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T.}O. Kupuuok

AJITOPUTM PO3B’SI3AHHSA BATATOKPUTEPIAJIbHOI 3AJIAYI BUBOPY ITOKAZHUKA
SHOIITYBAHHA BAHKHOT 3A JOITIOMOI'OI0O ®YHKIIII KOPUCHOCTI

The utility functions of alternatives based on additive, multiplicative, additive-multiplicative and entropy convolutions
of factors as well as metrics of Chebyshev, Euclid, Minkowski and the method of deviation from the sample have
been formed taking into account separation of factors for stimulators and destimulators. The algorithm of the
determination of alternatives’ preferences was developed on base utility function. The developed algorithm is
implemented for solving of multicriteria problem of choice the most accurate characteristic of deterioration for
banknotes in real circulation. It was found that the most accurate characteristic suitable for a reliable banknote
sorting is a mass. All proposed methods of formation of the utility function have a high accuracy of the alternatives’
preferences determination within the range of individual criteria and criteria weights typical for printing production.
The least standard deviations are demonstrated by utility functions that are based on the Euclidean and Minkowski
metrics and the multiplicative and additive — multiplicative convolution of criteria.

Beryn

Y pidHuUX cdepax MOPaKTUYHOI diSLTBHOCTI
npolec NpUMAHATTS pillleHb 3a3BUYall 3MIMCHIOETh-
cd B yMmMoBax OaraTokputepianbHocTi. Lle, Hampu-
KJ1aJ, CTOCYETbCSI BMOOpPY 3 MHOXWHU aJIbTepHa-
TUB ONTUMAJIILHOTO TEXHOJOTIYHOTO mMpolecy abo
MOro CKIaloBUX, OLIIHKM SKOCTi BUPOOIB, CKJamy
cucteM Towo. YacTo mpolec NpUAHSTTS PillleHHS
Ha MHOXWHI aJIbTEpHATUB, SKi XapaKTepU3yIOThCS
MEBHOIO KUIBKICTIO YaCTKOBMX KpPUTEPiiB, 3ilic-
HIOETbCS B PE3Y/IbTATi 3BEAECHHS LIMX KPUTEPIiB 10
OJHOTO y3araJlbHEHOTO KPUTEPilo, KUl OymyeTbCs
3rOpTKOI0 6aratboX KpUTEPiiB, 110 MOXE peai3y-
BaTUCS Pi3HUMU METOIaMU.

Jlns 3ropTKM 4acTKOBUX KPUTEPIIB B y3arajb-
HEHUIA KpUTEpili MOXKYTh BUKOPUCTOBYBATUCH Pi3-
HI TOXOAM: aguTUBHA, MYJbTUIUIIKaTUBHA [1],
aIUTUBHO-MYJIbTUILIIKATUBHA, €KCIIOHEHIIiaJIbHA,
€HTpOIIiiiHa 3rOpTKM, 3ropTKa Ha OCHOBI TOJiHOMA
Koamoroposa—I'abepa [2] To1Lo.

MeTon JniHiliHOI 3rOPTKU KPUTEPilB Ma€ MeB-
Hi Hemojiiki [l], SKMX HamararoTbCsl YHUKHYTH,
MOIM(iKyBaBIIM 3TOPTKU: BUKOPUCTOBYIOUNU KOM-
GiHOBaHi 3ropTKU [2, 3], YIOCKOHAIIOIYU MPOLIEC
BU3HAYEHHS €KCIIEPTHUX OLIIHOK TOIIIO.

ITocTanoBka 3amaui

Merta gocnimKkeHHsT — chopMyBaTh (YHKIIiO
KOPHUCHOCTI aJbTepHaTUB, MOAU(IKyBaBIIN 3TOpPT-
Ky KpUTEpiiB TOYHOCTI IJIs TIOKa3HWKIB 3HOLIY-
BaHHS OaHKHOT, pO3pOOMTH Ta peasli3yBaTU ajro-
PUTM BHM3HAUEHHsI CTYIIEHS TepeBaru ajabTepHATUB
3a JOIOMOrow (YHKIIil KOPMCHOCTI JIsI BU3HA-
YeHHs IIOKAa3HUKIB 3HOIIYBaHHS OaHKHOT, SKi

HaMOLIbII JOLIIBHO 3aCTOCOBYBATH IJII JOCTOBIip-
HOI'0 COpPTYBaHHSI OAHKHOT.

ITo0ynoBa ¢yHkujii KopucHoCTI

Bubip Haiikpalioro BapiaHTa i3 MEBHOI KiJib-
KOCTi MOXJIMBMUX, BUXOASUYU i3 TEBHOI CYKYITHOCTI
MOKAa3HUKIB, 10 XapaKTepu3ylOoTh 1Ii BapiaHTH, €
Haa3BUyaiiHo moimupeHuM. Lle 3amauya GaraTokpu-
TepiaJIbHOTO BUOOpY, TOOTO CHUTYyallisi NPUWHSTTS
pillleHHs1 Ha 3aJaHiii MHOXWHiI NOMYCTUMHUX ajlb-

TepHaTUB X ={X,|i =1,m} 3a notpeGM Bpaxy-

BaHHS CYKYIHOCTI BJIaCTUBOCTEN aJIbT€pHATUB, SIKi
XapaKTepU3YIOTbCSI BEKTOPOM LIJIBOBUX (DYHKILil

f,={f,(x)|j=LnxeX}, ne f;(x;) bianosi-

JIa€ j-# BJIACTUBOCTI, 32 SIKOKO OLIHIOETHCS aIbTep-
HatuBa X, € X . IS MOPIBHSHHS albTEPHATUB Ta

BUOOpPY HaMKpalioi 3 HUX BUKOPUCTOBYIOThb Iill-
XOIU Teopii KOpPUCHOCTI [4], sIKa CTBEpIXKYE, IO
iCHy€e meBHa Mipa LIHHOCTi — (PYHKIIiSI KOPUCHOC-
Ti, 110 Ja€ MOXJIMUBICTb BIOPSAKYBaTH ajJbTepHa-
TUBU. Y 1ILOMY BUMAIKy ONTUMAJIbHUM PO3B’sI3aH-
HSM 3ajadi 6araToKpuTepiaJbHOrO BUOOpPY € BUOIp
ajbTepHATMBU, Ha SKill @YHKIST KOPMCHOCTI
HabyBae MaKCUMaJIbHOTO 3HaYeHHs. B mopasnblio-
MY UIs1 3pYYHOCTi MO3HAYMMO YaCTKOBY IIiJIbOBY
(YHKIIiIO0 fi(x;)=x;.

