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AHHOTALUUA

Mepbl puCKa UCKaXKEeHWUS B NOCAELHME TOLbl LIMPOKO MCMOJb3YIOT B PUHAHCOBBLIX M CTPAXOBbIX NMPUAOXKEHUSX, Bnaropaps
MX NpuBneKaTenbHbiM cBoicTBaM. Lenb paboTbl — UccnenoBaTb BONPOC NPUHAANEXHOCTUM Mep pucka «VaR B cTeneHu t»,
BBELEHHbIX B HaYy4YHbIi 060POT aBTOPOM K K/1acCy Mep pUCKa MCKaXKEHMs, a TakXKe OnucaTb COOTBETCTBYOLWME QYHKUMM
UCKaXKeHus. ABTOp BBOAMT HOBbIM KNacc Mep pucka «ES B cTeneHu t» 1 nccnepyet BONPOC O ero NPUHaAIeXHOCTU K Knaccy
Mep pUCKa UCKAXEHUS, @ TaKXKe ONUCbIBAET COOTBETCTBYIOWME DYHKLMU MCKAXKEHMS. MIcnonb30BaH KOMMO3UTHbIV MeTopA,
LN MOCTPOEHMUS HOBbIX QYHKLUMIA MCKAXKEHUS M COOTBETCTBYIOLLMX MEP PUCKA MCKAXKEHMS AN [LOKa3aTenbCTBa MpUHAL-
NEXHOCTU Mep pucka «VaR B cTeneHu t» n «ES B CTeNeHU t» K KNaccy Mep pucka UckaxeHwus. lMpeactasneHbl npuMepbl Ans
WNNIOCTPALIMM COOTBETCTBYHOLMX NOHATUI U PE3YNbTaTOB, NPOABASIOLLMX BaXXHOCTb Mep pucka «VaR B ctenenu t» u «ES
B CTEMEHM t» KaK NOAMHOXECTB MEP PUCKA UCKAXKEHMS, MO3BOSSOLLMX BbISBASATb GMHAHCOBbLIE PUCKM PA3IMYHON CTENEHM
KaTacTpoduyHoCTU. ABTOp Aenaet BbiBOA, 4TO Mepbl pucka «VaR B cteneHn t» u «ES B cTeneHu t» MoryT BbiTb MCNONb30Ba-

Hbl B NPakTUKe PUCK-MEHEOXXMEHTA KOMMNAHUI NpU OLEHKE MaIOBEPOATHbIX PUCKOB BbICOKOW KaTacTpOMUUYHOCTH.
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ABSTRACT
Distortion risk measures have been popular in financial and insurance applications in recent years due to their attractive
properties. The aim of the article is to investigate whether risk measures “VaR in the power of t’, introduced by the author,
belong to the class of distortion risk measures, as well as to describe the corresponding distortion functions. The author
introduces a new class of risk measures “ES to the power of t” and investigates whether it belongs to distortion risk
measures, and also describes the corresponding distortion functions. The author used the composite method to design
new distortion functions and corresponding distortion risk measures, to prove that risk measures “VaR to the power of t”
and “ES to the power of t” belong to the class of distortion risk measures. The paper presents examples to illustrate the
relevant concepts and results that show the importance of risk measures “VaR to the power of t” and “ES to the power of
t” as subsets of distortion risk measures that allow identifying various financial catastrophic risks. The author concludes
that risk measures “VaR to the power of t” and “ES to the power of t” can be used in risk management of companies when
assessing remote, highly catastrophic risks.
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BBEOEHUE

Mepoii pucka siBnsieTcst OTOOpaskeHue p MHOXKeCTBa
CIyvaliHbIX IEpeMEeHHBIX X, CBSI3aHHBIX C PUCKOBBIMU
opTdeNnsIMu aKTUBOB U/UIU 06s13aTENbCTB (Pe3yib-
TAaTUBHBIX IIepeMeHHBIX 3TUX TTopTdeeit), B neiicT-
BUTEJIbHYIO IIPSIMYIO R. B mociemyioiieM 06CykIeHnn
X 6ymeT mpeCcTaBISIThCS KaK BeJIMUMHA COOTBETCTBY-
IOIIVX TIOTEPB, T.€. IOJIOKUTE/IbHbIe 3HaUeHUsI TTepe-
MeHHbBIX X OYIyT MPeCTaBAAThCS Kak IIOTepPH, B TO
BpeMsI KaK OTpUIlaTe/IbHble 3HAUEHUS MPeACTaBIISIIOT
npubbUTE. Mepbl pUCKa UCKAKEHUS TPEICTABISIOT
€060t 0co6YI0 1 BaXkKHYIO I'PYIIITy Mep PUCKA, KOTO-
PYI0 IIMPOKO UCIIONB3YIOT B PMHAHCAX U CTpaxoBa-
HUM B KaueCcTBe pacyeTa MOTPe6GHOCTH B KamuTaiae
U IPUHIIMIIOB pacyeTa Moka3aTesel, CBSI3aHHBIX
C anmeTUTOM K PUCKY AJIsI PeTyasiTopa U pyKOBOAU-
Tessl KoMITaHMM. Hecko/bKO MONy/NsipHBIX MEpP pucka
0Ka3aauch OTHOCSIIMMMUCS K CEMEeICTBY Mep pu-
cKa uckaxeHus. Hanmpumep, 1eHHOCTb IO, PUCKOM
(VaR), XBOCTOBas LI€eHHOCTb IO, PUCKOM WM OKMUAA-
emblit medunnt (ES) [1-3] n Mmepa nckakeHust BaHra
[4]- Mepsl pycKa MCKa>keHUs YO OBIETBOPSIOT BaX-
HeJIIM CBOICTBAM, KOTOPBIMM HOJIKHA 00/1a/1aTh
«xopollasi» Mepa pucka, BKII0Yas MOJ0XUTENbHYIO
OLHOPOAHOCTD, TPAHCISILIMOHHYIO UHBAPUAHTHOCTD
¥ MOHOTOHHOCTb [5].

B paborax aBTopa ObIJI0 BBEAEHO B HAYUHBII 060-
POT cemMeicTBO Mep, Ha3BaHHbIX Mepamu pucka « VaR
B CTeIeHN t» (VaRl(f )[X1) nipu 11060it ZOBepUTENTBHOI
BEPOSITHOCTH P ¥ JIIOGOM fieiicTBUTENbHOM £ > 1 [6-8].
B aTux paborax rosyueHbl BBIYMCIUTETbHBIE (POPMYIIbI
IIJIST Mep pyUcKa VaRL’)[X | ¥ ucceqoBaHbI COOTHOILIE-
HUSI MEKAY STUMM ¥ TaKUMM Mepamu, Kak ES X1
[IJIS1 HEKOTOPBIX KOHKPETHBIX 3aKOHOB pacrpeieeHnsI
notepsb. [Ipy 3TOM BBISICHUIIOCH, UTO CTENIEHDb OTHO-
CUTEJIbHOM KOHCEPBATUBHOCTY KasKI 0 Mepbl MOXET
3aBMCeThb KaK OT 3aKOHA paclipefiesieHUsI II0TePb, TaK
U OT JOBEPUTENIbHOM BEPOSITHOCTU, C KOTOPOJ JaHHbIE
Mepbl pacCYMUTHIBAIOTCSI. HO py 5TOM OKa3bIBaeTCs,
UTO MpakTUUeCKu I BCeX 3aKOHOB pacIipeeieHus
MOTePb U JJIs1 BCEX NOBEPUTEIbHBIX BEPOSTHOCTE,
MpeaCcTaBISIIINX PaKTUIECKUIt MHTEpeC, Mepa pu-
cKa VaRl(f)[X] IIpY JII060M I eiicTBUTeIbHOM > 2
OKa3bIBaeTcst 6osiee KOHCEPBATUBHOIA, Iarolei 6oiee
«OCTOPOXKHYIO» OIIeHKY PUCKa, ueM, Halipumep, Mmepa
pucka ES [X].

Kak 6bu10 mokasano D. Denneberg u S. Wang,
]. Dhaene [9, 10], korma cooTBeTCTBYIOIIAsT QYHKIUS
MCKaXXeHMS BOTHYTA, Mepa pUCKa UCKaKeHUS TakkKe
SIBJISIETCST CYOaaIUTUBHOM. VaR — ofgHa M3 caMbIX I0-
MYJSIPHBIX MEP PUCKA, UCTIONb3yEMBbIX B YIIPABJIEeHUU
pUcKaMy 1 GaHKOBCKOM HaJ30pe U3-3a ee BbIUUC/IU-
TeJIbHOJ MIPOCTOTHI U 110 HEKOTOPBIM PETYISITOPHBIM

FINANCETP.FA.RU [

IIPUUYMHAM, HECMOTPS Ha ee HeJOCTaTKM, KaK MePbl
pucka. Harmpumep, VaR He sIBjsieTcst Cyoaa U TUBHOI
Mepoii pucka [11, 12]. Mepa pucka ES, 6ymyun korepeH-
THOI [2, 3], MHTepeCyeTCs TOMBKO IT0TEPSIMU, IIPEeBbILIA-
oMM VaR, M UTHOpUpYeT 1oe3HyI0 MHPOpMaInio
0 pacnpeneneHum rnorepb Hke VaR.

L. Zhu, H. Li [13] npencTaBuin 1 U3yIMIU Mepy
pUCKa UCKaKeHMs XBOCTa, KOTopast 6p11a repedop-
mynupoBaHa F. Yang [14] cienytoniyum o6pasom. s
(byHKUIMYM MicKaskeHMST § XBOCTOBAsI Mepa pucKa ucka-
>KeHMsI [TPY JOBEPUTEIbHOM YPOBHE p /151 IepeMeHHOM
norepb X onpenenseTcs Kak Mepa pucka MCKaKeHUs
¢ QYHKLMEN UCKAKEHUS |

g(i),eCJII/I.OSXSI—p
g,(x)=4"1-p

LLectml-p<x<l1.

B pa6ore C. Yin, D. Zhu [15] aBTOpBI, B 4YaCTHOCTH,
OIMCaJIM TPU MeTOoa IMOCTPOEeHMsI Mep pUCKa MCKa-
SKEHMSI: KOMITO3UTHBIN METOJ, CIT0C06 CMeIMBaHMST
U TI0AX0[, Ha OCHOBe Teopuu KOIyi (CBA30K). Hare
ucceoBaHMe GyIeT UCTIONb30BATh Pe3Y/IbTAThI TaH-
HO¥1 paboThI.

MHOrMMM MccaeqoBaTesIMy ObUIH ITPeaJIoKeHbI
HOBbIE KJIaCChl Mep UCKaXKeHMs.

Hampumep, B KadecTBe paciupenus VaR u ES
J. Belles-Sampera, M. Guillén, M. Santolino [16] mpex-
JIOKWJIV HOBBII KJIaCC Mep PUCKa MICKaKeHSI, HA3BaHHbBIX
Mepamu prcka GlueVaR, KoTopbie MOTYT GbITh BbIpa-
SKeHbI KaK KoMOuHa1us mokasareseit VaR u ES ripu
pasIMUHbBIX YPOBHSIX IOBEPUTENbHBIX BEPOSITHOCTEIA.
OHM NOMYYWIN aHATUTUYECKVE BBIPAsKeHWST 3aMKHYTOMN
dbopmbl 17151 HanbosIee YaCTO MUCIIONb3YeMbIX (PYHKITMI
pacripenieieHus1 B puHaHcax U cTpaxoBaHuu. [Ipu aTom,
Kak 6bL10 TTOKAa3aHOo, MTO/ICEMECTBO 3TUX Mep pucka
YIIOBJIETBOPSIET CBOMCTBY XBOCTOBOJ CYyOaIAUTUBHOCTH,
KOTOPOE 03HAYAET, UTO IIPEUMYIIECTBA AMBEPCUBUKALII
MOTYT COXPAHSTHCS, IO KPaiiHel Mepe, B ONpefe/ieHHbIX
oryvasix. [Ipyumenennst mep pucka GlueVaR, cBsi3aH-
HbIE C pacrpee/ieHeM KarmnuTana, ObUTY PaCCMOTPEHBI
B cratbe J. Belles-Sampera, M. Guillén, M. Santolino [17].

U. Cherubini, S. Mulinacci [18] mpeasioskmin Kiiacc
Mep MCKaxkeHMsI, OCHOBAaHHBIX Ha 3apaskeHMM OT BHeIlI-
Heil, «ClileHapHOW» mepeMeHHOI. [I711 3aBUCUMOIi OT
clleHapueB IepeMeHHOI, pUCK KOTOPOi MOIeInpyeT-
¢s1 PyHKIIMEN KOITyJIbl C TOPM30HTAIbHO BOTHYTHIMU
y4acTKaMM, OHU Jal0T YCIOBYMS BBITTOTHEHMS] aKCMOMBI
KOTEePEHTHOCTHU U TIpeaJiaraloT IpuMepbl Mep 3TOTO
KJIacca Ha OCHOBE (PYHKIIMM KOITYJIbI.

