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Abstracts. The conception of direct and inverse problem of random variable modelling is introduced.
The direct problem is a problem for getting value of continuous random variable, which is contributed
according to the given distribution law, which parameters are known. The inverse problem is a problem for
defining the distribution law parameters, which are necessary for modelling of continuous one-dimensional
random variable, for which the distribution law, mathematical expectation and dispersion are known. For its
solution by known type of distribution it is necessary to find the parameter dependence of simulated
distribution on set initial characteristics — ensemble average and standard deviation. The assigned problem is
solved in explicit form for the following cases: normal distribution, exponential distribution, Laplace
distribution, extreme value minimum distribution, extreme value maximum distribution, double exponential
distribution, logistic distribution, gamma distribution, Erlang distribution of n-th order, Rayleigh distribution,
Maxwellian distribution, parabolic distribution, Simpson distribution, arc sine distribution, inverse Gaussian
distribution , Cauchy distribution, one-parameter distribution of n-dimansional random value,
hyperexponential distribution, beta distribution, common- beta distribution, Birnbaum-Sanders distribution.
For random variables, which are distributed according to the laws: Erlang second order, beta-distribution of
second order, logarithmic normal distribution, it is described the interactive procedure to solve the modelling
inverse problem, which realizes the Newton's method for solution of linear equation system. The expressions
for elements of matrix solution are received. The solution procedure of assigned task for Weibull and
Nakagami distribution is set, which is based on construction of regressive equations, which interpolate the
table values to determine links of distribution law parameters and initial characteristics of random variable,
which is distributed according to the given law.
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distribution, Erlang distribution of n-th order, Rayleigh distribution, Maxwellian distribution,
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BU3HAYEHHSA NAPAMETPIB PO3MNoAINny OAHOBUMIPHOI BE3MNEPEPBHOI
BUMNAOKOBOI BEJIMYMHU NO 1i MTOYATKOBUX XAPAKTEPUCTUKAX MNPU
MOAENIOBAHHI ®IHAHCOBUX PU3UKIB

Awnoranis. Copmyiab0oBaHO 3BOPOTHE 3aBIaHHS MOJICIIOBAaHHS Oe3MepepBHOI OAHOBHMIPHOI
BUMAJKOBOI BemMuMHM. J[yist 11 BUpIlIeHHS Mpy BiZOMOMY THII PO3MOALTY HEOOXiTHO 3HAWTH 3aJIEKHICTH
napaMeTpiB  MOJAEIBOBAHOIO PO3MOAUTY BiJ 3aJaHUX IIOYaTKOBUX XapaKTEPUCTHK - MAaTeMaTHIHOrO
OYiKyBaHHS 1 CEPETHEKBAIPATHYHOTO BifxwieHHs. [locTaBneHa 3ajgadya BUpillicHAa B SBHOMY BUTIISIL JUIS
HACTYIIHUX BUMAJKIB: HOPMAIBGHOIO PO3IOALTLY, MOKA30BOr0 po3NoiTy, posnoxity Jlammaca, posmomimy
MIHIMQJIPHOTO 3HAYEHHS, PO3MOIAUTY MAaKCUMAIBLHOTO 3HAYCHHS, MONBIMHOrO TOKAa30BOTO PO3MOLTY,
JIOTiCTUYHOrO PO3MOIJI, FaMMa-po3MnoiTy, posnoniny Epnanra n-ro mopsaky, posnogity Panes, posmoairy
MakcBena, napabomiyHOro po3mnoAuty, po3nonia CUMIICOHa, PO3MOALT apKCHHYCa, 3BOPOTHOTO PO3MOILTY
layca, omHOmMapaMeTpuvHOrO pPO3MOALTY MOAYJISA # -MIPHOI BHIIQJKOBOI BEIMYMHH, O€Ta-po3nozily,
posmominy bupnOayma-Canpepca. OnmcaHo mpolenypa OTpUMaHHA pillleHHS 3BOPOTHOI  3ajadi
MOJIEIIOBAaHHS! I BUIAAKOBHX BEJIMYMH, PO3MOILUICHUX MO 3aKkoHax: Epianra mpyroro mopsaky, Oera-
PO3MOIUTY IPYroro pofay, JIOrapU(pMiYHO HOPMAIILHOIO PO3IIOJLTY. 3alpoiOHOBaHa MpOLeIypa PilllcHHS
MOCTaBJIEHOT 3a1a4i st posnoaiiB BeitOymna i Hakarami.