@®opmyBaHHa (QYHKLIl KOpUCHOCTI F(X;)
U i-1 aJIbTepHAaTHMBU BiAOYBAETbCSI 32 PaxXyHOK
3ropTaHHsSI BEKTOPHOro Kputepiio f B cKalspHUit
3a JOTMOMOIOI0 Pi3HOrO BHUAY 3TOPTOK, 30Kpema
AOIUTUBHOIL

F(xl.):zn:(njxij (1)
=l
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Ta MYJbTUIUTIKATUBHOI
n
(O
F(x) =[x, 2)
j=1

SKi € HalibuIbll MmommpeHuMu |1, 4—6] Ta BUKO-
PUCTOBYIOTBCS OIHOYACHO IJiT (DOpMyBaHHSI aiu-
TUBHO-MYJbTUILTIKATUBHUX 3TOPTOK SIK KJIACMYHO-
ro BUIy, TaK i MOOyIOBaHUX Ha OCHOBI MOJiHOMY
Koamoroposa—I'abepa [3]. ¥ dopmynax (1), (2) i

n
Aani ®; — Bara j-ro Kpurepiio, » o; =1.

j=1

HenonikoM Takux MeETOMIB 3rOpTKU €, 30K-

pema, Te, 10 HEIOCTAaTHE 3HAYEHHSI YacTKOBOI
(YHKIIiT KOPUCHOCTI CTOCOBHO OJHOIO KPUTEPilO
MOXe OyTM KOMIIEHCOBaHE 30iJblIIEHHSIM 3HAY€Hb
YaCTKOBOI (PYHKIIiI KOPUCHOCTI CTOCOBHO iHILIOTO
Kkputepito [1]. € meBHi 3acTepeskeHHs 1IOA0 HEeoOo-
XiTHOCTI OTHOCHPSIMOBAHOCTI YAaCTKOBUX (QYHKIIil
KopucHocrti [7]. KpiM Toro, Ha ageKBaTHICTb MO-
nei (PyHKIii KOPUCHOCTI BIUIMBA€E TOMOJIOTIUHUIA
pO3MOJiA ajJbTepHAaTMB Yy MPOCTOPi YaCTKOBMX
kputepiiB [2]. a9 po3MOBCIOMKEHHS Moeseit
(YHKIIiT KOPUCHOCTi Ha OLIbII IIUPOKUN CIEKTP
3aJa4y BXe po3po0JieHO HU3KY Moaudikalliii 3rop-
TOK YacTKOBUX KpuTepiiB. Lle, Hanpukiam, eHTpo-
miitHa 3ropTka [2]:

F(x;)= fwjx;’f : 3)
j=1

3 MeTol 3amobiraHHs BUIMagKaM, KOJIU y
3ropTKax HEeOOCTaTHE 3HAYEHHSI YacTKOBOI (PyHK-
Lii KOPUCHOCTI CTOCOBHO OJHOIO KPHUTEPil0 MOXKe
OyTH KOMIIEHCOBaHE 30iJbllII€HHSIM 3HAuY€Hb YacT-
KOBO1 (PYHKIIii KOPUCHOCTI CTOCOBHO iHIIIOTO KpU-
Tepilo, MPOBAIATh Yy Pi3HUI CIIOCIO HOPMYBAHHS
YacTKOBUX KpuTepiiB. Tak, Hampukian, SKIIO

3HAYCHHS] YaCTKOBOTO KPUTEpilo X, ISl i-i alb-

TEpHATUBU 3MIHIOETHCSI B MeXax |[x X

min j ° maxj]’

=min x;, i x — MiHIMaJIb-

Je X min J ; ij =max X

max j = MAX X

He Ta MaKCcuUMajbHe 3HAYeHHSI YaCTKOBOI'O KpMTe-
pil0 BiOMOBIIHO, TO YacTKOBMIA KpUTEpId MoOxkKe
X.. — X . .

HOPMYBATHCS TAKAM YMHOM: X[, = v s

X max j X
TOOTO 3BOAMTHLCA 10 1Kaau [0,1]. OmHakK Take HOp-
MyBaHHSI MOXe TMPU3BOAUTU IO Bil’€MHOI KOpUC-
HocTi. ToMy, Ha Hally AYMKY, OUIbII JOLIJTBHUM €
MiAXig HOPMYBaHHSI YaCTKOBUX KPUTEpIiB 3BelIeH-
HSIM J0 0aXkaHOTO 3HAuYeHHSI KPUTEpilo, 3a SIKUii
MOXe BHUCTYIIaTU TI€BHE €TaJIOHHE 3HAYEHHS 4YacT-
KOBOIO KpMTEpilo, 30KpeMa MaKCHUMaJlbHe 3Ha-
YEeHHST X

min j

max j *

X, =—4 4)

xmax J

Ilig yac HopMyBaHHS Ta (popMyBaHHS (PYHK-
Lil KOPMCHOCTI HEOOXiTHO BpPaXOBYBaTHU, 110 XapaK-
TEPHUM JIJIS MEPEBAXHOI OUIBIIOCTI CUCTEM € TE,
10 YACTKOBi (DYHKIIl KOPUCHOCTI HE € OTHOCIpPS-
MOBaHMMM: YaCTMHA YaCTKOBHUX KPUTEPiiB Ma€ Oy-
T MaKCHMi30BaHa, YacTUHa — MiHiMi3oBaHa. Y
3B’S13Ky 3 ILIMM YaCTKOBi KpUTepil MOAMSIOTH Ha
CTUMYJISITOPU (Ki MaloTh OyTM MaKCHUMi30BaHi) Ta
IEeCTUMYJISITOPU (dIKi TIOBUHHI MiHiMi3yBaTHC),
TOOTO

fi(x) > max, j=LkxeS

fi(x) > min, j=k+1,nx€ S,

ne S i D — MHOXWHU KPUTEPiiB — CTUMYJISITOPIB
1 gectTuMyaaTopiB BianosimnHo. HopmyBaHHS cTu-
MYJISITOPIiB BinOyBaeThcs 3a (opmyioro (4), a ae-
CTUMYJISITOPU, 3 YpaXyBaHHSM TOTro, IO €TaJOH-
HUM 3HAQYEHHSIM YaCTKOBOIO KpUTEpilo Oyae MiHi-
MajibHe 3HAYCHHS X, ;, HOPMYIOTbCS TaKUM Y-

