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YAOCKOHAJIEHHSI METOAUYHUX OIIXO/IB LOJ10
OLIIHIOBAHHSI PU3UKIB IHHOBALIIITHOI AISIJIBHOCTI Y
CTPATEITYHOMY IUIAHYBAHHI PO3BUTKY NIJANPUEMCTBA
YCOBEPIIEHCTBOBAHUE METOJUYECKHUX NOJXOA0B K
OLIEHKHU PUCKOB MHHOBALIMOHHOI1 JESITEJIbHOCTH B
CTPATETMYECKOM IVIAHUPOBAHUU PA3BUTHS
MPEJIPUSITUS

Summary. In modern conditions, companies need to have information
about their environment in order to further develop. Under conditions of
uncertainty, the analysis of not only the impact of the external environment, but
also the internal environment becomes especially important for enterprises, which
will increase the accuracy of determining the risk factors of the enterprise in the
strategic planning of its development. Without taking into account key trends,
systematic diagnosis of the internal environment and identification of problems
(weaknesses) of the enterprise, it is impossible to effectively implement innovative
projects.

In order to identify the most important factors of negative impact, which
should be taken into account when assessing the risks of innovation in strategic
planning of enterprise development, it is advisable to investigate the impact of
external (macro- and microenvironment) and internal environment at each stage
of the innovation project life cycle.

The purpose of this article is to improve methodological approaches to
assessing the risks of innovation in the strategic planning of enterprise
development and providing recommendations on the possibility of their use.

The article analyzes two methodological approaches to assessing the risks
of innovation activity in strategic planning of enterprise development. The first
methodological approach considered makes it possible to identify the most risk-

generating factors at each stage of the life cycle of an innovation project. The
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calculation of the final value of the risk of each project of the enterprise is possible
under the assessment of risk factors of the enterprise (using a rating scale that
will identify risk factors of each of the factors for each of the analyzed projects).
The second methodological approach will allow to estimate the probability of
realization / non-realization of the project depending on the available statistical
information on innovative projects and to predict the possibility of closing
projects with the help of analytical models, and also allows you to assess the risk
inherent in both individual stages of the life cycle of the innovation project and
the innovation project for a certain planned period of time.

Key words: innovation vrisk, innovation risk assessment, enterprise

development.

Anomauia. B cyyacnux ymoseax nionpuemcmeam HeoOXiOHO 80.100imu
iHpopmayieto w000 cepedosua c8020 ICHYBAHHA 3 Memol0 NOOAIbULO2O
po3zeumky. B ymoseax nesusnauenocmi Onsi nionpuemcme Habygae 0coOIUB8020
3HAYeHHs AaHaNi3 He MIIbKU 6NJUBY 306HIUHLO2O cepedosuwa, ane U
BHYMPIUWHB0O20, WO O0ACMb MONCIUBICMb NIOBUWUMU MOYHICMb BU3HAYEHHS
Gpakmopie puzuky niOnpuemMcmea npu CmMpameidyHoOMy WIAHYBAHHI U020
pozeumky. bez epaxysanns xnrouosux menoeHyiu, cucmemMamuyHoi 0ia2HOCMUKU
BHYMPIUWHB020 cepedosuia ma GUsAGleHHs npodiem  (Clabkux Micyv)
NIONPUEMCINBA HEMONCIUBO eQPeKMUBHO 8NPOBAONCYBAMU THHOBAYIUHI NPOEKMU.

3 memoto 8usneIeHHs HAUOINbUW 8A2OMUX (DAKMOPIE HE2AMUBHO2O GNIUBY,
Wo cni0 8paxogysamu Npu OYIHIOBAHHI PUBUKIE [HHOBAYIUHOI OIANIbHOCMI Y
CMpame2iuHoMy NIAHY8AHHI DPO3GUMKY HIONPUEMCMEA, OOYLILHO O00Caioumu
BNIUE (PAKMOPI8 308HIUHLOCO (MAKPO- | MIKpOCepeoosuuia) i 6HYMpIiuHb020
cepeoosua Ha KOHCHOMY emani HCUmmeso20 YUKy iHHOBAYIUHO20 NPOEKN).

Mema oamnoi cmammi nonseac 8 YOOCKOHANEHHI MemOOUYHUX NioxXo0ie

Wooo OYIHIOBAHHS PU3UKIE [HHOBAYIUHOI OIAIbHOCMI Y CMPAmeiuHOMY

International Scientific Journal “Internauka”. Series: “Economic Sciences”
http://www.inter-nauka.com/magazine/economy/



International Scientific Journal “Internauka”. Series: “Economic Sciences”
http://www.inter-nauka.com/magazine/economy/

NJIAHY8AHHI PO3BUMKY NIONPUEMCMBA MA HAOAHHI PEeKOMeHOayill uooo
MOHCAUBOCMI IX BUKOPUCTNAHHSL.

