenu (10.5 mr%), To 3TO,
TEM HE MEHEE, HE O3HA4YaeT MX CXOJICTBA [0 M3y4aeMOMY INpH3HaKy. Mcrnonp3ys
U3BECTHYIO MH(popManuio (y MOJOABIX CpeAHH MHIeKc cepiaia paBen M = 10.0
npu cTaHgapTHOM oTkioHeHuHu S = 1.3, y B3pocneix — M = 11.8, §=1.1), paccuu-

10.5-10
Ta€M HOPMHMPOBAHHOE OTKJIOHEHUE IJI MOJIOAOTO 3BEPbKa I, :T =03 u
10.5-11.8
JUISL B3POCIIOTO ¢, = 1 =—1.2. Hanuuo cymecTBeHHOE pa3jInuue: B3pOC-

JIbIA 3BEpEeK MMEET OTHOCUTEIbHO HU3KHM MOKa3aTellb CepJIeYHOr0 NHIEKCa, a MO-
J0]10¥ OJIM30K MO ATOMY IMPU3HAKY K BUAOBOW HOPME.

HauOounbiiee pa3BuTHe TakoW MOAXOJ] MOJIy4aeT B Mpoleaypax oOpaboTKu
MHOTOMEPHBIX JaHHBIX, MPU HCCIEIOBAHUUA OOBEKTOB, OXapPAKTEPU30BAHHBIX I10
MHOTUM IpPHU3HAKAM, METOJOM KOPPEJSIIUiA, TIaBHBIX KOMIIOHEHT, IIPU UX KJlacTe-
pu3anuy U T. . Bo MHOrux ciaydasx o0paboTka MHOIOMEPHOTO MacCMBa HauMHa-
eTCSI C HOPMUPOBAHUS TAHHBIX 10 POpPMyJIe HOPMHUPOBAHHOTO OTKIOHEHHUSI.
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OIIEHKA PA3JIMYMI IBYX BEIBOPOK

B n1100bIX OHMONOTMYECKUX AKCIIEPUMEHTAaX U HAOJIOJCHUSIX 0co0oe 3Haye-
HUE UMEIOT Pa3Inyusi, HA OCHOBAHUU KOTOPBIX CYIAT 00 3pPexkTUBHOCTU NEUCT-
BUS T€X WJIM MHBIX (PAKTOPOB, HANPUMEDP, IO PA3HOCTH MEXAY ONBITHOM U KOH-
TPOJIBHOM I'pyIIaMH J€Jat0T 3aKJII0UEHUE O pe3ysibTaTax onblTa. TOYHO Tak e Mo
COOTBETCTBYIOIIUM HU3MEHEHHUSIM MOPPOPU3NOIOTHYECKUX IIOKa3aTeNel ornpesae-
JSIFOT BO3PACTHBIE, CE30HHBIE M MOMYJSLUOHHBIE OCOOCHHOCTH >KMBOTHBIX. [lpu
TOM OCOOEHHO Ba)KHO OLIEHUTH CTATUCTUYECKYIO O0OCHOBEPHOCHb PA3HOCU, T. €.
OTpeAeIUTh, MOXKHO JIM JAHHOE Pa3IMiue CUUTATh 3aKOHOMEPHBIM, XapPaKmepHbIM
0J11 8cell 2eHepabHOU COBOKYNHOCMU U PACCMATPUBATh €r0 KaK Pe3ysbTaT JeHCT-
BUSI OCOOCHHBIX (PAKTOPOB, WJIM K€ OHO CIy4YailHO W SIBJISIETCS CIEIACTBHEM HEIO-
CTAaTOYHOT'O KOJMYECTBA JAHHBIX U B CICAYIOIINX OMBITaX MOXET HE MPOSBUTHCA.

OOHapykeHue NOCTOBEPHBIX OTJIMYMM CTaTUCTUUYECKUX MapaMeTpoB — IeEp-
BBIi1 1Iar K MO3HAHUIO HOBBIX OMOJIOTMYECKUX 3aKOHOMEPHOCTEH, MPUYEM KoJInye-
CTBEHHO JI0Ka3aHHbIX. OTBET Ha BOIIPOC O AOCTOBEPHOCTH WJIM CIy4allHOCTH OT-
JUYMN  JAl0T CTaTUCTUYECKUE KPUTEPUHU, CPEIU KOTOPBIX CaMble pacmpocT-
paHeHHble kputepuu ¢ CterosieHTa U F' @uiiepa. Beruncinenue ux Benercs o cre-
UalbHBIM (popMyJiaM (pa3IMYHBIM B 3aBUCHMOCTH OT CPABHUBAEMBIX IapaMETPOB
U TUIOB pacnpezeneHus). [lonydeHHsle 3TUM clIoCOOOM 3HauY€HUsl KpUTepues (AJis
4ero B (opMyJibl MOJCTABISIIOTCS SKCIIEPUMEHTAIbHBIE JTaHHBIE) CPABHUBAIOT C
TaOJMYHBIMU NIPH BEIOpAaHHOM YpOBHE 3HAUUMOCTH (00b1yHO 0.05) U yncne cremne-
Hell cB0OObI (00beMbI BEIOOPOK O€3 uKcia orpaHudeHuil). Pesynbratom Takoro
CPaBHEHHMSI JOJKEH CTaTh OJIMH U3 JBYX BapHAHTOB CJIEIYIOIIET0 CTATUCTHUYECKOTO
BbIBOJIa. Ecnu monydyeHHoe 3HaYeHue (BeIMYMHA) KpUTEpHs OOJbIIe TaOJIUYHOTO,
3HAYUT, PA3NIAYUS MEXKIY MapaMeTpaMu IpU 3aJaHHOM YPOBHE 3HAYMMOCTH U yC-
TAHOBJICHHOM 4YHCJIE CTEIIEHEN CBOOO/IbI TOCTOBEPHBI, B Pa3HbIX BHIOOPKAX NEHCT-
BUTEJIBHO NPOSBUIIOCH JAEMCTBUE pa3HbIX (PAaKTOPOB WIIM Pa3HbIX YPOBHEW OAHOIO
¢dakropa. Eciu ke nonydyeHHasi BEIMUMHA KPUTEPUsI MEHbLIE TaOJIUYHOM, TO MpHU
JAaHHOM YpPOBHE 3HAUMMOCTH M YHCJIE CTENEHENW CBOOOABI PA3INYUSA MEXIY INapa-
METpaMH HeNOCTOBepHbI. llocienHee roBOpUT O TOM, YTO pa3iavyuUs CIy4YalHbI,
HUKAKOI'0 OIPENEIECHHOIO BbIBOJA O NOOYIUTENbHBIX IPUUMHAX OTIMYUN CIENaTh
HEJb3s1, HyJIeBas TUIIOTE3a OCTAETCSl HEOIPOBEPTHYTOM.

[Ipu cpaBHEHUHN BBIOOPOK MO CTENEHHU BBIPAXKEHHOCTH MPHU3HAKA TOBOPST O
JIOCTOBEPHOCTH (HEAOCTOBEPHOCTH) OTJIMYUIN CPEAHUX apU(PMETHUIECKUX U JOJEH,
a TIpU CPaBHEHUHU IO YPOBHIO M3MEHUYMBOCTH MOKa3zaTejel — O TOCTOBEPHOCTHU
(HEAOCTOBEPHOCTH) OTJIMYMI CTAaHAAPTHBIX OTKJIOHEHUH (AMCHEpCUil) U KO-
3¢ unmenToB Bapuauuu. OcoOblil cily4ail IpeaCcTaBiIseT CpaBHEHUE JBYX BBIOO-
POK MO XapakTepy pacmpeneneHus (I0CTOBEPHOCTh OTIMYHUS YacTOT), a TaKkKe 00-
11ee OTIMYME BEIOOPOK 0€3 yKa3zaHUsl ONPEECIICHHBIX TapaMeTPOB (J1s IPU3HAKOB
B IIOJIyKOJIMYECTBEHHBIX €MHUIIAX ).

Cpasnenue cpeonux apughmemuyeckux
3amavya cpaBHEHHs BBIOOPOYHBIX CPEAHHMX — 3TO BOMPOC O TOM, JACHCTBOBAI
J¥ TIPU COCTaBJICHUHM OJHOW M3 BBIOOPOK HOBBIM CHCTEMAaTHYECKUU (DakTop o
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CPaBHEHMIO C JPYroi BHIOOPKOW. B TepMHHAX CTaTUCTHKHU OTIMYHUS MEXKIY Cpel-
HUMHU MOTYT UMETH J[Ba POTUBOIOJIOKHBIX HCTOYHUKA:

1. OGe BbIOOPKHU B3STHI U3 OAHOW I€HEPATbHOM COBOKYMHOCTH, HO CPEAHHE
OTJIMYAIOTCS B CHITY OLUMOKU PENPE3EHTATUBHOCTH.

2. BpIOOpKH B3ATHI U3 pa3HbIX T'€HEPAJIbHBIX COBOKYIHOCTEH, OTIMYME
CPEeIHMX BBI3BAHO B OCHOBHOM JICHCTBHMEM pPa3HbIX JOMHHHUPYIOMUX (HaKTOpoB (a
TaKXe U CIIy4aiHo).

CraTucTudeckas 3ajada COCTOUT B TOM, YTOOKI clieIaTh 0OOCHOBAHHBIM BEI-
oop. Ucxonno npeanonaraercs (Ho): «JlocToBepHBIX OTAMYUN MEXAY CPEIHUMHU
HeT». OTIMYHUTh 3aKOHOMEPHOE OT CIIy4ailHOTO MO’KHO TOJbKO HAa OCHOBE 3HAHUS
3aKOHOB IMMOBEJEHUS CIIy4ailHOW BeJWYUHBL. JlJI1 UCKIIFOUEHHUS YYKEPOIHBIX («BBI-
CKAKMBAIOIIMX») BapHAHT Mbl IPUMEHSIN 3aKOH HOPMAJIbHOI'O PACIPEECICHUS: B
JIMana3oHe YeThIpeX CTaHAAPTHBIX OTKJIOHEHUM, M + 1.96-§, oTkIIOHEeHHe BapuaHT
OT CpellHEel MPOUCXOAUT MO CIy4YalHBIM MPUYMHAM; 3a TPAHMUIIAMH ATOrO JMAara-
30HA JieXxaT 4y KEPOJHbIE Il JaHHOW BbIOOpKM 3HaueHus. [lockosibky BBIOOpOU-
HbIE CpPEeJHHE UMEIOT HOPMAJIbHOE paclpe/iefieHue, KpUTepuil OTINYUS ABYX BBI-
OOpPOYHBIX CPEIHHMX TaKKe O0a3MpPyeTCs Ha CBOUCMBAX HOPMANbHO20 pachpeoelie-
Hus: B rpaHunax M,s, £1.96:m (nnm npubnusurensHo Mz, = 2-m) BEIOOpPOYHBIE
cpeaHue apupMeTuuecKrue OTIWYAIOTCS OT o0Ied (reHepaabHON) cpeaHen Io
ciiy4yailHbIM npuunHaM. Torma pabouast ¢popmyna A ¢ KPUTEPHs OTIWYUS CpPE-
HUX Oy/eT:

[M, - M|

[ = ———— ~ i, dp)-

2 2
m, +m2

Cnenyer NOMHHUTB, YTO Pa3HOCTh CPEIHUX HYKHO OpaTh MO MOIYIIO, T. €.
0e3 yuera 3Haka. [lonyueHHoe 3THUM crocoOoM 3HaueHue kpurtepus ¢ CThIOJIeHTa
CPaBHUBAIOT C TaOJWYHBIM TPHU BBHIOPAHHOM YpPOBHE 3HAYUMOCTH (OOBIYHO JIs
o.=0.05) u uncne creneHeir cBOOOABI (0OBeMbL 8bIO0POK be3 Hucia oepaHudeHull,
df = n;+ n,— 2). Pe3ynbraroM Takoro cpaBHeHUsI JOJKEH CTaTh OJIMH U3 JIBYX Ba-
PUAHTOB CJEAYIOWIETO CTATUCTUYECKOrO BbIBOJA. EcCiM MOny4eHHOE 3HaYCHUE
(BenmmunHA) KpUTEpUs OOJIBINE TAOTMYHOTO, 3HAYUT, PA3IUIHS MEXKIY apaMmeTpa-
MU TIPHU 33JJaHHOM YPOBHE 3HAYMMOCTHU U YCTAHOBJIEHHOM YUCJIE CTeNEHENH CBOOO-
IbI TOCTOBEpHBI. Ecim jke mosydeHHasi BEIMYMHA KPUTEPUsI MEHBIIE TaOJIMYHOM,
TO TIPH TAHHOM YPOBHE 3HAYMMOCTHU U YUCJIE CTENEHEH CBOOOIBI Pa3Iudus MEXKIY
rapaMeTpaM HeOCTOBEPHBI. [lociiennee roBOpUT 0 TOM, YTO Pa3IU4Ms CIydai-
HBI, HUKAKOT'0 OMPEJEICHHOTO BbIBOJIA CAENATh HEb3S, HyJIEBas TUIIOTE3a OCTAET-
Cs1 HEONIPOBEPTHYTOM.

[Ipu cpaBHEeHHH BBHIOOPOUYHBIX MapaMeTPOB HOPMATBHOTO U OMHOMHUAIBLHOTO
pacrpesielieHuid UCTONb3yeTcsl OJHa U Ta ke Qopmyna. Hanpumep, B mpoiiecce
CIEeIUATBHBIX UCCIIEIOBAaHUMN OBLIO YCTAHOBIIEHO, YTO Y CTAPUKOB /IO JICUEHUS UH-
CYJIMHOM CpE€JIHEee coJiepaHue OelKoB B KpoBU cocrtaBisuio 81.04 + 1.7, a nmocie
neuenust — 79.33 £ 1.6. HetpyaHo BUIETh, UTO MOJYYEHHbIC BEJIMYMHBI HEOIUHA-
KOBbL. HO OCTOBEPHO 1M 3TO pasinuue, 3aKOHOMEPHO JIK OHO? MOXHO JI1 Ha €ro
OCHOBAHWM YTBEPK/IATh, UTO JICYCHUE WHCYITMHOM MOHMXAET COepKaHue OCITKOB
B KpoBHU? OTBET HA 3TOT BOMPOC MOKET JaTh KPUTEPUN JOCTOBEPHOCTH Pa3Inyunid
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cpenanx apudmernyecknx. CoryacHo oOIel HyJIeBOW THIIOTE3e, CPEIHNUE HE OT-
mnyatotcs. [IpoBepum ee ¢ momoibto kputepust CThIOJIEHTA:
. M,-M, :81.04 79.33 —07.
Jmi+mi L7 +1.6°
[To Tabnure TpaHUYHBIX 3HAYEHUN KpuTepus (Tadm. 6/1) HaxoauM, 4TO IS
ypoBHs 3HauuMocTH o = 0.05 u uyucna creneneir ceodoabl df = 20 +20 —2 = 38
BEJIMYMHA KPUTEPHUS COCTABIIAET f(o0539) = 2.03. IIOCKOJIbKY OIYyYEHHOE 3HAYEHHE
(0.7) menbiie Tabiuanoro (2.03), HysneBasi TUIIOTE3a COXPAHIETCS, PA3THIHUSI MEXK-
Ny CPEAHUMH BEJIMYMHAMH CTATUCTUUYECKU HEAOCTOBEpHBI (He3HaumMsbl). Cleno-
BaTeJIbHO, BIMSHUE WHCYJIMHA Ha colep:KaHue OCJKOB B KPOBHM MPUBEIACHHBIMU

BBIIIC JaHHBIMH HC IMOATBCPIKAACTCA U OCTACTCA HCIOKA3dHHBIM, BO3MOJKHO, N3-3a
HCIOCTAaTOYHOI'O YHCJIa OHpCI[eJ'IeHI/II‘/IL

Cpaenenue ooneii

[Ipu cpaBHEHHUH JAOCTOBEPHOCTH Pa3auyusl J10JEH WM MPOLEHTOB (p) mpHu-
3HAKOB, XapaKTEepU3YIOUIUXCS albTEPHATUBHBIM paCIpeCICHUEM, MPUMEHSIOT
kputepuii dumepa ¢ @p-nmpeodpazoBanreM. Bmecto mporieHToB OepyT (hu-3HaUE-

HUS @ = arcsin\/; (wm o Tabmurie 10/7) 1 MOACTaBISAIOT UX B GOPMYITY:

2
(@ —@,) -n-n
F=-"1_72 L2 ~ Fla.an, ap»
n, +n,

rIe @) ¥ @, — nNpeoOpa3oBaHHbBIE T0JIH,

1| ¥ Ny — 00BEMBI BBIOOPOK.

[TommyueHHOe 3HaYEHHE CPABHUBAIOT C TAOJIUYHBIM B COOTBETCTBUU C 3aJaH-
HBIM ypoBHeM 3Hauumoctd, o =0.05, m uuciom creneHeil cBoOonbl: dfi=1,
dﬁ = n + ny — 2.

Hampumep, B mporiecce y4eToB MENKHX MIICKONMHUTAIIINX B JIBYX Pa3HBIX
ounoTomnax, rae crosio mo 200 ToByIeK, MOMaaoch COOTBETCTBEHHO 5 U 15 3Bepb-
KoB. OTiHMYaeTcss JU YHCIECHHOCTh JKMBOTHBIX Ha ATHX Iuiomankax? Ecmu pac-
CMaTpUBATh JIOBYIIKY KaK BapUaHTy, CIOCOOHYIO MPUHUMATh JBa 3HAYCHUS —
«ImycTas» U «cpaboTaBiiasy (Co 3Be€pbKOM), TO TOJy4yaeM BBIOOPKY BapuaHT (J10-
BYIIIEK) C aTbTEPHATUBHBIM pacrpeseneHneM. Yucio molMaHHBIX 0CO0eH MOXKHO
nepecyuTaTh B MPOLEHT cpaboraBmux joBymek: M; = 100% -5/200 = 2.5%,
M;=100% - 15/200 = 7.5%. ITo Tabmune 10// HaxoauM 3HAYEHUS @ U BBIYUCIIS-

(0.318—1.555)*-200- 200

200+ 200
nrynHa (5.62) Gonble KPUTHYECKOR F( s, 1,398y = 3.9, 3HAUUT, YUCICHHOCTh MEJI-
KHX MJICKOTTUTAIOIINX BO BTOPOM OHOTOTIE TOCTOBEPHO BBIIIE, YEM B IIEPBOM.

€M 3Ha4yeHue Kpurepus: F = = 5.62. IlonyueHHas Be-

Cpasnenue noxkazameneil UsMEHYUGOCMU

Haubosnee TOYHBIM METOJIOM OIpENETICHHs JOCTOBEPHOCTU Pa3IMuuil MexX-
1y BBIOOPOYHBIMHU JUCTIEPCUSIMH CIYXHUT Kputepuil F dumiepa B popme oTHOIIE-
HUS Aucriepcuii (0osbllee 3HaYeHUE TOJKHO CTOSITh B YUCIIUTENE):
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2

F = %N Flo, an. dpys

2

rac S1>S2,df1:n1_1,dj[2:l’12_1.

Ecnu nonmydennast BennuurHa F Gosblie TaOJIUYHOTO 3HAYEHUS MPU MPUHS-
TOM ypoBHE 3HaUMMOCTH (Tadn. 711 nus a = 0.05 u tadn. 817 nisg o = 0.01) u yucne
cTereHei cBo0oabl (df; u dfy), TO paznuuue MeXAy TUCIEPCUIMU TPU3HAETCS J0C-
TOBEPHBIM; €CJTM OHA MEHBIIE, TO PACXOXKICHUE MEXIY HUMH MOXET CUUTATHCA
HECYIIIECTBEHHBIM, CITy4YallHbIM, T. €. HyJIeBasi TUIIOTE3a HE OTBEPraeTcs.

PaccmoTtpum Takoit npumep. [lpu cpaBHeHHH MO MOKa3aTENIO MI0J0BUTOCTH
(4rcno 3MOpPHMOHOB Ha CaMKY) ABYX IMOMYJISIINI KPACHOM MOJIEBKU C Pa3HbIM ypOB-
HEM YHCJIICHHOCTH (y TEepBOM, TOPHOW, MOMYJISIUN TJIOTHOCTh HACEJICHHUS B JBa
pasa BBIIIIE, YeM y PABHUHHOWM) OKa3ajgo0Ch, YTO MPU OYCHb OJU3KUX CPEIHUX
apudmeTndeckux (cooTBeTcTBeHHO M| = 5.8 u M, = 5.4, pa3HuIla CTATUCTHICCKU
HEJIOCTOBEPHA) CTAaHJAPTHBIE OTKJIOHEHUS 3HAYUTEIBHO paziuyarorcs: S = 1.82,
S, =0.52 (npu n, =27, n, = 12). Orcrona

S{  3.3124
F:—IZ:—:12.25.
S5 0.2704
[TonyuenHoe 3Hauenue kputepus (F=12.2) Oonpmie TAOIUYHOTO
F0.05,26,11)= 2.6, cI€10BaTEIbHO, HYJIEBYIO THIIOTE3y O CIYy4alHOCTH OTIMYHI

MO>KHO OTOPOCHUTH, CAEJIaB BBIBOJ O TOM, UYTO MOKAa3aTeId U3MEHYUBOCTH TIO0-
BUTOCTH B Pa3HBIX [0 YUCIECHHOCTH MOIYJSLUUSIX JOCTOBEpHO oTiamyarorcs. C
OMOJOTUYECKUX MO3UIIMMA 3TO MOHATHO, MTOCKOIBKY T€HETUYECKUE OTINUUS MEKITY
0COOSIMH MPAKTHUYECKH MO BCEM MpHU3HAKAM, BKJIIOYAs MJIOJIOBUTOCTh, B OOJBIINX
NOMYJISUAX BbIIIE, 4YeM B MaibiX. HOBbIM (hakTOpOM, YCHIMBAIOIIUM WU3MEHYH-
BOCTh 0cO0O€d B BBIOOpPKE, CTAHOBUTCS BO3MOKHOCTH MOSIBICHUS aOeppaHTHBIX
dbopm B ycioBusx 0osiee cBOOOHON MTAHMUKCHH.

KoaddurmenTtsr Bapuanum Takxe MOXHO WCIIOJIB30BATh JIJISI CPABHEHUS W3-
MEHYMBOCTH Pa3HBIX TMOKazaTenei. JlocToBepHOCTh OTIMYUN KOIPPUIIMESHTOB
OTICHUBAETCS ¢ TOMOIIBI0 KpuTepust CThI0/IEHTa TI0 popMyIie:

|V, =V,
l = —F————= ~10.05,n1+n2-2)

2 2
ny +m2

rnie  CVy, CVyu my, my— 3Ha4yeHus ¥ OMUOKH KOA(HPUIIMEHTOB BapHaIlUU.
BBIBOZ O JOCTOBEPHOCTH OTIMYMK JIeJacTCs B TOM cllydae, €CJIM pacCyu-
TaHHOE 3HAYCHHUE TMPEBBICUT TAOMWYHOE TPH 3aJaHHOM YPOBHE 3HAYMMOCTHU
a=0.05 u ugucne creneneil cBob6oabl df = ny+ n,—2. CpaBHUM IO KPUTEPHUIO
CThro/IcHTa U3MEHYMBOCTH BECA TEJIA 3eMJIEPOEK U TIJI0IOBUTOCTH JIMCHIL;
CVi=86=+0.77%, n, = 63; CV,=26.7 £ 2.2%, n, = 76, orcrona
8.6—26.7|

,m7ﬁ+zf

[lockonpky  momydeHHoe  3HadeHwe (7.8)  Oomnpiie  TaOIUYHOTO
(t(0.05, 137y = 1.96), M3MEHUYMBOCTH IUIOJOBUTOCTH JMCHL[ JOCTOBEPHO BBILIE, YEM
U3MEHYUBOCTb BECA TEJIA 3€MIIEPOEK.

t =1.76.
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Cpasnenue 6b100pOK ¢ ROMOWBIO HENAPAMEMPUUECKUX KPpUmMepuee

OnucaHHbIe BBIIIE CTAaTUCTUYECKHE KpuTepuu (¢, F' ¥ Ap.) OTHOCATCA K na-
pamempuyeckum, T. K. UCNOIb3VIOM CMAHOApPMHble NApamempsl pacnpeoeieHull
(M, S, n). OHM CBSI3aHBI C 3aKOHOM HOPMAJIbHOTO PACIPECICHUS U IPUMEHSIOTCS
JUTSL OLIGHKH PACXO0KJIEHUS MEXy I'eHepalbHBIMU MapaMeTpamMu MO BHIOOPOUYHBIM
MOKA3aTeIsIM CPaBHUBAEMBIX COBOKYMHOCTEN. CyllleCTBEHHBIM JOCTOMHCTBOM IIa-
paMETPUYECKUX KPUTEPUEB CIYXKUT MX OOJbIIasi CTAaTUCTHYECKasi MOIIHOCTb, T. €.
IIMPOKKE pa3pelIarolne BO3MOXKHOCTH, a HEIOCTATKOM — TPYIOEMKOCTh pacye-
TOB, HEIPUMEHUMOCTD K PACHPEAECIEHUSIM, CUIBHO OTKIIOHAOIIAMCS OT HOpMaJlb-
HOT0, 4 TAKXKE IIPU UCCIIETOBAHUM KAY€CTBEHHBIX IPU3HAKOB.

Hapsny ¢ mapamerpudeckumu KpUTEpUSIMA ISl OPUEHTHPOBOYHON OLEHKHU
PACXOXKJICHUN MeXTy BbIOOpKaMU (0OCOOCHHO HEOOJBIIMMH) MPUMEHSIOTCS Tak
HAa3bIBAEMBIC HEMAPaMETPUUYECKUE KPUTEPHUH, OPUECHTHUPOBAHHBIE B MEPBYIO Ove-
pelp Ha HCClEeI0BaHUE COOTHOLIEHUW pane08 UCXOIHBIX 3HAYEHUW BapuaHT. Pane
— MO YUCIO HAMYPATbHO20 pA0d, KOMOPLIM 0003HAYAemcst NOPAOKO8blll HOMeED
Kaxc0020 YieHa ynopsaoouyeHHOU CO80KYNHOCMU eapuanm. ITa 3aMeHa MO3BOJISET
CpPaBHUBATH BHIOOPKH KaK MO KOJUYECTBEHHBIM, TaK U MO KAYECTBEHHBIM MPHU3HA-
KaM, 3HaYEHUs KOTOPBIX HE UMEIOT YUCIOBOTO MPEACTABICHUS, HO KOTOPBIE MOX-
HO paHXupoBaTh. KOHCTPpYKIIMM HEMapaMETPUYECKUX KPUTEPUEB OTIMYAIOTCS
IPOCTOTOM.

Bces npouenypa cOCTOUT U3 TPEX ATANOB — YIOPSAIOYNBAHUE U PAHKUPOBA-
HHUE BapUAHT, NOACYET CYMM PAHTOB B COOTBETCTBUHU C MPABWJIAMHU JAHHOTO KpH-
TepUs, CPAaBHEHHE MMOJTYYCHHOW BEJIUYMHBI C TAOJIUYHBIM 3HAYEHUEM KpPUTEpHUs.
[Ipu sTOM C mapamMeTpUYECKUMHU KPUTEPUAMHU UX POAHUT OOIas UI€OJOTHYeCKast
nogoreka. Hynesas rurnoresa, kKak MpaBuiio, COCTOUT B TOM, UTO CPABHUBAEMBbIE
BBIOOPKH B3SThI U3 OJIHOW M TOW K€ F€HEPATbHOM COBOKYIHOCTH, 3HAYUT, XapaK-
Tep pacnpeleseHus: BaApHaHT B 3TUX BBIOOPKaAX JAOJKEH OBITh CXOIHBIM. [Tockob-
Ky BMECTO CAMHUX 3HAUYEHUIN BapHAHT UCIIOJIb3YIOTCS PAHTU, BCE HEMAapaMeTpHhye-
CKME METOJAbl UCCIEAYIOT OJUH BOIPOC, HACKOJIBKO PABHOMEPHO BAPHUAHTHI pa3-
HBIX BBIOOPOK «IepeMelianby Mexay coOoi. Ecnu BapuaHThl pa3HbIX BBIOOPOK
0oJee WM MEHEE PEryJIsipHO YepeaytoTcsi B 00IIEM yIOPSIOUEHHOM sy, 3HAYUT,
OHM pacmpeieNICHbl CXOJHBIM 00pa30M M OTJIMUMUA MEXIYy COBOKYIHOCTSIMU HET.
Ecnu e BbIOOpPKM NEpeceKaroTcsi HEMOJHO (CMELIMBAIOTCS TOJBKO KpasiMd pac-
npejeieHui, 1ud0 oJHa MOTJIONIAET JIPYryl0), TO CTAHOBUTCS SICHO, YTO 3TH BbI-
OOpKH B3SIThI U3 Pa3HBIX F€HEPATbHBIX COBOKYMHOCTEHN (CO CMELICHHBIMU LIEHTpA-
MU WK PA3HBIMU JUCIEPCUSMHU ).

Cpenu MHOKECTBa U3BECTHBIX METOJIOB MBI PACCMOTPHM JiBa METOAA: Y WII-
KOKCOHA — MaHHa — YUTHU (JOBOJILHO TOYHBIM, HO HE CAaMbIi MPOCTOW JJisl BbI-
yucnennii) u kpurepuii Q Pozernbayma. (mpocToii it pac4eToB, HO HE OYCHb TOU-
HBIi1).

Kpumepuui U Yunkoxcona — Manna — Yumnu

DTOT METOJ CpaBHEHHS JBYX BBIOOPOK MPU3HAETCS HanOOJIee YyBCTBUTEIb-
HBIM U MOILHBIM CPEIU MPOYMX HenapameTpHuecKux KpurepueB. CorjiacHo Hylie-
BOU TUIIOTE3€, CPABHUBAEMBIE COBOKYITHOCTH UMEIOT OJIMHAKOBBIE PACIIPEICICHHUS.
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TexHHKa METOJa COCTOMT B TOM, YTO BCE BapHaHTbl CPAaBHUBAEMBIX COBOKYITHO-
CTE! paHXUPYIOT B OJIHOM OOIIEM PANlY: KaXJAOMy 3HAUEHHUIO MPHUCBAUBAIOT PaHT,
NOpsIKOBBIA HOMep. [Ipu 3TOM 0 JMHAKOBBIM (ITOBTOPSAIOIIMMCS ) 3HAYECHUSM BapH-
aHT JIOJDKEH COOTBETCTBOBATH OJMH U TOT K€ CPEAHHM paHT (OHU KaK Obl «JIEJsT
Mectay). [locae 3Toro panru BapuaHT CyMMHUPYIOT OTAEIBHO MO KaXK0M BIOOPKE:
Ri=%2r,Ry=%r;,i=1,2,...,m,j=1,2, ...,nyn=mn, +ny
Y BBIYHCIIAIOT BEJIMUUHY KPUTEPHUS:

[ U-0.5-n,-n,

JG oy -(n+1)/12)

rae U= max(U,;, Uy) — MakcuMaiabHOE 3HAUCHHE U3 JABYX BEITUUMH:

U =n-n,+05n(n +1)-R,,

U,=nn,+05-n,(n, +1)—R,.

