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BCTYII

MatemaTuyHa CTaTUCTHKAa — 1€ HayKa, sKa CTBOPIOE palliOHAIbHI
npuiioMr OOpOOKM EKCIIEPUMEHTAIbHUX JIaHUX, IO HaJeXaTh /10 MacCOBHUX
SIBUIIT 1 B1IOOpaKarOTh BIUTMB BUMAAKOBUX (DAKTOPIB.

Kpenutnuit monynb «Teopisi OILHIOBAaHHS Ta CTATUCTHYHI TIMOTE3M»
JUCHUTUTIHU « CTaTUCTUYHI METOAM» 3HAHOMUTH CTYACHTIB 3 METOJaMHU, K1 Ha
OCHOBI CIOCTEPEKEHb HAIOTh MOXJIMBICTH OILIHUTH BJIACTUBOCTI Ta OTPUMATH
MaTeMaTUYHy MOJieNib 00’€KTa Ta CUCTEMH KEpyBaHHS HaBIThb IPU HEMOBHOMY
3HaHHI MEXaHI3MIB Mepediry ICHYIOUUX B HUX MPOIIECIB.

OTpuMaHi Mojeni BUKOPHUCTOBYIOTH B  ajTOPUTMAax KepyBaHHS
TEXHOJOTIYHMMHU  MpollecaMu  JUIsl  MOUIYKY  ONTHUMAJIbHUX  PEKUMIB,
MIPOTHO3YBaHHS TOIIIO.

VY pe3ynbTari BUBUCHHS KPEAUTHOTO MOIYJISl CTYJCHT MMOBUHEH

3HATH — METOAY JOCHIUKEHHS CTOXACTHYHHMX OO0'€KTIB 1 CHCTEM
KEpyBaHHA Ta BU3HAYCHHS IXHIX XapaKTEPUCTHUK;

BMITH:

- OpraHi3oByBaTH €KCHEPUMEHTaJIbHI JOCHIIPKEHHS Ha MPOMHUCIOBUX
00'exTax;

- po3paxoByBaTH Ta OyayBaTH rpadiuHi 300pakeHHs] eMIIIPUYHOT PYHKIIIT
PO3IOILTY Ta TiCTOrPaMHu;

- po3paxoByBaTH (OIIHIOBATH) TMapaMeTpPH HOPMAJIbHOIO 3aKOHY
PO3MO1Ty UMOBIpHOCTEH BUMaAKOBOI BesimunHu (BB);

- BU3HAYaTH TICHOTY KOPEJALIHHOTO B3a€MO3B's13Ky Mixk BB;

- OTPUMYBATH MaTeMaTU4Hi MoJIel HUISIXOM 00poOKu
eKCIIEPUMEHTAJIbHUX JaHHX.

ToMy po3paxyHKoBa pobOTa Ma€ HACTYMHE CIPSIMYBAaHHS — OLIHIOBaHHS

napameTpiB BUTMAJKOBUX BEJTUYHH Ta KOPEJSIIHHOTO 3B’ A3KY.



MeTta Ta 3aBJaHHS PO3PAXYHKOBOI pO00TH, BUMOI'H 10 0()OPMJICHHS

MeToro BUKOHAHHS PO3PAXyHKOBOI pPOOOTH € 3aKpilUIeHHS 3HaHb,
OTPUMAaHUX Ha JEKIIAX Ta HAOYTTA yMiHb JUIsl BUKOHAHHS JOCIHIJIKEHHS
TEXHOJIOTITYHUX OO0 ’€KTIB Ta CHUCTEM KEpyBaHHA 3a  pe3yibTaTaMu
EKCIICPUMEHTIB.

OcHOBHI 3aJ1a4i, sIKI CTOSITh TIEpel PO3PaXyHKOBOIO pOOOTOI0, HACTYIIHI

- BU3HAYCHHS BIJIACTUBOCTEH EMIIIPUYHUX 3aKOHIB  PO3MOJILITY
WMOBIPHOCTEM, 30KpeMa TOYKOBUX Ta IHTEPBAJILHUX OIIIHOK iX MapamMeTpiB;

- JOCITIKCHHSI TICHOTH KOPEIAIINHUX 3B’SA3KIB MK BHUIIAIKOBHUMH
BEITMIMHAMU;

- OTPUMAaHHSA Ta JOCIIJKEHHS PErpeciiiHuX MOjIeNiel TEXHOIOTTYHUX
00’exTiB kepyBaHHs (TOK);

- O3HAOMJICHHS 3 3aco0aMu MaTeMaTUYHUX MPOLECOPIB 100
BUKOHAHHS TPHOX MOMEPEAHIX TEOPETUUHUX TUTAHb.

Onuc TeXHOJOr1i, 10 Mepeay€e eKCIePpUMEHTAIbHUM JJaHUM, HE TTIOBUHEH
NepeBUIyBaTH 2 CTOPIHKUA. Po3paxyHku TpeOa MPOBOAUTH Y CEPEIOBUIII
criemiamizoBanoi mporpamu  MathCAD ( MatLab a6o MS Excel — 3a
Y3rOJUKEHHAM 3 BUKJIAJadyeM), 10 MIATBEPAUTH 300paKE€HHSMHU BIJMOBIIHUX
BIKOH MPOTPaM.

[Ipu odopmieHH1 poOOTH KepyBaTUCA HACTYITHUM:

- BJIACTHBOCTI CTOpIHKH: mamp A4, moJs: jiBe — 2,5 cM, 1HII1 — 2 ¢M;

- mapametrpu (opmaTtyBaHHs Tekcty: Times New Roman, 14 nr, 1,5
1HTEpBaIH;

- HyMepallis CTOPIHOK HAacCKpi3Ha, 3HM3Y TOCEpeuHl, MOYMHAIo4Yu 3 3-i

CTOPIHKH;



- HyMepallisi pucyHKiB, (popMyn Ta TaOnuib (maiai «o0’€KT») 32 CXEMOIO:
N1.N2 (N1- womep 3aBmanus, N2 - HOMEp 00’€KTy B TEKCTI BHKOHAHHS]
KOHKPETHOTO 3aBJaHHs), HaNpukia, Tadn.3.1 — nepmra Tabauiisg B TpeTbOMY
3aBJJaHHI, TAKUM K€ YHHOM JIJISl pUCYHKY - puc.3.1, s hopmymu - (3.1);

- TEeKCT mosicHeHb BuKoHyBaTH y MS Word, pe3ynbTaT po3paxyHKiB
nogaBatu (parmeHtamu 3 gokymentiB MathCAD, (3a BuOGopom cTyneHTa

MatLab a6o MS Excel), no3nauarouu 11i pparMeHTH SIK PUCYHKH.



3aBIaHHA HA PO3PAXYHKOBY Po0OTYy

Onucatd TEXHOJOTTYHUN 00’€KT KEpyBaHHS, CTOCOBHO SIKOTO OyIyTh

BUKOHAHI JOCTIKEHHS. 3a pe3yiabTaTaMH EKCIEPUMEHTIB 13 UM 00’ €KTOM

BHUKOHAaTHu HaCTyrIHi 3aBJaHHA.

1.

6
7
8.
9

[ToOynyBaTu emmipuuny ¢GyHKI[iI0 po3noainy F*(X) ta ricrorpaMmy ajs JBOX
TEXHOJOTTYHHUX 3MIHHUX . BXiHOI, X Ta BHXigHOI, Y.

PospaxyBaTi BHOIpKOBI TOYKOBiI OIIIHKA MaTEeMaTHYHHX CIIOJIBaHb Ta
nuctiepcii g1t X Ta Y, Ha 300pakKeHHsS eMMipuYHUX (QYHKIIN HaKIacTu
rpadiku (QyHKIH, 010 BIAMOBIIAIOTE HOPMAJBLHOMY 3aKOHY PO3MOJALTY
HWMOBIPHOCTEM.

Po3paxyBatu iHTEepBaibHI OIIHKKM MaTeMaTUYHUX CIOJIBaHb Ta TUCIIEPCIi
st XTaY mpu JOBIPpYUX IMOBIPHOCTSIX 95%.

[TobynyBatu kopemnsiiine none maiasg X T1a Y. IlepeBipuTu rimoresy mpo
CYTT€BICTh KOPEJALIMHOTO 3B’ 13Ky MK HUMH MPHU PiBHI 3HAUYII0CTI 5%.
Busznauutu perpeciiini moaeni TOK: miniiiHy — Y = ap+a;X Ta KBaapaTH4Hy
—y = ag+aX +a, X°. Hanectu Bimosinui GpyHKIii Ha Kopemsiiiine moJe.
[lepeBipuTH aeKBaTHICTH 000X MOJICIICH.

BusHauuTi TOYHICTE MOJENEH.

[IpoanainizyBaTH BIaCTHBOCTI 3aJIMIIKIB JIHIHHOT MOJIETTI.

BuzHauuTH 10BipyYl IHTEPBAIH JIJIsl TAPAMETPIB JIIHIMHOT MOJEIIIL.

10.ITepeBipuTH OTHOPIAHICTD 3ATMIITKOBHUX JUCTIEPCiii 000X Moenel i 3poouTn

BHCHOBOK TIPO JOIUIBHICTh 3aCTOCYBAaHHS KBaJIPaTUYHOI MOJEN 3aMiCTh

JIHIAHO].

Ipumitka 1. ExcnepuMeHTalbHI [laHI TOBHHHI OyTH TOJaHI y BUTJIAII

TaOJIUII.

Ne nocnizy X Y

1 X1 Y1




IMpumitka 2. ExciepuMenTanbHi JaH1 J1s BUKOHAHHS 1. 1 — 3 moBHUHHI
OyTH OTprMMaHi 3a JIOTIOMOTOIO0 TTACHBHOTO E€KCIIEPUMEHTY B OKOJIi 3HAYCHHS
daktopa X, 6JM3BKOTO 0 CEPEIUHU Jiara3oHy MOKIMBUX HOTO 3HAYEHD 3T1IHO
JI0 TEXHOJIOTIYHOTO PETJIIaMEHTY MpOIiecy. BpoaoBk eKCIiepruMeHTyY BILUTUBH HA
X HEMPHUITYCTHUMI, CTaH 00’ €KTa MOBUHEH BIANOBIIATH CTAIIIOHAPHOMY PEKUMY.

Ipumitka 3. ExcnepumenrtanbHi AaHi s BukoHaHHs nm. 4 — 10
MOBUHHI OyTH OTpUMaHI NUIIXoM 3MiHM X. BuMmiproBanus Y TpeGa BUKOHYBaTH

IIPU IOCATHEHH1 CTAIllIOHAPHOTO PEXXUMY IPOIIECY ITPU KOXKHOMY 31 3Ha4€Hb X.

Criag, o0cor i CTpyKTypa po3paxyHKoBOI po0oTH

Po3paxyHkoBa poboTa OJA€THCS Y BUTIISAII MOSICHIOBAIBHOI 3aIIUCKH, KA
MICTUTh TEKCTOBY YaCTHUHY 3 OIKMCOM TEXHOJOTIYHOrO 00’€KTa KepyBaHHsA (HE
Outblle 2 CTOPIHOK), OOIPYHTYBAHHSIM BHOOpPY BHIAJKOBUX BEJIUYUH, SIKI
OyIyTh Ha3BaHi B MojaibiioMy X Ta Y, BIJIMOBIIHUX PO3PaxyHKIB Ta rpadikis.
3nauyeHHs X ta Y MOJaTH Y BUTJISAAI MacHBIB (TaOJIHIIb).

Cxutag poOOTH MOBUHEH BIAIOBIIaTH IYHKTAaM 3aB/IaHHS.

OO6csr poOOTH HE TOBUHEH MEPEBUIILYBATH 25 CTOPIHOK.

3riiHO 13 HABEJICHUMH BHILIE 3aBJAAHHIMHU Ha PO3PAaXyHKOBY POOOTY ii
CTPYKTypa MOBHHHA OYTH HACTYIHOIO:

TuTynbHUN apKyII

3aB/aHHs HA PO3PaXyHKOBY pOOOTY.

Po3paxyHku 1 TOSICHEHHS 10 HUX Y BIJTIOBITHOCTI 3 TyHKTaMU 3aB/IaHb.

Crrcok BUKOPHUCTAHOT JIITEPATYPH.

JlonaTku (3a Heobxionicmio).



TeopernuHi BiIoMOCTI Ta NPUKJIAAA BUKOHAHHS 3aB/JaHb

3apnanns 1. ITo6yoyeamu emnipuuny @ynkuiro poznoodiny F*(X) ma

2icmozpamy 0ns 060X MEXHO02IYHUX 3IMIHHUX . 6XIOHOT, X ma euxioHoi, Y.

EmnipuynuM  (CTaTUCTUYHUM) PO3MOAIJIOM BUMNAJAKOBOI BEIMYHUHU
Ha3UBAIOTh IMEpeJIiK BapiaHT 1 BIAMOBIIHUX iM 4aCcTOT a00 BITHOCHUX YacTOT, SIK1
CTIIOCTEPIrajrch y BUOIPIIl EKCIIEPUMEHTAIbHUX JaHHX.

BukopucroByroun BHOIpDKOBI JlaHi, MOXKHa BHM3HAUUTHU EMIIIPUYHY
(GYHKLIIO pO3MOALTY, a TaKOoX TICTOrpaMy Ta MOJIrOH, $IKI B TEBHIA Mipi
B1JI0OpaXkaroTh (PYyHKIIIIO MUIBHOCTI po3noAuty. [TozHaunmo depe3 Ny KITbKICTb
CIIOCTEpEXKEHD (BapiaHT), MPH SIKUX BEJIMYMHU O3HAK (TOOTO 3HaueHHs X) Oynu
MEHIITUMHU 32 MeBHE X, N — 3arajibHa KiJIbKICTh €KCIIEPUMEHTAIBHUX JAHUX.

Emnipuunoro ¢pyukmiero po3noainy (EDP) nazuBarote dyskimiro F*(x),
sKa JUIsl KOKHOTO 3HAYEHHS X BU3HAYA€ BIAHOCHY YaCTOTy moii “X<X”:

F*(X)=N, /N,

Pisauisg Mk emmipuunoro F*(X) ta teopermunoro F(X) ¢yHKisMu
PO3MOIiTy ToJisArae B TOMY, 1o F(X) BU3Hayae iMOBIpHICTD moii “X<x”, a F*(x)
XapaKTepHU3y€e BIIHOCHY YaCTOTY L€l MOJIi.

[Ipu HassBHOCTI €KCIIEPUMEHTAIBLHUX JaHUX Tpeba CIovYaTKy MoJaTH 3aKOH
pO3MOMiNy HMOBipHOCTEH y BMIMIAmi Tabmuii. [i mepmmii psAgoOK MiCTUTHMe
3HAQYCHHS BUIMAJKOBOI BEJIWYWHU, SIKI CIOCTEpITajucs B EKCIEPUMEHTI, a
npyruit — gyactotr (N;j), ado BimHocHi yactotu (W; = Ni/N) mosiBu nux 3HaucHb

(nuB. Tabmn.1.1).

Tabm. 1.1. Tabmuns po3moALTy BUMTAIKOBOI BEIUYUHA X




[Tpu ynopsinkyBaHHI TaOJMIN 3BHYaliHO (HOPMYIOTEH éapiauiithuil psao (pso
po3nodiny), TOOTO PO3TANMIOBYIOTH JaHi B MOpPSAKY 3pocTtaHHa. OTke, y
HaBeseHIM Ta0u.l.] noTpuMaH! CHIBBIAHOIIEHHS X; <Xy < X3 <...<X...<Xy-
JIns AMCKpPETHOI BUMAJAKOBOI BEJIMUMHM X, KA MOXKE MPUHAMAaTH 3HAYCHHS Xi,

X2,ee y XN » PYHKIIIS PO3TIOALUTY MA€ BUTJISA

F(X)= D P(X =x).

Xj <X

HepiBHicTh X; < X O3Haudae, MO MiJICYMOBYBaHHS IOIIMPIOETHCS Ha Ti

3HAYCHHA X;, SIK1 MEHIIIE 3a X.

[ToOynyemo it mpukinany (QyHKIIO PO3NOALTY BUIAIKOBOI BETUYUHU X,
PO3MOALT K01 paHimie OyJio MOJAaHO y BUTIIAAI TaOnuIl. DYyHKIIS PO3MOALTY
Ma€ CTpUOKM y THUX TOYKaX, Y AKUX BUIAJKOBA BEIMYMHA MPHUIMA€E 3HAUCHHS,
BKa3zaHi y psial po3nonaury. B iHTepBanmax Mik UMMM 3HAYEHHAMH (YHKIIIS
F(x) — crana Benmunna. Cyma Beix cTprOKiB (PyHKIIIT TOPIBHIOE OTUHHIII.

Po3paxyemo 3HaueHHs F(X):

F(x)=P(X <x)=0;
F(X2) =P(X <X)=P(X =x)=R;
F(x3)=P(X <X3)=P(X =x)+P(X=%X,)=R +P,;

opu X > Xy ;

=R +P +..+Py; +Py =1L

I'padix yHKIIT poO3MOAITY TUCKPETHOT BHUIIAIKOBOI BEIMYMHU — 11

pO3pHBHA CXiJyacTa JlaMaHa JIiHis, BOHA rojiaHa Ha puc. 1.1.

10



F(x) 4

N-1

P1+P,+P3

P3
Pi+P,

P,

\4

X1 X2 X3 Xg XN-1 XN X

Puc. 1.1 I'padix GpyHKIiT po3noairy JUCKPETHOI BUNIAIKOBOI BETHUNHH

Ao po3riAnaTd  HaBITh HEMNEPEPBHY 3a MPUPOJOI BUIAIKOBY
BENIMYMHY, aje TmoaaHy TabmuuHo, To EDP OynyBatumeMo Tak, K JUIs
nuckpeTHoi BB.

licrorpamor 4acToT Ha3WBaIOTh CX1MYacTy QIirypy, ska CKJIaIaeTbes 3
MPSIMOKYTHHUKIB, OCHOBAMH SIKMX € YAaCTKOB1 1IHTEPBAJIM JOBXKHUHOIO A, a BUCOTH
nopiBHIOWOTH BimHOmEeHHIO N; / A, sike Ha3UBAa€THCA MIITIBHICTIO YAaCTOTH.

licrorpamor BiZHOCHHUX YacCTOT HA3MBAIOTh CXig4acTy Qirypy, sika
CKIAJA€ThCsl 3 TMPSMOKYTHUKIB, OCHOBAMH SIKUX € 4YaCTKOBI 1HTEpBaJIU
TOBXHHOIO A, a BUCOTH AOpiBHIOWOTH W; /A (IIUTBHICT BiTHOCHOI YaCTOTH).

[Ipu moOy0BI ricTorpaMu Cro4yaTKy 3HAXOASATh HaMEHILE 1 HalOiiblle
3HAQYCHHS BapIallifiHOTO PAAY: Xmin Ta Xmax- IHTEPBAT [Xmin, Xmax], B SKOMY
MICTATBCSI BC1 PE3YJIbTaTH CHOCTEPEKEHD, PO3OMBAIOTh HA JEKUIbKA YaCTKOBUX
IHTepBaIIB, M JOBXHHOIO A. [X KijpKiCTh BHM3HAYAIOTH HAMWUacTile 3a
dbopmynoro Crapxeca:

m=1+3322-IgN;
OTKE€ JOBXHHY OJIMHMYHOTO 1HTEPBATY BU3HAYAIOTH SIK

A =Xmax — Xmin) /@ +3,322-1g N).