Kirouosi cioBa: meron Monrte-Kapio, craTucTuuHe MOIETIOBAHHS, MIUIBHICTH PO3MOILUTY
OesmepepBHOI  BUMAAKOBOI BEIMYMHM, 3BOPOTHE 3aBAaHHS CTaTUCTUYHOIO  MOJEIIOBAaHHS,
HOpPMaJIbHUK PO3MOALT, TOKAa30BUI po3Mofil, po3moain Jlammaca, po3noain MiHiMaJbHOTO 3HaYCHHS,
PO3IIOIUT MAKCUMAaJIbHOTO 3HaYEHHS, MOABIMHNI TOKAa30BUH PO3MOALT, JOTICTHYHHMA PO3MOILN, raMMa-
posmonin, posnonin Epmanra n-ro mopsiaky, posmonin Pames, posmoxin Makcena, nmapabonidHuit
posmozin, posnoxin CUMIICOHA, PO3MONLT apKcHHyca, 3BOpoTHHMI ['ayc-posmonini, posmonin Komri,
OJHONApaMETPUYHI PO3MOAITM MOAYINS # -MIpHOI BUIAAKOBOI BEIWYMHH, TiEpEeKCHOHEHIiaIbHUIA
posmonin, 6eTa-po3noin, y3araabHeHHH Oera-po3noai, po3nonin bupudayma-Canpaepca.

®dopmyn: 88; Tabm.: 2, 6i6m.: 21
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ONPEOENEHUE NAPAMETPOB PACMPEOENEHNA OOHOMEPHON
HEMPEPbLIBHOWU CITYYAUHOW BENTUYUHbI NO EE HAYAIIbHbIM
XAPAKTEPUCTUKAM NP MOOENTMPOBAHUN PUHAHCOBbLIX PUCKOB

