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NPEOVNCINOBUE

YyebHoe nocobue npegHasHayeHo Afs CTYAEeHTOB-MHOCTpaHUEeB, obyya-
lowmxca B Guonoro-megmMunHckom nHetutyte AOIY m mnsydarowmx kypc “Mate-
MaTunyeckme Mmetoabl B bnonornmn’.

[Mocobue cocTouT n3 Tpex Yyacten. B nepson yactu (pasgens 1-5) npuse-
AeHbl HeobxoaumMble TeopeTunyeckne ceBefeHust (TeopeTuvyecknin MUHUMYM),
anropuTMbl U MPUMEpPbI peLleHns TUNOBbIX 3aad, BXOOALNX B KypcoBoe 3a-
AaHuve. MNogobpaHHble 3a4ayM COOTBETCTBYET OCHOBHbIM TeMaM M3y4aemMoro
Kypca (oueHKa napamMeTpoB HenpepbiBHOrO pacnpegerieHns, cpaBHeHMe na-
paMeTpoB HEe3aBMCUMbIX U 3aBUCUMbIX pacnpegerieHni, Koppensauma n pe-
rpeccus).

Bo BTopon yactu (pasgen 6) npuBeneHbl 13 BapnaHToB YCroBu 3agad
no kaxgoun Teme. Npn Heo6XoANMOCTM YNCIO BAPUAHTOB MOXET ObITb yBESU-
YeHo 3a cyerT [2].

B TpeTben yactu (pasgen 7) gaH HeobxoanMbI CnpaBoOYHbIN MaTepuarn,
0dOpMIIEHHbIN B BUAe Tabnuu.

PelieHune kaxgon 3agadm OOMKHO COMPOBOXOATbCA COOTBETCTBYOLW MMM
Tabnuuamu n rpacnyeckumMmmn nnnrcTpaunamm (rMcTorpaMmmbl, rpaduku, Kop-
pensuUMOHHbIE MONS), a Takke Meauko-buonornyeckum obocHOBaHMEM MNOSY-
YeHHbIX pe3yribTaToB.

Y4yebHOe nocobue OpueHTMPOBAHO Ha CaMOCTOATENbHY pPaboTy CTy-
AEHTOB, NO3TOMY MOXET UCMONb30BaTLCA U CTyAEHTaMN-3a04HMUKaMM.
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1. TOMEYHAA U MHTEPBAJIbHAA OLEHKA YACIIOBbIX
XAPAKTEPUCTUK PACIMNPEOENEHNA,
AMIMNPUYECKUE ®YHKLUUA N SAKOH PACIMNPEOENEHUA

1.1. TEOPETUYECKUE CBEOEHUA

1.1.1. ToyeuyHass oueHka napameTpoB. [1ns nwboro napameTpa y m3y-
Yaemoro pacnpegenenus f (x; y) cnydanHon BenunymHbl X rno BbIDOPKE MOXET
ObITb BblYMCIIEHA TOYEYHAdA OLleHKa — cTaTUCTUKA g. Tak Kak cocTaB BbIOOPKM
CnyyaeH, TO MOXHO CKa3aTb NuLlb, YTO g NPUMET 3apaHee HEen3BECTHOE YMC-
NoBOe 3Ha4yeHne, naMeHsLLeecs oT BblIbOpKKN K BbIDOPKE; TO €CTb CTaTUCTUKA
SABMSETCS CNy4YyanHOM BENUYNHOW, onpeaeneHHon Ha Bblbopke 06beMoM n:

% =G[X,Xy, X0 X, | (1.1)

CO CBOMM 3aKOHOM pacnpefeneHus u napametrpamu (Hanpumep, MatemMaTtu-
YeckuM oxuaaHuem L, = M[g] n ancnepcrien cs% =D[Z]).

BbIOOp OLeHKN, NO3BOSIAOLLEN NONMYYUTb XopoLlee NpUbnmkeHne oueHu-
BaemMoro napamMmeTtpa, U COCTaBrisgeT 3agady TodeyHoro oueHuBaHus. OcHoe-
HbIMU ceolicmeaMu OUEHOK SBIIFIOTCA HecMeuweHHocmb, 3ghgekmus-
HOoCcmMb U cocmosimesibHOCMb.

OueHka g napamempa y Ha3blBaeTCad HeCMeWweHHoU, ecnn ee maTtema-
TUYEecKoe OXunaaHue paBHO OLeHMBaeMoMy napameTpy y, TO eCTb M[g]=7.
Ecnun 3TO paBeHCTBO He BbLINOSTHAETCS, TO OLEHKa g MOXeT Nubo 3aBbllwaTb
3HayeHue y (To ecTb M[E]> v ), NIMbBo 3aHmkaTb ero ( M[g] <y ), YTO NpnBOOUT
K cucteMmaTtudeckum (0QHOro 3Haka) owmbkam B OLEeHKe napameTpa. Tpe-
boBaHMe HECMELLEHHOCTU rapaHTUMpyeT OTCYTCTBME CUCTEMATUYECKUX OLUn-
6ok Npu oLeHKe NapameTpa.

Tak kaKk g — crnyvanHasa Benn4yvHa, To Mepy ee paccemBaHusa OKosio maTe-
mMaTuyeckoro oxuaaHna M[g]| xapakrtepusyet gucnepcusa D[g]. llyctb g, u
g, — ABe HecMelleHHble OLeHKM napameTpa y, To ecTb M[ g, | =y nM[g,] =17,
ANCNepcUn KOTOPbIX paBHbl COOTBETCTBEHHO D[ g, ] n D[ g,]. I3 AByx oueHokK
g, n g, cnegyet otaatb NpeanoyTeHWe ToW, KoTopas obnagaeTr MeHbLUUM

paccenBaHUeM OKOSOo OLUeHMBaeMoro napameTpa, Tak Kak B 9TOM crlyyae 3Ha-
YeHMEe OLEHKU, BbIYMCIIEHHOE MO KOHKPETHOW BbIGOpKE, MEHbLUE OTNn4aeTcs
OT UCTUHHOIO 3Ha4YeHnsa oLeHnBaemoro napametpa. Ecnn D[g, ] <D[g,], TOB

KavyecCcTBe OUEHKUN v NPUHNMatroT gl' HecmelleHHaa oueHka g, KoTopasa nmeet
HanMeHbLY gncnepcuto cpeagn BCex BO3MOXHbIX HECMELWEeHHbIX OUEeHOK na-
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pamMmeTpa, BblYMCIIEHHbIX NO BbIbOpKaM OAHOro M TOro ke oObema, Ha3bliBaeT-
cqa agbghekmueHoOU OoUyeHKoU.

OuyeHka g napameTpa y HasblBaeTCA cocmosimesibHoU, ecnn npu Oo-
CTaTOYHO OGOMbLUOM 4YuUCrie He3aBUCUMbIX HabnaeHMn n ¢ BEPOSATHOCTbLIO,
6nnM3kon K eguHuLe, pasHOCTb Mexay g M y nNo abConoTHOM BESNMYNHE OKa-
XKEeTCA MeHbLUE CKOSb YrO4HO Marioro nonoXmnTenbHOro Ymicna g, unm

P({‘g—y‘<g})>l—n, (1.2)

roe n — NnoJ1oXKNTesibHOE YNCIIO, Bnuskoe K HYIHO. CnepoBarernbHo, B cny4vae
NCMNoJib30BaHNA COCTOATESIbHbLIX OUEHOK OorpaBAblBaeTCA yBeJIM4eHne obbe-
Ma BbI60pKI/I, TaK KakK npm 3ToM ymeHbllaeTCA BEPOATHOCTb BO3HMKHOBEHUA
3HAYUTENIbHOW OLLUNOKN B OLE€HKE HEN3BECTHOIO napameTpa.

[ns aByx HanGoree 4acTo UCMOSNb3yeMbIX NapameTpPoB — MaTeMaTUyec-

KOro oxumgaHua p n aucriepcumn 62 BENUYUHBbI X — C*)OpMyJ'IbI an4da nogcyerta

2
COCTOATENbHbLIX W HECMELLEHHbIX TOYEeYHbIX OLEHOK m, § no Bblbopke
X{s Xp,..., X, UMEIOT CieaytoLmnii BNA;

memy = Y xS =5k = LY (g omf = L (g —my ) (1.9

_ n—14% n—14%
1=1 ]=1 ]:1

1.1.2. UHTepBanbHasa oueHKa napameTpoB. [JoeepumesibHbIM UH-
mepeasnom I (a,b) HEN3BECTHOrO napameTpa y Ha3blBaeTCsl Takow MHTep-

Bal, KOTOPbI C BEPOATHOCTbIO B BKMOYaeT HEeU3BECTHOEe 3HayeHue napa-
MeTpa, TO eCcTb

B. (1.4)

P({y eIB(a, b)}) = P({a <y <b})

BeposiTHOCTb MPOTUBOMOMOXHOIrO COObLITUS {y ¢ IB} obo3HavaeTcs a=1- f3

N Ha3blBaeTCA ypoeHeM 3Ha4YumMocmu.
O6bI4HO BblbUpatoTcs aoseputenbHble BeposaTHocTn 3=0,9; 0,95; 0,99 n
T.4. Hanpumep, ecnn =0,99, 10 1,4 (a,b) — Takon MHTEpBan, BEPOATHOCTb
nonagaHus B KOTOPbIN 3HAaYEHUSI HEM3BECTHOro napameTpa pasHa 0,99.
BbiyucneHue doeepumesibHO20 UHMepeasla MameMamu4yecKo20
o)xudaHusi | HOpMalsibHO20 pacrnipedenieHusi. Ecnn cpegHee KBagpaTtudec-
KOe OTKITOHEeHVWe G HOpMaribHOro pacrnpefeneHus u3eecmmHo, TO ANns YpOBHS
3HAYMMOCTWN o, OOBEPUTENbHBIN MHTEpBan napameTpa [ BblYMCSETCA Mo

doopmyne:
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o <u<m+ °
m— Zi_gp2 <H<IN Z1_a/2»
Jn

Vn

rone z,_ ., — KBaHTWUIb CTaHAAPTU30BaHHOIo HOpMalibHOro pacnpenereHns

(1.5)

Z ~N(0,1) (cm. 7.1); no onpeaeneHuto P({§< Zl—oc/2}) =1-o/2.

Ecnn cpeagHee KBagpatunyeckoe OTKITOHEeHME ¢ HOpMaJibHOro pacnpene-
JIeHnA He Uu3e8eCcmHo, TO A5nA ypOBHA 3HAYMMOCTU o I,EI,OBepI/ITeJ'IbeII‘/’I UHTEpP-
BaJ1 napamMeTpa | BblMUCIAETCA Tak:

—_ —_

S
m-——=t, g <p<m+—=1t,174/2, (1.6)

\/n \/n

roe §/ n =S — cmaHOdapmHasi owubka ebI60poYyHO20 cpedHezo,
th 112~ KBAHTUNb pacnpefeneHna CTblogeHTa f, C YNCMOM CTeneHeil

csoboabl v=n-1 (cM. 7.4); no onpegenexunto P ({TV <tyi_gp }) =1-0/2.

anBeﬂeHHblﬁ cnoco6 MHTEPBAribHONro oOueHnBaHMA MaTemMaTU4eCcKoro
OXngaHusa | ABNAETCA pOGaCMHblM, TO €CTb OH He YyecmeumeJsieH K yme-
PEHHbIM OTKITOHEHUAM U3yHaeMoro pacripegeneHna ot HopmMalribHOro 3akoHa.

JJoeepumenbHbili uHmepean o> ducnepcuu HOPMasibHO20 pacrpe-
denleHus BblMUCTIIETCS MO hopMmyrne

SSm-h 62 < ER(CE) (1.7)

2 2
Xn-1,1-a/2 Xn-1,a/2

(A€ = Yi-1.ans Aioi 1o/ ~ KBAHTUIM pacnpegenequst MupcoHa %o ¢ 4Mcrnom

cTeneHen ceoboapbl v=n-1 (cM.7.2); no onpeaenexHuio P ({’)‘(3 < Xi a/z}) = /2,

P ({7(3 < Xi,l—a/z}) =1-a/2.

MNpuBeaeHHbIn cnocob WHTepBanbHOrO OUEHUBaHWUA Aucnepcun o
O4YeHb YyecmeumeJsieH K YMEPEHHbIM OTKITOHEHUSIM U3ydaemoro pacnpege-
NEeHNst OT HOPMaribHOro 3aKoHa.

1.1.3. NMpoBepKka HOpMaNbLHOCTU 3aKOHa pacrnpenerieHusa cny4yamHowu
BeNMYUHbI. [ToCTpoeHne OOBEPUTENBHOrO MHTEPBana (a Takke gpyrne cra-
TUCTUYECKNE BbIBOAbI, Hanpumep o KoddduUNEHTE KOppENsALMM) OCHOBbI-
BaeTCs Ha TOM, YTO M3y4aemas crnydariHas BenvyuHa pacnpegeneHa no Hop-
MarnbHOMy 3akoHy. [loaTomy nposepka runotesbsl H, 0 HOpmManbHOCTU pac-

npeaneneHna rpeaBapaeT cTaTucTuyecknn aHanmi. Haesogsauwme COO6pa)KeHI/IFI

2
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O 3aKoHe pacnpeferneHns MoXeT AaTb aMnupuyeckas PyHKUMS pacnpenene-
HUA 1 (UNK) PYHKUMS NNOTHOCTU, @ TakkKe rMmcTtorpaMmmbl 4acToT U (Unn) Ha-
KOMneHHbIX YacToT. NogcyeTt Yncna nHTepsanos Npu NOCTPOEHUN 3MNNpUYEC-
KUX (PYHKLMIA NPOBOANTCA NO OQHOM U3 cnegyowmx dopmyn (cMm. 7.5):

K, =1+3,32lgn =1+1,44Inn, (1.8)
K, =5lgn, (1.9)
K; =/n. (1.10)

LLinpuHa mnHTepBana rpynnMpoBKM, obo3HavYaemasi Aa, BblMUCAAETCH MO
doopmyre
Aa ~ AX/K, (1.11)

rae AX =X, — X, — Pa3mMax Bblbopku. [locne aTtoro CTposATcs MHTepBarnbl,
TO eCTb 3anncbiBalOTCA neBas u npasas rpaHuubl [a, ,a,. ) ANA KaX4oro u3a
HWUX, Ha4nHas ¢ nepsoro (k=1):

gy =ay TAa, kZI,K, a SXmin’ A 41 2 Xmax- (112)

LLinpnHa nHTepeana Aa obbl4HO OKPYINSIETCS C TOM TOYHOCTbIO, C KOTOPOM
Mony4eHbl BbIGOPOYHbIE AAHHBIE X, Xy,..., X, -

[Mocne onpegeneHns rpaHnL, MHTEpPBanoB Mo HUM pacnpenensarTcsa Bbl-
BopoyYHble 3HaYeHNA N PopMUPYOTCA Tabnuubl YacTOT, OTHOCUTESBbHbIX Yac-
TOT Unn BbIBOPOYHON (dMNupuyeckon) nnotHocTn (Tabn.1.1), yto nossonser
NOCTPOUTb MMCTOrpamMmbl TPEX TUMOB:

a) rmctorpaMmma 4acTorT;

6) rmcTorpaMmma OTHOCUTENbHbBIX YacToT;

B) ructorpamMmma Bbl6OpPOYHOM MAOTHOCTW.

Tabnuua 1.1
NHTepBan [a;.a;) [a5,a3) | ... | [ay,a) | .o | [ag,ag4)
YacToTta n, n, ny ng
OTHOCUTEnNbHadA R « Ny « Dy « Dy
Pr=— | P2=— Px = Pk =
yacTtoTa n n n n
* * * *
BbibopoyHas P Py Pr Pk
NNOTHOCTb Al Aa A Aa

Mo nonyyYeHHbIM OaHHbIM HaxoouTcsi ebl6opoYHasi (aIMnupu4veckasl)
yHKkyus pacnpedeneHust F* (x)



%
F, =0, X <ay,
* *
F, =p, a, <x<a,,
* * * * *
Fy =F; +p, =p; +py, a, SXx<as,
k
% * * * *
j=1

K
% % % %
Fy =Fg +pk ZZPJ‘ =1, ag <x<ag,,
=
*

FK+1 =1, aK+1 SX:

KoTopas no3sonsaet cpopmynuposatb runotesy H, : {X = F(x)} nnu
H,: { cnyyarHasa BennumHa X nmeeT pyHKuMo pacnpenenerdns F(x)},

a OTKINOHeHMs1 OT (byHKUMM pacnpeaeneHust F(x) B CTOPOHY 3MMUPUYECKOMN
dyHKkuMn pacnpenenenus F*(x) o6ycrioBneHbl CrydanHbIMU NpUYMHaMMm,

APYrMMuK crioBamm, MeToaoriormen BbiIopoyHOro aHanmaa.
[nsa pelieHns Bonpoca O COCTOATENbHOCTH rmnoTe3bl H, ucnonbayrorcs

Pa3MNYHbIE KPUTEPUM MPOBEPKM TUMOTE3bI, U3 KOTOPbIX Hanbonee YacTo npu-
MeHsieTcst kpumeputi MupcoHa > .

,D,J'IFI NOCTPOEHNA KPpUTEPUA NPOBEPKN TMMNMOTEIbI HeO6XOJJ,I/IMO noagcynTaTb
TeopeTn4eckne BEPOATHOCTU p, NonagaHuA 3HaYeHUn cnyqaﬁHoﬁ BEJTUYUNHbI

B UHTEpBanbl rpynnupoBku [a, ,a, ;). OHM MOryT ObITb BbIYMCIIEHBI TOYHO

ak+1
b= [ 00 dx=Flay,) - Flay) (1.14)

ag
nnNu NpubnnxeHHo (cm.puc. 1.1)

P = fl(ay +a,,1)/2]% (ar, —ay),

(1.15)
pi = 1/2[f(ay )+ f(a, )] x (a,; —ay).
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Mo nony4yeHHbIM JaHHbIM NOCTpoMM Tabs.1.2, BO BTOPOWN CTPOKE KOTOPOM
MOMECTUM OTHOCUTESbHbIE YacTOTbl (BbIOOPOYHbIE aHHbIE), @ B TPETbEN —

TeopeTn4eCckme BEepOATHOCTU, BbIMUCIIEHHDbIE B MpearnonoXeHnn o cnpaBen-
JINBOCTU TUNOTES3bI HO'

Tabnuuya 1.2
NHTepBan [a;.a;) [a5,a5) | ... | [ay,a,) | .| [ag,ag)
OTHocuTenbHas pl P Py Pk
yactoTa
TeopeTunyeckas Py o B Pk Pk
BEPOATHOCTb
f(x)
fl(a +ay,)2]
ay Ay X

Puc.1.1 NuTepsanbl rpynnupoBKn ANS BbIYUCTIEHUS Py

Ecnu nnoTHOCTL BEpoATHOCTY f(x) U pyHKUMA pacnpeneneHna F(x) onpe-
[eneHbl Ha BCen YncnoBor ocu (Hanpumep, B cny4vae runortesbl H,,: {cny4an-

Hag BenuvyuHa X pacnpegernieHa no HopmaribHOMY 3aKOHYy}), Heobxoammo
BBECTW HyneBble MHTepBanbl (—w,a;) U [ay, ,+ ®©), ANA KOTOPbIX BEPOATHO-
CTU py U Pk, BbIYUCNAIOTCA Cneayowmm obpasom:
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p0=jf(x)dX=F(a1)—F(—oo):F(al), (1.16)

Pk+1 = J‘f(X)dX =F(+00) - F(ag,) =1-F(ag,). (1.17)

AK +1

Mcnonb3ys AaHHble, NOoCTpoumM Tabn.1.3.

Tabnuua 1.3
—0,a)| [a;,a,)|[ay,a3)]...|[2},a | [ag,a A, q,+ ®©
MHTepBaJ'I ( 1) [ 1 2) [ 2 3) [ k k+1) [ K K+1) [ K+1 )
OTHoOcUuTEenNbHas 0 p: ps pi pr 0
yactoTa
TeopeTuueckas | py P 1P Pk Pk Pk+1
BEPOATHOCTb
B kputepum NupcoHa Xz CTaTUCTUKOWN CNYXXUT BENUYMHA
K+] K+l 2
n —n
—n (Pk Pk) (npy k) ’ (1.18)
k=0 k=0 NPk

2 y
pacnpefeneHHas no 3akoHy y, C 4ucriom cteneHen ceoboapl v=K+2-q, rae q-
YMCMNO HE3aBUCUMbIX YCIOBWUIA HanaraemblXx Ha napameTpbl TEOPETUYECKOro
pacnpegenernsi. Ecnn BbIBOpoYHOEe 3HAYeHWe CTaTUCTUKWYZ nonagaeT B

0OHOCMOPOHHIOI KpUMUYecKyto o6nacmp S={y?2 > X%,l—oc }, TO 2unomesa
H, omeepzaemcs, B NpOTUBHOM cry4yae eunome3a H, npuHumaeTcs. Tak

KaK CIIMLLKOM Marible 3Ha4YeHusi y> He 0Bs3aTenbHO BO3HWUKAIOT BCEACTBUE

XOpOLLUEero coBnafeHusi C TeOpeTUYecKUM pacnpeneneHuemMm, To Kpumu4e-
-~ _ a2 2

ckasi obnacmb MoOXeT BblbupaTbc AeycmopoHHel S={y va’a/2}+

2 2
I 225 10t
B aHanutmnyeckon sannucm popmyn nNoYTn BCEX 3aKOHOB pacnpeqerneHus
y4acCTBYIOT YMCIIOBble MapameTpbl. Tak, B crydae HopMaribHOro 3akoHa 3TO

MaTemMaTu4ecKkoe oxXunagaHune | n gucnepcua 62. nOCKOHbe OHUN HEe NU3BECTHbI
and reHepaanoﬁ COBOKYMNHOCTW, TO NpU BbIYUCITIEHUN BEJIMHYUH Dy UCNOJIb-

3yl0TCA UX BbIOOPOYHbIE OLEHKM, a "MCXOAHOe" 4Yncno creneHen cBobonbl
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v=K+2 cnegyet ymMeHbWwWuUTb Ha q=3, T.e. v=K+2-q=K-1 (gBe eauHuupbl — 3a

CcyeT corflacoBaHunsA BbI60pO‘-IHbIX OaHHbIX CO 3HA4YEeHNAMN m N gz M ewe oaHa
eAnHunLUa — 3a cYeT BbIMONMHEeHUs YCrioBUA Mo YaCToTaM n; + np +...+ ng = 1’1).

