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PETPECIITHUI1 AHAJII3 Y HEJATOTTYHHAX JOCIKEHHSIX 3
MATPHUYHUMH PO3PAXYHKAMM NOXUBOK ITAPAMETPIB
MOJIEJII

Anomauyin. Y cmammi po3Kpumo MOoiICIUBICMb UKOPUCTNAHHS PeSPeCiiinoco
AHANI3y Yy Nedazo2iyHux O0CIIONCEHHSX 3 MAMPUYHUMYU PO3PAXYHKAMU HOXUOOK
napamempie mooeni. Busnauerno, wo pezpeciiine MoOOeMOBAHHA MOICHA BUKOHATNU
HANEIHCHUM YUHOM MITbKU NPU PO3YMIHHI MPbOX OCHOBHUX NPUYUH, W0 3YMOBTIOIOMb
He3a008LIbHY AKICMb Md 8I0CYMHICTNL HAYKOBO2O PE3YIbMANY 8 Ne0a202i4HOMY
docnioxcenni. OOLPYHMOBAHO, WO MAMEMAMUYHA CIMATMUCIUKA (PopMye 0OKA308Y
basy 0ocniddxcenv OLILWIOCMI HAYKOBUX pobim, exmouaiouu oucepmayii. /s
3abe3neuentst SIKOCMI CMAMUCMUYHUX O0CTIOJICEHb Y Nedazoziyi pekoMeHO08aHO
npo6ooumuU ix epynoio y cknadi: nedaco2-00CiioHuK, Mamemamux-cmamucmux
ma npozpamicm.

Knwwuosi cnoea: pecpeciiinuil ananis, cmamoapmui noxuOku pezpecopis,
3ANUUKOGT ROXUOKU MAMEMAMUYHOT MOOEE, MEMOO HAMEHUUX K8aOpamis.
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REGRESSION ANALYSIS IN PEDAGOGICAL RESEARCH WITH
MATRIX CALCULATIONS OF THE ERRORS OF MODEL
PARAMETERS

Abstract.
Introduction. The main reasons for the low quality of pedagogical research
are discussed in the article.
The first is a very rough idea of teachers about the importance of mathematical
statistics in scientific research. The standard definition of mathematical statistics
as a science that studies the methods of collecting, systematizing, processing
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and interpreting statistical data, their use for scientific conclusions does not
fully correspond to its essence, which consists in the fact that mathematical
statistics is the main working mathematical tool of a researcher and was
created for this. Mathematical statistics form the evidence base for research in
most scientific papers, including dissertations.

The second significant reason for the incorrect application of regression analysis
is the lack of understanding of the difference between active and passive experiments,
which is caused by the unscientific transfer of modelling methods developed for
physical phenomena to other industries, in particular, pedagogical research,
where research objects are more complex and much less controlled.

The third reason for poor-quality regression modelling in pedagogy is the
lack of an estimate of the standard error of the obtained parameters. This
allows excluding significant parameters and significantly simplifying the model,
it is important in the passive experiments.

Purpose. The purpose is to show the main reasons for the incorrect application
of regression analysis in pedagogical research and methods for overcoming
them. In order to ensure the elimination of the causes of poor-quality modelling,
it is recommended to conduct it with the participation of three specialists: a
research teacher, mathematician-statistician, and a programmer.

Methods._In order to assess the reliability of regression modelling, a matrix
method for calculating the standard errors of the model parameters is proposed.
It has a simple algorithm, so it is well understood and easy to use.
Recommendations on the application of the method for calculating the marginal
errors of the regresses and formulas have been developed to eliminate the factor
signs whose action is at the noise level. Such an operation can significantly
simplify the regression model in a passive experiment.

Results. The importance of understanding the first, second and third reasons
noted in Introduction, the incorrect analysis of statistical data is shown. The
main emphasis of the article is aimed at understanding the importance of
mathematical statistics as a decisive tool and evidence base for a researcher. A
simple algorithm for estimating the parameters of the regression model and its
accuracy is proposed. It is recommended to verify the linearity of the model by
constructing correlation fields of the effective and factor attributes before using
a computer program of regression analysis. The importance of checking the
diagonality of the matrix of factor signs is noted. It is recommended to verify the
hypothesis of normality of residual model errors after completion of the
regression analysis. Confirmation of this hypothesis will indicate a correct and
final decision. The rejection of the normality hypothesis of residual errors in the
regression model is the evidence that the obtained parameter estimates are not
effective. It is necessary to turn to the methods of the non-classical theory of
errors with a purpose to obtain effective estimates in this case.
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Originality. A simple regression analysis algorithm with calculation of
standard model errors based on the application of matrix theory is proposed.
For the first time, all the necessary mathematical requirements are indicated,
the fulfilment of which is mandatory for the proper application of regression
analysis. Knowledge of these requirements is very important for the correct
application of software products, since programmers, as a rule, are not aware
of the presence of these requirements.

Conclusion. The first thing that is necessary for the correct conduct of
regression analysis and ensuring the correct conclusions is the knowledge of
three reasons for poor-quality modelling mentioned above. It is also
recommended to abandon the Gaussian least squares schemes, which are rather
cumbersome and specific, and move on to simple, understandable, and universal
matrix calculations. It is recommended to observe all of the specified
mathematical conditions for the proper application of regression analysis.

