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HvHaMidHMIT MeTO OIIiHIOBaHHS PU3UKIB
y cucTreMi piHAaHCOBOTO MeHeIKMEeHTY

Haseodeno ocnosni eusnawennss ma ¢hopmanizayiio pizHux munie mooeneti
BUNCUBAHHS OISl OYIHIOBAHHS PU3UKIB, 30KpeMd, HA OCHOBI NPONOPYIUHUX
pusuxie Koxca ma ixnvoi mooughikayii, ninitinux i HenapamempuyHux mooe-
Jel. 3anponoHo8ano OUHAMIYHULL MemOoO OYIHIOBAHHS PUSUKIG, AKUU 003-
80J1A€ OYIHUMU CMYNINb | PIBEHb PUBUKY MA CNPOSHO3)8AMU MOMEHM nepe-
X00y pU3UKy 3 KpUMUYHO20 00 KAmacmpogiuHo2o 3 GUKOPUCMAHHAM napa-
MempU4HUX, HANiBNaApPamMempUudHUX i HenapamempuiHux mooenel Ha OCHO8I
@yHryit susxcusanns. Memood 0o36ons€ 3acmocogyeamu cmpamughikayiio
OaHUX Ma OKpeMo 30IUCHI08AMU MOOENIOB8AHHS PIHUMU (DYHKYIAMU GUIHCU-
6aHHs ONIs1 PI3HUX Kame2opitl danux. Aemopom po3pobieHo 08a aneopummi,
Wo 003680510Mb CNPOSHO3YEAMU MAKUL MOMEHM 4acy HA OCHOBI 8CMAHO8-
JIeHoi oonycmumoi’ (KpumuuHoi) iMosipHOCIMI HACMAHHA PU3UKY abo oOMme-
JHCEHHSL U000 MONCTUBUX eKOHOMIUHUX 8MPAM, 30Kpemd, MOMEHM nepexooy
PUBUKY 810 00ONYCMUMO20 00 KPUMUYHO20 ab0 Kamacmpoghiunozo (3a eus-
HauyeHum 00Ca20M KpUmudHux abo kamacmpogiunux empam).

Knrouosi cnosa: ounamiunuii memoo, inancosi puzuku, Mooeni GUNCUBAH-
Hs, MoOenb nponopyitnux puzukie Koxca, oyinka Kannan-Matiepa.

Beryn

OniHrOBaHHS PU3UKIB € OJHUM i3 OCHOBHHUX 3aC00iB BU3HAUEHHS CTaHy KOMIIaHii,
HiANPUEMCTBA, TEXHIYHOI, COIiaIbHOT CUCTEMH BIJHOCHO BIUIMBY Ha HHUX 30BHINIHIX
30ypeHb, IHIINX CUCTEM, KOHKYPEHTIB a00 BHITAIKOBUX BIUIMBIB. J[JI1 TEXHIYHUX CHC-
TEM € XapaKTepPHUM CTaTHYHE OLIIHIOBAaHHS PU3HKIB, TOOTO MPOTHO3YBAHHS PEaKIlii MmeB-
HOI CKJIQJIOBOI CHCTEMH Ha TIEBHUN TUN 30ypeHHs a00 BIUTUBY. Takuil MiAXia € KOPEKT-
HUM Yy BHIAJIKy, KOJIM MO>KHa BU3HAUUTH BCl TUIU 30ypeHb, SIKI MOXKYTh BUHUKATH, 1,
BIJIIOBITHO, MTPOBECTH MAaTEMATUYIHI PO3PAaXyHKH Ta TEXHIYHI CKCIICPUMEHTH. AJie BH3-
Ha4YeHHs BCiX BHIIB TAKUX BIUIMBIB HEMOXKJIMBO HABITh U1 TEXHIYHUX CHCTEM, JI€ 31aBa-
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Joca O6u Bimome 1 cepenoBullle (yHKIIOHYBAaHHA, 1 MapaMmeTpu, 1 mokasHuku. [Ipo me
CBITYaTh TYYHI «BIJKJIUKAHHS» aBTOMOOLIIB, MOOUTHHUX TeNe(OHIB, IUIAHIIETIB Ta 1H-
IIUX MPHUCTPOIB, SIKI MPOXOIWIN JOBOJI JTOBTUH Mepioj] TECTYBaHHS, IPOTE BUSABUIIHCS
Bpa3JIMBUMH JI0 MOSIBH MEBHUX PU3UKIB a00 30ypeHb, a TOMY 3a3HAIOTh 3HAYHUX IOPY-
1IeHb (YHKI[IOHYBaHHS. AHAJIOTI4YHA CUTYyallisl CIIOCTEPIraeThes 1 B coliaibHii cdepi:
BUHUKAIOTh CIIOHTaHHI KOH(QIIKTH, PEBOJIIOLIT, IPOTECTH, HEOUIKYBaHI Ta HEIPOrHO30-
BaHi 3MiHH JiJIEpiB B €NEKTOPANbHUX YHNOJ00aHHSAX Y MONITUYHUX MeperoHax. ExoHo-
MivHa Ta (DiHAHCOBI CUCTEMHU BHUIPOOOBYIOTHCS BETTMKOO KUTBKICTIO CYTTEBHX KOJIMBAHb
PHUHKIB, IEBHUMH MOJITUYHUMH JTOMOBIEHOCTSMHU Ta PIIICHHAMHU, TEXHIYHUMH 3005MU
Ta IPUPOAHUMHU PU3HKaMHU. [CHYIOUHIA 1 TPOCTHH MiIXi BU3SHAYCHHS 1 OL[IHIOBAaHHS pU-
3WKIB CTaTUYHO, TOOTO OJTHOPA30BO, HA TTOYATOK JOCIIKEHHS, CTAaE HeIOCTaTHIM. Bu-
HHUKae 1moTpeda B MPOTHO3YBaHHI 1 OI[IHIOBaHHI PU3UKIB y TUHAMILI Ta HEMEPEPBHOMY
MOHITOPHUHTY 1 YTOYHEHHIO IXHBOTO CTYIIEHIO Ta PIBHS, BU3HAYEHHI 3aBUaCHO MOMEHTY
nepexoay pU3MKy Ha OUIbII BUCOKHMH CTyHiHb a0o piBeHb. CTpareris, sIKy KOMIaHis
obepe B MoAaNIbIIOMy JUIsl CBOET poOOTH, Oyae CYTTEBO 3ajiexaTH Bif 1i ¢(iHAHCOBHX
MOXITUBOCTEH 1 TOJIEPAHTHOCTI JI0 PU3UKY, TOOTO TOTO, SIKUI piBEHb PU3UKY 1, BIAMOBI-
HO, MOXJIMBUX BTPAT, BOHA MOXKE Ha ceOe MPUHHATH.

ITocranoBKa 3anaqi

3anponoHyBaTl METOJ, SIKUM JTO3BOJMTH OLIHIOBATH PU3UKM B Yaci, BU3HAYATH
WMOBIpHICTh HACTaHHS TEBHOTO PU3MKY Ta MOXKJIMBI BTpaTH. 3alpONOHYBATH aJro-
PUTMH MPOTHO3YBAHHS MOMEHTY IMEPEeXO0/y PU3HMKY Ha BUIIMI piBeHb IMOBIPHOCTI abo
BTpat. Po3pobutn arHaMidHi MO/IENI Pi3HUX TUIIIB HA OCHOBI T€OPii BIDKUBAHHS Ta Per-
peciiiHuX Mozesel 1 3aCToCyBaTH iX 40 BUPILNICHHS NPAKTHYHHUX 3a7a4 NPOTHO3YBaHHS
JMHAMIKH 3MiHU PU3HKIB y 4Yaci.