11



[ToyaTkoM TMepHIOro iHTEpBANY BBAXAIOTH BEIUYHUHY O = Xpin — A/ 2,
apyroro — 8, =94 + A, | — o iHTepBaiy BifnoBigHO §; =9J; 4 + A. IHTepBann
BU3HAYAIOTh JIOTH, JIOKH TOYATOK HACTYMHOTO IHTEPBATY HE MEPEBUIIHUTH Xmax-
JInst KOKHOTO | -0 YacTKOBOTO IiHTepBaly 3HaxoAsaTh N; - KUIBKICTh
EKCIIEPUMEHTAJIbHUX JaHUX, K1 MOTPANUIIU 10 HHOTO, & MOTIM PO3PaXOBYIOTh 1
BIIKJIAAAI0Th 110 OC1 OpJMHAT IIIJIBHICTh 4acTOTH (200 BIJIHOCHOI YacCTOTH B
3aJIe)KHOCTI B/l THITY TicTOrpamu). SIKIo 1HTEpBaJId MAlOTh Pi3HY JOBXKHHY, TO
CJIi] pO3TIS AT OKpeMi A;.

MathCAD wmae crnenianbpHy (yHKIIO i1 mooyaoBu ricrorpam hist(d,X).
PesynbraTom o6uunciens hist(d,X) € BEeKTOp, KOKHUI €JIEMEHT SKOTO JOPiBHIOE
KUIBKOCTI BUOIPKOBUX JAHWUX, 3HAYEHHSA SKUX HaJeXaTh BIJMOBIIHOMY
iHTepBaity, To0To N;. Ilapamerp & - BekTOp, B AKOMY 30€pIraroThCsa IpaHHYHI
TOYKH iHTepBaiiB. Po3MipHicTh Bekropa hist(d,X) cmiBmamae 3 po3MipHICTIO
BEKTOpa O 1 JIOPIBHIOE KIIBKOCTI 1HTEpBaIiB. Bu3HauMBIIM HEOOXiqHI CKIIaI0BI
hist(,X), moxxHa otpumatu ¢yskiiro ¢ = hist(d, X).

s ¢yHKIOis BU3HAYA€ KUIBKICTh EKCHEPUMEHTAIBHUX 3HAYEHb ¥
KOXHOMY 1HTepBami. Jlns oTpuMaHHa 300pakeHHs TicTOrpamMH Tpeda
CKOpHCTATHCS J1aJOrOBUM BIKHOM MoOyzoBHU rpadikis ®opmat/I'papur/X-Y
3asucumocth (Formating/Currently Selected/X-Y Plot) i ioro ommiero Caen.
Jli1st ToOyI0BHU TicTOrpaMu BUOMPAIOTh YCTAHOBKY bar.

Ha puc. 1.2 Ta 1.3. 300pakeHO TNpUKIAIA BUKOHAHHS 3aBIaHHA | y
Burisial gokymentie MathCAD. Ha puc. 1.2 psa po3nofiny mojaHo y BULJISII

Matpuiii 4.

12



ORIGIN =1

C ) A -2 0 1 4 7 )
TBOPEHHS Ma 1 =
P Tpui 0.2 05 0.1 0.1 0.1

Jlani BUKOpUCTOBYEMO IHCTpYMEHT nporpamyBanHs - Add Line
(manens iHCTpyMeHTB "Matematuka'->IIporpamysanns->Add Line,
a6o Bun->Ilanenu nnctpymentoB->IIporpammupoBanue->Add Line

F(x) = [o if —0o<x< A,

A, if A S X< A

A+ A, L) i ALLSX<A,

A+ AL+ A, L) B AL LS X< AL,
A+ A+ A, L+ A, ) B A S X< A

((
((
((

1if Aj s X<

F(x) 0.5F

Puc.1.2. Joxyment MathCAD nns BusHauenns emmipiasoi GpyHKIil posmominy

Ha puc.1.2. Ta 1.3 MacuBH €KCIEpUMEHTAIIBHUX JaHUX [ X HE BKA3aHO.

TIpuKnagy NOYMHAIOTHCS 3 QOPMyBaHHS BapiamiitHux psis (X7).
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Xmax := max(x) Xmax =1.219  Xmin := min(xX) Xmin = 0.831
X = sort(x)

= 1 2 3 4 5 6 7 8 9 | 10

1{0.831|0.9050.932 (0.953 [0.956 (0.988 | 1.004 | 1.056 [1.081 [ 1.219

Rx:= Xmax— Xmin Rx = 0.388

m = 1+ 3.322-log(N) m = 4.322
m = floor(m) - HUlayacMHA YMCIAmM , M =4
Rx .
A=— A = 0.097 -[AO0BXWHA OOQHOro IHTepBany
m

j=1.m+2  §j:= Xmin+ (2-j—3)-% f = his{(s ,x)

i

0
05 1 15
8j

Puc.1.3. oxyment MathCAD s moOyaoBu ricrorpamu
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3aBnanug 2. Po3paxyseamu eubipkoei mouko6i OUiHKu MamemamuyHux
cnoodieanv ma oucnepciii 011 X ma Y, na 300pasricenusn emnipudHux QyHKyii
Hakaacmu 2paghiku @ynkuyii, w0 6i0n0si0armv HOPMAIbLHOMY 3AKOHY
po3nooiny.

KoxHmii  3akOH  po3mojAlTy  HMOBIPHOCTEH  BHMIIAJKOBUX  YHCEI
XapaKTepU3y€eThCs IEBHUMU MTapaMETPaAMH.

Y tabnumi 2.1 HaBeaeHo (YHKINT HIIIBHOCTI PO3NOALTY TPhOX 3aKOHIB i

iXHI MapaMeTpH.

Tabmus 2.1 [Ipuknaau 3aKoHIB pO3MOALTY

Hazpa ®Oynknii migpHOCTI posnoainy | Ilapamerpu
1 ()’
Hopmanbuuii f(x)=——e 20} Ky, Oy

2n

(e)
0, XxX<a X>bh

Pi i i f(x)= ab
iBHOMipHMH () 1 , a<x<b
b-a
£60 0, x<0 N
[Toka3HUKOBHIA X)=
re™ x>0

BusHauuTH 11 mapamMeTpu KUIBKICHO MOKHa Oyiio O, IpyHTYIOUHMCh Ha
pe3yabTaTax HECKIHUCHHO BeluKoi KiabkocTi ngociimiB (N — o). Taka
CYKYIHICTh J@HUX Ma€ Ha3By 2ceHepanvbHoi cykynHocmi. BoHa €, 3BUYaiiHO,
abCTpaKIli€ro.

JlocnmigHUK MOXXE€ MaTdh CHpaBy 13 3HAYHO MEHIIMM HAaOOpOM JaHUX,
T00T0 N<<co. Ileli HaOIp AaHUX HA3UBAETBHCH GUOIPKOKW 3 2€HEPAlbHOL
cykynnocmi, abo mpocto eubipkoro. ToMy MOBa MOXe WTH MPO PO3paxyHOK
HAaOMMKEHUX 3HAYeHb MapaMeTpiB, sIKI HA3UBAaIOTh OI[IHKAMHU MapaMeTpiB.

Ouinku OyBalOTh TOUKOBUMHM Ta IHTEPBAJILHUMU.
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ToukoBOI0 Ha3MBaIOTh TaKy CTAaTUCTUYHY OLIHKY [apaMeTpa, IIo
BU3HAYAIOTh OJHUM YHCJIOM. 3HAYEHHS TaKOi OIIHKK 0% HEeB1JIOMOTO MmapameTrpa
0 TeopeTHYHOTO PO3MOALITY, PO3PAXOBYIOTh SIK (PYHKIIIIO Bl CIIOCTEPEKYBAHUX
BUIIAJKOBUX BEIMYHH X1, X2, ..y Xiy -y X, (Xi € X), oOTpuMaHUX y pe3ynbrari N
HE3aJIEKHUX CIIOCTEPEKEHb.

Haiibinpimn  xapakTepHUM Ui HEMEepepBHUX TEXHOJOTIYHUX OO0'€KTIB
aBTOMaTH3allli € HOPMaJbHUU 3aKOH PO3MOJUTY BHUMAJKOBUX BeJUYWH. BiH
XapaKTepU3y€eThCA JIBOMA IMapaMeTpaMu — MaTEMaTHYHUM CIOJIBaHHSAM |y 1

mucnepciero o2, I1li mapameTpm € TaKOX OCHOBHHUMH  YHCJIOBUMH

XapaKTEPUCTUKAMU BUIIAIKOBUX BEJIMYMH U THIIMX 3aKOHIB PO3MOJLTY.

Hexait 11 BUBYEHHSI TreéHEpaIbHOI CYKYITHOCTI BUTIAJIKOBOT BETUYHHH X
oTpuMaHna BuOIpka oocsry N.

Bubipkosa cepeona apugpmemuuna eenuuuna, M, € HE3CYHEHOIO,
OOTpyHTOBaHOIO ¥ €(EKTUBHOI OIIIHKOK MAaTeMaTHYHOTO  CIIOJIBaHHS
reHepaIbHO1 CYKYITHOCTI |lx. BoHa po3paxoByeThes 3a popMysioro
N
DX

X X X =

MX
N N

Hucniepcis Gi XapaKTepu3y€e PO3CIFOBAHHS BUIIAJIKOBOI BEIMYUHU

HABKOJO MAaTeMAaTMYHOTO CIOMiBaHHA. 1i 3HAYEHHS pO3PAXOBYIOTH K
MaTeMaTU4YHE CIOJIIBaHHS KBaJApaTa BIIXWICHHS BHUMAJIKOBOI BETUYHHH BiJ
MaTEMaTUYHOTO CTIOJ[IBaHHS:
o, =pu[X - T
Jlucnepcist Mae pO3MIpHICTh KBaJpaTa BUMAAKOBOT BEJIMYMHH, TOMY YaCTO

B)KMBAIOTh IHIIIMN MMapaMeTp — CepeHE KBaJApaTuyHe (CTaHAapTHE) BIAXUIICHHS,

(CKB), o,: Gy =102 .

16



OOrpyHTOBaHOIO Ta HE3CYHEHOIO € HACTYITHA TOUYKOBA OLIIHKA JANCIEPCii:

N
Z(Xi -M x)2
=1

§2 =1 IR (2.1)

BubipkoBe CKB po3paxoByrOTh K
Sy =+/Sx - (2.2)
Po3paxyHkn TOYKOBHX OIIIHOK mapametpiB 3acobamu MathCAD moxna
BUKOHYBaTH a00 3amucyroul BIAMOBIIHI ¢opmyid, abo dYepe3 CTaHAapTHI

dbyskii. Y Tabm.2.2 HaBeaeHO BIAMOBIAHOCTI MK BKa3aHUMH MaTeMAaTHYHUMUA

BUpa3aMu Ta craHaapTHuMu QyHkismu MathCAD.

Tabmuus 2.2 Tabmuus crangaptaux Gyskiiin MathCAD

[To3naueHHs dopmyna
1 N
mean(x) N DX
i=1
1 N
var(x) WZ(Xi -M,)?
i=1
1 J ’
Var(x) N _1)Z(Xi -M,)
i=1
stdev(x) Jvar(x)
Stdev(x) Jvar(x)

Ha puc. 2.1 HaBegeHO MAOKYMEHT, y SKOMY JJisi PO3paxyHKY
YUCJIOBUX XapaKTEPUCTUK BUIIAJIKOBHX BEJIIMYMH BXKUTO CTaHAAPTHI (PYHKIIT

MathCAD.
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Po6oTa 3 MatpuiisiMu-psinkamMu (4u MaTpUISIMHU-CTOB MIISIMH)
A=(-41147)

cepenHe mean(A) = 1.8
Memiana median(A) = 1
mucniepcis  var(A) = 13.36

cepelHe KBaJpaTUiHe BinxmieHHsas stdev(A) = 3.655

Po6ota 3 marpuisimu ary N*M

-2 01 47
A= ( )
2 0430
mean(A) = 1.9 median(A) = 1.5 var(A) =6.29 stdev(A) = 2.508

Puc. 2.1. JTokyment MathCAD 3 po3paxyHKOM YHCIIOBUX XapaKTEPUCTHK BUIAIKOBHX
BEJIMYMH

Mathcad mae Oarary 06i0mioTeky ¢yHKIH poOOTH 3i CTaHIAPTHUMHU
po3noauiamMu. KokHuii po3nofin moxke OyTH momaHuil TppboMa (GYHKIISIMH —
PO3MOLTY, IWIUIBHOCTI po3nmoaury 1 (QyHKIieo, oOepHEHOW 10 QyHKIIT
po3noauty. CHHTaKCUC KOXHOI 3 HUX Nepeadadae BKUBaHHS Ha MEPUIOMY MICII
CUMBOJTIB P, d,  BIAMOBIAHO, YMOBHOT'O TIO3HAYCHHS 3aKOHY 1 B JIy’)KKaX MEBHHUX
aprymeHTiB (mapameTpiB pO3MOALLY).

VY 3arajapbHOMY BHITQJIKY 3aITHC TaKUK:

— d<imentudikatop 3aKoHY>(X,lapaMeTpH 3aKOHYy) — TIOBEPTaE

3Ha4YeHHS (YHKIIT UJIBHOCTI PO3MOALTY JJIsl 3HAYEHHS BHUIAIKOBOL

BEJIMYMHH, 0 JIOPIBHIOE X 1 MAa€ BKa3aH1 MapaMeTPU 3aKOHY PO3IMOALTY;

— p<izeHTH(}iKaTOp 3aKOHY>(X,TapaMeTpPH 3aKOHYy) - TIOBEpTaE

3Ha4YeHHs PYHKIIIT pO3MOILTY;
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— g<imentudikaTtop 3axoHy>(P,mapaMeTpu 3aKoHy) - MOBEPTAE 3HAYCHHS

BUIMAJKOBOI BEJIWYMHU MPHU 3aJaHiil IMOBIpHOCTI P 1 mapamerpax

PO3MOILITY.

st orpumanHs Teopetrnanoi GyHkii posnoginy F(X) y MathCAD icaye
cranmaptHa GyHkKIis pnorm(X,u,c). Ha puc. 2.2 HaBeeHO PHUKIIA U HAHECCHHS
emmipuunoi F(X) ta Teopernunoi F1(X) ¢hyHKIi#H po3oaiay Ha IUIONIMHY OJHUX
1 TUX CaMHUX OCeH KOOpAUHAT.

Fl(x) = pnonm(x,89.32,10)

|

—

H

[}

=
T

o
.
B,
[}
=

120

Puc. 2.2 300paxenns emmiprunoi F(X) Ta Teoperuunoi F1(X) pyHkuiit posnoniny:

3aBnanHs 3. Po3paxyeamu inmepeanvui OUIHKU MamemMamuyHux

cnooieanv ma oucnepciii 01a X ma Y npu 0ogipuux imogipnocmsax 95%.

IHTepBaNIbHOKX HA3UBAIOTH OLIHKY, 1[0 BU3HAYAETHCS JBOMA YUCIAMU —
KIHI[IMU 1HTepBaly. [HTEpBalbHI OLIHKU XapaKTEPU3YIOThCS TAKOXK TOUYHICTIO
Ta HaAIMHICTIO. 32 BUOIPKOIO Majoro 0oOCIry TOYKOBA OILIIHKAa MOXKE 3HA4YHO
BIJIPI3HATHCS BIJ] OIIHIOBAHOTO TapameTpa, TOOTO NPHUBOIUTH 10 TPyOUX
noMWIOK. I3 1i€i MNpUYMHM TpU HEBEITUKOMY 00cCs31 BHUOIPKHM BapTo
KOPUCTYBATHCS IHTEPBAIIbBHUMU OI[IHKAMHU.

Hexait 3Halinena 3a JaHUMU BUOIPKM CTATUCTUYHA XapaKTEepUCTHKaA 0% €

TOYKOBOIO OIIIHKOIO HEBIJIOMOTO IapameTpa 6.
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SAcHo, mo 0* ThM TOYHIIIE BU3HAYAE MapaMeTp 0, Y4uM MeHIa abCoI0THA
BEITWYMHA PI3HUII MK HUMH, |0 — 0%F|.

[nakme kaxyuw, skmo € 6 > 010 — 0% < 8, To yuM MeHIIe o, TUM
TOYHIIIE OIiHKA. TakuM YHHOM, JOJATHE YHUCIO O XapaKTEPHU3YE MOUHICHLb
OUIHKU.

OpHak CTaTUCTUYHI METOAM HE JI03BOJISIIOTh KATETOPUIHO CTBEPIKYBaTH,
10 OIlIHKa 0* 3a/10BOJIbHSIE HEPIBHOCTI |0 — 0*|<0, MOXKHA JIUIIIE TOBOPUTH TPO
HMOBIpHICTB P, 3 KOO 1151 HEPIBHICTH BUKOHYETHCS.

JoBipuoro iiMoBipHicTIO (Haditnicmio) ouinku 0* mapamerpa 6
HA3WBAIOTh IMOBIPHICTH P, 3 sKOIO BHUKOHYETHCS HEpiBHICTH |0 — 6% < o.
3BUYAHO HAJIMHICTh OLIIHKU 3aa€ThCS Harepe, npudoMy 3a P 6epyTh uucio
omm3bke a0 1. HaltuacTime yacto Bubupatots Benuuunu 0,95; 0,99; 0,999.

Hexait imoBipHIicTh TOTO, 1110 |0 — 0*| < & HOpiBHIOE P!

P[|9—9*|<6]=P

3aMiHUBIIM HEpIBHICTh |0 — 0% <3 piBHOCWIBHOIO il MOJBIIHOO
HEPIBHICTIO, TPUMAEMO
0 -3<0<0 +3
3 YOT'0 MA€EMO

P[e*—5<e<e*+6]:|3.

OcranHili Bupa3 Tpeba po3yMITH Tak: IMOBIPHICTH TOTO, IO 1HTEPBAI
(0* — 9, 6% + 0) micTuTh y c0o01 HEeBiOMUI TTapameTp 0, nopiBHIOE P. Benuuuny
o = 1 — P Ha3zuBaroTh pienem 3nauyuwyocmi.

ImMoBipHICT P XapakTepusye CTyMiHb JOBIPU /0 JAHOTO 1HTEpBAy, Y
SKOMY MOXYTh PO3TalllOBYBAaTHCS 3HAYCHHS BUIMAJKOBOI BEJIMYMHHU. PiBeHB
3HAYYIIOCTI 0L XapaKTEepPU3y€e PU3HUK TOTO, 10 3HAUEHHS BUMAJKOBOI BEJIUYUHU

BUMIYTh 32 MEX1 JJOBIPYOTO IHTEpPBAITY.
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Jogipuum inmepeanom HazuBawTh iHTepBan (0% — o, 0* + J), mo
MOKpHUBAa€ HEBIAOMHUHN MapameTp 13 3aJaHOI0 JOBipUOi0 iMoBipHicTIO P. Llei
1HTEepBaJl Ma€ BUMAIKOBI KIHIII, IX HA3UBAIOTh 008IPUUMU 2DAHUUAMU.