AnHoTamus. BBeneHo MoHATHE NPSIMOM W OOpaTHOHM 3a7a4Ml MOJCIHUPOBAHUS CITyYailHOM
BenWUWHBL J[J1s €€ pemieHus Mpu U3BECTHOM THUIIC PaCHpeiesICHUsT He0OX0IMMO HAlUTH 3aBUCHMOCTh
apaMeTpoB MOJEIUPYEMOTO pACHpEAeNiCHUs OT 3aJaHHBIX HAYalbHBIX XapaKTEPUCTUK -
MaTeMaTUYECKOTO OXHUIAHUS UM CpeAHeKBagpaThueckoro  oTkiaoHeHus. [loctaBiennas 3amaua
pelieHa B SBHOM BHUE IS CICAYIOUIMX CIy4YaeB: HOPMAaJbHOTO PaCHpeeNeHUs], MOKa3aTelbHOTIO
pacmpeneneHus, pacupenenenus Jlamnaca, pacnpeneneHus MUHUMaIbHOIO 3HAYEHUS, paclpeneacHus
MaKCUMAJbHOTO  3HAYCHHS, JBOMHOrO  TMOKA3aTeIbHOTO  PACHpENElCHUs,  JIOTUCTUYECKOTO
pacrpenencHie, raMma-pacipeleneHus, paclpeaciaeHuss OpliaHra N-ro MOpsaKa, paclpeneicHus
aHanutudyeckue  Panes, pacnpenencHus — MakcBemia,  1apa0ONHYECKOrO  pacHpeAcicHUS,
pacnpenencane CHUMIICOHA, paclpeneieHue apKCUHyca, o0paTHOro ['aycCcOBCKOTro pacmpereiieHus,
OITHOITAPAMETPUIECKOTO  PACIpEACICHUs] MOMAYJIS A-MEPHOW  CIIy4aHOM  BEIWYMHEL, Oera-
pacnpenencHusi, pacnpenencaus bupaoayma-Cangepca. Onmcana mporenypa MoydeHUsT PerieHus
0o0paTHOM 3ajayu MOJACTUPOBAHUS JJS JUIS CIAyYailHBIX BEIMYWH, PacCHpeleliCHHBIX IO 3aKOHAM:
OpiaHra BTOpOro TOps/Ka, OeTa-pacmpeseNieHUss BTOPOro poja, Jorapu(MUYecKd HOPMAaIbHOTO
pacmpenenenus. IlpeanokeHa mpolueaypa pelieHUs IOCTABICHHOM 3aJaud HOJsl paclpeleieHUi
Beiibynna nu Hakaramu .
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KawueBbie ciaoBa: meron Monte-Kapio, cTaTHCTHUECKOE MOJCIUPOBAHUE, TUIOTHOCTD
pacmpenesicHus HEMPEPhIBHOM  CIyJaiHOW BENMYHHBI, OOpaTHas 3ajaya CTATHCTHUYECKOTO
MOJICTTUPOBAHHUS, HOPMAJIBHOE pachpenelicHue, TMOKa3aTebHOe paclpeneieHue, pachpeneicHue
Jlammaca, pacmpeneneHre MUHUMATBHOTO 3HAYCHHUS, PACHPENCICHHE MAaKCHMAlbHOTO 3HAYCHHMS,
JIBOWHOE MOKa3aTENbHOE paCMpeNeNiCcHHe, JOTHCTHUYSCKOE paclpeaesieHne, raMmMa-pacrpeaeiicHue,
pacmpeseneHie JpiaHra n-ro TOpsaKa, pacmpeaeneHue Panes, pacmpenenenue Makcsena,
napabonnyeckoe pacrpeneneane, pacnpenencune CUMIICOHA, pacrpe/ieicHue apkcuHyca, o0paTHOe
l'ayccoBckoe — pacmpeneneHud, pacnpeneiacHue Komrd, oJHOmapaMeTpuyeckoe pacipeaeieHus
MOIYJS 1 -MEPHOW CIydyailHOM BETUYMHBI, THUIEPIKCIIOHCHIIMAIBHOE pachpenencHue, Oera-
pacnpenenenue, 0000mEHHOE OeTa-pacrpeneneHue, pacupenenenne bupudayma-Canyepca.

®dopmyn: 88; Tabm.: 2, 6i6m.: 21

Introduction. For many years the statistical modeling is one of the most routine methods of
determination of financial risks effects. In detail its application for this goal is described in works
[1...11]. Statistical modeling technique in different degree of details is described in works [12...15].
Its main and integral part is the procedure of reception of random quantity with designated partition
law. In this research the problem will be considered, which arises through the necessity to obtain the
finite set of one-dimensional pseudorandom variables, which imitate the order of random variables
with designated partition. Let us accept that one-dimensional random variable X is assigned by its
density f(x;®), where O -is vector of parameters. Accept that this vector length does not rank over

two. For example for the random variable X which is distributed according to normal law, we get that:
2
[(x:6,,6,) =——exp(—545), —o<x <o, (1)

In situation (1) parameter 6, = p - is location parameter and parameter 6, =0 - is scale parameter.

As is known from work [16], that 4 =m and o =5, where m - is expectation of relative X, s is its
standard deviation. To get the normal distribution of random variable X with parameters u,o -

N _(u,0), using the correlation, which is given at work [16], we obtain:

N, (1,0) =+ 0N, (O1). . @)
Taking account of the convention of getting the value N (0,1), which is given at work [16] and the
connection between parameters of this distribution p,0 and initial characteristics, we get, that:

N0y =mt sy -2, n>6. G)
n o

In situation (3) it is set, that 7, is 7 -ic realization of quasirandom, uniformly distributed quantity on the

interval [0,1]. Methods of its obtaining are described in detail at works [12...15].
Let us consider a density of model distribution like:

fx) =2 @)
From work [16] follows that for this distribution@ = A =1/m. Modeling correlation used for
obtaining quasirandom quantity x,, distributed according to demonstrative law with parameter A will

assume the form:
1
EP(xl.):—zlnrl.:—mlnrl.. Q)