Bbu10 6BI MHTEPECHO UCCIENOBATH B3aMMOOTHOIIIE-
HMe JIBYX KJIaCCOB Mep pUCKa: Mep pUCKa MCKaXKeHUsI
U Mep pucka VaR B cTerieHu t.
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ABTOp BBOOUT CEMECTBO HOBBIX MEp PUCKaA, Ha-
3BaHHbBIX MepaM¥t pyicka «ES B crenent t» (ESY[X])
IIp J11060Ji JOBEPUTETbHO BEPOSITHOCTY P U TI0O0M
IeiicTBUTeNbHOM ¢ > 1. McciiemoBaHO B3aMMOOTHOIIIE-
HMe JBYX KJIaCcCOB Mep pucka: uckaxenus u ES B cTe-
e’y t U O0Ka3aHo, YTO CeMeCTBO Mmep ES B cTerneHu
t BJIsIeTCSl IOJMHOKECTBOM MHOKECTBa Mep puUcKa
uckaskeHust. TakuM o6pasoM, Bcsgkast Mepa pucka ES
B CTEIIeHM t, Ipu JIIo6oM ¢ > 1, aBjisieTcss Mepoii pucka
MCKaskeHMsI C oTipeiesieHHOV (PYHKIIMeN MCKaKeHS.
Ipu 3TOM maHHas GYHKIMS UCKaKeHUS 6YIeT Mpemb-
sIBJIeHa.

SIcHO, UTO CJIOKHO IOBEPUTD B TO, UTO €CTh YHU-
KaJIbHasl Mepa pucka, KoTopasi MOXXeT 0XBaThIBaTh
BCe ero xapakTepucTuku. Takoi uaeagsbHOM Mepbl He
cymiecTByeT. Bosee TOro, MOCKOIBbKY € Kaska0i Mepoit
pUCKa acCOLMUPYETCS eAMHOe YMUCI0, OHA HE MOXKET
McueprnaTh BCio MHGOpManuio o pucke. CemeiicTBO
Mep pucka VaR B cTereHyu t, Kak II0Ka3aHo B pabore
aBToOpa [8], mo3BOIsIeT, MU3MeHSISI 3HaUeHNe apame-
Tpa t, cciaenoBaTh NPaBblii XBOCT paciipeeneHns
TIOTepb C 110607 TOUHOCTHIO, HEOOXOIMMO MIJIsT AaH-
HOTO CJIy4asi, T.e. UCC/IelOBaTh XBOCT paclpeneneHns
HACTOJIbKO TIIATeIbHO, HACKOJIBKO 3TO HE06X0AIMO
B JAaHHBIX KOHKPETHBIX 00CTOSITENbCTBAX. B mpoiiecce
MCCliefOBaHMs Pa3yMHO MCKATh MepbI pMUCKa, KOTO-
pbie uaeaJbHO MOAXOAST AJISI KOHKPETHO YaCcTHOM
po6seMbl. Tak Kak Bce MpefjiaraeMble Mepbl pyucka
MMeIOT HeJIOCTaTKM U OTpaHMUEeHbI B IPMMEeHeHUMN,
BBIOOD COOTBETCTBYIOIEN Mepbl PUCKA MPOAOIKAET
0OCTaBaTbCs TOPsIYEt TEMOI B YIIPAaBJIEHUM PUCKAMMU.

MEPbI PUCKA UCKAXEHWUA
OYHKUMU UCKAXKEHUS
@yHKyuell UCKaxceHUs SBISIeTCST HeyObIBatoIast GyHK-
uug g: [0,1] - [0,1] Takas, yto g(0) =0, g(1) = 1. MHO-
rve GYHKIUM UCKAKEHUS g YyKe ObUIN TTPeAIoKeHbl
B JIuTepaType. 34eChb epeuncjieHbl HeKOTOpbIe YacTo
MCITONTb3yeMble QYHKIIMM VCKAKeHMS.

Pesiome npyrux npemjaraeMbix GyHKIMIA MCKa-
SKeHMSI MOJKHO HaiiTi B pabote M. Denuit, J. Dhaene,
M. Goovaerts, R. Kaas [12].

o Oyukumsa g(x)=1,, ,,rne 1, osnavaer dyn-
KIMIO MHAMKATOPA, KOTOPas paBHa 1, Korma cobbITre
A umeer mecto, 1 0 B IPOTUBHOM CiTy4dae, SIBJISIETCS
BOTHYTOV QyHKLIMEN MCKaXKeHUs. 3eCh, B IPUIOXKe-
HUSX, TapaMeTp p 6yIeT MpeacTaBisiTh IpeaBapu-
TeJIbHO BhIOPAHHYIO JOBEPUTEIHHYIO BEPOSITHOCTD,
C KOTOPOI1 MpeAIionaraeTcs pacCUnThIBATh COOTBET-
CTBYIOIIYIO Mepy pUcCKa.

« Henonnas 6eta-dyHKIMS

b
P(a,b)

94 °

g(x)= jt“‘l(l—t)b‘ldt,mea >0ub>0
0

1
ABNSIOTCS Tapamerpamu u P(a, b) = J a-nb"dr.
0

B wacTHOCTHM, TIpU b = 1 TTOJTyYaeM CTEMEHHYIO
GYHKIMIO McKakeHus g (x) = x°, a npu a = 1 mony-
yaeM AyaJbHYIO CTEMEHHYI0 PYHKIINIO MCKaKeHUSI
g(x)=1-(1-x)".

« CrenenHoe uckaxkenne g(x)=x" sapisercs Bo-
rHyToi dyukumeit nckaxkenus npu 0 < o <1 u BbImTy-
KJIO¥ QYHKIMEl MCKasKeHus Ipu o, > 1.

« IloxasarenbHOe MCKakeHne g(x)= ¢ -
€TCS BBIMTYKIION (PYyHKIMEl MCKaKEeHMS.

SABJISI-

o CuHyCcOMIaIbHOE MCKaXKEHME g(x):sinzx
SIBJISIETCSI BOTHYTOM (QYHKITMEN MCKASKEHMS.

« Oyukuus g(x)=xe'™ sBaseTcs BOTHYTOI
(yHKIIMEN ICKAKEHUS.

In(x+1)

« Jlorapudmmueckoe uckaskenmne g(x)= .
n

SIBJISIETCSI BOTHYTOV (PYHKIIMEN MCKaKeHNsI.

o Uckakenne Wang g (x) = O '(x)+D! (p), 0
<p<1,rme ® — QyHKIMSA CTAHZAPTHOTO HOPMaJIb-
HoOro pacrpegeneHnusi. OueBUIHO, YTO ITO BO3pacTa-
fo11ast GyHKUMS [TaK KaK TAKOBBIMU SIBJISTIOTCS (PYHK-
i O(x) u ©'(x)]

n g(0)=®(®'(0)+ D' (p)) = D(-0) =0
n g(1)=0(@ ' ()+D'(p)) = D(+0) =1,

a g(%)=d>(c1>‘1<%>+c1>‘1<p>>=cD<c1>“<p>>=p

o VckaykeHMe ¢ OISIIKOM
g(x)=x"(1-plnx), pe(0,1].
OueBUIHO, UTO ITO Bo3pacTawias GyHKLMS, UTO
nerko mpoBeputh: g'(x)=-p°x"'Inx>0 upn
x€[0,1],a g(0)= liTOg(x)zo n gl)=1.
X—>

o ToxmecTBeHHass QyHKUUS g(X)=X sABASET-
€S HaMMeHbIelt BOTHYTOM (QYHKIME MCKAKeHUS,
a Taxke HauOOJBIIIE BBITYKION (QYHKI[ME CKasKe-
HMUSL.

o &(x)=1,., Boruyra na [0,1] u sBasercs
HaubosblIeit U3 BCeX HETOXEeCTBEHHBIX BOTHY-
ThIX QYHKIMI MCKAKEHUSI. go(x)zl{le} SIBJISIET-
cs BBIMTYKJION Ha [0,1] u aBAsSIeTCS HaMMeHbIIen
13 BCeX HeTOX[IeCTBEeHHBIX BbIMYKJIbIX QYHKLUI
MCKa>KeHUSI.

e Ina 0 < p <1 cnenyer OTMETUTH, UTO

. X .
g(x)= mln{l—,l} SIBJISIETCSI HAaMMEHbIIIeii BOTHY-

TOM QJYHKL[Meﬁ MCKa>XeHd 13 BCeX TaKuX, 4TO
g(x)= 1{x>1_p}.
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Mepbl pucKka uckaXkeHus

[Tyctb (Q2, F, P) — BEpOSITHOCTHOE ITPOCTPAHCTBO, HA KO-
TOPOM OTIpefie/ieHbl BCe CTyJyaiiHble TiepeMeHHbIe, TIpef-
CTaBJISIIOLIME MHTepecyolye Hac pucku. Ilycts F, —
MHTerpaabHas GYHKIMS paclpeneneHus CIydaitHon
niepeMeHHo X, a myajibHyI0 (QYHKIMIO PaCTipeIeIeHus]
ob6osHauMM Kak Fy,T.e. Fy(x)=1-Fy(x)= P{X > x}.
[TycTb g YHKIMS UCKKEHWS.

Hckaxennoe oxcudanue cayuatiHoil nepemeH-
Holl X o6o3Havaercst p [X], u onpenensiercs kak

+90 0
P X1= [ &(Fy(0)dx+ [[g(Fy()-lldx, (1)
0 —o0

TIpU YCIOBUM, UTO, TIO MEHBIIIE Mepe, OMWH U3 JBYX
MHTErpajoB BhIIIe SIBJsSeTCS KoHeuHbIM. Eciu X He-
OTpuLaTe/NbHAs CyyaiiHas MepeMeHHas, TO P,

YIIPOILAETCS [0 P lX]= _[ g(FX (x))dx.
0

CnepnyeT 3aMeTUTb, UTO JAHHOE OIpezeeHe Mo/ -
pa3yMeBaerT, 4To B CJTyuae, Korma QyHKIMS MCKasKeHUs
SIBJIIETCS TOKIECTBEHHOI PyHKIMeIt, T.e. g(X) = X, TO,
KaK HeTPYAHO MPOBEPUTH, UCKAsKeHHOEe OXXUIaHue
coBrafaer ¢ o6bI4HbIM Oxupanuem: p [X]= E[X].

BcinencTBue TOTo, UYTO OXMUAaemMoe 3HaueHue
CJIyUYaliHOM BEJIVUYMHBI CUMTAETCS BaXXKHEMIIUM
CrIoCco60M OIleHKM OYaylIero sHaueHus ciaydaii-
HOJi BeIMUMHBI X, eCTeCTBeHHO NPeI0N0XUTb, UTO
MOCKOJIBKY PUCKY BO3SHUKAIOT U3-3a TOTO MU MHOTO
OTKJIOHEHUSI 3HaUeHUS CJIy4allHOM BeJIMUYMHBI OT
ee 0XXMJaeMOTo 3HaYeHMsI, TO Mepbl pUCKa MOKHO
CMOMEeIMPOBATh B BUIE «MCKAXKEHMUSI» 0XKUIaeMOr0
3HAUYEeHMS C IOMOIIbI0O COOTBETCTBYIOIIEN PYHKIIUMI
MUCKAKEeHMUSI.

VickaskeHHoe oxxupianve p, [ X'] HasbiBaercs mepoil
pucka uckax;eHus ¢ pyHxyueti uckaxcerus g [19].

MoskHO, Halpumep, A0Ka3aTh, UTO, KaK BIep-
BbIe OBIIO 3aMeueHO B pabore M. Denuit, J. Dhaene,
M. Goovaerts, R. Kaas [12], n3BecTHas mepa pucka VaR
[1-3] siB/IsIeTC MCKaskeHHO MepOoyi pUCKa, COOTBETCT-
Bytomeit pynxipm uckaxenust g(x) =1, ., pe(0,1),
T.e. CIIPaBeAMBO CJIeaylolee IpenaokeHne.

IIpednoicenue 1 [19]

Hnst pysxuym nckakenust g(x) =1, ., p€(0,1)
B ITpeATIONOKeHMM HeIPepbIBHOCTY QYHKITMM pacipe-
nenenusi Fy cooTBeTcTByloIeit Mepoii pycKa SIBsieTcst

p lX]=VaR,[X].

]. Dhaene u gp. [19] Takke mokasanu cjienyomue
JIBa BXKHBIX (haKTa, OMMCHIBAIOIINX CBSI3b BCEX Mep
PUCKa UCKAKEHWS, TIONYyYaeMbIX C [IOMOIIbI0 (QYHKIINIA
MCKaskeHUs1, HelIpepbIBHbBIX cripaBa Ha [0,1) uiu cieBa
Ha (0,1] c mepamu pucka VaR.