Ecnu BeiOOpka noctarouHo Benuka (n > 20), BeIMYMHA CTaTUCTUKH ! CpaB-
HUBaeTCs ¢ TabiuuHbIM 3HaueHueM Kputepus CrerogeHTta s df = u a=0.1
(T. e. ToNIBKO A1 BepxHer 95%-ii obnactu HopManpHOTO pacnpeneneHus). Cunra-
€TCsl, 4YTO METOJI XOpouIo paboTaeT /iyl BBIOOpok 00bemoM Oosbiie 10. B ciydae ¢
MEHBIIMMHU BBIOOPKAMU HYHO TMOJIb30BAThCS TaOIUIIaMu Y MIIKOKCOHA — MaHHa —
Yurtnu (tadn. 1177).

B kauectBe npumepa cpaBHUM 5- U 35-IHEBHBIX IIEHKOB IECIIOB MO aKTHUB-
HOCTH (hepMeHTa KaTanas3sl B cepare (£):
5-nHeBHbIC: 41,44, 31, 38,43,29,71,45, M=42.6,5=12.8, n; =8,
35-naeBHBIC: 52, 51, 62,52, 52, 50,54,62,31, M=51.7,5=9.0,n,=9.

Bricokue xkorpdunments: Bapuanuu (30 u 17%) roBopsAT o TOM, 4TO pac-
npenesieHnsl IPU3HAKOB, CKOPEE BCEro, HE COOTBETCTBYIOT HOpMajbHOMY. [103TO-
My CpaBHUBATh CPEJAHHE CJIEAYET C MOMOILBIO HENapaMeTPUYECKOro KpUTEpHS.
Pamxxupyem BCIO COBOKYNHOCTb — YHOPSAJIOYMM 3HAa4€HUs BBIOOPOK IO BO3pacTa-
HUIO:

Es |29 31 38 41 43 44 45 71
Ess |31 50 51 52 52 52 54 62 62

3areM ynopsijouuM BCe 3HAYEHHS] BMECTE, HO TaK, YTOObI 3HAUCHUS KaXKI0M
BBIOOPKH pacroiaraiuch B ABYX OTHENbHBIX psnax (Es, E;s). Takoe pacnosoxeHnue
yIpoUIaeT Ha3HaYeHUe PaHroB (PsIbI 7's, 7'35) © CYMMHUpPOBaHUE PaHroB (R):

Ne|1|2[3|4]5|6]7]|8]9]10[11]12]13]14] 15| 16 [17| R
Es|29 31 38 41 43 44 45 71

Ess| 31 50 51 52 52 52 54 62 62

;|1 254 5 6 7 8 17| 50.5
rs| 25 9 10 12 12 12 14 155 155 | 1025

U =9-8+0.5-9-(9+1)-50.5 =66.5,
U,=9-8+0.5-8-(8+1)-102.5 =5.5,
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U=max(U,, U,)=66.5,n=8+9=17,
T:66.5—0.5-9-8 —503.
J(O-8-18/12)
[NoxydenHnoe 3HaueHue (2.93) Gomble TaOIUIHOTO (f(.1, )= 1.65, Tabmn. 611),
T. €. aKTUBHOCTh KaTaJla3bl C BO3PACTOM MEHseTCs. Pa3 BHIOOPKH Malibl, BOCTIONb-
3yeMcsl TOYHBIMHU TaOnuiaMu Y wikokcoHa — Manna — Yuthau (ta6n. 1177). Ilony-

qaeM £(0.0s, n1,n2) = £(0.05,8,9) = J1. [lomydenHoe 3nauenue (66.5) 6onpuie TaOIMIHOIO
(51), cnenoBaTelbHO, pa3IMUMs MKy BRIOOPKAMHU JOCTOBEPHBI.

Kpumepuii Q Pozenbayma

OTOT KpUTEpHl, KaKk U MpeablAylue, OIEHUBAET JOCTOBEPHOCTh Pa3IudHii
JBYX SMIUPUUYECKUX PACIIPEACIICHUI, HO B OTJIMYHME OT HUX MOYTH HE TPeOyeT BbI-
yuciennit. CpaBHUM J1Ba psiia 1P, XapaKTepus3ymoIlux MnpuBechl (I') OapamikoB
OJIHOTO BO3pacTa MpU J00aBICHHH B KOPM CIIeIHAIbHON Toakopmku (234, 277,
214, 201, 174, 167, 184, 157, 196, 173, 190, 191, 141, 150, 191) u 6e3 nee (183,
154, 175, 159, 157, 189, 198, 165, 176, 124, 173, 182, 204, 151, 147). Ycranas-
nuBaeM MakcumanbHbie (277 u 204) u munumansubie (141 u 124) 3nadyenus u on-
penensieM MopsAKOBBIM HOMEP CPaBHUBAEMBIX COBOKYITHOCTEN. B kauecTBe nepsou
CJeAyeT MPUHSTH BBIOOPKY C Haubovutel sapuanmou 277.

Jlaniee HaxoMM YUCIIO 3HAYEHUN NEPBOM BBIOOPKH, Npesbiuialouux MaKCH-
MaJbHOE 3HaUYeHHE BTOpoi BRIOOPKH (204): O = 3 (910 Bapuantsl 234, 277, 214).
3aTem ompeensieM YHCIIO BapHaHT BTOPOW BBIOOPKH, yCmynarowux 1o BEITHYNHE
MUHHMaJIbHOMY 3HAYEHUIO MepBoii BeIOOpkH (141): O, =1 (BapuanTa 124). Jlanee
onpenensieM kputepuil Pozenbayma kak cymmy nojgydeHHbIX unucen: Q = Q1+ O, =
=3+ 1 = 4. Ilo Tabimue 12/7 HaxonuMm Kputndeckoe 3HadeHue Q. s,1s,15) = 6. Ilo-
CKOJIBKY dMITUpUYECKOoe 3HaueHue (4) MeHbIIe TaOauIHOTO (6), MPUXOIUM K BbI-
BOAY 00 OTCYTCTBUU JIOCTOBEPHOI'O OTIMYHS BHIOOPOK APYT OT JApYyTa, a 3HAYMUT, U
BIIUSIHUA MOJAKOPMKHU Ha mpuBechl OapamkoB. Cieayer Bce e UMETh B BUAY, UYTO
BO3MOXHOCTH 3TOT'0 METOJ[a OTPaHUYEHbI, OH JAET JIMIIb TPUKUJOUHBIN pe3yIbTatT
¥ OKa3bIBaeTCs 3PPEKTUBHBIM TOJIBKO B CIIy4ae CPABHUTEIHHO OOJIBIINX Pa3THINAN
MEX1y BBIOOPKAMHU.

Cpaenenue 08yx uacmommuwix pacnpeoenenuii. Kpumepuii xu-xeaopam

B mpakTuke OHMONOrMYECKUX HCCIEIOBAaHUN YacTO OBIBa€T HEOOXOAMMO
IPOBEPUTH Ty WJIM MUHYIO TMIIOTE3Y, T. €. BBIACHUTH, HACKOJIBKO MOJIYYEHHBIA IKC-
HNEPUMEHTATOPOM (PaKTHUUECKUN MaTepHall MOATBEPKAAET TEOPETUUECKOE MIPEIIIO-
JIO’)KEHHE, HACKOJIBKO aHAJIU3UPYEMbIEC JAHHBIC COBIANAOT C TEOPETHUYECKU OXKHU-
naeMbIMU. Bo3HuKaeT 3a1aya cTaTUCTUYECKON OLEHKU PAa3HUIBI MEXKIY (akThye-
CKMMM JIaHHBIMH U TEOPETUYECKHM OXHUAAHUEM, YCTAHOBIECHHUSA TOTO, B KaKHX
ClIy4asix U ¢ KaKOH CTEIIEHBIO BEPOSITHOCTH MOYKHO CUMTATh ATY Pa3HUILY TOCTO-
BEpPHON M, HA0OOPOT, KOI'Zla €€ CIEAYeT CUUTaThb HECYLIECTBEHHOM, HE3HAUYMMOH,
HaxOJIIEHCS B IpeJeax CIy4auHOCTH. B mocnenHeM citydae cOXpaHseTcs TUIIO-
T€3a, HA OCHOBE KOTOPOU pacCUMTaHbl TEOPETUUECKH OXKUAAEMbIE TAHHBIE UJIU T1O-
KazaTenu. TakuM BapHalMOHHO-CTATUCTHUYECKUM IMPUEMOM MPOBEPKHU THIIOTE3bI
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CIYXKHUT MeTON Xu-kéaopam (x°). DTOT NMOKa3aTelb Y4aCTO HA3BIBAIOT (KPUTEPHEM
COOTBETCTBUS» WM «KpuTepuem coriacus» [lupcona. C ero moMomibo MOXHO €
TON WJIM MHON BEPOATHOCTHIO CYJIUTh O CTEIIEHU COOTBETCTBHUS AMIIUPUYECKHU IO-
JYYEHHBIX JJAHHBIX TEOPETUUECKH OKUTACMBIM.

C (opManbHBIX MO3UILIMIA CPABHUBAIOTCA JIBA BapUAILIMOHHBIX pAJa, ABE CO-
BOKYITHOCTH: OJ{HA — AIMIIMPUUECKOE pacipeesieHue, apyras npeacTaBisieT cooon
BBIOOPKY C TeMU ke mapamerpamu (n, M, S u 1p.), 4TO U 3MOUpPHUYUECKasi, HO €€
YaCTOTHOE paCHpeeIeHHe MOCTPOCHO B TOYHOM COOTBETCTBUU C BBIOpAaHHBIM
TEOPETHUYECKUM 3aKOHOM (HOpMalibHBIM, [lyaccoHa, OMHOMUANBHBIM U JIp.), KOTO-
POMY MPEANOJIOKUATEIBHO MOJUYUHIETCS MOBEICHUE U3y4aeMOW CIIy4YailHOM BEJU-
YUHBI.

B ob6mem Bune ¢opmymna KpuTepusi COOTBETCTBHS MOKET OBITH 3amucaHa
CJIETYIOIUM 00pa3oM:

oy

A
rae  a— ($akThyecKas 4acToTa HaOMIOICHUH,

A — TeopeTHYEeCKH 0XKHUAaeMasi 4acToTa JAJi1 JAaHHOTO KJlacca.

HyneBas rumoTe3a MpeanonaraeT, 4To JOCTOBEPHBIX pPA3NUYUN MEXKIY
CPaBHMBAEMBIMHU paCIpeeICHUSIMHI HET. J{JIs OLEHKU CYIECTBEHHOCTU ITHX pPa3-
JUYAA clieayeT OOpaTUThCA K CIHEIUaIbHOW TaOnuIle KPUTHYECKUX 3HAYCHUN
XM-KBaapaT (Tabn. 9I7) ¥, CPABHUB BBIYHMCICHHYIO BEJIMUYMHY x C TaGIMUHOM, pe-
IIUTh, JTOCTOBEPHO WMJIM HE JOCTOBEPHO OTKIIOHSETCS SMIIMPUYECKOE pacIpeere-
HUE OT TeopeThueckoro. Tem caMbIM runoTe3a 00 OTCYTCTBUH ITUX pa3inyduii Oy-
ieT 60 OIPOBEPrHyTa, TGO OCTABICHA B CHiIe. ECIIH BBIUMCICHHAS BEINYHHA )
paBHA WJIM NPEBBIIIACT TAONUYHYIO ¥4, 41, PEIIAIOT, YTO DMIIMPUYECKOE pacIpesie-
JIEHUE OT TEOPETHYECKOr0 OTIUYAeTCsl JOCTOBEpPHO. TeM caMbIM Trumore3a o0 oT-
CYTCTBUM JTHX pa3iauyuii Oyzner onposepruyra. Eciam xe x> < y%, 4, HyJeBas I'd-
noTe3a ocraercs B cuiie. OOBIUHO MPUHATO CYUTATh JOMYCTUMBIM YPOBEHb 3HAUM-
MocTH o = (0.05, T. K. B 3TOM CiIy4ae OCTaeTcsl TOJbKO 5% IIAHCOB, YTO HYyJeBas
TUIIOTE3a MpaBWIbHA U, CIEAOBATEIBHO, €CTh JOCTATOYHO OCHOBaHuUi (95%), uTo-
OBl OT HEE OTKA3aThCsl.

OmnpeneneHHyo TpobieMy COCTaBISIET MPAaBHJIBHOE OMpENElIeHHE dYHCclia
cTernenei cBo00 b (df), ISt KOTOPBIX U3 TaONHIBI OepyT 3HaUeHus: Kputepus. s
oTpezieNieHus] Yclia CTeneHeil cBo0OAbI U3 OOIEro YMciIa KIacCoB k HYKHO BbI-
YeCTh YHCIIO OTPAHUYCHHH (T. €. YMCIIO MapaMeTpPOB, UCIOIb30BAaHHBIX IS pacye-
Ta TEOPETUYECKUX YaCTOT).

B 3aBucumocTH OT TUMa pachpeiesieHuss U3yd4aeMoro mpusHaka Gopmynia
JUIsL pacdeTa 4uciia cTereHed cBoOoabl OyaeTr MeHsaTbes. i arvmepuamuernozo
pacnpenenenus (k= 2) B pacueTax y4acTBYeT TOJIbKO OJWH HapameTp (00beM BbI-
OOpKHM), CJIeIOBATEIHLHO, YUCIIO CTETIeHEeH CBOOOABI cocTaBisieT df = k—1=2—1=1.
Jns nonunomuanvroeo pacnpenenenus dopmyna ananoruyHa: df = k—1. Jlua
IPOBEPKH COOTBETCTBHS BAPUAIL[MOHHOIO psiJia pacupeaenaeHuto //yaccona ncnoiib-
3yIOTCS YK€ JiBa MapaMeTrpa — oObeM BBIOOPKH M CpelHee 3HA4YeHHE (YMCICHHO
COBIAJAIOLIEE C JUCHIEPCHUE); UHCIIO cTeneHel cBoOobl df = k—2. Ilpu npoBepke
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COOTBETCTBHUS AIMIUPUUYECKOTO PACIIPEACTICHUS BapHAHT HOPMAIbHOMY VI OUHO-
MUaIbHOMY 3aKOHY YMCIIO CTereHeill cBOOOIbl OepeTcss Kak 4ucio (PaKTUYECKHUX
KJIACCOB MUHYC TPH YCJIOBHSI TIOCTPOEHHS PsIOB — 00BEM BBIOOPKH, CpEIHSIS U
nucnepeust, df = k—3. Cpazy CTOUT OTMETUTbh, UTO KpUTEPUM ¥> pabOTAET TOJIBKO
JUIsL BEIOOPOK 0Ovemom He MeHee 25 eapuanm, a 4acTOThl OTIEIBHBIX KIIACCOB
JTOJKHBI OBITh He Huoce 4.

Bnauane npowmiocTpupyeM NPUMEHEHHE KPUTEpUsl XU-KBAApaT HA IMpHU-
MEpe aHallu3a albMepHAMUEHOU uUsMeHuusocmu. B 0THOM M3 ONBITOB MO U3y4e-
HUIO HACIICCTBEHHOCTH Yy TOMAaTOB ObwI0 OOHapyxeHo 3629 kpacHbix u 1176
KENTHIX IUIOAOB. TeopeTHdeckoe COOTHOLICHHE YacTOT MPH PACILEIVICHUH MpH-
3HAKOB BO BTOPOM THOPHIHOM MOKOJEHUU MOJDKHO ObITH 3:1 (75% x 25%). BeI-
noJsHseTcs i1 oHO? VIHBIMU clioBaMu, B3sITa JIU JaHHAs BHIOOPKA U3 TOM TeHepaib-
HOU COBOKYITHOCTH, B KOTOPO# cooTHOIIEeHHe yacToT 3:1 wim 0.75:0.25?

Chopmupyem Tabnuiyy (tabi. 4), 3al0JHUB 3HAYCHUSIMU SMITUPUYCCKUX
4acTOT U pe3yJibTaTaMH pacyeTa TEOPETUUECKUX YaCTOT 1Mo (hopmyJie:

A=n-p,
rie  p — TEOPETHUUYECKUE YaCTOCTH (1011 BapUAHT JAHHOTO TUMA),

n — 00BEM BBIOOPKH.

Hanpumep, 4,=n-p,=4805-0.25=1201.25 = 1201.

Tabnuya 4
3nauenue |Daktuueckas yac-| Teopernueckas | Teopernueckas (a— A)2
(uBer Iona), TOTA, 4aCTOCTb, 4acToTa,

X; a p A4 A
Kpacupiii 3629 0.75 3604 0.187621
XKentoiit 1176 0.25 1201 0.5204

CymmMma n=2%a = 4805 1 n=%2A4=4805 | y*=0.71

Hanee BeruncnsieM xu-kBajapat y*> = 0.71 u yucio creneneit cBoOoabl (pu
JIBYX KJIaccaxX M OJTHOM OrpaHu4yeHuu, oobeme BeiOOpku) df =k—1=2—1=1.Tlo
Ta01. 911 HaxXoAMM KPUTUYECKOE 3HAUYEHHE ) (0,05, 1) = 3.84. IloCKONBKY MoTydeHHAs
BenuunHa (0.71) meHbine TabauaHou (3.84), paziuuusi CpaBHUBAEMBIX pacrpejie-
JICHUN CTATUCTUYECKU HEIOCTOBEpHbl. MHaue roBopsi, (pakTuyeckue 4acToThl XO-
POIIIO COTJIACYIOTCA C TEOPETUUECKH OXKHJlaeMbIMU. [lomydeHHbIe JaHHBIE HE OT-
BEPraroT MPUHATYIO TUIIOTE3Y O TOM, UYTO B HAIIEM CITydyae UMEETCS COOTHOIICHUE
3:1.

3aech caeayeT elie pa3 oOpaTuTh BHUMAaHUE YUTATEIEH HA TO 00CTOATEIb-
CTBO, YTO COXpPAaHEHWE HYJICBOW TUITOTE3bl HEb3sI CAMTATH JI0KA3aTEIHCTBOM CIIpa-
BEJJTMBOCTH HYJIEBOW THUIIOTE3bl. Pe3ynbraramMu MpejCcTaBICHHBIX BBIYHCICHUN
TEOpHs O PACIICIUICHNU N0 (eHOTUNaM B cooTHoeHuu 3:1 e dokazana, XOTs U
He ompoBeprayTa. CTaTUCTUKA JTOKA3bIBAET TOJBKO (haKT OTIWYHM, HO HE UX OT-
cyrctBue. UToOBI 10Ka3aTh TEOPHUIO, HYKHO MPEANOI0KUTh AaHTUTEOPHUIO (HAIpH-
Mep, cooTHomeHue 1:1) u OmpoBeprHyTh €€ C MOMOIIbI0 CTATUCTUYECKHUX MpHe-
MOB.
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B npouecce apyroro uccienoBanus Ao0bITel 671 camen u 569 camok. Tpe-
OyeTcst OIpeneanTh, OATBEPKAAIOT JIU 3TU JAAHHbIE (aKT NpeodsagaHus caMLOB
WIHM HAJIMILO NPOCTO cilydaiiHoe oTiinuue nuudp. Teopernyeckoe OTHOLIEHUE MTPU-
3HaKkoB (cooTHouieHue nosioB) 1:1. IloxrBepxknaercs nu oHo? Haxonum cymmy

,  (671-620)° s (569 —620)*

671+569=1240, cpenuee 620, y =8.4.
620 620
CpaBHeHue BbIuMCIeHHOTO (8.4) M KpuTHyecKkoro 3HaueHuil (mig df=1 u
a=0.05 y*00s,1) = 3.84) ABHO CBHUIETEIBCTBYET O CYIIECTBEHHOM OTKJIOHEHHH

(aKTUYECKOTr0 COOTHOILICHHS MOJIOB OT TUIMOTE3bl — 1:1. BeposTHOCTH mpaBUiIbHO-
CTH HYJIEBOW THIIOTE3bI (T. €. YTO B JAHHOM CIIy4ae JCHCTBUTEIHbHO UMEET MECTO
YUCJIIEHHOE PAaBEHCTBO IOJOB) oOka3anack Aaxe menspuie 0.01. CrnenoarenbHo,
€CTh BCE OCHOBAHHUS TOBOPHUTH O JIOCTOBEPHOM IPEOOIalaHuU CaAMIIOB.

B kagecTBe mepBOro mpuMepa pemuM 3aiady, COOTBETCTBYET JH 3AKOHY
Ilyaccona pacnupeneyieHre 4yrciia TOBTOPHBIX OTJIOBOB ajgb0aTrpocoB (Tadi. 5). B
ATOM CJIydae paccMaTpUBAETCS MPOIIECC, dTallaMid KOTOPOTO BHICTYMAIOT COOBITHS
«OTJIOB MTHIB». B upene Takux COOBITHI BCTPEUAIOTCS PEAKUE — «OTJIIOB MEYCH-
HOW ocoOm». buonmormdeckas moomieka COCTOUT B CIEAYIOUIEM: CIIyYalHBI JIA
TIOBTOPHBIE OTJIOBBI MITHUI] UM €CTh (PAKTOPBI, OTBETCTBEHHBIC 32 HAPYIICHUE CITy-
yaitHoctu? Hampumep, NTHIBI MOTYT NPUMAHUBATHCA M CTPEMUTHCS MOMACTHCA
BHOBB JIMOO MOTYT CTapaThCsi M30€XaTh MOBTOPHOrO OTJIOBA. B obomx ciydasx
OTHUIBI OyTyT «yMBIIUICHHO» MOMAAAThCA Yallle WK Pexe, Hapyllas ¢1yyauHoCcms
MOBTOPHOT'O OTJIOBA M MCKa)kasi TeM cambIM (popMmy pacmpezeneHus, KoTopoe 0y-
JIET OTXOJIUTH OT (hOpPMBI, MpeanucanHoi 3akoHoM [lyaccona. CormacHo HyJeBOU
TUIOTE3€, NTHUIIBI BEAYT ce0s CIy4ailHO, UX BCTPEYAeMOCTh COOTBETCTBYET 3TOMY
3aKOHY. ANTOPUTM PacueTOB TEOPETUYCCKUX YACTOT JJISl 3TOTO clydas MpOCT U
OCHOBaH Ha opMyJax MPsSMOTO pacdyeTa TEOPETHUECKUX YaCTOT:

n
A4, =—; (JacToTa HyJIeBOro Kiacca),
e

M
A4 = - A,_, (4acToTa MpOYHX KIJIACCOB),

X

rne M — cpeanss apupmeTndeckas psja,

X — 3Ha4YeHue psga (Yucio 00bEKTOB B Ipoode),

A, — TeopeThyecKasi 4acToTa 3HaYeHus X,

n — 00BeM BBIOOPKH (YHUCIIO0 MPOo0),

e =2.7183... — ocHOBaHME HATypaJIbHOTO Jorapudpma.

[TapameTpsl JaHHOTO BapUaLlMOHHOIO psiia ObUIA paccUUTaHbl BbIIIE (C. 23):
M = 0.968. TeopeTrueckast 4aCTOTa HyJI€BOI'0 3HAUYCHHUSI paBHA!

2
dy=lt =2 1193803~ 12,
e e’
4acToTa 3Ha4eHus x = 1:
4= 4 :@.11.93 = 1155602 ~ 11
X

u T. 1. (Tabm. 5, rpacda 3).
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Tabnuya 5
Yucno noBropusix| Gaktuueckas | TeopeTtnueckas (a— A)2
OTJIOBOB, 4acToTa, 4acToTa, _—
X a A A
0 15 12 0.75
1 7 11 1.45
2 7 6
3 2 10 2 9 0.17
4 1 1
Cymma n=%Xa=32 |n=%XA=32 =231

[To okOHYaHWYW BBIYMCICHUYN TOJMydaeM JBa pPsiia 4acTOT, OTIUYHS MEXKIY
KOTOPBIMHU OIICHUBAIOTCS 110 KPUTEPHUIO XU-KBAIpaT.

[Tepen pacueTom 3HaYCHUS KPUTEPHUS CIACAYET YOCIUTHCS, YTO BBHIMOJTHEHBI
TpeOOBaHMS K JAaHHBIM JIJIS1 pacueTa KpUTepus y2:

— 00beM BBIOOpKHU OoJsiee 25 BapuaHT, n > 25,
— CYMMBI SMIUPHYECKUX M TEOPETUYECKUX YacCTOT PaBHbI 00bEMY BBIOOPKH
n=2a =2XA (c TOUHOCTBIO HE HUXKE 1-2%),
— BCE KJIACChl AMIUPHUUECKOTO U TEOPETUUYECKOTO PsIZIOB UMEIOT YacTOThI Oosiee 4,
a;> 4; ecnm Kakne-1M00 KJIaCChl MMEIOT MeHblIe 4 BapuaHT (y Hac 3HaYeHus 3 U 4
UMEIOT YacTOTHI 2 U 1), TO OHU JOJKHBI ObITh OOBEIMHEHBI (CYMMHUPOBAHBI) C CO-
CEJHUMHU, UYTO U MOKAa3aHO B TA0JIUIIE C TOMOIIBIO (PUTYPHBIX CKOOOK.
Jlanee BBIUMCISIEM 3HAYCHUS KPUTEPHUSL: ISl IEPBOM CTPOKH
(a—A4)° (15-12)°
A 12

u T. 1. (rpada 4), uroro y> = 2.31.

Uwucro creneneit cBoOOAbI HAXOAUM KaK YUCI0 OKOHUamenvbHulx kiaccosd (3)
MUHYC YHCJIO OTpaHUYeHu: df =k—2 =3-2 = 1.

Tabnuunoe 3HaYeHHE )0 05,1y = 3.84. Ilomydyennas Bennuuna (2.31) MeHbIe
tabnnyHoi (3.84), cnenoBaTeNbHO, HYJEBask TUIIOTE3a HE OTBEPraeTcs: IMIHpUYe-
CKOE paclpeefieHHue JOCTOBEpHO HE OTiMuYaeTcss oT pacmpenenenus llyaccona.
WHbIMu cioBaMU, y HAC HET OCHOBAHHM YTBEPKIATh, YTO BEPOSITHOCTH TIOBTOPHO-
ro OTJIOBA M3MEHSCTCS: HENIb3sl YTBEPKIaTh, YTO CaMa OMEparys OTIOBA TIPHUBIIC-
KaeT WUJIM MyraeT NTHUll.

CoOTBETCTBUE HIMIUPHUUECKOTO psfa pacnpedeneHuto Ilyaccona MOXKHO
IPOBEPUTH U APYTUM CIIOCOOOM: CPaBHUB MO KpUTepuio Ouiliepa BEIUUUHBI CPe/i-
Hel apupMeTHUECKON M JUCIEPCUU IJIsi YMclia cTeneHe cBoOonbl dfy = n— 1,
df,=n — 1. B namewm ciyugae M = 0.968, $*=1.257, F=1.257/0.968 = 1.157. Ilo-
CKOJIbKY 3Ta BEJIMYMHA MEHbIIe TaOMM4HOM (Fos 31,31) = 1.84), cpaBHMBaeMble
MOKa3aTesd JOCTOBEPHO HE OTJIMYAIOTCS, 4 PABEHCTBO CPEIHEN U TUCIIEPCUU Xa-
pakTepHo JuIIh A pacnpenenenus [lyaccona.

[Ipu CTAaTUCTUYECKOM WCCIIEIOBAHUHA HEMPEPBIBHBIX MPU3HAKOB HYKHO
OBITh YBEPEHHBIM, YTO OHH JICUCTBUTEIHHO MOTIUHSIIOTCS HOPMAILHOMY 3AKOHY, &

=0.75
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B CJIy4ae TUCKPETHBIX MPU3HAKOB — OMHOMHAIBHOMY. [[J1s1 TaKoi IPOBEPKU HYJIE-
Basi TUIIOTE3a 3BYUUT TaK: «IOJYYECHHOE pacIpeie]ieHHe COOTBETCTBYET HOPMaJIb-
HOMY (OMHOMHAIILHOMY)» WJIM «BBIOOpKA B3ATa W3 T'C€HEPaJbHOW COBOKYITHOCTH,
MO TYMHSIIOIICHCS 3aKOHY HOpMajbHOro (OMHOMHAIBHOTO) pacrpenencHus». Bee
BBIYUCIIUTENBHBIC ONEpalliy JJIsA CIydacB HOPMAJIBHOTO U OMHOMHAIBHOTO pac-
NpeIeJICHUA COBMAIaloT. PaccMOTpUM MPOBEPKY HYJIEBOW THMIIOTE3BI: pacipeee-
HUE 3eMJIEpPOeK 10 Macce Tena (CM. mpumMep Ha cTp. 13) moaquuHseTCss HOpMaIbHO-
MY 3aKOHY.
PacueTsl HauMHAIOTCS ¢ TTOCTPOSHUSI BAPHAITMOHHOTO Psifa U TOWCKA ICH-
TPaJIbHBIX 3HAYEHUW ISl Kaxaoro kjacca (tabm. 6 u 7). Jlamee mo ¢opmyre
x, - M|
t= B BBIUMCIISIFOTCS. HOPMHPOBAHHBIE OTKJIOHEHHUS CEPeIUHBI KaXKJIOTO

KJIaCCOBOTO MHTEpBana (x;) oT o0men cpeanen M (S — cTanmapTHOE OTKIOHEHHE).
B namem cayuyae M =9.29r, §=0.897 r., Torna, HanpuMmep, AJisi BTOPOro UHTEP-
Baja momydaem: ¢t =|8.05—9.27|/0.897 = 1.38. Jlanee ompenensieM TeopeTHUC-
CKH€ YaCTOCTH HOPMAJIBHOTO pacIpeaeNIeHus, WU OPANHATE HOPMAJIBHON KPUBOU
(Tabm. 4I1), COOTBETCTBYIOIIUE BHIYHCICHHBIM HOPMHPOBAHHBIM OTKJIOHEHHUSIM.
Hns ¢t =1.38 nmaxogum p = 0.1539 = (0.15 (tabn. 6, rpada 5). (3ameTuM, 4TO MO-
Iynb B (popMylie HOPMHPOBAHHBIX OTKJIOHEHHH OepeTcss MOoToMy, 4TO B TaOJHIle
6/1 puBEICHBI YaCTOCTH P TOJIBKO VIS TIOJIOXKUTEIBHBIX 3HaUeHUH £.) Cremyromas
orieparys, BBIYMCICHUE TEOPETUUECKUX YaCTOT, BeAeTCA 1o popmyie:
Ad=cp,
A€ p — OpAMHATHI HOPMAJIBHOU KPUBOU,
dx-n

b

¢ — KOHCTaHTa psijia, onpenaesnseMas 1no Gopmyse ¢ =

dx — KnaccoBbIi UHTEpBaJ (B JaHHOM ciiydae oH paseH 0.7) (cM. c. 13),
n — 06beM BrIOOpKH (63).

0.7-63

J{ns1 Hatero npumepa ¢ = =49.16.

