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YYEBHO - METOAUYECKUHA KOMILIEKC

PA3JIEJI 14 <MATEMATHYECKASA CTATUCTUKA»

1. TeopeTnyeckne 0CHOBBI



1.1 IPEABAPUTEJBbHBIE CBEAEHUSA

Maremarnyeckass cratucTuka Bo3Hmkiaa (XVIII B.)) wm co3gaBaiach
MMAPpAIETBHO C TEOPUEN BEPOATHOCTEMN. [lanbHeliee pa3BUTUE 3TOU AUCHUILUIMHBI
(magasio 20B.) o06s3aHO, B mepByto ouepenn, I1.JI. Uebnimey, A.A. Mapkory, A.M.
JIsmynoBy. OCHOBHBIE pe3yJbTaThl, CTABUIME B HACTOSIIEE BpeMs KIIAaCCUYECKUMH,
ObUIM MOJYYEHbl YYEHBIMH aHTJI0 — amepukanckon mkoisl — K. ITupcon, P.®uep,
O.Heliman, A.Banbn, B.®emnep M JOp. U pPOCCUHCKUMU MaTE€MaTHUKaMH —
B."U.Pomanosckuii, E.E.Cayukuii, A.H. Koamoropo, H.B. Cwmupnos. I'omom
POXJIEHHUSI COBPEMEHHOM MaTeMaTH4YeCKOW CTAaTUCTUKHU clieayer cuutath 1933 r. —
roa omnyonukoBanusi pabotsl akagemuka A.H.KonmoropoBa «OCHOBHBbIE MHOHSITHUS
TEOpUU BeposiTHOCTEW». MMEHHO B 3TO BpeMsi MAaTEMaTUYECKYH) CTaTUCTHUKY
BBIJICJIWIIM U3 TEOPUU BEPOSITHOCTEN B OTJEIBHYIO TUCIUIUINHY.

1.2 IPEJIMET MATEMATHYECKOM CTATUCTUKHU U EE
OCHOBHBIE 3AJIAYU. BBIGOPKA. CTATUCTUYECKUM PSJI.
SMIIMPUYECKUMN 3AKOH PACHPEJEJEHUSA. IOJUTOH U

I'NCTOI'PAMMA

B Teopun BepoOSATHOCTEH, €CIM MBI M3ydaeM CIy4allHyI0 BEJIMYUHY X, €€
3aKOH pacHpeiesieHUs] CYUTAETCS 3aJaHHbIM, U Mbl MOYXEM JJOCTOBEPHO OTBETUThH Ha
10001 BOMPOC, KAaCArOUIUICS JaHHOW CIy4yalHOW BeNMMYMHBI. B MaTemaTudeckoit
CTAaTUCTUKE CUTYyallUs MPSIMO MPOTUBOIOJIOKHAS — Mbl HUYETO HE 3HAEM O 3aKOHE
pacupejieJieHdsl M3y4aeMOM Cy4ailHONH BEIMYMHBI X. Y HAC HMEIOTCA TOJBKO
HEKOTOphIE e¢ HaOMoAeHHs Wik u3MepeHus. [IoHsITHO, 94TO MO KOHEYHOMY YHUCITY
HaAO0JII0ICHUI HEBO3MOKHO JOCTOBEPHO CHENATh KaKUe-TM00 BBIBOABI 00 M3ydaeMoi
CIy4aifHOM BenuuuHe. SICHO Takke, 4To ueM OOJibllle TaKUX HaOJI0ICHHH, TeM Oosiee
HAJIeKHBIMU OyAyT Hamu NpUOJMKEHHBIC BBIBOJABL. B 3TOM COCTOUT OCHOBHAas
OCOOCHHOCTh MAaTEMAaTHUYECKOMW CTAaTUCTUKU — OHAa HE OIpeaessieT JTOCTOBEPHO
3aKOHOMEPHOCTH TTOBEJACHUS U3yYaeMbIX CIIyYaliHOM SIBJIEHUM, & OLICHUBAET UX C TOU
WM WHOW CTENEHBIO JOCTOBEPHOCTH. HO Mpu HEOrpaHWYEHHOM YBEJIMYEHUHU YHUCIA
HAOJIIOICHUI BBIBOJBI MATEMATHYECKOM CTAaTUCTUKH CTAHOBATCA MPAKTUUYECKU
noCcTOBEpHBIMU. [103TOMY copep:kaHue 3TOM NTUCHMIUIMHBI — KaK U CKOJBbKO CAEIaTh
HaOIIOJICHUA 1 KaK X 00paboTaTh, YTOOBI OTBETUTHh Ha MHTEPECYIOIINA HAC BOIIPOC
0 CITy4aifHOM SIBJIGHUHU C TPeOyeMOil CTeNeHbIO JOCTOBEPHOCTH.

Nrtak, ycTaHOBIIEHHE 3aKOHOMEPHOCTEH, KOTOPHIM MOJYMHEHBI MacCCOBBIE
Cly4aiiHbIe SIBJICHUSI OCHOBAHO HA M3YyUYEHUHU CTATUCTUYECKUX JAHHBIX - PE3yIbTaTax
HaOmoneHuii. MaTtemaTuueckasi CTaTUCTHKA pPElIaeT JBE IVIaBHBIC 3a/laud: yKa3aThb
CrocoObl _cOopa W TIpYNOUPOBKUA (€CIU JaHHBIX OYEHb MHOI0) CTAaTUCTUYECKUX
CBEJICHUI (pe3yJbTaTOB HAOIIOJICHUI) U pa3paboTaTh METOJIbI aHAJIN3a COOPaHHBIX
CTaTUCTUYECKUX JaHHBIX B 3aBUCUMOCTH OT IIeJIei UCCIeAOBaHUS.

[Iycte  TpeOyeTcsi U3Yy4yuTh  COBOKYMHOCTh  OJIHOPOJHBIX  OOBEKTOB
OTHOCHUTEJIBHO KaUECTBEHHOI'O0 MJIM KOJIMYECTBEHHOI'O IIPU3HAKA, XapaKTEPHU3YIOIIETO
3TH OOBEKTHI.




ITPUMEP 1.1. Hexoropoe mnpeanpusaThe BBIMYCKAET IMAPTUIO0 OJMHAKOBBIX
neranei. Eciny KOHTPOJIIMPYIOT JETalu 110 pa3Mepy — 3TO KOJINYECTBEHHBIN IPU3HAK.

MOo>XHO TPOHM3BOAUTH ATOT KOHTPOJIb CIUIOUIHBIM OOCJIEeIOBAaHUEM, TO €CThb
U3MEpATh KaXKIbli M3 OOBEKTOB COBOKyHNHOCTH. HO Ha mNpakTHKE CIUIONIHOE
oOcieroBaHNE MPUMEHSIETCS PEAKO:

a) U3-3a OYEHb OOJIBIIOTO YKciia 00BEKTOB;

0) u3-3a TOro, 4YTO HMHOI/A OOCJENIOBAaHME 3aKIIouYaeTcs B (HU3MYECKOM
YHUYTOXKEHUU, HAMpUMEpP, MPOBEPSEM B3pPHIBAEMOCTh I'pAHAT WM NPOBEPSEM Ha
KpPENnoCTh MPOU3BEJACHHYIO MOCYAY U T.1I.

B Takmx ciywyasx TpPOM3BOIUTCS CIy4YallHBIA OTOOpP OTrPaHUYEHHOTO
(He0O0IBIIIOT0) YKciia 00bEKTOB, KOTOPHIC U MOABEPTAIOT U3YUCHUIO.

Buioopounoit cosokynnocmuio (BHIOOPKOW) HA3bIBAETCS COBOKYMHOCTH
CIIy4ailHO OTOOPaHHBIX OJHOPOIHBIX OOBHEKTOB.

I'enepanvnoii co60KynHocmolo Ha3bIBACTCSI COBOKYMHOCTh BCEX OAHOPOIHBIX
00BEKTOB, U3 KOTOPBIX IPOU3BOIUTCA BBIOOPKA.

Oo6vemom COBOKYIMHOCTU (BHIOOPOYHOM WJIM I'€HEepaJbHOM) HA3bIBACTCS YUCIIO
00BEKTOB 3TOI COBOKYMHOCTH.

[Ipu Habope BHIOOPKHM MOKHO MOCTYyHaTh JBOSKO: IOCIE TOr0, KaKk OOBEKT
O0TOOpaH M HaJ HUM MPOU3BEJICHO HAOIOJCHHUE, OH MOXKET OBITh BO3BpAIIleH MO0 HE
BO3BpallleH B TE€HEpPaJbHYI0 COBOKYNMHOCTh. B cBI3M ¢ »d3TuM  BBIOOpKHU
MOJIpa3JIEeISAI0TCA Ha OBTOPHBIE U OECIIOBTOPHBIE.

Jlnst Toro, 4ToOBI MO JAaHHBIM BBIOOPKH MOXKHO OBLIO JOCTAaTOYHO yBEPEHHO
CyIuTh 00 HHTEPECYIOLIEM Hac MPU3HAKE TeHEePaIbHON COBOKYITHOCTH, HEOOX0IUMO,
9TOOBI OOBEKTHI BHIOOPKH MPABUILHO €T0 MPEACTABISUIA. DTO TpPeOOBaHHE KOPOTKO
dbopmyupyeTcs TaK: BBIOOpKaA JIOJKHA OBITH pEIpe3eHTaTUBHON
(mpencTaBUTEILHON).

Cnoco0b1 0TOOpa BHIOOPKH:

1. Ot6op, HE TpeOyromuil pacuiIeHEHUS TeHEPATbHON COBOKYITHOCTH HA YaCTH:

a) IPOCTOM CIy4daiHbIi 0€CTIOBTOPHBIN;

0) MpoCTOM CiTyyalHbIN MOBTOPHBIM.

2. Ot6op, mpu KOTOPOM TeHEepalbHas COBOKYIHOCTb pa30MBAETCS HA YacTU
(ecii 00BEM TeHEpaTbHON COBOKYITHOCTH CIUIIKOM OOJIBIION):

a) Ttunudeckuit otrbop. OOBEKTH OTOMPAIOTCA HE W3 BCEH TEHEPAIbHOM
COBOKYMHOCTH, a U3 €€ «TUMUYHBIX» YacTed. Hampumep, 1iex U3 TpuauaTH CTAaHKOB
OPOU3BOJAUT OJHY M Ty K€ AeTaib. Torga orOop naenaercs Mo OJHOW WM IO JIBE
JIETAJINA C KKJIOTO CTaHKA B CITy4aliHbIE MOMEHTHI BPEMEHU;

0) mexanudeckuii ordbop. Hampumep, ecnu Hy»kHO BBIOpaTh 5% neraneit, To
BBIOMPAIOT HE CITyYaliHO, a KQXIYI0 JIBA/IATYIO JETalb;

B) cepuiiHbIil 0TO0p. OOBEKTHI BEIOMPAIOT HE MO OAHOMY, & CEPUSMHU.

WNrak, nycTe W3 TE€HEPAIbHOM COBOKYIIHOCTH 3HAYE€HHM HEKOTOPOTO
KOJIMYECTBEHHOTO MPU3HAKa MPpOou3BeieHa BbIOOpKa oObema N:

X = {Xl,xz,x3,...,xN}.



Tabnuua Buga
Tabmuua 1.1

No 1 2 3 N
X X X, X3 XN

HA3bIBACTCS IPOCTBIM CTATUCTUYECKUM PSIJIOM, SIBJISIFOIIMMCS TEPBUYHOMN
(dbopMoii IpeicTaBlIeHNs CTAaTUCTUYECKOI0 MaTepuaa.

W3 manseix Tadn. 1.1 maxomar X .. U X COOTBETCTBEHHO HauMECHBbIIIEE U

n max

HauOoJbIlIee 3HAaUeHUS BBIOOPKHU. 3aTeM JaHHbie Ta0i. 1.1 Ha3pIBaeMble BapuaHTaMU,
pacrojararoT B IOpPSIKE Bo3pacrtanus. Torma BbiOOpka X = {X1 3 X5y X3y, Xy },
3alMCaHHas B MOPSAKE BO3paCTaHUsl, HA3bIBAE€TCSI BAPUALIMOHHbBIM PSJIOM.

Pa3zmax BBHIOOpKM — 3TO JJIMHA OCHOBHOTO HWHTEpBajia [X

min > X max ]’ B
KOTOpBIA TONAJar0T BCE 3HA4YEHMs] BHIOOpPKU. Bblumcisercs pa3max BbIOOpPKU
cnegyrorum obpasom: d = X — X, .. 3aTem mo Gopmyie

k=1+4-[IgN], (1.1)

rie [lg N] - nenas vactb yncna 1g N, onpenensercsa uncno k. Jlannoe uucino
3a/1a€T KOJMYECTBO IIOJBIHTEPBAIOB (KJIACCOB), HAa KOTOpblE Pa30MBAaEM OCHOBHOM
unTepBai. JUIMHBL h MOJBIHTEPBANIOB M MX IpaHHIbI a; |j = O,k) BBIYHMCIISTIOTCS TIO

bopmynam

d
h=—, 1.2
" (1.2)

a, =X a,=a,+h;...;a,=a,_,+h;...;a, =a_,. (1.3)

min >
Jlanee HaxoAsTCsa 4YacTOThl M J(_] =1, k) U OTHOCHUTCIbHBICE YaCTOTHI

m. I
B = FJ (J =1, k) Homaganus 3HaYeHnid BeIOOpKkH X B -l momsiHTepBai. [Ipuuem
k
AJISL 9acTOT JIOJDKHO BBIMOJHATHCS PABCHCTBO ). M i =N, a s OTHOCHTEIBHBIX
j=1
k
4aCTOT COOTBETCTBEHHO D W, = 1.
=1
Pe3ynbTaThl NpOBEIEHHBIX PACUETOB CBOJSATCS B TAOJIHIIbL:
Tabmuua 1.2

X [ag;a,) |[a;a,) (a5 ag]

ml mZ mk




Tabnuua 1.3

X [a,;a,) | [a;; a,) [a,_;; a,]
M Hl HZ Hk
Jlanee HaXoaATCS CEpeANHBI TIOIBIHTEPBAJIOB:
. a,; +a o a, +a _ a, +a,_
X =l 0. g =227 . g =Tk Tk
2 2 2

W T1Oclieé 3TOro COCTaBisieTcsl emnie ojHa Ttabnuua (tabn. 1.4), xortopas
HA3bIBAETCA CTAaTUCTUYECKUM psaoM pacnpenencHus. CTaTUCTUUECKUM — Psf
pacrpeneneHus SIBISETCS OLEHKON TEOPETUUECKOTO PsA/la PACIIPENEIECHUS U CXOIUTCS
K HeMy IO BepOoATHOCTH. [1oCKoNIbKY psifi pacripeneneHus sSBiseTcs ogHou u3 Ghopm
3a7laHUsI 3aKOHA pPaCHpPENeNICHUs JUCKPETHOM CIIyYallHOM BEJIMYMHBI, TO MBI
NOJIYYWUJIM DJMIOMPUYECKUI 3aKOH paclpellesieHUs] HCCIeNyeMOrd JUCKPETHOM
CIIy4alHOW BEJIUYUHBL.

Taomuna 1.4

X X1 X2 ves Xk
H Wy 2% [23%

CrpynnupoBanHbie JaHHbIE Ta0i. 1.4 HecyT B cebe MeHble HHPOpMAIUH, YeM
BBIOOpDOUHbIE, TaK KaK B HHUX Tepsercss HHPOpMaLMs O MOPSAKE CIeI0BaHUS
BbIOOpDOUHBbIX 3HaueHud. [lpu rpynnupoBke Takke (PAKTUYECKH MPOUCXOAUT
OKpPYIJIEHME HaOJMIONAEMbIX 3HAYEHMH BBHIOOPKM BHYTPH  ]-TO KJjlacca

(moxbiHTEpBaNa) 10 3HAYCHWs X;, YTO NPUBOIUT K IOTEpe HHQOPMALHUH O

pacrpeereHud UCCIeayeMOil cilydailHOM BEIMYMHBI BHYTPU KaXKJOro Kiacca. ITO
pacrpeneneHue B JaIbHENIIEM IIPEATIOIaracTcs paBHOMEpPHBIM. IIpeumyniecTBoM xe
CTpYNIIUPOBAHHBIX JAHHBIX SBJISETCS UX KOMIAKTHOCTh M OOJIbIIIasi HATTISTHOCTD.

B nensx Bu3yanbHOro M3y4yeHHs MOIy4YeHHBIX B Tabm. 1.2, 1.3, 1.4 manHbIX
HOJB3YIOTCSl Pa3IMYHBIMH crocobamu ux rpaduueckoro uzobpaxenus. K Hum
OTHOCSITCSI TUCTOTPaMMa U IOJIMUTOH.

JInst MOCTPOEHUsT THUCTOTPAaMMBl OTHOCHUTENIBHBIX YacCTOT MCHOJIb3YIOTCS
nanneie Tabn. 1.3. B gekaproBoii cucreme koopaunat Ha ocu OX oTkimaasiBaroTCs
rpanuiel  moasiHTepBaaoB. Ilo ocu OY  oTkiagbiBaroTCs BENIWYMHBI L i / h

(TUTOTHOCTH BEPOSATHOCTEH ) (J = I,_k)

I ucmozpaMMOﬁ OTHOCHUTCIIBHBIX YaCTOT HA3BIBACTCA CTYyIICHYATAsA (1)1/11“ ypa,
cocrodamad u3 IPAMOYTOJIBHHKOB, OCHOBAHMAMH KOTOPBIX CJIYKAT YaCTUYHBIC
IMOABIHTCPBAJIBI  JIJIMHBI h, a BBICOTBI paBHbBI 4YHCIaM L i / h (HJIOTHOCTI/I

BEPOSITHOCTEN ) (J =1, k). [Inomanes rucrorpaMMbl  OTHOCUTEIBHBIX YacTOT PaBHA

eAMHULIe. AHAIOTUYHBIM 00pa3oM, MO AAaHHBIM TaOu. 1.2 CTpPOUTCS TUCTOrpaMma
yacToT. [Tnomaas rucrorpaMmsl 4acTOT paBHA 00bEMY BBIOOPKHU.



I[J'IH IMOCTPOCHUA IIOJIMI'OHA OTHOCHUTCIIbHBIX YaCTOT HMCIIOJIB3YIOTCA AAHHBIC

tabn. 1.4. B gekaprosoii cucreme koopaunar Ha ocu OX naxomsarcs X min B X axs

TO €CTb H306pa)ICaIOTC$I I'paHuIbl OCHOBHOI'O HHTCPBAJIA. 3aTeM HAHOCATCS 3HAUCHUS

CEPE/IMH TOJIBIHTEPBANIOB X ; (J =1, k). ITo ocu OY oTKIaABIBAIOTCA 3HAYEHMS,

COOTBETCTBYIOIIME OTHOCHTENLHBIM YaCTOTaM U ; (J =1, k).

ITonuzonom OTHOCHTENBHBIX YACTOT HA3BIBAETCS JIOMaHas, OTPE3KU KOTOPOM
COCIMHSIOT TOYKHU (Xl; pl); (Xz; pz); e (Xk; uk). ITouron OTHOCUTENBLHBIX

4acTOT €CTh BHU3YaJIbHOE IIPEJCTaBICHUE SMIMPHYECKOrO 3aKOHA pacHpeseleHus
BEIOOPKH.
JIrobas  QyHkuua  BBIOOpKH Q= (p(x1 s Xgseees XN) Ha3bIBACTCS

cmamucmukou. (CTaTUCTUKA SBIISETCSA cnyqaﬁﬂoﬁ BCHHHHHOﬁ, TaKk KaK Ha
Pa3JINYHbIX pPCATIU3AlHAX BBI60pKI/I OHa IIOJYy4YacT pPa3JIMIHbIC Ha6J'II-0,Z[a€MbI€

3HaueHus. CTaTUCTHUKaAMU SBJISIOTCSA. YacCTOTHI mj, I'paHUIbI KJIACCOB aj n Hux

cepenuHnl X j» pasmax. CTaTHCTHYECKMH DI PacHpeClCHHs TaKKe sBIACTCA

cTaTUCTUKON. W3 ompejeneHus CTaTUCTUKH CHEAyeT, 4TOo Jtodas (QyHKIus OT
CTaTUCTUK TaKXKe SIBISIETCS CTAaTUCTUKOM, MOATOMY CTAaTHUCTHKOMN SIBISIETCS Jto0ast
GyHKIUS OT CTPYNIUPOBAHHBIX TaHHBIX (Tab.1.4).

CraTucTUKM CiyKaT JJIsg OIEHKH JIOOBIX XapakTepUCTHUK H3ydaeMoi
CITy4allHOU BEJIMYUHBI: BEPOSITHOCTEH CITyYailHBIX COOBITHH, CBI3aHHBIX C U3y4aeMOn
BEJIMYMHOM, €€ YUCIIOBBIX XapAaKTEPUCTUK, TAPAMETPOB 3aKOHA PACTIPEACIICHUS U TaK
nanee. M3ydeHue CTaTUCTUK HA OCHOBE TEOPHUM BEPOSTHOCTEUW €CTh TEOPETHUYECKOE
SIAPO MATEMATUYECKON CTATUCTUKH.

1.3 CTATUCTUYECKHUE OINEHKHU I'EHEPAJIBHBIX
IHAPAMETPOB. TOYEYHbBIE U UHTEPBAJIBHBIE OHEHKH JIA
MATEMATHYECKOI'O O KUJAHUA U AUCITEPCUU

[ycte O, - HekoTOpbIil MapaMeTp IeHepajbHOM COBOKYIHOCTH, KOTOPBI

HEBO3MOXXHO BbIYUCIUTh. HoO 3HaTh ero 3HaueHue (XOTs Obl MNPUOIUKEHHOE,
orieHoyHoe) Hago! IloaToMy 1O BBIOOPOYHBIM JAHHBIM MPOU3BOJAT pacyer
CTaTUCTUYECKUX OIICHOK JJAHHOT'O T'€HEPaJIbHOIO MapaMeTpa.

OLleHKY TTapaMeTpOB MOIPA3ACSAIOTCS Ha TOYSUHbIC U UHTEPBAJIbHBIE.

Toueunoii Ha3bIBACTCS CTATHCTHYECKAs OLEHKA TeHepanbHOro mapamerpa 0,

~

KOTOpAsi OMPEICIISCTCS OJJHUM YnciIoM O .

Humepeanvnoii Ha3bIBaeTCs OlEHKA I'eHEpaIbHOro mapamerpa 0 , koropas

T’
~
~ ~

OIIPCACIIACTCA ABYMA YHUCIIaMU OB )41 E)B - KOHIODaMH HHTCPBAJId, ITIOKPBIBAIOIICTO

OLICHHBACMBIil TeHepaIbHBIN mapamerp 0. .



JUis Toro, 4roObl TO4YEYHAs OLIEHKA JaBaja «XOpOLIWE» MPUOIMKEHUS
OLICHMBAaEMOI'0 IapaMeTpa, OHa JIOJDKHA ObITh: HECMELIEHHOH, 3((EeKTUBHOIM,
COCTOSITEIIbHOM.

Hecmewgennoii Ha3pIBalOT TaKyl0 TOYEYHYIO OLGHKY O., Maremarmueckoe
OKUJAaHUE KOTOPOW paBHO OLIEHMBAEMOMY I'€HEpPAJIbHOMY IapaMerpy IMpHu JHO00M
o0BeMe BBIOOPKH, TO €CTh

Mo, |=9,. (14)
Ecnu paBenctBo (1.4) Hapymaercs, To B 3TOM cilydae ouneHkn 0, HassBaercs
CMEUeHHOI.

Apghexkmusnon HazpBacTCs TOUEeUHas oneHka O, KoTopas (IpH 3aJaHHOM

B
o0BbemMe BBIOOPKH) MMEET HAMMEHBIITYI0 BOZMOKHYIO TUCTIEPCHUIO, TO €CTh

M[(eB - er)2J:> min . (1.4a)

CocmoamenvHnoii Ha3bIBAaETCA TOYEYHAs OIEHKA 0., xkoropas (c

B
YBCIIMYCHUCM oobeMa BBI60pKI/I) CTPpEMUTCA II0 BCPOATHOCTH K OICHHBACMOMY

napametpy 0., To ectb 11 1F060T0 HOCTaTOYHO Maoro O > 0

lim P(®, -0,/ <3)=1. (1.46)
N—oo©
Hecmewmennon OLICHKOU rE€HEpaJIbHOU cpenHen (reHepajibHOTO

MaTEMATUYECKOTO OKUIAHUSI MF[X]) CIIY>KUT BBIOOPOYHAS CPEIHSS (8blOOpOUHOE
Mamemamuueckoe 03cudaHue).

k
MB[X]=Zlij U (1.5)
pu

rae X, W (_] = I,_k) - nannele u3 1adn. 1.4. Kpome Toro, MB[X] ABJIAETCS

COCTOSATENBLHOM orenkoi. Ecnu crnydaiinas BennunHa X TMOAYMHEHA HOPMAILHOMY
3aKOHY pacrpeneieHus, To M [X] sBsieTcs U 9()HEeKTUBHOM OIEHKOI.

CMelieHHOH OIeHKO! TeHepanbHoil qucnepenn D [X] CIIYKUT 6blOOpPOYHAA
oucnepcusi:

D, [x]=3 (%, - M, [x]f -u. 16)

=1

e M, [X] - paccuntsiBaercs o ¢opmyne (1.5), X;, H; - JaHHBIC U3 TaOL.
1.4.
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Nnornga ynoOHee TONB30BaThCS APYroil (GopmMynoll Uisi BBIYUCICHUS
BBIOOPOYHON TUCTIEPCHH:

D, [x)= 2%} -h; — (M, [x]) (169

3ameuanue. 1I0CKOIBKY DB[X] ABJIACTCS CMCIICHHOM OLIEHKOM, TO €€
«HUCIIPABJIAIOT CIIETYIOINAM 00pa3oM:

Gz _ NDB[X]

T (1.7)

2
ITonyyeHHass oueHka ©

g - JTO COCTOATCIIbHAA HCCMCHICHHAMA BBI6OpOIIHa$I

AUCIICpCud, a GB - BBI60pO‘IHOC CpeaHcC KBaAJIpaTUIHOC OTKJIOHCHHUE.

Ilpn BeiGOpke Mamoro obkema (N <30) Todueunas oueHKa MOKeT

3HAYUTEIBHO OTJIMYATHCA OT OLEHMBAEMOrO T'€HEPAJbHOTO MapaMmeTpa, TO €CTh
OpUBOAUTH K TpyObIM omumOkaM. [losromy mnpu HeGosbIIOM 00beMe BBIOOPKH
CJIelyeT MOJIb30BaThCsl MHTEPBAIbHBIMU OLIEHKAMH.

[Tyctp HaiineHHas (1O JaHHBIM BBIOOPKH) CTaTHCTHYECKas oOleHKa 0,

SIBJIAETCSL OLICHKOW HEM3BECTHOrO reHepaibHOro mapamerpa 0 . Scuo, uro 0, tem
TouHee ompexeiser 0., deM MeHble 3HaYCHHE Pa3HOCTH ‘GF —OB‘. To ectp mpu
‘GF—OB‘<8 (8>0) yeM MeHblle O, TeM omeHka 0, Tounee. 3Hauwr,

TIOJIOKUTEIBHOE YUCIO O XapaKTEPU3YET IMOUHOCHb OLEHKH.
Haoesxcnocmpio (IOBEpUTEIBHON BEPOSTHOCTHIO) OLEHKM O, HasbIBaeTcs

< d, TO eCTh

BEPOSATHOCTb Y, C KOTOPOI OCYILIECTBIISIETCSI COOBITHE ‘GF -0,
y=P(, -6, <3). (1.8)

OOBIYHO HAJEKHOCTh OLIEHKU (IOBEpHUTENIbHAs BEPOATHOCTh Y ) 3aqaceTcs.
[Tpuuem B kauectBe Y OepyT umcio, onuskoe k exunuue (0,95; 0,99; 0,999).

/JloeepumensHbim HA3BIBACTCS UHTEPBAN, KOTOPBINA C 3aJJaHHOW HAJEKHOCTHIO
Y TOKpBIBAET OLEHUBAEMBbIN T'€HepasbHbI mapamerp. B coorHomenun (1.8), eciu
PACKPBITH MOJLYJIb, TI0JIy4aeTCs P(— 0<0,.-0, < 6) = WK
PO, -5<0, <0, +3)=7.

