CTaTucTUKa B MEOUKO-
OMOAOTHUYECKUX UCCAEIOBAHUIX

K.Mm.H., pou. XucamytauHoB A.H.
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1 Karkpoe pelueHue Bpaya AOAXKHO OCHOBBIBATbCSA Ha
Hay4HbIX AQHHbIX

[ CTaTUCTUYECKUE METOAbI - KAIOYEBOM, peLLaloLL M
MHCTPYMEHT, KOTOPbIN NMO3BOASIET KAYEeCTBEHHO UAM
KOAMYECTBEHHO AOKa3aTb, 0OOCHOBATb MAU OMPOBEPTHYTb
HOBYIO Hay4HYIO UAEIO U MbICAb



KoAnyecTBeHHbIe KayecTBeHHble
(uncaoBble) (KaTeropuaAbHbie)

/\ /\

HenpepbiBHbIE AVcKpeTHble [lopsiAkoBble HomunHaAbHbIE

OTHOCUTEABHbIE

BuHapHbie

mmne  /lHTEpBaAbHbIE

(AMXoTOMUYECKUE)




KoAandyecTBEHHBIE (UUCAOBBIE) NAHHBIE

0 HenpepbiBHble — AaHHbIe, KOTOPbIE MOAYYAlOT NMPU U3MEPEHUMU HA
HEMNpEepbIBHOM LUKAAE, T.e. TEOPETUYECKN OHU MOTYT UMETb APOBHYIO
4acTb. [ lpnmepbl: Macca TeAa, pocT, apTepmMaAbHOE AaBAEHMUE.

MHTepBaAbHble AaHHbIE — BUA HEMPEPbIBHbIX AAHHbIX, KOTOPbIE
M3MepaIoTCS B aBCOAIOTHBIX BEAUYMHAX, UMEIOLWLMX PUINYECKMUIA CMbICA
(wkaaa |Q, TemnepaTtypa B rpaaycax Lleabcus, @apeHrenTa)
OTHOCUTEAbHbIE AaHHbIe (HaAMYME ABCOAIOTHOM HYAEBOM TOYKM) —
BUA HEMpepbIBHbIX AAHHbIX, OTPAXKAIOLLUX AOAID U3MEHEHUS 3HAYEHUS
NMPM3HaKa MO OTHOLUEHUIO K UCXOAHOMY (MAM KaKOMY-AMBO Apyromy)
3HaYeHUIO NMpu3HaKa (A03a npenapaTa, Bo3pacT, abcoAloTHas
TemnepaTypa).

0 AMUCKpeTHble AaHHble — KOAMYECTBEHHbIE AAHHble, KOTOpbIe He
MOTYT UMeTb APODOHYIO YacTb (KOAMYECTBO AETEN).



KauyecTBeHHbIE (KaTEropHuaAbHbIE)
JaHHBIE

HoMuHaAbHble (LUKaAbl HAUMEHOBAHUM) — BUA
Ka4yeCTBEHHbIX AQHHbIX, KOTOPbIE OTPaXKaltoT YCAOBHbIE KOAbI
HeMU3MepMMbIX KaTeropum, Koraa OTAEAbHbIM YUCAAM He
COOTBETCTBYET HUKAKOIO 3MMMUPUYECKOIO 3Ha4YEHMS (MOA,
ceMerHOoe NMOAOXKEHUE, KOAbI AMArHO33)

BuHapHble (AMXOTOMUYECKMNE) AaHHbIE — OCODO BblAEASEMbIN

BMA Ka4yeCTBEHHbIX AAHHbIX, KOrAa MPU3HAK UMeeT ABa
BO3MOXHbIX 3Ha4eHUA (MOA, HAAMYME/OTCYTCTBMUE

3aboAeBaHMUSA)

NopsaAKOBble — BUA Ka4eCTBEHHbIX AAHHbIX, KOTOpbIE
OTPaXKalOT YCAOBHYIO CTEMeHb BbIPaXXEHHOCTU KaKOro-Anbo
npusHaka (Hanpumep cTaAMM 3aboAaeBaHMS, CTENEHMU

CEpAEYHOM HEAOCTAaTOYHOCTH)
5



BaskHeHIIIHE IIOHSITHS



0 FeHepaAbHass COBOKYNMHOCTbD:

BCE MHOXECTBO AaHHbIX. [ I]pyMep: ecAM LeAblo UcCcAeAOBaHMUS
ABASIETCS U3yYeHMEe YPOBHS reMorAobumHa HaceAaeHUs 3eMAM,
reHepaAbHasi COBOKYMNMHOCTb — 3Ha4Y€HUs YPOBHS reMorAobuHa B
KPOBU KaXKAOIO XXUTEAS 3eMHOrO LLapa

0 BbibopouyHasa cOBOKYNHOCTb (BbiIOOpKa):
4acTb AaHHbIX, OTOOpaHHas U3 reHepaAbHOM COBOKYMHOCTHU

LleAb popMupoBaHUA BbIGOPKMU: MOAYHUTL OLLEHKY
HEKOTOPOro M3y4aeMoro napameTpa reHepaAbHOM
COBOKYIMHOCTHU, He Nepebupas Bce AaHHbIe MO BCEM

reHepaAbHOM COBOKYMHOCTM



OnucaTeAbHBIE CTATHCTHKH

I MMHMM)’M M MaKCUMYM — MUHUMAAbHOE U MAaKCUMAAbHOE
3Ha4YEeHUnA nepemeHHoﬁ B COBOKYMNMHOCTHU

1 Pasmax — pasHMLA MEXXAY MaKCUMAAbHbBIM U
MUHWUMaAbHbIM 3Ha4YeHueM (obo3HayveHme R)

1 CpeaHee — cyMMa 3Ha4Y€HMM NEepEMEHHOM, AEAEHHOE Ha
YMUCAO 3HAYEHUN NepeMeHHOU

01 Auncnepcus — (OT aHrA. variance) u cTaHpAapTHoe
(cpeAHeKBappaTHMYeCcKOe) OTKAOHEeHMe (aHrA. standard
deviation) — Mepbl K3BMEHYMBOCTU NMEPEMEHHOM

0 KoadpduumneHT BapmaLum — Mepa OTHOCUTEAbHOTO
pa3bpoca CAy4arMHOM BEAMYMHbI; MOKA3bIBAET, KAKYIO AOAIO
CpPeAHEro 3Ha4yeHMs1 3TOM BEAUYMHbBI COCTABASIET €€
cpeAHMI pa3bpoc



OnucaTeAbHBIE CTATHCTHKH

(mpomoaxxkenue)

MeaunaHa — pa3buBaeT BbIOOPKY Ha ABE paBHble YacTH.
[loAOBMHA 3HaYEHUI NEPEMEHHOM AEXKMUT HUXKE MEAMaHBI,
NOAOBMHA - BbiLLE

KBapTMAM NpeACTaBAAIOT COOOM 3HAYEHUS, KOTOPbIE AEAAT
ABE MOAOBUHbBI BbIOOPKU (pa3buTbie MeanaHoM) elue pas
nornoAam

[TpoLLeHTMAU — BEAUUUHDI, KOTOPbIE AEASIT YNOPSIAOYEHHbIE
HabAloaeHua Ha |00 paBHbIX YacTewn

Moaa npeacTaBasieT cobo MaKCMMaAbHO YacTo
BCTpevaloLleecs 3Ha4YeHne nepeMeHHon (Hamboaee «kMoAHOEY
3HavYeHWe NepeMeHHOM)

165 166 167 168 169 170 171 172 173 174 175 176 177




Cpennee

B [lycTb UMmeeTcAa nepemeHHaA X, Toraa oueHkKa cpeaHero, nau
BblbOpoOUYHOEe cpepHee, BbIYMCAAETCA KaK cpeaHee
apupmeTnyeckoe Habnrtoagaembix 3Ha4YeHUN. BbibopoyHoe