HOM:

xj = ming (5)
ij
Toxi 3 ypaxyBanussmM (4) i (5) Bupasu mis
3ropTok (1)—(3) MaTuMyTh TaKUi BUTJISI:
aIuTUBHA 3rOpTKa

X Xjj < X min j
F(x) =Y 0, ——+ > o, —=, (6)
j=1 maxj  j=k+1 xij

My.TIBTI/Il'U[iKaTI/IBHa 3ropTKa

p ; ;
X n X ..
ij min j

Fap=Tl|——| I1|—/—| @
j=1 xmax; j=k+1 xij

AIUTUBHO- My.TH:TI/IH.HiKaTI/IBHa 3ropTKa

F(x)—Z(n/ + Z Xming
j=1 maxj  j=k+1 xlj
k Yy X o
01 [t B U B IR
Jj= xmax; Jj=k+1 xij
€HTpoMiliHa 3ropTKa
x. ;i n x ;i
F(x)-Zco Sl S > oo | /L .09)
max j Jj=k+1 xij
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IHumMu  cnocobamMu  (hopMyBaHHST  (PYHKILIT
KOPHCHOCTI € MIIXOOU, XapaKTepHi IS 3amad po3-
MillleHHS [8§] — ONTUMAalbHOIO BBAXKAETHCS ajbTep-
HaTMBa 3 BEKTOPHUM KpUTEpPiEM, HAMOIIKYMM IO
MEBHOTO €TaJJOHHOIO PO3B’SI3Ky B 0OaraTo BUMIp-
HOMY MpPOCTOpPi YAaCTKOBUX KpUTEpiiB. YCi Moagu-
ikanii (yHKIil KOPUCHOCTI MiJ yac BUKOPUCTAH-
HSI TaKOTO IMiIXOMy IPYHTYIOThCSI Ha BUKOPUCTaHHi
pi3HUX METPUK, 110 3a4al0ThCsS B KPUTEpialbHOMY
npocropi R". MeTpUKOIO € uMCIOBa (DYHKIIiS
p=p(y,z), sIKa KOXHili Mmapi BEeKTOPiB y,Z KpHU-

TepiaJbHOro IpocTopy R” 3icTaBisgse HeBim’eMHe
YUCJI0, 110 HA3WBAETHCS BIICTAaHHIO MiX BEKTOpa-
MU y i z [9]. MeTpuka sl BCiX BEKTOPiB y,Z, W

Ma€ 3aA0BOJIBHATU akcioMu
p(y,2)20; p(y,2)=0 y&z;
p(y,z) = p(z,Y);
p(W,2z) < p(W,y) + (Y, 2) .

Haiiuacriie $IK METpUKU BUKOPUCTOBYIOTHCS
MeTpuKka YeOuieBa:

p(y,z) = miaxaf 1y =zl (10)
ne s>11i
n
e (ai,...ay)| > ai =1,a; >0
i=1 )
st Beix i =1,2,...,n
MeTpHrKa MiHKOBCBHKOTIO:
n
p(yaz): Zaltylyi_zilr l/l" (11)
i=1

Ta €BKJIiJOBa METPUKA K OKPEMUI BUMALOK MET-
puKy MiHKOBCBHKOTO:
1/2

p(y,z) = Zais |y -z |2 (12)
i=1

K BxXe 3a3Hayanocsd, sK €TaJOHHUI pPO3B’s-
30K JIOLJIbHO BUOpaTH iA€albHUI BapiaHT, 110 Xa-
PaKTEPU3YETHCS MAKCUMAJIBHUMU 3HAYEHHSIMU CTH-
MYJIATOPIB 1 MiHIMaJJbHUMU 3HAYEHHSIMM AECTUMY-
JISITOPIB:

xmaxjaj:l’_k

k+l,n.

(13)

Xminj>J =

KoeoiuieHT «; HaityacTille BMKOPUCTOBY-

€TbCad Mpu s =1 1 € 32 CBOIM 3MIiCTOM Baroro j-ro
KpUTEPIIO.

Toxi, 3 ypaxyBanHsaM (13) Ta HOpMYyBaHHS
yacTKOBUX KputepiiB (4) i (5), (pyHKIIi KOprCHOC-
Ti, cDOPMOBaHi K BiICTaHb MiX iI€aJIbHUM BEK-
TtopoM f i BekTopoMm f; i-1 ajbTepHATUBU Ha OC-

HOBI pi3HUX MeTpuK (9)—(12), 3 ypaxyBaHHSIM MakK-
cuMizalii (yHKLII KOPUCHOCTI Ta 3BEIEeHHS 10
wkanu [0,1] MaTUMyTb BUTJISL

F(x,)=1-

k N n L
—max[max 1-—0 [Umax o, [1-2502 | (14)
F(x;)=
k X " n X i 'n
=1-2> 0 (1-——| + > o;[1-—24, (15)

=1 Xmaxj| j=k+l i
F(x;)=
k X 2 n X 2
=1-, D 0;[l-——"— + > o;1-—"L . (16)
= maxj | je=k+l X

DyHKIIS KOPHUCHOCTI HAa OCHOBI METPUKH
MiunkoBcbkoro (15) orpuMaHa 3 ypaxyBaHHSIM BU-
pa3y (11) 3a mpunylleHHs, 1O IJIs1 KpUTepialbHO-
ro mpocTopy R” MOKA3HUK CTyIEHS » =N

e omuH i3 migxoAiB 40 opMyBaHHSI (DYHK-
1ii xopucHocti [10] mojsirae y BUKOPUCTaHHI ISt
LLOTO y3araJbHEHOIO BIIXWJIEHHS BiI 3pa3ka dXx;