BusHaveHHs Ta HpMHLUMI AMHAMIYHOIO OIiHIOBaHHS PU3UKIB

Tpunyun ounamiunoeo oyinw6anHs puzuxis Tiependadae, Mo IS OI[IHIOBAHHS PiB-
HS BTpAT CJIiJ] BU3HAYUTH OYiKyBaHI MOMEHTH HACTaHHS JIOITyCTUMOTO, KPUTHYHOTO Ta
KaTacTpoiYHOTO PU3HMKIB, IMOBIPHICTh HACTAHHS TaKHX PH3UKIB 1 PO3MIp MOKIUBHUX
BTpar. CaMe MOMEHT, B SIKMI MEPEXOAUTD 1 3MIHIOETHCS PIBEHb PU3UKY B1J JOITYCTUMO-
To 70 KaracTpoivyHOTO, € HAHOUIBII BaXKTMBUM JIJIS OI[IHIOBaHHS piBHS BTpat. IMOBIip-
HICTb MPOSIBY PU3HUKIB TAKOXK OLIIHIOETHCS Ta 3MIHIOETHCS B Yaci, 1 MOMEHT, B SIKHH 1MO-
BIPHICTb MPOSIBY PU3UKY PI3KO 3pPOCTAE, TAKOK MOXKeE OyTH orfiHeHu# [1].

Busnauennsa. [Junamiune oyiniosanns pusuxie (DE) — 1ie OIliHIOBaHHS PU3UKIB
3a UMOBIPHICTIO, BTpaTaMH Ta MPOTHO3YBAaHHs 4Yacy (MOMEHTY) MEPEXOAy PHU3UKY Ha
OiTpII BUCOKMH (KpUTHYHHMI) piBeHb 3 TOYKM 30py HMOBIpHOCTI abo BTpar
DE =< PR, Losses,t,S(t| x),A(t|x)>, ne PR — ¥MOBIpHICTh HACTaHHS PHU3HKY;
Losses — piBeHb MaKCUMaJIbHO MOKJIMBUX BTpaT; ¢ — vac; S(¢|x) — (yHKLIsA yMOB-

HOTO BWKHMBaHHS, TOOTO mojiajbiie GyHKIIIOHYBaHHs (iHAHCOBOT CHCTEMH HABITh MICIIS
MpOsIBY PU3UKY; A(f|X) — yMOBHHIA piBeHb HEOE3MEeKH, TOOTO piBEHb BTPAT Y MOMEHT
qacy ¢.

JluHaMiyHe OLIIHIOBAHHS BiJIPI3HIETHCS BiJl CTATHYHOTO MepeI0aueHOI0 MOMKIIUBIC-
TIO OIIIHIOBAHHS PU3HKIB y SIBHOMY BHUIJIS/II B JUHAMIIII, TOOTO POTHO3YBaHHS (YHKIIi{
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BTpaT i IMOBIpPHOCTI PU3UKY (TIEPEXOAy Ha BUIIUHN CTYMHiHb: KPUTUYHUI, KaTacTpodiu-
HUIT) — K QyHKIIH yacy. @opManbHO e o0y 0Ba (GyHKIIH BUkUBaHHS [1].

Knro4oBi MOMeHTH, siKi TOTpeOyBainu pO3pOOKH Ta JOOIMPALIOBAHHSA AJS CTaTHY-
HOT'O Ta JWHAMIYHOTO OI[IHIOBAHHS, HABEACHO B TAOIMUII].

CraTtnyHe Ta JWHAMIYHE OIIHIOBAaHHS PU3HKIB

CraTnyHe OUiHIOBAHHSA

IIpoGaemMu Ta 00MeKeHHSA

MeToaH Ta CIIOCOOM MOI0JIAHHS

HemnosHoTa BXiIHUX JaHUX

Apanrartis i1 KOPOTKHX BHOIpOK, KOMOIHOBaHUIT MeTOII 00po0-
KM HEeTIOBHUX JIaHUX, YPaxyBaHHs iHQOpMAIiTHUX PU3UKIB

HecTpykTypoBaHiCTh BXiTHIX TaHUX

Kpurepii suist opmyBasus cTpykrypu Mozerni R, ;(2, 1V ,WOE

HenmocratHs e(peKTHBHICTh ICHYIO-
YUX METOJMIB IHTEIEKTyaJbHOTO aHa-
T3y JTaHUX

O1iHIOBaHHSI PU3UKIB IHTETPOBAHUMHU Ta KOMOIHOBaHUMH MOJeE-
My (HEWpOH-HEYiTKI METOAHM, JepeBa pillleHb, perpeciiiHi Ta
OatiecoBi MoJedIi)

Bu3zHaueHHs MipH CTYIIEHS pH3HKY

CKOpHUHIOBI KapTH

Kpurepii sixocti

GINI,CA, BS Ta xputepii edpexruBrocTi

JIlnnamiuHe oniHIOBAHHS

MoOMEHT HacTaHHS pU3HKY

BuzHaueHHS yacy 3 BUKOPHCTAHHSIM IapaMETPUYHMX, HaIliBIIa-
paMEeTpUYHMX Ta HEMapaMEeTPUIHNUX MOAeIeH

BusnaueHHs WMOBIPHOCTI HACTaHHS
(hiHAaHCOBOTO PHU3HKY

Bukopucranns ¢ynkuii pusuky (hazard function)

O1iHIOBaHHS BTpaT Ha KOHKPETHHH
MOMEHT 4acy

1) GpyHKuii BUXUBaHHS;
2) iIMOBIpHICHO-CTaTUCTHYHUI METOJI OLIIHFOBAHHSI BTPAT

YcTaHoBIEHHS piBHS HEOE3MEKH Ta KIIOYOBHX MOMEHTIB 4acy, sIKi XapaKTepH-
3YIOTh IOMyCTUMUMN, KpUTUYHUH 1 KaTacTpo(dIUHUA PiBHI PU3UKY, € 33]1a4€I0 CHCTEMHO-
ro aHamizy, Ky He0oOXiJHO BHpIIIyBaTH B paMKax KOXKHOTO BUAY PH3UKY HE3aJIE)KHO
BIJI THITYy PU3UKY Ta Tally3l, B SIKii BIH CIIOCTEPIra€Thcs. ABTOPOM 3aIlPOIIOHOBAHO ITiJI-
XiJ, 10 0a3yeThCsl Ha BU3HAUEHHI BTpAT KOMIIAaHIi K JOMycTUMuX A(Z | X) = ¢, , KpUTH4-

HUX A(#, |x)=c, Ta karactpodiunux A(#|x)=c;, A€ ¢,c,,c; — NEBHI KOHCTAHTH,
SIKI BU3HAYAIOTHCS KOMIIAHIEI0 3aJIeKHO Bij ii (hiHAHCOBUX 00EPTIB, MOTYKHOCTEH, TO-

110 (HampuKIIaz, 0OCATY BIIACHOTO KariTary).
Jlns BU3HAUYEHHS MOMEHTIB 4acy f,t,,f; 3alPpOIOHOBAHO METOJ IMHAMIYHOTO

