MHMUHUCTEPCTBO OBPA30BAHUS PECITYBJIMKU BEJIAPYCb

_ YUYPEXJIEHUE ObPASOBAHUA
«BbPECTCKHUU I'OCYJAPCTBEHHbBIM TEXHUYECKHUU YHUBEPCUTET»

Kadenpa Bbicuieit MaTeMaTuKU

JlabopaTopHbIe padoThI

no Kypcy «Bbiciiasi MaTeMaTHKa

Yacte 11

AJI1 CTYACHTOB TCXHUYCCKUX CHGI_II/IEUIBHOCTGI‘/'I

bpect 2002



YK 517.9

Hactosimmass Meronmudeckass pa3pa0oTKa TpeaHa3HA4deHa ISl BBIMOJHCHHS
7a00paTOPHBIX pabOT MO Kypcy BBICIICH MAaTeMAaTHUKH JJIsi CTYyICHTOB TEXHUYECKUX
crienualibHOCTe ouHOM ¢opmbl  oOyueHus. Kaxnas maGopatopHas pabota
COJICPKUT KPaTKUE CBEJICHHUS U3 TEOPUU B 00pa3ell BBITIOTHEHHS paOOTHI.

CocraButenu: C.T. ['yceBa, 10LIEHT
A.B. CanrokeBud, K.(.-M.H., IOIIEHT
M.T". XKypaBenb, aCCUCTEHT
O.K. /lenucoBu4, aCCUCTEHT

Peuenzent: H.H.Cennep, 3aBenyromuii kaeapoi BeiciIeld MaTeMaTUKH
BbpecTckoro rocygapcTBEHHOIO YHUBEPCUTETA,
KaH[. pu3.-MaT. HAyK, JOLEHT

VYupexenne o0pa3oBaHus
© bpecTtckuil rocy1apCTBEHHBIN TeXHUYECKU YHUBEpcUTeT 2002



BBEJAEHUE

B Hactosmee meroamueckoe mocoOue BKIIOYEHBI 3a7a4d U3  CIETYFOIINX
pa3esioB: mMoa0Op SMIUPHIECKUX HopMyIT st 00pabOTKM SMITUPUUECKUX JAHHBIX U
BBIUMCJICHHE TIapaMeTpoB J3TUX (OpPMYT MO METOAy HAWMEHBIINX KBaJpaToB;
BBIOOPOYHBIN METOJI, 3JIEMEHTHI TEOPHH KOPPETISAIUH.

JlabopaTopHble 3aHATHS MPECICIYIOT CISAYIONINE TISIIHU:

1) ycBOeHUE M 3aKpeIyieHne OCHOBHBIX aJITOPUTMOB, TIOHSITHI U OMpPECIICHHMA
MaTEeMaTHUYECKON CTaTUCTHUKHU,

2) MpaKTHUYECKOE PEIICHHE TUIUYHBIX 3a/lad MaTEMaTUYECKON CTATHCTHKH,
TPeOYIOIMUX BBITOJTHEHHUS HEOOJBIIOTO 00beMa BBIYUCIECHUN, KOTOPHIE MOTYT OBITh
MIPOBEJIECHBI C TOMOIIbIO KATbKYJISTOPOB.

CTyneHT JoJKeH:

1) [MomyunTs y IpenioaBaTelis 3alaHue Ha Ja00paTOpHYIO padoTy.

2) O3HaKOMHUTBHCS CO CBEICHUSMHU W3 TECOPUH U MPUMEpPaMH, IPUBEICHHBIMHU B
METOJUYECKIX yKa3aHUsX.

3) BomoaHuTh B ayIMTOpPUH WJIM JOMa aHAJIMTUYECKHE BBIYHCICHUS,
TpedyeMble M0 3aJaHUI0 (BPYUHYIO0). 3aHECTH MOJYYCHHBIC PE3yJIbTaThl B TAOJIHUILY.

4) Ecnim  naboparopHas pabGoTa IOMyCKaeT, TO TPOBECTH aHAJIOTHYHBIC
BBIUMCIICHUS Ha KOMITBIOTEPE BO BpeMs JlabOpaTOpHOrO 3aHATHS. 3aHECTH
MOJIy4YE€HHBIE Ha KOMIIBIOTEPE PE3YIbTAThl B TAOIUILY.

5) Ilo pe3ynpTaTam pabOThI CAATh OTYET MPEMOJABATENIO.

[Ipu monroroBke oTu€Ta MO KaxaAOW JabOpaTOpHOM pabOTe OCHOBHOHM YIIOP
JOJDKeH OBITh Cc7eNlaH He Ha 0O0BEM MpPOJENaHHON pabOThl U OOWIIHE MOTYYSHHBIX
PE3yNbTATOB, a HA AaHAJIN3 MTOJIYYCHHBIX PE3yJbTATOB, HA UX HATJISITHOCTb.

OTtuer mo 1abopaTopHOM paboTe MOJDKEH COACPKAThH CIACAYIONINE MaTEPUAIBI 10
KaXJI0H 3a7ade: noCMAHOBKA 3a0auu; HeoOXOOUMbIL mMeopemudecKull. Mamepuar,;
peutenue noCmagieHHoU 3a0adu; AHAIU3 NOTYYEeHHbIX Pe3ylbmamos.

JlabopatopHasi paboTa CYMTAETCS BBHITIOJTHEHHOM, €CITH:

® 710 Hayaja BBIMOJIHECHUS BBIYUCIICHUN HAa KOMIBIOTEPE OBLIN MPOBEICHBI
AHATMTHYECKUE BHIYUCIICHUS (BPYYHYIO) U PE3YJIbTaThl OBbLIN 3aHECEHHI B
Tabnuiy o(OpPMIICHHS pPE3yJbTaTOB, TPEACTABICHB aAHAJTUTHYCCKUE
BBIYHICIICHUS,

e ObUIM TIPOBENCHBI BBIUUCICHUS HA KOMIBIOTEPE, pEe3yJabTaThl ObLIN
3aHECEHBI B Ta0HIly 0(hOpPMIICHUS pe3yIbTaTOB;

e B cCllydae HECOBMAJCHHS aAHAIUTUYECKOTO pe3yiabTaTa, MOTYy4YEeHHOTO
BPYYHYIO, C pe3yJbTaTOM, IIOJIy4YCeHHBIM Ha KOMIIbIOTEepe, Oblia
oOHapyXeHa W UCIIPaBJIeHA OIINOKA B BEIYMCIICHUSX.



JIABOPATOPHASA PAGOTA Ne 1

METOA HAUMEHBIINX KBA/IPATOB

Ioadop sMnupuyecknx popmy.i 1jist 00padOTKH IMIMPUYECKHUX TAHHBIX.
Bb100p BuAa sMnMpuYecKkoil popMyJibl ¢ ABYMS U TPeMsl IapaMeTpaMHM.
BeruuciieHne napaMeTpoB SMIIUPHYECKUX (POPMYJI 10 METOAY HAMMEHbIINX
KBa/IpaToB.

1.1 BBoaHbIe 3aMeuaHus

[TycTh npu n3ydyeHnu GyHKIIMOHATBLHON 3aBUCUMOCTHU
y=f(x) (1.1)
IMPOU3BCIACH PAL U3MEHEHNIN BEIUYHHBI X U IMOJIYUYCHBI COOTBETCTBYIOIIUEC 3HAYCHUA
BEJIMYWHEI . Pe3ynbTarsl H3MEpeHnid 3aHECEHbI B TAOJUILY:
X X/ X2 Xn
y Vi Y2 Yn
Ecmn amamutnueckoe BBIPAKCHHC Cl)YHI(HI/II/I f (x) HCU3BCCTHO HWJIM BECbMa
CJIOKHO, TO BO3HHUKACT IIPAKTUYCCKU BaXHas 3ajiava: HalTHh SMITMPHUICCKYTO

hopmyry:

y=F(x), (1.2)
3HAQUCHHC KOTOpOﬁ IIpH X=X; BOSMOKHO MaJIO OTJIMYACTCA OT OIIBITHBIX JTaHHBIX!

vi(i=1n).

ITpu Takoil MOCTAaHOBKE Hallla 33/1a4ya BECbMa HEONPEEIIEHHA, I0O3TOMY OOBIYHO
0 Py COOOpaXKeHUM yKa3bIBalOT JOCTATOYHO Y3KUH Kiacc PyHKUMM k (Hampumep,
MHOKECTBO (DYHKLMM JIMHEHHBIX, CTENEHHBIX, MOKA3aTEJIbHBIX U T.lI.), KOTOPOMY
JOJDKHA TPUHAAIEXKaTh UCKOMas (QyHKUMsA F(X) M 1€I0 CBOOUTCS K HAXOXIACHUIO
HaWIy4lIuX 3HAUEHUH apaMeTpoB.

Bo wMHoOrux cnywasx kimacc k omnpexaensercs TpeOOBaHMEM IPOCTOTHI
SMIUPUYECKON (POPMYJIBI, MHOTJA 3TOT KJIAacC IMOACKA3bIBACTCS CaMON IPUPOJIOM
SBJICHHUSL.

['eomeTpuueckn 3amaya MOCTPOCHUS HSMIMPUYECKOW (POPMYJIBI COCTOUT B
npoBeneHnr KpuBoi L Buma (1.2) m3 HEKOTOporo kiacca k, BO3MOXKHO OJKe

IpUMBIKaroLe K cucreme touek: M, (x;;y,), (i=1,n).
[Ipu HaxoxaAeHUU >MIHpUYEcKor (OpMyIibl He Tpedyercs, 4yTOObl 3HAYEHUS
F(x;) coBnamamu c y;. JloctarouHo, uTtoObl pazHocTh F(x;)— f(x;) Oblna Mana B

M3BECTHOM CMBICTIE B JaHHOW o0sacT. B 3TOM oTiHumMe 3a71a4u HHTEPHIOIUPOBAHUS
OT 3aJ1a4i OCTPOEHUs SMIupuyeckoit popmyibl. CrieyeT UMETh B BULy TaKKe, 4TO
CaMM UCXOJHBIE OSMIIMPUYECKUE JaHHbIE X; M )i, KaK MpPaBWIO, SBISIOTCA
NpUOJIMHKEHHBIMU U COJIEPKAT OLUTHOKH.
[Toctpoenne smnupuueckoil popmyIisl ciaraercs U3 AByX ITAIOB:
1. BeISICHEHHE OOIIEro BUaAa 3TOU (POpMyIIbI;
2. onpeeNeHre HamTydlInX ee mapaMeTpoB.
B HekoTopbIX ciyyasx BbIOOp THIIA SMOUPUYECKON (OPMYINIBI MOXKET OBITh
MPOU3BEICH HAa OCHOBE TEOPETHUUECKHX IMPEACTABICHUI O XapakTepe H3ydaeMoii
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3aBHCHUMOCTH. B Apyrux cimywasx ynaercss mofgoOparh Takyi (Gopmyiy, CpaBHUBAs
KPHUBYIO, IOCTPOEHHYIO 110 IaHHBIM HaOJIOIEHUS, C 00pa3iaMy U3BECTHBIX KPUBBIX.

m
Bo MHOTHX CITydasX MOHO OIPaHHUMTHCS MOJTHHOMOM y = Y a,x" . Hepenxo,

k=0
yHoTpeOJIAIOTCA Apyrue dJeMeHTapHble (GYHKIUU (IpoOHO-TMHENHAs, CTEIeHHas,
nokasaresibHasl, JorapudmMudeckas u T.4.). B nagpHeimeM OyayT yka3aHbl IPUEMBI,

obJieryaroiiye BLIOOP BUIa SMITUPUUECKON (POPMYJIBI.

1.2 HexkoTopnbie cooOpakeHHus1 0 BbIOOpe BUIa SMIIUPUIECKOH GopMyJIbl
¢ IByMsl H TpeMsl MapaMeTpamMu

Ilycte mpu paHHOM cucrteme 3HaueHu x;, y; (i=ILn), tne n=>3 u
X, <X, <Xxj;<...<Xx, TpeOyeTcss HAUTU SMIUPUUYECKYIO (POpPMYITy BUIA
y=F(x,a,b), (*)
coJiep Kallyro JUIIb IBa MapaMmeTpa a u b.

PaccmoTpum kputepril JIMHEWHOM W KBAAPATUYHOM 3aBUCUMOCTHU. JIerko naTh
AHAIUTUYECKUI KpUTEPUI JUIsl IPSIMOJIMHEMHOCTH psifna Touek M (x;;y;). Ilonoxum

A ——
AX; =X =X AV = Vi = Vis ki :Ea i=ln—1.

1

Ecimu k; =const, to Touku M,;(x;;y,), O4EBUIHO, JIEKAT HA OJHOW MPAMOMN
nuHuu. Ecnn
ky=k,~k;~...~k, |, (1.3)
TO TOUKU M . (x,;y;), IpUOIU3UTEIBHO PACIIOIOKEHBI HA MPsIMON. B 3aBucuMocTH OT
TOYHOCTU BBINIOJIHEHUs cOOTHoweHui (1.3) pemaercss Bompoc: cieayeT JIM UCKaTh
IMIUPHUYECKYIO 3aBUCUMOCTb MEX/ly BEJIMUMHAMU X U } B BUJE JIMHEHHON QYHKIIUU
y=ax+b. (1.4)
B wacTtHOCTH, ecin 3Ha4YeHHA X; PaBHOOTCTOAILIME, T.€. AX; =const, TO JOCTATOUHO
yOeauThCs, YTO 3HaUEHUS! Ay, SIBISIOTCS TaKXKe IOCTOSHHBIMH.

JIpyruM MNpOCTBIM CIy4daeM, HE COAEPKAIMMM TpHU Mapamerpa, SBIAETCS
HaJIMyue KBaApaTUIHOU 3aBUCUMOCTHU

y=ax’ +bx+c, a#0 (1.5)
®opmyna (1.5) umeer mecto, korga Touku M,;(x;;y;) pacrnoiararTcs Ha OTPE3Ke

napaloJibl C BEPTUKAIBHON OCBIO.
Jlnst oOHapykeHust 3Toro ¢akra ¢ HaIekKalled THIaTeIbHOCTHI0 MPOBOINM
IJIAJKYI0 KpUBYIO L, BOJIM3U KOTOPOW IPYNIUPYIOTCS JaHHble TOUKU M. (x;;y;) U

BbIOMpaeM Ha Heil Touky N(x;;y;), MO BO3MOXHOCTH COBIIQJAIOIIYI0 C OJHOW U3
touek M, (x,;y,) (I<k<n). Ilonaraem, uro kpuBas L ectb napabona (1.5), Oyner
UMETH BU]I
v, =ax; +bx, +c. (1.6)
Beruutas u3 ypaBuenus (1.5) paBenctpo (1.6), Haxoaum:
y=yy =aly’ = J+ blx - x,)
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2
y—yy=alx—x,) +b,(x-x,), (1.7)
rae b, =b+ 2ax,. Eciz Tenepb BBECTH HOBBIE IEPEMEHHBIE

TO U3 ypaBHeHus (1.7) monyyuM JTUHEWHYIO 3aBUCUMOCTD
y=ax+b,. (1.8)
Takum obpazom, napadose (1.5) Ha mmockoctu xOy cooTBeTcTBYET Tpsimast (1.8)
Ha rockoctu XOY.
1.3 AHAIUTHYECKMH KPUTEPHU I ISl KBAJAPATHYHOM 3aBUCUMOCTH

ITycte M,(x;;y;) — naHHas Tabnuua 3HadyeHuid. [Ipy Hanuuuum 3aBUCHUMOCTH

(1.5) mocnenoBaTenbHOCTD Vi, V2, V3, ..., Vo WIA ~ MOHOTOHHA, T.€.  COXpaHseT
ITOCTOSIHHBIM 3HAK, WJIHM 3Ta MOCJIEJ0BATEIBHOCTh UMEET €AUHCTBEHHBIN SKCTPEMYM,
T.€. pa3HOCTb Ay, = .., — ), JIALIb OJUH pa3 MEHSET 3HaK.

BBenewm pazzenenre pa3HOCTH IEPBOTO U BTOPOTO MOPS KA

[‘xi s Xit1 ] ii:l 1 [ Xiv13Xiy2 ] = [xH] i ] - [xi el ]
X —X;

i i+2

(Ayl
(1.9)
A,
rae A,x; = x,, = x; = A + Axgy,
HokaspiBaeTcs, uTo Touku M;(x;;y,) pacnoioxkeHsl Ha napadose (1.5) Torna u

NN

[’xi s Xiv 15 Xit2 ]

AE

TOJIBKO TOI/IA, KOTJA COXPAHSIOT IOCTOSHHBIE 3HAYEHUS BCE pPaCIpeeSICHHBIE
pPa3HOCTH BTOPOrO MNOpsAka. B wacTHOCTH, €ciau 3HAYEHUSA X;, X2, X3, ..., Xn
paBHOOTCTOAINMUE, T.6. Ax; =h=const, TO MIi CYyIIECTBOBAHUSA SMIUPHUUYECKOM

KBaJpaTUYHON 3aBucuMocTH (1.5) HEoOXoAMMO U JOCTaTOYHO, 4YTOOBI Oblia
MOCTOSHHON BTOpas pasHOCTh A’y =V,, -2y, +y,=c, (i=1n—-2), npudem
TOra Azyl. =2h’a

Ipumep 1.1. JlanHyr0 cucTeMy 3HA4YE€HWIl HCCIEAOBaTh Ha KBAJPATUUHYIO
3aBUCUMOCTh
X 0 0,5 1 2 4 5 6
Y 0 -1,76 -3,0 -3,96 0,24 5,40 13,34
Pewenue. CocraBum mo ¢opmyne (1.9) tabmuiy pacnpeneaeHHbIX pa3HOCTel
(Tabmuma 1.1).




Tadmuma 1.1

A Ay A(Ay)
x Ax y Ay Ey A(E) A,x Ax
Ax
0 0
0,5 1,76 | -3,52
0,5 1,75 1,04 i 1,04
0,5 124 | -248
1 -3,00 1,52 1,5 1,01
I -0,96 -0,9
2 -3,96 2,98 3 0,97
2 3,72 1,86
4 0,24 3,78 3 1,26
1 5,64 5,64
5 5,40 2,30 2 1,15
I 7,94 7,94
6 13,34

Tak kak BTOpasa paclpcaciicHHasd padHOoCTb IMPUMCPHO IMOCTOAHHA, TO MOKHO
CuuTarb, 4YTO MCXKAY IHNEPEMCHHBIMH X H Yy HMECT MCCTO HpI/I6JII/I}KCHHa}I
KBaJpaTu4yHasl 3aBUCUMOCTb.

1.4 AHasquTHYEeCKHe KPUTEPHUH IJIsl IPYTUX BUIOB 3aBUCUMOCTH

PaccmoTtpum oOmuii cimywait, korja cooTHolneHue (*), BooOlie roBopsi, HE
cBoautcs K opmynam (1.4) u (1.5).

JloCTaTOYHBIM YCJIOBHEM CYIIECTBOBAHUS AMIUPUYECKON (opmymsl Buga (*),
rae F — wsBecTHas (PyHKIUS, SBISETCS COBMECTHOCTHh (C 3aJaHHOW TOYHOCTHIO)

cUCTeMbl ypaBHeHUll y; = F(x;,a,b) (i=1,n). ckiroyast oTCr0/ja HEU3BECTHBIE @ U

b, TmonaydyaeM CHCTEMY YypaBHEHUM st  Touyek (x;);), OOECIeUnBaIOIIyIO
CYILIECTBOBAHKE 3aBUCUMOCTH (*), HO TaKOW MOAXOJ SIBJSIETCS BECbMa CII0KHBIM.

BBegem HeoOXoauMoOe YCIOBUE CYIIECTBOBAHUS SMIMPUYECKON 3aBUCHMOCTH
Buaa (*) Juist 3amaHHOW cuCTeMsl Todek (x;yy). Ilycts M;(x;;y;), M, (x;5y;),
M, (x,;y,) — TpU CUCTEMBI 3HAaUEHUN W3 Haled coBokynHocTu. IIpennonaras, 4yto
KkpuBas (*) npoxoauT uepes Touku M;, M;, My, OyneMm uMeTs:

y; =F(x;;a;b),
y; =F(x;;a;b), (1.10)
Vi =F(x;;a:b).

Uckmouast u3 cuctemsl (1.10) mapaMmeTpsl a ¥ b, OJIy4rM COOTHOIIIEHHUE BHIA
O(x;5 X ;5X3V5Y 33, ) =0 (1.11)
Bremonnenne paBenctBa (1.11) s 3Hadenwit i, j, k HeoOXomumo ISt
CYIIIECTBOBAHMS 3aBUCUMOCTH (*).




Tak kak mnpoBepka cooTtHomeHuss (1.11) cBA3aHa C  TPyIOEMKUMH
BBIUKMCIICHUSAMHM, TO Ha TMPAKTUKE OrPAaHUYMBAIOTCS OJHOM TpPOMKOW TOYEK:
HayajabHOU (X;);), TPOMEKYTOUHOU (X Vs) U KOHEUHOU (X, Vy), T.e. i=1, j=s,
k=n, I1<s<n. Touky M, BeiOuparotT Tak, uto0s1 cootHomenue (1.11) 6p110 OBI TIO
BO3MOXKHOCTH TIPOCTBHIM. bynem B manmbHeWIeM paccMaTpuBaTh HamOOJIee 4YacTo
BCTPEYAIOITUECS 3aBUCUIMOCTH

l. y=ax’ +bx+c 2. y=ax+b 3. y=ae™ 4. y=ax"
5. y=alnx+b 6. y=a+é 7. y= !
X ax+Db

Ipumep 1.2. [Tonyunts HEOOXOIMMOE YCIOBUE I CYILIECTBOBAHUS CTETICHHOMN
3aBHCUMOCTH Y = ax’, Ipeanonaras, 4to x, >0, y, >0 (i=1n).

Pewenue. Bpibepem X, =+/X,-x, . U3 Qopmymsl uMeeM y,=ax.,

b bI2 b2 b o
y,=ax; =ax;'“x, ", y,=ax,. Hckiodas U3 COOTHOLIEHWI NapameTpsl a U b,

n

MOMyuuM  y,y, = V., T.€. Y, =+/y,V,. Takum o6pa3zoMm, mIs CyIIeCTBOBAHHS

CTCIICHHOM 3aBMCUMOCTH y= axb HGO6XOI[I/IMO, YTOOBI CpCAHCMY T'COMCTPUICCKOMY

X5 3HAUEHHH X; U X, COOTBETCTBOBAJIO CPEAHEE T€OMETPUUECKOE Vs 3HAUYCHUH V) U V.
AHanOrMyHO TOMY, KaK 3TO CHEJaHO B mpumepe 1.2, g CyliecTBOBaHUS

3aBUCUMOCTEI 2—7 JIETKO BBIBECTHU MPOCTbIE HEOOXOIUMBIE YCIOBUS BHJA X, = X, ,
y,=y,,rae x, =p(x;,x,) u y, =@(y,;,»,), IpUUeM Ipeanonaraercs, uro x; >0,

v, >0,(i= Ln). [IpuBenem 3T yciaoBus B TaOJIULE:

Tabauma 1.2
No X Vs Buna smnupudeckoit hopmMyibl
X + Xn Vi + Y
1. 2 2 y=ax+b

(cpennee apudmert.) | (cpeanee apudmer.)

2. \/'xl'xn v YiVn y:axb

(cpennee reometp.) | (cpemHee reoMeTp.)

3 XI_FTxn \/ylyn y:abx H']-H/Iy:aeﬂxa
(cpenmee apudmer.) (cpennee reomertp.) rae f=1Inb
2% %, i+ b
4. X, +Xx, 2 y=a+—
x
(cpennee reometp.) | (cpennee apudmer.)
X, +x, 21+ Y, ]
> 2 Vit i
(cpenuee apuMer.) | (cpesH. rapMOHHMY.)
/ Yi + Y
0. XX 2 y=alnx+b

(cpennee reoMeTp.)

(cpennee apudmer.)




Tabmuma 1.2 obGnerdaer BbIOOpP BHAA SMIUPHUECKON (OPMYINBI  Cpeau
YKa3aHHBIX. PEeKOMEHIyeTcsi TOCTyHaTh CJICAYIOUMM 00pa3oM: Ui TPOBEPKH
MPUTOTHOCTH OTIPENEIICHHON SMIHMPHUYECKONH (OPMYIIBI, TOJNB3YSICh HCXOIHBIMH

JaHHBIMH, HAXOAHUM 3HA4YCHUA X, =X, U )Y,, U CpaBHUBACM IIOCJICAHEEC CO

3Ha4YCHUEM ) , HHOMCIICHHbIM B Ta6n1/1ue. HpennhoI/ITeanee Ta OMIIMPUYCCKAs
Vs = Vs
OKOHYAaTCIBHOI'O BBI60pa CICAyCT YYCCThb TAKXKCE IIPOMCKYTOYHLIC JaHHBIC. Ecau

BO3MOKHO MaJIo. I[J'IH

dbopmyrna, Ui  KOTOPOM  pacxoxkJACHHE

OoJblIasi, TO COOTBETCTBYIOIIAs AMIUpHueckas (opmyna He

BEJINYMHA ‘ Ve =V,

IPUTOJHA.
Ecmu 3Hauenue @(x;,x,)=X, HEC HAXOAUTCS CPEIU HUCXOAHBIX NAHHBIX X;, TO

OTBCYAIOLICE €U 3HAYEHUE J, MOXKHO OIPEAEIUTh IIOCPEACTBOM JIMHEHHOU

HUHTEPIOJSLUN
— Vi = Vi (o
ys: 'xs_xi +yi’
Xigg — X
ra€e x; " Xj+; — HpOMe)KYTOLIHBIe 3HAYCHMUA, MC)K,Z[y KOTOpBIMI/I COI[Cp)KI/ITCH

xs ('xi < xs < xi+1)'
3aMeanHe. (DYHKI_[I/II/I 2—7 MOHOTOHHBIC, H, CJIICAOBATCIBHO, OTBCYHAKOIINEC UM

yHOpSAOYEHHbIE JaHHblE (X;;y;,) nmpu Ax, =X, ,—x; >0 (i=1I,n—1) IOIKHEI

o0yazaTh NOCTOSIHHBIM 3HAKOM mpupameHuss Ay, =y, , —y; (i=1,n—1). Ecau 310

00CTOSITEHCTBO HE UMEET MECTA, TO 3aBUCUMOCTHU 2—7 TIPOTHUBOIIOKA3aHBbl.
Ipumep 1.3. Omnpeaenutb BUA 3IMIOUPUYECKOM (GOPMYIIBI, OTBEUaOIICH
cleAyrome TadauIe:
X 273 283 288 293 313 333 353 373
y 294 | 333 | 352 | 37,2 | 458 | 55,2 | 55,6 | 77,3
Pewenue. bynem uckath 3MIupuyeckyro GopmMylly cCpeiau 3aBUCUMOCTEH 2—7,
uMerolmuxcsi B Tabmuue 1.2, coryacHo yka3aHHOMY peuenty. B HeoO0XoIuMbIX
clly4yasix NpHUMEHEeHa JIMHeWHas uHTepnoisuus. g ygoOcTBa Bce pacuerbl IO
noa0opy aMnupuueckoit popmyiisl cBeaem B Tadbnuiy 1.3. Tak kak
% ;x" - 273;373 =232, \Jx,x, =<273-373 =319,1,
2x; x, :2-273-373:315’3, Yy, +y, :29,4+77,3 5335,
x,+x, 273+373 2

n

2y, Y, 2:294-77,3

v 22947732477, _ _
Vv =A vty 2044773

42,2,

TO



Tabmuma 1.3

s Vs Vs Bun ¢hopmybr

=

Vs = Vs

232 |53,351505| 2,85 y =ax+ b — Mano noaxoaut

319,1| 47,7 | 48,7 1,0 y =ax” — mogxourt nydre Apyrux hopMyII

232 | 47,7 | 50,5 2,8 y=ab*, y=ae”™ — mano nogxomur
b
315,3153,35|46,9| 6,45 y=a+— — He NOAXOJIUT
X
232 | 42,2 | 50,5 7,9 y= ! — HE MOAXOJIUT
ax+b
319,1|53,35148,7| 4,65 y=alnx+b — He MOAXOAUT