1.2. AIICOPUTM PELUEHUA

1.2.1. MNMocTpoeHne rucrtorpaMmmbl U BbIYMCIIEHUE TOYEYHbIX OLIEHOK
napameTpoB pacnpeaeneHus. [Ins 9aToro Heo6xoANMMO BbINOMHUTL Crieayto-
e oencTBus:

1) onpenennutb NUMUTBI X i, X .x M PA3Max BapmaumoHHoro psga AX;

2) no ogHown n3 3asucumocten (1.8) — (1.10) BbIYUCIIUTL YMUCIIO UHTEpPBa-
NOB rpynnupoBkun K;

3) onpegenutb no (1.11) wupuHy nHtepsana Aa v no (1.12) rpaHnubl NH-
Tepsanos [a,,a,.,), k=1,...K;

4) no6asunTb ABa HyNeBbIX UHTepBana (-0, a,), [ag,®);
5) coCTaBUTb TabnuLy 4acToT n, , OTHOCUTENbHbBIX YaCTOT P , 3HAYEHWI]

aMNMpUYecKoin pyHKuMM nnoTHocTn  f; n dyHkuMM pacnpegenenus F,

(cm.(1.13)) Ha nHTepBanax;
6) NOCTPOUTL FMCTOrpPamMMy 4acToT UM AMMUPUYECKNX OYHKLIMIW NIIOTHOC-

Tm £7(x) n pacnpenenenus F*(x);

7) no (1.3) Bbl4MCNUTL MaTeMaTU4ecKoe oXxungaHme m, BbiIOpoyYHoOe cpea-
HeKBaApaTNYeckoe OTKMOHeHMe S 1 BbIGOPOUHYIO AMCTepCUio § 2.

1.2.2. NMposepka runotesbl H,: F(x) = F,(x;1,5) 0 HOpManbHOCTH 3a-
KOHa pacnpefeneHus ¢ NoMolLblo KpuTepusi MupcoHa . BbinonHsieTcs

Tak:
1) 3agaTb ypoOBEHb 3HAYUMOCTU «;
2) NO HanAeHHbIM rpaHvLamM UHTEepBarnoB a, BblYUCIUTb TEOPEeTU4ecKue
BEPOATHOCTM NonagaHnga 3Ha4eHnn X B KaKabl MHTepBan
pi =P(la, <x<a,f)=2((a,, —m)/s)-D((a, —m)/s),
k=0, ..., K+1, rae ®(z) - oyHKkuma Jlannaca (cm. Tabn.7.1);
3) onpegenuTb TeopeTnyeckne 4actoTbl, COOTBETCTBYHOLLNE BEPOSATHOC-

TAM P, : nﬁ =np,, k=0, ..., K+1;

4) Bblumcnutb no (1.18) BbIBOpOYHOE 3HA4YeHMe CTaTUCTUKU KpUTepus
[MupcoHa xi;

5) no Tabn. 7.2 AnA 3agaHHOro ypoBHSI 3HAYMMOCTU o U YMcCna cTeneHen
cBobofbl v =K —1 HanTu KBaHTUNb Xi,l—a;
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6) ecnu BbINOSIHAETCA YycnoBue xi < xil_a, TO MNPUHATb rMNoTesy
Ho: F(x) = Fo (x:1,0);
7) B criydae npuHaTUs runotesbl H, Ha rpadumk amnmpuyeckon yHKLUn

nnoTHocT  f7(X)  HaHecTM  3HayeHus  PyHKUMM  pacrpeeneHus

1 (X — m)2
f(x) = —eXp| —————~— |, BblYUCMEHHbIE B CepeauHax WHTepBaros

N 27S 252

[a,,a,.7), k=1, ..., K, n coeanHnTb UX OTpe3Kamun NpambIX.

1.2.3. UHTepBanbHasa oueHKa napameTpoB pacnpeaeneHus. Boinon-
HAeTCs creayrLwmmM cnocobom:

1) ong 3agaHHOro 3HayeHusl YPOBHA 3HAYMMOCTU o U YUcna CcTeneHen
ceBoboabl v =n—1 no tabn. 7.4 onpegenntb KBaHTUMNb pacnpegeneHnsa CTbto-
AeHTa t,_,,, nocne 4vero no copmyne (1.6) BbINOMHUTE JOBEPUTESIbHOE

OLieHMBaHNE MaTeMaTUYeCKOro OXXMAaHUS L reHeparnbHON COBOKYMHOCTY;
2) ANS 3a4aHHOro 3Ha4YeHUs YPOBHSI 3HAYMMOCTM o. U YUcra cTeneHen
cBoboabl v=n—1 no Tabn. 7.2 onpegenutb KBaHTUNK pacnpenenenns MNup-

COHa Xi,a/b%%,l—a/z’ nocne 4ero no dgopmyne (1.7) BbINOMHUTL JOBEPUTENb-

HOE OLIeHVBaHNE ANCTIePCUM G~ FeHeparnbHO COBOKYMHOCTM.
1.3. MIPUMEP PACHETA

Bbibopka o6bemom Nn=115 npeacraBnaeT pocT B3POCbIX MY>XXYMH, CM:
162 151 161 170 167 164 166 164 173 172 165 153 164 169 170 154 163
159 161 167 168 164 170 166 176 157 159 158 160 161 167 155 166 167
173165175165 174 167 170 169 159 159 160 156 161 162 161 181 159
169 160 169 161 161 166 164 170 180 158 167 169 165 166 172 168 171
178178 171 165 161 162 182 164 171 169176 177 170 169 171 160 165
165179161178 173 168 171 163 165 166 166 166 169 167 166 167 172
169 171 168 162 165 168 171 174 165 168 167 170 170

1.3.1. MNocTpoeHue rMncrtorpaMmmbl U BbIYUCIIEHNE TOYEYHbIX OLEHOK
napameTpoB pacnpegeneHus. 1o BbIGOPOYHbIM AAHHBIM HaXo4AUM IMMUTLI
Xmin=191,0, X .= 182,0 n pasmax Ax=31. lna n=115 Bbluncnaem konu4e-

CTBO KJlaccoB K=[\/115]z10 N WnpuHy knacca Aa =3,1. luTepsarsbl, 4acToThl

n, , OTHOCUTESIbHblE HYaCTOThbl pii N 3Ha4YeHnA SMMNUpPUNHECKnX beHKLI,I/II7I nJroT-

HOCTH flf N pacnpeneneHuns Flf npeacTtaeneHbl B Tabn. 1.4.

Mo nomny4yeHHbIM AaHHBbIM CTPOMM FMCTOrpamMmbl 4actoT n, (puc.1.2) u
HaKomnneHHbIX YacToT (puc. 1.3).

TouyeyHble OLEHKN NapamMeTpoB BbIGOpKkM — m = 166,58, §? =598,
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Tabnuua 1.4

K [ak.210) n Py fy Fy

0 —o0 = 151,0 0 0,000 0,000 0,000
1 151,0 — 154,1 3 0,026 0,008 0,026
2 154,1 - 157,2 3 0,026 0,008 0,052
3 157,2 - 160,3 11 0,096 0,031 0,148
4 160,3 — 163,4 15 0,130 0,042 0,278
5 163,4 — 166,5 25 0,217 0,070 0,495
6 166,5 — 169,6 24 0,209 0,067 0,704
7 169,6 — 172,7 18 0,157 0,051 0,861
8 172,7 — 175,8 6 0,052 0,017 0,913
9 175,8 - 178,9 7 0,061 0,020 0,974
10 178,9 - 182,0 3 0,026 0,008 1,000
11 182,0 — +o0 0 0,000 0,000 1,000

1.3.2. MNpoBepka runotesbl H,: F(x) = F(x;1,0) 0 HOpmanbHOCTK 3a-

KOHa pacnpegerneHus ¢ nomMmouibio Kputepus NMupcoHa xz. [MocKosbKy ru-
cTorpaMmma 4acTtoT SBnseTcs KynonoobpasHou, ogHomoaanbHom n 6onee unum
MeHee cummeTpuyHor, To dopmynupyem runotesdy H,: F(x) = F (x;u,0) -
BblbOpKa NpounsBeneHa N3 reHepanbHOM COBOKYMNHOCTW, pacnpeseneHHon no
HOpMaribHOMY 3aKOHY C napameTpamu p =m =166,58 n ¢ = s=5,98. 3agaem
ypoBeHb 3HayMmocTn o=0,05 n BblYMCNAEM BEPOATHOCTU nonagaHusa 3Hade-
HUA X B k-1 nHTepsan p,, TeopeTuyeckne 4actoThbl nﬁ =np,, k=0,.... K+1.

[MonyyeHHble AaHHbIE NpuBeaAeHbl B Tabn. 1.5.
B pesynbraTte BblYMCIIEHUM MONyy4yaem 3Ha4YeHWe CTaTUCTUKU KpUTepus

[MnpcoHa X§=7,544. ana v = (K+2)-3=K-1 n o=0,05 no tabn. 7.2 Haxoanm
X%/,l—ocz 16,9. MocKonbKy BLINOMHAETCS YCMOBUE - <Xi’1_a, TO runortesa
H,: F(x) =F,(x;n,0) npvHumaeTcd “ C [OOBEPUTENbHOW BEPOSATHOCTbIO
B=1-0=0,95 MOXHO nonaraTb, YTO POCT B3POCIbIX MY>XYNH B reHepanbHOM
COBOKYMHOCTU pacnpeaerieH no HopManbHOMY 3aKOHY C PYHKLMEN NNOTHOCTU

o 1((x-166,58))’
f(X)_5,98\/E eXp[ 2( 5,98 j ]
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Tabnuua 1.5
0 2
k n, Pk nﬁ (nk — nﬁ)2 (nk—nk)
ny

0 0 0,0046 0,529 0,280 0,529
1 3 0,0140 1,61 1,93 1,20
2 3 0,0400 4,60 2,56 0,56
3 11 0,0900 10,35 0,42 0,04
4 15 0,1510 17,39 5,71 0,33
5 25 0,1980 22,71 5,29 0,23
6 24 0,2000 22,94 1,21 0,05
7 18 0,1510 17,39 0,36 0,02
8 6 0,0900 10,35 18,92 1,83
9 7 0,0400 4,60 5,76 1,25
10 3 0,0150 1,73 1,61 0,93
11 0 0,0050 0,575 0,331 0,575

v2=7,544

1.3.3. MHTepBanbHas oueHKa napameTpoB pacnpegeneHus. [pu Bbl-
NOSTHEHMM NHTEPBASIbHOIO OLIEHUBAHUA NapaMeTpoB BbIOOPKKN no Tabn. 7.4 u
7.2 pna 3agaHHoro 3HaveHuss o=0,05 ©n uyucna crTeneHen cBoOOAbI
v =n —1=114 Haxoanm KBaHTUNb pacnpegenenus CTblogeHTa tv,l—oc/2z1 98 n

KBaHTUNKN pacnpeaeneHns MNupcoHa X%/,oc/2z 86,34 n Xi,l—a/zz 145,40, oTkyna

cornacHo goopmynam (1.6) n (1.7)

166,58 — 298 1,98 < n <166,58 + ﬂ-l,% nnn 16548 < n <167,68,
~J115

J115
3570-114 o 3570114 509« 62 <4714,
145,40 86,34

2. CPABHEHUE NAPAMETPOB 1BYX HESABUCUMbIX
PACMNPEOENEHUN

2.1. TEOPETU4ECKUE CBEOEHUA

2.1.1. NocTtaHoOBKa 3apa4yn O CpaBHEHUU NapamMeTpoB ABYX He3aBWU-
CUMBbIX pacnpegeneHui. [ycTb HeKOTOpaa crydanHas BenuynHa onpegene-
Ha Ha OBYX HenepeceKkalLWmnxca nognonynauusax nnm crosx u3 donee wmpo-
KOoW nonynaumn. Torga MOXHO cuviTaTbh [ABe peanu3auuu 3Tou criydanHom Be-
NMUYUHBLI HA HernepeceKawLmMxca nognonynaunax ByMs He3aBUCUMbIMU Chy-
YaHbIMU BENTMYNHAMMN.
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MycTb M3 nepBor nonynsaunn uU3sriekaetTca Bblbopka o6beMoM ny, pe-
3ynbTartbl HabnogeHun (BbIOOPOYHbIE 3HAYEHWsI) COOTBETCTBEHHO X, X,,

.» X, - V13 BTOpOII nonynsiunm ussnekaetcs Boibopka 06beMOM ny , pesyrnb-

n

TaTbl HabnoJeHWN COOTBETCTBEHHO V,Y,,...,Y Mo kaxagow rpynne

Ny
1 2
Ha6J'I}O,EI,eHI/II/I MOXHO MNOJTy4YUTb TOYEYHble U MHTEepBalribHbl€ OLEHKN my, §X>

2 o o

my, Sy napameTpos ux,ci, uY,cs% pacrnpegeneHnin criydamHblX BenuynH X
n Y, ogHaKo npakTuyeckn 6onee BaXkHbIMU SBAAIOTCA 3aJayn CpaBHEHUA na-
pameTpoB pacnpegeneHnn X n Y. Pe3ynbTaTbl No4o6HOro cpaBHEHNSA MNO3BO-
NAT CyauTb O BNUSHMM Ha NapaMeTpbl pacrnpeneneHun Toro gpakropa, no
KOTOPOMY NPOU3BOANTCS pasfeneHne Ha noanonynsunm.

2.1.2. NpoBepka runoTte3bl 0 paBeHcTBe aucnepcun H,: cs%( = G%(.
[TocTpoeHne kpumepusi npoeepkKu 2unome3bl OCHOBbLIBAETCS HA TOM, YTO:

1) ana HopmanbHO pacnpedesieHHoU cny4alHol eesludUHbl C AUC-
nepcueit o2 1 BLIGOPOUHON ANCTEpCHeil s2, paccyMTaHHom rno Bblbopke obbe-

MOM n, eesiuqyuHa (n — 1)§2 / o umeeT pacnpedenenue lMupcoHa %% C YmC-

=~ )
(ny —1)sy _» (ny —Dsy _,
2 ~ Any-1 ) ~ Xny,-1
O oy

2) B npeanonoxeHmn o cnpaBeasimuBoCcT rMrnoTe3bl HO OMmHoOuWwieHue 8bi-

Nnom cTeneHeun ceodboabl v=n-1, n

60poYHBIX ducnepcull 55,5+ HE3a8UCUMbIX C/TyYaliHbIX 6eNUYUH X N Y

S8 a0k /(=D T /(0x =)

Sy Xm0y /(g =1 %2 /(ny -1

(2.1)

nveeT pacnpedeneHue duwepa F C 4ucrioM cTeneHein ceoGoabl

Vi, V2
Vy =Ny — 1 Yynucnutens n 4ymcnom creneHen ceoboapl vy =ny —1 3HameHa-
Tensa (cm. 7.3).

Mo3TOMY MOXXHO MOCTPOUTL B-A0BEpPUTENbHbIN MHTepBan F

P ({Fvl,vz,a/2 <F < Fvl,vz,l—a/z}) = B’ (22)

rpaHnLUbl KOTOPOIro — KBAHTUIIN F > U F — ornpeagernieHbl TaknMm

Vi,Va,0/ Vi,Va,1-0/2

o6pasom: P ({F <F, sza/z}) =o/2, P ({F <F, szl_a/z}) =1-0/2.

Ecnu BbIbOpo4HOE 3Ha4yeHne F *  BblYMCMEHHOE MO (2.1), nonapaet B go-

BepuTenbHbI nHTEepBan (2.2), To aunomesa H: csi = G%( npuHumaemcsi, B

NMPOTUBHOM Clly4ae 2urnome3a omeepaaemcH.
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,D,J'IFI COKpaLweHunA BblYUCIEHUN OObIYHO NOoJIb3YHOTCA CBOUCTBOM F-pac-
npeageneHnada, KotTopoe CoCTouT B TOM, YTO €CIn rnpu BbIMUCIEHUN BbI60pO‘-IHO-
ro 3HaveHunsd F* B 4YucrnnmtTersrib nomMewiaTtb 0onbluee 3HavYeHue BbI6OpOLIHOIZ
auncnepcmn, a B 3HaMeHaTtellb MéHbLLIee, TO ONA NPUHATUA TUNOTEI3bI HO O0-

CTaToO4HO BbIMNOJIHEHUA OOHOCTOPOHHEIO HEPABEHCTBA
F*<F (2.3)

Vi, V2, 1—a/2‘

Kputepuin F oueHb yyecmeumersieH K OTKIIOHEHUSM pacnpenesieHnn uc-
crnefyemblixX BENIMYUH OT HOpMaribHOro. [1oaTomMy ero Hemnb3s UCMNOSb30BaTh,
€CJII eCTb COMHEHWSA OTHOCUTENBHO HOPMarbHOCTU pacrnpeneneHui.

2.1.3. NpoBepKa rmnotesbl 0 paBeHCTBE MaTeMaTUYECKUX OXUAaHUN
Hy: ux =uy. loctpoeHne kputepus npoBepku runoTesbl OCHOBbIBAETCA Ha
TOM, 4TO:

1) He3aBMCUMbIe BeNMYMHBI X 1 Y pacnpefeneHbl HopMarsibHo;

2) N3BECTEH pe3ynbTaT NpoBepku runotesdbl H,: cs%( = G%( (cm.2.1.2).

Ecnu 2unomesa H,: 6% = 6% NPUHAMa, TO €CTb 6% =G% =G>, TO 55

n §$ SBNAOTCA TOYEYHLIMM OLIEHKaMM O[HOTO U TOTO e napameTpa - (0 To-
YeyHblX oueHkax cMm. 1.1.1). CpegHes3BelleHHON (ODOOLLEHHOW) TOYEeYHOM
OLIEHKOW NapaMeTpa o> no AByM BblGopkam BygeT BenuumHa

nx Ny
2 2
v §2+V §2 Z(Xi_mx) +Z(Yi_mY)
gz — X=X yoY — i=1 i=1 ) (24)
VX +VY VX +VY

C ee NOMOLLbIO CTPOUTCA KpUTEPWUA NpoBepkM runotesbl Hy: py =py
(O8yxebl60pOYHbIL t-Kpumepull), OCHOBaHHbIN HA CTaTUCTUKE

7o Dx My (2.5)

s /lng +1/ny

nvetolel pacnpedeneHue Cmbrodenma t, C YMcrom creneHen cBoGoabl
V=niy + Ny —2=Vy + Vy. [103TOMY MOXHO NOCTPOUTL B-40BEPUTENBHBIN WUH-

Tepsan t

P ({t a2 ST <ty gn }) =P, (2.6)
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rpaHMuamu KoToporo OyayT KBaHTUNW pacnpefeneHus t, ., U t, 1y, ONpe-
[eneHHble Tak: P({? <ty g }): a/2, P({? <ty 1o }): 1-a/2.

Ecnu BbIBOpOYHOE 3HAYeHMe t*, BbIMMCIIEHHOE MO (2.5), nonagaet B go-
BeputenbHbI nHTEpBan (2.6), To eaunomesa H: uy =y NpuHuMaemcs, B
NPOTMBHOM Crly4yae - omeep2aemcsl.

Ecnu 2unomesa H,: % =c% omeepaHyma, TO NpUMEHEHNe ABYXBbI-

BOpPOYHOro t-KpUTEPUA CTAHOBUTCA HE HaLEXHbLIM, U Bonee NoaxoasaLnMM OKa-
3blBaeTCca Kpumepul Yanya. B kputepumn Yanya ctatMcTUKON ABNsieTcHa Be-
nnynHa

V32 /ny +82/ny
Sx /Nx T8y /Ny

nmetoLLas pacnpedeneHue CmbrodeHma 1, C Y/CIIOM CTeneHei cBoGoabl

(2.7)

2
=2 22 ~4 =2
S S S S
v=| 2 42X S + .
Ny 1Ny ny(ny —1) ny(ny -1

(2.8)

Ecnu BbIGopoYHoe 3HadeHne t*, BbluncreHHoe no (2.7) u (2.8), nonagaet
B [oBepuTenbHbI HTepBan (2.6), To aunomesa H,: py =py ApUHUMaem-

Cs, B NMIPOTUBHOM CJlly4dae - omeepaaemcH.

Tak kak YMcno cTeneHei cBoboabl v B KpUTepumn Yanya He o6sA3aTenbHo
Lenoe, To AN BbIYACIIEHUS KBAHTUNEN t, ,» W t, |,/ CNEedyeT MCronb3o-

BaTb MHTEPMONALMIO MO UX 3HAYEHNAM ONA ONMKanLWnNX LLeNOYNCNEHHbIX 3Ha-
. V-V,
YeHUh v,, vy, (v, <V<v,),Toectb t, =t +(tVb -ty )ﬁ
b a
t-KpuTepun (OByxBbIOOPOUHBIN N Yanuya) saBnsawTca pobacmHbIMU, TO
eCTb OHW He 4YyecmeumersibHbl K YMEPEHHbIM OTKMOHEHUAM UCCneayemblX
pacrnpegeneHnn ot HopMarbHOro.
2.1.4. NMpoBepKa runoTtesbl 0 pas3fiiMm MaTeMaTU4eCKUX OXuaaHumn
Hy: ux —py =9. ocTpoeHne Kputepus NpoBepPKU rmnoTesbl OCHOBbLIBAETCA

Ha Tex >e TMpeanosioXeHnsx, 4To U B Cry4ae npoBEPKM [UMoTe3bl
Hy: ux =py (cm. 2.1.3). lNepBoHavanbHO NpoBepseTcs rmrnore3a O paBeH-
cTBe ancnepcuii Hy: 6% = o5 (cm. 2.1.2).

Ecnu aunomesa H,: 6% =c% npuHaAma, To fanee MCMOMb3yeTcs

98yx8blb0OpPOYHbIU t-Kpumepuli, OCHOBaHHbIN Ha CTaTUCTUKE



19
~ fy —fiy =0

- syl/ny +1/ny

(2.9)

nmeroLlen pacrnpeneneHne CTblogeHTa t, C 4YMCrOM CcTeneHem cBoboabl

A%
V=ny +ny —2=Vy +Vy, U B KOTOPON 0006LLEHHAs BbIOOpOYHaa aucnep-
cuna no-npexHemy BblumcrnseTcsa no gopmyne (2.4). Ecnu BoibopoyHoe 3Hade-

Hue t”, BbluMcneHHoe no (2.9), nonanaeT B foBepuUTenbHbLIN MHTepsan (2.6),
TO 2unome3sa H,: uy —uy =8 npuHUmMaemcsi, B NPOTVBHOM Criydae aurno-

me3a omeepaaemcsi.
Ecnu 2unomesa H,: 6% =G> omeepaHyma, TO NpUMeHsieTCs Kpume-
putl Yanya, HoO He CO CTaTUCTUKON (2.7), a CO CTaTUCTUKON

\/Sx/nx +SY/nY

nmetoLLel pacnpeaeneHve CTologeHTa t, C UiCIioM cTeneHen ceoGoabl (2.8).

(2.10)

Ecnu BbIGopoYHoe 3HaueHue t™, BblumcneHHoe no (2.8) n (2.10), nonaaa-
eT B JOoBepuTenbHbIN MHTepBan (2.6), To eunomesa H,: py =py — & npu-

HumMaemcsi, B NPOTMBHOM Clny4ae 2urnome3sa omeep2aemcs.

t-kpuTEPMKU (OBYXBbIOOPOYHLIN U Yanya) sBnSATCS pobacmHbIMU, TO
€CTb OHM He YyyecmeumeslbHbl K YMEPEHHbIM OTKIOHEHMSIM UCCReayeMbiX
pacnpegeneHnii oT HopMarbHOro; Kak NpaBWumno, AOCTAaTOYHO, YTOObl X 1 Y
UMenn ogHomoparnbHble U NPUONU3NTENBHO CUMMMETPUYHbIE 3MMMPUYECKUE
pYHKLUM MAIOTHOCTMW.