Key words: regression analysis, standards errors of the regresses, observations-
calculations errors of the mathematical models, least squares method.

ICHYIOTH TpPHM OCHOBHI TIPHYMHH, 5IKi 00YMOBJIIOIOTh HE3a/I0BUIBHY SIKICTh
HAayKOBOI'O PEe3y/IbTAaTy IEAAarorivyHoro CTaTUCTHYHOro nociimkeHHs. [lepma 3
HUX — He‘-liTKe YABJICHH IIPO 3HAYCHHA MaTeMaTU4YHOI CTATUCTHUKU B l'[e}laFOFi‘-IHI/IX
Ta MCUXOJIOTIYHKX AOCTipKeHHsX. B [1] ckazaHo, 1110 «MaTeMaTHYHa CTATHCTHKA 11e
PO3/iJI MaTEeMaTUKH, MPUCBSIYCHUI MeToaM 300py, cucTemMaTtH3alli, 00poOkH i
iHTeprpeTalii CTATUCTUYHUX JaHUX, a TaKOXK X BUKOPHCTAHHS A1 HayKOBHX
BUCHOBKIB. [lpomenypn mareMaTH4HOI CTaTHCTUKM OIMPAIOTHCS HA TEOPio
HWMOBIPHOCTEH, sIKa JIO3BOJISIE OLIHUTU TOYHICTH 1 HAAIWHICTh BUCHOBKIB, OTPH-
MaHHMX B KOXHIH 3a/1a4i Ha OCHOBI HAsSBHOTO CTaTUCTHYHOrO Matepiamy». Ls
LUTaTa CTUCIA 1 YiTKa, MPOTE CKa3aHa He IUIKOM IO CyTi. A CYTh MOJSrae B
TOMY, IO MaTeéMaTH4YHa CTAaTHCTUKA € TOJNOBHHM pOOOYMM I1HCTPYMEHTOM
JIOCITIZIHUKA 1 CTBOpPEHA JUIsl IIbOro. A 1ie MiHs€ aKkleHTH. ['0JIOBHE B TOMY, 1110
caMe MaTeMaTH4Ha CTATUCTHKA, a He II0Ch iHIIe, GOopMyeE, K IPaBUIO, JOKA30BY
0a3y JOCIiKEHHsI HAYKOBHX POOIT, BKITIOYAIOYHN JTHCEPTALlii.

Posib MaTeMaTHYHOI CTATHCTMKHM B TIPOBEICHHI HAYKOBUX JOCIIIDKEHb
BHBYANM Bifomi 3apyOixkHi i BiTum3HAHI HaykoBui. Tak, JI. O. ATpameHtoBa
HAaroJIouye, mo 0e3 MaTeMaTHIHOI CTATHCTUKH, SIK PaBHJIO, AUCEPTALIs HE Mae
JI0Ka30BOr0 OOTpyHTYBaHHs [2]. 3arambHuii aHami3 mpoOjeM MaTeMaTHIHOTO
MOJIENTFOBAHHS B IIEAaTOTiYHAX TOC/TIDKEHHsX 3mikicHerno U, B. Txyrem [3].

M. b. MamtotoB i A. FO. 3airpaeB po3risHYIIN Cy9dacHi 3aBAAHHS ONTHMAaIb-
HOTO TUIAHYBAHHS PErPECUBHUX EKCITEPHMEHTIB y Tieaarorimi [4].

MeTo10 HAIIOI CTATTI € PO3KPUTTS MOKIUBOCTI BUKOPHCTAHHS PETPECIHHOTO
aHAJI3Y Y MeJarorivHuX JOCIIPKEHHIX 3 MATPUYHIUMHE PO3paxyHKaMH MMOXHOOK
TapamMeTpiB MOZIETII.
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HaykoBi qociakeHHs] BUMAralTh HassBHOCTI TOCTOBIpHUX CTATUCTHYHUX
JIaHUX, 0e3 SIKMX HEMOXKJIMBO OTPHMATH 00’ €KTUBHI pe3yNbTatd. J[pyror NpuunHOK
HE3aJIOBUIbHOI SIKOCTI HAYKOBOI'O PE3yNbTATy MPU MPOBEICHHI CTATUCTUYHUX
MeIarOTiYHUX JOCIIPKEHh € HePO3YMIHHS PI3HUIN MK aKTHBHHM i MTACHBHUM
eKCIIepUMEHTaMH NP NPOBENIEHHI perpeciiHoro aHaiizy. Lle mutanHs AeTanbHO
po3risiHyTO B podoti [3]. [lacuBHUWIT XapakTep MeAaroridyHuX EKCIEPUMEHTIB
O3Havae JIOBUIBHY TPAaKTOBKY ()aKTOpHMX TpaHHIb. Ha mpakrtuii me o3Hadvae,
IO JOCHIJHAK MOXKE HE BpaxyBaTH Jil0 MEBHUX (DaKTOpiB, a HEMOXKJIMBICTH
3MIHIOBaTH CHIIY il TUX (hakTopiB, SIKI BpaXxoBaHi, 3BOJIUTH JiI0 JACSIKHX 3 HUX
JI0 piBHS IyMiB. TpPeThOI0 Ba)KIIMBOIO IMPUYHHOI HESKICHOTO MOJENIOBAHHS €
HEBMIHHS OIIIHIOBATH CTAHJAPTHI TOXMOKM OTpUMaHHX perpecopiB. Lls
oreparisi J03BOJISIE BiJICIATH HE3HAYMMi perpeciiiHi KoegillieHTH i iCTOTHO
CIPOCTUTH CaMy MOJIEJIb, OCOOJUBO MPH peatizallii MaCHBHUX €KCIICPUMEHTIB.
€ TakoX iHIII, MEHII 3HAYHI MPUYMHK HenpodecitHOro NPOBEEHHS JOCII[DKEHb
B TIE/IArOrilli, HATIPUKJIIA]], HeBMIHHS TX ONITUMI3YBAaTH, SIK 116 PCKOMEHIOBAHO B [4].

