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The article is devoted to the issue of selectingviastment projects for the
modernization of an industrial enterprise in the canditions of uncertainty. Uncer-
tainty in this work is understood as the lack of déa on the likelihood of the im-
plementation of scenarios of alternative investmenprojects. As a methodological
base, a set of generally accepted quantitative ceitia for reducing uncertainty is
proposed, which is characterized by different attiides towards the probability of
future events (pessimistic, optimistic, neutral, et). Additionally, a criterion is se-
lected that combines expert and quantitative assesent of uncertainty. Practical
calculations are made according to five criteria fothree scenarios of five invest-
ment projects of an industrial enterprise. The aimof this work is to assess the dif-
ficulty of making unambiguous investment decisionsinder conditions of uncer-
tainty. As a result, each of the four quantitativecriteria has pointed to a different
project. The fifth criterion has made it possible b limit the range of choice to two
projects. This has confirmed the conclusions that aking investment decisions
requires the responsible person to use not only guétative indicators, but also
existing experience and intuition. The reliability of the findings has been con-
firmed by the use of generally accepted models andethods, as well as the prac-
tical implementation of the results. It is recommeded to use these results in the
scientific community when conducting subsequent mhbdological studies aimed
at reducing uncertainty, as well as to business owens and investors when making
strategic decisions.

Keywords: alternative; investment decision; investtrproject; criterion; uncer-
tainty; industrial enterprise; scenario.

Introduction

In the modern world, which is characterized byaifaist changes, as well as instability, complexity
and ambiguity, the value of the ability to workexffively under conditions of high uncertainty is in
creasing. Such activity requires a step-by-stegdystii huge amounts of information and adjustmemts t
work with it as new data becomes available in otddre able to accurately predict the future [1,T2]e
problem of working under conditions of uncertaiigyextremely relevant at the level of large indiastr
enterprises. Especially in situations where itasassary to quickly solve complex economic probJems
incl. selection of investment projects. The exigtioolkit is rather heterogeneous and represeotsra
bination of quantitative and expert methods. Assult, testing of such approaches is required to-mi
mize uncertainty in the process of making investnaeeisions at an industrial enterprise. In therkeit
this will improve the tools for dealing with uncairity and speed up the process of making effective
economic decisions. This issue is extremely imprfar both business owners and investors. Conse-
quently, this problem is significant not only frarscientific, but also from a practical point ofwi.

1. Methodology for the quantitative substantiationof investment decisions in conditions of uncer-
tainty

The determining sign of uncertainty is the lacksofficient information about the likelihood of fu-
ture events. In particular, when making investnaetisions under conditions of uncertainty, as a,rul
there is not enough data on the likelihood of thplementation of investment project scenarioshis t
case, the formation of the investor's personaluati to probability is required based on a number o
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criteria. The methodological basis of this worlaiset of five such criteria, presented in detdiblvg2,
3].

Wald's criterion, based on careful decision makis@ pessimistic approach. The highest probabil-
ity is assigned to the most unfavorable event anadihgonsidered projects and their correspondirag sc
narios, as shown in conditions:

W =min()<ij),i=l..n,j=1..m
W, =max(W),i=1..n . 1)
Xoptim = X1 KO(L; 1)

optim
whereW is Wald's criterionn is the total number of-th alternatives;j is the state (quantitative value)
of the i -th aIternative;Xij is studiedi -th alternative with statg ; W is the minimum value of the
state of each -th alternative;W\, is the maximum value of the alternative state sgnalh the mini-
mums; X,uim = X is the optimal alternative according to the ciaer

According to the optimistic “maximax” criterion,atighest probability is given to the best event in
each alternative in accordance with:

M; :max(Xij ) i=1.n,j=1.m
M, =max(M;) i =1..n , (2)
Xoptim = Xk' kD(l; )

where M is the “maximax” criterion;M; is maximum value of the state of eactth alternative;M
is the maximum value of the alternative state amahthe maximums;X, i, = X is the optimal al-

ternative according to the criterion.