Tabnuua 1.3 mokasbiBaeT, 4TO COTJIACHO HEOOXOAMMOMY KPUTEPHUIO CIIEIYeT
OCTaHOBHTBCS Ha CTEINICHHON 3aBUCHMOCTH y = ax’ .
N3 smnupuyeckux Gopmyd, coaepKaliux Tpy napamerpa
y=F(x,a,b,c), (**)
rae a, b, ¢ — HEKOTOphIE TIOCTOSTHHEIE, OyJIeM pacCMaTpHUBATh JIUIIh KBAAPATUIHYIO
3aBUCUMOCTh
y=ax’ +bx+c,a#0 (1.5)
(aHATUTUYECKUI KPUTEPUN PACCMOTPEH BHIIIIE).
1.5 Onpenenenue napaMeTpoB SMIUPHUYECKOl GopMyJIbI

Ecnu Bun smnupudeckoii popmysisl BbIOpaH, TO BO3HUKAET 3ajaua ONpeaesiCHUs
HAWTy4IIuX Ko3()(PUIMEHTOB (MapaMeTpoB), BXOIAIMX B 3Ty (opmyrny. B obmem
BUJIE 3Ta 33j7aya CTABUTCS CJIEAYIOLUIMM 00pa3oM: MyCTh JlaHHas cUcTeMa 3HaueHUil

M. (x;;y;), (i = 1,n) npubnukeHHO onMcbIBaeTcs GOpMyJIol BUAA

v=F(x,a,,a,,...,a,),
rae F' — w3BectHas PpyHKIUSA W aj, Az, ..., dm — HEU3BECTHBIC MOCTOSTHHBIC, YHCIIO
KOTOPBIX 71 OOBIYHO MEHBIIIE Ynciia ToueK. TpedyeTcs onpeneTuTh 3TH MOCTOSTHHBIE.
ByneTr paccMOTpeH OJIMH U3 METOJIOB ONPECIICHHS MapaMeTPOB dIMITUPUICCKOM
(hOpMYJIBI — METOJT HAMMEHBIIIUX KBAJIPATOB.
CorylacHO MeTOJy HAaWMEHBIIHUX KBaJPAaTOB, HAMIYUIIMMH KOA(P(GUIIMCHTAMH
CUMTAIOTCS T€, IJI1 KOTOPBIX CYMMa KBaJpaToOB YpaBHEHUH

S(al,az,...,am):Z[F(a,,az,...,am,xi)—yi]z (1.12)
i=1

OyIeT MUHUMAJTBLHOM.
OTcrona, ucnonb3ys HEOOXOAUMBIE YCIOBUS SKCTpeMyMa (DYHKIIMH HECKOJIBKUX
MEPEMEHHBIX, MOJIy4aeM TaK Ha3bIBAEMYIO HOPMAJbHYIO CHUCTEMY IS OIpEICICHHUS

kod(ppunneHToB a; (i = I,m ).
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s _,

oa,

............ (1.13)
oS 0.

oa,,

Ecnu cucrema (1.13) umeeT eAMHCTBEHHOE PEILICHHUE, TO OHO OYJIET HCKOMBIM.
1.6 YacTtHble ciaydyau
VkaxkeM BUJ  HOPMallbHbIX CHCTEM JJisi  ONpEJAeNieHHus IMapaMeTpoB
3aBUCUMOCTEN 1-7.
1. TlapaGona y =ax’ + bx +c:
aZxJZ. +bej +C'n=Zyj ;
J J J

aij.+be]2.+chj:ijyj, (1.14)
J J J J

4 3 2 2

aij +b2xj +chj —ij Y
j j j j

Eciu BBecTr 0003HaYEHUSA

P=3x,.0-3x . R=Tr],0=T .
J J J /

lezyjaszzxjyja H3:Zijjz'a
To cucrema (1.14) npumer ;31/1;{: J J
a-Q+b-P+c-n=H,,
a-R+b-Q+c-P=H,, (1.15)
a-S+b-R+c-Q=H;.
2. llpsmass y=ax+b:

afo. +bej :ijyj ,
J J J

(1.16)
ay,x;+bn=3xy,.
j J
ITocne o6o3HaueHUM
P:ij,Q:fo., H1=Zyj,H2=ijyj
J J J J
cuctema (1.16) 3anuiieTcs Tak:
a-Q+b-P=H,,
¢ ’ (1.17)
a-P+bn=H,,

3. DKCroHeHTa y = a - ™. Tlocne norapiupMupoBaHHs PABEHCTBA, TIONYIUM
Iny=Ina+bx.
CrnenoBaTebHO, HOpMaJIbHASI CHUCTEMA 3aMHIIETCS B BUJIC:
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bejz. +lna-(2xj]:z‘lenyj ,
J J J
bY.x;+n-lna=3Iny,.
J J
C yyeTom 00603HaUEHUM
P=ij , Q:fo. , H, =Zlnyj, H, =ijlnyj
J J J J

cuctemy (18) MOXKHO 3amucaTh B MpocToi hopme
b-Q+P-lna=H,,
b-P+n-lna=H,.

4. Crenennas ¢ynkums y=ax”. Ilocie norapudMupoBaHHs
nosydyuM Iny=1Ina + blnx. Torga

2
b;ln x; +1Ina -(%:lnxjjzglnxj Iny,,
b%:lnxj +n-lna:§1nyj :

BBoaum 0003HaueHUA

P:ZInxj,Q:ZInzxj,szzmyj, H;=>Inx;Iny,.
J J J J

CrnenosarenbHo, U3 cucteMsl (1.20) moay4um cuctemy
b-O+P-lna=H,,
b-P+n-lna=H,.

5. Jlorapudmuueckast GyHkius y=a-Inx+b.

a> In’ x;+b -(Zlnxjj:Zyj Inx,,
J J J
a%“lnxj +n-b:§1nyj.

O0o03HaYUM

P:ZInxj,Q:ZInzxj,HI:Zyj,H]:ZInlenyj.
J J J J

Cucrema (1.22) 3anuiercs B BUIE
aZanxj +b-£ZInxj]:Zyj Inx,,
J J J
a) Inx; +n-b=%Iny,.
J J
b
6. 'uniepbona y=a + —.

X
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(1.19)
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(1.20)

(1.21)

(1.22)

(1.23)



1 1 Vi
D
' x; PR (1.24)
b, —+n-a=3y,;.
i X J
O603HauNM
/ 2 Yj
P=%—,0=3In"x,,H, =3y, H,=Y"—".
i X j j j X
Torna
a-P+b-Q=H,, |25
b-P+n-a=H,. (1.25)
7. 'unepOona yz;.
ax+b
aZxJZ.yj+b-ijyj:ij,
’ ’ ’ (1.26)
bej + aijyj =n,
J J
[Tocne o603HaueHUM
P:ijz'yjaQ:ijyjaH1:ZyjaH1:ij
J J J J
MOJTyYUM CHUCTEMY BHUJIa
a-P+b-Q=H,, | 27
b-R+a-Q=n. (1.27)

HenocraTkoM MeToma HAMMEHBIIUX KBAAPATOB SBISAETCS TPOMO3IKOCTH
BbruuciaeHui. [loatomy Kk Hemy mpubOeraroT oObIYHO TIpU 00pabOTKe HAOIIOACHUI
BBICOKOUM TOYHOCTH, KOTJ[a HY»KHO IMOJYyYUTh BEChbMa TOYHBIC 3HAUCHHSI TAPAMETPOB.

1.7 IlopsinoK BbINOJIHEHHUS PadOTHI

a) MI3y4nTh KpaTKuil TEOPETUYECKUNA KYPC.

0) [TonoOpaTh BuA SMIUPUUECKON (POPMYIIBI ISl UHAUBUAYATHHOTO 3a/1aHuUsl.
B) OTBETUTH Ha KOHTPOJIbHBIEC BOIPOCHI.

r) OdbopMuTh OTUET MO JTa0OPATOPHOU paboTe, YUUTHIBAS PEKOMEHIAIIIH.

1.8 PexomeHanmu no BINOJHEHUIO J1a00PATOPHOil padoThI U
oopmiIeHHIO OTUYETA

ITocne u3yyeHHs] OCHOBHBIX TEOPETUUYECKUX CBEJCHUM, TAHHBIX B HACTOSIIIEM
METOJMYECKOM YKa3aHHUH, CTYJICHT, OJIYyYUB UHAUBUAYAJIHHOE 3a/IaHUE, IPUCTYIAET
K €r0 BBIITOJTHEHHUIO.

PexomeHnyeTcst BBIIOJIHATHL padOTy B CIIEAYIOLIEH MOCIeI0BATEILHOCTH:

a) MOCTPOUTH TOUKH, IAHHbIE B Ta0JIMIIe-3aIaHUKM HA MUJUTUMETPOBOM Oymare;

0) coeIMHUB MOCTPOEHHBIE TOUYKH TJIABHOM KPUBOH, clieiaTh MpeIBapUTEIbHBIMN

BBIBOJI O BUJIE DMIUPUUYECKON (HOPMYJIBI.
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Ecau mnpeamnojaracrcsa KBaJApaTHdHasd WA JINHEHHAs

3aBUCHMOCTb,

TO

HEO0OXOAMMO TOJIb30BAThCSl AHAIIMTUYECKUMH KPUTEPUSIMU, TaHHBIMU B HACTOSLIUX
METOJAMYECKUX yKa3aHUsX. J[Jisl BceX OCTalbHBIX ClTydyaeB HEOOXOMMO UCIIOJIb30BaTh
KpUTEpHUH, JaHHble B Tabnuie 1.2. Bce BhIUMCIEHUS peKOMEHIyeTcs: 0OopMIIsTh B
Bujie Tabaunbl 1.3 (kak npu penieHuu npumepa-oopasua 1.3). Ilocne Toro, kak Bu
AMITUPUYECKON  POopMyIIbI
HAXOX/JIEHUIO MapaMeTPOB SMIIUPUYECKON (POpMyIbl U MOJYyYUTh 3HAYEHUS a, b, ¢
MOI00PaHHON SMITUPUIECKOHN (HOPMYITHI.

Oyner

OIIPCACIICH,

HEO0XO0IUMO

1.9 UnauBuayaabHbIE 3a1aHUS

PUCTYIUTD

K

No

x| 1 2 3 4 5 6 7 8 9 10
Bap.
1 |y|5,823| 8,503 | 8960 |10,83312,704| 15,483 | 20,066 | 18,521 | 21,797 | 23,766
2 |y|10,82| 33,90 | 84,36 |177,831324,90| 538,48 | 831,47 |1207,92|1690,79|2285,97
3 (v|0,17210,118 | 0,112 0,092 | 0,079 | 0,065 | 0,050 | 0,054 | 0,046 | 0,042
4 |y| 547 | 11,61 2221|4909 109,29| 243,70 | 544,12 |1203,97|2679,86|5962,88
5 |¥3,023)12,259]28,093|55,748(95,087|148,115(216,701|293,788|391,129|503,343
6 |v|3,823| 5889|5157 | 5,606 | 5923 | 7,067 | 9,958 | 6,680 | 8191 | 8371
7 |v|5,823| 5,103 | 3,093 | 2,733 | 2,464 | 3,150 | 5,666 | 2,071 | 3,308 | 3,246
No

x| 1 1,8 | 2,6 3.4 472 5 5,8 6,6 7,4 8,2
Bap.
8 |¥]5,575|7,988| 8,390 |10,587|12,660| 12,151 | 15,727 | 18,703 | 21,777 | 23,285
9 [v|10,97\30,37| 67,13 |131,51|228,06| 360,75 | 542,71 | 775,71 |1066,89| 1421,05
10 (¢|0,17910,125| 0,119 | 0,094 | 0,079 | 0,082 | 0,064 | 0,053 | 0,046 | 0,043
11 (y|4,999(9,271(17,679|32,232|60,497|116,805(217,696|413,420|784,502|1485,436
12 |y|1,775|9,015(19,934|39,254|65,808| 97,793 |142,454|195,635|258,517| 329,887
13 |y|3,475|5,442| 4,937 | 6,017 | 6,854 | 5,031 | 7,239 | 8806 | 10,440 | 10,484
14 |y|5575|4,619| 2,692 | 2,865 | 3,045 | 0,711 | 2,502 | 3,719 | 5,051 | 4,828
No

x| 1 1,5 2 2.5 3 3,5 4 4,5 5 5.5
Bap.
15 |y|6,178| 3,435 | 8,343 | 5,579 | 6,327 | 7,012 | 8,049 | 6,078 | 7,599 | 10,132
16 |y|9,178|11,748|26,343|38,767|61,327(91,575|131,049|177,516|238,599|312,945
17 |y]0,162] 0,291 | 0,120 | 0,179 | 0,158 | 0,143 | 0,124 | 0,165 | 0,132 | 0,099
18 |y[4,703| 3,167 | 6,076 | 3,347 | 3,862 | 4,524 | 5,029 | 8,458 | 8,624 | 7,928
19 |y|4,178| 2,845 |10,23511,090|16,644|23,369| 31,717 | 38,363 | 49,839 | 63,692
20 |y|4,678| 1,793 | 6,383 | 3,203 | 3,475 | 3,641 | 4,128 | 1,584 | 2,513 | 4,439
21 |y|6,178| 2,018 | 5,843 | 2,129 | 1,994 | 1,833 | 2,049 | -0,728 | -0,001 | 1,746
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Ne x| 1 1,6 2,2 2,8 34 4 4,6 5,2 5,8 6,4
Bap.
22 |y|[3,033] 7,030 | 8,060 | 9,758 |12,014| 14,184 | 15,302 | 16,834 | 21,287 | 20,587
23 |y| 5031|1886 | 41,16 | 79,47 |137,57| 218,68 | 325,75 | 464,19 | 640,18 | 849,76
24 |y|0,330] 0,142 | 0,124 | 0,102 | 0,083 | 0,071 | 0,065 | 0,059 | 0,047 | 0,049
25 |y|5,131] 4,861 | 4,698 | 5,394 | 6,236 | 7,361 | 7,530 | 8,754 | 11,957 | 10,903
26 |y|1,533]11,916|27,244|53,458(92,627|146,193|215,202|303,075|414,219|542,419
27 |y|0,033] 3,640 | 3,825 | 4,447 | 5,485 | 6,343 | 6,080 | 6,180 | 9,161 | 6,956
28 |y|3,033] 4,668 | 3,642 | 3,394 | 3,755 | 4,059 | 3,328 | 3,022 | 5,646 | 3,121
No
x| 1 3 5 7 9 11 13 15 17 19
Bap.
29 |y|3,474|7573|10,998|16,371|18,872|24,390|26,103|31,365|33,517|41,011
30 |y|1,233|1,254| 2,666 | 3,495 | 3,669 | 3,933 | 5,995 | 4,858 | 5,718 | 3,973
31 |y|0,288(0,132| 0,091 | 0,061 | 0,053 | 0,041 | 0,038 | 0,032 | 0,030 | 0,024
32 |y |1,474(3,770| 4,217 | 6,263 | 5,266 | 7,186 | 5,233 | 6,781 | 5,183 | 8,900
33 |y |0,533(3,885|11,437|20,393|30,362|41,907|56,607|69,368|85,313 99,780
34 |y|2,133(2,965| 5,718 | 8,044 | 9,791 |11,675|15,387|15,921|18,468 |18,423
35 |y|0469(0337| 0,175 | 0,124 | 0,102 | 0,086 | 0,065 | 0,063 | 0,054 | 0,054
36 |y|1,466(2,975| 2,828 | 3,794 | 5,536 | 8,298 | 14,204 | 18,898 | 28,536 | 40,508
JIABOPATOPHASA PAGOTA Ne 2
BbIBOPOYHLIN METO/T
IHocTpoenue rpaguxa IMNMpHUYECKOH (PYHKIUHN pacnpeaeeHus,
THCTOTPAMMBbI YACTOT, BIYUCIEHHE CTATUCTHYECKUX XaPAKTEPUCTHK
HeINPePbIBHBIX CJAYYallHbIX BeJUYMH.
2.1 OcHOBHbIE NOHATHUSA
CTaTUCTUYECKOE  MCCIIEIOBAHUE MOXET  OCYHIECTBJISATBCS 10  JAHHBIM

HECIJIOUTHOTO HAOJIOACHUS, OCHOBHAsl IIeJIb KOTOPOI'O COCTOMT B TMOJYYEHHU
XapaKTepUCTHK M3y4yaeMON COBOKYMHOCTH MO oOcienoBaHHON ee yacTu. OOHUM U3
HaunboJiee pacIpOCTPAaHEHHBIX B CTATUCTHKE METOJOB, IPUMEHSIOMNX HECIUIONIHOE
HaOTI0ICHNE, SIBJISICTCS BEIOOPOYHBIN METO/I.

Bvi6opounbim Ha3BIBAIOT METOJ] CTATUCTUUECKOTO UCCIIEOBAHUS, IPU KOTOPOM
oOoOmaroniye IMoKazaTedd H3y4aeMOW COBOKYITHOCTH YyCTAHaBIMBAIOTCA IO
HEKOTOPOI €€ YacTH Ha OCHOBE MOJIOKEHUH ciydaiiHoro otoopa. [Ipu BeIOOpOUHOM
METOZIe OOCIIEZIOBAaHUIO IOJIBEPTaeTCsl CpPaBHUTEILHO HEOONbINas 4YacTh BCEH
U3ydaeMol COBOKYMHOCTU. [Ipm 3TOM mojyiexamiass M3y4eHUIO CTaTUCTHYECKas
COBOKYITHOCTb, W3 KOTOPOH MPOM3BOAUTCS OTOOP YACTH €IWHHII, Ha3bIBaeTCs
eenepanvholl  cosokynHocmvio. OroOpaHHasT W3 TEHEPaJbHOH COBOKYIHOCTH
HEKOTOpasi 4acThb EAMHHUI, T[OJBepraromascs oOCIeJOBaHUIO, Ha3bIBACTCA
8bIOOPOUHOLL COBOKYNHOCMbIO WIH TIPOCTO 8bl60opKol. O6vemMom COo80KynHOCMU
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HA3bIBACTCSI YUCIO OOBEKTOB, BXOJ/SIIMX B COBOKYIMHOCTh. B mpoBemeHnu psiga
UCCJIeIOBAHUI BHIOOPOYHBIA METO/ SIBJISIETCS] € AMHCTBEHHO BO3MOXKHBIM.

B pesynbrare  mepBoil  CTaAMM  CTATUCTUYECKOTO  MCCIEIOBAHUS —
CTATUCTUYECKOTO HAOJIOJEHUST — TIOJy4alOT CBEICHHMS O KaXIOW eIUHHUIIC
COBOKYMHOCTHU. 3ajiaya BTOPOW CTaIUU CTATUCTHUYECKOTO HCCIIEIOBAHUS COCTOMT B
TOM, YTOOBI YIOPSIIOYUTH U 000OIIUTH EPBUYHBIM MaTepuall, CBECTU €ro B IPYIIIIbI
M Ha 3TOM OCHOBE JaTh 00OOIIAIOIIYI0 XapaKTEPUCTUKY COBOKYIMHOCTU. JTOT ATal B
CTaTUCTUKE HA3bIBAETCS CGOOKOU.

Pe3ynbTaThl CBOJIKM MOTYT OBITH MPEACTABICHBI B BUJIE CTATUCTUYECKUX PSIOB
pacupeneneHusl. Cmamucmuyeckum  psaoom  pacnpeoenenus Ha3bIBAOT
YHOOPSIAOUYEHHOE paClpeeNieHUe €IWHUI] COBOKYNHOCTH. CTAaTUCTUYECKHUH psif,
PACIOJIOKEHHBIM 1O  BO3PACTAaHHWIO WM YOBIBAaHWIO BapUaHT, Ha3bIBACTCS
8aAPUAYUOHHBIM. Craructryeckue pAAbI pacripeeneHus MO3BOJISIOT
CUCTEMATU3UPOBATh U 0000IIATh CTaTUCTUYECKUM MaTepuasl. OJHAKO OHU HE JAI0T
BCECTOPOHHEH XapaKTEepUCTUKUA. UTOOBI pelmuTh psifi KOHKPETHBIX 3a/ay, BBISBUTDH
OCOOEHHOCTH B Pa3BUTUM  SIBJICHUS, OOHApYXUTh TEHACHIIMH, YCTaHOBUTH
3aBUCUMOCTH, HEOOXOIUMO MPOU3BECTH ePYRNUPOBKY CIAMUCMUYECKUX OAHHBIX.

2.2 I'pynnupoBKa CTATUCTUYECKHUX JTAHHBIX

JUis mpoBeneHuss TPYNIUPOBKHU BBIACISIIOT TPYNIHUPOBOYHBIA IMPU3HAK WIIU
OCHOBaHUE TPyNNUpoBKU. Yem OoJblle Ipymn, TEM TOYHEe OyIEeT BOCIIPOU3BEACH
Xapakrep HucciaeayeMoro oo0bekTa. OOHAKO CIUIIKOM OOJbIIOE YHCIO TIpyHM
3aTPyJHSIET BBIABJICHUE 3aKOHOMEPHOCTEH TMpPH  HCCIENOBAHUU  COIHMAIIBHO-
HKOHOMUYECKUX SIBICHUN U TporieccoB. [103ToMy B KaXkKJI0M KOHKPETHOM Cllydae MpH
OTIpEeCNICHUH YHCIIa TPYII CIEAYeT UCXOIUTh HE TOJIBKO U3 CTEIIEHU KOJeOIeMOCTH
MpU3HAaKa, HO €Ie YUYUTHIBATh U OCOOCHHOCTH 00BEKTa U 1eNb uccienoBanus. OaHa
U3 TakUX IMpOLEAyp OCHOBaHAa Ha HCIOJb30BaHMM (opmynbl Crepmxecca JUIs
OTpeeNieHUs] ONTHUMAJIBHOTO 4Hcna rpymm: k=1+3,322-l1gn, tne n — o0beMm

BBIOOPKH.
[locne ompeneneHus 4Yuciaa TPYHN CIAEAYeT ONPENEIUTh  HHTEPBAJIbI
rpynnupoBkd. HTepBaJ — 3TO 3HAYEHHUS BAPBUPYIOIIETO MpPHU3HAKA, JIeXkKallue B
ompeeeHHBIX Tpanuliax. J[muHy uatepBana onpesaensiem no Gopmyie
h= Xmax ~ Fmin
k

" X, — MAKCUMaJIbHOC U MUHUMAJIbHOC 3HA4YCHHSI BAPDUAHT B BBI60pKe, k—

b

II€ X,

X
yuciao rpynn. Hawamom nmnepBoro wuHTepBasia Oepercs  x,, . llpubasiss
IIOCJIEZOBATENBHO /1, TOMY4YalOT TPaHMIBI OCTAIbHBIX HMHTEPBAIOB: X; =X . +/,
X,=x;+h, x; =x, +h uTak nanee.

[Tocne aToro cTpoutcst psn pacrpenenenus. J{Jis 3Toro B mepBblil croder (Mau
CTPOKY) TaOJIUIIBI 3aHOCST TPAHUIIBI MHTEPBAIOB. Bo BTOpO# cTosber (Wim CTPOKY)

Ta6J'II/II_H>I 3aHOCAT YUCJIO BAPUAHT IIOIIaJarolInuX B I[aHHBIﬁ HHTEpBaJI n; — 4acCTOTY.
Ecau IMPOCYMMHUPOBAThL BCC YaCTOTbI, TO [JOJIDKHBI IIOJIYYHUTDH O6H_I€€ YHCJI0
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3

HaOmoneHnit (06vem e@vibopxu): Y n, =n. Ecnum 4acTOoTBl MOAENUTH Ha 00BEM
i=1

BBIOOPKH, TO B PE3yJIbTAaTE MOJyYUM OTHOCUTEIBHBIC YaCTOTHI (4aCTOCTH):

w =" (i=1k).
n

2.3 I'padmueckoe n300pakeHre BAPUAIMOHHOI0 PsIa

CyniecTBEHHYI0 TMOMOIIb B aHAJIM3€ BApUALMOHHOTO psAJa U €ro CBOWCTB
OKa3bIBaeT rpauueckoe n300pakeHUE.

JUiss  AUCKpPETHOro BapUAllMOHHOTO psAJa B  KadyecTBe TIpaduueckoro
U300pKEHUS HUCTONB3YIOT HoaueoH. [loNMroHOM 4YacTOT Ha3bIBAIOT JIOMAHYIO
JIMHUIO, COCTOSILIYIO U3 OTPE3KOB, COENUHSIOMUX TOUKH (X ,51,) , (X551 5) 5oy (X57,) -
[Tonuron OTHOCUTEIBHBIX YACTOT MPEACTABISIET COOOM JIOMaHyIO, COCTOSIIYIO U3
OTPE3KOB, COCIUHSAIOMUX TOUKH (X;;w;) (i=1,k).

[Ipu 00OpaboTke M OTOOpaKEHUH SKCIEPUMEHTAIBHBIX JIaHHBIX, B KOTOPBIX
M3y4aeMbIi IPU3HAK MOKET MPUHUMATD JII000€ 3HAUE€HUE U3 HEKOTOPOTO MHTEpBaa,
HCIOJIB3YIOT CIEAYIOUINE CIOCOObI MPEICTAaBICHUS JAHHBIX: THCTOTPAMMBbI; MOJIUTOH
YacTOT; MOJIMTOH HAKOTUIEHHBIX YaCTOT (KyMYJIsITa).

CronbukoBasi [uarpamMmma, B KOTOPOW OCHOBAHHS CTOJOMKOB, PACIIONIOKEHHbBIE
Ha OCH abcuucc — 3TO MHTEPBAJbl 3HAYCHHUI BAapbUPYIOLIEro MPU3HAKA, a BBICOTHI
CTOJIOMKOB — YaCTOThl WJIK OTHOCUTENbHBIE YAaCTOThI, COOTBETCTBYIOUIME MAaCIITA0y
0 OCH OpJMHAT, HA3bIBACTCS cucmozpammoti. I'uctorpaMma 4acTocTed SBIsSETCS
CTATUCTUYECKUM aHAJIOrOM IUIOTHOCTH paclpe/esieHus: BEPOSITHOCTEN TeHepaIbHOU
COBOKYIHOCTH.

[Tonuron aJiss MHTEPBAJIILHOTO PsJla CTPOUTCA TaK K€, KaK U JJisi JUCKPETHOTO,
HO B KAaueCTBE BapHAaHT HCHOJbB3YIOTCS CEpeluHbl MHTEpBajoB. [lomuron yacror
MOJIy4aeTcsi M3  THCTOIPAMMBI,  €CIM  COEOUHUTh  CEPEAUHbl  BEPILHH
IIPSIMOYTOJIBHUKOB JIOMAaHOM JIMHUEH.

[Ipeobpa3oBanHO# (POpPMOIT BAPUAIIMOHHOTO PANA SIBISIETCS psA0 HAKONIEHHBIX
yacmom. JTO psAJl 3HAYEHUH YUCIIa €IUHUL COBOKYITHOCTU C MEHBIIMMHU U PAaBHBIMU
HIKHEW TPaHUIE COOTBETCTBYIOLIEIO MHTEPBaia 3HAYCHUSMHU IIpU3HaKa. Takou psax
Ha3bIBACTCS KYMYAAMUBHBIM. MOKHO IMMOCTPOUTHh KYMYJIITUBHOE pacIpesiesiecHue "He
MeHbIIIe, ueM", a MokHO "Oonbire, yem". B mepBom ciydae rpaduk KyMyJIsTUBHOTO
pacnpenesieHus: Ha3bIBACTCS KYMYAAmOotl, BO BTOPOM — 02UBOLL.

2.4 Dvnupuyeckas PyHKUUsS pacnpeaeaeHust

OMmnupudeckord (QyHKIMEW pacnpeneneHus BbIOOPKM Has3bIBaeTCs (DYHKIIUS

F*(x), ompemensiomas A BCAKOTO X € R OTHOCHTEIBHYK) YacTOTY COOBITHS
. n, n,

X <x,t0ecth F'(x)=—"= ) —',rne n_— 4UCJIO BapUaHT, MEHBIIIUX X; 1 — 00BEM
n  x<«xn

BbIOOpKH. OHa ABIISIETCS aHAJIOIOM HHTETPAIbHOW (DYHKIMHM pacrpeaesieHus
F(x)=P(X < x) B Teopun BeposaTtHocTeil. OCHOBHbIE cBOMCTBA QyHKIMU £ (X):

1) 3nayenns Gynkuuu F (x) IPUHAIIEKAT OTPE3KY [0;1 ];
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2) dynkiusa F*(x) — HeyObIBarOILIAL;
3) F*(x)=0 npu x<x,,m 1 F*(x)=1 npu x>Xax.
2.5 Bbi00OpoYHbIE OLIEHKH TApaMeTPOB pacinpeaeieHust

CrieyrolyM 3TarnoM U3y4eHUsl BapUALIMU MPU3HAKA B COBOKYITHOCTH SIBJISIETCS
U3MEPEHUE XapAKTEPUCTUK CWIbL, BEIWYWMHBI Bapuauumu. Ilycte x;, X2,..., X, —
BBIOOPKA U3 reHepabHOW COBOKYITHOCTH.