Torna uHTEpBaAmN (GB —-0; 0, —|—6) M eCTh JOBEPHUTEIbHBEIM MHTEpBan. W3

00X COOOpaXEHUH SICHO, YTO JUIMHA JOBEPUTEIBHOIO MHTEpBaja OyAeT 3aBHCETh
oT 06bemMa BbIOOpKH N ¥ JOBEPHTEILHON BEPOSITHOCTH Y .
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JUit  omeHKHM — MaTeMaTHdeckoro  oxupaHus M [X] HOPMAaJIbHO
pacipee/ieHHON reHepallbHOM COBOKYIHOCTH X IO BBIOOpO4HOi cpexHeit M | [X]

P U3BECTHOM CPEIHEM KBAJAPATHYECKOM OTKJIOHEHHH G = q/DF|X| CITY’KHT

JNOBEPUTEIIbHBINA NHTEPBAIL:

M [x]-t- 2= < M [x]< M, [x]+t —2 (1.9)

JN VN’

e)
rae t-—= =0 - ToynocTh omneHkH; N - 00beM BHIOOpKH; t - Takoe 3HAYEHHE

JN
Y

aprymenTa ¢yHkiuu Jlamnaca q)(t) (mpuokeHue 1), Ipu KOTOPOM (D(t) =,

2

Jiit  omeHKHM ~— MaTeMaTHdeckoro  oxupaHus M| [X] HOpPMAJIbHO

pacpee/ieHHON reHepallbHOM COBOKYIMHOCTH X IO BeIOOpo4HOi cpexHeit M | [X]

P HEU3BECTHOM  CPEAHEM KBaJPAaTHYECKOM OTKIOHEHUH G = 4/DF|X| (mpu

oobeme BeI0Opkd N > 30) ciyuT J0BEpUTENBHBIA HHTEPBAL:

MB[X]—ty-%<Mr[x]<MB[x]+ty-j§, (1.10)

rae t, HaXoauM mo Tabiuie (MpUIoKeHne 2) o 3a1aHHbiM N u Y.

JIns  OLIEHKM CpENHEro KBaJAPaTHMYECKOrO OTKJIOHEHMS O HOPMalbHO
pacrmpeieNieHHON reHepaTbHON COBOKYIHOCTH X C JIOBEPUTEIHHOM BEPOSTHOCTHIO
CIIy>KaT IOBEPUTEIbHbIC NHTEPBAJIBI:

GB(l—q)<Gr<GB(l+q) (nmpu q < 1); (L11)
O<GF<GB(I+q) (mpu q > 1), '
rze q — HaxoJAuM Mo tadsuue (npuioxeHue 3) npu 3aaaHHbiX N U Y .
Or
JN
(O . .
Gopmynsl O =t:-———, ompemensAromeidl TOYHOCTH KJIACCUYECKOW OLIEHKH, MOYHO

IN

CZeJIaTh BHIBOIBI:
1) npu Bo3pacTanmu o0bema BbIOOpDKM N umcino O yOBIBAaET, 3HAYMT,
TOYHOCTH OIICHKU yBEIHUYUBACTCS;

3ameyanue 1.1. Onenky ‘GF _93‘ <t- Ha3bIBAIOT KJIAcCHMYecKor. U3
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2) YBEIIMYCHUE HAC)KHOCTH OLCHKH Y IPUBOJUT K YBCIIMUYCHUIO 3HAYCHHUA

t (Tak kak Y = ZCD(t) U QyHKIUS CD(t) - BO3pacTarolnas), 3Ha4uT, K BO3PACTAHUIO

O, TO €CTh K yMEHBIIEHHIO TOYHOCTH OLIEHKH.

3ameuanue 1.2. B cBsi3u co BTOpol uyacTtbio 3amedaHusi 1.1 o0ObIUHO
IPEJIAraeTcs CTPOUTh JOBEPUTEIBHBIE MHTEPBAIIBI JJI ABYX 3HAYEHHI BEPOSTHOCTH
¥ =0,95 u y=0,99. 3arem npoBecTu aHanM3, Kak MEHSIOTCS TPAHUIIBI HHTEPBAIOB

C YBCIMYCHUCM ,Z[OBGpHTGHBHOfI BCPOATHOCTH.

1.4 TIPOBEPKA CTATUCTUYECKOM 'MIOTE3bI O 3AKOHE
PACIIPEJIEJIEHUS TEHEPAJIbHOM COBOKYITHOCTHA

Craructuueckoii eunomeszoiu H,,  Ha3piBaeTcs mr000€ IIpeIIOIONKEHUE

OTHOCHTEIBHO 3aKOHA PacCIpeeseH st UCCIEAYEMOM CIIy4aliHOM BENYUHBI X .
['unore3sl OBIBAIOT TPOCTHIE U CIOXKHBIC. [IpocTasi rumorTe3a MOTHOCTHIO
OIIpeIeNIseT 3aKOH PAaCIpeIeIeHUs BETHUUHBI X B OTIHYUH OT CIIOKHOM.
['mnoTe3bl OBIBAIOT MapaMETPUUYECKUMHU M HemapameTpudyeckumu. B mepBom
ClIy4yae Mbl UMEEM IPEIIOI0KEHUE O MApaMETpax PaCHpeleNICHUsI PU U3BECTHOM
3aKOHE, @ BO BTOPOM — O CAMOM BH/JIE 3aKOHA PaCIIPEICTICHUS.

ITPUMEP 1.2. T'umotesa H0 O TOM, 4YTO MATEMaTHUYECKOE OXHMIAHUEC
HOPMAJIBHOM CIIy4YallHOM BEJIMYMHBI PABHO MB[X] IIPU YCJIIOBUM, YTO IUCIIEPCHUS

D. [X] M3BECTHA, SBJISCTCS NPOCTOi mapamerpudeckoil. Ecim sxe aucnepeust D [X]
HEU3BECTHA, TO TUIIOTE3a OYET CIOKHON MapaMeTpUIeCKoil.
ITPUMEP 1.3. T'unore3a H,, o Tom, uro ciryuaiinas BenuuuHa pacmpesesicHa

10 HOPMA@JIBHOMY (WJIM II0 KAKOMY-TO JPYIOMY) 3aKOHY, SBISIETCS CIIOXHOU
HEMapaMeTPUUECKOU.

Hapsiny ¢ BeiaBuHyTO#l runoresoir H, paccmarpuBaioT nporuBopeyaryio ei
runoresy H,. Ecnu BeyiBunytas runoresa H,, Oyner oTBepruyra, To uMeer MecTo

nporuBopeyarnas et runoreza H; .

Kpumepuem 1pOBEpKM CTATUCTUYECKOM THMIIOTE3bl HA3BIBAETCA HEKOTOPOE
IIPaBUJIO, MTO3BOJISIONIEE IPUHATH €€ WA OTBEPrHYTh. [Ipruem kpurepun cTposites ¢
HOMOILBIO CiTydaiinod BeanmurHbel K (4acTo MMEHHO ee HAa3BIBAIOT KPUTEPHEM), LIS

KOTOpOil M3BeCTHO pacmpenencuue. HaGmomaembiM 3HadenueM kputepus K oo

Ha3bIBAIOT 3HAYEHUE KPUTEPUS, BBIYMCICHHOE 110 JAHHBIM BBIOOPKH.

B ciyuae npoBepku runore3 BO3MOXKHbBI OIIHOKH:

Ommbka 1-ro poga cocTOMT B TOM, YTO OyJeT OTBEpPrHyTa IpaBHJIbHAs
runore3a. BeposSTHOCTh OIMOKHM NEpBOro pojia Ol HA3bIBACTCSI YPOBHEM 3HAUUMOCTH
KpUTEpUsi, IO KOTOPOMY IPOU3BOAUTCS ITPOBEPKA.

Ommbka 2-ro pojaa COCTOMT B TOM, YTO OyJeT MpHUHATA HEMpaBHIbHAs
runoresa. Ecmu B - BeposATHOCTH OWMOKHM BTOPOro poaa, To BeamuuHa 1—[3

Ha3bIBACTCA MOIHOCTBIO KPUTCPUA.
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[TapameTprueckue THIOTE3BI IPOBEPSAIOTCS C  IOMOIIBIO  KPHUTEPHUEB
3HAYUMOCHMU, 3 HETIAPAMETPUUECKNE — C TOMOILBIO KPUTEPUEB CO2NACUA.

Kpumuueckoit 001acTbhI0 Ha3bIBAETCSI COBOKYITHOCTh 3HAYEHUIN KpUTEPHS, IPU
KOTOPBIX HYJIEBYIO TMIIOTE3y OTBEPraroT. Eciiv ypoBeHb 3HAUMMOCTH Ol YK€ BbIOpaH
U 3aJaH 00beM BBIOOPKH, TO KPUTHUYECKYIO OOJIACTh CIEAYET CTPOUTh TaK, YTOOBI
MOIIHOCTb KpUTEpHs Oblila MaKCUMalbHOU. BblloHEHUE 3TOro TpeOOBaHUs JTOJIKHO
o0ecneynTh MUHUMAJIbHYIO OIIMOKY BTOPOTO POJIa, UTO 00Jiee JKEIaTeNbHO.

OCHOBHOI TNpPUHLUI NPOBEPKU CTATUCTUYECKUX Trumores: ecau K o

NPUHAICKUT KPUTUYECKOl obnactu — runotesy H, oreprator, ecnu xe Ko

NPUHAICKHUT 00IaCTH IPUHATHUSA TMIIOTe3bl, TO runoresy H, npunumator.

OcTaHOBUMCSI TOJBKO HA TUIIOTE3€ O 3aKOHE PACIpPEENICHHs] T'€HEepajbHOM
COBOKYIHOCTH.

B 1.2 npu rpynnupoBKe JaHHBIX BEIOOPOYHON COBOKYIMHOCTH MOJydeHa TaOll.
1.4 — SMOMpUYeCcKHil 3aKOH pacrpele/icHHs] BBHIOOPKH X W 110 JAHHBIM OTOM
TaOJIUIIBI TOCTPOEH TMOJUIOH OTHOCHUTEIBHBIX 4acTOT. OTHOCHUTENBHBIE YaCTOTHI
WHOTJIa HA3bIBAIOT IMIUPUUECKUMHU BEPOATHOCTSIMU. M3 Bu3yanbHOTO HAOIIO/EHUS

TOJIUTOHA JieaeTcs BhIBOJ (BbiBuraercs runoresa H ) o 3akone pacnpenenenus:
H ,: renepanbHast COBOKYITHOCTb pacipe/ieieHa 10 HOPMaJIbHOMY 3aKOHY.

n BBIABUTACTCA T'HIIOTC34, IIPOTHUBOpCYAIlAA THUIIOTC3C H 0 nim cc€

OTBEpraroas.
IIpoBepka TMIOTE3BI O IPEATIOIAra€MOM 3aKOHE HEU3BECTHOI'O PACIIPENEIICHUS
OPOU3BOJUTCS TPH MOMOLIM CIEUUAIBbHO MOJOOPAHHOW CIy4alHONW BEJIIMYMHBI —

2
Kpumepusa coz2nacus. Pa3paboTaHO HECKOJIBKO TakuxX KputepueB: ¥~ - Ilupcona,

o2
Konmoroposa, CmupHoBa u np. Paccmorpum kputepuid 7y~ - Ilupcona, kak

KJIACCUYECKUH IPUMEP INPHUMEHUTEIBHO K MPOBEPKE T'MIOTE3Bl O HOPMAJIbHOM
3aKOHE pacCIpeerIeHusl TeHEPaIbHON COBOKYITHOCTH.

Byaem cpaBHMBAaTh SMIMPUYECKHE U TEOpPETHUECKHE BEpOSATHOCTU. OOBIYHO
OoHM paznuyarorcsa. CiydailHO M 3TO pacxoxaeHue? Bo3MOKHO, UTO pacX0KIECHUE
Clly4ailHO (HE3HayuMo) U OOBsCHSAETCA JIMOO MAJIbIM YUCJIOM HMCXOJHBIX JIaHHBIX,
ar00 crocobOM MX TPYNIUPOBKHU WIH IPYTUMH MpUInHAMH. Bo3MOXHO, 4TO TaHHOE
pacxokJIeHUE HEeCITy4ailHO (3HAYUMO) W OOBSCHSETCS TEM, YTO TEOPETUUYECKHUE
BEPOSTHOCTU BBIUMCIEHBI MCXOJ M3 HEBEPHOM THUIIOTE3bl O HOPMAIbHOM
pacrpeneneHuy reHepaabHON COBOKYITHOCTH.

IIycTs HaMm 3aaH ypOBEHb 3HAUMMOCTH O (Y - JIOBEpUTENIbHAs BEPOATHOCTD,

TO €CTh BEPOSTHOCTh MPUHATH BEPHYIO THUIOTE3Y; OL - 3TO BEPOSATHOCTh OTBEPTHYTh
BepHYIO Tumoredy, mnpuueM O +7Y =1). lns Toro, 4ro0bl TpH 3aJaHHOM O
POBEPUTH TUIOTE3y O HOPMAJIILHOM pacClpe/ieICeHUH TeHepalbHON COBOKYITHOCTH,
HAJ0 BBIYUCIUTh TEOPETUYECKUE BEPOATHOCTU. IIIOTHOCTH pacnpeneneHus s
HOPMAJILHOTO 3aKOHA €CTh (PYHKIUS:
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1 ~(x-M[x])*/(2D[x
f(X):m.e (x-M[x]) /(ZD[ ]) (112)

Torma, mnoab3ysick (opmyliol HaXOXACHUS BEPOSITHOCTA  IMOMaAaHUs
CIIy4alHOW BEJIWYMHBI B UHTEPBAI:

p@w<x<b):iﬂxﬁx,

umeem st Beex =1k
1

pjzﬂg4<x<a9:]5?;_.h**%ﬁDMD$mk:

B j-1

1 kP ek fdx: e MBI D, g s

1
21 - o, J2n-o

rae a; (] =0; k) - TPaHULIbl YaCTUYHBIX MOJBIHTEPBAIOB (cM. 1.2);

Xj - CcCpcanHa J —TI'0 HaCTHUYHOTO ITOJLIHTCpPBAJIA,

B

h - nnuna wacTuunoro noasETEpBana (cM. Gopmyiny (1.2)).

CocraBisieTcsi CBOJiHAs TaOIMIa HA OCHOBE JaHHBIX Ta0i.1.4 ¥ pacCUYUTaHHBIX
TEOPETUUECKUX BEPOSATHOCTEH:

Tabmuna 1.5
X | X, X, X, Xy
R, W, I, | dMIEpHYeCcKHe BeposT.
Pl p, | p, P, P, | TeopeTHuecKue BEpOST.
OueHKa OTKJIOHEHHS OMITMPHYECKUX BEPOSTHOCTEH [ (] =1, k) oT

TEOPETUYECKUX BEPOATHOCTEH (] =1, k) IIPOU3BOJUTCS C NIOMOIIBIO KPUTEPHUS

ITupcona Xz :

k (H' —p.)2 -N
Lnasn, = 2 . (1.14)
j=1 P;

2
[lo Tabnuie KpUTHUYECKUX TOYEK pacmhpeneneHus -~ (mpuioxkenus 4) mo
3aJJAaHHOMY yPOBHIO 3HaYMMOCTH OL M 4uciy cremened cobomel T=k -3 (k -

2
KOJIN4YCCTBO HOI[I)IHTepBaJ'IOB) HaxoauM  KPUTHYCCKOC 3HA4YCHUC hé Kp ((X,, r)

IPaBOCTOPOHHEHN KPUTHUECKOU 00JIaCTH.
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2 2 .
IpaBuio 1.1. Ecim ) 5, < X p.» TOTA HET OCHOBAHMII OTBEPraTh IHIIOTE3Y

H, o HOopmanmbHOM 3aKoHE pacHpeleNeHHs I'€HepPaIbHONU COBOKYIIHOCTH (TO €CTh

SMITMPUYECKUE U TEOPETUUECKUE YACTOTHI PA3IMYAIOTCS HE3HAYUMO (CITy4aiiHo)).

2 2
IpaBuio 1.2. Eca ) 5, > A p. > TOTJA TUIIOTE32 H, orBepraercs.

1.5 CTATUCTHYECKAS U KOPPEJISALHIMOHHASA 3ABUCUMOCTM.
IMIIMPUYECKASA U TEOPETHYECKASA JIMHUU PET'PECCUH

JIBe cnydaiiHble BEJIMYMHBI MOTYT OBITh  CBSI3aHBI MEXIy CoOO#
(YHKIIMOHAIBHON 3aBUCHUMOCTBIO, MO0 3aBUCHMOCTBIO JAPYTOro poja, Ha3blBaeMOM
CTaTUCTUYECKOW, JNuO0 ObITh He3aBUCHUMBIMU. Crporas  (QyHKUIMOHAbHAS
3aBUCUMOCTb JJI CIIYYalHBIX BEJIMYUH PEeAIM3yeTcsd PEIKO, TaK Kak 00€ BEIINYUHBI
(W1 0JIHA U3 HUX) MMOJIBEP>KEHBI PA3IMYHBIM CIy4YalHbIM (paKTOpaM.

[MPUMEP 1.4. Paccmotpum ABe TaOIUIbl 3HAYEHUH, KOTOPbIE MPUHUMAIOT
clly4aiHble BeTuunHsl Xu Y .

Tadmuna 1.6 Tabmuna 1.7
X |1 |7 [13[19 25|31 37 X |1 1|7 [13]19 25|31 |37
Y 153 (252 |10]16| 8 Y [20(12 (1519 |9 |3 |0

N300pa3uM 3TU JaHHbIE B JEKAPTOBOM CUCTEME KOOPIMHAT, OTKJAIbIBas
3HaYeHus cirydaiHoi Beamunabl X mo ocu OX, a 3HaYEHHs CITydaHON BETMYHHBI

Y 1o ocu OY .

251 [ ] 254

20 1 20 1@

10 [ ] 10 4

Puc.1.1 Puc.1.2

Hannbie Tabn.1.6 npencrasiens! Ha puc.l.l, nanusie Tabn. 1.7 — Ha puc.1.2.
N3 puc.1.1 BugHO, uTO NaHHbIie Tab.1.6 HE CBsI3aHBI MEXITYy COOOM. A BOT u3 puc.l.2
MPOCMATPUBAETCS KaKas-TO 3aBUCHMMOCTh MEXKIy X H Y, TIPUYEM BBIpaKeHa
oOpaTHasi 3aBUCHMOCTh. C YBEIMYEHHEM 3HAYEHWH CIIy4ailHOM BEIMYMHBI X,
3HAYCHUS CIyYaiHOM BETMUMHBI Y YMEHBIIAIOTCS.

Cmamucmuyeckoll Ha3bIBAIOT 3aBUCUMOCTb, MIPU KOTOPON M3MEHEHHE OJHOU
U3 BEJIMYUH BIICYET U3MEHEHHUE pacupeneneHus apyroi. Eciau npu u3amMeHeHnn oaHou
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M3 BEIMYMH HW3MEHSETCS CpEeIHEEe 3HAYeHHWe JAPYrod, TO B OTOM Clly4ae
CTaTUCTUYECKYIO 3aBUCHUMOCTD Ha3bIBAIOT KOppenayuonHou. 3Ha4uT,
KOPPENSALMOHHAS 3aBUCUMOCTb €CTh YACTHBIM CIIy4all CTATUCTUYECKON 3aBUCUMOCTH.

UToOBl yCTAaHOBUTH HAJIMYUE U XAPAKTEP CBSI3U MEXAY ABYMS CIy4alHBIMU
BeIMYMHAMH X M Y , HY)KHO IPUBECTH K yJ0OHOMY BHUIY MCXOIHBINM IU(PPOBOI
marepuan. Harnmsagnoht (ymoOHO#) GopMoN mnpencTaBieHUs JaHHBIX SBISETCS
KOppeJsIMOHHas TabauIa.

Tabmuna 1.8
Y
X Y Y2 Y; Yy my
X my, my, my; m,, m,,
X) m,, m,;, m,; m,, m,
X m;, m;, m;, m;, m,.
Xk my, my, my my, m,,
l’Ily mYl mYz ij mY/ m
3mech X[, X5, Xy Yi>Yo,-s Y, - CEPEAUHBI IOJBIHTEPBAJIOB

crpynnupoBanHeix Beibopok X u Y (oM. 1.2); m, j - 4acTora, C KOTOpOii
BCTpeyaeTcs napa (Xi 3Y ) B nocnennem cronbiie v B mociieiHed CTPOKE TaOIUIIbI

IIOMEIIEHbl CYMMAapHbIE 4YacTOTBbI, COOTBETCTBYIOILIME 3HAYCHUIO X = X., H
COOTBETCTBEHHO Y = Y, TO €CTb
m, =m; +m;, +..+m;
m, =m; +m,. +...+m,., Toraa J0JDKHO OBITH
Yj J J y

K
m,+m_+..+m, =>m_=m u
i=1

A
m, +mg +..+mg ZZ;‘ij =m.
-

m - o011ee KOJIMYECTBO Map 3HAYCHUN (Xi 3Yi )

Kaxmas 1—s ctpoka Tabn. 1.8 mpencrasinser coGoii (COBMECTHO ¢ HEPBOM
CTPOKOH) HEKOTOPOE pacrpejeieHie CAyYailHOM BEIUYUHBI Y , COOTBETCTBYIOIIEE
JAQHHOMY 3HA4YCHMIO ClydaliHOW BenmuuHbl X =X,. Takoe pacnpeneneHue

Ha3bIBACTCA yC106HbBIM pacnpedenenuem. [locnennss ctpoka 1abda.1.8 coBMECTHO ¢
IIEPBOH CTPOKOM 00pasyer 0e3yCIOBHOE pacIpeelieHHe CIIydailHOM BennduHbl Y
(ee SMIIUPUYECKUI 3aKOH PaCIPEACIICHHUS ):
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Tabnuua 1.9

Y A Y> Y Yo

my my | my, ij my,

Kaxnprit j—171 crosiden; Tabn.1.8 mpeacraBiser co00l COBMECTHO C IMEPBBIM
CTOJIOIOM HEKOTOPOE pacrpesieeHie CIIydaiiHONW BEIHYMHBI X, COOTBETCTBYIOIIEE
JTaHHOMY 3HAYEHHWIO CIyJaHOW BeIWIWHBI Y =Y j (To ectb ycmoBHOE
pactpenenenue). I[locnennuit cronder; tadin. 1.8 COBMECTHO ¢ MEPBBIM CTOJIOIIOM
o0pasyer 0e3yCIIOBHOE paCIpeIelieHHe CAyYaiHON BennYuHbl X (€€ SMIMPUYUECKHIA

3aKOH pacrpeeieHus):
Tadomuna 1.10

>

X X, X, X

m

X X, X5 x| Xy

ITo nanubM Ta61. 1.9 u 1.10 BeruncisieM cpeaHUE 3HAUCHUS:
_ 4 _ k
Y = Z;yj'myj m; X = Z%Xfmxi m (1.15)
= i=

N CPCAHNEC KBAAPATUICCKHUEC OTKIIOHCHUA!

k —

ob = X(y;-Y) m, |/mok=[X(x,-X) m, |/m. (6

i=1 i=1 '

3ameuanue 1.3. PexoMmeHayercs caenaTh JABa PUCYHKA — 3TO rpaduueckue
H300paKEHUS SIMIMPUYECKUX 3aKOHOB pacrpeeseH sl CyUYailHbIX BETHUMH X U Y

B BUJIE pacrpe/esieHus 4actoT. Ha piucyHKax HAaHECTH CpejiHue 3HaueHnsT X U Y .

YTOYHUM oOIpeaesieHue KOPPEISALMOHHON 3aBUCUMOCTH. Jljisi 3TOro BBEIEM
TIOHATUE YCIOBHOM cpennei. s Kaxaoii 1-i ctpoku Tadi1.1.8 (COBMECTHO ¢ MEPBOi
CTPOKO#) MOXHO BBIYHCIUTH CpEIHEC 3HAYEHHE CIydaHOW BenuuuHbl Y (10
dopmyie 1.15), KoTopoe Ha3bIBACTCS YCAOBHBIM CPEOHUM:

Y, =Y(X=x;) (i=12,..k).
Tak kak KaXXIO0MYy 3HAYCHUIO Xi COOTBCTCTBYCT OAHO 3HAYCHHC yCJIOBHOP'I
CpeaHeN, TO, OYEBUIHO, YCIOBHAs CPEIHSIA YX_ ecth pyHkust or X . B aTom ciyuae
1

TOBOPST, YTO CITy4YaiiHast BEMUUUHA Y 3aBHCHUT OT X KOPPEJSIUOHHO.
Koppenayuonnou 3aséucumocmovio Y or X Ha3pBalOT (YHKIHOHATBHYIO

3aBUCHUMOCTb YCIIOBHO# cpenneit Y, ot X:
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Y, =f(X). (1.17)

Vpasuenue (1.17) HaspiBaeTcsi ypaBHeHHEM pezpeccuu Y Ha X ; QyHKIMS
f (X) HaspiBaeTcs pecpeccueii Y na X; rpadpux (ynkuum T (X) - JluHueil
pezpeccuu Y Ha X.

AHAJIOTMYHO JUIS K&KI0ro ]—ro croyidua Tabi.1.8 (COBMECTHO C IEPBBIM

CTOJIOIOM) MOKHO BBIYHCIIUTH CPEIHEE 3HAYEHUE CIIYYalHOM BEIMYMHLEI X 110
dopmyite (1.15), KOTopoe Ha3bIBACTCS YCIOBHBIM CPEOHUM:

X, =X(Y=y;) (j=1.2,...0).

Torma  KOpPpENAMOHHOW  3aBHCHMMOCTBIO X  OT Y  HasblBaeTCs
(ynkumoHanbHas 3aBucuMocTs X 0T Y

X, =o(Y). (1.18)

Vpasuenue (1.18) nasbiBactcs ypaenenuem pezpeccuu X Ha Y ; QyHKIUs
(p(Y) HasbIBaeTCs pezpeccuen X Ha Y ; rpapuk (QyHKIHMH (p(Y) - unuen

pezpeccuu X Ha Y .

3ameuanue [.4. PaccMaTpuBaeMble [1Ba YPaBHEHUS PETPECCHUU CYLIECTBEHHO
pa3JIMYHbBI U HE MOTYT OBITh MOJTYYEHBI OJHO U3 JPYTOTO.

N3ydenne KOppensiMOHHON CBsI3M OyJieM MPOBOAUTH NPHU PEIICHUH JIBYX
OCHOBHBIX 3a/a4:

- ONIPEACIICHUE PopMbl KOPPEISILITUOHHOMN CBS3HU, TO €CTh BHJIA TEOPETUUYECKOU
byHKIMU perpeccur (OHa MOXKET OBITh JIMHEHHON U HEJTMHEWHOM);

- ompeieieHue mecHomul (CUIIbl) KOPPEISMOHHON CBSI3HU.

Haubonee mpocTtoii M BaXHBIA Ciydall KOPPEISIIMOHHOW 3aBUCUMOCTH -
JUHENHas perpeccuss. B 3TOM cilydyae TEOpETHMYECKOE YpPaBHEHHE JIMHEWHOU
perpeccun Y Ha X (popmyna 1.17) umeer Bua

Y, =aX+b. (1.19)

Kosdhdumuent a B ypaBuenuu (1.19) HazsiBatoT koagppuyuenmom pezpeccuu
Y ma X u0603Haua0T Pyy (2 = Pyy ). OUCHKH HEM3BECTHBIX IAPAMETPOB Pyy H

b paccuuraem, npumenss nanubie tabn.1.8:
k ¢ —

m.-X. -y, |/m-X-Y
| i YJ

i=1 j=1

a=pyx = (gxf m, j/m_(i)z

b=Y -pyy - X, (1.21)

(1.20)
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rne X w Y - CpelAHHE 3HAYCHUS CIy4YalHbIX BemuunH X ©u Y
BBIYHUCIICHHBIE IO opmytiam (1.15).

