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JIABOPATOPHASA PABOTA Ne 1

KoppeJassnnnoHHbLIA aHAJIN3

Ileab  pa0orbl: BpIsIBUTH KOpPPEIALMOHHBIE  CBSI3U  MEXIY

epEMEHHBIMU
1. OOumme cBeaeHUs

Koppenanuss B MareMaTu4ecKor CTATUCTUKE - 3TO BEPOSITHOCTHAS
WIM  CTaTUCTUYECKas  3aBUCUMOCTh, HE  HMMEWIAas  CTPOro
GyHKIIMOHAIBHOTO ~ XapakTepa. B orauume 0T  (QyHKIIMOHAIBHOM
KOppESILIMOHHAS! 3aBUCHUMOCTh BO3HHUKAET, KOT/JA OJWH U3 IOKazaTesei
(OpU3HAKOB) 3aBUCUT HE TOJIBKO OT BTOPOI'O MOKAa3aTels, HO U OT psaa
CIIy4alHbIX (PaKTOPOB.

Koppensimonuslii  aHanu3 mpeacTaBiIsieT CcoOOW  OmpeacsiCHHe
3aBUCHUMOCTH, TECHOTHI CBS3U MEXKIY ABYMsS CIy4YalHBIMH BEIUYMHAMH
(mpu3HakamMu Wik (HaKTOpaMH) U BKIOYAaET B C€€0S TOCTPOCHHE
KOPPEISIIMOHHOTO TOJiI M COCTaBJIEHUE KOPPEISLUMOHHON TaOIuLIbI,
BBIYMCIICHHE BEIOOPOYHBIX KOA(PPUIIMEHTOB KOPPEIISIIUU.

Jlnst Toro, 4toObl 3HATh B KAaKOM HalpaBJICHUW BIUSET OJHA
Clly4aiiHasi epeMeHHast X Ha JAPYryro Y, T.e. OUEHUTh, KaK CHUIbHO OHHU

CBS3aHBI, HCIOJNB3yeTcs KOIOHUIMEHT NapHOH Koppemsiunu R, ,

ACUMIITOTUYCCKHN HCCMCIUICHHAA OLICHKA KOTOPOI'O

N —_ —_
D (=)~ )
=1
Ry = (N —Dsys, (1)

rae x; - I-e¢ 3HaYCHHE IEPEeMEHHOU X | ); - I-¢ 3HaUCHHE IICPEMEHHON Y |
N - obmiee yuciao HaOIIOACHUMN; X - CpeaHEe 3HAUYCHHE MEePEeMEHHON X U3

BBIOOPOYHOW COBOKYMHOCTH; Y - CpeJHEe 3HAUCHUE MEPEMEHHOW Y Wu3



BBIOOPOYHOMU COBOKYITHOCTH; Sy~ BBIOOpOYHAS OIlICHKA
CPEIHEKBAIPAaTUYECKOIO OTKIOHEHHsA IIEPEMEHHOM X; S,- BBIOOpOYHasA
OIICHKA CPEAHEKBAAPATHICCKOTO OTKIOHEHHUS TIEPEMECHHOU Y

se=st; s, =52, @)

2 2
rae Sy 1 §,- COOTBETCTBEHHO BBIOOPOYHBIC JUCIIEPCUU MIEPEMECHHBIX X U
Y

y.

Koaddutinent napHoit Koppensiiuu sSBISIETCS MOKa3aTesIeM TeCHOTHI
Y HaIpaBJICHUSI KOPPEISIHIUOHHOM CBSI3U JIBYX CIIyYalHBIX NEPEMEHHBIX, U
ero 3Ha4YeHHe HaXOAUTCS B mpenenaax -1< Ry, < +1.

I[Ipy  OTCYTCTBMM  KOpPPEJISAIMOHHOM  CBSI3M  MEXIYy  JABYMs
CIy4allHBIMHU MEPEMEHHBIMU KO3 GHILMEHT mapHoil Koppersuun Ry, = 0,
B 3TOM CJIy4yae KOPPEISLMOHHAS CBSI3b MEXKIY NEPEMEHHBIMU X H Y
OTCYTCTBYET. Ecim CBA3b MEXIy IBYyMs IEPEMEHHBIMU JIMHEWHAs M
¢yHkmonanbHast, Torna Ry, =+1 wm Ry, = -1.

['eomeTpuueckoit  uwHTeprmperanueir  kodpduimenta  mapHou

KOpPESILIMKM ~ SIBJIIETCSL  TI0JIE  KOPPEJAIUU, MPEACTaBIsIIoNniee Cco0oi
JIBYMEPHOE 1oJie paccenuBanus (puc.l).

¥ A ny <0
ny:ﬂ '::,.,:-- --::
Sl essesfiielie, gL todinenil
y RECHEERE ’ :::-_'-':':'..\ny -0
' SOOI,
| I
| |
| |
| . | .
X x = >
i} 6)

Puc.1. 'eomerpuueckas uaTepnperanus kKodpduimeHta napHou

koppemsituu: a) Ry, =0; 6) R,, # 0



Ecau pacuetHoe 3HaueHHe Ko3(dHIMEHTa MapHON KOppesiuu

nyp OKakeTcsi O0Jbllle KPUTUYECKOTO 3HAYEHUS nyKp , HallICHHOT'O IO

CTaTUCTUYCCKOW TadumIe (MPUIIOKEHUE), TO THIIOTE3a O CTATUCTUYCCKON
3HAYUMOCTH TECHOTHI KOPPEISIMOHHON CBSA3U MpPU YHUCIE CTENeHeH
cBoboasr f=N-2, tme N - oObem BBIOOpPKH, TpPH 3aJaHHOM YPOBHE
3HAYMMOCTHU % MpUHUMAETCS.

Ilpumep 1. Tpebyerca omnpeaenutb KOIGOUIUEHT TaApPHOM
KOppEISMK MEXKAY CIydalHbIMA BEIMYMHAMH X W Y II0 BBIOOpKE
00beMoM N=25, moJiydeHHOHN U3 He3aBUCUMBIX ONBITOB (Ta0.1).

Tabmnura 1

Howmep onbiTa

ITepe-

MEHHBL| 1 | 2 | 3 | 4 |5 |6 |7 |8 |9]10 111213
e

X 15 122 | 18 |15 | 24 | 22 | 26 | 23 | 25| 21 |20 |19 |27

~

y |13.5(16.5| 14 |13.5(19.5{18.5|20.5/19 | 20| 17 |17|16|25

[Tponomxenue Tabdu. 1

ITepe-

MEHHbBI| 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25
e

X 26 | 25|23 |18 | 13|19 |13 | 25 | 24 | 28 | 25| 25

~

y 24 | 23 |14.2|111.8|15.2|12.5|23.6] 19.6 |25.3|20.9| 21 | 24

HaXOI[I/IM OICHKH MAaTEMAaTUYCCKOI'O OXKHUAaHUA.

1 ¥ 541
x—— X; ———2164
N&™ 25
- 1 ¥ 4651
— ——:186
-

PaccunThIBaeM BCOMOTaTenbHbIe 3HadeHms (X;-X), (¥i-y), (x;-x)7,

(¥i-v)% (x;-x)(¥;-x), (i=1,N) 1 3amuchIBacM ux B TaOIL. 2.



Tabnuua 2

BcrniomorarenbHbie BEIMYUHBI

Howmep B ~ B (e _)_C) X
OIIBITA X y X,-x V- y (xl.-x)z (y.- y)2 x(yi-)_/)
1 15 13,5 -6,64 -51 44,09 26,01 33,86
2 22 16,5 0,36 -2,1 0,13 4,41 -0,76
3 18 14 -3,64 -4,6 13,25 21,16 16,74
4 15 13,5 -6,64 -5,1 44,09 26,01 33,86
5 24 19,5 2,36 0,9 5,57 0,81 2,12
6 22 18,5 0,36 -0,1 0,13 0,01 -0,036
7 26 20,5 4,36 1,9 19,01 3,61 8,24
8 23 19 1,36 0,4 1,85 0,16 0,54
9 25 20 3,36 1,4 11,29 1,96 4,70
10 21 17 -0,64 -1,6 0,41 2,56 1,02
11 20 17 -1,64 -1,6 2,69 2,56 2,62
12 19 16 -2,64 -2,6 6,97 6,76 6,86
13 27 25 5,36 6,4 28,76 40,96 34,30
14 26 24 4,36 54 19,01 29,16 23,54
15 25 23 3,36 4.4 11,29 19,36 14,78
16 23 14,2 1,36 -4.,4 1,85 19,36 -5,98
17 18 11,8 -3,64 -6,8 13,25 46,24 24,75
18 13 15,2 -8,64 -3,4 74,65 11,56 29,38
19 19 12,5 -2,64 -6,1 6,97 37,21 16,10
20 13 23,6 -8,64 50 74,65 25 -43,20
21 25 19,6 3,36 1,0 11,29 1,0 3,36
22 24 25,3 2,36 6,7 5,57 44,89 15,81
23 28 20,9 6,36 2,3 40,45 5,29 14,63
24 25 21 3,36 2,4 11,29 5,76 8,06
25 25 24 3,36 54 11,29 29,16 18,14
> 541 465,1 - - 459,89 | 410,97 | 313,41
- X y Sﬁ Sf} Sx Sy ny
- 21,64 18,6 19,16 17,12 4,377 4,138 0,721

OmnpenensieM OUECHKH JUCHEPCHUM TEPEMEHHBIX X W Y H UX




CPCOAHCKBAAPATHYCCKHUEC OTKIIOHCHHA:

1 X — ., 45989 45989
2 2
= ;= = = :1916
o N—1l§(x’ T N Y ’
1 Y — ., 41097
sﬁz—_l_ (y;—y)* = Sa =1712;

s, =+/s2 = V1916 =4.377:
s, =52 = V1712 =4.138.

Koadduiment nmapHoil Koppemsiuuu MEXAY MEePeMEHHbBIMU X H Y
orieHuBaeM 110 (1)

N — —
X;—=X)N);—
§< )y =) 341
R, = = =0,721
p (N—=Ds,s, 24-4377-4,138

Tak xak Ry =0,721 okazanoch OOybIIe KPUTHYECKOTO 3HAYECHHS
nyKp =0,423 mpu f=N-2=23 u gq=5 %, TO THIOTE3a O HAIMYUHU

KOppCJ’IHHHOHHOﬁ CBsA3HU MCIKIY CﬂytlaﬁHBIMI/I BCIMYMHAMHU X H Y
IMPpUHUMACTCA, a IIOJIYYCHHAA U3 Ha6JIIOI[eHPIﬁ BCJIIMYMHA ny 3HAa4YNMO

OTJIMYACTCS OT HYyJS W HAJIWYUE JIMHEWMHOW KOPPEIALMHA HE BBI3BIBAET
COMHEHMUS.

Koaddumment xoppensiuun (1) xapaktepusyeT CTENEeHb TECHOTHI
JIMHEWHOMN 3aBUCUMOCTHU MEXY CIIyYalHBIMUA BEJIMYMHAMU.

B cnydae wu3ydeHHs 3aBUCUMOCTH CIy4alHOW BEIMYMHBI X OT
CIIy4YalHBIX BEJIMYMH Y U Z UCTOJIb3yeTcsd KOG (PUIIMEHT MHOKECTBEHHOMN

KOPPEJISILUU:

2 2
R Ny + e — 2rW 9

x(y2) = 1-12 , (3)

rae Vil Ty, - mapusie ko3 uuments! koppensun, a 0<R, , <1.

Ucnonb3oBanue Ko3(Q(GUIIMEHTOB MapHOM M  MHOXECTBEHHOMU

KOoppeiinun HCsABHO npearnojaaracTt HOPMAJIBHOC pacupeacIICHUC



TeHEepaJIbHBIX COBOKYITHOCTEH, N3 KOTOPHIX MPOU3BOIUTCS BHIOOPKA.

