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1. O6wume nonoXxxeHus

ﬂ,aHHbII;I MeTOJJ,Ol'IOFMLIeCKI/IIZ AOKYMEHT A0noNHAeT OcHoBHble NMOHATUA, WNCNONb3yeMble

obWwecTBOM € orpaHuyeHHon oTBeTcTBeHHocTbio «HauuoHanbHbie KpegutHbie  PeltuHrmy

B MeTOD,OI'IOFVI‘-IECI(Ol‘;I n peVITMHFOBOIZ AedaTe/IbHOCTU (/J,anee — OcHoBHble I'IOHFITI/ISI), npexane Bcero,

B 4aCTu NpnHUUNNOB pa3pa60T|<|/| n Bannaaumm MeTO,D,O}'IOFMﬁ.

ﬂ,OKyMeHT COOEPXUT OnMNnCaHMe CTaTUCTUYeCKUX MeTogoB M NogoxonoB K pacqéTy n oueHke
KNo4YeBbIX MeEeTpUK, a TakKXKe COOTBeTCTByuwue rnoporoeble 3HayeHUd, WUCNOJib3yeMble HKP

npu NpoBepKe KayecTBa METOAOMIOMMI KaK Ha 3Tare pa3paboTKku, Tak U Ha 3Tane Bannaaumu.

B cnyuyae ™Manoro uvcna KpeouTHbIX PEWTUMHIOB WM WHbIX MPU3HAKOB HEpesrieBaHTHOCTU
cooTBeTcTBYyOWeN ctatuctmkm HKP (HanpuMmep, n3-3a cywecTtseHHOro nepecMoTpa MeToLo/10rnK)
OLeHMBaeT K/loUYeBble XapakTepUCTUKW METOLONIOMMM WUCXOAA U3 COOTBETCTBYIOWUX MeTpUK,

pPacCynNTaHHbIX Ha OCHOBE TECTOBbIX pel‘/’ITVIHFOB.

Mpenenbl MorpewHOCTN pacy€ToB MoKasaTesne U MeTPUK 3aBUCAT OT UCMOJb3yeMON Bepcum
MS Excel n (nnn) Python. HKP ncxoput s toro, uto ans scex ncnonbsyemoix sepcuin MS Excel n (nnn)
Python npegenbl norpewHocTel pacuéra CylWeCcTBEHHO HUXKE YPOBHEN, MPU KOTOPbIX OHU MOrnu 6Gbi
OKa3aTb B/IMAHWE Ha pelleHus, NMpuMHMMaeMble Npu paspaboTie, MpoBepKe KayecTBa M NPpUMEHeHUN

MeToO0/10rvN.

2. Cnucok TepMUHOB 1 onpeaeneHun
Huxe npuBeneHbl TEPpMUHbI, KOTOPble OTCYTCTBYIOT B OCHOBHbIX NOHATUAX NNBO onpeneneHns
KOTOPbIX B HAaCTOoAWEM AOKYMEHTE OT/INYAOTCA OT OCHOBHbIX MOHATUN.

BbeHuMapk — uvcnonbayembii B METOAONIOMMU KPUTEPWUN, MO3BONAOWMN Mnpeobpa3oBaTtb
NCXOAHOE 3HaYeHWe NoKasaTens B ero oLueHKy B ornpefeneHHOM AnanasoHe.
BuHOMManbHLIN TecT — cTaTUCTUYECKUI TeCT, WUCMOMb3yeMbili AN MPOBEPKW FMMoTe3bl

O paBeHCTBE Ha6l'|l0,£l,aeMbIX 4acToT ,D,e(I)Ol'ITOB n oXKmnpgaeMbix BepOFITHOCTel‘/‘I p,ecbonTa.

BSK'TeCTVIpOBaHVIe — OUeHKa KavyecCcTBa MeTogo/siormm mnn npoekTta MeTogosiormm, oCHoBaHHada

Ha UMUTaLMM eé npnMeHeHna K 4aTaM B NpoWw/IOM nnun K y>ke npncBoOe€HHbIM KpeanTHbIM peIZTI/IHFaM.

DoBeputenbHbih MHTepBan — WHTEPBaJ, BHYTPU KOTOPOro C 334aHHOW BeEpOSATHOCTbIO
HaxoAMTCS 3HaYeHNe OLEHNBAEMOrO Mo onpeAeneHHon Bbibopke napameTpa.
MNupekc ctabunbHoctn cuctemol (PSI) — koadduumenT, xapakrepmsytowmin cTeneHs pasnmuni B

CTPYKTYype ABYX HaBOpPOB AaHHbIX (HarnpuMep, ABYX BpPEMEHHbIX CPe30B).

MNupekc o6ycnoBneHHoCTH - Ko3dPULMeHT, XapaKTepu3yloLmin cTeneHb
MY/NbTUKON/IMHEapHOCTU, HabnopgaeMolr B Habope AaHHbIX, pacCyMTbIBAETCA Ha OCHOBE MaTpuLpbl
MapHbIX KOPPensLmi.

Nupekc Xepdunpans — Xwumpwmana (HHI) — nokasatenb, xapaktepusylolwmin cTeneHb
KOHLLeHTpauuu (paBHOMepHOCTH), HabtogaeMbIx ANa paaa AaHHbIX.

KoaddunumeHT koppensumm — kosdduUMEHT, XapakTepusyowmii B3aMMOCBA3b ABYX PALOB

AaHHDbIX.
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Kos¢pduumeHt napHou koppensumu [MupcoHa — kKo3PpbULMEHT, OTpPaKaOWUN BENUUUHY

NIMHENHOW CBA3U MeXAYy ABYMSA pAAaMM OaHHbIX.

Kos¢pduumeHt paHroeor napHon koppensauum KeHpanna — koadpouumeHT, oTpaxkatowmi

BE/IMYNHY PAaHTOBOW CBA3WN MeXAY ABYMS PAAaMU OaHHbIX.

Kputepuint Konmoroposa — CMupHoBa — CTaTUCTUUYECKUM TECT, KOTOPbIN NO3BO/IAET NPOBEPUTD
rmnoTesy O MPUHAANEXHOCTU ABYX pacrnpefeneHur (Hanpuvmep, pacrnpegeneHvuin AedbonTHbIX W
YCTOMUMBBIX OOBLEKTOB) OAHOMY 3aKOHY pacrnpefeneHvs MyTeM BbiSBAEHUS MaKCUMasibHOro

pacxoXkaeHna Mmexxkay osym4a pacnpeageneHnaMm n oueHKn ooCToBepHOCTU 3TOIro pacxoXkaeHus.
MyanMKOHHMHeapHOCTb — Hanuume NMHEeMHOM 3aBUCUMOCTM BHYTPpU Ha6opa AaHHbIX.

Owunbka BTOpOro poaa — owmnbka BMHapHOM KnaccudurKaumm, 3aKUaoWascs B npornycke
cobbiTnsa (06beKT KnaccnmbMumMpoBaH Kak YCTOMUYMBBIM, a Ha caMoM gene ponyctun Hedont). Kak
npaBuio, ANs HauMOHasbHOW penTuHroBon wkanbl gns Poccuiickon Pepepauny nop owmbKom
BTOpOro pofa noHnMaetca aedbonTt obbeKkTa perTuHra c pertuHroM BBB.ru 1 Bbiwe Ha ropuzoHTe Tpu

rona.

Owunbka nepeoro popa — owunbka GUHapHOW KnaccudUKauMKM, 3aKOYaAKOWANACH B TOXKHOM
cpabaTbiBaHUN (06bEKT KnaccudpuumMpoBaH Kak 4edonTHbIN, HO aBnseTca yctonumebiM). Kak npasuno,
AN HaUMOHaNbHOW penTuHroeon wkanbl gna Poccuiickon Pepgepaumm nog owmbkon nepeoro poaa
noHuMaeTcs oTtcyTcTBue gedonta obbekTa pertuHra ¢ pentuHrom CCC.ru 1 HUXe Ha ropu3oHTe Tpu

rona.

TecToBbIA  peUTMHr —  ouUeHKa obbekTa peunTuMHra, MnonydYeHHas B paMKax
63K-TeCTMpOBaHMA MEeTOAONOMMU. TeCTOBbIA PEeNTUHI He SABNSeTCA KPeAWTHbIM PerTUHIOM
n 6asupyeTca MpenMyLLecTBEHHO Ha Myb6anuHbIX AaHHbIX. [1py NpUCBOEHUM TecToBOro pemnTuHra
OLleHMBalOTCA Bce KitoyeBble $pakTopbl COOTBETCTBYIOLWEN METOAONOMMU (BK/IOYas KayecTBEHHble
dakTopbl), XOTa B CUNY HepaocTaTka Nyb6anyHon MH$OpMaLUM HeKoTopble anropuTMbl MOryT BbiTb

YMNpOLLEeHbl.

Accuracy ratio (AR, «koadpduumeHt [KUHM) —  OTHOWEHWE MNNOWaAN  MeXAay
ROC-kpuBon n amnaroHanbio K MAOWAAN MeXAY WAeanbHOW (COOTBETCTBYIOLWEN anroputMy, TOUHO
paznuyatolemy gecdontHole u yctonumsble obbvekTbl) ROC-kpuBon u gmaroHanbio. AR Takxke
OLeHVBaeT KyMYNSTMBHbIM  npodunb  TouyHocTM  AunddepeHUMaunMm OBBEKTOB  PEWTUHIA,
npefycMaTpuBaloWMIM  OLLEeHKY MoKasaTens KPYBOW COOTBETCTBUS MexAy A[onaMu aedponTHbIX
06beKTOB HabnoaeHN B obLeM ymMcie o6beEKTOB HaBNIOAEHNN U HAKOMIEHHbIMU AONAMN OObEKTOB

HabntogeHun B oblwemM uncne obbvektos HabmoaeHnn (CAP-kpueas).

AUROC — nokazaTenb nnowaguM nog KpUBOW COOTBETCTBMA MeXAy AonamMu AedonTHbIX
06beKTOB HabnogeHWl B obleM uncne obbekToB HabnogeHU U JonaMu HefedbOoNTHbIX O6bEKTOB
HabnogeHu B obweM uncne obbeKTOB HabNOAEHWN, OTPaXKaeT TECHOTY JIMHEMNHOW CBA3M MeXAay

PAAOM AaHHbIX U AePONTHOCTbLIO.