IcHye oziHE Ji€Be MPaBMIIO, SIKE JO3BOJISIE YHUKHYTH TIOMUJIOK B pErpECiiHOMY
MOJIENIOBaHHI 1 MPOBECTH HOro Ha Halle)KHOMY piBHI. Lle mpaBuio «Tpiiimi» sike
BUKOPUCTOBYIOTh 3aBXIH IPHU MPOBEACHHI MIKHAPOJAHUX EKCIIEPUMEHTIB,
HaIpUKJIaJ, NPU MIPOBEICHHI Ja3epHOl JOKaIli ITYYHUX CYMyTHHKIB 3eMIli 1O
npoexkty MERIT (Monitoring Earth Rotation and Intercom paring the Techniques of
observation and analysis), y skoMy npuiHsIH y4acTh 22 KpalHd, BKIIOYAIOYH
YPCP [5; 6, c. 279]. MonentoBaHHs € MpoQeciiHUM TIIBKKA B TOMY pa3i, KOJIH
BOHO BHKOHYETBCSI «TPIHILICIO»: MeNaror-IociiJHuK, IporpamicT, MaTeMaTHK-
CTAaTUCTHK (KU1 000B’SI3KOBO MYCUTh MaTH JIOCBIJL AOCHITHUIIBKOT pOOOTH).

Cnig 3ayBaXkKWMTH, IIO0 HA IEPIIMX eTamnax BIPOBAKEHHS KOMII IOTEPHHX
TEXHOJIOTIH y HayKOBI JIOCIIHKEHHSI He OYyJI0 pO3/IUICHHS TIpall MiXK MaTeMaTHKaMU
1 mporpamicramu. 3ralacMo 3HAMEHUTI MEXaHIKO-MaTeMaThu4Hi (haKynbTeTH, e
KOXKEH IpOorpamictT 00 €KTHBHO OyB i MaTeMaTHKOM, a KOXKEH MaTeMaThuK —
npodecioHanoM-porpaMicToM. AJpKe TOII MPOrpaMyBaHHS OYyJIO CIIPOIIEHHM
peaizauii THX YM IHIIUX MAaTEMAaTHYHHX iJIeH, SIKi € 3aBXIH CYTTIO JIOCIiDKEHb.
[oTim BimOymOCs PO3AINECHHSI Mpalli: MPOrpaMiCTH CTaNIM MEXaHIYHO 1 MacoBO
MIpOrpaMyBaTH Pi3HOMAHITHI MaTEMaTHYHI MPOLIEAYPH, 1HOI O3 YABICHHS MPO
Te, B SIKUX BHIAJKaxX i NPOLEAYPH MOKHA 3aCTOCOBYBATH, HE 3HAIOYH, KOJH IIi
MIPOIEeTypPH € aAeKBATHUMH, a KOJIX Hi, BAKOHYIOYH YHCTO TEXHIYHY POOOTY.

