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OpHodbakTopHbIA gucnepcnoHHbii avanu3 (one-way ANOVA)

Myctb umeercss K BbIbOpOK:

K
xM=xpUJxe . UxS N=Dn
i=1

3KBVIBaJ]eHTHa$I 3anuncob:

caktop f: X — {1,..., K}

f 1 k K
X11 Xk1 XK1
XN
KXing Xny XKng

3apada: npoBepuTb runoTtesy ob oTCyTCTBMM BNUsiHUsi pakTopa f Ha cpepHee
3Ha4eHne npusHaka X, TO eCTb, O PaBEHCTBE CpeaHux 3HaveHuii K BbIbOpOK.

MC-5. AucnepcuonHblii ananus.
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OpHodbakTopHbIA gucnepcnoHHbiii avanu3 (one-way ANOVA)

VNpesi: paccmoTpum aBe KOMMOHEHTbI pa3bpoca 3HaveHnid Xj; OTHOCUTENLHO
rnobansbHoro cpegHero X:

Xii — X = (Xni — Xi) + (X — X)),

roe X, — cpearee B k-ii BbiGOpKe.

Boseeném B kBagpaT v npocymmupyem:

K ng K ng
22 (K= X)T=2 ) (Xui - %4 (K- )",
k=1i=1 k=1i=1 k=1

SStotal = SSwg + SSbg-

Ecnn cpegHune B rpynnax 3Ha4nTenbHO oTAMHatoTes, npeobnagaert BTopas
KOMMOHEHTA, €C/IN K& OHM OAMNHAKOBbI — MepBasi.

MC-5. AucnepcuonHblii ananus.
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Pa3HoBuaHoCTU 04HOaKTOPHOIrO AMCNEPCUOHHOrO aHanM3a

@ Mo Tuny Bbibopok: HezaBucumblie (between-subjects) , CBsI3HbIE
(within-subjects, repeated measurements)

] |-|O ncnonb3yeMblM NPEANONIOKEHNAM! HOpMaﬂbelﬁ .
HenapameTpuyeckuni

@ [lo Tuny anbTepHaTuBbl: 0bwas , TPeHaa
9 Mo obbémy Bribopok: oantakoesiii (balanced), paznuunbiii (unbalanced).

@ Mo tuny acppektos: cnyqaiinbie (random-effects) €4, dukcuposantsie
(fixed-effects)

MC-5. AucnepcuonHblii ananus.
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OpHobaKTOpHbIV ANCNEPCUOHHBIV aHaNW3 NSt HE3AaBUCUMBIX BbIBOPOK

Jlnuelinasi mogens:

Xri = o+ ox + €xi,
i=1,...,ng, k=1,..., K.
1 — rnobanbHoe cpegHee 3HadeHme npusHaka X,

Qi — OTKJIOHEHUE OT [, BbI3BAHHOE BAnsiHNEM k-ro ypoBHsi pakTopa f,
€ki — CAyYaliHble HE3ABMCUMbIE O4MHAKOBO PacnpeaenéHHblie owmnbku.

Cpegntue 3HaqeHns X Bo Bcex K BbIOOpKax OAMHAKOBbI <> v = *++ = QK.

MC-5. AucnepcuonHblii ananus.
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t Kputepuii Puwwepa

Boibopkin: XV = X . UXRE, Xpi ~ N (e, 0%);
Hynesast runoresa: Ho: g1 = po = ... = uk;
anbTepHaTtusa: Hi: Ho HeBepHa;

cratuctuka:  F (X)) = %7
K o _
Sy = 3 i (X — X)?,
k=1
K ng — \2
SSuwg = 3 30 (Xni = X)”,
k=1

i=1
F(XN) ~ F(K ~1,N ~ K) npn Hy;

I I I I I I
0 05 1 15

RIS

,D,OCTI/IFaeMbIﬁ ypOBeHb 3HA4YNMOCTN:
p(f) =1~ fedf(f, K —1,N - K).
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t Kputepuii Puwwepa

Mpeanonoxenns meroaa:
@ 3HaYeHUs NMpu3HaKa BO BCEX MPymnnax HOPMasbHO PacrpesesieHbl;
Q aucnepcusi 3HaYeHMA Npu3Haka BO BCEX rPynnax OAMHAKOBA;

Q HabnoaeHNs He3aBUCUMbI.

Mpun ni =--- =ng MeTOA YCTOWHYNB K HAPYLUEHUIO NEPBbIX ABYX
npeanoNoXeHNA.

Ecnn 06bémbl BEIOOPOK pasnnyatoTCsi, HapyLLIEHNE MPESNONOKEHNS

O PaBEHCTBE AUCNEPCUi MOXKET NMPUBECTU K POCTY BEPOSITHOCTM Ownbku
nepBoro poaa.

MCNEPCUOHHBIA aHanus.
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t Kputepuii Puwwepa

Mpumep: TonsMBHAsE KOMNaHNUA TECTUPYET BAMSIHUE TPEX BUAOB NPUCALOK
Ha noTpebnerne bensmHa. Boibopka nonyyeHa Ha 12 ogmHakoBbIX
aBTOMO6I/IJ'I$IX, Ha Ka>XAOM N3 KOTOPbIX UCNOJb30BanacCb OAHa uU3 TpéX
npucagox.

Hy: BCe Tpu Bnaa npucajok OAMHAKOBO BAMSIOT HAa cpeaHee noTpebnenne

6eH3uHa.
Hi: wmexay cpegHuMun yposHamu notpebnenusi bensnHa c pasHbiMm
npucagkammn ecTb pasnndns = p = 2.1717 x 107°.

MCNEPCUOHHBIA aHanus.
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Kputepnii Kpackena-Yonnuca

BbIGOpKY: XN XMy UXZK, X ~ F(xz+ Ak);
HyseBasi runoTesa: AL =Ar = ... = Ag;
anbTepHaTuBa: H1: Ho HeBepHa;

cratuctuka: K (XV) = (N - 1) = ——

Ecnun HeT cBszok, TO:

L_N-1
_—2 ,
K ng
(N—1)N(N+1)
9 I ,
12
k=1 1i=1

12 GO
K(XN) :m;nkrﬁ_s(z\ul).

Annpokcnmauusi gnsi ng > 5:
K (XN) ~ X% 1.