FINANCETP.FA.RU [

Teopema 1

Korma dbyHKIMS g MCKaXKeHMUS SIBJISIETCST HEITPEePhIB-
HOJt cripasa Ha [0,1), To Mepy pucka uckakenust p,[X |
MOKHO TIPEeICTaBUTD B CIEIYIONIEM BUE:

p,[X1= [ VaR’ [Xdg(e),
[0.1]

rne VaR [ X]=sup{x| Fy(x)< p}

Teopema 2

Korga GpyHRUMS MCKAKEHMS g ABISIETCS HeIIPEePhIB-
Hoit ceBa Ha (0,1], To mepy pucka uckakerus p [ X]
MOJXXHO ITPeICTaBUTh B CJIEAYIOIIEM BUIE:

p,[X1= [ VaR_[Xdg(q)= [ VaR,[X1dg(),
[0,1] [0,1]

e VaR [ X]=inf{x| Fy(x)> p}
n g(q)=1-g(1—q) — nBOIiCTBEHHOE K g MCKAKEHME.

OueBUAHO, YTO E = g, U g HelIpepbIBHA CjieBa TOT-
7ia ¥ TONIbKO TOTZA, eC/IM g HelpepbiBHA CIPaBa; §
SIBJISIETCSI BOTHYTOM TOT[@ ¥ TOJIbKO TOTAA, €C/IN g
SIBJISIETCSI BBITYKJION.

MepbI pycKa MCKaKeHMS MPeICTaBISIIOT OO0 0Co-
ObIit KJ1acc Mep pucka, kotopbie BBe D. Denneberg [9]
u mopaborain S.S. Wang [4, 20].

MepbI prcKa MCKaskeHMsI YIOBIETBOPSIIOT MHOXKECTBY
CBOJACTB, BKJII0Yasi IOJIOKUTEIbHYI0 OHOPOAHOCTD, TPaH-
CJISILMOHHYI0 MHBapMaHTHOCTb M MOHOTOHHOCTb. Mepa
pUCKa Ha3bIBAeTCSI KOTEPEHTHOM, eC/IV OH YIOB/IETBOPSIET
CJIeyIoleMy MHOXKECTBY YeTbIpex CBOMCTB [11, 21]:

(M) moHotouHoCcTh: p(X) <p(Y) mpu ycnosun,
ytToP(X £ Y)=1;

(P) mosioxkuTeIbHAST OMHOPOIHOCTD: /IS JTI0001i
TIOJIOKUTENbHOM KOHCTAaHThI ¢ > 0 M notepu X, p (cX) =
=cp (X);

(S) cy6amaMTUBHOCTD: IIPU JIFOOBIX MTOTEPsX X, Y,
torga p(X +Y)<p(X)+p(Y);

(T) TpaHCISIMOHHASA UHBAPUAHTHOCTD: €CIIU € —
KoHcTaHTa, To Torga p(X +c¢)=p(X)—c.

Mepa pucka p Ha3bIBaeTCs BBIITYK/ION Mepoii pucKa,
eC/IY OHa YA,0BJIeTBOPSIeT CBOMCTBAM MOHOTOHHOCTH,
TPaHCSAIMOHHOM MHBAPUAHTHOCTYU U CeyloliemMy
CBOJVICTBY BBIITYKJIOCTH:

(C) Bemmykiocth: p AX+(1-2) V) sApX)+(1-2)
p(Y),0<As1.

O4eBUAHO, YTO NPU SOMYLIEHUY TTOIOXKUTETbHO
OIHOPOAHOCTU, MOHOTOHHOCTU U TPAHCASILMOHHON!
MHBApMaHTHOCTU BBIIMYK/IOCTb MePbI pUCKa SKBUBA-
JIEHTHA CyOmaIIUTUBHOCTM.

W3BecTHO [19], uTO npyroii, mocie VaR mepoii pucka,
KOTOpasi MPeJCTaB/IsIeTCsl Kak Mepa pycKa MCKaKeHMS,
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sBysieTcst u3BectHas Mepa ES, Mepa osxxumgaemoro medu-
unTa, ycrnoHas VaR [1-3], kak yTBepKAaeT cienymwliee
MpeJioKeHue.

IIpennoxenue 2 [19]

it QYyHKUIMY VICKaKEeHUS

g(x)= min{li,l}, p€[0,1] B mpenmonoxeHuu He-
—-P

npepsiBHOCTM GYHKIMK pacipenenedns: Fy coot-
BETCTBYIOIIEl MCKa>)keHHOI MepOoil pMUCKa SIBJISIETCS
p [X]1=ES [X].

Cnenytoras Teopema [17] monesHa M MOXKeT ObITh
MCIIO/b30BaHa Jj1s1 yIOPSIA0UMBaHMS MEP PUCKaA UCKa-
SKeHUS C TOUKY 3peHMsT MX QYHKIMIA MCKaSKEHMS.

Teopema 3 [17]

Eom g (x) < g% (x) mnsa x € [0,1], Torna p, [X] <
< Py [X] nnst mo6oii cydaiiHoi mepemMeHHO X.

CEMEMCTBO MEP PUCKA VAR

B CTENEHWUT, ¢ >], (VaRg))
Mepa pucka VaR B HacTosiiee BpeMs SIBISIETCS, Be-
POSITHO, BTOPO¥ 110 HaubO/IbIIeH MPUMEHSIEMOCTH
MepoJi ppIHOUHOTO pUCKA KaK B TeOPpUMU, TaK U Ha
MMpaKkTHKe Mocjie BOMaTUIbHOCTY (CTaHAaPTHOTO OT-
Ki1oHeHMs1). C KoH1a XX B. JOCTATOYHOE MIPUMEHEHME
U B TEOPUU, U TIPAKTUKE PUCK-MeHeI)KMeHTa Hallljia
Mepa oXXumaemoro aeduuura, yoioBHast VaR, mepa
OXXMTaeMbIX XBOCTOBBIX ITOTEPb, TpeBbIIIaiomux VaR,
yacto obo3Hauaemast ES (Expected Shortfall). ES Boc-
MpUHMMaeTCs KakK Mepa pucka, yTOUHS0IIass Mmepy
VaR, 60j1ee KOHCEpPBATUBHASI, YYUTHIBAIOIIASI XBOCTO-
Bble MaJIOBEPOSITHBIE, HO GOJIbIINE ITOTEPU («UE€PHBIN
nebenb»).

B pabotax aBTopa [6, 7] 6710 BBELEHO MOHSTHE
HOBOIT MepbI «VaR B kBagpaTte», VaR'® , kotopas Gonee
KOHCEPBATMUBHO OLIEHMBAET PUCKHK, YeM VaR 1 vacto
KOHCepBaTUBHee, ueM ES, oLieHMBas pMCK KaK HEKYIO
IMOPOTOBYI0 BeJIMUMHY, KOTOpasi He IIpeoo/ieBaeTcs
C IaHHOI BEpPOSITHOCTBIO, (Kak VaR), a He Kak HEKO-
TOpOe cpeJiHee 3HaUeHMe U3 MHOXECTBA «IIJIOXUX»,
XBOCTOBBIX 3HaU€HUI1 OTepb, Kak ES.

[Mponosskast pa3BMBaTh UIEN UCCIeLOBaHWI [6, 7],
aBToDp B pabore [8] BBes oHsTME Mep pucka VaR B jio-
6ot crerenn ¢ > 1, u BbiBes GOPMYJIbI, ITO3BOJISIOLIIE
cBecty pacuet VaR"” x BbrunmcieHnio 0GbIYHOI MepBI
VaR ¢ M3MeHeHHO1 onpee/IeHHbIM 06pa30M T0BEepU-
TeJIbHOI BEPOSITHOCTBIO.

MonsiTne VaR B nio6oi HaTypanbHoi crenenn VaR™
B pab6orax [6, 7] 6pl;1a BBeeHa HOBas Mepa pucka,
momnoHsomas VaR, oTciexxuBaomiasi XBOCTOBbIE
penKo BO3HMKAIOIIME COOBITHSI, KOTOPbIe CBSI3aHbI
C cepbe3HbIMM (PMHAHCOBBIMM ITOTEPSIMMA.
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Mepoii pucka VaR e kgadpame (VaRl()z)) ¢ dose-
pumesibHOl 8eposMHOCMbI0 p HA30BEM BeJIMUMHY,
KOTOPYIO He MPEBBICST IOTEPU TIPYU YCIOBUMA TIpe-
BbILIEHNS ee I0POroBoy Beanunusl VaR, ¢ nose-
PUTEIbHOI BEPOSITHOCTBIO P B TeUeHMe 3aJaHHOTO
BpEMEHMN.

B pa6ore [8] 6pu1a TTOTyUeHa CaeqyIonast BbIUm-
cuTenbHas popmyria: VaRf)[X 1= VaRl_(l_p)2 [X].@2)

Takum o6pa3om, OJis1 HOBOJ Mephbl KaTacTpodu-
YeCKUX PUCKOB, KOTOPYIO MbI Ha3biBaeM « VaR B KBa-
IpaTe», B 001IeM ciyuae mosydyeHa Gopmysna ajst
ee BpIuMcIeHus. Hamo mpocTo cumTaTh Mepy pucka
VaR ¢ goBepurenpHoit BeposTHocTbio 1—(1— p)°.

Mousarue VaR® B pa6ore [8] 66110 060611€HO
C YYETOM TOTO, UTO JOBEPUTEIbHASI BEPOSITHOCTD p’
npu onpesienenuu VaR® , T.e. HOPOroBoit BeIMUMHBI,
KOTOPYIO HE IPEBBICUT IIPUOBIIb (IIPEBBICUT YOBITOK)
TIpY YCIOBUM HeTpeBblleHns (npesbimenus) VaR,
C BEPOSITHOCTBIO P’ , MOKET OTJIMYATHCS OT p. [JaHHas
Mepa pPyCKa, KOTOPYIO MOKHO Ha3BaTh «0M-VaR», 6b11a
0003HayYeHa VaRff}, U TIOTyY€Ha CJIeMYIONIast BBIUVCIN-
TeiabHas hopmyna: VaRI(f;, [X1=VaR,__,q_»[X]1(3)

Beenem noustue Mmep pucka VaR B cTenieHHU n, rae
n — mo60oe HaTypaJIbHOEe YUCIIO U IIpUBeaeM HOpMYJIbI
IS pacdeTa Mep pucka VaR B cremenn n, VaR™ [8].

HauHeMm c TOro, 4To 066IYHYI0 Mepy pucka VaR
MpeACTaBMM B BUJIE:

VaR’[X]=VaR,[X]=VaR,[X],
rne py =1-(1-p).
Torma cornacHo opmysie, TPUBEIEHHO BBIIIE
VaR?|X]=VaR, [X],tae p,=1-(1-p)".

Torza, ecTecTBEHHO, COTVIACHO ONpee/eHI0, CUN-
TaTh, 4TO « VAR B Ky6e» — 3TO BCErO JINIIb VaRl()f’) LIXT
Takum 06pasom, Iosryuyaem, 4To

VaR[X]1=VaR? [X]=VaR, [X],tae cornacko
dopmyrne (3) p; =1-(1-p,)(1-p).

[pomoskast aHAJIOTMYHBIM 06pa30M, Mbl BBEJEM
Mepy pucka «VaR B cTereHu n» Ajist JII060To HaTypasib-
HOTO YMCIa N KaK VaR;f,)l, X1, tne p,, =1-(1- )"
" TIo/Ty4aem, 4To

VaR"[X]=VaR? [X1=VaR, [X].r5e cornacto
dopmyre (3) p, =1-(I-p,_ ) )(1-p).

B pa6ore [8] 6bL710 BBEIEHO MOHSITHE MEP PUCKA
«VaR B creneHy n» st JIOOOT0 HATYPaJIbHOTO YMC/Ia
n v mosryuyeHa Gopmyiia, CBOISINAS UX BbIYMCIEHNS
K pacueTy 00bIUYHOI MephbI prcka VaR ¢ M3MeHeHHOI
oIpeneeHHbIM 06pa30M TOBEPUTEIbHOI BEPOSIT-
HOCTBIO.
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B.b. MuHacsaH

(n) —
VaR,”[X]= VaRl_(]_p)n [X]. 4)
TakuM 06pa3oM, YTOOBI PaCCUNTATH MEpPY PUCKa
VaRI(,”) , HaJI0 IIPOCTO COCUUTATh Mepy pyucka VaR c mgo-
BepUTEIbHOI BeposaTHoCcThIo 1—(1— p)”.

MEPbI PUCKA «[MOJIN-VaR»

BBenem (Kak 3TO0 caenaHo B [8]) B pacCMOTpeHue cemeli-
CTBO Mep, 0600IIAIINX MepPbl VaRI()”)[X |, mosBossia
TIOBEPUTENTbHBIM BEPOSITHOCTSIM, ITPUMEHSIEMbIM MPU TO-
CTPOEHMM Pa3/IMUHbIX cTerneHe VaR, ObITh pas3TMIHbIMMA.