Pasmaxom eapuayuu nazpiBaeTcsi aOCONIOTHAS PA3HOCTh MEKYy MaKCUMAaJIbHBIM
Y MUHUMAQJIBHBIM 3HAQUYEHUSMHU NIPU3HAKa R=Xx_, — X . .

CpellHUM 3HAYEHUEM BBIOOPKH WIIM 8bIOOPOUHBIM CPeOHUM HA3bIBACTCS UYHCIIO

n k
le. inni
Xp =— wm, eclm NaHBl YaCTOTHI BAPHAHT, X, = ———. Cpe/Hee OTKIOHEHHE

n
> n;
i=1

3HaYEHUH MPU3HAKa OT CpeAHEN apU(PMETUUECKON BEIUUMHBI PABHO HYJIIO.
Bri6opouHoii aucnepcueit cirydyaitHOM BETUYHHBI X HAa3bIBAETCS YHUCIIO

d 2 k 2
2. (x; = Xp) - , (x; —Xp)"n; : ,
_ =l _ = _i=l — b
n
o
i=1
n k
2 2
- in — in n;
rae x° ==— — cpennuii kBaapar (x° ==L——).
n
20,
i=1
[ToxasaTeneM CHIbl Bapualdd BBICTYIIAET CPEOHUN MOOYIb OMKIOHEHUIL:
k
; Z X; — xB‘ni
ag :—Z‘xi —)?B‘ Wi a, == p [Ipocrora pacueTa M HHTEPIPETALMH
ni=1
n

i=1
COCTAaBJIAIOT  TIOJIOKUTEJIbHBIE ~ CTOPOHBI ~ JAaHHOTO  MOKa3zaTeys,  OJIHAKO
MaTeMaTH4YEeCKUE CBOMCTBA MoayJien "moxue".

ITosToMy B  KayecTBe TaKOTO  TIOKa3aTes  HUCIOJb3YeTCS  cpeoHee
Keaopamuyeckoe  OmKIOHeHue. B cTaTUCTUUECKOW  JUTEparype  cpeaHee
KBaJpaTUYECKOE OTKJIOHEHHWE OT CPEIHEW BEIMYMHBI MPUHATO 0003HAYATh MaJloi
rpedyecko OykBoMl curmMa o wid s. KBaapar cpeaHero KBaJpaTUUEeCKOTO
OTKJIOHEHUS JIaeT BEIMUMHY Oucnepcuu. Takum oOpaszom,

JUIA pAaHKUPOBAHHOTO psiia I UHTEPBAJIBHOTO psifa
k 2
> (x; —Xp) _ =l
i=1 0= k
O' =
n >on,
i=1

Cpez[Hee KBaJApaTH4YCCKOC OTKJIOHCHHC I10 BCIIMYHUHC B pCallbHbIX
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COBOKYITHOCTSIX Bcerja OOJbIlIe CpeIHEro MOy OTKIIOHEHU. COOTHOIIEHUE O : a
3aBUCHUT OT HAJWYUs B COBOKYMHOCTSIX PE3KHX, BBIJCTSIOMIMXCS OTKIOHCHUH U
MOKET CIYKUTh MHAMKATOPOM '3aCOPEHHOCTU" COBOKYIMTHOCTH HEOIHOPOJHBIMHU C
OCHOBHOM MAacCOM »JJIEMEHTAMH: YE€M DTO COOTHOIIEHHE OOJIbIlIE, TEM CHIILHEE
noj00Hast "3aCOpEHHOCTh".

2.6 I'eHepaJjibHBIE OLIEHKH MTAPAMETPOB pacinpeaejeHust

B cpaBHeHuu c ApyruMu BHJAMHU HECIUIOIIHBIX HAOJIIOJEHUN IPEUMYIIECTBO
BbIOOPOYHOIO HAOIIOACHMS 3aKJIIOYAeTCss B TOM, YTO IO pe3yJbTaTaM 3TOTrO
HAOJIIO/IEHUS MOKHO OIEHUTh HMCKOMBIE MapaMeTphl T'€HEpPaJbHOM COBOKYITHOCTH.
JlioGoit mapamerp 6, HaiieHHEI 1O BBHIOOPKE, H3BICUEHHOH W3 TeHEpalbHOMH
COBOKymHOCTH X, sBIsIeTcs TMOAXONAIIEH OLEHKOW mapamerpa 6  3ToH
COBOKYIHOCTH, €CJIM OH yJIOBJIETBOPSIET TPEM YCIIOBUSM:

1) M(©)=0;

2) lim P(0 - 6|<&)=1;

n—>0

3) D(6) — sBnseTcs MUHUMAIBHOIA.

MapameTp 6 , yIOBIETBOPSAIOUINIA YcIoBUAM 1)-3) Ha3bIBAETCA COOTBETCTBEHHO
HeCMeWeHHOU, COCmosimenvHot W 3pgekmuenolr OLEHKONW mapamerpa 6
reHEepaTbHON COBOKYITHOCTH MIpHU3HAKa X.

Breibopounoe  cpemHee X,  SABISIETCS  HECMEUICHHOW — OLIGHKOM — Juid

MAaTeMaTUYECKOTO OKUIaHNS TEHEPAIBHOW COBOKYITHOCTH.
Bribopounas aucnepcus D, sBISETCS CMELICHHOM OLEHKOW Ul TUCHEPCUM

FCHGpaHBHOﬁ COBOKYITHOCTH. B kauectBe H€CMCHICHHOP1 OIOCHKHN IIPUHHUMACTCA

2
BEJIMUMHA §° = Dy — ucnpaenennas evibopounas oucnepcus. COOTBETCTBEHHO,

n—1
n
n—1

ucnpaesjleHHoe cpedﬂee KeadpamuquKoe OMKJIOHEeHUue — § = o.

2.7 llopsAioK BBINOJTHEHUS] PadOThI

a) MI3y4nTh KpaTKuil TEOPETUYECKUNA KYPC.

JUIs NaHHBIX, IIOJYYEHHBIX B PE3YyJbTAaTe JKCICPUMEHTA U 3alMCAHHBIX B BUJE
CTaTUCTUYECKOTO psja:

0) 3anucarh 3HaYEHUs BBIOOPKU B BUJIE BAPUALIMOHHOIO PsIIa;

B) Haiitu pasmax Bapumanuu; no ¢opmyne Crepaxecca HalTH ONTUMaIbHOE
YUCJIO MHTEPBAJIOB, JUIMHY MHTEpBajga U COCTaBUTb MHTEPBAIBHOE PACIPEICICHUE
BBIOOPKHU;

r) [locTpouTh rUCTOrpaMMy U MOJIMTOH OTHOCUTENIBHBIX YaCTOT BBIOOPKH;

1) [octpouts rpadux sMmnupudeckoi GyHKIUU paclpeneacHus;

e) HaiiTu 4nciioBbie XapakTePUCTUKU BBIOOPKH X5, Dy, ag, 0p, 57, S.

x) OdopMUTH OTYET 1O TabOpPaTOPHOU padoTe.
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2.8 Ilpumep BbINOJHEHUS PA0OTHI

B PE3YIbTATC CTATUCTUYCCKUX Ha6HIOI[€HHﬁ HeKOTOpOﬁ COBOKYITHOCTH
OTHOCHTCIILHO IIpU3HAKa X Ob1IH IMOJIYYCHBI BI)I60p0‘{HBIC JaHHBIC.

66 71 71 71 69 66 73 73 72 72 T2 66 69 68 73
74 70 70 74 76 62 74 66 T2 72 69 69 69 74 71
69 76 76 71 78 68 74 71 68 64 67 74 75 68 71
71 71 68 71 61 70 65 66 69 68 72 81 72 71 74
78 73 67 75 68 69 63 69 72 73 77 73 71 Tl 67
67 69 71 74 66 69 70 74 74 68 75 74 69 67 74
77 74 73 63 75

1. Iy TaHHBIX 3aaHKUS] COCTABUM BapUALMOHHBIN P, TO €CTh PACIOJIOKHUM UX
B IIOPSIIKE BO3PACTAHMS:

61 62 63 63 64 65 66 66 66 66 66 66 67 67 67
67 67 68 68 68 68 68 68 68 68 69 69 69 69 69
69 69 69 69 68 69 69 70 70 70 70 71 71 71 71
71 71 71 71 71 71 71 71 71 71 72 72 72 72 72
7272 72 73 73 73 73 73 73 73 74 74 74 74 T4
74 74 74 74 74 74 74 74 75 75 7S 75 76 76 76
77 77 78 78 8l

OO0o3HaunM uepe3 x; BapuaHThl npu3Haka X. M3 naHHBIX BUAUM, 4YTO X,
MPUHUMAET JTI000€ 1esIoe 3HaueHue u3 uarepBana (6/;81). CrnenoBareabHO, MOKHO
MPEIIONIOKUTh, UTO X — TUCKpETHAsI ciy4aitHas BennuuHa. O0beM BBIOOpKH 71 = 95 .

2. Tak kak ciydaiiHasi BeTUYMHA X MPUHUMAET MHOTO Pa3IMYHBIX 3HAYCHHIA, TO
COCTaBUM HHTEpBAJIbHOE pacmpesesieHne BbIOOpKU. Jljis 3Toro Haizem pa3max
Bapuauuu: R=x_, —x . =81-61=20.

Jlns  BbIOOpAa ONTHMAIBHOW JIMHBI HWHTEPBAJIOB HCIIOJIB3yeM  (OpMYITy
Crepmxkecca:

Xk ~ Xmin 81-61 N 20 20
" 1+3322-1gn 1+3,322-1g95 1+3,322-1,978 7,57
rae n — oobeM BBIOOpKH, /4 — IJIMHA WHTEpBajia. B KadecTBe TpaHUIBI MEPBOTO
MHTEpBaja BblOEpeM 3HauYeHue x, =x,. =0/. ['paHHIBl CIEAYIOINX YaCTUYHBIX

* b

MHTEpBAIOB BbluucisieM no dopmyne x,+d-h (d=12,....). Haxonum cepeauHsl

_ X, + X o
UHTEPBAJIOB: X, ZZTZH' [TogcuuThiBaeM YHUCIIO 3HAYEHUH  PE3yIbTaTOB
AKCIIEPUMEHTA, TOMABIIMX B KaXJIbIH HWHTEpPBAJI, TO €CTh, HAaXOIUM YaCTOTHI
UHTEpPBAJIOB 7,. Jlamee BBIUNCIAEM 4YacTOCTU (OTHOCHUTEJIBbHBIC YaCTOThI)

n;

n; n,
w, =—= ; U IJIOTHOCTU YaCTOT 7’ (1751 MOCTPOEHUSI TUCTOTrpaMMBbl 4acToT). Bee
n

MOJIyYeHHBIE PE3YJIHTATHl TOMECTUM B OOILIYIO TaOIHUILY:
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I'panuner | Cepenuna Yacrora Ortnocwur. | [TnotHOCTE | DyHKUMS
[ | UHTEpBaja | MHTEpBaja . YacToTa | YacTOTHI | pacmupen.
[x;5 %] X; l w; nlh F*(X)
1|61 | 63,6 62,3 4 0,042 1,5385 0,042
2163,6| 66,2 64,9 8 0,084 3,0769 0,126
3166,2| 68,8 67,5 14 0,147 5,3846 0,274
4168,8| 71,4 70,1 29 0,305 11,1538 0,579
5714 74 72,7 15 0,158 5,7692 0,737
6|74 | 76,6 75,3 20 0,211 7,6923 0,947
7176,6| 79,2 77,9 4 0,042 1,5385 0,989
879,21 81,8 80,5 1 0,011 0,3846 1,000
Cymma D, 95 1

3. Tloctpoum ructorpammy uactor. Jljus 3toro mo ocu abcuuce Oyaem

OTKIIaJBIBATh MHTEPBATHI [x,;x.,, |, @ 10 OCH OpAMHAT — MIOTHOCTH YacTOTHI 7, /h .

Ha kaxmoM uHTepBaje NOCTPOMM MPSMOYTOJIbHHUK, BBICOTOW KOTOPOro OyaeT
COOTBETCTBYIOIIAsl TJIOTHOCTh. Toraa miomanb JitoOOro MpsMOYyroibHUKa Oyaer

i+1

paBHA OTHOCHUTCIIbHBIM YaCTOTaM IOIMaJaHrA B COOTBCTCTBYIOIIIMEC NHTCPBAJIbI.

I[JI}I INOCTPOCHHUA ITIOJIMI'OHA YaCTOT CTPOUM JIOMAHYIO JIMHHIO, COCTOAIIYIO M3

OTPE3KOB, COCIUHAIOIMUX TOUKH (X,;1,), (X551,) ,..., (X;;n, ) Iloctponm ux:

n;/h

12 ~
10 -

SO N A O @
|

I —

6171 .

N
($)]
TS T TR IR N B B

63,6 662 688 714 74.

rucrorpamMma 4aCToT

/

76,6 79,2 818

\\.

62,3

64,9

67,5

70,1

72,7

75,3

IIOJIMTOH 4aCTOT

77,9 80,6




4. Vicxozs U3 HalIEHHBIX B TAOJIMIIE 3HAYEHHH, HanumeM QyHKuo F*(x):
0 npu x<61.0,

0.042 npu 61.0<x<63.6,

0.126 npu 63.6<x<66.2,

0274 npu 66.2<x<68.8,

0.579 npu 68.8<x<714,

0.737 npu 714<x<74.0,

0.947 npu 74.0<x<76.6,

0.989 npu 76.6<x<79.2,

1.000 npu 79.2<x<81.8,

1.000 npu x>81.8
IToctpoum rpaduk sMmnupudeckor PyHKIUK pacnpeneneHus (cTynenyaras Gpurypa):
F™(x)

F(x)=

L1
I - i

0,9 - /
0,8 I
0 | e

0,5 -
0,4 -
0,3 2

0,2 - /
0.1 - -~

0 T T T T T T T T T
-0.I = 61 63.6 662 68,8 71,4 74 76,6 79.2 81,8

(IlmaBHast kpuBasi (WM JIOMaHasi), COCIUHSIONIAS ‘“‘HEBBIKOJOTHIE” TOYKH Tpaduka
F(x), Ha3bIBAETCS KYMYIAMOU.)

5. BerunciuM BBHIOOPOYHBIE OIEHKH MMapaMeTpoB pactpeaeneHus. Jjis 3Toro
pacyeTsl TPOBOJIUM B TAOJIHIIE:

. |'panuupl unrepsana| Cepenuna Yacrora _ s
! [x;x,,] UHTEPBANA ¥, n, Till il
1 61 63,6 62,3 4 249,20 | 15525,16
2 63,6 66,2 64,9 8 519,20 | 33696,08
3 66,2 68,8 67,5 14 945,00 | 63787,50
4 68,8 71,4 70,1 29 2032,90 | 142506,29
5 71,4 74 72,7 15 1090,50 | 79279,35
6 74 76,6 75,3 20 1506,00 | 113401,80
7 76,6 79,2 77,9 4 311,60 | 24273,64
8 79,2 81,8 80,5 1 80,50 6480,25
Cymma )| 95 6734,90 | 478950,07
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IHomyunm:

B

k
L2 7340

k
Zni

y

~70,89; Dy ="

k
=1

k

2

1

x;n,

-2

xn

i=1

oy =+Dy =~15,665~3,96, s° =

§=4/15,832 = 3,979.

Bapuasnr 1.
4291 30,15
57,09 21,17
19,79 30,19
43,98 39,54
65,87 60,06
50,56 35,95
27,98 42,27
51,17 38,72
62,25 42,50
48,12 35,88
54,68 51,33
39,57 64,81
64,51 52,54
88,31 84,29
58,53 71,26
57,35 41,03
61,64 26,37
56,58 35,78
39,46 45,85
71,40 73,64

Bapuant 2.
85,69 60,49
127,99 12,24
36,34 48,23
86,89 81,96
122,35 120,67
99,72 82,81
65,37 71,15
100,63 82,52
127,22 79,01
100,60 78,99
107,95 91,70
85,30 119,70
128,50 99,59
171,36 160,16

45,40
29,97
59,05
37,79
32,59
62,94
62,98
69,63
69,87
35,90
48,48
77,93
44,03
69,23
42,96
27,55
72,09
88,65
44,00
76,89

92,24
54,34
143,01
82,35
61,69
126,68
151,17
139,53
142,22
78,46
98,04
143,88
80,09
143,39

2.9 UnuauBuayajbHble 3a1aHUSA

72,25
67,08
41,21
66,23
53,02
59,66
46,07
59,24
50,67
36,49
45,76
45,56
58,13
35,99
65,91
61,82
44,54
77,12
71,62
37,82

143,00
135,67
85,42
130,98
102,42
123,17
108,78
116,82
95,58
72,02
101,88
110,33
133,69
79,38

29,71
74,74
48,98
52,41
28,57
53,79
13,14
50,05
86,46
100,00
53,31
56,47
74,86
76,67
67,90
58,33
80,54
50,52
52,20
43,34

61,54
144,33
107,26
102,96
66,28
91,77
31,74
91,96
159,73
200,00
97,59
100,03
150,35
152,36

n
n—1

68,45
53,64
75,98
75,03
58,36
77,11
48,64
43,50
41,05
15,60

1,00
64,38
50,18
58,31
65,39
62,01
66,10
61,40
23,02
65,92

140,61
92,06
140,77
145,73
126,92
141,57
94,58
69,65
83,57
43,37
2,00
118,09
117,83
130,78

478950,07

95

63,24
13,03
47,22
59,76
56,19
25,05
58,02
65,03
28,72
52,97
29,40
39,99
42,10
41,37
58,72
42,10
71,14
40,07
10,03
57,27

119,18
39,52
107,87
118,97
124,14
57,87
129,64
131,03
52,03
97,83
56,46
79,80
89,37
87,74

42,14
39,83
30,36
53,15
46,40
34,70
49,23
45,24
54,19
25,07
56,53
45,66
51,72
43,86
53,61
50,11
58,59
20,47
53,96
32,10

84,18
86,43
66,27
93,26
95,87
89,58
98,83
109,85
103,14
30,33
122,29
111,63
94,63
87,21

Dy=——-15665~15,832
95-1

39,35
52,12
38,02
57,30
41,84
42,87
50,70
57,81
46,06
17,64
83,14
51,15
53,35
50,07
47,18
27,36
57,47
45,46
29,15
5721

73,89
106,47
68,07
124,14
73,16
78,36
105,72
108,89
91,55
27,77
160,90
96,96
104,28
93,93

—70,89° ~ 15,665

27,21
43,19
69,10
43,94
47,14
50,98
51,19
47,19
47,09
45,31
62,04
24,60
62,87
49,38
97,96
34,20
47,32
55,39
34,09
48,48

58,65
77,12
142,46
71,18
106,93
92,69
92,06
99,42
96,37
95,15
117,05
58,34
101,51
94,57
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145,15
120,54
121,48
116,93
87,79
138,44

135,88
82,72
26,20
73,56
96,63
141,80

Bapuant 3.

114,65
184,57
43,14

105,60
172,44
194,22
98,86

165,25
185,59
144,93
139,52
120,56
194,64
244,60
176,36
171,62
182,95
186,87
79,03

257,89

75,81

35,82

76,20

112,43
178,07
105,32
125,31
132,80
114,55
133,72
137,71
191,77
150,42
242,88
225,59
77,12

58,61

113,50
193,61
210,64

Bapuasnr 4.

151,36
255,34
49,46
165,31
241,02
261,49
107,89
213,04
267,64
186,72
197,34
170,82
234,75
316,47
240,72
257,05
224,19
249,73
151,16

24

103,15
28,56
98,26
160,05
233,26
174,39
152,37
143,06
172,48
143,54
214,78
251,85
192,72
321,85
302,72
144,43
65,80
170,95
262,04

74,38
46,19
148,26
170,18
77,96
136,79

159,89
98,11
195,67
125,02
89,90
172,22
184,51
213,28
214,86
134,54
155,29
229,87
114,08
231,34
104,35
80,68
205,57
250,87
128,71
225,52

200,33
117,75
238,85
165,27
133,12
231,21
258,26
294,06
282,72
151,81
194,98
309,79
153,57
276,00
146,57
100,30
309,34
312,09
139,47

131,83
125,48
87,93
134,59
151,68
89,68

208,87
214,32
102,30
192,40
159,23
168,84
156,92
197,51
198,24
98,63
141,78
152,94
171,06
130,20
179,94
187,68
88,75
247,14
253,42
109,75

289,20
294,48
176,68
250,92
195,67
245,15
208,26
238,13
245,35
99,69
217,60
183,71
229,41
167,33
245,52
239,24
157,92
338,82
349,01

140,48
121,47
165,03
106,37
109,61
89,55

82,99
223,74
137,36
141,44
79,13
163,73
37,30
157,31
247,74
300,00
139,67
183,11
217,50
220,31
209,94
195,02
268,04
157,14
166,10

89,04

107,42
284,33
190,42
222,21
115,00
183,93
75,14
220,90
320,02
400,00
198,69
231,23
290,00
307,03
302,52
229,40
356,95
197,65
218,69

121,73
132,54
120,95
114,37
51,31

128,80

216,24
148,84
206,64
209,52
180,50
220,45
141,37
118,30
109,96
43,48
3,00
187,34
166,17
199,37
175,23
193,70
198,96
168,18
40,97
179,66

288,48
223,69
274,57
304,29
236,20
302,89
191,02
174,25
139,24
88,57
4,00
257,34
185,07
259,25
263,67
267,41
234,81
241,12
55,04

127,50
76,94
148,99
86,23
15,26
118,82

188,33
61,29

136,21
171,48
175,09
101,45
183,72
177,71
69,35

166,45
55,01

132,32
120,15
110,19
175,19
113,36
202,89
104,61

4,45
187,68

247,64
54,04
195,21
229,87
235,77
104,61
245,12
230,25
94,52
201,90
85,58
163,09
177,50
178,24
226,41
156,37
272,07
178,88
10,82

104,97
105,62
117,26
29,74
94,77
47,49

123,72
109,65
85,09

164,55
147,22
109,61
167,30
154,51
153,96
78,51

186,80
162,49
166,60
107,32
167,22
147,67
168,95
48,77

156,75
78,72

137,57
167,81
98,35
191,78
191,87
156,83
207,63
214,13
190,51
95,95
249,24
22271
180,64
165,57
192,82
184,87
254,07
76,36
187,71

106,01
52,26
132,00
101,67
64,20
116,02

106,68
141,55
112,05
178,76
121,77
114,20
151,60
179,23
166,23
39,09
258,06
135,24
140,72
140,47
140,81
79,12
183,23
159,23
49,10
176,83

167,27
214,03
144,39
245,54
156,50
174,83
187,76
242,04
221,13
71,55

346,11
222,78
189,21
223,51
186,60
49,05

235,96
218,19
49,08

176,89
82,75
98,25
95,42
109,44
93,19

74,68
109,79
214,95
133,97
192,76
167,44
166,59
161,58
162,08
197,58
170,84
83,54
194,56
147,15
268,42
123,53
145,11
138,60
104,22
149,17

127,94
139,68
307,38
174,74
260,80
181,22
182,58
199,86
203,29
228,53
229,71
101,24
259,37
184,25
362,91
220,66
200,92
212,15
199,93



285,87

281,26

Bapwuanr 3.

223,07
294,35
85,62
214,02
300,82
297,07
124,46
256,43
283,96
248,37
242,80
222,52
318,47
433,09
371,99
310,28
303,36
290,26
204,73
388,34

143,92
92,45

115,93
201,83
313,47
189,96
186,72
210,06
194,75
180,77
269,46
327,66
229,06
409,26
389,28
194,09
74,13

198,48
281,40
371,18

Bapuanr 6.

228,90
348,74
72,53
250,83
392,26
393,43
186,01
279,87
368,89
302,55
318,96
238,81
388,43
490,44
411,44
349,68
362,86
348,98
259,46
430,70

197,04
83,13
178,77
221,15
359,14
257,78
220,33
243,79
229,49
235,26
316,20
366,61
281,63
525,26
435,47
255,78
74,07
262,47
348,08
446,19

Bapuanr 7.

241,24
456,15
104,03

207,74
106,20
215,59

292,45

269,74
166,30
307,79
215,26
144,03
314,14
377,89
360,29
355,07
194,84
256,11
379,15
208,63
381,79
182,95
149,30
359,46
398,98
194,66
388,03

292,45
198,54
353,05
243,78
154,49
377,19
445,95
428,63
467,69
217,14
277,88
411,58
222,18
426,86
207,83
142,31
432,32
493,57
226,17
408,41

370,10
173,09
420,52

145,93

378,87
379,34
180,60
309,18
257,32
323,20
271,19
326,97
283,68
155,45
253,37
259,73
333,42
191,36
315,08
301,79
203,63
434,48
390,02
201,44

446,57
446,44
217,76
358,40
305,35
347,13
329,94
389,11
370,98
154,38
292,58
305,20
388,24
251,42
374,97
370,25
264,27
481,80
479,54
243,54

469,36
528,31
292,88

94,16

145,99
389,98
276,24
259,76
131,81
242,60
91,20
225,91
437,13
500,00
270,83
283,40
388,57
337,42
370,62
293,87
475,26
251,60
260,32
144,13

176,29
445,05
326,46
293,86
146,62
292,97
107,46
278,30
471,72
600,00
275,07
369,86
414,10
461,57
464,58
363,76
587,49
321,76
308,15
161,24

206,03
476,78
339,96

242,37

389,65
250,55
335,49
385,16
284,54
389,00
270,36
224,52
211,89
74,48
5,00
332,42
263,77
321,11
333,34
307,93
299,50
316,25
66,22
283,71

457,80
292,12
430,64
420,91
350,36
461,92
291,38
227,45
206,25
115,45
6,00
400,24
288,70
371,48
339,25
339,50
356,58
397,62
93,15
367,17

476,95
339,18
477,26

258,18

319,48
68,12

256,70
312,63
294,30
152,42
303,30
286,08
145,18
226,35
98,23

189,13
224,94
175,69
330,97
221,62
335,52
209,22
40,59

295,81

383,12
101,03
302,04
336,15
400,63
166,77
387,94
345,37
176,11
301,17
174,74
240,31
207,00
266,11
382,61
216,78
412,12
244,58
60,56
382,23

408,08
123,39
374,04

55,72

214,58
219,39
136,41
233,89
250,36
220,93
236,78
240,74
255,18
137,39
329,13
250,30
253,36
171,57
260,12
251,48
332,73
84,97
272,62
100,62

267,86
238,89
182,43
327,16
285,86
264,49
295,10
318,67
289,14
192,33
383,33
292,07
331,79
246,58
324,33
293,66
393,71
124,98
332,64
141,68

276,80
253,84
212,80

238,54

171,94
269,04
224,85
295,30
176,49
181,49
275,34
289,72
245,78
79,51

437,52
246,10
267,31
226,28
275,68
98,33

292,04
242,44
113,89
280,17

208,23
305,23
221,83
390,01
267,78
207,50
291,69
392,89
323,43
100,76
523,39
319,47
295,26
276,20
318,01
160,03
341,82
321,58
4,84
356,68

262,73
360,73
244,58

211,10

134,07
206,78
386,03
217,50
322,74
269,34
239,67
261,37
251,35
307,00
313,41
131,50
282,32
256,96
470,75
247,60
278,08
271,72
230,88
260,87

188,48
241,17
408,37
233,42
359,07
307,32
311,02
280,74
305,42
344,22
338,84
148,17
358,26
297,67
547,73
333,00
330,11
272,27
288,99
300,17

199,21
277,06
506,52

25



282,85
464,11
336,67
190,13
329,58
436,63
356,87
388,67
277,46
45721
553,48
416,86
393,18
424,77
435,04
297,76
480,88

245,82
437,17
294,59
238,39
267,59
255,16
274,63
388,81
460,75
350,90
572,01
471,48
255,95
225,25
262,59
330,38
474,43

Bapuanrt 8.

