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The problem of making online DSS for selecting a two-parametric distribution law of a continuous
positively de�ned random variable with a �nite second moment is considered. These RVs are very
important for describing such parameters of real systems as distances, time intervals, value deviations,
reliability characteristics, economic indices etc. Algorithms and scenarios of the system operation
are given. The main priority is a practical application-oriented approach to selection of the most
appropriate type of distribution law out of a �nite set of models. The approach is based on usable
criteria and is applicable in case of small datasets.

The proposed algorithm for selecting the distribution law of random variables is based on a natural
factorization of the space of empirical characteristics � the average and mean standard deviation. In
exponential mode, if the average and mean standard deviation are close, the exponential distribution
is suggested. In hyperexponential mode (mean standard deviation is greater than the average), the
following distributions are proposed as models of a random variable: hyperexponential distribution of
a special type, Weibull distribution, gamma distribution, lognormal distribution, inverse Gaussian
distribution. For hypoexponential mode (the average is greater than mean standard deviation),
the following distributions are o�ered: hypoexponential distribution, Erlang distribution, Weibull
distribution, gamma distribution, lognormal distribution, left truncated normal distribution, inverse
Gaussian distribution. If the average is divisible by mean standard deviation, Erlang distribution
is used instead of hypo-exponential distribution, and gamma distribution, which degenerates into a
special case of a discrete parameter, coincides with the Erlang distribution. Special importance and
attention are given to two-phase hyperexponential distribution of a special type, proposed by one
of the co-authors of this article, and hypoexponential distribution with two types of phases. These
are convenient models for approximating two-parameter distributions of positively de�ned random
variables. The advantages of these distributions are: requirement of two parameters only; existence
and uniqueness of the solution of the system of moment equations for hyperexponential distribution of
a special type; explicit solution of the system of moment equations for hypoexponential distribution;
the physical meaning of the RV distributed according to hyperexponential distribution is the sojourn
time in two parallel connected states with exponential distribution laws; the physical meaning of the
RV distributed according to hypoexponential distribution is the sojourn time in a series-coupled states
with exponential distribution laws; explicit analytical view of the restoration function. Distribution
parameters are determined by numerical solution of systems of equations using functions of python
libraries. To e�ectively search for solutions of systems of equations, the initial parameter values are
selected adaptively using the equation root localization procedure. The online calculation system is
being developed in Python using the Dash framework and is a convenient tool for modeling random
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variables, their distributions, and characteristics for engineers and economists. The advantages of the
developed automated online system are interactive intuitive interface; availability without software
installation; ability to save graphic elements as �les; minimal set of statistically reliable and intuitive
input data; ability to visually compare di�erent models of random variables by means of various criteria.

The input data block enables the user to upload a �le with statistical data. Output forms are: RV
distributions and characteristics (densities, parameters, entropies); graphs of densities, distribution
functions, and failure rates; scattering diagrams; the table of metrics with quantitative di�erence
estimation for pairs of distributions. These characteristics are applied to visually compare the
distribution laws. The block of multi-criteria ranking of distribution laws is applied to rank the
distribution laws. The following simple and intuitive criteria, focused on solving practical problems, are
proposed for a user (engineer, economist, biologist, etc.): maximization of the di�erential entropy, �tting
empirical quantiles, �tting empirical moments of higher orders, the presence or absence of analytically
de�ned restoration function, the behaviour of the intensity function, the possibility of decomposition
into exponential phases. The signi�cance of these six criteria is determined by the user by assigning
them to one of the four groups of signi�cance: very important, important, slightly important, ignore.
Quanti�cation of these fuzzy assessments into criteria weight coe�cients can be done by the method
of Piyavsky S.A. Then the multi-criteria problem is to be solved by reducing it to a linear convolution
with the criteria weight coe�cients obtained. Herewith, each distribution is assigned the number of
points (from 1 to N, where N is the size of distribution set according to the natural factorization of
the space of empirical characteristics) due to prede�ned rules. Some additional data are to be speci�ed
by user. They are the number of higher-order moments, the number of quantiles, the behavior of the
failure rate function (monotonic; non-monotonic (break-in character); other) if respective criteria are
taken into account. The DSS can be applied in combination with other existing methods for selecting
the distribution law of a random variable.