K aJIrfeOPUYHOI CyMM 3BaXXKE€HUX BiIIHOCHUX BIIXW-
JIEHb 3 ypaXyBaHHSIM DPi3HUX TUIIiB KpuUTepiiB (00-
MEXEHHS TuUmy “3HM3y”, “3Bepxy”, “iHTepBas”,
“mopiBHIOE™):

=1

OueBugHO, 110 GopMyBaHHS (PYHKIIII KOpHUC-
HOCTi TaKUM YMHOM € OKpPEeMHM BMIIAAKOM op-
MyBaHHSI 11 Ha OCHOBI METpUKM MIiHKOBCBKOIO
(14). Tomi, 3 ypaxyBaHHSIM HopMyBaHHS (4) i (5)
Ma€eEMO BUpa3 Ijs1 (PYHKIIil KOPUCHOCTI HAa OCHOBI
BIIXWJIEHHS Bil 3pa3kKa:

n X . .
+ Y o, [1-2m0 (18)

j=k+1 X

y

k xij
F(x;))=2 0;1-——
= x

max j

TakuM YMHOM, OTPUMAHO BUpPA3u WIS (PYHK-
mii kopucHocti anbTepHatuB (6)—(9), (14)—(16),
(18), 3a AKMMU MOXJIMBO MPOBECTH PaHXyBaHHS
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aJIbTCPHATUB. HpOBe,I[eHHFI IObOT0 paHXYBaHHA
MOKJIMBE 3a aJITOPUTMOM, IIOJaHMUM Ha puc. 1.

ITouaTok

®opmyBaHHS MaTpUlli 3HAYEHb YaCTKO-
BUX KpUTEPiiB aJbTepHATUB

X=lxli=Lmj=1n

!

Ilonin xputepiiB Ha CTUMYJISITOPU
fj(x) - max,j=1Lk,xeS§

i JeCTUMYJISITOPU
fj(x)—>min, j=k+1,n,x€ D

v

BusHaueHHs eTaJIOHHUX 3HaYeHb YacT-
KOBUX KPUTEPIiB WISl CTUMYJISATOPIB

X c=max x,, j=1Lk xe§
max j PR

i JECTUMYJIITOPIB
=mjnxl.j.,j=k+1,n,xe D
1]

v

HopwmyBaHHs1 MaTpulli 3HaYeHb YacTKO-
BUX KpUTEPiiB aJbTepHATUB

X . .
min j

Xl.. P

j 5j=1,k,xes,
’ xmaxj
X. =
v min j

S j=k+LnxeD
X..
y

v

BusHnaueHHst ®; — Bark J-TO MOKa3HMKA

v

®dopmyBaHHS GYHKILIA KOPUCHOCTI aJib-
TepHATUB

v

BusHaueHHsI CTyIeHs repeBaru aabTep-
HaTUB

AJITOPUTM BU3HAUEHHSI CTYTICHS TTepeBard albTepHATUB
3a JOIOMOTOI0 (DYHKIIii KOPUCHOCTI

3amaya BU3HAYEHHS HAMOLIBII TOYHOIO MOKAa3-
HUKA 3HOUIYBAHHS

3HOIIYBaHHSI OAHKHOT MOXHA BM3HAYaTH 3a
HU3KOIO MapaMeTpiB, sSIKi XapaKTepHU3ylOTh 3HOIIY-

BaHHSI OaHKHOT 3 pi3HOIO0 TouHicTIO. HeoOximHo
BCTAaHOBUTH, SIKMH i3 MOKA3HUKIB 3HOIIIYBaHHS 3a-
Oe3revye HaOUIbII JOCTOBIpHI pe3yJbTaTH.

Ha ocHOBi 00pOoOKM CTaTMCTUYHUX JaHUX,
OTPUMAaHUX Y MOMepeaHixX AOoCTimkKeHHsx (Tadu. 1)
[11], mO TOKA3HUKIB TOYHOCTI BU3HAYEHHSI 3HO-
IIIEHOCTI 0aHKHOT BiJHECEHO TaKi XapaKTepUCTU-
KU: 3MiHAa TOKa3HMKA B Pe3yJbTaTi 3HOLIYBaHHS

Xpow — X _
AX (AX =|ZneY_Zdet| 100, ne X, — CepemHe

xnew

apudMeTMYHe pe3yIbTaTiB CIOCTepeXeHb IS
0aHKHOT 1-ro Kjacy (new — HOBi), X, — Cepel-
He apudMeTUYHe pe3yabTaTiB CIOCTepeXeHb IS
3HoIIeHUX 6aHKHOT 10-ro kiacy (absolutely unfit —
abCOJIIOTHO HEBININOBINHI)); BiITHOCHA MOXWOKAa IS

HOBUX § .. Ta BIIHOCHA MOXMOKA Ul 3HOLUEHMX
OaHkKHOT J,, [l1]. Mdami tabn. 1 maroth 3mory

3pOOUTH BHUCHOBOK, IO XKOAEH i3 HaBeIeHUX I0-
Ka3HWKIiB 3HOIIYBAaHHS HE € ONTUMAJbHUM 3 TOY-
KM 30py BCIX HaBEIEHMX KPUTEPilB TOYHOCTI 1 MO-
K€ BBaXKaTHUCS ONTUMaJIbHUM TiuIbku 3a Ilapero.
ToMy mpoliec MPUNUHSATTS pillleHb IIOAO 3aCTOCY-
BaHHSI TTOKA3HMKIB 3HOLIYBaHHSI OAHKHOT Ma€ po3-
mIgAaTucsl 9K 3aJada 6araToKpuTepiaJbHOTO BU-

oopy.