2.2. AIITOPUTM PELWLEHUA

2.2.1. MNMpoBepka runotesbl 0 paBeHcTBe Aucnepcun H: cs%( = G%(.

BeinonHseTcsa no anroputmy:
1) No BbIGOPOYHBLIM OaHHBLIM BbIYUCIIUTE TOYEYHbIE OLIEHKM NapameTpoB
cornacHo gpopmynam (1.3):

n Ny
1 ZX 1
mX - n Xi ’ mY = YI ’
X =1 Ny 5
nx Ny
1 1
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2) BbIHYUCITNTb CTAaTUCTUKY KPUTEPUA <D|/|Luepa

~2 ~2

+ _ Sx Y « _ Sy ~2 2.

F =§—, ecnm sy =sy , wm F =§—2, €eCcnm Sy = Sy;
Y X

3) Ans 3agaHHoro yposHs 3HadumocTtn o=0,05 n uncen creneHen cesobo-
Obl vy =ny —1 U vy =ny —1 no 1abn. 7.3 HanTK KBaHTUIb CTaTUCTUKN Dn-

Lepa va,vy,l—oc/z;

4) ecnv BbINonHseTcs HepaseHcTBo F *>F

Te3y HOZ Gi =G%(, B NPOTUBHOM Cllydae MNMpUHATb HYINb-TMNoTe3dy n caenartb

BbIBOZ O COBMafeHUN ANUCnepcun reHeparnbHbIX COBOKYMHOCTEN.
2.2.2. NMpoBepKa rmnotesbl 0 paBeHCTBE MaTeMaTUYECKUX OXUAaHUN
H,: ux =py. Ansa ee BbiNonHeHnsa Heobxoanmo:

1) ecrm notesa H,: 6% = 6% MPUHATA, TO BbIMUCTINTL OBOBLLEHHYIO

vy l—a/2» TO OTKIOHUTb TMMO-

TOYEYHYIO OLIEHKY §2 Mo (2.4), cTaTUCTUKY KpuTepwsi CTblofeHTa t* no (2.5) u
YMCIMo cTeneHemn cBoboabl v=vy + vy =0y + 0y —2;

2) ecnv rmnoTesa H: cs%( = G%( OTBEpPrHyTa, TO BblYUCAUTL NO (2.7) cTa-

TUCTUKY KpuTepusa Yanua t* 1 uncno creneHei csoboapl v (2.8);

3) ons onpegeneHHoro B 2.2.1 ypoOBHSA 3HAYUMOCTU . U BbIYUCIIEHHOIO B
1) unn 2) yucna crteneHen ceoboabl v no Tabn. 7.4 HaNTN KpUTUYECKOe 3Ha-
YeHWe CTaTUCTUKN t, ;]

4) ecnn t*>tvl_a/2, TO OTBEPrHyTb rmnotesdy H,: ny =y, B NPOTUBHOM

crnyyae NpuHATbL TMNOTe3y U caenaTb BbiBO4 O COBMageHUn MateMaTuyecKux
OXUOaHUN.

2.3. MPUMEP PACYETA

[laHHble 0 BpeMeHW, MWH, 40 HACTYNNeHus napanuya y KOMHaTHOM MyXu
nop BNusiHMeM AByx Ao3 (X u Y) siga npeacTasreHbl crieayowmmm pesynbsTta-
Tamu OrbITOB:

X 048 0,70 0,70 0,85 0,95 0,95 1,00 1,08 1,30 1,38 1,38
1,53 1,63 1,66 1,76 2,15

y 030 0,70 0,70 0,85 0,90 0,95 1,15 1,26 1,38 1,42 1,42
1,53 1,57 1,62 1,95

2.3.1. lMpoBepka runotesbl 0 paBeHcTBe Aucnepcun H: cs%( = G%(.
[lo ucxogHbIM AaHHbIM Bbluucngem: my=1,219, my=1,180, 5§54 =0,455,
sy =0,439.
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YuutbiBasi, 4YTO S§y>Sy, BbIMMCNAEM CTaTUCTUKY KpuTepusa duwiepa
F* =58% /§$ ~ 0,4552/0,4392 ~1,075. [na 3agaHHOro YpPOBHS 3HAYUMOCTMU
0=0,05 n vy =nx-1=15, v, =ny-1=14 no 1abn.7.3 onpenensem Kputuyeckoe
3Ha4eHve va,vy,l—oc/z ~2,95. [locKkonbky F*<va,vy,l—a/2 (1,075<2,95), 10 runo-

Tesy H,: 6% = G NpUHUMaeM.

2.3.2. NMpoBepKa runoTe3bl 0 paBeHCTBE MaTeMaTUYECKNX OXUOAHUN
Hy: px =py. Bbluucnaem o606LIEHHYIO BbIGOPOYHYIO AUCMEPCUIO s’no
(2.4):

2 V5% +VySs _ 15-0,455% +14-0,4397 _ 5804 0.2001.
Vg +Vy 29 29

s =52 ~ 0,447,

Tak kak runotesa H,: cs%( = G%( NpuHATa, TO N0 0606LEHHON BbIBOPOYHON

ovcnepcun §2 BbluMcrsieM cTaTucTuky t™ (2.5):

oo_ my-my 12191180 0,039
syl/ny +1/ny  0,447./1/16+1/15  0,1607

b

Ana a=0,05 n v=ny +ny —2=29 no 1abn. 7.4 HaxoAuMm KpuTudeckoe
3Ha4yeHue ctatuctukn CTblogeHTa tvl_m/2 ~2,05. ocKosbKy BbINOMHAETCA He-

aBeHCTBO t <t _../», TO MPUHNMaeM rmnotesy H,: = ;
v,1-a/2 0- Mx = Hy

Ha ocHoBaHMM NonyyYeHHbIX AaHHbIX MOXHO cAenaTb BbIBOA O TOM, YTO
BPEMS [0 HACTYMNeHuUs napanuya y Myxv He 3aBUCUT OT WUCMONb3yeMbIX B
SKCrepumeHTe 03 Aaa.

3. CPABHEHUE NAPAMETPOB BYX 3ABUCUMbIX
PACMNPELOENEHUN

3.1. TEOPETUYECKWUE CBEOEHUA

3.1.1. MNocTtaHoBKa 3apayn O cpaBHEeHUU NMapamMeTpoB ABYX 3aBUCU-
MbIX pacnpepaeneHun. [ycTb HeKoTopas criydanHasa BenvyMHa onpeneneHa
Ha nonynauun, nogBepraroLlenca encTBmio onpeaeneHHoro akropa. Torga
MOXHO cuyuTaTb [ABEe peanu3auum 3TOW CliyYalHoW BeNnuUYuHbI, COOTBETCTBEH-
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HO 0O M nocne OencTBus gakTopa, 3aBUCMMbIMWU CryYanHbIMU BENUYMHAMU
(Tak Ha3bIBaeMble napHble HabnrodeHus1 "do-rocse”).

[ycTb pe3ynbTaTbl U3MepeHUn B 0OgHOWM rpynne HabnogeHun ("ao") coot-
BETCTBEHHO X,,X,....,X,, a BO BTOpou rpynne ("nocne") - y;,y, ...y, . [10 Kax-

AO0WN rpynne Habnto4eHUN MOXHO NOSTyYUTb TOYEYHbIE U MHTEepPBalbHble OLEeH-
KN mX>§>2<»mY>§\2( napamMeTpoB ux,ci,uY,ci pacnpenesieHnn cnyyamHbixX
BeniMuMH X 1 Y, odHaKo NpakTudeckn bonee BaXHbIMU SIBASAKOTCS 3agayu
CpaBHeHUs napameTpoB pacnpegeneHnn X u Y. PesynbTaTel nogobHOro
CpaBHEHWNA NO3BONAKT CyAUTb O BIIMAHUM HA HEKOTOPLIW MPOoLEeCcc n3yyaemoro
doakTopa.

3.1.2. MpoBepKa runoTe3bl 0 paBeHCTBE MaTeMaTUYECKNX OXUOAHUN
Hy: ux =py. lNoctpoeHne kputepus npoBepku runoTesbl OCHOBbIBAEeTCA Ha

NpeanonoXeHnn o TOM, YTO 3aBUCUMbIE BENUYUHBLI X U Y pacrpedesieHbl
HOPMaIsibHO.
NcxogHaa runoTtesa nepedopmynupyetca B Buae Hy: w, =py —pux =0

Ans criydavHon BenuuuHbl Z=Y-X. CmamucmukolU Kpumepusi npoeepKu
rmnoTesbl H, cnyxvuTt BenuunHa

~

_ g
n

t (3.1)

KoTopasi pacnpedesieHa no 3akoHy CmbrodeHma t, C Y/CIIOM CTeneHeil
cBoboabl v=n-1, rae

my; = lZ(}’i _Xi)a (3.2)

rX’Y = =1 s (34)

rae ry y - BbIODOPOYHbI KOIPULIMEHT Koppensaumm (ToYeyHas oLeHka Koad-
puLMeHTa Koppenauum py v, cM. 4.1.2).
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Tak Kak pacnpegerneHue criydyaHON BenuYuHbl T M3BECTHO, TO MOXHO
NOCTPOUTb B-A0BEepUTENbHLIN NHTepBan t

P({tv,a/z <t< tv,l—a/z }):Ba (3.5)

rpaHMuamu KoToporo GyayT KBAHTUNW pacnpeaenexns t, o, Wty j_q 2, ONpe-
AeneHHble No hopmynam: P({TV < tw/z}) =a/2, P({TV < tv,l—oc/2}) =1-0/2.
Ecnu BbiGopoyHoe 3HaueHue t*, BblumcneHHoe no (3.1), nonagaet B [0-

BeputenbHbI nHTepsan (3.5), To aunomesa H,: puy =uy ApuHUMaemcs, B

NMPOTUBHOM Clly4ae 2urnome3a omeepaaemcH.
[ns COKpaweHunA BbIYMCIEHNN ODObIYHO NoJIb3YHTCA CBOMCTBOM CUMMET-
pun pacnpegeneHnsa ?V. [ns NMPUHATUA TUMNOTES3bI HO OOCTaTO4YHO BbIMNOJIHEe-

HUA OAHOCTOPOHHEro HepaBeHCTBA

v

< tv,l—a/2’ (36)

t-KpUTEPUIA NPOBEPKM TMNOTE3bl ABNSAETCA pobacmHbIM, TO €CTb OH He
YyyecmeumesieH K YMEPEHHbIM OTKINOHEHUAM UccregyemMblx pacrnpeneneHuin
OT HOpMaribHOro 3aKoHa.

3.1.3. MNpoBepka rMnote3bl 0 pasfIinmM MaTeMaTU4eCKUX OXuaaHUn
Hy: ux —py =9. ocTpoeHue kputepua NpoBEpPKU rmnoTesbl OCHOBLIBAETCH

Ha Tex >e npeanosioXeHUsX, 4YToO M B Cliydae npoBEepKU rmnoTesbl
Hy: px =py (cm. 3.1.2), ogHako ncnonb3yeTtca He ctatuctuka (3.1), a cratu-

CTUKa

(3.7)

KOTOpas Takxke pacnpedeneHa rno 3aKOHy CmbrodeHma ?v C 4YMUCJIOM CTe-

neHeit ceoboabl v=n-1. Ecnu BbIGOpoYHOE 3HaYeHue t°, BLIYMCMEHHOE MO
(3.7), nonagaet B gosepuTenbHbIN MHTepBan (3.5), UnNun BLINONHAETCH OAHO-
CTOpOHHee HepaBeHCTBO (3.6), To aunome3a H,: uy —uy =6 npuHumaem-

Cs, B NMIPOTUBHOM Cllydae euriome3a omeepaaemecs.

t-KpI/ITepI/II71 NPOBEPKN TMNOTE3bl ABJIAETCA pOGaCMHblM, TO €CTb OH He
yyecmeumesieH K YMEepPEeHHbIM OTKITOHEHNAM UcclieayeMbiX pacnpep,eneHMﬁ
OT HOPMAJIbHOIo 3akKoHa.
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3.2. AIICOPUTM PELUEHUA

3.2.1. NMpoBepKa runoTe3bl 0 paBeHCTBE MaTeMaTUYECKNX OXUOAHUN
Hy:ny = py. Ansa atoro Heobxoammo:

1) NO uCXOAHBIM JaHHbIM X, y;, i=1n BbYUCAUTE 3HAYEHUS

2) BblYMCIINTb TOYEYHbIE OLIEHKN napamMeTpoB pacnpefenenus Z =X - Y

no (1.3):
__Z 1 (Z' _Inz)2 ;

3) Ana nposepkn runotedbl Hy: p, =py —pux =0 Bbluvenute no (3.1)

CTaTUCTUKY t* 1 Yncno cTeneHen ceoboabl v=n-1;
4) no Tabn. 7.4 ona 3agaHHOro ypoBHS 3HAYMMOCTU oL U YUCHa CTENEHeN

ceo6oabl v=n-1 HaWTK KBaHTUNb pacnpeaenenus CTelofeHTa t, |_q));

5) ecnm t*<t, ,_.,,, TO NPUHATL runoTesy H,: =0, B NPOTMBHOM
v, 1-0,/2 0- Mz

criy4ae rmnoTesy O paBeHCTBE MaTteMaTUYECKUX OXMUAaHWUIA reHeparnbHbIX CO-
BOKYMHOCTEN OTBEPrHyTb U cAenaTb BbiIBOA O BMMSHUM Uccreayemoro dakTo-
pa Ha napameTpbl pacnpeaeneHuii.

3.3. MIPUMEP PACYETA

[aHHblIE O CKOPOCTM KPOBOTOKA, MA/C, y 300pOBbIX ntogen B Hopme (X) u
nocne uanyeckon Harpysku (20 npucegaHuin, Y) npencraBneHbl pesyrnbTa-
Tamu 13 nsmepeHui:

X 35 40 42 42 40 4,7 43 30 3,0 3,7 38 31 43
Y 40 50 50 50 51 52 6,0 68 58 50 57 45 59

3.3.1. NMpoBepkKa runoTe3bl 0 paBeHCTBE MaTeMaTUYECKNX OXUOAHUN
Hy:py =py. Mo BbIOGOPOYHBIM [aHHbIM X., y; BblYMCNSAEM 3HaYeHUs

z, =y, —x;,,1=113:

z. 05 10 08 08 11 05 1,7 38 28 13 19 14 16

1
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Bbluncnaem toyeuHble oueHkn m,~1,477, s,~0,941 n 3Ha4yeHve ctaTtu-

147713
0,941
yucna creneHen csodboabl v=n-1=12 no Tabn. 7.4 HaxoguMm KBaHTUMb pac-

CTUKM t~ =~ ~ 5,660. [Ina 3agaHHOro ypoBHSA 3Haunmoctn o =0,05 n

npedenenus CTblofeHTa t, |_q/,~2,180. INockonbky t*>tv, I-0/2> TO OTKITOHSI-

em runotedy H,: n, =0 o paBeHcTBe maTtemaTnyeckux oxungaHmn X n Y. Ta-

Knm obpasom, pusndeckasi Harpyska BnmnsieT Ha CKOPOCTb KPOBOTOKA Y 3400P0-
BbIX NMOOEWN.

4. KOPPENAUMNOHHbIN AHAINN3 3ABUCUMbIX
PACMNPELOENEHUN

4.1. TEOPETUMECKWUE CBEOEHUA

4.1.1. NMoHATHE Koppensauun ABYX 3aBMCUMbIX pacnpeneneHun. Nay-
YeHHble B MepBbIX TPeX pasfenax MeTodbl CTaTUCTMYECKOro aHanusa gawoT
BO3MOXHOCTb UCCreaoBaTb M3MEHYMBOCTb OMONOrMyecknx o6 bLEKTOB MO OT-
AernbHOMY npusHaky. OgHako B psiie crnydaeB BaXXHO 3HATb, UBMEHSIOTCS N
ABa MNpu3Haka camMOCTOATENbHO, He3aBUCUMO ApYyr OT Apyra, WIn U3MeH4u-
BOCTb OLHOr0 Mpu3Haka B KaKOW-TO CTeMNeHu CBs3aHa C M3MEHYMBOCTbLIO OpY-
roro. Ecnu 3aBncnMMoCTb Mexay npusHakamm He ABMAeTCA (PYHKLMOHANbHOWN,
TO eCTb Korga onpeneneHHoMy 3Ha4eHUo O4HOro npu3Haka CoOoTBETCTBYET He
OAHO 3HayeHue, a ueroe pacnpeneneHvne 3HadyeHun apyroro npusHaka, To Ta-
KOro pofa e3auMHasl cesi3b WU B3auMHas 3aBUCUMOCTb pa3/IuYHbIX npu-
3HaKkoe npu uUx U3MeH4YueoCmu Ha3bleaemcsi KOppesIIyUoOHHOU unu
cmoxacmu4ecKou.

[Mpn nonoxumenbHOU KOoppesnssyuu 3aBNCUMOCTb MexXay Mpu3Hakamu
npsimMast. npu yBeriM4eHnn 3Ha4yeHnin OgHOro yBenimymBatroTCs, Kak npasuno, un
3HayeHus gpyroro. Npn ompuyamenbHOU KOppensayuu 3aBUCUMOCTb MeXay
npu3HakaMmn obpammHasi. yBenu4YeHne 3HadYeHnin ogHOro npu3Haka COOTBET-
CTBEHHO CBA3aHO C YMeHbLUEeHNeM 3Ha4YeHUn pyroro.

4.1.2. lwarpamma paccesHus n KkoahpcpuumeHT Koppenauuu. [NepsBbim
LaromMm gns onpegenenus no Belbopke cyLecTBOBaHNA N Ka4eCTBEHHOroO B1aa
3aBMCUMOCTU Mexay CnydanHbIMU BennyMHamu (NpusHakamn) X n'Y asnsaet-

ca rpadpmyeckoe otobpaxeHue Toyek (X;,y;), i=1,n, Ha nnockoctb XY. Ta-

KoM rpaduvk HasblBaeTcs duaz2paMMol paccessHUsl (KOppesisiyuOHHbIM 10-
nem).

BTopon war - BbluMCneHne Mepbl Koppensaunm mexay BenudnHamm X u
Y, 060CHOBaHHO yka3blBaloLlen Ha CTerneHb 3aBUCUMOCTU Mexay HuMu. [lo-
noXeHne ogHOro obbekTa OTHOCUTENbLHO OCTarbHbIX B Bbibopke Mo X u Y,
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onpeaensaemoe BbIOOPOYHbIMU CPEOHUMU my U my , NPOSABMSAETCA B BENUYN-
Hax W 3HaKax OTKNOHEHWN (X; —my) W (y; —my). Ecnn BennuuHbl X n' 'Y

NnoAg4YnNHEHbI I'IpFIMOI?I CBA3N, TO 6OJ'IbLLII/IHCTBy OOBEKTOB C MONOXUTENBbHBLIMU
3Ha4YeHNnAaAMHn (Xi —mX) 6WJ,YT cooTBEeTCTBOBAThb MOJIOXKNTESIbHbIE 3HAYEeHUA

(y; —my), @ ¢ oTpuuaternbHbIMKU 3HaYEeHUAMU (X; —my ) - OTpuUaTeribHble
(y; —my), T.e. BOMbWWHCTBO npousBedeHun (Xx; —my )x(y; —my ) 6yayrt

nonoxuTtenbHbiMn. CriegoBaTenbHO, CyMMa 3TUX MNPOU3BEAEHUA LN BCeEX
00bekToB ByaeT NONOXUTESBHOMN.

Ecnn BenuumHbl X n Y nogyYnHeHbl obpaTHOM CBA3WM, TO GONbLUMHCTBY
0O6BbEKTOB C MNONOXUTENbHBIMA 3HAYEeHUsSMU (X; —my) OyayT COOTBETCTBO-

BaTb oTpuuartenbHble 3Ha4YeHnsa (y; —my ), a C oTpuuaTtenbHbIMW 3HaYEeHNS-
MU (X; —my) - nonoxutensHble (y; —my ). B 3aTom cnyyae npousseneHus
(X, —my)x(y; —my) Oyayr, kak npasuro, otpuuartenbHbeiMu. Cneposa-
TenbHO, U CyMMa 3TUX NPOon3BeaEeHUN oTpuLaTerbHa.

Ecnn BenuuuHbl X 1 Y He MMeET cucTteMatnyeckon cBsasun (bonblune
3HayeHus X coyeTaloTCcd C ManbiMU 3HAaYEeHUsAMU Y CTOrMb XXe YacTo, Kak U C
BonbWwnMM 3HaYeHUsAMU Y, U TO e camoe cripaBeinunBo AN codeTaHnsa ma-
nbIX 3Ha4YeHUn X cO 3HaveHusMn Y), To cpean obbeKTOB C HONbLINMKU NOSIOo-
XUTENbHBbIMM  3HAYEHUAMM (X; —Mmy) Y HEKOTOPbIX M3 HUX 3Ha4YeHus
(y; —my) O6ygyT nonoxurernbHble, a y ApYyrux - oTpuuarenbHble. B cymme
npoussefeHnn (x; —my)x(y; —my) AN BCeX OOBLEKTOB BbIOOPKM MOMOXKU-

TenbHble U OTpuUaTernbHble YreHbl NPUBNN3UTENBHO KOMMEHCUPYT Apyr
Lpyra, No3ToMy npu GONbLUIOM YKCME craraeMbix Cymma, Kak npasumno, o6nms-
Ka K Hynto.

Mockonbky cymMMa Npou3BeneHWid OTKIMOHEHUI 3aBUCUT OT 4ucra nap
3HaYeHWU, NOy4YeHHbIX B BbIOOPKE, TO C MOMOLLbIO OCPEAHEHNS NepexoanT K
BENINYMHE

n-1
_ 1
Sx.v =E;(xi —my )X (y; —my), (.1)

Ha3biBaeMo ebIbopo4YHOU Koeapuauuel. BbibopouHass koBapuauusa npu-
o 2
3Haka X ¢ caMumM coboi - 3To NPocTo BblibOpoYHas ancnepens X: 8y y =8x.

