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HEYITKA MATEMATUYHA MOAEIb OLIHKK
®IHAHCOBOI CTIMKOCTI KOMEPLIIMHUX BAHKIB

V cTaTTi po3risHYy TO MaTeMaTUYHY MOAEb OLIHKY (iHaHCOBOT
CTIHKOCTI KOMEPIIIHHUX OaHKIB Ha OCHOBI HEYITKHX MHOMXHH | He-
YITKOI JIOT1KM, SKa [Ja€ MOXMUJIMBICTH aJEKBATHO (popMasi3yBatH
€KCIIePTHI 3HaHHM, MA€ THYYKY CTDYKTYpPY 1 BHCOKY 3HaTHICTb
afanTailil 10 eKCIEPTHUX JJaHHX, IO 3abe3ne4ye BUCOKY TOYHICTh
OIIHKM (pIHAHCOBOI CTIHKOCTI.

Ki040Bi cJ10Ba: Heuimka MHONCUHA, HEYIMKA NO2IKA, HeYim-
Ka MamemMamuyHa Mooens, OyiHKka, inancosa cmilxicms, Komep-
YitHUuY OaHK.

IToctanoBka npo6JieMH. KomepuifiHi 6aHKM BHKOHYIOTh pONb pe-
ryJATOpIB IpoLIOBOro 0OOIry 1 LIEHTPIB aKkyMyJiUii Ta Mepepo3moaity
FPOLIOBUX PECYpPCiB i BOJIOAIOTH MOTYXKHUMH BaXKeJAMHU BIUVIUBY Ha ¢i-
HaHCOBY, IHBECTULIIMHY, BUPOOHHYY Ta iHIII CepU €KOHOMIKH, 3 TaKOX
Ha CycnijibHI BimHOCHHH. [TpoTe mns peanizauii 6aHkamu Uux (yHKIiH
CYyCMUTECTBO HE MOBHHHO MaTH CYMHIBIB y 1X HaAlHHOCTI, a MapTHEPH,
BKJIAJHUKH, IHBECTOPH MarOTh OYTH BIIEBHEHHUMH Y iX (iHAHCOBIH CTiHKOC-
Ti. OCOBIUBOT aKTyaTbHOCTI 111 Mpo6sieMa HabyBa€ ChOrOHI, KOMIM BITYH3-
HAHUM KOMEpLIHHUM OaHKaM JOBOAWTHCA MPALIOBATH y CKIAJHUX collia-
NIHO-€KOHOMIYHUX YMOBAaX, B AKHX OMHUHUJIACA HAlla KpaiHa y 3B 43Ky 3
KPU30BUMH SBHIIIAMH Y CBITOBIM €KOHOMILIL.

AHaJi3 pochixxens i nmyonikauiii. [Ipodnemaruky ¢inaHcoBof CTii-
KOCTI KOMepLIHHMX OaHKIB BUBYAIOTH 0araTto BITYM3HAHMUX YYEHHX, 30Kpe-
mMa Bitmincekuit B. B., I'epacumoBny A. M., Izwbmok O. B., €mnida-
HoB A.O., 3apyba O. [I., KouetkoB B. M., Mopo3 A. M., [Tanrenees B. I1,,
[Tpumoctka JI. O., Casnyk M. 1., Xanasa C. I1., lllenyaeko H. M. T2 i
Ouinkoro ¢iHAHCOBOI CTIMKOCTI 3aMMarOTECA 1 caMi KOMepLiiHI DaHKkH y
MeXax CHIBMpaLi 3 IHIIMMH 0aHKaMH, a TaKOXK OpraHH JEp)KaBHOIO pery-
JHOBaHHA OaHKIBCHKOI JIAJILHOCTI Ta pEHTUHIOBI ar€HTCTBA.

