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YrpaBieHYeCKHE PEIICHHST OTHOCUTEIBFHO
11es1eco00pa3HOCTH peaTn3alii HHBECTUIIMOHHBIX
MPOEKTOB HEOOXOIUMO IPUHIMATE Ha OCHOBE BCEX
IISITH BAZOB ()aKTOPOB - COIMAIBHBIX,
TEXHOJIOTHYECKUX, IKOJOTHIECKIX, SKOHOMHUIECKHUX,
MOJIMTHYECKHX. B cTaTbe mpoaHanm3upoBaHbI
BO3MOKHOCTH 0OOCHOBAHHOT'O pacyera (PMHaHCOBOTO
MOTOKA M KO (GHULMEHTa JUCKOHTUPOBAHM,
UCIIOJIb3YEMBIX JUISL OLICHKH 3KOHOMHYECKOH
a¢pexTuBHOCTH. BBEICHBI TaKKE TUHAMHYECKHE
MOKAa3aTeIM MHBECTUIIOHHBIX IIPOCKTOB, KaK YHCTast
tekymas croumoctb NPV, BHyTpeHHsIs1 HopMa
noxomHocTH | RR, THCKOHTHPOBaHHBIN CPOK
okxymaemocTtu DPP. TIpoBenen nx pacder ajis
MPOCTENIIEer0o HHBECTULIMOHHOTO MpoeKkTa. Mtoru
CPaBHUTEIHHOTO aHAIM3a TPEX XapaKTEPUCTHK
WHBECTUIIMOHHOTO TIPOEKTa TakoBEI. O6IacTh
npumenumoctd NPV u DPP - nepuon cradbunsHocTn
9KOHOMHUYECKOH CUTyalnH, IpUueM TpeOoBaHuUe
CTaOMIIBHOCTH KacaeTcst Kak MUKPOIKOHOMHYECKOH,
TaK 1 MaKpOIKOHOMHHYECKOH cdep, OCKOIbKY peub
UJIET O BO3MOXKHOCTH TIPUMEHEHUS OIIPEEIICHHOTO
3Ha4YeHHs KO PHULNEHTA JUCKOHTUPOBAHUS (.
O6uacts npuMennMocTtH | RR mupe, Tak kak pedb
uzeT He 00 OnpeeIeHHOM 3HAYCHNUH [, @ BBIICTICHUT
WHTEpBaJla 3HaYeHUA Kod(hummenTa
JTUCKOHTHPOBAHMUS, B KOTOPOM HHBECTHIIHOHHBIH
MPOEKT SKOHOMHYECKH BBITOACH. C TOUKH 3peHHUS
TEOPUH YCTOMYMBOCTH LIEIECO00pa3HO BEIYUCIIATH BCE
Tpu xapaktepuctuku NPV, IRRu DPP, 3atem
COIOCTABJISAThH BBIBOIBI, C/ICIAHHBIE HA OCHOBE
3HAYEHHUH STUX XapaKTEPUCTHK. Y IPaBICHUECKHE
pELIeHUS] OTHOCUTEIBHO BO3MOXKHOCTH U
1eJIeCO00Pa3HOCTH peann3aliii HHBECTUIIMOHHBIX
NPOEKTOB HEOOXOIMMO MPUHIMATh HA OCHOBE TEX WU
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Management decisions regarding the expediency of
implementing investment projects must be made en th
basis of all five types of factors - social, teclogical,
environmental, economic, political. The article
analyzes the possibilities of a reasonable calculatf
the financial flow and the discount factor used to
assess economic efficiency. Such dynamic indicators
of investment projects as net present value NPV,
internal rate of return IRR, discounted paybackquer
DPP are introduced. They were calculated for the
simplest investment project. The results of a
comparative analysis of the three characterisfitken
investment project are as follows. The area of
applicability of NPV and DPP is the period of stiypi