Laplace's criterion is based on the principle alfficient justification and assumes that the prob-
abilities of all alternatives should be equal tateather, and the priority is the project with thexi-
mum average effect according to the conditions:

m
2%
L=12_i=1.n,j=1..m,
m

L =max(L;)i=1..n, (3)
Xoptim = Xk kO(L 1),
where L is the Laplace criteriont; — average result of eachth alternative;L, — the maximum value

of the alternative state among all averag€g;im = X is the optimal alternative according to the crite-

rion.
The Savage criterion transforms the initial data & “regret matrix” that takes into account thstlo
effect and gives preference to the project withisimum loss in (4) and (5):

Y; =max()<ij ) i=1..n,j=1.m
i =¥ %
where y; is the maximum value of the state for eachth case;r; — lost effect in the form of the dif-
ference between the maximum gain and the actuaévial each state.

: (4)

S =max(rj),i:1..n,j: 1.m,

Sc=min($§),i=1..n : (5)
Xoptim = Xk1 kD(l; n) !
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where S is the Savage criterion§ — the maximum lost payoff of eadhth alternative;S, — the
minimum lost gain among all the maximumx;;,,= X is the optimal alternative according to the

criterion.

The Hurwitz criterion is based on an expert's ihtaiassessment of the likelihood of scenario®- th
“optimism coefficient” (& ). The choice of projects involves the study ofyogktreme scenarios accord-
ing to (6) and (7):

Ximaxzmax(xij)ai:]---n,jz1..m 6
Ximin=min(xij),i:l..n,j=1..m, ()

where X;

imax 1S the maximum state value for eachth alternative;X; ., is the minimum state value

for eachi -th alternative.
Hi =0 Kipax + (1= ) Kimin,i=1..n,j=1..m,
H,=max(H;)i=1..n, )
Xoptim = Xk kD(l; n),
where H is the Hurwitz criterion;H; - the value of the gain, taking into account thptimism coeffi-
cient” o for eachi -th alternative;H, — the maximum payout among all alternative,,;, = X is

the optimal alternative according to the criterion.

2. Practical choice of investment projects in contons of uncertainty.
The scenario conditions of investment projectstifier modernization of an industrial enterprise are
presented in Table 1, and the results of the assedg0f the criteria are in Table 2.

Table 1
Brief description of projects
Alternative projects - Profit / Loss Scenarios (RUB thousand) -
Pessimistic Neutral Optimistic
Project 1 —1 000 -100 3 000
Project 2 0 10 2 000
Project 3 100 300 1000
Project 4 -500 0 2 500
Project 5 0 200 1500
Table 2

Criterion values for projects

. . Selection of Criterion value, thousand rubles
Alternative projects : L
projects (criteria)
oroioct 1 “ng'mix" / M, =max(—1000; —100; 3000) = 3000
rojec urwitz Ata=0,8H, =0,8-3000 + 0,2-(~1000) = 2200
| = 0+10+ 200
Project 2 Laplace / Hurwitz 2
At o = 0,3H,=0,3-2000 + 0,7-0 = 600

Project 3 Wald W; =min (100; 300; 1000) = 100
Project 4 Savage S, =max(600; 300; 500) = 600
Project 5 -
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Calculations showed that the opinions of the mbgaiive indicators (with the exception of the in-
tuitive Hurwitz criterion) were divided between tfiest, second, third and fourth projects. Wheningk
into account the expert assessment according téltineitz criterion, the first and second projeces b
come priority. The fifth project was not selectedamy of the criteria, although it is among theaire
even ones.

Conclusions

1. A method is proposed for solving the urgent fbof selecting investment projects in condi-
tions of complete uncertainty.

2. A comparative analysis of alternative projeatd #heir scenarios was carried out according to
five criteria for reducing uncertainty.

3. The obtained results are recommended to bewbed developing an approach to reducing un-
certainty and making investment decisions at ingalsgnterprises.

