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DOAKTUYHA, TIPOTHO3HA I CTAHJAPTHA
BATATO®AKTOPHI UYTJIMBOCTI

It has been carried out the characteristics of the different
conditions of occurring the factor’s changes concerning the plan
(project) efficiency criterion. Depending on these conditions the
classification of multifactor sensitivity has been undertaken. It has
been offered the multifactor index of the plan (project) criterion’s
sensiti-vity on connections with all determining factors or with
factor’s groups. This multifactor index embraces all kinds of
sensitivity (factual, prognosticated, standard).
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30ilicnena xapakxmepucmuka pizHUX YyMO8 GUHUKHEHHS 3MIH
¢axmopis kpumepilo egexmuenocmi niany (npoexmy). IIlposedena
Kaacu@ixayis 3a yumu ymosamu 6a2amogpakmopHoi uymaueocmi
Kpumepiio.  3anpononogano  b6acamopaxmopHuili  NOKA3HUK
yymaueocmi - Kpumepilo Ha 36’A3KAX 3 YCiMA  GUIHAYANOYUMU
axmopamu abo ix epynamu. Pospobnenuti 6acamogaxmopuuil
NOKA3HUK YYMAUBOCMI OXONIIOE 6Ci GUOU YYMAUBOCHI ((hakmuuny,
NPOCHO3HY, CMAH-0apPMHY).

Knrouosi cnosa: xpumepii, paxmop, 3mina, Gaxmuunui,
NPOCHO3HUL,  CMAHOAPMHUL,  O0BLIbHUL,  OA2amMo@axmopHul
NOKA3HUK YYMIUBOCIMIL.
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Mnocogakmopuviii ananuz npeononacaem CcO8OKVHHOE U3-
MeHeHUe 8cex 0elCmeyIuUx GaKmopos il ux Spynn, aKkmyaibHblx
8 CNONCUBUIUXCS IKOHOMUYECKUX cumyayusix. H3zmenenus gaxmo-
PO8 NPOUCX005IM 8 PAZIUUHBIX YCILOBUSIX, KOMOPbLE HEOOX0OUMO Vil-
mwleams Kax npu NOCMAHOBKe 3a0ad UCCLe008aHUsl, MAK U NPU aHA-
ause ux nocredcmeuil. B ceszu ¢ smum npedcmasnsemcs yenecooo6-
PA3HLIM 8bIOENAMb Clledyouue 8U0bl USMEHEHUL aKmopos.

1. @akmuueckue uzmenenusn axmopos. B omy epynny u3-

MeHeHUU {Axl} 6X005M 3a0aHHbIe UBMEHEHUs hAKMOPO8 U PeanrbHO
obpasosannsle usmenenus Ax ,; ¢paxmopos. Hx modicno ommecmu K

COBOKYNHOCHU COOBIMULL, KOMOPbLe, BO3HUKASL NPU GLINOIHEHUU Nia-
Ha, yoice peanvHo cogepuiuaucy. Paxmuyeckoe usmeneHue Gaxmo-
P08 MOdCem NPOUCXo0umv HpU  OMCYMCMBUU  B3AUMOOCUCMEUs
medncdy Humu. Ho moocem umemv mecmo u ux 63aumogiusuue, He
6ce20a ouesuoHoe, Ho KOMopoe eCmecmeeHHbIM nymeM UHmespaib-
HO U AOEKBAMHO OMPANCACMCSL 8 BEIUYUHE BOZHUKAIOWUX anoCcme-

PUOPHBIX UBMEHeHUU haKmopos {Axl} B umoce, ucnonwvsyrowas

omu peailbHble pe3YIbmupyrouiue U3MeHeHus {Axl} payuoHaivrasd

Gopmyna cucmemHo20 MHO2OPAKMOPHOZO NOKA3AMENsT YYECMEU-
menvnocmu (MII49) xpumepusi maxoice 6ydem a0eK8amHO Y4umbl-
samv g3aumooeticmeue Gakmopos.