OIIIHIOBAaHHSI PU3WKIB HA OCHOBI JMHAMIYHUX MOJEJICH BMIKUBAHHS Ta alTOPUTMU BU-
3HAYCHHS MOMEHTIB 4acy Ha OCHOBI JIOITYCTUMHUX BTpAaT 1 WMOBIPHOCTI, SIKI JE€TaJIbHO
oIucaHi Jami.

dvHaMidHiI MoJesIi IpOrHO3yBaHHS PU3UKiB

Mooenv nponopyitinux puzuxie Koxca

Binoma monens Kokca, 3ampornonoBana B 1972 pori [2], iHTEHCUBHO JOCTIIKY€E-
ThCSI TA BUKOPUCTOBYETHCS B PI3HUX 00JACTSAX MisLTLHOCTI [3—5], 0cOOIMBO B METUITHHI
Ta CTpaxyBaHHI, AJIsl OI[IHKA YMOBHOT'O PU3UKY 3aXBOPIOBAHHS MPH 33JJaHUX 3HAUCHHSX
BUX1JIHUX 03HaK, a pobdoTta J[. Kokca Ha chOro/Hi € HaHOUIBII IUTOBAHOIO ITyOJTIKAIIIE€0
3a CTaTUCTHKOIO B icTopii. Monens Kokca 3acHoBaHa Ha MpUMyLIEHH], 10 (YyHKIIIIO pU-
3UKy MOXHa ()aKTOpU3yBaTH, TOOTO MPEICTABUTH Yy BUTJISAAI AOOYTKY IBOX (PyHKITiH

[3]:

ISSN 1560-9189 Peecrpauis, 30epiranns i 00podka nanux, 2019, T. 21, Ne 3 87




H. B. Kysueyoba

hi(t) zho(t)'\V(Xila“'aXik)v

ne hy(t) — 6a3oBa QyHKIIisl IHTEHCUBHOCTI, 110 BKJIIOYa€ (pakTop yacy, aje He BKIOUae
KoBapiaHTy, a Y(X,,...X,, ) — JiHiliHa QyHKIIA TOCIIKYBaHHX O3HAK, sIKa HE BKIIIO-

qae pakTop yacy.
JlocuTh YacTO MOJIEITh 3aMUCYIOTh Y HACTYITHOMY BHTJIsA I [3]:

hi ()= hO (t)- o Prxintet By} ’
Inh, () =Inhy(£)+ Bix; +...+ Bixy

ae B,..., B, — HEBIIOMI IapaMETPH.

Monens pornopiiidauX pu3ukiB Kokca y BUIIISIII (PYHKIIIT yMOBHOTO BYKHBAHHS
S(t| x) mepenbayae OIIHKY CyKynmHOI yMOBHOT (pyHKIIT pu3uky L(f|X) 3 BUKOpHUCTaH-
HSM MaKCUMAaJIbHOI TIPaBIonoi0OHOCTI. MeToro € po3poOka YMOBHOI MOJIEHI JIsl 1H U~
BinmyanpHOro S(f|x), sika Bu3HaueHa B TepMmiHax L(¢|x). Ins toro, moO omucatu

PDM (MMOBIpHICTH NeONTY MPU MOAETI MPOMOPIIHHUX PU3UKIB) BU3HAYMMO Ha-
CTYTHI BUpa3H IO BiTHONIICHHIO 70 Teopii perpecii Kokca [2].

Emnipuuna ¢ynxyis eusxcueans

VYci cnocTepexeHHs: BBa)KAIOTHCS 3aBEPIICHUMH Ta BIJCOPTOBAaHMMHM 3a JIOBXKU-
HOIO YaCOBHUX BIiJIPi3KiB, MOYMHAIOUH 3 HaiiMeHmnoro. Ouinka (QyHKII] BUKUBaHHS 00-
PaxoBYETHCSI 32 HACTYITHOIO (hOPMYJIOKO:

ici(t)

Sn(t):%, (1)

Lt >t, o
ae c;(t) = 0 ' ., " — KUIBKICTb CIIOCTEDEIKEHS.
1 S

Kpusa ¢ynxkuii BukuBanHs S, (f) € cTymiHYacTOX (YHKII€I0, KOXKHA TOUYKa PO3-

PHUBY SIKOi BIAMOBIJIa€ CMEPTi OJTHOTO Y JEKITBKOX Cy0’ekTiB. OlLliHKa MaTEMaTHUYHOTO
CIIO/IIBAHHA Y TAKOMY BHUTIAJKy 00paxoBY€EThCA 32 (OPMYIIOL0:

p=|5,@0ar. 2)
0

MogentoBaHHSI PU3MKIB HAa OCHOBI HPUIYLIEHHS LIOJO0 iXHBOI MPOIMOPIIHHOCTI
Hapasi € HaOUIbII MOMMPEHNM Y KPEIUTHIN ramy3i. [y oniHIOBaHHS PU3HKIB MTPOBO-
JUIIOCS MOJICJIIOBAHHS 1HIINX BHJIIB 3aJI€KHOCTEH, 30KpeMa IpecTaBIeHHs HMOBIpHOC-
Ti HACTAHHS PU3MKY Y BUTIISAI y3araibHEHOI JiHIHHOI MoJeni abo mapaMeTpudHoi Mo-
neni, siki OyIyTh OMUCaHi Aai.

Y3azanvuena niniiina mooens
Jlist BU3HAYCHHS «4acy *KHUTTSD» JI0 HACTaHHS PH3UKY MOXHA cpopMyBaTH Taky
y3arajbHeHy JiHIHHY MOJAEIb:

P(T<t|X=x)=Fy(t|x)=g(0,+0,t+0"x),
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ae 6=(9,,0;,..,0,,, )", p — BUMIpHHIi BEKTOp; g — Bimoma (yHKIis 3B’ 3Ky, TaKa sK

JoricTUYHa 4d TpoOiT-QyHKIis. TakumM yuHOM, 11 MOAENh XapaKTepHU3ye YMOBHUI
PO3IOALT Yacy >KUTTSA 10 HacTaHHs pu3uKy 7 [5] y TepMiHaxX HEBIJOMHX MapaMeTpiB.
[Ticnsa ouiHIOBaHHS MapameTpiB Oyjae oTpuMaHa OIliHKa (YHKIIi YMOBHOTO pO3MOIiIY,
F; 1, HapewuTi, ouiHKa HMOBIPHOCTI HACTAHHS PU3UKY MOXKE OyTH 004HCIICHA TAKUM YH-

HOM:
_R+b|0-Fytlx) _ S+b|v)

PR™ (¢ x)
1-F,(t|x) S5 (] x)

€)

ne 0=0"" € omiHKOI MaKCHMANBEHOT MPABIOMOAIGHOCTI BEKTOPA IAPAMETPIB.
Po3rnsiHeMO 0JHOBUMIpHUI BUIIAI0K KOBAPIaHTHOCTI. Y TakoMy BHUIaAKy 0=60, 1

YMOBHHUI po3mOALT 3amaeTbes Mopemmo F(¢|x)=g(0,+06,f+0,x), 31 IMUIbHICTIO
f(t]x)=0,g'0,+06,+06,x). Ockinbku 3a3BUYail 3a7]aHa BUNAAKOBA [IEH3ypOBaHa CIIpaBa
BUOIpKa, TO YMOBHA (PYHKIIIS MTpaBAoONoAiOHOCTI [5] mpencTasise co0oro 1o0yTOK uiie-