Key words: DSS, multi-criteria selection, random variable, distribution law, statistical data
processing.
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Ðàññìàòðèâàåòñÿ çàäà÷à ñîçäàíèÿ îíëàéí ñèñòåìû ïîääåðæêè ïðèíÿòèÿ ðåøåíèé (ÑÏÏÐ) ïðè
âûáîðå äâóõïàðàìåòðè÷åñêîãî çàêîíà ðàñïðåäåëåíèÿ íåïðåðûâíîé, ïîëîæèòåëüíî îïðåäåëåí-
íîé ñëó÷àéíîé âåëè÷èíû ñ êîíå÷íûì âòîðûì ìîìåíòîì. Ïðèâîäÿòñÿ àëãîðèòìû è ñöåíàðèè
ðàáîòû ñèñòåìû. Ïðè ýòîì îñíîâíûì ïðèîðèòåòîì ÿâëÿåòñÿ îðèåíòèðîâàííûé íà ïðàêòè÷åñêîå
ïðèìåíåíèå è êðèòåðèè ïîëüçîâàòåëÿ ïîäõîä, ïîçâîëÿþùèé ïðè ìèíèìàëüíîé èíôîðìàöèè
âûáèðàòü íàèáîëåå ñîîòâåòñòâóþùèé êîíêðåòíîìó èññëåäîâàíèþ âèä çàêîíà ðàñïðåäåëåíèÿ
èç êîíå÷íîãî ìíîæåñòâà çàäàííûõ ìîäåëåé. Â îñíîâå ïðåäëàãàåìîãî àëãîðèòìà âûáîðà çàêîíà
ðàñïðåäåëåíèÿ ñëó÷àéíûõ âåëè÷èí ëåæèò åñòåñòâåííàÿ ôàêòîðèçàöèÿ ïðîñòðàíñòâà ýìïèðè-
÷åñêèõ õàðàêòåðèñòèê � ìàòåìàòè÷åñêîãî îæèäàíèÿ è ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ.
Äëÿ íàãëÿäíîãî ñðàâíåíèÿ çàêîíîâ ðàñïðåäåëåíèÿ èñïîëüçóþòñÿ ïëîòíîñòè ðàñïðåäåëåíèÿ,
çíà÷åíèÿ ïàðàìåòðîâ è äèôôåðåíöèàëüíîé ýíòðîïèè; ãðàôèêè ïëîòíîñòåé, ôóíêöèé ðàñïðå-
äåëåíèé è èíòåíñèâíîñòåé îòêàçîâ; äèàãðàììû ðàññåÿíèÿ; òàáëèöà ìåòðèê. Äëÿ ðàíæèðîâàíèÿ
çàêîíîâ ðàñïðåäåëåíèÿ ïðåäëàãàþòñÿ ñëåäóþùèå ïðîñòûå, èíòóèòèâíî ïîíÿòíûå äëÿ ïîëüçî-
âàòåëÿ (èíæåíåðà, ýêîíîìèñòà, áèîëîãà è äð.), îðèåíòèðîâàííûå íà ðåøåíèå ïðàêòè÷åñêèõ
çàäà÷ êðèòåðèè: ìàêñèìèçàöèÿ äèôôåðåíöèàëüíîé ýíòðîïèè ðàñïðåäåëåíèÿ, ìàêñèìèçàöèÿ
ñîîòâåòñòâèÿ ýìïèðè÷åñêèì êâàíòèëÿì, ìàêñèìèçàöèÿ ñîîòâåòñòâèÿ ýìïèðè÷åñêèì ìîìåíòàì
òðåòüåãî è áîëåå ïîðÿäêîâ, íàëè÷èå èëè îòñóòñòâèå àíàëèòè÷åñêè çàäàííîé ôóíêöèè âîññòà-
íîâëåíèÿ, õàðàêòåð ôóíêöèè èíòåíñèâíîñòè, âîçìîæíîñòü ðàçëîæåíèÿ íà ýêñïîíåíöèàëüíûå
ôàçû. Ðàçðàáàòûâàåìàÿ ÑÏÏÐ ìîæåò ïðèìåíÿòüñÿ â êîìáèíàöèè ñ äðóãèìè ñóùåñòâóþùèìè
ìåòîäàìè âûáîðà çàêîíà ðàñïðåäåëåíèÿ ñëó÷àéíîé âåëè÷èíû.

Êëþ÷åâûå ñëîâà: ÑÏÏÐ, ìíîãîêðèòåðèàëüíûé âûáîð, ñëó÷àéíàÿ âåëè÷èíà, çàêîí ðàñ-
ïðåäåëåíèÿ, ñòàòèñòè÷åñêàÿ îáðàáîòêà äàííûõ.

Ââåäåíèå. Íåîáõîäèìîñòü âûáîðà òåîðåòè÷åñêîãî çàêîíà ðàñïðåäåëåíèÿ ñëó÷àéíîé âå-
ëè÷èíû (ÑÂ) ïî ýêñïåðèìåíòàëüíûì äàííûì ïîäòâåðæäàåòñÿ áîëüøèì êîëè÷åñòâîì ïóá-
ëèêàöèé ïî äàííîé òåìàòèêå [1�6]. Îíè îõâàòûâàþò ïîñòàíîâêè ïðàêòè÷åñêèõ çàäà÷ èç
ñàìûõ ðàçëè÷íûõ îòðàñëåé íàóêè è òåõíèêè. Íàëè÷èå àíàëèòè÷åñêîé ìîäåëè ñëó÷àéíî-
ãî ôàêòîðà âàæíî äëÿ îïèñàíèÿ ðàçëè÷íîãî ðîäà ñèñòåì, ïðîöåññîâ, ïîñêîëüêó ïîçâîëÿåò
îïðåäåëÿòü, ïðîãíîçèðîâàòü è îïòèìèçèðîâàòü âàæíûå õàðàêòåðèñòèêè. Êðîìå òîãî, çàêî-
íû ðàñïðåäåëåíèÿ ÿâëÿþòñÿ âõîäíûìè äàííûìè ïðè ïîñòðîåíèè èìèòàöèîííûõ ìîäåëåé
â ñîâðåìåííûõ ñèñòåìàõ ðàñ÷åòîâ (MatLab, AnyLogic, SciInTech è äð.). Â íàñòîÿùåå âðåìÿ
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ñóùåñòâóåò ìíîæåñòâî ïîäõîäîâ ê ðåøåíèþ çàäà÷è ïîäáîðà òåîðåòè÷åñêîãî ðàñïðåäåëåíèÿ
ÑÂ. Îáçîðû áîëüøèíñòâà èç íèõ ìîæíî íàéòè â [7, 8]. Îñíîâíûìè íåäîñòàòêàìè óïîìÿ-
íóòûõ ïîäõîäîâ ÿâëÿþòñÿ:

