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Analysis of the current state of project management shows a significant increase in the number
of projects implemented in the spheres of construction, public administration, energy, consulting,
and digital technologies. Professional project management allows to effectively allocate responsibili-
ties and responsibilities between project participants, save money and time, reduce risks. Under-
standing the importance of future development, the heads of organizations are increasingly using
project management methods to create competitive advantages, and in the applied theory of mana-
gement of organizational systems, more attention is paid to the teamwork of the organization's per-
sonnel.

An important task in the management of the project team is the formation of a system of incen-
tives for its participants, whose task is to ensure the implementation of the project on time without
additional budget expenditures. In order to maintain the motivation of project team members, indi-
vidual and unified incentive schemes.

The disadvantage of individual incentive systems is, firstly, unequal conditions for encouraging
different groups of performers, and secondly, the danger of manipulation, that is, deliberate distor-
tion of information on the amount of work and costs transferred from the members of the project
team. In order to exclude distortion of information and reduce tension in the project team, unified in-
centive schemes apply when the incentive mechanism is the same for all performers. Intermediate
position is occupied by the group incentive schemes, when a number of project operations are divid-
ed into groups, for executors of each of which a unified incentive system is applied.

The article considers jumping unified stimulation systems, and the problem of choosing the op-
timal group incentive system is solved.

Keywords: project, team, cumulative unified incentive systems, group incentive schemes.

Introduction

Analysis of the current state of project management shows a significant increase in the number of
projects implemented in the spheres of construction, public administration, energy, consulting, and digi-
tal technologies. Professional project management allows to effectively allocate responsibilities and re-
sponsibilities between project participants, save money and time, reduce risks. Understanding the im-
portance of future development, the heads of organizations are increasingly using project management
methods to create competitive advantages, and in the applied theory of management of organizational
systems, more attention is paid to the teamwork of the organization's personnel.

The organization of teamwork is one of the fundamental principles of project management, which
involves the formation of teams, the organization of their effective work and interaction with the goal of
uniting and coordinating the efforts of all the performers involved in the project.

The urgency and scientific significance of the issue

The problems of the formation and functioning of teams are investigated in sociology — in the works
of R.M. Andreeva, T.P. Galkina, A.V. Zhutkina, K. Levina, A.L Prigogine; psychology —
in the works of V.V. Avdeeva, M.Yu. Gubieva, V.V. Isaeva, V.I. Kornienko, Yu.V. Sinyagin,
K. Foppel, R. Chaldini, S. Tannenbaum, R. Beard, E. Salas; management — in the works of
T.Yu. Bazarov, S.A. Barkalov [1, 2], P. Drakker, V.N. Mikheeva.

The results of the study of mathematical models of the formation and functioning of teams are
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reflected in the works of B.N. Burkov [3], D.A. Novikova [4, 5], A.G. Chkhartishvili, V. Holmstrom,
J. Marshak, R. Radner. The current state of mathematical models of the formation and functioning of
teams includes several research directions: assignment models that use, in the main, the optimization
apparatus for solving the tasks of forming the composition of teams, the distribution of roles and
the scope of work; game-theoretic models; simulation models; Reflexive models using the apparatus of
the theory of reflexive games.

An important task in the management of project teams is the formation of incentive systems for pro-
ject team members. In this case, it is necessary to take into account the specifics of the project activity
[1, 2]. To the conditions of the project it is unproductive to apply methods of stimulating current work.
The task of the incentive system in project management is to ensure that the project is completed on time
without additional budget expenditures. The calculation of incentive payments should be based on not
only individual, but also team performance indicators.

When creating incentive systems for project team members, it is necessary to take into account
the specifics of the project activity. To the conditions of the project it is unproductive to apply methods
of stimulating current work. The task of the incentive system in project management is to ensure that
the project is completed on time without additional budget expenditures. The calculation of incentive
payments should be based on not only individual, but also team performance indicators.