Tabauya 6
Lentp | ®aktnue- | Hopmupo- OpauHaTe!
HOpMaJib- | TeopeTnyeckas 2
KnaccoBeie |uHTEp- |CKast 4aCTO- |BAHHOE OT- o (a—A)
HOHU KpH— qgacrora, -
HHTCpBajbl | Bala, Ta, KJIOHEHUE, o A
BOM, A
X; a t
p
7-7.7 735 | 2 } 2.16 0.04 2
78 -84 805 |7/ 9 1.38 0.15 8 10 0.1
8.5-9.1 8.75 | 18 0.60 0.33 17 0.25
92-9.8 945 | 22 0.18 0.39 19 0.47
99-105 |10.15| 10 0.96 0.25 12 0.33
106-11.2 | 10.85 | 1 1.74 0.09 4
113-119 |1155|3[ 4 2.52 002 |1 5 0.2
Cymma n=xa= 63 n=XA= 63 | y*=1.36
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Teopernueckas yactora nis f = 0.15 cocraBur:

A=49.16-0.1539 =7.55 = 8 (rpada 6).

B pesysnbraTe BhIUMCIECHUN MOJy4aeM TEOPETUYECKOE HOPMaJIbHOE pacipe-
nenenue ¢ napamerpamu M =9.29r, §=0.897 r, n = 63 (cM. puc. 4, c. 20).

[lepen pacueToM KpUTEpHs XU-KBaApaT MPOBEPSiEM COBMAJCHUE CYyMMbI HM-
MUPUYECKUX U TEOPETUYECKUX YacTOT (1o 63 BapuaHThl) © MUHUMAaIbHbIE 00HEMBI
B OTJACIBHBIX KjaccaX. [IoCKOMbKY B KpallHMX Kjaccax 4YacTOTHI ObLIM HUXKE 4,
MIPOBOJIUM UX 00BbeIuHEHNE (OTMEUYEHO CKOOKAMM ), TTIOCJIE Y€TO YHUCIIO KIACCOB CO-
KpaTuioch 10 k = 5. Beraucnsiem 3HaueHus y2: 11 mepBoro kiacca (9 — 10)2/ 10 =
= 0.1, ans Bcero psga y* = 1.36. Uucno creneneid cBoboawl df = 5 —3 = 2. Tab-
nu4yHoe 3HadeHue (Tabu. 917) y%¢.os,2)= 5.99.

[Tockonbky nonyueHHoe 3Hauenue (1.36) menbiie Tadbauynoro (5.99), nyne-
Bas TMIIOTE3a COXPAHAETCS, pacipeesieHue 0ypo3y0oK Mo Macce Tesa JI0CTOBEPHO
OT HOPMAJILHOTO HE OTINYAETCS.

AHanoruyHele pacyeThl AJI JUCKPETHOTO MpU3HAKa (TI0J0OBUTOCTD JIMCHUIL),
HUMEIOIIET0 MPEATNOJIOKUTEILHO OUHOMUANbHOE pachnpedenieHue (TUCKPETHBIN aHa-
JIOT HOPMAJILHOI0), TMpeJcTaBieHbl B Ta0iu. 7. Tak, npu mapameTrpax M =5 3k3.,
S = 1.33 5k3. 111 BTOpOro MHTEpBaja moxydaeM: t= |8 — 5|/ 1.33=1.5.

Tabnuya 7
Ientp mn- | dakTuucckas Hopmupo- OpZ[I/IHaTj:I Hop- | Teopernu- 5
BaHHOE MaJIbHOM KpH- | deckas yac- |(a — A)
TepBaa, 4acToTa, . -~
OTKJIOHEHHE, BOIA, TOTA, 4
Xj a
t p A
2 1 2.26 0.031 2
3 8 } ? 15 0.129 7 } 2 10
4 16 0.75 0.301 17 0.05
5 23 0 0.399 23 0
6 21 0.75 0.301 17 0.94
7 3 } 15 0.129 7 }
8 3 6 2.26 0.031 2 ? I
Cymma n=%a="75 n=%XA=75| y*=2

CooTBeTcTBYyIOIIAs OpJAMHATAa HOpMaJibHOW KpuBou paBHa p = (0.1295 (rpa-
¢a 4), TeopeTryecKasi 4aCTOTa COCTABUT:

A=cp=5638-0.129=73 =7 (rpada 5),
MOCKOJIbKY 3HaueHue ¢ = 1-75/1.33 = 56.38. B pe3ynbrare BolYMCICHUI MOTyYa-
eM 4JacToThl (4) pacupenenenus (¢ napamerpamu M =5, §=1.33, n=75), crporo
COOTBETCTBYIOIIETO OMHOMHUATBHOMY (CcM. puc. 5, c¢.21). OObenMHUM KIJIacCHI C
4acTOTaMH MeHee 4 M paccuuTaeM 3HaueHue kputepus y> = 2. Yucno creneHen
CcBOOOIBI (IpH TpeX OrpaHUYEHMSIX M IATH Kjaccax) paBHO df =5 —3 =2. Ilo-
CKOJIbKY 3TO 3HaueHue (y*> = 2) MEHbIIIe TaOJIMYHOTO (Xz(o.os, »=5.99), nynesas ru-
1I0TE€3a HE MOXKET OBITh OTKJIOHEHA, 3HAYUT, PACIpEeICHUE JTUCHULL IO TII0JOBUTO-
CTH B LI€JIOM COOTBETCTBYET OMHOMHUAIILHOMY 3aKOHY.
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OLLEHKA BJIUSAHUSA ®AKTOPA

[Ipy wu3yyeHUM u aHaIM3€ CJIOXKHBIX U MHOTOOOPa3HBIX HPUUYMHHO-
CJIEICTBEHHBIX OTHOIIEHUN MEXAy OOBEKTaMU U SBJICHUSMU OMOJIOTY MPUXOAUTCS
YUUTBIBaTh LIEJIbI KOMIUIEKC BHEIIHMX U BHYTPEHHUX (PaKTOPOB, OT KOTOPHIX B
KOHEYHOM HTOT€ 3aBUCAT YPOBEHb U XOJl HAOIIOAAEMBIX IIPOLIECCOB, TE UM UHBIE
OMOJIOrMYECKHUE CBOICTBA JKMBBIX OPraHU3MOB, MX JMHAMUKAa U Pa3HOOOpasue.
[Tpu >TOM 3a4acTyio Ba)KHO OLIEHWBATh HE TOJBKO POJIb OJTHOTO U3 MHOTOYHCIICH-
HBIX BHEIIHUX (aKTOPOB, HO U HMX B3aUMOJEWUCTBHUE MPU KOHCTEIUIALMOHHOM
BJIMSTHUM Ha TOMYJISIIIUIO MJIK OPTaHU3M.

Unetinas 6a3a niis u3ydeHus 1eUCTBHS (PAKTOPOB CONEPKUTCS YKE B METO-
Jie CpaBHEHHsI ABYX BBIOOpOK. bromornueckum copepxaHueM ONepanuu CpaBHE-
HUS IBYX BBIOOPOK, B KOHIIE KOHIIOB, BBICTYIAET MOUCK (PaKTOPOB, OTBETCTBEHHBIX
32 CMEUICHHE CPENHUX apU(PMETUUYECKUX WIM YCWICHHE W3MEHYMBOCTU IpU3HA-
KOB. Pa3BuBas 310 HanpaBiieHuE OMOMETPUUYECKOTO UCCIET0BAHUS, MOXKHO HE Or-
PaHUYMBATHCS TOJBKO ABYMs «J103aMu» (HaKTOpa, HO U3YyUYUTh CEPUIO CUTYalLIUi, B
KOTOPBIX (paKTOp MPOSIBISI Pa3HYIO CUITy JEHCTBHUS HA Pe3yJbTaTUBHBIA MPHU3HAK
— OT caMoro ¢iaaboro 10 caMoro cuiabHoro. IIpu 3Tom kaxxaoMy ypoBHIO (hakTopa
OyZAeT COOTBETCTBOBATh OT/AENbHAs BbIOOpKA M 00IIas 3a1a4a MOJyduT GopMyJiu-
POBKY «CpPaBHUTh HECKOJIBKO BbIOOPOK». B TepMuHax ¢akropuanbHOi OMoMeTpun
BOMPOC O BIUSAHUU (PaKTOpa HA MPHU3HAK 3BYUUT TaK: CKA3bIBACTCS JIU OTIIMYHUE yC-
JIOBUH TOTYyYEHUS PAa3HBIX BRHIOOPOK HA KauyecTBE (3HAUCHUSX) BapuaHT? B Tepmu-
HaX CTAaTHCTUKH BOIPOC 3BYYUT HECKOJBKO MHAYE: U3 OJAHOM JIM TeHEepaIbHOM CO-
BOKYITHOCTH OTOOpaHbl BCE€ BBIOOPKH, OILICHHMBAIOT JH BBIOOPOYHBIE CPEAHUE
apu(MeTnyecKue OJHYy U Ty ke FeHepalibHyI0 cpeaHio? BapuanToB oTBeTa MO-
XKET OBITh TOJIBKO JBa:

1. Bce BbIOOpKH OTOOpaHbl U3 OJJHOM M€HEPATLHON COBOKYITHOCTH, YCJIOBHUS

BO3HUKHOBEHUS BAPUAHT OJIHU U T€ XKe€.
2. BbiOopku 0TOOpaHbI U3 pa3HbIX I'€HEPAIbHBIX COBOKYIHOCTEH, YCIOBHS
BO3HUKHOBEHUS BapUAHT BBIOOPOK Pa3INyaroTCs.

B nocranoBke Bompoca MO>KHO YJIOBUTh ITPOTUBOpeune. Bpliie OblI0 cka3a-
HO, YTO MO YCJIOBHUIO 3a7ja4ui BIOOPKH (POPMHUPOBAIKCH B Pa3HBIX YCIOBUSAX, U TYT
e IpearoaraeTcs, 4YTo ycyioBus Oblin ofnHakoBble. Ha camoM nene npotuBope-
YUl HET, MOCKOJIbKY pedb HAET 00 OMpeesIeHNH YyBCTBUTEIBHOCTH MPHU3HAKA K
neicTBuio ¢akropa. YcinoBus GoOpMUPOBAHUS BEHIOOPOK MOTYT OTJIHYATHCS, HO OHU
MOTYT HUKAaK M HE CKa3aThCs HAa BETMYMHE M3y4aeMOro MpU3HaKa, HE OTPA3UTHCA
Ha 3HA4YeHHUsIX BapuaHT. CMBICT CTAaTUCTUYECKOTO CPABHEHHUS B TOM M COCTOMT,
YTOOBI OLIEHUTH 3PPEKTUBHOCTH AEHCTBHS (PakTOpa Ha MPU3HAK, JOKA3aTh peajb-
HOCTb PEaKIMM BapHaHT BHIOOPOK HA pa3HbIE YCIOBUA X GopMupoBanus. B che-
py UCCIIeIOBaHUSI MOXHO BOBJIEKaTh KaK OJIMH, TaK U JiBa MPU3HAKA, KaK KOJIHYe-
CTBEHHbIE, TaK U KAaYE€CTBEHHbIE XapaKTEPUCTHKHU. B kaxaoMm ciyuyae mpouenypa
aHaJIN3a HECKOJIBKO OTJINYAETCS.
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Oonoghaxkmopnwtii OucnepcuoHHbvlil AHATU3 KOJTUYECHBEHHBIX NPUHAKOG

JlucnepCHOHHBIN aHAM3 MO3BOJSIET OLUEHUTh CTENEHb U JOCTOBEPHOCTh OT-
JINYMST HECKOJIBKUX BBIOOPOYHBIX CPEITHUX OJJHOBPEMEHHO, T. €. U3yYUTh BIUSHUE
OJIHOTO KOHTPOJIUPYEMOTO (PakTopa Ha pe3yJNbTATUBHBIM MPHU3HAK MYTEM OIEHKU
€ro OTHOCUTENBHON poju B 0OIIeH M3MEHYMBOCTH 3TOTO MpPHU3HAKa, BHI3BAHHOMN
BIUsiHUEM BceX (akTopoB. CyIIHOCTh JUCIIEPCUOHHOTO aHallM3a 3aKJI0YaeTcs B
pacwieHeHuH oOuell Bapuauuu (JUCIEpPCHH) M3y4aeMoro Mpu3HaKa, BhIYUCIIsSE-
MO IO CyMMe KBaJpaTOB OTKJIOHEHHH OTJENbHBIX BapUaHT (X) OT cpeaHeit apud-
METHYECKONH BCET0 KOMIUIeKca HaOmoneHuid (M), Ha €ro COoCTaBHBIC YaCTH —
JUCTIEPCHIO, BBI3BAHHYIO OPTaHW30BAHHBIMH, YUWUTHIBAEMBIMU B HCCIIECIOBAHUU
daktopamu (pakTopHaTbHYIO AUCIEPCHIO), OIEHUBAIOIIYI0 MEXIPYIIIOBYIO H3-
MEHYUBOCTH, ¥ IUCTIEPCUIO, 00YCIIOBICHHYIO OCTAIbHBIMHU, HEOPTAaHN30BAHHBIMU B
JTAHHOM HCCJeI0BaHnH (paKTopamMu (BHYTPUTPYIIIIOBYIO, WU CIIy4alHYIO, TUCTIEp-
CHI0) OTKJIOHEHHMSI OTJENIbHBIX 3HAYEHUHN OT CpeHEN B TpyIIIE.

O61as Bapuaius (CyMMa KBaJIpaToB) MpPU3HAKA PACCUUTHIBAETCA KaK CyMMa
KBaJpaTOB OTKJIOHEHUN BCEX BapHaHT (X;) OT 001Ieit cpeaneit (M):

C05u4. =2 (X,’ - MZ.

dakropualibHasi (MEXTPYINOBasi, MEKBBIOOPOYHAs) CymMMa KBaJpaToOB pac-
CUMTBIBAECTCS] KaK CyMMa KBaJpaTOB OTKJIOHEHUHN YaCTHBIX cpeaHux (M;) nis kax-
J01 BEIOOpKH (Bcero k BEIOOPOK) OT OOIIel CpeTHei:

Copam. = 2 (M; — M)>.

OcraTouHas (ciayyaiiHas, BHyTPUTPYIIIIOBas) CyMMa KBaJpaTOB €CTh CyMMa

KBaJpaTOB OTKJIOHEHUM BapHAHT KaXJI0W BBIOOPKH (X;) OT CBOEH cpeanen (M)):
CCﬂylt. =X (xi - ]‘4])2

OueBUIHO, UTO B OOLIEM KOMIUIEKCE HAOMIOAECHUN IOJDKHO BBIIOIHITHCS
PaBCHCTBO Co6m. = Cqbakm. + Cczzyq.

OTHoIlIEHHE CYyMM KBaJpaTOB K COOTBETCTBYIOIIEMY YMCIY CTENEHEH CBO-
00JbI JJACT OLIEHKY BEJIMUMHBI TUCTIEPCUU, WU CPEAHUIN KBaJapar, MHOTJa €€ uMe-
HYIOT BapuaHca. Bnusinue mszyuyaemMoro ¢akTtopa orpaxaeT ¢akTopuaibHas, WA
MEKIPYIIIOBasA, AUCHEPCUS S%pgm., @ BIMSAHUE CIIyYalHBIX HEOPIaHM30BAaHHBIX B
JAHHOM MCCJIEOBaHUH IPUYUH — CilydaiiHasg S%,. , WIK BHYTPUIPYIIIOBas, OCTa-
TOYHAS TUCTIEPCUS %) cpmam.:

k
Szakm. = 2(1‘4} - Mo6u;.)2 /dfqbakm. >

rne  dfpam =k—1,j=1,2, ..., k, k—41cI0 CpaBHUBAEMBIX CPEIHUX.
k"
2 2
Sc,ayq. = Z Z(xij _]\4]' ) /df;ﬂyq. >
e dfey, =n—1,i=1,2, ..., n, n — 4ACIO BApHAHT BCEX BHIOOPOK.

Cwuta BiausiHus (hakTOpa OMpeEIeNIeTCs KaK JI0Js YaCTHONH CyMMBI KBaJIpaToOB
B 00II[eM BapbUpPOBaHUU TpH3HaKa. [lokazaTensb CUIIbI BIUSHUS M3ydaeMoro (Qak-
TOpa COCTABIACT:  1* paxm = Cpaxm. | Cooyy, HEOPraHU30BAHHBIX  (CIy4alHBIX):
N? enype. = Cenp.! Cogy; CyMMa DTHX TIOKa3aTeel, €CTECTBEHHO, PaBHA EIUHMIIE:
n? paxm. T N cpu. = 1. 3aMETHM, YTO IIOKA3aTEb CWIbI BIMAHHA JHUCIEPCHOHHOTO
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KOMILJIEKCA €CTh HE YTO MHOE, KaK KBaJ[paT MUPCOHOBCKOTO KOPPESIIUOHHOTO OT-
HOIIICHUSI, KOTOPHIM U OIICHUBAETCS OTHOCUTENbHAS JOJIsl BIUSHHS OpraHU30BaH-
HOTO (M3y4aemoro) ¢gakropa B 0011eM CYMMapHOM CTaTUCTUYECKOM BIUSHUU BCEX
(bakTOpOB, OMPEACNAIONINX PA3BUTHE JAHHOTO PE3yJIbTATUBHOTO MPU3HAKA.

O AOCTOBCPHOCTHU OLICHOK BJIMAHUA (baKTOpOB CyadAT II0 YK€ 3HAKOMOMY

2
¢haxm.

—— ~ Fla.an.dp)

cayy.
rne dfi=k—1,df,=n — k, k—gucno rpaganui,

n — o0mmii 00beM BceX BHIOOPOK.

[TpoBepsieTcst HylieBas THIIOTE3a: «BIUSHUE (DaKTOpa Ha MPU3HAK OTCYTCT-
ByeT». BimsHHE cuuTaeTcsl TOKa3aHHBIM, €CITU BEIMYMHA PACYCTHOTO KPUTEPHUS
paBHA WM MPEBBIMIAET CBOE TAOIMYHOE 3HAYCHUE C IPUHATHIM YPOBHEM 3HAYHMO-
ctu (o6braHO 0 = 0.05) (F ompenensieTcst mo Taba. 7/1). Bce mapamerpsl ogHodak-
TOPHOTO JUCTICPCHOHHOTO aHaln3a M TOPSAOK UX BBIUMCICHHUN TPEICTABICHHI B
tabmnuize 8.

HaM kputeputo Oumepa: F =

Tabnuya 8
Hucnepcun .
CocTap- Cuia Crenenu (cpenuuii I;ﬁﬁ;;?;ﬂ
- CymMmbl KBaji- | BIMAHUA, |  cpoGopl, KBaJpar, ’
mucnepcun | PatoB (SS), C e df MS), F
S?
C §? Qaxm. —
‘DaKTOpI/I- Cqbaxm. = __parm. k—1 Cdm;cm F=
Pl 2 = —‘ B
albHas X (M;—M) Coty. & s
SzC"l Y. =
C . C . — k é Sz(lkm.
JydaiiHas cayu. n— o Y. —
S (x; — My)? - :
( J) djfc - S cayy.
Co6u4. =
OOmas S (xi— M)?

OnHO(aKTOPHBIM Ha3bIBACTCS aHANIU3, U3YYAIOIIUN JEHCTBUE HA pe3yJibTa-
TUBHBIM TNPU3HAK TOJIBKO OJHOIO OpraHM30BaHHOrO ¢akropa A. [ns mpumepa
OLICHUM BJIMSIHME PACTBOPEHHOr'O B BOJIE BELIECTBA Ha IJIOJOBUTOCTh JaHUIL, HC-
MOJIb3YEMBIX B KaueCTBE TECT-OOBEKTOB B BOJHO-TOKCHKOJIOTMUECKHUX SKCIIEPH-
MeHTaX. B Xoje mpenBapuTeNbHOTO MCCIEIOBAaHUS OBLIU TMOJyYEHBbI YETHIPE BBI-
OOpKH, YEThIpe TPYIIBI 3HAYCHUN TJI0IOBUTOCTH KUBOTHBIX, BHIPAILIEHHBIX B Cpe-
JIaX C Pa3HbIM COJIEPKAHUEM XUMHUYECKOM T00aBKH.

CHayasna HeoOXOUMO CTPYNIUPOBATH BEIOOPOYHBIN MaTepual B KOMOMHA-
TUBHYIO TaOIHIy (OPraHU30BaTh AMCIEPCUOHHBIN KOMIUIEKC). i 3TOro BapuaH-
Thl Ka)KJ0W BBIOOPKH 3allMCHIBAIOTCS B OT/AEIbHBIE Tpadbl, UMEHYEMBbIE I'pajalysi-
MU (Tabxa. 9). Pe3ynbTaTUBHBIM MPU3HAKOM CIYXHUT CPEIHSS IUIOJOBUTOCTh Aad-
HUH 3a Henemo (A1 WUTIOCTPAaTUBHOCTH PacueTOB OHA JlaHa B LENbIX 4yHciax). B
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HaIleM MPUMEpPE OPraHU30BaHbI 4 Tpajaluy — 9ucTas Boja (KOHTPOJb, TpagaIus
Al; 3HaueHus IOJOBUTOCTH 6, 5, 5, 7), cnabasi KOHIIEHTpaIus BemecTBa (5 mMr/i,
A2; 8,7,6,6), cpenusis (15 mr/n, A3; 8,8,7) u cunbHas (30 mr/n, A4; 8,7,9).
[TpemyiaraeMplii HMKE aJITOPUTM PACUETOB TO3BOJISICT HCIIOJIB30BaTh HEPAaBHOE

9UCJIO BApUAHT B I'paJdallviax. PacueTsl moka3aHbl B Ta6J'II/IHC 9.

Tabnuya 9
['pagaru pakropa
Al A2 A3 A4
2 2 2 2
X X x | x X X X X
6 36 | 8 | 64 8 64 8 64
5 25 | 7 149 8 64 7 | 49
5 25 | 6 | 36 7 49 9 81
7 |49 | 6 |36
)
>x? 135 185 177 194 | 691 | H1 =X%x>=691
>x 23 27 23 24 97 | H2=(ZXx)*/n=
n 4 4 3 3 14 =(97)%/14 = 672
H3 =2%¥x%n=
2
>x*/n 132 182 176.3 192 682.8 _ 6828
M 5.8 6.8 7.67 8 6.93
Copaxm. = H3 — H2 = 682.8 — 672 =10.76
Conya. =H1 —H2 =691 — 672 =8.17
Coou. = Hl — H3 =691 — 682.8 = 18.93

IlonydeHHbIE 3HAUYECHMS MTO3BOJISIIOT BBIYUCIATD AUCIIEPCUH, ONIPEAETIUTD CH-
Ty BAUSHUS (akTopa U KpUTEpUil 1ocTOBepHOCTH Duiiepa.

C Cymme1 Cuia Crenenu
OCTAaBASIOWME | 1pannatoB, | s | cBo Gob1 Hucnepcuu, Kpurepwi,
IUCIIEPCHU C ” ’ df ’ S F
dakropuanabHas 10.76 57% 3 3.59
Cnyyalinas 8.17 10 0.82 4.39
O6mas 18.93 4.39

ITockonbky noaydeHHoe 3HadeHue kpurepus (F = 4.39) Gosibiiie TaGIudHO-
10 (F(0.053,10)= 3.7) (Tabiu. 711), oTnnune (paKTOpUAILHON U CIly4alHOW JUCIIEPCHUil
JIOCTOBEPHO, BIHSIHUE (paKTOpa 3HAYNMO.
Otcroma cneayer OMOJIOTMYECKUH BBIBOJ: CTUMYJIUPYIOIIEE BIUSHUC HU3Y-
gaeMoro (hakTopa (BemecTBa) Ha IUIOJOBUTOCTh MAa(HUI OTHOCHUTEIHHO BEIIMKO
(57%) u nocroBepHO (¢ BeposiTHOCTHIO P > 0.95).
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Henapamempuueckuit 00H0paKmopHulil OucnepcuoHHvlil AHAIU3

PaccMoTpeHHBIE BBINIE CXEMBl JMCIHEPCHOHHOTO aHajdu3a HCXOOWIN U3
MPEANOJIOKEHUS] O HOPMAJIbHOM PACIpPENECICHUN H3Y4aeMOT0 Pe3yJbTaTHBHOIO
npusHaka. Koryma ass kakoro-nmu0o npusHaka HET YBEPEHHOCTH, YTO BBIMIOJIHSAETCS
MPEANOJIOKEHUE O €r0 HOPMAJILHOM pacIpeielieHud, Korja TpedyeTcs MpoBecTU
aHanu3 ObICTPO U 6€3 0c000N TOYHOCTHU, KOTJIa MaJIO JAHHBIX WJIM OHHU BBIPA’KEHBI
KauecmeeHHbIMU NPUHAKAMU, MOYKHO UCIIOJIb30BATh CXEMY HEMapaMETPUUYECKOrO
JTUCTIEPCUOHHOTO aHAIM3a. DTOT MEeToJl O0Jiee HEMPUXOTINB, HO MEHEE TOUCH, He-
XKenu mapameTpudeckuil ananus3. OH uccleayeT paclpeeieHuss BapuaHT B He-
CKOJIBKHUX BRIOOpKaxX. HyneBas rumoTe3a COCTOUT B TOM, YTO PACTIPEICICHHS OIH-
HAKOBBI, T. €. BHIOOPKH B3STHI U3 OJJHON T€HEPAIbHON COBOKYITHOCTH.

[TopsnoK BBIUMCIEHUN COCTOUT B TOM, YTO BCE BAPUAHTHI PAHKUPYIOTCS B
MOPSIAKE BO3pacTaHus. 3aTeM CYMMHUPYIOTCSI PAHTH BapUaHT MO KaXXJ0W BBIOOPKE
OT/EJIBHO U PACCUNUTHIBACTCS KPUTEPUIA:

2 2 2
H = 2 & +...+R—J+...+Ri =3-(n+1) ~ Pk

_n-(n—l) n, n; n,

II€ 7 — YUCJIO BCEX BAPUAHT,
n;— 00BeM j-i rpafanuu QaKTopa,
R; — cymMMa paHroB JUIs Ka)XJ10M j-ii Tpajanuu Qakropa,
k —aucno rpamanuit pakropa (j=1, 2, ..., k).

[Tpu o6beme BbIOOPOK Ooiibliie 5 BapUaHT CTATUCTHKA H MMeeT pacrpene-
JeHue XHU-KBajapaT ¢ df = k— 1 cremeHsMU CBOOOJIBI U CPAaBHUBAETCS CO 3Haye-
HusIMU U3 Tabm. 9/1.

[Tpumenum 31y cxeMy (Tabum. 10) k HaIIUM JaHHBIM U3 Ta0JI. 9, pacHoIOXKUB
UX B CTPOKY.

No o/ 1 2 3 4 5 6 7 8 9 10 11 12 13 14
I'paparua| 1 1 1 1 2 2 2 2 3 3 3 4 4 4
3HaueHue 5 6 7 6 6 7 8 7 8 8 7 8 9

3aTeM yImopsigouuM U paHkupyeM uX. J[JIss HECKOJIBKUX OJMHAKOBBIX 3HAaue-
HUN OepeTcs CpeHUN paHT.

Ne i/ 3 4 5 7 8 9 10 11 12 13 14
I'panamus 1 11 2 2 1 2 3 4 2 3 3 4 4
3HaueHHNE 5 5 6 6 6 7 7 7 7 8 8 8 8 9

Panr 1515 4 4 4 757575 75115115 115115 14

Hakonen, pasHeceM paHTW MO rpajalusiM U IOJCYMTaeM HEOOXOJIUMBbIC
CYMMEBI.
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Tabauya 10
Ipagammss | 1 | 1 [ 1] 1 [2]2]2] 2 [3] 3 | 3 [4] 4 | 4
3HaueHue | 5 5 6 7 6 6 7 8 7 8 8 7 8 9
Paur,R |15 1.5 4 75 |4 475 11.5 |75 11.5 11.5 |75 11.5 14

Cymma, R 14.5 27 30.5 33
n 4 4 3 3
R*/n 52.56 182.3 310.1 363

OO61mmit 06bem BeIOOPKH paBeH n = 14. Benuuuna kputepusi H cocTaBuT:

H=L-(52.56+182.3+310.1+363)—3-13=

14-13

=0.065934-907.8958 — 45 = 14.86.

[To Tabmuuie pactipenenenus cratucTuku y> st o = 0.05 u df =4 — 1 = 3 Ha-
XOAUM )*0.0s,3) = 7.81. Ilonyuennoe 3nauenue kpurepus (14.86) Goinbiie Tadbnuy-
Horo (7.81), 3HaYUT, OTIMYME BBIOOPOUHBIX PAaCHpPENEIECHUN JOCTOBEPHO. XUMH-
gyeckas 100aBKa JEMCTBUTEIHHO U3MEHSIET IUI0JOBUTOCTh NaHU.

Jleyxghakmopuwiii OucnepcuonHnblil AHAIU3 KOIUYECHI6EHHBIX NPUSHAKOE

JIByx(aKTOpHBII AUCIIEPCUOHHBIN aHAIU3 UCCIIENYET BIUSIHUE HA pe3yJibTa-
TUBHBIM NMPU3HAK JIBYX (PAKTOPOB KakK MOPO3Hb, TAK U COBMECTHO. YueT 3 deKTa
BJIIMSIHUS KXJ0T0 (pakTopa Mo OTAEIbHOCTU TEOPETUYECKH HUYEM HE OTINYAETCA
OT ONMCAaHHBIX BbIIIE cXeM. 1 TaM U TyT onjeHuBaeTCs U3MEHUYUBOCTh CPEIHUX I10
rpaganysM Ha (oHe ciay4yailHOW M3MEHYMBOCTHM BApUAHT BHYTPH Ipajaluii, ¢ mo-
MOIIBbK KpuTepuss Puiiepa yCTaHaBINBAECTCS TOCTOBEPHOCTh OTIIMYMMA MEXKIPYII-
HNOBBIX JUCIEPCHI OT BHYTPUTPYIIIIOBBIX.

JIByx(aKTOpHBIN AUCIIEPCHOHHBIN aHajn3, €CTeCTBEHHO, TpeOyeT Oosee
CJIOKHBIX BBIUHUCIUTEIBHBIX ONEpalnii, 4eM 0JHO(GAKTOPHBIN, HO B MIPUHIIUIIE HH-
YeM HE OTJIMYAETCS OT ONMMCAHHBIX BbIIE cXxeM. OJHAKO 3TO OTHOCHUTCS JHIIb K
OpPTOTOHAJIBHBIM (PAaBHOMEPHBIM, WJIM MPONOPLHUOHAIBHBIM) KOMIUIEKCAM, Xapak-
TEPU3YIOLIUMCSI PAaBHOW WJIM, 10 KpaWHEN Mepe, NPONOPLUMOHATIBHON YUCIEHHO-
CThIO Ipynn (B rpajalusx COJAEP)KaTCs OAMHAKOBBIE WM IPONOPLUOHAIbHBIC
yycia BapuaHT). UTo ke KacaeTcsi HeOPTOrOHAJIbHBIX MHOTO(AaKTOPHBIX KOMILJIEK-
COB, TO UX aHAJIU3 NMPUHIMUIHAIBHO BO3MOXEH, HO UIMEET CBOM OCOOEHHOCTH, CY-
IIECTBEHHO YCJIOKHSIOIIME TEXHUKY BBIYMCIEHUH, U B HACTOSALIEM IOCOOMM HE
paccMaTpUBaETCS.