[MockonbKy BbIGOpPOYHAA KOBapuauusi SBMSETCS pasMepHON BESTMYUHON,
KOTOpasi MOXeT ObITb KaK CKOSb YrOAHO Marnon, Tak U CKOSb YrogHO 60nbLUOowN,
yaobHO nepentun Kk 6espasmepHoOn BENMYNHE

gX,Y
Ixy = — = (4.2)
Sx Sy




27

Ha3blBaEMOW 8bI6OPOYHLIM KOIhghuuueHmom Koppessiyuu.
BbI6OpOUHbIN KO MPUUMEHT KOPPENAUNN ABMSETCSA TOYEYHOW OLIEHKOM
KoaghgpuuueHma Koppensyuu

_ MI(X - M[X))(Y -M[Y])] _ Oxy
Pxx /D[X] /D[Y] ox Oy

, 4.3)

roe oy y - koBapuauma BenmunH X n'Y.
MHo>eCcTBO 3HayYeHun koadppuumeHTa Koppensauum —1<pyy <+1, npu-
YeM 3Ha4YeHUs py y HEe MEHSIIOTCS Mpu JIMHEMHOM npeobpa3oBaHuUM NepemMeH-

HbIX (BMAa aX+b, cY+d). PaBeHCTBO ‘pX Y‘ =1 MMeeT MeCTO TONbKO TOrAa, KO-

roa ces3b Mexay BenudnHamm X n'Y CTporo ¢pyHKUUOHasibHas 1 JIUHeUHas
(X 1Y 3aBucat mexay cobon 6e3 nocpeacTBa Kakumx-imbo gpyrnx BerimymH).
Ecnv py y=0, TO BenuuuHbl HexkoppesupoeaHbl. [lOHATME HeKoppenu-

POBAHHOCTM He crneayeT CMeLLMBaTb C MOHATMEM HE3aBUCUMOCTU, MOCKONbKY
He3aBUCMMble BenWYUHbI Bcerga HekoppenupoBaHbl. OpHako obpaTtHoe
YyTBEPXXAEHME HEBEPHO: HEKoppesiupoeaHHble ee/uYUHbl Mo2ym 6bimb
3aeucumMbl U gaxe PyHKUMOHANbHO, OAHaKO 3Ta CBA3b He NuHenHas. Heus-
MEHHOCTb py y MPU NIMHENHOM NpeobpasoBaHWK BEIMUYMH O3HaYaeT, YTO 3Ha-

YyeHne KoadpdmumeHTa Koppensauumn 6yoet ogHUM 1 TEM Xe, eCnn U3MepeHNs
NPOBOANTL B Pa3nU4YHbIX eauvHuULaxX, MEeTPUYECKUX WM HeMeTpuyeckux (B
MeTpax unu gronmax, dyrax; B Kunorpammax unm yHumusx, yHtax u T.4.).
Ceolicmea ebI60p04YHO20 KO3IhhuyueHmMa Koppessiyuu ry y COBMaaaroT

C NepeyncneHHbIMM CBOMCTBaMU KO3hULMEHTA KOPPENALMA Py v .
[MycTb BennumHbl X U Y MMeET OABYMEPHOE HOpManbHoe pacnpepgere-
Hue. Npn HEKOTOPOM 3HavyeHMn X=x pacnpegeneHue BennynHel Y, HasbliBae-

MO€ YCIOBHbIM pacnpegeneHneMm Y npu X=X, ecTb 04HOMepPHOe HopMaribHoe
pacnpeferneHne C ycsI08HbIM MameMamu4eckuM o)XxudaHuem

Ox,y
Hylx=x “HYy + (x —px) (4.4)

Gx

~ ~ 2 2 2
n ycnoeHol ducnepcueu Cyixox = OY (I-px,y), OTKyAa

Px,y = ’ : (4.5)
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To ecTb keadpam KoaghghuyueHma Koppesiayuu pageH omHocumesibHo-
2
My yMeHbuweHUr ducrepcuu eesluqyuHbl Y om 3Ha4yeHuUs1 6y, 00 3Ha4YeHusl

2 -
GY‘sz, cesi3aHHOMY C MNMpuUHsIMuUeM eesiuduHou X d)UKCUpOB&HHO&O 3Ha-

yeHusi x. B cBs3M ¢ gaHHON MHTepnpeTaumen MoxXeT bbiTb BBe4eHa Knaccu-
domKauusa cBA3nM Mexay ABYMS BeNMyMHamMn, B 3aBUCMMOCTM OT 3HAYEHUS KO-
appumumeHTa koppenaumn. B tabn.4.1 nepeyncneHbl 3Ha4YEHNA p C yKasaHu-
€M HanMeHOoBaHuN AN pasfinyHbIX BUOOB KOPPESIALUNOHHOW CBA3HN.

Tabnuua 4.1
PX.Y Bua koppensaunoHHou cBA3n
‘Px Y‘ -1 cTporaa (MmeeTca PyHKUMOHanbLHass 3aBUCMMOCTb
’ Mexay nepemMeHHbIMK)

0,7<|px Y‘ <1 cunbHas (TecHas)
05< pX’Y‘ <0,7 cpenHsas
0,3<|px.y|<0.)5 ymepeHHas
0,2<|px y|<0.3 cnabas
0 <lpxy|/<02 o4eHb cnabas

‘Px Y‘ —0 OTCyTCTBYET

Hanpumep, npu py v=0,5 25% (0,5%100%) M3MEHYMBOCTM OLHOMO Npu-

3Haka OOBSACHAETCA M3MEHYMBOCTBLIO OPYroro MnpusHaka, B OCTaflbHOM Xe
CBA3b Mexay npusHakamu Ha 75% cnydvarHas. MNpu py =0,3 meHee 10%

(0,3%100%), a npu pyx y=0,7 okono 50% (0,7100%) N3MEHYMBOCTU OLHOTO
Npu3Haka obObsACHAETCA Takum e obpasom. lNpn py v=0,9 yxe bonee 80%

(0,9%100%) M3MEHUYMBOCTI OAHOMO NPU3HAKa 3aKOHOMEPHO CBSI3aHO C U3MEH-
YMBOCTBIO OpYroro npuaHaka, B ocTarnbHbIX Xe npumepHo 20% coBnageHue
NN HecoBnageHne Nx U3SMEHYNBOCTEN CIydanHo.

4.1.3. NMpoBepka 3HaYMMOCTHN KoacpcpunumeHTa Kkoppenaumm. [ockosb-
Ky BbIOOPOYHbIA KOI(PEULIMEHT KOPPENSALNN Ty y SBNAETCA TOYEYHON OLLEH-

KO KO3(pbpmLMEHTa KOPPENnAUMN py y, TO PABEHCTBO HYMIO Ty y €Lie He CBU-
AETENbCTBYET O PABEHCTBE HYMO py y, @ ClieaoBaTenbHO, O HEKOppenupo-

BaHHOCTU BenNUYnH X 1 Y. YToObI BbIACHUTD, HaxoaaTCcAa N BENNYMHBI X U 'Y B
KOppeJ'IFILI,I/IOHHOIZ 3aBUCUMOCTN, HYXXHO NMpPOoBEPUTb, 4O0CTATO4YHa 1 BEJTIM4YMNHa
Iy vy And 060CHOBaHHOIO BblBOAaA O Haln4ynm KOppGJ’IFILI,MOHHOVI CBA3N. ,D,J'Iﬂ

9TOro rnpoBepdeTcAa HyrneBad eurome3a O paseHcmee Koad)d)uuueHma
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Koppensayuu p Hymo H,: py v =0. [1ByCTOPOHHE anbTepHaTUBO ABNAETCS
rmnoTtesa H:py y #0. [TocmpoeHue kpumepusi Npogepku OCHoebIgaem-

csl Ha npeonoJsioXeHuUu o HopMaslbHocmu pacnpedeneHuli X u Y. Cma-
mucmukol Kpumepusl SBNAETCA BENUYNHA

Ixy
.2
1- Xy

nvetowwas pacnpegenenve CTblogeHTa t, ¢ uMcnom creneHel cBoGoabl v=n-
2. CnepoBaTernbHO, MOXHO NMOCTPOUTb B-A0BEPUTENbHbIN NHTEpBan

T=/n-2 (4.6)

P({tv,a/2 <?v <tv,1—a/2 }):Ba (47)
rpaHyMLamMmn KOTOpPOro OyayT KBaHTUNWN pacnpeneneHns, onpeaeneHHble Tak:
P(\T, <ty gnf)=a/2, P{T, >t, | gof)=1-0/2. (4.8)

Ecnu BbIGOpoYHOE 3HaYeHue t° ctatucTuku (4.5) nonagaet B AoBepu-
TenbHbIN MHTepBan, To aunomesa H,: py y =0 npuHumaemcs, B NpoT1B-

HOM cryyae 2urmome3a H, omeepzaemcs, n KO3I(PPULMEHT KOppensumum

CTaTUCTUYECKN 3HAYMMO OTNIMYaAETCS OT Hyns (KoaghgpuyueHm Koppensyuu
3Ha4Yum). PakTn4YeCcKn NpPoBEPSIETCA BbINOSTHEHWE HEPABEHCTBA

t*

<ty 1en. (4.9)

[MpoBepka rmnotesbl H,: =0 MOXeT ObITb OCyLlecTBreHa 1 Hero-
0- Px,y

CPEACTBEHHO NO BbLIOOPOYHOMY 3HaYeHu ry y. funomesa Hy: py y =0

npuHuUmMaemcsi, ecrnv

tv, 1-a/2

v < (4.10)

n-— 2 + tV, 1_(1/2

B NPOTUBHOM Clyyae 2unome3sa omeepaaemcs.
MpuBeneHHbIV t-kpuTepuii npoBepku runotesbl H, sBnseTca pobacm-

HbIM, TO €CTb He YyecmeumersibHbIM K YMEPEHHbIM OTKITOHEHUSM uUccneay-
eMbIX pacrnpenesieHnMn oT HopMaribHOro 3akoHa.

4.1.4. UHTepBanbHasa oueHKa KoadcduumeHta kKoppensaumu. Boibo-
POYHbIN KOIPMULMEHT KOppenaumm ABfsgeTcsd 04eHb HeYCTONYNMBOU OLIEHKOWN,
n npu HebosnbwoM obbemMe BbIBOPKM OaXKe 3aMeTHO OTNMYalLLeecs OT HyNs
3HayeHue BbIBOPOYHOro KoahpuumeHTa Koppenauum MOXeT oKas3aTbCs He-
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3HaYMMbIM. [N XOPOLLMX OLLEHOK KoadhdmumeHTa Koppensauum, Kak npaBuno,
HeobXx0QMMO HECKOMbKO AECSTKOB UMK Aaxe COTeH HabnoaeHun.

B cnyyae 3HauMmoro BbIGOPOYHOro KO3hdULMEHTA KOPPENSALMM MOXKET
OblTb MOCTPOEH AOBEPUTENbHbLIA MHTEpBan Ans kKo3ddULNEHTa KOPPENSaLMN,
OpHako Ans 3TOro HY)XHO 3HaTb 3aKOH pacnpedeneHust BbIGopoYHOro Koad-
brLMeHTa Koppenaunn Kak Cry4anHoi BenmymHbl Ty v .

PacnpepneneHve Ty y 0N HOPManbHO pacnpeneneHHbIX BenuunH X n'Y
CYLLLECTBEHHO 3aBUCUT OT 3HauYeHus KoadduLmeHTa Koppensaumm py y (OHO

Hen3BecCcTHO) U obbema BbLIOOPKM n (3agaeTcsa uccrnegoBaTenemM) U MMeeT
CNOXHbIN BMA, NO3TOMY nNpuberatoT K cneumanbHo nogodbpaHHbIM YHKLMAM
(npeobpasoBaHnsaM) BbIGOPOYHOrO KO3hUUMEHTa Koppenauuu, KoTopble
CBOAATCA K XOPOLLO M3y4eHHbIM pacnpeaeneHusam. Yawe Bcero npumeHsieTca
npeobpasoBaHne Puepa

1 1+ TX’Y

Y=—In—", (4.11)
nepesogdiliee cnyqaﬁHyro BEJIMHNHY ?X,Y B HOpMaJIbHO pacnpenesieHHYKo
BeNMUMHY ¥~ N(uy,65) C MaTeMaTUyeckm oxuaaHuem

1, I+pxy Pxy
n +

(4.12)

n gucnepcunen cs% =1/(n - 3), 3aBucsLlEen Tonbko oT obbema BbiGopkK. [Mo-
NpaBOYHbIN YrieH pX,Y/(zn—z) B BblpaxxeHuu (4.12) ons uy man no cpaeHe-
HWIO CO cpefHeKBaapaTUYHbIM OTKITIOHEHUEM G, U UM, Kak npaBuno, npeHe-

bperatoT. 'paduk npeobpasoBaHusa y(r) nokasaH Ha puc.7.10. B tabn. 7.5
npeAacTasneHbl 3Ha4YeHus y(r) ToNbKo Ang r > 0, Tak Kak y(T) - HeYeTHasa yHk-
LumMa, To ecTb y(—r1) =—-y(1).

OT HopMmarnbHO pacnpefeneHHoOM BeSfIMYMHbI ¥ MOXHO NepenTu K Hop-
ManbHO pacnpefernieHHon cTaH4apTU30oBaHHOW BenuynHe 2:(?—0y)/uy n

BbINOMHUTL MHTEPBArbHYIO OLIEHKY KO3 duLmMeHTa Koppensauumn, nocTpoms B-
[OBEPUTENbHbIA MHTEPBAN

PGZW2<2<ZFWJ):& (4.13)

rpaHMbamMmn KOTOporo 6yﬂ,yT KBAHTUIIN CTaHOapTU30BaHHOIO HOPMaJibHOIo
pacrnpeneneHna, onpegernexHHble rno q)opmyne:
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P(Z<zonf)=a/2, P(Z <z opf)=1-020P(z>2, ) f)=0/2, (4.14)

C nomolbto obpaTHOro npeobpasoBaHna Z—>Y—>T MonydaeTca UHTep-
BanbHasa oueHka ans py y

thy,, <pxy <thy_gp,

1, I+rxy  zgp 1, IHrgy _ Z1-a2

:—ln = — )
YoM ey n-3 2 1oy n-3

_lln1+rX’Y + Zl—OL/z (415)
Y1-a/2 2 l-ryy n-3

A

e’ —e
thy = Ta—

e’ +e

dyHKUMA “rmnepbonnyecknin TaHreHc” th(y) npeacrtasneHa rpadoMkKoM Ha
puc. 7.11 n 3HayeHnsiMn B Tabn.7.6.
CTouT 06paTuUTb BHUMAHUE Ha TO, YTO:

1) n3-3a HenuHenHocTn yHKkuMK th(-) goBepuTenbHbIN UHTEpPBaN Ans
koabpULMEHTa KOppensuum py y MNoOny4yaeTcss HEeCcUMMETPUYHBIM OTHOCU-
TeNbHO 3HaYeHuss BbIGOPOUHOTO KoaduLeHTa koppensaummn ry y (cp. ¢ go-

BepuTenbHbIM MHTEPBANoM Ana Mmatematundeckoro oxmnganums (1.5), (1.6)) ;
2) Npu NOCTPOEHHOM [OOBEPUTENLHOM WHTepBane Ans KoadduumneHTa
KOppensauum MoxeT OblTb NpoBepeHa runotesa Hy : pyy =po — AOCTaTOYHO

ybeauTbcsi B TOM, YTO 3HAYeHUe p, nonagaeT B AJOBEPUTENbHbIA NHTEPBATT;
3) MHTepBanbHasa oLeHKa KoaMULIMEHTa KOPPENALIMN py y NPOBOANTCS

Ans Tex nepemeHHbix X 1Y, KoTopble pacnpeaeneHbl HopMmarnbHO, Aaxe ecru
OHW He coBnagaloT C UCXOAHbIMM.

4.2. AIIFTOPUTM PELUEHUA

4.2.1. NocTpoeHne gnarpamMmmbl paccessHUA U BbluncrieHne Koadpdpu-
LueHTa Koppenauuu. BoinonHsaeTca B cneayloLllemM nopsiake:
1) No BbIBOPOYHBIM 3HAYEHUAM X., Y. NMOCTPOUTL Anarpammy paccesHus;

2) BbIMUCIIUTb TOYEYHbIE OLIEHKN MapameTpoB my , My, Sy, Sy Mo (1.3);
3) BbIUNCNUTL 3HAYEHNe BbIOOPOYHOWN KOBapuaLun Sy, no (4.1);
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4) BblYNCNNTL 3HAYeHMEe BbIOGOPOYHOro KoadpurUmMeHTa Koppenaumm Iyy
no (4.2).

4.2.2. Nposepka runotesbl H;:pyy =0 o paBeHCTBe Hymn KoO3dp-
dmumeHTa Koppenauuun. [ina ee BbINONHEHNA HEOOXOANMO:

1) BBIMMCTINTB MO (4.6) CTAaTUCTUKY t;

2) Ana 3agaHHOro 3Ha4YeHWs YPOBHSA 3HAYMMOCTW o U YUCra CTerneHewn
csobogbl v=n-2 1o 1abn. 7.4 BbIYNCNUTL 3HAYEHME KBAHTUNA pacnpenerneHus
CrblofeHTa t, _y;

*
3)ecrm t >t I—a/2» TO OTBEPrHyTb runotesy Hy:px y =0 v caenatb Bbl-
BOA O 3HAYNMOCTU KOIpPULMEHTa KOppenALnn px v ;

4) ecnu KO3 PULMEHT KOppenauun CTaTUCTUYECKM 3HAYMMO OTNnYaeTca
OT HyIns, TO BbINOSIHATL UHTEPBAlbHY OLIEHKY KOd(ULUMEHTa Koppensaumm
no (4.13).

4.3. MPUMEP PACYHETA

[Mpn cpaBHeHUn OByx MeToAoB (X M Y) onpefeneHus coaepXxaHnsa Kpax-
Mana B kapTodene, %, nony4yeHo 16 pe3ynbTaToB:

X 21.7 18.7 183 17.5 18.5 156 17.0 16.6 14.0 17.2 21.7 18.6 17.9
17.7 18.3 15.6

Y 215 18.7 183 174 183 154 16.7 16.9 139 17.0 21.4 18.6 18.0
17.6 18.5 15.5

4.3.1. NocTpoeHne gnarpamMmmbl paccessiHUA U BblunucrieHne Koadpdpun-
uueHTa Koppensauuun. 10 NCXOOHbIM AaHHbIM BblYMCIIAEM TOYEYHbIE OLEHKU
napameTpos BblOOpPOK : my=17,806, my=17,731, sy = 1,992, s, = 1,969.

Bbluncnaem 3HaveHne BbibopoyHOM koBapmauum no (4.1)

_ 58655

Sxy ®

~ 3,910.

PesynbTaTbl NPOMEXYTOYHbIX BblYMCNEHU NpencTaBreHbl B Tabn. 4.1.
3HayeHne BbIBOPOYHOro KoaurumeHTa Koppensumm ry y paBHO

3,910

~ —— =~ (0,996.
1,992 -1,969

I'xy
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4.3.2. Nposepka runote3bl H;:pyy =0 o paBeHCTBe Hymn KoO3(p-

dmumneHTa koppensauuun. [ns 3TOro BblYMCNAETCA BbIGOPOYHOE 3HAYeHWe
cTaTucTukm t* (4.6)

o 1d 0220 ~ 44,038,
\1-0,9962
Tabnuua 4.1

I X (Xi _mx) Yi (Yi _mY) (Xi _mX)X(Yi _mY)
1 21,7 3,899 21,5 3,769 14,695
2 18,7 0,894 18,7 0,969 0,866
3 18,3 0,494 18,3 0,569 0,281
4 17,5 -0,306 17,4 -0,331 0,101
5 18,5 0,694 18,3 0,569 0,395
6 15,6 -2,206 15,4 -2,331 5,142
7 17,0 -0,806 16,7 -1,031 0,831
8 16,6 -1,206 16,9 -0,831 1,002
9 14,0 -3,806 13,9 -3,831 14,581
10 17,2 -0,606 17,0 -0,731 0,443
11 21,7 3,894 21,4 3,669 14,287
12 18,6 0,794 18,6 0,869 0,690
13 17,9 0,094 18,0 0,269 0,025
14 17,7 -0,106 17,6 -0,131 0,014
15 18,3 0,494 18,5 0,769 0,380
16 15,6 -2,206 15,5 -2,231 4,922
58,655

HanoeHHoe no T1abn.7.4 3HavyeHne kBaHTUNA pacnpeaenenuns CtotogeHTa

S
t14.0,075 = 2,145. TIOCKONbKY |t4| > 14,0975, TO TUNOTE3A H( : px vy =0 OTBEpra-
eTCH, BCMNeACTBME Yero MOXHO roBOPUTb O 3HAYMMOCTU BbIOOPOYHOrO KO-

uumeHTa koppensumun. [Ons nocTpoeHusi OOBEpPUTENbHOrO WHTepBana ans
Py y BblUMCHsOTCSA

1. 1+r, Zi_q 1. l+r, Z_q
o m2563, Yy = I

=—In — n +
Yaj2 =75 -1, “n-3 2 1-r, +n-3

thy,,=0,988, thy,_,,=0,999.

=3,650,
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Torpa 0,988 <pxy< 0,999, TO ecTb MeXxay ABYMA MeTodam onpeene-
HUA codepXaHusa Kpaxmara B kaptodernie cywecTByeT CuSibHas JNIMHEWHas

KOppensunoHHas CBA3b.
[uarpamma paccesHna npegcrasrieHa Ha puc. 4.1.

23

- N
© =

Btopon meTtoa
3
O

151

13 - - - -
13 15 17 19 21 23
[MepBbIV MeTOA

Puc. 4.1. [lnarpamma pacceaHus

5. PEFTPECCUOHHbIA AHANNU3 3ABUCUMbIX PACIMPEOENEHUA
5.1. TEOPETUYECKUE CBEOEHUA

5.1.1. NMoHATHe perpeccun ABYX 3aBUCUMbIX pacnpegeneHun. C no-
MOLLbIO KOPPESIALMOHHOIO aHannsa Bbl4MCNseTcs cmeneHb JIUHelHou cesi-
3U [OBYX 3aBUCUMbIX CIlydarHbIX BENUYNH (NPU3HAKOB), OOHAKO yCTaHOBIEHWE
Buga cBA3n (B TOM 4YucCrie N HESIMHENHOW) BO3MOXHO TOSbKO C NMOMOLLBbIO pe-

2pecCcUOHHO20 aHaJslu3a.
Kpueol peepeccuu Y no X (unn Y Ha X) HasblBaeTCH YCloOBHOe MaTe-

MaTU4Yeckoe OXuaaHue CcriydaHouM BenuuYMHbl Y, paccMaTpvBaemMoe Kak
dyHKUMS onpeneneHHOoro Krnacca, napaMmeTpbl KOTOPOW OLEeHUBaKOT Mo Bbl6o-
POYHBIM AAHHBIM (X {,¥1), (X2,¥2)seee (X4, ¥q )"

M [Y | X=x]=p(x; napameTpbl). (5.1)

AHanorn4Ho onpenenseTca Kkpueasi pegpeccuu X no Y (X HaY):
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M [X | Y=y]=y(y; napameTpbi). (5.2)

Ecnu ectb ocHoBaHuA npegnonaraTtbh, YTO U3y4aemble CrlydanHble Benu-
YMHbl X N Y CBSAI3aHbl HEKOTOPOM 3aBUCUMOCTLIO, TOrga 3ajada ee onucaHus
3aKro4aeTcs B:

1) ycTaHoBReHUN obLLero Buaa 3aBUCMMOCTN;

2) TOYEYHOM U NHTepBarbHOM OLIEHUBAHUM NapamMeTpoB 3aBUCMMOCTW.

B ctatucTuke OTCYTCTBYIOT CTaHOapTHble METOAbl yKa3aHus obLuero Bu-
Aa KkpmBow perpeccuun. NosTomy Ha npakTuke Bu3yarbHbIW aHanms guarpammel
paccesHua (cMm. 4.1.2), Kak npaBuro, npegwecrtByeT MNpPOBEOEHUIO perpec-
CWMOHHOro aHanusa. IHorga TOYKkM Ha KOppensuMoHHOM Mosie foxaTcs Tak,
4YTO 6€e3 anpuopPHOro 3HaHUs NPUPOLbl N3ydYaeMblX BESIMYMH TPYOHO BbiOpaThb
KOHKPETHbIN BU, KPUBOW PErPECCUN.

