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Piuka ITiBnennuit byr piBHUHHa, ane B Hel BIalat0Th TipChKi piYkH, TOMY BOHA Ma€ CTPIMKE 3pOCTaHHS 1
cnamansst rinok rigporpady. Moaens J[.JI. CokooBcbkoro kpaie onucye taky ¢hopmy rigporpady ik moaens [1.1.
KouepuHa, ToMy 1 Jae Kparuii pe3ysbTar.

Mogens I'.A. AnekceeBa ana HAWTIpII Pe3yabTaTH 1 € OLIBII CKIIAIHOIO ISl MOOYIOBH HIXK 1HIIN MOJEII
cxemarusatii rizporpadis.

Ockinbku Halikpali pe3yasTaTti oTpuMani 3a mogensamu [1.1. Kouepuna ta /I.JI. CokonoBchKOro, B paMKax
JIOCTIKCHHS OyIIi BHBEIEHI POPMYIH po3paxyHKy iHTerpadbHOT QPYHKIIT rigporpady:

3a mogemmo J.I. Kouepuna
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3a Mozieunio JI.JI. CokonoBehKoro (BecHsHui nagogok 11 = ¥ = 2)
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ne L'y — Gymp-sikuii yac Ha Criajiji IABOJKY HA MOMEHT SIKOTO BU3HAYAETHCsl IHTerpasbHa (yHKLList rizporpady.
BUCHOBKH

1. BiuB dopmu rizporpady Ha 3HaYSHHS 3aTajJbHOTO PO3MHBY — HEJiHIHHHH.

2. Jlns piBHUHHUX pPIYOK PEKOMEHJOBAHO BHMKOPHCTOBYBAaTH CXeMaTH3alilo Trigporpady 3a mopemmo JI.I.
Kouepuna. /Iyist ripchbKux Ta MepearipchbKUX pidok Kpaiie 3actocoByBaTtr Mozens J.JI. CokonoBcbkoro.

3. BukopucroByroun mopeni J.I. Kouepuna uu [I.JI. CokoI0BCEKOrO MOKJIMBO BU3Ha4yaTh 3Ha4YcHHs DI 3a
JIOTIOMOT'010 aHATITUYHUX OpMy 1-2 B Oynb-sIKMH Yac HOBEHI.

4. B nopanblmux IOCTIPKEHHSX HEOOXiJHO BH3HAYMTH IapaMeTpH BHUKOPHCTaHHS MoJeNed cxemaru3ailii
rigporpadis A pi3HUX THITIB PiYOK.
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THE USE OF THE DIRICHLET DISTRIBUTION IN PROBABILITY STATISTIC METHODS OF
RESEARCH

AHoTtanisi. Y crarti  pO3MISHYTO OCHOBHI METOAM OOpOOKHM CTATHCTHYHHMX JaHUX 3a JOMOMOrow Oera-
PO3MOIiTy,y3aralbHEHHIM SIKOTO € po3moin Jlipixie.

Kiro4doBi ci1oBa: oIiHKa HOBITHIX TEXHOJOTIH Mpu OYJIBHUITBI Ta pEMOHTaX aBTOMOOIIBHHX HOPIr,.0eTa —
po3nomin,po3noxin Jipixie.

AHHoOTanus. B cratee paccMOTpEeHBI OCHOBHBIE METOIBI 00pabOTKHM CTAaTUCTUYECKHX AAHHBIX C MTOMOIIBIO
Oeta-pacnpeneHus, 0000IEHUEM KOTOPOTO SBISIETCS pacnpenenenne lupuxie

KaioueBble c/ioBa:Ol[eHKA HOBBIX TEXHOJIOTHIA MPH CTPOUTENILCTBE U PEMOHTAX aBTOMOOMIIBHBIX JIopor, Oera
— pacmpezesnenue, pacnpezenenue Jupuxie.

Annotation. The article considers the basic methods of statistic data procession with the help of the beta-
distribution, the generalization of which is the Dirichlet distribution.

Keywords: evaluation of new technologies in automotive road construction and repair, beta - distribution,
Dirichlet distribution.