Taxke pozainenns mnpaiii (GakTHYHO CTAIO TOJOBHOK MPUYHMHOIO ABOX (hiHAH-
COBHX KatacTpod, sickpaBo onucanux B 3Hamenutiit kau3i H. H. Tane6a [7]. B wiit
aBTOp ONHCYE NPUYHMHY TOr'0, YOMY HE CIPALfOBaja METOIMKA IPOTrHO3yBaHHS
BapTOCTI OIIiOHIB, sIKa PO3po0iieHa HOOENBCEKUMU JaypeaTamMu P. MeprorHoM
i M. Illoym3om [8] Ta sika pu3BeNa 10 Kpaxy iHBecTHHiiHY Kopropariro B CIIIA
LTKM Bmitky 1998 poky 3 oOBamoMm y 19 MimbspaiB monapis, MO CTBOPHIO
TSOHKKY CHUTYaILio I8 (piHAHCOBOI CHCTEMH KpaiHH. BUKIHMKae 3MMBYBaHHS, YOMY
IIi JTaypeaTH, ONMPAIOYUCh HA 3aKOH MOXHOOK ['ayca, skmii mificHO B 6aratbox
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BHIaKax cede OnrcKyde 3apeKOMEeHAYBaB, He T00aKaIu TPOKOHCYIIBTYBATHCS
3 IBOTO MPHBOAY i3 3HAMEHHTHM MareMaTukoMm-cratuctukoM CIIA Jxonom
Trrokw, KU y cBOiX podotax [9—11] 3actepiras Bix ysBIEHb PO BCE3araNIbHICTD
HOPMAJILHOTO 3aKOHY, a B poboTax [8; 9] murye cioBa A. K. [Ixkepi: «HOpMaIBHICTh
e Mi¢, B peaJIbHOMY CBITi HIiKOJH He OyJ10 1 HIKOJIM He Oy/ie HOpMaJIbHOTO PO3-
noxiny» [12]. MaremaTuky, BiJOKPEMHBIINCH BiJ MPOrpaMicTiB, CTBOPIOIOTH
HOBI MaTeMaTHYHI METOIN 0OPOOKH CTATHCTUYHOI iH(pOpMaIlii, yacTo He 3/0ra-
JYIOUUChH YITKO BU3HAYMTH 1 )KOPCTKO IMiAKPECIUTH BaXKIMBICTh BUKOHAHHS THX
(yHIaMeHTaIbHUX MPUHIIHIIB, SIKi caMe 1 ITOKJIaIeHI B OCHOBY 1 SIKi MalOTh OyTH
aJIeKBaTHI peanbHOCTI. [IporpamMicTy, anropuTMI3yrodH Ii HOBI METOMH, YacTO HE
3J10Ta1yBAJINCh 3a3HAYNTH YMOBH, 32 SIKMX iX MOYXHA 3aCTOCOBYBATH 1 MPAKTUYHO
peanizyBatu. CydacHi yHiBepcuTeTH roTyroTh 1T axiBIiiB, sSKi He 3HAIOTH MaTe-
MaTHKy 1 MaroTh NPOCTO, TaK OM MOBUTH «TEXHIYHO-KHOIOYHY» IiATOTOBKY.
HaBiTh KOMIT'IOTEpHI «T€Hi1» HUHI HE MAlOTh HAHMEHILIOTO YSBJICHHS TIPO aJeK-
BaTHICTh JISSIKMX MaTEMaTHYHUX MPOLEAYp B KOXKHOMY KOHKPETHOMY BUIAJKY,
SIKI BOHM TPOrpaMyroTh, BUJIAIOYN 3aMOBHHKOBI 0€3J1i4 CTATHCTUYHUX MOKA3HHUKIB
3a Macorw mporpaMm. A 3aMOBHHK HE 3HA€, IO 3 I[MMH [MOKa3HUKAMH POOHTH 1
BHKOPHCTOBYE JESKI 3 HUX JIMIIE TOMY, 110 Ha 0araTtbox BiJIOBIJIbHUX HAYKOBHX
NPAIiBHUKIB, BiJl SKHAX 3aJ€XKHUTh IO AMCEpTAIli, 1 sKi He MarTh (i3uKo-
MaTeMaTUYHOI OCBITH, CJIOBA: «3aCTOCOBAHO CY4YaCHHUU MPOTPAMHHUI TPOIYKT»,
CHPAaBIISIOTH MarivHy o, 0 Takox Binmivae excriepT JJAK B pobori [2].

Moga 1po MaTeMaTH4Hy a/IeKBaTHICTh 3aCTOCOBAHOI MPOrpaMu 4acTo He e,
X0ua came Iie BU3Ha4ae 0e3I0raHHiCTh MPOBEACHHS A0CipKeHHs. [is meparoris
MIPOIIOHYEThCSI TAKUI TECT IJIsl TiepeBipku rpodeciiiHocTi nporpamicra. Crinraiite
HOoro, «jIKi MareMaTHYHi YMOBH aJIeKBATHOI'O 3aCTOCYBAaHHS HANIPOCTILIOL
nporpamMu 1o KpHTepi}o Creionenta?». [IpaBuibHa BiJIIOBI/Ib: «HOPMAJBHICTh
po3nomny 1 piBHICTD quCIIepciii ABOX Ipym». Skimo nporpaMlcT JacTh 3BHYAiHY
BiZINIOBi b, 11O MO IF0 BUMOI'Y HE CKa3aHO HIYOro B IPOrpami, To nporpaMHI/m
MPOAYKT TAKOI'0 aBTOpa MOXKE IIATBEPIUTI» OYIb-IKY HAYKOBY HICEHITHHIIIO.

3a3HaynMo, M0 YCi BiIMIY€Hi BHIIE MPOOJIEMH € JOCUTHh aKTyallbHUMHU B
MeIAroriyHUX JIOCIIDKEHHAX, 0COOJIMBO MPU pealtizallii perpeciiHoro aHamisy,
SIKMH PETeNTbHO PO3rISHYTUH y BiTum3HsHUX [12] Ta QyHIaMeHTanbHuX 3apy0iK-
Hux npatsix [ 14—17]. IIpore, i mpari crieniaabsHO He IPU3HAYEHI IS TIeJaroriB
YM TPOTPaMiCTiB, IO 1 BUKJIMKA€E TEBHI TPyXHOII ix BHKopucTanHs. Ilicms
3HAKOBOI (yHAaMeHTaNbHI poboTH [ 18] mpoinuio Bxe 44 poku 1 0 BOrO Yacy
JUIA TeJaroriB i TCHXOJNOTiB I HE BHIIYIIEHO HOBOTO YKPaiHOMOBHOI'O
MIPYIHAKA TAKOTO XK PIiBHS, HACTUTBKM K BHPA3HOTO 1 3 BpaxyBaHHIM YCiX
JOCSITHEHb B MaTEeMAaTHYHIM CTATUCTHUIN Ha TOW Yac i TAKKAM K€ PIBHEM epyIHMIIii.
B poborti [18] € mocwnanns Ha 263 mKepena i3 CTATHCTHYHUME TIPOIEAYPaMU
Ta OIMMCOM OCHOBHUX 3 HUX — IIparis HeWMOBipHA 3a 00CATOM HaBiTh B HAII Yac.