[IpoBeneHu#t aHan3 HAYKOBMX AOC/IHKEHb | PAKTHYHHUX METOZIHK 3ac-
BIIYMB, IO €MHOI, YHIBEPCAIBHOI CHCTEMH OLIHKH (iHaHCOBOI CTIHKOCTI
KoMepLiiiHiX 6aHKiB HeMae. [TpoTe OibIIICTD YYSHHX i PAKTHKIB 3rofiHi 3
THM, 110 (iHAHCOBA CTIMKICTh € iHTErpabHUM MOKA3HHKOM, SKKA CIIi/l BU3-
HaYaTH HAa OCHOBI PsQy IHIIMX, YACTHUHHHUX TOKA3HHKIB, 1[0 XapaKTepH-
3YI0Th Pi3HI CTOPOHM (HiHAHCOBO-EKOHOMIYHOI ISTBHOCTI KOMEPLIAHUX
0aHKiB. | TyT HOCIiIHUKH CTUKAIOTLCA 3 MPOONEMaMH, AKI JIEKAaTh HE CTilb-
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KM B €KOHOMIYHI}, CKUIbKM B MaTEMaTHYHIM [UTOLIMHI: TOKa3HUKH, fAKI BH3-
HayaloTh (DIHAHCOBY CTiMKiCTh, BHAB/IAIOTBCA MIY)KE PI3HOMAHITHUMH,
3B’A3KA MDK HMMH — JOCHTB CKJIAJHHMM, a IXHii BIUTAB HA IHTErpalbHHUi
NOKA3HHK — HEOYEBHIHHUM, IO 3HAYHO YCKJIAHIOE CTBOPEHHS aJIeKBaTHOI
MOJIEJTi OLIHKM (PiHaHCOBOI CTIMKOCTI. 1A MOAOAaHHA 03HAYEHUX TPYIHO-
LB JOCTIAHHAKM YacTO BAANOTHCA A0 MEBHUX CIPOLIEHb: HEXTYHOThH OKpe-
MHUMH MaJIO3HAYyIIHMH 3 IXHBOI TOYKM 30pY TOKa3HHKaMH, 3[{HCHIOIOTE
TEBHI MIEPETBOPEHHA YW 3aMIiHM 1711 TPUBEACHHA IOKA3HMKIB 110 OJHOrO
THITy, IOTYYHO CTIPONIYIOTH XapaKTep MDKIIOKA3HHUKOBHX 3B A3KiB TOLLO.
OpnHak HOAiOHI NMPHIHOMH 3HIDKYIOTH AIeKBaTHICT MATEMATHUHOI MOJEN |
MOXYTb TIPH3BECTH 40 HEMOMUTUBOCTI il BAKOPHCTAHHS HA TIPAKTHLL.

dopmymoBaHHA MeTH cTaTTi. MeToro ni€l cTarTi € po3pobka Ma-
TEMaTHYHOI MOJeNi OLIHKH (IHAHCOBOI CTIHKOCTI KOMEPLiAHHX DaHKiB,
Aka 6 aekBaTHO (opMaii3yBaia eKCIEpTHI 3HAHHA, Masa I'Hy4YKy CTpyK-
TYpY 1 BHCOKY 3[aTHICTb aganTawii 10 eKCIEPTHAX AaHHUX.

BuxJiaa ocHoBHOro Matepiaiy. J[1s JOCATHEHHS MOCTaBIEHO! METH
TNPONOHYEMO BHKOPHCTAaTH MaTeMaTHYHHi anapaT Teopil HEYITKHX MHO-
KMH 1 HeYITKOi Jjioriku [2; 3 Ta iH.], AKWH Mae Taki 0COOJMBOCTL: MOXe
¢dopMatizyBaTH 3a€KHOCTI NPAKTUYHO OYAb-AKOI CKJIaZHOCTI, IIapaMeTpH
Y HEYITKUX MOJENIX MOXYTb OYTH PI3HOTUNHUMH, IJIA OIHCY 3aJIeKHOC-
TeH MUK [1apaMeTpaMH BHKOPHUCTOBYETHCS MPHPOJHA MOBA, HEYITKI MoJe-
JIi MAKOTh BHCOKY 3[aTHICTh afanTailii 10 eKCIIEPTHIX JaHHX.

Meroauka nobyagoBu Modeni Ha OCHOBI MaTeMaTHYHOTO amnapary
TEOpii HEUITKUX MHOXKUH | HEYITKOI JIOTiKM nependayac BUPILICHHSA TaKuX
3ajay [3]: BMAiNEHHA NapaMeTpiB, fAKi XapaKTePH3YIOTh HOCIIIKYBaHy
CHCTEMY, BU3HAUYCHHA i GopMani3alis JIHrBICTHYHHX OLIHOK NapameTpiB
(pasudikauis), nobyaosa HewiTkoi 6a3H 3HAaHB MPO B32aEMO3B’S3KH MiX
[apamMeTpamH, peaii3allis HEYITKOIO JIOTIYHOrO0 BUCHOBKY MpO BIUIMB BXil-
HUX NapaMeTpiB Ha BHXIiOHWH, NEPETBOPEHHS HEYITKOrO JIOTI4HOro pi-
LICHHA B YiTKe 3Ha4YeHHA (Hedasudikaris).

BianoBigHo 10 HaBeJEHOI METOOUKM MOIEIOBAHHA CIIOYATKy BHII-
JIAMO TIapaMeTpH, SKi BM3HAYalOTh (iHAHCOBY CTIMKICTH KOMEPIiMHHX
6ankiB. Sk MH BiKe 3a3HaYallH, Ha CBOTOMHI iCHy€ 0araTo pi3HHX METOIHK
OLIHKM (PIHAHCOBOI CTIHKOCTI, aBTOPH AKHX BHXOJAYH 3 BJIACHOTO JOCBIIY
TMPOTNOHYIOTH Pi3Hy KINBKICTh 1 CKJIajl mapaMeTpiB (iHaHCOBOI CTiHKOCTI.
Bi3sMeMo 3a OCHOBY, MabyTb, HaHBIIOMIlY Cepell BITYH3HAHMX YUEHHX |
baHKIBCBKMX aHaNITHKIB MeTOMUKY [1], po3pobieHy pociiCEKHMMH BYEHH-
mu 1in kepisHuuTBoM KpoMoHoBa B. C. 3a wicio MeToukow piBeHb i-
HaHCOBOI CTIHKOCTI KOMepLiHHX BaHKIB OLIHIOKOTE 33 OpMYJI0H0
N=45%-k1+20% k2+10%-k3/3+15% k4 +5%- k5+5%-k6/3, (I)