of the economic situation, and the requirement of
stability applies to both microeconomic and
macroeconomic spheres, since we are talking abeut t
possibility of applying a certain value of the aisat
factor g. The area of applicability of IRR is wider
since we are not talking about a certain value, dfug
the allocation of the interval of values of thecdisnt
coefficient, in which the investment project is
economically profitable. From the point of view of
stability theory, it is advisable to calculate thllee
characteristics NPV, IRR and DPP, and then compare
the conclusions drawn on the basis of the values of
these characteristics. Management decisions regardi
the possibility and expediency of implementing
investment projects must be made on the basis of
certain expert technologies, relying on the expeee
and intuition of experts. In a typical innovation
process, 13 stages are identified. They are united
three stages, the transition from one of them eonixt
is usually associated with a change of ownershig. |
shown that the introduction of innovation at theafi
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WHBIX 9KCIICPTHBIX TEXHOJIOTHIA, OMUPASCh HA OIBIT U
HMHTYUIIHIO YKCIIEPTOB. B THIIOBOM MHHOBAIIMOHHOM
nporiecce BoiaeacHbl 13 3TanoB. OHU 00beANHCHBI B
TPpH CTaANH, IEPEX0/1 OT OJHON U3 HUX K CIIeyIouIei
0OBIYHO CBSI3aH CO CMEHOI coOcTBeHHMKA. [TokaszaHo,
YTO BHEIPEHUE HOBIIECTBA HA 3aKITIOYUTEIHHOM
CTaJIUH MEPEXOINT B PEaTN3alNI0 HHBECTUIIHOHHOTO
MPOEKTa, 9TO OTPABABIBACT UCIIONb30BaHIE TEPMUHA
" MHHOBAIIMOHHO-UHBECTUIIMOHHBIH Mporecc”, 4acTo
UCIIOJIB3YEMOT'0 B PAKETHO-KOCMUYECKO# OTpaciu.
[omyuyeHHBIC Pe3yIbTATHI HO3BOJISIOT MOBBICUTh
000CHOBaHHOCTB BBIBOJIOB 00 3KOHOMHUYECKOM
3((HEeKTUBHOCTH WHBECTUIIUOHHBIX MTPOCKTOB.
Heo0xoauMbl COOTBETCTBYIONINE U3MCHCHHUS B
MPENoJaBaHUN YKOHOMUYECKHUX H yIIPABICHUYECKUX
JTUCTIHTUIAH, TI03BOJISIONINE TOOYINTH 00yYaroIInXCs
n30eraTh HEOMPaBIaHHO MTUPOKOTO OE3TyMHOTO
MPUMEHEHHNS PaCCMOTPEHHBIX TTOKa3aTeIen
9KOHOMHYECKOH 3P PEKTUBHOCTH WHBECTUITMOHHBIX
MIPOEKTOB

KiroueBrle ciioBa: HHBECTHHHOHHbIﬂ ITPOEKT,

DOOEKTUBHOCTh, DKOHOMUYECKAS
OLIEHKA, DKOHOMUKO-MATEMATUYECKHUE
MOJIEJIU, VIIPABJIEHUE, YCTOMUNBOCTD,
YUCTAS TEKYIIIAS CTOUMOCTD,
BHYTPEHHSISI HOPMA JJOXOJTHOCTH,
JIMCKOHTUPOBAHHBIN CPOK
OKYTIAEMOCTH, MTHHOBAIIMOHHBIN
TTPOIIECC
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I ntroduction

stage turns into the implementation of an investmen
project, which justifies the use of the term "inatign-
investment process"”, which is often used in thé&ebc
and space industry. The results obtained make it
possible to increase the validity of conclusionsutb
the economic efficiency of investment projects.
Appropriate changes are needed in the teaching of
economic and managerial disciplines to encourage
students to avoid the unreasonably wide thoughtless
application of the considered indicators of the
economic efficiency of investment projects

Keywords: INVESTMENT PROJECT, EFFICIENCY,
ECONOMIC ESTIMATION, ECONOMIC AND
MATHEMATICAL MODELS, MANAGEMENT,
STABILITY, NET PRESENT VALUE, INTERNAL
RATE OD RETURN, DISCOUNTED PAYBACK
PERIOD, INNOVATION PROCESS

Investment management is one of the main areasodern management
(see, for example, [1]). An investment is an inwestt in a project. Funds can
be financial, material, personnel, in the form efvices, etc. Investors are those
who make investments. The goals of investors maglifierent. In some cases,
but by no means always, they seek to obtain prigcike economic effect. In
the general case, investment decisions are matteedrasis of the values of not
one, but five groups of factors corresponding oplojects under consideration.
We are talking about social, technological, enuinental, economic, political

groups of factors. This statement is especiallyargmt in the rocket and space
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industry, the problems of which are devoted to mlmer of works of the author
of this article.

The main provisions of investment management fétated above reflect
the point of view of the author [1]. There are ottefinitions of the considered
area of management in the literature.