Cnenaem rpaduyeckoe M300paKeHUE TaK Ha3bIBAEMOW dMIUPUYECKON JIMHUU
perpeccun Y Ha X M TEOPETHYECKOM IUHMU perpeccud Y Ha X. Jlisg 3T0ro B

nexkapToBoii cucreme koopauHar mo ocu OX oTKiIagbIBacM 3HAUCHHS X |, X5 ,.eey X

b

n3 1abn. 1.8, mo ocu OY orknagbiBaem 3Hau€HMs YCIOBHBIX CPEIHHMX YX_ . Torga
1

JOMaHasi, COCAMHSIOMAsS TOYKU (Xl’Yxl); ()(2,YX2 ); e ) (Xk,YXk ), u Oymer

IMITUPUYECKOM TuHUEH perpeccun Y Ha X. 37eCh jKe Ha JaHHOM rpaduke CTPOHM
TEOPETHYECKYI0 JIMHHIO pErpeccud, TO €CTb mpsamyro Y, =pyxX+b ¢
BBIYHMCIICHHBIMU KOA(hDUIIMEHTAMH.

3ameuanue 1.5. Tlockonbky dopmynsl (1.20) u (1.21) momydeHsl 0 METOIY
HaUMEHbIINX KBagpaToOB, TO IO CYTH 3TOTO0 METOJAA, TEOpeTHUYecKas JIMHUSA
perpeccuu JojkKHa Ha rpaduke ObITh B «CEPEAUHE» JIOMAHOM.

AHAJIOrMYHO MOKHO ITOCTABMTH BOIPOC O HAXOXKICHUH TEOPETHIECKOTO
ypaBHEHUS JTUHEHHOM perpeccurt X Ha Y (popmyia 1.18), koTopoe B 3TOM cirydae
HUMEET BH

X, =2a,Y+b,. (1.22)

Kosppumuent a, B ypaBHenun (1.22) HaspBalOT KoIppuyuenmom
pezpeccun X Ha Y U 0003HA4YAIOT Pyy (a1 = Pxy ) OueHKkH HEU3BECTHBIX
MapaMeTpoB Pyy U D; paccUMTHIBAIOTCS 110 JaHHBIM Tab. 1.8:

k ¢ -
i=1 j=1
a, =pPxy = ; : (1.23)
2 < \2
j=1

b, =X-pyy Y, (1.24)

rae X u Y CpeIHue 3HaYEHUs CAy4alHbIX BeNMU4nH X U Y , BHIYHCIICHHEIE
o ¢opmynam (1.15).

Hanee nenecoodpa3Ho cenarb rpaduueckoe U300pakeHue IMIUPUUECKON U
TEOPETUYECKOM JIMHUH perpeccur X Ha Y aHAJIOTHYHO BBIIICH3I0KEHHOMY.

B ciyyae nuHelnHOM perpeccuu 3azada ONpeIeSICHUs TECHOTHI CBA3U CBOJINUTCS
K BBIYUCIICHUIO AMIIMPUYECKOTO (BBIOOPOYHOTO) KOADGUIIMEHTa KOPPESIIIH,
KOTOPBIN MOKHO BBIYUCIUTH MO OJTHOM U3 (HOpMYIT:
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Ox Oy
I'g =Pyx - umm - Ig = Pxy - , (1.25)
Gy Oy
rne Oy, Oy - 3HAYeHUs CPEJHHMX KBAJAPATUYECKHX  OTKIOHEHW,
BBIYHCIICHHBIX 110 hopmyde (1.16).
[TpuBenem cBoiicTBa BRIOOPOYHOTO KOA(PPUIIMEHTA KOPPETAIUU:

1.‘1‘B‘<1 wm —1 <1 <1.

2. Ecnm 153 =0, torma X u Y He CBf3aHbI JHHCHHON KOPPEIALUOHHON

3aBHCHMOCTBIO (HO MOTYT OBITH CBSI3aHBI HETMHEHHOW KOPPEISIMOHHOW WIIU JTaxe
(GYHKIIMOHATBHOM 3aBUCUMOCTBIO).

3. C BospactanueM aOCOJIOTHOW BETUYHHBI BBHIOOPOYHOTO Kod(hduimeHTa
KOPpETSLUU JIMHEWHAsT KOPPEISIUOHHAs 3aBUCUMOCTh CTAaHOBUTCS 0oJjiee TECHOU H

pu ‘rB‘ =1 mepexomur B IMHENHYIO QYHKIMOHAIBHYIO 3aBHCUMOCTb.

4. Ecmm 15 =1 (rB = —1), torma X u Y CBs3aHbl OpsMoi (0GpaTHOI)

JMHENHON PYHKIMOHAIBHON 3aBUCUMOCTBIO.

3ameuanue 1.6. OnHaKO SMIUPUUCCKUN KOIDDUITUEHT KOPPEISALHUH SBIISICTCS
BECbMa YCJOBHBIM IOKAa3aTeleM [a)ke€ JIMHEHHON CBS3M, TaK KaK OH SBJSETCS
CpelHel MPOMOPIMOHATILHON BEIMYMHONW Mexay Koddduumenramu perpeccun. B
TEOPUU KOPPEISALMHU CYLIECTBYET MOHATHE KOPPEISLUMOHHOIO OTHOIIEHUS, KOTOPOE
siBJIsieTCsl 00Jiee €CTECTBEHHBIM U OOIIMM MOKa3aTeleM CTEHEeHH TECHOThI CBS3H, TaK
KaK He CBSA3aHO C (JOPMOIi 3aBUCUMOCTH.
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YYEBHO - METOAUYECKUHA KOMILIEKC

PA3JIEJI 14 <MATEMATHYECKAS CTATUCTHUKA»

2. MeTognueckue yKasaHus 1Jisl CTYI€HTOB



2.1 JABOPATOPHAS PABOTA Ne 1
«IlepBuuHas 00padoTKa CTATUCTUYECKUX TAHHBIX)

U3 nanublX, Bxogsmux B BeIOopky X (tabu.l.l) Haxogmm X, .. U X

n max ?

COOTBETCTBEHHO HaMMEHbIIIEE W HaWOOJIbIIee 3HAYEHUS BBI60pKI/I, N BBIYHCIISICM

gueno d =x . —X Ha3bIBAEMOC pa3mMaxom eévloopku. Pazmax BHIOOPKH — 3TO

min ?
JUTMHA OCHOBHOTO MHTEpPBaJIa, B KOTOPHIM MOMAAA0T BCE 3HaUeHUs BbIOOpKH. [lanee
3HAYCHUA X (1 = I,N), Ha3bIBACMBIC éapuanmamu MOXHO YIIOPAJAOYHNTH, TO €CTh
PacIoNIOKUTh B TOpsiAKe Bo3pacTtanus. Torma Beibopka X = {Xl D CYNRNS € },
3allMCaHHasA I10 BO3paCTaHUIO, HA3bIBACTCA 6apuUauyiiOHHbIM p}lOOM . Ilo (bopMyne

k=1+4-[IgN], 2.1)
riue [lg N]— ejasl 4acTh 4ucia lg N, OIpeAeIUM YHUCIIO k. JlanHo€e 4ncio

k 3amaer KonM4ecTBO MOABIHTEPBAIOB, HA KOTOPHIE pa30MBAEM OCHOBHOM MHTEpBAI
[X max > X min ] Brruncnsiem anuHy MOABIHTEPBAJIOB 10 popMyJie

L _d (2.2)
k

" 3aTCM — I'PaHUIbI ITIOABIHTCPBAJIOB!

a, =X a;=ap+h;..;a;=a,,+h;...;a =x (2.3)

min ° max °

. T m;
Haxomum m; (le,k)— YacTOTBI | Hj = —— (le,k)— OTHOCHUTEJIbHBIE

N

YaCTOThI nonajganus 3HadeHud BBHIOOPKM X B ]—H moablHTEpBal. Ilpuuem

k
JIOJIKHO OBITh ij =m,+m,+...+m, =N
i=1

k
JUIsL. OTHOCHTEJIBHBIX 4YacToT: . W; =1
=i

B PE3YIBbTATC IMPOBCACHHBIX PACUCTOB, ITOJYYaCM IBC Ta6J'II/III1>12

Tabnuua 2.1
X ‘ [ag;2,) ‘ [a,52,) ‘ ‘ 2]
m ‘ m, ‘ m, ‘ ‘ my

Tabnuna 2.2
X ’ lag;a,) ‘ [a132,) ’ ‘ laiisay]
H ‘ H ‘ K ‘ ‘ Mk

I[aﬂee, €CJIM HalTH CCPpCANHBI ITIOABIHTCPBAJIOB!
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b, =al+TaO; b, =%;...;bk =m, TO TMOJy4dUM €IIE OIHY
) .
B Taomuna 2.3
X | b | by, | .| b
H ‘ Hy ’ Ho ‘ ’ Hi

B nensx HariasgHOCTH MOJy4eHHBIX B Ta0m. 2.1, 2.2, 2.3 naHHBIX MOJIB3YIOTCS
pa3IMuHBIMU  crioco0aMu ux Trpaduyeckoro uzodpaxkenus. K HuM oTHocsTCs
TUCTOrpaMMa U TMOJIMIOH.

JIst OCTPOEHUSI TUCTOTPAMMBI OTHOCUTEJIBHBIX YaCTOT MCHOJIb3YEeM JIaHHBIE

Tab11.2.2. B nexaproBoii cucteme koopaunar Ha ocu 0X Haxomum 3HayeHus X nin ¥
X hax M TEM CaMbIM HaXOJUM I'DaHUIIBI OCHOBHOI'O MHTEPBAJIA, B KOTOPbIM IONAJar0T

BCC 3HA4YCHMHA BBI60pKI/I. 3aTeM Ha 3TOM HHTCPBAJIC OTKJIAAbIBACM I'PAHUIIbI
IMOABIHTCPBAJIOB. IIo ocu OY OTKJIaAbIBACM  BCJIMYMHBbI ol i / h (HJ'IOTHOCTI/I

BEPOSITHOCTEM ) (] =1, k). Torma rucrorpaMmoil OTHOCUTENBHBIX YacTOT HAa30BEM
CTyNeHYaTyl0 (GUrypy, COCTOAIIYIO W3 MPSAMOYTOJbHUKOB, OCHOBAHUSIMHU KOTOPBIX
CIy’KaT YaCTUYHbIE IMOJBIHTEPBAIbI IIMHBEI N, a BBICOTHI PaBHBI YKMCIIAM M / h

(TUIOTHOCTH BEPOSITHOCTEN ) (J =1, k). AHanoruyHo, 1o JaHHbIM Tabm. 2.1, cTpoutcs
rUCTOrpaMma 4acToT.
JJist HOCTpOEHMS TTOJIUTOHA OTHOCUTENBHBIX YACTOT MCIOJIb3YEM JIaHHBIE Ta0II.

2.3. B nexaproBoii cucreme koopauHat Ha ocu 0X Haxomum X, . U X .., TO €CTh

n300pakaeM TpPaHMIIBI OCHOBHOI'O HMHTEpBaJia. 3aT€M HAHOCUM 3HAUYCHHS CEPEIUH
HOJBIHTEPBAIOB b i ITo ocu OY orknagpiBaeM 3HaY€HHs, COOTBETCTBYIOIIUE

OTHOCHUTCIIbHBIM 4aCTOTaM HJ .

Ilonuzonom OTHOCUTENBHBIX YACTOT HA3BIBAOT JIOMAaHYIO, OTPE3KH KOTOPOM
coemuusor Touxu (b, 1 ) (by, 1, )i..; (b, 1y ).

Hannbie Tabn. 2.3 MOpeACTaBISIOT SMIMPUYECKUNA 3aKOH pacmlpeeieHus
BBIOOPKH, a TIOJIMTOH OTHOCUTEJIbHBIX YACTOT €CTh €r0 BU3yalIbHOE MPEACTABJICHHUE.

Imnupuueckoit ynkyueinr pacnpeoenenun (Qynkyueit pacnpeoeneHus

E3
ébl00opKu) Ha3pBalOT QyHKIUIO F (X), ONPECIAIONIYI0 I KaXKJ0T0 3HAYCHUS] X

OTHOCHUTCIIBHYIO HaCTOTY coopITusa X < X.

* n
Takum oOpaszom, F (X)zﬁ, rie N, — 4YUCIO BAapUaHT, MEHBIIHMX X,

N —00BeM BBIOOPKH.

JUTs KaX[0W peain3alny BBIOOPKH SMITUPUYECKass (PYHKIHS pacipee/ICHUs
OJTHO3HAYHO OIpEJIEICHa U 00JIaJjacT BCEMU CBOWCTBAMHU TCOPETHUYECKON (DyHKIMH
pacrpeneneHus:

1) 3HaueHUs SMIUPUYECKON HYHKIIUN MIPUHAIICIKAT OTPE3KY [O; 1];

2) F' (X) —He yObIBaromas QyHKIus;
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%
3) ecnu X; — HauMeHblIas BapuaHTa, TO F (X)zO npu X < X;; €eciu

%
X —HauOoblIas BapuaHTa, T0 F (X) =1 mpu x > X,.

OmMmupuyeckas (QYHKIUS paclpenesieHuss BBIOOPKH  SIBJISETCS  OICHKOM
TEOPEeTUYECKON (DYHKIIMH pacIpe/iesieHrs FTeHEPAIbHONW COBOKYITHOCTH.
I[TPUMEP 2.1. Jlana Bbibopka X W3 TI'eHEPaJIbHOW COBOKYIHOCTH OOBbeMa

N=100.
Tabmuma 2.4

254 1158 522 524 972 736 401 347 208 368
1485 812 1032 226 428 368 676 671 587 701
701 1171 443 683 786 895 267 597 51 941
659 400 484 876 570 241 678 127 728 903
424 245 531 986 1017 429 732 1021 430 153
513 520 221 1074 826 65 389 1180 504 325
294 447 1459 589 307 461 1434 559 837 743
382 387 967 446 763 767 349 853 578 652
285 628 688 517 380 375 878 409 109 621
712 476 432 721 1300 577 580 909 690 757

1) Haxonum u3 BEIOOpKU X .. M X, ., PACCUNTHIBAEM Pa3Max BBIOOPKH d:

Xmax =1485; X, =51, d=x_,, — X, =1485-51=1434.

2) CocraBUM BapuallMOHHBIA pAN, JUIsI 4YE€ro BCIO IOCJIEA0BATEIbHOCTh
BBIOOPKH PACIOJIOKUM B MOPSIIKE BO3pACTAHUS

51 65 109 127 153 208 221 226 241 245
254 267 285 294 307 325 347 349 368 368
375 380 382 387 389 400 401 409 424 428
429 430 432 443 446 447 461 476 484 504
513 517 520 522 524 531 559 570 577 578
580 587 589 597 621 628 652 659 671 676
678 683 688 690 701 701 712 721 728 732
736 743 757 763 767 786 812 826 837 853
876 878 895 903 909 941 967 972 986 1017
1021 | 1032 | 1074 | 1158 | 1171 | 1180 | 1300 | 1434 | 1459 | 1485

3) 3agaeM 4MCIIO K — KOIMYECTBO YaCTUYHEIX IIOJBIHTEPBAIIOB, Ha KOTOPOE
pas6usaem Hamry BIOOpKy X: K =1+4-1g100 =9. Hcxons us s1oro Beumcisem

h = % ~159,333 u

MJIMHY  IIOABIHTCPBAJIOB I'paHulbl IIOABIHTCPBAJIOB

(aj_l,aj), j=1,_9, ay =X, =91,
a, =a,+h=514+159,333 =210,333;
a,=a, +h=210,333+159,333 =369,666;
a, =a, +h=369,666+159,333 =528,999;
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a, =a; +h=2528999+159,333 = 688,332;

a; =a, +h=688,332+159,333 =847,665;

a, =a;+h=2847,665+159,333 =1006,998;

a, =a,+h=1006998+159,333=1166,331;

ag =a, +h=1166,331+159,333 =1325,664;

a, =ag+h=x_, =1485.

4) PaccunThiBaeM 4aCTOThI — YKHCJIO MOMAIaHUI B MOIBIHTEPBAJIBI 3HAUCHUN U3
BBIOOPKH, TO €CTh M, M, ,...,M,.

51; 210,333) m, =5
210,333; 369,666) m, =14
369,666; 528,999) m, =25
528,999; 688,332) m, =18
688,332; 847,665) m, =16
847,665; 1006,998) m, =10
1006,998; 1166,331) m, =5
1166,331; 1325,664) mg =3
1325,664;1485] m, =3.

9
Konrposne: 3, m; =N 5+414+25+18+16+10+5+3=100.
=

Ha ocnoBe MMOJYYCHHBIX JAHHBIX, 3allI0OJIHACM T3,6J'H/II_[y

¢ [51; [210,333; [369,666; [528,999; [688,332;
210,333) 369,666) 528,999) 688,332) 847,665)
m 6 14 25 18 16
¢ [847,665; [1006,998; [1166,331; [1325,664;
006,998) 1166,331) 1325,664) 1485]
m 10 5 3 3
5) Cunraem cepenutsl nogsiaTepsaios b, ,b,, -+, by n otHOCHTETBHBIC
9acTOTBI [y, Ly, .., Ho.
a._,+a; m. —
-1 i. _ ] £_10-
T T T
a,+a 51+210,333
b, =2 : L = =130,666;
a,+a, 210,333+369,666
b, = 5 2= —— =290;
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_a;+a; 369,666+ 528,999

b3 = =449,3,
2 2
b, = a;+a, _ 528,999 + 688,332 — 608.6;
2 2
_|_
b, = a,+as _ 688,332 + 847,665 — 768:
2 2
b, = as +ag _ 847,665 +1006,998 —9273;
2 2
_|_
b, = ag +a; _ 1006,998 +1166,331 — 1086.66;
2 2
by = a, +ag _ 1166,331+1325,664 _ 1246
2 2
by = ag +ag _ 1325,664 + 1485 —14053.
2 2
OTHOCI/ITGJ'H::HBIC qaCTOTHhI.
m, 6 mg 10
M= T 100 Mo = T 100
m, 14 m; 5
M2 _ % o4 =1 ="_=0,05
b= T 100 T
= =""=0,25; =—=—-=0,03;
s = T 100 s = T 100
m, 18 m, 3
:—:—20,18; :_:_:0,03.
b= T 100 T
ms; 16
=—=—=0,16;
s = T 100
Kontpons:

9
;=1 0,06 +0,14+0,25+0,18+ 0,16 + 0,1 + 0,05+ 0,03+ 0,03 =1.
j=1

B pe3ynbTaTe umeem Tadiuiy:

Tabauma 2.5
X 130,6 | 290 [449,3| 608,6 768 927,3 | 1086,6 | 1246 1405
WL 0,06 0,14 0,25 0,18 0,16 0,1 0,05 0,03 0,03

6) 13 panabix Tabn. 2.5, MOJyYyMM SMIOUPHUYECKUI 3aKOH pacrpeiesieHus
OTHOCUTEJIBHBIX YaCTOT M BHU3yaJIbHOE €r0o IIPEICTABICHUE, TO €CTb CTPOUM
TUCTOTPaMMY U IIOJIUIOH PACIPEEICHNs OTHOCUTEIBHBIX YaCTOT.

27




=
S
=)
p—
N
]
|

0,00114

0,001 +

0,0008

0,0006

0,0003 4
0,00021

0,3

0,25

0,2

0,15

0,1

0,05

7) CoctaBuM sMmmupudeckyro (yHkuuto pacmnpexaencHus. [lo ompenenenuto,

E3
JUIA TPYNIHUPOBAHHOTO CTAaTUCTHUECKOTO psina F (X), UMeEeT BUJ

28



0 x <51

0,06 npum 51<x<210,333

0,2 mpu 210,333 < x < 369,666
0,45 mpu 369,666 < x < 528,999
0,63 npu 528,999 < x < 688,332
F'(x)=40,79 npu 688332 < x < 847,665
0,89 npu 847,665 < x <1006,998
0,94 mnpu 1006,998 < x <1166,331
0,97 mpu 1166,331 < x <1325,664
0,99 mpu 1325664 < x <1485

1 npu x > 1485

[TocTpoum rpaduk F' (X)

A

a'8 aq = 1485 " x
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2.2 JABOPATOPHASA PABOTA Ne 2
«PacyeT TOYEYHBIX U HHTEPBAJIBLHbBIX OLICHOK I'eHEPAJILHOI0
MaTEeMAaTHYEeCKOIr0 OKUAAHUSA U JUCIIEPCHID)

[yctb O, — HEKOTOpBIA mapamMeTp TreHepalbHON COBOKYITHOCTH, KOTOPBI

HEBO3MOXHO BbIYUCIUTh. HO 3HaTh ero 3HadyeHue (x0T Obl NPUOIMKEHHOE,
oueHoyHoe) Hago! IloaToMy 10 BBIOOPOYHBIM JAHHBIM MPOU3BOJAT pacyeT
CTATUCTUYECKHUX OIICHOK JAHHOT'O I'eHEePaJIbHOI0 MapaMeTpa.

Toueunoni Ha3BIBAIOT CTATUCTUYECKYIO OLICHKY F'€HEPAJIBHOIO MapaMmeTpa Gr,
KOTOpasi OIPEACNSACTCS OJHUM YHUCIOM OB. ToueuHasi oleHKa OB MOJKET OBITh
HEeCMEIIEHHON U CMEIIEHHOM.

Hecmewennoii Ha3bpIBAIOT TaKyl0 TOYEYHYIO OLICHKY GB, MaTEeMaTHYECKOE
OXKHJIaHWE KOTOPOH paBHO OICHWBAEMOMY T€HEPAIBHOMY IMapaMeTpy IpH JH0O00OM
o0Beme BBIOOPKHU, TO €CTh

M[OB]: er’ (24)

Ecnau paBenctBo (2.4) Hapymiaercs, TO B 3TOM Cilydyae TOYEUYHAasl OLICHKa GB

Ha3bIBACTCS CMEUWEHHOU.
HecmenienHoit o1ieHKOM TeHepalibHOM CpeHe (MaTeMaTH4YeCKOTrO OXKUJIaHMS

M. [X]) CILy’KUT BbIOOpOYHAsl CPEAHSIA:
k m; k
M, [x]=2b, N T 20iH
J=1 J=1

KOTOPYIO CUUTAEM IO JTAHHBIM TaOIULbI 2.3.
CMeleHHON OLEHKON reHepaibHOM aucnepcun D [X] CJIy’KMT BbIOOpOYHAsI

(2.5)

AUCTICPCHUA:

D, [x]= X (o; M, [P - 2 = by M, [P .

=1 =1

(2.6)

rie b i By — m3 tabmuiel 2.3. MHorma Gosee yJ100HO TMOIB30BAThCS APYTrOM

dbopmyIIoi IS BEIYUCIICHUS BRIOOPOYHOM JUCTICPCHH:
k
2 2
D, [X]: Zlbj "M _(MB[X]) :
J:

3ameuanue. Ilockonbky DB [X]}IBJIHCTCH CMCILEHHON OIIEHKOM, TO €€

(2.6a)

«HUCHPABIIAIOTY CAEAYIOMIMM 00pa3oMm:

o2 = N-D,[x] @.7)
° N-1
HOJ’IyLICHHaSI OIICHKA Gi — OTO HeCMCUleHHasA Jucnepcuss, a O, —

BBI6OpOIIHOC Cpe€aHcC KBAJAPaTUICCKOC OTKIIOHCHHC.
HpI/I BBI60pKC MaJIoTO 00beMa TOYeUHas OCHKAa MOXKCT 3HAYUTCIILHO
OTJIIMYATbCA OT OHCHHBACMOI'O I'CHCPAJIBHOTO IIapaMETpa, TO CCTb IIPHUBOIUT K
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rpyobIM  ommOKaM, TMO3TOMY Tpu HEOONbIIOM O00BeMe BBIOOPKH CIEIyeT
M0JIb30BATHCSl MHTEPBAJIbHBIMU OIICHKAMH.
Hnmepeanwvhoit Ha3pIBAIOT OLIEHKY, KOTOpPAsk ONPEEIIIETCs] IByMs YUCIaMU —

KOHIIAMH HHTEPBaJIa, IIOKPHIBAOIIETO OLCHUBACMBIH reHepasbHbIi mapamerp O .

Jloeepumenvnvim HA3BIBAIOT UHTEPBAJ, KOTOPBIA C 33aJlaHHOM HAJECKHOCTHIO
(1OBEpUTEIBHON BEPOSTHOCTBIO) Y IOKPBIBAET OLEHUBAEMBbIH TI'eHEpaIbHBIN

< 9.

OOBIYHO HAAEKHOCTHh OLEHKU (JOBEpUTENIbHAs BEPOSATHOCTb 7Y ) 3a7acTcs.

IapaMeTp, TO €CTh ¢ KOTOPOI OCYILECTBIIAETCS HEPABEHCTBO ‘Gr -0,

ITpuuem B kauectBe Y OepyT umcio, onuskoe k exunuue (0,95; 0,99; 0,999).
Hrak, mycTh BEPOSITHOCTH TOT'O, UTO ‘er — GB‘ < O paBHa Y, TO €CTh
(6, -6,/ <3)=7, (2.8)

NN

PO, -86<0, <0, +3)=7, (2.8a)

torna uarepsan (0, —8;0, +8) u ecTh HOBepHTEITBHBII HHTEpBAI.
JUisi  oueHKM — MaTeMaTMyeckoro  oxumaHus M [X] HOPMAJIbHO
pacrpezeNeHHOl reHepalbHOi coBoKynHOCTH X 110 BbIOOpouHOM cpexueit M [X]

IIPU U3BECTHOM CPEIHEM KBaJpPaTHUECKOM OTKIOHEHHH G . = ./D_ |X| CIIYKUT

,Z[OBepI/ITeJ'IBHLIf/'I HHTCPBAJI.

(o (o (2.9)

N N

¢]
rae t——= =0 — TO4YHOCTH OlEeHKH; N — 00bheM BBIOOPKH; t — 3TO Takoe 3HAYCHHE

JIN
Y

aprymenTa ¢pynkuuu Jlammaca CD(t) (npunosxenue 1), mpu KOTOpoM CD(t) = 5

JIss  OLIEHKM  MAaTeMaTHYeCKOro  OKHIaHUs M. [X] HOPMAJIbHO

MB[X]—t <Mr[x]<MB[x]+t-

pacipe/eeHHON reHepaIbHOl COBOKymHOCTH X 110 BBIOOpOYHO# cpequeit M | [X]

IIpH HEU3BECTHOM CPEIHEM KBaJpPAaTHUECKOM OTKIOHEHHH G, = /D, |X| u (pu
oobeme BeIOOpkH N > 30)) city’)KHUT TOBEPUTEILHBINA HHTEPBAI

C, (2.10)
< Mr[x]< MB[X]+ty :

N

MB[X]—t O

N

IPIS ‘[y HaXOJMM 110 Tabuuie (puIokeHue 2) mo 3aganipiM N 1 Y .

JIns OLIEHKM CpelHEero KBaJIpaTHYECKOro OTKIOHEHUS O HOPMaJIbHO
pacrpeieicHHON TeHepaabHOM COBOKYIHOCTH X € JOBEPHTEIHLHON BEPOSTHOCTHIO
CIIy’KaT JIOBEPUTEIIbHbIC NHTEPBAJIBI:
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csB(l—q)<csr <GB(1+q) (an/I q<1) (2.11)
0<o, <o,(1+q) (mpu q>1),
rae  — HaxoAuM 1o Tabiuie (npuiokeHue 3) npu 3ananHbix N u Y .

3ameuanue. st M| [X] IpeIAaracTcst IOCTPOUTH TOBEPUTEIbHBIE HHTEPBAJIbI
mwis aByx 3Hadenuit BepostHocth Y = 0,95 m 0,99. Ilposectn ananus, kak

MCHAIOTCA T'paHUIBI MHTCPBAJIOB C YBCIIMYCHUCM I[OBGpPITCJILHOﬁ BCPOATHOCTH.

INPUMEP 2.2. HaiiTu TOYedHBIE M HHTEPBAIBHBIE OLICHKH I'€HEPAIBHOTO

MaTEMaTUYECKOTO OKUJAHUS M TeHEpPaJbHOM JHMCIEePCUU, HUCXOAS M3 JIaHHBIX
npumepa 2.1.