ne kl — rexHepanbHui KoeQilLiEHT HAMIMHOCTI, k2 — KoedilieHT MHUTTE-
BOI JIKBIAHOCTI, k3 — Kpoc-koediuieHT, k4 — reHepanbHHii koedillieHT
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piksigHOCTi, kS — KOEDILIEHT 3aXMIIEHOCTI KaniTany, k6 —- KoeQiuieHT
oH7I0BO kanitani3auti npubyTky (GopMynu A po3paxyHKy 3a3HayeHHX
(OKa3HHMKIB MOXXHA 3HAHTH, HaNpUK/an, B [1]).

[Moxassuky y gopmyni (1) migibpani Tak, mob skomora nogHiuie Bigo0-
pasuTH (HiHAHCOBO-EKOHOMIYHY AIATBHICTD gompuiﬁuoro baHky, a cama op-
MyJia Ma€ aTUTHBHHUI BUNMIALL, TOOTO wiM Oibiiie 3HAYEHHS Ma€ KOXEH 3 110-
Ka3HMKIB, THM OLTBHIIMM Y TIACYMKY BUSABJISETHCA PiBeHb (iHAHCOBOT CTilKOC-
i, TIpH LIbOMY KOXKEH 3 [OKa3HMKIB (PIHAHCOBOI CTIMKOCTI HOPMYETHCA EBPHC-
THYHUM METOJIOM | MHOMKMTBCS Ha eMITipuuHy Bary. EBpHCTHYHMIA MeTon
HOpMYBaHHS B [JaHOMY BUTIAJIKy TOJIATAa€ B TOMY, IO 3HAYECHHs [OKA3HHKIB,
fKi XapakTepH3ylOTh MAIANBHICTE OaHKy, OQUIATH Ha BIATIOBIIHI NOKA3HMKH
«ieaTbHOro OaHKy», 0 MaE ONTHMAIIbHE CIIIBBIIHOILEHHA MK HaiHHICTIO
| MpHOYTKOBICTIO. 3TiIHO 3 METOAMKOI «ifeanbHUM OAaHKOM) BBRKAETHCH
0aHK, AKMH Ma€ Taki 3Ha4YeHHs NMokasHukiB: kl=1, k2=1, k3=3, k4=1,
k5=1, k6 =3 . EMIipuuHy Bary KO)HOTO NOKa3HUKA BU3HA4YEHO B Pe3yJIb-
TATI EKCTIEPTHOTO HOCHIKEHHA Woro 3HauymiocTi (k1-45%, k2-20%,
k3-10%, k4-15%, k5-5% , k6—-5%) 1 migiOpako Tak, mob 3Ha4YeHHS
piBHA (piHAHCOBOI cTifikocTi N konuBatocs B Mexax Big 0% (abcomoTHo
recTifkui 6aHK) mo 100% (imeamsHO CTIMKMIT OaHK).

Omucana METOOMKa, HE3BAXKAIOYM HA 1i MOIYJNIAPHICTb, He No30aBjeHa
HETOMIKIB, OLMLIIICTD 3 AKMX JISKWTH B €KOHOMiuHiA ruiommni [1]. Mu x
X0YeMO 30CEpEIMTH yBary Ha MaTeMaTUYHMX aclieKTaX. TakK, Ha Hamy ayM-
Ky, 3B’430K 3ralaHX IIECTH MapameTpiB 3 (PIHAHCOBOKO CTIAKICTIO, BUpaXe-
HU# y BHIVIAZI 3BXXEHOI HOPMOBAHOI CyMH, HEIOCTATHRO a[IEKBATHO (opMa-
J3Y€ BCIO CYKYIHICTh €KCTIEPTHUX 3HAHb MPO TaKHii 3B’930K. Takox HeIoMi-
KOM ()YHKIIIOHATTbHO1 3aNeXHOCTI (1) € Te, [0 BOHA Ma€ (GXKOPCTKY CTPYKTY-
py»: Tipu crpobi BBECTH B MOZIENb NONATKOBi MapaMeTpd (4M BHITYYHTH
OKpEMi) JOBEAETHCSA MEPErTAHYTH 3HAYESHHA BCIX BaroBuX KoedilieHTiB abo
HaBITb MOBHICTIO 3MIHUTH BUIIIAA (YHKLIOHATBHOT 3aexHocTi. OgHaK no-
rOAMMOCs 3 BUOOPOM MapaMeTpiB, 32 AKMMH BH3HAYAlOTh PIBEHb §IHAHCOBOI
CTIKOCTI KOMEpLIHHUX 6aHKiB aBTOPH ONMMCAHOT METOIMKH, i mepefemo 10
BH3HAYEHHA 1 popmatizauii IHTBICTHYHMX OLIHOK NapaMeTpiB.