Sometimes resources are understood only as falameians, and the goal
is reduced to making a profit. We cannot agree vdtlth an extremely
simplified point of view. For example, to implemgumbjects in the rocket and
space industry, it is necessary to attract not amg or another amount of
money, but also material resources (machines, ibgsd transport, etc.),
intangible assets (results of research and devaopmork , patents, etc.), the
required number of skilled workers and managelscaie sufficient time to
complete the work on the project, etc. It is implolestoday to allocate financial
resources, and tomorrow to get a ready-made sdtexdra new type. The
failure of such expectations is reflected in thdlAkeown parable: “It takes a
woman nine months to bear a child. The financi&s:ablow long does it take
nine women to bear one child? It is expected thad imonth". Note that the
attraction of resources does not mean that theycamgpletely created at the
expense of the investor's funds. They are attragttexly are allocated) in the
required amount to complete the project, after Wwhar simultaneously) they
are used to implement other projects.

With the receipt of profit is also not all cle&vhen trying to calculate the
value of this financial and economic indicatorbgcomes necessary to choose
one of the many types of profit. So, productionfiprdiffers from the balance
sheet used for taxation. You must select the tieveod for which the profit is
calculated. on the basis of which a decision iseanaw the implementation of
the project or on the choice of one project fromesal. Optimal solutions are
determined by the planning horizon and may varyeddmg on its size. Finally,

when making managerial decisions, the head of @maenic unit takes into
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account, in addition to profit, the achievemenotifer goals, including the need
for mandatory implementation of the state ordernnanease in market share, an
increase in the scientific and technical level bt tenterprise, personnel
development, etc. John Kenneth Galbraith (1908-R00&ajor corporations are
driven by the desire for security and expansiort, the pursuit of maximum
profit" [2].

The article is devoted to the discussion of meshodl analysis and
comparison of investment projects in order to prepaanagement decisions.
Let us consider two problem statements that casdbeed by applying such
methods. First, is the project profitable from anreomic point of view? Second
- which of the two projects is more profitable? Jhrticle is a continuation of
[3]. This publication provides definitions and dgstions of the main
characteristics of investment projects, we will regeat them here.

Basic ideas of investment management

The historical analysis of methods for calculatihg effectiveness of
investments is given in the article [4]. Note thaten applying a number of
characteristics of investment projects, the terfficlency" cannot be used in
the sense accepted in economics as the ratio abato effect to costs. These
are characteristics such as internal rate of reamd (discounted) payback
period.

Methods for analyzing investment projects are mred in detail in a
number of monographs (see primarily [5, 6]), inahgdthose on decision theory
[7-9]. The most fundamental monograph (1300 pages)this topic was
prepared by P.L. Vilensky, V.N. Livshits and S.An&yak [10].

In mathematical modeling of investment projectachs concepts as
financial flow and discount factor (or factors) aised. Let's discuss them.

We will consider time as discrete, with a steplofThe transition to
continuous time does not cause mathematical diffesu However, the results

are summarized discretely, once a year, quartetooith.
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Let us recall the main concepts and notation tteed in [3], which is
continued by the present paper.

Let discrete moments of time be used when modelinginvestment
project, for which, without loss of generality, wan take the numbers 0, 1, 2,
3, ...k, where 0 corresponds to the beginning of the ptapplementation, and
k is the planning horizon (the length of the plawgniinterval). Under
financialthe flow of an investment project is urgteod as a sequence of
numbers a(0), a(1), a(2), ..., a(k), ..., whergia(@n assessment of the results of
the project according to the results of the tinterwal with the number t, i.e. the
difference between receipts and payments (expefre@s)the moment (t - 1) to
the moment t (the balance for the interval with thember t), and a(0) is a
negative number and is equal to the initial investta (i.e. investments at the
moment 0) with a sign minus.

There are two significantly different tasks forakating the effectiveness
of an investment project - when the project isadsecompleted (we analyze the
past - according to completed projects) and wheontinues or begins. In the
first case, you can use current prices, in therskeqrices at the moment the
project started (or at that moment between the grasgtthe future, at which the
known history of the project ends and its futurgibs). To calculate the net
present value and other indicators of the effeags of investment projects, the
financial flow must be measured in comparable griexcluding the effect of
inflation (changes in the purchasing power of fyn@#®r past time points, the
transition to comparable prices is carried out gisiflation indices known to
the researcher and current prices at the corregpptiche points.