Kak oTmeuanoch Beiiie, KOOPHUIUEHT KOPPEISIUUA XapaKTepU3yeT
CTENEHb JIMHEMHOM 3aBUCUMOCTH MEXKIY IEPEMEHHBIMH, MPU ITOM
HEJIMHEWHas CBsI3b HE OOHapykuBaeTcs. B 3ToMm ciiydae AJis OLIEHKH
UCTIONIB3YETCA  KOPPENAILIMOHHOE  OTHOIICHUE. Koppensiimonnoe
OTHOIIIEHWE Y W XHa3bIBAE€TCA OTHOIICHHE MEXKIPYNIIOBOTO CPEIHETO

KBaJpaTHYHOIO OTKJIOHEHHUS & NEPEMEHHOM Y K ee o0IieMy cpeqHeMy

KBaJPaTUYHOMY OTKJIOHEHUIO Oy

5)/
My = —
“ 5 (4)
y
7€ MEXTPYIIOBas TUCTIEPCUs OonpeenseTcs mo Gopmyre
2i=9n,
5y =H——. (5)

AHANOTUYHO OMNPEAESIETC KOPPENALMOHHOE OTHOIIEHHE XU Y
7y, . OCHOBHBIE CBOMCTBA KOPPEJSIIUOHHBIX OTHOIIIECHUA:

1)0< 7, <1,0< 77, <1,

2) eciiu 17 =0, TO KOPPEJISIITUOHHAS CBSI3b OTCYTCTBYET;

3) ecu 17 =1, To nepeMeHHbIE CBSA3aHbl (YHKIIMOHAIBHO;

4) nns JNTUHEMHOW 3aBUCUMOCTH MEXAY IEpEMEHHBIMH XU Y

HEO0OXOUMO U 1I0CTaTOYHO, YTOOBI BBHITIOIHSIOCH PABEHCTBO M =Ty ;

5) My# My,

6)0< |rf<m<1.

B npyrux caydasx (korma BUI pacnpedesieHUs HEU3BECTEH)
HCIIOJIB3YIOTCA MCpPBI CBA3M, HC PCIrIIaMCHTHUPYIOIIHUC HOPMAJIIbHOCTDb

BBIOOPOK  (METOJIbI  HEMapaMETPUUECKOM CTAaTUCTUKH), HANpUMED,
ko3 duimeHT paHnrooi koppesnsaiuu Cnupmena - I



o
I =1- n(ll'\_z _1)’ (6)

rae d; - KBaJIpaThl pa3HOCTU MEXIY PAHTaMH COMPSIKEHHBIX MPU3HAKOB,
N — 9uCI0 HAOIIOICHHM (YHUCIIO TTap PAHTOB).

[Ipy TONMHOW CBSA3M paHTd MPHU3HAKOB coBmagaoT (d=0) wu
cJIemoBaTeNIbHO =1

Crartuctudeckas 3HaUMMOCTh KO3 (UIIMEHTa PAHTOBOI KOPPEALUU
OLIEHMBAETCA C MOMOILBIO CICTYIOMIENH CTATUCTUKHU:

Zq m

Jn-1 T (7)

rac Z, 1 M CBA3aHbl COOTHOIICHUIMH C YPOBHEM 3HAYMMOCTHU: IJIsI ( = 5

tr, =

% z=1,96 u m=0,16; naa q = 1 % z=2,58 u m=0,69. HyneBas rumnoresa
OTBEPraeTcs, €CJIu MOJYYEHHOE 3HAUYCHHE [ MPEB30OMIET WU OKAXKETCS
PaBHBIM PaCCYUTAHHOMY KPUTHYECKOMY 3HaUeHHIO I .

IIpumep 2. TpeOyeTca OLEHUTh 3aBUCUMOCTh MEXIY COJAEpKaHUEM
BemiectBa B B Tkanu C (X;) U npupoCcTOM KOHIIEHTpauuu BeuiectBa D B
KpoBH (X;) y 10 manuenToB, nmonydaBmux npemnapat A (tadi. 3) Ha OCHOBE
ko3 duimenTa panropoit koppessinuu CriupMeHa.

Tabnuua 3
[Tanuent | [Tapamerp | [Tapametp Panr Panr d : d i2
X1 Xz Rx Rx2
1 8 4 4,5 5 -0,5 0,25
2 8 5 4,5 8,5 -4,0 16,0
3 9 4 7 5 2,0 4,0
4 10 3,5 9 2,5 6,5 42,25
5 7 5 2,5 8,5 -6,0 36,0
6 7 5 2,5 8,5 -6,0 36,0
7 9 3,5 7 2,5 4,5 20,25
8 9 4 7 3) 2,0 4,0
9 11 2 10 1 9,0 81,0
10 6 S) 1 8,5 -7,5 56,25
Zn:df =296




Ecnu OBl oTHENbHBIC BapUaHTHI psija HE MOBTOPSUIMCH, UX paHraMu
ObltM OBl HaTypalibHble 4YHMcia OT 1 B mopsake Bo3pactanus. Ho
OJMHAKOBBIM 3HAYCHUSM BAPUAHT IIPUCBAWBAIOTCS PAHTH, pPABHbBIC

cpeHUM apu(dMeTHUecKUM HX paHros. Bemmunna d; mpexncrasmser coboit

NomapHble Pa3HOCTH PAHTOB M3ydaeMbIX BBIOOpOK. B kauecTBe mpaBumiia
JUIsl TIPOBEPKHU TMPABUIBHOCTU PAHXKHUPOBAHUS MCHIOJIB3YIOT paBeHCTBO 0
cymmsai d; .

[To dopmyne (6) mans n=10 mosydaeM paHTOBBIM KO3 UIMEHT
koppensitun rs= -0,79. Kpurmueckoe 3Hauenme I paccumTaHHOE 1O
dbopmyne (1.7) anst ypoBHs 3Haunmoctu 5 % (z=1,96; m=0,16) paBHO
0,64. Tak Kak 3HAYE€HHUE PAHTOBOTO Kodp(UIMEHTa KOPPEISAIUU IO
MOJYJIFO TPEBOCXOJUT COOTBETCTBYIOIIEE KPUTHYECKOE 3HAYEHUE, C
BEPOATHOCTBHIO 95 % MOXXHO yTBEp)KIaTh, YTO MEXKIYy CPaBHUBAEMBIMU
napaMeTpamMu CYIIECTBYET 3HAauMMas OTpPUIATEIbHAS KOPPEISIIIMOHHAS
CBSI3b.

IIpumep 3. PaccMoTpuM mocTpoeHrEe KOPPEISIMOHHON MAaTPUITHI Ha
npuMepe aHasmza noka3areJiei NESATEIbHOCTH Jae4eOHo-
npodUIAKTHYECKOTO YupexaeHus. Mbpl Tak ke TMpoBeneM rpadudeckuit
aHaJgu3 TIOJy4YeHHONW MaTpuilbl. B KauecTBe MCXOJHBIX JAaHHBIX OyleMm
UCIIOJB30BaTh NaHHbIe U3 (aiina DATA.STA.

Nwmeetcsa cuctema nepeMeHHbIX Yi...Ys, X4...X17. PaccMatpuBaroTcs
CJIeAYIOIINE MOKa3aTeu:

Y 1 — npou3BOUTENHHOCTh TPYAa Bpauek;

Y 2 — UHIEKC CHWKECHHUS CEe0EeCTOMMOCTH OKa3aHUs MEIUIIMHCKUX
YCIyT;

Y 3 — peHTabeIbHOCTb;

X 4 — Tpy10€MKOCTh OKa3aHUs €AUHUIIBI MEAUITMHCKON YCIYTH;

X 5 — yJIeNIbHBIM BEC MJIAJIIIETO MEIUIIMHCKOTO MEPCOHAa B COCTaBE
MEIUIIMHCKOTO TIepCOHANa;

X 6 — yaeapHbIA BEC MEIUIIMHCKUX YCIIYT;

X 7 — k023G PUIUEHT CMEHHOCTH TUarHOCTUYECKOr0 000pYI0BaHUS;

10
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X 8 — mpemMuu U BO3HaArpaxkJaeHus Ha oHoro padbotnuka JIITY;

X 9 — ynenpHBI BEC MOTEPh OT HEKAYECTBEHHOW MEIMIIMHCKOM
yCIIyTH;

X 10 — ¢ponpootaaua JIITY;

X 11 — cpenneroaoBas YUCICHHOCTh MEIUIIMHCKOTO MEPCOHAIIA;

X 12 — cpenneronoBas croumocts OID JIITY;

X 13 — cpenneronoBoii pon 3apaboTHOM TuaThl iepcoHana JIITY;

X 14 — ponnoBoopykenHocts Tpyaa JIY;

X 15 — ob6opaunBaeMoCTh HOPMHPOBAHHBIX OOOPOTHBIX CPEICTB
JIITY;

X 16 — obGopaunBaeMOCTh HEHOPMUPOBAHHBIX OOOPOTHBIX CPEJCTB
JIITY;

X 17 — nenpousBoacTBeHHbIE pacxoasl JIITY.

B monyne OcnoBHble ctaTucTuku (Basic Statistics/ Tables) nerko
MOXHO BBIYHCIUTh U MPOAHATU3UPOBATH KOPPEIALMOHHYIO MAaTPHUILY
BBHIOpAHHBIX BaMM MEPEMEHHBIX. J[J1 Hayana mpoBeaeM KOPPESIIUOHHBIHI
aHanu3 nepeMeHHsix Y1, X4, X5 u X6.

¢ 3anyctute nporpammy STATISTICA. Tlepexkntountech B MOIYJIb
OcHoBHble cratuctuku (Basic Statistics/ Tables). Haxmure kHOTKY
Open data (OTkpsITh (aiia faHHBIX) 1 OTKpoiTe (aiin data.sta.

e[[pyHUMaeM anpwopy, YTO HCXOJHBIC BBIOOPKH HOPMAJIBLHO
pacrpeieieHbl, MOATOMY [JIi yCTAaHOBJICHUS TECHOTHI CTaTUCTUYECKOU
CBA3M MOXKEM BOCIOJB30BAThCA IMapaMeTPUUECKUM KO3 HUIIEHTOM
Koppensanuu [Tupcona.

Kpurepun cornacus:  xm-xBagpar Ilupcona, Komnmoropona-
CwmupnoBa, Jlmnmuedopca. [Ipumenenne kputepus lanupo-Yunku s
IIPOBEPKHU TUIIOTE3bI O HOPMAJILHOCTH PACTIPEICIICHHUS.

e Eciu BBIOpaHHBIE TEPEMEHHBIE HMEIOT HOPMAJIBHBIA 3aKOH
pacupeielieHHs, TO B CTapTOBOM MaHe I MOyt OCHOBHBIE CTATHCTHKH
(Basic Statistics/ Tables) Bwioepure nynkr Correlation matrices
(Koppeasiumonnble Matpuubl). JIBaXXapl IIETKHUTE N0 HEH, JU00

11
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BbicBeTHUTE M HaxkmuTe KHONKY OK. Ha skpane mosiBurcs okHo Pearson
Product-Moment Correlation (Koppeasiuusi ITupcona) (puc. 2).

[® Pearson Product-Moment Correlation . 2] x|

@] One variable list (square malrix) I@ Two lists (rectang. matrix) | fii oK

Firstlist: none Cancel |

Second list: none

Correlations Save matrix I Hi s | D w
-Display |1 Options ™ Weighted

~ Corr. matrix (highlight p) v Casewise deletion of MD momenis

" Corr. matrix (display p & N) " Display long variable names l;');” PR

" Detailed table of results [~ Extended precision calculations
2D scatterp. ] /w names I B wMarix | BH Categorized scatterplot l

2 ap scatterp. ] Iwnamesl S surdace | 192 3D bivariate distribution histog. ]

For other correlation or distance measures use Nonparametrics or Cluster analysis; use Multiple
Regression to compute multiple and partial correlations

Puc. 2.

e Hukmure Ha kHomky Two lists ([ABa cnmcka). Ilocne wero
OTKpPOETCS OKHO BBIOOpa IIepEeMEHHBIX. BniOepure mnepeMeHHBIE Kak
MoKa3aHo Ha pucyHke Huxe (puc. 1.3). Takum oGpazoM, MbI ONpeaeTUIH
nBa crcka nepeMeHHbIX X4 —X6 — First variables list (IlepBbIii ciucok
nepemeHHbix) U Y1 — Second variables list (Bropoii cnucok
nepeMeHHbIX). Mbl XOTUM MOJACYUTATH KOPPEIAIUU MEXAY MEePEMEHHOMN
Y1 wm mepemennsiMu X4 — X6. Illenkaute mo kHomke OK s
MOJITBEPKACHHS BaIllero BbIOOpa W Bo3BpaTa K OokHy Pearson Product-
Moment Correlation.