In order to maintain the motivation of project team members, individual and unified incentive
schemes are applied. The disadvantage of individual incentive schemes is, firstly, unequal conditions for
encouraging different groups of performers, which can cause tension in the project team. Secondly, there is
a danger of manipulation, that is, deliberate distortion of information on the amount of work and costs
transferred from the members of the project team. In order to exclude distortion of information and reduce
tension in the project team, unified incentive schemes apply when the incentive mechanism is the same for
all performers. Intermediate position is occupied by group incentive schemes, when a number of project
operations are divided into groups, for executors of each of which a unified incentive system is applied.

Formulation of the problem
Linear incentive systems use the linear function of the time of reduction of operations h; =LA,

where A — the standard for reducing the duration, which is uniform for all operations, A; — is the plan-

ned decrease in the duration of the i-th operations. In the spasmodic incentive system, the premium C to
the performers of the operation does not depend on the magnitude of the reduction of the operation A;

and is the same for all transactions for which A; >0.
We consider linear cost functions of the form
¢, (t;,)=4, -k, i=Ln,
where ¢, <t,<D,, i=1,n;
By(8) = 0,(1}) = ;(a;). (1
For a linear cost function, the minimum costs for performing an operation are equal B; = 4; —k;D;,

and the maximum costs N; = 4; —k;d; . Note that in the absence of stimulation, the duration of the i-th

operationis D;, i=1,n.

Let the project be a sequential chain of # operations. Let's assume that the operations are numbered
in ascending order k;, i. e. k; <k, <...<k,. The value D, defines the standard duration of the i-th ope-
ration, and the value d; — the minimum possible. It is necessary to build an optimal incentive system.

For the construction of an optimal individual incentive system, we determine such a number j, that is
J-l J
Z(Dl- -d;)<0< Z(D,- —d;), where 0= ZDi —T - required reduction in project duration. Operations
i=1 i=1 i

i=1, j—1 and operations i = j +1, n scheduled duration t; =d,. The planned duration of the operation; is

-1
rj:Dj—e+jZ(D,.—d,.). )

i=1

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 153
2018. T. 18, N2 4. C. 152-159



KpaTtkme coobLieHus

Determine the total amount of premiums.
The amount of bonuses for operations i=1, j—1 is 4 =N, —B; =k;(D; —d;). The amount of bo-

j-1
nuses for operation j is h; =k;(D;—1;)=k;A; =k; {G—Z(Di —di)}. The amounts of bonuses for

i=l1

operations i = j+1,n are 0. The total amount of premiums is
Jj-1 ! 1
H=Yk(D,—7)+k {G—Z(Di —dl.)} =k;0— (k; —k;)(D; —d,).
1 i=1 1

We construct an optimal unified incentive system.
Theorem 1. There is a unified system, such that the planned duration of operations for individual and
unified incentive systems are the same, the standard A =k ; , and the total amount of premiums is & ;0.

Evidence. Given a standard 4 the reduction in duration is possible for operations for which &; <A,
that is, for operations for which the premium is not negative. It follows from condition (1) that A >k,
and hence the minimum A =k;. In this case, all operations for which k; <A the planned duration is ob-

tained 1; =d ;. If there are several operations for which k; =2, then we assume that the planned duration

of all such operations except for the operation j, is equal to d;, and the planned operation time j is (2).
The theorem is proved.
The difference between the total premiums of the unified and individual incentive systems is

j-1
H,—H=Y (k;—k)(D;—d,).
1

Jumping Unified Incentive Systems
Jumping unified incentive systems are characterized by the fact that premium C is the same for all
operations for which t; <D, or A; >0.

Let the premium value C be given. In this case, the task is to shorten the duration of the project to
the required value so that the number of operations with A; >0s minimal. We show that this problem is

reduced to a discrete problem of optimizing the network by cost. For a given value of C the maximum
reduction in the duration of the operation (i, ;) is equal to

N, = min [Si; S] 3)
kj

Thus, the duration of each operation can take two values: the minimum value D; with zero costs
(premium) and the minimum value
Ej =Dy =y

with costs (premium) C for any operation.

A task. Determine the duration of operations so that the duration of the project was no more (7 — 0),
and the costs were minimal.