Ha mpaxTuke BNOJHE TOMYCTUM M Takoil cnoco® HM30€TrHYTh CIOKHOCTEH
00pabOTKN HEPABHOMEPHBIX KOMIUIEKCOB, KaK HCKYCCTBEHHOE IPEBpALICHUE UX B
paBHOMEpHBIE. [IJ1 3TOT0 HY>KHO COCTaBUTh BHIOOPKM OJMHAKOBOM WM MPOTMOP-
LUOHAJIBHOW YHUCIEHHOCTH, UCIOJIb3Ysl TOJIBKO 4YacTh MMEIOIMXCcS AaHHBIX. Ciie-
IyeT, OJHAKO, TOMHHUTb, YTO TaKOW OTOOp HE MOJIKEH OBITh CyOBEKTUBHBIM. UTO-
ObI HE TOMYCTUTh BO3MOXHOW TEHJEHIIMO3HOCTH, Jy4YIlle BCETO MPUOETHYThH K Ke-
peObeBKe.

BaxxupiM mpenMyIiecTBOM ABYX()AaKTOPHOTO IUCIEPCHUOHHOTO aHalu3a Iie-
pea 0THO(PaKTOPHBIM CIIY>KUT TO, UTO C €0 IOMOIIBIO YIAa€TCsl ONPENEIUTh Baph-
UpoBaHue Mo codeTaHuto rpafgatmil Ceoyem. = C4p5, TO3BOJIAIONIEE ITOTYYUTh HOBBIN
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¥ BeChbMa IIEHHBIN B OMOJIOTUYECKOM OTHOIIEHUHU IMMOKA3aTEeNh — OICHKY BIIMSHUS
COYETAHHOTO JIEHCTBUA (B3aUMOICUCTBHS) (PAKTOPOB.

O61mas Bapuaius (CyMMa KBaJapaToB) MPU3HAKA TENEPh COCTOUT U3 YEThIPEX
KOMITOHEHTOB 32 CYET 00Jiee IETaIbHOTO pa3iokeHus: (hakKTOpUaIbHON TUCTIEPCU.

[IpaBuio pa3noxkeHus Bapruauui MpeacTaeT Kak:

Co6u4. = CA + CB + CAB + CClel{.a

Cqbakm. = Co6u4. - CCJZylt. = CA + CB + CAB-

JUJis pacueToB MCTONB3YIOTCS CIAEAYIOUINE CMBICIOBBIE (POPMYJIBI:

Co6u4. = Z(xi - Mz,

Cy = X(My — M)?, j — uucno rpagauuii paxkropa A, M,; — rpynnoBklie Cpea-
HUE 10 TpaganusaM (axktopa A,

Cp = (Mg, — M)?, k — aucno rpangamuii pakropa B, Mp, — TpynmnoBbIe Cpe-
HUE 1o TpaganusaM paktopa B,

Cczzyu. = Z(X,' - Mxi 2:

CAB = Co6u4. - (CA + CB + Cczzyu.)-

CoueTtanHoe neicTBUE (B3aMMOJIEHCTBHE) KAKIOTO U3 ABYX (haKTOPOB MPO-
SBIIETCSI B YCWJIGHUHM WJIM OCJIa0J€HUM HEMOCPEICTBEHHOTO IEHCTBUS APYroro
dakTopa Ha o0BeKT HccienoBanus. K mpumepy, Heypoxkail KOpMOB ycyryoOssieT
HETaTUBHOE JEHCTBUE 3UMHETO XO0J0/1a Ha YUCIEHHOCTh MOMYJISALNI MEIKUX MIIe-
KOIHUTAIOLIHUX.

PaccMoTpuM 4KCIIOBOW MpPUMEpP — UCHBITAHUS CTUMYJSATOPA MHOTOILIOAUS
IpU Pa3HOM MOJHOLIEHHOCTH pannoHoB. [lomHoneHHOCT panuoHa (nepBblii (ak-
TOp) MpeAcTaBiIeHa ABYyMs IpanauusmMu: A1l — paumoH ¢ HEJOCTATKOM MHUHEpalb-
HBIX BENIECTB, A2 — palMOH, MOJHOCThIO COAJlAaHCUPOBAHHBI 1O BCEM IH-
TaTeJIHHBIM BEIIECTBAM, BKIIIOUAsl U MUHEpaIbHbIe. CTUMYIATOP (BTOpOH (aKTop)
ObLII UCHBITaH B TpeX no3ax: Bl —oaunapHas, B2 — nBoitHas, B3 — tpoitHas. Pe-
3yJbTaTUBHBIN MPU3HAK — IUIOAOBUTOCTh CAMOK, U3MEPSBILIAACS YUCIOM JETEHBI-
et B momere. J{Jist KaXka0ro coueTanus rpajalii paijioHa U CTUMYJISITopa ObuId
0100paHbl TPU OJHOBO3PACTHHIE CAMKH.

KomOunHatuBHas Tabiuia ABYyX()aKTOPHOTO PAaBHOMEPHOTO AUCIEPCHOHHO-
ro KOMIUJIEKCA C TPEXKPATHON MOBTOPHOCTHIO (7; = 3) BKIIIOYAET ABE Tpajaliu 1o
baxkTopy 4 u Tpu rpagaiuu no pakropy B (tabdn. 11). BapuanTtel pazMemniaroTcs mo
rpajanusaM, onpeaessieTcss 00beM rpajaluu, BEIYUCIAIOTCS CyMMbl BapHaHT, 4a-
CTHBIE CpEJIHHE, 3aTeM Bcriomorarelbubie Benuuunsl (H1, H2, H3, H,, Hg) u cym-
MBI KBaJIpaTOB OTKJIOHEHWHU (Aucmepcuii) mo padbounm dopmynam. B 3aBepiieHue
BCEro 3arOJHSAIOT TaOJIUIly AUCTIEPCHOHHOTO aHanu3a (Tabia. 12), HaxoaaT mokasa-
TEeJb JOCTOBEPHOCTH BiMsIHUS Duiliepa u, CONOCTaBIAA €ro ¢ TaOJIUIHBIM TS CO-
OTBETCTBYIOUINX CTENEHEHl CBOOOIBI M MPUHATOTO YPOBHS 3HAYUMOCTHU, AENAIOT
CTaTUCTUYECKUI BBIBOJI.
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Tabnuya 11
[ panauu Al A2 Jnst B
(bakTopoB x | x X X’ )y Mp | ZEx%/n | X(Zx¥/n)
Bl 5 125 1 1
6 | 36 4 16
7 |49 1 1
X2 110 18 X¥x? =128
XX 18 6 X¥x =24 4 96
n 3 3 ng; =06
2x%/n 108 12 X(Zx¥n) =120
B2 4 |16 | 10 | 100
3 9 9 81
5 125 ] 11 | 121 Hy=
X2 50 302 | EXx?=352 2(Xx%/n)
2x 12 30 X¥x =42 7 294 =486
n 3 3 npy = 6
2x*/n 48 300 X(Xx%/n) = 348
B3 2 4 7 49
3 9 4 16
1 1 7 49
X2 14 114 | EXx*2=128
XX 6 18 X¥x =24 4 96
n 3 3 np; =06
Xx%/n 12 108 X(Zx¥n) =120
X¥x? 174 434 | H1 =XX¥x* =608
PR X¥x 36 54 X¥¥x =90 |H2= (ZXZx)*/N=450
ny=2n 9 9 N=X3¥n=18
2x*/n 168 420 H3 = X¥(Xx*/n) = 588
My=%X¥x/mn| 2 6 j =2 —uwucino rpaganuii pakropa A
Jnst 2x*/n 144 324 k = 3 —aucno rpamanuii pakropa B
A H,=X(Xx*/n) = 468

Cooy, = Hl — H2 = 608 — 450 = 158

Cenpw, = H1 — H3 =608 — 588 = 20

Cd)akm.z CA+B+AB=H3 — H2 =588 —450 =138
Cy=Hx— H2=468 —450=18

Cp=Hp— H2 =486 — 450 =36

Ci= Cpum. — C4—Cp=138— 18— 36 =84

B namem npumepe Bce (hakTopuaIbHbIC BIUSHUS OKA3aIHCh JOCTOBEPHBIMHU
C IOBEPUTENHHOU BEPOSITHOCTHIO P > 0.95 (Tabn. 12). D10 mo3BosSIeT cAenarh omn-
pENeNICHHbIE BBIBOABI OTHOCHTEIIBHO JEHCTBUS CTHUMYJSTOpAa HA TUIOAOBUTOCTH
caMok. BmmsiHMe kaxkmoro (aktopa B OTIAEIBHOCTH (KadecTBa paIlioHa W J03bI
CTUMYJISITOpPA) U UX CyMMapHoro 3¢ @deKTa J0CTaTOYHO CYIIECTBEHHO, HO 0OCOOCH-
HO pe3yJNbTaTUBHO JACHCTBHE CTUMYJIATOPA B COUETAHHWH C TOJTHOIEHHBIM PaIlo-
HOM (BeJMUMHA 4245 BHINIE, YeM #?4 U #*g). bonee Toro, mpu HegoCTaTKE B KOPME



58

MHHEPAJIBHBIX BELIECTB ABYKPATHBIE M TPEXKPATHBIEC 03Bl CTUMYJISATOPA MOTYT
JIa)K€ CHU3UTH IIOJOBUTOCTD KUBOTHBIX.

Tabauya 12
CymMbI Cuna Crenenu Huc- Kp e
Cocrasnstoniue pui,
Herepen KBAJIPATOB, | BIMUSIHUS, | CBOOOJBI, nep- F
A C 7 (%) df cnm, S

(Fod.den)
®daxkrtop A 18 11 j—1=1 18 10.8 (4.7)
dakTop B 36 23 k—1=2 18 10.8 (3.9)
B3aumoneiicreue 4B 84 53 df,- dfg=?2 42 125.2(3.9)
®daktopuanbHas (BCEro) 138 87 jk—1=5 27.6 |16.5(3.1)
Cny4aitHas 20 13 N—j k=12 | 1.67
Ob6mas 158 100 N—1=17

Tabnuua nByx(hakTOpHOro AUCHEPCUOHHOTO aHAJIN3a UMEET TY K€ CTPYKTY-
py, 4TO U Tabnuua aias oJHO(AKTOPHOTO aHa/M3a, TOJBKO (paKkTopHualibHas TUC-
nepcus pa3ioKeHa Ha TPU KOMIOHEHTHI (i1 pakTopoB 4, B ¥ WX B3aUMOJCHUCT-
Bus). J{ns kakmo u3 HUX TpeOyeTCsl BBIYUCIUTh YUCIIO CTETIEHEH CBOOOIBI C yUe-
TOM 4ucia rpaganuii pakrtopa A (j, KOIMUECTBO CTOJOIOB) U YWCIA Tpamanui
daktopa B (k, KoMU4ecTBO PsIIOB), 3HAYEHUS AUCTIEPCHIA, a TaKkxke Kputepuii du-
mepa. [lockonbKy KaKIOMy M3 pAcUETHBIX 3HAUYEHUN KPUTEPHUSI COOTBETCTBYET
CBOE YHCIIO CTeTICHEH CBOOOAbI, TAOJMYHBIC 3HAUCHUS OKAXKYTCS PA3HBIMHU.
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OIEHKA 3ABUCUMOCTHU MEKAY IPUBHAKAMMU

N3noxeHHbIe BbIIE METOABI CTATUCTUYECKOTO aHaln3a al0T BO3MOXKHOCTh
U3y4yaThb U3MEHUYMBOCTh OMOJOTUYECKHX OOBEKTOB MO OTACIbHBIM MpU3HAKAM —
BECy, pa3Mepam, MI0JOBUTOCTH, (PU3MOJIOrMUECKUM Moka3arensiM U Jip. OJIHako B
pAlle cily4aeB BaKHO 3HATh, KAKOBA 3aBUCHUMOCTbh MEK/ly BapHallMeN IBYX WJIN HeE-
CKOJIBKUX ITPU3HAKOB, U3MEHSIOTCS JIM JIBE IEPEMEHHBIE CAMOCTOSITENILHO, HE3aBH-
CUMO ApPYr OT Apyra, WIA BApPbUPOBAHUE OJHOIO INPU3HAKA B KAKOW-TO CTENEHU
CBSI3aHO C U3MEHYMBOCTBIO APYroro. B kadecTBe BTOpPOW MEPEMEHHOM YacTO BbI-
CTYIaeT KaKoh-In0o (HhakTop cpeabl.

3ajady MCCIEeI0BaHUs 3aBUCHUMOCTENH MOXHO pacCMaTpuBaTh Kak pa3BUTHE
METOJa NHMCIEPCUOHHOTO AaHAIM3a, PEIIAIOLIEr0 3aJady CPABHEHHSI HECKOJIBKHMX
BBIOOPOK, T. €. U3YyYarollero BiMsSHUS (akTopa Ha Mpu3HaK. TexHuKa AucrepcH-
OHHOTO aHaJIh3a UMeEET JBe ocoOeHHOCTH. DakTop (WK PakTOpUanbHbIN NPU3HAK)
3a/laH IMCKPETHO, B BUJIE Tpajauuid, i «1o3». Korna uccnenyercs daxrop, 3a-
JAHHBIN KauecmeenHo, TO pa30MEHNE Ha rPpaJlallii BCEro Juara3oHa ero AeHCcTBus
OKa3bIBaeTcst 0ueHb AP (HEKTUBHBIM CIIOCOOOM CO3AaHUS TOI00US KOJIMUYECTBEHHOM
nepemMeHHo. Ho mpu M3ydeHuM KOJMYECTBEHHO 3aJaHHOro (haktopa B Irpyooi
rpaayallbHOM cXeMe AMCIEPCUOHHOIO aHallh3a yTpauuBaeTcsl 4acTh MHPOpPMALIUH,
KOTOpasi COJAEPKUTCSI B UCXOJHBIX BBIOOPKAX U KOTOPYIO MOKHO OBLJIO ObI MCIOJIb-
30BaTh. Kpome 3TOro, mucrnepcHOHHBIM aHAIW3 SBHBIM 00pa3oM HE YYUTHIBAET
TEHACHIIMA U3MEHEHUsI CPEIHEro YPOBHS MPU3HAKA MPU U3MEHEHUH YPOBHA (hak-
TOpa, HE COAEPKUT IOKa3aTessl Xapakrepa (3Haka) 3aBUCHMOCTU IPU3HAKA OT
¢dakropa. Bce 3T «HemocTaTKM» MUCIIEPCUOHHOTO aHaIM3a HE XapaKTEpHbI IS
METOJ/IOB U3YUEHUS CONPANCEHHOU USMEHYUBOCMU — KOPPEISILIMOHHOTO U perpec-
CHOHHOI'O aHAJIN30B.

Cnoco6 mpejncraBieHrs OTACIbHBIX HAOMIOACHUHN 3/1eCh MEHSETCS: Kaxaas
BapUaHTa PacCMaTPUBAETCS KaK HOCUTEIb JABYX UMCICHHBIX XapaKTEPUCTHK O0b-
€KTa U3MEPEHUS, IBYX 3A8UCUMbIX 3HAUYCHUN CIy4aWHOM BEJIIMYMHBI. Eciiv BbIle
MBI OTOXKIECTBIISUIA OTAEIBHOE 3HAUYCHHUE C OTAEIBbHON BAPUAHTOM, TO TEIEPh MbI
paccMaTpuBaeM BapHaHTY KaK HEKOTOPOE Tello, 00Jafaroniee MUHUMYM JBYMS 3a-
PETrUCTPUPOBAHHBIMUA KaYECTBAMHU, PA3JTMYHBIMU Y PA3HBIX BAPUAHT:

: L)—) x (I x (X x

y y y
Hanpumep, 1515 1100010 3 kMBOTHOTO MOXHO ONpeneuTh maccy (M) u anuny
(L) Tena; oTnenbHas BapuanTa OyaeT HecTu nBa 3HadeHnus (L, M). [Ipu sTom MHO-
YKECTBO BapUaHT BHIOOPKU MOKHO OTOOpa3uTh rpapiuecKu Kak TOYKHA Ha MIIOCKO-
CTH oceil nByX mnpu3HakoB M u L. Bcs BeIOOpKa MpeacTaHeT B BUE MHOXKECTBA
TOYEK Ha TJIOCKOCTH (AByMepHOoe paccesHue). Kak BumHO Ha nuarpamme (puc. 10),
«00J1aK0» BapHaHT BBITSHYTO B HAIpaBJICHUM JAUaroHaiau obsaka todyek. Crpasa
BBEPXY HAXOMSTCS BApUAHTHI C BHICOKUMHU 3HAYEHUSIMU U Pa3MEPOB, U MACCHI Tela,

B JICBOM HHMJ)XKHEM YTIJ1y — C HAMMCHBIIMMH 3HAUYCHUAMMU. B HEHTPEC PACIIOJIOKCHBI
BApHUAHTEI C IIPOMCKYTOYHBIMHA, CPCAHUMHU 3HAUCHUAMMU.
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y (M)

. x (L)

Puc. 10. Obracmo pacceanus eapuanm

B nmepBoM npuOIMKEHUN MOXHO CKa3aTh, YTO 08YMEPHOe pacnpeoeieHue —
9MO OpOUHAYUsL 8APUAHM HA NJIOCKOCMU ocell 08yx npusHakog. [lomumo pacces-
HUS Ha TUIOCKOCTH, B ONIPE/ICIICHUE TBYMEPHOTO paclpeaeeHus] BXOAUT U 4acTOTa
BCTPEUAEMOCTH OTAETbHBIX 3HaueHWH (a). Eciam mpu3Haku x M y TEOpeTHUECKU
MIOTYMHSIOTCS HOPMAJTbHOMY 3aKOHY, TOT/Ia CKOIIJICHHE BapHaHT B TPeX OCAX (ocu
NIPU3HAKOB X, ) M YaCTOTHI @) 00pa3yeT BeCchMa CTPAHHBIN «TpeOCHbY, PaCTSIHYTOE
B IIPOCTPAHCTBE 8bINYKI0E HOpMaAlbHOe pacnpedenenue (puc. 11). OnHako B pe-
ATBPHOCTU TaKOW UACATHHOW KapTUHBI MMOTYYUTh HUKOTJA HE YIAACTCs, TPUXOIUTCS
OPUEHTHUPOBATHCS TOJILKO Ha IJIOCKYH (UTYPY pacCesHUs HEMHOTOUYMCIECHHBIX
BapuaHT. Eciu 065acTh, 3aHATYI0 BapHaHTaMH, OY€PTUTH 10 neprudepun miaBHON
JMHUEH, MBI TIOJYYUM BBHITSHYTYIO (UTYDPY, DJUTUIIC, OTPAHUYUBAIOIINANA 00J1acTh
paccestHisI BapUaHT, AIUIUIC PACCESHUS. DLIUNC PACCeanUs — Mo 061acmy pac-
npoOCMpaHenust 6apuanm 0OHOU COBOKYNHOCMU.

MO>XHO BUZI€TH, YTO B HaIlIEM MMPUMEPE MPU3HAKH CBA3aHBI IPYT C IPYTOM —
eCTh OO0IIasi TeHISHIUS: YeM OOoJIbIlle JUIMHA Tejla, TeM OOJIbIIEe BEC; 9Ta 3aBHCH-
MOCTh HE OYCHb JKECTKas, OHA Pa3MbITa HHIUBUIYaTbHBIMH OCOOCHHOCTSIMU 00b-
€KTOB (BapHaHT).

Puc. 11. /[symeproe pacnpedenerue

B nBymepHOM pacmpeneneHnn nposiBistoTcs ABa 3 (exTa: CHHXPOHHOE U3-
MEHEHHE JIByX MPHU3HAKOB U pa3MbIBaHHE 3TOH CHUHXPOHHOCTH, T. €. JACHCTBHE
(bakTOpPOB COMpsKEHUsI MPU3HAKOB BIOJb OCH DIUIMIICA U JCUCTBUE CIy4YailHBIX
(akTOpOB — MoMepeK Hee.
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Koppenayuonnwiit ananus

Bzaumnas ceazv (83aumHas 3a8ucumocms) 08YX NPU3HAKOS NPU UX USMEH-
YUBOCMU, M. e. CONPANCEHHOCMb UX 8apuayuu, Hazvieaemcs koppensayuet. Koppe-
JSIUUSL UIMEET MECTO B TE€X CIIy4asix, KOTJla MPU3HAKK U3MEHSIOTCS HE aBTOHOMHO, a
corjacoBaHHo. Ecim ¢ yBenuyeHHMEM OJHOrO TMpU3HAKA TMPOUCXOJUT CO-
OTBETCTBYIOIIEE YBEIUYEHUE JIPYrOro, TOBOPAT O MOJIOKUTEIbHON KOppEsaIuu, U
KO3 PUIIMEHT KOPPENsLUA UMEET B 3TOM CIIydae MOJIOKUTENbHbIN 3HaK (+). Eciu
K€ 10 MEPE YBEJIMYEHUS IIEPBOIO NMPU3HAKA BTOPOM YMEHBIIAETCS, TO 3TO OTpHILIA-
TeNbHASI KOPPEJus, KOdhUIUEHT KOPPESIUHN MULIETCS CO 3HAKOM MUHYC (—).
[TosnHast moNOXKUTENBHAS KOPPEISALUS BbIpaKaeTcad eqUHULEN » = 1, monHast OTpu-
narenbHas — » = —1. B npupoae Takas cuTyalusi BCTPEYAeTCsl PEAKO, U CTEIEHb
CBSI3U BBIPAXKAETCS TOW WJIM MHOM Jl0el enquHuilbl. [Ipu 3ToM 0 TeCHOMU (CHIIBHOM)
KOPpEJSIIMKA OOBIYHO TOBOPST B TEX CIydasiX, Korjaa Kodh(GUIUeHT KOppesiiuu He
Hwke £0.6; 3HaueHust Huke £0.6 yKa3pIBalOT Ha CPEAHIONO CBA3b, a HUkKE £0.3 — Ha
ciabyro.

KoaddummenT koppensiuuu npus3BaH YUCICHHO BBIPAXKATh JOJIIO COMPSKEH-
HOI BapHaliy IBYX MPU3HAKOB B 00IIEH UX Bapualluu:

r—\/ kosapuayus  Cxy Z(y_My)(x_Mx)

- - b
usmenuueocms  A/Cx - Cy \/Z(y -M)) > (x=M,)
rne  Cxy — XapaKTepUCTUKA COMPSHKCHHONW N3MEHYMBOCTH TIPU3HAKOB,

Cx, Cy — XapakTepucThKa 00IIel "3MEHYMBOCTH MTPU3HAKOB.

[Tp GOJBIIOM KOJMYECTBE MAHHBIX KOIPPHUIIMEHT KOPPENIANHA HMEET
CMBICIT BBIUUCIIATh Ha KOMIbIOTEpe (Hampumep, ¢ momotbio ¢pyHkiuun KOPPEJL B
cpene nmporpammbl Excel), HO 1711 HEOOJIBITHUX BHIOOPOK €0 MOKHO OBICTPO HAWTH
U Ipu py4HOM cuete. Pabouast popmyna 1j1s pacyeToB UMEET BU:

L Cxy 2= »)/n .
Ve Gy (=0 im) (X () /)

Crioco6 BeruuciaeHus KO3PPUIIMEHTa KOPPEALUU MToKa3aH B Tabmuie 13 Ha
npUMeEpe 3aBUCUMOCTH MEKY KMBBIM BECOM KOPOB (X) U ux npumuiona (y, kr). Ilo
TaOJIMIIE PACCUYUTHIBAIOTCS KBAAPAThl BAPUAHT M MX MPOU3BENCHUS, a TAKXKE CyM-
MBI BapuUaHT, KBaJIpaTOB U MpOH3BeAcHUI. Brruncienus BeayTcss o TOYHBIM pa-
oounmM popmyram.

Tabnuya 13

y Lx | » | 2 | xy
25 352 | 625 123904 8800
26 376 | 676 141376 9776
31 402 | 961 161604 12462
32 453 | 1024 205208 14496
34 484 | 1156 234256 16456
38 528 | 1444 278784 20064
38 555 | 1444 308025 21090
224 3150 | 7330 | 1453158 | 103144

MI NN DW=~
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[TpoBenem mocnenoBaTenbHble pacdeThl. CHadanma OMpeaeauM BCIIOMOTa-
TeJIbHbIC BEJIMYMHBI:
Cxy =2(xy)—(2x)-(Zy)/n=103144 — 3150 - 224 / 7 = 2344,
Cy=%y*— (Xy)*/n=7330—224>/7 =162,
Cx =2x*— (Xx)*/n=1453158 —3150%/ 7= 35658;
3aTeM — KO3 PUIIUESHT KOPPEIISALIHH:
Cxy 2344

}/‘ = =
JCx-Cy /35658162
Jlanee Haiiiem ero ommuoKy:

2 2
mr:\/l , :\/1 0.975" _ 1 099,
n—2 7-2

U, HaKOHel, KpuTepuid ¢ CThIOJIEHTA JJI IPOBEPKU 3HAYUMOCTHU KOA(D(HUIIMEHTOB:
t.=r/m,=0.975/0.099 =9.84.

HyneBas rumotes3a mpenmonaraet OTCYTCTBHE CBSI3H: «KOI(DPHUIUEHT KOP-
pesiuy 3HAaYMMO OT HyJIA He oTin4daetcs», ¥ =0. B Haiiem npumepe st ypOBHS
3HauynMoctu o = 0.05 u uucna creneneit cBo6oAbI df = n — 2 =135 HaxoaAuM TabIU4-
HOe 3HadeHue kpurepus CTBIOACHTA {5 5) = 2.57. Ilonydennas Bennyuna (9.84)
3HAYUTEIHLHO MPEBBIMIAET TAOMMUHYIO (2.57), 4TO TOBOPHUT O BHICOKOM CTATUCTHYC-
CKOW 3HaYUMOCTH KOd(pPHUIMeHTa KOPPEAIUHU, O TOCTOBEPHOCTH €TI0 OTIUYHS OT
Hyns. [lpusHaku nonoorcumensvHo KOPpPEIUpPYyOT, Macca Tella TEJIEHKA JIEUCTBU-
TEJIbHO 803pacmaem BCIIE]l 32 pPOCTOM MAacChl T€J1a KOPOBBI.

Bri6opHbIil kK03pdULIMEHT KOpPEIsSIUU B TOW WJIM MHOM CTEIIEHH COOTBET-
CTBYET TeHepalbHOMY MapameTpy. OnpenennTs Auanas3oH, TA€ JIEKUT T'eHeEpalb-
HOE 3HAYEHHUE, MOXKHO C MOMOIIBIO JIOBEPUTEILHOIO UHTEPBAJA, XOTS €ro Helb3s
IIOCTPOUTH HETIOCPEICTBEHHO IO POPMYIIE ¥ +£ I, 45 M, JI€J10 B TOM, 4TO 001aCTh
U3MEeHeHUN kod>pdullMeHTa orpaHudYeHa paMkKamu +1, O3TOMy pacrpejelieHue
BBEIOOPOYHBIX KOA(DPHUITMEHTOB KOppeIsun B 00IeM HE COOTBETCTBYET HOPMAJTb-
HOMY (C Marma3o0HOM W3MEHYMBOCTH +00). [loaToMy mepen pacuerom kodhduim-
€HT KOppEeslUU MpeoOdpa3yloT B BEJIUUYMHY z, UMEIOIIYI0 HOPMaJIbHOE pacmpe/ie-
JICHUE, U YXKe ISl Hee OTHICKMBAIOT T'PAHUIIbI JOBEPUTEILHOIO UHTEPBaja, MOCie
Yero BBIMOJHAIOT 00paTHOE Mpeodpa3oBaHUE.

JoBepurenbHblid UHTEpBaAN s Hamiero ciydast (r=0.975, a=0.05, n=17,
df=n—2=35, to0ss = 2.57) paccuntbiBaercs Tak. IIpeobpazyem r:

22051 ) 2051 L2973 Z 5 184
—r 1-0.975

i 6epeM ero 6osee TouHoe 3HaUeHue u3 Tabmunel 1377, Torna z=2.0923.

1 1
OmnpenenseM omuOKy m, =\/ =,]—— =0.5.
P Y n-3 7-3

HaxonuM BEpXHIOI TPAHULLY: maxZ = Z T gap - M= 2.09+2.57-:0.5=3.375n
HWKHIOIO TPAHULLY: minZ = Z — Lgqp * M= 2.09-2.57-0.5 = 0.805.

Oo6paTtHoe mpeoOpazoBanue (1o Tadmd. 1471) nmaer: ya = 1.00, 7= 0.67.
HctuaHnoe 3HadeHWe KOXPPUIIMEHTA KOPPENSAIUUA HAXOIUTCS B AWANa30HE OT

0.67 mo 1.00.

=0.975.
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Jlooicnas xoppenayus

Koraa Bennunna kordduiirieHTa KOppesiiuu ONpeaeiseTcs B MepBylo oue-
peab crocoOoM 1moadopa BapuaHT B BEIOOPKY, a HE peajbHOM 3aBUCUMOCTBIO MEX-
Iy U3y4aeMbIMHU MPU3HAKAMU, TO TOBOPST O «JI0KHOU KOPPEIIALII.

Benmnunna xoadduirieHTa KOppensiiiii 3aBUCUT OT BBITSAHYTOCTH 3JUIMIICA
paccesiHus: 4eM OoJiblile JUIMHA TJIaBHOM OCH 3JUIMIICA OTIMYAETCS OT CEUCHHUS, TEM
BbIllle 3HaueHue Kodpduimenta. CiayyaliHble eIMHUYHbBIE, a TeM 0oJjiee MapHbIe
3HAYEHHs] MOTYT PE3KO MOBBICUTH MMOKA3aTeb CHIIbI CBSI3U IMpu3HaKoB. OCOOCHHO
YyBCTBUTEJICH KOIPPHUIIMEHT KOPPETALUHU K HYJISIM, KOTOPbIE MOTYT MONAacTh B UC-
XOJIHYIO0 MaTpULly IPU NEPEHOCE JAHHBIX MEXKY 3JIEKTPOHHBIMU TAOIHIIAMHU.

SIBrIeHME NOKHON KOPPEJALMU BO3HUKAET U B TOM ClIy4yae, KOTJ1a UCCIeaye-
MbI€ MOKa3aTeIu UMEIOT B CyMME MOCTOsIHHOE 3HaueHue, Harnpumep 100%. Pac-
CMOTPUM COOTHOLIEHUE YHUCJIEHHOCTU T'PBI3YHOB M HACEKOMOSIHBIX B Pa3HbIX
ouoronax (tadxa. 14). IlpencraButeny u nepBoro, ¥ BTOPOro OTPSIIOB yalle BCTpe-
YalOTCs B KOPEHHBIX XBOMHBIX JIeCaxX, HEXKEJIM B aHTPOIIOT€HHBIX CTalUsAX, TEM 00-
jee B arpoiieHo3ax. CHHXpPOHHOCTh UX PEaKlMU Ha TpaHCcPopMaluio JaHaAmadToB
BBIPAKAETCS BHICOKUM KOY(PHUIIMEHTOM KOPPESAUU UX ynciaeHHocTH 7 = (0.85.