12



Select one or two variable lists : j lli]

OK

SelectAll| Spread Zoom | SeleclAll| Spread I Zoom I

First variable list: Second variable list (optional):

= I

Puc. 3

e B okne Pearson Product-Moment Correlation HaxxmMuTe KHOTIKY
OK  ( Summary). Ha skpaHe Bl YBUAWTE KOPPEISAIUOHHYIO MATPHILY
(puc. 1.4).

orrelations (data.sta ' - 0] x|
Harked correlations are significant at p < .05000
Continue... _ : B
N=53 (Casewise deletion of missing data)
Variable
10
X5 .28
X6 .03

Puc. 4

B sToli MaTpuile UMeeTcs TOIbKO OJUH CTOJIOEI, TaK KaK BO BTOPOM
CIIUCKE MbI BBIOpAIM TOJIBKO OJHY IepeMeHHyI. B crosidue maHsbl
KO3 ULIMEHTHI KOppesiiuu Mexay nepemeHHor Y1 u X4 — X6. B nameit
KOPPEISLMOHHON MaTpuUIle KPACHBIM LIBETOM aBTOMATHYECKH BBIJEICHBI
kodbduunentsl 111 ypoBHsS P<0,05. MIMeHHO Ha 3T KOA(POUIIUEHTHI
cieayeTr oOpaTtuth HamOosibliee BHUMaHUE. ['py0o0 roBops, 3aBUCUMOCTH
MEXJy  TMEPEeMEHHBIMM  C  BBIJICJICHHBIMA  KpPAacCHbIM  I[BETOM
ko3 duimeHTaMu Koppessiuu HauOosee 3Hauumasi. B Hamiem ciydae
nepeMeHHas Y1 HamOosee 3aBucuma ot nepeMenHoit X5. Kosdduument

13



KOPPEALMUA MEXIY 3TUMM nepeMeHHbIMU paBeH 0,28. Tak kak 0,28>0, To
MBI MOYKEM CUWTATh, YTO MPU BO3PACTAHUU MEPEMEHHON X5 mnepemeHHas
Y1 Taxxe Bo3pactaet. PaccMOTpuM 3TH nepeMeHHbIe 00Jiee BHUMATEIBHO.
[Tone3Ho MPOCMOTPETH 3aBUCUMOCTh MEXAY IepeMeHHbIMH Y1 u X5
rpauyecKu.

e B OKHE KOPPEJISIMOHHOW MATPUIbl HAXXMUTE HAa KHOIIKY
Continue (ITpomosxats). Ilocime yero Bbl BepHETeCh B OKHO Pearson
Product-Moment Correlation. Haxxmure Ha xHomky Two lists (/Ba
cnucka). [locne dero oTkpoercs OKHO BbIOOpa MEPEMEHHBIX (B JaHHOM
ciydae s rpaduka). Beibeputre mepemennbie X5 u Y1 (puc. 5) u
HaxMuTe kHomKy OK.

20x]
14-X14 1-Y1 [EERL [ OK
15-X15 2-Y2 15-X15
16-X16 3-Y3 16-X16
17-X17 4-X4 172-X17 Cancel |
5-X5
6-X6
7-X7
B-X8
9-X9
10-X10
11-X11
12-X12
13-X13

Select All | Spread Zoom I SelectAll' Spreadl Zoom I

First varniable list: Second varnable list (optional):
N

5 l1

Puc. 5
e B okne Pearson Product-Moment Correlation naxmure
kHonky 2D scatterplot (2D mmarpamma paccesinusi). Ilocime 3toro
MMOABUTCA OKHO AvarpaMMmbl pPaCCCAHUA (pHC 6) JJIA BBIGpaHHBIX
IMCPCMCHHDbIX.

14



Ll
M’ X5 vs, Y1 (Casewise MD deletion)

¥1=57573 +8.9537 * X5
Correlation; r= 28309

12 o
— o,
s o o .
/ 85 S e
8 .>r._“‘, AL s e =2
_.,L—f_‘(* e R " 2
L K P LS o
4 s o
2 . . . o. Regression
0.12 0.16 0.20 0.24 0.28 0.32 0.36 0,40 95% confid

Puc. 6

e U3 rpaduka (puc. 6) OTYETIMBO BHUIHO, YTO 3aBHUCHUMOCTH HE
SIBJISICTCSL IMHEWHOW — IIpsiMasi OY€Hb II0XO0 "NokuTcs" Ha gaHHble. Ha
rpaduke na”a “nmyumas’ npsiMmas. Kak Obl Mbl He MEHsUIM KOA(PUIIUCHT
HakJIoOHa, moaronka Oyaer Toibko xyxe. STATISTICA mnpennaraer
BO3MOKHOCTH, KOTOphIE  TIO3BOJISIIOT ~ TMPOBECTH  YINIYOJEHHOE
PacCMOTpPEHUE JAHHBIX.

e Bribepute cpeactBo Kuerb, MIEIKHYB IO KHOIKE Ha
WHCTPYMEHTaJIbHOM TaHenu BBepxy. Ilepen BamMu cropaBa MOSBUTCS
nanenb Brushing (Kuerb). Ha manenmun Brushing cnenalite ycranoBkm

KaK MOKa3aHo Ha puc. /.
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|__Update |
Quit |
De-select Al |

I Auto Update

[P1oe 1 =

“Action —
O Mark

" Label

~ Turnm OFF
" De-zelect

Reverse I

bmch
" Point
" Rectangle

...............

<~ Lasso!

Puc. 7

e Boiinute B rpaduk (ImpocTo MIEAKHUTE MO JIIOOOM TOYKE B €ro
IIPOCTPAHCTBE, C/ENIaB TEM CaMbIM I'paMK aKTUBHBIM) U OTMETHTE JIACCO
TOYKH, KOTOPBIE, C Balllel TOUYKU 3pECHUS, HAUOO0JIEE CUIBHO OTKIOHSIOTCS
OT NpsAMOM Ha rpaduke. Mbl BBIAEISIEM TOYKU C MOMOIIBIO J1acco (00BOs
X KapaHaalioMm, Kak Obl 3axBaThiBasg Jiacco). Panee Obuia oTmeueHa
onuusa Lasso (Jlacco) Ha mnaHenun wuHCTpymMeHTOB Kucts. BriOpas,
Hanpumep, onuuto Point  (Touka), ™Mbl ynamsuii OBl TOYKHU
NOCJEAOBAaTENIbHO OJHA 3a Jpyroi. BriOepurte, Hampumep, TOUKU Hal
psIMOH, Kak TIOKa3aHo Ha puc. 8.

o [[lenknute nmanee Ha kHomky Update (OOHOBMTB) Ha TaHENIU
Brushing, Bel yBuauTe crneayrommii rpaduk (puc. 9).

Tenepp [OaHHbIE JIydllle JIOXKATCA Ha NOpsAMYyr0. Bbl Moxkere
OpPOJOJDKATh  HMCCIAEOBaHWE. BrosHe MOXEeT o0Ka3aThCsi, 4YTO B
UCKJIFOYMTENIbHBIX ~ CIydasX HMEETCS HEKOTopas 3aKOHOMEPHOCTb.
be3ycnoBHO, 3TH 3aKOHOMEPHOCTH CTOMUT HCCIEAOBATH JOMOJIHUTEILHO.
BbI 51erko MokeTe ompeaenTh, Kakue cliydyad ObUTH yAaneHbl Bamu. J[iis
3TOT0 MOKHO BOCHOJIb30BaThCsl KHONIKOW Label (MeTtka).

16



E ) Graph2: X5 vs. Y1 {Casewise MD deletion)

Y1

Y1

F ] Graph2: X5 vs. Y1 (Casewise MD deletion)

¥5vs Y1 (Casewise MD deletion)
Y1=57573 +B9537 * %5
Correlation: r= 28309

18t
16
14 ¢

20

. . A “o_ Regression
020 024 028 032 036 0.40 95% confid.

XS ws Y1 (Casewise MD deletion)
Y1 =57573 +8.9537 * %5
Correlation: r= 28309

18 t
16 |

14

; i i o, Regression
0.20 0.24 028 032 036 0.40 95% confid.

Puc. 9
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o [Ilenkaute Ha kHomky De-select All (Reset All) (OrmeHunTn
BBIOOP Bcex) BBepxy maHean Brush. [TomersTe omuto Label na manenn
Brush u BHOBB 3aXBaTuTE JJacCO HYXKHBbIC TOUKH. Jlajiee HAKMHUTE KHOIIKY
Update u Bel yBuauTe Ha »JKpaHe Trpaduk, B KOTOPOM PSIAOM C
BBIJICJICHHBIMU TOYKAMHU TOSBHJIMCh MMCHA CIy4acB, K KOTOPBIM OHH
otHocstes (puc. 10).

4 2: X5 vs. V1 (Casewise MD delet =10l x|
M X5 vs. Y1 (Casewise MD delstion)
Y1 =57573 +8.9537 * X5
Cornrelation: r= 28309
20
Casze 52
18
16
14 Case gl 25
Case 3 v e
12 Case 53 ©  cases7
> 10 L
o . - "3',;' "7'__1.— -
g b R "o L e A 0
— ..
& ‘f\ i - 0"
4 5 C.‘l:f 3
2 ; i ; i : <. Regression
0.12 016 0.20 0.24 028 0.32 0.36 0.40 95% confid.

&5

Puc. 10

OTu ciayyau Kak pa3 M TPeOYIOT ONOJIHUTEIBHOIO HMCCIIEIOBAHUS.
Hampumep, uCKIIO4eHHME HUX M3 PACCMOTPEHUS MOXKET NPUBECTU K
3HaYUTEIBHOMY M3MEHEHHIO HCCIEAYEMOIo KO3 (ULIHEHTa KOPPEISLIUN.
B ToM ciiydae, eciu B KOpPPEISALMOHHON MaTpULE HMMEIOTCS HECKOJIbKO
BBICBEUCHHBIX KO3(P(UIMEHTOB KOppEISIUU, TO Jajee BaM CIEIyeT
paccMOTpeTh JaHHbIE C JAPYTUMU BBICBEYEHHBIMU KO3 hULIMEHTaAMU
KOPPEJISILIUM, TOCTPOUTh TrpaduKd  3aBUCUMOCTH, MOpadoTarh C
uHctpymenToM Kuerb. KoapdunmenTsl koppensuuu Xopouo MOAXOIAT
JUIsl OMIMCAHUS JIMHEHMHBIX CBSI3€M W IUIOXO, €CJIM 3aBUCHUMOCTH MEXKIY

IIEPEMEHHBIMU HE JIMHEWHAs. Bbl MOXKETE MPOCMOTPETH KOPPEISIIUOHHYIO

18



Matpuny 'rpadudecku" ¢ momoripio kHomku Matrix (MaTpu4uHblii
rpaduk) B okae Pearson Product-Moment Correlation.

e Bepuutrech B okHo Pearson Product-Moment Correlation
Ha)kaTheM Ha KHomky Continue, pacnosioskeHHYO Ha IMaHeu rpaduka.

e [TomyyuTe HOBYIO KOPPEISIMOHHYIO MAaTpPUIly Ui JaHHBIX 0e3
nacco-touek. IIpoananu3upyire HW3MEHEHME 3HAYEHHM IOJTYyYEHHBIX
KO3 PUIIMEHTOB KOPPETSALIUU.

eBepuutech B okHO Pearson Product-Moment Correlation.

o [[[enkuute mno kHomke One variable list (OguH cHUCcOK
nepemMeHHbIx). Boioepute nepemennnie Y1, X4—-X6 kak moka3aHO Ha puc.
11, a 3arem Haxkmute kHONKy OK.

20
OK
Cancel
Select All
Spread
Select variables:
1 4-b Zoom

Puc. 11

e Jlanee B okne Pearson Product-Moment Correlation maxmure
kHomky Matrix. ITocie 3Toro oTKpoeTcsi OKHO BBIOOpA MEPEMEHHBIX IS
noctpoeHus rpadukos (puc. 12).

19



Select Yariables 1 ?le

OK

Cancel

Select All

Spread
Select varniables for matrix plot

ﬁ Zoom

Puc. 12

e B okxHe BBIOOpa TMEPEMEHHBIX BBHIOEPUTE BCE MEPEMECHHBIC
HaxxatueM Ha KHONKYy Select All (BwuiOpars Bce). [loarBepaure cBou
BbIOOp, HaxkaB kHonky OK. Ha »skpane NosBUTCS KOppENISALMOHHAS
MaTpula B rpa)MyecKoM BUJE, MO3BOJISIIONIAS OLICHUTh JMHEWHbBIE CBSA3U
BU3yaIbHO (puc. 13).