Discrete optimization problems belong to the class of complex problems of discrete optimization.

Consider the solution of this problem for aggregated networks. For this it is sufficient to consider
a solution for a serial and parallel chain.

Decision. Order the operations in descending order 1,. We define the minimal number of operations
such that the sum ), is at least 6.

For independent (parallel) operations, the problem is solved more simply.

Solving problems for sequential and parallel operations, we get the dependence S(7) of the premium
value from T for the whole aggregate project.

Example 1. Consider the network of Fig. 1 (operations are arcs). Data on transactions are shown in
Table. 1.
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Table 1
()] 0, D ©0,2) ©,3) (1,4 2,3 3.4
d; 1 1 1 2 1 3
D, 4 2 3 3 3 5
8 3 1 2 1 2 2

Fig. 1

We will be limited to consideration of C-systems.
I step. We consider sequential operations (0, 2), (2, 3). We have a dependence S ,,,, (1)

2 step. We consider parallel operations (0,

T

2

3

4

5

S

aggr

2c

c

Cc

3) and aggregated (0, 3). We have a dependence Sy;(1(3)

T 2 3 4 5
S 3c c c 0
3 step. We consider sequential operations (0, 1), (1, 4). We have a dependence S, (7y,4)
T 3 4 5 6 7
S 2c c c c 0
4 step. Consider sequential operations aggregated (0, 3) and (3, 4). We have a dependence S, (t(4)
T 5 6 7 8 9 10
S 4c 4c 3c c c 0
5 step. We consider parallel operations (0.4) and (0.4") (both aggregated). We have a dependence S(7)
T 5 6 7 8 9 10
S 5c S5c 3c c c 0

The described algorithm can be used to obtain lower bounds, transforming an arbitrary network into

an aggregate.

Group incentive schemes

Consider the problem of choosing the optimal group incentive system in the following formulation.
A plan was drawn up to shorten the duration of the project, in which the duration and operations are re-
duced by A; having the cost function coefficients K; with a linear incentive system, the incentive rate is
A maxK;, and the incentive fund is

@ =AZAi. “4)

We will set the task of synthesizing the optimal group incentive system for a given number of
groups m<n (it is clear that when we have an individual incentive system m =n). Let the norms be
defined

M <A, <..<A,, =maxK,

1

for each group. We denote by O, the set of operations for which K; <2 ;.

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay.
2018. T. 18, N2 4. C. 152-159

155



KpaTtkme coobLieHus

Theorem 2. The j-th group includes operations of the set O; \Q,_; (by definition Q) =< ).

Evidence. Let there be an operation S such that K, < A, but SeQ,, where />;. The award to
the performers of the operation S is equal toA, - Ay . We transfer the operation S to the group j. In this
case, the premium will be A ; - Ag, less than A, -Ag. The theorem is proved.

To solve the problem, we define n+ 1 vertex graph (network) with input 0 and output n (Fig. 2).

oYo=o=oN0o

Fig. 2

Let K; be numbered in ascending order, that is, K; <K, <... <K,

The arc i, j of the graph reflects the fact that the operations i + 1, m, j belong to one stimulus group,
and the incentive standard in this group is K. Note that any path in a graph joining an input with an out-
put and having m arcs determines uniquely the partition of operations into groups and the corresponding
norms A;. The reverse is also true, to any partition of the executors of operations in the team into incen-
tive groups there corresponds a certain path in the graph connecting the entrance with the exit.

Define the arc length (i, j)

J

I =K; Y A,. )
S=i+l

We show that /;; is equal to the fund for stimulating the group of operations (i + 1, m, j).

Indeed, the incentive standard for this group is K}, and the total reduction in the durations of group

J
operations is z Ag .
S=i+l

Consequently, the length of any path from the m arcs connecting the entrance to the exit is equal to
the value of the incentive fund.

Task. Define m — is the path (the path containing m arcs) of minimal length.

This problem is a rather complex task of discrete optimization. Taking into account that the number
of groups is usually small, the problem can be solved by brute force.