2. Ilpocnozupyemoie usmenenusn gpaxmopos { Ax, .}. Taxue

npi
UBMEHEHUsl C8A3AHbL C COOLIMUAMU, KOMOPble MO2YN COBEPUUMBCI 6
ovoywem. Ilpoenosupyemoe usmenenue Gakmopos umeem Mecmo
npu (00wem Ui YacmHoM) NAAHUPOSaHuu (npoexmuposanuu). Mo-
2ym Oblmb NPOCHO3bl OUCKPEMHBIX USMEHEHU UL NPOSHO3bl UHMED-
sana usmenenuil gpakmopos. IIpocHozuposanue usmenenuu gaxmo-
P08 Modicem Obimb OCHOBAHO HA ONbIME U UHMYUYUU, KO20d OHU, NO
Cymu, HA3HA4AIOMCcst CYObEKMOM.

3. Cmanoapmmuvie usmenenusn ¢paxmopos {Ax}. Ilpeo-

cmaeneHue 0 GeluyuHe peaKyuu Kpumepus Ha 6CI0 CO80KYHHOCMb
uMeHenull (haxmopos 8 YCI08UAX 3HAYUMENbHOU HeonpeoeieHHOo-
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cmu, Ko20a NpPOCHO3UpPOBARUE Henpuemiemo, MONCHO Noay4umse,
cocmaeue HeKOn’IOpblﬁ cucmemHulil nomenyual mepovl MHOZOd)aK-
n’lOpHOlZ uyscmeumeibHocmu, OCHOBAHHDIU HA cmaHOapmezx usme-

HenuAx gaxkmopos. Bemuuunvr smux usmenenuti Ax,, ¢ yuemom

cucmemHozo nodxoda, 6 MmMoM Hucie «paerHonpasus» qbakmopoe,
00J12CHbL ObIMD npurAmsl MAaKumu, umobsl 6ce UX OMHOULCHUS K

BEUHUHAM CE0UX (PaKMOPOE X; No MOOYIIO OblIU OOUHAKOEbIE.

Ilpeonooicennviili  cpeOnutl MHO20QAKMOPHBILL NOKA3AMENDb
yyecmeumenviocmu  (MITY) xkpumepus 3¢pghexmusnocmu  niana
(npoexma) 0606waem 0OHOGAKMOPHLII NOKA3AMENb UYECHEUMETb-
HOCMU, OX8AMbIEAET 8Ce MPU BUOA YYECMBUMETbHOCIU (hakmuye-
CKYI0, NPOSHOZHYIO U CHAHOAPMHYIO), NPUMEHUM HPU NPOU3BOTLHBIX
OONYCMUMbBIX USMEHEHUSAX PaKmopos.

Knwueswie cnosa: xpumepuil, paxmop, usmenenue, gaxmu-
yecKuil, NPOCHO3HBIU, CMAHOAPMHBIN, NPOUZBOJILHLIL, MHO20DAK-
MOPHYIIL NOKA3AMENb YY8CHEUMETbHOCTILL.

Problem statement. The works, dedicated to the
improvement of the  sensitivity researches of the plan criteria
towards the disturbing factors, are of big scientific and practical
interest. Being in tight connection with the planning departments'
activity concerning revealing and estimating plan risks (this activity
is especially important in competitive environment of the market of
the sea transport services), the sensitivity researches deserve special
attention. The researches of the efficiency criterion's reaction towards
any admissible factors' changes, occurring in different conditions and
considered in integral totality, are of big interest. The solution of
arising questions can be found on a way of development of the
multifactor sensitivity research offered by the author.

Review of the last researches and publications. One of the
basis of traditional researching such important relative characteristics
of the plan as sensitivities of its efficiency criteria, determining one-

factor sensitivity indexes on the connections y(x,,...,x,) with the

separate factors X; (i =1,...,n) [1; 2; 3; 4; 5; 6]. The average on the
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factor’s change Ax; X; (i=1,..,n) indexes of sensitivity

sens(y,x;) and point one-factor indexes of sensitivity sens*(y,x,)
are presented by the corresponding formulas:

V(X Xy geeas Xy 5 X+ DX X ey X, ) = V(X ey X))

Xjyeeer X,
sens(y, %) = M) (1)
X;
i=12,...n
sens *(y,x,) = lim sens(y,x;)= a—yM, (i=1,..,n)
Ax;—>0 ax X.

i i

Then the experts analyze the calculated values of sensitivity
indexes.