- X
cpeaHee ob6blYHO 0bo3HavaeTcs X = ZT (M)

» BoibopoyHOe cpeagHee He YCTOMYUBO K Bblbpocam.
NMpumep: cpegHee yucen: 1,2,3,4,5,6,7 coctasnaer 4,
ec/n K HUm pnobaBuTtb 62, TOo cpeaHee byaer
coctaBnatb 16!!! (Heobxoammo mnsberaTb
MCNONb30BaHME BbIBOPOYHOro cpeaHero, He

obpaboTaB BbIOpOCHI B AAaHHbIX)



Jucnepcuda U cTaHaapPTHOE
(cpeaHeKBaapaTUYECKOE) OTKAOHEHHE

[ mMepbl UBMEHYNBOCTU NEPEMEHHOM

] 4YeM cMAbHee pa3bpocaHbl 3HaYeHUs NepeMeHHOM
OTHOCUTEABHO CPeAHero, TeM BoAbLLe AMCHepCUs U
CTaHAQPTHOE OTKAOHEHME




[ucrniepcud ¥ cTaHgapTHOE OTKAOHEHHE

¥ BbibopoyHaa gucnepcma nepemeHHOU X BblYUCAAETCA NO
dopmyne:

L _SX-X7
B n

» CTaHAapTHOE OTK/IOHEHUE PaBHO KBaApPaTHOMY KOPHHO
13 BbIDOPOYHOUN AUCNEpPCUn:

o= Jo? = Y (X — X)?
\

n




CrangapTHad OoIIHOKa cpemHero (omnodka
pGHPGSGHTaTI/IBHOCTI/I) (Standard Error of Mean, SEM)

0 TlpeactaBnAaeTr cobor CTaHAAPTHOE  OTK/IOHEHMe
pacnpeaeneHuna cpeaHux oTaebHbIX BbIOOPOK
(paccymnTaHHOE U3 cpeaHUX OTAE/IbHbIX BbIOOPOK)

o

M wau SEM =

3

N oTobparkaeT TOYHOCTb OLLEHEHHOro NapameTpa cpeaHero



Bbi6opka 1 ,
M1 A

Bbi6opka 5 BbIGOPKa 8 db|60pKa 2

M5
Bbi6opka 10 . .
M 10 3biGopka 4 Bb|6opKa 5

M4

Bbi6opk4 N
MN

Bbibopka 6
Mo V
Bsibopka 7
M7

Bbi6opka 9
Bui6opka 7 Mo

w7 SEM, m

m - CTaHAQPTHOE€ OTKAOHEHME paCCHYUTAHHOE U3
CPEAHUNX OTAEAbHbIX BbI6OPOK



CrangaptHadg oiruoka (SEM) vam
CTaHIApTHOE OTKAOHEHUE (0)?

] HEeCMOTPS Ha BHELLHIOIO CXOXeCTb, NapaMmeTpbl SEM 1 o
MCMOAb3YIOT B Pa3HbIX LLEASIX:

CTaHAQpPTHOE OTKAOHEHME OTpaXKaeT pa3bpoc 3HaYEHUN AQHHBIX U
AOAXHO BbITb YKa3aHO, eCAM HEODOXOAMMO OMnUcaTb BbIOOPKY W
MOSICHUTb U3MEHYMBOCTb B Habope AaHHbIX

CTaHAQpPTHaA oWMbOKa cpeAHEero oTpa)kaeT TOYHOCTb
OLLeHEHHOTO MapaMeTpa CPeAHEro

/




J1lOBEPUTEABHBIN UHTEPBAA OASI CPEOHETO

» Hapaay c BblIbOpo4YHbIM cpesHUM, KOTOpOoe SBASETCS
TOYEYHOM OLEHKOW NapameTpa, 4acTo NPUBOAAT
NHTEPBa/IbHblE OLLEHKMW.

X — (to 05X SEM); X + (tg 05X SEM)]
t0’05 —_ 1,96
t0’01 — 2,58

» [loBepuUTeNbHbIN MHTEPBAN — AMAaNa30H 3HAYEHUN, BHYTPU

KOTOPOro HaxoauTtca CpegHAaAa nonyaaunmn (C BEPOATHOCTbIO
95%, 99%)

. ¥*



Kak npaBHABHO OIIHCATh BHIOOPOUHYIO
COBOKYIIHOCTB?

Max Me
M AN G*

) m Min Mo

KaxkHue onmucaTeAbHBIE CTATHCTHKH
HCIIOAB30BaATbH?



HopmaabHOE pacripeaeAeHue

i ,A,A}'-l TOroO, YTOOBI BbI6PaTb OoNnncaTeAbHblIE CTaTUCTUKU AAA

COBOKYMHOCTU, CHaYaAad CACAYET YCTAHOBUTD,

COOTBETCTBYET AU BUA PpaClipeAEAEHUNA 3HAYEHUA
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CBolcTBaA HOPMAaABHOT'O pacCIIpeaeACHUS]

~

68%
| n-19%0c W n+1%c 1 X
1-2580 | u-o H+c | u+258c
] 1 I [}
< 95% >
| 4

-t 99% - ﬂ>i

HopmanbHoOe pacnpeaeneHne noaHoOCTbO
onpeaenaeTca cpeaHen U CTaHAAPTHbIM OTKNIOHEHUEM:
Xto



..... U JIASI OIIMCAHUS BbIOOPOYHBIX
COBOKYIIHOCTEH, UMEIOIIIUX HOPMAABLHOE
pacIpeneAeHue

(1 TOABKO TakKHX nmpH3HaKOB!!!), caeayer
HCIIOAB30BaTh cpenHee (M) u cranmapTHOE
OTKAOHEHUE (0) B popmaTe Mto.

N.B! MexayHapoaHble HAyYHbIE
JKYpPHaAbI B KQUYECTBE OIMHUCATEABHBIX
CTATUCTHUK HOPMAABHO PaCHPEOEACHHBIX
COBOKYITHOCTEHN HUCIIOAB3VIOT bopmMatT M

(o)

20



Ecam nnepeMeHHas1 HE COOTBETCTBYET 3aKOHY

HOPMAaABHOT'O PACIIPEOECACHUS] ...

50% HabAoAeHUM
|

Meanasa (50-ii IponeHTILT)
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. .COBOKYIMNHOCTb OMNMUCbIBAETCA.

]

Me [kBapTuAb |; KBapTHABL 3]
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CBolMCTBa HOPMAABHOT'O PACIIPEaEACHUS]
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CpeaHee U cTaHAQPTHOE OTKAOHEHME

1 CpeaHee U MepAMaHa HOPMAAbHOIO pacrpeAEAEHUs PaBHbI

22



BaskHo! OTAMYUY B oIIHcaTeAbHOM aHaAHU3e
PA3AUYHBIX THUIIOB JAaHHBIX

1 KoAnuecTBeHHble AaHHble + HOPMaAbHOE pacrpeAeAeHMe:

cpeAHee * cTaHAQpPTHOE OTKAOHEHME

0 KoAnyecTBeHHbIe AdHHble T pacnpeAeAeHne, OTAMMHOE OT

HOPMaAbHOTO! meamnaHa [| u 3 kBapTuam]

1 NopsakoBasi / HOMMHaAbHasA LLIKAAQ: TabAMLA YacToT

23



Baskuo! B MeAHKO-OHOAOIrHYECKHX
HCCAEAOBAHHUAX:

1 HOpMaAbHoe pacrnipepAeAeHue = 20%

] pacrnpeAeAeHMe, OTAUMHOE OT HOPMAAbHOTO
= 80%

24



BaskHo!