OcHO8HbIMU donyuw,eHUsIMU pe2peccUoHHO20 aHaslu3a ABNATCS:

1) BEMWYUHBI X, X,,..., X, , KOTOPbIE BbIOUPAIOTCA IKCNEPUMEHTATOPOM;

2) pe3ynbTaTbl HAOMOAEHUA ¥,,Y,,....y,, — BblOOpKa HOpMarnbHO pacnpe-
LEeneHHOW crnyyavHoW BenuyuHbl Y, TO ecTb ¥,¥,,..., ¥, — He3aBUCUMblE
HOpPMarnbHO pacnpefeneHHble CriyYariHble BENUYMHbI;

3) aucnepcum c;i = D[Y\X =X;]= 02, 1=1,n, TO €CTb paBHbI.

5.1.2. JlnHenHana perpeccusi. ToyeyHasi oueHKa napameTpoB JIMHEN-
HoM perpeccun. Hanbornee 4yacto ucnonb3yeTca Moaenb NMMHENHOW perpec-
CuK, NO3BOSIAOWAA OUEHUTb NUHENHYIO KOPPENALMOHHYIO 3aBUCUMOCTb MEeX-
ay X n'Y. OTo 03Ha4yaeT, 4YTo AN Npon3BOSIbHOro (PMKCUPOBAHHOIO 3HAYEHUS
X BenuunHa Y pacnpenesieHa B reHeparibHOM COBOKYMHOCTU HOPMasibHO C
MaTteMaTU4eCKuM OXngaHuem

M [Y | X=x]=B, + Bx (5.3)

N avcnepcven o2, HesaBUCKUMol oT X (TpeTbe JoNnyLLEeHWe O perpeccun).
Onsa nonyyeHust TOYeYHbIX OLEHOK koaddumumeHToB B, n ,, cooTBeT-

CTBEHHO b, 1 b,, onpegenstowmx Hanbonee GNN3KyIO K IKCNEPUMEHTANbHBIM

TOYKaM PErpecCcuMOHHYIO MPSIMYI0, UCMNONb3yeTCcsl Memod HauMeHbWUX Keao-
pamoe. B aToM meToae "BGnmn3ocTb" naMmepsieTcs CyMMOW KBagpaToB pasHo-
cTer Mexay HabnogaemMbiMU 3HAYEHUAMU y; U 3HaveHnsamn y;, = b, +b,x;,

KOTOpble BbIYMCASIOTCA NO BbIOOPOYHOMY YypaBHEHUKO perpeccuun. PasHuua
d, =y; —y; Mexgy HabrniogaembiM y; U OLEHWBAEMbIM MO BbIGOPOYHOMY
YPaBHEHMIO PErpeccun y, 3HauYeHusMu Npu X = x; Ha3biBAETCs OMKIIOHEHU-
eMm, unn ocmamkom. B meToe HavMeHbLUNX KBaApaToB BEMUYMHBLI b, 1 b,
Haxo4sATCst U3 YCNOBUSt MMHUMYMa OU€HKU — CyMMbl KBaApaTOB OTKITOHEHWIA
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G(bg,b)= D [yi=(bg +byx)F =D [yi -y, =D df.  (54)
i=1

BapbupoBaHnem 3HayeHun b, M b; MOXHO AOOUTLCA MUHUMANbHO BO3-
MOXHOr0o 3HayeHus 3TOM CyMMbl KBaApaTOB OTKIOHEHWUS: MosiydaeTcs oObiy-
Hasa 3ajadva Ha HaxoXOeHwe JKCTpeMyma (YHKUUW OBYX nepemMeHHbIX. [lo-
3TOMYy ANA MUHMMU3aUMK oueHKn G NpupaBHUBAIOTCA K HYMIO YacTHble Mpo-
nssodHble G no b, n b,

n

0G
E = _;[Yi — (b +b1Xi)] =0,
- (5.5)

— = _2Z[Yi —(by +byx)|x; =0.

PeweHne cuctembl (5.5), gawouwee BblpaXeHUss AN KO3 PULUMeHToB
b,, b,, nmeeT BUNA

—~

s 5
_ Y _ Y
by=my —rxy —myg, b =ryy —, (5.6)
Sx Sx

TO €CTb noJiydaeTcd 6bl60p0‘-lH09 ypaeHeHue peepeccuu

- §Y §Y
SX SX

UM B CUMMETpPUYHON bopme, yaobHoI Anst 3anOMUHaHUS:

_ S
y—my :rX,Yl(X_mX)- (5.8)

—_

X

OT10 6ygeT Haunyywasi, B CMbICrie MeToda HauvMeHbLUMX KBagpaTos,
npamMasi cpegu Bcex NpAMbIX Ha MIOCKOCTU, KoTopas NpubivkKeHHO onuckbiBa-
€T 3aKOH M3MEHEHMUs YCITIOBHOIo cpefHero Besnv4YmHbl Y B 3aBUCUMOCTU OT
N3MEHEeHNA 3Ha4YeHNN BeNUYUHbI X.

5.1.3. lNpoBepka rmnoTe3bl 0 paBeHCTBe KoaddmumeHTa perpeccum
Hymnto. BbIGOpoyHbI KOIPUUMEHT b, SBNAETCA TOYEYHOM OLEHKOW KO3gp-

¢uyuenma pezpeccuu ,, 3agaroLlero HakrnoH npsmon (5.3) kK ocu X. HYacto
OKasblBaeTCA HeOOXOOUMbIM BbIACHUTL, AOCTATOMHA NN TOYeYHas oueHKa b,
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Ona Ctatuctn4eckun 060CHOBaHHOIO BblIBOJa O TOM, 4TO KOSd)d)MHMGHT pe-
rpeccumm Bl OTIIMYEH OT HYNA (CTaTI/ICTI/I‘-IeCKI/I 3HA4YNMMO OTIIM4aeTCA OT HyJ'IFI).

[na aToro nposepsetca runotesa H,: 3, =0.

OcHoBaHuem angd NOCTPOEHUA Kpumepus nposepKku sunome3bl CIYXUT
npednono»(eHue O HOopmMaJibHocmMmu pacnpedeneHun eeJluvUHbI Y, OTKyaa

crieqyeT, YTO BEeNMYMHA Ny / c° umeeT pacnpedeneHue lMupcoHa %> ¢ unc-

NnoM cTeneHen ceoboabl v=n-2, roe §j — ocTaToyHast gucnepcus

_ 1 X -
Si=—— .4l di=yi-y; (5.9)

F= 1=l , (5.10)

pacnpedenieHHasl no 3akoHy ®uwepa F, , C u4nCriom cTeneHel cBo6oAbI

avz

yucnutena v, =1 1 3HameHaTena v, =n-— 2.

CnepoBaTenbHO, MOXHO MNOCTPOUTL B-A0BepUTENbHbIA HTepBan F

P ({Fvl, vy, 0,2 < F < Fvl, vz,l—a/z}) = B’ (511)

rpaHnubl KOTOPOIro — KBaAHTUIN F » M F — onpegernexHbl Tak:

Vi,Va,0/ Vi,Va,1-0/2

P({F < FVI’VZ’Q/E}) = a2, P({F < FVI’VZ,I_Q/E}) =1-0/2.

Ecrnn BbiGopouHoe 3HadeHne F*, BbluncneHHoe no (5.10), nonagaet B
AosepuTternbHblin HTepBan (5.11), To eunomesa H: B, =0 npuHumaemcs,

B NPOTMBHOM CIlydae 2urnome3sa omeepaaemcs.

F-KpUTEpUn 04eHb YyecmeumersieH K OTKIIOHEHMSIM MUccreayemblx pac-
npeaenenni ot HopmanbHoro. NMoaToMy ero Henb3si UCNoNb30BaTb, €CIN eCTb
COMHEHUSI OTHOCUTENBHO HOPMarnbHOCTU pacnpeaeneHui.

B cnyyae oTknoHeHus runotesbl H,: B, =0 Ko3dbduumMeHT perpeccun

CTaTUCTUYECKN 3HAYMMO OTSIMYAETCHA OT Hyns (KoaghgpuyueHm pezpeccuu
3Ha4yum).

5.1.4. UHTepBanbHasa oueHKa napamMeTpoB NMHeNMHOU perpeccun. Ec-
M KO3 PULMEHT perpeccnn okasbiBaeTCs 3HaYMMbIM (MexXay BenndnHamm
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MMeEeTCsl NNHEHAs CBSA3b), TO MOXXHO MOCTPOUTL B-A0BepUTerbHblE NHTEpPBa-
Nbl AN napameTpoB NUHENHON perpeccun. MNMocTpoeHne NoBepPUTENbHBIX UH-
TepBanoB OCHOBbLIBAETCHA Ha CTATUCTUKAX

0 —Bo b, B,

St (Do) S (b))’
pacnpedenieHHbIX Mo 3aKkoHy CmbroOeHma C 4ncroMm cTeneHen cBobonbl
v=n-2; S, (by), S,,(b;) — cmaHdapmHbie owubku b, n b, (cp. c (1.6)):

= T = (5.12)

_ §j [(n — 1)§)2( + nmi]

< n(n —1)52
HZ(Xi_mX)2 ( X
i=1

(5.13)

CnepoBaTenbHO, 4N YPOBHA 3HAYUMOCTU oo MHTEpBalbHble OLIEHKN na-
pamMeTpoB JIMHEMHOW perpeccun MMeroT Bua

by =S, (bg)  thon g <Bo <bg +S5,(bg) th s 1 g/2>

(5.14)
=Sn(b1) tho g <B1 <by+S,(b1) ths g2

5.1.5. MpoBepka rMnoTe3s o0 3Ha4YeHUAX NapamMeTpoB FIMHEUHOW pe-
rpeccun. Ecnn ectb OCHOBaHMA npegnosaraTb, YTO 3HAYEHUS MapamMeTpoB

NMMHENHON perpeccun paBHbl HEKOTOPbLIM 3HaYeHUSM, COOTBETCTBEHHO B(O)
B%O), TO cnefyeT npoBepuTb rmnoTesbl Hy: B, = B%O) nHy: B, = 50). Ana 3a-
AAHHOro YPOBHA 3HAYMMOCTU 2urnome3bl MPUHUMAaromMcsi , ecrnv 3HavYeHns
B%O) n B%O) nonagatT B goBeputenbHble MHTepBanbl (5.14), B NPOTMBHOM
crnyyae eunome3bl omeep2aromecs.

5.2. AIITOPUATM PELLUEHUA

5.2.1. Bbibopo4yHOe ypaBHeHUe perpeccuun. [1ns ero HaxoxgeHuss He-
ob6xoanmo:
1) noCcTpoUTbL KOppPENSALNOHHOE Mone;
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2) No BbIBOPOYHBLIM AaHHBIM X., Y;, 1= I,_n BbIYMUCIIUTb TOYEYHbIE OLEH-
KM My, My, Sy, Sy;
3) BbIYMCMUTL 3HA4EHWE BbIOOPOYHOTo KO3 ULIMEHTA KOPPENSALINN Ty v ;
4) BbIMUCIIUTL KOIPMULIMEHTbI YpaBHEHUS NUHENHOW perpeccun b, b,
no (5.6) n nony4nTb BoIGOPOYHOE YpaBHEHNE perpeccum

5) Ha KoppernsuMoHHOE Mnorie HaHEeCTU NIMHUIO Perpeccum.
5.2.2. MpoBepka rmnoTe3bl 0 paBeHCTBe KoaddmumeHTa perpeccum
Hynto H, : 3, =0. OcywecTtensaercs cneayowmm obpasom:

1) No BbLIGOPOYHOMY YpaBHEHWMIO perpeccun ANA 3HadYeHun x., 1=1Ln
BbIYMCITUTb TEOPETUYECKME 3HAYEHUS Y. =b, + b;X;;

2) BblYUCNNTL NO (5.9) oCTaTOYHYHO OMCNEPCUIO OTKIOHEHUIN IKCNEePUMEH-
TanbHbIX JAHHbLIX y; OT JIMHUW perpeccuw;

3) BbluncnuTb no (5.10) 3HadYeHne ctaTucTukn F°;

4) Ansa 3afaHHOro YpOBHSA 3HAYMMOCTM o M CcTeneHen csoboabl v, =1
V,=n-2 no Tabn. 7.3 BbIMUCIINTL 3HAYEHNe KBaHTUNA pacnpeaeneHns dulue-
pa F

Vl,Vz,l—OL/2 ’
%
5) ecnm F >F,

HOM cny4yae MPUHATL KO3MMPUUMEHT perpeccum paBHbIM HYMIO N NPeKpaTUTb
BbIYNCNEHMS.

5.2.3. NHTepBanbHasa oueHKa napameTpoB NIMHEMHOW perpeccuun. [1nqa
ee HaxoXXaeHust Heobxoanmo:

1) N0 TOYEeYHbIM OLleHKaM napameTpoB BbIOOPOK my, Sy M OCTAaTOYHOW

I-q/2» TO OTBEPrHyTb runotesy H, : B, =0, B NpOTMB-

nvcnepcun S; mo (5.13) BbluMcnUTL AN b, M b, 3HaUYEHWs CTaHOAPTHbIX
OLLMBOK Sm(bo), Sm(bl);

2) ona YpOBHSI 3HAYMMOCTW o U 4Yucna cTeneHen cBobodbl v=n-2 no
Tabn.7.4 onpenenuTb KBaHTUIb pacnpeaenenus CTblofeHTa ty, ) ;

3) BblYNCnINTL MO (5.14) nHTepBanbHble OUEHKN KO3IPULMEHTOB NNHEN-
HOW perpeccun.

5.3. NIPUMEP PACYHETA

3aBucmmocTb Beca pebeHka Y, yHumn (1 yHumsa=28,35 r), oT Bo3pacTta X,
Hefenwu, npeacTasreHbl cneayrowmMmn JaHHbIMU:
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X 0 1 2 3 4 5 6 7 8 9 10 11 12 13
Y 110 114 128 147 163 172 186 198 208 213 232 240 254 261

5.3.1. Bbibopo4yHoe ypaBHeHUe perpeccumn. CTpomm KOppensumoHHoe
none, npeacraeneHHoe Ha puc.5.1. [ina ncxoaHbelx gaHHbIx no (1.3) Bbluncns-
emM: my=6,5, m,=187,5, s,=4,183, s,=50,515.

[laHHble Ana BblYMCIIEHUS BbIGOPOYHOro KoadULMEHTaA KOBapuauum
§X’Y, BbluMcCrieHHble No (4.1), npeacrasneHsl B Tabn. 5.1.

Tabnuua 5.1

i X (Xi _mx) Yi (Yi _mY) (Xi _mX)X(Yi _mY)
1 0 -6,5 110 -77,57 504,25
2 1 -5,5 114 -73,57 404,635
3 2 -4.5 128 -59,57 268,065
4 3 -3,5 147 -40,57 141,995
5 4 -2,5 163 -24.57 61,425
6 5 -1,5 172 -15,57 23,355
7 6 -0,5 186 -1,57 0,785
8 7 0,5 198 10,43 5,215
9 8 1,5 208 20,43 30,645
10 9 2,5 213 25,43 63,575
11 10 3,5 232 44,43 155,505
12 11 4,5 240 52,43 235,935
13 12 55 254 66,43 365,365
14 13 6,5 261 73,43 477,295
2738,00

Mo 3TUM AaHHbIM nonyyaem sy y=2738,0/13 ~210,615, a no (4.2) Bbl-
Yyncnsem 3HavyeHme BbIBOPOYHOro KoadduLMeHTa Koppenauum
Sxy 210,615

S _ ~ 0,9967 .
Y58y 4,183-50,515

Toraa ToveyHble OUEeHKU KOIPPULMEHTOB YpaBHEHUS NIMHENHOW perpec-
cun cornacHo (5.6) pasHbl

5 1
by = my — 1y Y- my = 187,57 -0,9967 201

Sy 4,
5 1
by =y y 2 =0,9967° 221 £ 12,036

Sy 4,

6,5 ~ 109,336,
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Takum obpasoM, ypaBHEHUE NMHENHOW perpeccun MeeT B

y=109,336 +12,036 x,

YTO rOBOPUT O CYLLECTBOBAHUU NIMHEMHOW NOMOXUTENBHOW CBA3N MeXay BO3-
pacTOM 1 BECOM JeTeu B NepBble Heaenn passuUTus.

5.3.2. lpoBepka rmnoTe3bl 0 paBeHCTBe KoaddmumeHTa perpeccum
Hynto H,: B, =0. [lna noaTBepxXaeHua AOCTOBEPHOCTM TakoW CBA3W MOKa-

XeM, 4To koadpuumMeHT perpeccun b, CTaTUCTUYECKM 3HAYMMO OTNMYaETCH
oT Hyns. Cdopmynupyem rvnotesy H,: B, = 0. Heobxogumble gaHHble Ons

BblYMCINEHUS OCTaTO4YHOM auncnepcummn gj npmBeaneHbl B Taon. 52, OTKyAda no
(5.9)

I - 221,409
5¢ = Z[yi—Y(Xi)]zz o 184Sl

n—24
i=1
Tabnuuya 5.2

x|y v, E-bi-vF | [-mf

1 0 110 109,34 0,441 6119,93

2 1 114 121,372 54,346 4382,18
3 2 128 133,408 29,246 2933,52
4 3 147 145,444 2,42 1774,94
5 4 163 157,48 30,47 905,408
6 5 172 169,516 6,17 325,95
7 6 186 181,552 19,78 36,22
8 7 198 193,588 19,73 36,22
9 8 208 205,624 5,645 325,95
10 9 213 217,66 21,72 905,408
11 10 232 229,696 5,308 1774,94
12 11 240 241,732 2,999 2933,52
13 12 254 253,768 0,054 4382,189
14 13 261 265,804 23,08 6120,56
221,409 32956,926

B T1abn.5.2 npeacraeneHbl Takke U 3HAYEHUS [§i —my]z, HeobxoauMble Ans
BbIYMCIEHUS BbIGOPOYHOTO 3HAYEHWSI CTaTUCTMKKU KpuTepus Ouwepa F°
F “~32956,926/18,451~1786,19. Mo Tta6n. 7.3 ana a=0,05u v,=1, v,=12 Ha-

xoaum kBaHTUne F, |, ,~6,55. lNockonbky F*>F TO OTKIOHSEM

Vl,Vz,l—OL/2 ’
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runotesy H,: B, =0. Takum obpasom, KOIDPDULMNEHT NUHENHON perpeccun
b,3Ha4YMMo oTnNnyaeTcsa OT Hyns.

280

240

200

160 ¢

Bec, yHuunu

120 ¢

80 : : : : : : :
-2 0 2 4 6 8 10 12 14
BospacT, Hepgenu

Pwuc 5.1. KoppensunoHHoe nosie 1 NIMHUS perpeccum

5.3.3. UHTepBanbHasa oueHKa napamMeTpoB JIMHEMHOW perpeccuum. Vic-
MoMb3ys 3Ha4YeHUsA TOYEYHbIX OLEHOK my, Sy M OCTaToOYHOW Aucrepcun §j,
Bbiumcnsgem no (5.13) craHgaptHble ownbkn S (b), S, (b;) kKoapdULMNEH-
TOB ypaBHEHUs NTIMHENHON perpeccun b, n b,

s2|n-1s2 +nm%| 18.451(13-4,1832 +14.6,5%)
Sm(bO) = -2 ~ P ~ 43745 ’
n(n - 1)s2 14-13-4,183

~2
18,451
Sp(b)) =9~ IS g 08y,
(n—1)s2 134,183

Ona o=0,05 n v=n-2=12 onpeaensiem no tabn. 7.4 aHa4eHne KBaHTUSS
pacnpeaeneHus CTotogeHTa tv,l_a/z ~2,18 .Torga

S (bo) tn—z,l—a/z ~4,745-218 ~ 10,344,
Sm (bl) tn—2,1—a/2 ~ 09081 2918 ~ 0,177
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[ToaTOMYy MHTEpBanbHble OLEHKN KO3IMULMEHTOB ypaBHEHUA NIMHENHOW
perpeccum corrnacHo (5.14) umetoT Bua

98,99 < B, < 119,68, 11,86 < B, < 12,21.

6. 3AAYUN K KYPCOBOMY 3A0AHUIO

6.1. TOYEYHAA N UHTEPBAJIbHASA OLIEHKA YNCIIOBbIX
XAPAKTEPUCTUK PACINPEOENEHUA, SMITUPUYECKUE ®YHKLUA U
3AKOH PACNPEQOENEHUA

1. lNocTponTte BapnaumMoOHHbIN U MHTEpPBanbHbIA pALbl, TMCTOrpaMmmy 1 9M-
NMPUYECKYI0 (PYHKLUMIO pacnpenesieHnsa onsa ykasaHHon nepemeHHon X ns Bbl-
Bopku.

2. [poBepbTe rMNOTE3Y O CorflacoBaHUM SMMNNPUYECKOro pacnpeneneHns
C HOpMaribHbIM.

3. BbINOMHWUTE TOYEYHYIO U MHTEPBArbHYIO OLEHKY M,S napameTpoB L,G

pacrnpegeneHus.