1. Íåîäíîçíà÷íîñòü è ñóáúåêòèâíîñòü ðåçóëüòàòà ïî íåñêîëüêèì ïðè÷èíàì: à) íåñêîëü-
êî ðàñïðåäåëåíèé ìîãóò íå ïðîòèâîðå÷èòü íóëåâîé ãèïîòåçå; á) âûáîð ðàñïðåäåëåíèÿ çàâè-
ñèò îò êðèòåðèÿ ñîãëàñèÿ; â) ÷óâñòâèòåëüíîñòü ðåçóëüòàòà ê âûáèðàåìîé äëèíå èíòåðâàëà
ãðóïïèðîâêè äàííûõ.

2. Íåîáõîäèìîñòü äîñòàòî÷íî áîëüøîé âûáîðêè äàííûõ èëè íàëè÷èÿ àïðèîðíîé èí-
ôîðìàöèè î ôîðìå ðàñïðåäåëåíèÿ ïðè ìàëûõ âûáîðêàõ.

3. Ñëîæíîñòü àäåêâàòíîãî âûáîðà è îöåíêè ýôôåêòèâíîñòè ìåòîäèêè îáðàáîòêè ñòà-
òèñòè÷åñêèõ äàííûõ äëÿ èíæåíåðîâ, ýêîíîìèñòîâ, áèîëîãîâ è äð.

Â íàñòîÿùåé ðàáîòå ðàññìàòðèâàåòñÿ çàäà÷à ñîçäàíèÿ èíòåðàêòèâíîé ÑÏÏÐ ïðè âûáî-
ðå äâóõïàðàìåòðè÷åñêîãî çàêîíà ðàñïðåäåëåíèÿ íåïðåðûâíîé, îïðåäåëåííîé íà ïîëîæè-
òåëüíîé ïîëóîñè ÑÂ. Ýòè ÑÂ ÿâëÿþòñÿ êðàéíå âàæíûìè äëÿ îïèñàíèÿ òàêèõ ïàðàìåòðîâ
ðåàëüíûõ ñèñòåì êàê ðàññòîÿíèÿ, âðåìåííûå èíòåðâàëû, îòêëîíåíèÿ îò çàäàííîãî çíà÷å-
íèÿ, õàðàêòåðèñòèêè íàäåæíîñòè, ïðî÷íîñòè, ýêîíîìè÷åñêèå ïîêàçàòåëè è äð. Ïðè ýòîì
îñíîâíûì ïðèîðèòåòîì ÿâëÿåòñÿ îðèåíòèðîâàííûé íà ïðàêòè÷åñêîå ïðèìåíåíèå è êðèòå-
ðèè ïîëüçîâàòåëÿ ïîäõîä, ïîçâîëÿþùèé ïðè ìèíèìàëüíîé èíôîðìàöèè âûáèðàòü íàèáî-
ëåå ñîîòâåòñòâóþùèé ïîòðåáíîñòÿì êîíêðåòíîãî èññëåäîâàíèÿ âèä çàêîíà ðàñïðåäåëåíèÿ
èç êîíå÷íîãî ìíîæåñòâà çàäàííûõ ìîäåëåé. Â îñíîâó ÑÏÏÐ ïîëîæåíû ñóùåñòâóþùèå ïðî-
ñòûå, èíòóèòèâíî ïîíÿòíûå äëÿ ïîëüçîâàòåëÿ êîëè÷åñòâåííûå è êà÷åñòâåííûå êðèòåðèè,
ñòåïåíü âàæíîñòè êîòîðûõ ïîëüçîâàòåëü ñìîæåò íàñòðàèâàòü ñàìîñòîÿòåëüíî, ó÷èòûâàÿ
íåîáõîäèìîñòü íàõîæäåíèÿ êîìïðîìèññà ìåæäó òî÷íîñòüþ ìîäåëè è åå êîíñòðóêòèâíî-
ñòüþ (âû÷èñëèìîñòüþ).

1. Ñöåíàðèé è àëãîðèòì ðàáîòû ÑÏÏÐ ïðè âûáîðå çàêîíà ðàñïðåäåëåíèÿ.
Ñöåíàðèé ðàáîòû ÑÏÏÐ ïðè âûáîðå çàêîíà ðàñïðåäåëåíèÿ ÑÂ ìîæíî îïèñàòü ñëåäóþùèì
îáðàçîì.