[lepefinemo Temep A0 CyTi HAIIOrO AOCHiIKEHHS. SIK BiOMO, 3araibHa
MaTeMaTH9IHa (hopMyIa perpeciifHoro aHaizy Ma€e BUTIII:
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Y= atbx; toxy +otzx, te (1)

Je Y; — eKCIIepUMEHTAalIbHI 3HAUeHHs Pe3y/IbTaTUBHOI O3HAKY; a,b,c,....z —
mapaMeTpu perpeciiiHoi MoJeNi, BU3HAYCHHS SKHX 1 € METO JTOCHIIKCHHS;
xli,xZi,...,xpi,( j=12,.., p) — 3Ha4eHHA (DAKTOPHMX O3HAK X;; ; € 3aJMIIKOBi

MOXUOKH perpeciiHol Moerti:
&=y, Y, )
ne Y; — TeopeTHYHi 3HaYCHHs Pe3yJIbTaTUBHOI (JOCTIPKYBAHOT) O3HAKH:

Y, =a+bx; +ox, +..+z2x, (3)

Perpecopu a,b,c,...,z BH3HAYAIOThCS METOJOM HAWMEHIIUX KBapaTiB 3a
YMOBH:

n

f :Z(yi—Yi)zziefzmin (4)

i=1

Bumora (4) nae MOXJIMBICTh OTPUMATH HaWKpalll KIACHYHI OLIHKH
perpecopis, aje TibKU 32 YMOBH HOPMAJIBHOCTI 3HAUYEHb €, .

[TincraBumo B (4) 3nauenss Y, 3 popmynu (3):
fzzn:(yi —a—bx; —cxy —...—zxpi)2 = min (5)
i=1

[Ilo6 3Haiit MiniMyM QyHKuii npomudepeHiiroemMo i 3a HEBIAOMUMH
apryMeHTaMH:

%ZZZl(yi—a—bxﬂ—chi— zxpl)(—l):O,
df 2
prS =2 2 (yi —a—bx; —cxy, —..—zx )(—xli )=0; (6)
% -2y (y, a—bx;; —cx,, ZX,; )(—xpI ) =0
i=1

Bukonyroun B (6) MHOXEHHS i PO3KPUBAIOYX 3HAK CyMH, OTPUMYEMO TaKy
CHCTeMY PiBHSHB JUIS OTPUMAHHS HEB1JIOMHUX 3HAYEHBb PErpecopiB
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an + bzn: X, +
i=1

n
+ by xi +
i=1

Czn: X +
i=1

n
cz XXy +
—

n

+ 7Y Xy
i=1
n

+ szlixp,
i=1
n

+ 7Y%
i=1

PiBusiHHst (7) Ha3HMBAIOTBCS CHUCTEMOIO HOPMAJIbHHX
HAWMCHIIIMX KBAJpAaTiB JUIS BU3HAYCHHSA HEBIIOMHUX a,b,C,...z. 3amuieMo
PO3B’SI30K 1MX piBHSAHb B MarpuyHiid (opmi. [lozHaunmMo MaTpuii HeBimoMi

gyepes D,,D,,D,,...D,. Toni:

z% lei
i=1 i=1
z yl xll z xlzi
i=1 i=1

D, =
Zyixpi leixpi
i=1 i=1
D 31
i=1
D, =| 2% 2 W
n ZYi
i=1
n n 2
Dc: ;XM ; i
;xpi ;yixpl

n
Z Xai
i=1

n
Z Xoi Xy
i=1

E
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n 2% X 2V
i=1 i=1 i=1
_ lei ZX:LZl Xai Xy zyixli (]_]_)
Dz - i=1 i=1 i=1 i=1
> xpi > xlixpl 3 x2|xpi‘ > y|x;2)i
i=1 i=1 i=1 i=1

>
>
>

5
™
=
N
R
X

D= ZX“ lezl zxzixii prixli (12)

D D D
g=B. ,.B. D . _D (13)
D D D D

MartpudHuii miaxig B perpeciiHoMy MOJENIOBaHHI B HAJIGKHOMY 00Cs31
posrisiHyTo B migpydnuky [19] BonbmakoBa B. JI., KOMUIIHBOrO TONOBH
Bcecoro3noi akpenurariiiinoi komicii BAK CPCP.

[Ticns Toro, sik odouncneni perpecopu (13), perpeciitna mozens (3) HaOyBae
po60UOro BUIIISTY, OCKUIBKH BiIoMi yci 11 mapamerpu. Ha nipomy Haiiuacrime, i
Ha TPEBENHUKHAN Kallb, 3aKiHUYEThCS pErpeciiHuil aHami3. Ajie Takuil aHawi3 €
CIPOIIEHNM, HETIOBHUM, OCKUIBKM B MACHBHOMY EKCIEPHMEHTI Jif0 3HAYHOI
YaCTHHH PETPECOPiB MOKHA BIJHECTH JO IIYMOBOTO TIOJSL.