1) Tlo manHbiM TabuuIBl 2.5 pacCUUTHIBAEM BBIOOPOYHOE MaTEMaTUUYECKOE
OKHJIaHWE U BBIOOPOUYHYIO AUCIEPCUIO, CPEIHEE KBAAPATUUECKOE OTKIOHEHHUE.

My [X] =0,06-130,666 + 0,14 -290+ 0,25 -449,333 + 0,18 - 608,666 +
+0,16-768+0,1-927,332 4+ 0,05-1086,66 + 0,03 -1246 +

+0,03-1405,332 = 619,81.
Dy [x]= (130,666 —619,81)" - 0,06 +(290,0 — 619,81)* - 0,14 +
+(449,333-619,81)> - 0,25 + (608,666 — 619,81)" - 0,18 +
+(768-619,81)* -0,16 + (927,332 -619,81)* - 0,1 +
+(1086,66 —619,81)" - 0,05+ (1246 — 619,81)* - 0,03 +
+(1405,332-619,81)* - 0,03 =91015..
op =+/Dpx]=+91015 = 301,69.

[lo nmanHbIM Tabn. 2.4 BBIYUCISIEM €II€ OJHY TOYEYHYIO XapPaKTEPUCTHKY

_ N _
cpeanee apudMeTHUECcKoe 3HaUeHne Haued Beibopku X = Y. X; /N: X =615,80.
i=1
2) JlemaeM pacyeT HHTEPBaJbHBIX OIEHOK, TO €CThb OyJeM CTPOHUTH
JIOBEPHUTEIILHBIC HHTEPBAJIBI C JOBEPUTEIILHON BEPOSITHOCTHIO Y .

a) y = 0,95; 65 = 301,69; M[x]=619,81.
Wmem coorsercrByromee 3Hadenwe (, 1o TaOmuue B HPHIOKCHAM 2
t, =1,984.

1,984 -301,69
J100
p(619,81-59 < M[x]< 619,81+ 59)=0,95;

p(560,81 < M [x] < 678,81)=0,95.

6) v =099 t, =2,627.
~2,627-301,69
T

TOYHOCTB OLIEHKH O =

~ 59. Torma

S

=77,83.
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p(619,81-77,83 < M[x]< 619,81+ 77,83)=0,99;
p(531,98 < M -[x] < 697,64) = 0,99.

CrpouM  TOJYy4YEHHbIE  HWHTEpPBAJIBI HA  MOJUIOHE  pacHpeeSICHHS
OTHOCHUTEIIbHBIX YaCTOT.

l
0,3 -

0,25 x

0,15

0,05

M, [x]=619,81
0 () ‘ ‘ ‘
bl b2 b3 b4 b5 b6 b7 b8 b9

2.3 IJABOPATOPHASA PABOTA Ne 3

«ITpoBepka runoTe3bl 0 3aKOHE pacnpe/ieieHusi FTeHePAJIbHOI COBOKYITHOCTH

B nabopartopnoii padote Nel B pesynbrare nepBUYHON 00paOOTKH MCXOJHBIX
JAHHBIX TOJIYYEHO SMIUpPHUYECKOE pactpeneneHue (Tadm. 2.3) U 1Mo JaHHBIM STOM
Ta0JIMILBl MOCTPOEH IMOJUIOH OTHOCHUTEIBHBIX 4acTOT. OTHOCHUTEIbHBIE YACTOTHI
MHOTJIa Ha3bIBAIOT AMIUPHUUECKUMU BEPOATHOCTAMU. M3 Bu3yanbHOro Hab0IEHUS
MOJINTOHA MOYHO CJI€NIaTh OJIUH U3 CIAEAYIOIIMX BHIBOJOB:

T'unomesa A : TenepanbHasi COBOKYITHOCTb PACIPEACICHA 110 HOPMATBHOMY
3aKOHY;

T'unomesa B : I'eHepanbHasi COBOKYITHOCTB Paclpe/IelicHa o

NIOKA3aTEIbHOMY 3aKOHY;

Tunomesa C : T'enepanbHasi COBOKYITHOCTb PAcIpe/e/ieHa [0 PaBHOMEPHOMY
3aKOHY.

T'unore3a A .

Jliist TOrO, 4TOOBI NPH 3aaHHOM YPOBHE 3HAUYMMOCTU Ol (Y — JOBEPHUTEIbHAs

BEPOSATHOCTb, TO €CTh BEPOATHOCTh IPUHATH BEPHYIO THUIIOTE3y; OL— OTO
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BEPOSITHOCTh OTBEPTHYTh BEPHYIO THIIOTE3Y (OL +vy= 1)), IPOBEPHUTH THIIOTE3Y O
HOPMAaJIbHOM PAaCIIpe/IeIeHUH T'€HEPATbHOM COBOKYITHOCTH HAJIO:
1. Borunciuts M [X], G, (1aboparopHas pabota Ne 2).

2. BblMMCIHTBD TCOPETHYECKUE BEPOATHOCTH P (J =1, k). [Tockonbky

INIOTHOCTB paclpeCACICHUA OJIs1I HOPMAJIbHOTI'O 3aKOHA €CTh

f(x)= b M) /epl]) (2.12)
Torga
P; =P(aj_1 <X < aj): \/_—

S S e RS (CRIEN T PR S ' B LT B S
N e e |

r7e & ; — IPaHMIbl YACTHYHBIX HHTEPBAIIOB;
b j — cepenuHa ] —T0 YaCTUYHOTO UHTEPBAJIA;

h — nnuna wactanoro unTepsana (cm. Gopmyay (2.2)).
3. CocTaBuM CBOJIHYIO TaOJIUILy HA OCHOBE JAHHBIX Ta0. 2.3 W paCCUMTAHHBIX
TEOPETUUYECKHUX BEPOSTHOCTECH:

Tabauma 2.6
X b, b, b i e | by
H My ) Hi My <— DMIIMPUYECKUE BEPOATHOCTHU
Y P, P, | Py || Px <— TEOPETUYECKHE BEPOSITHOCTU

4. OueHKYy OTKIOHEHHMS OMIIMPHYECKHX BEPOSTHOCTEH [ (] =1, k) oT
TEOPETHYECKMX BEPOSTHOCTEH P ; (] =1,k) IPOM3BOJUM C IOMOIIBIO KPUTEPHS

ITupcona xz :

2 _ 3 (Hj_Pj)2 ‘N
X uatn. E pj :

2
5. Ilo Tabnuue KpUTHUYECKUX TOYEK pacrpezeneHus )~ (mpuiokeHue 4) mo

(2.14)

3aJJaHHOMY YPOBHIO 3HAYMMOCTH O, M 4uciy cremeneil csodomel =k -3 (k—
2
KOJMYECTBO  TOJBIHTEPBANIOB) ~HAXOJAMM  KPHUTHYECKOE 3HAYEHHE Y (oc,r)

IPABOCTOPOHHEHW KPUTHUECKOU 00JIaCTH.
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2 2 .
IpaBuio 2.1. Ecnn ) .6, < ¥y » TOTZIA HET OCHOBAHMHI OTBEPraTh IHIIOTE3Y

A, 0 HOPMAJIPHOM pACIPEICICHUH TI'CHEPAIbHOW COBOKYHMHOCTH (TO €CTb

AMIIUPUYECKUE U TEOPETUUECKUE YACTOTHI Pa3INYatOTCA HE3HAYMMO (CIIy4YaiHo).

2 2
IpaBuio 2.2. Ecma ) 5, > X p » TOTAA THIIOTE3Y A, oTBepraem.

I'unore3a B, .

I{J’IH TOrO, YTOOBI pyu 3aJaHHOM YPOBHC 3HAYUMOCTH OL, IPOBEPUTH I'MIIOTEC3Y
O IMOKa3aTCJIbHOM PaCIpPCACICHUN FCHepaHBHOﬁ COBOKYIIHOCTH HaJ0:

1. Bpruucnutsb MB[X] (maboparopHast padota Ne 1). IlpunstTh B KauecTBe
OIIEHKM TIapaMeTpa A IOKa3aTeNbHOTO pPACHPENENEHUs BEIMYUHY, OOPATHYIO
BBIOOPOYHOM CpeHei:

1
A=—7s. 2.15
My[x] S

2. BblUMCINTH TEOPETHYECKUE BEPOATHOCTH (J = l,k). [TockonbKy

INIOTHOCTD PACIpCACICHNA IJIA II0OKAa3aTCIIbHOI'O (BKCHOHGHHI/IEUII)HOFO) 3aKOHa CCTb

0, npu x <0,
fx)=1" _, (2.16)
A-e ™", mpu x>0,

TOria

p; :p(aj_1 <X <aj):K jje_“ dx =

aj_l

a; _}\‘.a. _)\‘.a i _}Va._ _x.a.
J __(e i _e Jl):e e

b

j—1
rae a; (J = l,k)— IPaHUIIbl YACTHYHBIX HHTEPBAJIOB;

A — BerumcnseM no Gopmye (2.15).
3. CocTaBUM CBOJIHYIO TaOJMIly Ha OCHOBE JaHHBIX Ta0. 2.3 U pacCUMTaHHBIX
TEOPETUUYECKUX BEPOATHOCTEH (cM. TabII. 2.6).

4. OUEHKY OTKJIOHCHHs OMIMPUYCCKHX BEPOSTHOCTEH [ (_] =1,_k) oT
TEOPETHYECKUX BEPOATHOCTEH P (] :L_k) MPOU3BOJANM C TIOMOIIBIO KPUTEPHUS
[Tupcona Xz (bopmyna (2.14)).

5. ITo Tabnuile KPUTUYECKUX TOUCK PACTIPEICIICHHUS Xz 0 33JJaHHOMY YPOBHIO
3HAYUMOCTH Ol W 1o uuciy crenenedl csobomsl =k —2 (k— xomuuectso
MOJIBIHTEPBAJIOB) HAXOJAWM  KPUTHYECKOE 3HAYCHUE Xip. (Oc,r)npaBocropOHHeﬁ

Kputuueckoit obnactu (cM. [Ipunoxenue 4).
Jlanee aHanmu3upyeM B COOTBETCTBUM ¢ npaBwiamu 2.1 u 2.2 (mas
npeAblIyIeH TUITOTE3b).
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I'nnore3a C,,.

Jsist TOr0, 9YTOOBI TIPH 33JIAHHOM YPOBHE 3HAYUMOCTH Ol , TPOBEPUTH TUIIOTE3Y
O PAaBHOMEPHOM PACIIPEICIICHUN T€HEPAIIBHON COBOKYITHOCTH HAJ0:
1. OneHuTh MapaMeTpsl & U C — KOHIIBI MHTEpBaia, B KOTOPOM HAOIIOJAIHCh

* *
BO3MOXKHBIC 3HA4YeHUs X, Mo (opmynam (uepe3 @ ©u C 0003HAYECHBI OIEHKH
napaMeTpoB):
* *
a  =Mg[x]-v3-05, ¢ =My[x]++/3 0. (2.17)
2. BBIYHCTHTH TCOPETUYECKUE HACTOTHI P (J = l,k). [TockonbKy MIOTHOCTH

pacnpcaciiCHus IJis1 paBHOMCPHOI'O 3aKOHa €CTh

1
f(x)=——. (2.18)
c —a
Torga
aJ 1
pJ—p(aj_1<X<aj)= [ ——dx =
2, C —a
N (2.19)
J
=%' jdx=%-h,
c—a ., ¢ —a

rae  a; (J = l,k)— I'PaHMIIBI YaCTUYHBIX HHTEPBAJIOB,;

h — AJIMHA YaCTUYHbIX NHTCPBAJIOB.

h

Homyunny, 4T0 BCe P (J = I,_k) pPaBHBI OJHOMY YUCITY —— .
C

E3

—-a
3. CocTtaBuM CBOJHYIO TaOJMIly Ha OCHOBE SMIIMPUYECKHUX BEPOSTHOCTEH M
PACCUMTAHHBIX TEOPETUUECKUX BEPOATHOCTEH (CM. TabI. 2.6).

4. OUEHKY OTKIOHCHHsS OSMIMPUYCCKUX BEPOSTHOCTEH W ; (J = l,k) oT
TCOPETHYECKUX BEPOSTHOCTEH (J zl,k) HNPOU3BOJUM C TIOMOIIBIO KPUTEPHS
2
[Tupcona y~ (popmymna (2.14)).
2
5. Ilo Tabnuile KPUTUIECKUX TOUEK PACIPECICHUS Y~ MO 3aJaHHOMY YPOBHIO
3HAYUMOCTH OL M O YHCIy CTerneHei cBoboapl T =k —3 (k — xommuectBO
2 .
MOJBIHTEPBAIOB) HAXOAUM KPUTHYCCKHE 3HAYCHUS X, (oc,r) IPaBOCTOPOHHEH
KPUTHUYECKOIN 001acTH.
Jlanee ananu3upyeM B COOTBETCTBUU ¢ npaBmwiamu 2.1 u 2.2 (cm. ['unotesy A).
3ameuanue 2.1. Tlocnme cocrtaBieHust TaOMUIBI 5 HEOOXOIWMO clienaTh Ha
OJHOM DHCYHKE JABa rpaduka: JIOMaHyI IMIHUPHUYECKUX BEPOSTHOCTEH U KPHUBYIO

TEOPETUYECKUX BEPOSITHOCTEH.
3ameyanue 2.2. 31€Ch K€ HA ITOM PUCYHKE PEKOMEH1yETCSl HAHECTH:

a) MB[X]; 0) JOBEpUTENbHBI HMHTEPBAJl, MOCTPOCHHBIM [JII OJHON U3

JIOBEPUTENBHBIX BeposiTHOcTedl 7y (Hampumep, must A =0,95); B) wuHTepBain,
MIOCTPOEHHBIN MO MPABUILY «3-X CUTM».
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3ameuanue 2.3. JIaHHBINA PUCYHOK SIBISIETCS HATJISAHBIM PE3yJIbTaTOM PalOTHI,
npoaenannou B JI.P. 1,23,

I[TPUMEP 2.3. Hcnone3yss kputepuil coriacus Ilupcona mnpu ypoBHE
sHaunmoctd o = 0,01, mpoBepuTh THIIOTE3y O HOPMAIBLHOM paCHpEACICHUN
reHEepaJIbHON COBOKYITHOCTH.

1) Ilepenocum u3 nabopatopHoi padboTel Ne 1 mHOJMUIOH pacnpeneneHus
OTHOCHUTEJIBHBIX 4acTOT U Tab. 2.5.

X [130,6 | 290 |449,3| 608,6 768 | 927,3 | 1086,6 | 1246 | 1405

u 0,06 | 0,14 | 0,25 0,18 0,16 0,1 0,05 0,03 | 0,03

u

o A
/e N
o/ AN

bl b2 b3 b4 b5 b6 b7 b8

2) W3 BusyanpHOrOo HaOJMIOACHUS JIOMAHOW JeiaeM IPEIoIOKEHNUE
(cTaBUM THIIOTE3Y) O 3aKOHE paclipejieiCHUs] TeHepaIbHOM COBOKYITHOCTH, TO €CTh

crasuM runoresy H;: BeIOopka pacnpesenena Ho HOpMaIbHOMY 3aKOHY.

3) BpluncnuM TeOpeTHYECKUE BEPOSTHOCTH PP j- A sTOro 3amuceIBacM

(YyHKLHIO INIOTHOCTH f(X) JUIsL HOPMAJIBHOTO 3aKOHA!

{  (x-Mp[x])?
2
fx) e 20
J2m-op
| _ (x-619,81)°
CootBercTBeHHO T (X) = € 2(301,69) WIn
\2-3,14-301,69

_ (x-619,81)*
f(x)=0,001-¢ 2(0L6°
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~ (bj-619,81P
Torna pJ = 1 .e 2'(301569)2 . 159,333
21 -301,69

(130,666-619,81)*

p; = 0,003 —\/1—— e 2O0LEN 159333 =
2w
ey
5 e 2 =0,478-0,1109 =0,05;
A/ £ T

p, =0478-——.¢ 2007 _0478.0,2203 =0,105;

= 0,478

(290-619,81)*

(449,333-619,819) (0,565)?

1 - 2 |
p; = 0,478 e 2301,69 =0,478-——e 2 =
. 27 2T

=0,478-0,3391 =0,162;
(608,666—619,819) (0,037)2

_ ; .
p, =0478-——-e 230,69 =0,478-——e 2 =
! V2T

&‘

ﬁ~
a

=0,478-0,3986 = 0,19;
(768-619,819)

ps =0,478- 1 e 2:301,69° — 0,169

(927,332-619,819 )

_ ﬁ
a

pe =0,478- e 2:301,692 —0,11;
A2T
| _ (1086,66-619,819)*
p, =0,478- e 2:301,69> — 0,06;
A2T
| ~ (1246-619,819)
p8 = 0,478 . .e 2301,692 — 0,02;
A2T
| ~ (1405,332-619,819)*
p9 = 0,478 . .e 2301,692 — 0,007.

27
4) CocraBisgeM Tab1. 2.7 pacrpeencHus TCOPETHISCKUX BEPOSITHOCTEH.

&‘
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Tabnuua 2.7

X | 130,6 | 290 | 449,3 | 608,6 | 768 | 927,3 | 1086,6 | 1246 | 1405
H 0,06 | 0,14 0,25 0,18 0,16 0,1 0,05 0,03 | 0,03
P 0,05 | 0,105 | 0,162 | 0,19 | 0,17 0,11 0,06 0,02 | 0,007

OrMeTum TCOPCTUUCCKNC BEPOATHOCTH HaA ITOJIUI'OHC OTHOCUTCIIBHBIX YaCTOT.

2
5) PaccunTaem 3HaYEHUE KPUTEPHUS ¥ « .

2 2
,  (0,06-0,05) (0,14-0,11)" 100

2
, (0.25-0.16)"

BBIO. 100+ 100+
- 0,05 0,11 0,16
2 2 2
+(0,18—0,19) _100+(0,16—0,17) _100+(0,1—0,11) 100+
0,19 0,17 0,11

2 2
) (0,03-0,03)° 100+ (0,03-0,007)
0,02 0,007
+0,06+0,09+0,17+0,5+7,56 = 14,48.

2
6) U3 tabmuubl «Kputnueckue TOYKM pacopenenaceHus ¥~ » HaxoAum

-100=0,2 + 0,8 + 5,06 + 0,05 +

COOTBCTCTBYIOIICC HAINNM 3HAYCHUSAM Xip (OL, I').
a=00Lr=k-3
k=9 = r=6. %, (0,05;6)=16_8.

CpaBHHuBaeM Xﬁm. I/I Xip.' Tak kax Xr§H6. < Xip. (14,48 < 16,8), TO TUIOTE3a

A, (BbIOOpKa pacrpenesieHa MO HOPMAJIbHOMY 3aKOHY) IPUHHMACTCS, O HMPABHILY
2.1.

2.4 JABOPATOPHAS PABOTA Ne 4
«Pacyer mapaMeTpoB KOPPEJALMOHHON 3aBUCHMOCTH

JIBe ciyyailiHple BEJIMYMHBI MOTYT OBITh CBfI3aHbl  (DYHKIIMOHAJIBLHOMN
3aBHCUMOCTBIO, JINOO 3aBUCUMOCTBIO JAPYTOro poja, Ha3bIBAEMOW CTATUCTHUYECKOM,
1100 ObITh He3aBUCUMBIMU. CTporast QyHKLIMOHAIbHAS 3aBUCUMOCTD JJIsl CITy4YaiHbIX
BEJIMUUH pEATU3yeTcsl peAKo, TaK Kak o0e BelIMYuHbl (WIM OJHAa U3 HUX)
IIOJIBEP>KEHBI PA3JIMYHBIM CIy4yailHbIM (hakTopaMm (Jaxke €ciu Cpeau 3THX (HaKTOpOB
€CThb 001IIHe).

Cmamucmuueckol Ha3bIBAIOT 3aBUCUMOCTb, MPU KOTOPOM M3MEHEHHE OJIHOU
Y3 BEJIMYMH BJIEUET U3MEHECHUE paclpenesieHus Apyroi. Eciu npu u3smMeHeHun oJHOU
U3 BEIMYMH U3MEHSAETCS CpelHee 3HAYCHHWE Jpyro, TO B O3TOM Cllydae
CTaTUCTHYECKYIO 3aBUCHMOCTD Ha3bIBAIOT KOpPENAYUOHHOU. 3HauuT,
KOPPEJSIMMOHHAS 3aBUCUMOCTD €CTh YAaCTHBIN CIIy4al CTATUCTUYECKON 3aBUCUMOCTH.

UYToOBl YCTAHOBUTH HAJIMYME U XapAKTEP CTATUCTUUYECKOM CBSI3U MEXY IBYMS
CIy4ailHbIMK BenunHaMu X WY , HY)KHO MPUBECTH K yJOOHOMY BHIY HCXOIHBIN
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mudpoBoit matepuan. Harmsnnoit (ymoOuoil) ¢opmoit mpencTaBieHHs JaHHBIX

ABJISIETCS] KOPPEISIUMOHHAs Tabauua:

Ta0muna 2.8

x Yi Y2 Y; Yy m,

X my, my, m; my, m,,

X, my, m,, m,; m,, m,,

X my m;, my; my, m;

Xk my, m, my; my, m,

m, my, My, my; my, m

3nech X15Xnsees X3V > Y0seeer Yy— CepeIUHBI IIOIIHTEPBAIIOB
CTPYIIHPOBaHHBIX BbIOOpok X W Y (cMm. jabGoparopuyro pabory Nel);

nocJieqHeN CTpOKe TaOJIUIbl MOMEUIEHbl CyMMAapHbIE YacCTOThl, COOTBETCTBYIOILINE

—4acToTa, ¢ KOTOPOW BCTpedaercs mapa (X;;y;). B nociennem CTOJIOIE U B

3HAUCHHI0 X = X, U, COOTBETCTBEHHO, Y =Y j» TO €CTb

my =my; + m,; +...+ m,;, TOraa J0KHO OBITH

k
m, +m, +...+m, => m_=mu
i=1

/
m, +mg +...+myj +...+my, :Z; m, =m.
pu

m — o0111ee KOJMYECTBO MMap 3HAUYECHUN (Xi 3Y )

Kaxmas 1—s crpoka Tabn. 2.8 mpencTaBiseT COOOM COBMECTHO C IIEPBOM
CTPOKOM HEKOTOPOE paclpelelieHHe CAy4aliHONM BEIMYHMHBI Y , COOTBETCTBYHOLIAS

JNAaHHOMY 3HA4YeHHIO Cilyd4aiiHOi BenmumHbl X = X,. Takoe pacnpeneneHue

Ha3bIBACTCS YCa06HbIM pacnpedenenuem. Ilocnennss ctpoka Talda. 2.8 COBMECTHO €
IEPBOH CTPOKOM 00pasyer 0e3yCIOBHOE pacCIpe/elieHHe CIIydailHOM BelnduHbl Y

(ee SMIIUPUYECKUI 3aKOH PaCIIPEICIICHHUS):
Tabnuua 2.9

Y Y &) Y Yo
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Kaxaplil ] — blii crosi0en tabi. 2.8 mpeacrasiser cob0ii COBMECTHO C MEPBHIM
CTOJIOIIOM HEKOTOPOE PACIPECIICHHE CITy4allHOW BETMYMHBI X, COOTBETCTBYIOIIEE
JTaHHOMY 3HAYCHHIO CIIy4alHOW BeauduHbl Y =Y i (To ecTb YyCIIOBHOE
pacnpenenenue). Ilocneanuii cronden tabn. 2.8 COBMECTHO C HEPBBIM CTOJIOLOM

o0pasyeTr 6e3yCIIOBHOE paclpeie/iCHHE CIIy4ailHOM BeaTMurHbl X (€€ IMIMPHUYECKUI

3aKOH PaCIPEACIICHHUS ):
Tadmuna 2.10

X X, X, X. X

X X| X, X; o X

ITo nanubIM Ta6:1. 2.9 u Tabs. 2.10 BeIYUCISEM CpETHUE 3HAYCHUS:

[ _ [k
Y=|2y, m;|/m; X=|x, -m;|/m (2.20)
=1 i1
u CpeI[HI/IC KBaI[paTI/IIICCKI/Ie OTKJIOHCHUA .

—\2
o} =| Xly;~Y) -m, | /m:
! (2.21)

2 S ¥ P
i=1

4
=1

3ameuanue 2.4. PexomeHayeTcs caenath ABa pUCyHKa — 3TO TpadudecKue
1300pakeHUs SMIIMPHYECKUX 3aKOHOB PACHpPEIEICHUS CAyIalHbIX BEIMYMH X U Y B
BHJIE IOJIMTOHOB pacrpeiesieHus 4actoT. Ha pucyHkax HaHECTH CpEHUE 3HAUCHUS
XuY.

YTo4HUM omnpeAeneHrue KOPPEJSIIUOHHON 3aBUCUMOCTHU. [I1s 3TOro BBEAEM
TIOHATHE YCIOBHOM cpemHei. JIng kaxmol 1—oi cTpoku Tabm. 2.8 (COBMECTHO C
IIEPBOI CTPOKOI) MOKHO BBIYHMCJIMTH CPEIAHEE 3HAUYEHHUE CIAYYalHOM BEIMYHHBI Y
(mo hopmyie 2.20), KOTOpOE HAZHIBACTCS YCI08HBIM CPEOHUM

Yy, =Y(X=x,) (i=12,...,k).

Tak kak KaXI0My 3HA4EHUIO X, COOTBETCTBYET OJHO 3HAYCHHE YCIOBHOM

CpeaHeil, TO OYEeBUAHO, YCIOBHAsi CpemHss Yx, ecTth QyHkuus or X. B atom

cllydae TOBOPSIT, UTO ClIydaiHas BeJIHUUHA Y 3aBHCHUT OT X KOPPEJSIIHOHHO.
KoppesstinonHol 3aBUCHMMOCTBIO Y OT X HasblBalOT ()YHKIIMOHAIBHYIO

3aBHCUMOCTH YCIOBHOM cpemneii Y x ot X;

Y. = £(X). (2.22)
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VpaBuenue (2.22) Ha3slBacTCs ypaBHEHHEM peepeccuu Y Ha X ; QyHKIHS
f(X) HaspiBaeTcs pezpeccueti Y Ha X rpaduK (QyHKIUH f(X) - JAunuer
pezpeccuu Y nHa X.

AHaJIOTHYHO, IS KaXKI0TO j—ro crosidia taba. 2.8 (COBMECTHO ¢ MEPBHIM

CTOJIOIIOM) MOKHO BBIYHCIMTH CpEIHEE 3HAUYEHHE CIyYaHOW BEIMYHMHBI X 110
dopmye (2.20), KOTOPOE HA3BIBACTCS YCAIOGHBIM CPEOHUM

Xy, =X(Y =y;) (=1.2,...,0).
Torna KOppENSIUOHHONW —3aBHCHMOCTHIO X ot Y  naseBaercs
GyHKIHOHAIBHAS 3aBUCUMOCTh cpefiHeid Xy, oT Y :

Xy =o(Y), (2.23)

ypaBHenue (2.23) Ha3bIBacTCs ypasnenuem pezpeccun X Ha Y ; QyHKIHA (p(Y) —

pezpeccueii X Ha Y ; rpaduk GYHKIIUH (p(Y)—JluHueﬁ pezpeccuu X Ha Y.

3ameuanue 2.5. PaccMaTpuBaeMble JBa YPaBHEHUS PETPECCHUU CYIIECTBEHHO
pa3IMyYHbl U HE MOTYT OBITh OJYYEHBI OJHO U3 APYTOTO.

N3yuyeHne KOppensLMOHHOW CBSI3U OyZeM MPOBOAUTH MPHU PELIEHUH JBYX
OCHOBHBIX 33/1a4:

- onpezeneHue (HOpPMbI KOPPETSIIUOHHON CBSI3U, TO €CTh BUJA TEOPETUIECKON
byHKIIMU perpeccuu (OHa MOXKET ObITh JIMHEWHON 1 HETMHEHHOMN);

- OIIpeJIEIICHUE TECHOTHI (CUIIbl) KOPPEJISIIIUOHHOM CBSI3U.

