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EkoHomika i ynpaeniHHs nionpuemcmeamu

AHOomauisn

Bcmyn. Mamemamuy4He MoOeso8aHHsI EKOHOMIYHUX rpouyecie HeobxiOHe Ons
O0OHO3Ha4YHO20 hOpMYyIo8aHHS ma eupilueHHs1 rnpobnemu. B ekoHomiyHil cgbepi came
ue € Haleaxnusiwum acriekmom OisnbHocmi 6ydb-siko2o nidnpuemMcmesa, Ons K020
E€KOHOMIKO-MamemMamu4He MOOEII08aHHSI € IHCMPYMEeHmMoM, wo 0038o5se npulimMamu
adekeamHi piweHHs. [Tpome eKOHOMIYHI MOKa3HUKU, Wo € hakmopamu modersi, 3a3gudad,
€ eunadkoguMu eefludUHaMu. 3arporioHo8aHO EKOHOMIKO-Mamemamuy4Hy MoOesb
po3paxyHKy ¢byHKuii po3rnodiny timosipHocmel pe3yribmarmy eKOHOMIYHOI OisifibHOCMI Ha
OCHO8I 8I00MOI 3anexxHocmi Ubo20 pe3ynbmamy 8i0 YUHHUKI8, SIKi 8rnnuearoms Ha HbO20,
ma winbHocmi po3nodiny tmosipHocmeul yux YUHHUKIS.

Memoodu. Y docriidxeHi sukopucmaHo ¢hopmysy Onsi 064uCneHHsT QOyHKUIT po3nodiny
tmosipHocmel eunadkoeoi 8e/lUHUHU, SKa € (DYHKUIEH IHWUX He3anexXHuUx eurnadkosux
3MiHHUX. 3arnporioHo8aHO Memod OUIHKU OCHOBHUX YUC/IO8UX XapakmepucmukK
docridxysaHux ¢byHKUil 8unadKosux BerlUYUH: MamemamuyHe crodieaHHs, WO 8
UMOBIpHICHOMY CeHcI € cepeOHIiM 3HaYeHHsM pe3yribmamy hyHKUiOHy8aHHS eKOHOMIYHOI
cmpyKkmypu, a makox tio2o ducriepcito. BusHa4eHO 8epXHI0 MEXY 8apiauii pe3yrbmamugHoi
O3HaKuU.

Pe3ynbmamu. [ocnidxeHo eunadku niHilHOI ma cmerneHesoi @yHKUil 080X
He3aeXXHUX 3MiHHUX. Po3arisiHymo pi3Hi eunadku 0808UMIpPHOI 0briacmi MOXIUBUX 3Ha4YeHb
r1OKa3HUKI8, W0 € HerepepeHUMU 8urnadkosUMU 8erludUHaMu. Po3arisiHymo 3acmocyeaHHs
pesynbmamie 0ocnidxeHb 00 8UPOBbHUYUX byHKUIU. 3arnporioHog8aHo rnpuknadu OyiHKU
yHKUiT po3nodiny tmosipHocmel 8unadKoeoi 8enuquHU.

lpoeedeHi docnidxxeHHs daromb 3Mo_2y y UMOBIPHICHOMY CeHCi ouiHUMU pe3yrnbmam
OisinbHOCMI  €KOHOMIYHOI CMPYyKmMypu Ha OCHO8I UMOGIPHICHUX po3rodinie 3Ha4yeHb
3anexHux 3MmiHHUX. [lepcriekmuea nodanbuwiux OO0CiOXKeHb r1orns2ae y 3acmocy8aHHi
ornocepedKo8aHO20 KOHMPO/IO 3a pesyfbmamamu eKOHOMIYHOI OisilbHOCmi Ha OCHO8I
€KOHOMIKO-MamemMamu4yHo20 MOOEsI08aHHS.

KntouoBi cnosa: ghyHKUis1 po3nodiny timosipHocmel HerlepepsHoi 8UNadKo8oi 8e/IUYUHU;
wineHicme po3nodiny UmosipHocmel HernepepeHoi sunadKkoeoi 8enuyuHuU; fiHilHa ma
cmerneHesa QyHKUIT 080X 3MIHHUX; 8UPOBHUYa ¢OYHKUS.

