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THE ANALYTIC PROCEDURE METHOD OF SELECTION
OF OBJECT FOR INVESTING

Abstract. Human activity and entrepreneurship are constantly faced with the problems of
choice and decision making. The quality of the decisions depends on the experience of the analysts
who develop the selection techniques and methods of decision-making, as well as on the methods
implemented, each with its own advantages and disadvantages. In this regard, it is relevant to create
new methods, to develop and improve well-known methods of decision-making. In the theory of
decision-making taking into account many criteria (problems of selection of many criteria) allows
to bring the model closer to the description of the real situation. Many decision-making methods
have been developed and applied. The most common method of choosing the optimal decision for
several criteria in the absence of an objective measurement scale is the method of analytical
hierarchy process (T. Saaty).

This confirms the widespread use of the method of analytical hierarchy process in various
socio-economic fields. The method of analytical hierarchy process attracts the attention of scientists
in various fields of activity due to its ability to support solutions in the problems of economy,
ecology, medicine, development of production and non-production technologies, investments. The
number of publications on the shortcomings in the application of the hierarchy analysis method has
increased recently. It is noteworthy that the number of articles that use the integration of the
hierarchy analysis method with selection of the optimal alternative under many criteria is limited.
Research of effective and reliable method of making decision in the choice of objects for investing
is actual. One of the approaches to constructing the procedure for selecting investment objects is
used in this paper. A change both amounts of objects and amounts of elected criteria for this objects
is characterized. The worked out and offered method of analytical procedure can be universal and
enough objective method for electing of investing object. In the process of choice of objects
(alternatives) at the change of their amount or amount of criteria at the use of method of analytical
procedure primary global priorities of alternatives (criteria) do not only change the signs of their
comparison but also keep their correlation. Unlike the Analytic Hierarchy Process approach, global
priorities of the criteria are defined by the method of analytical procedure in a concordance with
alternatives, that extends the amount of tasks for use of this method.
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METO/J AHAJITUYHOI MPOLIEAYPU BUBOPY OB’EKTA
JJIS1 IHBECTYBAHHSA