£ Graph3: Correlations (DATASTA 17v*53¢c)

Correlations (DATA STA 17v*53c)

*
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2. UaauBuayaJbHbIE 3aJaHUS

e {151 mepeMEHHBIX, COOTBETCTBYIONIUX BallleMy BapuaHTy (Tadum. 4),
IIOCTPOUTE KOPPEISALMOHHYK) MATPUIy MEXKAY BCEMH NEPEMEHHBIMHU
(maTpunua pazmepom 4x4). OnpeaenuTe MakKCUMaJbHY0 KOPPEIALUOHHYIO
CBSI3b MEXAY MNEpeMEHHbIMU. [locTpouTe KOPPEIALMOHHYK) MAaTPHUILY
MEXIy BceMH TmepeMeHHbIMH  'Tpaduuecku". [Ipoananuzupyiite
KOPPEISILMOHHBIE CBSI3M MEXKY BCEMHU NEPEMEHHBIMM, C YYETOM 3HAKA U
MOZYJIsl CBS3W (OTpULIATEIbHAS] WM IOJOKUTEIbHASI CBA3b, a TAKKE
cmabasi, cpeaHsiss UM cuidbHas CBa3b). Onpeaenure 3HAYUMOCTD
ko3 uruenToB koppessun ([Tpunoxenue);

e JIns MakCHUMabHOM KOPPESALMU MEXKIY ABYMS NEPEMEHHBIMU (11O
MOJYJIF0)  TOCTPONTE  JuarpaMMy  pacCeMBaHUSI  MEXAYy  JBYMs
IIEPEMEHHBIMU.

e Onpenenure Ha JIUarpaMMe€ TOYKH, KOTOPbIE MAaKCHUMAaJbHO
yAaleHbl OT JUHEWHOW 3aBHCUMOCTH (He Oosee 5). Yaamurte maHHBIE
CIIy4au W3 IPOLECcCa KOPPEISIIHOHHOTO aHAJIN3a.

o [lepecuuraiite koaddummeHtT koppenauuu. IlocTpoiiTe HOBYIO
IAarpamMMy pacCEUBaHUS.

L4 CneﬂaﬁTe BbIBOI O TOM, KaK UIBMCHHWJIACh MATPHIA ITOCJIC YIAJICHUSA

JTaHHBIX.
Tabnuna 4

Howmep BapuanTa IlepemeHHbIE Howmep BapuanTa [IepemenHbIE
1 Y1,Y2,X4,X5 13 Y2,Y3,X14,X15
2 Y1,Y2,X6,X7 14 Y2,Y3,X16,X17
3 Y1,Y2,X8,X9 15 Y1,Y3,X4,X5
4 Y1,Y2,X10,X11 16 Y1,X4,X15,X3
5 Y1,Y2,X12,X13 17 Y1,Y2,X8,X15
6 Y1,Y2,X14,X15 18 Y2,Y3,X6,X11
7 Y1,Y2,X16,X17 19 Y1,Y3,X14,X17
8 Y2,Y3,X4,X5 20 Y2,Y3,X7,X10
9 Y2,Y3,X6,X7 21 Y1,Y2,X6,X12
10 Y2,Y3,X8,X9 22 Y1,Y3,X6,X12
11 Y2,Y3,X10,X11 23 Y2,Y3,X7,X12
12 Y2,Y3,X12,X13 24 Y1,Y3,X7,X16
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[MTPUJIOKEHUE

Kputnueckue 3HadeHuss Ko3ppuuueHTa KOppeasuu

Yucao Kputndeckoe| Ywucmo Kputnuecko Yucno |Kpuruueckoe
CTCICHEeH 3HAUYCHUE, CTCIICHEH | € 3HaueHHe, | CTEICHEH 3HAQUYCHUE,
cBOOOMEL, f Rip cB0OOEI, Rip cB0OOIbI, Rip
1 0,997 9 0,602 17 0,456
2 0,950 10 0,576 18 0,444
3 0,878 11 0,553 19 0,433
4 0,811 12 0,532 20 0,423
5 0,754 13 0,514 30 0,349
6 0,707 14 0,497 50 0,273
7 0,666 15 0,482 80 0,217
8 0,632 16 0,468 100 0,195
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JIABOPATOPHASA PABOTA Ne 2

PerpeccMoHHLIN aHAJIN3

Ieab pa0orel: [loCTpoUTh pPETPECCMOHHYIO MOJIENIbL U HPOBECTH

ITOJIHBIA PETPECCUOHHBIN aHAJIN3.

1. O6mue cBenenus. Ilpocrasi 1uHeliHasi perpeccus

DVyHKIINA perpeccum

B perpeccuoHHOM aHanuM3e WU3Yy4aeTCs CBA3b U ONPEACIACTCS
KOJIMYECTBEHHASA 3aBUCUMOCTb MEXAY 3aBUCUMOW IEPEMEHHOU U OJHOU
WM HECKOJIbKMMHU HE3aBHUCUMBIMH NepeMeHHbIMU. [IycTh mepemenHas Y
3aBUCUT OT OJHOW mnepemeHHouM X. [Ipum 3TOM mpeamonaraercsi, 4To
NepeMEeHHass X  MPUHUMAET 3aJaHHble (PUKCUPOBAHHBIE 3HAYEHUS, a
3aBUCHMMasi MepeMeHHa Y HMEeT CIy4dalWHbI pa30opoc u3-3a OMIMOOK
U3MEPEHUS, BIMSHUSA HEYUYTCHHBIX (PakTopoB M T.1. KakaoMmy 3HaueHUIO
X COOTBETCTBYET HEKOTOPBIM 3aKOH pPaCHpEleNICHUs BEPOATHOCTEN
cinydaitHot BenmuuHbl Y. Ilpenmonoxum, uro Y B "cpenHem" IUHENHO
3aBUCUT OT 3HAYEHUW NEPEMEHHOM X. DTO O3HAYAET, YTO YCIOBHOE
MAaTEMaTUYECKOE OXUIAHUE CIy4YalHOW BEJIUYMHBI Y TIPU 3aJaHHOM
3HAUCHUH X HMMEET BHU]]

MY /x)=a, +ax (1)
Jlannass pyHKUMS HA3bIBACTCS JTUHEUHOW TEOPETUUYECKOW (PyHKIHEH

d ' o
perpeccur Y Ha ¥, a mapamMeTpel 0 M 1 — mapaMeTpaMy JIMHEWHOM
perpeccun (ko3 duumeHTsl perpeccur). Ha mnpakTuke mapameTpsl
perpeccuu onpeacIsoTes Mo pe3yibTaraM HaOI0ICHUM IepeMEHHBIX Y U

X , CBA3b MCXKAY KOTOPBIMHU MOZKHO 3aIllMCATb
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Y=g, +rax+¢

: (2)

r7e € — caydaiiHas onrOKa HaOIH0ICHUH.

[locj1e10BaATEIbHOCTDh IPOBENEHUSI PErPECCHOHHOI0 AHAJIM3A

e QOopMyIMPOBKA 3a1a4H.

o lnentudukaius nepeMeHHbIX (ONpeaeeHne BXOAHBIX U
BBIXO/THBIX IEPEMEHHBIX ).

e COOp CTaTUCTUYECKUX JTAHHBIX.

o Crnenudukanus GyHKIIMU perpeccun (OnpeaesieHne Buaa
MOJICIIN ).

e OrieHnBaHue apaMeTpoB (YHKIIUU PETPECCUM.

e O1ieHKa TOYHOCTH PETPECCUOHHOTO aHAIIN3A!

1) TIpoBepka aaeKBaTHOCTH BCEH MOJCIIH, T.€. COTTIACYIOTCS JIH
npecKa3aHHbIC 3HaYCHUS BBIXOAHOW BETMYMHBI ¢ HAOJII01aeMBbIMH
JTAaHHBIMU;

2) ITpoBepka 3HAYMMOCTH TTapaMeTPOB MOJCIIH, T.€. 3HAYUMO JIM OHH
OTJIMYAOTCS OT HYJIS UJIU HET.

o MHTEepnonsuus pe3ybTaToB, aHAIN3, ONITUMHU3AINS U

IMPOTrHO3UPOBAHUC.

IIpeanochbLIKN K IIPOBEICHUI0 PErPECCHOHHOI0 AHAJIM3A

e CiiyyaliHple OIIMOKM HAOMIOAEHUM HMEIOT HOPMAJIbHBIM 3aKOH
pacnpeneneHus

e —=>N(0,0), M(£)=0, D(e)= & = const. (3)

e OTCYTCTBUE aBTOKOPPEISALUUA MEXKY OIIMOKaMU HAOJIIOJAEHUI, T.€.

MMOCJICAOBATCIIBHBIC 3HAUYCHUA & HC 3aBUCAT APYT OT Apyra.
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MeToa HAMMEHbIIIUX KBAJIPATOB

Jns HaxOoXIEeHUS OLEHOK ITapaMeTPOB MOJEIH IO PE3yJIbTaTam
HAOJNIOJICHUN HCIOJb3yeTCd METOJ, HauMeHblnX KkBaapatoB (MHK).
[TycTh mpoBeseHO N HE3aBUCHUMBIX HAOMIOACHUN CIIyYalHOW BETWYHMHBI Y
IIPY COOTBETCTBYIOIIMX 3HAYCHUAX X , COBMECTHBIN 3aKOH PACTIPEACICHUS
KOTOphIX HeusBecTeH. (lienoBaTeIbHO, TEOPETUUYECKYI0  (YHKIUIO
perpeccur Mbl HE CMOKE€M HaTu. Hamma 3amaya OleHUTh SMIUPUUECKYIO

GYHKIHIO perpeccuu

y=a,+dx. (4)
Cormacio MHK, mapameTpsl moaOHparOTCs TakuM 00pa3om,

YTOOBI MUHHUMU3NPOBATH CYMMY KBa/JIpaTOB OTKJIOHECHHUM Ha6J'HOI[aCMBIX

3HAYEHHMH OT PAaCUYETHBIX 110 MOJEIN 3HAYEHU N
N S BN B 2 :
F:Zez' :Z(yg_y;e) :Z(yi_ﬂﬂ_ﬂlxj) —>min,
i=1 i=1 i=1

Tac yz' — Ha6J'IIOI[a€MBIC 3HA4YCHU A BBIXOI[HOﬁ HepeMeHHOﬁ; j}'z_ —

3HA4YCHMUA BBIXOI[HOfI nepeMeHHoﬁ, paCcCHYUTAHHBIC 110 MOACIIN.

N3 HEe0OXOIUMBIX YCIOBUM MUHUMYyMa

(OF n
—— =2 Z(}’f‘ﬁﬂ —a1x,) =0,
éjaﬂ] i=1
|6F _ .z
——=-2 Z(}’I‘_a’u — %)% =0
a =1 (5)

HaXOJHWM OIICHKH IMapamMeTpoB ¢owm <1 (37ech W Jajee, eCid 3TO HE
MelllaeT MOHMMAHUIO, 3HAK ~ HaJl mapaMeTrpaMmu OyneT omyckatbes). OHU

OyIlyT ONpeAensiTbCs U3 PEIICHUSI CUCTEMBI ABYX JIMHEWHBIX YpaBHEHUN
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Ayt 2% =2,
aXxtaXx =Xyx. (6)

3nech M jAajiee, €clid 3TO HE OrOBOPEHO 0c000, CyMMHUPOBaHHUE
npoucxoaut ot i=1,n. OIEeHKH NHapaMeTpoB, MOJydaeMbIe IO METOIY
MHK, mnpu ycioBUM  BBINOJHEHUS IPEANOCBUIOK  OTHOCUTEIBHO
CIy4yalHbIX OIIMOOK HaOIoAeHu, OyayT o00yanath CIeIyIOIUMHU

CBOMCTBAMU;
° HECMEIIICHHOCTH;
° COCTOSITEILHOCTD;

e  5(p(hEeKTUBHOCTD.

IIpoBepka aleKBATHOCTH MOJIEJIH

JInsi TpOBEpKM THUIMOTE3bl aJEKBATHOCTH MOJIEM HEO0OXOIUMO
CPaBHUTH JIBE CYMMBI KBaJIpaTOB:

1) OcTtaToyHy0 CyMMY KBaJpaTOB, XapaKTCPU3YIOIIYI0 OTKJIOHCHHE
OT pEerpeccuu

Qg = iﬁz = i(yz _jjz')z'
i=1 i=1 (7)

2) CyMMy KBaJIpaTOB, 00YCJIOBJICHHYIO perpeccuei

= i(j’i IR
=l (8)

— 1n~
rae y_ﬁg‘yi.