HaunbGonee npocToil M BaXHBIA cCilydail KOpPPEIALIMOHHON 3aBUCUMOCTH —
JAuHeHas perpeccus. B 3TOM ciyyae TeopeTHMUecKOe YpaBHEHHE JIMHEHHOM
perpeccun Y Ha X ((opmyra 2.22) uMeeT BH

Yx=aX+b (2.24)

Koaddurment a B ypaBHeHuu (2.24) Ha3bIBAIOT KoIppuyuenmom
pezpeccun X wa Y  u 0003HA€aoT Py (2 = Pyy ). OUCHKH HEH3BECTHBIX

napameTpoB Pyy M b paccunraem npumMeHss JaHHble Ta0I. 2.8:

k ¢ -
2 2my Xy |/m=-X-Y
a=pyx =" — (2.25)
( > x; my. )/m—(X)
i=1
b=Y —pyx- X, (2.26)

rie X u Y - cpelHue 3HAYCHHs CITydalHbIX BemuduH X U Y , BEIYMCIICHHBIE IO
dbopmynam (2.20).
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Cnenaem rpadudeckoe M300pakeHNE TaK HA3BIBAEMOW SMITMPUICCKON JTUHUHU
perpeccun Y Ha X W TEOPETUYECKOW TUHHMH perpeccun Y Ha X. Jljist 3TOro B
JIEKapTOBOM CHCTEME KOOPAWHAT TI0 OCH 0X orkmanbiBaeM 3HAaYEHUS

X1yXp,...,X, u3 Tabm 2.8, mo ocu (0Y orkmamsiBacM 3HAYCHHSI YCIOBHBIX

cpenaux Y, . Torma JiomaHas, COCAMHSIOMAs TOYKH (Xl,Yxll(Xz,sz),...
1

(Xk,Yxk) U OyaeT sMmupuveckon nuHmei perpeccun Y Ha X. 31ech ke Ha
JaHHOM TpauKe CTPOUM TEOPETUYECKYIO JIMHUIO PErpeccud, TO €CTh MPSIMYIO
Yx =pyyx - X+ b c BoruncinenssiMu ko duimenramu.

3ameuanue 2.6. Ilockonbky dopmynsl (2.25) u (2.26) moaydeHbl MO METOMY
HAUMEHBIIUX KBAJAPAaTOB, TO IO CYTH OTOTO METOJa, TEOpETUYECKas JIMHUS
perpeccuu JoJKHA Ha Tpaduke ObITh B «CEPEIMHE» JIOMAHOMN JIMHHH.

AHaIOTHYHO, MOXHO TIOCTaBUTh BOMPOC O HAXOXIECHUU TEOPETUIECKOTO
ypaBHeHUs TuHEHHON perpeccun X Ha Y (dopmyia 2.23), KOTOPOE HMEET BT

Xy =a,Y+Db,. (2.27)

Kosppumuent a, B ypaBHenun (2.27) HasbBacTca Kodgguyuenmom

pezpeccuu X Ha Y U o0o3HA4aeTCS Pyy (al = Pxy ) OLeHKHM HEM3BECTHBIX

MapamMeTpoB Pyy U D PacCUUTHIBAIOTCS MO JaHHBIM TalOuL. 2.7:

k / R
2 2myX;-y; | /m-XY
i=1 j=1
= Pyy =~ - (2.28)

i y2 ‘my m_(?)z

J
1

J

b, =X-pyy-Y (2.29)

b

rie X u Y — cpejHue 3HAYCHUS CAyYaiHbIX BeMMYrMH X W Y , BBIYKCIICHHBIE 110
dbopmymnam (2.20).
Janee nenecoobpa3zHo caenaTh rpapuueckoe U300pakeHue SMIMPUUECKON U
TEOPETUIECKOM JTHHUI perpeccur X Ha Y aHAIOTMYHO BBIIICU3I0KECHHOMY.
B ciaydae nuHENHON perpeccuu 3a1ada ONpeAcIIeHUsI TECHOTBI CBA3U CBOIUTCS
K BBIUHUCICHUIO OSMIMPUYECKOTO (BBIOOPOYHOrO) KOIPPHUIMEHTA KOPPEISIHH,
KOTOPBIA MOKHO BBIYUCIIUTH IO OJAHOM U3 GOpMYII:
O« Oy
Ig =Pyx "~ WIMIg =Pxy —.
Oy Ox
raie Oy ,Oy —3HA4eHHMs CPEJHMX KBAJIPAaTUYECKMX OTKIOHEHWH, BHIYUCICHHBIX I10
dbopmyie (2.21).
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[IpuBenem cBoiicTBa BEIOOPOYHOTO KOA(DPHUITMEHTA KOPPETAIUU:
1. ‘I‘B‘ Slwm —-1<1r; <1,

2. Ecmu 153 =0, Torra X u Y He cBsi3aHbI JIMHEHHOH KOPPEISLIMOHHON

3aBHCHUMOCTBIO (HO MOTYT OBITH CBSI3aHBI HEJIMHEHHON KOPPEISIIMOHHON WIIH JaXKe
(bYHKIIMOHATHHOM 3aBUCUMOCTHIO);

3. C Bo3pacraHueM aOCOJIIOTHOW BEIWYMHBI BBHIOOPOYHOTrO Kod(hduimeHTa
KOPpETSIUU JINHEWHAsT KOPPENSIUOHHAs 3aBUCUMOCTh CTAHOBHUTCS 0oJjiee TECHOU W

opu |I =1 IIepexoauT B HKIIMOHAJIBHYIO 3aBUCHUMOCTD,
B Yy y s

4. Ecnn 15 = +1 (rB = —1), torma X W Y CBs3aHbI NPIMO# (0OpaTHO¥)

JIMHEMHOMN 3aBUCHUMOCTBIO.

3ameuanue 2.7. OnHAKO SMIUPUUECCKUNA KOIDDUITUEHT KOPPETSALHUH SBIISCTCS
BEChbMa YCJIOBHBIM I[IOKa3aTeJIeM Ja)ke€ JIMHCWHOW CBs3M, TaK KaK OH SBIIACTCS
CpeaHel IPOMOPIUOHAILHON BEIUMYMHOW MEXIy KoddduimeHnramu perpeccun. B
TEOPUU KOPPEJSIIMU CYHIECTBYET MOHATHUE KOPPEISLMOHHOTO OTHOIICHUS, KOTOPOE
sIBJIsIETCs 00Jiee €CTECTBEHHBIM U OOIIMM IIOKAa3aTeIeM CTEIEHH TECHOTHI CBSI3H, TaK
KaKk He cBs3aHo c (opMoii 3aBucuMocTd. Ho B TemMy JaHHOTO NpakTHKyma
KOPPEISALMOHHBIE OTHOLLICHUSI HE BXOJST.

[TPUMEP 2.4. [lana Tabiuua pacrpeaesieHus 3aBOJ0B 10 00beMY OCHOBHBIX
MPOU3BOJCTBEHHBIX POHI0B X (MJIH. py0.) M [0 CyTOYHOM BHIPAOOTKE MPOAYKIMU
Y (tonHsb).

6 12 18 24 30 m,
10 4 - - i 4
15 2 6 - - i 8
20 2 5 2 - 9
25 - - 40 8 4 52
30 - - 5 7 7 19
35 - - - - 8 8
m, 6 8 50 17 19 m =100

HaxomuM »sMmmupudeckue pacrupefeineHuss KaXIod H3 KOMIIOHEHT, UX
rpadgudeckue M300paKeHMUS,

oTkioHeHus (2.20) — (2.21).

CpeaAHruC 3HAYCHHMA HW CPCAHUC KBaJPATHYCCKHUC

X 10 15 20 25 30 35
m, 4 8 9 52 19 8
m | 100 | 100 | 100 | 100 | 100 | 100
Y 6 12 18 24 30
m, 6 | 8 | 0 [ 17 | 10
m 100 100 100 100 100
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b

» B

0,6

0,5

A

0,4

/\

0,3

0,2

/
[\

0,1

RN

//////’_~—~—4

10

X =10

100
=(10-4+15-8+20-9+25-52+30-19+35-8)/100 =24,9;

Y=6-—+12-—" 4+18.-——

(6-

15

6
100

»
»

20 X

25 30 35

Puc. 2.1

8 9

+20-—+

100 100

8 50

100 100

=

0,6

0,5

0,4

0,3

0,2

0,1

0

25. 2
100

+24. —

v

Puc. 2.2

130. 2 4
100

8
100

17
100

130 2
100

6+12-8+18-50+24-17+30-19)/100 = 20,1.

=((10—24,9)2 4+(15-249) -8+(20—249)2 9+

+(25-24,9)" -52+(30-24,9)* - 19+ (35-24,9)

-8)/100 =31,99

=((6—201)2-6+(12—201) 8+(18—201) 5+
+(24-20,1)° -17+(30-20,1)° 19)100 40,6;

= 31,99 =5,66; o, =+/40,6 =6,37.

[lepeitmeM k pacyeTy HOAHHBIX [JI TOCTPOEHUS SMIOUPUYECKUX JIMHUU

perpeccinY Ha X w X Ha Y, TO €CThb K pacyeTy YCIOBHBIX CPEIHUX
Y(X X) (iYimijj/mxi‘
j=1
Y(X=10)=6-4/4=6; Y(X=15)=(6-2+12-6)/8=10.5;
Y(X=20)=(12-2+18-5+24-2)/9 =18;
Y (X =25)=(18-40+24-8+30-4)/52 =19,846;
Y(X=30)=(18-5+24-7+30-7)/19 = 24,632;
Y (X =35)=30-8/8 =30,
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_ k
Y YCJIOBHBIX CPETHUX X(Y = yj)z (Z X; mijj/myj
i=1

X(Y=6)=(10-4+15-2)/6 =11,7;

X(Y=12)=(15-6+20-2)/8 =16,25;
X(Y =18)=(20-5+25-40+30-5)/50 = 25;
X(Y =24)=(20-2+25-8+30-7)/17 = 26,5;

X(Y =30)=(25-4+30-7+35-8)/19 =311.

Cnenaem rpaduyueckoe n300pakeHNe SMIIMPUIECKUX JIMHUN PErpecCUi:

Y X
A
35 ok S
30 30
25 2
20 20
15 15
10 10 —
: Y =f(X) | Xy = o(Y)
0 : : : : : > 0 : : ‘ : >
10 15 20 25 30 35 X 6 12 18 24 33 Y
Puc. 2.3 Puc. 2.4

IlepeitmeM k pacyeTy mapamMeTrpoB Uil TEOPETUYECKUX JIMHUM PErpeccuu

Yx=aX+b u Xy=a, Y+b,. llpexae uem Bocmonb3oBathes Gpopmyiamu

(2.25) u (2.28), moATOTOBUM HMX 00III€€ 3HAUCHUE BBIPAKCHHUS:

C=i é(xiyi mij) m =

i=1 =l

=(10-6-4+(15-6-2+15-12-6)+(20-12-2+20-18-5+20-24-2)+

+(25-18-40+25-24-8+25-30-4)+(30-18-5+30-24-7+30-30-7)+

+35

-30-8)/100 = (240 +1260 + 3240 + 25800 + 14040 +

+8400)/100 = 529,8.

3namenarenu ¢dopmyn (2.25) u (2.28) ecTb, COOTBETCTBEHHO 65( 51 G%,

KOTOPBIC Y HAC YIKC PACCUHUTAHBI, IOOTOMY:

529,8-249-20,1 529,8-500,49 29,31

a= = = = 0,916,
Pyx 31,99 31,99 31,99

b=20,1-0,916-24,9 =20,1-22,81=-2,71;

2, =y 529,8—24,9-20,1 _ 529.8-500,49 _ 2931 _ 0,722

40,6 40,6 40,6
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b, =24,9-0,722-20,1 =24,9-14,51=10,39.

Torma Y = 0916 X—-2,71 =n X = 0,722 Y +10,39. Jlna rpaduueckoro
M300paKEHUS MOJYUYEHHBIX MPSAMBIX JIMHUM BHOBb BEpHEMCS K pUCyHKaMm 2.3 u 2.4,
YTOOBl COBMECTUTH Ha OJIHOM TIpaduke SMIUPUYECKYI0 UM COOTBETCTBYIOIIYIO €M
TEOPETUUECKYIO JINHUHU PETPECCUN
Y X

35 35

30

”d
301 / /
25 25 =
/ /
20 / 20

/
15 4 7 15

A\

#~X =0,7224Y +10,39

10

-7 Y=0916X-271

10 A

5

\%

0 : ‘ ‘ ‘ »
12 18 24 30 Y

10 15 20 25 30 35

><v
o

Puc. 2.3a Puc. 2.4a

[lepeiineM K BBIUHMCICHHIO AMIIUPUUYECKOTO (BHIOOPOYHOro) Kod3(duireHTa
Koppessiiuu 1o popmyie (2.30):
c 0,916- 5,66
Ip = = ~— ~ 0,81
B — Pyx s, 6.37

Hrak. 1. IlockonbKy Iy [OCTaTOYHO OIM30K K €AMHHUIE, TO MOXKHO

YTBEPKIAaTh, YTO MEKIY CIyJalHBIMHM BEIMUUHAMH X W Y CYyIIECTBYET JIMHEHHas
3aBUCUMOCTD, IPUYEM TOCTATOYHO TECHAS.

2. Hockomeky Iy > 0, To 9Ta NMHEIHAS 3aBUCHMOCTD MpsIMasi.
JlaHHBIE BBIBOJIBI MOYKHO CII€JIaTh U U3 pUC. 2.3a, 2.4a.
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YYEBHO - METOAUYECKUHA KOMILIEKC

PA3JIEJI 14 <MATEMATHYECKASA CTATUCTUKA»

3. MarepuaJibl 1J CaMOCTOATEIbHOU PA0OTHI CTYIEHTOB



3.1 KOHTPOJIBHBIE BOITPOCBI

1. OObBsicCHUTBH, MONB3YSACH TeOopeMoW bepHyIIu, CBOWCTBO yCTOWYHUBOCTH
OTHOCHUTEJBHBIX YaCTOT.

2. IlepeunciiuTh OCHOBHBIE 33Jja4d MATEMATHYECKOW CTATUCTUKH.

3. HaxoxneHne CTaTUCTUYECKUX YHCIOBBIX XapaKTEPUCTHUK CIy4YalHOU
BEJINYMHBI U3 OIIBITA.

4. 3amadya TOYEYHOM OLEHKM I1IApAMETPA, PA3IUYHBIE METOAbl PELICHMUS.
PacckaszaTe cynHOCTb METOZJa MOMEHTOB.

5. Meton makcuManbHOro npasponogoous. OLEHHTh MapaMeTp m, s

HOPMAaJIbHOI'O PACIIPEAEICHHS IPU U3BECTHOM G, OTUM METOIOM.

6. X{,Xj5,...,X, SBIAIOTCA N — HEU3BECTHBIMM HAOIIOACHUSAMU HAaJ

HOPMAaJIbHO PAaCHpPEAEIEHHON CIIy4YalHOW BEJIMYMHOW C HEM3BECTHBIMU MapaMETPaMHU.

IToctpouts JOBEpUTENBHBIA MHTEpPBAN JJId M, 3aJaHHON JIOBEPUTEILHOU

BEPOSITHOCTH.

7. ChopMynupoBaTh 3a/1aqy CTATUCTUYECKON MTPOBEPKH TUTIOTES.

8. [IpuBecTu mpuMepsI 3a71a4 Ha IPOBEPKY THUIIOTES.

9. Kpurepun cornacus. Ilpumenenue kpurepust Ilupcona npu pemeHun
3a/1a4M O COTJIACOBAHHOCTU TEOPETHUECKOTO U CTATUCTUYECKOTO PACIIPEACICHUN.

10. MeTton HaMMEHBIIMX KBaJpaTOB W €ro NpHUMEHEHHEe sl 00paboTku
pe3yJIbTaTOB UCIIBITAHUH.

11. Haxoxnenue 3akoHa pacnpeaesieHus: PyHKIUU CIy4ailHOTO apryMeHTa o
U3BECTHOMY 3aKOHY PACHpPENEICHNS apTyMEHTOB.

12. Jlath onpeAeneHue u J0Ka3aTh CBOMCTBA KOPPEIAIIMOHHOTO OTHOIIEHHUS.

13. CdopmynupoBarh NpaBWIO MPOBEPKUM THUMOTE3bI O 3HAYUMOCTH
BBIOOPOYHOTO KOA(PhUIIMEHTA KOPPEIISIUH.
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3.2 JABOPATOPHBIE PABOTbI

3ATAYA 1.

Jlana BbeIOOpKa W3 TreHepalbHOW COBOKymHOCTH oObema N. Ilo BwIOOpKe
HEO0OXO0IMMO BBHITIOJIHUTD CIEAYIOIINUE TPH JIA0OpaTOPHBIE PAOOTHI.

JlaGopaTopHas padora Nel. Ilepsuynas 06paboTKa CTAaTUCTUIECKUX JAHHBIX

1. ITocTponTh BapranmOHHBIN PSIA.

2. [TocTpouTh rpynmupoOBaHHYIO BEIOOPKY C YMCIIOM HHTepBaIoB k =5 +9.

3. IlocTtpouth rucrorpaMMy M IMOJHMIOH YacTOT U (WJM) OTHOCUTEIbHBIX
4acToT.

4. Haiitu sMnupuyeckyro (pyHKIMIO pacnpeieleHusl U TOCTPOUTh €€ rpaduk.

JladbopaTopHas pabora Ne2. PacyeT TOYEUYHBIX M HMHTEPBAIBHBIX OLIEHOK
TEHEPAIILHOIO MaTEMAaTUYECKOTIO 0KUIAHMS U TUCIIEPCUMU.

1. TIlo crpynnupoBaHHOM BBIOOpPKE BBIUHCIUTH TOYEYHBIE  OLICHKH
MaTEMaTUYECKOTO 0’KMJIaHUS U CPEAHEKBAIPATUYECKOTO OTKIIOHEHUS.

2. IlocTtpouTh  JOOBEpUTENbHBIE  MHTEpPBajbl  JUIsi  IE€HEPAJIbHOIO
MaTeMaTHYeCKOr0 OXKHJAaHHS C JOBepUTEeNbHbIMH BepostHocTsiMd Y, = 0,95 u
v, =0,99.

JlaGopaTopHasi padora Ne3. [IpoBepka TUIIOTE3bl O 3aKOHE pacHpeAcsICHUs
TE€HEPAIbBHON COBOKYITHOCTH.

1. [Tepenectu u3 JI.P. Nel rpaduk mosmurona OTHOCUTENIBHBIX YaCTOT.

2. W3 BuzyanbHOTO HAOIOJEHUS TOJIUTOHA BBHIOPATh OJWH W3 3aKOHOB
pacripeneneHus (paBHOMEPHBIM, HOPMalbHBIN, I[OKAa3aTelbHbIA) B KadyeCTBE
MPEIO0JIaraeMoro (TeoOpeTUueCKoro) pacupeiesieHusl.

3. Haiitu mapameTpsl TEOPETUYECKOTO PACTIPEAEIICHHUS.

4. Tloctpoutrp Ha OAHOM TpaduKe TOJUTOH OTHOCHUTEIBHBIX YacCTOT
(BBIOOPOYHOE  pachpelesieHue) ¢ KPUBYHD TEOPETHUYECKOrO  pacrpeiesieHuUs
reHepaibHON BBIOOPKHU.

5. [IlpoBeputrp rumoresy O TOM, 4YTO BbIOOpKA HMEET BBIOpPAHHOE
TeopeThueckoe pacrpeneiacaue. [IpunHsaTh ypoBensb 3Haunmoctd o = 0,01.

Bapuant 1. N=100; k=9
1.70 | 1.51 | 1.35 | 1.11 | 145 | 194 | 1.15 | 1.79 | 1.35 | 149
1.52 | 1.97 | 1.27 | 143 | 1.10 | 1.38 | 1.90 | 1.07 | 1.29 | 1.6]
129 | 1.29 | 1.59 | 1.32 | 1.00 | 1.33 | 1.29 | 1.17 | 1.09 | 1.50
1.58 | 1.32 | 1.70 | 1.17 | 1.89 | 1.97 | 1.40 | 1.19 | 1.24 | 1.06
1.25 | 141 | 133 | 1.87 | 1.13 | 1.35 | 1.57 | 148 | 1.94 | 1.54
1.03 | 191 | 1.74 | 1.56 | 1.66 | 1.11 | 1.56 | 1.73 | 1.54 | 1.10
1.94 | 1.69 | 1.78 | 1.65 | 1.00 | 1.37 | 1.08 | 1.79 | 1.72 | 1.68
1.39 | 145 | 1.10 | 140 | 190 | 1.61 | 142 | 1.63 | 1.51 | 1.51
1.82 | 1.78 | 1.24 | 1.78 | 1.11 | 1.86 | 1.73 | 1.70 | 1.36 | 1.92
1.59 | 147 | 1.29 | 1.04 | 1.20 | 1.90 | 1.40 | 1.71 | 1.04 | 1.32
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Bapuant 2. N=100; k =7

0.64 | 0.39 | 0.00 | 0.56 | 0.05 | 1.07 | 0.02 | 0.01 | 0.00 | 0.31
0.06 | 0.02 | 0.35 | 0.13 | 0.14 | 0.04 | 042 | 0.22 | 0.44 | 0.08
0.54 | 1.13 | 047 | 0.20 | 0.09 | 0.25 | 0.14 | 0.20 | 0.01 | 0.60
031 | 036 | 028 | 0.36 | 091 | 0.17 | 0.49 | 0.08 | 0.46 | 0.29
0.63 | 0.12 | 045 | 0.07 | 043 | 0.51 | 0.84 | 0.83 | 0.28 | 0.37
0.17 | 0.07 | 0.04 | 0.31 | 040 | 0.12 | 0.20 | 0.21 | 0.60 | 0.09
0.06 | 024 | 043 | 0.32 | 0.16 | 0.31 | 0.29 | 0.60 | 0.77 | 0.76
0.22 | 0.26 | 0.09 | 0.18 | 0.24 | 0.17 | 0.10 | 0.33 | 0.24 | 0.44
0.03 | 043 | 0.08 | 096 | 0.40 | 0.22 | 0.01 | 0.03 | 0.94 | 0.14
0.30 | 0.27 | 0.05 | 0.24 | 0.03 | 0.15 | 0.52 | 0.16 | 0.48 | 0.38
Bapuantr 3. N=96; k=5

12.57| 5.83 | 7.82 [14.30]14.12| 873 | 6.91 |10.79

10.25] 12.86 | 6.27 |[11.14| 790 | 7.46 | 6.99 | 9.69

1229 6.56 | 14.16 | 14.28 | 6.66 | 10.91 | 14.12 ] 12.60

8.60 | 10.32 | 8.66 | 7.04 |11.74| 798 |12.30| 7.21

6.44 | 11.20 | 9.03 | 9.02 | 8.14 | 12.70 | 11.05| 8.56

932 | 13.57 | 6.73 | 598 |13.19| 14.63 | 5.80 | 5.03

8.32 | 9.11 7.18 | 8.02 | 11.97 | 1491 |10.16 | 12.41

8.59 | 5.58 | 14.20 | 12.03 | 14.69 | 8.57 | 6.39 | 13.10

13.98 | 11.54 | 13.76 | 6.19 | 893 | 7.73 |13.20|14.75

1298 | 12.14 | 540 | 5.10 |1045| 11.28 | 7.76 | 8.49

6.69 | 14.85 | 1298 | 11.71 | 8.89 | 10.48 | 8.02 | 5.83

10.70 | 13.66 | 14.72 |10.71 | 6.43 | 853 | 7.14 | 9.88

Bapuant 4. N=96; k=7

1.37 | 042 | -096 | -0.88 | 1.47 | 3.14 |-1.76 | -1.35

1.61 | 0.02 | -291 |-2.59| 1.48 | -3.00 | 2.54 | 1.51

-1.71 | 1.60 | 3.00 |-0.73|-2.06 | -2.67 | 2.50 | 3.14

098 | -0.14 | 193 |-1.09| 3.12 | 242 |-2.09 | -2.44

1.19 | 1.21 | -3.09 | 1.50 | 2.71 | 0.09 | -3.05|-0.12

230 | -1.24 | 2.74 |-3.07 |-1.98 | -0.86 | 3.12 | -2.47

312 -3.14 | 291 |-147]-0.74| -1.04 | -1.48 | -0.65

3.11 | 1.72 | 292 | 0.06 | -0.05| -0.20 | 2.41 | 2.95

1.25 | 1.68 | 3.08 | 1.11 |-1.46| 229 | 2.65 | -0.59

1.92 | -1.60 | -1.72 | 1.05 | 0.64 | -2.51 | -2.61 | -1.14

1.11 | -295 | 0.54 | 0.12 | -2.29 | 2.61 |-2.34| 2.95

1.12 | 2,19 | 236 | 0.79 | 2.65 | -2.63 | 1.06 | 3.12

51




Bapuanr 5. N=88; k=5

-3.55| -1.52 | -6.23 | 594 | 526 | -5.79 | -4.96 | 3.87

-2.61 | -533 | -2.73 |-590 | -3.11 | 2.26 | 494 | 5.69

225 | 540 | 1.10 | 4.60 |-0.31 | -4.69 |-3.87 | 2.82

-4.75| -542 | -6.19 | 585 | 3.78 | -6.04 | -4.86 | 3.77

-6.28 | -6.02 | -0.16 | -4.45|-5.15| -586 | 544 | 1.71

-1.83 | 3.03 | 498 | 398 | 0.88 | 0.14 | 3.11 | 6.28

-1.65| -546 | 1.72 | -1.57 | -536| 593 | 6.07 | 0.12

496 | -6.25 | 6.07 | 2.62 | 581 | -0.63 | 437 | 4.64

552 | -5.85 | 1.62 | 2.89 | -6.17 | -0.38 | -6.21 | -4.71

-6.23 | -6.23 | -3.57 | 3.59 | 2.02 | 3.13 | 1.65 | -6.16

522 | 423 | 462 |-462 ) 6.04 | 1.80 | -6.28 | 3.80
Bapuanutr 6. N=99; k=7

217 | 239 | 2.80 | 254 | 1.79 | 1.77 | 2.09 | 1.65 |2.91

253 1 192 | 2.82 | 210 290 | 1.64 | 293 | 2.58 | 1.72

223 | 212 | 170 | 2.61 | 238 | 1.88 | 2.21 | 2.13 [2.09

1.97 | 3.10 | 2.54 | 2.61 | 1.60 | 2.61 | 1.88 | 3.15 |2.42

272 | 341 | 247 | 253 | 331 | 274 | 1.67 | 297 | 246

236 | 345 | 2.66 | 256 | 3.43 | 1.80 | 3.48 | 2.45 | 2.65

253 | 2.09 | 245 | 2.11 | 198 | 2.19 | 2.59 | 3.20 |2.33

258 | 275 | 277 [ 241 | 208 | 298 | 2.08 | 3.26 |2.64

193 | 159 | 191 | 2.84 | 3.12 | 229 | 1.65 | 2.31 |3.32

323 | 332 | 2.17 | 335 1.88 | 3.30 | 3.06 | 2.07 |2.16

287 | 218 | 325 201 | 193 | 335 | 1.78 | 3.37 |2.32
Bapuanr 7. N=100; k=9

332 | 541 | 986 | 5.64 | 597 | 474 | 6.15 | 3.60 | 2.20 | 9.09
11.78 | 3.69 | 597 | 502 | 325 | 2.57 | 494 | 486 | 7.82 | 6.72
6.67 | 3.51 | 7.72 | 444 | 326 | 8.03 | 4.15 | 3.57 | 2.83 | 3.01
558 | 748 | 420 | 1.74 | 2.33 | 10.88 | 5.02 | 539 | 1.54 | 9.13
281 | 7.54 | 327 | 1.80 | 2.21 | 391 | 4.74 | 1232 | 6.06 | 5.92
416 | 2.83 | 891 | 796 | 7.69 | 142 | 6.12 | 297 | 0.80 | 2.35
736 | 483 | 956 | 7.18 | 10.13 | 1.13 | 6.79 | 3.98 | 4.63 | 1.34
299 | 371 | 6.17 | 597 | 1.72 | 458 | 1.02 | 465 | 1.03 | 9.55
542 | 7.79 | 8.13 | 332 | 6.04 | 6.04 | 6.58 | 823 | 346 | 3.22
2.84 | 3.61 | 3.78 | 8.56 | 435 | 574 | 496 | 501 | 2.10 | 5.67
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Bapuanr 8. N=96; k=7