1 Bo3amorkHOCTU 06paboTKM NepeMeHHbIX, OTHOCALLMXCA K
HOMMHAAbHOM LUKAAE OYEeHb OFPaHUYEHbI: BOSMOXEH TOAbKO
YaCTOTHbIMA aHAAM3 TAaKUX MEPEMEHHbIX U B HEKOTOPbIX
CUTYaLUAX AAS AUXOTOMUYECKMX MEPEMEHHDbIX - PaCCUYUTATD
PAHIOBYIO KOPPEASAILLUIO, 2 PacCUMUTATb CPEAHEE 3HAYEHUE AAS
nepemeHHon «CeMenHOe NOAOXKEHUEY, COBEPLLUEHHO
6ecCcMbICAEHHO.

1 Kak npaBuAo, nepeMeHHble, OTHOCALLMECS K HOMUHAABHOM
LLIKAAE YaCTO UCMOAB3YIOTCS AASl TPYMMUPOBKMU, C MOMOLLLBIO
KOTOPbIX COBOKYMNHas BblIbopKa pa3buBaeTca No KaTeropusam
3TUX NepeMeHHbIX. B 4acTMYHbIX BbIOOpKax NMpOBOAATCS
OAMHAKOBbIE CTAaTUCTUYECKMUE TECTbI, PE3YAbTaTbl KOTOPbIX
3aTeM CPaBHMBAIOTCSA APYr C APYrOM.

25



BaskHo!

0 [lepemMeHHbIE C NOPSIAKOBOM LLKAaAOM, KPOME YaCTOTHOrO
aHaAM33, AOMYCKAIOT TaK)Ke BbIYUCAEHUE OMNMPEAEAEHHbIX
CTAaTUCTUYECKMX XaPAKTEPUCTUK, TAKUX KaK MEAMAHDI.
Ecan A0AKHa BbITb yCTaHOBAEHA CBA3b (KOPPeAsiLMs) C
APYTMMU NEPEMEHHbIMMU TAKOTO POAQ, AASl 3TOM LLEAU
MO>XHO MUCMOAb30BaTb KO3GPULIMEHT PaHrOBOM
KOppeAsiLMu

26



ToyHOCTB IIPEACTABACHHA OIITMCATEABHBIX
CTATHCTHK KOANYECTBCHHBIX JAaHHBIX

0 [puHsaTo NnpuBoAMTL oueHKU NapameTpos (M, 6, m, Me
...) C TOM e TOYHOCTbIO, C KOTOPOM ObIAUM NMPEACTABAEHDI
MCXOAHbIE AQHHbIE

0 [Npumep: ecan AA namepsinocb € TOYHOCTBIO AO paspsAa

€AMHULLbI, TO CAEAYET MPUBOAUTL NapaMeTpbl , HE B
Buae 14536127458 mm.pt.cT,a B BMAEe 145127 mm.
pPT.CT.
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OTaripl aHaAu3a JaHHBIX



Tarnbl aHaAau3a JaHHBbIX

[1TnaHnpoBaHue nccrieqoBaHug

Coop nHdpopmauumn n dopmmpoBaHme b6asbl JaHHbIX
Unctka OaHHbIX

OnwucartesnbHbIM 1 BU3yanbHbIW aHanms

[pynnmupoBkKa

BbluncrieHme ctatucTumk ang rpynn

HaxoxxaeHue cBs3en 1 3aBUCUMOCTEN

[TocTpoeHne MmaTeMaTUYECKMX YpaBHEHUIN O NPOrHosa
Bepudumkaumsa (Kpocc npoBepka) ypaBHEHUN OS1A MPOrHo3a

Hayvaro 1 KoHeu. KTo HenpaBWAbHO 3acTerHyaA
NepByIO MYroBULLY, YK€ He 3aCTerHeTcsa Kak
caepyeT

29




bopMmupoBaHUe 0a3bl JaHHBIX

NepemeHHble
' A | B | C | D A E . F , G | H |
1 Mon Boapacr Sputpountel  Tpombouutel  [leiikouutel [emornobux  [pynna

2 | naumeHT 1 HeH 64 34 198 iih 61 |
3 naumenT 2 MK 39 3.9 141 7.9 130 Il
4 | nauyvent 3 | SKEH 1 45 3.9 141 6.3 106 I
= 5  naywent 4 HeH 33 4.0 175 i, 137 I
< 6  naumeHt 5 MK 63 39 141 71 106 I
= 7 naumeHT 6 KeH 57 3.3 209 1.1 65 I
% 8 naunent 7 KeH 56 4.1 175 7.1 133 I
Q 9  naywent 8 HeH 83 3.8 73 6.1 106 |
< 7 10 nayment9 KeH 50 37 186 6.6 116 |
O 11 naument 10 KeH 54 3.3 232 04 61 |
c 12 nauuent 11 KEH 55 3.8 164 6.3 102 |
L 13 naumenr 12 My 39 3.8 130 7.1 109 |
14 naument 13 MY 41 3.9 164 {2 123 I
15 naument 14 HEH 38 36 107 5.1 92 I
16 naument 15 KeH 50 3.9 164 1.7 116 Il
17 naument 16 HeH 52 3.7 130 1,1 120 Il
18 nayment 17 HeH 20 4.0 186 8.4 133 Il
19 naument 18 KeH 50 3.5 198 15 72 I
20 | nayment 19 HeH 57 3.7 141 6.1 99 I
21 | nayment 20 HeH 57 3.8 209 7.6 133 Il
22 naument 21 KeH 81 43 255 9.7 130 Il
23 naument 22 MY3K 76 3.9 198 6.4 109 I

30 24 naymeHt 23 KeH 70 4,0 198 8.0 140 Il



YHucTka naHHBbIX

1 Ob6paboTKa NponycKkos

0 IMoncK HEKOPPEKTHBIX MOKa3aTeAeM
0 NMounck Bbibpocos

0 YAaAeHUe NoBTOPHbIX HabAOAEHUM
1 Bepudukaums TeKCTOBbIX METOK

0 ['lpoBepKa AManasoHOB

31



[Ipumep: uccaegoBaHUE IIPEIApPaTOB,

BANLAIOIIIMX Ha .....

I-N‘jacooo\:mmbwm_s

N ah ] b | b | b | b | ek |
O W oo~ oo &~w

A

naumenr 1
nayuent 2
naumenT 3
naument 4
naymeHT 5
naument 6
nayuent 7
nauwenT 8
naymexT 9

: naument 10

nauyment 11
nayueHt 12

- naument 13

naymnext 14
nayuent 15

" naumenT 16
| nauyment 17
- naumenT 18

nayuent 19
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Mon
¥eH

[x]

HeH

MY2K
HEeH

HeH
HeH

EAR— 2 a

MYX4UHa

MY
HeH
HEeH
HEeH
HeH
HeH
HeH

& D | E | F | G |
Boapact Jputpountel  Tpombouutel  [leiikoyutel emornobuH  [pynna
64 34 198 1.1 61
39 3.9 141 7.9 130
45 9 141 6.3 106
33 4.0 175 7.9 137
63 3.9 14 7.1 106
57 3.3 2090 1.1 65
56 4.1 175 71 133
83 38 73 6.1 106
500 0,3,7 186 6.6 116
Y.} 3.3 232 04 61
55 3.8 164 6.3 102
39 3.8 130 £ 109
41 3.9 164 7.2 123
38 3.6 107 5.1 92
50 39 164 77 116
52 3,7 130 71 120
20 4.0 186 8.4 133
50 3.5 198 1.5 72
57 3.7 141 6.1 99
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BusyaAabHBIN aHAAU3