The given examples show, that for a start with the modeling process of continuous random quantity it
is necessary to choose its distribution law and its parameters, at the same time, usually, at the research
beginning only desired values of average (mods, medians) and standard deviations are known.
Problem definition. Within the framework of this work two-parameter distribution will be
considered, in other cases it will be mentioned. It is supposed that such dependencies are established:

{6’1 = g,(m,s)
0, = g,(m,s)
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It is required to get such dependencies:

{m =v,(6,,0,)

s=v,(6,,0,) '

)

In convention (7) value of a quantity m, s are known before the modeling beginning. At the beginning

we examine distributions of random continuous quantity, which admit problem (7) explicit solution.
Publications analysis. In available to authors of this report publications the similar problem
statement wasn’t discovered. At work [17] this task solution is got by carrying out actuarial

calculations.

Received results. At tab. 1 are showed the results of solution of the given problem for
distributions, which allow to receive result in explicit form. By compiling this table for the first,
second and third columns we used data given at work [16].

Table 1.

The results of solution of inverse problem of statistical modeling for distributions, which allow to
receive result in explicit form.

Dependence of

Dependence of
initial

di;l‘;ryigit(i)gn' Density of distribution agﬁg‘;ﬁfgg s characteristics on
' inIi)tial characteristics distribution
parameters
Laplace 1 H=m, u=m,
fx)=2 exp(—Alx— 1) A 5
—0 < x < oo, ST }“:T'
Minimum  value 1 xX— U X—p | m=u—-Ay?, N
distribution S(x)= EGXP( 1 - eXP(T) - A=
s=—A7A. a
=m+yA
—00 < X <00, \/g H=mxy
Maximum value 1 X—u X—p | m=pu+ 2y, /6
distribution J(x) =~ exp(=—=—exp(—=)), i 2=30
S =— 3 a 1
—00 < X < 0, J6 H=m=y
Double x) = Auexp(—Au — ue ™), 1 T
distribution {f)o)< ¥ <,uoo' P(=AH— 4 ) m = Z(ln H+ V)a = m,
oo T _ 1,2825 e exp(l,zszs ~ 7)
Ne A
Logistic x—pu H=m, n=m,
distribution 282 1 A J3
Sx)= ’ §=—= A=——5=05513s
xX—u «/5 7
}{1 + exp( H
A
—0 < X <00,
Gamma P o m
a-1 _—Ax _
distributi x) = X , m=—, A=—,
istribution f(x) () P 52
x>0 . ﬁ . m_2
A g2
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Erlang distribution A ol m=n"/1 A=n/m.
of n-th order S(x0= —(n ~ 1)' x"le™,
x> 0.
Rayleigh ¥ 52 \/77 /\/;
distributi xX)=—=¢exp| —— |, m=a,|—. a=m/ ,|— =0,79
istribution f(x) 7 p[ 2a2j 5 5
a>0,x>0.
Maxwellian 2x2 D) m
distribution f(x)= exp(—x/(2a)), | m=2a,|=. a=——=1595
a’\2n T 2\/?
x=0. V4
Parabolic 6(x—a)(f—x) o+ =m—s45
distribution fx) = f-a) ’ m= 5 a=m S\/_’
p=m+ s4/5.
a<x< g P-a
2.5
Simpson ) |a + - 2x| a+pf a =m—2.4498s,
distribution f(x)= 1+ , | M= )
—d —d B-a B =m =2.4498s.
as<x< s = .
P N
Arcsine 2 L=, w=m,
distribution f(x)zl/[”‘\/}“2 —(r—u) }’ s=A/2. A = s/2.
U—A<x<u+A.
Inverse Gaussian Ry m=u, m=Hu,
distribution f(x) =, o —exp c(x /J) , u m
2mx 2pux §=-"=. c=—.
Je s
x> 0.