6.1.1.PacnpegerneHue no Becy sarof kKnyoHukn, r (obbem Bolbopkn Nn=65):
24 2719 2529 26 22 26 2125 2,7 26 24 3,026 312524
24 2524 27 30 28 22 27 26 28 22 28 26 2533 2,7 2824
26 2,729 25 27 29 33 25 28 26 322529 26 29 272826
3,0 26 28 24 2,5 2,7 2,7 2,2 3,0 2,8 3,1

6.1.2. PacnpegeneHne no Becy 4Arof 3eMsnisHukU, I (06bem BbIOOPKK

n=121):
1416 121515172018 14121416 1413 1,3 1,413 1,5
1411191217 14121516 18 1913 131112141514
1414121316 171814131716 11141214 14131,6
1412131518 171319111314131514 14151413
1414181214 13121416 1113151314 16 1,11,21,3
1414171718 1215171714 12181417 19 121314
1,71712 131518 1914 1316 1,9 1,5 1,6

6.1.3. KoHueHTpauus ButammHa C B obpasuax CBEXEero TOMaTHOro Coka,
mMr/100r (06bem BbIGOpKM n=50):

37 41 43 39 39 36 38 40 44 40 38 41 42 38 36 39 41 42 40 45 41
38 34 37 39 37 42 40 47 41 39 43 39 35 40 34 39 46 33 37 41 39
39 42 40 43 44 42 38 46 37

6.1.4. KoHueHTpauus ButammnHa C B obpasuax KOHCEpPBMPOBAHHOIO TO-
MaTHoro coka, Mr/100 r (o6bem BbIOOpPKM n=56):
16 22 21 20 23 21 19 15 13 23 17 20 29 18 22 16 25 23 26 20 17

19 27 22 23 22 21 18 21 24 20 23 20 19 22 21 24 21 19 18 25 21
202321 19 24 22 29 21 19 24 22 19 25 15
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6.1.5. [InnHa mexy3nun y pacteHuin gunnongHon pxu, cm (o0bbem Bbl-
Bopkn n=51):
11,5 10,9 11,6 11,9 11,5 11,5 11,1 12
11,8 11,6 11,4 11,6 11,0 12,3 11,6 11,
11,1 11,6 11,4 12,0 11,7 11,4 11,2 11, :
11,5 11,8 11,56 11,3 11,4 11,6 11,2 11,7 11,3
6.1.6. [lnvHa Mexy3nuin y pacTeHun TeTpaniougHon pxu, cM (o0bem
BbI6opkM n=60):
727170686668727174707072717371727,3
717068697171 706,7746670727071727171
471677073 716,775737170707069 7,169 6,8
707172697169 71727,2
6.1.7. lnnHa Kpblna noneBoro XaBopoHka, MM (06beM Bbibopku n=81):
99 102 105 97 103 97 101 94 105 110 86 112 111 103 115
99 102 104 95 100 105 102 121 92 96 87 99 102 107 104
98 112 89 101 99 86 118 105 101 88 99 105 101 98 84
102 104 97 101 101 102 116 95 89 88 109 111 102 95 96
91 95 115 102 107 111 87 102 85 98 107 120 100 112 115
116 109 97 100 102 96 101 104 102 106 106 106 100 89 106
102

11,
11,
12

bl

3
,3
1

1
9
4

bl

bl bl bl

~N O O
B~ WO
a s~ s
_ A
- O
o O 0o
_
N =
_ A
=N -
o NN
_
= AN
_
_ A
~N A~ O
o oW

bl bl

6.1.8. lnnHa kpbina ckeopua, MM (06bem BbIGOpkM n=68):
121 119 123 117 123 120 122 122 118 123 120 119 124 120 122
122 121 119 121 121 124 118 121 120 125 120 121 122 120 124
121 120 121 119 123 119 123 121 120 127 119 121 123 122 121
120 120 122 125 123 124 121 121 120 123 123 120 122 121 123
121 124 119 121 123 122 118 120

6.1.9. CoaepxaHue kodenHa B naptum kode A, %-10° (06bem BbIGOPKM
n=97):
429 443 451 455 440 436 433 396 383 401 403 399 423 419 421
405 393 361 409 401 398 391 441 424 393 406 398 396 417 417
422 408 387 375 413 404 399 375 446 420 389 407 397 392 432
418 412 386 399 410 401 388 375 386 443 416 409 395 410 396
391 430 420 405 398 383 406 398 383 406 398 383 406 398 393
389 393 405 409 400 410 392 388 418 417 405 396 389 417 405
396 389 417 382 401 379 394

6.1.10. CogepxaHue kodenHa B naptum kode B, %-10° (06bem BbIGOpKM
n=85):
433 423 412 411 426 426 427 431 436 432 408 414 417 400 404
413 403 402 384 392 412 411 414 412 404 409 407 407 402 409
391 395 391 387 398 395 405 414 425 433 420 418 404 403 418
421 422 428 429 428 411 407 411 413 409 392 391 399 407 406
393 396 387 380 359 421 407 384 393 410 399 376 389 395 397
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384 400 402 398 397 389 391 385 395 398

6.1.11. MNpoaomKNTENBHOCTL Pa3BUTUS IMOPUOHOB KPONMKOB-anbOMHO-
COB, OHU (00beM BbIOOPKM n=55):
30 32 30 30 31 33 31 29 32 30 30 31 33 31 29 31 35 30
30 31 31 32 35 30 30 31 30 30 32 30 32 31 29 30 31 34
31 30 36 30 32 29 33 30 31 32 30 34 30 32 29 36 30 31
31

6.1.12. MpoJormKMUTENbHOCTE Pa3BUTUS 3MOPUOHOB KPOSMKOB MOpOAbI
WnHWKNAa, aHW (06bem BbIBOPKN n=48):
32 34 30 30 31 32 30 30 29 33 30 31 33 32 31 31 32 32
31 31 30 32 30 30 30 32 31 29 31 31 30 32 30 33 32 30
31 31 29 30 30 32 30 31 32 30 31 32

6.1.13. NHuTepBanbl Mexay paspsgamMmu HempoHa 3pUTErbHOW KOpbl Kpo-

nuka, MKc (06bem BbIGOPKM N=64):

200 8 14 53 256 56 74 35 23 19 39 15 11 18 63 19 30
30 15 513 60 25 4 42 26 16 46 36 27 50 10 130 70
43 5 45 2 8 19 44 54 49 32 55 53 47 73 11 58 121
144 53 265 4 57 75108 65 14 11 7 98140

6.2. CPABHEHUE NAPAMETPOB [BYX HE3ABUCUMbIX
PACNEPEOENEHUN

CdopmynumpyiiTe 1 NpoBepbTE COOTBETCTBYIOLLYIO CTAaTUCTUYECKYIO TUMO-
Te3y ANS yka3aHHbIX He3aBUCUMbIX nepemMeHHbIX X n Y. O6ocHyiTe BbIOGOp

KpUTEpus npoBepPKM U YPOBHSA 3Ha4YMMocTu o. lNpegsaputenibHO nposeauTe
NPOBEPKY HOPManbHOCTU pacnpegesnieHns criydarHblX BenuunH X n 'Y, ecnu
06bembl BbIDOpoK Bonbwe 20. [ns manbix BbIBOPOK caenamTte npennonoxe-
HMWE O HOPMarbHOCTW.
6.2.1. Cucrtonnyeckoe gasneHune B aopte (X) n 6onbLIMx apTepusax Ko-
He4HocTen (Y), MM pT. CT. B3POCHbIX N0AeN CpeaHero Bo3pacTa:
X (o6bem BbIbopkM N=50)
120 122 115 118 125 110 120 124 113 120 108 123 132 115119 104 117 111
124 116 116 128 115 124 130 120 111 116 118 129 123 115121 131 117 110
125 119128 124 120 105 125109 112 114 126 130 115
Y (06bem BblbOpkM n=45)
106 114 103 109 115105 94 107 105 121 112 108 95 109 94 106 110 118
104 110 86 103 100 114 86 110 105 114 114 95 107 120 101 108 95 106
102 119 108 104 111 88 115110 124
6.2.2. [laHHble O KoNnuyecTBe BOAbI, KOTOPYHO BbIiNMMBAET YeroBeK B Teye-
HWe CyToK B rnokoe (X) v npu puamyeckon paboTte B YCNOBUSX XKapPKOro Knnma-
Ta (Y), n:



X (ob6bem
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BbI6OpKNM n=53)
1,5 1,2 19 15
16 18 11 14
1,8 20 16 2,1
0,8

_— )

o0 o~

- A A
OO

Y (o6bem
41 4.8
50 4,7
3,2 4,5
45 42 4,7 3,7
36 41 4,5

6.2.3. KoHueHTpaums remornobrHa B KpoBuM ManbymkoB 7 net (X), n B

KpoBu gesoyek 7 net (Y), /100 mn:

X (06bem BbIbOpKM N=55)
13,2 13,0 12,2 13,6 13,3 13,1
13,2 14,0 13,0 13,3 13,1 13,3
13,2 13,1 13,2 12,9 13,3 13,6
13,1 13,1 12,6 13,5 13,3 13,1

Y (06bem BbIbOpkM N=53)
12,8 13,0 13,3 13,2 13,3 13,1
13,7 13,1 13,0 12,7 13,2 13,8
13,5 13,6 13,1 13,4 13,0 13,0 13,6 13,1 13,5 13,3
12,9 13,3 13,2 12,9 13,4 13,2 13,4 12,9 13,1 12,5
6.2.4. KoHueHTpauusa remornobmHa B KpoBu mManbymkoB 14-16 net (X) n
B KpoBu aesoyek 14-16 net (Y), r/100 mn:

X (0o6bem BblboOpkM n=50)
15,1 14,9 14,8 15,2 14,8 14,9
14,9 14,7 15,0 14,8 14,9 14,7
14,9 15,0 14,6 15,1 14,8 14,7
15,0 14,8 15,3 14,7

Y (06bem BblbOpkM N=65)
14,6 14,4 15,0 14,2 14,1 13,5
14,4 14,5 14,5 14,9 14,2 14,0
14,4 14,3 14,7 14,4 14,2 13,9
13,6 14,4 141 14,6 14,0 14,6 14,4 14,2 14,7
14,3 14,3 14,8 14,8 14,5 14,0 14,7 14,7
6.2.5. KoHueHTpauusa remornobuHa B KpoBu ManbymnkoB 7 net (X) n 14-16
net (Y), r/100 mn:

BbI6OpKM
3,7 3,8
3,9 3,7
3,7 5,0

n=68)

3,6 3,2
45 43
3,1 45
3,5 41

3,0
3,9
4,2
3,8

5,4
3,6
4.1
4,9

4.4
3,7
4,0
4,0

3,5
4,0
3,9
3,8

13,1
12,9
13,2
13,7

13,3
13,4
13,0
13,4

12,7
12,9
13,5
13,9

13,1
13,5
12,8
13,3

13,2
12,9
12,8
13,8

13,2
13,2
13,2
13,1

12,9
13,4
13,4
13,4

13,4
13,8
13,0

13,6
12,6
13,2
13,0

13,1
13,1

13,1
13,4

13,1
13,2

12,9
13,2

13,5
13,0
13,1

13,3
13,3
13,5

13,0
12,8
13,4

14,9
14,9
14,9
15,2

14,0
14,7
14,3
15,7

14,8
14,2
15,4
14,9

14,7
14,8
14,8
14,7

15,1
15,5
15,1

15,0
14,3
14,5

14,6
14,8
14,9

15,0
14,7
15,0

14,3
14,2
14,5
14,3
14,5

14,6
14,6
14,3

14,4
13,7
14,0

13,9
14,2
13,8

14,3
14,7
14,4
14,4

14,1
14,5
14,6
14,2

14,5
14,3
14,5
14,1

14,4
14,7
14,3
14,1

X (06bbem BblbOpkM n=55)
13,1 13,3 12,7 13,1 13,2 13,0 12,2 13,6 13,3 13,1 13,2 13,2 12,9
13,4 129 13,4 129 13,5 13,2 14,0 13,0 13,3 13,1 13,3 12,9 13,2
13,4 13,8 13,2 13,0 13,5 12,8 13,2 13,1 13,2 12,9 13,3 13,6 12,8
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13,2 13,4 13,0 13,7 13,4 13,9 13,3 13,1 13,1 12,6 13,5 13,3 13,1
13,8 13,1 13,4
Y (06bem Bblbopkn n=50)

14,9 14,0 14,8 14,7 151 149 14,8 152 14,8 14,9 15,1 15,0 14,6
15,0 14,9 14,7 14,2 14,8 149 14,7 15,0 14,8 14,9 14,7 15,5 14,3
14,8 14,7 149 14,3 154 14,8 14,9 15,0 14,6 151 14,8 14,7 15,1
14,5 14,9 15,0 15,2 15,7 14,9 14,7 15,0 14,8 153 14,7

6.2.6. KoHueHTpauna remornobuHa B kpoBu gesodek 7 net (X) n 14-16
net (Y), r/100 mn:

X (0o6bem BblbOpkM Nn=53)
13,6 13,1 13,1 13,1 12,8 13,0 13,3 13,2 13,3 13,1 12,9 13,5 13,3
13,0 12,6 13,1 13,4 13,2 13,7 13,1 13,0 12,7 13,2 13,8 13,2 13,0
13,3 12,8 13,2 13,5 13,6 13,1 13,4 13,0 13,0 13,6 13,1 13,5 13,3
13,1 13,5 13,4 13,0 12,9 13,3 13,2 12,9 13,4 13,2 13,4 129 13,1 12,5
Y (06bem BblbOpkM N=65)
14,3 14,6 144 13,9 146 144 15,0 14,2 14,1 13,5 14,3 14,1 145 144
14,2 14,6 13,7 14,2 144 145 145 149 14,2 14,0 14,7 14,5 14,3 14,7
14,5 14,3 14,0 13,8 144 14,3 14,7 144 142 13,9 144 14,6 14,5 14,3
14,3 13,6 14,4 14,1 14,6 14,0 14,6 14,4 14,2 14,7 14,4 14,2 14,1 14,1
14,5 14,3 14,3 14,8 14,8 14,5 14,0 14,7 14,7

6.2.7. KoHUeHTpaums xonectepuHa B KpoBU Oenbix amepukaHues (X) u
npeacrasuTenen HekoTopbix nnemeH Hurepum (Y), mr/100 mn:

X (06bem BbIboOpkM n=50)
162 203 214 187 214 210 195 242 216 198 210 214 208 226 218
155 184 215 234 205 133 232 147 206 225 242 216 191 211 255
177 198 210 182 224 227 173 251 166 208 195 183 226 243 194
217 238 209 240 212

Y (06bem BblbOpkM N=65)
100 118 85 121 107 175 155 137 110 98 125 184 130 95 150
105 173 161132 119 152 111 172 112 158 167 180 122 87 118
135 102 88 171 155 135 124 110 121 134 126 160 125 165 138
118 169 123 120 140 115 142 131 141 138 184 130 144 131 145
116 140 107 142 122

6.2.8. KoappmumeHT oTpaxeHunsa Bosioc y esponenues-6noHanHoB (X) u
y eBponenuesB-6ptoHeToB (Y ) Npu AfiMHe CBETOBOM BOSHbI 650 MKM, %:

X (06bem BblbOpkM Nn=64)
25,1 23,7 25,7 24,1 28,0 24,5 25,3 25,8 24,6 25,4 24,6 27,0 26,4
26,8 24,7 25,3 251 26,4 25,5 25,0 23,5 26,1 25,6 26,0 24,9 25,5
24,8 27,0 25,6 25,3 24,8 25,0 25,1 25,6 27,5 24,9 25,1 24,9 25,5
25,9 26,0 24,5 26,5 25,2 25,3 24,8 27,4 26,8 24,9 23,6 26,8 24,6
25,7 25,1 26,2 24,5 25,7 25,3 24,5 24,0 24,9 26,1 23,0 23,5
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Y (06bem BbIGOpKM n=45):
6,0 5,2 6,4 59 6,2 6,6 6,1 4,7 6,5 5,7 42 6,7 7,5 5,8 6,3 6,6 5,8
6,3 7,8 54 58 43 56 7,0 5,6 4,8 6,0 5,0 6,2 54 7,3 6,7 59 4,5
7,2 6,1 6,0 55 7,6 6,4 6,1 6,7 6,3 6,8 6,4
6.2.9. KoahdpumumeHT oTpakeHust BONocC y esponenues-0noHaANHOB (X) u
y eBponenues-anbbmHocoB (Y) npu gnvHe ceetoBon BOSTHbl 650 MkM, %:

X (obbem BbIbOpKN N=64):
251 23,7 25,7 24,1 28,0 24,5 25,3 25,8 24,6 254 24,6 27,0 26,4
26,8 24,7 25,3 251 26,4 25,5 25,0 23,5 26,1 25,6 26,0 24,9 25,5
24,8 27,0 25,6 25,3 24,8 25,0 25,1 25,6 27,5 24,9 251 249 25,5
259 26,0 24,5 26,5 25,2 25,3 24,8 27,4 26,8 24,9 23,6 26,8 24,6
25,7 251 26,2 24,5 25,7 25,3 24,5 24,0 24,9 26,1 23,0 23,5

Y (06bem BbibOpkM n=50):
54,0 54,9 54,8 55,0 53,8 57,0 55,2 54,6 55,0 54,1 52,8 53,5 54,6
56,0 55,5 54,4 57,4 54,4 54,9 53,9 56,8 54,7 53,8 54,7 56,9 54,2
54,3 55,1 54,8 54,0 52,5 57,6 56,0 54,0 55,0 55,6 54,4 55,1 53,5
55,0 55,9 55,2 53,5 54,4 55,2 54,4 54,0 56,8 55,9 55,0

6.2.10. KoadpdumumeHT oTpaxxeHus Bosioc y eBponenues-6noHamMHoB (X) u

y acppmkaHckmx Herpos (Y) npu AniMHe cBeToBOM BOSHbI 650 MKM , %:

X (06bem BblbOpkM Nn=64)
25,1 23,7 25,7 24,1 28,0 24,5 25,3 25,8 24,6 25,4 24,6 27,0 26,4
26,8 24,7 25,3 251 26,4 25,5 25,0 23,5 26,1 25,6 26,0 24,9 25,5
24,8 27,0 25,6 25,3 24,8 25,0 25,1 25,6 27,5 24,9 25,1 24,9 25,5
25,9 26,0 24,5 26,5 25,2 25,3 24,8 27,4 26,8 24,9 23,6 26,8 24,6
25,7 25,1 26,2 24,5 25,7 25,3 24,5 24,0 24,9 26,1 23,0 23,5

Y (06bem BblbOpkM n=55)
1,8 3,2 2,7 2,9 3,0 4,0 3,3 2,6 3,4 3,1 2,5 3,6 3,0 2,8 3,2 24 3,7
44 3,2 3,8 2,7 19 3,3 29 3,7 23 3,6 2,5 3,1 42 34 25 3,8 3,5
24 41 3,526 39 3228 4,222 2046 29 2,1 35 2,0 3,6 4,0
3,2 3,3 5,0 3,4

6.2.11. KoahdpmumeHT oTpaxeHus: Bonoc y eBponenueB-6proHeToB (X) u

y eBponenues-anbbmHocos (Y) npu AnvHe cBeTOBOW BOMHbLI 650 MKM, %:

X (06bem BblbOpkM n=45)
6,0 5,2 6,4 59 6,2 6,6 6,1 4,7 6,5 5,7 42 6,7 7,5 5,8 6,3 6,6 5,8
6,3 7,8 54 58 43 56 7,0 5,6 4,8 6,0 5,0 6,2 54 7,3 6,7 59 4,5
7,2 6,1 6,0 55 7,6 6,4 6,1 6,7 6,3 6,8 6,4

Y (06bem Bblbopkn n=50)
54,0 54,9 54,8 55,0 53,8 57,0 55,2 54,6 55,0 54,1 52,8 53,5 54,6
56,0 55,5 54,4 57,4 54,4 54,9 53,9 56,8 54,7 53,8 54,7 56,9 54,2
54,3 55,1 54,8 54,0 52,5 57,6 56,0 54,0 55,0 55,6 54,4 55,1 53,5
55,0 55,9 55,2 53,5 54,4 55,2 54,4 54,0 56,8 55,9 55,0
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6.2.12. KoahdpurumeHT oTpaxeHnsa BOrocC y esponenues-opoHeToB (X) u
y acppmkaHckmx Herpos (Y) npu aniMHe cBeToBOM BOSHbI 650 MKM, %:

X (06bem BbIbOpkM N=45)
6,0 52 64 59 6,2 66 6,147 6,557 426,775 58 6,3 66 58
6,3 78 54 58 43 56 7,0 56 48 6,0 50 6,2 54 7,3 6,7 59 4,5
7,2 6,160 5576 646,167 63 68 64

Y (06bem BbIbOpkM Nn=55)
1,8 3,2 2,7 29 3,0 40 3,3 26 34 3,1 25 3,6 3,0 28 3,2 24 3,7
44 3,2 38 2,719 3,3 29 3,7 23 3,6 25 3,1 42 3,4 25 3,8 3,5
24 41 3,526 39 322842222046 29 21 3,520 3,6 40
3,2 3,3 50 34

6.2.13. KoadhdpuumeHT oTpaxeHnsa Boroc y eBponenuyes-ansobnHocos (X)

Ny agopmkaHckmnx Herpos (Y) npu gnnHe cBeToBOW BOSMHbI 650 MKM , %:

X (0o6bem BblbopkM n=50)
54,0 54,9 54,8 55,0 53,8 57,0 55,2 54,6 55,0 54,1 52,8 53,5 54,6
56,0 55,5 54,4 57,4 54,4 54,9 53,9 56,8 54,7 53,8 54,7 56,9 54,2
54,3 55,1 54,8 54,0 52,5 57,6 56,0 54,0 55,0 55,6 54,4 55,1 53,5
55,0 55,9 55,2 53,5 54,4 55,2 54,4 54,0 56,8 55,9 55,0

Y (06bem BblbOpkM n=55)
1,8 3,2 2,7 29 3,0 40 3,3 26 3,4 3,1 25 3,6 3,0 2,8 3,2 24 3,7
44 3,2 38 2,719 33 29 3,7 23 36 25 31423425 38 35
24 41 35 26 39 322842222046 29 21 3,5 2,0 3,6 40
3,2 3,3 50 3,4

6.3. CPABHEHUE NAPAMETPOB [BYX 3ABUCUMbIX
PACMNPEOENEHUNA

CdopmynumpyiiTe 1 NpoBepbTe COOTBETCTBYIOLLYIO CTATUCTUYECKYIO MUMO-
Te3y ANS yKka3aHHbIX He3aBUCUMbIX nepemeHHbIXx X n Y. O6ocHyiiTe BbIOGOP

KpUTEpus npoBepPKM U YPOBHSA 3Ha4YMMocTu o. lNpegsaputenibHO nposeauTe
NPOBEPKY HOPManbHOCTU pacnpegesieHns criydarHblX BenuumnH X n 'Y, ecnu
0b6bembl BbIDOpOK Bonbwe 20. [ns manbix BbIBOPOK caenamTe npennonoxe-
HWE O HOPMarbHOCTW.