Äåéñòâóþùåå ëèöî: ïîëüçîâàòåëü.
Öåëü: ñðàâíåíèå è ðàíæèðîâàíèå çàêîíîâ ðàñïðåäåëåíèÿ íà îñíîâå èìåþùèõñÿ ó ïîëü-

çîâàòåëÿ ñòàòèñòè÷åñêèõ äàííûõ.
Ïðåäóñëîâèÿ: ïîëüçîâàòåëü îòêðûë web-ñòðàíèöó ÑÏÏÐ.
Ãëàâíàÿ ïîñëåäîâàòåëüíîñòü:

1) Ïîëüçîâàòåëü çàãðóæàåò ôàéë ñî ñòàòèñòè÷åñêèìè äàííûìè.
2) Ñèñòåìà âû÷èñëÿåò ìàòåìàòè÷åñêîå îæèäàíèå è ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ñ

èíòåðâàëàìè äîâåðèÿ; ñïèñîê ðàñïðåäåëåíèé, èõ ïàðàìåòðû, çíà÷åíèÿ äèôåðåíöèàëüíûõ
ýíòðîïèé; ãðàôèêè ôóíêöèé ðàñïðåäåëåíèé, ïëîòíîñòåé ðàñïðåäåëåíèé, èíòåíñèâíîñòåé
ðàñïðåäåëåíèé, ôóíêöèé âîññòàíîâëåíèÿ; îêíà äèàãðàìì ðàññåÿíèÿ ñ âîçìîæíîñòüþ âûáî-
ðà èç âûïàäàþùåãî ñïèñêà ðàñïðåäåëåíèÿ íà êàæäîé îñè; òàáëèöó ìåòðèê ðàñïðåäåëåíèé;
îêíî âûáîðà ãðóïï âàæíîñòè êðèòåðèåâ è ââîäà äîïîëíèòåëüíûõ ïàðàìåòðîâ.

3) Ïîëüçîâàòåëü âûáèðàåò ïàðó çàêîíîâ ðàñïðåäåëåíèÿ íà îñÿõ äèàãðàììû ðàññåÿíèÿ.
4) Ñèñòåìà àâòîìàòè÷åñêè âûâîäèò äèàãðàììó ðàññåÿíèÿ äëÿ âûáðàííûõ ðàñïðåäåëå-

íèé.
5) Ïîëüçîâàòåëü âûáèðàåò â âûïàäàþùèõ ñïèñêàõ äëÿ êàæäîãî èç 6 êðèòåðèåâ âûáî-

ðà çàêîíà ðàñïðåäåëåíèÿ ãðóïïó âàæíîñòè è äîïîëíèòåëüíûå ïàðàìåòðû ïî íåêîòîðûì
êðèòåðèÿì.
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6) Ñèñòåìà âûäàåò ïîëüçîâàòåëþ ðåêîìåíäàöèþ ïî âûáîðó çàêîíà ðàñïðåäåëåíèÿ ÑÂ;
ïðè íåîáõîäèìîñòè ïîëüçîâàòåëü ìîæåò îòêðûòü ñïðàâêó î ãåíåçèñå äàííîé ðåêîìåíäàöèè.

Àëüòåðíàòèâíàÿ ïîñëåäîâàòåëüíîñòü:

Â ñëó÷àå, åñëè ââåäåííûå ïîëüçîâàòåëåì äàííûå ñîîòâåòñòâóþò ýêñïîíåíöèàëüíîìó
ðàñïðåäåëåíèþ, ñèñòåìà âûâåäåò ìàòåìàòè÷åñêîå îæèäàíèå è ñðåäíåêâàäðàòè÷åñêîå îò-
êëîíåíèå ñ èíòåðâàëàìè äîâåðèÿ; ñïèñîê ðàñïðåäåëåíèé, èõ ïàðàìåòðû, çíà÷åíèÿ äèôå-
ðåíöèàëüíûõ ýíòðîïèé; ãðàôèêè ôóíêöèé ðàñïðåäåëåíèé, ïëîòíîñòåé ðàñïðåäåëåíèé, èí-
òåíñèâíîñòåé ðàñïðåäåëåíèé, ôóíêöèé âîññòàíîâëåíèÿ; ðåêîìåíäàöèþ ïî ïðèìåíåíèþ ýêñ-
ïîíåíöèàëüíîãî ðàñïðåäåëåíèÿ áåç îêíà ìíîãîêðèòåðèàëüíîãî âûáîðà.

Àëãîðèòì ñðàâíåíèÿ è ðàíæèðîâàíèÿ çàêîíîâ ðàñïðåäåëåíèÿ, êîòîðûé ëåæèò â îñ-
íîâå ðàçðàáàòûâàåìîé ÑÏÏÐ, ïðåäñòàâëåí íà ðèñ. 1. Âûâîä 1 ñîäåðæèò ýêñïîíåíöèàëü-
íîå ðàñïðåäåëåíèå; ïàðàìåòð ðàñïðåäåëåíèÿ; çíà÷åíèå äèôôåðåíöèàëüíîé ýíòðîïèè; ãðà-
ôèêè ôóíêöèè ðàñïðåäåëåíèÿ, ïëîòíîñòè ðàñïðåäåëåíèÿ, èíòåíñèâíîñòè ðàñïðåäåëåíèÿ,
ôóíêöèè âîññòàíîâëåíèÿ; ðåêîìåíäàöèÿ ïî ïðèìåíåíèþ ýêñïîíåíöèàëüíîãî ðàñïðåäåëå-
íèÿ. Âûâîä 2 ñîäåðæèò ñïèñîê ðàñïðåäåëåíèé äëÿ ãèïåð- èëè ãèïîýêñïîíåíöèàëüíîãî ñëó-
÷àÿ; ïàðàìåòðû ðàñïðåäåëåíèé; çíà÷åíèÿ äèôôåðåíöèàëüíîé ýíòðîïèè; ãðàôèêè ôóíêöèé
ðàñïðåäåëåíèÿ, ïëîòíîñòè ðàñïðåäåëåíèÿ, èíòåíñèâíîñòè ðàñïðåäåëåíèÿ, ôóíêöèè âîññòà-
íîâëåíèÿ; òàáëèöó ìåòðèê.