HiB, 1[0 BKJIFOYAIOTh YMOBHY IIUTBHICT, IS HEIICH3YPOBAaHUX JaHUX Ta YMOBHOI ()yHK-
i1 BUJKUBAHHS JUIsI IEH3YPOBAHUX JaHMX:

n
— 5 1-5;
LY, X0 =] [/ 1X)*A-FE X)), (4)
i=1
ne Y, — cTpok 00CIyroByBaHHs i-T0 KIIi€HTa 0 HACTAHHS PU3UKY, a O; € IHAUKaTOPOM
HACTaHHS PU3UKY JUIS i-TO KITI€HTA.
TakuMm urHOM, orapudmiyHa QyHKIIIS MPaBAONOAI0HOCTI BU3HAYAETHCS SK:

1(6) = In(L(Y, X,0)) = Y [6,In(/ (¥, | X))+ (1= ) In(1= F(¥,| X,))] =

i=1

= 2[51' In(0,'(0, +6,Y; +0,X,))+(1-6,) In(1-g(6, +6,Y; +6,X,))] =

i=l1

= > 5,[In(0,) + In(g"(8, + 0,Y, + 0,X,)] +>" (15, In(1— g(8, + 0, +0,X,)).
i=1 i=1
I, HapemTi, OIiHKA 3HAXOAUTHCS K MakCUMi3alist QyHKIi JorapudmidHoi mpas-
JOIIOMIOHOCTI:

eOoML = argmax /(0).
0

TakuM YMHOM, BHUKOPHCTaHHS y3arajJbHEHOI JIHIHHOI perpecii MOXIUBE JUIs OLHIO-
BaHHs Ta NMPOTHO3yBaHHS Yacy HACTaHHS PU3HMKY NP BUPIIICHHI 3a/1aul MaKCcUMi3allii
¢yHKuUii JorapudmiuHoi MpaBroOMOAIOHOCTI.

Po36umox mooeni nponopuititHux pu3uKis

3a npumymieHHsM Moaenb Kokca [2, 4] mepenbavaina, 1o Bci ¢pakTopu B MOJEII
MaloTh OJIMH 1 TOM caMuil 4ac BUMIipy, TOOTO HE MOTPeOyIOTh ypaxyBaHHs JaroBux (Imo-
nepenHix) 3HadeHb. KpiM 1mboro mnependadaeTbes JIiHIMHA 3aIEKHICTE MOJCIHI PU3HKY
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BiJl 1HIIUX (PAKTOPIB 1 aTUTUBHICTH (PYHKIII PU3UKY, TOOTO CHUIbHUN €(eKT Bil ycix
IPEIUKTOPIB € CyMOIO €(EKTiB OKPEMHUX MPETUKTOPIB. Y 3aJbHOMY BHIIAJIKY II€ HE TaK,
TOMY OYJI0 pO3p00OIEHO MOIET, 1110 BPaXOBYIOTh 1 1HIII BapiaHTH.

Mooenv Betibynna

Monens € He3HauyHOI MoauGiKalli€ro eKCrIoHeHIiiHoT Moaeni. [l Hei 30epirae-
THCSI IPUMYIICHHSA, 10 £ MA€ CTAaHAAPTHHUN PO3IOALT €KCTPEMAIbHUX 3HAYEHb, MPOTE
1OoCIa0MI0EThCS NpUNyIeHHs, o o =1. [Inga o >1 pu3uk 3MeHIIyeTbcs B yaci, JUIs
0,5 <o <1 pusuk 3pocrae B yaci 31 MBHUIKICTIO, 10 3MeHIITyeThes. st o =0,5 pyHk-

s pU3HMKY 3pOCTae JiHiiHO, mounHaoun 3 0. Mozaens Ha3uBaeTbCs MozeiUTio Beiilyi-
na (Weibull), Tomy mo wac 77 po3nojaiieHuid 3a po3noaiioM BeiOyria, yMoBHUM AJis
KOBapiaHT. Mosienb € JOCUTH MOMYJISIPHOIO y O10CTaTUCTHIII Yepe3 Te, Mo (YHKIIS BU-
KHUBAHHSA € JOBOJII IPOCTOIO 3 MATEMaTHUYHOI TOUKH 30pYy:
1
— -Bxi 10
S;(t) = exp{-{t,e 717},
1€ X; — BEKTOp 3HaueHb KOBApiaHT; 3 — BEKTOp KOEQiIi€HTIB.

KpiM 1mporo, MOJeIb € TaK0K MOJIEIUTIO PONOPIiHHNX pru3uKiB. Lle o3Havae, mo
il koe(ilieHTH MOXKYTh OyTH MIPEICTABICHI Y BUTIISI BiAMOBITHOTO CIiBBITHOIICHHS.
IcHy€ criBBiTHOMIEHHS MiX JIOT-(hOpMOIO MOiei (DyHKIIIT BIYKUBaHHS

log h(t) = aclogt+ B, + B X, +..+ B x;
Ta JOr-MOJACJUIIO JJIA Yacy
logT; = B, + Byx, +...+ B,x, +0¢ .

Jns mozxeni BeiiOyiia BiHOIIEHHS MiX NMapaMeTpaMH MOPIBHSHO 3 €KCIIOHEH-
IIfHOIO MOJIEIUTIO BU3HAYAETHCS HACTYITHUM YHHOM:

B; = b, wis j=1...ktaa=>1/0)-1.
7o

. . . * . . .
Ockinbku f; =0 Tineku toxi, konu f; =0, 1 TecT Ha HyNb-TiNoTe3y, WO Koedi-

mieHt nopiBHioe 0, Oyae TakMM caMuM, HE3BaXarouu, sika (OopMa BUKOPUCTOBYETHCS. 3
1HIIOTO OOKY, CTaHAApTHA MOXHMOKA 1 MOBIpYi 1HTEpBAIH I KOS(DIIEHTIB Y Jorapud-
MIYHIA MOJENI 4Yacy BWKMBAHHSA HE TaK JIETKO MPEICTaBISAIOTHCS Yy JIorapupMigHOMY
dbopmati pu3uKy.

QDYHKYISL pUBUKY 3 YACOBOIO 3AIEHCHICMIO NPEOUKMOpI6

h(t) — h() (t)e{ﬂle+ﬂ2 (le(t))} , (5)

ne 3, X, — 4acTHHA Perpecopis, O HE 3aJEKUTh Bl dacy; f,(X,- f(f)) — JacTuHa per-
pecopiB, 3ajeKHUX Bijg yacy [3].