Y cmammi 6yno npoawnanizosano 06a mMemoouuHi RNiOX00U U000
OYIHIOBAHHS PU3UKIE [HHOBAYIUHOI OISIIbHOCMI Y CMPpAme2iuHoOMy WIAHYB8AHHI
po3eumky nionpuemcmea. llepuwiuii pozensanymuti MemooudHull nioxio 0ae 3mozy
BUOLIUMU  HAUOLIbW  PUSUKOYMBOPIOOYl  (hakmopu HaA KOMNCHOMY emani
HCUMMEBO20 YUKTY THHOBAYIUHO20 npoekm). Po3paxynok xinyesozo 3HayenHs
PU3UKY KOHCHO20 NPOEKMY NIONPUEMCINEA MOICIUBULL 30 YMOBU OYIHKU (haKmopie
PU3UKY niOnpuemMcmea (3a 00NOMO2010 PeumuHe080i WKaiu, wo 0acms 3Mo2y
BUOLTIUMU PUUKOYIMEOPIOIOYT YUHHUKU KOJHCHO20 3 PO32JSAHYMUX (hakmopie 0
KOJCHO20 3 AHANI308AHUX NPOEKMiB). [pyeuii posensiHymui MemooOuyHut nioxio
oacms 3M02y NONEPeOHbO OYIHUMU UMOGIpHICMb peanizayii / Hepeanizayii
NpoOeKmy 8 3aNedCHOCmI 8I0 HAAGHOI cmamucmuynoi iHgopmayii wooo
IHHOBAYTUHUX NPOEKMIB8 MA CHPOSHO3Y8AMU MONCIUBICMb 3AKPUMMSL NPOEKMmie
3a 0ONOMO2010 AHANIMUYHUX MOOeNel, A MAKOMC 003B80JISIE OYIHUMU DPU3UK,
NPUMAMAHHUU K OKPEMUM emanam HCUmmeeo20 Yukiy iHHOBAYIUH020 NPOEKNLY
maxk i iIHHOBAYIUHOMY NPOEKMY HA NeGHUU 3aNIaAHO8AHUU NPOMINHCOK UAC).

Knwuosi cnosa: puszux inHoayilinoi OislibHOCMI, OYIHIOBAHHS DPUBUKIB

IHHOBAYTUHOI OiIbHOCMI, PO36UMOK NIONPUEMCINEA.

Annomayusa. B cospemennvix ycnousx npeonpusmusim HeobXo0umo
enadems ungopmayuell o cpeoe c80e20 CYWecmeo8anusl ¢ Yevio 0albHeluule2o
pazeumus. B ycnosusix neonpedenenHocmu 075 npeOnpusmuii npuoobpemaem
0coboe 3Hauenue aHaIu3 He MOJbKO GIUSHUS 8HEUUHel CPeobl, HO U GHYMPeHHel,
Ymo NO360JUM  NOBLICUMb MOYHOCMb  ONpedeNieHus (HaKkmopos pucka
npeonpusmust npu CMpame2udeckom NiaHuposanuu e2o pazeumus. besz yuema
KII04eBblX MeHOeHYU, CUCMEMAMUYECKOU OUAZHOCMUKY 8HYMpeHHell cpedbl U
gvlsiglleHUue npooaem (Ciabvlx mecm) npeonpusimus HeB03MONCHO IPhexmusHo

6H€()pﬂl’l’lb UHHOBAYUOHHbIE NPOEKMDbL.
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C yenvio e6bisGleHUs Haubonee 3HAYUMBIX HAKMOPO8 He2amu8HO20
8030elicmeus, KOmopvle Cledyem  yuumslams Npu  OYeHKe  PUCKO8
UHHOBAYUOHHOU OesimebHOCMU 68 CMpame2uieckom NIAHUPOBAHUU PA3EUMUSL
npeonpusamus, yeiecooopazHo Uccieo008ams GausHUe @GaxKmopos eHeulHell
(Maxkpo- u MuKpocpeowl) u 6HympeHHel cpedvl Ha KAHCOOM IMANne HCUSHEHHO20
YUKIA UHHOBAYUOHHO20 NPOEKmMA.

