PEDEPAT

BreimyckHas kBanmuduxanuonHas pabora 93 crpanuipsl, 4 pucyHka, 33
UCTOYHHUKOB.

KitoueBbie ciioBa: KpeIUTHbIE PEUTUHTH, CyOBeKThl PD, perpeccuoHHBIMI

aHalIn3, JTHHAMUYCCKUC MOACIIN YIIPABJICHUSI.

OO0OBexkTOM HNCCIICAOBAHUS ABJIACTCA OTUCTHI 00 MCIOJIHEHMAX 6IO,Z[)I(€TOB u

JIOJITOBBIE KHUTH CyOBEeKTOB PD

Llenpto pabGoThl sBIsAETCA pa3pabOTKa MOJAENEH YNPAaBICHUS PHCKOM

BeposiTHOCTH JiehonTa cyobekToB Poccuiickoit denepanuu

3a1ayn UCCIEIOBAHNU .

1. MoauduUKaiys MOJIETTH PEUTHHTA ISl ONIPEICIIEHHOTO CyObeKTa;
2. pa3paboTKa aarOpUTMOB YIIPABIEHUSI PUCKOM BEPOSITHOCTH J1e(hOTa;

3. ampobaruss MoOJEIe Ha OJHOM U3 PETrHOHOB, MMEIOIMIUX KPEIUTHBIN

pevitunr (Tomckast 001acTh);

B paGore mnpencraBieHa MoneNnb yhpaBlieHUs peUTHHroM. Mojens
yIpaBJieHUs] B CBOIO OYepe/b MUCIOJIB3YET MOJEIb pEeUTHHTa. B cBs3u ¢ Tem, 4To
CYIIIECTBYET MHOXECTBO MOJENICH OIpeAesieHUs] PeUTHHra, B paboTe 32 OCHOBY
B3siTa pa3paboTaHHAs HaAMU paHee Mojenb [6]. B pabore [6] Obuia mpenoxkeHa
MOJENb, MO3BOJISIONMIAs OLEHUTh BEPOATHBIM YPOBEHb KPEIWUTHOrO perTuHra. Ha
OCHOBE 3TOM MOJEIM NPEIJIOKEHA MOJENb YIpPaBJICHHUS pEeUTHHroM. JlaHHas
MOJIE]Ib OCHOBaHA Ha KBAJpaTUYHOM KPUTEPUM KauecTBAa U JIMHEHHOM 3aKOHE
ynpasieHus. B pesynprare paboThl MBI TONYYWIHM JAWHAMHUYECKYH) MOJIEIb
yrpaBieHus: pedTuHroM cyonekToB Poccuiickoit deneparuu 6e3 k03P huIimeHToB
oOpatHOM cBsi3u. Mojenb pa3paboTaHa TakuM 00pa3oM, YTO €€ MPUMEHEHUE
BO3MOYKHO HE TOJBKO IS CYOBEKTOB C YK€ MPUCBOCHHBIM PEUTHHTOM, HO WU JIJIS
TeX CYOBEKTOB POCCHUMCKOHN (denepannn, KOTOphIE €lleé HE HUMEIOT pPEeUTHHTA.

Mopenb anpoOupoBaHa Ha peitunre ToMckoil o6nacTu.
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3.1.1. IloTeHnmanbHbIe MOTPEOUTENN PE3yIBTATOB UCCIECTOBAHHUS..... OmInoOKa!
3akiiaKa He ompejeseHa.
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BBeneHnue

[TonyyeHue KpeAUTHOrOo peHTHHTa — OJMH U3 Haubojee pacripoCcTpaHEH-
HBIX CIIOCOOOB TOBBIIICHUS HHBECTUITMOHHONW TIPUBJICKATEIIHHOCTH JTOITOBBIX 00sI-
3aTEJNbCTB KOMITAHUM M OPraHoB BiacTu. KpeauTHBIN pEUTUHT pErnoHa Uid MyHH-
nunagbHoro oopazoanusi (MO) — KOMIUIEKCHAsI OLIEHKA CIIOCOOHOCTH PEruo-
HaJIbHBIX OPTraHOB TOCYJapCTBEHHOM M MECTHOM BIIACTU K TMOJIHOMY M CBOEBpeE-
MEHHOMY BBITIOJTHEHUIO JIOJTOBBIX 00S3aTENIbCTB MO OOCITYKMBAHHUIO W TOraliie-
HUIO 3aIMOB C YYETOM IPOTHO3a BO3MOXKHBIX U3MEHEHUN YKOHOMHYECKOU CPEIBI
1 COLIMAIbHO-TIOJUTUYECKON cuTyaruu [1].

KpenuTHslii peITHHT — OTHOCUTEIbHAS BEIMYMHA, B CBSI3U C 3TUM, JJISI €r0
OIICHKH HEOOXOAMMO YUYUTHIBATh OCOOCHHOCTH Ka)KJOr0 KOHKPETHOI'O pEeruoHa
[3]. Hu3kuil KpeaUTHBIM PEUTUHT SBISETCA HEXEIATEIbHBIM ISl 3a€MILUKA, TaK
KaK TOBOPUT O BBICOKMX PHUCKaX HEBBITIJIATHI 3aHUMAEMBbIX UM CPEJICTB.

KpenuTHblil pEUTHHT OTPAKAET MHEHUE AHAJUTUKOB areHTCTB O IUIATEXKe-
criocoOHocTH cyObekTa PO Ha MOMEHT IIPUCBOCHUS PEHTUHTOBOM olieHKH [2]. OH
PaCCUUTHIBACTCS PEUTUHTOBHIMU areHTCTBAMHU Ha OCHOBE HACTOSILIEH U MPOIIEI-
el punancoBo ucropuu [3]. DTH areHTCTBa, MOTYT OBITh KaK PETHMOHAIBLHOTO
YPOBHS, WU OTPACIIEBOTO, TO €CTh CIEHHAIN3UPYIOIIHUECS HA KOHKPETHOM T€o-
rpa)uyecKoOM pPETUOHE WJIM OTpaciv, TaK W MEXIYHapOJHBbIE PEUTHMHTOBBIX
are’TcTB, K KOTOphIM oTHOCUTCS Standard & Poors, Moody’s Investors Service u
Fitch Ratings [4]. OgHako, y OpraHoB BJIACTH CYHIECTBYET MOTPEOHOCTh B OLICHKE
MPENoJIaraeMoro ypoBHsl peUTHHTA J0 TOTO, KaK UM MPUAETCS OIJIauyuBaTh yCIIy-
'Yl ar€HTCTB.

B nanno# pabote Ha ocHOBEe Mojienu [6] pemaeTcs oOpaTHas 3aj1ada — Ka-
KHMU JIOJDKHBI OBITh 3HAUSHUS ITOKa3aTelieid, 9ToObl BEPOATHOCTH JedoiiTa He BBI-
XOJWJIA 32 TIPEIEIIBI IOy CTUMOM.

B cBsi3u ¢ 3THM, B KaueCcTBE MpeaAMETa UCCICIOBAHUS B Pa0OTE BBIJEISIICS

KPEIUTHBIA pEUTUHT cyObekTa PO.



[enbto paboThl ObLTa pa3paboTKa MOAENEH yIpaBiIeHHUsI pUCKOM BEPOATHO-
ctu nedonra cyorekToB Poccuiickoit denepanum

B kadecTBe 3a71a4 /U JOCTHKEHUS TIOCTABICHHOM IIETTH BBIIEISUTUCK:

*  MoauduKaIms MOAEIH [6] 11 OnpeaeIeHHOTO CyOBeKTa;

*  pa3paboTka MOJeNel yIpaBICHH PUCKOM BEpOSTHOCTH Ae(OTa;

e ammpoOanus MOJTYYCHHBIX MOJENIed Ha OJHOM M3 PETHOHOB, UMEIO-

X KpeauTHbid pertuHr (ToMckas 061acTs);



1. Mogaenu onpeae/ieHUs YPOBHS pelTHHTa

Tema omnpeneneHus: pedTuHra B 00IIEM CMBICTIE, TO €CTh OIpeeNieHue peil-
TUHTa KOMITaHUW, OAaHKOB WM T.J., IOCTaTOYHO XOpoIlo npopadborana. Hampumep,
JUUI. KOPIOPATUBHOTO PEMTUHIOBOTO aHanu3a aBrop AHr-Yan JIu npumMenun MeTox
OMOpPHBIX BEKTOpOB (SVM) st mpoOnembl omnpeneseHus: KOPIopaTUBHOTO Kpe-
JUTHOTO PEUTHUHTA B MOMBITKE MPEJIOKUTH HOBYIO MOJIEIIb C JIyUlllel UHTEpIIpeTa-
nuen. Mcenenosarens UCIIONB3yeT METO/ CETOYHOTO ITOMCKA C HCIOJIb30BaHUEM S-
KpaTHOM MPOBEPKH, YTOOBI BHISCHUTH ONTUMAJIbHBIC 3HAYCHUSI TapaMeTpoB (QyHK-
. [7]

ABrtopsl JIsH-Croanp YeH u Tail-Boii 110 111 KpeAUTHBIX PEUTHHIOB KOM-
MEpPYECKUX KpPEOUTOB MPEAaraloT MCIOJIb30BAHUE HEYETKOTO KpPEIUTHO-
PEUTHUHTOBOTO MOAX0/1a: KPUTEPUU OIICHKU MOJICIIUPYIOTCS B BUJIE UEPAPXUUECKON
CTPYKTYpbl NPUHATHS pelIeHuil. MeToj JoKa3arenbCcTBa CUHTE3a, & UMEHHO He-
YETKUI MHTErpall, 3aT€M UCHOJB3YIOT JJIs 00ObEIUHEHUS KPEAUTHON uH(OopManuu
B BOCXOAIIIeM My TH [8].

Constantin Melliosa u Eric Paget-Blanch usyuanu dhakropsl, onpeaensrorniue
Ha CYBEpEHHBIE KPEIUTHBIC PEUTUHTH, MPEIOCTABISIEMbIE U3 TPEX OCHOBHBIX peii-
TUHTOBBIX areHTcTB: Fitch Ratings, Moody 's u Standard u Poor. Axanu3 raBHBIX
KOMIIOHEHT MCIOJIB3YeTCs i1 TOTO, YTOOBI BBISIBUTH 00IIHE (haKTOPhI, BIUSIOUINE
Ha 3TU perTUHTHU. [I[peMeHHbIe KOPPETUPYIOT C STUMH (DAKTOpaMH, a 3aT€M OICHHU-
BaeTCs 4yepe3 YINOPSAI0UCHHYIO JIOTUCTUYECKYIO MOJIENb. Pe3ylbTaThl MOKa3bIBAIOT,
YTO HA CYBEPEHHBIC PEUTHUHTM B OCHOBHOM BIIMSIIOT: JOXOJ Ha JYIIy HaceJICHHUS,
roCyJIapCTBEHHBIC JTIOXOAO0B, M3MEHEHHUSI PEaTbHOTO OOMEHHOTO Kypca, TEeMIIbl UH-
Gusiau [9].