MC-5. AucnepcuonHblii ananus.
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2 Kputepuii Kpackena-Yonnuca

Mpumep: perycraTopbl OLEHMBAOT TOPTbI MO COBOKYMHOCTU (PaKTOPOB — BKYC,
BHELWHNA BMA, 3anax n daktypa. Mtorosas oueHka BbicTaBnsieTcst B bannax
ot 0 go 100. CpaBHUBAtOTCA OLEHKM TPEX BUAOB TOPTOB, MPeACTaBAEHHbIX
KaXkAbliA OTAENbHON KOMaHe AeryctaTopos.

Hy: oueHkmn Tpéx BUAOB TOPTOB B CPEAHEM OLUHAKOBbI.
Hy: mexpay oueHKaMn pasHbIX BUAOB TOPTOB eCTb pasnuyus = p = 0.6587.

MCNEPCUOHHBIA aHanus.
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KpuTtepnii IxoHkxuepa

suibopki: XV = X7 .. UXEE, Xpi~ Fz+ Ag);
Hynesas runotesa: Ho: Aq =Ax=...=Ax
= med X; = ... =med Xg;
anbTepHatmea: Hi: med X; < ... < med Xk;

K ng
cratuctuka: - S (X)) = 3 3 aws,
k=1i=1
ak; — 4mcno Habntogernii ns nepsbix k — 1 BIGOPOK,
MeHbL X, YeM Xi;;
S (XN) umeet TabnnyHoe pacnpegenenune npu Ho.

Annpokcumauymna gns ng > 10:

S(XN) ~ N(u,a2),

1 K
_ 2
a—ﬁ<N kE_ln 2nk+3>

MC-5. AucnepcuonHblii ananus.
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3 Kputepuii [I>xoHkxuepa

Mpumep: nccnepyercs BausHue nnpopmuposaHHocTu (3HaHns uenn paboTsi)
Ha BbIMOJIHEHME MOHOTOHHbIX MPOU3BOACTBEHHbIX onepauunii. 18 paboyux Hbiin
cny4aiiHbim obpa3om pasgenedst Ha 3 rpynnbl. [lonaswue B rpynny 1 He
umenu uHdopMauynu o Tpebyemoin Npon3BogUTENLHOCTY, B rpynny 2 —
nony4nau obuiee NpeaCTaBIEHNE O TOM, HTO HYXXHO AenaTtb, B rpynny 3 —
TOYHYIO MHPOPMALMIO O 3a4aHUN 1 rpacuK BbINOSHEHNA paboT.

Ho: vmHOPMUPOBAHHOCTb HE BAMSIET HA NMPON3BOAUTENBHOCTb.

Hi: nHdOPMNPOBAHHOCTL BAUSIET HA Npon3BoguTenbHoCcT = p = 0.113.
Hi: nHdOPMUPOBAHHOCTb MOBbIWAET NPOM3BOANTENBHOCTL = p = 0.022.

MCNEPCUOHHBIA aHanus.
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OpHobaKTOpHbIV AMCNEPCUOHHBIV aHaNW3 NSt CBSA3HbIX BbIBOPOK

f
ObbekT 1 k K
1 X11 Xk1 X1
n Xin Xkn Xkn

Jlnuelinasi mogens:
Xiki = p+ ax + Bi + €k,

i=1,....n, k=1,..., K.
1 — rnobanbHoe cpeaHee 3HaveHne npusHaka X,
Q;, — OTKJIOHEHUE OT L + [, BbI3BaHHOE BAnsiHnem k-ro ypoBHsi caktopa f,

i — OTKNOHEHNE OT j4, BBI3BAHHOE BANSIHNEM OCOBEHHOCTEN i-ro obbekTa,
€ki — CNy4YaliHble HE3aBUCUMbIE OBMHAKOBO PacrpeaenéHHble ownbKn.

Cpeatne 3HaqveHns X Bo Bcex K BbibOopkax oAnHaKoBbl < i = -+ - = QK.

MC-5. AucnepcuonHblii ananus.
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+ Kputepnii Puwepa

BbI6OpKM:
HyneBasi rmnoTesa:
anbTepHaTmBea:

CTaTNCTUKaA:

XN:XI” U“.UX?(K7 in"‘N(Hk,UQ)§

Ho:pi=p2=... = pK;
Hi: Hp HeBepHa;
F(XN) SSpg/(K—1)

= (85wg—58.)/(n—1)(K-1)’

K ,
SSwg = 33 3 (Xui — Xk)",
k:nlizl
55, =K (Xi—X)%
i=1

15

N
w

35 4

AOCTUraem bIli YPOBEHb 3HAYNMOCTN!

p(f) =1— fedf(f, K —1,(n — 1)(K —1)).
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« Kputepuii Puwwepa

Mpeanonoxenns meroaa:
©Q 3HaueHns Nnpu3Haka BO BCEX rPymnnax HOPMaJibHO PaCnpeneneHbl;
Q ans baktopa c bonee Yem ABYMSI YPOBHSIMU: MOMApHbIe Pa3HOCTM
NPU3HaKa UMEKT OANHAKOBYIO AMCNEpPCUto ans ntobbix yposHel hakTopa
(ccpepuurocTs);

Q 0b6BbekThl HE3aBUCUMBI.

MpeanonoxeHne cheprHHOCTM HA NPaKTUKe HapylaeTcs Hanbonee 4acTo,
NPUYEM 3TO MOXET MPUBECTM K POCTY BEPOSITHOCTU OLIMBKM NepBOro poaa.
MpoBepnTb rMNOTE3y CPEPUYHOCTI MOXKHO C noMoLbio Kputepus Mayxnn,
€C/IN OHa OTBEPraeTcsi, MCMOMb3YIOTCS MOANDUKALUM YNCNA CTENeHeR cBObOAbI
kputepust Puwepa.