Torna BeiOOpouyHOE 3HaueHue F, nmeroree pacnpenenenue Ourepa

26



pe OF
O, /n—k—1) )

MOXXET CIYXHTh TPOBEPKOM aJEKBATHOCTH [IJIsi 3aJaHHOTO YpPOBHS
3HAYUMOCTU A (0OBIUHO Jisi SKOHOMHUYECKUX 3aaad A=0,05) u creneHei
cBoOonpl f;= & f,)= n—%k—1, rme £ — YKCIO OICHUBAEMBIX ITAPAMETPOB,
UCKJIIO4asi CBOOOIHBINA KOI(PDHUILIUEHT.

Ecmmu F > F ;. 1. o — Mogenb anexBatHa (mpui.l). OctaTouHyro

JTUCTIEPCHIO OITMOKHU
2 f— J— J—
P =0 ln—k-1) 10)
2

MOKHO HCIIOJIb30BaTh B KAYECTBE OLIEHKU NUCIEPCUMU 5° — OUCIIEPCUHU
CllydyalHOM BeNMW4MHBI. Pe3ynabTaThl MPOBEPKH aJIeKBATHOCTH YJI0OHO
IIpEeJICTaBUTh B BUJI€ TaOIUIIBI (Ta0II. 1).

[Tosie3HOM XapakTEPUCTUKOM JIMHEWHOM PETrPECCHUU  SIBJISIECTCS

KOO PUIIMEHT JeTepMUHAIINH, BBIYUCIIEMBIN 10 (hopmyIie

i O _. 0O
R0 00 (1)

Tabmura 1

HcTrounuk CymMma KBaJapaToB Yucao creneneii | OueHka qucnepcuu
H3MeEHEeHusl €B000/IbI

Moneats QRZE(%—})E k St=0. Ik

b

Omuodka Q)e —
i

2:%0,;—3};)2 n—k-1 | $=0/tk-1)

com | QO | -l

27



Koadpdummentr nerepMuHaniuy paBeH TOW J0J€ Pe3ylIbTaTOB

HaOJII0/ICHUN OTHOCUTEIBHO TOPU3OHTAIILHOW MpsiMOM ¥ = ¥, KOoTOpas

2
OOBSICHAETCS ypaBHEHHMEM perpeccud. Bemmumna R=++R° saBiusgercs

OIICHKOM  MHOXECTBEHHOro  Kod(puilMeHTa  KOPPENSIud  MEXKIY

pe3ynbTaTaMK HaOIIOJEHMH M BBIYMCICHHBIMH 3HAueHHAMU ;. Bcium
R°=0.75 910 3HAuuT, 9TO MOZENb paboTaet Ha 75%, a 25% HPHXOIUTCS Ha
OIMOKY WM HEYUYTCHHBIC B MOJIeId (haKTOPbI (JJIs1 MPAKTUUECKUX IIeJICH
11e71IeCO00pa3HO, YTOOBI R* > 0,75). Jlis HeGoabmmx 3HaueHuii N<30
HEOOXOJMMO  HCMOJIb30BaTh  CKOPPEKTUPOBAHHBIA  KOA(DPUIIUEHT
JeTEPMUHAIIUN

- R

-1
R’=1-————(1-rY.
H—k—l( ) (12)

IIpoBepKka 3HAYMMOCTH IAPAMETPOB MOAEJIH

B  pesynbrare NpOBEPKM  YCTAHABIMBAETCS  CTAaTUCTHUYECKAs
3HAYUMOCTh WJIM HE3HAYMMOCTh OTJIWYHUS OT HYJS OLICHOK IapameTpoB
perpeccur. OTO TMPOBEPKA OCYLIECTBISIETCA OTAEIBHO I KaXJIOro
napamerpa Moaenu. s OueHKU 3HAYMMOCTH KO3(P(UIIMEHTOB PErPECCUU
MOKHO BOCIIOJIb30BAaThCsl CIEAYIOIIMM IPAaBUIIOM, €CiIu aOCONIOTHAs
BenMuuHa  Kod(dduimeHta  perpeccud  OOJIbIIE  JOBEPUTEIILHOTO

HHTCpPBAJId, TO T'MIIOTC3d O HC3HAYUMOCTH KOSCl)(l)HI_[I/IeHTa OTBCPIracTCsa

‘Ei = If Al2 S.:JE- , (13)

rae th 1/ — 3HaAUCHHE CTpr0JIcHTa, ONPENCIISIEMOE TI0 YHUCIY CTENCHEN

cBoGomsl f= n— k-1 nA=0,05 (mpun. 2); Sa; — CcpemHEKBaIpPATHUHbIC

OTKJIOHEHHSI OIIMOOK KOA(PHUITMEHTOB perpecCumu.
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Jlns mpocToii nuneitHo# perpeccun Y = & T & X oum mMoryT OBITH

BBIYUCJICHBI COOTBETCTBECHHO

o | S%x o - ns’
SR D v iz -(zet ()

MoXHO TIpOBEpATh 3HAYUMOCTH KOd(duuuenro 1o t-

kputepuro CThIOJIEHTA:!

(=
S.. (15)
BrrunciieHHOE 3HAUY€HUE CPaBHHUBAETCS C TAOJUYHBIM (MpWI. 2) U
eciu t > t ¢ 5 TO KO3QUUMEHT 3HauuM. B mOpoTUBHOM ciyyae
COOTBETCTBYIOIYIO MEPEMEHHYI) MOXHO HCKIIOYUTHh U3 MOJICIM U BCE
pacyeThl, BKIOYasl PEIMIEHUE CUCTEMBI JIMHEWHBIX YPaBHEHUM, ITOBTOPUTH
CHOBA.
MHoXeCTBeHHasi JIMHEWHAasT perpeccusi MpeACcTaBlIseT  CcoOoi

BBIPAKCHHUC!

V=a,tax t+ax +.+a.x. (16)

HexkoTopble HeJIMHEHHBLIE MOACJH, CBOAANINECH K JUHEeHHBIM

Cy11ecTBYIOT JIBa BUa HEJIMHEMHOCTU PETPECCUOHHBIX MOJICIICH:
1) HesiuHeliHbIE OTHOCHTEIBHO HE3ABMCUMBbIX IN€epeMEHHBIX.

Hampumep,

_ 2
V=wmtaxitax:taxix:.

B sToM citydae HE0OX0IMMO MPOCTO CAeIaTh 3aMEHY IMEPEMEHHBIX:
Z_ _
X272 - X1X27Z32>

V=aotaix a2z Tasz o
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2) HesmHelHbIEC OTHOCUTEJIBHO MMAPAMETPOB PErPEeCCUM.

Hanpuwmep,
1
Y=
anten X

Breinonaum GyHKIIMOHAIBHOE MPeoOpa3oBaHUE:

1
IyeTh Z=— ., TOTAa Z = dy+ qX.

K  coxanenuto, He Bcerga MOXHO  (DYHKIMOHAJIbHBIMU
npeo0pa3oBaHUSIMUA OT HEJIMHEHHBIX MOJENed MEepPeHTH K JIMHEHHBIM.
Kpome Toro, Hy’>kHO UMETH B BUAY, YTO IPU BBIYMCIECHUHU MAPAMETPOB 110
metony MHK MuHuUMU3HpyeTCs CyMma KBaJpaTOB  OTKJIOHEHUH
peoOpa30BaHHBIX, 4 HE UCXOAHBIX JTAHHBIX.

IIpoBepKa NpeAnoChLIOK PErpecCHOHHOI0 AaHAJIN3A

IIpoBepka HOPMAJLHOCTH 3aKOHA pacnpe/ie/ieHls OIHO0K

AHanmu3 omuboK IpoBOIUTCS 10 cieayromeil cxeme. Ilpenmnonaraem,
aro & ~N(0,5), torna & ~ N(0,1) . Torna, ecin mozens mpasmibHa, TO

AUCIICPCUA  OCTATKOB, XaAPAKTCPpUIYHOIIAs KAa4YCCTBO  AIIIIPOKCHMAIUU

pe3yabTaTOB HAOIIOEHU

by __2 H 2
,_ g e 2a

Cn—tk—1 n-k-1 n-k-1 (17)

S

CIIYKHT OLCHKOM BEIMYUHBI 2 — JUCIEPCHU OIIMOOK HAOJIONCHUH, T1ie

g—cpeqHee 3HaueHMe OTKIOHeHuil. CiyuaiiHas BeqmuuHa €, /S
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IpelCTaBiIsgeT co00 eTWHUYHBIC HOpMajbHBIC OTKJIOHEHHs. Eciau sTn
OTKJIOHCHHS OYyJIyT HaXOJIUThCS B MHTEpBaie [-2; 2], To, clieqoBaTebHO,

HalIe TpeIoNoKeHHe 0 TOM, uTo & ~ N(0,5) He ommboYHO.

IIpoBepka Ha OTHOPOAHOCTH CJOYYAWHBIX OIIUOOK

Jis  1mpoBepkM Ha  OOHOPOAHOCTH  auchepcun  D(g)=const
11e7eco00pa3Ho BOCIIOJIb30BaThCS METOIOM ['onsdenbaa.
[TocnenoBaTebHOCTh 3HAYCHUM CIydailHON Benn4uHbI Y pa3OuBaeTcs Ha

IBE IOCICAOBATCILHOCTH 00beMOM Ny U N, (Ng+ny,=n). Jlng kaxkmou
MIOCJIEIOBATEIbHOCTA BBIYUCIISIIOTCS JIUCIIEPCUU BOCIIPOM3BOJIMMOCTH S

U Sz Torma oTHoIICHNE

2

F=5

1 (18)

npu S, < S, Oyger mmerh pacnpezneneHue duinepa co CTEHNEHAMH
CBOOOIBI fi=n, —&-1, f,=n,— k-1, Eciiu 3naucnue F mpeBblmacT
Ta0JUYHOE, TO THUIOTE3a 00 OJHOPOJHOCTH IHUCTIECPCHU OTKIIOHSETCS.
UyBCTBUTEILHOCTh KPUTEPHUS YBEIMYUBACTCS, €CIU HUCKIIOUNTH CPEIHHUE
HaOIIOIEHUS.

B ciydae ecnm aucnepcun oka3ajauch HEOTHOPOIHBIMH, YacTO
OKa3bIBAaCTCSd  IIOJIC3HBIM  HM3MCHEHHE MacmuTtaba Ui BBIXOJHOM

nepeMeHHol. BBoauTcst HekoTopass PyHKIUSL OT BBIXOJHOM MEPEMEHHOM,

HaIlpuMep Iny wm ,J)_»’

IIpoBepka HA AaBTOKOPPEISIIMIO CJIYYANHBIX OIIMOOK

Hanuuue aBTOKOppensiiud OMIMUOOK MOXKHO MPOBEPUTH C MOMOIIBIO

kputepus Jlapouna-¥YorcoHa:
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i(eg —e)
pw=i=
S & (19)

i=1

Kpurepuii JlapOuna-Yorcona uzmensiercs B nuamna3zone 0 < DW < 4.
[Ipu orcyrcrBun aBrokoppesanuu DW=2. B npunoxenun 4 npuBoaarcs

HWODKHUE W BEPXHHE TpaHuIbl kputepus dH m 0B m1g creneHed cBOOObI

f]_:n; f2:k.
Ecnu:
0 <DW <du, eCThb [IOJIOKUTEIIbHAS
aBTOKOPPEIISIIHS,
4-du<DW <4, €CTh OTpULIATEIIbHAS
aBTOKOPPEIISIIHS,

dB  <DW <4-dB, aBTOKOppEIAIUA OTCYTCTBYET,
du< DW < dB win 4-dB < DW < 4-dH, HyXHBI JOIOJHUTCIIbHBIC

VICCIIEIOBAHMUSL.
2. Onucanue TUMOBOIO IIPUMepa

B Tabn. 2 mpuBeneHbl 3HAYEHHS BBIXOJHOW MEPEMEHHOMN Yy, npu

JaHHOM 3HAUYCHUU BXOI[HOﬁ HepeMeHHOﬁ _}{:i . MOI[GJ'IB HIICTCA B BUIC

V=aotaix.
Tabmuia 2
X 1 2 3 4
Y 2 4 5 7

1. BeIluuciauM OLGHKH MaTeMaTHYEeCKUX OKUJIAHUM, CMEIICHHBIE H
HECMEIIECHHBIE  OLICHKW  JIMUCIIEPCHM W CPEIHUX  KBaJApPaTUYHBIX

OTKJIOHCHUM:
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SE

Sa

- 1
= — =25
“x ”Zx! ? ?