Tomac @. Ilor u Pobept M. Soldofsky momuumanu Borpoc: "3 dero cocto-
UT peUTUHT oOnuranuii?". ABTOpBI IPU3HAIOT, YTO PEUTUHTH YACTUYHO 3aBUCAT OT
JIETKO JOCTYITHBIX CTaTUCTUYECKUX JIAHHBIX O JEATEIbHOCTH (GUpMbl U (PHUHAHCO-
BOTO cocTosiHus. [IprMepamMu Takoi CTaTUCTUKU SIBISIETCSl OXBAT MPUOBLIH, KOA(]-

(UIHEHTHI TUKBUIHOCTH U HOpMBI TpuObLTH [10].



Ecnu roBopuTh B 4aCTHOCTH O KPEIUTHBIX PEHUTHHrax AJid CyOBEKTOM, TO B
O0IIIeM CMBICIIe, KPeIUTHBIA PEUTHUHT MPEACTABISAET CO00N ypOBEHb KPEIAUTOCIIO-
coOHOCTH. ET0 OCHOBHBIM NpelIHAa3HAYCHUEM SIBIIAECTCS MPEIOCTaBICHUE MPEAIO-
JaraeMbIM KpeIUTOpaM WM BKJIAJYUKaM WH(OPMAILIUU O TOM, C KaKOW BEpOSITHO-
CThIO OyJIeT NpOW3BEeAeHa CBOCBPEMEHHAs BBIIIATA B3SITHIX (DMHAHCOBBIX 00s13a-
TeIbCTB [5]. IMeHHO 3TO ompeaeneHue gaercss B ctatbe A. JI. AHHUXOBCKOIO
«KpenuTHblit peUTHUHT: OCHOBHBIE SJIEMEHTHI U KIaCCU(DHUKAIIS.

Taxxe, AHUXOBCKHI ONMMCHIBAET JIBA TUIIA MOJEJEN MPUCBOCHUS PEUTHUHIO-
BOW OLICHKH.

1. Craructuyeckre MOJAENN, OCHOBAaHHBIE HA PacdyeTe KPEIUTHOTO PEW-
TUHTA 10 ONPEJEICHHON (opMyJie, BKIIOYAIOIIEH KaK KOJUYECTBEHHbIE (PaKTOPHI
— (huHaHCOBBIE KOA(DPUIIMEHTHI, TAK U1 HEKOTOPbIE KAYECTBEHHbIE, HO CTaHJIAPTH-
3UPOBAaHHBIE U IIPUBEICHHBIE K KOJIUYECTBEHHOMY 3HAYCHUIO, ACIIEKTHI JIESTEIIb-
HOCTU PEUTHHIYEMOIro 00BEKTa. DTH MOJENIH MPEACTABIAIOT coOoi 3 stama: 1 —
OMPENIENAIOTCA IEpeMEHHbIE (KaK paBuilo, GruHaHCOBBIE KOA(D(MUITUEHTHI), OKa3bI-
BAOILME BIMSHUE HA 3HAYEHUE KPEAUTHOIO PEUTHHTIA; 2 — ONPENEISETCS BIUSHHAE
KOKJ0T0 (pakTOopa Ha ypOBEHb KPEAUTOCIOCOOHOCTH, YTO HAXOAMT COOTBETCTBY-
I0IlIee OTpaKEeHKE B Bece KodpdunmenTa; 3 — TeKylIue nepeMeHHbIE B3BEIINBAIOT-
Csl IO CTEIIEHU BIIMSIHUSA, 3aT€M ITOJIYYEHHBIN pe3ylbTaT CYMMHPYETCS, U Ha 3TOM
OCHOBAHMH OIPEAEIAETCA HEKOE 3HAaUCHHE PEUTUHTA, BIPAXKEHHOE B Oasiax.

2. Mogenu OrpaHMYEHHON IKCHEPTHOM OLIEHKH, KOTOPbIE OCHOBAHBI Ha
MPUMEHECHUN CTATUCTUYECKUX METOJIOB C MOCIEIYIOMIEH KOPPEKTUPOBKOM Ha OC-
HOBaHUU HEKHUX KOJIMYECTBEHHBIX ApPAMETPOB.

ABeprH NOIYEPKUBAET, YTO MPU AHAIN3E METOANYECKUX MOJXO0I0B K OLICH-
K€ pEUTHHTa PETMOHOB BBIJEISETCS CIEIyIOLIUE:

. (dbopMHpOBaHKE CUCTEMbI PA3HOIUIAHOBBIX MOKa3aTeliel, BCECTOPOHHE
OTpa)karolX KOHKYPEHTHBIE IPEUMYLIECTBA PETHOHA;

. BBIICJICHHE KIIFOUEBBIX MOKa3aTesiel KOHKYPEHTOCIOCOOHOCTH;

. BBISIBJICHUE XapPaKTEPHBIX MO3ULIUH.



Kak ormedaror cenmanucTsl, BO MHOTMX METOAMKAX NMPEANOYTEHNE OTIa-
eTcsi OAJUTbHBIM, MPEUMYIIECTBEHHO SKCHEPTHBIM OLICHKAM Ka)KJOT0 U3 YYHUTHIBA-
embIx (pakTopoB. Ho, Kak moka3bpIBaeT MPaKTHKA, SKCIEPTHbIE OAJIbHBIE OLICHKU
HEU30EKHO SIBJSIFOTCS B 3HAUUTEIBHOU Mepe CyOBEKTUBHBIMU M OOBIYHO CTIIaXKH-
BAlOT pealbHbII Pa3dpOC pEerMOHaNIbHBIX XapaKTEPUCTHUK, T. K. KCIEPTHI OcTepe-
raroTcsl KpaiiHuXx oueHok [4]. Ho BMecTe ¢ TeM, B MOJENH, IPEJIOKEHHON ABEpH-
HBIM, TAaKX€ HCIOJB3YIOTCS BECOBBIE IOKA3aTEIH, KOTOPBIE ONPENEIAIOTCA JKC-
IIEPTHBIM ITyTEM.

ABtopel A.M. Kapmunckuii, A.A. Ilepecenkuir, C.B. 'onosans, U.B. Ma-
naxoBa, E.C. MuHeHKOBa BBIACISIOT HECKOJIBKO MPUHITUITUATIBHBIX 0COOEHHOCTEN
KPEIUTHBIX PEUTUHIOB:

1. KPEIUTHBIA PEUTUHT OTPAKAET OTHOCUTEIBHBIA YPOBEHb KPEAUTHOTO
pHUCKa;

2. KPEIUTHBIA PEUTHUHI HE SBJIAETCS COBETOM II0 UHBECTULMAM HIIU pe-
KOMEHJallMEN 10 MOKYIKE, XPAaHEHHUIO WM MPOJAaKe HEHHbIX OyMmar, HO OH SIBJIS-
eTCsl OJHUM U3 (PAaKTOPOB , Ha KOTOPBIM HHBECTOP MOXET OOPATUTh BHUMAaHUE MIPU
MPUHATHU TOTO WIM HHOTO UHBECTULIMOHHOTO PEIEHUS;

3. KPEIUTHBIA PEUTHUHI HE SBJIETCA WHIMKATOPOM JIMKBHUIHOCTH Ha
PBIHKE JUISI TOJITOBBIX LIEHHBIX OyMar Wi UX LIeHbl HA BTOPUYHOM PBIHKE;

4, KPEIUTHBIA PEUTHUHI HE SIBIIAETCS TapaHTHEW KPEIWTHOTO KadecTBa
3aeMiuKka. HazHaueHne pedTHHIa He COCTOMT B TOM, YTOOBI yKa3aTh Ha LIEJIECO-
00pa3HOCTH KaKHX JMOO MHBECTUIMI. PEUTUHT OTpa)kaeT JIMIIb acleKT, KOTOPHIH
HEOOXOJUM ISl TOTO, YTOOBI MPUHATH MHBECTHIIMOHHOE PEILIEHUE, a B CIy4ae Co
CTPaHOI WJIM PETMOHOM OTpaXkaeT YPOBEHb BO3BpaTa jJoJra B ciy4ae aedonra [3].

[MannaroBa mpemyiaraeT AByX3TallHyI0 METONOJOTHI0. BHauane, ucxons us
KayeCTBEHHOI'O aHaJIM3a U U3YUYEHHUS UMEIOIIUXCSI HH(POPMAIIMOHHBIX HCTOYHUKOB,
BBIJICIISIOTCS. UHIMKATOPBI, TO €CTh, XapaKTEPHbIC KAYECTBEHHBIE YKa3aTEIU TOTO
UM MHOTrO siBieHudA. Jlanee, ¢ y4éTOM BO3MOYKHOCTEM, ONPEACISIEMBIX Pa3HbIM
CTATUCTUYECKUM OOECIIEUEHUEM PErHOHANBHON M MYHHUIIMIAIBbHON SKOHOMMKH,

BBIOMPAIOTCSI UICXOTHBIC JIAHHBIC TI0 COBOKYITHOCTH UCCIIEAYEMbIX MoKa3aTeneit [1].
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Taxxe, B 5KOHOMUYECKOM TUTEpaType HaOIIOJAI0TCS TPU KAYECTBEHHO pas-
HAIMXCSA noaxona: B meroguke «PUA-AHanuTHKa» HUCIOIB3YIOTCS 3KCHEPTHO-
BBIOpaHHbBIE KJIIOYEBBIE TMOKAa3aTeld, B METO/AMKE, nmpumMmensemoi B Kabapauno-
bankapckoii Peciy0imke, BBIAEISIETCS MHOKECTBO IMMOKa3aTene no 9 rpynmnam, B
nokropckux auccepranusax C.A. [lonamapenko u M.K. KynoBoil kiiroueBbIe MoKa-
3aTeNIM BRIOUPAIOTCS B paMKaxX MHAMKATUBHOTO mojaxoxa [11].

Hcromun H.A. npenious onpeaensT KpeIUTHBIA PEUTHHT TPH IIOMOIIH
HEHPOHHBIX CETEeH C MCIOIH30BAHMUEM IATU BXOJAHBIX ()MHAHCOBBIX MMOKA3aTeIeH
[2].

Psii aBTOpPOB yTBEpKAAIOT, UTO YCIEIIHOE MOJAEIMPOBAHUE PEUTHUHIOB BO3-
MO’KHO IIPU HCIIOJIB30BAHUU MOJENN YHOPSA0YEHHOIO BBIOOpA M MPOCTBIX METO-
JTIOB JIMHEWHOU PETPECCUM.

Tax, nanpumep, aBTopsl Kantop u [Iskep (roBopst 0 CyBepeHHOM pEHTHHIE)
13 OOJIBLIOTO YKCiIa KPUTEPUEB, UCIOJIB3YEMBIX JBYMs BEAYIIUMU PEUTUHIOBBIMU
arenrctBamu S&P u Moody’s, BeiOpanu mectb (pakTopoB, KOTOPbIE, IO UX MHE-
HUIO, UTPAIOT BAXKHYIO POJIb B ONPEACIICHUH KPEAUTHOIO PEUTUHIA: TOXOJ HA AY-
11y HaceseHusi, TeMibl pocta BBII, un@usuus, BHEMHUA AOJAT, YPOBEHb 3KOHO-
MHYECKOTO Pa3BUTHUS U UCTOPHSI IO yMouaHuio [12].