...CHa4YaAa AadHHbIE€ HY>XHO YBUAETD...
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Tune! rpadpruKoB, HAUOOAEE YACTO
HCIIOAB3yEMbIE IIPU CTATUCTUYECKOM aHaAH3€E

0 'mcTorpamma
1 'padumk cpeaHUX ¢ owmnbkamm
0 Amnarpamma pasmaxa

0 Amnarpamma paccesiHus
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[luarpamma paszmaxa
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Nnpu oLeHKe CTaTUCTUYECKOM 3HAYUMOCTM Pa3AM‘-IMl\/’1
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['pacdhuk cpegHUX C OLIMOKaAMU

I'paguk cpennnx (Tabnuna panasixd 8 Workbook2.stw 10v Fpagukcpennux (TaGannanananxd s Workbookd.
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“1500) stw 10v*150¢)
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[uarpammMa paccesaHUs

Bospact

Junarpamsa paccesnnd (Tabnnna nanasxd 8 Workbook2.stw 10v*150¢)
Bospact = 39,7642-0,02*%x

Tnarpasya paccesnnd (Tabnuna nanuasix3 B Workbook2.stw 12v*150¢)
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CraTHCTHYECKHH aHaAH3
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BeIABUXKEHHE U IIPOBEPKA T'HUIIOTES

» Hynesasa runotesa (H,) npeacrasnset cobom
YTBEPXKAEHUE, B KOTOPOM MUCCNeaoBaTeNb KOHCTAaTUPYeT
daKT OTCYTCTBMA KaKnX-Nnnbo otanymm, nnbo BANAHNIN Ha
NCXOAHblIEe AaHHbIE

» WccnepoBaTtento Heobxoammo chopmynmnpoBaTb HYNEBYIO
rmnoTesy Tak, YTobbl OTKa3 OT Hee NPUBOAUA K
KenatenbHOMY 3aKNH0YEHUIO

» AnbTepHaTMBHaA rmnoTtesa (H,) npegHa3Ha4yeHa ana
onpeaeneHna cornacoBaHHOCTU AAHHbIX C HY/1EBOM
rMNoTe3omn 1 ONpPoBEPraeT ee
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CraTucrudecKasd TUroTe3a IIoATBEPIKIAETCS
AU OTKAOHSIETCH C IIOMOIIIBIO ...
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CraTucrtudeckrue KPpUTEePUH: BbBIOOP

0 Crtporoe maTeMaTU4eCKOE MPaBMAO, MO KOTOPOMY MPUHUMAETCS
MAM OTBEPraeTCsl Ta MAM MHAA CTAaTUCTMYECKasa rMnoTesa ¢
M3BECTHbIM YPOBHEM 3HAYMMOCTH

0 lMapameTpuueckue KpUTEPUMU — rpynmna CTaTUCTUYECKUX
KPUTEPUEB, KOTOPbIE BKAIOYAIOT B pacyeT napameTpbl
BEPOSATHOCTHOIO pacrnpeAeAeHMs NpU3HaKa (CpeAHME U AUCNEPCUM)
U NPeANOAaraloT HOPMaAbHOCTb PacNpeAEAEHMUS

0 HenapameTtpuueckune MeToAbl pa3paboTaHbl AASl TEX CUTYaLMM,
KOrAa UCCAEAOBATEAb HUYEro He 3HaeT O NapaMeTpaxX UCCAEAYeEMOM
NOMNyAALMU, HENApaMeTpUYeCKMe METOAbI HE OCHOBbLIBAIOTCA Ha
OLLeHKe MapamMeTpoB (TaKMX KaK CpeAHee MAU CTaHAQpTHOEe
OTKAOHEHME) NPpU ONUCAHMUM BbIDOPOYHOIO pacnpeAeAeHUs
MHTEpecYoLWeNn BEAUYUHDI.

0 HenapameTpuyeckue meToabl No3BoAsOT obpabaTbiBaTh AaHHbIE
"Hu3Koro KadecTBa" U3 BLIGOPOK MaAOro obbema c NepemMeHHbIMM,
NpO pacrnpeAeAeHMe KOTOPbIX MAAO YTO UAM BoobLLe HMUYEro He
U3BECTHO.
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PacuyeT BEAMYHHBI CTATHCTUYECKOT'O
KPUTEPUSI

1 BbibpaTb cooTBeTCTBYIOLWLME GOPMYAbI AASl pacyeTa
CTaTUCTUYECKUX KpUTEpPUEB

0 IpuHATL pelieHne o HyAeBoM runoTese: AMb6o oHa
oTBepraeTcs, AMbo npuHmumaetcs. [pMHATHE rMNOTE3bI He
O3Ha4aeT, YTO OHa SIBASIETCS EAMHCTBEHHO BEPHOM.
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Tadoauna 4.1. KpaTHueckue 3Ha4eHHA 7 (IBYCTOPOHHHH BapHAHT)

VpOBeEb 3HAYHMOCTH 0!

\J 0.5 0.2 0.1 0,05 0.02 0,01 0.005 0.002 0.001
1 1,000 3.078 6314 12706 31.821 63.656 127321 318289 636.578
2 0.816 1.886 2,920 4303 6.965 0025 14080 22328  31.600
3 0,765 1.638 2,353 3.182 4.541 5.841 7453 10214 12924
4 0,741 1,533 2,132 2,776 3.747 4.604 5.508 7.173 8.610
5 0,727 1.476 2,015 2,571 3.365 4032 4773 5.894 6.869
6 0.718 1.440 1.943 2.447 3.143 3.707 4317 5.208 5.950
7 0.711 1.415 1.895 2,365 2,998 3.490 4.029 4,785 5.408
8 0.706 1,397 1.860 2.306 2.896 3.355 3.833 4501 5.041
9 0.703 1.383 1.833 2,262 2.821 3.250 3.690 4297 4781
10 0.700 1,372 1.812 2,228 2,764 3.169 3.581 4144 4.587
11 0.697 1.363 1.796 2.201 2,718 3.106 3497 4.025 4437
12 0,695 1.356 1,782 2,179 2.681 3.055 3428 3.930 4318
13 0.694 1.350 1,771 2,160 2,650 3.012 3372 3.852 4221
14 0.692 1.345 1.761 2,145 2.624 2977 3.326 3.787 4.140
15 0.691 1.341 1,753 2,131 2.602 2,947 3.286 3.733 4073
16 0.690 1,337 1.746 2,120 2.583 2921 3,252 3.686 4015
17 0.689 1,333 1.740 2,110 2,567 2.898 3222 3.646 3.965
18 0,688 1.330 1.734 2,101 2,552 2.878 3.197 3.610 3.922
19 0.688 1.328 1.720 2,093 2,539 2.861 3.174 3.579 3.883
20 0,687 1.325 1,725 2,086 2,528 2.845 3.153 3.552 3.850
21 0.686 1,323 1.721 2.080 2518 2831 3.135 3.527 3819
2 0.686 1.321 1,717 2,074 2,508 2.819 3.119 3.505 3.792
23 0,685 1.319 1,714 2.069 2.500 2.807 3.104 3485 3.768
24 0.685 1.318 1.711 2.064 2492 2.797 3.001 3467 3.745
25 0,684 1.316 1.708 2,060 2485 2,787 3.078 3.450 3.725
26 0.684 1.315 1.706 2.056 2479 2779 3.067 3435 3.707
27 0.684 1.314 1,703 2,052 2473 2771 3.057 3.421 3.689
28 0,683 1,313 1,701 2,048 2.467 2,763 3.047 3.408 3.674
29 0.683 1.311 1.699 2,045 2462 2.756 3.038 3.396 3.660
30 0,683 1.310 1.697 2,042 2457 2,750 3.030 3.385 3.646

V-AHUCAO
CTEIIEHEU
CBOOOIEI
0 AAS paBHbIX
BblI6OpoK: v=2(n-1)
0 AASt NPON3BOABHBIX
BbIOOpOK: v=ni+n2-2



CTaTUCTUYECKHUMN YPOBEHb 3HAYUMOCTHU

(p-ypoBeHDB)

I BEPOATHOCTDb OLWMOOYHOIro OTKAOHEHMA H)’AeBOﬁ r’MNoTeE3bl

A

I BEPOATHOCTb CNpaBEAANBOCTU HYAEBOU TUMNOTES3bI

0 p-ypoBeHb, paBHbii 0.05 paccmaTpuBaeTcs Kak npuemMAemas rpaHmua

YPOBHS OLLUMOKM
0 ecan p>0,05, To HET AOCTaTOYHbIX OCHOBaHWUM, YTOObLI OTBEPrHYTb Ho
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BaskHo!