Note: y - Euler constant, y =0,5772; ™) n- order of simulated system, that supposed to be known
before the start of modeling.

Let us consider the solving of the given problem for one-parameter distribution module of n-
dimensional random quantity, which view and numerical characteristics are given in work [16].
Density of this distribution has form:

-1
f(x)= {2(n/2)1anr[g_lﬂ X" exp(—x? /(2a2)), =0, )

In convention (8) is accepted that quantity 7 - is positive, integer and known before the beginning of
modeling, parameter a>0. Mathematical expectation of this distribution is:

m=a-B, ©)]
therefore:
a=m/B.. (10
In turn:
\/Z(n—l)!'!" o
B= g @_2% k=12,.n (11)
\/:.(n—l)..’ w2k —1
r (n=2)
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Let us consider the solving of the given problem for modeling of continuous random quantity, which
is distributed in concordance with beta — distribution, which view and numerical characteristics are
given in work [16].

f(x)= xu;((lu_j))v 11:((5);5})) T=-x)"0<x<l;u>0v>0. (12)

Numerical characteristics of this distribution are connected with its parameters form requirements
[16]:

m=—— (13)
u-+v
§7 = v . (14)
(u+v) (u+v+l)
Solving (13) and (14) relative to u and v we will receive, that:
2 2
—m+
y=_mm mmtsT) (15)
s
_1 2 + 2
=(m )(m2 m+s )' (16)
s

The cited above distributions can be applied to more or less famous distributions. Then let us consider
less common Birnbaum-Sanders distribution, which is used by modeling insurance risks, connected
with life assurance. Work [18] contains information about it. Density of this distribution has the form:

ot e (U(E ) wasonn o

#(x)= \/;—ﬂ eXP(- %j (18)

so it is density of standard normal distribution. At the system definition STATGRAPHICS v. XV.I
[19] is given modeling ratio to get random variables, which are distributed according to Birnbaum-
Sanders law with parameters o, [ :

Loy v sk

b-s 4 . (19)

Numerical characteristics of Birnbaum-Sanders distribution, given at system STATGRAPHICS v.
XV.I definition are:

Given (21) that:

o1+ B
m—a£1+ 5 j, (20)

s = (aﬁ)z[n%j. Q1)

Considering conventions (20) and (21) as a system of equations concerning variables @ and [ and
accepting, that:
A=m*+3s%; (22)

o —H+4m‘ﬁ _x/E-VAwLmZ—SSZ '
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2 _Te B, =-pi; (24)
dm—+ A4
a, =mTJ_; By =B (25)
dm—+ A4
a, :mT\/_' B, =-P, (26)

Then let us consider distribution of random continuous quantities, for which problem solution under
desired conditions (7) in explicit form is impossible.

In this situation for solution of given problem Newton method for system solution of two nonlinear
equations is used, in the view, which is described at work [20]. Let us represent the system (7) like:

{F =F(A,u)= m—q,(Au)=0;

. (27)
G=G(Au)= s—q,(Au)=0.
Jacobian for system (31) assumes the form:
oF OF
_ |04 du
oL Ju
Determinant:
p o
— H
A, = oGl (29)
G —=
ou
Determinant:
7 -
A, = . (30)
U
G
oA
Successive values of roots of this system are adduced:
A(ﬂ)
At = 2, —J(A—’l),
no :un
I G1)
— - H
:un+l :un J(An,‘u”)'

Hereinafter, where it will not rise misunderstanding index number of iteration # is skipped.

Let us consider the solving of the given problem as applied to general Erlang distribution of the
second order, which features are described at work [16].

Density of this distribution has such form:

A _ _
f(x)=ﬁ(€‘“—€ M)stO. (32)

Parameters of this distribution A > 0,77 >0 are connected with mathematical expectation m,
dispersion D and standard deviation s equalities:

_ ’1/;“ , (33)
2 2
D= —A(; = (34)
U
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12 + 2
g= AT (35)
Ap
Using conventions (35) instead convention (34) simplifies problem solving and does not increase
difficulties by choosing initial data for the solving of the given problem.