The work was supported by grant of the Presidetit@Russian FederatiotK-4549.2021.2).
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NPUHATUE UHBECTULIMOHHbIX PELUEHUA HA MPOMbILTIEHHOM
NPEAMNPUATUN B YCNOBUAX HEONPEOEJNIEHHOCTU
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CraTps MOCBSIIEHA BOIIPOCY 0TOOpPAa MHBECTHIIMOHHBIX MPOEKTOB MOACPHU3AIINH TPOMBIIUIEHHOTO
MIPEeNNpUITHS B YCIOBUSAX HeomnpeaeaeHHOCTH. 110 HeonpeaeneHHOCThI0 B pab0Te TOHUMAETCS OTCYT-
CTBUE JJAHHBIX O BEPOSITHOCTU peaju3allii CIICHAPUEB albTEPHATUBHBIX NHBECTULIMOHHBIX MPOEKTOB. B
KadecTBE METOJIMYECKON 0a3bl MpeIokKeH Habop oOIMIeNpHU3HAHHBIX KOJIWYECTBEHHBIX KPUTEPHEB CHU-
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JKEHUS HEONPEACICHHOCTH, XapaKTEePU3YIONINXCS PA3IUYHBIM OTHOIICHHEM K BEPOSTHOCTH OyIIyIIuX
COOBITHI (TECCUMUCTUYHOE, ONITHMUCTHYHOE, HEUTPAITBbHOE U Jp.). JIONMONHUTEIBHO BRIOpAH KPUTEPHH,
COUETAIOMNN JKCIEPTHYI0 M KOJIMYECTBEHHYIO OIIEHKY HeompeseneHHOCTH. [IpakTmdueckne pacueTs
MIPOM3BEICHBI TT0 IISITH KPUTEPUSAM IS TPEX CIIEHAPUEB MSATH HHBECTUIIMOHHBIX IPOEKTOB MPOMBIIIIICH-
HOTO TpeanpusTus. L{enpro paboThI SABISETCS OIIEHKA CIIOKHOCTH TPUHSATHS OJTHO3HAYHBIX MHBECTHUIIH-
OHHBIX PEIICHUH B yCIOBHSIX HEONPEAEICHHOCTH. B pe3ynbraTe, KaXKIbIid U3 YETHIPEX KOJTMYECTBEHHBIX
KPUTEPHUEB yKa3all Ha CBOM MPOeKT. [IAThIi KpuTeprii O3B0 OTPAaHUIHTH KPYT BRIOOPA IO IBYX MPO-
€KTOB. JTO TOATBEPIUIIO BBIBOIBI O TOM, YTO MPUHITHE HHBECTUIIHOHHBIX PEIICHUI TPEOYyeT OT OTBET-
CTBEHHOT'O JIUI[A UCIIOJI30BAHUS HE TOJBKO KOJIMYECTBEHHBIX MMOKA3aTENEH, HO U UMEIOIIETOCs OIbITa U
UHTYUIH. [|0CTOBEpHOCTh TMONYyYEHHBIX BBIBOJIOB MOJTBEPKIACHA MPHUMEHEHHEM OOIIETPH3HAHHBIX
MoOJieNield U METOJIOB, a TaKXKe MPAKTUUECKON peanu3anueil MoIyYeHHBIX pe3yiabTaToB. JlaHHbIE pe3yib-
TaThl PEKOMEHIYETCSI UCIIOIb30BaTh B HAYYHOM COOOIIECTBE MPH MPOBEACHUU MOCIEIYIOIIUX METO -
YECKUX MCCIIEeIOBAHMA, HATIPABJICHHBIX HA CHIDKEHHE HEOIPEIEIEHHOCTH, a TaKkKe COOCTBEHHUKaM Om3-
HEeca M HHBECTOPaM IPH MPUHATHU CTPATETUIECKUX PEIICHUH.

Knrouesvie cnosa. anomepuamuea; uneecmuyuonHoe peuieHue, UHBeCMUYUOHHbII NPOEKM; Kpume-
putl; HeonpeodereHHOCMy; NPOMBIULIEHHOE NPEeONpUAMUe; CYEHAPUIL.
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