AHoTauis. Y CBOill JISUTBHOCTI KOXKHA JIIOJMHA Ta IMIIMPUEMEIh TOCTIHHO CTUKAIOTHCS 3
npobseMaMu BUOOpPY Ta NMPUHHATTS pillieHb. SKICTh MPUIHATHUX PIlIeHb 3aJeKUTh Bl JOCBINY
AQHATITHKIB, SIKI PO3POOISAIOTh METOAM BUOOPY Ta MPUUHSTTS PIlIEHb, @ TAKOXK BiJ] 3aCTOCOBAHMUX
IUTSL ITHOTO METO/IIB, KOXKEH 3 SIKMX Ma€ BIIACHI MTEPEeBard Ta HEJOMIKA. Y 3B 3Ky 3 IUM aKTyaJIbHUM
€ CTBOPEHHSI HOBHX METO/IIB, pO3po0OKa Ta BIOCKOHAJICHHS BIZIOMHX METOIIB MPUUHSTTS PillIeHb. Y
Teopil MPUUHATTS PIillICHh BpaxyBaHHS OararboX KpUTEpiiB (3amgadi BimOopy Oaratbox KpUTEpiiB)
J03BOJISIFOTh HAOJIM3UTH MOJIENb JI0 ONMHUCY peaibHOI curyamii. bymu po3pobieHi Ta 3acTocoBaHi
0arato METOJIB MPUUHATTA pilieHb. HalmomupeHimuM MeTo10M BUOOPY ONTHUMAIBHOTO PIIICHHS
3a KUIbKOMa KPUTEPIIMH 3a BIACYTHOCTI OO’ €KTHMBHOI IITKaJd BUMIPIOBAHHS € METOJ aHaIi3y
iepapxiit (T. Caari). e miaTBeppKye MHUpPOKe BUKOPUCTAHHS METONY aHATI3Y i€papXid y pi3HUX
coliaibHO-eKOHOMIUYHUX cepax. MeTton aHanizy iepapxiii MpUBEpTae yBary BUEHUX Y PI3HUX
rayys3sx JiSUTbHOCTI 3aBISIKM CBOIM 3[JaTHOCTI HAJaBaTH MiATPUMKY PillIeHb 3 MPoOJIeM €KOHOMIKH,
€KOJIOT1l, MEIUIIMHHU, PO3BUTKY BHUPOOHMYUX Ta HEBUPOOHMYMX TEXHOJIOTIH, IHBECTULIH TOIIIO.
OctanHiM yacoM 30UIBIIMIACH KUIBKICTH IYOJNIKaIliil 100 HEIOJIKIB y 3aCTOCYBaHHI METOIY
aHaJi3y iepapxiid. 3BepTae Ha cebe yBary oOMexeHa KUIbKICTh CTaTel, B AKMX BUKOPHUCTOBYETHCS
IHTerpailisi MeToy aHalli3y iepapXii 3 IHIIUMHU 3aJa4aMy BifOOPY ONTHMAILHOTO PIIICHHS MPU
0araTboX KpUTEpiAX. AKTyalbHICTh JOCHIIPKEHHS BHU3HAYA€THCS 3HAXOKEHHSIM €(PEeKTHBHOTO 1
HaJIHHOTO METOJy YXBaJleHHs pilmieHb Y 1poleci BUOOpY 00’€KTIB s 1HBECTYyBaHHS
BUKOPHUCTOBYETHCS OJIMH 3 MIJIXO/IB 10 MOOYJ0BH MpoLeaypy BUOOpY 00’ €KTiB iHBecTyBaHHs. s
I[HOTO TPOIIECY XapaKTEPHUM € 3MiHA SIK KUTbKOCTI 00 €KTIB, TaK 1 KIIBKOCTI KPUTEPIiB, 32 SKUMH
BOHM oOuparoThcs. Po3pobneHuit 1 3arpornoHOBaHU METOJ aHATITUYHOI MpoLeaypu Moxe OyTH
YHIBEPCAJIBHUM Ta JOCTaTHbO 00 €KTMBHHUM CIIOCOOOM OOpaHHs 00’€KTa iHBECTyBaHHs. Y HpoIeci
BUOOpPY 00’€KTIB (AIbTEPHATUB) MPH 3MiHI iX KUIBKOCTI 00 KUTBKOCTI KPUTEPIiB MPU BUKOPUCTaHHI
METOJy aHAIITUYHOI MPOLEAYpU MEPBUHHI INI0OATbHI NPIOPUTETH ANbTEPHATHB (KPHUTEPIiB) He
JIMILE He 3MIHIOIOTh 3HAKH 1X MOPIBHAHHSA, ajie 1 30epiratoTh iX CIiBBiTHOIICHHS.

Knwouoei cnoea: iHBecTyBaHHS, METOJ] YXBAJIEHHS PillIeHb, METOJ] aHAIITHYHOI IPOLIEAYPH.
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METOJ AHAJIUTUYECKOM MMPOLEAYPbHI BBIFOPA OB BEKTA
JJIs1 THBECTHUPOBAHUSI