MCNEPCUOHHBIA aHanus.
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« Kputepuii Puwwepa

Mpumep: (Pearson et al, 2003, Treatment effects of methylphenidate on
behavioral adjustment in children with mental retardation and ADHD)
NccnegoBanoch BANSHME MeTundeHngaTa Ha CNOCOBHOCTb K OTCPOHKE
YAOBO/IbCTBNA YMCTBEHHO OTCTanbiMn A€TbMN C CAHAPOMOM AerVILWITa
BHUMaHNSA 1 TMNEPAKTMBHOCTM. KaXxkablii ncnbiTyemblii npuHuMan nnbo
npenapat B ogHoOl n3 Tpéx fo3uposok, nubo nnauebo, nocne Hero npoxogun
TecT.

Hy: npenapaT He B/IUSIET Ha CPEAHIOO CMOCOBHOCTL K OTCPOUKE
YA,0BOJIBCTBUS.

Hi: npenapaT BAUSIET Ha CPEAHIOID CMOCOBHOCTb K OTCPOHKE YAOBONALCTBUS
= p = 0.004.

MCNEPCUOHHBIA aHanus.
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s Kputepuii ®pugmana

BbIOOpKU:
HyneBasi runoTesa:
anbTepHaTMBa:

CTaTUCTUNKa:

Xki=p+or+pBi+ek, i=1,....,.n, k=1,..., K,
H():Oq:...:OéK;
Hy: Hp HeBepHa;

S(X):mZRk—?’n(K—l),

R, = Z Tki,
=1
Tki — paHr k-ro anemeHTa B i-li CTPOKe;

S (X) umeer Tabnuunoe pacnpegenenne npun Ho.

PacnpocTtpaHéHHas annpokcumauus gns n > 15, K > 10:

S(X) NX%(71~

Bonee Tto4Has ANnNpoKCMMauns:

(n—-1)5(X)

n(K —1) - S(X)

~F(n—1,(n—1) (K —1)).

MC-5. AucnepcuonHblii ananus.
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s Kputepuii ®pugmana

Mpumep: nccnegyercsi 5 TexHonoruii BoiTadnsaHns getann. Kaxgbiii us

15 pabo4mx B TEHEHNE HECKONBKNX CMEH UCMONb30BaN KaXXAYIO U3 TEXHOMOMMA.
Xki — NpOM3BOANTENBHOCTL i-r0 pabo4ero Npu MCNOJSIL30BaAHNM

k- TexHonorun.

Hy: BbIbOp TEXHONOrMN HE MEHSIET NMPOU3BOAUTENBHOCTN paboymx.

H;: BbibOp TexHOMOrMM BANSIET HA NPON3BOAMUTENBLHOCTL paboumx
= p = 0.356.

MCNEPCUOHHBIA aHanus.
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s Kputepuii lNeligxa

BbIGOPKN:
Hynesasi rmnoTesa:
anbTepHaTuBa:

CTaTNCTNKa:

Xei=p+ar+pPi+er, i=1,...,n, k=1,..., K,
Ho: a1 =...=axk;
lealg...gaK;

K
L(X) = Z kRy,
| k=1
Ri = > rki,

i=1

Tki — PaHr k-ro 3neMeHTa B i-li CTPOKE;
L (X) nmeer Tabnuutoe pacnpegenerue npu Hoy.

Annpokcumauus ans n > 15, K > 10:

L(X)~N< T

nK (K +1)> n(K® - K)®
TT44(K 1) )

MC-5. AucnepcuonHblii ananus.
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s Kputepuii lNeligxa

Mpumep: Ha 20 nonsix Tectupyercss 5 [o3 KanuiiHbix ygobperunii. Kaxxgoe none
NoAENeHO Ha 5 y4acTKOB, N0 OQHOMY Ha Kaxayto fo3y. Msmepena npoqHocTb
BbIPALLEHHOrO HA KAaXXAOM Y4acTKe XJIONKa.

Hy: posupoBka yaobpeHnii He BANSAET HA MPOYHOCTbL XJIOMNKa.

Hi: posvpoeka yaobpeHnii BAUSIET HAa MPOYHOCTb xnonka = p = 0.126.
Hi: c pocTom [03MPOBKYN YAODPEHNA NPOHHOCTb X/I0MKA YBENNYNBAETCS
= p = 0.046.

MCNEPCUOHHBIA aHanus.
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7 Mogenb co cny4aiiHbim appektom (random-effects model ANOVA)

@ Xapakrtepuctuka, onpeaensitowiasi pasbueHue Ha rpynmsl, He
npeacTaBAsieT HENOCPEACTBEHHOrO MHTEpeca.

9 [pynnbl cnyvaiiHo BbIOpaHbl N3 MHOXKECTBA BO3MOXHbIX FPym.

9 Ecnun mexpy rpynnamn ecTb HEOLHOPOLHOCTb, OXMAAETCS, HTO OHA
COXPaHUTCA MpW MOBTOPE 3KCMEPUMEHTA, HO COOTHOLLUEHUS MeXAy
CpPeAHUMIN MOTYT U3MEHUTBLCS.

Mpumepsr.

@ Pasmepbl ropbaTok B pa3HbIX CEMbsIX, BbIPALLEHHbLIX HA OGHOM U TOM XXe
pacTeHnn; uenb — onpeaesinTb 3Ha4NMMOCTb cbaKTopa cemMmbn gns
DanbHERWNX NCcnenoBaHnii.

@ VYpoBeHb MMNKOreHa B pasfinyHbix 06pasLax MKPOHOXHON MbILLbl KPbIChI;
ecnn Bapnauyus mexay obpasuamun gaét maneHbkuii Bknag B obuwyto
Bapnaynto, TO MOXXHO CHUTATb, 4TO ANA NU3MEPEHNA YPOBHA AOCTATO4YHO
ogHoro obpa3sua.

@ BkycoBble kavecTBa nepcrkos ¢ 10 pasnn4HbIX AepeBbEB; NAaHUPyeTCs
CPaBHUTb pa3nn4msa BO BKYCOBbIX KA4€CTBAX NEPCUKOB C Pa3HbIX AEPEBLEB
C pa3nu4mMsiMn y NepcukoB C ogHoro aepesa. Ecnn nocnepnue bonbwe, To
GeccMbICneHHO BbIDpaTh 415t Pa3MHOXEHNS AEPEBO C NyHLLENR CpeaHel
OLLEHKOM.