JIHTBICTMMHOIO 3MIHHOIO Ha3UBAKOThH 3MIHHY, KA NPHAMAE 3HAYCHHA
3 MHOXKHHH CJ1iB a0 CJIOBOCHIOTyY€Hb [EBHOT TPUPOIHOT YM WITYYHOI MOBH.
[1i 3HaYeHH HA3UBAOTH JIHTBICTHYHMMH TepMaMH abo IPOCTO TepMaMu, a
X TIOBHUM Tepesik — TepM-MHOXUHOIW [2]. TIo cyTi JIHIBICTHYHI 3MIHHI
HEYITKMX MaTeMaTHYHHX MoJeied € eKBiBaIeHTaMU 3MIHHUX (TapaMeTpiB)
KIaCHYHHUX MOJENEH, a TEPMH — AKICHUMH E€KBIBUICHTaMH KUIbKICHHX 3Ha-
YeHb UMX mapamerpiB. Ha3ewm i KinbKiCTH TepMiB OOMpPalOTh BHXOAAUM I3
CYTI KOHKPETHOI NIHTBICTUYHOI 3MIHHOI | BOHH MOXXYTb OyTH pI3HUMH U1A
PI3HMX NIHTBICTHYHMX 3MIHHMX, OJJHAK MaKCHMa/IbHa KiJIEKiCTh TepMiB JIiH-
IBICTUYHOI 3MiHHOI, AK 3a3Ha4yeHo B [3], MoBMHHA CKiamati He Oimbmie
7%2 . Tlpuitnasium Le 0 YBAru, 3 MeTOIO yHidikalii noaanbmmx Marema-
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THYHUX BUKJIAZIOK CHOPMYEMO TaKy 3araibHy JUIA BCIX BXIIHUX JIIHTBICTUY-
HUX 3MIHHUX HEYiTKOT Moueni cucteMy TepMie: f/ (em3bkuii), C (cepen-
HI), B (Bucokuit). [l BUXiHOT JIHIBICTUMHOT 3MIHHOT HEYITKOI MOZe,
3 AK010 OYy/1EMO acolitoBaTH piBeHb (iHAHCOBOI CTIAKOCTI, BI3bMEMO TEPMH
H (au3eknit), nC (Huwxumit cepenunoro), C (cepenaHiin), eC (Buumii
cepenHboro), B (BUCOKMA), OB (/1yKe BUCOKHUMA).

Tepmu NIHrBICTMYHUX 3MIHHKX HEYITKMX MaTeMaTUYHUX Mozenel dop-

MaIi3y0Th 3a JIOTIOMOTOK) HEYITKMX MHOAMH. HewiTkoo MHOKHMHOW A Ha
. . . . -

yHiBepcaIbHii MHOKMHI U Ha3uBalTh CYKyMHicTs map (u, u” (u)), ne

1" (u) — cTyninb HANEAHOCTI eNleMeHTa ¥ YHiBEpCaNbHOT MHOKHHH [/ He-

qiTkift MHoXuHI A [3]. CTyminb HanexwHocti p” (u) MOKe TMPUIMAaTH 3Ha-
yeHHa Bl 0 10 |: yum OulblLE HOro 3HaYEHHA, TUM OLTBILOK MIpOIO elne-
MEHT ¥ HANEKUTb HeUITKIi MHOXHHI A . DyHKLIEW HAIEKHOCTI HAa3UBAKOTh
(yHKIII0, fKa [1a€ MOXJTMBICTh OOYMCIIUTH CTYTIHb HAEAHOCTI JIOBLTLHOIO
€JIEMEHTa YHIBEpPCATbHOI MHOKMHU HEYITKI MHOKMHI. SIKIIO yHiBepcanbHa
MHOXHHA CKIAJIa€ThCA 3i CKiHUeHOI KinbkocTi enementis U = {u, ..., 4.},

ko .
HEYITKy MHOXMHY 3allMCYIOTh Y BUIAAI A = Z u? (» )/ . ;Y BHNaIKy He-
=1

nepepBHOi MHOXKMHHM [ HEUITKy MHOXMHY 3aIHCYIOTh K A = jp‘i (u )/u .
U

JIna wamol MareMaTHYyHOI MOAENl B pojil YHIBEPCAIbHUX MHOXHMH
ANA TepMiB JIHTBICTUYHMX 3MIHHUX TPUAMEMO JIiarna3oHH MOXITHBHX
3Ha4YeHb BIAMOBIAHUX MOKA3HUKIB (iHAHCOBOI cTifikocTi (Tabn. 1), a wm
(opmani3zauii TepMiB BXiAHMX JIHFBICTHYHHUX 3MIHHMX X, i=1...,6 i