Inh () =o(t)+ Bix; +...4+ Brx;, (1) . (6)

Mooentosanns pisHumu QYHKyisMU pusuKy 07 pisHux cmpam
VY moneni Kokca nmpurryckanocs, 1o BCi iHAMBIIN PO3IOALICH] 32 OJHAKOBUM 3a-
KOHOM, SIKUH 1 MOTpiOHO 3HalTH. IIpoTe B peanbHUX NPAaKTUYHUX 3a7adaxX OL[iHIOBAHHS
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PHU3UKIB BUHUKA€ HEOOX1IHICTh MOJENIOBAaHHS PI3HUX IPyH KIIi€HTIB a00 KiaciB, Mo0y-
JIOBH JJIl HUX PI3HUX MOJENEeH 1 CKOPUHTOBUX KapT 3aJIeKHO BiJ BIKY, JOXOJNY, THUILY
KIII€HTA, TUMY MO3UKH 1 T.A. JIJig TOro 1mo6 BpaxyBaTy Pi3HUIIO Y MOBEAIHII TaKUX TPy
(cTpar) 1 Oyn0 3ampONOHOBAHO BUKOPUCTAHHS CTpaTHQiKallii 1 MOJIETIOBaHHS IXHIMU
pizHuMHU QyHKIIAMH [3]:

hig ()= h()g 0 o Bt B ’ 7)

npudomy /4, (f) Gyzme pisHoo 6a30BO0 (yHKI€I I KOKHOI CTpaTH, a IapameTpy

X, 5.ees Xy OYZYTH IO-PI3HOMY OOpaxoOBYBAaTHUCS AJs KOKHOI CTpaTH. TakuM 4uMHOM, Oy-

e
nyTh (popmyBaTucs pi3HI (QYHKIIT BMIKMBAHHS MICIs peaizallii pu3uKy I KOXKHOI
rpynu abo cTparu.

Toni

_ 1B X +B,(gX))} _ {B1 X1}
hy () = hy, (D)e a6o h,(t)=hy,()e , (8)

[,

ne L, — gacTkoBa (yHKIis IpaBIONOIOHOCTI CTPATH i; g — HOMEP CTPATH.

Jlyist OLiHIOBAaHHS MapaMeTpiB MOJIENI METOAOM YacTKOBOI MPaBIOMOAIOHOCTI He-
00X1THO BUKOHATH HACTYIHI KpokH [3]:

1) noGyayBatu pizHi (GyHKIIT BUKUBaHHA IJIs1 KOKHOI Ipynu abo cTpary;

2) 3HalTH NOOYTOK IUX (PYHKITIH;

3) oOpaTu 3HAUECHHS MapaMeTpiB [, AKi MAaKCUMI3YIOTh (DYHKIIIF0 YaCTKOBOT IIPaB-
IOIIOMI0OHOCTI.

Henapamempuuna mooensv oyino8anHus QYinancosux pu3uKie
Henapamerpudna Mojens, o omnucana y [5], mepeadadae 3acTOCYBaHHS 3ampo-
noHoBaHOTo bepanom [6] omiHOBava /151 YMOBHOI (DYHKIIIT BUYKUBAHHS:

A n 1 - _ Bnl x
Sh(t|x):H 1— (Y,<1,5.=1} (x) ’

n

=2y By ()
=l

ne ¥ — cmocrepesxyBannii yac mns i-ro xiienta; O, — e iHAMKATOp, IO MOKA3ye HAa-
CTaHHs PU3MKY JUISl i-TO KJIi€HTa; X; — BEKTOD MOSCHIOIOYUX KOBAPiaHT JUIs i-TO KIIi€H-

ta. Tepmu B, — e HenapameTpuuHi Baru Hanapas-Borcona [3]:

K({(x=X;)/h) l<i<n

B”i(x) =~
D K((x—X,)/h)

J=1
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i h=h, e srnamxyrounm napamMeTpoM, KUl HAGIIKAETECS 10 HyJIs, SKIIO PO3Mip Mo-

MyJISIiT HaOJIMKAETHCS 10 HECKIHUEHHOCTI.
Jlnist oriHIOBaHHS IMOBIPHOCTI HACTAHHS PU3MKY B MOMEHT f JUIs 33/1aHOT0 Ha0O-
py mapaMeTpiB BUKOHYIOTh IiJICTAHOBKY, TOJIl TEOPETUYHE 3HAUYECHHS YMOBHOI (yHKIIIT

BIKMBaHHA [3] 3a Horo ouinkoro S, Oyze:

F(t+b|x)=F,(t]x) _ I_SA’h(t+b|x).

p NPM =
P(RY™ (1 x)) = F,(t| %) Si(t]x)

OuiHkM 111 NOPiBHAHHA OMHAMIYHMX MoOfesien

Oyinka Kannan-Matiepa (KM) € y3araJbHEHHSIM eMITIpUIHOT PYHKITIT BIOKMBAHHS
1 BpaxoBye BiJlleH3ypoBaHi crioctepexxenHs. ®opmyna Kamnan-Maiiepa [7] i iMOBi-
PHOCTI BIDKMBAHHS Y TICBHHI 4ac /; OOMEXY€EThCs JOOYTKOM XapaKTepHCTHK, IO Bijl-
MOBIAAIOTH 0CO0aM, IO 3AIMLIMIKCH XKMBUMH IIICIA HACTaHHs 4yacy ¢;. Tomy 4yacto
TaKy OIIIHKY TakoX Ha3uBaroTh Product-limit estimator [8].

st o6paxynky orinku KM yci criocTepekeHHsI COPTYIOTh y TOPSIKY 3pOCTaHHS
4acy IXHBOTO KHTTA. Ilepie BXOKEHHS MOYNHAETHCS 3 HY . MIMOBIpHICTh BH/KHBAH-
HS JJI 1bOro yacy nopiBHioe 1. Iloganbini cnoctepeskeHHs BUKIIIOYAIOTHCS B MOMEHT
yacy iXHbOi 3arubeni (MOXJIMBO, Y pe3yibTaTi IeH3ypyBaHHs) [7]. MHOXHHA PU3HKY,
10 TTO3HAYa€eThCs R(¢ j) — I1€ KUTBKICTb yCIX 1HAMBIAIB, 10 JOKUJIM X04a O 110 yacy ¢ ;e

OcHOBHa iJ1es OIIIHKM — TIPEICTABJICHHSI 11 Y BUTJISI:

S(tl.)Zﬁﬁ(T>tj|T2tj). )

J=1
BpaxoByroun Te, 1110

R n,—d,;
P(T>t;|T>t;)=—"—"—. (10)

nj

oninky Kamran-Maiiepa npencTaBuMo Tak:

R d.
S =[Ja--, (11)
1<t J
ne d ;= KUIBKICTh 3pa3KiB, 10 BUOYJIM MiA 4yac AOCHIIKEHHsS (3arubenb y yac {

(d; = ‘D 1.‘ )); n; — KUIBKICTb 3pa3KiB, sIKI 3HAXOATHCS IMiJl 3arpo30k0 BUOyBaHHs (num-

ber at risk).

3a obuncneHoto ominkoto Kamnan-Maiiepa MOKITUBE TIOPiBHSIHHS (DYHKITIH BYKU-
BaHHS Ui PI3HUX TPYTI, 1[0 MOJEIIOITHCS MPH OIliHIOBaHHI (DiHAHCOBUX pU3UKiB. ToO-
TO € peaJbHUI IHCTPYMEHT MOPIBHSIHHS 1 BU3HAYCHHS 9acy JKUTTS Ta 4acy Mepexoay 110
OLIBIIT BUCOKOTO CTYTIEHS PU3UKY JAJIS Pi3HUX CTpAT, KIIEHTIB, TPYII:

92



Junamiunutl Memoo oyiH0oBanHsa pusuxib y cucmemi pinarncobozo MeHeOKMeHY

(z (d; _elj))z
Oyinka LogRank =— - , (12)
Var(z (di; —e;)
=

Jie € ; — KUIBKICTb BUIMAJKIB 1-ro BUIY Ha j -My 4acOBOMY IHTEpBalli; 7 — KUIBKICTb
4aCOBHX MPOMIXKKIB [3].
Leii kpurepiii monibHMii 10 y> i BUKOPUCTOBYEThCSA, KOMU (GYHKIiT PH3UKY OfHA-

KOBI, a pIBE€Hb PU3UKY € KOHCTAHTOIO B 4aci.
Oyinka Binkokcona (Wilcoxon) 00UnCTIOETHCS 32 BUPA30OM:

(an(dlj _elj))z
Wilcoxon = —= - ) (13)
Var(an(dlj —e;)
=

Kpurepiii mopiBHSHHS (YHKIIA BY)KHBAHHS, € YyTIMBUAM JI0 3pa3KiB, 110 IIEH3Y-
pytotbes. Moro pekomennoBano [1, 3] BUKOPHUCTOBYBATH Ha paHHIX Mepioiax TOCIia-
KCHHSL.