Along with advantages (simplicity, obviousness) the one-
factor sensitivity analysis has some disadvantages [1] and the
essential disadvantage is just its one-factor research as it doesn’t
allow ta-king into account the cumulative effect of the factors’
changes. Besides, the considerable part of this method represents the
expert analysis inevitably containing subjective conclusions.

The perspective multifactor sensitivity analysis will allow to
overcome the noticed disadvantages. The works [7; 8; 9; 10] are
dedicated to this problem. These works contain the formulation of the
problem about the reasonability of the multifactor approach towards
the multifactor sensitivity research of the effectiveness criterion and
they contain determining the average multifactor index of sensitivity
(MIS) in the assumption about identical-percentage factors’ changes.

In the works [11; 12] the notion of the average MIS has been
widened and it has been worked out the point MIS that have the
differential form.

Apparently, works [7-12] contain separate results of research
of the big important theme. Therefore they deserve development and
representation in interrelation.
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Tasks of research. The tasks of this research are:

1) the characteristic of different conditions of occurrence of
the factors’ changes and classification of the multifactor sensitivities
of the criteria on these conditions;

2) representation of the various MIS of the efficiency criteria
of the plan (project) towards any admissible changes of all factors or
of group of factors in different conditions.

Basic material of research. Multifactor approach towards
the criteria’s sensitivity research, in comparison with one-factor
sensitivity research, allows characterizing the plan’s (project’s)
stability towards disturbance influences of the changing factors.
Multifactor approach towards sensitivity and its analysis allows to
research the problems of plan’s (project’s) stability in case of
available, but not obvious, interrelation between the factors, when the
one-factor sensitivity researches are not sufficient.

Multifactor analysis assumes the cumulative change of all
operating factors or of their groups, actual in the developed economic
situations. Changes of factors occur in various conditions which are
necessary for considering both at statement of research problems, and
at the analysis of their consequences. In this connection it is reaso-
nable to allocate the following kinds of factors’ changes:

1. Factual factors’ changes. This group of changes {Axl}
includes the given changes of factors and really formed changes of
factors Ax . They can be carried to the totality of events which,

arising at fulfilling the plan, really has taken place already. Factual
change of factors can occur in the absence of interaction between
them. But it can be factors’ mutual influence, not always obvious, but
which is integrally and adequately reflected in the quantity of arising

posterior factors’ changes {Axl} As a result, using these real
resultant changes {Axl} the rational formula of the system

multifactor index of sensitivity (MIS) of the criterion also will
adequately consider the factors’ interaction.
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2. Prognosticated factors” changes {Ax,, }. Such changes

are connected with the events which can take place in the future. The
prognosticated factors’ change takes place at common or partial
planning. There can be prognostications of the discrete factors’
changes or prognostications of an interval of factors’ changes.
Prognosticating factors’ changes can be based on experience and
intuition when they, as a matter of fact, are set by the person. If the
totality of factors’ changes has set changes, they can be considered as
prognosticated changes with the probability equal to unit. In the
conditions of considerable uncertainties in factors’ changes,
forecasting is possible only with small probabilities of the events’
realization that actually excludes forecasting application.

3. Standard factor’s changes {Axst,-}. It is possible to get a

vision about the quantity of the criterion’s reaction towards the whole
totality of the factor’s changes in conditions of considerable
uncertainty, when forecasting is unacceptable, having made some
system potential of a measure of the multifactor sensitivity, based on

standard factor’s changes. The quantities of these changes Axst,-,

taking into account the system approach, including factors’

«equality», should be accepted such that their ratios to the factors X;

by module were identical that can be expressed by the formulas

+Ax
S — o =const>0,
X;
or
Ay =tax;, (ielcl...n)); )

the sign of changing Axm and set quantity O depend on the

criterion’s economic essence. The introduced changes Ax , of the

factors (2) are named standard [8], and the quantity ¢ is the module
of the standard relative factor’s change.
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To the described different kinds of factors’ changes there
correspond the following kinds of the criterion’s sensitivity:

1. The factual multifactor sensitivity of the criterion.

2. The prognosticated multifactor sensitivity of the criterion.

3. The standard multifactor sensitivity of the criterion.

Let’s give the formulas expressing the relative characteristics
of all kinds of multifactor sensitivity. Further all kinds of the factors’

changes will be designated by the symbol Ax;.