-lﬁj(%-—3f==L250,
F

— 1
_ 2Ny =45
y szl ™,

2
S}’

lz (ya o })2 = 3?2519
If

H%z(xi —x)’=1666, S, = %z(y!. — )’ =4,333,

1 _ 1 _
S = 1=-S(x-x)*=1118, S =.= — ) =1,803,
x \/HZ(I ) ) \/HE(}’J v)

1 2 1 .
S = —SUx -3 =1291 , 5, = —S(y—y)F =2,082.
=7 25— ) =7 2.0 =)

2. OHpeI[eJ'II/IM MOJCIIb. Breruucianm COOTBCTCTBYHOIIIMC CYMMBI H

COCTaBHUM CUCTEMY IIBYX JIMHEHMHBIX ypaBHeHHﬁZ

peniasi KOTOpYyIo, MOJIydaeMm:

ZXFlO, Zyi:18,

ZXi2:30, ZXinSS,

4au+ lﬂal =18,
10,+30, =53, '

¥ =0,5+16x

Zyi2:94,

do =05, @ =1,6. Moxgeip uUMeeT BUJI

3 .Paccuuraem MOACJIbHBIC 3HAYCHUs, IIOACTABJIAASA B YPABHCHUC

3HAYEHUS BXOJIHOU MepeMeHHoM (Tabi. 3).

Tabmnura 3

¥

2,1

3,7

5,3

6,9

4. Onpenenum aJIeKBaTHOCTh MOJICIH, JIJISI 3TOI0 BBIYUCIUM OOIIYIO

CyMMY KBaJIpaTOB, CYMMY KBaJIpaTOB, OTHOCSIIYIOCS K PErpeccuu, |

CyMMY KBaJpaTOB OCTaTKOB:
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2
_U8Y 4.
4 '

94

2
O=(y-7V =2y~ (Zj} =

2 2
(Z5) _ 93,3_@: 12.8:
A i |

Or= z(j}‘;_ﬁ)z =3y -

Qe=36;"=(2-2,1)*+(4-3,7)*+(5-5,3)*+(7-6,9)°=0,02 .
11 mpoBepKH IOJIYYEHHBIX PacyeToB HEOOXOIUMO, YTOOBI

Q = QR + Qe .
B mamem CJIy4ac paBCHCTBO BBIIIOJHACTCA.
PacueTHOE 3HAUEHHUE KpUTCPHU CDI/IH_Iepa paBHOZ

_ Ok sy 1281
o fn-k-1) § 02/4-1-1)

PacuetHoe 3Hauenue kputepus Duiiepa Oosbie, 4eM TaOIUYHOE
3HaueHue F > Frapn=F05.1.,=18,512 (mpunoxenue 1).
Bovigoo _1: wmopenp anckBaTHA, HWCXOJHBIE JAHHBIE XOPOIIO

COrJIaCyIOTCS C MOJENBIO.

5. OnepaTUBHO aJEKBATHOCTh MOJEIM MOXHO IPOBEPUTH IO
ko3pdunmentam  AetepMuHanuu  wid - koppersinuu. Koadduuuent
JNE€TEPMHUHAIIUHA, CKOPPEKTUPOBAHHBIM KOIPDUIIMEHT JETEpMUHALUUA U
KO3 (QUIIMEHT KOPPETALIMU ONIPEACISIOTCS CIETYIOMIMM 00pa3oM:

2o Cr _Cr_ 128 _ (4046
0.+0. O 13

K

H_

R*=1- ! 1(1—;3) - 41 1(1—0,984@:0,9?1

n—k-— 4-1-
R=.{R?=09922,

[TonydyenHnoe 3HaueHue Kod3PuiMeHTa qeTepMruHalu O0Jblle, Y4eM
0,75 ciemoBaTeabHO, MOJICIIL MOKHO CUUTATh aJeKBATHOM.
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8. Ompeaenum 3HAYUMOCTh TMapaMETPOB MoOJEIU. Brlunucaum
CpeIHHME  KBaJgpaTUYECKUE OTKIOHEHUS OIMOOK KO3 (UIIMEHTOB
perpeccuu:

2

1 - ,_ 347 _ 0130
%= 32(” >(x, — x)) nyx —(Zx) 4-30—(10)2

=015;

s as 401
T -1y S -(Tx)  4-30-(10

a1 — M »

S, = 0,387 ) S . = 0,141

Tabnmuunoe 3Hauenne CterogeHTa ty.0025=4,303 (mpuioxenue 2).
[Tomyyaem pacuetHbie 3HaueHUS] CTHIOJICHTOB:

Z,,=0,5/0,387=1,291;

{, =1,6/0,141=11,31.

(1

Buoiod 2: mapamertp OyIeT 3HauyuM TakK, pacyeTHOE 3HAYCHUE

CreronenTa Oyner Goinbiie, yeM TabnuuHoe, napamerp 0 — nesHaumm.
AHaJOTUYHBIA  BBIBOJA  MOXHO  CHENaTh WHA4ye, BBIUUCISSA
JIOBEpUTEILHBIC HHTEPBAJIBI JIJIS1 TApaMETPOB MOJICTIH:

ap =0,5+4,303-0,387=0,5+1,665;
=1,6+4,303-0,141=1,6+0,607.

(4]

Tak kak aOCOJIOTHOE 3HAYEHUE TapaMmeTpa Oyner Oosbliie, YeM

€ro JOBEPHUTEIBHBI HHTEpPBAN, TO mapamerp 3HaumMm. Ilapamerp <0

HE3HaA4YUM.
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9.01eHKa CpEeIHEKBaIPaTHIECKOTO OTKJIOHEHUS OIIOKHU

§=+01=0316 Pa3nenuB Bce OTKIOHEHHS (OCTATKM) HA OTy BEIMYHHY,
MOJIyYUM HOPMHUPOBAHHBIE OTKJIOHEHUS, KOTOpPbIE BCE HaXOIATCS B
uHTepBane [-2; +2] (tadm. 3).

Buvigoo 3: tiepBas mpearochliKa BBIMOJHACTCS, ciaydaliHas omnOKa
MMEET HOPMAJIbHBIN 3aKOH pacHpeieieHusl ¢ HYJIEBbIM MaTEMaTHUYECKUM
OXKHUJIaHUEM.

10. Kpurepuii JapObuna-YoTcOHa BBIYUCISEM  CIETYIOIUM
oOpazom:

DW = ((0,3+0,1)°+(~0,3-0,3)*+(0,1+0,3)%) / 0,2=3,4 :
4-dB <DW <4 (dB npumepno paBHo 1,5 (nmpusioxxenue 3)).

Bb1600 4: BTOpas npeanochUika He BBITIOIHICTCS, MEXKIY TEKYITMMHU
3HAUYCHHUSAMH CJIyYalHOW BEJMYMHBI IPUCYTCTBYET OTpPHIIATEIIbHAS
aBTOKOPPEIISIIHSL.

B 3aBepmieHnn pa®oThl TpUBEIEM HMTOTOBYIO TaOJWIy OCTaTKOB
(Tabmn. 4).

Tabmnura 4
N/N 3nauenue Y | Ouenka Y Ocrartok HopmupoBanHsie
OCTaTKHU
1 2 2,1 -0,1 0,316
2 4 3,7 0,3 0,948
3 5 5,3 —0,3 —0,948
4 / 6,9 0,1 0,316

3. Pemienne THIIOBOTO MpUMepa ¢ mpuMeHeHneM Statistica

Jl71s1 IpoBeieHUsT pacuyeTOB ¢ MOJYJIEM IIPEABAPUTEIIBHON 00pabOTKU
HEO0OXOIMMO BBITIOJTHUTD CIICIYIOIINE JEHCTBUSA:

36



® 3aITYCTUTh porpamMmmy STATISTICA KOMaH01
Ilycxk/TIpozpammur /Statistica/Statistica;

¢ BoIJICTUTH CTpOoKy Basic Statistica/Tables u Haxarh KHOIKY
Switch To;

e B OTKphIBIIeMCsl okHe Basic Statistica/Tables 3akpreiTh Bce okHa
JOKYMEHTOB U BbINOaHUTL Komanay File/New Data. ITosBurcs Tabimia
17151 BBOJIa TaHHBIX (puc. 1);

® BBEJIUTEC MCXOJHBIC JIaHHBbIE IS NMepeMEeHHbIX X U Y B CTOIOIIbI
VAR1 u VAR2 cooTBeTCTBEHHO BapuaHTy 3aj1anus (Tadi. 5);

e ppigennTe 00K KOJIOHOK VAR3-VARI0 m HaxxmMuTe Ha MaHEIU
WHCTPYMEHTOB KHOTIKY Vars. B mosBuBmeMcs MEHIO BEIOEPUTE KOMaHIY
Delete, a 3arem B muagoroBom okHe Haxkmute KHONKY OK;

e BpIeuTe 0JI0K CTpOK 5—10 M HAXXKMUTE HA MAHETW UHCTPYMEHTOB
kHonky Cases. B nosiBuBIIeMcs: MeHIO BeiOepuTe komauay Delete, a 3atem
B INAJIOTOBOM OKHE HaXxMuTe KHOMKY OK;

® IIICJIKHUTE TMPaBoll KiaBuiIew MpimM 10 cTosony VARI wu

BbIOEpHUTEe KoMmaHAy Variable Specs.... [losiBuTcs nuanoroBoe okHO (puc.
2),

‘Baedume daupsie X Besdume dannsie ¥

"B Data: V.STA 10v * 10¢ . : o [=] .

VARD VARLOD

[=hesbsimbaalmn s

| SV,

Puc. 1
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Beedurme s mepeniens ol |

Name: [ SR I—!maﬂ E oK

- Display Format — — Cancel
Column !Id‘h I E ﬂﬂﬂmﬂlﬁv I E << | >
Category: Representation: .

1000.000; -1000.000 5 b i
1 000.000; -1 000000 {
1000.000; (1000.000) o e A |
Scientific 1 000.000; (1 000D .OO0DY) {
Currency s I
Percentage Gl Graphs |
Long name (label. link. or formula with Functions |):
Exmmples: Label: Gross income in 1991 Formulas: =1 +vZ  comment
Link: {@Excellciilexlsik?c?rdcd = (w120 AGE + w3
Puc. 2

e BBeauTe M nepeMeHHoi X n Haxmute OK;

® IICJIKHUTE TIpaBOM KiaBUIIEeH MbImM 10 cToidiy VAR2 wu

BeIOCpUTE KOMaHAy Variable Specs...., BBeauTe uMs nepeMeHHOW Y u
axxmure OK;

®B pe3yiabTaTe BBl JOJDKHBI IONYYHTh TaOMWIy JAaHHBIX
cieayromiero Bujaa (puc. 3);

& Data: Na

Puc. 3

e COXpaHWTE IOJyYCHHBIH (aitn maHHBIX KomanHmon File/Save As
nox nmeHneM labl.sta B mpeanasznaueHHoM 11 pabOTHI TATIKE;
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e cIcTaiiTe AaKTHUBHBIM OKHO C TaOJWIEM [JaHHBIX, a 3aTeM
BeInoaHUTE KoManay Analysis/Resume Analysis. ITosiButcs okHo (puc. 4).

B3 Basic Statistics and Tables

Pl Descriptive statistics oK

ﬁ Correlation matrices

#HE Frequency tables
ETﬂbIES and banners
% Probability calculator
74k Other significance tests

£13 t-test for independent samples
E4 t-test for dependent samples
E Breakdown & one-way ANOWA

2| x|

Cancel

= Open Data

s & w

Puc. 4

e BpiOepeTe myHKT Descriptive statistics u naxxmure OK. TlosiBuTCst

OKHO (pHc. 5);

B Descriptive Statistics

=] Yarinhles: none

i Datailed descriptive statistics

- Options - e YR ~
I Casewize (listwise) deletion of MD
I Display long vanable names

Statistics -

™ Median & gquariles { _._._._._._lﬁ_.J

™ Cont, limits for means E | B s | & ow I
‘x.