BUXIJHOI JIIHTBICTUYHOI 3MIHHOI y OyIEeMO BHUKODHUCTOBYBAaTH IayCOBI
¢yHKUiT BIANOBIHO TAKOro BUTJIALY

(x~g, )’

B, () B
2h2 » H (y) exp

a,

(¥ — & )?
2h}

p (%) =exp| - , (2

ne a, — j-uit TepM NiHrBiCTHYHOT 3MinHOl X,, i=1,...,6, j=12,3;
g, — Koopmuara makcumymy dymxuii 4 (x;); h, — xoedimiert
CTHCKaHHA-POITATY yHKuii 4 (x,); b, — j-Hit TepMm NiHrBiCTHUHOI
MiHHOT Yy, j=1,...,6; g, — KoOpaWHaTa MakCAMyMy QyHuii
i (v); b, — xoediuienT cTucKaHna-po3TATY PyHKLT i’ (v)-
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g X

HeuiTkor0 0623010 3HAaHb MPO BIUIMB BXIJHWX JIHIBICTUYHHX 3MIHHHX
x, i=l..,n Ha BHMXIJHY JIIHTBICTUYHY 3MIHHY ) Ha3MBalOTh CYKyTI-

HICTh JIOTIYHMX BHCJIOB/IFOBAHb THY [3]
1 . Ty g '
}IKWO(XIZG{ ) I (x2 =aé ) 1 ... 1 (xn—.:adi)

o\ B seae o _
a6o(xl=a{ ) i (x2=a§ ) i (xnza,{z) abo ..

gk, Y . k " x k
a6o(xl=al )I(x2=aé’)l...1(xn=ai'),
moy=bj, j=1...,m,

ge @/’ — NiHTBICTMYHWA TepM, AKAM OLLHIOETHCA BXiAHA JIHIBICTHYHA
MiHHa x; B pAOKy jp, p=L..,k;; k; — KIIBKICTb pSIKiB-
KOH IOHKLIH, B AKMX BUXIJHA JIIHIBICTUYHA 3MIHHA J OL[IHIOEThCA JIIHTBIC-
THYHUM TEPMOM b, ; m — KUIBKICTB JIHTBICTHYHUX TEPMiB, SKi BHKOpHC-
TOBYIOTHCS /151 OLIIHKH BHUX1ZHOT JIIHFBICTHYHOI 3MiHHOT .

J1st 3py4HOCTI HewiTKy 6a3y 3HaHb YacTo MOJAKOTh Y BUIJIAAI TaO/HL
(Marpuui 3HaHb [3]) po3mipHocTi (n+1)* N, ne n+1 — KUTBKICTL CTOBII-
LB, a N — KUIbKICTh pszakiB. Ilepmii # CTOBMIIB MaTpHLli 3HaHb BiJNOBi-
JIAI0Th BXIJAHMM JIIHTBICTHYHHM 3MIHHUMM X;, I =1 .., n, a OCTaHHI} CTOB-
neub n+1 — BUXIOHIA JIHTBICTHUYHIA 3MiHHIM y . Paaku npeactansioTh
KOMOIHAL(il TepMiB BXIOTHMX JIHIBICTHYHMX 3MIHHHX X,, BIOHECEHHX [0

OIIHOTO 3 MOXNUTMBUX BapiaHTiB 3Ha4eHb b,, j =1,..., m BHXIZHOI JiHTBIC-

THYHOI 3MIHHOI y , NIpHM LLOMY TepIli K, pAAKIB BiAMOBIJAXOTH 3HAYEHHIO
b, HacTYNHi k, pAOKIB — 3HA4YEHHIO b, , i T.I., a OCTaHHI £, PAIKIB —

sHayeHHo b, (k +k,...+k, =N). Enement /¥, mo 3naxomurscs Ha

NEPeTHHI i -TO CTOBMLA Ta jjp -TO psiaka, p=1,...,k, , BIANOBLIAE TepMY

napameTpa x; B PAOKY Jp, NPH LBLOMY TEPM alf BHOMpaEThCA 3 TEPM-
MHOXXMHHU BiATOBI/IHOT BXiJHOT JIIHrBICTHYHOI 3MiHHOI X; . Kpim Toro, mar-
PULIO 3HAaHb iHOZLi JOMOBHIOIOTH CTOBIMIIEM, B AKOMY Bi0oOpaxalOTh Baru
npaun w’’ | 10 BHpPaXAIOTH Cy0’€KTUBHY Mipy BIIEBHEHOCTi €KCIiepTa B
aZieKBaTHOCTI TpaBuna. Ha etani ¢popMyBaHHS CTPYKTYpH HediTKoi Moze
Barv rpaBuia MOXKYTh OYTH NPUIHHATI pIBHUMH OJMHHL.