Example 2. The values K, i = 1, 7 are given in Table 2.

Let m = 3. We fix the value A, = K; and solve the problem for operations i + 1, ..., n and two groups.

The search of all possible A; and allows to determine the optimal system for mst m = 3.

Table 2
i 1 2 3 4 5 6 7
K; 1 3 4 7 8 10 12
A; 5 4 3 6 2 7 4
We assume that the group can not include only one operation.
1 step. \ = 3.
A 7 8
o 246 247
Optimum system A; =3, X, = 7, ® = 246.
2 step. M = 4.
A 8
) 244
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Comparing 3 options, we find the optimal incentive system:
M=4, 01=(1,2,3)
Mh=8, 0\0i=(4,5);
=12, 0\0,=(6,7),
and a minimum incentive fund ® = 244,

A similar problem can be solved for the C-stimulus system. Let the operations, the reduction values
of their durations, and the coefficients K; be given. The size of the premium is obviously equal to

C=max KA,
and the incentive fund ®=C-n.

Let all operations be divided into m groups and numbered in ascending order KA;, i.e.
KA <K)A, <...<K,A, . Let the bonuses be determined C; <, <...<C, =C=max KA, .

We denote by Q; the set of operations for which K;A; <C;. Then it is obvious that

C; =max KA,
i€Q;
and the incentive fund is
©=3 C;N(0,.0;1). ()
J

where N (Q O H) number of operations in the j-th group.

The problem, like the previous one, reduces to determining the shortest m-paths in a graph with arc
lengths

L =KA;-(j—i). (7

With a small number of groups, the problem, like the previous one, can be solved by exhaustive
search.

Example 3. Take the data of Example 2. Number of groups m = 3.

1 step. Take the first group of operations (1, 2), C; = 12.

We have two options for groups 2 and 3. In the first variant, the second group (3, 5) with C, = 16,
and the third (4, 6, 7) with C; = 70. The incentive fund is

O =2-12+2:16 +3-70 = 266.

In the second variant, the second group (3, 5, 4) with C, =42, and the third (6, 7) with C5=70.
The incentive fund is

O =212 +3-42 +2-70 = 190.
2 step. Take the first group of operations (1, 2, 3), C; = 12. There is only one option in the second

group to include operations (5, 4) with C, =42, but in the third operation (6, 7) with C; = 70. The incen-
tive fund is

O =312 +2:42 +2-70 = 260.

Optimal is the option (1, 2, 3), (5, 4), (6, 7) with the fund 260.

In this case, the group L-system is more effective than the group C-system. However, we can cite
problems in which the group C-system is more effective (for the same number of groups).

Conclusion

Group incentive systems occupy an intermediate place between individual systems and unified
systems. They to some extent reduce the shortcomings of individual systems, as they generate compe-
tition both within groups and between groups and at the same time, as a rule, more effective than uni-
fied ones. The problem of constructing optimal group systems for arbitrary network graphs, and
the development of effective algorithms for determining shortest paths with a fixed number of arcs are
of interest.
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CUCTEMbI CTUMYJIMPOBAHUA B YINPABJIEHUAU NMPOEKTAMMU

C.A. Bapkanos', B.H. Bypkoe?, H.t0. KanunuHa', T.B. HacoHoea'

" BopoHexckutl 20cydapcmeeHHbIl mexHuyeckull yHusepcumem, 2. BopoHex, Poccus,
2 luecmumym npobrnem ynpaeneHusi um. B.A. TpanesHukosa Poccutickoll akademuu Hayk,
2. Mockea, Poccusi