Lenv 0anHoll cmamvbu cocmoum 8 yco8epuleHCme08anHUU MemoOUYecKUx
n00X0008 K OYeHKe PUCKO8 UHHOBAYUOHHOU 0essmelbHOCMU 8 CIMPAMme2utiecKom
NIAHUPOBAHUU PA3BUMUSL NPEONPUAMUSL U NPEeOOCMABIeHUU PEeKOMEHOAYUll no
B03MOINCHOCU UX UCNOTIb30BAHUSL.

B cmamve 6vinu npoananuzuposanvl 08a mMemooueckux nooxood K oyeHke
PUCKOB UHHOBAYUOHHOU OesimelbHOCU 8 CMpame2uyeckom NiaHupo8aHuu
passumust npeonpusmus. Ilepswviii paccmompenHvlli Memoouyeckull no360saem
gbloeums  Haubosee puckoobpaszyrwue Gakmopvl Ha Kaxcoom smane
JHCUBHEHHO20 YUKIA UHHOBAYUOHHO20 npoekma. Pacuem koneunozo 3HaueHus
PUCKA KAXHCO020 NPOeKma Npeonpusimus B803MONCEH NPU YCI08UU OYEHKU
Gpaxmopos pucka npednpusmusi (C HOMOWDBIO PEUMUHE0B0U WKALbl, YMO
no360IUM  8blOeIUMb  pUcKooOpazywwue  akmopvl — KAMO020 U3
paccmampusaemvix hakmopos 0jisi Kancoo2o U3 paccmampusaemvlx NPpoeKmos).
Bmopoii paccmompennviii memoouueckuii n00xo0 no38oaum npeosapumeibHo
OYeHUMb 8ePOAMHOCMb peanu3ayuu / Hepeaiuzayuu npoekma 6 3a8UCUMOCMU
om umeroujelcs Cmamucmuyeckol uHgpopmayuu 00 UHHOBAYUOHHBIX NPOEKMAX
U  CHPOSHO3UPOBAMb  BOZMONCHOCIbL  3AKPbLIMUSL  NPOEKMO8 ¢  NOMOUbIO
AHATUMUYECKUX MOoOellell, d maKice No360Jsiem OYeHUmsb PUCK, NPUCYWUL KAK
OMOENbHbIM DMANAM HCUSHEHHO20 YUKIA UHHOBAYUOHHO20 NPOeKmda mdax U
UHHOBAYUOHHOM) NPOEKMY HA ONpeOeNeHHblll 3aNIAHUPOBAHHBIL NPOMENCYMOK
8peMeHU.

Knioueevle cnosa: puck uHHOBAYUOHHOU OesiMeNbHOCMU, OYEHKU PUCKOB

MHHOGGL!Z/!OHHOIZ deﬂmeﬂbHocmu, paseumue npeénpuﬂmuﬂ.

International Scientific Journal “Internauka”. Series: “Economic Sciences”
http://www.inter-nauka.com/magazine/economy/



International Scientific Journal “Internauka”. Series: “Economic Sciences”
http://www.inter-nauka.com/magazine/economy/

Formulation of the problem. When developing and implementing
innovative projects, the company faces uncertainty caused by risk factors of the
external and internal environment of the enterprise. In order to ensure more
effective strategic development planning, the company needs to pay attention to
the evaluation of available information, which can lead to a risky situation. These
situations are associated with the emergence during the implementation of
innovative projects, on the one hand, the loss of the effect of innovation and
possible losses, and on the other hand, can lead to additional competitive
advantages in the future and the growth of the enterprise.

Ensuring the optimization of financial resources of the enterprise in the
process of implementing innovative projects for strategic planning of enterprise
development necessitates the creation of an appropriate system for assessing the
risks of innovation in the enterprise and developing tools for assessing the risks
of innovation in the enterprise to achieve long-term goals.

Analysis of research and publications. The problem of risk assessment is
given much attention in the works of domestic and foreign scientists, such as
Valsamakis A. C. [7], Vivian R. W. [7], Du Toit G. S [7], Burke R. [3], Gray C.
F. [4], Larson E. W. [4], Veres O.M. [11], Katrenko A. V. [11], Rishnyak 1. V.
[11], Chaplyha V. M. [11], Harasym Yu. R. [13], Romaka V. A. [13], Rybiy M.
M. [13], Balabanov I. T. [8], Granaturov V. M. [14], Mostenska T. L. [19],
Skopenko N. S. [19], Donets O. M. [15], Savelyeva T. V. [15], Uretska Yu. L.
[15], Kovalenko V. V. [18], Zhezhukha V. Y. [16], Yankovsky N. A. [27],
Verbitska L. 1. [10], Baldji M. D. [9], [lyashenko S. M. [17], Vitlinskyi V. V. [12],
Velykoivanenko H. I. [12].