Jns noOynosu HeuiTkoi 0a3H 3HaHb, AK NPABHIIO, 3ATY4al0Th eKcnep-

TIB y BIiOMOBigHIA mpenMeTHIH obsacti. B HalmoMy BUMagKy BHKOPHC-
TAEMO 714 Uporo Moaenab KpoMoHoBa (1), ska 3a CBOEO CYTTIO € EKCTPaK-
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TOM €KCNEPTHUX 3HAHBb MPO BIUTHB NMOKA3HHUKIB AIAIBHOCTI KOMEPLIAHOrO
0aHKy Ha Horo ¢iHaHCOBY CTIHKICTb.
Tabnuus |

Jlinzeicmuyuni 3IMIHHI HEYIMKOL MamemMamuiHoi MoOeni OYiHKU
ginancoeoi cmitikocmi KomepyiiHux bankie

3minna | Muoxnaua | Tepmn [lapamerpun pynkuii HajieKHOCTI
=0, 7~ =09, = |
X, [0; l] H, C, B gH 8¢ : g3
hy =0,17, hC =.17, hB =17
=1 =(,5, — |
; hH=O5l7’ hp=0,l7, hB=0,17
=Oa ' =1355 =3’
X, [0;3] H, C,B gH 8¢ 8k
_ hy =0,51, h-=0,51, hy =0,51"
=\, ={).5, =
%4 [0; 1] H, C, B 43 8c gB
hy =0,17, h- =0,17, hy =0,17
e =0, g~ =05, g5 =1,
xs [0;1] - {H,C, B @ [B# =780 =0 8
hy =0,17, h- =0,17, hg =0,17
= L =15 =3,
X [0;3] H, C,B gx {8 Er
hy =0,51, h- =0,51, hg =0,51
=0, g, =20, g~ =40,
H.uC, gx _608(, s 8¢ hed
y [0; 100] C, 6’C, 8eC = » 88 = > 8o = )
. B.oB hy =8,49, h"C =8,49, hL =8,49,
hG‘C =8,49, hB =8,49 5 hf)B =8,49

[1pasuna 6ynemo 6yayBaTy 3a TAKMM aJITOPUTMOM:

®* TEHEPYEMO BHMAAKOBI 3HAYEHHA 1A BXIOHMX MapaMmeTpiB Ta 004uc-
JIFOEMO 3HAYEHHA BUXIAHOTO NapaMeTpa 3a popmyJiomw (1);

® Ui OTPMMaHHUX 3HAYECHb BXIJHWX | BUXIAHOrO MapaMeTpiB BUOHPAEMO
Ti JIHTBICTUYHI TEPMH, U1 AKUX 3HAUYEHHS (PyHKLIT HaleKHOCTI Mak-
CUMAITbHE; -

* T[EHEpPYEMO MpaBWwiIo 0a3u 3HaHb, BUKOPACTOBYIOUH JIOTTYHY OMEpaLio
«1» Ta JIHrBICTAYHI TEPMH.

® [OBTOPKOEMO NOMEPENH] KPOKU HEOOXIAHY KUIBKICTh pas.

Sl 3a3HayeHo B [3], 3aranbHa KUIbKICTb NpaBwi B 06a3i 3HaHb NoBHHHA Oy-
TH MEHLIOK YHCNA BCIX MOMJIMBHMX KOMOiHaLii TepMiB BXiQHWX napamerpis. B
HallloMy BMMazKy Oysio Bupiuleno obmexutucs 30 npasunamu (Tabn. 2).
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Tabnuug 2

Mampuys 3nanb HeYIMKOI MAMEeMaAmMUYHOI MOOeNi OYiHKU
¢inancoeoi cmitikocmi komepyitnux 6aHKi6

;:—;, Xy | Xy | Xg | X5 | Xg | Y No | xp | Xy [ X3 [ Xg| X5 | X6 |V
\{H|H|H|H|H|C|H 16|B|H|H|H|B|C |6C
) |H|H|H|H|H|B|H 17|B|H|H|C|H|C |6C
3 |H|H|H|H|B|C|H 18| B|H|H|C|H|B e
s|H|Cc|C|H|H|HHC 19|C|B|B|C|H|C|eC
s|HIH|B|C|H|H|uC 20|{C|B|B|C|C|C|sC
6 |HIH|B|C|H|C|uC 201c|BlC|B|B|H]|eC
1\H|C|H|C|H|B|sC 2|c|B|B|BlH|C]|B
slH|clclc|c|H]|uC 3|B|H|C|B|B|C|B
9 |H|B|C|H|H|C |nC 24|B|C|H|B|H|B|B
o/ c|lH|H|Cc|c|H]|C 25| B|C|lH|B|B|C|B
n|c|H|H|Cc|H|B!C 26|B|H|B|B|B|B|B
eiclulu|clclBlcC 27\ B|B|H|B|B|H|B
slH|B|B|ClC|C]|C 28{B|B|C|B|H|B|0B
ulH|B|B|Cc|Cc|B]|C 29| B|B|B|C|B|B]|0B
5|C|B|H|H|B|H|C 30|B|B|B|B|H|B|oB

 CHcreMa HEUITKHX NOTTYHUX BUCIJIOBJIIOBAHb, KA Bi/INOBIA€ HaBee-
Hilf MaTPHLIi 3HaHb, BUDIAAAE TaK (TIOJAHO CKOPOYEHUH BHIVIAL):

axuo (xy =H)i(x, =H)i(x;=H)i(xg=H)i(xs=H)i(x =C)

abo(xy=H)i(x, =H)i(x;=H)i (xs=H)i (x5 = B)i(xs

AKUO (x1 =

abo (x, = B)i(

abo ...

mo y = H,

AKWO ...,

B)i(x, = B)i(x; =C)i(

mo...;

abo ..

mo y = 0B.