323,09
531,48
108,89
334,44
463,53
398,16
191,87
408,93
517,22
364,16
414,11
295,61
491,41
698,48
464,98
521,79
527,61
450,48
355,92
581,46

259,30
109,51
233,44
281,36
509,22
325,49
289,56
330,87
337,30
293,06
416,44
463,73
402,96
625,58
539,16
308,40
24534
293,97
378,45
542,08

Bapuant 9.

359,80
528,83
151,32
374,75
595,16
455,10
269,01
414,07

26

225,38
161,00
260,25
317,44
516,74
392,82
324,98
388,27

246,88
212,71
394,40
456,93
514,68
517,05
293,98
369,69
542,49
258,62
493,53
279,87
188,70
527,50
586,83
272,69
533,60

372,20
243,09
464,67
272,66
190,38
490,13
496,29
575,38
621,41
290,56
381,44
584,19
312,65
574,82
327,22
256,87
599,61
674,38
331,89
557,83

468,84
259,54
544,46
374,20
290,70
532,09
552,81
632,44

397,04
323,15
435,75
361,03
395,06
378,88
301,60
381,71
343,48
439,24
282,71
428,87
420,44
292,59
533,12
471,89
299,91

540,55
622,49
340,58
498,28
397,68
489,58
431,51
486,16
380,78
357,55
364,51
385,44
449,54
325,69
517,87
496,61
285,09
552,24
610,91
273,08

670,02
642,66
318,12
532,18
445,34
594,73
437,70
543,90

354,62
188,58
384,58
84,37
342,55
602,90
700,00
373,22
397,11
485,94
490,64
485,32
415,83
603,34
355,31
341,42
313,13

237,70
538,90
373,86
427,75
205,62
374,87
102,45
392,36
651,78
800,00
416,40
516,57
561,41
550,06
555,15
453,60
643,89
370,92
387,49
329,67

249,29
641,95
482,56
489,71
224,29
425,48
185,61
455,33

500,28
44935
512,78
379,18
278,57
278,31
113,67
7,00
409,47
366,14
430,92
410,78
413,95
424,02
44838
195,63
400,90

618,21
440,80
590,24
558,13
452,26
599,25
423,42
351,36
344,84
157,64
8,00
477,46
438,06
485,89
478,40
504,51
491,40
508,74
214,27
480,72

660,79
417,90
659,10
612,14
587,30
689,29
488,99
308,07

423,55
405,15
232,37
413,06
410,89
225,93
359,93
192,48
241,73
302,10
258,50
417,65
260,87
49821
248,17

18,14
424,05

500,73
182,38
367,25
466,93
484,84
217,83
514,60
462,20
244,25
395,38
208,60
329,50
281,82
286,64
476,33
330,47
605,24
296,96
25,96
483,72

545,51
181,07
466,14
591,41
573,70
277,01
577,89
534,65

352,66
371,80
305,02
344,19
331,46
325,87
190,70
397,54
367,98
335,30
292,51
348,33
316,30
442,94
156,90
320,31
210,64

316,92
279,90
194,11
393,93
414,98
328,92
409,60
418,85
397,89
223,72
525,76
434,97
361,32
297,56
445,61
436,28
466,58
182,53
364,29
204,28

314,91
326,28
264,78
416,17
442,35
387,65
456,49
488,66

403,20
286,26
246,55
371,39
468,22
317,16
88,79
590,35
334,49
363,49
349,57
316,18
172,75
424,59
348,06
178,76
464,25

312,49
429,16
293,73
473,09
303,72
332,45
383,04
472,90
435,23
161,31
641,12
396,07
406,55
421,00
407,85
239,50
463,35
377,80
200,99
503,56

401,74
491,86
390,42
586,59
337,01
319,74
434,08
550,40

288,43
344,18
389,77
361,46
331,13
351,04
341,76
441,71
183,68
436,72
329,30
639,79
312,67
384,67
368,83
296,13
341,82

205,36
336,65
546,66
300,34
411,58
397,37
408,26
393,28
408,29
411,62
465,43
202,42
530,32
366,84
736,74
347,41
411,12
366,94
347,34
383,29

220,49
389,90
660,77
401,22
446,41
496,38
416,23
424,92



596,33
482,05
463,59
321,03
583,34
796,19
559,07
552,12
532,31
567,37
354,48
621,10

383,19
400,08
488,34
534,87
454,50
715,45
698,96
338,17
209,61
403,42
429,41
611,86

Bapuanrt 10.

353,50
571,83
153,38
386,49
628,31
501,78
281,97
503,69
630,72
486,36
541,03
415,32
662,91
805,23
629,05
638,24
615,16
631,85
347,13
768,77

256,02
174,26
286,30
442,49
574,64
446,01
425,73
408,99
359,35
393,32
476,55
639,26
483,10
852,83
680,49
372,39
301,94
393,17
496,22
754,83

Bapuanr 11.

47,84
68,42
27,20
49,01
73,82
62,23
39,20
59,15
74,49
62,71
56,06
45,65
75,06

36,36
30,94
33,69
51,55
74,45
48,77
51,52
45,66
54,84
46,89
59,00
75,76
63,89

647,44
381,28
471,48
667,84
397,68
688,49
382,79
243,64
611,21
705,66
388,35
662,92

557,87
301,88
610,77
446,59
275,13
659,33
627,11
692,53
778,65
405,92
546,84
731,65
341,13
738,78
383,06
308,14
699,25
806,02
412,41
776,02

61,49
35,11
75,54
45,98
37,54
69,69
74,89
80,59
81,66
46,38
57,31
83,54
48,61

477,37
313,42
475,06
472,06
553,65
324,96
568,19
599,94
320,79
624,11
670,01
362,38

757,54
726,31
392,84
577,12
536,04
583,66
455,60
565,13
528,96
397,36
555,22
464,47
612,14
431,67
571,53
591,30
395,38
673,34
671,96
394,85

81,29
85,50
45,41
69,16
61,09
75,18
55,24
76,96
59,37
53,83
59,11
56,48
73,88

792,69
900,00
414,22
593,00
684,05
661,44
627,06
548,57
717,78
471,04
438,85
358,76

295,72
745,54
496,72
513,81
308,77
489,65
139,87
454,67
866,39
1000,00
470,96
581,15
674,03
739,56
753,25
660,94
817,72
511,29
497,08
390,97

35,53
87,41
55,61
62,45
40,41
58,69
29,86
61,23
91,75
110,00
59,52
73,90
78,46

398,89
188,17
9,00
558,02
496,03
508,23
517,25
506,08
542,45
551,23
268,03
533,77

743,40
478,81
687,24
733,47
561,67
710,20
501,02
405,32
363,10
123,32

10,00
592,36
522,07
663,70
658,58
640,18
565,05
607,57
261,87
665,34

80,84
57,57
86,10
84,90
66,60
80,71
56,14
44,74
54,27
27,63
11,00
68,09
56,48

273,35
477,30
240,83
400,77
372,93
342,10
584,51
359,76
656,96
329,04
74,54
552,07

569,57
131,22
536,97
638,53
597,29
277,98
579,36
568,79
236,66
532,82
287,15
342,35
340,84
342,08
661,40
387,26
702,15
416,27
79,53

560,20

74,88
31,67
62,25
72,67
67,16
35,72
76,27
73,71
38,94
56,02
36,71
51,59
53,64

469,37
216,81
585,51
428,32
428,31
314,49
435,63
489,47
518,78
127,73
491,10
231,61

366,45
363,96
278,49
491,81
550,90
396,37
503,93
559,71
450,51
269,97
618,78
465,53
502,66
420,14
474,45
546,05
651,22
222,75
551,05
255,63

54,02
49,02
36,70
57,44
61,34
48,33
62,85
56,14
62,24
37,58
69,78
55,95
56,61

434,85
190,81
705,23
405,27
457,70
417,41
484,29
235,19
537,45
498,11
289,69
517,18

428,63
489,56
391,66
640,35
446,06
365,62
558,40
594,96
533,05
190,59
815,41
530,73
511,90
544,53
555,68
331,88
643,31
519,20
286,24
578,05

44,14
58,68
54,83
66,96
52,28
51,00
65,38
67,03
59,74
31,32
94,98
62,61
63,94

494,38
408,04
564,10
221,73
518,59
461,55
808,20
393,88
465,59
469,92
354,53
435,38

326,05
395,33
732,98
418,88
523,29
559,89
488,98
520,19
544,54
451,71
653,91
322,19
603,58
537,78
932,16
389,70
551,13
466,62
371,79
509,14

35,26
45,40
79,33
52,02
56,17
60,91
60,05
59,46
56,77
57,61
67,43
33,71
69,48

27



97,13
74,95
72,95
76,57
74,37
47,21
80,89

94,02
85,05
50,02
38,40
44,93
63,53
86,79

Bapuant 12.

94,13

138,21
48,88

81,61

143,90
103,28
70,48

119,54
126,12
120,43
105,80
97,11

126,52
181,38
136,05
140,15
136,16
134,06
86,58

160,69

63,38
38,36
67,16
84,28
128,70
91,30
79,11
94,87
82,38
89,68
114,25
133,06
107,09
166,69
165,46
83,11
60,22
92,49
117,43
161,18

Bapuant 13.

113,04
206,63
51,85
117,22
190,09
156,58
93,65
176,86
181,56
149,45
151,29
122,42
199,05
245,98
196,17
204,75
197,42
178,48

28

86,27
66,94
89,74
117,17
210,23
140,30
141,66
119,74
133,02
123,28
168,34
208,41
149,92
273,84
240,40
130,30
83,56
115,63

87,72
47,88
34,40
81,27
89,63
50,22
80,91

121,65
64,39
141,85
82,87
64,41
138,82
138,45
150,51
156,72
91,85
117,74
150,21
96,87
145,47
81,54
72,28
144,81
170,37
80,93
145,53

150,71
87,21
198,98
117,33
102,03
208,07
185,50
240,54
224,28
136,98
152,69
234,07
131,82
218,88
140,74
91,50
216,82
253,66

53,48
74,93
76,79
52,05
81,82
85,39
47,79

144,04
147,28
88,84

131,09
112,40
143,16
102,53
123,06
103,30
95,16

106,76
117,02
122,62
99,31

135,09
131,14
90,22

147,57
146,98
87,47

225,23
225,87
136,37
181,43
148,18
197,15
165,99
208,85
159,59
132,11
177,79
159,62
208,68
138,21
188,67
203,55
127,88
222,48

84,79
79,41
68,25
91,11
57,95
57,90
45,47

56,99
162,62
115,08
113,36
60,43
104,71
39,36
114,57
170,21
210,00
101,80
126,71
152,03
144,42
156,97
127,02
181,73
120,09
110,69
85,01

100,72
233,68
152,63
160,90
106,91
150,62
58,00
177,82
275,97
310,00
161,09
190,88
242,69
214,51
233,34
204,05
245,39
152,37

73,27
72,17
68,12
73,85
70,63
39,47
71,13

154,74
113,81
164,51
146,70
137,98
145,25
119,57
79,52

79,88

34,18

12,00

138,58
105,87
126,40
142,58
124,06
140,36
126,70
62,53

135,70

241,76
154,13
213,10
226,41
181,21
234,85
167,09
124,68
131,40
49,05
13,00
192,03
153,64
197,05
181,21
184,79
205,59
208,33

54,42
67,15
51,84
80,13
50,32
11,62
73,74

135,97
44,98
107,52
125,89
143,59
68,03
142,24
140,21
60,64
120,04
61,72
85,44
98,41
81,09
127,97
80,62
150,58
94,52
28,75
127,22

188,01
51,31

161,11
186,17
190,22
98,93

179,85
195,60
82,58

151,70
91,00

114,11
115,80
144,67
184,84
131,22
221,89
121,07

52,33
62,64
60,55
75,24
22,14
56,86
38,69

89,49
99,18
67,96
108,50
117,28
98,66
112,65
115,12
116,70
61,98
132,47
104,27
102,15
93,66
107,20
118,88
127,65
34,17
118,64
65,53

130,59
125,75
100,24
172,60
154,33
139,80
171,15
161,84
170,19
97,03

194,22
155,54
169,46
143,26
168,52
153,71
185,98
51,14

55,00
59,30
33,56
68,83
64,95
33,49
72,99

89,05
119,28
96,85
136,19
99,13
95,89
109,22
124,73
113,81
54,22
171,08
100,41
107,94
100,04
114,75
76,28
138,62
102,01
64,09
135,10

131,94
166,47
130,14
191,71
127,73
130,35
150,03
179,30
160,60
66,82
247,52
172,13
177,64
150,10
170,60
102,94
178,87
170,11

57,59
109,43
53,81
60,78
62,64
45,92
57,45

56,27
78,30

144,44
96,19

101,64
114,90
118,93
112,69
113,82
121,11
132,39
68,32

140,63
102,61
188,32
83,44

114,19
104,17
88,06

116,61

90,02
123,26
216,41
113,35
165,73
167,53
146,03
155,77
167,89
169,37
179,12
85,64
195,85
168,17
294,52
131,02
174,35
152,75



142,21
220,12

147,92
214,43

Bapuant 14.

162,96
265,40
75,94
157,54
257,92
231,48
145,55
214,00
238,18
198,77
222,85
164,90
238,01
346,07
234,48
265,10
252,11
268,37
159,77
287,18

108,17
84,79
132,43
152,95
260,17
153,66
187,24
166,62
188,06
181,27
199,80
25491
212,62
358,02
296,64
158,46
119,63
172,03
227,34
282,59

Bapuasnr 15.

192,83
311,08
109,55
211,47
307,79
243,14
156,61
237,47
342,33
274,90
263,13
187,84
308,06
422,00
309,50
343,15
320,29
305,61
208,33
348,23

142,87
78,67
172,32
194,82
324,05
204,08
197,11
220,52
234,48
189,42
287,21
306,12
278,82
417,46
369,65
185,66
142,92
228,07
254,37
391,43

Bapuanr 16.

259,98
350,06

186,16
110,91

136,82
243,09

205,29
120,71
240,01
167,43
121,49
247,79
257,98
316,41
288,36
166,65
213,05
298,57
159,12
279,51
181,86
113,83
289,89
349,57
163,95
283,52

258,21
167,71
344,57
207,42
169,44
336,06
344,04
395,27
362,85
185,68
259,96
370,87
218,49
345,35
202,23
158,43
365,04
445,62
195,74
380,75

338,77
203,39

237,39
114,39

313,45
285,71
147,36
274,82
226,38
259,60
190,17
273,60
212,58
154,15
207,48
199,18
247,49
151,57
264,96
263,35
184,98
292,72
310,98
171,69

381,89
388,31
226,55
343,05
278,38
301,39
288,36
315,19
245,69
188,21
270,40
242,40
329,51
184,87
320,62
339,52
226,24
352,30
372,13
203,77

461,12
428,40

145,80
124,82

117,45
283,71
215,38
226,67
145,65
228,47
83,69
197,91
363,11
410,00
211,38
234,84
285,37
306,05
304,66
271,40
343,48
221,29
205,25
157,75

151,21
399,49
245,14
238,98
176,26
241,33
102,45
267,24
411,10
510,00
289,94
305,79
352,06
396,35
375,42
316,95
425,56
288,61
270,26
184,98

164,49
436,14

109,29
186,66

289,05
226,95
317,90
309,08
249,86
284,95
206,50
186,59
169,04
71,48
14,00
264,22
201,83
252,29
246,54
241,78
244,61
275,83
120,94
267,29

363,21
267,08
398,53
377,53
300,39
386,65
261,19
196,08
209,16
110,99

15,00
305,58
242,22
291,32
320,11
293,94
293,50
309,10
147,24
300,66

446,90
335,52

25,47
178,18

266,65
66,94
211,25
266,90
264,01
118,20
236,94
245,88
121,24
203,77
113,97
170,26
170,51
160,95
262,10
189,91
298,64
158,96
57,87
255,80

298,69
119,60
240,86
333,20
294,50
127,60
342,67
290,42
152,78
270,36
131,91
221,89
185,61
193,46
328,91
211,07
391,12
207,88
57,21
302,81

395,03
86,08

166,81
108,63

167,09
169,45
145,17
221,15
230,95
156,17
222,00
230,33
215,40
133,29
243,93
198,54
192,42
164,56
233,77
191,47
257,84
87,85
196,55
127,88

202,00
185,29
126,78
262,78
286,82
222,58
238,07
276,65
239,80
165,64
320,76
259,02
273,76
219,96
280,98
281,38
321,51
77,15
244,33
168,08

253,35
241,65

93,51
190,57

147,11
208,31
182,15
235,11
188,33
159,73
225,27
277,78
215,43
64,31

326,29
197,14
210,56
204,05
225,08
104,08
252,29
203,15
112,10
247,73

199,79
280,19
225,95
307,64
212,48
213,23
255,32
308,09
246,99
113,76
435,96
282,73
258,66
245,01
244,75
131,66
296,74
275,10
164,92
333,96

229,75
324,53

124,61
166,32

106,53
186,86
308,13
163,68
228,80
219,98
198,18
204,19
210,59
225,85
270,14
138,57
266,67
207,31
376,19
155,92
195,10
229,46
171,56
225,11

134,77
213,45
373,68
197,91
261,30
287,41
252,77
288,81
257,60
235,45
301,30
160,38
313,39
277,55
481,53
220,79
286,87
274,94
194,68
253,54

188,47
247,34

29



98,76
231,84
370,08
307,47
206,85
317,34
405,88
299,61
311,08
270,74
399,15
520,45
359,93
346,62
402,04
389,71
267,70
462,37

199,84
231,60
395,97
231,50
261,66
256,41
233,45
267,60
308,86
405,06
295,03
531,47
452,42
255,55
184,52
259,45
289,05
462,78

Bapuanr 17.

297,21
450,69
146,45
290,04
456,88
325,06
243,61
347,19
450,74
341,77
335,02
248,32
454,60
557,52
434,79
441,40
474,50
473,57
255,56
536,28

200,71
109,68
235,87
255,95
470,06
253,59
314,18
296,14
271,38
309,03
374,72
465,53
382,60
581,73
535,79
296,82
183,82
249,63
397,97
520,49

Bapuanrt 18.

312,72
458,52
167,35
344,63
534,44
455,87
195,52

30

258,45
159,21
251,27
351,71
463,70
330,57
321,70

400,25
250,25
198,68
353,59
374,14
450,89
438,29
236,73
297,14
471,23
272,99
473,72
236,21
169,98
468,88
493,61
225,22
477,47

327,62
215,49
442,46
251,83
192,52
462,05
456,24
509,41
535,92
317,11
333,81
531,76
278,37
535,52
301,21
233,49
518,46
607,18
303,52
531,94

385,34
255,41
493,41
312,19
235,07
543,21
483,46

227,24
348,32
307,57
396,70
313,18
383,87
322,81
266,58
290,49
282,30
360,48
265,70
407,14
396,05
230,37
476,62
463,72
225,76

479,59
490,54
259,38
413,44
354,51
421,69
396,53
474,10
360,37
324,79
327,55
386,26
420,05
296,94
409,09
452,15
300,17
526,90
539,21
280,56

619,17
587,00
324,74
527,21
420,84
507,89
415,84

324,46
291,35
172,22
343,14
137,17
287,10
487,27
610,00
314,26
409,00
416,26
452,08
431,64
350,01
506,17
308,61
317,56
276,65

171,56
530,96
344,30
366,50
207,92
377,09
104,61
392,91
593,67
710,00
382,05
437,78
523,44
532,58
493,67
475,78
626,78
354,62
383,98
297,03

270,76
625,41
418,40
411,41
198,06
425,76
190,17

441,47
430,95
396,86
436,08
300,33
269,55
215,86
146,52

16,00
396,59
302,47
396,81
373,34
368,05
347,93
373,84
196,76
358,41

504,36
391,64
503,19
488,03
456,30
516,00
344,15
266,54
268,23
105,62

17,00
458,53
331,24
450,38
455,56
412,43
470,21
430,40
206,14
418,02

577,25
421,61
559,66
586,65
518,87
550,90
423,90

341,02
374,94
350,55
151,63
379,04
405,27
187,05
329,34
188,40
260,43
277,09
243,97
373,64
215,73
465,50
233,59
64,30
394,99

415,76
99,25
329,20
477,36
404,93
173,75
438,17
423,42
220,18
398,42
193,29
296,00
248,02
254,44
455,37
258,59
548,11
319,18
69,66
430,30

482,66
139,07
383,17
458,88
477,62
239,74
541,35

172,45
336,14
326,74
268,89
320,32
305,20
315,68
183,72
362,10
335,94
320,71
221,19
286,70
296,70
389,35
118,52
333,39
149,68

306,16
273,24
199,71
371,27
356,34
294,78
384,57
380,25
366,05
240,21
464,79
391,88
337,00
285,22
346,69
329,51
438,84
104,20
338,46
202,64

337,12
331,59
197,30
434,86
455,27
298,51
386,68

266,90
406,39
278,98
250,33
299,21
370,81
292,33
141,41
520,47
313,36
301,18
292,76
298,63
207,73
394,74
283,45
207,81
399,92

270,41
381,94
270,21
419,09
256,77
249,93
376,51
407,64
369,19
152,98
617,55
396,80
368,90
367,99
351,45
207,04
420,24
371,25
185,47
427,93

366,69
412,86
366,87
512,26
339,38
364,36
374,15

42537
272,33
334,76
318,71
297,91
317,52
312,04
328,01
384,63
212,81
392,84
341,76
561,33
222,92
293,84
295,57
223,12
294,73

207,55
289,58
529,56
310,81
385,75
376,39
377,38
351,48
375,30
357,41
450,29
211,84
473,44
349,06
670,98
284,65
392,37
335,09
275,08
400,31

272,89
328,24
617,28
352,33
451,72
391,86
391,98



438,08
483,54
405,83
380,54
310,02
462,11
712,38
520,70
540,11
518,96
481,33
345,98
611,28

339,38
288,59
320,81
406,30
534,98
390,76
660,64
598,59
351,04
264,32
308,77
380,20
606,95

Bapuant 19.

356,59
608,58
161,84
317,36
573,60
501,65
290,15
496,22
570,42
496,26
417,01
316,81
602,30
763,50
588,22
609,73
599,15
531,96
376,08
668,49

281,86
161,28
305,88
402,54
567,39
327,03
408,79
391,36
376,46
387,35
486,20
564,18
504,86
742,38
711,95
338,03
236,70
383,84
443,57
698,31

Bapuanrt 20.

363,15
677,16
232,77
456,80
638,93
561,20
285,34
552,61
665,67
476,63
528,20
446,42

315,33
134,29
253,26
382,82
601,67
409,40
380,26
393,49
351,59
457,46
498,93
677,64

595,00
569,12
288,04
384,57
583,98
358,63
614,58
324,60
219,98
596,40
675,55
359,30
622,22

443,27
315,30
609,85
346,80
296,17
544,31
525,84
656,08
635,26
393,47
439,39
690,85
414,07
615,46
404,48
260,93
667,70
776,97
364,53
702,65

530,71
278,30
667,66
352,60
304,75
601,43
586,78
761,28
719,17
406,46
503,63
744,56

516,04
395,82
351,95
431,12
396,53
503,10
334,48
492,56
544,50
348,01
563,02
560,85
351,39

634,58
692,89
377,34
545,57
442,10
572,30
423,48
530,83
478,38
348,17
451,57
513,92
612,42
403,55
516,01
518,49
359,30
631,59
673,13
400,94

728,56
745,95
388,13
635,20
524,80
638,12
506,99
579,52
526,04
381,21
486,87
516,92

374,59
712,27
810,00
448,05
460,88
627,76
548,26
617,17
475,97
712,87
388,14
382,74
344,95

271,66
695,27
488,23
470,76
312,43
415,82
146,59
496,92
747,62
910,00
457,04
530,59
707,52
626,01
682,92
531,52
770,00
473,53
461,44
369,18

315,27
782,68
524,01
499,84
241,56
492,67
195,06
540,69
840,49
1010,00
532,11
674,35

318,08
358,24
159,46

18,00
460,76
405,14
477,20
483,89
488,10
511,36
481,82
240,44
468,78

624,97
507,11
668,68
661,60
607,01
690,93
501,62
405,79
375,07
139,54

19,00
597,79
438,23
563,28
606,07
539,94
563,04
532,20
270,16
525,90

700,70
564,51
786,91
704,30
662,10
778,89
548,62
367,96
435,39
145,12
20,00
593,68

522,56
235,90
382,62
232,24
365,83
330,89
342,09
482,89
303,16
549,98
315,20
50,85
529,37

578,64
150,47
452,22
556,69
601,29
277,26
588,01
569,18
271,53
447 41
284,91
403,98
379,14
411,51
602,85
343,76
694,21
380,98
39,45
530,54

618,35
230,96
564,00
582,45
660,60
311,62
600,34
673,70
248,77
520,52
302,95
355,73

445,51
391,38
254,15
543,79
457,13
429,10
361,37
397,67
425,23
509,87
184,36
443,02
208,79

326,78
400,83
229,38
512,15
487,38
353,10
507,85
495,14
513,13
266,26
562,49
434,45
455,02
373,99
425,92
505,79
555,37
131,99
458,73
257,70

387,98
449,74
326,81
503,72
490,12
404,59
561,24
467,45
521,22
293,83
581,47
566,57

538,36
397,36
114,93
669,12
391,34
404,06
394,56
438,33
209,33
505,55
373,29
240,83
502,45

322,52
440,02
404,87
596,51
328,94
381,34
481,88
563,26
490,15
156,61
759,96
457,30
500,87
505,41
510,07
295,33
567,64
511,12
282,92
611,87

434,70
480,87
391,91
668,06
429,20
432,51
561,45
671,29
536,85
219,81
881,17
475,75

392,84
449,12
372,23
513,47
269,79
536,21
396,71
805,62
310,90
428,51
450,48
327,57
44938

258,62
405,54
628,17
393,95
512,58
428,96
489,46
437,36
422,16
467,83
582,29
238,86
606,71
498,74
839,19
387,59
492,84
456,99
388,58
465,48

348,27
431,13
767,59
353,06
478,50
511,23
511,03
479,88
507,85
497,18
650,17
348,24

31



640,17
839,99
595,43
574,07
593,82
655,33
450,19
739,28

472,31
881,51
777,65
419,36
291,52
397,21
544,29
745,78

Bapuant 21.

61,60
80,97
38,68
63,71
81,48
73,94
49,28
66,58
78,39
69,37
72,35
55,64
84,02
98,41
76,43
76,63
84,15
85,17
54,56
87,38

52,99
41,16
46,90
60,09
84,43
60,93
54,73
55,10
64,88
63,70
74,08
81,21
70,68
103,89
92,21
61,43
44,71
57,48
75,70
87,45

Bapuant 22.