LIi perpecopu 3HaUNMOTO BIUTUBY HE MAIOTh 1 JIMIIE YCKIJIAJHIOIOTh MOJIEb.
Tomy BaxknmmBo i1 BiacisTH. Aje Uis TOro, Imo0 Ie 3poOuTH Takuil BiAciB
HEOOXiTHO OOYUCIIUTH CTAaHIAPTHI OXUOKM BU3HAUYEHUX Hamu 1o ¢opmymi (13)
perpecopiB. O0UHCICHHS IUX MOXUOOK BiOYBAE€THCS B TPH STAITH.

Ha nepwomy emani o04nCIIOIOTH 3aMIIKOBI TOXHOKH € 3a (opmyroro (2),

J€ Y, — pe3ylbTaTh CIOCTEPEXEHb, a Y; — OTPUMYIOTH 3a ¢opmymnoro (3)
BHKOPHCTOBYIOUH mapamerpu mozedni (13).
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BuxopucroByrouu 3Hau€HHs €, BUPAXOBYIOTh CTaHAAPTHY NOXUOKY BUMIpiB
1o popMyti:

= (14)
Je N — kinpKicTs BuMipiB; K — KilbkicTh perpecopis.
Ha opyzomy emani 009UCITIOIOTH BaroBi Koe(illieHTH PErpecopiB:
A _Ay. . _ My
Q11 - 3: sz - Fa e Qpp - F ) (15)
ne A MiHopu nerepMinanTy D .
Ha ocranHbOMy eTani BUpaxoBYIOTb CTaHIapTHI MOXUOKH Perpecopis:
0,=00y; 0,=00y, .. 0o,=0, pr . (16)
I'pannuna moxubka A; perpecopa j HpH pU3MKY & BH3HAYAETHCA TaK:
A =oit, 17

e KBaHTHIb t, — apryment ¢ymkuii Jlammaca ®(t,), sKui BU3HAYAIOTH

JUTS 33/1aHOTO & 110 (POPMYITi:
o(t,)= 1‘7“ (18)

Hanpuknan, npu pusuky o = 0,05 maemo:

o(t,) =729 299 _ 4 47500 (19)
2

[To Tabmuisam dynkuii Jlamaca 3HaxoquMo, 1o 3xHadents 0,47500 dyHkiis
®(t,) Habysae mpu t=1,96.

[Ipu piBHi pm3uky « = 0,05 rpanndna noxuodka (17) HabyBae BUTIAIY:
A;=0;%1,96. (20)
VY ToMy pasi, KoM SIKHICH perpecop, HaIpUKIa:
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(b)<A,, (21)

TO HUM MOXHA 3HEXTYBaTW MUl CIpPOMIEHHS Moxeni. JlirounM MoOXKHa
BBYKaTH JIMILE TON PErpecop, y sIKOro, HalpuKIa;:

o] > A, (22)

[Ticnst mepeBipkH ycix perpecopiB Ha 3HAYYIIICTh, BHIy4aeMo 3 Mozenm (3)
Ti 3 HUX, y AkuX A; <ot micns 4oro MoJENnb PO3paxoByeEMO 3aHOBO.

jra o

PosrstHeMo npukIiIaa peatizamil perpeciiiHol MOJIeNi 3 OIIHKOI CTaHTapTHUX
nmoxubok perpecopiB. B Tabn. 1 HaBeneHi Taki BUXiAHI AaHi Uil OOYUCIICHHS:
X; — KoedilieHT (HOHI0030POEHOCTI KOMII IOTEPHOI IIKONU AJISI MEHEIKEPIB;
y, — Cepe/Hs 3apobiTHa IIaTa BUK/Iaaaya mKoyu. Jliarpama posciroBaHHs 3aleK-
HOCTEH map X; —> Y, TiATBepaWia ix JiHiAHUA XapakTep.

Jliss  JOCTIIDKEHHST B3ATO KUIBKICTH CIOCTEpeReHb N =32, OCKiIbKH
perpeciiiHi OLIHKK mapaMeTpiB Mojiei HaOyBarOTh CTATHCTHYHOIO XapakTepy
3a ymoBu N>30. 3ayBaxkyemo, 110 MPHUKIAJN PErPECIHHOIO MOIEITIOBAHHA B
nigpy4yHukax, koau N> 30, He € CBiUEHHAM BUCOKOI TX SKOCTI.