®dopmynu: 12, puc.: 2, Tabn.: 0, 6ion.: 12.

Abstract

Olesya MARTYNIUK, Stepan POPINA, Serhii MARTYNIUK,

PROBABALISTIC MODELLING OF THE RESULTS OF ECONOMIC ACTIVITY AS A
FUNCTION OF RANDOM VALUES

Introduction. Mathematical modeling of economic processes is necessary for the
unambiguous formulation and solution of the problem. In the economic sphere this is the
most important aspect of the activity of any enterprise, for which economic-mathematical
modeling is the tool that allows to make adequate decisions. However, economic indicators
that are factors of a model are usually random variables. An economic-mathematical model
is proposed for calculating the probability distribution function of the result of economic
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activity on the basis of the known dependence of this result on factors influencing it and
density of probability distribution of these factors.

Methods. The formula was used to calculate the random variable probability distribution
function, which is a function of other independent random variables. The method of
estimation of basic numerical characteristics of the investigated functions of random
variables is proposed: mathematical expectation that in the probabilistic sense is the
average value of the result of functioning of the economic structure, as well as its variance.
The upper bound of the variation of the effective feature is indicated.

Results. The cases of linear and power functions of two independent variables are
investigated. Different cases of two-dimensional domain of possible values of indicators,
which are continuous random variables, are considered. The application of research results
to production functions is considered. Examples of estimating the probability distribution
function of a random variable are offered.

Conclusions. The research results allow in the probabilistic sense to estimate the result
of the economic structure activity on the basis of the probabilistic distributions of the values
of the dependent variables. The prospect of further research is to apply indirect control over
economic performance based on economic and mathematical modeling.

Keywords: probability distribution function of continuous random variable; density of
probability distribution of continuous random variable; linear and power functions of two
variables; production function.

Formulas: 12, fig.: 2, tabl.: 0, bibl.: 12.

MocTtaHoBKa npo6GremMu. TeOPETUYHOK OCHOBOK i MPAKTUYHUM HCTPYMEHTapiem
aHanisy Ta npOrHO3yBaHHS PilleHb Y EKOHOMIli € eKOHOMiKO-mMaTteMaTudHi mogeni i
pO3paxyHKu 3 iX BUKOPUCTaHHAM. BaroMoro 4acTkow Takmx Mogenen € 3agadi, B ikMxX 3MiHHi
MaloTb BUNagkoBuin xapaktep. KinbKiCHi 3Ha4YeHHS 3MiHHMX B €KOHOMIKO-MaTeMaTUYHUX
MoZenax MoXyTe OyTu geTepmiHOBaHMMM abo BunNagkoBUMK BernumumMHamu. OCKinbKu
Ha POPMYBaHHHA EKOHOMIYHUX MOKA3HMWKIB BMNNUBAKOTb YMHHUKWU, SKi HEMOXMIMBO TOYHO
nepenbaynTtv, TO YMMano 3 LMX MOKasHUKIB € BUMNaAKOBUMU. BpaxoByrouu ue, MOXHa
CTBEPAXKYBATU, IO AOCHIIKEHHS €KOHOMIYHUX MOKA3HUKIB AK BUNAAKOBUX BEMUYUH — Lie
akTyanbHa 3agava. Y gaHoMy SOCHiIKEeHHi EKOHOMIYHI 3MiHHI MOAENOTHCA AK HenepepBHi
BMNAaAKOBI BENTUYMHW.