Ilocmanoexa 3adaui. 3anaHO MHOXVHY JOITY-
CTUMUX aJIbTepHATUB, 3 SIKMX 3 TOYKHU 30py TOYHO-
CTi IIOKA3HMKIB 3HOLIYBAaHHSI POOUTHCS BUOIp —

X, (i=1,m,m=13): X, — 3MiHa $SCKpaBOCTi
0aHKHOT; X, — IMOBITPOIPOHUKHICTL, X, — ILOp-
CTKiCTb; X, — KUIbKICTb IMOABIMHUX IEPETUHIB;
X — pyiHiBHe 3ycuiuis; X, — BIIHOCHE ITOJOB-
KEHHs; X, — CTIVKIiCTb KpaiiKu 10 HaupuBy, Xg —
CTIMKICTh KPaiKK J0 HAAPUBY PO3IMPAHHAM; X —
HyJIbOBA PO3pMBHA JOBXWHA; X, — XOPCTKICTb
3a TaGepom; X, — XKOpCTKiCTb (3a METOIOM pe-
30HaHCY); X, — JKOPCTKiCTb (32 METONOM KiJlb-
us); X,; — Maca GaHKHOTH.

ITogaHi HKYe mapaMeTpu € KpUTEPisIMU TOY-
HOCTI BUMipIOBaHHsI, TOOTO 3aJaHO KpuTepii, 3a
SKUMU 3AIACHIOETBCS BUOIp cepen aJbTepHATUB

fja j=1,}’l, }1:3):

Ji — 3MiHa 3HAYEHHS TOKA3HUKA B PE3YJIb-
TaTi 3HOILIIYBaHHSI AX ;

/> — BiDHOCHa MOXMOKa IS HOBUX OAHKHOT
d

new
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Tabauysa 1. XapakTepuCTUKKA TOYHOCTI MMOKA3HMKIB 3HOILYBaHHSI GAHKHOT — MATPHULIST 3HaUYeHb YaCTKOBHUX KPUTEPIiiB albTePHATHB

Kpurepii
CTuMyasITop JleCTUMYJISTOPU
Marpuis Cepeﬂﬁﬂ 3HAYEHHHA Cepeist BimHocHa | Cepenns
3MiHa MOKa3HMKA BIIHOCHA MOXMOKA
. noxubKa Jj1s1 HOBUX
B pe3yJIbTAaTI JUISL 3HOLLEHUX
6aHKHOT, %

3HOLUYBaHHS, % 6aHKHOT, %

IMoka3HMKU 3HOIYBaHHS Xjj X5 Xin X3

3MiHa ICKpaBOCTi OaHKHOT Xy 24,828 0,110 1,275

IToBITPONIPOHUKHICTH X)j 78,832 0,864 4,878

IopcTkicTh X3; 633,178 0,446 1,834

KinbkKicTh MOABIIHUX TIEPETUHIB Xy; 74,084 2,373 1,275

s PyiiniBHE 3ycuiuisa Xs; 36,693 0,558 1,718
=
5 | BigHOCHE MOIOBXEHHS X6 17,826 1,048 1,481
=
§ CTiliKiCTh KpaliKy 10 HaJpUBY X7; 28,736 0,695 1,667
Na)
£ | Criiikictb kpaiiku 10 HanpuBy X 28,736 1,002 1,073

PO3IMPAHHSIM

HynboBa po3prBHA JOBXUHA Xg; 11,531 0,688 0,716

XKopcrkicts 3a Tabepom X0/ 70,284 2,341 2,774

ZKopcTkicTs (3a MeTofioM pe3oHaHcy) | X1y 23,009 0,349 0,550

KopcTkicTh (3a METOIOM KiJlbLIsT) X12; 59,095 1,811 1,784

Maca 6aHKHOTU X13; 3,157 0,259 0,401

f 3 = BiTHOCHA TITOXMOKa MJId 3HOIUEHUX Tabauys 2. HopmoBaHa MaTpuIlsl 3HaYeHb YaCTKOBMX
OaHKHOT & det - KpUTEPiiB albTepHATUB

HeoOxigHo 3HaiiTM HalKpally aJlbTepHaTUBY x;,j x; . x’l,2 x’l,3
BiITHOCHO CYKYITHOCTi KpUTEPIiB. ]

Ha OCHOBi CTATUCTUYHMX JaHUX CHOPMOBAHO X1y 0,039 1,000 0,315
MaTpHUILIIO 3HAYEHb YACTKOBUX KPUTEPIiB aJbTepHA- X 0,125 0,127 0,082
B X =[x;],i=Lm, j=1n [11] (tabm. 1). X3 1,000 0,247 0,219

CrumyssiTopoM € f; — 3MiHa TMOKa3HUKa B Xy J 0,117 0,046 0,315
pe3yabTaTi 3HOLIYBaHHS AX , HeCTUMYJIITOpaMU — x5 ; 0,058 0,197 0,233
/> — BiIHOCHa MOXMOKa I HOBUX OAHKHOT § ., X6, 0,028 0,105 0,271
i f3 — BiIHOCHa MOXMOKa IJIs1 3HOLIEHUX OAHKHOT x; ; 0,045 0,158 0,241
8 gt - Xg; 0,045 0,110 0,374

EtanonHumu 3%23[3‘13611-[;{5[MH YaCTKOBUX I(()prng_ Xg j 0,018 0,160 0,560

iiB € X =Xy = Xinn = X1y = 7
p max | 031401 1"[ > “min 2 12 ’ ’ X)9; 0,111 0,047 0,145
Xpin3 = X133 =0, . Ilicaa HopMyBaHHS 3 ypa- ;

min3 =33 X\ 0,036 0,315 0,729
XyBaHHSIM LIMX €TaJJOHHUX 3Ha4YeHb MAa€EMO HOPMO- 7 0.093 0.061 0225
BaHy MaTpPUIIIO 3HaYeHb YaCTKOBUX KPUTEPIiB alb- ,12/ 2 2 2
TepHaTUB (TA0JI. 2). *13) 0,005 0,425 1,000
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Tabauysa 3. Marpulisi mapHUX MOPIiBHSIHB MOKA3HUKIB TOYHOCTI BUMipIOBaHb 3HOIIEHOCTI OAHKHOT

CepeaHst 3MiHa 3HAYEHHS Cepennsl BigHOCHa Cepennsl BigHOCHA
Kputepiit MOKa3HUKa B pe3yibTaTi noxubKa Jj1s1 HOBUX noxuOKa JJ1s1 3HOLLIEHUX
3HOILIYBaHHS 0aHKHOT 0aHKHOT
CepenHst 3MiHa 3HAYEHHS
MOKa3HUKa B pe3y/IbTarTi 1 1/3 1/5
3HOLITYBaHHSI
CepenHsl BiTHOCHaA MoxubKa 3 | 13
JIJIsT HOBUX OAHKHOT

CepenHsl BiTHOCHA MOXuOKa 5 3 |

JUIS1 3HOLIEHUX OAHKHOT

Bekrop npiopureris (0,105; 0,258; 0,637).