A number of our works [11, 12] are devoted to pineblems of inflation
calculations. These problems are analyzed in metdildin chapter 4 of our
textbook "Econometrics" (4th edition) [13, p.19874]. We emphasize that the
values of inflation indices are determined not ohly prices, but also by the

consumer basket used. Such a basket should concespahe set of goods and
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services that is used in the implementation of pih@ect. According to it,
calculations should be made for completed (fully partially) investment
projects. Industry-specific and related to the rentiational economy inflation
indices can be found in the materials of Rosstatvéver, their applicability to
the analysis of a particular investment project tnnescarefully justified.

Practice shows that a reasonable forecast otimrflandices for the future
is impossible. Therefore, it remains to carry oalcalations in prices at the
initial moment of time. This recommendation is khem the assumption that
the ratio of prices for goods and services useth@ project is stable. Such
stability can be disrupted by various innovationsthe area of economic
practice to which the investment project under meration belongs.

Sometimes they ask whether depreciation shouldddeded in payments
when calculating the cash flow? If the investmenujgxrt is carried out entirely
at the expense of the investor's financial invests)ethen the answer is no,
because otherwise a double count will occur. Ireothiords, the depreciation
expense has already been paid out of the initstment. If, in addition to
financial resources, material resources and inkd@gassets are involved, the
labor of employees and managers is used, thenotinesponding costs must be
reimbursed during the implementation of the project

Unlike financial flows determined by the microeoanc situation in the
implementation of an investment project, the situatin the economy as a
whole affects the discount coefficients, i.e. thefiould be considered
macroeconomic. This can be seen from the methodsheir practical
calculation. For example, it is natural to detemnihe value of the discount
factor by comparing the economic effect of an itwveEst project with the effect
of investing initial financial resources in a bamposit. We are talking about
the so-called "price of capital", determined by lbbamterest on the equity and
borrowed capital that will be used in the implenagioh of the project. It is

clear that the dynamics of these percentages depemdhe macroeconomic
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dynamics. In particular, they believe that the dist factor should be higher
than the refinancing rate of the Central Bank ef®ussian Federation.

Table 1.
Dynamics of the refinancing rate of the Central Bahthe Russian Federation (in %)
date Bid date Bid date Bid

2019.07.26 7.25 2021.03.1 4.5 2022.02.28 20.0

2019.09.06 7.0 2021.04.2 5.0 2022.04,08 17.0

2019.10.25 6.5 2021.06.1 5.5 2022.04,29 14.0

2019.12.14 6.25 2021.07.2 6.5 2022.05.26 11.0

2020.04.24 5.5 2021.10.2 7.5 2022.07\22 8.0

2020.06.19 4.5 2021.12.1 8.5 2022.09(17 7.5

9
3
1
3
2020.02.07 6.0 2021.09.10 6.75 2022.06.10 9.9
2
7
1

2020.07.24 4.25 2022.02.1 9.5 - -

How to determine the discount factor? You canarse=or another method
of expert assessments [14 - 18]. A special casexpkrt evaluation is a
reference to the value adopted in a particularroegdion.

Sometimes it is recommended to use to determpinemula

l1+g=(1+all+R))
or its analogue with the replacement of the prodiycthe sum. Here (1 + a) is
the discount factor in the absence of inflation ais#l, | is the inflation index
(not used when using fixed prices), R is the riskustment. However, the
values of the multipliers cannot be reasonablyrdatesd.

If the financial flow and the discount factor ajeen, then various static
ones are introduced (i.e. tgr 0) and dynamic performance indicators of
investment projects (for g > 0). Of these, we cdeisthree dynamic estimates.

Net present value, as you know, is determinechbydrmula

- - a®) | a@ | _a@®)_ _alk)_
NPV = NPV(q) = a(0) + T+ 7 v + -+ Tag) e (2)
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The characteristic NPV (from Net Present Value glish) is sometimes called
net present value. However, NPV can also be a ivegaumber, and the
situation when the income turns out to be negalives not correspond to the
traditions of using Russian words. Another nametli@ NPV characteristic is
the reduced value of the cash flow [4]. There dahetranslations of the term
under consideration, the discussion of which waalkoconsider it useful to give
here.