InTepBasibHA OLiHKA MAaTeMATHYHOI0 crnoAiBaHHs. Hexail Bunajakosa
BeirurHa X po3nojiyieHa HOpMaIbHO. MeTo ] po3paxyHKy OIIHKH 3aJIEKUTH Bl
TOTO, YU BiJIOME€ 3HAYEHHS JUCIIEPCli BUMAJAKOBOI BETUYMHU X 3 TEOPETHUUHUX
JOKEpeNl YW 3 PENpPe3CHTaTHBHOI BHUOIpKU. SIKIIO BOHO BIJOME, TO
BUKOPHUCTOBYIOTH (pyHKIIit0 Jlamaca.

Hexait BiloMO cepenHe KBajJpaTU4YHE BIIXWICHHS I[bOTO PO3MOJILIY Oy.
[ToTpiOHO OIIIHUTH HEBIIOME MAaTE€MAaTUYHE CIOAIBaHHSA [l 32 BHOIPKOBHM
cepenHiM My 1 3HAWTH JOBIpYl IHTEpPBAIM, IO BKIIOYAIOTH MapameTp Ly 3
JIOBIpYOIO UMOBIpPHICTIO P.

JI71s1 po3paxyHKy BUKOPUCTOBYIOTh HACTYITHE CITIBBIIHOIICHHS

3N

X

P[[My —p,|<8]=20 =20(b),

Z2

b
ne ®(b) = I 24z - ¢ynukiis Jlamiaca, b — apryment ¢yHkiii Jlamaca,
To

ﬁ\“

VY 1poMy BUNIAJIKY apryMeHT (PYHKIIIT BU3HAYAIOTh 32 BUPA30M

_8IN.

GX
3 ocTaHHBO1 (OPMYJIH PO3PAXYEMO BEIUUMHY O — TOUHOCTI OIIHKU:

Ox

IN

d=Db

1 3aIHIIIEMO

P ‘Mx_ux
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B3sBmm 1o yBarm, mo JaoBipua WMOBIPHICTh 3ajlaHa W JOpIBHIOE P,
OCTAaTOYHO MAEMO

P[Mx—b%<ux<Mx+b6—\/ﬁ]:2®(b):P. G.1)

Orxe 3 HaaiMHICTIO P 1OBIpYMid iHTEpBaI HACTYTHUN

(Mx—bi Mx+bij. (3.2)

N N
ApryMeHT b Bu3HauaioTh 3 piBHOCTI 2D(b) = P, Tobto D(b) = P/2. 3a
tabnunero ¢yukmii Jlamnmaca 3HaXoAsATh apryMeHT b, SKOMY BIJIIOBIJIAE
3HaueHHs QyHKI1i Jlannaca, o nopisHioe P/2.
Tabnuuro ¢ynkuii Jlarmaca nasegeno y ta6ia.J{1 Jlonatkyl.
Hpuxnax 3.1. BunagkoBa BennumHa X Mae HOpMaJbHUM PO3MOILT 3

BIJOMHMM CEPEIHIM KBaJApPAaTUYHUM BIAXWICHHSIM ©, =3. 3HaWTUH JOBipYl
IHTEpBaNX JUI1 OLIHKM HEBIAOMOIO MAaTEMaTUYHOIO CIHOJIBAaHHA |, 3a
BUOiIpKOBUM cepefHiM M, sxmio obcsr Bubipku N = 36 1 1oBipya iIMOBIPHICTb
P=0,95.

Po3p’a30k. OcCKiIbKM BiOME G, =3, TO CKOPHUCTAEMOCH (YHKIIEIO

Jlarmaca. Y 1bOMy BHUIIJIKYy JOBIPUMiA 1HTEPBAJ PO3PAXOBYETHCS 32 BHPA30M
(3.2).
20 (b) =P =0,95; O(b) =0,475; b=1,96.
3Haii1eMO TOYHICTh OIIHKH O :
c 3 _ 196-3 _

§=b-—X =196
JN V36

JloBipuuii iHTEpBaJ, TAKUM YHHOM, Ma€ HACTYITHI TPaHUIL:

[M, — 0,98, M, +0,98].

0,98.
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VY Tomy pasi, KOJau IUCTepcis anpiopHO HE BiJOMa 1 MOXKHA pO3paxyBaTH

3a BUOIPKOBUMH JTaHUMHU TUIBKH ii OIIIHKY, JOBIpYMI 1HTEpBal BHU3HAYAIOTh

52 52
[Mx_touN—l WX; Mx"'toc,N_l Wx]’ (3-3)

ne t, ,n_1 - TabnuuHe 3HaueHHs KpuTepito CThIOAEHTA, IPYU PIBHI 3HAUYIOCTI

HaCTYITHUM YHHOM

oo Ta N-1 creneHsx BUILHOCTI JJIs1 ABOCTOPOHHBOI KPUTUYHOT 00JIACTI.

[Tpu 3amanoMy o BU3HAYAIOTh JOBIpYY IMOBIPHICTB, K P=1-0,50 1 mo Hiit
— 3HaueHHs kputepito CThIOJICHTA.

Tabmuiro kpurepito CtproneHTa HaBeaeHo y Tabn.J[2 Jlogatky?2.

3aMiCTh BUKOPUCTAHHS CTAaTUCTUYHHX TaOJIMIP MOXKHAa CKOPHUCTATHCS
BOynoBanumu Qynkiismu MathCAD (aus. Tab:1. 3.1).

Ipukaan 3.2.

Hexaii BimoMo, 110 BUIAIKOBa BenuurHA X po3mnojaiieHa HopMaiabHO. [lo
BuOipii obcsarom N=16 3naiinena BuOipkoBa cepemus M, = 20,2 1 cepemaHe
kBagpatnuHe BigxuieHHS Sy = 0,8. [IoTpiOHO OIiHUTH HEBiIOME MaTeMaTUYHE
CIOJIIBaHHSI TEHEPaJbHOI CYKYITHOCTI 3a JOTIOMOTOI0 JIOBIPYOTO IHTEpBAILY 3
HamiaicTio P=0,95.

Po3B’s30k. 3HalimeMo 3a TaOIMIICI0 3HAYEHb JBOCTOPOHHBOTO KPUTEPIIO
CTbIOZICHTA BEIMYMHY tiap, BAKOPUCTOBYIOUHM Benmuuuu P = 0,95; (o= 0,05); k =
15. Kputepiii HOpIBHIOE tay = 2,13. Skio B po3NOpSIXKEHHI € TaOauls

. 0,05
OJHOCTOPOHHBOTO KPUTECPIO, TO o = — = 0,025. Akmio TaGauIs BUMarae He o,

aP,toP=1-0,025=0,975.
Po3paxyeMo HUKHIO 1 BEpXHIO I'PaHULIl IOBIPYOTO IHTEPBAITY:

_202-21398 _19774.

J16

My —tiani

SX
JN
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M x T ttabl

SX
JN

=20,2+213

08
V16

19,774 < py < 20,626.

20,626;

Tabmuus 3.1. Kpurepii s BusHadeHHs iHTepBasibHUX omiHOK st MathCAD

Ta0nmuuHmiA .
HoBxxuna OyHKIIIsA
Hazpa mapamerpy reDBaL napamMmerp MathCAD
PP Mosnauenms Hassa
MaTeMaTHqu b o, X z;pFYM?E-IT gnorm(l— o / 2,01),
CIOJIIBaHHS YHKITi1
IpU BIIOMOMY G VN Jlannaca gnorm((1+ P)/ 2,0.0)
AprymeHt
IMOBipHICTB TOIT bSW A b byHKIil Te came
Jlannaca
Koe(biuiegT bo, b Te came _n_
KOPEJISIl Xy
Matovanmune | g | Kpurepiii | Gt(L—0/2,N —1).
CIIOJ1BaHHS tabl — — tabl
IIPH HEBIIOMOMY G VN CThioncHTa qe(d+ P)/ 2,N-1)
NS 2 ) qchisq(l—o/2,N —1),
Hucnepcis ta > X2 .
CepeHe X2 Kpurepiii qchisq((L+P)/2,N —1)
KBaJIpaTHU4HE > [Tipcona )
BiIXMJICHHS NS, y 2 thlsq (OL/Z N -1),
y? 1 qchisq((L— P)/2,N 1)

Ha puc. 3.1. nokazano mokyment MathCAD 3 mpukiagoM BHU3HAYCHHS

JIOBIPYOTO IHTEPBAILY JAJIS Ly IPH JOBipuiit iimoBipHocTi P = 0,95.

Sy
My +t- |— = 10034
N

t:= gt(m,N —1)

Sy
My -t [— =959
YoUUN

Puc. 3.1. Toxyment MathCAD 3 npukiajoM BH3Ha4€HHSI JOBIPYOTO HHTEPBATY IS
MaTeMaTHYHOTO CIOJIBaHHS ITPHU HEBIJOMOMY Gy
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Hogipuuit  inmepean 171 Oucnepcii HOPMaJIbHO  PO3MOALICHOL
BUITAJIKOBOI BEJIMYMHU TIPU BiJJOMOMY 3HAUCHHI 1i MAaTEMAaTHYHOTO CIIOZiBaHHS
Ly 1 3amaHiii MOBIpUiii iMOBIpHOCTI P 0a3yeThcsi Ha TOMY, IO BHUIIAJKOBA
BernunHa (N Sf)/ 6)2( Ma€e PO3MOJILIT XZ (xi-xkBazapat, Ilipcona) 3 k = N-1
CTENEHSIMU BUTLHOCTI 1 pIBHEM 3HAYYIIIOCTI OL.

Tabmuiro kputepiro [lipcona HaBeneno y ta6:a.J13 Jlomatky 3.

BusznauuBim 10Bipuy WUMOBIpHICTH K P = 1-a, 3anumemo

> NS;
Plxi <— <x2]=1-o. (3.4)
cSX
3a Tabimuero y° — po3MoaiTy Tpeba BHOpATH Taki 3HAYCHHS xlz Ta xg,
IIPU SIKUX BUKOHYIOTHCS PIBHOCTI:
Pl < 2f1=PLC > 151 = 2. (35)
Tabmuust x> — posmoxiny (Jomatok 3) mogae TIMBKH 3HAYCHHS

P[x?> %2 1, Tomy ams BusHauenns P[y® < y?] BHKOPHCTAEMO TaKy 3aI€KHICTh

Pl < x71=1 =Pl > 171
YBeaeMo no3HauYeHHs:
R =P >x1 P =P >3]
BpaxoByroun ocTaHHii BUpa3, piBHICTH (3.4) 3anuiemMo Tak

> NS; 5
c
Tox, 3 oy Ha (3.5) Ta (3. 6), po3paxyemo P; Ta Py:
P1=(1—a)+P2=1—a+a/2=1—0L/2;
P,=P;-1+a=1-a/2-1+a=0al2.
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2
.. 2 NSX 2 . . .
IlepeTBOpHMO HEPIBHICTh Y1 < —— < Y3 Y /Bl HEPIBHOCTI:
X

NSZ2 NSZ2
5 <O Ta 5 > Oy,
X2 X1

SK1 JO3BOJISFOTh BU3HAYUTHU JIOBIPYUI IHTEPBAI JIJISl JUCIIEPCIi:

2 2
NSZX <ol < NSZX :
X2 X1

Ipukaaxg 3.3. BusHauntu A0BipuWid i1HTEpBad I AWCHEPCii Gi

BUIMAJKOBOI BEIMYMHU X, PO3MOAIIECHOT HOpMaiabHO 3 iMoBIpHicTIO P = 0,95
3T1JIHO 3 oTpuMaHor BuOipkor N = 20, Sf = 10.
Po3B’s130k. Busznaunmo HacTymHi mokasuuku aist P = 0,95 :
- piBenb 3Hauymoctia =1—-P =1-0,95=0,05;
- imoBipHicTh Py = a/2 =0,025;
- iMoBipHicTh P; = 1 - a/2 =0,975;
- KinbKicTh cremneniB BitbHOCTI K= N -1 =20-1 =19;

3 tabmumi y° — posmoxniny st P, ta k = 19 BusHaunmo x% = 32,852, a nys

P, ta k =19 orpumaemo xlz = 8,907. Tenep 3anumieMo

(20-10)/32,852 < &2 < (20-10)/8,907;
6,088 < o2< 22,454,

26



Ha puc. 3.2 naBemeno aokyment MathCAD mnpukiagoM po3paxyHKy

IHTEPBATBHUX OI[IHOK JUCTIEPCIT Ta CEPEIHBOTO KBAAPATUIHOTO BiAXHUIICHHS.

P = 098 S2x = 10 I = 20
S21 - HIDKHA MEKA IHTEpEaTy JUCIIep il
1+
gehisq| T,N— 1| = 36.191
S2x M
San = 1eT 520 = 5.526
gohisg| —— 17— 1
L2
S2wW - BEpPXHA MeKA IHTePBaIy JICIIepCi
I 1-F A
gehisq)| T,N— 1| =7633
S2x N
Sow = S2w = 26.203

qchisq[ % -1 |

dS2 - moBEHHA IHTEPBATY A JHCIIEPCi
d52 = 32w — 52n ds2 = 20677

SNl - HIDKHA MEKA IHTEPBaIy CEPeTHbOTo
KBAJPaTITHOTO BTIIIEHHT

S2x N

Sn = z XP . Sn = 2.351
1T .

qn:hisq| T,N—l

SW - BEPXHA MEKA IHTEPBATY CepeIHbOr0
KBAJPaTITHOTO BTIIIEHHT

S o Sax
W= 1_p ow = 5119
qn:hisq| o AT -1

dS - JOBAIIHA IHTepBaNY QA CepeIHEOro
KBAJPaTHUHOT 0 BIXIIEHHA

dz = 5w 5n diz = 27608

Puc. 3.2 lokyment MathCAD 3 npukiiaioM po3paxyHKY iHTEpBAILHUX OI[IHOK
nuctiepcii Ta CKB
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3aBnanHs 4. Ilooyoyeamu kopenauinine none oara X ma Y.
Ilepesipumu cinome3y npo cymmegicmo KOPEnAUuiliHO20 36’°A3KYy MIMC HUMU

npu pieni 3nauyuyocmi 5%.

Kopeasiniiinuii 3B'fI30k — 1I¢ TakWid CTAaTHCTHYHUN 3B'SI30K MK
BUIAJIKOBUMH BEJIMYMHAMU, TIPU SKOMY 3MiHA OJIHIET 3 HUX MPHU3BOJIUTH O

3MIHH CE€PETHHOTO 3HAUYECHHS 1HIION.

TicHOTy 3B'A3Ky OILIHIOIOTH 3a JIOTIOMOTOI0 BEIUYMHU PO3CIIOBAHHS

3HaYCHb Y HABKOJIO iX yMOBHOro cepegHboro M, . 3Ha4HE pPO3CIFOBAHHS

CBIIYUTH Npo ciaOKy 3anexHicTb Y Big X abo B3araji mpo ii BIACYTHICTb.
HeBenuke po3citoBaHHS BKa3ye Ha HASIBHICTh JIOCTATHHO CUJIBHOT 3AJIEKHOCTL. Y
[OMY BUNAJIKY BeIMUMHU Y Ta X MOXKYTh OyTH 3B'si3aH1 HaBiTh (DYHKIIIOHAJIBHO,
ajyie i BIUTMBOM JPYTOPSTHUX BHUMNAJAKOBHX UYWHHUKIB II€H 3B'SI30K CTa€
pO3MUTUM. Y pe3ysbTaTi NP TOMY caMOMy 3HaueHH1 X BenuduHa Y npuiiMae

pi3HI 3HAYEHHS.

YmoBHuM cepeaHiM M, Ha3uBaIOTh cepeaHe apuPpMeTHUHE 3HAYCHHS

yIx
BUIMAJKOBOI BEIWYMHU Y, IO BIAMOBIZAIOTh SKOMYCh OJHOMY 3HAYCHHIO
BUMAJAKOBOI BenuM4MHU X, Hampukiaa, X = x;. Puc.4.l imocTpye TOHSATTS

YMOBHOI'O CEPCAHBOTIO.

Y A
[ ]
My
D K J
Mylxl i
D
. | -
X1 X2 X

Puc.4.1 I'padivna inTeprnpeTailisi yYMOBHOTO CEPETHHOTO BUMIAIKOBOI BETHUUHU Y
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IcHye nekinpka TOKa3HUKIB, SKI OILIHIOIOTH Ti ab0 1HIII CTOPOHHU
CTATUCTUYHOTO 3B'sI3Ky. OJHUM 13 HAOUTbII BAXKIMBUX € KOe(iuieHT mapHoi
kopeasimii. Lleit koediieHT xapakTepusye TICHOTY JIHIMHOTO 3B'SI3KY MIX
BUITQIKOBUMH BeJIMuruHaMu X Ta Y.

BubipkoBuii koehiieHT KOPEAIlii po3paxoByOTh 3a (hOPMYJIOHO:
N
> 06~ M (¥ —M,)
i=1

I =
Y (N-1)-S,-S,

ne N - kipkicTh nap gaHux X-Y.

: (4.1)

3HaueHHs KoeQilieHTa Iy MOXKYTh 3HAXOJUTHUCS B Alana3oHl —1< Ny <1.

Yum OinbIue | Iy |, THM CHIIBHIMINH JiHIHHUHN 3B'I30K MK 3MiHHUMH.

3HaueHHs Iy = 0 cBiguuTh a00 HpPO BIACYTHICTH Oyab-AKOi (opMH
3B'A3Ky, a00 NpO 3HA4YHY KPUBOIIHIMHY 3anexHICTh. fKmo Iy, >0, To X Ta Y
ofHOYacHO abo yOyBaroTh, ab00 3pocTarTh. Y BHUIAAKy, Komu Iy, <0 oxHa
BeIMYMHA yOyBae 31 3poCTaHHAM iHIIOIL. SIKIIo | Iy | = 1, To X Ta Y mos's3aHi
JHIAHOIO (DYHKITIOHAEHOIO 3aJIEKHICTIO.

OtpumaT ysiBy mpo (GopmMy 1 TICHOTY 3B’A3Ky MOKHA 3a JOTOMOTOIO
KopenAinauX mome (auB.puc. 4.2). KopeasimiiHUM T1oJ1eM Ha3HBaIOTh

300paKE€HHSI CYKYITHOCTI BUOIPKOBUX 3HAYEHB JBOX 3MIHHUX.
yA yA yA yA

<V

>
X
a) 6) B) r)

Puc. 4.2 Tunu KOpemnsiiHUX MOJiB:

23 4
<Y

a) BIICYTHICTb Oyab-KOi (hopMH 3B's13KY; 0) CYTTEBUI HEMIHIKHHUHI 3B'SI30K;

B) 3B'A30K IIpH Iy, > 0; T) 3Bs130K Ipu Iy <0
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Ha mnpaktumi 3amicTh po3paxyHKy MOMHIJIKH Koe(ilieHTa KOpemsiii
IEpEBIPAIOTh TIOTE3y MNPO MOro 3HAYYNIICTh, TOOTO YM ICTOTHO [y
BIJIPI3HIETHCA BiJ HyJAs ab0 IO BIAMIHHICTD MOXHA TPHUITHCATH BIUIUBY
BUIAJKOBOCTEH.