The purpose of the article. The purpose of this article is to improve
methodological approaches to assessing the risks of innovation in the strategic
planning of enterprise development and providing recommendations on the

possibility of their use.
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Research methods. A complex of theoretical research methods has been
used: deduction and induction, analysis and synthesis, comparison,
generalization, systematization and interpretation of results. The methodological
and informational basis of the work is scientific works of domestic and foreign
scientists and practitioners, materials of periodicals, Internet resources.

Result. Theoretical study of the possibility of using existing risk
assessment methods to assess the risks of innovation has shown that existing
methods can not be used in full and at each stage of the life cycle of an innovation
project [6].

In order to identify the most important factors of external (macro- and
micro-environment) and internal environment, which should be considered when
assessing the risks of innovation in strategic planning of enterprise development,
it is advisable to investigate the impact of factors at each stage of the innovation
project life cycle.

The proposed improved methodological approach to assessing the overall
risk of innovation, taking into account the risk factors of the external and internal
environment of the enterprise, is as follows:

1)  determination of the main components of risk factors of the external
(macroenvironment, microenvironment) and internal environment of the
enterprise;

It was suggested to use the following risk factors [20; 21]:

for the macro environment — scientific and technological (V;s), socio-
cultural (V,), economic (Vss), demographic (V,s), international (Vs,), political
and legal (Vi), natural and geographical (V,), environmental (Vgs);

for the microenvironment — caused by competitors (Y;5), caused by
customers (Y,), caused by intermediaries (Y34), caused by suppliers (Y,), caused

by contact audiences (Ys;);
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for the internal environment of the enterprise — production (Z;), marketing
(Z,5), 1nnovation (Zs,), information (Z,s), time (Zsg), financial (Zgs),
technological (Z), labor (Zg,), management (Zo), spatial (Zs)-

If necessary, each company can formulate its own list of risk factors that
will be most characteristic of it and take into account all the specifics of a
particular company.

2)  conducting a survey by pairwise comparison of the degree of
influence of each of the components of the risk factors of the external
(macroenvironment, microenvironment) and internal environment of the
enterprise depending on the stage of the life cycle of the innovation project;

To create a matrix of pairwise comparisons in general, assume that C;, C,

. C,, — set of objects (possible actions). Quantitative judgments about a pair of

objects (C;, C;) is represented as a size matrix n X n

A=(a;),G,j=12..n).

Elements a;; meet the following requirements:

Ifa; = a, then aj; = % a + 0.

If, as a result of expert judgments, it is established that C; and C; ave the
same relative importance, then a;; = 1, a;; = 1, in particular, a; = 1 or all i.

To make pairwise comparisons of objects using subjective judgments, it is
advisable to use the Saati scale (standard comparison scale) [26, p. 547; 22, p. 53].

To determine the importance of factors, it is first necessary to build a matrix
of pairwise comparisons for risk groups (Table 1), this will determine which group
of factors has the greatest impact at the appropriate stage of the project life cycle.

It should be noted that when comparing risk factors should take into account the

possible negative impact, ie one that can lead to undesirable results.
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Table 1

Comparison of groups of risk factors at the stages of the project life cycle

Macroenvironment | Microenvironment Internal
(R1s) (Rys) environment
(R 3s )
Macroenvironment (R;) 1 ki k3
Microenvironment (R,;) 1 /1 1 ks
1 12s 1 1
Internal environment (R
( 35) /k13s /k235

Source: elaborated by the author

The matrix of pairwise comparisons in General for the risk factors of the
macroenvironment of the enterprise are presented in Table 2.
Table 2
Matrix of pairwise comparison of risk factors of the macroenvironment of

the enterprise

Ve | Voo | Voo | Ve | Voo | Voo | Vi | Vs
VlS 1 h’lZS h’13S h’14-S h’lSS h’lﬁS h’17S h’lBS
VZS 1/h125 1 h235 h24—S h255 h26S h27S hZSS
V3S 1/h135 1/h235 1 h34—S h355 h36S h37S h38$
V4-S 1/h14,5 1/h24.s 1/h34.5 1 h455 h46S h47S h48$
Vss | Yo | Yhgee | hage | Vhage | 1| Pses | hers | s
Vs | Ve | Vhee | Thage | Vhage | hee | 1| Ters | hess
Vs | Yo | Yhage | hage | Vhaze | Uege | Vngs | 1| Pres
Vos | Ynige | Yhase | Thage | Vhuse | hese | Vnage | Vhge |