Convention (27) will have in such case the form:

F=F(pu)= m-q,Au)=m- '1;” =0;
g (36)
G=G(u)= D-q,(A,pu)=D-="—-=0.
(A
Jacobian (28) for system (31) assumes the form:
oF oF| |1 1
oL 0 A out |4 Bl 204-p)
en-li B A d-G o
oA ou| A
Let us note form determinant (29) for system (36), taking into account the convention (37) like:
_|F 3_13(2m/,1—1)—22,2/,1+2,/,12—2/,12 18
Y6 OE 2ut ' 9
Let us note form determinant (30) for system (36), taking into account the condition (37) like:
‘A Fl  u?(d2 —2mA+1)+ 22— 22
= = YEG) . (39)
Cc G Au
Let us take that:
U =( A, j =[2.3(2m/,t—1)—2ﬂ.2/1+2./12—2;12} ; (40)
G, Zu n
{ A, j {u[ﬁ+2/12u(mu—1)—iu2—2u2]j )
o)) 22 (- ) ;

Then iterative procedure for inverse solution for general Erlang distribution of the second order will
have the form:

AnJrl = An - Un’ (42)
:un+l ::un _Wn' (43)
Initial value A, 1, , using the references given at work [16] and accepted, that :
Z=~2D-m* , (44)
we will get as convention:
mxZ
A, = , 45
* D+tmZ (%)
mxZ
= (46)

Let us consider the solving of the given problem as applied to beta-disrtibution of the second kind,
which features are described at work [16].
Density of this distribution has the form:
1 x'! Fu+v)
SO =
B(u,v) (1+x) r@wr)
Mathematical expectation of the considered distribution has the form:

x(ufl) (1 + x)*(“”) , X > O;u > O,V > 0. (47)
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m= T v>1. (48)
v —
Dispersion of beta-disrtibution of the second kind has the form:
D= M,v >0, (49)
v-1)-2)
Conditions (27) will have in this case the form:
F=F(u,v)=m- u1:0 ;
v —
. (50)
G =Gu,v)= D_M —
(v-17(v-2)
Jacobian (28) for system (27) will assume the form:
oF OF
~ Al |A B u(u+v-1
J u,v) = ou ov — — . 51
"= e o6 ‘C E‘ (1-v)(v-2)° oy
ou Ov
Jacobian value is received under condition:
F 1 F —
ou 1-v o (v-1) ou (2—v)v—l
E_G_G_ u[u(3v—5)+ 2v° —5v+3] 53)
v v-2)’(v-1° '

Let us note form determinant (29) for system (27), taking into account the condition (28)- (30) like:
F Bl _ u’(3-2v) . u’[mBv=5+v=1] u[D(-2)* +m(3-2v)] (54
G E (-2>(v-D* v-2)’(v=-1° v-1)>(v-2) '
Let us note form determinant (30) for system (27), taking into account the condition (28 -30), like:
A F:uz+2mu(v—1)—(v—1)2(Dv—2D—m) 55)
C G v-2)v-1° '
Taking into account the condition (28), we will get, that:

U :( A, J :((v—l)(v—2)[D(v—2)+m—l] L u@v-3) +m(5_3v)+v_2J . (56)

J(u,v) ), u+v-—1 1-v
A, 3 v=2[Dv-2)(v -1 +m(1-v)Qu+u—1)—u’]

) o )

Then iterative procedure of search of inverse solution for beta-distribution of the second kind will
have the form:

u

Av =

n

W =

n

(57)

un+1 :un _Un’ (58)
V., =v, —W. (59)
Initial value u,,v,, using the references given at work [16] we will get as conventions :
m((m + 1)
vV, = — 5 + 2 ; (60)
D
u, =m(£—lJ . (61)
m

Let us consider the solving of the given problem for normal logarithmic distribution, which
characteristics are described at work [16].
Density of this distribution has the form:
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f(x)= ! exp{— M},x > 0. (62)

ux~/2r 2u’
Mathematical expectation of the considered distribution has the form:
'’
m= vexp[—} (63)
2
Variance of logarithmically normal distribution has the form:
D=V’ exp(uz)[exp(uz)— 1] (64)