Heuwitkuit noriuduil BUCHOBOK MpPO BiAMOBIMHICTE KOHKPETHHX 3HA-
YeHb BXiJHMX MAPAMETPIB X, ,..., X, HEUiTKiH MHOXHHI BUXiHOTO Mapa-

X4 =B)i(x5

x2=B)i(x3=B)i(x4=B)i(x5=

=C),
(4)
H)i(xé-B)
H)i(x6=B),
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METpa y peai3yroTh, NEPEXOAAYN BiJl IOTIYHUX BUCIIOBIIIOBAHD J10 HEYIT-

KMX JIOriudux piBHaHb [3]. Taki piBHAHHA OTPUMYIOTH 3 0434 3HaHb LUIA-
XOM 3aMiHM JIIHIBICTUMHMX TEPMIB HAa (PyHKILIII HATEKHOCTI, a onepauii
«i» Ta «abo» — Ha onepauii 3HAXOPKEHHA MIHIMYMY ( A ) Ta MaKCHMyMy
(V) BIANORIAHO, MPH LBOMY Bara npaBwjia BPaXxOBYETHCA LUIIXOM MHO-
KEHHS HEYITKOro BUpa3ly Ha BIANOBIAHE 3HAYEHHA Baru:

u” (%p s 2 )= WP~ A_[ﬂ”’(x,)], (5)

pzl,k’ i=l.n
Jns Hamoi MareMaTM4HOI MOJENi CUCTeMa HEYITKUX JIOTIYHMX piB-
HAHb 3aIMILETHCA TAK:

T (Jc,,...,xﬁ)=|:;1'('r ALY ER VN EA VNS (xﬁ)]v...
V[ ()i (52 Ao i (25 M (35) )

(6)

1 (31,0 56) = 1P (5) A () Aot (x5 1% () [ -

vl:pB () Ap? () Accon pf (x5) A pt® (xﬁ):l.
HeuiTky MHOXHHY y BHM3Ha4MMO 3 opMyiH

. b b
) womm(,u’(x,,...,xs),p'(y))
7= U | .0
j=16 0 : 4 |
ne | — onepanis 06’€qHaHHA HEYITKMX MHOMKHH.

OctaHHi#t kpok noOyJoBU HEdiTKOI MoJesi nepexbadae orepauio
nedasudikauii, TO6TO NEpeTBOpEHHA OTPUMaHOT HEYITKOT MHOXHMHH ) B
uiTke 3HaYeHHA y. [edasudikauiro 6yaeMo NpoBOIHTH 32 GOPMYIIOK

100

y=mfy-#’-’(y)dy [# (y)ay- 8)

OtpumaHa CykynHICTb CIiBBigHOWEHS (2), (6), (7), (8) mae Moxm-
BICTh OLIIHIOBAaTH piBeHb (piHAHCOBOT CTIHKOCTI KOMEpLiHUX OaHKiB, BH-
KOPHCTOBYIOYH TaKHH alirOpUTM:

1) Ha ocHOBI JaHMX 3BITHOI AOKYMeHTalii 6aHKy OOYHCITIOTh 3HAYCHHSA
BXi[IHMX MapaMeTpiB X, ,..., Xg;
2) 3a ponoMorolo GopMynu (2) OOYHMCHIOTE CTYNEHI HAIEXHOCTI

a . . .
#* (x;) 3naueHs BXiTHMX NapameTpiB X, ,..., X; 0 TEPMIB a, ;

3) Ha ocHOBi GopMmynu (6) 0OUMCTIOIOTE CTYMEHI HAIEXHOCTI ,ub' (x,)

3Ha4€Hb BXIHUX NapaMeTpiB X, ,..., X, OO TEPMiB bj;
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f

4) BuKOPHCTOBYHOUH hopmyny (7), OTPUMYIOTE HEYITKY MHOXHHY J ;

5) 3a J0MOMOroK0 hopMyu (8) 0OUMCIIOOTL 3HAYEHHS BUXIIHOTO Tapa-
MeTpa ).

Bu3HaeMo, 110 BUKOPUCTAHHS HABEACHOIO AJITOPUTMY IJIA «PYYHO-
ro» aHamizy (1HAHCOBO1 CTIMKOCTI KOMEPUIHHUX OaHKIB € HE HANTO 3pyu-
HUM — HOTQ Kpallle peali3yBaTH y BUIJISAI MPOTrpaMHOro MOMIYJIS, BUKO-
PUCTOBYIOYH BIZIOMI MOBM MpOTpaMyBaHHsA ab0 MaTeMaTHUHi MaKeTH (Ha-
npukuiafi, Matlab), i 3acTocoByBaTH y Ckiiami 1HGOpPMALIAHUX CHCTEM MIAT-
PHMKHU TIPHAHATTS PIIIEHE.