1.1. Îïðåäåëåíèå ìíîæåñòâà ðàñïðåäåëåíèé è ïàðàìåòðîâ çàêîíîâ ðàñïðåäåëåíèÿ. Äëÿ
îïðåäåëåíèÿ ìíîæåñòâà çàêîíîâ ðàñïðåäåëåíèé, êîòîðûå íà ñëåäóþùèõ ýòàïàõ àëãîðèò-
ìà áóäóò ñðàâíèâàòüñÿ è ðàíæèðîâàòüñÿ, èñïîëüçóåòñÿ åñòåñòâåííàÿ ôàêòîðèçàöèÿ ïðî-
ñòðàíñòâà ýìïèðè÷åñêèõ õàðàêòåðèñòèê � ìàòåìàòè÷åñêîãî îæèäàíèÿ (ÌÎ) M > 0 è
ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ (ÑÊÎ) D > 0. Ñîîòâåòñòâåííî òàêîé ôàêòîðèçàöèè
ïðåäëàãàåòñÿ òðè îñíîâíûõ íàáîðà çàêîíîâ ðàñïðåäåëåíèé.

1) Ýêñïîíåíöèàëüíûé ñëó÷àé. Ñèòóàöèÿ, êîãäà ìàòåìàòè÷åñêîå îæèäàíèå è ÑÊÎ áëèç-
êè, |M −D| < ε (ε � ìàëîå ÷èñëî, çàäàííîå ïî óìîë÷àíèþ) ìîäåëèðóåòñÿ ýêñïîíåíöèàëü-
íûì ðàñïðåäåëåíèåì.

2) Ãèïåðýêñïîíåíöèàëüíûé ñëó÷àé. Êîãäà ÑÊÎ áîëüøå ìàòåìàòè÷åñêîãî îæèäàíèÿ,
ò. å. D > M + ε, â êà÷åñòâå ìîäåëåé ÑÂ ïðåäëàãàþòñÿ ñëåäóþùèå ðàñïðåäåëåíèÿ [9]: �
ãèïåðýêñïîíåíöèàëüíîå ðàñïðåäåëåíèå ñïåöèàëüíîãî âèäà; � ðàñïðåäåëåíèå Âåéáóëëà-
Ãíåäåíêî; � ãàììà-ðàñïðåäåëåíèå; � ëîãàðèôìè÷åñêè íîðìàëüíîå ðàñïðåäåëåíèå; � îá-
ðàòíîå ðàñïðåäåëåíèå Ãàóññà.

Äâóõôàçíîå ãèïåðýêñïîíåíöèàëüíîå ðàñïðåäåëåíèå ñïåöèàëüíîãî âèäà âïåðâûå ïðåä-
ëîæåíî îäíèì èç ñîàâòîðîâ äàííîé ñòàòüè â [10] êàê ñïîñîá àïïðîêñèìàöèè äâóõïàðàìåò-
ðè÷åñêèõ ðàñïðåäåëåíèé ïîëîæèòåëüíî îïðåäåëåííûõ ÑÂ. Åãî ñâîéñòâà èññëåäîâàëèñü â
[11, 12]. Ïðåèìóùåñòâàìè äàííîãî ðàñïðåäåëåíèÿ ÿâëÿþòñÿ:

- äâóõïàðàìåòðè÷íîñòü (â îòëè÷èå îò õîðîøî èçó÷åííîãî â [13, 14] ãèïåðýêñïîíåíöè-
àëüíîãî ðàñïðåäåëåíèÿ îáùåãî âèäà, äëÿ ïðèìåíåíèÿ êîòîðîãî íåîáõîäèìî ìèíèìóì òðè
ïàðàìåòðà);

- ñóùåñòâîâàíèå è åäèíñòâåííîñòü ðåøåíèÿ ñèñòåìû óðàâíåíèé ìîìåíòîâ äëÿ ãèïåð-
ýêñïîíåíöèàëüíîãî ðåæèìà [10];

- ñìûñë ðàñïðåäåëåííîé ïî äàííîìó çàêîíó ÑÂ � âðåìÿ ïðåáûâàíèÿ ñèñòåìû â äâóõ
ïàðàëëåëüíî ñâÿçàííûõ ñîñòîÿíèÿõ, âðåìÿ ïðåáûâàíèÿ â êàæäîì èç êîòîðûõ ðàñïðåäåëåíî
ïî ýêñïîíåíöèàëüíîìó çàêîíó;