Conventions (27) in this case assume the form:
2

F:F(u,v):m—vexp(u? =0 ;

(65)
G=Gu,v)=D-v’ exp(uz)[exp uz)—l]: 0
Jacobian (28) for system (65) assumes the form:
OF OF
u ovl |4 B 5u®
_ |ou ov|_ — 2 -
J(u,v)= oG oG _‘C = 2uv exp( 5 j (66)
ou Ov
Jacobian value (66) is provided that:
oF —u’ oF —u’
A=—=—-vuex ; B=—=¢x ; 67
ou vup[zj ov p[zj ©n
C= Ga_G = 2uv’ exp(u2 Xl -~ Zexp(u2 )} E = Z—G =2v exp(u2 Xl -~ exp(u2 )) (68)
u \

Let us note form determinant (29) for system (65), taking into account the condition (66)- (68) like:
F B u’ 3u’ u’
A = =exp| — | v:exp(Ru*) —2mvexp| — |—v> explu® )+ 2mvexp| — |+d |. (69
u ‘G £ p(zj{ p(2u”) p(z plu*) P35 (69)
Let us note form determinant (30) for system (65), taking into account the condition (66)-(68) like:
A F 2

u’ ) 3u’ ) ) u
Av = =—uvexp| — || 3v- —4mvexp| — |—v € exp| — |+d | 70
\ c G uy xp( 2 v my exp 2 v xp(u )2mv Xp 2 (70)
Taking into account the condition (31), we will get, that:
( uzj ( uzj
mexp| —— mexp| —
A 2 —u’)- 2 —2u*
U,=|—| = olw)-t dewl 22u) . (71)
J(wu,v) ), uy 2u uy 2uv
A
W =|——| =(T,-K ), . 72
(), ) "
where:
_ 2 2
T :{%erexpz 2u +mexp(_%ﬂ : (73)
v

2 2
K = {Mxpél)—2exp(—%ﬂ . (74)



Then iterative procedure of search of inverse solution for logarithmically normal distribution will have
the form:

un+1 = un _Un’ (75)

V., =v, —W. (76)

n n

Initial value u,,v,, using the references given at work [16] and accepted, that coefficient of variation:

9=@=w/exp(u2 -1 : (77)
m

we will get in the form of conditions:
m

Ji+ 9
u, — Jin(1+9%) . (79)

The considered examples are representative because of combined equations (27), which solve the
given problem, contain forms, which components are elementary functions. In many cases for
dependence expression of initial characteristics of random variable on its distribution parameters are
used the expressions, which contain special functions. In this case solving of the given problem for
each type of distribution turns into independent task. The problem solving is greatly simplified by
using methods based on construction of interpolational dependences. Let us consider the possible
methods of its solution in terms of Weibull and Nakagami distributions.

Solution of the given problem for Weibull distribution, which features are described at work [16].
Density of this distribution has the form:

re=2(2) el (2] } | 5

Mathematical expectation m of random variable, which is distributed by Weibull law, has the form:

v, = (78)

mzuF(l+l . (81)
v

For problem solving of parametrization of Weibull distribution, which correspondent to predetermined
numerical, the next procedure is used.
1. Initial data were mathematical expectation m and standard deviation s as in previous problems.

2. Using convention (50) we defined a quantity of expected coefficient of variation 3 .
3. According to data from tab. 3.1, given at [6, p.151], we got interpolation equations v =y (3).
4. Through convention (54) we defined quantity

u:m.{r(hﬂ . (82)

Table 2
Interpolation equations for defining a quantity of form of v Weibull distribution according to
coefficient of variation 3 .