Bootstrap (6ytcTpen) — uccnegoBaHWe pacrnpefeneHuMs  CTaTUCTUK — BEpPOSATHOCTHBIX
pacnpefeneHur, OCHOBaHHOe Ha MHOrFOKpPaTHOW reHepauumn noasblbopoKk ¢ BO3BpalleHMeM Ha base

MMetoLencs BbI6opKu.
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CAP-kpuBas — rpaduk, MO3BOMAAIOWMIA OLEHUTb KayecTBO 6uHapHOM KhnaccubumKkauuum,
oTObpaXkaeT COOTHOLWEHWE MeXay Aofed BepHO KNacCcUPULMPOBaHHbIX OOBEKTOB W HAaKOMIEHHOM

nonen ob6beKkToB OT 0bLero Konmyectsa o6beKToB.

P-3HaueHue (p-value) — BeposTHOCTb MonyunTb HabnogaeMbii unn 6osnee 3KCTPeMasbHbIN

pe3y/ibTaT Mpu YCI0BUN, YTO Hy/I€Bas TMNOTe3a BepHa.

ROC-kpuBas — rpaduk, NO3BONSIOWMA OLEHUTb KauyecTBO OuHapHOW KnaccuduKkaumm,
OTOBpaXKaeT COOTHOLWEHME MeXAy AoNeN BepHO KaccndunumMpoBaHHbIX 06beKTOB U fo/ie 06beKTOB
OT oblero kKonMyectea 06beKTOB, KnacCUPULMPOBaAHHbBIX OWMOBOYHO MPU BapbMpPOBaHUU MOPOTa

peluatoLLero npasuna.

VIF (pakTop uHnsunmu gucnepcmum) — nokasartesb, XapakTEPUIYIOLWNI MYNbTUKOTMHEAPHOCTb

OJlHOM NepeMeHHON OTHOCUTENbHO APYIUX.

U-tecT (U-kputepuin MaHHa — YUTHM) — KpUTEpUI, UCNONb3yeMbil B pamkax [lonoxeHuns ans
npoeepku runoTesbl 06 otanunmn AUROC ot 0,5. 3T1oT ke TecT npumenmm ang AR (npoeepka runoTtesbl

06 otnnumm AR ot 0) B cBs3u ¢ NInHenHoM cBasbio Mexay nokasatensmm AUROC n AR.

2.1. HekoTopble obwenpuHsaTbie 0603HaUEHUA

x BbI6BOpOUYHOe cpefHee
(n) n! B6UHOMMaNbHBIN KO3 DULIMEHT, YMCno cnocoboB BbibpaTb k 06beKToB M3 N
k) k! (n—k)! (6e3 nosTopeHmin)
+00

ramMMma-obyHKumsa Srinepa
I'(x) =j t* le~tdt
0

Y% npefckasaHHoe 3HayeHue yHKUUKN y

R MHOXXECTBO BeLLeCTBEHHbIX (AENCTBUTENbBHBIX) Yncen

R™ BelleCTBEHHble BEKTOPbI ANVHbI N (YnopsaoyYeHHble Habopsbl U3 1 uncen)

41 obpatHas kK A MaTpuua, T. e. Takas uto AA™' = A"'A =1 (eauHuuHas
MaTpuLa)

sign(x) dYyHKUMA BeWweCcTBEeHHOro apryMeHTa, 1 ans nonoxuTenbHoro aprymeHTa, 0

Ans cnyyas, ecnuv aprymeHT paeeH 0, -1 gna oTpruatenbHoro aprymeHTa

3. OueHka anddpepeHuMpyoLEN U NPOrHOCTUYECKOMN cCNocobHoCTeN

MeToA40/10rMu

3.1. OueHka auddepeHumpyrowen cnocobHOCTU METOA0NOTUN

HKP obecneunBaeT npoBepseMoCTb 4OCTOBEPHOCTU KPEAUTHbBIX PEUTUHIOB, B TOM YMUCie Ha
OCHOBE MWCTOPUYECKMX [aHHbIX, MOCPEACTBOM BbIIB€HUS OTKJAOHEHUN MeXAay npeanocbuikamm
M LONYLLEHMAMU, UCMONb3YEMbIMU B MeTomoNormun, n dakTuuyeckorm MHPOpMaUMen o HernnaTexax
penTuHryembix nuu. [1na aToro areHTCTBO NpUMEHSET crefylolme Noaxomdpl K oLeHke cnocobHocTH
MeToponorn anddepeHumpoBatb 06bEKTbl PEeUTUHra B 3aBUCUMOCTM OT Hanuvuusa (OTCYTCTBUSA)

AedonTa pemTUHryeMoro nnua:
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— OueHKa rokasaTensa nAoOWaAM Mo KPMBOW COOTBETCTBUS MeXay LOoNaMn aedONTHbIX
0b6bekTOoB HabnoaeHUM B obleM uyncne ob6bekToB HabnoaeHu 1 gonaMm HeaedonTHbIX

obbekToB HabnogeHW B obweM umcne obbekTos HabnogeHu (nanee — AUROCQ).

— OueHKa KyMynaTmsHoro npoduns TouyHocTM auddepeHumaumm ob6bEeKTOB PEenTUHra,
npefycMaTpMBaloLLas OLLEHKY rMoKasaTens KpUBOW COOTBETCTBMA MeXAY A0NAMUN AedONTHbIX
06beKkToB HabnaeHU B obweM yncne obbekToB HabNoOEHUN N HAaKOMAEHHbIMU A0ASMU

obbekToB HabnoaeHU B obLeM umcne obbekToB HabnwoaeHul (panee — AR).
— [lpoeepka kputepua Konmoroposa — CMupHOBa, cBMAETENbCTBYOWAS O pPasivumm
B pacripegeneHunax nedonTHbiX U HeaedonTHbIX 06bEKTOB HabtoAeHMN.

[Mpy HanMuMM [OCTAaTOYHOM CTaTUCTUMKU AedONTOB B paMKax OUeHKU anddepeHumpyroLlen
CMOCOBHOCTU MEeTOAO/IOTMM MPOBOAMTCS aHann3 MpUMEpPOB OWMBOK MepBOro M BTOPOro poaa,
KOTOPbIM [OO/KEH BKIKOYaTb BbiIBNEHUE KoUYeBbiXx (aKkTOpoB, KOTOpble MOMIW  3aTPYyAHUTb
npaBunbHYO Knaccudmkaumto.

Mpn oueHke anddepeHumpyowern crnocobHoctu mMetogonormn HKP  pykoesoacTsyetcs
MOPOroBbIMU 3HaYEHNAMU, MpUBeAEHHbIMU B Tabnuue 1'. B oTuéTax o nposepke kauecTsa METOA0MOMMM
TEPMUHbI €KOT/IMYHAA» U KXOPOLLas» B OTHOLWeEHUU anddepeHumpyoLLet cnocobHOCTU METOA0IOMMN

MOTYT TaK)Ke 3aMeHATbCA TEPMUNHOM «KBbICOKaa».

Tabnuua 1. Noporoebie 3HaueHUs ansa oueHkn auddepeHunpyoLein CrocobHOCTU MeToaoNOrMn

cniztfss::::fz;u::uu Moayne AR AUROC Konmoroiizzefugmwpuosa
cnabas <04 <0,7 <0,15
npuemnemMas [0,4; 0,6) [0,7;0,8) [0,15; 0,3)
Xopolas [0,6;0,7] [0,8; 0,85] [0,3; 0,4]
OTNNYHas >0,7 > 0,85 > 0,4

DononnutensHo ana AUROC u (unn) AR oueHuBaloTCa BeNUUMHBI CTaTUCTUYECKOM OWMBKU
W LOoBepUTENbHbIX MHTEPBAsoOB, KpOMe CNyYaeB, Koraa pasmMep Uam CTpyKTypa BbiI6OpKW He NO3BONSOT
aToro caenatb. Kak npaBuno, oueHKkn paccunTbiBalOTCA C UCMOMb3OBaHWEM anropmUTMa bootstrap nnéo
Ha OCHOBE MPSAMOro PacyéTa AOBEpPUTENbHbIX MHTEPBA/IOB Ha OCHOBE aHANUTUYECKUX MOAXOA0B Mpu
Mx penesaHTHoCcTU. Yncno wrtepaum npu bootstrap obbiuHo pasHo 10 000, Ho B NobBoM cnyuae
He MeHee 1000. T[lpu nRocTpoeHuM poBepuUTENbHbIX MWHTEPBAZOB B  paMKax  OLEHKMU

anddepeHuUMpytoLelr cnocobHOCTM METOA0NOMMU B LIefIoM Ucnonb3yeTtcs yposeHb gosepus 0,95.

Kak npaBuno, oueHkn audbdepeHumpytoLwelnt cnocobHOCTU METOA0NOMMU OCYLLEeCTBAAOTCS AN
HabopoB AedonTHbIX 06bekToB Ha ropmsoHTe 1 rog n 3 roga. B kauecTee ueneson nepemeHHoOM Npum

MeTogonormm B Ue/oM, KaK npaBwuio, UCMNOJIb3YyHOTCA d)narm (MeTI(VI) CI)aKTVIl-IeCKI/I AonyweHHbIX

" Moporoebie 3HaYeHUs YCTaHOBAEHbI Ha OCHOBaHWUM POCCUIMCKOTO 1 3apybesxHoro onbita. Cm., HanpuMep, Model Risk for
Acceptable, but Imperfect, Discrimination and Calibration in Basel PD and LGD Models. WORKING PAPER SERIES No. 92
/ April 2022 Henry Penikas.
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,El,ed)Ol'ITOB; ana oueHkKn KOMNoOHeHTOB Mogenun 6onee HMU3KOro YPOBHA, KakK npaBunio, UCMOJIb3YHOTCA

dnaru, oTpaxkarolme Hannume Kak 4edbonToB, Tak U CUHTETUYECKUX AedonToB.

B cnyuae Manoro uncna nedonTHbiXx 06beKTOB B BbIGOPKE, MPUMEHAeMOon AN8 pa3paboTku 1 (Unm)
BaNMAaLUM METOAOJNIOMMM, YKa3aHHble Bbllle MeToAbl MOryT OKa3aTbCA HEermpUMEHUMbIMU WUAn
HEeMoAXOAAWMNMN B CUNY BBICOKOW CTaTUCTUYeCKOW owmnbku. B 3ToM cnyyae ocHOBHble BbiBOAbI
B OTHOLWeHUK anddepeHumpytowen CNocobHOCTM METOLOIOMMK MOTYT 6bITb CAeMaHbl Ha OCHOBAHUM:

— pacuéTta AR, kputepusa Konmoroposa — CMMpHOBa C MCMONb30BaHNEM OLLEHOK COBCTBEHHOM

KPeaMToCnocobHOCTM O6BEKTOB penTMHra WM [AaHHbIX, AOMOJIHEHHbIX MH$OpMaumen o

CUHTEeTUYEeCKUnX p,ecbonTax;

— CpaBHEHUA 3Ta/IOHHbIX PaHIroB U TECTOBbIX pel;lTI/IHFOB/ nxX KOMMNOHEHTOB (|<a|< npaBuvno, Ha

OCHoBe paHroeol koppensunu Kenganna);

— conocTaBneHund € MHbIMU aHaloraMm oueHKN KpeamTHOro KavdecTBa (HaanMep, KpeanTHbIMU

cnpenamMu anga MeTO,EI,O}'IOFI/IIZ, OTpa)karowunx O)I(M,D,aeMbll‘/’l YpPOBEHb I'IOTepb).