-0.99 | 1.38 0.18 | 047 | -0.72 | -0.21 | 1.43 | -1.62
-0.82 | 1.74 | -1.41 | 1.65 | 0.84 | 1.28 | 0.32 | -1.43
042 | 1.62 0.83 |-0.25|-037| -0.54 | 0.76 | 1.55
1.02 | -098 | 0.24 | 1.03 | -0.14 | 0.21 | 2.16 | -1.50
-0.96 | -0.57 | -0.66 | -0.39 | 0.50 | -1.14 | -1.32 | -1.44
1.66 | -1.13 | -1.10 | 1.21 | 0.05 | -0.20 | -2.02 | 1.47
1.02 | 0.31 -0.20 | -0.31 | 0.83 | -1.26 | -0.15| -0.11
-1.34 | 0.20 | -0.09 | -1.16 | 1.50 | 295 | -1.09 | 1.50
-1.42 | -0.51 | -0.48 | -0.58 | -1.10 | -0.05 | -0.29 | -0.66
0.24 | -0.83 | -0.05 | 0.21 | 0.75 | 0.61 | 0.10 | 0.38
0.34 | 0.58 0.50 | 0.28 | -0.38 | 092 |-1.63 | -0.09
-0.13 | -0.27 | -1.68 | -0.46 | 1.01 | -0.29 | 0.39 | 0.34
Bapuant 9. N=100; k=9
0.79 | 0.03 | 0.18 | 2.51 | 2.88 | 0.59 | 0.40 | 0.08 | 0.02 | 0.37
0.54 | 1.06 | 0.12 | 0.17 | 142 | 3.27 | 0.29 | 1.57 | 1.89 | 0.70
028 | 054 | 0.74 | 1.28 | 0.23 | 1.01 | 0.41 | 093 | 0.66 | 0.05
026 | 1.02 | 043 | 0.37 | 090 | 0.16 | 2.21 | 0.69 | 1.06 | 3.13
052 | 0.86 | 2.53 | 0.59 | 0.76 | 0.01 | 1.36 | 3.20 | 2.59 | 1.12
1.84 | 1.12 | 1.32 | 1.65 | 034 | 1.14 | 0.61 | 0.18 | 0.36 | 1.88
1.37 | 035 | 1.11 | 1.17 | 0.04 | 0.15 | 0.83 | 2.75 | 0.20 | 0.32
0.05 | 1.03 | 0.51 | 1.36 | 0.23 | 0.05 | 0.40 | 0.87 | 0.31 | 0.40
202 | 095 | 055 | 024 | 2.16 | 0.20 | 0.12 | 1.21 | 1.49 | 0.97
0.09 | 149 | 052 | 1.63 | 333 | 052 | 0.12 | 0.14 | 3.19 | 0.42
Bapuant 10. N=99; k=7
-1.00 | 092 | 0.06 | -0.21 | 0.21 | 0.44 | -0.14 | -0.67 | 0.44
0.65 | -0.33 | 0.19 | -0.12 | -0.77 | 0.15 | 0.67 | -0.99 | 0.59
028 | 0.24 | 0.13 | -0.37 | 0.14 | -0.09 | 0.79 | -0.64 | 0.30
-0.83 | -0.17 | -1.00 | 0.10 | -0.21 | -0.23 | -0.92 | -0.57 | 0.27
1.00 | 048 | -0.97 | -0.42 | -0.46 | -0.81 | -0.07 | -0.59 | 1.00
-0.95 | 0.61 | -0.29 | -1.00 | -0.03 | 0.39 | -0.85 | 0.45 | 0.29
0.78 | 0.17 | 0.87 | -0.96 | 0.21 | -0.48 | -0.29 | 0.07 | -0.36
0.08 | -1.00 | 0.98 | 0.85 | 0.32 | -0.24 | 0.42 | -1.00 | 0.24
0.88 | -0.74 | -0.28 | 0.36 | 046 | 0.64 | 0.90 | 0.01 | -0.24
0.36 | 0.01 | -0.45 | -0.22 | -0.29 | -0.77 | 0.40 | -1.00 | 0.15
-0.16 | -0.27 | -0.27 | -0.10 | 0.69 | 0.40 | -0.08 | -0.81 | 0.17
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Bapuant 11. N =100; k =7

0.10 | 0.11 | 0.78 | 0.06 | 042 | 0.22 | 0.03 | 0.20 | 0.01 | 0.07

0.23 | 0.17 | 0.10 | 0.27 | 046 | 1.13 | 0.34 | 0.96 | 0.36 | 0.46

0.08 | 0.07 | 0.05 | 0.53 | 0.07 | 1.16 | 0.04 | 0.15 | 0.27 | 0.15

0.17 | 0.04 | 0.07 | 0.13 | 0.02 | 0.00 | 0.27 | 0.18 | 1.14 | 0.13

0.04 | 0.02 | 0.21 | 1.05 | 0.37 | 0.17 | 0.05 | 0.05 | 0.37 | 0.12

0.03 | 0.16 | 0.01 | 0.09 | 0.10 | 0.02 | 0.00 | 0.22 | 0.23 | 0.24

0.58 | 0.01 | 0.10 | 0.79 | 0.34 | 0.50 | 0.16 | 0.44 | 0.39 | 0.01

0.11 | 048 | 1.82 | 0.11 | 0.02 | 0.06 | 0.01 | 0.36 | 0.78 | 0.00

0.37 | 0.36 | 0.70 | 0.04 | 0.14 | 0.02 | 0.20 | 0.02 | 0.19 | 0.02

0.25 | 0.05 | 0.29 | 0.17 | 0.30 | 0.03 | 0.01 | 0.14 | 0.30 | 0.50
Bapuant 12. N =100; k=7

0.52 | 0.08 | 0.00 | 0.03 | 0.42 | 0.00 | 0.29 | 0.13 | 0.31 | 0.63

0.03 | 0.22 | 0.06 | 0.04 | 0.22 | 0.57 | 0.18 | 0.11 | 0.21 | 0.54

0.12 | 0.00 | 0.03 | 0.24 | 0.30 | 0.04 | 0.13 | 0.35 | 0.32 | 0.02

0.10 | 0.03 | 0.33 | 0.09 | 0.27 | 0.02 | 0.29 | 0.25 | 0.09 | 0.15

0.29 | 0.07 | 0.11 | 0.06 | 0.02 | 0.07 | 0.06 | 0.05 | 0.21 | 0.10

0.19 | 045 | 0.15 | 0.22 | 0.38 | 0.54 | 0.04 | 0.03 | 0.03 | 0.32

0.12 | 0.04 | 0.55 | 0.01 | 0.01 | 0.01 | 0.02 | 0.49 | 0.59 | 0.11

022 | 0.11 | 043 | 0.19 | 0.05 | 0.08 | 0.56 | 0.10 | 0.25 | 0.91

0.13 | 0.21 | 0.16 | 0.06 | 0.11 | 0.11 | 0.27 | 0.18 | 0.13 | 0.21

0.45 | 0.15 | 0.35 | 0.03 | 0.08 | 0.04 | 0.36 | 0.01 | 0.12 | 0.08
Bapuant 13. N=99; k=5

22391 13.89 | 8.89 | 3.14 | 0.14 | 11.11 | 12.01 | 15.16 | 10.23

587 | 7.09 | 431 [10.83 | 7.02 | 12.24 | 11.35| 6.16 | 11.42

2.87 | 875 | 7.23 | 891 | 3.73 | 1496 | 1446 | 19.13 | 11.22

10.57 | 12.11 | 19.54 | 2.64 | 9.00 | 8.48 | 12.44| 9.60 | 7.99

596 | 7.39 | 3.35 | 14.25|10.29 | 13.13 | 15.60 | 6.20 | 14.93

16.27 | 3.75 | 6.70 | 17.96 | 8.92 | 19.95|14.72 | 7.36 | 5.87

6.58 | 8.69 | 6.19 | 10.82 | 5.68 | 12.08 | 16.21 | 13.01 | 7.74

563 | 11.75 ] 5.16 | 14.70 | 8.37 | 18.13 | 9.97 | 24.35 [ 19.94

7.40 | 6.22 | 8.68 | 8.68 | 896 | 996 | 339 | 7.89 | 11.91

10.97 | 9.11 | 3.25 | 12.53 |119.96 | 13.72 | 6.06 | 15.21 | 4.66

10.22 | 12.53 | 16.18 | 10.51 | 5.20 | 6.85 | 7.80 | 8.86 | 10.57
Bapuant 14. N =100; k=9

3.05 | 320 | 3.57 | 3.78 | 2.23 | 3.86 | 2.08 | 3.06 | 3.75 | 2.76

293 | 2.12 | 337 | 332 | 3.14 | 2.13 | 3.67 | 347 | 3.60 | 3.62

3.86 | 2.39 | 3.08 | 341 | 3.82 | 3.16 | 2.77 | 2.18 | 2.84 | 2.74

297 | 2.03 | 2.11 | 3.63 | 3.25 | 342 | 299 | 3.99 | 2.53 | 2.08

262 | 3.09 | 2.01 | 3.05 | 3.04 | 2.54 | 397 | 2.84 | 3.53 | 3.32
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223 | 342 | 2.13 | 335 | 3.62 | 2.50 | 3.26 | 2.60 | 3.31 | 2.67

3.78 | 4.00 | 3.00 | 3.86 | 2.02 | 3.58 | 2.55 | 3.26 | 2.26 | 3.61

275 | 3.60 | 3.32 | 395 | 3.68 | 2.55 | 3.80 | 3.70 | 2.90 | 2.75

3.19 | 2.16 | 3.81 | 329 | 2.36 | 2.84 | 2.30 | 3.87 | 2.25 | 2.79

268 | 3.31 | 2.11 | 2.19 | 3.33 | 2.18 | 2.22 | 2.60 | 3.04 | 2.80
Bapuant 15. N =100; k =7

194 | 093 | 0.21 | 0.63 | 1.08 | 2.16 | 1.47 | 2.44 | 0.52 | 0.70

250 | 077 | 0.71 | 1.85 | 035 | 0.77 | 1.73 | 2.75 | 0.92 | 1.63

035 | 1.27 | 0.88 | 1.21 | 048 | 1.22 | 0.34 | 097 | 1.92 | 1.59

1.04 | 1.09 | 0.26 | 1.37 | 0.32 | 0.51 | 1.98 | 2.39 | 045 | 1.07

1.14 | 0.50 | 2.06 | 0.83 | 0.39 | 0.62 | 1.51 | 0.55 | 1.18 | 0.84

1.68 | 023 | 0.53 | 0.16 | 1.39 | 0.36 | 093 | 0.54 | 1.89 | 1.19

038 | 2.61 | 0.67 | 1.10 | 0.56 | 2.09 | 0.90 | 1.06 | 0.55 | 1.63

1.39 | 1.81 | 2.11 | 1.34 | 2.63 | 1.11 | 0.48 | 1.40 | 3.00 | 0.79

0.59 | 1.27 | 043 | 1.67 | 099 | 327 | 0.63 | 1.79 | 0.81 | 1.06

1.61 | 142 | 1.37 | 1.78 | 1.02 | 093 | 0.24 | 1.99 | 0.86 | 1.58
Bapuant 16. N =100; k=5

0.57 | 0.15 | 0.05 | 2.58 | 0.08 | 0.71 | 0.17 | 0.16 | 0.46 | 0.12

0.12 | 0.25 | 1.62 | 0.60 | 0.62 | 1.12 | 0.39 | 0.01 | 1.08 | 0.10

0.70 | 0.61 | 0.24 | 0.28 | 0.15 | 1.00 | 1.01 | 0.53 | 0.66 | 0.18

1.00 | 0.11 | 0.25 | 0.05 | 0.05 | 0.17 | 0.38 | 1.25 | 0.57 | 0.10

0.89 | 0.02 | 0.66 | 0.90 | 0.66 | 244 | 0.24 | 0.04 | 0.18 | 0.42

0.11 | 0.58 | 0.89 | 1.22 | 0.46 | 043 | 0.03 | 0.50 | 0.82 | 0.18

0.13 | 024 | 0.02 | 145 | 045 | 0.56 | 0.19 | 0.76 | 0.33 | 2.29

325 1 0.13 1 095 | 039 | 0.31 | 0.83 | 0.02 | 2.21 | 0.15 | 0.34

1.19 | 0.21 | 045 | 0.23 | 1.84 | 0.72 | 048 | 0.51 | 0.71 | 0.17

222 | 0.51 | 0.69 | 1.11 | 0.37 | 0.24 | 0.34 | 0.51 | 0.07 | 0.51
Bapuant 17. N=99; k=7

-2.50 | -1.21 | -1.28 | -2.86 | -1.41 | -1.80 | -1.44 | -2.80 | -2.75

-2.24 | -1.49 | -1.78 | -2.58 | -2.70 | -2.68 | -2.54 | -2.46 | -2.66

246 | 245 | -1.49 | -1.37 | -2.71 | -1.30 | -2.27 | -2.47 | -2.27

-2.26 | -1.19 | -1.53 | -1.01 | -1.05 | -2.05 | -2.44 | -2.89 | -1.58

-1.73 | -2.68 | -2.87 | -1.23 | -1.11 | -2.82 | -2.24 | -1.10 | -2.47

-1.74 | -1.40 | -2.36 | -1.91 | -1.76 | -2.45 | -2.67 | -1.09 | -2.05

-2.13 | -1.52 | -2.93 | -2.79 | -2.04 | -2.64 | -2.35 | -2.69 | -2.72

181 | 2,66 | 212 | 221 | -1.42 | -1.12 | -1.59 | 2.72 | -2.55

243 | -1.82 | -2.59 | -2.06 | -1.17 | -2.16 | -2.32 | -1.41 | -1.64

-2.69 | -1.94 | -1.81 | -2.35 | -1.86 | -1.49 | -1.82 | -2.54 | -1.52

-1.98 | -2.03 | -2.64 | -2.06 | -1.67 | -2.85 | -1.44 | -2.43 | -1.58
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Bapuant 18. N=99; k=7

261 | -143 | -337 | -1.26 | -1.83 | -2.76 | -3.31 | -3.47 | -2.69

-1.57 | -2.86 | -3.55 | -3.10 | -3.48 | -3.62 | -2.33 | -1.99 | -3.43

-1.63 | -1.52 | -1.02 | -1.83 | -3.09 | -2.68 | -2.52 | -3.26 | -3.62

-1.92 | -3.25 | -1.70 | -2.19 | -3.03 | -2.16 | -2.04 | -3.52 | -2.45

208 | -3.86 | -2.59 | -1.43 | -1.98 | -1.72 | -3.15 | -2.42 | -1.80

-1.92 | -1.01 | -2.24 | -1.33 | -1.66 | -3.24 | -1.08 | -2.26 | -1.67

-1.16 | -345 | -1.43 | -2.89 | -2.89 | -2.15 | -3.73 | -1.80 | -1.99

-3.26 | -2.09 | -1.84 | -1.38 | -3.51 | -2.27 | -2.36 | -3.36 | -3.66

-3.24 | -392 | -3.86 | -1.61 | -3.71 | -2.87 | -2.92 | -3.90 | -2.80

-3.62 | -252 | -1.45 | -3.20 | -2.34 | -394 | -2.87 | -1.93 | -2.36

-3.92 | -1.01 | -2.32 | -2.83 | -3.39 | -2.32 | -3.88 | -1.30 | -3.05

Bapuantr 19. N=96; k=5

-398 | 094 | 199 | -3.97 | 597 | -5.04 | -4.70 | 5.87

227 | 327 | 6.58 | 3.34 | -1.15 | 0.21 | 3.05 | -2.66

426 | -440 | 1.66 | -0.56 | -1.23 | -5.62 | -8.08 | -5.68

2.05 | 6.97 | -098 | 4.09 | -5.70 | -0.42 | -5.25 | 1.53

0.80 | -0.81 | 3.30 | 1.13 | 3.17 | 436 | 1.35 | -6.72

-3.86 | -1.93 | -1.56 | 6.00 | -0.53 | 11.80 | 0.41 | -2.32

-3.34 | 332 | 482 | 6.02 | -1.02 | -2.04 | 0.97 | 2.01

0.71 | -0.20 | -0.59 | -4.42 | -2.17 | 242 | -2.46 | -4.65

4.06 | 1.89 | -2.31 | -036 | 0.84 | 6.12 | 5.13 | -1.90

-5.62 | 4.13 | 0.85 | 3.00 | 863 | 1.28 | -5.99 | -1.17

-6.13 | -4.51 | 5.53 | -0.34 | -0.81 | 6.48 | -0.19 | -1.09

2.65 | -148 | 404 | -2.89 | 1.55 | -5.77 | 1.38 | 3.69

Bapuant 20. N =100; k=9

0.59 | 033 | 041 | 0.73 | 0.62 | 0.14 | 1.32 | 0.13 | 0.24 | 0.77
0.61 | 0.82 | 0.74 | 0.57 | 0.68 | 0.60 | 0.73 | 0.79 | 0.30 | 0.45
0.46 | 0.09 | 0.82 | 0.74 | 0.57 | 0.68 | 0.69 | 0.73 | 0.79 | 0.35
0.31 | 093 | 092 | 1.25 | 039 | 032 | 0.24 | 0.64 | 047 | 0.75
1.12 | 0.69 | 0.51 | 0.29 | 0.23 | 0.83 | 0.41 | 0.86 | 0.53 | 0.38
0.51 | 020 | 0.55 | 0.76 | 1.30 | 0.69 | 0.67 | 0.20 | 0.40 | 0.67
097 | 0.56 | 0.81 | 0.38 | 049 | 1.07 | 0.37 | 0.16 | 0.78 | 0.51
042 | 0.17 | 065 | 1.15 | 0.11 | 091 | 091 | 046 | 0.41 | 0.32
0.63 | 042 | 052 | 034 | 0.56 | 0.23 | 0.81 | 0.75 | 0.28 | 0.72
0.85 | 0.55 | 037 | 053 | 0.85 | 040 | 0.29 | 0.21 | 0.82 | 0.35
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Bapuanr 21. N=90; k =5

1.39 | 356 | 142 | 2.81 | 227 | 0.67 | 1.90 | 0.07 | 0.59 | 2.35
291 | 0.75 | 0.81 | 1.90 | 2.26 | 0.03 | 554 | 0.75 | 2.66 | 0.07
0.61 | 0.01 | 0.87 | 049 | 0.65 | 0.76 | 0.65 | 6.89 | 2.19 | 1.37
2.88 | 1.28 | 1.82 | 0.02 | 1.00 | 2.52 | 1.00 | 2.19 | 3.78 | 2.02
038 | 0.37 | 1.61 | 3.06 | 3.17 | 440 | 0.33 | 0.58 | 0.35 | 4.09
1.32 | 5.09 | 1.33 | 0.24 | 468 | 0.69 | 493 | 1.91 | 2.20 | 0.27
1.81 | 996 | 580 | 0.69 | 1.43 | 6.17 | 1.69 | 0.10 | 3.17 | 0.45
1.87 | 141 | 414 | 361 | 415 | 0.27 | 0.02 | 0.06 | 0.06 | 0.32
3.88 | 427 | 2.03 | 1.12 | 440 | 3.66 | 294 | 0.13 | 490 | 0.94
Bapuant 22. N =88; k=5

-1.57 | -1.39 | -1.57 | -0.90 | 0.15 | 0.62 | —1.51 | -1.22
-1.55|-0.10 | 040 | -1.35] 1.06 | 1.23 | -1.48 | -1.28

—1.34| 1.56 |-1.53 | -1.57 |-1.56 | -1.47 | 1.29 | —0.38

—0.71 | -1.57 | -0.33 | 1.37 |-1.00 | 1.52 | 1.35 | —0.21

-1.56 | -1.32 | -0.58 | —0.33 | 0.05 | -1.44 | -0.93 | 0.40

030 | 1.70 | 1.05 | -0.92 | -1.05 | -1.30 | —0.45 | —1.40

-1.18 | -0.79 | 0.85 | -1.05 | -0.97 | -1.50 | -1.40 | 0.40
-1.55[-132|-0.71 | -0.73 | -1.41 | -0.07 | 1.56 | 1.17

—0.39 | -0.15 | —0.82 | -0.49 | —0.39 | 0.10 | 1.36 | —0.78

—1.11 | -1.52 | -1.30| 0.35 |-1.32 | 1.38 | -1.56 | —1.49

0.64 | -1.51] 090 | 047 |-1.56 | -0.22 | -1.45 | —0.66
Bapuantr 23. N=96; k=7

-1.21 | 1.31 | -1.60 | 1.29 | -2.59 | 2.76 | -0.85 | -0.18

-3.25 | 1.06 | -2.04 | 0.10 | -2.05 | 2.82 | -0.47 | 1.88

1.22 | 324 | 1.13 | 0.87 | -1.73 | 3.40 | 0.87 | 0.97

-0.87 | 1.80 | 1.65 | 2.20 | -3.19 | -1.96 | 0.59 | -0.98

225 | 3.10 | 0.56 | 0.75 | -1.36 | -0.24 | 1.50 | -0.77

-1.79 | -0.77 | 0.75 | -1.89 | -1.16 | -0.18 | 0.60 | 2.61

-1.21 | -230 | 0.84 | -5.61 | 2.64 | -394 | 1.73 | -1.33

095 | 1.35 | 249 | -0.56 | 0.05 | 3.17 | 1.59 | -4.59

447 | 3.81 | 027 | 0.82 | 1.24 | -0.23 | -0.32 | -1.33

0.52 | -0.01 | -0.24 | -1.87 | -0.09 | 2.81 | 3.35 | 1.68

-1.62 | 3.89 | -0.85 | -1.59 | 1.49 | 1.66 | -2.50 | -2.53

0.16 | -1.46 | -0.19 | 1.99 | 0.82 | -0.52 | -2.62 | 0.27
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Bapuant 24. N =100; k=9

2,67 | 241 | 254 | 3.12 | 2.02 | 2.68 | 257 | 1.47 | 1.38 | 2.72

3.85 | 191 | 223 | 333 | 2.66 | 1.49 | 2.75 | 3.87 | 2.36 | 3.26

248 | 1.99 | 294 | 290 | 358 | 1.13 | 336 | 3.70 | 2.71 | 1.42

1.47 | 3.05 | 1.13 | 1.74 | 2.67 | 243 | 198 | 3.14 | 3.39 | 2.71

1.05 | 247 | 1.04 | 246 | 3.16 | 2.16 | 1.74 | 1.26 | 1.54 | 1.12

2.68 | 3.55 |2.23 3.17 | 2.60 | 2.18 | 1.72 | 3.08 | 2.46 | 2.57

2.63 | 359 [246 | 342 | 2.62 | 351 | 3.53 | 2.72 | 1.11 | 3.45

3.85 | 2.38 [3.72 1.01 | 1.98 | 3.54 | 1.64 | 2.71 | 1.33 | 2.28

1.57 | 1.17 | 1.02 1.20 | 3.00 | 293 | 2.76 | 3.38 | 1.71 | 3.65

350 | 149 (329 | 224 | 1.88 | 343 | 343 | 320 | 2.07 | 2.79
Bapuant 25. N=99; k=7

0.51 | -0.93 | -0.68 | -0.03 | 0.06 | -1.04 | -0.12 | -0.62 | 0.63

-092 | -0.24 | -0.34 | -0.21 | -0.17 | 1.88 | 0.19 | 1.29 | -0.18

1.14 | 0.32 | -0.07 | -0.18 | 0.51 | -0.46 | 0.60 | 0.09 | -0.01

1.06 | 0.25 | -0.67 | -0.32 | -0.77 | -0.09 | -0.31 | -0.46 | -0.10

-0.06 | 0.13 | 0.60 | -0.39 | -1.20 | 0.88 | 0.13 | 0.39 | -0.58

-0.17 | -0.37 | -0.14 | -0.06 | 0.51 | -0.34 | 0.62 | 0.84 | 0.10

-0.14 | -0.40 | -0.84 | 0.05 | 0.23 | -0.21 | -0.40 | 0.37 | 0.10

047 | -041 | 0.52 | 0.02 | 0.51 | 0.03 | 0.69 | 0.20 | -0.60

-0.07 | -0.01 | -0.57 | -0.76 | -0.30 | -0.06 | 0.28 | 0.07 | -0.18

047 | -044 | 042 | -0.72 | 0.11 | -0.09 | 1.28 | 0.43 | 0.74

-0.25 | -0.39 | 0.31 | 043 | 0.65 | 0.31 | 0.35 | 0.46 | -0.04
Bapuant 26. N =100; k=7

2.54 | 11.58 | 522 | 524 | 972 | 736 | 401 | 3.47 | 2.08 | 3.68

1485 | 8.12 | 1032 | 226 | 428 | 3.68 | 6.76 | 6.71 | 587 | 7.01

7.01 | 11.71 | 443 | 6.83 | 7.86 | 895 | 2.67 | 597 | 0.51 | 941

6.59 | 400 | 484 | 876 | 5.70 | 2.41 | 6.78 | 1.27 | 7.28 | 9.03

424 | 245 | 531 | 986 | 10.17 | 429 | 7.32 | 10.21 | 430 | 1.53

513 | 520 | 432 | 10.74 | 826 | 0.65 | 3.89 | 15.80| 6.90 | 7.57

294 | 447 | 221 | 589 | 3.07 | 461 | 580 | 9.09 | 5.04 | 3.25

3.82 | 3.87 | 1459 | 446 | 7.63 | 7.67 | 1434 | 559 | 837 | 7.43

2.85 | 6.28 | 9.67 | 517 | 3.80 | 3.75 | 3.49 | 853 | 5.78 | 6.52

7.12 | 476 | 6.88 | 7.21 | 13.00 | 5.77 | 878 | 4.09 | 1.09 | 6.21
Bapuant 27. N=99 k=5

2.38 | 1.58 | 0.02 | -0.18 | -0.51 | 2.29 | -0.55 | 2.61 | -6.28

202 | 275 | 270 | 1.61 | -0.49 | -4.95 | -0.36 | 1.22 | -2.77

0.11 | -145 ] 6.27 | -2770 | -0.29 | 2.79 | 6.24 | -3.26 | 1.83

0.53 | -0.26 | 1.09 | 6.20 | -0.28 | -0.83 | 1.17 | -1.92 | -0.39

256 | 345 | -2.19 | -4.16 | -0.16 | -3.17 | 0.45 | -0.13 | 2.90
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-2.03 | 042 | -394 | -0.75 | 298 | -3.88 | 5.02 | 1.02 | -4.76

-0.53 | -3.59 | -2.52 | 3.86 | -3.30 | 4.52 | -2.86 | -0.16 | -1.49

0.02 | -0.19 | -3.92 | -2.10 | -1.74 | 2.16 | -0.99 | -2.74 | 3.78

-2.66 | 3.32 | 437 | -0.01 | 484 | -2.32 | 229 | 1.18 | -5.19

-1.34 | 146 | 0.55 | -0.86 | -0.85 | -2.69 | -1.26 | -0.69 | -1.33

-432 | 041 | 1.85 | -1.50 | 2.58 | 4.02 | 4.00 | 3.20 | 4.09
Bapuanr 28. N =100; k=9

724 | 247 | 399 | 0.83 | 520 | 1.93 | 2.44 | 3.62 | 2.97 | 4.24
340 | 2.15 | 1.56 | 8.00 | 3.01 | 6.85 | 4.67 | 3.10 | 5.66 | 3.47
595 | 0.67 | 1.83 | 4.63 |4.17 | 294 | 384 | 2.02 | 1.81 | 4.83
7.08 | 3.27 | 3.18 | 2.63 |1.37 | 229 | 457 | 091 | 2.08 | 5.18
524 | 254 | 246 | 143 |570 | 3.14 | 5.18 | 2.37 | 4.59 | 3.55
1.77 | 042 | 3.17 | 7.02 |5.74 | 430 | 2.84 | 469 | 3.42 | 1.32
234 | 608 | 544 | 537 [4.60 | 7.58 | 298 | 824 | 0.73 | 3.58
418 | 0.60 | 4.15 | 6.11 |2.24 | 262 | 531 | 221 | 534 | 433
423 | 5.72 | 438 | 1.58 |0.64 | 2.88 | 483 | 514 | 1.83 | 590
1.25 | 395 | 220 | 5.11 |1.69 | 4.19 | 3.23 | 2.75 | 295 | 1.99
Bapuant 29. N =99; k=7