AHanu3 COBPEMEHHOTO COCTOSIHHMS YIPABIICHUS IPOEKTaMHU ITOKA3bIBAET CYIIECTBEHHOE YBEJIHU-
YEeHHE KOJMYECTBA IPOEKTOB, PEAIN3yEeMBbIX B C(hepax CTPOUTEIHCTBA, TOCYJapCTBEHHOTO YIIpaBIIe-
HUS, PHEPIeTUKH, IN(PPOBBIX TeXHOJIOTHH. [loHNMast BaKHOCTh OyAyIIero pa3BUTHS, PYKOBOAUTEIH
OpTaHU3aIi MPUMEHSIIOT METOJIBI YIPABICHUS NMPOSKTaMH [UIS CO3/IaHUS KOHKYPEHTHBIX IMpPEeUMy-
IIECTB, @ B IPUKJIATHON TEOPUH YIIPABICHUS OPTaHU3AIMOHHBIMH CHCTEMaMH Bce Ooubliiee BHIMA-
HHE YyZeTsIeTCsl KOMaHIHOM JIesITebHOCTH TIEPCOHANa OpPraHU3altu.

Baxxnas 3amada B ynpaBiieHHH IIPOEKTHONH KOMaHIOH — (hOpPMUpPOBaHHE CHCTEMBI CTUMYIHPO-
BaHUs €€ YYaCTHHKOB, 33/1a4a KOTOPOH — 00eCreunTh BBHIMIOJHEHHE MPOEKTa B CPOK O€3 JOIOIHU-
TEJNBHBIX PacxoloB OopkeTa. B mensax moanep:kaHus MOTHBALMK YYaCTHHKOB MPOCKTHBIX KOMAaH[
MPUMEHSIOTCS UHOUBUOYAIbHBIE U YHUDUYUPOBAHHbIE CUCTEMBI CTUMYJIUPOBAHHSL.

HenocratkoM unousudyanvhvix cucmem CMUMyaupo8anusi SBISETCS, BO-TIEPBBIX, HEPaBHbBIC
YCIIOBUSI TIOOLIPEHUS PA3IMYHBIX T'PYNI MCIOIHUTENEH, a BO-BTOPBIX, OIMACHOCTh MaHHITYJIHPOBa-
HUS, TO €CTh CO3HATENIFHOTO MCKaXeHMs1 MH(opmanun o6 oObeMax paboT W 3aTparax, IepeaaBae-
MOH OT YJICHOB MPOECKTHON KOMaH/BI. J[JIs TOro 4TOoOBI HCKIIOUUTh UCKaXCHNE HH(POPMAIUN U CHU-
3UTh HANPSDKEHHOCTh B KOMaHJE MPOEKTa, MPUMEHSIOT VHUGUYUPOGAHHble CUCTEMbI CTUMYJIHPOBa-
HUS, KOTJ]a MEXaHU3M CTUMYJIHPOBAHUSA OJMH M TOT Xe I BCeX HCIoMHHUTeNeH. [IpoMexyToanoe
HOJIOKEHNE 3aHUMAIOT 2pPYNnoGsie CUCHEeMbl CIMUMYIUPOEAHUs, KOTja MHOXKECTBO Olepanuii mpoek-
Ta pa30MBaeTCsl Ha TPYIIIbL, JJISl UCTIOMHUTEINEH KaXKI0H U3 KOTOPBIX MPUMEHSETCS YHUPHUIUPOBaH-
Hasl CHCTEMa CTUMYJIUPOBAHHUS.

B crathe paccMaTpuBarOTCS CKauykooOpa3Hble YHU(HUIIMPOBAHHBIE CHCTEMBI CTHMYJIHPOBAHHUS,
U pelIaeTcs 33/1a4a BpIOOpa ONTUMATBHON TPYIIIOBOM CHCTEMBI CTUMYJIMPOBAHUSL.

Knioueswie cnosa: npoexm, xomanoa, ob6veourenHvle YHUDUYUPOBAHHbIE CUCIEMbl CIUMYIU-
PpOBanus, 2pynnosvie CUCmeMbl CHUMYIAUPOBAHUS.

158 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2018, vol. 18, no. 4, pp. 152-159



Bapkanoe C.A., Bypkoe B.H., CucmemMbl cmumMyniupoeaHus 8 yrnpaeJsieHuu npoekmamu
KanuHnuHa H.FO., HacoHoea T.B.