Stating the problem. One of the current directions in the field of conducting applied research is the
substantiation of the possibility to apply relevant mathematical knowledge to solve technical and economic tasks with
the purpose of the increase in the objectiveness of the results of research.

The essence of the problem. High information uncertainty in the period of the new technologies introduction
in automotive road construction and repair and the forecast of the determination of the relevant criteria of efficiency.

The objective of the article. The possibility to apply relevant mathematical knowledge, in particular the beta-
distribution, to solve technical and economic tasks with the purpose of the increase in the objectiveness of results. It
becomes especially important in the evaluation of the new technologies introduction in automotive road construction
and repair.

The exposition of the main material. One of the current directions in the field of conducting applied research
is the substantiation of the possible application of relevant mathematical knowledge to solve technical and economical
tasks with the purpose of increasing efficiency. The application of relevant mathematical knowledge is becoming
especially important in the evaluation of modern technologies in automotive road construction and repair as high
information uncertainty in the period of the modern technologies introduction admits a possibility of different forecasts
of technical and economic indicators.

In the theory of probability and mathematical statistics the Dirichlet distribution, often denoted as Dir (a), is a
family of continuous multivariate probability distributions parametrized by a vector a of positive reals. The Dirichlet
distribution is the multivariate generalization of the beta-distribution. That is, its probability density function returns the
belief that the probabilities of K rival events are I'i given that each event has been observed o;-1 times.

The probability density function for the Dirichlet distribution of order X is:
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where, ¥ =0, @ =10 E'} r =1
Let X=(X,,...X) ~Dir(0) i @, = L%, @, then

_ @
Var[X,|a] = Lﬂl'—i'l— 3
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Cov[X, X |a] = ——
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The mode of the distribution is the vector x (xi, ...,xx) with
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The Dirichlet distribution is the conjugate prior distribution of the multinomial distribution, that is: if
Bl = (B os Prg ) X~ Mule(X) 5)

where f; — the number of entries i in the sample from n points of the categorical distribution on {1, ..., K} determined
through X, then

X|B~Dir (e + B) (6)
This relationship is used in Bayesian statistics to estimate the underlying parameters, X, of the discrete
probabilitydistribution given a collection of n samples. Obviously, if the prior distribution denoted as Dir (a), then Dir
(a+p) is the posterior distribution after a number of observations with histogram £
The normal law is most often used in studying the distribution of technical and economical parameters. But the
given approach is not always grounded and, as a result, may lead to approximate evaluations. Besides, many researchers
admit the existence of a big mass of initial data, which is not always possible with a limited number of objects being
studied. In a number of works, the beta-distribution is said to be possibly accepted as the typical distribution of certain
parameters in time. [1,3].
Thus, in the forecast of specific technical and economical parameters with the substantiation of the algorithm
of determining the numerical values of its statistic characteristics. It is known that a random quantity has the beta-
distribution with parameters (. #) (& = 0,5 = 0, if

o

Fley = ﬁ:mu — )A-1 (7)
where t £ [0.1]; 0, t & [0.1]
With the use of the normalized quantity of the parameter being studied t (in the interval of changes [0; 1]) the
probability density of the forecast parameter looks:

F) = =11 — g)F1 ®)
where . § — statistic parameters of the distribution,

¢ — constant
the quantity of the constant can be determined with the help

_ [lo+#]
€ = Harg’ ©)
e I'(n) = (n-1), (10)
denote %= Bl g). (11
Then
e ¢ B L (12)
<1
and lg FleldE =1

The expectation value and variance of the random quantity in this case equal to

M) = (13)

Dir) = —=2 (14

lp+ g1
In picture. 1 there are examples of the curved functions of the beta-distribution density with different values of its
statistic parameters:
a) b)
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Picture. 1 Density of the beta-distribution

¥

Let us look at the change of the parameter being studied in the interval [a,b] that is 2 = = = E. In this case:

X — &

= r=na+[b—al}-t

o —da

(b—a)@*F=1.5(a:f
That is determining the constant of the beta-distribution is conducted as

{4+ a)Hb—x¥Ff=clx—a)* (h—x)F1. (s

1

= , 16
L I.\,E'—I.'I_":':_'ﬂ_-_ﬁll:l.'l 'Sl-\.l ( )