HauHem c TOTO, YTO IPeACTaBUM OOBIYHYIO MepY
pucka VaR B Buze:

VaR,[X]=VaR;, tne py=p =p=1-(1-p).

Bocmonb3oBasinchk hopmyioit (7), BBemeM HOHSITHE
MepbI PUCKA «IT0/U- VAR BTOPOI1 CTeNeHn», «61-VaR»:

VaR?, [X]1=VaR; [X], rae p, =1-(1-p)(1-p,).

CoOoTBeTCTBEHHO, Mepa pucKa «moam-VaR Tpereii
CTemeHU» OTpeesieTcs Tak:

VaR®

— (2) -
D02 [X]= VaRiW3 [X]= VaRi,3 [X],
rae p; =1-(1-p,)(1-p,).
[Ipomomkasi COOTBETCTBEHHO, Mepa PUCKA «I10JIN-
VaR n-i1 crerieHn» onpeensercs Tak:
(n) — (2) —
Vaqupzr--,ﬁn [X]= VaRﬁH,pn [X]= VaRi,n [X],
rep, =1-(1-p,,).
B pa6ore [8] momy4eHa ciemyoniast BbIYUCIUTETbHAS
dbopmyna gyst «mmonu-VaR n-it creneHn»:
(n) —
VaR,", o X1=VaR ., i ) appl X1 (5)
BBIpaskamias ee yepe3 0OBIUHYIO Mepy pucka VaR
C TIepecYMTaHHOI OTIpeieJIeHHbBIM 06pa30M JOBEPU-
TeJIbHO BEPOSITHOCTBIO.

Mepa pucka VaR B no60i1 AeiiCTBUTENLHOM CTENEHU
t>1, VaR[X]
JI1060€e meicTBUTeNIbHOe YMCao =1 MOXHO OLHO-
3HAYHO MPeICTaBUTb B BUIE:

t =k +a, roe k — HaTypasbHOe YMCI0, a O — JIeii-
crBuTenbHOE unco, mpuueM 0 < o < 1. OueBMAHO, UTO
k stBIISIETCSI 11€T074 YaCThIO UMC/Ia t,a oL — ero ApoOHOI
YacThbIO.

Torpa ecTrecTBEHHO OMNpenennTb Mepy pucka VaR
B /1106071 IeICTBUTEIbHOI cTerenu > 1, VaR;’) [X]
crepyonmmM o6pasom [8]:

X1. ©)

ptxp[

VaR\[X]=VaR\"

k

B vactHOCTH, Mcionb3yst dopMyssl (5) u (6), UMeeM:

VaR** | X1=VaR()

D,ap

[X1=VaR,__p)1-op) X1 (T)
n

(2+a) (3) =
VaR?*[X1=VaR}) [X1=VaR_ ..  [X] (@8)
UT.AO.,

VaR[X1=VaR\"“[X]=VaR [X]. ©

1-(1-p)* (1-ap)

C IOMOIIBI0 Mep pyCKa VaR;f )[ X] puck-meHemxep
MOJKET, [TOC/IeI0BATEIbHO YITYOJISISICh B MCCIeJOBa e
JIEBOTO XBOCTAa 3aKOHA pacIpeeieHs Ipubblieii Ha
IOBEpUTEIbHbIE BEPOSITHOCTH, KpAaTHbIE HAUYaIbHOI
IOBEPUTEIbHOM BEPOSITHOCTHU P, a TAKKe JOJIM ITO
BEPOSITHOCTH, MOJIYYaTh OYEHb JE€TATbHYIO MHGOP-
MalI}IO O BCe MeHee BepOSITHBIX, HO 60J/iee KaTacTpo-
(puueckux puckax.

HOBbIE MEPbl PUCKA ES
B MPOW3BOJIbHOW CTEMNEHU T,
t>1, ES,(;) [x]

MbI y3ke 06CYsKIaau BaXKHYI0 MepY pUCKa, Mepy OxKu-
nmaemoro gedunura, (yutoBHyio VaR), mepy oxkuaa-
eMbIX XBOCTOBBIX [TOTEPb, MpeBbImanmux VaR [X],
yacro obosHavaemyio ES [X] (Expected Shortfall).
Ee npuMeHSIOT KaK Mepy PUcKa, yTOUHSIOIIYIO Mepy
VaR, 60/1ee KOHCEpPBATUBHYIO, YUMTHIBAIOIIYIO XBO-
CTOBbIE MaJIOBEPOSITHBIE, HO GOJIbIINMeE IToTepu. MbI
BO BTOPOM pasziesie ommcany Mepy pucka VaR('[X],
KOTOpasi ipu ¢ > 2 yaiie Bcero gaet 60jiee KOHCepBa-
TUBHYIO OLIEHKY PUCKOB, ueM ES [X].

B manHOIT paboTe Mbl BBOAMM HOBOE CEMEICTBO
Mep pucka «ES B cTerenu t» pu jao6om £ >1.

BBemeM cHauasia IMOHSITHE HOBOV MephI pucka — ES
B KBajpare.

Mepoti pucka «ES 6 k8adpame», KOTOPYIO MbI OyeM
o6osHauath ES (2)[)( ], Ha30BeM BeIMUMHY OKMIAEMbIX
XBOCTOBBIX TIOT€Pb, TPEBBIIIAIOIINX VaR(2)[X] T.€.
no onpesenenuio ES'V[X]=E[X | X > VaR(z)[X]
(CumBosniom E[X|A] 0603HaqaeTCH YCJIIOBHOE MaTeMa-
TUYECKOe OKUIaHWe CIYy4aliHOM BeMUUYUHbI X TIpU
YCIOBMM pean3alim COObITH A).

3aMeTUM, YTO TaK Kak VaR(z)[X] VaR epy? [X],
TO 3HAUEHUe ESO)[X] MOSKHO TIOTTYYUTb, ycpe,uHﬁﬂ
3HaveHns coorsetcTByomMx VaR [X] mo nepemen-
HOJ1 q Ha otpeske [1 — (1— p)*,1].

Orciofia, B IIPeANoNoKeH e HeIlIPpepbhIBHOCTY pac-
[Ipee/IeHNs I0Teph, IIoJIy4aeM CIenyloliee Io1e3Hoe
TpeicTaBIeHNE JIJIs ES;Z) [X]:

FINANCETP.FA.RU [
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2 _
ESP[X]=——

. j VaR [X1dg. (10)

[1-(1-p)*1]

Tlo ananoruu c ES B KBapaTe BeIeM IIOHSITHE HO-
BOIT MepbI pucka — ES B cTeneHu n, Tae n — gboe
HaTypaJbHOE YKCIIO.

Mepoii pucka «ES 8 cmenetu n», KOTOPYIO Mbl OyzieM
o6osHayats ES) (D[ X, Ha30BeM BE/IMUMHY OKULAEMBIX
XBOCTOBBIX HOTepb MIPEeBbIIIAIOINX VaRl(,”)[X ], T.e.mo
onpenenermio ES\"[X]|=E[X | X >VaR\"[X].

3amMeTuM, 4To TaK Kak VaR;”)[X] VaRl —py X,
TO 3HaueHne ES (”)[X ] MOXXHO MOMYYNUTD, YCPETHSS
3HaueHns coorsercTByomMx VaR [X] mo nepemen-
HoJi q Ha otpeske [1 — (1- p)",1].

Orciofa B IIpeaIioioKeH e HelpepbhIBHOCTH pac-
[peneieHns oTepsb MoaydaeM caeaylolee Mojie3Hoe
[peacTaBjeHne s ESI(,")[X ]:

ES"[X]= o

oy j VaR [X1dg .

[1-(1-p)".1]

(11)

3ameTuM, 4To 13 popmysbl (11) mosyyaeTcs 1o-
ne3Hast hopmyJia, TO3BOJSIONIAs BEIPDA3UTD ES;”)[X |
yepe3 00bIUHYI0 Mepy pucka ES ¢ uameHeHHoi1 omnpe-
JlelleHHBbIM 00pa30M JOBEPUTETbHOV BepOSTHOCTHIO:

ES\"[X]=ES,_

[X]. (12)

(1-p)"

Temnepb BBeJleM MOHSITHE HOBOI Mepbl pucka — ES
B CTEIEHM t, e t — J1060e AeliCTBUTEIbHOE YUCIIO,
t>1. IlpencraBum umuciao t B Buge: t=k+o , roe
k — HaTypasibHOE UMCII0, d — EVCTBUTEIBHOE UMCIIO
O<ax<l.

Mepoti pucka «ES 8 cmeneHu t», KOTOPYIO Mbl Gyem
o6osHauats ES) (‘)] X, Ha30BeM BeTMUMHY OKIAEMbIX
XBOCTOBBIX l'IOTepb MIPeBBILIAIONINX VaRl(f )[X],1.e. 0
onpenenernio ES\[X]=E[X | X >VaR[X].

3aMeTuM, UTO TaK Kak

VaR"[X]=VaR

1-(1-p)* (1-0p)

(X1,

TO 3HAUeHue ES(’)[X] MOYKHO TIOJTYUUTD, YCPEIHSIS
3HaueHus coorBeTcTBylomMUx VaR [X] mo mepe-
MeHHOIi q Ha orpeske [1 — (1- p)*(1— ocp) 1].

Orciofa B IIpeaIioioKeH e HelpepbhIBHOCTH pac-
[peneieHns [oTeph MoayvaeM caeayloliee Moie3Hoe
npeJcTaBieHue s ESI(,’)[X 1:

1

(©) —
BT

VaR [X]dg. (13)

[1-(1-p)* (1-ap).1]

3ameTuM, 4To 13 Gpopmysl (13) mosyyaeTcs 1o-
nesHas GopMyIa, I03BOJIAIONIAs BbIPA3UTh ESI(,’)[X]
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yepes 00bIYHYI0 Mepy pucka ES, ¢ u3MeHeHHOI om-
peneneHHbBIM 06pa30M TOBEPUTEIbHON BEPOSITHO-
CThIO

ES\[X]=ES

1-(1-p)* (1-0p)

[X]. (14)

CrnenyeT 3aMeTUTD, UTO MEXKAY BCeMY BBeIeHHBIMM
MepaMy pucKa CIpaBedjIMBbI CJIEAYIOIIVe COOTHO-
HIeHUS :

VaR | X1< ES,[X], VaRP[X]1< ESP[X], ...,
VaR"[ X< ES\"[X],...
VaR[X]<VaR?P[X]<..<VaR\[X]<...

ES [X1<ESP[X]<..<ES\[X]<...

OnHako COOTHOULIEHME MeXAy MepaMu pucka
ESI(,")[X | u VaRL””)[X ] mosxeT 3aByceTh OT 3aKOHA
pacrnipenenenus X U gaxe OT JOBEPUTEIbHOM BepO-
ATHOCTU p [7].

METOAbl CO3A0AHUA
HOBbIX ®YHKLUNA UCKAXEHUS
U MEP PUCKA UCKAXEHWUA
DOYHKIUY UCKAKEHNS MOTYT PacCMaTpUBaThCS KaK
OTIIpaBHAs TOYKA JJIS TIOCTPOEHMS CeEMeliCTBA Mep
pucka uckaxkeHusi. Takum o6pa3om, IOCTPOEHME
¥ BbIOOD (PYHKIMIT MICKasKeHMST UTPAIOT BaSKHYIO POJIb
B pa3paboTKe ceMeiiCcTB Mep pyUCKa C PasaMUHbIMMU
cBoiictBamu. B pa6orte C. Yin, D. Zhu [15] paccmar-
PUBAIOTCS TPU METO/IA: KOMITO3UTHBIN METO]I, CITOCO-
OBl CMEIIMBAHMS U KOITYJIbI, KOTOPBIE TO3BOJISIOT I10-
CTPOUTH HOBBIE KIaCChl GYHKIMIT U Mep VCKasKeHMS
C UCIIOJIb30BaHMEM MMEIOUINXCSI B pacHOpsKeHUN
byHKLIMI ¥ Mep MCKasKeHMS.
MbI B JaHHO# paboTe 6ymemM 06CyKIaTh U pa3BUBaTh
JINIIB MTEPBBINA U3 HUX — KOMITO3UTHBII METO/I.

KomnosutHbiii MeToA,

[TepBbIM ITOAXOMOM K IIOCTPOEHMIO QYHKIIMIT MCKa-
SKEHMUS SIBJII€TCSI KOMIIO3UTHBIN METO/I, B KOTOPOM
MIPUMEHSIETCSI KOMITO3UIMS PYHKIMI MCKaXKeHNS.