MCNEPCUOHHBIA aHanus.
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7 Mogenb co cny4aiiHbim appektom (random-effects model ANOVA)

Ecnn ucnonesyerca mogens co cnyyaiiHbivm addekTom, cnegyrowmii war —
pasgeneHune ANCNEPCAN HA BHYTPUrPYMMOBLIE N MEXIPYNOBbIE.

PesynsTaT — 0ns MEXrpynnosoii gucnepcun 8 obueit aucnepcun X7V

MC-5. AucnepcuonHblii ananus.
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s Mogenb ¢ cukcuposantbim apektom (fixed-effects model ANOVA)

@ PasbueHune Ha rpynnbl ONpeaeneHo A0 NOAy4eHUst AAHHbIX.

9 [Ipu noBTOpE 3KCNEpUMEHTa OXKUAAETCS, YTO COOTHOLUEHUS MeXAy
CPeAHMUMI rPynn COXPaHSTCA.

9 Ecnun mexpy cpefHuMun ectb pasnnyusi, Ha CNeaylowWwem dTtane
aHaNN3MPYeTCs, Kakne MMEHHO rpynmnbl pasfinyatoTcs.

Mpumepsl.

@ [MpoAoXKNTENBHOCTL XU3HI PAa3HOHOTX PAaKOB B MOPCKON BOAe
N pacTBOpax rtoKO3bl N1 MAHHO3bI.

@ DKCnpeccusi ONPeAen&HHOro reHa B TKaHsX MO3ra, neqeHun, Nérkmx
M MblLWL; HEODXOLUMO MOHSITb, B KAKOW TKaHU 3KCMPECCUs BbILLE.

9 Bkycosbie kavecTBa nepcnkos ¢ 10 pasnu4Hbix AepeBbeB; MiaHnpyeTcs
BbIOpaTh syyluee AepeBO ANSA AaNIbHERLLErO pa3BefeHUsI.

MCNEPCUOHHBIA aHanus.
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s Mogenb ¢ cukcuposantbim apektom (fixed-effects model ANOVA)

Ecnn ucnonb3yercs mogens c ukcuposarHeim 3dpektom, T0, B Ciydae
OTBEPXKEHUA TMNOTE3bl OA4HOPOAHOCTU CPeAHUX, NPOBOANTCA AOMNONHNTENBHOE
CPaBHEHUE C LE/biO YTOHHEHNSI XapaKTepa pasinyui.

CpaBHeHue MOXeT ObIThb:

] 3anJaaHNPOBAHHbLIM, KOr4a rpynnbl Ans p,aaneﬁLuero CpaBHEHUA
oTObpaHbl A0 cbopa JaHHbIX.

@ HEe3anaaHMpOBaHHbLIM, KOF4a rpynnbl AN CpaBHeHUst BbibupatoTcs
no pe3ynbTaTamMm NEPBUHHOrNO aHaaM3a AaHHbIX.

[ns 3annaHMpoBaHHOro NOMapHOro CPaBHEHUS TPYNM MOXXHO NPOCTO
UCMOJIb30BaTh NOAXOASAWNA ABYXBbIOOPOUHbI KPUTEPWIA.
[ns He3annaHWpOBaHHOrO CPaBHEHUS BCE CIIOXKHeEe.

MCNEPCUOHHBIA aHanus.
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Fisher's LSD (Least Significant Difference)

Ecnn p; = pj, 10

X —X;

Syt
(ni—l)S?-ﬁ-(nj—l)sz.

n,,-+nj—2
PaccmoTtpum Benu4unny

NSt(TM-FTL; )v

roe S2 =

LSDy, = —t22

n; n;

roe ta — a-kBaHTUAL pacnpeaeneHusi CTbogeHTa € n; + nj — 2 CTeneHsMn
csobogpbl.

Ecnn {Xi - X]-| > LSD;j, o 4actHasi Hynesasi runotesa Ho: p; = p;
OTKJIOHSIETCS NMPOTUB ABYCTOPOHHENR anbTepHATUBHI.

Metog LSD MOXHO nCnonb30BaTh TONLKO B CllyHae OTBEPXKEHUsT 0DLwei
rMnoTesbl OBHOPOLHOCTH.

MC-5. AucnepcuonHblii ananus.
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Tukey’s HSD (Honest Significant Difference)

K
n=— -
X
1 K
$= S - nst
N - K —
rae S; — pucnepcusi BLIGOPKMN X0k,
go (N—-K)S

HSD =
vn,

rae go (N — K) — KpUTMHECKOE 3HAYeHUe pacnpeaeneHust
CTbIOAEHTU3MPOBaHHOroO pasmaxa ¢ N — K creneHsmun csobogpi.

Ecnn !Xi — X]-| > HSD, 1o 4actHasi Hynesasi runotesa Ho: p; = pj
OTKJIOHSIETCA MPOTUB 4BYCTOPOHHEl anbTepHaTUBbI.

Metog HSD moxHO ncnonb3osaTh HE3aBUCUMO OT CNPaBeANMBOCTU Obwiei
rMnoTe3bl OLHOPOLHOCTH.

MC-5. AucnepcuonHblii ananus.
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Kputepuii Hemenbu

Henapametpuyecknii ananor npouegypsl HSD.

CD = g/ ELD (é{NJF D,

roe q‘; — KpPpUTN4HECKOE 3HAa4EeHNE CTAaTUCTNKN KPUTEPNS, OCHOBAHHOE Ha
pacnpeneneHninn CTbrOAEHTU3NPOBAHHOIO pa3Maxa.

Ecnu |7; — 7;] > CD, To 4acTHas Hynesas runotesa Ho: A; = A;
OTKJIOHAETCA NpOTUNB AByCTOpOHHeﬁ ANbTEPHATUBLI.

MCNEPCUOHHBIA aHanus.
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[Mpumep

OBcsHas Myka NsTM BUAOB NMOMOJA PacacoBbIBAETCS MPU NOMOLLN OJHOrO
amucnercepa. CtangapTHblli 061b8m ynakosku — 500 r, HO gncneHcep 0bbI4HO
Hacbinaet 6onble. MNponsBoANTENb NOJO3PEBAET, YTO OOBEM YNAKOBKN MOXET
3aBUCETb OT NOMOJA MYKMN.

Metog LSD: Bec B rpynnax 3 n 5 3Ha4umMo OTAM4aeTcs.