AHani3 ocTaHHix gocnigpkeHb Ta ny6nikauin. [Npobnemu MogentoBaHHA TaKMX
€KOHOMIYHUX MNpOLeCiB JOCAIMKYIOTb AK IHO3€MHi HayKOBLj, Tak i BiTYM3HSHI. YKasaHi
npobnemn Budanuca y npaudax JlapiHa P. P, Omutpis [. B. [2; 3], B. B. BitniHcbkkoro,
C. |. HakoHeuHoro, I". |. BenukoiBaHeHko [4], A. B. pumantoka [5], Babuniok O. I. [12].
Y poboTax 3anpornoHOBaHO MaTeMaTuyHi mMofeni B yMOBax HEBW3HAYEHOCTI Ta PU3KKY
(BaeyniH . A., boriko T. B. [1], 3abonoubkuii T. M. [11]). lNMpuknagHe 3acToCcyBaHHS
mMogernen 3 haktopamu, WO € BUNAAKOBUMU BENMMYMHAMU, PO3MsHYTO B poboTax [6—10].
[MpoTe NUTaHHA OLHKM OYHKLIT He3aneXXHUX BUNaAKOBUX BENUYMH, Sika Aa€ 3MOry OLiHUTU
LLIAHCW TOTO, L0 EKOHOMIYHI NOKa3HUKM HabyBaTUMYyTb 3HAYEHHS 3 NEBHOrO IHTEpPBany, LUo,
BOAHOYAC, AaCTb 3MOry NPOrHO3yBaTh pe3yrnsTaT €KOHOMIYHOI AiANbHOCTI, € aKTyanbHUM,
BOHO BUMMara€e 404aTKOBOIO AOCHIOKEHHS.
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MerTa cTaTTi nondrae y MmogentoBaHHi B iMOBIpHICHOMY BUrMSAi pe3ynbraTtiB €KOHOMIYHOT
JiSANbHOCTI 3@ YMOBW, LLIO TaKy OUiHKY NPAMUMUN METOAaMW 34INCHUTU HEMOXITUBO.

Buknag ocHoBHOro matepiany. Hexan pesynsrart y fisifibHOCTi EKOHOMIYHOT CTPYKTYpU
€ (hYHKLIEIO Bif HE3aNEXHUX MiXK COBOI0 MOKA3HUKIB x , X,, ..., X, . LII0 3aMexHicTb 3anuwemo
y BUrnsgi
Y =0(x1, X2, o.vy Xp). (1)

3anexHictb (1) MoXHa ogepxatu nNobygoBOK EKOHOMETPUYHOI MOAEri Ha OCHOBI
CTaTUCTUYHUX OaHWX y, X, X,, ..., X . BBaxatnmemo, wWo x,, x,, ..., X, — HeNepepBsHi Ta
He3anexHi BUNagKoBi BenuumMHKU. Todi 3MiHHA y mMaTtMMe Takui caMui Xxapaktep, Tob6To
TaKoX € HeNepepBHOIO i BUNAZAKOBOHO.

®yHKUit0 po3nodiny NMOBIPHOCTEN BUNAAKOBOI BEMMYMHUN Y BU3HAYAIOTb SK (OYHKLIO Big
iHLUIMX BMMNAAKOBMX BEMNUYMH 32 (hOopMyrnor

F() =[] £y 20 3, )t dl,, )

TyT iHTEerpyBaHHs 34iNCHIOETBCSA B n-MipHin 0bracTi R MOXIMBMX 3HA4YeHb BUMAOKOBUX
BESIMYUH X, X, ..., X,, AN AKOT BUKOHYETbLCH YMOBA @(x |, X,, ..., X ) <y. fiX , X, ..., X, ) — LWiNbHICTb
(ryctvHa) posnoginy WMOBIPHOCTE CUCTEMU BUNAAKOBUX BEMUYMH X, X, ..., X,.

3rigHO 03HayeHHs, yHKUia F(y) — Uue AMOBIPHICTb TOro, WO BUMagKoBa BenuumHa Y
HabyBaTuMe 3Ha4YeHHs1 MeHLUe Bif y:

F(y) = P(Y<y). (3)

[HWKUMKM cnoBamn, Ha OCHOBI (PyHKLUIT F(y) MOXHa BU3HAUYMTU MMOBIPHICTb TOro, LUO
pe3ynbraTt Y 6yae MeHLWMM Big AeAKOi BENUYUHM y.