Tabnuya 14

HucneHHOCTH
buoromn (9x3./100 KOHYCO-CYTOK) Jloms, P (%)
Oypo3yOOK | TphI3yHOB | 0011ast | Oypo3yOoOK | IphI3yHOB | oOImIas
NG Nr No N6/ No Nr/No | No/No
KenpoBuuxk 25 29 54 0.46 0.54 1
CwmernaHHBINA 25 32 57 0.44 0.56 1
DKOTOH 23 21 44 0.52 0.48 1
CocHsik 22 16 38 0.58 0.42 1
bepesnsik 20 23 43 0.47 0.53 1
Jlyr 10 9 19 0.53 0.47 1
r 0.85 —1.00

Ecnau ke OlleHUTh 3aBUCUMOCTb MEXAY JoJield TpbizyHOB (Pr = Nr/No) u
noseit 6ypo3yook (P6 = NO/No) B 3TuUX cTanusax (MexAy WHACKCaMHU JOMUHHUPO-
BaHUs), oHa cocTaBuT ¥ = —1.00. [leqo B TOM, 4TO 3TU MOKA3aTENIN PACCUUTHIBAIOT-
Csl OTHOCHUTENBHO OOIIEH CyMMBI, IMO3TOMY JOJS IMOJIEBOK COCTAaBJISIET PAa3HUILY
mexay 1 u goneit 6yposybok: Pr = 1—P6. [lo cymiecTBy, MBI ©UMEEM ypaBHEHHE
CTporo (QyHKIMOHAIBHON 0OpaTHOM perpeccun (¥ =1—1-x), KOTOpOMY COOTBET-
CTBYET, €CTECTBEHHO, MAaKCHUMAaJbHBIH OTPULIATEIbHBIH KOA(POUIUEHT KOppEIs-
nuu. TpeOboBaHHe HEM3MEHHOCTU cyMMBbI AByX nokazareneil (1 wim 100%), npu-
HSTOE JUIsl BBIYMCIICHHS] TIPOLIEHTOB, OKA3bIBAETCS MPUUYUHOMN MOCTOSIHHOW o0part-
HOM MPOMOPIMU MEXIy dTUMHU MOoKazaTensiMu. Takas KOoppessius I0DKHA OBITh
Ha3BaHa JIOKHOM, MOTOMY UYTO XapaKTEpHU3yeT He OMOJOTHYECKYIO0 3aBUCHUMOCTH
nokasarelie, a croco0 ux pacuera. Korna o0uryro cymMmy o0pa3yroT Tpu U 0oliee
MIPU3HAKOB, JIOXKHAsL KOPPEJsIus OyAeT OTInYaThCs OT # = —1, HO OT 3TOTO HE YT-
paTUT CBOEH MPUPOJIbI MATEMAaTUYECKOTO apTedakTa.
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[Tpu 06paboTke MacCCHBOB JAaHHBIX C OOJBIIUM YHCIOM MPOU3BOIHBIX MPHU-
3HAKOB (MHIEKChl JOMUHUPOBAHUSI BUI0B B co0011ECTBE, MOP(HODU3H0IOTrHUECKHE
UH/IMKATOPbl) HETPYAHO MPOIYCTUTH €I1€ OJUH BUJ JIOKHOM KOpPpENALNU, KOTO-
past HaOJrOaeTcsl MEeXIy ABYMs NPU3HAKaMH, OTHECEHHBIMHM K OOIIEH Uil HUX
TpeTbell nepemMeHHOM. Ilo HeoCMOTPUTENBHOCTH KO3(PPUIMEHTHI CBSA3M MEXKIY
UH/IEKCAaMHU MOTYT OBITh BOCIIPUHSTHI KaK OLICHKAa 3aBUCUMOCTH MEXAY NpU3HaKa-
mu. Takue xKoppensiuuu, 6€CCO3HATENbHO HaBEACHHbBIE TPETHUM (AKTOPOM, 110 CY-
TH SIBJISIFOTCS JIO)KHBIMH.

be3yciioBHO, conepKaTellbHYI0 HHTEPIIPETALIMI0 MOXKHO J1aTh KaK KOppeJs-
UM TPU3HAKOB, TaK U KOPPEJSAINH WHIEKCOB, HO OHU OyAyT KapAuHAJIBHO OTJIH-
yaTtbcs. Hanpumep, cpenr HECKOJIBKUX BUIOB KYHbHX (OT Jacku o Oapcyka) Ko-
3P UIUEHT KOPPETSALUU MEXTY IIMHONW TOHKOTO U TOJICTOTO OT/AETIOB KUIICYHUKA
(r=0.96) oTpaxkaeT npocThie MOP(HOIOTUUECKUE TPOMOPIUU: Y KPYITHOTO KUBOT-
HOT'O KMILEYHUK JJIMHHEE, YeM y MesKoro. OIHaKo KOppessiiys MeXay UHAEKca-
MU 3THUX OpraHoB (pa3MEpOB, OTHECEHHBIX K JUIMHE Tejla 0COOM) XapaKTepH3yeT
YK€ OTINYUS AUETHI pa3HbIX BUAOB (# = 0.78): KMILIEYHUK OTHOCUTEIHHO MEHBIIIE
y OOJIMTaTHBIX XUIIHUKOB, HEXenu y nosudaroB. OgHako B OOJIBIIOM MAacCHBE
IPOU3BOJHBIX 3HAYEHUM TaKHE OTHOILLIEHUS MEXIy MHAEKCAaMH MOTYT BOCIPHHHU-
MaThCsl KaK 3aBUCHMOCTH MEXKIY NMPU3HAKAMM, YTO HEU30€XKHO MPUBEAET K JIOXK-
HBIM BBIBOJIaM.

YrobObl yilTH OT MOJ00HOM ABYCMBICIEHHOCTH, K 00pabOTKe >KeIaTelbHO
IPUBJIEKATh TOJBKO MPEABAPUTEIHHO BBIBEPEHHBIE PeaibHBIE UCXOAHbBIC MOKa3a-
TEJH, a He CBsI3aHHBIE METOJIOM pacdeTa JO0JH, MPOLEHTHI UIH UHIEKCHI.

MHnoowcecmeennas koppenayus

Pa3o6pannblie BbIlIe MPUMEPH KOPPESIMOHHBIX 3aBUCHMOCTEH KacajucCh
IJIaBHBIM 00pa3oM B3aUMOCBSI3U JIBYX CONPSDKEHHBIX IMPOLIECCOB, SIBICHUN WM
BapbUPYIOIIMX MPU3HAKOB. MeXy TeM B NMPAKTUKE OMOJOTHYECKUX HCCIIEO0Ba-
HUIl HEPEAKO MPUXOAUTCS CTAJIKUBATHCS C OOJIEe CIOKHBIMM CIIydasiMH, HaIlpu-
Mep, KOI'Jla COIpPsDKEHbI HE J[Ba, a TPU WM 0oJiee U3MEHUMBBIX (hakTopa (Ipu3Ha-
Ka). B Takoii cuTyauuy BO3HUKAeT HEOOXOJUMOCTh U3YUYUTh MHOYKECTBEHHbBIE CBSI-
31 MEXJy OOJBIINM YHUCIOM B3aUMOJECHCTBYIOIIUX NEPEMEHHBIX, BBICTYHNAIOLINX
KaK B BHJIE€ LIEJIOM CUCTEMBI KOPPEIMPOBAHHBIX NPU3HAKOB OpraHu3Ma, TaK U B
(dbopMe COBMECTHOTO BIUSHUS CIOXKHOW COBOKYMHOCTH (DaKTOPOB Ha OMpEICIICH-
Hoe sABieHue. KoppensiunoHHas 3aBUCUMOCTb HECKOJIBKUX IEPEMEHHBIX HOCUT Ha-
3BaHME MHOYXECTBEHHOW KOPPEJSIIMH M OLEHUBACTCS KOA(P(PUIIUEHTOM, Ompese-
JSEMBIM Ha OCHOBE KOpPpEISLMM MEXIy BCEMH IapaMH Ipu3HakoB. Hampumep,
KOA(PGUIIUEHT MHOKECTBEHHON KOPPEISIUU MEXIy Tpems npuzHakamu 4, B u C
BBIYHCIIACTCS 110 (hOpMyJIE:

2 2

| rg e =2 g Tye  Tae

Fypc = 1— 2 .
—Typ

[TosyueHHast BEIMYMHA XapaKTEPU3YET CB3b MEPBOro NMpu3Haka (4) ¢ IBy-
M apyrumu (B u C). ITokaxem 3TOT cioco0 Ha MpUMEpPEe COBOKYITHOIO JEHCTBUS
nByx (axtopoB, B u C (TemnepaTypbl U BIaXKHOCTH), HA CYyTOUYHYIO aKTUBHOCTb
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TpaBsHBIX JArylieK (4). Onpenenenre NapHbIX KOPPEISILMN JaJI0 CIEAYIOIIHE pe-
synbTathl (n = 110): 73 = +0.58; r4c = +0.80; rzc = —0.45. O1crona

2 2
o = 0.58° +0.8°-2-0.58-0.8-0.45 — 0.86.

1-0.45°

CBoaHBIN KOA(hDUIIMEHT KOPPENsSUU OKa3ajics JOBOJBHO BBICOKUM M, Kak
MOKAa3bIBAET €r0 COMOCTaBJIEHHWE CO CTAaHAAPTHBIM 3HaueHHeM 1o Tadnune 1577,
BITOJIHE JOCTOBEpHBIM (Tipu a0 < 0.001).

C npyroil cTOpoHBI, eciii OOHapyKeHA 3HAUYMTENIbHAS KOPPENSIUSI MEXIY
npuzHakamu A u C u mexnay B u C, TO HE UCKIII0OUYE€HA BO3MOKHOCTh MHUMOW KOP-
PEJSIIMOHHON 3aBUCHUMOCTU MEXIy A W B, KOTOpas co3maercsd 3a cueT OJHOBpE-
MEHHOT'O BJIMSIHUS Ha HUX TpeThero npusHaka C. Hampumep, ycTaHOBIEHHas IO
uccienoBaHusaM B Kapenuu koppensuus MeK1y YUCIEHHOCTBIO JIECHBIX MOJEBOK U
YPOXKaeM CEeMsIH COCHBI, CKOpee BCEro, OOBACHIETCS HE 3HAUEHHEM IOCIEIHUX B
MUTAHUH TPHI3YHOB (T. €. MPAMOI MPUYMHHOMN CBS3bIO), @ TEM, UTO 00a 3TU SBJIE-
HUS (YUCJIEHHOCTh MOJEBOK M YPOKail CEMSH) KOHTPOJUPYIOTCS OJHUMH U TEMU
&Ke HKOJOTMYeCKUMH (pakTopamu (MPekIe BCET0 METEOPOJIOTMUYECKUMHU) U TIO-
TOMY U3MEHSIOTCS MapaiedbHO, XOTS HEMOCPEICTBEHHO MEXly cOO0 He CBsi3a-
HBI.

B 5TOM M nomoOHBIX cilydasx (HampuMep, KOrja HacTOSAILIUE 3aBUCHUMOCTH
MEXy IpU3HAKaMU KUBOTHBIX MACKUPYIOTCS BIMSHUEM BO3pacTa WM KOI/Ia CBs-
31 MEXIY OTAEJIbHBIMU IPOMEpPAMHU OpraHU3Ma CO3/al0TCS 3@ CUET BIUSHUS KU-
BOT'O Beca U T. JI.) BO3HUKAET 3a/1a4a U3YYUTh KOPPEISLMIO MEXAY ABYMsI IIpU3Ha-
KaMH (4 1 B), HCKIIIOUYMB BIUSHUE HA 3Ty CBA3b TpeThero npusHaka (C), kak Obl
IIMMUHUPOBAB €TO0.

Yacmuasn koppenayus
OToil menu CIyXUT KOd(P(GUIMEHT YaCTHOW KOPPETSIUH, OICHUBAIOLIHIA
CBSI3b MEXKJY INEPBBIM M BTOPBIM IIPU3HAKAMHM IPHU IOCTOSHHBIX 3HAYEHHAX
TPETHETO U BBIUUCISIEMBIN IO hopmyie:

48 —T4c " TBC

- >

A==
rne A u B — axTopsl, CBA3b KOTOPHIX TPeOyeTCs U3YUHTD;

C — daxTop, BIUSHUE KOTOPOTO HEOOXOAMMO HCKIIOUUTh U3 KOppeis-
[IUOHHOM 3aBUCUMOCTU MeX1y 4 U B (penepHsblil IpU3HaK);

Y48, V'4C> ¥Bc — COOTBETCTBYIOIIME MApHbIE KO3(PPUIIMEHTHI KOPPEALUH, Bbl-
YHCIIsieMble OOBIYHBIM CIIOCOOOM;

Y48c) — UCKOMBIA KOD((QHUIUEHT YaCTHOW KOPPEIALUH, ITOKa3bIBAIOIINI
CBA3b MEXAY JBYMS IIPU3HAKAMU IIPU UCKIIFOYEHUH BIUSHUSA TPETHETO.

DTOT k€ METOJ MOKHO IPUMEHUTD U JJIsl NMMHMHALIMY IBYX (AaKTOPOB MIPU
YeThIpeX MEepeMEHHBIX U T. 1. Dopmyna 71 pacyeToB MPUMET B 3TOM CIlIydae cJe-
JIYIOIINHI BU:

FaBC
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Facy —TacB) " TBc(D)

Tap(BD) = -
. \/(1—’”50(13))'(1 —’”gcw))

Paccmotpum HaxoxxaeHue KodD@UIlMeHTa 4aCcTHOW KOppPENAlMH Ha YIpPO-
nmeHHoM npumepe (B3sitoM u3 kHuru [1. @. Pokwuikoro). IlomyueHsl naHHBIE O
KOPpEJSLUUA MEXIy AaBICHUEM KPOBH (A4), cojepaHueM B Hell xosectepuHa (B)
u Bo3pactoM (C) y 142 xenuun. CooTBETCTBYIONINE KOIDPUIIUEHTHI KOPPETSIUN
TakoBHI: 7yp= 10.25; ryc=1+0.33; rzc = 0.51.

N3BECTHO, UTO MOBBILIEHHOE apTEPUAIBHOE JIaBJIEHUE MOKET ObITh CBSA3aHO
C BBICOKHUM COJIEP>KaHUEM XOJIECTEPUHA B CTEHKAaX KPOBEHOCHBIX COCY/IOB, OJTHAKO
U JABJICHUE KPOBU, U KOHLIEHTPALMU XOJECTEPUHA YBEIMUYMUBAKOTCSA C BO3PACTOM.
[ToaTOMy BO3HMKAET BONPOC, CO3/1AETCA JIM KOPPEISALHS MEXIY JAaBICHUEM KPOBU
U COZIEp’KaHUEM B HEW XOJIECTEpUHA 3a CUET UX OOLIEH CBSI3U C BO3PACTOM HIIM K€
OHa peaJIbHO CYIIECTBYET JJIs Ka)XJO0ro BO3pacTa (M HE3aBUCUMO OT HEro). DIIH-
MUHUPYS 3P PeKT Bo3pacTa 1o NpUBEACHHOMN BbIIIE POPMYIIE, TOTYUHM:

0.25-0.33-0.51 —0.12.
(1-0.33%)-(1-0.5%)

[To Tabnuiie 1571 MOXXHO YCTaHOBUTH, YTO MpH # = 150 1151 TOCTOBEPHOCTH
Koa(hpuIeHTa KOppesuu Jaxe npu ypoBHe 3HauuMocTH a = 0.05 ero BennunHa
noibkHa ObITh He MeHbile 0.159. B manHOM jke cilydyae MOJydeHHOE 3HAueHHe
MEHbIIIE TaOJIMYHOTO U, CIEeI0BATEIbHO, KOIPPUIIMEHT KOppEIsuU OT HYJIsA J0C-
TOBEpPHO HE OTiiM4YaeTcs. Takum oOpa3oM, BHYTPU OTAEIbHBIX BO3PACTHBIX T'PYIII
KOPPEJSIIMOHHOM CBSI3M MEXIY JaBJICHUEM KPOBU M COJIEP’KAaHHEM XOJIECTEPHUHA,
1o KpaifHel Mepe Ha U3y4eHHOM maTepuale, He oOHapyxuBaetcs. [loka HeT ocHo-
BaHUI 0TOpachIBaTh HYJIEBYIO TUIIOTE3Y.

Bropoii mpumep AeMOHCTpPHUPYET HCIOJIb30BaHHE KOA((UIIMEHTa YaCTHOM
KOppeysiiuu it Oojiee TIIyOOKOTO MPOHUKHOBEHHS B CTPYKTYPY HECKOJBKHX
¢dakTopoB HaBeneHus. PaccMoTpuM BBIOOpPKY 00BEKTOB pasHoro ctaryca (11 Bu-
JIOB MEJKHUX MJIEKONUTAIOLIMX), B3SB B KAau€CTBE MPU3HAKOB WX YHCICHHOCTH B
cemMu Omotomax mpuOalKaabCKOM paBHUHBL. PemepHbIM MPHU3HAKOM MOCIYXKHJIA
CyMMapHasi YUCIEHHOCTh BUJa BO BceX OmoTomnax. 31aech KodhGUIreHT Koppes-
IIUU OTPA)KaeT CXOJCTBO MEXJy OMOTONAaMU MO COOTHOILIEHUSM uducieHHOCTH 11
BUJI0B. Hanpumep, okazanoch, 4To MeXIy OEpe3HSKOM M KOTOHOM (TpaHHIla Me-
XKy Oepe3HsIKOM U KOPEHHBIMHU JiecaMu) U oOmas koppemsius (» = 0.92), u gacr-
Has (= 0.64) BrICOKa U MOJOXKUTEIbHA. MOXXHO yTBEpKAaTh, YTO HACEICHUE JKU-
BOTHBIX ATUX OMOTOIOB MOYTH UJIEHTUYHO.

B cBoro ouepenb, Koppensiuus MEXAY KEAPOBHUKOM M JIYTOM HE IPOSBHU-
nach (r = —0.08), HO KO3 (DULIHEHT YaCTHOW KOPPENAUU ObUT BEJIUK M OTpHUIATe-
aeH (r=—0.43). OTum oTTeHsSETCA TOT (PAKT, UYTO BUJIBI, OTCYTCTBYIOUINE HA JYTY,
MHOT'OYHCIICHHBI B KEJPOBHUKE (KpacHas IMOJIEBKA, MBIIIb), a OOBIYHBIE B arpoiie-
HO3€ — KpailHe peJIKu B Talre (Cephie MOJIEBKH).

YacTHast Koppensuus MmokKasajia, YTO HacelleHHue 3TUX OMOTOMOB BO MHOTOM
IUaMeTpaIbHO MPOTUBOMOIOKHO. OHA BHISBUJIA JBa BUJA (DAKTOPOB HABEACHUS.
OauH U3 HUX XOPOIIO U3BECTEH — ATO CE30HHOE paccelieHue BUIOB B Ipyrue Ouo-

FyBc) = \/
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Tombl. B TeueHne nepuoaa pasMHOKEHUS BUJAOBOM COCTAB TAWTH U JIyra MEHSETCS
HECOIIAaCOBAaHHO (OJHU BUJIBI UAYT U3 TaTU B arpolieHO3bl, IPyrue — B MPOTUBO-
MOJIO’)KHOM HAIIpaBJICHUHU) M YUCIICHHOCTh BCEX BUIOB OTHOCHTEIIHLHO BhIpAaBHUBA-
ercs, r = —0.08. YactHas koppemsiusa ycTpanset 3PpdeKkT npupocta YuCIeHHOCTH
3a CYET UMMUTPAHTOB M BBIJIBUTACT Ha IMEPBBIA IJIaH KOHTPACT «Oa30BOM» 4HC-
JIEHHOCTH, KOTOPYIO (POPMHUPYIOT XapaKTepHbIC OOUTATEIM OMOTOIOB: B Talre TO
JIECHBIE TIOJICBKU, Ha JIYTY — cepble. Tak nposesisemcs BTOpor (HakTop: OTIMYHE
KayecTBa cpebl B pa3HbIX OnoTomnax. OH oOecneunBaeT (HOPMUPOBAHHUE MPHHIIM-
MAATBHO HECXOJHBIX 300LIEHO30B, UTO U MOKA3bIBAET BBICOKOW YaCTHOM KOPPEIIs-
muent r=—0.43.

Panezosas koppenayus

[ToMrMMO paccMOTPEHHBIX BBILIE MAapaMETPUUYECKUX MMOKA3aTelei CBA3H B
OroMeTpuH NPUMEHSIOTCS U HemapaMmeTpudeckre. OOBIYHO MX HCIOJB3YIOT MpPU
CHJIBHBIX OTKJIOHEHMSAX H3Y4aeMOTr0 pacIpeleleHusi OT HOPMaJbHOTO (WK Co-
MHEHHAX Ha 3TOT CYET), a TaK)Ke B T€X CIy4asX, KOTAa TpeOyeTcsl OIICHUTh 3aBU-
CUMOCTbh MEXJY KaueCTBEHHBIMH WJIHM IOJIYKOJINYECTBEHHBIMU NMPU3HAKAMU, TOY-
HO€ KOJMYECTBCHHOE M3MEPEHHE KOTOPBIX 3aTPyIHEHO (OLEHKM B Oajutax Wiu
APYTUX YCJIOBHBIX €IUHHIAX). Eciau BapuaHThl BBIOOPKU MOTYT OBITH yHOpsiioue-
HBI 110 CTETNICHU BBIPAYKEHHOCTU UX CBOMCTB, AJII U3MEPEHUsS! CTETIEHU COIpPSIKEH-
HOCTH MEXJy HUMU MOXXHO BOCIIOJIb30BATLCS HEnapamempuieckum nokasameiem
C64131 — PAHTOBBIM KO3 duIimeHTOM Koppessinuu CnupMeHa:

6-> d’
n-(n*-1) ’
e  d— pa3sHOCTh MEXK/Iy paHTaMHU COTPSIKCHHBIX 3HAYCHUH MPU3HAKOB X U );

n — 00BEM BBIOOPKHU.

Ot1oit hopMyJIoi creayeT MoIb30BaAThCA B TEX CIIydasX, KOrja BRIOOPKH HE
coJiepKaT TOBTOPSIIONINXCSI BapUAHT, KOTJAa BCE PAHTU BBIPAKEHBI PA3HBIMH IIC-
JeIMH 9uciIaMu. Ecim jke MCXOHBIC PSAbl COMEpKaT OJMHAKOBBIC 3HAUYCHMUSI, Pac-
4eT KOPPETSIUU PUXOTUTCS BECTH TI0 IpyTroi (hopMyIie, BKIIOYAOIIEH MOMPaBKy
Ha TIOBTOPHI (IIPH 3TOM OJMHAKOBBIM BapHaHTaM MIPUCBANBACTCS CPEAHHIA PaHT):

(”37_”)—(TX+Ty)—Zd2

3 3
W =n) 5 =n 5,
6 * 6 g

I"S—

rae T, T,,— monpaBKy Ha CEPUU IIOBTOPOB JJIsl KaXKI0W BEIOOPKH:

k 3
Dt -1)
7o=—
12

ri€ ¢ — YKCIIO WICHOB B KaX/I0M IpyIine OJMHAKOBBIX BapUaHT.
[TonpaBku 7x, Ty y4UTHIBAIOT k TPYIII MOBTOPSIIOLIUXCS BAPUAHT.

b
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PaccMoTpuM TEXHHMKY BBIYMCIICHHN HAa MPUMEPE HM3YyUYCHUS CBSI3U MEXKIY
OIICHCHHBIMH B 0aJTaxX YHCIEHHOCTBIO JIUCHUIIBI (X) I OOMIIMEM MBIIICBHIHBIX TPhI-
3yHOB () (110 To1aM HaOJI0ICHUH):

1957 1958 1959 1960 1961 1962 1963 1964 1965 1966
X 26 21 23 23 16 22 30 21 15 22
y 30 24 36 29 37 33 40 21 1.0 35

YToOBI TPOBEPUTH HATMYNE M OMPEACIUTh CHIIY 3TOM CBSI3H, HY>KHO YIOPS-
JIOYUTH 3HAYCHUS COMPSDKEHHBIX MPU3HAKOB M0 CTENEHU WX BBIPAKEHHOCTH, 3aTEM
IIPUCBOUTH UM PAaHTH, 0003HAYUB 3HAYCHHS ITOPSAKOBBIMHU YHCIIAMU HATYyPaJIbHOTO
psna, ¥ paccunuTath KOdQPUIMEHT Koppesauun. TeXHuKa BEIYUCIICHUH MOKa3aHa B
tabmure 15.

Tabnuya 15
Yucnennocts | OOwne rphi- Panru Bapuant PazHocTh
JIUCHULIBI 3YHOB MEXITY d*
B Oamnax, x B Oaynax, y R, R, paHramu, d
1.5 1.0 1 1 0 0
1.6 3.7 6 —4.0 16.00
2.1 2.4 3.5 3 +0.5 0.25
2.1 2.1 3.5 2 +1.5 2.25
2.2 3.3 5.5 7 -1.5 2.25
2.2 3.6 5.5 8.5 -3.0 9.00
2.3 3.6 7.5 8.5 -1.0 1.00
2.3 2.9 7.5 4 +3.5 12.25
2.6 3.0 9 5 +4.0 16.00
3.0 4.0 10 10 0 0
x=59

B p}I,IIy 3Ha‘16HI/If/'I HpI/ISHaKa X €CThb TpI/I HapBI OJIMHAKOBBIX BapI/IaHT, II10ODTO-

(2°-2)+(2°-2)+(2°-2)
12

B p}I,IIy HpI/ISHaKa y BCCIO OJHA r[apa OJIMHAKOBBIX 3H&‘1€HHﬁ; HOHpaBKa CO-

(2°-2)

L5.

My IompaBska Oyner paBHa: 1, =

=0.5.

cTtaBut: 1 , =

(n’-m _(10°-10)

6
KoaddummenT panroBoit Koppessiiiii COCTaBUT:
165—(1.5+0.5)-59 —0.638

ST J65—2-15(165-2.0.5)

5.

Haxonum Benmmunny
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Ecnmm Bocmonb3oBaThest Gopmysioil 0e3 TOMpaBoOK, pe3yiabTaT OyAeT He-
CKOJIbKO UHBIM:

6 2dt 659
n-(n* -1 10-(10% —1)
Craructudeckas omuOKa U KpUTEPUNA JOCTOBEPHOCTH OTIUYUSA K0P DUITH-

CHTA KOppC/sIIUU OT HYJI BBIYHUCIIAIOTCA 110 (l)OpMYJ'IaMI
.2 _ 2
oo [T 10638 o)
n—2 10-2

t,=rs/m,=0.638/0.272 =2.34.

re = =0.642.

Bennunna xputepus (2.34) HECKOJBKO BBIIIE KPUTHUUECKOTO 3HAUYCHUS
(2.31) nnst ypoBHs 3Haunmoctu o = 0.05 u yncna crenener cBoOoab! df=n — 2= 8
(Tabm. 6/1). Kazamock ObI, 5TO JaeT OCHOBAHHWE OTBEPTHYTHh HYJIEBYIO THUIIOTE3Y
(rs=0) u c BepossTHOCTBIO P = 95% KOHCTaTUPOBAaTh JOCTOBEPHOCTh YCTAHOBJICH-
HOU cBs3u. OHAKO MPU HEOOJBITNX BBHIOOPKAX CTATUCTUYECKHE CBOMCTBA KOA(-
¢unmenta CiupMeHa He 0YCHB «XOPOIIIN» U JUTsl OIIEHKH 3HAYUMOCTH KOPPETISAIIUU
Jy4Ie BOCIOJIb30BATHCS CHEIMAIbHO MOJATOTOBIEHHON Tabnuiei 1677, ananoruy-
HOM pacCMOTPEHHOM BhIIIe Tabnuie 1571.

UtoObI noJy4eHHBIH KOAPOUIIMEHT MOKHO OBbLIO CYUTATh JIOCTOBEPHO OT-
JUYHBIM OT HYJSI, OH JOJDKEH MpEeBbIIIaTh TAOJUYHOE 3HAYEHUE MPHU JIaHHOM .
B namewm cnyuae (n = 10, a = 0.05) koapdunuent » = 0.638 Huxe TaOIMIHOTO
r = 0.64, cnegoBaTeNbHO, 3HAYMMO OT HYJISA HE OTJIMYAETCS. 3aBUCUMOCTh YUCIICH-
HOCTH JIMCHIIBI ¥ TPHI3YHOB TI0 TIPUBEACHHBIM JAHHBIM JOCTOBEPHO HE MPOCIICIKU-
BaeTCsl.

Kospppuyuenm xonmuneenyuu

CreneHb COMPSHKEHHOCTH (COYETaeMOCTb) JBYX BO3MOXKHBIX COCTOSTHHUN
JIByX Kau€CTBEHHBIX MPU3HAKOB TAK)K€ MOXKHO M3MEPHUTH C MTOMOIIBI0 0COOOTO KO-
s unmenTa Koppensuu — kodpunuenta kontuarennuu [apnbe.

VY kaxaoW 0ocoOM OTMEYArOT JBa MPHU3HAKA, MMEKOIIUX albTEPHATHBHEIC
pacmpeneNneHus, U BCs BBIOOpKa pa30MBaETCs Ha YEThIPE YACTH:
a — 4ucio ocobel, uMeronux ooa npusHaka (+ +),
b — ducio ocobeil, UMEIoNTNX MEePBBINA MPU3HAK, HO HE UMEIOIIUX BTOPOTO (+ —),
¢ — 9HUCII0 0co0el, He MMEIOIIUX MEPBOTO MPU3HAKA, HO UMEIOIUX BTOPOH (— +),
d — uncio ocoOel, He UMEIOITUX 000UX TIPU3HAKOB (— —).

Ha cxeme 3TO BBITTISANT KaK YEThIPEXKIETOUHASI KOPPEISIIUOHHAS PellIeTKa:

[Tpusnax 2 Mpucyrerayer (+) OtcyrcTBYET 5
IIpusHak 1 =)
[pucyrcrayer (+) a ¢ atc
OtcyrcTByer () b d brd
¥ a+b c+d n=a+b+c+d
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CrerneHb B3aMMOCBSI3U OmpeenseTcs o Gopmyiie:
a-d—-b-c
r = .
J@+b)-(c+d)-(a+c)-(b+d)
[Tpu BerunciaeHNH KO3PPUIIUEHTA KOPPESAINA MEXTY ABYMsI albTepHATHB-
HBIMHU HpI/IBHaKaMI/I BBISACHACTCSA BOHpOC O TOM, Hale J1n 06a HpI/IBHaKa OI[HOBpe-

MCHHO IMPUCYTCTBYIOT WUJIN OTCYTCTBYIOT Y BApUAHTHI, YEM 3TO MOIJIO OBbI OBITH 1O
CﬂyqaﬁHBIM [MpUYINHaM. I[OCTOBCpHOCTL OTIINMYHA OT HYJIA OLCHUBACTCA 11O KPUTC-

1—72
n-—1
[Ipu npoBepKe BIUSHUS MIEPEKPHITUN HA OTIOJOTBOPSEMOCTh CAMOK MECIIOB

MOJTyYeHBI TIEPBUYHBIC MaTEPHAIIBI O YUCICHHOCTH POAMBINUX (+) M HEPOIUBIINX
(—) caMOK 3 ymcia XOTs Obl IBAXIbI MEPEKPBITHIX (+) U HEMEPEKPHITHIX (—).

puto CtbrosieHTa: t, =r/m,, TAe m, =

Tpusnax | Mpusmai 2 Ponusuive (+) | Heponusiiue (—) z

ITepekpriThie (+) 370 90 460

HenepexpbiThie (—) 100 120 220
) 470 210 n =680

-120-100-
Kos¢hpunmenT acconmanuu paBeH: r = 370-120-100-90

J470-210-460-220
1-0.35?