1

510 520 530 540 550 560 570 580
The means of groups 3 and 5 are significantly different

Metog HSD: 3HauumbIx pasnuyuii mexay cpeaHuMn He oBbHapy»KeHo.

MCNEPCUOHHBIA aHanus.
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Kputepuii Baptnera

BbIOOpKU:
HyneBasi runoTesa:
anbTepHaTMBa:

CTaTNCTNKa:

XN,XMU UXE ,inNN(/JMU}%)§
H0:0'1—O'2—...—0'K,
Hi: Hg HeBepHa;
K
B(xV) =1lo ((N K)InS? - 3 (ng — 1)1nsi> ,

k=1

(nk — 1) S¢,

M= q

2 1
SiNfK
k

K
1 1 1.
C:1+—3K+1 <k¥1 v ﬁ) ;

1

B (X") numeer Tabnuunoe pacnpepenenue npu Ho.

Annpokcumauyna gnsa ng > 6:

B (XN) ~ 1.

MC-5. AucnepcuonHblii ananus.
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Kputepuii Baptnera

Mpumep: 4eTbIpe WNUHAENBHBIE FONIOBKMA CPAaBHUBAKOTCSA MO BapuabenbHOCTU
pa3mepoB AeTaneil, KOTOpbie BbITOHEHbI C MX NOMOLWbIO. KoHTponépom
KadecTBa cobpanbl Bbibopku n3 31, 15, 20 n 42 peraneii.

Hy: pucnepcus pasmepoB AeTaneid, BbITOYEHHbIX C MOMOLLLIO PasfinyHbIX
roJIOBOK, OANHAKOBA.

Hy: pucnepcus pasmepoB AeTaneid, BbITOYEHHbBIX C MOMOLLLIO PasfiNyHbIX
rosIoBok, HeogmHakoBa = p = 0.0626.

MCNEPCUOHHBIA aHanus.
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Kputepuii KBagpaTOB paHroB

subopkn: XV = X7 .. UXES, Xpi~ F (i + oxz);
Hynesast runotesa: Hop: 01 =02 =... =0k;
anbTepHaTuea: Hi: Hp HeBepHa;

K g .
cratuctuka: 1o (XV) = 25 <Z ok~ NS ) ,
k

S = T(|in—Xk|)2,
S=% > Sk
k=1

N, _
D2 = _lel (Z ’V’? —NSQ) 3
=1

15 (XN) umeet Tabnnynoe pacnpegenenune npu Ho.
Ecnun Het cBs3ok, To:

5:%(N+1)(2N+1),

1

DQ:@N(N+1)(2N+1)(8N+11).

Annpokcnmauus ansi n, > 10:
T (XN) ~ 1.

MC-5. AucnepcuonHblii ananus.
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Kputepuii KBagpaTOB paHroB

Mpumep: 4eTbIpe WNUHAENBHBIE FONIOBKMA CPAaBHUBAKOTCSA MO BapuabenbHOCTU
pa3mepoB AeTaneil, KOTOpbie BbITOHEHbI C MX NOMOLWbIO. KoHTponépom
KadecTBa cobpanbl Bbibopku n3 31, 15, 20 n 42 peraneii.

Hy: pucnepcus pasmepoB AeTaneid, BbITOYEHHbIX C MOMOLLLIO PasfinyHbIX
roNoBOK, O4NHAKOBA.

Hy: pucnepcus pasmepoB AeTaneid, BbITOYEHHbBIX C MOMOLLLIO PasfiNyHbIX
rosIoBok, HeogmHakoBa = p = 0.0856.

MCNEPCUOHHBIA aHanus.
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PocT neBLoB xopa

B 1979 roay 130 y4yacthukoe Hbto-Vlopkckoii accounaunnm xopoBoro nexust
coobwmnn faHHble CBOEro pPOCTa; AJsl KAXKA0r0 N3BECTEH TAaKXKe PErncTp
ronoca. Ectb nn cBsizb mexay poctom u peructpom?

Vocal Ranges

Amateur Professional
Limits Comfart Zonee Limits Comfart Zonee
" e
7 T o s T |
Soprano g T 1t o !
o =
)y
e BB — — — —
t i t ]
D = o
-
5 o T Ty T — T 1
Tenor o o s + |
3 t — o ]
a
Bass i ; o T ] i |
-

MCNEPCUOHHBIA aHanus.
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PocT neBLoB xopa

Bass

Tenor

Alto

‘Sopran

L ! 1
165 170 175 180 185 190

Sopranos’ height

150 155 160 165 170 175

195
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PocT neBLoB xopa

Ho: pocT n peructp rosoca He CBsi3aHbl.
Hi: pns kakux-To BUAOB Perncrpa rosoca CpeAHuii pocT OTIMHAETCS.

Source SS df MS F Prob>F
Groups 6901.4 3 2300.47 55.73 5.34718e — 023
Error 5201.1 126 41.28

Total 12102.5 129

SS — cymma kBagpatos oTknoHeHuin, df — qucno creneneii ceobogbl, MS —
ancnepens, F — cratucruka kpurepus;

cTpoka Groups — oueHKn Mo BbIGOPOYHBIM CpefHMM, CTpoka Error — oueHku
no BbIBOPOHHBIM AnCnepcusim.

MC-5. AucnepcuonHblii ananus.
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PocT neBLoB xopa

Kputepuii CTblofeHTa Ansi NpoBepKM rmnoTesbl paBeHCTBA pocTa NeBLOB
¢ anbToM 1 conpaHo: p = 0.2460 — npoTMB ABYCTOPOHHE anbTepHaATUBHI,
p = 0.1230 — npoTVB OJHOCTOPOHHE aNbTEPHATUBSI.

Kputepuii CTblofeHTa Ansi NpoBepKM rmnoTesbl paBeHCTBA pocTa NeBLOB
c Tenopom n bacom: p = 0.0597 — NpoTUB ABYCTOPOHHEN anbTEPHATUBHI,

p = 0.0298 — npoTNB OJHOCTOPOHHE aNbTEPHATUBSI.

Kputepuii JxoHkxuepa ans nposepkn Hanu4msa TpeHga (ysenmdenmne pocra
C MOHMXeHneM pernctpa ronoca): p < 0.00001.