Since it is difficult to justify the choice of on@ another value of the
discount factor, there is a desire to find out Wketthe valueNRYV is positive
(that is, the investment project will be economnlic@rofitable) for all possible
values of this coefficient in a particular situaticConsider the net present value
as a function of the discount factor (with a fiq@ednning horizon and the same
financial flow. The considered function NPV(q) isntinuous and, as a rule,
positive at g = 0. Therefore, it is also positiveaertain interval (0 , g0), where
goO is the root of the equation

NPV(q)=0(3)

Equation (3), generally speaking, can have seveyats. There are
corresponding examples in the literature [5, 6, Hijwever, as stated in [3],
“the dynamics of the financial flow is usually deked by a typical dependence,
which is characterized by a negative value at thkal moment, then also
negative values, corresponding, for example, todésgn and construction of
an object in which investments are made, followgdaliransition to growth ,
reaching positive values and then reaching a féorlg plateau, at the end of the
implementation interval, the project ends, for eglanwith disposal. It has been
established that in the case when the financial ifodescribed by the specified
typical dependence, the solution of equation (3he only one. This equation
can have several roots when the implementatiomefptoject includes several
stages, for example, associated with the sequerttradtruction of a number of

facilities. Then the financial flow is described bhydependence with several
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sections of negative dynamics in the balance dip¢s and payments, since at
the beginning of the construction of the next prhjpayments increase sharply,
while receipts remain at the achieved level.

under the internal rate of retuRR(from Internal Rate of Return -
English). understand the smallest (positive) rdadquation (3). If the discount
factor is less than IRR, i.e. g < IRR, then the petsent value is positive,
NPV(q) > 0, i.e. investment project is economicgligfitable. In practice, quite
often a significant uncertainty in the discounttdacis combined with the
certainty that all possible values of the discdactor are less than the internal
rate of return, i.e. fulfillment of the inequality< IRR. Then we can conclude
that the investment project is economically prdafiga and use this conclusion
when making management decisions. At the same tingeyalue of the net
present value remains uncertain, but there is denfie that this value is
positive.

Since all terms of the net present value, exocapthe firsa(0), tend to O
with an unlimited growth of the discount factoreththe internal rate of return
exists for any investment project.

Let us now discuss the dynamics of the net presdne as a function of
the planning horizork(see formula (2) above). For k = 0, the value o$ th
function is negative. If the financial flow is dekhed by the above typical
dependence, then as k increases, the net predert wmay first decrease, but
then it begins to increase and at some point csodse abscissa axis, i.e. goes
from negative to positive. This moment is called thscounted payback period
DPP (from Discounted payback period - English) dRinnatural number k such
that NPV( k - 1) <0 and NPV(k) > 0 and set DPP =Sametimes it is
recommended to carry out linear interpolation fen@e accurate calculation of
DPP. Then the value of this characteristic is noatral number.

Unlike net present value and internal rate ofrreta discounted payback

period does not exist for all investment projetist only for those for which
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NPV(k) > 0 for some k. If this condition is not mdten the investment project
will never pay off. The decision on the expedientyts implementation can be
made on the basis of social, technological, enwemtal, political factors, but
not on the basis of economic ones.

We will proceed to a further discussion of the reloteristics of
investment projects after considering the simpéaaation.

Analysis of the simplest investment project

In the simplest case, the investment project scaleed as follows. First,
the investor invests in the proje&tmonetary units, and then every year for k
years receives an income in the amount of B moyetaits. In this case, the
financial flow looks like this: a(0) = (-A), a(1)&2) = ... = a(k) = B.

Let's find the main characteristics of this inmesht project: net present

value, internal rate of return, payback period. thet discount factor be equal

tog.
Then the net present value is
NPV = NPV(4,B,q) = —A + ;Lq + (1fq)2 Fot (1fq)k- 4)
Because the
NPV=NPV(A,B,q,k)=—A+1:Lq(1 +ﬁ+...+$), (5)

then we use the formula for the sum of a geomptogression

1+a+a+..+at =220 (6)
1-a
atz # 1,in which we put
1
a=m,n=k—1. (7)
Hence,
NPV(4,B,q,k) = —A + - aeET =-A+2(1-—13) (8)
B = 1+q 1—ﬁ B q a+aqk/:

From the obtained equality it follows, in partiaylthat always
NPV(A, B, q,k) < —A + s (9)

Thus, at
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—A+§SO,§SA,AqZB (10)
The investor's investment will never pay off. If
—A +§ >0, (eleven)

then they will pay off with a sufficiently long dation of the project, i.e. at

B 1
—A+ ; > ara)F (12)
those. at
Ing—In(B—AQq)