106,14
144,84
61,32
99,62
144,69
123,63
75,67
120,59
139,47
128,87
128,52
100,37
135,19
194,93
133,49
140,03
132,17

32

67,35
56,96
69,02
95,44
136,86
90,70
107,98
104,33
100,97
104,85
130,56
133,05
118,08
182,99
156,73
103,74
69,19

456,19
755,18
395,54
331,83
753,30
810,12
428,12
769,60

71,23
45,90
86,63
59,24
48,64
82,19
83,78
94,64
91,93
61,35
69,77
92,91
57,64
95,02
56,25
44,74
87,82
102,02
57,48
93,09

120,66
85,23

143,91
107,53
87,01

139,19
137,39
159,24
159,57
103,38
128,94
167,98
104,18
164,46
90,10

72,28

172,56

656,34
427,77
656,31
580,16
411,83
740,55
697,10
451,27

95,60
97,22
57,65
83,17
65,12
79,33
65,87
78,84
68,92
55,71
69,78
70,38
85,41
55,62
85,22
86,26
57,18
90,57
95,32
55,54

175,07
158,86
97,24
136,51
130,98
150,61
114,36
137,05
129,22
90,32
118,09
125,05
152,33
106,92
147,12
147,41
90,13

686,38
712,80
758,49
653,45
796,58
554,95
526,22
420,32

44,69
89,71
65,94
65,88
50,52
70,71
33,97
65,07
108,14
120,00
71,54
77,92
95,59
91,46
92,55
80,42
102,03
67,17
70,12
57,57

69,07

163,97
113,19
119,47
77,65

130,52
47,56

121,96
196,32
220,00
115,65
140,81
161,70
168,03
173,25
153,84
196,67

465,69
595,04
674,01
679,45
632,64
639,78
334,71
650,53

90,42
65,81
90,17
96,62
81,34
95,56
72,72
57,41
56,55
36,20
21,00
85,35
70,25
83,02
84,77
76,16
84,32
82,20
51,20
79,55

156,89
130,87
165,65
161,69
141,37
169,45
118,80
89,38

102,99
50,28

22,00

145,96
120,16
148,12
146,30
146,22
149,83

361,43
454,01
628,59
351,85
787,61
422,37
92,27
644,46

77,64
40,47
75,91
77,70
86,49
47,53
84,05
79,12
47,83
68,17
44,26
62,96
62,16
64,19
86,09
60,93
87,42
63,08
25,35
79,11

133,94
46,32
123,11
135,74
148,54
79,80
153,43
145,47
86,49
125,82
81,15
99,77
92,59
90,50
137,12
104,23
164,23

545,27
381,04
519,12
539,87
612,08
225,17
504,24
279,05

56,66
62,46
50,88
67,55
70,97
64,26
66,54
74,70
72,44
53,46
83,39
71,66
70,28
56,62
70,35
70,09
81,52
42,84
72,09
49,18

100,35
90,00
72,34
111,69
128,35
107,30
121,70
112,52
117,16
75,24
145,94
128,31
119,29
101,88
129,56
118,34
145,96

491,84
515,57
474,08
294,47
659,93
563,31
309,78
653,68

55,25
75,19
57,29
83,79
56,81
61,95
67,67
80,09
75,78
33,89
106,43
71,74
65,62
67,33
71,81
49,85
76,82
69,17
52,13
77,39

89,86

118,06
97,36

151,51
103,36
95,85

127,84
138,91
131,91
55,19

176,42
119,60
112,88
124,15
122,84
71,42

151,63

609,83
568,16
948,90
421,83
500,83
497,84
374,13
498,54

51,18
63,08
95,32
60,00
74,65
69,60
71,92
65,35
65,81
75,76
80,63
43,70
78,41
66,22
117,06
60,96
65,75
66,52
60,10
67,46

79,76
94,45

157,12
109,91
124,80
121,01
122,52
111,23
117,67
112,81
150,24
70,48

152,49
119,67
203,59
92,52

120,09



148,23
96,85
159,15

91,56
126,72
164,24

BapuanT 23.

132,66
206,59
82,46
124,83
213,26
166,74
97,66
179,52
202,87
159,37
180,00
126,08
192,46
284,93
198,04
199,34
193,60
188,44
151,46
247,22

104,42
66,23

104,16
139,62
206,53
123,14
145,12
132,13
142,05
151,85
166,05
207,92
176,26
264,58
239,56
143,87
112,96
141,26
167,63
253,51

Bapuant 24.

190,78
261,02
84,69
195,94
279,59
217,85
143,41
227,44
279,98
221,92
219,92
178,80
286,52
340,17
255,24
244,39
258,74
247,25
158,29
325,72

148,72
96,38
127,22
161,12
249,30
190,51
196,98
166,81
194,11
181,37
218,53
258,02
216,01
345,06
288,86
182,68
118,11
161,95
206,65
308,49

Bapuanrt 25.

243,39

148,08

197,62
103,92
161,88

157,31
93,71

199,77
135,30
107,22
219,06
202,62
247,69
243,44
153,08
160,31
253,11
151,49
240,24
128,76
121,67
245,06
281,82
128,56
251,95

210,48
130,45
273,15
185,39
147,25
277,11
247,37
331,82
310,75
184,84
229,11
325,82
196,54
288,37
191,04
128,34
290,36
357,03
170,62
294,09

273,77

174,13
169,86
104,72

222,86
250,21
139,04
201,00
185,57
214,40
161,33
206,02
169,95
134,67
161,13
160,08
210,76
145,53
189,02
220,07
150,10
236,08
227,38
132,48

304,48
297,00
164,08
286,38
202,94
268,20
241,54
246,41
203,95
170,28
219,01
219,53
271,56
169,45
284,76
259,65
160,79
305,48
323,93
189,45

399,28

120,64
122,26
90,03

116,54
223,45
178,26
164,54
101,77
178,64
69,87
161,47
267,83
320,00
186,63
192,25
235,97
231,22
230,90
211,14
254,97
170,21
180,35
123,14

115,11
294,34
228,68
206,23
150,70
218,51
76,97
223,68
359,50
420,00
231,35
268,80
307,61
310,07
317,19
246,32
375,42
227,72
221,15
193,73

148,85

152,83
66,85
152,70

223,32
183,53
245,63
249,29
207,33
244,88
179,51
140,38
141,70
57,74
23,00
191,94
178,23
220,27
189,89
202,29
191,04
209,61
101,39
211,90

294,71
209,81
305,07
309,49
260,47
309,18
225,81
173,90
187,94
94,99
24,00
284,45
228,18
257,41
274,48
274,60
244,34
273,53
155,14
256,62

373,60

105,35
41,48
140,41

209,42
69,95

158,65
192,37
204,24
89,19

196,73
207,90
100,73
180,89
100,53
140,09
131,46
129,46
210,40
143,11
242,67
152,15
41,74

192,90

250,29
68,66
224,68
280,22
262,18
113,24
266,44
261,74
128,20
220,46
147,61
175,61
156,89
187,69
273,93
188,24
315,72
182,83
45,27
268,44

331,73

47,41
115,17
85,54

127,40
147,06
116,75
162,30
183,02
144,30
186,97
169,74
163,77
99,39
215,12
166,38
159,07
143,90
175,34
165,23
217,21
80,70
177,23
106,60

185,70
178,71
135,91
236,43
234,09
194,54
214,49
227,36
211,33
133,48
257,33
215,71
242,42
174,04
225,16
218,06
272,10
82,21
243,06
115,77

198,68

128,59
69,28
148,17

152,77
184,94
127,91
219,83
122,52
126,54
186,47
214,49
171,78
78,31

274,57
177,41
185,77
171,64
178,12
94,18

209,53
164,82
90,92

217,04

189,21
231,38
167,34
261,22
173,16
182,24
224,14
265,20
224,76
71,46
345,71
209,13
200,21
214,33
216,91
148,02
277,17
243,19
130,24
252,84

222,04

112,45
99,52
123,65

105,64
148,23
244,11
123,25
186,04
179,33
157,56
156,01
181,26
156,22
208,33
99,29
205,79
161,52
305,40
125,49
179,03
179,19
136,06
155,35

131,37
169,50
316,16
173,71
232,65
226,54
212,59
222,83
233,00
222,89
276,17
144,36
247,83
227,99
417,81
199,06
236,77
223,47
174,52
232,52

167,86
33



313,48
131,21
226,55
324,21
263,76
166,56
270,63
321,43
270,94
288,56
207,82
301,91
412,90
320,72
337,45
325,87
349,35
190,24
369,71

118,73
177,37
228,50
332,41
197,37
203,69
202,24
199,07
212,64
290,84
344,20
284,78
419,20
403,14
221,32
135,99
197,54
254,75
387,46

Bapuanrt 26.

253,80
411,43
124,77
264,92
400,26
347,43
174,47
343,19
390,62
338,07
309,60
233,48
415,29
503,92
378,79
368,89
385,87
407,98
270,09
438,62

158,54
150,67
207,41
258,83
394,17
265,40
270,88
258,96
242,39
276,31
316,51
375,24
294,87
531,85
471,00
231,54
185,41
267,35
319,10
453,35

Bapuant 27.

317,83
426,95
124,56
265,49
430,89
362,99

34

254,78
123,64
240,10
286,72
480,96
312,61

174,49
323,94
195,51
186,26
340,98
354,99
368,86
376,14
197,65
260,74
380,55
239,29
366,92
222,61
135,81
367,99
464,03
210,50
372,61

331,76
178,97
402,92
270,43
209,37
360,04
359,66
475,25
484,47
249,81
314,74
477,44
238,86
451,04
270,11
177,79
458,08
490,50
282,45
471,86

385,29
239,66
462,28
317,29
199,17
446,78

406,68
242,19
339,19
297,86
304,27
297,12
344,34
260,11
237,86
259,62
264,36
317,57
227,00
339,47
332,83
242,73
384,48
380,04
198,32

425,25
446,28
246,30
413,90
342,43
405,37
314,99
409,48
309,37
278,65
291,77
298,54
411,46
244,74
382,74
403,15
227,70
483,34
434,63
265,13

519,43
560,48
311,51
459,83
395,07
470,67

374,04
270,17
280,77
168,70
251,59
117,01
295,94
428,81
520,00
260,72
302,67
380,40
404,29
397,22
318,24
455,24
253,95
256,07
204,26

191,98
457,83
355,90
349,92
168,78
355,26
105,10
312,72
494,39
620,00
320,43
388,16
442,37
480,34
467,38
374,73
516,49
332,06
347,97
280,28

190,53
526,80
355,83
357,25
244,15
386,86

272,72
358,77
385,40
307,66
389,51
273,63
234,76
235,47
128,69
25,00
310,70
298,77
300,30
332,56
328,84
340,73
326,49
160,12
338,31

476,72
331,92
468,87
484,66
398,90
438,39
321,01
268,52
256,25
153,92
26,00
413,84
336,49
364,35
410,52
373,45
370,46
395,81
198,64
404,41

518,92
356,40
496,28
517,66
454,04
541,34

86,53
246,75
321,31
349,60
172,55
314,69
335,02
188,91
281,92
183,37
226,83
214,31
214,87
305,56
239,57
389,53
241,67
33,12
324,54

383,18
141,34
353,89
391,06
376,86
221,37
376,52
386,30
208,82
314,37
218,79
289,35
241,55
261,36
387,64
267,69
431,77
263,46
80,75
404,26

419,45
149,90
366,88
419,64
467,81
210,61

193,25
179,77
258,24
247,08
227,89
299,19
292,19
297,98
148,52
347,89
270,21
269,95
234,65
279,95
299,40
339,29
88,45
268,90
172,83

273,92
230,51
182,26
353,51
294,14
259,39
344,29
311,46
311,09
190,08
375,35
319,44
350,30
241,38
344,07
349,15
381,91
95,06
321,24
161,15

261,40
264,49
251,81
359,46
341,53
290,42

268,76
194,25
311,48
200,56
192,81
261,89
306,08
295,92
133,86
415,18
269,52
290,36
283,96
265,69
175,93
331,00
257,36
150,89
331,31

228,27
318,75
257,64
357,48
288,72
289,29
325,19
388,70
296,49
157,04
527,35
341,73
350,33
349,65
318,79
188,46
394,52
342,34
217,88
381,58

325,42
342,53
277,49
446,59
295,94
324,74

230,59
355,89
243,67
280,55
271,54
245,49
272,86
267,39
246,16
340,10
141,08
353,24
249,17
470,49
243,48
245,52
273,60
220,24
290,34

197,22
289,87
462,47
224,20
301,22
335,83
306,72
339,77
320,34
341,04
398,17
169,77
371,24
350,62
559,04
255,14
321,91
301,52
275,59
325,23

226,76
300,30
496,03
296,80
396,88
367,73



200,45
391,81
485,33
360,51
370,50
280,79
484,24
603,05
425,15
436,78
471,72
478,36
316,32
522,97

274,49
311,34
268,13
334,30
383,65
439,32
382,92
590,65
504,01
329,70
235,67
297,89
404,74
549,04

Bapuant 28.

315,02
486,39
127,74
356,90
497,18
422,30
272,09
420,07
555,27
466,67
442,05
342,10
487,02
699,35
486,16
505,19
471,04
530,54
350,98
609,19

274,48
203,92
284,47
298,45
549,68
309,81
329,97
356,01
350,80
365,65
381,01
545,24
385,02
665,53
613,21
371,27
217,30
313,44
448,18
565,84

Bapuant 29.

353,20
620,89
158,01
357,88
608,51
465,90
293,45
501,18
558,05
439,72
451,11

242,52
171,53
255,29
372,40
546,23
401,93
365,80
398,13
350,85
360,64
514,63

450,28
537,42
506,51
258,84
367,14
495,15
293,57
552,80
266,24
200,01
562,06
590,37
260,55
517,78

389,13
217,97
535,38
373,94
216,33
485,96
541,36
614,76
624,45
314,20
415,48
626,32
348,83
631,61
329,00
231,15
619,20
678,60
377,06
577,56

467,70
270,13
586,45
378,08
324,49
528,62
556,26
707,33
703,98
349,76
471,68

356,86
416,78
405,91
276,99
380,83
335,75
417,78
315,16
470,49
486,98
333,76
561,95
556,09
275,72

580,66
598,51
309,57
530,30
445,84
469,00
432,79
501,12
440,82
367,07
463,80
439,81
492,59
357,90
518,68
527,90
379,37
599,53
618,32
323,56

675,98
628,17
410,71
568,58
457,97
524,32
522,87
527,42
503,83
404,53
503,51

122,08
349,64
632,33
720,00
372,51
421,85
508,95
529,28
559,62
484,50
608,06
352,66
365,98
314,23

242,28
615,08
465,71
392,75
236,88
414,52
155,81
456,46
707,38
820,00
457,96
550,84
576,81
590,60
614,82
468,04
705,21
389,50
407,38
319,86

237,21
669,94
483,03
433,25
302,97
466,73
196,71
447,69
736,45
920,00
430,29

387,23
291,07
275,02
152,58
27,00
465,71
355,06
458,75
424,14
436,95
417,03
436,75
225,25
487,24

633,16
439,18
642,41
575,03
509,08
627,49
438,08
351,79
375,29
145,61
28,00
483,87
389,48
479,97
486,73
480,28
505,24
548,65
217,98
543,09

665,86
445,41
633,54
651,50
554,06
664,40
469,67
380,30
364,83
166,27
29,00

422,28
484.91
216,89
395,35
214,68
271,92
268,32
261,16
481,69
262,04
501,48
281,28
75,72
429,11

475,30
143,39
442,82
489,82
500,01
216,37
551,48
525,62
273,08
451,72
261,23
296,97
312,61
308,07
489,68
293,17
583,13
307,48
31,15
529,90

608,66
217,50
518,34
572,97
569,74
308,45
607,46
537,13
272,87
463,40
22921

407,59
409,12
392,26
209,38
454,35
348,11
396,91
319,05
398,00
406,49
467,65
110,63
392,00
190,81

328,94
338,46
283,37
388,26
384,60
330,15
405,96
426,19
451,53
265,87
471,00
435,44
413,72
309,79
426,24
430,37
522,27
144,02
408,91
284,29

332,16
395,98
268,02
482,58
506,34
376,70
488,47
426,35
434,02
295,25
538,98

410,83
443,79
386,86
119,96
627,89
396,15
377,12
406,13
338,69
183,88
469,92
391,98
181,02
413,22

319,82
402,32
371,31
542,56
379,28
326,02
463,12
477,63
418,68
191,59
722,30
386,59
429,53
455,09
437,95
254,57
503,11
407,74
211,42
533,45

414,73
449,55
371,80
571,91
365,68
353,46
492,68
600,83
471,18
216,44
740,33

371,90
394,07
402,21
408,18
421,22
250,92
458,83
376,33
710,80
258,58
338,74
368,91
276,70
351,75

251,51
360,23
638,36
351,43
413,44
426,84
426,31
414,88
466,33
409,51
482,38
285,58
493,81
435,52
810,24
350,90
443,69
437,61
360,08
418,96

251,03
357,12
686,14
336,94
499,41
509,45
501,64
425,66
429,08
505,21
574,41
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361,15 545,67 686,92 480,12 565,24 560,92 396,83 498,24 490,75 308,80
586,78 454,84 373,61 598,16 663,56 433,84 386,28 483,63 496,67 548,00
804,02 757,74 694,37 357,72 627,77 606,66 350,73 369,07 523,16 519,46
551,90 663,37 370,94 580,24 702,20 556,44 536,86 461,21 434,05 878,94
573,25 388,81 245,35 551,45 530,44 597,81 416,35 471,35 271,82 391,33
555,48 232,85 707,14 400,87 759,88 565,30 673,91 579,40 525,59 485,83
538,75 340,50 729,06 663,43 474,72 540,55 417,21 151,98 488,59 523,29
331,10 480,94 404,99 702,85 464,53 285,42 38,775 497,99 230,78 343,25
675,36 688,10 663,77 359,81 400,71 550,96 610,22 230,77 556,01 469,63

Bapuant 30.
451,17 344,59 494,44 766,27 344,02 751,46 598,06 466,97 447,51 313,68

649,91 216,14 336,86 695,89 706,47 528,73 152,71 423,97 575,20 416,54
185,36 353,34 654,22 459,18 571,16 732,05 485,95 314,52 406,63 769,43
367,30 370,04 404,53 591,79 492,07 715,93 608,51 542,64 581,64 385,19
690,00 666,13 298,43 502,00 261,04 634,68 663,23 529,24 392,31 531,69
486,46 430,74 613,08 653,33 493,775 716,45 339,67 447,29 386,10 524,93
280,30 450,00 664,28 480,36 195,74 539,38 668,03 535,67 539,14 555,54
576,79 454,57 753,774 592,37 563,11 434,21 631,42 473,64 624,78 474,71
633,21 459,62 771,04 523,23 860,96 457,32 254,63 562,55 507,09 540,65
506,85 422,69 464,70 398,32 1020,00 192,76 545,22 283,34 207,72 575,83
577,13 505,90 556,62 540,82 514,52 30,00 330,50 581,87 882,80 582,16
397,08 669,74 777,775 513,75 625,81 603,54 395,70 486,78 576,30 259,66
585,27 530,66 367,04 683,15 760,09 548,68 436,55 573,39 544,02 641,44
903,65 858,77 794,43 437,54 697,00 630,06 410,74 445,26 476,20 569,80
649,08 702,23 369,91 645,98 705,64 581,72 668,40 542,27 507,50 1004,78
591,43 366,73 287,43 615,12 652,21 600,31 462,31 475,93 290,16 427,24
678,81 340,34 768,95 403,07 847,10 656,27 696,22 629,21 630,21 570,49
615,04 430,52 826,41 699,08 487,81 635,83 467,31 156,12 486,30 482,74
402,98 520,02 361,23 707,13 527,35 261,36 90,82 527,06 292,07 430,80
697,89 766,24 714,55 402,35 461,99 616,94 642,58 330,66 616,04 538,01

JIABOPATOPHASA PAGOTA Ne 3

BBIGOPOUYHBIN METOJI

TouyeuHble U MHTEPBAJIbHbIE OLIEHKH NAPAMETPOB reHePaIbHOH COBOKYITHOCTH.
IIpoBepka runore3bl 0 HOPMAJIbLHOM paclpe/e/JieHUN FeHePAJIbHOI
COBOKYITHOCTH.

3.1 [locranoBka 3agaun

[Ipeanonoxum, 4To JIJIsl OLEHKH 3aKOHa pacnpeneneHus uccienyemon CB X u3
reHEpaIbHOM COBOKYIMMHOCTH C HEW3BECTHOW dyHKIMEH pacmpenenenus F(x)
U3BJIEYeHA BHIOOpPKAa U MYCTh MO BUAY THUCTOTPaMMbl HIIM TOJUTOHA YacTOCTEH
MOKHO BbIOpaTh Kiacc (QYHKIUI  ONPENENCHHOT0 BHJa  (HOPMaJbHBIX,
MOKa3aTelIbHbIX, OWHOMHMATIBHBIX M T.O.), K KOTOPOMY MOXET TPUHAAIEKATD
(dbyHKIUA pacripeieseHus BepoaTHocTel uccieayemoit CB X.
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Tornma HEOOXOAWMO TPOW3BECTH OICHKY IapaMETPOB BHYTPH BBIOPAHHOTO
kiacca Gyskiuid. Hampumep, eciu BbIOpaH HOpPMabHBINM Kiacc (QYHKIMM JUIs
OTIMCaHUsI MCCIIEAYEeMOU CIIydallHOW BeNWYHMHBI X, TO MO BBIOOPKE X, X2,..., Xn
TpeOyeTcsi OLICHUTH JBa Mapamerpa — MaTeMaTH4YeCKOe OXHUJAHHE a W CpeqHee
KBaJ[PaTUYE€CKOE OTKJIOHEHHUE G, OT KOTOPBIX 3aBUCUT HOPMAJILHOE PaCIIpEICIICHUE.

[TycTh U3 reHepaibHON COBOKYITHOCTH ¢ yHKIMEHN pacnipeaeneHus F(x;0), rae

0 — HEW3BEeCTHBIM TapaMmeTp, MPOU3BEJACHA BBHIOOPKA 00bEMa 7 U TOJYYCHBI
pe3ynbTaThl X;, X2,..., X,. B0ooOIIe roBops, MO pe3ylbTaTaM BBIOOPKH, KAKOTO OBl
00JBIIOr0 00beMa OHA HU ObLIa, HEJb3s ONPEIETUTh TOUHOE 3HAYEHIE HEM3BECTHOIO
napameTpa 0, a MOXHO HaWTH €ro MNpUOJMKEHHOE 3HaueHwe O, KoTopoe Hu
Ha3bIBAETCA OLIEHKOM.

3amaya OIIEHKHM HEWU3BECTHOTO mMapameTpa O CBOAMUTCS K HAXOXKIEHHUIO TAKUX

BbIOOpOUHBIX (QyHKIMH O =u(x;,X,,...,X,), KOTOpPblE MOXXHO HCIOJb30BATH B

KauyecTBE OLIEHKH HEM3BECTHOTO apameTpa 0 .
Tak kak sro0ass BBIOOpKA SIBISETCS KOHEUHOW U CllydallHOH, TO Oyaem

paccMaTpuBaTh OLEHKY O =u(x;,X,,...,X,) HEU3BECTHOro napamerpa 60 Kak

CIly4allHyl0 BEJIMYMHY, a €€ 3Ha4eHHEe, BBIUMCJICHHOE M0 JaHHOW BBHIOOpKE 00beMa
n,— KaK OJIHY pEaJIu3alyi0 CIy4YahHOW BEJIIMYMHBI, T.€. KaK OJHO W3 MHOXECTBa
BO3MOKHBIX 3HAYEHUN 3TON CIIy4YalHOW BEJIMYMHBI.

OueHKY MapaMeTpoB MOAPA3AEIAIOTCA Ha TOYEYHbIE U HHTEPBAJIbHBIC.

3.2 ToyeyHblIe OLIECHKU NAPAMETPOB reHePaJIbHO COBOKYITHOCTH

Toueunas ounenka mapamerpa O  ompenensercs  OOHUM  YHCIOM
0=u(x;,x5,..,x,). Jns TOro 4TOoOBl CTATHCTUYECKUE OLEHKU NABAIU «XOPOLIME)

npuOIIKEHNs  OLICHWBAEMbIX  [MApPaMEeTPOB, OHH  JOJDKHBI  YJOBJIETBODPSTH
OTpeieIEHHBIM TPEOOBaAHUSIM.
IIpexne Bcero, ¢ TOUYKM 3pEHMS] TOUHOCTH U HAJECKHOCTH OLICHOK KEJIATEIbHO,

4TOObI HallleHHbIE HA OCHOBAaHUM BBIOOPOUHBIX (PYHKIMH O = u(x;,X,,...,X, ) OLEHKH

HEU3BECTHBIX MapaMeTPOB MO BO3ZMOXHOCTH OBLIM TECHO CKOHLIEHTPHUPOBAHBI OKOJIO
3HaYEHUI OILIEHWBAEMbIX MapaMeTpOB, APYTUMHU CJIOBaMH, YTOOBI paccerBaHHE

CIIy4aifHOW BEJIMYMHBI 0 OKOJI0 O OBLIO MO BO3MOXXHOCTH HAMMEHBIIIIM.
Onenka 0 =u(x;,x,,...,X, ) Ha3bIBACTCS COCMOSAMENbHOU, €CITA IIPU YBEIUYECHUN
YuCJa U3BMEPEHUHN OIIEHKA CXOJIUTCS MO BEPOSITHOCTH K OLIEHUBAEMOMY ITapaMeTpy,

T.e. ecau lim P(‘G - é‘ <g)=1.
n—>0

TpeboBanue COCTOSTEILHOCTH TapaHTUPYET OT TPyObIX OMHUOOK € B
oTpeaesieHu O MpH JOCTaTOYHO OOJBIIUX 7.

Onenka 0 =u(x;,x,,...,X, ) Ha3bIBACTCA HECMEUEHHOU, ECIIA €€ MATEMAaTHIECKOE

O’KHMJIaHWE PABHO OLICHMBAEMOMY MapameTpy, T.e. eciiu M (0) = 0. Eciu 310 ycinoBue

HE BBIITIOJHACTCA, TO OIICHKA HA3bIBACTCSA cmeu;eHHoﬁ.
CocTosiTenbHBIE  HIIH HCCMCHICHHLIC OLCHKH MOI'YT OBITH IMOJIYYCHBI
pas3IMYHbIMHU MCTOJaMMU. HaHpHMep, JABC OLCHKHM MAaT€MaTHU4YCCKOI'0 OXHAAHUA —
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cpeaHee apuMETHYECKOE Xz U BBIOOPOYHAS MEAMAHA X — SBISIOTCA

HECMCIICHHBIMM ¥ COCTOSITCJIBHBIMHM ~ OLlGHKaMu. M3 3TUX JBYX OIIEHOK
nesecoodpazHee BbIOpaTh Xz, TaK KaK JUCHEPCUS] 3TOW OLIEHKM MEHbIIE, 4YeM

UcIiepcrsi BLIOOPOYHOU MEIHaHbI.

Oppexmusnou Ha3bIBAIOT CTATUCTHUYECKYIO OIIEHKY, KOTOpas (IpH 3aJaHHOM
00beMe BBIOOPKH 71) UMEET HAMMEHBIITYIO BO3MOXKHYIO JIUCIIEPCHIO.

Takum o00pa3oMm, BbBIOOpPOYHAsE CpeaHSAss Xz SBISETCS  COCTOSATEIBHOM,

HECMELECHHOHN U 3()(EKTUBHOMN OLIEHKOM reHepallbHOW CpeHen X .
Beibopounass aucnepcusi Dp SBISETCS CMEIIEHHOM OLIEHKON TI'€HepalbHOMN
aucriepcun  D. Jlerko «uCIpaBUTh» BBIOOPOYHYIO JIHCHEPCUIO0 TaK, YTOOBI €€

MaTeMaTHYeCKoe OXHJlaHue ObUIO paBHO TeHepajabHOU aucrepcuu. JloctaTouHo 1Jis
ATOr0 YMHOXWTb Djp Ha Apodb n/(n—I). ChenaB 3TO, MOJYyYUM HCIPABICHHYIO

n

2
JIUCTIEPCHUIO, KOTOPYIO 0OBIYHO 0003HAYAIOT uepes s s° = Dy . OHa u sBnsgercs

HECMEIIIEHHON OLIEHKOW T€HEPATIbHOU AUCIIEPCUH.
JInss  OLEHKM  CpENHEro  KBaJpPaTHYECKOTO  OTKJIOHEHHS  TIE€HEPAIbHOU
COBOKYITHOCTH HCHOJIb3YIOT «ACHPABICHHOE» CPEIHEE KBAAPATHUECKOE OTKIOHEHHUE,

. | n
KOTOpPOE PaBHO KBAJPATHOMY KOPHIO U3 UCIIPABICHHOWU TUCIIEPCUU: § = ; Dy .
n p—

3.3 UHTepBaibHBbIC OLIEHKH IAPAMETPOB IeHePAJIbHOM COBOKYITHOCTH

[Ipu BBIOOpKE Mamoro oObemMa TOuY€YHas OLEHKA MOXET 3HAuYUTEIbHO
OTJINYAThCS OT OLIEHMBAEMOTO IMapameTrpa, T.e. MPUBOAUTH K rpyObiM ommoOkam. [1o
ATOM TNpUYMHE TpU HEOONBIIOM 00beMe BBIOOPKU CIEAYeT IOJIb30BAThCS
UHTEPBAIIBHBIMU  OLIEHKaMHW. HMumepeanvnou  HA3bIBAIOT  OLIEHKY, KOTOpas
ONPENEIIAETCS ABYMS YUCIAMH — KOHIIAMU UHTEPBAJIA.