Boundary Model measurement
Form of a model applicability of a Rad Py MAE
model
v=(0,8641+1,4767In ) 1,053 <9<1583 | 0,9983 <1-107 0,040
C =(-0.049+1.05239)" 0,363<9<1 0,9999 <1107 0.001
C = exp3,7915-4,53654/9) | 0.12<9<0.316 |0.9963 <1-10* [ 0,013
C =exp(0,0741-1,051In9) | 0,06<8$<0,12 | 0,9998 <110 0,002

Note: Rad- adjusted R-squared; Pv- quantity of error of first kind, MAE — average absolute error of
interpolation.
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It should be especially considered the procedure of function evaluation

glv)= F(l + IJ . (83)

\%

To solve the problem of parametrization of Nakagami distribution, which correspondents to
predetermined numeric, we used the next procedure. Calculation of value of form function (83) is
easy using almost all basic mathematical packets. The problem will become complicated if the user
tries to solve it by using such distributed pack EXCEL. Calculation of gamma-function as wired
subprogram is provided by version of EXCEL-2013, this procedure is absent at previous versions. In
such case for calculation of convention numerical value  (56), it should be used the expression given
at work [21, p.151]:

g (v) = r(l + 1} ~1-0,427(v—1p™"°, (84)
\%

To check expression 5 (57) applicability for function calculation, which is specified by condition (57),
are made calculations, which results are given at tab.3.

Table 3
1
Comparison of values of function F(— + IJ, which are determined by specialized subprogram
v

(function g(v)) and by approximation formula (function g(v))

9 0,2 0,24 (028 032 (036 (040 |044 |048 |05 |0,55 |0,60

v 15,834 19,248 | 6,304 | 4,727 | 3,771 | 3,141 | 2,697 | 2,370 | 2,236 | 1,965 | 1,758

g(v) 10967 |0,948 | 0,930 | 0,915 | 0,903 | 0,895 | 0,889 | 0,886 | 0,886 | 0,836 | 0,890

g,(v) 10,966 10,948 10,931 | 0,916 | 0,905 | 0,896 | 0,889 | 0,886 | 0,885 | 0,885 | 0,889

From the given results follows, that the convention (84) at the basic range of changing operation of
variation coefficient ¢ gives good value approximation, which is indicated at convention (83).

Let us consider the solving of the given problem for Nakagami distribution, which characteristics are
described at work [16]. Density of this distribution has the form:

f(x)= L(ZJ x> exp(— 022 J, x>0, >0. (85)

@)\ p

Mathematical expectation is defined through:

F[a + lj
;= 2 \/E , (86)
I'(a) a

The procedure by solving the given problem is following.

1. Initial data were mathematical expectation m and standard deviation s as in previous problems.
2. Using convention (50) we defined a quantity of expected coefficient of variation 3 .

3. According to data from tab. 3.3, given at [16, p.179], we got interpolation equations

0.4904

2
a(9) = (0.0515+ J ,Rad =0,9990, Py <1-10™* , MAE=0.003  (87)

4. Substituting expression (87) in (86) and resolving it according to parameter u we get that:
2

ml(a”) -va” ) (88)
[ +3)
INa +—

2
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In convention (88) upper character (*) stands for numerical value of o parameter is defined according

to convention (87).
Conclusions.

1. The explicit solution of inverse problem of continuous one-dimensional random variable
modeling is defined. For its solution by known type of distribution it is necessary to find the
parameter dependence of simulated distribution on set initial characteristics — ensemble average
and standard deviation.

2. The assigned problem is solved in explicit form for the following cases: normal distribution,
exponential distribution, Laplace distribution, extreme value minimum distribution, extreme
value maximum distribution, double exponential distribution, logistic distribution, gamma
distribution, Erlang distribution of n-th order, Rayleigh distribution, Maxwellian distribution,
parabolic distribution, Simpson distribution, arc sine distribution, inverse Gaussian distribution,
Cauchy distribution, one-parameter distribution of n-dimansional random value, hyperexponential
distribution, beta distribution, common- beta distribution, Birnbaum-Sanders distribution.

3. The solution procedure of modeling inverse problem of random variables, which are distributed
according to the laws: Erlang second order, beta-distribution of second order, logarithmic normal
distribution, is described.

4. The solution procedure of assigned task for Weibull and Nakagami distribution is suggested.

5. Received results may be used by numerical simulation of random variable estimation of financial
risk effects.
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