The right side of the last inequality gives theueabf the discounted payback
period.
In static methods for evaluating investment prigediscounting is not
carried out, i.e. believg= 0, thena=1 and
N(A,B,0,k) = —A + kB. (14)
The project will pay off

—-A+kB=0,k=>

|

(15)
Obviously, in dynamic methods (i.e., with positfy¢éhe inequality
N(A,B,q,k) < N(A,B,0,k), (16)
those. the net present value is always less thah static methods. The
discounted payback period is always longer than Ali®@ payback period
calculated using static methods.
Internal rate of returiRR is a solution (with respect to q) to the equation
1

B
NPV(4,B,q,k) = —A + 3(1 —m) =0.(17)

If the duration of the project is long enough—(«), then the second term in
brackets can be neglected and IRR can be foundtfieraondition
~A+=-=0JRR ==.(18)
Areas of applicability of the main characteristics of investment
projects
Article [3] found that the net present valti®V can reasonably be used

only for short-term (in terms of payback period)ojpcts, during the
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implementation of which the economic situation doed change, i.e. the
financial flow remains fixed, the elements of whate the differences between
receipts and payments for successive time inter\idls reasons for a possible
change in the financial flow may be technologicadl ananagerial innovations
(including changes in legislation and regulatorg gachnical documentation).

Of great importance are the problems of the begin@and end of the
period during which the financial flow is analyzed.

The problem of the beginning is connected with timice of the
reporting point from which the implementation ofethnvestment process
begins. Usually, the development of an investmenjept begins earlier than
the official start on the basis of preliminary dieygnents, culminating in the
adoption of a management decision to start theamphtation of this project.
Expenses for preliminary developments, as a rukeckssified as expenses for
exploratory research and are not included in thetscof an investment project,
since they are paid, for example, from the fund tfex development of new
technology. Obviously, this practice reduces th&sof the investment project,
although by an insignificant amount compared todbsts after the start of the
project. However, it is difficult to take into aaaat the preliminary costs, since,
for example, it would be necessary to include ianthpart of the costs of
vocational training of specialists,

The issue of the end is more important. Its arear is determined by
the fact that the choice of the end of the projgdifficult to justify. Often this
moment is determined by the volitional decisiortied decision makers. At the
same time, the results of the project implemematfien continue to be used
even after the official end of the project. These, dor example, buildings
constructed during the course of the project, onrielogical equipment created
or purchased for use in the course of the projdstially, limiting the planning
horizon leads to an underestimation of the econafi@ct. If we increase this

horizon, then the net present vali®/will increase. However, the opposite
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effect is also possible if the costs of terminatthg project and disposal of
waste and equipment are significant, but the cpmeding work is not included
in the investment project. For example, projects tfte creation of nuclear
power plants often do not include the costs of aBspy of spent nuclear
materials. They leave the problem of disposal her future, while methods for
solving this problem have not been developed te.dat

Much more difficult is the problem of choosingeasonable choice of the
discount factor. This problem does not refer to Hextoral, but to the
macroeconomic level, i.e. at the level of the statd even the world economy
as a whole. Many difficulties were noted abovehis article and in [3], so we
will not discuss them in detail here.

When analyzing completed projects or the initiartp(consisting of
periods completed to date) of current projectscaliated factors can be
estimated (if the necessary information is avadabNote that they obviously
vary from period to period.

To analyze the future development of the projeds, necessary to accept
certain hypotheses about the values of the discooeifficients. One of these
hypotheses is the assumption that the discountficeets, although they
change, differ little from some average vatuerhus, the situation is described
using the errarg determining discount factors, i.e. for all futureripds, such
coefficients lie in the interval — 4q; g + 49).Discount factor uncertainty leads to
uncertaintyNPVv(g)net present value NPV(q). In other words, the xedlie of
NPV lies in the intervakPv(q) — ANPV(q); NPV(q) + ANPV(q)).

UncertaintyNPv(q) can be found on the basis of interval data stesisti
approaches detailed in [8, 9, 19-23]. Calculati@thodanrPv(q)obtained in [24
- 26]. The final article of this series is the w¢2K].