HEOOXOAUMO YKa3bIBaThb:
1 Ha3BaHME U 3HAYEHUE CTATUCTUYECKOTO KpUTEPUS

1 AENCTBUTEAbHbINM p-ypoBeHb (A0 p>0,001)
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I IpoBepKa pacrpemeAeHud Ha
HOPMAABHOCTB

0 'mctorpamma (BM3yaAbHas MpoBepKa)
0 [lpumeHeHUe KpUTEpMEB (CTaTUCTMYECKAA NMPOBEPKA)

Kputepumn Koamoroposa-CmmpHoBa
Kputepumn Auaanedpopca
Kputepun LLlannpo-Yuaka
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- Ho: pacnpeneaeHrie HOpMaAbHOE

- Hi: pacCiip€acA€HHuEC OTANYIACTCAd OT HOPMaABHOTO

0 Ecam W cTatuctuka 3HaumMma, To runotesa 0 HOpMaAbHOM

<0,05, To nepemeHHas umeeT pacnpeAeAeHUE OTAUYHOE

pacrnpeAeAeHUM 3Ha4YeHUIN NepeMeHHON oTBepraeTcs. [.e.,
OT HOPMaAbHOIro (HEHOpPMaAbHOE pacrnpeAeAeHue)

eCAU p
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KoppeAdiiTMOHHBIN aHAaAU3
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KoppeAadiiMoOHHbBIN aHAAU3

0 lNapameTpuuecknit KoppeALuMOHHbIM aHaAM3 [lupcoHa — AAs
MCCAEAOBaHUA B3aMMOCBA3N HOPMaAbHO pacrnpeAeAeHHbIX
KOAMYECTBEHHbIX MPU3HAKOB

[ HenapameTqueCKMe METOAbI KOPPEAAUMNOHHOIO aHaAM3a

CnupmeHa, KeHpaaAa, ramMma —  AAS UCCAEAOBaHMUS
B3aMMOCBSI3MU:
KoAnyecTBEHHbIX MPM3HAKOB HE3AaBUCMMO OT BUAA MUX
pacrnpeAeAeHuUs
KoAnyecTBEHHOro U Ka4ecTBEHHOrO NMOPSIAKOBOIO
Nnpu3HaKa

IA,B)’X NMOPAAKOBbDBIX NMPU3HAKOB

0 KaTteropmaabHble — TabAMLA COMPSIYKEHHOCTEM
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KoppeAadiiMoOHHbBIN aHAAU3

[]
» Correlation — B3aMmocBa3b

» Mepa 3aBMCMMOCTM MEXAY [ABYMA NepemMeHHbIMU
(HanpaBaeHMe n cnna ceA3n)

» Mpumep: Koppenauma mexay pocTom U Maccoum Tena
» KoaddunumeHT Koppenaumm NMnpcoHa onpepenaerca:
XX =X -Y)
EX - XY - ¥)?
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KoppeAadiiTmoOHHBIA aHAAU3: KO3C
KOPPEAIITUU

]
]

3HaveHUsa ot -1 Ao +1

ofe

OULIUEHT

3HaK Ko3pduMLMEHTa NOKa3bIBaET HANpaBAEHME CBA3U

Yem 6oAblie KO3 PULMEHT KOppeAALUU MO aBCOAIOTHOM
BEAUYMHE, TEM CUAbHEE KOPPEAUMPOBaHbI MepeMeHHbIe

KoppeAsunsa Mexay X My He O3Ha4YaeT COOTHOLUEHUE

NMPpUYUHDBI U CACACTBUA

6e3pasmepeH

Juarpamsa paccesnnd (Tabnuua nanasx3 8 Workbook2.stw 12v*150¢) Nuarpanma p
90
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1 [lpuHATa (YCAOBHO) CAeAyiOLLAA KAACCUPUKALMSA CUADI
KOPpPEeASiLMKU B 3aBUCMMOCTU OT 3HAYEHUs KoadPpuumMeHTa
KOPpPEeASiLMM T.

1 |r|<0,25 - caabas koppeaauums

1 0,25<|r|<0,75 - ymepeHHas KoppeAaLms

0 |r|20,75 — cnAbHaa KoppeAauus

r=-05



KoppeAdIiiTMOHHBIN aHAAH3

Koraa He caeAyeT paccymTbiBaTb KOIPPULIMEHT
KoppeAsiumu!

1 HeAnHeMHoOe coOoTHOLLUEHNE MEXKAY MEepPEMEHHbIMMU
1 EcTb aHOMaAbHble 3Ha4eHus (BbIGpoOChI)

0 AaHHble COAEpPXKaT MOATPYMIbl, AASl KOTOPbIX CPEAHME
YPOBHU HaBAIOAEHMIM Pa3AMYHbI
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Pacuet KoadduiimeHTa KOPPEeAIIIUU

B nnoTte3bl:
HO - CBA3U mexXay nepemeHHbIMU HET
H1 - CBA3b MeXAay nepemeHHbIMU eCTb

» [1na 060CHOBAHMA UCNONb30BaHUA KO3GDULMEHTA
Koppenaumm MnpcoHa, HeobxoaAMMO NPOBECTU NPOBEPKY
Ha HOPMaNbHOCTb pacnpeaeneHusa NnepemeHHoOn
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[lapameTpryecKMn KOppeAILMOHHbIM aHaAu3 [TnpcoHa — AAs
NCCAEAOBaHUSA B3aUMOCBA3M HOPMaAbHO pacrnpeAEeAeHHbIX
KOAUYECTBEHHbIX NMPU3HAKOB

HenapameTpuueckne  MeTOAbl  KOPPEASILMOHHOIO  aHaAM3a

CI'IMPMeHa, KeHAaAAa, raMMma — AA4 NCCAEAOBaHNA B3aNMMOCBA3N.
- KoAunyecTBeHHbIX NPU3HAKOB HE3ABUCUMO OT BUAQ UX PaCrpeAEAEHUS

- KoAnyecTBeHHOro 1 KauecTBEHHOro NMOPSAKOBOIO MpM3HaKa

- ABYX NOpSIAKOBbIX MPU3HAKOB
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[Toaxoapl K CpaBHEHUIO ABYX TPYIIII I10
KOAUYECTBEHHOMY IIPU3HAKY:

[l € NICMOAb3OBaHMEM AOBEPUTEAbHbIX NHTEPBAAOB

(OTBET Ha BOMPOC: HACKOABKO BEAUKU PasAUYUS
COBOKYMHoCTEM?)

i nyTEM NMPOBEPKU CTATUCTUHECKUX TUMNOTE3

(OTBET Ha BOMPOC: B KAKOM CTEMEeHN MOXKHO ObITb
YBEPEHHbIM, YTO Pa3AMYUS MEXKAY COBOKYMHOCTAMM
AENCTBUTEABHO CYLLLECTBYIOT?)