AHHoOTanusA. B cBoell NeATENbHOCTH KaXKIbId YEJTOBEK M MPEANPUHUMATENb MOCTOSHHO
CTAJIKUBAIOTCS ¢ MpoOieMamMu BBIOOpa U MPUHSTHS pemieHuid. KauecTBoO MpuHUMAaEeMbIX peleHU
3aBUCHUT OT OTIBITA aHAJTUTUKOB, KOTOPBIEC pa3padaThIBalOT METO bl BHIOOPA U MPUHSATHS PEIICHUH, a
TaKke OT MPUMEHSIEMBIX IJIi 3TOTO0 METOJOB, KaXIbIi W3 KOTOPBIX HMMEET COOCTBEHHBIC
MIPEUMYIIECTBA M HEAOCTATKH. B CBSI3M C 3THM aKTyaJIbHBIM SIBJISIETCS CO3/IaHHE HOBBIX METOJIOB,
pa3paboTKa U COBEPIICHCTBOBAHME M3BECTHBIX METOJIOB MPHHATHS pelIeHUd. B Teopun mpuHaTHs
pelieHuii  y4eT MHOTHX KpUTEepueB (3amad BbhIOOpa IMPU MHOTHX KPHUTEPUSX) IO3BOJISET
MPUOJIM3UTH MOJICTh K OMMCAHUIO PEAIbHOW CUTyallud. beuin pa3paboTaHbl U MPUMEHEHBI MHOTHE
W3 METOJOB NMPHUHATHA pemieHnid. CaMbIM paclpoCTpaHEHHBIM METOJIOM BBIOOpa ONTHUMAJIBHOTO
pelIeHus 10 HECKOJIbKUM KPUTEPUSM MPU OTCYTCTBUHM OOBEKTUBHOW ITKAIBI U3MEPEHUS SBIISACTCS
Meron aHanmm3a uepapxuii (T. Caatu). DTO THOATBEpKAAET MIMUPOKOE HCIOJB30BAaHUE METOJIA
aHaJIM3a UEpapXvil B Pa3IMYHBIX COIMAIIBHO-IKOHOMHUYECKUX cepax. Mero aHanmu3a uepapxui
MPUBJIEKACT BHUMAHUE YUYEHBIX B pa3lWYHBIX OOJACTSIX JeATeNbHOCTH Ojaromapsi cBoei
CIIOCOOHOCTH OKa3bIBaTh MOJJICPXKKY MPUHATUS PELICHUH Mo mpoliemMaM SKOHOMHUKH, 3KOJIOTHUH,
MEJIMIIMHBI, Pa3BUTHs TPOW3BOJICTBEHHBIX M HEMPOW3BOJICTBEHHBIX TEXHOJOTHUM, MHBECTHIMH. B
MocyieJHee BpeMsl YBEIUYHIOCh KOJMYECTBO MyOJMKAIMii OTHOCUTENBHO HEJIOCTaTKOB B
MPUMEHEHUH METO/1a aHau3a uepapxuil. OOpariaet Ha ce0s BHUMaHHE OTPAaHHYEHHOE KOJIMYECTBO
cTaTeil, B KOTOPBIX MCHOJIb3yeTCs MHTETpalusi METoJa aHalu3a UepapXxuil ¢ APYTMMH 3aJadamMu
oTOOpa ONTHUMAIBHOTO PEIICHUs TPU MHOTUX KpPUTEpUSIX. AKTYalbHOCTb HCCIEIOBAHUS
oTmpesensercs HaxoxaeHneM 3(h(HEeKTUBHOTO U HAaJIS)KHOTO METO/1a IPUHATHUS PELISHUH B Ipoliecce
BBIOOpa 0OBEKTOB I HUHBECTUPOBaHUA. B paboTe ncmosb3yeTcst OJJuH U3 MOIX00B K MOCTPOEHHUIO
mpoueaypsl BbIOOpa 00BEKTOB MHBECTUPOBAHUS. J[JIs1 9TOTO mMpoliecca XapaKTepHO U3MEHEHHE Kak
KOJIM4eCTBa 0OBEKTOB, TAK M KOJIMYECTBA KPUTEPHEB, 1T0 KOTOPHIM OHU BhIOMparoTcs. Pa3paboran u
MpeIIoKEeH METOJ AaHATUTUYECKOW TPOIENyphl, KOTOPBIM MOXET OBITh YHHBEPCATbHBIM U
J0CTaTOYHO OOBEKTHUBHBIM CIOCOOOM BBIOOpa 00BEKTa WHBECTHPOBaHHSA. B mporiecce BbIOOpa
00OBEKTOB (aJbTEpHATUB) MPU HM3MEHEHMHM WX KOJMYECTBA WM KOJUYECTBA KPUTEPHUEB MPHU
WCIOJIb30BAHMM METOJa AaHAUTUYECKOW MpOIeayphl TEPBHUYHBIE TI00aTbHBIE MPUOPUTETHI
alnbTEpPHATUB (KPUTEPHEB) HE TOJBKO HE MEHSIOT 3HAKM WX CPaBHEHHE, HO M COXPAHSIOT UX
COOTHOILICHUE,
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Introduction. There is a difficult situation in the economy of Ukraine. As evaluated by The
World Economic Forum Ukraine took the 85th place from 138 in rating of The Global
Competitiveness Index — 2016, losing six positions for a year [1]. The question of creation of
favorable business-climate in Ukraine remains to one of most actual. Foreign investments play
important role for development of the Ukrainian economy. OECD review determines that for today
in Ukraine the legal field for investing and development of state-private partnership is created.