Y GaraTtbox BUNagkax MNPakTUYHO BUKOPUCTOBYIOTb AEsKi YMCIOBI XapakKTepUCTUKU
BMMNAAKoBOI BenuumMHu. Cepen HMX HaMBaXkMuMBiWi — Le MaTemaTuyHe cnofiBaHHs Ta

ancnepcis. MatemaTtnyHe cnogiBaHHs (CepefHe 3Ha4YeHHs) 3HaxoaAaTb 3a hOpMYyror

Ymax

M= [ o (»)dy. )

Ymin

TyTy . —Ue HaiMeHLLEe 3Ha4YeHHs y, 3a Akoro F(y) =0,y — HahbinblLue 3Ha4YeHHs y, 3a
min . ) A o ) . max .
sakoro F(y) = 1, f(y) — WiNbHICTb pO3MoAifly AMOBIPHOCTEN BUNAOKOBOI BEMUYMHU Y.
3acTocyBaBwWwM 40 (4) iHTErpyBaHHA 3a YacTvHamu 3 ypaxyBaHHSAM CKIHYEHHOCTi y_
oOepXnMo Bupas:

Yimax

M()= Yo = | FOIy. (5)

Yimin

[wvcnepcito BU3Ha4yatoTb Ha OCHOBI CMiBBIAHOLLEHD:

D(y)=My)-(M(»)); (6)

MoN= | v 1o @)

Ymin

OcTaHHIi BUpas iHTerpyBaHHs 3a YaCTUHaMu 3B0AUTLCSA 40 BUAY (3@ YMOBU CKIHYEHHOCTI
ymax)

(8)
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CnpaBegnmBnm TakoX € Take CMiBBigHOLIEHHS:

2 2
D(y)symax _ymin‘
Hexan 3anexHictb (1) Mae niHinHWn Burmaa;

y=a,tax tax,+..tax. (9)

Bigomi Takoxx MateMaTuyHi cnogiBaHHS i gucnepcii HesaneXxHnx BUNagKoBMX BESTMYUH

X, X,, ..., X,. TOAi Ha OCHOBI BMacTMBOCTE/ MaTemaTU4YHOTO CMOAiIBaHHA Ta Aucnepcii
00EpPXKNUMO:

M) =a, +aMx)+aMx)+..+a Mx); (10)

D(y)=a;D(x,)+a;D(x,) +...+ a.D(x,). (11)

MoByayemo dyHKLi0 po3noginy MMOBIPHOCTEN F(y), AKLLO
y=c,tox +e,x,. (12)

Beaxatmemo Takox, WO x, i x, HabyBaloTb HEBIA'EMHUX 3HAYEeHb. [N He3anexHux
BUNaAKOBUX BENMUYUH

SO ) = £, /65 F) = [ fi) (0 )dx,

Ae R — fBomipHa 06r1acTb MOXNMBUX 3HAYEHb x, ix,, ANSA AKOi ¢, + ¢ x, + ¢ X, <), a, Sx, Sa,,
b sx,<b,c,tcx +cx, <y

I3 piBHOCTI (12) MOXHa ogepxaTn x, = o(x; ). [padiyHe 306paxkeHHs BapiaHTIB

—C=anty _
c

obnacTi iHTerpyBaHHa R npepactasneHi Ha puc. 1. WTpuxoBaHi noxuni npami niHii — ue
rpacpikn 3anexHocTi x, = @(x,; y). Homepu BapiaHTiB obnacTi iHTerpyBaHHs 36iraloTbcs 3
HOoMepamu 3anexHocTen ansa F(y).

Hexaii ¢, > 0, ¢, > 0. Toai cpyHkuUif ®(x ; y) — cnagHa BiAHOCHO 3MiHHOI x,.