Jumepamypa

1. Komnemernmuocmuwlll HOOX00 8 YRPABAEHUU NEPCOHATIOM. OYEeHKA, 00yueHue, KOMaHO000pa3o-
sanue / C.A. bapkanos, T.E. Jlasvioosa, H.IO. Kanununa, B.b. Kypnocos. — Bopoueswc: Hayunas knuea,
2010. - 184 c.

2. Bapxanos, C.A. 3adauu nosviuienus ypoeHs KOMHEMEHMHOCMU NEPCOHANd op2anuzayuu /
C.A. bapkanos, H.1O. Kanununa, T.B. Haconosa // Dkonomuka u MEHeONCMEHM CUCTHEM YNPAGTICHUS. —
2017.—Ne 3.1 (25). — C. 110-116.

3. bypxos, B.H. Kax ynpasname npoexmamu: Hayy.-npakm. u30. / B.H. bypxos, d.A. Hosuxos. —
M.: CUHTEI - TEO, 1997. — 188 c.

4. Hosuxos, [.A. Mamemamuueckue modenu Gopmuposanus u @OYHKYUOHUPOSAHUSL KOMAHO /
J.A. Hosuxos. — M.: U30-60 ¢us.-mam. aum., 2008. — 184 c.

5. Hosukos, H.A. Cmumynuposanue 8 opeanusayuounvix cucmemax / [.A. Hoeurxos. — M.:
CHUHTET, 2003. — 312 c.

BapkasioB Cepreii AnekceeBu4, J1-p TexH. HayK, npodeccop, nekaH (akyabTeTa SKOHOMUKH,
MEHEDKMEHTa U MH()OPMAIIMOHHBIX TEXHOIOTUH, 3aB. Kadeapol ympaBieHHs CTPOUTENLCTBOM, Bopo-
HEXKCKUH rocyIapCTBEHHBIA TEXHUYECKUH YHUBEPCHUTET, T. Boponex; barkalov@vgasu.vrn.ru.

BypkoB Baagumup HukonaeBud, 1-p TEXH. HayK, mpodeccop, INIaBHBIH HAy4YHBIH COTPYIHUK,
Wucturyr npobnem ympaienus uMm. B.A. TpanesnukoBa Poccuiickoii akagemun Hayk, T'. MOCKBa;
vlab17@bk.ru.

Kannnuna Haranus IOpbeBHa, KaHJ. TeXH. HAyK, JOUEHT Kadeaphl YIIPaBICHUS CTPOUTEIHCT-
BOM, BopoHekckuii Tocy1apCTBEHHBINM TEXHUUECKHI YHUBEPCUTET, I'. Boponex; kalinina@vgasu.vrn.ru.

HaconoBa Tarpsina BuaanumupoBHa, KaHI. TeXH. HayK, CTapIIMil MpenojaBareib Kadeapbl
YIPaBIEHUSI CTPOUTEIBCTBOM, BOPOHEKCKHUI TOCYJapCTBEHHBI TEXHUYECKUN YHHBEPCHUTET, T. Bopo-
HEX; thasonova@vgasu.vrn.ru.

Ilocmynuna ¢ peoaxyuto 30 aszycma 2018 2.

OBPA3EIl HUTUPOBAHMUSI FOR CITATION
Incentive Systems in Project Management / S.A. Bar- Barkalov S.A., Burkov V.N., Kalinina N.Yu.,
kalov, V.N. Burkov, N.Yu. Kalinina, T.V. Nasonova // Nasonova T.V. Incentive Systems in Project Manage-
Bectauk IOYpI'Y. Cepus «KoMmmbloTepHBIE TEXHOIOTHH, ment. Bulletin of the South Ural State University.
yhpaBJeHue, pagrodnekTpornkay. — 2018, — T. 18, Ne 4. — Ser. Computer Technologies, Automatic Control, Radio
C. 152-159. DOI: 10.14529/ctcr180415 Electronics, 2018, vol. 18, no. 4, pp. 152-159. DOLIL:

10.14529/ctcr180415

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 159
2018. T. 18, N2 4. C. 152-159