Iycts hy,h,,... ABASIOTCS GYHKUMSIMU MCKasKe-
Hust, onipefenuM f,(x) = A (x) u cioxkabie GyHKIMN
f,(x)=f,(h,(x)),n=1,2,... JleTko IPOBEPUTb, UTO
[,(x),n=1,2,... TakKe IBAAIOTCS QYHKUMUIMU MCKA-
xenust. Ecnu hy,h,,... BOrHYTBIe QYHKIMN MCKasKe-
HUs, TOTAA Kakaast f,(X) BOTHYTa, M OHU YIOBJIET-
BOPSIIOT yenoBusIM: f; < f, < f; <... ¥ COOTBETCTBY-
IoLI[/ie Mepbl pUCKa yA0BIeTBOPSIOT (110 Teopeme 3)
p,[X1<p, [XI<p, [X]<..

PaccmoTpyM fiBe PYHKLMM MCKaKeHUS g, U &, .
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L,GCJII/IOSXSI—])
Ecmm & (x)=11-p ,

l,ecau 1-p<x <1,

TOraa MbI IIOJIYy4YUM

g(i) ecin0<x<l-p
g,(0)=g(&(x)= 1" 1-p"
l,ectn 1- p<x <1,

CooTBeTcTBylIOIIasl Mepa pucka P, [X] saB-
JIIETCS MepOoil pucKa MCKaskeHUs XBOCTa, KOTO-
pas 6blia BIiepBblie npencTtapiaeHa L. Zhu, H. Li
[13] n 6b1a mepedopmynupoBana F. Yang [14].
B 4acTHOCTH, M3BECTHO, UTO HA IIPOCTPAHCTBE He-
MpepbIBHBIX CIYUYaHbIX ITepeMeHHbIX ITOTeph X

%JXFT&U—HXSMX>WMAMDW.
0

Ecm &((x)=x",0<r<l1

b
——,ecmm0<x<l-p
u &(x)=11-p

l,ecn 1-p<x<1,

, TOra

(L)’,ecm/l 0<x<I-p
glz(x) = gl(gz(x)) = l—p

l,eciu 1- p<x <1,

- 1

,ecan 0 SxS(l—p);

2 () =g,(g(x)=41-7 |

1,ecin (l—p); <x<l,

OueBUIHO, g < g, U &, < &,, TAK UTO IO TeopeMe
3 p, [X1<p,, [X]p, [X]<p, [X].

Ha mpakTyke MHOIIA HY>KHO MCKa3UTh HauyaabHOe
pacrpeneneHue 6oyiee OFHOTO pasa.

PaccMOTpMM HECKOIBKO IPYTUX IMPUMepPOB (yHK-
LM MCKaKeHMsI, TOJTYYE€HHBIX C TIOMOIIbI0 KOMITIO3UT-
HOT'O MeTO/Ia, KaK KOMITO3UIIVS M3BECTHBIX QYHKIINI
MCKasKeHMSI U M3YUMM COOTBETCTBYIOIIME MEPbI MCKa-
SKeHMST pUCKa.

IIpumep 1

PaccMOTpyM TI0Ka3aTeTbHYI0 (PYHKIINIO MCKasKEH ST

e’ -1
g(x)= -1 KOTOpAast ABJISIeTCS BIYKIION QYHKIMEN
MCKaKeHMs Y MHAMKATOPHYIO BOTHYTYIO (QYHKIIMIO

vickaxenust 1 .

FINANCETP.FA.RU [

JIeTKo IpOBEPUTD, UTO KOMITO3ULIMS JII000 (PyHK-
LMY MICKaKeHMS g(X) (B YaCTHOCTY AAHHOM) C 1{x>17 o
B cienytouem nopsiake 8 (1, ) = 1., ), T.e. He
MIPUBOAUT K CO3JAaHNIO HOBOM MYHKIMM UCKasKEHMS.
VI3MeHMM TIOPSITOK CO3/IaHMsI CYTIePIIO3UIINMY, T.€. Pac-
cMoTpuM GyHKUMIO Mckaxkerns Bupa: 1, 1 (8(x)).

Ho, tak kak h(x) =1, ,(g(xX)) =11, (%)
e’ —1

M HEPABEHCTBO > l—p SKBMBAJIEHTHO HEpa-

BeHCTBY X > In(1+(e-1)(1-p)), T0

h(x) = 1{x>1,p>(g(x)) = 1{x>ln(l+(e—1)(lfp))}(x) =

= 1{x>1—[1—ln(1+(e—1)(1—p))]}(x)'

Torna cormacHo IIpennokennto 1 McKakeHHOV Mepoii
pUCKa, COOTBETCTBYIOLIEN TaHHOM QYHKIINM UCKAKEHMS,
okasbiaercs mepa p,[X]=VaR | . 1a_p,mlX] Te.
MU3BeCcTHasl Mepa pucka VaR ¢ Takum 06pasomM usme-
HEeHHO JOBEpUTEIbHOM BEPOSITHOCTHIO. DTO OUEHb
MeJlJIEHHO PacTylIiasi C pOCTOM JIOBepPUTEeIbHOV Bepo-
SITHOCTU Mepa PUCKa.

Ecnu B3Th, HanlpuMep, Ha4aaIbHYIO LOBEPUTETbHYIO
BepositHOCTb p = 0,95, 10 p,[X]=VaR, ;[ X].

IIpumep 2

PaccmoTpum storapubMudecKyro GyHKIINIO MCKa-
In(x+1)

In2
dyHKUIMEN MCKAKEHNS ¥ UHOMKATOPHYIO BOTHYTYIO
GyHKuMIO MCKKEHNS 1, .

U paccMoTpuM QYHKIINIO MCKasKEHNSI, TOCTPOEHHYO
C TOMOIBIO Takoii cymepniosuuyn: 1, (8(x)).

HO) TaK Kak h(x) = 1{x>l—p} (g(x)) = 1{g(x)>l—p} (x)
In(x+1)
In2

BeHCTBY X >2'P-1,T0

keHus g(x)= , KOTOpAast IBJISIETCSI BOTHYTOM

Y HEPaBEHCTBO >1— p sKBUBaJIEHTHO Hepa-

h(x) = l{x>17p)(g(x)) = 1{x>217p_1}(x) =

- 1{x>1—[1—(21”’—1)]}(x) - l{x>1—[2—2‘*ﬁ]}(x)'

Torga cornacHo IIpeamoxkeHnio 1 MCKaKeHHOM
Mepoii pucKa, COOTBETCTBYIOIIEN JaHHO QYyHKINK
UCKaskeHMs1, OKasbiBaeTcss Mmepa p,[X]= VaRz_zl,,, [X],
T.€. U3BECTHAs1 Mepa pyucka VaR ¢ Takum o6pa3om u3-
MEeHEHHOJ TOBePUTEbHOI BEPOSITHOCTHI0. DTO ObI-
CTPOPACTYIIAsi C pPOCTOM JOBEPUTENbHON BEPOSATHOCTU
Mepa pucka.

Ecu B3siTh, HamipumMep, HauaabHYIO I0BEPUTETbHYIO
BepoATHOCTB p = 0,95, 10 p,[X]|~VaR, o[ X].
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IIpumep 3
PaccMoTpuM CMHYCOMAANbHYIO QYHKINIO MCKasKe-

. T .
Hus g(x)= smEX, KOTODAast SIBJISIETCST BOTHYTOI (QYyHK-

M€t MCKaskeHMsI ¥ MHIMKATOPHYIO BOTHYTYIO QyH-
KUMIO ICKaXenust 1, .

U paccMOTpuM (PYHKIIMIO MCKaKeHMs], IOCTPOEHHYIO
C IOMOLBIO TaKo¥ cynepriosuuyn: 1, (8(x)).

Ho, Tak kak h(x) =1, (8(x)) =11, (%)
. T
Y HEPABEHCTBO smEx >l-p
9KBMBAJIEHTHO HEPABEHCTBY
2 .
x >—arcsin(l - p),
T

10 h(x) =11, (g(x)=1 (x) =

{x>2arcsin(lfp)}
™

=1

{x>1—[1—zarcsin(l—p)]}
n

Torma cornacHo IIpenyioxkeHnto 1 McKaskeHHOM Me-
POVt pMCKa, COOTBETCTBYIOIIEN JaHHOM QYHKIUY UCKa-
skeHst, okasbiBaercst mepa Pl X 1= VaRl, 2 arcsin(lfp)[X I,

T
T.e. M3BeCTHas Mepa pucka VaR ¢ Takum o0pasom us-
MeHEeHHO JOBepPUTENbHOI BEPOSITHOCTHIO. ITO Gbi-
CTPOPACTYIIAS C POCTOM IOBEPUTETHLHOI BEPOSITHOCTH
Mepa pucKa.

ECtu B34Th, HAIIpMMeD, HaYaIbHYIO JOBEPUTENbHYIO
BeposITHOCTB p = 0,95, 10 p,[X]~VaR, o, [ X].

IIpumep 4

PaccMOTPUM CTEMeHHYI0 QYHKIINIO MCKaXKeHUsT

g(x)=x", KoTopas sABjsIeTCSI BOTHYTOM (QyHKI[MEIi
mckakenus npu 0 <o <1 ¥ BITYKIOM QyHKIMEI
VCKaXkeHMSI TPU oL > 1, U MHAMKATOPHYIO BOTHYTYIO
GyHrp0 Mekaskenust 1,y .

U paccMOTpuM (QYHKLIMIO MCKAKEHMST, [TOCTPOEHHYIO
C IOMOIBIO TaKoit cyneprosuumun: 1, 1 (8(x)).

Ho Tak Kak lé(x) =l (8(X)) =14 1yo1py (X)
" HEpPaBEHCTBO X >1— p 5KBUBAJIEHTHO HEPABEHCT-

1
By x> (1-p)*,TO

. (x).

{(x>1-(1-(1-p)* )}

h(x)zl{ppp}(g(x)):l L (x)=1

{x>(1-p)*}

Torma cornacHo IIpenioxkeHnto 1 ncKaskeHHOM Me-
pOi1 prCKa, COOTBETCTBYIONIEl JaHHO QYHKIMM MCKa-

JKeHus, okasbiBaeTcst Mepa p,[X|=VaR 1 [X] e,
1-(1-p)*

100 °

u3BecTHast Mepa pucka VaR ¢ Takum o6pasom musme-
HEHHOI JOBEPUTEIbHOM BEPOSITHOCTBIO.

CKOpOCTb POCTa 3TUX MepP pPUCKa C pOCTOM JI0Be-
PUTEbHOI BEPOSTHOCTM CUJIBHO 3aBUCUT OT BhIOOpA
3HaYeHMs mapamMeTpa o .

Ecnu B31Th, HaIIpyMep, Haya/IbHYI0 I0BEPUTETbHYIO
BepOATHOCTb p = 0,95, Tonpu o =2, p, [X ]~ VaR, 5[ X]
3TO OUeHb MeZJIEHHO PacTyIasi C POCTOM JOBEPUTETbHOIA
BeposITHOCTY Mepa prcka; ipy o =1, p, [ X[~ VaR os[ X |

9TO 0o6bIUHAs Mepa pucka VaR; a npu ocza R
Pl X1=VaR, 49;5 X] 310 GbICTPOpACTYIIAs ¢ pocTOM

JOBEPUTETbHOIT BEPOSITHOCTY MEpa PUCKA.

IIpumep 5

PaccmoTpum byHKIMO g(X) = xe'™, koTopast sBs-
€TCSI BOTHYTO! (PYHKIVel MCKaKEHUS M MHAUKATOPHYIO
BOTHYTYI0 GYHKUMIO iCKaxenust 1, .

U paccMoTpuM QYHKIMIO UCKaXKEHUS, TOCTPOEHHYIO
¢ momompio cynepriosuipn: I, (g(x)).

Ho rak Kak hgx) =iy (8(X)) =Ly (a1 (X)
M HEPABEHCTBO Xe  >1— p 5KBMBaJIeHTHO HEpaBeH-

CTBY -Xe ' <-—— ) U3 KOTOPOTO CJAeayeT, YTO
e
1-p
x >-W(-—), rme W(x),— 30 usBectHast W-QyHKIms
e

Jlambepra [22], mosTOMY

hx) =1, (g(x))=1 1p ()=
o> (-=L))

-1 ).

e[+ (<122
e

Torna cornacHo [IpenyiosxkeHnto 1 nckakeHHO Me-
pOJi pyUCKa, COOTBETCTBYIONIEN TaHHOM QYHKIIMU MCKa-

>xeHmst, okasbiBaetcst mepa Pyl X 1= VGRHW(J;,,)[X I,
e

T.€. U3BECTHas1 Mepa pyucka VaR ¢ Takum o6pa3om u3-
MeHEeHHOJI TOBePUTETbHO BepOSITHOCTHIO. ITO ObI-
CTPOPACTYIIIAsI C POCTOM IOBEPUTEILHON BEPOSITHOCTH
Mepa pucka.