7680—1

Ommnbka ko3¢ uIreHTa KOppesUU COCTaBUT: m, = =0.0327,

a kputepuii CteroenTa . = 0.35 /0.0327 = 10.7.

[Tonyuennoe 3nayenue (10.7) HACTONBKO BEIMKO, YTO MPEBBIMIAET TAOIHY-
HOE Ja)ke ISl AOBEpUTENbHON BepossTHOCTU Bbilie P = 0.999 (ypoBeHb 3HAUMMO-
ctu o <0.001). BiusiHue MOBTOPHBIX MOKPHITUN HA OIJIOJOTBOPSIEMOCTh CaMOK
MEeCIOB HECOMHEHHO.

[Ipu uccienoBaHUU CBS3U MEXAYy O€JOM MacThi0O U KPAaCHBIMHU TJla3aMu Y
KPOJIMKOB MOJIYYEHBI CJICIYIONINE TaHHbIE.

Iepets Inasa Kpacusle Hexkpacnsie hX
benas 29 11 40
OxkpanieHHast 1 59 60

x 30 70 100

[ToxcranoBKa BceX 3HaUEHUW CyMM U3 TaOuIlel B (hopmynsl gaet: » = 0.76,
m=0.04, t=19. JIocTOBEpHOCTH CBSA3U HE BBI3BIBAET COMHEHHI.
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Pecpeccuonnulit ananus

KoaddunmeHT koppensiuu yKa3bpIBaeT JIUIIb HAa CTENEHb (TECHOTY) CBS3HU B
M3MEHYMBOCTH JIBYX MEPEMEHHBIX BEJIWYUH, HO HE MO3BOJSET CYAUTh O TOM, Kak
MEHSIETCS OJIHA BEJIMYMHA N0 MEpe U3MEHEHHUs Apyroil. OTBET HAa 3TOT BOIPOC J1a-
€T BbIYHCIICHHE KO3 (UIIMEHTA PETPECCUH, TTOKA3bIBAIOIIETO, HA KAKYIO0 BEIUUYUHY
B CPEIHEM M3MEHSETCS OJVH MPU3HAK MPU U3MEHEHUHU IPYTOro Ha €WHUILY U3Me-
peHus. PerpeccMoHHbBIN aHaIU3, B OTIMYHUE OT KOPPEISLIMOHHOTO, U3y4aeT 3P ekt
BIUAHUSL OOHO20 NPUZHAKA HA OpY2oli, 3aBUCUMOCTh MPU3HAKa OT (aKTopa, Xapak-
Tep BiHsSHUS (akTopa Ha Mpu3HaK. Ero OCHOBHBIC pe3ynbTaThl TAKOBBHI:

1. TabnMua JUCIEpCUOHHOIO aHajau3a, B KOTOPOMl MOKa3aHbl CHJIa U JI0CTO-
BEPHOCTH BIIMSHHS HA MIPU3HAK M3Y4aeMOro (hakTopa WiH Ipyroro Mpu3HaKa.

2. YpaBHEHUE PErpPECCHUM, BBIPAKAIOIIEE MPOIMOPIUOHAIBHOCTD COIMPSAKEH-
HOT'O U3MEHEHUS MPU3HAKOB, TEHJECHIIMM UX B3aUMOCBSI3aHHOW M3MEHYMBOCTU WJIU
JVHAMUKH.

3. OLeHKU 3HaYUMOCTH KO3 (UIIUEHTOB YpaBHEHUS! PETPECCUM.

PerpeccroHHBIN aHAIN3 METOAWYECKH OPUEHTUPOBAH OJHOCTOPOHHE — Ha
U3y4YeHUE 3aBUCMMOCTH OJHOTO MPHU3HAKA OT JAPYroro (3aBUCMMOCTH y OT X WIIH,
HAIPOTUB, 3aBUCUMOCTD X OT )), XOTS MOXKET IPUMEHSATHCA K CiIydasiM, Koraa ¢ak-
TUYECKU UMEETCS] B3aMMO3aBUCHUMOCTb JIBYX [TE€PEMEHHBIX.

OCHOBHYIO TEHJEHILIMIO B3aWMO-
CBSI3aHHOTO M3MEHEHHs JBYX NpHU3HA- y
KOB MOHO OTOOpa3uTh C MOMOIIBIO
npocToro rpaguyeckoro mpuema. Pa-
300b€M OCh X Ha HECKOJIbKO HMHTEpBa- . /o/
j10B. HalineM miist Ka)kaoro M3 HUX 4a- . /,/ =i
CTHBIE CpPEJHHME 3HAUYEHHs MPU3HAKA Y . °°
(M,). Tenepp mnpoBeneM dYepe3 3TU ;//9 B
CpeAHUE TOYKHU JIOMAHYIO JIMHUIO. DTO . ° X
Oyner nuHUs perpeccuu Y mo x. Pee-

peccust — usmeHenue cpeone20 YPOGHs  Pyc. 12. Imnupuveckas 1uHUsL pecpeccuu
00H020 NPU3HAKA NPU USMEHeHUU Op)-

2oeo (puc. 12).

Jluneiinas peepeccus

K coxanenuto, X071 JIOMaHOH JIMHAH HEIIb3S TIEPENaTh MPOCTHIM ypaBHEHU-
eM, K TOMY K€ Ha HEM CKa3bIBaIOTCS CIIOCOO MHTEPBAIBHOTO pa3OueHust ocu abdc-
ITUCC, a TAK)KE YPOBEHBb PEMPE3CHTATUBHOCTH B PA3HBIX O0JACTSAX pacmpenesieHus.
B »sTOoM cMmbIcie mpenmodTHTENbHEE SAWHCTBEHHAS TpsMas JUHUS PErpecCHH,
MOTYEPKUBAIOIIAsl OCHOBHBIC TEHICHIIMM 3aBUCHMOCTH TPHU3HAKOB, KOTOpask MO-
KeT ObITh BBIPAKEHA MPOCTHIM YPAaBHEHUEM JIMHUM: ) = ax + b.

Cyautb 0 TOM, KaKk MEHSIETCSl OJIHa BEJIMYMHA TI0 MEepEe U3MEHEHUS JPYTOH,
MO3BOJIIET KOA(DPUIIMEHT perpeccui (a), MOKa3bIBAIOIINI, Ha KaKyl0 BEJIUYUHY B
CpeaHEM M3MEHSETCS OJMH MpU3HaK ()) MPU U3MEHEHHUH JIPYToro (x) Ha eIUHUILY
u3MepeHus (TOYHee, Ha KaKyl BEJIMYMHY OJIMH MPHU3HAK OTKIIOHSETCS OT CBOEU
CpelHel Mpu HEKOTOPOM OTKJIOHEHUH JPYroro npu3Haka OT CBOEH cpeaHei):
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y—My=a-(x —Mx).
[IpocTeie mpeoOpa3oBaHMS:
yv=ax+tMy—aMx,b=My—a Mx
Y TIPUBOJST K YPaBHEHHIO JIMHUU: ¥ = ax + b.

Puc. 13. Jluneunas pecpeccus

Paccuntath K03(pGUIIMEHTH YpaBHEHHS] PETPECCUU TMO3BOJISIET Memoo Hau-
MEHbUUX K8AOpamo8, OCHOBHAS UJies KOTOPOTO COCTOUT B TOM, YTOOBI JIMHUS Per-
peccuu mpoIuia Ha HANMEHBIIIEM yIaJIEHUU OT KaKJI0W TOYKH, T. €. YTOOBI cyMMa
KBa/IPATOB PACCTOSHUN OT BCEX TOYEK M0 MPSMOM JMHWU ObLla HauMEHbIEH. B
MaTEeMaTUYECKON CTATUCTHUKE MOKA3aHO, YTO JIJISl CIydasi AByMEPHOTO HOPMaJIbHO-
ro pacmpeneneHus ayumieit (3¢ (GeKTUBHON, HECMEIIEHHO!N U TIp.) TUHUEH, OTTUCHI-
BAIOIIEH 3aBUCUMOCTH OJHOTO MPU3HAKA OT JAPYTrOro, MOXKET OBITh TOJBKO JTUHUS
YACTHBIX CPETHUX apU(PMETUIECKUX.

Brraucnenus ko3 GuiimeHToB IMHEWHON perpeccuu y = ax + b BeayTcs 1o
cienyroieMy anropurmy. CHauasa HailieM BCIOMOTaTeIbHbIE BETUYUHBI:

Cx = Xx* — (2x)*/ n,

Cy =%y*— (Xy)*/n,

Cxy = Z(x-y) — (2x) (Zy) / m,

M,=%y/n, M,=2%x/ n.

3ateM paccuntaeM Koddduuuents: a = Cxy / Cx, b=M,— a - M,.

OneHuTh 3HAYUMOCTh KOX(G(HUIMEHTa PErpeccCHu IMO3BOJSACT KPUTEpUd !
CrteroieHTa, IPOBEPSIONUI HyJeByto runote3y Ho: a = 0, koaddunment perpec-
CUU 3HAYMMO OT HYJIA He oTiudaeTcs. C 3Toi 1enblo pacCYUTHIBACTCS OMMOKA KO-
s dunmeHTa perpeccun m,;

S

m, =—=-m,, rae m, — omnOKa K03 PpUIreHTa KOppensuu (cM. c. 62),

a
X

N BbIYUCIIACTCA 3HAYCHUC KPUTCPUS:
= (a - O)/ma = a/ma ~ f((),()5’n_2).

CMBICT 3TOTO KpUTEpUs COCTOUT B cieaytomeM. Koadduuuent perpeccuu a
XapaKTepU3yeT COIMPSHKEHHOCTh MPOMOPIHMOHAIBHOTO W3MEHEHHs JBYX IMpHU3Ha-
KOB, T. €. OTBEYAET 3a TO, YTO JIMHUS PETPECCUU MMEET HEKOTOPBIA yroj OTHOCH-
TeNbHO ocu alciucc. 3HaueHue a = (0 O3HA4yaeT, YTO JUHUS PErpeccHH UAET ma-
paiensHo ocu OX, YTO MPU U3MEHEHUH MPU3HAKA X MMPU3HAK ) HE MEHSIETCH, T. €.
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YTO ) HE 3aBUCHUT OT X. 3HA4eHUs1 KO3(PPULIMEHTa, OTIMYHBIE OT HYJsl, FOBOPAT O
TOM, YTO B3aMMOCBSI3b IIPU3HAKOB UMEET MECTO, IPU a > () 3aBUCUMOCTD MOJI0KH-
TenbHast, Ipyu a < 0 — oTpULIaTeIbHAsL.

BepHemcs k npuMepy ¢ OIMCaHUEM 3aBUCHUMOCTH MEX]y )KMBBIM BECOM KO-
poB U ux npumiona (crp. 61). Pacuersl 1is1 MOCTPOEHUS] YpaBHEHUSI PETPECCUU
noka3anbl B Tabnuue 16. CHayana BBIUUCISAIOTCS KBaJApaThl BapUAHT U UX MPOU3-
BEJICHUS, @ TAK)KE CYMMBbI BapUaHT, KBapaToOB U NPOU3BeeHUI. Bouncienus Be-
JyTcs 1Mo TouyHBIM pabouum ¢opmynam. [Ipoie Becero ato nenats B cpene Excel, ¢
nomoibio komauabl CepBuc \ AHanm3 nanHbix \ Perpeccust.

Tabnuya 16
y | x | x? | xy | Y [@o—Y)| t:my | minY | maxY
25 352 | 625 123904 8800 25.6| 031 | 20 | 236 275
26 376 | 676 141376 9776  27.1| 129 | 1.7 | 25,5 288
31 402 | 961 161604 12462 28.8| 4.65 | 14 | 274 302
32 453 | 1024 205208 14496 322 | 0.04 | 1.2 | 31.0 334
34 484 | 1156 234256 16456 342 | 0.06 | 13 | 329 355
38 528 | 1444 278784 20064 37.1| 0.76 | 1.7 | 354 389
38 555 | 1444 308025 21090 389 | 0.81 | 2.1 | 36.8 41.0
224 3150 | 7330 | 1453158 | 103144 | 7.92 |

MO\ D WM =~

[IpoBenem mocnenoBaTeNbHBIE pacyeThl Bpy4dHyro. CHadanma ompenerum
BCIIOMOTATEIbHbIC BEJIMYUHBI:

n=717,

Cxy =2(x'y)—(Zx)(Xy)/n =103144—3150-224 / 7 =2344,

Cy =%y*— (Xy)*/n=7330—224%/7=162,

Cx =2x*— (Xx)*/n=1453158 —3150%/ 7= 35658,
3aTeM — MapameTphbl:

M,=%y/n=224/7=32,

M,=3x/n=3150/7=450,

g :\/Cy :\/162 _s2
7 n—1 6

g :\/ Cx _\/35258 -

X

n—1 B
Cxy 2344
r= = =0.975,
JOx-Cy 33658162
a=C2 - 23 60657
Cx 35658

b=M,—a - M,=32-0.0657-450 =2.419.

[TonydyeHno ypaBHeHue nuHEHON perpeccun Y = 0.0657x +2.419, koTopoe
MO3BOJIIET pacCYUTaTh TeopeTudeckue 3Hauenus Y (tabma. 16, rpada 7).

Hanee nHaiimem ommOKy K03 duiiieHTa perpeccum:

i 2 _ 2
mr:\/l . :\/1 0.975* _ ) 400
n—2 72
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S
m, =22 m =2 0,099 = 0.00667,
S 77.1

X
U, HaKoHell, kputepuil ¢ CTbIOICHTA U NPOBepKU 3HAUUMOCIU KOdPpuyuenma
peepeccuu: t,=a/m,=0.0657/0.00667 =9.84.

s ypoBHs 3HaunMocTH o = 0.05 u yucna creneneit cBodoab! df=n—2=35
HaxoQuM TaOau4yHoe 3HadeHHe Kpurepuss CTBIONEHTA f(gss) = 2.57. [lomydeHnas
BennurHa (9.84) mpesbimaer TabanyHyto (2.57), 4TO TOBOPUT O CTATHCTHYECKON
3HAYUMOCTU KO3 (ULIMEHTA perpeccuu (a), O JOCTOBEPHOCTH €ro OTINYMS OT HY-
asi. Macca Tena TelleHKa JeHCTBUTEIBLHO BO3PACTAET BCIIE] 32 POCTOM MaccChl Tela
KOPOBBL.

PaccuurtaeM dosepumenvryto 301y (MHTEPBaN), 8 KOMOPOU C MOU ULU UHOL
8EPOAMHOCMBIO 3AKTI0YUEHbl MeopemuiecKue cpeonue 3HayeHus Beca HOBOPOXK-
neHHblX. Kpurtepnit CtbrofieHTa (HOPMHPOBAHHOE OTKJIOHEHHWE) ISl YPOBHS 3Ha-
gumocTH o = (.05, n uncna creneneit cBodonbl df = n — 1 = 6 cocraBur 2.45. Jla-
jee HaxoAuM rpaHuubl. Tak, amus 3HadyeHusd x = 352 Kr IpOrHo3 MO YpaBHEHUIO
perpeccuu paBeH Y= 25.56, a BO3MOXKHOE OTKJIOHEHUE CPEAHEN COCTABUT:

i 2 . 2
tmy=tom, |2 BT g g5y sgp. |1, 527450
n Cx 7 35658
=2.45-0.81 =1.98.

OTcrofa Hax0UM TPaHUILy JOBEPUTEILHOr0O HHTEpBaia (Tabdmu. 16):
BEpXHIOKO: maxY =Y, +¢t-my=25.56+1.98 =27.54
U HIDKHIOWO: minY = Y, — t-my=25.56 — 1.98 = 23.58.

Cpennsisi Macca HOBOPOXKJACHHOTO TEJIEHKA JIJIs1 KOPOB BecoM 352 KI ¢ BEpo-
aTHOCThIO P = 0.95 nomkHa HaXOIUThCS B auarna3oHe ot 23.6 1o 27.5 kr (puc. 14).

PerpeccuonHblif aHamu3 MO3BOJIIET MPOBEPUTH 3HAYUMOCHL U BTOPOTO KO-
s uieHTa ypaBHEHUSI PErpeccuu, c80000H020 unena b. MartemMarnueckuit
CMBICJT CBOOOJIHOTO 4JI€HA ypaBHEHHS JTUHUU COCTOHWT B TOM, YTO ITOMY 3HAUe-
HUIO paBHA (PyHKIUA (V) IPH YCIOBUHU, YTO ApTYMEHT paBeH Hyo (x = 0):

y=ax+b=a0+b=5h.

B pamkax perpecCMOHHOTO aHaJIM3a paccMaTPpUBACTCS UMEHHO 3Ta TUIIOTE3a
Ho: =0, T. €. 9TO TUHUSA perpeccuy MPOXOAWT Yepe3 Hadaio oced KOOpAMHAT,
TOYKY TIEPECEUCHHsI OCEH KOOPAWHAT, Yepe3 HyJb. Eciu rumoresa onpoBepraercs,
3HAUUT, JTUHUSL PErpeccur He MepecekaeT och opauHar. Ecnu rumoresza He onpo-
BEpraeTcsi, Mbl MOXKEM CUMTaTh, YTO MEXAYy MNpPU3HAKAMH CYIIECTBYET IpOCTas
nporniopuust (Y =ax) u pacuer kodpduiMeHTa perpeccud a YIPOIIAeTCs:
a =2X(x-y)/ Zx*. Hynesas runoreza Ho: b = 0 nposepsiercss no kputeputo CThio-
nenra: t = (b — 0) /my = b /my ~ t(.0s,n2), TAE M) — OMMOKa KodduuenTa b.
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Puc. 14. Jlunus pecpeccuu Y = 0.0657 -x+ 2.1347 u ee 0osepumenvHvlii uHmepeal

Ommbka BTOporo ko3P uiMeHTa perpeccuu pacCUUThIBaeTCs B J[Ba dTara.
CHauana HaxoAuM OOIIYI0 OIMOKY PErpecCMOHHON cpeAaHe (MM OCTaTOYHOE
CTaHJIapPTHOE OTKJIOHEHHUE), KOTOPasi MOXKET BEIYUCIATHCS MO-PA3HOMY.

Tounas popmyna 011 HebonbUIUX 8b100POK TAET BETUUUHY:

2 2
m, =Sy'\/(n_1)'(1_" ) =5.2-\/(7_1)'(1_0'975 ) _12582.

n—2 7-2
Obwas moyrnas ¢hopmyna IOKA3bIBAET MPAKTUICCKU TAKOH )K€ pe3yibTarT:
n
Z v -7, )2

m, = = /szm =Js2 = /7—592 =V1.5832 =1.2582
n— n—

2
(BemuuHa Coemam = Z( y; —Y.)"— 3T0 cymMMa KBaJpaToB Pa3HOCTH MEXKIY pac-

YETHBIMHU U peajbHbIMU 3HAYCHHUSIMH TIPU3HAKa, OHA HaiiaeHa B Tabm. 16, BHU3Y 7
rpadsl, Coepam= 7.92).
Teneps BeIuncsieM omMOKy ko3¢ duirenTa b:

2 2
m,=m, - l+(ij =1.2582- l+(ﬂj =3.0359
n\ Cx 7 (35658

u kpurepuii ¢t CterogenTa: t, = b /m, =2.419/3.0359 = 0.797.

s ypoBHs 3HaunMoctu o = 0.05 1 yucna creneneit cBodoasl df =n —2=35
Ta0IMYHOE 3HAYEHHE COCTABILIET f(os 5) = 2.57. AHAIU3 NOKa3aj, 4YTO KPUTEPHI
CrperoieHTa it cBoboiHoro unieHa ypaBHuenus (0.797) okazancs HuKe TaOTUYHO-
ro 3HadeHus (2.57), T. e. koappuueHT b 3HAUUMO OT HYJIA HE OTIMYaeTcs (Mpu
JaHHOM 00BeMe COOpaHHBIX MaTepualioB). DTO MO3BOJISET MepecunuTaTrh Kodhdu-
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1ueHT perpeccnn: a = X(x-y)/ Xx? = 0.071. Tenepb MOXHO MOIH30BATHCS ypaBHE-
Huem perpeccun Buaa: ¥ = 0.071-x.

OueHuts Odocmogeprocmu 83auMOO0eUucmeus NPUHAKO8 MOKHO U C TIOMO-
b0 JUCIIEPCHOHHOTO aHanu3a (Tabu. 17). B aTom ciiydae obmiast nucnepcus 3a-
Bucumoro npusHaka y (C,gs, ) pa3iiaraeTcsi Ha JIB€ COCTaBISIOIINE — PErpECCHOH-
HYIO JUCHEpCHIO (M3MEHYMBOCTh MPU3HAKA ), CBSI3aHHAS C BIUSHHEM MpU3HAKA X
(Cpezp.), M CIIydaiiHy0, WIIN OCTaTOYHYIO, JUCIEPCUIO (M3MEHYMBOCTD IIPU3HAKA ),
CBSI3aHHAS C BJIMSIHUEM HEYUYTEHHBIX CIyIaHBIX (aKTOPOB (Coyepmam) (puc. 14,
tabn. 17, 18).

O6myro cymmy kBagpatoB (Cogsy. = C, = X(y; — My)2 =Yy’ — (Zy)°/ n) naxo-
JAT HEMOCPEACTBEHHO KaK CyMMY KBaJpaTOB OTIMYMN MEXIy 3HAUYCHHUEM ); IS
KQKJI0M BapuaHThI U O0IeH cpeaHeit mpusHaka y. OCTaTOYHYI0 CyMMY KBaJpaToB
(Cocmam. = Z2(yi — Y,)Z) HAaXOJAT TAKXKE HEMOCPEICTBEHHO KaK CYMMY KBaJpaToOB OT-
JMYUA MEXIy 3HAUEHHEM Y; JUIsl KaKJI0M BapHaHThl M 3HAUCHUEM, MPEIBAPUTENb-
HO PacCUMTAHHBIM MO YPaBHEHMIO perpeccuu Y; = ax; + b (Iy1s1 COOTBETCTBYIOIINX
3Ha4YeHUH x;). MoaensHyo cymmy KBaapaToB (C,.o = Z(Y;— My)z) PacCUUTHIBAIOT
KakK pasHOCTh Mexkay o0mel 1 ocTaTOuHON (C, 0. = Cosuy. — Cocmam.)-

y
T
} Yocmam.. :yi_Yi
Y; yi— M,
} n=Y, - M,
M,
x
M, Xi
Puc. 15. Mooenv sapuanmul 68 pecpecCUOHHOM AHAIU3ZE
Tabnuya 17

Cocrasinsitoutue | Cymmel kBaj- [@opMyiibl pacye-

TUCIIEpCUN patoB, C  |Ta cymM KkBajapa-| df $? F

TOB
2 _
c _ \) pezp. 5
Perpeccus pep- Cooy. = Cocmanm. 1 _ Cpeep. \) peap.
(Y, — M) = —d e
fpezp. Socmam.

OTKI0OHEHUS Ba- Szocmam. =
PHAHT OT JIMHUU :%azr)n}ari ;‘) 5 n=21 _ Cocman. Fl005.1.n-2)

perpeccuu i~ L dr

O6H—Iaﬁ Co6u4. = (Zyiz B Z:yl)z/ n=
(Bcero) =30y~ M)’ =G
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Tabnuya 18
CocraBisronme Juc- C df 2 F
EPCHH
F:
Cpeep. = S2 peep. - = w =
Perpeccus =2 (Y; —Y)z 154.08 1 =154.08 1.58
=97.3
OTkn0oHEHNA C _ ¢ _
BapMaHT OT JIMHUH | _ Z”E;’;j’f Y.)? 7.92 5 Zoci”“g‘g Fl0.05,1,5= 6.6
perpeccuu
O6mias Coby. =
(Bcero) =Xy~ Y) o2

[TokazaTenem «CHIIBI BIUSHUS TIPU3HAKA HA MPU3HAKY» CIYKUT KOdDduyu-
eHm OemepMUHayuu, OMHOUleHUe pecpPecCUOHHOU CYMMbl Keaopamog K oduell

C 154.08
cymme kéadpamog (MpUHUMaeT 3HaueHus or 0 1o 1): R =20 — =0.95.
Cotuy, 162

Mexny Ko3pGUIIUEHTOM JeTepMUHALUU U KOA(D(UIIMEHTOM KOPPEISAILUU CYIIECT-

BYET MPOCTOE COOTBETCTBUE: 7" = VR =+/0.95 =0.975.

[TocTpouB Tabmuily AWCTIEPCUOHHOTO aHAM3a C MOMOIIBIO KpuTepus Du-
nepa, MOXKHO MPOBEPUTH HYJEBYIO0 TuUNoTe3y Ho: mpenckazaHusi perpecCuOHHON
MOJICJIM B II€JIOM HEAJEKBATHO OIMCHIBAIOT MCXOJHBIC JTaHHBIC, 3aBUCUMOCTH Me-
XKy TIpu3HaKamMu HeT. KOHCTPYKIMS KpUTEPHS UCCIIEYET BOMPOC, MPEBBIMIACT JIU
BapbUPOBAaHUE, YYTEHHOE MOJICNIbIO, CiIydailHOe (OCTaTOYHOE) BapbUpoOBaHuUe?
Kputepuit ®uiiepa BEIYUCISETCA KaK OTHOIICHHE MOJICTBHON M OCTaTOYHOM JIHC-
MIePCUU:

F=5 00! 8 ocmam, = 154.08 / 1.58 = 97.3.

Tabmuunoe 3HaueHue Fgps 1, 5= 6.6. Ilockosbky monydyeHHOE 3HauCHHE
KpUTEpHUsI 0Ka3aJ10Ch BbIIIE TAOJUYHOTO, TUCIIEPCHS PEATHLHOTO MpPHU3HAKa y MpHU-
OJIM>KaeTcsl O BEJIMYMHE K AUCIEPCUU PACUETHBIX 3HAYEHUN NpU3HaKa Y, T. €. Cy-
IIECTBEHHO MPEBBINIACT (CIy4allHbIE) OTIMYUS MEXAY HUMU. PerpeccuoHHast Mo-
JICNTb B IICJIOM aICKBATHO OIKMCHIBACT UCXOAHBIC TaHHBIC.

Kpusonuneunas peepeccus

B OonpmmHCTBE ciydaeB CBsI3b OMOJOTUYECKHUX MPU3HAKOB HE OBIBAET JIH-
HEWHOM, OHM U3MEHSIOTCS TUOO C pa3HOM CKOPOCTHIO, INOO B pa3HBIX MacuITabax.
CooTBeTCTBEHHO Ha rpaduke GopMa Takoi CBSI3M OTOOpa)KaeTCs HE MPSMOH, a
KpuBO JInHKEN. [IpmMepaMu MOTYT CIIy)KUTh T€OMETPUUECKAsA IPOTPECCHUS pOCTA
YUCJIEHHOCTY MOMYJISIIAA B ONTUMAJIBHBIX YCIOBUSX, Pa3IMuue CKOPOCTEN pocTa
pa3HbIX 4YacTel Teja, ONPEACIAIoNIee ATTIOMETPUYECKHM XapakTep 3aBHCHUMOCTU
IPU3HAKOB (JIUIEBOM OTAEN uepemna pacTeT 0ojieeé MHTEHCHBHO, Y€M MO3TOBON).
B nono6ubIx crnyyasx 3p@exTuBHEE HCMIONb30BaTh HE YPAaBHEHUS MPSIMOU JTMHUU
(y = ax + D), a pa3HOOOpa3Hble ypaBHEHUS KPUBBIX JMHUI, HAIPUMEP, CTEIICHHOMH,
runepOoIMIeCcKOM, SKCTIOHEHITUATTLHOM, TapaboIMYeCKOM, JIOTUCTUIECKON U JIp.
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[TockonpKy METOJ HAMMEHBIITNX KBAAPATOB UCXOJHO OPHEHTHPOBAH HA JIW-
HUIO (MTOMCK YpaBHEHHUS JIMHUW, HaUMEHEE YIAJICHHOW OTO BCEX IMIMUPUYECKHUX
TOYEK), MPSMON pacueT YpaBHEHHH KPHUBBIX B paMKaxX PErpecCCMOHHOIO aHalu3a
HEBO3MOKeH. HaTypHble JaHHBIE HEOOXOJIMMO MPEABAPUTEIHLHO «BBIIPSIMHUTHY,
T. €. ClIeJIaTh BO3MOKHBIM BBIYHMCIICHUE JUHEUHO20 VPABHEHUsl pecpeccu C TeM,
4YTOOBI IOTOM M3 HETO MOJIYyYUTh YpAaBHEHHE KPUBOJIMHEHHOU cBsA3u. OOmmii mo-
PSAIOK PErPECCUOHHOIO aHaM3a JIJIsl KpUBOJIMHENHOM 3aBUCUMOCTH CJI€IYIOLTUH:

— TmpeoOpa3oBaHNEe UCXOIHBIX JAHHBIX, «BBIMPSIMIISIONIECE) 3aBUCUIMOCTb,

— pacyer KO3(QPUIMEHTOB JTUHEHHONW perpeccuu MpeoOpa3OBaHHBIX 1aH-

HBIX,

— TIPOBEICHHE JUCTIEPCHOHHOTO aHAIM3a, OIEHKAa 3HAYMMOCTH KO3 uiiu-

€HTOB PErpeccuu,

— oOpatHoe mpeoOpa3zoBaHue KOADOUIIMEHTOB JIMHEWHOW PETPECCUM IS

KOHCTPYUPOBAHUS YPABHEHUSI KPUBOJIMHEHHOM perpeccum.

PaccmoTpuMm mpoliecc MoMcKa ypaBHEHUS! KPUBOJMHEHHOW perpeccuu Ha
pUMeEpe M3Y4YEHUsl 3aBUCUMOCTH Beca MEUYEHHM MPBITKOW SIIEPUIIbl OT JJIMHBI €€
tena (puc. 16).

PaccuntanHOoe MO WCXOJHBIM JIaHHBIM YpaBHEHHE JHMHEHHOW perpeccuu
umeeT Bua: y = 107.9x — 404.2. U x0T k03pDUIIMEHT pEerpeccuu JT0CTOBEPEH
(t=17.6, a < 0.05) u ko3 dureHT neTepMuHaIuu BhIcOK R* = (.866, 3TO ypaBHe-
HUE BeChbMa MPUOIM3UTEIHHO OMUCHIBAET 3aBUCUMOCTh MMPU3HAKOB — JIJISI HANMEHb-
MUX HAOJIFOTaeMbIX 3HAYCHUH JIJIMHBI TEJIa OHO JaeT a0CypaHOe (OTPUIATEIHHOE)
3HaueHue macchl nedeHu (107.9-3.4 —404.2 = —37.3 wmr). Jluneiinas mMozelib He
TOJIUTCSA JTaXKe JUTsl MHTEPIIOJISAINN N3y4aeMbIX aHHBIX. ['opa3no ycnenraee crpas-
JISIETCS ¢ TIOM00HOIM 3a1a4eii cTeneHnas (ajuroMeTpuaeckas) GyHkus y= bx“.