The legislation of Ukraine gives the guarantee to activity for investors, economic and
organizational principles of realization of state-private partnership in Ukraine. In the same time
there are long-term problems, those consist of small efficiency of business-environment, weak
institutes and considerable level of corruption. Frequent changes in organizational structures and
levels of authorities’ responsibility diminish transparency and efficiency of investment activity. The
multilateral program of providing (advancement) of foreign investments to Ukraine must be yet
accepted [2].

An entity selection for an investment is important part of this process. It includes for itself a
careful acquaintance with objective pretenders, determination of method of choice of data and their
study for a decision-making by an investor. Thus, the reliable method of decision-making plays the
considerable role of determination of investment object, that is why his choice is undoubtedly
actual.

Analysis of the last researches and publications. There are many methods of making
decision. The most widespread method of choice of optimal decision (alternatives) on a few criteria
in default of objective scale of measuring is a method of analysis of hierarchies (AHP, [3—5]). It
remains popular in our time.

Application of multicriterion methods of making decision for financing of projects that use
wastes of agricultural produce for the receipt of biogas and development of alternative directions of
energy is considered in paper [6]. Estimations and choice of the best investment projects are
conducted in agricultural industry in paper [7] at application of method of analysis of hierarchies. A
problem of multicriterion expert estimations and their connection with making decision in the
conditions of risk is investigated.

For example, fuzzy comparative method of estimation and method of analysis of hierarchies
were used in paper [8] for an analysis and to investing of new venture enterprises. It was selected
next factors: influence of the state, financial institutes, development of financial and other
intermediary infrastructure, enterprise. In paper [9] the process of choice of priority variant of the
consumer investing on the basis of the AHP is considered.

Change both the amount of alternatives and amount of criteria is characteristic for the
process of choice of investment of object. In these cases the use of the AHP can cause the change of
initial global priorities of alternatives (criteria), but a change of their relation will be practically
always, it complicates a decision-making.

Two methods of decision-making were developed by authors: the analytical procedure
method of structurization of great number of alternatives and criteria (MAP — method of analytical
procedure) and the criterion method of analytical stochastic procedure of support of decision-
making (CSM — criterion stochastic method). They save initial distribution and correlation of
global priorities of alternatives (criteria) at the change of their amount [10, 11] and can be
effectively used in investment activity.

The goal of the article is application of method of analytical procedure and demonstration of
its advantages in making-decision at an entity selection for investments.

Research results. The process of entity selection for investing will be considered. Let three

objects-alternatives (A, A,, A;) are examined at first. For industrial objects the criteria of selection
can be: K, is skilled labor resources, K, — return on investments due to realization of products
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(term, income, market of products), K, — the developed infrastructure. A legislative base on

questions of foreign investments is an important criterion, but he is identical for all objects.

Will notice, for example, that criteria of agricultural project for investments can be an
advantageous geographical location, favourable climate, fat lands, and in housing investment—are a
consent of documents for building to the real goal, experience of builders, costs of square meter of
building and others like that.

Criteria matrix of advantages for three alternatives and criteria is showed in the Tabl. 1.

Table 1
Criteria matrix of advantages
Kl KZ KS
Al X11 X12 X13
AZ X21 X22 X23
AS X31 X32 X33

Here x; are relative scales (weights) of advantages, that will have to be set.