Ec/u B34ITh, HaIIpyMep, HAYATbHYIO JOBEPUTETbHYIO

1—
BeposSTHOCTD p = 0,95, TO TP —0,0184 u Torma,
e

VICITIONb3Ysl U3BECTHOE pasnokenue W-obyHkuym Jlam-

. 1 .
fepTa B CXOOAIIMIICS NIPU | X|<— CTemeHHO psap,
e
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nonyuaem W (-0,0184)~-0,0187 wu BBUIY 3TOrO
pulX]~ VaRO,9813[X]'

IIpumep 6

. X
Paccvorpum dyHRumo g(X) = mm{l—,l} , KO-

TOpAas SBJISETCS BOTHYTOM (QYHKLMEN UCKasKEeHUS Y UH-
IOUKATOPHYIO BOTHYTYIO QYHKIIMIO MCKAKeHUS
1{x>l—p} (.X) .

U paccMoTpumM GYHKIINIO MCKAKEHNS, TTOCTPOEHHYIO
¢ nomoubio cyneprosuumn: 1, (g(x)).

OpHako
1, ecaut x > (1— p)?

h(x) =1, (8(x)) = {

= 2 (%)
0, ecom 0 < x <(1-p)* "‘>“*1’>'>( )

3aMeTuM, UTO eC/iM BBECTU B paCCMOTpeHIE BO-
!
THYTYIO QYHKIMIO MCKaKeHUsI g,(X)=x?, mpuHaj-

JIeKaIyIo ceMeiicTBY (GyHKLNMIT MCKasKeHWS], 3yIeHHBIX
B ripumepe 4, 7o 1, 1 (8,(x)) = 1{x>(l—p)2}(x)'

Takum 06pa3om, GYHKIINIO MCKaxkeHMsT h(X) MOKHO
MPeCTaBUTh U B BUIE CIEAYIOIIEI CYTIePIIO3UIINNA:

1, 1-p)?
h(x)=1{x>1_,,><g2(x>>={ comx>{=py

0,ecin 0<x<(-p)®

=1 (x)=1

x>(1-p)?} {x>1—(1—(1—p)2}(x)'

Torpma cornacHo IIpennoskeHnto 1 ncka>keHHOM
Mepoit pucKa, COOTBeTCTBYIOLIe NaHHO QYyHKIIUMU
UCKa)XeHNs, OKa3pIBaeTcs Mepa p,[X]= Vale (—p)? [X],
T.€. U3BECTHAs Mepa pucka VaR ¢ TakuM o6pas3om u3-
MEHEeHHO JOBepUTETbHOM BEPOSITHOCTBIO.

OmHako, BCITIoMHUB dopmyiny (2) mist Mepbl VaR
B KBaJipaTe, MOIy4aeMm:

Pl X1=VaRP[X].

TakuM 06pa3oM Mbl BBISICHWIN, UTO HOBast Mepa
pucka VaR B KBafipaTe Takke MPUHAJIEKUT KIACCY
Mep PUCKa UCKAKEHVIsI, ¥ OHA COOTBETCTBYET (PYHKIUM
UCKaKeHMs], TOTyYyaeMoii B BUJIE CYNepro3uimm QyHK-
w1, (x) ¢ 060t 3 GyHKUMM MCKasKEeHMS:

X 1
g(x)= min{n,l} wm g,(x)=x2.

MOSKHO [I0Ka3aTh, YTO CIIPABeJIMBO Cleayloliee,
6oiee ob1Iee TTpeIOKEHNeE.

IIpepgnoxkenue 3

Mepa pucka VaR B creneHu n (Iipu 11060M HaTy-
pabHOM 1) IPUHAIIEXKUAT KIACCy Mep pPUCKa UCKaxkKe-
HUS Y COOTBETCTBYeT (PYHKIMM VICKasKEH WS, TToTyJae-
MOii B Buze o60ii cynepriosuiym gyskpm 1, (x)

. X
¢ 1106071 3 QYHKIWIT McKaskeHmst: g(x) = mln{l—,l}
1 _
wm g,(x)=X" caenyouero Buaa:

h(x) =11, (8(8(...(g(x)) =11, (8,(x)),

n-l-pas
re. VaR"[X]=p,[X].

,I[OKaZ?:aTeJIbCTBO

. X
Paccvorpum yHRumo g(X) = mm{l—,l} , KO-

TOpast IBJISIeTCSI BOTHYTOM (PyHKIMeEH rcKakeHus. Tor-

g(g(...(g(x))

n-l-pa3

Oa cienyroonias Cyrepriosmuns TaK>Xe

MpeJiCTaB/IsgeT BOTHYTYIO QYHKIIMIO MCKaskeHUST BUJIA:

1, ecomt x > (1- p)"!
8(g(...(g(x)) = x
(1-p

ecm 0 < x <(1—-p)"",

n—l-pa3
a BOTHYTasd (bYHKHMH MCKa>KeHUs

h(x)=1,.;_,,(8(8(...(&(x)) mpencrasnsiercs B Buze:

n-l-pa3

h(x) =1, (8(g(...(g(x)) =

n-l-pas

= (%)
0, ecin 0<x<(1—p)y’ U7

B {1, ecan x > (1- p)"
3amMeTHuM, UTO eC/IM BBECTU B paCCMOTpeHMe BO-
1
THYTYI0 QYHKIMIO MCKaxkeHUs1 g,(X)=X" , IpuHaJI-
JIeKAIIYI0 ceMeicTBY QYHKIUIA MCKAKeHUS, U3YUeH-
HBIX B ITpuMepe 4, To, KaK II0Ka3aHo B mpuMepe 4,
1{x>l—p}(gn (x)= 1{X>(17p)n}(x) =h(x).
TakuM 06pa3oM, GYHKIMIO MCKaKeHMs h(X) MOKHO
NpeLCTaBUTh U B BUZE CIeAYIOLIEei Cyrleprno3nLn:

B =1 (8N =1 (=1 ().

Torpa cornacHo IlpennosxkeHyio 1 nckakeHHOM
Mepoit pucKa, COOTBeTCTBYIOIIel JaHHOH QYyHKIUK

FINANCETP.FA.RU [
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UCKaXXeHUs, OKa3biBaeTcs Mepa p,[X]= Vale (1—py [X],
T.e. U3BECTHAsI Mepa pucka VaR, ¢ Takum o6pasom
M3MeHEeHHOM JOBepUTEIbHOM BEepPOSITHOCTBIO.
OnHako, BCmoMHUB opmyiy (4) njist mepbl VaR
B CTeMeHy n, nonyyaem p,[X]= VaRI(,”)[X ].
IpenoxkeHue TOKa3aHO.
CrnpaBemyinBO 1 6ojiee 0bIIee YyTBEPKIEHME, Kaca-
omeecst Mep pucka VaR B mo60ii crerienu £ > 1.

IIpennoxxenue 4

Mepa pucka VaR B cTerenn t, VaRg)[X] (tipn
JII060M [IeiCTBUTENBHOM t > 1), Iie t MpeaCcTaBIeHo
B BuUme: { =k +a, rae k — HaTypaabHOE YN0, a O, —
IeiicTBuTenbHoe unco, npuuem 0 <o <1, aBnsgercs
UCKaXeHHOJ Mepoil pUcKa, ¥ OHa MOoJydyaeTcsl Kak
Mepa pucKa, COOTBETCTBYOMIAsT GYHKIVM UCKasKEHNS,
KOTOPYIO MOKHO MPEeICTaBUTh B BUIE CYIEPIO3ULINNA

ynkumit nckaxenns 1, ) (x), g(x) = min{li,l}n
1 _

x ne
iy 8 (x) = x*! cnepyromymu

I-ap

g, (x)=min{

IBYMS CITOCOOaMMU:

h(x)=1,., ,(g(g(...(g(g, (X)) =1, (8 1(8,(x))),
k—l-pa3

r.e. VaR)[X]=p,[X].
JokasaTenbCTBO
PaccmoTpum byHKIUM g(x)= min{li,l} "
—-P

. X
g, (x)= mm{l—, 1}, KOTOpBIE SBJISIOTCSI BOTHYThHI-

My GYHKIOUSIMM UCKaskeHMs1. Torma ciaemyroasi cy-

neprosuims g(g(..(g(g,(x))...) Taxke npencrasis-
%,—/
k-1-pas
€T BOTHYTYIO (PYHKLIMIO MCKAaKeHUS BULA:

8(8(...(g(g,(x))..)=
k—1-pa3

1, ecom x > (1- p)* 1 —-ap)
= X
(1-p) ' (1-ap)’

a BOTHYTAast GYHKIMS MCKAKEHUS

h(x) =1, (8(8(...(g(g,(x)...)

k—1-pas

ec 0<x<(1- p)*' A -ap),

InpencraBIdgdeTCsa

B BUE:

102 °

1, ecm x > (1- p)*(1—ap)

h(x)= ) =
0, ectm 0<x<(1-p) (1-ap)

=L ey )
1
Ucnonb3yst pyHkumio g, ,(x)=x*"1, pynkumio
MUcKaxkeHus h(x) MOXKHO IIPeACTaBUTh U B BUAE Cile-
OYIOIIei Cymepno3uLun:

B =t (8 G =1 (X)=
=t (mapy -

Torna cornacHo [IpenyioskeHno 1 MCKakeHHON! Me-
POt prCKa, COOTBETCTBYIOLIEN JaHHO QYHKIINMM MCKa-
JKeHysI, OKa3biBaeTcst Mepa p,[X]= Vale d-p)f (l*(xp)[X 1,
T.e. M3BeCcTHas Mepa pyucka VaR ¢ Takum o6pa3om n3-
MeHEeHHOVi OBepUTEeTbHOI BepOSITHOCTHIO.

OpHako, BcrioMHUB popmyiy (9) gjst mepbl VaR
B CTerenu t, monydaem: p,[X]= VaRL')[X].

[IpenyioskeHne gOKa3aHoO.

Hano cka3ats, uTO BOOGIIIE /TI06ast BOTHYTas QyHK-
LIMSI UCKa)KeHUs g TIpUAaeT XBOCTY pacripeie/ieHus
GosbIINI BEC, UeM TOXIeCTBEeHHAs QYHKIMS g(X) = X,
TOrJa Kak Jiro6ast BeIMyKIast QYHKINUSI UCKAsKEHUS g
NpUAAET XBOCTY MEHbIINIL BEC, YeM TOXKAECTBEHHAs
dyurms g(x) = x [15]. 1 3HAUUT, B YaCTHOCTH, JIIO-
6ast BOrHyTast PyHKUMS UCKASKEHUS g TPUIAET XBOCTY
pacripeneneHust 60ONbIINIT BeC, YeM JItoOast BbITYKJIast
(pyHKIIMS MCKaKeHUS.

JTO I0/Ie3HOe 3HaHMe MTPY KOHCTPYUPOBAHUM MepPbI
pHCKa ¢ HeOOXOAMMBIMY CBOVICTBAMM.

PasbepeMcst B BOIIpoce: SIBIISIETCS I Mepa pucKa
ES;,Z)[ X'| uckaxkeHHOJI Mepoit pucka?

IIpumep 6

. X
PaccmorpuM dyHKIMI0 &(X) = mln{ﬁ,l} , kKO-

TOpas SIBJISIETCS BOTHYTOM QYHKIMEN MCKasKeHUST
" QYHKIIMIO MCKasKeHMSsI, TOCTPOEHHYIO C IOMOIbI0
cymeprio3utuu: g(g(x)).

OpHaxko, Kak JIerko [IPOBEePUTh,

1, ecat x > (1- p)’

hlox) = g(8(x)) = X 5, ecam 0 <x <(1- p)’

(I-p)

0, ecam x > (1- p)?
n h(x)= 1
—, ecm 0< x<(-p)?
a-p)
Torma cornacHo TeopeMe 2 nckakeHHO Mepoii
pUCKa, COOTBETCTBYIOLIEl JaHHOM QYHKIMM UCKaXKe-
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HISI, OKa3bIBAETCsI Mepa, KOTOPYHO MOKHO ITPEICTaBUTh
B BUJE

1
p, [ X]= j W&””}T_7W+
[0,(1-p)?] (1=p)
+ j VaR_ | X1x0dg =
[(1-p)*.1]
j VaR,_,[X1dq =
ﬂ p)wapy
1
VaR, | X1dg
(1 p) J.

[1-(1-p)*.1]

OnHako, BcrioMHUB dopmyiny (10) ons mepst ES
B KBajipaTe, ojaydaem, uto p,[X]= ESI(,Z) [X].

To ecTb MbI BBISICHWIN, UTO BBEJIEeHHAS B JAHHO
pa6GoTe HOBast Mepa prcka ES B KBaipaTe TakKe Mpu-
HaJJIeXKUT KJacCy Mep pUcKa UCKaXkKeHuUs, M OHa COOT-
BETCTBYET OMMCAHHOM PYHKIVYU VCKAKEHNS.

Paszbepemcs Teliepb B BOIIPOCE: SIBJISIETCS I Mepa
pucka ES;”)[ X] “ckaskeHHOV MepoIi pucka?