M
600
o X, y
— =y =107.9x—404.2
—=0.765-x""
400 A
307
/7
200 /7
'S
y
0 4 : . L
2 4 6 8 10

Puc. 16. 3asucumocms seca newenu (M, me) om onunvt mena (L, mm)

y Aauwjepuy
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Jlnst BerancneHus: K03 GUIIMEHTOB 3TOTO ypaBHEHHUSI BOCIOJB3YeMCsl Tpe-
obpazoBanuem: Y = lgy, X = lgx, B = lgb. Ilocne norapudmupoBanus CTErnEeHHOE
ypaBHEHHE TIPUHSIIO TUHEHHbIN BUA: 1gy = 1gb + a-lgx umu Y= B + aX. Teneps oc-
TaeTCs OTHICKATh KO3(PPUIMEHTHI ypaBHEHUSI B U a, UCIONb3Ys AITOPUTM METO/A
HAaUMEHBITUX KBaApaToB (Tabi. 19).

Tabnuya 19

x | y | X=lgx |[Y=1lgy| X° Y |XY| ¥ | @¥-Y?]| y
34 | 40 | 0.531 1.60 | 0.282 | 2.567 | 0.85| 1.517 | 0.00718 | 33
42 | 50 | 0.623 1.69 | 0.388 | 2.886 | 1.06 | 1.799 | 0.01009 | 63
52 | 150 | 0.716 | 2.18 | 0.513 | 4.735 | 1.56 | 2.085 | 0.00838 | 121
5.8 | 120 | 0.763 2.08 | 0.583 | 4.323 | 1.58 | 2.23 | 0.02284 | 170
7.1 | 240 | 0.851 238 | 0.725 | 5.665 [ 2.03| 2.5 | 0.01442 | 316
7.0 | 410 | 0.845 | 2.61 | 0.714 | 6.827 | 2.21 | 2.481 | 0.01728 | 303
7.4 | 370 | 0.869 | 2.57 | 0.756 | 6.596 |2.23 | 2.556 | 0.00016 | 359
82 | 500 | 0914 2.69 | 0.835 | 7.284 | 2.47 | 2.693 | 0.00004 | 493
8.5 | 610 | 0.929 278 | 0.864 | 7.758 | 2.59 | 2.741 | 0.00201 | 550
56.8 12490| 7.043 | 20.6 | 5.66 | 48.64 | 16.6 0.08239

Mo oo b wi—|Z

Jlanmee paccunTaeM CyMMBbI, HEOOXOIUMBbIE TIPOMEKYTOUHBIC 3HAUCHHUS U KO-
s urrenTs (pacyeTsl BRIMOIHSINUCH B cpeae Excel):

SY=Slgy=20.6, £¥*= (Igy)* = 48.64, LX = Slgx = 7.043,

X2 = ¥(lgx)? = 5.659, TXY = X(lgx-1gy) = 16.577,
My=3Y/n=20.6/9=2289, My=3%X/n="1.043/9=0.7826,
Cyy=ZXY — (£X)-(ZY) / n=16.572 — 7.043-20.602 / 9 = 0.45542,
Cy=2X2 — (ZX)?/ n=5.655 — (7.04)*/ 9 = 0.14816,

Cy=2XY— (ZY)?/ n=48.638 — (20.601)* / 9 = 1.4823,

Sy =4/Cy /(n—1) =+/1.4823/8 =0.4305,

Sy =4/Cy (n—1) =/0.14816/8 =0.1361,

r=Cyy [Cyx -Cy =0.45542/~/0.14816-1.34823 = 0.9718,

a= Cxy/ Cx=0.45541/0.14815=3.0739,

B=My—aMy=2.289 —3.0739-0.7826 = —0.11643.

JIuneiiHoe ypaBHEHHE sl MPEOOPa30BaHHBIX JAHHBIX UMEET BU/I:
lgy =3.07-1gx + 1g(—0.116) nim Y'=3.07-X — 0.116.

OTO ypaBHEHHUE JIa€T BO3MOXKHOCTb PAacCUUTATh TEOPETHUECKUE 3HAUCHMS
npu3Haka Y’ (TeopeTuyeckue 3HayeHus: JorapuMoB MAcChl MEYEHU), KBAJIPaThl
OTKJIOHEHMI MPOTHO3HBIX 3HAYEHUI OT peaybHbIX: (Y'— Y)?, a Takxke UX CyMMy
2(Y'—Y)*=0.08239.

DTa BelIMYMHA €CTh OCTaTOYHAsi CyMMa KBaJpaToB; BMECTE C OOLIEH CyMMO
kBagpatoB Cy = C,g, = 1.4823 oHa no3BossieT c(hOpMUPOBATH TAOIUILY TUCIIEPCH-
onHoro a"anu3a (1abi. 20): C,,0. = Cosuy. — Cocmam. = 1.4823 —0.08239 = 1.39993.
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Tabauya 20
CocraBisoime C af @ F
JUCTIEPCUU
Hakmon mojens- Coeap. = 1399 | 1 s’ peep. = F=
HOU JINHUH =3 (Y, — My)* ) 0.39993 =118.9377
OTkn0HEHUs Ba- Cocmam. = Szocmam. = F(0.05,1,7) =
pPHUAHT OT JINHUU =% (y;,— Y’ 0.0824 1 6 0.01177 =5.6
O6was Covuy. =
(Bcero) =3 (- My’ 1482

[Tonyuennoe 3Hauenue F' = 118 Gousbine Tadbauynoro (5.6), cienoBaTenbHO,
nucnepcusi, 00yCIOBJIEHHAs! perpeccueil, JOCTOBEPHO Ooublle ClydyallHOM, T. €.
npu3HaK Y JeHCTBUTENBHO 3aBUCUT OT IIpU3HAKa X, U JIMHUS PErPECCUN aJIeKBATHA
UCXOAHBIM JaHHBIM. KoaddunueHT nerepMuHanuu 0oJbIie, 4eM y JTUHEHHON per-
peccun, u coctaBisier: R = C,,p [ Cosy. = 1.399 /1.4823 =0.944.

Ommbka ko3¢ duLreHTa KpUBOIUHEHHON perpeccur paBHa:

S 2 . 2
m = [1-r _ 0430 [1-0.9718 o281,
s. Vn-2 0136 9-2

a kputepuii CThroJieHTa, npoBepstomuii runorey Ho: a = 0, cocraBnsier
t=a/m,=3.0739/0.281 =10.9.

IToxydennoe 3nauenue (10.9) 6oapme TadaUIHOrO (f(005,3) = 2.31 A0 ypOB-
Hs 3HauuMocTu o = 0.05 1 yucna crenenet cBooonbl df = n — 2 = 8), koapdunu-
EHT PEerpeccuy a 3HaA4MMO OTJIMYAETCS OT HYJIS;, 3aBUCMMOCTh mpuszHaka Y ot X
€CTh, MpUYEM OY€Hb TecHas. CienyeT NOMHHUTh, YTO MPU pacdyeTe OUIMOKU KOod3(-
dueHTa KpUBOJIMHEWHON pPErpeccuy MCIONb3YIOTCS CTaHAAPTHBIE OTKIOHEHUS
U1 TIpeoOpa3oBaHHbIX (Y HAC — MpoJorapuMUPOBAHHBIX ) 3HAYCHUI MPU3HAKOB.

B 3aBepiieHue BHIOTHUM 0OpaTHOE MpeoOpa3oBaHue BTOPOro koddduiim-
€HTa perpeccuu, CBOOOIHBIN UJICH paBEH:

b=10"=10""""*=0.764839.

Teneps ypaBHEHUE perpeccuu MPUHUMAET BUJI CTEICHHON 3aBUCUMOCTH:

y'=0.765-x>"

Teopernueckue 3HaueHuUs )', pacCCUUTAHHbBIE 110 3TOMY YPaBHEHUIO, TOPA3I0
OJI>Ke K MCXOJIHBIM JIaHHBIM, YTO XOPOIIO BUIHO U Ha rpaduke (puc. 16), u mno
oonbiel BenmuunHe kKoddduimenta nerepmudanuu (0.94 > 0.87) (uuratento He-
CJI0KHO OyZeT mpojenaTh Bce BhuncieHus B cpeae Excel ¢ momonibio mporpamMmsl
Perpeccust — kak Juist MCXOAHBIX, TaK U JJIs1 TPeoOpa30BaHHbIX JAHHBIX).

AltomMerpudeckoe ypasaerne (y' = 0.8x’) He TOIBKO JIYHIIE ONMHCHIBACT 3a-
BHUCHUMOCTb MEX]y MPU3HAKAMHU B CTATUCTHYECKOM ILIaHE, HO U MPUIAET eil boiee
SICHBIN GHOIOrHYEecKHil cMbIch (Macca medenn = 0.8-1mHa Tea’). Kak u3BecTHo,
0o0beMHBIE BETMYUHBI (00BEM, Macca Tela) MPONMOPIUOHATBHBI KyOy JTHMHEHHBIX
npomepoB (AymHa Tena). B cBoro oyepenb, Bec MEUYEHU U BEC Teja CBSI3aHbI MpS-
MOI MpPONOPLHOHAIBHON 3aBUCHMOCTBIO. Tak CTAaHOBHUTCS MOHATHOM HaOsroaae-
Masi ipsiMast MPOTOPLUOHAIBHOCTh Beca MeYeHH KyOy JUTMHBI Tena.
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BMECTO ITOCJIECJIOBHUA

B KoHIIE KHUTY aBTOPBI MOCYUTAIM MOJE3HBIM MOMECTUTh MPAKTUYECKHU HE-
M3BECTHOE IMPOKOMY UYHMTATEN CTUXOTBOPHOE MpousBeneHue «l allaBata cTaBUT
DKCHEPUMEHTY, MPUHAMJIEKAIIEE NEPY OJHOTO U3 CAMBIX KPYHHBIX MUPOBBIX aB-
TOPUTETOB B 00JIACTH MaTeMaTH4ecKor ctatuctuku — Mopuca [[x. Kennamna. Ha
TIEPBBIA B3TJIAl OHO JIOCTATOYHO NAJIEKO OT TPATUIIMOHHOTO YKaHpa HaAyIHOU Imy0-
JIMKALMH, HO HA CAMOM JIEJI€ HE TOJIBKO OCTPOYMHO, MPOHUYHO U TAJIAHTIIMBO CaAMO
1o cede, HO U BEChMa TOYHO OTPAXKAET, Pa3bsICHAET U WLTIOCTPUPYET CyTh HAanbo-
Jiee aKTyaJbHBIX M CIOXKHBIX TUCKYCCHOHHBIX TIPOOJIEM COBPEMEHHOW BapUaIlMOH-
HOM cTaTUCTUKU. Yk nyuiie Bennkoro Kenaamia 000 BceM 3TOM, pa3yMeeTcsi, He
CKa)Kellb!

[Ipennaraemass BHUMAHHUIO YMTATENEH MOAPMa BIIEPBBIE YBUJIENA CBET HA
CTpaHHUIIaX XypHaja «American statistic» (1959, Ne 13) u Bocipou3BoauTCs B 1O-
sTUYecKoM miepeBojie A. JIMoxoBckoro (cM. Puuapa bennman «IIpoueccsl perynu-
poBanus ¢ agantanuei»: Ilep. ¢ anri. M.: Hayka, 1964).

T'AMABATA CTABUT SKCIIEPUMEHT

1
Bcrony cnasen I'anaBara,
OH CTpenoK HEMPEB30MIEHHBIM.
Jlerkwmii JIyk OH MOJHUMAET —
JlecsiTh cTpeln B3MBIBAIOT K HEODY,
W nocnennsa cieraer
C TeTuBBI TYroOM, 3BEHSIIIEH
[Ipexne, 4eM BOH3UTCA B 3EMIIIO
IlepBas nu3 necaru.
Bce, xto Bunen I'anaBary,
I"oBopum, yTO GECCIOPHO
CoBepuieHCTBA OH JOCTHT.

2
Ho kako#-To XUTpbIi CKENTUK
Tem HEe MEHee 3aMeTuI,

Yro B cTpenbOe HEe TONBKO JJOBKOCTb,

Ho n meTkoCTh HeHsT aroau.
U nob6asui: 6b110 6 syuite,
Ecnu 6 cnaBusriii [aiiaBara
B nenb monan Obl XOTh OJTHAXKIBI,
[TycTh XOTH BBIOOpKA MTPU 3TOM
Bbyzaer mensbiiero oobema.
3
["aiiaBara paccepauiics
W cka3zai, 4To OH B KOJJIEIKE

[TocBsiTin cebdst Hayke,
YT0 CTaTUCTUKOM 30BETCH,
OH ce0s cunTas BrpaBe
[Toy4atb cBOMX cOOpaThEB,
TyT e TeKuIo NpoYen um.
Bcnomunn oH 3ak0H OmINOOK,
VY ceueHHbIE KPUBBIE,
Nudopmanuu norepro,
3asBuII, YTO OH AOOMIICS
HecmenieHHbIX pe3ybTaToB,
W ckazai, 4yTo mociie MHOTUX
HeszaBrcuMBbIX NOMBITOK,
Jlaxe eciau B UX UTOTE
B nenp HU pa3y He nonan oH, —
Bce paBHO 1o cpenHel TOUKe
OTKJIOHEHUI OT MUIIIEHU
MoxHO caenaTh TBEPAbIA BHIBO,
UYto ctpensin oH 0e3ynpedHo
(32 BOBMOHBIM HCKIIFOUYEHbEM
[IpecnoByTO# MEpHI HYJIB).

4
Ho ynpsimbie nnaenis
Bo3zpasunu ["aiiaBare,
YTO OHM HE MOHUMAIOT
CTob TyMaHHBIX PacCyKJICHUI.
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M coBcem HE HHTEPECEH
Pe3ynbTaT €ro nomeIToK.
W onu npeanonararor,
YTO OXOTHHUK JTOJKEH METKO
B uenb crpensts. A ecnu Oyaet
OH BIyCTYIO TPATUTh CTPEJIBI —
JlokeH caM 3a HUX IUIATUTb.

5
Paznpaxxennsii ['aliaBata
Cran muTUpoBaTh OOMIHHO
P. A. ®umepa un Urca,
[TpuBoauTh padoTsl OUHHM,
Kuauru Kemnropna Ockapa,
I'naBel Kokpana u Kokca,
Anpnepcena u bankpodra.
OH B3bIBaJ K aBTOPUTETAM,
VY6exnas HecorinacHbIX,
Uro B cTpenbbe Bcero BaxHee
He npsmoe nonanasbe,
A Hay4dHO Oe3ynpeuHbIi
Craructuyeckuii oaxo.

6
Koe-kT0 13 Bo3pakaBIImx
Cormacuincs c I"aitaBaToi,
Yro B nog00HO TOUKE 3PEHbS
EcTb, BOBMOXKHO, J10J151 CMBICIIA,
Ho, noxanyu, Bce ke nydiie
He nyckaTbcs B pacCcyk/IeHbs,
A 6e3 mpomaxa CTpessTh.

7
Ham repoyi B 0TBET Ha 3TO
[Ipennoxui 3a JIyKu B3SIThCA,
UT0O0 CTPONTUBBIX OMITOHEHTOB
B mpaBore cBoe€l yBEpUTS.
On cka3zan: «Heo0xomumo
Tak moCTpOUTH COCTSA3aHbE,
Kak coBetyet yueOHHUK
[IpoBOAUTH AKCIEPUMEHTHI.
(XoTp Hay4YHBIN 3TOT CIOCOO
[Tpumensiercs 0ObIYHO
JIns mpoBepKH KayecTB yasi,
Ho noporo, kak U3BECTHO,
[Tpunoxum K IpyruM Belam.)
["aitaBata pazpaboran
TouYHBIN TIJTaH COPEBHOBAHU,

Yrto6 cayyaitHbIN UX MOPSIOK
B cooTtBeTcTBHE NpUIIENCS
C Tem xapakTepom, KOTOPbIN
Hocsat MHOXMUTENN B ClIaBHOU
Tou Teopuu, 4TO HBIHE
Hocut nms Ianya.
8
Te, KTO BBIpa3WJI TOTOBHOCTh
Coctsa3atnes ¢ NaitaBaToi,
Bbutn Kpyriible HEBEXK bl
B npoBenenpn ucnbiTaHUi,
N nosromy, HaBepHO,
Bce ocraBmeecs Bpems
[IpoBOaMAN B TPEHUPOBKAX,
CopeBHysich Mex co0010
Nnu ipocTo B 1ENb CTpEIss.
9
U BO Bpems cocTsi3aHbsA
Pe3ynbTaThl BCEX CTPENSIBIINX
bbutn mpocTo NpeBOCXOHBI,
Ho, yBbI, 32 uckitoueHbeM

(Kak HM Tpy/1THO MHE IPU3HATHCS)

Pesynprara ["aiiaBaTsl.
I"aiiaBaTa, Kak OOBIUHO,

BBepx cBOM HaIpaBuII CTPEIBI.
OH Tak JJOBKO 3TO clenal,

Yto ocrancs HeCMEIleHHbIM,
Ho npu 3TOM, K COXKaJIEHBIO,

B uenb HU pa3y He momnai.
10

«YTO XK, — CKazanu TyT UHIACULbI, —

MBI HTHOT'O 1 HE KA.

11
["ariaBaTa, HE CMyIIAACH,
[Tonmpocun nepo, 6ymary,
[IpownsBen pacueT aucnepcuu
U B utore BoiBEN ITUDPHI,
N3 KOTOpBIX CTAJIO SCHO,
UTo cTpenku cMOTi JOOUTHCS
JIvib CMEIIEeHHBIX Pe3yIbTaTOB,
N nucnepcun npu 3TOM
OnuHAKOBBIMU OBLIH
M coBceM HE OTIUYAIUCH
Ot nucnepcun, KOTOPOM
['aitaBaTa cam qOCTHT.



(ITpaBna, cineayetr OTMETUTS,
YT0 nmociaeHUuN 3TOT BBIBOJ
Vo6enurennpHee ObLI OB,
Ecnu 0 B manneIx I"aliaBaThl,
[To KOTOPBIM BBIYUCIISIT OH
Pesynprat 3xciepumMenTa,
3adukcupoBaHbl ObLIN
W nipsiMble 1TOnIaiaHbsl.
K coxaneHnpro, ONIOHEHTHI,
B BeIYHCICHUSIX HE CMBICTIS,
He cmornu ¢ repoem ciopurts,
Yto ObIBaeT OYEHDb YACTO
[Tpu ananm3e nucnepcuid.)
12
Tem He MEHEe UHICHIIBI,
He nosepusmue mudpam,
OtobOpanu y repos
Jlerkui1 1y €ro u CTpeJibl
N ckazanm, 4TO, BO3MOKHO,
I'atiaBaTa B caMoM feie
Brimaroniuiics cTaTUCTHK,
Ho mipu aTOM coBepiieHHO
becnonesen kak cTpenok.

Yro x KacaeTcs IUCIEPCUH,
To xakoil-To rpyObIi HEYY
IIpousHec Takoe Ci0BO,
Yro ero, ckazaTh 110 YECTH,
B crarucTrueckoM nM3iaHbu
51 HE cMEer0 TOBTOPUTS.

13
U Teneps B siecy apemydem
bponut rpyctabii ['anasara.
Henpecranno pasmpiuis,
BcnomuHaeTr oH HOpMaIbHBIN
ToT 3aKOH pacnpeneneHbs
OTkioHeHH U OIINOOK,
YTO AUIINI €ro HaBEKU
CraBbl JIy4IlIEro CTpEsKa.
W noporo 0H NIpUXOAUT
K Tpe3Boii MBICIIH, YTO HABEPHO
HyxHO nenuThcs TouHEe,
HecMoTps Ha puck cMelIeHbs,
Ecnu Bce ke B pe3yibTare
HNuorna emy ynacres
ITopaxaTh CTpenoro 1ems.

83
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Ipunoowcenue

CITPABOYHBIE TABJINLbI

Tabnuya 111

KBaaparsl u kBagpaTHble KOPpHH s yncen 1...99

x? | Jx

X

x2? | Jx

X

x? | Jx

|\ I N T e e S e e e
'—‘O\OOO\]O\UI-bUJ[\)p—O©OO\]O\UI-I>UJ[\)r—A}<

W LW W WK NN NN DN NN
W N = OO0 I Wn Pk~ WD

1 1.000
4 1414
9 1.732
16 2.000
25 2.236
36 2.449
49 2.646
64 2.828
81 3.000
100 3.162
121 3.317
144 3.464
169 3.606
196 3.742
225 3.873
256 4.000
289 4.123
324 4.243
361 4.359
400 4.472
441 4.583
484 4.690
529 4.796
576 4.899
625 5.000
676 5.099
729 5.196
784 5.292
841 5.385
900 5.477
961 5.568
1024 5.657
1089 5.745

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

1156 5.831
1225 5.916
1296 6.000
1369 6.083
1444 6.164
1521 6.245
1600 6.325
1681 6.403
1764 6.481
1849 6.557
1936 6.433
2025 6.708
2116 6.782
2209 6.856
2304 6.928
2401 7.000
2500 7.071
2601 7.141
2704 7.211
2809 7.280
2916 7.348
3025 7.416
3136 7.483
3249 7.550
3364 7.616
3481 7.681
3600 7.746
3721 7.810
3844 7.874
3969 7.937
4096 8.000
4225 8.062
4356 8.124

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

4489 8.185
4624 8.246
4761 8.307
4900 8.367
5041 8.426
5184 8.485
5329 8.544
5476 8.602
5625 8.660
5776 8.718
5929 8.775
6084 8.832
6241 8.888
6400 8.944
6561 9.000
6724 9.055
6889 9.110
7056 9.165
7225 9.220
7396 9.274
7569 9.327
7744 9.381
7921 9.434
8100 9.487
8281 9.539
8464 9.592
8649 9.644
8836 9.695
9025 9.747
9216 9.798
9409 9.849
9604 9.899
9801 9.950
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Tabnuya 211

IlepeBoa KajeHAAPHBIX AAT B HENMPEPbIBHBIA PAJ

Mecsaubl

111

0%

VI

VIl

VIII

IX

X

XI

XII

I1

O 00 1 O DN Wi —

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

93

94

95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153

154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184

185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
203
205
206
207
208
209
210
211
212
213
214

215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245

246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275

276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337

338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365

(366)
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Tabnuya 311

3HaveHUs1 CIyYalHbIX YHCeJ, PABHOMEPHO pacrnpe/ieeHHbIX
Ha unrTepnaje (0, 1)

10097
37542
08422
99019
12807
80969
20636
15953
88676
98951
34072
45571
02051
05325
03529
11199
23403
18623
83491
35273
52109
50725
13746
36766
91826
65481
80124

32533
04865
68953
02529
99970
09117
10402
34764
74397
16877
76850
82406
65692
47048
64778
29170
09732
88579
25624
88435
40555
68248
70078
67951
08928
17674
35635

76520
64894
19645
09376
80157
39292
00822
35080
04436
19171
36697
35303
68665
90553
35808
98520
11805
83452
88685
99594
60970
29405
18475
90364
93785
17468
17727

13586
74296
09303
70715
36147
74945
91665
33606
27659
78833
36170
42614
74818
57548
34282
17767
05431
99634
40200
67348
93433
24201
40610
76493
61368
50950
08015

34673
24805
23209
38311
64032
66065
31060
85269
63573
73796
65813
86779
73053
28468
60935
14905
39808
06288
86507
87517
50500
52775
68711
29609
23478
79335
82391

64876
24037
02560
31165
36653
74717
10805
77602
32135
45753
39885
07439
85247
28709
20344
68607
27732
98083
58401
64960
73998
67851
77817
11062
34113
51748
90324
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OpanHaTbl HOPMAJIBbHON KPUBOH

(3Havyenus pynkuuu f(¢) =

1
N2

Tabnuya 411

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.08

0.09

S [~

0.1
0.2
0.3
04
0.5
0.6
0.7
0.8
0.9

1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9

2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9

3.1
3.2
3.3
34
3.5

0.3989
0.3970
0.3910
0.3814
0.3683
0.3521
0.3332
0.3123
0.2987
0.2661
0.2420
0.2179
0.1942
0.1714
0.1497
0.1295
0.1109
0.0940
0.0790
0.0656
0.0540
0.0440
0.0355
0.0283
0.0224
0.0175
0.0136
0.0104
0.0079
0.0060
0.0044
0.0033
0.0024
0.0017
0.0012
0.0009

0.3989
0.3965
0.3902
0.3802
0.3668
0.3503
0.3312
0.3101
0.2874
0.2637
0.2396
0.2155
0.1919
0.1691
0.1476
0.1276
0.1092
0.0925
0.0775
0.0644
0.0529
0.0431
0.0347
0.0277
0.0219
0.0171
0.0132
0.0101
0.0077
0.0058
0.0043
0.0032
0.0023
0.0017
0.0012
0.0008

0.3989
0.3961
0.3894
0.3790
0.3653
0.3485
0.3292
0.3079
0.2850
0.2613
0.2371
0.2131
0.1895
0.1669
0.1456
0.1257
0.1074
0.0909
0.0761
0.0632
0.0519
0.0422
0.0339
0.0270
0.0213
0.0167
0.0129
0.0099
0.0075
0.0056
0.0042
0.0031
0.0022
0.0016
0.0012
0.0008

0.3988
0.3956
0.3885
0.3778
0.3637
0.3467
0.3271
0.3056
0.2827
0.2589
0.2347
0.2107
0.1872
0.1647
0.1435
0.1238
0.1057
0.0893
0.0748
0.0620
0.0508
0.0413
0.0332
0.0264
0.0208
0.0163
0.0126
0.0096
0.0073
0.0055
0.0041
0.0030
0.0022
0.0016
0.0011
0.0008

0.3986
0.3951
0.3876
0.3765
0.3621
0.3448
0.3251
0.3034
0.2803
0.2565
0.2323
0.2083
0.1849
0.1626
0.1415
0.1219
0.1040
0.0878
0.0734
0.0608
0.0498
0.0404
0.0325
0.0258
0.0203
0.0158
0.0122
0.0093
0.0071
0.0053
0.0039
0.0029
0.0021
0.0015
0.0011
0.0008

0.3984
0.3945
0.3867
0.3752
0.3605
0.3429
0.3230
0.3011
0.2780
0.2541
0.2299
0.2059
0.1826
0.1604
0.1394
0.1200
0.1023
0.0863
0.0721
0.0596
0.0488
0.0396
0.0317
0.0252
0.0198
0.0154
0.0119
0.0091
0.0069
0.0051
0.0038
0.0028
0.0020
0.0015
0.0010
0.0007

0.3982
0.3939
0.3857
0.3739
0.3589
0.3410
0.3209
0.2989
0.2756
0.2516
0.2275
0.2036
0.1804
0.1582
0.1374
0.1182
0.1006
0.0848
0.0707
0.0584
0.0478
0.0387
0.0310
0.0246
0.0191
0.0151
0.0116
0.0088
0.0067
0.0050
0.0037
0.0027
0.0020
0.0014
0.0010
0.0007

0.3977
0.3825
0.3836
0.3712
0.3555
0.3372
0.3166
0.2943
0.2709
0.2468
0.2227
0.1989
0.1758
0.1539
0.1334
0.1145
0.0973
0.0818
0.0681
0.0562
0.0459
0.0371
0.0297
0.0235
0.0184
0.0143
0.0110
0.0084
0.0063
0.0047
0.0035
0.0025
0.0018
0.0013
0.0009
0.0007

0.3973
0.3918
0.3825
0.3697
0.3538
0.3352
0.3144
0.2920
0.2685
0.2444
0.2203
0.1965
0.1736
0.1518
0.1315
0.1127
0.0957
0.0804
0.0669
0.0551
0.0449
0.0363
0.0290
0.0229
0.0180
0.0139
0.0107
0.0081
0.0061
0.0046
0.0034
0.0025
0.0018
0.0013
0.0009
0.0006




89
Tabnuya 511

3HayeHHe KpUTEpHs 7 VISl 0TOPAKOBKH «BBICKAKHBAIOIIMX» BAPHAHT

a

0.05

0.01

0.001

n

a

0.05

0.01

0.001

5 13.04
6 |2.78
7 12.62
8 |2.51
9 1243
10 |2.37
11 [2.33
12 2.29
13 [2.26
14 12.24
15 1222
16 |2.20
17 12.18
18 [2.17

5.04
4.36
3.96
3.71
3.54
3.41
3.31
3.23
3.17
3.12
3.08
3.04
3.01
2.98

9.43
7.41
6.37
5.73
5.31
5.01
4.79
4.62
4.48
4.37
4.28
4.20
4.13
4.07

20
25
30
35
40
45
50
60
70
80
90
100
0

2.15
2.11
2.08
2.06
2.05
2.04
2.03
2.02
2.01
2.00
2.00
1.99
1.96

2.93
2.85
2.80
2.77
2.74
2.72
2.71
2.68
2.67
2.66
2.65
2.64
2.58

3.98
3.82
3.72
3.65
3.60
3.57
3.53
3.49
3.46
3.44
3.42
3.41
3.29

IHoporossie 3Hauenus pacnpeneaenus 7 CTbroaeHTa;

o NJIA IBYCTOPOHHEI'0 KPpUTEPHUH

WW/Z

Iloporosbie 3HaueHus pacnpeneneHus F' @umepa

-1

o

Iloporossie 3HaYeHus pacnpeneaenus y> [lupcona

F
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3nauenust kputepus ¢t CTbIO1eHTA

YHucino cre- JloBepuTenbHasi BEpOSITHOCTH (P)
MIeHEeH CBO- YpoBeHb 3HAYUMOCTH (a1)
oo, df | P = 0.095| P=0.099 | P=0.0999
a=0.05 a=0.01 a=0.001

2 4.303 9.925 31.598

3 3.182 5.841 12.941
4 2.776 4.604 8.610

5 2.571 4.032 6.859

6 2.447 3.707 5.959

7 2.365 3.499 5.405

8 2.306 3.355 5.041

9 2.262 3.250 4.781
10 2.228 3.169 4.587
11 2.201 3.106 4.437
12 2.179 3.055 4318
13 2.160 3.012 4221
14 2.145 2.977 4.140
15 2.131 2.947 4.073
16 2.120 2.921 4.015
17 2.110 2.898 3.965
18 2.101 2.878 3.922
19 2.093 2.861 3.883
20 2.086 2.845 3.850
22 2.074 2.819 3.792
25 2.060 2.787 3.725
30 2.042 2.750 3.646
35 2.030 2.724 3.591
40 2.021 2.704 3.551
45 2.014 2.690 3.520
50 2.008 2.678 3.496
55 2.004 2.669 3.476
60 2.000 2.660 3.460
70 1.994 2.648 3.435
80 1.989 2.638 3.416
90 1.986 2.631 3.402
100 1.982 2.625 3.390
120 1.980 2.617 3.373
>120 1.960 2.5758 3.2905