Brnache 3HaueHHST MaTpULli Ay, = 3,039, iHgekc y3romkeHocti IY = 0,019, BigHoieHHs1 y3romkeHocti BY = 0,033.

,)_IIIH BU3HAUYCHHA Baru j—ro IIOKa3HMKa TOY-
HOCT1 ®; Ha OCHOBI €KCICPTHHUX OIMTYBAHb C(I)Op—

MOBaHO MAaTpPHIIIO0 MapHUX IMOPiBHSAHL (Tada. 3) 3
BUKOPUCTAHHSAM MiIXOIiB METOMY aHAJIi3y iepapxiit
[6, 12]. Ilixm yac opMyBaHHSI MaTPUIL MMAPHUX
MHOPiBHSIHb BUKOPMCTAHO IIKAJIy BiIHOIIEHb 3 OLIiH-
kamu Bin 1 go 9 [12], AKuM BiONOBiNalOTh IMEBHi
CY[IXKEHHSI MPO 3HAYMMICTh (pakTopiB um miii: 1 —
OJHAKOBAa 3HAUMMICTh, 3 — cjabKa 3HAYMMICThb
(meBHe mepeBaXkaHHsI 3HAYMMOCTI OTHOTO (haKTOpa
Haj iHIIMM), 5 — CYTTEBA YU CWJIbHA 3HAYMMICTD,
7 — nyxe cwibHa ab0 OYeBUIHA 3HAYMMICTb, 9 —
abCcoTIoTHA 3HAYMMICTh, 2, 4, 6, 8 — MpPOMiXHI
3HAQYEHHS MiX CYCIIHIMU 3HAUYEHHSIMU LIKAJIHU.
BcTraHoBeHO Bary NMoka3HWKiIB TOYHOCTI BU-
MipIOBaHb: JJI1 CEpPeIHbOI 3MiHU IOKAa3HUKA B pe-
3ysbTari 3HowyBaHHA o, = 0,105, m1a cepenHboi

BIIHOCHOI MOXMOKM II  HOBUX  OaHKHOT
o, =0,258, 1A cepenHbOi BiIHOCHOI IMOXMOKH

n
JUIS1 3HOLIEHUX GaHKHOT w; = 0,637, ij =1.
j=1
Y T1abn. 4 HaBeneHO aOCOJIOTHI Ta BiTHOCHI
3HAUeHHS (YHKUIA KOPUCHOCTI AOCTiIKYyBaHUX
aJIbTepHAaTUB, OOYMCJICHI 3a pIi3HMMM METOJaMM
¢dopmyBaHHS. BinHOCHI 3HaueHHSI (PYHKIIiI KOpuC-
Hocti Fy ., (X;) HaBeNCHO MUl TIOPIBHSIHHSL Me-
TOAiB (hOPMYBAHHS Ta OOUMCIICHO 3a (POPMYJIOIO
Fy(x;)
F BillH ¢ (x i ) = m

2 F(x)

i=l

100 %,

e Fq (x;) — 3HayeHHsA (DYHKLIiI KOPUCHOCTI I

i-1 aJIbTepHATUBYU, OTPMMaHE BIIMOBITHUM METOIIOM.

CepennHe 3HayeHHs (YHKII KOPUCHOCTI IJIsI
i-1 aJIbTepHATVBY CTAHOBUTH

F LS r
(x,')—ﬁqzz; q(Xl-),

ne N — KiJIbKicTh MeTomiB ¢popMyBaHHS (DYHKIIii
KOPMCHOCTI (B HaIlIOMy TOCTiIXeHHI N =6).

CepenHe KBaapaTU4YHE BiIXWUJEHHS ¢-TO Me-
Toay (popMmyBaHHsI (bYHKIIil KOPUCHOCTI OOYMCIIe-
HO 3a (opMYJIOI0

1 & —
0, = _Z FBiHHq(xi)_F(xi))2 :
m i=1

Hani T1aba. 4 namoTh 3MOry 3pOOUTH BUCHO-
BOK, 1[0 BCi 3alpONOHOBaHi MeToau (hopMyBaHHS
¢YHKIIii KOPUCHOCTI MalOTh JOCTaTHHO BUCOKY TOY-
HiCTh BU3HAUYEHHS TepeBary ajJbTepHATHUB Y Mexkax
3HAaUYe€Hb YACTKOBUX KPUTEpiiB Ta Bar KpPUTEPIiB,
XapakKTepHUX MJIs1 MoJjiirpacpiyHOro BUPOOHMIITBA.
HaiiMeH1ni cepeaHi KBaapaTU4YHI BIIXWJIEHHS Ma-
0T (DYHKIIII KOPUCHOCTi, MOOYIOBaHi HAa OCHOBI
€BKJIIIOBOI METPUKU Ta METPUKU MIHKOBCBHKOTO, a
TaKOX MYJIbTUIUTIKATUBHA Ta aJUTUBHO-MYJbTH-
TUTIKaTUBHA 3TOPTKW KPUTEPIiB.

3a BciMa MeromaMu (OpMYBaHHS (PYyHKILi
KOPHMCHOCTI HalOiNblli 3HaYeHHST (PYHKIL Kopuc-
HOCTi Ma€ TaKMil MOKA3HUK 3HOIIYBaHHSI OaHK-
HOT, K Maca O0aHKHOTH. KpiM Toro, BMCOKi 3Ha-
yeHHs1 (PYHKIII KOPMCHOCTI MalOTh BU3HAUEHHS
JKOPCTKOCTi 32 METOIIOM PE30HAHCY Ta 3MiHa SICK-
paBocTi 6aHKHOTU. ToMy BOAYaeThCd NOLUIBHUM 3
TOUYKU 30py TOYHOCTI BUMIPIOBaHb JJII JOCTIIKEHb
3HOILIYBAaHHSI 0AaHKHOT BUKOPMCTOBYBaTM came IIi
MOKa3HUKMU.