- ÿâíûé àíàëèòè÷åñêèé âèä ôóíêöèè âîññòàíîâëåíèÿ.
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3à.) Ãèïîýêñïîíåíöèàëüíûé ñëó÷àé, M íå êðàòíî D. Êîãäà ìàòåìàòè÷åñêîå îæèäàíèå
áîëüøå ÑÊÎ, ò. å.M > D+ε, â êà÷åñòâå ìîäåëåé ÑÂ ïðåäëàãàþòñÿ ñëåäóþùèå ðàñïðåäåëå-
íèÿ [9]: � ãèïîýêñïîíåíöèàëüíîå ðàñïðåäåëåíèå; � ðàñïðåäåëåíèå Âåéáóëëà-Ãíåäåíêî; �
ãàììà-ðàñïðåäåëåíèå; � ëîãàðèôìè÷åñêè íîðìàëüíîå ðàñïðåäåëåíèå; � óñå÷åííîå ñëåâà
íîðìàëüíîå ðàñïðåäåëåíèå; � îáðàòíîå ðàñïðåäåëåíèå Ãàóññà.

Ãèïîýêñïîíåíöèàëüíîå ðàñïðåäåëåíèå ñ ôàçàìè äâóõ òèïîâ óäîáíî äëÿ àïïðîêñèìàöèè
äâóõïàðàìåòðè÷åñêèõ ðàñïðåäåëåíèé ïîëîæèòåëüíî îïðåäåëåííûõ ÑÂ. Ñìûñë ðàñïðåäå-
ëåííîé ïî äàííîìó çàêîíó ÑÂ � âðåìÿ ïðåáûâàíèÿ ñèñòåìû â ïîñëåäîâàòåëüíî ñâÿçàííûõ
ñîñòîÿíèÿõ, âðåìÿ ïðåáûâàíèÿ â êàæäîì èç êîòîðûõ ðàñïðåäåëåíî ïî ýêñïîíåíöèàëüíîìó
çàêîíó: n− 1 ôàç ñ îäíîé èíòåíñèâíîñòüþ è 1 ôàçà � ñ äðóãîé èíòåíñèâíîñòüþ. Ðàñïðå-
äåëåíèå èìååò òðè ïàðàìåòðà, äëÿ îïðåäåëåíèÿ êîòîðûõ äîñòàòî÷íî äâóõ ýìïèðè÷åñêèõ
õàðàêòåðèñòèê.

3á.) Ãèïîýêñïîíåíöèàëüíûé ñëó÷àé, M êðàòíî D. Ãèïîýêñïîíåíöèàëüíîå ðàñïðåäåëå-
íèå ïðèìåíèìî, åñëè M íå êðàòíî D. Â ïðîòèâíîì ñëó÷àå èñïîëüçóåòñÿ ðàñïðåäåëåíèå
Ýðëàíãà ñ îäíîòèïíûìè ôàçàìè. Îñòàëüíûå ðàñïðåäåëåíèÿ â òàêîì ñëó÷àå ñîõðàíÿþò-
ñÿ, êðîìå ãàììà-ðàñïðåäåëåíèÿ, êîòîðîå âûðîæäàåòñÿ â ÷àñòíûé ñëó÷àé è ñîâïàäàåò ñ
ðàñïðåäåëåíèåì Ýðëàíãà.

� àëãîðèòì ëîêàëèçàöèè êîðíåé óðàâíåíèé ìåòîäîì ðàâíîìåðíîãî ïîèñêà;
� ðàñ÷åò êîðíåé ñèñòåì óðàâíåíèé ìîìåíòîâ ôóíêöèåé fsolve() èç áèáëèîòåêè scipy

(Python);
� â ñëó÷àå íååäèíñòâåííîñòè ðåøåíèÿ � âûáîð ïî êðèòåðèþ ìàêñèìèçàöèè áëèçîñòè

ïëîòíîñòè äàííîãî ðàñïðåäåëåíèÿ ê ñðåäíåìó àðèôìåòè÷åñêîìó ïëîòíîñòåé ðàñïðåäåëå-
íèé, äëÿ êîòîðûõ ñèñòåìà óðàâíåíèé ìîìåíòîâ èìååò åäèíñòâåííîå ðåøåíèå.

1.2. Ñðàâíåíèå è ìíîãîêðèòåðèàëüíîå ðàíæèðîâàíèå çàêîíîâ ðàñïðåäåëåíèÿ. Äëÿ êî-
ëè÷åñòâåííîãî è âèçóàëüíîãî ñðàâíåíèÿ çàêîíîâ ðàñïðåäåëåíèÿ èç âûáðàííîãî íàáîðà â
ÑÏÏÐ èñïîëüçóþòñÿ:

� ãðàôèêè ïëîòíîñòåé, ôóíêöèé ðàñïðåäåëåíèÿ, èíòåíñèâíîñòåé è ôóíêöèé âîññòà-
íîâëåíèÿ;

� àíàëèòè÷åñêèå ìåòðèêè [15];
� äèàãðàììû ðàññåÿíèÿ [16].
Ìíîãîêðèòåðèàëüíàÿ çàäà÷à âûáîðà íàèáîëåå ïîäõîäÿùåãî ðàñïðåäåëåíèÿ ðåøàåòñÿ ñ