Mpn uncrnonb3oBaHMM B pacuyéTax TeCTOBbIX PEUTUMHIOB M UX KOMMOHEHTOB, Kak MpaBuno,
YUMTbIBAETCA BpEMEHHOM pa3pbiB (f1ar) Mexxay OTUETHOMN AATON U NPUHATUEM KPEANTHbIM PENTUHIOBbIM
areHTcTBoM (panee — KPA) peweHus o KpeguTHOM penTuHre. DTOT nar BKAKOYaeT, npexae Bcero,
BpeMs, HeobxoaMmoe ansa MoAaroToBkM ¢uHAHCOBOW OTYé€THocTM, eé nepepaun KPA n eé

nocnepytouwen o6paboTim.

3.2. OueHKa NporHocTUYEcKom cnocobHOCTM MeTOA0NOrMU

YT06b1 06ecneunTs cootBeTcTBue MHeHna HKP o cmocobHocTu perTuHryeMbix A1l UCMONHATD
npuHaTble Ha cebsa ¢uHaHcoBble obs3aTenbcTBa M (UAM) O KPEAUTHOM pUCKE WX OTAENbHbIX
dUHaHCOBbIX 0693aTeNbCTB MM GUHAHCOBBIX MHCTPYMEHTOB ¢akTMYeckon MHpopMaumMm O Takomn
CNoCOBHOCTU (TakoM KpPeAMTHOM pPUCKE), areHTCTBO MPOBOAUT OLEHKY MpPOrHOCTUYECKOM
cnocobHoctn metogonornun. na storo HKP nposogut 6uMHOMManbHbIN TecT, onpeaenaiowmn ans
Ka)KOro YpPOBHS KPEeAWTHOro perTUHra cCTerneHb COOTBETCTBMS eAUHOM AN BCeX MeTOAO0NOorMin
oXXupaemon BepoATHocTU aedonTta dakTMyeckon vyacToTe AedONTOB, PaCCUUNTAHHOM AN AAHHOM
MeTogonoruun. [pyn nposBepeHUM BGUHOMMANBHOrO TeCTa WCMOMb3yeTCs YpoBeHb 3HaunmmocTn 5%

oBeHb gosepusa 95%).
(yp P )

4.  OueHka cTabunbHOCTU KPEAUTHDBIX PENTUHIOB

4.1. O6wue noaxopnbl

HKP oueHuBaeT cTabunbHOCTb KpeAUTHbIX PEUTUHIOB, MPUCBOEHHbIX PEUTUHIYEMOMY NULLY,
B TeuyeHue KaneHgapHoro roga (Npv ycloBUmn HEM3IMEHHOCTU B TeYeHMe TakUX NeprofoB CnocobHOCTH
pPeNTUHIYeMOoro nMua UCMNOMHATbL NpUHATbIe Ha cebsa dMHaHcoBble 06sa3aTenbCcTBa C YY4ETOM pakTopoB

BHeLWHero BJ'IVIFlHVIﬂ) cnegyroummm cnocobamu:

— CpaBHeHVe wuHAeKkca cTabunbHocTM cuctembl (ganee — PSl), pemoHcTpupytowero
cTabunbHOCTb Mopenun, wucnonbsyemon B MeTopgonormmn, Ha ropusoHTe 1 rog,

c ucnonbsyembiMn HKP noporoebiMu 3HaueHMAMKM Takoro MHAEKCa 3a Mepuos He MeHee
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3 nocnegHmnxX KaneHaapHbix neT, npeguecTteByrownx oate CpaBHEHUA;

— adHaAn3 MaTpuubl MUTpaUuUnN KpeanTHbIX pel‘/‘ITMHFOB no ypOBHAM KpeaunTHOro peIZTI/IHFa 3a

nepuong He MeHee 3 nocnegHuUX KaneHaapHbiX neT, npeawecTtesyrowmx gate aHaansa,;

- peTpOCI'IeKTMBHbIﬁ aHann3 BANAHNSA U3SMEHEHUN MeToa4010rnmmn HKP Ha KpeguTHble pel‘/'ITMHFM,
npncBOEHHDbIE H KP, 3anepunog He MeHee 3 nocnegHuMX KaneHaapHbixX neT, npeawecTByroWwnx

faTte aHanusa,

— WHble CI'IOCO6bI, npnMeHeHne KOTOPbIX 060CHOBaHO (HaanMep, TecT CDMLuepa Ana ManbiX

1 HebOobLWMX CPaBHMBAEMbIX HAOOPOB HabNoAEHWUI).

YKazaHHble Bbile MeTOApbl, KaK MpPaBuIo, MPUMEHAITCA TakXKe AN OLUEHKM CTabuibHOCTU
TeCTOBbIX PeNTUHIoB, NnoaTomy ganee HKP ncnonbayer Takke TepMUH «CTaBUNbHOCTb PENTUHIOB» KaK

CUMHOHM TEPMUNHOB «CTabUNbHOCTb TECTOBbIX pel;lTI/IHFOB» M «CTabunbHOCTb KpeauTHbIX pel‘/‘ITMHFOB».

4.2. OueHka cTabUNbHOCTU PENTUHIOB B pa3pe3e OTAENbHbIX NepUOAOB

HKP ncnonbsyet PSI B KauecTBe 6a30BON METPUKU O/ OLEHKU CTabuIbHOCTU PENTUHIOB B
pa3pe3e OTAENbHbIX MEepPUOAOB, OOHAKO 3TO MOXET O6biTb COMPMKEHO C pPAAOM TPYAHOCTEMN
(4yBCTBUTENBHOCTb K METOAY 3aMoIHEHMS MYCTbIX KATEFOPUN, USMEHEHMIO COCTaBa OObEKTOB PeUTUHTa
W T.4.), KOTOpbIEe Yalle BCEero MpoABNAOTCH B C/ydae ManbiX M HebOo/MblUMX CpaBHMBaEeMbIX Habopos
HabntogeHnn (cpesos). B aton ceazm HKP paccumtbiBaet PS| B paspese pelTuHroebix kateropui, a
TaK)ke MpPOBOAMT OLEeHKY OBOCHOBaHHOCTM MPUMEHEHUS ANA OTAeflbHbIX MepuodoB (Cpe3oB

Ha6ﬂl0ﬂ,eHMl;'1) albTEPHATUBHDbIX METPUK, XapaKTEPUIYIOLLNX CTabunNbHOCTb pel‘/’ITMHFOB.

OLI,eHKa 060CHOBaHHOCTH npyMeHeHa Onga oTAeNibHbIX NepunoaoB aslbTepHAaTUBHbIX MEeTPUK,

XapaKTepu3ylLWMX CTabUNbHOCTb PENTUHIOB, MPOBOAUTCS Ha OCHOBe Tabnnupl 2.

Ta6nmu,a 2. OLI.EHKa 060CHOBaHHOCTU npuMeHeHUsa Ang oTae/ibHbiIX NepnoaoB aibTePHAaTUBHbIX METPUK,

XapaKTepu3ylLWmnX CTabUNbHOCTb PEUTUHIOB

Honsa o6wmx
MuHumanbHoe uncno YyecTBUTENBHOCTD .
. obbekToB . O60cHoBaHHbIN Noaxop,
HabnoaeHUn . pacuéTa PSI k MmeToay
pevTuHra B K OL,eHKe OTAENbHOro
B CPaBHUBaeMbIX 3anosIHeHUs NyCcTbIX
CpaBHUBaEMbIX . nepuopaa
cpesax KaTeropuii
cpesax
>=100 50% u mMeHee HU3Kas CranpapTHas ¢opmyna PSI
>=100 >50% HU3Kas PacuéTt PSI no o6vekTam,
ob6wum ansa oboumx cpesos (PSI
like-to-like)
>=100 - BbICOKas! TecT Ouwepa
(100;3) - - TecT Ouwepa
<=3 OueHka cTabunbHocTH

pPeNTUHIOB HEBO3MOXKHA
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Moporoebie 3HaueHus ana PS| npueeaeHs B n. 4.4. HTepnpeTaums pesynbtatos Tecta Puwepa
OCHOBaHa Ha CpaBHEHMN MoJflyYeHHoro p-value ¢ WMpPOKO MCMOb3yeMbIMU NMOPOroBbIMU 3HAYEHUAMU
Ans yposHs 3HaunumocTu. Ecnm p-value <=0,05, To cTabunbHOCTb peNTUHIOB ANs paccMaTpMBaeMoro
nepuvoga npusHaértca Huskon, ecnn p-value B uHTepsane (0,05;0,15] — ymepeHHoN, B oCTanbHbIX

cny4daax cTabubHOCTb pel‘/'ITVIHFOB oLeHMBaeTCd KaKk BbiICOKad.

Mpwu oueHke uyecTeButenbHocTn PSI kK MeTopy 3anonHeHMs MycTbiX KaTeropuin NpuUMeHseTcs
cnefyrowunii anropuTM:

— NpOoBOAMTCH PacyéT AByx BapnaHToB PS| — c 3anonHeHreM nycTbix KaTeropum KOHCTaHTaMu1
0,011 0,001.

— ecnu pasHuua Mexxay nonyudeHHoiMu Bbiwe PS| coctasnaet meHee 10% nnn menee 0,02, To
UyBCTBUTENbHOCTb pacyéTta PS| k MeTomy 3amonHeHus MycTbiX KaTeropuit MpusHaércs
HU3KOW, M npu pacuyéte PSI pgna nycTbix Kkateropuit umcnonb3yetcs 3HaveHue 0,01.
B npotneHoM cnyuae HKP npusHaér, uto uyectBuTenbHocTb pacuyéta PSI k metopmy

3ano/IHeHUA NYCTbIX |<aTerop|/||?| AIBNSIeTCA BbICOKOM.