(o

" \
1. F)= fﬁ(x,)L | S fds; Y, <Y <Y, aboy,<y<ypy,=c,tca teb;

b
b

= = y—c,—cb
yi=ctea tebyy,=c teate L= =

, X =
2 N
Cl

o (b h X ((oxiv) \
2. F(y)=ff;(xl)Uf2(xz)dx2del+jfl(xl)cj fz(xz)dxzjdxl; Y, <y<y;«=
b ¥

b

Y=a=¢h 33 ymosw, WO
a; G
V<Y
o ety \
3. F(y>=ffl<x]>L | S [ ds; p, <y <, 38 YMOBM, WO Y, <.
a B
X . (b, . \ o (tpu,.w . \ 6 ) _ b
4. F(y):_[j,(x,)Ufz(xz)dszdxl+.[f,(xl)L | fz(xz)dxljdxl;y2<y<y3a 0y, <y<y;y,=c,tca,+cb,
a b X b

Mpunyctumo, Wwo c, <0, ¢, > 0. Toai dyHKLisA ¢(x ; y) — 3pocTatoya BiAHOCHO 3MiHHOT x .

o(x:y)

@ )
3. F(y):fﬂf,(x,)k | Fe)ds, [d; y, <y <y, aboy,<y<y,

b d
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(w(x. )

)
6. F()= [ /(x) L e, [dviy, <y <y

(«om »

7. F(y):ff,(xl)L

b B

w(,w)

) \

Fe)ds, | + I re )Ufzm)dxz Jni vy <y <,
g \ \

8. F(»)=[£(x) L [ A, )

dxl"']jfl(%)(ff%(%)”d dx;; Vs <y <y1;y4 <y <y1'

Hexan ¢, > 0, ¢, < 0. Togi — 3pocTtaroda yHKLis BiAHOCHO x,. OBnacTb iHTerpyBaHHs

BU3HAYaETLCA CNIBBIOHOWEHHAMU a, <X, <a,, b, <x,<b, x,> ?(x; y).

X ( b, \

9. F(y):jﬁ(x,)L | fm)ds | ds; y, < <y, KLLO c)(b,—b,)>c(a,—a)aboy <y<y, SKLO
a P(x5y)

c,(b, —b)<c(a —a)

) )
10. F(»)= J.fl(X)Uf(x)dxzjdXHrff,(X)k I Sy [ ds; yy <y <.
@(xi3 )
1 o n \
11. F(y)=fﬁ(X.)Ufz(x2)dszdx.+If.(xl)L | S, s Yy < < aboy, <y <y,
a @ (x5 )
a b, \
12. F(y)=Jf{(xlk | fi)ds [ ds; 3, <y <y

933 )

Mpunyctmo, Wwo ¢, <0, ¢, <0. Y ubomy BNaaky @(x,; y) — cnagHa yHKLUis BIZHOCHO x,.
Maewmo cutyauii 13 16.

3

13. F(»)= If(X)L I folo)ds | dx; ¥, <Y <Yy
(x5 )

by \ Al

14, F(y)= ff(x,k | £, )dx.+ff(x>Uﬁ(x»dm Jn vy <Y<,

@(x:y)

hz )

15. F(y)= jfl(xL f;<x2>dxzyxl;y1<y<y2a60y2<y<yl.
o(x:y)

T N CO

| Fe)ds, |y +I.f,(x.>Lj_fz(xz>dx2J dx; Y, <y <y,

5 b

©(x:y)

SNt
16. F(y)=J.f.’<xl>L

xZ 'xZ
OFs @5
T
RN
b, BERN b,
al 'x(l) aZ xl al x; xl‘ az 'xl
OF5 b,
b, b,
b, b,|
a, a, X, a, x| a, X
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® OF}
b, b,
A -1
” -
o ~errh
I el
IR R
b, Eeiis b [liiiiiil
a, X a, X, a, a, X
@
b, T b R
AL SEEREEE
At SERRRERRE

b‘ /‘l::f"‘ bl R

a, x) x a, X a, Xoooa X
@3 3

b [y
Ll Py
Bl Py

b

b, b, )

a, xtooa X a, x} X oa, X
@3 @

b 1T N
R R R ANBIIEE
EEREEEY NEHRE
NI NI

bl Lii” b, S
a, x} a, X a, Xxi X a, X

o o
b, . b T T
N SUSEEREEE
\\‘ g“*LLHl

b, b,

a, x4 X a a %

Puc. 1. IpadiuHe 306pakeHHs BapiaHTiB 0bnacTi iHTerpyBaHHa R Ans NiHiMHOT doyHKLUT