ïîìîùüþ ïîäõîäà, ðàçâèòîãî Ïèÿâñêèì Ñ.À. [17]. Âàæíîñòü ïðèâåäåííûõ øåñòè êðèòå-
ðèåâ îïðåäåëÿåòñÿ ïîëüçîâàòåëåì ïóòåì îòíåñåíèÿ ê îäíîé èç ÷åòûðåõ ãðóïï âàæíîñòè:
î÷åíü âàæåí, âàæåí, íå î÷åíü âàæåí, íå ó÷èòûâàòü. Ïåðåâîä äàííûõ íå÷åòêèõ îöåíîê âàæ-
íîñòè êðèòåðèåâ ïîëüçîâàòåëåì â âåñîâûå êîýôôèöèåíòû âàæíîñòè êðèòåðèåâ ïîçâîëÿåò
îñóùåñòâèòü ìåòîäèêà èç [18]. Äàëåå ìíîãîêðèòåðèàëüíàÿ çàäà÷à ðåøàåòñÿ ñâåäåíèåì ê
ëèíåéíîé ñâåðòêå îòäåëüíûõ êðèòåðèåâ. Ïðè ýòîì êàæäîìó ðàñïðåäåëåíèþ ñòàâèòñÿ â ñî-
îòâåòñòâèå êîëè÷åñòâî áàëëîâ (îò 1 äî N, ãäå N � êîëè÷åñòâî âîçìîæíûõ ðàñïðåäåëåíèé
äëÿ äàííîãî ñëó÷àÿ ñîãëàñíî åñòåñâåííîé ôàêòîðèçàöèè ïðîñòðàíñòâà ýìïèðè÷åñêèõ õà-
ðàêòåðèñòèê) ïî ïðàâèëàì èç òàáëèöû (ñòîëáåö

”
Ñïîñîá ðàíæèðîâàíèÿ ðàñïðåäåëåíèÿ“).

Äîïîëíèòåëüíûå äàííûå, êîòîðûå óêàçûâàåò ïîëüçîâàòåëü, îòðàæåíû â ïîñëåäíåì ñòîëá-
öå òàáëèöû.

Âûâîäû. Ïðèâåäåííûå àëãîðèòìû è ñöåíàðèè ñîñòàâëÿþò îñíîâó èíòåðàêòèâíîé
îíëàéí ÑÏÏÐ ïðè âûáîðå çàêîíà ðàñïðåäåëåíèÿ ïîëîæèòåëüíî îïðåäåëåííîé ñëó÷àéíîé
âåëè÷èíû. Ïî íàøåìó ìíåíèþ, òàêàÿ ÑÏÏÐ ìîæåò ñòàòü óäîáíûì äëÿ ïîëüçîâàòåëåé
(èíæåíåðîâ, ýêîíîìèñòîâ, áèîëîãîâ è äð.) èíñòðóìåíòîì ìîäåëèðîâàíèÿ ñëó÷àéíûõ
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Òàáëèöà
Ñïîñîá ìíîãîêðèòåðèàëüíîãî âûáîðà çàêîíà ðàñïðåäåëåíèÿ ñëó÷àéíîé âåëè÷èíû

�
ï.ï.

Êðèòåðèé
âûáîðà

ðàñïðåäåëåíèÿ

Óðîâåíü
âàæíîñòè
êðèòåðèÿ

(îïðåäåëÿåòñÿ
ïîëüçîâàòåëåì)

Ñïîñîá ðàíæèðîâàíèÿ
ðàñïðåäåëåíèÿ

Äîïîëíèòåëüíàÿ
èíôîðìàöèÿ
(ïðåäîñòàâëÿåò
ïîëüçîâàòåëü)

1. Ìàêñèìèçàöèÿ
äèôôåðåíöèàëü-
íîé
ýíòðîïèè

◦ î÷åíü âàæåí
◦ âàæåí
◦ íå î÷åíü âàæåí
◦ íå ó÷èòûâàòü

îò 1 äî N áàëëîâ ïî âîçðàñòà-
íèþ çíà÷åíèÿ äèôôåðåíöèàëü-
íîé ýíòðîïèè

2. Ìàêñèìèçàöèÿ
ñîîòâåòñòâèÿ
ýìïèðè÷åñêèì
ìîìåíòàì áîëåå
âûñîêîãî
ïîðÿäêà

◦ î÷åíü âàæåí
◦ âàæåí
◦ íå î÷åíü âàæåí
◦ íå ó÷èòûâàòü

îò 1 äî N áàëëîâ ïî óáûâà-
íèþ çíà÷åíèÿ ýâêëèäîâîé íîð-
ìû ðàçíîñòåé ìîìåíòîâ, ðàñ÷è-
òàííûõ ïî äàííûì è ïî çàêîíàì
ðàñïðåäåëåíèé

Âûáîð êîëè÷å-
ñòâà ó÷èòûâàå-
ìûõ ìîìåíòîâ

3. Ìàêñèìèçàöèÿ
ñîîòâåòñòâèÿ
ýìïèðè÷åñêèì
êâàíòèëÿì

◦ î÷åíü âàæåí
◦ âàæåí
◦ íå î÷åíü âàæåí
◦ íå ó÷èòûâàòü

îò 1 äî N áàëëîâ ïî óáûâà-
íèþ çíà÷åíèÿ ýâêëèäîâîé íîð-
ìû ðàçíîñòåé óðîâíåé êâàíòè-
ëåé, ðàñ÷èòàííûõ ïî äàííûì è
ïî çàêîíàì ðàñïðåäåëåíèé