CdopmymoeMo CTaTUCTUYHI TIITOTE3H:

- OCHOBHAa Ho: p=0,

- amprepHaTBHa Hq: p=0,
e p - Koe(dilieHT MapHOi KOpeJsilii, MpUTaMaHHUI TeHepaIbHI CyKYyIMHOCTI
BeJlnunH X Ta Y.

Bun anprepHaTMBHOI rinore3n H; CBIAYUTE MpO Te, IO PO3IIAAAIOTH

JBOCTOPOHHIO KPUTUYHY 001acTh KpUTEPit0 CTHIONCHTA, SKM BUKOPUCTOBYIOTh
npu nepesipui Hy. Ilpu BuOpanomy o Tpeba abo ckopHCTaTHCS TaOIHLEIO
JBOCTOPOHHBOTO Kputepito CThrofeHTa, ab0 g Tabiulll OAHOCTOPOHHBOIO
KpUTEpito mpuitHiITH ot =0/ 2.

Po3paxyHkoBe 3HaUeHHSI KPUTEPII0 BU3HAYAIOTH 32 (POPMYIIOI0
‘rxy ‘\/ N-2
t=—F—.

t<ty o, (4.2)

[ToTiM nepeBipstOTH YMOBY

ne ty_, , - TabnuuHe 3HaueHHs kpuTepito mpu N-2 CTyHeHsIX BUIBHOCTI Ta PIBHI

3HAYYIIOCTI .
SIxkmo ymoBa (4.2) BHUKOHYETbCS, TO TinoTe3y FHy NpHiIMaOTh, TOX

3B’ SI30K MIJK BUIIaAKOBHMHU BCIIMYMHAMH BU3HAIOTh HEC ICTOTHHUM.
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Ipuxnan 4.1. Hexait BonHeBuii nokazHuk PH pinguau B Oarli 1 BUTpara

OJIHOTO 3 BXIAHUX MaTepialibHUX MOTOKIB G migyac eKCcrepuMeHTIB HaOyBaiu
3Ha4YeHb, HaBeneHuX y Tabm.4.1. Po3paxyBaTu omiHKy KoedimieHTa mapHOl
KopeJssii Mk X Ta Y Ta OIIHUTH TICHOTY JIHIHHOTO 3B’S3KY .

Ta6m.4.1 ExcnepuMeHTalbHI JaHi

pH(Y) | 6,7/ 69| 72|73 |84 (8891198 |106/10,7 |11,1 (11,8 | 12,1 | 12,4

G(X) | 28/ 22 (3035|3237 |40|48]|60]54 52 | 54| 60 | 90

Po3B’si30K.
My:67+69+72+“A424:£QB:9A$
14 14
MX:23+22+&0+m+9£:642:45$
14 14
14
Z(yi -M y)2
S =11 =
y 13
_J@J—94®2+@9—9A®2+02—9A%2+m+az4—9Am2_
13

523 =./4,03 = 2,01.

:J@3—45®2+Q2—45m2+@—45®2+m+@—45®2:
13

408 =.314=177.
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MathCAD wmae cranmapTHy ¢yHKIiro Corr(X,Y) mas po3paxyHKY
koedimieara mapHoi kopemsamii (XY — eKcrepuMeHTanbHI [aHi, 3aaaHi
MaTPHULISIMH - PSAIKAMUA 91 MATPHUISIMU - CTOBIIIISIMH).

Ha puc. 4.3. momano moxkyment MathCAD 3 xopemnsiiinum moinem X — Y

Ta BU3Ha4YeHHAM t Ta Ty _, .

110 . . .
. = o=005 t=cor(X. V) ¢=0588
105F " 8 -
W -2
1ok o 39 . b=t |—— t=2697
¥ $ s e
[ RN o5k . |
. . _ _8 e
o0l i the = qt(l E,N 2]
25 | | |
20 g5 90 95 100 thr = 204
pd

Puc. 4.3. Tokymert MathCAD 3 xopernsmiiinum mosieM X — Y Ta BU3Ha4YeHHsM t Ta tN 2a

3aBaanus 5. Busnauumu pecpeciiini mooeni TOK: niniitny —y = ag+tagX
ma keadpamuuny — Y= agta;X +a,x’. Hamecmu 6ionogiomni pynxuii na

Kopenauyiiine noJe.

VY pasi iCHyBaHHSI CYTTEBOTO KOPEJSUIMNHOIO 3B'S3Ky MK BHUIAJIKOBUMU
BEJTMYMHAMHU JIOIIUIBHO BU3HAYUTU Horo ¢Gopmy, TOOTO, CTBOPUTH MOJEb
o0'exty. Llel eTan KOpeNsAUIMHOIO aHaMI3y Ay>K€ BAXKIUBUN K MPU po3poOLi
CUCTEM KepyBaHHS TEXHOJIOTIYHUMU MPOIECAMU PI3HUX rajy3edl BUPOOHUIITBA,
TaK i B iHIIMX cdepax KUTTETAIbHOCTI TOAMHA. Foro Ha3sHBaIOTh pezpeciiinuii

ananiz.
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Perpeciiinuii ananiz nependadae MociiioBHE PO3B’SA3yBaHHS HACTYITHUX
3aad:
- CTBOpPEHHS MaTEeMaTUYHOI Mojedi O00'€KTy y BHIJISII perpeciitHoro
PIBHSIHHS 32 €KCTIEPUMEHTAILHUMHA JTAHUMU;
- aHaJI3 €T MOJEII.
KopeasiniiiHoo 3a/ieXKHICTI0O Ha3MBalOTh (DYHKI[IOHAJIBHY 3aJICKHICTh
YMOBHO1 cepenuboi Y Bim X:
M, = f(x). (5.1)
Ile piBHSHHS Ha3UBaIOTh pisHsHHaM peepecii Y Ha X; ¢yukumio f(X)
Ha3UBaIOTh pecpecicio Y Ha X, a00 ghyukyicro sioeyky, ii rpadik - jiHiero pespecii
Y na X.

Konmu pi3HOMaHiTHI 3HaYeHHs X 1 BIANOBIAHI 1M 3HayeHHS Y
CIIOCTEPITAIMCS TI0 OJHOPA30BO, HEMAa€e IMOTPEOM BHKOPUCTOBYBATH TIOHSTTS

YMOBHOI C€pe/IHbOI, a TOMY IiIyKaHe piBHsIHHA (5.1) MoKHa 3anmucatu Tak
y=1(x), (5.2)
ne Y - BenuunHa Y, po3paxoBaHa 3a MOJIEIUIIO.
B noganemiomy 1o ¢opmy 3anucy MOMIMPUMO SIK 3arajibHy. HaiiOinbin
MOIIUPEHUMH € TIOJIIHOMIaJIbH1 MOJIEIIL.
[Tpuknaau JTHIMHUX MOTIHOMIAIIBHUX PIBHSHb HACTYIIHI:
¥ =Dbo+bix; (5.3)
y = b0+ b1X1 + b2X2 +.. + bKXK.
PiBHSIHHS perpecii MOXKYTh OyTH 1 HENIHIMHUMHU 32 (HOPMOIO, HAPUKIIAL:
¥ = by +byxg +byXZ +baXy + by X Xa:

y = bo + blex+1.
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Bennuunu b; HasuBaroTh KoedinieHTamu (mapameTrpamMm) perpecii;

YUHHUKU X, SIKI ()OPMYIOTh MHOXXHMHY 3Ha4eHb X, Ha3UBaIOTh (PAKTOPAMHU.

Hanpuknan, X; — BATpara peareHra, X, — TEMIIEpaTypa IbOI'O pearcHra Ha
BXOzi peakropa. (YBara! CMuci X; 3aJIS)KUTh BiJl KOHTEKCTY 3aBIaHHS: SKIIO
pPO3IIIAIal0Th BIUIMB JIMIIE OAHOTO YMHHHUKA, SIKAM MO3HAYaOTh X, TO X — LE

3HAYCHHS 1[bOT0 YNHHHUKA B | — Y €KCTICPUMEHT!I ).

Po3paxyHok koedilieHTIB pIBHSHHS CKJIaJa€ 3MICT HapamempuuHorl
ioenmudghikayii Moperi.

JInst mpukiagy BU3HAYUMO MapaMeTpH JIIHIKHOTO PEerpeciiiHoro piBHAHHS
(5.3). dns uporo mposenemo N He3aIeKHUX JOCIIIB, 3 sKkuX oTpuMaemo N map

yucen. PesynpTatu gociiaiB HaBeaeMo y Gopmi tadbauii (auB.tadm. 5.1).

Ta6:.5.1. [Ipukian moxaHHs eKCIIEPUMEHTAIBHUX JTAHUX 3 OJHUM YHHHHKOM X

X X1 [X2 | . XN

Y Yi | Y2 .o | YN

3HaliieHI mapy 4YUCel MOXKHA PO3TJISAaTH SK BHUIAIKOBY BHOIPKY 3
reHepabHOT CYKYITHOCTI BCIX MOKJIMBUX 3HaU€Hb BUIMAIKOBUX BeJMuuH X Ta Y.
PiBHsIHHS perpecii, Ikl OTPUMAaHO 3a TAKUMU JIAaHUMHU, HA3UBAIOTh GUOIPKOGUMU,
a 3HaYeHHS KOe(DILIEHTIB — OYiHKaMu TapaMeTPIB perpecii.

Po3paxyeMo oOmiHKKM mapaMmeTpiB (Jadi IS COpPOIICHHS BUpPa3iB —
napameTpu) by 1 b; Tak, MO0 cyma kBaapartiB BiIXWICHb 3HAYCHb, IO

crioctepirarorscd (Y;), Big po3paxyHKoBUX ( V; ) Oyia MiHIMaJbHOIO, TOOTO
1

N
Q(by,by) =D (¥; —y;)? — min. (5.4)
i—1
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Meton po3paxyHky Dy 1 b;, 3acHOBaHWiA Ha Takiii BHMO3i, Ha3UBAIOTh
MeTOI0M HaliMeHIIMX KBajapaTiB. loro 3acTocyBaHHS IIPaBOYMHHE, SIKIIO
BUITAJIKOBl BEIWYMHH, MK SKUMH IIyKalOTh 3B 530K, MiANOPSIKOBaHI

HOpMaJIbHOMY 3aKOHY PO3MOALTY HMOBIPHOCTEH.

Po3kpuemo Y, y HaBeneHomy Buiie pyHkuionami (5.4):

N
Q(by,by) ZZ(bo +byx; — Yi)2 —> min.
i1

Jnst Bimmykansas MiHimymy ¢ysakmionama Q(by,b;), nmpupisasiemo ioro

YaCTUHHI OXiAHI 110 by 1 mo by mo myms:

M:Z%(bo +biX; — i) =0;
by i=1

b, N
%:2§(b0+qu—yi)-xi=0-

Po3kpreMo 3Haku cyM i BUHeceMo KoeditieHTn by Ta by 3a 11 3HaKu:

( N N
by - N+b1 2 % =2 ¥i =0;
i=1

i=1

N N N
bOin +b12xi2 —Zyixi =0.

[lepeneceMo 3a 3HaKM PIBHOCTEN YNPaBO WIECHU PIBHAHb, O HE MICTSTh

Koe(DilieHTIB (Iai A 3pyYHOCTI TpaHMIll MiACYMOBYBAaHHS OIyCKAaeEMO):

bo N +blin :Zyi;
bozxi +blin2 =Zini.
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Po3B's13aBI1M 1110 CUCTEMY, OJepkKUMO napameTpu by i by
b — ZXiZZYi —ZXiZXiYi _
O - 1
N> %P = (O x)?
_ ND Xiyi =D % D, Yi
N> xF - (O x)?

Mpuxnag 5.1. 3naiiTi mapameTpu JIHIHHOTO perpeciiHOro piBHSIHHS 3a

by

nanumu 'ty (N=5) cnoctepekeHs.
Po3B's130k. CkiianeMo po3paxyHKOBY TaOIHITO 5.2

Ta6:m1.5.2. Po3paxyHKkoBi gaHi 10 npuknagy 5.1

X Y X? XY

1,0 1,25 1,0 1,250

15 1,40 2,25 2,100

3,0 1,50 9,0 4,500

4,5 1,75 20,25 4,875

5,0 2,25 25,00 11,250
Yx =15| >y, =815 | ¥ 'x*=57,50 | DXy, =26,975

[TincTaBUMO OTpUMAaHI JJaH1 y BUPA3H JJIA PO3PaXyHKY MapaMeTpiB:

~57,5-815-15-26,975

bo 2 :1,024,
5-57,5-15
b, = 5-26,975-15-815 _ 0,202.
62,5

3anuiiemMo uryKaHe piBHSHHS perpecii:

y =1,024 + 0,202x.

[IIo6 3’scyBaTH, HACKIIBKH JOOpEe OOYHMCIIECHI 3a IMM PIBHSIHHSIM

3HAUYEHHA Y; Y3TOMXKYIOThCS 3 THMH, SKi CHOCTEpIirajmcsi BIPOJOBXK dHacy

JOCIIJKEHb Y, 3HAHIEMO BIAXUWIECHHS Y, — Y, .
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OTtpuMaHi po3paxyHKHu 3aHecemMo y Tabim. 5.3.

Ta6:1.5.3. lani 1 po3paxyHKiB TOUHOCTI MOJIEITI

Xy | Y [ ¢-7

1,0 | 1,226 | 1,25 | -0,024

1,5 | 1,327 | 1,40 | -0,073

301630 | 1,50 | 0,13

45 | 1933 | 1,75 | 0,083

50 | 2,034 | 2,25 | -0,216

Hocuts Benmuki BiaxwieHHS (Y —Y) HOSCHIOIOTHCS a00 MajIOK0 KIJIbKiCTIO

CIIOCTEpEXKEHB, 00 HENIHINHOIO (hOPMOIO 3a1eKHOCTI MK Y 1 X.

Y MathCAD s oOuwcneHHs mapaMeTpiB OJHO (PAKTOPHUX JHIHHHX
monened by i b; (muB. 5.3) BHKOPHCTOBYIOTHCS (YHKIII BiJIIOBITHO
intercept(X,Y) i slope(X)Y). V nyxkax, mapamerpamu BOYyIOBaHHUX (DYHKIIIH,
3aMKMCYIOTh 1IMEHAa MAaTpullb 3 EKCIepuMeHTalbHUMHU AaHumu. Ha puc. 5.1

nonano gokymeHT MathCAD 3 pesynbTaTamMu 3aCTOCYBaHHS ITUX (YHKIIIH

b0 = mtercept{3, 1) bl = slope(3, T

b0 = 1709 b1 =091

Puc. 5.1. Jokyment MathCAD 3 pe3ynpratamu 3actocyBants GyHKii intercept(x,y)
ta slope(x,y)

Merto o1liHIOBaHHS TapaMeTPiB OacamopakxmopHoi Ui HeaiHituHoi MOJeTl
aHAJIOTIYHUI TOMY, SIKHH BUKOPHCTOBYIOTH MJIsi OAHO(MAKTOPHOT MOJENI.
[IpoGnema TUIBKM y TOMY, IO PO3PAXYHKH CTAlOTh TPOMI3AKUMH. Tomy

NepexXoAsaTh 0 MAaTPUIHOI (DOPMU TOJAHHS 1 OTPUMAHHSI IaHUX.
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OCKUIbKHY CIIOCTEPEHKEHHS 32 KOJKHOIO 3MIHHOIO J]a€ HE OJHE, a IeKJIbKa ii
3HA4Y€Hb, TO 3PYYHO 3aIMCYBAaTH KOKHHMMU TaKUU pAX 3a JTOIMOMOI'OK BEKTOpA, a
CYKYIHICTh BCIX HE3JIC)KHUX 3MIHHUX — 32 JIOTIOMOT'0I0 JBOBUMIPHOT MaTPHIII.

VYBeneMo no3HayeHHsl, MpUTaMaHHI MaTpPUYHIN (popMi 3amuCy:

B = (bj) — BeKTOp OILIIHOK MapaMeTpiB;

Y = (yi) — BekTOp 3HAYCHD 3aeXKHOI 3MiHHOL, i =1 N ;

X = (Xjj) — MaTpuLs 3Ha4eHb HE3AJISKHUX 3MIHHUX Pa3MIpHICTIO

N xM , M— KUIbKICTh HE3aJIEKHUX 3MIHHUX ((paKTOpiB);

B=(X°X)1.(X°Y). (5.5)
Martpuirio X 3anucyroTh y BUTJISIII
L X1 X1 oo Xwg
1 X X e X
X — 12 22 M2 (5.6)
1 XN Xon o XMN

Takum yuHoM, 1 - ¥ psaiok MaTpulll X — 11e 3Ha4eHHs M BX1THUX 3MIHHUX
Mozeni y nepiomy ekcriepumenTi, N — i —y N - y ekcriepumeHTi.

Sxio nocniaKyBaTH 0HO(AKTOPHY KBAJIpaTUUYHY MOJIEIb CTPYKTYPHU

y=b, +bXx+b,x*,

TO MaTpuIilst X MAaTUME TaKUil BUTJIS]T
1 x; x12
x <[l %o X5
1..
1 X, X5
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Martpuns Y - 11e BEKTOP-CTOBIICIIb:

Y1

y =72, (5.7)

YN

Jokyment MathCAD s BU3HAYCHHS MapaMeTpPiB HEMHIHHOT MOl
3riiHo 3 (5.5) HaBenmeHo Ha puc. 5.2. HaneceHi Ha oauH rpadik KopessliiiHe
moJie 1 pe3yJbTaTH MOJEIIOBAHHS 3a JIHIMHOK 1 KBaJpaTHIHOIO
0JIH0(aKTOPHUMHU MOJICNIIMUA HaBEICHO Ha puc. 5.3.

1 8045 2045
1 £235 8235

1 8045 2045
1

1 8578 2578

Izl =

1 2060 Z9A0°

-1
g=lmT .l

7947
B=| 309
-0m

¥2=41-B

Puc. 5.2. lTokyment MathCAD s Bi3Ha4YCHHS TapaMeTpiB HENiHIHHOT Moeri

10663, !
-2
o
Y oo y ¥ .
V1 $-4
_____ - ol .'-
Y2 oo —
295 |
E220 e
&0 o 100
2045, pt 9507,

Puc. 5.3. Kopensriiiae mojie 1 pe3ysIbTaTd MOJICITFOBAHHS 32 JIIHIHHOKO 1
KBaIPaTUYHOIO OJTHO(PAKTOPHUMU MOJEISIMH
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3aBnanus 6. Ilepeeipumu adexeamuicmov 000x mooeneil.