Tabauysa 4. OyHKIIT KOPUCHOCTI aTbTEPHATUB — MOKA3HUKIB 3HOIIYBAaHHSI OAHKHOT

MynbTu-

AIUTUBHO-MYJIb-

AnuTrBHA . . EnTpomniiiHa EBxkninoBa MeTtpuka
TUTiKATMBHA TUILIIKATUBHA . BiqHocHe
3ropTKa 3ropTKa MEeTpHKa MiHKOBCEKOTO
AJIBTEpHATUBU 3ropTka 3roptka cepenHe
Abco- Bin- Abco- Bin- Abco- Bin- Abco- Bin- Abco- Bin- Abco- Bin- SHA4YCHHA
JIIOTHA | HOCHA | JIIOTHA | HOCHA | JIIOTHA | HOCHA | JIIOTHA | HOCHA | JIIOTHA | HOCHA | JIIOTHA | HOCHA
3MiHa SCKPABOCTI GaHKHOT 0,462 | 11,70 | 0341 | 11,14 | 0402 | 11,46 | 0.638 | 8,75 | 0,371 | 10,59 | 0,332 | 10,32 10,66
TTOBITPOTIPOHIKHICTH 0,008 | 2,49 | 0,09 | 3,14 | 0,097 | 2,77 | 0366 | 5,02 | 0,098 | 2,80 | 0,098 | 3,04 3,21
IIopcTkicTh 0,308 7,79 0,265 8,66 0,286 8,17 0,527 7,23 0,268 7,67 0,255 7,92 7,90
Kinbkicts nmoasiiHux nepernHis | 0,225 5,68 0,173 5,66 0,199 5,67 0,506 6,94 0,215 6,15 0,206 6,40 6,08
PyitHiBHE 3ycHLIs 0,206 | 520 | 0,193 | 6,32 | 0,199 | 569 | 0,500 | 6,8 | 0,204 | 582 | 0,202 | 6,28 6,03
BinHOCHE TOAOBXEHHS 0,203 5,12 0,167 5,47 0,185 5,27 0,494 6,78 0,197 5,63 0,192 5,96 5,71
CriiiKicTh Kpaiiku 10 HaIpUBY 0,199 5,03 0,181 5,93 0,190 5,42 0,493 6,77 0,196 5,61 0,194 6,02 5,80
CTiiiKicTh Kpaiiki 10 HAIDUBY | o7y | gge | 0o18 | 7.4 | 0245 | 698 | 0562 | 772 | 0258 | 738 | 0245 | 7.63 7,29
PO3IMPAHHAM
HyJTb0Ba PO3PHBHA IOBXIHA 0,400 | 10,12 | 0,283 | 925 | 0341 | 974 | 0,670 | 920 | 0,362 | 10,35 | 0,326 | 10,13 9,80
XKopcerkicts 3a Tabepom 0,116 2,93 0,105 3,44 0,111 3,15 0,386 5,30 0,115 3,28 0,114 3,54 3,61
AKoperxicts (32 MeToz0M 0,550 | 13,90 | 0,429 | 14,02 | 0,489 | 13,96 | 0,787 | 10,80 | 0,485 | 13,86 | 0,426 | 13,24 13,30
pPE30HAHCY)
“Koperkicts (3a metozoM 0,169 | 427 | 0,146 | 478 | 0,157 | 449 | 0453 | 622 | 0,165 | 472 | 0,162 | 503 | 4,9
KiJIbLIST)
Maca GaHKHOTH 0,747 | 18,90 | 0,460 | 15,03 | 0,603 | 17,22 | 0,904 | 12,41 | 0,565 | 16,14 | 0,466 | 14,48 15,70
Cepenne kBanparHe 1,08 0,44 0,61 1,59 0,31 0,41 -

BiIXWJIEHHSI METOJY 3TOPTKHU
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BucHoBku

DyHKIIiI KOPUCHOCTI aJbTepHATUB HAa OCHOBI
aIUTUBHOI, MYJbTUIUIIKATUBHOI, aAUTUBHO-MYJIb-
TUILJIIKATUBHOI, €HTPOTIHOI 3rOpTKMU MOKa3HMKIB,
a TaKOX 3acTocyBaHHsI MeTpuK YeoOuiesa, EBkiti-
na, MiHKOBCBHKOTO Ta METOMY BIIXWIEHHS Bil 3pa3-
Ka JIOULTbHO (OpMyBaTU 3 YpaXyBaHHSM IOMLTY
YAaCTKOBUX KPUTEPIIB HA CTUMYJSATOPU Ta JECTU-
MYJISITOPU.

ANTOpUTM BM3HAUYEHHSI CTYIEHS IepeBaru
aJbTepHATHB 3a JOMOMOIO0 (DYHKIIiM KOPUCHOCTI,
c(opMOBaHUX 3 ypaxyBaHHSIM IIOAIY YaCTKOBMX
KpUTEPiIB HA CTUMYJISITOPU Ta JECTUMYJIATOPU, 3a
SKUM MOXJIMBO ITPOBECTU PaHXXyBaHHS ajbTepHa-
TUB, ToJiIrae y QopMyBaHHI MaTpulli 3HA4YeHb
YaCTKOBUX KPUTEPIIB aJbTEPHATUB, MOIIIi KpUTE-
piiB Ha CTUMYJSITOPUA Ta AECTUMYJSTOPU, BU3HA-
YEeHHi €TAJIOHHUX 3HAaY€Hb YaCTKOBMX KpUTEPIiB
K MaKCUMaJbHOIO 3HAUYE€HHS JJISI CTUMYJISITOPIB 1
MiHIMQJIBHOTO 3HAYEHHS JJIs1 IECTUMYJISITOPiB, HOp-
MYBaHHI MaTpUIli 3HAa4eHb YAaCTKOBHUX KPUTEpIiB
aJIbTEpHAaTWB, BU3HAYEHHI Baru IIOKAa3HUKIB Ha
OCHOBi €KCIIEpTHUX OIUTYBaHb, BU3HAYEHHi CTY-
MEeHs TIepeBaru aJbTEPHATUB i3 BUKOPUCTAHHSIM

1. 3eyposcekuit M.3., [lankpamosa H.J]. OCHOBU CHCTEMHO-
ro anamsy. — K.: Bugas. rpyma BHV, 2007. — 544 c.
2. Cobosesa E.B. Momudukanmyu KpuTepueB 0000LIEHHOM

MOJIE3HOCTH B 3a7ayax UACHTU(MUKALMU MHOTOKPUTEPU -
anbHOTO BBIOOpa // CUCTeMHI MOCTIIXKEeHHSI Ta iH(pOpM.
TexHoJjorii. — 2012. — Ne 3. — C. 58—65.