43, OLl.eHKa cTabunbHocTU pel‘;ITVIHFOB Anga MmetToaonorum B uesiom

[Mocne oueHkM OBOCHOBAHHOCTW MpPUMEHEHUs LANA OTAE/NbHbIX MEePUOAOB anbTepPHATUBHbIX
MeTpUK, XapaKTepusyllwmux cTabunbHocTs pentuHros, HKP npoeoauT oueHky cTabunbHocTm

peﬁTMHFOB ansa BbI60pKI/1 LesioM.

Ecnn oueHka cTaBUAbHOCTN PENTUHIOB UCXOAA M3 Tabnuubl 2 Bo3MoxKHa 6onee vem gna 80%

nepmnoaos, oLleHKa cTabunbHOCTH pEﬁTMHFOB no BbI60pKe B LEe/IOM NpoBOOUNTCA Ha OCHOBE Ta6nMLI,bI 3.

Tabnuua 3. OueHka cTabUnbHOCTU PEUTUHIOB MO BbIGOPKE B LLE/IOM, €C/ OLLeHKAa CTabUNbHOCTU PEUTUHIOB

BO3MOXKHa AN He MeHee yeM 80% nepuopos

OueHka cTabunbHocTu ana Jons nepuopos (ot kKonuuectea OueHka cTabunbHocTH
nepuopaa NepuoAoB, ANs KOTOPbIX OLEHKA  PeWTUHIroB No Bceu Bbibopke
cTabunbHOCTU BO3MOXKHA), ANs
KOTOpbIX ONpeaeneHa ykasaHHas

oueHKa
BblCcOKas >75% BblCOKas
Hu3Kas >50% Hu3Kas
BCe ApYyrue cnyyau yMepeHHas

Ecnn pons nepuopos, Ana KOTOPbIX BO3MOMHA OLEHKa CTabuAbHOCTU PEUTMHIOB UCXOAs U3
Tabnuupl 3, meHee 80%, To HKP penaet BbiBOA B OTHOWEHUN CTaBUIBHOCTU PENTUHIOB Ha OCHOBE
MEeTPMK, pacCUMTaHHbIX Ha OCHOBe arperaumm (3a BCe paccMaTpuBaeMble Mnepuogpbl) AaHHbIX U3

OOHONETHUNX MaTpuy, MUrpaumnmn pel‘/‘ITVIHI'OB Mo YpOBHAM peIZTI/IHFa, a UME@HHO!

— pons penTuHros 6e3 nsMeHeHus (B TedeHue 1 roga) no BoibopKe B LLeSIOM,

— [0Na penTUHroBs, uaMeHmswnxca Ha 3 n 6onee yposHen (B TedeHne 1 roga) no ebibopke B

LenomMm.
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Tabnuua 4. OueHka cTabUNbHOCTU PENTUHIOB MO BblIGOpKE B LLENOM, €CNU OLeHKa CTabunbHOCTU peNTUHIroB

BO3MOXHa ans He 6onee 80% nepuonos?

[Jonsa peiiTuHros 6e3 [ons peiiTuHroe, uameHuslimxca Ha 3 n 6onee yposHel
UsMeHeHus 0,1 n Hnxe (0,1; 0,15) 0,15 n Bbiwe
0,65 v BblWwe BblCcOKas BblCcOKas npuemnemas
[0,45;0,65) BblCcOKas npuemnemas HU3Kas
Hwxe 0,45 npuemnemas HU3Kas HU3Kas

MuTtepnpeTtaumns pesynbtatoB Tecta Puiwepa ocHOBaHa Ha CpaBHEHWW MonyyeHHoro p-value
C LWUMPOKO MCMOJIb3yeMbIMM MOPOrOBbIMU 3HaYEHUAMU AN YPOBHS 3HaumMocTu. Ecam p-value <=0,05,
TO CTabWIbHOCTb PEUTUMHIOB O/ PacCMaTPUBAEMOro Mepuoaa Mpu3HaéTcs HU3KOW, ecnu p-value
B untepsane (0,05; 0,15] — yMepeHHOI, B oCTanbHbIX CnyvYasax cTabunbHOCTb PENTMHIOB OLleHMBaEeTCA

KaK BbiCOKasq.

4.4. Toporoeble 3HaueHus ans PSI

Mockonbky 3HaueHns PS| uyBcTBUTENbHDBI K YMCY KaTeropuii U HabNOAEHUN B CpaBHUBAEMbIX
cpesax, ana oueHkn PSI| n PSI like-to-like gns otoenbHoro nepunopa HKP mncnonbsyet noporoesie
3HaueHUs, yCTaHOB/IEHHbIE Ha OCHOBE B T.4. NPeAeNibHO AOMYCTUMbIX YPOBHeN 3Haunmoctm ans PSI3 n
3aBuCALLME OT pa3MepoB CPaBHMBAEMbIX BbIBOPOK U YMcna Kop3uH (kateropui). Noporoebie 3HaueHUs
B Tabnuue 5, npesbiwatowme 0,1, paccumTtaHbl gns yposHs 3Haummoctm 0,15, cemmn kaTteropui

W pacripegeneHns x1u-KBagapat (MOporoBblie 3Ha4YeHWs yKa3aHbl B 4ONAX).

Mpu noncke noporosoro 3HaueHus PS| B Tabnmue 5 BbibupatoTca cTpoka n ctonbew, 6nvkanwme
K pasMepaM cpaBHMBaeMbix Bbibopok. Ecnm e 2 cTpoku (ctonbua) pasHoyaaneHbl oT $akTUUeCKoro
pa3Mepa CpaBHMBaeMOW BbIBOPKU, TO BbibUpatoTca cTpoka (cTonbeu), cooTBeTCTBYyOWME BoblueMy
pasmepy Bbi6opku. [anee BbibpaHHOe Noporosoe 3HauyeHue (nepeceyeHmne BbI6paHHbIX Bbile CTPOKM

n ctonbua B Tabnuue 5) cpaBHMBaeTca ¢ dakTUyeckuM 3HadeHrem PSI no cnepytowmm npaesunam:

— Ecnn daktnueckoe sHauenme PS| 20,25, To ypoBeHb cTabunbHOCTM pPeNTUMHIOB (ans

paccMaTpMBaEMOro nNepuoaa) OLLEHMBAETCS KaK KHU3KUIAY.

— Ecnu pakTnueckoe 3HaueHune PSI nexunt Mexxay noporoBbiM 3HaueHneM 13 Tabnunupbl 5 1 0,25,
TO YpOBEHb CTabUIBHOCTU PEUTUHIOB (A1 PaCCMaTPUBAaEMOro Nepuoaa) OLEeHMBAeTCs Kak

«NpUEMNEMbIN.

— Ecnun daktnueckoe sHaueHune PS| He mpeBbilwaeT MoporoeBoro sHayeHus M3 Tabnuubl 5, To
YpOBEHb CTabUNbHOCTU PENTUHIOB (4N8 pacCMaTpMBaEeMOro rnepuvofa) OLeHUBAeTCs Kak

«BbICOKUMNY.

2 YKa3aHHbIe MOPOroBble 3HaYeHMS YCTAHOBEHbI C YYETOM CTabUAbHOCTN KPEAUTHBIX PENTUHIOB, MPUCBOEHHbIX
poccumckimmn KPA, a Takxe MeHblien cTabuibHOCTU TeCTOBbIX PENTUHIOB MO CPaBHEHMIO C KPeAUTHbIMK perTuHramu. o
ouerkam HKP, gong pentuHros 6e3 nameHeHms Ha ropusonTe 1 roa ons pasHbix KPA B mepuopg ¢ 01.01.18 no 01.01.24
cocTaenset ~60-85%.

3 YPOBHM 3HaUYMMOCTM, MPU KOTOPbIX HAYMHAET MPUHMMATHCA rMnoTesa o6 oTanumm PSI oT Hyns (T. e. paznnumnm CTpyKTypbl
CpaBHMBAEMbIX BDEMEHHbIX CPE30B), XOTS 0 3TOrO MPUHUManach runoTesa o paseHcTse PSI Hysio (T. e. cxoXecTn CTpyKTypsbl

cpaBHMBaeMbIx BpeMeHHbix cpe3os). Cm. Yurdakul B. Statistical Properties of Population Stability Index, 2018.

ANHKP 10



20

Tabnuua 5. Moporoebie 3HaueHus ans PSI

Pasmep cpesal

100 110 120 130 140 150 160 170 180 190 200

100 0,19 0,18 0,17 0,17 0,16 0,16 0,15 0,15 0,15 0,14 0,14
110 0,18 0,17 0,16 0,16 0,15 0,15 0,14 0,14 0,14 0,14 0,13
120 0,17 0,16 0,16 0,15 0,15 0,14 0,14 0,13 0,13 0,13 0,13
130 0,17 0,16 0,15 0,15 0,14 0,14 0,13 0,13 0,13 0,12 0,12
140 0,16 0,15 0,15 0,14 0,13 0,13 0,13 0,12 0,12 0,12 0,11
150 0,16 0,15 0,14 0,14 0,13 0,13 0,12 0,12 0,12 0,11 0,11
160 0,15 0,14 0,14 0,13 0,13 0,12 0,12 0,11 0,11 0,11 0,11
170 0,15 0,14 0,13 0,13 0,12 0,12 0,11 0,11 0,11 0,11 0,1
180 0,15 0,14 0,13 0,13 0,12 0,12 0,11 0,11 0,1 0,1 0,1
190 0,14 0,14 0,13 0,12 0,12 0,11 0,11 0,11 0,1 0,1 0,1
200 0,14 0,13 0,13 0,12 0,11 0,11 0,11 0,1 0,1 0,1 0,1

Pasmep cpesa 2

5. OLl,eHl(a MHDbIX XapaKTepUCTuK MetTogojiormn, oTaesibHbix nokasaTtenewu

MeTOA0N0rMU U UX rpynn

OueHka KoHUeHTpaumn (paBHOMEPHOCTW) pacrnpefeneHns Mo PenTUHIOBOM  WKane
OCylLecTB/SeTCA nocpeacTtsoM pacyéta WMupekca XepouHpans — XupwmaHa (manee — HHI).
KoHueHTpaumsa npusHaérca Huskon, ecnn HHI <1500, ymepenHon, ecnn HHI HaxoauTcsa B aManasoHe

[1500; 2 500], sBbicokoi — npu 3HaueHun HHI sbiwe 2 5004

Kak npaeuno, HKP oueHuBaeT anddepeHumpytolyto cnocobHOCTb OTAesbHbIX MOKa3aTenen
(Mnu mnx rpynn), oueHuBas 3HauMMocTb oTanumMi AR nokasaTtens (rpynn nokasatenen) oT Hyns (Ha
ocHoBe U-Tecta). Takas npoBepka, B OT/IMYME OT MCMOJb30BaHUA (GUKCUPOBAHHBIX MOPOroBbIX

3HaYeHWI, NO3BONSAET YUYeCTb pa3Mep BbIBOPKU, NCNonb3yeMor ans oueHku AR.