Supposing arbitrarily changed all » factors, we will note
formula of MIS as generalizing the one-factor index of sensitivity (1)
expressing the ratio of the relative changes of the criterion and of the
factor. We will introduce the following

DEFINITION. The average multifactor index of sensitivity

(MIS) of the plan criterion  y(x,,...,x,) towards the set of any
admissible changes of all n factors {Ax,} (i=L...,n),
sens(y,(x,,...,x,)), is named the quotient obtained when the

relative n -factor change of the criterion Ay/y is divided by the

root-mean-square relative factors’ changes, represented the relative
change of some reduced factor

SO (0)
sens(y»(xl,...,xn))z%, 3)
where
M (x,,...,x,)
and
M'(x,+Ax,,...x, +Ax,) — @)

basic and replaced n-measured points.
At changing only group n, of factors x,,iel C {l,...,n},

where 7, — number of indexes in a subset /, the above introduced
definition changes as follows.
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DEFINITION. The average multifactor index of sensitivity
(MIS) of the plan criterion y(x,,...,x,) towards any admissible

changes of a group n of factors Xx,ielcC {l,...,n},
sens(y,(x;,iel {l,...,n})), is named the quotient obtained when
the relative n, -factor change of the criterion Ay/ y is divided by the

root-mean-square relative changes of n, factors, represented the
relative change of some reduced factor:
Y(M}) = y(M)
ny(M) > (5 )

sens (v, (xpi €1  {leinf)) = — e
[z

where n-measured point
M, (x,+Ax,ielc{l,..n};x,,vel{{l,..n\I}) . (6)

Suggested multifactor indexes of sensitivity (MIS) can be
applied to the multifactor research of all three kinds of criterion’s
sensitivity.

The formulas (3) and (5) represent the relative quantity —
ratios of the multifactor quantities, reduced to one factor. Owing
to structure of multifactor indexes of sensitivity the numerical values

of y and Ax,/x, can be represented with different units of measure

that is convenient at calculations. The formulas (3) and (5) represent
the average MIS, and they are expressed through the finite (discrete)
quantities’ changes, and it is convenient for the practical calculations.
And they also allow to calculate sens when it is impossible to
represent the criterion ) in the form of functional dependence from
factors, for example, at researching multicriteria optimising prob-
lems [5; 6].

Let’s suppose that {Ax,} are standard displacements, i.e.
satisfying the conditions (2). In this case the formulas of MIS (3) and
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(5) are led accordingly to the following formulas of standard MIS

_YM)-yM)
sens(y,(X,,...,x,)) = —nay(M) ; (7
sens(y,(x,,iel {l,...,n})) = Y(M) =y (M) , )

may(M)
where n-measured points M , M“ and M| are presented by the
expressions

M(x,), @(=L...n) ; M*(x,tax,), (i=1,..,n);
M;(x, tax;x,), (el c{l...n};ve{{l..,ni\1}), )

n,—number of factors equal to number of indexes in a subset / .
The signs «+» or «-» in (9) are the same, as well as at
corresponding Ax; in (2), and they are defined by the essence of

economic process.
Conclusions

1. Suggested average MIS of the plan criteria generalizes the
one-factor sensitivity index, it embraces all three kinds of sensitivity
(factual, prognosticated and standard) and it is applicable at any
admissible factors’ changes.

2. Presented characteristic of the different conditions of the
factors’ changes, concerning the effectiveness criterion, clarifies the
essence and abilities of the criterion’s multifactor sensitivity research,
that will promote increasing the efficiency of the sea transport
enterprises’ management decisions in conditions of changeable
market environment.
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