1 [lpu onncaHUM pe3yAbTaTOB MCCAEAOBaHMUS
PEKOMEHAYETCSA NPEACTABASITb PE3YAbTaTbl MPUMEHEHUS
0bonX NOAXOAOB



[1OBEPUTEABHBIN UHTEPBAA OAI PA3HOCTHU
CPEOHUX

- g
0 Pacuet 06beAMHeHHOM OUEHKN AUCNEPCUH g-

0 PacyeT cTaHAQpPTHOM OWIMOKKU pasHOCTU CPEAHUX

0 Pacyeta AoBepUTEAbBHOIrO MHTEPBAAa Pa3HOCTU CPEAHMUX

(,Il -, )_ hosSp-x. <l —Hly < fI )+ TnosST K. -

01 He aAoaxeH coaeprkaTb «O0»



CpaBHUBaeMBbI€ T'PYIIIIbL:

] He3aBUCMMble (HECBSI3aHHbIE)

eCcAu Habop 0bbEKTOB MCCAEAOBAHUSA (YH4aCTHUKOB) B
KaXKAYIO M3 rpyMn OCYLL,ECTBASIETCS HE3aBUCUMO OT TOrO,
Kakne obbeKTbl MCCAEAOBAHUSA (YHACTHUKN) BKAIOYEHDI B

APYryto rpynny (paHAOMM3ALLUSA)
] 3aBUCUMbIE (CBA3aHHbIE)

ANHAMNUYHYECKNE UCCAEAOBAHNA, KOFAd NU3YHAOTCA OAHU U
Te e oObbeKThbl B pa3Hbl€ MOMEHTbI BPEMEHU



HezaBucumMmbie BbIOOPKU



HezaBucumbie BLIOOPKHU

T —

[ poBepKa CTaTUCTMYECKOM rMnoTesbl

Pacuetr AU

/\

[MapameTpuueckue HenapameTpuyeckue
MeTOoAbI METOADI
HopMaAbHoe NAioboe pacnpeaeaeHue
pacrnpeAeAeHue

t — KPUTEPUIl AAS - U kputepuit MaHHa-

HE3aBUCUMBbIX YuUtHu
BbIGOpOK - Kputepuit Baabaa -
BoAbdoBuua
- KpuUTepuu
KoAamoroposa-

CmupHoBa




[lapaMeTpHUYeCKUN METOL]

t KPUTEPUIM AASl HE3ABUCUMbIX BbIOOPOK



t — kpurepuii (t-test, Student’s t-test)
AATOPUTM OEHUCTBUU

1 3aBUCUMbBIE MAU HE3ABUCUMbBIE
HabAloAeHUsA!?

0 Yemy paBeH p-ypoBeHb KpuTepus!?

[0 ABAsiOTCA AM pacnpeAeAeHUs
nepeMeHHbIX HOpMaAbHbIMU!

0 PaBHbI AM AMcnepcun B rpynnax!?

0 Kakon BbIBOA MOXXHO CAeAaTb?

0 Kakas HaAEXHOCTb BbIBOAa?

Buiwmeasv TOCCET -
"CTBFOOEHT"
(W .5 Hosset —"Student"
1876-1937)

M3EeCTHBIM AaHTIIMEIC KFEL C TATHC THE



t KpUTEPU AT HE3aBUCHUMBIX BEIOOPOK:
cobnrodeHue ycnoeuu

1 KAaccuyeckmm BapuaHT:

3Ha4YeHMS NMPU3HAKOB B KAXKAOW M3 CPAaBHUBAEMbIX TPy AOCAXKHbI
MMETb HOPMaAbHOE PacripeAEAEHME (AOAXKHA MPOBOAMTCS
MpOBePKa pacripeAeAeHusl rpU3HaKa Ha COOTBETCTBUE 3aKOHY
HOPMAaAbHOIrO pacripeAeAeHus)

AMNCrIepcumn pacripeAEAEHM NMPU3HAKOB B CPAaBHUBAEMbIX FPyrnax
paBHbI (MOXKeT 6bITb MPOBEPEHO C MOMOLLbIO KpuTepus /\eBeHa)

1 MoAMPMLMPOBAHHbBIM BApUAHT:

rpU HEBBINOAHEHUMN YCAOBMS PaBEHCTBA AMCMEPCUI — pacyerT t-
KPpUTEPUS C pa3AEAbHbIMU OLLEHKaMM AMNCIEPCUI



BeIABUXKEHHE U IIPOBEPKA T'HUIIOTES

0 [MNpeactaBnaetr cobom CTaHAAPTHOE  OTK/IOHEHME
pacnpeaeneHnsa cpeaHunx otTaenbHbiX BbIDOPOK
(paccumTaHHOE U3 CpeaHUX OTAEeNbHbIX BbIDOPOK)

o

M wan SEM =

3

N oTobparkaeT TOYHOCTb OLLEHEHHOro NapameTpa cCpeaHero
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t-Kpumepuil 0151 HE3A8UCUMbBLX 8blOOPOK
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[IpumMmep: UccaegoBaHUE TIPEIapaToB,
BAUSIOIIUX HA JUAMETP KOPOHAPHBIX COCYI0B

[ MeToa BU3yau3zaLmu: Anarpamma pasmaxa

[ CTaTuCcTUYeCKu¥ METOA: T-KpUTEpUIi AAS HE3aBUCHMMbIX BbIBOPOK

2,5

24 |

23

20t

2,1}

2,0

19t

1,8

Tuarpamma pasmaxa

nmnanebo HHPEJHIHH

O Cpeanee
(] Cpeanee+Cr.om.
I Cpeanee+1,96*Cr.om.



I[IpeacraBAeHHE PEZYABTATOB:

1 YncAao oO6bEKTOB MCCAEAOBAHMS B KAXKAOM U3 TPy

1 CpeaHne u CKO usyyaemMoro rnpmsHaka AAS KaXKAOM U3

rpynn

1 Pe3yAbTaTbl MpUMEHEHUA KPUTEPUEB AAS OLLEHKMU
HOPMaAbHOCTU pacnpeAEAeHUA U paBEHCTBa AUCTMEPCUU B
CAyYae, eCAU UCMOAb3YETCH KAACCUYECKUU KPUTEPUM
CTbloAeHTa

1 Pe3syAbTaTbl NpUMeHEHUSA KPUTEPUSI AASI OLLEHKM
HOPMAAbHOCTU PacrpeAEAeHUs U YKasaHue
MoaudUuunpoBaHHoro Kputepmsi CTbIOAEHTA AASI TPYNN C
Pa3sAUYHBIMU AUCMEPCUSIMU

1 Amnarpammbl pasmaxa



HemapameTrpudyeCcKue MeTOAbI



Korma ucroAp3yroTCcd METOIBI
HEmapaMeTPUYECKON CTATUCTUKU

OTBeT: Koraa pacripeAeAeHne AaHHbIX OTAMYAETCS OT
HOPMaAbHOro
Npeumywecrtso:

1 Kputepum HenapameTqueCKoﬁ CTaTUCTUKU HE COAEPXKAT
HUKaKKNX I'IPeAI'IOAO)KeHMI;’i OTHOCUTEABHO pacCrip€AEAEHUA
AdHHDbIX

1 oTcyTcTBME BOAbLUMX BbIBOPOK

] LWKaAa M3MEPEHUM MOXKET ObITb MOPAAKOBOM

0 HepocTaTOK: HU3KAA MOLLHOCTb



EcAH yCAOBUS IIPUMEHUMOCTHU t KPUTEPHEB
HE BBIIIOAHEHBI. ..