Alpha errar; |95,

21 %]

™ Extended precision calculations &l More statistics I
| Distribution g
Categoriration
f Erequency tables | Histograms | :
—pve . S - & Mumber of intervals: I
rmal expe guencies p
| [ K-5 and Lilliefors test for normality b ATEOLR R (nalngnnas)

- Ehnpirn-Jh\l'Ilk = W test

[0 Box & whisker plot for all variablas | BR

Categorized box & whisker plots

Mormal probability plots I [

e Halt-normal probability plots I BE

Calegorzed histograms

[]  Deirended normal probability plots | B8

Categonized normal probability plols

2D scatierp, I,‘wnnmnslﬁ Mealtrix IEE

Cateqorized scatierplot

% 3D scaterp. I Jw names I@ Surface I | TFen

Categorized means (interaction) plots I
|
|
|
|

D hivariate distribution histogram

Puc. 5
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e HukMHTe KHOTMKY Variables. B mosBuBmieMcs 11uaaoroBOM OKHE
(puc. 6) Haxxmute kHotky Select All u OK;

Select the variables for the analysis i llil
1%
1X o |
Cancel

Spread
Select vanables: Q
1-2 Zoom I

Puc. 6

e [IporpamMma BBIIOJHHUT MEPEXO] B MPEABIAYIIEE OKHO, B KOTOPOM
HeoOXoauMo HaxkaTh KHomky Detailed descriptive statistics. IlosiBurcs
TabJIuIIa ¢ pe3yIbTaTaMH pacdeToB (puc. 7);

‘B Descriptive Statistics (new.sta) B -|0O] x|
Continue.. | valid N | Mean | Minimum | Maximum | Scd.Dev. |
X 2.500000 1.000000 4.000000 1.290994
4 | 4,500000 2.000000 7.000000 2.081666

Puc. 7

® BBHIMTUIIINTE HEOOXOIUMBIC TaHHBIE;

e HakmuTe KHONIKY Continue. BEIMOIHUTCS Mepexo)1 B IPeabAyIIee
OKHO, HaxkmuTe KkHomky 2D scatterp. IlosBurcs oxkHo ays BbIOOpa
nepeMeHHbIX  (puc. 8);

e cjenaiTe HeOOXOAUMBbIC U3MEHEHU U HaxkmMuTe KHOTIKY OK;

® IOSIBUTCSA OKHO (pHuc. 9) ¢ rpadukoM JMHEHHON pPEerpecCHOHHOMN
MOJIEIM, C PACCUUTAHHBIMH 3HAYEHUAMHU KOIP(PUIMEHTOB MOJEIU M
ko3 urmenToM koppessiiuu. [lepast yacth pabOTHI BBINOJIHEHA.
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Select two var, lists (horizontal and vertical vars iy plots):

2-

Salat:tAﬂl Spread | Zoom I EBImNI; Spread t Zoom
First (horizontal) variable list: Second {verlical) variable list:

I G

Puc. 8

P ~lolx|
sontinue. Xvs. Y

Y = 50000+ 1 6000"X
Correlation r= 99228

5.5

> 45

35

15 L= 2 ; H ; ; “o. Regresson
05 1.0 1.5 20 25 3.0 35 40 45 95% confid

Puc. 9

JlalbHEeWIIINe BBIYUCIICHUS TIPOBOSATCS C UCITOJIB30BAHUEM MOTYIIS
Multiple Regression, mis mepexojga B KOTOPBIH INEIKHUTE JIBaKIbI
MBIIIBIO B JIFOOOM MecTe, CBOOOTHOM OT OkoH. [losBHTCS cTapToBas
nanenb Statistica Module Switcher. BpiOepute Hy»XHBIA MOIyIb U
HaxmuTe kHOmky ENnd & Switch To. TlosButcs oxkno Multiple
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Regression. Haxwmute kHomky Variables u ompenenure 3aBucumyro
(Dependent) u HezaBucumyto (Independent) mepemennsie (puc. 10).

Select dependent and independent varlable fists: e

1

& o]
Cancel

Select All | Spread | Zoom | SelectAl| Spread | Zoom

Dependent var. (of list for batch):  Independent vanable list:
2 |1

Puc. 10

¢ B okae Multiple Regression (puc.11) cnenaiite yCTaHOBKH:

21
@) variables: I 0K
Independent: X Cancel
Dependent: Y
Input file: IRaw Data _:_l ¥ oOpen Data
MD deletion: [Casewise ] MW &w
Mode: (Standard +] rWweghted
moments
~ Perform default (non-stepwise) analysis b
v Review descr. stats, corr. matrix VYVl SR I

v Extended precision computations

I Batch processing/printing
I” Pnntresidual analysis

Specify all variables for the analysis: additional models (indep /dep. vars) can be spedfied
later. For stepwise regression etc. deselectthe default analysis check box.

Puc. 11

e Haxxmure OK;

e nnosieuTCs okHO Review Descriptive Statistics (puc. 12).
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m Review Descriptive Statistics ﬂil

nissing data were casewise deleted

4 cages were procesged
4 walid cases accepted

Hfl Meanz & 5D | Box & wh. | [~ SD=5ums of Squares/N

B Comelations | Graph | Save corelations | Cancel |
i Covariances |
Puc. 12

e OnpenenM CMENIeHHbBIE CPEAHEKBAIPATHIECKIE OTKIIOHSH s, J{Jis
3TOro moctaBbTe ¢uiakok B moje SD=Sums of Squares/N u HaxmuTte
Means & SD (puc. 13). Bemmumute HeoOX0oauMBbIE TaHHBbIC. AHATOTUYHO
MO>XHO BBIYUCIUTh HECMEICHHBIC CPEIHEKBAAPATUUECKUE OTKJIOHCHUS
P 3TOM (PITAKOK JOJKEH OTCYTCTBOBATh (puc. 14).

|  st.dev. N
2. 500000 1.118034

X 4
Y I 4,500000 1.802776 4
Puc. 13
=10/ x|
MULTIPLE E
REGRESS. = St.dev. N ‘r—-J
2.500000 | 1.290994
Y| 4.500000  2.081666 qv
¢ | »
Puc. 14

e  Haxwmure kHonky Continue. Haxxmure kHoniky Correlations
1St pacyeTa koddduimenta koppensaiuu (puc. 15).
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‘@ Correlations (new.st = [=1

i
1.000000 .992278
. 992278 1.000000

[« | A

Puc. 15

e | DX

e Brinuiure H€O6XOI[I/IMBIe JAaHHBIC.

e Haxxmute kHonky Continue, 3atem OK. [TosiBuTcs okHO (puc. 16).

& Multiple Regression Results 2| x|

Multiple Regression BEesults

Dep., Var., : ¥ Multiple B @ 90227788 F = 12Z5,0000
R#: 08461538 df = 1,2
MNao. of casesz: 4 adjusted R*: 97692303 p = LO00772Z2
Standard error of estimate: L3LEZ227766

Intercept: so00000o00 3td.Error: 3872983 tf

[n8]

= 1,2910 p < ,3258

¥ beta=,992

[eignificant beta's are highlighted)

Reqgreszion summary | "o‘. Predict dependent var. |
H Analyziz of ¥ariance | (* Compute confidence limits Cancel |
— " Compute prediction limits
Hf Cowar. of reg. coefficients | Alpha: I 05 E Rezidual analpzis |
il Cumrent sweep malrix | Redundancy | Comrelations & desc. stats |
Parhal correlations | B Stepwise [summary) | Alpha [dizplay]: I 05 E Apply |
Puc. 16

e Haxxmute kHOMKy Regression summary s pacdyeTa mapaMeTpoB

mozenu u ko3 punrentoB CtbroaenTa (puc. 17).
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§ Regression Summary for Dependent Variable ewi sta) ;lglll

R= ,99227788 RI= .98461538 Adjusted RI= .97692308

Qontmue.. F(1,2)=128.00 p<.00772 Std.Error of estimate: ,31623
St. Err. St ELE.
N=4 of BETA B of B t(2) p-level
Intercpt . 500000 .3872898 1.29099 325800

X| .992278 | 087706 1.600000 .141421 11.31371 ,007722

Puc. 17
¢ Brinuiure HeoOX0AUMBbIC JaHHBIE U HAKMUTE KHOMKY Continue.
e Haxxmure xnonky Analysis of variance mis pacuera TaOJHIibI
ajekBaTHOCTH M cooTBeTcTBYIOIMX QR , QE |, Q, k, n—k-1, F, S (puc. 18).

=10/ ]

Analysis of Variance; DV: Y (new.sta)

Mean
Continue. : df ‘ Squares F ‘ p-level
2Ore 12 .80000 1 | 12.80000 128.0000 007722
Residual 20000 2 . 10000
Total 13.00000
Puc. 18

¢ Brimumure HeoOXoammble aaHHble. Haxkmure kHOMKy Continue.
Haxxmute knonky Residual analysis. ITosBurcs okHo (puc. 19).

e Haxxmure kuomky Display residuals & pred. (3) mns ananmsa
ocTtaTkoB (puc. 20).

e Haxxmute kHomky Continue. Haxwmure xHomky Durbin-Watson
stat (4) nyist pacueta kpurepus lapouna-Yorcona (puc. 21).

¢ Beimummre HEOOXOAUMBIE JaHHBIC. 3aKPOWTE OKHO MPOTPaMMBbI
STATISTICA.

e [Ipoananus3upyinTe MOMYYEHHBIE PE3YJIBTATHI, CIEIANTE BBIBOJBI O
IPUTOAHOCTH TOCTPOCHHOW MaTeMaTUYECKONW MOJIENHU JIsi UHTEPIOISIUN
U TPOTHO3UPOBAHMS 3HAYCHHUM HCCIEIYyeMOro TMoKaszaTenst (Kputepui
@umepa, kpurepuit CtbroieHTa, KO3(PQHUIIMEHT JeTePMUHALINN ).
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m Residual Analysis

Dep. Var. @ ¥

No. of caszes: 4

Multiple E @ 992277330
R#: 934615355
adjusted R*: 97692308

Standard error of estimate: 316227766
Intercept: LS000o000o00 Std.Error: 3872983

F
darc

B

2)

125, 0000

1,z

,on77ze

= 1,2910 p <

,3258

Statistics

Scatter Plots

Cancel |

Comrelations & descr. (1] | Pred. & residuals [D] |
Rearession summary (2] | Pred. & squared resids (E] | Probability Plots
Pred. & obzerved [F] | Mormal plot of resids [M] |
i Durbin-watzon stat [4] | Obs. & residuals [G] | Half-normal plot [H] |
Save residuals & pred. [5) | Obs. & squared residz [H] | Detrended normal plot [P] |
Casewize Plots Resids & del. resids (1) | Bivarnate Scatterplots
% Plots of residuals [A] | Histograms Bivanate correlation [Q] |
= Plots of outliers [B] | il  Graph of observed [J) | Resids & indep. var. [R] |
% Plotz of predicted [C] | il Graph of predicted [K] | Pred. & indep war. [S] |
kil  Graph of residuals [L] | Partial resid. plot [T] |

Dependent

Continue..

"B Predicted & Residual Values (newsta)

Puc. 19

variable: ¥

.
[ »]lx

LTSl predictd Standacd | Standard | Std.Err. | Nahalns. | Deleted | Cook's

Case No. EREIOE Value | Residual | Pred. v. | Residual | Pred.Val | Distance | Residual | Distance

B8 :.000000 | 2.100000  -.100000 -1.16190 -.316227  .264575 1.350000 -.333333 388888

2| 4.000000 ' 3.700000 = .300000 -.38730  .948683  .173205  .150000 .428571  .275510

37 5.000000 5.300000 -.300000  .38730 -.948684  .173205 .150000 -.428572  .275511

4| 7.000000 | 6.900000 = .100000 1.16190  .316227 | .264575 1.350000 ,333333  ,388888

Hinimw | 2.000000 2.100000 -.300000 -1.16190 -.948684  .173205 .150000 -,428572  .275510

¥axims | 7.000000 6.500000 .300000 1.16190  .948683  .264575 1.350000 .428571  .358888

Yean 4,500000  4.500000 ~-.000000 0.00000 ~-.000000 .218890  .750000 ~-.000000 332199
Hedian | 4.500000 4.500000 0.000000 0.00000 0.000000  .218890  .750000 0.000000 .332199 'w

N

Puc. 20

urbin-Watson d (new.sta)

-10] x|

and serial correlation of residuals

Durbin-
Watson d

Serial
Corr.