3. Ilempoe K.D. MyJTbTUTTIMKUTUBHO-aIIUTABHAST (DYHKIINS

OLIEHKM ToJie3HocTH // PammosnektpoHuka u mHbopma-
tuka. — 2000. — Ne 4. — C. 35-36.

4. Hetiman uc., Mopeenwmepn O. Teopust UTp 1 SKOHOMHU-
yeckoe moeeneHue / [lep. ¢ anrn. — M.: Hayka, 1970. —
708 c.

5. Kunu P.JI., Paiiha X. TlpuHaTHE pelieHV TPU MHOTHX

KPUTEPHSIX: TIPEAMOUYTCHHUSI U 3amelleHus. — M.: Pammo
u cBsi3b, 1981. — 316 c.

6. Caamu T.JI. TlpuHsaTHe pelIEHU IPH 3aBUCUMOCTSIX M
00paTHBIX CBS3sX: aHajIuUTHYeckue cetn. — M.: M3n-Bo
JIKH, 2008. — 360 c.

7. Tapuna M. HU. TlpumeHeHMe MyJbTUTIMKATUBHOW 0000-

mamomeid GYHKIUMU Ui arperupoBaHuUsI IMoKa3aTesiell ¢

PexomeHnnoBaHa Panoro
BunaBHMuo-nonirpaivHOro iHCTUTYTY
HTVYY “KIII”

OJHOrO 3 BapiaHTIB BUpa3iB Ml (YHKIIil KOpuc-
HOCTI.

Peanizanis po3po6yieHOro aJiIropuTMy Ha TIpU-
KJIadi po3B’s3aHHS OaraTOKpuUTepiaJibHOI 3amadvi
BUOOpY HAMOUIbII TOYHOrO TIOKAa3HWMKA 3HOLIY-
BaHHs OaHKHOT, 1110 NepeOdyBajii B yMOBaX peasib-
HOro o0iry, maja MOXJIMBICTb BM3HAUMTHU, IO
HaWIOLUIbHILIE [JIS JOCTOBIPHOTO COPTYBaHHS
0aHKHOT 3aCTOCOBYBATH TaKMil MOKA3HUK 3HOIIY-
BaHHS OaHKHOT, SIK Maca OaHKHOTH.

Bci 3ampomoHoBaHi MeTtogu (OpMyBaHHS
(¢YHKIIii KOPUCHOCTi MalOTh JOCTaTHHO BUCOKY TOY-
HICTb BU3HAUEHHS MEpPeBaru aJibTepHATUB y MeXax
3HaYe€Hb YACTKOBUX KPUTEpiiB Ta Bar KpPUTEPIiB,
XapakKTepHUX MJIs1 MoJiirpacpiyHOro BUPOOHMIITBA.
HaitmMeH1ni cepeaHi KBaapaTU4YHI BIIXWJIEHHS Ma-
0T (DYHKIIII KOPUCHOCTi, MOOYJOBaHi HAa OCHOBI
€BKJIIIOBOI METPUKU Ta METPUKU MIHKOBCBHKOTO, a
TaKOX MYJIbTUIUTIKATUBHA Ta aJUTUBHO-MYJIbTU-
TUTiIKaTUBHA 3TOPTKW KPUTEPIiB.

Y nmopanplmivMx OOCTIIKEHHSX AOLIJIBHO BHU-
3HAYUTHU CTYIiHb MEepeBaru ajJbTepHATUB — IOKa3-
HUKIiB 3HOIIYBaHHS OaHKHOT — 3 YpaxyBaHHSIM
TaKUX KPUTEpPiiB, SIK TPYIAOMICTKICTh, OIl€paTUB-
HICTh TOILIO.

TTOJIOKUTENTHHON U OTPUIIATEIbHOM T0JIe3HOCThIO // Tpymsl
CITUUPAH. — 2012. — Boim. Ne 3 (22). — C. 176—188.

8. Satiwenxo FO.I1. JocnimkeHHs omepauiit: [limpyyHuk. —
7-me Bun., nepepob. i gom. — K.: BJI “Cnoso”, 2006. —
816¢.

9. Hoeun B./[. TlpuHsTHE pellleHNI B MHOTOKPUTEPUATBHOM
cpene: KOJNMYECTBEHHBIN moaxon. — M.: ®dusmamiur,
2002. — 144 c.

10.  Muxonu C.B. TloctpoeHne QYHKIMHU ITOJE3HOCTH Ha OC-
HOBE MeTo/ia pubmxeHus K obpasity // Marep. [ Mex-
IyHAp. HAyYHO-MIpakT. KOoH®. “MHTeuIeKTyalbHbIE CUC-
TeMbI Ha TpaHcropre”, 24—26 mapra 2011 r., Caukr-Ile-
TepOypr. — Cno, 2011. — C. 294—-300.

11.  Kupuuwox T.IO., Koeym II.Il. KoMIuieKCHa OIliHKa TTOKa3-
HUKIB 3HOIIYBaHHS OAHKHOT YKPaiHChKOI IPMBHiI B YMO-
Bax peajqbHOTO 00iry // TexHosoris i TexHiKa IpyKapcT-
Ba. — 2012. — Ne 3 (37). — C. 4-26.

12.  Caamu T. Ilpunsarue pelreHuii. MeTon aHaiImM3a mepap-
xuit / [lep. ¢ aurn. P.I'. Bauanagze. — M.: Pagno u
cBsa3b, 1993. — 315 c.

Hapiitiia mo penaxitii
31 ciunst 2012 poky
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