Astopsl Kpamun, Caduysins, TumupsicoBa mocBsTHIN cTaThio «Drivers of
economic growth and investment attractiveness of Russian regionsy BBISBICHHUIO U
000CHOBaHUIO JpaliBEpOB POCTa U perHoHAIbHOMY pa3BuTHio B Poccuu. Ha ocHo-
BaHUM PErPECCMOHHOIO aHalIM3a B JaHHON paboTe paccMaTpUBaIu BIUSHUE YPOB-
Hsl BHYTPEHHETO CIIpoca U HEPABEHCTBA JOXO0/0B B pernoHax Poccun Ha TeMIbl MX
9KOHOMHYECKOTO POCTa U UX WHBECTUIIMOHHOM MpHBIIeKaTeIbHOCTH [13].

Astopsl Bennella, Crabbea, Thomasa u Gwilymb B cBoeit paboTe uccieny-
0T MOJIETTUPOBaHUE U OOyueHHE HEHPOHHBIX CETe M MOJENb YyHOPSI0YEHHOTO
BbIOOpa /I OOJBIION BBIOOPKH PEUTHHTOB, MPEIOCTABISIEMBIX PEUTHHTOBBIMU
arenrctBamMu. OHU MPENOJIAralT, YTO MOJEIb YIOPSI0YEHHOTO BHIOOpA MOXKET

YUUTBIBATH JUCKPCTHOCTH IPUPOJALI 3dBUCUMbLIX IICPEMCHHBIX, 1 ITO3TOMY ABJISCT-



csi HauOoliee MOAXOASAIIEH AKOHOMETPUYECKONH METOAOJIOTHEeH sl PEeHTHHIOB
[14].

ABtopbl JIunaeHn, Maknamapa u Benep ncnosib30Baqu MHOTOYPOBHEBYIO
NOPSJIKOBYIO JIOTHCTHYECKYIO PETPECCUI0 UIsl aHAJIM3a OLEHKU PEeUTHHroB. OHU
MCCIIE0BAM IIECTh PEUTUHIOBBIX Ar€HTCTB, M HAIIM CUCTEMAaTHYECKUE Pa3Jiv-
YHsl pEHTHHIOB 3TUX areHTcTB [15].

D10 eme pa3 MOATBEPKIAET HEBO3MOXKHOCTh CO3JaHUS €IMHOM MOJAENH
YOPaBJIEHUSI KPEIWTHBIM PEUTHUHIOB B CWJIY HEOJMHAKOBOCTH NPSMBIX 3a/ad
OIIPEICIICHUS KPSIUTHBIX peHTHHTOB [15].

ABtopbl Can Xyan, Cunpuxy Uma, Uen-lOur Xcy, Byn-XBa Yen npencra-
BUJIM CPABHUTEJIBHO HOBBIM METOJ MAILIMHHOTO O0Y4YEeHHUsI sl peLIeHUsI TPOOIEMbl
obOecrieueHus MOJIeNId C Jyulied uHTepnperanueid. OHU UCIOJIb30BaIU O00paTHOE
pacnpocTpaHeHue HeHpoHHOH cetn [16].

B pabote [6] Monens onpeneneHus KpeAUTHOTO PeTHHTa Obliia pa3pabora-

Ha Ha OCHOBC pCFpCCCHOHHOﬁ MOACIIN.

1.1. MatemaTu4yeckasgs MoJeJib OIleHKH BO3MOXKHOI0O

YPOBHA PEeUTHHIA CyO'beKTOB PP

JIJist KaXKI0T0 3HAYCHUST PEUTHUHTA CYIIECTBYET YHCIOBOE BBIPAKECHUE KyMY-
JSITUBHOM BEpOATHOCTH J1e(hoJiTa MO TOJITOBBIM 0053aTeIbCTBaM, YTO B DKOHOMHU-
YECKOM CMBICIIE COMOCTaBHUMO C PHCKOM peduHaHcupoBaHusi. CONOCTaBJICHUE
PCUTHHIOB M BepOSITHOCTEH Jedhota npeacTariensl B Tadaume 1 [30 — 32].

Tabnuna 1. OneHka KyMyJISTUBHOW BEPOSATHOCTH jaedoiTa

Standard&Poor’s Moody’s Investors Fitch raitings
Service
P THHT BeposTHOCTB P THHT BepostHOCTB P THHL BepostHOCTB
nedonra, % nedonra, % nedonra, %
AAA 0,05 Aaa 0,00 AAA 0,01
AA+ 0,00 Aal 0,00 AA+ 0,02
AA 0,00 Aa2 0,06 AA 0,06
AA- 0,18 Aa3 0,19 AA- 0,08
A+ 0,16 Al 0,33 A+ 0,21
A 0,14 A2 0,14 A 0,23
A- 0,35 A3 0,25 A- 0,33
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BBB+ 0,59 Baal 0,52 BBB+ 0,42
BBB 0,71 Baa2 0,60 BBB 0,79
BBB- 0,99 Baa3 1,34 BBB- 1,82
BB+ 3,15 Bal 3,86 BB+ 3,20
BB 4,13 Ba2 5,05 BB 4,75
BB- 6,79 Ba3 11,89 BB- 7,77
B+ 10,43 Bl 14,81 B+ 11,68
B 20,41 B2 20,28 B 15,11
B- 22,37 B3 27,27 B- 20,32
CCC+ 26,37

CCC-C 33,11 Caal-C 34,23 CCC 24,79
CCC- 38,38

JIJIst TOCTpOEHUST MAaTEMaTHIECKOW MOJIENT OB OTIPECIICHBI JaHHBIC, TIPH
MOMOIIY KOTOPBIX PEHTUHTOBBIC ar€HTCTBA JIAIOT OLIEHKY KPEIUTOCIIOCOOHOCTH.

[Ipeamnomnaraercsi, 9TO KIFOUYEBBIM MApaMEeTPOM PETHOHATBHBIX OIOIKETOB,
OT KOTOPBIX 3aBHCHUT YPOBE€Hb PEUTHHIa, SIBISIOTCA JOXOJbI Oro/KeTa 0e3 yuera
0e3BO3ME3IHBIX MOCTyIUIeHu# [1].

BriBoa 0 cTenenu KpeauTocrnocooHocTH cyobekTta PO Gpopmupyercs 1o pe-
3yJbTaTaM pacyera psga KodPpQGUIMEHTOB, XapaKTePU3YIOIIUX, C OJIHONH CTOPOHBI,
OIO/KETHBIC TIOKA3aTeNH, C IPYrod — JAaHHBIE MO COLUATBHO-DKOHOMUYECKOMY
Pa3BUTHIO.

CoryiacHO METOI0JIOTUH PEUTUHTOBBIX areHTCTB HAPAY C IMOKa3aTeleM, Xa-
PaKTEpU3YIOLIUM J10X0/1bl 0€3 yueTa 0€3BO3ME3IHBIX MOCTYIUICHUM, SIBIISETCS A0S
PSIMOTO J0JTa B 0011eM 00beMe J1osira U cpok goira. [loMruMo 3Toro Ha KpeauTo-
CIIOCOOHOCTH BJIMSIET €Ie s/l MOKa3aTesiel, XapaKTepU3ylInX COCTOSHHUE JKO-
HOMUKH, HaCEJICHUS, KAYeCTBO YIIPaBJICHUS U Mpodre. Tak, OCHOBHBIMH TIOKa3aTe-
JISIMU, OKA3bIBAIOIIMMHY BIMSIHUE HA YPOBEHb PEUTHUHTA, SIBJISIOTCS:

® IIPSIMOM JIOJT;

® YCIJIOBHBIU JOJIT;

e 00uMIi 00BEM JIOXOJ0B OIOJIKETA;

e 00beM 0e3BO3ME3IHBIX MOCTYIICHUH;

e pacxojbl OromKeTa (i pacyeTa nedumura);
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e 00BEM PacxoJ0B HAa 0OCITy)KHBAaHUE J0JITa;

® BAJIOBOM PErMOHAIBHBIN NPOAYKT;

® BAJIOBOM BHYTPEHHMU NPOAyKT PD.

3HAYEHHUs BBILIE IIEPEUUCIICHHBIX NOKA3aTeNlell HaxOAATCsl B OTKPBITOM J10-

cryrne. OCHOBHBIMM MCTOYHHKAMHU JTUX AAHHBIX IOCIYKUIU CailTel MuHHCTEP-
ctBa (uHaHcoB, DenepanbHON CIyKOBI TOCYIapCTBEHHOM cTatuctuku u dene-
paNbHOTO Ka3HAuelCTBA, Ha KOTOPBIX MYOJIMKYIOTCA OTYEThl 00 HCHOJIHEHUU
OromxeTa, 00beM J0JTra, MOKa3aTeal, XapakTepusyronue (UHaHCOBOE MOJI0KEHUE
cyobekToB P®. [lng mocTpoeHusi MOAeNn B KauecTBe (PaKTOPOB, BIMSIOIMIMX Ha

3HAYCHUC KPCAUTHOI'O peﬁTHHFa, ObLIH BBI6paHI>I:

o x1 = Ilpamoii gonr/Jloxonel 0e3 yuera 6€3B03ME3IHBIX OCTYIUICHU;

° x2 = YcnoBHbiid goar/ Jloxoasl 6e3 yyeta 0€3B03ME3AHBIX MOCTYILIE-
HUM;

° x3 = Jloxonasl 6e3 ydyeTa 6€3BO3ME3AHBIX MOCTyIuieHuM /OO0 00b-
€M JIOXOJIOB;

o x4 = Jlepurut Oromkera/ Jloxoasr 63 yuera 6€3B03ME3THBIX TOCTYTI-
JICHUH;

° x5 = Pacxoapl Ha 00CIIyXKHMBaHUE J0J1ra/00beM J0XOJ0B 0e3 yuera

0€3BO3ME3IHBIX OCTYIICHUM;

o x6 = OOumit rocygapCTBEHHBIN TOJIT/BAJIOBON PErMOHAIBHBIN TIPO-
TYKT;

o X7 = Pacxozasl Ha 00U TOCyAapCTBEHHBIN J0JT/Pacxoibl O0IKETa;

o x8 = 3aemueble cpeacTBa/O0mmii 00beM JTI0X0I0B OIOKETA;

. x9 = Mnaexkc nmpoMBINIIIEHHOTO MPpou3BOACTBa/BaioBoit BHYTpeHHUM
npoaykrt PO.