Otxe perpeciiiHa MOAeNb U1 BUXIZHUX JaHUX Ma€ TaKUH BUIIIAL:

Y, =a+bx (23)

VY BignosigHocti 3 ¢opmyrnamu (8), (9), (12), i (13), 3HaxoqMO HEBigOMI
napamerpu a i b mo popmynam:

[Zy. ZX'J
NN O S ST D 5 3 WEL)) LT
’ [nZ:x %i] N> x2 (3% )

[lincraBuBmm B (24) 3Ha4YCHHS €IEMEHTIB MaTpHUIlb, OOUMCIeHI B TaOmmill,
OTPUMAEMO:

A= 456,83 *78358,2579 —23081,6544 *1400,53

. =6,355276 ; (25)
32%78358,2579-1400,53
[” >y J
bo Do 22X Zxy ) nExyi-Fx3y (26)
D D nzxiz —(ZXI )2
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Tabmmrs 1

[Mpukman peanizamii TBOBUMIPHOI perpeciifHoi Mol 3 MATPUYHOIO OIIHKOIO
CTaH/apPTHHUX MTOXUOOK PErpecopis

32#78358,2579 —-1400,53°

Buxinni gani Perpeciiini o04mciIeHHs

| Xi yi Xi yi XI2 in Yi €& =Y _YI eiz

1 2 3 4 5 6 7 8 9

1 5,00 6,00 30,0000 25,0000 36,0000 7,2602 -1,2602 1,588104
2 7,47 7,50 56,0250 55,8009 56,2500 7,7072 -0,2072 0,042932
3 9,90 5,90 58,4100 98,0100 34,8100 8,1469 -2,2469 5,048560
4 12,60 9,10 114,6600 158,7600 82,8100 8,6356 0,4644 0,215667
5 15,15 6,14 93,0210 229,5225 37,6996 9,0971 -2,9571 8,744440
6 17,55 11,60 203,5800 308,002 134,5600 9,5314 2,0686 4,279106
7 19,99 8,08 161,5192 399,6001 65,2864 9,9730 -1,8930 3,583449
8 22,39 11,33 253,6787 501,3121 128,3689 10,4073 0,9227 0,851375
9 25,15 9,95 250,2425 632,5225 99,0025 10,9068 -0,9727 0,946145
10 27,50 16,00 440,0000 756,2500 256,0000 11,3321 4,6678 21,789290
11 29,89 9,00 269,0100 893,4121 81,0000 11,7646 -2,7646 7,643013
12 32,40 13,83 448,0920 1049,7600 191,1689 12,2189 1,6111 2,598643
13 35,05 10,99 385,1995 1228,5025 120,7801 12,6985 -1,7085 2,918972
14 37,38 19,00 710,2200 1397,2644 361,0000 13,1201 5,8799 34,573224
15 39,92 14,07 561,6744 1593,6064 197,9649 13,5798 0,4902 0,240296
16 42,50 10,90 463,2500 1806,2500 118,8100 14,0467 -3,1467 9,901721
17 45,12 20,00 902,4000 2035,8144 400,0000 14,5209 5,4791 30,020537
18 47,47 11,00 522,1700 2253,4009 121,0000 14,9462 -3,9462 15,572494
19 50,51 16,09 812,7059 2551,2601 258,8881 15,4963 0,5937 0,352480
20 52,52 14,05 737,9060 2758,3504 197,4025 15,8601 -1,8101 3,276462
21 54,87 16,06 881,2122 3010,7169 257,9236 16,2854 -0,2254 0,050805
22 57,59 21,00 1209,3900 3316,6091 441,0000 16,7776 4,2224 17,828662
23 60,00 15,00 900,0000 3600,0000 225,0000 17,2138 -2,2138 4,900910
24 62,60 20,88 1307,0880 3918,7600 435,9744 17,6843 3,1957 10,212498
25 65,05 18,21 1184,5605 4231,5025 331,6041 18,1277 0,0823 0,006773
26 67,65 20,00 1353,0000 4576,5225 400,0000 18,5982 1,4018 1,965043
27 69,69 18,00 1254,4200 4856,6961 324,0000 18,9674 0,9674 0,935863
28 72,35 20,00 1447,0000 5234,5225 400,000 19,4488 0,5512 0,303821
29 74,93 21,15 1584,7695 5614,5049 447,3225 19,9157 1,2343 1,523496
30 77,76 19,00 1477,4400 6046,6176 361,0000 20,4279 -1,4279 2,038898
31 80,01 18,00 1440,1800 6401,6001 324,0000 20,8351 -2,8351 8,037792
32 82,57 19,00 1568,8300 6817,8049 361,0000 21,2984 -2,2984 5,282643

2140053 456,83 Zx.*y,:23081‘652%=78358,257€Zy‘2:7287'7265 iiggéi 20727114
X; = 43,7665625 V=4, 766!;6; |

* — *
b= 32%23081,6544 —1400,53 * 456,83 = 0,180975 @7)

OOGUHCIIEHHS CTAHIAPTHHX IIOXMOOK perpecopis @ i D BUKOHyeTwCs B TpH eTanm.
Eman A. Ob6uncnroemo mo ¢opmym (14) craHmapTHy MOXHOKY BUMIpIB,
BHUKOPHCTOBYIOUH JIaHi B TaOJIHII:
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e?
oo e, _ [207,271114 — 2628505 . (28)
\ln—k \] 32-2

Eman B. Tlo popmynam (15) 3HaX0MUMO BaroBi KoeQillieHTH perpecopis:

. 3
0. = L% XX _ A DX TBIBBASTI _ e (29)
n in

2X ]

D D 5459799721
in

[n in J D D 545979,9721
2

PRIDRN

Eman C. OOGUMCIIOEMO CTaHIApTHI MOXMOKA perpecopis @ i b 3a
¢dbopmynamu (16):

o,~=o*,/Q, =2,628505%*./0,143519 = 0,99578 , (31)

o, = o *,/Q,, = 2,628505*,/0,00005861 = 0,0120123 . (32)

BukopucroByroun 3nadenns (31) i (32) 3anucyemo perpeciitny moaens (23)
y KIHI[EBOMY BHTJISII:

Y, = a + bx, = 6,35528 + 0,180975x
. (33)

o ‘o, 70,99578 70,020123

Tak momatoTh pe3yNbTaT PErpeciiHOro aHamizy y sSAepHid (i3ulli, KBAHTOBIH
(bi3u11i, KOCMIYHHUX JOCIIKEHHSIX Toio. Take MoJanHs € npodeciiHum.