Tabnuya 611
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Tabnuya 711
3nauvenusi kputepusi ' ®umepa npu yposHe 3HaunmMoctu o = 0.05
(4ucy0 cTeneHel cB00OAbI YKA3aHO /1JIs1 IMCIIEPCUU 3HAMEHATeJIsl — B CTPOKe,
JJISL JUCTIEPCUH YU CJIUTES — B CTOJI0IIE)

dfy
df

112,34 |56 7 8|9 10152030

1611200(216|225|230|234|237(239|241|242|246|248|250|254
18.5/19.0{19.2(19.3|19.3{19.3/19.4{19.4/19.4/19.4({19.4(19.5|19.5/19.4
10.1/9.69.3(9.1|/9.0/8.9|89|8.9|8.8|8.8|8.7(8.7|8.6/8.5
7.7169]6.6(64|63]6.2/6.1/6.0[60|59|59|58|5.8/5.6
6.658(54(52|5.1/5.0/49|4.84.8|4.7/4.6/4.6|4.544
6.0/5.1(4.7(45|4.4143/42|424.1|4.1/4.0/3.9|3.8|3.7
5647|4441 /4.0|3.9|3.8|3.7/3.7/3.6(3.5(3.4|3.4|3.2
53/45(4.1(3.8|3.7/3.6/3.5|34(34|33|3.2(3.2|3.1|3.0
5.1143(39(3.6/3.5/34/33|3.2(3.2|3.1/3.0(29|2.9|2.7
10 |5.0/4.1({3.7(3.5/33(3.2|3.1|3.1/3.0/3.0{2.9(2.8|2.7|2.5
11 (48|4.0(3.6(34|3.2(3.1/3.0(3.0(29|29|2.7|2.7|2.6|24
12 14.7/39(3.5(33|3.1/3.0/29(29(28[2.82.6/2.5(2.5|2.3
13 14.7/38(3.4(3.2|3.0[29/2.8|2.8(2.7|2.7|25|25|2.4|2.2
14 (4.6/3.7(3.3(3.1|/3.0[29/2.8|2.7(2.7|2.6]2.5|2.4|2.3]|2.1
15 45|3.7(33(3.1|129(28|2.7(2.6(2.6|2.5]24|23|2.2]|2.1
16 [45|3.6(3.2(3.012.8{2.7/2.7(2.6(25|25(23|23|2.2]2.0
17 144|3.6(3.2(29|2.8(2.7/2.6(2.5(25|2.4(23|22|2.1]2.0
18 [44|35(3.2(29|2.8(2.7/2.6(25(25|24|23(22|2.1|19
19 (44\35(3.1(29|2.7](2.6/25|25(24|24(22|22|2.1|19
20 (43(35(3.1(29(2.7/2.6(25(24(2.423|22(2.1(20|1.8
21 |43(35(3.1|2.8(2.7/2.6(25(24|24(23|22(2.1(20|1.8
22 |143(34(3.0(2.8(2.7/25(25(24(23(23|2.1{2.1(2.0|1.8
23 143(34(3.0(28(2.6/25(24(24(23(23|2.1{2.0{19/|1.8
24 143|34(3.0(2.8(26(25|24(24|23(22(2.1|2.0/1.9|1.7
26 (42|34(3.0(2.7(26(25|24(23/23(22(2.1|2.0/1.9|1.7
28 142|33(29(2.7(2.6(24(24(23(22(22(2.0]2.0/19|1.6
30 (42|33(29\2.7(25(24|23(23(22(22]20(/19|1.8]1.6
40 (4.1/3.2128(2.6(24(23(22(22(2.1(2.1(19|1.8|1.7|1.5
60 |4.0/3.1/2.8(25(24(22(22/2.1(2.0(20|1.8]1.7/1.6|1.4
120 [3.93.1(2.7(24(23(22|2.1|2.0{20|19]1.7|1.7|1.6]1.2

O RIS N AW -
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Tabnuya 811
3nauvenusi kputepusi ' @umepa npu ypoBHe 3Haunmoctu o = 0.01
(4ucy0 cTeneHel cB00OAbI YKA3aHO /IJIs IMCIIEPCUU 3HAMEHATeJIsl — B CTPOKe,
JJISL JACTIEPCUH YU CJIUTES — B CTOJI0IIE)

dfi
df

1 2345|6789 10/15|{20 30|

4052/4999|5403|5625|5764(5859|5928|5982(6022/6056|6157|6209|62616366
98.5199.0199.2199.2199.3199.3199.4199.4|99.4|99.4199.4199.4199.5|99.5
31.4130.8|29.5|28.7|28.4|127.9(27.727.5|27.3|27.2|126.9(26.7|26.5|26.1
21.2|18.0/16.7/16.0(15.5/15.2|{15.0{14.8|14.7(14.5/14.2|14.0{13.8|13.5
16.313.3{12.1|11.4|11.0(10.7/10.5{10.3{10.2|10.0/ 9.7 | 9.5 1 9.4 | 9.0
13.7/10.9{ 9.8 9.1 |87 |85|83|8.1(80[79,76|74|7.2|6.9
123195 (85|78 |75|72]7.0]68|6.7]|66|63|62]6.0]|5.6
113187767066 |64]62]60[59|58|55(54]52|49
106/ 80|7.0|64 |61 |58[56|55|53|53|50(48]4.6|4.3
10 |10.0/76|65(6.0[56(54]52|51(4948|4.6|44 42|39
11 9717216257 |53(51]149|47146|45(42]4.1|39]|3.6
12 93169595451 |4846|45|44,43|40(39|3.7|34
13 911675715249 (4644|4342 |41 |38|3.7|35|32
14 89165(56(50|47,45(434.1|4.0|39/3.7[3.5]33]|3.0
15 8716415414946 43 (4140|3938 |35(34(32|29
16 851621534844 /42(40|39|38|3.7/34|333.1|2.7
17 8416.1 152471434139 |38|3.7|3.6/33(3.2]3.0]2.6
18 8316.0]51(46|42,40(3.8(3.7[3.6/35|32|3.1[29]2.6
19 8215915045142 |39(38(3.6/35|34|3.1/3.0[2.8]|2.5
20 815814944141 /39(3.713.6[35|34|3.1[29]28|24
21 80(58149(44140/38(3.6/35(34|33/30(292.7|24
22 791571484340 (38(3.6/34|33|33(3.0[28|2.7|23
23 7915714814339 (3.7135|34|33|32(29(2.7|2.6|23
24 781564714239 (3.735(34|33/32(29]2.7|2.6/|22
26 771554641 3836343332 |3.1|28(2.7]25]|2.1
28 7615414641 3.7(35(34(32|3.1/30(2.7]2.6(24]2.1
30 76154145140 3.7(35(33[32(3.1/3.0/(2.7]25]24/|2.0
40 7315243138 |35(33(3.1[3.0[2928(25]24|22/|1.8
60 71150413633 (3.129|28|27/26(23]22|2.0]|1.6
120 [68]48(39(35|32(3.0(28(2.7]26|25|22]20]19]|1.4

O X IR W -




3nauenusi kpurepus x> Ilupcona

df YpoBeHb 3HAYNUMOCTH, O

095 | 075 | 0.25 | 0.05 | 0.01
1 - 0.10 | 1.32 | 3.84 | 6.63
2 0.10 | 0.58 | 2.77 | 5.99 | 9.21
3 0.35 | 1.21 | 4.11 | 7.81 | 11.34
4 0.71 1.92 | 539 | 949 | 13.28
5 1.15 | 2.67 | 6.63 | 11.07 | 15.09
6 1.64 | 345 | 7.84 | 12.59 | 16.81
7 217 | 425 | 9.04 | 14.07 | 18.48
8 2773 | 5.07 | 10.22 | 15.51 | 20.09
9 333 | 590 | 11.39 | 16.92 | 21.67
10 394 | 6.74 | 12.55 | 18.31 | 23.21
11 4.57 | 7.58 | 13.70 | 19.68 | 24.72
12 523 | 8.44 | 1485 | 21.03 | 26.22
13 5.89 | 9.30 | 1598 | 22.36 | 27.69
14 6.57 | 10.17 | 17.12 | 23.68 | 29.14
15 7.26 | 11.04 | 18.25 | 25.00 | 30.58
16 7.96 | 11.91 | 19.37 | 26.30 | 32.00
17 8.67 | 12.79 | 20.49 | 27.59 | 33.41
18 9.39 | 13.68 | 21.60 | 28.87 | 34.81
19 10.12 | 14.56 | 22.72 | 30.14 | 36.19
20 10.85 | 15.45 | 23.83 | 31.41 | 37.57
21 11.59 | 16.34 | 24.93 | 32.67 | 38.93
22 12.34 | 17.24 | 26.04 | 33.92 | 40.29
23 13.09 | 18.14 | 27.14 | 35.17 | 41.64
24 13.85 | 19.04 | 28.24 | 36.42 | 42.98
25 14.61 | 19.94 | 29.34 | 37.65 | 44.31
26 15.38 | 20.84 | 30.43 | 38.89 | 45.64
27 16.15 | 21.75 | 31.63 | 40.11 | 46.96
28 16.93 | 22.66 | 32.62 | 41.34 | 48.28
30 18.49 | 24.48 | 34.80 | 43.77 | 50.89
40 | 26.51 | 33.66 | 45.62 | 55.76 | 63.69
50 |34.76 | 42.94 | 56.33 | 67.50 | 76.15
60 | 43.19 | 52.29 | 66.98 | 79.08 | 88.38
70 | 51.74 | 61.70 | 77.58 | 90.53 |100.42
80 |[6039 | 71.14 | 88.13 |101.88|112.33
90 | 69.13 | 80.62 | 98.64 |113.14|124.12
100 | 77.93 | 90.13 |109.14|124.34|135.81

93
Tabnuya 911
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3HayeHuss @ =2arcsin \/;

Tabauya 1011

p,% | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 |0.000|0.063|0.089|0.110]0.127 | 0.142 | 0.155 | 0.168 | 0.179 | 0.190
1 10.200|0.210|0.220 | 0.229 | 0.237 | 0.246 | 0.254 | 0.262 | 0.269 | 0.277
2 10.28410.291]0.298|0.304 | 0.311 {0.318|0.324 | 0.330 | 0.336 | 0.342
3 [0.3480.354|0.360 | 0.363 | 0.371 | 0.376 | 0.382 | 0.387 | 0.392 | 0.398
4 10.403]0.408|0.413]0.418|0.423 10.428|0.432|0.437 | 0.442 | 0.448
5 10.451|0.456 | 0.460 | 0.465 | 0.469 | 0.473 | 0.478 | 0.482 | 0.486 | 0.491
6 |0.495)|0.4990.503|0.507|0.512|0.516 | 0.520 | 0.524 | 0.528 | 0.532
7 10.536|0.539]0.543 | 0.546 | 0.551 | 0.555 ] 0.559 | 0.562 | 0.566 | 0.570
8 10.574|0.577]0.581|0.584 | 0.588 | 0.592 | 0.595|0.599 | 0.602 | 0.606
9 10.6090.613]0.616|0.620 | 0.623 | 0.627 | 0.630 | 0.633 | 0.637 | 0.640
10 |0.644|0.647|0.650 | 0.653 | 0.657 | 0.660 | 0.663 | 0.666 | 0.670 | 0.673
11 [0.676|0.679|0.682 | 0.686 | 0.689 | 0.692 | 0.695 | 0.698 | 0.701 | 0.704
12 10.707|0.7110.714 | 0.717 | 0.720 | 0.723 | 0.726 | 0.729 | 0.732 | 0.735
13 10.738|0.741|0.744 | 0.747 | 0.750 | 0.752 | 0.755 | 0.758 | 0.761 | 0.764
14 |0.767|0.770|0.773 | 0.776 | 0.778 | 0.781 | 0.784 | 0.787 | 0.790 | 0.793
15 10.795(0.798 | 0.801 | 0.804 | 0.807 | 0.809 | 0.812 | 0.815 | 0.818 | 0.820
16 |0.823|0.826|0.828 | 0.831 | 0.834 | 0.837 | 0.839 | 0.842 | 0.845 | 0.847
17 10.850|0.853|0.855|0.858 | 0.861 | 0.863 | 0.866 | 0.868 | 0.871 | 0.874
18 [0.876|0.879|0.881 |0.884 | 0.887 | 0.889 | 0.892 | 0.894 | 0.897 | 0.900
19 10.902|0.905|0.907 |0.910 | 0912|0915 |0.917 | 0.920 | 0.922 | 0.925

20 | 0.927(0.930]0.932|0.935|0.9370.940 { 0.942 | 0.945 | 0.947 | 0.950
21 | 0.952(0.955]0.957|0.9590.962 | 0.964 | 0.967 | 0.969 | 0.972 | 0.974
22 10.976 (0.979 | 0.981 | 0.984 | 0.986 | 0.988 | 0.991 | 0.993 | 0.996 | 0.998
23 | 1.000 | 1.003 | 1.005|1.007 | 1.010 | 1.012 | 1.015| 1.017 | 1.019 | 1.022
24 |1.024|1.026 |1.029|1.031|1.033 | 1.036 | 1.038 | 1.040 | 1.043 | 1.045
25 |1.047|1.050|1.052|1.054|1.056 | 1.059 | 1.061 | 1.063 | 1.066 | 1.068
26 |1.070(1.072]1.075|1.077 |1.079 | 1.082 | 1.084 | 1.086 | 1.088 | 1.091
27 |1.093 1.095|1.097|1.100|1.102 | 1.104|1.106|1.109 | 1.111 | 1.113
28 | 1.115|1.117|1.120 | 1.122 | 1.124 | 1.126 | 1.129 | 1.131 | 1.133 | 1.135
29 | 1.137|1.140 | 1.142 | 1.144 | 1.146 | 1.148 | 1.151 | 1.153 | 1.155 | 1.157
30 | 1.1591.161 |1.164 | 1.166|1.168|1.170 | 1.172 | 1.174 | 1.177 | 1.179
31 | 1.182]1.183|1.185|1.187|1.190 | 1.192 | 1.194 | 1.196 | 1.198 | 1.200
32 |1.203 1.205|1.207 | 1.209 | 1.211 | 1.213 | 1.215 | 1.217 | 1.220 | 1.222
33 | 1.22411.226 | 1.228 | 1.230 | 1.232 | 1.234 | 1.237 | 1.289 | 1.241 | 1.243
34 |1.24511.247|1.249 | 1.251 | 1.254 | 1.256 | 1.258 | 1.260 | 1.262 | 1.264
35 |1.266|1.268|1.270 | 1.272 | 1.274 | 1.277 | 1.279 | 1.281 | 1.283 | 1.285
36 |1.287]1.289|1.291|1.293|1.295|1.297|1.299|1.302 | 1.304 | 1.306
37 1308 1310|1312 |1.314]1.316|1.318|1.320|1.322 | 1.324 | 1.326
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[Iponomxenue tadn. 1077
3HaveHuss @ =2arcsin \/;

p% |00 | 01 | 02 ] 03 | 04 | 05|06 | 07 | 08 0.9

38 | 1.3281.330|1.333 | 1.335|1.337|1.339|1.341 | 1.343 | 1.345 | 1.347
39 |1.349|1.351|1.353|1.355|1.357|1.359|1.361 | 1.363 | 1.365 | 1.367
40 |1.369|1.371|1.374|1.376|1.378 | 1.380 | 1.382 | 1.384 | 1.346 | 1.388
41 |1.390|1.392|1.394|1.396 | 1.398 | 1.400 | 1.402 | 1.404 | 1.406 | 1.408
42 |1.410(1.4121.414|1.416|1.418 |1.420|1.422|1.424 | 1.426 | 1.428
43 |1.430|1.432|1.434|1.436|1.438|1.440|1.442|1.444 | 1.446 | 1.448
44 | 1.451|1.4531.455|1.457|1.459|1.461 | 1.463|1.465 | 1.466 | 1.469
45 | 1471 |1.473 1475|1477 |1.479|1.481 |1.483|1.485|1.487 |1.489
46 |1.491|1.493|1.495|1.497|1.499 |1.501 | 1.503|1.505 | 1.507 | 1.509
47 | 1.511 | 1.513 | 1.515|1.517 | 1.519 | 1.521 | 1.523 | 1.525 | 1.527 | 1.529
48 | 1.531 | 1.533 | 1.535|1.537 | 1.539 | 1.541 | 1.543 | 1.545 | 1.547 | 1.549
49 | 1.551 | 1.553 | 1.555|1.557 | 1.559 | 1.561 | 1.563 | 1.565 | 1.567 | 1.569
50 | 1.5711.573 | 1.575|1.577|1.579 | 1.581 | 1.583 | 1.585 | 1.587 | 1.589
51 | 1.591|1.593|1.595|1.597|1.599 |1.601 | 1.603 | 1.605 | 1.607 | 1.609
52 |1.611|1.613|1.615|1.617|1.619|1.621 |1.623|1.625|1.627 |1.629
53 |1.631|1.633|1.635|1.637|1.639|1.641 |1.643|1.645|1.647 | 1.649
54 |1.651|1.653 |1.655|1.657|1.659|1.661 | 1.663|1.665 | 1.667 | 1.669
55 |1.671|1.673|1.675|1.677|1.679|1.681 |1.683|1.685|1.687 | 1.689
56 |1.691|1.693|1.695|1.697|1.699|1.701 |1.703|1.705|1.707 | 1.709
57 | 1.711 | 1.713 | 1.715 | 1.717 | 1.719 | 1.721 | 1.723 | 1.725 | 1.727 | 1.729
58 | 1.731|1.734 | 1.736 | 1.738 | 1.740 | 1.742 | 1.744 | 1.746 | 1.748 | 1.750
59 | 1.752 | 1.754 | 1.756 | 1.758 | 1.760 | 1.762 | 1.764 | 1.766 | 1.768 | 1.770
60 |1.7721.774 | 1.776 | 1.778 | 1.780 | 1.782 | 1.784 | 1.786 | 1.789 | 1.791
61 |1.7931.795|1.797|1.799|1.801 | 1.803 | 1.805 | 1.807 | 1.809 | 1.811
62 | 1813 |1.815|1.817|1.819|1.821 |1.823 |1.826|1.828 | 1.830 | 1.832
63 |1.834|1.836|1.838|1.840|1.842|1.844 |1.846 | 1.848 | 1.850 | 1.853
64 | 1.855|1.857|1.859|1.861|1.863|1.865|1.867|1.869| 1.871 |1.873
65 | 1.875|1.878 |1.880|1.882|1.884 | 1.886 | 1.888|1.890| 1.892 | 1.894
66 |1.897|1.899|1.901|1.903|1.905|1.907|1.909|1911|1913|1.916
67 |1918|1.920|1.922|1.924|1.926|1.928 |1.930|1.933 | 1.935 | 1.937
68 | 193919411943 |1.946|1.948 | 1.950|1.952|1.954 | 1.956 | 1.958
69 | 1961 |1.963|1.965|1.967|1.969|1.971|1.974|1.976|1.978 | 1.980
70 | 1.982|1.984|1.987|1.989|1.991|1.993|1.995]|1.998|2.000 |2.002
71 | 2.004 |2.006 | 2.009 | 2.011|2.013 | 2.015 | 2.018 | 2.020 | 2.022 | 2.024
72 1 2.026 |2.029 | 2.031 | 2.033 | 2.035 | 2.038 | 2.040 | 2.042 | 2.044 | 2.047
73 12.049|2.051 | 2.053 | 2.056 | 2.058 | 2.060 | 2.062 | 2.065 | 2.067 | 2.069
74 |2.0712.0742.076 | 2.078 | 2.081 | 2.083 | 2.085 | 2.087 | 2.090 | 2.092
75 12.09412.0972.099]2.101 | 2.104 | 2.106 | 2.108 | 2.111 | 2.113 | 2.115
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Oxonuanue Tabiu. 107/
3HaveHuss @ =2arcsin \/;

p% |00 | 01 | 02 ] 03 | 04 | 05|06 | 07 | 08 0.9

76 | 2.118 |2.120|2.122 | 2.125 | 2.127 | 2.129 | 2.132 | 2.134 | 2.136 | 2.139
77 |2.141 |2.144 | 2.146 | 2.148 | 2.151 | 2.153 | 2.156 | 2.158 | 2.160 | 2.163
78 | 2.165|2.168 | 2.170 | 2.172 | 2.175 | 2.177 | 2.180 | 2.182 | 2.185 | 2.187
79 12.1902.192|2.194 | 2.197 | 2.199 | 2.202 | 2.204 | 2.207 | 2.209 | 2.212
80 |2.2142.217|2.219|2.222|2.224 |2.222|2.229|2.231 | 2.234 | 2.237
81 |2.240|2.242|2.245|2.247 | 2.250 | 2.262 | 2.255 | 2.258 | 2.260 | 2.263
82 |2.265|2.268|2.271|2.273|2.276|2.278 | 2.281 | 2.284 | 2.286 | 2.289
83 |2.2922.29412.297|2.300|2.302 |2.305|2.308|2.310| 2313|2316
84 | 23192321 (2.324|2.327|2.330|2.332|2.335|2.338| 2.341 | 2.343
85 |2.346|2.349 | 2.352 | 2.355|2.357 | 2.360 | 2.363 | 2.366 | 2.369 | 2.372
86 |2.375|2.377|2.380|2.383|2.386|2.389|2.392|2.395|2.398 | 2.402
87 |2.404|2.407|2.410|2.413|2.416(2.419|2.422 |2.425|2.428 | 2.431
88 |2.434|2.437|2.440 | 2.443 | 2.447 | 2.450 | 2.453 | 2.456 | 2.459 | 2.462
89 |2.465|2.469|2.472 2475|2478 |2.482|2.485|2.488 | 2.491 | 2.495
90 |2.498|2.501|2.505|2.508 |2.512|2.515|2.518|2.522 | 2.525 | 2.529
91 |2.532(2.536|2.539|2.543 | 2.546 | 2.550 | 2.554 | 2.557 | 2.561 | 2.564
92 |2.568 [2.572|2.575|2.579 | 2.583 | 2.587 | 2.591 | 2.594 | 2.598 | 2.600
93 |2.606 |2.610|2.614|2.618|2.622 |2.626 | 2.630|2.634 | 2.638 | 2.642
94 |2.647|2.651|2.655|2.659|2.664 |2.668 |2.673|2.677|2.638 | 2.642
95 |2.691 [2.695]2.700|2.705 |2.709 | 2.714 | 2.719 | 2.724 | 2.729 | 2.734
96 |2.739(2.744 1 2.749 | 2.754 | 2.760 | 2.765 | 2.771 | 2.776 | 2.782 | 2.788
97 |2.7932.799 | 2.805|2.811 |2.818 | 2.824 | 2.830 | 2.837 | 2.844 | 2.851
98 |2.858 2.865|2.872|2.880|2.888 (2.896(2.904|2.913 2922|2931
99 12941 (2.952]2.963|2.974|2.987|3.000|3.0153.032|3.052|3.078
100 |3.142

Tabauya 1111

3nauenus kpurepusi U Yuikokcona — MaHHa — YUTHH

Yposenb 3HaunMoctu o = 0.05 Yposenb 3Haunmoctu o = 0.01
n 4|56 |7 8[9][10 n| 4|56 |7 8[9]10
4 (1011|1213 |14|15]|15 4 101011 11|12
5 171182021 (22|23 5 1511617171819
6 2612712913132 6 2312412512327
7 3638|4042 7 3234|3537
8 49 5153 8 43 14547
9 63|65 9 56|58
10 78 10 71




3nauenust kputepusi Q Pozendayma
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Tabauya 1211

n;
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1+r

3HadyeHud BeJUUYMHBI z =0.5-In——

1-r

Tabauya 1311

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

0.0000
0.1003
0.2027
0.3095
0.4236
0.5493
0.6931
0.8673
1.0986

1.4722

0.0100
0.1105
0.2132
0.3206
0.4356
0.5627
0.7089
0.8872
1.1270
1.5275

0.0200
0.1206
0.2237
0.3317
0.4477
0.5763
0.7250
0.9076
1.1518
1.5890

0.0300
0.1308
0.2342
0.3428
0.4599
0.5901
0.7414
0.9287
1.1881
1.6584

0.0400
0.1409
0.2448
0.3541
0.4722
0.6042
0.7582
0.9505
1.2212
1.7380

0.0501
0.1511
0.2554
0.3654
0.4847
0.6184
0.7753
0.9730
1.2562
1.8318

0.0601
0.1614
0.2661
0.3769
0.4973
0.6328
0.7928
0.9962
1.2933
1.9459

0.0701
0.1717
0.2769
0.3884
0.5101
0.6475
0.8107
1.0203
1.3331
2.0923

0.0802
0.1820
0.2877
0.4001
0.5230
0.6625
0.8291
1.0454
1.3758
2.2976

0.0902
0.1923
0.2986
0.4118
0.5361
0.6777
0.8480
1.0714
1.4219
2.6467

3nauvenud r 14 z ot 0.00 10 1.99

Tabnuya 1411

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9

0.000
0.100
0.197
0.291
0.380
0.462
0.537
0.604
0.664
0.716
0.762
0.801
0.834
0.862
0.885
0.905
0.922
0.935
0.947
0.956

0.010
0.110
0.207
0.300
0.389
0.470
0.544
0.611
0.670
0.721
0.766
0.804
0.837
0.864
0.888
0.907
0.923
0.937
0.948
0.957

0.020
0.119
0.217
0.310
0.397
0.478
0.551
0.617
0.675
0.726
0.770
0.808
0.840
0.867
0.890
0.909
0.925
0.938
0.949
0.958

0.030
0.129
0.226
0.319
0.405
0.485
0.558
0.623
0.681
0.731
0.774
0.811
0.843
0.869
0.892
0.910
0.926
0.939
0.950
0.959

0.040
0.139
0.236
0.328
0.414
0.493
0.565
0.629
0.686
0.735
0.778
0.814
0.846
0.872
0.894
0.912
0.928
0.940
0.951
0.960

0.050
0.149
0.245
0.336
0.422
0.501
0.572
0.635
0.691
0.740
0.782
0.818
0.848
0.874
0.896
0.914
0.929
0.941
0.952
0.960

0.060
0.159
0.254
0.345
0.430
0.508
0.578
0.641
0.696
0.744
0.786
0.821
0.851
0.876
0.898
0.915
0.930
0.943
0.953
0.961

0.070
0.168
0.264
0.354
0.438
0.515
0.585
0.647
0.701
0.749
0.790
0.824
0.854
0.879
0.900
0.917
0.932
0.944
0.954

0.962

0.080
0.178
0.273
0.363
0.446
0.523
0.592
0.653
0.706
0.753
0.793
0.828
0.857
0.881
0.902
0.919
0.933
0.945
0.955
0.963

0.090
0.188
0.282
0.371
0.454
0.530
0.598
0.658
0.711
0.757
0.797
0.831
0.859
0.883
0.903
0.920
0.934
0.946
0.955
0.963




3navenud r 14 z ot 2.00 10 2.99
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Oxonuanue maon. 1411

0.00

0.01 | 0.02

0.03

0.04

0.05

0.06

0.07

0.08 | 0.09

2.0
2.1
2.2
2.3
24
2.5
2.6
2.7
2.8

0.964 | 0.965 | 0.965
0.970 1 0.972 | 0.972
0.976 | 0.976 | 0.977
0.980 | 0.981 | 0.981
0.984 1 0.934 | 0.984
0.987 1 0.987 | 0.987
0.989 1 0.939 | 0.989
0.991 1 0.991 | 0.991
0.993 1 0.993 |1 0.993

0.966
0.972
0.977
0.981
0.985
0.987
0.990
0.992
0.993

0.967
0.973
0.978
0.982
0.935
0.988
0.990
0.992
0.993

0.967
0.973
0.978
0.982
0.935
0.988
0.990
0.992
0.993

0.968
0.974
0.979
0.982
0.936
0.938
0.990
0.992
0.994

0.969
0.974
0.979
0.933
0.986
0.988
0.990
0.992
0.994

0.969 | 0.970
0.975 | 0.975
0.979 | 0.980
0.983 | 0.983
0.986 | 0.986
0.989 | 0.989
0.991 | 0.991
0.992 1 0.993
0.994 | 0.994

Tabnuya 1511

MunumaJjibHbIe 3HAYEHUSA KO3 PUUHMEHTA KOPPeJALHH 7,
AOCTOBEPHO OTJIMYHBbIE OT HYJIsA (df = n—2)

a a a
4 0.05 0.01 Y 0.05 0.01 y 0.05 0.01
1 0.997 1 16 | 0.468 0.59 40 0.304 0.393
2 0.95 0.99 17 | 0.456 | 0.575 | 45 0.288 0.372
3 0.878 | 0959 | 18 | 0.444 | 0.561 | 50 0.273 0.354
4 0.811 | 0917 | 19 | 0433 | 0.549 | 60 0.25 0.325
5 0.754 | 0.874 | 20 | 0423 | 0.537 | 70 0.232 0.302
6 0.707 | 0.834 | 21 | 0413 | 0.526 | 80 0.217 0.283
7 0.666 | 0.798 | 22 | 0.404 | 0.515 | 90 0.205 0.267
8 0.632 | 0.765 | 23 | 0396 | 0.505 | 100 | 0.195 0.254
9 0.602 | 0.735 | 24 | 0388 | 0.496 | 125 | 0.174 0.228
10 | 0.576 | 0.708 | 25 | 0.381 | 0.487 | 150 | 0.159 0.208
11 | 0553 | 0.684 | 26 | 0374 | 0478 | 200 | 0.138 0.181
12 | 0532 | 0.661 | 27 | 0.367 047 |300 | 0.113 0.148
13 | 0514 | 0.641 | 28 | 0.361 | 0.463 | 400 | 0.098 0.128
14 | 0497 | 0.623 | 30 | 0.349 | 0.449 | 500 | 0.088 0.115
15 | 0482 | 0.606 | 35 | 0.325 | 0418 [1000| 0.062 0.081
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Tabauya 1611

MunuMaJjibHbIe 3HaUYeHHsI KO3 uumreHTa panroBoi koppeassuun Cnupmena,
JAOCTOBEPHO OTJIMYHbIE OT HyJs (df =n — 2)

n a n a n a
0.05 | 0.01 0.05 | 0.01 0.05 | 0.01
5 | 094 17 | 048 | 0.62 | 29 | 0.37 | 0.48
6 | 0.85 18 | 047 | 0.60 | 30 | 0.36 | 0.47
7 1078 1094 | 19 | 046 | 058 | 31 | 0.36 | 0.46
8 072088 | 20 | 045 | 057 | 32 | 036 | 045
9 | 068|083 | 21 | 044 | 056 | 33 | 0.34 | 0.45
10 | 064 | 0.79 | 22 | 043 | 054 | 34 | 034 | 0.44
11 | 061 | 076 | 23 | 042 | 0.53 | 35 | 0.33 | 0.43
12 | 058 | 073 | 24 | 041 | 0.52 | 36 | 0.33 | 0.43
13 | 056 | 0.70 | 25 | 040 | 0.51 | 37 | 033 | 042
14 | 054 | 0.68 | 26 | 0.39 | 0.50 | 38 | 0.32 | 041
15 | 052 | 0.66 | 27 | 038 | 0.49 | 39 | 032 | 041
16 | 0.50 | 0.64 | 28 | 0.38 | 0.48 | 40 | 0.31 | 0.40
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