36.36 | 0.21 |26.80 | 15.85 1292 |20.63 | 5.01 | 3.12 | 12.19

9.02 |34.47 | 481 | 449 |793 |17.43| 798 | 9.09 | 15.46

424 | 337 [ 11.78 | 4.64 [0.79 | 11.21 | 3.94 | 13.65| 9.51

8.81 | 9.63 | 5.02 | 11.30 | 11.49 | 33.06 | 25.32 | 6.63 | 11.69

193 | 2.67 | 455 | 475 [8.89 | 799 | 0.87 | 23.55|15.03

9.15 | 11.83 | 0.02 | 1.20 |13.16 | 3.35 | 3.20 | 9.24 | 10.06

11.84 | 3.07 | 8.06 | 7.92 |0.36 | 14.30|20.67 | 3.95 | 2.39

0.88 | 1.96 | 14.26 | 4.69 |25.77 | 13.70 | 33.80 | 9.51 | 22.20
23.86 | 10.04 | 7.10 | 12.10 |2.85 | 3.12 | 3.65 | 2.92 | 15.77

1146 | 7.28 | 745 | 11.49 |6.72 |22.15| 2.57 | 8.08 | 18.04

16.67 | 2.34 | 8.67 |23.75 | 11.50 | 2.70 | 5.27 | 20.93 | 2.58
Bapuanr 30. N =100; k=9

146 | 1.77 | 6.06 | 2.25 [042 | 841 | 2.04 | 2.23 | 4.00 | 3.11
523 1292 | 004 | 1.78 |0.57 | 3.75 | 1.05 | 7.19 | 1.88 | 0.26
1.89 | 424 | 581 | 3.78 |3.18 | 0.86 | 6.66 | 1.05 | 0.46 | 2.18
390 | 6.57 | 229 | 476 |1.17 | 295 | 145 | 1.82 | 2.60 | 4.56
438 | 339 | 697 | 0.60 |0.56 | 0.73 | 1.79 | 9.44 | 3.96 | 0.77
0.09 | 2.76 | 832 | 035 |0.86 | 2.53 | 2.25 | 1.29 | 0.68 | 0.02
379 | 1.23 | 0.16 | 1.49 |0.14 | 0.31 | 0.77 | 0.65 | 2.74 | 5.89
483 | 0.63 | 2.70 | 593 |6.25 | 6.60 | 1.30 | 460 | 2.56 | 0.08
491 | 044 | 033 | 0.24 [3.94 | 399 | 442 | 3.00 | 2.85 | 2.01
1.08 | 324 | 0.55 [ 10.24 12.09 | 0.74 | 1.05 | 0.71 | 0.08 | 0.32
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Bapuant 31. N =55
17 19 23 18 21 15 16 13 20 18 15
20 14 20 16 14 20 19 15 19 16 19
15 22 21 12 10 21 18 14 14 17 16
13 19 18 20 24 16 20 19 17 18 18
21 17 19 17 13 17 11 18 19 19 17
Bapuant 32. N =55
14 16 20 15 18 12 13 10 17 15 12
17 11 17 13 11 17 16 12 16 13 16
12 19 18 9 7 18 15 11 11 14 13
10 16 15 17 21 13 17 16 14 15 15
18 14 16 14 10 14 8 15 16 16 13
Bapuant 33. N =55
15 17 21 16 19 13 14 11 18 16 13
18 12 18 14 12 18 17 13 17 14 17
13 20 19 10 8 19 16 12 12 15 14
19 15 17 15 11 15 9 16 17 17 15
11 17 16 18 22 14 18 17 15 16 16
Bapuant 34. N =55
16 18 22 17 20 14 15 12 19 17 14
19 13 19 15 13 19 18 14 18 15 18
14 21 20 11 9 20 17 13 13 16 15
12 18 17 19 23 15 19 18 16 17 17
20 16 18 16 12 16 10 17 18 19 16
Bapuant 35. N =55
18 20 24 19 22 16 17 14 21 19 16
21 15 21 17 15 21 20 16 20 17 20
16 23 22 13 11 22 19 15 15 18 17
14 20 19 21 25 17 21 20 18 19 19
22 18 20 18 14 18 12 19 20 20 18
Bapuant 36. N = 55
20 22 26 21 24 18 19 16 23 21 18
23 17 23 19 17 23 18 22 19 22 18
18 25 24 15 13 24 21 17 17 20 19
16 22 21 23 27 19 23 22 20 21 21
24 20 22 20 16 20 14 21 22 22 20
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Bapuant 37. N =55
27 19 33 28 31 25 26 23 30 28 25
30 24 30 26 24 30 29 25 29 26 29
25 32 31 22 20 31 28 24 24 27 26
23 29 28 30 34 26 30 29 27 28 28
31 27 29 27 23 27 21 28 29 29 27
Bapuant 38. N =55
19 21 25 20 23 17 18 15 22 20 17
22 16 22 18 16 22 21 17 21 18 21
17 24 23 14 12 23 20 16 16 19 18
15 21 20 22 26 18 22 21 19 20 20
23 19 21 19 15 19 13 20 21 21 19
Bapuant 39. N =55
26 28 32 27 30 24 25 22 29 27 24
29 23 29 25 23 29 28 24 28 25 28
24 31 30 21 19 30 27 23 23 26 25
22 28 27 29 33 25 29 28 26 27 27
30 26 28 26 22 26 20 27 28 28 26
Bapuant 40. N = 55
21 23 27 22 25 19 20 17 24 22 19
24 18 24 20 18 24 23 19 23 20 23
19 26 25 16 14 25 22 18 18 21 20
17 23 22 24 28 20 24 23 21 22 22
25 21 23 21 17 21 15 22 23 23 21
Bapuant 41. N = 55
22 24 28 23 26 20 21 18 25 23 20
25 19 25 21 19 25 24 20 24 21 24
20 27 26 17 15 26 23 19 19 22 21
18 24 23 25 29 21 25 24 22 23 23
26 21 24 22 18 22 16 23 24 24 22
Bapuant 42. N = 55
25 27 31 26 27 23 24 21 28 26 23
28 22 28 24 22 28 27 23 27 24 27
23 30 29 20 18 29 26 22 22 25 24
21 27 26 28 32 24 28 27 25 26 26
29 25 27 25 21 25 19 26 27 27 25
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Bapuant 43. N =55

23 25 29 24 27 21 22 19 26 24 21
26 20 26 22 20 26 25 21 25 22 25
21 28 27 18 16 27 24 20 20 23 22
19 25 24 26 30 22 26 25 23 24 24
27 23 25 23 19 23 17 24 25 25 23
Bapuant 44. N =585
24 26 30 25 28 22 23 20 27 25 22
27 21 27 23 21 27 26 22 26 23 26
22 29 28 19 17 28 25 21 21 24 23
20 26 25 27 31 23 27 26 24 25 25
28 24 26 24 20 24 18 25 26 26 24
Bapuant 45. N = 8§
28 30 34 29 32 26 27 24 31 29 26
31 25 31 27 25 31 30 26 30 27 30
26 33 32 23 21 32 29 25 25 28 27
24 30 29 31 35 27 31 30 28 29 29
32 28 30 28 24 28 22 29 30 30 28
Bapuant 46. N =100; k=9
113 50 52 62 41 104 135 268 29 113
6 64 202 188 26 116 175 267 193 257
70 65 25 75 38 265 323 164 144 63
60 152 27 98 3 108 77 106 205 8
23 100 119 7 83 38 19 176 69 138
9 18 294 101 33 142 48 57 38 14
105 26 203 48 211 40 317 116 566 102
172 72 3 137 92 95 18 167 147 141
72 17 36 25 119 99 88 2 12 125
11 217 469 49 197 1 23 136 77 72
Bapuanr 47. N=100; k=9
91 99 106 93 96 91 96 111 86 99
100 94 99 114 101 91 106 101 114 97
97 109 95 101 91 93 98 101 99 115
98 112 100 106 89 103 114 99 108 101
111 116 108 94 90 80 94 98 92 103
102 101 97 88 86 80 83 116 100 103
82 111 101 127 103 94 102 100 86 88
98 118 110 85 85 89 95 107 117 91
112 97 109 100 100 98 96 85 99 101
112 102 89 99 113 89 80 94 93 93
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Bapuanr 48. N =100; k=9

365 282 10 218 126 341 340 140 58 378
52 80 384 233 37 18 211 369 96 87
139 274 239 187 301 66 128 87 43 266
181 22 57 89 43 203 314 137 272 50
42 112 228 245 153 139 342 197 290 234
200 299 279 262 227 367 107 384 358 140
392 37 355 253 221 136 232 206 152 296
380 310 246 66 234 236 148 242 156 387
43 393 295 243 148 376 324 318 309 391
58 317 73 353 166 113 42 143 248 45
Bapuanrt 49. N =100; k=9
69 11 39 86 74 46 132 106 13 49
149 10 68 46 70 56 275 25 34 47
34 7 79 38 144 54 28 11 50 7
4 79 55 80 136 12 13 45 25 11
4 10 27 236 70 171 324 75 20 70
123 96 117 16 10 76 40 253 86 3
83 135 92 67 87 20 3 8 167 53
27 51 58 53 8 54 12 59 30 38
28 29 213 96 100 47 114 193 82 5
130 37 15 44 68 82 18 50 112 2
Bapuant 50. N=100; k=9
204 218 212 146 209 241 188 241 248 264
177 202 260 235 196 170 154 190 198 137
170 168 199 156 218 174 242 218 177 185
222 196 227 149 244 231 187 193 231 136
177 174 200 142 196 219 224 152 153 214
168 217 139 228 226 240 213 206 173 273
194 216 233 187 172 205 181 156 147 151
212 230 207 179 220 191 203 207 159 213
224 242 194 166 180 142 130 284 189 213¢
131 227 163 221 211 198 219 236 146 189
Bapuanr 51. N=100; k=9
22 4 164 205 188 27 26 11 351 376
199 83 70 54 308 176 36 159 355 58
140 63 51 31 81 2 15 32 114 24
67 250 455 1 141 19 104 78 309 75
69 274 1 540 83 199 9 143 74 88
235 361 62 115 84 519 182 98 105 277
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356 77 128 256 36 75 55 520 307 147
42 23 431 5 1 105 133 122 273 272
765 84 284 157 105 50 92 263 154 139
67 126 198 15 301 26 1 216 185 194
Bapuanr 52. N=100; k=9
78 75 80 107 92 114 49 79 57 99
112 81 102 85 68 100 78 88 76 60
95 82 98 66 81 81 92 82 107 140
78 93 83 74 75 124 57 78 104 80
61 66 84 84 102 93 95 102 92 93
116 79 79 82 67 119 114 74 88 66
106 84 119 86 105 106 78 104 81 95
87 103 63 86 84 89 100 113 70 87
83 91 103 100 42 96 104 94 145 80
92 93 103 80 87 62 86 110 109 66
Bapuanr 53. N =100; k=9
59 299 101 80 93 576 78 314 56 122
346 34 227 131 38 215 29 394 159 509
268 8 174 105 331 70 347 433 67 100
137 57 64 276 76 33 196 80 36 466
228 24 42 14 81 337 179 32 50 95
34 179 102 29 277 74 50 11 51 114
29 31 55 2 18 79 48 244 36 9
51 324 71 17 25 9 112 106 529 17
161 4 137 117 161 121 539 25 279 1
153 2 41 241 429 142 152 55 525 201
Bapuant 54. N =100; k=9
123 117 152 95 152 128 107 97 170 81
152 85 88 162 152 81 84 169 151 138
127 168 164 187 99 107 116 160 117 113
81 110 122 132 104 148 144 112 138 116
60 90 110 157 112 162 92 113 179 156
101 155 140 139 119 156 115 148 162 197
73 130 155 91 134 121 112 129 117 160
107 125 112 102 154 99 119 136 90 133
107 118 167 161 135 114 131 144 143 133
146 73 70 121 106 61 127 115 176 70
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Bapuanr 55. N =100; k=9

154 191 196 125 219 22 27 98 84 157
134 99 7 9 34 136 261 216 6 168
257 332 27 135 204 192 68 55 51 11
104 91 217 77 152 12 250 196 12 90
112 58 214 147 163 158 36 164 59 31
24 72 104 78 170 97 101 59 20 140
253 6 3 15 14 60 122 40 84 66
178 318 18 75 75 24 19 312 57 32
52 429 466 233 278 237 84 112 97 915
92 210 142 310 89 59 21 182 284 20
Bapuanr 56. N =100; k=9
89 128 87 109 138 110 119 129 120 137
139 92 89 107 112 106 101 82 121 121
109 100 72 87 108 82 109 134 74 106
97 111 100 113 80 88 102 62 124 74
75 113 113 100 72 106 112 95 68 101
65 89 99 96 98 111 39 92 114 91
103 129 119 139 145 86 136 64 80 122
92 97 82 78 110 66 87 93 136 122
89 128 113 75 83 80 107 133 123 91
102 86 105 80 103 105 102 106 95 59
Bapuant 57. N=100; k=9
142 | 372 | 274 | 336 | 252 | 172 | 148 | 307 | 325 | 111
414 272 58 343 192 85 142 283 360 176
442 475 217 318 90 66 100 313 387 244
74 332 170 138 77 476 290 484 182 444
105 199 67 212 385 267 405 385 473 95
305 396 71 272 277 431 225 497 354 308
383 316 126 272 62 423 237 106 173 473
399 142 415 161 209 152 378 406 88 137
310 152 80 338 198 484 106 449 305 304
343 308 475 215 358 234 453 227 150 138
Bapuant58. N =100; k=9
103 153 308 10 180 30 480 18 148 191
188 115 4 42 317 27 25 227 187 136
22 52 152 50 111 81 94 213 523 129
10 556 34 89 26 28 92 65 250 201
63 65 196 479 220 33 197 57 12 190
3 233 26 119 174 78 45 592 54 122
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170 104 58 156 180 66 342 124 15 476
87 6 38 45 169 34 115 10 176 13
23 382 56 48 10 17 0 275 563 48
41 251 9 170 144 35 193 118 82 58
Bapuanr 59. N=100; k=9
92 135 67 85 140 136 79 164 91 96
89 196 110 117 140 233 116 165 100 82
102 169 153 109 162 129 61 53 113 148
43 139 120 156 143 34 139 153 52 107
55 138 96 127 105 146 106 184 139 176
90 117 147 158 128 120 120 160 158 210
120 148 152 122 101 86 153 120 160 149
136 115 112 55 177 195 123 84 111 95
113 166 86 149 144 125 74 162 101 31
119 153 114 58 125 172 105 205 168 97
Bapuant 60. N =100; k=9
485 98 116 102 109 357 73 208 49 7
420 105 356 38 266 201 3 94 52 49
82 150 171 12 0 119 84 17 221 3
53 44 233 9 125 202 314 215 27 59
40 42 517 42 96 35 94 9 101 292
25 2 270 38 258 59 17 26 342 73
433 45 69 22 505 108 59 131 22 157
131 90 34 32 133 157 154 42 171 61
130 61 64 40 35 139 20 772 10 8
30 0 28 4 1 48 353 52 25 13
Bapuanr 61. N=100; k=9
254 284 148 262 267 303 181 303 288 288
265 160 266 200 224 218 301 201 284 165
291 254 317 288 236 269 249 223 286 308
154 307 239 283 105 277 245 306 278 219
302 239 345 270 261 193 232 217 270 229
263 296 129 210 262 245 286 298 302 249
241 204 209 246 193 239 357 223 242 216
269 266 187 247 221 262 176 242 285 197
259 214 287 258 286 274 250 283 205 185
200 257 215 307 259 168 267 203 253 202
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Bapuanr 62. N =100; k=9

102 159 175 168 274 47 61 87 54 40
18 72 22 0 185 13 20 48 65 103
10 293 84 143 39 33 35 12 50 57
62 69 42 3 15 215 123 11 10 14
44 151 508 62 2 76 32 136 87 48
189 52 17 120 75 27 188 186 18 170
39 72 99 157 10 191 52 182 86 37
9 51 204 30 67 18 40 42 100 40
178 89 43 79 193 33 138 111 28 79
47 30 156 130 15 156 68 69 350 104
Bapuanr 63. N =100; k=9
310 276 378 328 296 333 281 333 224 398
351 337 379 410 302 311 325 308 268 343
406 271 264 402 365 298 363 337 247 329
339 357 335 421 446 372 195 395 279 350
350 369 332 320 304 283 378 252 340 315
431 474 324 405 447 236 300 431 318 227
250 333 299 415 280 410 223 350 313 300
346 361 334 304 321 296 266 299 282 426
394 345 183 299 401 262 278 243 333 287
461 349 352 361 327 286 323 302 369 261
Bapuant 64. N =100; k=9
5 133 81 22 59 58 102 10 29 135
109 7 9 19 15 0 118 86 156 25
51 74 84 97 28 38 44 214 185 88
3 57 123 80 205 18 40 101 98 37
134 28 23 115 40 3 56 63 4 172
35 40 16 18 173 14 92 9 78 36
36 183 58 57 18 27 51 2 47 11
177 147 54 4 110 18 28 129 80 68
99 56 31 166 73 31 20 3 63 14
58 56 48 323 22 90 137 406 90 78
Bapuanr 65. N =100; k=9
352 506 594 565 588 556 663 454 573 465
571 573 330 636 474 651 599 575 619 506
501 593 531 496 507 555 457 530 459 323
552 517 557 663 613 635 372 447 526 614
556 709 447 450 590 503 532 504 495 502
066 594 562 389 648 628 541 659 631 515
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365 455 503 433 504 541 419 471 440 599
446 538 732 584 560 723 503 540 646 663
494 509 592 627 635 446 462 615 499 484
593 354 555 397 692 654 555 678 553 612
Bapuanr 66. N =100; k=9
129 246 11 191 374 75 249 20 55 113
147 67 103 36 142 109 57 128 208 255
89 27 19 34 61 63 117 184 28 71
12 119 5 135 24 131 110 64 1 9
14 35 119 46 1 18 35 117 63 36
11 41 4 150 194 37 22 202 104 71
100 20 89 146 38 70 31 81 32 54
204 61 19 106 15 58 84 23 5 162
410 20 21 271 122 55 355 152 38 203
79 10 1 102 62 54 94 258 10 155
Bapuant 67. N =100; k=9
329 255 99 178 316 290 216 217 389 284
260 306 367 253 261 248 309 209 308 207
333 227 250 288 199 322 176 294 267 86
175 150 294 255 335 320 221 242 387 248
166 181 360 217 128 147 221 273 286 393
181 278 280 214 268 278 168 283 272 255
189 315 281 195 283 203 385 201 209 322
352 317 206 267 273 227 212 230 235 156
287 105 287 208 250 328 100 186 279 252
182 254 315 312 381 218 236 220 248 240
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3AZTAYA 2

Jlana xoppensuuonHas Tabnuna. [lo maHHBIM  TaOAMIBI  HEOOXOIUMO
BBITIOJTHUTH CJIEAYIOIIUE JBE Ja00paTOpHbIE pabOTHI.
JladbopaTtopHasi pa6ora Ne4. Pacuer mnapaMeTpoB  KOPPEISIUMOHHOMN

3aBUCHMOCTH (IIpsiMasi WM oOpaTHast TMHEHHAS 3aBUCHMOCTH ).
1. HaiiTn smmmpudeckue pacrpeneicHus] Kaxa0i U3 KOMIIOHEHT, CIIeNaTh UX
rpadguyeckoe n300pakeHue.

2. Bpruucnute cpeanue 3HaueHns X M Y U CpeIHUE KBaJApaTHUECKHE
OTKJIOHEHHS O, ; Ovy .

3. BeuuciuTe SMOupuUYecKue JHUHHUA perpeccuun Y = Y(X) u X= X(Y),
clenarth OTJeNbHbIC TPAPUKHU dTUX JTHHUH.
4. PaccunTarh MapaMeTpbl TEOPETUYCCKUX JMHUI perpeccud Y, =aX +b u

Xy

COOTBETCTBYIOIIEN SIMIMPUUYECKON JINHHH.
JlabopaTopHasi pabora NeS. (Ha ycMoTpeHue npenojaaBarensi). Pacuer
apamMeTpOB KOPPEJALIMOHHON 3aBUCUMOCTH (KBaJpaTU4YHAasi 3aBUCUMOCTb ).
[Tynktel 1 — 3 — 1e ke, uto U B 1aboparopHoil pabote Ne4.
5. HWcnonb3yss MeTOJ HauWMEHBIIMX KBaJApaToB (CM.

=a, X +b,. Coenarp rpadukn >THUX JUHHMH, pacroyaras KaxIylo Ha rpaduxe

matepatypy  [5]),
BBIYMCIIUTE MapaMeTpbl KBaJPaTH4YHON 3aBHCHMOCTH Y(X) = ale +b,X+C, u

X(Y) = a2Y2 +b,Y + C, (MOXHO TONBKO OJIHY 3aBHCHMOCTb).

6.Ha rpaduke cooTBeTCTByIOMEH ASMIUPUICCKON 3aBUCUMOCTH TOCTPOHTH
rpaduK MOJyYEHHON TEOPETUUECKON KBaIpaTUUECKON 3aBUCUMOCTH.

Bapuanr 1. B Ta6n. 2.1. gano pacnpeneneHue 55 OJHOTUITHBIX NPEANPUSITHI
10 KOJIMYECTBY BBIIYCKAEMBIX M3Aeiuii X (ThIC. IIT.) M TOJHBIM 3aTparaM Ha HX
pou3BoAcTBO Y (MIH. pyo0.):

Taomuna 2.1
X Y
50-80 |8 —110| 110-140 | 140—-170 | 170-200 | 200-230 | UToro
25-35 5 - - - - - 5
35-45 4 12 - - - - 16
45 - 55 - 8 5 4 - - 17
55-65 - 1 5 7 2 - 15
65-175 - - - - 1 2
Hroro 9 21 10 11 3 1 55

Hcnonb3yss COOTBETCTBYIOLIEE YpPAaBHEHUE PETPECCHH,

OLICHUTHh CpeIHEee

3HAYEHUE MOJIHBIX 3aTPaT HA MPOU3BOJCTBO 53 ThIC. IETANEH.
Bapuantr 2. B T1abn. 2.2 gano pacnpenenenue 100 3aBogoB Mo 00BEMY

OCHOBHBIX IPOU3BOACTBEHHBIX (oHA0B X (MIH. py0.) M IO CYTOYHOM BBIPAOOTKE
npoaykuuu Y (T):
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Tabnuua 2.2

X Y

5-15 | 15-25 25-35 35-45 | 45-55 55-65 | Hroro
4-8 1 3 - - - - 4
8—12 2 6 7 1 - - 16
12-16 - 1 9 16 21 10 57
16 — 20 - 1 - 8 4 3 16
20-24 - - - - 5 2 7
Hroro 3 11 16 25 30 15 100

HCHOJ’IBB}/}I COOTBCTCTBYHOICC YPABHCHHUC PCTPCCCHU, OLCHUTHL CPCAHIORO

CYTOUHYIO BBIPA0OTKY MPOIYKIIMH Ha 3aBOoJaX ¢ 00bEeMOM OCHOBHBIX (OHIOB 18
MJIH. py0.

BapuanT 3. B 1a6n. 2.3 naHo pacnpezaenenue 60 npeanpusaTHl IO BEIUYUHE

OCHOBHBIX POMBIIIJICHHO-IPOM3BOACTBEHHBIX (oHAOB X (MiH. pyo0.) u
cebecronmoctH mpoaykiuu Y (pyo.)
X Y
16 —24 24 -32 32 -40 40 — 48 48 -56 | HUroro

15-30 - - - - 2 2
30—45 - - 4 8 4 16

45 - 60 1 7 12 6 - 26
6075 4 7 2 - - 13

75 -90 1 2 - - - 3
Htoro 6 16 18 14 6 60

Hcnonpe3ysi COOTBETCTBYIOIIEE ypPaBHEHUE PETPECCUU, ONPEAETUTh CPEIHIO0
ce0eCTOMMOCTh TPOAYKIMH JJisi NPEANPUSITHA C OCHOBHBIMU TPOMBINIJICHHO-
IPOU3BOICTBEHHBIMU (POHIAMU 65 MITH. pyo0.

Bapuant 4. B T1abn. 2.4 pano pacnpeneneHue 50 MarasMHOB IO YPOBHIO
u3ziepkek oopamenus X (%) W 1m0 rogoBoMy o0beMy ToBapoobopora Y (MIIH.

py0.)
Ta0muna 2.4
X Y
05-2.0 20-35 | 3,5-50 | 50-6,5 | 6,5-8,0 | Uroro

4-6 - - - 3 2 5

68 - 4 8 8 1 21
8—10 2 5 5 2 - 14
10-12 3 1 5 - - 9
12-14 1 - - - - 1
Hroro 6 10 18 13 3 50
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Hcnonb3yss COOTBETCTBYIOIIEE YpPaBHEHUE PETPECCUU, OMPEICIUTh CpPEIAHEE
3HaUYEHWE YPOBHS W3ACPKEK OOpalleHuss B Mara3uHax C TOJOBBIM OOBEMOM
TOBapoobopoTa 4,2 MiH. pyo.

Bapuant 5. B 1abn. 2.5 nmano pacnpeaenenue 200 COBXO30B MO 3aTparam
tpyna X (4yen.-gH. Ha 1 1 3epHa) u cebecroumoctu Y (py6. 3a 1 1 3epHa)

Tabmuna 2.5
Y
X 7,25 — 9,25 — 11,25 — 13,25 — 15,25 — Hroro
9,25 11,25 13,25 15,25 17,25

0,4- 0,8 14 - - - - 14
0,8-1,2 22 10 - - - 32
1,2-1,6 - 38 30 10 - 78
1,6-2,0 - 6 30 12 2 50
2,0-2,4 - - 4 8 8 20
2,4-2.8 - - - - 6 6

Htoro 36 54 64 30 16 200

Hcnonp3yss COOTBETCTBYIOLIEE YPaBHEHHE PErpeCcCUH, OLICHUTh CPEIHUE
3aTpaThl TpyAa Ha nojiyueHue 1 1. 3epHa cebecroumMocTsio 15 p.3a 1 1.

Bapuant 6. B Tabn. 2.6 nano pacnpenenenue 100 Mara3mHOB 1O BETHMYHHE

ToBapoo6opota X (MIH. py6.) M pasMepy TOprosoii iomay marasuna Y (M2).

Tabauma 2.6
X Y
100 — 150 180 —-200 | 200 —250 | 250 —-300 | 300 — 350 | Hroro
1,0-1,5 4 12 2 - - 18
1,5-2,0 - 4 9 9 - 22
2,0-2.5 - 2 10 18 - 30
2,5-3,0 - - 4 9 11 24
3,0-3,5 - - - 3 3 6
Hroro 4 18 25 39 14 100

Hcrnonb3ysi COOTBETCTBYIOLIEE YpPaBHEHUE PErpecCUu,

HAUTHU CPEIHIOKO

2
BEJIMYMHY TOBAPOOOOPOTA MarasmHOB, UMEIOIIUX TOPTOBYIO iomaas 220 M~ .

Bapuant 7. B Ta6n. 2.7 mano pacnpenenenue 100 mpoO pynabl, 100bITOM Ha
PYAHUKE, [0 cofepkanuio okucH X (%) u 3akucu xene3a Y (%):

Tabnuma 2.7
Y
X 50-80 | 80—-110 | 110-140 140 — 170 — 200 — 230 | Uroro
170 200
40 - 50 - - 1 6 4 6 17
50 - 60 - - 18 10 2 32
60— 70 - 6 14 2 2 - 24
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6070 - 6 14 2 2 - 24
70 — 80 - 6 3 - - - 9
80-90 4 8 - - - - 12
90-100 6 - - - - - 6
Htoro 10 20 20 26 16 8 100

Hcnonp3yss COOTBETCTBYIOLIEE YPAaBHEHUE PETPECCHH,

KOJIMYECTBO OKHCH KeJjie3a B pye, cojepxaniei 25% 3akucu xenesa.

OLICHUTHh CpeIHee

Ta6mumua 8. Jlarusie 0 xuBOM Bece X (KT) ¥ MOJOYHOU MPOIYKTHBHOCTH Y

(xr) 80 xkopoB npuBeAeHBI B Ta0M. 2.8.