[Ticnst oTpuMaHHS perpeciiiHOi Mojedl BHUKOHYIOTH ii aHamii3, 30Kpema
NepeBIpsIIOTh il aJeKBATHICTh, TOOTO BIAMOBIAHICTH ii MOBEIIHKK ITOBEIIHII
peanbHOro 00’ekTy. TiIbKM aJeKBaTHY MOJENIb MOXHA BUKOPUCTOBYBATH JIJIS

Or1iHKa aJeKBaTHOCTI 3/IMCHIOETHCS HA OCHOBI JIUCIIEPCIMHOTO aHalli3y
JBOMa CMOCO0aMH: TMOPIBHSAHHIM 3aJHMIIKOBOI AHCHEpCii abo 3 AUCTIEPCIEro
BUXIZIHOI BENMYMHUA ab0 3 JHCIEPCIEI0 BIATBOPIOBAHOCTI y MapalelbHUX
nociigax. Y po3paxyHKOBI poOOTI mependayeHo BUKOPUCTAHHS TMEPIIOTo
cnoco0y. 3rigHO 3 HUM MapaMeTpuyHa 1eHTU(IKAIlis 1 mepeBipKa aJeKBaTHOCTI

0a3yroThCsl HAa OAHIM 1 TIM camiii BUOIpIIl BUITaIKOBUX BeanyuH X Ta Y.
OTtxe, Tpeba MOPIBHATH TaKl Bl AUCTIEPCIi:

a) JuCIepciio, OOYMOBJICHY PpO3CIIOBaHHSM 3Ha4€Hb Y HAaBKOJO JiHII

perpecii (3aruwkosa nucnepcis , e — TUCTIePCist a0eK8amHocmi)

g2 :Z(Yi ~yi)?
WTN—(M+D)

(6.1)

e Sgd — JUCIIepCis aIeKBaTHOCT1; M — KIJIbKICTh KOE(ILIEHTIB y MOJIEIII;

0) aucnepcilo BHUMAAKOBOI BeIWYMHU Y BIAHOCHO 11 CEpPEIHbOI, 85
(muB.2.1).

q . . . .. 82 > Sp_

KIIO MDK LUMH AWCIEPCISMU ICHY€ CHIBBIAHOLICHHS Sjy =Sy, TO

perpeciiiny MoJiesb 3pa3y BapTO BU3HATH HE aJIeKBATHOIO €KCIIEPUMEHTATHLHUM
JaHuM. Y TPOTUBHOMY BUNAAKy Tpeba mepeBipuTH ocHOBHY (H, ) Ta

anbTepHaTUBHY (H; ) rinoresu:

L2 2.
Ho o =0y;

L2 2
Hitoy >0y.
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JI71st mepeBipKU TOro, 110 Ssd CYTTE€BO MEHINIA HIXK Si, BUKOPHUCTOBYIOTh
kpurtepiit dimepa.

PozpaxyHKOBe 3HA4YCHHAA KpI/ITCpiIO BHU3HAYAOTh HACTYITHUM YHHOM.

Fzss- N-1 |
s2 "[N—(M +1)

o 2i-MTIN-D)
> (Vi = 9i)2 (N = (M +1)

VY ¢irypHux nyxkax TyT 1 Jajdl BKa3aHi CTENEH1 BUIBHOCTI JIUCIEPCIi
YyUCEeIbHUKA Ta 3HAMEHHHKA, SKI Tpeda BHKOPUCTOBYBATH TMPHU TMOMIYKY
TaONMMYHOTO 3HaueHHs Kputepito Dimepa (nus. Tadn.. 14 Jonatky 4).

3HaueHHs F TmOKa3ye, y CKUIBKM pa3iB 3MEHIIYEThCS PO3CIFOBAHHS
CKCIIEpUMEHTAIbHUX JaHuX 3HaueHHs Y. Yum Oinbme F  mepeBuiye

F>Fy_iN-(M+1) o> THM CQEKTHBHINIA IMIOAO OTPHMAHOTO PIBHSHHSI B

MOPIBHSIHHI 3 PO3CIFOBAHHSM IOJI0 CEPETHBOTO MOJIENb.
SIkmo BUKOHYeThCs criBBigHOWICHHS F > Fy_3 N_(mo1)q» TO TIIOTE3Y Ho

Bi,Z[KI/I)IaIOTB, TOOTO MOJICJIb MOYXHa BBAKaTH aACKBATHOIO CKCIICPUMCHTAJIbHUM

JTAaHUM.
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IMpuxnag 6.1. YV tabn. 6.1 HaBeneHO eKciepUMEHTaNIbHI aHi (X — BUTpaTa
NPOAYKTY, Y — TeMIiepaTypa y TEXHOJIOTTYHOMY anapati). OTpuMaTu perpeciiny
MOJIEJIb 1 IEPEBIPUTH ii aJIeKBaTHICTb.

Tabmuis 6.1 ani mo 3amadi 6.1

0 Burpara Temmepatypa, R R 2
.10 HpOH;II)(Ty, X Yp P y (y B Y)Z (y -M y)
1 79 28,0 27,79 0,04 18,84
2 70 21,0 19,44 2,43 7,08
3 80 27,7 28,72 1,25 15,52
4 71 16,2 20,37 17,37 55,65
5 77 29,7 25,94 14,17 36,48
6 77 26,8 25,94 0,75 9,86
7 84 30,2 32,43 4,55 44,09
8 66 15,7 15,73 0 63,36
9 74 25,5 23,15 5,51 3,39
10 67 15,8 16,66 0,73 61,78
> 745 236,6 160,94 46,73 316,05

Po3’si30k. [loOynyeMo kopensuiiiHe nose (puc.6.1)

Ya
30__ * *
* **
251 *
201 *
15__ * * *

Puc. 6.1. Kopensumiitae mone no nmpukiany 6.1

Puc. 6.1 moka3sye, 1o 3B'A30K OJM3bKUN 10 MPSIMOIIHIKHOTO 1 MOXXHA

BUKOPUCTOBYBATH JIiHIMHE piBHSIHHS perpecii Buay (5.3).
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CKOpI/ICTaEMOCB METOOAOM HaWMEHIIINX KBaI[paTiB.

10a + 745b =236,6 | :10
745a +55817b =17917,7|: 745

a+ 74,5b = 23,66
a+74,92b =24,05

0,42b =0,39;

0
b=0,928{ c };.
kelc

236,6 =10a + 745-0,9286;

236,6 — 6918
a=

_ 0
T 4552°C|

Perpeciitna MoJiens nipoliecy Mae BUJ

§ = —45,52 + 0,928x

[TepeBiprMoO aieKBaTHICTS 1€l Moaei. Po3paxyeMo crioyaTky JUCIEpCiio

aJIEKBATHOCTI:

S2, = _A673 _ges.
N -2 10-2
Busznaunmo nucriepcito BUMaAKOBOI BEIMUMHU Y
N
2
Z(yi -M y)
S)% _ 1 _ 316,05 _351.
N -1 10-1
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Ockisbku Sgd < Si, TO CKOpUCTAEMOCH KpuTepiem Dimepa

S 2
Foy 3 g0,
S2 584

3'sicyeMo TaOnu4He 3HAYEHHs Kputepito dDimepa npu piBHI 3HAYYIIOCTI

o =0,05. Bono nopienroe Fgg 05 =3,39.
Bukonyerscst ymoBa F > Fgg005. TakuM umHOM, Mozenb 00’€kTa

aJIeKBaTHAa €KCIIEPUMEHTAIbHUM JAHUM.

Ha puc. 6.2. nmaBeneHo noxkyment MathCAD 3 mnpukiamom, sKwuii
UTIOCTPY€ BUKOpPUCTaHHSA BOyAOBaHOi (PYHKIlI MO BU3HAYEHHIO TaOJIMYHOIO
3HaueHHs kputepito Dimepa.

=101

[}
A

HE“:= 10 H—;{«-: 13
aax =123 SEH- = 0.4l
PospaxyHkoBe 3HaueHHA F - kputepito

F = %
e By

KPHTHYHA OBJIACTE - IBOCTOPOHHA

KpWTHU4He 3Ha4YeHHA KpuTepito Qiwepa
qF(l - %‘,9,1?) = 2494

Puc. 6.2. Jokyment MathCAD 3 npukiagom BUKOpUCTAaHHS BOYIOBaHOI (QYHKIIIT Tst
BU3HAYEHHIO TAOJIMYHOTO 3HAUYCHHS KpUTepiro Dimepa
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3aBnanns /. Buznauumu mounicms mooenei.

TouHICTB MO,ZIGJIi MOJKHa OHiHI/ITI/I 3a HACTYITHMMMH ITOKa3HUKaMU.

- 3aMmKoBa jucrepcii, Ky = S2:

- CCpCIHE 3HAYCHHA KBaI[paTiB BiI[XI/IJIeHI) PO3PAXYHKOBUX HOadHHUX BiI[

CKCIICPUMEHTAIbHUX (Ha OJMH €KCIICPUMEHT):

N
K, ZZ(Vi - Yi)Z/N :
i=1

- CCPCaAHE 3HAYCHHA a0COJIFOTHUX BiI[XI/IJ'IGHB PO3PAXYHKOBUX OAaHHUX Bi,ZI

EKCIEPUMEHTAIbHUX (HA OJIMH €KCTICPUMEHT)

N
Ky =2 I9i —Yi‘/N-
i=1

3aBnanusa 8. IIpoanajizyBatu BJIACTHBOCTI 3aJHUILIKIB JIiHIHHOL

MoOeJIi.

AHaii3 mMojeni nepeadayae 1me OJWH eTarl — JOCIIKEHHS 3aJIMIIKIB Oj,

ne O; =Y;—Y;. Tpeba BupaxyBaTH 3HA4Y€HHSA 3AIHUIIKY Ui KOXXHOIO

EKCIIEPUMEHTAJILHOTO 3HAYEHHS X; 1 MEPEBIPUTU YMOBY: CEPEIHE 3HAYEHHS

3aJIMIIKIB MOBUHHO HaOmmxatucs A0 Hynd. Kpim mporo OyayroTh KopessiiiiHe

nosie Mix Xj Ta O;. (auB. puc. 8.1). I'padik MoBUHEH MOKa3aTH, YU OJHAKOBO

PO3MOUICH] 3AJIUIITKU ISl PI3HUX 3HA4YEeHb PakTopa X.

+

+*

+
+ +

+
1 + L] i |

]

g5 90. 93 100

Z

Puc. 8.1. I'padik 3amuikis
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Ao 3anMIIKA  PIBHOMIPHO pO3TaIlloBaHI Ha BCbOMY I1HTEpBai
EKCIIEPUMEHTAJILHUX JTAHUX, TO MOJIE]Ib OJHAKOBO TOYHO BiITBOPIOE 00’ €KT MpHU

pi3HUX piBHA (akTopa X.

3aBnanns 9.  Busmauumu o0ogipui inmepeanu o0nsa napamempis niHIHOT
Mooeni.

[lepeBipka 3HAYYyHMIOCTI KOE(MIIIEHTIB 3AIACHIOETHCS 3a 3BUYANHOIO
CXEMOIO IIEPEBIPKM CTaTUCTUYHHMX Timote3. Ilounemo 3 Dy 1 mepeBipumo
rinoresu

Ho: Bo =0;

Hi: By #0,
ne Bo — nliicHe 3Ha4YeHHS MapaMmeTpa pPIBHAHHS (OTpUMaHE 3 TEeHEepaIbHOI
CYKYIIHOCTI, by — HOTO OLIIHKA).

CraTucTUYHI BHUCHOBKHM IIOAO KoeQilieHTa perpecii b; MOXyTb OyTH
OTpHUMaHi 3a IOIOMOTr 010 KpuTepito CThIOACHTA.

Po3paxyHKoBe 3HaUEHHS! KPUTEPIIO0 BU3HAYAIOTH 32 (POPMYIIOI0

Ibo —0

t="0 1
[c2
Sty
ae Sgo — owiHKa qucnepcii koedirienta by, Gﬁo :
[To BU3HAYEHHIO Ggo :
2 2
Oy =M(bg —Bo)”.

MoskHa I0BECTH, IO JUCIIEPCIIO cskz)o BH3HAYAIOTh 32 BUPA30OM:

X
Z(Xi - Mx)2 .

2 2 _ g2
GbO —)Sbo —Sad
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[TepeBipky 3HauymocTi b; 3A1HCHIOOTH aHanoriyHo. CdopmynoemMo

rinoresu
Ho: By =0;
H,: By =0,
ne [, — niiicHe 3HauYeHHS TapaMeTpa pIBHSAHHA (OTpUMaHe 3 TEeHEpaIbHOI
CYKYITHOCTI, b — HOTO OITiHKA).
OOUYNCTUMO CTaTUCTUKY
([P0

2 b
VS
1e Sgo — OILIHKA Jucrepcii KoedilleHTa, Gﬁl :

I1o Bu3HaUeHHIO:
Gtz)l =M (b, _Bl)za

MOXHA MEePENUTH 10 HACTYITHOTO BUPA3y

VY 3arasibHOMY BUNAAKY IMCIEPCII0 MapameTpa PIBHAHHS BU3HAYaloTh,

BUXOJISTYM 3 BUPA3Y:
Sé = Ciiszfd ’
ne C;; — BIAMOBITHUHN NiaroHaabHUM eneMeHT MaTpuii (X X )_1.
TabnuuHe 3HayeHHs KpuTepito Bu3HadaTh 11 (N — 2) cTyneHiB

BUIBHOCTI ¥  pIBHA 3HAYYymIOCTI O (BUKOPUCTOBYIOUM TaOmWIl  JJis

JABOCTOPOHHBOTO KPUTEPiI0), ty_ o, -
Skmo t>ty_,,, TO rimoresy Hy BIAKHAAIOTH 1 BM3HAKOTH 3HAYYLIICTh

xoediuienTa f;. JloBipuuii iHTepBan 11 3; 00UUCIIOIOTH TaK

bi _tN—Z,OLSbi SBI Sbl +tN_210‘Sbi .
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3aBnauus 10.  Ilepesipumu o00nopionicmb 3a1UUIKOBUX Ouchnepciil

000x modeneii i 3podumu GUCHOB0OK NPO OOUIILHICHDb 3ACHOCYBAHHA

Keaopamu4uHoi mMooeni 3amicms JAiHIIHOL.

[le 3aBmaHHA BUKOHYIOTH IS TOTO, IIOO0 BW3HAYMTHUCH Yy TMHTAaHHI 31
CTPYKTYPOIO perpeciiiHoi mMojeni. SKio 3aauikoBa AUCHEPCis KBAJIpaTUUHOI
MOJIeNII CYTTEBO MEHIA 3a 3aJUIIKOBY AHUCIEPCIIO JHIAHOI MOmemi, TOml €
CMHUCIT BUOpaTH O1IbIN CKJIaJHy Mojenb. [lopiBHSHHS ABOX AucHepciid Tpeda
BUKOHATU 3a KkpurepieM @Dimepa. Hacadaemo, wio po3paxosyioms ueil

Kpumepiil OlJ1ICHHAM OL1bWi0T Oucnepcii Ha MEeHuLy.
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IMopsaaok 3aXMCTY TA KOHTPOJIbHI 3aNIMTAHHS

3axXuCT PO3PaxyHKOBOI pPOOOTH BIAOYBAETHCS IMCIS BHUKOHAHHS YCIX
PO3JIUIIB 3aBIaHHS.

CtyneHT MIATBEP/KYE BUKOHAHHS 3aBJaHb, HABOJSYM BIAMOBIIHI
JOCITIJKEHHS Ta PO3PAXyHKH 3 MOSCHIOBAIBHOI 3aITUCKH.

3a BUMOIOIO BHKJIaJada CTYJISHT IIOBUHEH IIOKa3aTH CBO€ BMIHHS
BUKOpUcTOBYBaTH mporpamy MathCAD.

JIns MATrOTOBKH JI0 3aXHCTy PO3PaXyHKOBOI pPOOOTH CTYACHT MOBHUHEH

3HATH BIJIMOBI/I1 HA HACTYITHI 3aITUTaHHS:

1. [I{o Take 3aKOH pO3MOALTY HMOBIPHOCTEN BUNIAJAKOBOI BETUYUHU?
2. [lo Take eMmipuYHUI 3aKOH PO3MOALTY UMOBIPHOCTEN?
3. Ax moOyayBaT eMHIpHYHY (QYHKLIIO pPO3MOAUTY WMOBIPHOCTEH Ta

ricTorpamy JMCKPETHOI BUMAIKOBOI BETUYNHU?

4, Sx mnoOyayBatu eMmipuyHy (YHKIIIO PO3MOALTYy Ta TICTOrpaMmy
3acobamu MathCAD?

5. [Ilo Take orminka mapameTpy?

6. [Ilo Take ToukoBa oIliHKa mapameTpy? 3HaTH (HOPMYIU PO3PAXYyHKIB
TOYKOBHMX OI[IHOK MaTeMaTUYHOrO CIOAIBaHHS, AUCIEPCli Ta CTaHAAPTHOTO
BIIXHJICHHS.

7. [I{o Take iHTEepBajIbHA OLIHKA apameTpy? YuM BOHA XapaKTEPU3y€EThCs?
8. Sk BU3HAUUTH IHTEpBaJbHI OIIIHKKM MAaTeMaTUYHOTO CIIOJIBaHHSI Ta
JUCTIepCii?

Q. SIki ciocoOu BU3HAYCHHS TOUKOBUX NapametpiB Hamae MathCAD ?

10. Jlatu BU3HAYEHHS KOPEJALIINHOIO 3B’ SI3Ky MK BETMUMHAMHU.

11. IIlo xapakrtepu3ye KoedilieHT mapHOi Kopeundauii? Ak po3paxoByBatu

HOT0 TOYKOBY OLIIHKY?
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12.  SIk BU3HAYHUTHU CYTTEBICTH KOPEIALIHHOTO 3B’ SI3KY?

13.  SIk Bu3HauMTH KOe(IlI€EHTH MapHOI Ta YacTKOBOI KopeJsiii y MathCAD?
14.  SIxi 3amadi po3B’s3ye perpeciiiHuii aHaiz?

15. o Take ¢axTopu, a 110 — MapameTpu MoJIei?

16. SIkmifi MeTOJ 3acTOCOBYIOTH JUISi PO3PaxXyHKY MapaMeTpiB perpeciiHoi
MOJIEJTi TIPH HOPMAJILHOMY PO3MO/ILJTI BUITAIKOBUX BEJTNINH?

17. SIx mepeBipUTH aJEKBATHICTh pPErpeciiiHoi MojeNll MpU HOPMaJIbLHOMY
PO3IOIIII1 BUMAAKOBUX BEJIMYUH?

18. SIk BU3HAYUTH TOYHICTH MOJIENI?

19. Sk BU3HAYUTH JOBIpYl IHTEPBAIH JJIs1 KOEQILIEHTIB perpecii?

20. Y oMy mojsra€e JOCHiHKEHHS 3TAIITKIB MOIETTi?

21.  Slki cmocoOu poBeIeHHs perpeciiiHoro anamizy Hagaots MathCAD?

50



Cnucok peKoMeH/I0BaHOI JiTepaTypu

1. Kyuenko, A. 1. O1iHOBaHHs MapaMeTpiB Ta MEPEBIPKA CTATUCTUYHUX
rimote3. Teopis Ta npakTtrka podoru 3 MathCAD, MatLab, MS Excel [Tekcr]:
HaB4. nioci0 / A.L. XKyuenko, JI.JI. Apomyk — K.: HTYY «KIIl», 2012. — 156 c.