MC-5. AucnepcuonHblii ananus.
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PocT neBLoB xopa

Sopranof —O&—— 4

Alto - ]

Tenorr —— b

Bass R |
160 1é5 1‘70 1‘75 150 185

2 groups have means significantly different from Soprano

MC-5. AucnepcuonHblii ananus.
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PocT neBLoB xopa

Soprano - i
Alto - —— ]
Tenorr —— b
Bass R |
160 1é5 1‘70 1‘75 150 185

2 groups have means significantly different from Alto

MC-5. AucnepcuonHblii ananus.
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PocT neBLoB xopa

Sopranof —OS—— 4

Alto - © ]

Tenor[ S a— b

Bass ]
160 1é5 1‘70 1‘75 150 185

2 groups have means significantly different from Tenor

MC-5. AucnepcuonHblii ananus.
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PocT neBLoB xopa

Sopranof —OS—— 4

Alto - © ]

Tenorr b

Bass — |
160 1é5 1‘70 1‘75 150 185

2 groups have means significantly different from Bass

MC-5. AucnepcuonHblii ananus.
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[ByxdakTopHbIli gucnepcnontbiii aHanus (two-way ANOVA)

fltX—>{1,...,K1}, fz:X—){l,...,KQ}

f gl j ] Ko
1
Xij1
i |
Xijng
K,

3apgaya: nposepuTb runotesy ob oTcyTcTBuUM BausiHusa aktopos fi n fo Ha
cpepHee 3HadveHne npusHaka X.

MC-5. AucnepcuonHblii ananus.
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TOPHbIii fucnepcnoHHbii ananus (two-way ANOVA)

JlnHeitnas mopens:
Xije = p+ i + B + 735 + €iji,
i=1,...,.K1,j=1,..., Ko, k=1,...,n.

[ — obuiee cpegHee 3Ha4YeHME NpU3HaKa,

«; — Bo3gelicTeue yposHs i haktopa fi,

[; — Bo3aelicTBne ypoBHsl j dakTopa fa,

~ij — BROMONHUTENLHOE BO3AEACTBNE KOMBUMHALMN YpOBHEN ¢ 1 j haKTOpPOB
fim fo,

Eijk — CﬂyHaﬁHble He3aBUCNMbl€ OANHAKOBO pacnpe,qenéHHble owunbkn.

MC-5. AucnepcuonHblii ananus.
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TOPHbIii fucnepcnoHHbii ananus (two-way ANOVA)

1
Hy : dakTtop fi He BNusieT Ha 3Ha4eHue npusHaka X &
oy = 0 Vi,

1
Hi: fi1 BansieT Ha 3Ha4eHune X

2
H{: dpaktop fo He BAusieT Ha 3Ha4eHme npudHaka X <
Bi =0 vj,

2
H7i: f2 Bnnsier Ha 3Ha4eHue X

H}?: mexay aktopamu fi, fo HeT B3aumopeiicTBus <
vij =0 Vi, 7,

12 <
H{”: wmexgy dakropamu f1, fo ecTb B3aumogeiicTseue.

MC-5. AucnepcuonHblii ananus.
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[ByxdakTopHbIli gucnepcnontbiii aHanus (two-way ANOVA)

Mpumep: X — ycnewHocTtb pewenuns 3agaqn (B 6annax ot 0 go 10),
f1 — pa3smep komangel (1 — manenbkas, 2 — cpegHsas, 3 — bonbwas),
f2 — Hann4yne HasHaueHHoro nugepa (1 — Het, 2 — ecTb).

No interaction Interaction

MC-5. AucnepcuonHblii ananus.
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[ononHuTtensHble pa3HOBUAHOCTY ABYX(AKTOPHOr0 AUCNEPCUOHHOIO
aHannsa

@ Mo tuny dakTopos: He3aBucuMbIe, BnoxeHHbie (nested), natunckuii
kBagpart (latin square).

Cnyuaii Bblbopok pasHoro pasmepa (unbalanced ANOVA) ans asyx dakTopos
3HAYNTENBbHO CNOXKHEE, NO3TOMY 6yAeM CHMNTATb, 4TO N11 = ... = NK, Ky = MN.

MC-5. AucnepcuonHblii ananus.



2 chakTopa
o

HopmanbHblii gByxchakTOpHBIV AUCNEPCUOHHbBIN aHaNU3

Mpegnonoxum, 4to X;ji ~ N (Mij,0'2) & i ~ N (O, 02).
Xij — cpepHee B sivelike,

Xie — cpemHee no cTpoke 1,

Xo; — cpeanee no ctonbuy j,

X — cpepatee no Bceii Tabnuue.

BuyTpudakTopHble gucnepcun:

Ky
2 _ TLKQ o __2
Sl - Kl_lzzl (Xzo X) s
Ky
2 nki T . w2
S27K2—1;(X°3 X),
E A L — .. Y. _ Y . >\ 2
Slz_(Kl_l)(KQ_l)Z(XU Xie X.]+X),

0,3

1 " _
St = m ZZ (Xijk - Xij) .

k=1 i,j

MC-5. AucnepcuonHblii ananus.
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HopmanbHblii gByxchakTOpHBIV AUCNEPCUOHHbBIN aHaNU3

MpoBepka 3Ha4MMOCTN PaKTOPOB U UX B3aNMOLEACTBUS:

e n>1:
h 1
= Iz ~F(Ki—1,KiKs(n—1)) npn Hy,
S3 2
F2:S2 NF(KQ—l,KlKQ(n—l)) npun I’IO7
S%Q 12
Fio = 3 NF((Kl —1) (K2—1),K1K2 (n_]-)) npn H(J 5
e n=1:
F*S% F(K1—1,(K1—1)(Ky—1 H;
1=~ (K1 —1,(K1—1) (K2 —1)) npn Hg,
F—SS F(Ky—1,(K1i—1)(Ky—1 H?
2=~ (K2 —1,(K1—1) (K2 — 1)) npn Hy.

Mpu sTom noapasymesaercsi, uto H? mepHa.