The rules for obtaining conclusions based on tideutations performed
must be changed compared to the classical sityatiben the discount factor is

constant. So if the interv@aPVv(q)— ANPV(q);NPV(q) + ANPV(q)) is located
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completely to the right of O, then the project mrtainly profitable. If this

interval lies completely to the left of O, then gject is unprofitable from an
economic point of view. INPV (q) — ANPV(q) < 0; NPV(q) + ANPV(q) > 0, then we

have uncertainty - the project may turn out to bmhbprofitable and
unprofitable.

Consider the problem of comparing the economigcieficy of two
investment projects. Let for the first project theal valueNPV lies in the
intervalNPV; (q) — ANPV, (q); NPV, (q) + ANPV,(¢)), and for the second - in the
intervalNPV,(q) — ANPV,(¢q); NPV,(q) + ANPV,(¢)). |f these intervals do not
intersect, then the conclusion is unambiguoust-ghgect is more profitable, in
which the entire interval corresponding to it ltesthe right of the interval for
another project. If the intervals have a commort, gjhen we have uncertainty -
both the first and the second project can be marétable. Similarly, you can
parse the comparison of three or more investmeeqts.

In the presence of these uncertainties, it israhto further evaluate and
compare investment projects using expert methodis1@], primarily based on
the intuition of experts (our works [28-31] are d&d to the problems of
intuition and its development).

However, in real economic practice, we do not gbvabserve small
deviations of the discount coefficient from somerage valug. In such cases,
the net present value NPV(q) is not a reliable 9odsr making informed
management decisions, even taking into accourpdbsibility of calculating its
erronuNpPV(q),because the erray the discount factor is not small, which is
required to apply the methods of [27]. If the estolf the discount factor is
large enough, then the direct numerical assessof¢iné error in the net present
value is large, and therefore the uncertainty vatlefor this characteristic is
long, which makes it impossible to obtain sound aggment decisions based

on this characteristic.
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Due to these shortcomings of the net current vidlie in practice, when
preparing management decisions, it is much moenp#s stated, for example,
in a detailed article [4], that the internal raté return IRR is used. This
characteristic is based only on the internal data® investment project, i.e. on
the financial flow, and does not depend on the pemnomic situation, which
generates a discount factor unknown to the decisiaker. If the IRR exceeds
the maximum possible value of the discount factorthe situation under
consideration, then the investment project will @snalways turn out to be
economically profitable. If the IRR is less thare texpected value of the
discount factor, then the project is not econonyoahble. In other cases, there
IS uncertainty - the project may turn out to behbptofitable and, conversely,
unprofitable.

Thus, conclusions based dRR do not depend on the value of q, and
therefore are stable with respect to a change Fram the point of view of the
theory of stability of conclusions in economic amathematical models [32 -
36], this is a decisive argument in favor of thesmase of the internal rate of
return. The disadvantage of IRR compared to NP¥asnability to estimate, at
least approximately, the economic effect of thelemgentation of an investment
project.

Such a characteristic as the discounted paybacidpBPP allows, to a
certain extent, to remove the "problem of the eifdthere is reason to believe
that DPP falls into a period of microeconomic digbof the economic situation
in which the investment project is being implementinen, since the discount
factor q is determined and the calculation of tise@lnted payback period of
DPP as a function of g is correct, the project wély off and there is reason to
believe that its further sales will be profitablethe discounted DPP payback
period for the first project is less than the vabfethis characteristic for the
second one, then this fact is an argument for achgothe first one for

implementation. We emphasize
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Let's summarize the comparative analysis of theetimain characteristics
of the investment project. Scope of applicabilMf?vV and DPP - period of
stability of the economic situation, and the regoient of stability applies to
both microeconomic and macroeconomic spheres, siecare talking about the
possibility of applying a certain value of the daisat factor g. The area of
applicability of IRR is wider, since we are notkiag about a certain value of q,
but the allocation of the interval of values of tdtiscount coefficient, in which
the investment project is economically profitalfteom the point of view of the
stability theory [32 - 36], it is expedient to callate all three characteristics
NPV, IRR and DPP, and then compare the conclusloasn on the basis of the
values of these characteristics. Management desigiegarding the possibility
and expediency of implementing investment projeaist be made on the basis
of certain expert technologies [14-18], relyingtba experience and intuition of
experts [28-31].

I nnovation and investment

Investment management and innovation managemeat wsually
considered separately [1]. However, the term "imtion-investment project” is
also used, especially in the rocket and space indus accordance with its
specifics (see, for example, [37-43]). Let's disctlse relationship between
innovation and investment.