Ecnrv He obocHOBaHO MHOE, MpVM  PacCMOTPEHUM  KOMMOHEHTOB  METOA0/IOru
M COOTBETCTBYOWEN en Mogenn (mokasatenun, cybdakTopbl, ¢akTopbl, OLEHKa COBCTBEHHOW
er,CI,I/ITOCI'IOCO6HOCTI/I) Ang oUueHKN CTaTMCTVNeCKOﬁ 3HAYMMOCTU UCMNO1b3yeTCd ypOBeHb 3Ha4YNMOCTU
0,1 (yposeHb nosepus 0,9), B To BpeMs Kak npu oueHke mMeTtogonornv (Mogenun) B LENoM, eciv He
060CHOBaHO NHOe, Ucnonb3yeTcs ypoeeHb 3HaummocTu 0,05 (ypoeeHb nosepus 0,95). VicnonbsoeaHme
Nnpu TEeCTUPOBaHMN KOMMOHEHTOB MOAE/IN MEHEee CTPOroro YpOBHS 3HaYMMOCTU MO3BOMAET CHU3UTD
BEPOSATHOCTb UCK/IIOYEHUS U3 MOAENM NoKasaTesneln, KoTopble crnocobHbl ynyuwmnTb paboTty Moaenu
B LleJ/IOM, HO AEMOHCTPUPYIOT HE OYeHb BbICOKME WHAMBWAYasbHble METpuUKK (Hanpumep, B Cuay

ocobeHHocTel BbI6opKM).

4YKasaHHble Moporoeble 3Ha4YeHMd YCTaHOBEHbI C yQéTOM MeXXOYyHapOoaHOro onbita, CM., HanpmMep,

https://corporatefinanceinstitute.com/resources/valuation/herfindahl-hirschman-index-hhi/
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B pamkax aHanusza oTAenbHbIX MOKa3aTenein MOXEeT MPOBOAMTLCA OLEHKa OMTUMasbHOCTU
cylwecTBylWMX 6eHuMapkoB / dyHKUMI Mpeobpa3oBaHUs 3HAYEHUM B OLIEHKY C TOYKU 3peHus
MaKkcuMMmM3aumm auddepeHumpyowen cnocobHocTn (MMBGO MHOW MEeTPUKM) OTAENbHOro MoKasaTens

nnum rpynnbl rnokasaTesnen.

Hannuve koppenaunm u MynbTUKOANMHEAPHOCTW MO rpynnaM MoKasatenen (cybdakTopos,
$aKTOpOB) 1 MOLENU B LLe/IOM, KakK NpaBusio, OLLEHMBAETCSA C MOMOLLbIO PacUETOB:

—  MaTpuL Koppensauni (A1 HernpepbiBHbIX pAAOB AaHHbIX — Ha OCHOBe Ko3dduLMeHTa NapHon

koppenaunmn [NupcoHa; ecnn xoTa 6bl OOMH U3 PAKOB AMCKPETHbIM — AOMONHUTENbHO

Ha ocHoBe Ko3¢dduLIMeHTa paHroBon napHon Koppenauum Kenganna, ecnv He o6oCcHOBaHa

HepeneBaHTHOCTb ,D,aHHOl)'I MeTpMKI/I);

—  OLEHOK MY/IbTUKOMNMHEeapHOCTM $akTOpoB Ha ocHose nowarosbix VIF-Tectoe n obwero

I(O3¢¢I/ILJ,VIGHT3 MYNbTUKONTMHEAPHOCTU, paCCYNTbIBA€MOro Kak nHaeKkc O6yC}'IOB}'IeHHOCTI/I.

Mcnonb3oBaHve Ha oOHOM YpOBHe arperaumm psaoB AaHHbIX ¢ Ko3dduuMeHTaMU napHOM
koppenauum cebiwe 0,7 u (unn) 3HadeHusmu VIF cebiwe 10 u (Man) 3HaveHUAMU MHAEKCa

obycnosneHHocTu cebiwe 30 TpebyeT AONONHUTENBHOrO 060CHOBaHUS®.

6. MeTpuku, xapaktepusyouwme aupdepeHumpyrolLyio

N NPOrHOCTUYECKYHO cnocobHocTH MeTopgosnormn

6.1. Anroputm pacuéta AUROC n AR

MHTepBan 3HauyeHUI aHanu3vpyeMoWn nepemMeHHOW pa3buBaeTcs Ha yacTu (N8 AMCKPETHbIX

nepeMeHHbIX, Kak MpaBuIo, 6epyTcs BCe BO3MOXHbIE 3HaYeHUs).

Lna kaxxgon rpaHmnuHom Toukn s wara (1) paccuntoiBatotca FPR (false positive rate) u TPR (true

positive rate):

FPR = ki TPR = i
" TN + FP’ TP+ FN

roe:
FP — False Positive, konuyectso HabnoaeHn, KoTopbie 6b1M HeNpPaBUIbHO KNaccudULMPOBaHbI
Kak aedonTHble (OWMGKU NepBOro poaa),

TP — True Positive, konnuyecTteo HabnogeHWI, KOTOpPbie 6bIN MPABUIBHO KNAacCUbULIMPOBaHbI Kak
nedonTHble,

FN — False Negative, konuuectso HabntoaeHUn, KOTopble 6blIv HEMPABUIIBHO KNacCUPULMPOBaHDI
Kak HegedonTHble (OWwnbKM BTOPOro poaa),

TN — True Negative, konmuecTso HabnoaeHNN, KOTOpble BblaM NPaBUIbHO KNacCUULMPOBaHbI Kak

HepedoONTHbIE.

Torpa:

1
AUROC = j R(x)dx,
0

5> Yka3aHHble MOPOroBble 3Ha4eHWs YCTaHOBIEHbI C YYETOM MEX/AYHapOAHOrO OMbITa, CM., HarNpuUMep,
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6900425/
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roe:
R(x) — kpmBas, nocTpoeHHas No ToukaM 13 wara (2), T. H. ROC-kpuBas, rae no ocn OX oTAOXKEHDI
FPR,ano ocn OY — TPR.

Accuracy ratio (AR) paccumTtbiBaeTcs no popmyne:

AR =2 AUROC — 1

6.2. OueHka cTaHpapTHOM ownbKKU u poseputenpHbix uHtepsanos AUROC n AR

Boigensiotca pBa cnocoba: aHanutuyeckmn mn umcneHHoin. HKP uMeet npaeo Bbi6opa

MNCnob3yeMoro aaroputMma ncxoaa m3 CI'IeLl,I/Id)VII(I/I BbI60pKI/I.

6.2.1. AHanutunueckuimt cnocob

1. BbicuuTbiBaeTcsa crangapTHas ownbka gns AUROC no dopmyne:

SE
_ AUROC(1 — AUROC) + (N; — 1)(Q, — AUROC?) + (N, — 1)(Q, — AUROC?)
- N, N,
roe:
AUROC
Q= 2—AUROC’
_ 2AUROC?

Q2= 1+AUROC’
N; — konunyecTBo AedbonNTHbIX HabnoaAeHUN,

N, — konnyecTBo HepedONTHbIX HabAOAEHNN.

2. [nanocTtpoeHus nOBEPUTENBHOrO MHTEPBANa HEOBXOAMMO BbIUUCANTD KO3bdULMEHT Z —
KBaHTWU/Ib CTaHAApTHOrO HOPMAaNbHOrO pacrnpefeseHvs Mpyv  334aHHOM  YpPOBHe

a
3HAYMMOCTM, feNIEHHOM Ha 2 (;).

3. PaccunTbiBatoTca HUXHNI U BerHMVI npepenbl ,OBEPUTE/IBHOIO MHTEpPBana:

AUROC,,,, = AUROC — Z * SE,
AUROC,pper = AUROC + Z % SE

6.2.2. MucneHHbIN cnocob

Crnocob ocHoBaH Ha MHOrokpaTHoW reHepauuun Bbibopok MeTtogom MonTte-Kapno Ha 6ase

nMmeroLLerca Bbibopku. Kak npasuno, konnyecteo utepaumnii 6epetcs pasHoim 10 000.
1. WcxopHas Bbibopka: MeeTca ncxoaHas BbibopKa AaHHbIX, coctoawas n3 N HabnoneHWA.
2. TeHepauus nogsbi6oOpoOK:

a) Bbibop M cnyuyaliHbix O6bBEKTOB (KOMMaHWM) M3  WUCXOAHOW  Bbl6OPKMU

C BO3BpalweHneM;

b) y kaxgoro obbvekTa (KoMnaHuM) umeetca N, HabNOAEHUNA, HA OCHOBAHUWN DTUX
HabnogeHun dopMmnpyeTca noaBblibopKa A1a Aa/bHEeNIWEero BbluMCieHNs MCKOMOWN

CTaTUCTUKN.
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3. ﬂ,)’lﬂ |<a>|<,u.01?| I'IO,EI,BbI60pKI/I BblHncCndeTcd UCKoOMaa CTaTUCTMKa, B AAaHHOM Ciy4yae —
AUROC.

4.  Bbluncnenume crangaptHon ownbkm AUROC kak cpefHekBaapaTUUYeCKOro OTKAOHEHUS

pacnpegeneHus 3HaYeHUM, NoayyeHHbIx Ha ware (3).

5. Bbluncnenve poseputensHoro nntepeana ana AUROC, uepes kBaHTUAM pacnipeaeneHms

3HaYeHUNM, Nony4yeHHbIx B ware (3).

AHanUTUYECKMN N YMCEHHBIN CNOoCcobbl pacyéta cTaHdapTHoM ownbkn AR n posepuTenbHbix

WHTepBanos aHanornuHbl pacyétam ans AUROC, umes B Buay paBeHcTBO:

AR =2 AUROC — 1

6.3. U-cratuctuka ManHa — YutHu (U-Test Mann — Whitney)

HKP ncnonbayet U-tect gns nposepku runotessl 06 otanummn AUROC ot 0,5 (skBuBaneHTHO
npoeepke runoTesbl 06 otavumm AR ot 0). [JaHHbIN TecT ocHOBaH Ha CONOCTaBAEHUN ABYX BbIGOPOK U
BbISIBIEHUM CTAaTUCTMUYECKMN 3HAUMMBbIX Pas3inumnin Mexxay HumMn. [1na ykasaHHbIX Bblle Lienen B KayecTse
CpaBHMBaeMbIX BbIBOPOK BbICTyrMatoT Habop HabnoaeHnn ¢ dnarom gedonta n Habop HabnogeHn 6e3

dnara gedonrTa.