MC-5. AucnepcuonHblii ananus.
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MapuxyaHa u CKOpOCTb peakLuu

N3yuanocb BO3aelicTBME MapuxyaHbl Ha CKOPOCTb peakuuu. B kadectse
ucnbiTyembix Bbinn BeibpaHbl no 12 Yenosek M3 kaxAoi kaTeropun:

9 Hukoraa He npoboBann mMapuxyaHy;

@ VMHOrAa ynoTpebnsitoT MapuxyaHy;

9 perynsipHo ynoTpebnsitoT mapuxyaHy.
VICI'IbITyeMbIe 6bl}'||/| pa3aeneHbl Ha ABE pPaBHbIE rpynnbl; NMOJIOBNHE U3 HUX Aann
BbIKYPUTb [BE CUrapeTbl C MapUXyaHoii, BTOpasi MOMIOBMHA BbIKypUaa ABe
obbl4HbIE CUrapeThl C 3anaxoM M BKYCOM MapuxyaHbl. Cpasy nocne atoro Bce
NCnbITyeMblE NPOWN TECT HAa CKOPOCTb peakuun.
TpebyeTcsi OUEHUTL BANSIHUE MApUXyaHbl HA CKOPOCTb PEaKLUM, yHUTbIBAs
dakTop npeabigywero onsita ynotpebnenus.

MCNEPCUOHHBIA aHanus.
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MapuxyaHa u CKOpOCTb peakLuu

Mnoxoii rpaduk:

1000,
750-
500

250+

Placebo

Moderate

<

~— Light

Marijana'
None

MC-5. AucnepcuonHblii ananus.
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MapuxyaHa u CKOpOCTb peakLuu

Xopowwe rpacukn:

1608 ‘ ‘ Il None
750 | [CZJLow
Il Moderate
500 1
250f 1
0 "
Placebo Marijana
1000 . . - Bl Piacebo
750 Il Marijana
500
250¢
0 1 iE

None Light Moderate

MC-5. AucnepcuonHblii ananus.
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MapuxyaHa u CKOpOCTb peakLuu

H}: cpeaHss CKOpOCTb peakuun OfMHAKOBa Npu ynoTpebaeHu 1 MapuxyaHsl,
W curaper.

HZ: cpeaHss CKOpPOCTb peakuun He 3aBUCUT OT MPEeAblAyLero onbiTa
ynoTpebneHns mapnxyaHsi.

H}?: otcyTcTByeT MexdakTOpHOE B3aNMOAECTBIE MEXAY YNOTpebasemMbim
BELLECTBOM 1 MPeAblAyLWM ONbITOM YnoTpebneHns mapuxyaHsi.

Source SS df MS F Prob>F
Group 103041 1 103041 17.58 0.0002
Past use 23634.5 2 11817.2 2.02 0.1508
Interaction 23642.2 2 11821.1 2.02 0.1507
Error 175796.3 30 5859.9
Total 326114 35

MC-5. AucnepcuonHblii ananus.
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MapuxyaHa u CKOpOCTb peakLuu

BbiBOA: runotesa o TOM, 4TO NPeAbIAYLMA ONbIT YNOTPEDNEHNS He BNUSIET HA
CKOPOCTb peakuuu, He OTKJIOHSIETCS = AAHHbIE MO rpynnamM MOXHO

0bbegnHNTS.

Ons obbeanHEHHbIX AaHHbIX:
@ 0aHOMbaKTOPHbLIA gucnepcnoHHbiii aHanus: p = 0.00036;
@ KpnTepuii YNAKoKCOHa, ABYCTOPOHHSA anbTepHaTuea: p = 0.000596;
@ kputepuii CTblogeHTa, OQ4HOCTOPOHHSISI aNbTEPHATMBA:
p = 0.00018, ci = (61.3,00);

1

0.8r

F(x)

0.4r

0.2r

Placebo
o . ) ) Marijana
600 650 700 750 800 850 900 950 1000
X

MCNEPCUOHHBIA aHanus.
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Nepapxuyeckuii gusaiid

CraHpapTHas noctaHoBKa AByxcaKTOPHOro ANCMEPCUOHHOMO aHann3a
npegnonaraet, 4TO ypoBHu (HakTOPOB B BbIDOPKE pacnpeneneHbl HE3aBUCUMO.

Mpumep, korga aTo He Tak: NPU3HAK — YPOBEHb MNTMKOreHa B WKPOHOXXHOINA
MblLLLEe KpbIChl, hakTop 1 — ypoBeHb cTpecca KpbiC, hakTop 2 — pasnn4us

mexay knetkamu. KpbiCbl CO cTpeccom uByT B knetkax 1 n 2, bes crpecca —
3 u 4.

Pewerne — nepapxuueckuii gucnepcnontbiii aHanus (nested ANOVA).

MCNEPCUOHHBIA aHanus.
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CBI uepHobptoxoii apo3odubl

Codon bias index (CBI) — mepa cny4aiiHOCTI NCMONBL3OBAHUS CUHOHUMUYHbBIX
KOAOHOB B reHOmMe — 6blﬂa onpeaeneHa Ans HECKONbKUX PErMOHOB ABYX
XPOMOCOM 4epHobptoxoii Apo3odunbl. Tpebyetcs onpeaennTs, eCTb Jin
cucTematmyeckune pasnnyus no sennduHe CBI mexay pasHbimu xpomocomamn

N pernoHammn.

SMareh 2010510

Awvcnepcuonneiii ananus.
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CBI uepHobptoxoii apo3odubl

Source SS df MS F Prob>F
Chromosome 0.00496 2 0.00248 0.32 0.7319
Region(Chromosome)  0.16295 3  0.05432 6.92  0.0011
Error 0.23564 30 0.00785
Total 0.40891 35

Ectb pasnnyusi mexxagy pervoHamu, HET pasnun4nii MeXAy XpoMOCOMamu.

MC-5. AucnepcuonHblii ananus.