6.3.1. CkopocCTb KpOBOTOKA, M1/c, y CNOPTCMEHOB-JTbKHUKOB A0 (X) 1 no-
cne (Y) 6era Ha 15 km:
X 86 74 836,255 5157 82 87 9,7 7,0 6,5
Y 58 5266 48 44 41 57 7376 7,3 4,7 7,4

6.3.2. [lpn npoyTeHnn 3anKaroLLMMNCA OQHOIO N TOrO e TeKCTa HECKONb-
KO pa3 noapsg YMCrio 3avkaHU yMeHbLlaeTCAa. DNeKTPOoLOoK Kak meTo 6opb-
Obl C 3anKaHNAMM NpeTeHAyeT Ha YCKOPEHWe 3Toro rnpouecca (akkomogauuio).
Llenb onncaHHOro aKkcnepmMeHTa — OTBETUTb Ha BOMPOC: TakK nn 3T0? Bocem-
HaguaTb 3auKaloLMXCA CTYOEHTOB YnTanu BCyX NocrnenoBaTenbHO 40 NATU
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pa3 B ABYX pasnunyHbIX CUTyauusix ABa pasnuyHbix pparmeHTa Tekcta. OgHa
cuTyauma Obina KOHTPOSbHOM U HUKAKMX AEUCTBUIN He npegycmaTtpuBana (X).
B opyron cuTyaumm OHM UCMbITbIBaNM LENCTBUE IMEKTPOLLOKA B MOMEHT 3au-
kaHms (Y). B pesynbTaTe 9SKCNepMMeHTa no cneuuanbHOW MeToauke mMo-
nyyeHbl cneayoLlne oueHKn akkomogaumm (B 6annax, BelCokmMn 6ann oteseva-
eT Nnyylen akkomogaumm):
X 57 59 41 51 43 49 48 56 44 50 44 50 70 42 68 54 38 48
Y 51 56 44 44 50 54 50 40 50 50 56 46 74 57 74 48 48 44
3ameyaHue. Ha YkpanHe 9neKTpOLIOK C neyebHON Lenbio He UCMOofb-
3yeTcs.
6.3.3. CoagepxaHne ocTaTo4HOro asoTa B KpoBu BOMbHbIX, Mr/% [0 (X) u
nocne (Y) onepaunu:
X 38 42 40 38 38 38 40 42 38 40 36 34 38 40 40 42 40 40 42 40
Y 36 40 40 36 40 38 40 36 40 36 44 30 40 42 40 36 34 38 36 38

6.3.4. CopepxaHue agpeHanuHa, mMr/n y oHkonorndecknx 6onbHbIx 40 (X)
n nocne (Y) npuema npenapaTta, KOTOpbIA CTUMYNUPYET cumMmnaToagpeHaro-
BYIO CUCTEMY:
X 0504091108050910 0,6 0,7
Y 06 0,2050,206 0,704 0,3 0,6 0,3

6.3.5. KonmyectBo MeTUNHMKOTMHaAMMAA, MI BbIBEAEHHOINO U3 opraHM3ma
BonbHbIX Ha NPOTsHXXeHun nepsoro (X) n BToporo (Y) gHS nocne onepauuu:
X 19 3,12 530 44,80 1,55 5,06 11,72 10,20
Y 4,20 22,13 26,50 25,50 56,40 79,12 12,13 123,20

6.3.6. Cuctonuyeckoe gaeneHne, MM pPT. CT. Y naumeHToB o (X) n nocne
(Y) npnema kantonpuna:
X 210169 187 160 167 176 185 206 173 146 174 201 198 148 154
Y 201 165 166 157 147 145 168 180 147 136 151 168 179 129 131

6.3.7. [lnacTtonnyeckoe gasneHve, MM pT. CT. y naumeHToB Ao (X) v no-
cne (Y) npyema kantonpuna:
X 130122 124 104 112101 121 124 115 102 98 119 106 107 100
Y 125121121106 101 85 98 105103 98 90 98 110103 82

6.3.8. Npu nsyyeHnun perynaumm ToHyca KPOBEHOCHbLIX COCYA0B NOLOMbIT-
HOe >XMBOTHOE (KOLLKY) MOAKIoYann K CUCTEME MCKYCCTBEHHOro KpoBoobpa-
LLIEHNSA 1 N3MePANU apTepuanbHoe gaBneHue (X), MM pT. CT. 3aTeM npepbiBa-
NN N CHOBa BO30BHOBMANN KPOBOTOK, MOBTOPHO U3MEPSISt KPOBSIHOE JaBrneHmne
(Y):
X 80 90 90 90 90 100 70 70 70 90 90 90 80 80 90 90 90 90
Y 85 77 95 70 80 85 75 70 70 85 85 88 70 65 90 92 110 110
6.3.9. lNpu n3y4yeHUn BINAHUA OBYX paLMOHOB NUTaHUA Ha NpuUBEC CBU-
Hen noabupanucb Napbl XXMBOTHLIX C OAVMHAKOBbIM BECOM, AS11 KOTOPbIX Bbl-
bop paumoHa ocyuiectBnanca Hayrag. [NMonyyeHsl cnegyloume gaHHble 0 Npu-
Bece oT nepsoro (X) n BToporo (Y) paumoHoB, pyHTbl (1 dyHT~0,4536 Kr):
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X 17 22 22 15 24 22 21 21 17 21
Y 20 21 21 24 24 22 23 22 22 23
6.3.10. MNpun n3y4yeHun BnuaHuUA BuTammnHa B,, Ha cTumynunposaHue ob-

MeHa BeLLeCTB Yy CBUHEN noabupanucb napbl XXMBOTHbLIX U3 OLHOro nomeTa.
[Mony4yeHbl criegytowmne npuBechbl A CBUHEW, He nosyyaswux (X) v nony-
Yyaswux (Y) gobasky B,, kK kopmy, QYyHT/CyTKM (1 PYHT ~0,4536 Kr):

X 1,56 1,52 1,52 1,49 1,59 1,60 1,56
Y 1,60 1,68 1,75 1,64 1,75 1,79 1,77

6.3.11. [JaHHble 0 JONONHUTESNBbHBIX Yacax CHa, NoJlydeHHble B pesynbTa-
Te NPUMEHEHUS OBYX CHOTBOPHBLIX npenapatoB (X v Y) Ans ogHUX U Tex Xe
nauMeHToB:

X +0,7 -16 -02 -12 -01 +34 +3,7 +08 0,0 +20
Y +1,9 +08 +11 +01 -0,1 +44 +55 +16 +46 +34

6.3.12. [pun nccnegoBaHuu BAMAHUA rMnogusa Ha YyBCTBUTESBHOCTb Op-
raAHOB NAryWKN K aueTUnxosivHy ucnbliTbiBanucb 20 OAWMHAKOBLIX MO BeECy U
nony nap. lNocne yganeHna rmnogusa y O4HOU U3 KaXX4oW napbl Nidrywek no-
ny4ynnu cnegywowme 3HavyeHUss YyBCTBUTESTbHOCTU AN1S XXMBOTHbBIX C rmnodou-
30M (X) n 6e3 Hero (Y), e. KOHLUEHTpaunn BellecTsa:

X 47 32 40 27 38 20 43 28 43 39 43 28 35 33 43
32 36 21 38 26

Y 28 20 45 35 36 22 34 32 36 37 34 29 35 26 33
24 37 34 28 26

6.3.13. JaHHble 0 BpeMeHu peakumn, mc nesbiM (X) v npasbiM (Y) 3pu-
TenbHLIMWU MONAMMU UCMBITYEMbIX Ha Yucna, nokasbiBaemble B CllydanHOM Mo-
psake:

X 564 521 495 564 560 781 545 478 580 484 539 467
Y 557 505 465 562 544 448 531 458 560 485 520 445

6.4. KOPPENALUNOHHbIA AHANTU3 3ABUCUMbIX PACNPEQENEHUN

[na ykasaHHbIX nepemMeHHbIX X U Y NocTponTe anarpammy paccesHus u
OLleHUTe CBA3b Mexay HUMW. BbINONHUTE TOYEYHOE U NHTepBasibHOE OLEHU-
BaHWe KoahduumneHTa Koppenaumn.

6.4.1. X —4uncrno aputpoumnToBs, Y — KOHUEHTpaumsa remornobuHa (tabn.6.1).
6.4.2. X - ynucno aputpounToB, Y — oceflaHne kposu (Tabsn. 6.1).
6.4.3. X — KOHLUeHTpaums remornobuHa, Y — ocegaHue kposu (Tabn. 6.1).

Tabnuua 6.1

1 2 3 1 2 3 1 2 3 1 2 3

0,80 | 22 8 |330| 82 | 30 {433 82 | 34 436 | 94 | 44
0,71 45 | 18 | 4,10 | 81 32 380 79 | 35 (1,30 | 27 | 12
2,63 | 61 24 1329| 82 | 32 |382] 87 | 36 [250| 50 | 20
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[MpoooskeHne Tabn 6.1

1 2 3 1 2 3 1 2 3 1 2 3

319 | 66 | 26 (346 | 77 | 32 | 3,81 | 8 | 37 |280| 63 | 26
280 | 72 | 28 |3,32| 80 | 33 |4,20| 87 | 37 [3,10| 71 28
314 | 83 | 29 (3,11| 82 | 33 [4,47| 90 | 38 (2,87 | 70 | 29
321 73 | 30 (3,28 79 | 34 |3,71| 97 | 40 3,68 | 72 | 30
328 | 82 | 30 |[366| 84 | 34 [422| 96 | 40 3,99 | 76 | 30
363 78 | 30 [390| 75 | 34 [390| 92 | 40 1340 71 30

lMpumeyaHue: 1 — 4MCNO SPUTPOLMUTOB, MSIH.; 2 — KOHLEHTPaUUA remo-
rnobuHa,%; 3 — ocegaHune KpoBu 3a 24 yaca, MM.

6.4.4. X — Bo3pacT, Y — CMCTONMYeCcKoe faBneHune y XeHuwmH (tabn. 6.2).

6.4.5. X — Bo3pacT, Y — guacrtonunyeckoe gaBneHune y XeHwmH (tabn. 6.2).

Tabnuuya 6.2

KpoBsiHOe faBreHue
Bospact, | cuctonudeckoe | guacTtonuyec-

roabl Koe
1 95 65

2 92 60

3 100 64

5 92 62
10 103 70
12 106 72
15 112 76
20-24 116 72
25-29 117 74
30-34 120 75
35-39 124 78
40-44 127 80
45-49 131 82
50-54 137 84
55-59 139 84
60-64 150 85
65-69 154 85
70-74 159 85
75-79 158 84
80-84 157 83
85-89 154 82
90-94 150 79

6.4.6. [lJaHHble 0 pocTe X, CM K Macce Y, KI B3POCIIbIX MY>KYUH:
X 165 176 175 168 167 172 175 180 179 173 166 178 169 169 170
176 180 169 177 176
Y 56 75 70 61 61 63 72 80 76 68 58 76 60 64 63
71 78 63 75 71
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6.4.7. JaHHble o coctaBe OHK (X) n PHK (Y) pasnu4yHbix 6aktepui, Bbl-
paXXeHHble COOTBETCTBEHHO KaK oTHoweHwue {+L}{A+T} n {+L}/{A+Y}:

Bua 6akTepum X Y
Clostridium perfringens 0,45 1,06
Staphyloccocus pyogenes 0,53 1,05
Pasteurella tularensis 0,53 1,03
Proteus vulgaris 0,68 1,22
Escherichia coli 1,09 1,21
Proteus morganii 1,13 1,21
Shigella dysenteria 1,15 1,21
Salmonella typhosa 1,14 1,21
Salmonella typhimurius 1,18 1,21
Erninia carotorova 1,17 1,14
Corgnebacterium diphtheria 1,20 1,24
Azotobacter agile 1,21 1,33
Azotobacter vinelandii 1,28 1,27
Azotobacter chroococcum 1,34 1,23
Aerobacter aerogenes 1,31 1,19
Micobacterium vadosum 1,37 1,23
Brucella abortus 1,37 1,23
Alcaligenes faecalis 2,00 1,22
Psendomonas aeruginosa 2,03 1,24
Micobacter tuberculosis BBG 2,08 1,45
Sarcina luteu 2,57 1,32
Actynomyces globisporus streptomycini 2,73 1,29

6.4.8. CTpykTypHbIMM 3nemMeHTamn 6enkoB cnyxat 20 KaHOHMYEeCKUX
aMWHOKMNCIOT, BaXHbIMU XapaKTepUCTUKaMM KOTOPbIX ABMAKTCA MOSIAPHOCTb
(X) v rmgpodobHocTs (Y):

AMUHOKUCIOTa X Y AMUHOKUCIIOTa X Y
AnaHuH 0,00 | 0,87 |JlenumH 0,13 | 2,17
ApPrnHuH 52,00 | 0,85 |JlnawmH 49,50 | 1,64
AcnaparuvH 3,38 | 0,09 |MeTuoHUH 1,43 | 1,67
AcnaparuHoBas kucrnota (49,70 | 0,66 |lNponuH 1,88 | 2,77
BanwvH 0,13 | 1,87 |CepwuH 1,67 | 0,07
TMeTnaunH 51,60 | 0,87 | TnposwnH 1,61 | 2,67
[ MyyH 0,00 | 0,10 |TpeoHWH 1,66 | 0,07
[nyTamuH 3,53 | 0,00 |TpuntodaH 2,10 | 3,77
[myTamunHoBas kucnota 49,90 | 0,67 |deHunanaHuH 0,35 | 2,82
N3onenunH 0,13 | 3,15 |UwncreunH 1,48 | 1,52

6.4.9. [laHHble O BeNnuUUMHe nageHusa noteHumarna ronoBHoro mosra (X),
mv 1 KONMYecTBe BbILENAEMOro XenyaovHoro coka, (Y), mn cobaku (n=10
OMNbITOB):
X 40 52 57 42 39 51 56 37 43 63
Y 3 4 5 3 4 5 3 1 4 6
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6.4.10. [JaHHble 06 ypoBHe copepXxaHusa xnopugos (X) u kanua (Y) B
nnasme 60nbHbIX yponutrnasom, mr/%
X 460 440 520 510 480 470 500 490 460 510 500 439
Y 158 150 170 170 158 166 160 162 160 156 170

6.4.11. X - poCcT ManbyuKkoB, Y - BEC Manb4umkoB (Tabn. 6.3).

6.4.12. X - poCT OeBoOYeK; Y - BeC AeBoYek (Tabn. 6.3).

Tabnuua 6.3
Bospact Manb4ynku [leBo4kn
PocTt, cm Bec, kr PocTt, cm Bec, kr
npu poxgeHun |  49,0- 52,5 2,80- 3,90 47,0- 52,0 2,70- 3,96
1 mecsay, 52,5- 56,8 3,57- 4,58 51,4- 55,5 3,44- 442
3 59,0- 63,2 5,40- 6,66 58,0- 61,6 4,89- 6,23
6 65,1- 71,3 7,00- 8,77 64,0- 69,3 6,53- 8,27
9 71,0- 75,0 8,30-10,36 68,6- 73,5 7,62- 9,71
12 73,4- 79,0 9,17-11,13 72,0-77,0 8,40-11,05
18 79,9- 86,0 | 10,36-12,91 78,5- 85,0 10,15-12,42
2roga 81,7- 92,3 9,7 -15,1 81,4-91,6 10,1 -13,7
3 91,0-101,6 11,9-17,3 89,6-100,8 11,7 -16,9
4 97,9-109,1 14,0 -19,4 96,5-108,1 13,3 -19,3
5 104,2-116,2 16,1- 21,7 103,5-114,9 15,2-21,4
6 110,2-122,8 18,0 -24,0 109,4-122,4 16,8 -24 4
7 115,8-129,0 19,8 -26,6 115,3-129,5 18,4 -28,6
8 121,3-134,7 20,8 -29,8 121,7-134,7 20,7 -32,7
9 126,7-139,9 21,7 -33,3 126,5-139,9 22,6 -35,0
10 131,2-145,4 23,5-37,5 130,2-144,8 24,8 -38,2
11 134,9-150,5 27,1-42,9 133,4-150,2 26,5 -43,2
12 138,2-155,8 30,6 -48,4 138,7-158,3 29,4 -48,6
13 143,3-163,5 34,2 -54,0 144,8-163,4 33,6 -55,0
14 150,2-171,0 38,3 -58,9 150,8-165,6 39,4 -60,8
15 157,1-176,5 42,5 -63,7 153,8-168,4 44,3 -62,1
16 163,3-180,1 74,4 -68,0 155,3-170,5 46,4 -63,8
17 166,7-181,9 52,1-69,5 155,8-171,8 47,7 -65,3

6.4.13. CKopoCTb KpOBOTOKa, Mi/4ac onpegenany OByMA MeToLaMu:
0ObIYHbIM (X), N NyTEM HENOCPeACTBEHHOIO n3MepeHusi, 1 HoBbIM (Y), Tex-
Hu4eckn 6onee NPOCTbIM:

X 1190 1455 1550 1730 1745 1770 1900 1920 1960 2295 2335
2490 2720 2710 2530 2900 2760 3010

Y 1115 1425 1515 1795 1715 1710 1830 1920 1970 2300 2280
2520 2630 2740 2390 2800 2630 2970
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6.5. PEFTPECCUOHHbIA AHANU3 3ABUCUMbIX PACNPEOENEHUN

[ns ykasaHHbIX NepeMeHHbIX X 1 Y NOCTPonTe AnarpaMmmy paccesiHus U
NpoBepbTE MMNOTE3Y O NIMHENHOWN CBA3W MeXy NepemMeHHbIMU.

6.5.1. Npun kannbposke npmnbopa AN N3MEPEHUS KOHLEHTpaLMM MOSoY-
HOW KMUCINOTbl B KPOBU UCCegoBaTernb NCNonb3yeT obpasubl C M3BECTHOM KOH-
ueHTpaumen (X), MM, a NOTOM pacyuTbiBaeT KoHUeHTpaumo (Y), MM, kanub-
pyemMbimM npubopom (06bem BbIGOpkM n=20):
X 1 1 1 1 3 3 3 3 3 3)

5 5 10 10 10 10 15 15 15 15
Y 1107 18 04 30 14 49 44 45 73

8,2 6,2 12,0 13,1 12,6 13,2 18,7 19,7 17,7 171

6.5.2. CKOpOCTb KpOBOTOKa, Mn/4ac., onpegenany OByMA MeToLaMu:
0ObIYHbIM (X), T.e. NyTEM HenocpeacTBEHHOro n3MepeHust, N HoBbIM (Y), Tex-
HU4ecKn bonee NPOCTLIM:
X 1190 1455 1550 1730 1745 1770 1900 1920 1960

2295 2335 2490 2720 2710 2530 2900 2760 3010
Y 1115 1425 1515 1795 1715 1710 1830 1920 1970

2300 2280 2520 2630 2740 2390 2800 2630 2970

6.5.3. X —B03pacT, Y — OCHOBHOI 0BMEH Yy My>UuH, Kkan/m?/r (Tabn. 6.4).
6.5.4. X —B03pacT, Y — OCHOBHOMN OBMEH Y eHLLWH, kkan/m?>/r (tabn. 6.4).

Tabnuua 6.4
BospacrT, roabl OCHOBHOI 06MeH, Kkan/m? /r
My>XYnHBbI YKeHLWuHbI

1 53 53

2 52.4 52,4

5 49,3 48,4

8 46,3 43,8

10 440 425

12 425 41,3

15 41,8 37,9

20 38,6 35,3

25 37,5 35,2

30 36,8 35,1

40 36,2 34,9

50 35,8 33,9

60 34,9 32,7

70 33,8 31,7

75 33,2 31,3
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6.5.5. X — BospacTt, Y — cyToyHass noTpebHOCTb 4YeroBeka BO CHe
(Tabn. 6.5):

Tabnuua 6.5

Bospact CyTo4Has noTpebHOCTb BO CHE, Yachbl
1-15 nHen 16
3-5 mecsues 14
2—- 3 roaga 13
5- 9 net 11
10-14 net 9
19-30 net 8
33-45 net 7
50-70 net 6

6.5.6. [laHHble 0 noTpebneHunn kncnopoga nusskamu (Y), r/kr/yac, B 3a-
BMCMMOCTY OT TemnepaTypbl (X), °C:
X 55 56 62 84 9,0 10,5 16,1 16,6 17,1 18,8 19,8 20,0
20,7 26,5
Y 16,1 149 18,8 32,5 32,1 37,1 88,5 91,0 94,0 122,0 162,0 167,0
187,0 436,0

6.5.7. X — BO3pacT, Y — pocT manbyukos (Tabn. 6.3).

6.5.8. X — Bo3pacT, Y — BeCc MmanbyumkoB (Tabn. 6.3).

6.5.9. X — Bo3pacT, Y — pocT geBoyek (Tabn. 6.3).

6.5.10. X — Bo3pacT, Y — Bec geBouyek (Tabn. 6.3).

6.5.11. lNpun akcnpecc-aHanu3e KoOHUeHTpauun kodenHa (X), mr/100mn,
oTBeYvaeT onTuyeckas nroTHOCTb (Y):
X 0,257 0,498 0,506 0,514 0,747 0,760 0,770 0,996 1,013 1,027

1,246 1,266 1,284 1,494 1,519 1,541 1,798 2,054 2,311 2,568
Y 0,131 0,262 0,265 0,263 0,384 0,393 0,396 0,512 0,518 0,523

0,633 0,643 0,650 0,760 0,768 0,775 0,903 1,040 1,160 1,290

6.5.12. X — Bo3pacT, Y — norne 3peHnsa Myx4uH (tabsn. 6.6).

6.5.13. X — Bo3pacT, Y — none 3peHnd xeHwmH (Tabn. 6.6).

Tabnuua 6.6
Bospacrt, rogbl [Mone 3peHus, rpag
My>XKYMHBI YKeHUWNHbI

16-19 174,5 176,4
20-29 174,8 176,2
30-39 173,8 175,3
40-49 171,7 172,7
50-59 1671 170,1
60-69 160,1 162,3
70-79 151,2 155,5

80— 139,8 138,5
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7. CTIPABO4YHbIE CBEOAEHUA
7.1. HOPMAJIbHOE PACIMNPEOENEHUE N(u,c)

HenpepbiBHas criyyanHas BenvuMHa Y =Y pacnpegeneHa no HopmMarib-
HOMY 3aKOHY C ABYMS NapameTpamu p (MaTteMaTU4eckum oxungaHmem M[y]) u

c (cpegHekBagpaTUYeCKMM OTKNOHEHMEM, o =./D[Y]), ecnu ee ¢byHKuus
naomHocmu NUMeeT BUA;:

L(y=p)?
£ = lzne s , (7.1)

-0 <y <+, -0 <pu<+owo, c>0.

[py N3MeHeHun 3HaYeHna MaTemaTUYecKoro oxmaaHua p kpusas f(y), He
N3MeHas cBoen opMbl, cMeLLaeTca BAob ocu abecumcce (puc. 7.1).

fly) |wn=-2,0=1 n=0,0=1 n=+2,0=1
T

\ /
AR AR
T RVAVAYR!
L AN N

-6 -4 2 0 2 4 'y 6

Puc.7.1. BnuaHue napameTpa p Ha rpaduk gyHKumm f(y)

N3meHeHne 3HauYeHust cpedHeKBaapaTUYeCKOro OTKIMOHEHUSI ¢ pPaBHO-
CUIMbHO M3MeHeHMo Maclutaba kpuBon no obeum ocsm. Hanpumep, npu
yOBOEHWUM 3Ha4YeHnst ¢ maclTab no ocu abcumce yBenmumTcs, a No ocu opau-
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HaT — yMeHbLUUTCS B AiBa pas3a (puc.7.2). Kpneas nnoTHOCTM Npy 3TOM CTaHo-
BUTCSA Bonee Nrockow, pacTsarmBasicb BAOMb ocu abecumnce. Mpu ymeHbLUeHUM
3Ha4YeHUs1 ¢ — BbITArMBaeTCA BBEPX, OOAHOBPEMEHHO CXumasicb ¢ 6okoB. B

obounx cny4vasXx Kpunsasd f(Y) orpaHun4mMBaEeT Hag OCbiO Y EANHUYHYIO Miowaib

+00 +o0 2
| I({y-—
I f(y)dy = I exp ——(u) dy =1. (7.2)
< J o2 2\ ©
0,9
fi
(Y) n=0,c6=0,5
0,6
n=0,oc=
0,3
p=0,o0=2
0,0
-6 -4 -2 0 2 4 y 6

Puc.7.2. BnuaHue napameTpa o Ha rpadumk pyHKumm fy)

Mo onpepeneHnto yHKUMM NNOTHOCTU f(y) BEPOSTHOCTb MPUHSTUS HOP-

ManbHO pacnpenesieHHON CriydyanHOW BENMMYUHON § 3HAYeHUn B NPOMEXYTKe
(¥y,y,) paBHa

Y2 1 Y2 1 _ 2
P({y <7 <va})= [ fx)dy - —= jexp{—g(%) }dy. (7.3)
Y1 Y1

Mpounssens B uHterpane (7.3) 3ameHy nepemeHHon z=(y—u)/c (“cTaHpap-

TI/I3aLI,I/IFI” CJ'IY‘-IGI?IHOI?I BEJTUHYNHbDI y) n N3IMEHNB rnpeanersibl MHTErpupoBaHn4,
MOXXHO NOJTY4YUTb



59

Y27H
1 o B ) N
P({y1 <y <y2})=E je 22 dz = jf(z)dz= P({z1 <7Z <zz}),
yi-K 21 (7.4)
Zl:}’l;u’ 2223’2;“’

roe Z =7 — HopMarbHO pacnpeferieHHas crnyyanHasa BenudmHa ¢ napamert-
pamn =0, o=1, umetroas PyHKLMIO NIIOTHOCTU

f(z)=—e 7). (7.5)

2T

[ns BenuuuH y U Z NCnonb3yoTca crnefyowme cokpalleHHble 0003Ha4YeHNns:
2
¥~N(u, o), Z~N(0, 1). HeonpegeneHHbIn nHTErpan J.e‘z /2 dz B (7.4) He BbI-

paXkaeTcs 4Yepes anemeHTapHble pyHKummM ("He BepeTca"), HO ero MOXHO Bbl-
pasuTb Yepes cneunanbHyo QYHKLMIO

D(z) = 22 4z, (7.6)

Z
1
— e
N2T
0
HasblBaeMylo ¢pyHKkyueu Jlannaca (MnNn MHTErpanomMm BEPOATHOCTEN), rpadomk

KOTOpPOW nokasaH Ha puc.7.3. C nomoLwbio 3TOM (PYHKUUM MCKOMas BEPOAT-
HOCTb BblpaXaeTcs NpOoCTon POPMYIOoMu:

P(ly, <5 <y,})= cb(y2 _“j —CD(Yl _“j — D (z,)-D(z,). (7.7)

(&) (&)

®yHkuma JNlannaca obrnagaeTt cnegyrowmMMn CBOUCTBaMM:

1) ®(0)=0;

2) O(-z)= — O(z), To ecTb d(z) — HeveTHas PYHKLUMS;

3) ®(+0)=0,5, oTkyga no ceonctey 2 d(-w)= - 0,5.