3HavyeHUs MOKa3aTesield paCCUYNTHIBAIACH I 33 PETHOHOB, YYACTBYIOIIUX B
TMOCTPOCHHUH.
[IpoBenennblil pakTOPHBIN aHATN3 MTOKA3aJl, YTO JIJIs1 YIPOILECHHS MOJICIIH

MOHO M30aBUTHCS OT OJHOTO (haKTopa, a UMEHHO: 3aeMHbIe cpeacTBa/O0muii
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o0BveM noxo0B OromxkeTa. [lo ntoram pakTopHOTO aHaTM3a MTEPEOOO3HAYNITN

bakTopsI:

° x1 = Ilpsmoit gonr/Joxoasl 6e3 yuera 0€3BO3ME3IHBIX TTOCTYTUICHHH;

° x2 = YcnoBubli goir/ Jloxoasl 6e3 ydeta 0€3BO3ME3IHBIX MOCTYILIE-
HUM;

° x3 = Jloxonpl 6e3 ydyeTa 0€3BO3ME3AHBIX MOCTYyIUIeHUH /OO0t 00b-
€M JI0XOJIOB;

o x4 = Jlepunut 6romxeTa/ Jloxompr 6e3 yuera 6€3B0O3ME3HBIX MTOCTYTI-
JICHUI;

o x5 = Pacxonpl Ha 00cCiIyXHBaHUE J10JIra/00bEM J0XO0/I0B 0e3 yuera

0€3B0O3ME3IHBIX MTOCTYIUICHUH;

o x6 = OOuwmil rocyaapCTBEHHBIA JOJIT/BAJIOBOM PErMOHAIBHBIN TpPO-
TYKT;

o x7 = Pacxoapl Ha 001U TOCyAapCTBEHHBIN J0JT/Pacxoibl Or01KeTa;

o x8 = MHaeKkc NMpoMBIIIIEHHOTO MPOU3BOACTBA/BanoBoii BHYTpeHHUI
poaykt PO.

IIpy moMouM BEISBJIICHHBIX [T0KA3aTEIeH, B3AThIX B Ka4eCTBE X, U 3HAUCHUS
BEpOsITHOCTEN N1e(hoITa, B3THIX B KAUeCTBE 3HAUEHHUI Y, ObLIa MOCTPOEHA HETU-
HelHas perpeccuoHHasl Mojielb. B kauecTBe perpecCHOHHON MOJIeIu ObLIO BbI-
OpaHO ypaBHEHHE:

Ky + (X +X,) %Ky + X2 %K, + X2 *K, 4+ (X + X, ) *Ke + X K + X, ¥k, =y

KoaddurmenTsr k;,i =17 npuHsIu ClenyONUe 3HAYCHUS:
k, =4.17,k, =—6.05,k, =—1.71k, =30.39,k; = 27.34,k, =0.03,k, =6.6
1.2. IlepecyeT K03pPULHEHTOB MOAENUN AJISA OTAEJIbHOIO

peruoHa

B cBsi3m ¢ TeM, 94TO MPUMEHEHHUE MOJICIIH YIIPABJICHUS PSUTHHIOM BO3MOXKHO
JUTsl KOHKPETHO B3SITOTO PETHOHA, HEOOXOAUMO YTOUHUTH KodduiinenTs. HoBbie

koa(hpumreHTs! Oy1IeM moyvarh st ToMCcKo# 001acTH.
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3HaueHUs MoKaszareneil g mepecuera KO3(PPHUIMEHTOB HAXOIATCA B OT-
KpbITOM goctyrne. OCHOBHBIMH HMCTOYHHUKAMH STHUX JTAHHBIX TTOCTYXUJIH CAWTHI
MununctepctBa dhuHancoB, denepanbHON CIYKObI TOCYAaPCTBEHHONW CTATUCTHKHU
u DenepalbHOTO Ka3HAYeHCTBA, HA KOTOPBIX MyOJMKYIOTCS OTYETHI 00 MCIOJIHE-
HUU OrOpKeTa, 00beM JI0JIra, TOKa3aTeu, XapakTepusyroue (GUHAHCOBOE TOJIO-
xkenue cyobekroB PD [17, 18, 19]. Ilokasarenu ObLIM B3STHI 3a IMEPHOA C
01.04.2008 r. mo 01.01.2015 r.

B pesynbrare moaydmsii HEIMHEHMHYIO PErpPEeCCUOHHYIO MOJIENb Ompejelie-
HUS pedTuHra 17151 ToMcKoi 001acTu, KOTopasi UMeeT BU:

V(t) = (Xl(t) + X, (t)) ' kl + X:f (t) ’ kz + Xi(t) : k3 +()(5 (t) +X; (t)) : k4 + Xg (t) : ks + Xg (t) : ke

rae X(t) _ nokazarend (MHAHCOBOM U COIMATBHO-TIOJIMTUYECKON NESITEIbHOCTH

ki,i=16

PCTHUOHA. 3HaUYCHUS KOB(b(l)I/I]_II/ICHTOB ! COCTaBHUIIN:

k, =192, k, =22,07, k, =084 k, =458, k, =21,61, k, =—26,89
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2. /luHaMU4YeCKHe MOJe/JU YIpaBJeHUs KpeauT-

HbIM PeTUHIOM Cy0o'beKTa Poccuiickon ®eaepanum

B cBs3M co BceM BblIIECKa3aHHBIM, MOYKHO CJENaTh BBIBOJ, YTO 3aJady
yIpaBICHUST PEUTUHTOM HEOOXOIMMO pelIaTh WHAMBHIYAJIbHO AJIA KaXKIOTO M3
U3BECTHBIX CHOCOOOB ONpENEieHUs] pelTHHra. B 1aHHOM ciyyae aiaropuTMbl

CTPOMIINCH Ha OCHOBE Mozenu [6].

2.1. /IuHamMuyeckKasda MoJeJb YyIOpaBJIeHUA KpeJUTHLIM

pEeUTHHIOM peruoHa ¢ Koa¢PuiyeHTaMu 06paTHOM CBA3U
\Y 18 BBIACINIIN 8 HOKEBaTeJIef;I, HauoOoJiee KPUTHUYHBIX OJIs1 OLOCHKH PHCKaA

pedrHaHCHpOBaHUSI, OKA3bIBAIOIIUX BIUSHUE HAa pPEeUTHHT cyObekTa [6]. IlycTh
3HAUEHHUA ITHUX IMOKa3aTesIel BBIILIN 32 TPAHUIIBI JOMYCTUMBIX U HAM HEOOXO0IUMO
U3MEHHUTh UX 3HaY€HUs, YTOObI N30€KaTh HU3KOTO 3HAYCHUS perTuHra. /s storo
HaM HEOOXOJIMMBI U3BMEHEHUS dTUX OCHOBHBIX IoKazarenei [20].

O603Haunm 32 (t), i=1..,n

t,t=1..,T-1

II0Ka3aTC/In B MOMCHT BpCMCHHA

,TAe | — MIaHupyeMblii MOMEHT BPEMEHH BBIXOJa PErHOHa Ha He-

0
00XOAMMBIN YPOBEHb PEUTHHTA; X (1) _ MIJIAHOBBIE 3HAYEHUS MOKA3aTelei, COOT-

BETCTBYIOILIUX YCTOMYMBOMY (DYHKIIMOHMPOBAHUIO PETHOHA; Vi) - BEPOSITHOCTH

VO(t)

nedonta, KOTOPYIO UMEET PETHOH B COCTOSIHUU «KPU3UCAY; — MaKCUMaJIbHO-
JOTYCTUMAsi BEPOSITHOCTH JedonTa, Mpu KOTOPOW 00ecreuynBaeTcs yCTOMYHMBOE
cocTosiHue peruona [21].

st BepositHOCTH nedonta B padore [6] ObUIO MOMy4eHO ypaBHEHHE,
KO(pPUIIMEHTBI KOTOPOTO TMEPEeCYUTAaHbl HETMOCPEJICTBEHHO I PCUTHHTA
Tomckoii obnacTu:

V()= (Xl(t) +X () kl + st (- kz + Xj(t) ' k3 + (Xs (t)+ X (t)- k4 +Xg (t)- k5 +Xg (t)- k6 (2-20)

rie X (t) — mokaszarenu ¢uHaHCOBOW M COLMATBLHO-MOIUTHYECKOM

NeATeIbHOCTU peruona. 3nadenus kosdduimenton K;,i =1,6 cocraBumm:
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k, =192, k, = 22,07, K; =084 k, =458,
k. = 21,61 k =-2689

[Tepernymepyem ko3 uiueHTs MoaeH (2.1):
k, =k, k,=k,, k, =k,, k; =k;, k, =k,
ki =ks, ks =k, K; =ks, ks =k,. (2.2)

Torna 3aBucuMocTs (2.1) mpuMeT BUI

V(t) =k, +Zn:kiui(t)

(2.3)

rae N=8;
u(t)=x(), 1=125,..,8
Uy (1) = X5 (1), u, (1) = X; (1) (2.4)
3aBHCHMOCTD TIOKa3aTeNeH (t) OT BPEMEHH MPEACTaBUM B (popme
KD =L+ O)X (). 25)
e Mi ) _ TEMIT H3MEHEHHs! | -To IoKasaTensi.
C yuerom (2.4) 3amumiem (2.3) kak
V(t+D) =k, + Z(lJF B (O)ku; (1) =V (1) + Z“’i (©))kiu; (t)

i=1 i=1 ’ (2_6)
e M =R 121258 =1+ py)" =1 p = (0+p,)’ -1 2.7)

3aBUCUMOCTh MaKCUMAJIbHO-JIOMYCTUMON BepOATHOCTH jAedonra (ITaJIOH-

HOM BEPOATHOCTH) OT BPEMEHU MOKHO BBIPA3UTh KaK

VOt+D) =(1-p, V(1) (2.8)

rae Mo _ sxemaembIil TeMIT U3MEHEHHS BEPOSATHOCTH AeoTa.

3aKoH ynpaBJ€HUs ONPEAEIUM B BUE

u(t) = KV () + K2V °(t) = K () z(t) (2.9)

re z(t) = (V ),V ° (t))T : K(t)= ( K1(t),K 2(t)) — Marpuia Ko3OPHUIUECHTOB
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oOpatHoi cBsi3u. O0beaunss (2.6) u (2.8) ¢ yuetom (2.9) umeem

2(t+1) = (AN +BOK®)z(t) (2.10)

1 0 ku,(t) ku,(t) ... kp(t
e — o (t) | 0 0
Bripaxkenue (2.9) npencrapiseT coooi ypaBHEHUE COCTOSIHUS CUCTEMBI.

Breaem ¢yHKIIMOHAT
1=3 [V O-V°OF + @O RO+
+[V(T)-V°(M)F, (2.11)

KOTOpBIﬁ XAPAKTCPU3YCT KA4YCCTBO IIpOHCCCa CICKCHHA 3da MAKCHUMAJIbHO-

JOTTYCTUMOM BEPOATHOCTHIO JehonTa pernoHa. MUHUMU3HUPYS 3TOT PYHKIIMOHAI,

MBI TEM CaMbIM 00€CIIeYNM BbIXOJl pErMOHa Ha TUIAHOBBIN PECIKHUM.

R
3nech () _ JaroHajgbHasi MaTpUIa BECOBBIX KOA(D(PUIIMEHTOB.