In default of quantitative comparison the quality scale of measuring is used. This scale is
written in the following way: equal importance is 1:1, weak advantage is 3:1, average advantage is
5:1, significant advantage is 7:1, absolute advantage is 9:1 (2, 4, 6 and 8 are intermediate values of

advantages) [3].
The pair-comparison matrices (scale 1:9) of the alternatives in relation to the criteria

K., K,, K, and the criteria in relative to the alternative of A are constructed. Each line contains the

expert comparison of the ratio (relative weights) of the first structural unit in relation to the other
ones. This procedure is repeated in each line. Note that the tables correspond to inverse symmetric

matrices (A:{aij},--i,-j =1,n, n is number of the structural unit) and their elements fulfill the
following condition:

a. =—. (1)

Here &; is the matrix element (i—-line number, j —column number, both in the table and in the

corresponding to its matrix). A condition (1) is executed always at the estimations of one expert.
The results of pair comparisons are driven to the Tables 2—5.

Table 2
Matrix of pair comparison of alternatives in relation to the criterion K,
K, A A A,
A 1 2 2
A, 1/2 1 1
A, 1/2 1 1
Table 3
Matrix of pair comparison of alternatives in relation to the criterion K,
K, A A, A,
A 1 713 714
A, 3/7 1 3/4
A, 417 4/3 1
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Matrix of pair comparison of alternatives in relation to the criterion K,

Table 4

Table 5

Ks A A Ay
A 1 7/3 7/4
A, 37 1 3/4
A, ar7 4/3 1
Matrix of pair comparison of criteria in relation to the alternative A
Al Kl KZ KS
K, 1 217 2
K, 712 1 7
K 1/2 1/7 1

3

Numerical values in the Tables 2—5 mean the ratio of relative weight x; alternatives (A )
and criteria (K ;) which defined in the process of pair comparisons (weighing). For example, in the

Table 5 the first line means: (X, /X;,), (X;1/X,), (X1 /X3)-

The results of calculations, that give an opportunity to build a criterion table for
determination of global priorities, are presented in complex Table 6.
Will notice that empty cells after the first action are filled after property of back-symmetric

matrix.
Table 6
Complex criterion matrix (calculations from data of table. 2, 3, 4, 5)
X1 X1 X31 X1z X22 X32 Xi3 X23 X33 Vij
X, 1 2 2 217 | 2/3 | 1/2 2 1 217 1/14
o 12 1 1 U7 | 1/3 | 1/4 1 12 | 17 1/28
X 12 1 1 U7 | 1/3 | 1/4 1 12 | 17 1/28
Xy, 712 7 7 1 713 | 7/4 7 712 1 1/4
Xy, 3/2 3 3 317 1 3/4 3 32 | 37 3/28
Xs, 2 4 4 417 | 4/3 1 4 2 4[7 1/7
X5 12 1 1 U7 | 1/3 | 1/4 1 12 | 7 1/28
X,y 1 2 2 217 | 213 | 1/2 2 1 217 1/14
X, 712 7 7 1 713 | 7/4 7 712 1 1/4

Here numerical values mean the relation of corresponding weight x; of alternatives (A)

and criteria (K ), V; — eigenvector of matrix of the table 6.

Criterion Table 7 presents global priorities of alternatives W (A) and criteria W (K, ).

Table 7
Criteria table
K, K, K W(A)
A 1/14 1/4 1/28 5/14
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A, 1/28 3/28 1/14 3/14
A, 1/28 1/7 1/4 3/7
W(K)) 1/7 1/2 5/14 1

(W(A)>W(A)>W(A)).

From the Table 7 it follows that the third object takes advantage before the first and second

Let us additional object A, appeared for consideration in relation to investing. The

alternative is added to the Tables 2—4. Results of pair comparisons are presented in the Tables 8—
10. The Table 5 is remained without changes.