AJIropuTMM IPOTHO3YBAaHHS Yacy HaCTaHHS PU3UKY

BizyanbHe MOpiBHSHHS KPUBUX BW)KMBAHHA JUIS PI3HUX cTpaT abo Tpym, siKe Jac-
TO BUKOPHCTOBYETHCS, IPU MPOTHO3YBAHHI Yacy HACTaHHS PU3UKY € MOKJIIMBHM, aJie He
nyxe 3pyuHuM. [lnis 3amad, ne 3pi3u JaHUX HAIXOATh Y YaCOBOMY HMPOMIXKKY IIOJICH-
HO, TTOTOJJUHHO, IIOXBMJIMHHO, 1 TOYHICTh MPOTHO3YBaHHS Yacy € KPUTHYHOIO, HEOOXiI-
HO pO3pOOHTH aIrOPUTMHU BCTAHOBJICHHS Yacy.

Jljist IbOTO MO’KHA BUKOPHCTATH KiJbKa PI3HUX MiIXOMIB. KO (YHKIIS PUHKY
BU3HAYAETHCS Y TPOLIECI MOJICIIIOBaHHS Yepe3 apaMeTpUIHUH, HerapaMeTpUUHHUIA PO3-
MIOJTiJI, TO MOYJIMBE OOYMCIICHHS Yacy Yepes3 MoXiaHy QyHKIIIT pu3uKy.

AaroputM 1 po3paxyHKy MOMEHTY NepexoAy Ha BUIIMH CTYNiHb PU3HKY.
Jl1s BU3HAUYE€HHS MOMEHTY 4acy / BAKOHAEMO HACTYIIHI KPOKH.

1. 3amamo B MOYATKOBOI (PYHKIIIT Ao(t). Hexait Ao(t) = exp(—a-t), ne a>0,

aJle Ma€ HeBEJIUKe 3Ha4eHHs, 00 A, (f) = exp(—a-¢) He WBUIKO cHajaa.

2. IlincraBuBiu 0a30By (YHKIIO HEOE3MEKH A MPOMOPLIHHUX PU3UKIB, OTPU-

B™MY.exp(-a-t).
3. BzsgBmm moxigHy Big ¢QyHkmii HeOe3meku 3a  4YacoM, OTPUMAEMO:
OA(t | x)
ot
st MmoxxiuBOCTI udepeHtitoBaHHs GyHKIIT HE0OXiTHO iCHYBaHHS 11 OXiIHOT, a
IIe HE 3aBXK/IM MO)KHA rapaHTyBaTH. TOMY MOXIIMBO aJalTyBaTH alrOPUTM 0€3 IPsIMOTO
00paxyHKy NOXimHOi. Buxons4un 3 BU3HAYECHHS MOXIAHOI SK IIBUAKOCTI 3MiHU NEBHOL

MaeMo: A(f) = exp(x” -

= exp(x” - "™y .exp(-a-1)-(—a) =—a-exp(x’ - B™ —a-1).
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byHKIT, MO’KHA OOYUCIUTH MIBUAKICTH 3MIHU KUMOBIPHOCTI, TOOTO mepexoAy ii 10 KpH-
TUYHOI IMOBIPHOCTI HACTaHHS PU3UKY P, (¢):

Kpum

1) 3amaeThCst IMOBIPHICTB, SIKa € KPUTHYHOMWO, P ;

Kpum

2) po3paxoByeTbces 3HadeHns P, . (¢)— P, = AP fKk «3amnac no iMOBIPHOCTI»;

(pum
3) BU3HAYAECTHCA MOMCHT MEPCXOAY PHU3UKY JO0 KPUTUIHOT'O AK:
AP
b = 3P()
ot

SIKII0 BCTAaHOBUTH HMOBIPHICTh PU3HKY, KA € KPUTHYHOIO, HEMOXKIIUBO, TOJI
IPONOHYETHCS PO3POOUTH AJNTOPUTM PO3PAXYHKY Hacy depe3 KpUTUUHHM (abo Karact-
podiuHuit) piBeHb pU3HKY, TOOTO KpUTHUHI (a00 kKartacTpodiuHi) BTpaTu. Lle 3aBxau €
MOYKJIMBAM, OCKUTBKH (hiHAaHCOBa cucTema abo MiANMpUEMCTBO (YHKIIIOHYE ISl OTPH-
MaHHS [E€BHOTO MPUOYTKY, a TOMY MOXE BU3HAYUTH, SIKI BTPATU 3a PU3MKAMHU € Oilb-
HIMMHM, HIXXK OTPUMAaHUNA IPHUOYTOK.

AJNroput™M 2 BH3HAYEHHSI MOMEHTY HACTAHHSI KPUTHYHOIO (KaTtacTpogiyHo-
ro) piBHSl pU3MKY 32 BTpaTaMM.

1. 3amaTtu iHTEepBaN yacy, Ha SKOMY Oy/e 3/1iCHIOBATUCS MOIIYK KPUTUYHOTO Ya-
cy AT =(0,7).

2. 3aaTi KpOK 30UIbIIEHHS HYacy ¢ = At .

3.t=0.

4. O6uucnutu Losses,,,, . (1) .

(t) > Losses tot, =t 1STOP.

Kpum > Kpum

5. SIxmo Losses

6. L =t+At

7. SIxmo t > AT, To STOP, i B iboMy iHTEpBaii He BiIOyAETHCS MEpexisl pU3UKyY
JI0 KPUTUYHOTO (KaTacTpogidHOro).

8. Go to Step 4.

3a BU3HAYCHUM Ha TMONEPEIHBOMY KpOIll ¢ MOkHA oOuuciut: A(f|x), P(t]|x)
Ta OYiKyBaHi BTpatu EL Uis: NOIyCTUMOTO, KPUTUYHOTO Ta KaTacTpo(iuHOTO PiBHIB

nomo4

pu3mKy B MOMeHTH 4acy (f;,1,,15) .

Po3pobneni anroputMu JO3BOJISIOTh BUZHAYUTH HE JIMIIE CTYIHB 1 PIBEHb pU3HU-
Ky, SIK Tependayalioch y CTaTUYHOMY OLIIHIOBAaHHI, a i CIPOTHO3YBaTH MOMEHT 4acy,
KOJIU piBeHB a00 CTYIiHb PU3HKY Pi3KO 3MiHIOETHCSL.