BBenem BekTop h= (1’_1). C yuerom (2.9) ¢pynakmonan (2.11) nepenwuiiem

B BHAC

J =Z|:ZT ®hThx(t) +(K(1)z(®)' R(t)(K(t)z(t)}
+ 2" (T)hThz(T) _ (2.12)
[Tepenumiem (12) B hopme

J—tr ;[hTh Z(t)zT )+ KT (t)R(t)K(t)Z(t)ZT (t):l"'

+h"hz(T)z" (T) (2.13)
Beenem matpuny P(t)=2()z" () JUIL KOTOPOW YpPaBHEHUE COCTOSIHUS NIPU-
MET BU]I
P(t+1) = (A(t) + B)K (1)) P(t) (At) + BOK (D)) | (2.14)

a ¢pyukiuonan (2.13) npeobpasyercs K BULY
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J :tr{H[hTh P(t)+ KT (OR(DK E)P() | +h'hP(T )}
= , (2.15)

(POL.K®)

HeobOxomuMo HaWTH ONTUMAaJIbHOE pPEIICHUE , TIPH KOTOPOM
dbyukiuonan (2.15) npuHUMaeT MUHUMAJIBHOE 3HAUEHHE.
Wtak, nmeeM 3a1ady ONTHMAIBHOTO YIIPABIEHUS, B KOTOPOH ypaBHEHHUE CO-

CTOSIHUSI OIMCBIBAETCSI MHOTOIIArOBBIM TporeccoMm (2.14), a dyHkimonan kaue-

u(t
cTBa — BeIpakeHueM (2.15). VrpasieHue 3a1aeTcsi BEKTOPOM ( ), OTpeieIsIeMbIM
BeIpakeHueM (2.9).

Perrennem 3a1a4un CACKEHUS 32 MAKCHMAIbHO-IOIMYCTHMON BEPOSTHOCTHIO

I[G(l)OJITa ABIEICTCA CIICAYIOIIAA CHCTCMaA ypaBHGHI/Iﬁ (BBIBOII IIPpUBCACH B IIPUIIO-

YKEHUH )

w(®) =[A®Q) +CO] wt+D[AD) +CH)]+

~G(t)-h"h, (2.16)
K(1)=(RE) B Ow(t+DBE) (BT Ow(t+DAE) 2.17)
P(t+1) =(A(t) + BIOK (1)) P(t) (At) + BOK (1)) (2.18)
['pannuHBIC YCIIOBUS ONIPEAECISIOTCS BBIPAKECHUSIMHU

) _[ 1 —1]

PO) =207 0); 20)=(VOV°@) . " (-1 1 219

B ¢opmynax (16) — (17) BBeneHbl 0003HAYECHUSI MATPHII;

G(t) =(A Ow(t+DB(N))SORMSH) (BT Qw(t+DA®D)

C(t)=B®)S®)(B" ®)wlt +1)A(t)); S =(R(t) - B @)w(t+1B(t))

Anroputm pemerus 3aaaun (2.14) — (2.17) coCTOUT U3 CIIEAYIONIUX IIaroB:

1. TloacraBnsieM TpaHWUYHOE 3HAYEHUE w(T) B (2.16) m BBIUUCISEM

y(), t=T-1T-2,..1
K(), t=0,12,...,T -1

2. Brraucnsiem no opmyine (2.17).
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P, t=01..T 0 popuyse (2.18).

— / 0t} — }
4. BrprumnciseMm BepoOSATHOCTH JedoiiTa VO =JR:®), V(1) =yP(1) .

5. Brruucnsem BCKTOP YIIPABJICHHUA, CBSI3aHHOM C KOHKPCTHBIMHU IIOKaA-

3. Breruucisem

.
= z(t) =(V (t),V°(t

3aTessIMU u(t) K(t)Z(t)’ e (®) ( ),V ( )) .

6. Bbruncnsiem onTUManabHbIE 3HAUYEHUS MOKa3aTesed, OT KOTOPhIX 3a-

BUCUT PEUTUHT peruoHa

X0 =U,1), 1=12,5,...8; %,(0) = U ()"?, %, = (u, 1)

2.2. YnpasisieHue peMTUHrom ToMckou o6J1acTH
Pa3zpaboTtannas mojiens Obuta mpuMeHeHa K pedTtunry Tomckoit oomactu. B

kauectBe X (), 1=1...,N ObUIM B3SITH 3HAUEHHMS MMOKa3aTeNeH, HAMOOIEe KPUTHY-

HBIX ISl OIIEHKH pUCKa peUHAHCUPOBAHUS, OKA3bIBAIOIINX BIMSHUE HA PEUTHUHT
cyobekTa, 3a mepuos ¢ 01.04.2008 r. mo 01.01.2015 r.

Tak kak pertunr Tomckoil obmactu ObUT NpUcBOeH Jullb B 2013 roxy, pe-
aJbHBIE MOKa3aTelid ObUIM B3SITHI 3a KaXAblM KBapTan HauuHas ¢ 2014 rona, a ¢
MOMOIIbIO TTOCTPOEHHON PErpeCCHOHHON MOJIETU ObUT pacCUUTaH MPEANOI0XKH-
TEJIbHBI YPOBEHb PEUTHHIA U1 HEAOCTAIOIMX Nepuonos. llomyuwnu, dro mos
MEePBOTO MOMEHTa BPEMEHHU MpeAroaaraemMasi BEpOITHOCTh Ae(oJiTa COOTBETCTBO-
Baja pedtunry B+ (10,43%) [22 — 24].

B kauecTBe MakcUMaIbHO-AOIMYCTUMOM BEPOSTHOCTHU JJISI IEPBOIO MOMEHTA
BPEMEHHM 3aJ]aHO 3HAa4YeHHE, COOTBeTCTBYIOMIee pedTuHry BB (5,75%). OTo 3Haue-
HUE C TCUEHUEM BPEMEHHU TAKXKE UMEJIO OTPULIATEIIbHYIO JUHAMUKY.

Koaddurmentsr Ob11M paccunTansl Mo cienyromen Gopmyie:

n

> 060 (t-)

W = -1 ,rae n=28; i=18 , Tae
D (% (t-1))?
t=2

I'paduxu mMakcUMalbHO-AOMYCTUMON U peaibHOM BeposTHOCTEH nedonta

IIPEICTABIICHBI HA pUCYHKeE 1.
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Pucynoxk 2.1. MakcuManbHO-IONTyCTHUMAasi ¥ peajibHas BEPOSTHOCTH Je-
dbonra

N3 rpadukoB BUAHO, YTO C TEUEHUEM BPEMEHH peasibHasi BEPOSITHOCTH MPU-
OJMKAeTCsl K MAKCUMAJIBHO - JTOITYCTUMOM.

3HaueHUs ToKasaresied, 00eCTIeunBarONINX YCTOMYMBOE pa3BUTHE PETHOHA,

MPUBECHBI HA PUCYHKE 2.2.
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Pucynok 2.2. OntumMasnbHbie 3HAUSHHS TIOKa3aTeNeH, 1711 KOTOPhIX BEpOsIT-

HOCTb I[C(i)OJ'ITa IMPUHUMACT MAaKCUMAJIbHO-AOITYCTHUMbIC 3HAUCHHU .

AHaM3 pacueToB TMOKa3aj, uYTO [Jis TOJY4YEHUS] MaKCUMAaJIbHO-
HEO0OXOIMMON BEPOATHOCTH K 33JITaHHOMY TEPUOAY, HEOOXOAUMO MOCIIeI0BATEIIb-
HO YBEJMYMBATh MOKA3aTENIU: MEPBBIM, IIECTON, CEIbMOW, BOCBMOUN (OTHOLIECHUE
MPSIMOTO JI0JITa K COOCTBEHHBIM J1I0X0/1aM, OTHOIIIEHUE TOCYyAapCTBEHHOIO J0JIra K
BPII, oTHOmIEHNE pacXo10B HAa TOCYIapCTBEHHBIN JOJIT K pacxoaam OroKeTa, OT-
HOIIEHUE 3a€MHBIX CPEJICTB K JI0XO0/aM); U YMEHbIIIATh: BTOPOW, TPETUIA, YETBEP-
TBIN U TIATHIA (OTHOIIIEHUE YCIOBHOTO JIOJITa K COOCTBEHHBIM J10X01aM, JloJis coo-
CTBEHHBIX JOXOJIOB B JI0XOJIax OIOJKeTa, OTHOIICHUE AchumuTa O0roKeTa K co0-
CTBEHHBIM JI0X0/1aM, OTHOILIEHHE PACXOJ0B Ha OOCITY>KHBaHUE J0JIra K COOCTBEH-
HbIM J10x0/aMm). [Ipu 3TOM oOkazanoch, 4YTO ONTUMAaJbHbIE 3HAYEHUS TOKa3aTesen
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NEPBOM IPYMNIbl NIPUHSIN OTPULATENbHBIE 3HAUEHUS, YTO MPOTHBOPEUYUT 3KOHO-
MUYECKOMY CMBICITy. DTO SIBJII€TCA CJIEACTBUEM TOIO, YTO 3aJadya ONTHMAJIbHOTO
yIpaBJICHUS pelianach 0€3 OrpaHMYeHU Ha JOMYCTUMBIE 3HAUCHUS YIIPABIISEMbIX
nepemMeHHbIX. [IoaTOMy cieayer NpuHATh UX 3HAYEHHUS] PaBHBIMU HYIIIO, KaK MOKa-
3aHO Ha puc. 2. 3HaYCHHMS MOKa3aTesield BTOPOU TPYIIIbl HE MPOTUBOPEYAT 3/IPABO-

MY CMBICTTY.

2.3. /luHaMuyecKasag MoJeJib yIpaBJIeHUs] PEMTUHIOM pe-

ruoHa 6e3 Ko3¢pPuuueHTOB 0OPATHOM CBA3U
M1 BBIJICIINIIN 8 HOKEBaTeJIeﬁ, HauoOoJee KPUTUYHBIX OJIs1 OOCHKH PHCKaA

pedrHAHCUPOBAHUS, OKA3bIBAIOIINX BIMSHUE Ha pedTHHT cyObekTa [6]. Ilycth
3HAQYEHMs] JTUX II0KA3aTeJIeW BBIIUIA 3a TPAHULbI JOIMYCTUMBIX, U Mbl XOTHUM
W3MEHUTh UX 3HAUCHMS, YTOOBI U30€KaTh HU3KOTO 3HAUCHUSI perTuHra. JIjist 3Toro

HaM HEOOXOIMMBbI H3MEHEHHS dTUX OCHOBHBIX IMoKa3arenei [20].

O6osmaunm  3a X (1), 1=1..,N mokasarenm B MOMeHT BpeMeHH
t,t=1...,T -1, rone T — mnaHmpyemblii MOMEHT BpEMEHH BBHIXOJd PETMOHA HA
HEOOXOJAUMBI YpPOBEHb PEHTHHTA, XiO () — mIaHOBBIC 3HAYCHUS IOKAa3aTeNICH,
COOTBETCTBYIOIIMX yCTOMYMBOMY (YHKIIMOHUPOBAHUIO PErHOHA; V() -

BEPOATHOCTH Ae(OIITa, KOTOPYIO UMEET PETUOH B COCTOSHHUHU «Kpu3ucay; VO (t) —

MaKCUMaJIbHO-AOMyCTHUMAasi BEPOSITHOCTh AedoiTa, Mpu KOTOPOil obecrieynBaeTcs
YCTOHYHMBOE COCTOSTHUE perroHa [21].