2. Kyuenko, A. 1. CremniaiibHi po3JiJidi MaTEeMAaTHUKU JJISI JOCIIKCHHS
komi'totepuux cuctem [Tekcr]: HaBu. mocid / A.l. XKyuenko, JI.J[. Spomyk —
K.: Texnika, 1996. — 184c.

3. Kaykrenko, B. 1. Teopis iiMOBIpHOCTEH 1 €IEMEHTH MaTeMaTHIHOI
cratructuku [Tekcr]: HaBy. moci6. /: B.I. Xnykrenko, C.I. Hakoneunwmii. — K.:
HMK, 1991. — 252c.

4. Mapmo3za, A. T. IlpakTukymM 10 MaTeMaTHYeCKOW CTaTHUCTHKE
[Tekct]: yueO. mocodue / A.T. Mapmo3za. — K.: Beima mik., 1990. — 191 c.

5. HosikoBa, JI. B. Teopis iiMOBIpHOCTEH 1 MareMaTUyHa CTATUCTUKA
[Texct]: HaBy. moci6. / JI.B. HosikoBa, b./[.Kotinsp, B.I. buukoB — K.: Texnika,
1996. — 184c.

6. Bentueab, E. C. Teopus BepositHocTelt [Tekct]: yueb. nus By3oB / E.
C. Bentuens. — M.: Beic.amk., 2001. — 575 c.

7. 'mypman, B. E. Teopus BeposiTHOCTE U MaTeMaTUyecKas
cratuctuka [Tekct]:/ ydaebH.mocoOb. mist By3oB / B.E I'mypman — M.: Breicm.
k., 2000. — 479 c.

8. Ilime, A. HW. Mathcad: wmaremaTuueckuii NpPaKTHKYM IS
SKOHOMHUCTOB W uHKeHepoB [Tekct]: yue0. mocooue / A. WM. Ilmmc, I1. A.

CauBuna. — M.: ®uHaHCH U cTaTUCTHKA, 1999. — 656 c.

o1



JTOJATKH

CTATUCTHUYHI TABJINIII

52



Jonatox 1.
2

z

x =
Ta6muus J]1. 3nauenns Gpyukuii Jlanmaca D(X) = i f e 2dz
V2r o

X D (x) X D(x) X D (x) X D (x)
0.00 0.0000 0.45 0.1736 0.90 0.3159 1.35 0.4115
0.01 0.0040 0.46 0.1772 0.91 0.3186 1.36 0.4131
0.02 0.0080 0.47 0.1808 0.92 0.3212 1.37 0.4147
0.03 0.0120 0.48 0.1844 0.93 0.3238 1.38 0.4162
0.04 0.0160 0.49 0.1879 0.94 0.3264 1.39 0.4177
0.05 0.0199 0.50 0.1715 0.95 0.3289 1.40 0.4192
0.06 0.0239 0.51 0.1950 0.96 0.3315 1.41 0.4207
0.07 0.0279 0.52 0.1985 0.97 0.3340 1.42 0.4222
0.08 0.0319 0.53 0.2019 0.98 0.3365 1.43 0.4236
0.09 0.0359 0.54 0.2054 0.99 0.3389 1.44 0.4251
0.10 0.0398 0.55 0.2088 1.00 0.3413 1.45 0.4265
0.11 0.0438 0.56 0.2123 1.01 0.3438 1.46 0.4279
0.12 0.0478 0.57 0.2157 1.02 0.3461 1.47 0.4292
0.13 0.0517 0.58 0.2190 1.03 0.3485 1.48 0.4306
0.14 0.0557 0.59 0.2224 1.04 0.3508 1.49 0.4319
0.15 0.0596 0.60 0.2257 1.05 0.3531 1.50 0.4332
0.16 0.0636 0.61 0.2291 1.06 0.3554 151 0.4345
0.17 0.0675 0.62 0.2324 1.07 0.3577 1.52 0.4357
0.18 0.0714 0.63 0.2357 1.08 0.3599 1.53 0.4370
0.19 0.0753 0.64 0.2389 1.09 0.3621 1.54 0.4382
0.20 0.0793 0.65 0.2422 1.10 0.3643 1.55 0.4394
0.21 0.0832 0.66 0.2454 1.11 0.3665 1.56 0.4406
0.22 0.0871 0.67 0.2486 1.12 0.3686 1.57 0.4418
0.23 0.0910 0.68 0.2517 1.13 0.3708 1.58 0.4429
0.24 0.0948 0.69 0.2549 1.14 0.3729 1.59 0.4441
0.25 0.0987 0.70 0.2580 1.15 0.3749 1.60 0.4452
0.26 0.1026 0.71 0.2611 1.16 0.3770 1.61 0.4463
0.27 0.1064 0.72 0.2642 1.17 0.3790 1.62 0.4474
0.28 0.1103 0.73 0.2673 1.18 0.3810 1.63 0.4484
0.29 0.1141 0.74 0.2703 1.19 0.3830 1.64 0.4495
0.30 0.1179 0.75 0.2734 1.20 0.3849 1.65 0.4505
0.31 0.1217 0.76 0.2764 1.21 0.3869 1.66 0.4515
0.32 0.1255 0.77 0.2794 1.22 0.3883 1.67 0.4525
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Iponosxenns tadu. J1.

X D (x) X D(x) X D (x) X @ (x)
0.33 0.1293 0.78 0.2823 1.23 0.3907 1.68 0.4535
0.34 0.1331 0.79 0.2852 1.24 0.3925 1.69 0.4515
0.35 0.1368 0.80 0.2881 1.25 0.3944 1.70 0.4554
0.36 0.1406 0.81 0.2910 1.26 0.3962 1.71 0.4564
0.37 0.1443 0.82 0.2939 1.27 0.3980 1.72 0.4573
0.38 0.1480 0.83 0.2967 1.28 0.3997 1.73 0.4582
0.39 0.1517 0.84 0.2995 1.29 0.4015 1.74 0.4591
0.40 0.1554 0.85 0.3023 1.30 0.4032 1.75 0.4599
0.41 0.1591 0.86 0.3051 131 0.4049 1.76 0.4608
0.42 0.1628 0.87 0.3078 1.32 0.4066 1.77 0.4616
0.43 0.1664 0.88 0.3106 1.33 0.4082 1.78 0.4625
0.44 0.1700 0.89 0.3133 1.34 0.4099 1.79 0.4633
1.80 0.4641 2.00 0.4772 2.40 0.4918 2.80 0.4974
1.81 0.4649 2.02 0.4783 2.42 0.4922 2.82 0.4976
1.82 0.4656 2.04 0.4793 2.44 0.4927 2.84 0.4977
1.83 0.4664 2.06 0.4803 2.46 0.4931 .2.86 0.4979
1.84 0.4671 2.08 0.4812 2.48 0.4934 2.88 0.4980
1.85 0.4678 2.10 0.4821 2.50 0.4938 2.90 0.4981
1.86 0.4686 2.12 0.4830 2.52 0.4941 2.92 0.4982
1.87 0.4693 2.14 0.4838 2.51 0.4945 2.94 0.4984
1.88 0.4699 2.16 0.4846 2.56 0.4948 2.96 0.4985
1.89 0.4706 2.18 0.4854 2.58 0.4951 2.98 0.4986
1.90 0.4713 2.20 0.4861 2.60 0.4953 3.00 0.49865
1.91 0.4719 2.22 0.4868 2.62 0.4956 3.20 0.49931
1.92 0.4726 2.24 0.4875 2.64 0.4959 3.40 0.49966
1.93 0.4732 2.26 0.4881 2.66 0.4961 3.60 0.499841
1.94 0.4738 2.28 0.4887 2.68 0.4963 3.80 0.499928
1.95 0.4744 2.30 0.4893 2.70 0.4965 4.00 0.499968
1.96 0.4750 2.32 0.4898 2.72 0.4967 4.50 0.499997
1.97 0.4756 2.34 0.4904 2.74 0.4969 5.00 0.499997
1.98 0.4761 2.36 0.4909 2.76 0.4971
1.99 0.4767 2.38 0.4913 2.78 0.4973
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Tabmug J12. Kputnuni 3Hauenus t—kpurepito (CTeioeHTa)

Jdoaatok 2

KinbkicTs PiBeHb 3HaYYIIOCTi 0 (1BOGIYHA KPUTHYHA 00J1aCTh)
CTCHEH 0,10 0,05 0,02 0,01 0,002 0,001
BiJIbHOCTI K
1 6.314 12.706 31.821 63.657 318.309 636.619
2 2.920 4.303 6.965 9.925 22.327 31.599
3 2.353 3.182 4.541 5.841 10.215 12.924
4 2.132 2.776 3.747 4.604 7.173 8.610
5 2.015 2.571 3.365 4.032 5.893 6.869
6 1.943 2.447 3.143 3.707 5.208 5.959
7 1.895 2.365 2.998 3.499 4.785 5.408
8 1.860 2.306 2.896 3.355 4.501 5.041
9 1.833 2.262 2.821 3.25 4.297 4.781
10 1.812 2.228 2.764 3.169 4.144 4.587
11 1.796 2.201 2.718 3.106 4.025 4.437
12 1.782 2.179 2.681 3.055 3.930 4.318
13 1.771 2.160 2.650 3.012 3.852 4221
14 1.761 2.145 2.624 2977 3.787 4.140
15 1.753 2.131 2.602 2.947 3.733 4.073
16 1.746 2.120 2.583 2921 3.686 4.015
17 1.740 2.110 2.567 2.898 3.646 3.965
18 1.734 2.101 2.552 2.878 3.610 3.922
19 1.729 2.093 2.539 2.861 3.579 3.883
20 1.725 2.086 2.528 2.845 3.552 3.850
21 1.721 2.080 2.518 2.831 3.527 3.819
22 1.717 2.074 2.508 2.819 3.505 3.792
23 1.714 2.069 2.500 2.807 3.485 3.768
24 1.711 2.064 2.492 2.797 3.467 3.745
25 1.708 2.060 2.485 2.787 3.450 3.725
26 1.706 2.056 2.479 2.779 3.435 3.707
27 1.703 2.052 2473 2771 3.421 3.690
28 1.701 2.048 2.467 2.763 3.408 3.674
29 1.699 2.045 2.462 2.756 3.396 3.659
30 1.697 2.042 2.457 2.75 3.385 3.646
31 1.696 2.040 2.453 2.744 3.375 3.633
32 1.694 2.037 2.449 2.738 3.365 3.622
33 1.692 2.035 2.445 2.733 3.356 3.611
34 1.691 2.032 2.441 2.728 3.348 3.601
35 1.690 2.030 2.438 2.724 3.340 3.591
36 1.688 2.028 2434 2.719 3.333 3.582
37 1.687 2.026 2431 2.715 3.326 3.574
38 1.686 2.024 2.429 2.712 3.319 3.566
39 1.685 2.023 2.426 2.708 3.313 3.558
40 1.684 2.021 2423 2.704 3.307 3.551
41 1.683 2.020 2421 2.701 3.301 3.544
42 1.682 2.018 2418 2.698 3.296 3.538
43 1.681 2.017 2416 2.695 3.291 3.532
44 1.680 2.015 2414 2.692 3.286 3.526
45 1.679 2.014 2412 2.69 3.281 3.520
46 1.679 2.013 2.410 2.687 3.277 3.515
47 1.678 2.012 2.408 2.685 3.273 3.510
48 1.677 2.011 2.407 2.682 3.269 3.505
49 1.677 2.010 2.405 2.68 3.265 3.500
50 1.676 2.009 2.403 2.678 3.261 3.496
0,05 0,025 0,01 0,005 0,001 0,0005

PiBenn 3HaYymocTi 0 (0MHOGIYHA KPUTHYHA 00J1aCTh)
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IIponosxenns Tadm.J[2.

KinbkicTh PiBenb 3HauymocTi o (1B00iYHA KPUTHYHA 00J1aCTh
CTene 0,10 0,05 0,02 0,01 0,002 0,001
BiJIbHOCTI K

51 1.675 2.008 2.402 2.676 3.258 3.492
52 1.675 2.007 2.400 2.674 3.255 3.488
53 1.674 2.006 2.399 2.672 3.251 3.484
54 1.674 2.005 2.397 2.670 3.248 3.480
55 1.673 2.004 2.396 2.668 3.245 3.476
56 1.673 2.003 2.395 2.667 3.242 3.473
57 1.672 2.002 2.394 2.665 3.239 3.470
58 1.672 2.002 2.392 2.663 3.237 3.466
59 1.671 2.001 2.391 2.662 3.234 3.463
60 1.671 2.000 2.390 2.660 3.232 3.460
61 1.670 2.000 2.389 2.659 3.229 3.457
62 1.670 1.999 2.388 2.657 3.227 3.454
63 1.669 1.998 2.387 2.656 3.225 3.452
64 1.669 1.998 2.386 2.655 3.223 3.449
65 1.669 1.997 2.385 2.654 3.220 3.447
66 1.668 1.997 2.384 2.652 3.218 3.444
67 1.668 1.996 2.383 2.651 3.216 3.442
68 1.668 1.995 2.382 2.650 3.214 3.439
69 1.667 1.995 2.382 2.649 3.213 3.437
70 1.667 1.994 2.381 2.648 3.211 3.435
71 1.667 1.994 2.380 2.647 3.209 3.433
72 1.666 1.993 2.379 2.646 3.207 3.431
73 1.666 1.993 2.379 2.645 3.206 3.429
74 1.666 1.993 2.378 2.644 3.204 3.427
75 1.665 1.992 2.377 2.643 3.202 3.425
76 1.665 1.992 2.376 2.642 3.201 3.423
77 1.665 1.991 2.376 2.641 3.199 3.421
78 1.665 1.991 2.375 2.640 3.198 3.420
79 1.664 1.990 2.374 2.640 3.197 3.418
80 1.664 1.990 2.374 2.639 3.195 3.416
81 1.664 1.990 2.373 2.638 3.194 3.415
82 1.664 1.989 2.373 2.637 3.193 3.413
83 1.663 1.989 2.372 2.636 3.191 3.412
84 1.663 1.989 2.372 2.636 3.190 3.410
85 1.663 1.988 2.371 2.635 3.189 3.409
86 1.663 1.988 2.370 2.634 3.188 3.407
87 1.663 1.988 2.370 2.634 3.187 3.406
88 1.662 1.987 2.369 2.633 3.185 3.405
89 1.662 1.987 2.369 2.632 3.184 3.403
90 1.662 1.987 2.368 2.632 3.183 3.402
91 1.662 1.986 2.368 2.631 3.182 3.401
92 1.662 1.986 2.368 2.630 3.181 3.399
93 1.661 1.986 2.367 2.630 3.180 3.398
94 1.661 1.986 2.367 2.629 3.179 3.397
95 1.661 1.985 2.366 2.629 3.178 3.396
96 1.661 1.985 2.366 2.628 3.177 3.395
97 1.661 1.985 2.365 2.627 3.176 3.394
98 1.661 1.984 2.365 2.627 3.175 3.393
99 1.660 1.984 2.365 2.626 3.175 3.392

100 1.660 1.984 2.364 2.626 3.174 3.39
0,05 0,025 0,01 0,005 0,001 0,0005

PiBeHb 3HauymocTi o (0qHO0IiYHA KPUTHYHA 00J1aCTh)
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IIponosxenns Tadm.J[2.

KinbkicTh PiBenb 3HauymocTi o (1B00iYHA KPUTHYHA 00J1aCTh
CTene 0,10 0,05 0,02 0,01 0,002 0,001
BiJIbHOCTI K

101 1.660 1.984 2.364 2.625 3.173 3.389
102 1.660 1.983 2.363 2.625 3.172 3.388
103 1.660 1.983 2.363 2.624 3.171 3.388
104 1.660 1.983 2.363 2.624 3.170 3.387
105 1.659 1.983 2.362 2.623 3.170 3.386
106 1.659 1.983 2.362 2.623 3.169 3.385
107 1.659 1.982 2.362 2.623 3.168 3.384
108 1.659 1.982 2.361 2.622 3.167 3.383
109 1.659 1.982 2.361 2.622 3.167 3.382
110 1.659 1.982 2.361 2.621 3.166 3.381
111 1.659 1.982 2.360 2.621 3.165 3.380
112 1.659 1.981 2.360 2.620 3.165 3.380
113 1.658 1.981 2.360 2.620 3.164 3.379
114 1.658 1.981 2.360 2.620 3.163 3.378
115 1.658 1.981 2.359 2.619 3.163 3.377
116 1.658 1.981 2.359 2.619 3.162 3.376
117 1.658 1.980 2.359 2.619 3.161 3.376
118 1.658 1.980 2.358 2.618 3.161 3.375
119 1.658 1.980 2.358 2.618 3.160 3.374
120 1.658 1.980 2.358 2.617 3.160 3.373
121 1.658 1.980 2.358 2.617 3.159 3.373
122 1.657 1.980 2.357 2.617 3.158 3.372
123 1.657 1.979 2.357 2.616 3.158 3.371
124 1.657 1.979 2.357 2.616 3.157 3.371
125 1.657 1.979 2.357 2.616 3.157 3.370
126 1.657 1.979 2.356 2.615 3.156 3.369
127 1.657 1.979 2.356 2.615 3.156 3.369
128 1.657 1.979 2.356 2.615 3.155 3.368
129 1.657 1.979 2.356 2.614 3.155 3.368
130 1.657 1.978 2.355 2.614 3.154 3.367
131 1.657 1.978 2.355 2.614 3.154 3.366
132 1.656 1.978 2.355 2.614 3.153 3.366
133 1.656 1.978 2.355 2.613 3.153 3.365
134 1.656 1.978 2.354 2.613 3.152 3.365
135 1.656 1.978 2.354 2.613 3.152 3.364
136 1.656 1.978 2.354 2.612 3.151 3.364
137 1.656 1.977 2.354 2.612 3.151 3.363
138 1.656 1.977 2.354 2.612 3.150 3.362
139 1.656 1.977 2.353 2.612 3.150 3.362
140 1.656 1.977 2.353 2.611 3.149 3.361
141 1.656 1.977 2.353 2.611 3.149 3.361
142 1.656 1.977 2.353 2.611 3.149 3.360
143 1.656 1.977 2.353 2.611 3.148 3.360
144 1.656 1.977 2.353 2.61 3.148 3.359
145 1.655 1.976 2.352 2.61 3.147 3.359
146 1.655 1.976 2.352 2.61 3.147 3.358
147 1.655 1.976 2.352 2.61 3.147 3.358
148 1.655 1.976 2.352 2.609 3.146 3.357
149 1.655 1.976 2.352 2.609 3.146 3.357
150 1.655 1.976 2.351 2.609 3.145 3.357
0,05 0,025 0,01 0,005 0,001 0,0005

PiBeHb 3HauymocTi o (0qHO0iYHA KPUTHYHA 00J1aCTH)
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Tabmus J13. Kputndni 3HaueHHS XZ—KpI/ITepiIO (ITipcona)

Jlonarok 3

ImoBipHICTB, (%)