Meton nvHaMi9HOIO OIIiHIOBaHHS PU3MKIB

Jlns MojenroBaHHS PU3UKIB Y JHHAMIIl aBTOPOM OyJIO 3alpOIIOHOBAHO METOJ
JUHAMIYHOTO OI[IHIOBAaHHS Ta MPOTHO3YBAaHHS PHU3UKIB, SKUH mependayae moOyIoBY
JUHAMIYHUX MOJIeNIel PI3HUX TUIIB JUIsl OKPEMHX CTpaT, BUZHAYEHHS Kpalloi 3 HUX, Ta
BUKOPHUCTAHHS TaKOi MOJIE ISl POTHO3YBAHHS Yacy, PiBHIO Ta CTYMEHIO pU3nKy. Me-
TOJ MOYKE€ OYTH MPEACTaBICHUH K IMOCIJOBHICTh OMMMCAHUX HIKYE KPOKIB.

Kpok 1. Buznauenus snauywjocmi xapaxmepucmukx ¢DiHancosux pusukie-napa-
Mempie mooenell Ha OCHO8I Kpumepiis.
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— OI[IHKH KOPEeJIsii Rz, ;(2, ACF,PACF [9];

i i=1

k
— Baru Kateropii 3miHHoi: WOE, = ln[i’J e z g, =1 — posnoxin onuHUY-

k
HUX 3HA4Y€Hb IIJI5OBOI 3MIHHOI Ta Zbl. =1 — po3monin HyJIbOBUX 3HAYEHB ILITHOBOI
i=1
smiHHOI [10];

k k
— iH¢opmartiitHoro 3Hauenus (IV): IV = Z(gl. —b.)In [&) = Z(gi —b.)WoE, .
i=1 bi i=1
Kpok 2. Po3pobxa mooenetl 6udcu8anus pisHo20 8uoy.
3a MOXJIHMBICTIO MOXe OyTH BHUCYHYT€ NPHITYIIEHHS IOAO PO3MOIUTY PU3MKIB
(MpomnopIiifHI PU3HUKH, 3 YACOBUMH KOBapiaHTaMH, HeMapaMeTpu4Hi Mozeli Tomo). To-
ni Oyzae OymyBaTUCS TUILKH OAWH BHJI MOJIeTICH BIDKUBAaHHSA. SIKIIIO SIBHO BU3HAYHUTHU BU]T
MOJIeJIi HEMOKJIUBO, TOJ1l Oyy€ThCsl MHOKMHA OOpaHUX BUIIB MOJIEICH 1 BU3HAYAETHCS
Kpaiia 3 HUX.
2.1. Moodenv nponopyitinux pusuxis.
2.1.1. Oninka ¢yHKIlIT yMOBHOTO PiBHSI HEOE3MEKH BU3HAYAETHCS SIK

At %) = Ao () exp(x” ),
ne io (t) — ouinka 6a3oBoi GyHKLIT piBHA HeOesneku A, (7) [1, 5]; ﬁ — OIIIHKA BeK-
TOpa mapaMeTpiB f, a HMOBIPHICTh HACTAHHS PU3HKY
ne 1—13*[;@ | x) = Sﬁ(r | x) = exp(=A(¢] x)).

2.1.2. OuiHIOETBCS 1HTErpangbHa QYHKIIS 6a30BOro pusuky A (f):

PRP™ (1| x) =

A(t) Z:1{Y<t6 }
il ZI{Y > Y}

Q PHM

2.1.3. Ilapametp [ omiHIOETBCS K f3 =arg rngx L(pB), ne gactkoBa (yHKIIis

MPABIONOIIOHOCTI 3a1a€ThCsI BUpazoM [1]:

n T
Ly =] [P
. (Zl{wm eXP(x.?ﬁ)]
j=1

2.1.4. Ouinka yMOBHOI iHTerpaqbHOi (YHKIIi PU3HKY BU3HAYAETHCS 32 (OpMy-
Joto [5]:

A(t]x) = ji(s |6)ds = exp(x” B7™M)A, (1) .
0
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2.2. Ilobyoosa y3acanvHeroi AiHiliHOT MOOei 0Jis1 OYIHIO8AHHS PUSUKIG.

[TpunymieHHs 1010 MPONOPLIHHOCTI PU3UKIB HE 3aBXKIU € AOMYCTUMHUM, a TOMY
MOJKJIUBE TpeCTaBleHHs QYHKIT pU3UKy Ta (YHKIIH BIDKMBAHHS Yepe3 y3aralbHeHYy
niHiiHy perpecito (3), (4) [9]. Ominka mapaMeTpiB BUSHAYAETHCS B pe3yJIbTaTI MAKCHUMI-

saryii Torapudmidnoi GpyHkuii npasronoxiGHocti: 8= argmax /(6).
0

2.3. I[lobyoosa nenapamempuunoi mooeni OyiHi08aHHs PIHAHCOBUX PUUKIE.

< B (x
S(t|x) H {yzg 1 B,i(x)
= 1- 21‘Y<Y}Bn](x)

e
B, (1= =D

ZK((x—Xj)/h)

JA<i<n

2

F(t+b|x) F(t]x) _ S(t+b|x)
1= £,(t] ) $,(t1x)

P(R™ (¢ x)) =

Kpox 3. Ilopisuanns mooenei ma 0Opanus Kpawjoi 3a MHONCUHOIO CIAMUCIUY-
HUX Kpumepiis.
3.1. Obpannsa kpamoi moxeni Ha ocHoBi kputepiiB GINI, AUC, HempaBmibHOI
knacudikanii (MR), Baiteca-IlIBapua (BSC), Konmmoroposa-Cmipuosa (KS):
FP+FN
AUC = J. Se(y)dFPR(y), GINI =2-AUC -1, MR :T,

ye¥

BSC = Nln(Ze (k)]+nln(N) KS = max|F(x) F.(x)| Tomo.

k=1

3.2. [lepeBipka rinoTe3u Npo OJHAKOBUHN pO3MOALT GYHKIIH pUHKY.

3acrocoByroTbesi Kputepii: oninka Karuran-Maiiepa, LogRank, Wilcoxon (11)—
(13) s mopiBHSIHHS (QYHKIIIHM BIKUBAHHS, 1110 Oyiu MoOyAOBaHi JUIsl pi3HUX CTpaT.

Kpox 4. Busnauenns momenmy HACMAHHs PUSUK).

3aneHO BiJl TOCTAaHOBKHU 3a]a4i, TOOTO HEOOXiTHOCTI BU3HAUYECHHS MOMEHTY Iie-
pexoay pU3UKy Ha OUIbLI BUCOKHI CTYIIHb 800 piBEHb, BUKOPUCTOBYETHCS OAMH 3 OIH-
CaHMX aJITOPUTMIB.

Kpox 5. Buznauenns timogipnocmi Hacmanus iHanco8020 pU3UKY mMa MONCTUBUX
empam.

3a BU3HAYEHUM Ha MONEPEAHbOMY KpOLli  MOXKHa oOouuciut: A(f|x), P(t|x) ta
ouikyBaHi BTpatu EL ansi TOMyCTHMOTO, KpUTHYHOTO Ta KaTacTpo(iuHOTO PiBHIB pH-
3UKy B MOMEHTH 4acy (%,,t,,t;) Ta BIANOBIAHUX (YHKIIN BUKUBAHHI.