[lycte HaiimeHHass mTo pe3ynbTaTam BBIOOPKM 0ObEMa n CTaTHUCTHYECKas

xapakrepuctuka 0 =u(x;,x,,...,X,) SBIAETCI TOYEYHOW OLEHKOM HEU3BECTHOTO

napameTpa 0. Uem MeHblIEe pa3HOCTb ‘9—9, TEM JIyYllle KaueCTBO OLIEHKH, TEM

TOYHEE OLeHKA. Takum 00pa3oM, MOJOKUTEIBHOE YHCIO € XapaKTEPHU3yeT TOYHOCTb

OLICHKH ‘9—@) <Eg.

TouHoCcTh € 3aBUCUT OT oObeMa BbIOOpKH 7. KakoB nomkeH ObITh 00BEM
BBIOOPKH 7, YTOOBI OOCCICYHMTH 3aJaHHYI0 TOYHOCTh € WM KaK OIPEACIIUTH
TOYHOCTh € TIPHW JTaHHOM oObeMe BbIOOpkH? [Ipu OoTBETE HAa 3TH BOMPOCHI MOYKHO
JIUIITh TOBOPHUTH O BEPOSITHOCTH [ — OL, C KOTOPOM JJaHHOE HEPABCHCTBO BBITTOTHACTCS.

JlosepumenvHotl  8epoAMHOCMbBIO  OYeHKU WU  HAOEHCHOCMbI0 HA3bIBAIOT

BEPOSITHOCTh Y BBIIIOJIHEHUS HEPAaBEHCTBA ‘9 -0/ <e. BepostHocth o =1-y

Ha3bIBaeTCA ypogHem 3Hawumocmu. OOBIYHO JOBEpPUTEIbHAS BEPOATHOCTh OIEHKHU
3ajaeTcs 3apanee. Hambosnee yacro nmonaraot y=1—a= 0,95; 0,99; 0,9973. Takum

obpazom, P(‘G—é‘<8):y WIn P(é—8<9<é+8)=y.
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JlogepumenvHoimM ~ uHmepsaiom  Ha3bIBACTCS  HWHTEPBAI (9 —-&,0+ 5) ,

HAKpBIBAIOIIMK  HEU3BECTHBIM mapamerp € ¢ 3aJaHHOM  JOBEPHUTENBHOM
BEPOSITHOCTBIO J .

B IMPAKTHYCCKHUX IMPHIIOKCHUAX BAXHYIO POJIb UI'PACT AJIMHA JOBCPHUTCIHLHOI'O

uHTepBasia. UeM MeHblle IMHA JOBEPUTEILHOTO HHTEpBasa (9—8;9+8), TEM

TOuHee oleHKa. Eciau ke JJiMHa JOBEpPUTENIbHOIO WHTEpBaja BEJMKAa, TO OILICHKA
MaJIONPUTOIHA JJIsI PAKTUKHU.
JIOBEpUTENBbHBIN HWHTEPBAN JUIsl OLIEHKM X, — CPEJHEro TIeHepalbHON

COBOKYIHOCTH (MaTEMaTUYECKOTO OKHUJAHUS @), PACIPEIEIECHHON 110 HOPMAJIbHOMY
3aKOHY C HEM3BECTHBIM CPEIHEKBANPATHUYECKUM OTKIIOHEHHEM G ONPENEIAECTCS U3

HEPABEHCTBA X, — ——=<X,<Xptt,

;S 2
%;n—l \/; E;n—l \/; ’

KBaJpaTU4YECKOE OTKJIOHEHHE, n — 00bEeM BBIOOPKH, X — BBIOOpOYHAs CpeHSss,

rac § — HUCIPABJICHHOC CpPCAHCC

t — KBaHTHWJIb PaCIpCACICHUIA CTBIOI[CHT&, COOTBGTCTBYIOHII/Iﬁ 3HAYCHHUIO

g;n—]
2

JOBEPUTEIIBHON BEPOSATHOCTU ¥ = [ — ¢ ¥ 00BEMY BBIOOPKHU 7.
JIOBEpUTENbHBI UHTEPBal M1 OLEHKU G, — CPEIHEro KBaIpaTU4ECKOIro

OTKJIOHCHHUS TeHePabHOW COBOKYITHOCTH, PACIIPEACIICHHON 110 HOPMAJIbHOMY 3aKOHY
C HEHU3BECTHBIMU IIapaMETpaMH, ONPEACISAETCS U3 HEPAaBEHCTBA S-¢, <0, <S-q,,
n—1
—.

1-Zin-1
2

Kosddunmentsl ¢q; u g2, COOTBETCTBYIOLIHUE

JIOBEPUTEIILHON BEPOSTHOCTH Y =[/—q@ W 4YHCTy CTeneHed cBoOOaAbl k=n—I,
onpenenstores mno Tadbmuue I1.3.

3.4 IlpoBepka runore3bl 0 HOPMAJIBHOM pacnpe/ieJeHun
reHepaJbHOM COBOKYITHOCTH

['unore3pl 0 MHOXecTBe (QYHKIUNA (2, K KOTOPOMY MOKET MPUHAJJIEKAThH
dbyukiusa pacnpeaeneHus uccienyemoir CB X, Ha3bIBaOTCA Henapamempuueckumu
eunomesamu. Ilpeamonoxum, 4ro Kiacc TakuxX (yHKIUNA BBIOpAH M MPOU3BEICHA
TOYEUHAs OIlCHKAa TMapaMeTpoB OTUX (YHKIMI BHYTPHM BBIOPAHHOTO KJacca.
JlanpHeimmass 3agada COCTOMT B BBISICHEHWH, HACKOJIBKO XOpOIIO TMOojoOpaHa
BEPOSTHOCTHASI MOJIENb psifia HaOmoaeHui. [IpoBepka rUmoTes3sl 0 MpeArnoiaracMom
3aKOHE PaCIPENEIICHUs MTPOU3BOAUTCS ¢ MOMOIIBI0 HEMAPAMETPUUYECKUX KPUTEPHUEB
3HAYUMOCTH.

Hawnbonee pacipocTpaHEHHBIMU KPUTEPUSIMU 3HAUUMOCTH SIBJIIFOTCS KPUTEPHIl

cornacus y° Ilupcona u A -kpurepuii Konvoroposa.
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3.5 Kpurepuii y° Inupcona

Kputepuit y° IlupcoHa mNO3BONSET IPOU3BOAUTH IIPOBEPKY COIIACHUs
SMIOUPUYECKON (YHKIIMH paclpenesieHusl C TUMOTeTUYecKo ¢yHkiuent Fi(x),
NpUHAAJIEeKAIIEH K HEKOTOPOMY MHOXKECTBY (2 (yHKILUIA ONpeIeIEeHHOTO BUIA.

[lycTh reHepanbHasi COBOKYNMHOCTh HMeeT (YHKLHIO pacnpeneneHus F(x).
TpeOyeTcsi Ha OCHOBE BBIOOPKM MPOBEPUTH HYJIEBYIO THUIIOTE3Y O TOM, 4YTO
runoreTuyeckas QyHKUUsS pacnpeaesieHus F(x) 3HaYMMO MPECTaBISET AAHHYIO
BBIOOPKY, T.€. Hy.F(x)e Q.

[Ipu npoBepke Hy/EBOH TMIIOTE3bl C IIOMOLIBIO KPHTEpHS cOIiacus y°
MIPUAEPKUBAIOTCS CIEAYIOLIEH ITOCIEN0BATEIbHOCTU JEHCTBUM:

1) Ha ocHOBaHWHW THUMOTETUYECKOW (DYHKIMHU F(X) BBIYUCISIOT TEOPETHUUECKHE
BeposiTHOCcTH nonafganusi CB X B yacTUuHbIe MHTEPBAIIBI [X;.1,X;):

X
pi =P <X <x)= _[f(x)dx =F(x;) - F(x;_;) (i=1k).
Xi-1
2) yMHOXasi TIOJYy4YEHHBbIE BEPOSITHOCTH p; HA O0BEM BBIOOPKU 71, MOIYYarOT
TEOPETHYECKUE YACTOTHI /p; YACTUYHBIX UHTEPBAIOB [X;.;,X;), T.€. 4YaCTOThI, KOTOPHIE
CJIEIyET OKUJATh, €CIIA HYJIEBasl THUIIOTE3a CIIPABEIJINBA;

k 2
. n. —np,
3) BBIUMCIIAIOT BEIOOPOUHYIO CTATUCTUKY (KpuTepuit) y°: y° :ZM
i=1 np;
Jiis Toro 49ToOBl TPOBEPUTH HYJIEBYIO THIIOTE3y, HEOOXOIUMO HaWTH IO

tabmuue 1.3 kBanTueil y°-pacnpeaeneHus 1o 3aJaHHOMY YPOBHIO 3HAUUMOCTH O

U 4WCoy cTeneHed cBoOOAbl V=k—r—1 KpPUTHYECKOE 3HAUYCHHE xi.v ,
YAOBJIETBOPSIONICE YCIOBUIO P(x2 > xi.v) = o. CpaBHHUBas HAOMIOAAEMOE 3HAUCHHE

BBIOOPOYHON  CTATUCTHKHU x2 , BBIYUCIEHHOE TIO0 (QopMmyse, C KPUTHYECKHM

3HaYCHHUCM X(Zx'v , IPUHUMAIOT OJHO U3 IBYX peHICHI/Iﬁl

)ecmn y;,.,>x.,, To HyneBas rumnote3a Hy:F(x)e ) oTBepraercs B MOJb3Y

anpTepHaTUBHOM H; 'F(x)# (), T.e. CUMTAETCsA, YTO THUINOTETHYECKas (YyHKIHUS HE
COTJIaCyeTCsI C ONBITHBIMU JAHHBIMU;

2) €ClM Y}y < X-.,, TO CUHTAETCSA, YTO HET OCHOBAHMii JUIS OTKIOHEHHUS HYJIEBOM

TUIIOTE3bI, T.€. TUIOTeTHYecKast GyHKIMS F(x) coriacyercs ¢ ONbITHBIMU JAHHBIMHU.

3ameuanue. [lpy npuMeHEHHM: KpUTEpUs HEOOXOAMMO, 4YTOOBI B KAXKIOM
YaCTUYHOM HHTEpBajie ObUIO HE MeHee 5 3JIeMeHTOB. Eciau 4mcino 371eMeHTOB
(uacToTa) MEHbIIIE 5, TO pEeKOMEHAYETCSI OOBEANHATh TAKHE YaCTUYHBIE HHTEPBAJIBI C
COCETHUMH.

3.6 Kputepuii 1 Koamoroposa

Kputepuii A KonmoropoBa mpumeHsieTcsi JIsi MPOBEPKHU TUIIOTE3 O 3aKOHAX
pacrpeneneHrss TOJIBKO HENPEPBIBHBIX CIy4alHbIX BeJIWYHMH. Ero ornnume ot
Kputepusi coriacus IlupcoHa cocToUT B TOM, YTO HpU NMPUMEHEHMM KpUTepHUs A
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KonmoropoBa cpaBHHMBaroTcs smmupuueckas F*(x) u runorermdeckas (QyHKIHH
pacnpenenenus F(x). [IpoBepKy HyJI€BOM IMIOTE3bI C MOMOIIBIO KPUTEPHUS COTIIACHS
A KonamoropoBa npou3BOJIST MO CIAEAYIONIEH cXxeMe:

1) pe3ynbrarbl  HAOMIOACHUN  NPENCTaBISAIOT B BUJAE  HHTEPBAIBHOTO
CTaTUCTUYECKOTO PsIIa;

2) HaXOJAT SMIMPHUUECKYIO (QYHKLHUIO pacnpenenenus F*(x)= L ;

n

3) BBIYUCISIIOT, MOJB3YSACh TUINOTETHYECKOM (DYyHKIMEH pacnpeesneHus,
3HAUEHUS]  TEOpeTHYeCKOM  (QyHKIMM  pachpeleseHus,  COOTBETCTBYIOIIHUE
HaOMr0neHHBIM 3HaueHussM CB X;

4) HaxOmAT JUISl KQXKJAO0T0 3HAYCHHS X, MOAYJIh Pa3HOCTH MEXKIY SMIUPUUIECKON
1 TeOpeTHYECKOU PYHKIUSIMU pacipeaeieHus, T.¢€. ‘F *(x)-F(x)

;
5) BBIYUCISAIOT  HAOJII0JIaeMO€  3HAUYCHHE  BBIOOPOYHOM  CTAaTUCTHKU A
Kommoroposa: A = D+/n :max‘F *(x)-F (x)‘\/; :
X

CpaBHMBAIOT Ha0JIIOJAEMOE 3HAYCHUE BEIOOPOUHON CTATUCTUKU A, ., = Dn ¢
KPUTUYECKMM 3HaueHueM A,, omnpenensdeMblM 1o Tabmuue I1.4 kBanTmien
pacnpenenenus KoiMoroposa mo 3aJaHHOMY YPOBHIO 3HAYMMOCTH ¢« . Eciou mpu
sTOM oKaxercs, uto D~/n > A, , TO IpoBepsieMasl HyJIeBasi TUIOTE3a OTKIIOHSETCH,

ecinu xkKe D+/n < Za, TO CUHTACTCA, YTO HET OCHOBAHUM I OTKJIOHCHHUS HYHCBOfI

THUIIOTC3HkI, T.C. THIIOTCTHYCCKAaA (I)YHKHI/I}I paclpcaciacHus CUHNTACTCA
COFJIaCYIOHICI\/iCH C OIIBITHBIMH JAaHHBIMH.

3.7 llopsiioK BBIMOJHEHUSA PA0OTHI

JanHas nabopatopHas paboTa OCHOBaHa Ha Pe3yJIbTaTax BBIMOJIHEHUS MIPEAbIIYIIEH.

a) MI3y4nTh KpaTKuil TEOPETUYECKUNA KYPC.

0) Haiftu noBeputTenbHbIM HMHTEpBaN U OLEHKM CpeJHEH X, TreHepallbHOU
COBOKYIIHOCTH €  HaACKHOCTBIO ¥ =0,95 1pu  HEU3BECTHOM  CPEIHEM
KBaJpPaTUYECKOM OTKJIOHEHUHU G -

B) HailTu noBepuTenbHbI MHTEPBAJ JIS OIIEHKH CPEIHEr0 KBaJIpaTUYECKOTO
OTKJIOHEHHSI G, TEHEPAJIbHOM COBOKYIIHOCTH, PACIpPEIEICHHOM 10 HOPMAaJIbHOMY
3aKOHY, C HaQJIE)KHOCThIO ¥ = (0,95 ;

r) [IpuHsAB B KauyecTBe HYJIEBOW T'MIOTE3bl Hy. 2eHepanvbHas cO8OKYNHOCMb, U3

KOMOpOU u3eleyeHa 6bloopKa, umeem HOpMalbHoe pacnpedenenue, IPOBEPUTH €€ C
nomolubto kputepus [Iupcona npu yposse 3Haunmoctu @ = 0,05

n) IlpoBepuTh 3Ty K€ HyJeByl0 TuUnoresy £Hy ¢ TOMOIIbIO KpUTEpHs
Konmoroposa npu ypoBHe 3HauumMoctu « = 0,05 .

€) 3anucaTh AHAIUTHUYECKOE BBIPAXKEHUE [JJI1 IUIOTHOCTU IMOJYYEHHOTO
HOPMAJIBHOTO PaclpeiesICHUsI U IOCTPOUTH €€ rpaduK;

x) OdopMUTH OTYET 1O TabOPATOPHOU padoTe.
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3.8 IIpumep BbINOJIHEHUSI PA0OTHI

1. byaem cuurtarb, YTO BBHIOOPOYHBIC JAHHBIE B3SITHl U3 HOPMAJIBHO
pacnpenenéHHON TeHepajJbHOM COBOKYMHOCTU. Tak Kak cpefHee KBaJpaTUYECKOe
OTKJIOHEHHUE HAIIEro pacnpeeieHus HEM3BECTHO, TO JOBEPUTENbHBIN UHTEpBaI IS

MaTEMaTUYECKOr0 OXKUIAHUS UMEET BUI X, — tﬂ;n-z in <X <Xzt tﬁ;n-z Sn Tak kak
vy=095, 0o a=1-y=1-0,95=0,05.1lo Ta6J21HHe 1.2 Haxoaum 2
t%;n_l = t% ey =1y 02504 2,278
Tax xak X, =70,89 u s~ 3,979, TO AOBEPUTEIbHBII UHTEPBAJ TorJa OyIeT paBeH
70,89 — 22783 7 <X, <70, 89—1—22783 79

V95 T

70,89 —-0,93<Xx,.<70,89+0,93 nmn 69,96 <Xx,.<71,76.

JloBepuTenbHbIN HHTEpBaN Ui X Oyner (69,96;71,76) .

2. lns HaXOXACHHS JIOBEPUTEIBLHOTO MHTEpBaNa [JIl OLIGHKH CPEIHEro
KBaJI[paTUYECKOTO OTKJIOHEHUS T€HEPAIbHOM COBOKYITHOCTH G, HaWJeM 10 Taliuie
I1.3 kBanTHIM pacnpenenenus y°. Tak kak a=1—y=1-0,95=0,05, To

z. _1_)(002594—]22 72, Z a _15,975;94:69’068-

=40,766 = 0,875, ! =./1,361=1,167.

122.72 127169068

IToncraBisisi HalijIcHHbIE 3HAUYEHHS B HEPABEHCTBO, HAXOJWM JOBEPUTEIbHBIN
unrepsan 3,979-0,875< 0, <3,979-1,167 vmm 3,4816 <o, <4,6435,

JlOBEpUTEINIBHBII HHTEPBAN Ui G » Oynet (3,4816;4,6435).

Torna

3. BblIBUHEM TUNOTE3Y O TOM, 4TO X pacnpeieseHa HOPMalbHO, NMPUHSB 3a
MaTE€MaTHYECKOE OXHUJAHUE M CPEIHEKBAAPATUUECKOE OTKIOHEHHE WX OLECHKHU
Xp=70,89 n s=3,979 cooTBeTCTBEHHO. B mosb3y T0ro, 4ro X umMeer HOpMalbHOE
pacmpeneneHrue TOBOPST Clenytonue GhakThl:

a) MOJIMTOH YacTOT HallOMUHAET KpuByto ['aycca;
0) olLleHMBas MaTeMaTHYECKOE OXXHUIAHWE a BEIMYMHOU Xz ~70,89, a cpenHee
KBaJI[paTUYECKOE OTKIIOHEHHE G — BEJIIMYMHOU § = 3,979, moitydyum
(a—30;a+30)=~(x; —3s;x, +35)=(70,89—-3-3,979,70,89+ 3-3,979) =
=(70,89—-11,937;70.89+11,937)=(58,953,82,827).
To ecTh BHIOOpPOUHBIE JaHHBIC BIOJIHE YAOBJICTBOPSIOT MPaBUIy 30 HOPMAJIBHOTO
pacnpeaencHusl.

Jlo1st nanpHeime paboThl MOTPEeOYIOTCS BBIPaBHUBAIOIINE YaCcTOTHI 71, = np,. X
OyJleM CUMTaTh, UCTOJB3YsI HHTEPBAJIbLHOE pacipeaesicHre. Beraucinm BeposiTHOCTH
p; nomamanus X B i-ThIi  BapUallMOHHBIM  HMHTEpBaT 10  dopmyam

=P(x;_; < u) wim  p, =D(a;)-D(a;_;), TIE
c
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= w a_; = w X; — KOHIIbI UHTEpPBAJIOB, a D(x) = L J e 2dt
3,979 3,979 Vo 2
HaxouM mo tadsmie I1.1.
['pannub BripaBHuBaromme Teop.
J\jg WHTEPBAJa Hacrorer ai.; D(a)) Di YacTOTHI dyHKIL.
v X1 | xi i n =np, pacrpe
1 | 61 |63,6 4 -2,4855(-0,4935| 0,0270 2,5649 3 10,0270
2 163,6|662 8 -1,8321 [-0,4665| 0,0858 8,1505 8 10,1128
3 166,21 68,8 14 -1,1787 (-0,3807| 0,1804 17,1419 17 | 0,2932
4 1688|714 29 -0,5253 (-0,2003| 0,2513 23,8727 24 | 0,5445
511714 74 15 0,1282 [ 0,0510 | 0,2318 22,0193 22 | 0,7763
6 | 74 | 76,6 20 0,7816 | 0,2828 | 0,1416 13,4506 13 | 0,9179
7 176,6 79,2 4 1,4350 | 0,4244 | 0,0573 5,4398 5 10,9752
8 179,2181,8 1 2,0885 10,4816 | 0,0153 1,4557 1 | 0,9905
81,8 2,7419 | 0,4969
Cymma 95 0,9905 94,0954 94

CymMa p; oTnuyaeTcss OT €OUHULBI, TaK KaKk Mbl PacCMaTpUBAaEM HE BCHO
[psAMYIO, a JIMIIb WHTEpBaJ (61;81,8). Kak BuauM, BBIPaBHUBAIOLIME YacTOTHI B
OCHOBHOM OJIM3KM K OSMIMPUYECKUM YACTOTaM, YTO €Hle pa3 MOATBEP)KIAET
IPaBUJIBHOCTH BBIIBUHYTOM T'MIIOTE3bI O HOPMAJIBHOM PaclpelelICHUU IPU3HaKa.

4. /Ins mpOBEpPKM THUIOTE3bl O HOPMAJIBHOM pACHpPEACIICHUH MO KPUTEPUIO
cornacusi [lupcona mHTEpBaibl, UMEIOIIME YACTOThl MEHBIIE MATH, OOBEIUHSEM C
coceqHUMHU. Tak Kak B MEPBOM M BTOPOM MHTEpPBAJIAX MATh BapHaHT, TO 0ObEIUHUM

uX, OOBEAMHMM TaKkXKe JBa TMOCIEIHUX UHTepBaia. Vcmonb3ys pe3ynbTaThl
npenpiaymed  TaOdauIbl, I[OCTPOMM  TaOiuily HEoOXOOUMBIX JaHHBIX. Bce
BBIYMCIICHHS] IPOBEAEM B Ta0JINLIE:
' ' 2 (l’l: — ni)z
Ne n/m | Yactotsl n; |BeipaBHUBaOImUKE 4acTOThl| #; — 1, | (1, —n;) T
1-2 12 11,3298 -0,6702| 0,4491 | 0,0396
3 14 17,1419 3,1419] 9,8714 | 0,5759
4 29 23,8727 -5,1273] 26,2889 | 1,1012
5 15 22,0193 7,01931 49,2708 | 2,2376
6 20 13,4506 -6,5494| 42,8950 | 3,1891
7-8 5 7,1857 2,1857 | 4,7772 | 0,6648
Cymma 95 95 7,8082

TakuM 00pasoM, ¥, =7,8082. Tlo Tabnuie KBaHTWIEH pacupeneneHus y°, 1o
3aJIaHHOMY ypPOBHIO 3HauuMOCTH « =0,05 W 4YUCIy CTENEeHEeH CBOOOIBI
k=l-r—1=6-2—-1=3 (/=6 —4ucno o0ObeIMHEHHBIX HHTEPBAJIOB, ¥ = 2 — YUCJIO
NIapaMEeTPOB, BEIYUCIIEHHBIX TI0 BHIOOPKE (@ U G )), HAXOMUM Yrpyr: Xopyr =7-8147.
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2 2 )
Tak xak ¥, < Xxpur» TO HET OCHOBAHUN OTBEPTHYTH BBIABUHYTYIO THIIOTE3Y O
HOPMAaJIbHOM Paclpee/IeHMH FeHEPAIbHON COBOKYITHOCTH.

S. Ins mpoBEpKM TMIOTE3bl O HOPMAJIbHOM pPACHpPENEIEHUU [0 KPHUTEPHUIO
cornacusa Koiamoroposa He06X01MMO HAWTH HAOIIOJa€MOE 3HAUEHUE CTATUCTUKU

Appasn = \/; : maX‘F*(x) - F(x)

b

rae F'(x)= & — smnupuueckas QyHKUuM pacnpenenenus, F(x)=0,5+ ®(q;) —
n

runoTeTuyeckas (QyHKIMU pacnpeneneHus. Bce BcrmoMoraTenbHbIE PacyeThl,
HEO0OXOIUMBIC JIJIsi BBIYUCIICHUS BEIOOPOYHOM CTATUCTUKH, CBEJEM B TaOJIHUITY:

OMIUPUYECKast | [paHuIIbI o Teopetnueckas
Ne |Yacrorer| — yHKImS HOPMHUP. HZEﬁ;I?; byHKIHS Pasnoctun
n/m| n; | PacHUpPEleNCHUS |yHTepBana D(qy) |PRCIPEACTeHNS ‘F ‘(x)-F (x)‘
F*(x) a ’ F(x)
1 4 0,0421 -1,8321 | -0,4665 0,0335 0,0086
2 8 0,1263 -1,1787 | -0,3807 0,1193 0,0071
3 14 0,2737 -0,5253 | -0,2003 0,2997 0,0260
4 29 0,5789 0,1282 | 0,0510 0,5510 0,0280
5 15 0,7368 0,7816 0,2828 0,7828 0,0459
6 20 0,9474 1,4350 0,4244 0,9244 0,0230
7 4 0,9895 2,0885 0,4816 0,9816 0,0079
8 | | + 00 0,5 1,0000 0,0000

W3 mocnennero cronOua TaOMUIBl BUIUM, YTO HAWOOJBIIMA MOAYJIb Pa3HOCTH
MEX/1y COOTBETCTBYIOIIMMH 3HAUCHUSIMH SMITUPUIECKON U TEOPETUUECKON (PYHKITHI

pacnpenenenus max/F(x) — F (x)‘ =0,0459. BpruuciauM HaOI0gaEMOEC 3HAYCHHUC
X

BBIOOPOYHOM CTATUCTUKU A pr 5 = 0,0459 -/ 95 = 0,447 . Ilo Tabnuue 11.4 kBanTHIEH
A, pacupenenenust KosnmMoropoBa mnpu ypoBHE 3HauMMOCTH ¢« =(0,05 HaxoxuMm
Agpur =1,358. Tax xak y Hac Apypy <Agpyr, TO HET OCHOBAaHUU OTBEPrarh
THIIOTE3Y O HOPMAJIbHOM PACIIPEIECIICHUMN.

6. OyHKIMS [UIOTHOCTH BEPOSTHOCTHU JJII HOPMAIBHOTO PACHpEACIICHUS] UMEET
2
(x—a)

1
Buma:  f(x)= oo

pacrpeaeneHa HOpMaJIbHO, TO B KQUECTBE TOYEYHOM OLEHKHU MapaMeTpa a BO3bMEM
Xz =70,89 1 B KauecTBe TOYEUHOU OLIEHKU IIapaMeTpa G BO3bMeM s = 3,979 . Takum

2
e 29 . Tak Kak INPUHHMAETCS TUIOTE3a O TOM, 4T0 X

06p2130M, B JaJILHEUIIIEM (l)yHKL[I/IH IJIOTHOCTH BCpOHTHOCTeﬁ IIpU3HaKa X CUYHUTACTCA
(x-70,89)°

2.3,979° ca= 70,89 U o= 3,979 .

uMeronie Bua f(x) = ;e
3,979\ 2x

[TocTpouM rpaduk GyHKIMH MITOTHOCTU BEPOSITHOCTEM:
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f ()

3,5 1

S

o ~

0 ; . . . . . . . 5
61 63,6 66,2 68.8 714 74 76,6 79,2 81,8

WuTerpanbHas QpyHKIMS pacnpeesieHus: UMEET BHUL:
(t-a)’ _(1-70,89)°

F(x) :ﬁj}f 26 gt wm F(x) :Wj;e 23.979° 4,
[ToCTpONM TEOPETHUECKYIO HHTETPATbHYIO DYHKIIHIO PacTpe/Ie/ICHHUs:
F(x)
1,1
. 4

0,9 4

o5 | /
0,7 4

0,6

0,5 -

0,4 - /
03 -

02 - /

0,1 - ot
-/

0 T T T T T T T T
-0,1 4 61 63,6 66,2 68,8 71,4 74 76,6 79,2 81,8

JIABOPATOPHASA PAGOTA Ne 4

QJEMEHTDBI TEOPUU KOPPEJIAIIUAU

4.1 ITocTanoBKa 3a1a4u

OxHolf M3 OCHOBHBIX 3a7a4 MAaTEMaTHYECKOW CTAaTUCTUKU  SIBISETCS
UCCJIEIOBAaHUE 3aBUCHUMOCTH MEXAY JBYMS WM HECKOJbKMMH TEPEMEHHBIMH.
PaccmoTpum 3aBuCHMOCTB MEXy 1ByMs IepeMeHHbIMU X U Y. /IBe nepemenHble X u
Y Morytr ObITh MO0 HE3aBUCHUMBIMH, JTUOO CBSI3aHHBIMH (DYHKLIHOHAJIBHON WU
CTaTHUCTUYECKOM 3aBUCUMOCTHIO.
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Onpeodenenue. CYHKYUOHATLHOU 3A8UCUMOCTIbIO Mexcdy nepemeHHbimu X u Y
Ha3vl6aemcs npasuio f, Komopoe Kaxicoomy osnemenmy X U3 HPOU3BOJLHOO0
mHodxcecmea E cmasum 6 coomeemcmeue onpedenennsiii 21emenm Y muoocecmsa F,
m. e. y=f(x).