Jlis BepositHocTH jedosita B pabore [6] ObUIO MOdydeHO ypaBHEHHE,
KOA((OUIIMEHTHI KOTOPOTO0 TIEPECUUTAaHbl HEMOCPEACTBEHHO [JIsl pEUTHHTA
Tomckoii obmacTu:

V(t) = (Xl(t)+ Xz(t)) ’ kl +X§(t) ’ kz "'Xi(t)'ks +(X5 (t)-I-X7(’[))-k4 + Xe(t)'ks + Xs(t)‘ke (2-20)

roe X (t) — moxasarenmun QUHAHCOBOH M COLHANBHO-MONUTHYECKOM

NesATEeIPHOCTH peruoHa. 3HaueHus koddduimeHTon K;,i =1,6 coctaBuim:

k, =1912, k, = 22,07, K; =084 k, =458,
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k. =2161, k, =-2689
[Tepeobo3Hauum mokasarenu U ko3¢ uureHts Mmoaenu (2.20):

y.(t)=x(t), 1=12,5,6,7,8;

2.21
Vo =X 0, ¥y = X0 &2
k1, =k;; k1, =k;; k1, =k,; k1, =K;;
KL =k - L L - _ (2.22)
1. =k,; k1, =k;; k1, =k,; kl; =K.
Torna 3aBucumocTs (2.20) nmpumet BUA
V(D)= V(0. n=8, (2.23)

rae Vi(t) =KL -y, — BeposTHOCTB HedonTa, 00yCIOBIEHHAS § -M IIOKA3aTEIEM.
3aBucumocTh nokasareneii X (t) or Bpemenn npencrasum B hopme

% (t+1)=Q+p )% (), (2.24)
rae p,(t) — TeMI U3MEHCHHSA  -TO TTOKa3aTes.

JluHaMHKy BEpPOSITHOCTH A€(oJITa MPEICTABUM B BUJIE
Vi(t+1) = (1+p 1)) (V (1) +u; 1), n=1,...,8, (2.25)
re W =0,i=1256,7,8 u,=+n,)* -1 p,=1+n,)° -1, (2.26)
3aech U; — yrnpaBiieHUE, CBA3aHHOE C U3MEHEHUEM j -TO IMOKA3aTeNsl.

3aBUCUMOCTD MaKCUMAaJIbHO-I0MTyCTUMOM BEPOATHOCTH nedonra

(?TaJIOHHOM BEPOSTHOCTH) OT BPEMEHH MOKHO BBIPA3HUTh KaK

VOt+1) =(1-p,V°(L), (2.27)
rae |, — )KeIaeMblid TeMIT H3MEHEHHS BEPOSITHOCTH J1e(oIITa.
Beenem BekTop z(t) :(Vl(t),Vl(t),...,Vn (t),VO(t))T. Tornma ypaBuenus (2.25),
(2.27) MoXxHO TIepenucaTh B BUIE
2(t+1) = A (0)z(t) + B, (Yu(t) (2.28)
rae A(t) — nnaronansras marpua pasmeproctn (N+1)x(N+1)
Ay (t) = diag (1+ £ (t),... 1+ £, (t); 1— (1) );

23



B)() — muaronanshas marpuia pasmepHOCTH (n+1)xn

14w .. 0O
BO= 5 . Lip (1) |
0 .. 0

B kauecTBe 11€71€BO# (DYHKITMH BBIOEpEM KBaJApaTHUHBIN (PyHKIIMOHAI

3= i[[v(t) —VOOF +ut) REUE) |+ (2.29)
+[V(T)=V° (M7,

KOTOPBIA XapaKTepU3yeT KauecTBO IMpOLEcca CIEKEHUS 32 IIAHOBOM BEPOSTHO-

CTBIO pETHOHA. MUHUMU3HUPYS 3TOT (YHKIHOHAI, MBI TEM CaMbIM 00ECIICUHM BBHI-
XOJ1 perHoHa Ha TIaHoBYIo BeposTHOcTh. 3aeck R(t) — nmaromansnas matpuma Be-
COBBIX KOA((HUIIMEHTOB Pa3MEPHOCTH nxn .
Beenem B (2.29) Bextop (). Bemmumna (V(ty-v°()) npumer Bux
(V) -Vv°®m)=Cz(t), rie C=(11..,1,-1)eR™ Kpurepuii kauectsa 3 mpumer
bopmy
T-1 T-1
> 2 mcTCz(t) + Y (u" ORMuU())
J =9 t=1 t=0
+2' (T)C'Cz(T)

+
— m(l)n : (2.30)

Urak, nmeem 3a1ady ONTUMAJIBHOTO YIIPABJIEHUS], B KOTOPOM YpaBHEHHE CO-

CTOSIHHMSI OTHMCHIBAETCSI MHOTOIIArOBBIM TiporieccoM (2.28), a dyHKIIMOHAN Kaue-

cTBa — BeIpaxkeHueM (2.30). YopasieHue 3a1aeTcsi BEKTOPOM ut).
Heo6xoanMo HaliTH ONTHMAaNbHOE pELIeHne (E(t),a(t)), Ipy KOTOPOM (PyHK-

uroHan (2.30) npuHUMaeT MUHUMAIbHOE 3HAUYCHHUE.
Nmeem 3a1ady onTUMaIbHOTO YIIPABICHUS C KBAAPATUYHBIM KPUTEPUEM.
[IpeoOpa3yem Hamy 3aiady K SKBUBAJICHTHOU 3ajiaue O€3yCJIOBHOW MUHU-
MU3AIM (PYHKIIMM MHOTHX TIEPEMEHHBIX (CM. pWIOKeHue). B pesynprare moy-

UM
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IU) ={z" (0)Ly;(0)2(0) + (22" (0)$)U +UTSU } - min, (2.31)
rac

Ly (1) = Ay (Q(t +D A (),
L,,(t) = By (1)Q(t +1)B,(t), t=T -1,T -2,...,0.
L, (t) = A7 (Q(t +1)B, (1)

Q(t)=L,(t)+h, t=T,T-1..1 Q(T)=h.

b, ={EAD(J')} L,(s); s=11...T -1,

0o = Ly»(0)

. |8 (i)[g%(j)]%(s), <ot T
L,(i)+R(i), i=s:

Ssi :SIZ

;T;Ill'%(j)=|-

¢:(¢0 b (I)T—l);
=(b(0) b@) .. b(T-1);
=(u(0) u@ .. u(m-13)".

Pemenue 3amaun onpexaensiercs GopmMynoi
U=-S"-¢"-2(0). (2.32)
[To nHaliieHHOMY YNpaBICHMIO HAXOAMM IEPEMEHHBIE L., 1O (opmyie

(2.28), a 3aTem BBIYUCIIIEM 3HAYCHHS MTOKa3aTeci

x(t) =2z (t)/KL, 1=12,5,6,7,8;

X () = /2, (O 7KL %,(t) = (2, (t) /KL, )"

2.4. IlpumeHeHue Moaeu Ha perTHUHre TomMckoM 06/1aCcCTH
Pazpaborannas Mmojenp Oblsia MpuMEHeHa K peuTuHry Tomckoit obmactu. B

Ka4eCcTBE X(t) I=1..,N ObUIM B3ATHI 3HAYCHHUS IoKasaTreliell, HauboJee
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KPUTHUYHBIX IS OLICHKU PHCKa peMHAHCUPOBAHUS, OKA3BIBAIOIINX BIMSHUC HA
pedTuHr cyobekra, 3a nepuon ¢ 01.04.2008 r. mo 01.01.2015 r.
Tak kak pedituar ToMckol o6mactu ObLT TpUcBOEH Jwiib B 2013 roxay, peaabHbIe
MoKa3aTenu ObUTM B3STHI 3a KaXIbl KBapTan, HaumHas ¢ 2014 rtoma, a c
MOMOIIBI0  TOCTPOSGHHON  pEerpecCHOHHON  Monenu  ObuT  paccyuTaH
MPEANOIOXKUTEIbHBIA  YPOBEHh pEUTHHTA JJIs HEJOCTAIIHUX TEPHOJIOB.
[Tosryuwiid, 9TO IS TIEPBOTO MOMEHTAa BPEMEHH IIpejrosaraeMas BepOsSTHOCTb
nedoinra coorBeTcTBoBana peiituary B+ (10,43%) [22 — 24].

B kadecTBe MaKCHUMAaJbHO-JIOIMYCTUMON BEpPOSTHOCTH JUIS IIEPBOTO
MOMEHTa BPEMEHH 3a/IaHO0 3HaYeHHE, cOOTBeTcTBYIomIee pertuary BB (5,75%).
DT0 3HAYCHHE C TCUCHUEM BPEMEHHU TaK)Ke UMEJIO OTPUIIATCIHHYIO JHHAMUKY.

Koaddunuents! y;, Ob111 paccuuTaHsl 10 cleAyoumei popmyie:

> (0% t-1) L
W= Ls -1 ,TAC _2s; |:1,6 (233)

S (%, (t-1))’

['padukn MakcUMaIbHO-TOMYCTUMON M peajbHON BeposiTHOCTEN AedonTa

MPEICTABJIEHBI HA PUCYHKE 2.3.

14
12.096

12.6

4
|

8.4

5.6

4.2

2.8 =

14 —

1 3.9 6.8 9.7 12.6 15.5 18.4 213 24.2 27.1 30
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Pucynoxk 2.3. MakcumanbHO-I0MyCTHMAS Vo, U peasibHas Vi BEPOSITHOCTH
nedonra

N3 rpadukoB BUIHO, YTO C TEYCHHEM BPEMEHH pEalbHAas BEPOSTHOCTH
CTPEMHTCS K MAKCHMAJIBHO -IOITYCTHUMOM.

3HavyeHUs MoKaszaTeseil, 00eceYnBarOMX YCTOMUMBOE Pa3BUTHE PETHOHA,

IpUBE/ICHBI HAa pUCYHKE 2.4.

2.122

X1,t

X2t

X3,t

X4,

X5t 1

Xg,t \\\
X7t - Xz

X8t

10 20
1 t T

Pucynok 2.4. OntumanbHble 3HAYEHUS MTOKA3aTeNne, Jisl KOTOPbIX BEPOST-

HOCTb ,Z[G(I)OJ'IT& IMPUHUMACT MAaKCHUMAJBbHO-IOIIYCTUMBIC 3HAYCHU .