HenapameTpuueckue Kputepum

(non-parametric tests)

- KpuTepui Baabpa-Boabdosuua
(Wald-Wolfowitz runs test)

- KpuTepun Koamoroposa CMmnpHoBa
(Kolmogorov-Smirnov test)

- KpuTepun MaHHa-YutHu (U-kputepui)
(Mann-Uitney U-test)

He3aBUCUMbIe
BbIOOPKM

- KpUTEpPUM 3HAKOB -
(sign test)

i KpMTepMﬁ BUAKOKCOHA - 3aBMCMMble BbIGOPKM
(Wilcoxon signed-rank test)




Kpurepuii cepuit Baabma-BoaboBuiia

[l HerapameTpu4ecKasi aAbTEPHATMBA t KDUTEPUS AASI HE3aBUCUMbIX
BbIOOPOK

1 3Ha4YeHUs CpaBHMBAEMbIX FPYrMM BbICTPAaMBAIOTCSA B EAUHYIO
MOCAEAOBATEAbHOCTb MO paHry. [ IponsBoAMTCA NoACYET KOAMYECTBA
CMEH rpYNnNUpYIOLLEro rNpu3HaKa, ¢ MOMOLLLbIO KOTOPOro MOXHO
HaUTU KOAMYECTBO HerpepbiBHbIX MOCAEAOBATEALHOCTEN
(KoandecTBO cMeH+ 1) - cepun.

1 EcAM HeT pasanums MexXAy rpynrnamu, TO YUCAO U AAMHA CEPUM,
OTHOCSILLMXCSA K OAHOM M TOM Ke rpynne, 6yAyT NpUMepHO
OAMHaKOBbIMWU. B NpOTUBHOM cAy4ae ABe rpynrbl OTAUYAIOTCA APYT

OT ApYra.



JIByXBBIOOPOYHBIN KPUTEPU
Koamoroposa-CMupHoBa

[l HermapameTpu4YecKas aAbTEPHATUBA t KPUTEPUS AAS
He3aBUCHMbIX BbIOOPOK

1 Kputepui ocHOBaH Ha MaKCMMyMe abCOAIOTHOrO
3Ha4YEeHUS Pa3HOCTU BIMMUPUYECKUX PYHKLIUIM NEPBON U
BTOpPOM BbIOOPKMU, TaK)Ke YYBCTBUTEAEH K Pa3AUYMUIO
obuien GopMbl pacnpeAeAeHUt ABYX BblIOOpOK (B
4aCTHOCTM, pa3AM4YMe B AUCMEPCUU, ACUMMETPUM U T.A.).



U kpurepumt ManHa-YUTHU

[l HernnapaMeTpuYecKas aAbTEPHATUBA t KPUTEPUS AAS
He3aBUCUMbIX BbIOOPOK

1 U KpuTepum BbluUCAAETCS, KaK CYMMa MHAMKATOPOB
NOMapHOro CpaBHEHWUS SAEMEHTOB NEPBOM BbIOOPKMU C
3AEMEHTaAMWU BTOPOM BbIOOPKM.

1 U kputepuit - Hanboaee MoLHas (M4yBCTBUTEAbHAS)
HernapaMeTpU4vecKasi aAbTEPHATMBA t-KPUTEPUSA AAS
HEe3aBUCUMBbIX BblIOOPOK.



[IpeacraBA€HUE PEZYABTATOB

1 YncAo oO6bEKTOB MCCAEAOBAHMSA AAS KXKAOM M3 TPynn

1 MeAMaHbl U rpaHULLbl MHTEPKBAPTUABHOIO OTPE3Ka AAS
KaXXAOW U3 rpynn

1 To4Hoe 3HaYeHue KpUTEpPUS U P - YPOBEHbD

1 Amnarpammbl pasmaxa



3aBUucCUMBIE (CBSI3aHHBIE) BBIOOPKH



t KpUTEPUH OAS 3aBUCUMBIX BBIOOPOK

[l MpOBEPUTb, PA3AMYAIOTCS AU CPEAHMNE 3HAYEHMS
KOAMYECTBEHHOIO NMPU3HAKA AO U MOCAE AEYEHUS, ECAU
M3BECTHO, YTO B 0OOMX CAyHasiX pacripeA€AEHME rpu3HaKa
AIBASIETCS HOPMaAbHbIM



[IpeacraBA€HUE PEZYABTATOB

1 Yncao 06bEKTOB MCCAEAOBAHUSA B KaXKAOM M3 BbIOOpPOK

1 AprymeHTMpoBaHHas MHPOPMaLMS O BbIMOAHEHWUU
YCAOBMM NPUMEHUMOCTU METOAQ

1 CpeaHue 3HayeHus nsyyvaemoro npusHaka n CKO aas
KaXXAOW U3 rpynn

1 To4Hoe 3HaYeHue KpUTEpUS U p YPOBEHbD

1 Amnarpamma pasmaxa



EcAH yCAOBUS IIPUMEHUMOCTHU t KPUTEPHEB
HE BBIIIOAHEHBI. ..

- KpUTEPUM 3HAKOB
(sign test)

- KpUTEepui BUAKOKCOHA = 3aBMCUMble BbIOOPKM
(Wilcoxon signed-rank test)




Kpurepul 3HaKOB

[ HernapaMeTpUYECKas aAbTEPHATHBA t KPUTEPUS AAS
3aBUCHMbIX BbIOOPOK

0 KpuTepun oCHOBaH Ha CAEAYIOLLUX MPOCTbIX
COOOparKeHMUAX: NOACHUTLIBAET, CKOABKO pa3
onpeAeAeHHOe 3HaYyeHMe nepBor nepemeHHom (A)
H6oAblUe COOTBETCTBYIOLLENO 3Ha4YeHUSA NepemMeHHoM (B),
MHBIMW CAOBAMU, OMPEAEAAETCSA KOAMYECTBO
NMOAOXMUTEAbHbIX Pa3HOCTEN MEXKAY 3HAYEHUAMM
nepeMeHHOM (A) U 3HaYeHMsAMU NepeMeHHoM (B).

0 N.B! YunTtbiBaloTCS TOABKO 3HaKM pa3HOCTEN (a He UX
3HaYeHUs).



W KPHTEPHH SHAKOBBIX PAaHI'OB
BuAKoKCcoHA

[l HernapamMeTpU4eCcKasi aAbTEPHATHBA t KDUTEPUS AAS
3aBUCHMbIX BbIOOPOK

1 Kputepun npMHMMaeT BO BHUMAHME HE TOAbKO 3HAKM
Pa3HOCTEN, HO U UX BEAUYUHY.

1 BoAaee MOLHBIM KpUTEpUI (MO CPAaBHEHMIO C KPUTEPUEM
3HaKoB). EcAM npeAnoAokeHMs napameTpuyeckoro t-
KPUTEPUS AASl 3aBUCUMBIX BbIOOPOK (MHTEpPBaAbHas
LLIKaAQ) BbIMOAHEHbI, TO KPUTEPUIM MMEET MOYTU TaKYIO
YK€ MOLWHOCTb, KaK U t-KpuTepuu.



[HCIIEpCUOHHBIN aHAAU3

1 ANOVA — analysis of variance
(1920 r. PoHaabs @uiuep,

AHIAMUCKUI CTATUCTUK U FTEHETHK)

photo A Barnington—-Brovn{c) R A.lf‘ishu Meraorial Trust.