[Ipu cpaBHEHUM (PYHKIMOHAIBHBIX U KOPPEISILIMOHHBIX 3aBUCUMOCTEN CIIEeIyeT
UMETh B BHUIY, YTO NpH HAIMYMKA (PYHKIUOHAIBHOW 3aBUCUMOCTH MEXKIY
NpU3HAKaMU MOXHO, 3Has BeNUYUHY (AKTOPHOTO MpHU3HAKA, TOYHO OINPEIETUThH
BEJINYMHY PE3YJIBTaTUBHOTO ITPU3HAKA.

Jnsg  couManbHO-d’KOHOMUYECKUX SIBJIEHUW XAapaKTEpHO, YTO HapsAdy C
CYIIECTBEHHbIMU  (hakTOpaMu, (OPMHUPYIONTUMU  YPOBEHb  PE3yJbTaTUBHOTO
IIPU3HAKA, HAa HEr0 OKa3bIBalOT BO3ACHMCTBUE MHOTHE JPYTrH€ HEYUYTECHHbIE U
ciydaiiHble (DaKTOpbl. DTO CBUJIETENBCTBYET O TOM, YTO B3aWMOCBSI3HM SIBJICHMIA,
KOTOpPBIE M3Y4YaeT CTAaTHCTUKA, HOCIT KOPPEISIUMOHHBIM Xapakrep. [lpm Hanuuun
KOPPEJSIMMOHHON 3aBUCUMOCTH yCTaHABIIMBAETCA JMIIb TEHACHUUS W3MEHECHHS
PE3yNbTATUBHOTO NPU3HAKA NPU U3MEHEHUH BEIUYUHBI (PaKTOPHOTO MpU3HAKA.

Onpedenenue. Cmamucmuyeckou  3a8UCUMOCMbIO  MedHcOy  CYHAUHbIMU
genuuunamu X u Y nazvigeaemcs npasunio f, Komopoe KaxircooMy YUcty X U3 Yucioeo2o
MHOMCecmea R cmasum 6 coomeemcmeue Yclo6Hblil 3AKOH pacnpeoeieHus
cocmasnsaowet Y, m.e. kaxcoomy x coomeemcmayem f(y/x).

Onpedenenue. Cnyuaiinvie genuuunvl X u Y HA3618a10MCs HE3ABUCUMBIMU, €CU
VCIO08HbIU 3aKOH pacnpeodeneHus 0OHOU U3 COCMABIAIOWUX He 3a8Ucum Om Mmoo,
Kakue 3HaueHus NPpuHaIa 6mopas coOCmaenauas.

IIpu wuccrmenoBaHMKM KOPPEISLMOHHBIX 3aBUCUMOCTEM MEXKy MPHU3HAKAMU
PELIECHNIO IOJIEKUAT IUPOKUM KPYT BOIIPOCOB, K KOTOPBIM CJIEAYET OTHECTH:

1) mpeaBapuTENIbHBIN aHAIN3 CBOMCTB MOJIEIUPYEMON COBOKYITHOCTH €IUHULL;

2) ycTtaHOBJICHHE (haKTa HAJTUIHS CBSI3H, ONIPEICIICHUE €€ HAITPABICHUS U (JOPMBI;

3) U3MepeHue CTENEeHU TECHOTHI CBSI3U MEXKY NMPU3HAKAMU;

4) IOCTPOEHUE PETPECCUMOHHOW MOJENH, T.€. HAXOXKJICHHE aHAIUTHYECKOTrO
BBIPAKEHUS CBS3H;

5) olleHKa  aJeKBAaTHOCTHM MOJEIHM, €€ OSKOHOMUYECKas HWHTepOpeTauus u
IPAKTUYECKOE UCITOIb30BAHUE.

OcHOBHas 1€1b HW3YyYEHHUS 3aBUCUMOCTEA MEXKIY CIyYailHbIMU BEJIUYMHAMHU
3aKJII0YAaeTCsl B MpeACcKa3aHuu (MPOrHO3€) C JAHHOW BEPOSATHOCTHIO 3HAUYECHHI
00JIaCTH WM3MEHEHUsS OJHOW CIIy4ailHOW BEJIMYMHBI HAa OCHOBAaHWU HAOIOJICHHBIX
3HaYeHWI Opyrod ciydailHOMl BenuduHbl. Bce 3TO0 TpeOyeT Hamuyusi XOpOIIETOo
CTaTUCTUYECKOTO MaTEepHaIa.

B npakTuyeckux NPUIOKEHUSIX NPU MCCICAOBAHUU 3aBHCUMOCTH MEXIY
CIydYaHbIMM BequunHaMH X W Y 4YacTo OrpPaHWYHUBAKOTCA HCCIECAOBAHUEM
3aBUCUMOCTH  MeXay X W YCIOBHBIM  MAaTEMATUYECKUM  OXHUIAHUEM

+00
MY/ X=x)= I vf(y/x)dy. 3aBUCUMOCTH  TakKoro  pojJia  Ha3bIBAIOTCS

pezpeccuoHHbiMU 3aBUCUMOCTSIMU. Y CJIOBHOE MaTeMaTtuueckoe oxuaanue M(Y/X=x)
3aBHUCHUT OT BHIOPAHHOMN TEOPETHUKO-BEPOSTHOCTHON MOJIEH f(X,)).
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Onpedenenue. Ypasnenuem pecpeccuu Y na X naszvieaemcs mamemamuiecrkoe
0dJCUOaHUe CIYYAUHOU 8elUyUHbl ¥, paccmampugaemoe KaKk QyHKYUs X, 8bI4UCIEHHOE
npu ycroeuu, Yymo caydarHas eenuuuna X NpuHaia HeKomopoe QUKCUpPOBAHHOe
snavenue X=x: y, = f(x).

Onpedenenue. VYpasnenuem pecpeccuu X mna Y Hazwieaemcsa ycnognoe
mamemamuyeckoe O0XCUoaHue Cayyaunou eeauuunsvl X, paccmampueaemoe, Kak
Gynkyus y: X, =y(y).

VYpaBHeHUE perpeccuu Mo3BOJSET AeNaTh «TOUEUHOE) Mpe/ICKa3aHue 3HAYCHUI
YCJIOBHBIX MATEMAaTUUYECKUX OXHUJAHWUM CIIyYaWHOW BEJIMYMHBI Y MO 3HAYCHUSAM
coctaBisitorieit X=x. OmHako Il TaKOro MPOTHO3a HEOOXOIUMO 3HATH 3aKOH
pacrpeneneHus JByMepHOW ciydaiHo Bemuuusbl (X,Y). Ha mnpaktuke mnpu
00paboTKe SKCIIEPUMEHTANBHBIX TAHHBIX TAKOH 3aKOH, KaK MPABWIO, HEU3BECTCH.

B pacniopspkeHu# 3KCiepuMEHTaTOpa UMEIOTCS TOJIBKO HAOIIOCHHbIE 3HAUCHUS
JBYMEpPHOW BeNWYUHBI — TOukHu (x;);) (i=[2,3,...,n). Ecnu pe3ynbTaThl BBIOOPKHU
M300pa3uTh B BUJE TOUEK B JEKAPTOBOM CUCTEME KOOPJMHAT, TO TOJYYUM TOYCUHYIO
JIuarpaMMy, Ha3bIBAEMYIO KOPPENISILIMOHHBIM MOJIEM.

MopenbHylo (QYHKLIMIO PErpeccMd Ha OCHOBAaHMHM BBIOOPKM oObeMa 7 B
IPaKTUKE Yalle BCEro MoAOUparoT Mo XapaKkTepy pacloioxKEHUs: TOYEeK Ha
KOPPENSIIMOHHOM II0Jle TaK, 4TOObI OHa oToOpaxkana ¥ ,§7=f(l‘,ﬂ,12--,ﬁ’)°
XapaKTEPHBIE OCOOCHHOCTH PACTIONOKEHHS dTUX TOYEK. z
[TockonbKy € OLEHKaMH SIBIIKOTCS CPEIHUE 3HAUYCHUS M(Y(Z) =z,
Y, cooTBercTByIOIIME ONPEAEICHHBIM 3HAYECHUSIM X=X,
TO  OSMIOUpPUYECKAass  JIMHHUS  PErpPeccud  JOJDKHA
MPOBOAUTLCA HE 4YEpe3 TOYKH, a JOJDKHA YCPEIHSITh
(crimaxuBaTh) pe3yybTaThl U3MEPEHHUIA. ~

Jlagum OKOHYATENBHOE ONpeIeNIEHuE IMITUPUUECKON PYHKIIUU PErPECCUH.

Onpedenenue. Imnupuueckou ¢yukyueu peepeccuu Y na X Hasvleaemcs
Qyukyus 'y, = f(x,a,b,...,d) onpederennoco xknacca, napamempsi komopou a,b,...,d

HAX00AMCsL MemoOOM HAUMEHbUUUX K8aOpamos Nno HAOMOOEeHHbIM 3HAYEeHUIM
08YMEPHOU CAyHatHou eeaudunsvl (X,y;) (i=1,2,...,n), m.e. no pezyromamam 6bl00pKU
obvema n.

KoppeasiuMoHHBIH aHAJIM3 HMEET CBOEW 3aJa4ed  KOJHWYECTBEHHOE
OTpe/eNieHHe TECHOTHl CBS3M MEXIy JByMs NpU3HaKamMu. TecHOTa CBS3U
KOJIMYECTBEHHO BBIPAYKAETCS BEMUYMHON KOA(D(HUITMEHTOB KOPPETISAIUH.

PerpeccuoHHBIi aHAMM3 3aKIIOYACTCS B ONPEACICHUU aHATUTHYECKOTO
BhIpaeHHs CBsI3U. C ero MOMOIIBIO PEHIaroTCsl CISAYIONUE 3a0a4u:

1) HaxomATCs TOYEYHBIE W HMHTEPBAJIbHBIC OIEHKA MapaMeTPOB IMIHPUIECCKON
(GYHKITUHU perpeccuu;

2) TpOW3BOAUTCS  TOYEYHOE W  HMHTEPBAJIbHOE  OICHWBAHHWE  YCJIOBHBIX
MaTEeMaTHYECKUX OKUIAHUM, HEOOXOAUMOE Ui MpEeACKa3aHUs CPEAHUX 3HAYCHHM
OJTHOW CIIy9aifHOW BEIWYWHBI, COOTBETCTBYIOIIMX OMPEICICHHBIM (DPHKCHPOBAHHBIM
3HAYCHUSIM JIPYTOi BETMYUHEI;

3) mpoBepseTCsS COTIACOBAHHOCTh HAWIEHHON SMIUPUYECKON (QYHKIIUUA PETPECCUU C
AKCIIEPUMEHTAIbHBIMU JAHHBIMU U PEIIaeTCA P APYTHX 3ajad.
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KoppensiunoHHo-perpeccuoOHHbIl aHAJM3 Kak 00IIee MOHATHE BKIIOYACT B
ce0s1 M3MepeHUue TECHOTHI, HANPABJICHHS CBSI3M M YCTAHOBJICHHE AHAIUTUYECKOIO
BbIpakeHUs ((POpMBI) CBS3H.

4.2 Koa¢pPpuunent koppeasiun

OparM W3 TOKa3aTeledl CTEeNeHW TECHOTHI CBS3M SIBJSCTCS JIUHEUHbl
Koaghpuyuenm rxoppenayuu. Beraucienne kodhduimeHTa KOppesiuu TpoBOAUTCS
o cienyroIe popmyse:

n n n n
inyj_x_y an,-yj—inZyj
_ I 1 I

noc. .o

n n n n
Y nyx; —x)’ [ nYyi -y’
1 1 1 1

Jluneinnpiil KO3QPUIIMEHT KOPPENIAlUU MOXKET NPUHUMATh JIO0bIe 3HAYEHUS B
npeaenax ot -/ go +I1. Uem Ommke kodhPUIMEHT KOppesiuu Mo abCOIOTHOMN
BEJIMYMHE K [, TEM TECHEe CBA3b MEXKAY IpHU3HAKaMU. 3HAK NpH JIMHEHHOM
ko3 uUIMeHTe KOpPpENsSUU YKa3blBae€T HA HAMpaBJICHHE CBS3U: MPSMOM
3aBHCHUMOCTH COOTBETCTBYET 3HAK IUTIOC, a 0OpaTHBIN 3aBUCHUMOCTH — 3HAK MUHYC.

Ksaapar kodd¢uimenra xoppensuuu () HOCUT Ha3BaHue Kod(uyuenma
oemepmunayuu. OH TOKa3bIBa€T, HAa CKOJbKO IPOLIEHTOB BapHalMs CIIy4dailHOM
BEJIMUUHBI Y 00BACHAETCS BapHalllel CIydailHONW BETHUMHBI X.

B Tex cnywasx, korma wucxoaHas uWHGOpMalMs MpEICTaBlICHa B BUJE
KOPPEJSIITUOHHON TaOIUIbl, HY>)KHO YYHUTHIBaTh 4acTOThI MoBTOpeHud X u Y. Ilpu
pacyeTre JMHEHHOTro KOd(PQUUMEHTa KOPpEeIsUUUd 1O KOPPEISLHOHHON Talnuile
dbopmysa UMeeT TaKkoi BU:

n n n
”Z”xyxiyj' — 27X Z”y)’j
i 1 1

n

2 2 L 2 & 2
nznxxi _(anxi) nznyy] _(znyy])
1 1 1 1

4.3 JIuHeiiHas1 perpeccust

Hanocst akcnepuMeHTa bHbIE JaHHBIE B BHUJE TOYEK B JICKAPTOBOM CHUCTEME
KOOPJAWHAT, TOJy4yaeM KOPPENSIMOHHOE Tosie. EciM TOYKHM Ha KOPPENSIIIMOHHOM
nojie TPYNIUPYIOTCS BOKPYT MPsIMOM JIMHUH, TO OSMIMPUYECKOE YpaBHEHHUE
perpeccuu noxoupaerca B BUae y, =b, + b;x. Cnenyromas 3anada — HaxOXKICHUE

kod(durmenToB (mapametrpoB) by W b; IMHEWHOW HSMIOUPUUECKONW (YHKIIUH

o
perpeccuu Y Ha X. OHM HaxosaTcs 1o popmynam: b; = r—=, by=y— r—2x . Takum

Ox Ox

q

o0pa3oM, ypaBHeHue perpeccuu Y Ha X umeet BUx y, — y=b;(x —X).
AHaJOrM4HO, ypaBHEHUE perpeccur X Ha Y umeeT BUJ X, —X=a (yv—y), roe

o)
a, =r—-.

Oy
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Koadouumentsl a; u b; He MO3BOJAIOT CYIUTh O
CTENICHU CBSI3U MEXKY CIy4YalHbIMUA BeIWUYMHaAMu Y U X.
CreneHp CBSI3M 3aBUCUT OT YyIJla, OOpa30BaHHOIO
OPSIMBIMU perpeccuu. Yem MeHbIIE Yyroyl MeK1y NPsSMbIMU
perpeccuy, TEM TECHEe CBs3b MEKIAY CIy4alHbIMU
BesmmunHaMu X 1 Y. Ilpu cinusitHuM ABYX NPSIMBIX JIMHUAMN
perpeccun B OJHY  HMMEeT  MECTO  JIMHEWHas
(byHKIIMOHATBHAS 3aBUCUMOCTb. £

IIpn oTCyTCTBMM JIMHEWHOW 3aBUCUMOCTH MEXAY NEpeMEHHbIMU X U Y JIMHUM
perpeccuy napajuiebHbl KOOPAMHATHBIM OCSIM, KO3 (UIMEHTHI perpeccuu a; u b
paBHBl HYJIIO, KO3(Q(UIMEHT Koppensuuu r=(; BO BCEX OCTAJIbHBIX CIy4asx
—-I1<r<l.

Y

4.4 KoppeJsiuMOHHOE OTHOIIIEHHUE

Kosdduiment xoppensiuuu AOCTATOYHO TOYHO OIICHMBAET CTENEHb TECHOTHI
CBS3U JUIIb B CIy4ae HaIW4Ws JIMHEWHOW 3aBUCHUMOCTH MeXAy IpusHakamu. lIpu
HaJINYUM K€ KPUBOJIMHEWHON 3aBUCHMOCTH JIMHEHHBIA KOA((ULUUEHT KOPPENSLUU
HEJ0OIICHUBAET CTENEHb TECHOTHI CBS3M M J1aK€ MOKET ObITh paBeH (), a MOTOMY B
TaKMX CIIy4asX PEKOMEHAYETCS MCIOJb30BATh B KA4yeCTBE IIOKA3aTENsl CTEIEHU
TECHOTBI CBSI3U OIMNUPULECKOE KOPPETAYUOHHOE OMHOUEHUE 1] .

Pacyer KOppemsalMOHHOrO OTHOIIEHWS OCHOBAaH HA MCIIOJIb30BAHUM TEOPEMBI
ciokeHust nucnepcuid. OOmias Aucrepcusi CIy4aiHONM BEIMYUHBI Y MOXKET OBITh
pa3nokeHa Ha nBe cocrasisiromue. llepBas cocTaBidromas — MEXrpynnoBas
JUCIIepCUsl, XapaKTepu3yeT Ty 4acTh KOJe0JIeMOCTH Y, KOTopas CKJIaJIbIBaeTCs MO/
BIMSHUEM M3MEHEHHUs ClydaiiHoW BenuunHbl X. Bropas cocramistomas (cpeaHss u3
BHYTPUTPYIIIOBBIX JUCIEPCUI) OIEHUBAET Ty 4YacTh Bapualluu CIy4ailHOMN
BEJIMYMHBI Y, KOTOpasi 00yCIIOBJIEHA IEUCTBUEM JPYTUX CIyYaHBIX BEJIUYHH.

3Hast OOIIYI0 M MEXTPYIIIOBYIO JUCIIEPCHUU, MOXKHO OIIEHUTD TY JOJII0, KOTOPYIO
COCTaBJIICT Bapualus IMOJ JSUCTBUEM CiIydallHOM BeIW4YMHBI X B 00IIe Bapuaruu
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CIIy4aiHOH BEJIMYHMHEI Y, T.€. HATH OTHOIICHHE — . MI3BIIeKas KBaJPATHEII KOPEHb
)

M3 3TOro OTHOIICHHA, Mbl W IIOJIYUYUM OMIIMPHYCCKOC KOPPCIIAIMOHHOC OTHOIIICHUC

=490 ? /05 . Bennuuna KOppensIIMOHHOTO OTHOLICHHs OYyJEeT paBHa HYJIO, KOTJa

HET KOJIEOJIEMOCTH B BEJIMYMHE CPEIHUX IO 3HAaYeHUsIM Xx. B Tex ciywasx, korjaa
NPaKTUUYECKH BCS BapHalus CIy4allHONM BeNWYHMHBI Y 0OyClOBIeHa JeiicTBHEM
Clly4ailHOM BeJW4YuHbl X, BEJIMYMHA KOPPEISUMOHHOIO OTHOLIEHWsA Oyn3ka K 1.
HanpaiieHue cBs3M J€TKO yCTaHABIMBAETCS MO JAHHBIM KOPPEIALUOHHON TaOIUIIBI.

OnpenesneHHbI MHTEPEC MPEACTABIISIET CONOCTABICHUE BEIUYMHBI JIUHEHHOTO
KO3 PUIUEHTA KOPPEISIIMY U KOPPEISLUOHHOTO oTHOoUEeHUs. Korna cBsi3p Mexay
IEPEMEHHBIMH YKJIOHSIETCA OT JIMHEHHOW (OPMBI, TO 77 U 7 HECKOJBKO OTIMYAIOTCSA
M0 BEJIMYHMHE, IPUUYEM 7] BCceraa OoJibliIe 7 0 aOCOMIOTHON BETHUMHE.

IIpu mpoBepke BO3MOYKHOCTH HCIIOJIb30BaHUS JIMHEMHON (DYHKLIMH B KauecTBE

OPMBI YpaBHEHHS ONPENEISIOT Pa3HOCTb KBAAPATOB 77° — 12, U €CIIH 3Ta PasHOCTb
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Menee (0,1, TO cUUTaeTCd BO3MOXKHBIM TPUMEHSTH JIMHEMHOE YypaBHEHUE
KOPPEISALMOHHON 3aBUCUMOCTH.

4.5 IlpoBepka runore3npl 0 3HAYMMOCTH
BbIOOPOYHOI0 KOYPPUUMEHTA KOPPeIsIIUuU

OneHka CTENEHM TECHOTHI CBSI3M € IMOMOUIbIO KOA(p(PUIMEHTa KOppeIsluu
IOPOU3BOAUTCS, KakK IIpaBWIO, Ha OCHOBE 0oJieeé WM MEHEE OrpPaHUYEHHOU
uHpopMaruu 00 U3yyaeMoM sIBJIEHUU. BO3HMKAET BOMPOC, HACKOJIBKO IIPaBOMEPHO
Hallle 3aKJIIIOYEHUE IO BHIOOPOYHBIM JAHHBIM B OTHOIIEHUU JAEUCTBUTEIBHOTO
HaJIM4yusl KOPPEJSIUOHHOM CBSI3M B TOM T'€HEPAJIbHOW COBOKYIIHOCTH, M3 KOTOPOU
ObLi1a Mpou3BeieHa BbIOOpKa?

[Ipu Oonpmom oObeMe BBIOOPKH, OTOOPAHHON U3 HMCXOIHON HOPMaIbHO
pacrpe/ieIeHHON COBOKYIMHOCTH, MOKHO CUMTaTh paclpeiesieHue JHUHEHHOTO
kod(uImenTa KoppensIuyu MpUOIMKEHHO HOPMAJIbHBIM CO CpeaHEH, paBHOU 7 H

§ 71— 2)?
aucnepcuen ol = a=ry

, 7 Torma  cpemnsss  KBaapaTudeckas  OmIMOKa
n_

_]—1”2

KOd(pPUIUEHTa KOPpEJSILIUU: O, _ﬁ’ rjae »— JUHEWHbIH Kod(pduumueHT
n_

KOPPEJSIHH, TTOJYYEHHBIH 110 TaHHBIM BBIOOPKHU; 72 — 00BEM BBIOOPKH.
Ecnu Bennunna nuHeitHOTO KO3 (UIIMEeHTa KOPPESIUN MPEBBIILIAET BETUIHHY
CpedHel KBaJpaTHUYECKOW omMOKU Oojiee 4eM B 7,0, pa3a, TO MOKHO T'OBOPUTH O

CYLIECTBEHHOCTH BBIOOPOYHOTO KOIPPHUIIMEHTa KOPPESAIUH, TA€ & — YPOBEHb

a
3HAUYUMOCTH. ECIu k€ OTHOIIEHHE -—-

O,

OKaXCTCsd MCHBIIIC ], TO C BCPOATHOCTHIO

(I-a) cnemyeT mpeAnojaraTb OTCYTCTBUE KOPPEISIMOHHOW CBS3M B I€HEpaJbHOU
COBOKYITHOCTH.

JloBepuTENbHBIN HHTEpBA Ui KO (HULIMEHTa KOPPENALUN UMEET BH]T

1—7° 1—7°

r—t,———<rmpy <r+t, —,
* Ji_1 TEH Y

TZi€ 7'ppy — 3HaueHue Kod(uumenTa KoppesiiiMyi B FeHepaibHONH COBOKYITHOCTH.

4.6 Ilopsa0K BbINOJHEHUS] PadOThI

a) MI3y4nTh KpaTKuii TEOPETUYECKUNA KYPC.
0) [1o 3amanHO# KOPPEIAITMOHHON TAOIHIIE ONIPEACIIUTD:
1) UncnoBbIe XapakTCPUCTHKH X, ¥, Oy, O}

2) YcnoBHBIC CPEHUE V', U X5

3) KoadurmeHt koppensiuuu u qeTepMUHAILINY;
4) KoppesiuOHHBIE OTHOWIEHUS Ny, y U Ny y -
B) [loctpoutes  KOppensuuonHoe mone. Ilo  xapakrepy  Touek  Ha
KOPPENSLIMOHHOM I10JI€ T0100paTh OOIIMK BUJ (PYHKIIMHU PETPECCUH.
r) OnpenenuTs napameTpbl SMIMPUUECKUX JIMHEWHBIX (QyHKUIUN perpeccun Y Ha
X u X Ha Y ¥ IOCTPOUTH UX TpadUKHU.
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n) Onpenenutb 95%-b1i1  JOBEpUTENbHBI HHTEpBAI AN KO3()PHUIMEHTOB

perpeccuu.
e) [Ipu ypoBHe 3HaummoctH « =0,05 TNPOBEPUTH aJIEKBATHOCTh JIMHEHHOM

PETPECCUH UCXOTHBIM JTAHHBIM.
x) OdopMUTH OTYET 1O TabOpPaTOPHOU padoTe.

4.7 Ilpumep BbINOJIHEHUS PA0OTHI

[To pesynpTaTam m3MepeHwmii Bo3pacta (X) W AHEBHOW BBIPAOOTKH MOJIOIBIX
pabounx (Y) BEIMOTHUM BCe 3aaHus 1a00paToOpHOI pabOTHI.

Y
¥ 10-16 1622 2228 2834 3440 n,
14-20 3 3
20-26 7 2 3 12
26-32 2 8 50 60
32-38 6 4 2 12
38-44 6 3 9
44-50 4 4
m; 12 16 57 8 7 100

0) Haiinem cepenrHbl HHTEpBAIOB MpU3HAKOB X U Y. Tak Kak 3Ha4eHUS BapyUaHT
X, Y 10CTaTOYHO BEJIMKH, & IJIMHA UHTEPBAJIOB UX 3HAUYEHUIN COOTBETCTBEHHO A, =06,

1
h, =6, TO BBEJIeM YCIIOBHbBIC BapHaHTBL: U = p; (x—-29), v= p; (¥ —25). Beruucnum

BEJIMYMHBI YCIOBHBIX BAPUAHT U COCTABUM KOPPEISILIMOHHYIO TAOIUILY.

1) I1o pe3ynpTaTamM BBIYUCICHUN, CBEICHHBIM B Ta0JIMIIE, HAXOAUM:
_ Snu, 24 o 2myv; —]8
= 2 =024, v="TT =——=—0,18.
n

n 100 100

Torna BIOOpOUYHBIE CpeAHUE TTPU3HAKOB X U Y:
X=294+6u=29+6-0,24=30,44, y=25+6v=25-6-0,18=23,92.

Jlnst BeruMciieHus: qucrepcenii npusHakoB X v Y Haxoaum aucnepeun U n V no
dbopmynam:

— 2 2
SPER D U U NS R U NS VR YTV
n n 100

100
o, ~1011, o,~0,9837 .
Torna, o, =0, - h, =1,011-6=6,066, 6, =0, -h,=0,9837-6 = 5,9022.

2 2
— m.v. m:v;
2 gy = 2 _[Z J jJ _100 . Zp.18y =0,9676.
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y | 13| 19 | 25 | 31 | 37
- no| e | 2 | g | 420
x| 2 | - 0 ] 2
17 | 2 [ 3 3 [ -6 | -6 | 12 12
23 | -1 7 2 3 12 | -12 [ -16 | 12 16
29 | 0 2 8 | 50 60 | 0 | -12 | 0 0
35 | 1 6 4 2 212 41 12 4
41 | 2 6 3 o | 18 | 12 | 36 24
47 | 3 4 4 |12 | 8 | 36 24
m 12 | 16| 57| 8 7 1100 24 | -18 | 108 | 72
m;-v; 24 | -16 | 0 8 | 14 | -18
21 A3 4 | 1 | 14 | 18 | 24
mjvj 48 | 16 | 0 8 | 28 | 100
Vi3 ng; 26 | 4 | 0 | 14 | 36 | 72

2) YcinoBHBIM CPeHUM Y, ~Ha3bIBAIOT CpejHEee apupMeTHyecKoe 3HadeHui ¥,

COOTBCTCTBYHOIIUX 3HAYCHUTO X=xy. Takum o6p330M,

_ 3-13 _ 7-134+2-19+3-25
y17=—3 =13, yy5 = =17,

12
 2.13+8-19450-25 61944254231
Y29 = 60 =238, ¥35 = 12 -

_ 6-31+3-37 _ 4-37
Va1 = 9 =33, V47 :—4 =37.