NTak, nycTb nMetoTcs aBe BbIGOPKM OOGBEMOM 1y U Ny, KAKAOMY 3/IEMEHTY KOTOPbIX MpUMnCcaH
HEKOTOPbIN YMCNOBOW NapaMeTp. Mbl >kenlaeM MOHATb, HACKO/IbKO BENTMKO pa3finumne MeXay Bbibopkamm

Mo YpOBHIO 3TOro NapaMeTpa.
AnroputMm pacuéta:

1. OneMeHTbl obeunx BbI60pOI( ynopagoymBaroTcd B OAMH CMUCOK MO BO3pacCTaHUIO
napamMeTpa, B Ciy4yae coBnageHUsa napaMeTpoB Yy HECKOJ/IbKUX 3/1IeMeHTOB, X HOMepa B

CNUCKe ycpeaHarTCA.

2. I_IO/J,C‘-WITbIBaETCFI oTAe/iIbHO CyMMa nopagKoBbliX HOMepOoB, npuuegumxcda Ha A0/

3/IEMEHTOB NepBomn BbIGOpKM — R, 1 OTAENbHO AN8 BTOpON — R,

3. PaccuutbiBaetcs 3HaueHune U-ctatuctukm MaHHa — YUTHM (MCnofb3yeTcs MUHUMYM U3

ABYX 3HauyeHun U; n Us)

ning+1
U1=n1n2+¥— 1

n,(n, +1
U2= n1n2+%—R2

4, ,El,anee 3HauyeHwue cTatnucTukm U CpaBHUBaeTCA C KPpUTUYECKMUM 3HaYEHNEM.

5. [lpu 6onbwmx BbIGOpKax pAna pacyéta pvalue MOXHO MOMb30BaTbCA TEM, YTO

pacnpeneneHmne BeIM4YnNHbI

U— n12n2
nny(ng+n, +1) T
12 (Tll + nz)(nl + np; — 1)
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6113KO K CTaHAapTHOMY HopManbHoMy, rae T = Y.(t3 —t;) — cyMMa no pasmepam

rpynn noBTOpPOB.

6. Hynesas runotesa H, (pasnunuve oTCyTCTBYET) OTBEpraeTcs, ecnnm « > pvalue, roe a —

330aHHbIN YpOBEHb 3HAUYMMOCTM.

6.4. Tect Konmoropoesa-CMupHoea

HKP wucnonbsyetr tect Konmoroposa-CMupHOBa, 4TObBbl CpaBHUTbL 3MMMpUYeckue ¢yHKLMM
pacnpegeneHus (ECDFs) asyx Bbibopok 1 onpeaenvtb, MPOUCXOAAT I OHU U3 OQHOrO U TOrO Ke
6asoBoro pacrnpegeneHus. Boiumcnsetcs cratuctuka Konmoroposa-CMupHoOBa Kak MakcMManbHoOe

paccTosiHMe no eepTukanu mexay asyma ECDF.
Hynesas rmnoTesa: oba BeKTopa faHHbIX MOMyYeHbl U3 O4HOrO pacrnpeneneHus.
AnbTepHaTUBHAsA rMNOTEe3a: BEKTOPbI AaHHbIX MOyYeHbl U3 Pa3/INUYHbIX pacrpeneneHnii.
®opmyna pacuérTa:

Dn,m = sup |F1,n(x) - Fz,m(x)l'
x
roe:

sup — cynpemyMm dbyHKLMM (T. €. MaKCUManbHOe 3HaYeHue),
X

Fyp v Fy 1 — aMnpuyeckne GyHKUMK pacnpeaeneHus.

Kputnueckoe 3HadyeHune ana kputepusa Konmoroposa-CMunpHosa:

a 1+2
~n@
roe:

a — YpOBE€Hb 3HAYMMOCTH,

n 1 m — pasMepbl MepPBOro U BTOPOro BeKTopa.

Ecnu ctatucTuka Tecta npeBbillaeT 3TO 3Ha4YeHne, HyneBad rmnoTe3a OTK/IOHAEeTCA.

6.5. bBuHOMManbHbLIV TeCT

MycTb paHa BbIGOpKa, MONy4YeHHas W3 HekoTopon cxembl bepHynnm (Ha kaxgom ware
NPOBOAMTCS UCMbITaHNE C HEKOW GUKCUPOBAHHOW BEPOATHOCTbIO YCNexa, UCMbITaHNA He3aBUCUMDI).
[BycTopoHHUI 6MHOMUANbHLIA TECT MO3BOMSET NpoBepuTh rvnotesy Hj: «Habniogaemas yacToTa

AedonToB = p».

1. Mo VIMeIOLLI,el‘/‘ICFl BbI60pKe M3 M UCMbITaHUM C k ycnexaMun BblHUCAETCA P-3HaueHne

(pvalue)
K

Pix <) = (L) pra-prk

i=0

2. ﬂonyquHoe 3Ha4YeHune pvalue CpaBHMBaeTCd C 3agaHHbIM YPOBHEM 3HAYMMOCTU, UYTO

no3BoNdeT caenaTb BbiBOO, MOXKET NN 6bITb NpUHATa HyneBas rmnoTesa:

pvalue < a - Hy oTBepraercs
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pvalue > a - HeT OCHOBaHUU OTBEPTrHYTb H

6.6. OcobeHHocTn onpepeneHus dnaros gedonTa

Lna soicTaBnenns ¢naroe nedonta ang Kakgoro oTaenbHoro HabntogeHus (TeCTOBOro penTuHra
obbekTa Ha paty), Ha cooteeTtcTByloweM ropusoHte (12, 24, 36 Mecsaues, WHble TOPU3OHTbI)
onpegensetca 3apuKcMpoBaHo nn cobbitne pedonta. Ecnn coboitne pedonta npucyTcTeyeT, To

BbicTaBnseTca ¢nar 1, ecnn orcytcreyet — ¢nar 0.

Mpn paboTe c TeCTOBbIMM peMTUMHraMu, Kak MpPaBWUIO, YUUTbIBAETCS BPEMEHHOW nar, KOTOpbIl
OoTpaXkaeT, npexae Bcero, BpeMsa, HeobxoauMoe ANd MOAroTOBKM (GUHAHCOBOM OTYETHOCTU U eé
06paboTKM PEUTMHIOBbIM areHTCTBOM. DTO Mo3BonseT obecrneyunTb COMOCTAaBMMOCTb KPEeAUTHbIX

pel;'lTMHFOB N TeCTOBbIX pel‘/‘ITI/IHFOB.

OcobeHHOCTN y4YéTa NaroB MOryT CyWeCTBEHHO BAMATb Ha ¢narv gedonTa W, Kak creacTeume,
Ha oueHkn AUROC un AR. Tak, ecnmn nonydeHne n o6paboTka OTYETHOCTU PENTUHIOBBIM areHTCTEOM
3aHMMatoT 3 Mecsaua Noc/ie 3aBepLieHus roga, To penTuHr, yuntbisarowmn utorn 2016 roga, nossutcs
He paHee 1 anpens 2017 roga. A penTtuHr, paktmyeckm gencreyowmii Ha 1 aHeapsa 2017 roga, B nyywem
cnyuvae 6yaeT oTpaXkaTb OTUYETHOCTb obbekTa penTuHra Ha 1 okTabps 2016 ropa. DTa ocobeHHOCTb
YUMTbIBAETCA, Yepe3 cMeleHns okHa HabnogeHus 3anedosTOM Ha COOTBETCTBYHOWMM nar: K
npuMepy, B c/lydae TPeXMeCs4YHOro flara TeCTOBbIN PEUTUHT, paccumMTaHHbIN Mo AaHHbIM 3a 2016 rog,
conocTaenancs ¢ gedontamu, Kotopblie npomsownm B nepuog ¢ 1 anpens 2017 no 1 anpensa 2020 r.
(aedonTobl, 3adpukcmposaHHble o 1 anpens 2017 roga B 3ToM cnyvyae [o/KHbl 6bITb «NpeacKasaHbl»
TECTOBbIMU PENTUHIAMK, PaCCUMTaHHbIMU Ha Bonee paHHUX gaHHbIX — no utoram 2013, 2014 unn 2015

roga).

lNepuoabl BpeMeHWn, HeobxoAnMble A MoayyeHUs U 0BpaboTKM OTYETHOCTMU, CYLLECTBEHHO
pa3nnuyaloTca U 3aBUCAT OT Tuna obbekTa, UCMosb3yeMbie Mpu pa3paboTke narn packpbiBakoTCs

B COOTBETCTBYHOLUMX OTYETAX O MPOBEpPKe KayecTBa METOA0/IOTUA.

ﬂpm aHanunse CI)aKTVIHeCKVI NMPUNCBOEHHbIX KpeaUTHbIX pel‘/’ITVIHFOB narn He NCNosb3yroTCA.

PucyHok 1. Unnoctpaumsa casura okHa HabnopeHus 3a aedponTom

AEeNCTBYHOLWMIA pEATUHT No oT4&éTHoCTH 2015 roga 0OHOBNEHHBIN perTVHI No oTyéTHoCTK 2016 rona

> >

[Oata noaroToBKW ayaAvpoBaHHOH

AeconTt necponT

roAoBOW OTHETHOCTK / AaTa
w npenoctasneHna KPA
O < O O O O—
7 ) 7 7/
JlaTta akTyanbHOCTH rO10BON [ara o6HOBNEHWS KpeaUTHOro
OTYETHOCTH peATUHra

AHanua oTYETHOCTH W Ap.
PEATHHIOBLIE NpoLIEaYPbI

nAr
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7. MokasaTtenu, xapakTepusyowwme KOppensauuo U MysIbTUKOJIMHEAPHOCTb

7.1. MNapHas koppensauusa NupcoHa
Ona BbibopoK Xq,..,X, W Yi,..,Yn Ko3abdbuumeHT Koppenaumm [lupcoHa BblumcnseTcs
no ¢opmyne:
_ X =00 —y)
oy = 72 )2
VE@ -0 T 0i-)

Lna npoeepkun Hyneson runoTessbl (KOppensaumns paBHa HyJko) BbIUMCAAETCS CTAaTUCTUKA KpUTepuUs

no ¢opmyne:

T Tyy " VN — 2
/1 -1y
p-value Bblumcnsetca kak P(|¢| = |T|), rae & — cnyvaliHas BenuuMHa C MAOTHOCTbHIO
pacnpegeneHus CTblofeHTa, a UMEHHO:
v+1 _v+1
I'( 7 ) t 2
fO) = —=5-({1+— rie v=n-—2 (cTeneHu cBO6GO/bI)
\/VT[F(T) v
Takum obpazom:
IT|

pvalue = 2(1 — f f(s)ds)

HyneBas runoTesa oTBepraeTcs, ecnm pralue < «, rae @ — BbIGpaHHbI ypOBEHb 3HAUMMOCTMU.