OOI111ee Ha3HAYEHUIE

1 CpaBHeHMEe CpeAHMX B HECKOABKMX Fpynnax

1 CpaBHeHMe rpynmn NpOBOAUTCS C MOMOLLbIO OLLEHKM
MEXXIpYMNMnoOBOM M BHYTpurpynrnosom amcnepcum. OTcioaa
TEPMUH KAUCMEPCUOHHbBIN aHAAU3Y



JUCIIEpCUOHHBIN aHAAU3

1 AAA oueHKM pasAnyvni, HeO6XOAMMO CPaBHUTL pasbpoc
BbIOOPOYHbIX CPEAHMX C Pa3OpPOCOM 3HAYEHUIM BHYTPU
KaXXAOW U3 rpynn
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Bbi60opouHbIe (2] BuiGOposHLIe

F = mexxrpynnosas ancnepcus / BHyTpurpynnoBas AMCrepcus
(pa3zbpoc BbiIbopoYHbIX cpeAHUx) / (pazbpoc BHyTpu rpynn)



[ HUCIIEpCUOHHBIN aHAAN3

F = mexxrpynnoBas ancrniepcusi / BHyTpUrpyrnnoBasi AUCIEPCUS
AU

Jlucriepcust COBOKYITHOCTH, OIIEHEHHAsI 110 BBIOOPOYHBIM CPETHUM

F=

HI/ICHepCHH COBOKYIIHOCTH, OLICHCHHA 110 BI)I6OpOLIHBIM AUCIICPCHUAM

-YucauteAb u 3HaMeHaTeAb COOTHOLLEHUS — OLLeHKU OAHOM U TOM
)K€ BeAUYUHbI — AUCNEPCUN COBOKYNMHOCTU

- EcAn BepHa HyAeBas runoTesa, TO Kak BHyTPpUrpynrnoBas, Tak U
MEXXIpyrnroBasi AUCIIEPCUN CAYXKAT OLL€HKaMU OAHOM U TOM XKe
ANCIEPCUM U AOAXKHBI ObITb MPUOANIKEHHO PaBHbI



[IpoBepgemMasa ruroresa

1 HyaeBas runoTesa: pasAuumnim MeXKAY rpynnamm Het

0 ['lpy UICTUHHOCTU HYAEBOM FMMOTE3bI, OLLEHKA AUCTEPCUMN,
CBSI3aHHOWM C BHYTPUIPYrNMnoBOW M3MEHUYMBOCTbIO, AOAYKHA
ObITb OAM3KOM K OLLEHKE MEXIPYNMOBOM AMCHEPCUM

i ﬂpM AOXHOCTU — 3HAYNMO OTANYATDLCA



JIUCIIEPCUOHHBIN aHAaAU3 - 3TAallbl

1 'NpoBepka HOpMaAbHOCTM
1 ['lpoBepKa paBeHCTBa AMCNEPCUM
17 ANOVA

1 AnocTepuvopHble CpaBHEHUS TPy



MGTOZ{BI MHO2KECTBCHHOI'O CPaBHEHHUA

Ecan AA nokasaA HaAMuYME 3HAUYUMDIX PA3AMUUU MEXKAY
CpeAHMMMH 3HAYEHUAMMU BblOOPOK

-

anocTepmMopHble CPAaBHEHUA C UCMTOAb30OBaHUEM:

1 Nonpaeku boHdpeppoHM

1 Kputepus Ouwepa (HaMMeHbLIEN 3HAYMMOM Pa3HOCTH)
1 Kputepus LLedpde

1 Kputepus Tbroku

]

Kputepunes pasmaxoB HbiomaHa-Keyaca n AyHkaHa



['padormueckoe rpeacraBA€CHUE
PE3YABTATOB

I'pabak cpennuxm noB. uaTepBanoB (95,00%)
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[IpeacraBA€HUE PEZYABTATOB

1 Yncao 06bEKTOB MCCAEAOBAHUSA B KaXKAOM M3 BbIOOpPOK

1 AprymeHTMpoBaHHas MHPOPMaLMS O BbIMOAHEHWUU
YCAOBMM NPUMEHUMOCTU METOAQ

1 CpeaHue 3HayeHus nsyyvaemoro npusHaka n CKO aas
KaXXAOW U3 rpynn

1 To4Hoe 3HaYeHue KpUTEpUS U p-YPOBEHbD

1 Amnarpamma pasmaxa
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KaKUMU UMEHHO TPYIIIIaMH pa3AudUe
CTATUCTHYECKHU 3HAYUMO!

1 BbixoA: anocTepmropHble cpaBHEHUS



OKOHYaTEABHBIA PE3YABTAT

Kput. H3P; nepem.: LnctuH, mrin (Tabnuua gaHHex?Z B [
OTMeYeHbl PA3HOCTK, 3HaYMMBIe Ha ypoBHe p < 05000

{1} 12} 13} 4} 10} I
pynne! | M=3,0833 | M=2,8000 | M=2,9000 | M=3,4000 |M=3,1833
A1 {1} 1 0,015735 0,106063] 0,007739) 0,369157
A2 {2} | 0,015735 ~ 0,369157 0,000011/ 0,001740§
A3 {3} | 0,106063 0,369157 0,000113| 0,015735§
A4 {4} | 0,007739 0,000011 0,000113 - 0,058627§
A5 {5} | 0,369157 0,001740 0,015735 0,058627 [



PacueT nmonpaBku boHeppoHU

p=1-(1-0,05),
nam p=0,05 x k,

rae k —umncao cpaBHeHUM.

a O O 0O

Hanpumep, npu cpaBHeHUM 4 rpynn HEoO6XOAMMO cAeAaTb
6 cpaBHeHui: a=a /6, npu a=0,05 pacyeT umeeT
caeaytowmit Bua: 0,05/6=0,008., T.e. «p» AOAXKHO BbITb
meHbwe 0,008.



JHCrIepCUOHHBIN aHAANU3 ITIOBTOPHBIX
U3MEPEHUN



JIUCIIEPCUOHHBIN aHAaAU3 - 3TAallbl

1 'NpoBepka HOpMaAbHOCTM
1 ['lpoBepKa paBeHCTBa AMCNEPCUM
17 ANOVA

1 AnocTepuvopHble CpaBHEHUS TPy



Pazanunudg Mexkay HECKOABKUMU HECBA3aHHBIMU
rpyHraMu — HerapamMeTpudeckum H-kpurepuim
Kpackeaa-Yoaauca

1 O6obuweHne kputTepmss MaHHa-YUTHU AAs Tpex U Boaee
HEe3aBUCUMbIX BbIOOpPOK

1 Kputepum 6asmpyetcs Ha obuiei paHroBom
NOCAEAOBATEAbHOCTU 3HAYEHMM BCEX BIDOPOK U He
TpebyeT NpeANOAOXEHNS O HOPMAAbHOCTHU
pacnpeAeAeHuUs

1 AHaAM3MpPyeMbIN MPU3HAK AOAXKEH ObITb KOAMYECTBEHHbBIM
MAU NMOPSAAKOBBIM



4 Ve lA o H.L A AAN U A AN AAN 4A 4 A WU .lJ\J.l..l.tlU\/ A4 .I.\J.LV.L, .LV.L\./J.LL/_V

KaKUMU UMEHHO TPYIIIIaMH pa3AudUe
CTATUCTHYECKHU 3HAYUMO!

1 Bbixoa: anocTepropHble CpaBHEHUSA € UCMOAb3OBaHMEM
HenapameTpuyeckoro tTecta MaHHa-YUTHU, NnpuMeHss

nonpaeky boH$eppoHU Npu oueHKe 3HaYeHMS p



PacueT nmonpaBku boHeppoHU

_ k
p=1-(1-0,05)%, [lpn 6 cpaBHeHUAX
nam p=0,05 x k, BEPOATHOCTb «OLLUMOKMUY

. YRIIl
rae k — unmcao cpaBHeHUM. coctasut 30% !!!!

a O O 0O

Hanpumep, npu cpaBHeHUM 4 rpynn HEoO6XOAMMO cAeAaTb
6 cpaBHeHui: a=a /6, npu a=0,05 pacyeT umeeT
caeaytowmit Bua: 0,05/6=0,008., T.e. «p» AOAXKHO BbITb
meHbwe 0,008.
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