Mixl=a+(b—a)
M) = {h—p) 2 o S a7

a+
The variance of the random quantity is:
.2 2@(b—al®
Dix}= (b—a)* D(t)= "? (18)
(x+g1% [mef+1)

Given that M (x} = &, : D{x} = &3? (where ¥, and &, - respectively the parameter evaluation, its variance

o

which can be found on the data of the selective totality). Evaluations of statistic parameters I § can be received by
solving the system of equation:
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[ af(b-a)? = (19)

Besides, accepting, on the empirical data, the type of the curved line of the beta-distribution density and
giving different values of the parameters I 5 (picture.l), it is possible to determine the quantity of the distribution
constant with the formula (16) and check the relevance of the empirical distribution to the theoretical assumption with
the help of the known criteria of mathematical statistics.

Thus, in studying the distribution of technical and economic parameters of the modern technologies being
studied it is possible to study the beta-distribution with the probability density determined by the dependence (15),
where & - the minimal evaluation of the parameter, and E - the maximum evaluation of the parameter.

CONCLUSIONS

1. The beta-distribution ( the Dirichlet distribution ) can be accepted as the typical distribution in studying
technical and economic parameters of modern technologies in time in automotive road construction and repair, which
allows to receive the probability density function of the parameter being studied with the absence of a meaningful mass
of initial data and to objectively determine its evaluations.

2. Determining specific statistic characteristics of the distribution being studied can be conducted on the basis
of the estimation stated in the article, and also with the help of the analysis of the empirical data distribution form and
the further analysis with the help of the statistic criteria of the empirical and theoretical distributions relevance.

3. The considered research method expands the possibilities of the application of the probability methods of
the evaluation of technical and economic processes and indicators, which leads to the increase of the objectiveness and
substantiation of the received results.
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YK 556.16.45
IlerpoBuu B.B., kann.,TexH.,Hayk, ApTeMeHKo B.A.
J10 o1liHKM CHHXPOHHOCTi KOJUBAaHb PIiYHOI0 CTOKY piduoK

AnoTanis. JlocnimKkeHi 3aranbHi TEHICHIIIT Y MOBEIIHII YaCOBHUX PSIiB CEPeIHHOPIYHUX BHTPAT BOAH PIYOK Ha
JIOCTATHBO 3HAYHUX 1HTEPBAJIAX YaCy.
Kiro4oBi cjioBa: rigpoorivHi 9acoBi psId, aHANI3 KOJIUBAaHb PIYHOTO CTOKY.

Annoranus. VccnemoBaHsl oOIMe TEHACHIIMH B TOBEACHUU BPEMCHHBIX PSIOB CPEIHETONOBBIX PACXOIOB
BOJIBI PEK Ha JIOCTATOYHO KPYIHBIX HHTEPBaJaX BPEMCHH.
KiroueBble ¢JioBa: THAPOIOTHIECKUE BPEMEHHBIE PSIbI, aHATTN3 KOJIeOaHUH TO0BOTO CTOKA.

Annotation. Investigated general trends in the behavior of the time series of average annual water flow of rivers
to sufficiently large time intervals.
Keywords: hydrological time series analysis of fluctuations in annual runoff.

IiaposorivHi 4acoBi psiiy, sIK IPaBUIIO, MAIOTh KOPOTKHH MEPioJl CIIOCTEPEXKEHb, XapaKTePU3yIOThCSI 3HAYHUMHU
MOXMOKaMU BHUMIPIOBaHb Ta HAsBHICTIO MPOMYCKIB, Yy 3B’SI3Ky 3 YMM BHHHMKAlOTh II€BHI TpyAHOLN IpH iX
nporHo3yBaHHi. ToMy nHpM HemocTaTHIH TiJAPOJOTIYHIA XapakTepuCTHLi 00’€KTa NPOrHO3YBaHHS JIOCHTH YacTo
BUKOPHCTOBYIOTh JaHI MO piukax-aHasorax [1-3], mo BUMarae CyMiCHOrO aHaji3a IOBEIIHKH YacOBHX psIiB
TIIPOJIOTIYHOTO pEKMMa PIYOK Ta OLIHKH iX CHHXPOHHOCTI. 3 I[i€l0 MHTOI0 IMIMPOKO BHKOPUCTOBYIOTH CTaTHYHI
MiAXOON UIS OIHKH CHHXPOHHOCTI KOJHWBAHB PIYHOTO CTOKY,OCKIJIBKH PIYHHN CTOK XapaKTEePHU3YEThCS 3HAYHOIO
MIHJIMBICTIO PO3MOALTY 5K 332 4aCOM, TaK iy mpocTtopi [4-6].