2 chakTopa
oce

CBI uepHobptoxoii apo3odubl

Ons yrounenns pasnuyuii npumennm merog HSD:
Fpynna 1l T[pynna 2 CIy, mean Cly

7D 93C -0.1485  0.0093  0.1672
7D 49E -0.0847 0.0732 0.2310
7D 41F -0.0161  0.1417  0.2996
7D 1A 0.0181  0.1886  0.3591
7D 66D -0.0207  0.1498  0.3203
93C 49E -0.0802 0.0639  0.2079
93C 41F -0.0117  0.1324  0.2765
93C 1A 0.0214  0.1793 0.3371
93C 66D -0.0174  0.1405 0.2983
49E 41F -0.0755  0.0686  0.2127
49E 1A -0.0424  0.1154 0.2733
49E 66D -0.0812  0.0766  0.2345
41F 1A -0.1110  0.0469  0.2047
41F 66D -0.1498  0.0081  0.1659
1A 66D -0.2093 -0.0388 0.1317

MC-5. AucnepcuonHblii ananus.
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CBI uepHobptoxoii apo3odubl

7D E

93Cr -

49E 1

41F f 1

66D - E

1 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
No groups have means significantly different from 66D

MC-5. AucnepcuonHblii ananus.
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CBI uepHobptoxoii apo3odubl

7D € J

93Cr > §

49E 1

41F f 1

66D - E

1 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
2 groups have means significantly different from 1A
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CBI uepHobptoxoii apo3odubl

7D E

93Cr -

49E 1

41F f 1

66D - E

1 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
No groups have means significantly different from 41F
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CBI uepHobptoxoii apo3odubl

7D E

93Cr -

49E 1

41F f 1

66D - E

1 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
No groups have means significantly different from 49E
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CBI uepHobptoxoii apo3odubl

7D E

93Cr -

49E 1

41F f 1

66D - E

1 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
The means of groups 93C and 1A are significantly different
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CBI uepHobptoxoii apo3odubl

7D E

93Cr -

49E 1

41F f 1

66D - E

1 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
The means of groups 7D and 1A are significantly different

MC-5. AucnepcuonHblii ananus.



3 dakropa
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JleueHune runepToHUM

72 naumeHTa NPoXOAWAN NeHeHne OT runepToHun. [ns nedverus
MCMONbL30BaNNCh TPU BUAA JIEKAPCTB, Npu 3TOM ux 3heKT n3ly4ancs Kak npu
WCMOMIb30BaHUN CMELMaNbHOR ANETHI, TaK U B €8 OTCYTCTBUMN; KPOME TOrO,

B psif€ Cny4aes npuMmeHsinack ncuxorepanusi. [laHHbie — apTepuanbHoe
[ABNeHNE NALUEHTA MO OKOHYAHWUN NIEHEHUSI.

Tpebyetcst cpaBHUTbL 3hHEKTUBHOCTL METOAOB AJNIS IEHEHUSI TUNEPTOHUM.

Onszaiin [3 x 2 x 2].

MCNEPCUOHHBIA aHanus.
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JleueHune runepToHUM

TpéxcakTopHbIA 4MCNEPCUOHHBIA aHann3, BCE B3aumoaehcTaus:

Source SS df MS F Prob>F
Therapy 2048 1 2048 13.07 0.0006
Diet 5202 1 5202 33.2 0
Drug 3675 2 1837.5 11.73 0.0001
Therapy*Diet 32 1 32 0.2 0.6529
Therapy*Drug 259 2 129.5 0.83 0.4425
Diet*Drug 903 2 451.5 2.88 0.0638
Therapy*Diet*Drug 1075 2 537.5 3.43 0.0388
Error 9400 60 156.67
Total 22594 71

MC-5. AucnepcuonHblii ananus.
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JleueHune runepToHUM

3HA4YMMOCTb MHOrO(aKTOPHbIX B3aNMOAENCTBNIA:

@ Diet*Drug: Bo3aeiicTBNE ANETHI PA3ANHHO MPU PA3ANYHBIX MPUMEHSEMbIX
npenapatax (unm HaobopoT, AelicTBME NpenapaToB 3aBUCUT OT JUETHI);

@ Therapy*Diet*Drug: Bo3geiicTeue ofgHOro u3 hakToOpoB pasauHHO Npu
pa3nuuHbix koMBuHaumsix asyx apyrux. Xorsa addext Therapy*Drug
He3Ha4yuM B Lenom, 3Hadumoctb Therapy*Diet*Drug rosoput o Tom, 4To
snusitne Therapy*Drug Heobxogmmo oueHnsaTb OTAENBHO ANS
MayMeHTOB, UCMOMb3YIOWNX U HE NCMOB3YIOWUX AUETY.

MCNEPCUOHHBIA aHanus.



Jlntepatypa

@ pasnosugHoctu ANOVA — Tabachnick, 3.2;

9 npumerenne 8 R — Chang,
http://www.cookbook-r.com/Statistical_analysis/ANOVA/;

@ kputepuli Mayxnn (Mauchly's sphericity test), nonpaskn npu otcyTcTBNN
cpepuynoctn (Huynh-Feldt, Greenhouse-Geisser, lower-bound) —
http://en.wikipedia.org/wiki/Mauchly’s_sphericity_test;

@ unbalanced two-way ANOVA — Tabachnik, 6;

@ kputepun Kpackena-Yonnuca (Kruskal-Wallis) n Jxonkxnepa
(Jonckheere) — Kobzaps, 4.2.1.2.1, 4.2.1.2.9;

@ kputepun Ppngmana (Friedman) un Menigxa (Page) — Jarytun, ra. 17;

9 HemapameTpuHeckunii AByxX(aKTOPHbIX ANCNepCuoHHbli ananus — Wilcox,
7.9.

Tabachnick B.G., Fidell L.S. Using Multivariate Statistics. — Boston: Pearson
Education, 2012.

Chang W. Cookbook for R. — http://www.cookbook-r.com/.

Narytuu M.B. Harnsignasi matematundeckas ctatuctuka. — Mocksa: Bunom, 2007.

Kob3zapb A.W. lNpuknagHas matematunyeckas cratuctuka. — M.: ®Pusamatnunt, 2006.
Wilcox R.R. Introduction to Robust Estimation and Hypothesis Testing. — Academic
Press, 2012.

MC-5. AucnepcuonHblii ananus.


http://www.cookbook-r.com/Statistical_analysis/ANOVA/
http://en.wikipedia.org/wiki/Mauchly's_sphericity_test
http://www.cookbook-r.com/

MpuknagHasa craTucTuka
5. JucnepcnoHHblii aHanms.

Psabenko Esrennii
riabenko.e@gmail.com

MC-5. AucnepcuonHblii ananus.
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