Source: elaborated by the author

The matrix of pairwise comparisons in General for the risk factors of the

microenvironment of the enterprise are presented in Table 3

International Scientific Journal “Internauka”. Series: “Economic Sciences”
http://www.inter-nauka.com/magazine/economy/



International Scientific Journal “Internauka”. Series: “Economic Sciences”
http://www.inter-nauka.com/magazine/economy/

Table 3

Matrix of pairwise comparison of risk factors of the microenvironment of

the enterprise

Yis Yo Y35 Yys Yss
Yis 1 G125 YJ13s YJ14s Yiss
Y25 1/g125 1 923s 924s 9255
Y35 1/9135 1/9235 1 Y934s 9355
Yas 1/9145 1/9245 1/9345 ! Gass
YSS 1/g15s 1/9255 1/9355 1/9455 !

Source: elaborated by the author

The matrix of pairwise comparisons in General for the risk factors of the

internal environment of the enterprise are presented in Table 4.

Ta

ble 4

Matrix of pairwise comparison of risk factors of the internal environment

of the enterprise

le ZZS Z3s Z4s ZSS Zﬁs Z7s ZBS Z9s ZlOs
Zys 1 O12s 013s O14s O15s O16s 017s O18s O19s | O110s
Zs 1/0125 1 0235 0245 0255 0265 0275 0285 0295 | O210s
Z3s 1/0135 1/0235 1 0345 0355 0365 0375 038s 0395 | 03105
Zys 1/0145 1/0245 1/0345 1 0455 O46s 0475 O48s O49s | Os10s
Zss 1/0155 1/0255 1/0355 1/0455 1 Os6s Os7s Osgs Os9s | Os10s
Zes 1/0165 1/0265 1/0365 1/0465 1/0565 : O67s | Q68s | %69s | 610s
Z7s 1/0175 1/0275 1/0375 1/0475 1/0575 1/0675 ! O78s 0795 | 9710s
Zas 1/0185 1/0285 1/0385 1/0485 1/0585 1/0685 1/0785 ! Og9s | Os10s
Zos 1/ O19s 1/ 0295 1/ 0395 1/ 0495 1/ Os9s 1/ Og69s 1/ 0795 1/ Ogos ! 99105
Z10s 1/01105 1/02105 1/03105 1/0410s 1/05105 1/06105 1/07105 1/08105 1/09105 !

Source: elaborated by the author

3)  use of the method of analysis of hierarchies in order to obtain the

weights of risk factors of each expert and calculate the coefficient of consistency

of responses of each expert on risk factors of external (macroenvironment,
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microenvironment), internal environment and groups of risk factors depending on
the life cycle of the innovation project;

After presenting quantitative judgments about pairs of objects (C;, C;) in the
numerical expression a;;, it is necessary n possible objects (actions) Cy, C; ... €y,

to match the set of numerical weights w;, w, ... w,, which would correspond to
the obtained judgment.

After pairwise comparisons, the matrix must be normalized. This is done
by summing the numbers in each column and then dividing each element of the
column by the amount obtained for that column.

The next step is to calculate the coefficient of consistency and check its
value. The purpose of this step is to verify the consistency of the specified benefits
of the original data.

The calculation of the coefficient of consistency consists of three stages
[26, c. 553]:

calculation of the degree of consistency for each criterion;

calculation of the consistency index (CI);

calculation of the coefficient of consistency (CR), calculated by the

formula:

CI
CR= = (1)

where CI — Consistency Index; Rl — Random Index.
In the Table 5 shows the values of the randomization index for different

matrix sizes.

Table 5
Randomization index for different matrix sizes [26, p. 553]
n 2 3 4 5 6 7 8 9 10
RI 0 0,58 0,9 1,12 1,24 1,32 1,41 1,45 1,51
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It should be noted that if the consistency ratio is too high (more than 0.10
according to Saati), then the expert was not consistent enough in his assessments
and it is necessary to return and review the results of pairwise comparisons.

4)  calculation of the concordance coefficient by risk factors of external
(macroenvironment, microenvironment), internal environment of the enterprise
and groups of risk factors depending on the stage of the innovation project life
cycle for agreed answers of experts and adjustment of concordance coefficient by
excluding answers of experts contradicting the majority;

The concordance coefficient is used to determine the consistency of experts'

opinions, calculated by the formula [25, c. 378]:
S

W=

T, . - (2)
17 (m (n3—n) —mYTL, T))

where S — the sum of the squares of the deviations of all estimates of the
ranks of each object of examination from the average value; n — number of objects
of examination; m — number of experts; Tj — an indicator that takes into account

the coincidence of ranks and is calculated according to the formula [25, c. 378]:

n
ENCEED 3)
k=1

where tk — the number of repetitions of rank k when ranking factors by the
j-th expert.