MeTor0 naHOTO JOCHIIKEHHS € chpoba TIMOoKa3aTH 3araibHi TEHISHIi Yy IOBENIHII YacOBHX psIiB
CepeIHbOPIYHUX BUTPAT BOIW PIYOK Ha TOCTATHHO 3HAYHHUX iHTepBasaX 4yacy. bynmn BHKOpHCTaHi criemiagbHi METOTU
00pOOKH YaCOBUX TiPOJIOTIYHUX PSIB Ta CIOCOOU OIIHKM KOTEPEHTHOCTI BUTPAT BOJIH.

L1le n03BONHTE OfEPKATH OLIBII TTOBHY Ta HAOYHY KapTHHY CHHXPOHHOCTI KOJIMBaHb PIYHOTO CTOKY.

VY naHOMy JAOCHIJUKEHHI MU TPHUITyCKalH, SKIIO, HAIPUKIAA, CEpeAHbOPIUHI BHTPATH BOJIM MOXYTh OyTH
IHIMBIIyaJbHUMH JIJIS KOXKHOT piuku ( sK, BIANOBIIHO, 1 BUTPATH Ha MEHIIUX YaCOBHMX IHTEpBaJax), TO Ha JOCTATHBO
3HAYHMX IHTEepBaiax 4yacy ( aecsTupiuyda abo OibIle ) BKe MOXKIMBA OLIbINA «YCEPEAHEHAY Y3TOMKCHICTh y MOBEIIHIT
OKpEMHX PiYOK BHACHIZIOK CXOXKOCTI IIJIOrO Psily 30BHIMIHIX (haKTOpIB.

Jaii po3rassHEMO OIiHKY CX05KOCTI OBEIIHKH TiIPOJIOTIYHUX PAJIB caMe Ha 3HAYHUX IHTepBaiax dacy.

Criz 3a3HaYNTH, [0 aHATI3 KOJIMBAaHB PIYHOTO CTOKY TPAIWIiITHO BUKOHYETHCS 32 JAHUMH O BEHKUX pidKax,
CTIK SKHX (OPMYyeTbCS B JIEKUIBKOX reorpaiyHmx 30HaX. Y IbOMY 3B’SI3Ky y SKOCTI NpHKJaJa IpoaHalli3yeMo
MOBE/IIHKY T1IPOJIOTIYHMUX PSIIB CEpeHBOPIYHMX BHUTpaT Boau p. [yHaii (m.Pewni) ta p. IIpum’sate (n. Mo3sups) 3a
nepioz 3 1921 o 2001p. (psaiB noBxuHOIO 81 3HAYECHHS).

Jani mo BUTpaTaMm BOJM HaBeJeHi B [7].

Ii wacoBi psiIy MarOTh BIINOBIAHI XapaKTEPUCTUKH, IO BIAPI3HSIOTHCS NMPHOJIU3HO Ha IMOPSIOK, TOOTO Ha
MEepIIOMY eTalll JOCHIiPKeHb CTBEPKYBATH, 10 1€ TPsMi aHaJIOTH.

Ha puc.1 HaBeneHi rpadiku BUTpaT BOIU 000X piuok. SIK BUIHO CYTTEBI BIIMIHHOCTI y BEJIMYMHAX BUTPAT
3HAYHO YTPYAHIOIOTH CYMICHHUN aHaJi3 TIOBSAIHKY IIHX PSIIB.

3BaXkalouM Ha Lie, IONEePEIHbO PO HOPMYEMO KOXKHHHU PsiJi, 10 AOCIIUKYETCS, Y BiJMOBIIHUN psill, 3HAUCHHS
sikoro OymyTh y mexxax [0;1].
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