K 99,95 | 999 | 995 | 990 | 97,5 [950 | 90,0 |80,0 70,0
1 10,0393 | 0,0157 |0,0393 | 0,0157 | 0,0982 10,0393 | 0,0158 0,0642 | 0,148
2 10,0100 | 0,0200 |0,0100 |0,0201 | 0,0506 |0,103 | 0,211 |0,446 | 0,713
3 10,0153 | 0,0243 |0,0717 | 0,115 | 0,216 |0,352 | 0,584 |1,005 | 1,424
4 10,0639 | 0,0908 | 0,207 | 0,297 | 0,484 0,711 | 1,064 (1,649 | 2,195
5 0,158 | 0,210 | 0,412 | 0,554 | 0,831 |1,145 | 1,610 |2,343 | 3,000
6 0,299 | 0,381 | 0,676 | 0,872 | 1,237 |1,635 | 2,204 |3,070 | 3,828
7 0,485 | 0,598 | 0,989 | 1,239 | 1,690 (2,167 | 2,833 |3,822 | 4,671
8 0,710 | 0,857 | 1,344 | 1,646 | 2,180 |2,733 | 3,490 |4,594 | 5527
9 0972 | 1,158 | 1,735 | 2,088 | 2,700 |3,325 | 4,168 |5,380 | 6,393
10 1,265 | 1,479 | 2,156 | 2,558 | 3,247 [3,940 | 4,865 (6,179 | 7,267
11 | 1,587 | 1,834 | 2,603 | 3,053 | 3,816 |4,575 | 5578 |6,989 | 8,148
12 11,934 | 2,214 | 3,074 | 3,571 | 4,404 |5226 | 6,304 |7,807 | 9,034
13 2,305 | 2,617 | 3,565 | 4,107 | 5,009 5892 | 7,042 (8,634 | 9,926
14 | 2,697 | 3,041 | 4,075 | 4,660 | 5,629 |6,571 | 7,790 |9,467 | 10,821
15 |3,108 | 3,483 | 4,601 | 5229 | 6,262 |7,261 | 8,547 (10,307 | 11,721
16 |3,5536 | 3,942 | 5142 | 5,812 | 6,908 7,962 | 9,312 [11,152 | 12,624
17 | 3,980 | 4,416 | 5,697 | 6,408 | 7,564 |8,672 | 10,085 12,002 | 13,531
18 | 4,439 | 4,905 | 6,265 | 7,015 | 8,231 |9,390 | 10,865 (12,857 | 14,440
19 4,912 | 5407 | 6,844 | 7,633 | 8,907 10,117 | 11,651 13,716 | 15,352
20 5398 | 5921 | 7,434 | 8,260 | 9,591 (10,851 | 12,443 14,578 | 16,266
21 5896 | 6,447 | 8,034 | 8,897 | 10,283 [11,591 | 13,240 (15,445 | 17,182
22 16,404 | 6,983 | 8,643 | 9,542 | 10,982 {12,338 | 14,041 16,314 | 18,101
23 16,924 | 7,529 | 9,260 | 10,196 | 11,688 (13,091 | 14,848 17,187 | 19,021
24 | 7,453 | 8,085 | 9,886 | 10,856 | 12,401 {13,848 | 15,659 (18,062 | 19,943
25 | 7,991 | 8,649 |10,520 | 11,524 | 13,120 {14,611 | 16,473 (18,940 | 20,867
26 8538 | 9,222 |11,160 | 12,198 | 13,844 (15,379 | 17,292 19,820 | 21,792
27 19,093 | 9,803 |11,808 | 12,879 | 14,573 (16,151 | 18,114 20,703 | 22,719
28 9,656 | 10,391 |12,461 | 13,565 | 15,308 {16,928 | 18,939 21,588 | 23,647
29 110,227 | 10,986 |13,121 | 14,256 | 16,047 (17,708 | 19,768 22,475 | 24,577
30 (10,804 | 11,588 |13,787 | 14,953 | 16,791 (18,493 | 20,599 23,364 | 25,508
31 11,389 | 12,196 |14,458 | 15,655 | 17,539 [19,281 | 21,434 24,255 | 26,440
32 |11,979 | 12,811 |15,134 | 16,362 | 18,291 [20,072 | 22,271 25,148 | 27,373
33 |12,576 | 13,431 |15,815 | 17,073 | 19,047 {20,867 | 23,110 26,042 | 28,307
34 13,179 | 14,057 |16,501 | 17,789 | 19,806 [21,664 | 23,952 26,938 | 29,242
35 13,788 | 14,688 |17,192 | 18,509 | 20,569 [22,465 | 24,797 27,836 | 30,178
36 [14,401 | 15,324 |17,887 | 19,233 | 21,336 {23,269 | 25,643 28,735 | 31,115
37 15,020 | 15,965 |18,586 | 19,960 | 22,106 {24,075 | 26,492 29,635 | 32,053
38 |15.644 | 16,611 |19,289 | 20,691 | 22,878 [24,884 | 27,343 {30,537 | 32,992
39 16,273 | 17,262 |19,996 | 21,426 | 23,654 {25,695 | 28,196 {31,441 | 33,932
40 116,906 | 17,916 |20,707 | 22,164 | 24,453 126,509 | 29,051 [32,345 | 34,872
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IIponossxenns tabdn./13.

ImoBipHicTB, (%)
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0,275

1,022

1,869

2,753

3,655

4,570

5,493

6,423

7,357

8,295

9,237

10,182
11,129
12,079
13,030
13,983
14,937
15,893
16,850
17,809
18,768
19,729
20,690
21,652
22,616
23,579
24,544
25,509
26,475
27,442
28,409
29,376
30,344
31,313
32,282
33,252
34,222
35,192
36,163
37,174

0,455

1,386

2,366

3,357

4,351

5,348

6,346

7,344

8,343

9,342

10,341
11,340
12,340
13,339
14,339
15,338
16,338
17,338
18,338
19,337
20,337
21,337
22,337
23,337
24,337
25,336
26,336
27,336
28,336
29,336
30,336
31,336
32,336
33,336
34,336
35,336
36,336
37,335
38,335
39,335

0,708

1,833

2,946

4,045

5,132

6,211

7,283

8,351

9,414

10,473
11,530
12,584
13,636
14,685
15,733
16,780
17,824
18,868
19,910
20,951
21,991
23,031
24,069
26,106
26,143
27,179
28,214
29,249
30,283
31,316
32,349
33,381
34,413
35,444
36,475
37,505
38,535
39,564
40,593
41,622

1,074

2,408

3,665

4,878

6,064

7,231

8,383

9,524

10,656
11,781
12,899
14,011
15,119
16,222
17,322
18,418
19,511
20,601
21,689
22,775
23,858
24,939
26,018
27,096
28,172
29,246
30,319
31,391
32,461
33,530
34,598
35,665
36,731
37,795
38,859
39,922
40,984
42,045
43,105

44,165

1,642

3,219

4,642

5,989

7,289

8,558

9,803

11,030
12,242
13,442
14,631
15,812
16,985
18,151
19,311
20,465
21,615
22,760
23,900
25,038
26,171
27,301
28,429
29,553
30,675
31,795
32,912
34,027
35,139
36,250
37,359
38,466
39,572
40,676
41,778
42,879
43,978
45,076
46,173

47,269

2,706

4,605

6,251

7,779

9,236

10,645
12,017
13,362
14,684
15,987
17,275
18,549
19,812
21,064
22,307
23,542
24,769
25,989
27,204
28,412
29,615
30,813
82,007
33,196
34,382
35,563
36,741
37,916
39,087
40,256
41,422
42,585
43,745
44,903
46,059
47,212
48,363
49,513
50,660
51,805

3,841

5,991

7,815

9,488

11,070
12,592
14,067
15,507
16,919
18,307
19,675
21,026
22,362
23,685
24,996
26,296
27,587
28,869
30,144
31,410
32,671
33,924
35,172
36,415
37,652
38,885
40,113
41,337
42,557
43,773
44,985
46,194
47,400
48,602
49,802
50,998
52,192
53,384
54,572
55,758

5,024

7,378

9,348

11,143
12,832
14,449
16,013
17,535
19,023
20,483
21,920
23,336
24,736
26,119
27,488
28,845
30,191
31,526
32,852
34,170
35,479
36,781
38,076
39,364
40,646
41,923
43,194
44,461
45,722
46,979
48,232
49,480
50,725
51,966
53,203
54,437
55,668
56,895
58,120
59,342

6,635
9,210
11,345
13,277
15,086
16,812
18,475
20,090
21,666
23,209
24,725
26,217
27,688
29,141
30,578
32,000
33,409
34,805
36,191
37,566
38,932
40,289
41,638
42,980
44,314
45,642
46,963
48,278
49,588
50,892
52,191
53,486
54,776
56,061
57,342
58,619
59,892
61,162
62,428
63,691

7,879
10,597
12,838
14,860
16,750
18,548
20,278
21,955
23,589
25,188
26,757
28,300
29,819
31,319
32,801
34,267
35,718
37,156
38,582
39,997
41,401
42,796
44,181
45,558
46,928
48,290
49,645
50,993
52,336
53,672
55,003
56,328
57,648
58,964
60,275
61,581
62,882
64,181
65,476

66,766

10,828
13,816
16,266
18,467
20,515
22,458
24,322
26,125
27,877
29,588
31,264
32,909
34,528
36,123
37,697
39,252
40,790
42,312
43,820
45,315
46,797
48,268
49,728
51,179
52,620
54,052
55,476
56,892
58,301
59,703
61,098
62,487
63,870
65,247
66,619
67,985
69,346
70,703
72,055
73,402

12,116
15,202
17,730
19,997
22,105
24,103
26,018
27,868
29,666
31,420
33,136
34,821
36,478
38,109
39,719
41,308
42,879
44,434
45,973
A7,498
49,010
50,511
52,000
53,479
54,947
56,407
57,858
59,300
60,735
62,162
63,582
64,995
66,402
67,803
69,199
70,588
71,972
73,351
74,725

76,095
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Honartok 4
Tabmuus /15. Kputuuni 3nauenns F — kputepito (Pimepa) npu oo =5%
(Kgiaem — CTETIEHI BITBHOCTI AUCHIEPCIT Y UHCCIIBHUKY,

Kyem — CTETICHI BIIBHOCTI IUCTIepCii y 3HAMEHHHUKY KpUTEPist)

Keinean
Kuvernu
1 2 3 4 S) 6 7 8 9

1 161.45 |199.50 |215.71 |224.58 |230.16 |233.99 |236.77 |238.88 |240.54
2 18.513 (19.000 |19.164 |19.247 |19.296 |19.330 {19.353 |19.371 |19.385
3 10.128 |9.5521 |9.1172 |9.1172 |9.0135 |8.9406 |8.8868 (8.8152 (8.8103
4 7.7086 |6.9443 |6.5914 |6.1881 |6.3560 [6.1694 {6.0043 (6.0410 [5.9988
5 6.6679 |5.7861 |5.4095 |5.1922 |5.0503 |4.9503 |4.8759 (4.8183 4.7725
6 5.9874 |5.1433 |4.7571 |4.5337 |4.3874 |4.2839 |4.2066 (4.1468 14.0990
7 5.5914 |4.7374 |4.3468 |4.1203 |3.9715 (3.8660 |3.7870 (3.7257 (3.6767
8 5.3177 |4.4590 |4.0662 |3.8378 |3.6875 |3.5806 |3.5005 (3.4381 |3.3881
9 5.1174 14.2565 |3.8626 |3.6331 |3.4817 |3.3738 |3.2927 (3.2296 |3.1789
10 4.9646 |4.1028 |3.7083 [3.4780 |3.3258 |3.2172 |3.1355 [3.0717 (3.0204
11 4.8443 |3.9823 |3.5874 [3.3567 [3.2039 |(3.0946 [3.0123 |2.9480 [2.8962
12 4.7472 |3.8853 |3.4903 [3.2592 |3.1059 |2.9961 |2.9134 |2.8486 [2.7964
13 4.6672 |3.8056 [3.4105 [3.1791 |3.0254 |2.9153 |2.8321 |2.7669 |2.7144
14 4.6001 |3.7389 |3.3439 [3.1122 (2.9582 |2.8477 [2.7642 |2.6987 [2.6458
15 45431 |3.6823 |3.2874 |3.0556 [2.9013 |2.7905 |2.7066 |2.6408 [2.5876
16 4.4940 |3.6337 |3.2389 [3.0069 (2.8524 |2.7413 |2.6572 |2.5911 2.5377
17 4.4513 |3.5915 |3.1968 |2.9647 [2.8100 |2.6987 |2.6143 |2.5480 [2.4943
18 4.4139 |3.5546 |3.1599 [2.9277 (2.7729 |2.6613 [2.5767 |2.5102 [2.4563
19 4.3808 |3.5319 [3.1274 [2.8951 (2.7401 |2.6283 [2.5435 |2.4768 [2.4227
20 4.3513 |3.4928 |3.0984 |2.8661 [2.7109 |2.5990 |2.5140 |2.4471 |2.3928
21 4.3248 |3.4668 |3.0725 |2.8401 |2.6848 |2.5727 |2.4876 |2.4205 [2.3661
22 4.3009 |3.4434 |3.0491 |2.8167 (2.6613 |2.5491 [2.4638 |2.3965 [2.3419
23 4.2793 |3.4221 |3.0380 |2.7955 [2.6400 [2.5277 |2.4422 |2.3748 [2.3201
24 4.2597 |3.4028 |3.0088 (2.7763 [2.6207 |2.5082 |2.4226 |2.3551 [2.3002
25 42417 |3.3852 |2.9912 |2.7587 [2.6030 |2.4904 |2.4047 |2.3371 2.2821
26 4.2252 |3.3690 |2.9751 (2.7426 |2.5868 [2.4741 |2.3883 |2.3205 [2.2655
27 4.2103 |3.3541 |2.9604 [2.7278 (2.5719 |2.4591 [2.3732 |2.3053 [2.2501
28 41960 |3.3404 |2.9467 |2.7141 |2.5581 |2.4453 |2.3593 |2.2913 (2.2360
29 41830 |3.3277 |2.9340 |2.7014 |2.5454 |2.4324 |2.3463 |2.2782 (2.2229
30 4.1709 |3.3158 |2.9223 [2.6896 (2.5336 |2.4205 [2.3343 |2.2662 [2.2107
40 4.0848 |3.2317 |2.8387 |2.6060 [2.4495 |2.3359 |2.2400 |2.1802 [2.1240
60 4.0012 |3.1504 |2.7581 [2.5252 (2.3683 |2.2540 (2.1665 |2.0970 [2.0401
120 |3.9201 |3.0718 (2.6803 [2.4472 |2.2900 |2.1750 |2.0867 |2.0164 |1.9588
0 3.8415 [2.9957 |2.6049 |2.3719 |2.2141 [2.0986 |2.0096 [1.9384 [1.8799
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[Mponosxenus Tabm.J15.

kMCHIlI

k6im>u.l

1

3

4

5

6

7

8

9

10

[

161,447

199,5

215,7073

224,5832

230,161

233,98

236,768

238,882

240,543

241,881

18,5128

19

19,1643

19,2468

19,2964

19,329

19,3532

19,371

19,3848

19,3959

10,128

9,5521

9,2766

9,1172

9,0135

8,9406

8,8867

8,8452

8,8123

8,7855

7,7086

6,9443

6,5914

6,3882

6,2561

6,1631

6,0942

6,041

5,9988

5,9644

6,6079

5,7861

5,4095

5,1922

5,0503

4,9503

4,8759

4,8183

4,71725

4,7351

5,9874

5,1433

4,7571

4,5337

4,3874

4,2839

4,2067

4,1468

4,099

4,06

5,5914

4,7374

4,3468

4,1203

3,9715

3,866

3,787

3,7257

3,6767

3,6365

5,3177

4,459

4,0662

3,8379

3,6875

3,5806

3,5005

3,4381

3,3881

3,3472

OO |NO OB W|IN

5,1174

4,2565

3,8625

3,6331

3,4817

3,3738

3,2927

3,2296

3,1789

3,1373

4,9646

4,1028

3,7083

3,478

3,3258

3,2172

3,1355

3,0717

3,0204

2,9782

4,8443

3,9823

3,5874

3,3567

3,2039

3,0946

3,0123

2,948

2,8962

2,8536

4,7472

3,8853

3,4903

3,2592

3,1059

2,9961

2,9134

2,8486

2,7964

2,7534

4,6672

3,8056

3,4105

3,1791

3,0254

2,9153

2,8321

2,7669

2,7144

2,671

4,6001

3,7389

3,3439

3,1122

2,9582

2,8477

2,7642

2,6987

2,6458

2,6022

4,5431

3,6823

3,2874

3,0556

2,9013

2,7905

2,7066

2,6408

2,5876

2,5437

4,494

3,6337

3,2389

3,0069

2,8524

2,7413

2,6572

2,5911

2,5377

2,4935

4,4513

3,9915

3,1968

2,9647

2,81

2,6987

2,6143

2,548

2,4943

2,4499

4,4139

3,5546

3,1599

2,9277

2,7729

2,6613

2,5767

2,5102

2,4563

2,4117

4,3807

3,5219

3,1274

2,8951

2,7401

2,6283

2,5435

2,4768

2,4227

2,3779

4,3512

3,4928

3,0984

2,8661

2,7109

2,599

2,514

2,4471

2,3928

2,3479

4,3248

3,4668

3,0725

2,8401

2,6848

2,5727

2,4876

2,4205

2,366

2,321

4,3009

3,4434

3,0491

2,8167

2,6613

2,5491

2,4638

2,3965

2,3419

2,2967

4,2793

3,4221

3,028

2,7955

2,64

2,5277

2,4422

2,3748

2,3201

2,2747

4,2597

3,4028

3,0088

2,7763

2,6207

2,5082

2,4226

2,3551

2,3002

2,2547

4,2417

3,3852

2,9912

2,7587

2,603

2,4904

2,4047

2,3371

2,2821

2,2365

4,2252

3,369

2,9752

2,7426

2,5868

2,4741

2,3883

2,3205

2,2655

2,2197

4,21

3,3541

2,9604

2,7278

2,5719

2,4591

2,3732

2,3053

2,2501

2,2043

4,196

3,3404

2,9467

2,7141

2,5581

2,4453

2,3593

2,2913

2,236

2,19

4,183

3,3277

2,934

2,7014

2,5454

2,4324

2,3463

2,2783

2,2229

2,1768

4,1709

3,3158

2,9223

2,6896

2,5336

2,4205

2,3343

2,2662

2,2107

2,1646

4,0847

3,2317

2,8387

2,606

2,4495

2,3359

2,249

2,1802

2,124

2,0772

4,0343

3,1826

2,79

2,5572

2,4004

2,2864

2,1992

2,1299

2,0734

2,0261

4,0012

3,1504

2,7581

2,5252

2,3683

2,2541

2,1665

2,097

2,0401

1,9926

3,9778

3,1277

2,7355

2,5027

2,3456

2,2312

2,1435

2,0737

2,0166

1,9689

3,9604

3,1108

2,7188

2,4859

2,3287

2,2142

2,1263

2,0564

1,9991

1,9512

3,9469

3,0977

2,7058

2,4729

2,3157

2,2011

2,1131

2,043

1,9856

1,9376

3,9361

3,0873

2,6955

2,4626

2,3053

2,1906

2,1025

2,0323

1,9748

1,9267

3,9274

3,0788

2,6871

2,4542

2,2969

2,1821

2,0939

2,0236

1,9661

1,9178

3,9201

3,0718

2,6802

2,4472

2,2899

2,175

2,0868

2,0164

1,9588

1,9105

3,8415

2,9957

2,6049

2,3719

2,2141

2,0986

2,0096

1,9384

1,8799

1,8307
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[Iponosskenns Tabin.J15.