Taknm YMHOM, MOXKHA OLIHUTU MEXi, B AKMX 3HAXOAATLCA MOXINBI 3HAa4YEHHSI EKOHOMIYHUX
MOKa3HVKIB — haKTOPIB x, i x,, @ OTXKe i pe3ynbrar AisnbHOCTI eKOHOMIYHOI CTPYKTYpK, a
TaKoX OUiHWTM AdaHy WMoBipHoCTI. Lle, BogHo4Yac, AO3BONMUTbL TOYHIWE MNPOrHo3yBaTu
€KOHOMIYHi pe3ynesraTu.

Mpuknan 1. Hexan y = 1 +x, +x,,f,(x) =fi(x,) = l;a,=b, = 1;a,= b,=2. Togi x' = y—2;
X =y=3 =4, =3 =5

0, saxmo y <3;

2

Yy +9

=3y, akmo3< y<4;
F(y)=
_y+2
2
1, sixmmo y > 5.

+5y,akmo 4< y<5;

Y [11] BukopuctaHo BMpoGHUYYy dyHKuito Koba — [lyrnaca ons opraHisauii BupobHuuTBa
nonirpacpiyHmMx nignpmemcts. [JaHa 3anexHicTb [03BONMNa OUiHUTM OBCAr BUMYLLEHOI
npogykuii y Big dpakTopiB — BapTOCTi KkaniTany Ta BapToCTi poboyoi cunu (3apobiTHOI
nnatu). BogHoyac, OCHOBHiI MOKa3HWKN € BMNaAKOBUMW BENUYMHAMMW, TOMY PO3IIISIHEMO
cTeneHeBy BUPOOHMYY byHKUi0 y = Ax," -xg, a-B>0,x >0,x,>0 Ta BUSHA4YNMO MOXKNVBI
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0, sixmmo y <1;

yQ2Iny-1)+1, axmo 1< y <J2;
F(y=1"

¥y (1-2lny+2In2) -3, sxkmov2 < y<2;

1, sxio y > 2.

[aHa dyHKUis [003BONSE NPOrHO3yBaTW LUAHCU TOro, L0 EKOHOMIYHWMIA pesynbraT
HabyBaTUMe 3Ha4YeHHs1 3 MEBHOTO iHTepBany, WO 4O3BONUTbL TOYHILLUE OLHIOBATK MOXIUBI
pu3nKN. Y TOM Xe 4Yac, BUKOPUCTaHHS BUPOOHMYMX PyHKUIN JouinbHe Ans onTumisauii
NpUOYTKY, LLO TaKoX € BUNaAKOBOK BENUYMHOLO.

BucHOBKM i nepcnekTuBM nopanbluMx AochigkeHb. Pedynsratu gocnigkeHHs
MOXYTb ByTV BUKOpPUCTaHi Ansg obuncneHHs yHKUiT po3noainy nMmosipHocTen F(y), AKLWO
BiAOMi LLiMbHICTL PO3MOAINY MMOBIPHOCTEN f(x ; X,) Ta 3aNEXHICTb y = ®(x; y,). MNpakTM4HO
Ha OCHOBI LMX AOCTigpKeHb MOXHa OLUIHUTU B IMOBIPHICHOMY CEHCI pe3yrnbTaTUBHE 3Ha4YeHHS
Y Ha OCHOBI BiJOMUX IMOBIPHICHWX PO3MOAiNIB 3Ha4YeHb x, i x,, AKWO GesnocepeaHbO Taky
OULiHKY 30iACHUTUN BaXXko abo HEMOXIUBO. |HWKMMK crioBamMu, NPOMOHYETLCA EKOHOMIKO-
MaTemaTMyHa Mofenb HenpsaMoro (onocepeakoBaHOr0) KOHTPOMNIO 3a pesynbratamu
€KOHOMIYHOI AisanbHocTi. Moganblwi JocnigXeHHs cnig NPUCBSATUTU OUiHLI OCHOBHMX
XapaKTepUCTUK SaHUX OYHKLIN.
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