Innovation is understood as an introduced innowa(in the literature
there are numerous detailed definitions, which awé necessary to analyze
here). The path of innovation from the emergencaroidea to implementation
(in the case of innovation in the material spher® 4ndustrial production)
passes within the framework of the innovation psscén articles [44, 64], we
identified 13 stages of the innovation process'siatefly discuss them.

1. Formation of an innovative idea.

2. F formation of a team of owners of an innovafwoject.

3. Protection of intellectual property through goght or patent law.
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4. Performing research work on the subject ofrarovative project for
the purpose of development of the original idea.

5. Development of a prototype.

Steps 1 - 5 are usually carried out by a teanrigiral developers of an
innovative idea, for example, employees of the el department of the
university. It is at stage 5 that the possibilifycommercializing an innovative
project becomes a significant factor in its movemalong the development
trajectory. There is a change of ownership - alowative idea is transferred for
further development to a small enterprise [45 -, 5&)metimes specially
organized for this purpose.

6.Marketing research.

The authors of innovations usually deal with sdfentand technical
iIssues. As a rule, they discuss the timing and eb#te transition to industrial
production in their applications addressed to poaermanufacturers. After
creating a prototype (stage 5), field (and not pestk) marketing research is
necessary [1], and marketing specialists shoulddwacin them, of course,
together with the authors of innovations.

7. Development of a business plan and performanakiation.

Obviously, professionals in the field of organiaadl and economic
support of innovative activity should be involvedthe preparation of business
plans.

8. Expertise.

When implementing many stages of the innovatiooc@ss, various
expert technologies are used. For their successplementation, it is necessary
to involve specialists in expert assessments.

Stages 6 - 8 are usually performed by employees simall enterprise
(specialists in marketing, business planning, exgeeretc.) together with the

developers of stages 1 - 5. The goal of their werto move from the original
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innovative idea to its development, allowing to gwee this idea for industrial

enterprises.

Stage 9. Transition to the stage of industriabpasion.

At this stage, the second change of ownership receuduring the
transition (from a small enterprise to a fairlygarorganization capable of mass
production of innovative products. As suggestefbify 58], this transition can
be carried out by conducting an Internet auctidag& 9 is organized by a small
enterprise that has previously completed stages 5-8

10. Preparation for implementation - developmeotknand technological
preparation of production.

11. Introduction and market entry.

12. Control after implementation (by the developtrteam).

13. Evaluation of the effectiveness of the project

We are talking about the short-term and long-teomsequences of the
project.

We see that the innovation process, as a rulsgpdsom the stage. At the
first stage (stages 1 - 5), innovation is beingetigyed - from an idea to a
prototype. In the second (stages 6 - 9), the intm@mvas preparing for the
transition to mass production in the third stagagss 10 - 13). At each stage, an
innovation is carried out by its own team of pemiers (owner). At the first
stage, we are talking about innovation in the narrsense (about the
development of innovation). At the third stage, exserve a typical investment
project. The second stage is transitional (premarafior the introduction of
innovation). At the third stage, we observe a tgpimvestment project.
Therefore, projects aimed at the development angleimentation of
innovations, it is quite natural to call innovatiand investment. They are often
implemented in high-tech industries, in particularthe aircraft building and

rocket and space industries. Obviously,
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In modern conditions, the successful implementatb innovation and
investment projects involves the use of systenuzyunterval mathematics [25,
59], artificial intelligence [16, 23, 60], digitatonomy [61-63].

Conclusion

Management decisions regarding the expediency ngplementing
investment projects must be made on the basis|dival types of factors -
social, technological, environmental, economicjtall. In [3] and this article,
such indicators for assessing the economic effogieaf investment projects as
the net present valubPV, internal rate of return IRR, discounted payback
period DPP. Their areas of applicability and cosidaos that can be drawn on
the basis of these indicators are identified. & haen established that the main
condition for their reasonable use is the stabditthe microeconomic situation,
and for NPV and DPP - also macroeconomic stabifity.analysis of a typical
innovation process showed that the introductiomobvation at the final stage
turns into the implementation of an investment g@egjwhich justifies the use of
the term "innovation-investment process".

The results obtained make it possible to incredse validity of
conclusions about the economic efficiency of inwestt projects. Appropriate
changes are needed in the teaching of economicnandgement disciplines to
encourage students to avoid unreasonably wide tiimsg application of the

considered indicators of the economic efficiencynwestment projects.
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