k6im,m
Ko 11 12 13 14 15 16 17 18 19 20
1 1242,9835|243,906[244,6898|245,364(245,9499246,4639]246,9184(247,3232]247,6861248,0131
2 19,405(19,4125| 19,418919,4244| 19,4291| 19,4333| 19,437| 19,4402| 19,4431| 19,4458
3 8,7633| 8,7446| 8,7287| 8,7149| 8,7029 8,6923 8,6829 8,6745 8,667 8,6602
4 5,9358| 5,9117] 5,8911) 5,8733] 5,8578] 5,8441] 5,832 5,8211] 5,8114] 5,8025
5 4,704 4,6777] 4,6552| 4,6358 4,6188 4,6038 4,5904] 4,5785 4,5678 4,5581
6 4,0274] 3,9999| 3,9764| 3,9559| 3,9381| 3,9223] 3,9083] 3,8957| 3,8844| 3,8742
7 3,603 3,5747| 3,5503| 3,5292] 3,5107] 3,4944| 3,4799 3,4669 3,4551 3,4445
8 3,313 3,2839] 3,259 3,2374] 3,2184| 3,2016] 3,1867] 3,1733] 3,1613] 3,1503
9 3,1025| 3,0729] 3,0475| 3,0255 3,0061] 2,989 2,9737 2,96] 2,9477| 2,9365
10 2,943 2,913] 2,8872| 2,8647] 2,845 2,8276] 2,812 2,798 2,7854] 2,774
11 | 2,8179| 2,7876| 2,7614) 2,7386| 2,7186] 2,7009] 2,6851] 2,6709] 2,6581] 2,6464
12 | 2,7173| 2,6866] 2,6602| 2,6371 2,6169] 2,5989 2,5828 2,5684| 2,5554| 2,5436
13 | 2,6347| 2,6037] 2,5769 2,5536] 2,5331] 2,5149] 2,4987] 2,4841] 2,4709] 2,4589
14 | 2,5655| 2,5342| 2,5073| 2,4837| 2,463] 2,4446| 2,4282] 2,4134 2,4 2,3879
15 | 2,5068| 2,4753] 2,4481] 2,4244] 2,4034| 2,3849] 2,3683] 2,3533] 2,3398] 2,3275
16 | 2,4564| 2,4247| 2,3973| 2,3733] 2,3522| 2,3335 2,3167] 2,3016] 2,288 2,2756
17 | 2,4126| 2,3807| 2,3531) 2,329 2,3077| 2,2888] 2,2719] 2,2567| 2,2429| 2,2304
18 | 2,3742| 2,3421| 2,3143] 2,29 2,2686| 2,2496] 2,2325 2,2172| 2,2033] 2,1906
19 | 2,3402] 2,308 2,28 2,2556| 2,2341] 2,2149 2,1977] 2,1823] 2,1683] 2,1555
20 2,31 2,2776| 2,2495| 2,225 2,2033] 2,184 2,1667| 2,1511] 2,137| 2,1242
21 | 2,2829| 2,2504| 2,2222| 2,1975 2,1757| 2,1563] 2,1389] 2,1232] 2,109] 2,096
22 | 2,2585| 2,2258] 2,1975 2,1727] 2,1508] 2,1313] 2,1138] 2,098 2,0837 2,0707
23 | 2,2364] 2,2036] 2,1752| 2,1502 2,1282| 2,1086] 2,091 2,0751] 2,0608 2,0476
24 | 2,2163| 2,1834| 2,1548] 2,1298 2,1077] 2,088 2,0703] 2,0543] 2,0399] 2,0267
25 | 2,1979 2,1649] 2,1362| 2,1111] 2,0889] 2,0691] 2,0513] 2,0353] 2,0207] 2,0075
26 | 2,1811) 2,1479] 2,1192| 2,0939] 2,0716] 2,0518 2,0339] 2,0178 2,0032] 1,9898
27 | 2,1655 2,1323] 2,1035] 2,0781] 2,0558 2,0358 2,0179] 2,0017] 1,987 1,9736
28 | 2,1512) 2,1179] 2,0889 2,0635 2,0411] 2,021 2,003 1,9868 1,972 1,9586
29 | 2,1379 2,1045] 2,0755] 2,05 2,0275 2,0073] 1,9893] 1,973 1,9581] 1,9446
30 | 2,1256| 2,0921] 2,063 2,0374] 2,0148 1,9946] 1,9765 1,9601] 1,9452] 1,9317
40 | 2,0376| 2,0035 19738 1,9476] 19245 19037, 1,8851] 1,8682] 1,8529 1,8389
50 | 1,9861] 1,9515] 1,9214| 1,8949 1,8714| 1,8503 1,8313] 1,8141] 1,7985 1,7841
60 | 1,9522| 19174 1,887 1,8602] 1,8364| 1,8151] 1,7959 1,7784| 1,7625 1,748
70 | 19283 1,8932] 1,8627| 1,8357] 1,8117] 1,7902] 1,7708] 1,7531] 1,7371] 1,7223
80 | 1,9105 1,8753] 1,8445 1,8174] 1,7932] 1,7716] 1,752 1,7342] 1,718 1,7032
90 | 1,8967| 1,8613] 1,8305 1,8032] 1,7789 1,7571] 1,7375 1,7196] 1,7033] 1,6883
100| 1,8857| 1,8503] 11,8193 1,7919 1,7675 1,7456| 1,7259 1,7079] 1,6915 1,6764
110 1,8767| 1,8412] 1,8101] 1,7827| 1,7582| 1,7363| 1,7164] 1,6984| 16819 16667
120 1,8693| 1,8337] 1,8026] 1,775 1,7505 1,7285 11,7085 1,6904] 1,6739 1,6587
0 1,7887| 1,7522] 1,7202| 1,6918 1,6664| 1,6435 1,6228 1,6039 1,5865 1,5705
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IIponoskenHs tadu. JI5.

k6im>u.1

Ko 21 22 23 24 25 26 27 28 29 30

248,3094/248,5791|248,8256(249,0518/249,2601|249,4525|249,6309/249,7966(249,951|250,0951

19,4481 19,4503 |19,4523 19,4541 19,4558 | 19,4573 19,4587 | 19,46 (19,4613 19,4624

8,654 | 8,6484 | 8,6432 | 8,6385 | 8,6341 | 8,6301 | 8,6263 | 8,6229 |8,6196| 8,6166

5,7945 | 5,7872 | 5,7805 | 5,7744 | 5,7687 | 5,7635 | 5,7586 | 5,7541 |5,7498 | 5,7459

4,5493 | 45413 | 4,5339 | 45272 | 4,5209 | 4,5151 | 4,5097 | 4,5047 |4,5001 | 4,4957

3,8649 | 3,8564 | 3,8486 | 3,8415 | 3,8348 | 3,8287 | 3,823 | 3,8177 [3,8128 | 3,8082

3,4349 | 3,426 | 3,4179 | 3,4105 | 3,4036 | 3,3972 | 3,3913 | 3,3858 |3,3806 | 3,3758

3,1404 | 3,1313 | 3,1229 | 3,1152 | 3,1081 | 3,1015 | 3,0954 | 3,0897 |3,0844 | 3,0794

2,9263 | 2,9169 | 2,9084 | 2,9005 | 2,8932 | 2,8864 | 2,8801 | 2,8743 |2,8688 | 2,8637

2,7636 | 2,7541 | 2,7453 | 2,7372 | 2,7298 | 2,7229 | 2,7164 | 2,7104 |2,7048 | 2,6996

2,6358 | 2,6261 | 2,6172 | 2,609 | 2,6014 | 2,5943 | 2,5877 | 2,5816 |2,5759 | 2,5705

2,5328 | 2,5229 | 2,5139 | 2,5055 | 24977 | 2,4905 | 2,4838 | 2,4776 [2,4718| 2,4663

2,4479 | 2,4379 | 2,4287 | 2,4202 | 24123 | 2,405 | 2,3982 | 2,3918 [2,3859 | 2,3803

2,3768 | 2,3667 | 2,3573 | 2,3487 | 2,3407 | 2,3333 | 2,3264 | 2,3199 [2,3139 | 2,3082

2,3163 | 2,306 | 2,2966 | 2,2878 | 2,2797 | 2,2722 | 2,2652 | 2,2587 |2,2525| 2,2468

2,2642 | 2,2538 | 2,2443 | 2,2354 | 2,2272 | 2,2196 | 2,2125 | 2,2059 |2,1997 | 2,1938

2,2189 | 2,2084 | 2,1987 | 2,1898 | 2,1815 | 2,1738 | 2,1666 | 2,1599 |2,1536| 2,1477

2,1791 | 2,1685 | 2,1587 | 2,1497 | 2,1413 | 2,1335 | 2,1262 | 2,1195 [2,1131| 2,1071

2,1438 | 2,1331 | 2,1233 | 2,1141 | 2,1057 | 2,0978 | 2,0905 | 2,0836 [2,0772| 2,0712

2,1124 | 2,1016 | 2,0917 | 2,0825 | 2,0739 | 2,066 | 2,0586 | 2,0517 [2,0452| 2,0391

2,0842 | 2,0733 | 2,0633 | 2,054 | 2,0454 | 2,0374 | 2,0299 | 2,0229 |2,0164 | 2,0102

2,0587 | 2,0478 | 2,0377 | 2,0283 | 2,0196 | 2,0116 | 2,004 | 1,997 |1,9904| 1,9842

2,0356 | 2,0246 | 2,0144 | 2,005 | 1,9963 | 1,9881 | 1,9805 | 1,9734 |1,9668 | 1,9605

2,0146 | 2,0035 | 1,9932 | 1,9838 | 1,975 | 19668 | 1,9591 | 1,952 [1,9453| 1,939

1,9953 | 1,9842 | 1,9738 | 1,9643 | 1,9554 | 1,9472 | 1,9395 | 1,9323 [1,9255]| 1,9192

19776 | 19664 | 1,956 | 1,9464 | 1,9375 | 1,9292 | 1,9215 | 19142 [1,9074| 1,901

19613 | 1,95 |1,9396 | 1,9299 | 1,921 | 1,9126 | 1,9048 | 1,8975 [1,8907| 1,8842

19462 | 1,9349 | 1,9244 | 19147 | 1,9057 | 1,8973 | 1,8894 | 1,8821 [1,8752| 1,8687

1,9322 | 1,9208 | 1,9103 | 1,9005 | 1,8915 | 1,883 | 1,8751 | 1,8677 [1,8608 | 1,8543

19192 | 19077 | 1,8972 | 1,8874 | 1,8782 | 1,8698 | 1,8618 | 1,8544 [1,8474| 1,8409

1,826 | 1,8141 | 1,8031 | 1,7929 | 1,7835 | 1,7746 | 1,7663 | 1,7586 |1,7513| 1,7444

1,7709 | 1,7588 | 1,7475 | 1,7371 | 1,7273 | 1,7183 | 1,7097 | 1,7017 [1,6942| 1,6872

1,7346 | 1,7222 | 1,7108 | 1,7001 | 1,6902 | 1,6809 | 1,6722 | 1,6641 [1,6564 | 1,6491

1,7088 | 1,6962 | 1,6846 | 1,6738 | 1,6638 | 1,6543 | 1,6455 | 1,6372 [1,6294| 1,622

1,6895 | 1,6768 | 1,6651 | 16542 | 1,644 | 1,6345 | 1,6255 | 1,6171 [1,6092]| 1,6017

o|lo|~No|luals|wniN NN N N R R R R e R e e e e
olo|o|d oo m|vlolalrwNkF|o|lo|o|wlolalnwNdkF|o|@R|N|e |0 AW IN -

1,6745 | 1,6618 | 1,6499 | 1,6389 | 1,6286 | 1,619 161 | 1,6015 |1,5935]| 1,5859

100 1,6626 | 1,6497 | 1,6378 | 1,6267 | 1,6163 | 1,6067 | 1,5976 | 1,589 [1,5809| 1,5733

110 1,6528 | 1,6399 | 1,6279 | 1,6167 | 1,6063 | 1,5966 | 1,5874 | 1,5788 [1,5706| 1,563

120| 1,6447 | 1,6317 | 1,6197 | 1,6084 | 1,598 | 1,5881 | 1,5789 | 1,5703 |1,5621 | 1,5543

oo | 15558 | 1,542 | 1,5292 | 15173 | 1,5061 | 1,4956 | 1,4857 | 1,4763 |1,4675] 1,4591
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IIponoskenHs tadu. JI5.

k6im,m

K 40 50 60 70 80 90 100 110 120 0

[EEN

251,1432|251,7742|252,1957|252,49731252,7237| 252,9 |253,04111253,1566/253,2529254,3143

19,4707 19,4757 19,4791 19,4814 | 19,4832 |19,4846| 19,4857 | 19,4866 | 19,4874 | 19,4957

8,5944 | 8,581 | 8,572 | 8,5656 | 8,5607 |8,5569 | 8,5539 | 8,5514 | 8,5494 | 8,5265

5,717 | 5,6995 | 5,6877 | 56793 | 5,673 | 5668 | 56641 | 56608 | 56581 | 5,6281

4,4638 | 4,4444 | 44314 | 4,422 | 4,415 |4,4095| 4,4051 | 4,4015 | 4,3985 | 4,365

3,7743 | 3,7537 | 3,7398 | 3,7298 | 3,7223 |3,7164| 3,7117 | 3,7079 | 3,7047 | 3,6689

3,3404 | 3,3189 | 3,3043 | 3,2939 | 3,286 |3,2798| 3,2749 | 3,2708 | 3,2674 | 3,2298

3,0428 | 3,0204 | 3,0053 | 2,9944 | 2,9862 |2,9798| 2,9747 | 2,9705 | 2,9669 | 2,9276

OO |INO(OTBA|WIN

2,8259 | 2,8028 | 2,7872 | 2,776 | 2,7675 |2,7609| 2,7556 | 2,7512 | 2,7475 | 2,7067

10 | 2,6609 | 2,6371 | 2,6211 | 2,6095 | 2,6008 |2,5939| 2,5884 | 2,5839 | 2,5801 | 2,5379

11 | 2,5309 | 2,5066 | 2,4901 | 2,4782 | 2,4692 |2,4622| 2,4566 | 2,4519 | 2,448 | 2,4045

12 | 2,4259 | 2,401 | 2,3842 | 2,372 | 2,3628 |2,3556| 2,3498 | 2,345 | 2,341 | 2,2962

13 | 2,3392 | 2,3138 | 2,2966 | 2,2841 | 2,2747 |2,2673| 2,2614 | 2,2565 | 2,2524 | 2,2064

14 | 2,2664 | 2,2405 | 2,2229 | 2,2102 | 2,2006 |2,1931| 2,187 | 2,182 | 2,1778 | 2,1307

15 | 22043 | 2,178 | 2,1601 | 2,1472 | 2,1373 |2,1296 | 2,1234 | 2,1183 | 2,1141 | 2,0659

16 | 2,1507 | 2,124 | 2,1058 | 2,0926 | 2,0826 |2,0748| 2,0685 | 2,0633 | 2,0589 | 2,0096

17 | 2,104 | 2,0769 | 2,0584 | 2,045 | 2,0348 |2,0268 | 2,0204 | 2,0151 | 2,0107 | 1,9604

18 | 2,0629 | 2,0354 | 2,0166 | 2,003 | 1,9927 |1,9846| 1,978 | 1,9726 | 1,9681 | 1,9168

19 | 2,0264 | 1,9986 | 1,9795 | 1,9657 | 1,9552 | 1,947 | 1,9403 | 1,9348 | 1,9302 | 1,878

20 | 1,9938 | 1,9656 | 1,9464 | 1,9323 | 1,9217 [1,9133| 1,9066 | 1,901 | 1,8963 | 1,8432

21 119645 | 1936 | 1,9165 | 1,9023 | 1,8915 | 1,883 | 1,8761 | 1,8705 | 1,8657 | 1,8117

22 | 1,938 [1,9092 | 1,8894 | 1,8751 | 1,8641 [1,8555| 1,8486 | 1,8428 | 1,838 | 1,7831

23 11,9139 | 1,8848 | 1,8648 | 1,8503 | 1,8392 [1,8305| 1,8234 | 1,8176 | 1,8128 | 1,757

24 | 1,892 | 1,8625 | 1,8424 | 1,8276 | 1,8164 [1,8076| 1,8005 | 1,7946 | 1,7896 | 1,7331

25 (1,8718 | 1,8421 | 1,8217 | 1,8069 | 1,7955 [1,7866| 1,7794 | 1,7734 | 1,7684 | 1,711

26 | 1,8533 | 1,8233 | 1,8027 | 1,7877 | 1,7762 |1,7672| 1,7599 | 1,7539 | 1,7488 | 1,6906

27 11,8361 | 1,8059 | 1,7851 | 1,77 | 1,7584 |1,7493| 1,7419 | 1,7358 | 1,7306 | 1,6717

28 | 1,8203 | 1,7898 | 1,7689 | 1,7535 | 1,7418 [1,7326] 1,7251 | 1,719 | 1,7138 | 1,6541

29 | 1,8055 | 1,7748 | 1,7537 | 1,7382 | 1,7264 [1,7171| 1,7096 | 1,7033 | 1,6981 | 1,6377

30 | 1,7918 | 1,7609 | 1,7396 | 1,724 | 1,7121 [1,7027| 1,695 | 1,6887 | 1,6835 | 1,6223

40 11,6928 | 166 | 1,6373 | 1,6205 | 1,6077 [1,5975] 1,5892 | 1,5824 | 1,5766 | 1,5089

50 | 1,6337 | 1,5995 | 1,5757 | 1,558 | 1,5445 |1,5337| 1,5249 | 1,5176 | 1,5115 | 1,4383

60 | 1,5943 | 1,559 | 15343 | 1,516 | 1,5019 |1,4906| 1,4814 | 1,4737 | 1,4673 | 1,3893

70 | 15661 | 153 | 1,5046 | 1,4857 | 1,4711 [1,4594| 1,4498 | 1,4419 | 1,4351 | 1,3529

80 | 1,5449 | 15081 | 1,4821 | 1,4628 | 1,4477 [1,4357| 1,4259 | 1,4176 | 1,4107 | 1,3247

90 | 15284 | 1,491 | 1,4645 | 1,4448 | 1,4294 |1,4171| 1,407 | 1,3985 | 1,3914 | 1,302

100 1,5151 | 14772 | 1,4504 | 1,4303 | 1,4146 | 1,402 | 1,3917 | 1,3831 | 1,3757 | 1,2832

110] 1,5043 | 1,466 | 1,4388 | 1,4183 | 1,4024 [1,3896| 1,3791 | 1,3703 | 1,3628 | 1,2674

120| 1,4952 | 1,4565 | 1,429 | 1,4083 | 1,3922 |1,3792| 1,3685 | 1,3595 | 1,3519 | 1,2539

o | 1,394 | 13501 | 1,318 | 1,2933 | 1,2735 |1,2572| 1,2434 | 1,2317 | 1,2214 | 1,0033
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