The concordance coefficient varies in the range 0<W<I, where 0 — is
complete inconsistency, 1 — is complete unity.

5)  calculation of the total weights of each external risk factor
(macroenvironment, microenvironment), internal environment of the enterprise
and groups of risk factors depending on the stage of the life cycle of the innovation
project for agreed answers of experts by calculating their arithmetic mean;

6)  obtaining equations to calculate the impact of risk factors of external

(macroenvironment, microenvironment), internal environment of the enterprise
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and groups of risk factors depending on the stage of the life cycle of the innovation
project;

The objective function in general will look like:

R = Yi_iw; XR; 4)
where w; — the weight of the i-th factor, w; > 0; R; — the value of the i-th
factor; n — the number of factors.

Taking into account the analyzed factors of the external and internal
environment, the formula of the general risk assessment of innovative activity
should be presented as follows:

R = Kis X Ris + Kps X Rps + K35 X R (5)
where R, — risk caused by the impact of the macro-environment of the
enterprise at the appropriate stage of the project life cycle; R, — the risk caused
by the impact of the microenvironment of the enterprise at the appropriate stage
of the project life cycle; Rz — the risk caused by the impact of the internal
environment of the enterprise at the appropriate stage of the project life cycle;
Ky, Ky, K35— the corresponding weights of each risk group, calculated by
pairwise comparisons, at the appropriate stage of the project life cycle; s — the
appropriate stage of the project life cycle.

The group of risks associated with the macro-environment has the greatest
degree of uncertainty, as the company cannot influence them. To assess the risk
of the macro-environment of the enterprise at the appropriate stage of the life
cycle of the enterprise, it is proposed to use the following formula:

Ris = Hys X Vig+ Hps X Vos + Hzg X Vas + Hyg X Vg + Hss X Vs +
+ Hes X Vs + Hs X V75 + Hgs X Vs (0)
where Hyg, Hy, Hag, Hys, Hsg, Heg, Hys, Hgg — the corresponding weights of
each risk factor of the macro-environment of the enterprise, calculated by pairwise
comparisons, at the appropriate stage of the project life cycle; s — the appropriate

stage of the project life cycle.
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To assess the risk of the microenvironment of the enterprise at the
appropriate stage of the life cycle of the enterprise, it is proposed to use the
following formula:

Rys = G1s X Yig + Gos X Yo + G35 X Y35 + Gy X Yy + G55 X Vs (7)

where G, Gy, G3g, Gy, Gss — the corresponding weights of each risk factor

of the enterprise microenvironment, calculated by pairwise comparisons, at the

appropriate stage of the project life cycle; s — the appropriate stage of the project
life cycle.

To assess the risk of the internal environment of the enterprise at the
appropriate stage of the life cycle of the enterprise, it is proposed to use the
following formula:

R3s = 015 X Z1s+ Op5 X Zp5 + O35 X Z35 + Ogs X Zys + Os5 X Zss +

+ O¢s X Zgs + O75 X Z75 + Ogs X Zgs + Ogs X Zgs + 0105 X Z105  (8)

where 04, 05, O3, Oy, Osg, Ogg, 074, Ogs, Ogg, 0195 — the corresponding
weights of each risk factor of the macro-environment of the enterprise, calculated
by pairwise comparisons, at the appropriate stage of the project life cycle; s — the
appropriate stage of the project life cycle.

7)  1dentification of the most risk-generating factors depending on the
stage of the life cycle of the innovation project to provide recommendations to
enterprises to develop optimal ways of risk management;

8)  calculation of the impact of each risk factor at the appropriate stage
of the life cycle of the innovation project of the enterprise by interviewing experts
of the enterprise by scoring, where 10 — the greatest impact, O — the least impact,
for each proposed innovation project;

9)  calculation of risk, in order to compare each of the considered
innovative projects of the enterprise, as well as assigning risk to one of the five
areas of risk: risk-free area, minimum risk area, high risk area, critical risk area

and unacceptable risk area [24].
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To calculate the total risk of non-implementation of an innovative project,
we use the theorem of multiplication of probabilities of two dependent events.
Event B is called event A dependent if the probability of event B changes
depending on whether event A occurred or did not occur. The probability of event
B, calculated under the condition that another event A took place, is called the
conditional probability of event B and is denoted by P,(B)[23, c. 20-21].