Table 8
Matrix of pair comparison of alternatives in relation to the criterion K,
K, A A, A A,
A 1 2 2 1
A, 172 1 1 172
A, 1/2 1 1 1/2
A, 1 2 2 1
Table 9
Matrix of pair comparison of alternatives in relation to the criterion K,
K, A Ay Ay A,
A 1 713 714 714
A, 317 1 3/4 3/4
A, 4[7 4/3 1 1
A, 4f7 4/3 1 1
Table 10
Matrix of pair comparison of alternatives in relation to the criterion K,
Ky A Ay Ay A,
A 1 1/2 1/7 1/2
A, 2 1 217 1
A, 7 712 1 712
A, 2 1 217 1
Complex table of calculations has a next kind:
Table 11
Complex criterion matrix (calculations from data of table. 5, 8, 9, 10)
X11 X21 X31 | Xa1 X12 X22 X322 | Xa2 X13 X23 X33 Xa3 |V
X |1 2 2 1 217 |2/3 |12 |12 |2 1 217 |1 1/18
X1 |12 |1 1 12 |17 |13 |14 |14 |1 12 |17 |12 |1/36
Xa1 1/2 |1 1 /2 |17 |13 |14 |14 |1 12 |17 |12 |1/36
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Xar |1 2 2 1 207 1213 |12 |12 |2 1 27 |1 1/18
X |72 |7 7 712 |1 713 |74 |74 |7 72 |1 712 | 7136
X2 |3/2 |3 3 32 |37 |1 34 134 |3 3/2 |37 |32 |112
X2 |2 4 4 2 47 14/3 |1 1 4 2 47 |2 1/9

X2 |2 4 4 2 47 14/3 |1 1 4 2 47 | 2 1/9

Xis |12 |1 1 12 |17 |13 |14 |14 |1 12 |17 |12 |1/36
X3 |1 2 2 1 207 1213 |12 |12 |2 1 27 |1 1/18
Xz |72 |7 / 712 |1 713 |74 |74 |7 712 |1 712 | 7136
Xa3 |1 2 2 1 207 1213 |12 |12 |2 1 27 |1 1/18

Criterion Table 12 presents global priorities of alternatives W (A) and criteria W (K ).

Table 12
Criteria table
Kl Kz Ks W (Ai )

A 1/18 7/36 1/36 5/18

A, 1/36 1/12 1/18 1/6

A, 1/36 1/9 7136 1/3

A, 1/18 1/9 1/18 2/9

W(K;) 1/6 1/2 1/3 1

The Table 12 shows that a fourth object took the third place at a selection
(W(A)>W(A)>W(A,)>W(A,) The places of the first three objects did not change, and relation
of their weights of priorities did not change too (change would be at application of the AHP). If an
investor adds new criterion K, at the choice of three objects, then an expert creates a Table 13 on
the basis of pair comparisons:

Table 13
Matrix of pair comparison of alternatives in relation to the criterion K,
K, A Ay Ay
A 1 1/2 1/3
A, 2 1 2/3
A, 3 3/2 1
and adds to the Table 5 comparing to the criterion K, :
Table 14
Matrix of pair comparison of criteria in relation to the alternative A,
Aq K, K, K, K,
K, 1 1/2 1/7 1/2
K, 2 1 217 1
K, 7 712 1 712
K, 2 1 217 1
Criterion table is found from the built complex table:
Table 15
Criteria table
Ky K, Ks K, W(Aﬁ)
A 1/20 7140 1/10 1/20 3/10
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A, 1/40 3/40 1/20 1/10 1/4
A 1/40 1/10 7140 3/20 9/20
W(K)) 1/10 7120 1/4 3/10 1

The self-congruent definition of global priorities of criteria shows that weight of added
criterion K, is second after the criterion K, (W(K,)>W(K,)>W(K;)>W(K,), and places and

correlations (W (K,) :W(K;) :W(K,)) remained without the changes (Table 7, Table 15).

Conclusions. Thus, offered method can be the universal and enough objective method in the
electing of object for investing. Global priorities of alternatives are important information for
person, who makes decisions, that is why correlations and places those that remain at an increase or
reduction of their amount in the process of making decision must be kept. The primary global
priorities of alternatives (criteria), which calculated by the method of analytical procedure, do not
only change the signs of their comparison but also keep their correlation at the change of amount of
alternatives (criteria). Correlations between global priorities of alternatives will be change, and their
comparative inequalities can be changed at the use of the AHP. Unlike the AHP, developed method
determines global priorities of criteria self-congruent with alternatives, directions of his application
broaden therefore.
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