3. 400000

-.789473

Puc. 21
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4, MaauBUaAyaJIbHbIE 321aHUA

o JI;iss  mepeMEHHBIX, COOTBETCTBYIOIIMX  BallleMy BapUaHTY
(mpunoxxeHue 1), HEO0O0XO0 MO OTIPEICTUTh CTaTUCTUYECKUE
XapaKTEPUCTUKU (CpeIHEE 3HAYEHUE, MUHHMAJIbHOE W MAaKCHUMAaJlbHOE
3HAYE€HUE, CTAHAAPTHOE OTKIOHEHHUE).

e Onpenenure KOAQPUIUEHT TAPHOW KOPPEISIIIUA U TMOCTPOUTE
COOTBETCTBYIOIIUN IpaduK.

e [locTpoiiTe NUMHEMHYIO PErPECCHOHHYI0 Mojenb. Omnpenenure e
aJIEeKBaTHOCTh (KpuTepuii duiiepa), 3HAUMMOCTb MAPAMETPOB (KPUTEPHUId
CrtprozenTa) 1 paboToCrIoCOOHOCTD (KOA(PPUIIUEHT 1eTepMUHAIIIN ).

e[locTOlTE KBaIPATUUYHYIO PErPECCUOHHYIO MOAEb. Onpenenure eé
aJICKBaTHOCTh, 3HAYUMOCTH TTapaMeTPOB U PabOTOCIIOCOOHOCTD.

.Ol'IpejleJ'II/ITe, Kakas perpeCCuoHHasd MOACIIb Hauboee aCKBaTHasi.
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Tabmnura 5
NuaauBuayajabHble 3aJaHUS CTYA€HTAM JIJI5 JIa0opaTopHoi padoThl Mo
perpecCHOHHOMY aHAJIU3Y

Bapuanr 1 Bapuant 7
X: 26 75 58 64 9.1 X: 01 38 56 70 69
Y: -18 04 01 -02 19 Y: -31 -07 -07 06 05
Bapuant 2 Bapuant 8
X:12 01 62 81 54 X: 43 94 08 6.2 99
Y: -28 -35 01 04 00 Y: -09 22 -30 07 22
Bapuant 3 Bapuant 9
X:00 39 65 32 19 X:87 64 60 87 31
Y:-30 -06 01 -10 -21 Y:13 04 05 11 -22
Bapuant 4 Bapuant 10
66 89 27 31 88 31 33 12 12 64
02 15 -15 -11 1.2 -1.1 -06 -26 -31 00
Bapuant 5 Bapuant 11
54 27 31 81 53 73 89 64 04 094
00 -13 -11 14 -06 0.7 10 04 -21 21
Bapuant 6 Bapuant 12
40 52 35 98 16 1.7 58 16 29 26
-02 -0.7 -16 19 -21 -21 08 -23 -21 -15
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[Iponomkenue Tabm. 5

Bapuant 13
26 1.8
-25 12

Bapuant 14
14 1.6

-2.3 -1.7

Bapuant 15
0.0 4.2
-3.3 -0.6

Bapuant 16
89 8.0
19 0.7

Bapuant 17
7.5 0.5
05 -24

Bapuant 18
6.1 3.1

-0.1 -1.8

Bapuant 19
28 93

-0.7 18

3.9 15

6.6

-0.1

4.6

8.3

-0.8

1.7

5.0 33

0.0

-1.3

54 50

0.4

-0.3

5.8 6.7

08 0.2

1.9 10.0

-20 16

7.8

1.4

4.3

-0.7

0.5

7.0

0.3

3.3

-1.6

9.5

1.9

6.7

-0.9

Bapuant 20
6.1 2.7
09 -22
Bapuant 21
0.6 9.6
23 2.2
Bapuant 22
2.7 1.7
-22 03
Bapuant 23
71 4.6
0.0 -11
Bapuant 24
15 15
-24 -1.8
Bapuant 25
57 1.1
-0.2 15
Bapuant 26
01 41

3.0 -11

6.7 54
0.0 -09
19 8.0
2.7 0.3
3.0 53
-1.2 0.2
81 7.9
15 11

33 04

86 9.6

15 20
3.7 21

-2.2

5.9

-0.4

9.1

1.8

2.8

-1.3

6.1

9.3

2.3

2.3

-1.4

5.6

-04
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HPUJIOXKEHMUE 1

Pacnpenenenne @umepa.
3HayeHUsI KBaHTHJIeH JJIs cTeneHed ¢cBo00ablI f1 u f2 u BeposiTHOCTH

A=0,05
fo\fy 1 2 3 4 5 6 8 12 24
1 161.45 | 199.50 | 215.72 | 224.57 | 230.17 | 233.97 | 238.89 | 243.91 | 249.04
2 18.512 | 18.999 | 19.163 | 19.248 | 19.298 | 19.329 | 19.371 | 19.414 | 19.453
3 10.129 | 9.552 9.276 9.118 9.014 8.941 8.844 8.744 8.638
4 7.710 6.945 6.591 6.388 6.257 6.164 6.041 5.912 5.774
S 6.607 5.786 5.410 5.192 5.050 4.950 4.818 4.678 4.527
6 5.987 5.143 4.756 4.388 4.284 4.147 4.000 3.841 3.669
Il 5.591 4.737 4.347 4121 3.972 3.866 3.725 3.574 3.410
8 5.317 4.459 4.067 3.838 3.688 3.580 3.438 3.284 3.116
9 5.117 4.256 3.863 3.633 3.482 3.374 3.230 3.073 2.900
10 4.965 4.103 3.708 3.478 3.326 3.217 3.072 2.913 2.737
11 4.844 3.982 3.587 3.357 3.204 3.094 2.948 2.778 2.609
12 4.747 3.885 3.490 3.259 3.106 2.999 2.848 2.686 2.505
13 4.667 3.805 3.410 3.179 3.025 2.915 2.767 2.604 2.420
14 4.600 3.739 3.344 3.112 2.958 2.848 2.699 2.534 2.349
15 4.543 3.683 3.287 3.056 2.901 2.790 2.641 2.475 2.288
16 4.494 3.634 3.239 3.007 2.853 2.741 2.591 2.424 2.235
17 4.451 3.592 3.197 2.965 2.810 2.699 2.548 2.381 2.190
18 4.414 3.555 3.160 2.928 2.773 2.661 2.510 2.342 2.150
19 4.381 3.522 3.127 2.895 2.740 2.629 2.477 2.308 2.114
20 4.351 3.493 3.098 2.866 2.711 2.599 2.447 2.278 2.083
21 4.325 3.467 3.072 2.840 2.685 2.573 2.421 2.250 2.054
22 4.301 3.443 3.049 2.817 2.661 2.549 2.397 2.226 2.028
23 4.279 3.422 3.028 2.795 2.640 2.528 2.375 2.203 2.005
24 4.260 3.403 3.009 2.777 2.621 2.508 2.355 2.183 1.984
25 4.242 3.385 2.991 2.759 2.603 2.490 2.337 2.165 1.965
26 4.225 3.369 2.975 2.743 2.587 2.474 2.321 2.148 1.947
27 4.210 3.354 2.961 2.728 2.572 2.459 2.305 2.132 1.930
28 4.196 3.340 2.947 2.714 2.558 2.445 2.292 2.118 1.915
29 4.183 3.328 2.934 2.702 2.545 2.432 2.278 2.104 1.901
30 4171 3.316 2.922 2.690 2.534 2421 2.266 2.092 1.887
60 4.001 3.151 2.758 2.525 2.368 2.254 2.097 1,918 1.700
120 3.920 3.072 2.680 2.447 2.290 2.175 2.016 1.834 1.608
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IMPUJIOKEHUE 2

Pacnpenesienue CTbroaeHra.
3HayeHHs1 KBaAaHTHJIel /s cTeneHeil cBoboabl f u BepossiTHOCTH

A=0,05
f 1 2 3 4 5 6 7 8 9
t 12.71 4.303 3.182 2.776 2.571 2.447 2.365 2.306 2.262
f 10 11 12 13 14 15 16 17 18
t 2.228 2.201 2.179 2.160 2.145 2.131 2.120 2.110 2.101
f 19 20 21 22 23 24 25 26 27
t 2.093 2.086 2.080 2.074 2.069 2.064 2.060 2.056 2.052
f 28 29 30 40 50 60 80 100 200
t 2.048 2.045 2.042 2.021 2.009 2.000 1.990 1.984 1.972
IMPUJIO’KEHME 3
Kpurepnii lapouna-Yorcona.
HuskHue 1 BepXHUe rPaHUIbl KPUTEPHUS I BEPOSATHOCTH
A=0,05

F]_ f2:1 f2:2 f2:3 f2:4 f2:5 f2:6 f2:7

da ds da ds da ds da ds da ds da ds |da dB
6 |0.61 1.40
7 1070 1.36 | 0.47 1.90
8 |0.76 1.33 | 0.56 1.78 |0.37 2.29
9 1082132 |0.63 1.70 [0.46 2.13 |0.30 2.59
10 {0.88 1.32 |0.70 1.64 | 153 2.02 [0.38 241 |0.24 2.82
11 {093 1.32 |0.76 1.60 |0.60 1.93 [0.44 2.28 |0.32 2.65 |0.20 3.01
12 {097 1.33 | 081 158 |0.66 1.86 |0.51 2.18 |0.38 251 |0.27 2.83 | 0.17 3.15
13 {101 1.34 | 086 1.56 |0.72 1.82 |0.57 2.09 |0.45 2.39 |0.33 2.69 | 0.23 2.99
14 {1.05 135 |091 155 |0.77 1.78 |0.63 2.03 |0.51 2.30 |0.39 2.57 | 0.29 2.85
15 {1.08 1.36 | 095 154 |0.81 1.75 [0.69 1.98 |0.56 2.22 |0.45 2.47 | 0.34 2.73
16 (1.11 1.37 | 098 154 |0.86 1.73 [0.73 1.94 |0.62 2.16 | 0.50 2.39 | 0.40 2.62
17 (113 1.38 |1.02 154 |0.90 1.71 [0.78 1.90 |0.66 2.10 | 0.55 2.32 | 0.45 254
18 {1.16 1.39 |1.05 154 |0.93 1.70 [0.82 1.87 |0.71 2.06 | 0.60 2.26 | 0.50 2.46
19 (1.18 1.40 |1.07 154 |0.97 1.69 [0.86 1.85 |0.75 2.02 |0.65 2.21 | 0.55 2.40
20 {120 141 |1.10 154 |[1.00 1.68 |[0.89 1.83 |0.79 1.99 |0.69 2.16 | 0.60 2.34
25 1129 145 |121 155 |[1.12 165 |[1.04 1.77 |0.95 1.89 |0.87 2.01 |0.78 2.14
30 135149 |128 157 (121 165 |1.14 1.74 |1.07 1.83 |1.00 1.93 | 0.93 2.03
40 | 144 154 (139 160 [1.34 166 |1.29 1.72 |1.23 1.79 |[1.18 1.85 |1.12 1.92
50 |150 159 |146 163 |1.42 167 |138 1.72 |1.34 1.77 |1.29 1.82 |1.25 1.88
60 |155162 |151 165 [1.48 1.69 |1.44 1.73 |141 177 |1.37 1.81 |1.34 1.85
70 |158 164 |155 167 |[153 1.70 |1.49 1.74 |146 1.77 |1.43 1.80 |1.40 1.84
80 [161 166 |159 169 |[156 1.72 |153 1.74 |151 1.77 |1.48 1.80 |1.45 1.83
90 |164 168 |161 169 |[159 1.73 |157 1.75 |154 1.78 |1.52 1.80 |1.49 1.83
100 (165 169 [163 1.70 |161 1.74 |159 1.76 |1.57 1.78 |1.55 1.80 | 1.53 1.83
150 (1.72 1.75 |[1.71 176 |169 1.77 |1.68 1.79 |1.67 1.80 |1.65 1.82 |1.64 1.83
200 {176 1.78 |1.75 179 |174 180 (173 181 |[1.72 182 |1.71 183 |1.70 1.84

51




BUBJIUOTIPAGUYECKHU CIIMCOK

1. AiiBazan C.A. [Ipukiangnas cratuctuka. OCHOBBI MOJEIUPOBAHUS
u nepBuuHas oOpabotka nanHbix / C.A. AiiBazsiH, WU.C. Entokos, JI..
Memankud. M.: @®uHaHCHI U CTaTUCTHUKA, 1983.

2. Koposun E.H. Metoasl 00paOOTKH OMOMEIUIIMHCKUX JAHHBIX:
yue6. nocooue / E.H. KopoBun, O.B. PoauonoB. Boponex: I'OYBIIO
«BOpOoHEXCKUI roCyJapCTBEHHBIN TEXHUYECKUN YHUBEpCUTET», 2007.

3. ®ecrep O. Meroabpl KOPPENSUMOHHOTO W PETPECCHOHHOTO
ananu3za / O. @ectep, B. Penn. M.: ®unaHchl U cTaTucTHKa, 1983.

52