7.2. TapHas paHroBas koppensauusa KeHpganna (riendalt)

MycTb Xy, ..., Xy U Y4, ..., Yo — ABE BbIGOPKM. ByneM rosopuTs, uto napwl (x;, ;) u (x;, ;) (@ # j)
cornacosaHbl, ecnn sign(x; — x;) = sign(y; — y;). Toraa koadpduument Koppensumn Kenpanna

BblUMNCNaeTCsa Kak

Tkendall =~ = 1- W’

roe:
NT — KOnM4yeCTBO CornacoBaHHbIX Nap,
NF — KOnM4eCTBO He CcorslacoBaHHbIX Map,

N — BCeBO3MOXHOE KONMMYeCTBO nap.
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[nsa npoeepku runotessl 06 otamumm koppenauumn ot 0 BbluMCNAETCA CTaTUCTUKA KPUTEpUs
no ¢opmyne:
Tkendall

T =
V(2@2n +5)/9n(n — 1))

Hynesas runoTesa (06 oTCyTCTBMM KOppenauumn) oTeepraetcs, ecnu |T| npesblwaeT

(1 — a/2) — xkBaHTWJIb CTAHJAPTHOTO HOPMAJILHOTO PACIpe/ieIeHUs]

Annpokcnmaumsa paboTtaet ygosnetsoputensHo npu n = 10. Tak kak pvalue no onpegeneHuto
Bblunmcnsetcs kak pvalue = P(|&| = |1]) = 2(1 - <I>(|T|)), roe & — cTtaHaapTHas HopMasnbHas clyyaiHas
BE/IMYMHA, TO OMMCaHHbIN KPUTEPUIN B TOYHOCTM O3HAYaEeT, YTO HyNeBas rvrnoTesa oTBepraeTcs npwu
pvalue < a.

[Mpy HeobxoaMMOCTU AoBepUTENbHbIN MHTepBan ans Koppenaummn Kenganna paccumtbiBaeTcs
MeTogoM bootstrap: mn3z ucxogHown BblibopkM dopMupyeTcs 6o/bloe KOMANYECTBO MOABbI6OPOK
C MOBTOPaMM, Ha KaXKAOW U3 HUX CUYUTAETCA MeTpuKa, Janee Ana MOoJy4vMBLIErocs pacrpeneneHus
OLEeHMBAETCA LOBEPUTESbHbBIN MHTEPBA.

Ecnv B paHHbIX MHOro nosTOpeHun (ties) HY)KHO WCMO/b30BaTb PaHrOBYH KOPPENsaLmIo
Kengenna c nonpaekon Ha noetopbl (Kendell 7-b). B Hem yuutbiBatoTca napbl cesizaHHble (C

noBTOpeHNAMM) 6o No X Mbo no y:

Np — Ng
(Nr ¥ Ne + T)(Nr + Np + 1))

Tkendall—b = \/

roe:
T, — KONM4YecTBO nap, CBA3aHHbIX MO X,
T, — KONMYeCTBO Nap, CBA3aHHbIX MO Y.
[Ona npoeepku rmnotessl 06 otanumm koppensaumm ot 0 BbluMcnseTCa CTaTUCTMKA KpUTepus
no ¢opmyne:
I = Tkendall t—b
, = —onddn T
vVar
roe
2X¢ieVtie X0Yo
nn—1) 9In(n—1)(n-2)

1
Var = E(n(n —1D2n+5) —x;—y)+

X1,Yy1 — OCHOBHbIE NMOMpaBK1 Ha NMOBTOPbI,
Xtie» Ytie — KOJIMYECTBO Nap CBA3aHHbIX MO X U MO Y COOTBETCTBEHHO,

X0, Yo — KONNYECTBO YNOPAAOUYEHHbIX TPOEK BHYTPU OANHAKOBbIX PaHIOB.

7.3. Tect VIF (Variance Inflation Factor)

MycTb noctaBneHa 3agjaya noctpoeHus no Bbibopke (X;,y;) roe X; € R™,y; € R nuHeiHon
perpeccun ¥ = By + f1x1 + -+ frX,, TOrAa B UeNsax NpoBepkuM Ha MynbTUKONIMHEApHOCTb ANS

|<a>|<p,of/'| KOMMOHEHTbDI Xj MO>XHO BbIYNCNUTDb
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1
VIF = ——,
7 (1-R?)

roe:
R]2 — KO3 PUUMEHT AeTEPMMHALMM, MOYYEHHbIN 13 IMHENHON perpeccum, B KOTOPOM X;

TPaKTyeTCs Kak Lenesas NepeMeHHas, a Xq, ..., Xj_1 Xj11, -, Xn — Kak NpeAnKTopbI.

HononHutensHo sektop VIF € R™ moxHo Hantn kak VIF = diag(A™?!), rne A — maTpuua

nonapHbix koppensauun MNupcoHa X;.

7.4. Condition index (MHAaeKc obycnosneHHoCcTH, condindex)

MycTb noctaBneHa 3agaya noctpoeHus no Bbibopke (X;,y;) rae X; € R™, y; € R nuHeitHom
perpeccun ¥ = Sy + f1x1 + -+ + Bpxy, TOrAa B Lensax NpoBepkyu Ha MYNbTUKOMIMHEAPHOCTb MOXHO

BbIYNCNINTb MHOEKC O6yCI'IOBJ'IeHHOCTI/I no cnepgyrwwemMy aaropmnTtmy:

1. Bbluncnaetcs MaTpuua napHbiX Koppenaumi X o

2. [posepseTtcs onpenenuTens MaTpuLupl nonapHbIxX Koppensuumn,
npu det(X o) = 0 pacuéTt npekpawaeTtcs, My1bTUKOIMHEAPHOCTb CYATAETCS MOTHOW, B

NPOTUBHOM cniydae — nepexog, Ha war (3).
[Mouck coBCTBEHHbIX 3HAYEHMI MaTpULLbl NapHbIX Koppenaumn A;,i =1,2,3, ..., N.

4.  Tlounck nHaekca obycnosneHHocTu cond_index.

J max A
cona; = [/—
index min A ’

roe A npo6eraeT COBCTBEHHbIE 3HAYeHUs MaTpuubl.

8. MeTpukun kauecTea nMHenHoOn perpeccum

8.1. O6uwue noaxoabl kK Noabopy NapaMeTpPoOB TMHENHOMN perpeccumn

JlnHeMHas perpeccus — MeTon CTaTUCTUYECKOTO aHanv3a, KOTOPbIA UCMOJb3yeTcs ANs
M3YyYEeHUs W MO[ENNPOBaHUS 3aBUCUMOCTUM MeXAYy OAHOW 3aBUCMMOW MNepeMeHHOM (TaKkxe
Ha3blBAEMOW OTK/IMKOM WIW LENeBON MepeMeHHOM) U OAHOM WU HECKONbKUMU HE3aBUCHMMbIMU

nepemMeHHbIMA (Ta|<>|<e Ha3biBaeMbIMU NpeanKTopamMm nniu O6'bFICHFIIOLLI,I/IMI/I I'IepeMEHHbIMI/I).

NuHerinas perpeccusa moxeT ctpoutbes HKP kak ¢ ncnonbsoBaHWeM pacy€THbIX MHCTPYMEHTOB

Excel (HaacTponka « AHanM3 AaHHbIX»), Tak U C UCMOJIb30BAHNEM UHbIX PACYETHBIX UHCTPYMEHTOB.

OcHoBHas uenb IMHENHOW perpeccum — HauTU TIMHENHYO GYHKLMIO, KOTOpas Kak MOXHO yuylle

onucbiBaeT CBA3b MeXay 3TUMnM nepeMeHHbIMN. JTa CI)yHI(LI,I/ISl mnMmeeT BUL4:

Y= Bo+Bixs+ -+ Buxm
roe:
y — npeackasaHHoe 3HauYeHue 3aBUCMMOM NepeMeHHOMN,
Bo — cBOBOAHDIN UneH (MHOrAa Ha3biBaeTCA MHTEpPLIENTOM),

Bis -r B — KO3bPULMEHTBI perpeccumn, KOTopblie N3MepPSoT BAUSAHWE COOTBETCTBYIOLLMX
HEe3aBUCUMbBIX MepeMeHHbIX,

X1y ooy Xy — 3HAYEHUSA HE3aBUCUMDbIX MepeMeHHbIX.
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Anroputm pacuérta:
1. OnpeneneHne ypaBHeHMs perpeccuun. 3afaéTca ypaBHEHME perpeccum B JIMHEMHOW
dopme.
2. OueHka koadpoduumeHTor. Koapouumnentol £, ..., By OLEHUBAOTCA C MOMOLLBIO MeTOoAa

HauMeHblunx keagpatos (MHK). 1ot MeToa MUHUMU3UPYET CYMMY KBaapaTOB OCTaTKOB

(pa3HOCTVI Mexay Ha6l1l0£l,aeMbIMl/I 3Ha4YyeHnaMn y n npenckasaHHbIMM 3Ha4YeHUaIMM yl

n
CymMa kBazipaToB octaTtkoB (RSS) = Z(yl- —9,)?
i=1

YT106b1 MMHMMU3UPOBaTL RSS, pelaeTca cnucteMa ypaBHEHWN, M3BECTHaA Kak HOpMarbHble
YpaBHEHMS:
XTXp =XTy,
roe:
X — MaTpuua He3aBUCUMBbIX MepeMeHHbIX,
Y — BEKTOP 3aBMCUMbIX NEPEMEHHDIX,
B — BekTOp KO3bDULMEHTOB.
3. OueHka TouHocTM Mogenu. [Nocne nonyyeHus KoadPULMEHTOB NpoBEPAETCA TOYHOCTb

Mogenn C UCNO/ib30BaHNEM MEeTPUK, TakKuUX Kak KOBCI)(I)VILLVIGHT AeTepMmnHaunn RZ nnn

cpefHekBagpaTuyHas owmnbka (MSE), cTaHaapTHble OWnbKU Ko3ddULNMEHTOB perpeccum

(SE).
MSE = Yie1 (i — 912
n
R /e %
Y =y

roe:

¥ — npeAcKasaHHOe 3HaYeHue 3aBUMCUMON NepeMeHHOMN.
SE koadduumneHTOB perpeccuu:

SE(MSE B 4aCTHBIX CJIy4asix)

Vn - S(x;)

SE(B); =

roe:
SE — cTaHpapTHas owmnbKa perpeccuu,

S(xj) — CTaHOApPTHOE OTK/IOHEHME KaXKAoW He3aBUCUMOWM NepeMeHHOM.