The probability of the product of two events is equal to the product of the
probabilities of one of them by the conditional probability of the other, which is
calculated provided that the first event occurred:

P (AB) = P (A) x P4(B) )

Probability of product of several events [23, c. 20-21]:

P(AA; ... Ay) = P(4;) X PAl(AZ) X Py a, (A3) X ... % PA1A2...An_1(An) (10)

The probability of each subsequent event is calculated provided that all
previous ones have taken place.

The considered methodical approach allows to allocate the most risk-
forming factors at each stage of a life cycle of the innovative project. The
calculation of the final value of the risk of each project of the enterprise is possible
under the assessment of risk factors of the enterprise (using a rating scale that will
identify risk factors of each of the factors for each of the analyzed projects).

This will allow to generalize the risk factors depending on the stage of the
life cycle of the innovation project and will allow to pay attention to those factors
that most influence and have the greatest possible degree of damage. This will
allow the company to increase the efficiency of risk assessment in order to achieve
the strategic goals of the enterprise, as well as to compare the riskiness of potential
innovative projects in order to implement the development strategy of the
enterprise.

Although the considered methodological approach has a number of
advantages, namely identification of the most risky stages, identification of the

most risky risk factors at each stage of the innovation project life cycle,
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calculation of the overall risk of project failure, however, it requires significant
calculations and a large number of surveys. Also, the use of such a method
requires considerable experience from experts and the ability to assess the
probability of occurrence of certain events, as well as a deep understanding of the
specifics of the enterprise and the features of the project to be implemented. This
method should be used by companies that implement a large number of projects
in one area and can influence the most risky risk factors in order to reduce the
overall risk of non-implementation of the project.

In order to pre-assess the probable risk at each stage of the project life cycle,
as well as the overall risk of project failure when it is impossible to use a
methodological approach which makes it possible to identify the most risk-
generating factors, it is advisable to use a alternative methodological approach.

We hypothesize the possibility of abstraction and formalization of the
process of assessing the risks of innovative activities of the enterprise using a
mathematical apparatus.

The duration of the project life cycle is a random variable, denote it by X.
We set the function of the distribution of the life cycle of the project as a function
whose value is for the argument t > 0 (where t — stage) shows the probability
(P) hat the duration of the project life cycle will be less than or equal to t stages.
That 1s, the function of the distribution of the life cycle of the project is denoted
by

F(t)=PX<t) (11)

In practice, to assess the risks of innovative activity of the enterprise, it is
more convenient to use not the distribution function itself, but the project survival
function obtained on its basis. Function S (t ) is defined as the survival function
of the project, which for the argument ¢ > 0 shows the probability that the
duration of the project life cycle will be more than t stages:

S@W=PX>t)=1—-PX<t)=1-F(0t) (12)
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To formalize the process of assessing the risks of innovation, the survival
function of the project must have the following properties:

S(0) = 1, because potentially the project can go through all stages of its
life cycle, S (o) = 0, because hypothetically the duration of the project life cycle
is a finite value, in practice it is necessary to determine the maximum number of
stages of the project w and assume that S (t) = 0 when t > w.

S(t) is descending, when t; > t, the condition is fulfilled S(t;) < S(t,),
S(t) is continuous, so that the mathematical characteristics of the survival
function do not contradict its meaning.

To do this, the innovative activity of the enterprise is considered as a set of
innovative projects, which are characterized by a life cycle, stages (components
of the life cycle of an innovative project). It is emphasized that the duration of the
life cycle of an innovation project will not mean the calendar duration (in years,
months, days, etc.), but a set of individual stages (components of the life cycle of
the innovation process), which form the content of the innovation process as
milestones.

To build the survival function, it is first necessary to form a table of stages
of project closure, which can be obtained from empirical data (survey data) and /
or statistics. To build a survival function you need:

identify the stages / substages of the life cycle of the innovation project that
will be specific to your company or use the generally accepted theoretical
developments of scientists;

determine the number of projects, information about which you can analyze
and determine at what stage / substage of the life cycle of the innovation project
they ceased to exist;

for each project or group of projects (if it is possible to collect data from a
group of enterprises) to calculate the probability of transition to the next stage /

substage of the life cycle of the innovation project;
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calculate the weighted average value of the probability of transition of an
innovative project from one stage to another f(t);
calculate F (t) for each selected stage according to the formula of
probability of product of several events by product of weighted average values of
probability of transition of the innovative project from one stage to another of all
previous stages. That is, F (1) = f(1); F 2) = f(1) X f(2); ...; F(X) =
f() X f(2) X ..x f(X).
calculate S(t) by formula 12.
For a group of /y newly created projects, denote by /. the average number
of projects in this group that continue to exist in the x-th substage. Then
Le=1S (x) (13)
The average number of projects in this group that ceased to exist (closed)
in the period from x to x+¢ substages, denote dx
dy = Ly = Lyt = [p(S(x) = S(x+1)) (14)
The variance of the number of enterprises in this group that ceased to exist