Hanbonee npocTo BblpaxaeTcs yepes (pyHKUMo Jlannaca BepoOATHOCTb
TOro, YTO HOpMaribHO pacnpegeneHHasa cnydanHasa senvyuHa y~N(u, o) npu-

HAMaeT 3Ha4YeHUA N3 NPpoMexyTKa AnvHon 2h, CAMMETPUHHOIO OTHOCUTEITBbHO
MaTeMaTU4eCKoro OXXKnogaHua .
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R R R

U, NPUHMMas BO BHMMaHME CBOMCTBO 2 (oyHKUMM Jlannaca:

P({\?—pkh}):z@(kj. (7.9)

(o)

1,00
é_ F(z)

0,75

0,50
/<‘(D(Z)

0,25

\

0,00

-0,25

-0,50 /
4 -3 2 -

Puc. 7.3. 'padoukun dpyHkumm Jlannaca d(z) n doyHKUMM pacnpenerneHus F(z)

Yepes pyHKkuumio Jlannaca BeipaxaeTcsa U gpyHKyusi pacrnpedeneHust F(y)
Crny4yanHon BenuyuHbl ¥~N(W,c), €CNnu NPUHATb, YTO y; — —x©, Y, =Y, U Y4ECTb
ceBoncTBo 3 pyHKumM Jlannaca:

l+CI)(y_“j=l+CI)(z), y2u(z20),
F(y) =1 ° 17 1 (7.10)
—+®(y_uj:——®(—uj:——CD(—Z), y<u (z<0).
c 2 c 2
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['padouk pyHKUMM pacnpesenenuns F(z) nokasaH Ha puc. 7.3.

Ana npomexytkoB ptilc, ut2c, ut3c BEPOATHOCTU, BblYUCHAEMbIE MO
(7.7), paBHbl cooTBeTcTBeHHO 0,6827, 0,9545, 0,9973, 4TO cocTaBnseT co-
AepxaHve npasuna 3o (puc.7.4):

P({p-lo < < pt+lo}) =P({-1 < Z <+1}) = O(+1) — O(-1)=2 O(1) ~ 0,6827,
P({u-20 < < put20}) =P({-2 < Z <+2}) = O(+2) — D(-2)=2 O(2) ~ 0,9545;
P({u-30 < < pt+3c}) =P({-3 < Z <+3}) = O(+3) — D(-3)=2 O(3) ~ 0,9973.

0,45
f(z)
0,30 -
0,3413 |0,3413

0,15

0,00135 0,1359 0,1359 0,00135

\ 0,02145‘ 0,02145
0,00 f 1 T 1 \\\

-4 -3 -2 -1 0 | 2 3 2 4

Puc. 7.4. 'padmnyeckas nnnioctpayusa npasuna 3c

3Ha4veHnsa pyHKumm Jlannaca ®(z) ona NONOXUTENbHbIX 3HAYEeHU apry-
MeHTa z npuBegeHbl B Tabn. 7.1. [Ans oTpuuaTenbHbiX 3Ha4YeHUn z cnegyet
BOCMOJS1b30BaTLCH CBOMCTBOM 2.

7.2. PACMNPEOENEHUE MUPCOHA x2
Mycte Z,,Z,,...,Z, — NONAPHO He3aBMCUMbIE Clly4aiHble BENNYMHbI, pac-

npeaeneHHble no 3akoHy N(O, 1) (cm. 7.1), Torga no onpeaenexHuto cryyaiiHas
BENUYMHa



Xy =7 (7.11)

i=1

nmeeT pacnpegernerHue NupcoHa Z% c napameTpoMm v (“xu”-kBagpaTt ¢ YNCHIOM
cteneHen ceobonbl “HKO”), NIIOTHOCTb pacnpeneneHnst KOToPoro

(Xi)v/z-le—x%/z

f(x3) = (7.12)

2V2 T(v/2)

Yucnosble XapaKTepuUCTUKN pacripegeneHnsd %% MateMaTndeckoe OXu-

haHune M[%%]z vV U gucnepcus D[%%]z 2v. lNpn mManbix 3Ha4YeHUsxX napameT-

pa v PYyHKUMS NAOTHOCTN MMEET ASIMHHbBIN NpaBblil XBOCT, a Npu YBENUYEHUN
3HayeHus v (v~100 n Bonee) acMMNTOTUYECKM CTAHOBMUTCS MOYTU CUMMET-
PUYHON M XOPOLLO anmnpoKCUMUPYEMON HOPMarsibHbIM pacnpegerieHMemM ¢ Ma-

TemaTuyeckum oxmaaHmem M[%2] v aucnepcmen D[ 2].

0,5

2
fc,)
0,4

0.3
02 |

0,1

0,0

Puc. 7.5. 'padomkn oyHKLUM NNOTHOCTH f(%%)
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3HayeHna KBaHTUNen X%,l—oc pacnpenernenus NupcoHa Tabnuuya 7.2
Yucno
cTeneHen YpoBeHb 3HAYNMMOCTU O
cBoboabl
\ 0,01 0,025 0,05 0,95 0,975 0,99
1 6,6 5,0 3,8 0,0039 0,00098 0,00016
2 9,2 7,4 6,0 0,103 0,051 0,020
3 11,3 9,4 7,8 0,352 0,216 0,115
4 13,3 11,1 9,5 0,711 0,484 0,297
5 15,1 12,8 11,1 1,15 0,831 0,554
6 16,8 14,4 12,6 1,64 1,24 0,872
7 18,5 16,0 14,1 2,17 1,69 1,24
8 20,1 17,5 15,5 2,73 2,18 1,65
9 21,7 19,0 16,9 3,33 2,70 2,09
10 23,2 20,5 18,3 3,94 3,25 2,56
11 24,7 21,9 19,7 4,57 3,82 3,05
12 26,2 23,3 21,0 5,23 4,40 3,57
13 27,7 24,7 22,4 5,89 5,01 4,11
14 29,1 26,1 23,7 6,57 5,63 4,66
15 30,6 27,5 25,0 7,26 6,26 5,23
16 32,0 28,8 26,3 7,96 6,91 5,81
17 33,4 30,2 27,6 8,67 7,56 6,41
18 34,8 31,5 28,9 9,39 8,23 7,01
19 36,2 32,9 30,1 10,1 8,91 7,63
20 37,6 34,2 31,4 10,9 9,59 8,26
21 38,9 35,5 32,7 11,6 10,3 8,90
22 40,3 36,8 33,9 12,3 11,0 9,54
23 41,6 38,1 35,2 13,1 11,7 10,2
24 43,0 39,4 36,4 13,8 12,4 10,9
25 44,3 40,6 37,7 14,6 13,1 11,5
26 45,6 41,9 38,9 15,4 13,8 12,2
27 47,0 43,2 40,1 16,2 14,6 12,9
28 48,3 44,5 41,3 16,9 15,3 13,6
29 49,6 45,7 42,6 17,7 16,0 14,3
30 50,9 47,0 43,8 18,5 16,8 15,0
35 57,3 53,2 49,8 22,5 20,6 18,5
40 63,7 59,3 55,8 26,5 24 .4 22,2
45 70,0 65,4 61,7 30,6 28,4 25,9
50 76,2 71,4 67,5 34,8 32,4 29,7
75 106,4 100,8 96,2 56,1 52,9 49,5
100 135,6 129,6 |124,3 77,9 74,2 70,1
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dyHKUMA pacnpeneneHns F(X%) (puc. 7.6), Kak n yHKUMA pacnpegene-

HMA F(z) n yHkumsa Jlannaca ®(z) HopMmarnbHOro pacnpeneneHus, He npeg-
cCTaBMMa B 3aMKHYTOM BuAe, NO3TOMY crieqyeT Mnofb30BaTbCs 3HAYEHUAMMU,

npuBegeHHbIMKU B Tabn. 7.2.

1,0 EE— —
) 7V=2 o
F(XV) . //\
0,8 - 3
0,6 -
0,4+
0,2
0,0 b ‘ \ ! ! ! !
0 5 10 15 20 25 30 35 2 40
A%
Puc.7.6. 'padomkn pyHKUMW pacnpeneneHns F(X%)
7.3. PACNPEOEJIEHUE ®PULWLEPA F
MycTb %31 n %32 - CNnyYaunHble BENUYMHbBI, pacnpeneneHHble Nno 3akoHy %%

C 4ucrom crteneHenm cBobOAbI COOTBETCTBEHHO v, n v,, T0rga no ornpe-

AeneHuto cnyyanHasa sennynHa

st

V1 vy *

nmeet pacnpeneneHve duwepa F

Vi1, V2

2
v

XZ

Vi

. (7.13)

XZ

Vo

LAY
1

C nNapamMmeTpamn v, n v, (mena cTe-

neHel cBoboabl YMCIIUTENS U 3HaMeHaTens), NNOTHOCTb pacnpeaeneHnst Ko-

TOpOro
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T((v; +V,)/2) (Vljw (Fyy )"

f(F = 7.14
Fova) L(v;/2) T(v,/2)\v, v (vitv2)i2 ( )
(1 +—LF, sz
vV, ’
UncrioBble  XapaKTepucTukM pacnpedeneHusi F, | : maTemaTiveckoe
oxupane  M[F, | 1=v,/(v, -2) W avcnepcus D[F, ., 1=

= 2\/% (vi +v, —2)/[\/1(\/2 —2)2(\/2 —4)]. lMpn Manblx 3Ha4YeHUAx napa-
METPOB v, U Vv, YHKUUSA MIAOTHOCTN UMeET AMNWHHbLIA NpaBbli XBOCT, a Npwu
yBENUYEHNN 3HAYEHUA v, U v, aCUMNTOTUYECKN CTAHOBUTCS MOYTU CUMMET-
PUYHOM 1 XOPOLLO anmnpoKCUMMMPYEMOWN HOpMarnbHbIM pacnpeneneHmemMm ¢ ma-

~ ~

TemaTnyecknm oxmgaHmem M[F ] v gucnepcuen D[F

Vi, Vo VlaVZ].

f (F

FV]"Q 4

Puc. 7.7. 'padomk pyHKummn nnoTtHocTu f (F

V],Vz)

CDyHKLI,I/IFI pacripegeneHnd F(F HEe npegcrasiMMma B 3aMKHYTOM BUae,

Vl,Vz)
NO3TOMY crieayeT nonb30BaTbCA 3HAYEeHUAMW, NpuBeaeHHbIMM B Tabn. 7.3.
Heobxoaumo pasnuyaTtb obo3HavyeHna oyHKunmn pacnpegeneHna F n 3Hadve-

HWSt cnyvanHon BenuyunHel F, . .
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7.4. PACNPEAOENEHUE CTBIOOEHTA t

~

[MycTb Z - cnyyarHaa BenvyuMHa, pacnpegeneHHad no 3akoHy N(0, 1),
%3 — CnyyanHas BenuyuHa, pacnpeneneHHas no 3akoHy %% C 4Yncnom crene-
Hen ceBobonbl v, TOrga no onpeaeneHunto crnyyanHas BennynHa

{ = (7.15)

UMeeT pacnpenernieHne CTblogeHTa C napameTpom v (‘-II/ICJ'IO CTerneHen cBo-
60,El,bl), NMNOTHOCTb pacnpeneneHna KoToporo

T((v+1)/2)
Jrv T(v/2) (1 12y

f(t,) = (7.16)

)(v+1)/2

UncnoBble xapakTepucTuKu pacrnpefeneHust t,: maTtemaTnyeckoe OXu-
favve M[T,]1=0 wn gucnepcua D[T,]1=v/(v—2). MNMpn manbix 3Ha4yeHnsx na-
pameTpa v dyHKumsa f(t,) MMeeT ANVHHBIA NpaBbli XBOCT, @ NPY YBENUYEHNN

3Ha4veHusa v (v~30 n Bonee) annpokcMMmMpyeTcs HOpMarnbHbIM pacnpegere-
Huem Z ~ N(0,1).

®yHKUmMA pacnpenenerus F(t, ) He npeactasMma B 3aMKHYTOM BuAe, Mo-
3TOMY crielyeT nonb30BaTbCH 3HAYEHUAMU, NpuBeaeHHbIMK B Tabn. 7.4.

7.5. TPYNNNPOBKA BbIBOPOYHbIX OAHHbIX

[Mpu nepBuYHOM cTaTnucTMyeckon ob6paboTke BbIBOPOYHbLIX AAHHBIX YMCIO
WHTEpBanoB rpynnMpoBKN MNOACYUTLIBAETCA MO oaHon w3 dopmyn (1.8) -
(1.10), npuyem pesynbTaT OKPYrrseTca 4O uerioro aHavyeHus. nga ynpoieHns
BblYUCINEHNA cnefyeT BOCMNOSb30BaTbCA rpadouyeckumn n3obpaxeHnsmun sa-
BMCMMOCTEN YMcna nHTepaarnos ot obbema Bbibopkn K, ;(n) (puc. 7.9).

7.6. NTPEOBPA3OBAHUE ®ULLEPA

[Mpy npoBepke CTAaTUCTUYECKUX MMNoTe3 O KOIPULMEHTe Koppenauumn
ANs YNpoLeHNa BblYMCNEHMA Npu NpamMoM npeobpasosaHun duwepa (5.9)
T ¥ Z cnegyeT BOCMNONb30BaTbCA rpadvkoM yHkummn y(r) (puc. 7.10)

unu Tabn. 7.5, a npu obpatHoM npeobpasoBaHUN Z > § > T - rpadmkom
dyHKumn th(y) (puc. 7.11) unn Tabn. 7.6.
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0,45

f(t,)

0,30

0,15

Puc. 7.8. 'padukn dpyHKUunK nnotHoctn f(t,)

15
3]
K
2]
i
ol
0 50 100 R

Puc. 7.9. 3aBUCUMOCTU YMcna MHTepPBanNoB OT o6beMa BblOOpKK



72

-4
10 -08 -06 -04 -02 00 02 04 06 08 10
I

Puc.7.10. N'padmk oyHKUMK y (1)

o

Puc.7.11. Mpadumk yHKLmMK th(y)



3HayeHuns KBaHTUNen tv,l—a/z pacnpeaeneHus CTologeHTa Tabnuua 7.4
Yucno

cTeneHemn YpoBeHb 3HAYNMOCTU o

cBoboabl
v 0,10 0,05 0,02 0,01 0,002 0,001
1 6,314 | 12,706 31,821 63,657 |318,309 | 636,619
2 2,920 4,303 6,965 9,925 22,327 31,598
3 2,353 3,182 4,541 5,841 10,215 12,941
4 2,132 2,776 3,747 4,604 7,173 8,610
5 2,015 2,571 3,365 4,032 5,893 6,869
6 1,943 2,447 3,143 3,707 5,208 5,959
7 1,895 2,365 2,998 3,499 4,785 5,408
8 1,860 2,306 2,896 3,355 4,501 5,041
9 1,833 2,262 2,821 3,250 4,297 4,781
10 1,812 2,228 2,764 3,169 4,144 4,587
11 1,796 2,201 2,718 3,106 4,025 4,437
12 1,782 2,179 2,681 3,055 3,930 4,318
13 1,771 2,160 2,650 3,012 3,852 4,221
14 1,761 2,145 2,624 2,977 3,787 4,140
15 1,753 2,131 2,602 2,947 3,733 4,073
16 1,746 2,120 2,583 2,921 3,686 4,015
17 1,740 2,110 2,567 2,898 3,646 3,965
18 1,734 2,101 2,552 2,878 3,610 3,922
19 1,729 2,093 2,539 2,861 3,579 3,883
20 1,725 2,086 2,528 2,845 3,552 3,850
21 1,721 2,080 2,518 2,831 3,527 3,819
22 1,717 2,074 2,508 2,819 3,505 3,792
23 1,714 2,069 2,500 2,807 3,485 3,767
24 1,711 2,064 2,492 2,797 3,467 3,745
25 1,708 2,060 2,485 2,787 3,450 3,725
26 1,706 2,056 2,479 2,779 3,435 3,707
27 1,703 2,052 2,473 2,771 3,421 3,690
28 1,701 2,048 2,467 2,763 3,408 3,674
29 1,699 2,045 2,462 2,756 3,396 3,659
30 1,697 2,042 2,457 2,750 3,385 3,646
© 1,645 1,960 2,326 2,576 3,090 3,291
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NMPEOMETHbIA YKA3ATEIb

BbibopoyHas nnoTHOCTL
BbI6OpOYHbBIN (3MNnpUYecKnin)
3aKOH pacnpegeneHus
BblGoOpouHbIn KOS PULUMEHT
Koppenauum

MvnoTtesa
['McTorpamma

Avcnepcus

[loBeputensHas BEPOATHOCTb
[loBeputenbHbIN MHTEpBan
Anga gucnepcum
[loBeputenbHbIN MHTEpPBanN Angd
KoahpuumneHTa Koppenaumm
[loBeputenbHbIN MHTEpBan
Anga koapdumumneHTa perpeccum
[loBeputenbHbIN MHTEpPBanN Ang
MaTteMaTu4eCcKoro oXXuaaHus

MHTepBanbHasa oueHka
napamMeTpoB pacrpenernieHus

KBaHTuNb HOpManbHOro
pacnpeneneHns

KBaHTunNb pacnpeneneHns
MupcoHa ¥

KBaHTunNb pacnpeneneHns
CTtblogeHTa t

KBaHTUnNb pacnpeneneHns
®duwepa F

Knacc (uHTepBan)
rPynnMpOBKM

7 KoBapwnauus
KoppenauuoHHoe none
8 (anarpamma paccesiHus)
KoadhpuumeHT Koppensaumnm
26 KoadppnumeHT nnHenHon
perpeccuu
11,18 Kputepuin nposepku runores
14 Kputepun Yanua
Kputnyeckasa obnactb
3)
3) MaTemaTunyeckoe oxuagaHue
6 OTHOCuTEeNbHas YactoTa
31 Mpasuno 3c
[MpeobpasoBaHne duwepa
38
Perpeccus
6
CpenHee kBagpaTtmnyeckoe
OTKITOHEHNE
6 Cratuctuka
ToyeyHasa oueHka
59 napamMeTpoB pacrpenernieHus
61 YpoBeHb 3HaYNMOCTU
71 dyHKunA Jlannaca
65 YactoTa
Yncno knaccos npu
7 rpynnupoBke

26

31
27

36
10, 17
18
10

61
30

34

o O

5

59

70
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CO,EI,EP)KAHI/IE
[Mpegucnosue

ToyeyHas u I/IHTepBaJ'IbHaﬂ OLl,eHKa YUCIIOBbIX XapaKTepI/ICTI/IK pac-

npegesieHns, amMnupuyeckne PyHKLMS 1 3aKoH pacnpeneneHuns

1.1. TeopeTuyeckne ceeneHus

1.2. Anropntm peLueHuna

1.3. lNpumep pacyeTa : :

CpaBHeHMe napamMeTpoB BYX HE3aBUCUMbIX pacnpeneneHmm

2.1. TeopeTnyeckne ceegeHus

2.2. Anroputm peLueHus

2.3. lNpumep pacyeTa : :

CpaBHeHMe napameTpoB ABYX 3aBUCUMBbIX pacnpeneneHmm

3.1. TeopeTn4yeckne ceegeHus

3.2. Anroputm peLueHus

3.3. Npunmep pacyeTa

KoppensaunoHHbIn aHanus 3aBUCUMBbIX pacnpep,eneHmm

4.1. TeopeTnyeckme ceegeHuns

4.2. Anropntm peLueHuna

4.3. lNpumep pacyeTa :

PerpeccuoHHbIN aHanms3 3aBUCUMBbIX pacnpep,eneHmm :

5.1. TeopeTnyeckne ceegeHus

5.2. Anroputm peLueHus

5.3. Npnmep pacyeTa

3afaum K KypcoBOMY 3aJaHuI0 : :

6.1. Tovye4Hasa n nHTepBanbLHas ou,eHKa YMCMOBbIX
XapaKkTepucTuK pacnpegeneHus, amnupuyeckue
JOYHKUUSA 1 3aKOH pacnpeneneHus :

6.2. CpaBHeHWe napameTpoB ABYX HE3aBUCUMBbIX
pacnpenesieHnn .

6.3. CpaBHeHNe napameTpoB p,Byx 3aBNCUMbIX pacnpep,eneHmm

6.4. KoppenaunoHHbIN aHanms3 3aBMCUMbIX pacnpenesieHnn

6.5. PerpeccroHHbIM aHann3 3aBnUCUMbIX pacnpegeneHum

. CnpaBo4Hble cBeEeHUS :
7.1. HopmanbeHoe pacnpe,qeneHme N(u c) :
7.2. PacnpepgeneHue MupcoHa y*

7.3. PacnpegeneHue duwepa F

7.4. PacnpegeneHue CTblogeHTa t

7.5. 'pynnupoBka BbIOOPOYHbIX [aHHbIX

7.6. NpeobpasoBaHne duwepa
[MpeamMeTHbIV yKa3aTenb
Bubnnorpadguyeckme ccblnku

3

4

4
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15
19
20
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24
24
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25
31
32
34
34
38
39
43
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45
49
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55
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70
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