TaOmuna 2.8
Y
X 1250-1750 1750- 2250- 2750- 3250- Htoro
2250 2750 3250 3750
325- 3 2 - - - 5
375
375- - 8 7 1 - 16
425
425- - 2 5 10 - 17
475
475- - - 13 10 7 30
525
525- - - - 7 5 12
575
Hroro 3 12 25 28 12 80

Hcnonb3yss COOTBETCTBYIOIIEE YpPAaBHEHHE PETPECCUH, OICHUTh CPEIHIOKO

MOJIOYHYIO MPOJYKTUBHOCTH KOPOB BecoM 450 KT.

Bapuantr 9. B Tabn. 2.9 pgaHo pacnpejaeleHUe €T YETBIPEXJIETHETO
Bo3pacra 10 pocty X (cMm) uBecy Y (Kr):

TaoOmuna 2.9
X Y
15,5-16,5 | 16,5-17,5 | 17,5-18.,5 | 18,5-19,5 | 19,5-20,5 | Hroro

98-100 2 3 - - - 5

100-102 3 6 4 - - 13
102-104 1 4 13 5 - 23
104-106 - 1 14 10 2 27
106-108 - - 10 8 5 23
108-110 - - - 6 3 9

Hroro 6 14 41 29 10 100

Hcnonp3ysi COOTBETCTBYIOIIEE YPAaBHEHUE PErPECCUU, ONPENEIUTb CPEAHUN
Bec nerer poctom 107 cm.
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Bapuant 10. B 1abn. 2.10 mano pacnpenenenue 80 COBXO30B IO YHUCIY
pabounx X (uen.) Ha 100 ra ceabCKOXO3SHUCTBEHHBIX YrOIW U 00BEMY BaOBOMA
npoaykiuna Y (TeIC. py0.).

Tabmuna 2.10

Y
X 30-70 70—-110 | 110-150 | 150190 | 190 — 230 | Hroro
8—16 2 3 1 - - 6
16 —24 3 4 5 - - 12
24 - 32 - 8 16 12 1 37
32-40 - 1 8 3 4 16
40 — 48 - - 1 2 6 9
Hroro 5 16 31 17 11 80

Hcnonb3ysi COOTBETCTBYIOLIEE YPAaBHEHHE PErpPECCUM, OLEHUTHb CpPEIHUI
o0beM BasioBo# mpoaykuuu Ha 100 ra cenbCKOXO3SHCTBEHHBIX YTOJIUHA B COBXO03€ C
35 pabouumu.

Bapuant 11. B T1abn. 2.11 pmano pacnpejaelieHHe 3aBOJOB IO O0BEMY
OCHOBHBIX IPOM3BOACTBEHHBIX (OoHIOB X (MJIH. py0.) M IO CyTOYHOH BHIpAOOTKE
npoaykiun Y (T).

Tabmuna 2.11

X Y
10 -20 20-30 30-40 40 - 50 50-60 Hroro

1525 7 20 - - - 27
25-35 5 23 30 10 - 68
35-45 - - 47 11 9 67
4555 - - 2 20 7 29
55-65 - - - 6 3 9

Hroro 12 43 79 47 19 200

Hcronb3ys COOTBETCTBYIOIIEEC YpPAaBHEHHE

perpeccuu, OICHUTH CPETHIO0

CyTOYHYIO BBIPAOOTKY NPOJIYKIIMH Ha 3aBoAaX ¢ 00bEeMOM OCHOBHBIX (POHIOB 52
MJIH. py0.

Bapuanr 12. Jlana xoppensunoHHass Tabm. 2.12 pe3ynbTaToB H3MEpPEHUs
nepenaza gapiaeHus X (arm.) u pacxon Heptu Y (M3 / 4) B TpyOOIIPOBOIE.
Tabnuma 2.12

Y
X 3000-3200 3200- 3400- 3600- 3800- Hroro
3400 3600 3800 4000
24 - 28 2 1 8 - - 11
28 -32 2 1 2 - - 5
32 -36 - 2 11 6 15 34
36 —40 - - 4 2 27 33
40 — 44 - - - 3 14 17
Hroro 4 4 25 11 56 100




Hcnonb3yst COOTBETCTBYIOIIEE YpPaBHEHHE PErPECCUM, OIEHUTb CPEIHUI

pacxon HedTH TIPH Tepernaje AaBicHus B 34 aTM.

Bapuanrt 13. Pacnipenenenue pactenuii o Becy X KaXkJIOTO U3 HUX U IO BECY
ceMsH Y (TC) 3aaHbl KOppEISIMOHHOM Tadm. 2.13.

3

X Y
10 —-20 20-30 30-40 40 - 50 50-60 Hroro
35-45 5 7 - - - 12
45 -55 - 4 16 23 - 43
55 -65 - 8 20 32 27 87
6575 - - 11 29 2 42
75 -85 - - - 9 7 16
Hroro 5 19 47 93 36 200

Hcnonb3yss COOTBETCTBYIOIIEE YPABHEHHUE PErPECCUU, OLUEHUTh CPEAHMI Bec
CEeMsH IpH Bece pacteHus 62 rc.

BapuanT 14. B 1a0n. 2.14 naHo pacnpeneneHue IpsiMOYroJIbHbIX TUIUTOK I10

muae Y (cM) u 1o Becy X (Krc).

4
X Y
5-17 7-9 9-11 11-13 13-15 Hroro
27,5-32.5 2 17 9 3 - 31
32,5-37,5 - 10 17 9 - 36
37,5-42,5 - 3 24 16 13 56
42,5-47,5 - - 6 24 12 42
47,5-52,5 - - 2 11 22 35
Hroro 2 30 58 63 47 200
Hcnonb3ysi COOTBETCTBYIONIEE ypPaBHEHHWE PErpecCHH, OIECHUTh  CPEIHIOK0

JUIMHY TUIATKA BECOM 43 KrcC.

Bapuanr 15. B Ta0m.
MPEINPUATAN M0 KOJMYECTBY BBIIYCKaeMbIX H3Aenuil X (THIC. INT.) W MOJHBIM
3aTpaTaM Ha UX IPOM3BOACTBO Y (MIH. py0.).

2.15 pmano pacnpeneneaue 60 OTHOTHUIHBIX

Tabnuua 2.15

Y
X 40— 70 70 —-100 | 100—-130 | 130-160 | 160 —-190 | Hroro
20 -30 6 - - - - 6
30-40 4 12 - - - 16
40 — 50 - 8 6 4 - 18
50 -60 - 2 6 7 3 18
60— 70 - - - - 2 2
Hroro 10 22 12 11 5 60

74



Hcnonb3yss COOTBETCTBYIOLEE YPAaBHEHHUE PETPECCUHM, OLEHUTh CpeIHee
3HAYEHHUE MOJIHBIX 3aTPaT HAa MPOU3BOJACTBO 34 ThIC. AeTaNEH.

Bapuantr 16. B tabn. 2.16 mano pacnpenenenue 100 3aBogoB mo o0beMy
OCHOBHBIX IPOM3BOACTBEHHBIX (PoHIO0B X (MIH. py0.) M IO CyTOYHOU BHIPAOOTKE
npoxykuud Y (T):

Ta0muna 2.16

X
Y 10 15 20 25 30 35
30 2 6 - - - -
40 - 4 4 - - -
50 - - 7 35 8 -
60 - - 2 10 8 -
70 - - - 5 6 3

Hcnonb3ys COOTBETCTBYIOLIEE YpPAaBHEHHE PETPECCUM, OLIEHUTHh CPEIHIOK
CYTOYHYIO BBIPAOOTKY MPOIYKIIMH Ha 3aBOJaX C 0ObEMOM OCHOBHBIX (OHIO0B 33
MJTH. pyO.

Bapuant 17. B tabn. 2.17 mano pacnpenenenue 100 3aBogoB mo o0beMy
OCHOBHBIX HPOM3BOACTBEHHBIX (POHIOB X (MIH. py0.) M IO CYTOYHOU BBIPAOOTKE
npoxykuud Y (T):

Ta0muna 2.17

v X

15 20 25 30 35 40
5 4 2 - - - -
10 ] 6 4 - - -
15 - - 6 45 2 -
20 - - 2 8 6 -
25 - - - 4 7 4

Hcnonp3ys COOTBETCTBYIOIIEE YpPaBHEHHE PETPECCUH, OICHUTh CPEIHIOI0
CYTOYHYIO BBIPAOOTKY MPOIYKIIMK Ha 3aBOJaX C OOBEMOM OCHOBHBIX (OHIOB 28
MJTH. pyO.

Bapuant 18. B tabn. 2.18 mano pacnpenenenue 100 3aBooB Mo 00BeMY
OCHOBHBIX HPOM3BOACTBEHHBIX (POoHIOB X (MIH. py0.) M IO CyTOYHOU BBIPAOOTKE
npoaykiud Y (T):

TaOmuma 2.18

X
Y 5 10 15 20 25 30
20 1 5 - - - -
30 - 5 3 - - -
40 - - 9 40 2 -
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50

11

6

60

4

7

3

Vcnonp3yss COOTBETCTBYIOIIEE YPaBHEHHE PErPECCHH, OLECHUTh CPEIHIO0
CYTOYHYIO BBIPAOOTKY IMPOAYKIIMM Ha 3aBOJaXx ¢ O0bEMOM OCHOBHBIX (OHIOB 18
MJIH. py0.

Bapuant 19. B 1a6n. 2.19 nano pacnpenenenue 100 3aBooB mo oOneMy
OCHOBHBIX HPOM3BOACTBEHHBIX (pOoHIOB X (MJIH. py0.) M 10 CyTOYHOM BHIpAOOTKE
npoaykir Y (T):

Tabnuma 2.19

X
Y 10 15 20 25 30 35
6 4 2 - - - -
12 - 6 2 - - -
18 - - 5 40 5 -
24 - - 2 8 7 -
30 - - - 4 7 8

Hcnone3ysi COOTBETCTBYIOIIEE YPAaBHEHHE PETPECCHH, OIEHUTH CPETHIO0
CYTOYHYIO BBIPAOOTKY MPOIYKIIMM Ha 3aBOJaX C 0ObEMOM OCHOBHBIX (OHIOB 21
MJIH. py0.

Bapuant 20. B ta6n. 2.20 nano pacnpeaenenue 100 3aBooB mo oOneMy
OCHOBHBIX MPOM3BOACTBEHHBIX (poHIOB X (MJH. py0.) M IO CyTOYHOM BBIpAOOTKE
npoaykuud Y (T):

Tabmnuma 2.20
X
Y 5 10 15 20 25 30
8 2 4 - - - -
12 - 3 7 - - -
16 - - 5 30 10 -
20 - - 7 10 8 -
24 - - - 5 6 3

Hcrnonb3ysi COOTBETCTBYIOIIEE YpPAaBHEHHE PETPECCUM, OLIEHUTh CPEIHIO
CYTOYHYIO BBIpAOOTKY NPOJAYKUMH Ha 3aBOJAaX C O0ObEMOM OCHOBHBIX (hOHI0B 33
MJIH. py0.

Bapuant 21. B Ta6n. 2.21 ma”o pacnpeneneHue NpsSAMOYTOIbHBIX IUTUTOK IO
mmaHe Y (cMm) m 1o Becy X (Krc).

Tabmuma 2.21
X
Y 2 7 12 17 22 27
10 2 4 - - ; -
20 - 6 2 - - -
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30 - - 50 - -

40 - - 1 10 6 -

50 - - - 4 7 3
Hcrnonb3yss COOTBETCTBYIOIIEE YPABHEHUE PErPECCUM, OLUEHUTb  CPEIHIOK

JUTMHY TIATKA BecoM 18 (Krc).

npoaykuud Y (T):

Bapuant 22. B 1abn. 2.22 nano pacnpeaenenue 100 3aBooB mo o0beMy
OCHOBHBIX MPOM3BOACTBEHHBIX (POHIOB X (MJIH. py0.) ¥ IO CyTOYHOU BBIPAOOTKE

Tabauma 2.22
X
Y 11 16 21 26 31 36
25 2 4 - - - -
35 - 6 3 - - -
45 - - 6 45 4 -
55 - - 2 8 6 -
65 - - - 4 7 3

Hcnonb3yss COOTBETCTBYIOLIEE YPABHEHHME PErPECCUM, OLEHUTh CPEIHIO0
CYTOYHYIO BBIPAOOTKY NPOJAYKLUMH Ha 3aBOJAX C 0ObEMOM OCHOBHBIX (DOHI0B 33
MJIH. py0.

Bapuantr 23. B Talbn.

2.23 npano pacnpeneineaue 80 OJHOTHIIHBIX
IPEIIPUATAN 0 KOJMYECTBY BBIIYCKA€MBIX H3AeIMi X (TBIC. IUT.) M IOJHBIM
3aTpaTaM Ha uX IpoM3BOACTBO Y (MIH. py0.).

TaOmuna 2.23
X

Y 4 9 14 19 24 29

8 3 3 - - - -

18 - 5 4 - - -

28 - - 20 2 8 -

38 - - 5 10 6 -
48 - - - 4 7 3

Hcnonb3yss COOTBETCTBYIOLIEE YPAaBHEHUE PETPECCHH,
3HAYEHME NOJIHBIX 3aTPaT Ha MPOU3BOACTBO 34 THIC. IETAJIECH.

Bapuant 24. B Tabm.

OIICHUTH CpEIHEE

2.24 nmaHo pacnpenenenue 103 OQHOTHUITHBIX
IPESINPUSTAN MO0 KOJMYECTBY BBIMYCKaeMbIX u3menuii X (THIC. INT.) W TOJHBIM
3aTpaTaM Ha UX IpOM3BOACTBO Y (MIIH. py0.).

Ta0muna 2.24
X
Y 5 10 15 20 25 30
11 4 2 - - - -
21 - 5 3 - - -
31 - - 5 48 5 -
41 - - 2 8 7 -
51 - - - 4 7 3




Hcnonp3yss COOTBETCTBYIOLIEE YPAaBHEHUE PETPECCHH,

3HAQ4YECHUE MOJIHBIX 3aTPaT HA MPOU3BOACTBO 34 THIC. IETAJIEH.

Bapuant 25. B Tabn.

OLICHUTHh CpeIHee

2.25 npaHO pacmpeneieHue MeXIy OO0BbeMOM
BBIIIOJHEHHBIX PaboT Y (MIIH. py0.) ¥ HAKJIaAHBIMK pacxogamMu X (MIH. pyo0.).

Tabnuua 2.25

% X

1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
100 - - - - 1 1 2 2
110 - - - 1 3 3 5 2
120 - - - 2 6 9 2 1
130 - - | 8 14 4 1 -
140 - 1 15 5 2 - -
150 - 9 10 7 1 - - -
160 1 6 5 2 - - - -

Hcnonp3yst COOTBETCTBYIOLIEE
HaKJIaIHbIe PacXobl AJisi 00BbeMa BBIOJHEHHBIX paboT B 145 miH. pyoO.

YpaBHEHHE PErpeccUuu, OLEHUTh CPEIIHUE

Bapuant 26. B Ta6n. 2.26 naHa 3aBUCUMOCTh MEXIY OTHOCHUTEIHHBIM
ypaBHeHHEM wu3zepkek oOpameHus Y (%) U 00beMOM cObITa TOBAapoB X (MIIH.
py0.).

Tabmuna 2.26
% X
1.22 1.23 1.24 1.25 26 1.27 1.28

4.1 - - - - 1 3 |
4.2 - - 1 2 3 3 -
4.3 - - 1 6 7 1 -
4.4 - 1 3 10 2 1 -
4.5 - 1 6 5 1 - -
4.6 1 3 4 3 1 - -
4.7 1 2 1 1 - - -

Hcrnonb3yss COOTBETCTBYIOIIEE YpaBHEHUE

perpeccuul, OIICHUTh CpElIHEee

3Ha4YeHUE COBITa TOBAPOB MpU YpOBHE U3aepkek 4 %o.

Bapuant 27. B Ta6n. 2.27 naHa 3aBUCUMOCTh MEXIY OTHOCHUTEIbHBIM
ypaBHeHHEM wu3zep:kek oOpamenus Y (%) U 00beMOM cObITa TOBAapoB X (MIIH.
py0.).

Tabmuna 2.27
% X
43 4.4 4.5 4.6 4.7 4.8 4.9 5.0
3.9 1 3 2 1 - - - -
4.0 - 1 5 2 1 - - -
4.1 - 1 3 8 4 1 - -
4.2 - - 1 2 10 3 - -




4.3

1

4.4

1

4.5

—_ W

N [ = | =

4.6

1

Hcnonb3yst COOTBETCTBYIOIIEE ypaBHEHHE
3Ha4YCHHUE COBITA TOBAPOB MPH YPOBHE U3ACpkeK 4 %o.

perpeccun, OIICHHTH CpelHee

Bapuant 28. B Ta6n. 2.28 paHa 3aBUCUMOCTb MEXKIY OTHOCHUTEIbHBIM
ypoBHeM u3aep:kek obparnenus Y (%) u 06beMoM cObITa TOBapoB X (MIIH. pyo0.).
TaOmuna 2.28
Y X
11. 1.2 11.3 11.4 11. 11.6 11.7
1.2 1 2 3 2 1 - -
1.3 1 2 4 4 2 1 -
1.4 1 2 6 7 4 3 1
1.5 1 3 6 9 7 2 1
1.6 - 1 3 6 6 3 1
1.7 - 1 2 4 5 3 1
1.8 - - 1 2 5 3 1

Hcnonb3yst COOTBETCTBYIOIIEE ypaBHEHHE
3Ha4YCHHUE COBITA TOBAPOB MPH YPOBHE U3ACpkeK 4 %o.

perpeccun, OIICHHTH CpellHee

Bapuant 29. B Ta6n. 2.29 pana 3aBUCHUMOCTb MEXIY OTHOCHUTEIbHBIM
ypoBHeM u3aep:kek obparnenus Y (%) u 06beMoM cObITa TOBapoB X (MIIH. pyo0.).
Tabmuna 2.29
Y X
1 2 3 4 5 6 7
0.12 1 - - - - - -
0.13 3 1 - - - - -
0.14 - 6 1 - - - -
0.15 - 1 6 2 - - -
0.16 - - 1 9 1 - -
0.17 - - 2 7 1 -
0.18 - - - 1 1 5 2

Hcnonb3yst COOTBETCTBYIOIIEE ypaBHEHHE
3Ha4YCHHUE COBITA TOBAPOB MPH YPOBHE U3ACpkeK 4 %o.

perpeccun, OIICHHTH CpelHee

BapuanT 30. B Ta61. 2.30 nano pacnpeneieHue COBXO030B 10 YUCITY pabounx
X (uen.) Ha 100 ra ceabCKOXO3SHCTBEHHBIX YTOAWHA W 00BEMY BAIOBOM MPOMAYKIMA
Y (teiC. pY6.).

Taomuna 2.30
Y X
125 135 145 155 165 175 185 195 205
11 2 2 1 - - - - - -
12 2 5 4 2 1 - - - -
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13 1 8 6 5 2 - - -
14 - 1 5 13 10 5 1 - -
15 - - 1 9 20 8 3 1 -
16 - - - 3 9 14 5 1 -
17 - - - 1 4 7 9 3 1
18 - - - - 2 3 4 6 1
19 - - - - - 1 1 2 3

Hcrmonb3yss COOTBETCTBYIOIIEE YPAaBHCHHE PErPECCHH, OIECHUTh CpEIHUI
o0beM BaoBoi mpoayknuu Ha 100 ra cenbCKOXO3SHUCTBEHHBIX YTrOAUN B COBXO03€ C
35 pabounmmu.
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3.3. IPUJIOKEHUA

[MTPUJIOXEHME 1

Z2

Tabnuia 3HaUeHUN PYHKITIH CD(X) = L J. e 2dz
V2my

X (D(X) X (D(X) X (D(X) X (D(X)

1 2 3 4 5 6 7 8
0,00 0,0000 0,32 0,1255 0,64 0,2389 0,96 0,3315
0,01 0,0040 0,33 0,1293 0,65 0,2422 0,97 0,3340
0,02 0,0080 0,34 0,1331 0,66 0,2454 0,98 0,3365
0,03 0,0120 0,35 0,1368 0,67 0,2486 0,99 0,3389
0,04 0,0160 0,36 0,1406 0,68 0,2517 1,00 0,3413
0,05 0,0199 0,37 0,1443 0,69 0,2549 1,01 0,3438
0,06 0,0239 0,38 0,1480 0,70 0,2580 1,02 0,3461
0,07 0,0279 0,39 0,1517 0,71 0,2611 1,03 0,3485
0,08 0,0319 0,40 0,1554 0,72 0,2642 1,04 0,3508
0,09 0,0359 0,41 0,1591 0,73 0,2673 1,05 0,3531
0,10 0,0398 0,42 0,1628 0,74 0,2703 1,06 0,3554
0,11 0,0438 0,43 0,1664 0,75 0,2784 1,07 0,3577
0,12 0,0478 0,44 0,1700 0,76 0,2764 1,08 0,3599
0,13 0,0517 0,45 0,1736 0,77 0,2794 1,09 0,3621
0,14 0,0557 0,46 0,1772 0,78 0,2823 1,10 0,3643
0,15 0,0596 0,47 0,1808 0,79 0,2852 1,11 0,3665
0,16 0,0636 0,48 0,1844 0,80 0,2881 1,12 0,3686
0,17 0,0675 0,49 0,1879 0,81 0,2910 1,13 0,3708
0,18 0,0714 0,50 0,1915 0,82 0,2939 1,14 0,3729
0,19 0,0753 0,51 0,1950 0,83 0,2967 1,15 0,3949
0,20 0,0793 0,52 0,1985 0,84 0,2995 1,16 0,3770
0,21 0,0832 0,53 0,2019 0,85 0,3023 1,17 0,3790
0,22 0,0871 0,54 0,2054 0,86 0,3051 1,18 0,3810
0,23 0,0910 0,55 0,2088 0,87 0,3078 1,19 0,3830
0,24 0,0948 0,56 0,2123 0,88 0,3106 1,20 0,3849
0,25 0,0987 0,57 0,2157 0,89 0,3133 1,21 0,3869
0,26 0,1026 0,58 0,2190 0,90 0,3159 1,22 0,3883
0,27 0,1064 0,59 0,2224 0,91 0,3186 1,23 0,3907
0,28 0,1103 0,60 0,2257 0,92 0,3212 1,24 0,3925
0,29 0,1141 0,61 0,2291 0,93 0,3238 1,25 0,3944
0,30 0,1179 0,62 0,2324 0,94 0,3264
0,31 0,1217 0,63 0,2357 0,95 0,3289
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IIpoodonscenue npunoscenus 1

1 2 3 4 5 6 7 8
1,26 0,3962 1,59 0,4441 1,92 0,4726 2,50 0,4938
1,27 0,3980 1,60 0,4452 1,93 0,4732 2,52 0,4941
1,28 0,3997 1,61 0,4463 1,94 0,438 2,54 0,4945
1,29 0,4015 1,62 0,4474 1,95 0,4744 2,56 0,4948
1,30 0,4032 1,63 0,4484 1,96 0,4750 2,58 0,4951
1,31 0,4049 1,64 0,4495 1,97 0,4756 2,60 0,4953
1,32 0,4066 1,65 0,4505 1,98 0,4761 2,62 0,4956
1,33 0,4082 1,66 0,4515 1,99 0,4767 2,64 0,4959
1,34 0,4099 1,67 0,4525 2,00 0,4772 2,66 0,4961
1,35 0,4115 1,68 0,4535 2,02 0,4783 2,68 0,4963
1,36 0,4131 1,69 0,4545 2,04 0,4793 2,70 0,4965
1,37 0,4147 1,70 0,4554 2,06 0,4803 2,72 0,4967
1,38 0,4162 1,71 0,4564 2,08 0,4812 2,74 0,4969
1,39 0,4177 1,72 0,4573 2,10 0,4821 2,76 0,4971
1,40 0,4192 1,73 0,4582 2,12 0,4830 2,78 0,4973
1,41 0,4207 1,74 0,4591 2,14 0,4838 2,80 0,4974
1,42 0,4222 1,75 0,4599 2,16 0,4846 2,82 0,4976
1,43 0,4236 1,76 0,4608 2,18 0,4854 2,84 0,4977
1,44 0,4251 1,77 0,4616 2,20 0,4861 2,86 0,4979
1,45 0,4265 1,78 0,4625 2,22 0,4868 2,88 0,4980
1,46 0,4279 1,79 0,4633 2,24 0,4875 2,90 0,4981
1,47 0,4292 1,80 0,4641 2,26 0,4881 2,92 0,4982
1,48 0,4306 1,81 0,4649 2,28 0,4887 2,94 0,4984
1,49 0,4319 1,82 0,4656 2,30 0,4893 2,96 0,4985
1,50 0,4332 1,83 0,4664 2,32 0,4898 2,98 0,4986
1,51 0,4345 1,84 0,4671 2,34 0,4904 3,00 0,49865
1,52 0,4357 1,85 0,4678 2,36 0,4909 3,20 0,49931
1,53 0,4370 1,86 0,4686 2,38 0,4913 3,40 0,49966
1,54 0,4382 1,87 0,4693 2,40 0,4918 3,60 |0,499841
1,55 0,4394 1,88 0,4699 2,42 0,4922 3,80 [0,499928
1,56 0,4406 1,89 0,4706 2,44 0,4927 4,00 |0,499968
1,57 0,4418 1,90 0,4713 2,46 0,4931 4,50 10,499997
1,58 0,4429 1,91 0,4719 2,48 0,4934 5,00 [0,499999
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Tabuuua sHavenuii t, = t(y,N)

[MTPUJIOXEHMUE 2

0,95 0,99 0,999 Y| 095 0,99 0,999
N
5 2,78 4,60 8,61 20 2,093 2,861 3,883
6 2,57 4,03 6,86 25 2,064 2,797 3,745
7 2,45 3,71 5,96 30 2,045 2,756 3,659
8 2,37 3,50 5,41 35 2,032 2,720 3,600
9 2,31 3,36 5,04 40 2,023 2,708 3,558
10 2,26 3,25 4,78 45 2,016 2,692 3,527
11 2,23 3,17 4,59 50 2,009 2,679 3,502
12 2,20 3,11 4,44 60 2,001 2,662 3,464
13 2,18 3,06 4,32 70 1,996 2,649 3,439
14 2,16 3,01 4,22 80 1,991 2,640 3,418
15 2,15 2,98 4,14 90 1,987 2,633 3,403
16 2,13 2,95 4,07 100 1,984 2,627 3,392
17 2,12 2,92 4,02 120 1,980 2,617 3,374
18 2,11 2,90 3,97 o0 1,960 2,576 3,291
19 2,10 2,88 3,92
[MPUJIOXEHMUE 3
Tabnuna 3HaueHut q = q(y,N)
0,95 0,99 0,999 i 0,95 0,99 0,999
N

5 1,37 2,67 5,64 20 0,37 0,58 0,88
6 1,09 2,01 3,88 25 0,32 0,49 0,73
7 0,92 1,62 2,98 30 0,28 0,43 0,63
8 0,80 1,38 2,42 35 0,26 0,38 0,56
9 0,71 1,20 2,06 40 0,24 0,35 0,50
10 0,65 1,08 1,80 45 0,22 0,32 0,46
11 0,59 0,98 1,60 50 0,21 0,30 0,43
12 0,55 0,90 1,45 60 0,188 0,269 0,38
13 0,52 0,83 1,33 70 0,174 0,245 0,34
14 0,48 0,78 1,23 80 0,161 0,226 0,31
15 0,46 0,73 1,15 90 0,151 0,211 0,29
16 0,44 0,70 1,07 100 0,143 0,198 0,27
17 0,42 0,66 1,01 150 0,115 0,160 0,211
18 0,40 0,63 0,96 200 0,099 0,136 0,185
19 0,39 0,60 0,92 250 0,089 0,120 0,162
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[TPUJIOKEHUE 4

2
KpuTtnueckue Touku pacnpeneneHus

Yucno YPpOBEHb 3HAUUMOCTH QL

CTENEHEN

CBOOOIbI 0,01 0,025 0,05 0,95 0,975 0,89
k
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 7,67 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
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