23,

3aHeceM MoJIy4eHHbIC TaHHBIC B TAOJIHILY:
X 17 23 29 35 41 47

Vi 13 17 23,8 23 33 37
AHaJIOTUYHO HaiIeM yCIIOBHBIE CPETHUE X y
Y 13 19 25 31 37 47

X, | 22,5 | 30,5 [29,10526| 39,5 (44,42857| 37

3) KoaddummenT xoppemnsiuu npusHakoB X u Y coBnamaer ¢ kodddurmeHTom
KOPPEJISAINHA YCIOBHBIX BaPUAHT, KOTOPHIN BEIYHUCIISIEM 110 (hOpMyJie

n-u.v .
12y, 77 |= ! (72 _0,24.(_0,]8)jz0,767.
n 1,011-0,9837\100

CrnenosarenbHo, KOI(PIUIIMEHT JeTepMHHAIIUU P’ 0,588 . Ilomy4eHHBbII
pe3ysbTaT 03HayaeT, uTo 38,8% paccenBaHus 3aBUCUMOM MEPEMEHHON OO0BSICHSIETCS
nuHenHo# perpeccueit Y Ha X, a 41,2% pacceuBanus Y ocTanuch HEOOBSICHEHHBIMHU.
Otu 41,2% HeoObICHEHHOW nucnepcur Y MOTYT OBITh BBI3BaHbBI JIMOO CIy4yalHBIMU

=
GUGV
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omuOKamMu, MO0 TEM, UYTO JUHEHHAs PErpecCUOHHAs MOJENh TUIOXO COTJIACYeTCs C
AKCIIEPUMEHTAJIbHBIMU TAHHBIMHU.

4) CTaTUCTUYECKUM KOPPESIMOHHBIM OTHOIIeHHeM Y Ha X (X Ha Y) Ha3bIBalOT
OTHOICHHEC CpCAHHNX KBaApPaTOB OTKIOHCHHUSA PErpeCCMru OT COOTBCTCTBYIOIIHX
O6H_II/IX CPCIHUX K CTATUCTUYICCKUM CPCIAHUM KBAAPATHYIHBIM OTKIIOHCHUAM:

Nyix == My;y =€ 05 == (v =9’ n, 05 == (x; =X)’n;.

o, o, n n

Torna,

ol = %(3(13 —23,92) +12(17 - 23,92) +60(23,8 — 23,92) +
+12(23-23,92)? +9(33-23,92)" +4(37 - 23,92))=0,01-2369,76 ~ 23,7 ;
ol = ﬁuz(zz; —30,44) +16(30,5 - 30,44)° + 57(29,1 — 30,44)° +
+8(39,5 — 30,44)° +7(44,43 — 30,44)*) = 0,01 - 2884,557 ~ 28,8 ;
oy ~4,868, ox ~5,37.

4,868 5,37

~ 09 > =
5.9022 XY =6 066

B) IlocTponm KOppeIALIMOHHOE MOJIE.

Taxum oOpa3oM, MOMy4UM: 77y, y = ~0,885.

60 -
54
48 |
42 |
36
30 -
24
18 |

12

0 T T T T T T 1
/ 17 23 29 35 41 47 53
6 ]

-12 4

[Io xapakrepy pacrojOK€HUs TOYEK Ha KOPPEISALMOHHOM II0J€ MOYKHO
MPEIOJIOKUTD, YTO (PYHKIIHUS PErPECCUU UMEET JTMHEHHBIN BUI.

r) Hailinem 3HaueHus mapaMeTpoB OHMIIUPUYECKON JIMHEHMHOW (QyHKIHUH

(o2
perpeccun Y Ha X: y —y=b;(x —X), Tae bI=r—y=0,767-5’90262z0,746.

o)

X b
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Torna, ypaBuenue perpeccun Y Ha X umeer Bun: y —23,92=10,746(x — 30,44) v
y=0,746x+1,212.

Haitnem 3HaueHus napameTpoB aMHHqueCKoﬁ JUHEHHOW (YHKIIMU perpeccuu

6’0662 ~0,788. Torna,

X Ha Y- X,-x=a,(y—y), TAHC al—ro_— 0,767 -
y M
ypaBHeHue perpeccun X Ha Y umeer Bua: x —30,44=0,788(y —23,92) wunu
x=0,788y +11,591.
[ToctpouM Ha  KOPPENMSAIIMOHHOM  TOJE TPSIMbIe JHMHUM  PETPECCHH
y=0,746x+ 1,212 u x=0,788y +11,591.

n) Haitnem 95%-b1i1 noBepUTEIBHBIN HHTEPBAI ISl KO3(P(HUIIMEHTOB PErPECCUMU.
Ecnu ypaBHeHue perpeccun umeeT Bui y, =by +b;x, TO rpaHUIIbl JOBEPUTEIbHbIX
Yy =0p Ty

WHTEPBAJIOB PaBHEI:
tst ko3¢ duriuenta by:

2 2
by =t a Oy 2% 2’b0+t a , Oyx’ 22 7);
Iy 3 —(Xx) Iy nyx; —(Xx;)

tst ko3 duniuenta b;:

(Bl_t] a, Z'Jy-X'\/ 2n 2551+t1 a Z'Jy-x'\/ 21’1 >)
PN ny x; _(in) PN ny,x; _(in)

rae 130, Z;I — HaWJeHHbIE OICHKA KO3(PPHUIIMCHTOB; t] @ KBaHTWIb
O
2
pacnpenenchust CrblofieHTa ¢ n—2 CTENCHAMH CBOOOABL G, — OCTAaTOYHas
5 nai (I- r? )
pucnepewst (o, =—————).
n—2
by=1212;b,=0,746; :%:0,05; o =logrses =198;
>
2 2
no,(I-r : 2.(]- 2
o, = 3 ) _100-5,9022° -(1-0,767 )~14,635, o ~3.826:
n—2 100 -2 4

J A Zj‘(znxiT*(zﬂz_
DGR NN 4 _(znxl- jz) & _(znx,-jz)

2, -2 2, =2 2 2
ol+x’ 1 |ol+x \/6,066 30447 o1

nol o, n 6,066 100
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\/ n B n B 1 \/ 1
ny.x; _(in)z nz(inZ _[in)z) n(ZXf _(injz) noy
n n n n
“o,n 6,066-10
JloBepuTenbHbIN HHTEPBAI 1151 Kodpdunuenta by Torna OyaeT paBeH
(1,212-1,98-3,826-0,512;1,212 + 1,98 - 3,826 - 0,512) wnm (—2,667;5,091) .
JloBepuTenbHbIN nHTEpBaN it Koddduinenta b; Oyner paBeH
(0,746 — 1,98 - 3,826 - 0,0160,746 + 1,98 - 3,826 - 0,016) wnu (0,625;0,867) .

b

e) Jlusa mpoBepkd 3HAYMMOCTH TIOJYYEHHOrO BBIOOPOYHOrO KodhduimeHTa

n—2
KOPPEJSIIUA  BBIYUCIUM CTATUCTHKY [ =7F ]—2 , HMEIOIIYIO0 paclpejieieHue
—r

CrprozeHTa ¢ v =n — 2 CTENEHIMH CBOOOIBI:

tpasn = 0,767 L‘i ~118.
1-0,767

Jns  mpoBepku HyneBoW rumnore3bl Hj:rr =0 HaiizeM 1o Tabaunam
pacnpenenenus CTrioieHTa TI0 (PUKCUPOBAHHOMY YPOBHIO 3HauuMOCTH « = (0,05 u
YHUCIly  CTENEeHEeW  CBOOOJIBI v=100-2=98 KPUTHUYECKOE  3HAYECHHUE
t, =19,025.08 = 1,984 . 1locKONBKY  tpyp7 >t, ~, TO HYyIEBYIO THIIOTE3y

—n=2 —n—
2 2

orBepraeMm. [pyrumMu ciaoBamu, BHIOOPOYHBIA KOA(P(GUIUMEHT KOPPEISALUNA 3HAYUMO
OTJIMYAETCS OT HYJISA, TO €CTh BO3pacT X U AHEBHAas BhIpabOTKa ¥ KOppEIMpPOBaHHbI.

) [l mpoBepkM 3HAYMMOCTH TMOJYYEHHOrO BBIOOPOYHOTO KO3(QuIeHTa

n—2
KOppeJISH_II/II/I BbBIUUCIINM CTaTI/ICTI/IKy t=r —2 5 I/IMeIOH_IYIO paCHpeI[eJIeHI/Ie
1-r
CTT:IOI[GHTa cv=n-— 2 CTCIICHAMU CB060I[BI:
100-2
tHABﬂ:0’767 —2z11,8.
1-0,767

Jns  mpoBepku HyneBo rumnore3bl H,:rr =0 HaiigeM 1o Tabaunam
pacnpenenenuss CTbIOAEHTA MO (PUKCUPOBAHHOMY YPOBHIO 3HaUUMOCTH ¢ =0,05 u

YUCIy  CTeleHed  CBOOOJIBI v=100-2=98 KPUTUYECKOE  3HAYCHHE
=1 02595 = 1,984 . Tlockonmbky tyypy >t, , TO HYJIEBYIO THIIOTE3Y
R Zin-2

—n —

2 2
orBepraeM. Jlpyrumu cioBamu, BBIOOPOYHBIA KOI(PPUIMEHT KOPPETALUA 3HAYHUMO
OTJIMYAETCS OT HYJISI, TO €CTh BO3pacT X U JJHEBHAs BbIpaOOTKa Y KOppEeTUpPOBAHBI.

>
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2.9 UnauBuayajibHble 3a1aHUS

BapuanTt Ne 1 Bapuant Ne 2

N3 s 7 9 1113 15 17| (\26 36 46 56 66 76 86 96

512 3 8 315 12

10 4 7 6 7 &8 11 7

15 11 16 7 11 10 8 15

20 24 12 7 15 17 9 6

25 5 8 9 19 9 10 8

30 7 6 8 23 6 5 4
Bapuant No 3 Bapuant Ne 4

XY 14,715,416,116,817,518,218,9 19,6 XY 8 22 36 50 64 78 92 106

2113 6 9 417 6 4 1

22 8 4 13 20 6 4 8 3

23 17 13 9 36 7 19 15

24 4 11 9 6 52 11 9 6

25 9 8 4 68 1 8 9 5

26 2 4 6 5 84 8 6 7
Bapuant Ne 5 Bapuant Ne 6

XY 20 40 60 80 100 120 140 160 X Y 12 20 28 36 44 52 60 68

106 2 9 2 10514 5 9 2

20 6 11 15 3 14,5 9 11 15

30 8 19 7 18,5 6 18 14 9

40 3 9 14 8 22,5 12 7 3

50 7 8 6 26,5 10 6

60 4 3 30,5 5 3 2
Bapuant Ne 7 Bapuant Ne 8

XY24,024,424,825,225,626,026,426,8 X Y 35 40 45 50 55 60 65 70

3000 6 4 3 2807 8 3

305 2 6 3 40 8 14 9

310 8 12 14 3 52 6 12 9 9

315 4 19 12 6 64 18 11 8

320 5 8 5 7 76 7 5 3

325 9 8 6 88 4 7 2
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Bapuant Ne 9

Bapuant Ne 10

X Y 18,519,720,9 22,1 23,3 24,5 25,7 26,9 XY 8,08,89,610,411,212,012,813,6

12,54 8 6 12005 9

20,0 7 14 8 130 6 8 7

27,5 15 13 7 140 14 15 16 4

35,0 9 18 9 6 150 9 15 7

42,5 9 5 1 160 6 9 5

50,0 6 5§ 170 7 8
Bapuanrt Ne 11 Bapuant Ne 12

XY 36 56 76 96 116 136 156 176 XY 233,853 68 83 98 11,3128

54,6 4 4 2115 13 8 5

7,0 8§ 17 9 34 6 17 18

8,6 3 9 18 9 47 10 12 18

10,2 16 7 8 60 9 4 3

11,8 6 8 5 1 73 6 8

13,4 6 4 86 3 5
Bapuant Ne 13 Bapuant Ne 14

XY 2,2 3,6 50 6,4 7,8 9,2 10,612,0 XY 0,3040,5 0,6 0,7 0,8 09 1,0

2005 3 4 3002 3 6 1

36 7 9 6 40 4 7 6 S5 2

52 12 15 14 50 1 7 15 8 4

68 3 18 13 9 60 4 18 12 10 1

84 2 12 4 2 70 2 9 8 3

100 6 6 80 3 6 3
Bapuant Ne 15 Bapuant Ne 16

XY18,5 19,720,9 22,1 23,3 24,5 25,7 26,9 XY 16 18 20 22 24 26 28 30

1254 3 6 2 233 2 4

200 7 4 7 3 2,7 g8 12 7

275 5 15 19 7 1 3,1 8 19 6

350 1 7 18 8 6 3,5 2 18 16 9

425 5 4 5 1 3.9 6 8 7 5

500 1 6 4,3 4 5 1
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Bapuant Ne 17

Bapuant Ne 18

XY 7,5 8,0 85 9,0 9,510,010,511,0 XY 0,3 0,4 0,5 0,6 0,7 0,8 09 1,0

1,512 5 4 30002 3 9

2,0 9 8 400 5 12 8

2,5 5 17 17 4 500 14 21 8

3,0 13 15 7 600 1 8 15 11

3,5 2 18 9 2 700 7 9 7

4,0 8 4 1 800 1 6 3
Bapuant Ne 19 Bapuant Ne 20

XY22,022,422,823,223,624,024,424,8 XY 11 13 15 17 19 21 23 25

1,003 2 1 101 3 7 2

1,2 6 9 5 13 5 12 8

1,4 10 27 6 3 16 2 14 16 6

1,6 12 19 5 19 6 19 12 2

1,8 4 7 6 3 22 8§ 8 7

2,0 5 9 8 25 3 7 2
Bapuant Ne 21 Bapuant Ne 22

XYO,58 1,08 1,58 2,08 2,58 3,08 3,58 4,08 X X 14 17 20 23 26 29 32 35

5003 3 9 6 1,812 6 9

74 5 9 9 2 2,4 2 8 16 2

98 13 23 96 2 3,0 6 18 15 1

122 7 19 9 4 3,6 g8 16 7

146 2 3 5 4,2 5 6 9

170 5 3 4,8 2 6 6
Bapuant Ne 23 Bapuant Ne 24

N[23 3853 68 83 9.8 113128 | N)| 5 12 19 26 33 40 47 54

21003 3 6 0545 3 2 2

340 5 12 19 8 0,68 4 8 11 6

470 9 24 12 0,82 2 21 27 9 6

600 2 15 2 5 0,96 2 12 6 5

730 3 6 7 1,10 6 3 2

860 4 5 1,24 4 4
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Bapuant Ne 25 Bapuant Ne 26

Y21,021,321,621,922,222,522,823,1 X Y 64 72 80 88 96 104112120
090 1 3 2 1,06 2 4
1,05 4 2 5 1,3 3 8 6
1,20 5 17 8 1 1,6 2 8 14 5
1,35 6 22 24 9 1,9 8 17 28 9
1,50 3 7 6 7 2,2 5 9 5
1,65 6 7 5 2,5 1 1 3
Bapuant Ne 27 Bapuant Ne 28
Y 56 68 80 92 104 116 128 140 X Y 16 20 24 28 32 36 40 44
092 3 5 1161 4 5
1,3 6 3 5 1662 6 7 3
1,7 5 18 15 21,6 5 8 7
2,1 16 29 10 26,6 2 19 23 9
2,5 3 6 2 6 8 31,6 7 11 13 5
2,9 3 4 1 36,6 4 6 3
Bapuant Ne 29 Bapuant Ne 30
Y 12 27 42 57 72 87 102 117 X Y 1,8 29 4 516,273 84 9,5
4 2 5 5112 3 4
52 7 5 2 7,3 4 6 8
102 1 3 9 14 6 9,5 7 15 14 1
152 5 19 28 6 11,7 5 29 19 7
202 1 2 9 6 7 13,9 4 5 5 3 1
252 3 2 4 16,1 6 2
JIUTEPATYPA

. Mankesuu W.I1., Cupun I'.Il. Beiciias maremaruka. Teopust BEpOSTHOCTEN u
MaTeMaTU4ecKasl cTaTucTuka. — MH.: Beimn.mk., 1993.

.I'mypman B.E. Teopusa BeposTHOCTEH M MareMaTH4ecKas CTAaTHUCTHKA. — M.:
Brrcm.k., 1991.

. JIuxoneros N.M. Breiciasg maTteMaTnka, TEOpHsl BEPOATHOCTEW U MAaTEMATHYECKAs
craTucTthka. — MHu.: Bein.mxk., 1976.

. I'mypman B.E. PykoBOJICTBO K pemieHHIO 3a1ad IO TEOPUU BEPOATHOCTEU U
MaTeMaTHYeCKOM cTtaTucTuke. — M., 1979.

. PaOymixo A.IL. u np. COOpHUK MHIUMBUIYAIbHBIX 3aJJaHU IO TEOPHUU
BEPOSITHOCTEU M MAaTEMaTUYECKON CTaTUCTUKE. — MH.: Bbiuruik., 1992,
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I 7 =
®dyHk1us pacnpeneiacHus O(x)=—-—|e *dt
oN2n '([

HPNJIOKEHHUE

2

Taomuma I1.1

0,0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9
1,0
1,1
1,2
1,3
1,4
1,5
1,6
1,7
1,8
1,9
2,0
2,1
2,2
2,3
2,4
2,5
2,6
2,7
2,8
2,9
3,0

Cortrlie

JOJIN X

0

1

2

3

4

5

6

7

8

9

0,00000
0,03983
0,07926
0,11791
0,15542
0,19146
0,22575
0,25804
0,28814
0,31594
0,34134
0,36433
0,38493
0,40320
0,41924
0,43319
0,44520
0,45543
0,46407
0,47128
0,47725
0,48214
0,48610
0,48928
0,49180
0,49379
0,49534
0,49653
0,49744
0,49813
0,49865

0,00399
0,04380
0,08317
0,12172
0,15910
0,19497
0,22907
0,26115
0,29103
0,31859
0,34375
0,36650
0,38686
0,40490
0,42073
0,43448
0,44630
0,45637
0,46485
0,47193
0,47778
0,48257
0,48645
0,48956
0,49202
0,49396
0,49547
0,49664
0,49752
0,49819
0,49869

0,00798
0,04776
0,08706
0,12552
0,16276
0,19847
0,23237
0,26424
0,29389
0,32121
0,34614
0,36864
0,38877
0,40658
0,42220
0,43574
0,44738
0,45728
0,46562
0,47257
0,47831
0,48300
0,48679
0,48983
0,49224
0,49413
0,49560
0,49674
0,49760
0,49825
0,49874

0,01197
0,05172
0,09095
0,12930
0,16640
0,20194
0,23565
0,26730
0,29673
0,32381
0,34849
0,37076
0,39065
0,40824
0,42364
0,43699
0,44845
0,45818
0,46638
0,47320
0,47882
0,48341
0,48713
0,49010
0,49245
0,49430
0,49573
0,49683
0,49767
0,49831
0,49878

0,01595
0,05567
0,09483
0,13307
0,17003
0,20540
0,23891
0,27035
0,29955
0,32639
0,35083
0,37286
0,39251
0,40988
0,42507
0,43822
0,44950
0,45907
0,46712
0,47381
0,47932
0,48382
0,48745
0,49036
0,49266
0,49446
0,49585
0,49693
0,49774
0,49836
0,49882

0,01994
0,05962
0,09871
0,13683
0,17364
0,20884
0,24215
0,27337
0,30234
0,32894
0,35314
0,37493
0,39435
0,41149
0,42647
0,43943
0,45053
0,45994
0,46784
0,47441
0,47982
0,48422
0,48778
0,49061
0,49286
0,49461
0,49598
0,49702
0,49781
0,49841
0,49886

0,02392
0,06356
0,10257
0,14058
0,17724
0,21226
0,24537
0,27637
0,30511
0,33147
0,35543
0,37698
0,39617
0,41308
0,42785
0,44062
0,45154
0,46080
0,46856
0,47500
0,48030
0,48461
0,48809
0,49086
0,49305
0,49477
0,49609
0,49711
0,49788
0,49846
0,49889

0,02790
0,06749
0,10642
0,14431
0,18082
0,21566
0,24857
0,27935
0,30785
0,33398
0,35769
0,37900
0,39796
0,41466
0,42922
0,44179
0,45254
0,46164
0,46926
0,47558
0,48077
0,48500
0,48840
049111
0,49324
0,49492
0,49621
0,49720
0,49795
0,49851
0,49893

0,03188
0,07142
0,11026
0,14803
0,18439
0,21904
0,25175
0,28230
0,31057
0,33646
0,35993
0,38100
0,39973
041621
0,43056
0,44295
0,45352
0,46246
0,46995
0,47615
0,48124
0,48537
0,48870
0,49134
0,49343
0,49506
0,49632
0,49728
0,49801
0,49856
0,49896

0,03586
0,07535
0,11409
0,15173
0,18793
0,22240
0,25490
0,28524
0,31327
0,33891
0,36214
0,38298
0,40147
0,41774
0,43189
0,44408
0,45449
0,46327
0,47062
0,47670
0,48169
0,48574
0,48899
0,49158
0,49361
0,49520
0,49643
0,49736
0,49807
0,49861
0,49900

JlecaTeie noau x

0

1

2

3

4

5

6

7

8

9

0,49865
0,49997

0,49903
0,49998

0,49931
0,49999

0,49952
0,49999

0,49966
0,49999

0,49977
0,50000

0,49984
0,50000

0,49989
0,50000

0,49993
0,50000

0,49995
0,50000
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Ta6muma I1.2
KBanTunu pacnpenenenus CTbroJieHTa

K

0,2 0,1 0,05 0,025 0,01 0,005 0,001

-

3,07768 6,31375 12,70615 25,45188 63,65590 127,32111 636,57761
1,88562 2,91999 4,30266 6,20537 9,92499 14,08916 31,59977
1,63775 2,35336 3,18245 4,17655 5,84085  7,45320  12,92443
1,53321 2,13185 2,77645 3,49541 4,60408  5,59754  8,61008
1,47588 2,01505 2,57058 3,16339 4,03212 4,77332  6,86850
1,43976 1,94318 2,44691 296868 3,70743 4,31683  5,95872
1,41492 1,89458 2,36462 2,84124 3,49948  4,02935  5,40807
1,39682 1,85955 2,30601 2,75153 3,35538 3,83254  5,04137
1,38303 1,83311 2,26216 2,68501 3,24984  3,68964  4,78089
1,37218 1,81246 2,22814 2,63377 3,16926  3,58137  4,58676
1,35622 1,78229 2,17881 2,56003 3,05454 3,42843  4,31784
1,34503 1,76131 2,14479 2,50957 2,97685  3,32569  4,14031
1,33676 1,74588 2,11990 2,47288 2,92079 3,25199  4,01487
1,33039 1,73406 2,10092 2,44500 2,87844 3,19658  3,92174
1,32534 1,72472 2,08596 2,42311 2,84534  3,15340  3,84956
1,31635 1,70814 2,05954 2,38461 2,78744 3,07820  3,72514
1,31042 1,69726 2,04227 2,35957 2,74998  3,02978  3,64598
1,30621 1,68957 2,03011 2,34197 2,72381  2,99606  3,59112
1,30308 1,68385 2,02107 2,32893 2,70446 2,97117  3,55096
1,30065 1,67943 2,01410 2,31889 2,68959  2,95207  3,52025
1,29871 1,67591 2,00856 2,31092 2,67779  2,93698  3,49595
1,29582 1,67065 2,00030 2,29905 2,66027 2,91457  3,46015
1,29376 1,66692 1,99444 2,29064 2,64790 2,89874  3,43498
1,29222 1,66413 1,99007 2,28437 2,63870 2,88695  3,41635
1,29103 1,66196 1,98667 2,27952 2,63157 2,87790  3,40195
1,29062 1,66123 1,98552 2,27787 2,62915 2,87480  3,39700
100 | 1,29008 1,66023 1,98397 2,27566 2,62589  2,87066  3,39045
110(1,28930 1,65882 1,98177 2,27250 2,62127 2,86476  3,38114
130 (1,28810 1,65666 1,97838 2,26766 2,61418 2,85574  3,36702
150 (1,28722 1,65508 1,97590 2,26412 2,60901 2,84916  3,35654
175]1,28641 1,65361 1,97361 2,26085 2,60421 2,84308  3,34694
199 (1,28582 1,65255 1,97196 2,25849 2,60075 2,83868  3,34010
200 1,28580 1,65251 197189 2,25840 2,60063 2,83850  3,33981
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KpanTunu pacrpenenenus y° Ilupcona

Tabmanma I1.3

R

0,1

<

0,05

0,025

0,02

0,01

0,001

0,95

0,975

0,9975

2,7055
4,6052
6,2514
7,7794
9,2363
10,645
12,017
13,362
14,684
15,987
110,85
111,94
113,04
100 | 118,50
199 | 224,96
200|226,02

O 0 3 N D & W N —

O O O —
kWO

3,8415
5,9915
7,8147
9,4877
11,071
12,592
14,067
15,507
16,919
18,307
116,51
117,63
118,75
124,34
232,91
233,99

5,0239
7,3778
9,3484
11,143
12,833
14,449
16,013
17,535
19,023
20,483
121,57
122,72
123,86
129,56
239,96
241,06

54119
7,8241
9,8374
11,668
13,388
15,033
16,622
18,168
19,679
21,161
123,10
124,26
125,40
131,14
242,08
243,19

6,6349
9,2104
11,345
13,277
15,086
16,812
18,475
20,090
21,666
23,209
127,63
128,80
129,97
135,81
248,33
249,45

10,827
13,815
16,266
18,466
20,515
22,458
24,321
26,124
27,877
29,588
140,89
142,12
143,34
149,45
266,39
267,54

0,0039
0,1026
0,3518
0,7107
1,1455
1,6354
2,1673
2,7326
3,3251
3,9403
71,760
72,640
73,520
77,929
167,36
168,28

0,0010
0,0506
0,2158
0,4844
0,8312
1,2373
1,6899
2,1797
2,7004
3,2470
68,211
69,068
69,925
74,222
161,83
162,73

0,0000
0,0050
0,0449
0,1449
0,3075
0,5266
0,7945
1,1042
1,4501
1,8274
59,270
60,065
60,861
64,857
147,57
148,43

BBE/IEHHE

KBantunu pacnpenenenus A, Konmmoroposa

a

0,20

0,10

0,05

0,02

0,01

0,001

A

a

1,073

1,224

1,358

1,520

1,627

1,950

JlaGopaTopHas padora Ne 1

1.1 BBoHBIE 3aMeUaHUsd
1.2 HexkoTopsie cooOpaxkeHusi 0 BBIOOpE BUIA IMIHPUYECKON (HOpMysbl C

JBYMS U TpEMsI IapaMeTpaMu
1.3 AHaIUTUYECKUIA KPUTEPUH AJI1 KBAAPATUYHON 3aBUCUMOCTH
1.4 AHanmuTHYECKHE KPUTEPUU I IPYTUX BUAOB 3aBUCHUMOCTHU

COJIEPKAHHNE

Taomuna I1.4

METO/l HAUMEHBIINX KBAJIPATOB
[Ton6op smnuprdeckux Gopmys 1yist 00padOTKH IMIIMPUUYECKUX JaHHBIX. BeiOOp Buaa
IMIUPUIECKON POPMYIIBI C IBYMSI U TpeMs NapaMmeTpamu. BrraucieHue mapameTpos
IMIUPUIECKUX (POPMYITT IO METOy HAMMEHBIINX KBaIPaTOB.

1.5 Onpenenenne napaMmeTpoB SMIUPHUUECKON (HOPMYJIBI

1.6 YactHble cinyyan
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