8.2. [lpoBepka cTaTUCTUUecKOM 3HauuMoOCTU Ko3dpduumeHTa AeTepMUHaLUU

perpeccum

B uensax obocHOBaHUSA CTaTUCTUYECKOM 3HAUMMOCTH KoabdurumeHTa geTepMuHaumm perpeccmum HKP

MOXKeT NCMNOJ1b30BaTb O4NH N3 3KBMBAJIEHTHbIX BAapNaHTOB pacqéTa:
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PaccuutbiBaeTca F-cTaTucturka, nonyyeHHoe 3HaueHMe CpaBHUBAETCH C KPUTUUECKUM
3HaueHueM pacnpegeneHus Puwepa co creneHamn ceoboapl (k, n-k-1) unu (k, n-k), korpa

CcBOHOAHDIN UNEH HE YUNTbIBAETCS, U BbIBPaHHbIM YPOBHEM 3HAYMMOCTMU.

F-cTaTnctrka MoxeT BbiTb paccumnTaHa no ¢opmyne:

R2
k
F. =—
stat (1 _ Rz)
n—k—1

roe:
k — KONMYECTBO HE3ABUCMMbIX MepeMeHHbIX (T.€. UCK/THoUas KOHCTaHTY),

n — 06bEM BbIGOPKM.

Ecv Fyqr > Frpury 7o HKP  npusHaér  koadduuveHt petepmmHaumm  perpeccun
CTATUCTUYECKI 3HAYMMbIM (SKBUBANIEHTHO OTK/IOHEHWIO HYNEBOW rMNoTe3bl O PaBeHCTBe

HYnO BCeX KO3¢¢)MLI,I/IeHTOB npun HeE3aBUCUMDbIX NMepeMeHHbIX perpeccmm).

Ecn Fiior < Fipur To HKP npusHaér  kosdpduumeHt petepmmHaumm  perpeccuu
CTATUCTNYECKIM HE3HAYMMbIM (SKBUBANEHTHO MPUHATUIO HY/IEBOW MMNOTE3bl O paBeHCTBE

Hy o BceX KO3 bULIMEHTOB MpU HE3aBUCUMBIX MEPEMEHHbIX perpeccum).

Pacuét p-value pns F-ctaTnctukn 1 e€ cpaBHeHMe C ypOBHEM 3HAUMMOCTU:

pvalue = P(Fsmt = Fepur |H0),

Fstat > Fpur < pralue < a
Echn pvalue < a, to HKP npusHaér kosdduumeHT peTepMmmHaumm perpeccum
CTaTUCTUYECKN 3HAUMMbIM (3KBUBANEHTHO OTK/IOHEHUIO HY/NIEBOM MMMOTE3bl O PaBEHCTBE
Hy o BceX KO3 PULIMEHTOB NpU HE3AaBUCUMBbIX MEpPeMeHHbIX perpeccum).
Echn pvalue = a, 1o HKP npusHaér kosdpduumeHT peTtepMuHaumm perpeccumn
CTaTUCTUUYECKN HE3HAYMMBIM (IKBMBANIEHTHO MPUHATUIO HY/IEBOW MMNOTE3bl O PaBEHCTBE

Hynto BceX Ko3phULIMEHTOB MpU HE3aBUCUMBIX MEepPEMEHHbIX perpeccum).

8.3. TlpoBepka cTaTUCTUUECKON 3HAUUMOCTU KO3PPULIMEHTOB perpeccum

B uenax obocHoBaHMA cTaTUCTMYeCcKoW 3HaumMocTn KkosabduumeHtoB perpeccun HKP

ucrnonb3yet pacuéT p-value.

[nsa kaxxpor He3aBUCMMOM NepeMeHHOM paccunTbiBaeTCa e€ cobCTBeHHOe 3HaueHue p-value ans

E-CcTaTUCTUKM, KOTOpPOE CpaBHMBAETCH C AaHHbIM ypoBHeM . B ciyuae ecau pvalue < a, npyHMMaeTcs

anbTepHaTUBHasg rMNoTesa O 3HaYMMOCTU KoadbduLmeHTa NMHeNHoM perpeccuu. B npoTueBHoOM cnyuae

NpUHMMaeTCs Hy/leBas rMnoTe3a O paBeHCTBe HY/to (MM He3HauUMMocCTH) KoabdunumneHTa perpeccum.

t-cTaTUCcTMKa onga Bj:

t = B /SEB)

p-value (oByCTOPOHHUI TeCT):

p =2 x P(T > |t]),

roe:

T~tn — k — 1)
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roe:

9. Uupekc XepdpuHpana — Xupwmana (HHI)

n
HHI = 10000 -253,
i=1

S; — nonsa obbeKTOB B i-M YPOBHE penTUHra.

10.

MeTpuku, xapakTepusylolme cTabunbHOCTb KPeAUTHbIX PEUTUHIOB

10.1. MaTpuua MUrpaunmn® penTUHros

Anroputm pacuéra:

1.

2.

Onpegpensetcs war ans BbluMcieHns nepexonos (kak npaesuno, 1 ron).

PaccuntbiBatoTcs nepexofbl M3 COCTOAHUSA [ B COCTOsHWE j (MPpW YCNOBUW HanmMuus
nHdopMaLmm o6 o0boMX COCTOSHMAX Ha COOTBETCTBYHOLME AaTbl) AN KaXKAOro luara
oTAenbHo.

[na kaxpown napsbi {i; j} oueHnBaeTCca BEpOATHOCTb Nepexoa 3a OAMH War U3 COCTOAHUS i

B COCTOFIHMEj, C NMOMOLUWbO OTHOLWLEHNSA

)
Ntotali
roe:
Niotaii — CYMMa nepexofoB M3 i-ro COCTOSHUS 3a paccMaTpuBaeMbld Nepuos,
BpeMeHMN.

10.2. Pacuéra PSI

1.

PaspeneHve gaHHbIX Ha 6a30BbIN M TECTOBbIN MepUOLbl: HEOBXOANUMO Pa3AennTb AaHHbIE
Ha aBe BblIbopkM — Hasosyto 1 TecTtoByto. Hanpumep, B cnyyae ncnonb3zosanusa PSI ans
OLEHKN CTabMNbHOCTU KPeauTHbIX peUTUHroB B TedeHue 1 roga 6asosas Bbibopka — 3TO

PEeNTUHIM Ha JaTty T, TectoBas — penTuHrM Ha gaty T+1 roa.

PacuéT npoueHTHOro pacrnipegeneHus: ans Kaxaow BbIGOPKM HEOBXOAMMO BbIMMCAUTD
NMpPOLLEHTHOE pacrpefeneHne B paspese BO3MOXHbIX 3HA4YeHUN aHanM3nNpyeMoro

rnokasaTens.
®opmyna pacuéta PSI:

P,
PSI = D ((Prost = Poase)) *In %25t/

base

rpe:
Piost — NPOLLEHTHOE pacnpeaenieHne 3HaueHU NepeMeHHON B TECTOBOW BbIGopKe,

Py ase — NpOLEHTHOE pacripefesnieHre 3HaueHnn nepeMeHHoM B 6a3oBoi Boibopke.

6 MaTpuua nepexoaHbix BeposTHocTer MapKoBCKOro Cly4aiHOro npoLecca C AMCKPETHbIM BpEMEHEM.
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10.3. Tect Puwepa

[ na oueHkun ctabunbHocTu penTtuHros HKP ncnonbayet onuncaHHbIN HUXKE NPUBAMIKEHHBIV TECT

Puwepa Ang MyIbTUHOMUHANBHOM MaTpULLbl (PaCUETbI Yepes XM-Kkeagpat)’.
MycTb paHbl ABa KaTeropuanbHbix pacnpegeneHus no C kateropuam:

0= [01,1 O12 .. 01,C]
02,1 02,2 s 02,(:

roe:

— nepsas cTpoka (0y,;) — 6a3oBoe pacnpeneneHve (Oxunaaemoe),

— BTOpas cTpoka (0 ) — Tekywee pacnpeaeneHue (Habnopaemoe).

y,u.aanch KaTeropmu, B KOTOpbiIX CyMMapHO€e KO/1InM4eCTBO Ha6l'|l0£l,eHI/II7I PaBHO HYyIO.

J = {,04; + 0 > 0}
0=0,

Ri = Z Oi,j
J

C] = Z Oi,j
i
ij

RC;
VSN

O603HaunM:

Cnyuan rxc, (r>2 wam c>2):

Ecnvmin E;j = 5 ncnonbayeTcs cTaHAapTHbINM acuMnToTMYecknin x*-TecT MNupcoHa:
i,j "

=y (i = By)”
T Eij

CO CcTeneHamMm CBO60£I,bI

df =(r—-1)(c—-1)

B npoTtvBHOM cnyuae:

7 OnucaHne TouHoro Tecta Ouepa cMm.

https://ruwikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%BD%D1%8B%D0%B9 %D1%82%D0%B5%D1%81%D1%8
2 %D0%A4%D0%B8%D1%88%D0%B5%D1%80%D0%B0.

B oTHOWeHNN npubnmkeHHoro Tecta cM. https://arxiv.org/abs/2004.00973, https://doi.org/10.1002/9781118445112.stat06165
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https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%BD%D1%8B%D0%B9_%D1%82%D0%B5%D1%81%D1%82_%D0%A4%D0%B8%D1%88%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%BD%D1%8B%D0%B9_%D1%82%D0%B5%D1%81%D1%82_%D0%A4%D0%B8%D1%88%D0%B5%D1%80%D0%B0
https://arxiv.org/abs/2004.00973
https://doi.org/10.1002/9781118445112.stat06165

MycTb x2,,— HabnionaeMas ctaTucTuka. Metonom MonTte-Kapno renepupytotcs B Bbibopok (c
COXpaHeHWeM MapruHasbHbIX CYMM, T.e. CYMM MO CTPOKaM W cTonbuaM WCXOOHOW MaTpuubl),

BblUMNCnaeTcsa CTaTUCTUKaA ){g, n Toraa

— I(*) — vHaukaTopHasa dyHKUMA, KOTopas paBHa 1, ecnn ycnoeue BoinonHsaetcs, u 0 nHauve.

,El,anee Be/IM4YNHa p CpaBHUBaETCA C I'IOpOFOBOl‘/JI AaHaNONNM4yHO TOYHOMY TeCTy.
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