BucHoBOK. YCBiZOMIIEHHS TepIIoi, Apyroi i TPeThOoi i3 3a3HAYCHUX BUIIE
MPUYNH HEKOPEKTHOT'0 aHANi3y, CIPHSIOTh HANEXKHIA SKOCTI perpeciiHoro
MOJICITFOBAHHS B MEAArOT9HUX JOCITIKCHHAX. 3aIpOIIOHOBAaHUA HAMHU MaTeMa-
TUYHHI amapar, a FOJIOBHE, PO3YMIHHS 3HAUYEHHS MATEMATUYHOI CTATHCTHKU, SIK
BHPIMIATHHOTO IHCTPYMEHTAa 1 JIOKa30BOI 0a3W MOCTIKCHHS € TOJIOBHUMH
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CKJIaZIOBMMH YCIIIIIHOTO 3aXUCTy naucepramii. PexoMeHayeMo Takox Tmepen
3aCTOCYBaHHSIM PErpeciifHOro aHaiisy OymyBaTH KOPENSIiHHI TOJIs rmap 3HauYeHb

Y, —>x;, j=12,..p 3 METOI0 IEPEBipKH JiHIKHOCTI Mozeni. baxano, moo
KOPEJIALIAHI [0S ap 3aNEKHOCTER x,; —> y,,X, —> ¥;,....X,; —> ¥; MU BUIS

enminciB. BaximBo mepen 3acTOCyBaHHSAM PErpeciiiHOrO aHaiily IepeBipHTH
JlaroHaJbHICTh KOpENAmidHOI MaTpumi (QakTOpHUX O3Hak. HexmiaronanbHi
€JIEMEHTH i€l MaTPHIi MAIOTh JIOPIBHIOBATH HYJIIO, 1[0 HEOOXIIHO IEPEBipUTH
3a JIOMOMOTOF0 Z-TiepeTBopeHHs Dimepa Ay koedimieHTiB Kopensiii. PekomeH-
JYEMO TaKOX, IICJIsl 3aBEPIIEHHS] PETPECIHHOr0 MOJIENIOBAHHS, TECTYBaTH Ha
HOPMaJIbHICTh 3AJIUIIKOBI IOXUOKK €, . SIKIO pe3ynbTaT Takoi mepeBipku Oyne

MO3UTHBHUM, TO MOXKHA BBa)KaTW OTPHMaHi MapamMeTpu KiHIEBUMH. B Tomy
pa3i, KOJH TinoTe3a HOPMAIBHOCTI JUIS 3aIUIIKOBUX MOXUOOK € Oyne BimxuieHa,

TO pEe3yNIbTAaTH PErPECiHHOr0 aHaNi3y HE MOXKHA BBaxkaTh octaTouHuMu. 11]o0
3pO3YMITH YOMY II€ TaK HEeoOXiJHO 3BEpPHYTHCS 10 (pyHIaMEHTaJbHOI Ipari
3HameHuToro npodecopa KemoOpimkcbkoro yuiBepcurery I'. xeddpica [20],
ska BUTpuMaina y BenukoOpuranii 9 nepeBunanp. /s OTpMaHHsS OCTaTOUHUX
pe3yNbTaTiB PerpeciiHoro aHajily y BUNAAKY HEraycOBOTO XapakTepy 3alHil-
KOBMX ITOXHOOK €, , HeoOXiTHO 3aCTOCYBAaTH METOIM HEKJIaCH4HOI Teopil MOXHOOK,

PO3IISIHYTHX B pO3po0Kax Kadeapu MaTeMaTHIHOrO MOJIETTFOBaHHS M>KHAPOIHOrO
€KOHOMIKO-TYMaHITaApHOT 0 yHiBepcHuTeTy iMeHi akazemika C. Jlem’siHuyka [21; 22].

HaBeneHi naHi 3acBiA4yIOTh, IO PErpeciiHUi aHai3 Mae JyKe BaXKIUBI
YMOBH CBOI'O 3aCTOCYBaHHsI, sIKi 3a0€3Me4yI0Th HOro SIKICTh 1 HaAIWHICTh, PO
L0 YacTO HE MOBIJOMIISIIOTH MiAPYYHUKH 3 MareMaTtuuHol cratuctuku. Hi
JIOCJIIIHUKU-TIEJATOT Y, Hi ITPOrPaMiCTH [IMMH YMOBaMH 3a3BUUaii He [IKaBJISATHCS,
1 SIK TIPaBUJIO, HA IPEBEIMKUH JKallb, iX HE 3HAIOTb.
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