AHalM3 pacueTroB IMOKa3ajd, 4YTO [Js TOJYYEHHUS MaKCUMAJIbHO-
HEOOXOJIMMON BEPOATHOCTH K 33JIaHHOMY TEPHUOIY, HEOOXOIUMO IMOCE0BATEb-
HO YMEHbIIIATh MOKAa3aTeu: MePBbIi, TPETU, BOCBMON (OTHOILLEHUE MPSMOTO J0J1-
ra K coOOCTBEHHBIM AOXOJaM, I0JIsI COOCTBEHHBIX JOXOJOB B JOXOJaX OIOMKETa,
OTHOIIIEHHE 3a€MHBIX CPEJCTB K JI0XOJaM); U B CBSI3M C TE€M, UTO 3ajlaya OMNTH-
MaJbHOTO YIPaBJICHHS pernajiach 0€3 OrpaHWYCHUN Ha JOMYCTUMbIC 3HAYCHHUS,
NEePUOANYECKH MOKA3aTEeNIN: BTOPOMl, YETBEPTHIM, NATHIN, IECTON U cenbMOM (OT-
HOIIICHUE YCJIOBHOTO J0Jira K COOCTBEHHBIM JI0XOJaM, OTHOIIeHHE aeduimra

OrokeTa K COOCTBEHHBIM J10X0aM, OTHOLIEHHE PAacX0J0B Ha 0OCITyKUBAHUE JI0JI-
27



ra K COOCTBEHHBIM J0X0JlaM, OOIIMIA rOCYJIapCTBEHHBIN JOIT K BaJOBOMY pPErHo-
HaJbHOMY MPOJYKTY, PacxoAbl Ha OOIIMI TrOCYAapCTBEHHBI JOJT K pacxojiaM

O10J1’KeTa) — BBIXOJUIN B 00JIACTh OTPUIIATEIIBHBIX 3HAUCHUH.
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3aK/JIloueHue

B pamkax maHHO# paboThl OBUIH TIOCTPOCHBI JMHAMHYECKAs MOJICb yIpaB-
JICHUSI PEUTHHIOM KPEAUTOCIIOCOOHOCTH pernoHa ¢ KodpuimeHTaMmu o0paTHON
CBSI3M U TMHAMHUYECKasi MOJCNb YIPABICHUS PEUTUHTOM KPEIUTOCTIOCOOHOCTH pe-
rruoHa 0e3 KodduimeHToB 00paTHON CBSA3U. Mojenu OCHOBaHBI Ha KBaJpaTH4-
HOM KPUTEPHUH KavyecTBa M JIMHEHHOM 3aKOHE ympaBieHus. Mojenu anpobupona-
HBI Ha PEaThbHBIX JTAHHBIX TI0 TOMCKOM 00IacTH.

B pesynbTaTe mogydeHbl ONTUMAIbHBIC YIIpaBICHUS ISl 3aJaHHOU BEpOSIT-
HOCTH AedoJITa, a UMEHHO, 3HaUCHHUS TOoKa3aTeeh, 00eCIIeunBarONINX BbIXO/ Ha
MaKCUMAaJIbHO-JIOMTYCTUMYIO BEpOSITHOCTh 1,5%, 4YTO COOTBETCTBYET PEUTHHTY
BBB- B koHeuHsbiit MoMeHT BpeMenu | . [Ipu 3ToM, onTUMaNbHBIA YPOBEHb MOKa-
3arenieil B TIEPBOM CiIydae MOKET OBITh JOCTUTHYT M3MEHEHHUEM HECKOIBKUX HX
COCTABJISIFOIINX, 2 UMEHHO: YBEJIIMYEHHUE COOCTBEHHBIX JI0XOJOB OIO/KETa U CHHU-
KEHHE PacX0JI0oB OIOKETa; BO BTOPOM CiIydae — M3MEHEHHUEM JIUIb OJTHOTO MX
COCTABJISIFOIINX, & UMEHHO: YBEJIMUEHUE COOCTBEHHBIX JOXO0JI0B OIOKETa, TaK KaK
BO BCEX IOKAa3aTeNaX, KOTOpble HEOOXOAUMO YMEHBIIUTH (OTHOIIEHUE MPSIMOTO
JIoJira K COOCTBEHHBIM JIOXOJaM, JOJs COOCTBEHHBIX JOXOJO0B B JIOXOJaX OIOJKe-
Ta, OTHOILIIEHUE 3a€MHBIX CPEJICTB K I0X0JaM), YBeTUYeHHUE COOCTBEHHBIX JOXOJ/IOB
MPUBEACT K YBEIUYCHHIO 3HAMEHATENS, COOTBETCTBEHHO, YMEHBIIEHHUIO CaMOTO
MTOKa3aTellsl.

Wcxons U3 pe3yabTaToB, MOKHO C/IENIaTh BHIBOJ O TOM, YTO JIJISl YIIPABICHUS
YPOBHEM pelTHHTA 1ieJiecoo0pa3Hee NCITONb30BaTh MOACIH ¢ KO PHUITueHTaMU
oOpaTHOM CBSI3U TaK Kak MPH €€ MCIOIb30BAHUH ITOKa3aTeNIeH, KOTOphle HE00OXO-
JTUMO TIPUHATH PABHBIMU HYJIIO MEHBIIIE, HEXKEIHN MPU MTPUMEHEHUN MOJIeTH 0e3

K03 PUIIIEHTOB 0OpaTHOM CBA3H.
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IIpunoxenue 1.

3anuiieM 3a1a4y OIITUMAJIbHOI'O YIIPABJICHUA oe3 orpaHquHHﬁ Ha TPaCKToO-

PHIO U YIIPABJICHHUE

— min

| occ+ 3 OrROu®) +
+7"(T)CTCz(T) o (1)
2(t+1) = A1)2(0) + ByHu() (m2)

3ananum ropusoHT T =4 u noacrasum (I12) B (I11).

B pesynbTate neneBas GQyHKUUS IPUMET BU

J =7"(0)L;,(0)z(0) + 22" (0) L, (0)u(0) +
+22" (0) Ay (0) L, (u (@) + 22 (0) Ay (0) Ay ()L, (2u(2) +
+22' (0) A (0) Ay (A ()L, (3)u(3) +
+u" (0)B; (0) Ly, (D)u() +u’ (1)L, (2)B, (0)u(0) +
u" (0)B; (0)A) (DL, (2)u(2) +u (2)L;,(2) A (1) B, (0)u(0) +
+u" (0)B, (0) Ay A (2)L,(3)u(3) +u’ (3L, (3) A (2) A, (1) B, (0)u(0) +
+u' (1)Bg (D)L, (2)u(2) +u' (2)L;,(2) B, (Lu(d) +
+u' (1)B; (1)L, (u(3) +u' (3L, (3)B,(M)u (1) + (I13)
+u" (2)B; (2)L,(Au(3) +u’ (3L, (3)B,(2)u(2) +
u" (0)S,u(0) +u’ @)S,u) +u’ (2)S,,u(2) +u’ (3)S,u(3) - rp(lt)n

re
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Q(4)=h, h=C'C; L,,(3)= A; QQ(4)A3),
L,,(3) = By (3)Q(4)B,(3), Ly,(3) = Ay (3)Q(4)B,(3);
QR =L,(3)+h, Ly(2)= A (9Q(B)A(2);
L,,(2) = By (2Q(3)B,(2) Ly,(2) = Ay (2Q(3)B,(2);
Q(2)=L,(2+h, L) =A QAWM
L,, (1) = By (DQ(2)B, (1), Ly, (1) = A} ()Q(2)B, (1);
QW) =L, () +h, L,(0) = Aj (0)Q() A (0);
L,,(0) = By (0)Q(D)B,(0), Ly,(0) = A; (0)Q(1)B,(0).
Soo = Ly (0) + R(0); Sy; = Ly, (1) + R(D);
Sy =Ly (2) + R(2); Sz3=L1L»%(3)+R(3).
B HallICM CJIy4ac MaTpula R HC 3aBHCHUT OT BpCMCHHU

BBeneM 0003HaueHUS

by =L, (0); ¢, = A(I(O)le(l);

¢, =A (0)A DL, (2); d3=A (0)A WA (2L, (3)
LIz DB, (0), Sy, = Bg (0L, (D);
L1, (2) A, (DB, (0), Sy, = By (0)A) (D)L, (2);
LIz (3 A (2 A (D)B,(0), Sy3 = Bg (O)AJ (1)Ag (2L, (3);
L1,(2)By (1), Sy, =By (DL, (2);
S31 = L1, (3 A (2B, (D), Sis=Bg (DA (2)Ly,(3);
S32 = LIz (3) Bo (2)’ 523 = Bg (2) |—12 (3)

A€M COCTABHBIC MAaTPHIIbI

d):(d)o ¢1 ¢2 ¢3);
U=(u@ u@® u@ u@).

10
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(I15)
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(I17)

(I18)
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Torpa xputepuii (I11) npumer Bua
J) :{zT (0)L,;(0)2(0) +(22" (0)p)U +uTsu}—> min

3anumem gopmyisl (I13) — (I18) B oOmiem ciryyae
Ly (8) = A, QU + D Ay (1),
L, (t) = By ()Q(t +1)B,(t), t=T -1,T - 2,...,0.
L, (1) = A (Q(t +1)By (1)
Qt)=L,t)+h, t=T,T-1...1, Q(T)=h.

b, ={EA0(J')} L,(s); s=11,....T -1,
0o =Ly, (0)

is = 1,$=01,..T-1

L, (i) +R(i), i=s;
S = Si15-

S {Bg(i)(ﬁ%(j)]gz(s), i<s;

'Jﬁl%(j)ﬂ.

¢:(¢o O (I)T—l);
B=(b(0) b@®) .. bT-1);
U=(u@©) u@ .. u-1).

Heobxoaumoe ycnoue s3kctpemyMa pynkiuu (I19) umeer Bug

S-U=-¢"-2(0),

OTKYJla CJeAyeT pPelleHHe 3a1aun

U=-S"-¢"-2(0).

(I19)

(I110)

(I111)

(I112)

(1113)

(T114)

(1115)

MoxHo mnoka3zaTh, yTo mMaTpuia cuctemsl (I114) sBIgeTCS MONOKUTEIBHO

OTpPEJENIEHHON, T03TOMY HaiijieHHoe pemieHne U oOecrieynBaeT MUHUMYM (yHK-

i J(U).
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IIpuoxenue 2.

Introduction

Obtaining a credit rating - one of the most common-governmental ways to
improve the investment attractiveness of debt obligations of companies and gov-
ernments. The credit rating of the region or municipality (MO) - a comprehensive
assessment of the ability of regional government and local authorities for the full
and timely implementation of debt servicing and repayment of loans, taking into
account the forecast of possible changes in the economic environment and the so-
cio-political situation [1]. Credit rating agencies reflect the opinion of the analysts
of the solvency of the subject of the Russian Federation at the time of assigning the
rating. [2]

Credit rating - the relative value, therefore, for its assessment should take in-
to account the characteristics of each particular region. [3] Poor credit rating is not
desirable for the borrower, so says the high risk of non-payment of funds held by
them.

Credit rating agencies reflect the opinion of the analysts of the solvency of
the subject of the Russian Federation at the time of assigning the rating. [2] It is
calculated on the basis of credit rating agencies present and past financial history.
[3] These agencies can be either regional, or sectoral, that is specialized in a specif-
ic geographic region or industry, and international rating agencies, which include
Standard & Poors, Moody's Investors Service and Fitch Ratings [4]. However, the
government there is a need to assess the expected level of the rating before they
will have to pay for agency services.

In this paper, based on the model [6] solved the inverse problem - what
should be the values of the indicators that the probability of default is not out of
range.