Byno mpoBeneHe excnepuMeHTa bHE TOCTI/DKEHHS 3aCTOCYBaHHS IHHAMIYHOTO
MEeToy OI_IiHIOBaHHSI pI/I3I/IKiB JJId TPpaKTUYHUX 3ada4 MOACIIOBAHHA KPCAUTHUX PU3U-
KiB 1 PU3HKIB TEJICKOMYHIKAIIHHOI KOMITaHii. Pe3yapTaTd MOJICIIOBAaHHS HABEICHO Y
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pob6orax [1, 11, 12]. OGuucIeHHs HACTAaHHSA MOMEHTY Yacy KpUTHYHOIO piBHs abo CTy-
NEHIO PU3HKY J03BOJMIIO BU3HAUUTH JJISl TEIEKOMYHIKAIIHHUX KOMIaHI KPUTHYHHX 1
CXHJIBHUX JI0 BIATOKY KIII€HTIB, OOYHCIUTH MOXIHBI BTpAaTU. [l KOXKHOI IpyIy KIli€H-
TiB MOX¢e OYTH OI[IHEHHWH PiBEeHb PU3HUKY 3aJISKHO BiJl (pakTOpy Yacy (IMB. pUCYHOK) Ta
00CsAT MOXXJIMBHMX BTpaT. 3aJleXHO BiJ (pIHAHCOBOI CUTYyallil KOMIaHii, MOXYTb OyTH
3/11iCHEHI MEPEOLIHIOBaHHSI CYKYITHOTO PIBHS pU3HMKY Y€pe3 MOKJIUBI BTpaTH. s 11b0-
T'O OIIIHIOETHCS CYKYTHUN piBEHBb BTpAT 0e3 JeTani3allii 3a TuIaMu KJI€HTIB 1, BIAMIOBI-
HO, CYKYyITHUX BTpaTax 3a Mojeino Kokca Ta cykymHoo (QyHKII€0 pU3HKY, a00 OKpe-
MO OyIyIOTHCS MOJIEN1 30MTKOBOCTI 32 THUIIaMHU KITIE€HTIB.

Taxk, Hanpukiaa y po6oTi [1], Ha mOYaTKOBOMY €Tarli BU3HAYEHO, IO TEIIEKOMY-
HiKalliiiHa KOMITaHis BBaXKa€ JAOMYyCTHMHUM PIBHEM PHU3UKY TaKWH, KUK 32 (PYHKIIIEIO pH-
3uKy He Ounbme A(f)=0,15, kxputnuHuil He OutbIUN A(Z,) =0,3, a KaTacTpodiuHui
Oinpmni 32 A(t;) =0,4 . SIk BuaHO 3a MoOYA0OBaHOK (YHKILIEIO 30MTKOBOCTI 3a OKpe-
MHUMH TpyTNaMH KIEHTIB (1€ f — >KiHKH, m — 4oioBikd, a CRP — kopropaTtuBHi Ki1i€H-
TH), TIEPEX1]] PU3UKY B 30HY KPUTHUYHOTO 200 KaTacTpo(iuHOTO PU3UKY HE BiIOYyBa€ThCA
30BCIM (IUB. pUCYHOK). HallOinpmmii piBeHb BTpAT CIIOCTEPIraBcs cepei IpyI YOJIOBi-
KiB 1 KOPIOPATUBHUX KJIIEHTIB uepe3 1 micsip ta 1,5 Micsii. Y pas3i KpUTHYHOTO PiBHS
pU3MKY OYJH 3a/IisiHI 3aBYaCHO HAIpallbOBaHi 3amo01KHI 3aX0AU AJIS TOTO, MO0 YHUK-
HYTH Takoi ()iHAHCOBOI HEOE3MEKH.

Epanechnikov Kernel-Smoothed Hazard Functions
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I'padik ¢pyHKIii 30MTKOBOCTI AJIS 3rPYIIOBAHUX JaHUX

[Tix yac MonmeNrOBaHHS KPEIUTHUX PU3HKIB [12] TMHAMIUYHUI METO/ OLIHIOBAHHS
JI03BOJIMB YCTAHOBUTH TPYIH KIIIE€HTIB 1 MPOMIXKKH Yacy, J¢ KIIEHTH MAlOTh MPOCTPOU-
KM B OIUIaTI Ta MOTPeOYIOTh JOAATKOBHX MEXaHI3MiB Juisg 3amobiraHHs (piHAHCOBUX
BTpAT, 110 TIOB’s13aHi 3 HECIUIATOO MOMICSYHUX IUIATEXKIB 32 KPEIUTAMHU.
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BuicHOBKM

JluHaMiyHe OLIHIOBaHHS PHU3HMKIB € CHOTOAHI aKTyaJbHUM 1 HEOOXiTHUM MiJXO-
JIOM JIJIsl TEXHIYHUX, EKOHOMIYHUX, COIliabHUX c(ep KUTTS, HOro MOIITLHO BHKOPHC-
TOBYBAaTH Ui OAaHKIB 1 (DiHAHCOBUX KOMIIaHiM, sIKi MPAIIOIOTh Ha PUHKY B yMOBax Iie-
pexiHOTOo MepiofAy Ta 3MYIICHI MIBHIKO pearyBaTH Ha 30BHIIIHI BIUIMBH Ta il KOHKY-
penriB. Takuii miaxiag Moxe OyTH PEeKOMEHJO0BAHO JUIsl BUKOpUCTaHHA y HarioHansHo-
My OaHKy YKpaiHU NpHU MPOBEJEHHI CTPEC-TECTyBaHHS YKpaiHCHKUX OaHKIB, IJIS OITi-
HIOBAaHHS 1XHBOI JISUTBHOCTI 1 CBOE€YACHOTO BUSIBJICHHS Ta pearyBaHHS Ha €KOHOMIUHI
npoOJeMH BCEpeIUHI TakuX OaHKIB. Y CTaTTi HaBelneHO (opmamizamiio JTUHAMIYHHUX
Mo/Jiesielt Ha OCHOBI IpornopIiifHuX pusnkiB Kokca ta ixHI0 Monudikariito, JTiHIHHUX 1 He-
napaMeTpUIHUX Mojieiel. 3armpoIoHOBAaHO Ta PO3POOIECHO METOI JMHAMIYHOTO OIIIHIO-
BaHHs PHU3UKIB, KU nependadae moOyoBy pi3HUX THIIIB MOJENICH BIKMBAHHS 1 TIPO-
THO3YBaHHS 4acy Mepexojly Ha BHIIHMHA CTYHiHb a00 piBeHb PU3HKY, BHKOPHCTOBYE IIe-
peBaru ieoNIOTiYHO Pi3HUX METOMIB 1 JI03BOJISIE OLIHIOBATH MOXKJIMBI BTpaTH y (opmi
TOYKOBHUX OITIHOK 1 HMOBIPHOCTEH HACTaHHS PU3WKOBHUX CHUTYallii. 3alipOIIOHOBAHO JBa
QITOPUTMU MPOTHO3YBAHHS 4acy: ajlrOPUTM, SIKUHM TO3BOJISIE BUZHAYUTH MOMEHT Tepe-
XOJly PU3UKY BiJl JOMYCTUMOTO JI0 KPUTHYHOTO a00 KaTacTpo(iyHOro (3a BUZHAUYCHUM
00CSTOM KPUTHYHHX a00 KaTacTpo(idHMX BTPAT) Ta aITOPUTM PO3PAXYHKY MOMEHTY
Nepexojly pU3uKy Ha BUIIMKA CTYIIHB 32 3a7aHO0 I ()IHAHCOBOI CHCTEMH KPUTHIHOIO
HMOBIpHICTIO PU3UKY.
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