IIpennoxkenue 5

Mepa pucka ES B crenneHu n (IIpu JIIOOOM HaTy-
paJIbHOM 1) IPMHAJJIEKUT KJIACCy Mep pyUcKa MCKa-
SKeHUsI, U OHA COOTBETCTBYeT MYHKUINY MCKAKEeHMS,
TOTy9aeMoii B Buje 106071 cyneprno3uimm GyHKImii

g(x)= min{li,l} CIeyIoNero BUaa:
-D

h(x)=g(g(...(g(x)), T.e. ESY"[X]=p,[X].

n—pas
Jloka3zaTelbCTBO

X
PaccmoTtpum pyHKIMIO g(X) = mln{l—,l} , KO-

TOpAasI SIBJITETCSI BOTHYTOV (QYHKIIMe ncKaxkeHus. Tor-

g(g(...(g(x))

n-pas

Aa cieayroonmas Cyrepro3smumns TaK>Xe

MIPe/ICTaBIISET BOTHYTYIO0 QYHKIINIO MCKAKEHMS BUAA:

h(x)=g(g(...(g(x)) =

n—pas

X
————, ecim 0<x<(1-p)"
= (I_P) )
1, ecmu (1- p)" <x<1
0, ecu x > (1- p)"
ah'(x)= 1
(1-p)

,ecn 0<x<(1- p)"

OpHako cormnacHo TeopeMe 2 MCKaKeHHO Mepoit
PUCKa, COOTBETCTBYIONIEH JaHHOI (PYHKIIMM MCKaXKe-
Hus h(x), oKa3bpIBaeTCS Mepa, KOTOPYI0 MOYKHO TIpe/I-
CTaBUTD B BUIE

plX]= VaR,
[0,(1-p)"]

LIX] dq+

R
(1-p)"
+ j VaR,_,|X1x0dg =
[(A-p)".1]

j VaR,_ [ X)dg =

[0,(1-p)"]

- p)
o

"y j VaR [X1dg.

[1-(-p)".11

OnHaxko, BcrioMHUB ¢opmyiy (11) mast mepsl ES
B CTeleHM n, nonydaem: p,[X|= ES;”)[X].

To ecTb MbI BBISICHMJIU, UTO HOBast Mepa pucka ES
B CTENIeHU N TaKKe MPUHAJJIEXKUT KJIaccy Mep pucka
MCKaskeHMSI, OHA COOTBETCTBYET OMMCAHHOM QyHKIIMM
VICKasKeHUS U TIPEICTABIISIETCS B BUAE OObIUHONM MepPbl
pucka ES ¢ m3sMeHeHHOI1 onpefe/ieHHbIM 06pa3oM
JIOBEPUTETbHOI BEPOSITHOCTHIO.

[IpenJyiokeHMe OKa3aHO.

Pa3zb6epemMcst B BOTIpOCe: SIBJISIETCSI I Mepa pUCKa
ESI()’ )[X] uckaxxeHHOIt Mepoii pucKa?

IIpepniokeHne 6

Mepa pucka ES B cTeneHu t pu J1060M IeiiCTBHU-
TeJIbHOM [ > 1, IpefcTaBaeHHOM B Buje ! = k + o, e
k — HaTypanbHOe UMC/I0, a 0. — JIeCTBUTEIbHOE UM-
a0, 0 <o <1, mpuHaAIesKUT KIaccy Mep pMUcKa McKa-
SKEHMSI, ¥ COOTBETCTBYET QYHKLVM UCKAXKEHMSI, TTONTY-
yaeMoit B BUje JII0060i cyreprnosunumu QyHKmui

1}

. . X
g(x)= mln{li,l}n yaripm g, (X) = mm{1
—_ p —
CIeIYIOLIEro BIUIA:

h(x)=g(g(...(8(g,(x))...), T.e. ESY[X]=p,[X].

k—pa3
Jloka3zaTe/JabCTBO

. X
Paccmorpum dyakrumo g(x) = mln{l—,l} , KO-

TOpAas SIBJISIETCST BOTHYTOV (YHKIMEN McKaskeHus . Tor-
Jla clenyrowasi Cyreprno3muys Takke IIpeACcTaBisieT
BOTHYTYIO QYHKIIMIO MCKasKeHUSI BUIA:
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h(x) = g(g(...(8(&,(x))...) =

k—pa3

a 0<x<(1-p)(l-ap)

_ m,ecm& <x<(I-p ocp,
1, ecmu (1- p)(1-ap) < x <1

0, ecat x > (1- p)* (1 —ap)
h'(x)= 1

m, eCc/in OSxS(l-p)k(l—ap)'

OpHako cornacHo TeopeMe 2 MCKasKeHHOM MepOit
PUCKa, COOTBETCTBYIOLIE JaHHOM QYHKIIUM MCKasKe-
Hust h(x), OKa3bpIBAeTCS Mepa, KOTOPYI0 MOKHO MpeI-
CTaBUTD B BUJIE:

1
pulX]= VaR_ | X|—————dq+
10,<1p>J; (=ap)] (1-p) (1-ap)
+ [ vaR_[X1x0dg=
[(1-p)".1]
= 1 VaR_,|X1dg =
S S Xl =
(1 - p) (1 - OLP) [0,(1=p)* (1=ap)]
1

- VaR,[Xdg..
k q
(A=p) (A=ap) |\ i wnny

Bcmomuus dopmyity (13) ajst Mepsl ES B cTenieHn
t, mosryyaeM:

py[X1=ESV[X].

To ecTb MbI BBISICHUJIU, UTO HOBasi Mepa pucka ES
B CTeIleH! t TaKKe MPUHALJIEXUT KJIaccy Mep pucka
MCKasKeHMs, OHa COOTBETCTBYET OIMMCAHHOM QYHKLIMM
VICKasKeHUST U TIPEICTAB/ISIETCS B BUE OOBIYHON MEPbI
pucka ES ¢ usMeHeHHOI onpefeIeHHbIM 00pa3oM
OBEPUTEIbHOM BEPOSITHOCTHIO.

[IpenyioxkeHre goKa3aHo.

PaccmoTpum npumep 7 OBYX CIyYaliHbIX BEIMUYMH
X 1 Y ¢ pa3HbIMM OVICKPETHBIMM 3aKOHAMM pacmpe-
JleJIeHUs, pUCKY KOTOPBIX He pasjnyaioT U3BeCTHbIe
mepbI pucka VaR u ES [15]. O6061eHe Mepbl puCKa
ES npu cnyuaiiHbix BeIMUMHAX MOTEPb, MTOJUNHSIO-
HIMXCS IUCKPETHBIM 3aKOHAM paciipeneeHus, uMeeT
CBOM O0COOEHHOCTH. B yacTHOCTH, eCyIM CiaydaiiHast
noteps X MOAUMHSIETCS AUCKPETHOMY paclipepee-
HUIO, TO ESP[X] BbIpaykaeTcst uepes 3HaueHus VaR
U OKMIaeMYI0 BeJIMUMHY MPeBBIIIeHNS TTI0Teph Hal,
VaR [15]:

104 °

ES,[X]=VaR [ X]+
1= Fy(VaR, 1XD)

=, E[X ~VaR [X]| X >VaR [X]]. (19

Iaunsiit npumep C. Yin, D. Zhu [15] cBuzeTens-
cTByer, uto Mepbl pucka VaR [ X] n ES [X] moryT
He pa3anyaTh PUCKU, co3gaBaembie X u Y. [Ipu sTom
MIPUBOANTCS IPMMEDP HEKOTOPOI Mepbl pMCKa, KOTOpast
pasnanuaeT uxX pUCKu. ITa Mepa COBMaAaeT C BBeIeHHOM
B [IJaHHOJ1 paboTe Mepoit pucka ESI(f) [X].

IIpumep 7

PaccmoTpum fiBe ciryyaiiHbie BenuuHbl X U Y, MO-
IenUpYIoIye PUCKY C PYHKIMSIMU pacIipeseneHms,
COOTBETCTBEHHO:

0,ecan x <0,

0,6,ecom 0 < x <100
0,975,ecam 100 < x <500
1, ecam x > 500

Fy(x)=

0,ecan x <0,

0,6,ecan 0<x<100
0,99,ecm 100 < x <1100
1, ecau x >1100

Fy(x)=

Torpga, Kak HETPYAHO MpoBepuTh, E(X) = E(Y) = 50,
VaRO,%[X] = VaRO’%[X] =100,
VaROj%[Y] = VaRO’%[Y] =100,

ES moskeT 6bITh BbIuMcIeHa 1o hopmysie (15) u mo-
JyyaeTcs:

ES 45| X1= ES, 45[¥ 1= 300,

ES) o[ X]= ES 96[Y]=350. Tax uto xorma p = 0,95
u p = 0,96, To cormacHo mepaMm prcka VaR u ES o6e X
u Y MMerT OIMHaKOBbIV puck! OgHaKo MakCUMMaib-
Has rioteps 111 Y (1100) 6oee yeM yaBauBaeT IoTe-
pio X (500), 1 sICHO, UTO pUCK Y 60jiee pyCKOBaH, YeM
puck X.
Tereppr Mbl pacCMOTPUM Mepy MCKaXKeHUs P,

¢ pynkumeit uckaskeHus h(x) = g(g(x)) u

L,eCJH/IOstl—p
g(x)=<1-p
Lecan 1- p<x <1,

Torma, Kak moKa3aHo B IpuMepe 6,
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1

pulX]= m

j VaR [Xldg = ES?[X].

[1-(1-p)*,1]

W uncnenso npu p = 0,95

1
pilXI= oy [ VaR [Xidg=ESIX],
(0,05) [1-0,052,1]
T.e.
! 500
X]= VaR [X1dg = 1-0,9975) = 500
PulX1=50025 aR,[XWdq =505 )
[0,9975,1]
u
! 1100
Y]= VaR [ X |dq = 1-0,9975) = 1100.
PulY1=50025 aR, [XWq =3 5025 )

[0,9975,1]

3uaunt, ipu p = 0,95, p,[X 1= ES{ 5[ X1=500 u
p,[Y1=ESP[Y]=1100.

TakuM 06pasoM, B JAHHOM IIpUMepe Mepa pucka
Py = ES;Z) , pasauuasi O4YeBUIHO pa3InuyHble YPOBHU
pucka st X v 1jist Y, okasanach 6oj1ee oaxonsieii
B LEJISIX PUCK-MEHEeIKMEHTA 110 CPaBHEHUIO C 0ObIU-
HbIMM Mepamu pucka VaR u ES.

BbiBOAbI
B nociegHee mecsiTuieTue IMponmcxoaniio 6ypHoe
TeopeTnyecCkoe uccjieqoBaHme Kjaacca Mep pucCka,
IIOJYUMBIINX HAa3BaHME Mep pMUMCKa MCKaAXXeHUd,
M B I1odjieagHue roabl OHM CTa/IX IIMPOKO MCITIO0JIb30-

BaThCSl B PMHAHCOBBIX U CTPAXOBBIX IMPUIIOKEHUSIX
6ylaromapsi CBOMM IIPUBJIEKATEIbHBIM CBOICTBAM.
B pa6oTax aBTOpa 66N BBEIEHBI B HAYUHBI 060-
pOT U uccjiefoBaHbl Mepbl pucka «VaR B cTerneHn
t», TO3BOJISION e OLleHUBATh (GDMHAHCOBbIE PUCKU
pPasJIMUHOI CTEeMmeHu KaTacTpopuuHOCTU. B pabo-
Te OMMChIBAEM U pa3BMBaeM KOMIIO3UTHBI METO],
IUISL CO3IaHMsI HOBOTO Kjaacca QyHKIMI MCKaxe-
HUSI U COOTBETCTBYIONIMX Mep pPUCKA UCKAKEHUSI.
C ucnosnb30BaHMEM JAaHHOTO MeTO/ia O0Ka3aHo,
4TO Mepbl pucka «VaR B cTenieHM t» MpUHAAJIexXaT
K KJIaCCy Mep pucka UCKa>keHMUsI, a TaKXKe OMMCaHbI
COOTBETCTBYWOIIME GYHKIMY MCKaskeHUsI. ABTOp
BBOIOUT HOBBIN Kjacc mep pucka «ES B creneHu
t» ¥ MOKa3bIBAeTCs, YTO OHM TaKXke MPUHAJIekaT
K KJIacCy Mep pucKa MCKa>keHMs, U ONMChIBAeT CO-
OTBeTCTBYyWOIIMe GYHKIUM McKaxkeHMs. [IpeacTas-
JIeHbl pa3IMyHble NpUMepPbl A5 UIIOCTpalun
COOTBETCTBYOUIMX MMOHATUI U Pe3yIbTaTOB, IPO-
SIBJISIIOLIMX BaXXHOCTb Mep pucka «VaR B cTerneHU
t» u «ES B cTelleHM t» Kak ITOAMHOXeCTB Mep pyucka
MCKasKeHMsI, TI03BOJISIIONINX BBISIBJISITH (DMHAHCOBBIE
PUCKM Pa3AUYHOI CTeleHM KaTacTpODUUYHOCTH.
Mepbl pycKa MCKa>KeHUS Ha HACTOSIIIUIT MOMEHT
M3y4YeHbI OCTATOYHO XOPOIIO U 06IaJal0T MHOT Y-
MU IIOJIE3HBIMMU U YOOOHBIMMU CBOVicTBaMU. M, Kak
Ce[iCTBMe AaHHOTO UCCIeJOBaHMS, MOXHO YTBep-
KIaTh, YTO BCEMU CBOVCTBAMM, KOTOPbIMM 061a-
IaloT Mepbl pyucKa uckakenus [12], Takke obna-
JarT u cemelictBa Mep «VaR B creneHu t» u «ES
B CTEIEeHU t».