In this regard, as the subject of research in the distinguished credit rating of
the RF subject.
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The aim of the work was to develop a risk management models of the prob-
ability of default of the Russian Federation

As the tasks to achieve the goal stood out:

* The conversion factor model [6] for a particular subject;

* Development of risk probability of default control algorithms;

« application of these algorithms in one of the regions that have a credit rat-
ing (Tomsk Region).

1. Models ranking level

Subject ranking in a general sense, that is, the ranking of companies, banks,
etc., is well developed. For example, for a corporate rating analysis author Young-
Chan Lee applied the method of support vector machine (SVM) to the problem of
determining the corporate credit rating in an attempt to offer a new model with the
best interpretation. Researcher using a grid search method using 5-fold test to de-
termine the optimum values of the parameters. [7]

Authors Liang-Hsuan Chen and Tai-Wei Qiu credit rating com-mercial loans
offer the use of a fuzzy credit-rating approach: assessment criteria are modeled in a
hierarchical decision-making structure. synthesis method of proof, namely the
fuzzy integral is then used to combine the credit information in an upward way. [8]

Constantin Melliosa and Eric Paget-Blancb studied the factors determining
sovereign credit ratings provided by the three major rating agencies: Fitch Ratings,
Moody 's and Standard and Poor. Principal component analysis is used to identify
common factors affecting these ratings. Of the variable is correlated with these fac-
tors, and then evaluated by an ordered logistic model. The results show that on the
sovereign ratings mainly affect: per capita income, government income, changes in
the real exchange rate, the inflation rate [9].

Thomas F. Pogue and Robert M. Soldofsky raised the question: "What is the
bond rating?". The authors acknowledge that the ratings are dependent in part on
the readily available statistics on the company's operations and financial condition.
Examples of such statistics is to cover profits, liquidity ratios and rates of return.
[10]
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Speaking in particular on credit ratings for the subject, in a general sense, the
credit rating is a level of creditworthiness. Its main purpose is to provide prospec-
tive lenders or investors information about how likely the timely payment of finan-
cial commitments will be made [5]. This is the definition given in Article AL Ani-
hovskogo "Credit rating: basic elements and klassnifkatsiya".

Also, Anihvsky describes two types of attribution models Ratings-ing evalu-
ation.

1. Statistical models based on the calculation of the loan-ray Ting according
to a formula that includes both quantitative factors - financial ratios, as well as
some quality, but reduced to a standardized and quantifiable value aspects of the
rated entity. These models are 3 stages: 1 - defined variables (usually financial ra-
tios), affecting the value of a credit rating; 2 - is determined by the impact of each
factor on the level of creditworthiness, which is reflected in the corresponding
weight ratio; 3 - current variables are weighted according to the degree of influ-
ence, then the result is added, and based on this rating is determined by a certain
value expressed in points.

2. Models Limited peer review, which is based on the application of statisti-
cal methods to the subsequent adjustment on the basis of certain quantitative pa-
rameters.

Averin stresses that the analysis of methodical approaches to the evaluation
rating of regions allocated as follows:

» creation of a system of indicators of versatile, fully reflecting the competi-
tive advantages of the region;

« the allocation of the key indicators of competitiveness;

* Identification of specific positions.

According to experts, in many techniques preference is given to etsya tenths,
mostly expert assessments of each of the factors considered. But, as practice
shows, peer scores are necessarily subjective to a large extent and generally

smooth the real spread of regional characteristics, t. To. The experts are wary of
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extreme views [4]. At the same time, in the model proposed Averin, weights are
also used, which are determined by the expert.

Authors AM Karminsky, AA Peresetsky, SV Golovanov, IV Malakhov, ES
Minenkova identify several basic features of credit ratings:

1. The credit rating reflects the relative level of credit risk;

2. The credit rating is not investment advice or recommendations on re-
purchase, storage or sale of securities, but it is one of the factors to which the in-
vestor may pay attention to when making their investment decisions;

3. The credit rating is an indicator of liquidity in the market for debt securi-
ties and their prices in the secondary market;

4. The credit rating is not a guarantee of the credit quality of the borrower.
not rated Purpose is to indicate the Celes-imagery of any investment. The rating
reflects the only aspect that needs to make an investment decision, and in the case
of a country or region reflects the level of repayment in case of default. [3]

Tsallagova offers a two-step methodology. First, on the basis of qualitative
analysis and study of the available information sources, LEDs stand out, that is
typical of the qualitative indicators of a phenomenon. Further, taking into account
the capabilities defined by different statistical support regional and municipal
economy, the selected source data on set parameters studied [1].

Also, in the economic literature also observed three qual-tively differing ap-
proaches: in the «RIA-Analytics" is used expertly-selected key indicators in the
methodology used in the Kabardino-Balkaria, the set of indicators released on 9
groups, in his doctoral dissertation S. A. Ponamarenko and MK Kupov key indica-
tors are selected as part of an indicative approach [11].

Candidate of Technical Sciences Istomin proposed to determine the credit
rating of using neural networks using five input financial performance [2].

Several authors argue that a successful simulation ratings possible using the
model ordered selection and simple linear regression techniques.

For example, the authors of Cantor and Packer (speaking of the sovereign
rating) of a large number of criteria used two S & P and Moody's leading rating
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agencies, selected six factors which, in their opinion, play an important role in de-
termining the credit rating: per capita income GDP growth, inflation, external debt,
the default level of economic development and history. [12]

Authors Kramin, Safiullin, Kramin, Timiryasova devoted article «Drivers of
economic growth and investment attractiveness of Russian regions» the identifica-
tion and justification of the drivers of growth and regional development in Russia.
Based on regression analysis in this study looked at the effect of the level of do-
mestic demand and income inequality in Russian regions on the pace of their eco-
nomic growth and their investment appeal. [13]

Authors Bennella, Crabbea, Thomasa and Gwilymb in their work exploring
simulation and training of neural networks and model orderly choice for a large
sample of ratings provided by rating agencies. They suggest that the model ordered
selection may take into account the discrete nature of the dependent variables, and
is therefore the most appropriate econometric methodology for the rating. [14]

Authors Linden, McNamara and Wohler used multilevel ordinal logistic re-
gression analysis to assess the ratings. They investigated six rating agencies, and
found systematic differ- ences-ratings of these agencies [15].

That reaffirms the inability to create a single model of the credit rating of the
control due to dissimilarity of direct problems of determining credit ratings [15].

Authors of San Juan, Hsinchu Chia-Jung Chen Hsu Wun-Hwa Chen pre-
sented a relatively new method of machine learning to solve the problem of provid-
ing the model with the best interpretation. They used a back-propagation neural
network [16].

In [6] model for determining credit rating was developed based on a regres-
sion model.

1.1. A mathematical model for evaluating the likely level of RF subjects
rated

For each rating exists a numerical expression of the cumulative probability
of default on the debt, which in economic terms is comparable to refinancing risk.
Comparison ratings and default probabilities shown in Table 1 [30 - 32].
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Table 1. Assessment of the cumulative probability of default.

Standard&Poor’s Moody’s I_n vestors Fitch raitings
Service

Rating Probability | Rating | Probability | Rating | Probability

default,% default,% default,%
AAA 0,05 Aaa 0,00 AAA 0,01
AA+ 0,00 Aal 0,00 AA+ 0,02
AA 0,00 Aa2 0,06 AA 0,06
AA- 0,18 Aa3 0,19 AA- 0,08
A+ 0,16 Al 0,33 A+ 0,21
A 0,14 A2 0,14 A 0,23
A- 0,35 A3 0,25 A- 0,33
BBB+ 0,59 Baal 0,52 BBB+ 0,42
BBB 0,71 Baa2 0,60 BBB 0,79
BBB- 0,99 Baa3 1,34 BBB- 1,82
BB+ 3,15 Bal 3,86 BB+ 3,20
BB 4,13 Ba2 5,05 BB 4,75
BB- 6,79 Ba3 11,89 BB- 7,77
B+ 10,43 Bl 14,81 B+ 11,68
B 20,41 B2 20,28 B 15,11
B- 22,37 B3 27,27 B- 20,32
CCC+ 26,37
CCC-C 33,11 Caal-C 34,23 CCC 24,79
CCC- 38,38

To construct a mathematical model of the data has been identified, by means
of which the rating agencies assess the creditworthiness.

It is assumed that the key parameter of the regional budget, on which the rat-
ing level, are budget revenues excluding gratuitous receipts. [1]

The conclusion that the degree of creditworthiness of the subject of RF gen-
erated by the results of the calculation of a number of factors that characterize the
one hand, the budget figures, on the other - on the social and economic develop-
ment data.

According to the methodology of rating agencies along with the indicator of
income without gratuitous receipts, it is the proportion of direct debt in the total
debt amount and term debt. In addition to this effect on the creditworthiness of a

number of indicators characterizing the state of the economy, population, quality of

39



management, and others. Thus, the main indicators that influence the rating level,
are:

* direct debt;

* contingent liability;

* the total amount of budget revenues;

* The amount of gratuitous receipts;

* budget expenditures (for the calculation of the deficit);

* The volume of debt service costs;

* gross regional product;

* gross domestic product of Russia.

The values of the above indices are publicly available. The main sources of
data were the Ministry of Finance of the sites, the Federal State Statistics Service
and the Federal Treasury, which reports on budget execution are published, the
volume of debt, indicators characterizing the financial position of the Russian Fed-
eration. To build the model as factors that affect the value of the credit rating, have
been chosen:

* x1 = direct debt / revenues, excluding revenues of grants;

» x2 = Nominal debt / revenues, excluding revenues of grants;

* x3 = Earnings excluding non-repayable income / Total revenue;

* x4 = Budget deficit / Revenues excluding gratuitous receipts;

* x5 = debt servicing costs / revenues, excluding revenues of grants;

* x6 = Total public debt / gross regional pro-product;

» x7 = Expenditures on general government debt / budget expenditures;

* x8 = Borrowed funds / total budget revenues;

* x9 = index of industrial production / gross domestic product of Russia.

Values are calculated for the 33 regions participating in the construction.

The factor analysis showed that to simplify the model can get rid of a single
factor, namely borrowings / total budget revenues. As a result of factor analysis re-
naming factors:

* x1 = direct debt / revenues, excluding revenues of grants;

40



* x2 = Nominal debt / revenues, excluding revenues of grants;

* x3 = Earnings excluding non-repayable income / Total revenue;

* x4 = Budget deficit / Revenues excluding gratuitous receipts;

* x5 = debt servicing costs / revenues, excluding revenues of grants;

* x6 = Total public debt / gross regional pro-product;

* x7 = Expenditures on general government debt / budget expenditures;

* x8 = index of industrial production / gross domestic product of Russia.

With the help of the identified indicators, taken as X, and the value of de-
fault probability, taken as a Y value, non-linear regression model was built. The
equation has been chosen as the regression model:

K+ (X +X,) %K,y + X2 %K, + X2 *K, + (X + X, ) *Ks + X *Kg + X5 ¥k, =y
Odds k;,i=1,7 adopted the following values:

k, =4.17,k, =—6.05,k, =—1.71,k, =30.39,k, =27.34,k, =0.03 k, =6.6
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