(closed) in the period from x to x+¢ substages, is calculated by the formula:

dx
S =dy (1 - (15)

The density function of the life cycle distribution of project X closed project
curve) is determined by:
f@® =-S5 = F', (16)
S = [ f®at, (17)
The curve of closed projects roughly reflects the average number of projects
from the initial population that were not implemented between ¢ and ¢+ stages.
To formalize the process of assessing the risks of innovation, the function

that describes the curve of closed projects must have the following properties:
f()=0;/ OOO f(t)dt = 1, because there really is a survival function of the

innovation project for which the following is performed f(t) = —S'(t).
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We formalize the value of u, as the intensity of project closure, it should
approximately show the probability that the project, which is in ¢ stage, will be
closed during the next stage, and is calculated by the formula:

o _ro_ _so

=170 " 5o~ ~ so (18)
To formalize the process of assessing the risks of innovation, the intensity

of project closure should have the following properties: u, = 0; S(t) =

e o Hudi \where u — stages of possible liquidation, which occur after the project
¢ stages.

For practical application, the above characteristics must be represented in
the form of functions (analytical models of project closure) of a certain type,
depending on the parameters. Parameters can be determined from empirical or
statistical data. As analytical models of project closure, it is possible to use the
following: de Muavre model [2], Gompertz model [1], Meikham model [5].

To compare the stages / stages of projects in different areas in which they
closed, it is advisable to formalize the average life cycle of the project

(mathematical expectation of the life cycle of project X) as :

E(X)="ey = [, tf(O)dt= [ S(t)dt (19)

and the variance “c?:
lo? = M(X?) — %2 (20)
MX? = [ t*f(t)dt =2 [ tS(t)dt (21)

where M — mathematical expectation of the value.
It is also possible to calculate the probability that the project in stage x will

go through t more stages, but will be liquidated during the next u stages (1.q,):

S(x+t)—-S(x+t+u)
iy = S() = Py — t+uPy = t+ufx — Gy (22)

The calculation of these characteristics will allow the company to compare
innovative projects in different industries and identify the most promising that can

be further implemented for the development of the enterprise.
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This methodological approach has a number of advantages, namely the
ability to pre-estimate the probability of non-implementation of the project, does
not require significant calculations and expert assessments, however, at the same
time it requires a significant amount of data on project mortality (because only in
this case ). If the company implements a significant number of projects and has
its own statistics, then this method will help to cut off projects that are not
implemented in the near future and not to use time-consuming calculations.
However, if the company does not have such statistical information, it is necessary
to spend time conducting an expert survey.

If the company implements a significant number of projects, data on non-
implementation of projects will allow to analyze the most risky stages and stages,
as well as using formulas to calculate the probability that the project, which is
currently at a certain stage, will pass a certain number of stages or implemented.

Conclusions and prospects for further research. Thus, it can be argued
that the considered methodological approaches have their advantages and
disadvantages, as well as features of application. The methodological approach
which makes it possible to identify the most risk-generating factors allows to
identify the most risk-forming factors at each stage of the innovation project life
cycle and allows to identify risk-forming factors of each of the considered factors
for each of the analyzed projects of the enterprise. alternative methodological
approach will allow to estimate in advance the probability of realization / non-
realization of the project depending on the available statistical information on
innovative projects and to predict the possibility of closing projects with analytical
models.

The scientific novelty of the obtained results i1s to improve the
methodological approach to assessing the overall risk of innovation, taking into
account the risk factors of the external and internal environment of the enterprise,
which in contrast to the known stage of the innovation project life cycle; and

allows to take into account each alternative opinion of the expert by using the
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method of analysis of hierarchies in order to objectively identify the risk factors
of each stage; as well as improving the methodological approach to determining
the risk of an innovation project, which, unlike the known ones, is based on the
differentiation of the innovation life cycle; and allows to assess the risk inherent
in both individual stages of the life cycle of the innovation project and the
innovation project for a certain planned period of time.

In further researches it is planned to compare calculations on each of the
offered methodical approaches and to give recommendations on expediency of
use of the specified approaches depending on branch of functioning of the

enterprise, the size of the enterprise and its stage of a life cycle.
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