BJIATOOAPHOCTDb
CraTbs TOATOTOBJIEHA TTI0 pe3y/abTaTaM HayYHO-YCCIeI0BaTeabCKOM paboTel 4.10 «MccnemoBaHue crioco60B
M3MepeHUsI PUCKOB Ha KOPIIOPaTMBHOM M Makpo(GMHAHCOBOM YPOBHE», KOTOpOoe (DMHAHCHMPOBAIOCh B paMKax
rocyIlapCTBEHHOTO 3aJaHusI BoIcIei mMKoJbl GMHAHCOB M MeHeIKMeHTa Poccuitckoii akajeMu HapOJgHOTO
XO3SI/ICTBA ¥ rOCyIapCTBEHHOM Cy>k6bI, MockBa, Poccus.

ACKNOWLEDGEMENTS
This article is based on the budgetary-supported research 4.10 “Researching Methods for Measuring Risks
at the Corporate and Macrofinancial Levels” according to the state task carried out by the Higher School of
Finance and Management, Russian Presidential Academy of National Economy and Public Administration,

Moscow, Russia.

CNMUCOK UCTOYHUKOB
1. Kpymu M., l'anaii 1., Mapk P. OcHOBBI puck-MmeHemkMeHTa. [1ep. ¢ anri. M.: IOpaiit; 2018. 390 c.
2. Hull J.C. Risk management and financial institutions. New York: Pearson Education International; 2007.

576 p.

3. Jorion P. Value at risk: The new benchmark for managing financial risk. New York: McGraw-Hill Education;

2007. 624 p.

4. Wang S.S. A class of distortion operators for pricing financial and insurance risks. The Journal of Risk and

Insurance. 2000;67(1):15-36. DOI: 10.2307/253675

5. Szego G., ed. Risk measures for the 21* century. Chichester: John Wiley & Sons Ltd; 2004. 491 p.

FINANCETP.FA.RU [

105



O®UHAHCOBbIE PUCKU / FINANCIAL RISKS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

106

. Munacsiz B.b. HoBas mepa pucka VaR B kBazpate 1 ee BbrumcieHue. Cirydait paBHOMEPHOTO U TPEYTroJIbHOTO

pacrpemeneHuii BEpoSITHOCTEN YObITKOB. Ynpasenue (uHaHcossimu puckamu. 2019;(3):200-208.

. MunacsH B.B. HoBast Mepa prcka VaR B KBagpaTe 1 ee BerunciaeHmue. Cirydaii 06IIero 3akoHa pacrpeneieHmst

yOBITKOB, CPaBHEHME C IPYTUMM MepaMy pUcKa. YnpaseHue puHarcossimu puckamu. 2019;(4):298-320.

. MuHacsx B.B. HoBbie crioco6bl M3MepeHMsT KaTacTpOOUUECKUX PUCKOB: MePbI « VAR B CTENIEHU t» U X BBIUM-

cienme. QuHawcsl: meopus u npakmuka. 2020;24(3):92-109. DOI: 10.26794/2587-5671-2020-24-3-92-109

. Denneberg D. Non-additive measure and integral. Dordrecht: Kluwer Academic Publishers; 1994. 178 p.

(Theory and Decision Library B. Vol. 27). DOI: 10.1007/978-94-017-2434-0

Wang S., Dhaene J. Comonotonicity, correlation order and premium principles. Insurance: Mathematics and
Economics. 1998;22(3):235-242. DOI: 10.1016/S 0167-6687(97)00040-1

Artzner P., Delbaen F., Eber ].-M., Heath D. Coherent measures of risk. Mathematical Finance. 1999;9(3):203—
228.DO0I:10.1111/1467-9965.00068

Denuit M., Dhaene J., Goovaerts M., Kaas R. Actuarial theory for dependent risks: Measures, orders and
models. Chichester: John Wiley & Sons Ltd; 2005. 440 p. DOI: 10.1002/0470016450

Zhu L., Li H. Tail distortion risk and its asymptotic analysis. Insurance: Mathematics and Economics.
2012;51(1):115-121. DOI: 10.1016/j.insmatheco.2012.03.010

Yang F. First- and second-order asymptotics for the tail distortion risk measure of extreme risks.
Communications in Statistics — Theory and Methods. 2015;44(3):520-532. DOI: 10.1080/03610926.2012.751116
Yin C., Zhu D. New class of distortion risk measures and their tail asymptotics with emphasis on Va R. Journal
of Financial Risk Management. 2018;7(1):12-38. DOI: 10.4236/jfrm.2018.71002

Belles-Sampera J., Guillén M., Santolino M. Beyond value-at-risk: GlueVaR distortion risk measures. Risk
Analysis. 2014;34(1):121-134. DOI: 10.1111/risa.12080

Belles-Sampera J., Guillén M., Santolino M. GlueVaR risk measures in capital allocation applications.
Insurance: Mathematics and Economics. 2014;58:132-137. DOI: 10.1016/j.insmatheco.2014.06.014
Cherubini U., Mulinacci S. Contagion-based distortion risk measures. Applied Mathematics Letters.
2014;27:85-89. DOI: 10.1016/j.am1.2013.07.007

Dhaene J., Kukush A., Linders D., Tang Q. Remarks on quantiles and distortion risk measures. European
Actuarial Journal. 2012;2(2):319-328. DOI: 10.1007/s13385-012-0058-0

Wang S.S. Premium calculation by transforming the layer premium density. ASTIN Bulletin: The Journal of the
IAA. 1996;26(1):71-92. DOI: 10.2143/AST.26.1.563234

Artzner P., Delbaen F., Eber J.-M., Heath D. Thinking coherently. Risk. 1997;10(11):68-71.

Corless R.M., Gonnet G.H., Hare D.E.G., Jeffrey D.]., Knuth D.E. On the Lambert W function. Advanced
Computational Mathematics. 1996;5(1):329-359. DOI: 10.1007/BF02124750

REFERENCES

. Crouhy M., Galai D., Mark R. The essentials of risk management. New York: McGraw-Hill Book Co.; 2006.

414 p. (Russ. ed.: Crouhy M., Galai D., Mark R. Osnovy risk-menedzhmenta. Moscow: Urait; 2006. 414 p.).

. Hull J.C. Risk management and financial institutions. New York: Pearson Education International; 2007.

576 p.

. Jorion P. Value at risk: The new benchmark for managing financial risk. New York: McGraw-Hill Education;

2007. 624 p.

. Wang S.S. A class of distortion operators for pricing financial and insurance risks. The Journal of Risk and

Insurance. 2000;67(1):15-36. DOI: 10.2307/253675

. Szego G., ed. Risk measures for the 215 century. Chichester: John Wiley & Sons Ltd; 2004. 491 p.
. Minasyan V.B. A new risk measure VaR squared and its calculation. The case of uniform and triangular

loss distributions. Upravienie finansovymi riskami = Financial Risk Management Journal. 2019;(3):200-208.
(In Russ.).

. Minasyan V.B. A new risk measure VaR squered and its calculation. The case of the general law of loss

distribution, comparison with other risk measures. Upravlenie finansovymi riskami = Financial Risk Management
Journal. 2019;(4):298-320. (In Russ.).

. Minasyan V.B. New ways to measure catastrophic financial risk: “VaR to the power of t” measures and how to

calculate them. Finansy: teoriya i praktika = Finance: Theory and Practice. 2020;24(3):92-109. (In Russ.). DOI:
10.26794/2587-5671-2020-24-3-92-109

L ®OUHAHCbI: TEOPUS U MPAKTUKA / FINANCE: THEORY AND PRACTICE 4 T. 24, N26°2020




B.b. MuHacsaH

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

. Denneberg D. Non-additive measure and integral. Dordrecht: Kluwer Academic Publishers; 1994. 178 p.

(Theory and Decision Library B. Vol. 27). DOI: 10.1007/978-94-017-2434-0

Wang S., Dhaene J. Comonotonicity, correlation order and premium principles. Insurance: Mathematics and
Economics. 1998;22(3):235-242. DOI: 10.1016/S 0167-6687(97)00040-1

Artzner P., Delbaen F., Eber ].-M., Heath D. Coherent measures of risk. Mathematical Finance. 1999;9(3):203—
228.DO0I: 10.1111/1467-9965.00068

Denuit M., Dhaene J., Goovaerts M., Kaas R. Actuarial theory for dependent risks: Measures, orders and
models. Chichester: John Wiley & Sons Ltd; 2005. 440 p. DOI: 10.1002/0470016450

Zhu L., Li H. Tail distortion risk and its asymptotic analysis. Insurance: Mathematics and Economics.
2012;51(1):115-121. DOI: 10.1016/j.insmatheco.2012.03.010

Yang F. First- and second-order asymptotics for the tail distortion risk measure of extreme risks.
Communications in Statistics — Theory and Methods. 2015;44(3):520-532. DOI: 10.1080/03610926.2012.751116
Yin C., Zhu D. New class of distortion risk measures and their tail asymptotics with emphasis on Va R. Journal
of Financial Risk Management. 2018;7(1):12-38. DOI: 10.4236/jfrm.2018.71002

Belles-Sampera J., Guillén M., Santolino M. Beyond value-at-risk: GlueVaR distortion risk measures. Risk
Analysis. 2014;34(1):121-134. DOI: 10.1111/risa.12080

Belles-Sampera J., Guillén M., Santolino M. GlueVaR risk measures in capital allocation applications.
Insurance: Mathematics and Economics. 2014;58:132-137. DOI: 10.1016/j.insmatheco.2014.06.014
Cherubini U., Mulinacci S. Contagion-based distortion risk measures. Applied Mathematics Letters.
2014;27:85-89. DOI: 10.1016/j.am1.2013.07.007

Dhaene J., Kukush A., Linders D., Tang Q. Remarks on quantiles and distortion risk measures. European
Actuarial Journal. 2012;2(2):319-328. DOI: 10.1007/s13385-012-0058-0

Wang S.S. Premium calculation by transforming the layer premium density. ASTIN Bulletin: The Journal of the
IAA. 1996;26(1):71-92. DOI: 10.2143/AST.26.1.563234

Artzner P., Delbaen F., Eber J.-M., Heath D. Thinking coherently. Risk. 1997;10(11):68-71.

Corless R.M., Gonnet G.H., Hare D.E.G., Jeffrey D.J., Knuth D.E. On the Lambert W function. Advanced
Computational Mathematics. 1996;5(1):329-359. DOI: 10.1007/BF02124750

MHOOPMALUA Ob ABTOPE /ABOUT THE AUTHOR

Buzen ba6kenoeuu MuHacaH — KaHauIaT GMU3UKO-MaTEMATUIECKUX HAYK, TOLIEHT, 3aBeIy-
oMM Kadeapoit KOPIIOPATUBHBIX GMHAHCOB, MHBECTUIMOHHOTO ITPOEKTVPOBAHMS U OIIEHKU
M. M. A. JIMMUTOBCKOTrO, BoIcIias 1kosa GyMHAHCOB 1 MeHemkKMeHTa Poccuiickoii akageMun
HapOIHOTO X03SI/1CTBA U TOCYIapCTBEHHOII CITyskObI, MoCKBa, Poccus

Vigen B. Minasyan — Cand. Sci. (Phis.-Math.), Assoc. Prof., Head of Limitovskii corporate
finance, investment design and evaluation department, Higher School of Finance and
Management, Russian Presidential Academy of National Economy and Public Administration,
Moscow, Russia

minasyanvb@ranepa.ru, minasyanvb@yandex.ru

Cmamuws nocmynuna 8 pedaxuuio 02.10.2020; nocne peuensuposarus 16.10.2020; npurama k nyéauxayuu 22.10.2020.
Aesmop npouuman u 0006pusl OKOHUAMENbHbIL 8aAPUAHN PYKONUCU.

The article was submitted on 02.10.2020; revised on 16.10.2020 and accepted for publication on 22.10.2020.

The author read and approved the final version of the manuscript.

FINANCETP.FA.RU ® 107