Âûáîð êîëè÷å-
ñòâà è çíà÷åíèÿ
ó÷èòûâàåìûõ
êâàíòèëåé

4. Íàëè÷èå
àíàëèòè÷åñêè
çàäàííîé
ôóíêöèè
âîññòàíîâëåíèÿ

◦ î÷åíü âàæåí
◦ âàæåí
◦ íå î÷åíü âàæåí
◦ íå ó÷èòûâàòü

1 áàëë � ïðè îòñóòñòâèè
àíàëèòè÷åñêè çàäàííîé
ôóíêöèè âîññòàíîâëåíèÿ;
N/2 áàëëà � ïðè íàëè÷èè
òðóäíîâû÷èñëèìîé àíàëè-
òè÷åñêè çàäàííîé ôóíêöèè
âîññòàíîâëåíèÿ; N áàëëîâ �
ïðè íàëè÷èè àíàëèòè÷åñêè
çàäàííîé ôóíêöèè âîññòàíîâ-
ëåíèÿ.

5. Õàðàêòåð
ôóíêöèè
èíòåíñèâíîñòè

◦ î÷åíü âàæåí
◦ âàæåí
◦ íå î÷åíü âàæåí
◦ íå ó÷èòûâàòü

Â ñëó÷àå âûáîðà ìîíîòîííî-
ãî õàðàêòåðà ôóíêöèè èíòåí-
ñèâíîñòè: 1 áàëë � ðàñïðåäå-
ëåíèÿ ñ íåìîíîòîííîé ôóíê-
öèåé èíòåíñèâíîñòè; N áàëëîâ
� ðàñïðåäåëåíèÿ ñ ìîíîòîí-
íîé ôóíêöèåé èíòåíñèâíîñòè.
Â ñëó÷àå âûáîðà íåìîíîòîííî-
ãî õàðàêòåðà ôóíêöèè èíòåí-
ñèâíîñòè (ñ ó÷åòîì ïðèðàáîò-
êè): íàîáîðîò. Â ñëó÷àå âûáîðà
äðóãîãî õàðàêòåðà ôóíêöèè èí-
òåíñèâíîñòè: N/2 áàëëà � âñå
ðàñïðåäåëåíèÿ.

Âûáîð æåëàå-
ìîãî õàðàêòåðà
ôóíêöèè èí-
òåíñèâíîñòè:
ìîíîòîííûé;
íåìîíîòîííûé (ñ
ó÷åòîì ïðèðà-
áîòêè); äðóãîé

6. Âîçìîæíîñòü
ðàçëîæåíèÿ íà
ýêñïîíåíöèàëü-
íûå
ôàçû

◦ î÷åíü âàæåí
◦ âàæåí
◦ íå î÷åíü âàæåí
◦ íå ó÷èòûâàòü

N áàëëîâ � ïðè âîçìîæíîñòè
ðàçëîæåíèÿ íà ýêñïîíåíöèàëü-
íûå ôàçû; 1 áàëë � ïðè íåâîç-
ìîæíîñòè ðàçëîæåíèÿ íà ýêñ-
ïîíåíöèàëüíûå ôàçû.

âåëè÷èí, èõ ðàñïðåäåëåíèé è õàðàêòåðèñòèê. Ïðåèìóùåñòâà ñèñòåìû � èíòóèòèâíî ïî-
íÿòíûé èíòåðôåéñ; äîñòóïíîñòü áåç óñòàíîâêè ïðîãðàììíîãî îáåñïå÷åíèÿ; âîçìîæíîñòü
ñîõðàíåíèÿ ãðàôè÷åñêèõ ýëåìåíòîâ â âèäå ôàéëîâ; ìèíèìàëüíûé íàáîð ñòàòèñòè÷åñêè
íàäåæíûõ, èíòóèòèâíî ïîíÿòíûõ âõîäíûõ äàííûõ; âîçìîæíîñòü íàãëÿäíîãî àäàïòèâíîãî
ñðàâíåíèÿ çàêîíîâ ðàñïðåäåëåíèÿ ñëó÷àéíûõ âåëè÷èí ïî ðàçíûì êðèòåðèÿì. Â îñíîâå
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ÑÏÏÐ ëåæàò ñóùåñòâóþùèå êîëè÷åñòâåííûå è êà÷åñòâåííûå êðèòåðèè, ñòåïåíü âàæíîñòè
êîòîðûõ ïîëüçîâàòåëü ñìîæåò íàñòðàèâàòü ñàìîñòîÿòåëüíî, ó÷èòûâàÿ íåîáõîäèìîñòü
íàõîæäåíèÿ êîìïðîìèññà ìåæäó òî÷íîñòüþ ìîäåëè è åå êîíñòðóêòèâíîñòüþ (âû÷èñëèìî-
ñòüþ). Ñòîèò îòìåòèòü, ÷òî, åñëè åñòü ïîäîçðåíèå íà ðàñïðåäåëåíèå ñ òÿæåëûì õâîñòîì,
ñëåäóåò âîñïîëüçîâàòüñÿ äðóãèìè ñïåöèàëüíûìè ìåòîäèêàìè äëÿ âûáîðà ðàñïðåäåëåíèÿ.
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