ANEKBaTHICTh PO3pobJIEHOT HEWITKOl MOJEi OLHIOBAIACS ILITXOM
MOPIBHAHHSA PE3Y/IbTATIB HEYITKOTO JIONYHOIO BHCHOBKY 3 pe3yiIbTaTaMH,
oTpUMaHUMK 32 Gopmynoro Kpomonosa. [l mporo 0ymno 3reHepoBaHo S0
koMOiHaLlI BUTIAAKOBMX 3HAYEHb napameTpiB GiHaHCOBOI CTiKOCTI. OTpH-
MaHi pe3y/IbTaTH BUABWIMCS OOCUTH OJIM3BKUMM (pHC. 1), 110 CBIQUUTH MpO
BUCOKMM CTYIIHb QIEKBATHOCTI po3podrneHoi Moxeni. Ilpu HeoOXigHOCTI
MOJKHA JIOCATHYTH IL€ BHIIIOrO CTyIEHsA aaeKBaTHOCTI, ONTHMI3yBaBILIM Na-
paMeTp PyHKUIN Hane>XHOCTI JIIHIBICTUYHAX TEPMIB | Baru MpaBwl HEYIT-
koi 6a3u 3HaHb. IIpoTe Taka onTUMI3alLd € OKPEMOK MAaTEMATHYHOIO 3a/a-
4YEK0 1 CTaHE NPEAMETOM NMOAANIBLUNX HAYKOBUX NOCIIIHKEHB.

100 -
90 g
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60 - |
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30 -

2011

10 ]
0 S °F ) 8 e W e e
0

5 10 15 20 25 30 35 40 45 50
—— Monens KpoMoHoRa ---=--- Heurmmrka Moaens

.
.
[ ]

Puc. 1. Pe3ynomamu oyinku ¢hinancosoi cmiukocmi KoMepyiuHux 0aHKig
Ha ocHosi modeni Kpomornoea i Ha ocHogi Hewimkoi modeni

BucHoBkH. Y pe3y/ibTaTi MPOBEAECHOTO JOCTIHKEHHS po3po0eHO Ma-
TEMaTUYHY MOJENE OLIHKKM (PiHAHCOBOT CTIMKOCTI KOMEpUIAHMX DAaHKIB Ha
OCHOBI HEYITKMX MHOXHH 1 HEUiTKOT JIoriku. CyTTEBOIO NEPEBaror0 po3pood-
JIEHOT HEYITKOI MOeNi MOPIBHAHO 3 BIIOMUMH MOJENSAMH € Te, 110 3B'A30K
MDK BXIIHUMH MapameTpaMy i BUXIOHUM TapaMeTPOM OMMCYEThCA 32 J0-
OMOTOO MOHATHL NMPUPOAHOT MOBH, sKI 00’ EKTHBHO € 3HAUYHO «OIHKUMMA)
IUIS €KCTIEPTiB-aHAMITHKIB, HXK a0CTpakTHI MareMaTHuHi NoHATTd. lle 3a-
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6e3neuye BHCOKHM piBeHb aleKBaTHOCTI (popmaitizalii eKCIIEPTHHX 3HaHb
Npo BIUIMB MOKA3HUKIB (PiHAHCOBO-EKOHOMIYHOI JIAJIBHOCTI KOMEPLIAHOIO
0aHKy Ha iforo ¢iHaHCOBY CTiMKiCTh. Llle ozHi€I0 nmepeBaro po3podiieHoi
MOJEJTi € «THYUKIiCTB» 11 CTPYKTYpH, LIO AAa€ MOMJIMBICTE BBOIWTH B Hei
IOAATKOBI NIAaPaMETPH YM BIUTyYaTy HasBHI, PO3LIMPIOBATH Jiara3oHyu Bapia-
Wi napameTpiB, 3MIHIOBaTH B3a€MO3B’A3KH MDK MapameTpamu 0e3 3MiHu
cTpykTypH Mozeii. Takox po3pobrieHa MOLEb Ma€ BUCOKY 3aTHICTb ajar-
Tallii 10 eKCNEPTHUX NAaHHUX 3aBJAKH HAABHOCTI B Hill 3HAYHOI KINbKOCTi
napaMeTpiB, AKi MOXyTb OyTH ONTHMI30BaHI.
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The article considers the mathematical model of business solvency es-
timation of commercial banks based on fuzzy sets and fuzzy logic. It pro-
vides an adequate formalization of expert knowledge, has a flexible struc-
ture and a high ability of adaptation to the expert data, so it ensures a high
accuracy of business solvency estimation.

Key words: fuzzy set, fuzzy logic, fuzzy mathematical model, estima-
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